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i nvention concerns new 2, 5-bi s-di am ne-[1, 4] benzoqui nonic derivatives. The
i nvention al so concerns a use of these conpounds as nedicaments, 10 in
particular for the treatnent of Al zheiner's disease, their use for the
creation ofsqrarneanti cak ! prEparEaibmm SERovaTrhes tror atie nkexiEW 2irei mer' s

di sease, phaETHER\A DCLeHASROIA [PRCCESSaFoR THETR PREfAR@USON @ND prvepenEDagTEhem and
i nt er nedi at B&EREGPR sai d nmet hods. The present invention also concerns a use
of 2,5-bis-diamne-[1,4] 15 benzoquinonic derivatives for the production
of a pharmaceutical preparation having protein 13-anyloid (AB)
anti-aggregating properties and for the treatnent of degenerative

pat hol ogi es of the nervous system BACKGROUND ART Al zheiner's di sease (AD)
is a neurodegenerative syndronme generally linked 20 with ageing which

| eads patients to a progressive deterioration of their cognitive and
behavi oural functions. The great majority of cases of AD has causes that
are currently substantially unknown. Also for this reason, today there are
still no therapeutic treatnents able to halt the progression of the

di sease, even TRQHNICGADFIENMIgS have recently been put on the market,

ai med especialTy at the control of the 25 cognitive synptons. These drugs -
Tacrine (Cognexh¢ )presdronigpadioh (dMcesphéw)),5aiddiaminea|dt4]henzoquifExiel on(r)) -
share the sane action nmechanism which consists of the inhibition of

acet yl chol jaeskioea e (ASHEIn alVcObeS 4036 oPfhtsd ddRIoNO@Pas medicaments,

10 in particular for the treatment of Alzheimer’s disease, their use for the creation of
pharmaceutical preparations for the treatment of Alzheimer’s disease,
pharmaceutical which contain them, methods for preparing them and intermediates
of said methods.

The present invention also concerns a use of 2,5-bis-diamine-[1,4]

15 benzoquinonic derivatives for the production of a pharmaceutical preparation
having protein B-amyloid (AB) anti-aggregating properties and for the treatment of
degenerative pathologies of the nervous system.

BACKGROUND ART

Alzheimer’s disease (AD) is a neurodegenerative syndrome generally linked

20  with ageing which leads patients to a progressive deterioration of their cognitive
and behavioural functions. The great majority of cases of AD has causes that are
currently substantially unknown. Also for this reason, today there are still no
therapeutic treatments able to halt the progression of the disease, even though some

drugs have recently been put on the market, aimed especially at the control of the

-25 cognitive symptoms. These drugs - Tacrine (Cognex®), Donepezil (Aricept®) and
Rivastigmine (Exelon®) — share the same action mechanism, which consists of the

inhibition of acetylcholinesterase (AChE).



The therapeutic approach based on the inhibition of AChE is founded on the
observation that the neuron degeneration associated with AD occurs

pr eval ent W 3r087038r ebral areas i nnervated by cholinergi c reEavians002The | oss
of cholinergic activity in those argas (cortex and hi ppocanpus,
especially) would be responsible for“the 5 cognitive dysfunctions typical
of AD. AChE is the enzyne that inactivates the cholinergic

neurotransm t tefe th@ﬁ?bﬁht&hqi réHeh bAGI)on thadnitibicioh pp diGidsisSotrsied lvndhe
expressed that the block of the functioning of this enzyne coul d prolong

the stinmubRbivaioRthat R HRe@PiEnersiidremgbdigad mgthcADI doners girevatentpdmi ssi on.
The known drugs nentioned above derive fromthe application of this

hypot hesi sc&@irhiefeaOnnébabd B¢ cholhefipatiiess. The (d3aof solinRrgicTactividyam, R L.,
3rd; Beer, B.; Lippa, A. S. The cholinergic hypothesis of geriatric nenory

dysf unct i ofhoseSaie@s qBorkdk83nd Yipocarddh, especili§y 4dodlld belrespoasibleofre thannot
overlook the limts of this approach which consist substantially in the

| ack ofg actddivendydFendiioAg tasicd o AD. WehRlissthesazamd that inattevagesethence of
undesired coll ateral effects, which limt dosage and can induce the 15

pati ent tOcﬂdlﬁlﬁr;gﬁélerufo@ﬂéhﬂﬂitt@ﬂacairlchdﬂmedmxgls), randt the rtggbottiesiv ehas Aeehough t he
strengt heni ng of cholinergic transm ssion through the inhibition of AchE

i's a usefubydpRE®arkt R BIbek lof ahé Mamtionigcatiis ieneyrsy wpuldnprolwgotheat ed
with AD, it "has recently been proposed that the | oss of neurons and the

consequent giARRREH FTCHBe AbcpBE istrénstheditipp thutmermie ttanhemisgisnl Thotknawpascade of
bi ochem cal events 20 |inked with the overproduction of (3-amyloid protein

in certaingjaesehedioRde@bve Tire fo@t denafipticatéort of abyr byatlesist calledng
extracel |l ul ar deposits, which give rise to the typical lesions found in

the brgpn efhofiRefad h?lsﬁtﬁe:sige(r]ﬂah&s,m.anu@ean,'ﬂheLpBeekeBw, Bf; Lippees® Pl aques
produces responses of an inflamuatory and oxi dative type in the

sur roundi nghkichelRergicr hyg@eicsR M fpetihricnmemhotyodysfuretient ScienaeclA$ai Vlan
increase of the 25 phosphorylation of tau protein, due to the activation of
enzynes of 2iinf). amseilidprHowedr detdaendt @verdolothe dimitxofgbisappackawhicd

speci es. The progression of neurodegeneration derives fromthe

i npossi bi | ichysiAfsub@Biitiadlyl ihnBe taoke of petiadomthet frogressi 0811881@a8S: and in
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the presence of undesired collateral effects, which limit dosage and can induce the
15  patient to interrupt taking one of the drugs mentioned above.

Although the strengthening of cholinergic transmission through the inhibition
of AchE is a useful approach to the treatment of cognitive symptoms associated
with AD, it has recently been proposed that the loss of neurons and the consequent
appearance of cognitive symptoms are the result of a cascade of biochemical events

20 linked with the overproduction of B-amyloid protein in certain cerebral areas. This
protein tends to aggregate, forming extracellular deposits, which give rise to the
typical lesions found in the brain of AD patients: senile plaques. The presence of
these plaques produces responses of an inflammatory and oxidative type in the
surrounding tissue, triggering a chain of toxic events, including an increase of the

25  phosphorylation of tau protein, due to the activation of enzymes of inflammation

and to the formation of oxygenated radical species. The progression of

neurodegeneration derives from the impossibility of controlling the spread of these



harnful effects. It is therefore necessary to di scover pharmnacol ogi cal
instrunments that are able to act as far upstream as possible in the
neur odegewsr @toiswsscascade. Moreover, it is inportant to StaTages/dat t here
are ot her pathol ogi es besides Al zhei,ner's di sease characterised by
deposits of A These pathol ogies include: 5 Down's syndrone, hereditary
cerebral haenorrhage associated with anyl oidosis of the "Dutch type",
any| oi dosi paragslo&ifatL dt Wi thbrefdié aadessarntod disoeer phsymaoidgiiallsirgmenissoci at ed
with multiple nyel omas and ot her dyscrasias of the B |lynphoid haematic
cel I's, anyiii desilie asaacisafagdpstichin ai pdssibiesint thp aelntodegampiativel sascedaissoci at ed
wi th di seases deriving from pryons such as Creutzfel dt-Jakob's di sease, the
10 Gert sMBMbr&SveRUSS i impymnalt oie strdésr tharnilers carapotheri pathobogies( Wid3/ 00603) .
Fromthe above it is clear that there is still a considerable need to nake
nmedi canent g Meahérad igedserchufetetiseiabyrdoposits ofD\ firithdse pathokgiasdaclndeit of
pat hol ogi es characterised by deposits of AB. DI SCLOSURE OF | NVENTI ON 15
The ai m of Doh@r’d SARIhQ hetlithiyaskerbe datmoshypelagsceidbat with emytdidasicefn be used
to advantage in the treatment of AD, of all the other syndrones connected
to the aceembath epedfaniBoidosis pssotiated| with phirewieribflagmetons, awglomdses i on, and
of the degenerative pathol ogies of the nervous system According to the
present inygdtiafd ifh, Smidiisle dhgetbmeas [and4dthen dysprasianiof th@ B demphatd ve is
realised having a general forrmula (1): (1) RBRR2Z X R4 1-~ N~ ZI N~Za Rt
R 1N RS Xaffgaticdlls] dinytbidokis Risotiardesiendisbaessiypsili smploidosis@swniatedom t he
group consisting of. - a hydrogen, WO 03/087035 PCT/I1T03/00227 4

with diseases deriving from pryons such as Creutzfeldt-Jakob’s disease, the

10  Gertsmann-Straussler syndrome, Kuru and scrapie in sheep (WO 02/00603).
From the above it is clear that there is still a considerable need to make
medicaments available for the treatment of AD and for the treatment of pathologies

characterised by deposits of AB.
DISCLOSURE OF INVENTION

15 The aim of the invention is therefore to supply substances that can be used to
advantage in the treatment of AD, of all the other syndromes connected to the
accumulation of ASB, in particular preventing said accumulation, and of the
degenerative pathologies of the nervous system.

According to the present invention a 2,5-bis-diamine-[1,4]benzoquinonic

20  derivative is realised having a general formula (I):

@

? Il{3 1}2 X
RI@T\ITI/Z\TTI R
X R, Ry O

in which R, represents a substituent chosen from the group consisting of:

- ahydrogen,



- a saturated or unsaturated, linear or ramfied alkylic group of fromone
to five carbon atons, and - a substituent having an attractor el ectron

i nduct i vewsr (3881035 R2 and R3, each independently of the ot/ IMEENResent a
hydrogen or a 5 saturated or unsaturated, linear or ramfied alkylic group
presenting fromone to five carbon atons; R4 and R5, each independently of
the other, represent a substituent chosen fromthe group consisting of -
hydrogen, - a satidasdireddoF ubvatahted direds of iamdfied akylicagrofip efl fratrkgreito gr oup
presenting 10 fromone to five carbon atons, - Owe, and - SMe; X

represents a radifprl cagbase®sind, badn t he group consisting of- - -HC=CH, 15 -
-HC=N-, -5-, -0-, and -NH; T represents a saturated or unsaturated,

linear or ramifi egsabdfiyilenthimpum atBfctpr deerniindnctivoafferie to four carbon
atons; Z represents a saturated or unsaturated, linear or ramfied alkylic

group present RYGudd RY) bavh ndepdrideiite of che hnleratrepresenp rehyiragdny oRR
represents a substituent chosen fromthe group consisting of - a hydrogen,

25 - a Subsitifauenbr Hassniste@nlidht backinified! sictlicogroim graseting Fbieate. to
Preferably, in the 2,5-bis-diamne-[1, 4] benzoqui noni ¢ derivative having a
general forRyl @rbdn .atdis;" Rpra8s eR}, Sehsindspentehyt of Hhe arthdry oepreseat gr oup

consi sting WO 03/087035 PCT/1T03/00227 5
substituent chosen from the group consisting of:
- hydrogen,
- a saturated or unsaturated, linear or ramified alkylic group presenting
10 from one to five carbon atoms,
- OMe, and
-  SMe;
X represents a radical chosen from the group consisting of:
- -HC=CH-,

15 - -HC=N-,

- -NH-;
T represents a saturated or unsaturated, linear or ramified alkylic group
20  presenting from one to four carbon atoms;

Z represents a saturated or unsaturated, linear or ramified alkylic group
presenting from two to thirteen carbon atoms; preferably R represents a substituent
chosen from the group consisting of:

- ahydrogen,

25 - a substituent having an attractor electron inductive effect.
Preferably, in the 2,5-bis-diamine-[1,4]benzoquinonic derivative having a

general formula (I), R; represents a substituent chosen from the group consisting



of - a hydrogen, - a halogen, - N2, and 5 - MO R2 and R3, each

i ndependently of the other, represent a hydrogen or a saturated or

unsat ur at e o3losmsar or ram fied al kylic group presenting froammoesie2en f our
carbon atons; R4 and R5, each indepenr}gently of the other, represent a
substituent chosen fromthe group consisting of: 10 - hydrogen, - a

saturated or unsaturated, linear or ramfied alkylic group presenting from
one to fivggcarbon atons, X represents a radical chosen fromthe group
consisting of: - -HC—CH- 15 - -HC=N-, - -s-, =-0-, and -NH; T
represents a satua[ﬁﬁﬁ.g &f unsaturated, linear alkyl presenting fromone to
20 three carbon atons; Z represents a saturated or unsaturated, |inear

al kyl presenting far}ﬁmggﬁ\o to twelve carbon atons. Preferably, in the
2, 5-bi s-di am ne-[ 1, 4] benzoqui noni ¢ derivative having a general formula

(I) Rl represent N SHR$ti tuent chosen fromthe group consisting of- 25 - a
hydr ogen, - a halogen, - MeQ WO 03/087035 PCT/IT03/00227 - 6
5 - MeO;
R, and R, each independently of the other, represent a hydrogen or a
saturated or unsaturated, linear or ramified alkylic group presenting from one to
four carbon atoms; R4 and Rs, each independently of the other, represent a
substituent chosen from the group consisting of:
10 - hydrogen,
- a saturated or unsaturated, linear or ramified alkylic group presenting
from one to five carbon atoms,
X represents a radical chosen from the group consisting of:
- -HC=CH-,

15 - -HC=N-,

- -NH-;
T represents a saturated or unsaturated, linear alkyl presenting from one to
20  three carbon atoms;
Z represents a saturated or unsaturated, linear alkyl presenting from two to
twelve carbon atoms.
Preferably, in the 2,5-bis-diamine-[1,4]benzoquinonic derivative having a
general formula (I), R; represent a substituent chosen—ﬁom the group consisting of:
25 - ahydrogen,
- ahalogen,

- MeO;



R2 and R3, each independently of the other, represent a hydrogen or a
saturated or unsaturated, linear alkylic group presenting fromone to two
carbon awnwenssRssand R5, each i ndependently of the ot her paTamo®eRet a
substituent chosen fromthe group cansisting of 5 - hydrogen, - a
saturated linear or ramfied al kyl i‘cGQr‘oup, presenting fromone to four
carbon atons, X represents the radical -HC=CH or -0-; T represents the

radical - OR-; pandy 1R, ZARRRESRANGE AN BliRd tdRsai aligttogeheseating from
two to seven carbon dtonms. According to particularly preferred

embodi ment atu-@dtc%})euréfa F LS 1 ATIRGHC ko] RERAAAK HRAN bR €LY @hibes having a

gener al forrruljfla ( represents a Substituent chosen fromthe group

consi stin < B2 anqd. D 5 ehEeRhS a
9ofus; R? and %%HX%hqggél}eg??y?i JtahO 88y, repreddafla stBstit@iit

hydr ogen or "a sat ur at I ne C group, presenting from one to two

carbon at ogs; eS8 . hydrogen; R4 and R5, each independently 20
of the ot h@fntﬁgée ecg)tﬁ a@u@sti tuent chosen fromthe group consisting of -

hydrogen, - a sat | i near al kylic group, presenting fromone to two
car bonebgtorrs, - lg’rd?(;a%%hgfl ed al kylic group presenting fromthree to four

carbon atoms, X ra%%&%&ﬂﬁﬁm&ﬂ‘@r taadhe@hikyliCafdip, Presering froth chertems@sent s t he

radi cal -CH2-; and represents a saturated |inear alkyl presenting from
two to seven car %or?z&&ﬁ?,' WO 03/ 087035 PCT/ I T03/ 00227 7

X represents the radical -HC=CH- or -O-;
T represents the radical -CH»-; and
10 Z represents a saturated linear alkyl presenting from two to seven carbon
atoms.

According to particularly preferred embodiments, in the 2,5-bis-diamine-
[1,4]benzoquinonic derivative having a general formula (I) R represents a
substituent chosen from the group consisting of:

15 - ahydrogen,

- ahalogen,

- MeO;

R, represents a hydrogen or a saturated linear alkylic group, presenting from
one to two carbon atoms; R3 represents a hydrogen; R4 and Rs, each independently

20  of the other, represent a substituent chosen from the group consisting of:

- hydrogen,

- a saturated linear alkylic group, presenting from one to two carbon atoms,

- aramified alkylic group presenting from three to four carbon atoms,

X represents the radical -HC=CH- or -O-;

25 T represents the radical -CHp-; and
Z represents a saturated linear alkyl presenting from two to seven carbon

atoms.



Particularly preferred are the enbodi nents according to which in the
2,5-bis- diam ne-[1, 4] benzoqui noni ¢ derivative having a general fornula

(1), R iwaeospssition 2 with respect to T. Preferred arecl/gos/ter

enbodi nents according to which Z represents a saturated |inear alkyl
presenting fromtwo to seven carbon dtons and 5 the enbodinments in which X
represents the radical -CH=CH . Even nore preferred are the enbodi nents
according i n whigbulll§ pRefSiréti Sre thl afbaEmbdts Abdiediag gquivhivhiia tie? Svat-i ve is
chosen fromthe group consisting of the 2,5-bis-diamne-[1,4]benzoquinonic
derivati Veaia:kdihélFltill]%k%qhﬁmhi&ed@ﬂ@tiQé eghvirgxangdneml foBnidlae(l), R; is in

2, 5-bi s-di am ne-| 1,4] benzoqui noni c derivative having a general formula (I)

can exi st hsiflbd b ifesgeteilociPseaRed heralto thelefbedimensatindiy towhich
di astereoi soner. The invention concerns both enantioners and

di ast er 0 SIRFRs&His h Btinatedilet ARyl prdsease: fomtiwoes sean casbonemiedrd by
means of known nethods into their stereoisonerically uniformconponents.

15 Accog di R diobddi@ieRts 85 RRichDIMORIsERB theradicBl--biHs-CH-ani ne- [ 1, 4] benzoqui noni ¢
derivative having a general formula (1) is supplied for use as a

nedi cament . Aggeh Ghile prbfeirB® aly gRedthbddimentt iadcordidg in which the 2,5-bis- .
2, 5-bi s-di am ne-[1, 4] benzoqui noni ¢ derivative having a general formula (1)

i's suppli edifuihef N@THchERuiRMc @rivativh & dRkers frofi the@seup comsBtinglof the20
According to the present invention, a nethod is supplied for the treatnent

of Al zhei By s dHhBRATE, ABtnfodBi0HEe  deiaitives ndllisheteddrini the r amitlosed 0 sai d
manmmal of an efficacious quantity of a 2,5-bis-di am ne-[1, 4] benzoqui noni c

derivative RaywbRrg. @ general formula (1). According to the present
invention, a pharmaceutical preparation is supplied, 25 characterised in

that i{gconpri gge B852iddiiredi abdofuindlib deivdive having adgnenbfinmmla havi ng a
general formula (1) or one of 1ts pharmaceutically acceptable salts and a

phar maceut i(gadah)éxﬁ;@ GEOIFRRINE stee6ispinen forms SheH astinantiother JAQi BBAOBIOB.
PCT/ 1 TO3/ 00227 8
The invention concerns both enantiomers and diasteroisomers or their mixtures.
These mixtures can be separated by means of known methods into their
stereoisomerically uniform components.
15 According to the present invention, a 2,5-bis-diamine-[1,4]benzoquinonic
derivative having a general formula (I) is supplied for use as a medicament.
According to the present invention, a 2,5-bis-diamine-[1,4]benzoquinonic
derivative having a general formula (I) is supplied for the treatment of Alzheimer’s
disease in mammals.
20 According to the present invention, a method is supplied for the treatment of
Alzheimer’s disease in a mamma, comprising the administration to said mammal of
an efficacious quantity of a 2,5-bis-diamine-[1,4]benzoquinonic derivative having a
general formula (I).
According to the present invention, a pharmaceutical preparation is supplied,
25  characterised in that it comprises a 2,5-bis-diamine-[1,4]benzoquinonic derivative

having a general formula (I) or one of its pharmaceutically acceptable salts and a

pharmaceutically acceptable excipient and/or diluent.



According to the present invention, a use of a 2,5-bis-diam ne-

[ 1, 4] benzoqui noni c derivative having a general formula (1) is supplied for
the produetodms7o3f a pharnmaceutical preparation for the trrearimesoo2of

Al zheiner's disease in mammals. 5 According to the present invention, a
met hod is supplied for preparing a 2,%5-" bi s-di ani ne- [ 1, 4] benzoqui noni ¢
derivative having a general formula 2 (1); the nethod conprises a
substitution p ] i P-iReBAUI Ao hewi 0928 -higanedias- f or mul a
(VII'1): RS 10@%5@1%“}\5’?\}%@” }B&ngsulbst iltgg’tign is carried out with a

conpound ( im@qogn%df}ui]o iNabeIlve Rl Kgenidl Honrkiha (1) R elpliéd fodlia n the

2, 5-bi s-di enzoqui noni ¢ rivative having a general fornula
(1). According i SeuliEN Shtleh@Rtior: 5P e dieaiictt adfS AlAiedri £d
accordi ng g%)d&g\tlg? rés}e?ﬂ%{rahﬁg tSIZO.%%corl%li ng to a further aspect of the
present i ”ﬁ%@&é&ﬂmgﬁﬂﬁa&'ﬁe of a 2,5-bis- 20 diam ne-[1, 4] benzoqui noni c
derivative having a general fornmula (1) is supplied for the production of

a phar mgceut i C%{/ccgfedg;@o%é g#bs%lgcfin%i'ﬁofl,re?ﬁfem%ﬂf‘is Qj(p'gl'%?d A& epe@ing a 2,5-

characteri sed I'ts anyloid protein in manmmals. According
to the presen 'ah'aﬁl'.’(- t/ B4R 0gkrivati s Al ing da foherhh Forniat {1 the
di sease of %gsn%at oelegg@%gﬁgg‘gct elri sgd By depogi tsggof R- anyl oizﬁgrot ein (AR)
ina Vo 03/&%&@%&&%&%"%&9&%& phask, in which on a p-benzoquinone having a

general formula (VIII):
Rs
10
8] O
Ry
(VIID
a substitution is carried out with a compound (VII):
Rl\@T\N/Z\NH
l |
X Ry R

(VID

15 in order to obtain the 2,5-bis-diamine-[1,4]benzoquinonic derivative having a

general formula (I).
According to the present invention, compounds are also supplied according to
claims from 8 to 20.
According to a further aspect of the present invention, the use of a 2,5-bis-
20  diamine-[1,4]benzoquinonic derivative having a general formula (I) is supplied for
the production of a pharmaceutical preparation for the treatment of pathologies
characterised by deposits of B-amyloid protein (AB) in mammals.
According to the present invention, a method is supplied for the treatment of

the disease of a pathology characterised by deposits of f-amyloid protein (Ap) in a



mammal , conprising the admnistration to said mammal of an efficacious
quantity of a 2,5-bis-diamne-[I|, 4] benzoqui nonic derivative having a
general fwomnsla735). According to a further aspect of theqvasgot27
invention, the use of a 2,5-bis diam $e- [1,4] benzoqui noni ¢ derivative
havi ng a general fornmula (1), is suppfied for 5 the production of a

phar maceuti cal preparation for the treatnent of degenerative pathol ogies

of the nervpysmay Theplitilg MR amhidistBid o JakDmRhmbL @bﬁfﬁﬁhﬁo%ﬂhﬁgs The

invention w now be described with reference to the enclosed draw ngs,
whi ch i || ugfrhat £HaMiISKART 8] RnzequiSeHe dérfieive M‘A\ﬂiﬁ%@lgeﬂdrzmtbﬂﬁm@(la. in which:
10 figure 1 illustrates an experinental graph of Lineweaver-Burk; figure 2

il lustrates an LxRefihg"enh FrttraRPed@Piied pregent Mvepficlithusd BNELIPBisof  the
lines of the graph in figure 1 with relation to the concentrations of a

2, 5-Dbi s- d!cﬁéﬂamggh %ﬂﬁ&ﬁ&ﬂﬁﬂﬁﬂé A& aEivE BAVIMA b ig¥erdldvimiala A)gRREpedfor mul a
(I); and figure iITlustrates the intensity of fluorescence (expressed in
f1 uor esgenGge piRiueibh oF afhath@lidal i fiepaeaithl Rx ek wedthehi bf tégeneftifé 3 in the
presence of vgrl able concentrations of a

2, 5- bi s-di Wéi&éﬂtﬁ@ﬂ&@%@%hﬁin%matsi ve having a general formula
(I'); figures 4A," 4B and 4C il l'ustrate coronal sections of the basal

forebrain of, BRIPEDESERIPTION OF TAIUPRAWINGS, transgenic nice (AD 11)
treated with asarine Solutron and transgenic mce (ADll) treated with

a 2, 5-bi s-di ar nfpRemvéntioflVABRBHAILE ARBHEeddRTh WRrbR thavd étlcsedansviags, f or mul a
(I); figure 5 illustrates the total nunber of cholinergic neurons in the

basal  f or eppigh Musth@UWhexBmble dfehepbBdinidi® withb@!linfitsdal inofhieol i ner gi c
neurons in Meynert's basal 25 nucleus; figures 7A, 7B and 7C illustrate

the depgsiti Onsﬁél{re'?\ﬂfusitﬂatefsEﬁeﬁﬁérﬁ@érﬁdlfram&ﬁﬁl&vsfbﬁverrw§0t ively, non
transgenic mce, transgenic mce (AD 11) treated wth WO 03/087035

PCT/ 1 TO3/ 00227 figurd @ illustrates an experimental graph depicting the gradient function of

the lines of the graph in figure 1 with relation to the concentrations of a 2,5-bis-
diamine-[1,4]benzoquinonic derivative having a general formula (I); and
figure 3 illustrates the intensity of fluorescence (expressed in fluorescence
15  units) of thioflavine complexed with fibrils of Ap in the presence of variable
concentrations of a 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general
formula (I);
figures 4A, 4B and 4C illustrate coronal sections of the basal forebrain of,
respectively, non transgenic mice, transgenic mice (AD11) treated with a saline
20 solution and transgenic mice (ADI11) treated with a 2,5-bis-diamine-
[1,4]benzoquinonic derivative having a general formula (I);
figure 5 illustrates the total number of cholinergic neurons in the basal
forebrain;
figure 6 illustrates the total number of cholinergic neurons in Meynert’s basal
25 nucleus; |
figures 7A, 7B and 7C illustrate the depositions of APP in the cerebral

vessels of, respectively, non transgenic mice, transgenic mice (AD11) treated with



a saline solution, transgenic mce(ADl1l) treated with a 2, 5-bi s-di am ne-

[ 1, 4] benzoqui noni c derivative having a general formula (1); figures 8A, 8B,
8C il lustwax®/osasonal sections of the entorhinal cortex ofpCT/Imesmeetively,
non transgenic mce, transgenic mce (ADl1l) treated with a saline 5

sol ution, transgenic nice(AD11l) treatt@d-with a 2,5 -bis-diamne- |

1, 4] benzoqui noni ¢ derivative having a general formula (1); figures 9A, 9B,

9C 111 USt T ol Qafiff OMhiicHEC lrbe¥anie' ﬁi@é%%%&d@é@%ﬁh N4 0,5 pisREREREL Vel ¥,

non transgeni'c mce, transgem c mce and transgenic mce (AD1l1)

treated w t[%&aﬁ?@%@?ga&maﬂ%%Vil?%%,g%%% M @)derivative having a 10

general for gures 10C i [Tustrate coronal sections of

t he entor hi nal exa 0 e - , . geni o
mce (ADL) |t ARECene OBy SCHRSEHS (Blofal BRfoR! B RIP el Sorkk Ty

2, 5-bi s- di agipes eRzaguLpoR byat | |safifas Ml
()7 15 i aonmagiely A RARIADIRE, PRIRURL e LR e B e oLe of.

reSpect by oloblurioRORyk LA BRAUADTI PReA AP gL L FAREAERLG1 AYRRz{fihobld and

transgenic mce treated wt 5-bi s-diam ne-[ 1, 4] benzoqui noni c

derivative %ﬁ%@& lﬁvgpgpde%&llernaé;c&ﬁﬂg (c});( l); figures 12, 13, 14 and 21

illustrate discrimnation indices found in 20 experinent; figures 15 and

16 illustrate t obal 11k 0hioRSr SHcBomEHE RS vhot Ndrdbmintdre basal
forebrain; figur sésléﬁéng?’]lr%?iq uré:jltratg t hecn(t)mber of neur orns tlﬂat’expr ess

phospho-t a%%ﬂ%gﬁ‘tgéﬁgeﬁﬁ ﬂ%@ggﬁign@%} B¥nselmic (th@u @9 ) i dnh Usdris@lrfS nhibe

extracel lul'a figure 20 illustrate the nunber of cells

| 1. ! o . .
accurul at e /Hﬁg%%g%dzggﬂx o BEBTs-MablincF A GARBiNGRIO! Jeriliafivd MARRE! SN WO

10  general formula (I);

figures 10A, 10B, 10C illustrate coronal sections of the entorhinal cortex of,
respectively, non transgenic mice, transgenic mice (AD11), transgenic mice
(AD11) treated with a 2,5-bis-diamine-[1,4]benzoquinonic derivative having a
general formula (I);

15 figures 11A, 11B, 11C illustrate sections of the hippocampus of, respectively,
non transgenic mice (AD11), transgenic mice (AD11) and transgenic mice (AD11)
treated with a 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general
formula (I);

figures 12, 13, 14 and 21 illustrate discrimination indices found in
20  experiment;
figures 15 and 16 illustrate the total number of cholinergic neurons found in
the basal forebrain;
figures 17 and 18 illustrate the number of neurons that express phospho-tau in
the entorhinal cortex;
25 figure 19 illustrates the extracellular charge of APP; and
figure 20 illustrate the number of cells accumulated by B-amyloid.

BEST MODE FOR CARRYING OUT THE INVENTION




The 2, 5-bis-di am ne-[1, 4] benzoqui noni ¢ derivatives represented by the
general fornula (I) described above can be prepared, for exanple, starting
froma pwat@aosads(am no-al kyl)-carbam ¢ acid havi ng a gerrerraros/aneul a
(I'r): H. NNCOOD HR3 (Il), 5in which Drepresents a Benzyl (Bn) or

anot her stable protective group i n~allbasic environnment. A conpound havi ng
a general formula (Il11) is added to the (am no-alkyl)-carbamc acid (Il) X

(1), in whic %gﬂ,t# fek Olderivatit® 8SpréRn@AL Biyn N
i nternedi ate ? Q@%lgn QSIgS]bae goeugr%gl11 fglrﬂrrﬁla @%r IﬁlT\N"Z~NOOOD X

HR3 (1V) tggﬁértﬁ fo%u& H#sl:ﬁﬂecf halve MABES: ?u{paf&pr&saah@w@m s@act i on

occurs in presenc a sultable re ing agent. Preferably said
reduci ng a rotic 15 organlc
ol vent . 1 rotested (R o e b R o b B e O nd 35, T
particular at substantially 25 C, in the presence of nol ecular sieves (in
particular of 4 A. At thHs R (%BQ conpound (1V) has been made to
react in the presence of a se (% conmpound havi ng a general formula
(V): WD 03/087035 PCT/1T03/0@R27 Ry 12 (V) (R2)fA

I,
5 in which D represents a Benzyl (Bn) or another stable protective group in a

basic environment. A compound having a general formula (IIT) is added to the

(amino-alkyl)-carbamic acid (II)

gy

X
(1),
in which E represents =0, -Cl, -Br or -I, so as to obtain an intermediate

10  compound having a general formula (IV):

av)

with the condition that, where E represents =O, the reaction occurs in the
presence of a suitable reducing agent.

Preferably said reducing agent is NaBH,, the reaction is realised in a protic

15  organic solvent, for example ethanol, at a temperature between 15° and 35° C, in

particular at substantially 25° C, in the presence of molecular sieves (in particular
of 4 A).

At this point, the compound (IV) has been made to react in the presence of a

base with a compound having a general formula (V):



in which Ais an attractor electron group and f is 1 or 2 so as to obtain
an internedi ate conpound having a general formula (VI): 5 (VI) R

T\ N ~Z" NO®@D3/05%7B2 R3 Preferably the conpound (V) is (R2) 26®T03/00227
particular Et2SO4, and the reaction_ s carried out in an in inert organic
sol vent, which does not change in thé?2 reaction conditions, and at a
tenperature between 80 C and 170 C, in particular at substantially 111 C.
10 The solvent%VShat can be used include: ethers, such as diethyl ether or
t et r ahydr of ur an; “ hal ogenat ed hydr ocar bons, such as di chl oronet hane,
trichloromethane, tetgaghl oromethane, 1,2-dichloroethane, trichloroethane,
tetrachl oroet hane, 1,2-dichloroethylene or trichloroethylene; hydrocarbons,

such as benzeggwc}ﬁ%’rﬂe g ?{) ai&&aﬁelemaglgup%&lfqqum s8'as RS bbRlesn et her,
I y

ni t r omet hane, rmam de, acetone or acetonitrile. It is also

possi bl e tqn{éﬁﬁe@ékgg@,ﬁuﬁhmﬁ@a ga{eyaq%@m@{\k@pned. Tol uene is the sol vent

particularly preferre or this Feaction. At this point, the carbamc
functiog is hqu ysed in the conmpound (VI) in order to obtain a conpound
having a general Tormula (VII): 20 (M 1) X R2 R3 Hydrolysis preferably

takes place in an acid enviﬁlotT\andZt\he sglvent used is acetic acid.
According to a particularly r e t, HBr is used WD 03/087035
PCT/1T03/ 00227 - 13 for hydruotysisg, At l%hi S point on a p-benzoqui none
having a general forrmula (VII1): (VI2I 1)

Preferably the compound (V) is (Ry)SOs, in particular Et;SOy4, and the
reaction is carried out in an in inert organic sblvent, which does not change in the
reaction conditions, and at a temperature between 80° C and 170° C, in particular at
substantially 111° C.

10 The solvents that can be used include: ethers, such as diethyl ether or
tetrahydrofuran;  halogenated hydrocarbons, such as  dichloromethane,
trichloromethane,  tetrachloromethane, 1,2-dichloroethane, trichloroethane,
tetrachloroethane, 1,2-dichloroethylene or trichloroethylene; hydrocarbons, such as
benzene, xylene, toluene, hexane, cyclohexane or petroleum ether, nitromethane,

15  dimethylformamide, acetone or acetonitrile. It is also possible to use mixtures of
the solvents mentioned. Toluene is the solvent particularly preferred for this
reaction.

At this point, the carbamic function is hydrolysed in the compound (VI) in

order to obtain a compound having a general formula (VII):

Rl\f éiT\ITI/Z\ITIH

X Rb R

20 (VID)

Hydrolysis preferably takes place in an acid environment and the solvent

used is acetic acid. According to a particularly preferred embodiment, HBr is used



RAXX R5 O a substitution is nade with the conmpound (VII) in order to
obtain the 2,5-bis- 5 diam ne-[1, 4] benzoqui noni ¢ derivative having a
general fwomsla735). Surprisingly, the 2,5-bis-diam ne-[ 1,pJii@nzeqei noni c
derivative having a general fornula %'L) has shown a rel atively high
activity for the treatnent of Al zReilrer' s di sease (AD) in mamal s.

Mor eover, surprisingly, the 2,5-bis-diam ne-[1, 4] benzoqui noni ¢ derivative
10 havi ng ?0%@%1 isformula (1) has presented a relatively very high
activity o iI'nhibition of the enzyne acetyl cholinesterase (AChE). In
particular, the2,3phint ofladbdA@oduindte@niagdienaal fordali(Vall}:ve having a
general fornmula (I) has presented an activity of AChE inhibition relatively
much hi gher t L1y} he activity of inhibition that the sane 2, 5-bis-di am ne
15 [ 1, 4] benzoqui noni ¢ derivative (lI) presented with relation to the enzyne
butyryl choline esterase (BuChE). O» this point, it is inportant to stress
that the capacity of the 2,5-his-dijam ne- [1, 4] benzoqui noni c derivative (1)
to bind preferentially with Al father than with BuChE, avoids the

2, 5-bi s-di am ne-[ 1, 4] benzoqui noni drivative (1) being 20 distracted from
its primary objective (that is AChkJ. 1IR3 the past it has been supposed
that BuChE acts as an enzynmatic syg em protecti ng AChE agai nst fal se
substrata. Moreover, the 2,5-bis-diam ne-[1, 4] benzoqui noni ¢ derivative

naving a ViD 03/,08pQan bl hddedidR d Compoddhi (PR Ghlier 6 0 BulrRthl DS-bis-
surprisingly presents an inhibiting aclpl vity wwth regard to the

aggr ega%i 0 ndi%ﬁrfg‘ﬂzﬁ:]tﬁﬂg@gn&}i% A tive ha\jiﬁ% %1/ ga%"rél%ﬁnﬁla (§tress that the

gui noni ¢ fun sents a protect antioxidant activity with

respect to the %Hﬁﬁély,e tRd 725 BisAHEmiR-[1 AFoATEHIMAS | RAVAve having a

general formula (I) has shown a relatively high activity for the treatment of

Alzheimer’s disease (AD) in mammals.
Moreover, surprisingly, the 2,5-bis-diamine-[1,4]benzoquinonic derivative
10 having a general formula (I) has presented a relatively very high activity of
inhibition of the enzyme acetylcholinesterase (AChE).

In particular, the 2,5-bis-diamine-[1,4]benzoquinonic derivative having a
general formula (I) has presented an activity of AChE inhibition relatively much
higher than the activity of inhibition that the same 2,5-bis-diamine-

15  [1,4]benzoquinonic derivative (I) presented with relation to the enzyme
butyrylcholine esterase (BuChE).

On this point, it is important to stress that the capacity of the 2,5-bis-diamine-
[1,4]benzoquinonic derivative (I) to bind preferentially with AChE rather than with
BuChE, avoids the 2,5-bis-diamine-[1,4Jbenzoquinonic derivative (I) being

20  distracted from its primary objective (that is AChE). In the past it has been
supposed that BuChE acts as an enzymatic system protecting AChE against false
substrata.

Moreover, the 2,5-bis-diamine-[1,4]benzoquinonic derivative having a



5 AP. The inhibiting activity with regard to the aggregation of A(3 and the
antioxidant activity, surprisingly, conbine synergically to substantially

i nprove tW® @owdizsi ons of patients affected by pathol ogi exTeiTas/eeeri sed
by deposits of A[3. In particular, it is inportant to stress that the
relatively very high AChE i nhi bi ti'ni; activity, the relatively | ow BuChE
inhibiting activity, the inhibiting 10 activity with regard to the

aggr egat | Oge&fral%nﬁﬁfa (qjﬂ_ﬁlr?ﬁiihgwlpiedahts%t inWibiting Sostviy i wittngdgard tothei ne
synergicall'y to substantially 1iprove the conditions of patients affected
by AD. Thea%gré-a{gjoﬁ-oq‘imnagce{djbﬂl@ﬁﬂzoqui noni c derivatives (I) or their

phar maceuti ca %y acceptabl e salts, can be adm ni stered as pure conpounds,

15 however they @rigoBfaheoalleys MaeRMugtbnid fundodditypbers pipastorbeut i cal
formula. Non [imting exanples of suitable pharmaceutical formul ae are

listed bel Quioxiiet AchviB} Wit réipeitanlific diBanzOdmesNON © tentumilaim ¢fl ) can be
formulated for oral, parenteral or rectal admnistration or in forns

sui ted for afm,BiglibRhgaBHR wﬁm%laﬂimﬁe dgatibh bF ABizad tidwtisxidynyout h and
by nose%. é?rj%lgglgh?orgorél t’slor 2 parent%gélgaadm ni Etrati on are preferred.

For oral adgipi ,%#i@}iisﬁlgly, fcbﬁlbm@%&ﬁagﬂum fRdubBtaBRATyInpREve haRoRdtioksor

exanple, in the rm of tabl ets or capsul es prepared using known net hods

Wi th excepio?gatfents’:‘&?&%cﬂ%l SuthdISeT A HARRTIREEHY HERsitPOf AB. of Vi ew as bi nding

agents (for exanple pre- "dgelatised corn starch, polyvinylpyrrolidone or

met hyl cel | ul 0S¢y ipatidui ! $ 1sf popkA Y Sued® thaCtheSelativelgr ey WidiaACHRe
cel lul ose or cal cium hydrogen phosphate); additives (for exanple magnesi um

stearate, tahiGitingl AdRdRY; ¥ SlAtREF AW BUCKE isKbitiak eackioltAl thesinhibitig  and/ or
| ubricating agents (fof exanple sodiumlauryl sulphate). The tablets can be

WO 03/ 98703ptifisT /xbiT@ﬁ/egﬁa_Zio the BBgregMaine éf WAB harkn e aneibkidalst. adtivifyj d

preparations for oral adm nistratron nay have the form for exanple, of
syrupy sol uyipRfmolf, SHEPABSiyABEically foheybstatalde iprdveethel oomditidnsaotir y

product which can be dissolved i1n water or in another |iquid before wuse.
These pr epq;aﬁgﬁtgaﬁre&@@bpmr epared in known ways w th pharmaceutically

The 2,5-bis-diamine-[1,4]benzoquinonic  derivatives (I) or their
pharmaceutically acceptable salts, can be administered as pure compounds,

15  however they are preferably presented in the form of a pharmaceutical formula.
Non limiting examples of suitable pharmaceutical formulae are listed below.

The 2,5-bis-diamine-[1,4]benzoquinonic derivatives (I) can be formulated for
oral, parenteral or rectal administration or in forms suited for administration by
inhalation or insufflation (both by mouth and by nose). Formulae for oral or

20  parenteral administration are preferred.

For oral administration, the pharmaceutical preparations can be, for example,
in tﬁe form of tablets or capsules prepared using known methods with excepients
acceptable from a pharmaceutical point of view as binding agents (for example pre-
gelatised corn starch, polyvinylpyrrolidone or methylcellulose); fillers (for example

25 lactose, microcrystalline cellulose or calcium hydrogen phosphate); additives (for

example magnesium stearate, talc, silica); disintegrants (for example potato starch);

and/or lubricating agents (for example sodium lauryl sulphate). The tablets can be



5 acceptabl e additives such as suspending agents (for exanple sorbitol,
cellul ose derivatives, edible hydrogenated fats); emulsifying agents (for
exanpl e | @@ a3h8m36r acaci a); non aqueous |iquids (for exagilaozborend oil,
oily esters, ethyl alcohol or fractionated vegetable oils); and/or
preservatives (for exanple methyl or }propyl p- hydroxybenzoates, sorbic acid
or ascorbic acid). The preparations can also contain, 10 in appropriate

cases, bufferd @Qviﬁﬁg}oﬁm ﬁf@{lﬁﬂﬁ.imﬂuidﬁfr i tHofs PR AT aBNBRESHONHaRUSH S-

Preparations ftor ar admnistratio n be formulated in a known way, so

as to giv t e : td RIR oM YHey TRE be in th

2, 5-bi s-di g%‘lérf]e- f?g%tﬁﬂglg’qﬁf%gﬁg}ggﬁgt?@&gﬁ %l\élger%l ) _’can g}é for ?nﬁlateed, in a
known way, h0of o?%&ﬁ%&ﬂc} AABLaR e tidsB el Nn WG iR Bnéthe CRAIA BERKS 15
adm ni stration. For ae for injection my be in the formof single doses,
for exanpl g.iLn ty aALRRES wa0 WAt bRERE&SBAIKAL | vVes.
The corrpoglls%'i gﬁ%ﬁ%@é}ns% ?%?%%g%gghsuspengﬁgn, i nbaqueous o}/}aoi |y

liquidsg am@cé‘gp&ablmd%ﬁteg Rith BQrsWe din@MeBH@ TR Sxabitid) B, RAIRLN0 and

stabi |l ising agents. ernative cti1ve conpound rmay be in powder

om0 o g AR A8 (b e
Suppo t or 1 Savidy T8, AR RS, SUmpld AL S BIEbA T TIaRoL o o
2 B7D; 5 o cgeghpiPd SBARIE HRE, SHER: BRstio Rty Shr Bl RLIGL of Bobylphe
compos 11 on R B R e o

i mpl ant, 4 (T, bE LR T, R ] .of an
i nt ran&gcullgrap%%ggilegcggég% P%{'I?'%I%%%%/cglggle&’ a-%ﬂi}G i nj%gﬁliegtg]?ﬁngg?a?sor

exanple, the 2, Araﬁ%}sqmaﬁlL&nﬂﬁé@ﬁﬂa&eéﬂs@muﬁ%dmaatmw, so@@n be
formul ated with suitable polynmeric or hydrophobic materials (for exanple

an enul si ong,QfveANcslttolle@Felbas bPtheWelite éddficrm@xchange, or rel atively poorly
sol ubl e derivatives, such as relatively poorly soluble salts.

The 2,5-bis-diamine-[1,4]benzoquinonic derivatives (I) can be formulated, in

a known way, for parenteral administration by injection or continuous
15 administration. Formulae for injection may be in the form of single doses, for

example in ampoules or multidose containers containing preservatives. The

composition may be in the form of a suspension, in aqueous or oily liquids, and it

may contain formulation elements such as dispersing and stabilising agents.

Alternatively, the active compound may be in powder form to be dissolved
20 immediately before use in a suitable liquid, for example sterilised water.

The 2,5-bis-diamine-[1,4]benzoquinonic derivatives (I) can be formulated for
rectal administration as suppositories or enteroclysis, for example containing
excipients for suppositories of a known type such as cocoa butter or other fats.

The 2,5-bis-diamine-[1,4]benzoquinonic derivatives (I) can also be

25  formulated, in a known way, as compositions with prolonged release. These
compositions with prolonged release can be administered by means of an implant

(for example subcutaneous, or intramuscular) or by means of an intramuscular



5 For intranasal admnistration, the 2,5-bis-diamne-[I|, 4] benzoqui nonic
derivatives (1) can be fornulated for adm nistration by neans of a (known)
device, Yaro3agzuspl e in powder formwi th a suitable carri exc@@/aTohen2ebsages
of the 2,5-bis-diam ne-[1, 4] benzoqui nonic derivatives (1) will depend on:
the age and conditions of the patientl® so the precise dosage must be 10
decided fromtine to tine by the doctor. The dosage wll al so depend on the

means of aqg}'eg‘ifioq{ ry ifQP‘e)gdﬁg:ﬂQ,nthE Q?Sdﬂi%rcﬁirffi%fﬂﬁ bn3€ ieHafides Wpabl e

doses may b or exanp etween’0.1 ng/Kg "and 400 ng/Kg with respect to
body wei ghtcaﬂgir% fogﬂ%(tate-ﬁr\gitli géﬁaﬁil@ Bﬂgﬁlg}i@.%f ﬂlkf&i\ﬁtﬂ%}ﬁ@&é ACHLON 16 Sefmipiat i ves

(I), can bea ni'stered inc I nation h one or nore suitable

her apeut ! G gRiPnaACl GO ALRG with oBYLANKRND: HIARIE Yoty Fisie!

characteristics 0 e préesent 1nvention w nore cléarly from the

fol |l ow ng d&?lﬁ’éf;if ig{{&r}%gg%%e%ﬁgogl}i&ﬁ%@&%.mnt s taken purely as exanpl es

and wi t hout atio I's exanpl e descri bes the synthesis

o e 515 L3 o MR o Pl asphetcobgotir (9
3- . _ _ 1. 1 1 . . . . . m f
fat thmoFc’ch‘?eg?“%‘?i%%a@g?%“c% %ﬁﬂé?éléegg@t ?%‘%ﬁrgté‘gwgﬂ?? 5 P{VC')H N oo
17" met hoxyhenzahdehy s, M6, AgY8H (e buréd ol ) The mixture vas fef
In aglitation a ?rr

nvi tonnment tenperature (e.t.) for 20 mn, then NaBH4 was

added when col g ( pogaggs t"ﬁ ﬂ%@!%%s.hiaﬁ&gﬁ%pg@‘ggni@ufn%ﬁﬁt ddrBati®R, (1) Wikes

acidified cautiously “w were filtered and the

| vent ; j i Wi d
20 Vo S ORGP e i 0

extracted w di et e r
10  decided from time to time by the doctor. The dosage will also depend on the means

of administration and on the particular compound selected. Usable doses may be
for example between 0.1 mg/Kg and 400 mg/Kg with respect to body weight per
day.

The 2,5-bis-diamine-[1,4]benzoquinonic derivatives (I), can be administered

15 in combination with one or more suitable therapeutic agents and formulated in
every known usable way.

Further characteristics of the present invention will appear more clearly from
the following description which refers to embodiments taken purely as examples
and without limitation.

20 Example 1
This example describes the synthesis of the acid [3-(2-methoxy-benzylamino)-

propyl]-carbamic benzyl ester (IX) having the formula:

NH__~___NHCOOBn
OMe
To a solution of (3-amino-propyl)-carbamic benzyl ester acid (1.04 g, 5

mmol) in 50 ml of ethanol containing molecular sieves (4 A), 2-



aqueous sol ution was then basified with NaOH 40% and extracted wi th CHCL3
(4 x 20 m). The anhydrified and evaporated organic extracts gave 1.5 g of
t he conpewnas/o8X38s pure transparent oil on TLC (el uant: ®@d@n30io02ey NHAOH
9.0:1.0:0.1). Yield 90% 1H NWR (1rf§ base; CDC13) 8: 1.61-1.79 (m 2H + 1H
10 exchangeable with D20), 2.70 (t, 2H), 3.32 (gq, 2H), 3.78 (s, 2H), 3.84
(s, 3H, 5.11 (s, 2H), 5.73 (s enlarged, 1H exchangeable w th_ D20),

6. 84- 6. 95 {Moxdbinzailichide’ wb adfed (TF ., Bxamphel)2 Tinimixaxamasdeicdcri bes t he
synthesis of the acid {3-[ethyl-(2-nethoxy-benzyl)- 15

ami nol - pr gpidtonCay fmonean zsthpeeatter ((tX) foh 201 mip, tthen MNaBH was pdded

N NHCOOBn "OVe To a sol ution of [3-(2-methoxy-benzyl am no)- propy{ ]-carbam c
benzyl est@fenaeld!(0.2 L, 4 inol). B wawolkft to mear0 forf Ohofit was aeifidiedicaettySYsul phat e
was added (1.24 m; 9.5 rnnol) and heated by reflux for 24h. The reaction
m xt ure WaHicHON eN|, de stovies wardfilidredhsmhthedsolvents fnere swropratedptheigsiduthe or gani ¢
phase was separated, which after 20 anhydrification and evapogration gave a
crude BBt QfdstlakukliagBin\Warith PO fand cextryicted amith digthdretbesgaphll M- uthhg with
CH2C12/ et her of petrol eumi MeOH/ NHAOH 4.6:5.0:0.4:0.04 obtained 1.4 g of

t he C0”powgﬂeaﬁs%éllﬂiéh&vdsrthﬂﬁbmifmdtwiﬂi NaQH 40%6anq extrastad: WitHEIS B NHaOH
9.5:0.5:0.05). Yield 91% 1H NWR (free base; WO 03/087035 PCT/| T03/ 00227 -
18 CDCL3)2(bml}- @8e (dnhyddfigd ahd 6dvapiord@d ( engafiel) extrack3 gavers.y & Oﬁllble, 3.32 (q,
2H), 3.78 (s, ~211), 3.84 (s, 311), 5.11 (s, 211), 5. 73'{“%3 enl arged, 1H
exchangeablognptiuhl D203s, phre8ttanspa@fit (O o2 HT.C7(chgnt, GHQIEOHNEEL S pl e 3 5
Thi s exanpl e descri bes the synthesis of

N - et hyl - N 012002, 0iey beaz JH) NBIRO(fece- base:3CDEAM: deS (k79 Madbhy tthe
o mjlli)- exchangeable with D;0), 2.70 (¢, 2H), 3.32 (q, 2H), 3.78 (s, 2H), 3.84 (s, 3H), 5.11
(s, 2H), 5.73 (s enlarged, 1H exchangeable with D,0), 6.84-6.95 (m, 2H), 7.19-7.40
(m, 7H).
Example 2
This example describes the synthesis of the acid {3-[ethyl-(2-methoxy-benzyl)-

15  amino]-propyl}-carbamic benzyl ester (X) having the formula:

llflt\/\/NHCOOBn
OMe
To a solution of [3-(2-methoxy-benzylamino)-propyl]-ca.rbamic benzyl ester acid
(1.4 g; 4.3 mmol) in 70 ml of toluene diethyl sulphate was added (1.24 ml; 9.5
mmol) and heated by reflux for 24h. The reaction mixture was cooled at e.t. and
beaten with conc. NaOH (50 ml). The organic phase was separated, which after
20  anhydrification and evaporation gave a crude material which was purified by flash
chromatography. Eluting with CHaClo/ether of petroleum/MeOH/NH4OH
4.6:5.0:0.4:0.04 obtained 1.4 g of the compound X as pure transparent oil on TLC
(eluant: CHCl/MeOH/NH,OH 9.5:0.5:0.05). Yield 91%; '"H NMR (free base;



Et | / N,NH2 OwWe To a solution of

{3- [ et hyl - (2- net hoxy-benzyl ) -am no] - propyl }-carbam ¢ benzyl ester acid
(1.4 g; 3wowmst)esin 15 m of glacial CH3COOH, 3.5 nl of a2C3aw3exkuti on of
HBr in CH3COOH was added cautiously. It was left in agitation for 2h, 10
then the hydrobromate was preci pltattéd3 With 100 M of diethyl ether. The
white solid formed was solubilised in H2O basified with NaOH 2N and
extracted viphy) §HCAS %(5191),296?11)79 (ﬂihgﬂmhyﬂtvfs'(ﬁdmy X@ PHRSE79\@S

evaporated i n a’ vacuu gl ve 0. ‘of the compotnd as’ pure

transpar ent T I ntity
yield; 1H N %fg(rag(sé %g Sqlg[%g{g %&iénh%‘%& NWQﬂhQﬂg@aﬂle%& ljz)C%a)nlggﬁged 2H
exchangeablee 1%2?)1’9 ﬁii?(mlﬂgl (m 2H), 2 55 (q, 4H) 2.73 (t, 211),
3.60 (s, 211 6.99 (m 211), 7.19-7.44 (m 2H).
Exanmpl e 4 Thi s qzr< gdescribes the synthesis of

2,5-Bis-{3-[ethy rret hoxy- benzyl)- 2 0 am no] -propylamno }-

1, 4] ben OqUTHIQ'égalﬁfﬁblaesWésntﬂers hés?sr QPN ﬂ?l-l\@—(?l)}ﬁl b ﬁ&zy]%l\%hf N O Et

To a so ut| on o enzoqul none was WO
03/ 087035 g'lgﬁ:f Havinie thS Iﬁg@lgd when cold

N - et hyl - Fg net (@(?bagn ) %ropan 1,3-diamne (0.45 g; 2.0 mmol). The
reaction mxture was agita
evaporated in a vacuumto
chr omat ogr aphy. Eluting w

at and out of the light for 6h, the was
eq‘r‘:ltude material which was purified by flash

*~ N2/ Me QY NOH 9. 75: 0. 25: 0. 025 obt ai ned

To a solution of {3-[ethyl-(2-methoxy-benzyl)-amino]-propyl}-carbamic
benzyl ester acid (1.4 g; 3.9 mmol) in 15 ml of glacial CH;COOH, 3.5 ml ofa 33%
solution of HBr in CH;COOH was added cautiously. It was left in agitation for 2h,
10 then the hydrobromate was precipitated with 100 ml of diethyl ether. The white
solid formed was solubilised in H,O, basified with NaOH 2N and extracted with
CHCl; (5x 20 ml). The anhydrified organic phase was evaporated in a vacuum to
give 0.87 g of the compound XI as pure transparent oil on TLC (eluant
CHCl/MeOH/NH,OH 9.0:1.0:0.1); quantity yield; '"H NMR (free base; CDCl;) §:
15 1.07 (t, 3H), 1.50 (s enlarged, 2H exchangeable with D,0), 1.57-1.71 (m, 2H), 2,55
(q, 4H), 2.73 (t, 2H), 3.60 (s, 2H), 3.84 (s, 3H), 6.83-6.99 (m, 2H), 7.19-7.44 (m,
2H).
Example 4
This example describes the synthesis of 2,5-Bis-{3-[ethyl-(2-methoxy-benzyl)-

20  amino]-propylamino }-[1,4]benzoquinone (XII) having the formula:

}l_:.t O
N NH
\/\/ OMe
OM
(=] ‘i | NH/\/\ Ilq'
(@) Et

To a solution of p-benzoquinone (0.1 g; 0.92 mmol) in 70 ml of MeOH was



5 0.23 g of the compound XlIl as a pure red solid on TLC (el uant:

CHC13/ MeOH/ NHAOH 9.5:0.5:0.05). Yield 45% 'H NWR (free base; CDCl3) 8:
1.11 (t, vq3/0%7082-1.85 (m 4H), 2,56 (g, 8H), 3.18 (q, 4HWCT/IFE@2¢B, 4H),
3.82 (s, 6H), 5.26 (s, 2H), 6.83-§.£§ (m 4H), 7.19-7.43 (m 4H + 2H
exchangeable with D20); EI-Ms: mlz =548 (M. 10 Exanple 5 This exanple
descri bes the synthesis of the acid [6-(2-nethoxy-benzyl am ne-

hexyl ] - car RaMEiGyiReNZoll Ne ugl-N' X irhdthosty-bénzy)-propdaclOBrlidBhike (OH#E gc2Bpound

XI'll was obtained as a transparent oil fromthe acid (6-

ani no- hexy lmARriRtesctamtueshesgitatedd eg. anklounvbie Hghk Fandhnthetss sane 15
procedure described in exanple 1; yield 81% 'H NVWR (free base; CDCl1l3) 8:

1.22- 1 38e&dzﬁora4&r& in% ¢dcutindio Eive #Alhudelmbferiél waidhamge gurifitdl dycllashgeabl e
with D20), 2,58 (t, 2H)., 3.18 (q, 2H), 3.77 (s, 2H), 3.84 (s, 3H), 4.76 (s

enl arged, 1Honfxsdiange ahengvivith DZOLL,/ MO8/ NH,0R19)75:0025820%5 $btajmd 2H) ,
7.20-7.40 (m 7H). Exanple 6 20 This exanpl e describes the synthesis of the

acid { &-[egthyls (8f ﬂ%h%m_}gbmykn- Bmanghurbexed }solidr bami TLOe Gdydntest er
(XIV): Et N NI%OOBn Ove The compound XI'V was obtained as a transparent

oi I from t kgy@gied1aNIZ,OM R0 88735 YRIJ 5T 3LONRER (free Base; CDCls) &:
nmet hoxy- benzyl am no) - hexyl ] - carbam ¢ benzyl ester (2.91 g, 7.85 mmol)
1.11 (t, 6H), 1.72-1.85 (m, 4H), 2,56 (q, 8H), 3.18 (g, 4H), 3.62 (s, 4H), 3.82 (s,
6H), 5.26 (s, 2H), 6.83-6.95 (m, 4H), 7.19-7.43 (m, 4H + 2H exchangeable with
D,0); EI-MS: m/z = 548 (M).
10 Example 5

This example describes the synthesis of the acid [6-(2-methoxy-benzylamine-

hexyl]-carbamic benzyl ester (XIII):

T
N\/\/\/\
NHCOOBn

OMe
The compound XIII was obtained as a transparent oil from the acid (6-
amino-hexyl)-carbamic benzyl ester (2,50 g, 10 mmol) following the same
15  procedure described in example 1; yield 81%; "H NMR (free base; CDCl3) 8: 1.22-
| 1.38 (m, 4H), 1,41-1.57 (m. 4H), 1.65 (s enlarged, 1H exchangeable with D-0),
2,58 (t, 2H), 3.18 (q, 2H), 3.77 (s, 2H), 3.84 (s, 3H), 476 (s enlarged, 1H
exchangeable with D,0), 5.09 (s, 2H), 6.82-6.93 (m, 2H), 7.20-7.40 (m, 7H).
Example 6
20  This example describes the synthesis of the acid {6-[ethyl-(2-methoxy-benzyl)-

amino]-hexyl}-carbamic benzyl ester (XIV):
Bt
N ™" NHCOOBn
OMe

The compound XIV was obtained as a transparent oil from the acid [6-(2-



foll ow ng the same procedure described in exanple 2. Yield 76% 1H NWR
(free base; CDC13) 8. 1.05 (t, 3H), 1.21-1.32 (m 4H), 1,40-1.57 (m 4H),
2.41- 2, 59wom3/osai¥, 3.16 (g, 2H), 3.60 (s, 2H), 3.80 (s, JFTAYLT03100237 (S

enl arged, 1H exchangeable 5 vvith_Dgg) , 5.08 (s, 2H), 6.82-6.94 (m 211),
7.18-7.42 (m 7H). Exanple 7 This eXanpl e describes the synthesis of

N1- et hyl -NI1-(2-nmethoxy-benzyl)-hexan- 1,6-diamne (XV): Et | N NH2 Ow
The conpogmh%&g,-y@éygﬁﬁﬁé)mymm@amﬁcansmwnesten' | 2f%1org,t He8%acitholls- 10

[ et hyl - (2- met hoxy- bénzyl ) - am no] - hexyl } - car bam ¢ benzyl ester (2.31 g; 6.01
mol ) f ol legwiiothe siaeproteees dessibde se ekdmplein Weldhe Bl NMR(Be©8% ' H
NVR (free base; CDC13) 8: 1.04 (t, 3H), 1.12-1,48 (m 8H +2H exchangeabl e
wi th D20) jpas-ci3ck) 831.084¢ 4»@%,1.216582(@, )] ) 408157 (as4HRA)41-B5B{ny s, 3H)
6.82-6.94 (m 2H),  7.16- 7.42 (m 2H). 15 Exanple 8 This exanpl e descri bes

t he synt hQﬁ_'Ps 396 %} 5181 $.:60Gs,| HOHBISK @; BHY,haRY (Denizsgell, LH exchangeable
am no] - hexyl’am no}-[ 1,4] benzoqui none (XVI): 0 O NH N/ 20 NNH 1 | Et

The cogpouggh FS}/@?{V?@S @btE), BE3-6184 amy Hd), FABITAZ €oTHRL- et hyl - N1- ( 2-
met hoxy- benzyl)- hexan-1, 6-diamne (1.05 g; 4 mmmol) and p-benzoqui none (0.2
g; 1.84 mmol) ]th@‘{,hgwimg t he sane procedure described in exanple 4. Yield
17% 1H NMR (free base; CDC13) 8: 1.04 (t, 6H), 1.14-1.38 (m 8H),
1,43-1.53 {ify eddthble WEcHBIOBE QFRhENH bf N3 2X7-(2-me2oxy-benzyl)-hexan-
1,6-diamine (XV):
Bt
N\/\/\/\NH2
OMe
The compound XV was obtained as a transparent oil from the acid {6-
10 [ethyl-(Z-methoxy-benzyl)-amino]-hexyl}-carbamic benzyl ester (2.31 g; 6.01
mmol) following the same procedure described in example 3. Yield 98%; '"H NMR
(free base; CDCl3) &: 1.04 (t, 3H), 1.12-1,48 (m, 8H +2H exchangeable with D,0),
2.41-2,53 (m, 4H), 2.65 (t, 2H), 3.57 (s, 2H), 3.81 (s, 3H), 6.82-6.94 (m, 2H), 7.16-
7.42 (m, 2H).
15 Example 8
This example describes the synthesis of 2,5-Bis-{ 6-[ethyl-(2-methoxy-benzyl)-

amino]-hexylamino}-[1,4]benzoquinone (XVI):

0] OMe

H\/\/\/\
' A
20 N\/\/\/\ NH Et

The Gompound XVI was obtainddl as a red solid from N'-ethyl-N'-(2-
methoxy-benzyl)-hexan-1,6-diamine (1.05 g; 4 mmol) and p-benzoquinone (0.2 g;

1.84 mmol) following the same procedure described in example 4. Yield 17%; H

NMR (free base; CDCl3) &: 1.04 (t, 6H), 1.14-1.38 (m, 8H), 1,43-1.53 (m, 4H),



1.57-1.65 (m 4H), 2.41-2,56 (m 8H), 3.10 (q, 411), 3.57 (s, 4H), 3.81 (s,
6H), 5.28 (s, 2H), 6.59 (t enlarged, 2H exchangeable with D20), 6.83-6.95
(m 4H), w@sogress 2H), 7.39 (d, 2H). EI-Ms: mz = 632 (MpcTAgaiwi2e7 9 5
Thi s exanpl e descri bes the synthesis of 2,5-Bis-[6-(benzyl-ethyl-am no)-
hexyl ami no] -[ 1, 4] benzoqui none (XVII) 210 NH NEt Et NH O The conpound XVI |
was obtained as a red solid from Nl1-ethyl-N -benzyl - hexan-1, 6-di am ne

procedtie deh BT (HDGLAIDLE @ el SO IS TR (1o o BAES cocia)”
. 1.05 , - - _ ,
2. a1'2,56 (7 Bkt > hiefled By Allngspi®ilhy D) Brptds gy Wy e

enl ar ged, & raM DR asK. 10-7.24 (m 10H). EI-MS: mz = 572
(M. Nl-et h%ﬁ)-’ 9?%%@’%2@'?'-1%%\%&?@1, dﬂl\% ine was obtained with procedures

simlar to tho§xaﬂfﬁc9ri bed in exanples 1-4 using corresponding starting
conpounds. 15 anpte 10 This exanpl e descri bes the synthesis of

Covt 1) B Rl ey WSl Y ong AL s O S R 2T e
solid fromﬁ%-g%}{g_ﬁéﬂé&i%?@h%{e yl)-hexan-1, 6-diamne (0.54 g; 2

nmmol ) and p q 0.92 mol) follow ng the sane
procedure described in exanple 8. Yiepd 15% 1H

NH _~_~~"~
N\/\/\/\ Et
NH

0O

The compound XVII was obtained as a red solid from N'-ethyl-N'-benzyl-
hexan-1,6-diamine (0.47 g; 2 mmol) and p-benzoquinone (0.1 g; 0.92 mmol)
following the same procedure described in example 8. Yield 20%; 'H NMR (free

10  base; CDCl) 8: 1.05 (t, 6H), 1.14-1.39 (m, 8H), 1,43-1.53 (m, 4H), 1.58-1.65 (m,
4H), 2.41-2,56 (m, 8H), 3.10 (q, 4H), 3.71(s, 4H), 5.28 (s, 2H), 6.44 (t enlarged, 2H
exchangeable with D,0), 7.10-7.24 (m, 10H). EI-MS: m/z = 572 (M. N'-ethyl-
N'-benzyl-hexan-1,6-diamine was obtained with procedures similar to those
described in examples 1-4 using corresponding starting compounds.

15 Example 10
This example describes the synthesis of 2,5-Bis-{6-[ethyl-(2-chloro-benzyl)-

amino]-hexylamino}-[1,4]benzoquinone (X VIII):

1
NH\/\/\/\N
it |
N\/\/\/\NH Et

Cl )
The compound XVIII was obtained as a red solid from N'-ethyl-N'-(2-
chloro-benzyl)-hexan-1,6-diamine (0.54 g; 2 mmol) and p-benzoquinone (0.1 g;
20  0.92 mmol) following the same procedure described in example 8. Yield 15%; H

NMR (free base; CDCl3) &: 1.04 (t, 6H), 1.10-1.35 (m, 8H), 1,43-1.53 (m, 4H),



NVR (free base; CDC13) 6: 1.04 (t, 6H), 1.10-1.35 (m 8H), 1,43-1.53 (m
4H), WD 03/087035 PCT/I1T03/00227 - 22 1.57-1.65 (m 4H), 2.41-2,56 (m
8H), 3.08woms/4rps 3.46 (s, 4H), 5.28 (s, 2H), 6.59 (t ercarigesioo22H
exchangeable with D20), 7.05-7.23 (%? 6H), 7.45 (d, 2H). EI-M5: mz = 641
(M. Nl-ethyl-N-(2-chloro-benzyl)-héxan-1, 6-di am ne was obtained wth
procedures simlar to those described in exanples 1-4 usi ng}@orrﬁspondi ng
5 starti ng.sqgr_g)_p?ﬂ,dﬁ?, B4 1005 6(nd, 18T B D8 D), 8 bl s.cAtDpé 38 thet By itHesi s of
2,5-Di-tert-butyl-3,6-bis-{3-[ethyl-(2- )

met hoxy - bgngydrde@BENed chps@ayle axitnD}.O), T, 08-BEA 10 $FhoheS (12D EEMS /' N~NH |
| tBu Ove' OME tBu NH----\N O Et The conpound XI X was obtai ned as a
fuchsi a cg{/guzr 841 ) INF eayl-NAg2-chbrabeprylritexhentingiatine Vay Rotased (90 ny;
0.40 mmol ) and 2,5-di-tert-butyl- [1, 4] benzoquinone (40 ng; 0.18 nmol),

f ol | owi NG Wifleproadmirey SiGERE e fthes alesdribddiin exemple| let BISINY] OGS 021 H NVR
(free base; C%ClS) b: 1.09 (t, 6H), 1.15 (s, 94, 1.27 (s, 9H), 1.70-1.83
(m 4H), %ta{:tgicho@-{lp((uﬂusBH), 3.15 (s, 3H), 3.54-3.71 (m 4H), 3.83 (s, 3H),
6.81-6.96 (m 4H), 7.18-7.44 (m 4H). EI-M5: mlz = 660 (M. 15 Exanple 12
Thi s exanpl e dm&ﬁ;ﬂeﬂthe synthesis of the acid

[ 6- benzyl am no- hexyl ] -carbam c benzyl ester ( havi ng t he f?r[‘zml a.
HOOOBN ~ Nfiis TREmpRIMaestbesOfhevasnibbsiai ofed, 5ai-tert butrshordent -ty Fom t he
acid (6-am no- hexyl)-carbam c benzyl ester (4.00 & 16 mol ) follow ng the
same proc qg&hgxy_benzyl)-amino]-propylamino}-[l,4]ben20qu1n0ne IX):

Iilt O
tBu
N \/\/NH OMe
OMe A~
O Et

The compound XIX was obtained as a fuchsia coloured solid from the

10 compound having the formula XI (90 mg; 0.40 mmol) and 2,5-di-tert-butyl-
[1,4]benzoquinone (40 mg; 0.18 mmol), following the same procedure described in
example 8. Yield 10%; 'H NMR (free base; CDCl) 8: 1.09 (t, 6H), 1.15 (s, 9H),
1.27 (s, 9H), 1.70-1.83 (m, 4H), 2,52-2.64 (m, 8H), 3.15 (s, 3H), 3.54-3.71 (m, 4H),
3.83 (s, 3H), 6.81-6.96 (m, 4H), 7.18-7.44 (m, 4H). EI-MS: m/z = 660 M.

15 Example 12

This example describes the synthesis of the acid [6-benzylamino-hexyl]-carbamic

benzyl ester (XX) having the formula:

/\/\/\/N HCOOBnN
o
H

The compound XX was obtained as a transparent oil from the acid (6-amino-
hexyl)-carbamic benzyl ester (4.00 g, 16 mmol) following the same procedure
20 described in example 1. Quantity yield; "H NMR (free base; CDCly) 8: 1,22-1,57
(m, 6H + 1H exchangeable with D,0), 1,78-1,97 (m, 2H), 2,75 (t, 2H), 3,18 (q,

2H), 4,05 (s, 2H), 5,01 (t enlarged, 1H exchangeable with D,0), 5,15 (s, 2H), 7,30-



20 described in exanple 1. Quantity yield; 1H NWR (free base; CDC13) S:
1,22-1,57 (m 6H + 1H exchangeable with D20), 1,78-1,97 (m 2H), 2,75 (t,
2H), 3, 18woms/nsaly, 4,05 (s, 2H), 5,01 (t enlarged, 1H exdangea2e7 wit h
D20), 5,15 (s, 2H), 7,30 WO 03/087035 PCT/1T03/00227 - 23 7,45 (m 8H),
7,57-7,65 (m 2H). Exanple 13 This @x3arfpl e describes the synthesis of the
acid [6-(ethyl-benzyl -am no)-hexyl]- carbam c benzyl ester (XXI): N NHCOOBn
5 The compoupslO8HYaS70RRmed s a transparent oil fromthe acid [6-
benzyl am no-hexyl | -¢arbam ¢ benZyl ester (5.00 g, 14 mmol) followi ng the
same procedure ]giﬁﬁﬁgiqud in exanple 2. Yield 30% 1H NWR (free base;
CDC13) 6: 1,10 (t, 3H), 1,22-1,40 (m 4H), 2,40-2,62 (m 4H), 3,16 (q,
2H), 3,58 (B Sddirites the QY @h thethcx ahey1Vntifo)Ry1]- 5. 18 (s,
2H), 7, 22- 7?2%%%%1}11)116 Oe%)éf .10 %arr%l%ejogm Thi s(Ed;engErr%I e %?escri bes th]e
synthesi s ofyidlnigbBY2yl eder (k803! - hexan-1, 6-diamne (XXII): 1z~ N N H2 The
conpound XXI'l was obt’ai ned as” a transparenﬁHgbéBf romthe acid {6-[ethyl-
Ta¥A (0 '@;; 2.45 mol) follow ng the

benzyl - am no] - hexyl } - captfayrc e S
l@ i n(exanple 3. Quantity yield; "H NWR (free

15 sanme procedure descr
base; CDC13) 8: 1,03 (t, 3H), 1,715 (s enlarged, 2H exchangeable w th D20),

1,21-1,58 (m ﬁ@e %%@1 ?gl%s Ftine® 8% {rénspgtlél)lt oid P8 (Be ﬁé??[g- of the

7,20-7,38 (m 5 s exanpl e describes the synt

act d 18 (2 el PR REY AU EIR0 DOk ester @5.08'eD 0 fimB TBNOwRBHAE sk 1 1) H |

N HCOOBNn

procedure described in example 2. Yield 30%; TH NMR (free base; CDCls) o: 1,10
(t, 3H), 1,22-1,40 (m, 4H), 2,40-2,62 (m, 4H), 3,16 (q, 2H), 3,58 (s, 2H), 5,05 (s
enlarged, 1H exchangeable with D,0), 5,18 (s, 2H), 7,22-7,40 (m, 10H) .

10 Example 14

This example describes the synthesis of N'-ethyl -N'-benzyl-hexan-1,6-diamine

(XXII):
N/\/\/\/NH2
o

The compound XXII was obtained as a transparent oil from the acid {6-[ethyl-
benzyl-amino]-hexyl}-carbamic benzyl ester (0.9 g; 2.45 mmol) following the
15 same procedure described in example 3. Quantity yield; 'H NMR (free base;
CDCls) &: 1,03 (t, 3H), 1,15 (s enlarged, 2H exchangeable with D,0), 1,21-1,58
(m, 8H), 2,37-2,58 (m, 4H), 2,65 (t, 2H), 3,56 (s, 2H), 7,20-7,38 (m, 5H).
Example 15
This example describes the synthesis of the acid [6-(2-chloro-benzylamino-hexyl]-

20  carbamic benzyl ester (XXIII):

NS~ NHCOOBN
©: ;
Cl

The compound XXIII was obtained as a transparent oil from the acid (6-

amino-hexyl)-carbamic benzyl ester (4.00 g, 16 mmol) following the same



The conpound XXIIl was obtained as a transparent oil fromthe acid (6-

am no- hexyl ) -carbam c benzyl ester (4.00 g, 16 nmol) follow ng the same WO
03/ 087035We@B/o8TB3/ 00227 - 24 procedure described in exaqiliaodoo2Yi el d
65% 1H NMR (free base; CDCl13) 8: 1,23- 1,60 (m 8H), 2,41 (br, s 1H
exchangeabl e with D20), 2,61 (t, 2H),2%8,17 (g, 2H), 3,89 (s, 2H), 4,84 (s
enl arged, 1H exchangeable with D20), 5,12 (s, 211), 7,18-7,40 (m 9H). 5

Exanpl e 16 j : i t .hasy i . -
(b Tot byl - (B e R e Nk BP0 % 50 vy

5. 2 T EOLRELI, i D b s o @ o
i ' ' .1QY4 40%
TR (1 r oD 2H 48 (5 TRl ORF AReHngBrNe B;OL Pl 5187805 62 (m
4H), 3,15 (g, 9%9) 3,63 (s, 2H), 4,82 (s enlarged, 1H exchangeable with
D20), 5,12 @s’, H, 7,10-7,41 (m 8H), 7,57 (d, 1H). Exanple 17 15 This

exanpl e cdescri b thesis of N -ethyl
N - (2- &hl or o- bg%é%;??!e?e@;an-l, 6- diamine (XXV): INNH (Xci~ The conpound

XXV bt a4 - Ll At i -
(2- c\é\?zr g- b?rlfg ; aﬁ%’%@n&/oeﬁérﬁévyt ?Sgg‘?%% Qﬁg%ﬁ'géld{ ggiegl?}h%(%-cggr%b eriz.ysla)é nmol )
fol |l ow t he: ngg . le 3. Yield 98% 'H NWR
(?r egWIZBQba%gl;n%%}%%g&q{ﬁ%%&??f&%%, V)lgxiggée m 8|He+ 2H e(z(changeabl e
with D20), 2. 38-2,66 ( W BB-7,37 (m 3H), 7,53 (d,
1H).

]

The compound XXIV was obtained as a transparent oil from the acid [6-(2-
chloro-benzylamino)-hexyl]-carbamic benzyl ester (2.00 g, 5.35 mmol) following
10 the same procedure described in example 2. Yield 40%; '"H NMR (free base;
CDCl;) &: 1,08 (t, 3H), 1,21-1,58 (m, 8H), 2,40-2,62 (m, 4H), 3,15 (q, 2H), 3,63 (s,
2H), 4,82 (s enlarged, 1H exchangeable with D,0), 5,12 (s, 2H), 7,10-7,41 (m, 8H),
7,57 (d, 1H).
Example 17

15  This example describes the synthesis of N'-ethyl -N'-(2-chloro-benzyl)-hexan-1,6-

N/\/\/\/NH2
CL T

The compound XXV was obtained as a yellow oil from the acid {6-[ethyl-

diamine (XXV):

(2-chloro-benzyl)-amino]-hexyl}-cz;rbamic benzyl ester (0.80 g; 1.99 mmol)
following the same procedure described in example 3. Yield 98%; 'H NMR (free
20  base; CDCl3) &: 1,05 (t, 3H), 1,12-1,54 (m, 8H + 2H exchangeable with D,0),
2,38-2,66 (m, 6H), 3,61 (s, 2H), 7,05-7,37 (m, 3H), 7,53 (d, LH).
Example 18

This example describes the synthesis of the acid [6-(2-nitro-benzylamino)-hexyl]-



Exanpl e 18 This exanpl e descri bes the synthesis of the acid

[ 6-(2-nitro-benzyl am no)-hexyl] WO 03/087035 PCT/1T03/00227 - 25

car bar ni cwoersagtosester (XXVI): N HCOOB n C H NO2 The corpuaumd3/0f¥ was
obtained as a transparent oil fromthe acid (6- am no-hexyl)-carbamc
benzyl ester (5.00 g, 20 nmol) folroaﬁng the sane procedure described in
exanple 1. Yield 95% 1H NWR (free base; CDC13) 8: 1,27 5 1,38 (m 411),

1,42-1, 60 H denktl &xslgRegebl e with D20), 2,62 (t, 2H), 3,18 (g, 2H),
4,02 (s, 2%%‘3:&%4, 869 F‘s en:@grgeg, 1H exchangeable with D20), 5,12 (s, 2H),

7,24-7,42 (m 6H), 7,58-7,66 (m 2H), 7,95 (d 15%. Exanpl e 19 This exanpl e
descri bes the synthesis of-tje™a Mm,hb‘HCP BRi t r o- benzyl ) - ami no] - 10
hexyl } - car bam ¢ benzyl es @ [1): XI02 The conpound XXVII was obtai ned
as a greenish oil fromthedci®d.6-(2- nitro-benzyl am no)-hexyl]-carbamc
benzyl ester (3.00 g, 7.79 muol) follow ng the sane pr ocedurgqiéjescri bed in
exanpl e 2. Vi el TheosmmpoMnd XY as obtaied aspctrayspgrent gil diom dhe agig (61 20- 1, 57
(m 811), 2,37-2,56 (m 4H), 3,18 (q, 2I-(¥, 3,83 (s, 211), 4,76 15 (s
enl arged, bminekehdnguhunis hendyl Db, (20 ¢ 2 mmpl) fliswing (the wme)
7,50-7,61 (m 1H, 7,66-7,72 (m 1H), 7,79-7,83 (m_ 1H). Exanple_20 This
exanpl e deguodedute deneribegrin peample ¢ Yigld 85%5/&1 NMR&@%MS%CB@M@ }.2¥exan- 1, 6-
diamine (XXVI11): H2 CNO2 .
5 1,38 (m, 4H), 1,42-1,60 (m, 4H + 1H exchangeable with D;0), 2,62 (t, 2H), 3,18
(q, 2H), 4,02 (s, 2H), 4,89 (s enlarged, 1H exchangeable with D,0), 5,12 (s, 2H),
7,24-7,42 (m, 6H), 7,58-7,66 (m, 2H), 7,95 (d, 1H).
Example 19
This example describes the synthesis of the acid {6-[ethyl-(2-nitro-benzyl)-amino]-

10  hexyl}-carbamic benzyl ester (XXVII):

©:\N/\/\/\/N HCOOBn
S

The compound XXVII was obtained as a greenish oil from the acid [6-(2-
nitro-benzylamino)-hexyl]-carbamic benzyl ester (3.00 g, 7.79 mmol) following the
same procedure described in example 2. Yield 40%; "H NMR (free base; CDCls) &:
1,02 (t, 3H), 1,20-1,57 (m, 8H), 2,37-2,56 (m, 4H), 3,18 (g, 2H), 3,83 (s, 2H), 4,76

15 (s enlarged, 1H exchangeable with D,0), 5,12 (s, 2H), 7,29-7,41 (m, 6H), 7,50-7,61
(m, 1H), 7,66-7,72 (m, 1H), 7,79-7,83 (m, 1H).
Example 20

This example describes the synthesis of N'-ethyl -N'-(2-nitro-benzyl)-hexan-1,6-

N/\/\/\/ N H2
CLX

2

diamine (XX VIII):

20 The compound XXVIII was obtained as a yellow oil from the acid {6-

[ethyl-(2-nitro-benzyl)-amino]-hexyl}-carbamic benzyl ester (0.80 g; 2.00 mmol)



20 The conpound XXVIIl was obtained as a yellowoil fromthe acid { 6-
[ethyl -(2-nitro-benzyl)-am no]-hexyl}-carbam c benzyl ester (0.80 g; 2.00
nmol ) WO 0@ @38085 PCT/ |1 T03/ 00227 - 26 follow ng the samcTpmoyexter e
described in exanple 3. Yield 98% 1H NWR (free base; CDCl3) 6: 1.02 (t,
3H), 1,20-1,57 (m 8H), 2,05 (s enfaffed, 2H exchangeable with D20),
2,37-2,56 (m 4H), 2,73 (t, 2H), 3,83 (s, 2H), 7,32-7,41 (m 1H), 7,50-
7,61 (m 1@11 1n%q.’ﬁ% yé}r@bedlalr'g des%n%&iﬁmé&n(ﬂé 3 1¥eld 58‘%XéHWI€IR2@ﬁe'EhI S

exanple descr t hesi s of

2, 5- bi s- ko?g‘ﬁt Eﬁd% )25 qn,dzr nmb)rmnmiﬁ) hex Y4 aiThiaed, JH exdhaggrabigui none

(X|XI fj()f | The cdnpound XX X was obtai ned as a waxy red
sol i ro n z 2.33
mol ) and enzd(%&l jr?ozngé@?m lutﬂ %‘bﬁ{li Mip -3?‘@(@@1:[) 67L3¥031\/|Er}lgﬁht gg) ngr(g

procedure H NVR (f b CDC13) 6:
0,95 (1, G’%WS‘WZOW%%WZ@ZE@‘ <1*’5°m2m 4m,( 2 352,57 (m Bl

3,13 (g5 4H), E&é&é}g , 5,30 (s, 2H), 6,58-6,66 (t enlarged, 2H
exchang@abl e wi t §: 7 32-7,41 (m 2H), 7,48-7,58 (m 2H), 7.62-7,70 (m

2H), 7, 78 se’%xaéﬁ%lﬁ é@cmb@@h@ ?ﬂ)hem 6f 2 56tﬁ§-{@gét1‘i§1|:02+mtréfbe§-2‘ﬁ)lﬂhﬁlo§’-2 Thi s

exanpl e descri synt hesi § of the acid nmet hoxy- benzyl am no-

hexyl ] - car Bagi gl MX n H C]VE The conpound XXX was
obt ai ned as g}’tran plgr romthe acid (6- am no-hexyl)-carbanm c

benzyl ester (4.0§°%g, 16 rrrml) foh ng the sarre
/\/\/\/
l\ N/\/\/\/ \/@

The compound XXIX was obtained as a waxy red solid from N Lethyl-N'-(2-

nitro-benzyl)-hexan-1,6-diamine (0.65 g; 2.33 mmol) and p-benzoquinone (0.12 g;
10 1.1 mmol) following the same procedure described in example 4. Yield 15%; 'H
NMR (free base; CDCl3) &: 0,98 (t, 6H), 1,19-1,50 (m, 12H), 1,52-1,72 (m; 4H),
2,35-2,57 (m, 8H), 3,13 (q, 4H), 3,83 (s, 4H), 5,30 (s, 2H), 6,58-6,66 (t enlarged, 2H
exchangeable with D,0), 7,32-7,41 (m, 2H), 7,48-7,58 (m, 2H), 7,62-7,70 (m, 2H),
7,78-7,82 (m, 2H). MS (ESI") m/z = 663 (M + H)".
15 Example 22
This example describes the synthesis of the acid [6-(3-methoxy-benzylamino-

hexyl]-carbamic benzyl ester (XXX):

N~~~ NHCOOBN
H

OMe

The compound XXX was obtained as a transparent oil from the acid (6-
amino-hexyl)-carbamic benzyl ester (4.00 g, 16 mmol) following the same

20  procedure described in example 1. Yield 76%; 'HNMR (free base; CDCl3) &: 1.22-
1.38 (m, 4H), 1,41-1.62 (m, 4H), 2,58 (s enlarged, 1H exchangeable with D-0),

2.62 (t, 2H), 3.18 (q, 2H), 3.78 (s, 2H), 3.81 (s, 3H), 4.83 (s enlarged, 1H



20 procedure described in exanple 1. Yield 76% 'H NVR (free base; CDCl3)
6: 1.22- 1.38 (m 4H), 1,41-1.62 (m 4H), 2,58 (s enlarged, 1H exchangeabl e
wi th D20)wo ®@/08236t, 2H), 3.18 (g, 2H), 3.78 (s, 2H), 3.8 miTo8dmk)7 4.83
(s enlarged, 1H WO 03/087035 PCT/1T03/00227 - 27 exchangeable wth D20),
5.08 (s, 211), 6.79-6.95 (m 3H), 7.26-7.41 (m 611). Exanple 23 This
exanpl e describes the synthesis of the acid {6 [ et hyl - ( 3- net hoxy- benzyl ) -

am o] - hexd 4 GE AT h D507 096! 2FD, 6X9946.D5 (m, 11, M2UCOMEGn, &l 5 The

conmpound XXXI s obtai ned as a transparent oil fromthe aci [ 6-(3-
et hoxy- benzyl agiyam lgggyl] carbam ¢ benzyl ester (2.91 g, 7.85 nmol)
follow ng the sane procedure described in exanple 2. Yield 50% 1H NMWR

(free bas %ﬁﬁ , did3&-[emhv1< holkydSenzy 7 (M
4H) 2.43 ?j[ legtle%%n&?’tﬁé S 11&%3 fg tRec11,a 2 KBYSg%Gt 2H) , BY%O Es

4.83 (aﬁjlﬁd]L]?er oaridihid B eﬁ with D20), 5.09 (s, 211),
6 79 6.82 (m 1IH) xgg 85- 6. 88 @251? 2H) %%ocgstn 111), 7.29-7.42 (m 5H).
Exanpl e 24 This exa esﬁ:\) nthesi s of
N1- et hyl - N - ( 3- met hoxyenz hexan- 1,6-diamine (XXXI'l1): NNH2 |i Ow
15 The conpound XXXI | m,A obtained as a transparent oil fromthe acid {6-
[ et hyl - ( 3- met hoxy- benzyl ) - am no] - hexyl } - car bam ¢ benzyl ester (2.31 g; 6.01
mrol ) fel | owi ng TheccosmoandKxSdduascotdaised asrettansparentacipfren3the weid|[(-(30% 111
NVR (free base; CDC13) 8: 1.04 (t, 311), 1.22-1.65 (m 8H + 2H
exchangeablmethdtyhb&@R2Qlamind)-1RRyD-catbatme baty] &t@5 (2191 24) 7.8 58nfcd) 2H),
3.82 (s, 3H), 6.72-6.92 (m 3H), 7.16- 1

following the same procedure described in example 2. Yield 50%; "H NMR (free

base; CDCly) &: 1.05 (t, 3H), 1.21-1.38 (m, 4H), 1,40-1.57 (m, 4H), 2.43 (t, 2H),

2.73 (t, 2H), 3.18 (g, 2H), 3.56 (s, 2H), 3.80 (s, 3H), 4.83 (s enlarged, 1H

10 exchangeable with D,0), 5.09 (s, 2H), 6.79-6.82 (m, 1H), 6.85-6.88 (m, 2H), 7.22
(t, 1H), 7.29-7.42 (m, 5H).
Example 24
This example describes the synthesis of N'-ethyl-N'~(3-methoxy-benzyl)-hexan-
1,6-diamine (XXXII):
/\/\/\/NH?.

§

OMe
15 The compound XXXII was obtained as a transparent oil from the acid {6-

[ethyl-(3-methoxy-benzyl)-amino]-hexyl}-carbamic benzyl ester (2.31 g; 6.01
mmol) following the same procedure described in example 3. Yield 90%; 'HNMR
(free base; CDCL) 8: 1.04 (t, 3H), 1.22-1.65 (m, 8H + 2H exchangeable with D,0),
2.38-2,58 (m, 4H), 2.65 (t, 2H), 3.58 (s, 2H), 3.82 (s, 3H), 6.72-6.92 (m, 3H), 7.16-
20  7.29 (m, 1H).
Example 25
This example describes the synthesis of 2,5-bis-{6-[ethyl-(3-methoxy-benzyl)-

amino ]-hexylamino }-[1,4]benzoquinone (XXXIII):



20 7.29 (m 111). Exanple 25 This exanpl e describes the synthesis of
2,5-bis-{6-[ethyl-(3-nmethoxy-benzyl)- am no]-hexylamnno }-|

1, 4] benzog 03803 XXXI 1 1) : WO 03/ 087035 PCT/ 1 T0O3/ 00227 2&CTATO3/ME27 N N W
0 H The conpound XXXl Il was obt ai n_e% s a waxy red solid from NIL-ethyl -N1-
(3- met hoxy- benzyl ) - hexan- 1, 6-di am n %1. 0 g; 4.24 mol ) and p-benzoqui none
(0.2 g; 1.84 mmol) follow ng the sanme procedure descri bed
Yield 15% 1H NWR (free base; CDCl 1.04 (t, 6H, 1.
1.60-1.75 5 (m 4H) . 09 (q, 411)7 3. s, 4H), 3.81
(s, 6H), 5.32 (s, 2 8.63 (t enlar th D20),
6.76-6.95 (m 611), 7.18-7.28 (t, 2H). VB H ESI +) mz = 633 (M+ H)+.

Exanpl e 26 This exa N¢ describes the synt hesis of the aci d1 "

[ 6- (4- met hoxy- LR AR 4y bbtagRa 8 Aiveaxh 28 Yo lidesbaN (gIN)-:  NHCOOBN
H M0 . The co%@%ﬁ%ﬁv was obtai ned as a ygl | ow oi | fromé%@hie acid (6-
ami no- hexy}s) ; iy AEAGU 1S5 RIS (BO_6, 430 ii0D) ad D ieabagiiidie Same

pr ocedur e ersn%ﬁogg?efliz exanpllg@l; yi el(d 9%% "H N (frg)e base; CDCl3) 8:
1.25- 1.38 : roctie abRfiBed M exahple 4DA0pLd 2. 62 (t,
2H), 3.19 (éﬁ”(gq‘il%l)lzﬂailol)g?o'?ﬂém?gg {Hzglsf)ﬂ!é g 82 (s, 311), 4.76 l“(-ss enl arged, 1H
%;3 hangeabl sy Wi iR free Brsdi2CDE1:) 201,046 88HS - 1984-( 5V (BLN2HY, R60-1.73 (m

'Qeexanple 4,
-1.57 (m 12H),

5 (m, 4H), 2.39-2.60 (m, 8H), 3.09 (q, 4H), 3.57 (s, 4H), 3.81 (s, 6H), 5.32 (s, 2H),
6.63 (t enlarged, 2H exchangeable with D,0), 6.76-6.95 (m, 6H), 7.18-7.28 (t, 2H).
MS (EST") m/z = 633 (M + H)".
Example 26
This example describes the synthesis of the acid [6-(4-methoxy-benzylamino-

10  hexyl]-carbamic benzyl ester (XXXIV):

/\/\/\/NHCOOBH
N
o
MeO .

The compound XXXIV was obtained as a yellow oil from the acid (6-
amino-hexyl)-carbamic benzyl ester (2,50 g, 10 mmol) following the same
procedure described in example 1; yield 90%; '"H NMR (free base; CDCl;) 5: 1.25-
1.38 (m, 4H), 1,41-1.57 (m, 4H + 1H exchangeable with D;0), 2.62 (t, 2H), 3.19

15 (q, 2H), 3.75 (s, 2H), 3.82 (s, 3H), 4.76 (s enlarged, 1H exchangeable with D,0),
5.12 (s, 2H), 6.82-6.93 (m, 2H), 7.20-7.43 (m, 7H).

Example 27

This example describes the synthesis of the acid {6-[ethyl-(4-methoxy-benzyl)-

amino ]-hexyl}-carbamic benzyl ester (XXXV):

/\/\/\/NHCOOBI'\
T
MeO

20 The compound XXXV was obtained as a transparent oil from the acid [6-(2-

methoxy-benzylamino)-hexyl]-carbamic benzyl ester (291 g, 7.85 mmol)



Exanpl e 27 This exanpl e describes the synthesis of the acid

{6-[ethyl -(4-methoxy-benzyl)- am no]-hexyl }-carbam c benzyl ester (XXXV): N
NHCOOBn We gw870320 The conpound XXXV was obt ai ned as a t rramgigas/ent? oi |
fromthe acid [6-(2- nethoxy-benzyl anm no)-hexyl]-carbam c benzyl ester
(2.91 g, 7.85 mmol) WD 03/087035 PCT#PT03/ 00227 - 29 fol | ow ng the sane
procedure described in exanple 2. Yield 40% 1H NWVR (free base; CDC13) 5:

1.07 (t, 3 L 23 ' Gniple 2 4¥held 20%2 'HINMBH|free 2, 56 (g,
2H) , g 21 T%HO%%%S% I%Ig}:edglllr:% ,de%?lggd %15& 3H) 241.1%:1% (s gnllaar ged, efH (a

exchangeab W@ﬂtf ) 1.0P (tL 31 51.22H)38 By, 4,422H57 (06, 2H),(342 REHPH),7. 32- 7. 42
(m 5 5H) !bgslg’(arrp 15252)8 Thi(é g?(arrpl e deglil:ri b)gasithe s>(/nt hesi s of

N - ethyl - N ol qretinpxera PRazuki)- boaag; k03 dnag] neD( XeSVIY enlbiddd, JIE): - ~N NeQ
n I

The conpou was obtained as a transparent oil fromthe acid {6- 10

[ et hyl - (4- netbaxyHReRRK DarsNel hery| 4.84 84, oy, g.25e( PH)e38217 42(R1 g; 6. 01

nmol ) foll ow ng tahe sane procedure described in exanple 3. Quantity vyield;

1H Nl\/Rs(fr5@S_ base; CDC13) 8: 1.06 (t, 3H), 1.22-1.56 (m 8H + 2H

exchangeable’with D20), 2.38-2,57 (m 4H), 2.66 (t, 214), 3.55 (s, 2H),

3.81 (s, 3H), 6.@%“@1@2,3(m 2H), 7.20-7.31 (m 211). 15 Exanple 29 This

exanpl e describes the synthesis of 2,5-bis-{6-[ethyl-(4-nethoxy-benzyl)-
This example describes the synthesis of N'-ethyl-N'-(4-methoxy-benzyl)-hexan-

1,6-diamine (XXXVI):

N/\/\/\/NHz
MeOJ@/\ |\

The compound XXXVI was obtained as a transparent oil from the acid {6-
10 [ethyl-(4-methoxy-benzyl)-amino]-hexyl}-carbamic benzyl ester (231 g; 6.01
mmol) following the same procedure described in example 3. Quan’;ity yield; 'H
NMR (free base; CDCL) 8: 1.06 (t, 3H), 1.22-1.56 (m, 8H + 2H exchangeable with
D,0), 2.38-2,57 (m, 4H), 2.66 (t, 2H), 3.55 (s, 2H), 3.81 (s, 3H), 6.82-6.94 (m, 2H),
720731 (m, 21).
15 Example 29
This example describes the synthesis of 2,5-bis-{6-[ethyl-(4-methoxy-benzyl)-

amino]-hexylamino }-[1,4]benzoquinone (XXXVII):

/@/\N/\/\/\/ \l\/©/OMe
MeO I\ INI/\/\/\/N

' The compound XXXVII was obtained as a waxy red solid from N'-ethyl-

‘g
N

I
0

N'-(4-methoxy-benzyl)-hexan-1,6-diamine (1.05 g; 4 mmol) and p-benzoquinone
20 (0.2 g; 1.84 mmol) following the same procedure described in example 4. Yield
12%; "H NMR (free base; CDCL) &: 1.04 (¢, 6H), 1.22-1.56 (m, 12H), 1.58-1.72
(m, 4H), 2.38-2,56 (m, 8H), 3.12 (q, 4H), 3.47 (s, 4H), 3.79 (s, 6H), 5.32 (s, 2H),



am no] - hexyl am no}-[ 1, 4] benzoqui none (XXXVIl): HO NOVMe MO N OH The
conpound XXXVI| was obtained as a waxy red solid from N -et hyl -

N - (4- met Woxos/Benzyl ) - hexan-1, 6-di anine (1.05 g; 4 mmol) awd/rebenzoqui none
20 (0.2 g; 1.84 nmmol) follow ng the $ame procedure described in exanple 4.
Yield 12% 1H NWR (free base; CDClB) 3%:71. 04 (t, 6H), 1.22-1.56 (m 12H),
1.58-1.72 (m 4H), 2.38-2,56 (m 8H), 3.12 (q, 4H), 3.47 (s, 4H), 3.79 (s,
611), 5-32?.@\,,&1 %Jﬁiln e@@ﬁ%&ﬁZ%éﬁbl@WltﬂﬁQ@?0@823.93-(n§04Hﬁ.’591-Q.BO€(ni,arged, 2H
exchangeabl ¢ [50) . 6.82-6 93 (m 411y, 7.21-7.30 (m 4H). M5 (ESI)
mz 633 § giz %@53&3 §@+Tﬁ+s exanpl e descri bes the synthesis of the
acid {6 [(f ‘an- 2-1 | met hyl )am nol]- 5 hexyl}-carbam c benzyl ester

(XXXVI1): NH 181 Cor"~ N The conpound XXXVII| was obtained as a
brown solid from (6-am no- hexyl)-carbam c benzyl ester (4.00 g, 16 mmol)
foll owi ng K q ﬁégldo@d the agi afP[(Curdn-2¥lmdthy Y2finot 11 NVR
(free base&ﬂ%ﬁ%@l@ d@é‘&ﬂ'ﬂéi Qhe % 8H) , 73{61)[(98 (m ZHH}jrylH
gxggag@kggb}@xﬂgk&b%@beﬁ leb%feg(ﬁXXVHI 211) 3.18 (g, 10 2H), 4.28 (s, 2H),

H + 1H exc angeabl e WI NIQ(%BE) 6. 39- 6 42 (m 1H), 6.72-6.79
(m 111), 7.28-7.40 ( N BET S0 1 = 132-135 C,

Exanpl e 31 Thi S exa eodes'drl bes the synthesi s of the aci d
[ 6- (et hyl -furan-2-il nethyl - '
The compound XXXVIII was obtained as a brown solid from (6-amino-

hexyl)-carbamic benzyl ester (4.00 g, 16 mmol) following the same procedure
described in example 1. Yield 72%; 'H NMR (free base; CDCL) &: 1.22-1.50 (m,
8H), 1.73-1.98 (m, 2H + 1H exchangeable with D,0), 2.69-2.94 (m, 2H), 3.18 (q,
10  2H), 4.28 (s, 2H), 4.99-5.18 (m, 2H + 1H exchangeable with D,0), 6.39-6.42 (m,
1H), 6.72-6.79 (m, 1H), 7.28-7.40 (m, 5H), 7.46-7.50 (m, 1H). P.f. = 132-135 °C.
Example 31
This example describes the synthesis of the acid [6-(ethyl-furan-2-ilmethyl-

amino)-hexyl]-carbamic benzyl ester (XXXIX):

A~~~ NHCOOBN
@A N
\ o) /|

15 The compound XXXIX was obtained as a yellow oil from the acid {6~
[(furan-2-ilmethyl)amino]-hexyl} -carbamic benzyl ester (2.70 g, 8.18 mmol)
following the same procedure described in example 2. Yield 35%; '"H NMR (free
base; CDCl;) &: 1.15-1.60 (m, 9H), 1.82-1.99 (m, 2H), 2.79-2.88 (m, 2H), 2.99 (q,
2H), 3,21 (g, 2H), 4.22 (s, 2H), 4.96 (s enlarged, 1H exchangeable with D;0), 5.15

20 (s, 2H), 6.43-6.49 (m, 1H), 6.62-6.68 (m, 1H), 7.32-7.41 (m, 5H), 7.53-7.56 (m,
1H).

Example 32
This example describes the synthesis of N'-ethyl-N'-furan-2-ilmethyl-hexan-1,6-

\_o )

diamine (XL):



am no) - hexyl ] - car bam ¢ benzyl ester (XXXl X): NHCOOBn "oJ 15 The conpound
XXXI X was obtained as a yellow 'oil fromthe acid {6-

[ (furan-2wid es@singk) am no] - hexyl } - car bam ¢ benzyl ester (2.PCa/igp3/@218 rmol )
foll owi ng the same procedure described in exanple 2. Yield 35% 1H NWR
(free base; CDC13) 5: 1.15-1.60 (m 9H, 1.82-1.99 (m 214), 2.79-2.88 (m
2H), 2.99 (q, 2H), 3,21 (q, 2H), 4.22 (s, 211), 4.96 (s enlarged, 1H

h bl
i)lflgz agggg 794‘1"' E’ﬂ%e g@pougd %(%_V%% ((b??mgd'gsa@arﬁéir@n |16fr8%1 t%%(}sldg;@rhpﬁeﬁg (m

descri bes tfafaﬁsz/ hﬁjl.ﬂ%%%@oamexggwbahh ¢ F bt Zsste et bw% ex99- tnfo1) di ami ne

(XL): N H2 870 PCT/1T0O3/ 00227 - he compound XL was
obt ai ned asfof’} n%ﬁﬁ@% e r(?dehljufe s Al 1ﬁ‘%‘x$nj[)1@ 4. 8fiBMl 85%; 'H NMR (free

furan-2-i| meth am no) - hexyl am ¢ benzyl ‘ester (1.05 g; 2.92 mml)

fol l owing thge &%lﬁr&‘cﬁ@w%@ (ﬂﬁsqufzbﬁ% &2 §H&MHE e§cha}{§@ibﬂe 20D

(free base; 8. 1.0 1.58 (m 2H exchangeabl e

th D2 Y . 20
N 2 %E&i}ﬁﬂﬁ EH0 3G G S B AL ID. PR abib e (T
descrlbes t‘yn? 534? Hg of 2,5-bis-[6-(ethyl-furan-2-il methyl-am no)
hexyl ami no] -T1, 4[befizoqui none (XLI): HO N

Example 33

This example describes the synthesis of 2,5-bis-[6-(ethyl-furan-2-ilmethyl-amino)-
hexylamino]-[1,4]benzoquinone (XLI):

H o)

O/\N/\/WN N/\/\/\/N\/D

o)

10  The compound XLI was obtained as a waxy red solid from N'-ethyl-N'-furan-2-
ilmethyl-hexan-1,6-diamine (0.55 g; 2.45 mmol) and p-benzoquinone (0.14 g; 1.23
mmol) following the same procedure described in example 4. Yield 16%; 'H NMR
(free base; CDCl3) &: 1.09 (t, 6H), 1.22-1.58 (m, 12H), 1.60-1.73 (m, 4H), 2.43 (1,
4H), 2,57 (q, 4H), 3.18 (q, 4H), 3.63 (s, 4H), 5.32 (s, 2H), 6.18-6.22 (m, 2H), 6.32-

15  6.39 (m, 2H), 6.62 (t enlarged, 2H exchangeable with D;0), 7.38-7.41 (m, 2H). MS
(EST) m/z =553 (M + H)".

Example 34
This example describes the synthesis of the acid [2-(2-methoxy-benzylamino-

ethyl]-carbamic benzyl ester (XLII):
OMe

©/\N/\/N HCOOBn
H

20 The compound XLII was obtained as a yellow oil from the acid (2-amino-
ethyl)-carbamic benzyl ester (5.00 g, 25.8 mmol) following the same procedure

described in example 1. Yield 80%; 'H NMR (free base; CDCly) &: 1.63 (s



O )N, N OMH 10 The conpound XLI was obtained as a waxy red solid from
N1- et hyl -N -furan-2- il nmethyl-hexan- 1,6-diamne (0.55 ¢g; 2.45 nmmol) and
p- benzoquimoourses(@Bs 14 g; 1. 23 mol) follow ng the sane praeadmozodescri bed
in exanple 4. Yield 16% 'H NVR (fr 8 base; CDC13) 8: 1.09 (t, 6H),
1.22-1.58 (m 12H), 1.60-1.73 (m 4 > 2.43 (t, 4H), 2,57 (q, 4H), 3.18
(g, 4H), 3.63 (s, 4H), 5.32 (s, 2H), 6.18-6.22 (m 2H), 6.32 15 6.39 (m

2H), 6.62 éﬁla:g&i arfgeﬁbhaag-éaalec‘bamgeplwwtmme)s (q.2EBB 377843, At 338) . VB
(ESI) mz 3 (M+ Exanpl e 34 This exanpl e descri bes the synthesis

of the aci (521 fmsys benz ¥hiariea OrH ekdhaheabbe WD) L6.8346.985(er  (XLI 1) :
Ove HM, N H%CIB) We conpound XLI1 was obtained as a yellow oil fromthe

acid (2 amm 7gphxh§mcaﬂpam c benzyl ester (5.00 g, 25.8 mmol) foll ow ng
t he same procedure escribed in exanple 1. Yield 80% 1H NWR (free base;
CDC13) 8: 1.63 figadO8¥ 087035 PCT/ 1 TO3/ 00227 - 32 enlarged, 1H
exchangeable with D20), 2.75 (t, 2H), 3.33 (q, 2H), 3.78 (s, 2H), 3.83 (s,

3H), 5.48 (his flé Rribes TR ay@hekis dHtlexatidn@epityt-(Mntdth@9Menz)-82- 6. 93
(m 2H), 7.20-7. (m 7H). Exanple 35 5 This exanpl e describes the

synt hesi s %1ﬁdigﬂ@q§ga&&niﬁmy}$&annxy benzyl)- am no]-ethyl}-carbamc
benzyl ester LI Noypie NHCOOBN

\~NHCOOBn

The compound XLITI was obtained as a transparent oil from the acid [2-(2-
methoxy-benzylamino)-ethyl]-carbamic benzyl ester (2.00 g, 19.7 mmol) following
the same procedure described in example 2. Yield 45%; 'H NMR (free base;

10 CDCly) &: 1.05 (t, 3H), 2,58 (q, 2H), 2.62 (t, 2H), 3.38 (g, 2H), 3.62 (s, 2H), 3.82
(s, 3H), 5.20 (s, 2H), 5.78 (s enlarged, 1 exchangeable with D,0), 6.85-6.99 (m,
2H), 7.23-7.44 (m, 7H).

Example 36

. This example describes the synthesis of N'-ethyl-N'-(2-methoxy-benzyl)-ethan-

15 1,2-diamine (XLIV):
OMe
N/\/N Ha

N

The compound XLIV was obtained as a transparent oil from the acid {2-
[ethyl-(2-methoxy-benzyl)-amino]-ethyl}-carbamic benzyl ester (1.50 g; 4.35
mmol) following the same procedure described in example 3. Yield 98%; 'HNMR
(free base; CDCls) 8: 1.04 (t, 3H), 2.00 (s enlarged, 2H exchangeable with D20),

20  2.65 (g, 2H), 2.98 (t, 2H), 3.21 (t, 2H), 3.78 (s, 2H), 3.85 (s, 3H), 6.85-7.01 (m,
2H), 7.20-7.42 (m, 2H).

Example 37



/[ L The compound XLIIIl was obtained as a transparent oil fromthe acid

[ 2- (2- net hoxy-benzyl am no)-ethyl]-carbam c benzyl ester (2.00 g, 19.7
nmol ) f ol Wowisrng703s he same procedure described in exanpl e 2CTviTes/eh226% 1H
NVR (free base; 10 CDC13) 8: 1.05 (t, ,3H), 2,58 (q, 2H, 2.62 (t, 2H), 3.38
(q, 2H), 3.62 (s, 2H), 3.82 (s, 3H),35.20 (s, 2H), 5.78 (s enlarged, 1H
exchangeable with D20), 6.85-6.99 (m 2H), 7.23-7.44 (m 7H). Exanple 36
Thi s exanpl ehidesGiiphe dekditoes Yk NSatRsiof of 2,5-bis—_{2-[gthyl-((2-methoxy-benzyl)-

N - et hyl - N1- ( 2- met hoxy- benzyl ) -ethan- 15 1,2-diamne (XLIV): OV N H2 The

conpound XUn¥inWRsthoRidhHed fbedzdqumBsPetEyy: oil fromthe acid { 2-
[ et hyl - (2- netlﬁgﬁ;y-g 1}‘1411%6: % ?gca}rban‘ic benzyl ester (1.50 g; 4.35

enzyl’) -am no] -‘et hyl
mol ) followi ng the saft® procedupe {escribed in exanple 3. Yield 98% 'H
NVR (free base; CDd . ,;}./94/’(' , 230 ( | ar ged, 2H exchangeabl e
H),| 2
2

wi th D20), 20 2.65 ( .98 ( H, 3.21 2H), 3.78 (s, 2H), 3.85
(s, 3H), 6.85-7.01 (m , 7. 20- 26'% m . anpl e 37 WD 03/ 087035
PCT/ 1 TO3/ 00227 - 33 This exanple scri bes the Giyat hesi s of
2, 5-bis-{2-[ethyl -(2-met hoxy-benzyl)- ami no] -ethyl ani no}-[,1, 4] benzoqui none
(XLV): OMe H O sempownd-XBVewahebtaiaap o Adlary xedviedid demaithedhdN a(Zdar k r ed
solid fromN -ethyl-N -(2- nethoxy-benzyl)-ethan-|,2-diamne (1,40 g; 6.27
mmol ) and pubdezpgenzdhethpn ] Sadiaming: (140 B2 6 2fsnyob end griiengoquinons 4984
procedure described in example 4. Yield 10% . . .
5 g; 3.12 mmol) following the same procedure described in example 4. Yield 10%;
'H NMR (free base; CD;0D) &: 1.15 (t, 6H), 2.64 (q, 4H), 2.79 (t, 4H), 3.71 (s,
4H), 3.82 (s, 6H), 5.28 (s, 2H), 6.88-6.99 (m, 4H), 7.21-7.38 (m, 4H). MS (ESI")
m/z=521 (M + H)". Pf: 127-130 °C.
Example 38
10 This example describes the synthesis of the acid [7-(2-methoxy-benzylamino-

heptyl]-carbamic benzyl ester (XLVI):

Q\/NH\/\/\/\/NHCOOBn

OMe
The compound XL VI was obtained as a yellow oil from the acid (7-amino-

15  heptyl)-carbamic benzyl ester (2,50 g, 9.4 mmol) following the same procedure
described in example 1. Yield 90%; 'H NMR (free base; CDCl3) &: 1.22-1.38 (m,
6H), 1.38-1.64 (m, 4H + 1H exchangeable with D,0), 2.62 (t, 2H), 3.13 (q, 2H),
3.81 (s, 3H), 3.84 (s, 2H), 5.09 (s, 2H), 5.22 (s enlarged, 1H exchangeable with
D,0), 6.80-6.93 (m, 2H), 7.19-7.40 (m, 7H).

20 Example 39
This example describes the synthesis of the acid {7-[ethyl-(2-methoxy-benzyl)-

amino]-heptyl}-carbamic benzyl ester (XLVII):

Q\/N(\/\/\/\/NHCOOBn
OMe



"H NWR (free base; CD30OD) 8: 1.15 (t, 6H), 2.64 (q, 4H), 2.79 (t, 411),
3.71 (s, 4H), 3.82 (s, 6H), 5.28 (s, 2H), 6.88-6.99 (m 411), 7.21-7.38
(m 4H) . WO @m8y)s mz = 521 (M + H+. Pf: 127-130 C. ExarpgtaTd8o02®7 Thi s
exanpl e describes the synthesis of the acid [7-(2-nethoxy-benzyl am no-
heptyl ] - car bam c benzyl ester (XLVI}j NH NHCOOBn Owe The conpound XLVI was
obtained as a yellow oil fromthe acid (7-am no- 15 heptyl );Cf@réan‘i c benzyl
ester (2,50 g, T éoh,gmmﬂovnmsr@tamw as artranppayers @iy from 14 be-i n exanpl e
1. Yield 90% 'H N (free base; CDC13) 6: 1.22-1.38 (m ?_g% J1.38-1.64
(m 4H + ygmgmﬂgqahim)Mptpl]mminmykQs,terz,M)’SQ £38.93nmg)) foligwings g1 (g,
3H), 3.84 (s, 2H), 5.09 (s, 2H), 5.22 (s enl arged, LH exch%gg}abl.e wth
D20), 6. 8Qbs9% ORcedife. debeddr intexemle 2+) Yielo 3Eeant BIMS ( as%anpl e
descri bes the synthesis of the acid {7-[ethyl-(2-mnmethox (b)e&z(%h%

ami no] - hepipdily S:ar.bagi, gHhen2§41. 38sie e H)XLYB1)61 (mnH 1 03/ 087035
PCT/ 1 TO3/ 0022 - 34 The conpound XLVI|I was obtained as a transparent oil

from the aoipdq| 123656 DM -18NGy BHX 7163 (hepesgey LR repshangedle YD est er
(3.30 g, 8.0 mml) followng the sane procedure described in exanple 2.

Yi el d 35%p,0 MR({, DEB6.9aIH2 (MODELI)2187.51 (0271, 3H), 1.25-1.38 (m 6H),
1,43-1.61 (m 4H), 2.45-2.61 (m 4H), 5 3.20 (g, 2H), 3.65 (s, 2H), 3.83
(s, 3H), 5.02 (Exasspredged, 1H exchangeable with D20), 5.19 (s, 2H),
6.84-7.02 (m 2H), 7.21-7.51 (m 7H). Exanple 40 This exa descri bes the
synt hesi s gfis Bkargpleydesttibes 2herayinhesys bﬁNz‘»,etbyJMpiﬂanethoxy-beng%ﬁleptan'

1,7-diamine (XLVIII):
10 NS NH,
OMe
The compound XLVIII was obtained as a yellow oil from the acid {7-

[ethyl-(2-methoxy-benzyl)—amino]-heptyl} -carbamic benzyl ester (1.10 g; 2,50
mmol) following the same procedure described in example 3. Quantity yield; 'H
15 NMR (free base; CDCl3) 8: 0.98 (1, 3H), 1.12-1.53 (m, 10H + 2H exchangeable
with D,0), 2.35-2,52 (m, 4H), 2,55-2.63 (m, 2H), 3.55 (s, 2H), 3.72 (s, 3H), 6.72-
6.80 (m, 1H), 6.83 (t, 1H), 7.14 (t, 1H), 7.38 (4, 1H).
Example 41
This example describes the synthesis of 2,5-bis-{7-[ethyl-(2-methoxy-benzyl)-

20 amino]-heptylamino}-[1,4]benzoquinone (IL):

4 0

N o~ \j
ove NH_ A~~~

° OMe

The compound IL. was obtained as a red oil from N'-ethyl-N'-(2-methoxy-

25  benzyl)-heptan-1,7-diamine (0.90 g; 3.23 mmol) and p-benzoquinone (0.17 g; 1.57
mmol) following the same procedure described in example 4. Yield 12%; '"H NMR

(free base; CDCl;) &: 1.08 (t, 6H), 1.28-1,42 (m, 12H), 1,45-1.60 (m, 4H), 1.62-



1,7-diamne (XLVII1): 10 ~/ N NH2 Owe The conpound XLVIII was obtai ned
as a yellowoil fromthe acid {7

[ et hyl - ( 2weeislvsxogs benzyl ) - am no] - heptyl } - carbam ¢ benzyl extraTos/do2i0 g;
2,50 mmol) follow ng the same procedure described in exanple 3. Quantity
yield, 1H 15 NMR (free base; CDC13) 3 10.98 (t, 3H), 1.12-1.53 (m 10H +
2H exchangeable with D20), 2.35-2,52 (m 4H), 2,55-2.63 (m 2H), 3.55 (s,
2H), 3.72 (75 ak) 418 728 (5488, 453 (), 8.183q( k), Bh2 (7 44, £83 (dHm), 7- 38 (d,
1H). Exanplé 4§H2|'hll_12 exagq’)l glg’déscr(%bes,)’thes(gi/nt ?iesi s(S(’)f 9, (CH).
2,5-bis-{7-4 bﬁ]})%@?m 5L Pk hang abHvRAID 5-6.90 (m, 2H), 6

- hept yl am nd?— Fkyi ’bénzéquﬁ%né (1D) :ang O N NH282796'§IH N \(m’O )’0\7?37The
compound | L vap 9bbai neq, 223 fy,Rel MS(EEr PR N 661 Dyl I (2- met hoxy- 25
benzyl) - hep ’\gg-ﬁl,?- S{f’a%ﬂne (gd.’ngg; § 239mml) atr%i p- benzoqui none (0.17 g;
1.57 mol) fol lpwRgleifpe sane procedure described in exanple 4. Yield 12%
1H NVR (free base; 13) 8: 1.08 (t, 6H), 1.28-1,42 (m 12H), 1,45-1.60
(m 4H) 5 1.fg %%AHO&% RET (B3l QR (2-nietiRRy-ben s )-hBkan?l B -diatnift (T
aH), 2.58 (4 ,35. 159?%,5 4+§3f“ 82 (s,Z A ,y3.8ﬁzs, BH, B35 (s
211), 6.62 (gé enl arged, 2H exchangeable with D20), 6.85-6.90 (m 2H), 6.97
(t, 2H, 7. (t, 2H), 7.43 (d, 2H). M5 (ESI) mz = 661 (M+ H)+. Exanple
42 5 Thi s exanpl e descri besgjjge synthesis of

N ( 2- met hoxy- benzyl ) - hexan- f 6-di am n L): NH,
N
H

The compound L was obtained as a yellow oil from the acid [6-(2-methoxy-
benzylamino-hexyl]-carbamic benzyl ester (2.0 g; 5.40 mmol) following the same
procedure described in example 3. Yield 65%; 'H NMR (free base; CDCl3) &: 1.12-

10 1,42 (m, 8H + 3H exchangeable with D,0), 2.38-2,56 (m, 4H), 3.60 (s, 2H), 3.62
(s, 3H), 6.63-6.79 (m, 2H), 7.01-7.15 (m, 2H).
Example 43
This example describes the synthesis of 2,5-bis-[6-(2-methoxy-benzylamino)-

hexylamino]-[1,4]-benzoquinone (LI):

O
NH A~~~
e
NH A~~~
Q\/ NH/Q/ MeO
OMe 0

The compound LI was obtained as a red solid from N-(2-methoxy-benzyl)-

15

hexan-1,6-diamine (0.70 g; 2.96 mmol) and p-benzoquinone (0.15 g; 1.38 mmol)

20  following the same procedure described in example 4. Yield 18%; 'H NMR (free
base; CDCl3) &: 1.28-1,42 (m, 8H), 1.52-1.76 (m, 8H), 2.63 (t, 4H), 3.16 (g, 4H),
3.78-3.85 (m, 10 + 2H exchangeable with D,0), 5.32 (s, 2H), 6.62 (t enlarged, 2H
exchangeable with D,0), 6.85-6.96 (m, 4H), 7.22-7.35 (m, 4H). MS (ESI+) m/z =
577 (M +H)". Pf: 205 °C.



Ove H H2 The compound L was obtained as a yellow oil fromthe acid

[ 6- (2- net hoxy- benzyl am no- hexyl]-carbam c benzyl ester (2.0 g; 5.40 nmol)

f ol | ow ngwahis/oszise procedure described in exanple 3. Yi elr1é898/002kY NVR
(free base; CDC13) 8: 1.12 10 1,42 (%BH + 3H exchangeabl e wit h D20),
2.38-2,56 (m 411), 3.60 (s, 211) (s, 3H, 6.63-6.79 (m 2H),
7.01-7.15 (m 2H). Exanple 43 This exanpl e descri bes the synthesis of
2,5-bis-[6-(2- rrqg{;ﬁfg%- bﬁnzyl am no) - hexyl am no]-[1, 4] - benzoqui none (LI): 15
O (?--- NH NH NH Me 0 The conpound LI was obtained as a red solid
from N-(2- metifex¥m ?l%%‘ééﬁbes B §ﬂﬁﬂes@'6¥' AF0R {6 (B0n&thody-B&zpTBhothyand

p- benzoqui none (0. 20 follow ng the sane procedure

descri bed i 0 f b CDC13) 8: 1.28-1,42
(m 8H, 1. E{Si%ﬁ?}imﬁ} éarb%hﬁ:'&n%ﬁ&terﬂf% (3rig (3,Se4H) 3) 78-3.85 (m 10

+ 2H exchangeabl e W|th D20) , OMe 32 (s, 2H), 6. 62 ét enl arged, 2H

exchangeabl e wi th D20), 6. OBE (m 411). M (ESI) mz
= 577 (M+ H+. Pf: 205 C 03/ 087035 PCT/IT03/ 00227 - 36 Exanple 44
Thi s exanpl e describes the nt hesis of the acid

{O(\S/é[ gé_og; Xé %ggg?}élféhgf d?ﬁ%&-&‘lﬁﬂi}?{)}(’%ekiﬁ%gl%nﬂexy -car am1g ter?zryl( L)
& (e o B AL o o RS DRk QBHE 0.9 o> ©
and HCHO (3.1 ml; 40.5 mmol). It was left in agitation by reflux for 6 hours and at
e.t. for one night, then the aqueous solution was basified with NaOH 40% and
extracted with CHCl3 (3 x 100 ml). The collected and anhydrified organic extracts
were evaporated in a vacuum and the residue obtained was purified by flash
10 chromatography. Eluting with CHCls/ether of petroleum/MeOH/NH,OH
(8:2:0.7:0.05) obtained 1.6 g of the compound LII as a yellow oil. Yield 75%; 'H
NMR (free base, CDCl3) &: 1,23-1,39 (m, 4H), 1,40-1,63 (m, 4H), 2,23 (s, 3H),
2,44 (t, 2H), 3,17 (q, 2H), 3,58 (s, 2H), 3,82 (s, 3H), 5,12 (s, 2H), 5,22 (s enlarged,
1H exchangeable with D,0), 6,82-7,00 (m, 2); 7,20-7,38 (m, 7).
15 Example 45
This example describes the synthesis of Nl-(2-methoxy-benzyl)-N'-methyl-l,6

hexandiamine (LIII):
Me
AN ANH
rl\l 2

The compound LIII was obtained as a yellow oil from the acid {6-[(2-
methoxy-benzyl)-methyl-amino]-hexyl}-carbamic benzyl ester (1.60 g; 4.20 mmol)

20 following the same procedure described in example 3. Quantity yield; 'H NMR
(free base; CDCl3) 8: 1.18-1.56 (m, 8H + 2H exchangeable with D,0), 2.18 (s, 3H),

2.38 (t, 2H), 2.62 (t, 2H), 3.45 (s, 2H), 3.78 (s, 3H), 6.78-6.92 (m, 2H), 7.19 (t, 1H),



and HCHO (3.1 m; 40.5 mml). It was left in agitation by reflux for 6
hours and at e.t. for one night, then the agueous solution was basified
wi t h NaOHwa00kam3ds extracted with CHCL3 (3 x 100 m). The raalirewome and
anhydrified organic extracts were evaporated in a vacuum and the residue
obt ai ned was purified by flash 10 chromat ography. Eluting wth CHC13/ et her
of petrol eum IVEO—V NH4OH (8:2:0.7:0.05) obtained 1.6 g of the conpound LII
as a yell ow o¢ \@npllqll)ﬁ% 1H NWR (free base, CDC13) 6: 1,23-1,39 (m

4H) , 140163 4H), 2,23 (s, 3H), 2,44 (t, 2H), 3,17 (q, 2H), 3,58 (s,
2H), 3,82 (s, 3I-ﬁ;xa,§ }’gzm(s 2H), 5,22 (s enlarged, 1H exchangeable with
D20), 6,82-7,00 (m lz’ 7,20-7,38 (m 7). 15 Exanple 45 This exanpl e

describes the sygt r'@(S.st"n‘fplé)fdel‘>\<j.|ri‘b(eg tH@tslS'%ESl?%fZﬂS)bli\f{ﬂ[@tﬂﬁWhoﬂy Benzyl)-
hexandi am ne (LIITT): e corrpound LTI1T was obtained as a yell ow

oi I fromthge@ ilaﬂnﬁ@]‘lﬂ&&larﬁﬁﬂoﬂfltﬂ%%z&ﬁiw ) Eef hyl - ami no] - hexyl } - carbani ¢
benzyl ester Y follow ng the sanme procedure described
in exanple 3. Qua MQy yield; 1H NMR @free base; CDC13) 6: 1.18-1.56 (m

8H + 2H exchange ,h\lyM/ 3H), 2.38 (t, 2.62 (t, 2H),
3.45 (s, 2H), 3. H, 6.78-6.9 2H), 7.19 (t, , WO 03/087035
PCT/ 1 TO3/ 00227 7 7.28-7.31 (m TSNEXaPNe 26 TS ekanpl e descri bes
the synthesis of 2,5-bis-{6-[(2-nethoxy-bEnzyl)- OMe
met hyl am no] - hexyl am no}-[ 1, 4] - benzoqui none (LIV). Ov H N 0 HOw

5 The compound LIV was obtained as a waxy red solid from N'-(2-methoxy-

benzyl)-N'-methyl-1,6 hexandiamine (0.90 g; 3.60 mmol) and p-benzoquinone

(0.18 g; 1.66 mmol) following the same procedure described in example 4. Yield

10%; "H NMR (free base; CDCls) &: 1.31-1,48 (m, 16H), 2.22 (s, 6H), 2.41 (t, 4H),

3.15 (q, 4H), 3.52 (s, 4H), 3.83 (s, 6H), 5.32 (s, 2H), 6.62 (t enlarged, 2H

10  exchangeable with D,0), 6.83-6.99 (m, 4H), 7.19-7.38 (m, 4H). MS (EST m/z =
605 (M + H)*.

Example 47
This example describes the synthesis of 2,5-bis-{6-[ethyl-(2-methoxy-

benzyl)-amino]-hexylamino}-3,6-dimethyl-[1,4]-benzoquinone (LV).

OMe H
@/\N/\/\/\/ (
) N/\/\/\/N
o M OMe
15 The compound LV was obtained as a red oil from N'-(2-methoxy-benzyl)-

N'-ethyl -1,6 hexandiamine (0.82 g; 3.10 mmol) and 2,5-dimethyl-benzoquinone
(0.20 g; 1.85 mmol) following the same procedure described in example 4. Yield
10%; "H NMR (free base; CDCL3) &: 1,12 (t, 6H), 1.22-1,43 (m, 8H), 1,45-1,63 (m,
8), 2.11 (s, 6H), 2,48-2.62 (m, 8H), 3.53 (q, 4H), 3.63 (s, 4H), 3.83 (s, 6H), 6.72 (t

20 enlarged, 2H exchangeable with D,0), 6.83-7,01 (m, 4H), 7.23 (t, 2H), 7,42 (m,
2H). MS (EST" m/z = 661 (M + H)".



5 The conpound LIV was obtained as a waxy red solid fromN -(2-net hoxy-
benzyl)-N -nethyl -1, 6 hexandi am ne (0.90 g; 3.60 nmol) and p-benzoqui none
(0.18 g; woeB/mm3E) followi ng the sane procedure descri becrdmiTexenpt e 4.
Yield 10% 'H NWR (free base; CDC13) 6 1.31-1,48 (m 16H), 2.22 (s, 6H),
2.41 (t, 4H), 3.15 (q, 411), 3. 52'(33 IH), 3. 83 (s,- 6H), 5.32 (s, 2H,
6.62 (t enlarged, 2H 10 exchangeable with D20), 6.83-6.99 (m 4H),
7.19-7.38 (m Z;_1;-}{)amd§1§4@;ESI) mz = 605 (M+ H)+. Exanple 47 This exanpl e
describes the synthesis of 2,5-bis-{6-[ethyl-(2-nmethoxy-

benzy! ) - am no] -J1gx ¥kARPIEGEscAbE: e BREANhatds dthoRMAAE @aﬁt}(én\d)oftﬁw H11
N O H Ow 15 The conpound LV was obtained as a red oi

N - (2- met hoglech @ity ¥f e MSmpdhubdd Xviafid bﬁxaﬁwt@moﬁﬁ)ahgmﬁaf these3prbPertie®! ) and

2, 5-di net hyl - benZoqui none ™ (0.20 g; 1.85 mml) follow ng the sane procedure

descrl bed I‘i}lﬂeg@}ﬁ@hﬁlgg re\gélﬁlcﬂthé.l(ﬁ%ketH NVR (free base; CDCl1l3) 6: 1,12 (t,
611), 1.22-1,43 (m ij 1,45-1,63 (m 8), 2.11 (s, 6H), 2, 48-2. 62 (m

8H), 3.83 (d, 4HMpe 3 nﬁﬁbl@lﬁ 4;57‘@wer3 @85S, whd) .deRrmhthedt ddin 7§“'Elfrﬁﬁfjs 2H
exchangeabl e wi th D20) 01 (m 4H), 7.23 (t, 2H), 42 (m 2H). M

(ESI) mz ﬁ&ﬂoﬂMoaneLﬂ)ﬂ n&é@lda3/@$l?1%5 BT/ | TQ3HRG22 K D;; 3Bndrbampl e 48

Thi s exanpl e descri bes the determ nation of the inhibiti ng capaci ty and of

the sel ectpagifeyst®e, t FEMzOMDOUMRGS M RAFIAX ColdAthelte DeidRambeon of these
properties wth sonme drugs present on the market. 5 The inhibiting power

(| C50) was &@tﬁf:ﬂ%lﬁﬁ‘:ﬁtet&%b A&ttty Badtrem. BR&HIOPNIS QIRILIT, §. 8®bERd (El | man,
G L.; Courtney, K D.; Andres, V.; Featherstone, RM A New and Rapid
Col orimetric Det’ﬁ[é"d&ﬁie' on I@lfso was determined using constant concentrations of
10  substratum and enzyme and varying the concentration of an inhibitor with
successive increases. In this way the activity of the enzyme was determined on the
basis of revelations of the formation of an anionic coloured molecular species (2-
nitro 4-thiobenzoate) (Amax = 412 nm), which is obtained following the reaction
between thiocholine — a product of the enzymatic hydrolysis of acetylthiocholine
15  (substratum of AChE) or butyrylthiocholine (substratum of BuChE) - and 5,5’
dithio-bis-nitrobenzoic acid (Ellman’s reactive). The variation of absorbance at 412
nm (that is the variation of the absorbance of 2-nitro 4-thiobenzoate per minute
(AA/min) (enzymatic speed) depends on the substratum concentration, and on the
enzymatic activity of AChE (from human erythrocytes, amphiphilic form, EC
20  3.1.1.7) and BuChE (from human serum, EC 3.1.1.8), according to the kinetic of
Michaelis Menten.
To calculate the ICsq, constant concentrations of saturating substratum were used,
that is which were able to produce maximum enzymatic speed (Vi) and fixed
enzyme rates. Five growing concentrations of the compounds under study were
25  then tested, able to induce inhibitions of between 20% and 1’80% of the Vax. Lines

of inhibition were next obtained, plotting on a graph the percentage of inhibition of

the Vo as a function of the decimal logarithm of the nanomolar concentration of



Acetyl chol i nesterase Activity. Biochem Pharmacol. 1961, Vol. 7, p. 88-95).
The value of 1C50 was determ ned using constant concentrations of 10
subst r at umoansdsaszynme and varying the concentration of an BRahiThs/0e7 Wit h
successive increases. In this way the activity of the enzyne was determ ned
on the basis of revelations of theé fotmation of an anionic col oured

nol ecul ar species (2- nitro 4-thiobenzoate) (2 max = 412 nm, which is

obtai ned faqhk @M}iﬁ‘ﬁ)ﬁ e HaARIHRH of Bﬁééﬁﬁ_@@eﬁs‘fﬂrpﬁi’@fé‘ dsB&sed PorRhAHUARE apd the

enzymati c hydrolysis of "acetylthiocholine 15 (substratum of AChE) or

but yryl t hi ogbetlNehd sstRehtrAlonmbes tPeRRate thRNHaxd@mAm enzymatic activity ?y

di t hi o-bi s-nitrobenzoic acid (Ellman's reactive). The variation o

absor bance $ood ihictWhd §iRhed fn‘i’&gy&lﬁﬁ&@&ﬁ&@r@i o4t 1@Rsor bance of 2-nitro
4-t hi obenzoat g}perlc m nut e %A% mn) (enzymati cpspeed) depends on the
substratum concgfyigption, and on the enzymatic activity of AChE (from
human er yt h+-eeyt-es—arpht-phidt-gud @ttt m PG Frmtrmtrtfy-afte--BerCht—( f r om human
serum EC ol 8) cordi ng togdhe ki neti .M chaelis Menten. To
calcul ate t nénl?]@)o, g@ﬁ“é"tcéﬂt con%éeWBr"g"tE?onsc%‘?Lcs?g%r ating substratum were
used, that is which e able tg oduce mepch num mat i.c speed (V max)
and fixed () } s -'.-- oncent-ra “CHO( "’ erpounds under

study were hen %.Slt9é-90.1| di'ge i nfygei tions of between 20% and

| 80% of th max. Lirhes ~of inhibitTon were next obtained, plotting on a

graph the ent age 1 phiditi f 104:he V, as a function of the
deci mal | oggﬁit hm of 2t 9e" Q‘g!rl]om)l g?“ﬁ?)%@%t ration of WO 03/087035

PCT/ 1 TO3/0 . - 39 e nhi bi .~ The par ters of |inear regression
wer e assesggggrf%‘? eaczﬁb%lrge and g?[ﬁez | C50 (tﬁ'g‘aconcentrati on able to

i nactivate fhe. I mgmpbenzymat i ¢ _aggobvity by_;Rp% ., which was obtained by
i nt er pol at i-0R-—C he-f-espective RS-0 46 - AehE) | C50

( BUChE) sSel EWfehny bf tivd ilikpendddt mdabeRunt MepéatddGaQriplivateds) Xl | 3. 190. 15a
4490340a 147

Ry

Sugimoto, H.; Yamanishi, Y., Iimura, Y., Kawakami, Y.; Donepezil
hydrochloride (E2020) and other Acetylcholinesterase inhibitors. Current
Medicinal Chemistry 2000, vol. 7, p.303-339.

Table I shows the ICsq obtained using the method described above and relating to
10  the compounds XVI, XII, to Tacrine and to Donepezil. The ICsy for the AChE are
indicated as ICsqachg) , the ICso for BuChE are indicated as ICso gucng). The
selectivity is defined as the ratio between ICsoacnry and ICsp guchgy and indicates
the inhibitor’s ability to bind preferably with AChE rather than with BuChE.
Compounds XVI and XII showed a relatively very good ICsgache) (Table I),
15  two times smaller than the ICsoache) of Tacrine (Cognex®) and substantially lower
than that of Donepezil (Aricept®).
The sélectivity was relatively very good, higher than that of Tacrine and
comparable to that of Donepezil.
Example 49
20 This example describes the determination of an inhibiting constant (Kj;) of
the compound X VL

The assessment of the kinetic of an inhibitor can supply important



XVl 2.39 0.14a 1440 100a 602 Tacrine 250 10 50 2 0.2 Donepezil 5.7b
-7000b 1200 5 a Mean of two independent neasurenents, repeated in
triplicatwodso8ugsnoto, H.; Yamanishi, Y.; linura, Y.; Kawdaam3/o0¥2]
Donepezil hydrochl oride (E2020) and ot her Acetyl cholinesterase inhibitors.
Current Medicinal Chem stry 2000, vl "7, p.303-339. Table I shows the

| C50 obtai ned using the nethod descri bed above and relating to 10 the

conpounds XMormNidn oh e a&tutd 6 HRhdnd HepRaRedizhme Hre ihkidfof, dlie ki o\CNE ar e
i ndi cated as 1 C50(AChE) , the I1C50 for BuChE are indicated as |1 C50 (BuchE)

The sel ectgiwi by tHeShdaf dndafe gSarkfivealtithch W WaeBorldCeRbresdeEbyaQd K Gb0
(BuchE) and indicates the inhibitor's ability to bind preferably with AChE

rather thag,WdeberfisCte st50 BPediRErinkY befidn Xlflec NOMRE (A ticehatitwlal sasyery good
| C50( AChE) (Table 1), 15 two'tinmes smaller than the |1 C50(achE) of Tacrine

( Cognexa) %@hﬁ,@&h%}daﬁ:ewhﬂoey@g ECthAN 75, hatinkbitbQnede Hattichlk ceRphe . The

selectivity was relatively very good, higher than that of Tacrine and

conpar aBl e dtJoliald XafT) BRI BRE&ALIme EtABRIr@ ot Plek) rePhésentinpatib ldRastesiafibbes t he

determ nation of an inhibiting constant (K;) of the conpound XVI. The

assessment @ shheothO8idyimethnditol AWphflE£.0r can supply inportant WO 03/ 087035
PCT/ 1 TO3/ 00227 - 40 1nformation on the nature of the bond between enzyne

and inhibitor, the 3bbRniRktionsbt @ R ofhRe RemgleanAChRRofipatid bVl was ef fi cacy
of the bond, expressed by K;. K, in fact describes the state of

equi | i bri UniHRlUeRMoAhE MG NBetvbdvet-BRrP aDikbA UG West &.CABMEymés; om huran
erythrocytes EC 3.1.71.7), an inhibitor (in the particular case the 5

conpound X\WgeoRd Edifin, C0RYTR- VI Bl 1305, CRARIEYs, GREA asENCbNtd,hes64,
di sassoci ati on constant of the enzyne-inhibitor conplex.

10 London, UK). For each concentration of the compound XVI the enzymatic activity
was assessed with the variation of the concentration of the substratum
acetylthiocholine (111-550 uM). The data obtained on enzymatic activity were
plotted on a graph (figure 1) showing for each concentration of the compound XVI,
the reciprocal of the speed as a function of the inverse of the concentration of the

15  substratum. The values of the gradients of the lines obtained for each concentration
of inhibitor were then plotted on a graph (figure 2) as a function of the
corresponding concentration of inhibitor. The intercept on the axis of the X-
coordinates of the line obtained, not passing through zero, gave a value of K; equal
to 2.6 nM for the compound XVI.

20 From the analysis of the graph of Lineweaver-Burk (figure 1) lines with
growing gradients can be seen which show a change of both Ve and K in the
presence of an inhibitor. This behaviour probably indicates a competitive inhibition
of a mixed type, which springs from a significant interaction of the compound XVI
both with the free enzyme and with the acetylated enzyme. From these results it

25  seems that the compound XVI has a relatively strong interaction, not only with the

active site, but also with another accessory site, potentially represented by the

peripheral site of the enzyme. The compound XVI is therefore a relatively



The determ nation of the K; of the conpl ex AChE-conpound XVI was realised
using the nethod of Lineweaver-Burk (D xon, M, Wbb, E C, Enzynes,

Second Edwa wmwg7i@rapter VI, p. 315, Longnans, G een and FCa/iThs/eh2271964, 10
London, UK). For each concentratl on of the conpound XVI the enzymatic
activity was assessed with the vari &t 6n of the concentration of the
substratum acetylthiocholine (111-550 M. The data obtai ned on enzymatic

activity o%/erﬂal Ofré&'e@sﬁ@ afaﬁaa%n{ﬂehﬁw einﬁl)oltghow g rkiRéd e@g@ GRgENt ration
of the conpound XV he’ reci procal of the speed as a function of the

i nverse of shﬂﬁalﬁﬂﬂfy%fléﬁéih@'knﬁilctohﬁfhéﬁaeﬁyp/ﬁtnf&t um The val ues of the
gradients of the |Irnes obtained for each concentration of inhibitor were
then plotted ogg xﬂ]?]l@% (figure 2) as a function of the correspondi ng
concentrati on of Ibitor. The intercept on the axis of the X- coordinates

of the |iner e;sb%ﬁds fiPthe l?élﬁﬁiflﬁg 14018 QM ediBd HrithABY ShefhodadfURInin ge e €qual
to 2.6 anor the conpound XV From the analysis of the grap

Li neweaver -Ryr) gm(is)%lnﬁreéamtmﬁ@%ﬂahhmm @Mghgrﬁéeqnmaﬁ@rbn%@men whi ch
show a change of both Vmand K™ in the presence of an inhibitor. This

behavi our pHeRARIMarl 8Finaak€s.121.gpnpetitive inhibition of a mxed type,
which springs froma significant interaction of the conpound XVI both with

the free engyugpRNasHishéwd BR @é%@fc}zﬂﬁ&hﬂﬂg TR Bbitifg PBWENBS Bd 96fdtchSe I t 25
seens that the conpound XVI has a relatrvely strong interaction, not only

with the aghipsndd, tPacriBe lan@Shepbil) tahQt RetheatBRSSPeMmShial coRBliRt i al |y
r epr esent ed by the peripheral site of the enzyne. The conpound XVi is

therefore aanaq,lf@lgéy(ﬁﬁly()lﬁq@ﬁ%ggg@ﬁ PCT/ | T03/ 00227 - 41 powerful,

reversi bIe raplu, \.,UIIIJULILI e—rhtbitot a—i—xed Lypc, whi ch
substantial ly faldepypoddde Ki el &,UQJhEMMhae'IC%o @hbeﬁm* ampl e 50 The
conpounds in thdg . abte—wetre—teste hod of ElIl man (see
5 exanpl e 48) wi|kh yfeconbini r]g.thr_gan AChE (|H¢R6t5106C 3.1.1.7) and on BuChE
(from human ser m—EC3—3+3+8)—

X1I 2.25+0.21 4490+340

XVI 1.55+0.11 1440100

IL 7.79£0.37 12504250

LIV 77.8+4.3 5110+410

LI 123420 3230150

LV 9.50+0.23 46242

XVII 73.3£3.2 645%33

XXXVII 51.1+£1.0 24204940

XXX 13.8+1.7 2170£70

XXIX 2310130 36500+8800

XVIII 593151 4510041000

XLI 14443 3510+180

Tacrine 424421 50+2

Donepezil 23.1+4.8 74201390

10  * Mean of two independent measurements, repeated in triplicate.



The table al so shows the data concerning the inhibiting power of two
reference conpounds, Tacrine and Donepezil, tested in the sane

experi menwa o308madst i ons, and of the conpounds XVI and Xl IpcT@anpenzed | C50
(HUAChE) nMr 1C50 (BuChE) nMvr XLV 6%.51.3 168001100 X1 2.250.21 4490340
XVI 1.550.11 1440100 IL 7.790.37 I286250 LIV 77.84.3 5110410 LI 12320
3230150 LV 9.500.23 4622 XVII1 73.33.2 64533 XXXVII 51.11.0 2420940
XXX 11 13. 81. 7 gihfipie 51 XXI X 2310130 365008800 XVII1 59351 451001000 XLI
1443 3510180 Tacrine 42421 502 Donepezil 23.14.8 7420390 10 * Mean of two

i ndependent meags RRBAHIS dek@RRAIUBE defrinalbh GAltBe M) AS/BBHI3Rgating
PCT/ 1 TO3/ 00227 - 42 anpl e 51 This exanpl e describes the determ nation

of the anyl i, 8PiHe-REPoGSEKVIY power of the conpound XVI. Since the
i nduction of the formation of fibrils of A(3 by the AChE seens to 5 occur

by interaction Bahveee idueeés Bhekabrmedtiod @HibkicofeAg BehaAthEN e | de
(I'nestrosa, N. C.; Alvarez, A ; Perez, C. A ; Mreno, R D.; Vicente, M et

?lni . Acet Yl Bl bpesiRicting RERSICh ARiphaah sHdIof th cAmMth®iadd Bé pepafd i des
(Inestrosa, N. C.; Alvarez, A.; Perez, C. A.; Moreno, R. D.; Vicente, M. et al.
Acetylcholinesterase accelerates assembly of amyloid-beta-peptides into
Alzheimer's fibrils: possible role of the peripheral site of the enzyme. Neuron 1996,
Vol. 16, p. 881-891), and since the compound X VI seems to bind with this site, the

10  ability of the compound XVI to inhibit the interaction between enzyme and AP and
therefore to block the formation of fibrils induced by AChE was assessed. To do
this a fluorimetric method was used which is able to highlight the ability of the
AChE (recombining human, EC 3.1.1.7) to promote the formation of fibrils of the
peptide AP (1-40).

15 Firstly AB (230 uM) was incubated with the enzyme (2.3 uM) in a molar
ratio of 100:1, at environment temperature an aqueous phosphate buffer with pH =
8.0, 0.215 M. To assess the formation of fibrils induced by AChE, the incubated
solution was transferred into 2 ml of buffer with pH = 8.5 composed of glycine-
sodium hydroxide (50 mM), containing thioflavine T (1.5 pM). Thioflavine T

20 interacts selectively with the fibrils of AP in beta conformation, developing a
characteristic fluorescence. The intensity of fluorescence of this solution (Aem = 490
nm), after 300 s, was acquired, fixing the Aexc = 446 nm. A fluorescence scan of
300 s was then carried out to obtain a stable value of the fluorescent signal, from
which was subtracted the contribution to the basic fluorescence of thioflavine T. To

25  obtain the value of the intensity of fluorescence, relating only to the interaction of
thioflavine T with the amyloid fibrils, the contributions of whites composed of AP

and AChE incubated individually in the same conditions were subtracted.



Al zheinmer's fibrils: possible role of the peripheral site of the enzyne.
Neuron 1996, Vol. 16, p. 881-891), and since the conpound XVI seens to

bi nd wi t hwihis@saisse, the 10 ability of the conpound XVI tedmiobom2t he
interaction between enzynme and A13 and therefore to block the formation of
fibrils induced by AChE was assessed.?3T6 do this a fluorimetric method was
used which is able to highlight the ability of the AChE (reconbining

human, EC 3. 1. Iypeh Eﬁerrl{agig%}\?leﬁm thercorditions of a%}gi%%e}tﬁbﬁ oPBA hRucddepy | de AR

(1-40). 15 Firstly AP (2 was incubated wt e enzyne (2.3 M in a
mol ar  ratiQcRf, theQnd-ag@esRNG FRHIRRthe RIRRUAE XE Wil @RURQLS thheshhat e
buffer with pH = 8.0, g%%glgl\gll\ﬁ To assess the formation of fibrils induced

by AChE, t h@niiftedatiRtoniphind a8 intabatéd Ripefef Wae Aym RCHE, pfthdydher with
pH = 8.5 conposed of glycine- sodium hydroxide (50 nmV), containing

thi of I avi neyohditibn® dMcribdd aBbv¥ed B &ohcchhatifh BF @t Sony®uBBIX VE s Watied t he
fibrils of ARin beta conformation, developing a characteristic

f1 uor esgencgywddie1opveni 130 @i, fh YRE pRE@Re I Ohe tclgingo&m WVIQHere Xe48 & 490

nm, after 300 s, was acquired, fixing the Xexc 46 nm A fluorescence

scan of  30@wgrilesf thRQPectRd Sibed of Eﬂteﬂsﬁ% b HabRs@nsd AhRM4dind QoMblekbe
fluorescent signal, from which was subtracted the contributioh to the

basi ¢ fl uorgge aRCELGE of AR IABNAHIRAG aI-m@oi@%ﬁ@%@k@aﬁﬂk@eff@tﬂﬁle@igﬂaﬁ'@f

intensity of fluorescence, relating only to the Interaction of thioflavine

T with the guptbRiflcd ki BectliyhBrapeitidnhbub | @BSIoRhrithRi tifSbaenRases mé A(3
and AChE incubated individually in the sane conditions were subtracted. WO

03/ 087035 PGHAFORHAMR A% compbind RVENThabsRentiaond teheskssinihevEasgi ti ons
of aggregation of PA induced by AChE, the anti-aggregating power of the

CONMPOURg X\, rme%@;ﬁg@.ﬂ of ﬂu&ﬂéﬁ‘ceﬁ%ﬂ%’ 50 Relsteh 8 o 29.520.8 9N PHA e BRS

i ncubat ed together with A(3 and A in the same conditions described

above. The Conceﬂﬁfoﬁgimwkdﬂeimwﬁvhnd@agmaﬁi gacrmeb @omeperill OM and

250 M In the presence of the conpound there was a |owering of the _
speci fi ¢ sigfyabstRimihétpRsisidinh, décaledmairreaed f the Bomfiliehs descrieapdrtired Wi th

the fibrils of A(3, indicating an anyloid anti-aggregating effect. The
signal of propidium showed an inhibiting power (ICsp = 12.6+0.3 pM) of the same
magnitude as the inhibiting power of the compound XVI. On this point it is
15 important to stress that propidium is described as a non competitive inhibitor of
AChE, able to bind selectively with the peripheral site of the enzyme (Taylor, P.;
Lappi, S. Interaction of fluorescence probes with acetylcholinesterase. The site and
specificity of propidium binding. Biochemistry 1975, Vol. 14, p. 1989-1997). The
anti-aggregating behaviour of the compound XVI therefore confirms that this
20  molecule is able to establish binding interactions with the peripheral site of AChE,
which has a high affinity for AB.
Example 52
Following a method similar to the one described in the previous example, it
was experimentally determined that the compound XII with a concentration of 100
25  uM exerts an inhibition of about 90% on the aggregation induced by AChE %.
Example 53

This example describes the comparison between the pICso of 2,5-bis-diamine-



fl uorescence was directly proportional
concentration of the conpound XVI.
able 10 two®dswsst he si gnal

to the logarithmin base ten of the
The concentration of the conpound XVi

of fluorescence by 50% was eqaalITopo@287 30. 3 M
(figure 3). Anong other AChE inhibiting conmpounds (that is Tacrine,
Donepezil, physostigm ne, propidi Gm44décarret honium tested in the

condi tions described, only propidiumshowed an inhibiting power (1C50 =
12.60.3 M FABRic ABSRLYSIRpAS(EE bl I Béderdl doRaiia(I)adndt levappound
XVlI. On thi[is)’h%)ﬁoe?%(t) It ilcs 15 :tﬁr;%ggrtpant to Ztregs t hat prorgi)di umis described
as a non coEReblhds\MAvingh hb@l f@hulACVE): able to bind selectively with the
peri pheral site of the enzyne (Taylor, P.; Lappi, S. Interaction of

fl uorescence probes with acetyl choRknesterase. Fhe site and specificity of

Lo . . . . |

propi di um bi nding. -Bi gchemi.st ry 19%4, | . A4, w 9-499 Rs

anti - aggr egat g@mxmmmtmm%at this
20 nmol ecul e i 7able to establishabinding interactdons with the peripheral
site of AChE, which has a high affinity for AP. Exanple 52 Follow ng a

met hod sim | ar (L¥IY he one described in the previous exanple, it was
experinmental ly determ ned that the compound XI1 with a concentration of 100
25 M exerts an inhibition of about 90%abplefhe aggregation i nduced by AChE
% Exanpt& 53 ThtsS exanple describes the conparison between the pl C50 of
2, 5- bi s- dNeam nRWO 03/ 087035 RCT/RFOA002R7 - HPICs{dand)] bph€agchmoni c
derivati ves Tepresented—bOy tHe generar_formura (1) and Known conpounds

having a generalvéocpma( LVIY: RIRa HRG-SN N ~/31446M2 s BR1A0A3K7 (LVI)

2 H H H Hy S-S 3.30+£0.03  3.19+0.02
3 2-MeOCeHsCH, H H, CH; 5.14+0.03  5.06+0.02
4 2-MeOCgH;sCH, H H Hy (CHyy 5.19%0.01 5.86+0.01
5 2-MeOC¢HsCH, H H H, (CHy; 5354005 5.43%0.02
6 2-MeOC¢HsCH, H H H (CHp)s 527+0.03  6.01+0.02
7 2-MeOCeHsCH; H H O (CHys 5.7320.03  4.94+0.03
8 2-MeOCgH;sCH, Me O (CHys 6.51+0.02  5.22+0.04
9 2-MeOCsHsCH> Me Me O (CHy)s 6.77£0.01  4.93%0.04
XII ~ 8.49 ~5.35

XVI ~ 8.62 ~5.84

5 (The compounds having a general formula LVI are described in Melchiorre et

al., Acetylcholinesterase noncovalent inhibitors based on a polyamine backbone for
potential use against Alzheimer’s disease, J. Med. Chem. 1998, vol. 41, 4186-
4189).
It may be seen from table 2 that the 2,5-bis-diamine-[1,4]benzoquinonic
10  derivatives represented by the general formula (I) present lower ICsoachg) and
higher selectivity than the known compounds having a general formula (LVI).

Example 54



'5I'ali)|48 (2)2Ng 2?(6) (I;?% RS A E pl C50( AChE) pl C50(BchE) 1 2-MeOC6HSCH2 H H H2 S-S
2 A o o 2 HHHH2 SS 3.300.03 3.190.02 3 2- MOC6HSCH2 H H H2
. 8086. 02 4 2- MeOC6HSCH2 H H H2 (CH2) 2 5. 190./¢l/5086G2201 5

2-MeOCBH5CH2 H H H2 (CH2) 3 5. 350..05 5. 430
.350.055.430.02 6 2- MeOOSH5CH2 H
5.270.03 6.010.02 7 2-MeOCBHSCH2 H™H 0 (CH2)4 5.730.03 4. 940.0? Hg (cre)a

2- MeOC6H5CH2 H Me 0 (CH2)4 6.510.02 5. 220
: : : .04 9 2-MeOC6H5
6. 770. 01 4. 93f4i0éxantple dSschBeSar3Bsesxivent{ale B1igity BfﬂWW@n@BmgnNﬁas i (ge)
general formula LVI are described in Melchiorre et al. e

Acet yl cho} igshEmed&d. noncoval ent inhibitors based on a pol yam ne backbone

for potential use against Al zheiner's di
| sease, J. d
41, 4186- 418P)e tdsts HmBYivbaveare aarrfedovnttusingea ZeqeRHY r@ﬂ?@ed attoal model 1 V!

2,5-bis-diamne-[1 i i i :
poreral T 13 as ey oot o BdSBn L HUEECE R e 1
PCT/ 1 193/ ggegﬁg)%ﬂ&}g%ﬂgﬁmggp?ﬁmﬁé s b e TRy i 02 08702
using 2 ragget binigat a%;é‘?mﬁﬁ”&gi;g Em?éeéséi apibetosalor 19 REG oot
et | g BTN, skl v ety L B Chondi st o
presses anti bodi es for the r
cortex, formation of plaques of amyloid B and of intracellular neur&lebrﬁlear tangles,
as well as dysfunctions in behaviour.
10 In particular, to produce the anti-NGF transgenic mice (AD11), the variable
regions of the light and heavy chains of the anti-NGF monochlonal antibody aD11
were linked to the constant human regions k and y1, to give the chimerical man/rat
antibody aD11, and were then placed under the transcriptional control of the
promoter of the precocious region of the human cytomegalovirus (CMV). Mice
15  expressing functional anti-NGF antibodies (AD11 mice) were obtained by crossing
mice that expressed the light chain (CMV-VK aD11) with mice that expressed the
heavy chain (CMV-VH aD11).
The AD11 mice were treated with the compound XVI (7 mg/kg in saline
solution) via intraperitoneal injection daily for 15 days from age 1.5 months to 2
20  months. Two control groups were considered: AD11 mice of the same litter treated
with saline solution and non transgenic mice of the same stock and the same age.
The immunohistochemical tests were carried out as follows. The AD11 mice
treated with the compound XVI, those treated with mice that expressed the and the
non transgenic mice were anaesthetised with an overdose of chloral hydrate. The
55  brain was removed and fixed for 24 h'in a solution of 4% paraformaldehyde in

phosphate buffer (PBS) and then cryoprotected in 30% sucrose. Coronal sections of

the basal forebrain and of the entorhinal cortex were cut with a thickness of 40 um



grow h factor (NGF), and consequently shows an extensive neuron |l oss in the
cortex, formation of plaques of anyloid (3 and of intracellular

neur of i br wd @rostsagl es, as well as dysfunctions in behavirairod@2kn
particular, to produce the anti-NG- transgenic mce (AD 11), the variable
regions of the light and heavy chainé®of the anti-NGF nonochl onal anti body
aD 11 were linked to the constant human regions k and yl, to give the

chi meri cal aﬁalafkfcﬂl%&ted aiﬂlt B%f@ﬂ%’%lgt@s 1dbnteAiiHg W% e}g&*tlﬁ%ﬂnﬂh&%@l@ HNeBS. the

transcription contro pronoter of the precocious region of the

human cyt Oq?%%ﬁg irgrﬂﬁa& A¥bodiM Gferd RsE&X BEEHR! indnindhedto RBRcaR AhhlyNeF

ant i bodi es ce) were obtained by crossing mce that expressed the

light chai QWE filahsthdsB [1:560,t OREMRBAT GRS eHehftulaha@yy af@i n
(CwW- VH aDIr&rllgl. TI%Q<A&DP£{1 rrisce vvepTe treat elg with the ecorrlrl)gund %/(VI (7 mg/ kg

in saline @ﬁiﬁh&ﬁ%d ViEpioih F08hé PO ahndgBh@iek NW. URiijnkalde) Bdligays from

age 1.5 no to 2 20 nonths. Two control groups were considered: ADI11

m ce of 5t he qanm bl prdciRdt OF ahfIbids allddee2 £9119Bk 00heHidon Qi .7 AftGIOENi C
m ce of the sanme stock and the sane age. The i munohi stochem cal tests

were carri %Hc&.%ﬁo@%zit_fh%é ?Yiﬁrars;r BBkl K GBctidns ORkE avtiddhbdibie adampauind X1,

those treated wth mce that ‘expressed the and the non transgenic m ce

vere anaes gi?&iﬂiﬁﬁ‘éé WitBaR ReBner g8 9o af (161000 VaktohbdkatorieN BuAmgaima) N was
removed and fixed for 24 h~in a solUtion of 4% paraf or nal dehyde in

phosphat e @Aj&faggﬁﬁﬁhoﬁdéqgmmk&wmm&tﬁfg@@ninark.Q%sucrose- Coronal
sections of the basal forebrain and of the entorhinal cortex were cut with

a thickness of 40smeNBRA 084935 ReT/dah@d QBR324 deterhfine ahel mahberched in

6-cell plates containing 1% paraformal dehyde in PBS. The follow ng primary

anti bogphes WalifergRCbut@ls Jo3Rive TOWRSHIS hQEHIBMERhseTHADI The vdltinhe 6h0! i ne
acetyltransterase (1:500,7 Chemcon Inc., Tenecula, CA), anti-

phosphor yl ahe@adad tBhainsval dddu@ied 45ifls tHe"ORARAE icffodNieYeribdd Hy TiaddE,
Bel gium) 5 and anti-protein precursor of anyloid (clone 2. F2.19B4 Chem con

Inc.). Aftefd CREUINS @NVdR 1938, Wol.NBOY panti-ba)ima, byt PSSkt aNgY wer e
washed before adding a
Comp Neurol 1999, Vol. 404, p. 1-20), while an estimate of the total number of
neurons positive to ChAT was obtained using the optical fractionation method
15 (West MJ, Neurobiol Aging 1993, Vol. 14, p. 275-285 ; Peterson DA, et al,, J
Comp Neurol 1999, Vol. 404, p. 1-20).

To determine whether X VI can prevent the loss of ChAT positive neurons in
the basal forebrain and in the basal nucleus of Meynert, the compound was
administered daily to AD11 mice at a very early stage of neurodegeneration (from

20 1.5 months to 2 months; n = 6). From the figures 4A-4C it can be seen that the
treatment was able to prevent the cholinergic deficit in the basal forebrain; the same
result was quantified from the stereological calculations summed up in the graph in
figure 5. Moreover, XVI was efficacious in preventing the loss of cholinergic
neurons in the basal nucleus of Meynert, as indicated by the data shown in the

25  graph in figure 6.

As regards other AD markers, the effect of XVI on the deposition of the

amyloid B precursor protein (APP) and on tau protein hyperphosphorylation in



biotinilated anti body agai nst goat 1gG (1:200, Vector Laboratories,
Burlingame, CA) or against nouse |1gG (Dako A/S, d ostrup, Denmark). A
st er eol ogwead3/@mabysi s was carried out to determ ne the nwdrATI®6022710
cholinergic neurons positive to chojine acetyltransferase (ChAT). The

vol une of the basal forebrain was cal cul ated using the Cavalieri nethod
descri bed by Mchel and Cruz-dive (J Mcrosc 1988, Vol. 150, 81 117-146)
and by Peig§Somic®tofal mopths Wankahened|Atlge$ mooths, AGR degosiiong) heyhi | e an
estimate of the total nunber of neurons positive to ChAT was obtai ned

usi Ng t he QRbit abssElk 3¢ iisentinithe comtdanled 67ig\is) bMimpEarcBitht Ail&ilng 1993,
Vol . 14, p. 275-285 ; Peterson DA et al., J Conp Neurol 1999, Vol. 404,
p. 1-20). yfige dptoer7H)NAPBh@ESRItIONVIn thencqueteslemesselhds T8t vy resventssosi ti ve
neurons in the basal forebrain and in the basal nucleus of Mynert, the
conpound WggowidThd h&histationiol K Io(FAD 7C). Fiope thet comnpeisgn abFigj- Stage of
neur odegeneration (from20 1.5 nonths to 2 nonths; n = Q}d@ From}he figures
4A-4C bt cANLRE7SSBMay batleddred that tetcompbundX VAlwas abls tpredisnmaglsdly
cholinergic deficit in the basal forebrain;, the sane result was_quantified
fromthe shereebrehalarcrbeditiat ob PP fotivming pdministagiog fap ko idays-fIQure 5.
Moreover, XVI was efficacious in preventing the | oss of cholinergic
neurons i Nyidigikeas ahetiee! ees oebmpiymer XVlascanndprewanéd By eevedat'd! shown in
the 25 graph in figure 6. As regards other AD markers, the effect of XV
on the depgsjelinesphotylitish inathylcoite Rnpinenurcbistochewical fest ApPpanitd Bh t au
protei n hyperphosphorylation in W 03/087035 PCT/|T03/00227 - 47 AD11
mce of 2 gpaidasnyestaEafionetheatdll YLl Miceoot hsonttprandepissittaaisd Wit he
cerebral vessels is absent in the control mce (Fig. 7A), but inportant in

the ARLl {HeGRhicld donel BYhileNBR cdapolsinidecto rio shawe hyperahesphorykiedeian 1p s
relatively prevented follow ng the adm nistration of XVI_ (Fi gqe 7%), From
the conpar jrgapmafodshdittic bMnleb céBpamuemCFig. 8 Ajsihe Hdd Heanipal nokratee
conpound XVI was able to reduce markedly the cerebrovascul %12 dEBOSi tion of
APP f ol | owpgeaétivith e ahiodnstooy ard fitahay miarking in the neuronal body (Fig. 4B).
Tau hyperphosphorylation is partly prevented following the administration of XVI
(Fig. 4C).
15 On conclusion of the experimental tests carried out in vivo in a transgenic
model of AD, it may be said that the compounds of the invention present an
activity profile compatible with the recovery of cholinergic functionality (increase
of ChAT positive neurons) and the decrease of AD markers (decrease of the
cerebrovascular deposition of APP and of tau hyperphosphorylation).
20 Example 55
This example describes further assessments of the activity in vivo of the

compound XV in an animal model.

Doses and means of Administration

The compound XVI was dissolved in ethanol at a dose 50 times more
25  concentrated than the one to be administered to the animal and then diluted in
saline solution, for intraperitoneal injections, or in water, for oral administration.

To test its efficacy after oral administration, the compound XVI was



determ ne whet her the conmpound XVI can prevent or recover tau

hyper phosphoryl ation in the cortex, an immunohi stochem cal test was carried
out on seto3ms3ebt ai ned fromtreated AD 11 mice of 2 nomdwitana2ei ce
treated with 10 the vehicle alone. Wyle the control mice do not show
hyper phosphoryl ated tau in the somatddendritic cellular conmpartnent (Fig.
8A), the AD11l animals not treated or treated with the vehicle show an

i ntense marigiifisiefed il AMELRMARAIged 28 Yndnftisgi a 4B3e of 7Thag/kaidagr phosphoryl ati on
is partly prevented follow ng the adm nistration of XVI ~(Fig. 4C). 15 On
concl usi on of theadtperhdefficaty bEHkofPOIAEH VU tlefting svgnitivealeticidivs geni c
nodel of AD, it may be said that the conpounds of the invention present an
activity prgbil enic@mpage 5l srdMi inédibs hﬁﬁﬂygfeb(fe@tingcﬂﬂ sl dbesdchy onal ity
(increase of ChAT positive neurons) and the decrease of AD markers

(decrease Ofcopdl@mineqMEdIEsB, a6l 1er A MighsRlddici pRbleMiinanalugfing thd role of
hyper phosphoryl ati on). 20 Exanple 55 This exanpl e describes further

assessment sgiRfindrBR MetHavisns inNbokaviorOfed PRc INHNMBOLUAE, X¥69)i ndege ehisal
nodel . Doses and means of Adm nistration The conpound XVI was dissolved in

et hanol at ggalosiay WisukdE admliferedFJorCB BBt rat ed than the one to be
adm ni stered to tﬁe animal and then diluted in saline solution, for

i ntraperitoneal Ai &ie€l hind B Snormks, ithe ¥epheity of e compburadKiViis impioving. thdo t est
its efficacy after oral adm nistration, the conpound XVI was WD 03/ 087035

PCT/ | TO3/ 002 Reinrer pBenctshpd i ADENEMidenwiedpdied & @@edf dtherimHibisoratofa dose
of 7 ny/kg/day. To analyse the efficacy of the conmpound XVI in treating

cogni tive dgChEiahdiof NGD The mice @ed@ivedgedlydnidetich ofthe bempoghd XVpirexenti ng
t he ammesi a i nduced by scopol amne (Wiss B, Heller A Methodol ogi cal

probl en® i ndsy¢af aid/RE k1S i Heasd ofbebhdbirabagleis e dayirscsvd nddseldvi or .
Fed Proc 28, 135-146, 1969) a dose of 15 ny/kg/day was used, adm nistered
for 15 daysis mg/kg/day per os.
Tacrine was administered by intraperitoneal injection in a dose of (0.1
mg/kg/day and 3.5 mg/kg/day) from age 1.5 months for 15 days, while
Galantamine was administered by intraperitoneal injection for the same period and
15 from age 6 months. Moreover, it was administered for 4 months from age 2 months
per os (3.5 mg/kg/day).
In all the experiments the control mice were age-matched non transgenic
mice, age-matched AD11 mice to which saline solution was administered via
intraperitoneal injection or water containing the same percentage of ethanol present

20  inthe solution of the compound XVI.

Histology and neurostereology

At the end of the treatment, the mice were anaesthetised with 8ul/gr of
chloral hydrate. The brain was removed and placed in an ice-cold petri dish. The
encephalon was fixed in 4% paraformaldehyde in phosphate buffer for 24 hours

25  and then cryoprotected in a solution of 30% sucrose in phosphate buffer.
Coronal brain sections were obtained with a sliding freezing microtome.

Serial sections were collected in a solution of 1% paraformaldehyde in phosphate



At age 2 and 6 nonths, the capacity of the conmpound XVI in inproving the
Al zhei mer phenotype in AD 11 mce was conpared to that of other inhibitors
of AChE waoh3oB7086F. The mice received a daily injection dgfciimes/enapound
XVl in a 10 dose of 7 ng/kg. Only in the case of behavioural analysis did
they receive a dose of 15 ng/kg/ d’ay49pe'r 0os. Tacrine was adm ni stered by
intraperitoneal injection in a dose of (0.1 ng/kg/day and 3.5 ng/ kg/ day)
fromage I geponths for 15 days, while Galantam ne was adm ni stered by
intraperitoneal injection for the sanme period and 15 from age 6 nonths.
Moreover, it vgs DRt @rRes diPmofphBRBidaBalfdaBragR corsoméd dncupated 0s (3. 5
ng/ kg/ day). In a the experinents the control mce were age-matched non
Lransgeni cydi €. (AGRP bR ARiBIGE agika doliah @allnastelsul(fon-nas

adm nistered via 1ntraperitoneal injection or water containing the sane

per cent ageCﬁ%TEt @i@:ﬁ{iccﬁg,es%ﬁfyloiao brcdrte SpotHin OMARY  t(Themivan)unitie XVI .
Hi st ol ogy and heur osteréol ogy At the end of the treatnent, the mce were

anaest heti g@lp%\%&fégﬁ&gﬁﬂﬁioﬁfoftﬂﬂr@feﬁi (clone 28 Innbaendtica), et serimeams\ofd and

pl aced 1 n petri dish. The encephalon was fixed in 4%

par af or mal ?_g%}{ﬂﬁid;’i@gg{a@ggﬁte buffer for 24 hours 25 and then

cryoprotec ution of 30% sucrose in phosphate buffer. Coronal

brain secti OnstﬁfogtePébﬁ@gm duithtteitid anhiyeth R beEsEica®nIthe basabfoeebraifier i al
sections were collected in a solution of 1% paraf ormal dehyde i n phosphate

WO 03/ 0870%&%} E’r@{h'i&@ 36R80284ng thedshticlUutdcibnatiohn@lied (West MifTg Nelufobidls on
cal a

nor phol ogi c: I'terations, sections were incubated wth the follow ng
primary anty %dléﬁ%mmﬁm;hpétbﬁsn anAl ¥ Al 3redmp akardl A, 1-200A999;
Chem con), 5 oi’'d precursor protein APP (Chem con), the 5 phosphoryl ated

fractigh ofsbRy POk &z OrveneMATEMid 6RO 17085, 198BE. N terminus of  0-
anyloid (Santa Cruz).

The density of extracellular deposits of APP was calculated according to the

method used by Schenk (Schenk D., Nature 400, 173-177, 1999), in which the
percentage of the cortical area occupied by extracellular deposits is calculated with
respect to the total area of the entorhinal cortex.

15 The number of p-amyloid —positive cell clusters was quantified in the caudal
portion of the hippocampus using the optical fractionation method.

Obiject recognition test

The efficacy of compound XVI in rescuing the behavioural deficits in AD11

mice was analysed using the object recognition test. The analysis consists of

20 evaluating the ability of discriminating between a new object and a familiar one
(Bértus, RT. On neurodegenerative diseases, models, and treatment strategies:
lessons learned and lessons forgotten a generation following the cholinergic
hypothesis. Exp Neurol 163, 495-529, 2000). AD11 mice show a progressive
decrease of this ability of distinguishing new objects from old ones (Capsoni, S,

25  Ugolini, G, Comparini, A, Ruberti, F, Berardi, N & Cattaneo, A. Alzheimer-like
neurodegeneration in antinerve growth factor transgenic mice. Proc Natl Acad Sci

USA 97, 6826-6831, 2000).



Neur ost er eol ogi cal quantitative analysis was perforned on the basal
forebrain and entorhinal cortex using the optical fractionation nethod
(West M Jwo td@873bi ol Aging 14, 275-285, 1993; Peterson RcA/iTes/omkr J Conp
Neurol 404, 1-20, 1999; 10 M chel F% . & Ctuz-Oive L.M J. Mcrosc.

150, 117- 136, 1988). The density of extracellul ar deposits of APP was

cal cul ated according to the nethod used by Schenk (Schenk D., Nature 400,

173-177, 1999) Befdie Whirilig tthe triAEr 6&Mdage @bnthheldcalidd eakre atcatedoodthpi ed by
extracel lul ar deposits is calculated with respect to the total area of the

ent or hi nal .gaphew XV3 (Thes AayPRI a @bseldf- BMibRigtliay pos bt Tiee caltdolschverst er s was
quantified in the caudal portion of the hippocanpus using the optical

fracti onat hgnmaRHB@don Bahpehicieicogid frirdperie aDTheice tikhteaaithotateamdound XV
in rescuing the behavioural deficits in AD 11 mce was anal ysed using the

obj ect rec@gtatieQRrdefilge of BhasladX%yi s consists of 20 eval uating the
ability of discrimnating between a new object and a famliar one (Bartus,

RT. On geur odeqapebaditive deficieaasslso iMdeddsin apdup € atm@ith noh tahe@hRs:
| essons | earned and | essons forgotten a generation follow ng the

chol i ner gi gnich¥p FubaghfeouEs@mivasifagion 13,5 ARAkDH3Oscopolahine, ADnbdcaninive show a
progressive decrease of this ability of distinguishing new objects from

ol d ones ( GaRpRRantaBonidY WIS BNHelldeA. Mstheddlbdical probRehei évalvatinBerear di, N &
Cattaneo, A. Al zheiner-like neurodegeneration in antinerve growth factor

transgeni c 1gleCst citfiierdi@theohamdmSah bedBAoR TFed BRGE- 683135-2060)969YW0OA03/ 087035
PCT/ 1 TO3/ 00227 - 50 efore starting the trial, 6 and 12 nonth old m ce

ver e treat geeopt froup wTPaimelsXéteilar cdbpsladsXvi (pedos el Dingld)my kgnday per
os. The controls were age-natched non transgenic mce and transgenic AD 11

m ce t1gat edfop kdbpoRinihe afjebtionhA thiadrgrodg lof @6h agasgehicahicamak f¢2%4d.bys The
cognitive deficit was also induced in a group of 2-nonth non transgenic

mce by subgHtrRafduenagdabdintdhiel on of 0.5 ng/ kg of scopolanine, a
e The efficacy of Galantamine in rescuing the behavioural deficit in AD11
mice was analysed after oral administration of 3.5 mg/kg/day starting from 2
months of age until 6 months of age.
15 To carry out the experiment, the mice were placed in a box made of Plexiglas
(60 cm x 60 cm x 60 cm). The walls and the floor of the box were covered with
opaque, washable material. The box and objects used in this test were also
washable. The box and objects were cleaned up between trials to stop build-up of
olfactory cues. The mice received 3 sessions of 10 min duration in the empty box to
20 allow them to become familiar with the apparatus. During the test, each mouse was
put back in the box and exposed to two identical objects (object Al and A2, for
example 2 cubes 12 cm wide) for 10 minutes. The experimenter measured the total
time spent exploring each of the two objects. Then the mouse was returned to its
cage. During an interval of 1 minute, 1 hour and 24 hours, the objects were
25 removed from the box and one of the two was replaced by its identical copy (A3),

while the other was replaced with a completely new object (object B). After a delay

of 1 min., 1 hour and 24 hours the mouse was put back in the box and exposed to



receptor antagonist (Weiss B, Heller A Mthodol ogical problens in
evaluating the role of cholinergic nmechanisns in behavior. Fed Proc 28,
135- 146, wWeoB)087085 second group of animals received conmpowrad/TXw/02pEr 0S,
15 ng/kg) 20 min. 10 before scopolanine injection. A third group of non
transgenic mce was formed by non-treated non transgenic mce. The
efficacy of Galantam ne in rescuing the behavioural deficit in AD 11 mce
was anal ysed fadhilRE objeet A3dARH i Sermaivi dbjecdB Br 0 Mg KTHedshjess aeiei pigeetir om 2
nont hs of age until 6 nonths of age. 15 To carry out the experinent, the
nice were i feadmeroéationy agasepeliold 6xésyTas exp@finamixadath seasur&Dthen) . The
walls and the floor of the box were covered wth opaque, washabl e

material . g thexXspRate:aidraft sach D€ theitwolohjestst Bsplomeiba tiddesio opsyatihiallye. The
box and objects were cleaned up between trials to stop build-up of

ol factory geffed akhe Hinke® dieeLiwhedh Be 305RE ARectf attéhded nowardatheoobjest t he
enpty box to 20 allow themto becone famliar with the apparatus. During

the tess, QamhitsoN&A, WaSa @ulan&AGist | dedidie thax 2ap6h @oposhe sgedtwirtedent i cal
objects (object Al and A2, for exanple 2 cubes 12 cmw de) for 10 m nutes.
The experi gRBEMInaHBASHdROwhdealéditad usibi i fpMDla @Bl /ONI-NE), ededie OF ist he two
obj ects. Then the nouse was returned to its cage. During an interval of 1
mnute, 1 HRUimanspert ekislbfifg thd @eRbhlgedts ank FetheStime nspestd efpl@ing hthebox and
one of the two was replaced by its identical copy (A3), while the other
was repl acemnitht bbiactconpl et el y new obj ect (object B). After a delay of 1
mn., 1 hour and 24 hours the nobuse was put back in the box and exposed to
WO 03/ 087035 PEE&IEO3/ 00227 - 51 the familiar object A3 and to the new
object B for 10 mn. The objects were placed in the same |ocations as the
previ ous opys. THftcsypdanbicekiietholiailr defieliutat phbdphoriladivaland Bramypiint
exploring each of the two objects. Exploration tinme is operationally
defined as agfrepdtionin dpéd AD1WMmhichafidt@raladagnistiatioat | y attended towards the
object 5 wth its head, at a distance not greater than 2 cmfromthe
obj ect. Th&leutfidegéremtivat InoAD INdecenasrsend erithahgs andiindulipéldvon rul1d (N-F / N
+ F), where Nis

months of age. At this age, the following can be seen in the brain of AD11 mice:

neuronal death, cholinergic deficit (Melchiorre, C, Andrisano, V, Bolognesi, ML,

15 Budriesi, R, Cavalli, A, Cavrini, V, Rosini, M, Tumiatti, V & Recanatini, M.

Acetylcholinesterase noncovalent inhibitors based on a polyamine backbone for

potential use against Alzheimer’s disease. J Med Chem 41, 4186-4189, 1998;

Selkoe, DJ. Alzheimer's disease: genes, proteins, and therapy. Physiol Rev 81, 741-

766, 2001), presence of extracellular B-amyloid plaques (Inestrosa, NC, Alvarez A,

20  Perez CA, Moreno RD, Vicente M, Linker C, Casanueva OI, Soto C, Garrido J.

Acetylcholinesterase  accelerates assembly of amyloid-beta-peptides into

Alzheimer's fibrils: possible role of the peripheral site of the enzyme. Neuron 16,

881-91,1996), dystrophic neurites and intracellular tangles composed of the
hyperphosphorylated form of tau protein.

25  The compound XVI was administered per os in a dose of 7 mg/kg/day for 1 month

| to AD11 mice aged 15 months (n = 6, n is the number of mice used). The treatment

determined an improvement in the number of cholinergic neurons in the basal



the tinme spent exploring the new object, and F the tinme spent exploring the
famliar object. Results 10 (a) Efficacy in blocking cholinergic deficit,
tau phospwarasioatizen and (3-amly oid aggregation in aged p&DUIToswe7 af t er
oral adm nistration Neurodegenerati@p Lh AD11l mice worsens with age and is
fully blowmn at 15 nonths of age. At this age, the follow ng can be seen in
the brain of AD 11 mce: neuronal death, cholinergic deficit (Ml chiorre,
C, Andri sgp@braih (f(Baro@nesi, M., 15 Budriesi, R Cavalli, A Cavrini, V,
Rosini, M Tumatti, V & Recanatini, M Acet¥l chol j nester,astganoncoval ent

i nhi bi t or STHeaaRacebinla soalyalatiore of hykasphasphasylatgdoes sleprgpsed B tBg FF
Al zhei ner's di sease. J Med Chem 41, 4186-4189, 1998; . Sel koe,

) DJ.
Al zhei ner 'tgattidsenls ehe gempsundpXy éfige 1961 in kemapisonprifl placehgstresisd 741-
766, 2001), presence of extracellular (3-anyloid pl aquef (I nestrpsa, NC,

Al varez AmRe (Rgtezl(B), ThemembeRDf thei eollatcentyining Respherylateds 4 jBVEE 01, Sot o
C, Garrido J. Acetylcholinesterase accel erates assenbly of

any| oi - besoarapRiehildis compatmedt avesi approxinatelyrthe same g8 thab o€ agemeihed ¢ he

peri pheral site of the enzyne. Neuron 16, 881-91,1996), dystrophic
neurites amsh tidisgadehlicd @gutealig)es conposed of the hyperphosphoryl at ed
formof tau protein. 25 The conpound XVI was adm nistered per os i.n a dose
of 7 ngl kgleadrhinistrhtiomof the ¢omphbnd XV deseraerd a deqrease iR thepumber of § 5 ¢ he
nunber of mice used). The treatnment determ ned an inpr overrgnt in.,the
nunber of ghalyleiépliquenauABrs mice (hersdde) inpNuBricey v MrerPr158180227 -
52 forebrain (figure 9). The intracellul ar accunmul ation of

hyper phos phdeyifigtirdl IR)UAithoughethe duinher ofepladuss did ras each g ewekthe @Bnpound
XVl (figure 10C) in conparison with placebo-treated mce (figure 10B). The
nunbery of b@ebmddsinm;mmhe@qmmg@ﬂwmeeeﬁwmj1Uh),tmremsmé’@ﬂ?e%ty endritic
conpartnent was approximately the sane as that of age-matched _no

transgeni Cplie® wis different fr@)the one observed in placebo-treated mice: the number o
cells associated with plaques in mice treated with the compound XVI (figure 11C)
was lower than that in placebo-treated mice (figure 11B).

In conclusion the results described demonstrate that: the compound XVI s active

15  even after oral administration and that the compound XVI is able to improve
neurodegeneration also in aged mice in which the pathology is fully blown and in
an advanced stage.

(b) Effects of the Compound XVI on behavioural deficits in AD11 mice and in

mice treated with scopolamine

20  The efficacy of the compound XVI in treating behavioural deficit in AD11 mice
was analysed using the object recognition test. The analysis consists of the
evaluation of the ability to discriminate between new and familiar objects (Bartus,
RT. On neurodegenerative diseases, models, and treatment strategies: lessons
Jearned and lessons forgotten a generation following the cholinergic hypothesis.

25 Exp Neurol 163, 495-529, 2000). AD11 mice show a progressive decrease in this
ability to distinguish new objects from those already explored (Selkoe, DJ.

Alzheimer's disease: genes, proteins, and therapy. Physiol Rev 81, 741-766, 2001).



The adm ni stration of the conpound XVI determ ned a decrease in the nunber
of P-anyloid plaques in AD 11 mce (figure 11 C) in conparison with

pl acebo- t weais@d7038i ce (figure 11B). Although the nunber ofepqi/iagsiex2ti d not
reach the level that can 10 be obseryed_in age-matched non transgenic nice
(figure 11A), the norphol ogy of plaques was different fromthe one
observed in placebo-treated mce: the nunber of <cells associated with

pl agues i nThE cRIminBathtch wiftthe tdompoand AVl (¥Vimg/kg/day eef bsCpllowed dnower t han
that in placebo-treated mce (figure 1 1B). In conclusion the results
descri bed gapmrshent & thbakficit e ADdripnicact Xvhorstha @t =vid), figbreehdrandfl2er or al
adm nistration and that the conpound XVI is able to inprove

neur odegenegiohtisqa =a8;shpuré 1 3)gedegei ce in which the pathology is fully bl own
and in an advanced stage. (b) Effects of the Conpound XVI on behavi oural
deficits i mMhABahé t8st eeasapgliddto mincteantgenid micevidatedseh dicasimpould XWle
efficacy of the conpound XVI in treating behavioural deficit in AD 11 mce
was anapysed miueg befercothp exdiinisteatini dfi wopdlemine. The raicaltsesied witngliest s of
the evaluation of the ability to discrimnate between new and fam i ar

obj ects ( Babingsund RVI didhnoisshowdeg eipns af hmeesh sehwes, ablidaligingaishl the eat ment
strategies: lessons |earned and | essons forgotten a generation follow ng

t he chol i n€sgiliar bjects feeh the 2% dnep (fideme d4). 163, 495-529, 2000). AD 11 mice
show a progressive decrease in this ability to distinguish new objects

f rom t hose Ial dopabligionx phorcethpoGel ROE, isDable 4l aineliorate thedtcagmitivs: defagies,
proteins, and therapy. Physiol Rev 81, 741-766, 2001). WD 03/087035

PCT/ | TO3/ OQ@RRFmined5®y NGF adbprinitsdr dhi trmnsgenicheniconpduby Xdminikeringy/ kg/ day
per os) allowed an inprovenent of the deficit in AD 11 mce at 6 nonths (n
= 10, fogurseogolymaedn han tramspetis nfie.= 8; figure 13) of age. The sane test
was applied to non transgenic nce treated with the conpound XVl 5 20

m nut es bef(oy Bffette ofdhe adminisitation afifthe canpdumdi X¥1 tFAD Il mecet eampazed wi t h t he
conmpound XVI did not show any signs of amesia and were able to disti ngui sh
t he with the effects of other AChE inhibitors

The compound XVI, Galantamine and Tacrine were administered daily to AD11
mice. The drugs were administered per os (compound XVI and Galantamine) or via

15 intraperitoneal injection (compound XVI, Galantamine and Tacrine). They were
administered starting from 1.5 months of age until 2 months of age. Treatment with
the compound XVI and with Galantamine prevented the decrease of the number of
cholinergic neurons in the basal forebrain, while Tacrine aggravated the cholinergic
deficit (figure 15)

20 The compound XVI, Galantamine and Caproctamine were also administered to
AD11 mice from 6 months of age for 15 days. While the compound XVI and
Galantamine were able to rescue the cholinergic deficit in the basal forebrain,
Caproctamine had no effect on the number of cholinergic neurons (figure 16) .
After treatment with the compound XVI for 15 days, starting at 1.5 months of age

25  or 6 months of age, the compound XVI reduced the number of neurons labelled
with antibodies against phospho-tau (figures 17 and 18). Galantamine (figures 17

and 18) and Caproctamine (figure 18) were ineffective.



famliar objects fromthe new ones (figure 14). In conclusion, the conpound
XVI is able to aneliorate the cognitive deficit determ ned by NG

depri vat i w0 03r8ta3ansgeni ¢ m ce and by administering 10 scEuiTasae7 i n non
transgenic mce. (c) Effects of the g&irri nistration of the conpound XVI to
AD 11 mice conpared wth the effectS of other AChE inhibitors The conpound
XVI, Gal antam ne and Tacrine were adm nistered daily to AD 11 mce. The
drugs wer eadripiéh-otlEADeElr mige,( donpdmidstéionaofl tigalcampamiheX Vbrandi a 15

i ntraperitoneal injection (conpound XVI, Galantam ne and Tacrine). They

wer e adm niGalaataeins tahicedthe fektrmeellubr depdsitionafl ARR; whiteiCapogianinhsvasf age.
Treatnent with the conmpound XVI and with Gal antam ne prevented the

decrease ofneffeetiviifigare ). cholinergic neurons in the basal forebrain,
whi l e Tacrine aggravated the cholinergic deficit (figure 15) 20 The

conmpound Xv¥he tfeatnadit amitn eheasvehpGapd OV astaningnetr @ naingts efdegenives @bledtot o AD11
mce from6 nonths of age for 15 days. Wil e the conpound XVI and

Gal ant a#1i NgediRé thamhBbdraficelcaeuinntatiop @-amyosl prothaf incthe hippotdrapusaetal
forebrain, Caproctamne had no effect on the nunber of cholinergic neurons
(figure 16ADWAS hftde. Theahnentsuld isobtdiredcusino Gathnddwing, ovhilkkcCafmpetamatear t i ng at
1.5 nonths of age 25 or 6 nonths of age, the conpound XVI reduced the
nunber of Reditfctiabdidee20)wi th anti bodi es agai nst phospho-tau (figures 17
and 18). Galantanine (figures 17 and 18) and Caproctanine (figure 18) were
i nef f ect i vehe Wan@iai <0863 of RET cbR@3ufiD XV for Baveeks fi®mdnmontiscofAg¥el mi ce,
the adm nistration of the conpound XVI and Gal antam ne reduced the

extracel | ulgaferdaRasi mhked afmekRBtiondf the tehpriorhhddfics, sscccuiradhlse ovithye
(figure 19). The treatnment with the conmpound XVI, starting at 6 nonths of

age, was algfadtamine (figdtedd)t he nunber of cells accunulating (3-anyloid
protein in the hi ppocanpus of ADl1l1 mice. The sanme result is obtained using
Gal ant ami ndp cehélh€ofane oompaindeX VI is as effective as Galantamine, but superior to it
in reverting the aspect of neurodegeneration linked with tau hyperphosphorylation.
Caproctamine was ineffective against all aspects of Alzheimer neurodegeneration.
Note also that in the enclosed figures the data marked “*” present P < 0.05.
15 Example 56

The antioxidant power of XVI was tested, expressed as the ability to capture
oxjfgen radicals, using the kit of Randox Laboratories® Ltd (UK) (Total antioxidant
status) [Rice-Evans C. and Miller N.J. Total antioxidant status in plasma and body
fluids, Methods Enzymol. 234 (1994) 279-293], after suitable experimental

20  modification.

The method used to assess the ability to neutralise free radicals is a
colorimetric method. It is based on the reactivity of a peroxidase compound,
methmyoglobin (6.1 uM) (HXFe 3*) which, in the presence of hydrogen peroxide
(250 uM) in an aqueous buffer with physiological pH, stimulates the formation of

25  oxygen radicals, which it complexes in the form of ferrimyoglobin ("X-[Fe H=0)).

Ferrimyoglobin subtracts an electron from a cation (ABTS®) (2,2’-azino-di-[3-

ethylbenzthiazoline sulphonate]) (610 pM), returning to a methmyoglobin and



was ineffective (figure 20). The adm nistration of the conpound XVI for 2
weeks from 6 nonths of age determ ned a marked anelioration of the

behavi ourwlo @@B7ss5t, as occurred also with 10 Gl ant am needafirgsom221) | n
concl usion, the conmpound XVI is as_e%%e_cti ve as Gal antam ne, but superior
toit in reverting the aspect of neurodegeneration |inked with tau

hyper phosphoryl ati on. Caproctam ne was ineffective against all aspects of
Al zhei mer  padreQeae PEFEsY @b coldRb@raian deteatablent 60Enancl osed figures the
data marked "*" preésent P < 0.05. 15 Exanple 56 The anti oxi dant power of
XVl was test edThexppiasaees fse biypealrhditdly by ancapttidant pposygtein o soditeml s, usi ng
the kit of Randox Laboratories(r) Ltd (UK) (Total antioxidant status)

[ Ri ce- Evangeduces?ihd thirhdiRh ditle col@irdd spatids il dentorispdnding abspttmacetoand body
fluids, Methods Enzynol. 234 (1994) 279-293], after suitable experinental
20 nodi fi cghpam at hedimiddod used to assess the ability to neutralise free
radicals is a colorinetric nethod. It is based on the reactivity of a

per oxi dgse CONPQURerend® bhtidsa@inebible(H. hhiit (IXickrodogahiccteaction e pr esence
of hydrogen peroxide (250 p.M in an aqueous buffer w th physiol ogical pH,
stinul at es gfh@ef @6gBAHINGNHNO¢ondentRXBHLH Watkdisohibte desivative bf Vitenyd Exess i n t he
formof ferrimyoglobin (' X-[Fe 4+=0]) Ferrinyoglobin subtracts an el ectron
froma cat Qs (PAEBRN6-heddxy-2Z,T\8-tetranhhyletiropiah@neitnixgiohtide sul phonat e] )
(610 M, returning to a methnyogl obin and WO 03/087035 PCT/1T03/00227 - 55
transforni ng ABhS(whitd i8tOmpedca s Hosphale balfer (B8tmbt, abl 24)pmethdyogtabin The
capturing of free oxygen radicals by an antioxidant present in a solution
reduces t hgnfiXmes? arubited BE3 0, tier RftraRe cortaina in additon diroles wdarildithey
absorbance to 600 mm at fixed tinmes. 5 As reference antioxidant, able to

i nhi bi { ot heERIOTRERRN i@ deRiohiteNcdnipdnd KANNEhe spaaidiny,@nwaoailedin at i on, a
wat er - sol ubl e derivative of Vitamn E was

each test and the absorbance was read at 600 nm at fixed times (to and after 3 min.).
The percentage colour loss of the white can be used as an indication of the

antioxidant activity of the sample tested.

% inhibition= AADS white- AADS test / AADS yhite X 100

15 The following data were obtained:
concentration [pM] % inhibition*
Trolox 27 57.6£0.9
XVI 170 44.143.7

* Mean of two independent measurements, repeated in triplicate

The modification of the method shown concerns the addition of human serum
albumin (25 pM) in the sample containing the compound XVI to assist its
solubilisation and its respective white.

20 In the system described, the compound XVI demonstrated an antioxidant
activity (capture of free radicals) because it inhibited the formation of the coloured
radical species. The antioxidant power of the compound X VT is about 6 times lower
than Trolox. However it must be stressed that the compound XVI was tested in the

oxidated quinonic form, which in vivo in contact with the enzymatic reducing



used, Trol ox (6-hydroxy-2,5,7,8-tetramethyl chroman-2-carboxylic acid). The
white is conposed of phosphate buffer (80 mM pH 7.4) nethnyogl obin and
ABTS(r) iwousasadsat 37C, the reference contains in additirar/amosonx7 whil e
the 10 sanple contains in addition %ge conmpound XVI. The substratum H202
was added in each test and the absorbance was read at 600 nmat fixed tines
(to and after 3 min.). The percentage colour |oss of the white can be used
as an i ndi GAidan @l bd Resf@iel Sitb dRNnoRKlivE hydrofuinbdc saupédforest ed. %%

i nhi bition= S ite AAbs test / AAbs white x 100 15 The follow ng data
wer e obtained: concentration [pM % inhibition* Trolox 27 57.60.9 XvI 170
44.13.7 * Mean of two independent neasurenents, repeated in triplicate The
nodi fication of the nmethod shown concerns the addition of human serum
albumin (25 M in the sanple containing the conpound XVI to assist its
solubilisation and its respective white. 20 In the system described, the
conpound XVI denonstrated an antioxidant activity (capture of free

radi cal s) because it inhibited the formation of the coloured radical

speci es. The anti oxi dant power of the conpound XVI is about 6 tinmes |ower
than Trol ox. However it nust be stressed that the conpound XVI was tested
in the oxidated quinonic form which in vivo in contact wwth the enzymatic
reduci ng WO 03/ 087035 PCT/1T03/ 00227 - 56 systens, can be transforned
into the nore active hydroqui nonic reduced form WD 03/087035
PCT/ 1 TO3/ 00227 - 57 CLAIMS 1.- 2,5-bis-diamne-[1, 4] benzoquinonic
derivative having a general formula (I):



(1) ORBR X RA NNRI RIT\tl /2\Il RS X R2 R3 05 wherein Rl represents a
substituent chosen fromthe group consisting of- - a hydrogen, - a

sat ur at edwaro3uwsmassur at ed, linear or ram fied al kylic groupafiThs/eredne to
five carbon atons, and - a substi tgeg{zl having an attractor electron

i nductive effect; 10 R2 and R3 each dependently of the other, represent a
hydrogen or a saturated or unsaturated, linear or ramfied alkylic group
presenting fromone to five carbogapd™;S R4 and R5, each independently of
the other, represent a substituent chosen fromthe group consisting of -

hydrogen, 15 - ja Saih-dihReheol Ab&Rbyliabee detivaberhaving ageéreldfoatnklal i ¢ gr oup

presenting fromone to five carbon atons, - Owe, and - SMe; X represents
a radi cal (mpsen fromthe group consisting of:: 20 - -HC=CH, - -HC=N, -
-S-, - -0-, "and WD 03/087035 PCT/1T03/00227 - 58 - -NH; T represents a
saturated or uppaturated, linear or ramfied alkylic group presenting from

one to four carbon atons;
0 R; Ry X

R4 N ~ Z/N ~ T Ry
T _Z-
R; \.[TI e ITI RS
X > R O
5 wherein R; represents a substituent chosen from the group consisting of:

- ahydrogen,
- a saturated or unsaturated, linear or ramified alkylic group of from one to
five carbon atoms, and
- a substituent having an attractor electron inductive effect;
10 R, and R3 each independently of the other, represent a hydrogen or a
saturated or unsaturated, linear or ramified alkylic group presenting from one to
five carbon atoms; R4 and Rs, each independently of the other, represent a
substituent chosen from the group consisting of:
- hydrogen, |
15 - a saturated or unsaturated, linear or ramified alkylic group presenting
from one to five carbon atoms,
- OMe, and
-  SMe;
X represents a radical chosen from the group consisting of::
20 - -HC=CH-,
- -HC=N-,



Z represents a saturated or unsaturated, linear or ramfied alkylic group
5 presenting fromtwo to thirteen carbon atons. 2.-

2, 5- bi s- diani3s7(33, 4] benzoqui noni ¢ derivative having a germmaros/eneul a (1)
according to claim1, wherein R repggsents a substituent chosen fromthe
group consisting of: - a hydrogen, 10 - a substituent having an attractor
el ectron inductive effect. 3.- 2,5-bis-diamne-[1, 4] benzoqui noni c
derivative having-MHgeneral fornmula (1) according to claim1, wherein R
represents a substituent chosen fromthe group consisting of: - a
hydrogen, 15 T sephesenigen saturatpdopr upseturatede dinemp oniamifed alkylic igiidpendent | y
of the other, represent a hydrogen or a saturated or unsaturated, |inear
or ramfi e@rabmj&igﬁorgmarboms@gonh@ﬁfsrom one to 20 four carbon atons; R4
and R5, each independently of the other, represent a _substituent chosen
from the groupZcoepsésnisng sefurated oy dumsgtorated, linesmon ramiftpdoplkyhe 2ot ed,
linear or ramfied alkylic group of fromone to five carbon atons, 25 T

r epr eseht s paessuiing fomdworto thngegnuaghosdiforhs.near or ramified al kylic group
presenting fromone to three carbon atons; Z represents a saturated or
unsat urat ed, | i2ne?b-tos-diearing-[ ledfbendoghinenigrdsuiyative he/ims zseRCiympdB/ 00227

- 59 presenting fromtw to twelve carbon atons. 4. -

2, 5- bi s- di dBiaceorflingAp edaimoly wheoin &1 ekprésentsiasabstivem gheseg droat Hie growmrul a (1)
according to claiml1l, wherein Rl represents a substituent chosen fromthe
group consisting of:

- ahydrogen,
10 - asubstituent having an attractor electron inductive effect.
3.- 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general formula
(I) according to claim 1, wherein R; represents a substituent chosen from the group
consisting of:

a hydrogen,

15 a halogen,

NOz, and

- MeO;
R, and Rs, each independently of the other, represent a hydrogen or a
saturated or unsaturated, linear or ramified alkylic group presenting from one to
20 four carbon atoms; Ry and Rs, each independently of the other, represent a
substituent chosen from the group consisting of:
- hydrogen,
- asaturated or unsaturated, linear or ramified alkylic group of from one to
five carbon atoms,
25 T represents a saturated or unsaturated, linear or ramified alkylic group
presenting from one to three carbon atoms;

Z represents a saturated or unsaturated, linear or ramified alkylic group



consisting of 5 - a hydrogen, - a halogen, - MO R2 and R3, each

i ndependently of the other, represent a hydrogen or a saturated or

unsat ur at e o3losmsar or ram fied al kylic group presenting fraammosi@2e 10
two carbon atons; R4 and R5, each iLndependently of the other, represent a
substituent chosen fromthe group consisting of - hydrogen, - a saturated
or unsaturated, linear or ramfied alkylic group of fromone to four

car bon at ormsesentingdrpmgmede hvelve pabemdPBS| - HC=CH or the radical -0-; T
represents the radical -CH2-: and Z represents a saturated or .unsaturated,
linear or rani f-edSaikgiamingl bhibenzonuisenici drgivarighavipe taogeél@@iaﬁo $Hon
atoms. 5.- 2,5-bis-dianmne-[1,4]benzoquinonic deri vagi ve having a general
formul a 20I)acyordingtodilaim 1,ovhkerein M zepreggnisapyubsiipeny ¢ OW&?%QW; 8P and R5,
each independently of the other, represent a substituent chosen fromthe
group consiconipign®et:: - hydrogen, - a saturated or unsaturated, |inear or
ram fied alkylic group of fromone to five carbon atons, 25 - a ramfied
al kyl i c5group of fhydioghee to four carbon atoms, Z represents a saturated
| i near al kylic group presenting fromtwo to seven carbon atons. WO

03/ 087035 PCT/ I-TO¥mdogen, - 60 6.- 2,5-bis-dianine-[1, 4] benzoqui nonic
derivative having a general formula (lI) according to one of the clains
from1l to 4, wher®eD:RL is in position 2 with respect to T.

R, and Rj, each independently of the other, represent a hydrogen or a
saturated or unsaturated, linear or ramified alkylic group presenting from one to
10 two carbon atoms; R; and Rs, each independently of the other, represent a
substituent chosen from the group consisting of:
- hydrogen,
- a saturated or unsaturated, linear or ramified alkylic group of from one to
four carbon atoms,
15 X represents the radical -HC=CH- or the radical -O-;
T represents the radical ~-CH;-; and
Z represents a saturated or unsaturated, linear or ramified alkylic group
presenting from two to seven carbon atoms.
5.- 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general formula
20 () according to claim 3, R3 represents a hydrogen; R4 and Rs, each independently
of the other, represent a substituent chosen from the group consisting of::
- hydrogen,
- asaturated or unsaturated, linear or ramified alkylic group of from one to
five carbon atoms,
25 - aramified alkylic group of from three to four carbon atoms,
Z represents a saturated linear alkylic group presenting from two to seven

carbon atoms.



7.- 2,5-bis-diamne-[1, 4] benzoqui noni ¢ derivative having a general fornula
5 (1) according to one of the clains from1l to 5, wherein Z represents a
sat ur at edwd e3rmszm3sal kyl i ¢ group presenting fromtwo to sewEaT/i@as/tier at ons.
8.- 2,5-Bis-{6-[ethyl-(2-nethoxy-bengyl)-amn no]-hexyl am no}-

[ 1, 4] benzoqui none (XVI). 9.- 2,5-Bi s-?

3-[ et hyl - (2- et hoxy-benzyl )-am no] - propyl am no}- 10 [1, 4] benzoqui none
(XI'1). 10.- 2, %-B,5-HiBdiahmez}il4]bernrptuiaonio alerivatvel Bavinmpp -geasral femubayui none
(Xvil). 11.- 2,5-Bis-{ 6-[ethyl-(3-nmethoxy-benzyl)-am no]-hexyl am no}-

[ 1, 4] benzoqD)i aeondigxdexdnd df thk2claims from 1 to 4, wherein R, is in position 2 with
2,5-Bis-{6-[ethyl-(4-nmethoxy-benzyl)-am no]-hexylam no}- 15

[ 1, 4] benzogespsetrie T XXXVI ). 13. -

2,5-Bis-{2-[ et hyl -(2-nmethoxy-benzyl)-am no]-ethyl am no}- [1, 4] benzoqui none
(XLV). 14.- 2, 5--Bp §-Hisdiaetite| 14]Bemmtyhianyic hienixytiye having h-deegal famiuko} -

[ 1, 4] benzoqui none (IL). 20 15.-

2, 5- Bi s5{ 6[)(acomlitpxy ohxe 0f Yie) elatatshiyorani twp; tvheneina#i repiesdnls 4]satukmted oqui none
(LIV). 16.- 2,5-Bis-{6-[ethyl-(2-methoxy-benzyl)-am no]-hexyl am no}- 3, 6-

di net hyl - [ 1inérdileylicogroupm preserfting)frond &vo to seven carbon atoms.

2,5-Bi s-[6-(2-nmet hoxy-benzyl am no) - hexyl am no] -[ 1, 4] - benzoqui none 25

(LI'). 18.- 2, 5-88ix5{Hs{6ibhyl-CunethoRy-bénrst)ranhinalherylanmiesy ami no] -
[ 1, 4] benzoqui none (XLI). WD 03/087035 PCT/|T03/00227 - 61 19.-
2, 5- Bi s-{ 6-[[ ditepkzequdnsniet r ¥BHNzyl ) - am no] - hexyl ami no }- [1, 4] benzoqui none
(XXI'X). 20.- 2,5-Bis-{6-[ethyl-(2-chloro-benzyl)-am no]-hexylam no }-
9.- 2,5-Bis-{3-[ethyl-(2-methoxy-benzyl)-amino]-propylamino}} -
10 [l1,4]benzoquinone (XII).
10.- 2,5-Bis-[6-(benzyl-ethyl-amino)-hexylamino]-[1,4]benzoquinone (XVII).
11.- 2,5-Bis-{6-[ethyl-(3-methoxy-benzyl)-amino]-hexylamino}-
[1,4]benzoquinone (XXXIII).
12.- 2,5-Bis-{6-[ethyl-(4-methoxy-benzyl)-amino]-hexylamino}-
15 [1,4]benzoquinone (XXXVII).
13.- 2,5-Bis-{2-[ethyl-(2-methoxy-benzyl)-amino]-ethylamino } -
[1,4]benzoquinone (XLV).
14.- 2,5-Bis-{ 7-[ethyl-(2-methoxy-benzyl)-amino]-heptylamino } -
[1,4]benzoquinone (IL).
20 15.- 2,5-Bis-{6-[(2-methoxy-benzyl)-methylamino]-hexylamino}-[1,4]-
benzoquinone (LIV).
16.- 2,5-Bis-{6-[ethyl-(2-methoxy-benzyl)-amino]-hexylamino}-3,6-
dimethyl-[1,4]-benzoquinone (LV).
17.- 2,5-Bis-[6-(2-methoxy-benzylamino)-hexylamino]-[1,4]-benzoquinone
25 (LD.
18.- 2,5-Bis-[6-(ethyl-furan-2-ilmethyl-amino)-hexylamino]-

[1,4]benzoquinone (XLI).



[ 1, 4] benzoqui none (XVII1). 5 21.- 2,5-bis-diamne-[1, 4] benzoqui nonic
derivative according to one of the clainms from1 to 19, for use as a

medi canmenwo0 3287032, 5- bi s-di am ne-[ 1, 4] benzoqui noni ¢ der i vadivigoaerer di ng to
one of the clainms from1 to 20, for.the treatnent of Al zheiner's disease
in mamal s. 23.- Pharmaceutical preparation characterised in that it
conprises a 2,5-bis- 10 di am ne-[1, 4] benzoqui noni ¢ derivative according to
one of the cl aj9rs25rBigA{6-[tthyRQ@-nitrosbenzyd)-aminof-hepflamima¢eut i cal | y accept abl e
salts and a pharnaceutically acceptable excipient and/or diluant. 24.-

Met hod f or[1M]Bgaoytigofe XML s- di ami ne-[ 1, 4] benzoqui noni ¢ derivative
according to one of the clains from1 to 20; the nmethod conprising a

nucl eophi | e  120.sp5sBist{6t [iethyl-(Phedexo-benzyraminadtheaylpminenz oqui none having a
general formula (MII1): (MIIl) a substitution is made with a first

i nt er medi afie4 pengauiddn8@XVIE. a general formula (VII): O R4 RS (VII) R
T~ N,ZIl NH X R2 R3 20 in order to obtain the

2, 5- bi g5 di ami ngt [ 12, sbRetiaomei hditenzatminonit deréyakiae iangprding\®o 0810 7385
PCT/ 1 TO3/ 00227 - 62 general fornmula (1). 25.- Method according to claim
24, and copRpihsiea leiohyx falugs bssa phdisamentn  whi ch a second internedi ate
conpound having a general formula (VI): (VlI), RL T- , Z
20.- 2.5-bis-diamine-[1,4]benzoquinonic derivative according to one of the
claims from 1 to 20, for the treatment of Alzheimer’s disease in mammals.
23.- Pharmaceutical preparation characterised in that it comprises a 2,5-bis-
10  diamine-[1,4]benzoquinonic derivative according to one of the claims from 1 to 20,
or one of its pharmaceutically acceptable salts and a pharmaceutically acceptable
excipient and/or diluant.
24.- Method for preparing a 2,5-bis-diamine-[1,4]benzoquinonic derivative
according to one of the claims from 1 to 20; the method comprising a nucleophile
15  substitution phase, in which on a p-benzoquinone having a general formula (VIII):
(VIID

a substitution is made with a first intermediate compound having a general

formula (VIL):

(VII)

20 in order to obtain the 2,5-bis-diamine-[1,4Jbenzoquinonic derivative having a



N NCOOD X R? R3 5 in which Drepresents a Bn or another protective group
that is substantially stable in a basic environnent, is hydrolysed in
order to olt@ios7isai d first intermnmediate conpound havi ng aayames/al22f or mul a
(VI1). 26.- Method according to claiyg25, and conprising an addition phase,
in which a third internedi ate conpotfhd having a general formula (1V): 10
(I'V) RI~-T\N~Z~NOOOD X H R3 is nade to react in the presence of a base with
a conpoundgéﬁ@ﬁéyﬂgnﬁlggmeral formula (V): (V) (RRfA 15 in which Ais an
attractor electron group, and f is 1 or 2 in order to obtain said second

i nternedi ate coNPMIBLdaMoRng t@ elaih 84, fand ruhldrifivl Ja. hriFolysivithase] imceor di ng
to claim 26, and conprising a second addition phase, in which a protected
(am no- al kyhich GaekeHd intchabdatbauinpeul Igeiey agerkrl farhmla (V)=  (11), H N
NCOOD H R3 20 is added to a conpound having a general forrmula (I11): WO
03/087035 PCT/ i§3/ 00227 - 63 R eT-E X (Ill), in which E represents a

resi due chosen fromthe grou;%/ consisting of:

Ry \§/ “NcooD
X Ry R;3
5 in which D represents a Bn or another protective group that is substantially

stable in a basic environment, is hydrolysed in order to obtain said first
intermediate compound having a general formula (VII).

26.- Method according to claim 25, and comprising an addition phase, in
which a third intermediate compound having a general formula (IV):

10 Iv)

is made to react in the presence of a base with a compound having a general

formula (V):
™)
Ro)6A,
15 in which A is an attractor electron group, and fis 1 or 2 in order to obtain

said second intermediate compound having a general formula (VI).
27.- Method according to claim 26, and comprising a second addition phase,

in which a protected (amino-alkyl)-carbamic acid having a general formula (II):

(1,

20 is added to a compound having a general formula (III):



=0, - -d, 5- -Br, or -l; in order to obtain said third internedi ate
conpound having a general fornmula (1V); with the condition that where E
repr esent wo=@/08fmss net hod conprises a reduction phase i n @aaaTos/@2obt ai n
said third internmedi ate conpound hgvé?g_a 10 general fornmula (1V). 28.-

I nt er nedi at e conpound having a general forrmula (VII) according to claim
24. 29.- Conpound having a general forrmula (VI) according to claim25.

30. - Conpound having a gener alR; ITiF(IV) according to claim?24. 15 31.-
Use of a 2,5-bis-diamne-[I,4]b ui noni ¢ derivative according to one of
the clains from1l to 20, for the B?oduction of a pharmaceutical preparation
for the treatnment of Al zheiner's disease in mammals. 32.- Use of a

2, 5- bi s-di ami n@1).1, 4] benzoqui noni ¢ derivative according to one of the
clainms from1l to 20, for the production of a pharmaceuti.cal .preparation for
20 the treat meit whichFarepresenis @ testdug cheseardiorp hegyounianeitiag 6f R anyl oi d
protein (AR) in manmmls. 33.- Use of a 2,5-bis-diam ne-[1, 4] benzoqui noni c
derivative accerdi®g to one of the clains from1l to 20, for the production
of a pharmaceutical preparation for the treatnment of degenerative

pat hol ogi es of -t h€lnervous systemin mammals. 25 34.- Method for the
treatment of Al zheiner's disease in a mammal; the WO 03/ 087035

PCT/ | TO3/ 00227~ --Bgdor met hod conprises the administration to said mammal of
an efficacious quantity of a 2,5-bis-diam ne-[1, 4] benzoqui nonic derivative
according to one ek the clains from1 to 20. 35.- Method for the treatnent

of the disease of a pathology characterjsed by ]
in order to obtain said third intermediate compound having a general formula

(IV); with the condition that where E represents =O the method comprises a
reduction phase in order to obtain said third intermediate compound having a

10  general formula (IV).

28.- Intermediate compound having a general formula (VII) according to
claim 24.

29.- Compound having a general formula (VI) according to claim 25.

30.- Compound having a general formula (IV) according to claim 24.

15 31.- Use of a 2,5-bis-diamine-[1,4]benzoquinonic derivative according to one
of the claims from 1 to 20, for the production of a pharmaceutical preparation for
the treatment of Alzheimer’s disease in mammals.

32.- Use of a 2,5-bis-diamine-[ 1,4]benzoquinonic derivative according to one
of the claims from 1 to 20, for the production of a pharmaceutical preparation for

20  the treatment of pathologies characterised by deposits of f-amyloid protein (AB) in
mammals.

33.- Use of a 2,5-bis-diamine-[ 1,4]benzoquinonic derivative according to one
of the claims from 1 to 20, for the production of a pharmaceutical preparation for
the treatment of degenerative pathologies of the nervous system in mammals.

25 34.- Method for the treatment of Alzheimer’s disease in a mammal; the



5 deposits of (3-anyloid protein (AR) in a mammal; the nethod conprises the
adm nistration to said mammal of an efficacious quantity of a

2, 5- bi s- diwani3ns703f 1, 4] benzoqui noni ¢ derivative accordi ng trRETames/@R21t he
claims from1 to 20. 36.- Method forgfhe treatnment of degenerative
pat hol ogi es of the nervous systemin a manmal; the nmethod conprises the
adm nistration to said mammal of 10 an efficacious guantity of a
2, 5- bi s- dimethoé-cbinpajdsethe adminisiration de s4i¢ amanyeal cé@@cﬂﬂgwgw SuaHEY Of t he
claims from1 to 20.
a 2,5-bis-diamine-[1,4]benzoquinonic derivative according to one of the claims
from 1 to 20.
35.- Method for the treatment of the disease of a pathology characterised by
5  deposits of B-amyloid protein (AB) in a mammal; the method comprises the
administration to said mammal of an efficacious quantity of a 2,5-bis-diamine-
[1,4]benzoquinonic derivative according to one of the claims from 1 to 20.
36.- Method for the treatment of degenerative pathologies of the nervous
system in a mammal; the method comprises the administration to said mammal of

10 an efficacious quantity of a 2,5-bis-diamine-[1,4]benzoquinonic derivative

according to one of the claims from 1 to 20.



