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The present invention generally concerns the aggregation of
proteins associated with neurodegenerative disease such as

Alzheimer’s disease (AD) and compounds capable of modulating such
aggregdtion.

1¢
BACKGROUND TQ INVENTION

P Conditions of dementia such as AD are frequently characterised by a
i:) progressive accumulation of intracellular and/or extracellular
15 deposits of proteinaceous structures such as B-amyloid plagues 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). Plaqués”also contain extracellular B-amyloid fibrils
;t) derived from the abnormal processing of amyloid precursor protein
™ ~ (APP; Kang et al. (1987) Nature 325, 733). BAn 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 Neurcobiology 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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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 proteips: modifications in disease”, eds. Avila, J

! e r

25 Brandt, R. and Kosik, K. §. {Harwood Academic Publishers,
ft} 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 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 tay
(Wischik., C. M., et al, (1996) loc. cit.). The assembly process
is exponential, consuming the cellular poel 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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During t i'S”ehvi it “th frormati onal change
coull® be initiated by the binding of tau to a pathol ogical substrate, such
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probably fromearly tau oligoners which becone truncated prior to,
WO 96/30766 (F Hoffman-La Roche) discloses 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
::) Pharmacological Basis of Therapeutics®, 9th edition, pp 1582-1585,
o 1998. More comprehensive reviews are provided in William Friedricﬁ,
"Vitamins", pp 285-338, 1988; Thorp et al (1995), Drugs 49, 376~
387; Vermeer and Schurgers {(2000), Blood Stasis and Thrombosis, 14,
30 . 339-353. The reduced form of vitamin K acfs as a cofactor for the
enzyme gamma-glutamyl carboxylase. This enzyme is responsible for
the conversion of glutémic 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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therapeﬁgp@senghsophatases 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.
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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




25 brief overview of Vitamn Kis given in "Goodman and 1%51%%&”' 200'ghe
Phar macol ogi cal Basis of Therapeutics", 9th edition, pp T0P5RSYY0 1908.
More conph@nghgleye reviews are provided in WIliam Friedrigh, n.oMidam ns”,
pp 285-338, 1988; Thorp et al (1995), Drugs 49, 376- 387; Verneer and
Schurgers (2000), Blood Stasis and Thronbosis, 14, 30. 339-353. The reduced

form of gdedticd #xafdtSvasserssd aGt ar gl iNGe RIZYIE QRIRs Al 1t %F)!' .
car boxyl ase. .This_enzyne is reS{)onQ%I e for the conversSion of glutamc

acid restdu&d¥o°h Dkap HBGGIYIRENa R tofer et A takes kikesonf@pendent §
cl ot ti nglifsgetser swiftagther smplicadion tiat pétdapfal hepprilai-eeagtd atie@appr ot ei ns, "
protein d. pr i ) . - car,boxyqgl utam ¢ aci d contai ni ng
prot ei ns&ugg (t:)gl lﬁée%%og- CB% e:ﬁ[an% nﬁg’%/rﬁegaﬁé{elﬁa? und 39T BF%@ £ %lyot ein 2),
bone® (cstheseares njuchkipgnegnadigmg.-and testicul ar ti ssue. The functions of
non- haemat ol ogi cal G a-proteins are outlined in Verneer and Schurgers
(2000, loc cit.). However such proteins are not found in 16 February 2006

WO 03/ 00T PCTIRET2/652680¢ 4 18 hY Hata( vhvereln WPOG6Y30HS déhem J, 2686,
625- 636)HoHtadnt Larkichieher apeitves tugesiaf hYkst Bedm déranaboguesd ncl ude

hypopr ot 1 i R n e. newborn, inadequate 5 absorptjon of
i pi d- soﬁnﬁﬁg@gu‘ s.taal gﬁcgg?%ﬁ% %n'? 8%€ifn°arl naﬁg?%%%l&%’te? ﬁp%ycho&pfgﬁﬁ‘%gsﬂ?:h as
cystPc fihsr d8hsbikinnuef eygpRvadion ebavetand amarieteti vish |n addition to
t he t hempeuticgenses ideseisdpd above, vitamn K3 is 10 also known to have
anti-tumour activity in vitro against a broad range of rodent and human
tumour cell lines (Hu et al., 1996). The nechanismof this activity is not
known. IDISKEESHRIe OFS RBRNIHYENTION t amin K3 has conpl ex effects on several
‘ii;cond messenger ki nase 3 cascades (Markovits et al., 1998; Wi and Sun
1999%, and it has been 15 proposed specifically that vitamn K3 fornms a
covaP enttNSoRAS§#h 1PRPAERES MSSopREe Heeatednthy mitayctheepeayft i de sequence

(11 V) HORKSXKBG S rigra - plel Chdgpomhik - eyicdre cah Nestusad teel hn dgat Rpby i nhi bitng
Cdc25 pg%%&@a&@@%% O@O%EX éi&ly%sgggggﬂfH&t§e£g§¥gazgenerative 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)
:1\_

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.



[ HOXXXXXR(S/ T)G is not found in the repeat donmain of tau. udy
(Nakajima et al., 1993) exam ned the effects of vitam naltéFeégura%;gq(l%t/es on
cul tured Pﬁg&surones and found that vitamns KL and K2 had prom nent
-survi val ‘?%58 Py effects in the range 10 nM - 1pM By c&STHGER/03369t ani n
K3 (menadi one) had only -10a of this 28 survival pronoting activity, and
this only at 1 pM Watever the nmechanismof this effect, it was not
‘dependent on the vitamn K cycle, since counmarin anticoagul ant which

i nt er f er&@pwuntsepbxiide invedtéttmse step had no effect on.the survival ..
pronoti on assay. Using cultured human neurobl astoma cells, Ko et al.
(1997) showed 30 that nenadi one at hi gh doses (200 pM caused both

pr oni nertSPEEPRhDE pHYT VIrEEEBR Bivanddopr ateitesedndn oxsedakitori tdmian ~oad range
of  Pr ottipes cohpbei@s tiarghy, ré it ibheyr sasang dhssu i aij; i

W schik -gt %'5143:90&?3 dLgy_ protein de hos_ph?rﬁlgtlzﬁe%ogﬁt_rg‘g% aé:xﬁglgt ed to
enhance tali prot & n'aggregatt ot MSEENMAF e e OEAPY Y, irkgedptapn {2000)

di scusseéxurhdegohergfivgathogerdc ofnmptatd onsggieghphar.synuclei . n in
sensitising neuronal cells to oxidative stress induced by high dose
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K2 (menaquinone). 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:
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as AD) associdfed wW'th. such protein aggregation. Mre specifically, the
i nvent or %hré%ve determned that it my be 30 advantageous for potency that
the 3" position group, generally substituent Rea in the structural
formul ae bel ow, be absent or relatively short (e.g. as in nenadi one)
rat her than Qpu e. . [ I 1. K2, 0r K3)..This is not
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class of _conpounds known as "Vitam n K"
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

R1A
¢
R4 : '




10 correspond in their naturally occurring forns to a di %H?é gg%lple
essential for the normal biosynthesis of several factors éﬁ$¥ for the
clotting of blood. This activity s associated wth at |east two distinct
natural Iy occurring substances, designated vitanmin Kl (phytonadi one, or
2-net hyl - -3-phytyl -1,4 15 napht hoquitone, the formoccurring in leafy

veget ab es) and vitamn K2 (nenaquinone) The latter represent a series of

‘conpoun th U|nones ich t si de chain of
phytonaﬁ%ggﬁt are b E?‘Péf 'e:dcod’ ?3* E‘? rBW5?qtg@Bﬁ%tar%P’nS'etQS’“ﬂ3 giddbg/| units,
and nunbere accor Ifs' %Fé’&t‘ ‘nal bacteria and liver are able 20

synt hesi se menaqui nones (predg)m nant |y manaqui none-4) fromthe synthetic

- |ipid-soluble anal ogue nenadfone. O Mepadi one has 2 conmmon  wat er - sol ubl e
derivatives, nenadi ol @nd nenadi one sodi um bi sul phate

whi ch are converted to nen adm ni stration. Qher conmpounds

rel ated to nenadi one have vestl gated for anti-tunopr activity, in
particul ar compounds rgha :
hydr oxy- 3- (3_net hyl - 2- but eny gPpht hoqui none). Structural variants in
the side-chain at position ar®reviewed by Rao (1974). Sone typical
toxicological and «clinical data for |apachol are provided by Seiber et al.
(1976) pand 30 Morrison et al, (1970). The invention particularly pertains
to conpounds of the following formula: 16 February 2006 V\D 03/ 007933

- PCT/ GB) O8R68nd Ais VHR®: %@c%végenﬁe Q&gd Ul a—a%d s r?ae SRyt bonds

“mar kedcevaimtlbénbmarkedQUPL Qi Fzﬁfﬂ
Lﬁval ent bond marked y is a ond W|t an 8 both absent; or

e coval ent bond narked y is a single bond.

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;




‘In an aspect of the present invention, there is provi ded]&ah pse o% 6?
conpound in the preparation of a nedicanent for the inhi 106 he
aggregation of a protein, which aggregation is associated wth a disease
state mani fested as neurodegenerati on and\or clinical denentia, wherein the
conpound is selected from conmpoundsi/of fornula I: | wherein: J' and J2 are
both =0 ; the coval ent bonds marked P and 6 are single bonds, and the
- coval entMdemetesracktieh gr dations cfahitge dyanchulativé cRarBe &ncoURRS tinochargdertite:- 11 16
Februar y6@0@®upy: 7a J' and J2 are.both =0 ; the coval ent bonds marked 13
and 6 are single bonds, and the covalent bond marked y is a single bond:
|11 or: ant vihsreirfthecdmpaundis-aGRBIpound of fovmblerlt, tepnBY isarGide, -OT(=0IMS ar e
doubl e bEAE, -6REPMneSOgh\&0eMt ob6fdMenr ked y is a single bond with R 8 and
R 2B both absent 1V wherein: RAis: -H unsubstituted C, _7al kyl,
"CL. 7hal @mﬂwarmmuuwwrag&e;mblgsaltscmlmtemmmags, este@, aﬂld&ﬂwtylatelole -OH,
Cl. 7al koxy, acyl oxy, -COOH, ester, -SBH, -SOM sulfonate,
Cl_7al kyl sul fonate, or a short chain al kyl group; RZA is: -H, unsubstituted
Cl_7al kyP, 2Eethem Raddmentn 7hydr oxyal kyl , Cl7ani noal kyl
Cl. 7car boxyal kyl , -OH, Cl1.7al koxy, acyl oxy, -COOH, ester, -SCBH -SCBIVI
sul f onat C Zal kyl sulfo short chain al kyl group if
present Jel s ]EET un%u stt tlr}?‘;;ed tle7atlhl?yf:°vﬁe“?th51°83fk'§ﬁ eél"‘?\‘aﬁ’g}"c‘lr*bxyal kyl ,
Cl. 7anm aeal Rihdle Gpnfsar Boxyhlkpice d@MhleCbondbkoxy) theykboxylientOCPBh ester,
~SCBH, nSORMI SUld anaifg1e GhrtRh kT agakes i nd, :;9%; chai n al kyl group;
RZB if present, is: -H unsubstituted CIL.7al kyl, al oal kyl ,

. 7Thydroxyal kyl , Cl7am noal kyl, . Cl7car boxyal kyI -OH, C1.7al koxy,

onyBotEOﬁridwdemnd SGBRted SEBiG cSﬂ“tﬁ'l@nabﬂpourQl; dakkylisdd haratg, or a

short Cﬂgknbéjkggd 94"O%Re present invention.

Thus in particular embodiments, . the compounds have_the following
formula:

Ix

In one embodiment, the compounds have the following formula:



R3, R4, R5, and R6 is independently: -H -OH C-7alkyl, 7al k or
acyl oxy; and, R7 and R$ is independently: -H, CI-?aIkyﬂﬁq%%§Wnygé%bH,

-SBM omwawd/éwpst e; 16 February 2006 7b M denotes a cati q;gggéB&%'ﬁ&ns of
charge or cunul ative charge to countergthe charge on the - group; and
wherein, if the conmpound is a conpound of fornula 11, then: R Ais: -Ow,
- OC(=0) Me, -(.KH)H,O-COO\/E, -SBH, -SBM or -SBMe; and pharmaceutically

acceptabl g salfs, gl ygdtes, am des, esters, and ethers thereof. In another
embodi mRts_ LA s _HQR 7g?ﬂd J2 is -OR'; i.e. the coval ent bonds marked a
and e are d ¢ bonds; 1 and b are doubl e bonds, and the coval ent bond
.marked vy id ngl el bogd with R1$ and R2 both absent. BotlHIoxidised and
reduced ROT ns ti- \ ounds descri bed herein nay be used in the present
invention. T im p&ticular enbodinents, -the conpounds have the.

following fo | a~¥ 11 In one enbodi nent, the conpounds have the foll ow ng
formula: 16 February 2006 WO 03/007933 PCT/ GB02/03269 8 Il In one
~enbodi ment, the conpounds have the following fornmula: R6 OR Iv Various
- pr ef err €@, °8petpritineafpothnErmponnds shown the Fohundng Wokhuld: Vi tani n Kl
and K2, and cgftaia t her inactive conmpounds not formng part of the
pr esent iyventlon, ei ng_included for conparison R2A and R2B if present 10
Conpound?~of iAventREh are those in which R2' is a relatively short

: K2 with DH10 and K3 for exanple). Thus R2" may be
d from-H Cl1_7alkyl (including, e.gIVunsubstituted
ed*R?, -, al kyl such as _

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, 7, 8,

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,




15 C1_, hal oal kyl, C1_, hydroxyal kyl, Cx_, am noal kyl, Cl1_, 0Xx | etc.),
- -0OH, C1_7al koxy, acyloxy, -COOH, ester, -SO3H, -S03M SL}I%%oelrﬁ’ﬂ’ta\é’a&@é

Cl_7al kyl , or a "short chain al kyl group"” by whi i ant
| i near Or\%%lrofgﬁgﬁfgg al kyl group having from 1-15 carbon at %2‘3{8%”@?269
preferably 1-12, nore preferably 1-10, 9e.g. 1, 2, 3, 4, 5, 6, 7, 8, 20 9,
or 10 ca (Y, I rated qr partially B unsaturated. The
term" leﬁﬁgll%al kyl aé@%%&qgagg %%%%{eﬁlg? |e1?1e 5 PARCR (Si"ggefﬁ‘}t, al kyl group
i n ‘whi chE¥ery dasirogae &yalr oggnbatiomleesd. vith a2haByqadb dtam, baenmienl aced
with a h atom(e.q,, F. O r,. 1). if re than one hydrogen atom
" has been%%%leﬂ;ic?egr\?mu hmag’ ﬁé’flgaxélrlérétiqgn?el’ée%éfﬁreggw )T WPI3R367

PCT/ GB024983269' 9 Exhephed agen, giarmirgy dnigpendenids, et hee Sare or

di ffes_reni.m.L E%grt hydr ogeq atom rf%y be replaced with a hal ogen atom in
whi ch chE8% él‘ oup™rray “Eonvehidnt r§he re¥%rr etHLHBs -SHSHF, paral oal Kyl
group. " Exmuaples of Cl_, hal oal kyl groups include, but are not 5 limted
to, -CF3, -CHF2, -CH3F, -CCl3, -CBr3, -CH2CH2F1 -CH2CHF2, -CH2CF3 . and
The term "Cl_, hydroxyal kyl group,” as used herein, pertains to a C, -, alkyl

group | mrndihmakcl aaat-oRpeLivdeaen. atambes REsn 0 Leplaged wth a
“hydr oxy é;rou . Exanples of C1_, hydroxyal kyl groups i ReT U e, but "are not

i mted $we72tkgh grpur ekl dH atafgasCHEr@HhyHP®4 afom hes rhésG, |, ami noal kyl

groyp, " i, [ 0 a -..al Kyl .group in which at | east
one hydr]Lgez]pe]!ﬁél%:;t%gl o?ngﬁlgséltl)lgggg%g c‘rg%ﬁtpéceﬁx%;mnptlﬁgaﬁ}la?ﬁf‘nggg?’é%l%%xgﬁ‘b‘l‘%ss of
Cl_7ani ngatiude ., gbatpsre inpt| Ui tdgutoar eCHOH, 4HYCH O, t and - GHANHPdH, 01 |

- CH2CH2NH2, and - CH2CH2N (CH3) 2 . The term "Cl_7carboxyal kyl group,” as
iuged herein, pertains toa 20 C --,alkyl group in which at |east one

ydr ogeritkat drertra SChesrinpaphdc etronpt f @ ©aE80KyredinQUper EXBP|8Sa Of
CL car Boxudbyl o HLQHRS WhiiG Y3e1 DU SLenDelddmied 9y 1 GROOCH and
15 replaced with an amino group. Examples of Cisaminoalkyl groups
include, but are not limited to, -CH,NH,, -CH,CH,NH,, and

_CH2CH2N (CHa) -

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.

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

/\WW

Me Me
/ Xy Xy in ‘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 préferred compounds are

those in which R?® is absent.




25 I n one enbodi nent, the short chain alkyl group is on cl{ t he (Lq%llowi ng
groups, wherein nis 0O, 1, or 2: e M Me R28.if present % ected

fromtheywga®ogopps as RPR, and may 30 be the same or
However preferred conpounds are thosg,in which R28 is ab?&%g3%2}83%§gbr uary

2006 WD 03/007933 PCT/ GB02/ 03269 10 R2A RIB Each of RIA Ris is

i ndependently -H, d ,alkyl (including, e.g. S unsubstituted Cl -, al kyl,
substituged G -, alkyl such as Cl _, hal oal kyl, C hydroxyal kyl ,

Cl _,am Roal l%/l , Cl.,carboxyal kyl etc.), -OH, Cl1_ :alkoxy, acyl oxy, - COON,
ester, -SQO3H, -S03M sulfonate, Cl_ 7a| kyl sul fo'nate or a short chain al kyl

group. kes ;8 cat.iagn t| ons of ch e, or cunul ative charge to
counter%tghe g}‘?lg!?ges%n the n% E%"ded} (}a’p 1o’ﬁe§§fgrb GRFENOM frshot es  an

al ka¥$i mnpbstl:i:tl’utml ki, #alkyNa+suKdt1uiite@S¢1, e Bhed erAll YndNva1¢k 1K 15
Preferr d co g}ﬁi ﬁre those in which RIB is absent, although corrpounds
in whic 117}? gbs et S HEH a6 - DFg-FF boxu Hiph @tcdd. sHowCaetivity.

Pr eferregllre@{_moue S0} € -Idene | CBofRL A I as nmethyl 20
(conpar %&MD'_% uF}%I—Il}zﬁt;for exa éf]teémal g%@[’]—l ?éyﬁ %tho%}fé&) However ot her

smal | ER08LSf Hefhyhors fiRigsabkelui9seaPe group, may al so be
preferred (corrpare K3 and DHB). Preferably the RIA group is an electron

dongd i ng QLo, 25 n.one embodi ment, each of RIA RIB,
R2A, R2B et epeng% ?%‘Bﬁag%@ék‘ar‘?%ﬁr Uppative, ghargegie gy,
-t Bu; eppntq}k;he eE@rge on the —-50;" group. In one embodiment, M denotes

an alkali ion, such as Li%," Na', K', or Cs*, more preferably Na' or
o

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 and DH1S5).

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 -0OC{=0)Et, -0OC{=0) (nPr}, ~-0C{=0) {iPr), -0C{=0) {nBu), —0C(=0) (sBu),
~0C(=O)(iBu), or -0(C=0) (tBu); -C{=0)0Me, -C{=0)O0Et, -C(=0) 0 (nPr),

e”*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, -0OC(=0)Me, -OC(=0)Et, —-CQQH,

-COOMe, —COOEt, —-SO;H, ~SOM, -SO;Me, -SO;Bt, or ~CH,CH=C(CHa),.




Pr), -Q(iPr), -Q(nBu), -Q(sBu), -Q(iBu), -Q(tBu); oC (=0
e ro?('@r%nprg,n EJ)OC(S(O)S l(Ji)Pr)o,('-&(:% (ﬁ)Bu) %%%5‘&68 (=9

- O 0 (C=0O tB X O Owe, - O Cet
G0 o BB ) - 020 Ot =0 X B), 5&‘%“9@?%) ;
_SO3H, -S03M --S03Me, -SO3Et, -S03 (nPr) , -S03 (iPr) , -S03 (nBu) , -SCB

(R;/Eiu) > ErB0she( IeBli&:d;merﬁO3e.(1&}BLt)f RYS5RM) @He ﬁmi?g“ﬂ:ﬁ:fétpengéi‘f’%v)gf—ﬁmcé RI B,
, S | epe
- 0Q( =0) ﬁ/ieé 8@%%) tok%m%c‘ 8@% E(t’%'bEt COO‘%%BHS%MOBMS@W@' SO3Et

or -CJ-lZCQiECC@@?-@jC(ZHﬂz@ February 2006 WO 031007933 FCT1G802/03269 11 In
one enbodi ment, each of RIA R1B, R2A, R2B is independently -H, - M, -0Ow,
--OC (=0 -Q00H, -COOMe, ~SO3H, . -SBM -SBMe, or -CHCH=C
(CHB)IS 2 %‘I%eoﬁgb%%??d‘itweﬁt 1R 79 s aDRER " apen 7B adRdaRe@tar e absent: R6 JI
V I n one enboohtfrent Tt RIA and R1B are both -H and R2A and R28 are as
defi ned apove: 10 .1 n one enbodi nent, R2A and R2B are both -H, and
R1A and R ; Meed above: VII In one enbodinent, R B and RZB are
both -H, and R2B are as 15 defined above: VIII 16 February 2006
WO 03/ 00793 v

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

RE ©

RS
4 R
R _ R? )
3
R O
10

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

RS. O "

R
) RS 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

RS R‘IA |
OO
R* R* - |

R O




12 R3, R4, R5, and R6 Each of R3, R4, R5, and R6 is indep entlﬁo(g-t - OH,
Cl_,alkyl (including, e.g. unsubsti tuted C,-., al kyl , sdfdiePrure al kyl

such 5 aswilanbmkeal kyl, C, _, hydroxyal kyl , Ck , am noal kyl , Cq% xyal kyl
Seeli

etc.), Cl_7alkoxy, or acyloxy. The presgnce or absence of 'su ts at
- R3, R4, R5, or R6 does not appear to greatly affect activity(conpare K3
and DH2 forg410 réxadml &F. | n one enbodi nent, each of R3, R4, R5, and R6 is
independently -H, - OH, Cl_7alkyl, Cl_7al koxy, or Cl1_7al kyl acyl oxy. 15 In
one enbodi nent, each of R3, R4, R5, and R6 is independently: -H 20 25 -OH;
-Me, - EtBachnBrf, R:,i Rf, R-Sanr,td ssBuls j_r&épe‘nagﬂtl Qi@,—oﬁftcléag{?f’r) -Q(iPr),

,O(nBu) (1n9§§§9§1 . % BH)xfulzqé Biks %ccjx(lkéj%l (%Lgiﬁtltut Cy ey i ( O) (()PPr)

O(CiO) (atSBG)-vhﬂzloaR&yéndCRﬁlyids-oxmiBgand@mt,&mnoHakyn cmecgg}b@gyamg@tl, each of
I\/E{ o OC(=O Me, or -OC(=O Et. In one enbodi nent,

each ofeﬁg 21&‘3’ 3?56 aicrﬂ‘l'c}(‘-i’ﬁéndently H -OH -Me; -OMWe; or -0OC(=0) Me.

R4, R5,and R6 is |ndependently -H In one enbodi rrent each of R3, or -OH 30

I n one ei‘ﬁbOd'rggQrtlce each of R4, R5, and R6 is and R3 is as defined

above: XTI R*oRe"EnSodPREHICS S4cRubstHaengs, a"arﬁf RB i &1 BAKRS is -H 1

6 February 20062 PCH @6&&82&%&8 ctivity(compare K3 and DH? for

1¢ example).

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

IX

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




I n one enbodi nent, each of R', R5, and R6 is --H, and R\?\}(ﬁ%lfm d(}? Xl J
and J2 5 As denonstrated in the exanples, conpounds in TUpLY 2 J2 are
bot h =0, i gch they "are -OR7 and - OR8 respectively have
hi gh. act?yiq3?gzya% conpare K3 and DH9 for exanple; also DH%’CW‘B’Q%%%
referring to fornula |V above, each of'3R7 and RB is independently -H,
Cl_7al kyl (including, e-g. unsubstituted C, -,alkyl, substituted C -, alkyl
such as C, , hal qal kyh, C, -, hydroxyal kyl, C, ,am noal kyl, Cl1_, carboxyal kyl
etc.) , acyl (i ing, e.g., Cl_,alkylacyl, e.g., acetyl), -SG3H +S03M
or sul fops eNterm"aryl," as used herein, pertains to a group
-C(=O R, R is an acyl substituent, for exanple, axCl-,alkyl group
(al so refexre wsREL_, al kyl acyl or C, _, alkanoyl), a C3_ 20heterocyclyl
group (also refsdrregd®to as C3_20heterocyclylacyl), or 20 a C5., aryl group
(also referred o as C5_20arylacyl), preferably a C1_,alkyl group.

Exanpl es of acyl .groups include, but are not limted to, -C(=0 CH3
(acetyl), -C(=0 CH2CH3 (propionyl), -C(=0)C(CH3)3 (t-butyryl), and -C(=0
Ph (benznylonepkaBoaisnt?5ehth ai¥e RO aRatr¢ RY and .Rg AT §sthgysane. In
one enbodi nent, R7 and Re are different. 16 February 2006 WO 03/007933 14
PCTI GB02/ 03269 Hn onge enbodi nent, each of R7 and Re is independently -H,
Cl- 7al kyl , al Kyl acyl, -S@BH, -SO 3M or Cd _7al kyl sul fonate. 5 In one
enbodi nept; ® #~R7 and Re is i ndependently -H, -Me, -Et, -nPr, -iPr,
-tBu, -C(=Q M, -(=OQ K&, -(=0 (nPr), xt(=0 (iPr),
-C(=0) (nB L0OrRESBU), -C(=0 (iBu), or - (C=O (tBu) ; -SO03H -SBM
3% (nPr) , -SO3 (iPr) ,

- 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 R".and R® is
independently -H, C;salkyl (including, e.g. unsubstituted C,.,alkyl,

substituted C,,alkyl such as C;haloalkyl, C,.;hydroxyalkyl,

C,..aminoalkyl, C,,carboxyalkyl etc.), acyl (including, e.g.,

) C;.alkylacyl, e.g., acetyl), -50sH, -SO;M, or sulfonate.

15
The term “acyl," aé 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,.
2Dheterocyc1yl.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(=0)(_::(CH3)3 (t-butyryl), and -C(=0)Ph (benzoyl, phenone).

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

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




-S03(nBu), -SO3(sBu), -SOC3(iBu), or -S03(tBu). 10 In on g;)%odi n%% each
of R7 and Re is independently -H -Me, -Et, -C(0)M, 3(6 fHatY SasH,

- SGBM - S@3NBeak3 - SBEL. I n one enbodi nent, each of R7 and i S

i ndependent |y -ﬁ;r:s-l\/b, 15 -C (=0 Me,, - SO8H, -SBM or %&ﬁ%‘.“’%’%lﬁne
enbodi nent, each of R7 and R8 is -H: ¥ OH X1 Preferred conmpounds of the
present invention are those which show 20 high activity in the assays
descri bed herei n,%(garti cularly "cgll based assay It described bel ow.
Preferred COfpSTRASMERfe §38B0°%R prd R’ hanindEpendeat by effbr aphyliyass t han
5. Li kevihis@lklpdyewi | |-Stge -s0.Hpvert @Xi,81kyLsiiidoha@l Rxi ndx of greater than
4, nore preferably greater than 10. .25 As used hereinafter, unless
context demands otherw se, the term "vitam n K conpound” is intended to
encorpas<s® &7 BRPeHERIt, cEAPLUNTIR sarch Risi§ fiordepraaphel pnlhy) -menadicone, *
menadi ol-ramd -dpest-eim,t bepapf-;mNd._apal Qg:'stzgf)b,hg:gmy_c’o{9= these in accordance

W th 30_(£2(Q§ f%rml zi_grdgig n_herein. Uses of the pres it Etavention 16

Febr uary 2008 "N 03/ 6078332 BEm GS02P08%8Y « 1§ (FA) bvhwlaspEEtOX hdue, i sr

di scl osedCade (bBula \Hsloati n-30;8p MEELAE, t-Go,EHNi Bid, (L he) ,adgpegation of a

prot ei n,_de,e4,)299589a14.9N LS, @gspci at e_%o ith a disease state. '5 In

gener al , t he protein aggrégation tor whi cio 1{’a\B“dr‘esent i nvention my be
appiLPed is that which arises froman induced conformational polynerisation
i Nt er actlinOBné . €xbdAitent, Wi &h & eONdQr pat; f _t.he protein, or in
a fragnel tzbgﬁg eof. g }é?s rise to tenpﬁﬁaltsggﬁlf)jfﬁ%@n%etal&d gggr Sgat F6n of
further E} re ur’sorcj _p|’ i 0300 T H¥cuTI¥MEN @r sEi%EDr opagat i ng manner .
Mce nucleation is

\b) In one embodiment, each of R’ and R® is independently -H; -Me,

15 —C(=0}Me, ~SO3H, -50.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



ini-tiated, an aggregation cascade may ensue which involv @tbhe WCed
conformati onal polynerisation of further protein nolecul g to the

formatio product fragments in aggregates which ntially
resistant to %urt er proteolysis. The 15 protein aggregat J?T?(ﬁ%@%?’%ﬁ%ned are

t hought to be a proxi nal cause of d| skase states nanifested as
neurodegﬁneratl on, %I i nical, , and ot her pathol ogi cal synptons.

Uses in I3t GFPEGETRRF S dfe hs SI9 eF8F refd FeibbefHedt SOBPOMME Ghvent i on
ar e basetinpibiitniihbi sgoregftionaof pr gireitaiaggragat b@gredthdon used herein, the

term"tals b Ot8ly i fBf£rHgeneraldyy to any protein of the tau protein
famly. Tau proteins are characterised as being one anong a | arger nunber

of 25 protein famlies which co-purify with mcrotubul es during repeated

cycl es ofnagspirally and ﬁhdﬁ@&ﬁeﬁﬁﬁﬂég@gmeﬁaﬂ§Kﬁu@ﬁ ghe k323 fﬂﬁaﬁtlowatl

Acad. SCI. SAa 72 s 765- 1a§) b ‘g} rre known as m crotubul e-
associ at edy BrotEPhS e MePH 2 MBI $TEFCT hieF Y 40 HFYSPCs KRPECTIRE 190G mon
f eat ur espelyivadisagian cherereteresti @ . Nont eI‘mwahS&gdf‘fﬁfﬁo,rmgaldiﬁﬂuenceS of

appr oxi MBAgge 90 BALMO-ALAS bASH! LG rhindfie e Lof MI3L Sparenly whi ch are

devel opnental | y regu ated in the brain, characteristic tandem r epeat
regi on cbffEiatedgbépdng and 'E‘%Wb‘?%ﬂtl%p‘é%tfélf(‘}fle%lifg?cal@ﬁé) agiateinand a

C- t aroni I"kﬂd)ldcﬂ:l]]e.s 3h Mﬂ~§rbﬂa@4ﬂladomm ohes Ghuhidagigaspci ated protein
in the todendriti .crot ubul es” [ Hyans
and LI oydr?% il pp" L rf%gg as’\‘f\?%%ﬁ“aaynﬁn%ﬁs“hm IDRRPS (t06f or s ar e
al nost |mqe@hlconéfithe@emwmruhetican@érrfuetpwt proegiomollediled f f er

subst ant{ @ dihdPebhehd 41828 SR 02 [?Bgd% febr
©.03/:007933 PCT/gt()3802503269 6. the Nt"e?‘?n nal Tgng,lta;n% e atts %g%%%gr Rer

994) NoM:chBPEPnSRRgtant3glly gpsisapnt %éﬁfﬁ%@éﬁrot&g@wégmu dhein the
t andem rgpeatin rggreates nbbs sBheeti ¥ee fraoughe tawd epgabx deMicAusIhus it

will be oARYY %%I at ggaéé]sagnagggege%cg§sﬁg roh egghgratloqlel ?:‘Fll S tO tau protein

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 proteln famllles which co-purify with microtubules during repeated
- cycles-of 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




5 or tau-tau aggregation should be taken as relating al sq Ftﬁg t au- VAP2
aggregati on, MAP2- MAP2 aggregation and so on. O her protléi Tapgy ure 4
shows a I ,.Siing various other disease-associated aggregating

pr ot ei ns@?ﬁgm':ﬂrg{%‘l'l bition of which forns part of the presd®il/¢BR2&IPon. | n
each case the disease or diseases in Wéch the initiation of aggregation
and\or nutation of the protein(s) may play a role is also listed. 15 As
‘can be {&EnNrEsETINME dappin eE dnd cmgwerwhl ¥H laMel . chaahctrersi.sed by

-pat hol ogiecal1pre2 i N aggepgadliays,i AGhHAM IRLOLL ARMIARGALSEASE and Lewy
body di sease, Fyrthermpre, .t heﬁgrrpailhogenem s of neuro eggner ative disorders
such as Pirck s di'Sease 30 HAY ProdPEsEiY &e86pF alftitaidar Bansyitapydarket o

cor r el at@PXEEhater tdetuany adiomssfiopabdidingii aate a1l caggbegat §s-dRikhe
dentat e 0@y kHS -t AN G irekhal &n HRT R | s_qf .neocorte respectively
(Wschik et al. 2009(%51[ Foc. Cit). Qﬁ%r&qéteguggaf%llggé‘ngt 89\5/\ﬁi§?1 t[aﬁ‘éBAB?esent

i nvent i GHITEY2 bCp BAPEAMARR |A99& ©PaRi 90 AnAVEPtém e System 25 Tauopat hy,
Corti cobasal Degeneration, and Fam |ial Gerstmann- Straussler-Schei nker

Di seaseOt];gt‘Jrs %Lé’f‘inlg be appreciated, in the light of the above di scussion,
(and except ere context requires otherw se) where the enbodi nents 30 of

the invention are described with respect to tau protein or tau- |ike

proi @i ng;G8-d- 4 AR bheasiesanicpt ;J} ,d ?s—' ken as__applying equal |y

to the otl%e;: proteins di scussed a (g\% gfdé." |?LI ?&fFSF‘a,a %ﬁi}é‘lt& n, prion

etc.) oPIGLRBFCPIDOPEPRE Rhi dRemaphibifiiongpé Whianderye mest mifl ahe

pat hol ogireabnaggregationn iy cathUeadd 3% ao8iM L gnal.change  in.@ domain
ation, or which inparts proteolytic

criticalfo opagation of the. aggr or

Shabi 1§ Do PSR b8 R nehat Lo YT s S B Se o tsingP) o

ur obPodkBgy wfleAlizhalserlistBidsease”, 2nd - Edition (2000) Eds. Dawbarn, D.
andis Al len, S.J., The Mol ecul ar and Cel | ul ar Neurobi ol ogy Series, Bios 16
Febr uarXSZOOG

can be seen from the table, example diseases which 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




WO 03/ 007933 PCT/ GB02/ 03269 17 Scientific Publ i shers, dg A$¢%such
proteins may be referred to herein as "aggregating dis é " The
di seases ms% be referred to herein as "di seases of protein %% ation". S
Li kewi se, WHE8™ ¥ ntion is made herein of "tau-tau aggregaX§HRBIZ/ 69 t he

li ke, this may also be taken to be applicable to other aggregation of

ot her proteins which have simlar properties in this respect, such as
(3-anyl o?ﬂl%%#@ghfpéhlstpﬁﬁsonoaégr@)gat i*dA4 anch mptedhei maager egaéioid et .

Li kew setd twgarrptaeoi‘x@cgﬁem%adaté%e pE8rafdk S0 QR &?téieea[s usg@s, and
net hods As desc i bed above, gllone aspect there is disclose 5 use of a 15

vitanin con"be & PEEHRIH ¢ ﬁ%a%tagroégatfPB‘?ﬂfbfagarﬁsetmrn whi ch
aggregation is associated with a disease state as descri bed above. A

further n o 20d ; of L 1dLeaty of Wrophylaxis of a diseaseof
pr ot?ian ggg%%tei g{}ill?gsa%ge%::&?lbeg %evg' TEhh e frr‘%t R X%o PEHRIAE 52

adni ni st &héﬁb‘[‘@(:taléovpﬁaﬁﬁ”ﬁ’-fi(t@ohpmmw@bleth@rcsqjiemt| c

conposi th@@réiﬁfﬁlfolnSngoﬁmﬁ: %melﬁy%@% hQvd rHl'nH'lEart gﬁopea&%‘ég?ﬂ'&ﬂ Sof the
protein gggom at ed %\ith ai ease state. In-.a further enbodi nent there

i s disclosed @ Vvittan f i¥p8u§daggtﬁega§5°?hé%r&ﬁé’uﬁ9‘ér%‘%ﬁitdé’§ £1dn

conpri si ﬁ@ntmlsaﬁegréwtmeetn aLitetlicd bBfau tpreakbbptiOrddraphyieaxi s of a

di sgase gfapdNtLi N aggregati on as descri bed above, which nmethod conprises

adm nistering to a subject the vitam n K conpound or conposition such as

to inhibit the aggregation of the protein associated with said di sease

state. 30thér arfadr bhe@rmedfyadi ment there is disclosed use of a Vitanin K

compound in the preparation of a nmedi cament for use in a nethod of

;"'\ta%eat ment or prophylaxis of a disease of protein aggregation as described
ove, wh$ctesvatihed Tormpr.i desorclapestetheny tic disubjend w38 bhes nedi canent

such=as ocddihl i bohfiSuR080e98R 1N Qhet | ssqgigted with said
di sease state. In c(;nlgc‘fuenbodi ment there Qg |9%E:t?8§e?j§a rPeO%oéi of " regul ating
t he aggregation 1s 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 methed 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
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WD 03/ 007933 PCT/ GB02103269 18 aggregation i s associ at Z‘gﬁ]ﬁ\gﬂ?%&g%%sease
state as descri bed above, the treatnent conprising the step of '
admi ni st VPPFOPE33ai d--nanmal i n need of said treanent, aP@EVGPHYNAETi cally
or therapeutically effective anbunt ol8an inhibitor of said aggregation,
wherein the inhibitor is a Vitamn K conpound. In another enbodi nent of
the pres@RT TR df, 2EFRFi@ted BiBviasdsaaseeitnse of derviribedngbgraduct i on
.of.pr ot etime aggragehes chepfising the sy MO&dﬁHﬁ%teQ@B&pf@lgaXdi‘ﬂaMa;r}s) in
t he braldﬁlo[{eeq% , L %heeamleottrgatrrreq{ylbegcng s described above, Vitam n K
conpounds _nay be adni hi Stered al drie; “For PR -tohbith i Gherameuy > 68 hy
t reat nentstediviee pneng| e frreoishiborors eduenid aldgregadiependerie Upothd he
condist i OfnKILiHoseageat @i OGaily RaL&Eboddy. 15 particular it may be desired to
use or forrmulate Vitamn K conpounds with other inhibitors of the rel evant
protein aggregation reaction e.g. in the case of Tau this may be conpounds
as descrimethotine X\WaBEABARS 0T tid iptesehk| etverdtnpub! tshied japplbeaddpn, GB
0101049. Rt e of which are incorporated herein by 20, reference.
Orher 1 pissef ZOTREIE B Bl WG B BB R R aF hes procdin
i nvent i off iy thEHESnbPpiekbriadd k utie NHTS! | mestier dgeinnbi bi treksal suate as
dongpezidredfueadr bBi g AL RsRFi RGOS s, and inhibitors of 25
beta-anyloid. A further aspect of the present provides a therapeutic
conbi nati on conposition conprising a vitamn K conpound plus one further
conpound/it3thiBogagempduriche mapeik iatmiAdstaied rAbned &f GOFBRBEIStion

conposi t};qns oRhe FEALCATRALS aS; SGL] herein is preferably in a
gr ophyl‘acti cal Ty ejf(?ect i &%'3%%’%u%flb‘gg€a%eqﬂsﬁgr %e%q”@éﬂtﬁl%‘f'f ective
; unt ™ q%ﬁgngﬁgtcgggpwﬁﬂp 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.



be, al though prophyl axis may be consi dered therapy), t hi in fficient
to show benefit to the individual. The actual anount ac}%ﬂ%&l{a&#%@% and

rate and i se of admnistration, will depend on t nd
severity %’yﬂt%ﬁgﬂglgsease being treated. 16 February 2006 V\%%E%g;?g%

PCT/ GB02/ 03269 19 Prescription of tred¥nent, e g, decisions on dosage
etc., | SPz‘cMst hgin ti%rﬁe respor Si bLI ity of general practitioners and other
medi cal © doctors, CAnd" t YOI CRPRY 1%ifes “GECHIMMS OF TIRAAE S6Fdert yifbin
tr eat ed, the heespondibL bt wfoft benerali \oirdual t patdrenand tdwdiesi nedinfaidel i very,
the metdodofs adwink sbfahhign: aAck Aletnl a0t Qhs KpoWn, o practi Liongrs.
Typi cal I%/ the mammal W | bé human, although use 1 n animals ?e.&. or test
pur posestPOreqnsidiPRaP Y tiveiapbttduelpeepbens) the altso ofedbl Besd byhehe

i nverst i anetidd Hfe adRCoaRREedn dadd Yo takk0PBNGAS kASwn/1HARERS MY Ret ween
about 10-20 pg/day (infant); 15-60 pg/day (children and youths up to 11
years), and 50-140 fag/day (children over 11 years and adult) (RDAs for
US, 1980%7yPi@didy ithporampalewdhirdral w8, Oa BBonghkgsdady anemgit (E5g( see

Friedrichor 1288 phieSosdd, d@i$St6¥¥dy}ypéﬂéiéggﬁt§80Qurﬁgs%§?1{E sof YPE
conpounds, such as those used in the present Invention, may e
adm ni st EPEPI FY HhourtvegféSRer than or equal to about 10 g/ per day or

noraofor a 70 kg adult (according to British National Fornulary data

rel ease Rayal , Pharnmaceut i gal, _Soci et 20 of Great Britain).
For nul a?f lgé/n Eae%nggﬁd %?Sc%arlg?i %%ﬁ)o‘%ntcﬁgr g%’éﬁ‘t%it@g'l%ﬁ t‘éﬁlyeb‘étb‘fﬁfd’u A48t such as
t hose wi it %P fgrday al Bsfagiidwnl Tifdy egdday 26HiAdren and youths up to 11

phar Mooy e | ¥nacseplablg/&a L Goni TRYeR GdddCOl PALALCdn N &, GIMRASAL  ons of

Eljgl s aspect Upsf @Bﬁg resent .invention after-further testi ngmqg’t oxicity.
The conpodi t1°6n 8 i (T GAeT SR H EddrEPBIE 0 Ot A~ %ifdy B Slw Webahi s
phanfacelrdecaldipdatcieptiaitbe euciqitentsscuysasar yhqg 319gepb 5. Sakuhihi zers,
V'SCOSItﬁtﬂﬂgaf%@ﬁb£$h&%{b%hgﬂcg§’tﬁ%%gbhgéénfﬁgthe 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, 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




agents, wetting agents, enulsifying agents, sweetening ﬁﬁ)s ouring
agents, flavouring agents, salts for varying the osnoti g%elp E’?@U&g%

buffers, \96.09?@?;%3”9 agents. Such materials should be non }g&}%{yﬁn’?ﬁg

shoul'd not im ere with the efficac¥ of the active ing
preci se nature of the carrier or othe Onateri al may depend on the route of

adm ni stration.. Exanmpl.es of .techni gues, rotpcols can be found in

"R ngt'0R. SCRRka e Peareiironudbein B BE Pbses by s=pea. §. | 1080.
Conpound&agf§ etl9afy PherBebreicdtdy 2006 AN0 F3LO8W IBRI PEELGEBORND3269 20 the
-stabi i top0fhafBNadi @ng, (yhiam n k3) are discussed by Daabis & Khawas (1969
Phar mazi e 24, 750) and Fattah and Daabis (1977 Pharmazie 32 H 4, 232). 5
Where the conposition is fornulated into a pharmaceutical conposition, the
adm gi sthatkofhd hefigobicaon hies ebkactatdpanest algnarmseelcasaprally, in the

f or m of ers, tahlet coated. tablets, _dragees, hard and soft_gelatine
capsul es‘%%%m(g)fh JioondsE%hgn%?%}%lnsst%(%?lgﬁs%éeﬁ Pgng‘fl’g%éasflfl ?CE%Sd?arleﬁt?h f orm of
nasal spughsys orraldotalfihythe (Fore. gf pawdele . f balmeadfs, supposd ttabilesy, However,

the admgi:gbeat i LaRaakse: Rr1atisctad spaeent allyeisyueh é}&iﬁ%p@n&fcm arly,
i ntravenously, cutaneously, subcutaneously, or intraperitoneally e.g. in

" the forAUGPERMjRLY i BASEbHIt (i%s) 1r15eTigs™ pHrrasadmsPEay whette refbally
. pharoacqet jcaln o @Esirhi Of duppoBitdsies)or NHebewe t,alkhet aghiniByat ieh ude a

solid carrti suych tin n_adjuvant. For the nuf act ure of
t abl ets,%agog{séodlﬁeaﬁl%g g%@ raé:ggggi%ﬁcf"ﬁg‘r asglerf%’ia}mﬁlgcggﬁ’éﬁes, the active
conpoundstaaceichely, phterrrisiyi calbogutaseeps bl @radntxapkhiittoonaddyt s can be

processqd.g0 W tdhePhatnBsLUldeat h¥n ALk ioh®Pr gani ¢ or organi c excipients.

§ct ose, mmize, starch or derivatives thereof, talc, stearic acid or its
Salts etc. can be used, for exanple, as such excipients for tablets,
dr agges Tand, htovd egealral & Nevisaps the sphaStatabt bcelX ticpipe i siod drs sAf thgel ati ne

capsul egophCor LOL BERIP! £ HSOFhEPLE O k811 4aXRS1 358 s 8HLeSQL T d and
iquid polyols etc. eret conposition 1s
or an adjuvant. For the manufacture of tablets, coated tablets,
dragees and hard gelatiné 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 fats, semi-solid and liquid polyols etc. Where the composition is |
- in the form of a liquid pharmaceutical formulation, it will
.;) generally include a liquid carrier such as ﬁater, petroleum, animal
or vegetable oils, mineral 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




in the formof a liquid pharmaceutical fornulation, it
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present diiclcsosar eis itedebyebyesfdciilgaldoprpacatgbmatrednher ei n. The

“invention will now be further described with reference to the 15 follow ng

g%gn limting Figures and Exanples. O her enbodi ments of the invention wl]l
cur t oFhdseeskiPr atililnneHebarfurther escrghed with heferemeGYRESh0 Fi gure

1 - 13hoViso li lbwdingl ok AindieBHb i 7 J¥redi Agd iHkahBeeP! eSAME Bfbodiments 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.




Vitam n K2. Figure 2a shows the structures of vitam ns K3 ag&ﬁi 3- 25
di nmet hyl -1, 4- napht hoqui none (denoted DH10). Figure 2b s dr oxy
1, 4- napht Wersigoewig derivatives (denoted DH14 and DH2). % fﬁpﬁgppound
(denoted DH16) is included for conparison. 30 Figure 2c s ffect
of the presence of a hydroxy in the 2' position in three conpounds

(denot edridth, 2BHEnowd:widHn) 4- &ﬂﬁﬁﬂﬂ%qagnéign%%rghgxgﬁln%é: %LmthecPresence of
a sulphaiﬂuﬁp% ég bi s phlte group in the 2' position é “enot ed
DHB, DH3 dhdirli's an al koxy derivative of the present |nvent|on

(DH17) and a further conpound (denoted DH19, which includes a halide)

.which i | yde ebruar 2 WO 03/007933
PCT/ oz%’odsd%%gnggh{’:"?g SRR O e t:‘L'gBE i ‘t‘ﬁ%o‘hflﬁenéluEsﬁéF‘étﬂé%Pa?m ned

(co unH?m@@éHSFe@FWQ%fd PHB) . Di 1gu PH13F . shoms the effect of acetate and

sul phate substitutions S (conpounds denoted DH9, DH1l1l, DH13). Figure 2g

shows t ffect of al d nmet h substitutions conpound denot ed

DH18) aﬁ‘ﬁ‘ 9 hero e l%%Suﬁd (derdt éa kP Erdnmpty L isydistdeut teriral | de) whi ch

is incl utféwppendc@meldsﬁﬁw namla’ guferﬂae:amﬂmamrwowehbeeaabhém’lu which

aggr egatiir wuBhi Bi td 8y SRS eld ure 4 shows a Table
Var’ SR g ST TR

Ilsélng various other disease-asso ng proteins which may
€ed in the present invention Figure 5 is a schematic representation of

the in \Higuweagsr gatboBhoassRy tab-V %/3Q866:dd s BQtP&r‘I‘qlsg{S. 'Eceﬂ"o

t runcat [ asured. The species term nating at
first c%%tgg é%sdﬁ]Fﬂg ELI SA plate (in sodium carbonate buffer: 50mV pH

9.6). Next, a second truncated tau species termnating at G u-391 ("e")
K:} Figure 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 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 maAb 423 immunoreactivity measures

only that tau which is bound during the second incubation.
25 '
7:) | 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



is incubated in various buffer conditions. Only the spe "e"
recogni sed by mAb 423, and hence mAb 423 innunoreactiV|ﬁ9%%@5§Tﬁ%Q?6 onIy

that tau ig bound during the second incubation.
schemat i cwpeg@efsgnt ation of the process upon which eI I Ek&g}g&%é@g%
(1T40/12kD ) is based. It shows how i muction of full-length tau can |ead
to its conversion into the 12 kD fragnent, provided there is sone

preexi st¥imgrit2ok®s¢aw in the cell. Figures 30 6b-e are exanples results
obt ai ned fromthe assay using DHLS (negative result), vitam n K3, DH9 and
DH17. ure 7 is a schematic representation of the cell-based assay ||
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capt ure Sotlulesgth (tdu Radgbhnd dirvamd thi ndiht ad fwnity hlghlaf$$sudy¢t16Mis

associ até&rrergogfc%ﬁl&tyaaglaiﬁyt %ﬁ@teéiy@fcotcﬁelegu&l GrI@RL 955 aTcQ&
aggregated tau nplecul es. %,%eocess is self-propagating 3 can
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10 al . (s'legﬁﬁ;)t,lvbm b€ iprproiiige aesaat-suisiaun agehesatmiicahl y, i M, gege 5.
Cel&obasqg gg _{ T40/%$kD ) 15 In essence, fibroblast cells (3T6)
express ‘?ul b‘t ) 40") under control of an inducible pronotor,
and | ow constl tut| ve | evel S of the PRF-core tau fragnent (12 kD fragnent).
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truncatlon

Cell-based assay I (‘'T40/12kD")

15
In essence, fibroblast cells (3T6) express full-iength 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 ¥évels 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 ‘ s
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



2.0 the cell, Ntermnally at as 295 and Ctermnally at -.as 39 t her eby
produci ng higher levels of the 12 kD PEF-core domain frlgd:ﬁgwy%rogducti on

of the 13yésihsaggrent can be bl ocked in a dose-dependent
tau-aggregation inhibitors. Indeed the quantitation of i gﬁ?@fhﬁ’g’roi%%cti vity

of conpounds wth respect to 25 proted4tic generation of the 12 kD
fragment_ within cells can be described entirely in terns of the sane

par anet & teAi ehotriscriibe- ehifimied ¥A- afraddgteducdinedihon ncogfificiefbat i s,
extent of 0.pypteelytdtangaper Alicn oaf abder 12 nkDi Ak AGTERE W thifn gl I s is
determ ned .enti rel%. bry ttae et?t ent F"O tau-tau bi ndi ng through the 30. repeat
domai n. PHREAYal T abi15%y *8f X e EPETahtt pryPeaduERIiORP nneeheOcBE| i s
non- | i nmmaideg. witheh prmec eossistattown thchendttsc &hby dthelri gul B-msednwhhd exanpl e
resuits ;heiRg,-sh i .Figures 6b-6d. The process is described in 35 nore
detail in prior tiled unpublished application GB 0101049.5. Paraneters used
in cell Baskd a%%%‘ﬁelllPlﬂfﬁec‘?ib?se@rtWégl%‘équ #abvals arpprsdueteon 580 the 12 kD

band- carz)bend6tiebrdinby ndOR® a MDn@34 004933 ;RCT/ GB02/ 03269 24 fitted
closely (i.e. observed vs. predicted correlation coefficient > 0.9), to a
standard function describing inhibition-of tau-tau binding in vitro. To
obtai n thes fhesetagpuapstuops izoms maded tie Wencuhde, which are consi stent
Withyresults fromother cell-based and 5 in vitro studies: 1) the

intracel |l ul ar concentration of tau is approximately 500 nM 2) the tau-tau
bi ndi ng B&FEVRFY y= i KFapd (hkau ekt febtt a@é&bhﬁﬁ‘b“rﬂs aKé) hmde, the function:
10 Activity = (tau]([tau] + Kd * (1+ [inhibitor] / KI) ) can be solved by
R aBuBE LA BN OEEd R Bl B BB 0 o BRRRVE R e RoBat bl

W th valGés" obg%tved au-tau iYe £ tAafUCohtent rati on

of 500 m”kpanbet &Kt he CRupgrpiipn Woth 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




tau-tau binding is known to be 22 nMconfirmthat the saql det er jj nant of
production of the proteolytically stable core tau uni tcig&e{’ﬂ@rﬂ@% thin
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products: a 16 February 2006 WO 031007933 PCT/ GB02/ 03269 25 m nor 30 kD
species ('K30") in which the fragnment is Ctermnally truncated at residue
- 390, ahdiz imajspowRbsetdmepecidy (hKBDG)rd 7. wheghethestiagmentruls-

N-t grgm n r.unc j 2 These ¢l eavage_sit correspond to
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“gener at i RFPRAGEH ANt Ael e FRige pinds i tohi PHA: lekkeesarhagyeryaieon t hr ough an
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schematically in Figure 7. Wen expression of full- 10. length tfau (T40) is
:@éti vat etf-Ihdér acBAY riregenan(Y@aeinek truncation at ~ ao 185), a K30

fragment (C-terminal truncation ~ aa 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-




pronoter in cells which constitutively express. the menhr - targeted
ssK40 fragnent, T40 is processed proteolytically to gi vé%%W%&g K40

fragment wohesgowsnal truncation at -V as 185), a K30 fragpght =5 erm nal
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struct ur®¥€ti vity characterisation was undertaken using the cell based
assays which can be nore readily used with conmpounds of different

sol ubi | iéati 88032, Exasret le 2 - Ta%%‘t au inhibition using cell based assay |

Fi gure SRORETIHE TrPIEPEFed df (PRI teeyKkictivédyang 9eblsig itebFuary 2006
VO 88/ 0GPP3BePCTLIGB, 2/0D8269siddG chia et hatl thed3napddinagui asve:ssdenated DH10)
whi ch i gi¢hoselycé®lal8dicd 0 K3 (2--nethyl -1, 4-napht hoqui none(nenadidl)).
The corresponding values are |listed for apparent KI and B50 5 cal cul at ed
fromthe cell data using the T40/12kD cell assay to determ ne extent of

i-qhi bi t iFdgueé 2hAUsHAs Rird A1y daSx0esLq+Red chaROMEneBYe £ OPPANLAY Structures
.'WEJ[ hi n@ogbggigor?‘cc;[f \Hﬂtl)f IgndC%HIZSQu&&esltss 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
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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 proteolytlc processing can be

25 blocked in this system using Vitamin K3 (menadlone) at
_ii} . concentrations of 1 - 2 uM. 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




5 Figure 2f shows the effect of acetate and sul phate squtﬂ utio in the
1 and 4 positions. As can be seen fromthis series, the'2- GW& acet ate
(DH9) i swith ctive, whereas the 2,3-dinethyl diaceta as
reduced X@%%{}o@ﬁ as with the correspondi ng 10 napht hoqui %‘g#e(‘?ﬁqﬁzgp _
2-methyl disulphate is internediate iR8 activity. Figure 2g shows a
conpound related to DH1O in Figure 2a, but wherein a nethyl group has been
repl acede¥iny RethoxyAIBHPfivaly Agdiit fhow Bremeget VK (GyteEbx PHL7 and
K3). TheasamindgahaWacasrd iR stivadni@adbldeti sy 1 At AlkdiBREDI tor  of
aggregation, and indeed it appeared that it nmay be a pro-aggregant
(results not shown). Exanple 3 - Tau-tau inhibition using cell based assay
|1 20 Toweofpamahite copslhdionagbeaered fusimnghiceldnahgsed: assay |, further
expgyinments were perforned with cell based assay Il. Figures 3a and 3b show
that” this pzoteol ytic processing can be 25 blocked in this system using
Vi t am n1K3Theienddi oReFOBREe BdAeRNPtSeInschivity of NpmPPyns=e a8a shows t hat
the conyghebibrf of T4Qu-taiK2GgkSqaediCadat OndoubyibicPfid AL 8664, W t hout
K3, and Figure 3b shows that the conversion K40 -> K25 is reduced to about
of that seen without K3. Fromthis it can be inferred that the 30
conver s onCafs itddingKdhe | omplosods edisted 0 Sdhnutseobrihaiaweehmi Wt aut K3.
Ex | e = 0Xd Ci us4 .aSS { Ci . conmpounds
s e R o e o sl I R DI SN R sasel ook
‘activi tyevdloxifiti2t-yp was Horsarsur idehydocdli Efeminberslaties 4kikisyexposure to
the co L.0g I hydr | bt TOX-.7( S
Bi osci reT%g_es Segcszcll?gr gﬁﬁgﬁﬁ)@%ﬁégﬁhnﬂ %g?ggée%i 26%?“ sfl}rg{jjc I?(C)e?lﬁsl.s %%ug? 1Toyrsi s of
L Febr ab¥3i 230@ sV D -has3vincly GBe21ugd5ihens LRRRIwAlvg - cRI | s.

t er nathyedpeu ikl tneoMBaaRyandK et 89001 )ed 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




was used, again according to the manufacturer's instrucalgpﬁ m?xjnportant
conclusions energe fromthis analysis: S 1. There is no é BB £'o1 bet ween

act|V|ty‘9§0@ﬁ§Bgynds as inhibitors of tau-tau aggregatlggggﬂgz%gﬁbr-

toxicity 1 e assay; 2. Considering the conpounds teste Sever al
have simlar KI 10 val ues of about 12® nM corresponding to a B50 cellular
activity level of 2.6 pM However they do differ in relative toxicity, as
expressed by the LD50 value. A preferred conpound in this group for

clinicalpgigze may 9@ that whieh has thesdhi ghesi, LHO0 value. Ag_gherapeutic
i ndex (Rxl ndx) has been cal cul ated for each of 15 conpounds tested in the

cell assays as follows: Rxlndx = LD50 / B50 20 Certain conpounds descri bed
above canibemmrimanigediom «f dée: g@ohpeundKl £{nMBE6e ( pMdti'chDbO (1 Rxi ndx
K31282. %%% 92544.9216. 17 DH102214. 800. 93566. 7113. 91

DH51182 §:77634. 2913. 39 DH151311. 130. 864100. 979. 07
01-181573. 410. 96418. 555. 45. DH132635. 710. 95630. 905. 41

DHI. 27009884 944 40-HH363013. 68. 0. 944. 63. 36. 4. 63 16 February 2006 WO
03/ 007933 PCTI GBO2103269 29 DH11 674 14.63 0.950 12.13 0.83 is an

i ndi cation of the goodness of fit of the function to the data. 5
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medi canent for the inhibition of the aggregation of a protein, which
--aggregation is associated with a disease state nanifested as

neur odegenerati on and\or clinical denmentia, wherein the conpound i's :
sel ect ed®fFdim conpounds of fornula 1: | wherein: | J1 and J2 are both =0 ;
t he coval ent bonds marked P and 6 are single bonds, and the covalent bond -
‘marked y i s Usedd aisompsynd indne prepaption of mardisement fos dhe inhipi§omefthe 1 J1 and J2
ar e. - bG9areggtion efiapretaim vavith agfenatian islasgodiated Mithta diseassistale mapifasted asand t he
coval efMeursgaenassticapng\qrolinicalidegieptia whgrein the eampaynd is selecledfomaind J2 i s

- OR8: tREeuRds A fermydhlis narked 13 and b are doubl e bonds, and the -

coval ent bond narked y is a single bond with RIB and Rea both absent: 35
wherein: RIAis: -H unsubstRYutet- ClL,7al kyl, C, _, hal oal kyl,

Cl. 7hydroxyal kyl , C, _, ag noa| kylg M 74F*’ar boxyal kyl , -OH, Cl1. 7al koxy, '
acyl oxy, -COCH, ester, *- E SOML-UlNfonate, C, _,alkylsulfonate, or a
short chai n al kyl group; | '

) 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:




R2A is: -H, unsubstituted Cl-7alkyl, Cl 7hal oal kyl , xyal
Cl. 7am noal kyl , Cl1. 7car boxyal kyl, -OH, C1_7al koxy, acyﬁﬁ%rg“%é@g ester,

-SBH, -SBM sul fonate, C1.7alkylsulfonate, or a short chain al kyl group;
R18, if present, is: -H unsubstituted Cl.7aikyl, Cl_7hal oal kyl,
Cl_7hydroxyal kyl , Cl.7am noal kyl, Cl3%¥carboxyal kyl, -OH, Cl.7al koxy,

acyl oxy, -COCH, ester, -SO38H, -SBM sulfonate, Cl 7alkylsulfonate, or a
short chain alkyl group; R2B, if present, is: -H unsubstituted C, _7al kyl,
Cl. 7hal oal kyl, C1. 7hydroxyal kyl, C1.7am noal kyl; Cl. 7carboxyal kyl, - CH,
Cl_7al koxy, acyl oxy, - COON, R@ter@R7803H -SCBIVI sul f onat e,

Cl. 7al kyl sul fonate, or % shoft chpin alkyl group; R3, R4, R5, and RBis
Ral koxy, or acyloxy; and, R7 and R$
|, -SO03H, -SGM or sul prate M

i ndependently: -H, -OHRX Kk
is independently: -H Cl1_ @@
0 L (]
- apd WhEr el R

denotes a cation or cati R e or cumul ative charge to counter the
charge on the - S03 grﬁj if the conmpound is a conpound of
formula I'l, then: RLA is: (X{=0O Me, -000H, -COOWe, -SO8H, -SG3M or
- SGBME; and phar maceuti cal | tabl e salts, solvates, am des, esters,
and ethers thereof. 2 Use as clainmed in claim! wherein J1 and J2 are both
=0; thavhemisl ent bonds marked R and 5 are single bonds; and the coval ent
bond nar, ed is a double bond with RIB and R2B both absent: 16 February
2006 3&' uasulstitute:@1.ialkyk Carhalalkyh SehysiraxyaliidCoaminasliybt h =0 t he
coval erh 7%Mawrf@dl- Ciralkay, 8o, GORQHeettemdiOsHariOMsulienadg.ent bond
mar kedcyﬁiﬁyl%ﬂ@ﬂﬁf@l@fmmcﬂalﬂ aligyl ggotipas claimed in claim1 wherein J' is
-OR7 and, J2 is -OR8; the coval ent bonds marked O and b are doubl e bonds;
and t h& cisval, epsubsiidedharialial, ¢rihalealiyl, Sghhydpaialkyi Eramimalikdhd R2B bot h
‘atisent Cip@regyalRiAQh Gaalkey seyiay, QPHeebtem-S0:d AxMusuifenate.each of R7
and R8 Grealkyiyifpaatacena sharighaimalkyl group; - C(=0) Me, - C(=O) Et, - SOBH, - SCBM
-SBMe, or -SOBEt. 6 Use as claimed in claim5 wherein each of R7 and R8 is
i ndepelﬁﬁeﬁtpr%ﬁentﬂ's —~Neunsubstituted C..7alkyl, Cy7haloalkyl, C4shydroxyalkyl, Cszaminoalkyl,
Cyzcarboxyalkyl, -OH, C,_alkoxy, 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 - |




-C(=O Me, -SBH, -SBM or -SBMe. 7 Use as clained in E%Ie{;ﬂ gﬁ%ﬁ%el n each
of R7 and R8 is -H Use as clained in claim3 wherein Rl are both
-H R6 0 Use as clained in claim3 wherein RZA and R2B are both -H R6 0
VIl 10 Use as clainmed in any one of clains 1 to 8 wherein the short chain
al kyl group in RZA 1 6 February 2006 3 is one of the foll ow ng groups,
wherein nis 0, 1, or 2. e M@ M e M Me 11 Use as clained in any one of
‘clainme 1 to 8 wherein each of RIA, R'', and RB and R2B if present, is

i ndependently: -H -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OH .-OW,
-CEt, 3 Q nRige,as-dBimBd jn claﬁ( hB!h)acem .!Zb(emElLll)z are lﬂth BO) thetﬁ&hlBﬂ)bond@ﬁ(ar—l&):lNE
- OC(-=O)fnd & aXg(sirgle bohds; and the(co@lentiRrond matkgd~Os(andingle betd>( =O) (sBu) ,

-0Q(=0 (i Bu), - C=OQ (tBu); RO(=@OVe, - C(=OQ CEt, -C(=0Q(nPr),
-CQ(=0) (i Pr), -C(=0 Q(nBu), }C(=Q QRBu), -C(=0 Qi Bu), -C(=0) 0(t Bu) ;
-SMBH, -SBM - SBMe' , RSBk S y1B . - S03(i Pr), -SOS(nBu), - S03(sBu),
S03(i Bu), or -S03(tBu); |f the conmpound is a cquound of
formula I'l, then: R A | sk ! ! Me, -COOMe, -SQO3H, 03M or
-S03Me.. 12 Use as cl aiRed i & clains 1 to 8 wherein each of RIA,
R2A,. and RIB and R2B If prsg i d |ndependently: -H -M, -E, -0OH
-Owve, -CEt; -OC(=0 Me, -OC(=0Et,”-COOH, -SO3H, -SO03M -S03Me, -SCBEt, or
- CH2CH= CHSZ and wherein, if the,co und is a conmpound of formJIaII
e R A | Vs spmmodsain Lnherot s -UREme. KGRy theSomient bopds SO - 13
Use as n@rlgg%gnqﬁa Engoubirebesdsg ang cavalentondmarksdy e aingig bmwitfﬁiﬁ and
R $ an@nfi8 both apsendent , is |ndependently -H, -Me, -OH -OMWe, -0OC(=O) Me,
-COOH, -S03H, -SOBM - SOBMRE or ORfHZCI—I:C(CHS)Z; and wherein, if the
;fjc@rrpound is a corrpound of fofmulg It, 4AThen: RIA is: -Owe, .-000H,

“OC(=0) Me, - COOME, s@B §oe|ve

v
R R2A
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® 0
' Vil
R* R
R O
8 Use as claimed in claim 3 wherein R? and R are both -H:
6
R O R1A
5
R R'B
Vii
R
RR O

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




14 Use as clainmed in any one of clains 1 to 13 wherein § R5,

and R6 is . independently: -H -OH -M, -Et, -0Ow, C]Et%(i:hPf‘,‘(aU , o
-OC(=O Et. 15 Use as clained in claim14 wher ei n each of R3, R4, R5, and R6
is independently: -H - OH -Me, -010e, or -OC(=O Me. 16 Use as clained in
claim 15 wherein each of R3, R4, R5, 3nd R6 is independently: -Hor -OH
17 Use as clained in claim 16 wherein each of R4, R5, and R6 is -H 18 Use
‘as clained in any one of clains | to 17 wherein R3 is -H 19 Use as cl ai ned
in any one of clains 1 to 17 wherein R3is -OH .20 Use as clainmed in claim
2 wher d$ oneRdishe llo@iDglgraups; 868M¢In misd, daar2:of R2i, R3, R4, R5, and R6 is
-H 21 Use as clained in clapm 2 wherein R1IA is -Ow, and each of R2A, RS,
R4, R5, and R6 is 16 Februa as claimed in claim?2
wherein RIA is -COCH, eachro s -H and R7 and R8 are
-OH 23 Use as clained in any one o to 22 wherein M if present,
is: Na' or K 24 Use as clained inM&y one oMe&lains | to 23 wherein the
conpound has an B50 value obtained as determned with reference to the
Exanpl es herein of < 20. 25 Use as clainmed in.any one of.clains 1 to 23
wherein the conpound has a @ as determined with
reference to Exanple 4 herein of grleater tha 4. 26 Use as clained in claim
1 wherein the conpound is selectedMegomthe Ma | owi ng conpounds and
pharmaceutically acceptable salts, solvates, am des, esters, and ethers

t her eof11 0 DsE ablidRirdd ihlhyldie o(fjdaﬂ'@s &8 Mﬁérlélnzé)ﬂ:ﬁ o?&"OR@ %@R‘B and R%®
if present, is independently: -H; -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OH; -OMe, -OEt,

~ =O(nPr), -O(iPr), ~O(nBu), -O(sBu), -O(iBu), -O(tBu); -OC(=0)Me, ~OC(-O)Et -OC(=0}(nPr),

,\j -OC(=0)(iPr), -OC(=0)(nBu), -OC(=0)(sBu), ~-OC(=0)(iBu), -O(C=0)(tBu); -C(=0)OMe, -
C(=0)OEt, -C(=0)O(nPr), -C(=0)O(iPr), -C(=0)0(nBu), -C(=0)O(sBu), ~-C(=0)O(iBu),
"C("O)O(tBU) -S0;H, -SO;M, -SOaMe‘ -SO;Et, "SOa(nPr) -SOa(IPf), -SOa(nBU) -SOS(SBU),
--803(1Bu) 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 claims 1 to 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.
l} 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




OONa 10=S=0' 100 10=S=O | ONa O 11 CHCO9 F%B G061l O H3
"3H20 DHO DHL3 CH3 CHB DHL1 27 Use as clained in any ondPdfPSPR %1 1o 26
wherein the nedicament is for the treatment or prophyl axis of a

neur odegener ati ve di sease andl or clinical denentia associated wth protein
aggregation. 28 Use as clained in clagn 27 wherein said treatnent or
prophylaxis is treatnment or prophylaxis in conbination w th another
treatment for said disease or denentia. 29 Use as clained in any one of _
clainms 1 to 28 wherein the protein is tau protein. 30 Use as clained in any
one of g{aims 1 to 29 wherein the disease is: Famlial Miultiple System:
Tauopat hy, Corticobasal Degeneration, Famli al

Ger st mann- St raussl-er- Schei nker Di sease, Mtor Neurone D sease; Lewy body
di seas@2 Pi tJseasdifHnas & clammmwnm&lmmu%mrofﬁé’f ), ROR* ARZBeHNEr "' s
di seasend 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
e thereof: :
ﬁ ,
ﬁ—O—K
O
O

SO;Na )
DH3
O , -
0 .

OCH, |
00

0
OH

c OH | o
oe -
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39
0
O0—C—CH,
CH,
0
0~—ﬁ-—CH3
O
(I)Na
0:?—0
O
CH,
T o
?
O=§=O
ONa

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.






