BENZOTHI ADI AZEPI NE DERI VATI VES USED AS AVPA AND NVDA RECEPTOR
MODULATORS The present invention relates to new benzot hi adi azepi ne
conpounds, to a process for their preparation, to pharmaceuti cal
conpositions containing them and also to the use thereof as

S5positive allosteric nodul ators of AMPA teceptors and antagonists of
NMVDA receptors. It has now been recogni sed that the excitatory am no
acids, very especially glutamate, play a crucial role in the

physi ol ogi cal [REYESEYARIAGEPINERERIVYEIIVES UBEPIASIAMPAZINEG NMPA RREERERMEAPYIATORS
under |l ying | earning and nmenory. Pathophysi ol ogi cal studi es have

clearly shown that a deficit in glutamatergi c neurotransm ssion is
closely linked to the devel opnment of 10Al zhei ner's di sease )
( Neur osci eftepaachtBhnéhavilaesio Ry bewethiaddgpping gompgurpls; topy pigeess o1 their
Neur obi ol o 1992, 3 517-545). |n..addition, r

denonst r at %b?rﬁéo%ﬁ 8 g%rﬁ?geu&Céls%%QRO%lg 598 nt%)% 1{(?ig? g%%’r é;luzd}ﬁ\eﬁé ﬁgeclgg\ﬁ?erwf s
recept oy s gatehiveiostetid Addulieahl of AMIrAReddeptoss dolitiheguhiats of NMDA receptors.
Neur ophar nacol ogy, 1992, 2, 15-31). 15Anpng those receptors, the AMPA
(a- am no- 3- hydr oxy- 5- net hyl - 4-i soxazol e- propi oni e acid) receptor is a
receptor-c f i i : i d

of | ow per%gg:ﬁ%“l}vtb% %? g&g@g&’f @ﬁtemgkl\/%%a'rmz% gﬁ{ﬁt‘ ‘g@;é%%%gg’?’s oC 1aglg'dgllinﬁ\%/ig1|@d\?/ééglay
to the greatasialexledntthd physadogipdlysoasmyiof akumxal plasticity agg maptei mechanisms

transm ssion and, especially, in ri.sation procgesses. FEor, e | g,
it has beeﬂndﬂ%é%gf ng ag ﬁ‘?e}%"rl’”gﬁ gtggwsﬁl%c% S?lﬁﬁ%fnﬁav’fodf’aﬁl r%‘gégg’ ?‘r‘i‘t 4
the nunber 4 Q{ciAMPALBGRRLS S ndiRokAIBMSWNADES GlsseRt digkesd bt thendéetopment of
hi ppocar npus, one of the areas of the brain essential to processes of

menor ylGindAézhginnarisatiseaps Qésmreseienpoand Bpibshagenat Redgwn 1982aH rldetd dngeress
have been descriped as d bl he AVPA receptors of neuronal

cells in a“ﬁ%%‘i‘rf)lgl\?go%%ﬁ}]ér%rg%’?ﬁ@gﬁ'ochem stry, 1992, 58, 1199-1204).
25A second receptor, the NVDA (N-nethyl -D aspartate) receptor, also

bel ongs to_one of the three ¢l asses, of gl ut te.receptor:-channel s..

Bi ndi ng of IyRdriHem: RIBEANS wgﬁ%gx%@&ﬁmpgfﬁﬁgi%ﬁé}stwe ﬁéé&é‘g%&e;? & gxeitatory
result in | BG40 chanmel ARdidml AbAwiGRt MoREuSARAuioBhAntbSlogy,
- 2 - ceIIQI?EJr?)ogressec%ﬂ?n&ls\leurobi (gl Og}’,1 1998, SAlf, 5%1-618; Hané)g Exp. &y
Phar macol . 19920Q5]5-869, 249-303). NVDA receptors |ikew se have an

i nportant physiological role in |earning and nmenory. Neverthel ess,
excessive activation of these receptors, which may happen during
cerebrpd i AGRAGNTHAs@ AL FBIS A NPRX A BBLI-BRirbLy-S ehethfleBisokdz8 e Bropionic
neur odegenerative 5 diseases, results in excessive entry of Ca2+ into

~ the cel |, whidctecepipr e eecepter-ponesit foalglwtonetauwbicieapirmskblerie Neeland dyeand

to a phenongpon of excit ot gxbCi gress, in _Neurobio

54, 360. 4151 1O PRIAFARILY) Q%p.f%ﬁéﬁp% 5g5BLor §B‘€)‘fars7%7pf-"°‘7£'§’)%efit]tgﬁ§es gietest
fact been gheyn ihh%stC?hﬁﬁélﬂgiﬁﬂr excieftoRie Wyakmid aidngmisisaedndly especially, in
glutamate are dependent on an accunul ation of Ca2+ in the cell,. V\,gi o
resul ts i nmemarisetiempiecesses: Har erampo it kas deproshovanthapleprningdh asaripted Jth an
in increased productio r ixC r. t 0 AVD&: thi
recept% aHicée% i S sdl%g%}lgr{bggeﬁfed%@gﬁogé%ppo@ ]tnhgl?ers esﬁlrelﬁjr?%p? ?)I%%cti vethm the
properties hiTpipB@einupiislﬂgnéT@Hmataieaeof thi ibedin iessentialne ptdegssen df matery ami dolgsition.
treatnent of npderately severe to severe for of Al zhei r%(r) S didsle{'ise h
( Neur ophanh#esiisgyrootiepigagents suphmszagmaceiamehave bgsp; deseribegqimodulaling the
Di sord., 2QQ#p A 13ced6R- o Abonal Refls tuE% v}!)ds e nififor (YERKuloBMénGIORPOIIWS 58,
havi ng a benzothi adi azi ne structure have been described as being
positive mbiaf-a2®¥)s of AMPA receptors which al so have NVDA receptor

ant agoni st activity (Neuropharnmacol ogy, 2004, 46, 1105-1113). The
conpound I DRA-21, in particular, is capable of inproving nenory

perf Orfa?ncﬁ' second E&Ept@f’}ttﬁé’fsll\/ﬁpggiﬂfé%ﬁfyi@nas 28 #24n6r, dRE GEIoRESto one of the

inter ia, benzothiadi'azine and 20 bénzot hi adi azepi ne conpounds as |
three classes of glutamate receptor-channels. Binding of glutamate and its co-agonist,

glycine, is necessary to result in opening of the channel and to allow entry of Ca*" into the



The benzot hi adi azepi ne conpounds to which the present invention

rel ates, besides being new, exhibit pharnmacol ogical activities with
respect to both the AVMPA receptor and the NMVDA receptor that are
superior to those of conpounds having S|§1Iar structures described in
the prior art. 3 wherein: ); Rl and R2; which may be the sane or

different, each represent hydr ogen ator‘riT a hal ogen atom a 881
or brancheeelf Cﬂm@@y%}%ﬁ?ur@b@my\;\ﬁ Sg Sthe b s gapo?haz;macol 2005, 169,

substi tut ed,by,g nf‘qwbmaereg&@hﬁzg@ e BLOI, r@ft AEBhys ?%*i. AD68H learning and

(C1- C6) al koxy grioup; a ITnear or ranc 0 group; a
li near or breanehadecEhelEs) akdeostye artivatiyd ogthﬁsmrecaptoa[ bzth)o;n Iga[}ohlempela during

|l i near or branched. (CLl-C6)acyl rou dr ox) a |inear

br anched (efre@e[' WB?@&%@W@W@ okiz. 8912%’ %’-ﬁ%ﬁ e 25 na}lfé’&fﬁenswwe
ani no g¢ oup;WAES ri‘eévﬁts %‘ %k'&s%&'vé Eﬁ@f of) CaBubgt the WER dwﬁﬁéh%!ﬁf Rfve TR Botential to
| i near or branched 10 groups; an amno group which is
substi t ut edadsy daathi qféhﬁr ced}r dtbir @mﬂ@om@mroaﬁ @@ytbtogrqm;ﬁ’rmss in Neurobiology,

o nocarDofyly YR MILED B EHZBLDLHGS R0 HRRLH AT B 008 8 e

whi ch is ugsdas thdt Useedin0 Forfldbst hwb@dmhy @€ed by NEGRnlatcn eRr d@fendent on an
branched (G -C6) al kylf(gr oups;
a

(i - CB) al kgawaiubHomelEai n@ﬂ@@dwla@kgﬂsu@% BUF insTeRps éhtheraetablip stress on
moi et i ¢§ gn%o%é&dd?ﬁa&nd%%{c?&g gmd%eu% QY G RXYARARO¥biTlRET R 0B OYREDA
or a benz represents dr ogen atom a near oOr

branched ( @ceﬁﬁ) ahiagbmgts (ha’pe, baer( ﬂﬁfe%)ad yfoi d&ﬁrkg{dur@“rotlemveoproaemes including

(C3- C8)cyc|oa|k|-(CI- u ich the

| i near or H}eé%? Bg, Wh IF]P@2 ‘§§tﬁ m&j%ar’imﬁ‘f‘t ?a# ’deeiatle ynsé%{?re jp severe
branched ( gzm@@faAizﬁéﬁheQE %%Qamﬂrdpﬁar%pdéﬂ%lggsi9gwt3§d7g 27 @M Idnhdnidt Gékiatr.
by one or nore hal ogen atons - - Anong the phar nmaceut i cal | y

accept abl e Cagidgisotig280pal?, Be9-radn).i oned, wit hout inplying any
limtation, hydrochloric acid, hydrobr orri c acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid,

pyruvi ¢saci thmqlt&muee agirg fe\suﬁﬁﬁﬁMuﬁdsamﬂnggﬁ Yehotidadigint sfruomei lﬁave been
acid, tartaric acid, nal €i ¢ aci d, citric acid, ascorbic acid, oxa

aci d, 5met Hesseibed pachring aesidye meessiies 0iHASH A ra%fipépréﬁ&uelm}?ﬁoW@ NMDA
aci d. Anmon r e I h d
ment i oned, %&Eﬁf)%P%lggn%?ty%%ﬁgné/\%}n?’%ﬁ%g%a?@ﬁgy’ sodi Urfigh%(%og?§> PPhe compoTn
pot assi um NYRAGX],de particulet, iyd-pablaef anpovmgtmdmidry lparfomeanc@he group R1
preferably represents a hydrogen atomor a hydroxy group; a |inear or
branched (G -C6) hydroxyal kyl group and nore especially a

hydr oxymet "rﬁk BEOUD's @ﬁih&aﬁ%ﬁr 99)4285 ANGhEGods Clinfeh) alikOXucAMhRMine and
group and adva tageoBs y an et hoxycarbonyl group; an am no group, or

an ani bocabboogiiadjpoppeswhgbitdst adndgplaorsioh dMP Sredspms hed

(C1-Co6)al kyl group and nore especially an N-nethyl -am nocar bonyl

group. Preference is given to the group Kt being in the nmeta or para
posi tion. Rice3pafhaliaYe At SHhAARAYS WhBPheTRaRESt RvENIhagRIksab&es bling

The groups R2 and R4 are each preferably a hydrogen atom
new, exhibit pharmacological activities with respect to both the AMPA receptor and the

NMDA receptor that are superior to those of compounds having similar structures

described in the prior art.

25  More specifically, the present invention relates to compounds of formula (I):



R3 preferably represents a hydrogen atomor a nethyl group. Preferred
conpounds of the invention are: '
8- phenoxy- 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi ne 1, 1-di oxi de;
ethyl 3-[(1, |-dioxido-2,3,4,5-tetrahydrg:1, 2, 5-benzo
t hi adi azepi n- 8- ypoxy] 20benzoate; 3-
[(1,l-dioxido-2,3,4,5-tetrahydro-1,2,5-benzotq5adiazepin-8-yeoxy]-N—m
et hyl benzam de; v O=_// R
134(1,1-dioxido-2,3,4,5-m§tr.hydrq31 -béhs@L@(ééiazepin-8-y|)oxy]p
henyl } - methanol; 25e
4-1(1, 1-dioxido-2,3,4,5-te dr o-
enok 4-
[ (5- et hyl -1, 1- di oxi do- 2,183/4,5-t et rahydro- 1, &-5-benzot hi adi azepi n- 8-
yl )oxy] phenol; - 5 - (r) 4-[(1,1 -dioxido-2/3 , 4, 5-tetrahydro-
1, 2, 5- benzot hi adi azepi n- 8-yl )oxy] aniline.RAddition salts with a
phar maceutical ly acceptable acid or base of the preferred conpounds
of the invention forman integral part of the invention. The
invention relates also to a process for the preparation of conpounds
of formul a¥f™ 5whi ch process is characterised in that there is used
as starting material a conpound of formula (I1): OH NH2 wherein RS
represents a |linear or branched (Cl-C6)al koxy group, which is
reacted wi Ph RhiaodyRo, ehidringe berthe hemppediffreentosachi eyl RONIFRIACAEIID: 2
*yhlesla?nt)gl? Olil‘g, £A9PaH9 ongf a fh?lléaql”OIa b&ilnlc:]!xe)d (C 1\5@851%11” gﬁélp' whith defdsitdituted or
5 substituted by one or more halogen atoms; a linear or branched (C;-Cg)alkoxy group; a

enzot hi diaz%ﬁin-8-yeoxy]ph

linear or branched (C;-Cg)alkylthio group; a linear or branched (C;-Cg)alkoxycarbonyl
group; a carboxy group; a linear or branched (C;-Cs)acyl group; a hydroxy group; a
linear or branched (C;-Ce)hydroxyalkyl group; a cyano group; a nitro group; an amino
group which is unsubstituted or substituted by one or more linear or branched
10 (C;-Cg)alkyl groups; an amino group which is substituted by a linear or branched
(C;-Cg)acyl group; an aminocarbonyl group which is unsubstituted or substituted by
one or more linear or branched (C;-Cg)alkyl groups; an aminosulphonyl group which
is unsubstituted or substituted by one or more linear or branched (C;-Cg)alkyl groups;
a (C1-Cé)alkylsulphonylamino-(c1-C6)alky1 group in which the alkyl moieties are

15 linear or branched; an N-hydroxycarboximidamide group, or a benzyloxy group,

» Ry represents a hydrogen atom, a linear or branched (C;-Cglalkyl group, a
(C3-Cg)eycloalkyl group, or a (Cs-Cg)cycloalkyl-(Ci-Ce)alkyl group in which the alkyl

moiety is linear or branched,

> R, represents a hydrogen atom or a linear or branched (Ci-Cg)alkyl group which is

20 unsubstituted or substituted by one or more halogen atoms,

to their optical and positional isomers when they exist, and also to addition salts thereof

with a pharmaceutically acceptable acid or base.



wherein R5 is as defined hereinbefore, which, after deprotection in
an acid nedium is then cyclised to yield the conpound of formula
(VM): S (V), wherein R5 is as defined hereinbefore, which is then
subj ected to the actlon of boron trlbronlde to yield the conpound of
formula (M): - OH wherein Rl and R2, are as deflnedfor

formula (1), to |eI t he conpound of for | a (1/7a), articul ar,
case of th&l g@nﬁb@f@ﬁﬂf“&ﬁ%ﬁ%?e{’qaﬁﬂe ackls e aiey ‘Pg Rt WilBodgmplying

def i ned heér% RARLRSE h?I@roylﬂ fl@Qéld'H}dH?)?oerce(ﬁﬁf @ﬁlg%moim& Bﬁos‘b‘ﬂ@@%g REtic

formula (I consi sting of using - once the st coupling wt
t he corrpouamld ofriffuoramaétic wﬂ) lahths a@éepymmcraoecﬂ roalltonw asohseatinioreld, glutarlc

chem cal rea ti.ons.to uent. t he sub t t f .
bor oni ¢ acf“a %RFn&ClaWrtu et rTgemof‘a o rSTiF 22 S‘iSI uerrrt}és a?‘ﬁler‘i)xglllcf acid,
required, Qﬁt}ﬁ%ﬁu@;ﬂ{oﬁfi deft bé&@héshg;hoﬁt@ta&h%nalckmbmﬂml@n the ni trogen

atons in positions 2 d 5, by action of a

Among the pharmaceutically acceptable bases there may be mentioned, without implying

any limitation, sodium hydroxide, potassium hydroxide, triethylamine and ferz-butylamine.

The group R; preferably represents a hydrogen atom or a hydroxy group; a linear or
branched (C1-Cg)hydroxyalkyl group and more especially a hydroxymethyl group; a linear
10 or branched (C;-C¢)alkoxycarbonyl group and advantageously an ethoxycarbonyl group;
an amino group, or an aminocarbonyl group substituted by a linear or branched
(C1-Ce)alkyl group and more especially an N-methyl-aminocarbonyl group. Preference is
given to the group R; being in the meta or para position. R; especially advantageously

represents a hydrogen atom.
15 The groups R; and Ry are each preferably a hydrogen atom.
Rj; preferably represents a hydrogen atom or a methyl group.

Preferred compounds of the invention are:
e 8-phenoxy-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine 1,1-dioxide;
e ethyl 3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]-
20 benzoate;
e 3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]-N-methyl
benzamide;
e {3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]phenyl}-
methanol; ’ |
25 e 4-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]phenol;
e 4-[(5-methyl-1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-
yloxy]phenol;



strong base in the presence of an al kylating agent R -X wherein W
represents a linear or branched (C -C6)al kyl group and X represents a
hal ogen atom to yield the conmpound of fornula (I/b), a particular
case of the conpounds of formula (0: - - wherein RI, R) and R
are as defined hereinbefore, or alkylation on the nitrogen atomin
position 2, by action of a base in the presence of an al kylating

agent T2: 4- X whéldi hdigidoeh? &sentrahyalrd-i Reabengpthindgsepiad-yl)oxylanilne.
5(Ci-C6)atlcy-1 group which is unsubstituted or substituted by one or
nore hal ogen atons and X represents a hal ogen atom to yield the
conpound oAd#igionghias Wite h pharmprelticalll atceprbre wfd sthirise ofpe yiesrraf compounds
formula (1): 1O0wherein R, R2 and Rzt are as defined hereinbefore,

whi ch may 8pibe sivantign emanypiestabpart of e KYBEG DN on the nitrogen at om
in position 5 by action of a base in the presence of an allcylating
agent R 3-X wherein R represents a linear or branched (Cl -C6)al kyl
group, a (TBe GBEeoyael cahtky hlsgrnoapprocesa f§rGBe @BYpayation alfkopknpo@idsCsl) @irdkyla (1),
group in which the alky] moiety .is |inear. or 15branched. and X

oot bt s HATOGSR It BCt i 181 e i st d G R P Al i cogpound of
9 - formula (IT):

D,

wherein R represents a linear or branched (C;-Ce)alkoxy group,

which is reacted with thionyl chloride in the presence of dimethylformamide to yield the

10 compound of formula (III):

(1D,

wherein R is as defined hereinbefore,

which is then subjected to the action of 2-chloroethylamine in a basic medium to yield the

compound of formula (IV):



wherein RI, R2, WB and R4 are as defined herei nbefore, or
alternatively alkylation on the nitrogen atomin position 5, by neans
of a reductive am nation reaction using a reduci ng agent
such as sodi um 5tri acet oxyborohydri de or cyanoborohydride in the
presence of: either f( -cthoxycyclopropﬁr)oxyltrinethylsilane, or a

compound of formula (VI11): R'3-Cl-10(VIII), wherein R'3
represents a hydrogen atomor a Ilﬁéqn,@r branched 10(C -05) al kyl
group, a (C3- C8)cyc|oa|kyR_groua or as(C3- cyatjoal kyl - (G -05)group

in which the alkyl noiety is anched, or alternatively a
compound of formula (1X): whgreiniO n A - 10 - to veld the
conpound of forrmula (l1/e), a par 4l .ar case of the con%ounds of
formula (1): wherein R'' 3 represgnts a |inear or branched
(Cl-C6)al kyl group, a (C3-C8)cyclo5alkyl group or a

(C3-C8) cycl oal kyl - (G -C6)group in whic T$hé al kyl nmoiety is li near or
branched, and Rl1 and R2 are as defined herei nbefore, which may
optionally be subjected to alkylation on the nitrogen atomin
position 2,

wherein Rs is as defined hereinbefore,

which, after deprotection in an acid medium, is then cyclised to yield the compound of
formula (V): ‘

wherein Rs is as defined hereinbefore,

which is then subjected to the action of boron tribromide to yield the compound of
formula (VI):

Ox //

/> (VD,

10 which is reacted with a boronic acid compound of formula (VII):



by action of a base in the presence of an al kyl ati ng agent R'4-X
wherein R'4 represents a linear or branched (G -C6)al kyl group which
is unsubstituted or 10substituted by one or nore hal ogen atons and X
represents a hal ogen atom to yield the conpound of fornmula (1/fn
wherein RI, R2, R'3 and R'4 are as defined hereinbefore, whi ch
conpounds of fornulae (2/a) to (I/1), which constitute the totality
of the conpounds 15of formula (1), naycﬂﬁen be purified according to
a conventional separation technique, are converted, if desired, into
addition salts thereof with a pharhmgce

base and are separated, where ap
positional isoners, if they exi
separation technique. The gg'-e nds of forrmulae (Il) and (VI1) are
commercially available or readi”ly accessible to the person skilled in
the art using conventional chem cal reactions or chem cal reactions
5described in the literature. The conpound of formula (VI) is new

and, as anwhetet RpdhdRe aterisidbnsgliot Resiuk @f conpounds of formula (1),
also fornms part of the invention. The conmpounds of formula (I)
according to the invention have AMPA receptor activating properties
and NVDA T g¢ $itohe 05AGAN il I%HQS@ £Barti CRK! (e SHAOLGhp iR LPdrGa (1)
treatment 10 or prevention of pro ve neurodegenera I ve di seases,
Al zhei ner' s di sease, Parkinson's dlsease Pi ck' s di sease,

Hunti ngton's chorea, Korsakoffs disease, schiagphrenia, acute

neur odegener ati ve di seases, frontal |obe d bcortical denenti as,
vascul ar denentias, epil “ukarfiacci dents and al so
depressive and anxi ous st ats ~Noh I tes also to
pharmaceuti cal conpositions i Si acti ingrﬁ%;ent, 15 at

| east one conpound of fornu e\ Or; NDf € appro BTiate

inert, non-toxic excipie phar meieeut i cal comnposi tions
accordlng to the invention there may be ment Honed nore especially
those that are suitable for oral, parenteral (intravenous or

subcut aneous), nasal, percutancous transcut aneous, rectal,
perlingyalwﬂ@ﬁggﬁ_aﬁ@ﬁ»g&g@&&ﬁﬁ&g afipiest ration and espeC|aIIy

tabl ets or dragees subl 1 ngual fets sachets, 20paquets, capsul es,

| ozenges, gl ossettes, supp05|tor|es creams, ointnents, dernal gel s,

i nj ectabl e prepar.atj ons and drinkable s The usef dosage
can b var PRaT B da b A Aty B S IRt Tup SP il e e rnce the
the admi ni sfepdfficOph@tivehand céhpSuddner @ﬂﬁu@q@m@asgwenQfantela%@atcbﬁwmonal

and it ranges fron10 01 ng to 1 per day in one or nore
admi ni st r achemisal reactions to subsequently mod1fy the substituents of the boronic acid compound,

AN @ily acceptable acid or

iate,” Into gei%cal and
agccording to nventi ona

which compound of formula (I/a) may then, if required, be subjected to:

10 = either double alkylation on the nitrogen atoms in positions 2 and 5, by action of a
strong base in the presence of an alkylating agent R'-X wherein R' represents a
linear or branched (C;-Cq)alkyl group and X represents a halogen atom,

‘to yield the compound of formula (I/b), a particular case of the compounds of

formula (I):



- 12 - The starting materials used are products that are known or
that are prepared according to known operating procedures. The
structures of the conpounds described in the Exanpl es were determ ned
according to the usual spectrophotonetri% techni ques (infrared, NWR
mass spectronetry), 5EXAVPLE 1: "o

8- phenoxy- 2, 3, 4, 5-tetrahydro- 1, 2, 5- benzot hi adi azepi ne 1, 1-di oxi de
Step A NI112-(chIorosuIphonyl)-4-nethoxypﬁggxﬁpankno "met hyl ene_

| - N-net hyl - met hancuni ni gm chl oride D net gélnanide (0.152 mol) is
added clropwi se to a suspénsivon_of vQ-55 Bt hoxybenzenesul phoni ¢

"1
acid (0.152 nol) in thion bri de 63 mol*,\ The reaction 10
mxture is heated very gra to d is mgintai A& at that
tenperature for 1.5 hour er coolil 3 irred reaction

solution is treated by the addition of 20 nljof toluene. A

precipitate is fornmed which is rapidly filtgered off, rinsed with

tol uene and then dried at 40C in vacuo in the presence of KOH

pellets, corresponding to the title product. SteaB

: N-(2-ehl oroet hyl )-211111EF(.dj,met hy] ar ni no) net hyl enel am no} - 5-

15met hoxybenzen r%émi‘%a%@qirﬁree%ﬁ?%&ﬁ#ﬂ%)egg?g% mol ) is added
dropwi se to a suspension of a m xture of the product of the Step

above (0.152 nol) and 2-chl oroet hyl am ne hydrochl oride (0.182 nol) in
470 m of di chl eraefetidenen thanogem it nesitienBebaaciioa dfa hahein the presence
reaction m xture.bel o 0C. After  stirring.for, 2 hour t he reactjon
Txture i s di | uRbat S B BT G Fiin & THIE (e TSPOSTS OTsHach pghched
washed sw ce W (@, @3ty @shpt Whithvié uRsubstitutedt @ckubatlted Pyudreost. mdRehalogen
organi ¢ phase is dried over MgpSO4 and evapor at ed under reduced
pressure. The r8&mavEd X repserenigghalogsnp9ni.n et hyl ether to yield,

after filtration, the title product. Melting point: 89C - 13 -

El emental m croanal ysi s: Cif
to yield the compound of formula (I/c), a particular case of the compounds of

formula (I):

10 wherein Ry, Ry and R4 are as defined hereinbefore,

which may optionally be subjected to alkylation on the nitrogen atom in position 5,
by action of a base in the presence of an alkylating agent R';-X whereinR '3
represents a linear or branched (C;-Cg)alkyl group, a (Cs3-Cg)cycloalkyl group or a
(C3-Cy)cycloalkyl-(Ci-Ce)alkyl group in which the alkyl moiety is linear or

15 branched, and X represents a halogen atom,

to yield the compound of formula (I/d):



NS C theoretical %45.07 5.67 13.14 1003 11.09 experinental % 44.93
5.63 13.07 10.19 11.82 Step

C. 2- am no- N- ( 2- chl or oet hy0- 5- met hoxybenzenesul phonam de The entirety
of the product fromthe Step above is suspended in a m xture of 130
n of dioxane and 110 nil of 5M HCl. Thereaction mixture is stirred
at 110C for 16 hours. 5 After evaporating off the dioxane, the
reaction mxture is diluted with water ang iDC}s hen neutralised by
addi tion of 10 % NaHCO3 sol uti on. At neut ékséﬂ,/ he aqueous phase is
extracted 3 tines with e : e, X ganNc phases are

coll ected, washed wi th sat tion %.d then dried over
duced, ressudd), the title
6N~ 10st ep 3

MSH4 to yield, after evap

product in the formof a .

: 8- met hoxy- 2, 3, 4, 5-tetrahydro- 1, 2, 5- benzot hiadi azepne 1, 1-di oxide In

a 1-litre PAAR autocl ave reactor with a glass envelope, the' entirety
of the product fromthe Step above is suspended in 300 M of ethanol.
The reaction mxture is heated at 150C

wherein Ry, Ry, R's and R4 are as defined hereinbefore,

= or_ alternatively alkylation on the nitrogen atom in position 5, by means of a

reductive amination reaction using a reducing agent such as sodium

5 triacetoxyborohydride or cyanoborohydride in the presence of:
- either [(1-ethoxycyclopropyl)oxy Jtrimethylsilane,
- or a compound of formula (VIII):
R"3-CHO (VIID),
wherein R"3; represents a hydrogen atom or a linear or branched
10 (C1-Cs)alkyl group, a (Cs-Cg)eycloalkyl group or a (C;-Cs)cycloalkyl-

(C1-Cs)group in which the alkyl moiety is linear or branched,

- or alternatively a compound of formula (IX):
( (]:X)a
n

wherein 0 <n <4,



for 8 hours. After cooling is conplete, the solidis filtered off to
yield the title product. Meltingpoint: |126C

15Step_E2, 3, 4, 5-1 etrahydro-1, 2, 5- benzot hi adi azepi n-8-o0l 1, 1-di oxi de

To a suspension of the product fromthe Step above (12.3 nunol) in 30
m of dichl oromethane there is added. drof\i se a 1M sol uti on of boron
tribromde in dichloronmethane (37 m ), maintaining the tenperature of
the reaction it picdl Bl cvnBeEd dfhiermekelsyeneatisular xeser ef ths gmipoueds of
for 20 hours at_.anbjent tenperature and is poured 20 onto about 100 g
of ice. The soIﬁF?%"?% then neutralised by addition of 10 % Na2CO3
solution. After evaporating the agueous phase to dryness, the residue
is triturated in acetone. The salts are filtered several tinmes and

the various filtrates (containing the expggct product and al so the
starting material) are cgllected. .These arexgbslidr bed onto - 14 -
silicato yield, after chbsffatagraphingby €lutNon with a gradient of
di chl or onet hane/ acet one f 4 to{90/1Q and ki ng e solid in
ethyl ether, the title pra in the fopmof, g Ahite er.

Mel tingpoint: 183-188C 5 D N
F: 8- phenoxy-2, 3,4,5-tetra ydro-1,2,5-benzotWiadiazepine 1,1-d oxide A
suspensi on of phenyl boronic acid (8.36 nmm"),, product fromthe Step
above (5.60 nmol), Cu(QAc)2 (8.42 nmol), pyridine (16.8 nmol) and 12

g of nol ecular sieve in 200 m of dichloromethane is stirred

overnight in air_at anbient tenperature. Acetone is then added and
then the reacti BheisikRup éenresents| & Eperd Bvaanched (¢ r-Corha! rqupr atEsiCgleyelo-

evaporaj ed, 10 ' i hane ] r .00 :ar:
CiTTon ot i, SRSERRHP o PHCLERE RO IPTE 0 r OfPh A% AR 0 tincer
96/ 4, to yield, oabtechedpkidRy andrie ssohs dbfinad eehhinbeotdier, the title

product in the formof a white powder. Meltingl46-149C El enent al
m croanal ysis: theoretical %57.92 4.56 9.65 11. 04 experinental %

57.90 5.00 which may optionally be subjected to alkylation on the nitrogen atom in position 2,

by action of a base in the presence of an alkylating agent R"4~-X wherein R"4
represents a linear or branched (C;-Cgalkyl group which is unsubstituted or

10 substituted by one or more halogen atoms and X represents a halogen atom,

to yield the compound of formula (I/f):

O it
Oxng R
1 O N
Loy

y 1),

5 4
i
Rllf3
wherein Ry, Ry, R™; and R"; are as defined hereinbefore,
which compounds of formulae (I/a) to (I/f), which constitute the totality of the compounds

15 of formula (I), may then be purified according to a conventional separation technique, are

converted, if desired, into addition salts thereof with a pharmaceutically acceptable acid or



9.78 11.08 15 The products of Exanples 2-9 that foll ow were obtained
I n accordance with the procedure of Step F of Exanple 1, starting
fromthe internediate 2, 3,4, 5-tetrahydro-1, 2, 5-

benzot hi adi azepi n-8-0l 1, 1-di oxide (Step E of Exanple 1) and the

appropriate boronic acid as nentioned. ~

- ExaMPLE 20 N

(4-[(1, 1-dioxido-2,3,4,5-tetrahydro-1, 2, 5-benzot hi adi azepi n-8-y1)-
200xy| benzidsened hrerrspukishonbart deprRe@ae.iiote apiitd] and positional isomers, if they exist,
(4-{knet hy] sul

/ 15-117C

ho am nqi et hyl } phenyebor oni e acid. Me/tingpoint:
g%gnﬁh%ﬁﬁ ‘ﬁ?gﬁ“ﬁ¥£e§%%§?%§¥@PquH N theoretical % 48.35

4.82 10.57 1613 experinental % 48. 60

10

15

20

25

The compounds of formulae (II) and (VII) are commercially available or readily accessible
to the person skilled in the art using conventional chemical reactions or chemical reactions

described in the literature.

The compound of formula (VI) is new and, as an intermediate in the synthesis of

compounds of formula (I), also forms part of the invention.

The compounds of formula (I) according to the invention have AMPA receptor activating
properties and NMDA receptor antagonist properties, making them of use in the treatment
or prevention of progressive neurodegenerative diseases, Alzheimer's disease, Parkinson's
disease, Pick's disease, Huntington's chorea, Korsakoff's disease, schizophrenia, acute
neurodegenerative diseases, frontal lobe and subcortical dementias, vascular dementias,

epilepsy, cerebral vascular accidents and also depressive and anxious states.

The invention relates also to pharmaceutical compositions comprising, as active ingredient,
at least one compound of formula (I) with one or more appropriate, inert, non-toxic
excipients. Among the pharmaceutical compositions according to the invention there may
be mentioned more especially those that are suitable for oral, parenteral (intravenous or
subcutaneous), nasal, percutaneous, transcutaneous, rectal, perlingual, ocular and
respiratory administration and especially tablets or dragées, sublingual tablets, sachets,
paquets, capsules, lozenges, glossettes, suppositories, creams, ointments, dermal gels,

injectable preparations and drinkable suspensions.
The useful dosage can be varied according to the nature and severity of the disorder, the
administration route and also the age and weight of the patient, and it ranges from 0.01 mg

to 1 g per day in one or more administrations.

The Examples that follow illustrate the invention but do not limit it in any way.



4.93 10.50 16.20 EXAMPLE 3:

8- (4-fl uoro-phenoxy)-2, 3,4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi ne

1, 1-di oxi de Reaction with (4-fl uorophenyl)boronic acid. 5 Melting
poi nt: 153-156C El enental mcroanal ysis: theoretical % 54.54 4.25
9.09 10.40 experimental % 54.14 4.41 9.04-10.08 EXAVPLE 4:

8- (3-fl uorophenoxy) -2, 3,4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi ne 1, 1-

di oxi de

The Reeotg matevials us¢Bark| modwphthay @b dnowh or deit dre @@pared according to

Mel ti ngpoi nt: 128C El enental m croanal ysi s:
Riio

10

15

20

wn operating procedures.

The structures of the compounds described in the Examples were determined according to

the usual spectrophotometric techniques (infrared, NMR, mass spectrometry).

EXAMPLE 1: 8-phenoxy-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine 1,1-dioxide

Step A: N-[[]2-(c chlorosulphonyl)-4—methoxyﬁhenyl] amino [methylene ]-N-methyl-

methanaminium chloride

Dimethylformamide (0.152 mol) is added dropwise to a suspension of 2-amino-5-
methoxybenzenesulphonic acid (0.152 mol} in thionyl chloride (0.763 mol). The reaction
mixture is heated very gradually to 70°C and is maintained at that temperature for
1.5 hours. After cooling, the stirred reaction solution is treated by the addition of 20 ml of
toluene. A precipitate is formed which is rapidly filtered off, rinsed with toluene and then

dried at 40°C in vacuo in the presence of KOH pellets, corresponding to the title product.

Step B:  N-(2-chloroethyl)-2-{[(IE)-(dimethylamino)methylene Jamino}-5-

methoxybenzenesulphonamide

Triethylamine (0.517 mol) is added dropwise to a suspension of a mixture of the product of
the Step above (0.152 mol) and 2-chloroethylamine hydrochloride (0.182 mol) in 470 ml
of dichloromethane, maintaining the temperature of the reaction mixture below 30°C. After
stirring for 2 hours, the reaction mixture is diluted with dichloromethane and the organic
phase is washed twice with water and then with saturated NaCl solution. The organic phase
is dried over MgSOy and evaporated under reduced pressure. The residue is made more

solid in ethyl ether to yield, after filtration, the title product.



theoretical % 54.54 4.25 9.09 10.40 experinental % 54.39 4.17 8.99
9.98 EXAMPLE 5:

8- (3, 5-di fl uorophenoxy)-2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi ne
1, 1- di oxi de Reaction with (3 ,5-dif]uorophenyt)boronic acid.
15Mel tingpoint: 90-95C - 16 - Elenenta11%1croanalysis: CH

10

15

20

C H N S Cl
theoretical % 45.07 567 13.14 10.03 11.09
experimental %  44.93 563 13.07 1019 11.82

Step C: 2-amino-N-(2-chloroethyl)-5-methoxybenzenesulphonamide

The entirety of the product from the Step above is suspended in a mixture of 130 ml of
dioxane and 110 ml of SM HCIL. The reaction mixture is stirred at 110°C for 16 hours.
After evaporating off the dioxane, the reaction mixture is diluted with water and it is then

neutralised by addition of 10 % NaHCOs; solution. At neutral pH, the aqueous phase is

extracted 3 times with ethyl acetate. The organic phases are collected, washed with

saturated NaCl solution and then dried over MgSOy to yield, after evaporation under

reduced pressure, the title product in the form of an oil.
Step D : 8-methoxy-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine 1,1-dioxide

In a 1-litre PAAR autoclave reactor with a glass envelope, the entirety of the product from
the Step above is suspended in 300 ml of ethanol. The reaction mixture is heated at 150°C

for 8 hours. After cooling is complete, the solid is filtered off to yield the title product.

Step E: 2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-ol 1, 1-dioxide

To a suspension of the product from the Step above (12.3 mmol) in 30ml of
dichloromethane there is added dropwise a 1M solution of boron tribromide in
dichloromethane (37 ml), maintaining the temperature of the reaction mixture below 30°C.
The heterogeneous mixture is stirred for 20 hours at ambient temperature and is poured
onto about 100 g of ice. The solution is then neutralised by addition of 10 % Na,COs
solution. After evaporating the aqueous phase to dryness, the residue is triturated in
acetone. The salts are filtered several times and the various filtrates (containing the

expected product and also the starting material) are collected. These are absorbed onto



"theoretical %51.53 3.71 8.58 9.83 experinental %51.44 3.86 8.50

9. 65 EXAMPLE 6:

31(1, 1-di oxi do- 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi n- 8-yl ) oxyl be
nzonitrile Reaction with (3-cyanophenyl)boronic acid. 5

Mel angpoi nt: 172-174C El enental m croanalysi s: H N theoretical %

silica to yield, after chromatographing by elution with a gradient of
dichloromethane/acetone from 96/4 to 90/10 and making more solid in ethyl ether, the title

product in the form of a white powder.

5 Step F: 8-phenoxy-2,3,4,5-tetrahydro-1,2, 5-benzothiadiazepine 1,1-dioxide

A suspension of phenylboronic acid (8.36 mmol), product from the Step above
(5.60 mmol), Cu(OAc), (8.42 mmol), pyridine (16.8 mmol) and 12 g of molecular sieve in
200 ml of dichloromethane is stirred overnight in air at ambient temperature. Acetone is
then added and then the reaction mixture is filtered over a frit. The filtrate is evaporated,
10 taken up in dichloromethane and chromatographed on a silica column, eluting with a
mixture of dichloromethane/acetone 96/4, to yield, after making more solid in ethyl ether,
the title product in the form of a white powder.
Melting point: 146-149°C

Elemental microanalysis:

C H N S
theoretical % 57.92 456 9.65 11.04
experimental % 57.90  5.00 978 11.08

15  The products of Examples 2-9 that follow were obtained in accordance with the procedure
of Step F of Example 1, starting from the intermediate 2,3,4,5-tetrahydro-1,2,5-
benzothiadiazepin-8-ol 1,1-dioxide (Step E of Example 1) and the appropriate boronic acid

as mentioned.

EXAMPLE 2: N-{4-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)-
20 oxy]benzyl}methanesulphonamide

Reaction with (4-{[(methylsulphonyl)amino]methyl} phenyl)boronic acid.



57.13 4.15 13.33 10.17 experinmental % 56.41 4.12 13.15 10.61 EXAMPLE
7: ethyl _
3-[(1, 1-di oxi do-2, 3,4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi n- 8- yl ) oxy]
benzoat e Reaction with [3-(ethoxycarbonyl)phenyti boronie acid.

10 Mel ting_point: 110C El emental nicroardlvis: theoretical % 56.34
5.01 7.73 8.85 experinmental % 55.70 4.95

C H N S
theoretical %o 4835 482 1057 16.13
experimental % 48.60 493 1050 16.20

EXAMPLE 3: 8-(4-fluoro-phenoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine
1,1-dioxide

Reaction with (4-fluorophenyl)boronic acid.

C H N S
theoretical % 5454 425 9.09 1040
experimental % 54.14  4.41 9.04 10.08

EXAMPLE 4: 8-(3-fluorophenoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine 1,1-

dioxide

Reaction with (3-fluorophenyl)boronic acid.

10 Melting point: 128°C

C H N S
theoretical % 54.54 425 909 1040
experimental %  54.39 417 899 998

EXAMPLE 5: 8-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine
1,1-dioxide

Reaction with (3,S-diﬂuofophenyl)boronic acid.
15 Melting point: 90-95°C



7.76 9.03 EXAMPLE 8:

8-[ 4- (benzyl oxy) phenoxyl - 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi ne
1, 1-di oxi de Reaction with [4-(benzyl oxy) phenyl ] boroni c acid.
15Mel ting_point: 134C -17- EXAVPLE 9:

8- (4- ni trophenoxy) -2, 3, 4, 5-t et r ahydr o- 1, 1®,-5- benzot hi adi azepi ne 1, 1-

di oxi de Reaction with (4-nitrophenyl)boronic acid. Mltingpoint: 162C
SEXAVPLE  1@Temental microanalysis:

3-[(1, 1-di oxi do- 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi n- 8- ypoxyl -
N - hydr oxybenzenecar boxi mi dami e To #50 |i& of DMSO there are added

hydr oxyl ai ni ne h¥g%ﬁ%?%@§gde_§g{§0 yriellp) §B§ thgﬁ3triethylanine (1.90

nmol ) An abundan precipitate i s forned, ich is diluted by
adding 3 m of Tddpedmenaidor rifig44 s éa6ri efsout 965 25 m nutes at
anbi ent tenperature. The 10 THE is evaporated off under reduced
pressure and the suspension is filtered. The product of Exanple 6

(0.317 ok A d 2ot fiddt . _$0l4t .
(oo g SARERECES, MU0 bid s byl apifyBhbia g
'm xture, a gum forns whémzenitsilatade solid by addi ng dichl oronet hane

and ethyl ether. The solid is filtered off and rinsed wth water and
ethyl ether to yield the title product. 15Meltingpoint: 19 7C

El ement al  RiegdtRaRANY SL&anopHdniN)boronic acid.
5 Melting point; 172-174°C

C H N S
theoretical % 57.13 4.15 13.33  10.17
experimental % 56.41 4.12 1315 1061

EXAMPLE 7: ethyl 3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-
yhoxy]benzoate

Reaction with [3-(ethoxycarbonyl)phenyl]boronic acid.
10 Melting point: 110°C

C H N S
theoretical % 56.34 501 7.73 8.85
experimental % 55.70  4.95 7.76  9.03

EXAMPLE 8: 8-[4-(benzyloxy)phenoxy}-2,3,4,5-tetrahydro-1,2,5-benzothia-

diazepine 1,1-dioxide

Reaction with [4-(benzyloxy)phenyl]boronic acid.
15 Melting point. 134°C



theoretical %51.71 4.63 16.08 9.20 experinental % 51.38 4.58 15.61
8.84 EXAWMPLE 11:
3-1(1, 1-di oxido-2, 3,4, 5-tetrahydro-1, 2, 5-benzot hi adi azepi n- 8-
yOoxy] benzoi ¢ acid A suspension of ester of Exanple 7 (0,55 nunol) in
5 m of IN sodi um hydroxide solution 201/s stirrcd for 30 minutes at
80C. The reaction m xture is then neutralised using IN HC1 sol ution,
extract ed BKWMBLREW: as@t-attmphenstod,3 4 AttatrahpdroNgZ5-Isnlzothiash)zepire et
(MgS™), filtered and {hen evaporated under reduced pressure to
yield, after trituratiH*'fhe residue in ethyl ether and filtering,
the title product. Melting _point: 212-217C - 18 - El enental
m cr oanal ysi s:

Reaction with (4-nitrophenyl)boronic acid.

5 EXAMPLE 10: 3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]-

N'-hydroxybenzenecarboximidamide

To 750 pl of DMSO there are added hydroxylamine hydrochloride (1.90 mmol) and then
triethylamine (1.90 mmol). An abundant white precipitate is formed, which is diluted by
adding 3 ml of THF and stirring is carried out for 25 minutes at ambient temperature. The

10  THF is evaporated off under reduced pressure and the suspension is filtered. The product
of Example 6 (0.317 mmol) is added to the filtrate and the solution is stirred overnight at
ambient temperature. After adding water to the reaction mixture, a gum forms which is
made solid by adding dichloromethane and ethyl ether. The solid is filtered off and rinsed
with water and ethyl ether to yield the title product.

15 Melting point. 197°C

C H N S
theoretical % 51.71 463 1608 9.20
experimental %  51.38 458 1561 8.84

EXAMPLE 11: 3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-

yhoxylbenzoic acid

A suspension of ester of Example 7 (0.55 mmol) in 5 ml of 1IN sodium hydroxide solution
20  is stirred for 30 minutes at 80°C. The reaction mixture is then neutralised using 1IN HCI
solution, extracted with ethyl acetate, washed (saturated NaCl solution), dried (MgSOy),
filtered and then evaporated under reduced pressure to yield, after triturating the residue in

ethyl ether and filtering, the title product.



H N theoretical A 53.89 4.22 8.38 9.59 experinmental %53.41 4.23
8.35 9.82 EXAMPLE 12.

31(1, 1-di oxi do-2, 3,4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi n- 810oxyi N- ne
t hyl benzam de The acid of Exanple 11(0.66 mmol) is stirred overni ght
at anbient tenperature in 50 m 5 of di-dBl-oronethane in the presence
of 2-(1/1-benzotriazol-1-y1)-1,1, 3, 3-tetramnet hyl uroni um

tetrafl uor phafat® il o8Rpano! ), diisopropyl ethylamne (0.80 mol) and

2M met hyl am ne solution in THE (1.32 nmol ). The reaction mxture is
then neutralised with 1IN HC1 s6lutioH, ext¥actedSwith ethyl acetate,
washed (saturated, Na ol uti dried ( ) iltered and then
evapor at ed underg@?rg%ggﬁiresgﬂ%% t%ZgieI%?§aft%?§triturating t he

10resi due in a dixpblinemaryhansd aet hanel ng3suresand filtering, the
title product. Meltingpoint: 205C El enental m croanal hsis:

EXAMPLE 12: 3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]-

N-methylbenzamide

The acid of Example 11 (0.66 mmol) is stirred overnight at ambient temperature in 50 ml
5 of dichloromethane in the presence of 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyl-
uronium tetrafluoroborate (0.80 mmol), diisopropylethylamine (0.80 mmol) and 2M
methylamine solution in THF (1.32 mmol). The reaction mixture is then neutralised with
IN HCI solution, extracted with ethyl acetate, washed (saturated NaCl solution), dried
(MgSOy), filtered and then evaporated. under reduced pressure to yield, after triturating the

10  residue in a dichloromethane/methanol mixture and filtering, the title product.

C H N S
theoretical % 55.32 493 1210 9.23
experimental % 54.79 488 11.88 9.20

EXAMPLE 13: {3-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)-

oxy]phenyl}methanol

15  The ester of Example 7 (0.805 mmol) is dissolved in 10ml of THF, and LiAlHy
(2.43 mmol) is added in small portions. After stirring for 30 minutes, 1 ml of isopropanol
and 1 ml of brine are added to the reaction mixture in succession. The suspension is
filtered, and the filtrate, after evaporation under reduced pressure, is chromatographed on a

silica column (98/2 dichloromethane/methanol) to yield the title product.



H N theoretical %55.32 4.93 12.10 9. 23 experinental % 54.79 4.88
11.88 9.20 EXAMPLE 13:

(3-[(1, 1-di oxi do- 2, 3, 4, 5-tetrahydro-L2, 5- benzot hi adi azepi n-8-y1) -
oxy] phenyl } met hanol 15 The ester of Exanple 7 (0.805 mmol) is
dissolved in 10 ml of THF, and Li ALH4 (-2943 mmwol) is added in snal

portions.

After stirring for 30 mnutes, 1 m of isopropanol and 1

nil of bri REAVEI&dted4-{@, 18 xideal;8 4 Frtetiakly dr @ 1,2(5-Béizo e sdianepidB8eyoxy]-
suspension is filtered, and the filtrate, after evaporation under
reduced pressure, is cPi&Wht ographed on a silica colum (98/2

di chl oronet hane/ net hanol) to yield the title product. 20 Melting

146C - 19 - EXAWPLE 14:

4-[ (1, 1- di Oké¢ gedBctfLamplt § €h)@morol) 2 hfdivgardtdhioadilmpep atmBsppklio ryesgure

poi nt :

henol

10

15

20

in 60 ml of ethanol in the presence of 30 mg of 10 % palladium-on-carbon and 2 drops of
4N HCI solution in dioxane. The catalyst is removed by filtration and the filtrate is
evaporated to dryness. The residue is taken up in the hot state in ethyl acetate. The organic
phase is washed with 1 % NaHCO; solution and then with saturated NaCl solution, dried
(MgSQy), filtered and evaporated. The residue is triturated in a mixture of ethyl
acetate/ethyl ether to yield, after filtration, the title product.

C H N S
theoretical % 5489 4.61 914 1047
experimental % 54.96  4.74 889 1039

EXAMPLE 15: 8-[4-(benzyloxy)phenoxy]-5-methyl-2,3,4,5-tetrahydro-1,2,5-

benzothiadiazepine 1,1-dioxide

Aqueous formaldehyde 37 % (12.6 mmol) is added to a suspension of the product of
Example 8 (2.52 mmol) in 10 ml of acetonitrile. The suspension is stirred for 1 hour at
ambient temperature. A spatula tip of bromocresol green and sodium cyanoborohydride
(7.56 mmol) are added in succession. The reaction mixture is brought to acid pH by adding
4N HCI solution in dioxane. The reaction mixture is stirred overnight at ambient
temperature and is then neutralised by addition of 10 % NaHCO; solution. After diluting
the reaction mixture with water, a precipitate forms, which is filtered off. Purification of
the title product is carried out by chromatography on silica, eluting with a mixture of

dichloromethane/ethyl acetate 96/4.



The product of Exanple 8 (0 76 mvl) is hydrogenated for 1 hour at

at nospheric pressure in 60 m of ethanol in the presence of 30 ng of
10 % pal | adi um on-carbon and 2 drops of 5 4N HCl sol ution in dioxane.
The catalyst is renoved by filtration and the filtrate is evaporated
to dryness. The residue is taken up intXe hot state in ethyl

acetate. The organic phase is washed with 1 % NaHCO3 sol uti on and

then w th EXAVELEMNaG](Saakthlyl-01-didxided,3,A§Sehphy dito-1,2/5esknavitiadiazepin-
evapor at ed. The residu ) tr turated in a mxture of ethyl
acetate/ethyl ether to Vl %Pfoter filtration, the title product. 10
Mel tingpoint: 175C El enent aI m cr oanal ysi s: theoretical % 54.89 4.61
9.14 10.47 experinmental %54.96 4.74 8.89 10.39 EXAMPLE 15:

8- 14- ( benz¥hoxynphenokydbtsnerebh ratal @, bdsogestticrhydthe- frodyd-of Example 15 in

benzot hi adi azepine 1 oxi de ,Aguequ for . dehyde~. 37 % (12.6.

i s added t 3§ %%e‘ﬁ’gﬁ ﬂ‘ fpr?‘??gu%ro {T?5%Ex S Zl@ fﬁ@go O)u% by
in 10 i oéhraﬁﬁwgm;ﬂquloh@ﬂﬂsaea&uﬁgo@nﬁa@nxﬂuﬁe &{dw}ﬂ&@rrfeﬂfané/a&@éﬁe 9l/5.
anbient te erature IIrgﬂe;tu a tip of bronocresol green and sodi um

cyanobor oh§A#ingerofr: 585 are added in succession. The reaction
m xture is pH by adding 4N HCl solution in dioxane.
The reactlgn“‘%}!gzlﬁl%l}ergf@ﬁ%%rred overni ght at anbient tenperature and
is then neutralised by additiof of 1A% NaH@CB sofution. After

diluting 20 the reactio reC|p|tateforms
which is fi.Itereél‘e%F?”.ca% gaf‘f onngg th 7f1|tI] Oﬁroduct is carried
out by chromat ogrgphyenn &i | i 430 el wikng wgth ggmixture of

di chl oronet hane/ et hyl acetate 96/4. Melting point: 168-172C

-EXAMPLE 17: 4-[(1,1-Dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]-

aniline dihydrochloride

10 The product of Example 9 (0.51 mmol) is hydrogenated for 2 hours at atmpspheric
pressure in 30 ml of methanol in the presence of 20 mg of 10 % palladium-on-carbon. The
catalyst is removed by filtration and the filtrate is evaporated to dryness. The residue is
taken up 1in the hot state in methanol and the mixture is acidified with 4N HCI solution in
dioxane. After evaporating to dryness, the residue is triturated in acetonitrile to yield, after

15  filtration, the title product.

The products of Examples 18-21 that follow are obtained by reductive alkylation of the

compound of Example 1.

EXAMPLE 18: 5-(Cyclopropylmethyl)-8-phenoxy-2,3,4,5-tetrahydro-1,2,5-
20 benzothiadiazepine 1,1-dioxide hydrochloride

To a solution of the product of Example 1 (1.38 mmol) in 50 ml of CH,Cl, there are added
cyclopropanecarbaldehyde (4.17 mmol), acetic acid (4.17mmol) and sodium

triacetoxyborohydride (4.17 mmol). The reaction mixture is stirred overnight at ambient



- 20 - EXAMPLE 16:

4-[ (5-nmet hyl-1, 1-di oxi do- 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi n8-
ypoxy] phenol The conpound is obtained by catal ytic hydrogenati on of

t he product of Exanple 15 in accordance with the procedure of Exanple
14. Purification is carried out by 5chr@dat ography on silica, eluting
with a m xture of dichloronethane/acetone 95/5. Melting_point:

128- 130C Heemnentat and trthanaduyisiissd Bytwiditkini ofaly NaBICd; o1 @dn8A R d@aBing
experi nment al @b%_.SO 5.03 8.67 10.24 EXAMPLE 17: )
4-[ (1, 1- Di B¥h dghioramathang, dhs anggrie ohases ar edlssied ivarpd capraed Nal) sndytien),
niline dih j T u - ; j

hydr ogenat %Igﬁrd?(g\}rﬂé Sé@z{% %Si? idgeélt ag? %{s%gh?rl? glfugfgégdsa&rk@s |%r11l Q@BE’ #13’ ngan%(?%% %hgl on
~in the preskac@lidfior@tetgnomelt@nsh 3842) adi thenpontucaishonverfedenoat sdltyiatethamol
renoved by, filtraj. and the filtrate.is evaporated to dryness. The
resi du% i }s/bX%l élhg{%% Sf’gf‘émﬂ(‘.)‘fdlé’f‘%ﬁeéoiyf?l RPN the mixture is
acidified welihedWitdG280kkingte)i N di oxane. After evaporating to

dryness, the residue is triturated in acetonitrile to yield, after

EXAMPLE 19: 5-cyclobutyl-8-phenoxy-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine
1,1-dioxide

The procedure is the same as that of Example 18 but the reaction mixture is stirred at 70°C
10 in the dichloroethane using cyclobutanone instead of the cyclopropanecarbaldehyde. The
crude product is purified by chromatography on silica, eluting with a mixture of ethyl

acetate/cyclohexane 2/8 to yield, after evaporation, the title product.

C H N S
theoretical % 62.77  5.85 8.13 931
experimental %  62.81  5.90 7.98 934

15 EXAMPLE 20: 5-methyl-8-phenoxy-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine 1,1-

dioxide

The procedure is the same as that of Example 18, using aqueous formaldehyde 37 %
instead of the cyclopropanecarbaldehyde. The crude product is purified by chromatography
on silica, eluting with a mixture of dichloromethane/methanol 98/2, to yield the title

20 product.

C H N S
theoretical % 59.19 530 920 1054
experimental %~ 59.35 530  9.07 10.52



15filtration, the title product. A/felting point: 128-134C The
products of Exanples 18-21 that follow are obtained by reductive

al kyl ati on of the conpound of Exanple 1. EXAVPLE 18:

5- (Cycl opr opyl net hyl ) - 8- phenoxy- 2, 3, 4, 5-t et rahydro- 1, 2, 5-
20benzot hi adi azepi ne 1, 1-di oxi de hydrocR2oride To a solution of the
product of Exanple 1 (1.38 nmmol) in 50 ml of CH2A 2 there are added
cycl opropanccar bal dehyde (4. 17 mmol ), acetic acid (4.17 mmol) and

sodi um tri acet oxybor ohydri de &1.17 mol ) The reaction m xture is
Stirred ovbRAMRLEA aishb-phepaxy-20 i B0 drip-benadiidiazepine 1,1-
neutralised by additiof,gh.10 % NaHCG3 sol ution. After extracting

wi th di chl oronet hane, the organi c phases are coll ected, washed
(saturated NaCl solution), dried (MgSO) and then evaporated. The

(i chi or omiehaRSFUEHARBT 882 BAGof R ApPbudb: 188 SoHoddl et 4T the
salt in et opi¥caastilidhg d4NTHCEr R0 J#bdiRR i PubhieX BNk SndtbSlaphy BE silica,
title prodﬂg?gkwbltingpgggt; 62C (neg?ngue; EXA@PLE?lQ:_ _ 5?5%# e
5- cycl chut ¢utige pibraaexiitwe of dclorometiznginahanop 92 herviadd Hieditlearepiche
L1-di oxi de, I rocediyoe i s the sane as that of Exanple 18 but the
reaction n#§'§$'ggé”g#{?red at 70C 10 in the dichl oroethane using
product is purified by chromatography on sjlica, eluting with a
m xture of ethyl acetate/cycloﬁexane%2/8 t4 yieh%, after evaporation,
m
the title producty, M) LiHg P 5 (meg bpgue) okl enent a
m croanal ysi s: thégref%cal @8%2%%7 §§35 8??3 b0

experimental %  60.25  5.65 870 10.18

EXAMPLE 22: 5-cyclopropyl-8-phenoxy-2,3,4,5-tetrahydro-1,2,5-benzothia-

diazepine 1,1-dioxide

10 The procedure is the same as that of Example 18 but the reaction mixture is stirred at 70°C
in the dichloroethane using [(1-ethoxycyclopropyl)oxy]trimethylsilane instead of the
cyclopropanecarbaldehyde. The crude product is purified by chromatography on silica,
eluting with a mixture of cyclohexane/ethyl acetate 70/30, to yield the title product.

15 Elemental microanalysis:
C H N S
theoretical % 61.80 549 8.48 9.71

experimental %o 61.15 553 825  9.60

EXAMPLE 23: 2,5-dimethyl-8-phenoxy-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepine
1,1-dioxide

Sodium hydride 60 % in mineral oil (3.05 mmol) is added to a suspension of the product of
Example 1 (1.016 mmol) in 3 ml of dimethylformamide. After stirring for 10 minutes, a

20 2M solution of methyl iodide in methyl fers-butyl ether (3.05 mmol) is added dropwise.



9.31 experinmental %62.81 5.90 7.98 9.34 15EXAMPLE 20:
5- et hyl - 8- phenoxy- 2, 3, 4, 5-t et rahydro- 1, 2, 5- benzot hi adi azepi ne
di oxi de The procedure is the sane as that of Exanple 18, using
aqueous formal dehyde 37 % instead of the cycl opropanecarbal dehyde.
The crude product is purified by chronatdgraphy on silica, eluting
“wWith a mxture of dichloronethane/ nethanol 98/2, to yield the title
ngl’ oduct . lTNB ké¢dcrigpaiiRture b2Birrkd bl @nantabicit ehgrRaindng .is thell dNuted with
t heoretical %
wateor, extracted with ethyl acetate, washed (saturated NaCl solution), dried (MgSOy),
filtered and then evaporated to dryness. The residue is chromatographed on silica, eluting

with a mixture of dichloromethane/acetone, to yield the title product.

C H N S
theoretical % 60.36 ~ 5.70 8.80  10.07
experimental % 60.58  5.75 8.64 1031

EXAMPLE 24: 2-(2-fluoroethyl)-8-phenoxy-2,3,4,5-tetrahydro-1,2,5-benzothia-

diazepine 1,1-dioxide

A suspension of the product of Example 1 (2.06 mmol) in 100 ml of acetonitrile is stirred
10 for 24 hours in the presence of caesium carbonate (4.12 mmol) and 1-bromo-2-fluoro-
ethane (4.12 mmol). The reaction mixture is then filtered and the filtrate is evaporated to
dryness. The crude product is chromatographed on silica, eluting with a mixture of
dichloromethane/methanol 98/2. The product is converted into a salt in ethanol by adding
4N HCI solution in dioxane to yield the title product in the form of a hydrochloride.
15 Melting point: 95-98°C



59.19 5.30 9.20 10.54 experinental %59.35 5.30 9.07 10.52 - 22 -
EXAMPLE 21: “ '

5- et hyl - 8- phenoxy- 2, 3, 4, 5-t ctrahydro- 1, 2, 5- benzot hi adi azepi ne 1, 1-
di oxi de The procedure is the same as that of Exanple 18, using

aceéaldehyde i nstead of the cycl opropan&tar bal dehyde. The crude
pr oduct

RLrtyre of di chl oronet hane/ net hanol 98/2, to yield the title product.
ting _point: 138C Elenental ncroanal ysi.s; .t [ 9
p Ay Sl g%%rD ical % 60.36 5.70.
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I's purified by chromatography on silica, 5eluting with a

ARMACOLOGI

EXAMPLE A: Study of the effect of compounds on the membrane depolarisation
brought about by AMPA in primary cultures of rat neurons.

The test comprises the in vifro measurement, by means of fluorescence, of the membrane
depolarisation brought about in cultured rat embryonic neurons by the joint action of
AMPA and the compound under test, compared to the action of AMPA alone. The brain
cells are placed in culture and kept in a cell culture incubator for 18 days. After incubation,
the culture medium is withdrawn and replaced with fluorescent probe loading medium for
measurement of the membrane potential (20 ul; membrane potential kit from Molecular
Devices) and left at ambient temperature for 1 hour. The base fluorescence of the wells is
read (FDSS apparatus from Hamamatsu) and the cells are then injected with AMPA (20 ul;
concentration range: from 3 to 100pM) and the action of the AMPA is méasured
kinetically. The test compound is then introduced into the wells (20 ul; in a concentration
range crossed with that of AMPA) and the action of the compound is measured kinetically.
At the end of each of the two periods of kinetic measurement, the result for each well is the
average reading over the final 15 seconds of the period. The curves are plotted of the effect
of AMPA at the various concentrations of compound. For each concenfration of
compound, the result is the area under the AMPA curve at that concentration, and the ECyx
(the concentration of compound which doubles the membrane potential brought about by

AMPA) is calculated.

The compounds of the invention greatly potentiate the excitatory effects of AMPA. By
way of example, the compound of Example 1 has an ECyx of 25pM.

EXAMPLE B: Object recognition in the CD1 mouse
The object recognition test (Behav. Brain Res., 1988, 31, 47-59) is based on the

spontaneous exploratory activity of the animal and has the characteristics of episodic

memory in humans. This memory test is sensitive to ageing (Eur. J. Pharmacol., 1997, 325,



10. 07 experinental % 60.25 5.65.8.70 10.18 EXAWVPLE 22:

5-cycl opropyl- 8- phenoxy- 2, 3, 4, 5-t et rahydro- 1, 2, 5- benzot hi adi azepi ne

1, 1-di oxi de 10The procedure is the same as that of Exanple 18 but the
reaction mxture is stirred at 70C in the dichl oroethane using

[ (1- et hoxycycl opr opypoxy] tri net hyl si | anéSi-nst ead of the

cycl opropanecar bal dehyde. The crude product is purified by

chr omat ogr aphy8®ungitd tiedinelididlyshghctibhd(Phaim XBivtien0Bebye| DIvEX 8B@SH,A7MYA83)
acetate 70/30, to yield the title_ product. Ml tingpoint: 119%

15El enent afndyis dagpsrn s idifferences [ the KEpIOBIOR AT 2bttsay Iaitlygiyilarghgper 1 one

10

15

20

25

familiar, the other new. The test procedure, which has been adapted for the CD1 mouse,
comprises 3 phases which take place in the same test enclosure. During the ﬁrst phase,
which lasts 40 minutes, the mice are habituated to the environment. During the second
phase, which takes place the next day, an object is placed in the enclosure and the mouse is
free to explore it. Once the duration of that exploration has reached 20 seconds, the mouse
is taken out of the enclosure. In the course of the third phase (5 minutes), 24 hours later,
the same object is presented (acquiriﬁg the status of a "familiar" object), as well as a new
object. The duration of exploration, expressed in seconds, is timed for each of the two
objects. The control animals, which have previously been given the carrier by the oral
route 60 minutes before each of the 3 phases, explore the "familiar" object and the "new"
object for an equivalent period, which indicates that the object previously presented has
been forgotten. Animals having received a compound that facilitates mnemocognition
explore the new object preferentially, which indicates that the memory of the object

previously preserited has been retained.

When tested in accordance with the protocol of Example B, the compounds of formula (I)
according to the invention have shown themselves to be effective in improving
memorisation. For example, the results obtained with the compound of Example 1 of the
present invention show significantly greater exploration of the new object, compared to the

familiar object, at doses of 1 and 3 mg/kg PO.

EXAMPLE C: Effect of compounds on the current induced by NMDA in oocytes of

Xenopus laevis injected with poly(A") mRNA from rat cortex

Electrophysiological recordings are carried out on oocytes of Xenopus laevis injected with
poly(A") mRNA from rat cortex and expressing, inter alia, NMDA-type glutamatergic
receptors from rat cortex, in a plexiglass recording chamber continuously perfused with
OR2 solution not containing magnesium (which blocks the opening of the NMDA receptor
channel) and at ambient temperature. The inward current induced by an application of

NMDA is recorded at a resting potential of —60 mV, using a standard two-electrode



experinmental % 61.15 5.53 8,25 9.60 EXAMPLE 23:

2, 5-di met hy1l- 8- phenoxy- 2, 3, 4, 5-tetrahydro- 1, 2, 5- benzot hi adi azepi ne

1, 1-di oxi de Sodi um hydride 60 %in mneral oil (3.05 nunol) is

added to a suspension of the product of %ganple 1 (1.016 nmmol) in 3

m of di nmethyl formam de. After stirring:% 10 m nutes, a 202M
solution of nmethyl iodide in nethyl tert- butyI et her (3 05 mol) is
added dr opwpléage ClamQ&chnﬂihe TreadMIvh (3 1XE' e iappléadi wﬁbdleq&ﬁeﬁmogrsplmnon in

mbi ent t t th d d with wat tracted w
ot nyl acet Ha Cten oot uLadreliiy” ke SEatiot oty o el sy bberusion

filtered apde bhemigi @p@ﬁ@&ﬁﬁhﬂuﬂe gf bh@%ﬁﬁrent-rh@ud’eéfbly(iﬂﬁljﬁﬁ is measured at the peak
chronatograghed on silica, eluting wwth a m xture of

di chl or omePhlielEeR: Ghe tested cpmppandstee gnnlicd aprr@maémg dgags|te ihezq@memocyte in

| 30- 131§: E "E/é}g\% q\:’rxg's@(@%p%%ysgéo%ds tg%?o% egb g;@c n<{§ ggrn‘?gG agd 73Q) S%C(?nds 18“[69

experlnenta
application of 3x10*M NMDA in the presence of 3x10°M glycine every 5 minutes. The

amplitude of the current induced by NMDA in the presence of compound is normalised
and expressed as a percentage of that induced in the same oocyte in the absence of product,
which corresponds to 100 % response. The ICso, which corresponds to the concentration of
10 product which inhibits the current inducved by NMDA by 50 %, is determined by non-

linear regression using a variable-slope sigmoid-shaped concentration-response model.

The compounds of the invention greatly inhibit the effects of NMDA. By way of example,
the compound of Example 1 has an ICsy of 9uM.

"EXAMPLE D: Pharmaceutical composition

15  Formula for the preparation of 1000 tablets each containing 10 mg of 8-phenoxy-2,3,4,5-

tetrahydro-1,2,5-benzothiadiazepine 1,1-dioxide (Example 1)....ccccovecrvieireceiinnieieeenenae 10¢g
HydroXypropyle@lULOSe .. ..oovveeiiiciieeiisiecees ettt 2g
Wheat STArCH ....cc.eiii e et st 10g
LLACLOSE .ttt bbbttt ettt s s e e n et et es e s e e et naee e 100 g
20 MagnesIiUum STEATALE. ......cuveuiiiiiitictirtet ettt e et st et et e et e eaestesee e s ese b st eree st e eresbensansanneanens 3g



8.64 10.31 EXAMPLE 24:

2- (2-fluoroethyl)-8-phenoxy-2, 3, 4,5-tetrahydro-1, 2, 5- benzot hi adi azep
ne 1, 1-di oxi de A suspension of the product of Exanple 1 (2.06 mmol)
in 100 mM of acetonitrile is stirred 10 for 24 hours in the presence
of caesium carbonate (4.12 minol) and t2Brono-2-fluoroet hane (4.12
mmol). The reaction mxture is then filtered and the filtrate is
evaporated to dryness. The crude product is chromatographed on
silica, eluting with a m xture of dichloronmethane/ nethanol 98/2. The
product is converted into a salt in e?ﬁ@ﬁ%ﬂsby addi ng 4N HO sol ution
in dioxane to yield the title product in the formof a hydrochloride.
15 Mel tingpoint: 95-98C - 24 - PHARMACOLOG CAL STUDY EXAMPLE A:

St udy of the €eémpetndsfof bwmpbuids on t he nenbrane depol ari sation
brought about by AMPA in primary cultures of rat neurons. The test
conprises the in vitro neasurenent, by neans of fluorescence, of the
menbrane 5 depol ari sation brought about in culg¢ured rat enbryonic
neurons by the joint action of AMPA and tﬁé§cdnp98nd under test,
conpared to the action of% \ (Me. e bra@inNcells are placed in

culture and kept in a cell i fcubatpr for\18 days. After
i tihdrawn and r/epl aced, wi t h
m for mMmegs ment/ of the nmenbrane

i ncubation, the culture ne

fl uorescent probe |oadin i B3 S

potential (20 id; nenbra%& potential kit froM Mol ecul ar 10 Devi ces)

and left at anbient tenperature for 1 hour.,The base fl uorescence of
the wells is read (FDSS apparatus from Hamarfat su) and the cells are
then injected with AMPA (20 pl; concentration range: from3 to 100uM
and the action of the AMPA is neasured kinetically. The test conpound
is then introghges:into the wells (20 ul; in a concentration range
crossed with that of AMPA) and the action of the conpound is neasured
kinetically. 15 At the end of each of the two periods of kinetic

measur nt, |t ' - i )
final %gesecgi sl%§§$ﬁéw%§§F%gﬁgfﬁgg%ﬁﬁé%%hgggxg%ggﬁggg%%eﬂ%gB%%?é%?ﬁ’a
of AWVPA at the hdoganusgomondertr at banshadf ((Qabgdkyldgrofowhédcts unsubstituted or

concentration of .co nd, the result is the area under th A

Curve at that CURCEHETaDY SH BrGoRHel ey piRas dBREOR PHIBH Gp-Coalkoxy
conpound whi ch goupl &s 1fBg RTHFARRIP LR jaflyItRIOWIMIp; aROHEeaPYor branched
20AMPA) is cal cul ated. The conpounds of the invention greatly

potenti ate the @xcfdadkorgadbhgcgroupfa APAXY Byoupay lofeaera hpinehedt fa-Ce)acyl

f | h of : i
oo o TR Rl B el B By R e S by st Ry @ cvano

Brain Res., 1988&ougla n#6- &8p;isn Haisedrd wWhieh 256R0BEANCAWS substituted by one
exploratory activity of the animal and has the characteristics of =
epi sodi ¢ nenor yoI MAANERE oThPengkadol§1-Cestkyl Lrewssian gaine sew ygich is

(Eur. J. Phar n%%lsﬁmte%igt%?a lfo}?e"z{r or branched (C-Cg)acyl group; an aminocarbonyl group

which is unsubstituted or substituted by one or more linear or branched
15 (C1-Cog)alkyl groups; an aminosulphonyl group which is unsubstituted or substituted
by one or more linear or branched (C;-Cglalkyl groups; a (C;-Cglalkyl-
sulphonylamino-(C,-Cs)alkyl group in which the alkyl moieties are linear or

branched; an N-hydroxycarboximidamide group, or a benzyloxy group,

» Rgsrepresents a hydrogen atom or a linear or branched (C;-Cg)alkyl group, a
20 (C3-C3)cycloalkyl group or a (Cs3-Cg)cycloalkyl-(C;-Cgalkyl group in which the

alkyl moiety is linear or branched,



- 25 - 173-180) and to cholinergic dysfunctions (Pharm Bi ochem

Behav., 1996, 53(2), 277-283) and is based on the differences in the
exploration of 2 objects of fairly simlar shape - one famliar, the

ot her new. The test procedure, which has been adapted for the CD I
mouse, conprises 3 phases which take pl-&8 in the sane test

enclosure. During the first phase, which |asts 40 mnutes, the mce
are habituat ep 1Ry rtheseanvd ERROBM atdM ok BJinkheorIeaRAEH hasSalkWireth which is
t akes place the next day, an object is placed in the enclosure and

the nouse is fre@sybstivygsd qgsabstitutedpy eng eremegrhatdgen avms; hat

expl oration has reached 20 seconds, the nouse is taken out of the
enclosure. In the course of the third phase (5 mnutes), 24 hours

| ater, the satieirobpeed sl prossentledsdn&esuiand nglsé heddsliat ualtofthareof with a
"fam liar" object), as |1 as .a HEMI O object. The duration of

expl orati on, cvbigalbrpcseriahlgacidios basened for each of the two

obj ects. The control aninmals, which have previously been given the
carrier by the oral route 60 m nutes before each of the 3 phases,

expl or & t hd "Eampbimals"ofobjmela (Anetcohleng' ewhinoldj, ebiradtorisednnetati thalgeotp Ry
period, which_indicates that the object previously presented . has been
forgotten. Anﬁe%sg&ﬁa%ﬁﬁgrqggge? B %c}}?%ifﬁﬁ’d S 4)4’833{(1)‘9’%@3’%’? group, an

mmenocogni ti ogthd:bR%HoayErblye aneWiRPEeah op{i@Nﬁﬁ@cﬁ?liaﬁﬁﬁdéarb‘dml oup.
i ndicates that the nenory of the object previously presented has been

retained. Wien tested in accordance with the protocol of Exanple B,

the Cor’rpougl.d Sngfan)ﬁd?ﬁ%?orglﬂa ﬁ? géjc'bgdif?% ot gtﬁ[ep glalrﬂ\{?oqtda?xg jﬁ%ﬂzﬁa&@r@é@@ in that
t hensel ves to be effective Ininproving nmenorisation. For exanpl'e,

t he resul ts ofhtarogpR vk idthieheete onpowupesitdén. Exanpl e 1 of the 20present

i nvention show significantly greater exploration of the new object,
conpared to the famliar object, at doses of 1 and 3 ny/kg PO

EXAMPLE C: 4 Ef (fl&ﬁ})o&fds%@'m%l%ﬂéj&g g&o&aﬁ%waﬁﬁme dgueRd BYs, MMbibibed in that
oocytes of Xenopus Mevis injected wth pol'y(AE) nRNA fromrat cortex

El ect r ophysi ohegrows RpendRairengssealr leydeegeniagdnout on oocyt es of Xenopus

| aevis injected with 25 poly(g) nRNA fromrat cortex and expressing,
inter alia, NVDA-type glutamatergic receptors fromrat cortex, in a

pl exi gl asss.r econgbils VI dsmRIa gﬁ BEdoRUAE & ¥nyP&ief MS@Ami1t 3 O RRar8Qbkdct OR that
not contai ni ng magnesi um (whi ch bl ocks the opening of the NVDA

recept or chanfReyourits gpregamss ehydroganrdemton eenctiereupnar d curr ent

i nduced by an application of NVMDA is recorded at a resting potenti al

of -60 nV, using a standard two-electrode - 26 - voltage clanp

t echni que. 6. Th@odpMfnds 3K Iddmdl (1) sccapiind @dlaint 1) villieh @41 f usi on sol ution

in the presence of 3x10-5M glyeine for 30 seconds every 5 mnutes, at

a conskant pet f&rehenoxy 24 ftelahydrar 4.5-aeothindiazepiae 1 dfdipkide;cur r ent
induced by NNDA_ s fTEQSUF: t peak .of . the current. The tested
conpounds are 3%%?fg§€§g5§%gﬁég§?§ggr%ggg>%%Ef%gmgéﬁﬁuggggﬁgﬂﬁgy
t he perfusion sgngbiten 45 seconds before, 30 seconds during and 30
seconds after the application of 3x10-4M NVMDA in the presence of
3x10- 5M gl ycihe3-8lelrgiogiderhittSstetratmalrentzl J-bergethiddiadepined sy h et -N-mathoéd
by NMVDA in thel%%ggﬁﬂge of conpound is normalised and expressed as a
percentage of tha nduced in the same oocyte in the absence of
producty whi Gh o[ gs@merids-A D4 3Q6-JyaRS PONSKenzdthtidldzefin-88h &8 Jphenyl} -
corresponds to th%_c%ncentratlon of

methanol;

e 4-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]phenol;
e 4-[(5-methyl-1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]-
phenol;
25 e 4-[(1,1-dioxido-2,3,4,5-tetrahydro-1,2,5-benzothiadiazepin-8-yl)oxy]aniline,



10 product which inhibits the current induced by NVDA by 50 % is
detei m ned by non- |inear regression using a variabl e-sl ope

si gnoi d- shaped concentrati on-response nodel. The conpounds of the
invention greatly inhibit the effects of NVDA. By way of exanple, the
conpound of Exanple 1 has an 1C50 of 912{r EXAMPLE D: Phar naceuti cal
conposition 15 Formula for the preparation of 1000 tabl ets each

cont ai ni ng 1GndglofadditphenloxyepBwah 5-pharmaceutically acceptable acid or base.
tetrahydro-1, 2, 5- benzot hi adi azepi ne 1, 1-di oxi de (Exanple 1)10 g

Hydr oxypr opyl cel | ul ose2 g Wieat starchl0 g Lactosel00 g 20 Magnesi um
stearate3 g Tab&R9 for RS prefateMoNBofl cofpIRRAYNGS @Il LN U Roididg to claim 1,
wherein: 5R1 and R2, which nmay be the sane or different, each
represent a mhdragigeinedinghat therpiad wgéas sieding netdriahe spmpeursreirietneda (1)
(G -Co6)al kyl group which is unsubstituted or substituted by one or
nore hal ogen atons; a |inear or branched (Cl-C6)al koxy group; a

| i near or branched (Cl-C6)al kylthio gmpug;oa | i near or branched

(Cl - C6) al koxycar bonyl group; pa car boxy agéup; a linear or branched
(Gi-C6)acyl 10 group; a hydroxy group;” adpgear or branched

(G -C6) hydroxyal kyl group; a cya oup; a nitro(%roup; an am no
group which is unsubstituted or uted by one 37 nore |inear or
branched (Cl-C6)al kyl groups; an anino gfidup which is substituted by
a linear or branched (Cl-C6)acyl group; an am nocarbonyl group which

i S unsubstituted or substituted by one or nore |inear or branched 15
(G -0C6)al kyl groups; an am nosul phonyl group j,ch is unsubstituted
or substituté eﬁ?g%éeﬂfes%aehrﬁaﬁgﬁ ‘?h%fﬁghg\lgg OCCEMB) al kyl groups:
a (Cl-c6)allcyl sul phonyl am no-(Cl -C6)al kyl group in which the al kyl
nmoi eties are |linear or branched; an N-hydroxycarboxim dam de group,
or a benzyl ox¥yhigh dugsacted with thionyl chloride in the presence of dimethylformamide to yield

the compound of formula (I1I):

o) N O
R S
Cl
(11D,
NH
NS
Nl
|
wherein Rs is as defined hereinbefore,
10 which is then subjected to the action of 2-chloroethylamine in a basic medium to yield

the compound of formula (IV):



)" R3 represents a hydrogen atomor a linear or branched (Cl-C6)al kyl
group, a 20(C3-C8)cycl oal kyl group or a

(C3-C8) cycl oal kyl - (C1-C6)al kyl group in which the alkyl noiety is
l.inear or branched, - 28 - 12.4 represents a hydrogen atomor a

| i near or branched (G -C6)al kyl group wAPch is unsubstituted or
substituted by one or nore hal ogen atons, their optical and
positional isoners, and also additDgon galts thereof with a

phar maceutical |y accept abt i d_or Yk@Ese. 52. Coppounds of formula
(1) according to claim1, 7 ori sedNi’n that the group RL
represents a hydrogen atom or dr oxyHgr oup, a hydr?éynethyl group,
an et hoxycarbonyl group, an a group or an N-neth i nocar bonyl
group. 3. Conpounds of forrmula (1) aé&cording to either claim1 or
claim2, characterised in that the grioup RL is in the neta or para
position. 104. Conpounds of formula ( Naébording to any one of
clains 1 to 3, characterised in that the groups R2 and R4 represent
hydrogen atonms. 5. Conpounds of fornulal(l) according to any one of
claims 1 to 4, characterised in that the group R3 represents a
hydrogen atom or a methyl group. 6. Conpounds of formula (1)

according to Lmyl,: which o
8-phenoxy-2,éﬁagégkéf?g%%%ggg%sﬁﬁééggﬁzothiadiazepine 1, 1- di oxi de;

et hyl

g:g; 6;{ gl oxd dvgﬂi%h,?)éftéle’r gégrgttezt?(pnyi%ra%_a]éidz fng&igr%? 1Zsot ehnI gy%'li?ezzdetgly?élg _t}}/ee(%)r(%}o_und of
3-[(1,1-dionggﬁgb§yg,5-tetrahydro-1,2,5-benzothiadiazepin-8-y|)oxy]-
N- net hyl benzam de; 2

{3-[(1, 1-di oxi do-2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi n- 8-yl ) oxy]

phenyl } - net hanol ;
R N

wherein Rs is as defined hereinbefore,

which is then subjected to the action of boron tribromide to yield the compound of

formula (VI):

0]

HO S—

/> (VD),

N
H

ZT

10 which is reacted with a boronic acid compound of formula (VII):



4-1(1, 1-di oxi do- 2, 3, 4, 5-tetrahydro-1, 2, 5- benzot hi adi azepi n- 8- yeoxy] ph
enol ;

4-[ (5-nmet hyl -1, 1-di oxi do- 2, 3, 4, 5-tetrahydro- 1, 2, 5- benzot hi adi azepi n-8
-yOoxy] phenol ; 25

4-[ (1, 1- di oxi do- 2, 3, 4, 5- t et r ahydr o- 1, 2,5t lsenzot hi adi azepi n- 8-yl ) oxy] a
niline, - 29 - and al so addition salts thereof with a
pharmaceutically acceptable acid or ba$dl 7. Process for the
preparation of conpounds of fgrmla (I%ggccording to claiml,
characterised in that there is'’msed. a @ ing material a conpound
of formula (11): 0 0 OHNH2 5 RS r %ﬁesents a linear or
branched (Cl-C6)al koxy group, is reacted mﬁyg’thlonyl chl ori de
in the presence of dinmethylfornpande to yield the conpound of fornula
(rrr): wherein R5 is as defined bereinbefore, 10which is then
subjected to the action of 2-chloroethylamne in a basic nmediumto
yield the conmpound of formula (1V): wherein R5 is as defined

her ei nbef or e, wiblieGIR &d e arel@pa&RE b:0RrhMa@n), aci d nmedium is then
cyclised to yield the conmpound of foimula (V): 5

to yield the compound of formula (I/a), a particular case of the compounds of

formula (I):

wherein R; and R, are as defined hereinbefore,

a variant in the preparation of the compound of formula (I/a) consisting of using - once
the step of coupling with the compound of formula (VI) has been carried out -
conventional chemical reactions to subsequently modify the substituents of the boronic

10 acid compound,
which compound of formula (I/a) may then, if required, be subjected to:
= either double alkylation on the nitrogen atoms in positiohs 2 and 5, by action of
a strong base in the presence of an alkylating agent R'-X wherein R' represents

a linear or branched (C;-Cq)alky! group and X represents a halogen atom,

15 to yield the compound of formula (I/b), a particular case of the compounds of

formula (I):



(V), wherein R5 is as defined hereinbefore, which is then subjected
to the action of boron tribromde to yield the conpound of fornula
(VM): - 31- OH wherein RL and 1t2 are as defined for formula
(I'), to yield the conpound of formula (l1/a), a particular case of the
conpounds of formula (1): S wherein Ri3%and R2 are as defined

her ei nbeforc, a variant in the preparation of the conmpound of formula

(I/a) consisting of using - once the step of/§bu ing with the

conmpound of forrmula (VI),has been carried>-sut’- gonventional chem cal
reactions to subsequentl|y! ] tituents of the boronic
10aci d conpound, 2
(I/b),
5 4
% i
Rl

wherein Ry, Ry and R' are as defined hereinbefore,

= or alkylation on the nitrogen atom in position 2, by action of a base in the

presence of an alkylating agent R'4-X wherein R's represents a linear or

5 branched (C;-Cg)alkyl group which is unsubstituted or substituted by one or

more halogen atoms and X represents a halogen atom,

to yield the compound of formula (I/c), a particular case of the compounds of

formula (I):

OQS/ /\ y 4

oy .

10 wherein R;, Ry and R'4 are as defined hereinbefore,

which may optionally be subjected to alkylation on the nitrogen atom in

position 5, by action of a base in the presence of an alkylating agent R'3-X

wherein R'; represents a linear or branched (C;-Ce)alkyl group,

(C3-Cg)eycloalkyl group or a (C3-Cg)cycloalkyl-(C;-Ce)alkyl group in which the

15 alkyl moiety is linear or branched and X represents a halogen atom,

to yield the compound of formula (I/d):



whi ch conmpound of formula (l1/a) may then, if required, be subjected
to: either double alkylation on the nitrogen atons in positions 2 and
5, by action of a strong base in the presence of an al kyl ating agent
R-X wherein R represents a linear or branched (G -C6)al kyl group and
X represents a hal ogen atom -32 - wheé¥ein R, R2 and P. are as
defined hereinbefore, or allcylation on the nitrogen atomin position
2, by action of a base in the presence of an & kylating agent R 4-X
wherein R4 represents a]£inear or 5branch9d>§f1- yal kyl group which
is unsubstituted or substixute Q € Kal ogen atonms and X
represents a hal ogen atom qQnpou of formula (I/c), a
particul ar case of the co 1)/ 10wh@dgin R, R2
and R4 are as defined heg;'* y ) tionally be subjected
to alkylation on the nitragen atomin positijon 5. by action of a base
in the presence of an al kylating agent R 3grX wherein R 3 represents a
| i near or branched (Cl-06)al kyl group, a (C3-C8)cycloal kyl group or a
(C3-C8) cycl oal kyl - (C1-C6)al kyl group in which the 15al kyl noiety is

| i near or branched and X represents a hal ogen atom to yield the
conpound of for nulvehegdin &), R,, R'338d R4 are as defined hereinbefore,

= or alternatively alkylation on the nitrogen atom in position 5, by means of a
reductive amination reaction using a reducing agent such as sodium
5 triacetoxyborohydride or cyanoborohydride in the presence of:
- either [(1-ethoxycyclopropyl)oxy]trimethylsilane,
- oracompound of formula (VIII):
R";-CHO (VIID),

wherein R"; represents a hydrogen atom or a linear or branched
10 (C1-Cs)alkyl group, a (C3-Cg)eycloalkyl group or a (C;-Cg)eycloalkyl-

(Ci-Cs)group in which the alkyl moiety is linear or branched,

- or alternatively a compound of formula (IX):
( IX,
n

wherein 0 <n < 4,



wherein RI, R2, R3 and R4 are as defined hereinbefore, or
alternatively alkylation on the nitrogen atomin position 5, by neans
of a reductive am nation reaction using a reducing agent such as

sodi um 5tri acet oxyborohydri de or cyanoborohydride in the presence of:

- either [(1-ethoxycycl opropyl)oxy]trinethylsilane, - or a conpound
of formula (MIl): R'3-CHQ(VIII), wherein R'3 represents a
hydr ogen at om or aoWMmE&m<ﬁmnhmaa©ﬁ@dnﬁﬂa0%305bamMyhrg&@uﬂ%h@cmnmnmdsof
(C3-C8) cycl oal kyl 8 g g a (C3-C8)cycloal kyl- (Ct-05)group in which
the al kyl noiety i gar or branched, - or alternatively a conpound
of formula (1 X): wherein O <n 4, -34 - to yield the conpound of
formula (Pe), a particular ease of the conpounds of formula (1):
wherein RIH3 represents a linear or branched OCI -C6)alkyl group, a
(Cs-C8) cyclo- 5alkyl grqup or a (C3 Cs) cycRag Myl-(Ol C6)group in
which the alkyl nmoiety is » Orlbranchet; aNd Rl and R2 are as

defi ned herei nbefore, whiq be 5? jected to al kylation
i on of/a bas@&el.n the

on the nitrogen atomin pg
presence of an alkylatinﬁ2

wherein R'"; represents a Jinear or branched (C;-Cg)alkyl group, a (C3-Cg)cyclo-
5 alkyl group or a (C3-Cg)cycloalkyl-(Ci-Cg)group in which the alkyl moiety is

linear or branched, and R; and R; are as defined hereinbefore,

which may optionally be subjected to alkylation on the nitrogen atom in
position 2, by action of a base in the presence of an alkylating agent R"s-X
wherein R4 represents a linear or branched (C;-Cglalkyl group which is

10 unsubstituted or substituted by one or more halogen atoms and X represents a

halogen atom,

to yield the compound of formula (I/f):

O\// / 114
@),

RHI

wherein Ry, Ry, R"3 and R"; are as defined hereinbefore,

15 which compounds of formulae (I/a) to (I/f), which constitute the totality of the

compounds of formula (I), may then be purified according to a conventional



wherein R'4 represents a linear or branched (G -C6)al kyl group which

i s 10unsubstituted or substituted by one or nore hal ogen atons and X
represents a hal ogen atom to yield the conpound of forrmula (II1):
wherein RI, R), Rm and R'4 are as defined hereinbefore, - 35 -
separation technique, are converted, if-Xesired, into addition salts
thereof with a pharnmaceutically acceptable acid or base and are

separ at ed, whesparagippriogmiqtee,ard vbovenietl) tfatesiod, posidddnioal salts ah@est with a
t hey exist, according to a conyventional separation technjque. 5 8.
Conpound of fB?%maae“?wfy é%CGB‘iag%erﬂjl 6" ORI #id7aTe SCPYNEH-QWPEF i PBEPPIIALS, 1nto
that it is fOp,KSE aAS pBRtibM §5IFRGL BFGhdyNedifte a8RiiRE S § QhvGRITAAURSS ation
of formula (1). 9. Bharnaceutlcal conpositions conprising as active

i ngredi ent a teohpound according 10to any one of claims 1 to 6, in
conbination with one or nore pharmaceutically acceptable, non-toxic,
inert carriers. 10. Phainiaceutical conpositions according to claim?9
for uses i ngl heonbuidstforgulal viediGanenb slafQr7: use as nodul ators of

t he AMPA receptor and antagoni sts of the NVDA receptor. 1511.

Phar maceuti cal conpositions according to claim9 for use in the

manuf acture of mnedi canents for use in the treatnment or prevention of
progressi ve neurodegenerative di seases,0A zhej ner's di sease,

Par ki nson' s di sease, Pick's diggase, uﬁFSﬁg n's chorea, Korsakoffs

di sease, schi zophreni a, acute neung

gerfer ati ye di seases, frontal
| obe and subcortical denentias, vds dene ias,g@B!Iepsy,

cerebral vascul ar accidents and 203 oepressi ve and “anxi ous st ates.

N
H

characterised in that it is for use as an intermediate in the synthesis of compounds of

formula (I).

9. Pharmaceutical compositions comprising as active ingredient a compound according
10 ~ to any one of claims 1 to 6, in combination with one or more pharmaceutically

acceptable, non-toxic, inert carriers.

10. Pharmaceutical compositions according to claim 9 for use in the manufacture of
medicaments for use as modulators of the AMPA receptor and antagonists of the

NMDA receptor.

15  11. Pharmaceutical compositions according to claim 9 for use in the manufacture of
medicaments for use in the treatment or prevention of progressive neurodegenerative
diseases, Alzheimer's disease, Parkinson's disease, Pick's disease, Huntington's chorea,
Korsakoff's disease, schizophrenia, acute neurodegenerative diseases, frontal lobe and
subcortical dementias, vascular dementias, epilepsy, cerebral vascular accidents and

20 also depressive and anxious states.



