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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 mentioned 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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starting material. For exanple, it is known that
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substituted anthranilate of formula (1) wth
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a) reacting a substituted anthranilate of formula (1) with

dimethylformamide dimethyl acetal:
OZN:©:COZR1
RO NH>

wherein R and R' are alkyl;

(1)

o obtain a compound of formula (lI):

05N CO.R1
N
RO N™  "N(CHg)2 ()
b) condensing the compound of step a) with t-butylcyanoacetate to

obtain a compound of formula (ll1):
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CO,B
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CN (i
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decar boxyl ati ng t he conmpound of step c) to a conpound

of formula 5 (V): 2N C2RL CN RO N ~ H (V) e)
cyclizing the conpound of step d) in the presence of a
base to obtain a 3-cyano-6-al koxy-7-nitro-4-quinol one
of foreul a: hfdrbly£#d\hle compoli oR¥teplblLfd Wle Rompethdéfredniula
the termal kyl denotes a straight or branched chain

al kyl grou )e g. a Cl-C6 al kyl group, preferably a
Cl-C4 al kyl group, nore preferably Me, Et, n-Pr,

| -Pr, n-Bu, nost posierak Ly go.e Et. R and Rl can be
the same or different e present invention
enconpasses all tauto for ofcobhig conpounds as
wel | as mixtures ofR@he Fautdifer™g fornms. 15 DETAI LED
DESCRI PTI ON OF THE | NVENTI ONFThe pventi R descri bed
herein for the production of 3- cyano 6- Ikoxy 7-nitro-
4- qui nol ones obviates the high tenperature (256C) and

t he | o®) t hr deagipaxylafing thie)compound of step c¢) to a compound of formula

(V):
OgNjijiCOQF{1
CN
RO Y

N
H (V)

e) cyclizing the compound of step d) in the presence of a base to obtain

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

OH
OaN N —CN
Z
RO N

When used herein the term alkyl denotes a siraight or branched chain alkyl
group, e.g. a C1-C6 alkyl group, preferably a C1-C4 alkyl group, more preferably Me,
Et, n-Pr, 1-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-6-alkoxy-7-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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2004/ 092138 PCT/ US2004/ 010190 The process of the
invention is shown in Schene |I. Scheme | 2N a'; O
CO2R 02N\ CO2R NC'C02tBu 02N CO2R  DMF- DMA RO NH
t-BuOH | / //~t-BUOHCN s RONNw2 ROHI 12 3

Co2t BuThé ptd‘obs§ofaﬁed1v@mlr‘e‘h is €hBNInCEXEB 02N COZR DBU

02Nl CO CN \' RON/CNCHSICN RO/ N H ~H
CO2H 4 5 CH3CN DBU OH 2N\ st\' gw‘ / N 6 As
described in Schenme |, substitu anthranl |ate 1

where Ris alkyl, is 5 reacted with di msthylformam de
di met hyl, acet a({OZF(DI\/F DVA) or WI about 1to,
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Dol
c
RO N/Y CHLCN RO N
H H
COH
4 5

triflic acid

CH,CN

p=d

CH,oN | DBU

OH
P
RO N
6

As described in Scheme I, substituted anthranilate 1 where R is alkyl, is
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-butanol at about 50°C to about 120°C with a
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
procedure substituted anthranilate 1 is reacted with dimethylformamide dimethyl
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 dinethyl formam de di nethyl acetal in
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N-(2-cyano-vinyl)anthranilate 5 in o-dichlorobenzene (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-6-alkoxy-7-nitro-4-quinolone 6 may be accomplished
with about 2 to 13 equivalents of base in solvent. In a preferred embodiment the



carboxyvinyl)anth rani |ate 4. The decarboxyl ati on of
N- (2- cyano- 2- car boxyvi nyl )anthrani l ate 4 nay be

wacomrmptizshed under either acidic or basic con#CTiUSE®4/010190

10

15

20

25

30
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2004/ 092138 PCT/ US2004/ 01019 inclu
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3 bl SofBiniRNEbss ahd'@ithout the need for high temperature cyclization. 3-Cyano-

6-alkoxy-7-nitro-4-quinolone 6 is provided in 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, trifluoroacetic acid, p-

toluenesulfonic acid, methanesulfonic acid and triflic acid.
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ran i late 4 or NN(2- cyan o-vi nyl)anth ran i late 5.
The nore preferred process for produci ng 3-cyano- 6-
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erature cyclizat|
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om@ ), | N eF@eﬂaﬁ&é tiRfethylZRinop Al (IDRINPY NS petabaameebutoxide

in two. si ngl e reactor operations, with purity >98% by
HEL@BYa 1H NVR). For purposes of this invention an
acid is a nolecular entity or chem cal species

Capalbl FoPhufhoBEd iohghia uWéthOlﬁl tos t@mpa@k;g’ DicIu‘d@é dmdﬂg_sgaight and
val e n refrerred aclds
Ristien aldrmastes: merareily PLbIOACREPE 4TS, p 30

toI uenesul foni c acid, nethanesul fonic acid and triflic

aCi d n N@eﬁ@ﬁ%nﬁ&%@&ﬂﬁ@ﬁﬂd@?@%%@@ﬂiﬁ@mvEﬁforpﬂ;l’fepf@B@@ng
I S. I nvent sol vent erma plledtothe
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The solvent nmay contain only one extractant or it may
be a conposite honbgeneous m xture of extractant(s)
with diluent(s). In a pref@mele bnbodi ment the

sol vent includes toluene, acetonitrile,

tet
2O fp e 3 Ehr ) TR s e

m xtures, toluene, N, N-dinmet hg{l f or mam de
pr opi o 81 qo(yng-lboft%ﬁqi dagihonder Ne equipped wi h an overhead stirrer, a

condenser and a thermocouple is 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 (8 X 500 mL) and dried under vacuum
(50 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 (g, J=7 Hz), 3.68 (s, 3H), 3.09 (s, 3H), 2.97 (s, 3H),
1.40 (t, J=7 Hz, 3H).
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For purposes of this invention a base is a cheni cal

species or nolecular entity having an available pair
wofow@loezi3s ons capabl e of form ng a coval ent boRdTMISR(N4/a10190

proton or with the vacant orbital of sone other

species. In a preferred enbodi nent a 10 base i ncl udes

di i sopropyl et hyl am ne, pyridine, or

di azobi cycl o[ 2. 2. 3]Jundecene (DBU), NaH, piperidine,

di et hyl am nopyri di ne ( DVABka@pieOt assi um t - but oxi de

(KCIBu) For purposes of this invention the term

al kyl " includes both straight and brathed al

mo? Y288-3-(Srethexspiyetiexyeatienyg-L-aitwehent)gmino- a@rqvn?now acid t-

order to facilitate a furt gty sgeerstandi ng of the

i nvention, the follomnng non limting exanples

illustrate the proces resent ventio
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nzoic acid, neth ester 20 A 3-L round- bott(grred flas

uH i magmﬂ e Iewa]lamlrgﬂ 40@@?4&’@%8“@??’?7@& acid, methyl ester (68 g,

COB6eRNARSN, Edaril (S ARG esiRMRdI ISy PB@?I@%o%étBte (65 g, 460 mmol).
2- am no- 4- et hoxy- 5- nltrobenzm aci d F%@Hester

gTh%%aCﬁl% mixtaigds Reaied vy Aferdhows e o 'SeF@@EeQItO room

@Qpé?bﬂxre ard®els885dnsPR iSTikdrbd e Thé filkahrélistviashed itk heptane 2
(100C). Once the thick slurry becomes ho eneous

nd
10 1 o 1P@AEE) SR ciog HRSIeE VECUWHA(B0BIE IFEh #h 40 &0 jREovide the tte

Ce%?guﬂ&agé Bé?g%e2§on%0(@3 gTh!ﬂ% @ﬁ:t I>@B°/erus"tw b NMR). "H NMR (300

dilu he resulting susp
| s i el U9 Bt FE el W PR ar0r 528 (5. TH)

X753Qs M), ang (QFJ—QOH#WEQ ygdium), {59 oHa4dl, hrQus, QBH
prowdethetlt econpound as an off-white solid (89.
g, 91 % vyield, >90% purity by NVR integration). 1H
NMR (300 MHz, DI\/ISOdG) 8. @@(‘@e% , 7.81 (s, 1 H,
6.71 (s, 1H) 422(q,J7Hz)368(s 3H), 3.09

15 (S 2-G¥dno-R(52éihoSy-2 Fhibthox@@rbbn04' (Hitrophery fd#nina E)propendf acid t-
2004/ 09213% PCT/ USZOO4/ 0%%1989 Exarrppme e

2- Cyano- 3- (5' - et hoxy- 2' - metWO/ $8&F bony! - 4' - ni t r opheny!
) am no- 2- pr openoi ¢ aci d t- butyl ester
A 3-L round-bottomed flask under N, equipped with an overhead 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,
20  0.499 mol) and +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 t-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 {o
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 (g, J=7 Hz, 2H), 3.91 (s, 3H), 1.52 (s, 9H), 1.40
(t, J=7 Hz, 3H).
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A 3-L round-bottoned flask under N2 equi pped with an
overhead stirrer, a 5 condenser and a thernocouple is

wohemgezii3si t h 2- PCT/US2004/010190

[[ (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 nmL) followed by t-butyl cyanoacetate (65 g, 460
nmol ). The reaction mxture is heated to refl ux.
After 4 hours the reacti ongkamgieal ed to room
tenperature and the suspension is filtered. The filter

cake is was wi t h. hept ane d,dried
under vacuunr‘h???‘; Vlg“? a&?'”ﬂ%@t%%y%' PB%“%OH%&] '(i]t l e
conmpound as a beige solid (83 g, 91% yield, >98%

puri t yAbSOONWR) rodiid-bdvienmesl0 BlastvHmde DNEBOedBipped 2with (al, stirbar, a

i:qq;i%hgefl_%iyd I’:lergbocg%(l%fs‘(] ach%ﬁg_ea %th %’Z_ﬂjg-ngB%-g((gethoxy-Z'—
thoiytﬁﬂoc(rgl-él‘gﬂ)qphénﬁﬁn(mo Zdﬂapdﬂb;c 3I3I)1I t-Boghnister 3(2059, 51.1
)@%ﬂo%ﬁélg?péwlegﬁﬁ%m@e gt g}lc&rebon ) %dgoralc oq'ggeenn%ne (200
rouyd-Thet reactit it reatedutodflun? 1 8370). prﬁé’darvﬂ 5 hoars the reactlon was
USRS o 5 o RSP TRERA oo
mméienmt'amre(alﬂwllgte IRex4hé (Hed mL;itcflprlempltege Et)he crugg product. The
i me :
030l FRElape G TRRATG SV B39 1 oEirpu 8 8 e Powcer (117 g,
nm%twad bBG&SBB’@@bc{iSbM%éIW iS)Qrtyhy?NMR) FhEMReE0DI MRz, DMSO-
m, X is c
oo b8 10§ €GB3 Heofl oty (s, 897 G
reasHp cmzsmov@t G, T |s12s§ Hg FERE5HY, 8t2|® U@fﬁ:ﬂ@?f 815 BizNo. 65Hhme’ 13 (s,
e uct |
i1 b b e $ 456 SpHy #8h G Reod B waifa TEHER). .00

U(gdergsHyctyg@gg RIOSHIS,UNSO (tD0=7Hz, HE))) at 45 C overni ght
to 25 provide the title conpound as a off-white solid
(162.9 g, 95%yvyield, >95% ng HPLC) 1H NVR
(300 MHz, DMBO-d6): 12.7 ( 8. 77
(d, J= 12.9 Hz, 1 H), 850(s 1H, 747(s 1H,
4.37 (q, J=7 HFzathdibd-hair&d/-§-aitrogtipolink-Bearpenitr®d) , 1. 40
(t, J=7 Hz, 3H). 8 WD 2004/092138 PCT/ US2004/ 010190

Exanpl & L‘}OO-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-propenocic 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 io
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



N- (2-cyanvi nyl ) - 2- am no- 4- et hoxy-5-ni trobenzoic Acid A

500-nL round-bottoned flask under N2 equi pped with a
wethwimazi3sa condenser and a thernocoupl e i s chRargseno4/010190

with (2)-2-Cyano-3-(5 -ethoxy-2'- 5

met hoxycar bonyl - 4' - ni t r ophenyl ) am no- 2- propenoi ¢ aci d

t-butyl ester (20 g, 51.1 nmol),

N, N-di i sopropyl ethylamne (1 n., 5.72 mml) and

othdt htapoo pestiensy RO intedrhtion] i N&BR {300rMiHz, DESO=d)t d2.9 (s,

S O AL S LI Bk U g1 7 v

Thid).reaction is cooled to roomtenperature and dilute
hexane (500 nmL) 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). "H NWR
(300 MHz, DMSO- ds): 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
wWth (Z2)-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 mml) is added to
the heterogeneous reaction nmedium Upon di sappearance
of the starting naterial as evidenced by TLC (20%

Et OAc/ hexane), the DBU (4.0 nL, 4.25 nmol) is added to
the reaction m xture. 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
mm ). The reaction is then quenched with 10% HCl (100
m.) and diluted with water (400 nL). After stirring
for 15 mnutes at roomtenperature the suspension is
filtered and the collected solid allowed to "air" dry.
The collected solid is suspended in ethyl acetate (25
m.) at roomtenperature and filtered again and al | owed
to "air"

10



30 dry. This procedure provides 1.15 g (70% of the

title conpound as a beige solid 9 WO 2004/092138
wOeCTi#40826384/ 010190 that is >95% product by NVRCT/US2004/010190

integration. "H NWR (300 MHz, DVBO-d6): 12.9 (s, 1

H, 879 (s, 1 H, 851 (s, 1 H), 7.24 (s, 1 H, 4.27

q, J=7 Hz, 2H), 1.41 (t, J=7 Hz, 3H). 10 WO

2004/ 092138 PCT/ US2004/ 010190 WHAT IS CLAIMED: 1. A

PWHAEB S CoAIMERE production of a

3- cyano- 6- al koxy-7-ni tro-4-qui nol one conprising: a)

reacting a substituted gnthranjl ate of fornul J .

whth  BURRREERYPT dPfmieRRet Bl 1y 1S EBp A ARGYN -tisbrdrauinclone

RO NH2cdrhprisifdierein Ris an alkyl; to obtain a

conmpound of formula (I1): - 02N CO2131 RO N N(CH3) 2

(I'1) 10 b) condensing the. conpound of formula, (II .

wi th t8but yleegEMbackt 4Bsttyedop ARt ryateon‘ggunt?g'@??a () with
5 formula (I HihietQAdrkEREs dirfshyi46681Bu  CN (I11) c)

hydrol yzi ng the conpound of formula (I1l) to yield

conpound of fornula E)I'\\l/): 02N COZI'-\H1 CO2H

2

RO NHa

wherein R is an alkyl;

(1)

to obtain a compound of formula (ll):

O.N CO-R!
PZaN
RO N N(CH3)2 (1)
10 b) condensing the compound of formula (Il) with -butylcyanoacetate to

obtain a compound of formula (I11):

OZNDioogFﬂ
CO-iBu
RO N/\rr‘ 2

H
CN (1
c) hydrolyzing the compound of formula (Ill) to yield compound of
formula (IV):
OgN:©iCO_2R1
COxH
15 CN (V)

11



RO )aN''~ 15 CN (1V) 11 WO 2004/ 092138
PCT/ US2004/ 010190 d) decarboxyl ating the conpound of

woaommvz3gl V) to a conpound of forrmula (V): OPNI@S2R1/010190

10

15

20

CN RO)aN--~ H (V) e) cyclizing the conmpound of
formula (V) to obtain a 3-cyano-6-al koxy-7- 5
nitro-4-quinolone of formula: OH 02N CN RO N 2. The
process of claim 1l wherein the reacting conprises
combi n@}' Ond@éarb&@laﬂﬁ@rfﬁ@%&n&funﬁOéfmﬂr@uu(a' IIVT‘%’ a compound of
di met hyl f or mam de "di net hyl acetal with an coholic
sol vent at ®Priwladdp:ature of about 50 C to about 80 C
10 3. The process of claim2 wherein the al coholic

sol vent is t-butanol. 4N The prasesg! of any one of
claims 1 to 3 wherein theyfeagting occurs at about 80
C. 5. The process of any g to 4 wherein
in step a) the conbi naROON 1 until the
conpound of formula (I1) preC|p|Hates out(V)15 6. The
process of any one of clains 1 to 4 wherein the

di met hyj f or g?éﬁkﬂﬁ thél bSRbAUAd cﬁcf&‘hﬂjla ANGo JBEM é@%y@h@ 6- alkoxy-?-
are conbi ned’ w thout al coholic solvent and heat'ed
about 110 Chitee-4-peinglongef fleeRwaund of formula (I1). 7.
The process of claim6 wherein the conbination is
diluted, filtered and dried toQpptain the conpound of
formula (11). 20 8. The process |of any one of clains 1
to 7 wherein the di mefa) rse i met hyl acetal is
present in a concentratio 1 td 5 equival ents.

RO N

2. The process of claim 1 wherein the reacting comprises combination of the
compound of formula (I) 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-butanol.

4. The process of any one of claims 1 fo 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 () precipitates out.

6. The process of any one of claims 1 to 4 wherein the dimethylformamide
dimethyl acetal and anthranilate are combined without alcoholic solvent and

heated to about 110’ C to yield the compound of formula (Il).

7. The process of claim 6 wherein the combination is diluted, filtered and dried
to obtain the compound of formula (l1).

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

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

12



12 WD 2004/092138 PCT/ US2004/ 010190 9. The process of
claim8 wherein the dinethyl fornmam de di net hyl acet al

wO004pozISENt in a concentration of 1 to 2 equi varast@4/010190
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10. The process of claim9 wherein the

di met hyl f ormam de di net hyl acetal is present in a
concentration of 1.2 equivalents. 5 11. The process of
any one of claims 1 to 10 wherein the condensing

CRNPT | BRS préceBPidhi dmt b ewlssremotaddiafetiyFormtraidé | didnethylacetal is
acetonitrile, an acid, taoluene or  alcoholic solvent
to obtR{PPET I3 APRARAALAN 91 A AYYAIS-at a tenperature
of about 20 C to about 110 C. 12. The process of
cl@i mide whesees rbftdn@maei \dhéréhpmieselmemwt)irﬁarﬁldéddimeﬂ“@lacetal is
trifluor oacetl C aci ‘g'f"f éjene uI fonl c acid,

t r

met harfRISeRH %?EO’&%”H“' PRyialentsi 13 The

process of claim 12 wherein the acid conprises acetic
ari.d. THe prodesPsiaaySheadt oiiiyis dne 1of wlﬁéraﬂnr’t'ﬁe ﬂ:orﬁdbnﬂ;ﬁg comprises

wher ei n the copdensin ddi ti

Al conciATEoIga JBRCCPeCBNGH BT O (g AECtoIE, an aid, toluene or
t - but yhleyronioaortat ® @btaid a tdmbeure baidnmealaofill)adtoa terder&lure of
to abo ocess of claim 14 wherein the

t
al cohot %‘%gglgé%?b‘?‘gq%ﬁ tanol . 16. The process of

claim14 or claim15 wherein the t-butyl cyanoacetate
coapr i Fies pdooeds lofS claimabouwh2rdin ethel \miderﬁcmprlkés ddwetic acid,
process..of a

hydr ol @'QP?{ga‘&%ﬁpﬁ@eg Rﬁ% alg]l ic ﬁmgf nbeghadwesw ognc acid, or triflic

sol ven#cilo t he conpound of formula (I111) at a

terrperature of about 20 C to about 110 C. 18. The

pr.oces n the_a S etic

i Tof probodh ol U G i o3 cEmE e 45 6%

nmet hanesul fonic acid, or triflic acid. 25 19. The
ptécesShoprockss ni 4% are dl daims liStowitewbéneint the cendlansimp comprises

glogtr k%&@ét ol ﬁ,legcghohca%gl%gnq ih"¢ orﬁbmét%w %ﬁpfqrb%ﬂ(gy%%aoetate at a

temperature of about 25° C to about 35° C.
15. The process of claim 14 wherein the alcoholic solvent is t-butanol.

i16. The process of claim 14 or claim 15 wherein the t-butylcyanoacetate

comprises about 1.5 to about 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 triflic

acid.

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

acetonitrile, tetrahydrofuran, dimethylacetamide.

13



13 WO 2004/ 092138 PCT/ US2004/ 010190 20. The process
of claim 17 wherein the acid and the solvent conprises

waceai4i002138ci d. 21. The process of claim 17 whepermstdee/010190
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hydrol yzi ng conprises addition of triflic acid in

acetonitrile to the conmpound of formula (I1l) at a

tenperature of about 5 20 Cto about 30 C. 22. The
process of any one of clains 1 to 21 wherein the

dex.ar bphey bricksg of 6laiPn 7 sRréiddhd boid 0id 0B safiedt esmbr&se acetic
to the cq?ln'pound of formula (IV) in a solvent at a
temper®{%re of about 80 C to about 140 C. 23. The
process of claim 22 wherein the solvent conprises

t 21.uenthe prebedot claiel7 wherdi retl‘reelhydﬂdjlyilw aomprises addition of triflic
cet am de hen

THE xy VR FRIl, CPmETRyBE oigpBie (1) B & Raperatire of bou

i sopr opar®to apbhit 30he. process of claim 22 or 23 wherein
the acid conprises acetic acid, trifluoroacetic acid,

ol ugne sulfonlc acid tha e Ic acid
Poar 1 IR sifursd e ol ofn TohaRBed ot 285rfh e Hecarteoating
22 to %nwmeeiohht‘bhe)f mmldiorrbaseS’@Sthe compound of formula (IV) in a
di i soprqpyl e Iamn ridine, .
di 2 obr Y 8f Sterbraier BiAr ™ 856 1haoeH 480§ e,
pi peri di ne, dinethylformam de, propionitrile or
i 8®pr oPlaan pl‘oce% of dlaien p2 evhessin dtie sdalmnmcaﬁpdmmuoll&he,gacetonitrile,
addi ti gn azob| und
acet on ettrraﬁy%(o U hegﬁﬁl}#&ﬂ?ﬁgﬁn}; i o ?'?Jyl?tﬁ% a¢ dighlorobenzene,
t enper aHBxglead mikiord, dinhyd Prdpiontiile, diisppopasd. of any
one of clains 1 to 26 wherein the cycl i zation

gg%:gghiﬁg aﬁg%lﬁrr%fl Qa?n\/)ﬁa?'a 25 \Qﬁ%gpﬁaﬁ\u rgc%l o?na{%lse§ gegtic acid,

C t o abiflubrokd&icCadidy padloate 4ulfanid ahiolumssth&&sufidréc acid, or triflic
process .qf claim 27 wherein the base conprises

dii sop??f vyl et hyl am ne, 25 pyridine and

di azobi cycl o[ 2. 2. 3] undecene, sodi um hydr oxi de,

peper i Ghaerocets nait &yl oe mhrdades 4 spRéniiareinetherbase comprises
| soprog i Lo‘pylethylamine, pyridine, diazobicyclo[2.2.3]lundecene,  sodium

hydroxide, piperidine, dimethylformamide, propionitrile or isopropanol.

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

27. The process of any one of claims 1 1o 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[2.2.3]undecene, sodium hydroxide, piperidine,

dimethylformamide, propionitrile or isopropanol.

14



14 WD 2004/ 092138 PCT/ US2004/ 010190 29. The process
of claim27 or claim28 wherein the solvent conprises

woabumazi3sacetonitril e, tetrahydrof uran, PCT/US2004/010190

10

15

di met hyl acet am de, di phenyl et her, o- dichl orobenzene,
THF/ xyl ene m xture, dinethyl propionitrile, and

i sopropanol. 30. The process of claim27 wherein the
cyclization conprises addition of 5

dp@z obThy ptarfeds 2>f Slaln &g G @it L sawiedreini the isoreAt calisrises toluene,
80 C for abomeo to 5 ours t
Xy

optain . .
5 ey angeS Ay S0 vErlah g Ao BHBCo s derh e dphspdeter o
Of cl adiehidtbbahesie, MHEHGEABInIXOte Hitneth A JoussieigiRe and isopropanol.
conpri ses 3 to 5 equivalents. 32. The process of

31 wh 3- 6- - ni.t -4-
T80, Ml raess"BE e b7 Sy aritale: Rt tar adBlites  adaion of
w ) 38|azaﬁl@qm122®mo@ﬁemm Momfrlld:tbaamtlsd(; aC 3& about 4 to 5
er el S| S, at.l on an
el T Botrafe AV A rasraake %ﬁﬁ%ﬂwow?hout

isolation. 34. The process of claim 33 conprising
hgdlr ol Yhe pegocebe of clalpo 8t dhefeirf diapabieyclo2.2.B]ukideberte ¢dnprises 3 to
acid |Bnacet% tr| | e at about 202C to about 302C for a
maxi muth®GHV@ 8860 i nut es, addi ng DBU and ref | uxi ng
for up to 5 hours. 15
32. The process of claim 30 or 31 wherein the 3-cyano-6-alkoxy-7-nitro-4-

quinolone is isolated by quenching with aqueous HCI.

33. The process of any one of claims 1 to 32 wherein the hydrolysis,

decarboxylation, and cyclization are performed sequentially without isolation.

34.  The process of claim 33 comprising hydrolyzing the compound of formuia (1)
with triflic acid in acetonitrile at about 20°C to about 30°C for a maximum of
60 minutes, adding DBU and refluxing for up to 5 hours.

15



