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intracel lul ar and/or ext race | ar ep05| ts pr ot el naceous structures
such as (3-anyloid plaques and neurof| brillary tangles (NFTs) in the
brai ns ofgafifeetedrpati ents. The appearance of these lesions |argely
correl ates with pathol ogi cal neurofibrillary degeneration and brain
at roﬁhy, as well as with cognitive inpairment (Mkaetova-Ladi nska, E.B. et
al. 20 (f%&ﬂﬁkeéﬁhtJlnikﬂdﬂbh gé&éralﬂ@?coﬁkhrd% tB@3afR)yathiBnAlX both
neurltlc S l.ical.. filanen PHFs) , of
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(WSChI kAkzhedmer( §988Ha PNASDUSABE:omASE8ls 28ra519)ef Rodgliesind smcbont ai n
extracel Lgd@gak30amyl 0id fibrils derived fromthe abnornmal processing of
anyl aoi d precursor protein (APP Kang et al. (1987) Nat ure 325, 733) . An
arti® e by Wschik et al. (in "~ Neurobiology of Al zheiner's Disease', 2nd
Edi ti on BEROGROUVEASTO DWENTAOND. and Allen, S.J., The Ml ecul ar and Cel | ul ar
30 Neurobi ol ogy Series, Bios Scientific Publishers, Oxford) discusses in
detail the putative roIe of tau protein in the pathogene3|s of
neur odeg idtliope démanarada pedls asf APharendrsabefbhyncdrregterissccbyukat i on

of pat hopegyreals i PEFScanth1.@$6n 0dr SHRRREES1 U1 rt BRA O H-exkc-QBRE 81 y1GQr t ex al |
w t.h associ at ed co nitive inpairnent. 35 Furtherrmre | oss of

correl at
syn&%%esgéﬁufﬁﬁﬁsg O?r?) TBCH Fsciﬁqqgtb ?ﬁlsuch as P-amyloid plaques and

neurofibrillary tangles (NFTs) in the brains of affected patients.

The appearance of these lesions largely correlates with
pathological neurofibrillary degeneration and brain atrophy, as
well as with cognitive impairment (Mukaetova-Ladinska, E.B. et al.

20 (2000) Am. J. Pathol. Vol. 157, No. 2, 623-636).

In AD, both neuritic plaques and NFTs contain paired helical
filaments (PHFs), of which a major constituent is the microtubule-
associated protein tau (Wischik et al. (1988a) PNAS USA 85, 4506-

25 4510) . Plaques also contain extracellular B-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 ‘Neurobiology of Alzheimer’s Disease’, 2nd Edition
(2000) Eds. Dawbarn, D. and Allen, S.J., The Molecular and Cellular

30 Neurobiology Series, Bios Scientific Publishers, Oxford) discusses
in detail the putative role of tau protein in the pathogenesis of
neurodegenerative dementias. Loss of the normal form of tau,
accumulation of pathological PHFs and loss of synapses in the mid-
frontal cortex all correlate with associated cognitive impairment.

35 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,
an 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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W schi k gt cadtudul@8BapaiQr dosbin) jcdieieak, WM, £t aal . ((k393pMENBR L 12,

365-3570) )[()\ﬂi 41 is ¢ osed of a Ehase-shi fted version of the repeat’ domain;
only > 103 ?£e9’r gﬁégggt'arb% 'i fGofved 180 negiompPe 253280 i nT@¢ det i on
(Jakes, RiFsets groteddPlicafVBOpdoceldded?2¥@% 2629) dokde (fnakbrdk, PiF-li ke

tau aggregat es S rot he fur _capture and . provide a tenplate
for prot ggl %/_?I c&%traggzgl?%g gffsgf %%’I -ﬁBg%g%E%’aﬁﬁsﬁg&e‘f% a(lV\i’é(l,%%%)etLoél . 1996
Proc Nat FiAckd NoriekUIA 93t 212181998 ENBAR8Y. 1Phe3phas®)shhfithwd ch is

obser vedchiipddi 6gPeatn BRI roly WAl 1 bACOE NMHALEDL L NIRLEERS Spapests that
the repeat dommi n undergoes an induced confornmatlonal (I:nﬁange ring
i ncorpor BEFTH GSREEEE N 20 WP ERR G thEr PRPYhEaBNs®E ofteABctieni s envi saged

that thi sJakenf e.ymattonnl (@bangessuild be, inigsi-ayesh by dhbe bbAgdiyg of tau

to a paphological substrate, such as damaged or putated nenbrane proteins
(see Ws%ﬁ?kll %lau 3995595 19975 1% S‘eﬁﬁir%?ﬂﬁﬂ?egu’é%cFaPéﬂreprad‘tdei ns:

, a
nmodi fi capronsld @ despbste' foedsrotdllyaiclpro@ssBnandt ,fuRl-asflgtosida, K. S.

hei 11 ofmaes o AGe ackamrari bnee paes ThrErmerdosgiilsn o8t 6 Sivor phous

aggriegat 8524 %hin the cytoplasm 30 probably fromearly tau ol i gomers which

beconme truncated prior to, or in the course of, PHF assenbly (Mena, R, et

al . (199§ge/g§§%e shift which is observed in the repeat domain of tau
incorporated into PHFs suggests that the repeat domain undergoes an
induced conformational change during incorporation into the

20 filament. During the onset of AD, it is envisaged that this
conformational change could be initiated by the binding of tau to a
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.,

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

In the course of their formation and accumulation, PHFs first
assemble to form amorphous aggregates within the cytoplasm,

30 probably from early tau oligomers which become truncated prior to,
or in the course of, PHF assembly (Mena, R., et al. {1995) Acta
Neuropathol. 89, 50-56; Mena, R., et al. (1996) Acta Neuropathol.
91, 633-641). These filaments then go on to form classical
intracellular NFTs. In this state, the PHFs consist of a core of

35 truncated tau and a fuzzy outer coat containing 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, Vol. 16, No. 3, 433-
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are ext r iR diHese s)?tacg(:eTrfeLjﬁearlss}Bﬁ%%restsﬁg? el9% §fogPBsEIAAY | 0ss of
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with the PHF core (Bondaref ur opat Exper.

Neur ol . , a%@pciatpd Ngth xhe BgF1gae (Bgnepeafify Wt heet deht i f(iL8&4) of of
conpoundset Agia 0uEdpEPAWLS 1t hevolaggspaas i o) oksdi sgase- associ at ed
proteins such as tau is of great interest. 15 WD 96/ 30766 (F Hof f man- La
Roc di scl oses assays for the inhibition of tau-tau association, and
certai n Chéabiyt ahe ideentfifdaedonsihgonpeumbsapst Eogid eddddavackrd4 therein
r ank o] L h i r itamn
K (=K2) %g@‘ %E’egggé 1053e%‘7§:§ g%lpd&r%g%ggl g#f(gaté ggsgh }(ril)oe\y/\?ngas % ?;et ar%a\r{ K3) is
denot ed a%t%%ﬁﬁtng a value of 1.042. In the ranking a value of 1 represents
bi ndi ng eqw valent to that observed in the absence of conmpound. OF cour se,
Vi t n kn e, thera eutl C. bri ef overview of
Vi tgﬁ n {io )Sfd Pvmgofp ; %%Csr’égll AhR® Js SPiie® S P4t nféfol F8%i cal Basis of
Therapeu@nhgﬁ%tnMQhoédt4u1nﬁu ppsd&68t-id6853nd certain inhibitors

identified using the assays. Figures 23 and 24 therein rank

certain compounds according to their inhibitory properties.

Vitamin K (=K2) has a value of 0.674 and menadione (also known as
20 Vitamin K3) is denoted as having a value of 1.042. 1In the ranking

a value of 1 represents binding equivalent to that observed in the

absence of compound.

Of course, vitamin K is well known, per se, as a therapeutic. A

25 brief overview of Vitamin K is given in "Goodman and Gilman's The
Pharmacological Basis of Therapeutics”, 9th edition, pp 1582-1585,
1998. More comprehensive reviews are provided in William Friedrich,
"Vitamins", pp 285-338, 1988; Thorp et al (1995), Drugs 49, 376-
387; Vermeer and Schurgers (2000), Blood Stasis and Thrombosis, 14,

30 339-353. The reduced form of vitamin K acts as a cofactor for the
enzyme gamma-glutamyl carboxylase. This enzyme is responsible for
the conversion of glutamic acid residues 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

35 gamma-carboxyglutamic acid containing proteins (so called Gla-
proteins) have been found in plasma (protein Z), bone
(osteocalcin), kidney, lung and testicular tissue. The functions
of non-haematological Gla-proteins are outlined in Vermeer and

Schurgers (2000, loc cit.). However such proteins are not found in
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Schurgers ( oc cit.). However such prioterns are not found in WO
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625- 636)discsediahdosete ienapest i ¢ uses of Vitam n K anal ogues i ncl ude
hypopr ot hrom naem a in adults and the newborn, inadequate 5 absorption of

| i pi d-sol ubl e substances, and intestinal nalabsorbtion syndrones such as
cystic fIbrakiigiogptueiheCtbhnapeutdicsgase damtréhedrasole t 'V$tarhirn a@diitsi on to

t he jtoher apeutirG L HSEs W%ﬁ@?dt\ﬁm\éeaci’wﬂ{? @n@ltéo a%,glg% 0, to have

anti-tumour activity in vitro against a broad range ent a human
tunour cERPI9 iHfeSORRRE @ndgjhuman gomPurTRell Jd@Rani Einef alhi s13Q)i-vithy i s not
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second ngssenger S asca Mar kovits .et al and Sun
1999) , andtanfl *Bgégn of?(\le?(oe%%e(f(sspem TEEM Ger m\?lstsgﬁ?%r KE¥S5Ps a
coval entcwmie\ﬁi tHarWWegtphbopHéﬁése%u cont dini hPDheapdpit dessbgaence

(1 /\lf)SHCWea &I nduainRgcesl lvieurk g R rRshsaddGrlikbndegty 9% ¢y nhi bi tng
Cdc25 phosrﬂaes zsga?p wever the consensus sequence [ CXXXXXR(S/T)G i's not

found in*t WEST GPREH IS0t P RIES FRBMIEEENE et al ., 1993)
exam ned(1 e BEXKEEKR (DT)E tiadudindg cell-cycle arrest and cell death by

inhibitng Cdc25 phosphatase. However the consensus sequence
[HCXXXXXR(S/T)G] 1is not found in the repeat domain of tau.

20
One study (Nakajima et al., 1993) examined the effects of vitamin K
derivatives on cultured CNS neurones and found that vitamins K1 and
K2 had prominent survival promoting effects in the range 10 nM -
1uM. By contrast, vitamin K3 (menadione) had only ~10% of this

25 survival promoting activity, 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

30 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 might be
expected to enhance tau protein aggregation.

35
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
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7 50k N 0 the inhibition of aggregation of protein
associ at ed vvlth neur odegener ati ve di sease DI SCLOSURE OF THE | NVENTI ON 15
The JBr eseNl JRvent of &, d1A%e. | MESLLgaLedddG ShLUGLLES of |
napt hoqw nome- -type corrpoun(s:l ch ¢ e Used to b bt The aggregati on
of pr ot elaPtdosvé paned- Wuet h‘omwmuwegehelv adny pedpsehde. mhlblt the

aggregation of protein associated with neurodegenerative disease.

Using novel assay technology they have demonstrated that, contrary
to the data given in WO 96/30766, menadione and related compounds

20 may be highly effective inhibitors. Detailed structure-function
characteristics for napthoquinone-type compounds, such as Vitamin
K-derived compounds, have been determined in respect of their use
as protein (e.g. tau protein) aggregation inhibitors. As will be
appreciated by those skilled in the art, in the light of the

25 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

30 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 of earlier more

35 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 Kl and K2, and
their analogs, is shown to decrease as the ‘3’ position side chain

is shortened.
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(phytonaﬂéﬁﬁﬁhin@heZTrﬁﬂ'Nﬂitﬁ'ﬂﬂytﬁﬂyt}i4side chain of phytonadione is
replaced by a side chain built of 2 to 13 prenyl units, and
numbered accordingly. Intestinal bacteria and liver are able

20 synthesise menaquinones (predominantly manaquinone-4) from the
synthetic lipid-soluble analogue menadione. Menadione has 2 common
water-soluble derivatives, menadiol sodium phosphate and menadione
sodium bisulphate which are converted to menadione after
administration. Other compounds related to menadione have been

25 investigated for anti-tumour activity, in particular compounds
related 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

30 Morrison et al. (1970).

The invention particularly pertains to compounds of the following

formula:



15 napht hoqui none, the formoccurring in |leafy vegetables) and vitamn K2
(menaqui none). The latter represent a series of conpounds (the
menaqui nowep/odT3whi ch the phytyl side chain of phytonadi eag/ém2/08mpl aced
by a side chain built of 2 to 13 prenylz units, and nunbered accordingly.
Intestinal bacteria and |iver are able 20 synthesi se nenaqui nones
(predom nant | yrfranagjui none-4) fromthe synthetic |ipid-soluble anal ogue
menadi one, Menqdi qge MRY 2 common  water-sol ubl e derivatives, nenadi ol
sodi um phosy : @i one sodi um bi sul phate which are converted to
menadi one af stration. Qther conpounds related to nmenadi one have
been 25 i ny 2Aant i -tunmour activity, in particular conpounds

; ydr oxy- 3- ( 3- net hyl - 2- but enyl ) - 1, 4- napht hoqui none) .
Structural varhantsizi ntthe side-chain at position 3 are reviewed by Rao
(1974). Some typical toxicological and clinical data for |apachol are
provi dedwhreSei:ber et al. (1976) and 30 Morrison et al. (1970). The
invention particularly pertains to conmpounds of the following formula: WO
03/007933 PCT/GB02/03269 7 R6J15aRA RR R18 / RA $ RRA RS8 R3
J2  wher&i pndlZ’ amd Yotreibat b. e icogalefdie looval eatkdordandas ket a and F

are dou§5ﬁﬂgp@g§aSR‘gqu§5a5§é§5g%hg ggﬂg§, 5 and the coval ent bond narked
y isga doubl e bond with R B and R2 bot h"absent: or

and the covalent bond marked v is a double bond with R!® and RZE
both absent;
or
the covalent bond marked v is a single bond.
10

In another embodiment:
J* is -OR’ and J? is -OR%; i.e. the covalent bonds marked o and ¢
are single bonds; p and & are double bonds, and the covalent bond

15 marked y is a single bond with R' and R* both absent.

Both oxidised and reduced forms of the compounds described herein

may be used in the present invention.

20 Thus in particular embodiments, the compounds have the following

formula:
RE O
R5 R1A
lill“ I
R* ' R
RE O

In one embodiment, the compounds have the following formula:
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bonds; (3weando&79a3 e doubl e bonds,
single bond wth R B and R2B bot h absengt.
of the conmpounds descri bed herein may be used in the present invention.

Thus in
R6 0 R5

fol | owi ndR¥Qr»
R4 zA R2B 5

formul a:

enbodi me®’*
ot her inactive
i ncluded for c

10

15

20

25

J1

and J2 is -OR8; i.e. the covalent bonds narked a and e are single

and the coval ent bond PETEBResR6Y IS a
Bot h oxi di sed and reduced forns

20

particgbar @nbodi nents, the conpounds have the following formla:

RIA | II!

enbodi nent, the conpounds have the faqllow ng

€0
npartson. R2A and R2B if present

In one embodiment, the compounds have the following formula:
R® OR’
R5 R 1A
iv
R4 R2A
R> OR®

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 R® may be independently selected from -H, Cy-salkyl (including,
e.g. unsubstituted C, ,alkyl, substituted C, ,alkyl such as
C,.shaloalkyl, C, ;hydroxyalkyl, C,,aminoalkyl, C,.,carboxyalkyl etc.),
-OH, Ci.;alkoxy, acyloxy, -COOH, ester, -SO;H, -SOs3M, sulfonate,
Ci-nalkylsulfonate, 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.g. 1, 2, 3, 4, 5, 6, 7, 8,
9, or 10 carbon atoms, which may be saturated or partially

unsaturated.

The term "C, ;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, I). If

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

RARR2A R3 O I n one enbodi nent, the conpounds have the
Q /03 ®07933 PCT/ GB02/03269 8 R6 0 JRIARS5 / RIB I

R4 RA 4%, IV R3 ORvVarious preferged, specific,
yn gt Figure 2 with 5 Vitamin KI and K2, and certain
gudas not formng part of the present invention, being



10 Conpounds of the invention are those in which RRAis a relatively short
group (conpare KL and K2 with DH10 and K3 for exanple). Thus R2A may be

i ndependewOlog/oemBected from-H, Cl_7al kyl (including, e.@CTGBao3sht uted
Cl_7al kyl, substituted Cl_7al kyl such as 15 Cl1_, hal oal kyl,

Cl_, hydroxyal kyl , Cl1_, am noal kyl, Cl1_, carboxyal kyl etc.) , -OH,

Cl_7al korle MEchpgeryateor@OOHy ésdewsndeSEOBY, be $hi@Msamselldrom@afEerent .

Cl_7al kylsulfaqnate, or_a "short chai,n _alkyl .group” by which js ant

i rear SE Hra R Ra R g R R G PR ot 1 TePELoqR, S Bt riaen

pr ef er abtysd-th2, grong mefenabhierdt1i0beereferted?to s 4 5, pérhaloadky20 9,
or 10 carbon atons, V\i]i chfmay b%g%l(a]kurat ed or ,gagti ally wunsaturated. The
term " C1I*R&E oal BFABHELLE Cad Ker@ifPspehtdidfs O¥tadrerotal kyl group
in Wi chiahideBsb, onerhydergen-at e (ecy, , -dsr,2, -&d,cudd hag dgen £6pl aced
with a halogen atom(e.g., F, d, Br, |I). If nore than one Flydrogen atom
has been ¥&5Faced with a hal ogen atom WO 03/007933 PCT/ GB02/ 03269 9 the
hal ogen atons may i ndependently be the sanme or different. Every hydrogen

atom may be replaced with a hal ogen atom in which case the group may
conveni eRl¢ ytay@ ('Ef-eryB@xrelhgl Hrorp, perthalsedl kgreinyr pgpraimxaimphes of

Cl_, hal oal kyh 9" QUBSo i 3chrden Hut) 3 mak-b4l 0y .5 - CHF2, - CHZF,
-CC13, -CBF31 ﬁo%z%ﬁ SCHOCHR2, <ang &?émg'&g&ﬁ %ﬁteot“‘t g?ﬁ]%%f_mydroxyal kyl
grou " aspleed Wekbhi @, hypokyi gsouro aEx@ipléa kfl Cgihydpokpalihiic yratips east
one hydro tom. ha en [ ced a roxy qr.ou s of
01_7hydr6§§g‘i‘%y| %Po%ﬁésj%ﬁtné ﬂh‘g‘g;)‘i Bor a%bkr%mc’?ﬁ%gnﬁqﬁd aﬁS, &as%ﬁﬁp DCH2OH,
and -CH(OH) CH2OH. The term "Cl_, am noal kyl group,” as used herein,

t ai C, - al kyl in which at |east, hydr tom has b
S epl 258 G G HMIRG ST b OBl AnY AEeGt BETC LI BRILFKT Gt dups

i ncl ude, chig1xgnegaetp |inmivhedhta, 1<GbR2 N2l hyGH3GER NHDm aRf bedH2CH2N (CH3) 2
The term "Cl , car boa}/‘al ir%ll' grou(g," as used herein, pertains to a 20
C, -, kyFeRIBES VARt FTHEC SEHP onE*RYRYSy e St-fiRge gk proups

include, but are not limited to, -CH,NH,, -CH,CH,NH,, and
-CH,CH,N (CH,) ,.

The term "C, ,carboxyalkyl group," as used herein, pertains to a
20 C,.,alkyl group in which at least one hydrogen atom has been
replaced with a carboxy group. Examples of C, ,carboxyalkyl groups

include, but are not limited to, -CH,COOH and -CH,CH,COOH.

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

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

IH)) Mwm

Me Me
))IH AN N 4 Me
Me Me

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

those in which R?® is absent.



replaced with a carboxy group. Exanples of Cl_, carboxyal kyl groups

i nclude, but are not limted to, -CH2COCH and - CH2CH2COOH. | n one

enbodi merwp oBle79short chain al kyl group is one of the 25PCaldBmiosag9gr oups,
wherein nis 0, 1, or 22 M Me Me n ¥® M M R2Bif present will be
selected fromthe same groups as R2A, and may 30 be the sane or different
to R2ZA. However preferred conpounds are those in which R2B is absent. WO
03/ 0079332 PGELGB02/ 03269 10 R1A R1B Each of R1A, R1B is independently -H,
Cl_7al kyl {i'ncluding, e.g. 5 unsubstituted Cl_7al kyl, substituted C1_7al kyl
such as Cl 7hal oal kyl, Cl_7hydroxyal kyl, d _7am noal kyl, Cl1_7car boxyal kyl
etc.) , eddd o€lr™, 7aPPkOxXYinRe¥hexytly CEOH:, asten, (18 Biding$S08)N . sul fonat e,
Cl_7al kyl sul fonate, or a_short chain al kyl group. 10 M denotes a cation or

cati Gns YIEUWORALGRteF Cumlkwti FaPERAF Y Grr2btift Pk S haPgtPdikitine - S03-
group. 1@ @ne-s e, Mideaeker, ancabbaliaiign osuoh agslicy N Ke,

or Cs+, noré pre erggﬁy or 15 Preferred conpounds are those in which
RIB is afdénky, adtHough -C¥hpognatsri mShilch-SxMi suddpnabsent (such as DH3
for exanpl &) xd9su BAMMRGE b¥ 14 YshoREeERL 112G 1GQAD are those in which RIA

is alkyl, such as nethyl 20 (conpare DH2 and 14 for exanple, also DHI,
DH7 and DH15). However other small groups in place of nethyl, such as a
sul plat eM dprRitRs aByatdlchoobecyrieher bedcaarpar eclsd: landvOHB)argler eber abl y t he

R1A group is an.electron nat i n .25 R1IA R B .R2A R?2B | ne

erbod net o ke iRt R pPd a0 B 2P 1R Oul SRl ERP, 1 @0 gp

-nPr, -i#®r,alkaly, iomBpuchi By, Li'y Ba’ - 8H, orOPE), mOEE, preferably Na® or
K'.

15 Preferred compounds are those in which R'® is absent, although
compounds in which it is not absent (such as DH3 for example) do

show activity.

Preferred compounds are those in which R is alkyl, such as methyl
20 (compare DH2 and DH14 for example, also DH1l, DH7 and DH15).

However other small groups in place of methyl, such as a sulphate

group, may also be preferred (compare K3 and DH8). Preferably the

R group is an electron donating group.
25 RlA, RlB, R2A, RZB

In one embodiment, each of R, R'®, R®, R?® is independently -H; -

Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OH; -OMe, -OEt, -

O(nPr), -0O(iPr), -O0(nBu), -O(sBu), -O(iBu), =-0(tBu); -0C{(=0)Me,

30 -0C(=0)Et, -0OC(=0) (nPr), -0OC(=0) (iPr), -0OC(=0) (nBu), -0C(=0) (sBu),
-0C(=0) (iBu), or -0(C=0) (tBu); -C(=0)0Me, -C(=0)OEt, -C(=0)0(nPr),
-C(=0)0(iPr), -C{=0)0(nBu), -C(=0)0(sBu), -C(=0)O(iBu),
-C(=0)0(tBu); -SO3H, -SOsM, -SO;Me, -SO3Et, -S50;(nPr), -S03;(iPr),
-S03(nBu), -S03(sBu), -SOs;(iBu), -SOs(tBu).

35
In one embodiment, each of R, R!®, R*™, R?® is independently -H, -
Me, -Et, -OMe, -OEt, -OH, -OMe, -OEt, -0C(=0)Me, -OC(=0)Et, -COOH,
-COOMe, —-COOEt, -SOsH, -SO3M, -SO3Me, -SO3Et, or —-CH,CH=C(CH,),.



A nPr), -giPr), -AnBu), -QsBu), -QiBu), -QtBu); -0C(=0 M, 30
-0(=0)Et, -OC(=0 (nPr), -0OC(=0)(iPr), -0(=0(nBu), -OC(=O) (sBu),

- OC( =0 (1BO)3/0eM33 O C=0) (tBu); -C(=0 Owe, -C(=0)CEt, -C(=0GrOGHN)N3269
-g(=0)(i Pr), -(=0QnBu), -C(=0 q(sBd), -(=0qiBu), -C (=0 O (tBu) ;
-SO8H, -S03M - SO03Me, - SO3Et, -sog (nPr) ,. -SQ3. (iPr) , -S03(nBu),

- S03(sBUY? nspsrpedimentgoseeBAL R35 R oRe eRboHt peadentlof 1A~ R1S,
R2A, R2Bud s -iomdepenleniomy, - Foc =dyRe, - Btoor, OMEooM&Et-s050H, - sOMVE , - soiet |
-0OC(=0 Me = =_®(g:tﬁ, -COOH, -COOWe, -COCEt, -SOB8H, -SO03M -S03Me, - SO3Et,
or - CH2CPEC ) Hs4k0 03/ 007933 PCT/ GB02/ 03269 11 In one enbodi nent,
each of RIA, R B, R2", R2B is independently -H, - M, -0Ow, -0OH -O0OW,

- O0(50) M, 51 @00Hb0a GRNE, g2 SEBH.ye S 12 S0 3 V28 - C(CH3) 2 5 1In
one enbodi nent , RS -I\/E, g)ﬁd MISi'ngﬁldRRZB are aag%eﬁt: II;FG J1 R5 a Me RY V
R4 R2A R3 J2 IR® onal'enbodi ment, RIA and RiB are both -H, and R2A and R2B

are as 6 0 R5 VI RA RzA RPB R3 O 10 I n one enbodi nent,
R2A and €iand R A and RiB are as defined above: R6 0 R1A
R5 Rlg \Y
R?A
R® J?
In one embodiment, R'™ and R'® are both -H, and R?® and R?®® are as
defined above:
RE O
R5
VI
4 R
R RZ
RE O
10

In one embodiment, R?® and R?® are both -H, and R™ and R!® are as

defined above:
6

R 0O RIA

R5 1B
R
VII

R4

R O

In one embodiment, R'® and R?*® are both -H, and R'® and R?®® are as
15 defined above:

R O

VIII



VI R4 R3 1In one enbodinent, RB and R2B are both -H, and R B and R2B are
as 15 defined above: R6 0 RS RIA |l VIII R4 RzA R3 O WO 03/007933

PCT/ GB02/WB28007932 R3, R4, R5, and R6 Each of R3, R4, R5PCarGBIRO3I63

i ndependently -H, -OH Cl1_7alkyl (inad2uding, e.g. unsubstituted C -, al kyl,
substituted Cl1_7al kyl such 5 as Cl_, hal oal kyl, C1_7hydroxyal kyl,

Cl_7am r®jal Ryl R°Clangt & boxyal kyl etc.), Cl_7al koxy, or acyl oxy. The
presence or absence of substituents at R3, R4, R5, or R6 does not appear
to greatly affect activity(conpare K3 and DH2 for 10 exanple). In one
enbodi nErfch 8acR o RR ' RANA B iankndreerder idepnde®il yi-RLkYl OH,

Cl_7al kylincCha7agkaxys. ans@hstiadukglacylaaxyl, 1dudstienee@ndodirpntsu@ach of
R3, R4, R5, and R6.is independently: -H -OH -Me, -Et, -nPr, -iPr, -nBu,
CoBu® 9, O RBEPA LI, CroRETORY Ry CorpmsRliY] o GiBgRrboRAY. - (i Bu)
- Q(t BU) ;etd8( =0) MLk oxyPCb FQ & 1oxyOA( =0) (nPr), - OC(=0) (i Pr), -OC(=0) (nBu),
-O0C(=0 (sBu), -0OC (=O (iBu) , or —-O(CO (tBu) . 20 In one enbodi nent,
each of R3, R4, R5, and R6 is independently: -H -OH -M, -Et; -0Ow,
-CEt; - Qe—OrMeen& orOGLSENES .of RuBBE: QDI BENES, Qﬁc@si(\)/‘;oﬁ%ﬁ s R5, and

R6 is independently: -H 25 -OH -M,; -OWe, or -cCTE(ZO) .. In one
enbodi neMt, 2BREAT of° RESARYY HeLehna e’y (CRERPEhdENEPY: DEy fogr - oH.

10 example) .

In one embodiment, each of R?, R*, R®, and R® is independently -H, -

OH, C;_;alkyl, Cj;salkoxy, or C;-;,alkylacyloxy.

15 In one embodiment, each of R’, R, R® and R® is independently: -H;
-OH; -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OMe, -OEt, -

O(nPr), -0(iPr), -0(nBu), -O(sBu), -O(iBu), —-O(tBu); -0C(=0)Me,
-0C(=0)Et, -0C(=0) (nPr), -0OC(=0) (iPr), -OC(=0) (nBu), -0C(=0) (sBu),
-0C (=0) (iBu), or -0(C=0) (tBu).

20
In one embodiment, each of R?, R! R® and R® is independently: -H;

-OH; -Me, -Et; -OMe, -OEt; -0C(=0)Me, or -0OC(=0)Et.

In one embodiment, each of R’, R!', R®, and R® is independently: -H;

25 -QH; -Me; -OMe; or -0C(=0)Me.

In one embodiment, each of R’ R*, R®, and R® is independently: -H
or -OH.

30 In one embodiment, each of R, R®, and R® is -H, and R® is as

defined above:

IX

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



30 I n one enbodi rent, each of R4, R5, and R6 is -H and R3 is as defined
above: RIA. RIB RY IX R2A R2g R3 J2 In one enbodi nent, each of R4, R5,
and R6 i swoH3narmd3 R3 is -H WD 03/007933 PCT/ GB02/ 03269 PET/(IHAORLB 3$Y R
2A° R26 J2 In one enbodinent, each gf; R4, R5, and R6 is -H, and R3 is
-OH RSARBX ?:j!722A J1 and J2 5 As denonstrated in the exanples,
conmpounds in \A/(]iJ@h J1 and J2 are both =0, or in which they are -OR and

- OR8 respectivelty, gray both have high activities (conpare K3 and DH9 for
exanple; a k@aThus, referring to fornula IV above, each of R and
R8 is i y -H Cl1_7al kyl (including, e.g. unsubstituted

uted C -,alkyl such as Cl_, hal oal kyl, Ci(_, hydr oxyal kyl ,
Cl_, am noa | ,zghr boxyal kyl etc.), acyl (including, e.g.,
Cl_, al kyl acyl, ®8,gR" acetyl), -SO8H, -S03M or sulfonate. 15 The term
"acyl ," as used Jher ei n, pertains to a group -C(=O R, wherein Ris an acyl
substituent, for exanple, a C -,al kyl group

In one embodiment, each of R?, R®, and R® is -H, and R® is -OH:

1
J 1A

R

XI

OH J
Jt and J

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 DHS for example; also DH5).

10 Thus, referring to formula IV above, each of R’ and R® is
independently -H, Cj.;alkyl (including, e.g. unsubstituted C, .alkyl,
substituted C, ,alkyl such as C,haloalkyl, C,;hydroxyalkyl,
C, ,aminocalkyl, C,.,carboxyalkyl etc.), acyl (including, e.g.,
C, ,alkylacyl, e.g., acetyl), -SO3H, -SOs3M, or sulfonate.

15
The term "acyl," as used herein, pertains to a group -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,.
sohieterocyclyl group (also referred to as C, ,heterocyclylacyl), or

20 a Csaryl group (also referred to as C; ,,arylacyl), 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(=0)C(CH;), (t-butyryl), and -C(=0)Ph (benzoyl, phenone).

25 In one embodiment, R’ and R® are the same.

In one embodiment, R’ and R® are different.



(also referred to as Cl_, al kylacyl or C1_, al kanoyl), a C3_ 20heterocyclyl
group (also referred to as C3-20heterocyclylacyl) , or 20 a C5_20aryl group
(al so refworemotses as CS _20aryl acyl ), preferably a C, -, al ipgit/gsoanp269

Exanpl es of acyl groups include, but are not limted to, -C(=0 CH3
(acetyl), -C(=0 CH2CH3 (propionyl), -C(=OC(CH3)3 (t-butyryl), and

-C(=O Ph (benzoyl, phenone). 25 In one enbodi nent, R7 and R8 are the sane.

| one efbadiuTeRboa et B8y A5 i Ligreni. NO30079%5 BCTLCH03(03269 14

In one e ment, eac R7 and IS indepen
Cl_7al ky(Fla‘éSHleé‘StB'H SO@@BMS%M K %471%%35%‘#16%?‘@9 5 I n one enbodl ment ,
each of R7 and R8 is |ndependently -H -Me, -Et, -nPr, -iPr, -nBu, -sBu

Py e 9 P R e BN B G0 e

-SCB (nPr)Py, —SEB, (T1HY, —SBHSO-Sl(mBu)tBuSO-BT( (sBuke, --8030)Bu), or -SO03(tBu).
10 I n ongs nt, R7_an )S i_kde psq-:gntly -C
(=0 Me, -%ngw- Sc%ﬁ%ﬁhégg Cgog&/b%d @8 3 I'n ong(gbnb%l men'fE_L each
oF k7 anc( ) §Bphdepse%éenﬁ<gp + 1SN, stﬂtcxso@fnw, ~SesiiPrI503M  or
-SOBIVE 0,080 e pEmt),, eaoh(i®h) R7TcandRBery .-H R6 OHRS5 RIA / | \ R
R2A 4 | R3 OH Preferred conpounds of the present invention are those
Whl c]h show 20 high activity in the assays descri bed herein, particularly
‘cel | bimetheasshgdimenfeserrbeof el avd Ror &f emdegenoapolundst; heNe, aFB50 of

| ess t hanc &) vaDr ec pE®feRr, abky,d,esgohhiansduel i kKewsgethey will have a |ow
toxicity, wth an Rxi ndx of greater than 4, more preferably
In one embodiment, each of R’ and R® is independently -H; -Me,

15 -C(=0)Me, -SO3H, -SO3M, or -SO;Me.

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

R® OH
RS R1A
CC
R* R
R® OH

Preferred compounds of the present invention are those which show
20 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 will have
a low toxicity, with an Rxindx of greater than 4, more preferably
greater than 10.
25
As used hereinafter, unless context demands otherwise, the term
“vitamin K compound” is intended to encompass any of these
compounds such as (for example only) menadione, menadiol and
diesters thereof, and analogs of any of these in accordance with

30 the formulae given herein.

Uses of the present invention



greater than 10. 25 As used hereinafter, unless context demands otherw se,
the term "vitamn K conpound” is intended to enconpass any of these
conmpoundsweuwslo®s3 (f or exanpl e only) nenadi one, nenadi ol ®ad/GRI2E316Er S

t hereof, and anal ogs of any of these iy accordance with 30 the fornul ae

gi ven herein. Uses of the present invention WO 03/007933 PCT/ GB02/ 03269 15

I E one aﬁrpQﬁffe Ta@@é@t'@néi'é@ls&&ﬂi:l@%@doﬁséi ot hadh fark £ RBMPSUrLD tol Nhi bi t
t he aggrega

Mely 8 n, V\€ICh a rega associated with a

di sease ¥UHREt 5 ?na Ilo tH p|p5? d%‘rlgga??%rr?gcaélﬁﬂl th the present

i nvent i omssawyatbd wappd |edlssa$matM| ch arises froman induced

conformati onal polynerisation interaction i.e. one in which a
conformational change of the protein, or in a fragment thereof, gives rise
to tenplatEdBrAdi Rloe APTEGDr HEIBRIN FUMPAER the ewersdE ) lpredtarn 10

nol ecul esay %&a@@hie@rﬁ)&@atl Wigi drRAREEes Gem AHCE EAIdQN chiifoimitiloated, an
aggregation cascag [ &nsu Wmlch |nvoI vneswhtihg i ndyced confarmati onal

pol yner | RaLEH 157 fLurt HPIEE6t S i ol 8801Es PP FR Y W PSR AR %0r mat i on of

t oxi ¢ prothrgte fofaghemsetieinaggr ngataeéramru‘h theeestbstianti alde/ troesi stant to
further Qénqgl%wemsmdme aha REQL&IN 1 8HW £9aL28 L hus JQaBY) a6 diqught to

be a proxinal cause di sease states mani fested as neurodegeneratl on,
cl i Mi%al MokRsvemsi AP %m%Flcft REPPHATHOL oPYFRRAT s PRFE ofEC1a3ddsni S rel ation to
Tau pr ot enitia2@dPr eheddeedqganbodi dmrtae Qﬁa;t rwsuevermidrorlnabev@ﬁm on
|nh|b|t|on of 4 tau.protein ?ggr atlon Were U d hereln g term"tau

prot ei n" *RFERS SORERETRI RS tfHe Py BECSE AP nm? er’f‘iullﬁs'Tau

pr ot ei nslea@r@h&pacb@rﬁ%@tasnbeﬁ g% d A el Brrbreg éramegévrs Rombegregfat2s protein

famli eswmrpfar%osgggtafauenw fgsclrsqtaﬁleu{@sfm&epgpf&&%%@@s cHglees of

assenbly and di sassenb ey hel anski et al. (1973) Proc.
protein aggregates hus formed are thought td be a proximal cause

of disease states manifested as neurodegeneration, clinical

dementia, and other pathological symptoms.

Uses in relation to Tau protein

20
Preferred embodiments of the invention are based on inhibition of
tau protein aggregation. Where used herein, the term "tau protein”
refers generally to any protein of the tau protein family. Tau
proteins are characterised as being one among a larger number of

25 protein families which co-purify with microtubules during repeated
cycles of 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,

30 sequences of approximately 50 amino acids inserted in the N-
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.

35 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 protein in the tandem repeat

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



Natl|. Acad. Sci. USA, 70., 765-768), and are known as m crot ubul e-

associ ated-proteins (MAPs). Menbers of the tau famly share the comon
features wbobhaviosyy a characteristic N-term nal segnent, 3@CTacpI0sws Of
approximately 50 am no acids insertedigh the N- term nal segnent, which are
devel opnmental |y regulated in the brain, a characteristic tandem repeat

region cansinstengi i1 %o%lf} txamﬁr@r 5@@&1&%@1‘ (Bdod32 v, NBr &G &s.and a
Cterm nilg rré?tl I 55 M%PZ redom n m. cr ot ubul e- associ at ed protein
in the <onétddshdhiti @Vsaﬁia%% neIERRS Jorpif' the'Honde it titas- [ Hyars
and Ll oyckgieds il ppt l&8et66ye John thel eyu arpgpe8ondomaNY).. WARZ it sdfierbs are
al most i dentdd qaltegotﬁaay aBE:O&?éJhés'loBhﬁeE@ﬁd%H‘ Lepaalop, }894;915' gmbs% ifli ffer

substantially both In the sequence and extent of

PCT/ éBOZ‘IlOst?G‘gta?LGa‘il?f’éfgﬂ-tﬂ@Pn?ff%lddBﬁaF?f‘WlaﬁdF%%aW GhFpecko (FPOOURPRDI .
Brai n Resggredtitidd-bd)-mabevesdielessn agyisegahi on in the tandemrepeat
region is not selective for the tau repeat donain. Thus it wll be

appreci ated that any discussion herein in relation to tau protein 5 or
tau-t au aggrregabitennshoul d be taken as relating also to tau- MAP2

aggregati on, MAP2- MAP2 aggregation and so on. Qther proteins 10 Figure 4
shows a Tabl e listing various_ other disease-associated aggregating

pr ot¥di nsEiqure iUnRPBYT i%f 3Bt S whiTH MPo P A P ©TBET thiSeasredantciakedntion. In

each casggdheyadifgastotdingi selaéelslmmmzcrbf twhecm Nfdrrt bept ofr ag@r egati on

and\or mutati nof rtlpenEroEeln Ja t}peacylsa ro erl al so “Stzm'l 15 As
can be s%’éerisefnr LRGN ¥: e 3 i §EasES AT ciF APECERAN LB Bed by
pat hol ogilealingrtéb el on afgregatjariadmehdier mmtt@tlolmeqﬁ oire drsesise(sandajewy

body di S%faﬁa FuRthes norg, 1t bgeq pat hogenesi s of neurodegenerative disorders
such as Pick's disease 20 and Progressive Supranuclear Palsy appears to

corr’l@ ate with an accumul ati on of pathol ogi cal tau aggregates in the
dent at e gyrdsh bandest eddoat ehpytaslicjakxaebless dakebbies nedenr bex, respectively

characterised by pathological protein aggregation include motor
neurone disease and Lewy body disease. Furthermore, the
pathogenesis of neurodegenerative disorders such as Pick’s disease
20 and Progressive Supranuclear Palsy appears to correlate with an
accumulation of pathological tau aggregates in the dentate gyrus
and stellate pyramidal cells of the neocortex, respectively
(Wischik et al. 2000, loc. cit). Other ‘tauopathies’ to which the
present invention may be applied include Familial Multiple System
25 Tauopathy, Corticobasal Degeneration, and Familial Gerstmann-

Straussler-Scheinker Disease.

Thus it will be appreciated, in the light of the above discussion,
(and except where context requires otherwise) where the embodiments

30 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 discussed above (e.g. B-
amyloid, synuclein, prion etc.) or other proteins which may
initiate or undergo a similar pathological aggregation by virtue of

35 conformational change in a domain critical for propagation of the
aggregation, or which imparts proteolytic stability to the
aggregate thus formed (article by Wischik et al. (in “Neurobioclogy
of Alzheimer'’s Disease”, 2nd Edition (2000) Eds. Dawbarn, D. and

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



(Wschik et al. 2000, loc. cit). Oher "tauopathies' to which the present
i nvention may be applied include Famlial Miltiple System 25 Tauopat hy,
Corti cobawalosemgener ati on, and Familial Gerstnmann- Straus®lcerGeEselsicoker
Disease. Thus it will be appreciated, jfn the light of the above discussion,
(and except where context requires otherw se) where the enbodi nents 30 of

the i nve@&ié}rtﬁrle descideed, V\bifbxrcﬂspeﬁhtéamthagraﬁ@ir?é haQ bk akkrdrirke
pr ot ei ns %e MAP2) t he de cription should . be taken as applgll ng equally to

the ot hef nngsdl%%‘{f;f@@ 13%o e(aéegpm‘éerh?lsm d, TRy AISrerR® Wi 88 etc. )
or ot herr@f&m@d\st,omhendmnmy “dmeta@tseoﬁrpmtcéengag@rcsgamlloar' pat hol ogi cal
aggregation by virtue of 35 conformational change in a domain critical for
propagation of the aggregation, or which inparts proteolytic stability to
the Sagghtfpitissntberor 1par 5 dladenpeyyivt Rtk “Bruziau EorresEuiali obogy  of
Al zhei neths 1BegasRys rﬁ’aﬁd aEdbt bon x2000) @%pp@@lé@@w,toDotﬁ@ﬂ Allen, SJ.,
The Mol ecul ar %nd Ce L;: ar. Neu ohi ol ﬁg¥ eries, los WO 03/ 007933

PCT/ GB027 BJEG T 107 Shi S PEC Bl YREFR "a8% §PBY L AT ORGER Bt deitheSmay be

r ef err edretredfer eilph azxs "E&glgwégaql iatgrdi;s'ei%sre provei mr‘eg‘ﬁhéodl seases my be

referreds{ o8l Bggfeq zg:'l%%a§€§ afi KRE9L I fka%g%g‘aé‘éi dg té&%ec"%qie wher e
mentjon i s made herein of “tau-tau aggregation, P i's may

al sd%be #3%eiP ©°F -be applicable to other aggregatl on of ot her proteins
whi ch have simlar properties in this respect, such as R anyloid
aggr egat {)g}g priaon L2a9r et%ataj on and synuclein aggregation etc. Likew se

"tau proteo rytlisesdegra 10 and so on. O her uses and net hods As

descri bed above, in one aspect there is disclosed use of a 15 vitanmn K

conpoundpaf 0d SMYiBEE A& A9Ghesad | Aot aq&reotl@ Bis MU LNy ,@E9fegation is

associated with a di sease state as descri bed above. rgjTurther enbodi nent
i s aret hbPHO & 3FRRHY &F pRoHMA é%?sa‘%ﬁre&atél%e%%é" Froppdrejrich
aggr egat agiraamtdeact s besboaliaveqd withch aeidd 20acoOngy iceesraskd nirskering to

a subject a vitam n K compound, or
A further embodiment is a method of treatment or prophylaxis of a
disease of protein aggregation as described above, which method
20 comprises administering to a subject a vitamin K compound, or
therapeutic composition comprising the same, such 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
25 therapeutic composition comprising the same, 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 vitamin K compound or composition such as to inhibit the
aggregation of the protein associated with said disease state.
30
In a further embodiment there is disclosed use of a Vitamin K
compound in the preparation of 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
35 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



t herapeutic conposition conprising the sane, such as to inhibit the
aggregation of the protein associated with said disease state. In a further
enbodi merwotobeo®33 s di scl osed a Vitam n K conpound, or 2PCrlcBoapsasdic
conposition conprising the same, for use in a nethod of treatnment or
prophyl axis of a disease of protein aggregation as described above, which
met hod caupresedd oadmd mstagriichgdtwith subjesdse thetyidaniencKibahpbond, or

CO”DOSItt£%1é%éé%m@ﬁttébﬂﬂﬁythg Eﬁgasﬂ@ géﬁgﬁﬁhggsgénﬂ?ﬁtgrggfﬁrh&%&%QCIated

with said di sease state. In a further enbodi nent ere 1s disclosed use
of a Vitahitfeeed Oéoﬁﬁb‘éln‘brqaﬁ‘ef‘ﬁe HIEFRP A T O B PediteareArt Gl lyse in a
met hod Oéffécﬁﬁaztenﬁﬁlbuﬂﬂf 4 ephyhiextiscaf oA sHisPaggrofatiical, evAe BGGT @gat i on as
descrd bed ﬁﬁov 3 Il rpﬁt Flod co r| S§S adnministering to a subject 35 the
medi carren such "as to [ hAT bt t he aggregatl on of the protein associated
with said disease state. In one enbodinent there is disclosed a nethod of

regul ati pg érhﬁche%ggﬁxﬁgﬁrﬁé?ﬁ 9% AP RBERAL | thehei bR Al theQt s MBBRlGeqWhi ch WO
03/ 007933 PCT/ &B02/ 03 regation is associated with a disease state

as descr‘i“%”e}bOdatS’(’fvénhll?’rfé“‘tgr é’éf’ ‘?lttlod‘oﬁﬁr?%‘?t}?dnt ﬁ%g%?@&eéf (éa?n Ai"st8fing to
sai d mamfeim dfh PHEed oftismiadlyrEameTs) anprtepbybactéfal hgmosl, the

therfaoeu[:%g@gle\ﬁt g% I?%tégledeg a Yool i nhibitor of said aggregation,

wherein t I nhi Is a am n K conpound. In another embodi ment of
the present invention, there |s provided a nethod of inhibiting production

?L prbOt ei/ﬂt@lgigf @gébﬁﬁoﬁrﬁisg m]a-lgnlfé I'Eﬁimlfr@téﬂiﬁgd BlﬂgﬁeaQﬂ.I il%gégWJbﬂJt1NEI/S% i n K
e brain, reat nent . bei ng as described,. above. Vitanin
conmpound®* ﬁ%f%@raaﬁfﬁ%?%ﬁ dehHife S BPL TR g‘ﬁ@?/n%mfﬁueﬁﬁﬁ totrher

t r eat mentisperaddntteupsnntiid avadiusign ar ségemsd ital by, tragpeandent upon t he
condid i 0, A A1S6SE hey B Weeat&fl-col Do S PALIGULAL Jiliiay pe desired to

use or formulate Vitammn oun her ibitors of the rel evant
protei n SYRPBGES Hhthr‘é‘%ﬂﬁxi éﬁhéngtoqsnOtfh*éh%ﬁéewntl'eﬂfottﬁw gL esatéonpounds

as descridgetion e.g. in the case of Tau this may be compounds as described
in WO 96/30766 or prior filed, unpublished application GB
0101049.5, the contents of which are incorporated herein by

20 reference.

Other therapeutic 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

25 beta~amyloid.

A further aspect of the present provides a therapeutic combination
composition comprising a vitamin K compound plus one further
compound.

30

Dosage of therapeutics

Administration of compounds, compositions or medicaments as
described herein is preferably in a “prophylactically effective
35 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

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



in WD 96/ 30766 or prior filed, unpublished application GB 0101049.5, the
contents of which are incorporated herein by 20 reference. O her

t her apeutwo oagerss for treating e.g. AD with which the pPeTaR02/i08262nt i ON
may be conbi ned include cholinesterasegdnhibitors such as donepezil,
muscarini c receptor agonists, and inhibitors of 25 beta-anyloid. A further
aspect Oprddveripresands pfx(é%itﬁl@ﬁt,ael k'gera@eiﬁfzjoelsceﬂbd‘idb%tgieoatccmrgosﬁﬂth@ﬂ f
conpri si us_one. f.urt 30 Dosage 0]
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descri bedottarei, nand pyrfeddbl yakes actpuopmf abei daddrndeef tecloe vte:eassdarmunt "
or a th%@&%&ﬁ%hyw@ke%wmmw%éde& [ RBeCASE . By abgi vl hey

prophyl axis may be consi dered thera this belng I cl ent tos ow
benefd t otk OifnéF*W‘&lh%ﬂratTﬁ’é ad’tﬁlﬁ’é eénﬁﬁ‘&orsalﬂ%‘i’w éitOePéaCt’éHdmleéFe and

ti me-course of admnistration, wll depend on the nature and severity of

t he dise sebln Lreat 007 /GBO/03269 19Pescr|pt|on of
treat rren;F el dec?srfl%rﬁ“%lovﬁ\/\%gg%ggug% % Y thé"rd sfpon5| "Birli ty of

gener al ﬁ@lacttesm oHepssend oot he‘FelTﬁe@r&'atheltmnl@fis,pWSteypl taldsot akes

account gfpthedissoederidanbeodreated, the condition of the individual
patient, the site of delivery, the 5 nethod of adm nistration and ot her

factidts known to practitioners. Typically the mammal will be hunman,
al t houghThs erd domaehoad Sda(laygallcﬁvm‘ncteSSfOmeirtGmeﬁ Karar\yebetiaém{ yabbhier apeuti ¢

b d ly
B bvancad Toh ey nt R0 ¥h ol iahol #1980 A BESS T TIH a2 13- 60
pg/ day (Eee¥dremndndOybift hlg/ﬁ@yw:hﬂdryeam@)r 1lande®G Bag pgily (ROAEI dren

over 11 ygargs,andsafiul totneRDASpoft rSemdB0).. 0 X HE3 LRHRET SodLGRIgRRd
0. Ol'é) 03 gg/lg%egg thw?é%gt loc cit, discussion page 319-320). Vitamin
K-type compounds, such as those used in the present invention, may
be administered in an amount greater than or equal to about 10
mg/per day or more for a 70 kg adult (according to British National
Formulary data released by the BMA and Royal Pharmaceutical Society

20 of Great Britain).
Formulation and administration of therapeutics

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

testing for toxicity.

The compositions may include, in addition to the above

30 constituents, pharmaceutically-acceptable excipients, preserving
agents, solubilizers, viscosity-increasing substances, stabilising
agents, wetting agents, emulsifying agents, sweetening agents,
colouring agents, flavouring agents, salts for varying the osmotic

pressure, buffers, or coating agents. Such materials should be non

35 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 of administration. Examples of techniques
and protocols can be found in “Remington’s Pharmaceutical

Sciences”, 16™ edition, Osol, A. (ed.), 1980. Compounds affecting



15 (see Friedrich, 1988, loc cit, discussion page 319-320). Vitamn K-type
conpounds, such as those used in the present invention, may be

adm ni st ewed3jioor9ah anount greater than or equal to about POT/GRY2/08X69day or
nore for a 70 kg adult (according to British National Fornulary data

rel eased by the BVMA and Royal Pharmaceutical Society 20 of Geat Britain).
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Sol Ui | 1DHE DPoEHRRAT-TiAEr bhei TG Labe afces® RIBAESFhERL agent s, wet L ng
agents, emposiitybng Egeridsinsyesttdonnghagerft san lool«dfifeicngd agernsally
flavour i g Agenkgay1 Al Lin LAE YA IR0LIR QS MRLbfer O SRIULE, JUILLEL S, of
coating agents. Suchh materials shoul d be ndn t oxi c an S?‘IO_U| not
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admi Q) stration. Eﬁ% | es af technitgues an%1 Qrot ocotlhs c%. be found in
"Reri‘hgt 6h*'% PRaFRBCEI &3 SSYLHEEE S5 6t KO¥EY T on PeofB S 5 @&4°F, 1980.
Conpoundsarafafleot bage #46 ABL0DIOSH RCY/ SBOR/a33260ra@Gduliersyabi l ity of

renad ong (400101 3)c Akt BLons Sedci RALS, & Khauas,( 1969 har oz o
24, 750) an Fattahy'ancd Daabi _sf%’l_gwc Phar aaT e % T4 Pss) o§1%§ Mere the
conposi t fdrf-i 40f bRend W @i APPCHE PRafPhtER™S¢al conposition, the

adm ni stration thereof can be effected parentally such as orally, in the
f or mof ,plgl\l/\éclerfsozr t abl ets, goal e&é %gl ets dragees, hard and sof ttp%el atine

exXdamp where armaceutica co%?ﬂ31t1 n is 1n
capsul es,  sdl ufi ons, ‘emil si'ons or ‘suspensi ons, nhasally fe.g. in e form

of nasal foqr &fsp dbebketot dlitl pagoinaduge & rsalid formeof ssigppasidadeitésy.

However, ot hg, adfLbLst I 3ld0Rhe CRIh A3 0uPe &f frael eds palantal typiiech as

i ntranuscul arly, . , ,
dragees” and hard gelatine capsules, the active compounds and their

pharmaceutically-acceptable acid addition salts can be processed

20 with pharmaceutically inert, inorganic or organic excipients.
Lactose, maize, starch or derivatives thereof, talc, stearic acid
or its salts etc. can be used, for example, as such excipients for
tablets, dragees and hard gelatine capsules. Suitable excipients
for soft gelatine capsules are, for example, vegetable oils, waxes,

25 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 water, petroleum, animal
or vegetable oils, mineral oil or synthetic o0il. Physiological
saline solution, dextrose or other saccharide solution or glycols

30 such as ethylene glycol, propylene glycol or polyethylene glycol
may also be included. Other suitable excipients for the manufacture
of solutions and syrups are, for example, water, polyols,
saccharose, invert sugar, glucose, trihalose, etc. Suitable
excipients for injection solutions are, for example, water,

35 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 aqueous solution which is pyrogen-free and

has suitable pH, isotonicity and stability. Those of relevant



i ntravenously, cutaneously, subcutaneously, or intraperitoneally (e.g. in
the formof injection solutions). 15 Thus, for exanple, where the
phar macewpDaalomedrposition is in the formof a tablet, i®PCFoGBRI0sIade a
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I nj ectiope dg[%%ervatlves stabilisers, buffers and/or other additives may
be include as 5 required.

FIGURES
20
Figure 1 - shows in vitro tau-tubulin binding in the presence of

Vitamin K2.

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

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

Figure 2b shows two 5-hydroxy 1,4-naphthoquinone derivatives
(denoted DH14 and DH2). A further compound (denoted DH16) is
included for comparison.

30
Figure 2c shows the effect of the presence of a hydroxy in the 2’

position in three compounds (denoted DH15, DH7, and DH1).

Figure 2d shows the effect of the presence of a sulphate and

35 bisulphite group in the 2’ position (compounds denoted DHB8, DH3).
Also shown is an alkoxy derivative of the present invention (DH17),
and a further compound (denoted DH19, which includes a halide)

which is included for comparison.



Oral and parental preparations of vitamn K1 and of vitam n K3 are

avail able commercially (albeit not for the uses disclosed herein). 10 The
di scl osurwoaB/amys cr oss-ref erence nade herein, inasnmuch a®CTiGBmRY31E
required by one skilled in the art to2upplement the present disclosure,
is hereby specifically incorporated herein. The invention will now be
further Kiesoe Bedshawsh twef &r érehttbotthino b wkoé | evdmigiedONebigdunidag Fi gur es
and ExamplfzeqOpher @hodi ments of the invention will occur to those
skilled in the art in the light of these. FIGURES 20 Figure 1 - shows in
vitro tau-tubulin binding in the presence of Vitamn K2. Figure 2a shows
t he strurtgires 2@f swdvtsarﬁhQSeKﬂect K¥ abdtake3-andSsdl preithy kuds drfiaphhioqui none

(deng ted (g}_‘ b o two b- hydroxy 1, 4-napht hoqui none
deri vat| ves Beno edDeclﬁé Rﬁ h%Z) .Dg}kpgl'urther conmpound (denoted DH16) is
i ncluded for conparison. 30 Figure 2c shows the effect of the presence of a

hydroxy finpddae? h&psSlt%oeff&ﬂ hyeeg) coRpamadse flenat.ed PHFJ?? 7, and
DHL). Fi 1ngre Zdassovvs the effect of h&)kggp;;resen((e:e}(ljﬁ]c a sﬁ altoeng;nd 35

bi sul phi {¥Hrsa fretre 28HbAd 6n ffﬁmﬁﬁﬂgoﬂ%o&d@&oﬁ DH3(3) whighso
shown i sirarlualekoxyhaleideyathveh afs tihel plesent comentison.(DHL7), and a
further conpound (denoted DH19, which includes a halide) which is included
for conparison. WO 03/007933 PCT/ GB02/ 03269 22 Figure 2e shows two

1, 4- naphE¥ggi el andweite s@rdnt e d-alicdapaanalsgatiemot iathibi i oDHE)ingFicgit e 2f
shows t heyRff getapfracetate and sul phate substitutions 5 (conpounds
denoted DH9, DH1l1l, DH13). Figure 2g shows the effect of al koxy and net hyl
substitutions (conpound denoted DH18) and a further compound (denoted
DH2O, whiigjure 4 shows a Table listing various other disease-associated

15 aggregating proteins which may be used in the present invention.

Figure 5 is a schematic representation of the in vitro aggregation
assay of WO 96/30766 in which binding of two truncated units is
measured. The species terminating at Ala-390 (“a”) is first coated

20 on the ELISA plate (in sodium carbonate buffer: 50mM, pH 9.6).
Next, a second truncated tau species terminating at Glu-391 (“e”)
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.

25
Figure 6a is a schematic representation of the process upon which
cell-based assay I (‘'T40/12kD') is based. It shows how induction 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

30 6b-e are examples results obtained from the assay using DH15

(negative result), vitamin K3, DHY9 and DH17.

Figure 7 is a schematic representation of the cell-based assay II
('SSK40/25kD’ ) . |

35
EXAMPLES

Methods
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Met iods 30 OR/BEBTI330PCIHiEB02/ 03269 23 In vitro assay This is described
in detail in WD 96/ 30766. Briefly, a fragnment of tau corresponding to the
core repeat domain, which has been 5 adsorbed to a solid phase substrate,

i s abl e Tlze cegtayr essothanyl echéndtidadigt bn tBiwuaedSbi nd tau with high
affinity. This association confers stability against proteolytic digestion

of the aggregated
Cell-based assay I ('T40/12kD’)

15
In essence, fibroblast cells (3T6) express full-length tau (“T40")
under control of an inducible promotor, and low constitutive levels
of the PHF-core tau fragment (12 kD fragment). When T40 expression
is induced, it undergoes aggregation-dependent truncation within
20 the cell, N-terminally at ~ aa 295 and C-terminally at ~ ao 390,
thereby producing higher levels of the 12 kD PHF-core domain
fragment. Production of the 12 kD fragment can be blocked in a
dose-dependent manner by tau-aggregation inhibitors. Indeed the
quantitation of inhibitory activity of compounds with respect to
25 proteolytic generation of the 12 kD fragment within cells can be
described entirely in terms of the same parameters 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
30 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
35 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



tau nol ecul es. The process is self-propagating, and can be bl ocked

sel ectively by prototype pharnmaceutical agents (Wschik, CM, et 10 al.
(1996), |1w0.03001M33 The assay is shown schematically in Fi @UTaH)2/03269

Cel | -based assay | ( T40/12kD ) 15 In essence, fibroblast cells (3T6)
express full-length tau ("T40") under*Tontrol of an inducible pr onot or,

and low constitutive |evels ., of the PHF-core tau fra nt (12 f.ragnment).
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dose- dep®fifent'PAERNRTE P EA HYgredat For i ithitbPR ofider| reéaPTRe and
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prot eol yi| enerat | f .t : t. within cell n escri bed
entirel yi): n eﬁ%gé#%ﬁh%aga%n%%}%%%é?g%aghl easpcprrlot’)(émglt%% bsl%?)i Sﬂ' of
tau-tau di rfdiengabntay thigdiThaatfinitgxiend2 oM. proteol ytic generation of the
12 kD fragment within cells is determned entirely by the extent to

tau-tau binding thr ou]g{\ﬁ t.he 30 rgr[)%at domai n. The availability of the
r el evant "ot dRSEs 2 %F T T 0P hat T &S s oI PR hg. The process is shown

schamatically in Figure 6a, with exanple results being shown in Figures

6b-6d. The Rr.Qcessi qrhbed.in (3% adepal ! /i rior filed
unpubl i slﬂ% R;&% i cét?%ﬁp%B 2)101 49. Eg Pg%irret er s5 uée )?n cel | -based assay |
The observed cell data for production of the 12 kD band can be WD 03/007933

PCT/ GB02£ D338 so2deliit e a6b96& | Brlelri 8al RSBt ¥ Sde fAkRDL CY £ L GLK€l at i on
coefficient > OK?)’ 0 a standart functio descripi ng i nhi bition of
tau-tau SBHHEWG N VTG 118" obt Al FetHFR TSI VEho" Hs SAHpEPORIIEEE to be
madeLs whithvigme eonsi sdwenongebtratasnl b $¢bmMot eere alhle- Bdsedlwndos i n

vitro Stfﬁﬂj¥§u binding is known to be 22 nM confirm that the sole

determinant of production of the proteolytically stable core tau
unit of the PHF within the cell is simply the extent of tau-tau
binding.

20
A further parameter, B50, has been established in respect of
compounds exemplified herein. The B50 value is the determined
concentration of test compound used in the cell assay at which
relative production of the 12 kD band from full-length tau was

25 reduced to 50% of that observed in the absence of the compound.
This provides an indication 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

30 value:
B50 (uM) = 0.0217 x KI (nM)

Cell-based assay II('ssK40/25kD’)

35
The process is described in more detail in prior filed unpublished
application GB 0100119.7. As demonstrated therein, the
constitutive expression of membrane-targeted tau (sstaul90-441,

“ssK40”) results in production of two specific cleavage products: a



1) the intracellular concentration of tau is approximately 500 nM 2) the
tau-tau binding affinity is 22 nM Wen these assunptions are nade, the
functi on:wolBo#oss vity = [tau] ([tau] + Kd * (1+ [inhibitorcT/GBGR)NI2682N be
sol ved by standard numnerical nethods to derive a value for apparent Ki.
Conparison with val ues observed for t &P tau bindi ng 15 in vitro at a tau
concentr f 50 e ,th Ki faQr taub d|n |s known
o be 22@1 co3ﬁlbf| r%mg?%Mtesm ig<§%I e(aiéjetg'g#?nll1 lryllcglnet cj%o'?gme&du ti olrzl 0
pr ot eol yEFerddtpdspabresicivee ~t 420, (@¥idt aohaidie 2F5HFD\/\FFP€h'Il+¢St KEKZE! 1|ns si nply
the ext ewhi&f ﬂh%ufkégmeﬁﬂ Q@'NgteﬁﬂlnélﬁyrEfﬁﬂbaﬁ@ﬁaﬂgtf331d§50 s been
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whi cts  redet idemapnodincdicaneofhéherhkd rk Petard ifonowi thild thengéhl tdapenwds 25
reduced {90 50%,qf .t bse c is
provi des an |ndL <}:(§ ?%trl] %@%@hg@?l{ss&&fg@ﬁ gn%nen%t%ﬁag%f)%]ﬁe i %EIB ﬁq“dlft-gg
requi redat boresitepé thee rEBeRESPUMAIMg activity in vivo. In general there
is an approximtely Ilnear reI atl onshi p bet vveen apparent Kl val ue and B50
val ue, ch can_be us ve t he alue: B50.(TM_=0.0217 x Kl
(P coPb D AR a8 o e 4 ERAY Dok Byt g TS, Shrud3¥ibm b e | n
nor etdet &ehgtin taui GL49) Il@dagnpmﬁqcsrmederamitlr@atDf)narGBn(dﬂ;Gﬁ)mlé) 7. As
demnstrg}&ﬁoéép i8] BetDGni EANSIALUllc Y v OXPISR3L0D e %%m?&g targeted tau

(sstaul 90-441 "ssK40") results 1 n production of two specl cl eavage
product staag%cbgﬁéé?g’é@gpe?msfb@ 332B90ces5s & ﬁﬁPt%‘Dl&i@B@}%ébl%S g(l'VR3O") in

whi ch the; fg W%nk4b5f£%g§r?e%‘ MRl SrmibBYNEAIRG tAbn " 881 DR 188P0.5 &AG a naj or
25 kD species ("K25

fragment (C- termlnal truncation ~ aa 390) and a K25 fragment (N-

15 terminal truncation at ~ oaa 295).

Example 1 - In vitro tau-tau and tau-tubulin binding

Vitamin K2 was found to have some activity in the tau-tau binding
20 assay in vitro. For values less than 100 puM, the apparent KI value

in vitro is 942 nM. However, Vitamin K2 does not inhibit tau-

tubulin binding in vitro at concentrations up to 500 uM (i.e.

2500:1 molar ratio with respect to tau in the conditions of the
assay) - see Figure 1.
25

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
30 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.

35

Example 2 - Tau-tau inhibition using cell based assay 1

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



which the fragnent is Ntermnally truncated at residue - 295. These

cl eavage sites correspond to the known boundaries of the PHF 5 core donain,
i ndi cat e wbhat/o01983 r generation within the cell depends omCPHBORIOK®BIt au
aggregation through an-antiparallel phase-shifted alignment of the repeat
domain. This is shown schematically in Figure 7. Wen expression of full-
10 | engtdnideathy( F403- xizaﬁal&@bhuﬂrﬁcﬁ% uﬂdﬁbt&prﬂl{nob @fﬁi@n jisndusidilve reprog®t €1 I N
cells whj CQGC Qsh% ti vel4y ress.th e, nbr.an target ed sskK40 fragment,

T40 is pr ocessed proteol’yt | ca tfhoqtumo menadi@t )\ 4 K40 fragment

(N-termnal truncation at - as 185) a K30 fragnment (C-termnal truncation
- as 390haAnd 2 Kgond ROFBMhe £ I\Lrﬂehagfm e & %Hé‘%ﬂ @1 gha Bs@S 299).

mle 1 - In vitro tau-tau_and tau-tubulin binding Vitam n K2 was found
to har’ve ot LgEeAvi TSR ithet Agtt a‘l?ttaaﬂsb??ldihﬁgT4%1?a§%§3?1|1na%§atyr &° For val ues
| ess t hadetkGthiMe tkecrappdr énhilkltival o€ tdurtaut bondingd42 adscHoerver,
Vitam n oes not inhibit tau- tubulin binding in vitro at concentrati ons
up to 50 .e. 2500:1 nmolar ratio with respect to tau in the conditions
of the assay) - see Figure 1. 25 Further data (not shown) denonstrated

t hat DH3py Fi %@ﬁﬁ)s@a}&a%sIwhmhbllhh%@rycgeemaﬁllnoeélgg egter st han or
equal_ to 50 tau concentration 100 nn). However menadi one (Figure

2a) i d FHRATShoWALLIAMY PHOTHEAAS VRt ridCadsalosifdssi BFG s iatres
reduced widlh seldubedlidotivinyt his basis, further structure-activity
characterisation was undertaken using the cell based assays which can be
nore readily wused with conpounds of different solubilities. 35 Exanple 2 -
Tau- t au THHiasi EPohbeiss g ocerhydessed ladseaphthogpiugre Zgrémansvashe structures

of Vit antdigpakkh sonKSr amieh 42, 3n&’\Q)f043/SQQZ<93L35 REEL CBRL/ 3209 g28up in the
di mslt hyI pOSlapht hoqui_none %denot DI-LlOI?c which js closely rel aet ed

ion may be pre erred e activity, and that th
hydroxy group in the 5’ position is not detrimental. DH2 proved to

be the most highly toxic of all the compounds tested, with a

cellular LD50 value of 2.1 uM. The DH16 compound did not show any
activity.
20
Figure 2c¢ shows the effect of the presence of a hydroxy in the 2°
position in three compounds. As can be seen from DH15 and DH17, a
hydroxy in the 2’ position appears to be detrimental to activity.
However, weak activity can be observed with the 3-prenyl derivative
25 (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 position without substantial loss of activity.
30 However the bisuphite (a 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
35 pro-aggregant (results not shown). This suggests that compounds

having the enolisation properties of DH19 may be undesirable.

Figure 2e shows the results obtained when two 1,4-naphthoquinols

were examined. The dicarbonitrile was entirely inactive, the



to K3 (2-nethyl -1, 4- napht hoqui none(nenadi ol )). The correspondi ng val ues are
| isted for apparent KI and B50 5 calculated fromthe cell data using the
T40/ 12kD weloB/oe3ny to determ ne extent of inhibition of PCaiGRoa031p ndi ng
as described above. By conparing structures with inhibitory activity in
cells, it is 10 apparent that |onger side-chains at the 3" position are
associ atregbhtibtih aefliciedmabad \ddtyiviEy gl r2h inhossy teadebitardraxy

1, 4-nap nan r i sqQn and gests that
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20 Firgure 2c shows the effect of the presence of a hydroxy in the 2
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met hoxy édfell”llma'-b’l ve (DHL7) shovved good activity, as expected by conparison
with vitamn K3 in Figure 2a. The conpound shown as DH19 showed no
activity as an_inhibitor of aggregation, and indeed it appeared that it
may be & BB §9a§BPEYanCOrPRE rS1abed SiroWH)0 ThiBi®gggeat LUthat compounds
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di carboni € Wwas entirely ctlive
DH20 showed no activity as an inhibitor of aggregation, and indeed

it appeared that it may be a pro-aggregant (results not shown).

Example 3 - Tau-tau inhibition using cell based assay II

20
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

25 blocked in this system using Vitamin K3 (menadione) at
concentrations of 1 - 2 puM. Figure 3a shows that the conversion of
T40 — K25 is reduced to about % of that seen without K3, and

Figure 3b shows that the conversion K40 — K25 is reduced to about

35 of that seen without K3. From this it can be inferred that the

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

without K3.

Example 4 - Toxicity using cell based assay I

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

according to the manufacturer’s instructions after lysis of



27 naphthoic acid formhad activity in prelimnary experinments. Naphthoic
acid is generally present in vegetables, and is the natural precursor for
synt hesi swofo3obm3hi gher napht hoqui nones in | eafy veget ablPes/GBud/obaet eri a.
5 Figure 2f shows the effect of acet a%% and sul phate substitutions in the
1 and 4 positions. As can be seen fromthis series, the 2- nethyl diacetate
(DH9) is a di h t 1 has
reduced agr{alq\%%{ géais V\/lt%’@ﬁfgaa%gﬁergspo%& 2 y%loé{%%t hggu?é neslglj %ﬁ

2- met hy|vas §§Pﬁha@@allns acppediditat he rinanakftarcwwr FilgaEeuRgiodhows a
compound related to DH10 in Figure 2a, but wherein a nethyl group has been

replaced with a net hox DH18 15 Aglnt Ls has activity (cf. DHL7 and
K3). The' “E?or’rﬁ‘BﬁﬁBa%%&i%wigstﬁ-ﬁ%eg‘ﬁﬁ% 3 §Bi‘f‘v€i‘xf Y84$San inhibitor of

aggreégation, and indeed it appeared that it may be a pro-aggregant
(results; Nahes00M)no dOXROPLELGH pelRlisd aat&tllobtfléfb ndsligs 681 | based assay
1 20 To confirmihe results obtained usin ase assay |, further
experi M@%Péspﬁf‘@ﬁlﬁéaumﬂﬁe@éﬂo%%@d Assay-Nicity gl dhe3asaAd 3b show
that this proteolytic processing can be 25 bl ocked |n this system using
Vitam n K3 men di pne) .at concentratjions of 1 - re.3a.shows that
Uhe- convbr SPOR-gFE it (1t cRSaihy ERHEET S0 tabo.acieTor PRI 4BRAh: Fhout
K3, land vaiugur ef 3abahowe 0t hlatccmresmmzs’rwtonamm-cElKEEarsacrteduut&d to about
of th seen t ho From.t i ferred _that. the 30
conver si On g‘f V\% g%olﬁlovsqe‘é sg@hre é%ealf&%r u]fer!L E%lf’etﬁ 1&dn i t hout
K3. ExamptmredsedToxiwie LDESI vaglweel B besBrd rassaympo 38 Toxtleid wrohipt her
conpounds, 4aschi hed ahoye WAS: %ﬁ%ﬁs@sl% o lﬂ@?hJ 40 k3ok,gel | passay used to

assess activity. ToxicCity was neasured nbers after 24 hrs
exposur et aPREt €6 nsifitd (Rﬁé‘i“i‘f@ &apakeen é?aéél"}%?%fbefﬁéséa%s%?y kit

TOX-18( Si ¢poBinaSCtesRB)lin the cell assays as follows:

RxIndx = LD50 / B50

20 Certain compounds described above can be arranged in order:

Compound KI (nM) B50 (pM) ' LD50 (pM) Rxindx
K3 128 2.78 0.925 44 .92 16.17
DH10 221 4.80 0.935 66.71 13.91
DHS 118 2.56 0.776 34729 13.39
DH1 513 11.13 0.864 100.97 9.07
DH8 157 3.41 0.964 18.55 5.45
DH13 263 5.71 0.956 30.90 5.41
DHO 127 2.76 0.988 13.09 4,75

DH3 630 13.68 0.944 63.36 4.63



according to the manufacturer's instructions after lysis of WD 03/007933
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compound of fornmula I for use in the inhibition of the aggregation of a
protein,cwingh aggregation is associated with a 5 disease state mani fested
as neurodegeneration and\or clinical denmentia: R6J' a RA R5 Rl BRY

R4 $ Rea, E R2B R3 J2 wherein: 10 J1 and J2 are both =0 ; the coval ent
bonds ma¥ ked X Ianpgubdare Timgle Ibondsseain thiee iobyiad einn béntherarked y is
a doubl ey B QQg%%?T{a d marked y
is asin gf)gq% b8 &% %Q@teﬁﬁs vﬁ%ts‘i?l and eigh I@%s%%‘é%%%%jlgﬂt bonds

mar kéd Jafrﬁfss aF@te JHRREIEE SERR RS n&ﬁaowé%r@éeait%rman@dﬁa frikidedly is a

si ngl e basngkntith R B and R2B both absent, 20 wherein: RIAis selected from
-H, unsubstituted Cl_7al kyl, Cl1_7hal oal kyI ,  Cl_7hydroxyal kyl ,

Cl _,am noal kyl, Cl_7carboxyal kyl, -OH, Cl _7al koxy, acyloxy, -COOH, ester,

- SGBH, -S03M ﬁ‘hlfoﬁate Cl_7al kyl sul fonate, 25 or a short chain al kyl
group; RZR@ is bel ag edﬂAr om H, unsubstituted Cl1_7al kyl, C1_, hal oal kyl,

10 J' and J? are both =0 ; the covalent bonds marked B and & are single
bonds, and the covalent bond marked y is a double bond with R!® and

R?® both absent, or the covalent bond marked v is a single bond,

or:

15
Jt is -OR’ and J% is -OR®; the covalent bonds marked B and & are
double bonds, and the covalent bond marked v is a single bond with
R'® and R?® both absent,

20 wherein:

R™ is selected from -H, unsubstituted C,,alkyl, C,_shaloalkyl,
C, ;hydroxyalkyl, C,,aminoalkyl, C,,carboxyalkyl, -OH, C,.;alkoxy,

acyloxy, -COOH, ester, -SO;H, -SO3M, sulfonate, C;,alkylsulfonate,
25 or a short chain alkyl group;

R™ is selected from -H, unsubstituted C;.,alkyl, C, ;haloalkyl,
C,.;hydroxyalkyl, C,,aminoalkyl, C, ,carboxyalkyl, -OH, C,-salkoxy,
acyloxy, -COCH, ester, -SO;H, -SOsM, sulfonate, C,,alkylsulfonate,
30 or a short chain alkyl group;
R'™ if present is selected from the same groups as R¥, and may be

the same as or different to RY%;



Cl_7hydroxyal kyl , Cl1_7am noal kyl, Cl1_, carboxyal kyl, -OH, Cl1_7al koxy,

acyl oxy, -COCH, ester, -SO8H, -S03M sulfonate, Cl_7al kyl sul fonate, 30 or
a short cWweion/oe9By|l group; R Bif present is selected fromPCREGRIAUEB269r OUPS
as R1IA, and nmay be the sane as or diffBerent to RIA; WO 03/007933

PCT/ GB02/ 03269 35 R2B if present is selected fromthe sanme groups as R2A,
and may be the sane as or different to R2A; 5 M denotes a cation or
cations @ jGhargge o GURULhALEME GRAT Of tQAmeCOUOLS Jshazcharge,anpkhe - S03_
group.; R3, R4, R5, and R6 is independently -H -OH Cl_7alkyl,” C1_7al koxy,
or acyl '3 ;538Rd2S 19F RATIRESEB §% R ridependent |y -H, Cl_7al kyl, acyl, -SCBH,
-S03M or sulfonate; and pharmaceutically acceptable salts, solvates,

am des, .ester 5 et.hers, thereof d.as clained.in claim1
wher%i n bﬁf}e?iso%?&?% %%%%EZEPSE%J&E; g?hceh cé@aﬁgg‘? ﬂor‘i"&swﬁa?}l}aerc?el?tgnd 5 are

doubl e bemuserantet ¢argeoval et 15@nd gmaviked vy is a single bond with R18 and
R2B both 20 absent. R6 OR7 R5 RIA | ~ R4\ / Realv R3 OR 8 3 A conpound

as cl ai in claim?2 wherein each of R7 and R8 is _independently -H -M,
-Et, -C(B0) Re, Ro(2y i, 12 SasEpersesivy 28/ - SoBME -8t ky o $Etal koxy . @fpound

as cl ai nedyigxycl ah) 3 wherein each of R7 and R8 is independently -H, -M,
-C (1:00) Me, -SQB8H, -SO03M or -SO03Me. 30 5 A conpound as clained in claim4

wherein each of R7 and RBis -H
R’ and R® is independently -H, C,.jalkyl, acyl, -SO;H, -SOsM, or

sulfonate;

and pharmaceutically acceptable salts, solvates, amides, esters,

15 and ethers thereof.

2 A compound as claimed in claim 1 wherein J' is -OR’ and J° is
-OR®; the covalent bonds marked B and & are double bonds, and the
covalent bond marked v is a single bond with R!® and R?® both

20 absent.

R® OR’
R5 R1A
R4 RZA
3
R° OR’
3 A compound as claimed in claim 2 wherein each of R’ and R® is

independently -H, -Me, -Et, ~-C(=0)Me, -C(=0)Et, -SOsH, -SO03M,
25 -S0O3Me, or -SOzEt.

4 A compound as claimed in claim 3 wherein each of R’ and R® is

independently -H, -Me, -C(=0)Me, -SOsH, -SO0;M, or -SO;Me.

30 5 A compound as claimed in claim 4 wherein each of R’ and R® is

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



6 A conpound as clainmed in claim1l wherein J1 and J2 are both WD 03/007933
PCT/ (B02/ 03269 36 =0; the coval ent bonds narked (3 and 5 are single bonds,
and the wowaloens3 bond narked y is a double bond with R Brama:H2B310t h
absent, and the conpound has the fornmula: 5 R6 0 RS RIAIl (Il R4 RAR3 O
7 A conpound as clainmed in claim1l whérein J1 and J2 are both =0; the
coval ent_/ho Skn b S bond

mar ked y (?sq'gés?ﬁ%%(ﬁq% §HQS% kgd hegézcgr?pgg%ds rﬁﬂ% %Qﬁ? \{-ﬁ! %HERG 0 R1A
R5 RLB Icqvalens panRipzsedrg i @ Acubhpiend astlwau r?ékfli |Rn EP&m 7 wherein
R1B and d%2Rnal eah@tthe cbnpddndthdd Bae RAmul¥t!l R4 ' R2ZA R3 O 9 A compound
as claimed in claim7 wherein R2A and R2B are both -H 20 WO 03/007933
PCT/ GB02/ 03269

II

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

10 and the compound has the formula:

ITI
8 A compound as claimed in claim 7 wherein R'® and R® are both
-H:
15
R® O
R5 R1A
VIII
R’ R
R® O
9 A compound as claimed in claim 7 wherein R*® and R?® are both
-H:

20



37 R6 0 1A :IllillcllIPIB VIl a R3 10 A conmpound as clainmed in any one of
clains 1 to 8 wherein the short chain alkyl group in R2ZA is one of the
fol | owi ngwgreswp®33 5 wherein nis 0, 1, or 22 Me n Me MePCr/GBm/OBSBY Me Me
11 A conpound as clained in any one of3clainms 1 to 8 wherein 10 each of
R1A, R2A, and R B and R2B if present, is independently -H -M, -Et, -nPr,
-iPr, -nBu, aﬂ; -dBu, -tBu; -OH, -OWe, -CEt, -QnPr), -iPr), -Q nBu),

-(sBu), (@) ; -OC(=O Me, -OC(=0OEt, -0OC(=0 (nPr),

-0C(=0) (RFK S B, -OC(=0 (sBu), -OC(=0 (iBu), -Q(C=0 (tBu);

- (=0 OMk, =0 Q(nPr), 15 -Q(=0 Q(i Pr), -O(=0 OnBu),

- (=0 O( sBu Qi Bu), -C (=0) O (tBu) : -SO3H, -S03M'IIso3Me, - SO3Et,

,  -S03(nBu), -S03(sBu), -S03(iBu), or -SQ3(tBu).

and R2B if préesent,”is independently -H, -M, -Et, -Ow, -OEt, -0OH -0Ow,
-CEt, -OC(=O)Me, -OC(=O) Et, -COOH, -COOWVe, -COCEt, -SOBH, -S03M -S03Me,
-SO03Et, or -CH2CH=C (CH3) 2. 13 A conpound as clainmed in claim12 wherein
each of R1IA, R2A, and 25 RIB and R2B if present, is independently -H, -M,
| GHRCHECL{ GHB) 0 1 07935, PCT A2/ 03269, 38 14 A Comound ac el ai med
- . . conpound as cl ai me
in any gsnlgeoo Cpéénpar ekggldgﬁéu%llé} %— Whérei %Petélc §8il%l,n BB and R6 is

i ndefendgrdgin nHis -@H1,-®E,2: -Et, -Ove, -OEt, -0OC(=O M, or -OC(=0) Et.

et

Me Me
Me
)I/ ~ N ™
Me Me
11 A compound as claimed in any one of claims 1 to 8 wherein

10 each of R™, R®, and R'® and R®® if present, is independently -H;
-Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OH; -OMe, -OEt,
-O0(nPr), -O(iPr), -O(nBu), -0O(sBu), -0(iBu), -0O(tBu); -0C (=0)Me,
-0C(=0)Et, -0C(=0) (nPr), -OC(=0) (iPr), -OC(=0) (nBu), -0OC(=0) {(sBu),
-0C(=0) (iBu), -0(C=0) (tBu); -C(=0)0OMe, -C(=0)O0Et, -C(=0)0(nPry),

15 -C(=0)0(iPr), ~C(=0)O(nBu), -C(=0)0(sBu), -C(=0)0(iBu),

-C(=0)0O(tBu); —-SO3H, -S0Os3M, -SO;Me, -SO3Et, -SO;3(nPr), -S0;3(iPr),
-SO3(nBu), -503(sBu), -SO3(iBu), or -S0;(tBu).
12 A compound as claimed in claim 11 wherein each of R™, R%, and

20 R'™ and R® if present, is independently -H, -Me, ~Et, -OMe, -OEt,
-OH, -OMe, -OEt, -0C(=0)Me, -0OC(=0)Et, -COOH, -COOMe, -COOEt,
-SO3H, -SO3M, -503Me, -S03;Et, or -CH,CH=C (CH;),.

13 A compound as claimed in claim 12 wherein each of R*®, R®, and
25 R'™ and R®™ if present, is independently -H, -Me, -OMe, -OH, -OMe,
-0C(=0)Me, -COOH, -COOMe, =-SO3H, -S03M, -S03Me, or -CH,CH=C (CHj3),.



5 15 A compound as clained in claim 14 wherein each of R3, R4, R5, and R6
is independently: -H -OH -M, -OWw, or -0OC(=0O Me. 16 A conpound as

cl ai med iwoaBad™i5 wherein each of R3, R4, R5, and R6 i ®cCrracipesment | y:
-Hor -OH 10 17 A conpound as cl ai ne mcé n claim 16 wherein each of R4, R5,
and R6 is -H 18 A conpound as cl ai ® in any one of the preceding cl ai ms
15 wher i 9 A ndasclalrre oeof clalmslt017
wher ei neJFg RSA CS"&H"“B% Zl%mggoun "qs°CT af ffjret € ﬁrcfal “HREFRI n R1A i s
net hyl , vetmrel@aehc@fom 13, R?:z4anR5R andiméependentl9d Al coPpourite as

cl ai med igy cl-aim 6-gher ebd (BdAd,S orSOBE @) ixSO3M and each of R2A, R3, R4,
R5, and R6 is -H 25 22 A corrpound as clainmed in claim6 wherein RLA and
R2A are nethyl, and each of R3, R4, R5, and R6 is -H 23 A conpound as
clai med ih claidonpowheras clRiAedsimetlhyh andiHEeid0ehash -BHR? ared, eRth of
R2A, R4, 6al 4 A,C co und _as_ i ned m 6 wherein RLA
is -0Owe, arﬁ? eg%hl%ekéﬁﬁght%fi r@g’ glﬁd Fias%% bgé é@lA conpound as
cl ai med |n cIa|m6 wherein RIA |s met hyl and RRA -Owk, and each of R3, R4,

R5, and R isp ddmpaﬁnéx ggm@umddaﬁn cd1aiifeds i hedeahm ey @ N fR1AgY s - 000H,
each of r% %?’f’ g ﬁ53, -H and R7 and R8 are -OH WD 03/ 007933
PCT/ GB0Z? 5469‘153]91 epdenihysuntl 85 SHiimed in claim 6 wherein RIA is

met iyl ; each of RZA, R3, RO, R5, R6 is -H and R7 and R8 are -C (=0 M .

5 28 A coPould dohal SPLilinChal N A uhet !By SafRldy ki, GachL, 8T ROA

R3, R9, . s -H, and R/ and R8 are both &i t her 29 A
conpouncRadsct&i ned in cl al m 6 wherein R1A and R2A are

18 A compound as claimed in any one of the preceding claims

15 wherein R is -H.

19 A compound as claimed in any one of claims 1 to 17 wherein R3
is -OH.
20 20 A compound as claimed in claim 6 wherein R is methyl, and

each of R**, R} R’ R®% and R® is -H.

21 A compound as claimed in claim 6 wherein R is -SO;H or -SOsM,
and each of R*®, R}, R', R®°, and R® is -H.

25
22 A compound as claimed in claim 6 wherein R™ and R* are

methyl, and each of R} R*, R°, and R® is -H.

23 A compound as claimed in claim 6 wherein R™ is methyl and R®
30 is -OH, and each of R*, R!, R® and R® is -H.

24 A compound as claimed in claim 6 wherein R™ is -OMe, and each

of R™, R}, RY, R® and R® is -H.

35 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’, R', R®’, R® is -H; and R’ and R® are -OH.



10 nethyl; each of R3, RO, R5, R6 is -H and R7 and R8 are -C (=0 Me . 30
A conpound as clainmed in any one of the preceding clains wherein M if
present, wemsebmsted fromthe group consisting of: Na+ amdTiGB02052681 A
conmpound as clainmed in any one of the pgeceding clainms which has an B50
val ue obtained as determned with reference to the Exanples herein of <
20. 20 32 A conmpound as clained in any one of the preceding clains which
has an i ndx,val ue ohtai ned .as determ.ne ith reference to_ Exanple 4

her ei n (F)%(J] gr e3t SPRWLR 25 %?18?8 oF E o%ﬁrea?él & ait el Hnya6he of the
precedi ngt 25" clR3i i, t®°,i ®AidH t-Hy hendgy)r egati’oaref-a(=omatei n, whi ch
aggregation 1is associated with a disease state nmanifested as

neurodegeneration and\or clinical dementia. 34 Use of a conpound as

clai med fH anf oMRBPdcRa| pimedoincigim Sowheree iy Bparat nerh W &2fBdi canent
to inhi bbt r*he rAg‘eORY,i @A 0f -&; phetEi and Wi ehe aggitegathop ip,assOCi at ed
wth a di_§§3§]se state manifested as neurodegeneration and\or clinical
denenti a. "Use of a conpound as clained in any one of clains 1 to 32 in
35 a nethod of treatment or prophylaxis of a neurodegenerative disease

and\or chini cal cLeiRAbi 8s asE0G-at 8 W dih Br pheidi AgET gat fan, whi ch et hod
conpri ses adm ni steri nggt 0_a subject a prophylactically or tﬂerapeutl cally
ef f &t i vBEEROUNt36P Af donpbund AR cf i ted 2P RnydoRe 33F cf &itmdlet to 32, or
a therapeutic conposition conprising the WD 03/007933 PCT/ GB02/ 03269 40

same, su as,to inhihit_the. regation of th rotein.assqci,ated wth
said di sggse %rg%]@r%er?tgi %Tc' %6‘3%%%9?1%05 yofont%r 8£at%eegtpr8f:e(?ﬁ%hcylaé%lss of a
neur odegeherin Ve 15 piisfease andivrectednfral thenentim cessoctatedith
protei n yaggnhagati on, which nmethod conprises adm nistering to a subject a
prophyl actically or therapeutically effective anount of a conpound as
claimed in any one of clains 1 to 32, or therapeutic conposition

31 A compound as claimed in any one of the preceding claims

which has an B50 value obtained as determined with reference to the

Examples herein of < 20.

20 32 A compound as claimed in any one of the preceding claims
which has an Rxindx value obtained 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
25 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 1 to 32 in
30 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
35 a method of treatment or prophylaxis of a neurodegenerative disease
and\or clinical dementia associated with protein aggregation, which
method comprises administering to a subject 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 10 protein
associ ated with said disease or denentia. 37 A use or nethod as clainmed 35
or claimw6osemas n the conpound is used in conbination WCTIGEROBIser

treatnment for said disease or denent i4. 15 38 A conpound, use, or mnethod
as claimed in any one of the preceding clains wherein the protein is tau

protein. A . . or .cl ai [ .one_ of . 20

pr ecedi nsga%g 'ais{r%ggpv\fﬁgr% ﬁﬂﬁﬁglgitshgégaig%&a}eﬁ%gcfgggﬁ g’ﬁ%%égl ?essstOCltggggi sting
of Fami V&P VELE fi eeSpseendamridpgat-hy, Corti cobasal Degeneration, Familial
Ger st mann- St raussl er- Schei nker Di sease, Mtor Neurone D sease; Lewy body

di sease;_ Pick's di seas§; Pr o%r essi ve Supranucl ear Pal sQ/; Al zhei ner's
di sease 3 25 A method of treatment or prophylaxis of a neurodegenerative

5 disease and\or clinical dementia associated with protein
aggregation, which method comprises administering to a subject a
prophylactically or therapeutically effective amount of a compound
as claimed in any one of claims 1 to 32, or therapeutic composition
comprising the same, such as to inhibit the aggregation of the

10 protein associated with said disease or dementia.

37 A use or method as claimed 35 or claim 36 wherein the
compound is used in combination with another treatment for said
disease or dementia.

15
38 A compound, use, or method as claimed in any one of the

preceding claims wherein the protein is tau protein.

39 A compound, use, or method as claimed in any one of the
20 preceding claims wherein the disease is selected from the list
consisting of Familial Multiple System Tauopathy, Corticobasal
Degeneration, Familial Gerstmann-Straussler-Scheinker Disease,
Motor Neurone Disease; Lewy body disease; Pick’s disease;
Progressive Supranuclear Palsy; Rlzheimer’s disease.

25



