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tangles (NFTs) in the brains of affected patients. The appearance of these
| esi ons gely. c ates with pathological neurofibrillary degeneration
and braii.\“.éi Igéﬁygié@ well as with cognitive inpairnment.

(Muk&et ova- Ladi . nska, E.B. et al. 20 (2000) Am J. Pathol. Vol. 157, No. 2,
623- - 636)he e | g NFTs contain paired helical
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Pl aques milzeigent 8i di dseagtb) Wl coRpAMHsOtdpdb R ideSno K{altl% the

abnor malafgj %%gg ihg of anyloid precursor protein (APP; Kang (1987)
Nat ur e ? An article by Wschik et al. (in Neurob| ol ogy of

Al zR& mer's Disease', 2nd Edition (2000) Eds. Dawbarn, D. and Allen, S.J.,

The Ml efdraiosnd & !thiezat1a® Neur obi ol ogy Series, Bios Scientific
Publ i shers, Oxford) discusses in detail the putative role of tau protein
in the pathogenesis of neurodegenerative denentias. Loss of the normal

Qﬁr m of Geeditaoccsmy atementod $1aﬁhhalsom Gak PHESuaNdyl OrsrRfte3yRaRSSs 4 N the

| 259L1 &l ate soci ated cognitive inpairnment. 35
Further%g g{‘geeo u&/“ng%ges and \A%Eascegi gi‘lfaﬁﬁdcfﬁlr THacdtker

deposxts of proteinaceous structures such as B- 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 plagues 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 flbrlls

5i) derived from the abnormal processing of amyloid precursor protein

 (APP; Kang et al. (1987) Rature 325, 733). An article by Wischik
et al. (in ‘Neurobiclogy of Alzheimer’s Disease’, 2nd Edition
(2000) Eds. Dawbarn, D. and Allen, S.J., The Molecular and Cellular
-30 Neurcbiology 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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- 1997)
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The phase 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

! e r

2S Brandt, R. and Kosik, K. §. {Harwood Academic Publishers,
;t) 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., ef al. (1985} Acta
Neuropathol. 89, 50-56; Mena, R., et al. (1996) Acta Néurqpathol
91, 633-641). Thesea 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 tay
(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), Neurcbiology of Ageing, Vol. 16, No. 3, 433-
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t he IHF core (Bondareff W et al., (1994) J Neur opat h. Exper. Neurol.
Vol . 53, cNoari h38; mlflagtgﬁaaé xoxﬂp&,{o%e@m'&ﬁx gogoa | emRguNds  t hat

coul d nodul at e the regation of di sease-associ ate rotel ns such as tau
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f.Qr the ihwoduddd.i on of tau-tau association, and certain inhibitors

L§entifi ed using the assays. Figures 23 and 24 therein rank certain
conpounds according to their inhibitory properties. Vitamn K (=K2) has a
val & of V. 378 04%E Herttdifone-talRashkhodiscdoses assays for the

inhibition of tau-tau association, and 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. In 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. 2
25 brief overview of Vitamin K is given in "Goodman and Gilman's'The
j:) Pharmacological Basis of Therapeutics®, 9th edition, pp 1582-1585,
e 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 acfs as a cofactor for the
enzyme gamma-glutamyl parboxylase. This enzyme is responsible for
the conversion of glutamic acid residues tc gamma-carboxyglutamate
on the vitamin K - dependent clotting factors (factors I1, 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 tgsticular 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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second #éggg@@ﬁghquﬁageses contalnlng the peptide sequence
(I/VYHCXXXXXR(S/T)}G inducing cell-cycle arrest and cell death by

inhibitng Cdc25 phosphatase. However the consensus sequence
[HCXXXXXR(S/T)G] is 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’
a;) 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 HM) 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.

38 .
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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couht er I8 RECFH RVERAPE AT §e ipYothicatiedythe structures of

napthoquinone-type compounds which can be used to inhibit 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. BAs will be
appreciated by those skilled in the art, in the light of the
25 present disclosure, these results demonstrate utility for such
5i> 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 K1 and K2, and
their analogs, is shown to decrease as the ‘3’ position side chain

is shortened.
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aliain the treatnment of diseases (such as AD) associated with. such
protein ag%r egation. More specifically, the inventors have determ ned t hat
it may B¥ 98BCEIREHIEGESustRYICigsEepE yeatmuntiheki®in posl'Vi omigr &P,
genedal loprsubsbhd uantchRea hacdha 15t seslrraly Formulae abQELQ%ﬂPe absent or

d

relativel h e, dg. . LN nadi one) .rather than an extended group
(e.g. . s’:)if‘ﬁlgn{%aénﬁsr?q‘ﬁig%r%%@%ﬁf’§m? HEEYBRISSiinetpeererrl ifacthes| i ght

of WD 96£30766] frit tdlesoliptinie ofi ghtodf Tds| hetivmre i 352 genahakast ructure

f-uncti opyikel at i ot RRof 9 st 1RSE LG ORP. . . exa e in: Isler and Wss
(1959) . Vitam ns and Hornpnes, 17 53: O?JCEFJQ]%%I@% S?g?lc?’ﬁcées"’bi ol ogi cal
activi t yeSoPF T A itaRinakl hvtanadienfei craRaney ! -Bspiowir b d-decr ease as

thel53' nppsibbguirsimde chai forn Scshorignach 186sFakijdany) 2006, W0,03L007933
PCT/GBO%&O%aggaquinone). The latter represent a series of compounds {the
menaquinones) in which the phytyl side 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
' 2Q synthesise menaquinones {predominantly manaquinone-4) from the
synthetic lipid-soluble analdgue 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
ii) related to lapachol (2 hydroxy—B—(3~methyl-2—butenyl)—1,4—
) naphthoquinone). Structural variants in the side—chain at position
3 are reviewed by Rao (1974). Some typical toxiceological 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:




6 Compounds of the invention Aspects of the present inVﬁgtrlj pn ar é&ased on
uses of \ﬁ&,ﬁrg'% Ji§-335 type conpounds having relatively s ¢ g’ﬁ% 03 No
group, at the g position (as defined i_p nore detail belo i %% on to

neur odegener-ati ve di seases of protein aggregation. As described above, the
cl ass of conpoupgs known as "Vitamn K' 10 correspond in their naturally
occurring fornmsjto diﬁtAary principle essential for the normnal

‘bi osynt herts oflsevekal; f ors required for the clotting of blood. This
activity is gs T8 th at least two distinct naturally occurring
subst ances, |d ' d vitamn K (phytonadi one, or 2-nethyk--3-phytyl-I, 4
15 napht hpfrdl s grm occurring in |leafy vegetables) and vitamn K2
(menaqui none) . 5t tRT represent a series of conpounds (the

menaqui nones) iR whih the phytyl side chain of phytonadione is replaced
by a si dgﬁhcrll:aeiin_built of 2 to 13 prenyl units, and nunbered accordingly.

I ntestinal bactéria and liver are able 20 synt hesi se nenaqui nones

(predom nantly manaqui none-4) fromthe synthetic |ipid-soluble anal ogue
menadi onge Mepagh @pe HEeh Zdsoqmn téf{‘@t vhslgbiz'bﬂm%c%e“ \J{,Eghvaeséncgresnac]ifl ol

sodi um phosphat e and nenadi one sodi um bi sul phate Fch-are donverf&d to
nmenadi on&°RPLEr Poudg fi ePfadi dFc BiwBe bengounds rel ated to menadi one have
"~ been 25 investigated for anti-tunour activity, in particular conpounds

rel at ed I chol. (2. .hydroxy- 3- met hyl - 2-hut enyl ) - 1, 4- _napht hggqui none) .
Structur %ﬁdvggga%vsaji(eﬁl % ﬁgn‘gir}éaeéﬁ(%gﬁn lﬁtxp%%‘ibaeoﬁ‘-’x‘é Wi th rBéeiaé\ﬁet?Q%y Rao
(1974). betd ehpental toxicological and clinical data for |apachol are
pr.ovi dedgpy Sei ber et al. (1976) and 30 Morrison et al, (1970). The
ipvention particularly pertains to compounds of the following fornula: 16
Febr uar yti‘go‘é""%ﬁ’t%/b@@‘? oR3r s /VeRE§2 203Dl €7 bond.

In an aspect of the present invention, there is provided a 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 selected from

compounds of formula I:

wherein:

J" and J? are both =0 ; the covalent bonds marked B i
+th and d are single bonds, and the
covalent bond marked y is a double bond with R'®-and RZ both ab?sent: 3

RE o
Rs

R‘lA
)




| wherein: JL and J2 are both =0; i.e. the coval ent bonaz rked(gmand E
are double bonds; 0 and S are single bonds, and the coval Fmﬂ%% mar ked y
is a double bond with RIB and R28 both absent; or the coval ent bond
marked y is a single bond. In an aspect of the present invention, there is
provi ded. a use of a conpound in the/gpreparation of a nedi canent for the

i nhibitton of the aggregation of a protein, which aggregation is

‘associ ap | di.sease sta ni f est ed as neur odegenerati on and\ or

o i i Cae g{%ﬁ%ﬁ;; T Bl Eahote 4 §0db e saoktomrscaMibtngs  of
formul a 1o wherdea %S 4§89'§ 900 ot h =0 : the coval ent bonds narked P
and 6 are single bonds, and the covalent bond marked y is a doubl e bond
“with R B-and R2B both absentR 11Q6 Egbruary 2006 or: 7a J' and J2 are.both
=0 ; the coval ent bondginarked 13| arf¥ Gare single bonds, and the covalent
bond marked y is a singl éNso R"J1is -OR7 and J2 is -ORB; the
coval ent bonds marked (3 3 bl e bonds, and the coypl ent bond
marked y is a single b§‘ , 3R 2B both absent |1V wherein: RA is:
-H, unsubstituted C, _7al kyl, : | kyl, C1.7hydroxyal kyl ,

Cl7am noal kyl , C,;7carboxya#kylc)-CH; Cl. 7al koxy, acyl oxy, -COOH, ester,
-SBH, -SBM sulfonate, Cl1_7alkylsulfonate, or a short chain al kyl group;

or

J'is -OR" and J is -OR®, the covalent bonds marked B and & are double bonds, and the
covalent bond marked y is a single bond with R*® and R?® both absent:

R® OR’
R5 . R1A
90 v
R? R
R® OR®

wherein:

R is: -H, unsubstituted Cy.7alkyl, C7haloalkyl, C,.shydroxyalkyl, C,zaminoalkyl,
Cizcarboxyalkyl, -ORH, Cyalkoxy, acyloxy, -COOH, ester, -SOsH, -SOsM, sulfonate,
C1_7alkylsulfonate, or a short chain alkyl group;

R?is: -H, unsubstituted Cyalkyl, C17haloalkyl, C1.shydroxyalkyl, C,;aminoalkyl,
- Ci.zcarboxyalkyl, -OH, C,.7alkoxy, acyloxy, -COOH, ester, -SO;H, -SO3M, sulfonate,
J Ci7alkylsulfonate, or a short chain alkyl group;

R, if present, is: -H, unsubstituted Cy.;alkyl, C7haloalkyl, Cshydroxyalkyl, Cizaminoalkyl,

Cizcarboxyalkyl, -OH, C4.7alkoxy, acyloxy, -COOH, ester, -SO;H, -SOsM, sulfonate,

Cisalkylsulfonate, or a short chain alky! group;

R?, if present, is: -H, unsubstituted Cyzalkyl, C,.7haloalkyl, C.7hydroxyalkyl, Cizaminoalkyl,
- Cycarboxyalkyl, -OH, Cszalkoxy, acyloxy, -COOH, ester, -SO;H, -SOsM, sulfonate,

Cizalkylsulfonate, or a short chain alkyl group;

R®, RY, R®, and R® is independently: -H, -OH, Czalkyl, Ci.7alkoxy, or acyloxy; and,

R” and R®is independently: -H, Cy_salkyl, acy!, -SO;H, -SO:M, or sulfonate;




"RZA is: -H, unsubstituted Cl1_7al kyl, Cl_7hal oal kyl, Z&Ed%ox%al 55}/

Cl7anmi noal kyl , Cl. 7car boxyal kyl , -O—| Cl. 7al koxy, acyl ester
-SBH, -SBM sul fonate, Cl1_7al kyI sul fonate, or a short chain al kyI group;
RB, if present, is: -H unsubstituted Cl-7al kyl, Cl1_7hal oal kyl,

Cl. 7hydr oxyal kyl , Cl. 7am noal kyl, Ck 7carboxyal kyl, -OH, Cl. 7al koxy,

acyl oxy, -COCH, ester, -SO38H, -SBM sulfonate, 4 _7alkylsulfonate, or a
-short cH\ddandekylcatyrommatlmof Ghizrger arsemiu)atives charge taiceuntestie chaage @1 theal kyl .
Cl_7hal &@0kgloupCl. 7hydr oxyal kyl , Cl7ami noal kyl, Cl7carboxyal kyl, -COH,

Cl. 7al koxy, acyl oxy, -COOH, ester, -SOBH, -SCBM sul f onat e,

Cl. 7al kyAndutHesintitihe somposrbista eompoundlokformgladl fhenRR ™ iR4-OMS, -OSHEOREe, i s

i ndepend&@QH; -CORMe, CBD.HCI-SDalkerl -SOgMe7al koxy, or acyl oxy; and, R7 and R$
i s independently: -H C-7alkyl, acyl, -SO3H, -SOGM or sul fonate; 16

“Febr uar yand@banmracemicalin acesptable aaltso solvates, sanidess eofers; land gtheos thetaofil at i ve
charge to counter the charge on the S03- group; and wherein, if the
corrpound is a conpound of formula 11, then: R A is: -0Ow, OC( =0) Me,

-000H, JeoeRethexmaipodinentt or - SO3Me; and pharmaceutical |y acceptable

sal ts, soI vat es, am des, esters and et hers thereof I n anot her enbodi nent:
J'"is - rb%’szA 2" ls ; e. the covaI%{] nds marked a and e are
single bonds's b are o%uble HortdE, 2N e?'rh':e 88l Bt esoAdad nfarked v i s
a singl erBoaingie hoRts: afdaiR etk dbgsret boBdsh md dihsedoaniknteboaad f or ns
of the gawrednds;descihhed MsIELWR ABY=bS, H5ed Jipnt staf]tese“t invention.
Thus- in particular enbodi nents, -the conpounds have t fol |l ow ng
fqrmula: 11 In one enbodi ment, t he conpounds have the following formula: 16
Eebr uar po2BO6x NG B3 BAABEHREH EBPAS 0X2G9e8chhpolitsonesephadi Kerbint he

compoungls hgye,d e ;ToLheWi L &0 Tl son.

Thus in particular embodiments, . the compounds have_the following

formula:

Ix

In one embodiment, the compounds have the following formula:




R6 OR Iv Various preferred, specific, enbodinents are %%ﬁﬁn in E@ﬁyre 2
wth 5 Vitamin KL and K2, and certain other inactive co %ﬁﬁﬂy form ng
part of wh@opemssnt i nvention, being included for conpari ELH R2B i f
present 10 Conmpounds of the invention gre those in which Egﬂvls gﬁﬂg
relatively short group (conpare Kl and K2 with DH10 and K3 for exanple).

Thus R2" may ke i ndependently selected from-H, Cl_7al kyl (including, e.g.
unsubsti t il kyd's substituted- C -,alkyl such as 15 Cl_, hal oal kyl,
Cl_, hydrid ggfoalkyl, Cl_, carboxyal kyl etc.), -0OH, Cl_7al koxy,
acyl oxy, -SG3H, -S03M sulfonate, Cl_7alkylsulfonate, or a

"short chai i , OuUp'5, by which is meant |inear or brardhed al kyl group
ngatons, nost preferably 1-12, nore preferably 1-10,
e.g. 1, 2, 3, fie, 8, 20 9, or 10 carbon atons, which may be
saturated or |y wunsaturated. The term "Cl_, hal oal kyl group,"” as
used herein, pertains to a Cl-,alkyl group in which at |east one hydrogen
~atom (e.g., 1, 2, 3) 25 has been replaced with a hal ogen atom(e.g., F, O,
Br, 1). Iof onfppePediasndnetiy drosgennds omvrashbetol Yyoyihacedrmitd: a hal ogen
atom . 16 Febrygry 6 WD 03/007933 PCT/ GB02103269 9 the hal ogen atons may
independqptly e the sane or different. Every hydrogen atom nay be

repl acedR™w_t Yom in which case the group may conveniently be
referred to per hal oal kyl group."” Exanples of Cl1_, hal oal kyl groups
i ncl ude, 5limted to, -CF3, -CHF2, -CH3F, -CC{3, -CBr3,

- CH2CH2 IR ACHF2" - @2CF3 . and The term "Cl_, hydroxyal kyl group," as
g@rta.ag toa C, -,alkyl group in which at |east one hydrogen

used herein,
Qgﬁon1has been™

Various preferred, specific, embodiments are shown in Figure 2 with

5 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

10  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, Cisalkyl (including,
| €.g. unsubstituted C,,alkyl, substituted C, ,alkyl such as
_ﬁi)ls C,.7shaloalkyl, C, hydroxyalkyl, C,.;aminoalkyl, C, ,carboxyalkyl etc.},
-OH, C,salkexy, acyloxy, -COOH, ester, -503;H, ~SOsM, sulfonate,
Ci-salkylsulfonate, 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, 1, 8
s r r r

20 3: ox 10 carbon atoms, which may be saturated or partially
unsaturated.

The term "C, ;haloalkyl group," as used herein, pertains to a
| C,--alkyl greup in which at least one hydrogen atom {e.g., 1, 2, 3)
25 has been replaced with a halogen atom (e.g., ¥, C1, Br, I). If

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




10 replaced with a hydroxy group. Exanples of Cl1_, hydro ?
~include, but are not |im ted to, -CH OH, -CH2CH, O—| andxl%g équ%m The
term"C _wdths yl group,” as used herein, pertains to group
in which at Ifebg?“(one hydr ogen at om has been i 5 repl aced %lct'r%;'g’ﬁ%ﬁ%yno

group. Exanples of Cl_7am noal kyl grouﬁs i nclude, but are not limted to,
-CI—|2NH21 g:ljgg;@g 2 g:ggfu The term " Cl _7car boxyal kyl
group, " 31;1 used hlle:Jr efﬁr@m S ée%gobecthe 8RO B p e whi ch at
| east: on@vﬁyﬂrw@enganomdmmabebﬂ nreeqrﬂaa:eeckvwrt Ia BaTaddi0 8t ofdl, OLp .whExanpl es of
~Cl_,carb '_J%el aroups, |crécvgde Qut are limted to, -CH2COOH and
-CHZCHZ Phoohe R Yh&%s etrr(?ﬁaFﬁ af 1By Cogpotilralionke of
the f ol gowmg gn-:aumplewvlmefr €] phaldask@l droups R2hcBudde MarRRB. idorpresent will
be seJJ ec%edéc m t he_same_groups._as R2R and may 30 be the sane or
di f f &r ent™ 0" RzA° - Holev er %"erf eFidd cObountRtar eCHLHIS e -CH.GHFL c RIS i s
absent. 46GuiEebruary 2006 WO 03/007933 PCT/ GB02/ 03269 10 R2A RIB Each of
RIA, Ris is independently -H d _,alkyl (including, e.g. S unsubstituted

CI -,al kyl, substituted C, -, alkyl such as C _, hal oal kyl, C _ hydr oxyal kyl ,

. ami N kg € RO BLKY 5846, ) o Qoed Glereiid! yloxy, -CON,
_ester - SBH, -SO3II\/E’E)§{JI fgnat}é d E'?a aksyl sﬁfif oﬁrzftlel gg,z_s orf) Chain al kyl
group. 10-#L¥hoTERUR idarhbeh Git é&??'er@eoﬁll/éhfagtge a@lomchamll&tanve charge to
counfger £d1e LRAr GeLR, th ;EQ% up € Y enotes an
al kal'i i o(J';r:t?1 such as Li +Y(aro chI Eén%I%%D?g@&l’ ﬁe!l?EF ' IBPURE

1nc1ude, but are not 11m1ted to ~CH,0H, -CH,CH,0H, and -CH(OH)CH,0H.
k;} The term "C, ,aminoalkyl group," as used herein, pertains to a
C,_,alkyl group in which at least one hydrogen atom has been
15 replaced with an amino group. Examples of Cisaminoalkyl groups
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.

j ~In one embodiment, the short chain alkyl group is one of the
25 following groups, wherein n is O, I, or 2:

Me Me
/ Xy o 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.




15 Pr ef erred conpounds are those in which RIB is absent x‘gfﬁﬁ%h%ﬂ@%
conpounds in which it is not absent (such as DH3 fd.r show

activity.wfogbenhsed conpounds are those in which RIAis ?)EE* yg‘?#
met hyl 20 (conpare DH2 and DH14 for Fpéarrpl e, also DHi, a (5' %)_
However other small groups In place of nmethyl, such as a sul phate group,
may al so be preferred (conpare K3 and DHB). Preferably the RIA group is an
el ectron,donating group. 25 RIA, RIB, R2A, R2B I n one enbodi ment, each of
RIA RE RFA RBis independently -H, - Me, -Et, -nPr, -iPr', -nBu, -sBu,
-iBu, -tBu; -OH -Ow, -CEt, - QnPr), -gibPr), O(nBu) O(sBu) -i Bu),
O(tBu) ive, 180, - =0) (|Pr) , -CC
(=0 (nﬁa“'%f (=0 1% éﬁ‘f‘gpe')‘deﬁé(“c» MBSl pieanot -
C( =%) OMpsub& H)E C, »41150), Oé:ﬂl?ﬁﬁn,tut-e@( €0y Pr Fuch Gs= ql@l%é)lk

=0 (tBu) ; -S03H, -SO )
- 503 E% %556*)5‘1?%&%)1%9 s%sva(“ilﬁﬁfkyl §03:3(rlrlji’BEf¥alk¥]SG¥C( éBuerH, €503 ( i Bu) |
-S03 (t 3&'])koxy35al:9l@f'j elﬁé@ﬂ' ”@ﬂer eag@ rof %’%P gl.l_leO RZGB:( '_8) Ve

i ndependent -Hlf ,
- OC( =0) Bt2= ‘éddﬁ °P@Ejavé> aoe‘bE’Et Cf@esrﬁlkmupsoewe ' _SO3Et, or
-CH2CH=C (CH3) 2. 16 February 2006 WD 031007933 FCT1G802/ 03269 11 In one

! o) 1B S SEBAORMEL . e, TS

(CHB) D CqUptEridice FHBEYSENT thRI ASOS auviap. anbh RIf® enbo®D8erar,eMalisaotes R6 J|
V In ongneabediimash, Rié ardiRLBare BOthy: -dd+, anstSP2A.200.538 1@k & 25

i5 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 DH1, DH7 énd DH15) .

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

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

" group is an electron donating group.
25 RIA, RIB, 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), -O(iPr), -0(nBu), -O(sBu), -O(iBu}, =0{tBu); -0C{=0}Me,
30 ~0C(=0)Et, -0C{=0} (nPr}, -0C{(=0) {iPr), =-OC{=0) {(nBu}, -0C(=0} {sBu),
”OC(=O) {iBu), or -0(C=0) (£EBu}; -C{=0)0OMe, —-C({=0)0OEt, -C(=0) 0 (nPr),
-___-C(=O)O(iPr), -C{=0)0(nBu), -C(=0)0(sBu), -C{=0)0(iBu),
-C(=0)0(tBu); -SO3H, -SO;M, -SO;Me, -SO;Et, —SO;(nPr), =-S0,(iPr),
~80;{nBu) , -S0;(sBu), -S0:{iBu), -S80;({tBu).
3s -
- In one embodiment, each of R, R, R™, R® is independently -H, -
Me, -Et, -OMe, -OEt, -OH, -OMe, -OEt, -OC(=0)Me, —-0C(=0)Et, -COOH,
-COOMe, —COOEt, —-SO;H, ~SOM, -SO;Me, -SO;Bt, or ~CH,CH=C(CHa),.




defined above: R6 0 VI 10 .In one enbodi rent, R2A and Rzl%l%)e bo -H, and
R1A and RIB are as -defined above: VII In one enbodi nent'? "B%Eh B are
both -H, nd R2B are as 15 defined above: VIII '1 , 2006
W0 03 0o SR a0 13 R3, R4 R5, and R6 Each O?CE%%%%%QS, and
R6 is independently -H -OH Cl1_,alkyl (including, e.g. unsubstituted

C by Al Sk o mead Ol o pouaT iy arenentdy SR oy or
, _, hydr.oxyal ,_Ck_, am noal kyl ., oxya etc.), _7al koxy, or
acyl oxy.b&)élghe Oglr%ése%’e %&1 eébgééé(ngﬁg}gf'sﬁ(g(gcg ‘t 0 ﬂ?lgé/'at"sl%ﬁlf' REOMRE ~SGMR6 does
not appedt tdlGitwatdty) af f ect activity(conpare K3 and DH2 for 10 exanple).
In one enbodi nent, each of R3, R4, R5, and R6 is independently -H, - OH,
Cl_7al kyl, Cl_7al koxy, or €1 7al kylacyl oxy. 15 In one enbodinment, each of
R3, R4, B °ngngrpglinentngBpehdierid v andiR 2and R @ye ahpent:Et, -nPr, -iPr,
- nBu, - sBu, |§§5 -tpu; -Owve, -CEt,- Q(nPr), -iPr), -QnBu), -Q(sBu),
-Q(iBu), Q(tBp); |0C(=0)Me, -OC (=O Et, -OC (=O (nPr) , -OC (=0) (iPr)
,-OC (=alR C Me (sBu) , -OC (=0 (iBu) , or —-QC=O(tBu).
ndently:-H, In one enbodi nent, each 9f R3,

) In one embodiment, R'™ and R'® are both ~H, and R® and R™ are as
\_) defined above:

RE ©
RS
T w
R* R
. s RZB .
R O

10

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

defined above:

5
R R'®

VII
R*

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

R® O

RS R‘IA |
0
R4 RZA ' . '

R O




-OH, -Me, -Et; -Owe, -CEt; -OC(=OMe, or -OC(=O)Et. In aon nbodj t, each
of R3,R4,R5,and R6 is independently:-H -OH -M; -O0OWe; W?Fe-%@ﬁ&%.

R4, R5, andyBQasjegrdsndependently: -H I n one enbodi ment, each r.-OH 30
I'n one enbodi nent, each of R4, RS, an%ﬁ is -H and R3 igjcggémgg}ﬁﬁﬁed
~above: I X In one enbodi nent, each of , R5, and R6 is -H, and R3is -H 1
6 February RO0G PG LR82f 03269 13 X I n one enbodi nent, each of R', R5, and
‘R6is --H and R3is -OH J° XI J' and J2 5 As denonstrated in the
exanpl es, compounds in which J1 and J2 are both =0, or in which they."are

- OR7 an@&acBR8frr5pett inel ynd reilyibotdueeaventighy, ackj vid i ggx(gonpare K3 and
DHO for - al hus, .referring . to fornmula IV above, each of
R7 and R‘%é?gg h?ﬂ%’ep%%d% %%gt&tgéf%?g‘l‘fyﬁiyéf n%ftif&ilﬁ&:e%-%ﬂaﬂlﬁgﬁb%‘f?bc ut ed

C, -, al kyis, C.shibkdlikyfle ACGhydabkyalistich casafinoaal-0al KYcarbozydmdnoxyal kyl ,
C _,am %I(E%l l)<yl e, Ghcar boggyal liyl etc.) , acyl (including, e.g.,

Cl_, al kylacyl, “&'4." 46etViJY**&B8H, -S03M or sulfonate. 15 The term
"aryl," as used herein, pertains to a group -C(=O R, wherein Ris an acyl

substityent. for exanpl a Cl-,alkyl group (al.so referred to as
Cl_, al k;l'ﬁgcwe%?n , O,raﬁgg‘?\%‘iﬂ i ﬁuéilt"f@ﬁét 2f d’c:"yc'i*“;l Rg'r ot R adless referred

to as CBoROhRPexndyclykatly Jaffert 28cai Gy, (cafiydreKGURnG abigo dogf erred to as
Co_p@ar gkgﬁﬁﬁg) _preferably a

In one embodiment, each of .R%, RY, R%, and RS is independently -H, -

g‘) OH, Cj;alkyl, C;salkoxy, or Ciqalkylacyloxy.
(.

15 In one embodiment, each of R’, RY, R®, and R® is independently: -H;
-OH; -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, ~tBu; -OMe, -OEt, -
O(nPr), -0(iPr), -0O(nBu), -0 (sBu}, -0(iBu), -O(tBu}; —-OC (=0)Me,
-0C (=0)Et, -0C(=0) (nPr), -0C(=0) (iPr), —-0C(=0} {(nBu}), —0C {=0) (sBu),

-0C{=0) (iBu)}, or -0(C=0) (tBu).

20

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

In one embodiment, each of R* RY R° and R® is independently: -H;
25 ~0OH; —-Me; -OMe; or -0OC({=0)Me.

In one embodiment, each of R}, RY, R®, and R® is independently: -H
or -QOH.

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

defined above:

J1

RH\

IX

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



Cl_, al kyl group. Exanpl es of acyl groups incl ude but ard%ljne% ed to,
e o,

-C(=0 CH3 (acetyl), -C(=0 CH2CH3 (propionyl), -C(=0)C ryl),
and - C(=Qyofi3bRenzoyl, phenone). 25 In one embodi nent, R &%0§§6%5e he
same. In one enbodinment, R7 and Re are different. 16 Febr uary WO

03/ 007933 14 PCTI GB02/ 03269 I n one enbodinent, each of R7 and Re is
i ndependently -H, Cl-7alkyl, Cl-7alkylacyl, -SGH, -SO 3M or
Cl _7al kyl sul fonate. 45 I n one enbodi ment, each of R7 and Re is independently

-H, - Me, -4 Pr, -nBu, -sBu, -|Bu, -tBu; -C(=O Me, -C(=0O Et
-Q(=0 ( ROPr), -C(=0 (nBu), -O(=0 (sBu), -O(=0 (iBu), or -
(C=0 (t , -SBM -SBMe, -SOBEt, -S03 (nPr) , -803 (iPr) ,

3(2BW-R* SOB(i Bu), or -S03(tBu). 10 In one enbodi ment, each
i ng@pendently -H -Me, -Et, -C(0)M, -C(0)Et, -SO3H,

-SBM  -S03Me, @f -SOBEt. In one enbodinent, each of R7 and R8 is

i ndependently -H, -Me, 15 -C (=0 M, -SO3H, -SGM or -SBMe. In one

enbodi ment, each of R7 and RB is -H Rs OH XIl Preferred conpounds of the

present imvent efBodimrithosecMu TR SHOW ar® % gh act lyhtye 58 Lhe. assays

described herein, particularly "cell based assay I't described bel ow.

Pref erred conpoyndsqshave a B50 of I|ess than 10, nore preferably | ess than

[ i E | {have a low toxicity, with an Rxindx of greater than
Breat er than 10. .25 As used hereinafter, unless

cont ext herW| se, the term "vitam n K conpound” x5 intended to
enconpass J:Ca
2B
) OH J
i énd J?
5

- 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 DHY9 for example; also DHS5).

1.0 Thus, referring to formula IV above, each of RTIand R® is
independently -H, C;salkyl (including, e.g. unsubstituted C,.,alkyl,
substituted C,;alkyl such as Cl,haloalkyl Cl,hydroxyalkyl
C, 7am1noa1ky1 C,,carboxyalkyl etc.}, acyl (including, e.g.,

) C,-alkylacyl, e.g., acetyl), -S503;H, —-SO;M, 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,.
wheterocyclyl.group (also referred to as C; heterocyclylacyl), or

20 a Cyaryl 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)C(CH3)3 (t-butyryl), and -C(=0)Ph (benzoyl, phenone).

25 In one émbodiment,.RT and R® are the same.

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




conmpounds such as (for exanple only) nenadi one,' nenadi al d diesters
t hereof, and anal ogs of any of these in accordance Wthq6ﬁgwff®§wl ae

gi ven herwionsnbmgs of the present invention 16 February 2006 03/ 007933
PCTI GB02/ 03269 15 In one aspect ther %f4s di scl osed use ofP%T’%;\}%%WQ? K
compound to inhibit the aggregation of a protein, which aggregation is
associated with a disease state. 5 In general, the protein aggregation to
whi ch t present invention rmay he applied is that which arises froman
i ﬂducedhﬁnor?fnc?r ﬁﬁ??‘i‘fﬁ%ﬁnt'pﬁﬁﬁjﬁe‘?gsﬁt 7o R nierindspsndently os cpo,alkiyah a
-conf or nei-eA&lyletwhge Sohit hes@uptat 1, 8L ky Ik A fohaggent thereof, gives rise
to tenplated binding and aggregation of further (precursor) protein 10
nmol ecules in a self-propagating manner. Once nucleation is initiated, an
aggr 8gat bR CaseaRtitY e f30k ehiRhandrd| Vesirtdepenbagtioed-mGonfer Mai onal
pol ymer |-adtc), onief, TUiBd)er-sBhpt slgh, MLEEM R8-0)lig2dl 00 i3, 1he formation of
toxic pr_q'd(lé%é f a}gme_rzitr(s= 52.9 ’(r_:jre_ ates Wwhich are subst fally resistant to
further prot éf’éf@l’s. he' 15 '8 ot CifAChbftegatred=PhlsBflor med=ar e Buhought to
be a proxiGr) (thwse -SobHdisEgBe si@ues mt{,esis@g(@ﬁr)n,eursggg%r}lrer ation,
clinical- @,r;r@ﬂtia a t he at.hol ogi cal tonms. Uses in relation to
Tau_pr ot eSIO?] 20 'Pr e’f;g?{r%éﬂénb%%ﬁrjféﬁfs 0 _%Hé?‘%/'ﬂsenti on are based on
i nhtBition of tau protein aggregation. Wiere used herein, the term"tau
protein'In bAkeab@Rreha) | ¥adi® FNR’ R 82 N O nbhllfehfi ALOLEL ”-Jeam-g\é- Tau
pr ot ei ns_cahrzg %ehar_%ct:%r)*: ed as_bei nqgj one anong a Far ger “nunber df “protein
fam |i es Whr th co~puri 3' wi T i TG ubtiBY¥e d ¥ mPdebeat ed cycl es of
assenbly and di sassenbly (Shelanski et al. (1973) Pron. Natl. Acad. Sci.
WUSA, 7010 485- 48R4 ? LEr.ot ubyl e- assaqci at ed- prot ei ns
(MAPs) . I\/Enberi of ’l{n%ggf g‘%ﬁ'ﬁ%ﬂg %?iigrnlé tlrsfe“‘%ielgen ently —H; -Me,

1 -C(=0)Me, -S503H, -S0:M, or -S0;Me.

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

R® OH
RS R‘!A
SOOI
R* =" SR ‘
R° OH "

P;eferred 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 encoﬁpass 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




common features of having a characteristic NN-termnal s nt
sequences of approximately 50 am no acids inserted in tﬁwqagﬁ%al
segnent , i devel opnmental ly regulated in the brain,

char act erngt‘lfs@ﬂ?%ﬁdem repeat region consisting of 3 or 4 tPﬂg%Wm%%eats of
31-32 amino acids, and a Gtermnal tat¥. 35 MAP2 is the predoninant

m cr ot ubuyl e- associ agec&r r ot.ei n; i%l the somatodendritic conpartnent (Matus,
A, in "Mt AFEPESt S SART 9556y HSe s 2) YhpanTE K semPIWh AW | ey and
Sons, NY3nhN#R2 thesefgregatare af nogirotdént ivddlcht aggdayqyioheis in the tandem

repeat LegiON: LUl cfid f8Legubse ially both in the sequence and extent
of 16 February 2006 WO 03/007933 PCI/ GB02103269 16 the N-term nal donmain

(Kindler and Garner (1994) Ml . Brain Res. 26, 218-224). Nevertheless,
aggr egat isngdrierahe tROARIBteeREAGgrdR8LON tS WIQEhSEAE P ebent Ofnddi iU

r epeat dlgrrai n. Thgs (iit. Wi Ihlatbeh. a!{)pr eciated that, an%qﬁdl scussion herein in
rel ation 10 TadPhretsi i £hgF FRLEH A0 853 Bt PBniafiAc coa e onel

r el at i ngral sertigataor MARZ ragggee gatel. onne MAP2hNBR2a agarfegakt onand so on.
Q her prof&idis ok0 Rk G S AnShows; i o T2bL&nd {¢St ri oLher

di sease- assod(}isat ectj:_ g%%r eeggti ng pr c‘)‘:’lt,e?n(gn,l ttﬁtéhlg%%%/%i t%qlcé)%so%lsv%it@h forns
“part of PHEPL13RRSSBARIIH &R 3PIr9dptéaretddethRe (hecagsobl Riic@dges in
whi alv  thelddilleisat hon oflfaggoegnitiion anthdy. oHEathonkibheiprotein(s) my
play a role. . | so listed. 15 As can be seen fromthe table, exanple

di seases”\}\ﬁilc e%l’ e HESOrET TR & Sl?f/"g%arf‘af*yoIESSP‘EaWh;pﬁSbﬂé‘?’ﬂl‘éegsgrt@&ati on
include heduned venforetdicsedseolamerieayidody @disdease prbueihetatecaleshe
pat hogenesisiff +BeHrOdRAGARES, ve tdﬁer&%rd%c%llf{sg@zﬁenﬁ%!scEhsagcar%ga%eszo and

e accumu

' ;@o~gr essive Supranucl ear Pal sy appears to correlate wth an | ation
pat hot¥idic & et SUPSFGITEgat srsat SEARE dehtfyrshey rRrotegpysit el (Thee pyr ani dal

cel 1$ of ptdteimcagorégates eBpecidr@blyare thought to be a proximal cause
of disease states manifested as neuroadegeneration, clinical

dementia, and other pathological symptoms.

Uses in relation to Tau protein
20
Preferred emboadiments 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 familieé which co-purify with'microtubules during‘fepeated
- cycles-df assembly and disassembly (Shelanski et al. (1973) Proc.
K;) Natl. Acad. Sci. USA, 70., 765-768), and are known as microtubule-
assoclated-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 MAPZ 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




(Wschik et al. 2000, loc. cit). Oher "tauopathies' th present
i nvention may be applied include Fanmilial Miltiple Syst é%mﬂé@ét hy,

Corti 'CObq?ﬁ gperatl on, and Famlial Gerstmann- Straussl| er-Schei nker

Di sease VMK be appreciated, in the |ight of the PAH#GBO2MB2EuUSSi on,
(and except V\/nere cont ext requires ot Hesr wi se) where the enbodi nents 30 of
the invention are described with respect to tau protein or tau- like
“protei nFPEeNgtempm! dreatestfinsitiesnarnddidmere (1%dn ved . Bpplyimg.equal | y
‘to the ata)eelppmaey ns Néb&ﬁusmsabgggréﬁtgon( in @gglt% Q{em )_z tel n, prion

etc.) or, r;protein injtiate or undergo a
pat hol ogi g’&ggaggr egatsieoﬁgglw\;/lfp%yéh& tas 1epRfbr tdighal TEHanﬂ‘é ‘filﬁlab@Iomai n
criti calPPPEecprbphddritoanpfditmssaggriegatinonp oslathioah tbnpas ts-dre@heol yti c

stabs | i toy @yt far rt| WSCIk et al
% Hﬁ»‘u %rg?ﬁgfoi%ﬁgégsggdtéﬁ Ed Ti'on 2600 E%Istauliﬁ((i\ﬁ%lrn D

"Neur obi_ol og )
and Al PEFF éatjmn'Tﬁ@PW%%la&ﬂrﬁﬁét@? |agidaso Netur obi ol ogy Series, Bios 16
February 2006 W0-03/ 007933 PCT/ (B02/ 03269 17 Scientific PubI i shers,
Oxford) such J!orot eins may be referred to herein as "aggregating

di sease protre‘fjns “Fhe di seases may be referred to herein as "di seases of
protein aggregation". S Likew se, where nention is nmade herein of "tau-tau

agof €9akighre .prshotwlge | 486 RIS %]L%gﬁbﬁtﬁealk%gstegagg a gl J ca le to

ot her agre gation of other protel ave sim s inthis
r espect 2985eR2 Y BraffiHid %g#@bh‘ﬂ"@wn pEi @n@ggpegatpm arfd thsynucl ei n
aggr egapiresest Cmvleln]texmse Il @dchl 8480 kel 81 det-adat HQQease"{ i@k 3, ON-

t

O her "s_ﬁ% %[;Idt[ mn As descrl bed ahove, in one asgect ere I s disclosed
fuge of -a 15 VI Eanm Al g ot Tt MphRt o5y PEGERE REQHE 1R (Bt drasl n,
i ch Eégk’e@]am@nllssamdmsataed with a disease state as described above.

As can be seen from the table, example diseases wﬁich are

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 pathologicél tau aggregates in the dentate gyrus

" and stellate pyramidal cells of the neocortex, respectively

(Wischik et al. 2000, loc. cit). Other ‘taunopathies® 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 discussedlabove (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 6f the
~aggregation, or which imparts proteolytic stability to the
aggregate thus formed (article by Wischik et al. (in “Neurcbiology
of Alzheimer’'s Disease”, 2nd Edition (2000} Eds. Dawbarn, D. and

- Allen, S.J., The Molecular and Cellular Neurcbiclogy Series} Bios




A further enbodinent is a nethod of treatnent or prophyll%[;% 3%2' sease
of protein aggregation as described above, which nethod &

adm nistering to a subject a vitam n K conmpound, or therapeutic
conposi ti 0P BBYpPPsi ng the sane, such as to inhibit the ab‘é?fﬁé%"?%f? of the
protein associated with said disease sidte. In a further embodinent there
is disclosed a Vitanmin K conmpound, or 25 therapeutic conposition

conpri si fifleNel SigmBubl brherse Prfardet hdd lobuch reattesnt ofy prophybaxds of a

di sease eb Eéﬁﬁiﬁ Bsaggﬁﬁiﬁﬁéﬂlﬂga§l§E3§H’bQ@geﬁQQVE Tﬂ@'&t%éggégogagqﬂprlses

~adni ni ster té) F‘ ge vitam n K conpound or conpositioh such as
t o i nhi bi ? 4 4§gPe Jt’l"oaff’ of 1 PRSPt é’tfePﬁo'é%’s‘b(ﬁggtrélaW‘?fh sai d di sease
state. 30 In a further enbodi ment there is disclosed use of a \ftamn K

conpayndy,k Re p f nent for.use in a net
£ eat ment or‘L%feongggélaéé%log a?srg%%e%%fr pr o?]gl ﬁaggﬁ?%g%qqrt?ﬁaﬁéond'esoérl bed

above, WhPEh Herhédiedhprides hantaliest dei hg arpld cobbgect Shetrhe nedi carrent

such as aggrm@oh bheoaggr PYatE onk thlehehm@ts@m1a§559&¢@éﬁgs%ﬂhc%]
di sease gf I'n ope_ e o yrirenca there is disclosed a nethod of regulating

the aggre ?l on °6 a Drioten I HRE AT ST IRPnaARERIa MIRcATd 6 February
2006 WO ®3¢1001F9386m¢@0231103269 Lilgwaggr tgal ippates 1 aSEOaairadat ddr a
di sgase shats, ag, descri bed above, the treatnment conprising the step of
adm nistering to said--manmal in need of said treament, a prophylactically
or therapeutically effective amunt of an inhibitor of said aggregation,
wher ei n bbeer ivddsbehOrmdhoaisVi t am n K conpound. | n anot her enbodi nent of
the present invention, there is provided a. nethod of inhibiting production
‘ofy protein aggregates (e.g. in the formof PHFs, optionally in NFTs) in

e br ai As olesenihadaibovche if0ote eaprent thetand sasidesssddbedeabpve. Vitanm n K

Com@n%iiﬁcﬂrp% aghb it Qﬁegnﬁiﬂr{ethgra&&éﬁgﬁkgag}f op protein; which

aggregation is associated with a disease state as described above.

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.

7 In a further embodiment there is disclosed a Vitamin K compound, or
25 therapeutic composition comprising the same, for use in a methéd 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 & 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




Wi th other treatnents, either simultaneously or sequentllglﬁleﬁ df@gndent
upon the condition or disease to be treated. In 15 parti T’“

desired to use or formulate Vitamin K conpounds with other inhi bltors of
the rel eVER3PEB2I n aggregation reaction e.g. in the caseCUGBIHB2AHI s may
be conmpounds as described in WO 96/30%¥86 or prior. filed, unpublished
application GB 0101Q049.5, the contents of which are incorporated herein by
20 ref er AFFLIAERE 1FhafspRidted whehts Fepase cxttdteg ae. descADbailt Abwwi ch t he

present tMmﬁaMemyc&epﬁﬁﬁmgneﬂe | fdplde HRIANASLShESS 1B UbLRES such

as donep Lipi g receptor inhibitors of 25

bet a- any 0|éFEdn$?ﬁ%a ergﬁﬁﬁﬂﬁgt ‘of ?é%ﬁﬁgﬁ@ggh?gﬂ9b6?ﬂEgeﬁfﬁﬂ%§ﬁﬁﬁ%hﬁ|c

conbi nat ¢ bfectédoigpasrunbreE ampinkimitar vift apid dggregpoisid plhesebnecHalr t her

compeundini3ihiPesage af vihalaPrutimsoidm ni stration of conpounds,

corrposi tions or nmedi canents as described her einis preferably in a
"prophylactically effective 35 anobunt” or a "therapeutically effective

anount " Ymsadduhezassabo@imele of atid @iGReRE OPRYARNICH, MBe RE iGOPSLARILS 5

t her apy) ffICIe t t.o sh w_benefit to the indivi dual . The
act ual an'lrre'i)t%}[r]#tdS o%zmﬂgf%jt?%&rnegd pro A gnar‘t"f'ﬁ@ CYAFES ST dGnPni 51 S on,

will  defsemt on PHEe- n‘a?@rcéiadhd S‘E\Nﬂ‘ﬂsﬂylof thderdiipeatex heinglf reat ed. 16
Febngar yc Z2Q0aeW0 83409 72331ReF I KR0%3269 19 Prescription of treatnent,
e_g, decisions on dosage etc., is within the responsibility of general
practitioners and other nedi cal doctors, and typically takes account of

t he di sdfideminoKbeotp@atdsd mayt e apimmidibtoredfaliohe, | adiiy duabipatignt, the

site of i d ratlo nd ot her factors known to
g@actl tl‘%?ehr \sé%%pit'ga ﬁrl{%ttﬁ ?rgr%% @]lgilﬂ%ne%s n°F FTWSHGHHEE i n ani nal s

dependent” upon the condition or disease to be treated. In

+

15 particular it may be desired to use or formulate Vitamin K
compounds with other inhibitors of the relevant protein aggregation
. reaction 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 furthef
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.



for test purposes, or veterinary therapeutic purposes) S ,so f@raced by
the invention. 10 The reconmmended daily all owances for \}

bet ween aReuhsnols 20 pg/ day (infant); 15-60 pg/day (chil dr ths up
to 11 years), an%l 50- 140 fag/day (chi I dren over 11 years gﬁéﬁ@g{?ﬁ# ( RDAs

for US, 1980). O her reports recommend*®d. 01- 0. 03 ny/ kg body wei ght 15 (see
Friedri cpt 1988tllogc gt i SCUSSi on page 319-320). Vitamn K--type
‘conpounds; LUK AS R FEBE T 1t SPESRHIPS AU, ehyr e within

adm ni st‘elrl@omspoatmanbum ofr gaberal lpaacoit Bepitals hod aladist ﬂz@dld@/ per day or

mor e fordacg&waaguk;p{@aqudm& tQBLkti & Hat aQQOar'd%% at&y -gata

rel eased by t BVA a har maceut | ca GBI t ai n) .
For mul at Fi&% %ﬁﬂﬂh&dﬁf‘n?%ttr*ﬁ’t FBﬁlHd‘{aI*}ePaﬁemtirc§hSuH@bI0é dehprmus theuch as
t hose witdicieod @rfmabiaiass tshewon oDy &tber Poctdi@l known to practitioners.
pharmaceutical | y-acceptabl e salts, nmay be incorporated 1 nto conpositions of
this aspect of the present invention after-further testing for toxicity.
The conpbgbidaddy fhy marglaldeill rbeaddicehonalougk above 30ieanstietyents,

phar macest i c@ldiy pacsetable GXEL RIS cnPEERSLYENY, %%%“5 15 Sqlgdbi Li zers,
Vi scosi t%/ i ncreasi ng supstances, stabilising agent ts, tT'ng agents

emul si f yTPRF ‘%\E‘é‘t"&ﬁf"h‘@“agent s, colouring agents, flavouring
agentos, salts for varyl ng the osnotic pressure buffers, or coating

t | houl d not terf th
The of 1 TGy BPriefad AUV SO0 Por W Bp 2R AR, o e phebEar 1 1 o

or othert Oeniga(FiaYrrW@elﬁéndlwot Inlg/demte:mﬁdaehmandsybatm)mp Exanpl es of
t echni thﬁ&arsﬁr]daﬂﬂo§@-cﬂ(ﬁ u%?@a)be(cthlﬂﬁg h Moy Be&“.l 21 §pFh €
is*E}l ences; é%t ggé; Gsol , (ed. ()a 19 %ﬁpounas %?qugt :{Er%bg%G
br uar y* %0 rPEﬁ*?ﬁﬁZfB?‘?‘@@?“dZ@ Phel -OBappr ke yposiy Hﬁh‘a]eﬁ one
(vi gam nides Eﬂleddlsmihiﬁéd byodasilt, Sdkscussion 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 1ncorporated 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, flavoufing 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




Khawas (1969 Pharmazie 24, 750) and Fattah and Daabi s ( Z}_J Pha%(i&m e 32
H 4, 232). 5 Were the corrpositionisforrmlatedintoa sz cal

conposi ti dm nistration thereof can be effected p such as
orally, |‘ﬁ8tﬁﬂg ojram of powders, tablets, coated tablets, %&&g%@égmﬁard and

soft gel ati ne capsul es, solutlons nﬁPS|ons or suspensi ons, nasally (e.qg.-

|nthef rm al spra ar rec 0 .. in the for

supposi tglrl egﬁblnﬁt%): v%r CRP é ﬁ%llkgi 8%1?1 %Isscblsﬁﬁdetf’if Elae Eisp%rent ally
such as Khawpanlb¥af &’mlaymazmtir*?avéﬁ@uarw, Feutameous|Daabssbeidneousl y, or
[intraperdptbopeald 3o @€49- 2 the formof injection solutions). 15 Thus, for
exanpl e, where the phar maceuti cal conmposition is in the formof a tabl et,
it may include a solid carrier such as gelatine or an adjuvant. For the

manus ac theee Of nd &bﬂn@bsitcmtﬁd fb&h{lﬂiﬁad idtagegshandchat degel atine

capsul es, Ctl % o] and t har maceut caII accept e acid
addi tion SEP?S can %ggp?oc%nslsse(faﬁbo t% $5R rﬁ%lggiﬁ 5J§FF§9 WF“E?ﬂngani c
or orgamuchexeipiaditys. in et doem pfli xeidegstar téblmtsdecbuatd viedleher eof |
talc, stRapbésAGidtd hai bSrSYhatehé- ca%%ﬂl@g Uit 1595, %&gjsw %nsaéﬁlsg(:h

excipients for tablets, dragees and ha el ati'ne capsu urt
exci pi eftiSPERG onsyf PagaL Ly i (fe ScapButhss f&i‘f@ of rasdafpraysvegerabral by | s,
- waxes, 2As.fatmm tsezrnfosmloﬂ Siriiﬂ)obhﬂblt:ﬁbspm yabsewdrG. cWhesgnitigteasposition is

in thefgrmféo & b B UAREEHE LY BuchoL T A sl ally ) 9o ne L]

i ncl ude a I| rer s rot i Y+ or vegetable
oils, mlnéraverquldrr GymquéYm $ubm9ﬁ9u®grlca:4r isakaperigohatl by,

‘dextrosqeoa ofhafheS@eeRasf dgjeet Ubh a1k 18hyrol s 30 such as ethyl ene
ghyycol , propylene glycol or polyethylene glycol may also be included.

her swtabl e excipients for the manufacture of solutions and syrups are,
f origxamphe, . fonatexamppel ydiexe tBanih&lﬁﬁseuticmﬂeI’don@tigﬁtlorgﬁhbcmﬁethe

L1 a1 O3Bmeda SubiA] our S5 BhENA. LOLoL 0 CELh AN QLU | NG 3Ly, L OF

exarrpl e, water, 35 al coh cerol, vegetabl & 0ils: T. For
i nt r aveREU3D awvéﬁéougo’értbﬁjb‘émlﬁ?@o&§ Pﬁj eRRliesr, éPaWﬁ r’f@@é?het er

i nfusi OdrkHé®s 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 derivatiﬁes théreof, 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 o0ils, waxes,
25 faté, semi-solid and liquid pelyols 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 o0il or synthetic oil. Physiological
saline solution, dextrose or other saccharide seolution 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, glucese, trihalose, etc. Suitable
excipients for injection solutions are, for example, water,
35S alcohols, polyols, glycerol, vegetable oils, ete. For intravenous,
cutanecus or subcutaneous injection, or intracatheter infusion into
the brain, the active ingredient will be in the form of a
parenterally-acceptable agqueous solution which is pyrogen-free and

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




the brain, the active ingredient will be in the formofeﬁ 5
parenteral |l y-accept abl e aqueous sol ution which is pyrog ﬁepjé‘?r%%%o has
sui tabl e i nicity and stability. Those of relevant 16 February 2006
WO 03/ 007%"3@%}/3%502/ 03269 21 skill in the art are wel | PR3 ¥epare
sui tabl e sol utions usi ng, for exanpl €1l isotonic vehicl es such as Sodi um
Chloride injection, Ringer's Injection, Lactated R nger's |njection.
Preser vat¥ilds in §P&pRTT SHies WebhfFdes taryeatet Fed takld so¥B5iqnsy uséng,

i ncl udedfmaSex&mpequl I@cﬁkorﬁl‘cakreﬁﬂﬂeléaéﬁaﬁ als @bamaﬁactnmadef Iﬁ(jetca;maﬂ Kl and

of vita K3 ar Jlabe rcia ,y( not_for the us

di scl osg%PrFPerel n?njiﬁ Cg?‘ggﬁri%ng?r I%EFS{%O? ef%ﬁéﬁﬁ}?%&é here| n,
i nasnmuchs&abiltisepay Wﬁﬁé?@u@néébﬂowtbﬂe Esddlltllefdsmaﬂtea amncluededupgl enent the
present r&isiclsasure, is hereby specifically incorporated herein. The
invention will now be further described with reference to the 15 foll ow ng
non-limting Figures and Exanples. O her enbodinents of the invention wll
occur t cotdioseds khkbethl priperationisnot hei danght K1 0dnd hEs @i tmhi@IRESa20 Figure
1 - sho hLro t.au lin ing. in the presence of i.tam.n K2.

Fi gure \é\gavésqéa\\%tet ﬁg str%%?gyeéaﬂ;fe% g?npnos I%% SURE arﬁfcg???‘y rein).

di nmet hyl -1, 4- napht hoqui none (denoted DH10). Figure 2b shows two 5-hydroxy

1, 41rmaphfrlr@ms&@eguﬁl@rdﬁ/%yvsﬁoss(&e@@md:@hl&éeaﬂQrQﬂZ) 1 nAshitH REr ; gompound

(denoted DH16) is .included onparison. 30 Figure 2c shows the effect

of the pP¥Setc& Bty 8%§ 'Phiing 5 Shenarti b TUPRIPERE ColfpBHRBRRT
(denot edd Bl subkl/, iartioHy) spddiguirel Pg ishowpotieekftfeaetnof the presence of
‘a sul phate and
Kw} The invention will now be further described with reference to the
15 following non-limiting Figures and Examples. Other embodiments of
the invention will occur to those skilled in the art in the light
of these.

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

Vitamin KZ2.

Flgure 2a shows the structures of vitamins K1 - K3 and 2,3-
25 dlmethyl 1,4- naphthoqulnone (denoted DH10).

Figure 2b shows two S-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 DH1S, DH7, and DH1).

Figure 2d shows the effect of the presence of a sulphate and
35 Dbisulphite group in the 2 position (compounds denoted DH8, 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.




35 bisulphite group in the 2' position (conpounds denot e}%g% Dg& Al so
shown is an al koxy derivative of the present invention ( Hary a

further compRwishsgdenot ed DH19, which includes a halide) %&@@g
i ncluded for conparison. 16 February 2006 WO 03/007933 P Yoo 22

Fi gure 2e shows two 1, 4-naphthoquinols were exam ned (conpounds denoted
DH4, DHSY¥iguiegee sRéwshaws 1t E%@;fﬁﬁ%hu@ﬁofsc%%%eef?%l}% %‘4 ﬁ@%}ne SUCFSU tutions
g sho

'S (conpound e ed , DH11, DH13). Figure Ws SBFTeLt of al koxy
and net hy‘?noécu%s{ag%m?@r}g (conpound denoted DH18) and a further conpound

(denoted DH2O, which includes a halide) which is included for conparison.
10 Fi gurg; ang 3oyt hest au-t regation. i.nhibition using cell
baseg as aga?flel. Fi gur e 4eshovvs@1§ Qfggfgg%%%nﬁlgswr?%ﬁ?s sgbREjtutions

di sedse- Crafagdenat edg §H8 gt g PHbBRI ns which may be used in the
present invention Figure 5 is a schematic representation of the in vitro
aggr egat. assay, of 96/30766 in which binding of two truncated units
i's rreasﬁlul(r)(je?l e ?‘ exg%wesci\égg fé‘%rﬁ% i AYRFEY And- BYBLY Y Supsititaiiyts coated 20
on the HdYoBRophdt @erfdteds dHiéimavar bonatehduifchbapoumdnidenpeg. fMz0, Nextn a

second tirqu,aggdat@é{i%g@cug%ﬁ arsm; nat | g aftorgcéjlﬂPSagrllS&" e") is incubated in
y €7 'S

var| ous buffer conditions. t he speci es 8Cogni sed by mAb 423,

andtfence mab 423 i mmunoreactivity nmeasures only that tau which is bound

during tiigusecBadandGbbahb®the? % abi-gakk &R ebst fors GHETRE | €04 GRIiSSE i on of
the pr o%%§%dugg$a i.ch cell-based assayg@% lE-J1T4O/ 12kD ) |£Cs> basleg. QTg?ishows
how i nduction of ~ ful’l -1 ength 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 ragarexanl /s Lesubis lqgttilhee%rfiro%@ L0g 2552 agg-i*a? so[g:lj]é%ed

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

Figure 5 is a schematic representation of the in vifro aggregation
assay of WO 96/306766 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 ' |
o ' Figure 6a is a schematic representation of the process upon which
i,) ' 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, DH9 and DH17.

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

35 '
EXAMPLES

Methods




(negative result), vitamn K3, DH9 and DHl17. Figure 7 |s1 61%%
represent ati on of the cell-based assay Il ( SSK40/ 25kD )6 B LES

Met hods y 2006 WD 03/ 007933 PCT/ GB02/ 03269 23 | ay This
i s descri be(? B ﬁ%;et ail in WD 96/30766. Briefly, a fragmsn?'ciﬂé[{o?@%%€§
corresponding to the core repeat domaiaB which has been 5 adsorbed to a
solid phase substrate, is able to capture soluble full-length tau and bind
tau wt hThigftraf #ssmyy. This association confers stability against

proteol ytic digestion of the aggregated tau nolecules. The-process is
sel f - propagat.in and can be blocked selectively by prototype

phar macetitit as gﬁ% ’sbeﬁl\/\fg‘cﬂ?’kallclm WOeR6/3(F 64} . RaiegEy, Poé?agé‘iet‘}.oﬁ'he
assay i staehm;:eemmmgcabl yhé ncdieguepedt Gablinpagadhangaypded ' T40/ 12kD')
15 1 es f brobl T xpress ul | 40")
underg co%ct?’gr%gﬁ%edk 3 %ﬁéeéeprsgu?rjog%?g biecons?tapqﬂf‘r" Lﬁl“é’\}gls of the
PRF- corefillahrlferlaglﬁreﬁﬂu (<5l112l kD rtgymeath, hiMeﬁfTAmer@stomssqcsatndmced, it

under goesorAgdsegakih Orit qeagaﬂ%% ﬁﬂd&lae@;tm d\&ﬂgtebub@ ¢ Tths &%J:Je, ated
Nterminally at as 295 _and C-termnall her e ro uci ng

hi gher I'®EiM16F % 12PROPEREETorE 88 .mopesa@%i anpr eemdctei sRosked he 12
kD fragnesitectdfe be HQJ (mbedtyp\e dhaaseedenandagént@nmakschyk ) alvaggeegat i on

| nhi,ki t o ntitation of inhibitory activity of conpounds
%Bresgpéctu@ggg rot eof%lgtl c generation of the 12 kD fragnent within

ceIIs can be descrlbed entirely in terns of the sane paraneters which

describ%&mi%@EQ&ti§”EH%LntQHHeﬁgtﬂ@aqunﬂlEQgKEErQJ That is, extent of

15

Cell-based assay I (‘'T40/12kD")

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_~ oo 295 and C-terminally at ~ oo 390,
thereby producing higher ¥evels 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 proteQiytic generation of the 12 kD fragment within cells can be
i:) 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




proteol ytic generation of the 12 kD fragnent within ceII%IjE deiog)rm' ned
entirely by the extent to tau-tau binding through the 33°fBBER“W8min.

The avai hpgighhddsPf the relevant proteases within the celplyhSsonsaes
non-limting. The process is shown schematically in Figure ga, Wi %Zh exanpl e

results being shown in Figures 6b-6d. ZBhe process is described in 35 nore
detail in prior filed unpublished application GB 0101049.5. Paraneters used
in cell fB4ased ad23(LY (A -Fheoudiefeds capteddatad f erryeietiiion | arefdficitet 12 kD

band can besif Eehs uaryad0Q6rund®:83/ 804933, RETL GBORA3R69r dh-flalt ed

cl osely (ii 5 observed VE. redi ct gd Cﬁ{rel ation coefficient, >0.9), to a
st andar & PIAREI O HeEeri ?n'gbtlan‘ﬁ'i GPEP ottlof ST HEPAPRAI PRed FovPEro. To
obt ai n made. f which wreasooapstiaors wichdréoulbe fratleythati bl Briease@nahgt ent

Wt hgresyl t,5¢f-5053 tsher. cell-based and 5 in vitro studies: 1) the

intracel |l ular concentration of tau is approximately 500 nM 2) the tau-tau
bi ndi ng 1af thfi tytracdiuifsr synGertraséonssumphi bhrmreximaieslyt BO0f oict i on:
10 Acti i)t he ¢hauld] tauhiny KErinGdy {4 i tor] / Ki) ) can be sol ved by
standard nunerical nethods to derive a value for apparent K. Conparison
wi th val ues observed for tau-tau binding 15 in vitro at a tau concentration
of 500 Mhenwhbese tdwsukgtiahsefeomade auttteafubinibmg i s known to be 22 nM
~confagrmthat the sole determ nant of production of the proteolytically
stable core tau wunit of the PHE within the cell is sinply the extent of

t au-t au PBEREFRgT BEUA ({bRther Kdaf afbt eiinhBBdtotlag’ Békh established in
respect of conpounds exenplified herein. The B50 value is the determ ned

gﬁ) can be solved by standard numerical methods to derive a value for
- apparent KI. Comparison with values observed for tau-tau binding
15 in vitro at a tau concentration of 500 nM, where the Kd value for
tau-tau 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.

{i) This provides an indicat;on.of the tissue concentration which would
be required to achieve the corresponding 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 (pM) = 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




concentration of test conpound used in the cell assay at 6\r/i£h'hch tive
production of the 12 kD band fromfull-length tau was 25 O FERTHEEY 50% of
t hat obs he absence of the conpound. This provi ndl cation
of the t?{;sv\éﬁg con%:entratl on which would be required to ag’ﬁ%@ng’%s'
corresponding activity in vivo. In gexeral there is an approxi mately
linear rel ationship between apparent KI value and B50 val ue, which can be
used to BER¢NESQ KE KpecBG UAKHE!) BBOwhith)the Gr8@ddntx iKl C{odniGeallybased

assay |1 {reskAQRaKDrisRRelNE3H 0CESS Al § S di red il _in prior-
filed unpubl. shed aé ?I caetl on CB 010(‘—3111‘39{[1%ls nsl{g?at?e tﬁEI’EI n, the

constitu ]il}/‘éh XY5r £&8 toflsrrﬁn’b’*’r%‘ﬁ‘é’atléb’g%’f‘éd:att&d ?%sfte&afi%) 4805 "ssK40")
resul ts Thepr aductiagn sifteswoospegidndc t6l ﬂ@é/@@ﬁwﬁﬂ@cﬂﬁﬁfa&le@- &a‘ﬁtﬁ%bbﬂﬁﬂy 2006
WO 03100 02/ 03 30 kD snpecies

frag%entggggéf Q}L/lﬁB %{"? C2'ﬁt% r ﬁ%:attglg 3 g?%%]fad{]}@ w%@bm Rﬁ %eﬂa\‘,ynpeﬁgs

speci es " I@SE“)llakﬁ t@\hlmrﬁhéticrragirﬁIEmlghsaMEnmrmllﬂey phm—asmedftati resi due

295. Thepegilavagerhd tRpea0rd&SNGNd to the known boundaries of the PHF 5
core domain, indicate that their generation within the cell depends on

PHF- I i ke tau aggregation through an antiparall el phase-shifted alignnent
of the rBpeatidcimain. sdﬁ”eirmatiisalshom sﬁ:@mt“j Cahby d:aprEbgike of. tWhen

expr@ssi oo, Afy fllyl rdy s Qg%at‘%l& (.140) t%%?_l yated. underhncontrol of an

i nduci bl e pronoter I n cel I constl tu ively” expr &5 & menbr ane-
“t ar get edPEIAF T AagRRHS WiFABh|%’nﬁrteéé‘ss‘e%ilYpleeﬂpemwthh@awrgbxtamegl ve rise to

a K40 f regrgted Bskeo nirgheht UNQAt 9Np Adcas¥ eASp Aot @1g§pl§ fpa gpeot

(Gtermnal truncation - as 390) and a K25 fragnent term nal
%@uncat i Breatte 2§19 ofpromeRE ndi-depningh tAuncatian-atan andlddu- aukdli n

bi ndi Ng fragment (C-terminal truncation ~ oa 390) and a K25 fragment (N-

15 terminal truncation at ~ ao 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 pM, 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 pM (i.e.

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

assay) - see Figure 1.

Further data (not shown) demonstrated that DH3 (Figure 2d) caused
inhibition at concentrations greater than or equal to 50 pM (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 I

‘Figure Z2a shows the structures of vitamins K1 - K3 and 2,3-




Vitam n K2 was found to have sone activity in the tau-t:l%dpibndi n& 20 assay
invitro. For values less than 100 M the apparent Kl val®u&®™y %ro is
942 nM  HpwRiRiz93Yi tam n K2 does not inhibit tau tubulin Kb ngehikeVitro
at concentrations up to 500 pM (i.e. 2500:1 nolar ratio with respect to
tau in the conditions of the assay) -“5See Figure 1. 25 Further data (not

shown) rateg_ :ﬂﬁ‘& - El gyr d . inhibition at
concent %@gﬁglg?égt%r tf}fg!riﬁ %’Egde%ﬁg%nfz’gg%gﬁ}ﬁ?w]fw H% 5&?5%]0Vncr§r}f3|t§fii on
100 ri mte Kouevesthekddidoneb ficauieongjnatiadindl ) . show activity in the in
vitro assay, possibly due to its reduced 30 solubility. On this basis,
further T Ygt.ure- ac%j Vi ty.charact gr.i sation was undertaken using the cell

based assays Whr &R & Wgoéfgﬁ%‘?se F&aditPheY J98d 2RPRFEoidoandsBIY di f f er ent
sol ubi | iqdleslagsd Eregm [the2cel Talathausindithiet ran/uskmgeael hshased assay |

Figure Zas t t S .:Qf; _yi 10s . K1 -.K3 and 2,3 16 February 2006
VO 03/ 00753%1@%@&/ %4%%%%6%5@%6& i°§e%’}§;‘lr‘{-1§,tﬁ‘g‘ngb'h%h“cﬁ’q&Fn%ﬁ%‘:‘(lc?eer?ot ed DHL0)

which i @8¥6sely related to K3 (2--methyl -1, 4- napht hoqui none( nenadi dl ) ).
The corresponding values are listed for apparent KI and B50 5 cal cul at ed
fromthe cel| data using the T4(51L/hle . cel |l assay to determ ne extent of

i nhi bi tidn GFPEALSY alr BIRaFHYy “UPadebihedy apblbettyeincembhid d§ 46ruct ures
wi t RCi niappirreny Bleat dionger nsiglE-lcbping ats thé03appayianbnt Aot dRBGEEted

si de- chgjins dbahb&s IictRQsSE{i on are associated wth reduced activity.

Fi gure 2b shows two 5-hydroxy 1, 4-napht hoqui none derivatives. Conparison
of DH14 and DR2 suggests that the nethyl group in the 15 3' position may be

;SBGferrEﬂghﬁeeﬁhaﬁﬁnwsatth$4nydﬁaﬂﬂ i hetndpRehoquinone derivatives.
NP Comparison of DH14 and DH2 suggests that the methyl group in the
15 3’ position may be preferred to enhance activity, and that the
hydroxy group in the 5° position is not detrimental. DHZ proved to
be the most highly toxic of all the compounds tested, with a
cellular LD50 value of 2.1 pM. The DH16 compound did not show any
activity.
20
Figure 2c shows the effect of the presehce 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. Bs can be seen, a sulphate group can he
accommodated in this position without substantial loss of activity.
. 30 prever therbisuphite {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 Ky in
Figure 2a. The compoﬁnd 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 conpounds

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




hydroxy group in the 5 position is not detrinmental. DH ved be the
most highly toxic of all the conpounds tested, with a ééﬁlreEW#_%o val ue
of 2.1 M, 6 compound did not show any activity. 2 i gu 2¢c shows
t he effecYV-Bo "OH%} 3pr esence of a hydr o% inthe 2° positi glﬁfr{(%m{zﬁpgé

conmpounds. As can be seen from DH15 arrd DH17, a hydroxy in the 2' position

appears to btgl detri n}eal 0 acti.vi_t%{., However, weak activity can be
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ani mal fEAfY yepprenknt 2abasefi@ed activity. The methoxy derivative
(DH18) showed good activity, as expected by conparison with vitamn K3 in

Fi gure . _.The_conpound,sho S 19 showed no activity as, an . inhibitor
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propert i g h Bildo fave BordRIesighh e o J Q) CRe-SIOWR ! B3I &3Hllchg, Obt al ned

when two 1, 4-napht hoqui nons™ wer e “exam ned. 'The di carbonitri entirely

i'nacti vedta9edats BT Hahps2008 1980 6SFH0T7933 APCTL EB0E0 326D sEondiaght hoi ¢

aci d of ormagtathoaet hvhdsy. iTheprahd dHynanysexpeiteNeBt snteNRPALAOI G, acid is

gener al Ié/cdarvei%ﬁnt in vegetables, and'is the natural precursor for

synt hesi's of the hi gher napht hoqui nones in |eafy . vegetabl es and bacteri a.

5 Figure 2f shows the effect of acetate and sul phate substitutions in the

1 and 4 Posidel 09Sshds GARRBoSRER fLLOM thY %Htiﬁrlwspigtu@@ %a, Mlhy! diacetate
i me

( ) is hi %hly active, whereas the 2, 3-d y
wherein” a methyl group has been replaced with a methoxy (DH18).

15 Again this has activity (cf. DH17 and K3). The compound shown as
DHZ20 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
_ii} - 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
s 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




di acetate (DH11l) has reduced activity, as with the corr di n
napht hoqui nones. The 2-nethyl disul phate is internediat g%%ogmﬁgg%(fpgty

Figure 2 £ conpound related to DH10 in Figure 2a n a
met hyl g?‘gip %gs been replaced with a nethoxy (DH18). gﬁgﬁ(}n‘ﬁ?/ﬁfzﬁb has
activity (cf. DHL7 and K3). The conpogfd shown as DHZO shovved no acti vi ty
as an inhibitor of aggregation, and indeed it appeared that it nmay be a
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assay |, further “experinments were performed with cell based assay I1.
Fi gures 3a and 3b show that this pzoteolytic processing can be 25 bl ocked
i N thi sTeysimmasinngcyhthminnk3egemyradironelhd aaaneepbkrations of 1 - 2 M
Figwe 3a shows that the conversion of T40 -4 K25 is reduced to about 'i.
of that seen wi thout K3, and Figure 3b shows that the conversion K40 ->
K25 is Pedlhext tis ABoGPTRFlatian Relieen eRbLYi 4B ofFconpetnds A6 can be
i nferreﬂnﬁr@ttaﬁseofseaﬁowﬁras;@eggé)émmgna K40 4 308k 89y ediiced Losapout of
that seen wthout K3. Exanple 4 - Toxicity using cell” based assay | 35
Toxicity of the conpounds descri bed above was assessed in the T40/12 kD
cel | as8ayCussdierdngstks scapbuuis ytestedi sbt JamaSevaras e Bymieit Hunbers
af t 2 t S | nase assay
i (ol o B ARELE, L i O ol e P A e et one.
‘after | ysvel off 26 oFpHr Udorwev2@08he 00084 004935 E@IbﬁB@élt@ﬂﬁ&Qtyzaas emai ni ng
cells. I Pr 6 S again
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rge € G §58HEP¥SW% -thgt which has the highest LDSO value. A

therapeutic index (RxIndx) has been calculated for each of

15 compounds tested in the cell assays as follows:

RxIndx = LD50 / BS50

20 Certain compounds described above can be arranged in order:

Compound KI {nM) B50 (pM)F ' LD50 (pM} Rxindx
] K3 128 - 2.78 0.925 44.92 16.17
i;) DH10 221 © 4.80 | ¢.935 - 86.71 13.91
DHS ilis 2.56 0.776 34729 13.39
DH1 513 11.13 0.564 160.97 9.07
DHS8 157 3.41 07964  18.55 5.45
DH13 263 5.71 0.956 30.350 5.41
DHY 127 2.76 0.988 13.09 4.75

DH3 630 13.08 0.944 63.36 4.63




1. There is no correl ation between activity of conpound§é§§ #@%tors of
tau-tau aggregation and their toxicity in the assay; 2 2?1 g the
conpound o far, several have simlar KI 10 valu 120 nM
correspoﬁﬁbﬁ%ﬁfgig B50 ceIIuIar activity level of 2.6 le$Eg&%v R# ey do
differ inrelative toxicity, as expr@¥sed by the LD50 value. A preferred
conpound in this group for <clinical use may be that which has the highest
LD50 value. A therapeutic index (Rxlndx) has been cal cul ated for each of
15 conp@yids testegd in thesael | assayssas fol howss Rxl ndx = kDo / B50° 20
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(nMB50 (pM ' r"LD50(pM Rxi ndx K31282. 780. 92544. 9216. 17
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4506- 4510. 5 16 February .2006 34 Cains: 1 Use of a conpound in the’
-.preparation of a nedicanent for the inhibition of the aggregation of a

pr ot ei:; whi ch aggregation is associated with a disease state nmanifested as
neur odég&ABF Ati on and\or clinical denentia, wherein the conmpound is:
sel-ected from conpounds of fornula 1: | wherein: | J1 and J2 are both =0 ;
‘the covial entUssshasomponed intha miepgration ofa mepdicament for thedghibiiien okthgal ent bond
mar ked aggregationiefisopreteih nehich aagreaation iscasro@ated with adisgase side manifestedas and J2
are. bdieHrodggenerationangharclinicalsiementiay whetein thegamnouad is salegigdfitfonds, and t he
~coval eﬁP"ﬁSH@ﬁ%ﬁf‘P@éﬂ"ﬂ/“i s a single bond: Il or. 0J1is -OR7 and J2 is.
-OR8; the coval ent bonds marked 13 and b are doubl e bonds, and the

coval ent bond narked y is a RY ngIJé l?Qqu with RIB and Rea both absent: 35
wher ei n: ' _

) wherein:
LJ‘\- -I

J' and J? are both =0 ; the covalent bonds marked B and 8 are single bonds, and the
covalent bond marked y is a double bond with R"® and R?® both absent:

or:

J and'.-J2 are both =0 ; the covalent bonds marked p and § are single bonds, and the
covalent bond marked y is a single bond:

- or

J'is -OR” and J?is -OR®, the covalent bonds marked P and 5 are double bonds, and the
covalent bond marked y is a single bond with R'® and R? both absent:




RIA is: -H, unsubstituted-Cl.7al kyl, C, _, haloal kyl, qgi:d{)ox
C, _,amnoal kyl, C1. 7car boxyal kyl, -OH, Cl 7al koxy, acyl A est er,
- S8H, - S3M sul fonate, C, _,al kyI sul fonate, or a short chal n al kyl group;
R2A is: -H, unsubstituted Cl.7al kyl, Cl 7hal oal kyl, d 7hydroxyal kyl,

Cl. 7am noal kyl , Cl. 7car boxyal kyl, -QG$ Cl1_7al koxy, acyl oxy, -COOH, ester,
-SBH, -SBM sulfonate, Cl.7alkylsulfonate, or a short chain al kyl group;
R18, if present, is: -H wunsubstituted Cl.7aikyl, Cl_7hal oal kyl,
Cl_7hydroxyal kyl, Cl.7am noal kyl, C1.7carboxyal kyl, -OH, Cl. 7al koxy,

acyl oxy, -COOH, ester, -SOBHRS- S@M sul fonate, Cl1_7al kylsulfonate, or a
short chain al kyl group,, R2B] if resen,gR is: -H unsubstituted C, _7al kyl,
Cl. 7hal oal kyl , Cl1. 7hydiro: it noal kyl ; Cl. 7car boxyal kyl, -OH,

~Cl1_7al koxy, acyl oxy, -COON 803H -SOBI\/I sul f onat e, Y,

Cl. 7al kyl sul fonate, or g _al kyl group; R3, R4, R5, and RBis

i ndependently: -H, -OHR™CL. 7s ClR?éI koxy, or acyloxy; and, R7 and R$
i s independently: -H Cl1_7al} yl, -SO3H, -SG3M or sulfonate; M

denotes a cation or cations of cif ge or cumul ative charge to counter the
charge on the - S03 group; and wherein, if the conpound is a conpound of:
f or mul é["‘lerelﬂthen R1A is: -0Owe, -0 O)I\/e -000H, -COOWe, -SMBH, -SM or
- SCBME; har maceutically acceptable salts, solvates, am des, esters,
and et t’?er§ t"Eé'ﬂékbbeﬂtl!edﬁeﬁdi@l Enzhatasdkyl, € 1ohysronyrikvinGramineatkyhnd J2 are bot h
=0; 't h&1cerreatkylbdHCraikras acyioxuan® QOH ester, rigPabl, BPAS sulienste.he coval ent
bond ménkalkylsulfogatg, erushast ehainrlil 9PURLB and R2B  bot h absent: 16 February
2006 36 Use as clained in claiml wherein J' and J2 are both =0 the
rgval et isorh singehstisied Gughul 61-dratoaliyh §hehysomaslkyla@araminoalioal ent bond
‘iritr ked GprqasbaxyalkpgtQH fomalkony, acvioxys € Q@H cesiemediDaHn-SPM, sutfonatesrein J' i s
-OR7 a @lylst&,fon@ﬁaserqﬂ@m»awémmnds marked 0 and b are doubl e bonds;
and the coval ent bond marked y is a single bond with RIB and R2B both
absent R prgsentRisA -Hyunsubstituted Cy.alkyl, Cy7haloalkyl, Cy7hydroxyalkyl, Cy7aminoalkyl,
C.scarboxyalkyl, -OH, C.salkoxy, acyloxy, -COOH, ester, -SO3H, -SO3M, sulfonate,
Ciralkylsulfonate, or a short chain alkyl group; ,

R?, if present, is: -H, unsubstituted C,zalkyl, Cs.7haloalkyl, C.7hydroxyalkyl, C.7aminoalkyl,

C,ycarboxyalkyl, -OH, Cq.7alkoxy, acyloxy, -COOH, ester, -SOzH, -SO;M, sulfonate,
C,.zalkyisulfonate, or a short chain aIkyI group;

R? R* R® and R® is independently: -H, -OH, C,alkyl, C,zalkoxy, or acyloxy; and,

R”and R%is independently' -H, Cyralkyl, acyl -303H, -SO;M, or sulfonate'

M denotes a cation or cations of charge or cumulatlve charge to counter the charge on the -
) SO;” group;
. :\'--. |

and wherein, if the compound is a compound of formula !, then: R" is: -OMe, -OC(=O)Me,
-COOH, -COOMe, -SOzH, -S0,M, or -SO;Me;

~ and pharmaceutically acceptable salts, solvates, amides, esters, and ethers thereof.
2 Use as claimed in claim 1 wherein J' and J? are both =O; 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:

RE O

RS2 R1A _
9@ "
R* R - |




R2A 5 Use as clainmed in claim4 wherein each of R7 and N ndent |y
“H, -Me, -Et, -C(=OMe, -C(=O)Et, -SO8H, -SO8M -soelve%#g‘“%@s 6 Use
as claimed in claimb5 wherein each of R7 and R8 is independently -H, -M,
-C(=O Me, -SBH, -SBM or -SBMe. 7 Use as clainmed in claim®6 wherein each
of R7 and R8 is -H Use as clained i3&€laim3 wherein RIB and R28 are both
-H R6 0 Use as clained in claim3 wherein RZA and R2B are both -H R6 O
‘VI1 10 Use as claimed in any one of clains 1 to 8 wherein the short chain
al kyl group in RZA 1 6 February 2006 37 is one of the follow ng groups,
wher ei 8 n i U, aslclaimed i cleinVe wirein Nankik) hfle histk =05 thel covalent bondamariee of
cl ai-ns Rlandd Srevdirgleebondsaaid thie davalent®ond maakell Risk single Bami: i f present, is
independently: -H, -M, -Et,r€nPry -iPr, -nBu, -sBu, -iBu, -tBu; C]—IC]VE
-CEt, -Q(nPr), -Q(iPr)g -®%Bu), -Q(iBu), .-Q(tBu); -0OC(=0) M,
-0C(=Q Et, -O(=0 (nPry, Y NPLR™- 0C(=0) (nBu), -0OC(=0) (sBu),
-O0(=Q) (i Bu), -AC=0) (tBu) , - =00, -C= O)O(n@)
-(=0) (i Pr), -C(=0 Q(nBu , -Q(=0 i Bu), O 0(tBu);
-SBH, - SABM - SBMe' , R-SBH ), -S03(iPr), -S03(nBu), -S03(sBu),
S03(i Bu), or SOS(tBu) and gdher ¢ if the conpound is a conpound of
formula I'l, then. R A Is: , = OC( O)I\/e COO\/E -SBH, -S03M or
-SO3Me. 12 Use as claimed in any ong of claimg 1 tq 8 ‘wherein each of RIA,
R2A, aﬁd RI I‘jsﬁﬁé cRyrped I“f°|‘ijﬁ'b%‘é‘h?fe"‘i~’s'ﬁ ﬂl%r?éﬁd’eﬂﬁﬂﬂ thgj covalent bopsls I_Em?%
OMVe, B axny & eyavtoubledgnds) and the coxalent bordmarkedsois i singisbond witheRBEt | or
-mz&@@@—ﬁ%b%haﬁﬁtMerel n, if the compound is a .conpound of formula II,
then: RAis: -Ow, -COOH -RO(=QRE, -COOME, - SCBH, - SOBM

G ' R2 RA
S < ¢ ol
. R4 . RzA

R® OR®
.5 Use as claimed in claim 4 wherein each of R” and R® is independently -H, -Me, -Et,
-C(=0)Me, -C(=0)Et, -SO3H, -SOaM, -SO;Me, or -SO;EL.
6 Use as claimed in claim 5 wherein each of R” and R®is indebendently -H, -Me,
-C(=0)Me, -SO:H, -SO3M, or -SOsMe.
7 Use as claimed in claim 6 wherein each of R’ and R®is -H.
8 Use as claimed in claim 3 wherein R™® and R?® are both -H:
R® O
[ ) R2 rR"
' Vil
- R* R |
- R® 0
9 Use as claimed in claim 3 wherein R* and R?® are both -H:

R o .
5 R :
R R1B
Vit
R* '
R O '

10 Use as claimed in any one of claims 1 to 8 wherein the short chain alkyl group in R#




‘or -SO03Me. -13 Use as clainmed in any one of clains 1 tolgthereidaGeach of
RIA, RRA, and R$ and R2B if present, is independently: Sl

-Ove, -0OC(=0) Me, -COOH, -SO03H, -S3M -SO3Me, or CHZCH:C(CHS)Z, and
wherein, if the conpound is a conpound of fornmula It, Then: RIAis:
-OWe, . -000H, -0OC(=0 Me, -COOMVE, -SOBH7 -SO03M or -SOG3Me. 14 Use as clai ned
in any one of clains 1 to 13 wherein each of R3, R4, R5, and R6 is .

‘i ndependently: -H, -OH, -M, -E, -OW, -CEt, -OC(=O M, or -OC(=O)Et. 15
Use as clained in claim14 wherein each of R3, R4, R5, and R6 is
indeperi@lem&Ofyhefdﬂpwmg@bupswttemmis,m 6ror-20C(=O) Me. 16 Use as clained in
claim 15 wherein each of R4, R5, and R6 IS independently: -Hor -OH

17 Use as clained in clai m Y6 wher ei each of R5, and R6 is -H 18 Use
as claimed in any one of clal is -H 19 Use as cl ained
in any one of clainms 1 to 17 wherei R3|s- .20 Use as clained in claim

2- wherein RIA is -SO8H or -S03M arde each ofoe‘Zl R3, R4, R5, and R6 is
-H 21 Use as clainmed in clajm2 wherein RIAis -C]VE, and each of R2A, R3,
R4, R5, and R6 is 16 Februa 2006 38 -H 22 e as claimed in claim2
wherein RIA is -COOH, each/o , ; ~-R8€is -H and R7 and R8 are
-OH 23 Use as clained in any one of “clains 0 22 wherein M if present,
is: Na'" or K 24 Use as clainmed inMewy one oMeclains | to 23 wherein the
conpound has an B50 val ue obtained as determned with reference to the

Exanpl 9§ heygi Bs faife - L3R cBiindl &) §hferelh &OK n@nﬁﬂ%an@ tzm 23
aher 6§ R SR ﬁKnPValeene téBJﬂe :

referec@ PHO- cl;‘apq,yrpbﬁ, ?ﬂt;{@f(%@ Qj(, 5eé t@ﬁ) @E. |n claim

Mer%@ ad)na R0 ng% g c&ﬁg gsu Ct'ste

‘bHar m@@*x&gcﬁ' (COSAUAS -C -CRD §Bu)e~°d(%‘fb(u et hers

t her eote=0)¥By 3H -SO3M, -SOsMe, -SO4E, ~SO3(nPr), ~SO(iPr), ~SOs(nBu), -SO4(sBu), |
--SOs(tBu) or-SOa(tBu) and wherein, if the compound is a compound of formula I, then

R™is: -OMe, -OC(=0)Me, -COOMe, -SO;H, -SO;M, or -SO:Me.

12 Use 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, -OH, -OMe, -OEt; -OC(=0)Me, -OC(=0}Et, -COOH,
~S03H, -SOzM, -SO:Me, -SO;Et, or-CHZCH-C(CHa)g, and wherein, if the compound is a
.compound of formula II, then: R" is: -OMe ~-COOH, -OC(=0)Me, -COOMe, -SO;H, -SO;M,
or -SOsMe.

13 Use as claimed in any one of cfaims 1to 8_wherein each of R, R*, and R*® and R*®
-if present, is independently: -H, -Me, -OH, -OMe, -OC(=0)Me, -COOH, -SO;H, -SO;M,

--SO3Me or -CHZCH =C{(CHj3),; and wherein, if the compound is a compound of formula 1l
then: R" is: -OMe, -COOH v -OC(=0)Me, -COOMe, -SO;H, -SO3M, or -SO;Me.

14  Use as claimed in any one of claims 1 to 13 wherein each of R®, R*, R® and R%is.
i } independently: -H, -OH, -Me, -Et, -OMe, -OEt, -OC(=0)Me, or -OC{=0)Et.

15  Use as claimed in claim 14 wherein each of R R, R®, and R® is independently: -H; -
OH, -Me, -OMe, or -OC(=0O)Me.

.16 Use as claimed in claim 15 wherein each of R, R%, R®, and R® is independently: -Hor =
-OH. '

17 Use as claimed in claim 16 wherein each of R*, R®, and R®is -H.
18 Use as claimed in any one of claims 1 to 17 wherein R?® is -H.
- 19 Use as claimed in any one of claims 1 to 17 wherein R® is -OH.

20 Use as claimed in claim 2 wherein Rm is -303H or -SOsM, and each of R*,R%, R*,
R% and R%is —H.

21 Use as claimed in claim 2 wherein R'* is -OMe, and each of R*,R®, R%, R%, and R®is
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Use as clainmed in any one of clains 1 to 26 wherein the medicanent is for

the treatnent or prophylaxis of a neurodegenerative di sease andl or
clinical denmentia associated wth prgfein aggregation. :

-H.
22 Use as claimed in claim 2 wherein R is - COOH each of R* R® R* R®, R%is -H;

and R? and R® are -OH.

23 Use as claimed-in any one of claims 1 to 22 wherein M, if present, is: Na* or K.

24 Use as claimed in any one of claims 1 to 23 wherein the compound has an B50 value
obtained as determined with reference to the Examples herein of < 20. o

25 Use as claimed in any one of claims 1 to 23 wherein the compound has an Rxindx
value obtained as determined with reference to Example 4 herein of greater than 4.

26 Use as claimed in claim 1 wherein the compound is selected from the following
compounds and pharmaceutically acceptable salts solvates, amides, esters, and ethers

thereof:
O
Il

ﬁ—O—K
Oy

0
O

SO;Na )
DH3
O , -
0 .

OCH, |
00

0
OH

c OH | o
oe -




28 Use as clainmed in claim27 wherein said treatnent or hyl

treatnment or prophylaxis in conbination wth another trlngt%ﬁ’é"éfyaﬂg? sai d

di sease or denentia. 29 Use as claimed in any one of clains 1 to 28 wherein
the protein is tau protein. 30 Use as clained in any one of clains 1 to 29
wherein the disease is: Famlial Milt3hle System Tauopathy, Corticobasal
.Degeneration, Famlial Gerstmann-Straussler-Schei nker Disease, Mtor
Neurone Di sease; Lewy body disease; Pick's disease; Progressive

Supr anucl ear Pal sy; or Al zhei rrer'c')s di sease.

I
O—C—CH,

CH,
o9

CH,
U™ o

DH11

27 Use as claimed in any one of claims 1 to 26 wherein the medicament is for the
treatment or prophylaxis of a neurodegenerative disease and\or clinical dementia associated
with protein aggregation..

28 Use as claimed in claim 27 wherein said treatment or prophylaxis is treatment or
prophylaxis in combination with another treatment for said disease or dementia.

29 Use as claimed in any one of claims 1 to 28 wherein the protein is tau protein.

30 Use as claimed in any one of claims 1 to 29 wherein the disease is: Familial Multiple
System Tauopathy, Corticobasal Degeneration, Familial Gerstmann-Straussler-Scheinker
Disease, Motor Neurone Disease; Lewy body dlsease Pick’s disease; Progress;ve

- Supranuclear Palsy; or Alzheimer's disease.




