WO 98/ 26779
. PCT/ EP97/ 067 Use of
7+( 2- oxa- 5, 88%%2%(8§U?CI o[ 4. 3. 0 non- 8-yl ) -gui nol onecar box?piTéE%%Wﬁgﬁd

- napht hyri donecar boxylic acid derivatives for the therapy of Helicobacter

pyl ori i nfections and the gastrdduodenal disorders associated
therewith 5 The invention relates to the use of quinol one- and
napht hyri donecar boxylic acid derivatives which are substituted

hAGARFYGYAL 4actd OtPN- 8- V!

dazabivaof&:3.0lnon-8- ori

in the 7-pogdel iofN7-(RYxa-8.8
radi cal, and
i nfections a

Wth the redi.sgoyery
INeciions: a

Campyl obact er—py+¢€ L SR e S in the
followi ng years it was possible t fundanmental |y further devel op
t he pat hophysi ol ogi cal i|ideas about the origin of gast r oduodenal
di sorder® of Teninventioh relatesHo thel asei ofi quinelgas-dad asphehyeidoreearddx iy peid
a causal role in t he perpetuation of

astritis and ars tao pla ( .

gept ic ulcer .d‘%g&g’é?n' CWIB@}{)C%C afePsHiedol Byi hg  Trpesilion gdwi os 2-oxa-5,8-

| i kewi se poi n§; : laadrdk QN by . t ' | f e
gastric rrucogt%ellazta&cﬁ:lé;[g'ﬂm1 W?Lga d%%%@?ﬁaﬁpgg%s ﬁgen?h %ﬁ%’%igﬁryz g# II-fc%iel‘rxﬁ)aa|Ct%pforms
of carci nona pylori infecdémning the ghbtroduodenal disopdeksdssocitsl thédtewigf.ore classified in
1994 as a carcinogen of the first class (nost dangerous 20 car ci nogeni c
category). A rare stomach cancer, MALT |ynphoma (mucosa-associ ated

yrnot LSk od MRS ot R0 BBRERISS 8 B AR BlpbliSRBE BT |

initial case t's,

reactive infidyt Medren asd Mhdhalldis A9RBakEdhe following Wifs @& %@s JpRdpke & the
poorly malignant MALT I homa. Rel ationshi ps w t%}_ hypertrophic
gastritis ar dusdagsnijly cﬁ\;‘gB@d deveipp thsl patbephysiolegicalr idep aboutc thieoprgin of

gast r opat hy ratd ve dyspepsia) is still unclear.

Various epid S%ngaﬁq%g{w‘%soﬁe&?éfsm%%ne to the conclusion that about half the
wor | d popul ation is infected with the bacterium The probability of
t he col oni zation of the stomach with Helicobacter increases with
age. ThE opt i Banylqabispesarded as afcause of &pb Ecgastritis@nd appears to play [aj caisahradoindi t i ons
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likewise point to a relationship between long-term colonization of the gastric mucosa

with the bacterium and the origin of certain forms of carcinoma of the stomach. H.

pylori was therefore classified in 1994 as a carcinogen of the first class (most dangerous

20 carcinogenic category). A rare stomach cancer, MALT lymphoma (mucosa-associated
lymphoid tissue), likewise often appears to be caused by the bacterium. In initial case

reports, after H. pylori eradication not only the reactive infiltrates actually disappeared,

but also a part of the poorly malignant MALT lymphoma. Relationships with

hypertrophic gastritis are also discussed. The role of H. pylori in functional gastropathy

25 (nonulcerative dyspepsia) is still unclear.

Various epidemiological studies come to the conclusion that about half the world
population is infected with the bacterium. The probability of the colonization of the
stomach with Helicobacter increases with age. The optimum adaptation of Helicobacter

30 to the living conditions in the unusual, low-competition habitat [lacuna] stomach
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i nfectious di seas erations which are caused by

non-steroi dal anti-inflanmatories are not associ ated with an H
pylori infect | on, Therefore, according to the recommendati ons of
a consensus e, which was organi zed in 1994 by the Anmerican

Public Health Authority (NIH), in the case of 30 positive detection of
bacteria all patients with peptic ulcers should be subjected to

eradi cati on tTHeriapydudiiorecittbehisgminet, tbepfy lapagdni¥tHn QTERNE4S rRlaiarant 1
1-23; 15 the therapy of peptic ulcer. The frequency of surgical interventions for treatment of the

ulcer sufferer thus decreased dramatically worldwide. This principle of acid blockage

was improved still further by the development of the even more strongly active proton

pump inhibitors

20 As a result of the antacid therapy, however, only the symptoms of the ulcer, not the
natural course of the disorder, which is characterized by the occurrence of relapses, can
be influenced causally - say due to bactericidal treatment. Since virtually all duodenal |
ulcer patients and the predominant majority of patients with stomach ulcer have an H.
pylori infection of the stomach and thus suffer from infectious diseases. Only

25 - ulcerations which are caused by non-steroidal anti-inflammatories are not associated

with an H. pylori infection.

Therefore, according to the recommendations of a consensus conference, which was
organized in 1994 by the American Public Health Authority (NIH), in the case of
30 positive detection of bacteria all patients with peptic ulcers should be subjected to

eradication therapy directed against H. pylori (NIH Consensus Statement 1: 1-23;
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pr esent only the following triple therapies are sufficiently
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two anti bioti cati : i fi i : - (agi
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affected up to 35% by side effects (abdom nal pain, nausea, diarrhoea, 25
dryness of thBroitﬁﬁfffiﬁgda'gg‘i“é”ﬂP%i‘&éﬁgeéd?ﬁﬂuc&P?@Vﬁic skin reactions, etc.).
Wde usggi s therefore nade difficult. A further great disadvantage
is the high nunber of medi canments to be taken daily (12-16

t abl et s/ day) . HTpyleri isssepisitivel ift wite th Yuiiefokie ahtibibtickiThese are, howe et asht dfféive
t herapy, in which an acid secretion inhibitor is admnistered ,

si mul t aneous| p Vivo as a monetherapye Thpss4nslads, inter; abp,@qlwgh&momcﬂlm, tetracyclin,
- 4- erythromycin, ciprofloxacin, metronidazole and claritbromycin. Bismuth salts and, to a
small extent, even proton pump inhibitors (omeprazole, lansoprazole) are

15 antibacterially active in vitro, but not in vivo.

Among all therapy modalities hitherto used for the eradication of H. pylori, at present

only the following triple therapies are sufficiently active:

20 1. classical bismuth triple therapy (bismuth salt plus two antibiotics) and the

2. modified triple therapy (acid inhibitor plus two antibiotics).

However, these regimes are involved eradication procedures with poor compliance,
which can be affected up to 35% by side effects (abdominal pain, nausea, diarrhoea,
25 dryness of the mouth, taste disorders and allergic skin reactions, etc.). Wide use is
therefore made difficult. A further great disadvantage is the high number of
medicaments to be taken daily (12-16 tablets/day). This is particularly marked in the
quadruple therapy, in which an acid secretion inhibitor is administered simultaneously

to the classical triple therapy.



The better tolerated dual therapy propagated in Germany (conbination of
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In the first place, the resistance of the bacterium (developing countries: up to
60%, Germany: up to 10%) against metronidazole, the most frequently
employed antibiotic in triple therapy, can be mentioned. Even in the case of
15 treatment with clarithromycin, the disadvantage of a development of resistance

of up to 10% is to be pointed out.

2, As a further factor, the abovementioned compliance of the patients can be
mentioned.

20

Animal model

An H. felis mouse model has been described as a suitable animal model [A. Lee et al.,
Gastroentrology 99: 1315-1323 (1990)] and has been modified by us so that it is very
25 highly suitable for the screening and the comparative assessment of abovementioned

compounds.

In spite of large morphological differences, the corkscrew-like, urease-forming
bacterium H. felis is very closely related to H. pylori. H. felis is a natural inhabitant of
30 the gastric mucosa of dogs and cats. After oral inoculation, the pathogenic bacteria also

colonize the mouse stomach in a similar manner to that in which H. pylori colonizes the



stomach of man. The established chronic long-terminfection leads in mce
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quinolones, such as, for example, ciprofloxacin, lomefloxacin or ofloxacin (Journal of
20 Antimicrobial Chemotherapy 22, 631-636 [1988], Antimicrobial Agents and
Chemotherapy, 33, 108-109 [1989]), have an action against Helicobacter spp. in vitro.
It was seen, however, in the animal model (Helicobacter felis, mouse), that these
clinically employed antibacterially active quinolones in therapeutically used doses are
not able to lead to an eradication of the bacterium. Even by a monotherapeutic
25 treatment with highly active quinolones, which hitherto have not been introduced into
the market, such as, for example, with the already mentioned BAY Y 3118, no
eradication of H. felis can be achieved in the mouse model without in the main a large
part of the animals not dying on account of the toxicity of the compound. The use of
trovafloxacin or its derivatives in combination with other antibiotics such as
30 amoxicillin or tetracyclines or proton pump inhibitors such as omeprazole for the

therapy of H. pylori is described in EP-676 199 and GB-A-2 289 674 (Pfizer).



5 It has now been found that conpounds of the general fornula (I)
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al kyl haV| ng YW@ 8%26F%t ons, which is optionally mono- or PCT/EP97/06781

di substituted by hal ogen, phenyl which is optionally substituted by 1 or 2
fluorine atons or cyclopropyl which is et onally substituted by 1 or 2
fluorine atons, 15 R2 represents hydrogen, alkyl having 1 to 4
carbon atons, which is optionally substituted by hydroxyl,
met hoxy, am \V h
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t oget her wi t hPARICEPM YWPIFW@C%PY dge of the
structure -*[ err ], where the atom 25 mar ked by
* is connected to the carbon atom of A,
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in which
10

Rl represents alkyl having 1 to 4 C atoms, which is optionally mono- or
disubstituted by halogen, phenyl which is optionally substituted by 1 or 2
fluorine atoms or cyclopropyl which is optionally substituted by 1 or 2
fluorine atoms,

15

R? represents hydrogen, alkyl having 1 to 4 carbon atoms, which is optionally
substituted by hydroxyl, methoxy, amino, methylamino or dimethylamino, or
(5-methyl—2-oxo-1,3-dioxol-4-yl)-methyl,

20 A represents N or C-R?, where

R? represents hydrogen, halogen, methyl, methoxy, difluoromethoxy or
cyano alternatively, together with Rl, can form a bridge of the
structure -*O-CH,-CH-CHs or -*O-CH,-N-CH;, where the atom

25 marked by * is connected to the carbon atom of A,
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racemat es, di astereoner mxtur es or as enantl onerically pure or

di aster eorreri cally pure conpounds, their" p‘har maceutically utili zabl e
hydr at es and/ or salts, such as acid addition salts and the al kal i
netal, alkaline earth netal, silver and guani diniumsalts of the
car boxyl i ¢ acRds orepsebents) hydregenaibendyhs€pCy-atkyk (8-methyl-2-oxo-1,3-dioxol-4-yl)-

anti bacterial action 1ga| nst Helicobacter spp, and can be used for the
eradi cation of methyl, fadicalsy of h@@eﬁﬁﬂéﬁt‘ﬂfé&t'&ﬂ-tﬁﬁ COOR’, -CH:CHLQPR:r ed

conpounds of the f @y }FH\XKEFN e8I ﬁ%o 5 {p Which Rierr]

represents tert-but ch 1780 |ona’lly I'substituted by

fluorine or cyclopropyl which is optlonally substituted by
1 fluorine atom 20 R err] 1presents hydr ogen, al kyl having 1 to
4 carbondatonms or Rb- rrerppryxsenz&rm&bylorethy 1

, 3-di oxol -4-yl)-nethyl, A represents CRerr], where 25

R3 represents hydrogen fluorine, nethoxy, dlfluororrethoxy, cyano

al ter nati vel yR®t ogepRedntyhvideod2h Sdhih R ph{a B hA@gRnOf the structure
-*O PRSI }Idégh %Ilga xg, hgl—i[err] N-CH err], where the

atom marked by * is connected to the car bon at om of
Rl err] r epr W HiSc ©ormy of, FgEmatety dipyigreaner, mixtutey or s, epantiomericaly (pyge or

.Sa:g((:;&]qus | n@ﬁ!ﬁt?x%ﬁﬂng'&ﬁ’y Lt XIRIgelAds, their pharmaceutically utilizabledfyitdY and/or
salts, such as acid addition salts and the alkali metal, alkaline earth metal, silver and
guanidinium salts of the carboxylic acids on which they are based, have a high
antibacterial action against Helicobacter spp. and can be used for the eradication of

this pathogenic bacterium.

15
Preferred compounds of the formula (I) are those in which
R! represents tert-butyl which is optionally mono- or disubstituted by fluorine or
cyclopropyl which is optionally substituted by 1 fluorine atom,
20
R’ represents hydrogen, alkyl having 1 to 4 carbon atoms or (5-methyl-2-oxo-
1,3-dioxol-4-yl)-methyl,
A represents C-R®, where
25

R’ represents hydrogen, fluorine, methoxy, difluoromethoxy, cyano
alternatively, together with R!, can form a bridge of the structure -*O-
CH,-CH-CH3; or -*O-CH,-N-CH3, where the atom marked by *

connected to the carbon atom of A,
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m no or mnethyl, and t hei ically
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conpounds of the fornmula (I) are those in which 15 R err]
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met hyl
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R6

represents hydrogen, amino or methyl,

and their pharmaceutically utilizable hydrates and/or salts, such as acid addition salts,

and the alkali metal, alkaline earth metal, silver and guanidinium salts of the

carboxylic acids on which they are based.

Particularly preferred compounds of the formula (I) are those in which

R]

represents tert-butyl which is optionally mono- or disubstituted by fluorine, or

cyclopropyl,

represents hydrogen, methyl or ethyl,

represents C-R® , where

R? represents hydrogen, methoxy, difluoromethoxy, cyano alternatively,
together with R', can form a bridge of the structure -*O-CH,-CH-CH;
or -*¥O-CH,-N-CHj3, where the atom marked by * is connected to the
carbon atom of A,

represents hydrogen or methyi,

represents hydrogen,



and their pharmaceutically utilizable hydrates and/for salts, such as acid

addi tion sal tggg9gip6770 and the alkali metal, alkaline ea ilver
and guani di ni um saFt 5790f t he car boxyl ic acids on Wﬁ%ﬁh@’

based. 5 The present invention al %o relates to the new corrpounds
8- cyano-| - cycl opr opyl - 7T

fluoro-7-(2-oxa-5.8-di azabi cyclo[4.3.0]non-8-yl)- 1 ,4-dihydro-4-oxo- 3-
gui nol i necar boxylic acid and

1-cycl opr opyl ang-theif phaomocemtiballyyutifizibleihydratds dhdebri3yley; uch as acid addition salts,

7-(2-oxa-5,8 d|a abicycl o non- 8-yl ) - 4- gxo- 3- qU|noI|necarboxyI|c
acid, in a°fhie %!%1 6{54;‘ aiuﬁ'llﬂ? Saith ragiale rsilken prd gusnddiafn salts of the

enant i oner i cagay%xgﬁé £ilids fg@ﬂ’e g%gaa%cptl o pharmaceutical ly utilizable

hydrat es and/or s su salts, and the al kal
metal , al kaline earth metal, silver and guanidiniumsalts of the carboxylic
aci ds on which they are based.

8- Cyano-T - cyc T &pPEssnt He'ﬁfﬂll%?léo relgtey 1o, @sww-mogn®8 cyano-1-cyclopropyl-6-

i azabi oyel ol o 000 Mdapichenos SN PSR necar boxy i€

acid i's parti cu npounds whi ch

are suitable dlﬁﬁolinh&rbkﬁ@ha@ﬁﬂraﬁd ng C\;&l@ Bﬂ 8-8ifRBdnRhoRy - ﬂﬁbr@-qrmdlh dro-
cases already_known from EP-A-0 35 %3 EP- A-0 550 903 and from DE-A-4 329

600 or can bel-freRad.sdliasgbicyrtoldidleensyl)desa- 3-Igem0hmmoxyhc20 acid, 1in for

exanpl e, 9, 10- l.uor o3, 8- di net 7- ox 2, 3-di h H pyrido-[1, 2, 3-
d,e] [1,3,4] 08 agf%%%l(ad{na%aﬁgregmgg?ag%x aﬁaﬂtlom lily pure 'form, and theit

2- oxa- 5168- di afbh&sel@ily utilizable h)[dilat@s Qﬂ%}%ﬂﬁ‘s 3hh HSRth a&d'&f‘o CQHE SRdGhe t he

reaction can be represented by t'he foll ow ng equat i on:
[ err ] alkalimetal, alkaline emn@tﬂrmb{bog@rgmamdmmuh saitsaﬁrtlﬁamaylboxghaamdb

For mia (1) SEcRiThghh dsbaRids GREPae- e Hleamemak oot G 8 Foxa 5. |
diazabicyclo[4.3.0]non-8-y1)-1,4-dihydro-4-oxo-3-quinolinecarboxylic ~ acid  is
particularly preferred.

15
The compounds which are suitable for the use according to the invention are in some
cases already known from EP-A-0 350 733, EP-A-0 550 903 and from DE-A-4 329
600 or can be prepared by the processes described there.

20 If, for example, 9,10-difluoro-3,8-dimethyl-7-0x0-2,3-dihydro-7H-pyrido-[1,2,3-
d.e][1,3,4]benzoxadiazine-6-carboxylic acid and 2-0xa-5,8-diazabicyclo-
[4.3.0]nonane are used, the course of the reaction can be represented by the following

equation:

F COOH F COCH

25

The 7-halogeno-quinolonecarboxylic acid derivatives employed for the preparation of

the compounds of the formula (I) according to the invention are known or can be



- 10- prepared by known net hods. Thus

7-chl or o- 8-cy opropyl -6-fluoro-1, 4-

di.hydr o- 4- oxo- q%?ﬁz I necar boxylic acid and et hyl PCT/EP97/06781
7-chl or o- 8- cyano- 1- cycl opropyl -

6-fl uoro- 1, 4- di hydr o- 4- oxo- qU|noI|necaHboxyIate have been described in

EP- A- O 276 700. The correspondl ng 7-fluoro derivatives can al so be
synt hesi zed, for 5 exanple, via the foll ow ng reaction sequence: |

err prepared by known methods. Thud 07-chloro-8- cya@m ladyicrpraptyl -G€lupratdss f or
the preparati of the nt.er medi at e conpoun

di chl or o- 3- cyffi Ire-4:9%Q¢ '6“1B%IH?GV$°W@F1%@d em‘l 8??*1&8?\3{4‘@’3%1‘&}'@?%[??3(11’19

material for g ] g _
7- chl or o- 8- cyafr}gorf 10‘31/?'11?8{6:)%9?68 gg%caiboﬁyléte hage oe it descr’§ed in EP-A-0

qui nol i necar bm(ym)@ The cboﬁE@oﬁdﬁgZTﬂua&O)iemmﬁvMbﬁm asrs@nbe:cswmegl@sﬂi i fof O

3-cyano- 4,5-trifluoro-benzoyl fluoride, starts from

5-f1 uor 02 1 3- WF’@}F@VIaShﬂQHQYVnglre@UWFWH% is dichlorinated in the
nucl eus under ionic conditions in the presence of a catalyst to gi ve
2, 4-di chl oro-5-fluoro-1, 3-di met hyl benzene and this is then chlorinated
under F g @m CR@nt | offs_LR_L B6,Md de chaF 0 Gp we

2, 4-di chl or o- 5- ro-3- ———di chlnet hyI I ch hiret h;d-bsnzene.
This is hydrok ta 2,4-dichlorg ? O f1 uoro-g<d @ronet hyl benzoi c
acid to give 2,4-dichloro-5-fluoro-3-fqrnyl -benzoic acid and then

reacted to give Z,4-dichloro-5-fluoro-3-N hydroxyi m nome{\'hyl benzoi c
acid. By treatnent with thionyl chloride, o
2, 4-di chl or o- 8- cyanaeGef | uor o- benzoyg CO,Et

—_—l l o
F F F F
CN CN

o) o)
co Et F CO,Et F CO,H
— | — |

F N F N

CN A CN

NMe,

10
An alternative process for the preparation of the intermediate compound 2.4-
dichloro-3-cyano-5-fluoro-benzoyl chloride, which serves as a starting material for
the preparation of 7-chloro-8-cyano-1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-3-
quinolinecarboxylic acid (EP-A-0 276 700) and which can converted into 3-cyano-

15 2,4,5-trifluoro-benzoyl fluoride, starts from 5-fluoro-1,3-xylene: 5-fluoro-1,3-xylene
is dichlorinated in the nucleus under ionic conditions in the presence of a catalyst to
give 2,4-dichloro-5-fluoro-1,3-dimethylbenzene and this is then chlorinated under
free-radical conditions in the side chains to give 2,4-dichloro-5-fluoro-3-
dichloromethyl-1-trichlJoromethylbenzene. This is hydrolysed via 2,4-dichloro-5-

20 fluoro-3-dichloromethylbenzoic acid to give 2,4-dichloro-5-fluoro-3-formyl-benzoic
acid and then reacted to give 2,4-dichloro-5-fluoro-3-N-hydroxyiminomethyl-benzoic

acid. By treatment with thionyl chloride, 2,4-dichloro-3-cyano-5-fluoro-benzoyl



- 11 - chloride is obtained, which can additionally be reacted by
nmeans of a orine/fluorine exchange to give

3-cyano- 2, 4, 5Wt0r ??I%ﬁﬁryo- benzoyl fluoride. [ er rPCTIEP97/(i6781_

10 The ami nes enpl oyed for the preparation of the conmpounds of the
formula (1) according to the inMention are known from EP-A-0 550
903, EP-A-0 551 653 and from DE- A-4 309 964. An
alternative to the synthesis of IS, 6S-2-o0xa-5, 8-di azabicycl o[ 4. 3. 0] nonane
15 di hydrobloridei de ehtaioéd,t méidhr eanbadditionally be reacted by means of a

| S, 6S- 2-oxa-5, 8-di azahi c cklol{ﬂ% 3. 0] nonane _and t he correspondi ng

| R, 6R enant i Ing/dluprpe %l’ﬁ PRERi P §1VE JrAyano-2,4,5-trifluoro-bengoyd fluptideng mat eri al
for this synthesis is cis- 1,4-dihydoxy-2-butene, which is reacted to

F CH, F CH, F CCl,
—_— ——
; Cl ; Cl Cr ; Cl
CH, CH,

CHCI,
5
F CO,H F CO,H
Cl Ci Cl Cl
CHCI, CHO
F COH F cocl F COF
o] Cl CI:C;[CI F ; F
CH=NOH CN CN
10 The amines employed for the preparation of the compounds of the formula (T)
according to the invention are known from EP-A-0 550 903, EP-A-0 551 653 and from
DE-A-4 309 964.

An alternative to the synthesis of 18,65-2-o0xa-5,8-diazabicyclo[4.3.0]nonane
15 dihydrobromide or of the free base 1S,6S-2-oxa-5,8-diazabicyclo[4.3.0]nonane and the

corresponding 1R,6R enantiomer is the following route:

The starting material for this synthesis is cis-1,4-dihydoxy-2-butene, which is reacted to
give 1-tosylpyrrolidine after mesylation to the bis-mesylate with tosylamide. This is
20 converted into the epoxide [lacuna] m-chloroperbenzoic acid. The ring-opening of the
epoxide is carried out by heating with ethanolamine in isopropanol to give trans-3-
hydroxy—4—(2-hydroxy-ethylamino)—1-(toluene-4—su1phonyl)—pyrrolidine in over 80%
yield. The latter is then reacted with tosyl chloride in pyridine/tetrahydrofuran with

cooling to give the tris-tosylate, which is cyclized under basic reaction conditions as a



gi :/e 1-tosyl pyrrolidine after nmesylation to the bis-nesylate with

tosyl am de. Ty o converted into the epoxide [l a

m<hl or oper benz%i%&gZﬁj. The ring-opening of the ?@#&’8”|°§78c‘ar ried
out by heating with ethanolamne in isoprgpanol to give trans-3-

hydr oxy- 4- ( 2- hydr oxy- et hyl am no) - 1-(to|’ﬁ| ne- 4-sul phonyl ) -pyrrolidine in
over 80% yield. The latter is then reacted with tosyl chloride in
pyri di ne/tetrahydrofuran with cooling to give the tris-tosylate,

whi ch is cycl ¢més proddetr mbad i withr saod ietra-tasyh dériviatives toagiva racemic trans-5,8-bis-

-12- crude p uct. . m ith sone tetra-tosyl derivative to give
racenic transt-o;sﬁ,'l%-' ‘Bf"éig'g‘azablcyc@i‘@%ﬁ“?‘-‘%@a‘f\&h@-%ﬁgﬁzﬁﬁh@?‘é‘loé{aﬂhls IgphGaRne. At
this stage, ajschRIBLORHAREI il gel- LSty ke 1Yk fdhehi gh
selectivity or? silica gel?- gg%%éecg%g%%%ﬁl&n%etl Rg%dre?/ ngl)}'ﬁ@@e{t%g?oﬁﬁ L Hlcihe

d- ment hyl ani démeathylande)taat the rseatipniringmhase. The ddsigddr ethnentady i (816%)-5,8-bis-
(1S,6S)-5,8-bis- 5 t_osg/,l - 2- oxa- 5, 6-di azabi cycl o[ 4. 3. O%nonane, IS

i sol at ed® wi t htoaYlpup¥a-36Hazabigyngld3.Olmanane, is isolated veifoa/purity of »199%pee: Fby |

protective gr i I -using HBr-glacial. acetic acid.to.

give 1S, 65 2-%)%%-%?, og-t@;dgglﬁ%@c tbvfzg.r?%ﬁ Sn%'ﬁge U Pﬂ%?@ﬁ'ﬁ@%ﬂ%@?‘?‘l&ﬂﬁé i°can be
converted intgivé hes,ﬁseapdaﬁdiuﬁbn%clb SEGIn6hiRE  afhydioBlonBMMhfh a4l yen or
pot assi um hydroxi de or with the aid of an’ion exchanger. The

anal ogous r eaf¥nveiFdsiap b diee dbase udng basenpuch asefonsaamploy sotiven pr petassiwi on of
I R 6R 2- oxa- 5h}%'r&1&zgrb\5vﬁ¥ ﬁ'!eoz[iél '013 ax? lorr]xoer)](%ﬂa?nger. The analc()jglordg géagt%nosrgqgeerice can

10 also be used for the preparation of IR,6R-2-0xa-5,8-diazabicyclo[4.3.0]nonane

dihydrobromide.
M ™ e e 0
40 H Mes-O -Mes N
Tos
HO Tos —O
] Hor,, H Tos-Cl H™O ~, s
Ethanolamine Pyridine NaOH
Lt g —>
Tos Tos Tos



[ ) err ]

13 - err ] bheak10f
1S, 6S- 2- oxa- 5‘%03%2%1 % cycl o[ 4. 3. 0] nonane Exanpl egﬁﬁkbﬁ%ﬁ*ds

according to the invention which may be nentioned apart 5 fromthe
conpounds nentioned in the preparation e%%hples are the conpounds
mentioned in Table 1 bel ow, which can be used both in racemc formand as

enanti o- nmerically pure or diastereonerically pure conpounds.
_14- /\ Chromatographic /\ /\
J. “Tos resolution 0 —Tos o ~Tos
. - 5
H "H + H“ZTT§H
N N N
Tos Tos Tos
HBr/AcOH
o} H Basg o H
H } IH H " IH
x 2HBr
N N
H H

Synthesis of 18,65-2-oxa-5,8-diazabicyclo[4.3.0]nonane

Examples of compounds according to the invention which may be mentioned apart
5 from the compounds mentioned in the preparation examples are the compounds
mentioned in Table 1 below, which can be used both in racemic form and as enantio-

merically pure or diastereomerically pure compounds.



[ err ] C CN H

CH3 WO 98/26976N H PCT/EP97/067812
C-CN H OH ~CN
H F 14S ON CH err]
H C-CN T CH3 CH err]
C-CN CH err] NH[ err]
C- CN CH err] H C CN
CH err] Table 1: F C-OCH err] H
CH3 C-CCH err] 6 H
NH[ er r] C- CH3 Rm 0O H NH2
C-CHerr] H F cooHCH3 5 The conpounds
according to the invention can cr izgrin the formof their
bet ai nes or intheforniq?f the sallts Mhavi one to two nol of water.
_QN A~ N
” A
s
A R* R®
C-H H CH;
C-H CH; H
C-CN H CH;
C-CN H NH;
C-CN H OH
C-CN H F
C-CN CH; H
C-CN CH; CH;
C-CN CH; NH,
C-CN CH; OH
C-CN CH; F
C-OCH; H CH;
C-OCH; H NH;
C-CH; H NH,
C-CH; H CH;
5 The compounds according to the invention can crystallize in the form of their

betaines or in the form of the salts having one to two mol of water.



- 15- The conpounds according to the invention have a strongly

antibiotic ac{y®9g8psh9 exhibit, together with | owplGrpbdersq OF 0ad
anti bacterial spectrum agai nst gram positive ang grantnegati ve

m cr oor gani sns, above all, however, al so agai nst Hel i cobacter spp.
5 These val uabl e properties make possible their use as

chenot herapeutic active conpounds for the therapy of Helicobacter
pylori infections and the gastroduodenal di sorders associ at ed

t herewi t h, whlhehcamapounds preprding éd, thaielentormbhedt arsdbogly cnribidtibyaction and t he

conmpounds accordi.ng to the invention. 1 _ The conpounds accordi ng
to the i nvent?xéﬁ’“cg?lg%léer JEity q‘i"ﬁ t9’élﬂ%uas%§ﬂgr?ﬁ’é@éﬁ§?r%épeamm against gram-

preparati Ons-lzd:s)fti%tz eﬁﬂ@%rﬁﬁ%&%ﬁlgrﬁﬁ&@dré (GRAT b niﬁ],;\ﬂg&&eﬂa¥l§§ eaéﬁ“lfﬁi oned

are abl ets, coate ets, Capsufes, pi , graru , solutions,
suspensi ons aHelicebadtezispms. 15 Al t hough the conpounds according to the
i nvention are enpl oyed as nonot her apeuti c agents, if required they
can al so’ be used in conmbination with other therapeutics. By way of

ni troi m dazol e derivatl exa oni

i nhibitors, fempounds for theetherapy of PRBEIbAREH Fylo MTEAAZR theOfastGiNSAMHaPZO! €.
H2 receptor antagonists, such as, 20 for exanple, cinetidine,

ranitidine, fHSHRTS asspciated thereweith, ahich: capibsrpreventsdnproclivdaied andédr cured by  as,
for exanpl e, tﬂé gémé)gﬁngsaicic&&l ate..or. vCBS (colloidal bisnmuth subcitrate);
ant 1ol

exanpl e, the ’f’l?:laé %d}glecggo,pg 18§r%£lieg%§sgib%; it egrm{légg%: gﬁer%ﬁg%}%%%ﬁ%ﬁ%ﬁve

ot her ot1°CS, gﬁé‘ﬁthgén eP[(S(?‘“'exarrpl e, anoxicillin, azlocillin or
clarithr®mycin; antacids. The m nimal inhibitory concentrations
(MC), which are listed in Table 2 by way of 25 exanpl e in conparison

to ci prof | oxabtencangpoundsreccerdinghts theripuantion cac deruedidn tvaridus epharmaceutical

i nvention, we determined in.the agar, dilutjon tesf on | unbj a agar or
Basis 2 agar Brép mﬁons.?%g%rrasl RWFWCE@%%"I Q?BHZ‘H‘BPSE{E&SFO‘BW tWE?UOQ?‘fﬁF‘I" 7 or
PH S with 1 ghbledfconte tblel)Eaps@ied, pills, granules?ééﬁlﬁfoﬁ%}%?s%gﬂﬁ&ﬁ ah®Shdiohd) replica

di shes, which contained falling concentrations o active
conpound at in each case doubled dilution. For inoculation, fresh

Hel i cob tern‘?@ﬁ) b cul tures fronél i qbutihd.cul ture or suspension of the
bacteria fro AF meaffg?o’t}@rsé”“i% g 1o the Inventioppte FRIBONF %Séaory&sﬁfapﬁv% es

ver e i ncubat egemt, iBréuited By 2h ARS BOEICE it Attt dtioR WitholtR¥iherapeutics. By way

of example, the following may be mentioned as combination components:

nitroimidazole derivatives, for example metronidazole; proton pump inhibitors, for

example omeprazole, pantoprazole or lansoprazole; H; receptor antagonists, such as,

20 for example, cimetidine, ranitidine, famotidine or nizatidine; bismuth compounds, such

as, for example, bismuth salicylate or CBS (colloidal bismuth subcitrate); other

antibiotics, such as, for example, amoxicillin, azlocillin or clarithromycin; antacids.

The minimal inhibitory concentrations (MIC), which are listed in Table 2 by way of
25 example in comparison to ciprofloxacin for some of the compounds according to the
invention, were determined in the agar dilution test on Columbia agar or Basis 2 agar
(Oxoid) with 10% lysed horse blood either at pH 7 or pH 5 with 1 g/l of urea. The test
substances were tested in replica dishes, which contained falling concentrations of the
active compound at in each case doubled dilution. For inoculation, fresh Helicobacter
30 cultures from liquid culture or suspension of the bacteria from agar plates were used.

The inoculated agar plates were incubated at 37°C in an atmosphere containing 5-10%



- 16- of CJerr] for 48-72 hours. The MC value (ng/l) which was

read of f i ndi | onest active conpound co | at
whi ch no growt vva/sztﬁ?? be detected using the naked WQ&@W

foll owi ng Hel i cobacter isolates were useg H. feI s ATCC 49179, H pylori
NCTC 11637, H. pylori clinical isolate 088: Tabl e 2: M C
val ues (ng/l) of some conpounds according to the I nvention

(agar dilution test) Exanpl e MC (ng/l)
H. pyl ori 008of COtfor 3§47 hours ITBRMIC value (mg/l) whith was read off indicates the lo®esd6

n.d. . 2 . . 0.06 n. d.

4 active compoygd sgncentration at which no grqythgvas to be detected yging the naked

0.06 eye. The folgv&fg Helicobacter 1301%9, e used: H. felis ATCC 4987%2?[ lori

0.06 13 Vi 2

Gi prof | oxaci nNCTC 116372,25 pylori clinical isolate 008125 10 For investigations in
the aninpl nodel, fenmale Swiss mce (8 to 12 weeks ol d, SPF

breedi ngj were kept using comercially available feed and water. A defined

bactori 3 are SR of o gl thoD of Bt 860 R0 2 BT R imiin 1

containing 10[err]- 10[(@gdfh1]ut1diﬂ6§t)3rl a) 4 tinmes in the course of 7
days. Alternatively to this, stonmach honpbgenates of previously infected
mce were 15 used for infection. 3-5 days after establishnent
of the i nfectfrforr——ttre—tcatrent—w-th=t= e=et==gNS Was begun.
As a first trjdatampte regult, the bMICngA} reduct i orf was determ ned as
"cl earance” 24 hoursafterthetast—treatn (for exanple 3, 7,
10, 14 days; [1-3 times ¢ai Fypylos f08 H. pylori 11637

1A 0.06 n.d.

2 0.06 n.d.

4 0.25 0.06

6 0.06 0.06

8 0.06 0.06

13 0.125 0.06

Ciprofloxacin 0.125 0.125

10 For investigations in the animal model, female Swiss mice (8 to 12 weeks old, SPF

breeding) were kept using commercially available feed and water. A defined H. felis
strain (ATCC 49179) was used for colonization. The bacteria are administered by
stomach tube as a suspension (0.1 ml containing 10%-10° bacteria) 4 times in the course
of 7 days. Alternatively to this, stomach homogenates of previously infected mice were

15 used for infection.

3-5 days after establishment of the infection, the treatment with test preparations was
begun. As a first treatment result, the bacterial reduction was determined as "clearance”
24 hours after the last treatment (for example 3, 7, 10, 14 days; 1-3 times daily). In
20 some cases, the bacterial eradication was also determined 2-4 weeks after the end of

treatment. Following the “CLO” test used in clinical diagnosis, a urease test on a



20 sone cases, the bacterial eradication was al so determ ned 2-4 weeks
after the en

treatnent. Follow ng the "CLO J
clinical di a%???ﬁygurease test on a WO 98???@%616’}89

PCT/ EP97/ 06781 -17-
mcrotitre basis was enpl oyed. Defined stbmach biopsy sanples were tested
for col our change within 24 hours. In Table 3, as an

exanpl e of the surprisingly high in-vivo action of the conpounds 5
according to rhieeotitre\basis Wﬁ@emﬁlbﬁedt DefiRidaunhach bRy Sangplldsaverd tedi@y $or cofolat ment
of infected .mce wt

8- cyano- | - cycthepgeapithin 84 houssyr o- 7- ( (1 S, 6S) - 2- oxa- 5, 8- di azabi cycl o[ 4. 3. 0] -
non- 8-yl ) -1, 4-di hydr o- 4- oxo- 3- qui nol i necarboxylic acid (Exanple I A) and for
9- fluoro-3-nmethyl- 1 0-((

1S, 69) - 2- oxa-fa, Batill 3.ZAbin lefof3h® kaphsifaly high/mMiRy dotdndif-the compounds

hydr o- 7H pyri do[ 1, 2, 3-de] [ 1, 3, 4] benzoxadi azi ne- 6- car boxyl i c acid (Exanpl e
2) is 105 ahovingi tn tho tnyantianp thet themapentic mesult affiet A dayy rtofatmen of nnfegied | e

ith ci fl in, , | i i d .t
exper | mental BBAdMo feyarar ORI SLaSa) A S & dindabEyelpitd. O
i nvention thigonl &y3.9%%ihfird-9-481- E@BMOXQEC( ta?ig Rsamp 1) 208 ¥4 90/ kg of

8- cyano- -cycl opropyl -6-fl uoro- 7=
, 6S) - 2- oxa- 5, Baato-Bzatthylyld-@ ] 3163)-2-05a10,8-dBazabirycld[44B-.0]non-8-yl)-7-0x0-2,3-di-

di hydr o- 4- oxo- 3- quj.nol i.necar hoxyl i ¢ acid even Jed to_an e i catiqn of the
bac%/eri um 15hydr<9—9h.-pynqla[5bze§-g,_em,3,ﬁnguﬁggﬁzp@- %"é’éﬂ"tyl“étfaﬂgE ?}g’@“@iﬁ/% reat ment
of infegged ({Howheh! c%rr@ng:s(r(;){)ll to treatm?%s“éit}t cr:TiSHglé)racin: 169 it c(e'fﬁoﬁgka@ﬁ' #@l s per

group) earanc
1 cl@artarit® is achieved underthése experimental conditioh€)@n the compounds according 2
2x10 . 5/5, o 100 Ci profl oxacin 2 x 10
0/5 to the invention this is 100%. A 10-day treatment of the mice with 2 x 10 mg/kg of 8-
cyano- 1-cyclopropyl-6-fluoro-7-((1S,6S)-2-oxa-5,8-diazabicyclo[4.3.0]non-8-yI)-1,4-
dihydro-4-oxo-3-quinolinecarboxylic acid even led to an eradication of the bacterium.
15

Table 3: Therapeutic result after 70 day treatment of infected (H. felis ATCC

49179) mice (5 animals per group)

Example Dose [mg/kg] Clearance %
1 2x10 5/5 100
2 2x 10 5/5 100

Ciprofloxacin 2x10 0/5 0




_18- Exanpl es Preparati on of the internediates: 5
Exanple Z 1 t hyl
8--cyano- 1- cchVo%rgts)%Wzgg, 7-di fl uoro- 1, 4-di hydr o- 4- oxo- 3- unFFJVFR%Z’{!@rsBoxw at

e [err] 10 a. Met hyl 3-brono-2,4,5-trifluoro-benzoate:
772 g of 3-bromp-2,4,5-trifluoro-benzoyt!l8tuoride are added dropwise with

i ce- cooling to a mxture of 1460 m of nethanol and 340 g of
triethylamne. 15 Stirring is carried out at roomtenperature
for 1 hour. TBeampglecti on m xture is concentrated, the
residue is taken up in water and nmet hyl ene chloride, and the

aqueous phase is again extracted by shaking with nmethylene chloride. After

drying the or | i,um sul phate, it is concentrated and the
Tedi toe 1's i CRpp et tndiibmicilse

ed’in vacuo. %A g of nethyl
3-brono-2,4,5-trifluoro-benzoate 20 of boiling point 122C 20
nbar are_ obt ai ned. b. Met hyl 3-cyano-2,4,5-trifluoro-benzoate:
269 g of5 et hxampleZnhp- 2, 4, 5-tri f| uor o- benzoate and 108 g of copper
cyani de 25 are heated to reflux for 5 hours in 400 m of
di met hyl formam de. Al volatile constituents of the reaction

mxture are tiap 8-SRy QYpepyile 1-8ifhoeN 4-Binyd@sUoxo-3-quinoline- 1dige
distillate is t%en fract ?,on%t%yg on 1a col l’erl. y133 gxoof q‘#%? f?§|°a‘§’9’é’§a‘ﬁo- 2,4,5-
trifluoro-benzoate of boiling point 88-89[err]C0.01 nbar are obtained.

o)
F CO,Et

CNA

10

a. Methyl 3-bromo-2,4,5-trifluoro-benzoate:

772 g of 3-bromo-2,4,5-trifluoro-benzoyl fluoride are added dropwise with ice-
cooling to a mixture of 1460 mil of methanol and 340 g of triethylamine.
15 Stirring is carried out at room temperature for 1 hour. The reaction mixture is
concentrated, the residue is taken up in water and methylene chloride, and the
aqueous phase is again extracted by shaking with methylene chloride. After
drying the organic phase over sodium sulphate, it is concentrated and the
residue is distilled in vacuo. 752.4 g of methyl 3-bromo-2,4,5-trifluoro-benzoate

20 of boiling point 122°C/20 mbar are obtained.
b. Methyl 3-cyano-2,4,5-trifluoro-benzoate:

269 g of methyl 3-bromo-2,4,5-trifluoro-benzoate and 108 g of copper cyanide
25 are heated to reflux for 5 hours in 400 ml of dimethylformamide. All volatile
constituents of the reaction mixture are then removed by distillation in vacuo.
The distillate is then fractionated on a column. 133 g of methyl 3-cyano-2,4,5-

trifluoro-benzoate of boiling point 88-89°C/0.01 mbar are obtained.



- 19 3-Cyano-2,4,5-trifluoro-benzoic acid:

C.
A sol ution of nmet hyl 3-cyano-2,4,5-trifluoro-ben I m  of
5- V%?ggggl%%ceti c acid, 140 ml of water and GQWIEIPWIOQ

concentrated sul phuric acid is heated to reflux for 8
hours. The acetic acid is then |argely rdfoved by

distillation in vacuo and the residue is treated with water. The
precipitated solid is filtered off with suction, washed
with water and dried. 118.6 g of 3-cyano-

2,4,5-trifluoro-benzoic i_d are obtained as a white solid of nmeltin oi nt
187- 10 C. £éy3nyo? ﬁﬂx%_loro-benzoic acid: (. 9P

3-Cyano-2, 4,5-trifluoro-benzoyl chloride: 111 g of
3-cyano-2,4,5-trifluoro-benzoic acid and 84 g of oxalyl chloride are 15

stirred at room t eApselutibniiof 1561z &f MetyiS3-tyand3%, irifRbroibenzoms by beng p! or i de
with addition of a few drops of dinmethylformam de. The net hyl ene chloride

is 3 glagid meaticracishp &40 i of water andeb9rmakofdoncentratdd salphurigcicidris vacuo.
117.6 g of 3-cyano: 2" tri.fl ugro-pbenzoyl chloride are
obtained as a yel lolgévteéit?_reﬂwégor 8 hourse_The acgbﬁwl 18 tli)len %ar\éely removed gy

2- (3-cyano- 2, 4, 5- tditillation Rrvacazl the l%siahérﬁtdamk@%ﬁ%@&rmegﬁré‘éi itated solid
A solution of 55 g of 3-cyano-2,4,5-trifluoro-benzoyl chloride in 50 m of

tol uene is added dbd&¥eied @it with sesiont Washed it Bvaiergand fdried.hB.63g df Breydnet ani no-
acrylate and 26.5 f.triethylamine in 140 m of tqluene such that the 25
t enperature renain 4’%@?@%%?{%?%0&?8“15%? 8&?‘]“?59333‘[‘ W?‘F? 14 of melting poipt 18y out

at 50[efqp] C 190°C, for a further 2 hours. The reaction mxture is

concentrated in vacuo and enpl oyed in the next stage
wi t hout further working up.

d. 3-Cyano-2,4,5-trifluoro-benzoyl chioride:

111 g of 3-cyano-2,4,5-trifluoro-benzoic acid and 84 g of oxalyl chloride are
15 stirred at room temperature for 5 hours in 930 ml of dry methylene chloride
with addition of a few drops of dimethylformamide. The methylene chloride is
then stripped off and the residue is distilled in vacuo. 117.6 g of 3-cyano-2.4,5-

trifluoro-benzoyl chloride are obtained as a yellow oil.
20 e. Ethyl 2-(3-cyano-2,4,5-trifluoro-benzoyl)-3-dimethylamino-acrylate:

A solution of 55 g of 3-cyano-2,4,5-trifluoro-benzoyl chloride in 50 ml of
toluene is added dropwise to a solution of 36.5 g of ethyl 3-dimethylamino-
acrylate and 26.5 g of triethylamine in 140 ml of toluene such that the
25 temperature remains between 50 and 55°C. Stirring is then carried out at 50°C
for a further 2 hours. The reaction mixture is concentrated in vacuo and

employed in the next stage without further working up.



-20 - Et hyl

f.
2- (3-cyano- 2, ol or o- benzoyl ) - 3-cycl opr opyl am no- acr. :
3Q g of glaci iYBa??gt‘sigjyaci d are added dropwi se at 20[err] g&@ﬁ’ﬁy{)%@ctl on
product fromstage e. A solution of 15.75 g of
cycl opropylamine in 30 mM of toluene is-205 t hen added dropw se.

The m xture is stirred at 30[err]C for 1 hour. 200 m of water
are then added, the mxture is stirred for 15 mnutes, and the organic

phase is f. Ethyl 2-(3-6@iRa2, Setiffioko-BéidoAY3idycRpiopMaidb-RyylaRaki ng Wit h
100 m of water. The organic phase is then dried over
sodi um sul phat e and concentrated in vacuo. The crude

product thus. bt 4 b5 SIPLOKE T Il b 050 LBl BT 1 10
8- cyano- 1-cycl opr opyh-sfigd 'e.dAfs!)M%]rPéfllf’TSd- By Wcﬁ%ﬁﬁg@%ﬁﬂ?&' AYonal d6Tuene is

car boxyl at e: e reactton pr rom st age and 27.6 ¢

of pot as§i um car bothet edded ercpiviser sk thixture is stirred at 3°C feoNhdue. OO maAtof etk or 16
hours in 80 m of dinethylfornam de. The reaction . m xt ure
is then added to 740 then agded, the mitwe is dimed forel Sminugesi ands the oegapig Rbase i t h

suction and was hedse?%/.r%t%%_%%aﬁbg%%ﬁl gﬁl'agteﬁ%%/gﬁ%?riﬁ \?ﬂt 5(% mg(ﬁs_tyxlxlﬂgf Tﬁgox%ax%]:: ethyl

8- opropyl= uor o-

, 4- di hydr 0- 4- 0x0- 3pitase i@Qhénllﬁiéarob&Xs\bHﬁhﬁsu%ate and concentrated inOfaci6e ITht REidROI Nt
209-21 1C are obtained. 20 98/ 26779
PCT/ EP97/ 06781 product thus obtained is employed in the next stage without furthgrjworking up.

Exanpl elg 2 2,4-Dichloro-5-fluoro- 1 ,3-dinethyl benzene
g Ethyl 8-cyano-1-cyclopropyl-6,7-difluoro-1,4-dihydro-4-oxo-3-quinoline-

carboxylate:

The reaction product from stage f and 27.6 g of potassium carbonate are stirred
15 at room temperature for 16 hours in 80 ml of dimethylformamide. The reaction
mixture is then added to 750 ml of ic;e water, and the solid is filtered off with
suction and washed with 80 ml of cold methanol. After drying, 47 g of ethyl 8-
cyano-1-cyclopropyl-6,7-difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylate
of melting point 209-211°C are obtained.
20



[e?r] a) solvent-free 1 g of anhydrous iron(lI1)
chloride are j into 124 g of 3,5-dinethyl- 10 f J ne and
chlorine is pgggggéﬁﬁﬂgt the rate (about 4 h) at which thgcbﬁgé?ﬁﬁﬁﬁﬁ
proceeds. This is initially sonewhat exotherm c (tenperature rise from 24

to 32[err] 0 and is kept below 38 err]C by cooling. After addition
of 120 g of chlorine, the mxture becones solid. According to GC
anal ysis, 33.4% of nonochl oro conpound, 58.4% of desired product

and 5% of oveExdmhpleiZh2at ed conpounds are forned. The hydrogen 15
chloride is stripped off and the reaction mxture is then distilled on a
colum in a wat er-j et vacuum 49 g of

2-chl or o- 5‘fl%?—ﬁﬂﬁof&ﬁhﬁ%bh%-ﬁﬁ%ﬁﬁ@ are obtained in the forerun at 72-

74C/ 22 nbar. ter an 1nterngdl a FAE¥%n of 5 g, 75 g of

2, 4-di chloro-5-fluoro- 20 1, 3-di met hyl benzene pass over at 105[err] C/ 22
nbar; nelting range: 64 - 65L_err]C.

- 22 - b) in 1.2Fdjiehldrbet hane 1 kg of

3, 5-di net hyl -f | uor obenzene and g of anhydrous iron(ll1) chloride are
introduced into 1 1 of 1,2-d@lThNor &t hane and chlorine is passed in at the
rate at ich 5 the reacti @m,proceeds (about 4 h). The reaction is
initially exothermmic (tenperature rise from24 to 32[err]C) and is

kept bel ow 30[err]C by cooling. After passing in 1200 g of

chlorine, 4% of nonochl oro conpound, 81.1% of desired product and 13. 3% of
over chl ori nat are formed according to GC analysis. After
renoval of t he sol vent and of the hydrogen chloride by
distillation, the mxture is distilled on a 10 colum in a water-jet

vacuum 1 g of anhydrous iron(Il) chloride are introduced into 124 g of 3,5-dimethyl-
10 fluorobenzene and chlorine is passed in at the rate (about 4 h) at which the reaction

proceeds. This is initially somewhat exothermic (temperature rise from 24 to 32°C)

and is kept below 30°C by cooling. After addition of 120 g of chlorine, the mixture

becomes solid. According to GC analysis, 33.4% of monochloro compound, 58.4%

of desired product and 5% of overchlorinated compounds are formed. The hydrogen

15 chloride is stripped off and the reaction mixture is then distilled on a column in a

water-jet vacuum:

49 g of 2-chloro-5-fluoro-1,3-dimethylbenzene are obtained in the forerun at 72-
74°C/22 mbar. After an intermediate fraction of 5 g, 75 g of 2,4-dichloro-5-fluoro-
20 1,3-dimethylbenzene pass over at 105°C/22 mbar; melting range: 64 - 65°C.



40rg of 2-chloro-5-fluoro-1, 3-di net hyl benzene are obtained in the forerun.

After a uantity of internediate fraction,
2;4-dichIoro-gWP?§@k§7§,3-dine- t hyl benzene pass §§é3f§?9&§78l
128[ err] C/ 50 mbar. 15 Exanple Z 3
2,4-Eichloro-5-fluoro-3-dich|oronethy|-'@Z:trichloronpthylbenzene

[err] 1890 g of 2,4-dichloro-5-fluoro-1,3-dinethyl benzene are
introduced into a phot ochl orinati on apparatus with a chlorine
inlet and out bkt fifwl 2dhlyrestiagen chl oride to a scrubber and a
light source in the vicinity of the chlorine inlet tube and chlorine 25

Is nmetered in at 140 to 150[err]C. 3850 g of chlorine are passed in in the

f 30 h. : ntent of desire rroguct .ac ding. to GC
course, of 30 Digpt o TR AR’ lPTkLCH BSHEL ORI £OLCE, .,
-23 - intro@hsddiihdoat 1l 61, 3-Sie Mot AnO Shd M GrRle Y PasSath at e hgte W HBRR.
spirals yields a forerun of 1142 g, which can be enployed again in
t he chl oPi nat th§rfeactiga predeads (aheuti o). The T@Gtion is initially L&8HEOAN2 (rdogperatiee el ds
2200 of 2.4-4di or g 5=f 1 uar 0- 3-dj chl grqmet hyl - 1- o
tri ch?or onet h{/lfeb%ﬂ@?ﬁetoﬁgv@nﬁ‘ ds EE‘{‘PF#?&’ $0a93§' @pﬁ%ﬁf@[r SPII1E. ‘“Afzp‘é_g of
recrystal | i Zathigfin®14% vf monoRhRAIBbBRpdUna M8 IEe 8 Blsirell HrodlRt Ghd'93R% F 1 S
81-82[err]C Exanple Z 4 _

2, 4- Di chl or o- 8vdr¢hienimategl fampophdshan famedactatding to GC analysis. After removal of

the solvent and of the hydrogen chloride by distillation, the mixture is distilled on a

10 column in a water-jet vacuum:

40 g of 2-chloro-5-fluoro-1,3-dimethylbenzene are obtained in the forerun. After a
small quantity of intermediate fraction, 1115 g of 2,4-dichloro-5-fluoro-1,3-dime-
thylbenzene pass over at 127 - 128°C/50 mbar.

15

Example Z 3

2,4-Dichloro-5-fluoro-3-dichloromethy!-1-trichloromethylbenzene

F ccl,

Cl Cl

20 CHCI,

1860g of 2,4-dichloro-5-fluoro-1,3-dimethylbenzene are introduced into a
photochlorination apparatus with a chlorine inlet and outlet for the hydrogen chloride
to a scrubber and a light source in the vicinity of the chlorine inlet tube and chlorine
25 1s metered in at 140 to 150°C. 3850 g of chlorine are passed in in the course of 30 h.
The content of desired product according to GC analysis is 71.1%; the content of

underchlorinated compounds 27.7%.



[e"r'r] 2500 M of 95% strength sul phuric acid are introduced at

70[err]C int Og‘ﬂ?gﬁégéﬁ]?uoro- . 1gppar atus with a gas inl %tcﬁﬁﬂg%%s(i of

nmol ten 2, 4-di

di chl oronet hyl -1 -trichl oronet hyl benzene are added dropwise wth
stirring. Evol uti on of hydrogen-&htoride comrences after a short
time. Metering inis carried out for 2 h and the mxture is stirred
until evolution of gas has ended. After cooling to 20[err]C, the

mxture is di Distdageotenigh #66emaohin® canginingeWREST st yiels SOfdréhuh f
filtered off wth suction. The product is washed with water and dried. 20
Yiel d: 310 g, 1142 g, whiche¢ani beempleypd:againdn thesghderirjagon. The main fraction at 160-

-24- Z 5 . . .
2, 4-Di chl or o- %g%‘?t/rp(;ir %‘-bgr- NI 029908 notfet Ayrdighiomot-fugre;3ydichlorometlylyly |
80 g of hydr ouichrRramethylbBinzeRd Rivirdes iRl Pandk 0P 74960 NGHer 2 LyskdHiZBEH %Fg into

a stirring apparatus and 200 nl of 5% st rengt h sodi um hydr oxi de
sol uti onSare waskmeple from methatrobshé meltiag goid0B 83-82°C.
2, 4-di chl oro-5-fluoro-3-fornyl -benzoic acid are then 10 i ntroduced at

40-45[err]C. The reaction is slightly exothermc and the mxture is stirred

at 60[err]C fRkampldZ §#fter cooling to roomtenperature, it is adjusted to
pH < 3 by """‘%_rop_vvi se addition of hydrochloric acid, the product is

taken up in tert-butyl methyl et her, the organic phase is separated
of f and the sgl t is_renmoved by distillation. 185 g of
2, 4-di chl or o-gf‘#ﬁg@PW:%ﬂRPrﬂy?d&’(S‘i&]i‘lPﬁ“ﬁ?}FréﬁlﬁyI -benzoic acid are obtained as
15 goresidue; nelting range: 190-194[err]C

F COOCH

Cl Cl
CHO

2500 ml of 95% strength sulphuric acid are introduced at 70°C into a stirring
apparatus with a gas inlet and 500g of molten 2,4-dichloro-5-fluoro-3-
15 dichloromethyl- 1-trichloromethylbenzene are added dropwise with stirring.
Evolution of hydrogen chloride commences after a short time. Metering in is carried
out for 2 h and the mixture is stirred until evolution of gas has ended. After cooling
to 20°C, the mixture is discharged onto 4 kg of ice and the precipitated solid is
filtered off with suction. The product is washed with water and dried.
20 Yield: 310 g,
melting range: 172-174°C



Exanple Z 6 2, 4-Di chl oro- 3-cyano-5-fl uoro-benzoyl chloride 20
[err] “;}99 Ekﬁy t hi onyl chloride are introduced i Mﬁ‘/ﬁl’ﬁlﬁ‘fsilng
appar at us havi ng 801 nmeteri ng devi ce and gas outlet viaa reflux
condenser to a scrubber and 210 g of 2,4-dichloro- 25

5-fl uoro- 3- N- hydr oxyi mi nonet hyl - benzoi c-#tid are introduced at 20'C at the

rate at whi ch hydrogen chl oride and sul phur di oxi de are evol ved.
After the addition, the m xture is heated under reflux until the
evol ution of EeampleZ #nded. The m xture is
-25 - then distilled, and 149 g of
2. 4-di chl or o- 3-cyano- 5-fl uor o- benzoyl chloride are obtained in the
boi I'i ng range,jn, 73 @Io__] M . rding to GC
08, 1 95 ol ¢ Piic PISEEs PO SLN A ky HRb b Bt beploiBaR 01 D
3-Cyano-2,4,5-trifluoro-benzoyl fluoride [err] 10 50 g of
potassium fluoride are suspended in_120 ml of tetranethyl ene sul phone and
the mixture is subjected to FrePpjef®Clistillation to dryness at 15 mbar
(about 20 m).
C Cl
X, -OH
5 N
80 g of hydroxylammonium chloride in 500 ml of ethanol are introduced into a
stirring apparatus and 200 ml of 45% strength sodium hydroxide solution are added
dropwise and 200g of 2,4-dichloro-5-fluoro-3-formyl-benzoic acid are then
10 introduced at 40-45°C. The reaction is slightly exothermic and the mixture is stirred
at 60°C for S h. After cooling to room temperature, it is adjusted to pH <3 by
dropwise addition of hydrochloric acid, the product is taken up in tert-butyl methyl
ether, the organic phase is separated off and the solvent is removed by distillation.
185 g of 2,4-dichloro-5-fluoro-3-N-hydroxyiminomethyl-benzoic acid are obtained as
15 a residue; melting range: 190-194°C.
Example Z 6
2,4-Dichloro-3-cyano-5-fluoro-benzoyl chloride
20
F CQOCl
CIJQ:Cl
CN
600 ml of thionyl chloride are introduced into a stirring apparatus having a metering
device and gas outlet via a reflux condenser to a scrubber and 210 g of 2,4-dichloro-
25 5-fluoro-3-N-hydroxyiminomethyl-benzoic acid are introduced at 20°C at the rate at

which hydrogen chloride and sulphur dioxide are evolved. After the addition, the

mixture is heated under reflux until the evolution of gas has ended. The mixture is



50. 4 g of 2,4-dichloro-3-cyano-5-fluoro-benzoyl chloride are then added and
t he MyoWeRg7gestirred at an internal tenperature gty 4305 arod C for

12 hours with exclusion of 15 noi sture. 32.9 g of
3-cyano-2,4,5-trifluoro-benzoyl fluoride_,are obtained in the

boiling range from 98-100[err] C/ 12 nbar'gg’vacuun1distiIIation.

Exanple Z 8 20 3-Cyano-2, 4,5-trifluoro-benzoyl chloride [err]
76.6 g of 3-cyano-2, 4, 5- trifluoro- benzoyl fluoride are introduced at
60-65[ err] C t Byat ﬁleullqs and 14# ghofl 2¢f- d;thiarmydymss filarorbenzoyl whlovide dareand
then 25 g of S%|IC tra hl ori de are d dropwi se in the course

of the evol utf [ﬁmf‘i& lﬂa © bﬂf gy Tapgs ooy 1421145 q{?o @E? g{umy accordipgtarF¢ C has

ended, the mggqq? m@lugg%lgglgwjoe vacuo. 73.2 g of
3-cyano-2,4,5-trifluoro- benzoyl chloride pass over in the boiling

range from 120-122[ err] C/ 14 nbar.

-26 -

> [ePr] Eﬁammﬁﬁiﬂp'e 9 1-(Tol uene-4-sul phonyl ) -pvrroline

3-Cyano-2 4,5-trifluoro-benzoyl fluoride

F COF
XX
CN
10

50 g of potassium fluoride are suspended in 120 ml of tetramethylene sulphone and
the mixture is subjected to incipient distillation to dryness at 15 mbar (about 20 ml).
50.4 g of 2,4-dichloro-3-cyano-5-fluoro-benzoyl chloride are then added and the
mixture is stirred at an internal temperature of 180°C for 12 hours with exclusion of

15 moisture. 32.9 g of 3-cyano-2,4,5-trifluoro-benzoyl fluoride are obtained in the

boiling range from 98-100°C/12 mbar by vacuum distillation.

Example Z 8

20 3-Cyano-2,4,5-trifluoro-benzoyl chloride

F COcCi
bes

CN

76.6 g of 3-cyano-2,4,5-trifluoro-benzoyl fluoride are introduced at 60-65°C together
25 with 1 g of anhydrous aluminium chloride and then 25 g of silicon tetrachloride are
added dropwise in the course of the evolution of gas. After the evolution of gas at
65°C has ended, the mixture is distilled in vacuo. 73.2 g of 3-cyano-2,4,5-trifluoro-

benzoyl chloride pass over in the boiling range from 120-122°C/14 mbar.



2.“(')16 kg (17.6 nol) of nethanesul phonyl chloride in 12 1 of dichloromnethane

are & into a 20 1 HC4 vessel with a pl age; i nt
and a sol uti OWI(S) Q%UE?% 10 (8.0 nol) of 2- butene-1,4-d?§ﬁf‘ﬁy@8§m kg

(2.68 1, 19.2 nol) of triethylamne is added dropwi se at an
internal tenperature of -10[err]C wth v?@orous cooling (-34[err]C) in the
course of 30 mnutes. A yellow suspension is obtained, which is stirred at
-10[err]C for 1 hour and then treated with 4 1 of water, the
tenperature rising to O[err]C. The suspension is war med to room

t enper at ur e, Etirred at roomtenperature for 10 m nutes and then 15
collected in Z& parating funnel. The phases are separated (good phase
separati on) and the aqueous phase is washed with 2 1 of

di chl oronet hane with stirring. The conbi ned di chl or onet hane phases
are introduceth(Tolteneat-guiphondl-perolide 1 HCA vessel and kept at
O[err]C 20 1.37 kg (8.0 nmol) of toluenesul phonamde in 6 1 of

tol uene &re introduced into a further 20 1 HX4 vessel having a
distillation bridge. The mixtureqds treated with 3.2 kg of 45%

strengt h sodi um hydr oxi de SOEEE¥QP 4&‘& %Hof wat er and 130.5 g of

t et rabut yl anmoni um exsyl phate, heated to a maxi num i nterna
tenperature of 40[err]C and vacu is applied. The previously
obt ai ned di chl oronet hane solution (15.2 1) is then added 25 dropwi se in
the course of 1.5 hours and the dichloronmethane is renoved by distillation
at 450 nbar a2.0t6kgENe rholyref pikdiahesuihpey ahide iR0QG) 1 oPdichBebnidiiGne are
distillation, foam formati on takes place. At the end, a solution
with an int eriipducedinge at20rliG4 vesselsoith p plane-ground jeinteandna solwtianeof Wsnpl et i on

f th diti i ¢hl i d.by. . . distillati
onti 1o afEe 11 Bump BEPFucehl-FA ST ABRE o Bo LI Bo0 8 s Bty or nal
tem 30 PEOPNISE At 40 CntéinhiNtempbraiute bEDTRC AL §igefoud Loty L8 §NAme The

vessel contents are then
-27 - courseof 38 fmnwtesd Anpellowtsuspension isenbrainied, whisk frastiated ay-108@ fied 1 and

the vessel is rinsgat 50[e.rr4CPNith 5 1 of water and 2 1 of
t ol uene. Bef ofo¥r F'Hgt Fhiseated it Lofi wter. the empsraiyge B8RS 19 O Ge AR Syspensica is
i ntermedi ate r i of.& cl.i .t 1 of
It ol uene. | The PiRERE & rg?%g%r?lgér% ae"s gtflrlrég %I%Igrg ﬁféd&%gﬁﬁégg?@%gﬁﬂ’“% ﬁd%&n

wat er w
stirrinty sepallettediinof 30 bsegaretusfonzd.cthe phases aretsepatatyd €06d iphasa sépataioy)

evapor at or. ;’akrl@ olid residue (1758 ¢g). is suspended in 1.6 1 of.
met hanol at 2R ARTAYE Rhes 8 Washed vty 2 d of; dighletpmetinae gyith stirFipg nTheer r ed

to a 10 1 Tl agknbined dichloromethane phases are introduced into a precooled 20 1 HC4 vessel and
kept at 0°C.

20 1.37 kg (8.0 mol) of toluenesulphonamide in 6 1 of toluene are introduced into a further
20 1 HC4 vessel having a distillation bridge. The mixture is treated with 3.2 kg of 45%
strength sodium hydroxide solution, 0.8 1 of water and 130.5 g of tetrabutylammonium
hydrogensulphate, heated to a maximum internal temperature of 40°C and vacuum is

| applied. The previously obtained dichloromethane solution (15.2 1) is then added

25 dropwise in the course of 1.5 hours and the dichloromethane is removed by distillation
at 450 mbar at the same time (bath temperature: 60°C). During the distillation, foam
formation takes place. At the end, a solution with an internal temperature of 33-40°C is
present. After completion of the addition, further dichloromethane is removed by
distillation until distillate barely still passes over (time: about 85 minutes; internal tem-

30 perature 40°C with a bath temperature of 60°C at the end). The vessel contents are then



havi ng a plane-ground joint and the flask is rinsed wth 2.4 1 of
di i sopropyl ether. The mxture is warnmed to reflux terrBerature
(59[err] Q) anWQPB26é® for a further 30 ninutes 87/06781 The

suspension is cooled to O[err]C, stirred at O[err]C for 1 hour, filtered

of f 10 with suction and washed with-078 1 of a cold m xture of

nmet hanol / di i sopropyl ether (1:1.5). The crystallizate is dried at
50[ err] C/ 400 nbar under a nitrogen atnosphere. Yield: 1456 ¢
(81.5% of theg - O i

52 Tol Uene 4. Sul s st sl KRR & schareng funps] and thgesseL s ginsed at SpC with
334.5 g (1.5 ﬁnbbﬂ watkr ailnd(z lodf ueinene4Befuiephophake sepymatiad, itheesolid eordtimemb wethei N 1. 5
1 of di chlg1 r’r%t hane _at rogmtenperature and t Eleat ed ip t he course
of 15 mi nut es!AfrPRAigie phase are fillered e stidsustonyens Washebyifh Op bef-teluone. e of

70-75% stren gblga.lffg gg%sg ﬁ@&gsrhgc? %8'204 1 of water w1ﬂ'|.cr. tﬁim’rlg" )%a)g.gitéﬂ off %nd evagor&tgd

di chl or onet han during preparation) ture 1s ate

under refl ux foodryddss roaratarytevagoritor. Thexolid fbsidué (175Kig) 3¢ anpdndedfper.63tof| |

i ndi cat es peroxi de content), the suspension is cooled to 5[err]C,
and the preci Blethﬁt“édﬁ baf @mbrémpéﬂh& thej syspension is transferred &ofadPfl sk h
suction and VWRSH

[ f
wWith precipita g {]gr%ggdjprg}netgfl%ﬂ} cr[]ag? réncarﬁqg)z(“pl'l%f%( %?PYEF@“ ;rhwas hed
twice wth  mixture 1§Q~Qnﬁéd &f refiR¥aerigepmat 5P ey andnsdrd dofor taﬁfuﬁl‘iér%' MAfhuted each

case to destroy excess peroxi de (test for peroxide is now negative),
ext ract ed wi t bnde0 Gefhx. 6he swpensamds ceaed tn0°C, stirred at 0°C for 1 hour, filtered off
bi carbonat e, sol uti on, washed with water, dried using

sodl um 401 phaWéthéHﬁloeowéew eff with 0.8 I of a cold,mixiyg tof éneampl(@}sorefppxlr?@% ure.
Test for peroy. (e %ﬁé‘ér?stalﬂ?ag@fs.d}éﬁd t@%ﬂbﬁﬁﬂgﬁuﬂd& anitrogen a:quﬁ%ﬂ&@”t rated and

the solid reS|due S I sopropan
cooling, and the preC|p|tate is filtered off with suctlon and dried in

vacuo at 70[err%
Yield: 1456 g (81.5% of theory)

15 Example Z 10

3-(Toluene-4-sulphonyl)-6-0xa-3-aza-bicyclo]3.1.0Thexane

g Oren

334.5 g (1.5 mol) of 1-(toluene-4-sulphonyl)-pyrroline are dissolved in 1.5 1 of

07=O

O

20

dichloromethane at room temperature and treated in the course of 15 minutes with a
suspension of 408 g (about 1.65-1.77 mol) of 70-75% strength m-chloroperbenzoic
acid in 900 ml of dichloromethane (cools during preparation). The mixture is heated
25 under reflux for 16 hours (test for peroxide with KI/starch paper still indicates peroxide
content), the suspension is cooled to 5°C, and the precipitated m-chlorobenzoic acid is
filtered off with suction and washed with 300 ml of dichloromethane (peroxide test
with precipitate: negative; precipitate discarded). The filtrate is washed twice with
300mi of 10% strength sodium sulphite solution in each case to destroy excess

30 peroxide (test for peroxide is now negative), extracted with 300 ml of saturated sodium



Yield: 295 g (82.3 9%, mp.: 136-139[err]C, TLC

(di chl or onet h?ws/ rget hanol 98:2): 1 nain conponent (iodine chanber) 10
Exangle Z 11 98/26779 { r ans- 3- Hydr oxy- 4- ( 2- hydr oxy- et hy |IBGH/ESPT/06781
1-(t ol uene- 4- sul phonyl ) -pyrrolidine

[err] 15 643.7 g (2.65 nol ) 28f

3-(tol uene-4-sul phonyl ) - 6- oxa- 3-aza- bi cycl o[ 3. 1. 0] hexane are

refluxed for 16 hours with 318.5 nl of ethanolamne in 4 1 of isopropanol.
After TLC i ' d . q : of

et hanol am ne g}cgrbg%%gg&%dﬂ ﬁgﬁe& %ﬁl%sr’fn&%aggégg%&@tg%gﬁ%%ﬁ %gcg}glgee% unti |
t he next nor nikmaboul lagjuartert afrthe ivelufriel Test dfor péroxidé tnik thegativesThé imtxtumshis | St
hot and the filtrate js ¢ nceﬂtratéld to 3.5 1tr in a rotary evaporator.

Af t er concgiggtecyand, thessofid residpesis stiggd withy 4} sl (pf dsopsopgnal with ice-
dii | .3 : - m e ti t O C
for 6 ot s, * FitingRel ey RS ollred off with sucidha i oS gl fpfiie. = OLer ']

suction, Sswashed with 250 ml of a m xture of isopropanol/diisopropyl ether

(1:1) and ] twice with 300 mM each of diisopropyl ether and dried
overni ght in Xield:A95e483 ), 25 Yield: 663.7 g (83% of theory),

urity: 96.1% (ar % according to HPLC).
P 29 d m('P" %&?ﬁﬁ‘?e Z 1_2g_ ) 2-[ 4- Hydr oxy- 1
- (t ol uene- 4- sy{ phaRNlolonnOfreHafiol I8Y2).] I'EﬁﬁiﬁlcUﬁB&ieﬂf Gt 1 abin

am nol -ethyl } trans-tol uene-4-sul phonat

10 Example Z 11

trans-3-Hydroxy-4-(2-hydroxy-ethylamino)-1-(toluene-4-sulphonvl)-pyrrolidine

H

N Q
S Oi-Oron
HO HO'

643.7 g (2.65 mol) of 3-(toluene-4-sulphonyl)-6-oxa-3-aza-bicyclo[3.1.0lhexane are

15

refluxed for 16 hours with 318.5 ml of ethanolamine in 4 1 of isopropanol. After TLC
checking, a further 35.1 ml (altogether 5.86 mol) of ethanolamine are added to the
mixture and it is boiled again until the next moming. The mixture is filtered off with
20 suction whilst hot and the filtrate is concentrated to 3.5 ltr in a rotary evaporator. After
seeding and stirring at room temperature, 3.5 1 of diisopropyl ether are added and the
mixture is stirred at 0°C for 6 hours. The precipitated crystallizate is filtered off with
suction, washed with 250 ml of a mixture of isopropanol/diisopropyl ether (1:1) and
twice with 300 ml each of diisopropyl ether and dried overnight in a high vacuum.
25 |
Yield: 663.7 g (83% of theory),
purity: 96.1% (area % according to HPLC).



5 [ err ]

552 g (1.837 m)g) of trans 3- hydr oxy- 4- (2- hydr oxy- et hyl am no) -| - (t ol uene- 4-
sul phonyl) py N 8867d%ar e dissolved in 1.65 1 of pyridi nePGRERI7HEISDT
tetrahydrofuran 10 under argon, and a total of 700 g (3.675 nol) of
p-t ol uenesul phonyl chloride is added at -29- -10[err]Cin portions. The
mxture is then stirred at this tenperature for 16 hours. Wrking

up is carried out by addition of 4.3 1 of 18.5% strength aqueous
hydrochl ori ¢ #&afhpie Z 1 extraction twice with dichloronethane (3 1, 2
1), washing orrﬁéLmn%l ned organl o phases with saturated sodi um
hydrogencarbonate solution (3 1, 2 1), drying over sodium 15 sul phate,
filtering off ¥v| h s&uctl and renpvi ng the solvent by distillation in
vacuo. K-l f toduene-4rsuiphgny! EQligin-3 yh-(eluenietd-sulphonyho enpl oyed
in the next J § ) orm 1093 g resulted as a hard foam
(purity [area‘%—[d by fans;tolu st g@@é— tris-tosyl product and 13%

tetra-toSyl product; yield see next st age).

- 30- Exanple Z 13 rac.
trans-5. 8- Bi s-tosyl - 2- oxa- 5, 6- di azalfft&vcl of 4. 3. 0] nonane
CH3 =0

H,C

N 0

0] ]
$° [ o on

o 9 ho o)

552 g (1.837 mol) of trans-3-hydroxy-4-(2-hydroxy-ethylamino)-1-(toluene-4-
sulphonyl)-pyrrolidine are dissolved in 1.65 1 of pyridine and 0.8 1 of tetrahydrofuran

10 under argon, and a total of 700 g (3.675 mol) of p-toluenesulphonyl chloride is added at
-10°C in portions. The mixture is then stirred at this temperature for 16 hours. Working
up is carried out by addition of 4.3 1 of 18.5% strength aqueous hydrochloric acid,
extraction twice with dichloromethane (3 1, 2 1), washing of the combined organic
phases with saturated sodium hydrogencarbonate solution (3 1, 2 1), drying over sodium

15 sulphate, filtering off with suction and removing the solvent by distillation in vacuo.
The residue is dried overnight on an oil pump and employed in the next reaction in
crude form. 1093 g resulted as a hard foam (purity [area % according to HPLC]: 80%
tris-tosyl product and 13% tetra-tosyl product; yield see next stage).



[err] 1092 g of crude

{2-[[4-hydroxys1- ene- 4- sul phonyl ) -pyrrolidin-3-yl]-(tol uene-4-

sul phonyl ) - am Pg}ggh ) trans-tol uene-4-sul phonate are dPSSFERRH06T819. 4 1
of tetrahydrofuran and reacted at 0-30Cwith 1.4 1 of a 1.43 nol ar
sol ution of sodium 10 hydroxi de in aB@hanol. After half an hour at this
tenperature, 2.1 1 of water and 430 m of dilute (2:1) acetic acid
were added to the m xture and it is seeded with previously i sol at ed

crystals of ExampleZ 13
{2-[[ 4- hydr oxy-1- E T ol uene- 4-sul phonyl ) -pyrrolidin-3-yl]-(tol uene-4-
sul phonyl) -am no] -ethyl) trans-tol uene-4-sul phonate. The suspension is

stirred ght at 0 to -4[err]C xt norning, the crystals are

filtered of f % PP BAOSY2:0%8-D.6-digzabicyclofd.3 Qlngnane 400 m each of a cold
m xture of tetrahydrofuran/water (4:1) and dried at 50' C overni ght
at 3 nbar. Yield: 503 g of white crystals (62. 7% of theory over 2
st ages), Purity: 99.7%QHrea % according to HPLC).

- 31- Exanple Z 14 Preparative chromatographic
resolution of rac. trans-5. 8-tosy| - 2- oxa- 5. 6-

di azabi cycl o[ 4. 3. O nonane 5 The chronmat ography of the racemate is
carried out at room tenperatdu, _d' n a colum (internal diameter 75

mm), which is packed (bed hel ght: abqut 38 cn) with 870 g of a

chiral stationary phase (silj | - o nol y(N- net hacryl oyl - L-1 euci ne-d-
ment hyl am de) based on the I Cg y-sod ed”silica gel Polygosil 100, 10
[err]m $ee 10 EP-A-0 379®17). Petection is carried out with the aid

of a UV detector at 254 nm For t he sanpl e application, a solution
of a concentration of 100 g of rac. trans-5, 8-bis-tosyl-

i - oxa- 5, 6- di ag@hi £yt @hdb %2-%&%&&?-1i-(Fbl@beQ-Q-s'iﬂpt_xBﬂyl}-&Frfo?iﬁ}ﬁ@i-Shf]-Y{oﬂiéné-ﬁ- used.
sulphonyl)-amino]-ethyl} trans-toluene-4-sulphonate are dissolved in 94 1 of
tetrahydrofuran and reacted at 0-3°C with 1.4 1 of a 1.43 molar solution of sodium

10 hydroxide in methanol. After half an hour at this temperature, 2.1 1 of water and 430 ml
of dilute (2:1) acetic acid were added to the mixture and it is seeded with previously
isolated crystals of {2-[[4-hydroxy-1-(toluene-4-sulphonyl)-pyrrolidin-3-yl]-(toluene-4-
sulphonyl)-amino]-ethyl} trans-toluene-4-sulphonate. The suspension is stirred
overnight at 0 to -4°C. Next morning, the crystals are filtered off with suction, washed

15 twice with 400 ml each of a cold mixture of tetrahydrofuran/water (4:1) and dried at
50°C ovemnight at 3 mbar.

Yield: 503 g of white crystals (62.7% of theory over 2 stages),
Purity: 99.7% (area % according to HPLC).



separation cycle is carried out under the following conditions: with the
aid of a punp at a flow of 50 mM/mn, sone of the sanple solution
and si mul tane&@l9§/26a?9a flow of 50 15 m/mn, pure nBGEHERIH05ZS1
transported to the colum for 2 min. It is then eI uted for 18 mn
using a mxture of n-heptane/tetrahydrotdtan (3/2 vol/vol) at a flow of 100
m/mn. Elution with pure tetrahydrofuran then takes place for 3
mn at a flow of 100 m /m n. Further elution with

n- hept ane/ t et Eﬁg%ﬂieolflh”a” (3/2 vol/vol) is then carried out. This

cycle is repe er of tinmes. 20 The initially eluted
enantioner is (1R 6R)-5, 8-bis-tosyl-2-oxa-5, 6-di azabi cycl o-

[4.3.0] nonane_ which |s i sol ated by concentrati on. The eI uate of the nor e

strongly Preg A BIAORE ic gpeegolution | @ msnh8-k and
the precipitaygg S flltered of f W|th suctlon and
dried. In thi b&r&% 1 filng (96 2% of theory) of the 25 enant i oner

(1S, 6S)-5, 8-bis-tosyl - - 2- oxa- 5, 6-di azabi cycl o[ 4. 3. 0] nonane having a
purity of > 99%ee are isolated fromthe separation of 179 g of racenate.
- 32 - The Eixrgmpqograzhm_ gf the racemate is carried out at room temperature in a column

géRé(igR) z §7Q(a iRte Eal 3h pagfge%n(gecﬂl é’m al tc)nrlto crr?) with 870gL>?ar]

(1R 6R) -5, 8- bblﬁra‘l O%YduoﬂarS’X h'ﬁse6 ‘édxlfi’:?aab AWeh@d*- §19 N8 10'91 Lleucine-d200
of 33% strength HBr/gl aC|aI acetic aC| are treateéd W|th 0"g of anisole

and hmnwamudem@sed roh@h¢ mtdaptofmedifiechsilicasgel Abtygosis1600d0Ngn; see

overnig , n_is coqled, 10 and the precipitate is filtered
of vvitH suctgg 85?2@%&'5 Reteetiondncasiedgut 3irh dhe aid phaHY| desgter at 254 nm. For j ed i n

a high vacuu n}h%tsarﬁﬂl[e &pplicktion, a solution of a concentration of 100 g of rac. trans-5,8-bis-tosyl-
2-oxa-5,6-diazabicyclo[4.3.0]nonane in 3000 ml of tetrahydrofuran is used. A
separation cycle is carried out under the following conditions: with the aid of a pump,
at a flow of 50 ml/min, some of the sample solution and simultaneously, at a flow of 50

15 ml/min, pure n-heptane is transported to the column for 2 min. It is then eluted for 18
min using a mixture of n-heptane/tetrahydrofuran (3/2 vol/vol) at a flow of 100 ml/min.
Elution with pure tetrahydrofuran then takes place for 3 min at a flow of 100 ml/min.
Further elution with n-heptane/tetrahydro-furan (3/2 vol/vol) is then carried out. This

cycle is repeated a number of times.

20
The initially eluted enantiomer is (1R,6R)-5,8-bis-tosyl-2-oxa-5,6-diazabicyclo-
[4.3.0]nonane, which is isolated by concentration. The eluate of the more strongly
retarding enantiomers is largely evaporated in vacuo, and the precipitated crystallizate
is filtered off with suction and dried. In this manner, 86.1 g (96.2% of theory) of the
25 enantiomer (18,6S)-5,8-bis-tosyl-2-oxa-5,6-diazabicyclo[4.3.0]nonane having a

purity of > 99% ee are isolated from the separation of 179 g of racemate.



Yield: 23.5 g (93% of white solid product, mp.: 309- 31[err]C1
(dec.), 15 I.chl or omet hane/ net hanol / 17% aq. ammnl a 30:8:1
mai n conponent ,Jb%s(/%ﬁg[[err] Do + 0.6 (c = 0.53, Herr]0) }(QW 781

Example Z 16 20 (1S. 6S) - 2- Oxa- 5, 6-di azabi cycl o[ 4. 3. Ol nonane
di hydr obrom de [err] Anal ogddsly to Exanple Z 15,
(1S, 6S)-2-o0xa-5, 6-di azabi cycl o[ 4. 3. 0] nonane 25 di hydrobrom de is

obtained from (1S, 6S)-5, 8-bis-tosyl-2-oxa-5, 6-di azabi cycl o- a3

[4.3. 0] nonane. Example Z 15 _
Example Z 17 — (I R 6R)-2-0xa-5, 8-di azabi cycl o[ 4.3 . d nonane
[err] 1st nmethod: 5.8 g (20 mmol ) of

(IR 6R)-2-oxa- 5(1ﬁ,‘eﬂS-E‘@Qlf&(ﬁfagJ}b?évglei£8ﬂ3£'a%e %ihr\]/gfobromide

H
N H

= X 2HBr
o H

38.3 g (87 mmol) of (IR,6R)-5,8-bis-tosyl-2-oxa-5,6-diazabicyclo[4.3.0]nonane in
500 ml of 33% strength HBr/glacial acetic acid are treated with 10 g of anisole and

heated at 60°C (bath) for 4 hours. After standing overnight, the suspension is cooled,
10 and the precipitate is filtered off with suction, washed with 100 ml of absol. ethanol and

dried in a high vacuum at 70°C.

Yield: 23.5 g (93%) of white solid product,
m.p.: 309-310°C (dec.),
15 TLC (dichloromethane/methanol/17% aq. ammonia 30:8:1): 1 main component,

[oJp: +0.6° (¢ = 0.53, H,0) (varying).

Example Z 16

20 (18.68)-2-Oxa-5.6-diazabicyclo[4.3.0lnonane dihydrobromide

H
N
@t
X 2HBr
© H

Analogously to Example Z 15, (1S,6S)-2-oxa-5,6-diazabicyclo[4.3.0]nonane
25 dihydrobromide is obtained from (1S,6S)-5,8-bis-tosyl-2-oxa-5,6-diazabicyclo-
[4.3.0]nonane.




dr obroni de are suspended in 100 m of isopropanol at roomtenperature,

treated with 4 g (42.9 mol ) of powdered potassi pde and
| eft for about ?%&ﬁﬁ?n an 10 ultrasoni c bath. The sm%&%gl

cooled in an ice bath, filtered, the undissolved salt i s washed
with isopropanol and the filtrate is conddntrated and distilled in a bulb
t ube oven at an oven tenperature of 150-230[err]C and 0.7 nbar.
2.25 g (87.9% of theory) of a viscous oil are obtained, which
conpletely cr¥Exhaiplé Zd3. [[err]] D -21.3 (c = 0.92, CHCl [err])

Correspondingly, this reaction can also be carried out in ethanol. 15
2nd method: A honogeni zed m xture of

(1R, 6R) - 2- oxay 4. 3. nane di hydrobrom de and
620 ng (11 . xide is distilled dry
in a buI b tube apparatus at 0.2 nbar and increasing oven tenperature to
250[err]C. 490 ng (76.6% of theory) of

(I R, 6R) - 2- oxa- 5, 8-di azabi cycl o] 4. Skp nonane 20 are obtained as a
viscous oil, which slowy crystalfi 3rd nmethod: 100 g of
noi st, pretreated cation exchange L Wi 50WK, Herr] form

100- 200 ranash, capacity: 5.1 neg/g Qrg or 1.7 meg/m) are packed into a

col umm, activated with about 200 mM of 1 N HC1 and washed with 3 1
of water until neutral. A 25 sol ution of 299(10 mol ) of
(I R 6R) - 2-0xa-5, 8-di azabi cycl o[ 4, 3. 0] nonane hydr obrom de in 15 ni

of water is aéﬁéﬁet@?fl 1 Ei(40 munelh ah & 6Bheoxard§- ‘iAﬁi’@h’éMClO[43 Olnonagedihy? 1 of
wat er and el upgg yhib aljejsusp%dé”&q@%? h-hl ?@Bﬁbﬁ@g r%ﬁl%'m%eri%{eq hgzﬁ%ae‘)vuﬁ

concentrated I n vacuo Vi SCOuSs
-34 - 2 AL mhio@ra?samme/paamanqiyaﬂ%euﬂa 1062 alabut Lhé@Riif an
corrponent GC. 99.6% (area) Exanple Z 18

(1S, 69) Q Ox alBragonds hathpl hgﬁ@pp;psgog isgogleddman ice bath, filtered, the undissolved salt

HH [err] is washed with isopropanol and the filtrate is concentrated and distilled in a bulb tube

oven at an oven temperature of 150-230°C and 0.7 mbar. 2.25 g (87.9% of theory) of
a viscous oil are obtained, which completely crystallizes. [a]p: -21.3° (¢ = 0.92,

CHCl3) Correspondingly, this reaction can also be carried out in ethanol.

15
2nd method: A homogenized mixture of (I1R,6R)-2-o0xa-5,8-diazabicyclo[4.3.0]no-
nane dihydrobromide and 620 mg (11 mmol) of powdered potassium hydroxide is
distilled dry in a bulb tube apparatus at 0.2 mbar and increasing oven temperature to
250°C. 490 mg (76.6% of theory) of (1R,6R)-2-oxa-5,8-diazabicyclo[4.3.0]nonane
20 are obtained as a viscous oil, which slowly crystallizes.

3rd method: 100 g of moist, pretreated cation exchanger (Dowex SOWX, H* form,
100-200 mesh, capacity: 5.1 meq/g dry or 1.7 meq/ml) are packed into a column,
activated with about 200 ml of 1 N HCl and washed with 3 1 of water until neutral. A

25 solution of 2.9 g (10 mmol) of (1R,6R)-2-oxa-5,8-diazabicyclo[4.3.0]nonane
dihydrobromide in 15 ml of water is added to the ion exchanger and then washed
with 2 1 of water and eluted with 1 ] of about IN ammonia solution. The eluate is
concentrated in vacuo.

Yield: 1.3 g of viscous oil (quant.),



10 Anal ogously to Exanmple Z 17, the free base

(1S, 6S)-2-o0x abi cycl of 4. 3 0] - nonane rom
(1 S, 6S)-2- omgg% zabl cycl o[ 4. 3. 0] nonane di hydrg{ﬁ‘@?ﬁgﬁz"”ﬁ

Exanple Z 19 15 Et hyl
2- (2. 4-di chl or 0- 3- cyano- 5- f | uor o- benzoyi34-3- di net hyl ami no- acryl ate

[err] 20 Starting at roomtenperature, a solution of 1075 g of

2, 4-di chl or o- 3- cyano- 5- fl uorobenzoyl chloride (about 94% strength,
cor r espondi NOTtE (diéhlSromethatie/thefandl 7% NH; 30:8t1): 515ﬁmrﬂonﬁ>ﬁ)néhtcm oronet hane is
added dropw se to a solution of 626 g (4.372 nol) of et hyl

3- di net hyl aniG6-¥6o6%(aed. and 591 ¢ (4 572 nol) of ethyl diisopropyl-anine
25 (HUni g's base) in 1060 m of dichloromethane. In the course of this,
the tenperature rises to about 50-55[err]C (dropwi se addition tine
about 90 mn reaction

- 35 - L@_;f&%ﬁ%e is subsequently stirred at 50[err]C for 2 hours
and therS enpl oyed in the next stage wi thout further working up.
Example Z 20
2- (2, 4-di chl ore

IS cycl opropyl ami no-acryl ate

10 Analogously to Example Z 17, the free base (1S,65)-2-0xa-5,8-diazabicyclo{4.3.0]-
nonane is prepared from (18,6S)-2-oxa-5,8-diazabicyclo{4.3.0]nonane

dihydrobromide.

Example Z 19
15

Ethyl 2-(2.4-dichloro-3-cyano-5-fluoro-benzovl)-3-dimethylamino-acrylate

F CO,Et

Cl Cl "NMe,
CN

20
Starting at room temperature, a solution of 1075 g of 2,4-dichloro-3-cyano-5-
fluorobenzoyl chloride (about 94% strength, corresponding to 1010.5 g = 4.00 mol)
in 850 ml of dichloromethane is added dropwise to a solution of 626 g (4.372 mol) of
ethyl 3-dimethylamino-acrylate and 591 g (4.572 mol) of ethyl diisopropyl-amine
25 (Hiinig’s base) in 1060 ml of dichloromethane. In the course of this, the temperature

rises to about 50-55°C (dropwise addition time about 90 minutes). The reaction



[enr'r] 10 306 g (5.1 nol) of glacial acetic acid are added dropw se

at about 15[ e i cool i ng to the reaction m he
above st age. g‘@%ﬁ% 68 nol) of cycl opropyl am ne f’%ﬁggﬂi@#}added
dropwi se at about 10-15[err]C with further cooling. Imediately after
this, the reaction nmixture is treated widh-1300 mi of water with
i ce-cooling and 15 stirred well for 15 m nutes. The dichl or onet hane
phase is separated off and enpl oyed in the next stage.
Exanpl e Z 21 mix6re is subiskdyently stirrdd ah$09C0foB2chtbaROandlthen employed in the next
-cycl opropyl - 6-fl uoro- 1, 4-di hydr o- 4- oxo- 3- qui nol i ne- car boxyl at e

5 stage without further working up. [err] WO
98/ 26779
PCT/ EP97/ 06781 The di chl or onet hane phase fromthe previous
stage is addeBx#ihpR'® 3¢ (about 90 m nutes) to a suspension of 353 g
(2.554 nol) of potassium carbonate in 850 m of N- et hyl pyrrol i done
heated t® 60-70[err]C. During the addition, dichloronethane is

? Ie glé lt It g 2 eousl %thgﬁta{f-glcilfo(r)&:[cggnor-g-?lﬁ&! O- rt]eng;l)v t— y-lé&?d gx}{‘og\;lasr}njnlo-l ag}vll a?e? - The

F. COEt

|

CN A

10
306 g (5.1 mol) of glacial acetic acid are added dropwise at about 15°C with cooling
to the reaction mixture from the above stage. 267.3 g (4.68 mol) of cyclopropylamine
are then added dropwise at about 10-15°C with further cooling. Immediately after
this, the reaction mixture is treated with 1300 ml of water with ice-cooling and
15 stired well for 15 minutes. The dichloromethane phase is separated off and

employed in the next stage.

Example Z 21

20 Ethvl 7-chloro-8-cyano-1-cyclopropyl-6-fluoro-1.4-dihydro-4-ox0-3-quinoline-

carboxylate

0]
F CO,Et
|
Cl N
N A
3



5" m'xture is then stirred well at 60-70[err]C for a further 5[err]

hour s. 0 cool to about 50[err]C an I I

di.chl ororret ha%bggﬁ’tﬁ@%r%ved by distillation under a vacuumq)éf/ibgy/%gflmabout
250 mbar. 107 nml of 30% strength hydrochloric acid are then added

dropwi se at roomtenperature with i ce-codbirng, whereby a pH of 5-6 is

est abl i shed. 2200 mM of water are then added with ice-cooling. The
reaction mxture is well stirred 10 for 15 mnutes, and the solid is
then filteredtaé fdicMdrBmetsdd Eﬁhs@'ffi)rﬁvﬂ% \idviowd Qﬁgé’\‘lst Hdded dro;r)‘| ise 144t 9b each
of water and three tines with 1000 ml each of ethanol on the suction
filter and thennutes)déa aauspsafien pf 3’53 gu(hssmml)mfmogasngmcpaémnate in 850 ml of

furt her 153& i BBy PYRP R et Qo0 GndrinEee (RS, arRlbrcrhedRne ¥, O
in 2000 m d‘lﬁﬁ'&Jusly' ferdoed tdn® "t régcfloﬂ“rﬁlkétu?éj%' &lE‘tﬂYyﬁbhsq‘h@ %acuWﬁs hed

with 500 m 01§l et hanol "and dried at 60[err|]C 1 n vacCuo. ting
poi nt: 180- 18ﬁ{xm1re] i€then stirred well af &0-70°¢ fdivR fifrd @0 S¥HoNnrsCIDG ﬂ!ceweld]ty) coazl to

1.2-1.27 (m 2H), 1.56 ( 1H),
4.40 (q; 2H), alpouy ,§0 (Q:i ancgremdgalziupl&orop}j:thage B 4er(1g\|'_c9d| lpf)dlﬂﬂhlltlon unc}er a vacSum

- 37 - 2

1-cycl opropyl F{)ﬁﬂoro nﬁ)mz ldmhi'/n rog %fo‘%xgagé{gw no }{ﬁ)glga?cfl)%gﬁ fhen added acid
S [err] dropw1se at room temperature with ice-cooling, whereby a pH of 5-6 is estabhshed.

2200 ml of water are then added with ice-cooling. The reaction mixture is well stitred
10 for 15 minutes, and the solid is then filtered off with suction and washed twice with
1000 ml each of water and three times with 1000 ml each of ethanol on the suction

filter and then dried at 60°C in a vacuum drying oven.

Yield: 1200 g (89.6% of theory).

15
This product can optionally be further purified by stirring the solid under reflux for
30 minutes in 2000 ml of ethanol. It is filtered off with suction whilst hot, washed

with 500 ml of ethanol and dried at 60°C in vacuo.

20 Melting point: 180-182°C.

'H-NMR (400 MHz, CDCl3): d = 1.2-1.27 (m; 2H), 1.41 (t; 3H); 1.5-1.56 (m; 2H),
4.1-4.8 (m; 1H), 4.40 (q; 2H), 8.44 (d, ] = 8.2 Hz; H), 8.64 (s; 1H) ppm.



33.8 g (0.1 nol) of ethyl

7-chl oro- 8-cya propyl - 6-fl uoro-1, 4-di hydro-4 10
ox0- 3- qui nol i nggg%ég@:',gte are heated under refiux for 3 hotr TEEP7TO6I8L ure

of 100 M of acetic acid, 20 m of water and 10 ml of concentrated
sul phuric acid. After cool i ng, the 3fi-xture is poured onto 100 m of
ice water, and the deposited precipitate is filtered off with
suction, washed with water and ethanol and dried in vacuo at 600C.
15 Yi el Exafpl6Z@2(96% of theory), mel ting point:
276-277[err] C (W th deconposition)

-38 - Preparation of the active conpounds Exanple 1

5 A .

8- Cyano- | - cycl nghlro : -"'"‘ Focfluaro-1,4-diltydeo-4 PUACADEGAIOXYHC O non-
8-yl) - adid4- di hydr o- 4- oxo- 3- qui nol i necar boxyl i c acid 10 1.00 g

(3.26 mmol ) of 7-chl oro-8-cyano-1-cycl opropyl -6-fl uoro-1, 4-di hydr o- 4- oxo- 3-
qui nol i neéar boxylic acid are stirred under argon at 40-45[err]C for 25

hours with 501 ny (3.91 mmol ) of
(I'S, 6S)-2-o0xa-5, 8-di azabi cycl o[ 4. 3. 0] nonangt and 0.9 ml of
triethylamine in 30 m of acetonitrF Q £@H | e conponents are renpved
in vacuo
Cl
N A
4
33.8 g (0.1 mol) of ethyl 7-chloro-8-cyano-1-cyclopropyl-6-fluoro-1,4-dihydro-4-
10 oxo-3-quinolinecarboxylate are heated under reflux for 3 hours in a mixture of
100 ml of acetic acid, 20 m! of water and 10 ml of concentrated sulphuric acid. After
cooling, the mixture is poured onto 100 ml of ice water, and the deposited precipitate
is filtered off with suction, washed with water and ethanol and dried in vacuo at
60°C.
15

Yield: 29.6 g (96% of theory),

melting point: 276-277°C (with decomposition)



and the residue is recrystallized fromethanol. 15 Yield: 1.22 g (94%

Mel ting point; 294 err C (with deconposition) ano-
-cycl opropyl _Wop -(1 S, 6S)-2-oxa-5, 8-di azabi cycl 0[4)953’1‘('3‘(%3?{%7%
yl") -1, 4-di hydr o- 4- oxo 3 qui nol i necar boxylic acid hydrochl ori de 20

200 ng (0.63 mmol ) of ethyl -38-

8- cyano- 1-cycl opropyl -6, 7-di f | uor o- 1, 4- di hydr o- 4- oxo-

3-qui nol i necarboxyl ate are stirred under argon at 40-45[err]C for 2 hours
With 97 My  preparatidh dfth&BBive Bmpounds

(1S, 6S)-2-o0xa-5, 8 di azabi cycl o[ 4. §)0 nonane and 0.17 m of

triethylamne in 3 m of acetonltrlle Al'l volatile conponents are renoved
in vacuo, 25 tEe residue is treated with water, insoluble nmaterial is
filtered off filtrate is extracted with dichl oronet hane.
The organic phase is dried over sodi um sul phate and t hen
concentrated in vacuo. The resulting residue is dissolved in 6 m of
tetrahydrofuran and 2 m of water and tr@ated with 30 ng (0.72 nmol) of
l'ithium F COOH -39 -

hydr oxi de nonohydr at e. AfterHstlrrl ribom tenperature for 16 hours, the
m xture IS aC|d|f|ed-m%§:J ( ydrochloric acid and the resulting
precipitate is filtered off suction and dri ed. Yi el d:
155 ng (57% 5 Mel ti ng > %%Qﬁkrr]c C) 8- Cyano-

1-cycl opbopyl -6-fl uoro-7-( (1S, ééf‘z-oxa-S,B-diazabicyclo]4.3.d non- 8-

yl)- 1, 4-di hvdr o- 4- oxo- 3-ci ui nol i necarboxylic acid hydrochl ori de 10 1
g (2.5 mmol ) of

8- cyano- | - cy c Ap Br@payd-1 @yvEibprepR-6/8dréd-$(8S)653-20%@- SR -Saghbaxelbi4cy/0lnon-8-yl1)-
clo[4.3.Q non- 8(%|)- 1, 4- di hydr o- 4- oxo- 3- qui nol i necarboxylic acid is
suspended in Lld-dihydro-$oxer- qufndm@b,mdﬁms&qe suspension is treated with 10

m of 1N hydrochloric acid and stirred at roomtenperature for 3
hours. The precipitate obtained is filtered off with sucti on,
washed Wt h et penoi3 Znfmdl) 6f7-ilordB-Eyahét 12y &lb%b WMactuotd-1 4dihydro-¥Ylorbd- 987
mg (90.6% of theory), Mel ting point 14-316[err]C (with

decormOSI ti 0n§1umohnecarboxyhc myid g:e@}agg@un asgon op#SAYIC Br 25 hewrs with(301|nag
. 65) - 2- oxa- 5. % §jl' i)cyo(fl ?{f' 65 ?%)Paqg,S%mzablcycloHﬁ.O]nonane and 0.9 ml of

triethylamine in 30 ml of acetonitrile. All volatile components are removed in vacuo
and the residue is recrystallized from ethanol.

15 Yield: 1.22 g (94%)
Melting point: 294°C (with decomposition)

B) 8-Cyvano-1-cyclopropyl-6-fluoro-7-((1S.6S)-2-oxa-5,8-diazabicyclo[4.3.0lnonan-8-

yl)-1.4-dihydro-4-ox0-3-quinolinecarboxvlic acid hydrochloride

20
200 mg (0.63 mmol) of ethyl 8-cyano-1-cyclopropyl-6,7-difluoro-1,4-dihydro-4-oxo-
* 3-quinolinecarboxylate are stirred under argon at 40-45°C for 2 hours with 97 mg
(0.75 mmol) of (1S,6S)-2-oxa-5,8-diazabicyclo[4.3.0lnonane and 0.17 ml of
triethylamine in 3 ml of acetonitrile. All volatile components are removed in vacuo,
25 the residue is treated with water, insoluble material is filtered off and the filtrate is

extracted with dichloromethane. The organic phase is dried over sodium sulphate and
then concentrated in vacuo. The resulting residue is dissolved in 6 ml of

tetrahydrofuran and 2 ml of water and treated with 30 mg (0.72 mmol) of lithium



>|)-1.4-di hydro- 4- oxo- 3- qui nol i necar boxylic acid hydrochl ori de 20

86.4 g (217_ mmol of

8- cyano- 1- cch(S:b?%évj’G-f | uoro-7-((1S. 6S)-2-oxa-5, 8- PCT/EP97/06781
di‘azabi cycl o[ 4. 3. 0] non- 8-yl )- 1, 4-di hydr o- 4- oxo- 3- qui nol i necar boxylic

acid are dissolved in 963 m ©o3%water and 239 nml of i N aqueous
sodi um hydr oxi de sol ution at roomtenperature. After filtration
and washing with 20 ml of water, the m'xture is 25 treated with 477 m
of I N aqueous,dhyugd I i zate
I s dissol vedqg% 95[%&?1]1%&??%%45%?&?&&% e so Hagltrr\@fbsr Igc?glugdthg\fﬂéégrl\%ht

and the is acidifeedivyitlt dil. dgldrochietiakdid 2md the resulting tpescipitatfis fi Wetel offueith on and
washed three tines h 500 m of water each tine and dried in
vacuo. 30 Suctigpandfredg g (94. 7% of theory), purity: > 99% (area
% according t - 0 ee. [[err]]Dlerr]: -112 (c =
0.29, 1IN Na %ew?li% mgg(gE%erpl e 2 [err] 9- Fl uor o- 3- net hyl -
10- (( 1S 6S) - Mlehing poing-3@0#a@bi cycl or 4. 3. 0] non- 8-yl ) - 7- oxo0- 2. 3-

di hydro-7H pyridorl .2.3-del [1 .3,41lbenzoxadi azi ne-6-carboxylic acid 10
100 nmg (0.354 mmol ) of

9, 10-difluoro Cﬁ

d,e]-[1, 3, 4] be

for oneylpe urdxm&m&;korqulﬁielﬁécdml )1c Q&d h drochlorlde
(IS, 6S)-2-o0xa-5, 8-di azabi cycl o] 4. 3. 0] nonane in

10 1 g (2.5 mmol) of 8-cyano-1-cyclopropyl-6-fluoro-7-((1S,6S)-2-oxa-5,8-diazabicy-

clo[4.3.0]non-8-yl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid is suspended in
20 ml of water, and the suspension is treated with 10 ml of 1N hydrochloric acid and
stirred at room temperature for 3 hours. The precipitate obtained is filtered off with
suction, washed with ethanol and dried at 80°C in a high vacuum.

15 Yield: 987 mg (90.6% of theory),
Melting point: 314-316°C (with decomposition).

D) 8-Cyano-1-cyclopropyl-6-fluoro-7-((1S.6S)-2-oxa-5,8-diazabicyclo{4.3.0lnon-8-

y1)-1.4-dihydro-4-ox0-3-quinolinecarboxylic acid hydrochloride

20
86.4 g (217 mmol) of 8-cyano-1-cyclopropyl-6-fluoro-7-((1S.6S)-2-oxa-5,8-
diazabicyclo[4.3.0]non-8-yl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic ~ acid  are
dissolved in 963 ml of water and 239 ml of 1N aqueous sodium hydroxide solution at
room temperature. After filtration and washing with 20 ml of water, the mixture is

25 treated with 477 ml of IN aqueous hydrochloric acid and the precipitated
crystallizate is dissolved at 95°C to 100°C. The solution is cooled overnight, and the
precipitated crystallizate is filtered off with suction and washed three times with 500

ml of water each time and dried in vacuo.

30 Yield: 90 g (94.7% of theory),
purity: > 99% (area % according to HPLC); 99.6% ee.



3'm of DMBO. The mixture is concentrated in a hi gh vacuum and the residue

IS recrystallized fromethanol and dried. 15 Yield: 106 ﬁ??% of
t heory) @?Q’?W%oi nt: 205C (with deconposition) T/E Wﬁﬁ e 3
[err] 1- (1- Fl uoronet hyl - 1-nmethyl-2-fluoroethyl)-6-fluoro-7-[(

1S, 6R) - 2- oxa- 5. 8-di aza- - 40 -

bi cyclor4. 3. Q non-8-yl]-1, 4-di hydr o- 4- oxo- 3- gui nol i necar boxylic acid

-41- A solution of 1-( 1-fluoronethyl-

| - met hyl - 2-f Iijarbe l) = B,76- N o- | ,4-di hydro-4-

ox0- 3- gui nol i[ﬁgbcér Lfc?;)s%l ?'ngﬁglﬁf?g%' my, 1.26 mmol),

(IS, 6R) - 2- oxa- 5, 8-di azabi cy- clo[4.3.0] nonane (176 ng, 1.39 nmol)
and 1, 4-di azabi cycl o[ 2. 2. 2] oct ane (141 ny, 1.26 mmol ) in absol.
acetonitrile Example2 i s heated under reflux overnight. After 5 cool i ng
the reaction mxture to roomtenperature, the precipitated crystals are
filtered of f and washed with acetonitrile. Yield: 392 ny
(73% of theory) Melting point: @45[err]C 10 Exanpl e 4

F COOH

H H |

C ~ "CH,
OH

9-Fluoro-3-methyl-10-((1S,6S)-2-oxa-5.8-diazabicyclo[4.3.0]non-8-y])-7-0x0-2.3-
dihydro-7H-

ridof1,2.3-d.e}[1.3.41benzoxadiazine-6-carboxylic acid

10 100 mg (0.354 mmol) of 9,10-difluoro-3-methyl-7-0x0-2,3-dihydro-7H-pyrido[1,2,3-
d,e}-{1,3,4]benzoxadiazine-6-carboxylic acid are heated under argon at 120°C for
one hour with 91 mg (0.71 mmol) of (1S,6S)-2-oxa-5,8-diazabicyclo[4.3.0]nonane in
3 ml of DMSO. The mixture is concentrated in a high vacuum, and the residue is
recrystallized from ethanol and dried.

15 Yield: 106 mg (77% of theory)

Melting point: 205°C (with decomposition)

Example 3
O O
H\HAQ’ N
o an
20 &OH F F

1-(1-Fluoromethyvl-1-methyl-2-fluoroethyl)-6-fluoro-7-[(1S,6R)-2-0xa-5.8-diaza-
bicyclo[4.3.0lnon-8-yl}-1.4-dihydro-4-oxo-3-




[e?r'r] 1-( 1-Fl uoronet hyl -

1- et hyl - 2-f oef -6-fluoro-7-[( 1R 6S)-2-oxa-5.8-diaza- 15

bi<cvcl or 4. 3. O]L{ﬁbr?%éﬂiy# 1, 4- di hydr o- 4- oxo- 3- qui nol i necar by TEFIZH6a81 .

The title conpound is prepared anal ogously to the procedure of Exanple 3 by

reaction with (1 R 6S)-2-oxa-5, 8-di azabi-éyel o[ 4. 3. 0] nonane. Yi el d:
58% of theory 20 Melting point: >250'C

-42 - Exanpl e 5 [err] 5

1- (Cycl opr opylp) séindibref ¢- &ﬂﬁslom%@ﬂa{lét PR oroetifs T dndsd4op of4.3.9
non- 8- yl]- 1 4-di ﬁydr 0- 4- oXo0- 3- qgﬁ?noﬁ?or{é%a Zggy(ﬁyg&gclﬁzghﬁ&&]o i'

hydr ochl or i de oxo-3-quinolifiberhdxylie acid 40umg, 1.26 prmplayr @8,6R)2- OB 8 djazisicy-he
procedure of le 3 b reactigon with )
(1S, 6R) - 2- oxa%@g&?ﬁ}?ﬁ%‘ﬁ/ Y6178 4.3 mmobhande | 4-dinzabieyrded2 2 Jecienc (141 g,
purified by cqligninfoi Q) r r od _10. 5:.0.5),
t he product bepngn%&gtggiagg lgg%§$ig a{] ggtéda@&%ftﬁé‘r 0%%%{‘5- cﬁi&%f
met hanol 5and kdoligltharedction mixtueORABOMtEhpituRf the PRecifatédicoRtdldary Rd t he
hydrochl oride i s gbtained in crystalline form

off and washed with acetonitrile.

Yield: 392 mg (73% of theory)

Melting point; 245°C

10 Example 4

1-(1-Fluoromethyl-1-methyl-2-fluoroethyl)-6-fluoro-7-[(1R.6S)-2-0xa-5.8-diaza-

15 bicyclof4.3.0lnon-8-yl]-1.4-dihydro-4-ox0-3-quinolinecarboxylic acid

The title compound is prepared analogously to the procedure of Example 3 by
reaction with (1R,6S)-2-0xa-5,8-diazabicyclo[4.3.0]nonane.
Yield: 58% of theory

20 Melting point: >250°C



Yiel d: 67%of theory 15 Mel ting point: >2501C Exanpl e 6

[err] 20 - | opr opyl - 6-f | uor o- 8- met hoxy- 7- (
| R, 6S) - 2- oxa-g{%§yﬁg§%i cycl o[ 4. 3. A non- 8- yll- PCT/EP97/06781
1,°4- di hydr o- 4- oxo- 3- qui nol i necar boxyl i ¢ acid hydrochl ori de The

title conpound is prepared anal ogously t+#2the procedure of Exanple 5 by 25
reaction wth (1R 6S)-2-o0xa-5, 8-di azabi cycl o[ 4. 3. 0] nonane.
-43 - Yield: 37% of theory Melting point: >250[err]C

Exanple 7 5 Examples err]
0
F OH
R H
NJQ,N
Ny

o
|
N
o A CHgHC!

5 1-(Cyclopropyl)-6-fluoro-8-methoxy-7-[(1S,6R)-2-0xa-5,8-diazabicyclof4.3.0lnon-8-

yl]-1.4-dihydro-4-oxo-3-quinolinecarboxylic acid hydrochloride

The title compound is prepared analogously to the procedure of Example 3 by
reaction with (1S,6R)-2-oxa-5,8-diazabicyclo[4.3.0Jnonane. The crude product is
10 purified by column chromatography (CH,Cl,/MeOH/AcOH, 10 : 5 : 0.5), the product
being obtained as an acetate salt. After addition of methanol and 1IN HCI and
concentration of the solution in vacuo, the hydrochloride is obtained in crystalline
form.
Yield: 67% of theory
15 Melting point: >250°C

Exampie 6

O O
| OH

F
WNE’QN N
( X .o A CH,HCI
O H

20
1-Cyclopropyl-6-fluoro-8-methoxy-7-[(1R ,6S)-2-0xa-5,8-diazabicyclof4.3.0lnon-8-

yl]-1,4-dihvydro-4-oxo-3-quinolinecarboxvlic acid hydrochloride

The title compound is prepared analogously to the procedure of Example 5 by
25 reaction with (1R,68)-2-oxa-5,8-diazabicyclo[4.3.0]nonane.



-(cis-2-Fluorocycl opropyl)-6,8-difluoro- 1 .4-dihydro-7-( IS
68 2- oxa- 5, 84
di azabi cycl of WVQ 9876372 s- yl ) - 4- oxo- 3- gui nol i necar boxyl i c FGHEFG7/06781 A
m xture of 3.6 g (12 nmol) of
1-(cis-2-fluorocycl opropyl)-6,7,8-trifluddo-1,4-
di hydr o- 4- oxo- 3- qui nol i necar boxyl ic acid in 50 m m of acetonitrile and 25

m of di- met hyl formam de i s heated under reflux for | hour with
3.36 g (30 mMyligld:0f7% ofith8brgz a- bi cycl o[ 2. 2. 2] oct ane and 3.7 g
(12.8 mmol) of |S 6S 2-o0xa-5,8- 15 di azabi cycl o[ 4. 3. 0] nonane

di hydr obr om dMeltingpomtx»23BCi s concentrated, and the residue is

m xed with sone water and treated in an uItrasonic bath for 30 m nutes. The
undi ssol ved precipitate is filtered off with suction, washed with water and

dried at 80[ efghfanle7 in a high vacuum Yield: 4.2 g (86% of
theory) 20 —IVE'IEF'hg point: 274-276[err]C (wth deconposition).
-44- 5 Exanpl e 8 [err] 5

1- Cycl opr opyl - 8-di f | uor onet hoxy- 6-fl uoro-.1, 4-di hydro-7-((1S, 6S) - 2- oxa- 5. 8-

di azabi cycl o[ 4. 3. Onon- 8-yl ) - 4- oxo0- 3- qui ng |nggrboxyllc acid A

m xture of 166 ng (0.5 mol) of

1-cycl opropyl - 8-di f | uor omet hgxy- 6, 7 A uol o-

1, 4- di hydr o- 4- oxo- 3- qui nol i negaybolXty &idin l1l.5mM m of acetonitrile

and 0.75 m 10 of di net hyl f m &e ijs Fheated under reflux for 1 hour

wth 73 ng (0.65 mmol ) of o H1, 4-di@az2abi cycl o[ 2. 2. 2] octane and 100 ny
(0.78 mol ) of 1S, 6S-2-oxa-5, 8- di azabi cycl o[ 4. 3. 0] nonane. The

m xture is concentrated, and the residue is mxed with some wat er

and treated in an uItrasonl c bath for 20 m nut es The und| ssol ved
precipitate i (g2 propyh 6.8 | e#ac).8-and dried at

80[err]Cin adﬂ&%cyclo{ 4.3.0Inon-8-v1)-4-0x0-3-quinolinecarboxylic acid

10
A mixture of 3.6 g (12 mmol) of 1-(cis-2-fluorocyclopropyl)-6,7,8-trifluoro-1,4-
dihydro-4-oxo-3-quinolinecarboxylic acid in 50 ml ml of acetonitrile and 25 ml of di-
methylformamide is heated under reflux for 1 hour with 3.36 g (30 mmol) of 1,4-diaza-
bicyclo[2.2.2]Joctane and 3.7 g (128 mmol) of 1S,658-2-oxa-5,8-
15 diazabicyclo[4.3.0]nonane dihydrobromide. The mixture is concentrated, and the

residue is mixed with some water and treated in an ultrasonic bath for 30 minutes. The
undissolved precipitate is filtered off with suction, washed with water and dried at 80°C
in a high vacuum.
Yield: 4.2 g (86% of theory)

20 Melting point: 274-276°C (with decomposition).



15 vacuum Yield: 164 ng (75% of theory) Mel ting point:
é(\)/g) ?11[ (Zagr] C %gg@g_zﬁgnpom tion). [([err]]Derr]: P-CZI‘%PéﬁO@S% ig ]

Anal ogously to Exanpl e 8,
1-cycl opropyl - 8-di f| uor omet hoxy- 6- f | uor o=44 4- di hydr o- 7-
((1S, 6R) -2-0xa-5, 8-di azabi cycl o[ 4. 3. 0] non- 8-yl ) - 4- oxo- 3- qui nol i necar boxylic

acid is obtai ned of nelting point: 181-182C (with deconposition).
[[err])DEQ - 2Bxdrhple80- 25, DVF). 5 Exanpl e 10 [err] 10
Anal ogously to Exanple 8,

l-tert-butyl-6-fluoro-1, 4-di hydro-7-((1S, 6R)-2-oxa-5, 8-
di azabi cycl o[ 4. 3. 0] non- 8-yl ) - 4- oxo- 3- qui nBI i necarboxylic acid is obtained

of nmelting poi nt: 224-226[ery] C (wth deconposition).
[[err]D [err]: +70[err] (C = 0. 25, coo ample 11 [err]
Lo 8 A
OH FHe

5 1-Cyclopropyl-8-difluoromethoxy-6-fluoro-1.4-dihydro-7-((1S,658)-2-0xa-5.8-

diazabicyclol4.3.0]non-8-v1)-4-0x0-3-quinolinecarboxvlic acid

A mixture of 166 mg (0.5 mmol) of 1-cyclopropyl-8-difluoromethoxy-6,7-diflucro-

1,4-dihydro-4-ox0-3-quinolinecarboxylic acid in 1.5 ml ml of acetonitrile and 0.75 ml
10 of dimethylformamide is heated under reflux for 1 hour with 73 mg (0.65 mmol) of

1,4-diazabicyclo[2.2.2]Joctane and 100 mg (0.78 mmol) of 18S,6S-2-0xa-5,8-

diazabicyclo[4.3.0]nonane. The mixture is concentrated, and the residue is mixed with

some water and treated in an ultrasonic bath for 20 minutes. The undissolved

precipitate is filtered off with suction, washed with water and dried at 80°C in a high
15 vacuum.

Yield: 164 mg (75% of theory)

Melting point: 209-211°C (with decomposition).

[a]p™: -250° (c = 0.25, DMF).

20 Example 9



Anal ogousl y to Exanple 8,

6-fluoro-1-(f t-butyl)- 14d|hydro7((I86R) 2-

oxa- 5, 8-di aza%%@?éﬁ? 3. 0] non-8-yl)-4-o0xo-3-quinoli necar%g;ﬁ?%w%@sa is
obt ai ned of melting point: 243-244C (with deconposition).
[[err]]Derr]: + 71 (c = 0.25, DWF) -45-

-46 - Exanple 12 [err] 5 A

8- Cyano- 1- cycl opropyl -6-fluoro-7-((I R 6R) - 2- oxa-5, 8-di azabi cycl or4. 3. A non-

8- ylAnalegbuglth%@ 108, Ot -3y cldpr P -B RIRKG R SRt Ny 6 - ﬂ@drsu 4-dihydro-7- 1st

met hod: 310 ng (1 mol) - chl or'o- 8- cyano- 1- cycl opfopyl - 6- f | uor o- 1, 4-
di hydr o- 4- ox o{(15,6R)- MKa-ﬁéMUMQ[Mé)dﬂoat-&ylegﬁsqmrLQMeqarboaﬂnm@crdorls 1 hour

with 10 1.05 of 3
(IR 6R) - 2- oxaqga‘ge‘g%é‘}%‘gﬂgc%?&‘}‘o’[ g,%lﬂbﬁlrgomposmon)- di hydr obr oni de and 610

ng (6 rrrml) »E6t hyd @ ¢ m@mxture of 4 m of acetonitrile
and 2 m of IZ)'T\/Il'6 gcord@ng to and HPLC, 7-chl oro-8-cyano-|I -

cycl opropyl - 6-f |l uor o- 1, 4- di hydr o- 4- oxo- 3- qui nol i necarboxylic acid is no
| onger detectable. The m xture is placed in the refrigerator
over ni ght forExampledl| i zation, and 15 the precipitate is filtered of f
with suction, washed with water and dried at 80[err]Cin a

10 Analogously to Example 8, 1-tert-butyl-6-fluoro-1,4-dihydro-7-((1S,6R)-2-oxa-5,8-
diazabicyclo[4.3.0]non-8-yl)-4-oxo-3-quinolinecarboxylic acid is obtained of melting
point: 224-226°C (with decomposition).

[a]p”: +70° (C = 0.25, DMF)

15 Example 11

o

m COOH
&j@ CH; /‘v CH F

Analogously to Example 8, 6-fluoro-1-(fluoro-tert-butyl)-1,4-dihydro-7-((1S,6R)-2-
20 oxa-5,8-diazabicyclo[4.3.0]non-8-yl)-4-ox0-3-quinolinecarboxylic acid is obtained of

melting point: 243-244°C (with decomposition).

[alp>: +71° (c = 0.25, DMF)



hi gh vacuum Yiel d: 335 ng (84%, mel ting point:

295-296[err]C_(wi th decorrp05| ti on) 20 2nd net hod: 92 nE: g | ) of
7--chl or o- 8- cy dXO-2B/287¢P opr opy! - 6-F 1 uor o- 1, 4- PCT/EPY7/06781

di hydr o- 4- oxo- 3- qui nol i necarboxylic acid are stirred under nitrogen for 4
hours at 45[err]C with 480 ng (3485 nmol ) of

(I R, 6R) - 2- oxa- 5, 8-di azabi cycl o[ 4. 3. 0] nonane and 0.9 m of

triethylamine in 25 m of acetonitrile; addition of a further 0.5 m of

triethyl am nepgyt, giirred at 60'C for a further 16 hours. The suspension
Is cooled in ZS‘ﬂﬁﬂgah ice bath, and the precipitate is filtered off with

suction, washed with ethanol and dried at 70[err]C in vacuo.

Yield: 1.05 g (88%, melting point, 294[err]C (wth deconposition),
47 - [[err]]D; +103.6[err] (cQo33 IN NaOH) HPLC:
99. 9% (ar ea) . B) 8-Cyanof NapFBaYI - 6-f1 uoro-7- (( 1

R, 6R) - 2- oxa- 5, 8- di azabi cycl 0H4H3 A n
yl)-1. 4-di hydr o- 4- oxo- 3- pui no CHf Mc acid hydrochl oride
Anal ogously to Exanple IC, CN

8- cyano- 1- cycl opropyl - 6- quo (1R, 6R—2- oxa- 5, 8-
di azabi cycl o[ 4. 3. 0] non-8-yl ) -1, 4 dlhydro 4- oxo- 3- qui nol i necar boxylic acid
is reacted wi th hydrochloric acid. 10 Exanpl e 13

err
[ ] 5 A) 8-Cyano-1-cyclopropyl-6-fluoro-7-((1R,6R)-2-0xa-5.8-diazabicyclo[4.3.0]lnon-8-

Ist method: 310 mg (1 mmol) of 7-chloro-8-cyano-I-cyclopropyl-6-fluoro-1,4-

dihydro-4-ox0-3-quinolinecarboxylic acid are heated under reflux for 1 hour with
10 300 mg (1.05 mmol) of (1R,6R)-2-0xa-5,8-diazabicyclo[4.3.0]nonane

dihydrobromide and 610 mg (6 mmol) of triethylamine in a mixture of 4 ml of

acetonitrile and 2 ml of DMF. According to TLC and HPLC, 7-chloro-8-cyano-1-

cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid is no longer

detectable. The mixture is placed in the refrigerator overnight for crystallization, and
15 the precipitate is filtered off with suction, washed with water and dried at 80°C in a

high vacuum.

Yield: 335 mg (84%),

melting point: 295-296°C (with decomposition)

20 2nd method: 920 mg (3 mmol) of 7-chloro-8-cyano-1-cyclopropyl-6-fluoro-1,4-
dihydro-4-oxo-3-quinolinecarboxylic acid are stirred under nitrogen for 4 hours at
45°C with 480 mg (3.75 mmol) of (1R,6R)-2-oxa-5,8-diazabicyclo[4.3.0]nonane and
0.9 ml of triethylamine in 25 ml of acetonitrile; addition of a further 0.5 ml of
triethylamine, then stirred at 60°C for a further 16 hours. The suspension is cooled in

25 an ice bath, and the precipitate is filtered off with suction, washed with ethanol and
dried at 70°C in vacuo.

Yield: 1.05 g (88%),
melting point: 294°C (with decomposition),



15 1 - Cycl opropyl - 6-f uor o- 8- met hoxy- 7- ((

'S, 6S)-2-oxa- - di i cycl o[ 4. 3. Q nonan-

8-yl -1.4-di hy%&ﬁ%@zﬁg& gui nol i necar boxylic acid hydrochl%??@gwmmsl

The title conmpound is prepared anal ogously to the procedure of Exanple 5 by
reaction with (1S, 6S)-2-oxa-5, 8-di azabi cy#l-o[ 4. 3. 0] nonane. The crude

product is 20 purified by columm chromat ography
(CHerr]Cl[err]/ MeOH AcOH, 10: 5: 0.5), the product bei ng obt ai ned
as an acet at e jgal 10t @= i gopf net hanol and IN HCl and
concentration[o t he sAFutioﬁ ﬁk végho, the hydrochloride is obtained in
crystalline HPLC: 99®%n(area). Mel ting point: >250[err]C 25

-48 - Exanpl e 14 [err] 5 6- Fl uoro- 1 -((

IR, 2S) - 2-fl uorocycl opropyl)-7-((lS, 6S)-2-o0xa-5, 8-di azabi cy- _
cl o[ 4. 3. O nonagy Geoilhi . BRI QX Prctri nobl e DONY o AT hn.5-
e title conpound TS prepared andatogousty to the procedure of  txanpte 8 by

reaction5 of yl)-14-dihydro-4-oxo-3-quinolinecarboxylic acid hydrochloride
6, 7-di fluoro-1-((IR 2S)-2-fluorocycl opropyl)-1. 4-di hydro- 4- oxo-3- 10
qui nol i necarboxylic acid with (1S, 6S)-2-o0xa-5, 8-di azabi cycl o[ 4. 3. 0] nonane.

Mel ting point :An%?(;’g%[lsqgl rtfl %xample 1C, 8%(}%%)-'1?csycl:(L)gfo%%l-@ﬂuoro-?-((1R,6R)-2—oxa—5,8-

diazabicyclo[4.3.0]non-8-yl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid is reacted
with hydrochloric acid.
10

Example 13

CH,HCI

6 O
H{ H
Ny 2
N N N
Cv © A
OH

15 1-Cyclopropyl-6-fluoro-8-methoxy-7-({1S.68)-2-0xa-5,8-diazabicyclo[4.3.0lnonan-

8-yl-1.4-dihvdro-4-oxo-3-quinolinecarboxvlic acid hydrochioride

The title compound is prepared analogously to the procedure of Example 5 by
reaction with (1S,6S)-2-oxa-5,8-diazabicyclo[4.3.0]nonane. The crude product is

20 purified by column chromatography (CH,Cl,/MeOH/AcOH, 10 : 5 : 0.5), the product
being obtained as an acetate salt. After addition of methanol and IN HCl and
concentration of the solution in vacuo, the hydrochloride is obtained in crystalline
form.

Melting point: >250°C



15 Anal ogously to Exanple 8, using

(IR, 6S)-2-oxa- - di i cycl o[ 4. 3. 0] nonane the foll nds
are obtained, &Hsggb%ﬁ%gone cases were isolated as @%h@gﬁgﬁﬁgﬁés by
di ssolving in half-concentrated hydrochloric acid, evaporating and
treating with ethanol: [err] -48 -

-49 - Exanpl e 15

6- Fl uoro- 1 -(cis-2-fluorocycl opropyl)-1, 4-di hydro-7-((1 R, 6S)-2-oxa-b5, 8-
diazabicycl0[4E§ﬂ%bﬂppr8-yl)-4-oxo-3-quinolinecarboxylic acid (A=CH), 5
mel ting point: - err]C (with deconposition); Exanpl e 16
6,8-Difluoro- 1 -(cis-2-fluorocyclopropyl)-1, 4-di hydro-7-((

1R, 6S) - 2- oxa-5, 8- 10

di azabi cycl o[ 4. 3. 0] non- 8-yl ) - 4- oxo- 3- qw nol i n caf%oxyllc acid hydrochl ori de

(A = CF; x HCl), nelting point: OHC (Wi th deconposition);
Exanpl e 17 15 8- Chl oro- 6-f{ Uy Oz

1-(cis-2- quorocycIopropyI) 1, 4- rot 7-C(I R, 6S) - 2- oxa- 5, 8-

di azabi cycl o[ 4. 3. 0] non- 8-yl ) - 4- OXQ_ i nol i nacar boxylic acid hydrochl oride
(A = O H F

5 6-Fluoro-1-((1R,28)-2-fluorocyclopropyl)-7-((1S,6S)-2-0xa-5.8-diazabicy-

clo[4.3.0lnonan-8-

1-1.4-dih dro-4~qxo-3- uinolinecarboxylic acid

The title compound is prepared analogously to the procedure of Example 8 by

reaction  of  6,7-difluoro-1-((1R,2S)-2-fluorocyclopropyl)-1,4-dihydro-4-oxo-3-
10 quinolinecarboxylic acid with (18S,6S)-2-oxa-5,8-diazabicyclo[4.3.0]nonane.

Melting point: >250°C

Examples 15-21

15 Analogously to Example 8, using (1R,6S)-2-0xa-5,8-diazabicyclo[4.3.0lnonane the
following compounds are obtained, which in some cases were isolated as
hydrochlorides by dissolving in half-concentrated hydrochloric acid, evaporating and

treating with ethanol:

o}
F/| ‘COOH
H H s
{\'—;QN AN
OH AF

20



Cd; x Ha), melting point: 210-215[err]C (w th deconposition);
Exanpl e 18 20 6- Fl uor o- 1- (ci s-2-fl uor oycl opr opyl )
1, 4- di hydr o- 7‘7(@38!-‘36@@? 2- oxa- 5, 8- di azabi cycl o[ZP(\"?.’I‘/EPW/D6781
. 0} non-8-yl)-4-o0xo- 1, 8-napht hyri di ne- 3- car boxyl i c acid hydr o-
chloride (A=N x HCI) mel ti ng4Peint: 281-284[err]C (with
deconposition); 25 Exanpl e 19 6- Fl uor o-
| - (trans-2-fluorocycl opropyl)-1, 4-di hydro-7-((I R, 6S) - 2- oxa-5, 8-
di azabi cycl o[ 4 Off- 8-yl) - 4- oxo- 3- qui nol i necarboxylic acid (A = CH, 30
mel ting point: - [err]C (w th deconposition);
- 50- Exanpl e 20 8- Chl oro- 6-fl uoro-

1-(t 2-f1 I I 5, 8-

G azabi cycl of & Bueprove iachripR g AR SR 4 (A = cop), 5
I I

o Fl uor o 1- (1 FARARSEtEE i fi Sl BRI S ackd (A D o 5, -

10 dlﬁzablmﬂﬁﬁgﬁdnt&%}mm@ww decémpagition);, 8- napht hyri di ne- 3- car boxylic
acid (A=N), melting point: 310-314'C (with deconposition).
Example 16

6,8-Difluoro-1-(cis-2-fluorocyclopropyl)-1,4-dihydro-7-((1R,65)-2-0xa-5,8-
10 diazabicyclo[4.3.0Jnon-8-yl)-4-oxo-3-quinolinecarboxylic acid hydrochloride (A = CF,
x HCI), melting point: 275-280°C (with decomposition);

Example 17

15 8-Chloro-6-fluoro-1-(cis-2-fluorocyclopropyl)-1 ,4-dihydro-7-((1R,6S)-2-0xa-5,8-
diazabicyclo[4.3.0]non-8-yl)-4-ox0-3-quinolinecarboxylic acid hydrochloride (A =
CCY; x HCI), melting point: 210-215°C (with decomposition);

Example 18
20

6-Fluoro-1-(cis-2-fluoroyclopropyl)-1,4-dihydro-7-((1R,6S)-2-0xa-5,8-
diazabicyclo[4.3.0lnon-8-yl)-4-oxo-1,8-naphthyridine-3-carboxylic ~ acid  hydro-
chloride (A = N; x HCI),
melting point: 281-284°C (with decomposition);

25

Example 19

6-Fluoro-1-(trans-2-fluorocyclopropyl)- 1,4-dihydro-7-((1R,68)-2-0xa-5,8-
diazabicyclo[4.3.0]non-8-yl)-4-ox0-3-quinolinecarboxylic acid (A = CH),
30 melting point: 270-274°C (with decomposition);



-57- Patent C ai ms 1. Use of conpounds of the general
formula (1) rr in which R1
represents al W@%@W’ﬁ% 1 to 4 C atoms, which is optional BFHERE08T8T 14
di substituted by hal ogen, phenyl which is optionally substituted by 1

or 2 fluorine atons or cycl opropyl which30s optionally substituted by 1

or 2 fluorine atons, R2 represents hydrogen, al kyl having
1 to 4 carbon atons, which is 15 optionally substituted
by hydroxyl, gL ¢ am no, nethylam no or

di met hyl am no,‘—O'r'@r%?'net hyl - 2-oxo- 1 , 3-di oxol -4-yl)-nethyl,

A represents N or C-R3, where 20 R3 represents

Q.yg | dor ofet h2glﬁgwo&%%o-e\r@@?sr?aﬂweqyyﬁpf%%ﬂ ﬁhmr?ﬂ%ﬂ[?e?%z-m&aa%g'

forma bridge aﬁl 1&55}@@% %?;D 4Q|5xsg:{€ ﬁlholg'c"cg%)gfhc]aCi‘ar(A =Bchtlerr]-

N- CH3, where t nnecte t he car bon

atom of 4, 25&1eltmgpomt 160-164°(R{weitir decompaitioagent s hydr ogen, benzyl,
Cerr]-Cerr]-al kyl, (5-methyl-2-oxo-1, 3-di oxol -

Example 21

6-Fluoro-1-(trans-2-fluorocyclopropyl)-1,4-dihydro-7-((1R,68)-2-oxa-5,8-
10 diazabicyclof4.3.0]non-8-yl)-4-oxo-1,8-naphthyridine-3-carboxylic acid (A = N),
melting point: 310-314°C (with decomposition).



4-§il)-rrethyl, radicals of the structures -CH=CH COOR[err],
5

2 -CHerr]CH err] COOR[ err],
- CH err] CH[ er WY@IQS/%@Y err]CH err]COCH err], -CH2COCH3, i FCT/EP97/06781
whi ch Rl err] represents mnet hyI or ethyl, 5

Rl err] represents hydrogen, am no, hydbbxyl, nmethyl or hal ogen,
in the formof racenmates, diastereoner m xtures or as enantionerically pure
or diastereonerically pure conpounds, and their pharmaceutically utilizable

10 _ a gt;g,ﬁg and/or salts for the therapy of Helicobacter pylori
i nfections andt gast roduodenal disorders associ ated
therewi t h. 2. Use of conpounds of the fornmula (1), in which
15 R represents tert-but is optionally nono- or

di substitutedlpy Useo Compounds of the generJW%ﬂe or cycl opropyl which is
optionally substituted by 1 fluorine atom

R2 represents hydrogen, alkyl having 1 to 4 carbon atons or (5-nethyl-
20 oxo- 1, 3-di ox®- 4-gl ) - net hyl , A
represents C-R3, where R3 represents hydrogen,

fluorine, nethoxy, difluoromnet hé; COOR
or alternatively, togethgr wth R[err]l forma bridge of
X

D,
\N‘@N A [?51 @
& R

cyano

in which

R! represents alkyl having 1 to 4 C atoms, which is optionally mono- or
10 disubstituted by halogen, phenyl which is optionally substituted by 1
or 2 fluorine atoms or cyclopropyl which is optionally substituted by 1

or 2 fluorine atoms,

R? represents hydrogen, alkyl having 1 to 4 carbon atoms, which is
15 optionally substituted by hydroxyl, methoxy, amino, methylamino or

dimethylamino, or (5-methyl-2-oxo-1,3-dioxol-4-yl)-methyl,
A represents N or C-R®, where

20 R’ represents  hydrogen,  halogen,  methyl,  methoxy,
difluoromethoxy or cyano alternatively, together with R', can
form a bridge of the structure -*O-CH,-CH-CH; or -*O-CH>-
N-CHs, where the atom marked by * is connected to the carbon
atom of A,

25

R*  represents hydrogen, benzyl, C,-Cs-alkyl, (5-methyl-2-0xo-1,3-dioxol-
4—y1)-methy1 radicals of the structures -CH=CH-COOR’,

Hll\ll\ Ly



thé structure -*O-CHerr]-CHCHerr] or -*OCHerr]-NCHerr], where the
atom narked by * is connected to the carbon atom of A,

Rlerr] r epr YOR8L26778r ogen, Jerr]-Cerr]-al kyl, radicalBCTEPH(PE781

structures, 30 -CH[err]CH[err]COOQ[err],

-CH err]CH err]CN, -CH2COCH3, in which -52-

- 53 - R5 represents net hyI or ethyl,

R]herr] reprlelsents hydrogen am no or methyl, and their

pharmaceutical ly utiliz sa tt|iapyHf in

Hel i cobacter pylori inf Za?:ﬂt{l ons aé% tﬁgﬂgggdtiwodgo %ﬁgamlogflgor%%{rs a555)00| at ed

therewi t h. 3. whichUse of conpounds of the formula (I), in which 10

Rl err] represents tert-butyl which is optionally nono- or disubstituted
fluorine, or cycl opropyl, Rl err]

represents hydrogen, meghyl %Ibre%d?&qne[ﬁ%ﬁ” ethyl A represents

C-R3, where rgp’r esents hydrogen, nethoxy,

di f | uor oret hoxy or cyano or alternatively,

together with R[errlPl can forma bridge of the 2

structure -*O CH ef®¥] - CF@P&SF@Fh}’drggema@ﬂel-T@W’iylP@@é[léfhilog%ere t he
atom marked by * is connected to the carbon atom of A,

Rl err] represents hydrogen or nethyl,

in the form of racemates, diastereomer mixtures or as enantiomerically pure
or diastereomerically pure compounds, and their pharmaceutically utilizable
10 hydrates and/or salts for the therapy of Helicobacter pylori infections and the

gastroduodenal disorders associated therewith.
2. Use of compounds of the formula (I), in which

15 R' represents tert-butyl which is optionally mono- or disubstituted by
fluorine or cyclopropyl which is optionally substituted by 1 fluorine

atom,

R? represents hydrogen, alkyl having 1 to 4 carbon atoms or (5-methyl-2-
20 oxo-1,3-dioxol-4-yl)-methyl,

A represents C-R?, where

R’ represents hydrogen, fluorine, methoxy, difluoromethoxy or
25 cyano or alternatively, together with R’, can form a bridge of
the structure -*Q-CH,-CH-CHj or -*O-CH,-N-CHj, where the

atom marked by * is connected to the carbon atom of A,

R* represents hydrogen, C;-Cs-alkyl, radicals of the structures,
30 -CH;CH;COORS , -CH,CH,CN, -CH,COCH3, in which

R A ) \II\



25" R err] represents hydrogen, and their
pharmaceuti cal | t| I i zabl e hydrates and/or salts for the 0
Hel i cobact er pPYo?8/267{Pecti ons and the gastroduodenal di soéaihg’%ﬁé’é%ﬁ} at ed

therewith. 30 -54 -
4. Use of diastereonerically pure arf®-enantionerically pure conpounds
according to Clains 1 to 3 for the therapy of Helicobacter pylori

i nfections and the gastroduodenal disorders associ ated

t herew t h. h%% t&hhethyl or ethyl,
8- cyano-1| -cycl opr opyI 6Rfl uor ?en( (fn%, % ‘3”’2 yoxa 5, 8-di azabi cycl o-
[4.3.0] non-8-yl)-1, 4-di hydr o- 4- oxo- 3- qui nol i necarboxylic acid and its

pharmaceutical Iy utjclizabl e hydrates and/ or sglyifs for the therapy of

Hel i cobact er R® fePreSCmﬁ?YQngenr AEOT nd the gastroduodenal

di sorders associ ated therew th. 10 6. D astereonerically pure and
enantionerically pure conpounds from the group consi sting
of 5 afid ehednpharrhaceutically utilizable hydrates and/or salts for the therapy of

-cycl opropyl - 6-fl uoro-7- (2-oxa-5, 8- dlazablc clo[4.3.0] non-8-yl)-

1, 4- di hydr o- 4- oxo- Heligobaster palosy mgg@xpp%a > gas oduodenal disorderg “associated
-cyclopropyl 8-difl oL t hoxy-6-f | uoro- 1 4 di hydro- 7- (2- oxa- 5, 8- di aza-
15 bi ci@ ‘?ﬁs 0] non- 8-yl ) - 4- oxo- 3- qui nol i necar boxylic acid
and their pharmaceutically utilizable hydrates and/or

sal ts. 7. 8-Cyano- 1 -cyclopropyl-6-fluoro-7-((l S

, 6S) - 2- oxa- 5, B.di aztésb|059@rnpﬁ[umd80ft©]=formula (1), in which
non- 8- ylf 1, 4- di hydr o- 4- oxo- 3- qui nol i necarboxylic acid and its pharna-

20 ceutically utilizable hydrates and/or salts 8.
Use of 8-cyano- 1-ggycl egyréeis t@n—fbhg@rvﬂn&r (s bSticaSlly Inenoa-ob, Bsubbiarbi oy cl o-
[4.3.0]non-8-yl)-1, 4- dlhydro 4- 0x0- 3- qui nol i necar boxylic acid and its

phar maceutical |y utiliz&lbandpreysiapopyhd/ or salts for the production of

R’ represents hydrogen, methyl or ethyl,

15
A represents C-R’ , where
R? represents hydrogen, methoxy, difluoromethoxy or cyano or
alternatively, together with R!, can form a bridge of the
20 structure -*O-CH,-CH-CH; or -*O-CH,-N-CHj;, where the
atom marked by * is connected to the carbon atom of A,
R*  represents hydrogen or methyl,
25 R®  represents hydrogen,
and their pharmaceutically utilizable hydrates and/or salts for the therapy of
Helicobacter pylori infections and the gastroduodenal disorders associated
therewith.
30

AR g



25" medi canent s. 9. Medi cament conpri sing 8-cyano-
1-cycl opropyl -6-fluoro-7-(( 1 S, 6S)-2-oxa-5, 8-
di azabi cycl o[ VO W2FT98-yl )- | , 4-di hydr o- 4- oxo- 3- qui nol i ReEARIFAATBL

aci-d and its pharnmaceutically utilizable hydrates and/or
sal ts. -54 -
4. Use of diastereomerically pure and enantiomerically pure compounds

according to Claims 1 to 3 for the therapy of Helicobacter pylori infections

and the gastroduodenal disorders associated therewith.

5 5. Use of 8-cyano-l-cyclopropyl-6-fluoro-7-((1S,6S)-2-oxa-5,8-diazabicyclo-
[4.3.0]non-8-yl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic ~ acid and  its
pharmaceutically utilizable hydrates and/or salts for the therapy of Helicobacter

pylori infections and the gastroduodenal disorders associated therewith.

10 6. Diastereomerically pure and enantiomerically pure compounds from the
group consisting of
8-cyano-1-cyclopropyl-6-fluoro-7-(2-oxa-5,8-diazabicyclo[4.3.0]non-8-yl)-
1,4-dihydro-4-oxo-3-quinolinecarboxylic acid,
1-cyclopropyl-8-difluoromethoxy-6-fluoro-1,4-dihydro-7-(2-oxa-5,8-diaza-

15 bicyclo[4.3.0]non-8-yl)-4-0x0-3-quinolinecarboxylic ~ acid  and  their

pharmaceutically utilizable hydrates and/or salts.

7. 8-Cyano-1-cyclopropyl-6-fluoro-7-((1S,6S)-2-oxa-5,8-diazabicyclo[4.3.0]-
non-8-yl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid and its pharma-

20 ceutically utilizable hydrates and/or salts

8. Use of 8-cyano-1-cyclopropyl-6-fluoro-7-((18,6S)-2-oxa-5,8-diazabicyclo-
[4.3.0]non-8-y1)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid and its
pharmaceutically utilizable hydrates and/or salts for the production of

25 medicaments.

9. Medicament comprising 8-cyano-1-cyclopropyl-6-fluoro-7-((18S,6S)-2-0xa-5,8-
diazabicyclo[4.3.0]non-8-yl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic  acid

and its pharmaceutically utilizable hydrates and/or salts.

L



