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1 PROCESS FOR PREPARI NG A PROTECT ED

4- AM NOVETHYL- PYRROLI DI N- 3- ONE TECHNI CAL FI ELD

The present n relates to a novel process for prepa 9o/bdosy ect ed
4- am nomnet hyl‘%gg 4I3’% di n- 3-one, novel internediates produceﬂgng@l ng this
process, and - its use in the preparation of quinolone antl bi otics.
BACKGROUND ART Conpounds of forrula (1):

(1) in which Plerr] and P[err] are protecting groups are useful as

intermedi ates for pr q@vqyﬁ My PROVECTEDE' ' |
(2) wherein R is %rri aq:ky or Cﬁﬂﬂﬂlﬁal oal kyl, and salts therof e.g.
t he di hydrochl ori de sal $aAMINODMEIHYLPYRROLHMIN:3-QNEI nt er nedi ates for

prepari ng qui nol one antibiotics, such as those disclosed in USP 5, 633, 262
and EP 688772A1. The internediate of formula (2) in which Ris nmethyl is of

particul ar TECHNICAL FIELD

The present invention relates to a novel process for preparing a
protected 4-aminomethyl-pyrrolidin-3-one, novel intermediates produced
' during this process, - and - its use in. the preparation. of quinolone

antibiotics.
BACKGROUND ART
Compounds of formula (1):
Otf‘NHF2
5 . m -

in which P' and P? are protecting groups

are useful as intermediates for preparing compounds of formula @).

H @

wherein R is Ci4 alkyl or Ci4 haloalkyl, and salts therof e.g. the
dihydrochloride salts;

which are in tum useful as intermediates for preparing quinolone
antibiotics, such as those disclosed in USP 5,633,262 and EP 688772A1.
The intermediate of formula (2) in which R is methyl is of particular



PCT/ KR99/ 00099 2 wuse in the production
of the conmpound (RS)-7-(3-am nonet hyl -4- net hoxyi m nopyrrolidin- 1-yl)-I
-cycl opropyl -6-fl uoro-4-oxo- 1 ,4-dihydro- 1,;8-n aphthyridine-3-carboxylic
acid and salts thereof, especially (RS)-7-(3-

am nonet hyl - 4veymspt hoxyi m no-pyrrolidin- 1-yl)- PCT/KR99/00099

| -cycl opropyl -6-fl uoro-4-o0 xo-1, 4-di hydro- 1, 8-napht hyri di ne- 3-car boxylic
aci d net hanesul fonate and hydrates thegeof including the sesquihydrate

di scl osed in WD 98/ 42705. EP 688772A1 di scl-oses a process for the
production of a conpound, of fornula (2) as depicted jn Sche : Schene
1 use in jthe Spreduetion o (thpr SeWREUNG - (ReShé: aﬂiwaﬁmggnﬁﬂu has the

same neanin ugho p{_£Ren | fal LAY ~n 1 Ao hege are

novever - sevape ORIy ROEnRLSPPLlyaBEby ERbOBH oo 4-dihyarIERR LS,

is to be useghtiyridinesd sarboxyiencicidisamt sailts ogeneofp especially (R,S)-7-(3-
aminomethyl-4-syn-methoxyimino-pymrolidin-1-yl)- 1-cyclopropyl-6-fluoro-4-o

x0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid methanesulfonate and
hydrates thereof including the sesquihydrate disclosed in WO 98/42705.

EP "'688'.772AI. 'discloées _-'a pﬁicess for ‘the production of a
~ compound of formula (2) as depicted in Scheme 1:

"Scheme 1

! CN HO_  CON HO CH;NH,

¥—¥—-% -

“in Scheme 1 Boc represents t-butoxycarbonyl, and has the same meaning

throughout the present specification.

There are however several drawbacks with the process of scheme
1, particularly if it is to be used on a tens to hundreds of kilogramme
scale for commercial production, these include:
a) The process is somewhat inefficient since the use of a reducing
agents, such as, platinum under hydrogen atmosphere, palladium metal,
lithium aluminum hydride(LAH), lithium borohydride(LiBHs), sodium



scal e for commercial production, these include: a) The process is
sonewhat inefficient since the use of a reducing agents, such as, platinum
under -hydr ogen at nosphere, palladiummnetal, [ithium alum num hydride(LAH),
| i t hi um bor obwersb@eeli BH4) , sodi um PCT/ KR99/ 00099 PCT/KR99/00099

3 borohydride(NaBH4), or NaBH err]-trifluoroacetic acid conplex, etc.,
reduces.both the ketone and cyano groups, requiring reoxidation of the

al cohol to regenerate the ketone. b) Reduci ng agents ot her than

NaBH err]-trifluoroacetic acid conplex do not conpletely reduce the cyano
group, resul bcbmhydride(NEBHx)ocbchlthhdﬁﬂsmacaic sdid ecqmpléxiC e, afsliucéds a
reduction i d ,and Although t he use of NaB trlfluoroacetlc
acid conpl e;‘b%tbé © KeIons ?’l"{;‘l é Si FANRE Lo tJé’Pd" alephelytarf t he
product, it SredsferhteSthk ti&tdrd. t he d| scontl nuous generation of hydrogen gas.
Ther ef or e, é§| osion risk cannot be adequately prevented by sinple

exhaust - i nmh)erat Rowmulagmﬂtqﬂla’nthantNaBHnﬂnﬂmycdm aqi| gontipless deeduct i on

process to producti rge scal e. d|t|on since t.he ocess
for prepari mfh ﬁ%’“@%’fﬁ&' ﬁP‘E éﬂ? HARO EHPP. ingthey, PERductPRe®l on of

si de productgvefil Gide produsts 4P HULPS 'r@dtﬁnt)ﬁrmuﬁeld)an@ ?j,ge Aftfibitgh
Side reactions which are not observed in snall” scal e uction ccur nor e

frequently |ﬁheausiap§d‘1@B:HA wifpiosersetic mmompldmadsatredmmgcbgeni axayi n yield.
The undesired side uet s one.,of ch ar ot, cl earl dentified, nmake
t he separ at i BP8H4/ lfﬁ ?"td;thoP th Eéqﬂengdltﬁr Bﬁﬁlcrle isf Aicii% . side
product s leﬁbcdiﬁﬁo@ﬁﬁg%nbﬂﬁaﬁl BfeHydrﬂg‘édeghst heTRORRREN Explosidy adkae (3)

and (4) [err]
. cannot be adequately prevented by sn:nple exhaust-mcmerauon equipment,

and it is not easy to apply this reduction process to production on a
large scale.  In addition, since the process for preparing the complex
itself has many problems, such as formation of side prdducts; ete., it is
inappropriate for use on a large scale.

c) Side reactions which are not observed in small scale production
occur more frequently in a large scale préduction which leads to a
-reduction in yield. The undesired side products, some of which are.not
clearly identified, make the separation and/or purification of the desired
product difficult.  Side products which have been identified include the
-compound of formulae (3) and (4):

OH

/s

IgBoc: 3)

o

o @



PCT/ KR99/ 00099 4 It is assuned
that the side products (3) and (4) are produced by reactions of the
starting 4-cyano-|-(N-t-butoxy-carbonyl)pyrrolidin-3-one with sodium

bor ohydri de %P‘? 9t/‘{?i fluoroacetic acid. The by-product of fornul a 43) S
particul arly 1?30 8sone as it is not easily renoved by reBFERNIOI 5t i on.
d) The pyridine-sul fur trioxide conplex used during the oxidation of the
hydroxy group i s expensive, making it finsuitable for use on an industrial

or commercial scale. |In addition, the dinethysulfide fornmed as a side

product during t O] LM Jc Si RO | t Y eptable. £ When a
transition netal hﬁégﬁsgg‘??édgﬂ%t tzlilg %?i;b:f%%\%?% gé%éqa%&n?&?‘gﬁgﬂa}f on
reaction, treactienctofonthdostartimy 4veydnopl-ONaddesky-GirttyBpgabldiii-en@nount of
pl ati num and 81 I oxvuglr ebsﬂ%%ry%naf h d(ryggen, and thus cannot be used

conmmer ci.al | {0 sodt drgg porgpecticr acifli nd Then bataredwstt ple process
for the rofeisiil@(39fis! BRre@bROURGRMIElonOHUAR bl AU (EhovBRM by CUl arly

one in which an a-cyanoketone derivative can be selectivel'y r d in such
a way that recmystallipatiepuent reoxi dati on of the hydroxy group is not

i red. h . Ll Li is.Db the find] that th
Cyano o oupdbi  arTa: BYATBRANGHo NG RO plen, i dus FAPORcBced 1o
ef fecti vel yRf affdrdit MRoGPBObStnYe | SrARE # Dinsithilg RANGY Nrka under

hydrogen as.reddci ng agent. The reacti on. C itrons used | n this process
are very mi industial tdrusommerdiad seadel f tn additiost rthel dipethylsntfiden fornidde use of a
Raney- ni‘ckel cat.gl y st ,%iévps. segﬁeral. dvant ages over t prior t process
descri bed aBb@eSidF JrodyH fiirive; the xidation; 15 agh corarommentally; asceptableoxi dat i on
reaction, akpo, ‘Wiked 04 'RirsRHdn0metaldRaflRH UGIcH Hﬁfﬂﬂ%ﬂhdﬁcgﬁe&eﬁ; conpar ed
with-the process.using NaBH4 as a r-educi'ng agent, which |leads to a :
st oi chi onet hydrogenstionogeagton,a tap ogastionl @loes not weRCpraceededoostE a

= catalytic amount of platinum and a low pressure of hydrogen, and thus

. cannot be used commercially. -

Thus, it is desirable to find an alternative process for the
production of the compounds of formulae (1) and (2), particularly one- in
‘which an o -cyanoketone derivative can be selectively reduced in such a

. way that the subsequent reoxidation of the hydr_oxy- .group  is - not
required. - -'

The present invention is based on the finding that the cyano- group
of an 4-cyanoketone derivative can be selectively reduced to effectively
produce the compound of formula (1) using Raney-nickel under hydrogen
as reducing agent. The reaction conditions used in this process are very
mild and thus can be used for industrial production. The use of a
Raney-nickel catalyst gives several advantages over the prior art process
described above, for example it does not require the additional oxidation
reaction, also, the formation of side products markedly decreases
compared with the process using NaBH; as a reducing agent, which

leads to a stoichiometric reaction and a good yield.



DI SCLOSUE OF THE | NVENTI ON The present invention provides a process

for preparing a conmpound of formula (1): ‘[err] in which Plerr] and
Pl[err] are protecting groups; conprising a) reaction of a conpound of
formula (5): wols&hdods _ _ (5) wherei n 2rfddodndoso
defined for formula (1); with a Raney-nickel catalyst in a solvent under
hydrogen to produce a conpound of for a (6): [err] .

(6) wherein Plerr] is defined for fornula (1); b) . protecting the am no
group to produce a conpound of fornula (7): [err]

(7) wherein Plerr] and P2 are defined for fornula (1); and
DISCLOSUE OF THE INVENTION

The present invention provides a process for preparing a

compound of formula (1):

Oi{mz |
N o . :

B (1)

in which P' and P ‘are protecting groups; comprising

a) reaction of a compound of formula (5):

0 CN

8

N
b )

wherein P' is defined for formula (1); with a Raney-nickel catalyst in a

solvent under hydrogen to produce a compound of formula (6):

Ot{»mz
) :

1_>1 . 6)

wherein P! is defined for formula (1),

b) protecting the amino group to produce a compound of formula (7):

0 NHP?

B )

wherein P' and P are defined for formula (1); and



PCT/ KR99/ 00099 6 c) selective reduction of
the doubl e bond to produce the conmpound of formula (1). The present
invention also provides the novel internediates of fornulae (6) and (7).
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process 0&%9{9%\65’”t i on
i s summari zed q #*&Chene 2: Schene 2 [err] € ‘above
process is nore specifically explained hereinafter. In step a) -
reduction of the cyano group, the sol Gent is preferably an al cohol or

et her, e.g. nethanol or isopropanol, which have been found to |rrprove t he

reaction ratcg.nds Wﬁ}éefedu%ﬂx{ k! es&guggnmkén(ﬁrt@ﬁggu&e gl cohol s

and et hers, various 1 nert solvents not a versely af?ect t he
reacti on cafodmenlaig®d providing the hydrogen pressure is controlled. The
solvent may be used in an anount of 2 to 20 tinmes by volune, preferably 2
to 5 tinmes by voI urre Wi th respect to the conpound of forrmula (5).

The. reaction i £AJSRHEHNN C ARYU BRAadsN the oRER SRRERMEteONSS OF MTOT e

additi ves sel ect e f omthe
formulae (6) and (7).

... DETAILED DESCRIPTION OF THE INVENTION

The process of the invention is summarized in Scheme 2:

Scheme 2

o, N o N '_'o | NHP? o ,—NHP?
B B B b
) ®) ™ m

The above process is more -speciﬁca-lly explained hereinafter. -

In step a) - reductlon of the cyano group, the solvent is
.preferably an alcohol or ether e.g. methanol or isopropanol, which have
been found to improve the reaction rate. However, suitable solvents are
not restricted to alcohols and ethers, and various inert solvents which do
not adversely affect the reaction can be used providing the hydrogen
pressure is controlled. The solvent may be used in an amount of 2 to
20 times by volume, preferably 2 to 5 times by volume with respect to
the compound of formula (5). The . reaction is advantageously
conducted in the presence of onme or more additives selected from the

group consisting of ammonia water, gaseous ammonia and acetic acid,



group consi sting of ammoni a water, gaseous ammoni a and acetic acid,

PCT/ KR99/ 00099 7 etc. These additives
may be used in an anmount of 2 nolar equivalents or nore, preferably 2 to 4
mol ar equi valvamdssaessint h respect to the conpound of fornul a EEJKRIMEYse of

t hese additives has been shown to inprove the purity of the resulting
conmpounds of formula (6). The steg a) reaction is suitably carried out
under hydrogen pressures ranging from atnospheric to.about 50 atns,
preferably from4 to 10 atns, and suitably at terrperatures rangi ng from
room terrperaﬂtmreThtseGiI[(htqu may\be iuserd mquegmannmﬁe%/mn 2k 61¥ivalsAtshe used

as the cat a! st |n t hi fetfﬁig g;l nif@ﬁ@r ﬂg}vavxﬁ ermﬂﬁaﬁ?gec?' 3<e{he°f V\_‘Z

type or a sifh I8Pt yHE n step

protection q,fon&ﬂma%mcﬂmwp(s)ansrhsuugeabf qhéxgi adifveat hag ibeen @hown may be
used. The protecting group is preferably renovabl e under agldlc condi tions.

Exanpl es of tprimprove the protpe |%Ifméﬂﬁ&ﬁwp°u@éeﬁ £ formula (Glior oacet yI ,

benzoyl, para-toluen qu X t y o

t - but hoxycar bonyJIrH Eylagxélé%cprég ? ¥ﬁi§b239 Sgy%ﬁzéﬁ&}trl dr?gen

t Et rahydr Op?ﬁ&\i}esa gV filofy |a11n0ﬁﬁ!’ehb Ctb| gboupr30 eths ngref@abiypﬁ'omt 4at My -
menti o |ncIu acetyl, t-buthoxycarbonyl, and pival oyl. The

pref erred prtot é8tatmg, @ﬂdLﬁ!ﬂfﬂW Bbtt‘PmPi[féiquﬁs Eangg| rpgmy tﬁ&&‘m"&ar bonyl .
Pr ot ect f | t
Those sk 11 ot BT nevfolt' Bt BIRRECAGDAY o ) e AFE QB [ O7 O

or exanpFe reaction o he conpoun

fornyla (6) s hetﬂlcﬁum trgldtionb dmavever, gRaxml-lﬁckeﬂ'dof WD type grompmnﬁnm st i ng

of lithiumt-butoxide, Iithiumisqopropoxide, potassiumt-butoxide, sodium

t-but oxi de, trme therend isrpesferablyaasedsodi um. hydr oxi de and pot assi um

hydroxi de. The base is suitably used in an amount of 2.0 nolar equival ents

or more, preferably 2.0 to 4.0 nolar equivalents with respect to the

conpound of fornmulm &) b)Anpretectiemtaf thenemid @rep,yanys etitable oargingi c

reactions, such as for exanple, tetrahy ofurqil t ol uene,. di oxa 6&2'
PEEIBDD0 ti nes

di met hoxyet hEROLECBg ¢ BTQVRY u@"ed“segwt ¢y Protecting , #EOHR 151
by volume w th fG6REGIndEP acidic conditions. Examples of protecting groups

include formyl, acetyl, trifluoroacetyl, benzoyl, para-toluenesulfonyl,
methoxycarbonyl, ethoxycarbonyl, t-buthoxycarbonyl, benzyloxycarbonyl,
para-methoxybenzyl, trityl, tetrahydropyranyl and pivaloyl.  Particular
protecting groups that may be mentioned inc’:ludc_ acetyl,
t-buthoxycarbonyl, and pivaloyl. The preferred protecting group for both
P! and P? is t-buthoxycarbonyl. Protection of the amino group may be
achieved using conditions familiar to those skilled in the art. For
example by reaction of the compound of formyla (6) with a suitable
base, eg. selected from the group conmsisting of lithium t-butoxide,
lithium isopropoxide, potassium t-butoxide, sodium t-butoxide, and lithium
chloride, sodium hydroxide and potassium hydroxide.  The base is
suitably used in an amount of 2.0 molar equivalents or more, preferably
2.0 to 4.0 molar equivalents with respect to the compound of formula
(6). Any solvents conventionally used in organic reactions, such as for
example, tetrahydrofuran, toluene, dioxane, dimethoxyethane, etc. may be

used, suitably in an amount of 5 to 20 times by volume with respect to



PCT/ KR99/ 00099 8 the compound of
formula (6). It is desirable to carry out the reaction at tenperatures
rangi ng from-40 to 10[err]C The reagent for introducing an

am no- pr ot ecty up may be selected fromthe group consj 1’&@ for
exanpl e, di (tk‘-’(g%{"gigg) di carbonat e, pival oyl chloride and actﬁ/ cﬁllg%?i de,
preferably in an anmount of 0.9 to 1.5 gol ar equivalents with respect to the
conmpound of forrmula (6). The resultitfhg compound of formula (7) may be
purified by recrystallization, for exanple, froma solvent mxture of

al cohol and ; ; | Arst = I on of

t he doubl e ggﬁg% ﬁ%ﬂjsg%g‘éﬁl\gg?(gi:d%tliygﬁ%lgrtgferabﬁe %r{ﬁaégéﬁjo(&% using a
met al cat al ygoperatutes rangingnfomi e tetlQC cat They seagepudor ndraduning- a ckel |

pal | adium carbon_or Lindlar's catalyst, e.g. i,n an amount of 0.5 .to 20% by
hei gt pr oPBHIGPYPePHSE: GOUP JEY, PRctERied FOR (e SR COMHBECOBtind of
formul a (7) exeifiR Mtﬁgggdi@m?onﬁé, FivAISPIS Whivride O Ehd 1aée‘i’%l3 dMdiide, It IS

desirable to mafntain t H of the reaction solution at 3 to 5 of 8 to 10
usi ng an or geeferablyniimenoamputtts of OsDitat 1.5 rmiotar orquisralents ydthe gespeet §o r educe

t he doubl e hond at 4-position, of.the rroli.dine ring,wdhBout .r cing the
OX0 group a %"%‘88%‘?&3 {ormpla, L@pecg{ﬁ%o’e ﬂ&“ﬁfd’m}‘ﬁﬁr"o“tg‘?‘%‘“‘a g’gani c

am nes whi Clin#ABe Bfurifieddby Redrystalliziteom i fof )éxaﬁbiéﬁ'f?dﬂl Ne Solvet Mixfuge _
tri-ethytam ne;” tri(n-butyl)am ne, diisopropylethylamne, etc.; aronatic
am nes- suclhf aé@hOE;andamtpr 8 kbrtayd: A in selpmedi ne, R
4- (4-met hyl pi peridin-1-yl)-pyridine, imnidazole, quinoline, isoquinoline,
etc.; anilines such as dinethylaniline, etc.; and chiral am nes such as
triethanol ami ne, Iqustsp Y, - gedustion rof, thet doubldidond) G sclectiviet adduytiosed in an
anount of 0.01 to 10 nol ar, equi val ents, preferably 1 to.1Q :nol ar T
equi val.ent s iSiRreferably armgd, ouh Jising, @ megalc saalysh oF-&¢ o Bangtien (metal The -
am nes can d o] s ILIX j-n | sai i w% : :
conventional‘t}%ﬁges eéktelgaa%le -glr%mrellé |l§§gjpé?§rf;?%ﬂ (rag;{él??fgﬁg_ca eeﬁéed for

t he present i emcnountabf I00figh 2096 \byameightt preferablyi @51 foy 5% dyevwerghdve.

PCT/ KR99/ 0009
ng‘l respect to the compound of formula (7), under hydrogen e.g. at a

pressure from 1 to 3 atms. It is desirable to maintain the pH of the

reaction solution at 3 to 5 or 8 to 10 using an organic amine or buffer
- solution in order to selectively reduce the double bond -at 4-position of
the pyrrblidihx; ring without feducing the ‘oxo group at 3-position with
respect to the hydroxy group. Organic amines which can be used
include tertiary alkylamines such as triethylamine, - tri(n-butyl)amine,
diisopropylethylamine, etc.; aromatic amines such as  pyridine,
4-dimethylaminopyridine, 4-(4-methylpiperidin-1-yl)-pyridine, imidazole,
quinoline, isoquinoline, etc.; anilines such as dimethylaniline, etc.; and
chiral amines such as triethanolamine, quinine, quinidine, etc. The amine
is suitably used in an amount of 0.01 to 10 molar equivalents, preferably
1 to 10 ‘molar equivalents with respect to the starting compound of
formula (7). The amines can be used alone or as mixtures in various
ratios. Any conventionally used tertiary amines in organic reactions can
be used for the present reaction although they are not specifically listed

above.



9 Any organi c solvents, preferably one or nore selected fromthe
group consisting of alcohols such as nethanol, ethanol, n-propanol,

i sopreopanol, etc.; ethers such as tetrahydrofuran, dioxane, etc.; ketones
such as acet onesyseeithyl et hyl ketone, etc.; esters such as prerhgr9y/6met at e,
butyl acetate, etc. can be used. The auxiliary agents including the
organic-amne, etc. are selected appropyiately depending on the sol vent
used. The solvent is suitably used in an anbunt of 5.to 100 tines by

vol ume, preferably 5 to 20 tinmes by volume with respect to the conpound of
formula (7). Any\hergapich sglvents,s praferiably iose uste dnéras sededecbffrotether gani c

am nes for adjusting.the pHd Q he reaction_sglution, only the solvents

whi ch do not® Hﬂdgaﬂ%‘s eclfpiaice??‘gﬁt FECY n 8t gglﬁﬁ’@ng Iteﬂ’(m&i’ nB‘R’ﬂB‘%H’xi ng step

can be used,isgpropRidts eftf.; Wtieed) satk hete@dhydrcHianaNdiofdreX a8 E&gﬁ ne,
0

met hanol , et hanol, etc. Tetrahydrofuran”i s nost preferred. vent s
whi ch are notuchi akiapetenss mﬁﬂ%{blﬁé‘ilsk@f@n@t plorisestersicsnchsaetetyll austatat e and

di et hyl et her a 0 dyin S cti ny, buf fer. sol,ution

whi ch can adljnh@t Q’tcﬁéél&pl-&gf l@ﬁe*e&%ﬂ‘on@%l é}]’?’gﬂryataégx?o ‘bc{m%_ .10 can
be used, exacn?hlﬁs ahine)ietd) aree selbes® Ndpespriatélpt @ééﬁﬁdiﬂ@obﬁlt@l%, s6lvént Acetate
and borate buffer _solution are_ the nost preferred. The step ¢)

reaction is Welt afhe sokvent g syitablyt usednive pmramannt refn§i 109109 dimes by

50[err]C,~ pry bl 4Q[ ekr b o ogpraunds. orgula (1) -
pr oduced acc‘nghg#‘?l’g %géf%@’ prgogésggofm%eﬁe qynvgmgn%yr’%gpeggngoer dto a"
conpound of domipound ¢f2Jormulaa(Palt thereof. Thus according to a further °

aspect of -the invention there is, provided a process for the production of a
conpound of for nuWhep23 -buffef sojytion is used insteapcaf Ko 9rgs0iPogmines for

10~ wher ejf,Rnol r I . 1] | @al o} t. therof,
whi ch Core}dpdj?s?gg @g%}?icg]nthgf &gé%%{@%ﬁéﬁ’o?m?oﬁﬁuﬁ\L?ﬁ , hgcrhzguc% by the
process of tsuddenly eptecipitates tixerinorgaricosalt ddming ltieel, miniingd) stepe otqnobed of

used, examples of which are tetrahydrofuran, dioxane, acetone, 'methz_inol.;

ethanol, etc. = Tetrahydrofuran is most preferred.  Solvents which are
not miscible with aqueous solutions, such as ethyl acetate and
diethylether, can also be used in this reaction. = Any buffer solution
which can adjust the pH of the reaction solution at 3 to 5 or 8 to. 10
can be used, examples of which are phosphates, acetates, borates, etc.
Acetate and borate buffer solution are the most preferred.

The step c) reaction is suitably carried out at temperatures ranging
from 0 to 50, preferably 5 to 407C. |

The compounds of formula (1) produced according to the process
of the invention may be converted to a compound of formula (2) or a
salt thereof. Thus according to a further aspect of the invention there is

provided a proces.s for the production of a compound of formula (2):

N
H

()



formula (8): R- ONH2 (8) wherein Ris as
defined for formula (2), preferably nethyl; - followed by deprotection of
t he am no groups, and, optionally, salt fornmation. The reaction
of the conmpounds of formulae (1) and (8) is pref erabl e in a
sol vent such Y¥R%%¥}| acetate or tetrahydrofuran The de%&g'?’gg%’lg@?\
reaction is preferably conducted under_ aci‘dic conditions; as the acid,
hydrochioric acid gas, sulfuric acid, ¥ ifluoroacetic acid, etc. - :
Suitabl e salts of the conmpounds of fornula (2) include the hydrochloride
salts, trif o e I r f at mh;s. h -_f,qﬁpounds of
formula (2) W%&és}ﬁp%ggre acc ]r?)d(l)lf];d:\“‘o lﬁn S L (%rutahesraltaghbeé%fi’r gvrhf he
invention gomprsef utactionanf &ntempadiidatefs formula (1)y eqradiced Hyi wed one

antibiotics particylarly those descriped in U 5,633,262 and EP
688772Al. TW%%r@Fn’&VF’EF%‘ %&%@Pgﬁgﬁe&xﬁs‘&%hwm 2 ¢RAERAYNENOY here i s
provi ded a '@ﬁﬁ .or the production of a conpound of formula (9), or a
phar maceut i gé. yﬁz(gi'ept abl e salt thereof: [err]

wherein Ris as define®R-ONHS ormul a (2), (8hich conprises reaction of a

conpound of fornula (2), alt thergof d th f
Che’ i nventi SheEgnHE S cistoed BodbrmuB S bR R of Tormila
Eé?% ] - 51RO Q@&?&ecﬁon of the amino groups, and, optionalfy! salt :
- ' * - formation. o ' | - : S -

The reaction of the compounds of formulae (1) and (8) is
preferable conducted in a solvent such as ethyl acetate or tetrahydrofuran.
The deprotection reaction is.preférably conducted under acidic conditions;
as the acid, hydrochloric acid gas, sulfuric acid, trifiuoroacetic acid, etc.
Suitable salts of the compounds of formula (2) include the hydrochloride
salts, trifluoroacetate salts or sulfate salts. | -

The compounds of formula (2) thus prepared according to this
further aspect of the invention are useful as an intermediates for
preparing quinolone antibiotics particularly those described in USP
5,633,262 and EP 688772A1. Thus according to a further aspect of the - -
invention there is provided a process for the production of a compouti-d' '
of formula (9), or a pharmaceutically acceptable salt thereof:

O
F x H
K \

\NH2 ©®)

wherein R is as defined for formula (2), which comprises reaction of a
compound of formula (2), or a salt thereof, produced by the process of
the invention as hereinbefore described, with a compound of formula

(10):



wherein X is a leaving group, e.g. a halogen atom preferably chlorine, and
optionally formng a pharmaceutically acceptable salt. The reaction
of the compounds of fornulae (2) and (10) is preferably conducted in the
presence of swdxamessr Further details regarding the react i REI/ARINOPAII
conpounds of fornmula (2) and (10) can be found in US 5,633,262 and EP
688772A1. - The conpound of fornul@g (9) produced according to this
aspect- of the irnvention is preferably (RS)-7-(3-am nonethyl -4-
syn- et hoxyi m no-pyrrolidin-1-yl)-1 -cycl opropyl -6-fl uoro-4-oxo-1, 4-di hyd
ro-1, 8-napht hyri di ne- 3- cgrboxylic acid nmethanesul fonate or a hydrate
t hereof, preferabF l' drate as disclosed in WO 98/42705.

)

o

The conpounds of fof nulias [(6) and (7) which are internediates in the
Therefore, the present i hvention al so p RW des such novel internediate

process for prepakingt onpound of fornula (1) are thensel ves novel.

conpounds. Al |l £4publications, inclluding but not limted to patents
and patent appli.catjons, cited in this s eﬁé}fication arg her ei n
i ncor por at edVRERFIN ; & lSe e SC4E0E 1 BENP §-Bui i BHABCT, (HP: o PTEOH 20K e

speci fi cal | yhivide] and \opdoadllyy forndng at phhrinachrically acpeptatledalty ref erence
Tor o Speci 1 cal | yHEx AR oo < isommgmnds,iofo PrlafRTCD) 'MILEIATH 1 shoui o
be under st opeefedfably tdoadficred oini rthe eprengrices ofir @ baseend&uirther iddtaiktrate the
Pventi on. kil f’%{%ifég&%’ng@ée BB1ESd:0 ot Bighuth ') SEAPELTY' e Present
4- (N-t - but obgclabd iyl Y8nd,633,262 and EBPGBBRIA0I.00099
12 methyl - 1- (N- trRut OXNEAMAOTY! ¥ormmlid Ofo) Ipfbatic@d according to this
' ~ aspect of the invention is preferably '(R.,S)-?—(3-aminomethy]-4-
syn-methoxyimino-pyrrolidin-1-y1)-1-cyclopropyl-6-flaoro-4-oxo-1,4-dihyd
ro-1,8-naphthyridine-3-carboxylic acid methanesulfonate or a hydrate
thereof, preferably the sesquihydrate as disclosed in WO 98/42705.

The compounds of formulas (6) and (7) which are intermediates
in the process for preparing the compound of formula (1) are themselves
novel.  Therefore, the present invention also provides such novel
intermediate compounds. | '

All publications, including but not limited to patents and patent
applications, cited in this specification are herein incorporated by
reference as if each individual publication were specifically and
individually indicated to be incorporated by reference herein as though
fully set forth.

The present invention will be more specifically explained in the
following examples. However, it should be understood that the following
examples are intended to illustrate the present invention but not in any
manner to limit the scope of the present invention.

Comparative Example 1: Synthesis of 4-(N-t-butoxycarbonyl)amino-



3.78kg(0.1 Knol) of NaBH err] and 32kg of tetrahydrofuran were introduced
into a reactor and the m xture was cooled down to 10[err]C or |ess.
7.0kg(0.034 Knol) of 4-cyano-1-(N-t-butoxycarbonyl)-pyrrolidin-3- one
suspended in_20kg of tetrahydrofuran was sl owy added ther f t he
addi tion mas‘%%ﬂ%?%?ed, 11. 4kg( 0.1 Knol ) of trifIuoroaceti§$g%$§M%§Fluted
in 10kg of tetrahydrofuran was added thereto at a tenperature of
20[err]C or |l ess during which the reactd on tenperature and generation of
hydrogen gas were carefully controlled. The reaction solution was stirred

for about 4 7 l.ech down to 5 T or |ess and then
adjusted to 'ﬁg“&%lﬁg\-%gg@xgm%@%yﬁﬁ(g@ﬁlﬁ@ueous hydr ochl oric acid
solution with stirring. Again, the reaction solution was stirred for about
3 to 4 hours, and_ 7,6 (Q,0 I f di-t-butyldicar te was added
thereto during wﬁZﬁkﬁﬁg g{ﬂ“ﬁgl W‘toﬂ@r érzﬂ(édX’{ _cfetﬁa‘yg?‘? W¥Fng 25%
aqueoussodis,diydh oitd!a §éagf6g'yagil R ol A LAGEIL@TANGP 16 OTOLLIoRd,

tetrahydrof uran was renove ation under reduced pressure. The
resi due was lesst r a2 0Rg(OvA3¢h Kandly | ofadetymne- 1afNtt-bhtemy carbeny/spyrzelidinduced

ressure while the sol vent s rgnoved,, The resi dug thus i ned was -
(F:)ryst al | i zedOer (§H$PFI‘€%4 Sn %M?ﬁﬁ@%? o & ylylaﬁ‘g‘% ]athSIF'g% hexane
and filteredaff GheCadhitichGhadl oghphred, Qﬁ"ﬁ(gﬁb"i | RinRI)C GTP Grifsbroace@empar at i ve
Exanpl e 2: @nt hesi s of . 4- (N-t-but oxycar bonyI )am no-_ - '

met hyl - 1- ( N-acidutdutpd aibortPky - ofr rtetrahyidrofgean *was  added 1tbetetyy 4a3aKnol ) of

NaBH4 and 1000 t r ahydr of ur i nt_r odi ' t d

the. mixtur o WHBEEBEF off A Folerd | LiHRCTHCl hE eRTEL Sl ityfh, AT O 27T

4- cyano- I'-( '&&eﬁﬁbﬁxwa&fwwédn) -gd I Radré didiefilyORentSoledendalei feakfiofl [err] of .
VR )

tet rahydrofuran was sl o é ded thereto. . PCT/ KR99/00099 - . -
13 After toluitoni wasrstimed fobmbout ddhours gat goony tempsraturss copled) dewBacetic

acid diluted _ip 800 of te h ran : o,.a4: nper at ur e

of 204C or ﬁ8s§°cdu‘?ri k&smﬁdc?\]{e?hégi“gtfggt Qﬁ’ﬁférrgéej?%?oa{ *egfi{;ﬁg 6@%nega:%lieon of

hydrogen gasapquesmss iydedchidric acidl rsolutiofl. withe sttt i OAgai, utheomeansionst i rred

for about 4 hours at room_tenperature, cooled down to(SJ:;er C.or less and
solution was stired for about 3 to 4 hours, and 7.63kg(0.035 ol) of

di-t-butyldicarbonate was added thereto during which the solution was

controlled to pH 9 to 10 using 25% aqueous sodium hydroxide solution.
After the reaction was completed, tetrahydrofuran was . removed by
distillation under reduced ptéssme‘-" The residue was extracted with ethyl
acetate and then dried under reduced pressure while the solvent was
removed. The residue thus obtained was crystallized from 7 ¢ of methyl
ethyl ketone and 21 2 of n-hexane and filtered to give 4.74xg(Yield
45%) of the title compound.

Comparative Example 2: Synthesis of 4-(N-t-butoxycarbonyl)amino-
methyl-1-(N-t-butoxycarbonyl)-pyrrolidin-3-ol

160kg(4.23 Kmol) of NaBH; and 1000 ¢ of tetrahydrofuran were
introduced into a reactor and the mixture was cooled down to 10T or
less.  295kg(1.4 Kmol) of 4-cyano-1-(N-t-butoxycarbonyl)-pyrrolidin-3-
one suspended in 1000 ¢ of tetrahydrofuran was slowly added thereto.



then adjusted to pH 1 to 3 by slowy addi ng 3N aqueous hydrochloric acid
solution with stirring. Again, the reaction solution was stirred for about
3 to 4 hours, and 321kg(1.47 Knol) of di-t-butyldicarbonate was added
thereto duri ngowhieby t he solution was controlled to pH 9 t @ckkrdSbodsy 25%
aqueous sodi um hydroxi de solution. After the reaction was conpl eted,

t et rahydr of uran was: renoved by distill ?&I on under reduced pressure. The
residue was extracted with ethyl acetate and then dried under reduced
pressure while the solvent was renoved. The residue thus obtained was
crystalli zedAfter)mheB@ﬂdxﬁen ryasotompleted| 489jy(H.2k Kool ofneiflabfbatetior heidf

n- hexane and ere l.ve Yield 309 the title conpound.
Exanmpl e 1: S‘?’IlﬂtFé:s‘Ps Qﬂ 1%(,\1];1{:3}5@]( F"‘@énﬁfi)dfd48‘§ﬁ‘itﬂoﬁe?h fpgEature
pyrrolidin-3;@ ) [d8khd whi kﬂﬁrﬁr@r

1- (N-t-but oxycarg“gor ess4 cya owpg;'}rlrﬂc} rflcn-g- was susp&ﬁgeréulm}\ °f50 [err]

of methanol lydtogenegas mereovefefillydcertrilledd Bye acatitiog sibticn 8Gf estirjed of
anmoni a vvate Oo%ng Ranez0 ni ckel of tyg V(Y was added t t he .above
oole

I
sol uti on, T ghou HralOoMm: AEREFalHC, I8/ Rolpss and
14 room tenmgﬁ déﬁﬁedjqﬁgmlh %r@o%é n%ggﬁﬁné)rﬁ@swugome dfo’BlokicOn was

conpl et ed when 't upta of hydr The cat al yst was renoved
by filtrati oacidrmheiony eith efrsingi smgallmdﬂlwnthacnomdothpwasmdt forgi ve 20kg
of the titl eabcoO 5% d4 (}%{%n t:'u{&a t32\{e ()f 45' @mol) of dl-t-butyldtcarbonate was
added thereto during which the solution was controlled to pH 9 to 10
_using 25% aqueous sodium hydroxide solution. After the reaction was
completed, tetrahydrofuran was removed by distillation under reduced
pressure. The residne was extracted with ethyl acetate and then dried
under reduced pressure while the solvent was removed. The residue thus
obtained was crystallized from 300 g of methyl ethyl ketone and 900 g
of n-hexane and filtered to give 131kg(Yield 30%) of the title

compound.

Example 1: Synthesis of 1-(N-t-'butoxycarbonyl)'-4-aminomethylene-
pyrrolidin-3-one(6)

y—Y
Boc Boo

20kg(95 mol) of 1-(N-t-butoxycarbonyl)-4-cyano-pyrrolidin-3-one
was suspended in 150 § of methanol and then thoroughly dissolved by
adding about 30 ¢ of ammonia water. -~ 100g of Raney-nickel of type
W-2 was added to the above solution, and the mixture was reacted at



[err] Exanpl e 2: Synthesis of 1-(N-t-butoxycarbonyl)-4-am nonethyl ene-
pyrrolidin-3-one(6) 20 kg(95 nol) of -

1- (N-t - but oxycar bonyl ) - 4- cyano- pyrrol i di n-3-one was suspended in 1501 of

t et rahydrofu saa00] 000 Of Raney-nickel of type W2 was added tg t he above
solution, and t'he m xture was reacted at roomterrperature”ﬁﬂ'ﬂfﬁ9 0% s of
hydrogen pressure. The reaction was cqnpl eted when the uptake of hydrogen
ceased. The catal yst was renoved by ¥iltration and sol vent was distilled
under reduced pressure to give 20 kg of the title conmpound (quantitative
yi el d). Exgstiheeipeaitizé ides 40htnds oM HytRigeR X pEShRONYTRe AaioR Wiy ! ene-
pyrrolidin-3-one(6) . 20 kg(95 nol) of

1- (N-t - but o%?@ﬁk&;wwl)m&ﬂ/a*m@waow@bm-mmdms Jhs peatalyst iwas1501 of

I sopr opanol 0+.0f pney-nickel of type. s added to the above

sol uti on, alﬁedn{“%g Rf)glgho arsé’gvc?flgavaét &F'a‘xv‘?ﬁzf’amﬁfﬁeﬁgf‘ PIRSSUE @ at s of

hydr ogen prgﬁ&uz@xg dhehe €6 tdopipotns (gﬁﬂ?iﬁ&h%d jfgn the uptake of hydrogen
y fi

ceased, he catal yst was renoved tration and solvent was distilled
under reduced pressure to give 20 kg of the title conmpound (quantitative

i el d). PCT, 9 , 5 le 4:
Syt fhsi's of |-(l¢‘%@%&§%r BonBPPY 4400y 0D 4 TURY | 9'3}6’ 4358™ ©
anmi nonet hyl 2Hyp3.00¢h,] 3HY- B5SO@E(TH) -

D - MS (FAB, m/e): 213(M+H)
GC(FID) purity: 99.8 %

Example 2: Synthesis of l-(N-t-butoXYcarbonyl)—4-aminomethylene-
pyrrolidin-3-one(6)

20 kg(95 mol) of 1-(N-t-butoxycarbonylM-cyano;pyxrolidin-3-ohc
was suspended in 150/ of tetrahydrofurane. 100g of Raney-nickel of
type W-2 was added to the above solution, and the mixture was reacted
at room temperature under 4 atms of hydrogen pressure. The reaction
was completed when the uptake of hydrogen ceased.  The catalyst was
removed by filtration and solvent was distilled under reduced pressure to
give 20 kg of the title compound (quantitative yield).

Example 3: Synthesis of 1-(N-t-butoxycarbonyl)-4-aminomethylene-
pyrrolidin-3-one(6)

20 kg(95 mol) of 1-(N-t-butoxycarbonyl)-4-cyano-pyrrolidin-3-one
was suspended in 150/ of isopropanol.  100g of Raney-nickel of type
W-2 was added to the above solution, and the mixture was reacted at
room temperature under 4 atms of hydrogen pressure. The reaction was
completed when the uptake of hydrogen ceased. The catalyst was
removed by filtration and solvent was distilled under reduced pressure to
give 20 kg of the title compound (quantitative yield).



[err] 500g( 2. 36 nmol ) of 1- (N-t-but oxycar bonyl ) - 4- am nonet hyl ene-
pyrrolidin-3-one prepared in Exanple 1 was suspended in 5 f of toluene and
the resulting suspension was cooled down to -20[err]C. 380g(4.72 nol) of

| i thiumt-butwosskessnas added t hereto while the tenperat ur ereERRSBEOE ai Ned
to -10[err]C or less. 5709(2.6 nol) of di-t-butyl dicarbonate dissolved in
500[ err] of tetrahydrofuran was added i the above solution at -10[err] C or
less to conplete the reaction. This solution was neutralized by iN

hydrochl ori ¢ acid solution and the aqueous | ayer was di scarded. The organic

| ayer was wdsiamplei ¥ Syndesis §6dult(m-t:humxwwbgaynﬂ-@rbutama:bgnylb| ed under
reduced pressu.re gplehei,;]eoql/dd#l% (\Maz?i/ecryst allized froma solvent mxture

of et hanol e 650g (Yield 90% of the title
conpound. [err] HPLC purity: 98.0 % Exanple 5: Synthesis of

1- (N-t-but oxycar bonyl )-4-(t-but oxycarbonyl)

am nonet hyl enepyrrolidin-3-one(7) 500Qg( 2. 36 nol ) of

1- (N-t - but oxycar b8gy! m nonet hyl'gpe PCT/ KR99/ 00099

16 -pyrrolidin-3- prepared in EX e 2 was suspended in 51 of
tetrahydrof urane a he restt+RAg s sion was cool ed down to -20
[err]C. 570g(2.6 i) of di-t-butyldicarbonate dissolved in 500m of

t et rahydr of uran was Betided to the above®®olution at O[err]C or |ess. 380g of
sodi um hydroxide in water (700 m) was added thereto while the tenperature
was maintained to O[err]C or- less to conplete the reaction. This solution
was neutralized by 1IN hydrochloric acid solution and the

500g(236 mol) of 1-(N-t-butoxycarbonyl)-4-aminomethylene-

pyrrolidin-3-one prepared in Example 1 was suspended in 5 g of-toluene
and the resulting suspension was cooled down to -20C. 380g(4.72 mol)
of lithium-t-butoxide was added thereto while the temperature was
maintained to -10C or less. 570g(2.6 mol) of di-t-butyldicarbonate
dissolved in 500py of tetrahydrofuran was added to the above solution at
-10°C or less to complete the reaction. This solution was neutralized by
IN hydrochloric acid solution and the aqueous layer was discarded.
The organic layer was washed with aqueous sodium chloride solution,
and distilled under reduced pressure. The residue was recrystallized
from a solvent mixture of ethanol and water (2/1, v/v) to give 650g
- (Yield 90%) of the title compound. : '

'H NMR(CDCh,, §, ppm): 10.10(s, TH), 7.30(s, 1H), 4.40(d, 2H),
3.95(d, 2H), 1.55(m, 18H)

MS(FAB, m/e) : 313(M+H)

HPLC purity: 98.0 %

Example 5: Synthesis of 1-(N-t-butoxycarbonyl)-4-(t-butoxycarbonyl)
aminomethylenepyrrolidin-3-one(7)

500g(236 mol) of 1-(N-t-butoxycarbonyl)-4-aminomethylene



aqueous | ayer was di scarded. The organic | ayer was washed w th aqueous
sodium chloride solution, and distilled under reduced pressure. The
resi due was recrystallized froma solvent mxture of ethanol and water

(2/1, viv) t 509 (Yield 90% of the title corrpound IR
Synt hesi s of ch%g %9§but oxyear bonyl ) - 4- (t - but oxycar bonyl) Lo‘ig

am nonet hyl enepyrrol I di n-3-one(7) 16 5009(2.36 nol) of 1
- (N-t - but oxycar bonyl ) - 4- ani nomet hyl ene'>- pyrroli di n-3-one prepared in
Exanpl e 3 was suspended-in 5[err] of isopropanol and the resulting

suspensi on “@?ﬂ@lﬁ&h—@dmﬂ:o%e dred 264 € 1e57@9£»%sﬁsﬁ§§ehd@d in 51 of
d|-t-butyld|carb te dlﬁ"a ved i.n 500 |sogrop r&ﬁ was added to the

above sol ut 'Y the resplaag S“éﬁ%“lﬁ W&y $10QHdn §aVBX10d220B - wat er
(700 m ) \Na$7ag$’ml tfenet afmhdlLtebddalaxdaﬂmeseat diseolved N ntswopgd bp O[err] 2

or less to t he rea hi neutralized b

hydr ochl orlg Bﬁygmgﬁaﬁt‘f"% g%ﬂp?%ébeaaﬁ%v&u?}lé P\N&g@ d@pg ¥The
organi c | aysodioas hplbeide wirt hwat@ne(ﬂm anlji wwasc llded dfheﬁsmda utwhda thend
distilled under I [ ) resi.due, was_r crytalli ed froma
ol vent i xHREBERE T GRABRNS, fo, 0,47 V1o Rmilol” B retdiol oS00 o
the title cdhousobition WasmeutralizedShyit Hésh)ﬂ'lroéhlonc acid solution and the

oL but oMol - ad taibiakauty °2" HHRY bloahil TRVER! Wht PYRERLd Y 3 one(!)

PCT/ KR99/ 00 my(l .
mol ) of 1- @3ueoususadiymaciloride )solnifan, bmdoﬂ;@élptbamde; reduced pressure.

am nonet hy| efgpyldidilel G- AcARRTledP HRRRS Sl RaEARRNE Bf “Eifarith S38] Ved
water (2/1, v/v) to give 650g (Yield 90%) of the title compound.

Example 6: Synthesis of 1-(N-t-butoxycarbonyl)-4-(t-butoxycarbonyl)
aminomethylenepyrrolidin-3-one(7)

500g(2.36 mol) of 1-(N-t-butoxycarbonyl)-4-aminomethylene
-pymrolidin-3-one prepared in Example 3 was suspended in 5! of
isopropanol and the resulting suspension was cooled down to -20<.
570g(2.6 mol) of di-t-butyldicarbonate dissolved in 500m! of isopropanol
was added to the above solution at O0°C or less. 380g of sodium
hydroxide in water (700 ml) was added thereto while the temperature
was maintained to 0C or less to complete the reaction. This solution
was neutralized by IN hydrochloric acid solution and the aqueous layer
was discarded. The organic layer was washed with aqueons sodium
chloride solution, and distilled under reduced pressure. The residue was
recrystallized from a solvent mixture of ethanol and water (2/1, v/v) to
give 650g (Yield 90%) of the title compound.

Example 7: Synthesis of 1-(N-t-butoxycarbonyl)-4-(t-butoxycarbonyl)
aminomethylpyrrolidin-3-one(1) '



in |0[err] of n-propanol, and 1.2[err] (4.8 mwol) of tri-n-butylam ne was
added thereto. 20ng of palladium catalyst was added to the above
solution and then the m xture was reacted for 24 hours at roomtenperature

under 1 at m Gfobysssagen pressure. The pal | adi um cat al ystporagrosgém®y ed by
filtration, and the filtrate was diluted with 30nlt of ethyl acetate. The

resulting solution was washed with 1N fydrochloric acid solution, washed
again with aqueous sodium chloride solution, and then distilled under
reduced pressure to give 480[err] of the title corrpound quantitatively.
[err] am nonet hyl pyrrolidi n- 3- one)slln;

[err]
PCT/ KR99/ 00099 0 NHBoc °c 18 500g(! .6 nol)
of 1-(N-t-butoxyc nyl)-4-(t-but oiggibonyl)
am nonet hyl enepyrr I n- 3-—onel4 pr ed in Exanmple 2 was dissolved in 5

t of tetrahydrofura and 500nf err] oflfborate buffer solution(pH=9.0+ 1)
was added thereto. éwg of pall adi um cBeal yst was added to the above
solution and then the m xture was reacted for 6 hours at roomtenperature
under 1 ai mof hydrogen pressure. The pal | adi um cat al yst was renoved by
filtration, the tetrahydrofuran was distilled under reduced

500pg(1.6 mmol) of 1-(N-t-butoxycarbonyl)-4-(t-butoxycarbonyl)
ammome&ylenepyrrohdmé-one(7) prepared in Example 2 ‘was dissolved
in 10p of n-propano], and 121¢{4.8 mmol) of tri-n-butylamine was —
added thereto. 20pg of palladium catalyst was added to the above
) -solutio_xi and then the mixture was reacted for 24 hours at room
temperature under 1 atm of hydrogen pressure.  The palladium catalyst
was removed by filtration, and the filtrate was diluted with 30pe of
ethyl acetate. The resulting solution was ‘washed with IN hydrochloric
acid solution, washed again with aqueous sodium chloride solution, and
then distilled under reduced pressure to give 480pg of the title compound
quantitatively.

H-NMR(CDCls, §, ppm): 4.95(s, 1H), 4.05(t, 1H), 3.95(s, 1H),
3.63(d, 1H), 3.32(m, 1H), 3.34(m, 2H), 2.76(m, 1H), 144(m, 18H)

MS(FAB) : 315(M+H)

HPLC purity: 97.2 %

Example 8: Synthesis of 1-(N-t-butoxycarbonyl)-4-(t-butoxycarbonyl)
aminomethylpyrrolidin-3-one(1)

N N
Boc Boc



pressure, and the residue was diluted with 500[err] of ethyl acetate. The
resulting solution was sequentially washed with 1N hydrochloric acid

sol ution, saturated aqueous sodium bicarbonate solution and agueous sodi um
chloride solution. Then, the organic |layer was distilled under g)gsyced
pressure to gVP@¥BYg of the title corrpound quantltatlvel yFCTRERIB Ence
Exanpl e 1: Synthesis of 3-am nonethyl - 4-net hoxyi m no- pyrrol I di ne

hydr ochi ori de( 2) [err] : 830g(0 09 nol') of

| - (N-t-but oxycarbonyl ) - 4-(t-butoxycarbonyl)ani no methyl pyrrolidin-3- one(l )
prepared in Exanple 3 was dissolved in 150nZ of ethyl acetate. 9.06g(0 11
nol ) of methoxyl am ne was added thereto at roomtenperature and the

resul ting sol uti og00gs.6coamelyl dofin 14Na@rbutotyeasbonyli-4vigbutasieabomdpwi se

4.39(0 11 nol), of sodiumh xide, dissolved, in 17 of water .in,a cold
state. 5 nyAIBIOMEED] ﬁj %s%f dPEEPETSHi hﬂ%ﬁ?&% KLYkl ti ng

sol ution was. stisr uti H—90+
PCT/ KROO/ 0001395 (ﬂdtefn%y@m ?%md SOOmQV\Qf%%ﬁé"%?fer g solution(PH=0.0

tenperat ure.1) vhfst addddaylearetdor maa()gomf pﬁhdaqmemﬁydtay/es a(hisddtomﬂn ded, and
the organi c |ayer s washed on w,th saturated,s and hen d| stilled
' under reduc@?vﬁr é‘\éli,a'iﬂ?lb agd heR ¢ ?é’FtP’E?W"YaISq{?F‘Ef dl@f)rr{'elb‘? was

added to the #&a&@h he afrf o hird@e&P Ipkdssire, WaThe mudpwe:al tOC -
21.29(0. 27 rr%“%pq' gcety -chl or?ﬁdeywaé slﬂgéwly added dropwise to the cool ed

sol ution, whivak rmsvembyn filtratinny the tewahydrafomsr way distilled junderjredyeedibout 3
hour s. andflltered e cry t huls ai h th 40nZ
of ethyl aceP’&F%"r?’oa@ Fé‘dé'ﬁ( WP%I‘ﬁf“%@O %‘f 5@‘3@ Fﬁﬁ@' c%cr%{%%elsmg‘ghém -

-. resulting solution was sequentlally washed with IN hydrochloric acxd

solutlon, saturated aqueous sodium bicarbonate solution and aqueous
sodium chloride solution. Then, the orgamc Jayer was dlsulled under
reduced pressure to give 500g of the title compound quantitatively.

Reference Example I: Synthesis of 3-aminomethyl—4—methoxyimi.no-

pyrrolidine hydrochloride(2)

. . O M
0, "NHBoc Me\N NHz‘ZHC

.AW _ N

30g(0.09 mol) of 1-(N-t-butoxycarbonyl)-4-(t-butoxycarbonyl)amino
methylpyrrolidin-3-one(1) prepared in Example 3 was dissolved in 150p¢
of ethyl acetate. 9.06g(0.11 mol) of methoxylamine was added thereto
at room temperature and the resulting solution was cooled down to 0T,
to which was added dropwise 4.3g(0.11 mol) of sodium hydroxide
dissolved in 17py of water in a cold state. 5pg of acetic acid was

added dropwise thereto and the resulting solution was stirred for about 3



Ref erence Exanple 2: Synthesis of 7-(3-am nonethyl -4-net hoxyi m no-
pyrrolidin-1-yi-Il-cyclopropyl-6-fluoro-4-o0xo0-1, 4-di hydrol |, 81-napht hyri di
ne- carboxylic acid (9) 141 ng (0.5 mmol e) of
1- cycl opr opy| w@-9gidesr o- 6f | uor o- 4- oxo PCT/KRY99/00099
-1, 4-di hydro[ 1, 8] napht hyri di ne- 3-carboxylic acid and 108 ng (0.5 nmol e) of
3-am nosret hyl pyrrolidi n-4-one O-nethyl gxi ne di hydrochl ori de were added to
2.5 mM of dry acetonitrile. Then, 230 ng (1.5 nmol). of
1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene was sl owly added dropw se thereto and
the nixture MRS tafeam rigmperaBirgour Adtea lawern Tormatien, dlaswreqeepusolayer
t enperat ure. : I Stial t r ti ution.
The preci pi twg%segﬁxgééﬁeg, V\%{g ;lﬂgege?r an% l‘ﬁ% gglggvgas{hgdo i E" G?Q%Igﬁ%iﬁ el d:
85% of the dalinkeamcbitipnuddtilled under redBcad %&9?9%9@23 a yellow liquid. 4 of
2 VWHAT | Al VED | S: 1. A pr r . pr ring a conpound o
fgr mul a (1) :1820?@, o%/E metk'xgnol was [g}d‘eil topﬂ?ec%sfqlslid Ci)md pth(eap?esp]ﬁ)gxg soluﬁrirq% whi ch
Plerr] and BLgLT e hng 1 IS eackion of a
i o V& ﬁub?ga(@ng (e 20280087 nftTBE abit9chloR¥e wdsCA6WtP

added dropwise to the cooled solution, which was then warmed to room

temperature, stirred for about 3 hours and filtered. - The white crystal
thus thained was washed with 40py of ethyl acetate to give 15.6g(Yield
80%) of the tifle compound. |

" Reference Example 2: Synth&is of .7-(3-aminomethyl—4-methoxyimino-
pyrrolidin—l-yl)—l-cyclopropyl—6-ﬂuoro-4-oxo—1,4-dihydro[I,S}-naphthyridi
ne-carboxylic acid (9)

141 mg (0.5 mmole) of 1-cyclopropyl-7-chloro-6-flucro-4-oxo
-1,4-dihydro[1,8]naphthyridine-3-carboxylic acid and 108 mg (0.5 mmole)
of 3-aminomethylpymrolidin-4-one O-methyloxime dihydrochloride were
added to 2.5 ml of dry acetonitrile. Thén, 230 mg (15 mmol) of
1,8-diazabicyclo[5.4.0lundec-7-ene was slowly added drop;wise thereto and
the mixture was heated for 0.5 hour and then cooled down to room
temperature. 1 ml of distilled water was added to the reaction solution.
The precipitated solid was separated and dried to obtain 167 mg (Yield:

 85%) of the title compoﬁnd. |



(5) wherein Plerr] is as defined for formula (1); with a Raney-nickel
catalyst in a sol vent under hydrogen to produce a conpound of forrrul a

(6): [err] wherein P is as defined for formula (1); -

protecting the anmino group to produce a conpound of fornul

[err] . WO 99/44591 (7) wherein PF %arﬁﬁég@ooare as
defined for forrmula (1); and c) sel ective reduction of the double bond
to produce the conpound of formula (?@. WO 99/ 44991

PCT/ KR99/ 00099 21 2. The process
according to [ iﬁpmg; and P2 are independently selected from
acetyl, t-bu%@car ony and pi vaI oyl . 3. The process according to
claim?2, wherein P and p2 are both t-butoxycar bonyI 4, The process
according to ,any o e of t Brecedl ng cl ai rrﬁ f he solvent in step
a) is an al céhol PJH“@? 8’% repgring a-compound’ of omma (1)

0 t{‘NHF’Z

|

P L (D
in which P! and P* are protecting g:rdupé; comprising
a) reaction of a compound of formula (5):
o N ST | | -§
p )

wherein P' is as defined for formula (I); with a Raney-mickel catalyst in
a solvent under hydrogen to produce a compound of formula (6):

.o%mz

3

2 o ®
wherein P' is as defined for formula (1); -
b) protecting the amino group to produce a compound of formula
€)> '

o
]
P! (7)

wherein P' and P? are as defined for formula (1); and
c) selective reduction of the double bond to produce the compound
of formula (1).

ARG



5. The process according to any one of the preceding clains, wherein in
step a) the solvent is used in an anount of 2 to 20 tinmes by volune with
respect to the conmpound of formula (5), the hydrogen pressure is from

at nospheri c presadsse to 50 atns, and the reaction tenper atpgracrosodosOom room

tenperature to 600C. 6. The process according to any one of the
preceding clans, wherein the Raney-nigkel catalyst in step a) is type W2.
7. The process according to any one of the preceding clains, wherein one

or nore additives - selected from the group consisting of anmonia water,
gaseous ammoni a and acetic acid is used in an anount of 2 to 4 nol ar
equi val entsowi th p 0 uneh:;af 1f oF (P} LRgSkep . 8.
The process ?\ém corTiﬁég gﬁ{{H?cfﬂs narg:g‘ggl%gﬁgt %gmgr elc’:e(ﬂﬂr%arclzl g',i nshﬂdmhie)r efn%) t he
conpound  dRCCPERGERY asechp? m aseyc tbytoxygarbonyd and. pivaleyl) di car bonat e,
-pival oyl chloride or acetyl chloride in step b). 9. The process
according tq any e of the preceding,clains,,wherejn one,or re bases
selected fromt he%g‘? (ﬂfﬁ"%ﬁ)r&cf’eﬁ%i'% tQfclpm 1% ?r-eﬁhfpox?‘ﬂg} I Wﬂgﬁﬁﬁ]

| sopr opoxi de-bupsXyes&boayh t - but oxi de, sodi um t-butoxide, lithiumchloride,
sodi um hydr oxi de and potassi um hydroxi de are used in an anount of 2.0 to
4.0 nol ar equivalents with respect to the conpound WO 99/ 44991
PCT// KRO9/ 0@099 The process according to any ome of the2precedingorchitng (6), one

or nore solvyan e 3 t Qe. g1 o L sting of tetrahydrofuran,
t ol uene and e%?%’éﬁ‘geas%‘_’%gfsé‘é%fgﬁ nlsa%u%g?ﬁ(gl?g%%@oé[g%}'ti mes by vélfume with
respect to the conmpound of formula'(6), and the tenperature ranges from -40
to 100C in step bype process according to any one of the preceding claims,

- wherein in step a) the solvent is used in an amount of 2 to 20 times by

volume with respect to the compound of formula (5), the hydrogen

pressure is from atmospheric pressure to 50 atms, and the reaction
temperature is from room temperature to 60°C.

6. The process according to any ome of the preceding claims,
wherein the Raney-nickel catalyst in step a) is type W-2. B

7. The process according ~ fo any one of the preceding claims,

" wherein ome or more additives ‘selected - from the group consisting of -
ammonia water, gaseous ammonia and acetic acid is used in an amount
of 2 to 4 molar equivalents with respect to the compound of formula (5)
in step a). '

8. The process according to any onme of the preceding claims
wherein the compound of formula (6) is reacted with
di(t-butoxy)dicarbonate, pivaloyl chloride or acetyl chloride in step b).

9. The process according to any ome of the preceding claims,
wherein one or more bases selected from the group consisting of lithium
t-butoxide, lithium isopropoxide, potassium t-butoxide, sodium t-butoxide,
lithium chloride, sodium hydroxide and potassium hydroxide are used in
an amount of 2.0 to 4.0 molar equivalents with respect to the compound

\

T



10, The process according to any one of the preceding clainms, wherein
the conmpound of formula (7) prepared in step'b) is recrystallized in -a
solvent m xture of ether or alcohol and water in a volune ratio of 1:1 to

3:1 prior toits use in step c). 11. The process accorpqit‘,ﬂ&9 ofy one
of the precedVR§*®ai ms, wherein one or nore netal catalysts selected from
the group consisting of Raney ni ckel , palladi umcarbon and Lindlar's

catal yst are used in an anount of 0.5 £ 20% by weight with respect to the
conpound of forrmula (7), one or nore. solvents selected fromthe group

consisting oy TEA28%), Sﬁé‘%P%ﬁet scma{e@tégﬂeftea%ome b %tc%hgleﬂy gr of uran,

di oxane, acetone one acetate an acetate are
used in an aqﬁamaho'ﬂr @BCI!EI #ad @9’@1& %Fﬁreuwltw ABsaaeynt; &f Onfo conmpound

of for rrul a ( % th%oﬁzﬁﬁcwmnrésﬁéa@%aﬁw Sorthpousias of Feritnfla 1(6),58R€C in step
c). e procéss according to any,one of the preceding clains,

wher ei n in stheptesgperaturepiangds tRE rithtq il @é’blsffpllb)n is adjusted to 8 to 10

usi ng one or m)re organic am nes sel ect ed fromthe group consi sting of

triethylarnine, I (n-but e diiso Iet pyrldlne
4-di r net hyl allrﬁ)*nopy hegj Races 4 hit - ﬁ‘ey@‘ gdlcf%%lm

i m dazol e, Qgwhegdin Nehe i sompoml cﬁ fchmmt hmanpﬂepmd tini estdpand) ans ne,

aspect Lot ARtk of Rty ot bt of "aliBhd e B &, L

or nore buf f eslusm tﬁt:oouﬁ lsletmétleqmbr dxmltshmegmosjpp ©¥nsi st i-ng” of phosphat es,
WO

=

acet ates and bor at es. 13. A conmpound of fornula (6):
99/ 44991 PCr / KR99/ 00099 _ .
23 ... 1ferr]The process accordmg to any one of the preceding claims,

wherein one or more metal catalysts selected from the group consisting
of Raney-nickel, palladium-carbon and Lindlar's catalyst are used in an
amount of 0.5 to 20% by weight with respect to the compound of
formula (7), one or more solvents selected from the group consisting of
methanol, ethanol, n-propanol, isopropanol, tetrahydrofuran, dioxane,
acetone, methy] ethyl ketone, ethyl acetate and butyl acetate are used in
an amount of 5 to 100 times by volume with respect to the compound
of formula (7), and the reaction temperature ranges from 0 to 50°C in.

step ¢).

12. The process according to any one of the preceding claims,
wherein in step' ¢c) the pH of the reaction solution is adjusted to 8 to-10
ﬁsing one or more organic amines selected from the group consisting of
tricthylamine,  tri(n-butyl)amine,  diisopropylethylamine,  pyridine,
4-dimethylaminopyridine, ~4-(4-methyl-piperidin-1-yl)-pyridine, imidazole,
quinoline, isoquinoline, dimethylaniline, triethanolamine, quinine and
quinidine in an amount of 0.01 to 10 molar equivalents with respect to
the compound of formula (7), or to 3 to 5 or 8 to 10 using one or
more buffer solutions selected from the group consisting of phosphates,
acetates and borates.

13. A compound of formula (6):

R e



(6)- in which Pl represents a protecting group. 14. A conpound of

formula (7): [err] ' (7) I n
whi ch-P1 and P2 represent protecting groups. 15. A conpound accordi ng
to claim 13 wosbdsmherein P' and P2 i ndependent |y repr epenikrasotgsl ,

t - but oxycar bonyl or pival oyl. 16. A process for the production of a
conpound of forrmula (2): [err] 23 (2) wherein R is C .4

.al kyl or Cl4 hal oal kyl, or a salt t hereof ; which conprises reaction of a
conmpound of fonnula (1), produced according to the process of any one of

clains 1 to 12, with a c ound of formula (8) R- ONH2
(8) wherein R f ined for fornmula (2); fol |l owed by deprotection
of the am no groups/ and, optionally, salt formati on. WO 99/ 44991
PCT/ KR99/ 00099 N -

P ©

in which P' represents a protecting group.

14. A compound of formula (7):

o U
B o

in which P* and P® represent protecting groups.

15. A compound according to claim 13 or 14 wherein P' and P?
independently represent acetyl, t-butoxycarbonyl or pivaloyl.

16. A process for the production of a compound of formula (2):

H | @

k)

wherein R is Ci4 alkyl or Cy4 haloalkyl, or a salt thereof; which
comprises reaction of a compound of formula (1), produced according to
the process of any one of claims 1 to 12, with a compound of formula
® -

R-ONH. . (8

wherein R is as defined for formula (2);
followed by deprotection of the amino groups, and, optionally, salt
formation.

AR O



24 17. The process according to claim 16, wherein the conpound of

formula (2) is 3-am nonethyl - 4- et hoxyi m nopyrrolidine hydrochl ori de. 18.
A process for the production of a conpound of formula (9), or a
pharmaceutically acceptable salt thereof: [err

(9) wherein ROP¥449% gefined -for formula (2) in claim 16‘,’&'{%93'?9008%@“ ses
reaction of a conmpound of formula (2), or a salt thereof, produced
according to the process of claim16 o# 17, with a conpound of formula
(10): [err] (110) wherein X is a leaving group; and

optionally rm Lead | X.:acaept S : he
process of ci‘gi m nl%g %ﬁg%@gﬁﬁé&com%ﬁ%dﬁgf ‘?gérrglﬁll glllé( gc)omp]o ?Isld of

(RS) - 7- ( 3- anfomundst (3)| is43-spinomeatind dymathawyipynenyriotidine 1hydrgchlaride.

-cycl opropyl - 6-fl uoro- 4- oxo-1, 4-di hydro- 1, 8- naphti yri di ne- 3- car boxylic acid
or a pharmaceutically acceptable salt thereof. 20. Thf ?rocess of claim
19, wherein lhe cdkmsessss dor thsr prductiom) of aj epmpound of formula (9), or a

(RS) - 7- (3- amymppRbdhticatfy SYcptiBld oAty ieréyt: pyrrol i din-1-yl) _
-1-cycl opr opyl - 6- Tl uor 0- 4- oxo- 104- di hydr o- 1, 8- naphhi yri di ne- 3-car boxylic

aci d net hanesul fonate sequui h\yd at €00
|
RO -
e 2 15 S
©)

NH,
wherein R is as defined for formula (2) in claim 16, which comprises
" reaction of a compound of formula (2), or a salt thereof, produced

according to the process of claim 16 or 17, with a compound of formula
- 10y '

0
F X . OOH
]
x N N
X -

wherein ‘X is a_ leaving group; and optionally forming a
pharmaceutically acceptable salt,

19, The process of claim 18, wherein the compound of formula -
(9) is  (R,S)-7-(3-aminomethyl-4-syn-methoxyimino-pyrrolidin-1-yl)
-1-cyclopropy}-6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic
acid or a pharmaceutically acceptable salt thereof.

20.  The process of claim 19, wherein the compound of formula
(9) is  (R,S)-7-(3-aminomethyl-4-syn-methoxyimino-pyrrolidin-1-yl)
-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic
acid methanesulfonate sesquihydrate.

Iy



