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SUMMARY OF THE INVENTION
The present invention relates to the surprising discovery that quinolone antibiotic

intermediates having the formula:

OC2Hs

F N
| 1
R R
wherein R is C;-C. alkyl, C-C; fluoroalkyl, Co-C,4 alkenyl, methoxy, chloro, or bromo; R’
is a unit selected from the group consisting of C4-C; alkyl, C>-Cs alkenyl, Cs-Cs
cycloalkyl, and phenyl, each of which can be substituted by one or more fluorine atoms;
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reacting an adm xture of quinolone antibiotic
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2-ethoxy substituted internmedi ate having the formnula:
001 O2H5 FONH RCH5 RL with a silylating
agent as a ring closure reaction catalyst. In general
the present invention relates to a process for

preparin ui nol one ntibi otic.interned ate j
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R CoHs R
with a silylating agent as a ring closure reaction catalyst.

In general the present invention relates to a process for preparing quinolone

antibiotic intermediates having the formula:

O 0]
| OCH;
F N
l 1
R R
wherein R and R' are defined herein; said process comprising the steps of:
a) reacting an acetophenone having the formula:
O
F F
R

with diethylcarbonate in the presence of a base to form an admixture of 4-fluoro
B-ketoesters having the formula:
O O

OCoHs

R ; and



F OR C2Mb b) reacting said adm xture with an am ne
capabl e of undergoi ng a Knoevenagel Reaction, said
wapioneiieyi ng the formula: R2 X- N R2 wher ei PCRES1083/024258
Cl-C4 linear or branched al kyl, phenyl, and m xtures
thereof; X is an aldehyde uft or an al dehyde unit
equivalent; to forman adm xture of enam ne
i nternedi ates having the formula: 0 0 OC21-15 R2 F F
NRR2; and 0 0 CCA R2FO R C21-15 R2 c)

am ne having the fornul
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formula: WO 2004/013103 S2003/ 024258 4 OO0

C2HS F F HRRL; ape ?
R CoHs .
b) reacting said admixture with an amine capable of undergoing a Knoevenagel
Reaction, said amine having the formula:
R2
X—N,
\R2

wherein R? is C;-C4 linear or branched alkyl, phenyl, and mixtures thereof; X is an
aldehyde unit or an aldehyde unit equivalent; to form an admixture of enamine

intermediates having the formula:

R R? :and

L
R GCH R

c) reacting said enamine intermediate admixture with an amine having the formula:
R'—NH,

to form an admixture of quinolone intermediates having the formula:
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i nternedi ates according to the present invention. The

present invention further relates to novel conpounds
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the forrula: 004 ~1 1 FXNH ~ RRwereinR
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d) cyclizing said quinoline intermediate admixture in the presence of a silylating
agent to form the quinoline antibiotic intermediates according to the present

invention.
The present invention further relates to novel compounds having the formula:

0 0
R4
|
F X N~
l 2
R R ;

and the formula:

wherein R, R1, and R* are defined herein above, X is a suitable leaving group, said
compounds suitable for use as intermediates in the preparation of quinolone antibiotics

according to the present invention.
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display high levels of efficacy toward Gram positive bacteria.

formula:

As a result of this surprising discovery, there developed a long felt need for a
high yield, low cost convergent synthesis for antibiotics of this compound class. In
addition, there developed a desire for a process adaptable to the broadest range of
analogs comprising this class of antibiotics.
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In our endeavor to provide a low cost, high yield process for preparing quinolone
antibiotics, we desired to affect ring closure of 2-enamino-3-ketoester quinolone

antibiotic precursor intermediates having the general formula:

0 0
R4
| 2
F X II\I/
R R?

wherein X is a leaving group and R* is a moiety which is compatible with the ring closure
reaction conditions. To achieve these quinolone antibiotic intermediates we began our
process by reacting 3-substituted-2,4-difluorobenzophenones with diethylcarbonate in
the expectation of forming the corresponding 3-ketoester. However, analysis of the
products which result from the reaction of diethylcarbonate with 2,4-difluoro-3-

methoxybenzophenone indicated an admixture of products as outlined below

O

OCHs OCsHs
_—
F F

OCH; OCHs C2H5
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Process Intermediates

The process of the present invention described herein below, utilizes novel
compounds as intermediates. These intermediates fall into two categories. The first
category relates to B-ketoester enamines which are formed from the reaction of a

secondary amine and a 3-aryl-3-oxo-propionic acid ester having the formula:

o) 0
R4
| 2
F X ll\l/
R R2

wherein R is C;-Cs alkyl, C;-Cx fluoroalkyl, Co-C4 alkenyl, methoxy, chloro, or bromo; R®
is C4-C4 linear or branched alkyl, phenyl, and mixtures thereof; and R* is a unit which is
compatible with the subsequent ring closure reaction conditions. Non-limiting examples
of a unit which is suitable as R* is an alkoxy unit which results in the formation of a
methyl ester. Ester are the most convenient moiety since the antibiotic which are formed

form the intermediates described herein comprise a 3-carboxyquinolone.
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has the formula: OO0 1 OC2H5 F ON "I CH3 OC -3 C2H5
WEE4M1Hexond aspect relates to R units whi ch BCBEUS0&024258

al kyl or fluorine substituted |ower alkyl, iterations

of which include -CH3, -CH2F,8 -CHF2, and -CF3. A third

aspect relates to R units conprising chloro or brono.

An enbodi ment of this aspect of R has the fornul a:

O
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while another embodiment has the formula:
O 0]
l OCZHS
C
N e v
OCH; GCoHs CHs

A second aspect relates to R units which are lower alkyl or fluorine substituted
lower alkyl, iterations of which include ~CHs, ~CHaF, —CHF,, and —CFs.
A third aspect relates to R units comprising chloro or bromo. An embodiment of

this aspect of R has the formula:

O @)
| OCQHS
C
: o
Cl CoHs CHs

A fourth aspect relates to R units comprising an olefin, inter alia, -CH.CH=CHo..
The second category relates to B-ketoester enamines which are formed from the
reaction of a secondary amine and a 3-aryl-3-oxo-propionic acid ester having the

formula:
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A second aspect relates to R units which are lower alkyl or fluorine substituted
lower alkyl, iterations of which include ~CHj, —CHzF, —CHF,, and —CFs.
A third aspect relates to R units comprising chloro or bromo. An embodiment of

this aspect of R has the formula:

|
Cl CoHs A

A fourth aspect relates to R units comprising an olefin, inter alia, -CH2CH=CH>.
Process
The process of the present invention relates to the preparation of quinolone

antibiotic intermediates having the formula:



Step (a) Step (a) of the present process relates to
the reaction of a 3-substituted-2, 4-
walrdosoniabenzophenone having the formula: 0 FPEI/UR003/024258
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OCA F\ FR and
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acid nethyl ester: O O OC2Hj O R CH5 The
stoichionetry of Step ires_at |east one
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R
with diethylcarbonate in the presence of a base to form an admixture of 3-[2,4-difluoro-3-

R-substituted]-3-oxo-propionic acid methyl ester:

0] 0
OCzHs
F F
R
and 3-[2-ethoxy-3-R-substituted-4-fluoro}-3-oxo-propionic acid methyl ester:
O O
OCoHs
" 7
R CoHs

The stoichiometry of Step (a) requires at least one equivalent of diethylcarbonate
per equivalent of benzophenone. However, other aspects of Step (a) utilize amounts of

diethylcarbonate in excess of one mole equivalent.
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| t Ut ed enam nes havi ng
frednd/boiting point of any solvent Wthh is used One example of the present

invention, as it relates to the temperature of step (a), is described herein below in
Example 1 wherein the diethylcarbonate is slowly added to a suspension of the base
(NaH) in toluene at 90°C followed by addition of the acetophenone at 90 °C — 95 °C.
However, depending upon the choice of reagents and the scale of the reaction, the
formulator may choose to complete the reaction at lower temperatures.

One aspect relates to initial de-protonation of the benzophenone with an alkyl
lithium reagent in the cold and allowing the solution to warm prior to addition of the
diethylcarbonate.

Step (b)

Step (b) of the present invention relates to the reaction of the admixture formed
in Step (a) with an adduct which is capable of undergoing a Knoevenagel or
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and the formula:

O
I I 5
R CHs R
The adduct which is reacted with the p-ketoester admixture formed in Step (a)
has the formula:
R2
/
X—N
\F{2

wherein R? is C4-C4 linear or branched alkyl, phenyl, and mixtures thereof; X is an
aldehyde unit or an aldehyde unit equivalent. What is meant herein by the definition of X
is that the adduct may be an aldehyde having the formula:

Depending upon the conditions of Step (b) the formulator may select any form for the
adduct provided it is capable of forming the required admixture of enamines.
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invention relates to the use of toluene as a solvent, which in the case of processes which
do not isolate intermediates, can be used to azeotropically dry the reaction product.

The temperature at which Step (b) is conducted is predicated on several factors,
including the reactivity of the aldehyde-comprising or aldehyde equivalent-comprising
adduct and the freezing/boiling point of any solvent which is used. Example 1 herein
below provides a suitable example for the temperature range at which each facet of Step
(b) is conducted.

Step (c)

Step (c) of the present process relates to the reaction of the N.N-disubstituted
enamine admixture formed in Step (b) with a primary amine having the formula:
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wherein R’ is a unit selected from the group consisting of C;-C, alkyl, C»>-C; alkenyl, Cs-

Cs cycloalkyl, and phenyl, each of which can be substituted by one or more fluorine

atoms. (

The stoichiometry of Step (c) requires at least one equivalent of the amine per
total amount of enamine present in the admixture. However, other aspects of Step (c)
utilize amounts of the amine in excess of one mole equivalent.

The formulator may use an aprotic solvent for step (c) both to solublize the
reagents and to provide an efficient heat transfer medium. Non-limiting examples of
solvents include methylene chloride, dichloromethane, hexamethylphosphoramide,
tetrahydrofuran, benzene, toluene, alkanes, inter alia, hexane, or mixtures of solvents.
Most conditions require the use of moisture free solvents, however, the formulator may
employ excess base to consume any residual or nascent water which is present. One
aspect of the present invention relates to the use of toluene as a solvent, which in the
case of processes which do not isolate intermediates, can be used to azeotropically dry
the reaction product.

Typically the amine can be added as a solution in a suitable solvent, or directly to

the reaction admixture if the amine is a liquid. Step (c) may be conducted at any
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What is meant herein by “silylating agent” is any “organosilicon” compound or
any-silicon-containing compound that is commonly utilized in silylation reactions, wherein
a hydrogen atom, inter alia, nitrogen, oxygen, is substituted with a silyl group. Non-
limiting examples of silyl groups include trimethylsilyl and phenyldimethylsilyl. Non-
limiting examples of silylating agents include: chlorotrimethylsilane, N,O-bis(trimethyl-
silyl)acetamide, N,O-bis(trimethylsilyl)trifluoroacetamide, bis(trimethylsilyl)urea,
hexamethylirisilazane, N-methyl-N-trimethylsilyltrifluoroacetamide, 1-trimethylsilyl-
imidazole, trimethylsilyl trifluourmethanesulfonate, tert-butyldimethylchlorosilane, 1-(tert-
butyldimethylsilyl)imidazole, N-tert-butyldimethyl-N-methyltrifluoroacetamide, fert-
butyldimethylsilyltrifluoromethanesulfonate, tert-butylphenylchorosilane, tert-butyl-
methoxyphenylbromosilane, dimethylphenylchlorosilane, triethylchlorosilane, trimethyl-
silyl trifluoromethanesulfonate, and triphenylchlorosilane. The use of silylating agent is
described by Cooper, B., “Silylation in Organic Synthesis”, Proc. Biochem. 9, (1980)
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and purified. It is also convenient that the steps of the present process can be

conveniently monitored for completion by thin layer chromatography (TLC) or any
conventional analytical HPLC system.

The first category of quinolone antibiotic intermediates which are capable of
being prepared by the process of the present invention are 3-carboxyquinolone methyl
esters having the formula:



conducted at any tenperature which is sufficient to
conplete the reaction. One enbodi nent, which is
wex@aplithi ed i n Exanple 1 herein bel ow, adds tP€r/US2003/024258
silylating agent at roomtenperature then heats the
reaction to reflux in a suitdble solvent until the
reaction is conplete. The flexibility of the present
process allows for a continuous batch process wherein
the internedi ate adm xtures 4o ngt have to be isol ated
: O Q .
fromthe product matrix ana ied. It is also
conveni ent that the steps ofl{t he aresent process can

be conveniently noni @j f orYCompPerliton by thin

| ayer chromat ogr aphy
anal ytical HPLC syg
gui nol one anti biotic internedjates which are capabl e
of being prepared by tRe prBcess of the .present
i nventjion are 3- boxyaqui ngl on ks
e S A e i
cdAounkds Nf BatBhoryloaef whéreini fagths pinesent exeniit BnipInesthioxy and R’ is
illustrate the present process for preparing

CYRSRYhds of category one, wherein for the present
exanple Ris methoxy and R is cyclopropyl. 0 0 0 00

CNa O2N+/ | O2H5 F\ FFFORRL2t-t 51 g
Reagent s d conditions: ( (Bt O 2CO, NaH, tol ylene
90 C GHéL 5_af_1_l‘_.> GS%NN-F CoHs
F F F F F <|>
R R CoHs
1 2

Reagents and conditions: (a) (Et0)2CO, NaH, toluene, 90 °C — 95 °C,1.5hr.
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Reagents and conditions: (b) C(OCHzs)2N(CHa)z, toluene, reflux, 2 hr.
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Reagents and conditions: (c) cyclopropylamine, toluene, 1t, 1 hr.
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Reagents and conditions: (d) N,O-bis(trimethylsilyl)acetamide, toluene, reflux, 1 hr.

EXAMPLE 1

7-Fluoro-8-methoxyquinolone ethyl ester (7)

Preparation of 3-(2,4-difluoro-3-methoxyphenyl)-3-oxo-propionic acid ethyl
ester and 3-(2-ethoxy-4-difluoro-3-methoxyphenyl)-3-oxo-propionic acid ethyl
ester admixture (1 and 2): To a reaction vessel is charged toluene (2087 mL) and an
oil dispersion of NaH containing 60% active base (264 g, 6.6 mol). Diethylcarbonate
(850.5 g, 7.2 mol) is slowly added over 1 hour to the suspension of NaH at 90 °C. 2,4-
Difluoro-3-methoxyacetophenone (558 g, 3 mol) is dissolved in sufficient toluene to form
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Preparation of 3-cyclopropylamino-2-(2,4-difluoro-3-methoxybenzoyl)-
acrylic acid ethyl ester and 3-cyclopropylamino-2-(2-ethoxy-3-methoxy-4-
fluorobenzoyl)-acrylic acid ethyl ester admixture (5 and 6): The reaction from
above, the admixture of 3 and 4, at the point after which the solution has been refluxed
for about 2 hours, is cooled to room temperature and toluene is added (2087 mL).
Cyclopropylamine (205.6 g, 3.6 mol) is added and stirring is continued at room
temperature until the reaction is complete by TLC (about 30 minutes). The reaction is
then quenched by adding a 10% aqueous solution of H,SO,4 (2940 g, 3 mol). The
organic layer is concentrated in vacuo until all presence of water is absent. The
resulting toluene solution of 5 and 6 can be carried on to the ring closure reaction

without further purification.
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reating isropniisueridot amadditieral 80 mute%nﬁm weaglien igeopledapd the solvent
acti.on | st T

”P‘Z c(’epll%xa%u% (ﬁ?ﬁgn@ qﬁ%(gﬁéﬁgﬁorﬁégglg fiomie c'&?%g}ougﬁh éceutﬁ% and the

soiidl whichriomds IBIZSMte(cQ@AmtrguOhBan@wpsh tph@e wisin ggmlapl waigeto afford

r til all presence of water
ii ga@?f\“eld%ﬁtﬂerdgsu ;?*r%gb’ ol uene solution of 5 and 6

can be carried on to the ring closure reaction

\gCEI'? 8@%6%%%&@% 5§rn5<§%m§ﬁ§ pg e p \@gﬁ&g&yegﬂégﬁgle been illustrated and

dlesenmiédo llrvmmjd be olf oL to tilosmeskiiest jn the @xidhat viridus gienchanges and

rﬁ%qj{@ oe}tllgﬁg Gan, é% an(gé%@ﬁgpgée@%gﬁtgqyo&%ﬁ%t s‘j)ﬁrg (aggi sca-r?e 8 the invention.
IBisaerefpe itatideal to Gover (12 thé-appEhdeat daifsreditsuok ghamgesydnyl- a

cryl.ic acid et ster . .
@Q%b@ﬁﬁﬂ?gﬁ§F§%%WBn (%mg?ﬂngiﬁyﬁg?ﬂbxy-4-fluorobenzo
yl)-acrylic acid ethyl ester, 5 and 6, (1050 g,-3
nol ) and toluene (4270 nL). N, OBis(trinethylsilyl)-
acetam de (610.3 g, 3 nol) is added and the reaction
is brought to ref lux for 30 mnutes. Additiona

N, O bis(trinethylsilyl)-acetamde (183 g, 0.9 nol) is
added to the reaction and heating is continued for an
additional 30 m nutes. The reaction is cooled and the
solvent reduced in vacuo (40 C @ 100 nbar). The
solution is cooled in an ice bath and the solid which
forms is collected by filtration, and wash twice with
distilled water to afford 757 g (82% yield) of the
desi red product.



VWil e particul ar enbodi nrents of the present invention
have been illustrated and described, it would be
wWo@boisouH03 0 t hose skilled in the art that variPpPCUEUSINE024258

changes and nodifications carn be made w t hout
departing fromthe spirit and %cope of the invention.
It is therefore intended to cover in the appended
claims all such changes and nodifications that are
%%%yhg¥@g§ ggope of this invention. W 2004/013103

? 24258 21 \What is clainmed is: 1 A process
for preparing a quinolone antibiotic internediate

an ng g {b%ﬁg ?d’éflglﬂ%%rpp ugocﬁ '%ﬁ %t@g%t%e%‘?% ﬁb\ﬂn&ﬂesformula

met hoxy, chI oro, or brono; R” IS a unit sel ected from
the group consisting of Cl-C2 ald<yl -C3 al kenyl,
C3- G5 cycl oal kyl, and phenyl, eggh off which can be
substituted by one or nore at ons; said
process conprising the st & i zi fgCaA® admi xture
of qui nol one precursors, ture conprising a

' A N€ having the formla:
00 '"-- 1 O2H5 F #0 HRIC2H5 IR1 in the presence of
a silylating agent. 2. A prRdcesfaccording to Claim1
wher eyRerBin R is €CEBalkylERC, fl@?‘gﬁkyl @i‘—'ﬁ?alken;ﬁ:’: r%ethb@' 1chfbrro or
- CH2CH=CH2__, 3. AProcess according to eit
or 2 WRBeRnisabpt ssiested iemdhe ggouemaaéfsr&jof GmCzaHtsyl Ca-Cs

pres eéll%@]qy@ngaCé@Jc}b@W&l 8R4 Sﬁéﬁ%ﬁj efaE:ﬁ’Gf Whigh @6 BB substituted by one or
consi sti nﬁ? | éne chl oride, dichloronethane,

hexan@ere/fusing W%ﬁ?@é’m?@? CRRPESIBY theasier Bbeycdirag an admixture
t ol uepRyuiIRlidRNREcurdhd, ik harhsdurd BEMBALing a 2-ethoxy substituted

intermediate having the formula:

T ]
R C:H; R!

in the presence of a silylating agent.

2. A process according to Claim 1 wherein R is —OCHj;, —CH3, —CHoF, —CHF,, —
CF3, —Cl, or -CH,CH=CH_.

3. A process according to either Claim 1 or 2 wherein said cyclization is conducted
in the presence of a solvent selected from the group consisting of methylene
chloride, dichloromethane, hexamethylphosphoramide, tetrahydrofuran, benzene,
toluene, alkanes, and mixtures thereof.

4. A process according to any of Claims 1-3 wherein said silylating agent is
selected from the group consisting of chlorotrimethylsilane, N,O-bis(trimethyl-
silyl)acetamide, N,O-bis(trimethylsilyl)trifluoroacetamide, bis(trimethylsilyl)urea,
hexamethyltrisilazane, N-methyl-N-trimethylsilyltrifluoroacetamide, 1-



4. A process according to any of Clains 1-3 wherein

said silylating agent is selected fromthe group
weoengiostidphg of chl orotrinet hyl sil ane, PCT/US2003/024258

N, O bis(trinethyl- silyl)acetani de,

N, O-bi s(trimethylsilyl)trifluéfoacetanide,

bi s(trinmethylsilyl)urea, hexanethyltrisilazane,

N-nethyl -N-trinmethylsilyltrifluoroacetam de, 1 WO

e

t ri f | ogyidnsathydetderosifane at €terttbeityidimethylsilyl)imidazole, N-tert-

L SR AR taceiamide ot . er -

but y| blitpidinmathyl$ilytriftuoydnbethénasofarsatet tarkibdiy/pheaylchorosilane, tert-

but yl di lsi| ' Q ul te
Cor 1 - BT B e RSt B sNen AR tane,
but yI triethylehloyquilems; [tiimetiglssillytrityoromethanesulfonate, and
di met h henyl ch] grosilane, triethylchlorosilane,
tri ne{?'ﬁb%yi‘ftﬁfﬁmtap?‘fl uor onet hanesul fonate, and
tri phenyl chlorosilane. 5. A process according to any
f dains 1-4 wherein said.sil ting.agents .is NGO .
B s (o Arheens Fetong Wedlbrtiims! 2 it 880 lueddnayts i no-
t o anyis@imé&hglsig)adetamideer ei n R cycl opropyl, net hyl,
ethyl, and benzyl. 7. A process according to any of
Clainms 1-6 wherein said cyclization is conducted by
6.ef | uXipraess atdredipg esamcef Clhing 56Mherin RS cydombpyemsthyl, ethyl,
for prepari ng a gui nol one anti biotic internedi ate
havi ig4%&%brmila: 0O OC-b F WU R RL wherein Ris
Cl-C2 al kyl, Cil-C2 fluoroal kyl, C2-C4 al kenyl,

t ho chloro, .or. bromp; Rl | nit selected from
'he g BLASOSS ARTLFING ip 81V SHleinsa-B yiherem seid ovglizatiof b conducted
C3- Coneietiliang kythe prss@npdeny bolvaerach of which can be

substituted by one or nore fluorine atons; said
process conprising the steps of: a) reacting an

gicet oppasteBe fdrPYepating R&yUindidhel aitibiotk intermediate having the formula:

O O

OCHg

wherein R is C4-C; alkyl, C,-C; fluoroalkyl, C»-C, alkenyl, methoxy, chloro, or
bromo; R' is a unit selected from the group consisting of C4-C, alkyl, C>-C3
alkenyl, C5-Cs cycloalkyl, and phenyl, each of which can be substituted by one or
more fluorine atoms; said process comprising the steps of:

a) reacting an acetophenone having the formula:
O
F F



F kF R WO 2004/ 013103 PCT/ US2003/ 024258 23 with

di et hyl carbonate in the presence of a base to form an
wa@esuiupe of 4- fluoro t3-ketoesters having tPET/US2003/024258

formula: OO OC21-15 FR; and O O(CC21-15 F OR

C2H5 b) reacting said admi xt@fe with a Knoevenagel

Reacti on adduct having the formula: R2 X- N\ R2

wherein R2 is Cl-CA4 linear or branched al kyI phenyl ,

and m xtures .there s an _al de e

al dehyde i ?'GEB{[?P&’Q“EW“ G PESFIRCA QR%SP ?Prrg‘ arfgtimixture of 4-
i mone | ntmjdﬂ@ cﬁe%téiélha\ﬂ@g tracfofroulaul a: O 0 0021 15

R2 F # N_R and O OCZH5 RZd:\ON"'

/@Ek/“\ OCqHs

b) reacting said admixture with a Knoevenagel Reaction adduct having the
formula:
R2
X—N,
N\ R2

wherein R? is C;-C4 linear or branched alkyl, phenyl, and mixtures thereof;
X is an aldehyde unit or an aldehyde unit equivalent; to form an admixture

of imine intermediates having the formula:

0 0
| OCsH5
R2
F N~
|2
R R ; and
O 0
| OCQFIS
R2
F o N
R CoH; R?

n

c) reacting said imine intermediate admixture with an amine having the

formula:



1 RCH5 R2 c) reacting said imne internediate

adm xture with an am ne having the fornmula: WO
wQeomue1 03 PCT/ US2003/ 024258 24 R1- NH2 t o POY/DBSHN3/024258

adm xture of quinolone internedi ates having the

formula: 00 OC2H5 F\ FN¥HRRL; and 0 0 OC2H5

F# N~ R CH5 R1 H d) cyclizing said quinoline

i nternmedi ate admi xture in the presence of a

silylating agent to form said o‘%ing'ne antibiotic

['a

i nternmedi ate having the fornu

oC2H5 F #N R R1

2 A P OCR3yRGRAEHhl? gClnBlof Srdfifichiiss Ak basamida:

step (a) I's a neta

ected fromthe group

LiH, NaH, KH, Cal-12 and m xtures thereof, an
inorganic base selected fromthe greyp Na2CGCB,
NaHCOB8, K2CO and mixtures theredf, or| an organic base

selected frombutyl 1ithium
di i sopropyl am de. 10. A :
Claim8 or 9 wherein step

i HG2leo ei t her

| sesyreacting one

mol e of a substituted gcetopfienome WINH 2.2 noles of a

b : ' lat e.
ase, and 2.4 noles of di eRhyI car borH;\te

10.

; and
O O
| OCoHs
H
F o N~
R CHs R' ,
d) cyclizing said quinoline intermediate admixture in the presence ofa

silylating agent to form said quinoline antibiotic intermediate having the

formula:

A process according to Claim 8 wherein said base in step (a) is a metal hydride
selected from the group LiH, NaH, KH, CaH: and mixtures thereof, an inorganic
base selected from the group Na;COs, NaHCOs, K.CO and mixtures thereof, or

an organic base selected from butyl lithium and lithium diisopropylamide.

A process according to either Claim 8 or 9 wherein step (a) comprises reacting
one mole of a substituted acetophenone with 2.2 moles of a base, and 2.4 moles

of diethylcarbonate.



WO 2004/ 013103 PCT/ US2003/ 024258 25 11. A process

according to any of Cains 8-10 wherein step (a) is
weondoctiesl in the presence of a sol vent sel ecP@US$20031024258

t he group consisting of nethylene chloride,

di chi or o- et hane, hexanethylpﬁ%sphoranide,

t etrahydr of uran, benzene, toluene, al kanes, and

m xtures thereof. 12. A process according to any of

! Tl 5100 P A1 o

Cl ai mre8ent2 olaesobient saeclecifidmdibe goua cdnsistinyydf meibyend chloride,

havi ng .t he fornul g - : ej

e tyre-mehghe eary el afeapa iR b e,
accortdiuege,t alkearey, aid Mixtures tHdrdod. wherein step (b) is
conducted in the presence of toluene wherein said

adduct is a dinethyl acetal and wherein further the

]im XA preeeedtcdandidg to amp cftGipinsd-1 antlesir shid adeddiyd an aldehyde

acetal i1s heat to azeotropically renove any nethanol
whi cﬂ]qvg]gftg?%g .U?aIS. A process according to any of

Clains 8-14 wherein said prinmary amne in step (c) 1is
sel ected fromthe group consiﬁ}in of net hyl am ne,

et hyl am ne, and cycl opropyl arf ne.\ 16. A process
according to any of Clains 8-H5 whé&fej n step (c) is
conducted in the presence of a solvent selected from
t he group consisting of nethylene chloride,

disc hl QbRycEBE BekRaling BX AMESIOIAIRIZGS PH @hafsirdgaid adduct is a dimethyl
tetrahydr of uran, benzene, toluene, al kanes, and

i xt (@eskalhpwipg dre formulan process according to any of
G ains 8-16 wherein step (d)gig condgeted in the
presence of a solvent selecte rom/t he group

consi sting of nethylene chloridg, 2004/ 013103
PCT/ US2003/ 024258 26 CHO R?

wherein R?is methyl, ethyl, and mixtures thereof.

14. A process according to any of Claims 8-13 wherein step (b) is conducted in the
presence of toluene wherein said adduct is a dimethyl acetal and wherein further
the admixture obtained from step (a) and said dimethyl acetal is heat to

azeotropically remove any methanol which is formed.

15. A process according to any of Claims 8-14 wherein said primary amine in step (c)
is selected from the group consisting of methylamine, ethylamine, and

cyclopropylamine.

16. A process according to any of Claims 8-15 wherein step (c) is conducted in the
presence of a solvent selected from the group consisting of methylene chloride,
dichloro-methane, hexamethylphosphoramide, tetrahydrofuran, benzene,

toluene, alkanes, and mixtures thereof.

17. A process according to any of Claims 8-16 wherein step (d) is conducted in the
presence of a solvent selected from the group consisting of methylene chloride,



di chl or onet hane, hexanet hyl phosphor am de,

t et rahydr of uran, benzene, toluene, al kanes, and
worooti0r3a83 t hereof . 18. A process accordi ng to BCHUST003/024258
Clainms 8-17 wherein said sil %I ating agent is selected
fromthe group consisting of Ehl orot ri met hyl si | ane,

N, O bis(trinmethyl- silyl)acetam de,
N, O bis(trinethylsilyl)trifluoroacetan de,

SRR Y Oy AT geaoenone, ctno,

t ri nakhydss ahy mixtoreddaerkef, tri met hyl sil yl
trifluournethanesul fonate, tert-
but yl di net hyl chl or osi | ane,

18.- (t Arpdrodust wedbririghy aay bi/Clrims 8dZ ottereinisaidrsilylating agent is

but yl thyl -N-nethyltriflug C ] )

tert$ %E&gf’ H%Hbihﬁﬂfglf ?ﬂanFergp 8%&2%{1'?&3 S|Ian?,fN O- lgls(tnmethyl

t ert siplaydtammeiey N;(bihiisﬁswﬂmnyl)tnﬂuoroacetamlde bis(trimethylsilyl)urea,

tert-butyl-nethox n il

of e RARNT e TTeRe NGy sropsetemie: T

tri medrhethylsiiyt }hhldaidIe fnhm@mlsm triloesnrdtioaratsealforate) tert-

trip henylchlor05| q
butyldimethylchlorosilang, 1-(tert-butyldimethylsilyl)imidazole, N-tert-
butyldimethyl-N-methyltrifluoroacetamide, tert-butyldimethylsilyltrifluoromethane
sulfonate, fert-butylphenylchorosilane, tert-butyl-methoxyphenyibromosilane,
dimethylphenylchlorosilane, triethylchlorosilane, trimethyl-silyl

trifluoromethanesulfonate, and triphenylchlorosilane.



