1 NEW NITROGENATED HETEROCYCLIC COMPOUNDS, THEIR
PREPARATION AND USE AS ANTIBACTERIAL DRUGS The invention
concerns nitrogenated heterocyclic 5 campounds, their preparation and
use as antibacterial drugs. The application WO 02/100860 describes
compounds with the following formula: R1 R2 R3 X 4 (CHZ)n wherein:
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substitoted dy@hiO&t; NHR, NO2 fediddipan alkyeadicabwisth 200hpeends with

icarbsm atomis, @nsalkenyiradical with 1 to 6 carbon atoms or by one or
several halogen atoms, R5 is selected from a group composed of a
COOH, CN, OH, NH2, CO-NR6R7, COOR, OR, OCOH, OCOR, OCOOR,
OCONHR, OCONH2, OS02R, NHRINHR20R, NHCOH, NHSO02R,
NH-COOR, NH-CO-NHR, NH-CO- 25 )H2 oRrh3 radical, where R is
defined as above, R6 and R7, jgentjcal ordifferent, are selected from the
group composed of a hydrogm, an alkyl radical with 1 to 6 carbon

atoms, an aryl radical with 6

to 11 carbon atoms and an alkyl 30 radical with 1 to 6 carbon atoms
substituted by a pyridyl radicah iS equal to 1 or 2,

wherein:

a) either Rl represents a hydrogen atom, a COOH, CN,
COOR, (CHz)n'Rs, CONR¢R; radical or c<q:R

R 1is selected from the group éomposed of an alkyl
radical with 1 to 6 carbon atoms, optionally substituted by a
pyridyl radical, a -CH;-alkenyl radical with a total of 3 to 9
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 Dbeing optionally
substituted by an OH, NH,, NO, radical, an alkyl radical with
1 to 6 carbon atoms, an alkoxy radical with 1 to 6 carbon
atoms or by one or several halogen atoms,

Rs is selected from a group composed of a COOH, CN, OH,
NHz, CO-NR¢Ry, COOR, OR, OCOH, OCOR, OCOOR, OCONHR, OCONHz,
OSO;R, NHR, NHCOR, NHCOH, NHSO,R, NH-COOR, NH-CO-NHR, NH-CO-
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
radical with 1 to 6 carbon atoms substituted by a pyridyl

radical,
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R3 and R4 together form a phenyl or aromatic heterocycle with 5 or 6
apexes including 1 to 4 heteroatoms selected from among nitrogen,
oxygen and sulphur, and optionally 5 substituted by one or several R’
groups, R' being selected from the group composed of a hydrogen atom
and the alkyl radicals with 1 to 6 carbon atoms, optionally substituted by

one of, se\i%ragaxgrox;fl opbi}alggen or cyano radicals or by a nitro,
alkenﬁawnh 2 to 6 carbon atoms, halogeno, amino, 10 OH, protected OH,

-OR &6H ENHEOR: NHCODR COBREEBORE- @(Eféﬂﬁs‘ﬁ%%naeterocyde
waACH2- EHE:S@Oﬁp@eadloaislwkier@gR Is &s definedabove@nd awllmased from
afHR) to Oml_@o?q@ﬂ or R4 represents &Wdrog%rl@tﬁm or a (GH2)r, ']o%'-"tlonally
%oug wher n'1 |s egual torO lor %aEd 55 is as defined a,bove 15 an
an%j oge er form aophe?ﬁlvgr a eteroc o:Ie gﬁtronglly su%sf1 fite
faodefined abovaiin othrasesia)ahd ) RY drselestedfrem tiegrodpie alkyl
reempased oflethycirog@ﬂ @ter ra balogesmtomandithe R 1S(OInhs 20t uted by
R NHC CQOR and HSOZR radicals, where m and R ar
gefm%% o‘@éer I_ire%?]é%;re%lntsy gl ‘divalert gﬁrlgtjfp? SFO)Oé bonded t]o%tﬁl%als or by
aniftdder atoﬁﬂﬁ?ﬂi’écé&boﬁ atont: B repredehfya divamht gloppogenc, amino,
0407 (Cf:hl%)m,eiboodeel o iR 25-carboryl byNtheaxygeH@tOR, acCNR8-
SR, r =1 NRE-D- Grgup @ﬂndéﬁ t0§fao cathonylby thenitrogen.atony 55 as

n" is equal to G or1and R8s selected from the group composed of a

Infdrdgen SRBKE AHOHEE ORIY, 89991, BY 102! Gz, 43,

0-CHRICHZ- RO )R, SiRaRbRe dngd@SiRaRbRoradicalpARACRD) andks group,
wiRe 30 ipdividually sepresenting ajingar or branched;alky Jadical vath Lo ve,

6 carbon atoms or an erl Eadlc%l with 6.to 10 carbgn atoLms and WIFLerteeroc cle
and niare c%elnnea as above, ¥ Is Sel ec{edrln the foup %ompose?l of th Y
CCORCOOR, SCONHZ ICONHR SCONHORICENMS02R, CH2COOH,
CH2CQROR, GH2GQAEHQH, 35CHZCONHCN, CH2_tetrazole, protected
C()“%G“é‘f@'G %‘fé§ R §P&§0€50H)5'2%P9§| 0@1@55834@%? O,®R) hydrogen

<c H2PO (OH) and CH2PO
m, a halogen atom and the R,

OR, NHCOR, NHCOOR and NHSO;R radlcals, where m and R are as

%elected

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;),~— bonded to the
carbonyl by the oxygen atom, a -NRg—(CH;),— 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, O0OY, Y;, 0OY;, Y, 0OY, Y3, O-CH,-CHy-
S(O)m-R, SiRaRbRc and O0SiRaRbRc radical, Ra, Rb and Rc
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,
CH,CONHCN, CH,-tetrazole, protected CH,-tetrazole, CH,SO3H,
CH,SO2R, CH,;PO(OR)2, CH,PO(OR) (OH), CHPO(R) (OH) and CH,;PO (OH)

radicals,
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3 Y1 is selected from the group composed of the SO2R, SO2NHCOH,
S02NHCOR, S02NHCOOR, S02NHCONHR, SO2NHCONH2 and SO03H
radicals, Y2 is selected from the group cemposed of the PO(OH)2, 5
PO(OR)2, PO(OH) (OR) and PO(OH) (R) radicals, Y3 is selected from the
group composed of the radicals tetrazole, tetrazole substituted by the

radica} R, squacate . NH or NR fetrazqle, NH-ar NR feirazole. subgtituted,, - 50,
by the radical R, NHSOZ2R and NRSO2R, where R is defined as above

SYOMHs Bpuaf ST P as WP HidFsalts OPIHESE ESmpoitidd Wi, and  SOsH

rimdiganic ,or organic bases or acids. The asymmetric carbon atoms
contaiped;ig thegmpeunds -ghformuda () cap indsperdently fromeachpo (on) »,

RS iR REgIRalen 1 %2 o compounce o

i’ ehanticimers or pure

diastefeoisémérslecdinade forrior BhaixaFe af erraitiopssrd rofabiref radicals
tiacemaies, ortixiues of diastereoisemersvhurthes, singecen the oeguarate,
R e S%')% tyents R1NR2, 2000 R4 [akendndividually apd, an e, 1

other hand, can be in’ the cis and/or trans position to tﬁe nng onto whic
Iy e BondBeE CompathdSofdefmuld @y sreiin'the 46 BREis®or fRAY S/

isomets o mixtusds. thoreover, application WO 04/052891 describes the

related;25,compaunds;, Thesapplicaptthas discoverad that amopg the i organic

compounds described in the application WO 02/100860, certain particular

OCoMpEaRdS HoneT villich afé'lescribed in the experimental part of

thesedpplicatipnscpossess quite nnexpected c30 batibacterial propertiesmpounds
o Fherypigyenature of the compeungds=efithe invention lies, inthefacbthatent the
ey present.an excellent actiylly againgt, Pseudomonas asiuginosa, a, )
bactenal strain ?reqﬂently encountered in nosocomial infections and in

thatiente 135 sufferingfem cystiefibrogis. pure enantiomers or  pure

diastereoisomers or in the form or a mixture of enantiomers

are

notably of racemates, or mixtures of diastereoisomers.

Further, since, on the one hand, the substituents Ri, R,
or R; 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
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 quite unexpected
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 in patients
suffering from cystic fibrosis.

This interesting and unexpected activity is not present

in the compounds prepared in the application WO 02/100860
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This interesting and unexpected activity is not present in the compounds
prepared in the application WO 02/100860 4 containing R1 groups other
than those of the compounds of the invention. It is illustrated below in the
part describing the experiments. Furthermore, the compounds of the
invention have been 5 shown to be active on models of animal infection,

<BEuding; on straigs ysuallyresistantia the gromonly used agHBiIglGSs of the

. The compounds of the invention are able to counteract the main o
LR methariSmb of baketatWhidhi 18 d-factdifadés: effticmps "9 the

eampae porie migtations. 10 The compounds of the invention are compounds

with t'@%ﬁ@ﬁ@%lﬁo@%QW,W@feé@rﬁi?d@%esse'&@ a@@éor‘qgfv@{gggggn, R3/e been
S%%%'q R4 gogegréer form an aromatic drélirggen ted heteﬁﬁcy}:}lg with 5

n active, on 1mo a ion includin
apexes, R represents a dlvalenIPgroup C? )_w erein iSa’-0Y1 g

opadical twhérsin Y 1iguR1S03H, raelichs taittabo® 15 alt<R1 repregentsy  used
aan atkybraidical substituted by amamineer alkdaming/eadicalnThereforesple  to
the abject of the invention is compounds with t eneral formul R3 .
SERIR (- OSOIMN 2 widiai Al Feprosene & (L) LD = 1= ik
2(CSHEY, NIFRFAGIREE wishé LRs BHTRSCE N AIKyPand n T8 8418 - or 2;
R2 representsmaplydrdgencatomhR3 and &4-together torm @ancaromiddtic with the

eRirpgenatgd | 23 hetgrocycle with S.apexes withsl, 2.0r 3 pjirogen aloms,gen, r,

optionally substituted by one or several R' groups, R’ being_ selected in .
A2 GroupCenip6ded 68 hidrogeR Storm ant the” i fadicals WithoCie © With

Scarbematoms represents a divalent group -C(0)-NRg— wherein Rg
is a -0Y; radical, wherein Y; 1is a -SO3H, radical, and above
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)

\ (1)

N\
& 0SO_H

wherein R; represents a (CH;),-NH, or (CH;),-NHR radical, where

R is a (C1—-Cg¢) alkyl and n is equal to 1 or 2;

R, represents a hydrogen atom;

R; and Rs together form an aromatic nitrogenated
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;



10

15

20

30 5 in free form, as zwitterions, and in the form of salts of
pharmaceutically acceptable inorganic or organic bases and acids. 5 The
expression "alkyl radical with 1 to 6 carbbn atoms" as used herein is
understood to mean notably the methyl, ethyl, propyl, isopropyl radical,
and the linear or branched pentyl or hexyl radicals. The expression
"alkenyl radical with 2 to 6 carbon 10 atoms" as used herein is
understood to mean notably the allyl radical and liner or branched

butenyl? pérteRyl N Mex@hyl “Patiddts e terfi ™ arottatc hetefGeyle® T salts
ods psed hersim isi eadérstecd trmeahaotably trasecsealected fram thebases and
afollgwing 15 list, the two bonds symbolising the junction with the

nioggpatedring (RORA N NANNMLLE N NN =N Among (e 801, - o
salts 0 %e prg Up S O. ormulia (\‘f , mention can]be made, among OJi er
athings,sst those famnmed vith 2R indFgatic deidssiich ag diydkdchlotieée methyl,

chydrobroptieydroiodise sulphuric-aaphesphode @cidrer witherganisr branched
pa%i Sfugr}: aﬁggiryniick %eltiggairgluoroacetic, propionic, 6 benzoic, maleic,

feumgnc, succinic;, tartric, citric, oxalic, glyoxylic, aspartic, alkanesulphonic

acids Té\fch &€RigiR&reMnd' ethaRRsllpHciid agitl, afyistiphénicacid§ carbon
asuchsds dxenzenel and patatoluenesdipheniccatid.d Amangrthe dasic salts a1lyl

raihe prodygts affgempula (1), ymentinn gan be made, amandoiher thingsnexenyl

of those formed with inorganic bases such as, for example, sodium,
LRGtaSSitit,

The term "aromatic heterocycle" as used herein is
understood to mean notably those selected from the following
list, the two bonds symbolising the Jjunction with the

nitrogenated ring (RsRg) :

N —
?_N @/N\ N=\
/k% N N

N:N\
N

Among the acid salts of the products of formula (I), mention
can be made, among other things, of those formed with
inorganic acids, such as hydrochloric, hydrobromic,
hydroiodic, sulphuric or phosphoric acid or with organic

acids such as formic, acetic, trifluoroacetic, propionic,
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lithium, calcium, magnesium or ammonium hydroxide or with organic
bases such as, for example, methylamine, propylamine, 10
trimethylamine, diethylamine, triethylamige, N,N- dimethylethanolamine,
tris (hydroxymethyl) amino methane, ethanolamine, pyridine, picoline,
dicyclohexylamine, morpholine, benzylamine, procaine, lysine, arginine,

'%'ﬁ%'?@ N:methylglucaming.,of phogphaniym salts, SUEhas 13¢5 ¢, oxalic,

Ikyl-phosphonium, ‘aryl-phosphoniums, alkyl-aryl-phosphonium,

g&l%@ﬁyila}rﬁl' pHOSBAGHIM or GUsERIRAR AL SAftS such U thas methane

atetra-re-bugyhammodinhosdlt: Areongithe comypeundsofformulaqda such  as

pRetable-objget @aﬂ@t@yggﬁg’s@rﬁp@h@rﬁ%mé%ﬂﬂs wherein R3 and R4
togeti:&er 20 forrgge %:/razolyl or frlazo Ihet roc cIe 2, Pt tionall

substitited? Among aesclo?npoun So formua(l 2o aEFeo Jectfofrrtthula (1),

MipNEANGN SrEtheoRTIBUNdSWHEreMtRE Fs $61e8@d in BHe 'ghoge formed with
1eomgasﬁdcof thesgroups{&ii2)s-NH2 apd (CHANNHCH3 ovhere, 25 pdsassium,

efined abo th heterocycle formed by R3 nd R4is s P tituted b n
%gl 6‘6) aliyf‘(r%dlc%'l Aﬁm rgtﬁe cnompouna formul as? (ijla%alrtlac‘iulaggr Wit

OpBiREL Bf AESiAvemtitiT argthe %Bﬁp%ﬁﬁﬁg%\ﬂ’veréiﬁtﬁlﬂ téfte8snts Rropylamine,
tCHR},ENKHRa0r (64 2),-NHCGHZ:radjdalrhere n is asdefinedydlboviend) and N, N-
dREﬁéaﬂ‘E'y@é tegether formea pyrazolyl ring, subsiituted by a (C1G6)halkylne thane,

radical. Among the compounds of formula (I) avery partlcular object of
ﬁﬁﬁﬁ@éﬂﬂﬁﬂ% transpyrldlne, oline; dicyclohexylamine,

m@J(airmilomethylm,Béemmoucomm@thyl-&msa(sol@hooxy)-m ne, arginine,

h4.drngthano- 7Mﬁ¥@%9mf}c%lr&h%]é“az%&in é(ﬁié)p@l%i-&ﬁan%alts, such as

methyl)-4.,8- dlhydro- - hoox )4
a%gi]har% ﬁ%%azo 103,421, 3] |azép|npl fond A7 Haks @hosphonium,

a@rﬁ@ﬂh%bhﬂﬁ@ﬁﬁéﬂ#ﬁ)ﬂ%l@iﬂwm BroOXIBE-{SIpRGoXyjmgnium salts such as
tmtmﬁHrp%aaqlo[Sama;{ﬁa}diaz@pm 6(5H)-one, in free form, as a

zwittefion, and galts w é;‘?ﬂ?é@aﬁi‘%“t%ﬂ}ﬁé%ep {ahle Inorganic e opject of
organic bases and 5 acl
the invention are the compounds wherein Rs; and R, together

form a pyrazolyl or triazolyl Theterocycle, 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;),—-NHCHs, where
n is as defined above, the heterocycle formed by R3 and Ry is
substituted by a (C;-C4) alkyl radical.

Among the compounds of formula (I), a particular object
of the invention are the compounds wherein Rl represents a
CH,) ,—NH, or (CH,),—NHCH; radical, where n is as defined above
and Rs and Ry together form a pyrazolyl ring substituted by a
(C1—Cg) alkyl radical.

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

- trans 8- (aminomethyl) 4, 8—dihydro—1-methyl-6-0ox0o—5- (sulphooxy) —
4, 7T-methano-7H-pyrazolo[3,4-e] [1,3]diazepin—-6 (5H)-one,

- trans 8— (aminomethyl) -4, 8—dihydro—6—-oxo—-5- (sulphooxy) -4, 7—
methano-7H-pyrazolo[3,4-e] [1,3]diazepin—6 (5H)-one and
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Another object of the invention is a method enabling the preparation of
compounds of formula (I). This method is characterised in that it
comprises: a) a step during which a compound of formula (1) is made to
10 react with a carbonylating agent, if necessary in the presence of a
base: R'l H,N R3 (II) R4 H wherein: R'1 represents a CN, protected

COQH, CQQBSO" (C l§|—22ﬁ1§c'§y[%91%néé0§ IB i@, %Q{ﬂtl%?@—g—%xg—lg—l\l@glphooxy) -

or protected NHR, protected "CO2H, 2R radical n, R, R3 and R4 are as
defined afove™ e HMinCaRYF Ebistitdetits bptfond iy preseht birthe oner
iheterdtyeke forrhedmy R3znd R4 therebeingeprotected if aecessasy 1205 with

p%'é!ﬂﬁ@&eéﬁﬂisc%Pi@tefé%%éﬁﬁ%hgfo%d’ﬂ&ﬁﬁcengﬁf Qhtginingd-anpases  and
algt%{gnedlate compound with the formula (ll1): | R' X R3 (lll) R4 X2

whefein: 25 8 R'1, R3 and R4 have the same meanings as above and
eitherXP ishathyelpogett-atom 6ha picteetiigigfoupsarl X2 fémdsemalal ing the
pZedR243 groups XSoiepresenting the sestiof she carbonylating agent, or
;(5 ;Sbg\r}fs" group apd; X1 represents,a COX3,.9rouR.. 543 bing defined
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:

(1)

wherein:

R’; represents a CN, protected COOH, COOR or (CH;),R’5s
radical,

R's is a protected OH, CN NH, or protected NHR, protected
COyH, COsR radical

n, R, Rs3 and R; are as defined above, the aminoalkyl
substituents optionally present on the heterocycle formed by
Rz and R; then being protected if necessary,

ZH represents a protected —-NHOH group,
with the end of obtaining an intermediate compound with the
formula (III):

(1)

wherein:
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b) a step during which the intermediate 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 ®f the following reactions, in an
appropriate order: - protection of the reactive functions, - deprotection of
the reactive functions, - esterification 15 - saponification, - sulphatation, -

restergedugtion, , - alkylation, - carhamaylation, 20, forpatian Qﬁé”é‘%‘cdr?er X1 is

group, - reductlon of an azido into an amine, sallflcatlon - ion exchange, -

ad@r’é‘ijﬁfgo&eé]ep?a‘i&ﬂhgoﬁ]eadugsﬁ%%?éfdrﬁgrsg 58'AS é‘EQrb%hy%ﬁ%eaSg%fh‘fs a ~2-
Caréagentsueh ax phosgenes diphosyend)driphesgenefantdryl carbonylating

agllaroforgiatg such as phenyd ok pnitieRhery! chiorpforatiate, a arkyt, group,
ch oroformi gt% suc% as be XI chloroformiate, an alkyl or alkenyl

chforoformiate stich asmé yI orallyl 30 chloroformiate, an alkyl
bél|ca?bo$ﬂ'a%>suéhMrt-ﬁbﬁ;ﬂif}jlc’éﬂﬁ)na@?%ﬁmyﬁﬁmm@%Je[FﬂQhe’#OOVG is

cly@qu;@@d:afhban@eprgg;@ﬂ@ggaie heinggueferred. The reaction

Brgfergb%t kes places in the presence of a base or a mixture of bases

“that neutrallse the acid formed. 35 The base can notably be an amine .
cduch &s theryRIRiRE; disoiiiBpyRthylaminBIpyiRfise and/or step b) is
fdimethylaminopyridiner9 ddowewdr, ib s alse passibleworoperatetisingnthe in an
afogmyia-l starting product as a base. In that case an excess is used. If

necessary, the formula Il product |s used in the form_ of an acid salt, for
example a hyd%%ﬂﬁ?ﬁil%% of the reactive functions,

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

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 Dbenzyl chloroformiate, an alkyl or
alkenyl chloroformiate such as methyl or allyl
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.
The base can notably be an amine such as triethylamine,

diisopropylethylamine, pyridine, dimethylaminopyridine.
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5 trifluoroacetate. As a base in step b), it is also possible to use amines,
or hydrides, alcoholates, amides or carbonates of alkaline or
alkaline-earth metals. Amines can be sefected for example from the list
above. 10 As a hydride, sodium or potassium hydride can notably be
used. As an alkali metal alcoholate, preferably potassium t- butylate is

nuseA, s an alkals metal anyde Jitiipm 15 big(rimethylsilyllamidg cap, rny 14 11
notably be used. As a carbonate, sodium or potassium carbonate or

Shigarbohate QM NGtaldty b USBESIF nbLesSdty, thadftetmeliste Withitfieused-
formulet |1 heare peaohtainedan trecforieoflan aciddaltgenerated during the form

othe 20,carhenylationeaction&iid nofahlyghydrochloride. b is, fhgnused or 4
tiP .trt]? C %Iisatiog reaction in this form. In preference, the cyclisation is

Carrie ou?%vcl;t%oﬁfels'olating the intermediate with the formula Ill. The

reactibfis tneptiofed in stepit)are géherafly 325 eomahtiohakrebetiotfs amines,

owelh knewnde fhesecskillehindbe anhikExamples of theoeenditionsfusetka®ine or
K %sqib§§_ig r}ethapnpeliggtjfosn WO 02/100860 and also in the application
41052 J1. The reacfive functions that need protecting, if 30 necessary,
are thRTEhBxyfit acRE atfihe Camide. My dfsa/and hyardkyrifinetst above.
functiars. al heyprotestipn ©f dieiacid fupctionds hatably gravided-dmtheotably be
oL of alkyl esters, allyl, benzyl, benzhydryl or p- nitrobenzyl esters. 35
The deprotection is carried out by saponification, acid hydrolﬁsis

hydrofendiysisidrdeavalie ing Sbiibie P Afdiurt B cohiiaxesP g6 assivm t-

bExarhples afthese grotections and deprotections are supplied in the
application WO 92/1008605 1 ka1 1 metal amide, lithium

bis(trimethylsilyl)amide can notably be used.

As a carbonate, sodium or potassium carbonate or
bicarbonate can notably be used.

If necessary, the intermediate with the formula III can
be obtained in the form of an acid salt generated during the
carbonylation reaction and notably a hydrochloride. It is
then used in the cyclisation reaction in this form.

In preference, the cyclisation 1is carried out without
isolating the intermediate with the formula III.

The reactions mentioned 1in step <) are generally
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
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.

The deprotection is carried out by saponification, acid
hydrolysis, hydrogenolysis or cleavage using soluble

Palladium O complexes.
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The protection of amines, heterocyclic nitrogens and amides is notably

provided, depending on the case, in the 5 form of benzyl or tritylated

derivatives, in the form of carbamates, natably allyl, benzyl, phenyl or

tertbutyl carbamates, or else in the form of silylated derivatives such as

tertbutyl dimethyl, trimethyl, triphenyl or diphenyl tertbutyl-silyl derivatives,

or phenylysuphonylalkyliqr. 10 cygnoalkylderiyatives, hed@%g@%%%'{’@dis are

carried out, depending on the nature of the protecting group, by sodium
SEPithitmtin fyid SamRiohiad by Wydigetolysi€ bF lsing soluble

Palladibm Oprcamplekésby the agtiomefan acitt, ©r theyadtion oilbrogens and
atetrabytylammanium flioride-Qrisfeong basgs sush &s sediumydade or in  the

potassium t-butylate. The protection of hydroxylamines is carried out
B3 01y in REACHA o PonytoF A0 FerS T ARG of etferd e form of
cegrpet Lt by hydrogehblysisa20 Bt usingsokible Palfddiiml0 comiplekes; tbutyl
chhe preteetign efraleahels and phenels:is carriediautin tthe ceayertignales such

way,.in the form of ethers, esters or carbonates. The ethers can be alkyl, .
Aol bere. Lrorafasty melto) oF Hethoxyeh o i lherer -2hen?

| ethers,
taryFBiherd 25 of preferddh dialalkA 2thers For dXaRipé Han %?I%/éiﬁé(rjs? oKyl or
csibtated lefhiersefot exampie silylated derivatives mentioned above. The

esters,¢an be apy cleavable sxiepinannio tigse sdlledinthe atandie nacure

referably acetate, propionate, benzoate or p-nitrobenzoate,

P . .
olarbonate® E8h Befordo SkaMple mBthyl SBRLUEI, &y, BerZytgp tn 1iquid
apenitralsanzy| learbbyatesg®he teprictection isiedmied cut byoheangalladium O
ckrewir ia thoses skilled dn the artonotably saponificatipn, hydrogenolysistion of

t%'g%%%%%b¥f§0|Uble Pallaghum Oic(g)mplexeséth drolysis in an Bésu%%d as

U Or. sodium
medium o¥,

. or Sylifated derivatives; treating with  tetrabutylammonium
hfiigerides 12T ERapicsLar dgivertirythetsart describing the

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
or using soluble Palladium O complexes.

The protection of alcohols and phenols is carried out in
the conventional way, 1in the form of ethers, esters or
carbonates. The ethers can be alkyl or alkoxyalkyl ethers,
preferably methyl or methoxyehtoxymethyl ethers, aryl ethers
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
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
acid medium or, for sylilated derivatives, treating with

tetrabutylammonium fluoride.
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experiments. The sulphatation reaction is carried out by action of the
S03-amines such as S03-pyridine or S03-dimethylformamide, 5 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 experimants. The alkylaign Leactionis carfied oyt by.action.an g 10, e

hydroxylated derivatives, ester or ketone enolates, heterocyclic amines or
CHiogels debending on the case, of an alkyl sulphate or an alkyl halide
or a sUbstituted rikyt,a hotably tysx freeor esterifiedcagboxyuadical. action of
tAkylation, feactionsscan alga bgsarfied oyt Ry VQQIHC@@ga@iG@_@Hyl% ormamide,
The salification b% cids is carrieg oultlif nece sar¥b the addition of an
r n the f %m

a
"&6id 10 the Solub 6hals%edf the compoun(fa e salification byol:]):asgéi%?lple the

Pifveistiipifoosg flinction cahde &mrieckebeusiag thelpyridimeanpele a salt
o@btainedrgkring theractian ofithe SO3pyridine.cemplex and othes sals i metal.
aare20.aBiAned rgmyibjs pyridiplum salt lon exenange,on fesi 6an . alsg, .
e carried out. The carbamoylation reaction can be carried out by using a
chlorotbfiniate’oria Fdatitive of fHe'BBc-ON ypeihes aRldming ofGFion on the
helcessaly asdammoaiacy 26 Areazido geaueean beintroducedrfer enolates,

nexamplehy the action.of sgdium,;azotide an a mesylats pe ipfermediate oo ¢
or b%( reactions of the Mitsunobu tﬁp??’a]t he reduction of an azide group
k

2Barfibd el Gt by thdTaction ot tatkyFor rikrylBRosphiHe 3o e o4 alkyl,
nsadaratortof epardtiomers ang diastereoisdmess bax hewatried but Alkylation

raceordingdodechniques kaowa ta-thaseskilledy inthe.art.mptablynation.
chromatography.Apatt from the metheds described S@O‘é%tcoi oMds vy b
the formula %can%e obtained by methods that initia y use a 35 YooY
tesmpedid ePformbilaa) aFwhicheR' I R3S REENEPHR Ihave vafueshtharompound.
Tiead gdieathy (withosth trannsfasaedion)de those ofihecemppumdsithat A€ can be
C\Q{prééo %rggar%'sqHsce§ﬁ%ry’pyridinium salt obtained during the
action of the SOs3-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';, Rz, R; and HZ have
values that lead directly (without transformation) to those

of the compounds that one wishes to prepare. If necessary,
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15

12 the compounds of these groups that would include reactive functions
such as those mentioned above are protected, and the deprotection takes
place after the step b) of cyclisation or atany other appropriate moment
in the synthesis. The 5 protections and deprotections are then carried out
as described above. Another object of the invention is a method

r@ecording 19, the above, chatactesised y thatthe C%B?‘cﬂ”dﬂ{é‘iﬁﬁ%a Wactive

is obtained by a method wherein & compound of formula (1V) is
EHrRiCELSEE | RA~ RITR 3RACRAGREISR 701, R ﬁ&%repd%?ﬁm%ﬂ%%d and
takovis and e represerits ka hydrogen atdrneor agrouptprptecting thecyclisation

okitragen, hya E%@mg 20681Ph - order taphtaina compeud Oéy‘?{f%ﬁ%is The
QQtecRc ANN R3 I(‘\Q H 15 whereln A R'1 R3 d R4 keeg the
abov

10Nns ions F %ﬁ 9 as
meanlngs mentlo represents a Ieavmg group, that Is

dprreesbedinitha’ €ompound of formula Z1H2 wherein Z1 represents a
prote@tﬁdt%\b%g&itp axd H}w hfrﬁkﬁ@ﬁﬁ&&lﬁ{, by afdepeataetipnagetding to

+9fthe,approprigte pitragen;atem. R ANN R3(V) BE2884 of formula (11)
is obtained by a method wherein a compound of formula (IV) is

processed:

(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):

(V)

OH

wherein A, R’:, R; and R; keep the meanings mentioned above
and Ry represents a leaving group, that is processed with a
compound of formula Z:H, wherein 7Z; represents a protected
—HN-OH group and then, if necessary, by a deprotection agent

of the appropriate nitrogen atom.

(V1)
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A further object of the invention is a method according to the above,
characterised in that the compound of formula (Il) is obtained by a
method wherein a compound of formulal §IV) is processed as defined
above, by hydroxylamine 5 protected at the hydroxyl group, to obtain a
compound of formula (VII): A,. N-a R (VI) OH protected 10 wherein A,

R1, B2, R34, gpd R arg-defined g5 abaue, and.arg madsg lof eé%tcordlng

with a reducing agent in order to obtain a compound of formula (VIII):

R~ N'R3 ¢RAY§ REZATRAEREIN 26 R 'R BT nT4fid 29“3%8%%8& asf ormula
(aBove,thabdb4ds peocebseds if netéssaryylvyzedepretectiomoagert obthe formula
(@ppropriate nitrogenatem. The nitrggen profectiopagent isyiptably,ane o1 amine
those mentioned ove Th red cin%a entis notabl%an alkaline d of

PESroh y&ﬁ&le ST ?eavﬁﬁg groﬁp is éﬁy a sfﬂphonaia Hor examﬁ?goun ©

formesylat® bf hitosylate, obtained by action of the corresponding
sulphonyl chloride in the presence of a base, or a halogen, more
particularly chlorine, bromine dRligdine, obtained for example by action of
thionyl chloride or 25 P(C6K45)3CB¥4 or PBr3 or, in the case of an iodine
atom, by the action of an allz\llhb iodi & sulphonate. 14 The
deprotection agent is notably one of those mentioned @ppve. The
reducing agent used on the compoufid o H@Emula (VIl) 5is notably a
sodium cyano or acetoxyborohydri

|
OH protected

wherein A, R’y, R’,, R3, R’,, n and R’g are defined as above,
and are made to react with a reducing agent in order to

obtain a compound of formula (VIII):

(VIIl)

ZH

wherein A, R’1, Rz, R4, n” and ZH are defined as above, that
is processed, if necessary, by a deprotection agent of the
appropriate nitrogen atom.

The nitrogen protection agent 1is notably one of those
mentioned above.

The reducing agent is notably an alkaline borohydride.

The leaving group 1s 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
P (Cg¢Hs) 3CBry or PBr; or, in the case of an iodine atom, by the

action of an alkaline iodide on a sulphonate.
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As indicated above, compounds of the general formula (I) possess an
excellent antibiotic activity, against Pseudomonas aeruginosa and in the
models of animal infection by strains resistant to commonly used
anti-bacterial agents. This 10 remarkable and unexpected antibiotic
activity was not observed for the compounds described in the application
WO 02/100860. These properties render said compounds suitable, in free
form, as zwitterions, or salts of pharmaceutically acceptable 15 acids and

bases o uSEREUTGGS P thetP&itmeht of SéviEre PsBlifombnidcse mentioned

aipfections, notably nosocomial infections and, in general, major infections
in subjects at Hsk ithesefLanbe, é@éti%%ar%iéf%gﬁﬁ%QBHW%?S@%ma (VIT)
tract, IEor exam le acute pneumonia or chronic |gfect|gn% of H1e upper
“fracts, ?8 infections of the BIGOH, fgrrefacn%p%lgx p%éjer%lars? acute or
chronfssinfettibhs bf thealriicgy traeimsfeations ot the cautitory systémrforla (1)
pexaaple malighant extermral Otitis aro suppW ativer eRkpNicQtitisn skinRseudomonas
=splsseieglans, for. gemple denaliic. nieria wpuads fallculs s crains
5 pyroderma, the resistant forms of acne, eye infections, for examp g .
re&srheaPiiters tinfeciBAS'BRthe nefdGis sy3tem, Potdbiy afehingitieSand - This
rbrairr absdesses cardiamiafastions dsuch msiendocarditisainfectiong of was  not

opaes,and jeints sych as cgismaagticular pypaghresisvertgbral o1 5 cation wo

osteomélelitis, pubic 30 symphysitis, infections of the gastro-intestinal
%6%98 &f as necrosing enterocolitis and peri-rectal infections. Therefore
an object ot thixinventiore s alsodempoands obfupmuladf) asidefibde, in free

rabave for use asdiugs,and notably ) as aptibigtics-3sAMENg4Ne v acceptable
campounds of formula.1) 3 nofabie opiect of the inuentionls these aga e
a&rlug of compoun&s whérein RS afd Lfc?rfgether form a pyrazoIPﬁ or
PeREERNRBRPocyfe Coptivhally Babstititednane apfomy thesé spbsens and, in
gwhichaR1 isndb; selectetdpihe grouprcosiposedaf thecgreipk. These can be

p%%%%%‘%%gl@ di 1(1(% Q@M‘B‘k&c H3, ‘%%ref‘eiép%sr%ecf%? acbroa\tl &t t,hef or example
acute pneumonia or chronic infections of the upper tracts,
infections of the Dblood, 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,
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
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.

Among the compounds of formula (I), a notable object of
the invention is the use as a drug of compounds wherein Rs; and
R, together form a pyrazolyl or triazolyl heterocycle,

optionally substituted, and among these, those in which R; is
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formed by R3 and R4 is substituted by a (C1-C6) alkyl radical. Among the
compounds of formula (1), a particular object 5 of the invention is the use
as a drug of compounds wherein R1 repgesents a (CH2)n-NH2 or
(CH2)n-NHCH3, radical, where n is as defined above and R3 and R4
together form a pyrazolyl ring substituted by a (C1-C6) alkyl radical.

semongdhe ¢ampopnds of formulal), avenchartisular 10 ghiect fhe wu, ang

invention is the use as'a drug of : -trans. .
(§R amindhietayl)-2 3difydro- T-efhyl-626%d-BRCulpisnig)- 4the heterocycle
faamethahe- 7H-pynalz Go[ 3,4-e3 b Sididzepia-6(5H pori€, ~ffansalkyl radical.
8'(a”liﬂgfggth¥ll)fé1%%%g%%%xgﬁ'@Q%?PgWT@7', §1§articular object
ethano-7H-pyrazolo[3,4- ,3]diazepin- -one an - tran .
o ey Aty e I T o . (Ao Ge) Sompouads. wherein R,
rgFraetiEn®- 2H-pyraz olofdl4-ef 1, BldidzepiHe(sH)-onél prftee fBIAL QSN 1s as
da zwitterionpane saltswith; pharmageuticadly aseeptakleinogapie@izolyl ring
-Q19anic.hases and acigs. 20 A fyther obiegt gLine invention is
pharmaceutica Xomposftlons with, 4s active principle, at least one of the
compBlRdS aceBfdirfe BB I\enfidn d<Cdafhet abble. Thesge Ty particular
otgrapasitians ban bewadministered yhmouty byseatudr,uparenterally,

notably intiausalady:apieaaibt pYapiah 2B APRIGAIAN 06LNR SKIN AN nooxy) -

the mucosa, The compaositions accordln%to the invention ¢can be soli

liquid and Jsre<Et i PhATACEHICA forS in etrrdit-G48° T Rulndh one

medicine sughsas, for exampie; igple bricotitedd tabletsxapsules L phooxy) —4, 7—

granules, apRAsioTiesy niesable BQ pegparations; HiBMents Bifam® and

gels; theyare prepared acqording {0 fhe yenal methods, The active o, 1 ohooxy) -

principle or principles can-be incorporated in'the exézlplents usually use

in these pharmegidiricat Conmpesitiens,[Suéhls tale 3gdir7ambic,d4etbsene,
istarchs reagnesitsrisiearates cocea butieri 35 agueays or ather mediats  with

o[PS NS R IURETRs anc
acids.

A  further object of the invention 1s pharmaceutical
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
application on the skin and the mucosa.

The compositions according to the invention can be solid
or ligquid and present in pharmaceutical forms in current use
in human medicine such as, for example, simple or coated
tablets, capsules, granules, suppositories, injectable
preparations, ointments, creams, gels; they are prepared
according to the wusual 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,
aqueous or other media, fatty bodies of animal or plant
origin, paraffin derivatives, glycols, different wetting,

dispersing or emulsifying agents, preservatives.
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These compositions can notably take the form of a lyophilisate designed

to be dissolved as required in an appropriate solvent, for example

pyrogen free sterile water. 5 The dose aédministered can vary depending

on the condition being treated, the subject, the administration route and

the product concerned. It can, for example, be comprised between 0.250

and 10 g per diem, by the oral route in humans, using the product

described in example 1 or 10 comprised between 0.25 and 10 g per diem

by intrAHTScul&FBP RiraveRBas ifjéltiod! ThaPrddut@kst formida (¥R °F @
lalsplbelisedtas disinfeptants forsukgicaldnstamerts. Tae folewingred in an
Sramples diustiate the inyertion.. 15 FEXAMBLES; EXAMBLE J: sodium yater |

and trjﬂyoroa etate salts of trans [[8- a3 h
(aminomeethygglﬁg-dih%/ rol-]il-%nse%ﬁy -eéioxoqgfﬁsulf%%)% -4,?1-epen thg o on ©
cmethdnoTH-geardlo[3 423} fE S} diakzBpin-6(Bh) soner 20 Shege Administration
rédihydiadl-metbyl-4r(¢phenyimethesn)asino)-1H-py@, for example, be
zolo[3,4-clpyyidine-6(5H), 7-dicarboxylate of 6-(1,1-dimethyl- ethy]) an

?ﬁ,?_%,ﬁgﬁf,ﬁ )%gel?%%%ge '(ﬁ%g-diﬁ%iro?;@-h%H%%-L?ﬁe? ’|-|le-y 2gﬁe Bra1 route
1Pyra?eltisd A«c]pyiding-6 B, 7 fCiB6Xylafe s 6-tPEddiméthyfetayiple 1 or
caingb 7irnethyh deserbediinzbe application \W&r02L006860y10 gL 322scular or
s mal) is putin §H§|%%n§i'%i.n dichloromethane (100 ml) at ambient

temperature under nitrogen and with agitation. The suspension dissolves
after 30 frietlyIME S addbd (12385hF 1098 mnf6i"3.2%0j°A Sutigbed @S
dafsmetrramieagulphcryt chlorideqal.4imk 96.86&nimol, 3 eq) in
dichlorpmethanedl21gl, Laaleme) is;added-dropwise, o the eeaction .
medium cooled to -78C. After 30 min contact, the alcohol A is completely
transformed into mesylate. 35 A solution of O-benzyl-hydroxylamine in
' ethane is freshly prepared from 0-benzylhydroxylamine
Ehydrochlonde s@5i4:g9, 360.61nmel, oegh ddel-bepaylhydroxylaming [ [8-

(aminomethyl)—-4,8-dihydro-1-methyl-6-o0xo-5—-(sulfooxy)-4,7-

methano-7H-pyrazolo[3,4-e] [1,3] diazepin—-6(5H)-one
Stage A:

4,7dihydro-1-methyl-4-( (phenylmethoxy)amino)-1H-pyra-
zolo[3,4-c]pyridine—-6 (5H), 7-dicarboxylate of 6-(1,1-dimethyl-
ethyl) and 7-methyl (B)

Derivative A (4, 7-dihydro-4-hydroxy-1-methyl-1H-
pyrazolo[3,4-clpyridine-6 (5H) , 7-dicarboxylate of 6-(1,1-
dimethylethyl) and 7-methyl, described in the application
WO 02100860 (10 g, 32.12 mmol) is put 1n suspension 1in
dichloromethane (100 ml) at ambient temperature under
nitrogen and with agitation. The suspension dissolves after
triethylamine i1is added (14.30 ml, 10.28 mmol, 3.2 eq). A
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
is freshly prepared from O-benzylhydroxylamine hydrochloride
(25.4 g, 160.6 mmol, 5 eq) . The O-benzylhydroxylamine

hydrochloride is dissolved in a mixture of 0-
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hydrochloride is dissolved in a mixture of 0 17 benzylhydroxylamine
hydrochloride (100 ml) and water (50 ml) A solution of 2N caustic soda
(85 ml, 176.66 mmol) is added at OC. After 10 min of contact and
decantation, the organic phase is dried on magnesium phosphate for 45
min, then 5 concentrated to half volume. The addition of this solution to

reaﬂ??ﬁ@é@o&rﬁéﬁ%@l@b%‘ﬁ%&g@ﬁfﬁl 48C propwiseovend oW Ihgsg n1)

ion ‘mixtureé is a%ltated allowing the temperature to increase

Boradddiy randiert " Watet 266 mif i added dnd it is/diutéd W) 1S added
adichldfométhane (100 min 10 agitated adecamed thenahé agueous phaseorganic

pisdgextracted, withdichloromethane ukhe graanie phase is;washed witha  then
saturat%d Nta%{ solutlgn (%OO nll drledT}lhen C #centratedfto r ness. A

solution t
ite amorp ous pow eris récovered, witich after c%romatograﬁhy glvgsl ©

tifh% Bidenivative expeert(®.25°8 66 15 WRMS (ES (V) micMprise over 1
hdLt2 IHINMR (%Nﬂiz)rCDGflﬁat@ﬁ@ diaﬂﬁreqimrﬂarc@drotamem)ﬂsng the

4 H,.t CH2-CH I 3,7Q(s. 3
%)H%?)r:f‘§4 SH%CH% %§% &ﬁa éEH 20 )1%96%4 EP;W n%égs wwoo )
i8H, %ﬂiﬁ-%dcr@@@h ahd N%r@léﬂtﬁ)i 5%%5 sishipcpcidzme), (100 nl),
ag.2Rat.8d(massiventddPhh2eA40(shdH,dHpyrazelepStage Biframe-extracted

w%%e”&’l@@@r%&%?{%@eth%M eteranydrods- 43  yashed with a
methano-IH- rgyrazo 0[3,4-e] [1 3]d|azep|ne -8 (7H) methyl carboxylate

SR AN S5loN B LCTIHBIAS (406 I T8 bty R-péifted Gt CoRiBRGrated to
dBy2¢ g5 50.42 wimok dissolved dmdioxaneld50 AH) atamebiemed, which after

clerperative o phe regetiens mixtiure i 30-Aagitated far 3Q mincthen thes . 25 g, 66
ﬁ:oxane is evaporated. The residuge is taken up while being agitated in a
ixture of water (100 m) and ethyl acetate (500 ml) . A solution of
Mgmiionid tonceritrated ¥o 1209 442 ) is added at OC. The agitation is

lgontimeied fay BQumin. Aflecdegantation thie astereoisomer (2 rotamers) &
(ppm) = 1.43 (s, 9H, tBu), 3.15 (dd, 1H, N-CH2-CH-N), 3.68 /
3.70 (s, 3H, CH3), 3.84(s, 3H, CH3), 3.98 (m, 2H, N-CH2-CH-
N), 4.6-4.8 (massive, 3H, NH-O-CH2-Ph and N-CH2-CH-N), 5.40 /
5.8 (s, 1H, CH-CO2Me), 7.22-7.31(massive, O5H, Ph), 7.40(s,
1H, H pyrazole)

Stage B:

Trans 1-methyl-6-oxo-5-(phenylmethoxy)4,5,6,8-tetrahydro-4,7-
methano-1H-pyrazolo[3,4-¢e] [1,3]diazepine-8 (7H) methyl
carboxylate (C)

A 4N solution of HCl/dioxane (400 ml,15 eq) 1is poured
into a solution of B (21 g, 50.42 mmol) dissolved in dioxane
(50 ml) at ambient temperature. The reaction mixture is
agitated for 30 min, then the dioxane 1is evaporated. The
residue 1s 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 1is continued for 30 min. After decantation the
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
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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 183 concentrated. The intermediate
deprotected piperidine is obtained in the form of a yellow oil (m=15.7 g,
98%) that is taken up in acetonitrile (400 ml). To this mixture cooled to 5
0C, are added triehtylamine (21 ml, 151.2 mmol, 3 eq), then diphosgene

(3.04 ml, 25.2 mmol, 0.5 eq) dropwise over 30 min. After a night in .
cooviaetaHmbient t é}%perhﬂ}}érfﬁ%%%*&%m FEBONdETirated tiehigkentne 1S

oy svitheathylracetate (s00nmdfand treatedwvithid 1096-36lutioef taftalic that is
£3dd {200 mby, LJ@QEQ)HH)@H'ELQ@ afg@i%%i@ﬁﬂd decal ’E@ﬁ( B%ﬁl@fgﬁr?i@ corc])led to
phase is was wi ution o o tartaric ac ml), t wit

Oa%éoluatlon o?gg?urateaﬁgé amlénrled gﬁd céfﬁceﬁ %fe%d AR r()alduc?gdeq then
dpiesegEe The Whﬁé‘lpr@huc?ébtaurf@m(hq 15.3 ge 899} risakereupiter 30 min.
adicbloramethagme: (150 nilpri-8«hiazabicydbicle[s.4:Qlupdecans, (78% medium
.ml, 50.04 mmol ed dropwise. The tur glt e for2h ,

ltSreegft(é W|tmt V\%e%ter (2%ml)]%'jt%&ltalﬁeél decg]rtl)fled egfﬁ org%n% asepfgd% ml) and

twashedwith Water (24960 MPLtHeOWithCd sdtaraliéd Nach %bﬂjtld@ ¢Popp) - The
mik)t and diied aniMgS&4, theh cencentrated toh20 dryresse Theexpedtedwashed

wagnvative, Qlléﬁ‘EB‘PNeé‘%d (=14.22-G, B5%0) - 4N the form of awhite %‘Pll!éjn with a
=343 1H NMR (400MHz, CDC13) S (ppm) = 3

SR NGB PR 25 a5 et A1 N2 SRR oMy BLERGy ared ot
r3@8qsa3khr €HB)r8.9 (B, NhCH2-OHeN) A7 (h U N0-OlH2-Ph)3 g, 89%)
12.02¢ fdediH, :\{IQ g#%spf&,l%ﬁgg%oﬂét@%@w%07 B9 7.43(MassiMey zabicy-

+

?I % E h%r%%%%hycﬁo)gyrﬁgéyl) 1- meﬁmByl I!%l(bheny?meﬂmxyﬁnﬂjf is added
e 7H-Pyrazbliofsars [1 3] diazépiBisH) ened DY 2ugslutiorrsfaged with
wibc@r14.6000mal))in ansanhydreus mixtseroidetrahydeofurangs@b0 mhHase is
wggﬁg§pd#§gﬂnDWater (2200 ml), then with a saturated NaCl
solution (1*200 ml), and dried on MgSO,, then concentrated to
dryness.

The expected derivative C is recovered (m=14.72 g, 85%),
in the form of a white solid.

MS (ES (+)): m/z [M']=343

'"H NMR (400MHz, CDC13): & (ppm) = 3.25 (d, 1H, N-CH2-CH-N),
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:

4,8-dihydro-8- (hydroxymethyl)-1-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) 1in an anhydrous
mixture of tetrahydrofurane (150 ml) / methanol (50 ml),
under nitrogen and agitated, is cooled -10°C. Lithium
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
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under nitrogen and agitated, is cooled -10C. Lithium 35 borohydride (668
mg, 30.67 mmol, 1.2 eq) is added to the reaction medium. After being
agitated for 2 h at -10C, 1.2 additional e@ of LiBH4 are added. The
reaction is treated cold 2 h later with a solution of 10% NaH2PO4. The
tetrahydrofurane 19 and the methanol are evaporated under reduced

aRtgsstie. (2Q0.mbay, 40C),, The remaining, megure,izfaken up with, gty e s sure

acetate (200 ml itated and decanted. The aqueous phase is

(r28xiactéd wift? 160 ml th§il acétate: THe%ordhid 5 PhaseSs drfgtfoh P with
eraghesiym satphatethénrcohecentratethtoedryaesss. The pateeyielloWhe aqueous

pﬁ%‘@giri%?]talni@e@tﬁ@%aitl)ﬂ%&hxfﬁmgtOQ@W %tﬂ%%—na?g%igge I. 63%1/@ organic

eluent-ethyl acetate) to give the derivative .20, 10.18 mmol, 64%).

P tEe () MR MR BPR MR BIOGPURRS DR e pppced £

dx BUEG (id, 1ADR-CHREH- NYS3.48Y(d, 1IPPNIEH2-CHN)iBA (s, BH,6 9)  is
ceH3hat 8331 hdmassive,idH CH2QH) x A4 (& 1M N-GH2-EH-N}yetate) to
4.48 (m, 1H, CHCH20H),4.88 (m, 2H, N:0-GH2-Ph), 5.20,(m, 1H, OH),

% frﬁ%s.&eﬁ B W o s pr) 18 STt Frale

M3 g did-I-tmetAylZ8-[(hethyfsaifonyl)oxymethyl)]- 5-

" {phenyimethoxy)Hdz7-mattsaneriH-p§razptafl,4-e] [, 3]diazéd, 1H, N-CH2-CH-

NRIN-665H)10nE(E) DerivativerD (24619, 8.78 mmol) is dissplvediin )20 5 gq_3 91
dichloromethane (10(5 ml) at ambient temperature under _nitrogen with

(Hgitatioht aftéFeodting 18 be, triethyldMine {1.88 w1397 Mol 1:5 &g)(™r  1H-

Ci&Etided) thef didpwise a28oluttorbofdiiesylichloride{0.61ry, 141056 dpl) 7.35-

7ing dichloremethanes(100ump  Ihedce bathpis)removed at the end 25 of
St;pae ad(%ti:on. After one hour of contact at ambient temperature, _the
treated with a 10% solution of NaH2PO4 (80 ml) while

THGRSinG: Afteh agiation and lageahtalibne thyaquediephasesgnethyl) 1 - 5-
(renexiyacted Mathy pich|oremetnane (SHMY v he-orgapiciphase|is dsipddiaze-
p@ggé%f;ﬂn_cggga@q at reduced pressure to give the expected

Derivative D (2.76 g, 8.78 mmol) is dissolved 1in
dichloromethane (100 ml) at ambient temperature under
nitrogen with agitation. After cooling to 0°C, triethylamine
(1.83 ml1, 13.17 mmol, 1.5 eq) 1s 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
of the addition. After one hour of contact at ambient

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

NaH,PO4 (80 ml) while agitating. After agitation and
decantation, the agqueous phase is re—-extracted with
dichloromethane (50 ml). The organic phase 1is dried, then

concentrated at reduced pressure to give the expected
derivative (3.44 g, quantitative yield).

MS (ES (+)): m/z [M']=393

'H NMR (400 MHz, DMSO-d¢): & (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,
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).
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derivative (3.44 g, quantitative yield). MS (ES (+) ) : m/z [M']=393 1H

NMR (400 MHz, DMSO-d6) : S (ppm) = 3.23 (dd, 1H, N-CH2-CH- N), 3.26

(s, 3H, CH3), 3.45 (d,1H, N-CH2-CH-NR 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, CHCH20OMs and N-O-CH2- Ph), 7.35-7.45
S@g%%y ve, 6H, H pyrazole + Ph). 20 Stage E: trans

ﬁgawzﬁrdtrm thyl)-4,8-dihydro-I-methyl-5-(phenylmethox

A etfians 7 HeABL G013 44 T, %}Bﬁé%ﬁmle(%?-ﬁ% (F) (8Bain-methoxy) -
dazidads hdded all apwnee ¢1.31 3y, 26¢3 molpio 8 sesoiption-6f B3 4drg; (F)

8. t78 '@H}PD%H dé?%ﬁé’”%;}”%@!ﬂ@? (EQW)a%t %ﬂﬁiéntt t(;j?TiF?LGer(%:tur% B‘”@ehmol) to
nitrogen with agitatio reaction mediym is ed to overni .
theng[fea ed" Wltﬂ%an rgquégusg gol tlorr:23 of L%‘Vn N%]?ZP@E 5 rﬁnl? ,&ﬁ] %érmamlde
(dditatibh arfd dedahtationt #iCagqaeoUsSphEsess ra-ektrasted Tohlith agitation.

T@i@hlﬂmeﬂ@m en{@¥B0:ml)i Ihasuganic phase i?cd rigeh rihegrooncentatedreated

W du d press 0 give the 3, 969 th |vat| .
§t7 mﬁ%%n ﬁ/i”s%J % ok %ﬁ\ﬁ —340£1H% ﬁgg% Z, Dﬁ% r%g)s Afte
2B =P20 fd¢ 1@FW€BT-FZtGPPN) ti)?:%@l‘gu(ﬁoﬂ}ﬁ N@ﬁ? CHiNye3%Btracted
widdy 1 Ch:GH2:NBY, 3n#2 ($2 3H), GH3), 302o(dd,rHrGH-GH2N3),1s dried,

42000, IhL Ny CHR-CHI-N)A4.76 (e tH CHCHAQNS), 4.890, 2He 3,96 g of
N-O-CH2-Ph), 7.35-7.45 mas ve, 6H, Hﬁyrazole + Ph) Stage F 20

tﬁﬁnseﬁﬁ%%ﬁ%rgﬂ%‘éﬁﬁﬁ% Jo-4 {penyimbingiy4)7.
Mettihot7H)pyrazolo[B41e1 323 diazepin-8-yllmethyl]-carba- mate of
4, kﬁ?e@hgl@tgyg@) BMB@laag)tut'@n @Jﬁéimeﬂgylgf@ggaﬁwe (34 M-S -cu-n) ,
smmol) is a olutign ina
m ur adf tdﬂﬁéne&??ﬂ % and tetra h%d?(())gfur%del (5%%0 a? %:t%’% 3.72 (s

Stbmpétature dnder n(l@&gen]«ﬁlth Agitatien Nafter 3%h e8ritact, BsoldtioneiCE-N) ,
4BOEC-Q8(0.921g, 3cmpmtiin, tetratpy@rafurane(10mipiscaddedh) , 7.35-7.45

(g]rgggv{%tlo élﬁe, rc—ggcgi% g@%‘iigmﬁ%%?q to OC. The agitation is continued
Stage F:
trans [[4,8dihydro-1-methyl-6-0x0-5- (phenylmethoxy) -4, 7—
methano-7H-pyrazolo[3,4-e] [1,3] diazepin-8-yl]lmethyl]-carba-
mate of 1,1-dimethylethyl (G)

A molar solution of trimethylphosphine (3.4 ml,
3.4 mmol) 1is added dropwise to a solution of F (1.15 g,
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
for 3 h at ambient temperature. The reaction medium is
treated with a 10% agueous solution of NaHCOs; (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
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%).
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30 for 3 h at ambient temperature. The reaction medium is treated with a
10% aqueous solution of NaHCO3 (50 ml) . After agitation and
decantation, the aqueous phase is re-extiacted 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

M@im@g gglymn g(g}l%er%l\g;gﬁd_gq%ane/ ethyl acetate 5/5) . The expected
lﬁ';lOdUCt IS obtained %) ﬂ/2|]|—%z”l.4 mmol, 70%). 21 MS (ES (+)): m/z

N 4 (49 NN R (4BBWIHZ, COCIBR™S (ppnty = 1.3 ¢s, 3y, tB8H)2 305 - 0> (dd,
1td, NH;IN-GH2-EH-N) 3119 (¢dd1H 1CH-CH2-WNHBOTYC8.2Y (dd,2H, (dd, 1H,
N(NCQ?_IZC(I:I%I\N); 332 “i)% i‘(;s Cng)i I'—?j@él@) éﬁa@%ﬁ??%@océ@@&mmm ,
RGO 3epr) 103 (& 161 N0 W3- 516t 1L motiey PEOR,, 47°
(TH, Mipyrazole ;723721748 (tndssives bHL FRhNStage s 1BtPyridinidth s 1H, H
mofdiars [[4,8-ddwydrosl;methyl-6roxpyrazole), 7.37-7.48 (massive, G5H,
P(]I Iphooxy)-4,7-methano-7H-pyrazolo[3,4-e] [1,3] diazepin-8-
mieth []-carbamate of 1,1-dimethylethyl (H). 10% palladium on charcoal
%ﬁiﬁméiis added to a solution of G (0.6 g, 1.45 mmol) in methanol (10
Pmbi dheilmreastian meditum isirgdsogenatedsfed 3y dhe-rmethaniol/is-6-oxo-5-

vaporated a4 redyged preggure 1o give thesdebenzylated sderiyative, o, g
(%A]%[TS]S&(%)K/?: m/z [&%:324 F'Iegrhe de gnﬁﬁte%]%term%ag is t3a en%%éyinepln °

YA Y20 (FAMRATAE Prédente ot BN SubhUr tibride complex
(462 Mg 2.90mmal)d Thie reactioncisamaintained(tddemagitatioh ataedded  to  a
s@q&@'tejrgﬁem@ra@;eé@vw%ht-&Th@srrl%igmiz it%ennc@mgmt@teq%b ml). The
reauce ressure. e unremned reactuon pro SC matogr eq on
e e B 25 THCHA SO0OR e orims e e R e 1= then
Witk prethadol fidm 596eCE00) By giveUle defivatiiel Mq0.491g, 1. ¢8benzylated
deneia84%d.. MS (ES (+) ) : m/z [M-]-402

MS (ES (+)): m/z [M']=324

The debenzylated intermediate is taken up in pyridine
(3 ml) in the presence of pyridine / sulphur trioxide complex
(462 mg, 2.9 mmol) . The reaction is maintained under
agitation at ambient temperature overnight. The medium is
then concentrated at reduced pressure. The unrefined reaction
product is chromatographed on a silicon dioxide column
(eluent 100% dichloromethane then gradient with methanol from
% to 20%) to give the derivative ﬂ (0.49 g, 1.25 mmol, 84%).
MS (ES (+)): m/z [M ]=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,
CHCH2ONHBOC), 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-6-0x0—-5-
(sulphooxy) -4, 7-methano-7H-pyrazolo[3, 4-e] [1,3] diazepin—-8-

yl]lmethyl]-carbamate of 1,1-dimethylethyl (I).
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1H NMR (400 MHz, DMSO-d6) : S (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-CH2H-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

[48‘ih£HQ'éH§QO68§0§b3 of DOWEX 50WX8 resin in a solution
n{;;}Ii\ooxy) , 7-methano-7H- tihgrazolo[f:’. ,4-e] [1,3] diazepin-8-

yESrbAMateeL, 1L diediyibthyF (12 35 A Seilperisfon BIBORPEr  then
pI(DJWEX 50WX8 resincinzepseltutigr aP2N caustiosoda (300 milpis agitated!  with

dtor oRe-hour sthen pouksd O{EPPcéPhFB@atQ@@QPXPOM\HHeE is ghted Withimn  is
dem| rallse(gl wat%untll %:/ tral, then the ¢ umn is 5 |t|oBed wit
T

©8 3010 Hixtlire bt Watdt/ erivatve’ = (0%9 ¢ gt mmol) is” ="' ® ive H
(isédived in &-Rihimumlof water, Placedl gt the e6lunin, thenelwed with water,

pat9¥d0 mixtwreof waterhbF. dheqfrastions gonfaining &he%lbﬁtratﬁlﬁal&%u re of

ole frozen. froz n solution is lyo h||| dto le h
B ectg?%?od%%&tl(g o mrétl?lglégﬁ))gM (ES(+ % =l TM- Ho2P00ted
ﬁpl\ﬁ%RZ@@O MRBE, éWFS@%GFOé%BE)ﬁf} —319391&0@?11%8@9@3'{? 3lgpd to the
efpette? GH2)dTH38), B.4D(M4ld, CHOH2@NHBOC) 464 (s, 1H,

M'§ GHZ-CHN), 7,16,(Mythl ymobile), 7.35 (s, 1H, H pyra- 15 tole). Stage

I: sodium and trifluoroacetate éalt of frans [[8(am|nometh

i oh e et R s T S8 Bl 3-30-
3[1/3] diazepintb(5H)-0lae (JJI2O) A sélution of triffudroddetic ASMHBEMI) iA . 64 (s,

1dichiqromethane10-ml) is peured dropwiseinta a)solufionof (0.15:9, v pyra-
O 5 mmol) in dichloromethane (5 ml) under nitrogen and cooled to OC.
eactlon is maintained under agitation for 1 It at ambient temperature.
Mﬂl’e is 25 evaporated to dryness and taken up in a minimum of

swatermT hen solutiare ssazendhendyopbiised wgiverthrexpeaedmninomethyl) -
4,8-dihydro-1-methyl-6-0oxo-5- (sulphooxy) -4, 7-methano-7H-
pyrazolo[3,4-e] [1,3] diazepin-6(5H)-one (J)

A solution of trifluoroacetic acid (10 ml) in
dichloromethane (10 ml) is poured dropwise into a solution of
1 (0.15 g, 0.35 mmol) in dichloromethane (5 ml) under
nitrogen and cooled to 0°C. The reaction is maintained under
agitation for 1 h at ambient temperature. The mixture 1is
evaporated to dryness and taken up in a minimum of water. The
solution 1is frozen then 1lyophilised to give the expected
derivative g (193 mg, 0.35 mmol, 100%).

MS (ES (+)): m/z [M-]=301

'H NMR (400 MHz, DMSO-d¢): & (ppm) =3.32 (dd, 1H, N-CH2-CH-N),
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-

(amino-methyl) -4, 8-dihydro-6-oxo-5-(sulphooxy) -4, 7-methano—

7H-pyrazolo[3,4-e] [1,3] diazepin-6 (5H)-one
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derivative J (193 mg, 0.35 mmol, 100%). MS (ES (+)) m/z [M-]=301 1H
NMR (400 MHz, DMSO-d6) S (ppm) =3.32 (dd, 1H, N-CH2-CH-N), 30
3.33-3.37 (m, 2H, 2CH), 3.43 (d, 1H, N-€H2-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-6-oxo-5-(sulphooxy)-4,7-methano-
7H-pyrazolo[3,4-e] [1,3] diazepin-6(5H)-one 23 Stage A:

S hydroxymethyl)-4,5,6,8-tetrahydro-6-0xo-5-

tiieayknethoxy)ek Yrmetimahb-7H-pyfazdia[8 4-elj v Bldiazepino5 5 -

(BfoE)one-The mpthyl estelofirans-42.8 8tetrahwire-6:0¥9-b1 |, 37diazepin-
6g) Fylmethoxy) -4,7-methano-7H-pyrazolo[3,4-€e][1, 3]d|azep|ne-
carb

oxy?ate described in the application W02004/052891 (Example 1,
T&age KYSgvI5.2 nirick 1s dissdived raNBL 10 Mikiube bf anAyddGs —6-0x0—5-

me&agmﬂéetrﬁhyﬂrofmrmen@mama Tidet Akagen| NaBH4) (213 9) 809zepine-
O%IS en agldegl gle bg Ilgle The re%ctlon |um 1Cs %gntatey%%ozi(%zwl

ient mperature overnlg%t then treated with n a ueous solution
?@‘%‘WéﬁZIﬂ@4 Ellorrml) KAfter eYaporatig B'@ryhesss tHelf§ feateion in a 1/1
mitxiunesis taken um inydatensThenprecipitate fermedh jglagifated overnightO  ml),

uindes. th%‘EPg% anggrigd for af l‘j‘aS%%Af@'r}nﬁmé@‘fu%@ N RLEsenee ol 1ittle

P205, to give the expected compound 11.0 mmol, 72%) in the

Bébrmiot & White povider-56 fis tEs (E‘F)dlﬂfﬁk M= LA RN ot ambient
LRAQOMHEZ, DM SOV iS{ppm) th3.18-3r5%: (ABX W2ZH IN-CH2 @H-d)s solution

o3 65@676@152@0% NG HrCIH2-OH) 434 (%%zlﬁ'pbk@Hi&ﬁZt@Hth%ss, the
% , N-CH2- HN)48%%H CH2-Ph 7297 H, Ph), 7.66

a mixtu (m > edipftate formed
1 Ij-i pyrazolef ®12:72 (Hroad fﬁ 25 ) eéﬁage]% rpa P
if4, e%ﬁ@d%eda W@sr(paéﬁylﬁrﬂétrﬂos@) 4 7omethahbtayed and dried for at

least 24h in a wvacuum in presence of P,0s, to give the
expected compound (3.3 g, 11.0 mmol, 72%) in the form of a
white powder.

MS (ES(+)) : m/z [M'] = 301

'"H RMN (400MHz, DMSO-d¢) : &8(ppm) = 3.18-3.50 (ABX, 2H, N-CH,-
CH-N), 3.65-3.76 (ABX, 2H, N-CH-CH,-OH), 4.34 (t, 1H, N-CH-
CH,-OH), 4.46 (d, 1H, N-CH,-CH-N), 4.88 (s, 2H, CH,-Ph), 7.29-
7.43 (m, 5H, Ph), 7.66 (s, 1H, H pyrazole), 12.72 (broad, 1H,
OH) .

Stage B:

trans [[4,8-dihydro-6-0x0o-5- (phenylmethoxy) -4, 7-methano-7H-
pyrazolo[3,4-e] [1,3] diazepin-8-yl]lmethyl]-carbamate of 1,1-
dimethyl

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
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
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pyrazolo[3,4-e] [1,3] diazepin-8-yllmethyl]-carbamate of 1,1- 30 dimethyl
The alcohol obtained in stage A of example 2 (1.73 g, 5.76 mmol) is
dissolved in anhydrous pyridine (35 ml)2dnder nitrogen at OC.
Methanesulphonyl chloride (1.78 ml, 23 mmol) is added dropwise. After
2h30 of agitation at ambient 35 temperature, the reaction medium is
treated with a saturated aqueous solution of ammonium chloride (100ml),
then extracted with ethyl acetate. The combined organic phases are then
WSS timeWith A satated SGESUR soldbhPordfimoniunt 2gered  then
celnlordé, wrieeonisodiem salphate, filtereglithen cthaceatatettindh dimesylated
dvacuum 1o, givetheexpected dimesylated derivative in the form of a
)éellowdoil. 5T egimesylat%d interénecjtiate IS diss%{ved inlani&ydrous
i?nethy%%?r%%ma} & (45 mi), Gnder nlifaroﬁen,llr? the plragé)néfeeof sodium
dagigé iy 1 daymams demdifoT el leactionl pixtuid 50 fieatedito 70T fappgsence of
sheursmlf necessary,11. eq ofj pzideris3agdded s0 thahthe eenversion iSmixture is
omplete. W e feacti 0.is complete, the mixture is treated with a_ . .
" 62%8%5%&27%:0 utiéﬁ%of %%I—E%%ﬁg(lo_ mISI?hseensgxtrrgc’te(;rr w?%% B8 sae .lS
adieRdrometirdre: TheSoRbied Srginic haSesare dfied YR Sbdidne reaction
isulpbatep fitered theheconcentrated inia vacuwmttedgiveithe expectetk aqueous
seaide inthe form of yallow e, 15 The jnfepmediate s pyt intoteactioney  witn

under nitrogen, in absolute ethanol (17.5 ml). Then di-tert-butyl

ddicArbsonatE (188, 6 3 A rigfhyisikng 138 nfl8 82 midifandr 1e2  on

s bO%yralladiuphiaydroxide onehartoal(52 my)are mddedesucéessivelyacuum  to

gAffer ene night at-ambient temperature, the 2Q reactiom mixturesis filtered

1fhen concenirated o give a grude yellow ol This giude ol s purified by ., -,
C romatograpeny 511 & sificon'dioxide cofumn (ae?uen? g’radlllen gens

ACFREIZMeOHNEIMG to O5/5 pefn1ds) toldive theléxpectedbediipouddsarbonate
((1.38 0g3.48 mmohsd ), astarwhbite goHd. 12mMS (ES(#))ni1m/z gMéh=rd1) and

10% palladium hydroxide on charcoal (52 mg) are added

anhydrous

successively. After one night at ambient temperature, the
reaction mixture is filtered then concentrated to give a
crude yellow oil. This crude oil is purified by
chromatography on a silicon dioxide column (eluent gradient
CH2C12/MeOH 100/0 to 95/5 per 1%) to give the expected

Qo

compounds (1.36 g, 3.40 mmol, 34%) as a white solid.

MS (ES(+)) : m/z [M+] = 401

1H RMN (400MHz, MeOH-d4) : d(ppm) = 1.51 (s, 9H, C(CH3)3),
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).

Stage C:

trans[[4, 8-dihydro-1-tert-butoxycarbamate-6-oxo-5-
(phenylmethoxy) -4, 7-methano-7H-pyrazolo[3, 4—e] [1, 3]
diazepin-8-yl]lmethyl]-carbamate of 1,1-dimethyl

The compound obtained 1in 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
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1H RMN (400MHz, MeOH-d4) : S(ppm) = 1.51 (s, 9H, C(CH3)3),
3.21-3.59 (m, 4H, N-CH2-CH-N et N-CH-CH2-NHBOc), 4.36 (m, 1H,
N-CH-CH2-OH), 4.46 (m, 1H, N-CH2-CBN), 4.99 (AB, 2H, CH2-Ph), 30
7.41-7.52 (m, 5H, Ph), 7.63 (s, 1H, H pyrazole). Stage C:
trans[[4,8-dihydro-I-tert-butoxycarbamate-6-0xo-5-

d&Hﬁ‘@E‘M&Fﬁ%@H% '@Zi@?%no(éa'W&?ZOIQ[.?Q%'%%%L 35are added to the

diazepin-8-yllmethyl]-carbamate of 1,1-dimethyl The compound obtained

TihdHGE B Gt Ekample 2183 md L0.36 himbh & digdonddihEhhy digtiRe rature,
tdiehloreatethame (2&dmmthers di-tertbutd diesarbbonate (EId nMighe0.52hases are

sepaaad 2% rdimethylamipgpyriding,(32409,iQ 26, Aynel) argiadded 1@ aturated

the mixture.S OAIt§£1 night o%agitsatign at amb%epé terggeratu&g,. the

aqgueous ipn g odi ri e o) sodium
reaction medium is tréated with Water The ﬁwases are’separfiteg then the

sorgahfc-phaséis washed Witha sabratstt5 agadous soiutivh @f sBdiudhe crude
peljaride, drigehen sedivay sulphates filtgreeitheaconpentralgd dmatography on
vacuum. The crude produyct thus obtai is purified b romatography:
Sc%ar‘mL “silicon i%;“(fa:ég(%lugr%l:i&ﬁ% ]ZIA%S%%I%S a%toetgivé Stgeﬂgxpe%?ed Pive the
CERRIGEEET PGB AG mnfol™59%Y. TPMBES(+)> iz [M+] = 500 Stage
MB: Pydadinium satt 0f trams [[458-8ihydro-I-tert-
butoxycarbamate-6-o0xo-5-(sulphooxy)-4,7-methano-7H- 15
pyrazolo[3,4-e] [1,3] diazepin-8-yl]methyl]-carbamate of 1,1- dimethyl The
S 1d obtained in stage C of example 2 (76 mg, 0.15 mmol) is
Pdissolvedwander nitsegén, in ancenhydrods anixture of [ [4, 8-dihydro-1-tert-

paimstiyiormamide/EH2qI-H3 (9:87mhok996-20 paliadiuaen-gharcoal

R TERLn e 1o aied 1 £ T5aFoger AGephEre LA THE Snting © 11
dpreibiet disappears in HPLC. The mixture is then concentrated in a

TvRCUUD then cerevaperated three tiimes-wih anbydoftis Zxample 2 (76 mg,
odicblogpmeshang.and then, dijed undgr reducedipressiuie in 5 an anhydrous
mixture of dimethylformamide/CH,Cl, 1/3 (0.87 ml). 10%
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 until the starting product
disappears 1in HPLC. The mixture 1is then concentrated in a
vacuum  then co—evaporated three times with anhydrous
dichloromethane and then dried under reduced pressure in
presence of P,0s 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
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 Dby
chromatography on silicon dioxide (eluent: CH,Cl,/MeOH 90/10)
to give the expected product (47 mg, 0.083 mmol 55%).

MS (ES(-)) : m/z [M-2*BOC] = 388
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presence of P205 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 mitx 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

Lgrydeprodueiihys optainedsis pwifseg@g%)?h@m@%ﬂm@lv anilicon, c(ca,) ),
dioxide (eluent: CH2CI2/MeOH 90/10) to %ve the expected product (47

3my? 0.683 mrithlol sE7I35VISNES ) HimATRRS¥B0C 48888 14!, CH-CHz~
NRRAN [400MB 2, MeOH-d4) NS{hmYyE-N52 (8,-78H 2% ,C(CH3)B),p850z01e) .

(m, 4H, N-CH2-CH-N et CH2-NHBOc), 4.62 (m, 1H, CH-CH2- NHBOC),
S%‘aSSe(dElH’ N-CH2-CH-N), 7.72 (s, 1H, H pyrazole) 5 Stage E: The

ind trifluoroacetate salt of trans [[8-(amino-

Thethylrdi81dihyre-6-oxo B selsiooxy 47 -nsethanooH- pyrardlo[B[4elamino-
mi£3)sdiazepin-645H);ane Assuspensiosef1ea & BOWEX SO resHT H-a

solution of 2N , 10 caustic,soda (30 ml) is agitated for Ih, then poured onto
pg réagr}n%{édrgp%)f cgﬁu’r%r? . A?%egrzvsgslhﬂln 6aviE\J/?tﬁsHé)é)euntil pH neutral, the

Acolimings ehAgitiStedwith afmRiireef THER26 ©66/90 IThetcaifipsien of 2N
cebtained i stige 3 of @xample 2447tmge0.08anmbol) is dissolvedinrad onto a

cmm% hanol then-placed, 15 op the column, Afierglution with @51 pp
THE/H20 10/90

mixture, the fractions containing the expected product are

NEIdIER HroZeht thEH NBphifiSed P givE Hid EXpabted st St - phe ™ THE/H20
180dfidm <Blitdis takepcumin anhyaioesidichlomhecthaie ¢L.04:mine 2 (47 mg,
og!@"ﬁ%ﬁéh@g q%olle;pi g%%%véosohtﬂéza gff&izoigﬁiﬂﬁor&@cmﬁ%i%nh%@ysplaced
Icniorometnane . mi) IS adde WIS reactio Ixture IS
R BT IE A P e T b A T B e ieeize,  the
fasmessnther eblevapbrationFitie &Rydreds Bichibiemetismeb@iseled, frozen,

te@npw@@iﬁtﬁkg@@pﬂa wgitee (-21al) dagrefrezen gadi&ﬂy@m&s.ed to
T%E)\EQ%%?V%@?%%%“ (16 mg Q930 mmol; 36%) I Ihe UM of AP35 omethane
(1.04 ml) 1in nitrogen then cooled to 0°C. A solution of
trifluoroacetic 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
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,) : d(ppm) = 3.37-3.69 (m, 4H, N-CH,~CH-N et CH-CH,-
NH>), 4.81 (dd, 1H, CH-CH>-NH,), 4.98 (d, 1H, N-CH,—CH-N), 7.79 (s, 1H, H pyrazole).

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:
Trans [[[4,5,6,8-tetrahydro-1-methyl-6-0ox0-5 (phenylmethoxy) -

4, 7-methano-7H-pyrazolo[3,4-e][1l,3]diazepin-8-yllmethyl]—-

methylamino]trimethylphosphonium iodide
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MS (ES(-)) : m/z [M-] = 288 1H RMN (400MHz, MeOH-d4) : 6(ppm) =
3.37-3.69 (m, 4H, N-CHz-CH-N et CH-CH2- NH2), 4.81 (dd, 1H, CH-CH2
NH2), 4.98 (d, 1H, N-CHz-CH-N), 7.79 ¢s7 1H, H pyrazole). 30 Example 3:
Sodium and trifluoroacetate salt of trans 8-
(methylaminomethyl)-4,8-dihydro-I-methyl-5-(sulphooxy)-4,7-

met@ar}f?ol'érpyé%zﬂ%[%heﬂ% 319%%?@&%9&@'%9%1%@9?1“ BHRNaANg 5 mmo1)
[[[4,5,6,8-tetrahydro-l-methyl-6-oxo-5(phenylmethoxy)-

14 7-Aidtiho-FHOBy ra8lo[3 ASH1, Sdliazepin B mEthyl1o metiigmifis L vative
otrimeethylphosphonitiaviodide 23 £A mekansokition of tfinfetkylphdsphinemol)  in

sz mlod.5 mmolds added xap, by droptg asalutign Of(ﬂﬂ%p@ﬁiﬁaﬂygmperature

obtained in stage E of example ELO 59, 1.25 mmg)) in solutip
utne?raﬁyélr%)?ura ?TS mrf) ataa%f)—’l%]tn fémpe%ﬁ%?é‘ S%Qderfsm rgger"l11 5%18 n, methane

1agitation (Aftél 26 of agitaticiedethare dadidé (02110 B. 75 afhdlpis medium. A
1added todhe reactionr mesiwacA light yellow preeipdate geickly feres. night of
Aft%r Qnen nlght of adg‘gatlon .at mgleé\%ec %ratu éhe %célgn rpledIHedlum Qs
[ concentrateé under reduced pressure. “The'cru tis 10

OéUC
Cf?Fﬂfr%?é’cFFﬁttﬂ@hI&Bﬁ%&aﬁ@%ﬁméﬁ’@%ﬁé%ﬁlter% R divdifle Pproduct is
texpected product (0142 o tddenimol c84%hin thectormiaferyellowishi 1tered to

'PQg‘e@ﬁlé 1ELNME (400 k'&a&?@&lib'“zﬂﬁ‘e ormyof ) CIORMErgs3 ) i the
(p 2.04 (s, 3H, CH3P), 2.32 (s, 3H, CH3P), 2.35 (s, 3H, CH3P) 15

f%%(% 3R, BNCRBIRY -ER2I23 05%sL 3H, P-NCH3 (B) -CH2) , 3.37 (m,
'H HYKRCH200MHS or C-CH2-N(CHB3P)f St (mif 1B, NeGH:BH A :0rd (ppm) =
2CH4CH2-N(GH3)RIu3EOY (M, 1P Ne€H24GH-N-ar, £H- C|2|23N(Ct'b3)P)iiH CHsP),

B8 QoA N L5 01 O 2N D) B0 )+ 3+37
(1, NMCNZ%)‘%HO@J(dOHHCNI‘@}HE FHY; 7535 (s 1M KM pyraZele)l -CH2—CH-N
o 2. 37145 (massive, iBH, Ph)eStage B: THaANSI-CH,-CH-N or CH-CH,-N (CH3)P),

(pien%ethoxi@gyrlr)l;fag%%?—l pglrazolgAtB ﬁ—ej 3](}\]a or |nC-H CH~N (CHa) B)
(d, 1H, N-CH,-CH-N) N(CH3)P), 4.88

(d, 1H, N-0O-CHy;-Ph), 5.00 (d, 1H, N—O—gﬁg—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-7/H-pyrazolo[3,4-e] [1,3]diazepin—
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
medium is saturated with sodium chloride in the presence of
ethyl acetate (25 ml). The aqueous phase is extracted with
ethyl acetate (3x25 ml). The organic phase 1is dried on
magnesium sulphate then concentrated under reduced pressure
to yield a yellow oil (0.26 g). The crude reaction product is
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%).
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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 agitatecbat 55C 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 is

M@xtr@céeq Wlth ethyl a etats (3x25;p4). The organic phase is dried on

nesium sulphate then concentrated under reduced pressure to yleld

Bw Gl g). T crutle YedBREH prodaictid 35 flifieddyy 1H, N-CHo-CH-
Ndhm@afﬁbramwmﬂa@mﬁaamlumnl(émermd.cm@rorﬁ:@thaﬁe— 0%)thers . 9 (dd,

1methane] aérf—rtﬁfrom 2% 0 10%) togive the expectedgderivative(@,084-cn,-

6 8 S(ES ( /2 I 2§ 1HN

%?612\)/@0" DC 7/%) Sﬁ%{\jﬂ gﬁg yoS?adjérﬁk ca 89(?% ﬁ\ﬁgﬂsjo% N-O-CHp-
P(OH Cil-@-Nst)éiis (HdOI&W@HZ NCHR3)(3.9%8d, HHpyrazole), 7.34-
7N4@H2nﬁlglg\l)vé , /568, 3k CH3), 3.98 (d, 1H, CH-CH2 5 N(CH3)Bo0),

4.72 (dg 1H, N-CH2-CH-N) , 4.90 (d, 1H, N-O-CH2- Ph), 5.03 (d, 1H,

417 .30 (s, 1H, H pyrazole), 7.34- 7.44 (massive, 5H, Ph)

Tﬁ%@% c T 5%@%&&%& Thethyi-b-6kot -wn@mﬁ@%&y)l%thoxy
44 T-metheanoe A Hpyrazala[3)4-¢ {1 BldiaZzapia&yhmethiy]- 8 -y1 Jmethy1l] -
nDethyl-cathamateof 1,1 dimgtaq%g)élhmeeq%n\iatlve obtained in stage B

of example 3 (80 mg, 0.244 mmol) js put in solution in dichloromethane (1

mI)%tﬁe?F&t%ﬁB‘éﬁt Rhiserafire tiRthyFafe 66 LLETS B © (80 ma
Omrial) and di-tettsbutyltdicarbemdte {106 mig; 01488 hamohhardadded 1l ml) and

tslgeessively. Afteri4h of agitatign at ambient tempenaure, assoletion (60 i,
sa}ltg%atedv\iéh sodlum chlorlgec(ﬁb gsﬁor dtoth reac% mcedlum (106 mg,

The aqueou phase IS extractle dmethane” &xﬁ
Oorﬁ%ﬁlé@@bha%% driedssh rﬁégﬁ@ﬁﬁmvﬁﬂlﬁhatéfﬁ@fccﬁbeﬁﬁatéaltatlon at
abh[ﬂii@fnteduﬁ@dlpﬁﬁﬁtltﬁ:@ givesan amophious whitetpowdesrd154%mgh  sodium

The ghude reaction product yndergees,GIomatograplly g fium. The aqueous
phase is extracted by dichloromethane (3x20 ml). The organic
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

(0.068 g, 0.159 mmol, 60%).
MS (ES (+)): m/z [M+H] =428
'"H NMR (400MHz, CDCls): & (ppm) = 1.59 (s, 9H, C(CHs)s3), 3.05

(s, 3H, CHsNBoc-CH,), 3.10 (m, 3H, N-CH,-CH-N, CH-CH,-NBoc),
3.75 (m, 1H, N-CH;-CH-N), 3.85 (s, 3H, CHs), 3.99 (s, 1H, N-
CH,-CH-N), 4.75 (m, 1H, CH-CH,-N(CH3)Boc), 4.90 (d, 1H, N-O-
CH,-Ph), 5.02 (d, 1H, N-0O-CH2-Ph), 7.37 (s, 1lH, H pyrazole),
7.40-7.46 (massive, 5H, Ph)

Stage D:

Pyridinium salt of trans [[4,5,6,8-tetrahydro-l-methyl-6-oxo—
5-(sulphooxy) -4, 7-methano-7H-pyrazolo[3,4-e] [1,3]diazepin—-8-
yl]lmethyl] -methyl-carbamate of 1,1-dimethylethyl
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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] 2428 1H NMR (400MHz, CDC13) :
S (ppm) = 1.59 (s, 9H, C (CH3) 3) , 3.05 (s, 3H, CH3NBoc-CH2), 3.10 (m,
3H, N-CH2-CH-N, CH-CH2-NBoc), 3.75 (m, 1H, N-CH2-CH-N), 3.85 (s,

3H’§ﬁ@e3' %gscélé_&ll}ll 095'21%'31'\9&1&7& (%“éta?e G of example 1,

CH-CH2-N(CH3)Boc), 4,90 (d, 1H, N-O- CH2-Ph), 5.02 (d, 1H,
CRI%0-CIEBIBHY A 37T D B pyreBolé) 2B 80-F46masshdiBie pry  (0-068 g,
0Stage BrPyridinium sattofaans [[4(5,6,8tetrahyidro-lihethypBeman @5 of 10%

p@'ﬁi@@@ﬁ%y)ﬂm%”@&%&i?"l'92/534@9[3’41%]56@]&6\?@@”‘&%@ debenzylated
%I]argethgl]-methyl-carbamate of 1,1-dimethylethyl 29 While proceeding as

Pindicated in stage G of example 1, the compound obtained in stage C of

Méxahiple 3 {0.068 4z 0/¥8% mmol)3R Methanol (5 ml), in the presence of

10%r palladidg@emearbepdds mg)deadsitthetdgbenzylatedy brerodugty,. m1),

MS. (ES - mfz [M+H] = 337.Th [ int di .
p%ﬁl%yrl}%?‘%é}rgg%% r+ t;lr 10xX1de eﬁg%%%%% ga,(tg%lijégtm% |§lfle8 Py gt E] g ( %e 2d to

ur trioxide complex (50 mmoli lead to

tégpecred sar f0.0a5y, 62090 mntol, PodvA). TaRs (ES L) « miz [M-HI- =
V416 BB NMR (400/MHRyMeOH=d4)1ia the form of 2 conformers: S (ppm)

17 hRd (S FHEH3M31994(5 35, GHAAINEBOSY 310.65,£3 e rs: 5 (ppm)
CH3(B)NHBoc) 33755? 1H, BocN(CH3)-CH2-CH or N-CH2-CH-N), 3,58

=M 135 BOEN(CHR)-CH2ERPor N-CHR-CEeN) 3575 $6:4R) Y8RI53), 3.8410 (50
36, TH; BOLNKCHG)-CHR2-CH dmiN-CH2-C ) (BH0(MEHEHCH or N-CH,-CH-N) ,
359%N((:%§)-@H,2-Cﬂ?bgigwc$1t%@m-ﬁbH4-%(}:(ﬁbll%hé\l@ié@HZ-N,.NS (s, 3H,
Cp%idin%,%@i%ﬁ%, éy?%%n%%}siﬁ%,g ﬁzgpgrﬁ%ég?(bggégé’Eé -90 (m, 18,
BS6HiF shit S traHs [[275, 818 G8raRydRb--méth§il6-dXo-5-2H, N-CH-CH,-N, N-
CH,-CH-N + signal H0), 7.54 (s, 1H, H pyrazole), 8.1l6 (dd,
2H, pyridine), 8.70 (dd, 2H, pyridine), 8.94 (d, 1H,
pyridine)
Stage E:
Sodium salt of trans [[4,5,6,8-tetrahydro-1-methyl-6-0ox0o-5—
(sulphooxy) -4, 7-methano-/H-pyrazolo[3,4-e] [1,3]diazepin—-8-
yl]lmethyl]-methyl-carbamate of 1,1-dimethylethyl

While proceeding as indicated in stage H of example 1,
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 salt (0.039 g, 0.090 mmol, 100%).
MS (ES (-)): m/z [M-H] = 416
'H NMR (400 MHz, MeOH-ds4) in the form of 2 conformers: & (ppm)
=1.56 (s, 9H, C(CHs)s3), 3.09(s, 3H, CH3(A)NHBoc), 3.10 (s, 3H,
CH; (B)NHBoc), 3.37 (m, 1H, BocN(CHs3)-CH,-CH or N-CH,-CH-N),
3.64(m, 1H, BocN(CHs)-CH,-CH or N-CH,-CH-N), 3.75 (s, 3H, CHs),
3.84 (m, 1H, BocN(CH3)-CH,-CH or N-CH,-CH-N), 3.93(m, 1H,
BocN (CH3) -CH,-CH or N-CH,-CH-N), 4.90 (m, 2H, N-CH-CH,-N, N-
CH,-CH-N + signal H;O), 7.55 (s, 1H, H pyrazole).



10

15

20

25

30

35

(sulphooxy)-4,7-methano-7H-pyrazolo[3,4-e][1,3]diazepin-8-
ylJmethyl]-methyl-carbamate of 1,1-dimethylethyl While proceeding as
indicated in stage H of example 1, 25 th@ 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 salt (0.039 g, 0.090 mmol,
SJc%ng/ FMS (ES (-)) : m/z [M-H] = 416 1H NMR (400 MHz, MeOH-d4) in
—the form of 2 conformers; S (ppm) 30 =1.56 (s, 9H, C(CH3)3) 3. 09(@ 3H
SefiBARNHBBES 3.10 (< 3H: "eHRTBNEBGC), 3.8, 1H, OF
(BetN(CHB):-ChiReChyON NCH2-CH- I r 384 (mt ] BocNWCHB)oxy) -4, 7—

meGAZCH PHNSGHZ,C N, 3.75 (@13@ @t@e&%@%ﬁmeﬁw (CH3)
-CHﬁEc; or N-CH2-CH ﬁg 3. 93(m BocN (CH3) -CH2-C

NJZO90 (A 28, KCHEE CﬁtﬁdsslpH KGEEN S|gnal Fagypte 1o
thes %@dmlm pyrazoley B30l Btahelm SobidR afd tHflusisasstare salt 6p - 039 g,
otrans Smitpethylaminemetyhnk 8dihydro-lmethyl- 5(Sumlﬂ@oxy;) -4 fmixture of
«Peane:pHmyazolola Sl Aldiazenic-Setiens syl recesding (o )
as indicated in stagel examp the sodium salt obtained in sta e
L6PEX APl (o3 F § 008 ﬁﬁ’hl&} dichlofsinethalé (5"t} and &0<)
Meixtae af-irifluoreaceti¢iacid/arydrous dichloromethane 1/1 (4 ml) lead

1&0 %e@@@@%ﬁ@duﬁhg@ @9, 0-Q8 mipgl 100%) ;10 (Ez%wéﬂmfﬁg CH,),
-HI- =315 1H NMR (400 MHz, DMS

de) S (pp

s 15 MR DM DGl oo 2T o rgt CH),
4(s] BH,(GH3 M. 74 (M HIHC IN=EH2-CHN) 480 (d,lﬁH CH-CH-NH',CHsz) , 7.43
(GH-CH2-NH2GH3), 743 (5. 3H. Hoyrazole)i8,67 (m, 2H, NH3") 15

Example 4: Pharmaceutical composition A composition for injection was

prepared comprlsmg The compound of example 1: 500 mg Sterile
P % PRMACDI OGICAL STUDY OF
THElﬂRQEM$5I$ﬂ35ﬂ1ﬂ5HVYEbEBQNon was prepared comprising:

- The compound of example 1: 500 mg

8_

- Sterile aqueous excipient: g.s.p. 5 cm’

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 1increasing
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)
expressed in pg/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
Pseudomonas aeruginosa, which is not at all the case for the

compared products.



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 37C, the growth inhibition is assessed by

#engildrtinatigaiwbich makesoihpossible todetermine the mininum | Pyrazole
inhibitRsecoueotasons (MIC) 3fexpressed srHg/m|l. Testsase carrjed ester
out in teérwgy nattethe products eof Examplesxd and 2 amckcampacad withx 18 PCT
the(googhackoofidatmgples (18 and 19 of application W@ ©21100860cTheApplicatio
prasthetexdnipieanples 1 and 2 are revealed to be very activeiagainst 35 n
REeadamonas. aeftiginosa, which is not at all the case forzth@06édpared WO 02/
products. 31 Activity against Compound Compound Pyrazole Pyrazole 100860
P8éudomonas ef ofidmide |estef aetuginosa EXDEx R (Ex*19 BET (Ex 18> 32
pyae (comparison with thel Application Applicatio other examples) WO n
(MIC (pg / ml)24h) 02/100860) WO 02/ 100860 1771 strains wild 0,12
0,25 > 32 > 32 type Pseudomanas Compound Compound Imipenem _
CeftdGHICTN G Mosa of of STREIRTDEL| ESCPPeRBHIning TRSREHM  [Ceftazidine
mech3fiHY INAEAgg / ml)|24h) @771 strains wild 0,12 0,25 1 1 type
PAOL Wil §PB 1 - 1 2 Resistinvid - 1-2 0,55-42-822-32
lacEXRyAaugg resistant
mechanism

(MIC (ug / m1) 24h)
1771 strains wild 0,12 0,25 1 1
type
PAQOl wild type 1 - 1 2
Resisting via fB- 1-2 0,25 -1 2 — 32 2 - 32
lactamases
[8 strains]
Resisting via 0,5 -4/ -/ 10,5 0,25 - 4 < = 0,03
efflux pumps 0,25 - -1 - 8
[11/5 strains] 0,5
Resisting wvia porin 2 - 16 2

mutations [1

strain]
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[8 strains] Resisting via 0,5 -4/-/0,50,25 -4 <=0,03 efflux pumps 0,25
--1-8 [11/5 strains] 0,5 Resisting via porin 2 - 16 2 mutations [1 strain]
532 CLAIMS 1) Compounds with the general formula (I) R R3 z Ri R4
N (1) OSO3H 5 wherein R1 represents a (CH2)r,-NH2 or (CH2)r,-NHR
radical, where R is a (C1-C6) alkyl and3®is equal to 1 or 2; R2 represents
a hydrogen atom; R3 and R4 together form an aromatic nitrogenated
heterocycle with 5 apexes with 1, 2 odCI3AdittSgen 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
13toms;in freq dom «as 2witterions.and ipdhg, foun pf salts of
pharmaceutically acceptable inorganic or organic bases and 15 acids. 2)
Compounds according to claim 1, ch grised in that R3 and R4
together form an optionally substitute razoly} or triazolyl radical. 20 3)
Compounds according to claims™1L1org, cha ctefised in that R1 is
selected from the group composed of (CH2)n-NH2 and | \CH2)r,-NHCH3

groups, where n is as defined in claim T heterocycle formed by R3
and R4 is substituted by a (C1-C6) 2% alkyl|radical.
N\
OSO_H

wherein R; represents a (CH;),—-NH, or (CH2),-NHR radical, where
R is a (C1—-C4) alkyl and n is equal to 1 or 2;

R, represents a hydrogen atom;

R3; and Rs together form an aromatic nitrogenated
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 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

acids.

2) Compounds according to claim 1, characterised in that Rj
and R;, together form an optionally substituted pyrazolyl or

triazolyl radical.

3) Compounds according to claims 1 or 2, characterised in
that R; is selected from the group composed of (CH;),—NH, and
(CH,) ,—NHCH3 groups, where n 1is as defined in claim 1, the
heterocycle formed by Rs; and Ry is substituted by a (Ci1—Cg)
alkyl radical.

4) Compounds according to claims 1 or 3, characterised in
that R; represents a (CHy;)n-NH, or (CH,;)n-NHCH3; radical, where
n is as defined in claim 1 and R; and Ry form a pyrazolyl ring
substituted by a (C1-C¢) alkyl radical.
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4) Compounds according to claims 1 or 3, characterised in that R1
represents a (CH2)n-NH2 or (CH2)n-NHCH3 radical, where n is as
defined in claim 1 and R3 and R4 form a pyrazolyl ring 30 substituted by
a (C1-C6) alkyl radical. 33 5) - Trans
8-(aminomethyl)-4,8-dihydro-1-methyl-638xo-5(sulphooxy) 4,
7-methano-7H-pyrazolo[3,4-e] [1,3]diazepin-6(5H)-one, - trans
8-(aminomethyl)- 4,8-dihydro-6-0x0-5-(sulphooxy)-4,7- 5

>tnethanot7#pyrazol6[3 48T 5]d @%e%ﬂﬂéé@%ﬁah—e“ﬁﬁaﬂt—réﬁ%xo% (sulphooxy) =
8-(methyterhirometyhy da8<dibydré-6& bxpb3(stilphepxy)-&l( 7H) —one,
m?thar_‘ot@ér%\/ V?Z@Q@\ﬂﬁ%]n[é'b i}'ﬂepi@;@Qﬁh’i}i%@@i@i@&ﬂéms@ﬁphooxy) -4,7-
ZWI'['[GI’I%I‘]S, a_n/(ijI in the form gf g% ;fl pg maceutlggclg Iﬁc_ce table
inoréngﬁlcacr)l? orgaﬁ%r%ge% [an 10 acits! 6)& héthod 16 p?eﬁaﬁrﬁ%
compotrrizsof foimatly (Ynichareidieriseddndhativeomprises &) asstephooxy) —4, 71—
dur:)ﬂ@ﬂl?ﬁhﬁbﬂmﬁé}tmﬁb%fqﬁ@wat éUB’uSimaa@@@m—f@b}a}@a@ﬂ&i,tr a
carhonylating agent, if necessary in the presence of a base: R'| HEN R3
R R ot oy, GODR GF So1ts of
(CHIERS" Padid412 20 R 5 e BFateé R d NI TERL NH 26T (RétéetddrNARSes and
pratected. CO2H, CO2R radical, n, R, R3 and R4 are as defined above,

the aminoalkyl substituents optionally present on the heterocycle formed
y R3 and R4 being protected if necessary, 25 ZH represents a protected

6INHOHBREIS With tHe endPSFRRATRTY an nfERte cGthpouhdWithe (1)
ctiver forhwuta €t in that it comprises:
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,
H\‘N R,
(1)
R,
H
wherein:
R’ represents a CN, protected COOH, COOR or (CHz)uR's
radical,
R's 1s a protected OH, CN, NH, or protected NHR,

protected CO,H, CO;R radical,

n, R, Rs3 and R, are as defined above, the aminoalkyl
substituents optionally present on the heterocycle formed by
Rz and R, being protected if necessary,

ZH represents a protected —-NHOH group,
with the end of obtaining an intermediate compound with the
formula (III):

R,
Xl\\N R3

(1)
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R'l XR3 (1ll') R4 X2 34 wherein: R'1, R3 and R4 have the same

meanings as above and either X1 is a hydrogen atoms or a protecting

group and X2 represents a -Z- 5 CO-X3 group, X3 representing the rest of

the carbonylating agent, or X2 is a -ZH group and X1 represents a CO-X3

group, X3 being defined as above; b) a3step during which the

intermediate obtained above is cyclised in the presence of a base; 10 and

in that: c) if necessary, step a) is preceded and/or step b) is followed by
whf& Bi-Beveral of the following reactions, in an appropriate order: -
RproteBionof the réactvetfunctionss Ieadepotectivnadfdle reactiveither X; is

afuk@dfg%ehegggﬁil%a@ =SapONification - sHiphatalion, x estebresents a —z-
Cge_}yctlon, 20 - aI}IEyIatlon, - carbatmoylatlon, - formation fof %%a2|do group, . . .

Oretfuctig®8Pan a7dd it 8R AMind2 salification 25 Jion exthange, 20 Y+ating
agdivitling o séparating thé diasterepisoniers: 7¥ Abmetdwsttaccordifig®e group, Xs
pelaiy 6geharasteriseddp dhat the carbonylation agent is selected from the

roup composed of 30 phosgene, diphasgene, triphosgene, aryl, aralkyl .
bglgfans g@en%%ﬁl%?o-f‘?ﬁrﬁ%%e& aglé)yl %ifg%%énneac%gﬁ:garb%]?%heg ¥hove is
CHifmitia2Bleldnd RixtiredSsMmRAgse@t a base;

and in that:
c) 1if necessary, step a) 1is preceded and/or step b) 1is
followed by one or several of the following reactions, in an
appropriate order:

- protection of the reactive functions,

— deprotection of the reactive functions,

— esterification

- saponification,

- sulphatation,

- ester reduction,

- alkylation,

- carbamoylation,

- formation of an azido group,

- reduction of an azido into an amine,

- salification,

- 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
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
the carbonylation reaction takes place in the presence of an

amine.



10

15

8) A method according to claim 6 or 7, characterised in that 35 the

carbonylation reaction takes place in the presence of an amine. 35 9) A

method according to any of claims 6 to 8, characterised in that the

compound of formula (11) is obtained by a method wherein a compound of

formula (IV) is processed: R'l A" N R3 &5(1V) R4 5 wherein R'1, R3 and

R4 are defined as in claim 6, and A represents a hydrogen atom or a

roup protecting the nitrogen, by a reducing agent, in order to obtain a ,

9gorﬁp8ﬁ¥d“%@f§rﬁﬁﬁﬂ\}ﬁ‘ﬂ RN R (\JREH H0wiherki A /R EIRZacterised
iandR4tkeepahe mgamings méntioneddlboveé] Whereinpld necessarythe method
wREL@roypds replaced By adeaving,groupr ig obtain,a compaund of

formula (VI): 1 R"TA~NR 3 (VI) R49 wherein A, R'1, R3 and R4 keep the

meanings mentioned above 15.and R9 represents a leaving group, that is

processed with a compound of fdnnula Z1H2 wherein Z1 represents a

protected - HN-OH group ghd\tn i ssary, by a deprotection agent

of the appropriate nitrogen aton. (V)

wherein R’;, Rz and Ry 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)

OH

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

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

(Vi)

wherein A, R’;, R; and R; keep the meanings mentioned above
and Ry represents a leaving group, that is processed with a
compound of formula ZiH, wherein Z; represents a protected -
HN-OH group and then, if necessary, by a deprotection agent

of the appropriate nitrogen atom.
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36 10) A method according to any of claims 6 to 8, characterised in that
the compound of formula (1) is obtained by a method wherein a
compound of formula (V) is processed as defined above, by
hydroxylamine protected at the 5 hydroxyl group, to obtain a compound of
formula (VII): R".. A, N1, R ~Je (VIl) R4OH protected wherein A, R'1,

1B3)R3 and B4 are gefingd as ig;¢lagim 9, and aye, made to reagtyithae g,

reducing agent in order to obtain a_ compound of formula (VIII): R"_ANN

CRIAVANGTRAZH ToWhérdt A, BPE RS WE W Hhd 2 ard defiedas (T1) 1S
ogliene; and kare processed] ifwieeessary, by @odeprotettiorf agemtofitre (IV) is
pRRRIOpHate nitrogeir atm. LhJhe produets asdsfinediinons.of claimsdl a+ the

to 4 for use 15 as drugs, and their salts with pharmaceutically acceptable
SRR 26 QBN T A 07 U0 0 B

20 13) Pharmaceutical compoungs containing, as an active principle, at

least one drug according to one'of tlaims 11 or 12.
A\ N R,

(VIl)

R4

|
OH protected

wherein A, R’;, R’R; and R; are defined as in claim 9, and are
made to react with a reducing agent 1in order to obtain a

compound of formula (VIII):

(VII)

ZH
wherein A, R’;, R3, Ry, n” and ZH are defined as above, and
are processed, 1if 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.



	Example 2: The sodium and trifluoroacetate salt of trans [[8–(amino–methyl)–4,8–dihydro–6–oxo–5–(sulphooxy)–4,7–methano–7H–pyrazolo[3,4–e] [1,3] diazepin–6(5H)–one  
	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



