1 NEW NI TROGENATED HETEROCYCLI C COVPOUNDS, THEI R PREPARATI ON AND USE AS
ANTI BACTERI AL DRUGS Thei nventi onconcer nsni trogenat edheterocyclic 5
conpounds, their preparation and use as antibacterial drugs. The
application WD 02/ 100860 descri bes conpounds with the follow ng fornul a:
wherein: 10a) either Rl represents a hydrogen atom a COOH, ON, COOR,

(CH2) n1R5, r.adl 0 I bﬁﬂ fr osed
of an aIkyI%gggggiﬁo%%hﬁﬁ%ntgEgEBQFggﬁ&gtgﬁggg §On§ﬁﬁy ggE?K?Aﬁggﬁby a
pyridyl radical, a -CH2-aRNBnyYiSEr a8i ANITIBACTERIAL BRUGS 3 to 9 15 carbon

atons, a (poly)al koxyl radical wwth 1 to 4 oxygen atons and 3 to 10 carbon

atons, an aryl radical with 6 to 10 carbon atons or aral kyl radical with 7
to 11 carbon afféwes, tinwenbioror arendsdng adi ehtragenretsdbei RGLEEPFERALFY

subst i tt %n@bu’i‘ﬁsg"tﬂﬂ"'l% arraaQ:'l%?ﬁl en%ﬁ u%lek3é| @16l cte ik 12Qrhd0 6

carbon atons, an alkox i cal carbon atons or by one or
several hal ogeft® §toﬁEP CatlonR@“?sogéﬂggﬁéQ BT BRI RPDUS THMPBS Hith
COCH, ON, t&d 2.0 RGRAUIGEOR, OR, OCOH, OCOR, OCOOR, OCONHR, O0O0ONH2,
OS2R, NHR, NHCOR, NH , NHSO2R, NH COOR, NH- CO-NHR, NH-CO 25 NH2 or N3
radi cal, where R is defined as above, R6 and R7, identical or

different, are selected fromthe gromp|c5uposed of a hydrogen atom an
al kyl radical with 1 to 6 carbon atons,\/an qﬁy radical with 6 to 10 carbon

atons, an aralkyl radical with 7 t atons and an aIkyI 30 radica
with 1 to 6 carbon atons substityted by a|pyridyl radical, 2 n' is equal
to 1 or 2, R3 and R4 together % nyl or aronatic het erocycl e

with 5 or 6 apexes including 1 t(CH})met ¢roatons sel ected from anong
opti

ni trogen, oxygen and sul phur, ally 5 substituted by one or
several R groups, R being select romthe group conposed of a hydrogen
atom and wheralikyl radicals mﬁth 1 to 6 carbon atons, optionally

by a nidro. ol RanyF Weh 3t o BEERT BURC atonRy Rarehert. i o abtokt:
pr ot ect ed QOQR,- QR H2) NHROH, COMNKBER; a tNHCOOR) r - COOR, -C(C6H5)3 and
;8"'(2), C'i'zors( (23) MR 1adi gah SccWher er Bl Seids dpid Ay and @nd i g ggyal
radical with 1 to 6 carbon atoms, optionally substituted by a
pyridyl radical, a -CH;-alkenyl radical with a total of 3 to 9
15 carbon atoms, a (poly)alkoxyl radical with 1 to 4 oxygen
atoms and 3 to 10 carbon atoms, an aryl radical with 6 to 10
carbon atoms or aralkyl radical with 7 to 11 carbon atoms,
the aryl or aralkyl radical nucleus being optionally
substituted by an OH, NH;, NO, radical, an alkyl radical with
20 1 to 6 carbon atoms, an alkoxy radical with 1 to 6 carbon
atoms or by one or several halogen atoms,
R; is selected from a group composed of a COOH, CN, OH,
NH,, CO-NRgR;, COOR, OR, OCOH, OCOR, OCOOR, OCONHR, OCONH;,
0SO,R, NHR, NHCOR, NHCOH, NHSO;R, NH-COOR, NH-CO-NHR, NH-CO-
25 NH; or N3 radical, where R is defined as above,
R¢ and R;, identical or different, are selected from the
group composed of a hydrogen atom, an alkyl radical with 1 to
6 carbon atoms, an aryl radical with 6 to 10 carbon atoms, an
aralkyl radical with 7 to 11 carbon atoms and an alkyl
30 radical with 1 to 6 carbon atoms substituted by a pyridyl
radical,



b) or R4 represents a hydrogen atomor a (CH2))2,1R5 group, where n'l is
equal to O, 1 or 2 and R5 is as defined above, 15and RI and R3 together
forma phenyl or a heterocycle optionally substituted, as defined above, in

both cases a) and b) Ry is selected fromthe group conposed of a
hydrogen atom a hal ogen atom and the R, S(0).R 20 OR NHCOR, NHCOOR and
NHSO2R r adi cal s, where m._and are as defined above, X represents a

di val ent group 2'0¢® egua&oﬁd’e& 3F the nitrogen atom by the carbon atom B
represents a lesgalaadt Ryr avpgetbeCdrnl -a hunsledl t ort heo®st car hetglrobyciliee
oxygen at -0-,0r9u y t he
nitrogen a i n!ﬁ?sé%% aes OPIE) I\@% ﬁé ?sgggggg %gm%rg%gtghgggr I(% t
conposed GfManchydrmodeiPIfiom &xyaen R, a@d Y sudphuyy, 0‘¢Ild Y2opgyenayldy

0- CH2- Ok2-o (iR e S FaRRRe ahd CBLERRDRG agkééé g Be13Bted
e yl rad| caI

i ndi vi duaIIy representing a linear. or_branch with 1 to_ 6
carbon at di%r tAR HXAUR a8PERPSEAt B o NYIEaFPBN HtWFhsalndnd MherékRland

m are defimedasabemesn 1 to ¥ lc@r&ﬁirﬁca@ﬂns n éHei  raLDy Ceipsseduetdt be
COR, COOR, CONH2, CONHR, %HO—I CO\IHS CH2 COOH, CHPCOOR, . CH20O0N 35

CH200NHCN, PP % e F et B e PERR %Jf?%&%l‘ér e¥peparrdérpSooRy oY
CH2PO( OR) 2, 1CH2RO( OR) kERV) | w@':lazpo( R)o ( GH)caaibnCHRRA{OH) Bat adénal samido,

Y2 is of N SO2NHCOR,
SCONMOEER TS, SN D o o SR c Ao eadi SO
sel ected F1GRAR, he-‘é(@alb eoﬁpdsed?%f“cﬁheg RY(o1R | Yadisapey OR2reP® O E6R)

and PO OHadRInd Pl and and m'3d SqgliedLd friomt Be group conposed of
the radicals tetrazole, tetrazole subs ituted by the radical R_ squarate,

NH or NR tetraXdl &F N4 6@9&1@8@&’:@61?0&@/%11 AR By 3 hECHAdi Fal IROURHSO2R
an:jl NRsmh&heml e 1R1I§ﬁ=.¢ﬁ_faln€td> as, abyte, 2hJeQm 123 @guab tefineH agove, as
wel |l as_the salts, of these ounds w i norgani c or gani c _bases

aci ds. Is THE%s ]rm‘a‘?a %ﬁ?ﬁ: OE‘Bntaagﬁ% Pﬁe %0:91‘?585853’8
formul a (I@pmwnammrmndqte‘d oraseaizéfméabrahmxas,ent the 15 configuration
R, S or RS and ;the & la (1) are therefore in the form of

pure enanti oners or pure |asatere0| s@gmers or inthe formor a mxture of
enant i oner s notRablis oBelgctrat eEromr thiext aresp ofcamnestast eoff screhydrpgenher ,

since, on dihen 0ne hagged b iksld uRnts B (0)182,
20 OR, NHCOR, NHCOOR and NHSO,R radicals, where m and R are as
defined above,
X represents a divalent group -C(0O)-B- bonded to the
nitrogen atom by the carbon atom,
B represents a divalent group -0-(CH:)n— bonded to the
25 carbonyl by the oxygen atom, a -NRg-(CH:)p— or -NRg-O- group
bonded to the carbonyl by the nitrogen atom, n" is equal to 0
or 1 and Rg is selected from the group composed of a hydrogen
atom, an OH, R, OR, Y, OY, Y,, OY,;, Y,, OY,, Y3, O-CH;-CH,-
S(O)m-R, SiRaRbRc and OSiRaRbRc radical, Ra, Rb and Rc
30 individually representing a linear or branched alkyl radical
with 1 to 6 carbon atoms or an aryl radical with 6 to 10
carbon atoms, and where R and m are defined as above.
Y is selected in the group composed of the COR, COOR,
CONH,, CONHR, CONHOH, CONHSO,R, CH,COOH, CH,COOR, CH,CONHOH,
35 CH,CONHCN, CH,.-tetrazole, protected CH_tetrazole, CH,SO3H,
CH,SO,R, CH,PO(OR),, CH,PO(OR) (OH), CH,PO(R) (OH) and CH,PO(CH)

radicals,



20 or R4 taken individually and, on the other hand, X can be in the cis
and/or trans position to the ring onto which they are bonded, conpounds of
formula (1) are in the formof cis or trans isoners or mxtures.

Mor eover, application WD 04/ 052891 describes the related 25 conpounds.

The applicant has di scovered that anong the conpounds described in the
application WO _02/10086Q, certain particular conpounds, nong of which _are
described in tHe expesehestad piFPMofththe SFABh| FORPPSRE, Bgséggi Gt e
unexpect ed030HaQH| b&CoLFACAR , PISORRHCOGR, SO,NHCONER UNISQUNHOANH) eanfl tSkogH
conpounds r%fditcg‘isi nvention lies in the fact that they present an excellent
activity against "Pseudononas aerugi nosa, a bacterial strain frequently
encount ered i nYaosscogkicted e€rponshendgrouparcapeseds auf thei &Y OHIm
cystic {i ieS - i Sph N espl ed activity is not

pr esentgi W?gébﬁgéggg(%ﬁé %ﬁgd%@g%gﬂgpg?u&%gﬁ%h WD 02/ 100860 _ 4
contai ning RL drodfs RIRTItahahreRosbeofIRINP corpRanad of tHee | RodhERbA. It

is illustratedalowtieh e 1RALHERICLItRANG Y RBceXHARIHICERNERS . suatlaeenDr e,

t he conpounds of_the invention have been 5 shqwn to be active on nodels of
ani mal i nfEcCFoRR itﬁéer&PHG'ONHsPFaiNﬁ{s t&§6§lzP§er SSPStAtES ?We tbSmonl y
used anti kadtiiced. RThelHSOIROHNASNREOIHE wHasentR Cis adef Al ® 49 ajowwd eract t he
mai n rleosi st anc qech%%i&ir’n%oofl tc))(%ctzeri a which are P-lactanmases, efflux punps

and porin nuta i OfS . he “conpounds of the invention are conpounds wth

the fornul a bekswweaildera$ nthRe repteserf sthasat compounddr ogerh  R3oaganig
toget her {0r v, a3 AOMALLE Rt rg?g)@gat ed heterocycle with 5 apexes, X
I 0) -

represents a dival ent group - NR8- wherein RB is_a -0Y1l radical,
wherein Y1 is AResEsymReidkal Carhanade@siscartained ingthepresearsdan

al kyl radicgalrsyusld t ufedeBY aRdapkngeft1dl krbamdaen asiiay . present the
Therefore the .object of the invention is conpounds wt he neral fornula
(1) 2 whor e oRe Hiep Bsert St K0 ) T1E NFOGTIRA LY - KPROVLE 6h , 2eher e
Ris a (Cthegefalreyl and nhHes eflogh t mfl opue Rlen®pt bseats adrydrpgea
atom R3 %qgs%%r%%g%%%%&g(gfnﬁﬁ %Egm¥gf%r% rggﬁﬁg%%%e of enantiomers

notably of racemates, or mixtures of diastereoisomers.

Further, since, on the one hand, the substituents R;, R,

20 or Ry taken individually and, on the other hand, X can be in
the cis and/or trans position to the ring onto which they are
bonded, compounds of formula (I) are in the form of cis or
trans isomers or mixtures.

Moreover, application WO 04/052891 describes the related

25 compounds.

The applicant has discovered that among the compounds
described in the application WO 02/100860, certain particular
compounds, none of which are described in the experimental
part of these applications, possess dquite  unexpected

30 antibacterial properties.

The unique nature of the compounds of the invention lies
in the fact that they present an excellent activity against
Pseudomonas aeruginosa, a bacterial strain frequently
encountered in nosocomial infections and 1in patients

35 suffering from cystic fibrosis.

This interesting and unexpected activity 1is not present

in the compounds prepared in the application WO 02/100860



25 heterocycle with 5 apexes with 1, 2 or 3 nitrogen atons optionally
substituted by one or several R groups, R being selected in the group
conposed of a hydrogen atomand the alky) radicals with 1 to 6 carbon
atonms; 5 in free form as zwitterions, and in the formof salts of
pharmaceutically acceptabl e i norganic or organic bases and acids. 5The
expression "alkyl. radical with 1 to 6 carbon atong" _as used herein_s
inder st oo T FEBTRGHABEP IR THIHY| EIeR hyPOSBr ShyFRS) SORPEHYRS, 861 che
and the | inesnaromr aitchesl pehtytratedekylowadhcahe. pllhe expreidioy the
"al kenyl radical w 2 to 6 carbon 10 atons" as used herein is understood
to nean no%g%efc@lr?%é%lyl radi cal and |iner or branched butenyl, pentenyl
and hexenyl radiwdilermore, The teympdurdmabiic tiet edoypoltdonashased beemnei n
i's undegstgod.to - o] e tk QW N | 44

t he twogbonds ﬁsytr:wggﬁés%@ltmh% %ﬁn@tgfigggwﬁﬁd?%{eﬁﬂt?gggggégwrlqr?;cgel%%g)
N-Nr) z NN\ NEN3ATS | ASRg lvhe &EPdSEaPREs oFOt het B od RAWNIILY or TS
(1), mention OsibthecdBdeshaamerghpiuels t BiENgshe Of 1 AROSE1 60T NRek Wid 20 to

i norgani ¢ aci ds, such_as Pﬁ/dr ochloric, hé/dr obr omi.c, hycgfr oj odj c, ,sul“}%hurhi C
or phosphdtT¥ &3 or ERPt ey aht 8 SeiRee sheraeiFBEm getpgia whic
trifluoroamst if;1lgremames, effhenzoinps maleimyrfrunmrdaticigeci nic, tartric,
citricygoxal i Crmyl YOXYLGna@SRAT LG, alkanesulphonic Agds, auch; as pihane
and et %ane sul r%onl Cc actrd, arycT su p%onl C aci'ds slUch as benzene and

par at ol uerfextimplionbelaei dwheagong Reheepasiserdgsl tan ohtoheofr ddifstogenf, Rs

formula (l13ng R; together form an aromatic nitrogenated heterocycle with
5 apexes, X represents a divalent group -C(O)-NRg— wherein Rg
is a -0Y; radical, wherein Y; is a -S03H, radical, and above
15 all:
R; represents an alkyl radical substituted by an amino or
alkylamino radical.
Therefore the object of the invention is compounds with

the general formula (I)

"0SO,H

20
wherein R; represents a (CH,),-NH, or (CH;),-NHR radical, where
R is a (C;-C¢) alkyl and n is equal to 1 or 2;
R, represents a hydrogen atom;
R; and R; together form an aromatic nitrogenated
25 heterocycle with 5 apexes with 1, 2 or 3 nitrogen atoms
optionally substituted by one or several R' groups, R' being
selected in the group composed of a hydrogen atom and the

alkyl radicals with 1 to 6 carbon atoms;

30



mention can be nmade, anong other things, of those forned with inorganic
bases such as, for exanple, sodium potassium lithium calcium nmagnesium
or ammoni um hydroxi de or with organic bages such as, for exanple,

met hyl am ne, propylam ne, 10 trinmethylam ne, diethylam ne, triethylanm ne,
N, Ndi net hyl et hanol ami ne, tris (hydroxynmethyl) am no net hane, ethanol am ne,
pyridi ne, picoline, dicyclohexylam ne, norpholine, benzylam ne, procaine,

| ysi ne, arginine, histidine, N nethylglucam ne, or phosphonium salts, such
as 15 al kyl - phdsphreeinfoany| aphesylwEninms al &yd - any ltheghasphonefimsalts

al kenyl - r.gu I

et o n- ity aBn oy S R SRS EE B2 SHEHRES, pafer) and
not abl e olf@sts.of the invention are the conpounds wherein R3 and R4

t oget heg 20 for ]_aezsc% oK z teregygl opt y "
substi t%t ed. TqqeaAﬁrBrggg t eérclzorr?)io 29 Q‘Ii%ﬁ?%?rrﬁ o CEL) ,ecoa ﬁo%gggéhogjtg{:nts of
t he i nventdSnuged t%r%rhp@?ndgn@ﬁésépﬁdmtq s”@épeclfl‘éﬁa}i’%yt H&Syr BEphY L
conposed @ftHhe gs:aupsl ( HEoprdbiZl andqaf €hR) - aNdChihe W& 2508 bgaashed
defi ned abovet he het erloc cl.e f.ormed by R3 and R4 is substituted by a
(Cl-C5) aPSAtYadiTcdiexy j;bﬁ:ﬁﬂgg't he conmpounds of formula (1), a

particul ar obj atte okxplresisivant irabhkanglt headbopbundstiwhex eito RE r epresant s
a CH2)n=N o ) i C I i f] o] 3 R3
and RAD oases i IT bS8 wdtiRtedt Fo BRef hORAR B L P20
radi cal . radl%ion@ncﬂhéln@wpmmd@r@tﬁclﬁeﬁnbuaepy}, @ame}lyﬂaram@uhaxeomlect
of the invepisi@ids trans 8- (amnorrethyl )4, 8-dihydro-I-rrethyl-5-
(sul phooxy) -4, 7- 35nmethano-7H pyrazolo [3,4-e] [1, 3] diazepin-6 (5H)
one, trans8- T Gkt HATomatic g RelERGIGLE | s&f phdeRy) L8reFinedFano-
7H pyr azohmdekstar]ld [tJo 3ﬂ1e§i1ha?-1©E!a %g (t&H)se-@aaa_eagrLféd fd@Nghe following

ﬁeggg?lgg?ﬁl-lp{}?azoqqﬁ 2 dlk? n‘%}) hoorﬁ‘) 51“,3% junction with the

i nfreefor mla:s:&z_;ﬂrtatt@rd ml,rs_md(saRn)sw th pharmaceutical ly acceptabl e

i norgani c or organi c bases and 5 aci ds. Anot her obj ect of the
invention is a nethod enabling the prepar i on of conmpounds of forrmula (1).
This nmethod is characterj?n that it ri ses: )iE
N::\
N
N=N
\
//l§T/N
Among the acid salts of the products of formula (I), mention

can be made, among other things, of those formed with
20 inorganic acids, such as hydrochloric, hydrobromic,
hydroiodic, sulphuric or phosphoric acid or with organic

acids such as formic, acetic, trifluoroacetic, propionic,



a) a step during which a conpound of formula (11) is made to 10react with a

carbonyl ating agent, if necessary in the presence of a base: ( Il ) riR 4
wher ei n: R | represents a CN, protgcted COOH, COOR or (CH2),R 5
radical, 15RI5 is a protected OH CN NH2 or protected NHR, protected CO2H,
CO2R r adi cal n, R R3 and R4 are as defined above, the am noal kyl

substi tuerges zOoD'tci onnqéi%. resent _on the het erocytclret flocr mEdiQK‘ R3 %%Illli?% t hen
bei ng prot ected §'f heces ariflmﬁﬁiﬁ’rgblrcgsléﬁcs aebro ect edt - group,”'with
t he end ofglofixailiicng aspant &cyedildtamecophwmd oni abidée fsorciul @s (mekhanR X
N3 R4 2 I ng and. R4 et I.Ng ab an

ei t her th?{s&ar%]tyhdéﬁ%genls%ﬁ;nm or a %?ﬁéct?ﬁﬁf.%}ggggg X%C?éf)regéﬁ%ls gs
-ZCO- X3 grasfzends a’régr%ﬁqln{?rtqﬁéﬂrmmni(ﬁ adigl .car bonyl ati ng agent, or X2
IE a - Zkl group rahagXlt REPLASER! Ss D 8 HHWPpr&dXdtheidry fefhues as),
above;

mention can be made, among other things, of those formed with
inorganic bases such as, for example, sodium, potassium,
lithium, calcium, magnesium or ammonium hydroxide or with

organic bases such as, for example, methylamine, propylamine,

10 trimethylamine, diethylamine, triethylamine, N,N-
dimethylethanolamine, tris (hydroxymethyl) amino methane,
ethanolamine, pyridine, picoline, dicyclohexylamine,
morpholine, benzylamine, procaine, lysine, arginine,

histidine, N-methylglucamine, or phosphonium salts, such as

15 alkyl-phosphonium, aryl-phosphoniums, alkyl-aryl-phosphonium,
alkenyl-aryl-phosphonium or quaternary ammonium salts such as
the tetra-n-butyl-ammonium salt.

Among the compounds of formula (I), a notable object of
the invention are the compounds wherein R; and R, together

20 form a ©pyrazolyl or triazolyl heterocycle, optionally
substituted.

Among the compounds of formula (I), a notable object of
the invention are the compounds wherein R1 is selected in the
group composed of the groups (CH,),-NH, and (CH;),~NHCH;, where

25 n is as defined above, the heterocycle formed by R; and Ry is
substituted by a (C;-C¢) alkyl radical.

Among the compounds of formula (I), a particular object
of the invention are the compounds wherein R1 represents a
CH,) ,—NH; or (CH,),-NHCH; radical, where n is as defined above

30 and R; and R, together form a pyrazolyl ring substituted by a
(C1-C¢) alkyl radical.

Among the compounds of formula (I), a very particular
object of the invention is

- trans 8- (aminomethyl)4,8-dihydro-1-methyl-5-(sulphooxy)-4, 7-

35 methano-7H-pyrazolo[3,4-e] [1,3]diazepin-6(5H)-one,

- trans 8- (aminomethyl) -4, 8-dihydro-5- (sulphooxy) -4, 7-methano-

7H-pyrazolo[3,4-e] [1,3]diazepin-6(5H)-one and



b) a step during which the internedi ate obtained above is cyclised in the
presence of a base; and in that: c) if necessary, step a) is preceded
and/or step b) is 10 followed by one or Several of the follow ng reactions,
in an appropriate order: protection of the reactive functions,
deprotection of the reactive functions, esterification 15- saponification,
sul phat ati on, - esteans ed@ée ey lamaldopeahylon, 8-didnybaoesH (@tilpmox@D-4 f or at i on
of an azido group }gﬁgg 1 v4 i n _salification
i on exchange, digftlng g% esg%% 'hg %ﬂg}dgggfgggggggﬁg%§§%35 As a
carbonyl atifing dgest, dammgentassuctd as phvsgrmieon di phargenesat s phosgehe,
an aryl chiaraheemata13YChadSephenyt QAndi:-JurdirorBenyd rSdwh ok ofRIddat gnga
aral kyl _chl grof orm ate such as benzyl chloroform ate, an al kyl or al kenyl
chl or ofdr R&i€46€ such as nethyl O allyl 30 chloroformate, an al kyl
di car bonat e sughoghetreblojluttylo fdittry Benadre i gariwny | mekt had dezabl ang their
m Xt ures can be %sed, isphosgg e bgigg E&ﬁferrgd. The reaction
preferabl? tER&S 6P§C§ 7 ER ngFe n¢EToH4 6& € or a mxture of bases
that neutral i s€htikemathddf dsmetiarastElne skdséncahanotiablcpmbeigrsani ne such
as triethyhani nee did SARLORK:; ShY ATRRURY bd 2RAhTR Nt miRoRUiedicRe-

10 react with a carbonylating agent, if necessary in the

presence of a base:

R",
H\N R
(1)
R,
H
wherein:
R’; represents a CN, protected COOH, COOR or (CHz)nR’s
radical,
15 R's is a protected OH, CN NH, or protected NHR, protected

CO;H, CO3R radical
n, R, Ry and Ry are as defined above, the aminoalkyl
substituents optionally present on the heterocycle formed by
R; and R, then being protected if necessary,
20 ZH represents a protected -NHOH group,
with the end of obtaining an intermediate compound with the
formula (III):

(1)

wherein:
25



9 However, it is also possible to operate using the fornula Il starting
product as a base. In that case an excess is used. | f necessary, the
formula Il product is used in the formof an acid salt, for exanple a
hydrochloride or a 5 trifluoroacetate. As a base in step b), it is

al so possible to use am nes, or hydrides, alcoholates, am des or carbonates
of al kaline or _al kal.i ne-earth netals. Am nes can be sel ected for

exanpl e friomt fe PRSt RafifEe S A IFIUNIS RR FRVFE AT R hytyr itfe
can notably lbedtiseeh atom &8 anpabkatiifgt groabcehd aherepretenabl v -z-

pot assi um i bug yl i s ysed. Asanal kali | am de, Lict hi .
bi s(tri rretc?]@%s’i I%C%%lésrﬁ dg%%nepr{gtsz%]ltyl engégd.resdt Ol&s héa#égar%%gr?gpg,laéc&&gum
or potassiagentar bonakKe b¥ bi cdHbgraue card bt abeyrbeenteda CO-X; [giroup,

necessagy,x ! b ;A SRt W ‘o%vtehe formula Il can be obtained in the
formof an acid Salt generat eg uri ng t he 20 carbonyl ation reaction and
&

notably a MydPocHieR i duripg jwhieenthsednte¥mrdiyts i shtirdRete PP 1§

this formeyclised nimprefemcanddecyciisation is carried out wthout
isolating the internediate with the fornmula Il11. The reactions nentioned in

step ¢) ar@Qerbrdt?'y' 25 conventional reactions, well known to those
skill ed i )it he far hecExaaples stephea)condi t persededd anéd/descstdyed b)n tilke

appl i capi 8 and also_int | i i 04/052891. Th
reacti \’i/lEe) %Only%%%élgﬁaSQ%eg% SreG’F é"{ii ﬁl&?iﬁpgof?i@%‘g%?’y?ggggl%ﬁ%’ CngS‘f(lw ic
aci d, anmi rapprepxieteyardsa: and hydroxyl ani ne functions. The

protection of the aci ¢ ddetdif icy Refalas i deghdiiddie form of al kyl

esters, allyl, benzyl, benzhydryl or pnitrobenzyl esters. 35The
deprotection is carri §@RFRtSSF Q& fiheattieget iF§ functions,
hydr ol ysi s, hydr ogena! ywHiteArfidsgawge usi ng sol ubl e Pal | adium 0 conpl exes.

15 - saponification,
- sulphatation,
- ester reduction,
- alkylation,
- carbamoylation,
20 - formation of an azido group,
- reduction of an azido into an amine,
- salification,
- ion exchange,
- dividing or separating the diastereoisomers.

25 As a carbonylating agent, a reagent such as phosgene,
diphosgene, triphosgene, an aryl chloroformiate such as
phenyl or p—nitrophenyl chloroformiate, a aralkyl
chloroformiate such as benzyl chloroformiate, an alkyl or
alkenyl chloroformiate such as methyl or allyl

30 chloroformiate, an alkyl dicarbonate such as tert-butyl
dicarbonate, carbonyl-diimidazol and their mixtures can be
used, disphosgene being preferred.

The reaction preferably takes places in the presence of
a base or a mixture of bases that neutralise the acid formed.
35 The base can notably be an amine such as triethylamine,

diisopropylethylamine, pyridine, dimethylaminopyridine.



10 Exanpl es of these protections and deprotections are supplied in
the application WO 02/ 100860. The protection of am nes, heterocyclic
nitrogens and am des is notably provideq9 depending on the case, in the 5
form of benzyl or tritylated derivatives, in the formof carbamates,
notably allyl, benzyl, phenyl or tertbutyl carbamates, or else in the form
of silylated derivatives such as tertbutyl dinethyl, tri thy*, trj phenyl
or diphenypwﬁﬁﬂﬂnuﬂﬂ-%ﬁI?}S%ePP§§%P%%sFooppﬁﬁéﬁ?l9§UF§hg§Vfa ??Tu%g 16
cKanoaIkybt@gtﬁm@tkme@uct_as aTmas@eEaate@htowab&l@@LEM@és@qu @ggending on
the nature o e protecting gro S um o ithiumi iq

ammoni ac, by hygr 85&?&5)?5% &%euéoqﬁmé@l 3@ (?rlf’acfurcatdi J[ﬁnlbs%%rr%ﬁl egi@%, f8§mt he
action of cdn a&mmd, acidt hesalot,i onfof lextaatplabuty| aimydmogimlblrddei deowr a

strong basges S A%3edicum hydride or potassiumt-butylate. The
protection OF hydroxylam nes is carried out notably in the form of benzyl

or allyl etherds a base in FHfer|Waviiy o i¢errossikbertedusat apjnes,

hydr ogenoloysins 2 dals U bl dile Radd @l Wi G- £ £XES - of alkalliBe or
protection %%#alcohols and phenols is carried out in the conventional way,
in the foPmh<GRiEEn&EAT he8E&AdSor carbonates. The ethers can be al kyl or

al koxyal kyl et herisiesprahebablsglaetbyl for aabh@lyelitroxyfikehyliset héose.aryl
ethers, 25 or preferably .aral al kyl ethers, for.exanple. benzyl ethers, or
o1y ata ornorS & BV P deaor i TR T oefabEhEy Bhe
esters camsee.any cl eavabl e ester known to those skilled in the art and

preferably acetat p Lona en - nj t T bpnat es
can be for 30 e%a%% eéﬁg%ﬁgl%ﬁ?ggtb%$§+ﬁbg§?§1,b%%%§$?%g§ 3¥ﬁf%§%%g%zgl
car bonat eputylate Tige Ug&gr-ot ection is carried out by neans known to those

skilled in thepart, nogably sapprifi cati omediyndr ogenghygies, cl eayvagriim
sol ubl e P%yg&diun10 cq
r

mal.exes, .hydrol ysis an 35 acjd nediumor, for
syl i | at2dPd&Crarmardy. stltléé'Si% CRT; BOEARIYY PEWSFUm £l uori de. 11

Exanpl es are giagen d n ddmeb@adste desgodbuing blte expersgiemi s.carbonatde or
sul phat at i qn,_r. tion is carried out by .action of the 503-am nes such as
503- pyri d:b(r?fecag?)% ~diSTet h)ﬂt Igﬁl)(a%edél,%g'vmr king in pyridine, and the salt
formed, for exddplreddssays,i dine satervediabenwbéhetdieantmanwia hIIbr can
exanpl & apaldoal; ARPUILT ALl BSry AoULCINALY ANDUAROL & ahkehy pRLal.
An exanple is given 1n the part describing the experinents. The alKkylation
reacti carbgiyilediom byagaeiervn 3 t ROtab iy dR o eh eridmt i Vés, 18ster
O ket one tgRel alses, iRek@rOeyeii@a2TRe el thich agers.i sdependi ng on the
case, of an alﬁﬁ] sulghate or gn al%%l hal j de or, a substitute alkgh
notably by a frde RFSESTENTH edPCar BOXYFAUTRRI 50 ®§F &t FIn FacktbA8YEan
al so be cdmoled iogt thye redecimeg iatienatitbnthe formula III.

The reactions mentioned in step <c¢) are generally
25 conventional reactions, well known to those skilled in the
art. Examples of the conditions used are described in the
application WO 02/100860 and also 1in the application
04/052891.
The reactive functions that need protecting, if
30 necessary, are the carboxylic acid, amine, amide, hydroxy and
hydroxylamine functions.
The protection of the acid function is notably provided
in the form of alkyl esters, allyl, benzyl, benzhydryl or p-
nitrobenzyl esters.
35 The deprotection is carried out by saponification, acid
hydrolysis, hydrogenolysis or cleavage using soluble

Palladium O complexes.



15 The salification by acids is carried out if necessary by the addition
of an acid to the sol uble phase of the conpound. The salification by bases
of the sul phooxy function can be carried ut using the pyridiniumsalt
obtai ned during the action of the 503-pyridine conplex and other salts are
20 obtained fromthis pyri di niumsalt. lon exchange on resin can al so be
carried out. car | ation reaction can be carried qut by using

a chl or of or mi atEB{adr}p-Efsr edt S t BE BEETEIEY p&he F kT OLiiche O0°, " BFC
necessary,sxmp]alrad)mraa:héwp]a]zaaimgfcnqo cpfidosdnt roduced for exanpl e by

the action of dei\/l r%ztotcltq%nono% rrer%}/n%g tﬁ/egﬁc]%gé}ﬁ(glnegl 3l:& . l}ys and

reactions of the sunob an a2| grougk)1 can
be carri ecafmuﬂe&)ylshencmﬁtbbn pfrowdatikyldepemdxrag ybphostiphi gese30The t

separ at 5ore O eB%“%%? and ékamsegasoci@ffv&@fw@ Cany i Eﬁeoufoﬁﬁc%rfd' ng
to techni ques known t hose skilled in the art, notably chromat o%

aph
Apart froRdTRaMRiHods BeSePivedaabive, é%?rﬁ?di}nds RRCRYE fOFNUILEIEPHtYan be

obt ai ned hyarmidhodss t hed émélﬁh|t’hélsﬁct>1ﬁm3|5ngﬂg oundedf dfe@riwltavébl s ulch
ues t hat e

which R11, R3, R ave_ v re wi t hou
transf or mgts ont)e"f%blfn'?%?z %*m Eléyajct)rrpﬁﬁhra%t]% t ohﬁlﬁﬁgﬁgi t 8pr gd&’lhgnylf
necessary,tertbuthel cainfpadunddepivahégesgr oups tplaenwoysal phnohytel kghct ore

functip ha d above are protected, and the deprotection
Ccé}é‘iﬁaaﬁc c?e aﬂ{)&%{

t akes p cyclisation or at any other appropriate
moment in the SEhet hiaqnsotéﬁm@ pi@t@ur'm@ aud, déppendtngons &she rhsure

carried oys a%h@esﬁirb%gt@%vegrou @ggllﬁm egt Of i {ifuh NENt 'lq]ﬁulﬁ a

nmet hod according to the above, char acteris in that the cor‘g)ound
formula (13wl athedhb’ﬁl@gﬁ@PIWél\ﬁhePél NuSl RY IR o EURY) S

10 pr OCes&anpléﬁhﬁf ei byR theR3aaRdoR4 aee gefisetdas abowhe a%t&on of
eh 05Phl s 8 IS OEI SLOTLET (2, OB POt SELLAG LD L LRSI oY s
hydrlde or potassium t-butylate.

The protection of hydroxylamines is carried out notably
in the form of benzyl or allyl ethers.

The cleaving of ethers is carried out by hydrogenolysis

20 or using soluble Palladium O complexes.

The protection of alcohols and phenols is carried out in
the conventional way, in the form of ethers, esters or
carbonates. The ethers can be alkyl or alkoxyalkyl ethers,
preferably methyl or methoxyehtoxymethyl ethers, aryl ethers

25 or preferably aralalkyl ethers, for example benzyl ethers, or
silylated ethers, for example silylated derivatives mentioned
above. The esters can be any cleavable ester known to those
skilled in the art and preferably acetate, propionate,
benzoate or p-nitrobenzoate. The carbonates can be for

30 example methyl, tertbutyl, allyl, benzyl or p-nitrobenzyl
carbonates.

The deprotection is carried out by means known to those
skilled in the art, notably saponification, hydrogenolysis,
cleavage by soluble Palladium O complexes, hydrolysis in an

35 acid medium or, for sylilated derivatives, treating with

tetrabutylammonium fluoride.
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15 wherein A, R 1, R3 and R4 keep the neani ngs nenti oned above,

wherein, if necessary, the OH group is replaced by a | eaving group,
obtain a conmpound of formula (M): R é g VI) 9 wherein AL R1, R3 and R4

keep the neani ngs nenti oned above 20 an

t hat

i on agent of tF&2APLPSgendEEomSiveR 1n
is a neth@&pmmmmeﬂtmg to the above,

to

RO represents a | eaving group,

is processed with a conpound of fornula Z1H2 wherein Zi represents a
protected - HN-OH group and then, if necess by an appropr ate de
Ahd ¢ stk o

I'obj EEE G

ot ect
fiti on

characterised in that the conmpound of

formula (11) i met h ein m”
processed as de %&Qﬁgvé%:bll y %%%ﬁPantne a%?o ecte alDd{oxyl
group, totdjl@taﬁ%—ammomm:fofa$oﬁﬁu+w(w11)e O VISOp - dlmgtmﬁlﬁonmemée,
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working in pyridine, and the salt formed, for example the
pyridine salt can then be exchanged with for example a salt
of another amine, a quaternary ammonium or an alkali metal.
An example is given in the part describing the experiments.

The alkylation reaction is carried out by action on the
hydroxylated derivatives, ester or ketone enolates,
heterocyclic amines or nitrogens, depending on the case, of
an alkyl sulphate or an alkyl halide or a substituted alkyl,
notably by a free or esterified carboxy radical. Alkylation
reactions can also be carried out by reducing amination.

The salification by acids is carried out if necessary by
the addition of an acid to the soluble phase of the compound.
The salification by bases of the sulphooxy function can be
carried out using the pyridinium salt obtained during the
action of the 80;-pyridine complex and other salts are
obtained from this pyridinium salt. Ion exchange on resin can
also be carried out.

The carbamoylation reaction can be carried out by using
a chloroformiate or a reactive of the Boc-ON type then an
amine or, if necessary, an ammoniac.

An azido group can be introduced for example by the
action of sodium azotide on a mesylate type intermediate or
by reactions of the Mitsunobu type.

The reduction of an azide group can be carried out by
the action of trialkyl or triarylphosphine.

The separation of enantiomers and diastereoisomers can
be carried out according to techniques known to those skilled
in the art, notably chromatography.

Apart from the methods described above, compounds of the
formula (I) can be obtained by methods that initially use a
compound of formula (II) in which R';, Ri;, R4 and HZ have
values that lead directly (without transformation) to those

of the compounds that one wishes to prepare. If necessary,



10 wherein A, R1, R2, R3, R4, n and Rr8 are defined as above, and are
made to react with a reducing agent in order to obtain a conpound of
formula (MI1): R R4 ( VIl ) ZH whgpein A R1, R3, R4, n" and ZH are
defined as above, that 15 is processed, If necessary, by a deprotection
agent of the appropriate ni trogen atom The nitrogen protection agent

is notably. one of thoa ned above. redum? qg% not a I§ an
al kal i ne B&¥onh§grPgends t E5Gi r%r%ﬁ%%p thot3h @ a ”&?onﬁ?@c 8F
exanpl e urfum.:ﬂzﬂoatse snnC}a ta(ssyttladu@e okhaiipaddbyalaste oaref diwexraedspandi ng

sul phony! Gl fddedd) e, asenGe ol 2, hase. oL 2chgl BPehe LG oacio

parti cul a ori1ne romne o ai ned exanp y 8ctPon of
t hi onyl I@Irorade any 25theCoHsPEORpYiate PBIgiant, iin ttike C@S/@ltdl'eaitﬁs i odhge

atom by tHe ackiimof éHHan@ﬁ£8€eéQgég§ ogya SsykRhonalf-ridd out %Eg

deprotection agent_i1s notably one of those nentioned above.
reduci ng A& RSE 39 Viene conpound of fornula (VI1) 5 is notably a sodi um

cyano or acet Ommmm%j@%t A I1unl ciatweshwahayeis cmfﬁ@unda @a‘:cbbalﬁgnebal
formula (I po sess ar}*ﬁ%%el ent anti b| otic activi (? t Ps rT?Fas
aer ugi nos Hehe tergrSethi tl thaH elhF of PRy OLR PE?P ant
comonl y lisecbba;raimetahdi}era ate tdgehtwheddirs 4 Ocompauukdbde ﬁorlmuh&xpem eds

antibl was not observed for the conpounds described in the
appl i ca‘% %% gfﬁl/OOBGO.

AN R
(V)

wherein R’;, R; and R, are defined as above, and A represents
a hydrogen atom or a group protecting the nitrogen, by a

reducing agent, in order to obtain a compound of formula (V):

A
~N R,

(V)
R,
H
15 wherein A, R’i:, R; and R; keep the meanings mentioned above,
wherein, if necessary, the OH group is replaced by a leaving
group, to obtain a compound of formula (VI):

A
~N R,

(V1)

9

wherein A, R’;, R; and R, keep the meanings mentioned above

20 and Ry represents a leaving group, that is processed with a

compound of formula Z.H, wherein Z, represents a protected -

HN-OH group and then, if necessary, by an appropriate
deprotection agent of the nitrogen atom.



These properties render said conpounds suitable, in free form as
zwitterions, or salts of pharmaceutically acceptable 15 acids and bases for
use as drugs in the treatnment of severe,Rseudononas infections, notably
nosocom al infections and, in general, major infections in subjects at

ri sk. These can be particularly infections of the respiratory tract, for

exanpl e acute pneunoni a or. chroni¢c i nfections .of the upper,.tracts, 20
infggtions of ?ﬁéﬂﬁf ot ?B?e%Raﬁ%I§%§e&ﬁWﬁﬂﬁﬁ%%,1%C%P§egpogh?8ﬁ95%lng

i nfecti onsxof thdeabbivear yHaraciterinfeectionshat tthe aushpornd syst eormude
exanpl e maligna r.nal [ tLS r jve_c I itES i.h_.and
sof t tissutt%nfgét?%%g}%%grqé&a%nggﬁggﬁn.|§f%%niﬁfg%%ggﬁﬁgtﬁég,f0§ﬁhla
folliculitil]) 25ipyr pdecessecthe aesi dednnefior mbofe,acney epydirakgdemans,
for exagplyySQdeal dkCefte MYALLANSqebuble (197 Leks 5y SheBoRball Y of
meningitis and brain abscesses, ca i ad i nféctions such as endocarditis,

i nf ecti onsfYMPhels’dnNd j oi nts such as sternoarticul ar pyoarthrosis,
vertebral osteonyelitis, pubic 30 synmphysitis, infections of the
gastro-intestinal tube, such as rf€crosing enterocolitis and pen-rectal

i nfections. Therefore anpobjecf of this invention is also conmpounds
of formula (1) as defined above ey~ u fdrugs, and notably as

anti biotics. 35Anong the conpounds| of flornmula (1), Qﬁgftable obj ect of the
invention is the use as a drug of s wherei h and R4 together form
a pyrazolyl or triazolyl heterocycle}| optt@nal |y substituted, and anong
these, those in which Rl is 15 selegted in the group conposed of the
groups (CH2)n-NH2 and (CH2) n- NHCH3, ere n is as defined above, the

het erocycle formed by R3 and R4 is sgppéhﬂéb by a (Cl-C6) al kyl radical.
Anong the conpounds of formula (1), a particular object 5 of the invention
is the yse . as a drug 9f coppounds erein Rl represent . (CH2) n- NH2 _or
(CH2) n? Hdlﬁfrerlé}ji%’alg Whet €'n 1% \zli{“*def]i ﬁé@a‘%’&/ea%%dg‘?glé%% %?3. F‘Eﬁé(feher
forma pyrazbl gker imgdsultst | tated it (€l-O8Jualky| agaditcain order to
Among t he gampounds. of § gyl @ f(c%r)mulaa v(evrlyhgarti cul ar 10 object of the

i nvention s the use as & drug of : )

t rans8- (am nonet hyl ) - 4, 8- di hydr o- 1- net hyl - 5- (sul phooxy) -4, 7-

rret hano- 7H pyrazol o [ 3, 4-¢€] [1,3]¢quepin-6 (5H) -one,

trans8- (am nonet hyl ) - 4, 8- di hydr o5 5- (st phooxy) -4, 7-

nmet hano- 7H- pyr azol o[ 3, 4- €] [1,3T%Fa pi k) -one and 15-trans

8- (net hyl am nonet hyl) 4, 8- di hydr o- 5- (sul phooxy) -4, 7-

met hano- 7H pyrazol o[ 3, 4-el [1,3]dia Pz SFD-one,(Vul)

i nfreeform asazwi tterion, andsaltsw th |phar eutically acceptable inorganic
or organi c bases and aci ds. ZH

wherein A, R’;, R3, Ry, n” and ZH are defined as above, that

15 1is processed, 1if necessary, by a deprotection agent of the
appropriate nitrogen atom.

The nitrogen protection agent is notably one of those
mentioned above.
The reducing agent is notably an alkaline borohydride.

20 The leaving group is notably a sulphonate, for example
un mesylate or a tosylate, obtained by action of the
corresponding sulphonyl chloride in the presence of a base,
or a halogen, more particularly chlorine, bromine or iodine,
obtained for example by action of thionyl chloride or

25 P (CgHs)3CBry or PBrs or, in the case of an iodine atom, by the

action of an alkaline iodide on a sulphonate.



20A further object of the invention is pharmaceutical conpositions with, as
active principle, at |least one of the conpounds according to the invention
as defined above. These conpositions cap be adm ni stered by nouth, by
rectum parenterally, notably intranuscuﬁarly or locally by topical 25
application on the skin and the nucosa. The conpositions according to
the invention can be solid or liquid and present in pharnmaceutical fornms in
current use in human nedi ci ne such as, for exanple, sinple or coated

tabl ets, capsulrge, depadite@s.icsuRRRSIt Ald afotdbleddadl 6f 30hPsepaeat ionsd

ointnents,hpgeans, gels; they are prepared according to the usual nethods.
The activé ﬁancipIe or principles can be incorporated in the excipients

usual | y used i fhehesdushamnmageuiti ceed mmpadid | armspowut hofisfdahela gUviiI)
Arabi c,. | act \ I.C nes) ear .t.er, 35 aqueous or
ot her &%d?%,%%gﬁFégﬁgd?ggqgg %%?#g:%%rgﬁggﬁgygggéﬁxg¥%§%affin derivati ves,
gl ycol s, diffeRentingdicaitieg, adioyjser siampaymdsmasi tlye ngenreeat sformula (I)

preservat ib4eSessl@n excelll igﬁﬂﬁ&%%éﬂé”5%$§WHgffagéaiﬁégengﬁdgﬁ5Hh9f a

| yophi | i sate designed to be solved as required 1.n an appropriate |,

sol vent, PEFUSHRERSPe I oienthfediasteds | of wabéral TRE LGS Cdkihi SEEREBScan
Vgry deperdisigtamtt h&&dC@ﬂﬂhéhD% bakea tra@ﬁttigd)alctthﬁ‘i%llb]% &i-‘éentié’lel Th:ibs
adm nistration,route and.the product .concerned. It can, .for_ exanple, be
conpri Kb TEEARSER 16 250 And SE*FFEESd SHE tRATHE or APCFBAFY | A RumaReT

usi ng t heopsedwetd descrithed ¢ommxanisd edésoribedprirsetdhbetaprdn datZorand010 g
per di em By /iRt aguscul ar or 10 intravenous injection. The products
of formula (I) can ‘al so be used as disinfectants for surgical instrunents.
The fol | owi ng &kaspl PFoperfsesatrender ispisht¢umousliE a@witHsl e EXWPEEee

SOdiU”‘anQOEH[Hd#“EW%%ﬂéyf%ﬁﬁyté&Cgaﬂﬂé”@f[&ﬁ%rmaceuticall acceptable
net hl) -4, 8-cnet hl -5- (sul f og) (asai norc) -4, 7- net hano7H- pyrazol o[ 3, 4-e] [1, 3]
diazeh“ﬁ-@GBﬂF—&ﬂ?E#%E@SAfor use as ‘drugs in the treatment of severe

204, 7di hy ¢iseutiomeinay -idrielqphieond, meidtaamds)cditdlyrtnfections and, in
10102 UL S0 e Rt i LT g ey
pyr azol o[ padtdfcpyrirdiyne et oiedicfartiox ytedml it Gy 1t dact, for example
acute pneumonia or chronic infections of the upper tracts,
20 infections of the blood, for example septicaemias, acute or
chronic infections of the urinary tract, infections of the
auditory system, for example malignant external otitis, or
suppurative chronic otitis, skin and soft tissue infections,
for example dermatitis, infected wounds, folliculitis,
25 pyroderma, the resistant forms of acne, eye infections, for
example corneal ulcers, infections of the nervous system,
notably meningitis and brain abscesses, cardiac infections
such as endocarditis, infections of bones and joints such as
sternoarticular pyoarthrosis, vertebral osteomyelitis, pubic
30 symphysitis, infections of the gastro-intestinal tube, such

as necrosing enterocolitis and peri-rectal infections.
Therefore an object of this invention is also compounds
of formula (I) as defined above for use as drugs, and notably

as antibiotics.

35 Among the compounds of formula (I), a notable object of
the invention is the use as a drug of compounds wherein R; and
Ry together form a pyrazolyl or triazolyl heterocycle,
optionally substituted, and among these, those in which R; is




25 dimet hyl ethyl) and 7-nmethyl, described in the application WO 02100860
(10 g, 32.12 mmol ) is put in suspension in dichloromethane (100 nl) at

anbi ent tenperature under nitrogen and with agitation. The suspension

di ssol ves after triethylamne is added (14.30 m, 10.28 mmol, 3.2 eq). A 30
sol ution of methane sul phonyl chloride (11.4 m, 96.36 mml, 3 eq) in

di chl oronethane (12, m , 1 volune) is add(gd (%r vm se to the l_gsctl n rregi um
cool ed {0 SHEEEH 1 SBEmTF Ui SRFPSERR. QlcoNet ATPEPEonfSTE sy o
t ransf or nE@H, h{-aNHESY | aveerd ol Ubi o ofie(ﬂlhedzyébdweir oxyleanhaeerocycle

di chl th | b

B

hydr ochl ori dei edlpggolt\h@dmmmoumd@o@f) formubanzyllhy dr 34 ahdwear object
hydr och e 100wk and uAtare (50 rhd o AusalULEOBoRboRNaGaYsLiE soda. (85

m , is a m.n _of confact and decantati on,

t he or ganlrépﬁﬁ§§§‘tlss adrﬁ%)m'hl‘l%g?’}esﬁ% ph%%%at F3ByCHL WhHeTre nenlis as
concent & atigchhedhaéaﬁowl 'elﬁﬁm%h%r@&ldm;l eac_:;efthre&lh SE Suth #}u Py dardiha nessg@at e
prepared above .is - ro e over our. The reaction mxture
is agitat &Y E%Il&htﬁé ?’Heat élq‘be?gt Lﬁ%g@o ﬁarfﬁlr':@;lse gradual |y to anbient.

Water (200 m ) Amengdddte andmpbunsisdidfut €édrmiaih diohl oaonmﬁ}enpatﬁ.ﬁ)euﬂmy, 10
agi tatgd, 4 (é%@t %%1%11%? 1&1@%&‘1%%09% RRASE IS e extiacted with

dlchlororre ane phasé i s washed W tha aturated Nad sol ution
(200 ml), dried, thams co@céamr@trediytld @Ir%rdebxdroAlvmtﬂvlaSrdlspb@imebvedér is

d, whi ch oC raph e t expected (8.25
B?Cg\éerlg . :\/B (Eéé&%[n %%%Q&loatﬂ AYeg ;?Sz Bﬂgz%(lﬂ été’éﬁ bNE % one

di ast er eoi soner ( STRGE arrer%‘) aB‘W"ﬂb?ﬁhY-l)I‘l 43-qidydypy-St Eb’)lphgo’ﬂ? Tdd, 1#

xag CH-N)20 ﬁl) 68z1étél8aﬁc9-7¢{$py§ézdlo [€H8)e] 3[184( 8iaZdhinCEi33H) -Hrik8 ahll) §H40 /
- e.

5.8 (sq;'_ll |, “CH GEPWR) | %@Y?aﬁ‘iﬁ "sth\}é? grj&ﬂ%mg &%J(qs%%o?ﬁyw H

pyrazol e) Stage Bmethaﬁb%ﬂHSpyrazolo 3,4-e] [1, 3]d1azep1n—6(5H)—one,

1- met hyl - §5,0x0 (phe thoxy) 4, 5, 6, 8; :

nmet hano- 1 pyréz'?:o [3%1%”:[&13 %n azepl neéjg‘%é%&y&{hyl Car boxy?a% C‘qui\h4N

sol ution @hameﬁlceum@ﬁél(moecmp%bbq) iironganvied Pt ergdl @t |b@r$e@f angd21

g, 50.42 ppmlg) dissolved in dioxane (50 n) at ambient tenperature. The

reaction mxture is 30 agitated for 30 min, then the dioxane is evaporat ed.
The reé& due i s2t akBRLOBTWHPPEEBRi RE adifCat e8VEREAOR xi8r ePpTmaceutical

compositions with, as active principle, at least one of the

compounds according to the invention as defined above.

These compositions can be administered by mouth, by rectum,

parenterally, notably intramuscularly or locally by topical
25 application on the skin and the mucosa.

The compositions according to the invention can be solid
or liquid and present in pharmaceutical forms in current use
in human medicine such as, for example, simple or coated
tablets, capsules, granules, suppositories, injectable

30 preparations, ointments, creams, gels; they are prepared
according to the usual methods. The active principle or
principles can be incorporated in the excipients usually used
in these pharmaceutical compositions, such as talc, gum
Arabic, lactose, starch, magnesium stearate, cocoa butter,

35 aqueous or other media, fatty bodies of animal or plant
origin, paraffin derivatives, glycols, different wetting,

dispersing or emulsifying agents, preservatives.



water (100 m) and ethyl acetate (500 m ). A solution of ammoni a
concentrated to 20% (42 m ) is added at OC. The agitation is continued for
30 min. After decantation the 35 aqueous 4 phase is re-extracted with ethyl
acetate (2*300 m ), and the | ast extractlon is carried out after saturation
of the aqueous phase with Nad . The organic phase is dried then 18
concentrated. The internedi agte deprotected piperidine is obtained in the
formof a yel | JWSS9 Fr?&’f’é’s?tdor@S%caPhaPoit?btlé(keﬁa%ﬁ i fh&cet8AM r Ple 8400
m). To thlj}&)pﬁp(ltwae:e!m@e@ﬁgﬁﬁcﬁ 86, bee c&ﬂd@@l‘trécﬂehieyl ardneifedd i, &hl. 2

mmol, 3 e t hen ( mo| pwW_S quer 30
i aft eeprigiom e RO | hon, dlinl s SRR e R e
concentrat ed t ITdre tadieae upamhleﬁ:leyrledaceiaate 600 md)ep@mﬂltnseat@d wthie a
10% sol gt i f_.tart Ci m Th Xt u IS

decant ed c%ﬁqé)lotrl%n g;é %ga tqfe(a?t%% d)tvk\ﬁet h%étl%gc?l@&tl o%%gf fg&l:ngtrs? g? ?gggci d
(2*200 m )rqu@enaWit htlae s FInEdusY 0F0§§€H¥19ded NaCEanhefoHr s, be

concent r atRfhti RIS deeSeUs S0 A WMI e pROMHIGEM Ol 2i figdl 68E15r3ulle
89% is taken u i n dichl, ororre hane S%Mg 1-_8-%5az,ab|c - ﬁﬁe
cl o 5. 4. 0]} Fhd &V MANSe ( #5489 thgo. BY &S tRer drigpwi @™ i xPdr e
is agitat eﬂarﬁpmskd]dwmeém eat 26 ahth matgerpe(rZQﬂLem)byaghtahadschaanbed.
The orgﬁxnlc hq{_se S vvashe(%vvlth water (2*200 ml), then with a saturated
NaCl sor ut oﬁa(f%bg M} And i ed on |\/g504 then concentrated to 20
dryness. expebtas derf vafonmmul@ i s(Tecovanedalsel4b@2 gse85%%s in
the form +); =343 | H NMR (400MHz, CDC13):
8 (ppm Q{ss"zi'é%(ft rﬁ(@#@%ﬁﬁﬁﬂ@é?} 1H, N CH2-CHN), 3.80 (s,
3H, CH3), 3. 88T§“§ fo3d L@y e3<a91p(l§smll|\+s@%t@|+%e iventd.omH,
N-0- CH2- Ph) , 5. 02 (d 1H, N-0-CH2-Ph), 5.22 (s, 1H, CH O02Me), 7.39-
7.43(nmassive, pyrazole + Ph) Stage C. 30
4, 8-di h?/drwﬂl@g,&jroxynet hyl ) - 1- net hy1- 5- ( phenyl et hoxy) - 4, 7-

et hano- 7EYAMREZ|10] Fctiaim [ahd|t i fAzepidedetaitle arrd {D)of trank splax i on of

C (59, 14.60 nmol) in an l;hdré)us m dure of tetral nofurane (150 ) /
net hanol %—u%]l&_miﬁ '€, —tm
7H-pyrazolo[3,4-e] [1,3] d1azep1n—6(5H)—one
Stage A:
20 4,7dihydro-l-methyl-4- ( (phenylmethoxy)amino) -1H-pyra-

zolo[3,4-clpyridine-6 (5H) , 7-dicarboxylate of 6-(1,1-dimethyl-
ethyl) and 7-methyl (B)
Derivative A (4,7-dihydro-4-hydroxy-l-methyl-1H-
pyrazolo[3,4-clpyridine-6 (5H) , 7-dicarboxylate of 6-(1,1-
25 dimethylethyl) and 7-methyl, described in the application
WO 02100860 (10 g, 32.12 mmol) is put in suspension 1in
dichloromethane (100 ml) at ambient temperature under
nitrogen and with agitation. The suspension dissolves after
triethylamine is added (14.30 ml, 10.28 mmol, 3.2 eq). A
30 solution of methane sulphonyl chloride (11.4 ml, 96.36 mmol,
3 eq) in dichloromethane (12 ml, 1 volume) is added dropwise
to the reaction medium cooled to -78°C. After 30 min contact,
the alcohol A is completely transformed into mesylate.
A solution of O-benzyl-hydroxylamine in dichloromethane
35 1is freshly prepared from O-benzylhydroxylamine hydrochloride
(25.4 g, 160.6 mmol, 5 eq) - The O-benzylhydroxylamine

hydrochloride is dissolved in a mixture of O-



35 borohydride (668 ng, 30.67 mml, 1.2 eq) is added to the reaction

medi um After being agitated for 2 h at -10C, 1.2 additional eq of LiBH4are
added. The reaction is treated cold 2 h;hbater with a solution of 10%
NaH2PO4. The tetrahydrofurane 19 and the nethanol are evaporated under
reduced pressure (200 nbar, 40C). The remaining mxture is taken up with

t hyl t at.ed d h '
e oxt | 2 EED A Y SO TR DA REET SR D YATE Sphadetre. apPel b
nmagnesi umas usghat sort hefi edhcentstatedsoda dr ysesﬂ TU’R—'S pisﬂ enmedl )| oins pedded
bt d t I
obtalned G S scel ot pakeelied. o ) 166 SLoxbele (o) Uephe eLihnic
m z [ ML=3P2aE@ | HSNVRr {400 MRz, MEWBES HON @I(qﬂﬂbat’:e 3. fm (d¢®, wEn, then

N- CH2- @"N)c’on%éﬁzr(a%edl%o I)"Ya@'fz ~Ft e . 3I‘1’7é— a(&dléﬂbn %@)th§s8éoigu910n to
(massi ve, 2H CH2QH) 1H NCH2-CH N), ( CH20H) , 4. 88

(m 2H, Ntecpesmate @@eq%ﬁeqkﬁbm 1? §5>ne7a$o 1%&%@%#6 FP¥SF aZol e
Z gg)h é5hﬁb&getﬁt?eTr&?%cfﬁﬁnl Irfnlxture is agitated allowing the
i r e net hyl sul fon nme

(pheny! metRBRA R OF SdtchatOeFE B SDEPBRLH. b PASHE a RRSE 6228 - B (1
Deri vati vesD( adaédg hd8immnlg i didiused veithn A@Hicddnertdreetenari20 0 160) i )

t anmbj t t ﬁﬁt 0C,
Fri ot PoT anche L E by arcHiEel, AGPIthey' LOuBBLLE e R 08 et
sol ution M1qlres§in0bﬁapépmaéheme61 @he 1ROl Phiagedi éﬁl cwasﬁhﬁ amé th108

m). The iGehatdld Nd@mMmyed;@tord h@@d‘%ﬁﬁ Ocﬁrié'@ a@ﬂéﬁ'@Bnc@ﬁE?éthﬁetBOW
of contact, at anbient tenperature, the reactlon is treated with a 10%

sol ution éerNe?ﬁmeA(gblﬁF) AfTPEoNG (RRWIRE APt &eCRYiETEG orWifch after

decant at i ehridi tagiie@ls Phasesi thee-BxHeattad iwet hexibedd & orret haney (566 ) .
The or n|§ phase is dried, then 30 Concentrated at reduced pressure to
P

give t ected derivative (3.44 g, quantltatlve yield). M5 (ES (+)): mz
[ ML=393 BMS MIE'IB(4{)O :Mriz,z OMSD- d0418. 2ppm) 3.23 (dd, 1H, N-CH2-CHN), 3.26

N oo o e éﬁg i, NE@%@%% ﬁzgéﬁ gylii?}f% gf@zé‘ij%?é% 85
3H, CHCH2OMBP™nd N—O‘ECHQS PRY, ¥BBS. 73435 n@sislxﬂé{ ¥ CHR 5H Pl &3 +6Phy .
20_Stage B 70treds %faéﬁd@rretzhxe@ (< B3] h&ﬁﬁp 13m@tshy3m5 d@herybaBL baxy) -
4, 7-met han? H p6yrazo %a3ss41vee], [1 ] d| azel_;?l n- I-g an CHé %H N) . 5.40 /
5.8 (s, 1H, CH-CO2Me), 7.22—7.31(ma851ve, 5H, Ph), 7.40(s,
1H, H pyrazole)
Stage B:
Trans 1l-methyl-6-o0oxo-5-(phenylmethoxy)4,5,6,8-tetrahydro-4,7-
25 methano-1H-pyrazolo[3,4-e] [1,3]diazepine-8 (7H) methyl
carboxylate (C)
A 4N solution of HCl/dioxane (400 ml,15 eq) is poured
into a solution of B (21 g, 50.42 mmol) dissolved in dioxane
(50 ml) at ambient temperature. The reaction mixture 1is
30 agitated for 30 min, then the dioxane is evaporated. The
residue 1is taken up while being agitated in a mixture of
water (100 ml) and ethyl acetate (500 ml). A solution of
ammonia concentrated to 20% (42 ml) is added at 0°C. The
agitation is continued for 30 min. After decantation the
35 aqueous phase is re-extracted with ethyl acetate (2*300 ml),
and the last extraction is carried out after saturation of

the aqueous phase with NaCl. The organic phase is dried then



Sodi um azide is added all at once (1.71 g, 26.3 mmol) to 5 a solution of E
(3.44 g, 8.78 mol) in dinmethylformamde (70 m) at anbient tenperature
under nitrogen with agitation. The reaction nmediumis heated to 65C
overnight, then treated with an aqueous sol ution of 10% NaH2PO4 (50 m).
After agitation and decantation, the aqueous phase is re-extracted 10 with
di chl oronet hane (2*50 m ). The organic phase is dried, then concentrated at
reduced pressure to give the 3.96 g of the expected derivative F (3 g, 8.78
mol ) . I\/SchSeht):)ateﬂiz ﬂ\@] 1aé@rﬂnédlaNNR @@@&d‘vﬁlﬂbtdaVS@itﬁhrfd:(rm)rr) ig3. 20

dd, " 1H, 6 (dd,. lH,

(CH-CHZ- st’b §“??8L(§) §|]5‘ %fgi %’8 °‘_‘{H %I\J%‘iﬂé%r\g) 9('4d95%f(]7 that is
N- CH2- CH- Ilsl)a;kedl % (i, acieH;ox&@Hmeeoa 89) ( nro2ighik- GriGHANRh)Godl &5- 7045
(massi e,

2. 2
trans[[4, gd Er%yrl rre%cﬁ '—lrggpl }6§éﬁ?ﬁ%en Qllr‘loxys)1 42 ?lmOl 3 eq), then
net hano- 7@1?b?§826ﬁ0[ 3, 4?4e}'ﬂl[ 1,28 2d|Hm§éLp| @@)ﬁq)néimlﬂ;%r%\éﬁﬁ‘étéo opin.

1, 1-di et Aykethy AG@nA MBI dom@lddt ion Qran!‘LéHEt k&)éh@@%@mr@e(?tﬁe ”ﬂned:?'utﬂ

nmmol ) is added dropw se to a solution of F (
m xture ofSt SP%ﬁé‘t(L'S‘tﬁld) thee tEtSah R dﬁﬁlhrﬁé:}(@ rﬁ'ﬁetﬁt%nﬁ?%ﬁ’nml) and
t enper at Ut@edlﬂédf wiltH ogenos tdongtichi off. Afdwedri haeodt a@oo anlgal uthen of

BOC- 3..6 l)..in tet d 10 m). dded. d t
Che rexbi MORCRER, i COBaH T D SRR Attt TSR IRRE ab° (BFo0SR af
anbi ent t enpér at \weluthhen react 0dntaedauiti sctidedRe®@ 0 1l )a I¥draguiedusa

sol ution gf,) NakirB c(fSOsm:E %EerNa?Cg!L ta£h§§0 e%cﬁﬂéatdo%eﬁt*l%tae%egt‘s

phase is re-extracted wt acet’at e organi ¢ phase is
dried, th&REEHEeRUSHSAT at ?lﬁiu@@ut@r%@ pett ebgadaeg, 2ng=1c5r i9. Erﬁ%) 35

unrefinedipr ogddglen s Lfghr ofRt Qe Epneebidt e | 1 eo%0 %P)X' del!:QLalmz&Bi
cycl ohexan?/ g;hyl tate 5/5). The expected roduct ibObt ai ne 851

1. 49 0 En C(Esepﬁ)) 23 |\%H~414 P HORVRPADOMHAS
(ppm = 1d33p®58e9HTHéﬂ&1xBuﬂ5 ﬁddagLHathjfbﬁ}Ethu%sl9dﬁkhtéd4w1th

Gt o NEOEFT 5 '3886Mh, T ReERRL R RGeSde e OTRRT RO BREROD) 154, 79
(d, 1H, NwesﬁHﬁ-Ph)th4ﬂﬁE£dxi (M2 0N GrlCH2- Phen 5Nﬂﬁh(rﬁ sHEukHatedi 183C1 7. 35
(s, 1H HsB’iE@%Bhe)(’l*5'0%7'rna.')4;8 a(rmascﬂliveea érH’Mgg'éhSttargé% Ci,"*oncentrated to
20 dryness.
The expected derivative C is recovered (m=14.72 g, 85%),
in the form of a white solid.
MS (ES (+)): m/z [M']1=343
'H NMR (400MHz, CDCl3): o (ppm) = 3.25 (4, 1H, N—_C_Q—CH—N),
25 3.45 (d, 1H, N-CH2-CH-N), 3.80 (s, 3H, CH3), 3.88 (s, 3H,
CH3), 3.9 (s,1H, N-CH2~-CH-N), 4.7 (d, 1H, N-O-CH2-Ph), 5.02

(d, 1H, N-O-CH2-Ph), 5.22 (s, 1H, CH-CO2Me), 7.39-
7.43 (massive, 6H, H pyrazole + Ph)
Stage C:

30 4,8-dihydro-8- (hydroxymethyl)-l-methyl-5-(phenylmethoxy)-4,7-
methano-7H-pyrazolo[3,4-e] [1,3] diazepin-6(5H)-one (D)

A solution of C (5 g, 14.60 mmol) in an anhydrous

mixture of tetrahydrofurane (150 ml) / methanol (50 ml),

under nitrogen and agitated, is cooled -10°C. Lithium

35 borohydride (668 mg, 30.67 mmol, 1.2 eq) is added to the

reaction medium. After being agitated for 2 h at -10°C, 1.2

additional eq of LiBH, are added. The reaction is treated cold

2 h later with a solution of 10% NaH,PO,. The tetrahydrofurane



10 Pyridiniumsalt of trans [[4, 8-di hydro-1-nethyl-6-oxo-5-

(sul phooxy) - 4, 7- met hano- 7H pyrazol o[ 3, 4-¢e] [1, 3] di azepi n-8-

yl I met hyll-carbamate of 1, 1-dinethylethylg (H. 10% pal | adi um on
charcoal (140 ng) is added to a sol utlon of G (0.6 g, 1.45 mol) in
nmet hanol (10 m). The 15 reacti on nediumis hydrogenated for 3 h. The

nmet hanol |s va orat ed reduced pressyre_t ive ebenzyl at ed

derivativeé™ Ci/st?kt% YR & [%T 3%y= ‘éag‘égen??g??‘edrﬁﬁPEF dPAE 5SS ®

t aken up |ﬁzq13/rmmhm,e Z@°(C3 .M Then réteamm@nmci}m‘urwr i gi nEakerule'IUMlth

Lr1oxi de GO ExaLefZan, (700 WTP!) agIRE-LACHARN Ao LR & 0 UBfiEons

agi tation at —anbient terrperature 'overni ) gl umis then concentrated

at reducedressie ereTﬁétHﬁﬁ‘éﬁﬁn@dthed&q @ﬂ ;ﬁ@mﬂctai:%t@ﬁ?onﬁb@gpa‘ﬁl@@dcon a

siliconsdigndde gal uppiLe Ux‘ﬁQénéQ@x(&d'sQﬂ'ﬂ{aCH@t bang té‘t?r'ib&'i@zdé@éﬁ

met hanol from5%to 20% to give the derivative H 0 49 .25 mol , 840/()

MB (ES (+)9ZYH%S { M TE202 B MIVRYE4BOWNHA OO d6! tﬁl(lﬁgn) tq.419) s, igH,

E:II?IUCI)—I’ZO%IH:I;Q:hﬁDI&td éﬁ: Oﬁt@l%l@aa) diDxAHeS, ( éﬂﬁlﬁﬁéth bl lﬂfagzédstgéH,(tOSO
nobi | e S

1H, H pyr agz%\f e @J(aaaﬁl%g*pﬁq%'\gre)mé]%&“% ﬁ-‘F “)oyridine), 8 91 (m

2H, “pyri dIMﬂE)(Eﬁ a@e) H: m/f‘ﬂodiMfrT&zallisoftrans[[4 8- di hydro-1 - met hy1- 6- oxo-5- 35

(sul ph X)L n H ol o[3 1.3] z n-

yl ] et 38/1] hcg\%Rax‘%ée@ogH% 1%8??29?%1 eth ﬁjﬂ 32%661 %)a §H N 20 r?Hof 60

g of DOVEX)50WK848esidh i Ha NolCHRHEH-81 218 c’ébst(ﬁe Séba @@@D n13) 8ilg3.91

agitated f aé%!‘levé"OUéH t@ﬁ@oﬁ?ur@%@nt% althqumé}@‘gl@fprm COhUlirél Int '1$I
eluted with dem nerallsed wat er until E H neutral , th‘e‘n the col urm i's

condi t i onédicii4d ) ot/ 88 ikt A OF- THME  Perfvafvelly (8Hhe g - 3?‘01
mol ) is di sswl wetkdive, BH) Mupwayster, si)aced on the colum, then eluted
wth a ?0/%0 m'ééure of vvater/THF The fractions containing the substrate
are po% zen. The frozen solution is lyophilised to |lead to the 10

expect ed proahuet4 |8dihyiiray; 1 -And3hyiired - [ @0y 1 B {dES 1)HoRymetttey INH :5402 I H

&NzR (?:Elg Wﬁh zf%%%%)pc"r@ 25%—'@%&79??%‘%1153 %cﬂz %lﬁzﬂ) (d}] 1%‘#( m 1H,

H robi | e) pim-gh( 5(-’39 -ang¢ Elpyral5 zole). Stage |: sodium and
trifluoroacet atlj%r%.a}attlee trgns (J 87(@ar§_/non§t Byl hmo1) is dlssolved in
4, 8-di h dr I-rreth (sulphooxy) 4 rret hano 7 gyrazol o[ 3,4 [1,3
d| azep £ %X? ane mbien temperatur undaer

nitrogen with agitation. After cooling to 0°C, triethylamine
(.83 ml, 13.17 mmol, 1.5 eq) 1is added, then dropwise a
solution of mesyl chloride (1.61 g, . 14.05 mmol) in
dichloromethane (100 ml). The ice bath is removed at the end
25 of the addition. After one hour of contact at ambient

temperature, the reaction is treated with a 10% solution of

NaH,PO, (80 ml) while agitating. After agitation and
decantation, the aqueous phase is re-extracted with
dichloromethane (50 ml). The organic phase is dried, then

30 concentrated at reduced pressure to give the expected
derivative (3.44 g, quantitative yield).
MS (ES (+)): m/z [M']1=393
'H NMR (400 MHz, DMSO-de¢): & (ppm) = 3.23 (dd, 1H, N-CH2-CH-
N), 3.26 (s, 3H, CH3), 3.45 (d,1H, N-CH2-CH-N), 3.76(s, 3H,
35 CH3), 4.52 (m, 1H, N-CH2-CH-N), 4.58 (dd, 1H, CH-CH2-OMs),
4.66 (dd, 1H, CH-CH2-OMs), 4.88 (m, 3H, CHCH20Ms and N-O-CH2-
Ph), 7.35-7.45 (massive, 6H, H pyrazole + Ph).



20Asol utionoftrifluoroaceticacid(10 m)in dichloronmethane (10 m) is poured
dropwi se into a solution of I (0.15 g, 0.35 mmol) in dichloronethane (5 m)
under nitrogen and cooled to OC. The reaction is naintai ned under agitation
for 1 h at anbient tenperature. The m xture is 25 evaporated to dryness and
taken up in a mninmmof water. The solution is frozen then |yophilised to
give the expected derivative J (193 ng, 0.35 mol, 100%. M5 (ES (+)): mz
[M]=301 15:3¢R¥:400 Mz, DMSO-d6): 3 (ppn) =3.32 (dd, 1H, N CH2-CHN), 30
3. 33- 3. 37 {FfanHB8-26H) dothet By ~41 18- dMGHZoCH-Me £ hg 174 —(( (@he&HJm@H&bxy4r73

2H, NH3+ I 8. 10 MB+
(E>r<narrpl e ;}i',.(l;_‘ estokb‘_’ll%ﬂnéﬂ ){rraﬁcf]]l?d'dace :@Z’éazﬂdjtﬁz%q%@ %5
(am no- net hyl ) -ShdB-uh hyadirde Sk sadcpnérboa(m dt 7Tereehdho7 IHgyr aﬁoBo[mupA-) e}:o

[1,3] diazepi o] 3 age
trans 85(%;drso%}%(r$§pﬁlyl B(E4 g 6%? ah dro r%c;(lc} 5-ln dimethylformamide

( phenyl met y1)l4 . miivberet mrpwmwm 3ugdef pitzparBzeptR6ESHEagAENs
The”Ethy|q%é”fﬁéééﬁ&h‘hé&ﬁmﬁ $§tﬁéﬁﬂgﬁot§ @§9C5overnlght then treated
(phenyl met hoxy) - 4, 7- met hano- 7H- pyr azol o[ 3, 4- 1, 3] di aze i ne8-car boxyl ate

descri bed "Ylﬁ:l’f heéThpAIERYDN 52891 %‘E&an%@%zpp‘l stia§e™ky -5 §Itex 2

?285) is ¢?mﬂﬂﬁmﬂhla?@.aé&aﬁkgtubﬁ gthénMQﬁﬁﬁfsr@ﬁi@@ohfaebnéggd?eFeF?Pe
, un i trogen. . , .9 Mo en a i e

by i TH e L " EEn PP ERREE AR e e il 3y e SoRPRRtct BHAke: £ eati

over ni ght thdmm@meam*e:damdhaanraﬂﬂlm potsguon b YAMeNaHRP(H. 609 of) .

Af ter evapg{a té)&%ctt%djrd/%‘?ﬁﬁatl%e ?CE{/O% m%%oq | S taken up in water.

The precipitate forned 1 ernight in'ice, then filtered and
dried for M (Bfast+)24h wie a[N/éeaéﬁl in presence of P205, to give the

expect ed campeRnd 403 ML bhs!b-rawl a7§}f_%man @hgof Qum, ofiya whicke —pewsgr. MS
(E5(+)): Mz [M = 301 é 8 %—318350
(ALEX, 13H,3 M8cHd, HEN) N- §H650§ Ws (,3\|3>Q6 MdrNJéH cﬂé-éﬁé)‘ %) 843¢¢2
I\I—CHCIr-]IZ-OI-:t)H 4cH®) (d3. w EidCl'la-}Q-l-d‘ﬂz cmzaﬁ ),S,4 26b (€H21Bh) N- gHzgggzN% (m
SH, Ph), 7. 1 r ro, ) a :
trans[%4,84-'g7iﬁqn(/g¢%’-6 Béc?%ﬁggyl’ atﬁc?xyé My, he&han@l_—l?%gyr zg$6[l§3,42- e]
[1,3] di az@rm'snai&ey,l ]G‘Iﬁth‘y:p]ymdiamaot ef. 1,1- di nethyl 30 The al cohol

obt ai ned idy gfage A of exanple 2 (1.73 g, 5 76 mmol ) is dissolved in

anhydr ous —pyrtdre (35 m), under nltro%en at 0C. NEt hanesul phonyl chl ori de
(1.78 3P, zxangmpl) is [dddSdidvepai-dementydr 62306 (Rfenylmeharyambi  dnt

tenper at ur&tﬁmiﬁﬁcﬁymmmmeﬁ tyeat pd whabBpansat-ynakeenyl) —-carba-
mate of 1,1-dimethylethyl (G)
A molar solution of trimethylphosphine (3.4 ml,

3.4 mmol) is added dropwise to a solution of F (1.15 g,

25 3.39 mmol) in a mixture of toluene (5 ml) and tetra-
hydrofurane (5 ml) at ambient temperature under nitrogen with
agitation. After 3 h contact, a solution of BOC-ON (0.92 g,
3.6 mmol) in tetrahydrofurane (10 ml) is added dropwise to
the reaction medium cooled to 0°C. The agitation is continued

30 for 3 h at ambient temperature. The reaction medium is
treated with a 10% aqueous solution of NaHCO; (50 ml). After
agitation and decantation, the aqueous phase is re-extracted
with ethyl acetate (50 ml). The organic phase is dried, then
concentrated at reduced pressure to give 2.2 g of oil. The

35 unrefined product is chromatographed on a silicon dioxide
column (eluent cyclohexane/ ethyl acetate 5/5). The expected
product is obtained (0.62 g, 1.49 mmol, 70%).



35 aqueous sol ution of ammoni um chloride (100nml), then extracted with ethyl
acetate. The conbi ned organi c phases are then washed 5 tines with a
saturated aqueous sol ution of anmonium ,24

chl ori de, dri edonsodi unsul phate, filteredthen concentrated in a vacuumto

gi ve the expected di rresyl ated derivative in the formof a yellow oil. The
di mesyl at ed |{1ter ate IS q:]ssol ved i n anhydrous 5 dinethylformam de (45
m), undethi % i M/thel™hd 88dfice of sodiumazide (1.12 g, 17.3 rrm)l)

The react i"ENNNRX{( uoeMHa heated)t0570cpihpr =24 . Bours, bfi, neBassasypsl (éq, of

azide is ed.s h e er n e t he action

conpl ete, EﬁIq{jtedl\rln %I%rgﬁllib rgagéd @"f iﬁiO%éﬁéGﬁg%gysolgutilrﬁn?%# El2PO4
(100 nl) OhEHR2exdH-A0t,.ed3wWeh @i,chBBr orthane3 . TRémeordH ne@HoLHANNEBRRAS €S

are dried e oghumsh! pﬁaéﬁ?]e_ﬂg'ﬁ?feq Lhen(goncen al @i d@cuum. b9

give the expected azi de in't orm of 'yellow ol | . TheTnternmediate is put

i nto reacti%n, HmdErOtiHIRn, 4 rP25( Cébsbfﬁutlé‘%r%%t)?h{ 1755184 Ym, ThEn H

di-tert- buﬁdﬂll@ carposat e, 1. 38, 9u d}ﬂawpé)), tr.ogthyksi | anesdiva8 Bh,
8.64 mvol )__and 10% pal | adi um hydr oxXi on charcoal (52 ng) are added

successi vél'y. After one ni ght at anbient tenperature, the reaction m xture
is filteretddeerG:concentrated to give a 20 crude yellow oil. This crude oil

. tet £ ° % | .
Icuiz?:lfrz}%g’gfrfr?d/crb{‘fgmg%%@pe%’fl% g vo ene S rabla B Binae pibge o
3. 40 mol , (BiPhamsya -whit-meddicn - 726 Y8 (2283, 4-all z [LMB] dalezemin—swl\l

400MHz, St gﬂ%}?ﬂ . 21-3.59 4H,
I(\I-CI-IZ-CI-I-%qq'r_nL& ]CHZ NHB elc%l e d%'%%thglel'-ﬂ-l-cg-ﬁ , 4.46 ém 114,

N-CH2-CH N), 419§ (mllzamunmprph)charrmab 5014 mBh 4, l@h)ad#e 3 S, #H, H
FyL azo: e) tsgﬁ.QltSto&Q(??o@ t_c.h t r(@ng[bll 8t dd DY -tlelrtmgﬂh@m;ar@mar}lq 6- oxe- iS
] eny ne ano- razo car panuat e
oF LT AT RS SV S LA AR Bt

2 (104 nyevahorditeet hpltam‘ne@plyieddl e eE3Arey, to. 2Gimaol rhar edaetdedytatele
m xture. @{er% Y Q}eght of agitation at anbient tenperature, the reaction
medi um i s $reated Wwith water. The phases are separated then the organic
phase i s WEshé$ wi+)h :a m/a UMl ed28 aqueous sol ution of sodi um chlori de,

dried on sodi umpgul gbgLeyyiiLt &rE%%&%Q@niéatﬂém aFvalfryugyrIB%grude

product thus qbtained 1s purl chromat ography on siticon dioxide
(el uent® Cr2@E2/ Adotth chyrﬁﬁe%e g?i/epmedb&%e t 89l BheBuEriprsdaycopPisx

mol , 59% (4605 (ES(9) hmolM. z [Md =r2@@tion is maintained under
agitation at ambient temperature overnight. The medium is
then concentrated at reduced pressure. The unrefined reaction
product 1is chromatographed on a silicon dioxide column
25 (eluent 100% dichloromethane then gradient with methanol from
5% to 20%) to give the derivative H (0.49 g, 1.25 mmol, 84%).
MS (ES (+)): m/z [M]1=402
'H NMR (400 MHz, DMSO-d¢): & (ppm) =1.41 (s, 9H, tBu), 3.30-
3.80 (massive, 4H, 2 CH2), 3.72(s, 3H, CH3), 4.42 (dd, 1H,
30 CHCH20ONHBOC), 4.64 (d, 1H, N-CH2-CH-N), 7.21 (m, 1H, H
mobile), 7.35 (s, 1H, H pyrazole), 8.02 (dd, 2H, pyridine),
8.54 (m, 1H, pyridine), 8.91 (m, 2H, pyridine)
Stage H:
Sodium salt of trans [[4,8-dihydro-1-methyl-6-0ox0-5-
35 (sulphooxy) -4, 7-methano-7H-pyrazolo[3,4-e] [1,3] diazepin-8-
yl]lmethyl] ~-carbamate of 1,1-dimethylethyl (I).



Stage D:  Pyridiniunmsaltoftrans[[4, 8-di hydro-I-tert-

but oxycar bamat e- 6- oxo- 5- (sul phooxy) - 4, 7- net hano- 7H 15 pyrazol o 3, 4- €]
[1,3] diazepin-8-yl]nethyll-carbanmate of,1,1- dinethyl The conpound
obtained in stage C of exanple 2 (76 ng, 0.15 mmol) is dissolved, under
nitrogen, in an anhydrous m xture of dinethylfornmam de/ CH2C12 1/3 (0.87
m). 10% 20 pal | adi um on charcoal at 50%.in water (49 m%% IS addeg. After
three vacuunt nft FOFEEIRIGeLt 11 9 eatt POHEX »OWKE itE€Thcd # nSal Ay dPBgen
at nospher @furdN | chtietstardddag prsosiusl) disappgaratdd HPECon&hehdut utRens

h d dth h
25 i ohl P OMEERans 5 Pt HIBACHRBBIY: GATCER pr obur &5 nopFEEancR bh

P205 for ZemiTkeadelsedzyvated dmtuvht ipHe heutakeén uphém azﬁwdlcoaympyrmdi ne

(0.43 ”@) g'n'al@' %)lh%%er]ﬂltjll? Lhgo0ngs %&xﬂ?e PyWa@' Qggﬁﬁgp*’t% i

conpl ex The reac i‘on" M xtur e is itated at anb-rent
terrperatur@ &r?t [, cérplemmodonvessi dhsspl HALC in hen ajagsua eaft owdkgness

after treatnaeey byna@%ngccvmﬁﬁ Theea! Whe,d¥PdWeEnt HISo0bY 8 rﬁﬁd{d@ceouéffled
y chromm | IOXI el yen
by ch 5%7 f@a dj oxi de (el yent: CH2C12/ MeCOH 90/ 10

tograph ng{
the expecf’”@geﬁ/ CHLBS FaSB%'ig snevsyhssEane (a zpf’ 8%B0(]
. S0 (At ﬁwﬁmm ﬂﬂwél"ﬁé’l‘iﬂﬁmm G Go. o), 4 85
t oc N oc
I—#B SERECER % gsc}é% ' pyr é? T’Sj'[go E:  The sodi um and
tr| f1 uor oMSet(@Se (salt: mf/Zt raf=402

8- I h 5 | ph H L 4-
[13) a 2?%”?¥ﬁ%<<%*ﬁ'§° N T A S

sol uti on &f 7211(m,Q 7ébus& |Q:1*1?sfod3{3‘()30 M2 é‘“agliﬂat%ﬂcﬁ%@l\mﬂﬁoci hefh- pburad

onto a chnemathngnspiy 6l wM.e Al eridasi RgpWLER, HZQ 3untdd, pih eyt pala -t he
col um1 is ¢ iti onéT:l'vmth a mxture of THF/H20 10/90. The corrpound

obt ai med R?tage D of exanple 2 (47 ng, 0.08 mmmol) is dissolved in a
m ni num o"St@hanol then placed 15 on the colum. After el uti on with a

THF/ H20 1Q/ %0 m Xt ure fracti % cont the £X t( Rrodgﬁ re
od, 1 PRRaRN 1 bR BaGeRat s, i Thoo by i LSRG BaREtAlE"
gggi 3m salr4t,éﬁgilmm—aém%mlha:ihﬁdr(@uéap@ml brlyo Femgt- h;m@a@@—cm m )sal n nitrogen

t hen cool ?’ﬁja %[3A4s% Ut[ilog]Ofdi%%(??&'nf Isqgma%%@ C(ng d/ anhydr ous

dlchloro dropwi se. The reaction m xture is
then a#fitated ét afibi éﬁﬂot‘-errp@f-at uFélfélflOllQaﬁ?thAfté?lévapéiﬁti“éh t oin

dryness tbl&&h&%r%\»f@lﬁgﬂé%"e') qgﬁwh anhyneusy iy Ms@eﬁﬂr@@ea tbeueoppoynd is
- en

taken up i_n w? rozen an i sed t ive the
expected falt (ﬁijssr% 0%036 H‘H‘Bﬁ alFEé°¥8F‘ FFBARE pal=e qﬁ;e?l | oW B8hder .
M5 (ES(-) hitragen Mrd =&88d to O°C The reaction is maintained under
agitation for 1 h at ambient temperature. The mixture is
25 evaporated to dryness and taken up in a minimum of water. The
solution 1is frozen then 1lyophilised to give the expected
derivative J (193 mg, 0.35 mmol, 100%).
MS (ES (+)): m/z [M-]=301
'H NMR (400 MHz, DMSO-ds): & (ppm) =3.32 (dd, 1H, N-CH2-CH-N),
30 3.33-3.37 (m, 2H, 2CH), 3.43 (d, 1H, N-CH2-CH-N), 3.74 (s,
3H, CH3), 4.73 (m, 2H, CH-CH2-NH3+), 7.41(s, 1H, H pyrazole),
8.10 (m, 3H, NH3")

Example 2: The sodium and trifluoroacetate salt of trans [[8-

35 (amino-methyl)-4,8-dihydro-5- (sulphooxy) -4, 7-methano-7H-

pyrazolo[3,4-e] [1,3] diazepin-6 (5H)-one




1H RW (400MHz, MeOH-d4 : 8(ppm = 3.37-3.69 (m 4H, N CH2-CH N et CH CF12-
NHA 4.81 (cht 1H, CH CF[2-NTI2), 4.98 g 1H, N-Cl42-02[-MO, 739 (s, 1H, H
pyrazol 4 30 Exanple 3: Sodiumand trifluygroacetate salt of trans 8-

ni nonet hl) - 4, 8-di et hl - 5- (sul hoo) (net hl arc) -4, 7- net hano- 7H pyr azol o[ 3, 4- €]
[1, 3] di azepi n-6(5H)-one Stage A: 35

Trans[[[ 4,5, 6, 8-tetrahydro-1-net hyl - 6- oxo-5( phenyl net hoxy) -

4, 7- met harfd=28% $¥r azol o[ 3, 4-e] [1, 3] di azepi n- 8-yl | met hy11-

met hyl am nogdns-reet thﬁm@prlmﬁm-izncﬁ O, 8—2:7etrahyfédrlm-laa-ro>m}laj-ti on of

of The ter R GRetaed 1 el o T s 0 o P el

sol uti on ig(&@Mtraeydr of ur an (15 m) at ambient tenperature 5 under nitrogen
and agi sathpn. Ald@t,2h Oés@&ftat ben. rf';fa%n@ 50¢i 48 6@ r2hyArodelexBmBL) i

added to the reactlon medium A lig l'ow préci pitate quickly forms.

After one WMIFRY G GH¥A O 'é‘teté??dl Ié’?ﬁ?(%%%[r 4 &el ke diameniRaum i s
gonﬁlentratsettaﬁmﬁ{ylra&@caﬂeé}{mat e. %H lhtetﬁégdg pwduegﬁhs ih@zb?ugosa@@d It n
| C or one recl pl e 1S | ere jve e ct.e r C
(o T e TR AR s o uE 2 JEdu s AOPREVEES iT | & i
(400MHz, @Dﬁc’lr&)re n dsihe &Idnynlncbué cmetnaml,éteerémaﬁofuﬁaﬁd ($108H, mCH3P) ,
2.32 ( H, P), . s - N )

506 (10 ot R ER Hent L e L PO R it oo e
3.44(m 1y N-IGHEEIGH- N Bre cn—r@QtMmUP)medBureg {en asiitAtedR- eH Nagbient

CH CH2- N V! e 8 ug soluction
3% Nafmh v, B gieiuimuis HESTA pug

4.88 20 (®f1 « Ph}00 Hnbb (dAfqu#r mmamaphyg ros5d{%neq$+ e’
'FI)'yr aZg' e) ,1.:[e7hacii:71cﬁ'1 4hi i RES| Ve, t%ﬂr}n guf'@ Tﬁﬁaﬂiﬁtgr The precipitate formed
rans met hyl ami no [ ro-| -

(phonyl Tt etV EhLIRE pyF agGhol SIFOIL TLEoes ubi d5ted (E31) Bbne
To an aqudassstsodibtm car ba)natae:mmh utimonpgesbike9 of) B.Osadded tghere the
derivativ ined e ex I 4 o)
reaction ee%%e:}g %gﬂ?éégg fgﬁBﬁéénéthz?%%oé tﬂg? fé)nbl &E a
t enper at urdlitteh@qwstasti on 30 rredl um is saturated with SOdI um chloride in

the presenge @is @,I)F)yl qu;/ezt a[(pp](253|511) The aqueous phase is extracted with
ethyl acetate (3x25 ani c _phase is _dried on é\%nem um sul ate

then cohceHt eo(419r9 .fr&y’{fé%‘djgbres%PEmio =yBeld -2 -9l | (&RXi 12H-0.
The crude greant, on, psoglu% |($\B3(5 oAt fNedeyngwm)nﬁt @geaphot oni®@, SNI—CGIa

Lo give ¢ tdaRple: Bd“i&er e P BENToTJons! r AdiEnied gy 2% 910%
7.43 (m, SH, Ph) 7.66 (s, 1H H pyrazole), 12.72 (broad, 1H,
OH) .
25

Stage B:
trans [[4,8-dihydro-6-oxo-5- (phenylmethoxy) -4, 7-methano-7H-

pyrazolo[3,4-e] [1,3] diazepin-8-yl]methyl]-carbamate of 1,1-
dimethyl

30 The alcohol obtained in stage A of example 2 (1.73 g,
5.76 mmol) is dissolved in anhydrous pyridine (35 ml), under
nitrogen at 0°C. Methanesulphonyl chloride‘(1.78 ml, 23 mmol)
is added dropwise. After 2h30 of agitation at ambient
temperature, the reaction medium is treated with a saturated

35 aqueous solution of ammonium chloride (100ml), then extracted
with ethyl acetate. The combined organic phases are then

washed 5 times with a saturated aqueous solution of ammonium



M5 (ES (+)) mlz [MtH = 328 111 NWR (400MHz, CDC13): 8 (ppm) = 2.97-3.00
(dd, 1H, N-CH2-CHN), 3.00 (CH CH2-NCH3), 3.15 (dd, 1H, CH CH2-NCH3), 3.9
(dd, 1H, NNCH2-CH N), 3.75 (s 3H, CH3) 543.98 (d, 1H, CH CH2- 5 N(CH3)Boc),
4.72 (dd, 1H, N-CH2-CHN), 4.90 (d, 1H, N-O CH2- Ph), 5.03 (d, 1H,
N-0-CH2-Ph), 7.30 (s, 1H, H pyrazol e), 7.34- 7.44 (massive, 5H, Ph) Stage

C. Trans] 8- tetr hyd -meth 0X0- 5- ( phenyl net - 10
4, 7- met ha%&ll’f’flldﬁpyr a 1(?’[43 4- 93'] [ 2 g%‘iﬂf‘%zep?‘ﬁféh%%/net hgii&%re& then
met hyl - cardearosing reftely 1idi rmt krybauh\ylto glthet]der iesatdoteedobtiamasdl ahedt age

B of exa mol ). i_s | ution in dichloronethane (1
m) and F‘#&ﬁrlg’ta@%nﬁwg- Y l?)rfe rypeth W Gine (60 gL, 15 0.488 nmol)

and d| -temhebut@dmeﬁxc]aattﬂﬁ]at en(léblﬁed”gate 488 medlSscareedadded sapbudspvel y.
After 44 <afm%&'htyqtﬂo%a%@bo4@ﬁﬂteﬁnﬁ{@éwﬁt@o@&& Utir?”tﬁétﬂféééﬂcéé‘ b

sodiumchloride™(5 m) 1s added reactl on medi um The aqueous phase
i s extractodim\n dRERESr offet Fark (é)?Z@ AP L) FheTBEgarfRCRIPHh ALt edr L8d on

nmagnesi umnhsltiFate t’m@ﬂc ceseenur ded-dinder ﬁ@de@@drpreiswqe 30 givge als
anor phous te ovvdg 1217 .._The crude reac gn product_.under S
chr omat og 0%3 2Fi &&e 1 Uent S dFEAPGF 196% Fﬁgﬁ &PRyI

acet at e griadi eptnpfleam, 20%1&0 ﬁﬁ)%ure glve dientesd e(wlexh der i va%i vegidéo(18. 068
, 0. I + =42 N 40 8
Coom 20 1 Sl ST aianaiieds o (1885 Fi, d g IR

N CH2- CI-I-NlO@Hi—O@HZIeNB@@)e 3TES (epmidiied\ CHZadHcN) ph3dses (aye 3dried3) en3. 99

(s, 1H Ngod) s @rHﬁ}'}Qte 'é?tl@élre!iH %%n@é%hﬁge) 114 80 xﬁébmﬂnH tBF 0-
CH2- Ph), 5.02 d 1 CH2- Ph) , razol e )

(massi ve, Hie phe sxagsted azigp ia mhﬁmf@m Oéf Yterlﬁﬁév oil
[[4,5, 6, 81t r shydiReliifBEhYils 6pA¥03nto reaction, under nitrogen, in

W PoE chedt it csﬁggﬁﬁﬂ-ﬁﬂ/ SR oLt %‘ﬂ%'f%-%%tylvwiﬁsaﬁPaeaga. g

as i ndi cat(ad 3ign g5t ag)B3 45 rmﬁobkanptéeﬁhynbelanapdundsolntlal nede4 st B)geatdof
pai 1 ach Ul carbae AT ol Rk T 0 PHo. GUBESSTLA otp 2 ) P EPENCRaBkatt
succe551vely After one night at ambient temperature, the
reaction mixture is filtered then concentrated to give a
20 crude yellow oil. This crude oil . is purified Dby
chromatography on a silicon dioxide column (eluent gradient
CH2Cl2/MeOH 100/0 to 95/5 per 1%) to give the expected
compounds (1.36 g, 3.40 mmol, 34%) as a white solid.

25 MS (ES(+)) : m/z [M+] = 401
1H RMN (400MHz, MeOH-d4) : d&(ppm) = 1.51 (s, 9H, C(CHi)i),
3.21-3.59 (m, 4H, N-CH,-CH-N et N-CH-CH,-NHBoc), 4.36 (m, 1H,
N-CH-CH,-OH), 4.46 (m, 1H, N-CH,-CH-N), 4.99 (AB, 2H, CH,-Ph),
7.41-7.52 (m, 5H, Ph), 7.63 (s, 1H, H pyrazole).

30
Stage C:
trans([[4,8-dihydro-1-tert-butoxycarbamate-6-o0xo-5-
(phenylmethoxy —4,7—methano—7H—pyrazolo[3,4—é] [1,3] diazepin-8-
yl] methyl]-carbamate of 1,1-dimethyl

35 The compound obtained in stage B of example 2 (104 mg,
0.26 mmol) is dissolved in anhydrous dichloromethane (2.5 ml)
then di-tert-butyl dicarbonate (114 mg, 0.52 mmol) and



5 product. M5 (ES (+)): mz [MH = 337

Thedebenzyl at edi nt er nedi ate, pyridine(1lm ), pyridine/sul phur trioxide
conplex (50 ng, 0.318 mmol) lead to thej,gxpected salt (0.045 g, 0.090 mmol,
100%9. 10 M5 (ES (-)): mz [MHL- = 416 111 NWR (400 MHz, MeOHd4) in the
formof 2 conformers: 8 (ppm = 1.53 (s, 9H, C(CH3)3, 3.09 (s, 3H,

N Oro. Crt- Ko BB IR S5 Clay . B oF NGk, Ry crh (5 Sl

CH3), 3. 84nixnurkH, wc&em@m @ onghk EERoBHAN) | ar@ojg@qtm tétperature,

SB?;ESAICHS) fgigz %%QE%%C?%&?! pyrazogr% (trgéi 1@ fgtj tlc—%_l‘zpyrl %]IC% %8g\|7§ gdd,

2H, pyridissParagegy then 1eheppricginde) PR age wasBedi Whtdnl2 BAtUTrahs

[[4,5, 658%kﬁkﬁﬁﬂydr§biu@?$ﬂy| 08~ OXQ5Prum chlorlde, dried on sodium
(sul phooxy)-4 met hano 7 %gyrazol o[ 3,4-¢e] [1,31di azepi n- 8-

yl | met hyl ]S‘Jrjré’( ¢ ak bhr@¥ed of hen 1 canEantIasEs | TR é’a&%’t?éedT% ggude

i ndi ciat eg p(ribdiic&g045 e g Qmm)needl 25 therspd édobbai neﬁrbmasgggﬁlpaygf on150

exa e SO

o Pead (0 ety BACHaaSsoqraHEahrt 162056 AESEE ostPmhll . THoof vevstpes

(-)): m z gxidedited= pEIUIVR (A0 GgVHD, . 1M @ikad4 iS9%)he form of 2 conforners: 8
=~k 56.4 S,y \9H, 3H, CH3 (A)NHBoc), 3.10 (s, 3H,

%?B)%BS@%,%(SQ )(rh "?ﬁ?l—@d’i 0213%%9042 CH or I\Lg:H)zcm\lg 3. 64(§n 11-f,

BocN(CH3) - CH2-CH or N-CH2-CH-N), 3.75 (s, 3H, 3.84 (m 1H,

BocN( C1- 1@ g fH or N CH2-CHN), 3.93(m 1H 30 Stage F:

Sodi unandtTi I gor.oacet at esal t of t r ans8-
(et hyl aniFAGHHRAY 4, 8- @Hhydr o- 19%et hyl EEEEEI phookyf 4 ¢ihydro-1-tert-

met hano- 7|ﬁqt)d}@wmz[ailaétee—]6—[oko3]5d4 @2AaphbGS Hy-, ameet hano-7H-
15 pyrazolo[3,4-e] [1,3] diazepin-8-yllmethyl]-carbamate of 1,1-
dimethyl

The compound obtained in stage C of example 2 (76 mg,
0.15 mmol) 1is dissolved, under nitrogen, in an anhydrous
mixture of dimethylformamide/CH,Cl, 1/3 (0.87 ml). 10%
20 palladium on charcoal at 50% in water (49 mg) is added. After
three vacuum/nitrogen purges, the reaction mixture is placed
in a hydrogen atmosphere wuntil the starting product
disappears in HPLC. The mixture is then concentrated in a
vacuum then co-evaporated three times with  anhydrous
25 dichloromethane and then dried under reduced pressure in
presence of P,Os for 2h.
The debenzylated derivative is taken up in anhydrous pyridine
(0.43 ml), in nitrogen, in the presence of a pyridine/sulphur
trioxide complex (48 mg, 0.30 mmol). The reaction mixture is
30 agitated at ambient temperature until complete conversion in
HPLC, then evaporated to dryness after treatment by adding
water The crude product thus obtained is purified by
chromatography on silicon dioxide (eluent: CH,Cl,/MeOH 90/10)
to give the expected product (47 mg, 0.083 mmol 55%).
35 MS (ES(-)) : m/z [M-2*BOC] = 388



S5Whil e proceeding as indicated in stage | of exanple 1, the sodium salt
obtained in stage E of exanple 3 (0.039 g, 0.088 mmol), dichloronethane (5
m) and a mxture of trifluoroacetic achgd/ anhydrous dichloronmethane 1/1 (4
m) lead to the expected product (39 ng, 0.08 mml, 100% . 10 Ms (ES (-))
mz [Mft] = 315 IH NWVR (400 MHz, DMSO-ds): 5 (ppm) - 2.76 (s, 3H,
CH3NH+2- CHR)

3.30-3.50 ( 4H, CH2-CH N, NH2-d 2-CH), 3.75 H
cH3), 4. 74H(ﬁ?m1§l,40|QLM§H2-@ﬁ “,‘Ly SzgéBPmlIIHT éro s S LS HBX é?f%%é: 1H,
H pyrazol 8).508. a, (aH, 2-Jdi3€H-15 &xagp}-avHBodhar aneeut (rcal 18 pmetisiCH,on A
conposi ti for injegtiaon repared conprising, JThe go exanpl e
1:500 my YEESE e btects dfui @f%ﬁ‘?éﬂsﬁﬁ 2 320%, Mndn it it - oy
OF THE PRODUCTS OF THE INVENTION In vitro activity, dilution methods in

liquiddgredium. . A series of tubes are prepared in which equal
qgquant i téngs—o%'st—eﬂ | e nutrient _nmedium are placed, and increasing 25

quantiti edhef eRipRodAnd Be&ilddueredicegatee prhkedl nteadyw t (H8~{ABAN@ach

tube is phaited1wh gadhackec-al (sulahdox) tar, 724ekddns-i7acubation in an
oven at 37C, thei glr owt h i r}hl bitign is ,asses?_ﬁd by transillum nation, which
mekes it PYLEZONE IR0 d&derltirAd FREZRPAPTEMEARPER i on concentrations (M C)

30 expresgeduspepg/in of 6 g TeStBOBEE EawKBedeelih iim tahisolatyion t&if t 2w
Bnd 16t 51 S EEReTRH D 02F10BE0 IR s odich s bt Eoaipreaed (B8 28 10
reveal ed chripmareoyaphtyi vedgaimst B Rseudosivizs aeiuyi nBs, whith i sHnot
at all t h%e%%%%lf,o(rjtﬂémc&wr £d PoRAYEiSnea3 iRt 11 hyx@gRL NSE Rg@ydoaONas
aer ugi nosa Conpound of
10/90. The compound obtained in stage D of example 2 (47 mg,
0.08 mmol) is dissolved in a minimum of methanol then placed
15 on the column. After elution with a THF/H,O0 10/90 mixture, the
fractions containing the expected product are pooled, frozen,
then lyophilised to give the expected sodium salt.
The sodium salt is taken wup in anhydrous dichloromethane
(1.04 ml) in nitrogen then cooled to 0°C. A solution of
20 trifluorcacetic acid/anhydrous dichloromethane 1/1 (2.04 ml)
is added dropwise. The reaction mixture is then agitated at
ambient temperature for 45 min. After evaporation to dryness
then co-evaporation with anhydrous dichloromethane, the
compound 1is taken up in water (~2 ml) then frozen and
25 lyophilised to give the expected salt (16 mg, 0.030 mmol,
36%) in the form of a pale yellow powder.
MS (ES(-)) : m/z [M-] = 288
'H RMN (400MHz, MeOH-d,) : 8(ppm) = 3.37-3.69 (m, 4H, N-CH,~CH-N et CH-CH,—
NH3), 4.81 (dd, 1H, CH-CH,-NH>), 4.98 (d, 1H, N-CH,—CH-N), 7.79 (s, 1H, H pyrazole).
30

Example 3: Sodium and trifluoroacetate salt of trans 8-

(methylaminomethyl) -4,8-dihydro-1-methyl-5- (sulphooxy) -4, 7-

methano-7H-pyrazolo[3,4-e] [1,3]diazepin-6 (5H) —one
Stage A:
35 Trans [[[4,5,6,8-tetrahydro-1-methyl-6-0x0-5 (phenylmethoxy) -

4,7-methano-7H-pyrazolo[3,4-e] [1,3]diazepin-8-yl]lmethyl] -
methylamino] trimethylphosphonium iodide



Ex 1 Conpound of Ex 2 Pyrazole am de (Ex 19 PCT Pyrazole ester (Ex 18 PCT
(comparison with the Application Applicatio other exanples) WO n

(MC(p.g / m)24h) 27

A molar solution of trimethylphosphine (1.5 ml, 1.5 mmol)
is added drop by drop to a solution of the derivative
obtained in stage E of example 1 (0.5 g, 1.25 mmol) in
solution in tetrahydrofuran (15 ml) at ambient temperature

5 under nitrogen and agitation. After 2h of agitation, methane
iodide (0.21 g, 3.75 mmol) is added to the reaction medium. A
light yellow precipitate quickly forms. After one night of
agitation at ambient temperature, the reaction medium 1is
concentrated under reduced pressure. The. crude product 1is

10 triturated in dichloromethane. The precipitate is filtered to
give the expected product (0.42 g, 1.04 mmol, 84%) in the
form of a yellowish iodine salt.
'H NMR (400MHz, CDCl;) in the form of 2 conformers: & (ppm) =
2.04 (s, 3H, CHspP), 2.32 (s, 3H, CHsP), 2.35 (s, 3H, CH;P),
15 3.03 (s, 3H, P-NCH;(A) -CHz) , 3.05 (s, 3H, P-NCH3(B)-CHz), 3.37
(m, 1H, N-CH,-CH-N or CH—@z—N(CHQP), 3.44{(m, 1H, N-CH,-CH-N
or CH-CH,-N(CH;)P), 3.69 (m, 1H, N-CH,-CH-N or CH-CH,-N(CH;)P),
3.82 (s, 3H, CH3), 3.88 (m, 1H, N-CH,-CH-N or CH-CH,-N(CH;3) P) ,
4.05 (d, 1H, N—CH2—_C_E—N), 4.59 (d, 1H, C_H—CHz—N(CH3)P), 4,88
20 (d, 1H, N-O—Q{E—Ph), 5.00 (d, 1H, N—O—@z—Ph), 7.35 (s, 1H, H
pyrazole), 7.37-7.45 (massive, 5H, Ph)
Stage B:
Trans 8- (methylaminomethyl) -4, 8-dihydro-1-methyl-5-
(phenylmethoxy) -4, 7-methano-7H-pyrazolo[3,4-e] [1,3]diazepin-
25 6 (5H) -one

To an aqueous sodium carbonate solution (2.5N, 9 ml) is
added the derivative obtained in stage A of example 3
(0.42 g, 1.04 mmol). The reaction medium is agitated at 55°C
for 3h30. After cooling at ambient temperature, the reaction

30 medium is saturated with sodium chloride in the presence of
ethyl acetate (25 ml). The aqueous phase 1is extracted with
ethyl acetate (3x25 ml). The organic phase 1is dried on
magnesium sulphate then concentrated under reduced pressure
to yield a yellow o0il (0.26 g). The crude reaction product is

35 purified by chromatography on a silica column (eluent
dichloromethane 100% then methanol gradient from 2% to 10%)

to give the expected derivative (0.084 g, 0.256 mmol, 26%).



02/100860) WO 02/ 100860 1771 strains wld type 0,12 0,25 >32 >32
Pseudononas aerugi nosa strain exprimngresistant mechanism (M C(ig/nil)24h)
Compound of Ex 1 g

MS (ES (+)): m/z [M+H]® = 328
'H NMR (400MHz, CDCl;): 8 (ppm) = 2.97-3.00 (dd, 1H, N-CH,-CH-
N), 3.00 (CH-CH,-NCH;), 3.15 (dd, 1H, CH-CH,-NCH;), 3.9 (dd,
1H, N-CH,-CH-N), 3.75 (s, 3H, CHs), 3.98 (d, 1H, CH-CH)-
5 N(CH;)Boc), 4.72 (dd, 1H, N—CHz-gE—N), 4.90 (d, 1H, N-O-CH;-
Ph), 5.03 (d, 1H, N-O-CH-Ph), 7.30 (s, 1H, H pyrazole), 7.34-
7.44 (massive, 5H, Ph)
Stage C:
Trans [[4,5,6,8-tetrahydro-1-methyl-6-0x0o-5- (phenylmethoxy) -
10 4,7-methano-7H-pyrazolo[3,4-e][1l,3]1diazepin-8-yllmethyl]-
methyl-carbamate of 1,1l1-dimethylethyl
The derivative obtained in stage B of example 3 (80 mg,
0.244 mmol) is put in solution in dichloromethane (1 ml) and
then at ambient temperature triethyl amine (60 ul,
15 0.488 mmol) and di-tert-butyl dicarbonate (106 mg,
0.488 mmol) are added successively. After 4h of agitation at
ambient temperature, a solution saturated with sodium
chloride (5 ml) is added to the reaction medium. The aqueous
phase is extracted by dichloromethane (3x20 ml). The organic
20 phase is dried on magnesium sulphate then concentrated under
reduced pressure to give an amorphous white powder (157 mg).
The crude reaction product undergoes chromatography on a
silica column (eluent dichloromethane 100% then ethyl acetate
gradient from 20% to 30%) to give the expected derivative
25 (0.068 g, 0.159 mmol, 60%).
MS (ES (+)): m/z [M+H]'=428
'H NMR (400MHz, CDCl;): & (ppm) = 1.59 (s, 9H, C(CHs)s), 3.05
(s, 3H, CH3;NBoc-CH;), 3.10 (m, 3H, N-CH,-CH-N, CH-QEz—NBOC),
3.75 (m, 1H, N-CH,-CH-N), 3.85 (s, 3H, CH;), 3.99 (s, 1lH, N-
30 CH;-CH-N), 4.75 (m, 1H, QH—CHz—N(CH3)BOC), 4.90 (d, 1H, N-O-
CH»-Ph), 5.02 (d, 1H, N-O-CH2-Ph), 7.37 (s, 1H, H pyrazole),
7.40-7.46 (massive, 5H, Ph)
Stage D:
Pyridinium salt of trans [[4,5,6,8-tetrahydro-l1-methyl-6-oxo-
35 5-(sulphooxy) -4, 7-methano-7H-pyrazolo([3,4-e] [1,3]diazepin-8-
yllmethyl] -methyl-carbamate of 1,1-dimethylethyl



Conpound of Ex 2 |Im penem Ceftazidine 1771 strains wild type 0,12 0,25 1 1
PAOL wld type 1 1 2 Resisting via p- |actamases [8 strains] 1-2 0,25-1 2
- 32 2 - 32 Resisting via efflux pumps [;L1/5 strains]

While proceeding as indicated in stage G of example 1,
the compound obtained in stage C of example 3 (0.068 g,
0.159 mmol) in methanol (5 ml), in the presence of 10%

palladium on carbon (25 mg) leads to . the debenzylated

5 product.
MS (ES (+)): m/z [M+H]® = 337
The debenzylated intermediate, pyridine (1 ml),

pyridine/sulphur trioxide complex (50 mg, 0.318 mmol) lead to
the expected salt (0.045 g, 0.090 mmol, 100%).
10 MS (ES (-)): m/z [M-H] = 416
'H NMR (400 MHz, MeOH-d,) in the form of 2 conformers: § (ppm)
= 1.53 (s, 9H, C(CHs)s, 3.09 (s, 3H, CH;(A)NHBoc), 3.10 (s,
3H, CH3(B)NHBoc), 3.37 (m, 1H, BocN(CH3)—C_H2—CH or N-C_HZ-CH-N),
3.58 (m, 1H, BocCN(CHj)-CH,-CH or N-CH,-CH-N), 3.75 (s, 3H,
15 CH3), 3.84 (m, 1H, BocN(CH;)-CH,-CH or N-CH,-CH-N), 3.90(m, 1H,
BOCN(CH;,)—@Z—CH or N-CH,-CH-N), 4.90 (m, 2H, N-CH-CH,-N, N-
CH,-CH-N + signal H;0), 7.54 (s, 1H, H pyrazole), 8.16 (dd,
2H, ©pyridine), 8.70 (dd, 2H, pyridine), 8.94 (d, 1H,
pyridine)
20 Stage E:
Sodium salt of trans [[4,5,6,8-tetrahydro-1-methyl-6-oxo-5-
(sulphooxy) -4, 7-methano-7H-pyrazolo[3,4-e] [1,3]diazepin-8-
yllmethyl] -methyl-carbamate of 1,1-dimethylethyl
While proceeding as indicated in stage H of example 1,
25 the salt obtained in stage D of example 3 (0.045 g,
0.090 mmol), DOWEX 50WX8 resin (30 g) and 2N soda (150 ml)
lead to the expected sodium sgalt (0.039 g, 0.090 mmol, 100%).
MS (ES (-)): m/z [M-H] = 416
'H NMR (400 MHz, MeOH-d,;) in the form of 2 conformers: o6 (ppm)
30 =1.56 (s, 9H, C(CHs3)3), 3.09(s, 3H, CH3(A)NHBoc), 3.10 (s, 3H,
CH; (B)NHBoc), 3.37 (m, 1H, BocN(CH;)-CH,-CH or N-CH,-CH-N),
3.64(m, 1H, BocN(CH;)-CH,-CH or N-CH,-CH-N), 3.75 (s, 3H, CHi),
3.84 (m, 1H, BOCN(CH;)-CH,-CH or N-CH,-CH-N), 3.93(m, 1H,
BocN (CHi) -CH,-CH or N-CH,-CH-N), 4.90 (m, 2H, N-CH-CH;-N, N-
35 CH;-CH-N + signal H;O0), 7.55 (s, 1H, H pyrazole).
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O SAH 5 wherein R represents a (CH2).-Ap{2 or (CH2).-NHR radical, where R
is a (C1-C6) alkyl and n is equal to 1 or 2; R2 represents a hydrogen atom

Stage F':
Sodium and trifluorocacetate salt of trans 8-

(methylaminomethyl) -4, 8-dihydro-1-methyl-5 (sulphooxy) -4, 7-
methano-7H-pyrazolo[3,4-e] [1,3]diazepin-6 (5H) -one

5 While proceeding as indicated in stage I of example 1,
the sodium salt obtained in stage E of example 3 (0.039 g,
0.088 mmol), dichloromethane (5 ml) and a mixture of
trifluorocacetic acid/anhydrous dichloromethane 1/1 (4 ml)
lead to the expected product (39 mg, 0.08 mmol, 100%).

10 MS (ES (-)) : m/z [M-H] = 315
'H NMR (400 MHz, DMSO-dg): & (ppm) = 2.76 (s, 3H, CH3NH',-CH:),
3.30-3.50 (m, 4H, N-CH,-CH-N, NHﬂrggh—CH), 3.75 (s, 3H, CHj3),
4.74 (m, 1H, N-CH,-CH-N), 4.82 (d, 1H, C_H—CHz—NH+2CH3), 7.43
(s, 1H, H pyrazole), 8.67 (m, 2H, NH;")

15

Example 4: Pharmaceutical composition

A composition for injection was prepared comprising:
~ The compound of example 1: - 500 mg
- Sterile aqueous excipient: g.s.p. 5 cm®
20
PHARMACOLOGICAL STUDY OF THE PRODUCTS OF THE INVENTION
In vitro activity, dilution methods in liquid medium:

A series of tubes are prepared in which equal quantities
of sterile nutrient medium are placed, and increasing
25 quantities of the product being studied are placed in each
tube then each tube is plated with a bacterial strain. After
24 hours incubation in an oven at 37°C, the growth inhibition
is assessed by transillumination, which makes it possible to
determine the minimum inhibition concentrations (MIC)

30 expressed in upg/ml.
Tests are carried out in this way with the products of
Examples 1 and 2 and compared with the products of Examples
18 and 19 of application WO 02/100860. The products of
Examples 1 and 2 are revealed to be very active against
35 Pseudomonas aeruginosa, which is not at all the case for the

compared products.



R3 and R4 together forman aromatic nitrogenated heterocycle with 5 apexes
with 1, 2 or 3 nitrogen atons 10 optionally substituted by one or several

R groups, R being selected in the groyp conposed of a hydrogen atom and
al kyl radicals with 1 to 6 carbon atons; in free form as
zwitteri ons and in the formof salts of pharmaceutically acceptabl e
i norganic T and gna: i mg L,
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characterised in that it conprises: 15 a) a step during which a conmpound of
formula (I1) is nmade to react with a carbonylating agent, if necessary in

the presence of a base: wherein: R | represents a CN, protected

COON,, ODOR or (CH2)fIR 5 20 radical, RI5is a protected OH ON, NH2
or protected NHR, protected 002H, 002R ?Qdical, ‘ n, R R3 and R4 are
as defined above, the am noal kyl substifients optionally present on the

het erocycl e forned by 25 R3 and R4 bein rotected if necessary, ZH
represents a protected - NHOH group, mEEg_Eﬁe end of obtaining an

i nternedi ate conmpound with the formula (I11): R X a R4 x2 34 wherein:
R11, R3 and R4 have the sane neani ngs as above and either X1 is a hydrogen

atonms or 3 )preh@elind® WHeNP tdad oX2 HeAr §3ethd oA (14~ S CO- X3 group, X3
representing the rest of the carbonylating agent, or Xy is a -ZH group and

X1 represents a CO X3 group, X3 beingpdeRi;ned as above; b) a step during
whi ch the internedi ate obtai ned above'|is cychised in.the presence of a
base; R 4

N (1)

"0SO,H

5 wherein R; represents a (CH,),-NH, or (CH2),-NHR radical, where
R is a (C;-Cs) alkyl and n is equal to 1 or 2;
R, represents a hydrogen atom;
R; and Ry together form an aromatic nitrogenated
heterocycle with 5 apexes with 1, 2 or 3 nitrogen atoms
10 optionally substituted by one or several R' groups, R' being
selected in the group composed of a hydrogen atom and alkyl
radicals with 1 to 6 carbon atoms;
in free form, as zwitterions, and in the form of salts
of pharmaceutically acceptable inorganic or organic bases and

15 acids.

2) Compounds according to claim 1, characterised in that R;
and R; together form an optionally substituted pyrazolyl or
triazolyl radical.
20
3) Compounds according to claims 1 or 2, characterised in
that R; is selected from the group composed of (CH;),-NH, and
(CH,) -NHCH; groups, where n 1is as defined in claim 1, the
heterocycle formed by R; and Ry is substituted by a (Ci1-Cs)
25 alkyl radical.

4) Compounds according to claims 1 or 3, characterised in

that R; represents a (CH,)n-NH, or (CH;)n-NHCH; radical, where

n is as defined in claim 1 and R; and Ry form a pyrazolyl ring
30 substituted by a (Ci;-Cs) alkyl radical.



10 and in that: c¢) if necessary, step a) is preceded and/or step b) is
foll owed by one or several of the follow ng reactions, in an appropriate
order: protection of the reactive functions, 15- deprotection of the
reactive functions, esterification saponification, sulphatation, ester
reduction, 20- al kylation, carbannylatégn, formati on of an azi do group,
reduction of an azido into an amne, salification, 25- ion exchange,
di viding or separating the diastereoisonmers. 7) A nmethod according to
claim6, characterised in that the carbonyl ation agent is selected fromthe
group conposed of 30 phosgene, di phosgene, triphosgene, aryl, aralkyl,
al kyl and %l kenyl Tcahsor o-F-qemiraireshy By B-diihydrbehaketkyl-Cdshiphdodyyl d,dazol e
and m xtures t hpd.-a ' t im6 or 7,
&Fﬁﬂ%ﬁé?ﬂﬁyﬁaﬁblﬁﬁ 98 [1,§g<9{a‘¥e %.@(5?1& 2t8,

characteri sed "he car'bonyl ation reacti on es place in the
presence of arm &frhe. 8- @Einomgthyl et hdddalkydioabngsulehaery)oft, EEthane #o 8,

charact eri sed piyRatdiat[3{ hejconpound-&fif-ersml-ankldnq i s obtai ned by a method
5 wherein a anpoégg%sOf gl%%gyééla%kggmégiygypcezfgghihydro—S—(sulphooxy)—4,7—
methano-7H-pyrazolo[3, 4-e] [1,3]diazepin-6(5H)-one,

in free form, as zwitterions, and in the form of salts of

10 pharmaceutically acceptable inorganic or organic bases and
acids.
6) A method for preparing compounds of formula (1),

characterised in that it comprises:

15 a) a step during which a compound of formula (II) is made to
react with a carbonylating agent, if necessary in the
presence of a base:

R,
Iﬁ\N R,
(1)

wherein:
R’, represents a CN, protected COOH, COOR or (CH;)nR’s
20 radical,
R's 1s a protected OH, CN, NH; or protected NHR,
protected CO;H, CO;R radical,
n, R, R3 and Rqs are as defined above, the aminoalkyl
substituents optionally present on the heterocycle formed by
25 Rz and Ry being protected if necessary,
ZH represents a protected -NHOH group,
with the end of obtaining an intermediate compound with the
formula (III):
R,
X1\\N R3
(1)



wherein R 1, R3 and R4 are defined as in claim6, and A represents a

hydr ogen atom or a group protecting the nitrogen, by a reducing agent, in
order to obtain a conmpound of forrmula (V): wherein A R1, R3 and R4
keep the neani ngs nentioned above, wherein, if necessary, the OH group is
repl aced by a | eaving group, to obtain g compound of formula (M): ( V1)
9 15 wherein A, R1, R3 and R4 keep the ﬁeanings ment i oned above and RO
represents a | eaving group, that is processed with a conpound of fornula

Z1H2 mher%;%rééjﬁepresents a protected - HN-OH group and then, if
necessary,hby an "appropri ate deprotect ion agent of the nitrogen atom 36

10) A net Rdd, aBeormfl Ry thevenyrhef selmel meadimgs8 ascledcarst eridsed tihen ¥at ishe

conmpound Qf s Ifagle% (Eltlond 3@@ gﬂf&%égﬁa RIARA hengi Begrggaaegng oy

formula (I IS processed as define ove, by hydroxylam ne protected at

t he hyd? o58-%gr diPUR0 &bt FCPTESEHFIGENdtRe f&Stul af (\Ahe : carbepyppbiest ed
wherein Aadent, BERX,and R4-anegdelipnaddag, i Festedentds antoage gmip t &,

E\e/iellcz'lt)ym a%e%nrge%%?irrll%da esntablor_beo;rder to obtain a corrpound of formnula
b) a step during which the intermediate obtained above is

cyclised in the presence of a base;
10 and in that:
c) 1if necessary, step a) is preceded and/or step b) is
followed by one or several of the following reactions, in an
appropriate order:
- protection of the reactive functions,
15 - deprotection of the reactive functions,
- esterification
— saponification,
- sulphatation,
- ester reduction,
20 - alkylation,
- carbamoylation,
- formation of an azido group,
- reduction of an azido into an amine,
- salification,
25 - ion exchange,

- dividing or separating the diastereoisomers.

7) A method according to claim 6, characterised in that the
carbonylation agent is selected from the group composed of
30 phosgene, diphosgene, triphosgene, aryl, aralkyl, alkyl and
alkenyl chloro-formiates, alkyl dicarbonates, carbonyl-

diimidazole and mixtures of these.

8) A method according to claim 6 or 7, characterised in that
35 the carbonylation reaction takes place in the presence of an

amine.



R 3 (VIIl) RA& ZH wherein A, R 1, R3, R4, n" and ZH are defined as above,
and are processed, if necessary, by a deprotection agent of the appropriate
nitrogen atom 15 11) The products as defined in one of clains 1 to 4 for
use as drugs, and their salts with pharmaceutically acceptable acids and

bases.

12) The products as defined.,i.n claim5 for use as drugs. 20

13) Pharnmaceuti cal conpounds containing,”~as an active principle, at |east
one drug according to one of clainms 11 or ‘

9) A method according to any of claims 6 to 8, characterised
in that the compound of formula (II) is obtained by a method

5 wherein a compound of formula (IV) is processed:

10

R,
A
NN R,

(V)
R,

wherein R’;, R; and R, are defined as in claim 6, and A
represents a hydrogen atom or a group protecting the
nitrogen, by a reducing agent, in order to obtain a compound

of formula (V):

(V)

wherein A, R’;, R; and R; keep the meanings mentioned above,
wherein, 1f necessary, the OH group is replaced by a leaving

group, to obtain a compound of formula (VI):
R',
AN R,

(V1)

9

15 wherein A, R’;, Ri; and R; keep the meanings mentioned above

and Ry represents a leaving group, that is processed with a
compound of formula Z;H, wherein Z; represents a protected -
HN-OH group and then, if necessary, by an appropriate

deprotection agent of the nitrogen atom.




5

10

15

20

36

10) A method according to any of «c¢claims 6 to 8,
characterised in that the compound of formula (II) is
obtained by a method wherein a compound of formula (IV) is
processed as defined above, by hydroxylamine protected at the

hydroxyl group, to obtain a compound of formula (VII):
R,

A
NN R

3
(V1)
R

4

|
OH protected

wherein A, R’;, R’'R; and Ry are defined as in claim 9, and are
made to react with a reducing agent in order to obtain a
compound of formula (VIII):

(VI’II )

ZH

wherein A, R’;, Rz, Rs;, n” and ZH are defined as above, and
are processed, if necessary, by a deprotection agent of the

appropriate nitrogen atom.

11) The products as defined in one of claims 1 to 4 for use
as drugs, and their salts with pharmaceutically acceptable
acids and bases.

12) The products as defined in claim 5 for use as drugs.
13) Pharmaceutical compounds containing, as an active

principle, at least one drug according to one of claims 11 or
12.



