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DERI VATI VES FOR THE TREATMENT OF ALZHEI MER S DI SEASE, A PROCESS FOR THEI R
PREPARATI ON AND | NTERVEDI ATES THEREFOR TECHNI CAL FI ELD The present

i nvention concerns new 2, 5-bi s-di am ne-[1, 4] benzoqui nonic derivatives. The
invention also concerns a use of these conpounds as nedi canents, 10 in
parti cul‘% ;I[%rmts he treatnent of Al zheiner's disease, bEfifoss for the
creation of phar maceutical preparations for the treatnment o | zhei mer' s

di sease, pharmaceutical which €ohtain them nethods for preparing them and
internedi ates of said nethods. The present invention also concerns a use
of 2,5-b g-di;amnesd 4l Bﬂéo&ﬁﬁéﬁbﬁﬁ%ﬁ%@%ﬂ&%'%ﬁﬁf dgzhe production
of a phanpBeGiks ¢AbrRASDAE 3kbORs PORVIHIER DRhEOREFokSadViGkferrAts)

anti - agor egai=khe properties and for the treatnment of degenerative

pat hol ogi es of the nervous system BACKGROUND ART Al zheiner's di sease (AD)
is a neurodegenerative syndronme generally' linked 2 0 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 though sone drugs have recently been put on the market,
ai red especially at the control of the 25 cognitive synptons. These drugs -
tacrine (Cognex(r)?), Donepezil (Aricept’'O and R vastigmne (Exelon(r))
-- share thergemNEadl PIELI®EChani sin, which consists of the inhibition of
ace tylcliolThesterase (ACNE). WD X13/( 7035 PCT/|T03/ 00227

The present invention concerns NEw 2,5-bis-diamine-[1,4]benzoquinonic

derivatives. The invention also concerns a use of these compounds as 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 recenily been put on the matket, aimed especially at the control of the

é5 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 ACWis founded on the
observation that the neuron degeneration associated with AD occurs
prevalently in cerebral areas innervated by cholinergic neurons. The |oss
of cholinergic activity in those areas (cortex and hi ppocanpus,
especially) would be responsible for the 5 cognitive dysfunctions typical
of AD. AGREshsnishe enzyne that inactivates the choli peg@fdEmno7
neurotransmitter acetylcholine (ACh), and the hypothesis has been
expressed that the block of the=-fénctioning of this enzyne could prol ong
the stinulation of the receptor, strengthening cholinergic transm ssion.

The known d ment. o b Yhidifi ot AChrRR fhinded biotheof this
hypot hesi s ciﬁ?gﬁr@%hkcaﬁgﬁﬁﬂgﬁéﬁc&ﬁ?%m%sis" (Bartus, R T.; Dean, R L.,

3rd; Beer, B . Li : ; LR d0NEh AVRstine picvaladtlygiar i atri c menory

dysfuncti%ﬁ?w@ghggaggwf@rﬁﬁd%%%h%%dcp. 408-414). ngever, one cannot

over | 00k LG} LiThdifinQlarlDbyctRRREABSEYAI T logtShnegebmtiaintinal |y 1n the
on

| ack of &¢tq e prodressionh of the disease and in the presence of

undesi r e%&%'%r@atse{cj@lltexe Lfi ﬁocam@ﬁscfésﬂebiﬁl;lf) Wegage regdndlla fonthece the 15

patient tO I nterrupt taking one of the rugs nentioned above. Although the
strengt hep fdﬁﬁ%’ﬁbﬁbe il & ADS KCHE] @ thd biiayghthtthisadtivitediltsi on  of AchE
is a gief%fgﬂg‘ﬁegr%ac to Eyge treatment of cognitive synptons associ ated

with AD ihiR@sic REREtAMiRGeReBIcheIbreChQatnd the lypotheds havbewdns and the
consequent appearance of cognitive synptons are the result of a cascade of

bi ocheni calregisanhs 20 Blbdrkefithei furictivhiag oxfethisrapeyroe icorld awolpme &%yl oi d protein
in certain cerebral areas. This protein tends to aggregate, form ng
exct r acel dimludfiiofl Ot tréceptohi sttengfheningr ehoncrgicttrasmissiph.cEie K¥%ons found i n
the brain of AT) patients: senile plaques. The presence of t(ﬂese pl aques
produces dggaieaRcnedfabave idafitealiat theyapahention i afafisy BYRofisEs | Allhe
surrounding tissue, triggering a chain of toxic eveﬁt_ i‘ [ ngl gdi ng an
i ncrepse bolideegie ypitwsish Byrtuat Rohs Bratt & Lpr lePst® BudiiPd the" acti vation of
enzynes of inflanunation d to the formation, of. o;%aenatl radi cal speci es.
The pr ogr Besétulinegicrepotbets ehearigiriconeney | ysingtiog ipossThility of
controlling the spread of these WO 03] 0870 . , .
2197, p. 408-414). However, one cannot over‘oo the ?mns of this approach which
consist substantially in the lack of action on the progression of the disease and in
the presence of undesired collateral effects, which limit dosage and can induce the
15  patient to interrupt taking one of the drugs mentioned above.
Althongh 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 recenily been proposed that the loss of neurons and the consequent
appearance of cognitive symptomms 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 profein, 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



PCT/ 1 TO3/ 00227 harnful effects. It is therefore necessary to discover

phar macol ogi cal instrunents that are able to act as far upstream as

possi bl e in the neurodegenerative cascade. Moreover, it is inmportant to
stress that there axe other pathol ogi es besides Al zheiner's disease
characteri sed by deposits of Al13. These pathol ogies include: 5 Down's
syndr one itary cerebral haenorrhage associ ated w i dosi s of

t he " Dut ?r?nl%{‘/’%@&‘t anyl oi dosi s associated with chroni cvidlctnT F%W%?l ons,

anyl oi dosis associated with nultile nyel omas and ot her dyserasias of the
B | ynphoid haematic cells, arnyloidosis associated wth diabetes type I1I,

anyl oi dosj s sqgci at.ed ] I IV} ¥eRsnStseh as

Cr eut zf el f&“t‘“—’@il?ﬁ%ctg‘ Iﬁilsstggggpe %g&&?géggﬁdgy %ﬂ%{oﬁ%ﬂl er syndrone, Kura
and scrapje in 0 At lefativs cikb@Rl that there
T0OSETT TPl R Bl et 23D polShU A AR Bl oBLARL TN

treatment, of A i rgat Bl Rfe PR REleP HaBBloghl abesideer i sed by
deposits S ?f%.’ %Bﬁ%d%@g&ﬁﬁt I I\SNENTI C]{le 15 The g% m of the invention is

t herefore Al Z?leiﬁépgﬁsegﬁéﬁﬁ!}aﬁ&&%d tbpq{ep&ﬁgl 0P @ puUTBeket athol@lea rifichgi: i n t he

treatment”™ 0 { he ot hef syndrones connected to the accunulation

of AQ,gi UDB%%is?ﬁd:%e,ﬂfeFe\‘iﬁﬁ& E&%rﬁl@ia@m&@lﬁ‘dﬁ_é@ds@éiht@@uﬁtﬁBﬁiybidokib_Gvf degenerati ve
pat hol 0ogi €s 0 e nervous system According to the present invention a

2, 5- bi s- dipariyenipt] HRNERAGKAsSRtlded Wi desiiy Biffameatiens; emjlbslesis havi ng a
general formula (1): (Igl in which RL represents a substituent chosen from
the group,&eRskd twiftd nfildpl Henaes, andQoibd JBeasias RCThe I dpBid7 a sat urat ed
or unsaturated; linear or ramfied alkylic group of fromone to five

car bon at gagenaiid 86lls, amyloidosis associated with diabetes type II, amyloidosis associated

with diseases deriving from pryons such as Creutzfeldi-Jakob’s disease, the
10  Gertsmann-Straussler syndrome, Kuru and scrépie 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):

@

O 11{3 1}2 X
Ry N”‘z’N“‘T@ R
RO
X R, R O

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

- ahydrogen,



a substituent having an attractor electron inductive effect; R2 and RS,
each independently of the other; represent a hydrogen or a 5 saturated or

unsaturated, linear or ramfied alkylic group presenting fromone to five
carbon atons; R4 and Rs, each independently of the other, represent a
substituent chosen fromthe group consisting of: - hydrogen, a saturated or

unsat ur ar or ramfied al kylic group presentlﬂt@ tddholsz0m one to
five car % %‘}8%3? Ove, and SMe; X represents a radi ca 3ﬁ]sen fromthe

gr oup COI’ISI sting of: -HC=CH, 15 -4-HC=N-, T represents a saturated or
unsaturated, |inear or ram'fi ed aI kylic group 20 presenting fromone to

four carbon atons; é %Pﬁfsﬁt%&tt &?Bf‘faﬁnﬁféaaﬂ{yhb'%flrﬁ?%ﬁbﬁ%mlt‘b near or

ram fied al ky"lla %ﬂ,u presen rng fromtwo to t een carbon at ons;

preferably RL r t stituent chosen fromthe group consisting of
a hydrogen, 2a -%%agég E{t%o ﬂéj#to having an attractor el ectron inductive

ef flect . Pref of ali petflof o aRlseropliamonsndbivtloang oqui noni o derivati ve
havi ng a generaal ormi R, represents a substituent chosen fromthe

ﬂr oup consi SM%M ( )aacﬂ%&&%ﬁ&&ﬁy%fﬁﬁg HHHEEBePREaAT a- hadrbgetir agen, - a
al ogen, nd
5 saturated or unsaturated, linear or ramified alkylic group presenting from one to
five carbon atoms; R4 and Rs, each independenﬂ}-r of the other, represent a
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-,

- -8

- -0-,and

- -NH-

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

20  presenting from one to four carbon atoms;

7 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 - asubstituent having an attractor electron inductive effect.
Preferably, in the 2,5-bis-diamine-[1,4Jbenzoquinonic derivative having a

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



5 - MO R2 and R3, each independently of the other, represent a hydrogen
or a saturated or unsaturated, linear or ramfied al kylic group presenting
fromone to four carbon atons; R4 and R5, each independently of the other,
represent a substituent chosen fromthe group consisting of: 10 -

hydrogen, - a saturated or unsaturated, linear or ramfied aIkyIic gr oup
presenti f one to five carbon atons, X represent | chosen
fron1the%g%%ﬂ%ﬂ§%nsisting of: -1 I1C=CH 115 - -1IC=N-, éb?g%reegﬁts a
saturated or unsaturated, |inear-abBkyl presenting fron1one to 20 three
carbon atons; Z represents a saturated or unsaturated, |inear alkyl
presentin% fromtw to twelve carbon atons. Preferably, in the

2,ti-his fat ni ne- 1" 1, 4] benzoqui notlic derivative having a general formula
(1). R represent substltuent chosen fromthe group consisting of: 2 5 -
a hydrogen, 18@% % MeO WD 03/ 087035 PCT/ | T03/ 00227 and R3, each
|ndependently of #iher, represent a hydrogen or a saturated or

unsat ur at ed, |near ylic group presenting fromone to two carbon atons;
Ra and R5, each Nﬂpeagndently of the other, represent a substituent chosen
fromthe group con§|st|ng of: 5 - hydrogen, - a saturated |inear or
ranlflgd aIkyquwggpup presenting fromone to four

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
four carbon atoms; R4 and Rs, each independently of the other, represent a
substituent chosen from the group consisting of:
10 - hydrogen,
- 2 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 (1), R, represent a substituent chosen—from the group consisting of:
25 - ahydrogen,
- ahalogen,

- MeO;



carbon atons, X represents the radical -HC=CH or T represents the radical
-CM2-; and 10 Z represents a saturated linear alkyl presenting fromtwo to
seven carbon atonms. According to particularly preferred enbodinments, in
the 2,5-bis-dianrine- [1,4]benzoquinonic derivative having a general
formula (1) R represents a substituent chosen fromthe group consisting

of 15 - @qt}%m,}a%en, - a halogen, - MO R2 representp%,l,?,r‘l"t%g{zggen or a

saturate I"near al kylic group, presenting from one to two carbon atons;
R3 represents a hydrogen; R4 and- RS- each independently 20 of the other,
represent a substituent chosen fromthe group consisting of: hydrogen, a
saturated linear alkylic group, pr

esenting fromone tao two rbon atons, a
ramified al kyRa andgRouppchindeperderily of the oW reéegrgseptoarhy@)éqg%ﬁ?a ons, X
represents the radical -11CCH, or -0-; 25 T represents t di cal -CH2-;
Z repr eseftwated opppanraled. IhP??ééilkyﬁF ISSAUP S EE; (SHPP%FR f"v\/\%g‘ﬁ%&geven car bon
atons. WD 03/087035 PCT, 03/ 00227 P icul arl r.ef erred e enbodi nents
accor di ngatewsivite @8 Rsn eqchdn P@’%ﬁ?@&{fﬁ% Ffeszp{e,sg']tﬁesﬁl%%ﬁ?ﬁnﬁ(%}%s%mderi vative
havi ng a general formul a :I,), Rl isin position 2 with respect to T.
Pr ef er r edifamanegredr ¢RSSMENEHi nent s accor di ng to which Z represents a

saturat ed IineaE ﬁl k¥l presenting fromtwo to seven carbon atons and 5 the
embodifrents in X represents the radical -CH=CHI -.

- a saturated linear or ramified alkylic group, presenting from one to four

carbon atoms,

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

T represents the radical -CHy-; and

10 Z represents a saturated linear alkyl presenting from two to seven carbon
afoms.

According to particularly preferred embodiments, in the 2,5-bis-diamine-
[1.4]benzoquinonic derivative having a general formula (I) R; represenis 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; R; represents a hydrogen; Ry and Rs, each independently

20  ofthe 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-;

é5 T represents the radical ~CH,-; and -
Z represents a saturated linear alkyl presenting from two to seven carbon

atoms.



Even nore preferred are the enbodi nents according in which the 2,5-his-
di am ne-[ 1, 4] benzoqui noni ¢ derivative is chosen fromthe group consisting
of the 2,5-bis-diamne-[1,4]benzoquinonic derivatives illustrated in the
encl osed exanples. 10 The 2,5 bis diam ne-[I|, 4] benzoquuroni c derivative
having a general fornula an exist in different stereoisoner forns such as
enant i OnRi (QhsAisast er eoi somer. The invention concerns ppgfyfzamant i oners and
di asteroi somers or their mxtures. These m xtures can be separated by
means of known nethods into theiT 7 stereoi sonerically uniform conponents.
15 According to the present invention, a
2, 5-hi s-di amy)e- | 1 i i Yiinthe@ BBBEr al formul a
(1) is suppl i%&%@@h}%@&éﬁ@%&@ %%glﬁlggﬁn%lﬁltggﬁdcg@gigﬁgﬂ% to the present
inventiong a. 2 5kl s-diam: : A 041 3R CopahlaVal, i Reihavi ng a gener al
formul a (qlfﬁfné @ﬁ@ﬁﬁ?"ggﬁ O?E{{e gat%gg?ﬁrr%n? ggf Al zlrei reril}er'xg di sease in
manmal s. it{%ﬁcz%‘ﬂﬁé%?lzﬂo T RERS SR llsh MeiMbodithen® ab®irdifgliol whisippl i ed for
t he treattent of einmer's disease in a manma, conprising the
admi ni st rﬁtrérﬁ?éﬁseﬁtﬁa§; CieABAE R i1 Rbsentddy Bdrh twiro isoves cabamitoiny acd  a
2, 5-bi s-diram ne-| 1, 4] bcnzoqui noni ¢ derivative having a general formula
(t). Ascopdi-REodithehid® WHESKRéprésais fHeir@lical CHHCHmaceut i cal preparation is
supplied, 25 characterised in that it conprises a
2, 5- bi s- di at niyg-hdre4kdrefsaogpitiRoahkoditeerity adcbrding inawhiciythe 2yehigr al. for mul a
(I') or one of its pharmaceutically acceptable salts and a pharmaceutically
accept abl giagiei[pi4thzanibbhio dedvative it chosdd i (8 7HGH RTIMINEOE/BO227 Accor di ng
to the present invention, a use of a 2,5-(pis-dianne [1,4]benzoquinonic
deri vat I ve shyvdingine-[ogenaluihosioukerivetiyes sillssmaisdi éd fthy envdosehr oduct i on of
a pharmaceutical preparation for the treatnment of Al zheiner's

examples.

10 The 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general formula
(D) can exist in different sterecisomer forms such as enantiomer or diastercoisomer.
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 (J) is supplied for use as a medicament.
According to the present invention, a 2,5—bis-diarrxine—[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 discase in a mamma, comprising the administration to said mammal of
an efficacious quantity of a 2,5-bis-diamine-[1,41benzoquinonic 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 salis and a

pharmaceutically acceptable excipient and/or diluent.



di sease in mammual s. According to the present invention, a nethod is
supplied for preparing a 2.5- bis-dianm ne-[1|, 4] benzoqui nonic derivative
having a general (primula 2 (1); the nmethod conprises a substitution
phase, in which on a p-benzoqui none having a general forrmula (VIIl): 10
(VIT'1) a substitution is carried out Wth a conpound (VI1): NH R3 (VII)
15 in OrQﬁﬂBEQmQ tain the 2,5-bis-diamne-[I, 4] benzoqyQaRicether i vative
having a géneral forrmula (lI). According to the present 1nvention,
conpounds are al so supplied accordgng to clains fromS to 20. According to
a further aspect of the present invention, the use of a 2,5-bis- 20

di am ne-[ |, 4] benzgqui honj c derivative. having a gepenal.f o a (1) is
suppl i ed for A'E‘Wé‘?“ﬁ% oudp§ oPFeE™ alnﬁﬁgﬁpﬁ’acaeu"%?cg? grgzéé?l%@latﬁ)%{efor t he
treatment of pathaol ogies. characterised 08 : oid protein
(An) in h&ﬁ?@oq‘ﬂﬂ@g‘r g?*’h‘@%i’%ﬁ?ﬂﬁg Br %eélgrﬁf ¥‘i"ﬂ\ﬁ/]§ n@ E)S?\,S&b%hérgz?ﬁon#i s suppl i ed
for the treatnent of .the disease of .a t hal i by deposits
of [i-amyP Hc%noP’anpwzf?fmf%Pé’r%aB%?%8%3@%%5%@%&rrarmal ,
conpri sing, t he, adm nilstrati on to said mammal of an efficacious quantity of
a 2.5-bi s*HFRAMHEEPTEE] benzoqui noni ¢ derivative having a general fornula

(1). According to..a 0 rESARk o prERkheR 2, 4.he use of a
2,5-bis - dia Cﬁ’éqlﬁ?0%%E%éeggﬁ}q’§%%nt£g%@?§/§ti e havi'ng al ég)eneral formul a
(), iss _p.i%gj MO Malihe 3 FaaseMila @aln);pmepar ati on for
the treat ﬁgncil 0 °&§@é’%@?§‘pﬁ%’§‘g pat tng?oai egs o?éht@he ner voustl)system in

Mammal S, ethod comprises a substitution phase, in which on a p-benzogquinone having a

general formula (VIII):
Rs
10 o o
R4
(VIID)
a substitution is carried out with a compound (VII):
Rn@T‘N I NH
L |
X R R
(ViD
15 in order to obtain the 2,5-bis-diamine-[1,4]benzoquinonic derivative having a
general formula (f).

According to the present invention, compounds aré 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]benzogquinonic 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 p-amyloid protein (AB) in a



BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will now be described with

reference to the enclosed drawi ngs, which illustrate an exanple of an
enbodi ment without limtation, in which: 10 fig-Luc 1 illustrates an
experinmental graph of Lineweaver-Burk; figure 2 illustrates an experi nental
graph depi cting the gradient function of the |lines of the graph in figure
1 wth rﬁﬁ {0 the concentrations of a 2,5-his-  peyrrosmony

di am ne- enzoqw noni ¢ derivative having a general fornula (1); and
figure 3 illustrates the i tensity%of fluorescence (expressed in

fluorescence 15 units) of thi oflavi ne conplexed wth fibrils of AP in the

presence of var!| abl e 'B%ﬂ?g ntr.at @I[pg) é%Idxﬂ an_efﬁcacious uanu

2, 5-bi s-di gurn eriva e aV|n eratrforrmla(l)

2

repect vl §7§l§ﬁbd?1 Fﬁﬂﬁﬁ'&é 5 s ?fﬁ%é&%ﬁ?@h%%@% %‘K{Eﬁ?ﬁl‘*‘?’suegi’ cd with a
20 |

seline, 20 SOy ABPSASHIE A0 GABloh GeLadotd Shan

I'noni c rivative having a general formula

(1): 1T 9UlEnd H HBEE M Enld el ha AR Bncl il Nk GhpribRIONS 11 Lhe

basal for |gur ustrates total nunber of cholinergic

neur ong. Bﬁg@@;ﬁa‘%ﬁfg BhmncBu{CkEYEiioh (S Sedihent Bt atther@ue! | ustrate the

deposi e cere vessel s of, respectively, non

transgenl%% e t,mgﬁgegusg sk & oARhds, treated with WO 03/087035
pPCT/ | T03/ 68237 16 a saline sol ution, transgenic mce(ADl1l) treated with a

2, 5-hi s-di am BRIEFbEﬁdl@PMN‘OPMHRAWMGS/G having a general fornula
(1); figures BA, 8B, SC i1lTustrate coronal sections of the entorhinal

cortex of regReGiveMRhYvill HOW bk GavabEnkith efeestice ortnaghneddrawings,( AD 11)
treated with a saline solution, transgenic mce(ADl1l) treated wth a
2, 5- bi s- divardhri@udtrate, #4]cRanpgle gfarnambodiment without limitation, in which:

10 figure 1 illustrates an experimental graph of Lineweaver-Burk;
figure 2 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 formuta (I); and
figure 3 illustrates the intensity of fluorescence (expressed in fluorescence
15  units) of thioflavine complexed with fibrils of AR in the presence of variable
concentrations of a 2,5-bis-diamine-[1,4benzoquinonic derivative having a general
formula (I); |
figures 4A, 4B and 4C illusirate coronal sections of the basal forebrain of,
respectively, non transgenic mice, transgenic mice (AD11) treated with a saline
20 solution and transgenic mice (AD11) treated with a 2,5-bis-diamioe-
[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



derivative having a general formula (1); figures 9A, 9B, 9C illustrate
coronal sections of the basal forebrain of, respectively, non transgenic
m ce, transgenic mce (ADl11l) and transgenic mce (ADl1ll) treated with a

2, 5- hi s-di am ne-[ 1, 4] henzoqui noni ¢ derivative having a 1-0 general fornula
(1); figures 10A., 10B, 1 OC illustrate coronal sections of the entorhinal
cortex o ctively, non transgenic trice, trans 1 (AD11),
transgenié“ﬁ%S@&?(ADll) treated with a 2, 5-bis-di am ne- 1?%¥%gﬁzoquixnonic
derivative having a general forsum~«1); 15 figures 11A, 1.1B, 11 C
illustrate sections of the hi ppocanpus of: respectively, non trans;enic

mce (_ADl11l). transgenic mce (AD nd tr.ansgeni j.ce. (AD 11) treated
with a 2, 3 plinegisalEfions- Fi‘,‘%}%‘érﬂﬂ?ﬁéﬂdﬁi Eeaiféir it i%?’%‘%ﬁé‘lﬁe'general
formula (1);.figures 12,,13, 14 and 21 .illustrate discrimnation indices
found in [%ﬁ’é%?&l‘lpﬂ%ﬁ eriviifiyg faxine pgengte] fom aI(F)Ustrate the total number of

hol i i f i.n_ .t b | f. L, £ d 18
T ustr afe t nBEHERBer SHr SrlpuHe woe semicd Bhausthifltiher §e e
t or hi nal tex; 25 figure 19 il . als | ul h f
S "l GRENS per pet B i, ABEE P A S pgeehar 0 of |
BEST IVQgDE FOR CARRYI NG I : i)&ﬁz :£03/ 00227 Th
2, 5- hi -disgﬁ%-ﬂﬁgﬁggu%%ﬁgrﬁﬁﬁygg etpia\%%#%\gg&?{eeg[?%l entdgq%{]/;gt he generafa
formula (1, ﬁga%%ghé%ge%‘é’fé?%ﬁﬁﬂa prepared, for exanple, starting froma
I -car

prot ected (‘am no-a am c ‘acid having a general fornula (11): NCOOD
figures 94, 9B, 9C illustrate coronal sections of the basal forebrain of,

tespectively, non transgenic mice, transgenic mice (AD11) and transgenic mice
(AD11) treated with a 2,5-bis-diamine-[1,4]benzoquinonic derivative having a
10  general formula (I);
figures 10A, 10B, 10C illustrate coronal sections of the entorhinal cortex of,
respectively, non transgenic mice, transgenic mice (ADI1), transgenic mice
(AD11) treated with a 2,5-bis-diamine-{1.4]benzoquinonic derivative having a
general formula (I);

15 figures 114, 11B, 11C illustrate sections of the hippocampus of, respectively,
non transgenic mice (AD11), transgenic mice (AD11) and transgenic mice (AD11)
freated with a 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general
formula (T);

figores 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 f-amyloid.
BEST MODE FOR CARRYING QUT THE INVENTION




| R3 in which D represents a Benzyl (Bn) or another stable protective
group in a basic environnent. A conpound having a general formula (111) is
added to the (am no-alkyl)-carbarnic acid (11) E (II11), in which E
represents =0, -C, -Br or -1, so as to obtain an internmediate 10 conpound
having a general formula (1V): NCOOD R3 wth the condition that, where E
repr esen = e reaction occurs in the presence of A e reduci ng
agent . p&@?@@%@#ﬁ sai d reduci ng agent is NaBH4, the rggg??%%ﬁ?g realised in
a protic organic solvent, for exdamnple ethanol, at a tenperature between 15
and 35 C, in particular at substantially 25 C, in the presence of

nas been mmdele shisdiming elhrauiuledatid FofeRts bOELTE havi ng »
general formula (V): 0 17035 PCT/ |, TO3/ 00227 in which Ais
an attr ac@ﬂer%%@&\@%@%gﬁﬁﬂmcé’?efreé)?reé’fg ¢ G| S%E%'gi}i%%% i ntermedi ate

compound gﬁ)\f/:éc?e% ( Sfho-alky | calt e ﬂa\w{l@g a gelge\f/gﬂ Yormula (:

N I\ITCOOD
H R
(n,
5 in which D represents a Benzyl (Bn) or another stable protective group in a

basic environment. A compound having a general formula (II) is added to the
(amino-alkyl)-carbamic acid (II)

g

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

10  compound having a general formula (IV}):

(IV)

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 1o react in the presence of a

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



ICOOD 1 R3 Preferably the conmpound (V) is (R2)2SO4, in particular Et2SO4,
and the reaction is carried out in an in inert organic solvent, which does
not change in the reaction conditions, and at a tenperature between 800 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;

hal ogena{ygdshygisocar bons, such as dichl oronet hane, trecght@fgiret hane,
tetrachl oromet hanc, 1, 2-di chl oroethane, trichl oroethane,

tetrachl oroet hane, 1, 2-dichloroety ene or trichloroetinyl ene;

hydr ocar bons, such as benzene, xylene, toluene, hexane, cycl ohexane or
petrol ciun etaﬁr, ni tromet hane, 15 di net hyl f ormam de, acetone or
acetonitrile.*1"t is also possible to use m xtures of the solvents

ment i oned. Toluene(§§kghe solvent particularly preferred for this

reaction. At this poffito the carbanic function is hydrolysed in the

compound (V1) il Mg HISTant e Aeduch ERIPIUNISIEN 90 3 UPBRARlan' O ! 2

(VIl): 20 (VI rolysis pre es place I1n an acid environnent
and the s : | b Geedl FormqODEi Ng to a particularly preferred
embodi mn?‘?‘g‘ﬁ%?‘afeé&ﬁ’ bt AFEE paelzd ol QUL 19 01 515557 For hydr ol ysi s.
At thig poi ntw a p-benzoqui none having a general formula (MIIl): (VIII)
a substitutio s made with the cor‘rEound (VIl) in order to obtain the

2,5-bis- R]@T\N/ \NCOOD
t |

X Ry Ry

Preferably the compound (V) is (R2):S0s, in particular Et;SO4, and the
reaction is carried out in an in inert organic éolvent, 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, ioluene, hexane, cyclohexane or petroleum ether, nitromethane,

15  dimethylformamide, acctone 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):

20 (VI

Hydrolysis preferably takes place in an acid environment and the solvent

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



di am ne-[ I, 4] be3nzoquunoni ¢ derivative having a general formula (1).
Surprisingly, the ), S-bis-diamnc-[1, 4] benzoqui noni c derivative having a
general formula (1) has shown a relatively high activity for the treatnent
of Al zheimer's disease (AD) in mammuals. Moreover, snrprisingly, the

2, 5-bi s-di am ne-[1, 41bcnzoqui noni c derivative 10 having a general fornula
(1) has QEssdh a relatively very high activity of JdhhiBighi9n of the
enzyne acetylcholinesterase (ACNE.). In particular, the

2, 5-hi s-di am ne-[ 1, 4] benzoqui nord d3deri vative having a general fornula (1)
has presented an activity of ACID, inhibition relatively nmuch higher than
the activi,t f.inhibition that the sane 2, 5-bis-diamne 15
[1,4_Ibenfﬁéﬁ&ﬁBﬁFC derivative (1) presented with relation to the enzyne

butyryl cholin ster : 4] i da (W3IT): MPOrtant to stress
t hat the capa‘%fﬁf‘pc?*n??)ﬁgg)g)?%ﬁ@?@gﬁ%%g%lﬁF?rﬁﬁu!?e@Iyqui noni c derivative
(I') to bind p(ﬁ?}lzrenti ally with AChE rather than wwth RuChE, avoids the
2, 5-bi s-di an-* -[ 1. 4] benzoqui noni ¢ derivative (1) being 20 distracted
fromits primary objective (thatpis ACRE). In the past it has been

supposed that BuChii acts as an{enzymatic system protecti ng ACNE agai nst
fal se substrata. Moreover, 5- bi s-di am ne-[1, 4] ben oqui noni c

derivative having a WO 03/ 047Q 4 PCT/1T03/00227 general fornula (1)
surprisingly presents an inhibitfngrctivity with regard to the
aggregation of A[ 3 induced by AGhE. It is inportant to stress that the
qui nonic functionality presents a protective antioxidant activity with

respect to theaxidat Gipbishd! (V8T HE 6Bt ablaBithet, 5-b%- Al 3. The
i nhi biting ac%ﬁ@%?@ﬁ%{#%@ggﬁghﬁ tphe a(gg[r)egati on. of Af3 and the

ia%irgcgd?ﬁéangl%g}’éit]iﬁéélﬁg(ﬁﬁ&{oﬂfci(ﬁﬁ%iﬁh&iﬂﬁ@@édﬂ@mﬁﬁﬂﬁlﬂ@mﬂl ly to substantially

Surprisingly, the 2,5-bis-diamine-[1,4]benzoquinonic derivative having a
general formula (I) has shown a rélatively ‘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 () 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 (T) has presented an activity of AChE inhibition rclatively 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 (T) to bind preferentially with AChE rather than with
BuChE, avoids the 2.5-bis-diamine-[1,4Tbenzoquinonic derivative (f) 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 égainst false
substrata.

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



of patients affected by pathol ogi es characterised by deposits of A3. In
particular, it is inportant to stress that the relatively very high AChE
inhibiting activity, the relatively | ow BuChE inhibiting activity, the
inhibiting 10 activity with regard to the aggregation of A(3 and the
antioxidant activity, surprisingly, conbine synergically to substantially
i nprove {hGqesk tions of patients affected by AD. Thgﬁg“ﬁmﬁhg-dianune-[
| , 4] benzoqui nonic derivatives (1) or their pharnmaceutically acceptable
salts, can be adm ni stered as puré4conpounds, 15 however they are
preferably presented in. the formof a pharmaceutical formula. Non

limting exanpl.es of .suitabl [ > eut i g i d bel . Th
D B bi o BRmhEuR @ e, BRI bk O VRS rGaR H B 08 OPL ey o
oral, parenteral ect al LRistration or in f ited f

adm ni gt rﬁ%ﬁ?ﬁg‘fﬁl‘?{%%ﬂé\%fiibg%‘@grﬂ ?nsuf :‘I at | onI (_bo?erEySlrJrlouteh a(r)urj by nose).

Formul ae for ,risalltuﬁg)h%&g ﬁ&%%?&ﬂuﬁﬂﬂw Gohathy glars]&gi?lﬁf&é‘.cﬁ{}é ed. For oral

adm ni strati ar rrace preparations for exanple, in

the f f. |.et i ith
etormag o&i%gnteatcggi?)é wfﬂ?o £ ME SRR shek Ade YRWR RIS ofv

exci pi ent %ml accep a pharmaceutical point of view as binding

et ny! el 1 R B R S Ceryat al | i ne

met hyl Tel | actose, mcrocrystalline

cel | ul osea@f@uﬁrﬁn@%eaﬁaﬁ@sya&gﬁm%%m@dnﬁ invg6ve( o tondaioasp! € magnesi um

Sstearate, ; disintegrants (for exanple potato starch); and/or

| ubricati Bg%aﬁaﬂmﬁec&édq; g e@c]f&éé'teﬁmd!ﬁrtﬂeﬂésitsufﬂbat e). The tablets can be
WO 03/ 0870 PCT/ITOS/g 227 15 coated with known nethods- Liquid

preparati ons fpoparftuddr, AAFiMpStanAtd Sfessriat gy lativile feoy highf AChRxanpl e, of
syrupy solutions or suspensions, or they can be in the formof a dry
product whihiHtirgancey ditgselatiedy ilow BuChE mhibitmgamtiviter the i igibitingef ore  use.
These preparations can be prepared in known ways with pharmaceutically 5
acceptabl ecthiigli Witk asgadich ths mgsgsivdi ofy Adgend h¢ faptioxdsatpicdvior bi t ol
cettul Osesurprisingly, combine synergically to substantially improve the conditions of
patients affected by AD. |
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 prefcrably 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 (bdth 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 piepared 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



derivatives, edible hydrogenated fats); enulsifying agents (for exanple

| ecithin or acacia); non aqueous liquids (for exanple alnond oil,

esters, ethyl alcohol or fractionated vegetable oils); and/or

preservatives (for exanple nethyl

or propyl p- hydroxybenzoat es,

oily

or ascorbic acid). The preparations can also contain, 10 in appropriate

cases, b

Prepar ations

as to give a controlled rel ease- afs the active conmpound. The

2, 5-bi s-di am ne-[1, 4] benzoqui noni ¢ derivatives (1) can be formnul ated,
known way, L

for parenteral adpinistration injection.or continuous 15
admi ni st r £Fteh Wt bpRagm a’éﬂ’f)@‘r ﬂq\’j‘ ERBAORARIPT Frel Iaﬁrm[nﬁ W BEPEi ngl e doses,

for exanpl
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0?439; salts, colouring, aromatic and/or s Manghagent s.
or oral adm nistration can be formulated i n a known way,
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in
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se c I stered by feans of an inplant
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03/ 08703

2,5-bis- dih@

10

15

20

25

T03/ 00227 1 njection. for exanple, the

or exanpl e
in appropriate cases, buffering salts, colouring, aromatic and/or sweetening agents.

Preparations for oral administration can be formulated in a known way, so as
to give a controlled release of the active compound.

The 2,5-bis-diamine-[1,4]benzoquinonic derivatives (I) can be formulated, in
a known way, for parenteral administration by injection or continuous
administration. Formulae for injection may be in the form of single doses, for
example in ampoules or multidose containers containing preservatives. The
compoéition 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.
Aliernatively, the active compound may be in powder form to be dissolved
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
formulated, in a known way, as compositions with prolonged rclease. These
compositions with prolonged release can be administered by means of an implant

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

. ok S5enods DA Sk B%E&bﬁ%ﬁ)ﬁ%&‘{)ﬁ?mﬁﬁans camalsdeorkabi,mul at ed with
sui tabl e polyneric or hydrophobic materials (



an enul sion or an oil) or resins wth ionic exchange, or relatively poorly
sol ubl e derivatives, such as relatively poorly soluble salts. 5 For

i ntranasal administration, the 2,5-bis-dianrine-[1, 4] benzoqui noni e
derivatives (1) can be fornulated for adm nistration by means of a (known)
device, for exanple in powder formwth a suitable carriers. The dosages
of the 2 _~h-his-di anline-[1, 4] benzoqui noni ¢ derivative hl,k depend on
t he age g@ﬁ@%ﬁ% tions of the patient, so the preci se$ggég‘ggmr%ust be. 10
decided fromtinme to tine by the-dogtor. The dosage will al so depend on the
means of adm nistration and on the particul ar conpound sel ected. Usable
doses may be for exanple between, 0.1 ng/Kg. and 400.ng/ Kg.w th respect to
body wei ghtiegien. Seicipr example; the %g'é’lsﬂlaé‘i‘#‘r%‘@fﬁk?%f%m% I g‘h‘feé (ﬂeri vatives
(1), can be adninistered 15 jn comhination.with gne,or. nore suitable

t her apeut %0 h@@?@%ﬂaﬁﬁdwﬁ]b?‘ﬁﬁpi&tp@ eHe O&f}@?ﬂ)&’%‘&mgﬂlﬁé%{f%‘ WPI%FW t her
characteristics_of the present i venIio%\é\ﬁ Il a teahr m)he Cllﬁ rly from the
fol | owi ng AEERNSION PIogn Gif; EHES: WHL10pYG SXFHIGET FEAY SRk ) P @ as exanpl es
and without limtation. i s exanpl e describes the synthesis

2.0 Ex | T
of thﬁ acidﬂﬂf@yf’?-s‘l‘f%‘ﬁ&?!i‘ﬂ M??ﬁqyg?“ﬁ‘fb:lf’o *S-propyl | - car haani ¢ benzyl ester
T i t | a: H 3 T, . Ut .
Es:)am' lra%'- or P - ﬁrﬁﬁgﬁ?ﬁ\ ool BF 2cPaR B M atboquinonic, oo oy o
t t.ai ni | i . - PCT/ 1 TO3/ 00227
et hoxybor(RTERS  FRE gl Bt Slnibfhdlop o nllEhPor fikAm dbicb Tl TP2 DO

for example in powder form with a suitable carriers.

The dosages of the 2,5-bis-diamine-[1,4]benzoquinonic derivatives (I) will

depend on the age and conditions of the patient, so the precise dosage must be

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 bedy 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 mi of ethanol containing molecular sieves (4 A), 2-



agitation at environment tenperature (e.t.) for 20 mn, then NaBH4 was
added when cold (0.2 g, 5 mol). It was left to react for 6h, it was
acidified cautiously wth HCL2N, the sieves were filtered and the sol vents
wer e evaporated; the residue 5 was taken again with H2O and extracted with
diethyl ether (3 x 10 m). The aqueous solution was then basified with
NaCH 40% ol acted with CHA 3 (4 x 20 m). The appyghishied and
evapor at ed organi c extracts gave J[.S g of the conpound | X as pure
transparent oil on TLC (el uant:™ 4T 3/ Et OBl NH, }JOH 9.0:1.0:0.1). Yield 90%
1H NWVR (free base; CDCI3) 5: 1.61-1.79 (in, 2H + IH 10 exchangeable wth

D20), 2. dddedt® 75 3, 5% GBnolRMhe BixBde (s Ity 5. 11 (s,
oH), 5. 7@?@%’8@%&%‘?@%% exckl?gngggébl e with D)O), 6.84-6.95 (ni. 2H),
7.19-7.4?-a§5§1m %'rﬁ)iron@éﬁtnﬁ erduhies.) esnap neingtse NaBEL waseaddght hesi s of the
acid 13- %E yl .- (2-met hoxy-benzyl)- 15 am no]-prop.g.l}-car.bam'c benzyl ester
(X) havi gglet bﬁdf(Q_QrgfIBqunblbﬂmleﬁao acasofonbhoih was acidified cautiously

[ 3- (2- mei hoxy- benzyl ani ui 0) - propyl ] - carbam ¢ benzy] . ester, acid (1.4 g;
4.3 Mol }id AN ihetfeviivere fitterdd ed it sodwingstisere evenaiaisddBeresidi94 ni; 9.5
mol ) and heated by reflux for 24h. The reaction m xture cooled at e.t.
and ~ heatygh ltaleht dpaimonith HNOCkA &aracied withhdicbyyaheicCphddemad ™ epar at ed,

whi ch after 90 anhydrification and evaporati on gave mf mat eri al which
was puri hipggudislitionsies tenrbasifitdogitaNat 480 and sytraptedipv t¥her of

petrol eurn/ MeOH }LIiOH 4.6:5.0:0.4:0.04 obtained 1.4_g off he conmpound X
as pure bpanhpahe rinhyddfiednanil evapgisted aprganicezasineeyy A1 6°5: 0, 5: 0. 05) .
Yield 91% IH NIUR (free base; W) 03! 0870315 P_CIJ QE/ Hi8 CbC13) 8:

1. 08 (t, cBidpoundl. BY-db. 7i@e (trapsigpt ofl o TL.Grdelpang; E‘Q;L % d, 2H), 3.78 (s,

2H), 3.84 (s, 3H), 5.11 (s, 21-1), 5.73 | N ble with
D1 0}, 6. 816005 Field K04 H 304 e s GGy o FH1F0 ch TP panoeabie wit

10  exchangeable with D;0), 2.70 (t, 2H), 3.32 (g, 2H), 3.78 (s, 2H), 3.84 (s, 3H), 5.11
(s, 2HD, 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:

EiV/A\V/NHCOOBn
OMe
To a solution of [3-(2-methoxy-benzylamino)—propyl]—carbamic 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 CHxCl/ether of petroleurn/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;



Exanpl e 3 This exanpl e describes the synthesis of

N -ethyl -N - (2-net hoxy-benzyl)-propan- 1,3- diamne (XI) having the
formula: OV To a solution of {3-[ethyl-(2-nmethoxy-benzyl)-amnm no]-propyl}
-carbam c benzyl ester acid (1.4 g; 3.9 mmol) in 15 m of glacial CH3000H,
3.5 mM of a 33% solution of HBr in CH3000H was added cautiously. It was

left in ggi hpgn for 2h, 10 then the hydrobromate wWasrhrRpaRstated with
100 m oﬁgé]s@{” %I ether. The white solid formed was so u@f‘ﬁi sed in HO,

basified with NaOH 2N and extractag with CHCL3 (5x 20 m). The anhydrified
organi ¢ phase was evaporated in a vacuumto give 0.87 g of the conpound Xl

quanti Ty VRO Tk bl Qe st o it A8 T T S50 1 5o (+

T s SRR SL Rt S R b e bl i 8y B (7, 27
2. 5 Bi s~ Bp St g ATERT Bk Bhenzyl ) - 20 anni Uo)- pr opyl ar no}-

1, 41benzoqui n. gne élXII)havi ng the formula: OMc To a sol ution of

p- benzoqui noneEF ™S "0 92 mmol) in 70 M of MOH was WO 03/ 087035 19

PCT/ 1 TQ3/ 2.7 add C . 1 1 rny . 5 3 _

N et hyl’- N= fxﬁa%? %o%g?-@gﬁglf I -tg?stl)sp%fnlﬂl-?t&ﬂé}] a% nﬁ%th?)g.bfgzyg ; pr%P%l rxumol ). The

reaction S_)gmevtg@@agjngqﬁqunﬁha.e.t. and out of the light for 6h, the was
in avacuumto give a

evapor at e ‘crude material which was purified by flash
chromat ography. El uti ng wi{h C12/ MeOHI N1440H 9. 75: 0. 25: 0. 025 obtai ned 5
0.23 g of the conpound @ asa pure red solid on TLC (el uant:

N _ ~_NH;
OMe
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;COOQH, 3.5 ml 02 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) 8
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:

IEt O
N\,/\\/NH o Me
OMe . l NH/‘\/\%I
a] Et

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



CHCl , / MeOH/ NHAOH 9.5:0.5:0.05). Yield 45% 1H NWVR (free base; CDC 3) 6:
1.11 (t, 61-1), 1.72-1.85 (m 4H), 2,56 (g, 8H), 3.18 (g, 41). 3.62 (s,
4H), 3.82 (5, ©6H), 5.26 (s, 2H), 6.83-6.95 (m 4H), 7.19-7.43 (in, 4H +
211 exchangeable with D20); EI-Ms: mlz = 548 (M. 10 Exanple 5 This

exanpl e descri bes the synthesis of the acid [6-(2-nmethoxy-benzyl am ne-
hexyl]-c 1.c..benzyl ester (XII1): NHCOOBn OM The rmﬂP 11 was

obt ai ned&g)gglggﬁ}sansparent oil fromthe acid (6- am no?ﬁexy gﬂﬁlzgzl(r bam c
benzyl ester (2,50 g, 10 nmol) folfowi ng the sane 15 procedure descri bed
in. exanple 1; yield 81% 'Il NWR (free base; CDC13) 6: 1.22- 1.38 (m 4H),

b Sl S S S R O, 0 (-
1 D.Q), . . . e 0-7.40

SRRt R b BB i o 2, T

6- -(2- - .ani R la;agntp Grifagl XI'V):

}VI EI[ %nevé?‘gg%%ﬂgx%g?%%%#g)g}(wvr%/glsd-egg?ﬁmrllevgﬁg{s a ransggﬁr/]eﬂr?tg§ E)ielr 1£ ro\rg)the

id[6- WD .11 7 Az, ;
acid [6-( on;zi\tg ﬁétﬁrg)@ﬁtﬁ%@ %@I@zﬁﬁ% OH 9.75:0.25:0.025 obtained

met hoxy-hc z carbam c benzyl ester (2.91 g, 7.85mmvl)

HRUCIE S ot e v i i N
4H) . 2. AR MEGT/NELOH 9.5:0.5:0.05). Yield 45%; 'H NMR (free base; CDCl) 8:
1.11 (t, 6H), 1.72-1.85 (m, 4H), 2,56 (g, 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):

i
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; CDCls) 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, 2D, 3.18 (q, 2H), 3.77 (s, 2H), 3.84 (s, 3H), 4.76 (s enlarged, 1H
exchangeable with D;0), 5.09 (s, 2H), 6.82-6.93 (m, 2H), 7.20-7.40 (n_l, 7H).
Example 6
20 This example describes the synthesis of the acid {6-[ethyl-(2-methoxy-benzyl)-

amino]-hexyl} -carbamic benzy] ester (XIV):

Et
N " NHCOOBn

OMe

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



4H), 3.16 (q, 211), 3.60 (s, 21-1), 3.80 (s, 3H), 4.73 (s enlarged, |1l
exchangeable 5 with D20), 5.08 (s, 211), 6.82-6.94 (m 2H), 7.18-7.42 (n7,
714). Exanple 7 This exanpl e describes the synthesis of N1-ethyl

- N1- ( 2- met hoxy- benzyl ) - hexan- 1, 6-diamne (XV): NH2 Owe The conpound XV was
obtained as a transparent oil fromthe acid (6- 10

{et hyl - %?W/BIP %y benzyl) - anzi noj - hexyl } - car bam c bengégf"ﬁ'ﬁ}"%7 (2.31

.01 nmo Owi ng the sane procedure described in Yield §8%
H NVR (free base; CDCl3) 6: r @4 (t, 3H), 1.12-1, 48 (m 8H +211
exchangeable wth D20), 2.41-2,53 (m, 4H), 2.65 (t, 21-1), 3.57 (s,

21-1 3.81 2- 1 7.42 1 dn 1 15 EX |
RPN Y w&caﬁg%&%%e%méﬁ%fﬂ@ ot 27851 aniy )15 B
0 S b SRS AR L i Tou etz o

s obtained as a red solid from

NI- et hyl { 52g9 (. ol ) and
o- banﬁgpﬁﬁqoﬁéc&g% LY 30 Bahh. a&gmr} . Ficli 3MACIH)L2@5.259 (41,0l ) an

ow ng t he sane procedure descri bed
.1 nlezarrp g)%Hﬁ %2?1)137 %@(&é@% 3(%%?11(1% me;aD ahis g%%cf&égfsbleé g é (311)2 .
El - M5y M 245,832 .68 ¢§) 211), BR8Pk EmDH), 7.18-7.42 (m, TH).
Example 7
This example describes the synthesis of N'-ethyl N'-(2-methoxy-benzyl)-hexan-
1,6-diamine (XV):

| .
N\/\/\/\Nﬂz

OMe
The compound XV was obtained as a transparent oil from the acid {6~
10 [eﬂlyl—(z-methoxy-benzyl)—amino]—hexyl}-carbamic benzyl ester (2.31 g 6.01
mmol) following the same procedure described in example 3. Yicld 98%; 'H NMR
(free base; CDCl3) &: 1.04 (¢, 3H), 1.12-1,48 (m, 8H +2H exchangeable with D20),
2.41-2,53 (m, 4H), 2.65 (¢, 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)-

aminoj-hexylamino}-{1 Albenzoquinone (XVI):

0 OMe

NH o~~~
! MY
20 R N N T, Et

The ggdrflpound XVI was obtainéll 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%; "

NMR (free base; CDCly) 8: 1.04 (3, 6H), 1.14-1.38 (m, 8H), 1,43-1.53 (m, 4H),



Thi s exanpl e descri bes the synthesis hexylarnino]-[l,4]benzoqui none
(NVIT): PCT,1T03/00227 1.57-1.65 (m 4H), 2.41-2,56 (in, 81-1), 3.10 (q,
414), 3.57 (s, 4H), 3.81 (s, 6H), 5.28 (s, 214), 6.59 (t enlarged, 2I-1
exchangeable with Din), 6.83-6.95 (m 4H), 7.21 (t, -B 6 benzyl-ethy

| -ami no The conpound XVH was obtained as a red solid from

N -ethyl-N -benzyl - hexan-1, 6-diam ne (0.47 g; 2 mol sPenzoqui none
(0.1 g; ‘BNQQB%)T%I) foll owi ng the same procedure desczplcﬁe 3}ia?lzggxanpl e 8.
Yield 20 1H NWVR (free 10 base;-GBCL) S: 1.05 (t, 6I-1), 1.14-1.39 (m
8H), 1,43-1.53 (m 41-1). 1.58-1.65 ( H, 2.41-2,56 (m 811), 3.10 (g, 4H),

3.71(s, 411), 5.28 (s, 2 6.44 (t _enl 2 cha b with DO,
7.10- 7. 24 151650, 4 Mlgg,sér{nz: $ED 5350 (Mai;’f%%ﬂ%gﬁiﬁ-g R%i875 55

Nt - benzyl - hexan-1, 6-dj am_ne_was obt ai ne it h ur iLbmJar to those
descri bed (% AHaxGph(tealateed, %P’F@‘a‘&gﬁﬁlﬁ%%‘gﬂﬂpﬁm&g'éﬁf Erﬂ’g OZ’B?&tﬂds. 15

Exanpl e 10 _Thi s exanple. des rlgﬁime synt hesi s of

2, 5- Bi s-{@}IP&-W-%@- EFMSPED * 0] - hexyl am no; -[1, 4] benzoqui none d 0
The conpound XVI I | s obtained as a red solid from N1-ethyl -N1-(2-

chl or o- benzy! £3pBRYET- 1 6-di anine (0.54 g; 2 ninol) and p-benzoqui none (0.1

00 1R s B S5 g o, V1
1,43-1.53 hgxyliglﬁin\olﬁl?ﬁfae%gq%n%ng@vll):

e T T
Ot ) O
' Et
N NH

0

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) &: 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 (g, 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 MD. Nlethyl-
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}-[1,4Tbenzoquinone (XVIII):

I
NH o~
it N

o4 0
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; CDCl) &: 1.04 (1, 6H), 1.10-1.35 (m, 8H), 1,43-1.53 (m, 4H),



PCT/ 1 TO3/ 00227 1.57-1.65 (m 4H), 2.41-2.56 (m 8H), 3.08 (g, 4H), 3.46 (s,
4H), 5.28 (s, 211), 6.59 (t enlarged, 211 exchangeable wth D20),
7.05-7.23 (rn, 611), 7.45 (d, 211). Ei-M5: nlz = 641 Quo. N -ethyl

N - (2-chl oro-benzyl) - hexan-1, 6-di am ne was obtained wth procedures
simlar to those described in exanples 1-4 using corresponding starting

conpound e 11 This exanpl e describes the synt rP0sh
2,5-Di-t§rr0t@g—{ﬂ%-3,6-bis-{3-[ethél-(2- R Foshaz

met hoxy- benzyl ) - ami no] - propyl ami A6}=[ 1, 4] benzoqui none (XI X): Ove Owe The
compound Xl X was obtained as a fuchsia coloured solid fromthe 10 conpound

havi t he f I I L.OrE0- | 3. 4R),5.28 (s, 2H), 6.59
d?Y![ ggt-bgﬁlf-s[{?‘f{: %ﬁ*ﬁ&rﬁé?ﬁs{%@ﬁgﬁ(’i{g (ﬁ’guﬁn-gf)3 iguﬁrﬁ)ol ), (91: o%&}gng t he sane
d d ibed | hel, %6H), A5, RH). b ; CDC13 ;
1SS T A g WL BTGRP, G0 ©
8H), 3.1 T Rt e biksy1)4 -1,8-dBfieswa3 olitpineds, 81- 6. 96
anl—l)m 7!_01@-/7:4&41%@\/?)45?'.“%13\%? hl?%?g)h{:ty gig):zznw Ex;(r:f)l e 12 s exanple (m

descri bes_the s i f mbRedashudd[if wkanplyl & usghorgIPPadBE bar ni ¢ benzyl
ester (xiz’j“thﬁ’é‘\’/‘i"*ﬁg‘%ﬁ%h%r mul a: N HCOOBn The conpound XX was obtai ned as a

transgare{]a%ﬁngghnggﬁm_t he acid (6-am no-- hexyl)-carbam c benzyl ester (4.00

g, 16 W ng the sane procedure 20 described in exanple 1.
Quantity vyi elﬂ'xaﬂlﬂﬁ iNIR (lice base; CDC13) S: 1,22 1,57 (m 6H + IH
exchangeabl e wth"D20), 1,78-1,97 (m 2H), 2,75 8 (g, 21-1),

t. 2H). .3
4,05 (s, Q%E'D 3511@& delicridBy @eg eyhihetis! waﬁdmgembuwl-évﬁ{biﬁ-{%&@)‘ﬂ" 15 7,30 WO
03/ 087035 "BCT1 T03/ 011227

methoxy—benzyl)—amino]-propylamino}-[1,4]benzoquinone (XIX):

Q\,N\/\/NH tBu OMe
OMe A
it

The compound XIX was obtained as a fuchsia cotoured 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%; T NMR (free base; CDCls) &: 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 A4 (m, 4H). EI-MS: m/z = 660 oM.
15 Example 12

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

benzyl ester (XX) having the formula:

N
©/\H

The compound XX was obtained as 2 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; CDCls) 8: 1,22-1,57
(m, 6H + 1H exchangeable with D20), 1,78-1,97 (m, 2H), 2,75 (¢, 2H), 3,18 (q,

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



23 7,45 (m 811), 7757-7,65 (m 21-1). Exanple 13 This exanpl e describes
the synthesis of the acid [6-(ethyl-benzyl-am no)-hexy carbam c benzyl
ester (XXI): N HCOOB n ] 5 The compound XXI was obtained as a transparent
oil fromthe acid [6- benzyl arni no-hexyl]-carbam c benzyl ester (5.00 g, 14
mmol ) follow ng the same procedure described in exanple 2. Yield 30% 'H
NVR (fr CDC13) 6: 1,10 (t, 31-), 1,22-1,40 (gt 2,40-2,62
(m 4H) 9‘%91?,%,9?35 3,58 (s, 2H), 5,05 (s enlarged, Tﬁm@?%angeabl e

wi th D20), 5,18 (s 2H), 7,22-7,42@3m 101-1). 10 Exanple 14 This exanple
describes the synthesis of N -ethyl -N -benzyl-hexan-1,6-diam ne The
corrpound a transparent oil fromthe acid {6-[ethyl-
benzyl - am ﬁgi(mh%g%%?a& benzyl ester (0.9 g; 2.45 mmol) follow ng the
15 sane procedEre d]gégrl bed in exanple 3. Quantity yield; "HNVR (free
base; 31-1), 1,15 (s enlarged, 2H exchangeabl e wth

211). 7,23!1“37'*, & ?ﬁ”&%ﬁ%lgﬁsﬁs o of RSP RovdeBin Gt 356 (=

the acid %%b%% e}l%bgstg | ami no-1-icxyl]- 2 0 carbarnic benzyl ester

(XXI11): oun (11 was obtngpas a transparent oil fromthe
acid (6- ainino-hexyl )s A DerZy~ "(4.00 cy, 16 ilunol) follow ng
the same WO 113i 08703k /|k03/ 00227 24

5 The compound XXI was obtained as a transparent oil from the acid [6-

benzylamino-hexyl]-carbamic benzyl ester (5.00 g, 14 mmol) following the same
procédure described in example 2. Yield 30%; TH NMR (free base; CDCl3) &: 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):
e

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;
CDCly) &: 1,03 (t, 3H), 1,15 (s enlarged, 2H exchangeable with D;0), 1,21-1,58
(m, 8K, 2,37-2,58 (m, 4H), 2,65 (t, 2H), 3,56 (s, 2H), 7,20-7,38 (m, SH).
Example 15
This example describes the synthesis of the acid [6—(2—chloro-benzylamino-hcxyl]-

20  carbamic benzyl ester (XXIII):

/\/\/\/N HCOOBN
N
O

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



procedure described in exanple 1. Yield 65%'H N-MR (free base; CDC13) d:
1,60 (n, RH), 2.41 (br, s 1H exchangeable with D20), 2,61 (t, 2H), 3,17 (q,
211), 3,89 (s, 2H), 4.84 (s enlarged, |IH exchangeable with D20, 5,12 (s,
2H), 7,18-7,40 (m 9H). Exanple 16 This exanpl e describes the synthesis of
the acid {6-[ethyl-(2-chloro-benzyl)- am no]-hexyl}-carbam c benzyl ester

Y[V) ' {}IW n The conpound XXV was obtai ned as pcttm@papsr ent oil from
the acid g chl or o- benzyl ar ni no) - hexyl } - carbami ¢ benzyl ester (2.00 g,

5.35 mml) following 10 the sane- mﬁloeedure descrl bed in exanple 2. Yield
40% '"H NNIR (free base; CDC13) S 1,08 (t, 1,21-1,58 (m 8H),

cxchangeale-dt Hogdoy %@fe’g%ﬁ%&"ﬁ?"fﬁ@@@% i Gpfih g3 an o, 10
Eﬁant) Zeflﬁlzég]c( | éwl?lnﬁ’ﬁ%aﬁzgéﬂgﬂf %blgml%’?‘ﬁ?éf @oﬁﬁ)é%lne{é(‘xv was obt ai ned
?; 2h?/gr o%\ggg ﬁb"gﬁ% {fo@l\afq(%}eiﬁ/}# ?}5 ca édrlr? ‘éw é)rzl(z){ll5 1‘ef)"s(? gF)’(70188%40, 1.99

nuTi ol ) 04 W ng the sane procedure described in exanple 3. Yield 98% 'H
NIVR(free ase; CDCI3) 8 1,05 (t, 314), 1,12-1,54 (m 8H + 2H

exchangeable \At%ﬁ?l%&x 2,38-2,66 (in, 6H), 3,61 (s, 2H), 7,05-7,37 (m
31-1),7,53 (d anple 18 This exanple descri bes the synthe5|s of the

?;'Xg'/l § 6- (%'hE Exdnfi1d QRE¥bANIHE NGhrl8X Yot the WRIOF-RAKDBE @D IRMY- benzy|  ester

aminoj-hexyl}-carbamic benzyl ester (XXIV):

Cg\ N~~~ AN HCOOBN

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 (fiee base;
CDCls) &: 1,08 (t, 3H), 1,21-1,58 (m, 8H), 2,40-2,62 (m, 4H), 3,15 (g, 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'-ethy] -N'-(2-chloro-benzy!)-hexan-1,6-

NH
(:I\NMN 2

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

diamine (XXV):

(2-chloro-benzy1)-amino]-hexyl}-ca;rbamic benzyl ester (0.80 g; 1.99 mmol)
following the same procedure described in example 3. Yield 98%; 'H NMR (free
20  base; CDCl) &: 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, 1H).
Example 18
This example describes the synthesis of the acid [6-(2-nitro-benzylamino)-hexyl]-



NO2 N HCOOBn PCT/ 1 TO3/ 00227 The conmpound XXVI was obtained as a transparent
oil fromthe acid (6- am no-hexyl)-carbam c benzyl ester (5.00 g, 20 mmol)
followi ng the same procedure described in exanple 1. Yield 95% "' 11 NWR
(free base; CDC13) b: 1,27 51,38 (m 4H), 1,42-1,60 (m 4H + 11-1
exchangeable wth D20), 2,62 (t, 2H), 3,18 (q, 2H), 4 02 (s, 2H), 4,89 (s
enl argeg%omsg@ghangeabl e wth 1)20). 5,12 (s, 2H), Efrdefd (rn, 6H),
7,58-7, m 2H), 7;95 (d, 1H). Exanple 19 This exa ?e descri bes the
synthesis of the acid {6-[ethyl~(25nitro-benzyl)-ani i no] - 10

hcxyl } - car bam c benzy] ester (X)Cl1): N HCOOBn The compound XXVII| was

obt ai ned as a |sh&(§¢%wiromthe acid [6-(2-

nitro-be & -ar bam ¢ benzyl ester (3.00 g, 7.79 mol)

foll owi ng the sarre pr ocedure described in exanple 2. Yield 40% 'H NWR

(free base; CDC13) 5: 0 A~ INGOPBR7 (rn, 8H), 2,37-2,56 (m
4H), 3,18 (q,'?211), 3, , 4 76 15 (s enlarged, 1H exchangeabl e
with. D2.0), 5;12 (s. 2M 9741(|n 611), 7,50-7, IH), 7,66-7,72 (in,

IH), 7,79-7,83 (m 111) Exarrpl e 20 This exanple describes the synt hesi s
of N -ethyl - Nhe(cmpbindoSEhzps phiaiaxdps 2 dixasprmat ¢ikiom)thy acid¢6-The conpound
a'-VIll was obtained as a yellow oil from the _acid {6-

[ et hyl - ( 2anfind-hexsbecnhamic denzyd]esteex10p- g,a%alilﬁﬂél)b@ﬂ??’mge@?eﬁn{eo 80 g; 2.00
nunol .) WO 03/087035 PCT/ 1'1'03/00227.foll ow n the rr% cedure

descri bedprbcedencalopiredin cxaraple 108imd 95P4; | HER ( fﬂ? &Péﬁz c&f ) a: 1.02 (t,

. L2 3}3 (SIIZ éﬁ? Va0 oL B L SR te ik 5@“929%39{{59 3,18
(q, 25D, 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 (XXVID):

@i\ /\/\/\/N HCOOCBn
NO

The compotmd 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%; ' NMR (free base; CDCL) &:
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, 111).

Example 20

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

diamine (XX VIH):
AN,
LK

20 The compound XXVII 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)



with D20), 2,37-2,56 (m 4H). 2,73 (t, 2H), 3,83 (s, 214), 7,32-7,41 (in,
_}_ﬁi-)s,e7,50l- 7861 (_n[), 1’1—2], 7,70;}7,76 (][n 1H, 7,79-7,83 (m 1H). Exanple 21
xanpl e descri bes e synthesis o
2,5-bis-t6-[ethyl-(2-nitro-benzyl)-arnino]- hexylamno}-[1., 4] benzoqui none
§\IXXI i(%} I I\EI ;ge compound XXI X was obtained as a waxy red solid fromq
' -et hyl o N - i.tro-benzyl)-hexan-1,6-di am ne (0.65,49; nol ) and
p- benzoqvlvu P%r?em_?o. 12 10 1.1 nrnol) follow ng the samapgrrq)@:g@ﬁ%ﬂ deszzri bed
hnlgxirrgl)e(4_. Yllgl—i;i 15% 'H NMR £4ree base; CDC13) 8: 0,98 (t, 61-1),
, 19-1, ni, , 1,52-1,72 (m 4H), 2,35-2,57 (m 81.1), 3,13 :
414), 3,83 (s, 4H), 5,30 és, 2|—|).b 6, 58-61631@ 5§(,/a$ ﬂl}’ﬂg ) exchang(ggable
% g gzg)zﬁol(lmgﬂﬁweﬂw ipplescribeflh pxamplp ﬂf , ?’,%‘3- , gérefm 2H)
m . (ESI) J.n.z = (M. + H)' Eﬁ@g@ 22 This
ﬁxarr})i e d@ﬁ%ﬂﬁé & ﬁgggyﬁﬁ}aéglog’%’f(mt ﬁéf’&co:y' Sf‘gglﬁ‘id %gte OXY= aglr?zyl azni no-
exyl ] -car bam est =) . (:éﬁ C - was
ﬁbt ai Ined ‘?ﬁ’éh,glé}’ gﬁg‘f}y&{ﬁe{% 4@542(’?32%’%%1 a?sl’ gi{?@ﬁ%un@gﬁggw?@%ér bam c
henzyl es ; nr.nal g kAg the same 20 procedure descri bed
in exarrplLgﬁ(“iﬁkﬁ%d%%%(m’f?ﬁﬂ\l?%g’% #ﬂg’mase; Cl)C13) a: 1.22- 1.38 (in,
411), 1,41-1. aéxnlegﬂH)’ 2,58 (s enlarged, 11-1 exchangeable with D20,
2.62 (t, 21-1°*FPEY(q, 2H), 3.78 (s, 211), 3.81 (s, 3H), 4.83 (s

(o, “577) TS e e n Bl S CRERRACIA O RRIRA Pl B20). 5.8

(s, 211),
hexylamino}-[1,4]benzoquinone (XXIX):

S D

NO,
The compound XXIX was obtained as a waxy red solid from N'-ethyl-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; CDCly) &: 0,98 (t, 6H), 1,19-1,50 (m, 12H), 1,52-1,72 (m; 4H),
2,35-2,57 (m, 8H), 3,13 (g, 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)".
Il 5 Example 22

This example describes the synthesis of the acid [6-(3-methoxy-benzylamino-

hexyl]-carbamic benzyl ester (XXX):

WVNHCOOBD
N
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; CDCls) 8: 1.22-
1.38 (m, 4H), 1,41-1.62 (m, 4H), 2,58 (s enlarged, 1¥ exchangeable with D;0),

2,62 (t, 2H), 3.18 (g, 2H), 3.78 (s, 2H), 3.81 (5, 3H), 483 (s enlarged, 1H



Thi s exanpl e describes the synthesis of the acid
(6-[ethyl-(3-nethoxy-benzyl)- am no]-hexyl)-carbam c benzyl ester (XXXI): N
HCOOBn CMe 5 The compound XXXI was obtained as a transparent oil fromthe
acid [6-(3- nethoxy-benzyl am no) - hexyl]-carbam c benzyl ester (2.91 g, 7.85
mmol) follow ng the sane procedure described in exanple 2. Yield 50 'H

NI\/NlR(f‘;Vg% b CDC13) 6: 1.05 (t, 3H), 3..21-1.38pferedddhs 1, 40-1.57
(m ik ?ﬁ 2.73 (t, 21-1), 3.18 (q, 21-1), 3.56 (s, 211), 3.80
(s, 311) 4.83 (s enl arged, 1H *028xehangeable with D20), 5.09 (s, 2H),
6.79-6.82 (m 1L:1), 6.85-6.88 (m 2. 7.22 (1, 1ll), 7.29-7.42 (m 511).

N ot hyl - RePgeeit kDo agy s 2L as D@ AL B ve 15 The

conpound XXXI was og%al ned as a transparent oil fromthe acid { 6
[ et hyl -(3- met HE zyl') - am ne] - hexyl } - carbam c benzyl ester (2.31 g;

MR fo'%‘lﬂﬁfé" S AT S PR i 86 et oD g T
?gga?g,eagﬂ% Y\%é’%[%%ﬁn Mcég 7. 396?m(t| | |2)H) Eiaﬁa 23812521%5 s
ol hexyl ar noy [ tfmoqu. T e, (& et byt (3 et oy, beryl ) e
Ove (
5 The compound XXXI was obtained as a transparent oil from the acid [6-(3-
methoxy-benzylamino)-hexyl]-carbamic benzyl ester (291 g, 7.85 mmol)
following the same procedure described in example 2. Yield 50%; "H NMR (free
base; CDCly) &: 1.05 (¢, 3H), 1.21-1.38 (m, 4H), 1,40-1.57 (m, 4K, 2.43 (t, 2H),
273 (&, 2H), 3.18 (g, 2H), 3.56 (s, 2H), 330 (s, 3H), 483 (s culaged, 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 (XXXIE):
Q\N/\/\/\/ NH,

15 The compound XXXII was obtained as a transparent oil from the acid {6-
[ethyl-(3-methoxy-benzyl)-amino}-hexyl)-catbamic benzyl ester (231 g 6.01
mmol) following the same procedure described in example 3. Yield 90%; 'H NMR
(free base; CDCL) 5: 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 (5, 2H), 3.82 (s, 3H), 6.72-6.92 (tm, 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 (XXXII):



The conpound XXXH was obtained as a waxy red solid fromN -ethyl -

( 3- met hoxy- benzyl ) - hexan-1,6-diamne (1.0 g; 4.24 mol) and p-benzoqui none
(0.2 g; 1.84 rrnol) followi ng the sane procedure described in exanple 4.
Yield 15% 'H NWR (free base; CDCl3) & 1.04 (t, 6H), 1.24-1.57 (in, 12H),
1.60-1.75 Me 4H), 2.39-2.60 (m 8H), 3.09 (g, 4H), 3.57 (s, 41- 1) 3.81 (s,

61-1), 211), 6.63 (t enlarged, 2H exchangeabl
6. 76- 6. jﬁ)%)sﬁ) 7.18-7.28 (t, 2H. M (ESI") rnlz ﬁT@g@m + H)+
Exanpl e 26 This exarrpl e descri bes2& he synthesi s of the acid
[ 6- (4-rnet hoxy-benzyl am no- 1 o hexyl].-carbam c benzyl ester (XXXIV):
NHCOOBn The conmpound XXlXIV was o aloned as a yellow ofY® fromthe acid (6-
am no- hexyl )-carb 0 g, 10 r mai ol ol l owi ng the sane
MeO procedure des i n exanpl e | ee base; CDCl13) 6:
1.25 1.38 (m 4H), ,41 .57 (m 4H exchangeab e wth D20), 2.62 (C,
21-1), 3.19 15 (q,©OnH), 3 75 (s, 219 3.82 (s, 3H), 4.76 (s enlarged, 1H
exchangeabl e wi,th D20 0 ?ﬁgﬁr Solkd £ @;thmlzo 7.43 (in,
7H) . Exarrpl e\bé‘? ?@gé&ﬁ[ %escrlg s?an(tﬂﬁes?rg of the acid
{6-[et hyI - | r m&m%?)zxﬁd SHefoghmidney) :  NHCOOBN
MeO 20 Th %ﬂ% Eﬁ’ vvélisﬁhfg eg éés a transparent 0|I fromthe acid
[6 (2 r | é‘?&fﬂ/é ERALRAEGibR@ 7 Kangé #7 Yicki 91 g, 7. 85
) WiTohybEE0Y Al Bnd e pro
15%: 'H NMR (free base; CDCly) 6: 1.04 (&, 6H), 1.24-1.57 (x, 12H), 1.60-1.75
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):

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%; "HNMR (free base; CDCls) 8: 1.25-
1.38 (m, 4H), 1,41-1.57 (m, 4H + 1H exchangeable with D;0), 2.62 (¢, 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 J-hexyl}-carbamic benzyl ester (XXXV):
NS ANHCOOBN

L

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

methoxy-benzylamino)-hexyl]-carbamic benzyl ester (291 g, 785 mmol)



PCT/ 1 TO3/ 00227 29 foll ow ng the none procedure described in exanple 2.
Yield 40% '11 NNIR (free base; CDC13) 6: 1.07 (t, 3H), 1.23-1.38 (m
411), 1,42-1.57 (in, 4H, 2.42 (t, 211), 2,56 (q, 211), 3.21 (g, 2H), 3.52
(s, 2H), 3.82 (s, 311), 4.83 (s enlarged, |IH exchangeable with D20, 5.12
(s, 211), 6.84 (d, 211), 7.25 (d, 211), 7.32.7.42 511). Exanple 28 This

exanpl e yigsHiskddes the synthesis of Nl-ethyl-N -(4-netkhomrabenzyl ) - hexaa-
1,6-diamne (XXXVI): N H2 MeO The conmpound XXXVI was obtained as a
transparent oil fromthe acid {6-290

[ et hyl - (4-tnet hoxy- benzyl) - ami no] - hexyl - carbanii e benzyl ester (2.31 g;
6.01 mn 0l %@kﬁngﬂéi@sxziéldbw,lﬂmmﬂee 3. Quantity
yi el d; %%\‘?ﬁ“ #‘19 gg;sée%gd%%g%%@& 311). 1.22-1.56 (in, 811 2H

h : AEB11. 2 211
2.*81&?2%66‘1‘5(‘&5&2??%443?*5 RS {3) . 48, 14@ 269 (1IN G2 (s 211).

exanpl e e f ngl £8hyk gedt hdxy- beuzyl
am noj - hekssch%bﬁ-g ?Il? @/ eﬁggq(gl %Ig)nc (XXX?/ﬁ% OXHeﬁMNT 1 I\/EOyCMe TKe)

conpound blaasiobte) rsem @528, oD HO, J035i(d, 2H)pM32K.42eny | -
N1- (4- et hoxy-=benzyl) - hexan- | 6-di am ne (1.05 g; 4 )unol) and
p- bengoqq;ﬁ)(_)ne
Example 28
This example describes the synthesis of Nl—ethyl-Nl—(4-m€thOXY'beﬂZYD'hexan‘

1,6-diamine (XXXVI):

/@/\ /\/\/\/NH

The compound XXXVI was obtained as a transparent oil from the acid {6-
10 [ethyl—(4—methoxy-benzyl)-amjno]-hexyl}-carbamic benzyl ester (2.31 g; 6.01
mmol) following the same procedure described in example 3. Quaniity yield; 'H
NMR (free base; CDCls) 5: 1.06 (t, 3H), 1.22-1.56 (m, 8 + 2H exchangeable with
D;0), 2.38-2,57 (m, 4H), 2.6 (t, 2H), 3.55 (s, 2H), 3.81 (s, 3H), 6.82-6.94 (m, 2H),
7.20-7.31 (m, 2H0).
15 Example 29
This example describes the synthesis of 2,5-bis-{6-[ethyl-(4-methoxy-benzyl)-

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

(@]

i .
O I\ }Ni/\/\/\/

o}

" The corpound XXXVII was obtained as a waxy red solid from N -ethyl-
N'-(4-methoxy-benzyl)-hexan-1,6-diamine (1.05 g; 4 xﬁmol) and p-benzoquinone

20 (0.2 g; 1.84 mmol) following the same procedure described in example 4. Yield
12%: 'H NMR (free base; CDCly) &: 1.04 (¢, 6H), 1.22-1.56 (m, 12H), 1.58-1.72

(m, 4H), 2.38-2,56 (m, 8H), 3.12 (g, 4H), 347 (5, 4H), 3.79 (s, 6I0), 5.32 (s, 2H),



20 (0.2 g; 1.84 mmol) follow ng the sane procedure described in exanple 4.
Yield 12% 1H NWR (free base; CDCi) 6: 1.04 (t, 611), 1.22-1.56 (m 1211).
1.58-1.72 (m 411), 2.38-2,56 (m 811), 3.12 (q, 411), 3.47 (s, 4H), 3.79
(s, 611), 5.32 (s, 211), WD 03/087035 30 PCT/1T03/ 00227 639 (t enl arged,

21-1 exchangeable with D20y, 6.82-6.93 (tn, 411), 7.21-7,30 (in, 41r), M

(ESI +) T\Rféit)?msﬁ £33 (M- H+. Exanple 30 This exanpl e desprihhfs; t he

synt hesis o e acid {6-[(furan-2-ilnmethyl)an no]- hexyl}-carbanic benzyl

ester (XXXVII1): NHCOOBn The cofpdund X XXVIH was obtained as a brown solid
from (6-am no- hexyl)-carbam c henzyl ester (4.00 g, 16 mmol) follow ng the

same proc e . described | ] . £ ¥hE %1 H2NYRo(kt ee base;
CDC13) ngguéfn@%g’ %ﬁrﬁx%gﬁagféwﬁié)ggﬁygﬁ éllg—l 4-’Iir{)fLH excha(%eabl e with
D20), 2.69: H) «, 10 2H), 4.28 (s, 2H), 4.99-5.18 (m 2H°
1H exchan‘é@gwgiEsxﬁ'ﬁ%D:%siN%?%iaﬂ (i, 1H), 6.72-6.79 (m 1H), 7.28-7.40
(m 5H), 7.46-E7.50 e(gor, 1H). P. = 132-135 C. Exanple 31 This exanple
descri bes the hesi s of the acid [6-(ethyl-furan-2-i nethyl-

A n0) - Dol a0 S ReRE KBS b (G e- (e PR Badine]-conpound X004 X

was obt ai a yelloworl“tfromthe acid
[ (furan-2 ]| RE ! Byl 6'5@”@9]”& X¥bgviagr banée benzyl ester (2.70 g, 8.18 mol)
foll o%nnghekklg%sane}cpro edsurg descr?w exanple 2. Yield 35% H NWR (free
base; CDC13) a: 1. . 108251, 99 (m 2H), 2.79-2.88 (117, 2H),
2.99 (q, 2H), 3,2N(g, 21), 4-22 (s, 2H), 4.96 (s enlarged, 111
exchangeabl e with D20), 5.15 20 (s, 2H), 6.43-6.49 (ﬁm 1H), 6.62-6.68 (in,
1H), 7.32-7, 41Thé komp&udd, XXXVEH v Gbfained as 2 brown solid from (6-amino-

hexyl)-carbamic benzyl ester (4.00 g, 16 ramol) following the same procedure

described in example 1. Yield 72%; 'H NMR (free base; CDCl) 8: 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 (g,

10 2H), 4.28 (s, 2H), 4.99-5.18 (m, 2H + 1H exchangeable with D20), 6.39-6.42 (m,
1H), 6.72-6.79 (m, 1H), 7.28-7.40 (m, SH), 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):

e~ NHCOOBN
C)/\N
\o J

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, 9K, 1.82-1.99 (m, 2H), 2.79-2.88 (m, 2H), 2.99 (g,
2H), 3,21 (g, 2H), 4.2 (5, 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'-futan-2-ilmethyl-hexan-1,6-

@/\N/\/WNHZ
N\q J

diamine (XI.):



I H). Exanple 32 This exanpl e describes the synthesis of

N -ethyl-N -furan-2-ilnmetliyl-hexa.n-1 diamne (XL): WO 113; 087035
PCT/ 1 TO3/ 00227 --- 31 The conpound XL, was obtained as a transparent oil
fromthe acid [6-(ethyl- ft an-2-ilniethvl-am no)-hexyl]-carban-ic benzyl
ester (1.05 g; 2.92 immol) follow ng the sane procedure described in

exanpl e | 85% 'H NVMR (free base; CDC1l3) 8: 1. , 1.22-1.58
(m 8H +€V?ﬂy£§}‘c’ jangeabl e with D20), 2.38-2.61 (m A4l -P%)%{[{"@{O%Z?l?%t, 211) .

3.62 (s, 2H), 6.18-6.20 (m 1H),-6382-6.38 (m |IH), 738-7.42 (m 1H).
Exanpl e 33 This exanpl e descri bes the synthesis of

) 1 B Sl AR S M oo
NI R R e Rt B
';T‘zg.xi‘.r@'sefeﬁﬁwﬁé ey pigedind Yerthed i Brapiie s, g sy MG 1) )

.1 , 414 : 25, 18-6. 22 . 6.32 15 6. 39
(in, (2%)5 453%‘"') gyﬁ%;ﬁ%é&m - é&é@&’ﬂ’g@lﬁi & vﬁ%%%a“%@&w&%imd(i n

-1). + N e .

the syt had o CvnED e ey 3D St b s B200: B A G b vean
benzy] eStﬁg_fM NHCOOBn 20 The conpound XLII was obtained as a yell ow

oil from tHhe é.CEI 45 ’?E)‘a i no- ethyl)-carbarnic benzyl ester (5.00 g. 25.8
nol ) foll ow nﬁx!nﬂﬁle%%”e procedure

This example describes the synthesis of 2,5-bis-{6-(ethyl-furan-2-ilmethyl-amino)-

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

H O

N
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
munol) following the same procedure described in example 4. Yield 16%; 'H NMR
(free base; CDCl3) &: 1.09 (1, 61), 1.22-1.58 (m, 12H), 1.60-1.73 (m, 4H), 2.43 (1,
4H), 2,57 (q, 4H), 3.18 (q, 411), 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]—éarbamic benzyl ester (XLII):

OMe
©/\N/\/N HCOOBNn
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



described in exanple 1. Yield 80% 'H NM 1R (five base; CDC13) 6: 1..63 (s
W) 03/087035 PCT/1T03/00227 - 32 - enlarged, 1H exchangeable with 1320),
2.75 (t, 21-1), 3.33 (g, 2H), 3.78 (s, 211), 3.83 (s, 311), 5.18 (s,
21-1), 5.38 (s enlarged, 1H exchangeable with D20), 6.82-6.93 (m 2H),
7.20-7,41 (m 7H). Exanple 35 This exanpl e describes the synthesis of the

aci d {Z-nggth- ‘ 2- mr1]et hoxy- benzyl)- am no]-ethyl)-car Q,%%J,;mpﬁﬁ;yl ester

(XLhnr): "l he conpound XLIII was obtained as a transparent oil
fromthe acid [2-(2- nethoxy-benrz$®am no)-ethyl]-carbarnic benzyl ester
(2.00 g, 19.7 mmol) following the sane procedure described in exanple 2.

000 S LA APl s gm0 0,
1 | 3 7.23-7.44

P

N - -No- £ 2=~ . [ - iaai- 15 1, 2-diam XL ;

ob ai ned 24 KRVHIBAIER or 1 romthe acia (o T

[ et hyl - (2-met ?%?X‘;ﬂ?"eigyl )-am no] -et hyl }-carbaniic benzyl ester (1.50 g;
4.35 mol) f oW ng the sane procedure described in exanple 3. Yield 98%

"H NNIR aﬁ,ge %gmmﬁﬂé g%c)ﬁ?@ %};6 nihdsid8f (He, azc?dé%z-ge?hﬁl@}ﬁ&ﬂ@ﬁj'-@éﬁ?ﬂ-, 2H

exchange (q, 2H), , 211), 3.21 (t, 214), 3.78
(s. 2H), M@-étﬁy]}»%ﬁbmﬁ-lﬁ%fe@ér&m)i 214), 7.20-7.42 (m 2H). Exanple 37
Oie
N~ NHCOOBn

N
The compound XLIII 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 CDCl) &: 1.05 (t, 3H), 2,58 (q, 2H), 2.62 (¢, 2H), 3.38 (g, 2H), 3.62 (s, 2H), 3.82
(s, 3H), 5.20 (s, 2H), 5.78 (s enlarged, 1H exchangeable with D,0), 6.85-6.99 (m,
2H), 7.23-7.44 (m, 7TH).
Example 36
This example describes the synthesis of N'-ethyl-N'-(2-methoxy-benzyl)-ethan-

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

N

The compound XLIV was obtained as a transparent oil from the acid {2-
[ethyl-(z-methoxy—benzyl)—amino]-ethyl}-carbamic benzyl ester (1.50 g 4.35
mmol) following the same procedure described in example 3. Yield 98%; 'H NMR
(free base; CDCl3) 8: 1.04 (t, 3H), 2.00 (s enlarged, 2H exchangeable with D,O),

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

Example 37



WO 03! 037035 PCT/1T03/ 00227 This exanpl e describes the synthesis of
2,5-his-i2-[ethyl-(2-rnethoxy-benzyl)- am no]-ethylarmo}-[1, 4] benzoqui none
(XLV): Ove , . 0 Owe The conpound XLV was obtained as a dark red solid from
N1-et hyl -N -(2- nethoxy-benzvl)-ethan-1,2-diamne (1,40 g; 6.27 nunol) and
p- benzoqui none (0.34 5 g; 3.12 nmol) followi ng the same procedure described
in exarrp ld 1.0% 'H NWR (free base; CD30D) 6H). 2.64
(q, {‘@%872{43 3.71 (s, 411), 3.82 (s, 611), 5? é@ﬁm‘%

6.88 6 99 (in, 4H), 7 21-7.38 (m+ IH)~ M5 (EST ) nz% = 521 (M+ H)~. pf
127-130 C. Exanple 38 10 This exarrpl e describes the synt hesis of the acid

o o "ottt KR il B SR SB B nPI S o o7

(7- amno 15 . p c_ben (2,50 g, 9.4 Innol) follow ng the
sane pr oce"ﬁ'ﬂ? %&@Pﬁé@%%%%’% Loﬁﬂlﬁ eld 90%90; 1H NVR (free base;
CDC13) 3: 1.22-1.38 CB\HQ 1.38:1.684 (m 4H + 1H exchangeabl e wth D20), '.62
(t, 2H), 3.13 (g, 21AS 2H), 5.09 (s, 2H) 5.22 (s
enl arged, 1H excha bI wth m 21- T), 7.19-7.40 (m

7H). 20 Exanple 39 I s exanpl eydeset e synt hesi s of the aci d
{7-[ethyl-(2-tnet hoxy be am no] chept yI} carbamec bcnzyl ester (XLVII):
NHCOOBn ) C) Me ) . 1
The compound XLV was obtained as a dark red solid from N -ethyl-N"-(2-

methoxy-benzyl)-ethan-1,2-diamine (1,40 g; 6.27 mmol) and p-benzoquinone (0.34
5 g 3.12 mmol) following the same procedure described in example 4. Yield 10%;
"H NMR (free base; CDsOD) 8: 1.15 (t, 6H), 2.64 (q, 4H), 2.79 (¢, 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 (EST)
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):

OMe
The compound XLVI 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 (g, 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 (XLVH):

Q\JN \/\/\/\/NHC 00Bn



WO 03/ 087035 PCT/1T03/00227 34 The conpound XLVII was obtained as a
transparent oil fromthe acid [7-(2- nethoxy-benzyl am no)-hoptyl]-carbamc

bcnzyl ester (3.30 g, 8.0 nnmol) following the sanme procedure described in
exanple 2. Yield 35% 'H NWIR (free base; CDCI3) 6: 1.12 (t, 311),

1.25-1,38 (m 611), 1,43-1.61 (m 4H), 2.45-2.61 (m 4H), 3.20 (g, 2H),

3. 65 (S’Wg)li%/087%583 (s, 314), 5.02 (s enlarged, 1H exchapgfaphg;w th D20),
5.19 (s, 211), 6.84-7.02 (m 2H), 7.21-7.51 (m 7H). Exanple 40 This
exanpl e descri bes the synthesis %‘F N -ethyl -N -(2-nmet hoxy-benzyl ) - hept an-
1,7-dianrine (k’LVII1): 10 Owe The conpound XLVIII was obtained as a

yel low oi |l from i)%\fﬂw-as obtained as a transparent oil from the acid [7-(2-
[ et hyl - (2- netTﬁ‘8>%§lllﬂ§%‘ﬁlzﬁy -am no] - heptyl } - ear baxni c benﬁllg ester (1.10 g

2,50 nmp L Deh§ bR Obedyirestet@si9rg, B&dmngl) &lloWi% 3. Quantity
yi el d: 'W%%’%Wﬁeg%ﬁ%ge; CDC13) S 0.98 (t, 311), 1,12-1.53 (m 10H

'b 2H exgh i 20)exardpl8D: Xi€ld o 11 NMR fires baseg 3 2H)
0.2 (gfﬁ%&%ﬁggj_q@%aﬁ; sdribe 3R Jexardp i8a 35 MR (m 2H

314), 6.72- 6.80 (m 1% 6. 83 (éﬁ . 7.14 (t,

111), 7. @C 25:@12 Exampl. - 418 [icDekasmpicd (teddhi2Hos¢h =‘é‘ﬁzhesi s of

2,5-bis-t7- E3 thyl - ((2- nr et hoxy- benzyl )- 20 .

ami no} - heph Y4 . AL D@b-(5, 2] b 8B 1 Gi),oo: (3( anlareedp 1hchagabls B ind 1T, was

obtai~led as’a red oil fromN -ethyl-N -(2-methoxy- 2;,

liegéyl ) - Bw), 3N 9%s, 1N G8M-Ne2 (6,280, TR1-B3LELFRDol ) and p- benzoqui none (0. 17 g;
Example 40

This example describes the synthesis of N'-ethyl—Nl-(2-meﬂ10xy—benzy1)—heptan—

1,7-diamine (XLVILL):
+ NS A
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; CDCly) &: 0.98 (t, 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 (3, 3H), 6.72-
6.80 (m, 1H), 6.83 (¢, 1H), 7.14 (1, 1H), 7.38 (d, 1H).

Example 41

This example describes the synthesis of 2,S-bis-{7—[ethyl—(Q-methoxy-benzyl)—
20 amino]-heptylamino}-{1 ATbenzoquinone (IL):
O

N o~ \

O 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; 3.3 mmol) and p-benzoguinone (0.17 g 1.57
mmol) following the same procedure deseribed in example 4. Yield 12%; 'HNMR

(froe base; CDCL) &: 1.08 (i, 6H), 1.28-1,42 (m. 12H), 1,45-1.60 (m, 41D, 1.62-



nn-nol) follow ng the sane procedure described in exanple 4. Yield 1211] %
"HNNIR.  (free base; CDCl13) 6: 1..08 (t, 61r); 1.28-1,42 (m 12H),
1,45-1.60 (in, 1-1), 1.62 WO 03/087035 PCT/1T03/002 2 7 - 35 1.75 (m 41l),
2.18 (t, 4H), 2,58 (q, 414), 3,18 (q, 4H); 3.62 (s, 411), 183 (s, 6H),
5 35 (s, 2H), 6.62 (t enlarged, 2H exchangeable with D20), 6,85-6.90 (m

6. 7.22 (t, 2H), 7.43 (d, 211). M ( = 661 (M +
H)+ %OO%SA{E%TM s exanpl e descri bes the synthesis E?}l}ﬁns)h&z'ﬂ
N (2- met hoxy benzyl ) - hexan-1, 6-di &¥mi ne (L): The conpound L was obtai ned
as a yell ow oi | fromthe acid [ 6- (2- met hoxy- benzyl am no- hexyl ] -carbainic

e P2\ ol Pl ke D SRR P g, o
s ey %%I}ﬁn&iz&fj%’? g R pgechie PO bdnGather S0, O
e o P 503 o BTSSR BTt )i e s

red solid fronh ‘H%Z ggt hoxy- benzyl)- hexan-1,6-diamne (0.70 g; 2.96 ninol)
and p- benzoqw 6 15 g, 1.38 ntnol) 2 O followi ng the sane procedure

(m o1y, 1 exa”%%féibes I ilor o SR RESEL Sk 2 85 (m 10

+ 211 excgﬁjﬁgeable with D20), 5.32 (s, 2H), 6.62 (t enl arged 2H ith
e

exchangeable with D20), 6.85-6,96 (m 411), 7.22-7.35 (m 411). NS (ESI)
577 (M + H Pf: 205 C md3/ 0871135 PCT/ 1T03/ 00227

N/\/\/\/NHz

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; CDCls) 8: 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):

0
NH\/\/\\/\NH/jQ
NH\/\/\/\NH MeO
OMe : 8]

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%; "1 NMR (free
base; CDCls) 5: 1.28-1,42 (m, 8H), 1.52-1.76 (m, 8H), 2.63 (1, 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 (BSI) m/z =
577 M -+ H)". Pf: 205 °C.



-- 3 6 Exanple 44 This exanpl e describes the synthesis of the acid

{6-[ (2-nmet hoxy-benzyl)-nethyl - am no] - hexyl ; -carbam c benzyl ester (LID M
N HCOOBn To a suspension of the acid

[ 6- (2-ret hoxy-benzyl am no- hexyl ] -carbamic benzyl 5 ester (5.0 g; 13.5
tnmol) in 8 M of H20 are added HCOO -1 (1.6 m; 40.5 nmmol) and I-1Cl-10

(3.1 m; nol). It was left in agitation by ref hours and at
e.t. forng&%/%%}’%ht t hen the aqueous sol ution was bas%??%@gﬁvwz'?% NaOH 40%

and extracted with CHC13 (3 x 10@®ei-l). The collected and anhydrified
organic extracts were evaporated in a vacuum and the resi due obtai ned was

purified by fC]l—&Sh épzl hr omat ography. Eluting with Cf1d 3/ et her of
petrol eum M ¢ ?8 2:0.7:0. 05) obtained 1.6 g of the conmpound LIl as a

E{QLBC’VK o3 iy ekl @53 e i 58 e fidyichys® (7,0

3, 82 1- 22 (s enl arged, 1H exchangeabl e wth
D20) ?&'7‘1(8%’ ﬂ#"c’g bévyyes%(&l 15 Exanpl e 45 This exanple
descri bes t he synthesis oPMEL- (2-net hoxy benzyl )-Nl-net hyl -1, 6
hexandi amine (LI11): The eQupaynrd A J~wwpedHePOBned as a yellow oil from
the acid {6-[(2- niet hoxnzyl ) - met hyl - am no] - hexyl ; -carbarm c benzyl
ester (1.60 g; 4.20 mni 0 20 foll owi ng the sanme procedure described in

exanple 3. Quantity yield; 1H ', ~N free base; 1) 8. 1.18-1.56 (. m
8H + 211 Jﬁchaw@&mneomhﬁ faeig; |6)(2-ms! éy EJ%RZY@E&I) -heX@(fDCL’PF) cbsigfl o 62 (t,

(2352 5ot (D EHES el e agbof 1O aré added HEBOE (6 mf 483 kot YO

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 CHCL (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 CHCly/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, CDCL) 8: 1,23-1,39 (m, 4H), 1,40-1,63 (m, 4H), 2,23 (5, 3H),
2,44 (t, 2H), 3,17 (g, 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 N'-(2-methoxy-benzyl)-N'-methyl-1,6

hexandiamine (LIII):
Me
AN
rr 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; CDCls) 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 (¢, 1H),



7.28-7.31 (in, 11-1)- Exanple 46 This exanpl e describes the synthesis of
2,5-bis-{6-[(2-nmethoxy-benzy nethylam no]-hexylam nol-[1, 4] -benzoqui none
(LI'V). Ov Owe 5 The conpound LTV was obtained as a waxy red solid from
-(2-nmet hoxy- benzyl)-N -nethyl-1,6 hexandiam ne (0.90 g; 3.60 mmol) and
p- benzoqui none (Pd18 g; 1.66 mmol) follow ng the sane procedure descri bed
in exanp 10% '"H NNIR (free base; CDC13 8 n1 16
2.22 (s k‘@%%’"s A (t, 4H), 3.15 (q, 411), 3.52 (s ) ?@TﬁTg’;ﬂ%é} ( i
5.32 (s, 2H), 6.62 (t enlarged, 2H10- exchangeabl e Wit h D20), 6.83- 6 99
(In, 4171), 7.19-7.38 (m 4H). M5 (EST') ntlz = 605 (M+ H)-'-. Exanple 47
Thi s exanp ﬁiﬁ%?giﬁy s the synthesis of 2, 5-bis-{6-[ethyl-(2-Inethoxy-
benzyl)-a yt'am no} - 3, 6-di met hyl -[ 1, 4] - benzoqui none (LV). Ove FI W
15 The conpoun%g?v g? obtained as a red oil fromN -(2-ncthoxy-benzyl)-
-ethyl -1,6 mne (0.82 g; 3.10 znnol) and

éﬁbic‘r’llggéhﬁ SRR Brechek B8, SR 0E TP LB R P 0T €
3.53 (4 ﬁﬁtﬁﬁg&ﬁﬂsl ?@ﬂaﬂf}f&(ﬁ%i 3@“ i“m%ﬁ&ﬂ“’é 72°(1) 20 enl arged, 2H

exchangeable r woma D; 0), 6.83- , .23 (t, 211), 7,42 (n1,
ilél) M5 (ES1) nb/@ : V\D (13| 0870?;%/@I T03/ 00227 Exanpl e

-\'Q

N/\/\A/ N
OMe

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; CDCly) &: 1.31-1,48 (m, 16H), 2.22 (s, 6H), 2.41 (t, 4H),

3.15 (g, 4H), 3.52 (s, 4H), 3.83 (s, 6H). 5.32 (s, 2H), 6.62 (t enlarged, ZH

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
A
m/\/\/v N/\/\/\/I\(/Q
o A OMe
15 The compound LV was obtained as a red oil from N'-(2-methoxy-benzyl)-
N'-ethyl -1,6 bexandiamine (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) 8: 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 (g, 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 (1, 2H), 7,42 (m,
2H). MS (EST) m/z = 661 (M + H)".



Thi s exanpl e descri bes the determ nation of the inhibiting capacity and of
the selectivity of the conpounds XVI and Xl | and the conparison of these
properties wth some drugs present on the market. 5 The inhibiting power
(1C53) was determ ned using El hnan's spectrophoto.netric method (ElI man,
G T, ; Courtney, KD.; Andres, Featlrerstone, KM A New and Rapid

Col ori metd rmnation Acetylcholinesterase Actiy hRghem
Phar mcowd'%@ﬁ?ﬁvm. 7, p. 88-95). The val ue of ICso\Hv(\:/;réT‘gEterm ned usi ng

constant concentrations of 10 sub3%tratum and enzyne and varying the
concentration of an inhibitor with successive increases. In this way the
activity of t engy, was determ ned on the basis of revelations of the
formati on of Ellll’fo I ¢ col oured nol ecul ar species (2- nitro

feact fon bot duBPRPEARGTTh e byl deamBRh AL RS D BIBRD | IS, < of

| t hi is f - ; ;
Set YL SERQG Lot b Sl VLB AGRRIS | L
reactive) .Mﬁﬁgl}éﬁ%@%&%}t?ﬁﬂ%m&ance at 412 (that is the variation of the

absor bance I obenzoate per mnute (AAJnmin) (enzymatic

speed) sdepends 180 t@pEHES todk MICQCERMLs AlidQthinddN du il t RmaRQZYy AL C
activity of AChE (from human erythrocytes, anmphiphilic form EC 20 3.1.1.7)

and BuChE shfdn@phdisiBAC S ettt BSilnan] - G.ﬁ),caﬁﬁﬁ{r,dim.;t AddRe, kynetic of

M chael i s nten. To calculate the I CS(,, constant concentrations of

sat ur at i NnFeamBsbohat UMIere Newd.andt Rapidi TolHnidridVeDeteithR/iohO ofr oduce
maxi num enzymati c speed (V ,~~) and fixed enzyne rates. Five grow ng

concent r atAcetyichefindskease A6ty NBIB cAerd Bhariabdlyl 968, ¥ol 7B pl §8295)t est ed, able to
i nduce inhibitions of between 20% and 1'80% of the Wrr,3 . Lines of

i nhi biti on wer h¢ievalucobf dCheshas ple@ihined Bhgac@isaph comentpivgentfage of
inhibition of the Vma,r as a function of the decimal |ogarithmof the
nanomabar sclaemnt rnad i aaymé M @BERS Fhd Ibndefifation 0% @ ARhibitor 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) (Amay = 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 efythxocytes, 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 IC_-;O, 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 inhibitioné of between 20% and 1’80% of the Vyax. Lines
of inhibition were rlkext obtained, plotting on a graph the percentage of inhibition of

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



the inhibitor. The parameters of l|inear regression were assessed for each
line and the 1C50 (the concentration able to inactivate the maxi num
enzymatic activity by 50%, which was obtained by interpolation on the
respective line. Table I Inhibitor |IC50(AChr) 1C59 (BuCh) Selectivity (nM
(1M 1C50(BuChE) / 1C50 (ACU) XI13.19 0.1534490 340' 1407 XVTI 2. 39

0. 143144Q 64908632 Tacrine250 1050 20.2 Donepezil 5. 7TbpfPofadeep 5 a Mean of
two i ndependent neasurenents, repeated in triplicate; h Suginoto, H ;
Yamani shi, Y.; lirrrura, Y.; Kawak¥ni-, Y.; Donepezil hydrochloride (E2020)
and ot her Acetylcholinesterase inhibitors. Current Medicinal Chem stry

2000, | .. 7 3035 | @1 ] t @i i th t hod
descri \t;gd ﬂéeb%@lt%ih%g%a }%30 éﬁeﬁ%‘% sgﬁ@?une%eggsge EW ?ﬁgllﬁla?% Tagrinﬁe gnd
to Do il T . &%@ E) , the 1C50
fgr ngﬁg I?Ecs?ﬁg?éc%gn gén %@Qgﬁ%%}%a%e hlr%'hagﬁﬁse c??év%gﬁf@qd)efi nedeas
th ti : - Lndi cat t he inhibitor'
bhr 1ty £ 0TI ARy Bl diliphleciine 1 ©3 2oE  Compounds. 1

and Xl I showeg. g@.yel atively very good | C5o(Acll) (Table 1), 15 two tines
smal | er th&n—%ﬁ%@(%ﬁﬁme—f&gﬁ&ﬁﬁ—mﬁ—?ubstanti ally | ower

t han t hat Ixcl)flib gep?ﬁ‘igl{fmz(ﬂAri ce%%’zgﬂm‘ll;he sggﬁgﬁ‘jigé,i ty was relatively very

good, hi gher n Tacr S conparabl e to that of Donepezil.

Exanpl e 49 2 C Thi gyggyanpl e desayi bes thecggl&hT0gtiRg of an inhibiting
const ant {&-)—ef i ) el &EETIOR AN

X11 319+£0.15° 4490 £340° 1407
XVI 2391+0.14° 14401100 602
Tacrine 250+ 10 50+2 0.2
Donepezil  5.7° ~7000° ~1200

5  ®Mean of two independent measturements, repeated in triplicate;
b Sugimoto, H.; Yamanishi, Y.; Lmura, Y.; Kawakami, Y.; Donepezil
hydrochloride (E2020) and other Acetylcholinesterase inhibitors. Current
Medicinal Chemistry 2000, vol. 7, p.303-339.

Table 1 shows the ICs, obtained using the method described above and relating to
10  the compounds XVI, XII, to Tactine and to Donepezil. The ICsy for the ACHE are
indicated as ICspachgy » the ICsp for BuChE are indicated as ICso muchB)- The
selectivity is defined as the ratio between Ing(AIChE) and ICsp (pucg) and indicates
the inhibitor’s ability to bind preferably with AChE rather than with BuChE.
Compounds XVI and XTI showed a relatively very good ICsoacnr) (Table I),
15  two times smaller than the ICsqiachry of Taérine (Cognex®) and substantially lower
than that of Donepezil (Aﬁcept®).
The selectivity 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 (K;) of
the compound X VI

The assessment of the kinetic of an inhibitor can supply important



t he conpound XVI. The assessnent of the kinetic of an inhibitor can supply
i nportant WD 03/057035 - 40 PCT/1T03/00227 information on the nature of the
bond between enzynme and inhibitor, the site or sites of the bond and the
gquantitative efficacy of the bond, expressed by KL. K, in fact describes
the state of equilibriumbetween a free enzyne (in the particul ar case
AChE, fromdngmi erythrocytes EC 3.1.1.7), an inhibitepriidnihe particul ar
case the conpound XVI) and the enzyne-inhibitor conplex, representing the
di sassoci ati on constant of the -ed@yre-inhibitor conplex. The determ nation
of the K1 of the conpl ex AChE-conpounnd XVI was realised using the nethod

f Li - K i Vié .C. s ition,
Chapt or VHPTAES: Sagn )ﬁ%g"&?%ﬂﬁ%‘i U denes e B HEI B o son .
C E ‘ : 415 1
nesesacd MDDy R AR PRRAAR: B e DR SREKSR B IGR Y

essed WEH GLIO0r ! atum
wer e pl obtbiEsbies e o el by BT Pl L R o of Lo

compound Xdue o6 ERIRGSles 8 1 1870 RREAIAR: fn IHREIEA Gfe dbe | NVer se of

t he concen ubstratum The values of the gradients of the

i bt 3 iFbil i Bbdei | ot ted
| Nes gf&@g@%\éﬁg&ﬁl}gg%h?gf&%l?&%(ﬁEomﬁlfex,'r@ﬁ}%hﬁl%rthé’@‘é@sdcmﬁﬁnp otted on a

graph (fi corréspondi ng concentration of

i nhi bi tor ., Ihet bth€ESSRE-iHbilob8orApie:e Of the X- coordinates of the line
obt ai ned, not passing'through zero, gave a value of K, equal to 2.6 nMfor

the conmpound Xhe d&@rmiihAich ldfhd R lo¥ $heS cathplé @CUEapipaind X Wewaaver - Bur k
(figure 1) lines wth grow ng gradients can be seen whi ch show a change of

both V,,, reafiSdl iSing e blefhod Bf EERWEAeOBuk(Dixvhi M.t Webb, BiQ.sEkpiresyi our probabl y
indicates a conpetitive inhibition of a mxed type, which springs froma
si gni fi castednat BAiA64,I Olapef VINE pc GPOLonkmés, Green and Co. Ltd, 1964,
10  London, UK). For each concentration of the compound XVI the enzymatic activity
wﬁs assessed with the variation of the concentration of the substratum
acetylthiocholine (111-550 pM). 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 conceniration
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 Vi 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  scems that the compound X VI 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



both with the free enzyne and Wth the acetyl ated enzyne. Fromthese
results it 25 Seens that the conpound XVI has a relatively strong
interaction, not only with the active site, but also wth another
accessory site, potentially represented by the peripheral site of the
enzynme. The compound XVI is therefore a relatively WO 03! 087035 41

PCT/ | T03(‘%q)§é%m§owerf ul, reversible, rapid, conpetiti \ﬁﬁT)WB}.anfor of a

m xed type, I'cCh substantially follows the kinetic o chaelis Menten.
Exanpl e 50 The conmpounds in the falill ewing table were tested with the net hod
of El hnan (see exanple 48) with reconbining human AChE (HuAChE, EC

3.1.1.7) and BuCh (fropn hu serum EC.3.1..1.8). The .table also
shows thePB‘é(Frg‘HccfﬁE"é?l F’néapﬂgec?wr%%&“’tilﬂla waf B %ee@ﬁ[&e conmpounds,
Tacrine an nepezil, tested in,the. experinmental conditions, and of
t he comoﬁ%@g@%éhﬂw%h%nm%e}é@g&%uAd E) nM1C50 i suchE) nMy
XLV61. 51. 3168 01106 5l 1 2. 250. 214490340 XVl 1. 550. 111440100 |L7. 790. 371250250
LI v77. 84. 351 15%48PE23503230150 Lvo. 500. 23462+22 XVI | 73. 33. 264533

XOVETSL Ik, 8ABARA01r 4 bolnb g In1d @drEdested ittt rittidd 30 2nRP R3O0
5  example 48) with recombining human AChE (HuAChE, EC 3.1.1.7) and on BuChE
(from human serum, EC 3.1.1.8).
The table also shows the data concerning the inhibiting power of two reference

compounds, Tacrine and Donepezil, tested in the same experimental conditions,

and of the compounds X VI and XII
Compound ICsg uachey BM* | ICsp guchry nM*
XLV 61.5+1.3 168001100
X1 2.2540.21 4490340
XV1 1.5540.11 1440+100
L 7.7920.37 12504250
LIV 77.814.3 51104410
LI 123420 3230£150
LV 9.5010.23 46212
XvIl 73.3+3.2 645133
XXXV 51.121.0 24201940
XXX 13.8+1.7 2170+70
XXIX 2310+130 36500+8800
XV 59351 45100£1000
XLI 14423 35104180
Tacrine 424121 5042
Donepezil 23.1+4.8 74204390

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



XVI1159351151001000 XLI 14433510180 Tacri ne42421502 Donepezil 23. 14. 87420390
10 * Mean of two i ndependent neasurenents, repeated in triplicate. WD

03/ 087035 PCT/1T03/ 00227 Exanple 51 This exanpl e describes the

determ nation of the amyloid anti-aggregating power of the conpound XVI.
Since the induction of the formation of fibrils of AP by the AChE seens to
5 occur ction between a peripheral site of t and the
pepti de W@n@éﬁ'?égsa N. C; Alvarez, A ; Perez, C A; ?ﬁd(?)%% D. ;

Vi cent e, . et al. Acetyl ehol |ﬁe432efase accel erates assenbly of

anyl oi d-beta peptides into Alzheiner's fibrils: possible role of the

peri pher al @ of t e enzyne. Neuron 1996, Vol. 16, p. 881-891), and since
t he conpound AP e to bind with this site, the 10 ability of the

Cherefore to BRBRARRE frar M idpAllo? BL Ui ARRAR-RBSRANE “0C o ccea

To do thigs thod was used which is able to highlight the
ability ofpowﬁrmltﬁ%&l recongenl ng human, EC 3.1.1.7) to pronote the

formation of fihfLl ﬂ&ueﬁ&f%ftgg '%?flﬁDilﬂ'S%Q)A gACﬁElsé!en‘ﬁF{o( 230 tiM was

I ncubated with e enzynmne I'n a nol ar tio of 100:1, at

envi T OBTe Yool AP Sl &aneagt&?ep&fph@lfapw@af%bwz;ﬁe i the REble 8.0, 0.215

M To assess formation o I's i nduced by" AChE, the I ncubat ed

sol uti on VigRhdsaNRT e rﬁdm’ei‘t& Peldy, Of AbWiIh@Ho, W.t; Widente, &1, &t@prrposed of
gl yci ne- sodi um hydroxi de (50°mV), contai ning thi of | avi ne T(1.5.rM.

Thi of | avi ngeefy1ch@lihd¥tepis@C labeefe@M@C T hitahdyW dfh dnfdgoiflibbaigeptidel AR3 i n beta
conformation,” developing a characteristic fluorescence. The intensity of

fluoresce U@Qhéﬂfleﬂsf'ﬁbiﬂﬁ pdssiibieadle off irePesipbeRD site of the enzyme. Newron 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 AB 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 AP (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 ACKE, the incubated
solution was transferred into 2 mi 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 (A, = 490
nm), after 300 s, was acquired, fixing the Aqy, = 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 coniributions of whites composed of AB

and AChE incubated individually in the same conditions were subtracted.



nxmm), after 300 s, was acquired, fixing the X,,, 446 nnm 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 2-9 obtain the value of the
intensity of fluorescence, relating only to the interaction of thioflavine
Twth't id fibrils, the contributions of whit d of AP and
ACNE incﬁgggggngtdividually in the sane conditions me?@Tgu g%zted. WO

03j B7(03'-) PCT/1T03/00227 4 3D HWwen, after having checked the conditions
of aggregation of ~A induced by AChe, the anti-aggregating power of the

d Xvi ked i h - it . T d
ncubat ed L og PR A EHR ek AR e eagon B A THBR Shescr i bed
. T trati f.th d | 10~N and
250 1 AR BEEGERER e o s il B R B G o he
M1 SEACE" BF PEHE iS4 g of the
The 11 bri reiBousy Foe (PR VasgrenkbPLESHGNAR 26 alTACREM WBSARCD, T, !

si gnal of comiﬁlgrgse&%?{%%?am ﬁi&mﬂ*ﬂ%&@@%&&ﬂﬁﬁﬂgwpﬁﬁ Sgaki thmin base

ten of the concen i on of e conmpoun concentration of the
conpound I taar 8dU j 50% was equal
cOMBouRY Bl fulr a0 Ul BRasOReinelonblf RYEARENRYQS0% S e
Tacrine, RopeReZirtne spRiSQsh] SThBRity Bf SRR oS8LATREO SRk elii ) tested in

the conditions escerSFbed, only propidiumshowed an inhibiting power GC50 =

12.60. 3 ~Quitn) thehibhlR®f AP Hfic i&r%ﬂ’&dﬁﬁti-h kY &fdct. e BigAIofof the
conmpound XV1. On this goi nt ait s I5 1 npor angtaﬁl!tigo stress that propidiurnis

descri bed fRofs@ntd Rvas OMRRAY tiryridhal ko tthe 16darithhCHE, baab!ien tod end
selectively wwth the peripheral site of the enzyne (Taylor, P., Lappi, S

Interacti Qﬂn&ﬁﬂiﬂdﬂ@f&@@@ﬂﬁ@uﬂm%w@hem&@ryéfeh@&dnmﬁ@ms ebldhe site and
specificity of propidiumbinding. Biochemstry 1975, Vol. 14, p.
1989- 1997 )to refitiex: thesignal atfiiogedncaby 5086 s equal 1o 28 8he3 pdffipured) XALl therefore
confh-ns that this 20 nol eeLde is able to establish binding interactions
with the peri pAsronp cher cAGHE APibiting compounds (that is Tacrine, Donepezil,
physostigmine, propidium, decamethonium) tested in the conditions described, only
propidium showed an inhibiting power (ICs = 12.6£0.3 uM) 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 siie 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 experimentaily 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 compatison between the pICso of 2,5-bis-diamine-



which has a high affinity for AP. Exanple 52 Following a nmethod simlar to
the one described in the previous ex -anple, it was experinentally

determ ned that the conmpound X-H with a concentration of 100 25 ~M exerts
an inhibition of -about 90' NO on the aggregation induced by AChE Exanple
53 0 of "' 22, 5 -bis-diam ne- This exanple describes the conpari son between
the plQ woWh$as087035 44 [ PCT/1T03/ 00227 , 4] benzoqecnomsmnaderi vatives
represented by the general formula (1) and known conpounds havi ng a gener al
formula (LVI): (LVI) Table 2 No~&R8AEpl CSo( AChE) PI C5Q( SChE)

2- McOC61- IsCH2HHH28— S5. 140. 025. 210. 03 HHH2S- S3. 300. 033 1.90.02

s e et e i e e

5.270.03 compounds having a general formula (LVI):

fe i
&\NN\WNV\E/\/NWN%
R’J’/ A A k‘!’

(LVD
Table 2
No. R; R Rg A E pICsoacury  PICs0mchE)
1 2-MeOC¢H;sCH, H H H; 88 51440.02  5.21+0.03
2 H | H H H S-S 3.3010.03 3.1920.02
3 2-MeOCgHsCHa H H o CH 5.14+0.03  5.06+0.02
4 2-MeOCsHsCHa H H H, (CH) 51940.01 5.8610.01
5 2-MeOC¢H;sCH; H H H, (CHy); 5351005 54310.02
6 2-MeOCgH;sCH, H H H, (CH); 527:0.03  6.0140.02
7 2-MeOCeHsCH; H H O (CHp)s 57310.03  4.9410.03
8 2-MeOCsHsCH, H Me (CHy)q 6.51+0.02  5.2240.04
9 2-MeOC¢H;sCH; Me Me O (CHy)s 6.7710.01  4.93+0.04
X1 ~ 8.49 ~5.35
XVl ~ §.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 ICspacne) and
higher selectivity than the known compounds having a general formula (LVI).

Example 54



6.01.0.02 2. MeOC6H5C H2HHO( CH2) 45. 730. 034. 940. 03 2- MeOC6H5CH2HI v

e0( CH2) 46. 510. 025. 220. 04 2- McOC6H5CH2MEMEO( CH2) 46. 770. 01. 4. 930. 04
YI'18.495.35 Y\rr8.625.84 5 (The conpounds having a general fornmula LVI are
described in Melchiorre et al., Acetylcholinesterase noncoval ent

i nhi bitors based on a pol yam ne backbone for potential use agai nst

Al zhei megn9sM-sRase, J. Med. Chem 1998, vol. 41, 418frrfredfiy; It may be
seen from tagﬁ e 2 that the 2,5-bis-dianine-[1,4] benzoquT nonie 10

derivatives represented by the” dler’né'ral formula (1) present |ower | CSQO(AChE)
and higher selectivity than the known conpounds hav!@rlljg a _general fornula

(LVI). Exa %%ﬁﬁ@?&%&!%&%@s@m@fﬁe%ﬁﬁ@@?ﬂﬁ coinpemdX¥@ffpghe describes an
the ac

assessnent Ivity of the conpound XVI in an animl nodel. The

tests in vi .XBE g carried out using a recently realised ani mal nodel
(Rubcrtian, e ﬁ%ﬁ.: J Neurosci 2000, Vol. 20, p. 2589-2601), which presents

a 5 phenot 4he t&&g%nﬁbyw%saﬂﬂm&mwangraefememygeadisyb@zy@ali MO¥&EN. In

parti cul ar, e nodel consists of a transgenic nouse which expresses

ant i bodi@ﬁbgrngtgeal_pqu@msgr 00u0h Vich c20p rp. (2RESF2601xnwhiely PESEEEAL | y shows an
extensi ve neurdn loss in the cortex, formation of plaques_ of anyloid P and
of ing rﬁlﬁgh&g&,%ﬂ@w dsérblidgl Atzh¢imar$ elsease 8 m@}-ﬂnagafﬂf%u tions in
behaviour. 10 In particular, to produce the anti-NGE transgenic mce
(AD11), fHhel\endiabbea traggienioanaise wiechi ¢xgreesen FBIRALIES O 5 150t t he anti - NGF
nmonochl onal anti body aD11 were linked to the,constami hun%{\e regi ons k and
yl, to Oiyeid BRtoe INGE), ol comsaqiendly shows an extensive neuron loss in

cortex, formation of plaques of amyloid § and of intracellular neurofibrillar 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 oD11, and were then placed under the transeriptional 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 oD1 1).

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 conirol 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 XV1, those treated with mice that expressed the and the

non iransgenic mice were anacsthetised with an overdose of chloral hydrate. The

25  brain was removed and fixed for 24 hiin 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 pm



antibody a.Dli, and were then placed under the transcriptional control of
the pronoter of the precocious region of the human cytonegal ovirus (CW).
M ce 15 expressing functional anti-NG- anti bodies (AD 11 mce) were

obt ai ned by crossing mce that expressed the light chain (CwW-VK aD11)
with mce that expressed the heavy chain (CW-VH aDl 1). The ADI1 mice were
treated .t conpound XVI (7 ng,'kg in saline so i i a

i ntraperi (S)E/g’gng njection daily for 15 days from age TE?‘%’E’]‘F& to 2 20
nont hs. Two control groups were-caas+dered: ADI i mce of the sane litter
treated with saline solution and non transgenic mce of the same stock and

th . . The | hi st ochemi.cal., t i foll .
The ADI T ARG sollefed i omrotll phasn oo PRGN RGuaE b B e £ i ce t hat
d ] d.th A j i . i . With
bt dose. GRioRinEopis paiSiies SRR SH frdhd FhEGURRBERAACHLBEE ' {0, 04 1 i 1

[ uti f. 4% | dehy. i t BS),.and th
2r flgplrjo!t gg‘f‘g‘&m}lﬂe %%é}?é%rl&%gsgﬂggoohgpe@gcs?J{})%’sergpj %Elgﬁ’re Cg\§’sa u?gr ebr :inn and
f th t i nal t oy s hi . 4 ) 03/ 08 7035
O oo 8B s Bt o AR 0795 Blad i)
par af of naldﬁdeg%{tggﬁ?{egh E@rﬁns&h a.rflﬁbildo ond ngzl_ﬁrggaycge%b&ogkg_s Awer e used for
ohi stothem ca

t he i mhun anal ysis: nti-chol i ne acetyltransferase (1:500,

Chemi con Lﬂﬁbaﬁo@%@\?ﬁ ﬂimﬁg)anﬁ&me%;tws@ﬁm&%&é WagRa Rt PidrRi O (Cl one ATS,

| nnogenet i cs aarde, Belgium) 5 and anti-protein precursor of
anyl oi d ( gloRRGite fifibd®Paeafie Bb I8G! 1200, VAldr laboiafifieh dhirRilzaiel h t he prinary

anti bodi es, the sections were washed before adding a biotinilated anti body
agai nst geat of&ﬁngﬂm&@@;g(}/gjﬂkgw,gmm?mdmkmurI i ngame, CA) or agai nst
nmouse 1gG (Dako AI'S, d ostrup, Denmark). A stereol ogical analysis was
carried out tg sebslbgtde isnwadearriell oul. 0 deiakdimertlg aunbetr ohs positive to
choline acetyltransferase (ChAT). The volunme of the basal forebrain was
cal cul @t eghdkinémi tchRnCavsiivecti cholchmttytimasfeidee(haT) Mishellumanfi Cruz- A ive
(J Mcrosc 1988, Vol. 150, p. 117-146) and by Peterson et al. (J

the basal forebrain was calculated using the Cavalieri method described by Michel

and Cruz-Olive (J Microsc 1988, Vol. 150, p. 117-146) and by Peterson et al. (J
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

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



Conmp Neurol 1999, Vol. 404, p. 1-20), while an estimate of the total nunber
of neurons positive to ChAT was obtained using the optical fractionation
nmet hod 15 (West M, Neurobiol Aging 1993, Vol. 14, p. 275-285 ; Peterson
DA, et al., J Conp Neurol 1999, Vol. 404, p. 1.-20). To determ ne whet her
XVl can prevent the | oss of ChAT positive neurons in the basal forebrain
and int nucl eus of Meynert, the conpound was pcagfisRhatered daily
to ADl11 ﬂlﬁc@%g@!ﬁa very early stage of neurodegeneration ??ﬂr om 20 1.5 nonths
to 2 nonths; n = 6). From thefi*®dures 4A-4C it can be seen that the
treatment was able to prevent the cholinergic deficit in the basal
forebrain;. . the sa Mias iy agit ok inadordihe MPPhizpsditiomeinl thyi cal

cal cul at %ﬂé rglﬁ?rﬁgz%délﬂlﬁﬁﬁshe gr aph ir';g figure 5. Moreover, XVI was

ef fi caci qus, i vwentd L@siSnieé (G TlA) ek ghmoriansiutlendDih t he basal
nucl eus a?fe‘i%()ﬁ’g‘%“’ ,lggﬁsgeﬁﬂg?%gctoed by t%@dat)a shown in the 25 graph in

figure 6. .As .eg AD Rk EGebriihesels BotelativelXyreveried he deposi tion
of the gﬁfﬁ gflg’ @%%ﬁ?ﬁ%ﬁlﬁgﬁot ein (APP) and on tau protein

hyper phomi},%}%nﬁya@ﬂﬂié&am OBKOBTG35/C)7FBETh¢ FOBYAOOLTE K. 1791 ce of 2

nont hs was ex ned. At age 2 nonths, APP deposition in the_ cerebral
vesse%s IR @E%na pia§ bt A&IEET thitahe conmeu(dFX gl wadble ouedupavparkediit in the ADI |
mce (Fig. ). APP  deposition in the cerebral vessels is relatively
prevent edy. fQbliowkaitartdagoskeba ofi APR Adliowingoddminibtration dor YoaysFi®m t he
conparison of Figs. 7A, 5 7B and 7C, it may be deduced that the conpound
XVI was aflfnke Madiee R ketippund hEVEercebr puaedul dr 18@¥85i lon of APP
follow ng adm nistration for 15 days. To determ ne whether the conpound
XVl can Q{yﬁﬁﬁﬁﬁspﬁﬂrylaﬁﬁﬂmethe tartex, wrypenysiebisiopkamiea (4sb 2 FAPHE%or t ex, an

i mmunohi stochem cal test was carried out on sectjons obtained fromtreated
ADL1 mi cemOdectionsobtained fioch Wéated APbhvigs afiZ months & ige "F@‘”A one. Wile the

control mce do not show hypei phosplrorylated tau i .
10 the vehicle alone. While m%’ Eontr%l mic% do notf show yperpﬂospﬂorylated tau in

the somatodendritic cellular compartment (Fig. 8A), the AD11 animals not treated
| or treated with the vehicle show an intense marking in the neuronal body (Fig. 4B).
Tau hyperphospborylation 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 X VI in an animal model.

Doses and means of Administration

The compound XVI was dissolved in ethanol at a dose 50 times more
55  concenirated 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



t he somatodendritic cellular conpartnent (Fig. 8A), the ADI1 ani mals not
treated or treated with the vehicle show an intense narking in the
neuronal body (Fig. 4B). Tau hyperphosphorylation is partly prevented
following the admnistration of XVI (Fig. 4C). 15 On conclusion of the
experinmental tests carried out in vivo in a transgenic nodel of AD, it may
be said f‘% conpounds of the invention present a oAby profile
conpati bl'e V\ﬁo%ﬂ%t he recovery of cholinergic functi ona{}li:?éﬁ%%ﬂwgﬁease of
ChA. T positive neurons) and the detf ease of AD markers (decrease of the
cerebrovascul ar deposition of APP and of tan hyperphosphorylation). 20

Exanpl e 55 I. i of the activity i
Vivo of tAAPHSEL D QR RS o AP PRI O s Tr Y
Adm ni stration T ' j u{éﬂi@ ~g_dose 50 tine
nre 25 cong%% "ést%g%)%ﬁgﬁyt gleﬁglp&%ﬁggbgﬁﬁnﬁﬁﬁns%e% e gJtj ga%cggnanisrral an:j >
t hen dil ut in: |.i | 4t | for ] teORRRkial i [ : i
water. foroonafiesaioh & i 1 kBhs oL id BeidRgy iosfsa et bore: or 11
adm ni straf,l {%miﬁ/ I £ 27 48

adm ni st er%g(gﬁl n %W%Q%?%ngrgﬁimo t ﬁgﬁgl?éépn;%gg%%ng%/ﬁ%g/ day. To

anal ysg 1 ReoiRkldhic afthabisms R HERIVRRURG YL 28N135-PRY 1196h) GOMlak bf Y& deficit in
AD11 mce at age 6 and 12 nonths and in preventing the amesia i nduced by

scopol am gy{ﬁjys,&sasedl,—gjdﬁﬁfsteﬁd fMetshmade! ogi cal problens in evaluating the
role of 5 cliolinergic nechanisnms in behavior. Fed Proc 24, 135-146, 1969)

a dose of 15 AfgdekD by mbamhs,u8€ GapacigféMhesionipdtnd VI ibintjaydng e age 2 and 6

nont hs, the capacity of the compound XVI in inproving the Al zheiner

phenot ype Alghehidt IpheiatgpeviaAD binpédecslst @niph@d tothad bfiether mhibios@f's of  AChE

and of NGF. The mice received a daily injection of the conmpound XVI in a
ACHE and of NGF, The mice received a daily injection of the compound XVIin a

10 doseof7 mg/kg. Only in the case of behavioural analysis did they receive a dose of
15 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 neurostercology

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 howrs

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 2 solution of 1% paraformaldehyde in phosphate |



10 dose of 7 ng/kg. Only in the case of behavioural analysis did they
receive a dose of 15 ng/kg/day per os. Tacrine was adm ni stered by
intraperitoneal injection in a dose of (0.1 ng/kg/day and 3.5 ng/ kg/ day)
fromage 1.5 nonths for 15 days, while Galantam ne was adm ni stered by
intraperitoneal injection for the same period and 15 from age 6 nonths.

Mor eoverwgolghndyas adm ni stered for 4 nonths from age 2pgomioB@ez2zper os (3.5
m g/ .kg/day). In all the experinents the control mce were age-natched non
transgenic mice, age-matched ADI4® mice to which saline solution was

adm nistered via intraperitoneal injection or water containing the sane
percentagsggf et hanol present 20 in the solution of the conmpound XVi.

Hi st ol og 'd neur ost er eol ogy At the end of the treatnment, the mce were

anaest het | Seq WSk s 6 moRhbRERA didiciseoiThe wiksionubung reroved and
e

pl aced in an 1rce-co petri dish. T encephal on was fixed in 4%
par af or ”%iﬁ;egiédﬁ)ub&ir%h t SiBbkibeigatdt cRlinb CudbtgliraRerased (Atien
in a soluti

cryoprotecte oh of 30% sucrose in phosphate buffer. Coronal

brain secd@ns cdi’l?,t a&ﬂﬁgidvm fBeudsos | ipgotel fAREZi(Ghemicen,ot hee.  Seri al
sections weré collectéed in a solution of 1% o paraf ornmal dehyde i n phosphate

Vo 03%085{3§§1P6gfa€éﬁ’ b3 SRR prBtdiikfors ATS Tendendtios)| theNrermifisadt s on

nor phol o terations, sections were incubated with the foll ow ng
primary antibRsd @@MA)st choline acetyltransferase (Anti- ChAT;
Chem con)aﬁ,ﬂagl?fyl oﬁnpr ecursor protein APP (Chem con), the 5 phosphoryl ated
fraction of tNauroRteRibRiglalquantitativiBialysid wasqgdomedon)ihe basd foreckraioni nus, of
anyloid (Santa Cruz). Neurostereol ogical quantitative anal ysis was
per f or me chn@Rndoktend) aswdx vsimgdlnr gritieal fractionation method (West M.J., Neurobiol
Aging 14, 275-285, 1993; Peterson D.A. et al. J Comp Neurol 404, 1-20, 1999;
10 Michel R.P. & Cruz-Orive L.M. J. Microsc. 150, 117-136, 1988) .
The density of exiracellular deposits of APP was calentated according to the
method used by Schenk (Schenk D., Nature 400, 173-177, 1999), in which the
percentage of the cortical atea occupied by extracellular deposits is calculated with
respect to the total area of the entorhinal cortex.
15 The number of B-amyloid —positive cell clusters was quantified in the caudal

portion of the hippocampus using the optical fractionation method.

Obiect recognition test

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

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

20 evaluating the ability of discriminating between a new object and a familiar one
(Ba;rtus, RT. On neurodegenerative discases, models, and treatment strategies:
lessons learned and lessons forgotten a generation following the cholinergic
hypothesis. Exp Neurol 163, 495-529, 2000). ADI1 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. Alzhejmer-like
neurodegeneration in antinerve growth factor transgenic mice. Proc Natl Acad Sci

US4 97, 6826-6831, 2000).



and entorhinal cortex using the optical fractionation nethod (West MJ.,
Neur obi ol Aging 14, 275-285, 1993; Peterson D.A et al. J Conp Neurol 404,
1-20, 1999; 10 Mchel RP. & CGuz-Oive L.M J. Mcrose. 150, 117-136,
1988). The density of extracellul ar deposits of APP was cal cul at ed
according to the method used by Schenk (Schenk D., Nature 400, 173-177,
1999), iRoWiEhsst he percentage of the cortical area QQﬁHﬁkﬁ&zfy
extracel lul'ar deposits is calculated with respect to the total area of the
entorhinal cortex. 1 The nunber -0f00=anyloid -positive cell clusters was
gquantified in the caudal portion of the hippocanpus using the opti cal
fractionatio t hod,. ject recognidi I conmpound XV
oSk R n e fhal! BOAANS It B il vRES WEAGY i

in rescuing icrts in. 4 ce was anal ysed using the
object re ! . i St  TieGofiYal Watd ng the
ability o?ogg)lméuédr mlﬁlfgﬁsn%&ga \%gggrgog lggﬁvﬁg%?%c%%rg%dﬂ% foam' liar one (Banos,
RT. On neyj.c | | 3R 3K PrarSRAR! AD1 PRt eRad WRRWwaRt &ddl €01 es:

| essons | eﬁﬁﬁgﬁgﬁgﬁﬁgﬁgﬁ)’ﬁ%ﬁﬁgrgotten a %lgnerafi on foll o?vi ng the

chol i ner gje o nhly, M@§&§feﬂ§mm@g?}r ol 163, 495-529, 2000). AD 1 | mice show a
progressive decrease of this ability of distinguishing now objects from
ol d ongs (Capg@Rbgnifve defiel Hak Blso iduce@ARFdPiof 24nonituB@T fransgenic Berardi, N &
Cattaneo. A. Al zheimer-like neurodegeneration in antinerve growh factor
t r ansgeni gicRingSub&iiaeodiddmifisetiober 0.5UbAkD 6f spdemaR3a mtjc WO 03! (S703S
PCT/ 1 TO3/ 00227 50 Before starting the trial, 6 and 12 nonth old mce were
treated WebdptorGaapauaqdwiid Bf Bellct 3. deyisodblogisalgectdenns inkSdluming deday per os.
The controls were age-natched non transgenic mce and transgenic ADI 1
m ce tr eafoldofvichdlinemte mealmtismishie twhavorp&ed Pntcad® FS-E6hdBH). A2% . 5 The
cognitive deficit was also induced in a group of 2-nonth non transgenic
m ce by sstbaudt giepws sathrilniestived campouhd 00\ (pgr ky 16f mglehdl amiine, a
muscarini c

10  before scopolamine injection. A third group of non transgenic mice was formed by .

non-treated non transgenic mice.

The efficacy of Galantamine in rescuing the behavioural deficit in ADI1
mice was anatysed 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 minue, 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 compleiely 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 choliner nmechanisns in behavior. Fed Proc 28,

135- 146, 1969). A second group of animals received conpound XVI (per os, 15
ng/ kg) 20 10 before scopolamne injection. Athird group of lion transgenic
m ce was fornmed by non-treated non transgenic mce. The efficacy of

Gal anta escui ng the behavioural deficit in AD ] s anal ysed
after o% g@%lﬂgnil stration of 3.5 ng/kg/day starting f%é%'?sﬁﬁn%mihs of age

until 6 nonths of age. 15 To carrylout the experinent, the mce were placed
in a box nmade of Plexiglas (60 cmx 60 cmx 60 cm. The walls and the

fl f the b i . . i.aly The b d
by ect o (B RR ol o Bl Ry dhiccP RO OO A T RIE RS 72 dere

| eaned rjp, bet ' ik O pip - . The ni
Cece ved BUEEHERGo B efeiho G rhe kB e iibOiNeE Y5 08 TLET o
i d S sesstor ! _ ) _ t
pack 1 R ik sieh Bl AR Mk ot TkploMioh Blo is BRFBORINEE 205 A0. 1 or
exanpl e 23 G00P5s AR R d e\);hiélpﬁle é?ou?%}ﬂh’écﬁ?-aﬁ%d f40EU4 HERRE TeasUr ed the

total time spent exploring each e two objects. Then the nouse was
returned Ly 1S he@g%-a%gt&deg 1o %T@e&&rﬁﬁﬁ Pl FNULE objechOe and 24 hours,

t he objects were renoved fromthe box and one of the two was repl aced by
i ts i dentgiemiARN ihd3)was caltliialeg utihe tHRl BRkuNas Fr/apHaEp dhwetN i conpl etel y
new obj ect (object B). After a delay of 1 mn., 1 hour and 24 hours the
nouse WaShi Yimdd et eRpibrie BrRXnednebjeck pasicl the tiMO PHBitO&pHding P@R | TO3/ 00227 5i
the famliar object A3 and to the new object B for 10 m n. The objects were
pl aced ifamilkeobjeae | ocations as the previous ones. The experinmenter again
nmeasured the total tine spent exploring each of the two objects.

Expl orati on tRegwlts s operationally defined us the tinme during which the
nouse directly attended towards the object 5 with its head, at a distance
not drkeat@) t hafficiydmbliacking chalinergicateficit, Tauephosphorilation and B-amyloid

apprepation in aged AD11 mice after oral adminisiration

Neurodegeneration in AD11 mice worsens with age and is fully blown at 15

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 Ol, 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 XV] 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



di scrimnation index was cal culated using the formula (NNF/ N + F), where
Nis the tine spent exploring the new object, and F the tine spent
exploring the famliar object. Results . moid 10 (a) Efficacy in
bl ocki ng cholineric deficit, tau phosphorilation and Al a aggregation in
aged AD] | mce alter oral adm nistration Neurodegeneration in ADI1 m ce
worsens Wdhegss and is billy blown at 15 nonths of agesrffakhi s age, the
foll owi ng can be seen in the brain of AD 11 mice: neuronal death,
cholinergic deficit (Melchiorre; % ~Andrisano, V. Bol ognesi, M., 15
Budriesi, R Cavalli, A Cavrini, V, Rosini, M Tumatti, V & Recanatini,
M  Acet i rase noncoval ent inhibitors based on a pol yam ne
backbone%rgg%p(%pgg?ﬁal use against . Al zheiner's disease. J Med Chem 41,
4186- 4189% 1998 1 ulSelckRBulatidh. of Alypliphc¥pliorslateld smadvereaszdrie dhe 1picet ei ns, and
t her apy. ﬁysmf Rev 81, 741- 766, 2001), presence of extracellular
J3- anyl oiydlaieh 3aeSe Cb £ 05V (fi@e 180 dn eampiris@0wite plageboAreattBr eno RD,
Vicente M Linker C sanueva 01, Soto C, Garrido J. Acetylcholinesterase
accel er atgs. aRmesOB). The anybeaiof-thetds pemsinge phosphorylamdAme i ‘s fibrils:
possi ble role of the peripheral site of the enzyne. Neuron 16,
881- 9%, 198R)iodehasitic ephpainatiwad aproxivdately tieawniel g it of agsgnaghedonposed of the
hyper phosphoryl ated form of tau protein. 25 The conmpound XVI was
admi ni st afoftrafigenio mita(figuddda).of 7 ng(kg/day for 1 nonth to AD11l mice aged
15 nmonths (n = 6, nis the nunber of mce used). The treatne determ ned
an i npr ovpigedministraios ofi thetrempand SR detramigied aletreeshde s NORReYsa) WO
03/ 087035 52 PCT/1T03/00227 forebrain (figure, 9%. r;ﬁh? i,ntracel | ul ar

ith plack- AR

accunul atp-amylofd pgques phdBphoicp| (Bewe L1 GLIFRPELS ARt

mice (figure 11B). Although the number of plagues did not reach the level that can
10 be observed in age-matched non transgenic mice (figure 11A), the morphology of
plaques was different from the one observed in placebo-treated mice: the number of
cells associated with plagues in mice treated with the compound XVI (figure 11C)
was lower than that in placebo-treated mice (figure 11B).
Tn 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
learned 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).



treated with the conpound XVI (figure 10C) in conparison with

pl acebo-treated mce (figure 10B). The nunber of the cells containing
phosphorylated tau in the sonatodendritic conpartnment was approxi mately
the sane as that of age-matched non transgenic mce (figure 10A). The
adm ni stration of the conpound XVI determ ned a decrease in the nunber of
-anyloid in AD1l mce (figure 11C) in conpari Wb
pl acebo-?ﬁe‘%@gﬁ%m ce (figure 11B). Although the nurrberSFon}%I Sfﬂazqzaes di d not
reach the level that can 10 be obServed in age-matched non transgenic nice
(figure 11A), the norphol ogy of plaques was different fromthe one observed
i n pl acebgyl raatad b Sf thi'e H&Iﬁ&rw 150 lpi%/dB$ SRF | RS 8lowdd By Pl aques in
mce trea’?g% a\;t\nl%ir;l&f e. cgnpou%rg XVI iéure 1 Ic?sl%;vas}lower than that in

pl acebo-t§ it 6EmETdeBME & A1 Bhice'ad 6 GRAGsYS =0TV, Haerer 105 ihd $2 descri bed
dermnstrat@%ﬁ%%: tﬁe conpound XVI s active L(15 eve%&raftZr or al

adm ni st r%hﬁggﬁg@. fihat 15)keagonpound XVI is able to inprove

neundegenerati on al'so in aged mce in which the pathology is fully bl own
and in  anphaguaneadvatpgifed i Rdn EidsgGlicmit vefted Gatithextsithondd XVON behavi our al
deficits in 1 D11 mce and in mce treated wth scopol am ne 20 The
efficagy off nibes perpRURE adivinistBtidy efadcbdanbiad dfticomicalireated wdthtthe n AD11 mi ce
was anal ysed using the object recognition test. The anal ysis consists of
the eval yahpownd KVItdiénalshdw ty digns @F smndsia and werdablatpelistinguistathel f ani | i ar
objects (Bartus, RT. On neurodegenerative di seases, nodels, and treatnent
strat egi egimiligabiees fronethe ned omsdiigfies¥ns forgotten a generation fol |l owi ng
the cholinergic hypothesis. 25 Exp Neurol 163, 495-529, 2000). AD | mice
show a pr fgresdision, dee ceapend nXVhiis ablabp| duefiorate theseqgabive slefigiéw obj ect s
fromthose already explored (Selkoe, DJ. Al zheiner's disease: genes,

prot ei ns, detemhindse heyp NGH HigptivatioReipn gansgenic -migs, aglody . 3dmipisiering 087035 - 5 3

-- PCT/1TU3/ {J0227 o
.10  scopolamine in non fransgenic mice.

(c) Effects of the administration of the compound XVI to AD11 mice compared

with the effects of other AChE inhibifors

The compound XV, 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 Tactine). 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
ADI11 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.



The adm ni stration of the conpound XVI (15 ny/kg/day per os) allowed an

i nprovenent of the deficit in ADI | mce at 6 nonths (n = 10, figure 12)
and 12 nonths (n = 8; figure 13) of age. The sane test was applied to non
transgenic mce treated with the conpound XVI 5 20 m nutes before the
adm ni stration of scopolam ne. The mce treated with the conpound XVI did
not showyanyeghgns of amesia and were able to distinggrghsbid; famliar
objects fromthe new ones (figure_l14). In conclusion, the conpound XVI is
able to aneliorate the cognitive deficit deterni ned by NGF deprivation in
transgenic mce and by admnistering 1.0 scopolamne in non transgenic

mce. (clyEhfgestin-ond AbE At nhetaaairiaatief of e compourddXXW ado ADLI nice
conpared wth the effects of other ACNE inhibitors The conpound XVI,

Gal ant am gaaadind a&dubaBhyertcdkit demkisioe df ARP whiledapPctantine wasce. The dr ugs
were adm ni stered per os (conpound XVI and Gal antamne) or via 5

i ntrapetiieffRéve (Hpugct®.on (conpound XVI, Gal antam ne and Tacrine). They
were adm nistered starting from 1.5 nonths of age until 2 nonths of age.
Tr eat nent Ty frdhimédh avittothip oompbul X i dtaving hat Gahentitsaofiage. Waseahéhiced t he
decrease of the nunber of cholinergic neurons in the basal forebrain,

whi | e sTacieilme thggumkaibos cklls hecuotubiting Bragivboid geotdin in the hipgesespssdt 20 The
conmpound XVI, Gal antam ne and Caproctam ne were al so adm ni stered to AD11
ni ce from\BlimitdShefsamgeesilbis diaintdyusing\Grlansantine WilgfAIMEIAAS and

Gal antami ne were able to rescue the cholinergic deficit in. the basal

f or ebr ai nwas iGsfifective digree0had no effect on the number of cholinergic neurons

(figure 16) . After treatnment with _the cqnmpound XVl for 15.days, starting
at 1.5 nobichadminisirgtion ofsthercogpawt KY1der dqweeks Hont 8oy © reduced the

And 18) . dskerained s maked renlarbon o D6 SRR SIS RTAIS T | gur e 18) -
MEre 0! Gatntammise (R ah) 0o
In conclusion, the compound XVI 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 X VI was tested, expressed as the ability to capture
oxjgen 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
flyids, Methods Enzymol. 234 (1994) 279-293], after suitable experimental '

20  modification.

The method used to assess the ability to neutralisg free radicals is a
colorimetric method. It is based on the reactivity of a peroxidase compound,
methmyoglobin (6.1 uM) (HXFe 3y 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 *=0].

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

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



5 4 PCT/1T03/00227 In 6 nontb-old ADII mce, the admnistration of the
conpound XW. an Gal antam ne reduced the extracel |l ul ar deposition of APP,
while Caproctailline was ineffective (figure 19). The treatnment with the
conpound X%/1l, starting at 6 nonths of age, was able to reduce the nunber
of cells accunulating f -anyloid protein in the hippocanpus of t, AD I |

m ce. ThgoSgh®pisesult is obtained using Cral ant arai ne pcMpdsfefeapr odanl i ne
was ineffective (figure 20). The adm nistration of the conpound XVl for 2
weeks from 6 nonths of age deterfAPned a marked amelioration of the
beha-6oural deficit., as occurred also Nvith 10 Galantarriine (fig-are 21)

I n conclu i s Gt ant am ne, but
! ﬁg{%ﬂ){m :én reve leoﬁgh rddicaP ARl hE L 006 nAs u

superi or ing e aspect of neurodegeneration. linked NYith

tau hyperpho n%&@e[l@b &n Wanxidagihaeitiv @ selgemst al |
aspects of AZ é@ﬁ%gﬂ@%ﬁggner altl onﬁ Not e al s% that in the encl osed

figures t&@#@@hﬁ fﬂﬁﬁdﬁ%g of the RbBERAspddics 2kl B8 cor@pbndagibeorbed ke ant i oxi dant

power was teste expressed as the ability to capture oxya, n
r adi cal S, &MFln? 9t £:028 tikeh o- Randox Laboratorieso-O Ltd (UK) (Total
ant|OX|dant t -etn f status) [Rice-Evans C. and MIler N.J. Total wth

oxi dand st at Ugs irkfeRh@s RitRxaast, BByt fhibitdde dWednigdsic Beacionlin £334 (1994)
279-293], after suitable experinental nodification. The method used to

assess t hgaatr Hb% ding oRuidetritivn, & iwaeesolalie dedativeofVitgind? waet ri ¢ met hod.
It is based on the reactivity of a peroxi dase conpound, nethnyoglobin (6,1

PM (I - LXddsFrolbki(6-hydroxy-2,68, megmﬂ@éclmcbmmﬁc@gmy c p@ql)ox. de (250 ~L_,M in
an aqueous buffer w th physiol ogical. g stinulates the formation of
The white is composed of phosphate butfer (80 mM, pH 7.4} methmyoglobin
and ABTS® incubated at 37°C, the reference contains in addition Trolox while the
10 sample coniains in addition the compound XVI. The substratum H,O, was added in
cach 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= AAbs white™ AAbs test / AAbs white X 100

15 The following data were obtained:
concentration [pM] % inhibition*
Trolox : 27 57.610.9
XV] 170 44.113.7

* Mean of two independent measurements, repeated in triplicate

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

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

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



5 oxygen radicals, which it conplexes in the formof forrimyoglobin CX-[F e
4,~ Q). |Ip~ Ferrimyoglobin subtracts all electron froma cation
(.,,~BTS~-") (2,T-azino-di- -1- P ethyl benzthiazoline sul phonate]) (610
pl\4), returning to a netlunyogl obin and WO 03/087035 The white is conposed
of phosphate buffer (80 mM pH 7.4) nethnyoglobin d ABTS(r) incubated at
37C, thewb%@ﬁ?ﬁﬂce contains in addition Trolox while tagRGHLT03/ 00227 The
capturing o ree oxygen radicals by an antioxidant present In a solution
reduces the formation of the cotowéed species and the correspondi ng
absorbance to 600 nmat fixed tinmes. As reference antioxidant; able to

it er - sol UBFES R st g Rebft iy R ARGEnOReERaloan concentraion, @

(6-hydrox.y-2,5,7, 8-tetranet hyl cl -aoman- 2-car boxylic acid). transformng
ABTSO i nto col oured radical, detectable at 600 10 sanple contains in
addition the conpound XVI. The substratum T-T202 was added in each test
and the absorbance was read at 600 nmat fixed tinmes (t0 and after 3 mn.).
The percentage colour |loss of the white can be used as an indication of the
antioxidant activity of the sanple tested. % inhibition= AAbs ~;te AAbs
test / AAbs jvj,;te x 100 15 The foll ow ng data were obtai ned:
concentration [I'"M % inhibition* Trol ox2757.60.9 KV 117044.13.7 * Mean of
two i ndependent mneasurenents, repeated in triplicate The nodification of

t he met hod shown concerns the addition of human serum albumn (25 tiM in
the sanple containing the conpound XVI to assist its



solubilisation and its respective white. In the system described, the
conpound X -VI an antioxidant activity (capture of free radicals) because
it inhibited the formation of the coloured radical species. The
anti oxi dant power of the conpound XVI is about 6 Iinmes |ower than Trol ox.
However it nust be stressed that the conmpound XVI was tested in the

oxi dat ed i LC form which in vivo in contact with tic
reducing“@%ﬁ@gﬁgg7035 56 PCT/1T03/0022 7 systens, canlﬁgﬁgﬁgﬁgggrned into
the nore active hydroqui nonic redwded form WO 031087035 - 57 CLAIMS
PCT/ 1 TO3/ 0022 7 2,5-bis-di am ne-[|, 4] benzoqui noni ¢ derivative having a
general fornmula 5 wherein Rl reqéﬁggph a substituent chosen fromthe group
consisting of: a hydrogen, a saturated or unsaturated, l|inear or ramfied
al kylic group,of, fy.om one LGS 7 @A GreRerglUREhElE UENt havi ng
an attractor é‘l’étswlgﬁma%ﬁ’?ﬂb\?yoéﬁpg%%ﬁ%%lﬁé each i ndependently of
t he ot her ,~represent a hydrogen or a saturated or unsaturated, |inear or
ram fied épkylic group presenting fromone to five carbon atons; R4 and
R5, each indegendently of the other, represent a substituent chosen from
the group consisting of: - hydrogen, 15 - a saturated or unsaturated,

linear or ram fied al kylic group reséﬁatin@ fr one to five carbon atons,
Owve, and N. N
'\.Z/ ~

Ry R

R—l\@T\N -y Rs
l |
X R R

0]

5 wherein R, represents a substituent chosen from the group consisting of:
- ahydrogen,
- a saturated or unsamrated, linear or ramified alkylic group of from one o
five carbon atoms, and
- a substituent having an attractor electron inductive effect;
10 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
five carbon atoms; R; and Rs, each independently of the other, represent a
substituent chosen from the group consisting of:

hydrogen,

15 - a saturated or umsaturated, llinear 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-,



SMe; X represents a radical chosen fromthe group consisting of:: 20 -
-HC=CH, -HC=N-, d WD 03/087035 PCT/I1T03/00227 58 - -N T represents a
saturated or unsaturated, linear or ramfied alkylic group presenting from
one to four carbon atons; 7 represents a saturated or unsaturated, |inear
or ramfied alkylic group 5 presenting fromtwo to thirteen carbon atons.
2.- 2,5-Qis:ql ine--[.1, 4] benzoqui noni ¢ derivative i ener al

formul a Wﬂs‘?%g@g{)rdi ng to claim1, wherein Rt represe%ﬁhg&éu 2gti t uent
chosen fromthe group consisting B - a hydrogen, 1.0 - a substituent
having an attractor electron inductive effect. 3.-

2, 5- bi-s-di ar ni nexNg-; 4] benzoqui noni ¢ derivative having a general fornula
according to claim1l, wherein Rl represents a substituent chosen fromthe
group consi st TngpRents a daltuiddoge nsatuiabed; ligedradrogmified MPic grodp- MeO R2 and
R3, each independently of the other, represent a hydrogen or a saturated
or unsat Unpadséfling otk i@four eitbdni atrdnsal Kyl i ¢ group presenting fromone to 20

four carbon atons; R} and R5, each independently of the other, represent a
substituent ciogpmsdtsomshineategr oupnsainrids tineay @f ramified alkylic group
5  presenting from two to thirteen carbon atoms.
2.- 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general formula
(@) according to claim 1, wherein R, represents a substituent chosen from the group
consisting of:
- ahydrogen,
10 - asubstituent having an aitractor electron inductive effect.
3.- 2,5-bis-diamine-[1,4]benzoquinonic derivative having a general formula

(I) according to claim 1, wherein Ry represents a substituent chosen from the group

consisting of:

a hydrogen,

15 a halogen,

1

NO,, 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; R4 and Rs, each independently of the other, represent a
substituent chosen from the group consiéting of:
- hydrogen,
- a saturated or unsaturated, linear or ramified alkylic grduﬁ of from one to
five carbon atoms,
25 T represenis a saturated or unsaturated, linear or ramified alkylic group
presenting from one to three carbon atoms;

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



- hydrogen, - a saturated or unsaturated, linear or ramfied alkylic group
of fromone to five carbon atons, 2 5 T represents a saturated or
unsaturated, linear or ramfied alkylic group presenting fromone to three
carbon atons; Z represents a saturated or unsaturated, linear or ramfied
al kylic group W1) 03/037035 PCT/1T03/00227 - 59 presenting fromtwo to

twel ve ogplomrdsons. 4.- 2,5 bis-diam ne-[1, 4] benzoquipgemingnees i vative
having a general fornula according to claim1l, wherein R represents a
substituent chosen fromthe group Consisting of: 5 - a hydrogen, - a

hal ogen, - MeO R2 and R3, each independently of the other, represent a
hydr ogen @fesénting fivuurtev eaitvaiveeaben atpas.ed, |inear or ramified al kylic group
presenting fromone to 10 two carbon atons; R4 and R5, each independently
of the ot her, 4.+ 8priEsdiamine-[14{lsatoquinenie detivasiun havingageery, %onsi sting of.
hydrogen, a saturated or unsaturated, linear or ramfied al kylic group of
from one (Dafcordingtarchdm lawbergin Ry sepresentp # sahshiuentichesep S4mdlg SIOM-—CH “or t he
radical T represents the radical -Cl-12-; and Z represents a saturated or
unsat ur at eensistingefar or ramified alkylic group presenting fromtw to seven
carbon atonms 5.- 2,5-bis-dianriue-[1, 4] benzoqui noni c derivative having a
generab fornmut aahydrogad according to claim3, R3 represents a hydrogen; R4

and R 5, each independently
- ahalogen,

- MeO;
R, and Ri, 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; R4 and Rs, each independently of the other, represent a
substituent chosen from the group consisting of:
- hydrogen,
- g 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
7. 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, R; represents a hydrogen; R4 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
five carbon atoms,
25 - aramified alkylic group of from three to four carbon atoms,
7, represents a saturated linear alkylic group presenting from two to seven

carbon atoms.



of the other, represent a substituent chosen fromthe group consisting of::
hydrogen, a saturated or unsaturated, linear or ramfied al kylic group of
fromone to five carbon atons, 25 - a ranm fied alkylic group of fromthree
to tour carbon atons, Z represents a saturated |linear alkylic group
presenting fromtwo to seven carbon atons. WO 03/087035 - 60

PCT/ | TO3yB@2dsh03z- hi s-di am ne-[ 1, 4:1 benzoqui noni c. der pgpitoyMoRavi Ng a
general formula (1) according to %$e_of the clains froml to 4, wherein R

is in position 2 with respect fo .- 2,5-Dbis-diamne-[1, 4] benzoqui noni c
derivative having a general formula 5 (1) according to one of the clains

froml to 5, ghessiifdidmiey) gpeiloguitoriaiaties haing® genesdl Kyniuta gr oup
presenting fromtwo to seven carbon atons. 8.- 2,5-Bis-16-[ethyl-(2-methoxy

- benzyl) - gn&@}diﬂfge‘tby&@rﬂmc Hainds1frdhh etz GtieRANR, (9B positidn 2 with
2,5-Bis-13-[ et hyl-(2-nmet hoxy-benzyl)-amno 10 [1, 4] benzoqui none (XI1).

am no - pr gRjectl{. .
2, 5-Bi s-[ 6-(benzyl - et hyl -am no) - hexyl am no] -[ 1, 4] benzoqui none 11. -
2, 5-Bi s-{ 6-['Bt hylbif-GaiibicHOA behoyuivdgie detivatiye having ageneeal fiiydd benzoqui none
(XXXI'11)y. 12.- 2,5-Bis-{6-[ethyl-(4-nmethoxy-benzyl)-am no]-hexylam no 15
[ 1, 4] benzyuicontiny {0X0e)df thy claibl. from 1 to 5, wherein Z represents a saturated
2,5-Bis-{2-[ethyl-(2-methox), -benzyl)-am no] - et hyl ar ni no:
linear alkylic group presenting from two to seven carbon atoms.
8.- 2,5-Bis-{6-[ethyl-(2-methoxy-benzyl)-amino]-hexylamino }-
[1.4]benzoquinone (XVI).
9.~ 2,5-Bis-{3-[ethyl-(2-methoxy-benzyl)-amino]-propylamino} -
10 [1,4]benzoguinone (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 }-
f1,4]benzoquinone (XXXII).
12.- 2,5-Bis-{6-[ethyl-(4-methoxy-benzyl)-amino]-hexylamino}-
15 [l,4)benzoquinone (XXXVII).
13.- 2,5-Bis-{2-[ethyl-(2-methoxy-benzyl}-amino]-ethylamino } -
[1,4]benzoquinone (XLV).
14.- 2,5-Bis-{7-[cthyl-(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 (EDb.
18.- 2,5-Bis-[6-(ethyl-furap-2-ilmethyl-aminc)-hexylamino]-

[1,4]benzoquinone (XLI).



[ 1, 4] benzoqui none (XLV). 14.-

2,5-Bis-{7-[ethyl -(2-methoxy-benzyl)-am no]-hepylam no [1,4]benzoqui none
(Irf.). 20 15.- 2,5-Bis-{6-[(2-nmethoxy-benzyl)-met hhyl am no] - hexyl am no;

-[ 1, 4] benzoqui none (LIV). 16.-

2,5-Bis-{6-[ethyl-(2-nmethoxy-benzyl)-am no] - hexyl am no}-3

di r net hy‘%,- l;]% fdsbenzoqui none (LV). 17.- . PCT/ITO300227
2,5-Bis- 8 % nmet hoxy- benzyl an-iino)-hexylam no]-[ 1, 4]-benzoquirionc 18. -
2,5-Bis-[6-(ethyl-friran-2-il net ¥ .~ ani no) - hexyl amno [ 1, 4] benzoqui none
(XLI'). WD 03/037035 19.- 2,5 Bis-{6-[ethyl-(2-nitro-b [1, 4] benzoqui none

(XXI'X). 61, 1%%% 155@521.1_{Q.ﬁ%mj}@zmmewlﬁanﬂ@j;hekgﬂ@ﬁmb@z27 20. -

2,5-Bis-{6-[¢e 0- benzyl )-"amm no] - hexyl ani no}- [I|, 4] benzoqui none

(XVITI). - Rir Qlil@(—}g('m i ne-[ 1, 4] benzoqui nont derivative according to one
of the J?’g;br?gﬁ)ﬁrlgm 1to 9119, for use as a nedi canent. 22.-

2, 5- bi : s- di aBpne-sLhis4bpanaqmuibRciheyHetinyjelidyemangor ding to one of the
clainms froml to 20, for the treatnent of Al zheiner's disease in mammals.
Phar maceut yfah-diuRRA¢ @tVan characterised in that it conprises a 2,5-bis 10
di ami n. e-’1; 4] benzoqui noni ¢ derivative according to one of the claims from

| to 20, or 29n@ NfisidiamiidiRessthinonic| derieaive pretdiog saons obihe a
pharmaceutically acceptable excipient and/or diluant. 24.- Mthod for
pr epar i NglAme fombi 18-19] fonisees b inedicreent.oqui noni ¢ derivative
22.- 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 mapmals,
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 (VII):
(VIIO)

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

formula (VII):

(VI)

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



according to one of the clainms fi-om1 to 20; the nethod conprising a

nucl eophil e 15 substitution phase, in which on a p-benzoqui none having a
general formula (VII1): (VII1) a substitution is mde with a first

i nt ernedi ate conmpound having a general forrmula (VII): 0 (VIl) "NH 1 R3 20
in order to obtain the 2,5-bis-diamne-[ 1,4]benzoquinonic derivative

havi ng a“y(?’ %§f09§7035 62 PCT/1T03/ 00227 general for ”“'ﬂ:ﬁilr?bsmngzﬁ Met hod
accordi ng arm and conprising a rol ysis ase, In ich a
di 24 d np g hydr ol y ph h

second i nternedi ate conpound havi Ag a general formula (VI): (V ), NCOOD
R 5in which D represents a Bn or another protective group that is
substanti al | albl in a basic environnent, is hydrolysed in order to
obtain sage&e%} uia (ﬁtermedi ate corrpound having a general fornula (VTT).

.- hod .
\?\,ﬁi Chlvgt t ﬁi r ?%C%ﬂlﬁggéc {cﬁﬁ@onllﬁﬁx d%QﬁBﬁén?é % &Glﬂﬂ%hhseoﬂl phase, in

orrpoun ’having a genefal formula (1V): 10 (1V)
N sthlch a second intermediate compound having a general formula (VI):

(VD),
Z.,
R1@T\1§/ NCOOD
X Ry R;

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 aw)

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

formula (V):
\)
Ro)dA,
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 (V1).
27.- Method according to claim 26, and comprising a second addition phase,
in which a protected (amino-alky)-carbamic acid having a2 geperal formula (TT):

(I,

H\ /Z\

lTI I?TCOOD
H R3

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



Is made to react in the presence of a base with a conpound having a general
formula (V): ('r) (R2)rA 15 in which Ais an attractor el ectron group,

and f is | or 2 in order to obtain said second internedi ate conpound havi ng
a general fornmula (VI). 27.- Method according to claim26, and conprising a

second addition phase, in which a protected (am' no al kyl') -carbam c acid
havi ng a forrrula(ll): (H), H _ NCDCD to a
conpound“ﬂgw ng 2 general formula (H): WO 03/ 087035 &(‘a‘éﬁsﬁ{ﬂgzg/ 00227
(111), in which E represents a-—ésidue chosen fromthe group consisting

of: or in order to obtain said third intermedi ate conpound having a general
formula (1V); with the con%;@}'ﬂ—hat where E represents =O the method
conprises a reduction phase’i der to obtain said third internedi ate
conmpound having a 10 general f&rmula (1V). 28.- Internediate conpound
having a general fornula (VII) according to claim24. 29.- Conpound having
a general forgmj,a (V1) according to claim25. 30.- Conpound having a
general formula (1V) according to claim24.
in which E represents a residue chosen from the group consisting of:
- =0,
- -Cl
5 - -Br,or
S
in order to obtain said third intermediate compound having a general formula
([V); 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.- Imtermediate 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 (TV) according to claim 24.
15 31.- Use of a 2,5-bis-diamine-[1,4]benzoquinonic derivative according to one
of the claims from 71 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]benzoqumomc 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 p-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 Alzheiiner’s disease in a mammal; the



15 31.- Use of a 2,5-bis-diamne-[ 1,4]bcnzoquinonic derivative according
to one of the clains froml to 20, for the production of a pharnmaceuti cal
preparation for the treatnment of Al zheiner's disease in mamals. 32. Use
of a 2,5-bis-diam ne-[1, 4] benzoqui noni e derivative according to one of the
claims from1l to 20, for the production of a pharnmaceutical preparation for
20 the tu@akm®als of pathol ogies characterised by depoictraT®fenidsanyl oi d
protein (An) In mammls. 33.- ys§ of a 2,5 -bis-diamne-[1, 4] benzoqui noni e
derivative according to one of t & clains from1 to 20, for the production
of a pharmaceutical preparation for the treatment of degenerative

pat hol ogi gsh@f cdrkiBistiethy aufinBitaicar istid mammal of arpgtigasious Kpanisootf i r t he
treatment of Al zheiner's disease in a niauunal; the WO 03/057035 - 64

PCT/ | TO3/ 082327s-tiailec 1 4fsenzdgamenit Reriedive nceidiag toene of $bg dadfmal of an
efficacious quantity of a 2,5-bis-diam ne-[1,4]benzoqui nonic derivative
accordi nggde1emep.0of the claine froml1l to 20. 35.- Method for the treatnent
of the di sease of a pathology characterised by 5 deposits of ji-amyloid
protein (Al 3)35i-Mahotbfomite; trenmeentref the diseaserpf ¢ 5&B0lPEEChaEARIFHAYY at i on to said
mammal of an. efficacious quantity of a 2, 5-bi s-d'%{ﬁ ne- . Lﬂf} benzoqui noni c
derivag i véepesisosfdpamytoid prueinf(APhdn ot amak r e melpes SPMPAES M%et hod for the
treatment of degenerative pathol ogi es of the pervou 10ss}/(ft emin a mamal ;

t he net hoslminisyatiosds saidemamimphp et gHicarous sty q\%re?n%éT B an
efficacious quantity of a 2,5-bis-diam gt_eb%cjl 4]ﬁbenf9%i noni ¢ derivative
accor di ng{lt4dbarequironicrietivatig pesordingipong ¢f thgelaims {rom 1 10 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.



