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BACKGROUND TO THE INVENTION 5 This invention rel ates
RRPOGESY e SHEFSSHINTHESIS é??f"g?eC‘ééhfpe’/ HLESSF B INFRREF4-QUINOLONES

3-cyano- 7-al koxy-6-nitro-4-quinol ones; which are

internmedi ates for the preparation of protein tyrosine

ki nase (PTK) inhibitors useful in the treat msnmlwmmmwmm""”m
cancer. The two nost frequently used syntheti cilliih
for the preparation of 3- 10 cyano-4-qui nol ONes Or. e eex

_ gatp;f@, I B Q,Fm% are intranol ecul ar
gf‘lée e -Cﬁ%fﬁaswgreac |onsNand el ectrocyclic ring

~closures of N (2-carboxyvinyl)-aniline derivatives.
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el ectron deficient anilines. The electron wi _t h_dravvi ng
gr oupsheftwe treogirfréqueetly ededt esyhthetic miethedy firl theigrgpapbtion of 3-
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uesjbistited @mipmsaaud psonlmoremnmalldbr %@ﬁoanemm ranilih8€and are
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Rlegizon defidient awilings.) Theneledtrom ﬁiﬂﬁdrﬁ@hg@&u;ﬁ&’ohﬁ@tahmﬂe t&uce the

GBSyl B RRiEing s BBl s < Bpgons compste witn, i not
defingites n tiee sdemired c irdtaeblecnlar h cohdrrtsatiory.cl i Therinag condltlons for
SIEBEER: 0 ISR L0 UL T SRS Bh ey eure
@mmrat'gln%( 616 dXcepe safl 1240@ i n Howevegf th@loenétnib’ﬁon of 3-cyano-4-
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a;nrbbayvlmmeamhrw denvgtivest ey heétlrrgolmman?CsnanmiMypethbrt U.8fPat.No.

tESI'H?)Zderéa 0@%& AR |%ﬁ ?Lilsl%llngp?rf? ztare seve aw (}e‘ﬁgngr?mest lejlgs(?omated

réacti oh con
thh electrocyclic ring closures for preparing quantities of material on a process

scale. Typically, reactions are run at high dilution (66:1) resulting in an inefficient
large-scale process due to low throughput. Further, thermal decomposition of either
the final product and/or the starting material compromises the purity of the final
product as a result of the high temperature reaction conditions. Additionally,
equipment necessary to perform high temperature reactions safely on larger scale is

expensive and not available in a typical laboratory or plant environment.

The production of 3-cyano-4-quinolones by electrocyclic ring closure suffers
from all of the problems menticned above, especially thermal decomposition of the

desired final product or the starting material. For example, it is known that 7-ethoxy-
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envi ronnent. 30 The production of 3-cyano-4-qui nol ones
by el ectrocyclic ring closure suffers fromall of the
nentioned above, especially thernal
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cycllzatlon s 256C. Thus, there is a need In the ar

for a [Qcess t hat addresses and preferabl over conmes
the hi'gf ‘P‘E%fég SXRRTENA! [details; R Seharbniorais iy ansunderstanding of

tHeehu@tiofle 6AHRES hbt lﬁiénde@ aﬂ@iesﬁdﬂld A¥Y B csheRBEd {Haﬁmflin any way
etails are thdﬂort to aid in an understandi ng o

SNYSReRSED IR a“ea?'@”ﬁd'ﬂatifﬁ{'%mea@ﬁd shoul d not be
construed to limt in any way the invention set forth
BRIERSUNMMARY ORTHE isMENTIORer eaf ter. BRI EF SUMVARY OF
THE I NVENTI ON 10 This inventi on pr ovi des a process for

t he prduct of a. 3-cyano- OXYy-6 ..

nitr g -ljﬁiqﬁll %&%&%o %??p? ?;rsocﬁas fog)ther %’ﬁg‘t’?’"ﬁa of,a 3-cyano-7-alkoxy-6
sitkesd-guinbRthedohipriging! at e of fornula (1) wth _

di met hyl f or mam de d| rret hyI acet aI 2N CO2R1 RO NH2

() L?gv\,herelnR re to obtain a

conpodd of CRGINGA SH T'ﬁ”}ed arﬁbﬁﬂdﬁﬁp@il‘mum Mgy 2 (11)

b) condensidgethyBoreiimgs BithethylHcefla) with
t-butyl cyanoacetate to obtain a conpound of fornula

1]
( ): ozN:OioozFﬂ
RO NH»

wherein R and R' are alkyl;

()

to obtain a compound of formula (11):

OoN CO.R!
S
RO N™  "N(CHg)o (1
b) condensing the compound of step a) with t-butylcyanoacetate to

obtain a compound of formula (ill):

OQNJC[COQFU
RO N/\r‘,; COztBU
H

CN (i
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conpound of step b) to yield conpound of formula

(1V): 2N CO2R1 CO2H RO H CN (1V) d) decarboxyl ati ng
the conpound of step c) to a conmpound of forrmula 5
(V): 2N CO2R1 RONH (V) e) cyclizing the conpound
of step d) hidrolyhifg HeesopmsRinalof atdpas &o Yieldddndbdundaf formula
3-cyano- 7- (0OXY- 6-ni tro-4-quinolone of fornmula: OH
2N CN 10 When used herein the term al kyl
denotes a straight or branched chain al kyl group,
e.g. a Cl-C6 al kyb,mroup, prepsmebly a CLl-C4 al kyl
group, nore preferably Et, n-Pr, I-Pr, n-Bu, nost
preferably Me or Et. Rl can e same or

di fferent. The preRent 47 oM %&?r_hpasses al |
tautoneric forns of the conpoun as V\ﬁ\ll)l as m xtures
of the tautomeric forns.

d) decarboxylating the compound of step c¢) to a compound of formula
(V):
OZN]@COQFU
CN
RO NN
H (V)
e) cyclizing the compound of step d) in the presence of a base to obtain

a 3-cyano-7-alkoxy-6-nitro-4-quinolone of formula:

OH

OaN —CN
P

RO N

When used herein the term alkyl denotes a straight or branched chain alkyl
group, e.g. a C1-C6 alkyl group, preferably a C1-C4 alkyl group, more preferably Me,
Et, n-Pr, I-Pr, n-Bu, most preferably Me or Et. R and R' can be the same or
different. =~ The present invention encompasses all tautomeric forms of the

compounds as well as mixtures of the tautomeric forms.
DETAILED DESCRIPTION OF THE INVENTION

The invention described herein for the production of 3-cyano-7-alkoxy-6-nitro-
4-quinolones obviates the high temperature (256°C) and the low throughput (66:1)
high dilution issues hereinbefore described. These reaction conditions allow the

cyclization reaction to be performed in standard processing equipment.
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Lhed herein for the production of

wo%%@%h}g&? al koxy-6-nitro- 4-qui nol ones obvi at®&sI/P§r804/010190
hi gh tenperature (256C) and the | ow throughput (66:1)
hi gh dilution issues hereinbefore described. These
reaction conditions allow the cyclization reaction to
be perforned in standard processing equi pment. 3 WO
2004/ 092 PHIFEpEe] heJowation B1YEWNTRSCReHEdss of t he
invention is shown in Scheme I. Schenme | 2N CO2R 2N
ral CO2R NCMCO2t Bu 02N \ CO2RSchiéfe DVA RO NH2 t - BuCH
[/t-BuOH 1 / \ CN RONNW2 ROHI 1 2 3 Co2tBu
triflic acid DOEA CH3CN ODCB \ L;Jc: N 02R DBU 02N

\ CO emN-H (R4 5 G OZFQ—'NC% BS:N RGN cHS
descri bed Schemmal . su tute rani | at
wher e #7157 aMkyl 1Bupis 5 gk Ao, AP1YEL hy | &6 NN

dimet hyl acetal (DVE-DMA) or with about 1 to 5 LI

triflic acid

CH,CN

O.N GO,R' 0N COR" oy
CN
RO N/Y CH.CN RO
H

CH,CN DBU

OH
ON \_-CN
p
RO N

6

As described in Scheme |, substituted anthranilate 1 where R is alkyl, is
5 reacted with dimethylformamide dimethyl acetal (DMF-DMA) or with about 1 1o 5
equivalents of dimethylformamide dimethyl acetal in a alcoholic solvent to yield N,N-
-dimethylamidine 2. In a preferred embodiment the concentration of (DMF-DMA) is 1
to 2 equivalents. Preferred conditions for this reaction use about 1.2 equivalents of
dimethylformamide dimethyl acetal in t-butano! at about 50°C to about 120°C with a
10  preferred temperature of 80°C. In a preferred embodiment the reaction allows for
simple isolation of N,N-dimethylamidine 2 by cooling the reaction mixture to allow the
product to precipitate and collecting the precipitate by filtration. This procedure
provides a near quantitative yield of N,N-dimethylamidine 2 of sufficient purity for use
in the subsequent step without further purification. In an additionally preferred
15  procedure substituted anthranilate 1 is reacted with dimethylformamide dimethyi
acetal at reflux (about 110°C) and the N,N-dimethylamidine 2 isolated after dilution
with water, by filtering and drying the collected product.
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equi val ents of dimethylformam de di methyl acetal in a

woabe@aeizgCc sol vent to yield N, N di net hyl am dlm/gszob‘{)ﬂwlgo
- DMA)

a preferred enbodi nent the concentration of (DM

is 1 to 2 equivalents. Preferred conditions for thls
reacti on use about 1.2 equival ents of

di met hyl f or mam de di net hyl acetal in t-butanol at

abOUtT@&mtd%n BHtreerth)g N, R diimd Ry BREdIRE E%ﬂth tbytylcyanoacetate

erature o preferred enbodi
rfngggg iPEFommadoysing meto@tr#p |a§|q whlene; @rnalmhohc solvent at about 20°C

e %cﬁh mbktﬁltélrﬂb%ﬂq\l £o-BYarfo22h- blidxi Ak nﬁﬁﬁhglﬁhtﬂbﬁﬁall‘é 8 Ina

to allow t roduct to precip |tate
mneéeriﬁdeemb@dlmeet s9ndansetien ivgondusies py dbedaddition of tbutanol at

ﬁScQJY' ad &Eongﬁ‘éu&q"é@”% %?ﬁ 1}{' ¢lsd +8f about 2,0 equivalents of t

N- di et hyl a i ne |C|ent purity
bwcmmg@@a@nwhlgh @povidies b@h fﬂl!ﬁ“tyh@ﬁteﬂai’ (#ae&athngbhpreswre liquid

antﬁ HF}PI?ZH‘DMCDJFQE; Hi‘ﬁgh \%@ Cﬁ(gg re substituted

|sr cte met hyl f or mami de
di met h%% acetal at ref lux (about 110C) and the
N, N- dif e hydrpbyais dif rilee N-(2sevaap<dt-iteweadionyitvimantirartilate 3 may

S T Do o A AT Bt o

$@mt| Qin alpput N3 itereabiput ati03Cndn 28 \Girefierred  embodiment hydrolysis

Eorh%‘ﬁs)élsct?éﬁpﬁg?‘ﬂ@@@céﬁ Vi Qﬁofﬁﬁfb%?f‘ém?h{ﬁ%ml'ate 3 with a catalytic

acetonitri o uene,” or a
amoumnt Qfgt(ﬂllctaplchbbao;etqmtmp ab abgtutaZOﬁC to about 30°C to produce N-(2-

Ndr-2 ¥aot m&R%‘l{h%M&t@rP%E dghavacﬁaﬂzéa R uﬁ} eﬁ%% oVdho-2-t-

a pre err ment c nsation | cond
bulexyadhanybvinydfanthranitaéenod  aay Soptievally 2%C heatertbdat 1&50 in o-

| 0 ip
%’PB cg’%a%%fgééat 5 mi g‘%]mg‘feox}ﬁ%gsmﬁh e%ttér 2 dt§/ﬁ°r¥oa'tNer(2'§Ya”°'2'
GWQ%WHY@hﬂTbraé@%’fﬁr"e liquid chromatogr aphy (HPLC
area)) in high yield (90-99% . The hydrolysis of the

gl‘ (2- Q’M@n@ec%rﬁox?féh&’fy&fai\p@ ano ¥l Mﬁ&xg@ﬂgl%rgﬁ%nﬁaté a4 €nay be

may be acconpli shed %% e use of
setareniishest wrdeng efloert jacidiei @r dpasicctqopdiions 1t syiéld e ik(2-cyano-

ﬁﬁé?QﬁH‘an@QQ g0 ll?k%log;eféﬁl&cerﬂb'adiﬁwm SERE"ROUBEMREIEBRY and p-
y

ol ySI S conprl ses treat
iplgenesylionic 2-acidhut bagesar bogiyde vidigoprapyleihylartne 3pyidite, or

; al Yt A e RY L QN tri -
S‘E%g’%'é&%ééé-?b?’]%ggﬁ%g@% lgr %@t&@% %I\(%_t@%ﬁc% InEﬁJHJe eacgllomtnle,
@getivoactd,cryridimey aneh wipethylacetamide: &t about 80Martaabeuti 1483C. If the
e, RS eD et chol) NGAEHRRN g
|N«.(2ocyano-vmyl)anthranllate 5 in o- dlchlorobenzene (ODCB) is performed in the
presence of a catalytic amount of a suitable base which includes
diisopropylethylamine(DIEA) then N-(2-cyano-2-t-butoxycarbonyl-vinyl)anthranilate 3
is converted directly to N-(2-cyano-vinyl)anthranilate 5. In a preferred embodiment
DBU in acetonitrile at about 80°C is used.

The intramolecular anionic cyclization  (cyclizing) of  N-(2-cyano-

vinyl)anthranilate 5 to 3-cyano-7-alkoxy-6-nitro-4-quinolone 6 may be accomplished

with about 2 to 13 eqUi\/alents of base in solvent. In a preferred embodiment the
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The decar boxyl ati on of

N- (2- cyano- 2- car boxyvinyl )anthranilate 4 may be
acconpl i shed under either acidic or basic conditions

to yield N-(2-cyano- vinyl)anthrani late 5. In a

lpﬂte@f ipeludas BRY oNake pipeddindsdimetyladenenyeidine @M AP aordpgtassium t-
il Soprg&%lt P'{a(r:ﬁa ﬁél{ege&/er%?}?lﬁbgl’dﬁ%%&dgolvents include acetonitrile,
dlpiaewdﬂtWCD@[QB T H/wyielse mixiuré HBtIuend, N Slditrehydformamide (DMF),

d
BERKERAE U SpLRBAC 165 P BBk 2l s o
sAGnt: substltahe ard hboutal 5 yo abolutce Ay dbolty80C &f about 140°C. The
- b b
R R T e G oM R ERRBPsBs R S feat v
(Zﬁ(a%)a-wrgll)pmhfamlaEdS iwitht dbeuf 3 tq»rSeecam(aberﬁé ch OB &l yddtenitrile at
wh
| [ sogrcepc’); Ia8§ Ht 4 ?ong? ﬁg?%ﬁaﬁg&qu’gﬁ wﬂHgSueous HCL.
- t
convert B EERE PR R RO Aok Pan R i fgtisaifolone
Bn fa)n]nr Blf(Emyenb-éFtbnﬂoxyearlbon@Brlxiyl a]ntlamfila’nel t3i lse t8t conduct the

3};@&@'& ec&so(o Sl%\??ri Iaﬂg)mtm r %&e%ycléﬁétlgrgfeacluon sequentially in the

\sanmpl yeasel hwithout ddadatont of N-(2-cyano-2-carboxyvinyl)anthranilate 4 or N-(2-

| 53%% DRy Erfiraiat B The hre itk bfiRel FdtedPino 3veno7-

§§1 lﬁﬁ _4_ Lihoforir eBer isedcamrizddmeott  higerolyaingD N-(2-cyano- 2t

R R, S SO Bl b e

taciddn taostbitrilé Kbatd)t 20PQ t@alpse 361C éxt mht)ﬂltcbmotmm followed by the

LIB335 S o RO 1 e o

abwy to %h@w’so fihe Brdyaner?- almf%’mhﬂé}-qwmcﬂow pissibelateddy diluting

308 SrAcHER imdist R et BF flaci e’ R ulipgur vt Biiifiraton.

plflféfcﬁjllégéd Bféffrﬂﬁtéf i€ r@}r‘ittﬁrrd%oeﬂlﬁ{ @thyl acetate to provnde 3- cyano -7-alkoxy-
ano- 7- al koxy- 6- ni

N-
PR § 25 CRGedh o 18 (PRt 9% by 5l NVR)
t
o Vil LD ) Lo 2B O e
riyr eonhirihge stepd aodogitrebuat é1etrceeprfoxdlulgb temperature cyclization. 3-Cyano-
37 SKGQ)QG ?\lt?cJ Jf%f%o%ng' Br is pro Lfc'iergl‘)lln good overall yield (70% for 5

transformations performed in two single reactor operations, with purity >98% by
HPLC and 'H NMR).

For purposes of this invention an acid is a molecular entity or chemical
species capable of donating a proton or capable of forming a covalent bond with an
electron pair. Preferred acids include acetic acid, ftrifluoroacetic acid, p-

toluenesulfonic acid, methanesulfonic acid and triflic acid.
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reaction sequentially in the sane vessel w thout

i sol at.ion of N-(2-cyano-2-carboxyvinyl)anthranHate 4

or N-(2- cyano-vinyl)anthranilate 5. The nore

preferred process for producing 3-cyano-7-

al kox{oBPWPPses- of-thigimentena éoivgnfdéﬁiﬁﬁegééip@hed to the whole initial

8 Ph¥gd BShthinlng-thY aRkPadtart. ﬁe solvent ma contam onl one extractant
but oxycar bonyl - vi nyl )ant hrani | ate about 2 to

apbmaybea egupositeharaoganepys mistare A SbIEeTY. [n a
?Fefmtenﬂ%glrﬁ&ta@l@%olm |f19|(1d@§3%'|her% t ecfbhitile) tetrahydrofuran

ddition of about to 5 equival ent’s
éTH'ﬁBG"aﬁayla@qtﬁmiden@ce%a@@,aeyridm rﬁlpheuvl@thneorODQBoJﬁFdxylene
ixiBr0 T
s e P ARGl ROUTY: ot SsopaoL”
wat er and col l ecting the resulting precipitate by
filtr&Or GHrPoses Phdhigdnyestior® paee ipptahemicad spegies oatraelecular
Whiit h%(/lh an@ﬁﬁﬁﬁl@ p&lPo’PéIQc\ftl'd?ﬁ épﬁ%l@%f&nﬁ*#@é&alent bopd with a
6-nitro- I nol one as beig brown so
Preden OBys vaqam\mpltalﬁﬁ éomﬁxné'aﬁn spAcigs-dn meh:éned.ambodnment a
RSy fHeRid8s CHRYD g@tmmé Nbridfie? - M &Qﬁcﬂi @%Io[@é‘ 3lundecene
conbi ni ng step wit hout the neéd for
t(@ﬁHér glp%, @lw@mezaz{lmgﬁ\ylagm@pgﬁgme (DMAP) or potassmm t-butoxide
{ng Xy-6-nitro-4-quinolone 6 is provided in good
overall yield (70%for 5 25 transforrmtl ons perforned

in two single reactor operations, h purity >98% b
HPLQ &1 PURPQERR)Of thisy inveitionsibe termt Iaikgl iRglagas bethagfraight and

Qﬁérﬂ:hbé amfymbi%ﬁéé FrefBizblylof 106 ecézﬁmrpabmss peci es
capabl donat i ng a proton or capable of formng a

coval el ectron pair. Preferred acids

et udh oEes (BoHay A e PO SREBREG 418 Gversenghe fllowing

triohuiediasg b laenplss itgdttie MRiphedes W friiresatifleatith. triflic
acid. 6 WO 2004/ 092138 PCT/ US2004/ 010190 For purposes

of this invention a solvent is the termapplied to the

whol e initial liquid phaseEﬁé?ﬂéléHn' ng the extractant.

The sol vent may contain only one extractant or it may
nposi te honbgeneous m xture of extractant(s)

va H@P'ramhu@m"(@yneihwﬁng anypQirdepihewy-ermitsenene agigamethyl ester

sol vent includes toluene, acetonitrile,
t et r ahy drofrslirRPbtomEd ask diriir NG| 8 @i af@fbihead stirrer, a

acid, pyridine, diphenylether , THF/ xyl ene

condenser and a thermocoupleis charged with 2-amino-4-ethoxy-5-nitrobenzoic acid
methyl ester (80 g, 333 mmol) and N,N-dimethylformamide dimethyl acetal (500 mL).
The reaction mixture is heated to reflux (100°C). Once the thick slurry becomes
homogeneous and the reaction is complete, the reaction mixture is cooled to 25 to
30°C. The reaction mixture is diluted with water (3 L) and the resulting suspension is
filtered. The filter cake is washed with water (3 X 500 mL) and dried under vacuum
(60 mm Hg) at 55°C to provide the title compound as an off-white solid (89.6 g, 91%
yield, >90% purity by NMR integration). "H NMR (300 MHz, DMSO- -dg): 8.23 (s, 1H),
7.81 (s, 1H), 6.71 (s, 1H), 4.22 (q, J=7 Hz), 3.88 (s, 3H), 3.09 (s, 3H), 2.97 (s, 3H),
1.40 (t, J=7 Hz, 3H).
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m xtures, toluene, N, N-dinethylformam de (DW),
propionitrile or isopropanol. For purposes of tnhi

ZORH:’Bn a base is a chenical species or nol ggms&pomlomo
entity having an avail able pair of electrons capable
of formng a covalent bond with a proton or wwth the
vacant orbital of sone other species. In a preferred
enbodi mrent a 10 base includes diisopropyl et hyl am ne,
pyridi ne, or di azobicycl o[EXamp#} &ndecene (DBU), NaH,
pi peridine, di.methyl am nopyridi ne (DVAP) or pot assi um
t L id t-
A E AR et i A L s T
al kyl noieties, preferablyusflestero 6 carbon atoms 15
In order to faC| litate a further understandi ng of the
I nventy an, rdui§-bbRbrheyvagk dﬁ@@r N, '&qhi‘p?@d OMATEN BVerhead stirrer, a

illustrate the process of present invention.
eQagdfnser 1 and a thermocouple is charged with 2-

ﬁ(&lh@ﬁqylﬁﬁlﬁ%hﬁﬂy\’b‘%% AL £BRbR gfsmdb‘én%l@%lﬂ ﬁu—:-myi EQ@? (68 g,

nzoic acid, neth éo ester 20 A round- bot t oned 'f

2R0PMRY. EButRRY{E0MLY faliowsd by dhutyiayangasetate, (65 g, 480 mmol)
GPRIEARRN rARkreétishRSIcANS PatRIxe Af%rQhﬂfugseﬂe%ééﬁon is cool?dstéa room

2-am no- 4- et hoxy-5-nitrobenzoic acid hyl ester

demparatuierang therryspensiad inditterpds Jﬁwﬁﬁeﬂ@k@ﬂweﬁwd wihelpentane (2
(><5<'=\60n?‘ﬂlb1 naih&.erdea,%ér%cﬁw %'Sfﬁ rhif) ns)agﬁ%t@ hehloUe the title

ce the thick slurr econes’ honbgeneous an
tcﬁ@ppéa@taﬁc?nb%e §0lith (68t @, 9%@!&'@@3&"/@@%&'@%@'%5 H NMR (300

GRQ}, AShES- @62 1‘207%53 Jng% gTJike 1rH3 gt7'7°('8 Pﬁﬁ%@ﬁz' $H), 8.50 (s, 1H),

di luted wit resu suspensi on

i7547 fs, NHpried, (qwr-e7 HZI&"Qr S@AKE, 3, WH@@H&A .40 Wiat/ef Hg33H).
X500 nL) and dried under vacuum (50 mm Hg) at 55C to
provide the title conpoundeggm@gz0ff-white solid (89.6
g, 91 % yield, >90% purity by NWR int egrati on). 1H

gg@%&?&%@&ﬁ%‘e%xyﬁﬂé ’Pléj‘* n'g%wga p& p@pgrggnc acid t-

(s, 3H), 2.97 (s, 3H), 30pdyhddtdrt, J=7 Hz, 3H). 7 WO
2004/ 092138 PCT/ US2004/ 010190 Exanpl e 2

52 a%’ﬁg&; lp&% ) t )r(ré&izf@s\ge lEnhdD agq%%%gd Wlth- glll to(/t(a)l%ead stirrer, a
condenser and a thermocouple is charged with 2-amino-4-ethoxy-5-nitrobenzoic acid
methyl ester (100 g, 0.416 mol) and N,N-dimethylformamide dimethyl acetal (59.5 g,
0.499 mol) and f-butanol (800 mL). The reaction mixture is heated to reflux for 1.5 h.
The reaction mixture is cooled to 22 to 35°C and the f-butylcyanoacetate (117 g,
0.832 mol) added. The reaction mixture is stirred at 20 to 30°C for 2 h . The
precipitate is collected by suction filtration, washed with heptane (500 mL), then dried

. to constant weight under reduced pressure (50 mm Hg)) at 45 °C overnight to

provide the title compound as a off-white solid (162.9 g, 95% vyield, >95% purity by
HPLC). 'H NMR (300 MHz, DMSO-dg): 12.7 (d, J= 12.9 Hz, 1H), 8.77 (d, J= 12.9 Hz,
1H), 8.50 (s, 1H), 7.47 (s, 1H), 4.37 (q, J=7 Hz, 2H), 3.91 (s, 3H), 1.52 (s, 9H), 1.40
(t, J=7 Hz, 3H).
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butyl ester A 3-L round-bottoned flask under N2

wo%{#ﬁ)@?ﬁg wth an overhead stirrer, a 5 Cond%ﬁ“ﬁfsz&ﬂ%wwo

ermocouple is charged with 2-
[[ (di nmet hyl am no) et hyl ene] am no] - 4- et hoxy- 5-ni tr obenz
oic acid, nethyl ester (68 g, 230 mmol), t-butanol
(500 ni) followed by t-butylcyanoacetate (65 g, 460
nmmol ). The reaction mxtyure is heated to refl ux.
After 4 hours the reacti of*®8P%Edol ed to room
tenperature and the suspension is filtered. The filter
cake i s wasizcydrivimyhepdraine-4-&hdx->nit@bemtojc Acid dri ed
under vacuum (50 mm Hg) at 40C to provide the title

ggmjf §ngogm)r85r'f€§%ﬁ9&he'(€é%§é I\)%‘lzd’egl% q@k%ed gﬁt} ? d’stirbar, a
dcnd]aﬂsé? lHnd & I-tblem&caﬂ’pl(edjs Jehatged9 with, (Z)-BHGyaBo3(5(-sthoxy-2'-
chgfflogcalbohc Srgbrchyiginind-2 Gopdinle g Pl s g 511
Qm@})anqg%lé@rgﬁtlétgwgm&e- nemgowjmmmy brdl'o-dicHloropéezank (200
P Eind GBI T i BbEq i {p fiposg the reaction was
corapleteads svidenesd by thin dmyziymOmamgr@hy heTie eenefibe is sooled to
char %edpee\é\%tt&e erﬁ%}uge h@@ﬁlfggﬁ%pﬁ_ gclhérreglb ate%g c?u%edproduct. The
BoIN- id iigobdtény by gllra‘acubn tdaqardvlndetl’geéiltlemmtp?und 89 .&bbaige gowder (11.7 g,
t t . .

ap b bs RB SiskePRR g o4k gl o VRS RGN Bho v owiso-
Hi)x tarie(d, s=120DHed0.68HR 20160(d3 34 228 HZ, bES5H), 8.47 (s, 0.65H), 8.37 (s,

bRt SIS RA Rt o %@W@f%ﬂ% ﬁ*é%W 136,
PHE .09 (@t B&SHzQId B5H)ed. QUy(dZUheS 4 b1z, Dig5H),a4.884,28W A% hIm*t) 3.90
fhderHeatiy %%gé't%% 35 HA ) at 45 C overnight

to 25 provide the t|tIe conmpound as a off-white solid
(162.9 g, 95%vyield, >95%kExanple/s5 by HPLC) ~1H NWR
(300 MHz, DMSO-d6): 12.7 (d, J= 12.9 Hz, 8.77 (d,

J=12.9 Hz, 8. 4 4. 37
(q, J=7 Hz. Z'l_sth%)g Agilwgc?ro{(fg}lﬁ'trcj%mggnegcﬁ%ﬁpf‘rnl? 20 (t,
J=7 Hz, 3H). 8 WD 2004/092138 PCT/ US2004/ 010190
A 100-mL round-bottomed flask equipped with an overhead stirrer, a

condenser and a thermocouple is charged with (Z)-2-Cyano-3-(5'-ethoxy-2'-
methoxycarbonyl-4'-nitrophenyl)amino-2-propenoic acid t-butyl ester (2.5g, 6.3
mmol) and acetonitrile (50 mL). The triflic acid (0.12 mL, 0.21 mmol) is added to the
heterogeneous reaction medium. Upon disappearance of the starting material as
evidenced by TLC (20% EtOAc/hexane), the DBU (4.0 mL, 4.25 mmol) is added to
the reaction mixture. The reaction is then heated to reflux and monitored for
completion (>95 % by HPLC - Phenomenex 3 micron Phenyl-hexyl column (150 X
4.6 mm) ). The reaction is then quenched with 10% HCI (100 mL) and diluted with
water (400 mL). After stirring for 15 minutes at room temperature the suspension is
filtered and the collected solid allowed to “air” dry. The collected solid is suspended
in ethyl acetate (25 mL) at room temperature and filtered again and allowed to “air”
dry. This procedure provides 1.15 g (70%) of the title compound as a beige solid



W05"6 /

Exanple 4
yanV|nyI) 2-am no- 4- et hoxy-5-nitrobenzoic Acid A
RE3Found- bot t oned 1 ask under N2 equi pped (A ¥$7004/010190
stirbar, a condenser and a thernocouple is charged
Wi th (Z)-2-Cyano-3-(5'-ethoxy-2‘- 5
nethoxycarbonyl-4'-nitrophenyl)anino-2-propenoic acid
t-but ester (20 51.1 mol ),
mamsd%fv%w By AR tpGEatan. ik NP 430 bIH. BMBO-de): 12.9 (s
ngenqgs 728 0s, 1Hhes pRRG! £, 2HEq t,t
ELUX ?ﬁSgg Aﬁte?Qp 5 hourswthe ?ﬁdt??gn &23 Mﬂq BT Hz,
| ete as evidenced by thin [ ayer chromatography.
The reaction is cooled to roomtenperature and dilute
hexane (500 nL) to precipitate the crude product. The
10 solid is isolated by filtration to provide the
title conpound as a beige powder (11.7 g, 79%yield
of 65:35 stereoisoners, 94% purity by NVR). 1H NWR
(300 MHz, DVMBO d6): 11.1 (d, J=12.7 Hz, 0.65H), 10.6
(d, J=12.9 Hz, 0.35H), 8.47 (s, 0.65H), 8.37 (s,
0.35H),. 8.29 (dd, J=13.4, 12.9 Hz, 0.35H), 8.16 (dd,
J=12.7, 8.5 Hz, 0.65H), 7.13 (s, 1 H), 5.49 (d,
J=13.4 Hz, 0.35H), 4.97 (d, J=8.4 Hz, 0.65H)
4.38-4.28 (m 2H), 3.90 15 (s, 1.95H), 3.88 (s,
1.05H), 1.39 (t, J=7 Hz, 3H). Exanple 5
7- et hoxy- 4- hydr oxy- 6-ni troqui nol i ne-3-carbonitrile A
100- L round-bottoned fl ask equi pped with an overhead
stirrer, a condenser and a thernocouple is charged
with (2)-2-Cyano-3-(5'-ethoxy-2'- 20
nmet hoxycar bonyl - 4' - ni t r ophenyl ) am no- 2- propenoi ¢ aci d
t-butyl ester (2.5g, 6.3 nmol) and acetonitrile (50
m.). The triflic acid (0.12 nL, 0.21 mmol) is added to
the heterogeneous reaction nedium Upon di sappearance
of the starting material as evidenced by TLC (20%
Et OAc/ hexane), the DBU (4.0 nL, 4.25 mmol) is added to
the reaction mxture. The reaction is then heated to
reflux and nonitored for 25 conpletion (>95 % by HPLC
- Phenonenex 3 m cron Phenyl - hexyl colum (150 X 4.6
). The reaction is then quenched with 10% HCl (100
m.) and diluted with water (400 nL). After stirring
for 15 minutes at roomtenperature the suspension is
filtered and the collected solid allowed to "air" dry.
The collected solid is suspended

10
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in ethyl acetate (25 nL) at roomtenperature and
2G0kpORA1881 again and allowed to "air"” 30 dry. TPaTsUS2004/010190
procedure provides 1.15 g (70% of the title conpound

as a beige solid 9 WO 2004/092138 PCT/ US2004/ 010498 wisk
that is >95% product by NVR integration. 'H NVMR (300

MHz, DMSO-d6): 12.9 (s, 1 H), 8.79 (s, 1 H), 8.51 (s,

1 H),craids:(s, 1 H, 4.27 (q, J=7 Hz, 2H), 1.41 (t,

J=7 Hz, 3H). 10 WD 2004/092138 PCT/ 1JS2004/ 010190

LLOYD WSE CLAIMS: 1 A process for the production of

& 3- chiecessipb Prasiugtian of-:3-gvaneof -8kexy-BorR-fSiulglons)
react p§@pasiggbstituted anthranilate of fornula (I)

with 5 dinethylformam de di nethyl acetal: O2N CO2R1
RO NH2 (1) wherein Rand R, are the sane or different .
and afle C17E61%d ky3 ; sSuPslitgifchi RriPragidtRunef oforrmign @  with
(1) 2N geditiyiiBehawide ArddtAylddetal:10 b) condensing the
conmpound of formula (I1) vvit% t-butyl cyanoacetate to
obtain a conmpound of formula (I11):, 2N <HCO2R1 RO
Co2tBu CN (111) c¢) Ryl oua PrR’ conpound of

formula (I111) to yield co d of formula (1V):
RO NH, (1

wherein R and R’ are the same or different and are C1-C6 alkyl;

to obtain a compound of formuia (Il):

OsN CO,R?
N
RO N" "N(CHg)2 (1)
b) condensing the compound of formula (ll) with t-butylcyanoacetate to

obtain a compound of formuia (ll):

OgNI:[COQW
COLiB

CN (1
c) hydrolyzing the compound of formula (lll) to yield compound of
formula (IV):
OQNJQiCOQR1
COoH
RO m/\rv" 2
CN (IV)

11



2N CO2R1 / CO2H RO H 15 CN (1V) 11 WD 2004/092138

WO R@F/0132904/ 010190 LLOYD W SE d) decar boxyl atramgus2oe:/010190
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15

20

compound of forrmula (IV) to a conpound of formula

(V): N, C2R1 j "CN RO NH (V) e) cyclizingLiGvd WISE
compound of formula (V) to obtain a

3-cyano- 7- al koxy-6- 5 nitro-4-quinolone of formula: OH

N LgCN  Betdbexylatilg MEOESHSoRd ©F dbmula WBT & B &diRpound of
reacting conprises conbination of the conmpound of

formul a (1 foraw Miret hyl f or mami de di nethyl acetal with

an alcoholic solvent at a tenperature of about 50 C

to about 80" C. 10 3. € p oceﬁﬁ?@ﬁ claim2 wherein
the al coholic solvent s no 4. The process of

gl |
any one of clains 1 to 3 @ n the regcting occurs
at about 80" C 5. Theproeess one of clains 1
to 4 wherein in step a) the condl nation i(¥) cool ed
until the conpound of formula (I11) precipitates out.
15 6. efhe el thefcoflpaund &f fehadlai(v) fohebtain a 3-cyano-7-alkoxy-6-
di met hyl formam de di nethyl acetal and anthranilate
are conbi neitraddunelanedt fammiadsut 110C to yield the

OH
O2N \—CN
RO N
2. The process of claim 1 wherein thle reacting comprises combination of the

compound of formula () and dimethylformamide dimethyl acetal with an
alcoholic solvent at a temperature of about 50° C to about 80" C.

3. The process of claim 2 wherein the alcoholic solvent is t-butanot.

4. The process of any one of claims 1 to 3 wherein the reacting occurs at about
80° C.

5. The process of any one of claims 1 to 4 wherein in step a) the combination is

cooled until the compound of formula (ll) precipitates out.

6. The process of claim 1 wherein the dimethylformamide dimethyl acetal and
anthranilate are combined and heated to about 110°C to yield the

compound of formula (ll).

7. The process of claim 6 wherein the combination is diluted, filtered and dried

to obtain the compound of formula (Il).

8. The process of any one of claims 1 to 7 wherein the dimethylformamide

dimeinyiacetal is present in a concentration of 1 to 5 equivalents.

12
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compound of formula (I1). 7. The process of claim®6é
WORME082138t he conbination is diluted, filtered mrmustobeciorse

to obtain the compound of forrmula (I1). 20 8. The

process of any one of clains 1 to 7 wherein the LLOYDWISE

di met hyl f ormam de di net hyi acetal is present in a

concentration of 1 to 5 equivalents. 12 WO 2004/ 092138

PCT/ UB%)%&%QJQOClath@YWnWeﬁEﬂ% d’lfﬁ@thﬁfd?ﬁﬁﬁﬁdé)fdlrﬁétﬁylgéetal is
8 wherein the dinethyl forpani.de di nethyl acetal is

pr esNESEN IR a coRcRRFAR Pohif equivglentsequi val ents. 10.

The process of claim9 wherein the dinethylfornmam de

th. met Tiye acedeab mfsclalﬁf @s@hérdim tife @INEERPIdrAHandde fmdthdacetal is
equi val ent.s ess. 0 any one of clains 1

to 10pr\?ﬁ§'?ténﬁCPH%erE@HB%ﬁ{:f%gec’é‘U fSes conbining the

conpound of formula (11), acetonitrile, an acid,

110l uetiee procesd obdryl dree siadlaiat 1 td1®hatdin m&&lﬂ‘ﬁ@ﬂﬁﬁ%@&mprises
fornul a at ate erfa%;qre of .~ about .20 C to about

11
150" cbStbhingl 18 o nd IR ot . egidaitilo, fe aki.cloluene or

conpr alseisoligcsvivient &€ bbtain 4 @dnigduhd @ G8&RllA ¢lIRGEk & temperature of
p-tol uene[ @u fonéc %m d.. met hanesul fonic acid, or
triflfOUE utiig Brocess of claim 12 vvherelnthe
acid conprises acetic acid. 14. The process of any one

2. cl ahmspfbcbgs 16 \mﬁmenn t\nh?erémndﬁmsaﬂl @Qdﬁpﬁd;é?eesacetlc acid,
addtjt n _of coha ;lso venfln cocg’o tion with

t - but ;ﬂ HORRGEIC PoPe PAPIUSNE SYIfORRAG aB?SLEQfBB'Gt acjd; er triflic
to abacitl. 35 C. 15. The process of claim 14 wherein the

al coholic solvent is t-butanol. 16. The process of

2™ pThE ahiccks BB RSB e gt poR kbt o S c.

17. The process of any one of clains 1 to 16 wherein
téhe hyte procsisngf aoyrpne stlain201 asldo wherein theacdridiehSing comprises

sol Vegh?lllgn th? alESHERE légﬂ/eﬂtf lnf 26mb matl(grlw lv!/i%h ?—E)ut?/lcyanoacetate at a

t enpera
temperature of about 25° C to about 35° C.

15. The process of claim 14 wherein the alcoholic solvent is t-butanol.

16. The process of claim 14 or claim 15 wherein the t-butylcyanoééetate is
present in an amount of 1.5 to 2.0 equivalents.

17. The process of any one of claims 1 to 16 wherein the hydrolyzing comprises
addition of acid in a solvent to the compound of formula (lll) at a temperature
of about 20" C to about 110° C.

18. The process of claim 17 wherein the acid comprises acetic acid,

trifluoroacetic acid, p-toluene sulfonic acid, methanesulfonic acid, or friflic
acid.

19. The process of claim 17 or claim 18 wherein the solvent comprises toluene,

acetonitrile, tetrahydrofuran, dimethylacetamide.

13



of about 20 C to about 110 C. 18. The process of claim

wo 2dbamwbesgi N the acid conprises acetic acid, PCT/US2004/010190
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trifluoroacetic acid, p-toluene sulfonic acid,

met hanesul fonic acid, or triflic acid. 25 19. The LLOYDWISE

process of claim17 or claim18 wherein the sol vent

conprises toluene, acetonitrile, tetrahydrofuran,

R v g EEFBET bR 7 O R P e ! Yo oot

aci d @@ the sol vent conprises acetic acid. 21. The

process of claim 17 wherein the hydrol yzi ng conpri ses

addi t T pRfceld bf bibn 12GHErdiR 1€ BY@BIyLhG! @nid? ég‘gddition f triflic

conpound of for_mJIaEIII) at ate rature o? about %

20 C a@d gbaeatorsiledo the compeund etiesmulsf (1Aray agampefature of about

cl ai ngg*lc Pl wheeei n the decar boxyl ating conprises

addition of an acid or base to the conmpound of formula

é%\/) in a solvent at a tenperature of about 80 Cto )
out TheiPresess30f apw oppoefesiaingg iciaidh whewirethe gleearboxylating

sol vepd rdRIRONL A dHeRGd oRBREOR tHd & '
tetr ahy%@icﬁ@gr an, gi net hyl acc:)et am de, édi %g%@]@ect)fhfgrrr?ula (V) in a

o- di cPPibBba temeerat 3BAUE AR’ Gitx ebew 1487 Ret hy !

propionitrile, and isopropanol. 24. The process of

gbal MR pRiceds MBI D iHMPeiAThE sERNERY dothstisBS ?lﬂ&@%k&onitrile,

trifluoroacetic acid, p-toluene sulfonic acid,
met hated@lydrefvran. ac fimetiyfacetamidec  diphegyletwr,2 5 o-dightorobenzene,

Pr oCesRFAd/IeRb Miud? dh&R R IpRoiBRtrMASAd GRS R86
di i sopropyl et hyl am ne, pyridine,

di azobj cycl o[ 2. 2. 3] undecene, sodi um hydroxi de, _ _
ptper il B8 rEoCeESNRh FRIM 2nificde WhBrepithmiacid camprises acetic acid,

| sopr gmaskcetid acilin @-1BILEAE SRIfGhic A, héthaROSIRbhB! 48, or triflic
addi tion of diazobicycl o[ 2. 2. 3] undecene and

acet offflri 1 e to the conpound of fornula (IV) at a
tenperature of about
25. The process of claim 22 wherein the base comprises

di'ié._obi‘opylethylamine, pyridine, diazobicyclo[2.2.3]undecene, sodium

hydroxide, piperidine, dimethylformamide, propionitrile or isopropanol.

26.  The process of claim 22 comprising addition of diazobicyclo[2.2.3]undecene
and acetonitrile to the compound of formula (IV) at a temperature of about
80° C.

27. The process of any one of claims 1 to 26 wherein the cyclization comprises
addition of a base in a solvent to a compound of formula (V) at a temperature
of about 60° C to about 140° C for about 4 to 5 hours.

28.  The process of claim 27 wherein the base comprises diisopropylethylamine,
pyridine and diazobicyclo[2.2.3Jundecene, sodium hydroxide, piperidine,
dimethylformamide, propionitrile or isopropanol.

14



20 80 C. 27. The process of any one of claims 1 to 26
WO HYPBI t he cyclization conprises addition SCTA34010190

in a solvent to a conpound of formula (V) at a LOYD WISE

tenperature of about 60 C to about 140 C for abou’(’ 4

to 5 hours. 28. The process of claim27 wherein the

base conprises diisopropylethylamne, 25 pyridine and

H-az oBﬁecptgcgﬁszofzclam Rdex ehadm %ﬁoﬂhwrhtjnera@medtspompnses toluene,

S AT S PRGNS | Sl

LLOY[)ﬂlWISEbEBZGn'Eh@Hﬁfwtﬁ@ssnm'fur@Idanﬁthﬁ',prgplomtrﬂe,mnﬁSsopropanoL

wherei n the sol vent conprises tol uene, acetonitrile,

P11 aPelrAbuanor Udfst by! e,

d| chl or ob&nzeneo Weﬁ%ﬂ%ﬁgygggmfwoﬁ{pﬁg& ¥aition of
5 propi 9arehieycio[2. a@d}md@OmmﬁaﬁéﬂonlB@e aﬂaéom %e@sfoofabout 4105

cl ai M&is W8kt t@]“ ri ses addition of

5 di azobrlscyc#sslnnB %y e ’kb énﬁ%‘?ggﬁfﬂlﬁp?rl | e at about

80 C for about 4 to 5 hoursto obt ai n _ o

a1 cyaﬂ’be Predess pf cleimi30rwheteiq uiiazobispao[2 2. 3[ihéeqene depresent in

of cl aj, RQnibes g cycl o[ 2. 2. 3] undecene is

present |n an aﬁ’og]ue@%&géto 5 equivalents. 32. The

rocess of claim30 or 31 wherein the )
.cyahBe ProgerofyamG erolwhergindig Avyanrs7 1adkaxydrnitred-
10 by qugpgbio CB§£(\%$§ cess of any
one ofS cl aﬁﬁéél\ﬁis&tgte% er@ﬁg [ﬁe% H%/-(g'% *ﬁ?gu S,
decar boxyl ati on, and cyclization are perfor rred
d&quenPaProFess t9fo@ny i 9ua Aafi elaims 34 toTRR mhetsis sthef hydrolysis,

cl ai ”HgérSQiWHtioﬁ' &xH Mféﬁoﬁ@ré‘Qeﬁ%eﬁi%gé’ﬁ‘tﬁll?&ltg?ut isolation.

formula (11 wth triflic acid in acetonitri
about _209C to about 302C for. a maxi mum of 15 60
Afnut 488 PIRAESARGT BRI 83 gomerising ihkgrolvsing dipe e@meourstafdormula (i)

15 with triflic acid in acetonitrile at about 20°C to about 302C for a maximum of
15 60 minutes, adding DBU and refluxing for up to 5 hours.
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