EP 0 206 283 Bl Description Oloxacin (()-9-fluoro-3-nethyl- 10-(4-nethyl -
- pi per azi.nyl ) - 7- oxo- 2, 3- di hydr o- 7+ I’IdO[l 2,3-de][ 1,4]-

benzoxazik ne- 6-car boxyl ic acid).i sEPk‘% 8PBhe an excel | ent synt hetic

anti m crobi al agent as disclosed in 5 European Patent Specification
EP-B-47 gg. %ﬂ 4 oxacin has an asymretric carbon atomat the 3-position
thereof and I's obtained as a raceinate (specific rotation [a]D =0 ) by

known procesigesin  (BRo-MloRSEhbiny-IoL @M Ry B1-apd BinRR floR Rt 3 didtiloyr Hagdo anmunds

of the r 8sRRasindd-tabortit RciNE whdWi N6l b RAtexdellt SinthbticCAabRRISBEN £Jbnt Ak |dRXIBHH

POS S eS$ e gurdpbai Pitbritispdcibitioh EmBUr vty of about 2 tines higher than that of

t he () - conmumgxadin aasl amRsyaGastre damsh Gioyat[tey B-hoskion sakeid is beinddhat a edcerbdie

() - conpospetiiasrodidnelalsi Bed: i)Nbyrkro@n kpyockssbs. afhe NessntaidvehinisStbtaivied ampticalin adtine

ot her hananpolrtie giritbs ememicnOmcsr sndf umd thahite $(Heofourd o ofiaxpiyupobsestés b t S

an ant i meaimignibial acigityi of iabgut @ftime lhighey Beantthat ofl e t=p-cdmpbO® andrap ot dxicif (LPhe

() - corpowpaker Wreﬂ’-a,t@ thiet (tyrompaad e delermigediinemicp Ry iravpnoss pdinisratian Py thecpther t o

t hat of = D#g. {9 PresarhiBvRTLe's fppngtthat dhe R(pkcagpo ?"df%'F"PﬁS@P agigsial petivivad oplsebeYt ound

to have \Vé?? @Ql"F"&thét%l‘*‘t? e’r°P"“%°é‘"d |‘”h%feas‘ RPETeE%S el a%‘Fﬂ ‘P’f‘ﬁ‘t& Pefisfeafalaequphg ¢ y

and r edu o(t @ﬁ (l',) CP pou axa “\Pé to ve very desnrable

phar n'aceﬂ?P ent as com h the cgi;;@%‘:rc %?) XI(Q’IH ’thi\ﬁ Xpe % o%%}a:\?ﬁg

R( +) flo T (ﬁls)e d )s& aQs vﬂte‘ (?u h{yéag ;I% 1d as

i ncr ease ) wutﬁ p'o rMs glsthn @an\’ﬂe c() rﬁi'a %sg Qﬁpﬁgg%g

with free,.nc‘bgr;p&wa bifindn wp@atasm%ma use o 'nl ectab

preparati ong, obl;&%m.sardmaﬁ BEESowielch oPRaIFRBIE RBer i QFBXEJTﬁanQ)&QQrFaIOB? ntal data

shown per ei Aaathér%,ecp%m thizliv@mion @fto bldiide 4 RAVEINkdcENR férSrep@ring fal Bhtid&lly ABtive Rbineradk | Y

iﬁl ve | padketin &fd ikndog¥aci n and its anal ogs. 20 Anot her object of this
enti on iThe ipees@it Owérgien lae e hbn prticaie astivé omET @ [DHoxNacig asthitsogdblbgsawHion cacbe ve

i sonmer oOtepfeséntadayithe farmdiai(¥ls anal ogs. The present invention relates to an

optically active isomer of Oloxacin and its anal ogs which can be

represented by the formula (M): 25 3 [err] RL wherein [err] represents a

fluorine.atom [err] represents a nethyl rouB, and R3 represents a nethyl

or an ethyl group. The optxgall i of Oloxacin and its anal ogs

of the invention can be pre]p €d DY anyyfof 40 Processes AvIB and C shown

bel ow. Irrportant i nter at es t he fonmpounds of fornula X: [err] 50
wherei®h [err] is_a flgdori S is a halogen atom such as a
\ori;pe

fluorine atom orR3™—c

35

wherein X; represents a fluorine atom, Ry represents a methyl group, and Rz represents a methyl or an
othy! group.
- The optically active isomer of Ofloxacin and its analogs of the invention can be prepared by any of
40 Processes A, B and C shown below. Important intermediates are the compounds of formula X:

4 Q
X ,\N/ _ (X).
2
o\)‘CHa .

50

wherein X, is a fluorine atom and Xz is a halogen atom, such as a fluorine atom or a chlorine atom, and
preferably both X; and Xz are fluorine atoms
Q represents

55 a hydrogen atom or a group



preferably both [err] and [err]  are fluorine atons; Q represents 55 a
hydr ogen :atomor a group 3 ~ EP O 206 283 Bl [err] [err] 10 wherein R2
represents a substituted sul f onf® G2A83 Bin al koxycarbonyl group or an

ar al kyl oxycar bonyl group, such as a p-toluenesul fonyl group, a

benzenesul fonyl group, a nethanesul fonyl group, a t- butoxycarbonyl group,
a benzyl oxycar bonyl group, a p-met hgxybenzy! oxycarbonyl group, etc.,
preferably a substituted sul fonyl g[%up, and nore preferably a

p-tol uenesul fonyl group: and n feprgsents an integer of from1l to 3 and

preferably 1 or 2. 15 Process Ac]ii;:‘ 0

O [err] OH [err] NO 30

[err] 35 CH,) , 0
optical Resolution [err] 45

[err] 45 optically Active

( 11 )0 5ehesin B2 reprgspnty) a 2xQbsti®8 sBifonyl group, an alkoxycarbonyl group or an aralkyloxycarbonyl
group, such as a p-toluenesulfonyl group, a benzenesulfonyl group, a methanesulfonyl group, a t-
butoxycarbonyl group, a benzyloxycarbonyl group, a p-methoxybenzyloxycarbonyl group, etc., preferably a
substituted sulfonyl group, and more preferably a p-toluenesulfonyl group: and n represents an integer of
from 1 to 3 and preferably 1 or 2.

15

Process A:

2
N
NO
265 2
NO
30 () (D) (11) . 2
35
Optical
Resolution NaHCO3
\ > —
N
45 | Optically Active (I1I)

50

55



O [err] 5 DMF [err] 10 (IV) 15 X 1) [err] 2) AcOH - HC1L 20
[err] 25.30 35 [err] (M') 40 wherein [err] and [err] are as
defi ned *above. More specifical | yEP 0286283 B3- hydr oxynet hyl conpound (1) is
treated with 3,5-dinitrobenzoyl chloride. etc. to obtain its derivative,
such- as the (err)-3,5-dinitrobenzoate conmpound (I1), which is then
optically resolved 45 into two opticgally activel conpounds by an appropriate
met hod, qgﬁg + 'gq-perfornance Ii%ﬁio chromatg- .ﬁﬂ9cﬁmflc3. The
subsequent prce W es can be applied to the S(-)-conmpound and the
R( +)3 conpouggrto lead to the respecti oduct, but in view of the
pur pose of the present invention, t ct (M') is shown as
S(-)-form The resulting optically active npojund is treated with sodi um
hydr ogencar bonate, etc. to selectively 50 Gyd Z he benzoate noiety to
formthe hydroxymethyl compound (I11). The hydroxynethyl conpound is
converted into the 3-iodonethyl conmpound (1V), by using an iodinating
reagent, which is then reduced with n-tributyi?q% hydri de, etc. to prepare
t he 3-net hyl conpound. This conpound, w thout being isolated and purifi ed,
can be hydrolyzed as such under an acidic condition to obtain the
3-net hyl -6-carboxylic acid (V). The carboxylic acid is then reacted with
N-met Byl or N-ethyl pi perazine by, for exanple, heating while 55 stirring to
obtain the 10-(4-methyl or &hyl piperagi nyl ) €tpound (VI'),6§“%Hfinm

R

product. 1} nEpoSwE/REpH] 3=

2>

Lo 2) AcOH - HC1
.L/ 20 X2
_ CH,
25 (v')
o)
%0 X, COOH
. R3 —N N N
0\)\
CH,
\ (vi*)
\J' 40

wherein Xi, Xz and R, are as defined above.
More specifically, the (+)-3-hydroxymethyt compound (1) is treated with 3,5-dinitrobenzoyl chloride. etc.
to obtain its derivative, such as the (%)-3,5-dinitrobenzoate compound (ll), which is then optically resolved
45 into two optically active compounds by an appropriate method, such as high performance liquid chromatog-
raphy (HPLC). The subsequent procedures can be applied to either of the S({-)-compound and the R(+)-
compound to lead to the.respective final product, but’in view of the purpose of the present invention, the
final product (VF') is shown as S(-)-form.
The resulting optically active compound is treated with sodium hydrogencarbonate, etc. to selectively
50 hydrolyze the benzoate moiety to form the hydroxymethyl compound (lll). The hydroxymethyl compound is
converted into the 3-iodomethyl compound (IV) by using an iodinating reagent, which is then reduced with
n-tributyltin hydride, etc. to prepare the 3-methyl compound. This compound, without being isolated and
purified, can be hydrolyzed as such under an acidic condition to obtain the 3-methyl-6-carboxylic acid (V').
The carboxylic acid is then reacted with N-methyl or N-ethylpiperazine by, for example, heating while
s5 stirring to obtain the 10-(4-methyl or ethylpiperazinyl) compound (VI') as a final product.



Process B: 5 Dinitro-
[err] 2.
Acet yl atsi on (VII)

1) 35

3

EP 0 206 283 B1

[err] De-acylation 40 CH OCOCH (I X)

(Vi) Opti cal

| somer 50 55 6

Process B:

15

20

¢

25

30

35

‘\__/' 40

50

55

Hydrolytic
Enzyme

—————
NH

© \)\ CH,,0COCH

3

(VII)

CH20COCH3

EP 0 206 283 B1 COCC 2H5 [err] 10

Xy

X,

Nozoe-acylation

benzoyl ation 2 Hydrol ytic Enzyne

benzoyl atior. 2) 20

2 Opt i cal

)

Dinitro-
benzovlation
NH -
O\V/J\ O
CH20C CH3
{(VII)

+
1)
Dinitro-

benzoylatiorn

2) o

B Acetylation
0\\//1\

CHZOH

(VIIT) J

1) X
Optical 1
Resolution

L

2 NH
} X,

(VIII)
Optical Isomer

[err] (VII1) 25 30 NO
Resolution [err] 2

O\/l\'
CHZOH

(V1)



(X ) [err] OOH [err] CH CH 25 30 0 35
OOH [err] 40 3 (VI') 45 wherein [err] and [err] are as defined above. As

descri bed previously, 7,8-difluoE8-02@-288181dr o- 3- net hyl - 4H-[ 1, 4] benzoxazi ne
havi ng the fornula (X) wher ei n [err] and X2 represent fluorine atons and Q
represents a hydrogen atomis an inportant intermnmediate for synthesizing
Ol oxacin. The inventors have conducted variou bEV stigations on an
advant ageous 50 process for preparng an optic ger of this conpound
expecting thatlstwoyl d be a usef UL gpE ng cogt fior synt hesi zi ng
the S(-)-iseser of t hag been ?o when
racem c 7-fl uoro.8 0 3-dih met hyl -
[ 1, 4] benzoxazi*re (M), Q@Pa substrg 3 ol yzed mﬁth an appropriate
enzynme, such as a C=°Lgba‘ﬁknd of Iipase,.to fQrma
7-f1 uor o- 8- hal ogeno- 2,°87di r o- 3- hydr oxymety [ 1, 4] benzoxazine (M 11),
thererds a 55 difference in the rate of hydrolysi$ between the (+ )-isoner
and the (-)-isonmer. For exanple, the conmpound (VII) was reacted with
| i poprotein |ipase {#PL Amano 3 derived frotkIPdeudononas aer ugi nosa,
produced by Amano Seiyaku K. K.) or |ipase (derived from Porcine pancreas,
produced by Shigma Chem cal Conpany (U.S. A ); derived from Candi da
cyl i nfracea, produced by Shigme 7 EP 0 206 283 B1 CRenical Conpany; or
derived from Rhi zopus del emar, -rod i_Lkagaku Kdggyo Ltd.), and
the reaction with ti Egegﬁg%ugﬁ- | unyr: %Lge
QE§-120A, 4.6 x 250 mm

20

L _— -
: X N Xz N
= 2 0\)\ \O[\)\ cH

25

3

(X11'") : (V")

30

35 Xl OOH

45 :
wherein X, X2 and Rs are as defined above.

As described previously, 7,8-difluoro-2,3-dihydro-3-methyl-4H-[1,4]benzoxazine having the formula (X)
wherein Xi and Xz represent fluorine atoms and Q represents a hydrogen atom is an important intermediate
for synthesizing Ofloxacin. The inventors have conducted various investigations on an advantageous
50 process for preparing an optical isomer of this compound expscting that such would be a useful starting

material for synthesizing the S(-)-isomer of Ofloxacin.

As a result, it has been found that when racemic 7-fluoro-8-halogeno-2,3-dihydro-3-acetoxymethyi-4H-
[1.4]benzoxazine (VIl), as a substrate, is hydrolyzed with an appropriate enzyme, such as a certain kind of
lipase, to form a 7-fluoro-8-halogeno-2,3-dihydro-3-hydroxymethyl-4H-[1 .4lbenzoxazine (VINl), there is a

56 difference in the rate of hydrolysis between the (+)-isomer and the (-)-isomer.

For example, the compound (VIl) was reacted with lipoprotein lipase (LPL Amano 3 derived from
Pseudomonas aeruginosa, produced by Amano Seiyaku K.K.) or lipase (derived from Porcine pancreas,
produced by Shigma Chemical Company (U.S.A.); derived from Candida cylindracea, produced by Shigma




acetonitrile/water = 1/1 by volune; velocity: 1 m/mn). Wen the rate of
hydr ol ysi's reached about 55% the conpound (VIlI) was recovered and led to
the 3,5-dinitrobenzoyl derivati\EP §206§283Bie resulting reaction 5 product
was quantitatively determ ned by HPLC (colum: Sum packs OA- 4200, 4.0 x 250

mm  sol yent : n- hexane/ 1 2 d| cH or oet hane/ et hanol = 92/6.4/ 1.6 by vol une;
vel oci t he jcap 2 Pﬁnder'eﬂlaf (9'°8‘f'°e I'?lé Ka%)"‘“l 'g’éYPe?? '-t )4 f’@dh‘ier of
the co ﬂ %11 t tlm? wa ter t r ug ent
1 10 E”Ece onity| aer y volumeRgﬁlo lty é?
I wa recov to th |t ctlon

( P. aser ngbtﬁp@ ng&t med by HPLC (col u Lpac s nt n-

33.6  hexane/t,2-dié % h Ie a 92/6.4/1.6 by volume v n) tX'obfél f’?ec of the
54.5 (+)-isomer/©soHar3ét thb v'nﬂﬁ:ﬁ@(v(l P Thddedlkd d are shown in Table 1 be

56. 8/ 43. 2 These results lead to the conclusion that the optlcally active
conpounds (VI1) and (Vil) can be obt ggeed 20 by utilizing the so-called
asymmetric hydrolysis with these enzymes. Process B accordl ng to the

resent inventi onfcomnpr SES LIH tral ogeno- 2. 3-
gi hydr o- 3- acet oxypet h\}jlén r(q"gm h«nng7J )xaa}? %Z-‘y?re)ﬁﬁ(hlw &?)iri) agymetric
hydrol yti c enzyne|t LBLNGU@\%P aarumosta)u e corrp$4i7S| ng tHhe2®¥&rt | ng conpound
(M) richineit 1étpai9rf8 demanpt i cal i somers5¥hd a 3-|h§aR@dyfret hyl conpound
(Vilys separati ng| tivesedE-ainf@ceaht o each conffdund, di|nPt¥dehzoyi ating
ei ther one or bot h lEpseBP8RCress)  conppunds atef furt hdr S84y ating t he
benzoyl at ed 3- hydroxynet hyl conpound (Vil) to obtain the com pound (IX),
separ at i Nnghéseeesolts @b the ictriciisibBat Azt dpelly achiai@mpodays @N)yaad ahil) candel oBained

t bngilizitgethe seacaliddi asgmrietdn hyerdlysiptithabdse esgmes. t 0 deacyl ati on and

c@/hygr oXx Yy |PadcpssrB becorting rig thef présagvinveative tpmerises readties saacetn Ditbatdrhampenofai3t cal | y
acti ve dihfdrodraagtogmiedtly biitindlbonzexadind i) w4t -ameasyryetdHh{dioli} perymextazieemger(X' )
and t hemixys complising theapriiforesmpenpe (\Biatichyin aithed qne oDpdtiest iserhers end 4 F-kydeomerhatty! (VI ')
by knovaP H@ég'g)e%epa'ﬁ"@d@s@"“ﬂedm 350 CorppPRh figjiobgnaoylating pithreene lsebqth of fese at ed

in saecs F s e it dpcieriy g sapasInTiEnpaR Al @ ermoNon |

i s di ss ] ﬁepé"aﬁ" f° th a'l:i ésrbyé ké%'z S&Hﬁ“‘g d?%‘f“%?} n

| i ! i on
at péieq,,?}é% t%f,“%%& “g@'a; ihe 25’5 'me °" *eaf'a%t 0L s Py b o

t hereb

ventid | 2 é&ﬂgp n ﬁi tﬁl fe}rlﬂ {ogsec ch)exa grrer and

t he @b”poqﬂg r&%\lk)corﬁb&lhd W?l) Ish:ﬁss déd in 'aSPIVF phosphidfic S&fb P H g} g@up&p?otem
recover fishsd [LPEAMBRIPE)GPEddRE & HBid 8GRio¥% ﬁﬁereﬂ%a%"reﬁ\ﬁtl&ha@ﬁ? @fmﬂuk ?eaéﬁ?)h Vigdt
such as(-©tdbound Rt dientdilyerydBQa 1& MEXBRIoie a rfd@fd biaRe EBMbosHIS P e makd (ed out
N an appherhd G odcYad(Val) BN iV @R+ )-BHdN. ThE rédctibh XBaurS Bl r¥d\dredah ak Sipépiie and
N- hexanetagetly ewtiictin with iy oiganhsolvert, suesds Rihyleacgiate. DEAE- Toyopear| 650M or
Toyopear | ThaBe eatymatic BactiGe iy els@be aanthdsque insanngpp@gr@rst orgeniclegivers,isich & 4 esi n,
such asmixabeolyant of DeABINT an@Buthgikane, oy Ging e hydBiphild reein.ce.g.. REARToyaetsd I6HANI we
fixi ng &eyeprarl HW140aetdi eri Gofite agi 8 dissrsingraghn oF leusing Riresy. ugher AnbediteOADers Butyl-
phot o- chv@eqar' REM Siesasran adsprative dijeg pesel 1 e usepicindlusive fings ageplenaiceles ed t o

4bt p quI'néedt r@s%ep f.u@glpnet q»\'gpolymers etfc., is also conS|dered to make it possible to effect the
enzymatic reaction in an organic solvent.

The reaction in an organic solvent with an aid of appropriate dispersing agents or fixing agents as
described above is advantageous in that the substrate can be reacted at higher concentrations than in an
agueous solution and that post-treatments after the reaction can be simplified. Actually, in the case of
performing the reaction in an organic solvent, the reaction mixture can be recovered in high yields simply
by filtering the dispersing agent or fixing agent in an appropriate stage and concentrating the filtrate.
Moreover, the fixing agents can be repeatedly reused to advantage.

The compounds (VII) and (VIIl) in the reaction mixture can be separated and purified by a usual method
of separation, such as silica gel column chromatography. The thus separated compound (VIi} is treated, for
example, with 3,5-dinitrobenzoy| chloride in tetrahydrofuran in the presence of pyridine to form the 3,5-
dinitrobenzoyl derivative (IX), which is then recrystallized from an appropriate solvent, e.g., a mixed solvent
of ethyl acetate and n-hexane, whereby the racemate is preferentially crystaliized. The racemic crystals are
separated by filtration, and the {-)-7-flouro-8-halogeno-2,3-dihydro-3-acetoxymethyl-4H-[1,4]benzoxazine 3.5-
dinitrobenzoy! derivative (IX) having a high optical purity is obtained from the filtrate.

The compound (IX) is then subjected to de-acylation treatment by, for example, hydrolysis under an
alkaline condition to form the (-)-isomer of the compound (Vill). This compound is dissolved in pyridine and
treated with thionyl chloride, and the’ product is further subjected to dehydroxylation in a usual manner,
such as reduction with sodium borohydride in dimethyl sulfoxide, to thereby obtain the (-)-7-flouro-8-
halogeno-2,3-dihydro-3-methyl-4H-[1,4]benzoxazine (X") having an optical purity of 99% or higher.
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40 enzymatic reaction in an organic solvent. The reaction in an organic
solvent with an aid of appropriate dispersing agents or fixing agents as
descri bed above is advant ageous iEP 0R0d 28381 substrate can be reacted at

hi gher concentrations than in an aqueous solution and that post-treatnents
after the rgaction can be Slnﬁ ied. Actually, in the case of performng

th PP heReeg I e oated it nase. (g frorx Candidacogindigesars Eoriee ed
i g v g e oqjggfy 57 %eer?fié'sﬂ g @Vﬁf’é‘r’g‘é‘@ﬁtﬁ emd(\%r»chsmﬂw&) o i

a co

an appro "%ﬁp HW@'St hEein n
agenlto 55 cgs%f;’ oy {h? C:::?e% ag%,a{:[med 1 311?“8'9‘ §'° VP T§rmAhy () VP )

in the rgaRd ianid MEhad: gg ges%gd m ndpS caf' f}'e%am(?sf[ﬁ’ﬁ'l 'ﬁBPH‘&? of
separ ati on oﬁd%éyn%trélﬂya&@seg h.cﬁe nUJEn.e PH tﬁé’ lésent Nnbidlys éﬁ .
conpound afoVé-tekitdaSerkzyrat &, bel RindCEREP R, théN'al; entiofibd Widcldd ﬁ ;8 QZ Of! nge In
t et r ahy dinashtsaas obtain - H&oRpREGNHE sihe Ydelidibd R ofeéanéMaIEbJe based on the
di ni t robetmmeylcidhesn vati ve (1 X), which is then recrystalllzed from an
appr opri at hs 6)-aoembynd@f Qfloxactn anil seatbgs Bkbreatithn 6 prédalvy o Rt rdl e indARbditdd XK@ €,
wher eby priegent invsetmthevingsheiom u@r(§hin iasdotdance wits Patdss Zad illustiaed baseni ¢ crystal s
are separated by filtration, and the _
(-)-7-fl ouro-8-hal ogeno- 2, 3-di hydr o- 3- acet oxynet hyl - 4H[ 1, 4] benzoxazi ne
3,5- dinitrobenzoyl derivative (1X) having a high optical purity is
obtained fromthe filtrate. The conpound (1 X) is then subjected to
de-acyl ation treatnment by, for exanple, hydrolysis under an al kaline
condition to formthe (-)-isoner of the conpound (Vill). This conpound is
solyed in pyridine and treated with thionyl chloride. and the product is
Kg;ther subj ected to dehydroxylation in a usual manner, such as reduction
W t h sodi um borohydride in dinmethyl sulfoxide, to thereby obtain the
(-)-7-flouro-8- hal ogeno-2, 3-di hydro-3-nethyl -4H-[ 1, 4] benzoxazine (X )
havi ng an optical purity of 99% or higher. 8 EP 0 206 283 Bl When the
racemzg conpound (VI1) is treated with |ipase (derived from Candi da
cylindracea or Porcine Pancreas), the (-)-conmpound is preferentially
hydrol yzed to obtain the conpound (Vill) rich in the (-)-isoner. The
resulting conmpound is led to a conpound in the formof the conpound (IX),
which is then treated in accordance with the procedures as descri bed above
such 8% separation by crystallization, to formthe (-)- 5 isonmer of the
conpound (M I1). The (-)-isomer of the conpound (X ) can then be prepared
fromthis product in the same nmanner as described above with a high purity.
O her asynmmetric hydrol yses which can achi eve the object of the present
inventjon in addition to the above-recited enzynes can be found based on
t he above-nentioned elucidation. Further, when it is intended to obtain (+
) - conpounds, the sane procedures as descri bed above can be fol |l owed based
on the 10 above el uci dati on.
\ L
_ w
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The (-)-conpound of Ol oxacin and anal ogs thereof can be prepared fromthe

novel internedi ates of the present invention having the formula (X ) in
accordance with Process C as il |EPsq 208283 Bjel ow. 15 20 25 30 35 40 45 50 55
9 EP O 206 283 Bl Process C. 5 [err] 10.[err] (XIV) 20 1) Opti cal

Resol ution 2) Hydrolysis [err] 30 35 45 [err] (XI)
50 55 10 Process C:

X, N 12
1 | X '

3 N
+*
0 X NH \1::_:W
(CH,)

15
(x") ' (XIV)
20

%)
l) Optical Resolution

o R
25 A
X N >
2 ’JL\I:;_fw 2) Hydrolysis
os\//l\~R (CH)n
1 .

30

(x™)
35
cooc. |
\ X *1 ? 2ooc H
o il
. o
| X, NH X, N '
o\\,/Ls o\\,/L.
45 R Rl
(X) (XI) '
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EP 0 206 283 Bl [err] 10 ( XIl ) (V) 15
[err] COOH 25 (VI) 30 wherein n,%;err and [err] are as defined above,
[err] is' nmethyl and X3 is a carb x9?°é?ﬁﬁ§1or a reactive derivative
t hereof, for exanple, an active ester, a halide or an acid anhydride of the
carboxylic acid. In Process C,_ the 7-flouro-8-hal ogeno-1, 4- benzoxazi ne
derivative (X ) is condensed Wth a cyclic amno 35 acily or a reactive
derivative thereof XX V) through awode Bgnkzge forpati gA t o_gooduce t he
conpound (X"). The congénsa rGact i Gn-can be ¢t 1 QY either one of
the astive ester nethod i met hod, but,
general ly, the conpourOx{X j fierein [err] is
~C0Cl are reacted irfan o ganic sol vent such?as hallogengted hydrocarbons.
e.g., dichloronethane, iq;igg/béesence of an acid @qgggigr such as
pyridine, triethylamne or taSgl um carbonate, at rodm temperature 40
whil erostirring. The reaction proddct can be isolated and purified in a
conventi onal manner, such(§§xgrystallization, col um syronatography, etc.
In this condensation reacti On, when either one of th&¥{wo i somers of the
cyclic amno acid or its reactive derivative (XIV), i.e., an S-conpound or
an R-conpound, is used, separation of the diastereoneric m xture of the
conpoﬁnd (X") can be carried out easily. Mre specifically, derivatives
(XIV), such as S- or Rproline, 45 S or R-pipecolic acid
(pi peridine-2-carboxylic acid), etc., are suitably used. The nost preferred
onpounds (XI'V) in (S) - N-benzenesul f onyl prol ige and
gs?-Nmp-tolue | fonykprol i ne. The digastereonerid nixgﬁﬁﬁgof t he conpound
i oMy et oftat ogr aphy usi ng

(PO
t herpof. The thus separated
dition, to forma

(X') can be separatedy fractional crysta
silica gel,_etc. _as a cargier, or a conbing
di astereoner is hydrolyzed, usually unter 2
7-flouro-8- 50 hangeno-S-(S%nﬁeN yl-[&,4]b
can bs | ed to the 9-fl ouro-10~hal odenos/3- (S)-
met hyl - 7- oxo- 2, 3-di hydr o- 7Hpyri do[ 1, 2, 3- de] [Ox4; zoxazi ne- 6- car boxylic
acid (V) through known reac- tions, which can then béﬁponverted to the
10- (4- met hyl or et hyl pi perazi nyl) conmpound (VI). O the above-described
Proceasoses A, B and C, the particularly pref erré¥¥)s Process C.

wherein n, X;, Xz, Rz and Rs are as defined above, R; is methyl and X3 is a carboxy! group or a reactive
derivative thereof, for example, an active ester, a halide or an acid anhydride of the carboxylic acid.

In Process C, the 7-flouro~-8-halogeno-1,4-benzoxazine derivative (X'} is condensed with a cyclic amino

35 acid or a reactive derivative thereof (XIV) through amide linkage formation to produce the compound (X").

The condensation reaction can be effected by either one of the active ester method, the acid anhydride

method or the DCC method, but, generally, the compound (X') and an acid chioride (XIV) wherein X3 is

-COCI are reacted in an organic solvent such as halogenated hydrocarbons. e.g., dichloromethane, in the

\ presence of an acid acceptor such as pyridine, triethylamine or potassium carbonate, at room temperature

'\\_/.7 40 while stirring. The reaction product can be isolated and purified in a conventional manner, such as
crystallization, column chromatography, etc.

In this condensation reaction, when either one of the two isomers of the cyclic amino acid or its reactive
derivative (XIV), i.e., an S-compound or an R-compound, is used, separation of the diastersomeric mixture
of the compound (X") can be carried out easily. More specifically, derivatives (XIV), such as S- or R-proline,

45 S- or R-pipecolic acid (piperidine-2-carboxylic acid), etc., are suitably used. The most preferred compounds
{X1V) include (S)-N-benzenesulfonyliproline and (S)-N-p-toluenesulfonylproline.

The diastereomeric mixture of the compound (X') can be separated by fractional crystallization,
chromatography using silica gel, etc. as a carrier, or a combination thereof.

The thus separated diastereomer is hydrolyzed, usually under a basic condition, to form a 7-flouro-8-

s0 halogeno-3-(S)-methyl-[1.4]benzoxazine (X). This compound can be led to the 9-flouro-10-halogeno-3-(S)-
methyi-7-ox0-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid (V) through known reac-
tions, which can then be converted to the 10-(4-methyl or ethylpiperazinyl) compound (Vi).
Of the above-described Processes A, B and C, the particularly preferred is Process C.

55 Antimicrobial Activity

The antimicrobial activities of the optical isomers [(-) and ( +)] of Offoxacin and an analog compound to
various microorganisms were compared with that of Ofloxacin (racemate), and the results are shown in
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Acute Toxicity
The acute intravenous toxicity of (£), R(+) and S(-)-férms of Ofloxacin in male mice is shown in Table 3
50 below. .
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EP 0 206 283 Bl Tabl e 3 Conpounds Dose (nmg/kg) Nunbers of Day
after treatnent Mrtality 5

mce 1 2 3 [err] EP D 206L863 B1 5 0 0

0 0/5 200 5 2 0 0 2/ 5 400

5 5 0 0 5/5 R(+) 100 5

0 0 0 0/5 200 Tabled g 3 0 0
3/5 400 . 5 5 0 0 5/5 S(-) : 100
5 0 Compoudds | Dose (igikg) | Numbddé &f| 15 Day after treatment Mortality 200
5 5 0 0 0 midd/ 5| 400 5 ) 0
0 5/5 Jerr] (i.¥y. in mce) (err)-forur2ps Hg/ gg"

S(-)-form 244 mgikg—Sollubility 2% The solubility 6f [erP) | R(+) and
S(-)-forns of Of | d¥aci fh i n '@t er |at B teppeRaturedin|the rpng@sof |from 23

to [err] is shown in Téabl e?@ bel gw. Tabl p 42 30| Cohpounds | Wa&&r - $ol ubi lity
(err) sperr] 2490 Rl +)5 5 2. 8p0 85 5 |
S(-)22,500 The camversion abothelintermefi ag es| ofgthp ternul aggX) jinto the
desired Ol oxpcin or ap anabwg theresf chn be pargiefd out py gswelll known
process as dipcl osed, for Gﬂcarrpl ¢, 1% U B %atpentod, B8 89, ﬁmopean
Pat ent Specifjcatg 50N |:J B4 JapganesE Fat et App[T catTpm Nos.
29789/'83 and K3977/°83. 23$ s ifnvegtion wyl 1| nogv bp ijlustrgkedtin
greater detail W|th ref erqu@ to(thegfol| ovg ngl expnp| esq but §,
understood th tHhey—afe—rot—ht-erded—totHtl-the—present
anples 1 to ii’Dsdé'é’dPF‘t?@) preparation of Ol oxacin according to Pr
mples 8.to ExfoaRdBW¥E preparati on of Ol oxacin according to Pljocess B:
and EXanpl es [18Ctfem2#4 dederi be preparati on of Ol oxacin and anal o
conpounds

Solubility

25
The solubility of (£), R(+) and S(-)-forms of Ofloxacin in water at a temperature in the range of from
23° to 26° C is shown in Table 4 below.

Table 4
30

Compounds Water-Solubility (L.g/mi)

(%) 2,400
R(+) 25,800
35 S(-) 22,500

The conversion of the intermediates of the formula (X) into the desired Ofloxacin or an analog thereof
"\ . can be carried out by a well known process as disclosed, for example, in U.S. Patent 4,382,892, European
L Patent Specification EP-B-47005, Japanese Patent Application (OPI) Nos. 29789/83 and 43977/83.
\'/ This invention will now be illustrated in greater detail with reference to the following examples, but it
should be understood that they are not intended to limit the present invention. Examples 1 to 7 describe
proparation of Ofloxacin according to Process A; Examples 8 to 11 describe preparation of Ofloxacin
according to Process B; and Examples 12 to 17 describe preparation of Ofloxacin and analog compounds
- according to Process C.

EXAMPLE 1

Preparation of Benzoyloxy Compound

50 - One gram of (£)-9,10-difluoro-3-hydroxymethyl-7-oxo-2,3-dihydro-7H-pyrido[1 ,2,3-de][1,4]benzoxazine-

6-carboxylic acid ethyl ester (I) and 500 mg of pyridine were suspended in 100 mi of anhydrous
tetrahydrofuran (THF), and 1.6 g of 3,5-dinitrobenzoyl chloride was added thereto, followed by refluxing at
90°C. The suspension was once dissolved, and a colorless precipitate was then formed. The reaction was
continued for 1.5 hours. After cooling, the precipitate was collected by filtration, washed with methanol and
diethyl ether and dried to obtain 1.2 g of (£)-9,10-difluoro-3-(3, S-dinitrobenzoyloxy)methyl-7-oxo-2,3-dihydro-
7H-pyrido{1,2,3-de][1,4]benzoxazine-6-carboxylic acid ethyl ester (ll) as a colorless powder having a melting
point of 240-242° C.

NMR (CDCl3/5% DMSO-dg) s(ppm);
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according to Process C. 45 EXAMPLE 1 Preparation of Benzoyl oxy Conpound 50
One gram of

()-9,10-di fl dor o- 3- hydr oxynet hykpr §20&282B8- di hydr o- 7H- pyri do[ 1, 2, 3-de] [ 1, 4]
benzoxazi ne- 6-carboxylic acid ethyl ester (1) and 500 ng of pyridine wer e
suspended in 100 m of anhydrous tetrahydrofuran (THF), and 1. of

3. 5-di ni t ¥¥0@H7ley F 78K, oPHaGHa A28 Rheiacd T HEZetGChsh| 4uibs | "‘r)-eTT"‘u Hngf at
[err]. “Tﬁbo"ézugﬁﬁﬁsqsdﬂ RS o e Btk 98P Y =3PHZ UG Fire BEoP W8 97 (Ht was
then fdFiee *PRAIGEEPPBh was continued for 1.5 hours. After cooli ng, the
pr eci pi s collected by filtration, washed with nethanol and 55

di etﬁylégft@ﬁépand dried to obtain 1.2 g of

()-9, 1Q5.6if K 9, i 3- (3, 5-di ni trobenzoyl oxy) met hyl - 7- oxo- 2, 3- di hydr o-

H pyri ; e] [ 1, 4] benzoxazi ne- 6- carboxylic acid et hyI ester (Il) as a

col or| essgpRidams 3aMb Behz81dXE birhgdtnd®Ri Blain& in %QaQndieef ¥ds: duéé@t@d[u%tfo]ut/ 0B/l of

DVEQy [ Qifivtelnlifcdhanid (OMF which BiRd GbeerD BurRéB bP listhiatdd. GiRHsoldtion as/ fifiddd, throldi2 £H3)

4.26 ( Aihipord fitdrahd Qrﬁ?{ected kcﬂnm]c, usifhg 4 colurfin & SuRIPackEDA-420078 cih kHs cahflanbialsbvériz ,

7. OHz, of ®hexkneH)2-didhiotethdridiemanoC5-ardy1, (bP vdlun{e? ki,a valocityeB8 fkirin. ar omati c ring

pr ot on) aswite IheintidiHractions Jractio8s Of-the ( Ar@mpbund) tontaigeda Glighh xmaunEtAMPLagerRic

Opt i calcormead (IX duento Sianialnhyldiolysjs avhen difsolvér inDRIWZ dlyely oveye tuidimep purifidd &g siditet edlned i n

Exarp| ehromategsantly gsing shiseblarm te %6 medam®ietloraiim B9 apl plert. -jesecurifisation @rob®MSS  whi ch

had beamreerseief dxtherpbyipbsain 29029 eash offthe teaotntieally Actiymeonopynde Fomerasd ghl- a

m | | i pdpoeed from 890 ragef e spexPerompeur usi ng a col urm of  Suni gacks QA- 4200
2 cm x 99RO an(!let t‘%’b?%ﬁ? ‘f"‘ﬁ's Hé‘?!‘é‘l’fé‘PTpeZatt‘fF Rl OF 88‘?’?9&9?5‘}% RartdP' & 6/3/1

vol ume) at a oCi (c . Si nce the | ctj,0ns..
(frati oﬁ%'g%'fert he ' %’)"mbg%)% gg s£85k; ‘f’?{‘etamﬁer@'r'rla At WB@H %ﬁe’rk?‘%ccem c
%fmpound () due f par i"al " hydrol ysi's when di ssolved in DVF, they were
furt her;ﬁEBME!Ié jed by silica gel 15 chromatography using chlor of ormto 10%
met han oformas an eluent. These purification procedures were
-1 epegt eboh@idnNelEbYERPT af-h, AafibR-a878Rx et PLOLDS-BIRatCA-PyYiddi:3 3481 41
comoummmm—ﬁﬁm
conpourmd—{t1T)—(F)-fsomer: retention tinme: 56 - 76 mns. (colum
t enmrper at Uk @:mixddre ©) 10 MEdftstnakp! Bl NinBof alsfurated[aqlidolis sdiuBdr ¢f Sodhfne bitdrodnate~120. 852,
DI\/F) mg of the optically active benzoyloxy compound [(-)-isomer] were suspended, and the suspension was
30 heated at 50 to 60°C for 2 hours while stirring. After concentration. water was added to the reaclion
mixture, and any insoluble material was collected by filtration, washed successively with water, 95% ethanol
and diethyl ether to obtain 68 mg of the optically active 3-hydroxymethyl compound [(lll), {-)-isomer) as
coloriess crystals having a melting point of 235 - 240° C.

% Elementary Analysis for C1sHiaF2NOs:

Caled. (%): C 55.39, H 4.03, N 4.31
Found (%): C 55.44, H4.01, N 4.49

[« = -125.9° (¢ = 0.918, DMF)
In the same manner as described above, the (+)-3-hydroxymethyl compound was synthesized from lhe
(+)-benzoyloxy compound. Melting point: 231 - 234°C. [«]2® = +1259° (¢ = 0.715, DMF).

EXAMPLE 4

Preparation of Ethyl (-)-9,10-Difiuoro-3-lodomethyi-7-oxc-2,3-Dihydro-7H-Pyrido-[1,2,3-de][1,4]Benzoxazine-
6-Carboxylate (IV)

In 12 ml of anhydrous DMF were suspended 63 mg of the (-)-3-hydroxymethyl compound (lll), and the
suspension was heated at 70 to 80° C with stirring to form a solution, followed by allowing to cool to room
temperature. To the solution were added 340 mg of triphenylphosphite methiodide, followed by stirring for
1.5 hours. The solvent was removed by distillation under reduced pressure, and the residue was dissolved
in chiloroform. The solution was partitioned with a sodium thiosulfate aqueous solution and then with a
saturated sodium chioride aqueous solution. The chloroform layer was dried over anhydrous magnesium
sulfate, and the solvent was removed by distillation. To the residue was added disthyl ether, followed by
stirring, and the precipitated solid wds collected by filtration, washed with diethy! ether and dried under
reduced pressure to obtain 78 mg of the corresponding iodomethyl compound (IV) as a white powder
having a melting point of 214 - 217°C.

50
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20 (-)-1soner: retention tinme: 78 - 98 mns. (colum tenperature:
[err]; melting points: 244 - [err]; [err] = -[err] (c = 0.889, DW) EXAMPLE
3 25 - Preparation  of Et hyl EP 0 206 283 B1

(-)-9,10-Difl uoro-3-Hydroxynet hyl - 7- Oxo- 2, 3-Di hydro-7H Pyrido[ 1, 2,3-de][1,4
1- Benzoxazi ne-6-Carboxylate (lIIl1) In a mxture of 10 m of ethanol and 4

m of a saturated aqueousE@QgMgryQ&|ﬁ,gf§@ng%mlnbpar bonatd, 120 ng of the
optically active benzoylexy ""n“"Juu :scn:r] mc#c :uspended, and the
suspensi on was 30 heat ed gfv""dé'g{ % B2i%urs stirring. After
concentration. water wag s & Peat! 7888 ni xf\'lfrg& and any insol uble

materi 4 was col | ect ed by filt rat I on, vvashed successively with water, 95%
et hanol andTrei(et-tompoatdiv@s otttainedlt thé san@Onanper@é déshibeapioveal | y acti ve

3- hydroxymet hyl conmpound [(I11), (-)-isonmer) as colorless crystals having a
mel ting ;ﬁ?ﬁAMPLW 235 - 240 C. Elenentary Analysis for [err]: Calcd. (%:

C553,%'JT N 4.31 Found (9: C 55. 44, H 4.01, N 4. 49
[err] @Waﬂpn qfrs( 39, ¢0-Bjfygro-I-ethyl-719x¢- ADibudter7HrRyTide! 2kdellb 4 Bprzpegne®ibae- t he
(+)-3- h hyI corrpound was synt hesi zed fromthe (+)-benzoyl oxy

corrpound 'VEW I TS te e%hanol st susJended 78[ e r(lf trﬁe lodomethyi]' cbmpounc? V), ancMﬂLE 4

o

45 Pr eparﬁ fsﬂ) as ;i% 60t 70 C |th stirri a sglution,jpllo ed by allo cgo

(-)-9, 10 f A3 %3% S 2 nxrgxtg.;.?' ) ﬂ\erregwado i g 4B

enzoxazi '}?50 XY\ @'taﬁd éﬁlturgffor"il asvl\@rjﬁ&eé

gy of thend e %s. WWQB‘L‘\!%QN to Q:Ql[mﬁ’k':ﬂr@mﬁtln rhiphy uamgl 4 B SHED 5\5&3051 cm& dgat e

at 70 to chiofolm:WbthihoSlo:1 by RlintePad & dieht t6 Bbtkth b @Ride MnBthyI QURShURY TR &ridd JAGILdtO
coof t o [ Gis$oRBi B Bin Lt Qlacidl Qcdtib Aci6, Gndl 4 infh Bf ddRdeRtraBdd9ekochibic Bl s added thereto.

r i,phefly | anosqatiigt @ refiek ir @i rdlisytest el reavesh Mikturet wasr dongnraisd. Waber vasibGded e
s\'fvent wagcenteteD wiedthé yhusl ipetipitategitanyGtal wast®@iectod tby dithelticpr ebatr ®icceasidlyt Wila waesi due
was di ssetharad andh digtilylostiedr aandndridch ende Fedtided rprasaige [t plptait 128 megl ofnerydtals ofsibel i S¢HN
t hi osul f areragd & devinga eling mointrefl 3Q0 Erer bigheh a sat ur at ed sodi um chl ori de
aqueoug solution. The chloroform|ayer was dried over anhydrous nmagnesi um

sul fate, and the sol vent vgéneh@m\ﬁgﬁg.é}yrcﬂgrﬁngd4atlon Tb the residue was
added di ethyl ether, fol[ewe YgT—ard—the—preei pitated solid was

col |l ected by filtration, ff 1 g %%et 1>)1'3 herN4A% Hried under reduced
pressure to obtain 78 ny U 8 n |"|'1?1§ oddiéthy conmpound (IV) as a

white :powder having a nelting p0| nt of 214 - [err]. 14
[«)3® = -65.6° {c = 0.950, DMSO)

EXAMPLE 6

35 Preparation of S(-)-9-Fluoro-3-Methyi-10-(4-Methyl-1-Piperazinyl)-7-Oxo-2,3-Dihydro-7H-Pyrido[1,2,3-de}-
{1.4]Benzoxazine-6-Carboxylic Acid

. In 3 mi of anhydrous dimethyl sulfoxide were dissolved 21 mg of the S(-)-9,10-difluoro-3-methyl-7-oxo-

_ 2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzouxazine-6-carboxylic acid (V') and 30 mg of N-methylpiperazine,

\— 4 and the solution was stirred at 130 to 140° C for 1 hour. The solvent was removed by distillation, and to the
residue was added 2 ml of ethanol. The thus precipitated solid was collected by filiration and washed
successively with a small amount of ethanol and diethyl ether. The resulting powder weighing 14 mg was
passed through a column of 5§ g of silica gel and eluted with a lower layer solution of chloroform-methanol-
water (7:3:1 by volume) to obtain the title compound, S(-)-9-fluoro-3-methyl-10-(4-methyl-1-piperazinyl)-7-

45 0x0-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid (VI'). The mother liquor left after the
filtration was subjected to thin layer chromatography (silica gel; 20 cm x 20 cm, 5 mm (1)) and developed
with a lower layer solution of chioroform-methanol-water (15:3:1 by volume). Both the purified products were
combined to vield 14 mg of the title compound as crystals having a melting point of 220 - 228°C (with
decomposition).

50

Elementary Analysis for C1gH20FN3Os:

Caicd. (%): C 59.82, H 5.58, N11.63
Found (%}): C 60.01, H 5.69, N 11.53

55

[«]3 = -68.8° (c = 0711, 0.05N NaOHR)
MS (m/e): 361 (M)
NMR (CDCl3) s(ppm):
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EP O 206 283 Bl Elenmentary Analysis for [err]: Calcd. (%: 41. 40,

H 2.78, "N322F0und(% CA41. 16, H 2. 58, N 2.99 5 The (+

) - conpound was obtained in the ERR206A83! as described above. EXAVPLE 5 10
Preparation of

S(-) -9, 1041k, w%fe bYE3 8 lan /s QO éﬁ 49 && 243 (4lgld 1 4] Benz
o f‘% %F L } ?s@btgépﬁg% m%%'sr ﬁztzéﬁspfnzsd

to 70 QV\W\B oﬁﬁdsftaBri?_rt 2‘t9 6@'?‘”(@—% ﬂ)’tﬂ'O@I@Na W' ng to coo
roomg enper at ure the resulting sol ution was added O. 2 m of

n-tri bukydmpLe 7hydri de, and the m xture was stirred at 50 to 60 C for 1 hour
and then at roomtenperature for 1 hour. The sol vent was renoved by

di sti | | evepapatipn apid S(re-FluesideMisshyWes(4-Matbyleertigaehzingl)- G Oota3DibyiFcTFER G Q] BPBHIelUS ng
8 g of Bi4lHecaxagmb-6®Brbaxybafdid @F) and chl or of or m net hanol (40: 1 by vol une) as
an ellwent to obtain a crude nethyl conpound. The crude product was

di ssol vedin 3P Pl ef{diey! gfhesvers| susperded E8hmg f tha $it)-210-diflogro-3aeathyfrono3edihydro-

hydr ochTtpurigolhe B-delifefd danaerezinet drarbaxyic ackh)(ViARE ehtaine an Pragriats. andfalluge $xgess 40

m nut esb°“{"Hé"“P(édffcﬂt“PVb PEerRIQ t""é\’r eddag &rereionwhily sngeA] roopipraperalie fellgmesion Fowire

concZ%t %Fg‘éz?g °i°h@' f“rhﬁ‘ JE? e?'%ﬁa?dmﬂ‘ﬁ §’?§ifr‘:£%9f§ﬁ tb’d1“'|l§%‘t wesh W'th q'ﬁ“‘r"ht | on
wash
ngyggd .,:°ef‘e %?* By éﬁ@% it zggw@mﬁﬁ?ﬁ 3
w iettyl
/a e 05 mI me and heé";l g fon was ﬁa gaé J:_‘IQPQQB hzﬁrs Aft
go coolirlg actlon mNtu?e Shek r@r@t@l T d 5s§]unﬁ& redded Blessute VPR rdsiitdVivhE

Upar a&lésQWed iﬂfS%SﬁIIuBed Qy&%dﬂ@ﬁc@a& Met ey bondign (vds datidodsh bdiween chioroform and water.

- Pi per arrendgligous rafdt vag adlastddhy dipQ-of Ik Wyt indsdkiilmzhydrof®] and then to a pH of 7.4 with IN

[ 1, 4] Bem@imsmaricaeid rieabiims Was extréqédithles tidedWithah i pbrichs @tichioebifdifa] day theseirdcOXi de
wer e di sssalriveove? dodiim snfatd. Mee Bforofor@ whe rethiolddby rdistilBtiste RétyystallizafiorOof the resulting

2, 3- @i hyaMder- fldrk pihanobidiptiyl 21r8r dap[ 12D 4hd einthe Xitle icorepoBrd as yanspdrent fiae nebdieNkg  and
30 ny ofrystelsrhaving [aphqling appinhef, 2280 22711 (With dleepiperitionin [«BA s 687 Hed &8851805N o 140
C for IN##lr. The solvent was renoved by distillation, and to the residue
was added 2 mi of ethanol. The thus precipitated soli d was col | ected by

filt I;’{;’;It i on and washed Elementary Analysis for CigHaoFN3Oq.1/2H20:

Calcd. (%): | ¢5837, | H572, | N11.35
Found (%): | C58.17, | H558 | N11.27

% REFERENCE EXAMPLE 1

Preparation of ()-3-Acetoxymethyl-7,8-Difluoro-2,3-Dihydro-4H-[1,4]Benzoxazine

\ & .
/40 _ P
o] —
Cce OCOCH3
F \/u\/ _ N02
) - P o
Q OCOCH
P NOZ \)\/ 3
| 50 OH {a)

In 1.0 liter of acetone were dissolved 60.0 g of 2,3-difluoro-6-nitrophenol, and- 70.0 g of 1-acetoxy-3-
chloro-2-propane and then 33.1 g of potassium carbonate were added to the solution while stirring at room
temperature. After stirring for an additional 30 minutes, 6.6 g of potassium iodide were added thereto, and

. the mixture was refluxed for 4 hours. After allowing to cool, the reaction mixture was filtered, and the filtrate
was concentrated under reduced pressure. The concentrate was dissolved in 4.0 liters of a mixed soivent of
othyl acetate:benzene (1:1 by volume). The resulting solution was washed with water, dried over anhydrous
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successively with a small anount of ethanol and diethyl ether. The
resultlng powder weighing 14 ng was passed through a colum of 5 g of
silica gel and eluted with a | owdt? P39@28%B1 uti on of chl or of or m met hanol -
water (7:3:1 by vol une) to obtain the title corrpound

(?i;)) _29_3f &ﬁ&mg Slﬁfa nlaycon 4 trjrr}egitep yjjrl %i: sera +h ? en%ate é’FTﬂS c}ee olymn
, Si?' g h ace alze ( s an eluen m Btghof

(Vl : Tl&@m &’ Lbﬂy ogf ﬁ Aé‘ l@e m% 34 ha% mI olfn
N ayer Chh%é?trﬁw& yadée%' &rEtd ttggfecté‘ anft lm &d P& % aﬁ Bu
W th as | ginlre WalRére® Qhdthé Rifat®hasCBhd@hiRk e‘aruqad??erdmﬁag essW@ e jg unﬁed
vol une) . bBedilind Eoritibgiabhyes) RINGABEY St MRE @el(‘aﬂé”bén%g/efh ¥l @ 0/1 FBiurR )a
title coepetingd &® peddy&iwab Ssclystiliizag from BhzbhedgheRsed oftdin 228)g of (Z)Q:éacgto LyMetrl x-
deconpos i7Bidiingro-2 3Qihfdre M1t 43ty zokkainb Wal) & dodesh erystis ha@ﬁb & ehettifd/Point of 73C70%.82,
H 5. 58, N 11. 63 Found (% : C 60. 01, H 5.69, N lf 53 55 [Eér% ;06
-68.810c = 0.711, 0.O05N] 1 I NWRTerr]: 15
283 81Q1. 63 (3H, d, C3-(H E@iii@ ;igﬁ’savé'ghc” [‘F?'ﬁ& 54 - D 60 (4H, m 2 x
CH2N), 3.40 - 3.44 (4H, |nPag. g anﬁr%sm 35-H4.52 [ 3M5.76n | CH and [err, 7.76
(1H, d, aromatic ring [erFquefel S48 (LI 4€ [NPJEH) The (+)-conpound
was obtained in the same manner as descri bed above. Melting point: 218 -
226' C'Twith deconposition). [err] = +[err] (c = 0.560, 0.05N NaCH). M5
(me): 36%ANMRLEY . 5 EXAMPLE 7 Preparation of

-)-9- Fluor o- 3- Met hyl - 10- ( 4- Met hyl - 1- Pi per azi nyl ) - 7- Oxo- 2, 3- Di hydr o- 7H Pyr
i do[ 1, 2, Bredarjtion [of (}3-Beataxpretini-A8-Diludae Boiydro-gH-feodlBbnéovazing-3BEDiditrob@Goytl Deava-
divet hy), &H® were suspended 281 ng of the
QH{) 9 10-di f | our o- 3- net hyl - 7- oxo- 2, 3- di hydi o-

pyri do[ ?2 TZ’"C&’ fl‘*hj‘“ﬁ@%ﬂ‘é@ hdiflugro Bydiot4tid 1. Heqngoxpajre) (Vilsasop tsetishiddel i n

Exampl e 5,% "B’fedbsﬁl?’% of *P‘ﬂ"fqn% Paee Gy I"°'é"f“ﬂ>ef‘é?sé‘ 'W&sw%dded

t hereto vvh?ﬁf%r gram 8?05‘f Bl AEFTBV B%Ue ° I°I° d{ Phopig acid
m Xt uree t Othdfgcﬁgtt 20\1;% biQf gl teg‘;%% rﬁ¢§9 Ectlon Systx%&?&l owed 10 reac at )e‘ﬁ ?y

filtrati Onhouwg@ thu |xture was filtered by suction, and the resin was washed wnth 200 mi
of benzene. The flltrate and the washmg were combined and concentrated under reduced pressure. The
concentrate weighing 9.68 g was subjected to column chromatography using 200 g of silica gel as a
carrier and benzene/ethyl acetate (10/1 by volume) as an eluent to obtain 4.67 g of 3-acetoxymethyl-7.8-

% difluoro-2,3-dihydro-4H-[1 4]benzoxazine.

The resulting compound was dissolved in 200 mi of tetrahydrofuran, and 5.76 g of 3,5-dinitrobenzoyl
chloride and 3.3 ml of pyridine were added thereto, followed by heating at 60°C for 3 hours. The
reaction mixture was concentrated under reduced pressure, and the concentrate was dissolved in 400 mi

35 of ethyl acetate, washed successively with diluted hydrochloric acid, an aqueous solution of sodium

bicarbonate and water, dried over anhydrous sodium sulfate and concentrated under reduced pressure.

Addition of n-hexane to the concentrate caused precipitation of pale yellow crystals of a racemate. After

sufficient precipitation, the precipitate was separated by filtration, and the filtrate was concentrated by
e dryness to obtain 3.93 g of the 3,5-dinitrobenzoyl derivative of the (-)-3-acetoxymethyl-7,8-difluoro-2,3-
P dihydro-4H-[1,4]benzoxazine (IX).
o b) To about 2.0 mi of Amberlite XAD 7 were added 2.0 mi of a 0.05M phosphoric acid buffer (pH 7.0)
having dissolved therein 20 mg of lipoprotein lipase (LPL Amano 3), and the system was allowed to
stand at room temperature for 18 hours to thereby adsorb the enzyme onto the resin. The resin was
filtered by suction and washed with 10 ml of a 0.05M phosphoric acid buffer (pH 7.0). A solution of 250
mg of (z)-3-acetoxymethyl-7,8-difluoro-2,3-dihydro-4H-[1,4]benzoxazine as a substrate in 25 ml of a

* mixed solvent of benzene and n-hexane (4:1 by volume) was added to the thus prepared resin in a wet
state, followed by allowing to react at 37° C for 4 hours under stirring. The reaction mixture was worked-
up in the same manner as described in a) above to obtain 117 mg of optically active 3-acetoxymethyi-
7,8-difluoro-2,3-dihydro-4H-[1,4]Jbenzoxazine. In the same manner, there were obtained 65 mg of the 3,5-

50 dinitrobenzoyl derivative of the (-)-3-acetoxymethyl-7,8-difluoro-2,3-dihydro-4H-[1,4]benzoxazine.

c) To 3.60 liters of a 0.1M phosphoric acid buffer (pH 7.0) were added 3.60 g of (*)-3-acetoxymethyl-7,8-
difluoro-2,3-dihydro-4H-[1,4]benzoxazine as a substrate, and the mixture was stirred at 37°C for 18
hours to form a solution. To the resulting solution were added 50 mg of lipoprotein lipase (LPL Amano
3), followed by allowing the system to react at 37° C for 190 minutes while stirring. The reaction mixture
was extracted three times with 2.0 liter portions of ethyl acetate. The combined extract was washed with
water, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The concentrate
was subjected to column chromatography using 70 g of silica gel as a carrier and chloroform as an
eluent to obtain 1.07 g of optically active 3-acetoxymethyl-7,8-difluoro-2,3-dihydro-4H-[1,4]benzoxazine.
The resulting compound was treated in the same manner as described in a) above to obtain 0.9 g of the
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15 ether and dried under reduced pressure. The resulting chel ate conpound
wei ghing* 310 ng was dissolved in 6 m of dinmethyl sulfoxide, and 0.32 m of
triethylam ne and 0.13 nl of N RRORPFB8HBiazi ne were added to the sol ution.
The m'xture was stirred at roomterrperaturefor 17 hours fol |l oned by
concentr 1 on der reduce )L essur | due mas mas hed
with di et KYI7T eﬁ'é?y ‘m&ahfr}’ e djrde et'i‘lﬁ(gﬁ '?ﬂm g12o%a fi i ng
0.5 m or‘j E]erf o hor' é f\(/)\%e ' e Bg]hours
Jré b% g g a§ 2 SH étrgtn %re r rn at
After 2of°,,g é 3

Ol ours ton der

reduged Pfess UfBleedTE‘F alfo@«ﬁb Me%)é@% réa%P tV C' fB‘r 5 <h Wi I@%tl g:ﬁ(g Ir:?ia r‘i° c
acid, andﬁiidi'@ wa® btk R Sinfek Sith 12BULS BoRaEis & &fhyC Qfeo Y BnRed Waial was TH
aqueous lwayed wiiFatdOdrids Lbad ahhydrdusokiorh sJuLtevyna Bond Ol S0 Lk BNREPYbdbroanid t hen
to a pH @éncentrdto\Wiak Rublddtel 6l BN EMFdnfatog@biy- usihh &0 FO kilidaQydl MR SHe®dpbd bt hr ee
times W bbnzbidrefflyl [ostitd 0BS B volbmer &f el 3aBdodRen@X BlidMGdro-na3ginghird-ge[1 ayer
sodi wm s bbrdzetagine Adtetherh it béra¢niatetvpiSacetate Ve tby biglutle)stb | ditea ¥,8-Gifluoro-2,3-dihydro-3-
Recr yst alhydraanetoyr-4d{1.4lepzaxezsel ti ng 25 powder from et hanol -di et hyl et her
gave 120 Thg eter tdhatet Waighing c'odipe uvagl dissolvted dim P anledi ttetfahyseoiyiane dhde 1 179 lgeofc3.§rst al s
havi ng dinitiebereovh ghigsigp wes erided igreto, fotiopedby ppating M1S€ Uirfenaq bqutsnYhe rpastion] mixtre 76, 9
(c = 0. vgggoncentggm umuc@g pressure, and the concentrate was dissolved | 40Qgwt pt&)yl Aﬁ%ﬁll?Sl S
for er"ﬁ'? % 2"1%2'@}" ‘”ééf' é‘&f““ 'b°“atta%’8°‘§f°"‘t‘°“ ﬁ“%""#? d"ed N"‘*I f“'HSmﬁo??H'dm (99 :
C se, 15 otgareay g" rf ST S
(err)- js (& %gg(li?leﬁalﬁi :ﬁéﬂéﬂ?\’ %l e 5r:-‘}a tion m|>\? lgil'.g wa§ fW%J e%’- 2( recrys ized in ?tfp 0

m n er as d crrbed al re ove th rystals to ereby increase optrcal purity.
[\ﬂff %? fiw r%&uc n bee :E%P (%Eac‘r?sﬁ ﬂ g b i &

f H%(a Qb s D G, e fuir purie © ropane

an Soylvofinef addthédSshick! euccam RE%rﬁatM&‘Jpﬁy &GQ BF Lx BN EmS@Velddid o
stir r l N@lotor/aRBné =t BIHOEY dildefto fbilyEbtaimto.4a'd H¥Gnd @5-daﬁﬂob%ﬁl£yrtdemme o )-3—
m nut esacet&y&egyrafa-mmra.a,srdmmrb.@rd.[1d@ew@r@madded thereto, and the m xture was
ref | ssx el fnos): 447 @yrs. After allowi ng to cool, the reaction mixture was
filtered;NvEnNE@DCH 200 MHEYsgip@):Wwas concent r at ed under reduced pressure. The
concent r at.¢4 (BHss.dPEBTH:Y ekc8i(2H. 41, O=T.0Hze G QFOCN: 48 @ Hs ddl.\WeTdt0Haf 128N yd2-H),
acet at et MdHsdné= 120H2, ByH AR )N CFHE 6.6@1H] M. amnatiofingtrraian). B8 (AadHe@- Okt h
wat er , ammatiglring\regton) pridh GO 1S t ppmatic ring proton)

a0
EXAMPLE 9

Preparation of (-)-7,8-Difluoro-2,3-Dihydro-3-Hydroxymethyl-4H-[1,4]Benzoxazine (Viil)

35 In 1356 mi of tetrahydrofuran were dissolved 3.03 g of the 3,5-dinitrobenzoyl derivative of (-)-3-
acetoxymethyl-7,8-difluoro-2,3-dihydro-4H-[1.4]benzoxazine, and 135 ml of ethanol and 30 ml of 1.0N
potassium hydroxide were added to the solution. After the reaction mixture was stirred at room temperature

. for 30 minutes, 3 ml of acetic acid was added thereto for neutralization. The mixture was concentrated
\ under reduced pressure, and the concentrate was dissolved in 400 ml of chloroform, washed successively
\_~/ 40 with a sodium bicarbonate aqueous solution and water, dried over anhydrous sodium sulfate and con-
centrated to dryness under reduced pressure. The solid was subjected to column chromatography using 40
g of silica gel and eluted with chioroform/methanol (50/1 by volume) to obtain 1.17 g of (-)-7.8-difluoro-2.3-
dihydro-3-hydroxymethyl-4H-[1,4Jbenzoxazine.
[«8? = -14.1° (¢ = 1.80, CHCl)

45 'H-NMR (CDCls, 200 MHz) & (ppm):

3.5 - 4.4 (5H, m), 6.30 - 6.42 (1H, m, aromatic ring proton) and 6.54 - 6.74(1H, m, aromatic ring proton)

EXAMPLE 10

50 Preparation of (-)-7,8-Difluoro-2,3-Dihydro-3-Methyl-4H-[1,4]Benzoxazine (X')

In 20 mi of pyridine was added 1.17 ¢g of (-)-7.8-difluoro-2,3-dihydro-3-hydroxymethyl-4H-[1,4])-
benzoxazine, and 2.77 g of thionyl chioride was added thereto dropwise under ice-cooling, followed by
stirring at 50 to 60° C for 40 minutes. The reaction mixture was concentrated under reduced pressure, and

55 the concentrate was dissolved in 300 mi of chioroform and washed with 100 mi of a sodium bicarbonate
aqueous solution. The washing was extracted twice with 200 mt portions of chioroform. The combined
chloroform layers were washed with water, dried over anhydrous sodium sulfate and concentrated under
reduced pressure. The concentrate was subjected to column chromatography using 40 g of silica gel and
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EP 0 206 283 Bl sodium sul fate and concentrated under reduced pressure. The
concentrate was subjected to colum chromat ography using 1.2 kg of silica
gel and benzene et hyl acetate (1@EPL) 2e&s288BEl uent to obtain 32.8 g of
Compound (A) as an oin product. Conpound (A) was dissolved in 300 m of
met hanol , and 115 of Raney ni ckel was added thereto to effect catal ytic
reduct i ofluiHh it C“MQW@%@R‘?‘%‘ E@ @ 9'A reactiqrhroquelrs 2 cairess oily Prdutt eThRREdE (Ve T ed,
and the FPIAPAINSORIS HAEYSY él?%a"‘h‘hﬂe@r of sediie. BYoryprice «gp added fraretooiqtawsd P‘ét e
. was puri PP § f"é‘b? anf% POatng ? y rggrﬂ oeron OB & Herzene: é?“eE&H
ngﬁsge;gﬁt{} ]0 (xref?ug)e nc n%rat )odﬁs )Sg! h teg toz) n.c ro?'?glﬁwé:?l‘rl ?(;?j aT 0"@?‘; ica gelman
()-3- aceﬁ'Ule g!;d , gta Iuo % g 2 I° ° rﬂ%t')ye 846\bze|nzr?éaml1l) as
colorles £ry§% ‘hﬁVJéwbh mel ting pornt of 73 - [err] 10
El enment ar,yN,e}ﬁqd;y@J §OJ,@,qz, prn]NCB Calcd. (9: C 54. 32, H 4.56, | N
5. 76 Reund (R)@EH, d, J$6.04k. Bhy). 35811k, A2C;-H), s BH&. 158 BAMIHE, &.-H) epanatdon of

(-)-3- Aceaewmblm C4-HR-6lT- Imr(mzn?ardararwdrgoprakdn[aad é5Beazonazinngomats iRy Ni tr
obenzoyl plor) va- 20 Tive (I X) a) Ten grans of

() - 3- acevptcyImitilyy+99%e8- di f | uor o- 2, 3-di hydro-4H-[ 1, 4] benzoxazine (VII) as a
substrat e Ve eroducs 8@ lecbid therB.5tdiEobbnzb g deryhtiva amd quaditaticeiwdetermipdd by HPLC uung a
benzene/ pelivaxeirfam{pagks OAyA2QM HGne350 My anslsd mixgchsolyentef n-bexaned 2dighiorpethens/etieeghar ed
by suspef8en§-okyooinne)st 2 Bty FApepEdr| 650M in a 0. 05M phosphoric acid 25
buffer (pH 7.0) followed by filtration by suction and 200 ng of |ipoprotein

1 pase ( MA®o 3) were added to the above-prepared substrate sol ution.
fhe’reaction sysiemwas .allowed to react at 37 C for 6 hours under
St rrizﬁg,ﬁtﬂé_ﬁééﬁw ho Y xture was filtered by suction, and the resin was
washed with 200 m of benzene. The filtrate and the washi ng were conbi ned
and concentrat ed, under reduced pressur The con &4 zé!'ge wei ghing 9.68 ¢
was subjected t % chr omat ogr aphy u g %xc% gel as a 30
carrieg and benzen yI acetate (10/1 by B S an ent to obtain

» W gy » 8—H-FHuor ~ 4H- [T ZTDenzoxazi ne.

The resultrng conmpounyd wag" di ssol ved in 200 ofy tetrahydrofuran, and 5.76
g of 3,5-dinitrobenz . 3. }?{rdi ne were added thereto,
60 &Hpor 3 hours. The redacti m xt ure was

foll owed by heating at
concenwr at ed under reduced pressure, and the concentrate was dissolved in
400 m of ethyl acetate, washed successively with diluted hydrochloric
aci d, an aqueous sol ution of sodium bicarbonate and water, dried over
anhydrous sodi um sul fate and concentrated under reduced pressure. Addition
of n-hexane to the concentrate caused precipitation of pale yellow crystals
of a rficemate. After sufficient precipitation, the precipitate was
separated by filtratian, and the filtrate was %oncentrated by dryness to

obtain 3.93 g of the 3 5-dipbkr@benzpyl ve ofok he
() 7 3- acet oxy N f I uof 02 2, 3-
L_/ 40 —_— l —> §(-)~-0floxacin
F F
0\% 0\)\
CH, ~ CH,

45

To 1.13 g of (-}7.8-difluoro-2,3-dihydro-3-methyi-4H-[1,4]benzoxazine were added 1.58 g of diethyi
ethoxymethylenemalonate, and the mixture was stirred at 130 to 140°C for 70 minutes. The reaction

50 mixture was subjected as such to column chromatography using 50 g of silica gel and eluted with
chioroform to obtain 247 g of diethyl [(-)-7,8-difluoro-3-methyl-2,3-dihydro-4H-[1,4]benzoxazin-4- yl]-
methylenemalonate. This product was dissolved in 5 mli of acetic anhydride, and 10 mil of a mixtwe of
acetic anhydride and concentrated sulfuric acid (2/1 by volume} with stirring under ice-cooling, followaed by
stirring at 50 to 60° C for 40 minutes. To the reaction mixture were added ice and an agueous solution of

56 sodium bicarbonate, and the reaction product was extracted three times with 150 mi portions of chioroform.
The combined extract was washed with water, dried over anhydrous sodium sulfate and concentrated under
reduced pressure. When a solid began to precipitate, a small amount of diethyl ether was added thereto,

and the precipitate was collected by filtration. The precipitate was washed with ‘a small amount of diethyl
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40 .di hydro-4H-[1, 4] benzoxazine (1X). b) To about 2.0 ml of Anberlite XAD
7 were added 2.0 m of a 0.05M phosphoric acid buffer (pH 7.0) having

di ssol ved therein 20 ng of |ipofEPdl 206Ra3iBlase (LPL Amano 3), and the system
was allowed to stand at roomterrperature for 18 hours to thereby adsorb the
enzyrreotothe resm The resin was filtered by suction and washed with 10
mM of a ;n ) Vbe :P??rq Fabregvbut foeq'"“?'ﬁﬁmﬁ"UV°Xﬂ2§*cﬂ"1¥?’P5H PYido B§-dell 4l ny
of (err ?O%; ISO %) werég 0||Ve PJ? H'g'én 4H-[1 é%benfzooxgzhne as a
SUbStra r&cmorg C Vfgf r[% ol t%n IQ a:? ux1 ?w 0% i tsYJéqﬂ by

O! ral

v

vol urge) alld@n ﬁ\ qaga fi i g lorle &("g Itke sals Were recn itate
al | ow nghl&howérQQ:Gliec by filtrati nOJnd4na rglg /ﬁb' rgrﬁaqq“no f E { b tur e
was Wor gyl bRerl 5 bB&in SQHE &%F‘Q%@-ﬁm&i@‘&&ﬁ\ HRG-okdl @)jlhﬁ ON Eoyh&or PP3-8i 4

of opti gedbdxizirdGidaMBxyiic &Lt Oxynet hyl -

7, 8-di fl uar so A a-dbthyy ethér-weld fubpehliddesda Oxpar therestithg lchRpcaRdTBndTR AR excdsB &f €

wer e 10 bbdsnngtlofide Wyl atherdté @asSadded Mbreto, follbwBd by SHXMG 20 ¥bm dédeatld MEIDHInkbE

(-) - 3- apdbtrowxy oelaleydompouhd dTHel pr@iua-vas Joldbiby By Oitrdtich pdd Wdshanwid xaghhdl &moGn: ol O

3. 60 | i diethy ethbr ta oBtait N7H mgib A powder. Jb¢ dovdlal fasrdissvdd in @ )ni wieditetay dafdxide, 64 g of

() - 3- acEBsehtMethyiseg:zine]arid] 238 mg -opYidhykinfivechveps asd therdthfeloraxtaztimeg atsocn

subst r aleeperaiyg farié hersc{Thp Eoaqlin mitirg wesdcongenfratadrtp dfvogss LiBdeh cadnasd tpeps$une, v

sol ut'§ o, thereplid mareragdad 15 'ﬁb"f@é%ut“?“éﬁﬂmv?é@ 834 (vl ebitrigtly lamineo Thel fepidting atixirey whi pase

(LPL Arrﬁf'fb‘e% v 31“?}{’? JR EPARon AU\ FRCORGRBt AsAUnER redycqdeRiRspuUrg tand the (osdyp wan()

m nut es 'W’? Ia ‘fT ssiyghewithe? 803!l ATOHA Pf Bipanolsand diethylathes iq phigin 389 mahpleie
rres \/\g ef’éf?ta B9 "9M? BeckpgygNt of glaangt A0d cpprantialRHEAYRALE ANPIRGVANa S

i h rous sodi um sul fate and concentrated
Uer r é'lé? %5 %@%X&om '“X'frate was subjected to col um
chromatgg g 8 |I|ca gel as a carrier and chloroformas an

n
el uent tl.me gydg d)oo ?5 @Emppt ically active

3- acet oxy Amt K, 7 cBerl) 2.480BA- 2 .~Beidlh, .0z dbHah Im 43 RRRZRX 34b 08,44 ThE 05Ul ti NG
CONMP@LINCHINGSH.36 - @382 @H, in[CH iifa CHRITR 7818 ANE brodatictAg C5-HPHd slod (1) s,apye to obtain
0.9 g of "the 17 EP0206283B1 3, 5-di ni t r obenzoyt™ derivative t he

(-)-3- aBAMPAEet hyl - 7, 8-di f | uor o- 2. 3-di hydro-4H-1 , 4] benzoxazi ne. d) To
3.70 liters of a 0.1 M phosphoric acid buffer (pH 7.0) were added 3.70 g of
() - 3- acBeepafioet hof - 738+ )didfliflyop-E.3DitEdrdidiMethy bd-USiN-deradbibemasutioraipiolyd- 4841 41-
subs©¢ aBenzoxpaine §Vlked by stirring at [err] for 3.5 hours to forma sol ution.
To the resultl ng soI utlon were added 2.22 g of |ipase (derived from Candi da

cylin- 5_ Bt higR, wag R’Weﬁémf“fﬁé 93/ aft @rii-p-tplueragelionyroling a f or

7.5 hou dn cfﬂqg naa%W?ﬁ %Wr @'dwaéww%ertaetse'uﬂm wf%ﬂ ¢ Phes

WI th,2. I rone-t ©.a (;n: t};mper:g Tocth - irri ate rring W, f[:gr(?ﬁﬁyrtl t| q’(ﬁ %ShEd
wi t h*hafer: c{' ‘gﬁ(g‘@g%% %?M‘Ha% i) §? Q‘E ?cé’&f

IXture was was su ce |v
reduceds i B b Sl HRL €8 ke t.
US1 N0, 7O Cor b At e SRt 3 el bmﬁi gl gﬁ
(5/ 1 DYandQhd-6i kestdbe Rhd li€oRediif @BV RINDYcstdte.Bro 5 Yro J 1,4]-
\_ 40 750 mi of n-hexane while stirring whereby crystals ((-)-isomer of the compound X" wherem X =
Ri = CHa; = p-toluenssulfonyl; and n = 1) precipitated immediately. The precipitated crystals were
separated by filtration, and the filtrate was concentrated to dryness under reduced pressure. The residue
was subjected to column chromatography using 500 g of silica gel and eluted with benzene/ethyl acetate
{5011 - 25/1 by volume) to obtain an oily product. The oily product was dissolved in 500 ml of ethanol, and
45 the solution was allowed to stand at room temperature for 1 day, thereby to precipitate crystals. The ethanol
was distilled off, and to the thus recovered crystals were added diethyl ether and n-hexane, followed by
filtration. The solid was dried under reduced pressure to obtain 33.4 g of 3S-( +)-7,8-difluoro-2,3-dihydro-3-
methyl-4-[(S)-N-p-toluenesulfonylprolyl]-4H-[1,4]benzoxazine ((+)-isomer of the compound (X") wherein X;
= X2 = F; Ry = CHs; R2 = p-toluenesulfonyl; and n = 1) having ameltmg point of 107 - 108°C.
50 [alp = +70.7° (c = 0.953, chioroform)

_l)=

55
1685, 1510, 1490
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10 benzoxazi ne and then with benzene/ethyl acetate (1/1 by volune) to
elute 7,8-difluoro-2, 3-di hydro-3- hydroxynet hyl -4H-[ 1, 4] benzoxazi ne. The
latter eluate weighing 1.31 g V\/asE'ﬁg@QQ)P Blin 60 m of tetrahydrofuran,
and 1.70 g of 3,5- dinitrobenzoyl chloride was added thereto, followed by
heating at [err] for 20 _hours The reaction nixture was concentrated under
reduced pressure, and t|héEleenesmnalgisdontasieh.8s@misved in 400 m of et hyl

acetate, 15 washed SUCCESFWGLY W WE739SOPTHERDT qanpOATE aqueous sol ution
- (% : 57.79,

~and water, dried over & h%éﬁrdqq,g Joq d4igs S u fiak ¢y arjd \copicept rated to dryness
under geduced pressure -e—ebta+n'2—-52—g—efF—a—+eastian—p+oduct. The reaction

product was dissovlied in 10 mMl of pyridine, and 10 m Sf acetic anhydride

was adde(gx;\ngl_rEetso, foll owed by heating at [err] for 20 hours. The reaction

m xture d-up and recrystallized in the sanme manner as described in

a) above > theqtacenmt. Y | St her eby (.ncrease opti cal
S Ltaro Barh PRV & (L NEOhHRT ,M%ﬁ 1R LagberehEms, inte of the
reaction bMﬁ H’ﬁi@ﬂ&%iﬁnol LvBre%§olJeH %EB Tof %I’(J,_ -igc%%r Qy ot;[ %Q%eé{alnplléw,déqa g&J lHln(;I?

chr omat 0§ adiym hidadxidBWereZaddedXihetato, GllowSHEME ARG br SHoXE Fhe ethancl was removed by

et hanol e@eicANiddr thé Bily=redibide W35 MRAMFBYithelhdzohd) Cfhe Sirdcf FadRasnéPWHTR saturated
chro mat 0gauRPIRY sofuleH biMbdiudh. chiokide3 4ri€dTbverl QYA BIREG M8 i@tk ; to GEAYE BoRieRd. aket One
= 20/ 17 byesMad wasesubjbaed tb Rathrhry croddtatdgrapl). dbthg @0®§ of diRa Jel 2s dichridrl2ad B&hzengl a5 an

deri vat i vigerdfio pbtdin 32.7 g (vield: 91.4%) of S-(-)-7.8-difluoro-2,3-dihydro-3-methyl-4H-[1,4]benzoxazine as an

acet oxymeivtppddudt, 8- di f | uor o- 2, 3-di hydr o-4H-[ 1, 4] benzoxazine. 25 M5 (i z):
43;.(|v| ) el NMR feeT R]17. cplggfobiz) 8(ppn): 2. 14 (3H, s. - OCOCH3), 4.26 (2H. d,
J=7 Oz, [ ethe posolytesmnfigyrption fthis Ferspagpgy wasidecighdAo beS-codfigurationy by X-tay, analysis bn its
12,0Hz, fedocpionde: 4. 94 (1 H m C3-H), 6.60 (2H. m aromatic ring proton),

8.73 (ZHExg’p‘] =2.0Hz, aromatic ring proton) and 9.19 (1 H t, aromatic
ring protor) l‘EQMEXAI\/PL!E 9 Preparation of .
I( ;_]) ig ’;53- IR‘re r&% %f- gt __p._ -y %—fluolq l%% - %fﬁilgeenzo&yzlir!ez(i- 35

3, 5-di ni LooRdRe X deri vative of (-)-3-
acet oxymet hyl 15 8.8t Hef (S MY bBrz6xadindlidiVdtl P as dBtebnbd hl XERGL Y %dr D Gaded 350 é% dilhy! Of
et hanol  gieky@Bihjiinembiorkte DhdRtRd ARiBIeUWES BiYFEH QX138 % YRF € fo@qqtad uhdby Fe%@ce Qe u"i(.)n'
After theandreading Qs Bhotibhl infkiuBasSdidséiVeRtn 80 mi SORLECIRRRING, Whcad @I of30miliiaLk €S,
3 m & aest bydih dnd\hceatisansuliiieat @:f BY vomiel Wil Sohfl dddd drddMie 18 Hb E6IRioNAS
concent r ahiectimingl@tder ietoolng. AfeeSBlHURG tAISarihdor LNERANING AbE aWasm rpsraluiétdls | N
400 m ofeagtioh ovwtireowas stinwisih e totbab ok SGio\Be 1t G fold 80 minttésh icawatedias aided eathd aadie
aqueous 8otun, @eshpowdely wetessium cdrbprath waseddegriiepate DussusaichtionnTainfkatecvaa RelracoN -
cent r gt edith ghietefgrme sad the dasrack waRurastiedpsussassively. wifihe satwhted] awasus salofies odf edditno
col umn ¢ Rydsmearcatenaisand @§Pthgteeteqt§owfsolgﬁm iof-spdiyes| chigrirtd apd dried @vanisedium sulfate. The
chl or of oFH P ¥pfolemeYsg, oy gistilizjign. u’ﬂ%&ﬁ the re¥iuajwes pddey diptiyf ether. The crystals thus

(-)-7, 8 QITSusTD s2ioded by HijaiPn Ioa0tR B O Phife it comepne, beyine Zeskiag ipriet of %7 1] =
T o e = Ted b o Lo Jab, alue o] 11 FH VR (CDCA3, 200 M) 8 (ppm) -
EXAMPLE 15

Preparation of S-(-)-9,10-Difluoro Methyl-7-Ox0-2,3-Dihydro-7H-Pyndo[1,2,3-de][1,4]Benzoxazine-6-Cai box-
ylic Acid —

In 150 ml of acetic acid were dissolved 19.5 g of the ester compound obtained in Example 14, and 400
ml of concentrated hydrochloric acid were added thereto, followed by refluxing for 3 hours. After couling,
the precipitated crystals were collected by filtration, washed successively with water, ethanol and diethyl
ether and dried to obtain 16.2 g of the corresponding carboxylic acid having a melting point of 300° C or
higher. )
[alo = -65.6° (c = 0.985, DMSOQ) '

50

EXAMPLE 16

55 .
Preparation of S-(-)-9-Fluoro-3-Methyl-10-(4-Methyl-1-Piperazinyl)-7-ox0-2,3-Dihydro-7H-Pyrido[1,2,3-de)-

[1,4]Benzoxazine-6-Carboxylic Acid (V) (S-(-}-Isomer of Ofloxacin)

In 600 ml of diethyl ether were suspended 14.3 g of the carboxylic acid obtained in Example 15, and 70

21



3.5- 4.4 (5H m, 6.30 - 6.42 (1 H m aromatic ring proton) and 6.54 -
6.74(1 H -m aromatic ring proton) EXAMPLE 10 so Preparation of
(-)-7,8-Difluoro-2,3-Di hydro- 3- Mg loetbq 81 4] Benzoxazine (X' ) In 20 m of
pyridi ne was added 1.17 g of o

(-)-7,8-difluoro-2, 3-di hydr o- 3- hydr oxynet hyl -4H[ 1, 4] - benzoxazi ne, and

2. 77 g ofnl efrhormttiflugfidelidtyé siherate agigerddechtberetp dolgwerpin stisringra eqomi te@perawre ifovd,

f ol | owedhdys. Jh¢ syremgtanitliagid) wee) rgmored| byf dacaniayonyiangtethe eidve maa added Wiofivk ety e
was conc@mweatbécﬂ'tfatf?de?hersé'd’wc"éd‘“ﬁ?eé§"§ fiathyl gfgr g dripq, dhe Braduchrasisgolygedn 100

di ssol vef! phfl '3?5@" ﬁ’i‘"%‘?e éml bror I‘Heﬁ'ﬁ‘am\/\&ﬂf’eﬁs Wi' ?fH“ TB@V'HPefiﬁ“eéf’eéecﬁﬂ’F’%ﬂﬁ" the

b b50 i "ﬁ Ya& tirr teWW by
Sl g% o e B "F’W T
LaLEC

wat er, Ia%‘l a re qu tmwass er r u a gresnd 9
pressur eyl Wil 515@52 oedl Hﬂéhl 5@@% i g
of S" CRad us@@ ;%H th dr% g utro aPJ oAy 6I—pof Vatnind - 18
g of they o%ﬁuu.@swrﬂ %ﬁxtuﬁswé SRLU 8RS tRlek Yot 2D RUC bortiohBoF cREBEFME Lankass

di ssol veéonmestbxﬁéct Qhs didBebaY bodiel Eurite Othe @Fbi@mMasOroRbvedOs)i distmidlion, oAy did de
was addegbsiititgrodis@l wdsabdraidedanon@tnblagthiteti3biotobta@ G 2. € gf o the litide@epound h@ving a
react i onmaiting puiine o226 - d30s SawithaddcompoS®d). M of benzene, washed with water to
renovas t [¥ di-Teed hiy|= 8665 @saNaOHlIr i ed over anhydrous sodi um sul fate and.
concentrated under 5 reduced pressure. The concentrate was subjected to
col uim cBX8MBItEOdr aphy using 40 g of silica gel and eluted with benzene to
obt ahn 0.80 g of (-)-7,8-difluoro-2, 3-di h;/dro 3-nmet hyl -4H-[ 1, 4] benzoxazi ne
as™a~ col Breparation opfl ySirip- Srflyero-3- -Nigihy}-10- WEI“D’Hr merqztnyH-723xg-?3 [?'*Mdioﬂ" yrigal .2 $0evR
[err,] 202ﬁmlm;qxawermoxv"mc'd‘(v') 1 20 (3H d J=6. OHz CHB) 3. 53 (1H m

10 OH,Z 3. 81[ 1H mg a rascg_‘znge I_E|xaﬂ;1f;fF 69 {F%tN-FtH ger E %ﬁé z.splggofN 20
(1H, m %ggg ftr zm the t'ﬂe(()jt (o1} t‘fvacs bt%r avmg SHd%e e POThé produc'P (W'tq ed
to theg,3,5-d nlhobenzoyl derivative and quantltatlvely determ ned by HPLC
usi ng a 15 colum of Sympacks—OA-4200, 4 0 %-250 -hm- a m xed sol vent
of 'n-hexane/ 1, 2-di chl orceﬁh@ﬁ@?féﬁﬁmﬁlfm@%?@"‘l?ﬂ 9 by vojume) at a velocity
of 1.5 mmn. EXAMPLE 11 ZQcdiRpal at b@ H¥91) - DFhoxaci 25
[err] . Found (%): | €60.97 | H581, | N11.30
30

[alp = -67.0° {c = 0.585, H:0)

NMR (CDCls) 5 (ppm): .
1.16 (3H, t, J=7Hz, -CHzCHa) 1.83 (3H, d, J=7Hz, CHs), 2.53 (2H, q, J=7Hz, CHchs) 2.57 - 269

(4H, m, 2 x CHz), 3.40 - 3.53 (4H m, 2 x CHz), 4,32 - 458 (3H, m, CH and CHz) 7.77 (1H, d, J=12Hz, Cs-

H), 8.67 (1H, S, Cs-H)

~ While the invention has been described in detail and with reference to specific embodiments thereof, it

will be apparent to one skilled in the art that various changes and modifications can be made therein without

departing from the spirit and scope thereof.

35

Claims
Claims for the following Contracting States : DE, GB, FR, IT, NL, SE, LI, CH, BE

1. An S(-)-pyridobenzoxazine compound represented by the formula (Vi)

45

50

(v1)

55

wherein X; represents a fluorine atom, R: represents a methy! group, and R represents a methyl or an
ethy! group.
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35 [err] [err] F 3 45 To 1.13 g of

(-)-7,8-difluoro-2, 3-di hydro- 3- methall-4H-[1 4] benzoxazi ne were added 1.58 g
of diethyl ethoxymethyl enenal offRt®206:388 Bthe ni xture was stirred at 130 to
[err] for 70 -m nutes. The reaction so m xture was subj ected as such to

col um‘lmpgr %%E?QIQOH% r&%thé CEe‘rlr]nef'lateSVQerg agJed %ﬂelreltoc %Ilgwed by s rrmg &trt%jm W thrat(Englfgrrso form

to obtgln remave anta the residue was added d| thyl ether,
()7 @I; e T s et N
yl &ng jfyma;fmﬁx.d i 10500 UE fiothSml lﬂivmf vl y%ﬁeﬁn&%’i kil AR i de,

and slosd’duorp AitSr BB Rloki& wat s ld GootMRNEEAEE 18N1E KRRC FB LbRdne tas WnloWd &y aci d
(2/ 1 bistiigobMRthyNothd? wak kddet Rethb REdRile, iAW Q) finaghn. Tral doRiRE yoilbw Phivder Wag at 50
to 60 Suspantiedda 400 MULESE% hethbride afE 2K inl BiNrigthyidriHeOvadRB&RdaskAas] The enbiundl wad
aqueouksa®0 latitei®ifo0ds fdors. Siadsolvant Wae aistllen atf @nded Rdudel @res&Be; tahd the Pesilel Ghs WaS
ext r acdigdivécin 80 mi ai88% Wydrbchlbiidady anp emshed hese difne hithaohiofotrmn Thd lveshedsdbitiore d

ext racwasvistod oheeeH off 11 hwithat4irsodiam ihedioxale @nueavihsptitian d ded itcuarpls of 7.avien Bhd
concentydepcletic atidle The selelicr dvap eetpsiad dved\ees withs 8 liter] pPréiena ref tebloyoforei godttet e, a
smal | eambinad. syfacidivas ¢ripp cuernseriumesyifaiRd dael chiprefomt as mamevadhiey gistiiatiopi andttee was
col | ec'te‘éﬁP“By’VF‘P'l wag srerailizegfram ﬁfhé@i"??"ﬂyéP‘Be’\)&%%b‘%%?e@f\f\ﬁettﬁe sompRYd hedint  of
di et hyz:e'fl@ point ¢t826)- 235C Q@ngfmé?sﬁ'é yield 1.32 g of (-)-ethyl

9, 162 di*k TFPS- 4¢ ne°f6r§§floof 088, 3-di hydr o- 7H-pyrido[1,2,3-de][1,4]-

benzoxggzi Ageq;carboxylate. In 12 ml of acetic acid were dissolved 1.20 g of
t he regﬁ—l—i—ng-corrpound and 25 m of concentrated hydrochloric acid was

dde;' F.%pér#;.‘én S%' Hiyt imcfr@é M@%*?Alaﬁﬁﬁ 'ptﬁéﬂaﬂrgﬂﬁ 0%293 BRy - &ynE&H 2991
I enperz e ee e -I|ke crystals wer e preci pltated whi ch were

col | ect egh iy safnl.el Mra&rla@@e@m@dmm@eau%@&%a\/ RleyryWipbrizid waEBdd impiaertk NOf
wat er , methsigepdzing N the ditied R¥mpRihd &as LobtaPBd daving) a HelfhgOfoint of 229 - 230°C (with
(-)- 9, ddderdpdsitiorpr 0- 3- met hyl - 7- oxo- 2, 3- di hydro- 7H pyrido[ 1, 2, 3-de] [ 1. 4]
benzoxazi ne- 6-carboxylic acid. In 30 m of diethyl ether were suspended 324
ng of the resulting c g B35S of 1P boron trifluoride
ethyl etherate was adge o gryﬁ’ggs'ffgigsgzziﬁ)éc stitrinh at roomtenperature
for 30 minutes to forn@eh@atle CEFBolind59Thd g{%d%c was col | ected by
filtration and washed| vidf &)sfal469&hoynt 581 di ¥t'My? fther to obtain 373 ng
of & powder. The powder was di ssol ved i n 7 m of dinmethyl sulfoxide, and
[xlp = -67.0° {c = 0.585, H20)
NMR (CDCl3) 5 (ppm):

1.16 (3H, t, J=7Hz, -CH2CHs), 1,63 (3H, d, J=7Hz, CHs), 2.53 (2H, q, J=7Hz, CH:CHs), 2.57 - 2.69
(4H, m, 2 x CH), 3.40 - 3.53 (4H m, 2 x CH), 4,32 - 4.58 (3H, m, CH and CHz), 7.77 (TH, d, J=12Hz, Cs-
H), 867 (1H, 8, Cs-H)

While the invention has been described in detail and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various changes and modifications can be made thersin without
\ ~’ departing from the spirit and scope thereof.

U

35

Claims
Claims for the following Contracting States : DE, GB, FR, IT, NL, SE, LI, CH, BE

1. An S(-)-pyridobsnzoxazine compound representsd by the formula (Vi)

45

50

(v1)

55

wherein X; represents a fluorine atom, Ry represents a methyl group, and R; represents a methyl or an
ethyl group.
____'____4____———
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136 nmg of N-nethyl pi perazine and 228 ng of triethylamne were added
thereto, followed by stirring at roomtenperature for 17 hours. The
reaction m xture was concentr at edER 0 206 8eB$ under reduced pressure, and 15
to the solid were added 15 ml of 95% et hanol and 0.31 m of triethylam ne.
The resultigﬂ m xture was refluxed for 3 _hours. The reaction m xture was .
concent r &t edCiFifdiore-Fasiitad(4upetyls(rpigerazingiy7-proe2 S dypgTE-AxEdel 12.3dedt 8ld and
washed succRUEPeNeP AP Q2 AP B GRE™ bf et hanol and diethyl ether to

2, B e AT R bR R A Tt o

Mel ting Point: agi rd W deconposition). [err] = -[err] (c = 0.39,
0. 05N Na " \ [ Bbdnkdtad . | 8 & , 1.63
(3H, d, %ﬁ%sé Fg‘z.&)ﬁ%"ciﬁgﬁf (*24’*@%‘4%‘%#%2{@@“@62?%% t°2°'a§<’933?2%, 3. 40 -

3.44 (4H, nghatackerizdd inGhidN), 4.35 - 4.52 (3Hm CH and CH2), 7.76 (1 H d,
gg oEratioc ri NOA) oY ¥datst)compslin@ ofake doherbliordula €5- H) EXAMPLE 12 Preparation . of
-( +
)-7,8-Difluoro-2, 3-D hydro- 3- Met hyl -4-[ (S) - N- par a-t ol uenesul fonyl prol yl ] -4H
-[1.4]- 30 Benzoxazine (X') A solution of &he acid chloride, which was
prepared from61.9 g of (S)-N*p<to0l ug ‘
chlorie, in 350 m of dried dichl
solution of 32.8 g of
()-7,8-difluoro-2, 3-di hydro- 3- ety
p)([/i.di ne in 300 m of dried di%h- 35§ orongt hane at room t enper at ure under
St rr'izng. The stirring was further centin dAprro;an additional 4 hours at
room t8nperature. The reaction nixture Was wished successively with 10%
hydrochl oric acid, a saturated aqueous sol ution of sodi um hydrogencarbonate
and a saturated aqueous sol ution of ﬁoﬂi umehl oride and dried over
anhydrous magnesi um sul fate. The di chl oronet hane was renoved by
distilj;ation, and the oily residue was dissolved in 200 m of ethyl
acetate. To tWiRremOt thd MO MBS oRbOMicKinAfl e thprbs s 1BRgéh o2k M of n-hexane
whi | e stirring avhaembysnis &Yywtnflbs drdup) -1 Somer of the conpound (X") wherein
[err] = F; [ erwith 35-dingrobdnzeylcplotidel tol giveesel (£f-86-ihitrotnbata ofthd yenprabGimiatiat ed
i mredi ately. The precipitated crystals were separated by filtration, and
the fidtrate was concentrated to dryness under reduced pressure. The
resi due was subjected tg colum chrgnat ogt@@@éggsi ng 500 g of silica gel
and el uted with benzenefldtyl asetat s (20/ 1 - <28/ 1 by volune) to obtain an
oily product. The oily produft wak 50l ved in 500 m of ethanol, and 45
the sol ution was allowed to ktand pom t enper at up8%hor 1 day, thereby to
preci pPtate crystals. The «efhdxel Wy distilled offf and to the thus
recovered crystals were @dded diethyl ether and &xane, followed by
filtration. The solid was drie@®Wun 4 e to obtain 33.4 g of
38-¢ + )-7,8-difluoro-2, 3-di hydro~3-
meLhyl z4-[ (S) - N-p-tol uenesul fonyl prol yl ]-4H[ 1, 4] be m§azi_ne ((+)-isoner of
the compound (X') wherein [err] = 0@XE F; [err] = CH3; “R2 =
p-tol uenesul fonyl, and n = 1) having a nelting point of 107 - [err].

45 optically resolves the thus obtained compound of the general formula II' to give the S-(-)-compound
and selectively hydrolyzes the benzoate moiety to give the hydroxymethylene compound of the
general formula I’

50

55
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50 J[err] = +70.7 (c = 0.953, chloroform [err] 55 1685, 1510, 1490 20

EP 0 206 283 Bl Elenmentary Analysis for [err]: Calcd. (% C 57.79, H
5. 08. - N 6. 42 Found (% : CHB0Q08283B1 H 5. 14. N 6.47 EXAMPLE 13 10
Preparation of S-(-)-7,8-Difluoro-2,3-D hydro-3-Mthyl-4H[ 1, 4] Benzoxazi ne
(X) In 1 liter of ethanol were dissolved 32.8 g of the (+)-isoner as
obtained in Exanple 12, and 300 m ®f 1N sodi um hydroxi de were added
thereto, followed by réluxing for I3 ho £00rhd et hanol was renoved by
~distillation, and the oil y™£ axg~extracted with benzene. The extract
was washed with a saturated 3 s solution of sodigmchloride, dried
over sodium sul fate and dis e\l Q1 enove benzene. The resi due was

subj ected to col um chrfgmat ogrfaphy Yisi ng 200 g of silica gel as a carrier

and benzene as an eluent to o;_glgg;2.7/% (yield: 91.49% of
S-(-)-7,8-difluoro-2, 3-di hydro- thyl = ﬁ-[1,4]benzoxazine as an oily
produwet. [err] = -[err] (¢ = 2.17, chloroform 20 The absol ute
configuration of this conpound was decided to be S-configuration by X-ray
anal ysis on its hydrochloride. EXAMPLE 14 Preparation of Ethyl

(S)-(-)-9, 16oWety thsr Hus3 onjpipdsly Fampodovith 3-igineling rageat 1B, givel difel Fedgmelldiene , 4] Be
nzoxazi ne- 6-comppundefirpgeperalfamplx|M ) To 15.8 g of the (S)-(-)-benzoxazi ne
deri Vative as obtained in Exanple 13 were added 24.0 g of di ethyl

et hoxynet hyl enenmal onate, and the m x@ure vag ﬁéigred at 130 to [err] for 1
hour under reduced pressyre. After cfigling, ? e2r®action nmixture was
dissolved in 50 nl of acetiveg#hydprdeyand 80 nl of a mixture of acetic
anhiydpi de and concentrated su il (2:1 by volunme) was slowy added
dropw se to the solution whilkg g under ice-cooling. After continuing

the stirring for additio our *at room tenperature, the reaction
of B0 tgﬂerr] for 30 mnutes. |ce-water

m xture was stirred in a t bat
was added to the reaction m xtur®; d powdery pot assi um carbonat e was
addedst hereto for neutralization. The m xture was extracted
4,
(V)

30
reduces the thus obtained compound of the general formula IV' to give the 3-methyl compound and
hydrolyzes it under acidic conditions to give the 3-methyl-6-carboxylic acid compound of the general
formula V

35

N\ 40

45
wherein R1 has the meanings given in claim 1, and
50 :
reacts the thus obtained compound with an N-alkylpiperazine of the following formula
N\
55 R3 -N NH

I

“ R O ) D



with chloroform and the extract was washed successively with a saturated
aqueous sol ution of sodi um hydrogencarbonate and a saturated aqueous

sol ution of sodiumchloride and dEP&c062e8 B3odi um sul fate. The chl orof orm
was renoved by distillation, and to the residue was added diethyl ether.

The crystals thus forned were collected by filtration to give 20.0 g of the
title conpounterPi\ferigs e mepqings gveun AEiMok 257 - 258 C. 40 [a]D = -[err] (c =
0. 250, acetic, acid) EXAI\QDOI;E’_ 15 Pr arla\tni on of S-(-)-9,10-Difluoro

Met hyl - 7- Oxo- 2 9%° BAREFY. eﬁﬁ?ﬁ"ﬂg’f)’ﬁ‘{i, 3-de] [ 1, 4] Benzoxazi ne- 6- Carbox- ylic
Acid Ip 150 ml of acetic acid were dissolved 19.5 g of the ester conpound
obtained in Exanple 14, and 400 m of congentrated hydrochloric acid were
added thereto, followed by refl uxing for hou After cooling, the
precipitated crystals were coll &s{ g4 hg%lﬂ washed successively
with water, ethanol and di I dnd dflied to obtain 16.2 g of the
correspondi ng carboxylic Acid g el t ¥ng point of 300" C or 50

hi gher. [a] D = -65. &{T # 0. 98¥, ¥ PLE 16 5 Preparation of
S-(-)-9- Fl uor o- 3- Met hyl - 18-(4/Met hy| (V1)

- Pi per azi nyl ) - 7- oxo- 2, 3- Di hydr o- 7H- P 2 3-de]-

[ 1, 4] Benzoxazi ne- 6- Car boxylic Acid (VI) (S (*-)-Isonmer of Oloxacin) In 600
m of ®iethyl ether were suspended 14.3 g of the carboxylic acid obtained
in Exanple 15, and 70 21 EP 0 206 283 B1 m of boron trifluoride diethyl
etherate were”added thereto. followed by stirrin roomteg;peraturefor 5

at
hours. Th PCES: 3 A OPIORSI 2 WA EY B Hhro Ry Y iR A 4loprzrxazing, @f e, genges! for-
reulraue WZSSL%“i%ﬁ[ﬁ(’/’ rﬂS{las ey VF'(}%f o '

20 aom un in either, ong’ of plgall%\ﬁ%zg:n ng frg-:F)fe':étni? 6Ir"r: an?ﬂdf% ‘mg
washed™wi th di'€tRyl “et el and ari ed-- the- produ YR EVene PRI 00 i of
dimet hyl sulfoxide, and 14.2 ml of triethylarnine and 7.3 m of
N- et hyl pi perazi ne were added ® olution. After the m xture was
stirred at roomtenperature for “18 t he sol vent was renoved by
di stiliation. D ethyl ether was addg he residue, foll owed by
filtration. The collected yell 6
met hanol , and 25 m of triethyl'@2m ne was adied thereto. The mixture was
heated at reflux for 25 hours. The sol @ sa digdodd.ed of f under reduced
pressure, and the residue was dissolved in 500 m of £0% hydrochl oric acid
and wa¥hed three tinmes with chloroform The washed solution 10 was
adjusted to a pH of 11 with a 4N sodi um hydroxi de aqueous sol uti on and then
to a pHof 7.3 with 1IN

(VII)
35

.45

(VIID)

wherein A has the meanings given above, separates the mixture into each compound,
50 '

dinitrobenzoylates either one or both of these compounds and further acetylates the benzoylated 3-
hydroxymethylene compound VIII' to obtain the compound of the general IX'

55

25 * c L N s = :



hydrochl oric acid. The solution was extracted three times with 2 liter
portions of chloroform and the conbined extract was dried over sodium
sul fate. The chl orof orm was ren®PeRi205,283i8ti || ation. and the resulting
crystal was recrystallized fromethanol/diethyl ether to obtain 12.0 g of
the title conpound having a nelting point of 226 - [err] (wth
deconposition). 15 [a]D :x-[err] (c = 0.655, q;d)ZSN NaCH) EXAMPLE 17

Preparation of
- (S)-(-)-9-FI uoro-3-|\/bthy|-1(% : | - 1- Pi_per 1)-7-Oxo-2,3-Di hydro- 7H P
yridof 1,2, 3-del - 20 (1,4]Benza CQIrb Acid (M) In the same °

manner as described in Exa hyl pi perazi ne was used in
pl ace of N nethyl pi perazi q®.0bt ai ned having a
melting point of 229 - [err] (wth dec rrp05|t|on) 25 2F| enent ary Anal ysis
for [err]: Calcd. (%: C 60.79 A1 0CoNHL1. 19 Found (% C 60. 97
H 5.94, N 11.30 30 [a]D= -[err] (c = 0.585. [é€rr]) NMR (err) 8 (ppm
1.16 (3H, t, J=7Hz, -[err], 1.63 (3H, d, J=7Hz, CH3) 2.53 (2H, q, J=7Hz,
[err], 2.57 - 2.69 (4H m 2 x [err{3X) 3.40 - 3.53 (4H m 2 x [err]) 4 32
- 4.58 (3H m CHand [err]), 7.77 (1H, d, J=12Hz, [err] H), 8.67 (1 H S
Cs-H Wiile the |nvent|on has been descri bed in det all and with reference

to spécifi CFP%‘?EE“ g‘g3 @Pé%ﬁf;p“?af ‘s%‘?g%;%d E?Ti‘é' one Skl"‘ﬂlﬂ/: cﬁd %?? t he
art that va

depart i ngvf PO %b (& °pé?ﬂ!ly el ﬁé aé‘%gs’b? %"Hmﬁfé @q"?{ PRECFEPe
following Contracting States: DE, GB, FR, IT, N, SE LI, CH BE 1. An
?\')/ ,pyri dobenzoxazi ne conpound K§ e ed by the fornmula (VI) 45 0 COOH

5\/[ err] . 55

2 \%
. o
25 R

(X )
30 .

wherein X;, Xz and Ry have the meanings given above, and
obtains therefrom as described in process C an optically active compound of the general formula VI,

35 or
C) condenses a 7,8-dihalogeno-1,4-benzoxazine derivative of the general formuia (X')

\_< 40
NH
O\A
45 Rl
(x')
50 wherein X;, X2 and R, have the meanings given above,

with a cyclic amino acid or a reactive derivative thereof of the general formula XIV

55
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wherei.n [err] represents a fluorine atom [err] represents a nethyl group,
and {err]  represents a nethyl or an ethyl grou 22 EP 0 206 283 Bl n
of boron trifluoride diethyl etheFRP@06@8%BAdded thereto. fol | owed by
stirring at roomtenperature for 5 hours. The supernatant |iquid was
removed by decantation, and to the residue was added di et hyl ether,
followed by filtration. The solid was was®ed with diethyl ether and dried.
The product was dissolved in 100 m of diyfethyl sulfoxide, and 14.2 m of
triethylamne and 7.3 m of N-nethyXpjpe ine were added to the 5 _
solutign. After the mxture was stirre é?zhoon1tenperature for 18 hours,
the solvent was renoved by distillation. D Jwﬂ et her was added to the
residue, followed by filtration. The collectedy®l | ow powder was suspended
in 400 mM of 95% nethanol, and 25 m of triethylam ne was added t hereto.
The m xture was heated at reflux for 25 hours. The solvent was distilled
of f under reduced pressure, and the residue was dissolved in 500 Ml of 10%
hydrochl oric acid and washed three tinmes with chloroform The washed
solution 10 was adjusted to a pH of 11{¥&¥h a. 4N sodi um hydroxi de aqueous
solution and then to a pHof 7.3 wwth 1 N hydrochloric acid. The solution
was extracted three times with 2 Ilterfgortlons of chloroform and the

conbi n&d extr & "RFSSREE BvEPSILE; B LPPY € ARY EHPBY oI B P WAL 2PV ed
by distillati%m °" 0% he resul ti ystal was recrystallized from
%1
s

1| res nsa teger oOf
et hanol  di et thy' etg %,}l B Bkl OmOUNd having
0. 5 200- 05N reparatlon of
(S),(-) 29 Fl uor o- 3- thhyl 10 (4- Ethyl - 1- Pi perazi nyl') - 7- Oxo- 2, 3- Di hydr o- 7H-Py
rido[1,2,3-de]- 20 [1, 4]Bé@ oxazj ne- 6- Carboxylic Acid (VI) In the sanme

t hatR N- et hyl pi perazi ne was used in
conﬂgund was obt ai ned having a

al]D = -[err] (c =

pl ace of N nethyl pi perazine,

mel ting point of 229 - 230y siNiQn). 25 Elenentary Anal ysis
for [err]: Calcd. (9: C? .79 fhll.lg Found (% : C 60. 97
H 5.91, N 11.30 30 [a]D = [er 585(CE29)
R 2'n
1
30 .
(xX") .
35 separates the diastomeric mixture of the obtained compound of the general formula X" and

hydrolyzes the thus separated diastereomer to give a 7,8-dihalogeno-3-(S)-methyl-[1,4]-benzoxazine
of the general formuta (X)

_. X
i 1
X NH
2 \A
0
“® R
1
(X)
50 reacts the thus obtained compound by known reactions to give a 9,10-dihalogeno-3-(S or R)-methyl-

7-0x0-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid of the general formula (V)

55
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NVR (err (ppm: 1.16 (3H,, t, J=7Hz, -CH2CH), 1.63 (3H, d, J=7Hz, [err]),
2.53 (2H,> q, J=7Hz, CH2CH3), 2.57 - 2.69 (4H m 2 x err, 3.40 - 3.53 (4H,
m 2 x [err], 4,32 - 4.58 (3H, nEPQR0&@8B Berr]), 7.77 (1H d, J=12Hz,
[err]- 35 H), 8.67 (1 H S. [err]-H Wile the invention has been
described in detail and with reference to specific enbodi nents thereof, it
w Il be apparent to one skilled in the art 4 hat various changes and

nodi fications can be made thergn W|thout [
scope thereof. 40 dains dains ' cogHCont racti ng States: DE,
&3, FR IT, N, SE LI, CH BE 1. § dobenzoxazi ne conpound

represents a fluorine atom .[erxrz] ; a methyl group, and [err]

represents a nethyl or an ethyl group. 111311121111121121111211211111111 EP

0 206 283 Bl 2. S(-)-9-Fluoro-3-net hyp-%))i‘4- met hyl - 1

- pi pepazi nyl) - 7- oxo- 2, 3-di hydro-7H-pyri do[ 1 ,RB} 3-de] [ 1, 4] - '

benzoxazi ne- 6- car boxyl,i c acid accordi ng to claim1. 3.

S(-)-9-Fluoro-3-nethyl-1 0-(4-ethyl-

- pi per azi nyl ) - 7- oxo- 2, 3- di hydrc- 7H pyr| do)[ 1 ,2,3-de][1 4] benzoxazine- 5

6 carboxylic acid accordl ng to claiml. 4. Process for produci ng the
S-(-)®Pyri dd¥8nzoxazi nes of the fornula VI according to clains

characteri zé‘@"ﬂeﬁs {hg thus gptained compepnd,afdeseribed & RIOGEEH O FUCogPOYH &F ﬁ@rﬁ?F‘%{?l

formula I' O°TwRY: [err]

\_/ 8. A process for preparing an S( - ) - pvndobenzoxazme compound represented by the formula (VV)

20 ”
i

N

25

30

wherein X; represents a fluorine atom, Ri represents a methyl group, and Rs represents a methyl
group or an ethyl group, which comprises reacting an S( - ) - 9 - fluoro - 10 - halogeno -

35 pyridobenzoxazine compound represented by the formula (V) or the reaction product thereof with
borontrifluoride,
\ | 0
N X, COOH
X
® 2 %
0
Ry
50 wherein Xy and Ry have the meanings given above, and X: represenis a halogen atom, with an M -

alkyl - piperazine represented by the following formula

55 _ Ry— N NH
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V\,herel n [err] has the meaning given in claim1, X2 represents a hal ogen
atom and. A .represents a methylene group vmth

3, 5-di ni trobenzoyl chl oride to gi v'épﬂr?@ @93315 di ni trobenzoate of the
general fornmula 11' 30 [err] x 2 >

NO 2 45 I ol ves t he thus obt ai ned conmpound of the general
formula 11 Wheremoﬁ) I{agt?rh e g ?g% lvem?srnﬁ))ound and sel ectively hydrol yzes the

ponc et otk BT 0, SPMSHRY 8 BB

t hus obptai ned compound with a iodinating reagent to give the

3- i odonetzhy TN aseCONMMOMAE dAé dolBoud® HBERingf farsngl éhel of cidkms he{or]s i Fr@}SJNL %ﬁ
(1V) 30 redaiegrobiany detvéphabadittatonapigeennd of the general fornu V!
gi ve the 3-nethyl conpound and hydrol yzes it under acidic condit.ions to

gi ve t he Ciaime fdnyhe follawdndOonttacingastatd : aBnpound of the general formula V 35
10 ’

1. A process for producing an S(-)-pyridobenzoxazine compound represented by the formuia (V1)

15

o/
| 20 (V1)
o/
25 wherein X; represents a fluorine atom, Ry represents a methyl group, and Ra represents a methyl or an
ethyl group.
characterized in that
A) one treats a compound of the general formula I'
30 '
0
X 1 C00C2!'15
35
X 2 N
"
(2) (1)
45 wherein X; has the meaning given above, Xz represents a halogen atom, and

A represents a methylene group,
with 3,5-dinitrobenzoylchloride to give the (+)-3,5-dinitrobenzoate of the general formuta I’

50

55
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40 [err] 45 (V) wherein [err] has the neanings given in claim1l1l, and 50
reacts the thus obtained conpound with an N al kyl pi perazi ne of the
followi ng formula 55 EP 0 206 283 B1 [err] EP
0 206 283 81 wherein [err] has the meanings given in claiml, to give a
conpound of the general formula VI _[err] (VI) 15 or B) reacts a

7, 8-di hal ogeno- 2, 3-di hydr o- 3- acet ogymet h%&ﬁ e-4H-[ 1, 4] benzoxazi ne of the
general for- nmula VII' y(wl h R € 2 ytic enzyme to recover a

m xture conprising the stary conmpound VI1' rich in either one .
of optical isoners and a 3- hyl ene conpoumnd VII11' 25 [err] 30 (VI)
35400 45 [err] wherein AAZ2 ani ngs gi ven gbove, separates the

m xture into each corrpéand n di nftrobenzoyl Y ei ther one or both of
t hese conpounds and further agetyl at es ideo be mt ed 3- hydroxynet hyI ene
conpound VII1' to obtain the comfound of the deneral I X 55

10 '

15
optically resolves the thus obtained compound of the general formula II' to give the S-(-)-compound
and selectively hydrolyzes the benzoate moiety to give the hydroxymethylene compound of the
general formula III’

—/
20
. 0
o/ -
X
1 COOC2P!5
I Irr'
25 % " :
2
0 \) A ~0OH
30 '
converis the thus obtained compound with a iodinating reagent to give the 3-iodomethylene
compound of the general formula V'
35
cooC Hs
\ ‘
()
N
X2
o) A A
45
()

50
reduces the thus obtained compound of the general formula IV' to give the 3-methy! compound and

hydrolyzes it under acidic conditions to give the 3-methyl-6-carboxylic acid compound of the general
formula V

55
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25 * C L M S * EP O 206 283 B1 [err] [err] 10
[err] 15 _ separates the conpound into the optical isoners by
cristallization, subjects the rersTEPtﬂlzﬁé 283P) -i soner to deacyl ation and
dehydroxyl ati on by nmeans of known chemi cal processes to obtain an optically
active 7, 8-di hal ogeno- 2, 3-di hydro- 3-al kyl -4H-[ 1, 4] benzoxazi ne (X) 20 25
[err] (X 30 wherein [errJand [err] have thepneani ngs given above, and
obtains therefrom as descri bed *n process dl an qpt¢RM |y active conpound of
.the general fornula VI, 35 Qr orideeges a
7, 8-di Qal ogeno- 1, 4- benzoxazi ne derr
[err] 45 (X') 50 wherei n [err
above, with a cyclic am no acidgo Neact 'Ne derivative thereof of the
general formula XV 55 EP O 2@6 283 Wr] 10

R

10 1

15 wherein R; has the meanings given above, and

reacts the thus obtained compound with an N-alkylpiperazine of the following formula

b 20 . Rz-

wherein R; has the meanings given above,
25 .
to give a compound of the general formula Vi

8]
X COOR
30 1 l ‘
R,— N N N
' 3
_/ \/k (v1)
35 R
1
.\ / or
s 40 B) reacts a 7,8-dihalogeno-2,3-dihydro-3-acetoxymethylene-4H-[1,4]benzoxazine of the generdl for-

mula VII' with an asymmetric hydrolytic enzyme to recover a mixture comprising the starting
compound VII' rich in either one of optical isomers and a 3-hydroxymethylene compound VIII!

45

50

. A



(XI'V) .15 wherein R2 represents a substituted sul fonyl group, an

al koxy carbonyl group or an aral koxy carbonyl group, n represents an
integer of 1 to 3, and X3 repr EB&R0E 283 84r boxyl group or a reactive
derivative thereof, to produce a conpound of the general formula X' 20 35
separates the diastomeric m xture of the obtained conpound of the general
formula X" and hydrol yzes the_thus separated diastereoner to give a
7,8-dihaIogeno-3-(S)-nethyI-[fl, gxazi ne of the general fornula (X)
. 45 _ [err] so

reactg the thus obtained conpoun wq{reactions to give a

9, 10- di hal ogeno-3-(S or R)-newxhyl- N :
7- 0x0- 2, 3-di hydro- 7H pyri do[ 1, Z, 3- de] E;jlhsnzoxazine-6-carboxy|ic acid of

t he general fornula (V) 55 27 A — OCOCH
1111111211212112121211712121121121121 EP 0 206 283 81 Eerr] 10

[err] (V) 15 and converts the thus obtai ned conpound as described in
process A) to a conpound of the general forrmula VI. 5.. A process for
preparing an S( - ) - pyridobenzoxazine conpound represented by the fornula
(M) 20 0 25 [err] VI 30 viD) )

[err] wherein [err] represents a quoﬁ ﬁé atom J[err] represents a nethyl
group’ and [err] represents a methyl group or an ethyl group, which
conprises reacting an S( - ) - 9 - fluoro - 10 - hal ogeno -

—
20

25

(VIIT)

wherein A has the meanings given above, separates the mixture into each compound,
30

dinitrobenzoylates either one or both of these compounds and further acetylates the benzoylated 3-
hydroxymethylene compound VIII' to obtain the compound of the general IX'

: , 2
L 40 | o\)\ NOz

" (1)

separates the compound into the optical isomers by cristallization,
subjects the resulting 3-(-)-isomer to deacylation and dehydroxylation by means of known chemical
50 processes to obtain an optically active 7,8-dihalogeno-2,3-dihydro-3-alkyl-4H-[1,4]benzoxazine (X)

56
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°

35 . pyridobenzoxazi ne conpound represented by the fornula (V) or the
reaction product thereof with borontrifluoride, 40

COO 45 EP 0 206 283 B1 _
V [err] 50 wherein [err] and [err] have the neani ngs gi ven above, -and
X2 represents a halogen atom with an N - alkyl - piperazine represented by

the following fornula 55 28 EP 0 206 283 Bl wherein [err] has the

meani ngs gi ven above. 6. Pharmceltl ca posi tion, containing at | east
one conpound of clainms 1 to 3, optiona pget her with a common carrier
and/orsdiluent. 7. The use of at |east™~age ound according to any one of
clains™1 to 3 for preparing an antXficro-iaII active pharmaceuti cal
conposition. Clains for the follow ng Cotractiing State: AT 10 1. A process
for producing an S(-)-pyridobenzoxazi ne co u da{epresented by the formula

(Vi) 0 15 COOH N [err]
20 4
(V) 25 wherein [err] represents a flygrine atom [err] represents a
met hyl group, and R3 represents a nethyl or an ethyl group. characterized
in that A) one treats a conmpound of the general fornula I 30 [err] 35 40
wherein X1, X2 and R; have the meanings given above, and
15
obtains therefrom as described in process C an optically active compound of the general formula VI,
or .
_ C) condenses a 7,8-dihalogeno-1.4-benzoxazine derivative of the general formula (X')
\—
: 20
o/ X
1
X NH
2 2
0\\//L\R
1
30 _ {(x*")
wherein X1, X2 and Ry have the meanings given above,
35 with a cyclic amino acid or a reactive derivative thereof of the general formula XiV
( r
v !
e 40 x3 ' N \
- L/'—'(‘:“2’ n
45
(X1IV)
50
wherein Rz represents a substituted sulfonyl group, an alkoxy carbonyi group or an aralkoxy
carbonyl! group,
n represents an integer of 1 to 3, and
X3 represents a carboxyl group or a reactive derivative thersof,

55 to produce a compound of the general formula X"
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[err] 45 wherein [err] has the neaning given above, X2 represents a

hal ogen atom and A represents a nethyl ene group, with

3, 5-di ni trobenzoyl chl ori de to gi FR0t20€28%B1) - 3, 5-di ni t robenzoate of the

general formula 11" 50 55 EP O 206 283 Bl [err] [err] 15 optically

resol ves the thus obtained conpound of the general formula Il' to give the

S-(-)-conmpound and sel ectixyely hydrol yzes the benzoate noiety to give the

hydr oxynet hyl ene conpound fre~general fommula 11" 20

.0 [err] 25 N [err] 30 convert d obt gened conpound with a iodinating
reagept to give the 3-iodgne Ry | ene co 3 of the general formula IV 35

[err] 45 (1V) 50 reduces t'he th i conpound of the general fornula

V' to give the 3-nmethyl conmpoufid an

to give the 3-nethyl-6-carboxyl I fonpou nthe general formula V 55
1
10
(x")
’
15 separates the diastomeric mixture of the obtained compound of the general formula X" and

hydrolyzes the thus separated diastereomer to give a 7,8-dihalogeno-3-(S)-methyl-[1.4]-benzoxazine
of the general formula (X)

Y, X,

20
-/

X NH
2
25 o R
1
(X)
N reacts the thus obtained compound by known reactions to give a 9,10-dihalogeno-3-(S or R)-methyl-

7-0x0-2,3-dihydro-7H-pyrido[1,2,3-de][ 1 ,4]benzoxazine-6-carboxylic acid of the general formula (V)

v}
35 X
: 1 COOH
\ | X,
., 40
0
. Rl
. (V)
and
converts the thus obtained compound as described in process A) to a compound of the general
formula V1.

50
2. A process for preparin_g an §( - ) - pyridobenzoxazine compound represented by the formula (V1)

55
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EP 0 206 283 Bl X [err] 5 10 (V 15 wher ei n
[err] has the meani ngs given above, and reacts the thus obtai ned conmpound
wi t'h an N-al kyl pi perazi ne of the EBI0296i288Bfior nul a 20. wherein R3 has the
meani ngs gi ven above, 25 to give a conpound of the general fornula VI 30

[err] (VI) 35 [err or 40 ~ B)
reacts a 7, 8-di hal ogeno-2,3-di hydro- 3- acet oxynet hyl ene- 4H-[ 1, 4] benzoxazi ne
of the general for-_mula VIl th an asytrlc hdrolytlc enzynme to

recover a mxture/Brrprlsmgt € S

of optical isoners and a 3-hydroxy dompound Vil' 45 50 55 31 :
111111f11111111111111111 *,Cy_\l_ P 0 206 283 Bl [err] [err] 10
(M) R.— N N

3N/ 0\)\R VI

ic l

qpe&RBEVI | ' rich in either one

wherein X1 represents a fluorine atom, Ri represents a methyl group, and Rs represents a methyl
group or an ethyl group, which comprises reacting an S( - ) - 9 - fluoro - 10 - halogeno -

15 pyridobenzoxazine compound represented by the formula (V) or the reaction product thereol with
borontrifluoride,
- o]
N\ %
. 20 _ 1 COOR
X
2
\)\ Y
25 0
. Rl
wherein X; and R, have the meanings given above, and X2 represents a halogen atom, with an N -
30 alky! - piperazine represented by the following formula
R,~— N NH
3
35
wherein Rz has the meanings given above.
N

N+ 40 3. The process of claim 1 or 2, wherein the compound obtained is
S(-)-9-Filuoro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-2,3-dihydro-7H-pyridof 1,2,3-de][ 1,4]-
benzoxazine-8-carboxylic acid.

4. The process of claim 1 or 2, whersin the compound obtained is
45 S(-)-9-Fluoro-3-methyl-10-(4-ethyl-1-piperazinyl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de]{ 1,4}
benzoxazine-8-carboxylic acid.

8. A process for preparing a pharmaceutical composition which comprises providing at least one
compound of formula VI as defined in claims 1 to 4 in a form suitable for admlmstrahon, optionally
50 incorporated into a common carrier and/or diluent.

6. The use of at least one compound of formula VI as defined in claims 1 to 4 for preparing a
antibacterially active pharmaceutical composition.

ss Patentanspriiche
Patentanspriiche fiir folgende Vertragsstaaten : BE, CH, DE, FR, GB, IT, LI, NL, SE

1. S(-)-Pyridobenzoxazin-Verbindungen der Formel (VI)
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15 20.25 (M11) wherein A has the neanings given above, separates the

m xt-ure i'nto each conpound, 30 dinitrobenzoyl ates either one or both of

t hese compounds and further acetBR BR@E28381 benzoyl ated 3- hydroxymet hyl ene
conmpound Vil' to obtain the conmpound of the general |IX 35

[err] [err] 45 separates the conpound into the optical isoners by
cristallization, subjects the resulting 3-(-)-isoner to deacylation and
dehydr oxyl ati on by nmeans of known chenjcal ég"” processes to obtain an
optically active 7,8-diha|6geﬂQ; i >3-4l kyl - 4H[ 1, 4] benzoxazi ne (X)
55 L4EP 0 206 283 B1 x 5 2 10 in[err] and [err] have the

meani ngs gi ven above, qﬁa_16 o] i t hepef rom as described in process C an
optically active ®arpotind ol the ner8 formula VI, or C) condenses a
7,8-dihalogeno-1,49benibgg;4ne deri vatijve of the general fdwmila (X ) 20 25
[err] 30 0 (X') wherein [err]
and [err] have the neani ngs gi ven above, %5 with a cyclic amno acid
or a reactive derivative thereof of the general fornmula XV

worin X; flir ein Fluoratom steht, Ry eine Methylgruppe und R: eine Methy!- oder eine Ethylgruppc
darstellt. '
15
2.  S(~)-9-Fluor-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-2.3-dihydro-7H-pyrido[1,2,3-de][ 1 ,4]benzoxazin-
6-carbonsiure gemiB Anspruch 1.

\_/ 3. S(-)-9-Fluor-3-methyi-10-(4-ethyl-1-piperazinyi)-7-oxo-2,3-dihydro-7H-pyrido{1.2,3-de][1,4]benzoxazin-6-

20 carbonsdure gemas Anspruch 1. :
Y,
4. \Verfahren zur Herstellung der S-(-)-Pyridobenzoxazine der Formel VI nach den Anspriichen 1-3,
dadurch gekennzeichnet, daB man

A) eine Verbindung der aligemeinen Formel I'
25
30
35

() (1)
I\ J .
N 40 worin X; wie in Anspruch 1 definiert ist, Xz flir ein Halogenatom steht und A fiir eine Methylengrup-

pe steht, mit 3,5-Dinitrobenzoylchlorid behandelt, wobei man das (%)-3,5-Dinitrobenzoat der allgemei-

nen Formel II'
45 0

b'e 1 cooC ZHS
- NO
2
50 N )
Xz \/l\
0CO
7~
° A
) NO,

55 (11)

erhélt, I

" AL



[err] Jerr] 45 (XIV) 50 wherein R2 represents a substituted sul fonyl group,
an al koxy’,carbonyl group or an aral koxy carbonyl group, n represents an
integer of 1 to 3, and X3 repre$fEr P6288B1boxyl group or a reactive
derivative thereof, 55 to produce a conpound of the general formula
X" EP 0 206 283 B1 10 [err] 15 separates the diastoneric nixture

g];‘pta?:t ggt S‘: ggg s%ogpéﬁg&s&ggméung cfgle I% emenoll:'ormelall' >gpt|sc ut@édr OLQ( er?asn |e t hus

, 8- di hal ogeng, ?'g h ng %ﬁ P VAR A bt s A RS Eo Wﬂ?yéen(ex) 20
25 [errgd reacts t alned conpound by known reactions to give a
9, 10- di hal ogeno- 3- (S or R) methyl - o
7- oxo- 2, 3-di hydro- 7H pyrx do[ 1, 2 3-drj
t he general formula (V) [
conpound as described in prog
VI. 50%@. A process for prepa gAan
represented by the fornux§.(VI) 55 N

0 A ~OH

j ne-u-carboxylic acid of
and co ts the thus obtained
conpound of the ggneral formula
- ) - pyridobenzoxazi ne conpound

15
erhalt,

. die so erhaltene Verbindung mit einem Jodierungsreagens in die 3-Jodmethylenverbindung der
o/ aligemeinen Formel IV' :
20

—/
9 CcooC H
X 1 25
. 1
N
X2
\/k '
rd
0 A |
30
(1v)
35 umwandeit,
die so erhaltene Verbindung der allgemeinen Formel IV' reduziert, wobei man die 3-Methyiverbin-
. dung erhiit, und diese unter sauren Bedingungen hydrolysiert, wobei man die 3-Methyl-6-carbon-
; / sdureverbindung der allgemeinen Formel V
N 40
0
X COOH
1
" \
N
X2
PN
50 R,
(v )
55 worin Rq wie in Anspruch 1 definiert ist, erhilt, und

L]

die so erhaltene Verbindung mit einem N-Alkylpiperazin der folgenden Formel

i RN AR A




EP O 206 283 B1 N [err] 10 wherein [err] represents a fluorine atom [err]
represents a nethyl group, and R3 represents a methyl group or an ethyl
group, which conprises reacting 02§6283)BL 9 _ f|uoro - 10 - hal ogeno - 15
pyri dobenzoxazi ne conpound represented by the fornula (V) or the reaction
product thereof with borontrifluoride, 0 20

COOH 25 ‘ R1 wherein [err] and [err] have
t he neani ngs gi ven above, and X2 repreigntsuﬁ hal ogen atom with an N - 30
al kyl - piperazine represented by t |1 ng formula R 3- N 35 wherein
R3 has the neanings given above. 40 3 process of claim1l or 2, wherein
the conpound obtained is S(-)-9-Fluoro-3-nethyl-1 0-(4-nethyl-

- pi perazi ny wprin/ ROXa- i3, Shrsstudhy dieimibhtifylirhsdef, nobe? ,rdm it Vortdung der afigemeinen
benzoxazi nefemeaviboxylic acid. 4. The process of claiml or 2, wherein the
conmpound obtained is 45 S(-)-9-Fluoro-3-nethyl-1 0-(4-ethyl-

- pi pevazi nyl ) -7-oxo- 2, 3-di hydr o- 7Fprr|do[1 2,3-de][1,4]-

benzoxazi ne- 6- carboxyllc acxg 5. eSS fawowrepari ng a pharmaceuti ca
conposi tion which conprises ¢ :

as defined in clains 1t in a I sui tlpbl e for adm nistration,
optionally 50 | ncorpor at &d_iTheg sQqOn carrier and/or dlluent. 6. The
use df at |east on®3aconpoundsof forfmul a as defined in clains 1 to 4 for
preparing a antibacteria active.QQg;dgﬁeutical conposi ti d¥I)55

Pat ent anspr Uche Pat ent anspr Uche fur geh@e Vertragsstaaten: BE, CH, DE,

FR, ,G&B, IT, LI, N, SE 1. S(-)- Pyrldobenzox&2|n Ver bi ndungen der For nel

(VI 4
/ erhdlt, oder

B) ein 7,8-Dihalogen -2,3-dihydro-3-acetoxymethylen-4H-[1,4]benzoxazin der aligemeinen Formel VII'

mit sinem asymetrischen hydrolytischen Enzym umsetzt, wobei man sin Gemisch erhélt, das die mit

einem der optischen Isomeren angereicherte Ausgangsverbindung VII' und eine 3-Hydroxymethylen-
25 verbindung VIR’

* 7 |
30 1
X NH (VII)
2
0 \)\ ;
A~ OCOCH3
35
X
.: . l
2
0
A-OH

45 _

worin A wie oben definiert ist, enthélt,

das Gemisch in beide Verbindungen auftrennt, entweder eine oder beide dieser Verbindungen

dinitrobenzoyliert und die benzoylierte 3-Hydroxymethylenverblndung VIIT' weiter acetyliert, wobei
50 man die Verbindung der allgemeinen Formel IX'

55

I

A



35 EP 0 206 283 B1 COO H (VI) 10 worin [err] fr ein Fluoratomsteht, Rl
ei ne I\/bt hyl gruppe und R2 ei ne Meth oder eine Ethyl gruppc darstellt. 15
2. P0206283 B1

S(-)-9-Fluor-3-net hyl -10- (4- et hyl - 1- pi perazi nyl ) -7-o0xo0- 2. 3-di hydro- 7H pyri
do[ 1, 2, 3-del [, 4] benzoxazi n- 6-car bonsf ure gemaB8 Anspruch 1. 3.
S(-)-9-Fluor-3-nmethyl-1 0-(4-ethyl- NO

- pi perazi nyl)-7-oxo- 2, 3-di hydro 7H- pyrido(l , 2, 3- ef[l 4] benzoxazi n-6- 20
car bonsaure gemaB Anspruch 1. 4. #r fapren zur Hersgel | ung der
S-(-)-Pyridobenzoxazi ne der Forne hen 1-3, dadurch
gekennzei chnet, daB man A) ei ne Qiadung | Eei nen Fornel |' 25 30
2 [err] 35 [errds; 40 ' WR@5in Anspruch 1
definiert ist, [err]fEr ein Hal ogenggom steht und A fUr e| ne Met hyl engr up-
pe steht, mt 3,5-D nitrobenzoyl chlori behand@C@CHg\obel man das

({)-3,5eDi nitrobenzoat der aligenoi- nen Fornel 11" 45
0 COOC H 50 Terr] O NO 2
erhal t, (1X)

15 erhilt,

die Verbindung durch Kristallisation in die optischen Isomere auftrennt,
das so erhaltene 3-(-)-Isomer nach bekannten chemischen Verfahren deacyliert und dehydroxyliert,

\_ wobei man ein optisch aktives 7,8-Dihalogen-2,3-dihydro-3-alkyl-4H-[1,4]benzoxazin (X)
20
N
X
NH '
25
X2 (X )
0
Ry

30

worin X1, X2 und R, wie oben definiert sind, erhélt, und daraus, wie in Verfahren C beschrieben,
eine optisch aktive Verbindung der Formel VI erhélt, oder
C) ein 7,8-Dihalogen -1,4-benzoxazinderivat der aligemeinen Formel (X')

3
X
(X')
vy | X, NH
L 40 ' \/}\
o]
Ry

45 worin X3, Xz und Ry wie oben definiert sind, kondensiert

mit einer cyclischen Aminosdure oder einem reaktiven Derivat davon der allgemeinen Formel XIV

50

2

A
(XIV)
CH,) p

worin Rz eine substituierte Sulfonylgruppe. eine Alkoxycarbonylgruppe oder eine Aralkoxycarbonyl-

o [11111 1

R
|
X5

55




EP O 206 283 Bl die so erhal tene Verbi ndung der all genei nen Fornel 11
optisch auflost, wobei man die S-(-)- Verbindung erhalt, und den
Benzoatrest sel ektiv hydr ol ysi erEP 086@&83 Bhn di e Fwdroxynethylenver-

bi ndung der allgen9|nen Formel 111" 5 0 [err] 15 erhSIt, die so erhaltene

-Ver bi ndl ung g d|e gng ns in die 3- Jodnethylenverblndung der
| o ‘925(% deit, di
al i gemrmei nen kFary zg;lgkgj . mvandel t, die so

er hal t ene VErblndun geWE|nenwﬁoawdaQ?ﬂﬁgduziert wobei nman die

3- Met hyl ver b n@H@ﬂeQérblﬁéng dmﬂ%e%ﬁaﬁpom& i sauren Bedi ngungen

hydroblysi ert, wobei man die car on- saur ever bi ndung der

al i geneinen Fornel V 40 [err] 45 x so ( 55 worin [err] wie in
Anspruch 1 definiert th, erhait, und die so erhaltene Verbindung mt einem
N- Al kyl pi perazin der f Forgel R C L M S * EP 0 206 283
B1 '

10 X N N w (x")
2
R 2°n
1
15
erhdlt,
) das Diastereomerengemisch der erhaltenen Verbindung der allgemeinen Forme! X trennt und das
o so erhaltene, getrennte Diastereomer hydrolysiert, wobei man ein 7,8-Dihalogen-3-(S)-methyl-{1.4}-
20 benzoxazin der allgemeinen Formel (X)
-
X
1
25
X NH
e
o)
R
1
30
(X)
erhélt,
die so erhaltene Verbindung anhand von bekannten Reaktionen zu siner 9,10-Dihalogen-3-(S oder
35 R)-methyl-7-0x0-2,3-dihydro-7H-pyridof1,2,3-de][1,4]-benzoxazin-6-carbonsiure der allgemeinen For-
mel (V)
N 40 X, COCH
l (V)
X2
45
0 \)\
Ry
50 umsetzt, und

die so erhaltene Verbindung wie in Verfahren A) beschrieben in eine Verbindung der aligemeinen
Formel VI umwandelt.

5. Verfahren zur Hersteliung einer S(-)-Pyridobenzoxazinverbindung der Formel (V1)
55 .

© R O ) A
. * [ L M H *



[err] 5 worin R3 wie in Anspruch 1 definiert ist. unsetzt, wobei man eine
Ver bi ndung der .al i genei nen Fornel VI 10 '

0 COOH 15 EPJ206283B1 [err] [err] 20 erhalt, oder
B) ein 7,8-D hal ogen -2, 3-di hydro- 3-acet oxynet hyl en-4H-[ 1, 4] benzoxazi n der
aligeneinen Fornel MII' mt einemasynetrischen hydrol yti schen Enzym
unset zt, wobei man ein Gemi sch erhlt, das die mt einemder optischen

| someren angereicherte AusganQ§verbindung | " und ei ne 3-Hydroxynet hyl en-
25 ver bi ndung Vill' 30"} ﬁ] [err] 35 [err] [err]
45 worizn A wi e oben definiert .ist, as Gem sch in beide

Ver bi ndungen auftrennt, enywed®r ej bgi de di eser Ver bi ndungen

di ni trobenzoyliert ungl, €N benaoyT i dr oxynet hyl enver bi ndung Vi l"*
weiter acetyliert, wobei s&_ man di el Ver bi ndung der aWgenei nen
Fornmel I X 55 EP 0 206 283 Bl NO [@r 15 erhalt, die

Ver bi ndung durch Kristallisation in die opti§§hen | sonere auftrennt,

worin Xi ein Fluoratom darstellt, R: flir eine Methylgruppe und Rs flir ei.ne Methyt- oder Ethylgruppe
steht, wobei man eine S(-)-9-Fiuor-1 0-Halogenpyridobenzoxazinverbindung der Formel (V)

0
xl COOH
\—/
20
—/ :
x2 VvV
o \A
Ry
25 .
worin X; und R: wie oben definiert sind und X2 fur ein Halogenatom steht, oder das Reaktionsprodukt
davon mit Borontrifluorid mit einem N-Alkyl-piperazin der folgenden Formel
30
R, == N NH
PN/
35
worin Ry wie oben definiert ist, umsetzt.
Ly 6. Pharmazeutisches Mittel, enthaltend mindestens eine Verbindung der Anspriche 1 bis 3, gegebenen-
' falls zusammen mit einem Ublichen Triger und/oder Diluens.
N 40

7. Verwendung mindestens einer Verbindung nach einem der Anspriiche 1 bis 3 zur Herstellung sines
antimikrobiell wirksamen pharmazeutischen Mitiels.

Patentanspriiche filr folgende Vertragsstaat : AT

1. Verfahren zur Herstellung von S(-)-Pyridobenzoxazin-Verbindungen der Formel (VI)

50
. Xl COCH

R,— N N N
} __/ 0 \/k . vy
| —_—
. A g

-



das so erhaltene 3-(-)-isonmer nach bekannten chem schen Verfahren
deacyl i ert und dehydroxyliert, wobei man ein optisch aktives

7, 8- Di hal ogen- 2, 3- di hydr o- 3- al k\EP-G2p§283Bthenzoxazin (X) 20 25 [err] 30
worin [err] und [err] w e oben defini ert sind, erhalt, und daraus, wie in

Ver f ahren hrle ei ne tiseh,aktive Yerbin d I

erhal t, o gu"édtﬁ ‘p‘ﬁme etﬁy ?{(%Wfoufg%’ ﬁ&%?"’gﬁk geére'“glﬁr@l?H‘BF%en
For el (X' A&Qne[t% ']na worin [err] und [err] w e oben
definiert SI Eaﬁ%m%h cyclischen Am nosaure oder einem
reaktj ven Derlv avon der a i gemel nen Formel XIV 50

R2 (XI'V) worin R2 ei ne substituierte Sul fonyigruppe, eine

Al koxycar bonyl gruppe oder ei ne Aral koxycerbonyl - gruppe darstellt, L S
EP 0 206 283 B1 n fO eine gangze Zahl 1 biegacgﬁght und X3 fOr eine
Car boxyl gruppe oder ein reaktTvesA , daon st wobei man ei ne

Ver bismdung der al | genei nen For nel
[err] 15 erhfilt, das D astereqmxagnge 4 der erhaltenen Verbi ndung der
al i genei nen Fornel X' trenntX4ind daf so Brhal tene, getrennte D astereomner
hydrol ysiert, wobei man ein 7, 8-D hal oge -3-(/83H-rrethyl-[1,4]- 20

A

benzoxazin der aligenei nen Fornel
15

(2} (1)
—
_ 20 worin X wie oben definiert ist, Xz flir ein Halogenatom steht und A flir eine Methylengruppe steht,
N '
mit 3,5-Dinitrobenzoylchlorid behandelt, wobei man das (%)-3,5-Dinitrobenzoat der allgememen
Formel I’
25 0
Xl COOCzﬂS
- N
3 02
0 X
2
o\/L 0Co
A ”~
NO
% (119 2
\ erhilt,
/
\..,., 40 die so erhaltens Verbindung der allgemeinen Formel II' optisch aufiést, wobei man die S-(-)-
Verbindung erh@lt. und den Benzoatrest selektiv hydrolysiert, wobei man die Hydroxymethylenver- -
bindung der aligemeinen Formel [ll'
45
I1t'
50 2 N
o K
A ~0OH
55 erhilt,

die so erhaltene Verbindung mit einem Jodierungsreagens in die 3-Jodmethylenverbindung der

allgemeinen Formel V'
' * [ L M S *




25 1 30 [err] erhalt,
di e -so erhal tene Verbi ndung anhand von bekannten Reaktionen zu ei ner

9, 10- Di hal ogen-3- (S odor 35 EPH) 20Fe383yB1 7- oxo- 2, 3- di hydro- 7H pyri do[ 1
,2,3-de][1 , 4] -benzoxazi n- 6-car bonsfure der allgen9|nen For- nmel (V) 0 40
COOH 2 45 [err] so unset zt, und die so erhaltene Verbindung wie in

~Verfahren A) beschrieben in eine Verb| ndung der al i genei nen Fornel VI
ummvandel t. 5. Verfahren zur Hgrstell ung ei CcooC Hs

S(-) - Pyridobenzoxazi nver bi ndung ser _#v 55 4 cCL M s*

EP O 206 283 B1 0 5 [err] VI 10 wo #in Fl uoratomdarstelit, R fuU
ei ne Met hyl gruppe und R3 fUr eine &t gr Et hyl gruppe steht, wobei man
ei ne S(-)-9-Fluor-10- Hal ogenpyxl dObeRgOxazinver bi ndung der For el (V) 15 20
[err] 25

10

15 . umwandeit,

die so erhaltene Verbindung der allgemeinen Formel IV' reduziert, wobei man die 3-Methylverbin-
dung erhilt, und diese unter sauren Bedingungen hydrolysiert, wobei man die 3-Methyl-6-carbon-

'\/ ' sdureverbindung der aligemeinen Formel V
20
N\
¢
X COOH
1
25 |
N
X2
o N
30 R l
(v )
35 worin R: wie oben definiert ist, erhilt, und

die so erhaltenen Verbindung mit einem N-Alkylpiperazin der folgenden Formel

Ny
'l\-—/ 40 R N NH‘
3N/
worin R wie oben definiert ist, umsetzt, wobei man eine Verbindung der allgemeinen Formel VI
45
O
X, COCH
7\ |
R3—-N N N
—/ \)\ (v1)
' R
1
55
erhéilt.I oder )

B) ein 7,8-Dihalogen -2,3-dihydro-3-acetoxymethylen-4H-[1,4)benzoxazin der aligemeinen Formel VII'
I —

AL R R



worin. und [err] wie oben definiert sind und X2 fir ein Fﬁlogenaton1steht
oder. das Reakt i onsprodukt davon mt Borontrifluorid mt einem
N—Alkyl-plpera2|n der fol genden E®PREF 28HBB5 worin R3 wi e oben definiert

i st, unmsetzt. |j 6. Pharnazeutisches hAtteI enthaltend m ndestens eine

Vérblndung de Ans riche 1 m

?m chﬁ r]yﬂrg s’ch %%?ym \ise gggl?c a&, dﬁ% ie mit
{J/QL It)::Egﬂn-grr ar%\ %u@ & Iso eren % e%\eﬁse Busgar}?{ﬁ%{}r f_lgr & e eine édrox meﬁwlen-
e

I"un
~anti m Kkrobi Pksanen pharnazeutlschen Mttels. Patentansprtche fUr

f ol gepde V@rtragsstaat Al 15 1. Nerfahren zur Herstellung von

S(-)-Pyridobenzoxazi n- Ver bilndtr jer Formel (VI) 50

COOH N [err] EP 0 206 283 B n X1 fur ein Fluoratomsteht, Rl eine
Met hyl gruppe und R3 ei ne Met hyt 3 Q0et ne Ethyl grupp@rdgrstelit, dadurch
gekennzei chnet, daB man Aﬁ. I ne Verbindung der allgeneinen Fornel |'- 5 10 A
OH 15[ err] 20 wor i n XI\M

ob def i i ist, X2 far ein
Hal ogenat om steht und A fir eine M ernﬁFUﬁééé 3eht, m t
3, 5-Di nitrobenzoyl chi orid behandelt, wobei nman das (t)-3,5-Dinitrobenzoat
der aligeneinen Fornel 11' 25 30
[err]

s Cox, ) (VIII)

worin A wie oben definiert ist, enthélt,

25
das Gemisch in beide Verbindungen auftrennt, entweder eine oder beide dieser Verbindungen
dinitrobenzoyliert und die benzoylierte 3-Hydroxymethylenverbindung VIII' weiter acetyliert, wobe:
man die Verbindung der allgemeinen Formel IX'

30 .
X NO

1 2
0
_ _ i
3 S X n—c NO,
O\V/i\
— A—OCOCH 3
\ '
s 40 (1%
erhilt,
45 die Verbindung durch Kriétallisation in die optischen isomere auftrennt,

das so erhaltene 3-(-)-Isomer nach bekannten chemischen Verfahren deacyliert und dehydroxyliert,
wobei man ein optisch aktives 7.8-Dihalogen-2,3-dihydro-3-alkyl-4H-[1,4]benzoxazin (X)

50

NH
" \)\
55 0
. ' R
-

" L

{ X)



[err].erhalt, 40 di e so erhal tene Verbi ndung der aligenei nen For nel

11' -opti sch auflost wobei man die S-(- Ver bi ndung erhalt. und den

Benzoatrest sel ektiv hydrol ysiert . ER® 23#55? di e Hydr oxynet hyl envur -

bi ndung der ali gerrm nen For mel II' 45 COCOC x 50 2

[err] 55 en Ve bi

Jodi er ungsr eagﬁgl aa nggb \& E ) féjmgﬂoaj rﬁd}ajﬁgﬁ‘ Wé?l 'Pg@ﬁ%’feﬂe%bfﬁq’%q" Y%

42 EP O 20@)3 gbgﬁ

Ver bi ndung der al |gen9|nen Forne reduZiert nan die

3- Met hydl ver bi n- dung erhalt, und d| ese unter sauren Bedi ngungen

hydrol ysiert, wobei man di e 3- Met hylz- PpQn- saur ever bi ndung der

ai | genei nen Fornmel V 20 25 -x 2 30

[err] (v) 35 worin [err] vvi%o

er hal t enen Verbi ndung mt ei nem N A2k
10

finiert ist, erhalt, und die so

15 (X|)

worin X1, Xz und Ry wie oben definiert sind, kondensiert

N mit einer cyclischen Aminos&ure oder einem reaktiven Derivat davon der aligemeinen Formel X1V
20

2

—n

. "
25 _ l \' (X1IV)

worin Rz eine substituierte Sulfonylgruppe, eine Alkoxycarbonylgruppe oder eine Aralkoxycarbonyl-
30 gruppe darsteiit,

n fiir eine ganze Zahl von 1 bis 3 steht, und

Xz fiir sine Carboxylgruppe oder ein reaktives Derivat davon steht,

z

wobei man eine Verbindung der allgemeinen Formel X"
35

45
(x")
50 erhilt,
das Diastereomerengemisch der erhaltenen Verbmdung der allgemeinen Formel X" trennt und das

so erhaltene, getrennte Diastereomer hydrolysiert, wobei man ein 7,8-Dihalogen-3-(S)-methyl-[1.4]-
benzoxazin der allgemeinen Formel (X)

55

R

S 11T

der all eme,ne r,}g\@.%p die so erhaltene



40 worin w e oben definiert ist, unsetzt, wobei nman eine Verbindung der
al | genei rien Formel VI 45 0 R3-N N [err] (VI ) 55 erhalt,
oder B) ein 7,8-Dihal ogen -2.3- #hy8P&28% Btet oxynet hyl en- 4H-[ 1, 4] benzoxazi n
der allgen9|nen Formel VII' 43 EP 0 206 283 31 mt einemasynetrischen
hydrol yti schen Enzym unsetzt, wobei man ein Gem sch erhalt, das die mt
ei nem der optischen |soneren ange elcherte Ausgangsverblndung Vil' und eine
3- Hydr oxymet hyl en- ver bi ndung Vi l 7 [err] 15 20
(VIT1) [err] worin A wi e oben deflnle , enthalt, 25 das Gem sch in
bei des Ver bi ndungen auftrennt, entwede L_oder beide dieser Ver bi ndungen
di nitrobenzoyliert und di e benzoyXjerteY3- HydHoxynet hyl enver bi ndung Vil l'
weiter acetyliert, wobei man di e Verbi ndcung {der aligeneinen Fornel |X 30
NO2 0 40 0 [err] erhilt, 45
di e Verbi ndung durch Kristallisation in die optuschen | sonere auftrennt
das 90 erhaltene 3-(-)-1somer nach bekanqggn chem schen Verfahren
deacyliert und dehydroxyliert, wobei man ei'n optisch aktives
7.8-Di halogeaég,B-dihydro-3-a|kyI-4H—[1,4]benzoxazin ( X)

eri y .

die so erhaltene Verbindung anhand von bekannten Reaktionen zu einer 9,10-Dihalogen-3-(S oder

15 R)-methyl-7-ox0-2,3-dihydro-7H-pyrido{1,2,3-de][1,4]-benzoxazin-6-carbonsiure der aligemeinen For-

mel (V)

N\, 0
20 X COOH
X2
25 :
1% \/k
| Ry
(V)

30

umsstzt, und

die so erhaltene Verbindung wie in Verfahren A) beschrieben in eine Verbindung der aligemeinen

Formel VI umwandelt.
35

2. Verfahren zur Herstellung einer S(-)-Pyridobenzoxazinverbindung der Formel (V1)
. \’ /I
W 40 ' X
1
R3 N N

50 worin Xi ein Fluoratom darstellt, R: flir eine Methylgruppe und Rs fiir eine Methyl- oder Ethylgruppe

steht, wobei man eine $(-)-9-Fluor-10-Halogenpyridobenzoxazinverbindung der Formel (V)

55

° RN R
. * c L M H *



50 55 [err] EP 0 206 283 B1 worin Xi, X2 und R1L wi e oben definiert sind,
erhalt, und daraus, we in Verfahren C beschrieben, eine optisch aktive
Ver bi ndung der Formel VI erhalt. d<Re020®283iB1 7. 8-Di hal ogen

-1, 4- benzoxazi nderivat der allgeneinen Formel (X ) [err] 10 15 worin X1, X2
und R1 wi e oben definiert sind, kondensiert mt einer cyclischen Am nosaure
oder einemreaktiven Derivat davon de&d all geneinen Fornel XV 20 x3 25
(XI'V) CH2) worin R2 eine gubstituiert]p Sul | gr uppe, eine

Al koxycar bonyl gruppe oder " &i e A grbonyl - 30 . gruppe
darstellt, n fU eine ganze Z3 is 3 steht, und X3 f;r eine

Car boxyéi gruppe oder ein reakti® At davon steht, wobel nan eine

Ver bi ndung der al genei neft2For me” X" 5 [err] 50 eyhal t, das

Di ast er eonerengem sch der erhalté&nen ger bi ndung der ail genei nen Fornel X'
trennt und das so erhaltene, get | ast ereoner hydrol ysiert, wobei man
ein 7,80 D hal ogen-3-(S)-nethyl-rl 4]- berzoxazi n der ali genei nen Fornel (X
55

worin Xy und Ry wie oben definiert sind und X flir ein Halogenatom steht, oder das Reaktionsprodukt
davon mit Borontrifiuorid mit einem N-Alkyl-piperazin der folgenden Formel

15

_ 3
-
20
—/ - - worin Rs wie oben definiert ist, umsetzt.
3. Verfahren nach Anspruch 1 oder 2, worin die erhaltene Verbindung $(-}-9-Fiuor-3-methyl-10-(4-methyl-
1-piperazinyl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]Jbenzoxazin-6-carbonsdure ist.
25
4. Verfahren nach Anspruch 1 oder 2, worin die erhaltene Verbindung S(-)-9-Fluor-3-methyl-10-(4-sthyl-1-
piperazinyl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazin-6-carbonsiure ist.
6. Verfahren zur Herstellung sines pharmazeutischen Mittels, wobsei man mindestens eine Verbindung der
30 Formel VI wie in den Anspriichen 1 bis 4 definiert in einer zur Verabreichung geeigneten Form,
: gegebenenfalls zusammen mit sinem iiblichen Triiger und/oder Diluens, zur Verfligung stelit.
6. Verwendung mindestens einer Verbindung der Formel VI wie in den Anspriichen 1 bis 4 definiert zur
Herstellung eines antimikrobisll wirksamen pharmazeutischen Mittels.
35
Revendications
Revendications pour les Etats contractants suivants : DE, GB, FR, IT, NL, SE, LI, CH, BE
k '
_ < 1. Un dérive de S(-)-pyridobenzoxazine représente par la formule (V)
L 40

COOH

45

(vI)

50

dans laquelle X1 représente un atome de fluor, R représente un groupe méthyle et Rs représents un
groupe méthyle ou un groupe éthyle.
55 .
2, L'acide $(-)-9-fluoro-3-méthyl-10-(4-méthyl-1-pipérazinyl)-7-ox0-2,3-dihydro-7H-pyrido[ 1,2,3-de][ 1,4]-
benzoxazine-6-carboxylique selon la revendication 1. ’ '

" N O




EP 0 206 283 B1 5 NH 10

[err] erhalt, die so erhaltene Verbi ndung anhand von bekannten Reakti onen
zu-einer 9,1 O Di hal ogen-3-(S odkt 02068 283 81

R) - met hyI 7- 0xo0- 2, 3-di hydro 7H pyrido[ 1, 2, 3-de] [1, 4] - benzoxazi n- 6- car bonsau

er hal  ote SR nd 'Qgﬁwa i \{)1?2%65*&'-?—&5;4%25&%?. s Brstoe e iebithg der

azme eseo rev
al | gemal nel ESFe &'t ?%‘ Verfahren zur Herstellung ei ner
S(-)-Pynid | i n4d. X m n, les revendicati
[err], sg 2?;'%%8;8$E E%&rtm %Qulggggg‘%’r%%gé gﬁgf IQMO) I'«gﬁ}a (%”l)J?eloe lehsee VA a§/ nge'r‘t?ppe und

R3 f O eine AyBA b un C8ldosddd Wirilo YBRPasSF£Nt . wobei man eine
S(-)-9-Fluor-10- Hal ogenpyri dobenzoxazi nver bi ndung der Fornmel (V) 55 46

111111111111111111111111111 ~* C L M S * EP 0 206 283 Bl COOH

10 ?rr] wor i n Xig und %O\é‘!& oben definiert sind
und X2 fur ein Hal ogenat om s X ; 9 g‘pr odukt davon m t
Borontrifluorid mt einem N Al kyl i nfder fol genden Fornel 15
X2
s o \)\ A -~ OH
U/ dans laquelle X; a la signification donnée a la revendication 1, X2 représente un atome d'halogéne
ot '
A représente un groupe méthyléne.
avec le chiorure de 3 S-dlmtrobenzoyle pour donner le (%)-3,5-dinitrobenzoate de formule générale
25 (D)
0
Xy | COOC, He
30
« NO2
) 2
: 0\)\ oCo
35 A ”
NO
\ (II’) -2
\'_V 40

on résout optiquement le composé de formule générale (Il') ainsi obtenu pour donner le composg S-
(-) et on hydrolyse sélectivement le reste benzoate pour donner lé composé hydroxymethylene de
formule générale (lII')

15 0
X _
1 COOC, H,

' Irr'
50 X

56

on transforme le composé ainsi obtenu avec un réactif d'iodation pour donner le . dérivé 3-

. AT




[err] 20 worin R3 wie oben definiert ist, unmsetzt. 3. Verfahren nach
Anspruch-1 oder 2, worin die erhaltene Verbindung
S(+)-9-Fl uor-3-net hyl - 10- (4- net hylgp dloos 283 B1
- pi perazi nyl ) - 7- oxo- 2. 3-di hydro- 7H pyri do[ 1, 2, 3-de] [ 1, 4] benzoxazi n- 6- car bon
saure ist. 25 4. Verfahren nach Anspruch 1 oder 2, worin die erhaltene
Ver bi ndung S(-)-9-Fl uor-3-net hyl -10- (4-et hygl - 1-
pi perazi nyl)-7-o0xo0-2, 3-di hydrox7/H pyri do( 1} 2, 3-
aure ist. 5. Verfahren zur HerstéN O e
wobei man m ndestens eine Verbi ndun
AnsprUchen 1 bis 4 definiert in eip
gegebenenfal | s zusamen mt ei chen¥Trager und/oder Diluens, zur
Ver fUgung stellt. 6. Verwendung m ndegtens jei nerIVerbi ndung der Fornel VI
wie in den Ansprichen 1 bis 4 defi ni ePt r fgtellung ei nes
antim krobiell wrksanmen pharmazeuti schen Mttels. 35 Revendi catl ons
Revendl catl ons pour |es Etats contractant ulvants: DE, GB, FR IT, NL,
SE, Li, CH BE 1. Un derive de S(-)-pyrid nzoxazi ne represente par la
formule (VI) 40 O COOH (VI) 50 dans |aquelle Xi represente un atome de .
fluor, RL repoRsii® dempesieRaminigeytide @) M3i SRt REE Ribetld cGiEdsH B-nidttyla)al e
OU un ggoupe &hhyidadiys®sn cdnditiond adidde pour §nnr-19eidd iDEtDYI-B-carBixiigue de Brfulb-géadriny | - 1
- pi per azi nyl ) (#- oxo- 2, 3-di hydro-7H-pyrido[ 1l , 2,3-de][1,4]-
benzoxazi ne- 6- car boxylique selon la revendication 1. 47 * C L M S *
ER O 206 283 Bl 3. L'acide S(-)-9-fluor@-3-nethyl-1 0-(4-ethyl-1
SrﬁerazinyI)-7-oxo-2,3-dihydronH-pyrido[l , 2, 3-dE€PP1. 4] -

20

d ?qufﬁgmwuoxazin-6-carbons
armazeuti schen Mttels,
Fornmel VI wie in den .

25

30
.dans laquelle Ry a ies significations données & la revendication 1, et
on fait réagir le composé ainsi obtenu avec une N-alkyl-pipérazine de formule générale

35 / \
RB -N NH
\
L~/ 40 dans laquells Ra a les significations indiquées dans la revendication 1,

pour donner un composé de formule générale (V1)

45

50 (VI)

55 ou bien
B) on fait réagir une 7,8-dihalogéno-2,3-dihydro-3-acétoxyméthyléne-4H-[1,4]benzoxazine de formule
générale (VII') avec une enzyme hydrolytique asymétrique pour récupérer un mélange comprenant
le composé (VII') de départ riche en I'un ou l'autre des isoméres optiques et un composé 3-

* AR A R
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benzoxazi ne- 6- carboxylique selon | a revendication 1. 4. Proced6 pour |a
production des,S-(-)-pyridobenzoxazines de fornule (VI) selon les

revendi cations 1-3, 5 caracEbrl 206 288 B®de que A) on traite un conpose de
formul e generale (1') 10

COOC2H5 [errh 20 dans laquelle Xi a la signification donn6e a |a

revendi cati o ydi","ywhyr'ééf)pg'k)ente un atome d' hal ogene et A represente un
groupe net hyl ene. avec | e chlorure de 3,5-dinitrobenzoyl e pour donner le
(t)-3,5-dinitrobenzoate de fo e ale 25 (Irr-) 0 [err] 35
[err] ,NO2 on resout optiquenment” |e jse de fornmule g~ndrale (IW ainsi
obt enu pour donner |e conpose S ion hydrol yse selectivenent le reste
benzoat e pour donner le conposg gyiothyl ene de formule gen6rale (111")
15 2 O 25T err] 55 on transforne le
conpose ainsi obtenu avec un reactif &JQ 'gu_@@@fxdonner l e deriv6 3-

i odoned hyl ene de fornule g~n6rale (1V') 11111 111111%1111111111111 EP O
206 283 B1 x 2 A 10

1
15 ' (VII)
N\, X
1
20
—/
%2
o]
25 A-OH
1
(VIIT)
20 dans lesquelles A a les significations données ci-dessus,
on sépare le mélange en chaque composé,
on dinitrobenzoyle I'un ou 'autre de ces composés ou les deux et on acétyle ensuite le composé 3-
hydroxyméthyléne (VIII') benzoylé pour obtenir le composé de formule générale (IX')
35
NO
xl 2
\ o}
o i
w0 X N—¢C
2 NO 2
PN
A —OCOCH 3

45

(1x)

on sépare le compose en les isoméres optiques par cristallisation,

50 on soumet l'isomére 3-(-) résultant 3 la désacylation et la déshydroxylation par des procédés
chimiques connus pour obtenir une 7,8-dihalogéno-2,3-dihydro-3-alkyl-4H-[1,4]benzoxazine (X) opti-
quement active

55
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(I1V) on r6duit |e conpose de fornule gen6rale (1V ) ainsi obtenu pour

donner | e conpose 3-nethyle el 15 on | ' hydrol yse en conditions
aci-des pour donner |'acide 3-nethyiP$208&2833XY | i que de formul e generale (V)
20 25 [err] (V) 30 dans

|l aquelle R, a les significations donnees a |la revendication 1, et on fait
reagir | e conpose ainsi obtenu aveg une N.al kyl - pi p6razi ne de formul e
gbneral e 35 R3-N NJH 40 1 deiF aquel le R3 a les significations
i ndi qguees dans | a revendi cation 1, pour er un-conpose de formule
généralg (VI) 45 N 50 _
[err] 55 ou bien B) on fait Xfagir une
7,8-dihalogeno-2,3-dihydro-3-ac~toxyn6thy|ne-4ﬂ§[1,4]benzoxazine de formul e
gébnerale (VI|I') avec une enzynme hydrol yti dqu S trique pour recuperer un
n6l ange conprenant | e conpos6 (VII') de d6part riche en I'un ou I'autre des
i soneres optiques et un conpose 3- 11111111111111111111111111 EP 0 206
283B1 hydroxyndt hyl bne (M 11) [err] 15 (x ) '

(Vi) 20 x 2 25 A
- CH (VI 11) 30 dans lesquelles A a les significations donnees
ci - dessus dans laquelle X1, Xz et Ry ont les significations donnees ci-dessus, et

15 on obtient & partir de celle-ci comme décrit dans le procédé C un composé optiquement actif de

formule générale (V1), ou bien
C) on condense un dérivé de 7,8-dihalogéno-1,4-benzoxazine de formule générale (X')

20 xl

% 0\\,/1\
R

(x*)
30

dans laquelle X1, X2 et Ry ont les significations données ci-dessus,
avec un aminoacide cyclique ou un de ses dérivés réactifs de formule générale (XIV)

35

2
x .
3o N
\ N
— E—-—(caz)

45

R
!
n

(XIV)

dans laquelle Rz représente un groupe sulfonyle substitué, un groupe alcoxycarbonyle ou un groupe
50 aralcoxycarbonyle,

n représente un entier de 1 2 3, et

Xa représente un groupe carboxyle ou un de ses dérivés réacitifs,

pour produire un composé de formule générale (X")

55
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on separe | e nblange en chaque conpose, on dinitrobenzoyle |'un ou |"'autre
de ces coprposes ou | es deux et on ac6téle ensuite | e conpose 3-

hydr oxynet hyl ene (M 11') benzoyl EP 830f 28bhBenir | e conpose de formule
gen6rale (IX) 35 [err] 45 [err] on separe | e conpose en |les isoneres
optiques par cristallisation, so on sounet |'isonbre 3-(-) resultant
a |l a desacylation et |a degshydroxylation par des proc6des chi m gques connus
pour obtenir une 7, 8-di hal'ds 3-di hydro-g-al kyl -4H-[ 1, 4] benzoxazi ne (X)
opti- quenent active 55 50 * L M S2 * EP 0 206 283 Bl x2 10
(X dags laquelle Xi, X2 et R nifications donnees ci -dessus, et
15 on obtient a par#®i,r deycel M8-Ti nmeNd6crit dans | e procede C un

[
conpos6 optiquenent actiF 5e fonmul e {gen6rijal e (M), ou bien C) on condense
un dériv6é de 7,8-dihanano-1,40b%?;4xazin

(Gl e generale (X') 20 25
[err] 30 dans laquelle Xi, X2 et ontRhes significations donnees

ci -dessus, avec un am noaci de cyclique od un de ses deriv6s reactifs de
formul e generale (XIV) 35 [err] 3

X"

on sépare le mélange diastéréomére du composé de formule générale (X") obtenu et on hydrolyse
le diastéréomére ainsi séparé pour donner une 7,8-dihalogéno-3-(S)-méthyl-[1,4]benzoxazine de
formule générale (X) :

A : xl
25 xz NH
PN
Ry

(X)

a9
on fait réagir le composé ainsi obtenu par des réactions connues pour donner un acide 9,10-

dihalogéno-3-(S ou R)-méthyl-7-0x0-2,3-dihydro-7H-pyrido[1,2,3-de][1.4]-benzoxazine-6-carboxylique
de formule générale (V)

o]
. _ . Y COOH
X, (V)
NP
Ry

et

on transforme le composé ainsi obtenu comme décrit dans le procédé A) en un composé de formule
générale (V).

5. Un procédé pour préparer une S-(-)-pyridobenzoxazine représentée par la formule (Vi)

52
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40 CH 45 (XIV) dans laquelle R2 represente un groupe sul fonyle substitue,
un groupe, al coxycar bonyl e ou un groupe sv ar al coxycar bonyl e, n
represente un entier de 1 & 3, et BRI 2Wn88MAnte un groupe carboxyle ou un
de ses derives reactifs, pour produire un conpose de fornule gen6rale (X")
55 51 11111112112121121121211211211211 EP 0 206 283 Bl
2 10 (X") on separe |e nblange di ast6reonerg du conpose de formule général e
(X') obtenu et on hydrolyse |exdiaster6onerfe ainsi,separe pour donner  une
7,8-d!hanngo-B-(S)-nethyI-[1,4]i:-/o gt ¢é9iule gbnerale (X) 20 (X)
on fait_r6agir |e conpose aifsi, obte ; reactions connues pour
donner ‘un acide 9, 10- _di hal/ogens- 34K )
R)-nethyl-7-oxo-2,3-dﬁbia? - 7H pyrido ,2,§ide][1,4]-benzoxazine-6-carboxy|
i que de formule génerale ( 0 [ern; et pn transforns | e dnpos6 ai nsi
obtenu comme d6crit dans | e proc6d6 A) onpose de fornul e gén6rale
(VI). 59 5. Un procede pour préparer une S-(-)3pyridobenzoxazi ne
represent6e par la fornule (V)

dans laquelle X représente un atome de fluor, Ry représente un groupe méthyle et Rs représenle un
groupe méthyle ou ou un groupe éthyle, qui consiste a faire réagir un dérivé de S-(-)-9-fluorn-10-

15 halogéno-pyridobenzoxazine représenté par la formule (V) ou son produit de réaction avec le trifluorure
de bore, ’
o/ 0
| 20 % COOH
N
Xz )
25 \Y
0
Ry
30 dans laguelle X; et R; ont les significations données ci-dessus et Xz représente un atome d'halogéne,

avec une N-alkyl-pipérazine représentée par la formule suivante

/N

35 R,— N NH

TR

dans laquelle R; a les significations données ci-dessus.
40
6. Composition pharmaceutique contenant au moins un composé selon les revendications 1 a 3,
facuitativement en combinaison avec un support et/ou un diluant habituels.

7. L'utilisation d'au moins un composé selon I'une quelconque des revendications 1 2 3, pour préparer
45 une composition pharmaceutique douée d'activité antimicrobienne.

Revendications pour I'Etat contractant suivant : AT

1. Un procédé pour produire un dérivé de S(-)-pyridobenzoxazine représenté par la formule (V1)
50

56
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55 "EP 0 206 283 B1 N f{err] 10 dans Iaquelle Xi repr6sente un atone de
fluor, RL, represente un groupe nbthyl e et R3 repr6senl'e un groupe nbthyle
ou-ou un groupe 6thyle, qui consF%P@oﬁzﬁﬁPFe réagir un derivé de
S-(-)-9-fluor(o-10- 15 hal ogéno- pyri dobenzoxazi ne represente par |a
formule (V) ou son produit de r6action avec le trifluorure de bore, 20
COOH 25 30 dans laquelle Xl et R | es significations donnees

i -dessus et X2 reprb6sente ¥ ogef@d avec une N-al kyl - pi perazi ne
repr6sentee par la formule suiv err]f{dans laquelle R3 a les

signitications donn6es cy=ud®ssug. nposi ti on pharmaceuti que
contenant au noi nsgun_c npose evendi cations 1 a 3,

facul tati vement en éonbi n ave upport et/ou un dil yant habi t uel s.
7. L'utilisation d' au nnlns un corfpgse | on | " une quel con ue des

revendi cations 1 a 3, pour preparer R.une conposition pharmaceuti que
douee:rd' activit6 antim crobi enne. Revendi cations pour |Etat contractant
suivant: AT 1. Un procede pour produire un derive de S(-)-pyridobenzoxazine
r epr 6sent edgmaraapele Xoraprsisenty vy gtongnde) fiuen fiy 1@@&1@61%9[&”21 ethyle ph Rareprésenig un |

M S * grougepnéiyiseg up groumEtyier 11 v )

caractérisé en ce que
R A) on traite un composé de formule générale (I)

0
COOCZHS

X N

2
o\)\h/oa

dans laquelle X1 a la signification donnée ci-dessus, Xz représente un atome d'halogéne et

A représente un groupe méthyléne,

avec le chlorure de 3,5-dinitrobenzoyle pour donner le (£)-3,5-dinitrobenzoate de formule générale
20 ()

< o}
1 COOC, Hg
l NO

2

X N

\ / 2 \/l\ .
0 oco
) A /

(11 N°2

on résout optiquement le composé de formule générale (II') ainsi obtenu pour donner le composé S-
(-) ot on hydrolyse sélectivement le reste benzoate pour donner le composé hydroxyméthyléne de
formule générale (ill')

-

o N



dans laquelle Xi represente un atone de fluor, Rl represente un groupe
met hyl e et R3 repr6sente un groupe nmethyle ou un groupe ethyle caracterise
en.ce que A on traite un conpos6 Efe0 PO 2B B generale (1') [err] dans
| aquelle Xi a la signification donnee ci-dessus, X2 represente un atome
d' hal ogane et A represente un groupe nethyl ene, avec le chlorure de
3, 5-di nitrobenzoyl e pour donner |le ()@3,5-dinitrobenzoate de formule
gen6rale 30 (I11") [err] A(l[ pmcmé nt | e conpose de fornule
generale (11') ainsi obtenu e conpdse S- (-) et on hydrol yse
selectiyenent | e reste benzoate poyr dofpiner |e conpose hy?rﬁxyrrﬁt hyl ene de
formul e generale (I11") 82 Bl 2 5 [err] on't dlsforme | e
conpose ai nsi obtenu avedaun redctif ' i odation pour donner |e dé6rive 3-
i odon®6t hyl ene de fornul e anGrane}(aPh) 150L1err] 25 [err] 30 on
reduit | e conpose de formul e gene e (Mf) ai nsi obtenu pour donner le
conposes3-nethyil et on |I'hydrolyse en conditions aci des pour donner
| " aci de 3-net hyl - 6-carboxyl i que de formule génerale (V) 40 45
(V ) dans laquelle R a les significations donn6es ci-dessus, et on fait
reagir | e conpostansiprmei le olomeerd 2Rk Oblamte 219C alink (epctip diesiation; prar dennep ferderive 3-
genéral e iodométhyléne de formule générale (IV')

15 )

\—/
20
—/
25
(1v)
30 on réduit le composé de formule générale (IV') ainsi obtenu pour donner le composé 3-méthylé et
on I'hydrolyse en conditions acides pour donner I'acide 3-méthyl-6-carboxylique de formule générale
)
35
\
k‘/; 40
45 (v )

dans laquelle R a les significations données ci-dessus, et
on fait réagir le composé ainsi obtenu avec une N-alkyl-pipérazine de formule générale

50 -thi
ERNY.

55 dans laquelle Rz a les significations indiquées ci-dessus,
pour donner un composé de formule générale (VI)

I
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50 [err] 55 dans {aquelle Ra a les significations indiquees

-dessus, poyr donner un conpose defornul e generale (VI) EP 0 206 283
Bl N (VI) ou bien B) on fait r6a&F 02081283 B1
7, 8- di hal ogbno- 2, 3-di hydr o- 3- acet oxyntt hyl ne-4H-[ 1, 4] benzoxazi ne de fornul e
gen6rale (VIl") avec une enzyne hydrolytique asynetrique pour recuperer un
nel ange conprenant !5 | e conpos6 (VII ) de depart riche en |"un ou
| "autre des isoneres opthuxi 0dB/dr oxynet hyl ene (M 11")
[err] 25 (M1 ) dans |esquelle rgni ficati ons donn6es ci - dessus,

on separe | e nelange en ue dinitrobenzoyle |I"un ou |"autre
de ce% conposes ou Ies eux

hydr oxynet hyi | ne ( benz er pi

ur o tenlr | e conpose de fornule
generale (I X ) 45 50 [er EP 00206 3 Bl on separ e |l e %hbose en | es
i soneres optiques par cristallisatio on umet |'isonmere 3-(-) resultant

a la desacylation et |a deshydroxylatlon par des procedes chi m ques connus

pour obtenir une 7, 8-di hal ogeno-2, 3-di hydro- 3-al kyl -4H-[ 1, 4] benzoxazi ne (X)

.opti- queneryypiptive 5

' B) on fait réagir une 7,8-dihalogéno-2, 3-d|hydro-3-acétoxymethy|ene-4H [1,4]benzoxazine de formuie
générale (VII') avec une enzyme hydrolytique asymétrique pour récupérer un mélange comprenant

15 le composé (VII') de départ riche en I'un ou l'autre des isoméres optiques et un composé 3-
hydroxyméthylene (VII')

Y Xy
_ %0
/ ) NH
2
0 A — OCOCH
25 .
(viD)
30 X 1
"2 o) \/L
A-OH
\ | (VIIT)
kv': =0

dans lesquelies A a les significations données ci-dessus,

on sépare le mélange en chague composé,

on dinitrobenzoyle I'un ou I'autre de ces composeés ou les deux et on acétyle ensuite le compose 3-
hydroxyméthyléne (VIII') benzoylé pour obtenir le composé de formule générale (IX")

NO
2
X

" 0

> I

N—C

o\/L
A —OCOCH,
35

(1)
_ -

A



10 15 (X) dans laquélle Xi, X2 et X3 ont les significations donnees
-dessus, et 20 on obtient_a partir de celle-ci conmme decrit dans
Ie procede C un conpos6 opti quemerfiP %2?‘??8%1 formul e generale (VI), ou bien

C) on condense | es d6r|ves de 7, 8-di hal og6no- 1, 4- benzoxazi ne de fornule

générale (X ) % %p§ nqgsqgonle?egld?qlxgs p?(lr:tnslxl%s R ont les
&s

o s e M S RO e

laquel l e R2 reg ﬁ§ﬁgﬁﬁaun groupe sul f onyl’e subst’itue, "un groupe
alcoxycgrbonyle ou un groupe 55 ar al coxycarbonyle, n repr~sente un
entier de 1 a 3, et X3 represente un groupe carboxyl e ou un de ses db6rives
reactifs, pour produire un conpose xde wl e generale (X") EP 0 206 283
conpose de fornul e general e

ai nsi separ6 pour donner une

7, 8- di hval ogeno-3-(S)-n6t hyl -[ 1, 4]bqu-xa 88f or nul e generale (X) [err]
(X) ¥
Y
15
(X )
\_/’ dans laquelle X1, X2 et X3 ont les significations données ci-dessus, et
20 on obtient 4 partir de celie-ci comme décrit dans le procédé C un composé optiqusment actif de
Y, formule générale (VI), ou bien
C) on condense Iss dérivés de 7,8-dihalogéno-1,4-benzoxazine de formule générale (X')
X
25 1
X 2 NH
%0 0 \/I\
R
(X*')
35
dans laquelle X, Xz et Ry ont les significations données ci-dessus,
. avec un aminoacide cyclique ou un de ses dérivés réactifs de formule générale (XIV)
/
v 0 R
. | 2
X3 N N
45 ! : y
. CH atn
50
(X1IV)

dans laquelle R représente un groupe suifonyle substitué, un groupe alcoxycarbonyle ou un groupe
55 aralcoxycarbonyle,

n représente un entier de 1 Q 3, et

X3 représente un groupe carboxyle ou un de ses dérivés réactifs,

pour produire un composé de formule générale (X™)
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on fai't reagir |le conpose ainsi obtenu par des reactions -«connues pour
donner un,acide 9, 10- dlhalog no-3- (S ou

R) - met hyl - 7- oxo- 2, 3- di hydr o- 7H- p§PiORIF B8233- de] [ 1, 4] benzoxazi ne- 6- car boxyl i
que de fornul e anGraIe (V) O Jerr] et on transforne | e conpos6 ainsi

obt enu comme d~crit dans |le proc~d4 A) en un conpos6 de fornule gnénrale
(V). 2. Un procd6 pour prgparer un d~riv4 de S(-)pyridobenzoxazine
repr~sent6 par la formule (2 #\EP 0 206 283 Bl 5 [err] dans |aquelle X
représente un atone de fluor, |RL r preébnte groupe nethyle et R3
represente un groupe nethyle grou e 6t %% qui consiste a faire

£5

reagir un derive de S-(-)- pyri dobenzoxazi ne
reprsent par la formule (V) ou don prodU|t de eactlon avec le trifluorure
de bore, [err] 20 25 dans | aquePl t "UﬁCHIég significations donnees
ci -dessus et X2 repr6sente un atone d' hakogene c une N al kyl - pi perazi ne
represgent6e par la formule suivante 30 [err] 35 dans laquelle R3 a les
significations donn6es ci-dessus. 3. Le procede selon |la revendication 1 ou
2, dans |equel |e conpose obtenu €%f)|'acide S(-)-9-fluoro-3- 40

met hyl - 10- (4- n6t hyl - 1- plpera2|nyl) 7- 0x0- 2, 3-di hydro- 7H-pyri do[ 1, 2, 3-de] [ 1,
4] benzoxazi ne-6- carbo x Le procede selon | a revendlcatlon 1l ou 2
dans [“equel Trbseeﬂ @ﬂa Bld ﬁﬁfe%(ﬁ’e d“ %?E]pasé f°' ?U?gg t ?t‘: hy‘imy:le

0- (46t hy| - 10, IEERIEPAT) S, 908, ﬁ")?dr SRR 4 Sygpe de
4]benzoxa2| ylique. 45 5. Un proced6 pour preparer une
CQ\/DSIIIOH pharnaceuthue qui consiste a fornmer au noins un

on X
_ 1
-/
X NH
2
© R
1
(X)
on fait réagir le composé ainsi obtenu par des réactions connues pour donner un acide 9,10-
dihalogéno-3-(S ou R)-méthyl-7-oxo0-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylique
de formule générale (V)
C
Xy CCOH
\
) 4

oA

1
(V)

ot
on transforme le composé ainsi obtenu comme décrit dans le procédé A) en un composé de formule
générale (VI).

2. Un procédé pour préparer un dérivé de S(-)pyridobenzoxazine représenté par la formule (V1)

—_—
. l{ll/lll///l//lll/l/llllllllll



conpose de formule (VI) tel que dMini dans les revendications 1 a 4 sous
une forme,appr.opriee pour |'admnistration, facultativenent incorpore dans
un-support etlou un diluant habitu@P 820888%B1L' utilisation d au noins un
conpos6 de fornmule (VI) tel que d6fini dans |les revendications 1 a 4 pour
preparer une comnposition pharnmaceuti que douee d' activiti antibacterienne.
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dans laquelle X; représente un atome de fluor, Ry représente un groupe méthyle et Rs représente un
groupe méthyle ou un groupe éthyle, qui consiste a faire réagir un dérivé de S-(-)-9-fluoro-10-halogéno-
15 pyridobenzoxazine représenté par la formule (V) ou son produit de réaction avec le trifluorure de bore,
0
v Xy COOH
_ 20 I _ '
o/ «
2 \Y%
0 \A
25 R
dans laquelle X et R: ont les significations données ci-dessus et Xz représente un atome d'halogéne,
avec une N-alkyl-pipérazine représentée par la formule suivante
30
R3 — N NH
35
dans laquelle Rs a les significations données ci-dessus.
N/ 3. Le procédé selon la revendication 1 ou 2, dans lequel le composé obtenu est I'acide S(-)-9-fluoro-3-
L “ méthyl-10-(4-méthyl-1-pipérazinyl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][ 1 ,4]benzoxazine-6-

carboxylique.

4. Le procédé selon la revendication 1 ou 2, dans lequel le composé obtenu est I'acide S(-)-9-fluoro-3-
méthyl-10-(4-6thyl-1-pipérazinyl)-7-oxo0-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylique.
45
5. Un procédé pour préparer une composition pharmaceutique qui consiste 4 former au moins un
composé de formule (V1) tel que défini dans les revendications 1 3 4 sous une forme appropriée pour
l'administration, facultativement incorporé dans un support et/ou un diluant habituels.

s0 6. L'utilisation d'au moins un composé de formule (V1) tel que défini dans les revendications 1 & 4 pour
préparer une composition pharmaceutique douée d'activité antibactérienne.
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