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In AD, both neuritic plagues and NFTs contain paired helical
filaments (PHFs), of which a major constituent is the microtubule-

assocliated protein tau (Wischik et al. (1988a) PNAS USA 85, 4506-

4510). Plaques also contain extracellular p-amyloid fibrils

derived from the abnormal processing of amyloid precursor protein
(APP; Kang et al. (1987) Nature 325, 733). An article by Wischik
et al. (in ‘Neurobioclogy of Alzheimer’s Disease’, 2nd Edition

(2000) Eds. bpawbarn, D. and Allen, $.J., The Molecular and Cellular

_Neurcobiology Series, Bios Scientific Publishers, Oxford) discusses

in detail the putative role of tau protein in the pathogenesis of
neu:odegenerative dementias. Loss of the normal form of tau,
accumulation of pathological PHFs and loss of synapses in the mid-
frontal cdrtex all correlate with associated cognitive impairment.
Furthermore, loss of synapses and loss of pyramidal cells both

correlate with morphometric measures of tau-reactive

- neurofibrillary pathology, which parallels, at a molecular level,

dn almost total redistribution of the tau protein pool from a

; soluble to a polymerised form (i.e. PHFs) in Alzheimer's disease,
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during incorporation into the filament. During the
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pathological substrate, such as damaged or mutated membrane
proteins (see Wischik, C.M., et al. (1997) in “Microtubule-
associated proteins: modifications in disease”, eds. Avila, J.,

Brandt, R. and Kosik, K. S. (Harwood Academie Publishers,
Amsterdam) pp.185-241).

In the course of their formation and accumulation, PHFs first
assemble to form amorphous aggregates within.the cytoplasm,
probably from early tau oligomerégyhich become truncated prior to,
or in the course of, PHF assembly }Ména; R., et al. (1995) Acta
Neuropathol. 89, 50-56; Mena, R., et al. (19?6} Acta Neuropathol.
91, 633-641). These filaments then go on to form classical

' intracellular NFTs. 1In this state{:thé PHFs consist of a core of
Lruncated tau and a fuzzy outer coaf containihg full-length tau
(Wischik., C. M., et al, (1996} loc. cit.). The assembly process
is exponential, consuming the cellular pool of normal functional

tau and inducing new tau synthesis to make up the deficit (Lai, R.

- Y. K., et al., (1995), Neurobiology of Ageing, Veol. 16, No. 3, 433-




Anst erdan) pp. 185-241). In the course of their

formati on and accunul ation, PHFs first assenble to

f orm anor phous aggregates within the cytoplasm
probably fromearly tau oli gaJrer s whi ch becone
truncated prior to, or in the course of, PHF assenbly

450Mengy. a : r ol . 89 :
4 58- 56; T\;b&nug,ﬁ&k %“%‘%ng)ﬁgl(@?fgag)r‘“%%ga‘gﬁé%#oé‘&{* ﬁ%’lluc'.2 prggresses-
topdheenynt pfeseltieaidnt $e1HaY fehbrd tan festmrce hbgiagaNET.
cellnt naseh | id aighlEyscodrie1bbes Sttt @he A RHES £ROS &1 1uiar
au and a fuzzy outer coat

f . of t ted. t
L RN

thel1996Fat¢eid.ulert spacelheéhasseinblpyopreseise. licsss of the fuzzy

: ou%éQOESQ{i&H ’thgoﬂ&%rﬁ‘gw&bﬁ &%Jrg\%})%dﬁuogillo@; Qgrlgr—f}leﬁ:anﬁ.gal tau

. functional tau and inducing new tau synthesrs
innpReagfefiidyy Praiprerervation ofetay|innynpgesytivicy
ashoui 8bé®1Wady: ehe ARG RGre VilondkBerNO.w 3, 43313 44Roq) .

NEvent g@l Ié%e functional |npairnment of the neurone

BrEGT edsdéPFo PRE YPoi ntof el Fodeat H,°8 4441 ng behi nd

an extracellular NFT. Cell death is highly correl ated

i t racel | ul ar FTs (Wschik, et al,

Cl%%gy Pgec!lgig?%f%satﬁ éhg?gséoén 8% rN: uhc?ztd%f’ﬁ % m‘f‘ﬂ‘gate the
aggxeIaeEM Gfafl sprnce asepekatads Ppebyies Siugh. ab o dfs blfegreat
inkWZ&yr . outer coat of the neurone with corresponding

| oss of N-termnal tau i mmunoreactivity, but

preservation of tau inmunoreactivity associated with
WOt Re/ PHIR & dFeH¢ Bowdailef Rochd) disaloses 2884ysJfor the
i . - Vol 3 . 2 - ).
R B Yoty Praarioniole st bartden? ity
ldﬁBBh’F‘a‘%/de USHBY RRYIAEFAYT on FdPUasS ebk @ndls S6cFhersin rank
ceptai®i aspeunts ascdoardihg @f t%é@ﬁg inﬂilrltii%e§tprélilértfies.

: 766, _| man--La i scl oses.assa or
Vl? ﬁé_ﬁgilgh(i é(lgf :_%%1 of 't éﬁ?toau%agégcﬁma imgﬁ‘,agéﬂ‘&ec HiSgi fmown as
Vitanlhikdr s derpmtidd pedhaginggat helws oy 4~ 0F2 gurles tB8 ranking

a Atu@bd herehhedaith beRILR RgGOMPUMIS ek AU Q4 in the

their itnhi bitoral properties.

absence of compoun

Of course, vitamin K is well known, per se, as a thérapeutic. A
brief overview of Vitamin K is given in "Goodman and Gilman's Tﬁe
Pharmacological Basis of Therapeutics™, 9th edition, pp 1582-1585,
1998. More comprehensive reviews are provided in William Friedricﬁ,'
"Vitamins", pp 285-338, 1988; Thorp et al (1995), Drugs 49, 376-
387; Vermeer and Schurgers (2000), Blood Stasis and Thrombosis, 14,
339-353. The reduced form of vitamin K acﬁs as a cofactor for the
enzyme gamma—glutamyl parboxylase. This enzyme is respohsible for
the conversion of glutamic acid residqes to gamma-carboxyglutamate
on the vitamin K - dependent clotting factors (factors II, VII, IX,
X and the anticoagulation proteins, protein C and protein S). Other

gamma—carboxyglutamic acid containing proteins (so called Gla-~

'.protgins) have been found in plasma (protein Z), bone

{osteocalcin), kidney, lung and testicular tissue. The Ffunctions
of non-haematological Gla-proteins are outlined in Vermeer and

Schurgers (2000, loc cit.). However such proteins are not found in




Vitam n K (=K2) has a value of 0.674 and nenadi one
(also known as Vitamn. K3) is denoted as having a
value of 1.042. In the ranking a value of 1
represents binding equivalent to that observed in the
absence of compound. O course, vitamn Kis well
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In addition to the therapeutic uses descr ove,
vitamin K3 is also known to have anti-tunmour activity
One| atydy r dakgdimsteta dIr.0ad 293 anganihebotithte fARG Lt USRI i tamin K

deriUé@We§%lnl ch![@&f‘ec‘ mseheﬂones]'%%g) fov.-irrbcf that vitamins K1 and
K2 had prominent survival promoting effects in the range 1b nM -
1uM. By contrast, vitamin K3 (menadione) had only ~10% of this
survival promoting act1v1ty, and this only at 1 uM. Whatever the -
mechanism of this effect, it was not dependent on the vitamin K
cycle, since coumarin anticoagulant which interferes with epoxide
reductase step had no effect on the survival promotion assay.

Using cultured human neuroblastoma cells, Ko et al. (1997) showed
that menadione at high doses (200 uM) caused both prominent
dephosphorylation of tau protein, and oxidation of a broad range of

proteins. Interestingly, for the reasons discussed in detail in

' Wischik et al. (2000}, tau protein dephosphorylation mlght be

expected to enhance tau protein aggregation.

‘More recently, Ko et al. (2000} discusses the role of pathogenic

mutations in alpha-synuclein-in sensitising neuronal cells to

oxidative stress induced by high dose menadione. In this paper, the

-authors argue that thiol-depletion induced by compounds which




mechani smof this activity is not known. It has been
shown that vitamn K3 has conplex effects on severa
second nessenger ki nase cascades (Markovits et a
1998; Wi and Sun 1999), and it has been proposed
specifically that vitamin. K3 forms a coval ent bond
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as PRotbbd aRy. 4. tau protein) aggregation inhibitors. As will be

appreciated by those skilled in the art, in the light of the
present disclosure, these results demonstrate utility for such
compounds inter alia in the treatment of diseases {such as AD)

associated with such protein aggregation.

More specifically, the inventors have determined that it may be
advantageous for potency that the ‘3" position group, generally
substituent R® in the structural formulae below, be absent or
relatively short (e.g. as in menadione) rather than an extended
group (e.g. as in Vitamin K2 or K3). This is not only unexpected
in the light of WO 96/30766, but also in the light ofrearlier more
general structure function relationships for these compounds. For
example in: Isler and Wiss (1959), Vitamins and Hormones, 17, 53-
90, at page 77, the “biological activity” of Vitamin K1 and K2, and
their analegs, is shown to decrease as the ‘3¢ position side chain

is shortened.
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produced by substances such as nenadi one. However,

apart fromthe isolated data given in WO 96/ 30766 (F

Hof f man- La Roche), no investigation has been carried
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sodium bisulphate which are converted to menadione after

'adm;nistration. Other-cpmpounds related to menadione have been

investigated for anti-tumour activity, in particular compounds

;elated to lapachol (2 hydroxy—3~(3—methyl—2¥butenyl)-1,4—

naphthoquinone) . Structural variants in the side-chain at position

3 are reviewed by Rao {1974). Some typical toxicological and
clinical data for lapachol are provided by Seiber et al. (1976) and
Morrison et al. (1970}).

~ The invention particularly pertains to compounds of the following
- formula:




their analogs, is shown to decrease as the '3
position side chain is shortened. 6 Conpounds of the
invention Aspects of the present invention are based
on uses of Vitamn K- type conpounds having rel atively
short groups, or no group, at’ the 3' position (as
deflngd in more detail below) in relation to
neurlddegeher ais ve di seases of protein aggregation. As
RSdesc |bé€ above,; the class of conpounds known as
' ®rrespond in their naturally occurring
uletary principle essential for the mornmal
0% edid~?several factors required for the
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at If®hst JAwo distinct naturally occurring substances,
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wh ZStetrhyl - 3-phytyl --1, 4- napht hoqui none, the form
occurring in |leafy vegetables) and vitamn K2
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Both oxidised and reduced forms of the compounds described herein

"may be used in the present invention.

Thus in particular embodiments,.the compounds have the. following

- formula:

1X

In one embodiment, the compounds have the following formula:




The invention particularly pertains to conpounds of
the followwng fornmula, 7 1 wherein: J1 and J2 are
both =0; i.e. the coval ent bonds marked a and E are
doubl e bonds; [i and S are s&ggle bonds, and the
coval ent bond marked y is a ubl e bond wth R18 and
R2B ,.Both_absent; or the covalent bond marked y is a
[ Be ‘d.Rhn anot her enbodinment: JI is -OR7 and J2
R%s . P. tdhe coval ent bonds marked a and e are
1’3 and b are doubl e bonds, and the
d gPrked y is a single bond wth R1OIand
a0SeniR. Bot h oxi di sed and reduced forns of
grpogindR®tescri bed herein may be used in the

presBnt i@vention. Thus- in particular enbodi ments, -

t he conpounds have the, followwng formula: Il In one

enbodi ment, the conpounds have the follow ng fornmula:
in gorid |embpdomenteriddi nenpoudde aOEPORN S hawend Neormula -
foll ggin &anula: R6 OR7 R A R2A Iv Various

specific, enbodinents are shown in Figure 2

am N and K2, and certain other inactive

gt form ng

- v
RZA

Various preferred, specific, embodiments are shown in Figure 2 with
Vitamin K1 and K2, and certain other inactive compounds not forming

part of the present invention, being included for comparison.
R* and R® if present

Compounds of the invention are those in which R® is a relatively

short group (compare Kl and K2 with DH10 and K3 for example) .

Thus Ra‘may be independently selected from -H, Cbﬁalkyl {including,
€.g. unsubstituted C,,alkyl, substituted C,,alkyl such as -
C,.-haloalkyl, C,.,hydroxyalkyl, C,.,aminoalkyl, C,.;,carboxyalkyl etc.},
-OH, Cjy,alkoxy, acyloxy, -COOH, ester, -SO;H, -Sdﬁq,'sulfonate;
Ci-7alkylsulfonate, or a “short chain alkyl group” by which is meant
linear or branched alkyl group having from 1-15 carbon atoms, most
~preferably 1-12, more preferably 1~10, e.gq. 1, 2,-"3,r 4, 5, 6, 1, 8,
9, or 10 carbon atoms, which may be saturated or paftially

unsaturated.

The term "CL,haloalkyl-group;" as_used herein, pertains to a
C,.;alkyl group in which at least one hydrogen atom (e.g., 1, 2, 3)
has been replaced with a halogen atom'[e.g., F, Cl,.Br, ). 1If

more than one hydrogén atom has been replaced with a halogen atom,




f -Li, Cl
- e Bilgagy acam o

el

part of the present invention, being included for
conpari son R2A and Rea if present Conpounds of the
i nvention are those in which R2" is a relatively
short group (conpare KI and K2 with DHL10 and K3 for -
exanple). Thus R te' may be i*hdependently sel ected
alkyl.%including €e.g. unsubstituted
pepdentlyibe Wi Fasg or different.
Ev€ry , halhegkkyhtod,may: BYdrexNRleckYhiciCh RALERA! k¥dm, in which
Cl , carboxyal kyl etc.), -0OH Cl_7al koxy, “acyl oxy,
CasSpOhE WEOHRr MY gonvenieuphy beyrefpigiad to as a C,.,perhaloalkyl
grolh. algiihpUes PRI, B0 iy S NBF dur a1 AhEY ! 1 Gr QIR oY
Wwhich is nmeant |inear or branche aﬁky gfoup'ﬁaV|ng
Lipited £015-6Br-bofHBt omEH:BvosE€Clpr eEBrabl-gHIGHLE, AIH,EHF,, and
_CﬁQﬁﬂgrably 1-10, e:g.. 1, 2; 3, 4, 5, 6, 1, 8 9, or
10 dar bon” at ons, whi ch nmay be saturated or partially
unsaturated. The term"C-, , hal oal kyl group," as used

21 N ' C,. 7al kyl gro in which at
T cher onk AT aganikf e . pots hreh S bodatns o a
C,.radiydcgdowy tin ahlighogte neaakenvie Hydroben AsoBhas! beei
&d Q@Q- on t%dr ogen atom _has been replaced with a
SGel &P ot Y K IFARige FXAMRNGS iy Ci-ntklomyanky) groups
inthuddhebsanBromati tiaiedd .to, Evei puhye eaes at-o UBY (88 cu.on.
replaced with a hal ogen atom in whic case the group °
may conveniently be referred to as a Cl1_, perhal oal kyl
Th@l it *cEXanploaskei hal gal [ t..
are not quited.?o, -%%3, %%ﬁ%%P g%fg%?'}%ﬁ%%?ﬁ?dgyf;
C1- AP EBTOUR G EhiESh aind eas bHErdydrayen tatiam has been
replake B¢ X3t hoO reinpertains to
_l% C, -,al kyl grou .§ﬁu&%ic%§gﬁﬁ%%a§? gﬁ@“ﬁ@%?%ggg E
ingludencBRt Fespingtedinited fohy dFHNY. . gCHGH,NExarpkes of

__Cégﬂﬁh%ﬂépxyalkyl groups include, but are not limted
to, -

3H, - CH2CH20H, and - CH(OH) CH2OH. The term
"Cl. 7am noal kyl group,." as used herein, pertains to a

Théh:’at_:-serglle g,l,c%rrgggycla f[]k)yﬁh Ig(r::gug E wl aeSalsltS e rlk?epé/i(:rlzr, ° %ggtg } r?smto a
C,.-alkyl group in which at least one hydrogen atom has been
replaced with a carboxy group. Examples of C,.s,carboxyalkyl groups

include, ‘but are not limited ta, -CH,CO0H and -CH,CH,COOH.

~In one embodiment, the short chain alkyl group is one of the

following groups, wherein n is 0, 1, or 2:

N

Me Me
j,f AP

Me Me

R*™ if present.will ‘he'selected from the same groups as R®, and may
be the same or different to R™. However preferred compounds are

those in which R*® is absent.



replaced with an am no group. Exanples of
C, _,am noal kyl groups include, but are not limted
to, _CH2NH2, - CH2CHzNH2f and CH2CH2N (CH,) 2 . The
term " Cl_, carboxyal kyl group,” as used herein,
pertains to a C, -, alkyl grdUb in which at | east one
hydr ogen atom has been replaced with a carboxy group.
IﬁExarrpIes of Cl1_, carboxyal kyl groups include, but are
R%pnot®linited to, -CH2COOH and - CH2CH2COOH. | n one
enbodi ment, the short chain alkyl group is one of the

.followng,groups, wherein nis O, 1, or 2. e Me M if
Eachy 8Lchl BTt pdependent ke tdd Fromd e Gamuginnps -as

undgtPst i 8RcedRY,_Rekjhe éﬁ@%l@ﬁtecﬁ'cf f Q%ﬁynf 2nl R%gkevﬁl\é?malkyl

referred conpounds are those if I C
Cia Bﬁéﬁﬁ'&li‘()’lRlA RoBnpadky bf CFRhAarIRbJB(a]s:MInelepehdermﬂ yCi-

e by ol Rl B0 =y (R quFRace,

Cl-v@lkyha‘P "I@;tle; oxClz shpdtosialkdlky@ g7aumi noal kyl ,
' carboxyalkyl etc.), -OHL C , al koxy, acyloxy
ester,, -SOBH, -SCBNk sulfonate
M dEPO’?SFk%ACﬁHlPBn%’f atgeng ehothardkaPs Griiatdiguphasge to
couti¢not tise ahaale Ot ArheC &BDQﬂ@r&ﬁp.ChaTngen@fetﬂbHﬁin@tnlt\/eM denotes

an SIRLGE 1, CQURTEL [0 02T RE O LD 1302 JLOMRD. Nat ox

ne enb ment enot es’ ad al'kari
K'. I\Ia+, K+, or Cs+, nore preferably Na' or K4. Preferred
conpounds are those in which RIB is absent, although

Preggnpgﬁllm ds in which Ié"ﬁ’] I s pot absent, (such as DH3 for
€) G5 R A% °\7Ft§'/n Brshefr edS cthiffdtind 2 14keugh
comphus@s iim whiich Rl As soal b:lyi;ents UshchsasraiHBy Ifor example) do

show activity.

: P‘refefred compounds are theose in which R™ is alkyl, such as methyl
(compare DH2 and DH14 for example, also DH1, DH7 and DH15) .
However other small groups in place of methyl, such as a sulphate
group, may also be preferred (compare K3 and DHIB) . Preferably the

R'™ group is an electron donating group.
-RIA, RIB , RZA’ RZB

In one embodiment, each of RY™, R', R®, R™ is independently -H; -
Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OH; -OMe, -OEL, -
O(nPr), -O(iPr), -O(nBu), -O{sBu}, -O(iBu}, -0(tBu); -0C(=0)Me,
-OC{=0)Et, -0C(=0) (nPr), -0C{=0) (iPr}, -OC(=0)(nBu), -0C(=0) (sBu),
-0C(=0) (iBu}, or -0(C=0) (tBu); -C(=0}OMe, -C(=0)OEt, ~C(=0)O(nPr),
 ~C(=0)0(iPr), -C(=0)0(nBu}, -C{=0)0(sBu), -C(=0)0(iBu),
~C{=0)0(tBu); -SO;H, —-SO3M, —-SOiMe, -SO;Et, -SO;(mPr), -S0;{iPr},
=503{nBu), -503{sBu}, -8O03(iBu), —3_03(tBu):.-

In one embodiment, each of R™, R'®, R®, R¥ is independently -H, —
Me, -Et, -OMe,. -OEt, -0QH, ~OMe, -OEt, -0C(=0)Me, -0OC(=0)Et, —-COOH,
~COOMe, ~COOEt, -S0sH, -SO0;M, -SOMe, -SO;Et, or -CH,CH=C(CR;),. '




(conpare DH2 and DH14 for exanple, also DHl, DH7 and
DH15). However other small groups in place of nethyl,
such as a sul phate group, nmay al so be preferred
(conpare K3 and DH8). Preferpply the group is an

el ectron donating group. RIA, RIB, R2A, Rea In one

in W@hﬂ@@imer&@caa@ﬁ HLAR R, B2~ R”Rgg il§dependentl -H, -

.. n%&o?n?%t ! 365@1 -od%)naemt cocr)]r?r dcﬁ)l s sar;gghs’,&%’ ~S0;Me,
or -@mBHHG (CHRY:sBu), - (i Bu), (XtBu) -OC(:O) Me, --CC

(=O Et, -OC (=O (nPr) , -0C (=0 (iPr) , -OC (=0

nBu) sBu) ., =0 (iBu), or -Q(C=0
In gqlﬁu)embo@( (t@\/é1 ( 1y -DGE(E“d ﬂz)yi(@ n)ﬁg ,absercéz )
- O =6 _rr) -(=0 Q(nBu), -C(=0 sBu),

-C(=0 O(tBu) ; -SBH, -SXBM -SC3Me,

MePr) , -.S03 (iPr) , -S03(nBu),
-SG3(i Bu), -S03(tBU). in one enbodi nent,
RIB, R2A, R28 is independently -H ¥ He,
BEA -OH, -Owe, -OEt, -0C(=0 Me,
Coon - COOwve, COCEt,. -SOBH, -SM

SO3NR, sbsEt of -CH2CHEC (CH3) 2 11 In one

enbodi nent each of RSA Ri B, RRA, R2B i s

|ndependently Fh_ - -Ove, -OHL - OWe, -- (=0 M,
In qoeoRbodiuoms, SEB‘F-IR I o thscivEndo R @:pszcﬁ:@re as
def{i@dd) aBovd N One enbodlnent RSA is -Me, and RSa and

R28 are absent: R6 JI V In one enbodi ment, RSA and R B

are BothQH and R2A and R28 are as defined above: R6

VI

In one embodiment, R and.-RZB are both -H, and RY™ and R! are as

defined above:

VII1

‘In one embodiment, R' and R*® are both -H, and R and R*® are as

defined above:

VIII




In one enbodi nent, R2A and R2B are both -H and R A

and . RSB are as defined above: VII |In one enbodi nent,
R a and R26 are both -H and RZ8 and R2B are as
defi ned above: R6 O VTII 12 , R4, R5, and R6 Each of

R3, R4, R5, and R6 is independently -H -0OH, Cl_7al kyl
R, (kﬂCh—gdl% #. 9. unsubstituted C, -,alkyl, substituted
C.,” 7alkyl such as CL_, haloal kyl, Cl_,hydroxyal kyl,
C _, anminoal kyl, Cl1_7carboxyal kyl etc.), Cl1_7al koxy,

Eachr oaC},ﬂ o>R§‘/, ﬂ?’heaﬁae@ﬁengelmeﬁb@eﬁge{ ofy sug?{t [ &g%a t that
o greatly e

does t ‘appear
55 AR ?y(ccﬂrpar e%t]a%egt—ﬁ YiexaWptiehtuted Enealkyl such
as _emamumnyl eapl;‘h}@‘roR?alBﬁl RY,,ad¥badMRyS ¢, .carboxyalkyl
tl end - OH, Cl_7al kyl, C Ikoxy, or
eLe 6‘%0%} a§¥lo%¥e enbodi ment, each of R3, R4,

R5 andR6|S|ndependentIy - H, -O—| -Me, -Et, -nPr,
Th -nBu, --sBu, -iBu, -tBu; -Ow, -OEt, - (XnPr)

. Ef?fﬂ?’}ce orophBgyce ‘é(é%BB‘ftlt‘thBu?t BQBBU)RSf or R does
not- &ppedd) M, gre®Ely KYfedlt, act 3 dyCGhmpAFE k3 an%ﬂzo)for
exaﬂ: g -OC (=00 (nlu) , -OC (=O (sBu) ,

or -0 (GO (tBu) . In one enbodi nment, each of
R3, R4, R5, and R6 is independently: -H; -(}|; - Me,

In oEé,emrgkﬁmeng:—teactmf( rO g¥e, gOr %59 i]%epeﬁderﬁtgge_ﬁ _
OH (?];g mé alch of R3, R4, R5, an I's !
' Woedidenfryrtkasy. oprfiakylagkkexsor - O0(=O) Me. In
one enmbodi nent each of R3, R4, R5, and R6 is
In bRJENBRARRELY; oddn QF RQ*H%, R®, and R® is independently: -H;
~OH; -Me, -Et, -nPr, -iPr, -nBu, -sBu, —iBu, -tBu; -OMe, -OEt, -
O(nkr), -O0(iPr}, -O(nBu)}, -O(sBu), -O(iBu), -O(tBu); -OC(=0)Me,
-OC(=0)Et, -OC(=0) (nPr), -0OC(=0) (iPr), -0C(=0) (nBu), —OC(=0) (sBu),
-0C(=0) (iBu), or -0(C=0) (tBu) . '

In one embodiment, each of R?, RY, R and R® is independently: -H;
~OH; -Me, -Et; -OMe, -OEt: -0C{=0)}Me, or -OC(=0)Et.

In one embodiment, each of R?}, R!, R%, and RS is independently: -H;
-0H; —-Me; -OMe; or -0QC(=0)Me.

In one embodiment, each of R’, R, R%, and R® is independeﬁﬁly: -H
oxr —-OH.

In one embodiment, each of RY, R®, and R® is -A, and R} is as

defined above:

IX

In one embodiment, each of RY R® and R® is -H, and R® is —-H:



In one enbodi nent, each of R4, R5, and R6 is -H, and
R3 is as defined above: 1A al RRIB Ix In one
enbodi nent, each of R4, R5, and R6 is -H, and R3 is
-H: 13 X In one enbodi nent, each of R4, R5, and Rs is
-H, and R3is -OH Ji XI OH13 and J2 As denonstrated
in the exanples, compounds in which J1 and J2 are
bot h <0, Qr in which they are -OR and --OR
edt i Py may both have high. activities (conpare
O RBr exanpl e; also DH5). Thus, referring to
V above, each of R7 and R8 is independgntly
A (including, e.g. unsubstituted
yln28 substituted C, -, al kyl such as
, hgkoal kyl , Cl1_, hydroxyal kyl, Ci1_, am noal kyl ,
C _ carboxyalkyl etc.), acyl (including, e.g.,
C,_ al kyl acyl, e.g. ; acetyl), -SG8H, _S03M or
| ,55 a ergin, g ftarn
I“?%k%gggggbmfh? %@Eﬁq @ﬁ%ré?n EHIS af ac§1 bstﬁfuen?
for eﬂénple, a C -,al kyl group (also referred to as
Cl_4adik icxé or Ck. ,al kanoyl) , a C _ 2, heterocyclyl
7 el s® referred to as C3._zoheteracyclylacyl), or
pr yl group (also referred to as CS_ZQaryl geyl ),
3 C -.,al kyl group. Exanples of acyl
ude, but are not limted to, -C (=0 CH3
W), -C (=0 CH2CH, (propionyl), -C(=0C(CH3)3
(t-butyryl), and -C(=0O) Ph (benzoyl, phenone).

2
o

J* and F°

As demonstrated in the examples, compounds in which J! and J% are
both =0, or in which they are -OR’ and ~OR® respectively, may both

have high activities (compare K3 and DH9 for example; also DHS).

Thus, referring to formula IV above, each of R' and R® is
independently -H, C,salkyl (including, e.g. unsubstituted ¢, ,alkyl,
substituted C,;alkyl such as (,;haloalkyl, C,hydroxyalkyl,
CI_.,Iaminoalkyl, C,.,carboxyalkyl etc.), acyl (including, e.qg.,

Cy.saltkylacyl, e.g., acetyl).,' -50;H, =-S03M, or sulfonate.

The term "acyl, " ae uged herein, pertains to a groupl -C{=0)R,
wherein R is an acyl substituent, for example, a C, ,alkyl group
(also referred to as C,,alkylacyl or C,,alkanoyl}, a C,.
2,,tlu,f:terocyclyl group (also referred to as C, heterocyclylacyl), or
a Cs.zaryl group (also referred to as C,jarylacyl}, preferably a

C,;..alkyl group. Examples of acyl groups include, but are not

‘limited to, -C(=0)CH, (acetyl), -C(=0)CH,CH, {propionyl),

—C(:O)(_:‘(CHQ s {t-butyryl), and -C(=0)Ph (benzoyl, phenone}.

In one enibodiment, R’ and R® are the same.

In one embodiment, R’ and R are different.




In one enbodi nent, R7 and Re are the sane. In one

enbodi nent, R7 and Re are. different. 14 In one

enbodi ment, each of R7 and R8 is independently -H,

a _7al kyl, Cx_7al kyl acyl, -SO8H, -SGM or

Cx_7al kyl sul fonate. In one e?i‘bodl ment, each of R7 and

R8 is independently -H -M, -Et, -nPr, -i Pr, -nBu,

-sBu, -iBu, -tBu; - O)I\/e -C(=OEt, -C(=O (nPr) ,
Ini@e( ﬂg;memnr eachécﬂ)g}((aaa)aﬂ 1$Cllgé@en(d‘é§|él - ccﬁ/galkyl
C;-{aaWy 16k - = -
LR s Pl 2 Jg b s B arrey

-Sos(sBu ), -SG3(| Bu), or SGS(tBu) In one

In emménmmmerﬁtacleaeﬁ & lﬂnQnBﬁiw $s! ﬂ%ﬁ SHE%%M ;7 -Me, -Et,

_ 1,

nPLNE _K/EE _nB é?)l'ln Bhe &ﬁﬂod’ TER Mee ach(TR) BR7 and

-C @@)|(§Prhd€p§é(ﬁ@érﬂ~l?y) r HC =0k (nBu )G O)d\eD) {SKBH, $BMipu), or
- el S doyonesaaboihanal Sgsb o are B pi i

-soR? OH X1 Pr ef erred conpounds The
21 8B hoséE Mﬁ%ﬂfsﬁéw(lﬁ‘@h a?ét'rSﬂst(y'Bth the assays
descri bed herein, particularly '"cell based assay |’

c l.ow, adit ef gpounds have a B50 of
In ggésg%l?(g%n%g 7@ prfngeraa{bcﬁl | £35S YFRANEeN LY W ol sete, -Et,
"C(rﬁwewﬂfﬂ%@ér SPHw tBEMCi +§0:Mei, t Brarsdrtndx of

greater than 4, nore preferably greater than 10. As
used |nafter unl L£39 cont ext demands ot herw se,

In PRE ¢ me\‘?l Ft af? T RIcBMBth&” s indepmdently -H; -Me,

—C(eﬁtbﬁpamaanwsmmh@sesogwémounds such as (for exanple
only) menadi one,' nenadiol and diesters thereof, and

anal ogs of any of these_in accordance with the

In pge igeptn trtteiof. RUses! 8f itsheHpresent invention
15
: R® OH
- R2 R
o
R® OH |

Preferred compounds of the present invention are those which'show
high activity in the assays described herein, particularly ;cell
based assay I’ described below. Preferred compounds have a B50 of
less than 10, more preferably less than 5 Likewise they w:.ll have
a low tox1c1ty, with an Rxindx of greater than 4, more preferably

greater than 10.

As used hereinafter, unless context demands otherwlse, the term .
“vitamin K compound” is intended to encompass any of these
gompounds such as (for example only) menadione, menadiol and
~diesters thereof, and analogs of any of these in accordance with

the formulae given herein.

Uses of the present invention




In one aspect there is disclosed use of a vitamn K
conpound to inhibit the aggregation of a protein,
whi ch aggregation is associated with a disease state.
In general, the protein aggregation to which the
present invention may be appbied is that which arises
froman induced confornmational polynerisation
In; RS ATOECEntre ke 15n8tFRldfidcHsa ebrf JiframiBnkl cutrengd to
inbfbithehpr aygidyatdoni af aa fy@gernt dHiRheabgrebyesod iise
as gugt%rgpIWg%gd | bisnding Q,F d aggregation of further
precursor) protein ecules in a self- propagati ng
manner. Once nucleation is initiated, an aggregation

InCR&6a4a , ”EMeeﬁﬁﬂﬂ%lﬁhé§§kédQ€§BMe§otJHich'EQHC§§Esent 1nve§t10n

conf or nal ymerisatioon of further protein
may e, Appaded Tod aﬁg“{‘bdi* e 167 nEE T RPo L EBREE grd@ERational
poiyx&g:riesrat;son nlragagraegabesl anhibeld & ewrﬁ@hstaaeémﬁéx}niétlonal
{ t he teol Ysls; otein
Ch%ﬁ%%?gfg?ég ?’fw %or%r]é rgre%t ﬁ% %rﬁeE PHOX wafe to
teppdafed Bﬂn‘alrfs%a’@é 3gares tiani @ésﬁ@rhag (precursor) protein

moi&ﬁl@ie@ﬁn@rﬁillfgﬁroﬁééamﬁ@' maf€dEeNlonde ARSI &INEN is
Uses in relation to Tau roteln

at hol ogi c
1ngater o e?&%%g FPR TASCPAE PoX GRSMEnwat € pASed v6R the
1nqimcblcbnﬁﬂr1®ftlcmaﬂl o teird sagise gat |foﬂthé/%q;rﬁ>u¢iadmolecu1es,
leﬁﬁrn%' Ro HIJ@ f&rrrt@tlgﬁ%f)rt%&ghr%r?d’ugte%%a%g regates

protein of the tau prote pro e
"’h’aﬁrle ARaPRRteridédl usraelatghbnee a’i%-’r‘“‘r@ea Pmtg@rlmuﬁberThe
préﬁe1npﬁ@§ﬁéjhﬁéﬁﬂthhgsfaﬁﬂdahaﬁ@ iﬂﬂugﬁx ﬂbt$brﬂ‘ﬁf%&gggieééuse
ggere eatsedanl cl es, of asse and di sassenh Ejé
Tel ans ar: %ﬁ@% Pr QI EONRFEN T ALRY . SHPEBA, |
derl‘i@tlaY65ﬂ¢889heranétla¢@m@\hnswwn@r ot ubul e-
associ ated--proteins (MAPs). Menbers of the tau famly
u share the conmon features of having a characteristic
SR Aerfilnht s dgnefit, Pr¥édtlences of approxi mately 50
amno acids inserted in the N .term nal segnent,
a I t equl at ed t he brai
éq%af(rija%c?‘t é‘rﬁtl’s ?{ﬂ%nggﬁgrﬁeexgg lS‘:J‘Lfegl 35‘30%?155?(& |rhdng‘1ib§t’o?n of
tay prafgém agersatsont “B@-rszuaﬁfni feradndsthartm "tau protein"

.ref%ﬂée@€h€§$lﬂya&b any protein of the tau protein family. Tau

proteins are characterised as being one among a larger number of
protein families which co-purify with microtubules during repeated

cycles-df assembly and disassembly (Shelanski et al. (1973) Proc.

. Natl. Acad. Sci. USA, 70., 765-768), and are known as microtubule-—

-associated-proteins (MAPs}. Members of the tau family share the

common features of having a characteristic N-terminal segment,
sequences of approximately 50 amino acids inserted in.the M-
terminal segment, which are developmentally regulated in the brain,
a characteristic tandem'repeat region consisting of 3 or 4 tandem

repeats of 31-32 amino acids, and a C-terminal tail.

"MAP2 is the predominant microtubule-associated protein in the

somatodendritic compartment (Matus, A., in “Microtubules” [Hyams
and Lloyd, eds.] pp 155-166, John Wiley and Sons, NY}. MAP2

isoforms are almost identical to tau pretein in the tandem repeat

region, but differ substantially both in the sequence and extent of




MAP2 is the predom nant m'.crot ubul e- associ ated protein

in the somatodendritic conpartnent (Matus, A, in

"M crotubul es” [Hyams and Lloyd, eds. ) pp 155, 166,

John Wley and Sons., NY.). MAP2 isoforns are al nost

identical to tau protein in iée tandem repeat
h rﬁlgiton, . but differ substantially both in the sequence

and "EXTLRR domednt REInGter mndafatrmi (1 99K) ndber Bindn Res.
B TP A e g O
Fe8s ndt se?ecetlleve or ?ﬂetqleaﬁa}’eﬁ%%‘?atdéiﬁﬁ‘?ﬁ‘?-Th'{'}ﬁlff it will be
apzweﬁrw_sed Hppr eslyatiddcu $ritoraiy reis cius siednthen et ddu plrgtein
or NtehatheNaddrdod iBhOLRLMa Yo LaNaL ation should
aqce taken 3s relating al'so to ta%-%P%ggégg?%g%{%oon,o tau-MAP2
IRRB2 -2 %&r’g@g?i FoeaRptdenopnd <@ 98k prot ei ns

Figure -4 shows a Table |isting various other

_Othééggéﬁéﬁéom ated aggregating proteins, the

I nhtbrtion of which forns part of the present
i nvention. I n each case the di sease or diseases in

. Fi bCh st iankhbad | f [ ngl or_ nut ati on
Lothch i g, Oy FAR AL LS o

of the protein(s) may play a
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preshat abiwesitded. byl paiol a&g%e&h@rﬂgehgea&%r%&g in which

i B 1t rone di sease an e ody di sease.
ther R Ok, AP S RETE: SR aElr Y igeer BePrBin () may
playi 3oFefer dssadhc akifiesk' s di sease and Progressive

Supr anucl ear Pal sy appears to correlate with an

as acC nmul at i OE of 'ﬁget hol ogi cal tau aggregates in the-
GBIt AT €GP GE° aF debiFat Bx3¥Rlentldatased [which ahe

Chan_eegmitgseﬁ blY?B@'ElmlidtﬁJ_wl(Wﬁiﬂé\mk aﬁbrﬁdyatﬁﬂﬂ@lucﬁﬁ@e motor
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I SCUSsSI on, gical tau aggregates in the dentate gyrus
and stellate pyramidal cells of the neccortex, respectively

-(Wischik et al. 2000, loc. cit). Other ‘tauopathies’ to which the

. present invention may be applied include Familial Multiple System

Tauopathy, Corticobasal Degeneration, and Familial Gerstmann-

Straussler-Scheinker Disease.

Thus it will be appreciated, in the light of the above discussion,
(and egcept where context requires otherwise) where the embodiments
of the invention are described with respect to tau protein or tau-
like proteins (e.g. MAP2) the description should be taken as
applying equally to the other proteins discussedAabove (e.g. p-—
amyloid, synuclein, prion etc.} or other proteins which may

initiate or undergo a similar pathological aggregation by virtue of

- conformational change in a domain critical for propagation of the

aggregation, or which imparts proteclytic stability to the
aggregate thus formed (article by Wischik et al. (in “Neurcbiology
of Alzheimgr’s Disease’, 2nd Edition (2000) Eds. Dawbarn, D. and

Allen, S.J., The Molecular and Cellular Neurobiology Series, Bios




(and except where context requires otherw se) where

the enbodi ments of the invention are described with

respect to tau protein or tau- |like proteins (e.qg.

MAP2) the description should be taken as applying

equally to the other proteingwiscussed above (e.g. -

| oi d, synuclein, prion etc.): or other proteins

SC\?\BP%#WB)PUbIlmSWm.e Crfowdder gl la ssichi pastqiatshabogbs aleferred
toABEF SORIOP 1 DYy a[gl o) f nal change in

_domai n crltlggl Er oflgeg%lpo&r Q?tlh% alglgrggafe?ses may be
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aggregate thus forned (article by Wschik et al. (in
bi ol . hei ner Di,sease..', 2nd -Edition
leg&%gé)l g?@y éﬁ)dﬁ ésD#aa%cﬁzsﬁq% ﬂ§ SF%P ta?hégggeéatlon”, or
ﬁ/bJrJe‘@UI &higngaCetlsd de NebembicolbegypSeidase Roostdd:
ag@ﬁé@ﬂiﬂcfnl Sfpél@ﬁéﬁliﬁ'bielggfﬁ{ﬂ:)h rAbL §fﬁ?{d\|aqr %rglpggt{reag in this

errgd to herein as "aggregating dise

resp‘?e‘f gi 197 3P TedRdEse 1°F‘eflé¥¥<éti agerhapkion and
sytiuit ksgias egg 0ég pr bireien caght BYalSeOMt au L IEM1§+ 1 WN@E Fradat ion”
andBy iQn is made herein of "tau-tau aggregation”, or

t he I|ke this may al so be taken to be appl‘lcable to
ot her aggregation of other proteins which have

othéMUss phAPRELHRS I N this respect, such as 3-anyloid
aggregation, prion aggregation and synuclein
aggregation etc. Likewi se "tau proteolytic
dﬁgﬂt‘aidateﬁoaiﬁoveandnSOn@rlas;ﬁth‘Ithélﬁ@SlsﬂQQsE@EQ@@%ﬁ of a
%ﬁg{lf{bggmgggycp, | shect there .is disclosed use
e i v tgo?rgggﬁﬁ@t o1 nAFbFE® ettlﬁ’é’ 8497 ERGGR o¥hich
ag%fe;ﬂa&l@PnlSvﬂﬁ%ﬂ?laag@r*egfdt iBodipsass sucitat ed Weidrided above.
di sease state as descri bed above. A further enbodi nment
od of t.reatnment or pro axis of a disease
B f"?’: prot érlr"]lﬁ 2467 Sgati 3 %tglo&eggrgﬁ%ﬁt“ﬁ’ﬁ'&@? RFPRIYlaxis of a
dispasvod fcpnprs ise 2 9gdeyai irepisnget or bl bpecé, mnidlﬁfﬁéehod
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chSATE, such as to_ inhibit th aggregation o
TFAFEETHC SURAACL A W IPP RS A9 dF he chvmest aueh as to inhibit the

aggregation of the protein associated with said disease state.

In a further embodiment there is disclosed a Vitamin K compound, -or-
therapeutic composition comprising the same, for use in a method of
treatment or prophylax15 of a disease of proteln aggregation as
described above, which method comprises administering to a subject
the vitamin K compound or composition such as to inhibit the

aggregation of the protein associated with said disease state.

In a further embodiment there is disclosed use of a Vitamin K -
compound in the preparation ¢f a medicament for use in a method of
~treatment or prophylaxis of a disease of protein aggregation as
described above, which method comprises administering to a subject
the medicament such as to inhibit the aggregation of the protein

associated with said disease state.

~ In one embodiment there is disclosed a method of regulating the

 aggregation of a protein in the brain of a mammal, which




In a further enbodinent there is disclosed a Vitamn K

conpound, or therapeutic conposition conprising the

same, for use in a nethod of treatnment or prophylaxis

of a disease of protein aggregation as descri bed

above, which nmethod conprisest@dm nistering to a

subject the vitam n K conpound or conposition such as
39FEEIHHIBY 5t RESCEIRYEEYHE FBna ot igdeseprbees mmdsock dvel above,

thei tiesaisthtdicsApSEs Si@kfe Lhe@ Jﬁ" rafd%ﬁl@imq{g”%@t sgﬂzﬁrn%mmal
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reparation o Iir c AnBROPHY}E Cd%& i aPIi'ré'-thﬁéﬁIP%‘ftlcallY
el feelattremmopnt pp Hphy liakibi bbr o tlissddseg@featabRj Nwherein the

inRQS Hatiis08 8StaflBs & BRPoGRPVE, Which method

conprises admnistering to a subject the nmedi canent

such as to inhibit the aggregation of the protein
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med 6] & Srlisel 039G AaMELNOd Of regulating the

aggr egation o Pt ¢ é’ 8 §ih ?ﬁgrﬁgﬁﬁﬁ‘i‘r&(%-g- in the
foxghicdh Sag@P"egmqldm !-8 I&E‘Bﬁcuant ¢tle Wit ra ofti §aRE@al, the
tredidled tapedf§CLd RAA RAPOVE and e treatment conprising

the step of administering to said manmal in need of

said treanment, a prophylactically or therapeutically

VitgftfiecKi vempomitt may Ba écﬂﬁhizhjs&:@ﬁ:e@faﬁﬁ{ed 8991233 Ration

[ S a \/ anm n npound. In
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cord %T;% s al n of a manmal , the treatnent beéeing as
€SCri be’d abo T VPR P HR CEnpBE nERLeapt berotein aggregation
reagdarni st er eth aih@neas@roﬁ ITaaohi fahdPbe BbtPoidi€hs described

~ in WoeakLNBOY 6 & ‘p'?:%rsf d a'ﬁ%BHBi 19=fd %e fgtt'el%{nlr %Bt od.

Oloqependent upon the condit’ion or di seast
147par t FRYulsanteptaesf pdrighspredinep mposabed flenminabe
ref‘e’lr’eatren K conpounds with other inhibitors of the
rel evant protein aggregation reaction e.g. in the

case of Tau this may be conpounds as descri bed
Other therapeutlc agents for treating e.g. AD with which the

present invention may be combined include cholinesterase inhibitors
such as donepezil, muscarinic receptor agonists, and inhibitors of.

beta-amyloid.

‘A further aspect of the present. provides a therapeutic comblnatlon

composition comprising a vitamin K compound plus one further

compound.

Dosage of therapeuties

Administration of compounds, compositions or medicaments as

described herein is preferably in a “prophylactical-ly effective

~amount” or a "therapeutically effective amount" (as the case may

‘be, although prophylaxis may be considered therapy), this being

sufficient to show benefit to the individual. The actual amount
administered, ‘and rate and time-course of administration, will

dgpend on the nature and severity of the disease being treated.




in WO 96/ 30766 or. prior filed, unpublished

application GB 0101049.5, the contents of which are

i ncorporated herein by reference. Other therapeutic

agents for treating e.g. AD with which the present

i nvention may be conbi ned i ndPude chol i nesterase

i nhi bitors such as donepezil, nuscarinic receptor
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"prophyl actically effective anmount”
"therapeutically effective anobunt” (as the case may
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nature and severity of the di sease being treated. 19
Thgrgggormpt hg fltregimant e.g. decisions on dosage
S % R ?‘é%'b‘?ﬁ?sufﬁﬂ Yi5amm Berepalbetween about
lopitaatq/tdaornénsfartd ot he6o n:e;ﬂdaal (chiideirehSandNfbuths up to 11
L¥Hj calddy shakes n disorder to be fre
Y he]| condi tion ofﬁﬁegyl E Clgual pat | entyeaf%ea“éﬁ Fsusﬁ’ (RDAs
FoHelTveF2) t hethast Heamé#s édﬁr‘ﬁ)mmsw 0810 a0 rwt/trgr body weight

(séeacmmreﬁrkﬁav\mﬁas paa@td:l& OREESusd Y %%lgleyﬁd“%z'@i‘i‘”mvlrtamm

K lé ckc’)% p)ym Iy % é}luse in_animls . for

%QCP rpoSe Ve‘e’[ &1 Aar Y iife MEpR uth &hﬁuPﬁ%%%E-) ipyeptien, may
be @@FJ&U@&EE?dthe annewetr orgreiher recomeendack daiol ¥bout 10
mg%éxp\@f&@c%:? ho¥e \f'oli:agn o I'i(d/ E:Ml? L%g;r@g%n%n B]fgtzoh lJ\batlc:ormtl

]ﬁy i nfant 15- 60 yout
FO‘?’%‘ Y %‘85?55‘5 Aradsey 1'~2mE BYAdasa Wﬁﬂd?@rwpthal Society
of yearag amdtath) t) (RDAs

Formulation and administration of therapeutics

Suitable compounds, such as those with a formula as shown above or
their pharmaceutlcally acceptable salts, may be J.ncorporated into
compositions of this aspect of the present invention after -further

testing for toxicity.

The compositions may include, in addition to the above
constituents, pharmaceutically-acceptable excipients, presexrving
agents, solubilizers, viscosity~increasing substances, stabilising
agents, wetting agents, emulsifying agents, sweetening agents,
colouring agents, flavoufihg agents, salts for varying the osmotic
pressure, buffers, or coating agents. Such materials should be non-
toxic and should not interfere with the efficacy of the active
ingredient. The precise nature of the carrier or other material
may depend on the route pf adninistration. Examples of techniques
and protocols can be found in “Remington’s Pharmaceutical

‘Sciences", 16"‘edition, Osol, A. (ed.}, 19801_ Compounds affecting




for US, 1980). OQther reports recomend 0.01-0.03 ng/ kg
body weight (see Friedrich, 1988, loc cit, discussion
page 319-320). Vitamin K--type conpounds, such as
those used in the present invention, may be
admi ni stered in an anount gre@ter than or equal to

per day or npre for kg adult
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erapeutlcs SU|tabIe conpounds, such as those with a
fornula as shown above or their
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e precise nature 0 e carrier or other materi al
may depend on the route of adm nistration. Exanples of
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al SC|ence tion,
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coat e ‘et's ragees get
or d4gshreks «ivl- uERB e %ﬁﬁmrsf@Wuﬁﬂample: as such excipients for

tablets, dragees and hard gelatine capsules. Suitable excipients
for soft gelatine capsules are, for example, vegetable oils, waxes,
fats, semi-solid and liquid polyols etc. Where the composition is
in the form of a liquid pharmaceutical formulation, it will
generally include a liquid carrier such as ﬁater, petroleum, animal
or vegetable oils, mineral oil 6r synthetic oil. Physiological
saline solution, dextrose or other saccharide solution or glycols
such as ethylene glycol, propylene glycol or polyethylene glycol
may also be included. Other suitable excipients for the manufacture
of scolutions and syrups are, for example, watex, polyols,
saccharose, invert sugar, glucose; trihalose, ete. Suitable
excipients for injection solutions are, for example, water,
alcohols, polyols, glycerol, vegetable oils, etc. For intravenous,
cutaneous or subcutaneous injection, or intracatheter infusion into
the brain, the active ingredient will be in the form of a
parenterally-acceptable agueous solution which is pyrogen-free and

has suitable pH, isotonicity'and stability. Those of relevant




suspensions, nasally (e.g. in the formof nasa

sprays) or rectally (e.g. in the form of

suppositories). However, the admnistration can also

be effected parentally such as intranuscularly,

I ntravenously, cutaneously, gubcutaneously, or

intraperitoneally (e.g. in the formof injection
skidl ut® dis) arthase Wedid ghtmqﬁqaprwbere idutable solutions using,
fthéiéﬁﬁﬁ%Uth%@ko&f!ﬂ¥$ﬁhklé§‘ Qstgghlj ﬁorlge Injection,

R it may include a so carrler suc
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stehbl etess,coatedrs ahlwbs, ociiagaast ands handogel ALiRRd, as
regﬁ Ul es, the active conpounds and their
arnaceutlcally acceptable acid addition salts can be
processed w th pharnaceutically inert, inorganic or

OrQIgﬂ{H %a@éﬁ'tﬁl e[ﬂ?eiaaral&@&(@% vﬁbﬁﬁ& E@it %'ﬁcc‘lho?rm_ta in K3 are
ivatives thereof, talc, stearic acid It H\P
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tablets, dragees and hard gelatine capsul es. SU|tabIe
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Th%i‘%iﬁl%?“%gg? B% brPE AigteetE RS hedifh. fiaspugnoas e
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diferdBuate, aiki Méﬂ)ypE@é@ﬁﬁ%tlu?ak.né@fﬂwa%EHOHeIé iy W1

generally include a liquid carrier such as mater,
petrol eum aninal or vegetable oils, nmineral oil or
The yintieettiionowlll Plysbel Dgittalr déﬁfﬂﬂ%cﬁ@hﬁhiﬁd&ﬁerence to the

fo AEXL, L oS S Iutlon or suc
Oas efgsggﬁelfﬁigiﬁg §§%r06§%§ﬁeékﬁﬁﬁxﬁ “or 9h¥ ﬁﬁ%ﬁﬁéﬂ%ﬂts of
%Iﬁﬂﬁﬂ“tlﬁﬁyw%ﬂ- SBBE b GOEE. Stllﬂﬂd-galtbbliwt in the light
of etdgei.ents for the manufacture of solutions and
syrups are, for exanple, water, polyols, saccharose,
i nvert sugar, glucose, trihal ose, etc. Suitable
FIGUERS) ents for injection solutions are, for exanple,,
wat er, al cohols, polyols, glycerol, vegetable oils,
piBle For Lntravenous cut aneous or subcut aneous
9% dt TofMO% AhrARAtRRTERPE R s ni® thehorppaiee of
Vlﬁdmanaﬁﬂlve ingredient will be in the formof a
parenteral | y-acceptabl e aqueous sol ution which is
pyrogen-free and has suitable pH, isotonicity and
Figirgh; p,ﬁpowq1ﬁ§§es§tu¢qgn§¢apf vitamins K1 - K3 and 2, 3-

dimethyl-1, 4-naphthoquinone (denoted DH10).

Figure 2b shows two S5-hydroxy 1, 4-naphthoquinone derivatives
{denoted DH14 and DH2}. A further compound (denoted DH16) is

included for comparison.

Figure 2c¢c shows the effect of the presence of a hydroxy in the 2°
position in three compounds (denoted DH1S, DH7, and DH1).

Figure 2d shows the effect of the presence of a sulphate and
bisulphite group in the 2 position (compounds denoted DHS8, DH3).

Also shown is an alkoxy derivative of the present invention (PH17),

_and a further compound (denoted.DH19, which includes a halide)

which is included for comparison.




21 skill in the art are well able to prepare suitable
sol utions using, for exanple, isotonic vehicles such
as Sodium Chloride Injection, Ringer's Injection,
Lactated Ringer's Injection. Preservatives,
stablllsers buffers and/or @2her additives may be

i red. and parental preparations

D e e e i R D EhP A P 14 Bor vt maBEG. (compormds
de@@ﬁ#éﬂ&ﬂalpyﬁtalbelt not for the uses disclosed
herein). The disclosure of any cross-reference nmade
herein, inasnmuch as it nmay be required by one skilled
Figyrs éPP"FotEﬁuﬂﬁﬁgﬁén?ft#ﬁ?ﬁﬂtesen@ sulippeltesanBstitutions

(chmpahdsspesotedadisy bncof peded herein. The invention
will now be further described with reference to the

followng non-limting Figures and Exanples. O her
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ln?#éﬁéﬁwéehﬁ%ldQAt%%ﬁch k2. imlyded fon compasishe.
structures of vitamns KL - K3. and 2, 3-

i fliethyls ht hpgu ne (denoted DH1Q). Figure 2b
Flgthge BQI? ‘gb roER é éi’b‘hf‘ﬁ%ﬁ?ﬁar’f&ﬁé‘ ae'fur%ﬂ%gsmg cell
ba%%%ﬁé?éu PH14 and DHQ) A further conpound . (denoted

DH16) is included for comparison. Figure 2¢ shows t he

Fi of theﬁpresence of a hydroxy in the 2
’“gp“or& t| 8'H°‘|’-‘h 3% fr&de chiobiriyartevniatdeDHibse DHF-asautiated

agdiidyptifg guregedasshbish thg, ebf 86éd G the presence knfion.
sul phate and bisul phite group in the 2' position
(conpounds denoted DH9, DH3). Also shown is an al koxy

Figyeei vatf v Weﬂﬁélﬁrmﬂsemaemn @x (:E)é'llfr) vi@d aggregation

asslayr biiefo ognm@u&@ {denptady |
ha|lge) whi ch is Included;h%?ncgﬁ%gpo quncéiedaunlts is

measure The species terminating at Ala-390 ( a”) is first coated
on the ELISA plate (in sodium carbonate buffer: S0mM, pH 9.6).
Next, a second truncated tau species terminating at Glu-391 (Me’)
is incubated in various buffer conditions. Only the species “e’” is
recognised by mAb 423, and hence mab 423 immunoreactivity measures

only that‘tau which is bound during the second incubation.

Figure 6a is a schematic representation of the process upon which
cell-based assay I ('T40/12kD’) is based. It shows how lnductlon of
full-length tau can lead to its conversion into the 12 kD fragment,
- provided there is some preexisting 12 kD tau in the cell. Figures
6b-e are examples results obtained from the assay using DBH1S
(negativerresult), vitamin K3, DH9 and DH17.

‘Figure 7 is a schematic representation of the cell-based assay 1T
. (*SSK40/25kD’ ) . '

EXAMPLES

Methods




22 Figure 2e shows two 1, 4- napht hoqui nol s were

exam ned (conpounds denoted DH4, DH5) . Figure 2f

shows the effect of acetate and sul phate substitutions

(compounds denoted DH9, DH11, DH13). Figure 2g shows

the effect of al koxy and nethyl substitutions

(conpound denoted DH18) and a further conpound
In(detwd @dsP20, which includes a halide) which is

i ncluded for conparison. Figure 3a and 3b show t he.

tau-tau aggregation inhibition using cell ‘based assay
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call §5332p8A5805 AL Lne2OOELIAULNY RESL &I NS00 Cp, MY, DS

used in the present invent gure’s
ad?‘éﬁ?“éjs &Rt at FW%fP}laﬁé ?\ﬁb%'{arter agg r aigjat |t9ncaaetsra,3/ sofluble

fumeﬁfgemeﬁuuerwmleh bha di g, aigﬁv\gfflrnlir&@at gﬁuw tséoh?atlon
ecies term "

The sp -39
cof FEY St I SRETHER ofedRdlihie ‘H‘?Fsstd&iﬂuﬁfc‘a}%eﬁaregated
taguf.cf]@[culggm\/lﬂ}ﬂﬂpg:osyzss Nexdel fap sepaput ihglNSad fhnt Bél blocked
seﬁé@%ﬁv%iytS?rﬂﬁgﬂat@geaﬁhéiﬂécéﬁélé ggedtg E L& ated M., et

vari ous buffer conditions e speci

alr otl3gh! sedoBy 948 <423, and hence mb 423

i munoreactivity nmeasures only that tau which is
bound duri t he ﬁgcond i ncubation. Figure 6a is a

The Giefdt 12 ¥ BET LRIy LReFFBEeSs upon which
cel |l - based assay | (' T40/12kD ) is based. It shows how

cel NUGLLON, Of , f IT4b_gg%g)tau can lead to its

conversion 1'nto fragnent, provided there is
some preexisting 12 kD tau in the cell. Figures 6b-e

In a:!ﬁeﬁﬁénpfﬁﬁ*orbqgéltt Se PR a('39%5jré2%§tsh%ﬁ8§sf%lg%§ .Fgu (™ T40)

4%4 gne ative result), vita

I aPE faaélcﬁe%‘f’rtbler BFPEEM-arign Loy qdnstitutive levels
of ddlel PBasecdreamy fehgmedt S32KAD/ Bhigddeht) XML ER0 expression
is Nﬁ&ﬂm&gé it undergoes aggregation- dependent truncation within

. the cell, N-terminally at ~ aot 295 and C~terminally at ~ ao 390,

thereby producing higher levels of the 12 kD PHF-core domain

fragment. Production of the 12 ki fragment can be blocked in a

~ dose-dependent manner by tau-aggregation inhibitors. Indeed the

quantitation of inhibitory activity of compounds with-respect to
proteqiytic generation of the 12 kD fragment within cells can be
described entirely in terms of the same paraﬁeters which describe
inhibition of tau-tau binding in vitro. That is, extent of
proteolytic generation of the 12 kD fragment within cells is
determined entirely by the extent to tau-tau binding through the
repeat domain. The availability of the relevant proteases within

the cell is non-limiting.

The process is shown schematically in Figure 6a, with example
results being shown in Figures 6b-6d. The process is described in
more detail in prior filed unpublished application GB 0101049.5.

Parameters used in cell-based assay I

The observed -cell data for production of the 12 kD band can be




23 In vitro assay This is described in detail in WO

96/ 30766. Briefly, a fragnent of tau corresponding to

the core repeat domain, which has been adsorbed to a

solid phase substrate, is able to capture soluble

full-length tau and bind tauswith high affinity- This

association confers stability against proteolytic
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process is described in
A further parameter, B50, has been established in respect of

compounds exemplified herein. The B50 value is the determined
concent;ation of test compound used in the cell assay at which
relative production of the 12 kD band from full-length tau was
reduced to 50% of that observed in the absence of the compound.
This provides an indicat%on of the tissue concentration which would
be required to achieve the éorresponding activity in vivo; In
general there is an approximately linear relationship between
apparent KI value and B50 value, which can be used to derive the KI

value:

B50O (uM) = 0.0217 x KI (nM)

7 .Cell—based assay II(‘'ssK40/25kD‘})

- The process is described in more detail in prior filed unpuﬁllshed
application GB 0100119.7. Aas demonstrated thereln( the

_constltutlve expression of membrane- —targeted tau (sstaul90-441,

“ssKéO”} results in production of two spec1f1c cleavage products: a




nore detail in prior filed unpublished application GB

0101049.5. Paraneters used in cell-based assay | The

observed cell data for production of the 12 kD band

can be 24 fitted closely (i.e. observed vs. predicted

correlation coefficient > 0.2%), to a standard

function describing inhibition-'"of tau-tau binding in
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bet ween apparent Kl value and B50 value, which can be

used t9 derive the Kl val ue:
Vitamin was found to have some activity in the tau-tau binding

assay in vitro. For values less than 100 M, the apparent KI wvalue
in vitro is 942 nM. However, Vitamin K2 does not inhibit tau-
tubulin binding in vitro at concentrations up to 500 pM (i.e.

2500:1 molar ratio with respect to tau in the conditions of the

assayj - See Figure 1.

Further data (not shown) demonstrated that DH3 (Figure 2d) caused
inhibition at concentrations greater than or equal to 50 uM (with
tau concentration 100 nm). However menadione (Figure 2a) did not

show activity in the in vitro assay, possibly due to its reduced

solubility.

On this basis, further structure—activity characterisation was
undertaken using the cell based assays which can be more readily

used with compounds of different solubilities.

Example 2 - Tau-tau inhibition using cell based assay I

Figure 2a shows the structures of vitamins K1 - K3 and. 2, 3-




B50 (uM = 0.0217 x KI (nM Cell-based assay
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FngWE Ec shows the effect of the presence of a hydroxy in the 2’

position in three compounds. As can be seen from DH15 and BH17, a

hydroxy in the 27 position appears to be detrimental to activity.
However, weak activity can be observed with the 3-prenyl derivative
{DH1) .

Figure 2d shows the effect of the presence of a sulphate group in

the 2¢ position. As can be seen, a sulphate group can be

_accommodated in this p031t10n without substantial loss of activity.

However the blsuphlte (& form of K3 widely used as an animal food
supplement) has reduced activity. The methoxy derivative (DH17)
showed good activity, as expected by comparison with vitamin K, in
Figure 2a. The compound shown as DH19 showed no activity as an

inhibitor of aggregation, and indeed it appeared that it may be a

. pro—aggregant (results not shown). This suggests that compounds

having the enolisation properties of DH19 may be undesirable.

" Figure 2e shows the results obtai.ned‘ when two 1,4-naphthoquinols

were examined. The dicarbonitrile was entirely inactive, the




tau concentration 100.nm . However nenadi one (Figure

2a) did not show activity in the in vitro assay,

possibly due to its reduced solubility. On this

basis, further structure-activity characterisation was

undertaken using the cell bag&d assays which can be

nore readily used with conpounds of different
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Ex = Y’ o n H lngrﬁgh based assay II

To confirm the results obtained using cell based assay I, further

experiments were performed with cell based assay II.

Figures 3a and 3b show that this proteolytic processing can be

blocked in this system using Vitamin K3 (menadione) at

. concentrations of 1 - 2 HM. Figure 3a shows that the conversion of
T40 — K25 is reduced fo about % of that seen without K3, and
Figure 3b shows that the converéion K40 — K25 is reduced to about
s of that sSeen without K3. From this it can be inferred that the

conversion of T40 — K40 is also reduced to about ¥ of that seen

without K3.

Example 4 — Toxicity using cell based assay I

. Toxicity of the compounds described above was assessed in the
T40/12 kD cell assay used to assess activity. Toxicity was
measured by cell numbers after 24 hrs exposure to thé compound

- using a lactate dehydrogenase assay kit TOX-7(Sigma Biosciences)

according to the manufacturer's instructions after lysis of



Fi gure 2d shows the effect of the presence of a
sul phate group in the 2' position. As can be seen, a
sul phate group can be accommobdated in this position
wi t hout substantial |loss of activity. However the
bi suphite (a formof [<3 widedy used as an aninmal food
suppl enent) has reduced activity. The nethoxy
rengdpipgt ol DAL Tproahiondy gobiit abtdnyiftrymeds WX PEStetox 96)
wasts@anﬁééfﬂnhd@bEHE*?téynﬂﬂeKﬁaﬁﬁkaéﬂdigre Zlnségy%thﬂS
conpound shown as 19 showed no act|V|ty as an
i nhi bitor of aggregation, and indeed it appeared that
Twol fimpaytdet aonplos g egaitbe( EesHdis snahashow) . This
suggests that conmpounds having the enolisation
gropertles of DH19 may be undesirable. Figure 2e shows
here esel 1% copral setbwiretvean dctiwiaphbhocutiptaings wer e
1nh@l§§€bﬁ§def The-dhcagppn L1 ctiv
the 27 naphthoic acid ﬁ%&%#ﬁé%ﬁiéggéthLXlé P%ﬁn ghe %ﬁsay'
experinments. Naphthoic acid is generally present |n
2. Cegeiddiiag ftaadcbxaaddmis ﬂ@kﬁé%b@fﬁ@-ur §@§e,_faqr have similar KI
t [ napht hoqui
v R 18D e BRI Ut SoRE e B vy
levetev it @mdll. Sﬂbpéhaire thelpsdo tdiffers 1hnre1.=,hﬁv13 @Bﬁilé‘lty, as

see fromthis series
| exppgg%%‘?ofgﬁéé‘&% R e PPORS i dpoRbL Hgroup for
clipigalivyas may belu 'dt,aett arhec(n Diits] )theadigkesic ads@Cvaviad y A

theﬁ&pé’\&ﬁih: tlh@eﬁo'(ﬁfﬁﬂﬁﬁdhgg bé@P*&fa*iggh!AE‘@&‘ef%r EQSh of
hyl §ﬁ h %g is.intermediate I1n activ

Comip-ou’brse 55 SpduRtEHIE dtedotboBHI O i n F| gure
2a, but wherein a nethyl group has been replaced with
a met hoxy (Dil§ th has activity (cf. DH17
and K3). The cokg%ungﬁgﬁpdnhég DR20 showed no
activity as an inhibitor of aggregation, and indeed
it appeared that it nay be a pro-aggregant (results
Tau-tau | nhibition using cel

| h
Cer sezi:0 gsandflg%?ecrégﬁﬁl ?l?ﬁ"f&hé:alnegﬁl TETYWES ABIC TR Tig

cell based assay |, further

Compound KIr(nM) B50 {uM) r' LD50 (pM) Rxindx
K3 128 - 2.78 0.925 44.92 : 16.17
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DH13 263 5.71 0.956 30.90 5.41

- DHY 127‘ 2.76 0.988 13.09 4.75

DH3 . 630 13.68 0.944 63.36 4.63



experinments were perforned with cell based assay |1 _

Figures 3a and 3b show that this proteolytic

processi ng can be blocked in this system using

Vitam n K3 (nenadione) at concentrations of 1 - 2 M
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R**dgsciatisedtyi ¢ the dbseBe® BoAliendBRIS §56802 8Singie bond

neur odegenerati on and\or clinical denentia: ’

or:

T - . .
J* is -OR’ and J° is -OR®; the covalent bonds marked f and & are
double bonds, and the covalent bond marked y is a single bond with
R and R?® both absent,

wherein:

n .
R™ is selected from -H, unsubstituted Ci.alkyl, C,;haloalkyl,
Cy.shydroxyalkyl, C,_.,aminoalkyl, ngcarboxyalkyl, -OH, C;salkoxy,

. acyloxy, -COOH, ester, -SO,H, -50:M, sulfonate, Ci7alkylsulfonate,
'~ . O0x a short chain alkyl group;

2A . - .
RA 1s selected from -H, unsubstituted C,,alkyl, €, haloalkyl,
Cishydroxyalkyl, C, ;aminoalkyl, C;.;carboxyalkyl, -OH, Ci.salkoxy,

'__acyloxy,-~CO0H, ester, —S03H, -503M, sulfonate, Ci-ralkylsulfonate,
- or a short chain alkyl group; ' '

L1B ;
R™ if present is selected from the same groups as R¥, and may be
the same as or different to R; |




| wherein: J1 and J2 are both =0 ; the coval ent bonds
marked O and b are single bonds, and the coval ent
bond marked y is a double bond with Rib and R28 both
absent, or the coval ent bonngar ked y is a single
bond, or: J' is -OR7 and J2 i'S -ORB; the coval ent
bonds nmarked O and b are double bonds, and the
coval ent bond marked y is a single bond with R 6 and
RTRE HistIerdbdEntelagieref Fom Febk isams egxeipsdabs Bih-- #hd may be
thansahstdd wredifenaltkyb, R€1_, hal oal kyl ,
C3_, hydroxyal kyl, C, _,am noal kyl, C1_, carboxyal kyl
-OH, CL_7al koxy, acyloxy, -COOH, ester, --SO03H,
M dgmsigs sulchthar or Cat7ahkyd S uhbopate; cuamlatsh®rdharge to
coBh@e P X A kS-S ted from-H,
unsubst?li%()lﬁhgg&%@f atlﬁ%yl %&Clc%(ﬁ%i'dal kyl ,
, C, _, hydroxyal kyl, C1_3am noal kyl, Cl1_7carboxyal kyl,
R @1, K. akal kOXY, indépdoasyiciy =#00dy, st k1 S08H
acs (%BM s%l fonate, CL_7ai kyl sﬁl f onat e, 1o?ﬁra"\rsho(f?:f ralkoxy, or
That ¥ flnkyl group; RBif present is selected fromthe
' same groups as R A, and may be the sanme as or
R? didd @f e it@ ' R2B | f nt_li.s se ed from
t he: sane grgg%s&.ié&gg Rﬁ‘ ,(].El'%r%g?rfrhya%é’ t gﬁls’arrésoés’ §F
suff9rafént to R2A; M denotes a cation or cations of.
charge or cunul ative charge to counter the charge on

d e+ v o 4. R3, -and I.s_i ndependent |

and hateite fLOMRy oBenltnRor BT Sl vePe s amting. Ryvers.

anrektRgsi shenpetependently -H, Cl_7al kyl, aryl, -SO03H,
-S03M or s.ulfonate; and pharnmaceutically acceptable

salts, solvates, an des, esters,
2 A compound as claimed in claim 1 wherein J* is -OR? and J2 is

-OR®; the covalent bonds marked P and & are double bonds, and the
covalent bond marked vy is a single bond with R and R%® both
-absent. '

Iv

3 A compound as claimed in claim 2 wherein each of R' and R® is
independently -H, -Me, -Bt, ~C(=0)Me, -C(=0)Et, —SOsH, -SOsM,
=50;3Me, or -SO;;Et.

_-4 A compound as claimed in claim 3 wherein each of R" and R® is

independently -H, -Me, -C(=0}Me,_ -S0;H, -S0iM, or -SO;Me.

5 A compound as claimed in claim 4 wherein each of R’ and R® is

6 A compound as claimed. in claim 1 wherein J' and J% are both




and ethers thereof. 2 A conpound as clainmed in claim!]l
wherein J1 is -OR7 and J2 is -ORB; the coval ent bonds
mar ked 13 and 6 are doubl e bonds, and the coval ent
bond marked y is a single bond with RL6 and R2B bot h
absent. RIA R2' 1V 3 A conpouyrd as clained in claim?2
wherein each of R7 and R8 is independently -H., -M,

=0; Ethe - @(Q)ebt ke ¥Qrket, p- B, a_ggog’Mgle 593&/5, aﬁ{d the

cov O d
osSR o AGRE 0425 SLBG A LA TS NS Ly

a ﬁﬁnt SEEchESEEmEOQﬂd-hSQSNQe wmodpound as clained in
claim4 wherein each of R7 and Re is -H A conpound as
clainmed, in claiml wherein J1 and J2 are both 36 =0;
the coval ent bonds marked A and S are single bonds,
and Fﬁe ooval ent bond marked y is a double bond with
R g 4 ‘gB both absent, and the conpound has the

arha; 7MW conpound as clained in claim1 wherein
e both =0; the coval ent bonds narked and
LA g_baonds, and the covalent bond marked ? IS
R3 si yond Rzﬁnd t he conpound has the fornmula: 111 8
as claimed in claim7 wherein Rig and RZB
--H VIl 9 A conpound as clained in claim?7
wherein R2A and R2B are both

7 A compound as claimed in claim 1 wherein J' and J% are both
=0; the covalent bonds marked g and & are single bonds, and the
covalent bond marked y is a single bond,

and the compound hHas the formula:

111

VIII

9 A compound as claimed in claim 7 wherein R* and R™ are both




-H: 37 VIl 10 A conpound as clained in any one of _
clains | to 8 wherein the short chain al kyl group in
R2A is one of the foll ow ng groups, wherein n is O,

1, or 2: Me 11 A conpound as clained in any one of

clainms 1 to 8 wherein each » Rl1A, R2A, and R1B and

R2B ig present, is independently -H -Me, -Et, -nPr,

-i PrR7 - nED, -%Bu, --iBu, -tBu; -OH -Ow, -OEt,

&,--QnBu), -Q(sBu), -Q(iBu), -Q(tBu);
(=0 B, -OC (=Q (nPr), --CC (=0

(nBu), -OC (=0 (sBu), -0C(=0 (iBw.

, .-(=0 0w, -C(=0.)CEet, -C(=O)0(n\§t&),

-Q(=0 A(nBu), -C(=0 Q(sBu-),

-C(7) (i -C (=0 O (tBu); -SQ3H, -SGM -SG3Me,

- S03Et, -S03 (nPr) , -S03 (iPr) , -S03 (nBu) , -S03
(sBu) , -S@3 (iBu) , or -503 (tBu) . 12 A conpound as
clainmed in claim1l wherein each of R, RZA, and Rte
and R2b if present, is independently -H -M, -Et,

10 ok compepnd apyglaiogd in @oy, onepEQ)INEms- OOte() Btherein the

shoxr®@OCNzin m( grﬁ:ﬁﬁEinlg?z‘aA% lne- &g&me 'L‘l%q_:i%j_dng %%%tp,s ,

‘- : conpound as clained in

Whe%{eéfl%%erlgﬁlegth of R, R2A, and RIB and R28 if

/?resent, is independently -H -M, -0, -0H -0Ow,

oC (=0 , - COOH, OME, =SB8H, -S03M -SBMe, or
U@%@ﬂ,\r&ﬂ 2 A conpound as clained in any
one of tlhe preceding clains wherein each of R3, R4,
5, andM® is ind¥Bendently: -H, -OH, -Me, -Et, -Ow,

OEt -OC(=O Me, or -OC(=O)Et. 15 A conpound as
_Ia! med in claim 14 wherein each of R3, R4, R5 and R6

O

i~g_ | p 2Nty Me OH, -Me, -Owe, or -0OC(=0 Me. 16
A conp as cl d in claim15 wherein each of RS,
Rd, RS, Me Me '

11 A compound as claimed in any one of claims 1 to 8 wherein

each of R'™, R*™, and R™ and R® if present, is independently -H;
~Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OH; -OMe, -OQOEt,

-0 {(nPr), —-O(.iPr}, ~O{nBu}, “O(SBU)_, -O(iBu}, —~0(tBu}; -0C(=0)Me,

7 -0C(=0)Et, -0C(=0) (nPr), -0C{=0) {iPr), -OC(=0) {nBu), ~0C (=0} (sBu),
=0C (=0} (iBu), -0(C=0) (tBu); ~C{=0)0Me, -C{=0)O0Et, -C(=0)0(nPr),
~C{=0)O(iPr), ~C(=0)O(nBu), -C(=0)O(sBu), -C(=0)0 (iBu),
~C{=0)0O({tBu); —SO;H, -SO;M, -SO0.Me, -503Bt, -S03(nPr), ~SO;(iPr),
~503(nBu}, -SO03(sBu), -S50;(iBu), or -50;(tBu).

12 A compound as claimed in claim 11 wherein each of R, R?, and 7
R'® and R? if present, is independently -H, -Me, ~Et, -OMe, -OEt
_—OH, "OM&, —-0EL, =0C{=0)Me, -OC(=0}Et; —COOH, '-COOMe, —-COOE{:,
~SO;H, -SOM, -SOsMe, -SOsEt, or —CH;CH=C(CHs),.

r

13 A compound as claimed in claim 12 wherein each of R™, R, and
R and R®® if present, is independently -H, -Me, ~OMe, -OH, —OMe,
~OC(=0)Me, -COOH, -COOMe, -SOsH, -SOM, ~SOsMe, or —CH;CH=C (CHa),.



and R6 is independently: -Hor -OH 17 A conpound as

claimed in claim116 wherein each of R4, R5, and R6 is

--H 18 A conpound as clainmed in any one of the

preceding clains wherein R3 is -H 19 A conpound as

claimed in any one of clainmszg to 17 wherein R3 is

-OH. 20 A conpound as clained in claim6 wherein RA
1 s Refhgpouthds edehnel R2AnyRdne RIf R pRREeMbhd S1ukins
whdilelh CpOYRdras pel ajsmed in.eclaim 6 wherein Re' ™ is
_gi SGBH or - SGBM Rohd éagrﬁ&onl} @A}ncg%?e"ﬁ(f,ntgg; dvd. R Me,

F& Qe o0kt coipfolit M8s eF ai®fldol Btel ai m 6 wherein R A

and R2A are . methyl, and each of R3, R4, R5, and R6

Is aH onpound as .clainmed in claim6 wherein R A
1% s fet o AREe i " andtRath \ORIREA, emdh FBR’arkf, R,
angeR’ 4s- Hgependetpund as-otl, aFmed +aMe;l aicm-6cWagngi N

RAis -Ow, and each of R2, R3, R4, R5, and R6 is
16~ H 125 A conpound as clainmed in claim6 wherein RIAis

met fyFORITR2AS cHted g sheim S RBerRin &ich afdrR6 RY, RS,
- and R°- Hs DdebendrpobLnd -as ot abged in claim6 wherein R A

is -COON;, each of R2A, R3, R4, Rs, R6is -H and R7

and Re are -OH 39 27 A conpound as clained in claim®6
17 wheh efHpRUAd] 85 nekaiyled éachlainf 1R2AheRBin RbchRSe R RS, ang
R® 4K -and R7 and R8 are -C (=0) Me. 28 A conpound as

claimed in claim6 wherein RLA is nethyl; each of

R2A, R3, R4, R5, R6 is -H and R7 and R8 are both
18 ej therompS08H @¥ claifBMn 28 AneOBROKL ﬁ%c%ldﬁhge%ii'?ns
whedledh Nk 6 Whepein RIA and R2A are nethyl; each o ,

R4, R5, R6 I1s -H and R7 and R8 are -C(=O Me. 30 A

conpound as clainmed in any one of the preceding clains

19 A compound as claimed in any one of claims 1 to 17 wherein R?
is -OH. |
20 A compound as claimed in claim 6 wherein RM™ is methyl, and

each of R**, % R!, R®, and R® is -H.

21 A compound as claimed in claim 6 wherein ™ is =-S50;H or -S05M
f
and each of R*, R®, R', R®, and RS is -H.

22 A compound as claimed in claim 6 wherein R™ and R™ are
methyl, and each of RY, R!, R®, and R® is -H.

23 A compound as claimed in claim 6 wherein R™ js methyl and R3
is -OH, and each of R®, R, R®, and R® is ~H. | 7

24 A compound as claimed in claim 6 wherein R™ is -OMe, and each
- of R®, R’, RY, R® and R® is —H. ' '

25 A compound as claimed in claim 6 wherein R™ is methyl and R}
~OMe, and each of R, R', R®, and R® is -H.

26 A compound as claimed in claim 6 wherein R is -COOH; each of
R®, R, RY, R®, R® is -H; and R’ and R® are -OH.




wherein M if present, is selected fromthe group

consisting of: Na+ and K. 31 A conpound as clained in

any one of the preceding clains which has an B50

val ue obtained as determned with reference to the

Exanpl es herein of < 20. 32 A<onpound as clained in

any one of the preceding clains which has an Rxi ndx

val ue obtained as determned with reference to
27EXam3|cﬁmﬂoﬁiﬁi el C@.Ellﬂé@air?rc].taqﬂlnG h&%lHSELAO S methyl, each

1310 d_as Gl ajyred |n any ope of the precedin
of Rar ik ¢ B 1 it RS 1ehahs %d‘at?%l’%fa# pICdE1 Me - whi ch

aggregation is associated with a disease state
z2smanixyf esh, elh ner ati_on d\ or. clj,ni cal
dement ?as?lé’% iy %1??@9@0‘%{ &Jlﬁém & r}fear CtBaRi ntarfietdwd: each
ofoR el B k1 R o B2ipn-Hi h@qorﬂep%nrdat& orreofboah nedli ianesb, i or
~-SogM.i nhibit the aggregation of a protein, which
aggregation. is associated with a di sease state
. mani f ested as neur odegenerati on and\or clinical
29demdncPmpo8Bl Usecbained cionpaund @Siedral Feghai a[hciifiz‘y"" Qe

meChy L] aldth Lt e, 3%¢] sa gethodof
pr%phyl axi s of ‘a neur odege%er aflvrge seasg( Ao\ Gr{=0) Me .

clinical denmentia associated with pr ot ei n aggregati on,

30 whi 8hcommitian agoapaimes iadahpi SiELINGnk Oplaec%kﬁ%gcélﬁtms
effectiv

¥4 aGti t her apeut i cal |
“hg{@ﬁh n%gué%‘lé%n ¢l asnﬁﬁi?‘g L Sh T OBnE O PLePR| RRNSistédng of:
Na3andoK -3 t her apeutic conposition .conprising the 40
sane, such as to inhibit the aggregatl on of the
31 Pr néel n associated ,with said di sease or denentia. 36

t AGP VIt PR TS D "pRBY HleaRifs tht Rreceding claims
thUrmeganaﬁmtVMe dbsans®l &r%dheteﬁﬁidlﬂdcﬁithef@ﬂétﬂeﬂce to the

Ex A5G aLed;yidh prgtein aggregation, which method

conpri ses adm nistering to a subject a
prophylactically or therapeutically effective anmount

32 0f A eoumamadas aélaCinp'ydTEEi éﬁ‘y% el fHe@blBnd {1Qiwms
h <.2n Qs gheﬁaip%ytl (o ositio
whi XIndx val btalned as determined with reference to

Example 4 herein of greater than 4.

33 Use of a compound as claimed in any one of the preceding
claims to inhibit the aggregation of a protein, which aggregation
is associated with a disease state manifested as neurodegeneration

~and\or clinical dementia.

34 Use of a compound as claimed in any one of claims I to 32 in
the preparation of a medicament to inhibit the aggregation of a
protein, which aggregation is associated with a disease state

manifested as neurodegeneration and\or clinical dementia.

35 Use of a compound as claimed in any one of claims 1 to 32 in
a method of treatment or prophylaxis of a neurodegenerative disease
. and\or clinical dementia associated with protein aggregation, which
me;hod comprises administering to aﬂspbject a prophylactically or
therapeutically effective amount of a compound as .claimed in any

one of claims 1 to 32, or a therapeutic composition comprising the




conprising the sanme, such as to inhibit the
aggregation of the protein associated wth said
di sease or denentia. 37 A use or nethod as clained 35
or claim36 wherein the conpound is used in
conmbination with another treagnent for said disease
or denentia. 38 A conpound, use, or nethod as clained
saney @wghoas of inhébit priesedigiggat dbt AVBRE EpFo tdit associated

W1dﬂ“¥aiﬁndk§e$§31OQrQLﬁéﬂk 39 A conpound, use, or nethod
aimed 1 n any one 0 %t he precedi ng cl ai ns wherein

the di sease is selected fromthe list consisting of

36 Fal’lihﬁe?tlhoMJbti M@tﬁéﬁﬁ:eg}: TarnahRY, s GoF td %Qggéﬁjege eratlve

d ener g |onl E % Cer.st nann- St raussl er el n

i 5eeEnan ORI Rphr e i Ge ASROC 1ANGP BLHY o Qo
aggliegla'tdodi S@ssh; mPt o esmprasSupammﬁJseahE@Itaya subject a
prdqhyigbg?{:aﬁ)d'o%eeﬁgﬁa;gur{:é%tal#’% ?{1 C%l oun% gif tath %cémpound

pr éparation "of e A
as £@iegdt BT OBe pphtFiaimsnhi eh %@gloe“gahtﬁmpelsnc composition

compa386hgt Btk WakB, as@éts €5 @ oSt Ah S i tTRINeS S?& Alon of the
proqzﬁurodegeneratlon and/.or clinical denentia,” wherein

A0 RErpound Y £ Bl o hSighoim 9 FERGEFER 2d, or a

pharmaceutical Iy acceptable salt, solvate, am de,

37 esie useo[)relﬁé\ﬁfodt ggrgfélmeﬁl BSU%Q ?ﬁal gF I nlr%:lt%l m

40 wherein the medi canent
c°“ﬁPBﬁﬂy+%ﬁ9§doF“ac?f@?}r"é’Gé§én§%'aft |wtaﬁsegs@m/tofor said

disehkai 6aldeem®nki a associated with protein
aggregation. 42. Use as clained in claim41l wherein

said treatnent or prophylaxis is treatnment or
38 pr dplepkagriedd mseenbE net flont wist blaimddhdn tngadtwenit fthe

pre%@ﬂﬂn?'éfﬁ%@ Qﬁeg_eﬂ?n:thleagrégelm% %ﬁuo%fﬂﬂ&q],i n-any

one of clains 40 to 42 erein the proteinis tau
protein. 44. Use as clained in any one of clains 40 to
39 43 avrenpbnnd heisei, Seaseetissd Bant:haphed Wl hhpl&lesﬁft eR:

asal neratlon
preze&?Rﬁanﬁ?mgoﬁg%gsQE%% Cﬁ%l of §8§%@3Qk6%8w KBS r o
conpii gbpre of Fapi brly Milsdnde; SyPiank Teudpadase Corticobasal
DegE’ﬁ@@Ji@ﬁc&i N @aUD! AN W82 kha kAl Stra s 18- ZEHR IMRE rSpi sease,

Mo tor Seurone Disease; Lewy body disease; Pick’s disease;

Progressive Supranuclear Palsy; Alzheimer's disease.




40.

41.

42,

43.

44,

41

Use of a compound in the preparation of a medicament for the inhibition of the
aggregation of a protein, which aggregation is associated with a disease state
manifested as neurodegeneration and/or clinical dementia, wherein the
compound is DH19 as shown in Figure 2d, or a pharmaceutically acceptable salt,

solvate, amide, ester, or ether thereof.

Use as claimed in claim 40 wherein the medicament is for the treatment or
prophylaxis of a neurodegenerative disease and/or clinical dementia associated

with protein aggregation.

Use as claimed in claim 41 wherein said treatment or prophylaxis is treatment or

prophylaxis in combination with another treatment for said disease or dementia.

Use as claimed in any one of claims 40 to 42 wherein the protein is tau protein.

Use as claimed in any one of claims 40 to 43 wherein the disease is: Familial
Multiple System Tauopathy, Corticobasal Degeneration, Familial Gerstmann-

Straussler-Scheinker Disease, Motor Neurone Disease, Lewy body disease;

‘Pick’s disease; Progressive Supranuclear Palsy; or Alzeheimer’s disease.




