WO 2005/ 070890 PCT/ US2005/ 001384 -1- TITLE QUI NOLI NE | NTERVEDI ATES OF
RECEPTOR TYROSI NE KI NASE | NHI BI TORS AND THE SYNTHESI S THEREOF BACKGROUND
OF THE I NVENTION Field of the Invention [0001] This invention is directed to

met hods of RreResdagh4- substituted quinoline conpounds | pates in
t he manufacture of receptor tyrosine kinase inhibitors ggghgﬁﬁggﬁéﬁiate

conpounds used in the nmethods thereof. Related Background Art [0002] Protein
tyrosi ne kinases (PTKs) are critical in regulating cell growth and
differentiation. One general class of PTK is the receptor tyrosine kinase
(RTK). Once activated, usually through the binding of a ligand, an RTK
initiates signaling for various activities, such as cell growh and
replication. [0003) The RTKs conprise one of the larger famlies of PTKs and
have diverse biological activity. At present, at |east nineteen (19)

di stinct subfamlies of RTKs have been identified. One such subfamly is
the "HER' famly of RTKs, which includes epidermal growh factor receptor
(EGFR), ErbB2 (HER2), ErbB3 (HERB) and ErbB4 (HER4). [0004] Under certain
conditions, as a result of either nutation or over expression, studies have
shown that these RTKs can becone deregul ated; the result of which WO

2005/ 070890 2 PCTI US2005/001384 is uncontrolled cell proliferation which
can lead to tunor growth and cancer (WIlkg, A F., Adv. Cancer Res., 60,43
(1993) and Parsons, J. T.; Parsons, S. J., Inportant Advances in Oncol ogy,
DeVita, V. T. Ed., J. B. Lippincott Co., Phila., 3 (1993)). For exanple,
over expression of the receptor kinase ﬂ?ﬂéﬁct of the ErbB2 oncogene has
been associated with human breast and ovarian cancers (Slanon, D. J. et

al.. Science, 244, (iNGINERRRNmHTATES Br rE2EPTOR TYROSH® kivase

INHIBITORS AND THE SYNTHESIS THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention
{0001] This invention is directed to methods of preparing 4-substituted quinoline
compounds as intermediates in the manufacture of receptor tyrosine kinase

inhibitors and intermediate compounds used in the methods thereof.

Related Background Art

[0002] Protein tyrosine kinases (PTKSs) are critical in regulating cell growth and
differentiation. One general class of PTK is the receptor tyrosine kinase (RTK).
Once activated, usually through the binding of a ligand, an RTK initiates
signaling for various activities, such as cell growth and replication.

[0003] The RTKs comprise one of the larger families of PTKs and have diverse
biological activity. At present, at least nineteen (19) distinct subfamilies of RTKs
have been identified. One such subfamily is the "HER" family of RTKs, which
includes epidermal growth factor receptor (EGFR), ErbB2 (HERZ2), ErbB3
(HER3) and ErbB4 (HER4).

[0004] Under certain conditions, as a result of either mutation or over expression,

studies have shown that these RTKs can become deregulated; the result of which



[ 00051 In addition, deregulation of EGFR ki nase has been associated with
epi dennoid tunors (Reiss, M, et al., Cancer Res., 51, 6254 (1991)), breast
tunors (Macias, A et al., Anticancer Res., 7, 459 (1987)), and tunors

i nvol vi ng b r organs (Gullick,-37 3. But. %ﬁﬂ

(1991)). [00065 S'F{?msg RTKs are known to al so be invol vedl)ﬁgs’?‘:({J %Sé@@é

crucial to tunor rogressi gn, such a poptosi s, an esis and

net ast asi s. [0007’51‘8'??%8’1"’@?4)9"3 Prqlifetaton ifcgcmle"cdﬁ%%“q!?& ﬁﬁ@émﬁf&ﬁ enti al

t herapeutic val ugwiies, A. FhadtrcantrRred, 60f43qa§9!3)?5nd6}ﬂ£’soﬁbt her; [issRas s

characterized by uncontrol led or abnornal cell 3 wt.h.. Accor di ngly, many
f

recent studies h&W@O‘HE'dT“?“WefWQW@%}HQ?&%HWEn?d B glipripgoft CorPRilnhi bi t or s
as potential antizy Wgeﬁ?ozté}%ﬁlgwreﬂeﬁpreﬁﬁﬂ@fﬁle('e%a:;ﬂerykxﬁﬁﬁ@ﬁi-btﬁfctof'?he Exp. Opin.
Ther. Patents, 8, 1599 (1998) and Brldges, A ., Emerging Drugs, 3, 279
(1998)). 10008] EhERommrersnelis beemtepspaiatcdWih Rmearbresst A OYARABFANEE | nt er nedi at e
conpounds in thg%@m; Eﬁ?le%alofsmﬁi;%mhfobntg@?)smd aenc@@mlmwsmthe fol I owi ng

US patents, qui I né derivatives are discl’ose he corrpounds are
stated to be i nvd#0PEH In ddition,detsgulitiog OPERF&kmmlhwbe%?SEwt@B@ﬂ( Sept enber 11,

2001) and 6, 297, %g r{)n%)%rﬂgr?{(m%ss ﬁog& 129991 51”(‘%%3%51?5 l_{ﬂ:ﬁ;{arl ous met hods

for the preparati ur nol'1ne érlv Ives are e art, but
t hese net hods comirmm(MIals,o*\tsatill, AnticatdeoRes,, 70H9 (3TN, andedrhmslinvelvinpe t her mal

I505) o Mot o oS nabr Sl i Y. 1 e b, WE G Loy GaCT o0 ©°
Bredereck, H., efooab) Ihé's‘bB.fst Be knowii8 K9 be ithO&led(id Pbosses Sakante tuor et al .,

fur Chem, 131, 293 200 Al t hough conmmo @/ﬂ used, this nethod requires
hi gh tenper at ur E€HH §s SRR PEOERSISAPE NGRS | ar ge- scal e

production of  qusooyy Tﬁ'@e@#&dlnﬁ!iit&@bﬂtﬁlﬁe HEKE NAL FM@:&:al fﬁbﬂaﬁeuﬂemmmal SO
requires high dilution conditions, which results in an overall decrease in

t hroughput .  Fur t Hisrtiesiment of sancenand pier diseasss fhagrtamacd by umcontEalled Ar r eact i ons ar e
typically 50% or  h&85al c%%@ﬁﬁ%&?&&%@ n%n?ggérl#sc@@igﬁﬂ%@aﬂ%nh[tﬂplo] Anot her

linmtation is that many reéactions used in preparing quinoline derivatives
of ten generat e udtipEgntsf speeibid BdKgnhilfitors as patapsiabanti-gaaces Rewpeéuwiiat i on

agents (e.g., Traxler, P., Exp. Opin. Ther. Patents, 8, 1599 (1998) and Bridges, A.
J., Emerging Drugs, 3, 279 (1998)).

[0008] Quinoline derivatives are known to be important intermediate compounds

in the synthesis of RTK inhibitors. For example, in the following US patents,
quinoline derivatives are disclosed and the compounds are stated to be involved
in inhibiting PTK activity: 6,288,082 (September 11, 2001) and 6,297,258
(October 2, 2001).

[0009] In addition, various methods for the preparation of quinoline derivatives
are known in the art, but these methods contain serious limitations. One such
method is the thermal cyclization reaction. (Sabnis, R.W., et al., J. Hetero.
Chem., 29, 65 (1992); Mehta, N.C., et al., J. Ind. Chem. Soc., 55(2), 193 (1978);
Bredereck, H., et al., Chem. Ber., 98(4), 1081 (1965); Salon, [, et al., fur Chem,,
131, 293 (2000)). Although commonly used, this method requires high
temperature conditions, which limits its use for large-scale production of
quinoline and quinoline derivatives. This method also requires high dilution
conditions, which results in an overall decrease in throughput. Furthermore, the

yields from thermal cyclization reactions are typically 50% or less.



reaction used in preparing quinoline derivatives suffers fromthe generation
of viscous tars and deconposition products that are difficult to clean and
renove, which results in yields that vary widely, typically in the range

from 24- 64(VW0[29&;01,§Q95Qecently, t here has been research Mg el A f“ﬁg} hods for
the preparation qui nol i ne derivatives. One such netho |nvo VES t he use

A et L T A
However, these nelesivativisified gmeatesnwantéd trpréducts) Firexamplg teahlgndtion

Accor di nglly,  t herEeRaHPEh PO B AT SOV FOR BN TR Bhpounds
used in the prepaisabisdts &id dé’érdﬁmoﬁmbrbprbafcﬁ t}ﬁﬂﬂ‘e difidatds cledn 4ad epawe,Ng such

qui nol i ne corrpoun S . W t hout e foregoj rticular, there

i ons
is a need for gsulig inyj é}i‘ﬁtﬁﬁy%’éﬂ "’H}éf“i' Er”(?&ﬁﬁ?fﬂﬁg' 4% t hout t he

requirement of hl(aml} R@&%ﬂﬁ&ﬁb’if@h&Eéh‘ﬂ'résbﬁélﬁnm%mo@fmﬁﬁp& pF1 ON [00131
This invention relates to nethods of E garln 4-substituted quinoline

conpounds as i nt &f AEelive derivafiveshEn B tmee PRTRICIOMEY- s and
i nt er medi at es US%QLnété&rBéiﬁodHB?fb@ﬁmbﬂﬁi&% ofm%éé M Srontalic AfReaSPECT . the

present invention is a netho reparin - substituted quinoline
compound corrprl si(Rgve; Gl setap, Ind. Jrfg@m,l%g Oéwuﬂdwwr thesgnepen (11): R O

PG %WeA CN | LG n%ﬁl}ldé"alsﬁ%ﬁérl_ﬁor}(@e @%&Z&ﬁggﬁnitaﬁons, such as the high

temperature conditions requirement.

[0012] Accordingly, there continues to be a need for novel quinoline compounds
used in the preparation of RTK inhibitors and methods of preparing such
quinoline compounds without the foregoing limitations. In particular, there is a
need for methods of preparing such quinoline compounds without the

requirement of high temperature conditions.

SUMMARY OF THE INVENTION
[0013] This invention relates to methods of preparing 4-substituted quinoline
compounds as intermediates in the manufacture of RTK inhibitors and
intermediates used in the methods thereof.
[0014] Thus, in one aspect, the present invention is a method of preparing a 4-

substituted quinoline compound comprising the step of reacting a compound of

formula (II):
R, 0
PG
Sa CN
LG
G N
H
Rs

(I



PCT/ US2005/ 001384 w th a reagent of formula POLG 3, wherein LG is halo, to
provide a conpound of forrmula (1): PG RL LG ACN GR4 (I) wherein LG
is a leaving group selected fromthe group consisting of norpholine,

o-nmesyl, o-y %Mkmm%& filate, LG is a |l-éaving group Selgﬁhﬁg?%ﬁﬁﬂb&be Igroup

consi sting o mor pho |ne o-mesyl, o-tosyl, trifilate S a

protecting group selected from r co St (O -

EtOC(O) - -, Fnoc, tri fvftﬁﬁfe(?ﬁ%?éhﬁﬁnﬂ’ga?#f%b ?‘ﬁﬁ‘é‘r{égq l?fi%ﬁ“aﬁ%?‘ﬂ‘éea Teoc and
cyclic imdes suehpamdpfahilaille, nal ei mide and 2, 5-di methyl pyrole; Ais O,
NR, or S, Ris H alkyl, alkenyl or alkynyl; and G, R, and R4 are each,

i ndependent |y, hydrogen, hal egen, al kyR; of 1-i&"carbon atons, al kenyl of 2-6
carbon atons, al kynyl of 2-6 ca
al kynyl oxy of 2-6 carbon atons, f halocnthyl al kanoyl oxy of
1-6 carbon atons, al kenoyl oxy of 3-3 ' alkynoyloxy of 3-8
carbon atons, al kanoyl oxynet hyl , al kenoyl oxynet hyl of
4-9 carbon atons, alkynoyloxynethyl at ons, al koxymet hyl of
2-7 carbon atons, al koxy of 1-6 ylthio of 1-6 carbon
atons, al kyl sul phinyl of 1-6 carbon at ogrs, aIkyIsquhonyI of 1-6 carbon

at ons, al kyl sul fonam do of 1-6 carbon agons, al kenyl sul fonam do of 2-6
carbon atons, al kynyl sul fonam do of 2- B¢ car bon aggns, hydroxy,
trifluoronethyl trifluoromethoxy, cyano, nitro, carboxy, carboalkoxy of
2-7 carbon atons, caWb@&NWJIlS @?eavzngigf@lmssbﬁﬂhﬁmc SR SeIRIBting 0t hal i ni de,
phenyl, thi ophen X 1-4 carbon
at ons, al kyl am n%hoipéagyés bon a’f}gﬁ@%d%(?a sad ag%gﬁﬁ} é?aw 2 %:ar bon
atons, N-al kyl casbapoyisisting Mmmlwllkwbﬁwﬂmwl,,mﬁlam dryphlopenaPGdsa/l ani no of 4

{032, carbon at ot oo ldBRKbA o Coftshy SANEHBAEF, sORAGY! 2 "0

benzyl am no,

-, Fmoc, trifluoroacetamide, Troc, Phenoc, benzamide, Teoc and cyclic imides
such as pthalimide, maleimide and 2,5-dimethylpyrrole; A is O, NR, or S, R is H,
alkyl, alkenyl or alkynyi; and G, R, and R, are each, independently, hydrogen,
halogen, alkyl of 1-6 carbon atoms, alkeny! of 2-6 carbon atoms, alkynyl of 2-6
carbon atoms, alkenyloxy of 2-6 carbon atoms, alkynyloxy of 2-6 carbon atoms,
hydroxymethyl, halomethyl, alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8
carbon atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon
atoms, alkenoyloxymethyl of 4-9 carbon atoms, alkynoyloxymethyl of 4-9 carbon
atoms, alkoxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of
1-6 carbon atoms, alkylsulphinyl of 1-6 carbon atoms, alkylsulphonyl of 1-6 carbon
atoms, alkylsulfonamido of 1-6 carbon atoms, alkenylsulfonamido of 2-6 carbon
atoms, alkynylsulfonamido of 2-6 carbon atoms, hydroxy, trifluoromethyl,
triflnoromethoxy, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon atoms,
carboalkyl of 2-7 carbon atoms, phenoxy, phthalimide, phenyl, thiophenoxy,
benzyl, amino, hydroxyamino, alkoxyamino of 1-4 carbon atoms, alkylamino of 1-
6 carbon atoms, dialkylamino of 2 to 12 carbon atoms, N-alkylcarbamoyl, N,N-
dialkylcarbamoyl, N-alkyl-N-alkenylamino of 4 to 12 carbon atoms, N,N-
diatkenylamino of 6-12 carbon atoms, phenylamino, benzylamino,

(C(Ra)2)p, /
Ry—(C{Rg)2p —N /N (C{Rg)a)k—Y
(CRa)a)p



R7-(C(Re)2)P-N N-(C(RS)2)k-Y (C(Re)2)P WD 2005/070890 5 PCT/ US2005/ 001354
RORa -C--M(C(Re)2)k-Y H R7-(C(R6) 2)g-Y-, R7-(C(R6) 2)y-M (C(R6)2)k-Y-, or
Het-(C(R6)2)aW (C(R6)2-Y-; or R, and R4 are as defined above and Gis

R2-NH; or ﬁﬁy fo t he substituents i-t55 R4 or Gare | ont i guous
carbon atons en t?1ey may be taken together as the di VW%P%‘%

-OC(R6) 2-0; Yis a vaé_nt gaj_selectedfromthe group consi sting of
(CH2)a--, -0-, and - NRE R LREkd OR6, -J, -N(R6)3+, or -NR6(OR6): M

s NG, 0, N é?fg?@%éemﬁ%%@(wu%%&éﬁ@?p TR b e,

t hi onor phol i ne, (& popr phol i ne S-oxide, thionorpholine S S-dioxide,
pi peridine, pyrrolidine, aziridine, fﬁga)()rldl ne, imdazole, 1,2,3-triazole,
1,2, 4-triazole, thiazefk,andRe as &t defipedeaboverand GAsRr-NH-pi per azi ne, furan,

thi ophene, tetrahydrofh Q?ﬂx@suﬂs%éml ROGUT &8 1ocateld X ERBguoks Gribh0XOl ane,
t et rahydr opyran, and ( OCH2CH wherein Het is optlonally m)no- or

di - substi t ut ed omw@wtmmhedrmﬂmb? talsgetggeﬂmf astihertivalenpraisplaPHGRepry -
di - substituted on cargqpagwglﬂ,tmggﬁg%md %, ou EonsFmGof opti onal |y nmono or

di -substituted on carbon wt nono-val ent “radi ¢ (C(R6)2), OR6 oOr -
(C(R6)2), N(R6)2, and_aptiqpally rm.n.ooo.r_dl gubit_LEiu_ed, on a saturated
carbon wth dival ent radicals -0- e el 2), 0-; R6 is hydrogen, alkyl
of 1-6 carbon atons, B":i&eﬁNRaF@f-Q)Rﬁ,—ebﬁbNWeh once-NRoéEDlTle);nyl of 2-6 carbon

atoms, cycloalkyl of fr,0-RR}, 08 ALRIRCEERHRRERS W AR D,),—ORs;

W is >NR6, —O— or is a bond;

Het is is selected from the group consisting of morpholine, thiomorpholine,
thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine,
aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-triazole, thiazole, thiazolidine,
tetrazole, piperazine, furan, thiophene, tetrahydrothiophene, tetrahydrofuran,
dioxane, 1,3-dioxolane, tetrahydropyran, and

(OCH,CH;0),

H ;

wherein Het is optionally mono- or di-substituted on carbon or nitrogen
with Rg, optionally mono- or di-substituted on carbon with hydroxy, —N(Rg¢),, or
—ORs, optionally mono or di-substituted on carbon with the mono-valent radicals
—(C(Re)2)s ORs or —{(C(Rs)2)s N(Rg)z, and optionally mono or di-substituted on a
saturated carbon with divalent radicals —O— or —O(C(R¢):)s O—

R is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms,
alkynyl of 2-6 carbon atoms, cycloalkyl of 1-6 carbon atoms, carboalkyl of 2-7
carbon atoms, carboxyalkyl (2-7 carbon atoms), phenyl, or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms, trifluoromethy,

amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6 carbon atoms, nitro,

cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxymethyl of



carbon atons, carboxyal kyl (2-7 carbon atons), phenyl, or phenyl optionally
substituted with one or nore hal ogen, al koxy of 1-6 carbon atons,
trifluoronmethyl, am no, alkylamno of 1-3 carbon atons, dial kylam no of 2-6

carbon at omo fbdid7Bse0 Cyano, azido, haldhethyl, al koxy -.Z, carbon
at ons, al kanoyl oxynmet hyl of WD 2005/ 070890 6 PCT/ USZOO%%I}/{@%%S@?% car bon

atons, alkylthio ¢ b s xy of 2-7
carbon atons, phe%iﬁ%?ogﬁﬁogl%y@?ﬂﬁ?%gﬁg%%%é%sérlllg%%ﬁ?é%iédﬂg?{rp%ﬂégﬁI am no,
beuzyl am no, al kaf@yl arbon etomt, pher®xy, phényh thidpbermxy,denzalk anzylf phenydancae, bon
atons; wth the IS t 1he al.ken or Kk I Lety i s bound to a
nitrogen or oxygeér%{‘&gﬂmél%’%%?%aéﬁ"ng ogg?%ﬁgrlab?%%}mg%ro ﬁ%ﬁvlgf%hﬁmf@ a%‘imrsls’sel ected
fromthe group cowit thé progisthatGhe dlkelyldr alhyRaoiely R3bded tolTitREelRd oxigEnR3 R3  R3

RBOR RR R hrotehs sanated Givon atom

R;, is selected from the group consisting of

0
0 Re
O " Rs -
» R3 _— 3 —_— R3 3
R Ra Ra
R; Ry

Ry

Rs Ry O
Rs
—e b} \ ?
R3 — Ry
Rj Rs °©
R3
° O
Rs R,
—— R; —_—
3
Rs
(C(Ra)2)p
R3 Ra
O Rj 0

Ry—S—5 {C(R3)2)r——<» :
R4

07 R,



RB R (C(R3)2)p RRRRO3 0O 0 R3-SS (C(R3)2), R3 R R3 WD 2005/ 070590
PCT/ US2005/ 001384 0 0 /(C(R5)2)u O NR6~ Rs-N\ R (C(R5)2)v R5 OO0 0
J(C(R5)2)u RB O 00 (0 (CGRS)Z)VRN s 00 (CR5)2)u S R5 S02
R5) 2 -7-
(C(R5) 2) v Rsy®2005/070890 PCT/US2005/001384
(]
N 0
I /(C(Rs)z)u
7 P Rg—N ’
" |
Re (C(Rg)2) R
5
O
N e N
' /(C(Rs)z)u '
Rs, O
0/ o l 4 ’
O
(C(Rs)2)y R N
5
Q
Q
0
(C(Rs)a)y \
s/\ - p - \
R5 802 )
(C(Rs)p)y Rs 0/ : :
Rs Rs
T
Rs
J——(CH), CHg)g— o
e ] J (CHZ)S //

J——(CHy)g \



RSRS N1 R6 J-(CH2)e CH2)s J 0 J-(CH2)5 ---~ J-(CH2)s O -8- WO

2005/ 070890 PCT/ US2005/001384 O\ OCH2, Rs \CH2, Rs \H2, R5 R5 R5 R5 0 O
Q2C \H2, Rs\ \ H2. and Rs CH2 R RS QR2C'" "R R5/\ s C02Q R3 is
mdependent‘lv E%/S%r,,&%g al kyl of 1-6 carbon atomns, car bo@ﬂ‘ car boal koxy of
1-6 carbon A4 nyl, carboal kyl of 2-7 carbon atong RICHALIRA 1 |

R7- (C(RS)Z)IO NN(C(R6) )r- (C(R6)2)p Rr--(C(R)2):--, R7-(C(R6)2)v _

M (C(R5) 2), R8R9- CH R)2)r-, or Het- C(R)Z)a W(C(RE)2) ; RS is
|ndependently hydg nof 1-6 carbon ons, carboxy, \ carboal koxy of
1- 6 carbon atomns, phe P&l kyl offs2-7 cafban at B8) 2) v \

s Rs 2 Rs Re c0,Q

R; is independently hydrogen, atkyl of 1-6 carbon atoms, carboxy,
carboalkoxy of 1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,

(C(Re)2)p N
/

(C(Re)2)p

Ry——(C(Rg))7—N N——(C(Rg)2)— >

AN

Rr—(C(Re)a)—;

R7—{(C(Rs)2);—M—C(Rg)2)r—, RsRg—CH—

M—(C(Rg)2)—, or

Het—(C(Re)2)e—W—{(C(Re)2)—

Rs is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy,

carboalkoxy of 1-6 carbon atoms, phenyl carboalkyl of 2-7 carbon atoms,

(C(Re)2)p N

Ry——(C(Rg)ls—N N—(C(Reg)2)— >
(C(Re)2)s

R—(C(Rg)2)—,

Rr—(C(Rg)2)y—M—(C(Re}2)—, RsRo—CH-—

M—(C(R¢)2),—, or

Het—(C(R¢)2)e—W-—(C(Re)2)—;

Rs, and Ry are each independently —(C(R4););NRgsRs, or —(C(Rg¢)2); ORs;

Jis independently hydrogen, chlorine, fluorine, or bromine;

Q is an alkyl of 1-6 carbon atoms or hydrogen;

a=0or l;



R7-(Q(R6)2)2 N N--((;(Ra)2)rd \(C(R6)2)p R7-(C(R6)2)9---,
Rr-(C(R6)2)p-M-(C(R6)2)r-, RBRO--CH M (C(R6)2)r-, or
Het-(C(R4)2)4--W--(C(R6)2)r ; Rs, and RO are each independently
-(C(R6) 2), %‘3@05/@6&90 (C(R6)2), OR6; J9-= |ndependentlyé:%ﬁ{; chl ori ne,
fluorine, or bromne; Qis an alkyl of 1-6 carbon atons or @gc@&]«gﬂ a-0 or
1; WD 2005/070890 PCT/ US 005/001384 g=1-6; k=0-4; nis 0-1; mis 0-3;
p=2-4; 9=0-4; r-1-48" u=0-4 and v=0-4, wherein the sumof u+v is
2-4; x= 0-3; y= 0-1, k=& 0 3 or a salt thereof. (00151 The present
invention is al so dlrected to a method of synthesizing a conpound of
formula (M11): (CH)2ROBG R Zz\A CN

mis 0-3;

p=2-4;

q=0-4;

r=1-4;

5=1-6;

u=0-4 and v=0-4, wherein the sum of u+v is 2-4;

x= (-3,

y=0-1;

z=0-3;

or a salt thereof.

[0015] The present invention is also directed to a method of synthesizing a

compound of formula (VIII):
CHa),-X
/( 2/n
PG\ R 74
A
CN
/
A
G N
R4
(VID),
comprising the steps of:
a reacting a compound of formula (I):
PG\ Rg LG"
A
CN
/
x
G N
Rq

®



G\ NR4 (VM, conprising the steps of a. reacting a conpound of formula
(1): PGR LG \ACN GNR4 (1) WD 2005/070890 10 PCTI US2005/001384 with
a nucl eophilic reagent of formula HZ-(CH2).-X; or b(i). reacting a conpound

of formul a‘gblz},dsfo%sgp PG ~A CN LG G N& R4 (H), vmthl%ﬁqég%?%@?y in_c o Po

reagent of forrmula HZ-(CH2)"-X to forma conpound of fornu
~A ON (CH2)"-X Gy al_r|mcl|§§philic reagent of formula HZ-(CH;),-X; or

b(i). reacting a compound of formula (II):

R, o)
PG
~Na CN
LG
G N
H
R4

am,
with a nucleophilic reagent of formula HZ-(CH;,),-X to form a compound of
formula (IX):
R, 0
PG
~a CN , _(CHaX
G N
H
Ra
(IX); and

b(ii). cyclizing the compound of formula (IX) with a reagent of formula
POLG’ to produce the compound of formula (VIII).
wherein LG, LG’, LG”’, PG, A, G, R; and R, are as defined above, and Z can be
NR’,Qor S, nis 0 or 1, and X can be cycloalkyl of 3 to 7 carbon atoms, which
may be optionally substituted with one or more alkyl of 1 to 6 carbon atom groups,
or is a pyridinyl, pyrimidinyl, or phenyl ring, wherein the pyridinyl, pyrimidinyl, or
phenyl ring may be optionally mono-, di-, or tri-substituted with a substituent
selected from the group consisting of halogen, alkyl of 1-6 carbon atoms, alkenyl
of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido, hydroxyalky! of 1-6
carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxymethyl
of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon atoms,

carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy, benzoyl, benzyl,



(I1X); and b(ii). cyclizing the compound of fornmula (1 X) with a reagent of
formula POLL' to produce the conpound of forrmula (VIIl). wherein LG LG,
LG, PG A G Rl and R4 are as defined above, and Z can be NR, O or S, n
is 0 or 1, be cycloal kyl of 31lie 7 carbon atons, which may be
optional ly SuU sﬁg(@&ged with one or nore alkyl of 1to 6 RCHYBASL0BR gr oups,

or is a pyr|d| nyI m di ny phe ri ein the pyridinyl,
pyri nidi nyl , “ﬁ}‘l‘%?‘ky‘?’f“ﬁ’@“ °B‘E°‘Ifg5?’f¥soﬂ’ﬁllk¥r]‘9'“%ﬁg£ to 1y carbogptoms,

tri-substitut ed Vpht:ﬂymuﬁ&bsﬂzytam%ta}kaa@}lﬂm@@k it6 @maowaﬁm&ramuﬂaﬂﬁb gting of
hal ogen, al kyl of 1- 6 carbon atons, alkenyl of 2-6 carhon atoms al kynyl of

2-6 carbon at ons,3-5cAT atgRsqRliomoueRipp obi-8 ?L"‘"G’“ a(‘,“&?sb‘&?ﬁb"ét’%]ﬁé of 14 FaPRRt hyi |

al koxynethyl of ZyoheCaniAlkoda efaaﬂ HARAY R ARIIANY] ofafs cRrbbn SBREQN at oS,
al koxy of 1-6 carbon atoms, al hio of 1-6 carbon atons, hydroxy,

trifluoromethyl, a@?&ﬁﬁﬂoaﬁ‘ﬂfﬂf@ 9@&40969@915 Ny Nrdibeyianinaplicg} of3: P casbpmon at ons,
car boal kyl of 2-7;car RO ahaiHRik bol? BERY IN NI lﬁ%ﬂ%@ﬁ% bengpy!
benzyl, WO 2005/ 070890 -Iﬂ(y%l PC'?' us2 005 80138% arﬁuno am no of 1-6
carbon atons, di skibyh siminsonasdap, ind bazodamiporer Xtccanr’eeablp)rvéﬂwmnbrmchc

benzyl am no, al k ) r 8 carbon
at ons, al kynoyl a%@%aﬁ?hﬁé’g?%xgr Eghoclgtagoﬁg ‘%CQ ﬂé‘%ﬁg H%MO - cglfét?lggg at ons,
car boal koxyal kyl 1agb 43let8meamlss¢1ec&ﬂddmezﬂnamb&tvklythecpfovm%acﬂnp boycliat ons, N

al I ryl am noal kyl cat bon at of, 3-10 carbon
atons, N-al kyl amhﬁgraqaﬂ’imﬁﬁ (’fesﬁ‘)t@o’ﬁa{i’?gonﬁ gdorhs N, ﬂléXYh Tetoal koxy of
3-10 carbon at orlsi:qyclim-ylaspbmychahderbaylmglnammqmoﬁa‘lly)ﬁ@am]bm artrsyclic aryl
or bicyclic heterpar r|n st em of to 12 atons, .wh t he bicyclic
et or oaryl ri ng. cORB pRsReRGr Bitlisn e Gune TR BHTRER G onnd S ui th

the proviso that thibausi ssfr-b bﬁbormix@ralaernyllofmsrtgrbd@asmmlkyﬁ}mar%Iaar&no S-S, or
S- O bonds and where the, bicyclic ar¥ or bicyclic heteroaryl ring nay be
&

optional 'y mono- #AmS, 2z9q, hydgixyslkyl of 1-6 s stqms badorpgthofh, alkoxymdeyl {4t sel ect ed

fromthe group cQR®bshthins, aﬂéanckwdxﬁgaﬂyl oPX9 carbdultitdins, AkéH! of @l6 chGn Car bon at ons,
al kenyl of 2-6 carbon atons, alky of 2-6 carbon atons, azido,

hydr oxyal kyl of Btamscgliciie q’tlcﬁ@rbommﬁrévﬁw, triflupresag gk pyARo. @itrop . 7

carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,

phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 carbon
atoms, dialkyl amino of 2 to 12 carbon atoms, phenylamino, benzylamino,
alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboalkoxyalky! of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalky! of 3-10 carbon
atoms, N-alkylaminoaikoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10
carbon atoms, mercapto, and benzoylamino, or X can be a radical having the

formula:
/A\T A

wherein A is a pyridinyl, pyrimidinyl, or phenyl ring; wherein the pyridinyl,
pyrimidinyl, or phenyl ring may be optionally mono- or di-substituted with a
substituent selected from the group consisting of halogen, atkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,

hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms,



carbon atons, al kanoyl oxynet hyl of 2-7 carbon atons, al koxy of 1-6 carbon
atons, alkylthio of 1-6 carbon atons, hydroxy, trifluoronethyl, cyano,

nitro, carboxy, carboal koxy of 2-7 carggn atons, carboal kyl of 2-7 carbon
atons, ph yl, thiophenoxy, behzoyl, benzyl, ' am no of
1-6 car bone@g?gor%)?&g?al kyl amno of 2 to 12 carbon atons%&ﬁ%???)loéﬁé“no,

benzyl am no, al kanoy| am no of %-6 car bon ue‘ltomg al lﬁeno Iarrh(go .of 3-8 carbon
atons, al kynoy! ahkpaaylosymeshy of 27 Garhontorpss alkquyof 6,cabRy ptomy, allylhiaaf hon at oms,
car boal koxyal kyl 10§ cafof a1 8roRY, @ifroroRl¥hND &akd, Initf catbokyCarvBRoxdods, N-

al kyl am noal kyl of_ 2-9 carbon _ atons, N, N-di al kyl am noal kyl of 3-10 carbon

atons, N-al kyl ani2rigarienRipmsicaoaiyl of 354 harbanatams, RheRexy: Bheryl) hiepkesabkoxy of

3-10 carbon ato S n AR L athind Dy IRARAOYH 126 6afon alins XiNRNarkiRo 8f 7 @ cal havi ng
the formul a: AI\I-%%mlill L \Aﬁ%fg‘?}r'l Als a pari éilianyls lﬁ)gj?i m di nyl, or phenyl

ring: wherein theathem stethsphenylamino; benzflamine, alsgoplaminpiof | i6rrgrbrmgtons opt i onal | y

nono- or di-substj Wt ' E(gm[;, 2l s Q e group

consi sting of ha%g%ﬁeb%?aglgwglg Sgc#rb?Hgﬁgg% n lagi?g)ns, egejﬁaiggny Omg’f 2-6 carbon
atons, al kynyl ofarBexgalsprofd+7 catbomstpms zartionlkoxyajit ebdy@bdtldn atdms1- 6 car bon
atoms, hal onet hyl__ . Rt hy| / 0104 / Q70890 12
PCT/ US2005/ 001382“‘?[“@?%3?8%% E@%Ng?“?@’[' 'gg%ékﬂ)on a‘fa\éﬁrfz-é‘,?ag’a k*é’i“s of 1-6
carbon atons, al Idialldyhh@oaﬂqlgl ofl-:’aékmccatbb]?morgs, gmylalgmhaﬁmyy off -9 édrhl;mraltmmaf hy:c .
cyano, nitro, ca ar.boal ko -7 carbon ato car boal kyl of 2-
chrbon atons, phoRp R RoeS et gond pRRPuG ST B PmoG A o,

alhkyl iamﬁ! no 01;) 1b&;dea;mrbaf1?m,am}jis;a! kyl a][n' no of 2bt 0 12 car bolnkat olms, .
phenyl am no, benzyl am anoy o of 1-6 carbo , al keoyl am no
of 3-8 carbon atons, E%ﬁ@fﬂé‘r‘ﬁﬁ@@zgﬂsfﬁs“cépgﬂn“ét“oﬂg‘?&%g:b_oxyal kyl of 2-7
carbon atomns, carboal L@gﬁg)nkquzf)ﬁmﬁ_qaimm@amcﬂgmnq@_}kryI of 1-5
carbon atons, N al kylani.noal kyl of 2-9 carbon atons,. N, N dial kyl am noal kyl

of 3-10 carbon at ons, —KFHDRIRamPH Al B RIFubsftitgedpheny] Figg ong pligey! ring

N, N-di al kyl ami nogldsexi., of wBsubinsiad Vs &bafifent SREEARER theshpReRTayg ami no, T
IS

of halogen, aiky! of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6
carbon atoms, azido, hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl
of 2-7 carbon atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon
atoms, alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 carbon
atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino, benzylamino,
alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms,
carboalkoxyalky] of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon
atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10
carbon atoms, mercapto, and benzoylamino, or L can be a 5- or 6-membered
heteroaryl ring where the heteroaryl ring contains 1 to 3 heteroatoms selected from
N, O, and 8, with the proviso that the heteroaryl ring does not contain 0—0, 8—S,
or S—O bonds, and where the heteroaryl ring is optionally mono- or di-substituted
with a substituent selected from the group consisting of halogen, oxo, thio, alkyl of

1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,



bonded to a carbon of A and is: -NH(CH2)m QCH2)m -, -S(CH2)m -, -NR(CH2)m
-(CH2)m - (CH2) M NR-, (CH2)mO , ---(CH2)mS or --(CH2)MNR-, and L is an
unsubsitituted phenyl ring or a phenyl ring nono-, di-, or tri-substituted
with a subsgi.t | ected fromthe grbup consisting of halo al kyl of
1-6 car bonsg?zws%o@ﬁenyl of 2-6 carbon atons, al kynyl d’ﬁTﬂlsé" g’@%ﬁﬁ‘on at ons,

B o P oS Tt TR o i 847 B, O 2

atoms, alkylthio atkﬁno;&o&nﬁahﬁaﬂzatcaﬁ& atbtyg] BIReY, of 1461 cﬁﬂbﬂﬂﬁt@ﬂﬁtah(yhhlo 6fano,

nitro, carboxy, carhoal koxy f 2-7 carbon atons, carbpoal k of 2-7 carbon
atoms, phenoxy, pﬂ'ﬁ?ﬁ&? (S‘WW%EH‘ZBW““ §ATOOXXrfi Y| anmi no of
1-6 carbon at ong,7 ditgh Kwir@mameamﬁ 0f24 Qarlieh diHhd)Pien wﬁf&nyxpdﬂfwuénam '

benzyl ami no, al kanoyl ani no of 1-6 carbon atons, al keoylam no of 3- 8 carbon
atons, al kynoy| 2#iza¥, benzyd. amine, plkyamine ehk 6 cghqrw&%#lﬂl}fﬂa@mozvf ¥tcldr bon at ons,

car boal kox yal kyl c%or?’at&n§ BhAPAmHo C8ERzy 1 Aithd) Qﬁ!aﬂ%_y/iamﬁfo oF1:8 dafbiy %m@t oms, N

al kyl am noal kyl of 2-9 carbon atons, N, N-di al kyl am noal kyl of 3- '10 car bon

atons, N-al kyl anialkergylasige ofB- Bzcaé’oeaw@&rﬂﬂﬁvwmwfﬁ-%ﬁawokwom noal koxy of
3-10 carbon at ofggy, )gﬁﬂcflao?hel ﬁ?%ﬁrﬁ&a@l@xﬁ?ﬂ?&@ -8cafifl afdfhsd S OF
where t ar

6- nenbered heteroar etero ring contains | to 3
het er oat ons sel eemawalkylmiil -5Narbon atalndhalk)dammoadl\tybofiﬂ%wm atomst NNae het er oar yl

i ng 15 opti onal FaRiEk 30 bt NG ARG HE R T (o

t he group consi siN,Ngliaiifylarddcatkexy, of3xi®, catbbn atoms Imeydaptofand kerGoylaniaan at ons,

al kenyl of 2-6 c at o al kyn of . 2-6. carbon at i do, WO

3005/ 970890 - 15 6] HESoBR 8 I resghinSaf R e e P hion at o,

hal orret hyl , al kO)pWahﬁdeoﬁfnp&mﬂuﬁ‘a’ﬁﬁbﬂnﬂfc&égbﬁig,metlﬂtﬂléﬁ]ﬁtepahﬁg(y%t hyl of 2-7
carbon atons, al kgxy of 1-6, carbon , .a)J Kyl t hi carbon at ons,
hydroxy, trifl UOPM?WH“‘“@VQHWPW&M@O% L“g'P'ﬁ’BﬁﬂakI‘b 2-7 carbon
at ons, carboal kylco,ﬁf,ouadKamrtﬁaran@inﬁ@ﬁ)mﬂbggoxy, phenyl , thi ophenoxy,
benzoyl benzyl, am no, al kylam no of 1-6 carbon atons, dialkylamno of 2 to

12
Ry 0
PG
N CN
LG
G N
H
R4

wherein LG, PG, A, G, R, and R, are as defined above.

(I

DETAILED DESCRIPTION OF THE INVENTION
[0017]) The compounds of formulas (I), (II) and (VIII) can be readily prepared
according to the following reaction schemes or modification thereof. In the
following reaction schemes LG, LG’, LG™, X, PG, A, G, R, and R, are selected
from the groups defined above.
[0018] Scheme 1 illustrates preferred embodiments of the method of preparing a
4-substituted quinoline compound.



carbon atons, phenyl am no, benzyl am no, al kanoylam no of 1-6 carbon atons,
3-8 carbon atons, al kanoyl am no of 3-8 carbon atons,

al kenoyl am no of

car boxyal kyl of 2-7 carbon atons,

car boal koxyal kyl of 3-8 carbon atons,

anmi noal kyl rbon atons, N-al kyi b noal kyl of 2-9 carbon atoms, N, N-
n‘gél é&;ﬁ?@? 3-10 carbon atons, N-al kyl ani noal kEEWUSH0G3¥a hon
atons, N, N-di aI K am ?oal koxy of 3-10 carbon atons, nercapto, and

di al kyl am

benzoyl am no.
i nternedi ate aryl

aryl - 2- propenam deuc\g;@)npo'un h {gaflol Tow ng f

n anot her aspect, the present invention is an

2 pr opendnjgde conpound used in the foregoi ng nethod of
preparing a 4 substitgted g i naty conp Unddh&fmatforﬂtm|) t he
Ok

w! 1) RO PG ~A

CNLG 1--11 GNH R4 (41) wherein LG RG A G R and R& are as defined

above. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10017) The conpounds of

formulas (1), (Il1) and (VIII ) can be readily prepared according to the

follow ng reaction scherres r nodification thereof. In the follow ng

reaction schenes LG LG, ', X, PG A G R and R4 are selected fromthe
groups defined above. [0Q18] §cherre illustrates_preferred £ odi nents of
the nmethod of prepari®sg OILGL tpe qfi bl w ganrpfﬁmd L4-cnVO
2005/ 070890 PCTI USZOO

(n) n

Ry

PG a

A orthoformate o
L ¢ || T e
G NH )

2 OEt
vy v

[0019] In Scheme 1, LG, LG’, LG, PG, A, G, R, and R, are as defined above.
[0020] The quinoline compounds of the present invention have a protecting
group (PG) selected from the group consisting of of acyl, CH;0C(0O)-, EtOC(0O)-,
Fmoc, trifluoroacetamide, Troc, Phenoc, benzamide, Teoc and cyclic imides such
as pthalimide, maleimide and 2,5-dimethylpyrrole at the substituted A attached to
the 6-position of the quinoline ring system.

{0021] The method of preparing quinoline compounds of the present invention
has multiple distinct advantages over previous methods of preparing quinoline
core compounds. Most significantly, a high temperature (e.g., 250°C) cyclization
step is not required for the present method. In addition, the present method
generates little or no insoluble and viscous tars; and the formation of
decomposition products is minimized. Furthermore, the current method reduces
the number of steps required to prepare the desired quinoline compounds.

[0022] The method depicted in Scheme 1 shows that compound of formula (II)
can be converted to a compound of formula (I) via formation of intermediate
(VI). However, the intermediate of formula (VII) can also be isolated.

Therefore, this method allows a quinoline compound to be formed with a variety



OA\ orololormate A\ Nc~LG + G/ N-CEl O/ NHT (IV) (Ill) (V) 1 PG R O
R LGPGR LG Al c~LGPOLG~PG'AIl \ \ CNPOLGO Al \ %CN 0 R H 1111
G/ N(MI ON(11 R R4 100 PGANCoOrtholormate INC + LG-it, LG G/

NHS CEt || ) 100191 In Scherels; LG LG, LG, PG A R) and R4
are as def i\%’gﬁ&)\a%)g)({\?ﬁ [0020] The qui nol i ne conpounds oﬁ’cﬂ%{éz‘f??’g@

I nventi on have a otectin roup . (PG, sel ected fromthe group consisting
of of acyl, CHSCX?F @)“f“,’g E?‘(é(’ﬁge 4-positipg. Thest Ayinqlige m&%%g‘fﬂ%q Phenoc,
benzam de, Teoc @m‘ﬂleﬁéﬁﬁitinﬂedWﬁ&ﬁnéﬁ&ﬁ'wi@&nﬁlé&ﬁﬁiliﬁe@@nt.”ﬁ' ei m de and

2,5-dinethyl pyrrole at the substituted A attached to the 6-position of the
qui nol i ne ring sye2aWithghesa pdvartegepdhepsmscrs meppod peatsomys amndithene conpounds of

the present invemtii@fns Bfseibistrdtlos, ‘E@sn?lﬁﬁé‘iﬁ%i&ﬂ&\ﬂ%@ﬁ%gﬁ&n@}( HordUofy | OUS
met hods of preparing quinoline core conpounds. Mst significantly, a high
t enperat ure (e. gefleckiBO@)y ©rdppie quingline cere egmpoyndsder useipthe menufasiuradfe pr esent
met hod. I n additiggs, ig]ﬁi@xﬁor?r esent nethod generates little or no insoluble
and viscous tars; and the formation of deconposition products is mninized.
Furthernore, the [(34F &ra preferddounbodithentee cankpoumis obformdh (I3 (Bpad (€Gi red to
prepare the desired qui othi conpounds. [00221 The met hod depicted in
Schenme 1 shows t ﬁii’ts“@%ﬁ%%’o ?1{3’?18 mEB’WﬁWa (I'1) can be converted to a conpound
of formula (1) vi@2slownheh Refs ankikenl efi2aPditah @tomé Wi dlkynyHa\2eV@fbont he
i nternmedi ate of formul (lVI Il) can ?I so he is&)I at ed.

atoms, such alkenyl or aﬁyny moiety is bound to a nitrogen or oxygen atom

through a saturated carbon atom.

[0026] Further, when Y is —N Rs — and Ry is —N Rg Rg, —N{Rg)s", or —N R

(O Rg), then g=2-6; when M is —O— and R; is —O R¢ then p=1-4; when Y is —

N R — then k=2-4; when Y is —0O— and M or W is —O— then k=1-4; when

W is not a bond with Het bonded through a nitrogen atom then q=2-4; and when

W is a bond with Het bonded through a nitrogen atom and Y is —O— or —N Ry

— then k=2-4.

{0027} For purposes of this invention the term “alkyl” includes both straight and

branched alkyl moieties, which can contain as many as 12 carbon atoms.

Preferably, the alkyl moiety contains between 1 to 6 carbon atoms, though 1 to 4

carbon atoms is more preferable. The term “alkenyl” refers to a radical aliphatic

hydrocarbon containing one double bond and includes both straight and branched

alkenyl moieties of 2 to 6 carbon atoms. Such alkenyl moieties may exist in the E

or Z configurations; the compounds of this invention include both configurations.

The term “alkynyl” includes both straight chain and branched moieties containing

2 to 6 carbon atoms having at least one triple bond. The term “cycloalkyl” refers

to alicyclic hydrocarbon groups having 3 to 12 carbon atoms and includes but is

not limited to: cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

norbomyl, or adamantyl.

[0028] For purposes of this invention the term “aryl” is defined as an aromatic

hydrocarbon moiety and may be substituted or unsubstituted. An aryl group

preferably contains 6 to 12 carbon atoms and may be selected from, but not

limited to, the group: phenyl, o-naphthyl, 3-naphthyl, biphenyl, anthryl,



Therefore, this nmethod all ows a quinoline conpound to be formed with a
variety WO 2005/070890 15 PCT/ US2005/001384 of |eaving groups at the
4-position. These quinoline conpounds cgg then be further substituted by
reacting th ' nucl eophilic reagenf- [0023] Wth these advant ages, the
present netﬁg%x%%g@@%nes many of the limtations of pretSUURMIHEYS,

resulting in higher .throughput. an re cost- effective wa 0 prepare

qui nol i ne core co%%ﬁﬂ%apﬂis‘?l’ Ellé“@m}qwqt ﬂ“é)m?%hWﬁ%}’é’{’?}}l’gﬂg’#“)ﬂﬁﬁﬁ‘%}\'ﬁ?ﬂgﬁt ors.
(VIT1) Bro Subj ooty ne o ot pe o oon T D0set When 438" & 2h al keny
Of 27 car bon at oHEMbralk g e ed w B heats e oA EHPRor al kynyl
o 10026] Fur t fer B o, B Rt A ey 3, or - N
R6 (O R6), then Heoxygkoxyiryanavhalegendudrary nitte, rifuoremethyls tiBhorpmathory, when Y i s
- N R6 - then K=2gifiuordfi6y1, i, alRylamidd QiddyRimitl, Hﬁlkz,ﬁminoslk&ﬁp k=1-4; when W

is not a bond with Her  bonded through a ni'trogen atomthen g=2-4; and when
Wis a bond with hdroxprindatkoxyallkyl glkylthin-$Q:bly SO MHord @ Hakyhs -0- or -N R6 -
t hen k=2-4. [0027 r S8 .hR& . LON y | " includes
bot h straight andéoéggﬁﬁﬁégﬂzﬁkgpﬂﬂ%Tg?#g%ms&h#gﬂcégﬁﬂ%gkgg?ﬁhég many as 12
carbon atons. Prsbsitebis\or anfhenddickepdaryibiclotly alkplnhaddges, apanoyelylaiinb,o 6 car bon
atons, though I t car at o i re.ngef bie . T rm"al kenyl "
refers to a radi c%?lé)é{? 1p%2€ﬁ%°‘°’ﬁéﬁrl’£%ur° oclﬁ\eﬁ@é%tag;ia?\]fykigm%ﬁlgﬁﬁ%Ubl e bond and

i ncl udes bot h st r @2 tFoapaipdzesasfalie thvermibk tha ydrm (fhéta@bddrds isalefizedtaga6 car bon
atonms. Such al kenyl leties..may exist in the E. or. .Z.configurations; the
Conpounds.of -t hi SPTRBHE ISR R A SRR ARSI PEPRED SHE afPhl i~ ai kyny!
i ncl udes bot h st rgabigits alfivie Br §0 fheibaatiigsl cinbiitig B® 4tetttcatoftisRgectsd t 0 6 carbon
atons having at | east one triple baond. TQﬁ ter$1"ﬁycjoalkyl" refers to

al i cyclic hydr ocai e gron sesiiting ¢ g B, ang O andamy ubis BoRIHiSd 19 3| udes but i s

notI | |h i teld t 0! Ciifah ORIoPINAE, indoksS AARBELY, loxaZekChRARAL tisbkazofey BbraALIY | |
cycl oheptyl,

imidazole, N-methylimidazole, pyridine, pyrimidine, pyrazine, pyrrole, N-
methylpyrrole, pyrazole, N-methylpyrazole, 1,3,4-oxadiazole, 1,2,4-triazole, 1-
methyl-1,2,4-triazole, 1H-tetrazole, 1-methyltetrazole, benzoxazole,
benzothiazole, benzofuran, benzisoxazole, benzimidazole, N-
methylbenzimidazole, azabenzimidazole, indazole, quinazoline, quinoline,
pyrrolidinyl; (2) a bicyclic aromatic heterocycle where a phenyl, pyridine,
pyrimidine or pyridizine ring is: (i) fused to a 6-membered aromatic (unsaturated)
heterocyclic ring having one nitrogen atom; (ii) fused to a 5 or 6-membered
aromatic (unsaturated) heterocyclic ring having two nitrogen atoms; (iii) fused to
a 5-rmembered aromatic (unsaturated) heterocyclic ring having one nitrogen atom
together with either one oxygen or one sulfur atom; or (iv) fused to a 5-membered
aromatic (unsaturated) heterocyclic ring having one heteroatom selected from O,
Nor S. Preferably a bicyclic heteroaryl group contains 8 to 12 carbon atoms.
[0030] For the purposes of this invention the term “alkoxy” is defined as C;-Cs-
alkyl-O-; wherein alkyl is as defined above.

{0031} For purposes of this invention the term “alkanoyloxymethyl” is defined as
—CH;OC(O)R, wherein R is alkyl of 1 to 6 carbon atoms.



nor bonyl , or adamantyl. [0028] For purposes of this invention the term

"aryl" is defined as an aromatic hydrocarbon noiety and may be substituted
or unsubstituted. An aryl group preferably contains 6 to 12 carbon atons
and may be selected from but not Ilimied to, the group: phenyl,

a- napht hyl , WO2pBEM8AY | . bi phenyl, anthryl, -16- WO 2005RETIHIN5/001384
PCTf t JS2005/ 001384 t et rahydr onapht hyl, phenant hryl, fluorenyl, indanyl,

bi phenyl enyl , acd¢@ghTheteyhs “aliglbmimmplkoAy) belidialkybmipphkparitéfetny| gr oups. An
aryl group may b ed with
aubst 't uent 5. sel AP BpRTR sk HRAR il yighbhor o 15 ERuRHERAAE OF (1
al kyl, acyl, al kcd;@ewt)hnon@ekito the kitrogen aa:lrﬂomhaylallshwched tahlkdkwlgkcmpyrfl cyano,

hal ogen, hydroxy, trif | uor onet hox

(e Euor opr oyt e aing | BEEREVR it ptionbot PP 810 1

hydr oxyal kyl , al Iéamyrﬁit&yé andal atiylaininoalkoxyShdtty conSieldfi ol to-9Sadbdidal kyl , -
S2N( al kyl')2, -CO2H, CO2NH2, CO2NHal kyl, and - CO2N( al kyl ) 2. Preferred
substituents for aﬁ’WI and heteroaryl i ncl ude: al kyl, hal ogen, ani no,

al kyl am no, di aI[MBBPFbﬂeroEés'oﬂhMﬁﬁﬂﬁ‘&dWétenﬁ"‘dllinthh@TRWEﬁrIkﬂwcl-@I yl al kyl', and
al kylaryl . [00291 For purposes of this invention the term"heteroaryl" is
defined as an acbih¥ic het erocyclic ring system (nonocyclic or bicyclic)
where the heter 0gggsly F%n?ﬂobc%%fﬂa‘isﬁimfehﬂcﬁl Q&o@aﬁcylmiﬁ@@aﬁl&ﬂhlﬁélﬂﬂ’sd&&@t aining |
to 4 heteroatons sel ected fromthe group consisting of S, N, and 0, and

i ncl ude but is na@nalkylgreupas defined above tharig ﬁhqrﬁ?bﬁbﬁ@ﬁéﬂmraﬁ%P@OTazar ndol e,

I t hi I td I d I
oyt i ne, pyr i m AGROECERLE et B R ol ABSR PR TR 0 ©

N- et hyl pyr azol ealkmmBCHz pxadi azol e, 1,2, 4 tr| azole, 1-

met hyl - 1, 2, 4- trl For:I'I_I-tet ro? ?sIlgven n e I‘I;hyIlrIoa vIs?éﬁnIé) nsza%ZOI €,
benzot hi azol e, Nz BBz SoXaz e enzrm dazol €,

met hyl benzi m daz @iodsty. Mmrd;rfodﬁmpbses ofitlndmmmlnen the winn &airéxylalkytfus nol i ne,
Dyt i i neof -y pieS LD gy et A ey R o LB et T
(unsaturated) heso36PENGutposdsion thidimenfig (RNermHefizgRMirdl Gbefifddiay a f US ed toab
or 6-nenbered .

Ph-OC(O)NH- moiety.

{0037] The terms “monoalkylamino™ and “dialkylamino” refer to moieties with

one or two alkyl groups wherein the alkyl chain is 1 to 6 carbons and the groups

may be the same or different. The terms “monoalkylaminoalkyl™ and

“dialkylaminoalkyl” refer to monoalkylamino and dialkylamino moieties with one

or two alkyl groups (the same or different) bonded to the nitrogen atom which is

attached to an alkyl group of 1 to 6 carbon atoms. Preferably a dialkylaminoalkyl

moiety consist of 3 to 10 carbon atoms and a alkylaminoalkyl moiety consist of

from 2 to 9 carbon atoms.

[0038] For purposes of this invention the term “mercapto” is defined as a ~-SH

moiety.

[0039] For purposes of this invention the term “carboxy” is defined as a -COOH

moiety.

[0040] For purposes of this invention the term “alkenoylamino” and

“alkynoylamino” are defined as a -NH-COOR moiety, wherein R is alkenyl or

alkynyl of 3 to 8 carbon atoms.



aromatic (unsaturated) heterocyclic ring having two nitrogen atons; (iii)
fused to a 5-nenbered aronmatic (unsaturated) heterocyclic ring having one
nitrogen atom together with either one oxygen or one sulfur atom or (iv)

fused to a@omg@g?i aromati c (unsatul&t ed) heter ocyclpicgf%%@gf?‘g \{'i ng one

het er oat om sel ect rom0O, Nor S Preferably a bicyclli yl group

contains 8 to 12 rpon atons. Q0301 For the purposes of this invention
the term"al koxy'{gqaéfjg%‘fﬂuﬁ’é’ﬁsggﬂ‘%ﬁl“—“@g"r‘é“W‘F’! (5?1;%0 e1sr‘ileé’leﬁé§?“i s as defined

above. [00311 Foic(HR! PRe&SRE alkylbB] boB\adbh f6mé. he term "al kanoyl oxynet hyl " is
defined as -CHZOC(O@%R, wherein Ris alkyl of 1 tqg 6 carbon atonms. WO

2005/ 070890 17 PAHRSEomymeses96tis mysntothertarn tcagbpalkyl ais defined pdelPBeoxy" and

"di al kyl am noal kQu¥rein®fs@licyl 8F 1 18tk kb dd@s, and di al kyl ami no noi eties with one
or two al kyl grougs (the sane or different) bonded to the nitrogen atom

whi ch is attached®43] Her rarnesseyf tisduysntis the temn Baberygliol”at dofined Peeferably a
di al kyl am noal komm_%gieﬁ%é%}f{%fag%%&@ tg’g c@rﬁ@r{:ﬂ atoms and a

al kyl am noal koxy nol ety co carbon atons. 100331 For
pur poses of thi s [#044FFoi purposdsef therinmetitidnithe tetm ‘twarbpalkakgdlkyldid dafnedias £6-

al kyl -S. [00341 Fgr-hHutpos f this jnventi "al koxyal.kyl.%

"al kyl t hi oal kyl " e%c%tu% 'g%{%t?’aq‘?ﬁnr%g%dup azriesatna’g%dr%g 515 é(;o\r/ltsaflétoﬁzfir? %?gof urt her
substituted w th7aarbah &tomy or al kylthio as defined above. A preferred

al koxyal kyl noi e Ls..al koxynmethyl. (e.qg., .al koxy- %) 4 [0035 or purposes
of this inventi o:ﬂ%{“hﬁ" ?“é%”m";/“r%yh?h@\}‘;‘"ﬁ‘@ t}&eetfﬁ"rhé’ﬂx‘}fgﬁi‘ I’-ﬁegiﬂfiﬂzaélwﬁ'
Furthernore, for alkyl, ph&ein defaldyhgup dussbf D Stdadoh ebk." hydr oxyl al kyl " is
defined as a HOa%g - m)i”eté, y\/r]erei)ig? the al kyl noiety consist of 1 to 6
carbons. [ 00361 [#84P] pddifRodea radicaliofthe fomplants-on t he term "benzoyl ami no" is
defined as a Ph{8dgfOrdhurgd®is @t this sﬁ»%m.]meﬂ% tafida Gy land RGPl e PaRlan0”  and

“dial kylam no" refer to noieties with one or two al kyl groups wherein the
al kyl chain is 1NbBCOORantiensvherein R ialkylafl a6 carbap qrans he same or different.

The terms "no noaI[WbﬁnAMqL E)Qd'i'calad?%e formula (C=0)-alkyl or (C=0)-perfluoroalkyl

wherein the alkyl radical or perfluoroalkyl radical is 1 to 6 carbon atoms;

preferred examples include but are not limited to, acetyl, propionyl, butyryl,
trifluoroacetyl.

[0049] For purposes of this invention the term “alkylsulfinyl” is defined as a
R'SO- radical, where R' is an alky! radical of 1 to 6 carbon atoms. Alkylsulfonyl
is a R'SO,- radical, where R’ is an alky] radical of 1 to 6 carbon atoms.
Alkylsulfonamido, alkenylsulfonamido, alkynylsulfonamido are R'SO,NH-
radicals, where R' is an alkyl radical of 1 to 6 carbon atoms, an alkeny! radical of
2 to 6 carbon atoms, or an alkynyl radical of 2 to 6 carbon atoms, respectively.
[0050] The term “substituent” is used herein to refer to an atom radical, a
functional group radical or a moiety radical that replaces a hydrogen radical on a
molecule. Unless expressly stated otherwise, it should be assumed that any of the
substituents may be optionally substituted with one or more groups selected from:
alkyl, halogen, haloalkyl, hydroxyalkyl, nitro, amino, hydroxy, cyano, alkylamino,
dialkylamino, alkoxy, haloalkoxy, alkoxyalkyl, alkoxyalkoxy, oxo, alkylthio,
mercapto, haloalkylthio, aryl, aryloxy, arylthio, heteroaryl, heteroaryloxy,
heteroarylthio, acyl, -CO;-alkyl, -SO;H, -SO;NH,, -SO,NH-alkyl, -SO,NH-
(alkyl);, -CO,H, -CO,NH;, -CO;NH-alkyl and -CO,N-(alkyl),.



"di al kyl am noal kyl " refer to nonoal kyl am no and di al kyl ami no noieties with
one or two al kyl groups (the sane or different) bonded to the nitrogen atom
which is attached to an al kyl group of | to 6 carbon atons. Preferably a

di al kyl am ng iety consist of 3 1% 10 carbon ato
al kyl am noal éy{%r%qsgat)y consi st of from 2 to 9 carbon a?%ﬁ@ggﬁo%%‘éﬁ“ For

pur poses of this tion the ] J.s def.ned as SH noiety.
100391 For purpoég@\{ﬁ O% RFROSES 0f ’P‘E?H "[nh%q%)lg?ﬂ "%%88&\9'“‘“?'5‘6@@% ned as a
-COON  noi ety. 1Qfifehts Fouhd mr@pSABAof the bérﬁndicmabMtAc@ﬁrdinbl@,a*l&ndgbn of

"al kenoyl am no" gnd "al. k l.ami no" are defi ngb as. a R _Noi ety,
wherein R is al k&Hppresgtin gv@ﬁ%mw‘@e&t@%ﬁ%‘ﬁm i§ devsEomABeBRs9 5/ 070890 -

18- PCT/ US2005/ 0Q#3&+e, bl[oﬁ%lﬂ;dlﬁ@ﬁr ARHGRO PaFerRll hilBiehs hrB‘éﬁéthddebni the term
"car boal koxy" is defi ned as - CO2R wherein Ris al kyl of I to 6 carbon

atoms. [0042] ForE'qynrsstes ofchior, uqro, 9 ™ t he term " car boal kyl" is
defined as -COR, OMQFFgﬂtﬂeEﬁr%o%e@dflﬂW m&hfnuén ﬂl@teﬁn e@pﬁﬁﬁe@tx&% to witPA31 For

purposes of this invention the term"carb }/ defined as a HOOCR-
moi ety, wherein pqycirggegm@}qal@'farmolp@ledmaehqe@m a&%"dﬁs’*m@@(?@&] ragigal, hur poses of

this invention t ch@d’a%r &?ﬂé@gﬁ'fﬁ#f%& cal Hl%séjxgélhﬁ.e@u@%e?eralllyR' 02-R

noi ety, wherein and toget her consi st om2 to
car bon at ons. [Omedﬁmns buhspmgés of this invention the term "am noal kyI "is

defi ned H2N- he,_al k 5 b
ateolmrs].e [88461 " Aié'dé)‘ﬂ F°‘s"“§’° F&clél fmc%ﬁhthg e%p Iﬁgé}?@w 3%%8& CgLrggses

of this inventi omrduféntiocucad Tned anbgﬂleatrpméta ﬁnﬂﬂelfﬂl&:ﬁmﬂﬂigﬂupoer—l— COOR ni et Yy,
wher ei n R i s al ky 10048 "Ac?él " 1s a radical of the

Formul a - (o - aFRgThegPs o et maRe BT Baots Pl e PRITHS KERAET ¢ act cal o

per fl uoroal kyl r asigentd oricéndltidn® toGrasforanst réatiiiBther artef e keitcelxanpl es i ncl ude

but are not lim Ll%gregﬂoer thae'?)reottéc/:liﬁg &5&%‘%&9 Qé/ rlerhm%ld:[ gl&i&:le protecting groups are
well known in the art and include acid-labile, base-labile, photoremovable, or
removable under neutral conditions. See, e.g., Green, Protecting Groups in
Organic Synthesis, Wiley, pp. 218-288 (1985), which is incorporated herein by
reference.
[0054] For the present invention, suitable protecting groups are of acyl,
CH;0C(0)-, EtOC(0)-, Fmoc, trifluoroacetamide, Troc, Phenoc, benzamide,
Teoc and cyclic imides such as pthalimide, maleimide and 2,5-dimethylpyrrole. In
one preferred embodiment, the protecting group is acyl.
[0055] The compounds of this invention may contain an asymmetric carbon atom
and may thus give rise to stereoisomers, such as enantiomers and diastereomers.
The stereioisomers of the instant invention are named according to the Cahn-
Ingold-Prelog System. While shown without respect to stereochemistry in
formulas (I), () and (VII), the present invention includes all the individual
possible sterecisomers; as well as the racemic mixtures and other mixtures of R
and S stereoisomers (scalemic mixtures which are mixtures of unequal amounts
of enantiomers) salts thereof. It should be noted that stereoisomers of the
invention having the same relative configuration at a chiral center may
nevertheless have different R and S designations depending on the substitution at

the indicated chiral center.



trifluoroacetyl. 100491 For purposes of this invention the term

"al kylsulfinyl" is defined as a R SO radical, where R is an al kyl radical
of I to 6 carbon atons. Al kylsulfonyl is a R S02- radical, where it is an

al kyl radi c‘g |l to 6 carbon atons. -2 kyl sul fonam do, al kengl sul f onam do,
al kynyl sul f ﬂéflﬂs‘%”s&ore R S2NH radicals, where R is aRCAMUSN0SPUBical of |

to 6 carbon atons, an al kenyl radical of 2 to 6 carbon atons, or an al kynyl

radical of 2 to @49056) Bbmforseping methad glaccinghydss {he prepuaiiy pnd fsming ofsalts ubst i t uent
I s used herein tQrhel&h Mds%f&hemﬁﬁ@mad(v@ Asdangatd, er‘ra&rmgee.q&nr adi cal or a

noi ety radical that rep aces drogen radical on a | ecul e. Unl ess
expressly stat ed venidye pcisl spdts. 'ﬂ!ess Ithe compapsds afdermuiaa (D, &Wyﬂﬂéivmh@ay
substituents may ps sel ected
from alkyl, halbggegﬁwmﬁa&hlbinﬁmhﬁg%r oxygﬂégké}sc%??tr(g&m 18“g{tﬁgdr oxy,

cyano, al kyl ani nert. Fetithd feypoaerofithis inartior,ysaltsiaed these Henvpd framloweyulakcyl

al koxyal koxy, ox i I i ryloxy,

aryl t hio, heterogrr ﬁ%}é% gr%‘S'P lgéi"% € ag]r%ggray‘?yh %810 %"“@2 al kyl ,

- SABH, - SO2NH2, {aﬁaﬁﬁe;nsmrnhwmarewsﬁam gluabdiy h}&gchbﬁ@iﬁdrobﬁ@?d\le - CO2NH- al kyl
and - CO2N- (al kyl )pF 19- MO 2 5/ 070890 FCTI Us200 /10 1384 %80@1] For
purposes of this ?‘Wlé%'tci%ﬁ‘c 53 Ca oS anEsuliogic, 4 Slg\“a{}h NORFRERFI i ¢ el enents
found in group Vetids\ Qmridranipenl aoids are HALIHSO :Aﬂemail Mhtsy listhald adt@gen of t he
present invention I| S a noval ent noi et %}ewhi i s.der.i Vﬁgl fromfluorine,
chlorine, brom n&YiRIPYde Spmples apd;arnot isteaded to heexhaystie. Jlus, e so| ect ed from
the group consi ptekdh®in@éntich biuR, nof ber@dvird aiimitddashescA&hs. For t he pur poses
of this invention the term"substituted" refers to where a hydrogen radical
on a nol ecul e ha beeigé rtggﬁ%aced by another atomradical, a functional group
radi cal or a noi T these radicals being generally ref erred to as
"substi tuents." [SoRémddt For purposes of this invention, the term"protecting
group” refers to a group i groduced i nfjo a nDIecuIe to protect a sensitive

functional group or ,speci |c‘fi®\t| on gn themapl Te fromreacting when
the nmolecule is e;ngnged%o R ~e | .
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[0057] Scheme 1 illustrates, in part, the synthesis of a 4-substituted quinoline
compound of formula (I) from the starting protected aryl-2-propenamide
compound of formula (II).

[0058] As shown in Scheme 1, an aryl-2-propenamide compound of formula (I0)
is treated with a phosphoryl halide through a Bischler-Napieralski reaction, which

results in a compound of formula (I) that is halogenated at the 4-position. See



reagents or conditions to transformor react another part of the nolecule.
Thereafter the protecting group can be renpved. Suitable protecting groups
are well known in the art and include acid-labile, base-labile,

phot or enov enovabl e under neugkal conditions. G een,
Protecti nga%b?)a%sgﬁ?sgﬁ Organr c Synthesis, Wley, pp. 218 Pig‘g)sﬁogggl)am which is

neor porat e, Mer ShiBY  EREHRER ghodR ool el il E e el B ™
trifluoroacetam dg.reflemte, fongeaeﬁr de&&m@mf@e BischReNapiéralsia Y&bkfidh. | M des such as
pt hal i m de, mal ei_m de and di met hy rrole. In one referred enbodi nent,

the protecting gr%vrfsmam““e‘f'ﬁﬂ%] fé@ﬁ*ﬁ’élﬁ‘ﬁﬁ%“a&rals? igolatedhent i on may

contain an aSY”“Pailebﬁng@cﬁrtlQ‘%S}ntﬁésQr&”aaxﬂﬂfolﬁ@%ltl‘aF}MﬁrBhﬁﬁahélin%eaﬁz &yfafcef €0i soners,
such as enantionmers and di aStereoners. The stereioisonmers ory t he i nst ant

i nvention are narieulatee ercr trifilaty maiety #tdhe@apasition.ngol d- Prel og System Wil e shown
i t hout t t ' : VI th
W thout respec n[@lllsm ff&gsggrbgﬁcﬁ:aﬁ)e{nd%xa\om g #@ﬁn}(e’r Yeact Fd fo)fordl - ), the

present inventio _ I VI possr e stereoi soners; as
wel | as the racersiubstittedtquinglinedin the ptelence ofi acaalytic amdunfof agidgsugh ast er eoi soner s

(scal em ¢ m xt ur Sci]ﬂ)({yjﬁuggrbg A %ﬂ#{l{g ?ycﬂcgch%?iﬁg lﬁgéroc%ﬂ}?‘fdg& U uﬁ&nc a@%rb% | oner s)

salts thereof € no ereorsoners I'nventi on having
t he same rel at | venﬁmnciarcqmraarﬂr and aauclenphihc reagentefiforenlabif-(CHgpxe mhdrehess have

different R and atio on,the.s L,tution at the

i ndi cated chiral %C ?’8?‘?‘ %Bese‘g"fgaﬁ@g‘ % f‘ifg%b’(sftf%/“bgi%‘g%‘at‘?’%sa] The
f or egoi ng net hod vahaﬁnaymelopﬁkﬁ;su)tdﬁestinrtamlﬂﬁdnbaﬂmarﬁdlk&mfmmgcaﬁﬁon&adxﬁs of the
conmpounds of fornul as |1 As.a hase, .quinoline can form
various acid sal tE°UPFR ‘s§aﬂyi(“i‘ %l’f WW@W&J%QEHH?“&#W Eithite Rt qy&, (11) and
(M11) may be r%ﬂmiﬂnyproﬁﬂﬁhﬂ(hn@maﬁﬁé Sptidsally RN, 8i0 of RPSBstRRESOINSa Of
ordinary skill inthe art. For the purpose of this I nvention, salts are

t hose derived f réﬁ‘?%F’ﬁ’&r‘fFléCt%[jrﬁPmmﬁ%&m“@swroégah%fkﬂq‘yb?@aﬁ% ®#nd i nor gani c

aci ds may be acetyidms MRGYH ot 2-6altoh Stoms, aBGhAof £6 cRBGELhS azidd! €i ¢, mal oni c,
gl uconi ¢, hydrochloric, hydrobrom c,
hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethy! of 2-7 carbon

atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy,
carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy,
phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 carbon atoms,
dialkylamino of 2 to 12 carbon atoms, phenylamino, benzylamino, alkanoylamino
of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8
carbon atoms, carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl of 3-8 carbon
atoms, aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon atoms,
N,N-dialkylaminoalky! of 3-10 carbon atoms, N-alkylaminoatkoxy of 2-9 carbon
atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms, metcapto, and
benzoylamino, or X can be a bicyclic aryl or bicyclic heteroaryl ring system of &
to 12 atoras, where the bicyclic heteroaryl ring contains 1 to 4 heteroatoms
selected from N, O, and S with the proviso that the bicyclic heteroaryl ring does
not contain O—0, 8—S8, or S—O bonds and where the bicyclic aryl or bicyclic
heteroaryl ring may be optionally mono- di-, tri, or tetra-substituted with a
substituent selected from the group consisting of halogen, oxao, thio, alkyl of 1-6

carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,



phosphoric, nitric, sulfuric, nmethanesulfonic, and simlarly known
acceptable acids. Common m neral acids are HCO, HSO and HNO3. These lists
are intended only to provide exanples and are not intended to be

exhausti ve.wghsprdshe Present inventiofshould not be \yj imted to
t hese exanples. General Synthesis Schene | PGoPG o Xﬁ@?ﬂoﬁﬁ?lgéﬁnate A

(PG S QN Onl "BROSiAorisg celboh s tyng By chinir ol 2y ke (i) 5 vork

up GN Ol R4 R atoinsPkanoylttyatethyl af2€7 dafbon atdmk, atkokiCofD-6 arbd@latoidsG G NH2 OEt
(rv) M (VI [005 t he synth

1..Sch 1.illustrates, .L.n_par sis of a
4-substituted quiaﬁ?ﬂﬂ?ﬁg{aﬁgﬁﬁm soﬁﬁfoé‘r 'r%ﬂ*l'éor Tﬁtﬁ)%l’rcb"%r"lot heos g?’fyi’ ng protected
aryl - 2- propenam derboatkoxyp@f2d carborf 20¢ms, tadboalkly) of 2{ 0AHB1H atbms,henRy, N Schene 1,
an aryl - 2-propenam de conpound of formyl a.‘sl I is tregted with a phosphoryl
hal i de through a P&@Eﬂ}*@?@m&%@%%ﬂ%ﬁa %8 ,@Wc‘?ﬁ?’%l‘:@' P30 a conpound
of fornula (1) t @lkyl mindbPDRNACAHoAdtorhd) BhefiylRimbbeffdanias - 21- WO
2005/ 070890 PCT/ US2005/ Q01384 .

alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalky! of 2-7 carbon atoms,
carboalkoxyalkyl of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon
atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-
10 carbon atoms, mercapto, and benzoylamino, or X can be a radical having the

formula:
A
- \T/ t

wherein A is a pyridinyl, pyrimidinyl, or phenyl ring; wherein the pyridinyl,
pyrimidinyl, or phenyl ring may be optionally mono- or di-substituted with a
substituent selected from the group consisting of halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,
hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms,
alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of
1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of
2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy,
benzoyl, benzyl, amino, alkylamnino of 1-6 carbon atoms, dialkylamino of 2 to 12
carbon atoms, phenylamino, benzylamino, alkanoylamino of 1-6 carbon atoms,
alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8 carbon atoms,
carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl of 3-8 carbon atoms,
aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-
dialkylaminoalkyl of 3-10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms,
N,N-dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino, T is
bonded to a carbon of A and is:

—NH(CHz)m —, —O(CH)n —, —S(CH2)m —, —NR(CHz) —,

—(CHz}m— —(CH3)yy, NH—, —(CH3)s O—, —(CHy), S—, or



Bi schler, A, Napieralski, B, Ber., 26, 1903 (1893), which is incorporated
herein by reference, for a general description of the Bischler-Napieral ski
reaction. However, the internediate conpound of formula (VII) can al so be
I sol at ed, ||OWI for the synthesis df3-a quinoline with either a

nor phol i ne iﬁg a tosylate, or a trifilate noi EFY/US003/d384

4-posi tion. 10059] These protected anilinoquinoline can be further reacted

to forma 4- substitutédHguNRot prfd isan unebspiteedehenyl sing ar zebemylying ¢ anount  of
acta, such as Moyl Sulof BNhe@itbdminly LGt t MIBLAE G A lGonsA OCh of 1 €
acid, sulfuric acird or trifluoroacetic aci and a nucleo |c reagent of
formul a HZ- (CH2) ‘of halogﬂmglkelof 1-Gzcatwn atyms,fkeny] O 26 c&bomatprs, @lkmyl af2-@nd X can
w th one or " mor e A HOE Bab SRy of P e it RaBRLGA Bodmae | |1 o
pyrimdinyl, or ph2fygiben aigys, u]ﬂwroelomdﬂarl (). of cja;mla;omqulkquoﬂl tiyzirbonor phenyl
ring may be optiogpall ) subs tute substi t uent
selected fromt h%p %lﬁ'ﬂg(grfi’gll 56t°| R%“&fmha)(dé cftﬁmftg%l °y1n°6m(t:rg’r bon atons,
al kenyl of 2-6 caxrb@ay attoaikoxyad fRyTagtbon htoms, Garbwmmm CdiBon akahis(l O,

hydr oxyal kyl of 1-6 car t ops, hal onet.hyl . al ko r{et.hl p 2-7 carbon
atons, al kanoyl o?%‘?ﬁ’f’h? e“g]f %?ngn(?ﬁlf’%ﬁ?fggt%ﬁ@’}’ aﬁ‘l‘ﬁ?oéggy ing of-3 53900 at ons,
al kylthio of 1- Ga@aa@mmnqaénqﬂsofmdneafyonawnishbmeﬂﬁﬁiﬁ&fbyhzylaﬁﬁﬁwo, nitro,

car boxy, carboal koxy of 2-7 carbon atops, carboal SXFG -7 carbon atons,

phenoxy, pheny! 2lkEnoyBEERONS ¥ 1P carbem stams. alkeroylaino of 318 ar OEF'RSFF’am no of 1-6

carbon at ons, diy iaﬁﬁﬂJUfScha%oﬁ Qtoﬂaz i85 BIRy I O1TearbBR &BE, 2M NO,
benzyl am no, al kanoylarnino of 1-6 carbon atons, al kenoyl am no of 3-8

carbon atons, al Rirbes{koayAllyhoY-8 gﬂspn sicasaspineslighef, 1-Teartasalomiskyt  of 2-7 car bon
at ons, car b08.| kO {ﬁﬁit)?l%l 0@280%&1&3&&“5, }@Hﬁlkyld[{lll ‘;Qli'-%rllﬁfb 1@ 31"16115 car bOﬂ

atons, N-al kyl am noa -9 carbon al kyl am noal kyl of 3-10
carbon atons, N- alom.lbérnﬂcrierainmikgxyﬁ 2 QSQb@aﬂt@mN NedigHeylaminoalkoxy of 3-10

N, N- di al kyl am no 0 nzoyaam no, or
X can be a bi cyc?| o ar mgm%ﬁ?: ‘FP@Q??% erdar A}‘ﬁ’?ﬁtgs {s’rda)tq‘gnrhb% to 12

at ons, where thehbtemwll nng Wheteehdateydaryrl h@contams altmshéteroﬂoms feiried ﬁratxoms

selected Trom N x0p, 809 Bl B Sab e DS B VB Bra s v, 1 e

bi cyclic ot S—O bonds, and where the heteroaryl ring is optionally mono- or dl-substituted

with a substituent selected from the group consisting of halogen, oxo, thio, alkyl of
1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,
hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms,
alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of
1-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of
2-7 carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy,
benzoyl, benzyl, amino, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12
carbon atoms, phenylamino, benzylamino, alkanoylamino of 1-6 carbon atoms,
alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8 carbon atoms,
carboxyalky! of 2-7 carbon atoms, carboalkoxyalkylof 3-8 carbon atoms,
aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-
dialkylaminoalky! of 3-10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms,
N,N-dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino.
[0060] In another preferred embodiment, the phosphoryl halide used in the above
Bischler-Napieralski reaction is phosphoryl chloride.



heteroaryl ring may be optionally nono- di-, tri, or tetra-substituted with
a substituent selected fromthe group consisting of hal ogen, oxo, thio,

al kyl of 1-6 carbon atons, al kenyl of 2-6 carbon atons, al kynyl of 2-6
carbon at ongg 250k WO 2005/ 070890 22- BETI US2005/ 00138 kyl of
1-6 carbon atons, (forret hyl , al koxynet hyl of 2-7 car bo%ca{%%"%%%"

al kanoyl oxynet hyl 7 car bo at.ons,. on at ons
DAL IR Al S e M o T,

car boxy, car boa|ok§l).§l"‘ls it can Be Ciarded br @t:m@d tﬁaﬁémah &;ying@fsub%nﬁnmﬁrrbon at ons,

h ., phenyl h | k f 1-6
Car bon at ot PRI i3 U QUi O L SRR AIAMENG:

benzyl ami no, al kaa@y:h&ﬁhmﬂoﬁmésyﬁomplbmﬂﬁmﬁs, al kenoyl am no of 3-8 carbon
atons, al kynoyl am no_of 3-8 carbgn atons, carboxyal kyl ,of 2-7 carbon atons,

car boal koxyal kyl (0621 Inn peefemsest ehodimpent, %?ﬁieﬁ‘éi%ﬂ??‘llp’éf“" 8li%ar hon at ons, N

al kyl ani noal kyl qéosa{ %sgl?er“mﬂsa{e&%m&\h:%ﬂﬁ@ﬁéﬁ&hﬁ%&%ﬁdbf@&n&ﬁhg car bon
atons, N-al kyl ami noal koxy of 2-9 carbon”atons, N, N-di al kyI am noal koxy of 3-
10 carbon atons, wﬂ)eaﬁw@‘d Wriarionsigastancasthivays. grdeseripphinphs followags cal havi ng
the formula: ATk ein Ais a pyridinyl, pyrinmidinyl, or phenyl
ring; V\/nerel n the yri c21| ny:f pyrimdinyl, or phenyl ring may be optionally
nono- or substscé)‘lﬁ"é’d with a substituent selected fromthe group

consi sti ng of hal ogen, al kyl of [1-6 carbon a‘q ons, al kenyl of 2-6 carbon
atons, al kynyl of 2-6 carbon atcrr:, azi do, hydroxyal kyl of 1 6 carbon

at ons, hal onet hyl, al koxynet hyl jof“wg- Z _car bon at noyl oxymet hyl of
2-7 carbon atons, al khioéx’f&g;ﬁl 6 |car b@tpm;, @-%5@85#0 of 6 carbon
atons, hydroxy, trifluoronethyl, cHen Wi R0, carboxy, ea hikoxy of 2-7
carbon atons, carboal kyl of 2-7 |carbon atons, |phenoxy, phenyl, thiophenoxy,
benzoyl, benzyl, am no, alKkyl amti no of 1-6 ca1J bon atons, dial kylam no of 2
to 12 carbon atons, phenylam no, benzyl am no, al kanoyl am no of 1-6 carbon
atons, al kenoyl ami no of 8-8 carbon atpnms, al kynoy] am no of 3-8 carbon
atoms, carboxyal kyl of 2- carbon atojrs, ga(ﬁéal kpxyal kyl _of, 3-3 car bon

at ons NH N° N
’ POC
k/O __POoClhy HN \ CN POCI3 HN % ~CN
EtO .
N/ EtO N

[0064] Scheme 2 illustrates one pathway to form an aryl-2-propenamide
compound of formula (IT} followed by the synthesis of a 4-halogenated quinoline
compound of formula (J).

[0065} As shown in Scheme 2, arylamines are reacted with orthoformate to
prepare arylformimidates. The arylformimidates are then condensed with active
methylene compounds (g.g., cyanoacetylmorpholine to provide aryl-2-
propenamides of formula (IF). Through a Bischler-Napieralski reaction, treatment
of the aryl-2-propenamides with a phosphoryl halide (e.g., phosphoryl chloride)

results in 4-halogenated quinolines (e.g., 4-chloroquinolines).



am noal kyl of 1-5 carbon atons, N al kyl am noal kyl of 2-9 carbon atons, N, N
di al kyl am noal kyl of 3-10 carbon atons, N al kylam noal koxy of 2-9 carbon
atons, N, N-di al kyl am noal koxy of 3-10 %(;Srar bon atons, nercapto, and

benzoyl am onded to a carbom©f- A and is: -NH CHZ)m -
“S(CH2) m -woﬁl‘;éf@fﬁ P —-(CH2)m - (CH2) m NH-, - (CH2) m Q’%m"ﬂ%g

-23- WD 2005/ 070830 Eg:TI US20051001384 - (CHZ),,-NR- and L is an
unsubsitituted phenilnl ring or a phenyl ring nono-, di-, or tri-substituted
with a substituent select ed from t hefgroup nsipting of hal ogen, al kyl of
1-6 carbon atonsa.al kepy jof 2-6 carpor_at ] kynyl f\;a ,carbon atons,
azi do, hydroxyal km%\'b@ gt oyl hal ona]‘. nylirecsgl k@ t be of 2-7
carbon atons, alk -o'o methy|  of 27mm”atans al kox I-6 carbon
atons, al kylth| o of 1-6"carbon atons 0 tfifluoroR&t cyano,
nitro, carboxy, carboalkoxy of 2-7 carbon atoms] carboal kyl of 2-7 carbon
atons, phenoxy, phenyl] thiophenoxy, benzoyl, benzyl, am no, al kylam no of
1-6 carbon atons, dialkylanmo of 2 flo 12 carbon atons, phenyl am no,

benzyl am no, al kangyl am no qf,.1-p carjbon atons,. a kenoyl am no of 3-8 carbon
atoms, al kynoyl am n®' 3+8 [car K?g;ato.trﬁ’.‘(ﬁ%r @ of 2-7 carbon atons,
car boal koxyal kyl of 3 aLban a © lami noal kyl of ~4<% carbon atons, N

al kyl am noaAryl of 2-9 car bo atons, N, N-di al kyl am noal kyl of 3-10 carbon
atons, N-al kyl am noal koxy of 2-9 car bon atons, N, N-di al kyl am noal koxy of

3-10 carbon ato rca and benz am no
o mambored hat oTBESL SRR sl R R R A b b P EBPRRRIRL Do 5
het er oat ons sel eedmgbufid efformila (@) folleledy thd siithésizenf p Adutiogenatett gitindlive het er oar yl

ring does not contain or S-O bonds, and where the heteroaryl ring
is optionally rroﬁ?l“p"&}}‘g&‘{fb%@r tuted wth a substituent selected fromthe

group consi sti ngo71has s1864 in Sokeme 3,Rattve nitkHylehe mpoinds (@grd@mamns al kenyl
of 2-6 carbon atons, al kynyl of 2-6 carpbwg at ons hydr oxyal kyl of

1-6 carbon at ons MOFPEPeRaMR gendensed with orhofarmate o PZOdP"“cét“B‘é’We'Q
al kanoyl oxymet hy berRhtive cdmpaiind® NTHRSUMBxy e tkARY da{vaﬂve@oﬁ@&hﬁam@m al kyl thio

of

reacted with arylamines to give aryl-2-propenamides of formula (II). Through a
Bischler-Napieralski reaction, treatment of the aryl-2-propenamides with a
phosphory! halide (e.g., phosphoryl chloride) results in 4-halogenated quinolines
(e.g., 4-chloroquinolines).

[0068] The following examples are set forth to aid in an understanding of the
invention, and are not intended, and should not be construed, to limit in any way

the invention set forth in the claims that follow thereafter.

EXAMPLE 1
[0069] Synthesis of 6-acetamido-4-chloro-3-cyano-7-ethoxyquinoline.

[0070] Preparation of 4-cyanoacetylmorpholine.

[0071] A 4-neck 500 mL flask was charged with morpholine (77.0 g, 0.088 mol).
Ethylcyanoacetate (100.0 g, 0.088 mol) was added. After addition, the reaction
mixture was stimed. The mixture progressively turned yellow to clear. The
mixture was heated to 100 to 110°C for 3.0 hours. A solid formed after cooling
to room temperature. Ethyl acetate (150 ml) and heptanes (300 ml) were added

and the mixture stirred for 30 minutes at room temperature. The solid was



1-6 carbon atons, hydroxy, trifluoronmethyl, cyano, nitro, carboxy,

car boal koxy of 2-7 carbon atons, carboal kyl of 2-7 carbon atons, phenoxy,
phenyl , thiophenoxy, benzoyl, benzyl, am no, al kylam no of 1-6 carbon
atons, dial kvl f 2to 12 car bon?ét—oms phenyl anmin benzyl am no,

al kanoy! am‘%zg@q& [Pcar bon atons, al kenoyl am no of 3 é"%rQ?SB‘EPﬁ}‘/’

al kynoyl am no of 3-8 carbon atons, carboxyal kyl of 2-7 carbon atom;

car boal koxyal ky! itersd fo give Hrg G Bryield) °5ﬁF¥?B%ﬁ°R‘Q/"F“°BTh°Ii“°5 HIMRP at ons.
N-al kyl ami noal kylpRiso2d.Pa. g@gsbzm a8 s 2 3NS (Al Ak ylus el kyl of 3- 10 carbon

atonms, N-al kyl am noal koxy of 2-9 carbon atons, N, N-dial kyl am noal koxy of
3-10 carbon atoms, nmercapto, and benzoylam no. [0060] In another preferred
enbodi nent, the WQpb%y&tl&adfbgsedAﬁﬁg in the above Bischler-Napieral ski
reaction i s phosphoryl chloride. W 2005/ 070890 24 PCT/ US2005/ 001384 [0061]
For purposes of tl#73] iArireask 2&hmL fagkerens chegged moth9-dyanoacetyimprpboling Gidlor a gr oup

of atoms that caq beyCRAS AfflnfioRCOMHE anhioh AT e fitk\yd

substitution or “di'splacénent tlon gol ng %od sui tabl e
| eavi ng groups meyuijyed »\hﬁtlao,aglmplmmmplemd%yto;ecmxt Ghymixtaewastri fil ate.

[0062] /10 2 Pr ef SLIERlo SHA Tk L1l SRNMNSCBERIRASLIRIPHA RO 100631 AS

shown in Scherre e aryl propenam e conmpoun ornu may be
prepared by vari ousaddeachﬁermnphuuh\meysscondsordescfrtudﬁh!;d orthofbrinmtel (DB Ind)M ng

Schenes 2 and 3. Sch N + NH | t t0 ~ Ni
SO LN A ()7 PR AR ATy o Distperdon ool UL C o b
EtO N Eta N [0064qas ardaewehe%esuldng361ﬁtaine&s B¢16 taBUPO 622 1 héurk. OBrawA Bolids
aryl - 2- propenanm de coppound of formul a gl l‘l)h f ol | oned bly t he syna_lhesi s of a
4- hal ogenat ed qui orpest after cooling to room temperature. The solids were filtered, washed w1

IPA (2x15mL) and dried to give 8.43 g (51% yield) of the desired compound. 'H

NMR: § (DMSO-dg) 10.69 (d, 1H); 8.93 (s, 1H,), 8.30 (d, 1H), 7.82 (d, 1H); 6.86

(dd, 1H); 4.13 (g, 2H); 3.61 (m, 8H); 2.07 (s, 3H); 1.37 (t, 3H).

[0074) Preparation of 6-acetamido-4-chloro-3-cyano-7-ethoxyquinoline.
[0075] To a 3-necked 50 m! flask equipped with an agitator, temperature probe,
condenser and nitrogen protection was charged propenamide (2.0g, 5.58 mmole)
and suspended in acetonitrile (16 ml). The mixture was heated to 60-65 °C and
phosphorus oxychloride (2.57 g, 1.56 ml, 3.0 eq, d=1.645 g/ml) was added
dropwise over 2 mins. The mixture becomes clear and deep red within 30 mins.
The mixture was held for 14 hours and then cooled to 0-15 °C. Water (5 ml) was
added keeping the pot temperature < 20 °C. The pH was adjusted to 8-10 using
either 8% aqueous potassium carbonate or 50% aqueous sodium hydroxide. The
mixture can be treated under various workup conditions listed below:

1. The organic solvent was removed on a rotary evaporator. Toluene (20
ml} is added the mixture stirred for 1 hour at room temperature then filtered and
washed with water (25 ml) and heptane (2 x 25 ml). The solids are dried overnight
at 55-60 °C with full vacuum to give crude product.

2. Alternatively, isopropyl acetate (30 ml) was added and the mixture
stirred for a minimum of 30 mins. The pH was re-checked to make sure it

remained at 8-10. Additional aqueous potassium carbonate may be added if



conmpound of forrmula (I). [00651 As shown in Schene 2, arylam nes are reacted
with orthoformate to prepare arylform m dates. The arylform m dates are

t hen condensed with active nethylene conmpounds (e.g., cyanoacetyl norpholi ne
to provide = openanldes of formuRa-(11). Through a
Blschler-hbgﬁﬁééﬁ”wg reaction, treatnent of the aryl-2-Prop@A%sHEs with a
phosphoryl halide (e.g. phosphoryl chloride) results in 4-hal ogenated

qui nol i nes (e. g. ,NeASSEaRY. o?ﬁ’dﬂfeﬁd"feimrfé&'ﬁmed-azgﬂle\ﬂ[ﬁ“Q’GGWBY’G%‘Q@)‘”PEVP‘EE@GOS/ 001384
Scheme 3 AC. NH W‘:h %lﬁn@‘(ﬁn@ To ﬁe'\‘or arfe '\FhaH\Jv:ls afidld sﬁiEQ di 6@'80 g'f'h‘xdpoc HEtO
~NEO~N 100 NER ée H HO 1'0066]
Schene 3 illustr db@@lxalrgm&rpaman éoﬂwrsm'[hhmﬁ‘rt‘w wzs%lte@qsi@ﬁém de

conmpound of for nat ed

qui nol i ne corrpm %u @V‘%%a@( Oﬁﬁxﬁg%ﬁgmﬁ&h §cﬁnﬂt&%‘8 active

met hyl ene corrpourﬂ!meéseiogwe coeeroepowndy | Thisiworipinetill le€)small emowrtsddpsled wi t h
orthoformate to jee . thyl ene derivative conpounds. These

al koxynet hyl ene ﬁénﬁwgegil%ggéxn%unds are further reacted with arylamnes to
gi ve aryl -2-propenam des of forrmula (I11). Through a Bischler-Napieral ski
reaction, treatnment of the aryl-2-propenam des with a phosphoryl halide
(e.g., phosphoryl chloride) results in 4-hal ogenated quinolines (e.g.,

4- chl oroqui nol i nes). 100681 The foll owi ng exanples are set forth to aid in
an understanding of the invention, and are not intended, and should not be
construed, to limt in any way



the invention set forth in the clains that foll ow thereafter. EXAMPLE 1

[ 0069) Synthesis of 6-acetam do-4-chl oro-3-cyano-7-ethoxyqui noline. 100701
Preparati on of 4-cyanoacetyl norpholine. [00711 A 4-neck 500 niL fl ask was
charged with norpholine (77.0 g, 0.088 nol). Ethylcyanoacetate (100.0 g,
0.088 nmol ) was added. After addition, the reaction mxture was stirred. The
m xture progressively turned yellowto clear. The mxture was heated to 100
to 110C for 3.0 hours. A solid fornmed_agter cooling to roomtenperature.

Et hyl acetate &ﬁfo q%é and heptanes (300 mM) were added and the m xture
stirred WBATIE GhAHMER 13 roomtenperature. The solid was WD 20051070890 26
PCT/ US2005/ 001384 filtered to give 95.2 g (71%vyield) of

4- cyanoacetyl norpholine. "H NMR 5 (DMSO-d6) 4.02 (s, 2H); 3.37 (m 2H)
3.55 (m 4H); 3.45 (m 2H). [00721 Preparation of propenam de. 10073] A
4-neck 250 nL flask was charged with 4-cyanoacetyl norpholine (7.21 g, 0.047
nol), aniline (10.0 g, 0.051 nol) and IPA (72 nmlL). The flask was equi pped
with aniagit atéthod BEFERERERI £iubsiiteliguiiofh@Ednmmind Shée ToNdWIRE foMsla heat ed
to 50-60C. The first ‘of three portions of triethyl orthoformate (7.8 m)

was add?qﬂlvfter one hour, the second portion of triethyl orthoformate (7.8
m) was added. After another hour, the third portion of triethyl
orthoformate (7.8 m) was added. The resulting solution was held to 80C for
21 hours. Brown solids formed after cooling/;dcﬁdeﬁatenperature. The solids
were filtered, washed withpgl PA (2x| BjiL) and”dried to give 8.43 g (51%
yield) of the desired conpodhg. 'H NVR S (DVSO-d6) 10.69 (d, 1H); 8.93 (s,
1H,), 8.30 (d, 1H), 7.82 (d, IA); ; iii); of-13 (g, 2H); 3.61 (m
8H); 2.07 (s, 3H); 1.37 (t, 3H). D3 on of

6- acet am do- 4- chl or o- 3- cyano- 7- et ioxyqui [iol i ne)| [ 00751 To a 3-necked 50 mi

fl ask equi pped with an agitator, obe, condenser and nitrogen
protection was charged propenam mmol e) and suspended in

acetonitrile (16 m). The m x@dre Y 60- 65 C and
R4
(VII),
said method comprising the steps of:
a. reacting a compound of formula (I):
PG\ R1 LG"
A
CN
Z
™
G N
Ry
(1)

with a nucleophilic reagent of formula HZ-(CH3),-X to produce the compound of formula (VIII);
or

b(i). reacting a compound of formula (II):



phosphorus oxychloride (2.57 g, 1.56 m, 3.0 eq, d=1.645 g(m) was added
dropwi se over 2 mns. The m xture becones clear and deep red within 30 m ns.
The m xture was held for 14 hours and then cooled to 0-15 T. Water (5 m)
was added keeping the pot tenperature < 20 C. The pH was adjusted to 8-10
using either 8% aqueous potassium carbonate or 50% aqueous sodi um

hydr oxi de. The m xture can be treated under various workup conditions
listed below 1. The organic solvent wag_renoved on a rotary evaporator.
Toluene (20 m) is added the mxtuge stirred for 1 hour at roomtenperature
then filtered and washed with wategy! (25 ml) and fjeptane (2 x 25 ml). The
solids are dried overni@ﬁh\\at 55-60 Cwith full pacuumto give crude
product. 2. Alternatively, |soorop,~\gcet@m was added and the

m xture stirred for a m ni rum-gt R

sure it remained at 8-10. Addit{ional gqueous||potassi um carbonate maybe
added i f WD 2005/070890 27 PCT/ ys2005/ 01384 lIjnecessary. The |ayers were
separated and t he organi c phase We hed Wit h ter (2 x 30 m) and brine (30
m). To the organi c phase was added silicaﬂgel 60 (30 g) and the mxture
stirred for a mninumof 30 mns. The mxture was filtered and washed with
i sopropyl acetate (30 nml). The orgaRic phase was concentrated to dryness to
gi ve crude conpound. This workup stillggeft smal | amounts of pol ar
inmpurities in the product. -28- WHAT @ CLAIMED IS: I. A nethod of preparing

?CI?Z)S E?%t }g@wu%go%l{li&?%iggn% g(f: Rq%ﬁﬂ?@n?{iﬁg)?& tfocyorlrr? X“cgrgpgu%ciwlfc?rmdavel%:) :

R 0
PG
S CN , __(CHaX
G N
H
R4
{(I1X); and

b(ii). cyclizing the compound of formula (1X) with a reagent of formula POLG’ to
produce the compound of formula (VIII).
wherein :

LG is a leaving group selected from the group consisting of morpholino, o-mesyl, o-tosyl,
trifilate;

LG’ is halo;

LG” is a leaving group selected from the group consisting of morpholino, o-mesyl, o-

tosyl, trifilate and halogen;



said nmethod conprising the steps of: a. reacting a conmpound of forrmula (I):
PGR LG \ACN \ GN R4 (I) with a nucleophilic reagent of formul a
HZ- (CH2) n- X to produce the conpound of formula (VIII); or b(i). reacting a

conmpound of forrmula (I1): -29- R O PGVACNI | LG GNH R4 (Il), wth
a nucl eophilic reagent of formula HzZ-(CH2), X to forma conpound of fornula
(IX): R OPG~ACN (CH2), X I ~1 Z~GN H R4 (IX); and b(ii).

cyclizing the conpound of formula (IX)3gwith a reagent of forrmula POLG to
PG is a protecting group selected from the group consisting of acyl, CH;0C(O)-,

EtOC(0)-, Fmoc, trifluoroacetamide, Troc, Phenoc, benzamide, Teoc and cyclic imides such as
pthalimide, maleimide and 2,5-dimethylpyrrole;

Ais O,NR, or S;

R is H, alkyl, alkenyl, or alkynyl; and

G, R, and R4 are each, independently, hydrogen, halogen, alkyl of 1-6 carbon atoms,
alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, alkenyloxy of 2-6 carbon atoms,
alkynyloxy of 2-6 carbon atoms, hydroxymethyl, halomethyl, alkanoyloxy of 1-6 carbon atoms,
alkenoyloxy of 3-8 carbon atoms, alkynoyloxy of 3-8 carbon atoms, alkanoyloxymethyl of 2-7
carbon atoms, alkenoyloxymethyl of 4-9 carbon atoms, alkynoyloxymethy! of 4-9 carbon atoms,
alkoxymethy! of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
alkylsulphinyl of 1-6 carbon atoms, alkylsulphonyl! of 1-6 carbon atoms, alkylsulfonamido of 1-6
carbon atoms, alkenylsulfonamido of 2-6 carbon atoms, alkynylsulfonamido of 2-6 carbon
atoms, hydroxy, trifluoromethyl, trifluoromethoxy, cyano, nitro, carboxy, carboalkoxy of 2-7
carbon atoms, carboalkyl of 2-7 carbon atoms, phenoxy, phthalimide, pheny!, thiophenoxy,
benzyl, amino, hydroxyamino, alkoxyamino of t-4 carbon atoms, alkylamino of 1-6 carbon
atoms, dialkylamino of 2 to 12 carbon atoms, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, N-
alky!-N-alkenylamino of 4 to 12 carbon atoms, N,N-dialkenylamino of 6-12 carbon atoms,

phenylamino, benzylamino,

L(C(Ra)2)p, /
R7—(C(ReJap—N, /N_(C(Re)z)k =Y
(C(Rgl2)p

H
RgRg—C—M—(C(Rg}o)k—Y—

3

R7-(C(Rs) 2)g- Y-, R7-(C(Re) 2)p-M-(C(Re)2)i Y-, or Het-(C(Re)2)gW-(C(Rg)2-Y-;



produce the conpound of fornula (VIII). wherein : LGis a |eaving group

sel ected fromthe group consisting of norpholino, o-nmesyl, o-tosyl,
trifilate; LG is halo; LG is a |leaving group selected fromthe group

consi sting of norpholino, o-nmesyl, o- tosyl, trifilate and hal ogen; -30- PG
is a protecting group selected fromthe group consisting of acyl, CH3OC(O)-,
EtOC(O -, Fnoc, trifluoroacetam de, Troc, Phenoc, benzam de, Teoc and cyclic
i mdes such as pthalimde, naleimde.gnd 2,5-dinethylpyrrole; Ais 0, NR

or S Ris H alkyl, alke , .or alk 1. and G R and R4 are each,
independentl?r,lgh r%‘gaé?l?s‘%{l“ﬁ%él?ﬂveépa&ymgﬁ&ﬁ% carbon atons, al kenyl of 2-6
carbon atons, al kynyl of 2-6 carbon atons, al kenyloxy of 2-6 carbon atons,

al kynyl oxy ofr if agy @éhwwsatuentﬁ RiBuiordx giigedaiad onanberoup garbomatras thendbay of
1-6 carbon atons, al kenoyl oxy of 3-8 carbon atons, al kynoyl oxy of 3-8

car bon atayibe takah kepethyt asthedivalent milic2k-D-CRa) pOn at ons, al kenoyl oxynet hyl of
4-9 carbon atons, al kynoyl oxynethyl of 4-9 carbon atons, al koxynethyl of

2-7 carbon atdgs divalesorgicaf selecfed fRnbDMR gbduprdnsigingydft hi o of 1-6 carbon at oms,
al kyl sul phi nyl of 1-6 carbon atons, alkyl sul phonyl of 1-6 carbon atons,

al kyl sul fonam do of 1-6 carbon atons, al kemryl sul fonam do of 2-6 carbon
atoms, al kynytsulGtzhamido of— 26 Tardsdn —atdms,—hydr oxy, trifluoronethyl,
trifluoronmethoxy, cyano, nitro, carboxy, carboal koxy of 2-7 carbon atons,

car boal kyl oR; B—ZNRaRherOR:0nd, — MR vr —¥RKEARK)yi de, phenyl, t hi ophenoxy,
benzyl, am no, hydroxyam no, al koxyam no of 1-4 carbon atons, al kylam no of

1-6 carbon M@rmq&gj_aj)kggbm.gtq}{gfz)pﬁm}%, 3,2>Na£(tz@m6)9§-0mﬁ; N- al kyl car banoyl ,
al kyl -

N, N- di al kyl car bamoyl , N N-al kenyl ami no of 4 to 12 carbon atons,
N, N-di al kenykapg of §-14 i¢ahBpn atons, phenyl am no, benzyl am no,
| (C(R6)2)P, | R7-(C(R6)2)P-N N-(C(R6)2)k-Y (C(R6)2)P
Het is selected from the group consisting of morpholine, thiomorpholine, thiomorpholine
S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine, aziridine, pyridine, imidazole,
1,2,3-triazole, 1,2,4-triazole, thiazole, thiazolidine, tetrazole, piperazine, furan, thiophene,

tetrahydrothiophene, tetrahydrofuran, dioxane, 1,3-dioxolane, tetrahydropyran, and

(OCH,CH,0),

H ;

wherein Het is optionally mono- or di-substituted on carbon or nitrogen with R,
optionally mono- or di-substituted on carbon with hydroxy, —IN(Rg)., or —ORg, optionally
mono or di-substituted on carbon with the mono-valent radicals
—(C(Re)2)s ORg or —(C(Rs)2)s N(Rs)2, and optionally mono or di-substituted on a saturated
carbon with divalent radicals —O— or —O(C(Rg)2)s O—-;

Rg is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6

carbon atoms, cycloalkyl of 1-6 carbon atoms, carboalkyl of 2-7 carbon atoms, carboxyalkyl (2-7



H ROR6- CAA- (C(R6)2)k-Y- R7-(C(R6) 2)g-Y-, R7-(C(R6) 2)p-M(C(R6)2)k-Y-, or
Het- (C(R6) 2)gW (C(R6)2-Y-; -31- or R and R4 are as defined above and Gis
R2-NH; or if any of the substituents R, R4 or G are |ocated on contiguous
carbon atons then they nmay be taken together as the dival ent radical
-0-C(R6) 2-0; Y is a divalent radical selected fromthe group consisting of
R6 -(CH2)a-, -0-, and -N R7 is -NR6R6, -0R6, -J, -N(R6)3, or -NR6(ORG); M
is >NR6, -0-, >N (C(R6)2)pNR6R6, or =Rb(C(R6)2)P OR6; Wis >NR6, -0- or is

a bond; t is selected fromthe oup consj sting of notpholing,

t hi onor SHEPR AEMs}; ﬁﬁs}@r%méwﬁepﬂ Bl shstioged P S TOTE hBloBe Atk yef 1-6

pi peridine, pyrrolidine, aziridine, pyridine, imdazole, 1,2,3-triazole,

1, 2, 4- t cprhopplemst tiflaoremethyl tantine | alkyilanzino bl Sxadion atomspdialiviamno p{R-n,

t hi ophene,

t et r ahy darboh aloplsenigp @ana hydogiaomaethyli dkenymethy3 ofi2-Oxaltenatdnet r ahydr opyr an, an
d (0CH2CH2O)r V H wherein Het is optionally nono- or di-substituted on
car bon @lkahdl6:0@ethylot D-7RGrboaRtdniy) alkly thio @ 0-6 CFbodi atsihl) Bt drony, edrborylcar bon
with hydroxy, -N(R6)2, or -OR6, optionally nmono or di-substituted on carbon
Wi th t heaMBRARsMA O carBeH SBMS, phefd:0 bitonyl, Wbpthoxy( GeMOYE benA), BRdmlandng,
optionally nono or di-substituted on a Saturated ™ carbon w th dival ent
radi cal g - S. Q- - ' -6 ons,
i keny! Sgilanho skt o] AoRt Sk ARSTor 05 Lo Bluois AR MOT ¢
carbon at , wcarboal kyl of. 2-7 carpon atons, carboxyal kyl (2-7 -32- carbon
o). R ERARRLST RIS Poisf 1S IR TR oF G5V eRR Atoab (oush SRRl ogen

al koxy of 1-6 carbon atons, trifluoronethyl, am no, alkylamno of 1-3
carbon &fGABAOHT al kyl ani no of 2-6

Ry, is selected from the group consisting of

O
-1 L]
Ra
Rs Ry O
R3
E—— [ \ o
R3 R3
R3 R ©
Ra
0 0
Rj Ry
— Ry -
bl
R3
(C(Ra)2)p



carbon atons, nitro, cyano, azido, hal onethyl, al koxynmethyl of 2-7 carbon
atons, al kanoyl oxynet hyl of 2-7 carbon atons, alkylthio of 1-6 carbon
atons, hydroxy, carboxyl, carboal koxy of 2-7 carbon atons, phenoxy, phenyl,
t hi ophenoxy, benzoyl, benzyl, phenylam no, benzylam no, al kanoyl am no of

1-6 carbon atons, or alkyl of 1-6 carbon atons; with the proviso that the
al kenyl or al kynyl noiety is bound to a nitrogen or oxygen atomthrough a
saturated carbon atom R2, is selectedgfromthe group consisting of 0 O R
SRRRB-RBRB RBRBRZ RBRRR3B RBRREORS _RERBO RBRRZIR3 OO0 R3R
3 - R3R3 (CH(R3)2)p R3 R3 -33,0 Rs O

R3——8—S8——(C(R3)y), ) ’

R3 o R,
0]
O
’ /(C(Rs)z)u
O/ N/RS' RS_N l ,
Ra/ (C(Rs)2)y R
5
0]
A Q 0
| (CRs)) N
/ 5120w ’
R, O
O/ O/ 6 ’ 2 / H
(C(Rs)2)y ", © [Nj
O
O
O
(C(Rs)2)y \
S/\ 1 3 / I ’ \
R SO :
(C(Rs)2)y Rs 0/ N 5>_._< 2
R, Rs



OR3 0 R3-S-S(C(R3)2)r ' RBOR3 00 /(C(RS5)2)u Rs. R6-N 0O N ::Ck
((R5)2)V R 5 000 / (GR5)2)uRs, 0 0 O(CR5)2)vI RSON O 0
(C(R5)2)u R5 \ 02 I--- (C(Rs)z)v RS ONR5 R5 NI Rs -34- J-(OH)s
CH2)9°J 0
-34-
J——(CH,), CHp)s—J //O
— , (CH.)s — ,
J=——(CHy)¢
o
‘€_<CH2’ Rs CHz, Rs \CHZ,
_<—< Rs Q
o)
QCZC: :CHz, R5 \CHz, a_nd
R5 R5 QOzc RS :COZQ

R; is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6

carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,

(C(Re)2)p N
yd

(C(Rs)2)p

R;—(C(Rg)2)s—™N N—(C(Rg)2)y—*

Rr—(C(Re)2)s—,

Rr—(C(Re)2)—M—(C(R¢)2)—, RgRe—CH—

M—(C(Re)2)—

Het—(C(Re)2)g— W—(C(Re)2)—;

Rs is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy, carboalkoxy of 1-6

carbon atoms, phenyl carboalky! of 2-7 carbon atoms,



J-(CH2). J-(CH2)s O OOCH2, B\ H2 RS \H2, S RS QRS R Q OO0 QCC\
CH2, Rs CH2, and Rs \H2 Rs/ XQOC >--\ R Rs 2 RS R5/ C02Q R3 is independently
hydr ogen, al kyl of 1-6 carbon atons, carboxy, carboal koxy of 1-6 carbon
atonms, phenyl, carboal kyl of 2-7 carbon atons, R7-(C(R6)2)PN~(C(R6)2)a \
N(C(RE)2)r- \(C(RB)2)p R (C(RB)2)s , R7-4C(R6)2)p-M-(C(R6)2), , RBR9-CH
M(C(R6)2),-, or Het-(C(R6)2)a W(C(R6)2),---; R5 is independently hydrogen,
al kyl of 1-6 carbon atons, carboxy, cagboal koxy of 1-6 carbon atons, phenyl
car boal kyl of 2-7 carbon atons,_ -35: ~(C(Rs)2)a ~ R7-(C(Rs)2)p N
N-(Q(Rs)2)r- (C(R6)2)p Rr - (gﬁdﬁA’ﬂp 7 (AR 2)p M (AR 2T RERS-Crt

M R6) 2 W RO are each
i n((jgéenzjealt ly" - g} R%)E’%) NR6 or(-CEQ(RG) 2) (O( ,r J | S i ndependent |y

hydr ogen, chl or| ne, fluorine, &(R@)zdgn ne; Q is an al kyl of 1-6 carbon atons
or hydrogen; a=0 or 1,

R—(C(Re)2)s—

R7—(C(Re)2)y—M—(C(Re)2)r—, RgRo——CH—
M—(C(Re)2)—

Het—(C(Rg)2)g—W—(C(Re)2)—;

Rs, and Ry are each independently —(C(Rg)2):NReRs, or —(C(Rg)2)r ORg;
J is independently hydrogen, chlorine, fluorine, or bromine;
Q is an alkyl of 1-6 carbon atoms or hydrogen;

a=0or1;

g=1-6;

k=0-4;

nis 0-1;

m is 0-3;

p=2-4;

q=0-4,

=1-4;

§=1-6;

u=0-4 and v=0-4, wherein the sum of u+v is 2-4;

x=0-3;

y=0-1;

z={-3;

Zcanbe NR, Qor S;



g=1-6; k=0-4; nis O0-I; mis 0-3; p=2-4;, g=0-4; r-1-4; s=1-6; u=0-4
and v=0-4, wherein the sumof u+v is 2-4; x= 0-3; y=0-1; z= 0-3; Z can be
NR, 0 or -36- nisOorl;and X can be cycloal kyl of 3 to 7 carbon atons, which
may be optionally substituted with one or nore alkyl of 1 to 6 carbon atom
groups, or is a pyridinyl, pyrimdinyl, or phenyl ring, wherein the
pyridinyl, pyrimdinyl, or phenyl ring may be optionally nono-, di-, or tri-
substituted with a substituent selectegkfromthe group consisting of

hal ogen, al ky|] of 1-6 carbon atons, al kenyl of 2-6 carbon atons, al kynyl of
2-6 carbon ot Bifr 1a?®o, hydroxyal kyl of 1-6 carbon atons, hal omethyl,

al koxynmet hyl of 2-7 carbon atons, al kanoyl oxynmethyl of 2-7 carbon atons,

al koxy of 1-% cambbhensleaitoisl 3 kgarben gows, whigh may beaptiangh subsijyteghoyith one
trifluoromethyl, cyano, nitro, carboxy, carboal koxy of 2-7 carbon atons,

car boal tnyhomsfalky] 3f £ ar boarbat @om, groyplscoroxy pynudieylypyrintidinyp lve poony| ribenz oyl |
benzyl, am no, al kylam no of 1-6 carbon atons, dialkylamno of 2 to 12

car bon ahesi,thopatihyd pyrinid DN 2y pedtiyning Ahk Baoptionailynmond-, &r-Loradr bon  at ons,
al kenoyl am no of 3-8 carbon atons, al kynoyl am no of 3-8 carbon atons,

car boxy alpkihteiwithZa shbSRLERRcIB O RomGRE Doap Kawkahk ¥t ha@égze%; AkAFTHYCRRATS,
am noal kyl of 1-5 carbon atons, N al kyl am noal kyl of 2-9 carbon atons,

NN- di al ' - : 9 b
At oms. Ry AR 8046 ek d0n SRR B S Ruebl pBRIAAT, ROF R B 1 & car bon
benzoyl a

0enZ0Y! B fiitords, taloiethy aBodmathsl 6F2-clibof tomsCAiRaniof oRsmetOferd-7 tarbsh System
atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms, hydroxy, trifluoromethyl,
cyano, nitro, carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino, alkylamino of 1-6 carbon atoms,
dialkylamino of 2 to 12 carbon atoms, phenylamino, benzylamino, alkanoylamino of 1-6 carbon
atoms, alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of
2-7 carbon atoms, carboalkoxyalkyl of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon atoms, N-
alkylaminoalkoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms,
mercapto, and benzoylamino, or X can be a bicyclic aryl or bicyclic heteroaryl ring system of 8
to 12 atoms, where the bicyclic heteroaryl ring contains 1 to 4 heteroatoms selected from N, O,
and S with the proviso that the bicyclic heteroaryl ring does not contain 0—0, S—S, or S—0O
bonds and where the bicyclic aryl or bicyclic heteroaryl ring may be optionally mono- di-, tri, or
tetra-substituted with a substituent selected from the group consisting of halogen, oxo, thio, alkyl
of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, azido,
hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms,

alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon



to 12 atons, where the bicyclic heteroaryl ring contains 1 to 4 heteroatons
selected fromN, 0, and S with the proviso that the bicyclic heteroaryl
ring does not contain 0-0, S-S, or SO bonds and where the bicyclic aryl or
bi cyclic heteroaryl ring may be optionally nmono- di-, tri, or
tetra-substituted with a substituent selected fromthe group consisting of
hal ogen, oxo, thio, alkyl of 1-6 carbon atons, al kenyl of 2-6 carbon atons,
al kynyl of 2-6 carbon atons, azido, hgﬁ[oxyalkyl of 1-6 carbon atons,

hal onet al koxynef hyl of 2-7 carbon atons kan X thyl of 2-7
car bon a%aﬁshy RO ugromethy | ceang it Gﬁ‘Z’OXDéICR’S‘i’P o 2? CHOEn BN, - 37-
atons, hydroxy, trifluoronmethyl, cyano, nitro, car boxy, carboal koxy of 2-7

carbon garbeatkyl Oéa'r?’b‘@éhqmﬂml‘bip enpxy zphsey, thiaphenoxyhleanaxyl, basrelnginot hi ophenoxy,
benzoyl, benzyl, am no, alkylam no of 1-6 carbon atons, dial kyl am no of 2
to 12 cakplamimidrﬂsé chemytoa] dialkyl dnana yf 2 rmqarlailﬂmmylphaiylmninﬁ, 1-6 carbon
at ons, al kenoyl am no of 3-8 carbon atons, al kynoyl am no of 3-8 carbon

atons, sélyRied, kikan®flarding of ArdQAFbAL ATHs, ancaﬁégmaﬁﬂﬁ@walwlrbdafat&nﬁ car bon
atons, am noal kyl of 1-5 carbon atons, N al kyl am noal kyl of 2-9 carbon

at onms, b Ohioyiirdihl ¥k @@&%h@dm@ﬁar%o%]lﬁ%@?ﬁ cgtthHEton{\é‘ @zlrﬁdlajll&)’ri%rﬁlﬁﬁ‘l' dfaxy of

2-9 carbon atons, N, N dialkylam nodl koxy of 10 car bon at rrercapto

ang DenERbbPILAR arfho O;ﬁ(r@%@ltseca?bongﬁalﬁﬁahu-amﬁxh afi9Fof 25 W) abims k-

wher ei n wher ei n "t hée

yr|d|n |md|n e y be o

" sube Hiafagtindi S Sy giare SR y&’@@%@@ﬂ?‘?iﬂ &Ir#e%?% bRt i ng of
haI ogen al kyl of 1-6 carbon atons, al kenyl of 2-6 carbon atons, al kynyl of
6 cafigllamisemkoxyaf dol 0 ephancisrag. myercagho, andsbenap Heming: ok cathby Hredical | |
aI koxyrret hyl of 2-7 carbon atons, al kanoyl oxynmethyl of 2-7 carbon atoms,
al koxy bévidg Gedambdn at ons, al kylthi o of 1-6 carbon atons, hydroxy,
trifluoronmethyl, cyano, nitro, carboxy, carboal koxy of 2-7 carbon atons,
carboal kyl of 2-7 carbon atoms, phenqgxy, phgnyl, thiophenoxy, benzoyl,
benzyl, am no, alkylamino of 1-6-: ar‘bop/a’t ons, dialkylamno of 2 to 12
carbon atons, phenylam no, benzylam no, al kanoyl am no of 1-6 carbon atons,

al kenoy k@@?enpAQE ﬁ;ﬁmﬁﬁr P i TFor phalﬁmgy\bmnﬁ %eogyn%n@n GAHRRANAL T8,

carbox?/al kyl of 2 car bon atons, carboal Koxyal kyl carbon atons,
N N-

o 1oa! kPl SPRSHHgR AR DAL Féﬁsﬁ&*gﬁ %&e&fﬂe@?‘b@* gL

at ons,

'(\:lbnl\slistmg of halogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6
carbon atoms, azido, hydroxyalky! of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon
atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6
carbon atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon atoms,
carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino,
alkylamnino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkyl of 3-8
carbon atoms, aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-

dialkylaminoalkyl of 3-10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-



- 38- di al kyl am noal koxy of 3-10 carbon atons, nercapto, and benzoylamno, T

is bonded to a carbon of A and is: -NH(CH2)m -, -QCH2)m-, -S(CH2)m -,
-NR(CH2) m -4CH2)m--(CH2)m NH, ---(CH2)mO-, -(CH2)m S-, or -(CH2) MR-,
and L is an unsubsitituted phenyl ring or a phenyl ring nono-, di-, or tri-

substituted wth a substituent selected fromthe group consisting of
hal ogen, al kyl of 1-6 carbon atons, al kenyl of 2-6 carbon atons, al kynyl of
2-6 carbon atons, azido, hydroxyal kyl_qwf. 1-6 car bon atom; hal onet hyl ,

| k t t | k th rb t ,
RPN R A LR e S

trifluoromethyl, cyano, nitro, carboxy, car boal koxy of 2-7 carbon atons,
car boal ¢A' a8d 152- 7 carbon atons, phenoxy, phenyl, thiophenoxy, benzoyl,
benzyl, am no, al kylam no of 1-6 carbon atons, dialkylamno of 2 to 12

car bon atonstiﬂéhwn&m,HﬁO(CHéﬁzw,&ﬁﬂBfﬁﬂz)aF-k,&ﬁM(@Hzm—of 1-6 carbon atons,

al kenoyl am no of 3-8 carbon atons, al kynoylam no of 3-8 carbon atons,

car boxyal kyl —@fH,)3-7—qa@HnNHL-os(CHaL, lipal kqryn) ks, of 3-8 carbon atons,
am noal kyl of 1-5 carbon atoms, N alkylam noal kyl of 2-9 carbon atons,

N, N-di al kyl amy %_NRL—OJndQJ l%gn%%L*B@ﬁtlﬁ‘éd)ﬂﬁn\élw‘ngadrlﬁ)ﬂh@ﬁ@'l@%lnlf&?éy & olmi?

car bon atom; N, K-'di al kyl am noal koxy of carbon atons mer’capt o, and
benzoyl r r

het er oas?’“%t“?ﬁeﬁgﬂgénsﬁﬁﬁﬁﬁ Sl AR, GRS L0 AR en AR of PSRl it
t he prow SO at, t teroaryl ri es, not conta

bonds. P HIERY diHes b BARa G EE ST aGS Y oo B hART o6 B ¢ ut e
with a substl tuent selected fromthe %roup consisting of ha Io§ 0X0,

thin, ataban agms, halomgthybalkoxpmethybelidahgarbey atoms, f\i‘éﬁ“@b‘ﬁxﬂﬂ@hﬁl of kA of 2-6
carbon atons, azido, hydroxyal kyl of 1-6 carbon atons, hal onethyl,

al koxy nabinylalkeiy 21 T-6ccartivaratans atkylthialok drfosattmayaternd def&y,zniﬂummmbﬂml, at ons,

al koxy of 1-6 carbon atons, alkylthio of 1-6 carbon -39- atons, hydroxy,

tri fl uotyan®trlityd, caby Ryl @arboitko0y oLRT barkyn atomshasddaikyy o2-7 2arbos atobn at ons,
car boal kyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy, benzoyl,

benzyl , piRabHg pher@l lfmbﬁwenasay Q;fenéayﬁ b@ﬁqulp%uﬁ& gr@mnﬂh@bkvma}uaﬁ affmsZ tO 12

carbon atons, phényl ani no,  benzyl am no, al kanoyl am no of 1-6 carbon atons,

o o BN o 1SS e AT S . oL
atoms, alkenoylamino of 3-8 carbon atoms, alkynoylamino of 3-8 carbon atoms, carboxyalkyl of
2-7 carbon atoms, carboalkoxyalkyl of 3-8 carbon atoms, aminoalkyl of 1-5 carbon atoms, N-
alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon atoms, N-
alkylaminoalkoxy of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of 3-10 carbon atoms,
mercapto, and benzoylamino, or L. can be a 5- or 6-membered heteroaryl ring where the
heteroaryl ring contains 1 to 3 heteroatoms selected from N, O, and S, with the proviso that the
heteroaryl ring does not contain O-—0, S—S, or S—O bonds, and where the heteroaryl ring is
optionally mono- or di-substituted with a substituent selected from the group consisting of
halogen, oxo, thio, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon
atoms, azido, hydroxyalkyl of 1-6 carbon atoms, halomethyl, alkoxymethyl of 2-7 carbon atoms,

alkanoyloxymethyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon



carbon atons, am noal kyl of 1-5 carbon atonms, N al kyl am noal kyl of 2-9
carbon atons, N, N- di al kyl am noal kyl of 3-10 carbon atons,

N al kyl am noal koxy of 2-9 carbon atoms, N, N dial kyl am noal koxy of 3-10
carbon atons, nercapto, and benzoylam no; or a salt thereof. 2. The nethod
of Caiml, wherein LG is chloro.

-39.-
atoms, hydroxy, trifluoromethyl, cyano, nitro, carboxy, carboalkoxy of 2-7 carbon atoms,

carboalkyl of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, amino,
alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon atoms, phenylamino,
benzylamino, alkanoylamino of 1-6 carbon atoms, alkenoylamino of 3-8 carbon atoms,
alkynoylamino of 3-8 carbon atoms, carboxyalkyl of 2-7 carbon atoms, carboalkoxyalkylof 3-8
carbon atoms, aminoalkyl of 1-5 carbon atoms, N-alkylaminoalkyl of 2-9 carbon atoms, N,N-
dialkylaminoalkyl of 3-10 carbon atoms, N-alkylaminoalkoxy of 2-9 carbon atoms, N,N-
dialkylaminoalkoxy of 3-10 carbon atoms, mercapto, and benzoylamino;

or a salt thereof.

2. The method of Claim 1, wherein LG’ is chloro.



