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AGCGREGATI ON FOR THE TREATMENT OF ALZHEI MER S AND

RELATED NEURODEGENERATI VE DI SORDERS TECHNI CAL FI ELD

The present invention generally concerns the

aggregation of proteins associated with

neur odegreraec@atione dirsmasevesush wersAbrbei ner' s

di sease (AD)rcard: e o THe apadaiesaf orodul at i ng such

. aggregatsros . ANDBAEKLROUNIYRDOEG dNRENITIVEND Gairdeks ons  of

denmentia such as AD are frequently characterised by a

progressi ve accunul ati on of intracellular and/or
TECHNTERILr ®Cetbul ar deposits of protei naceous structures

such as (i-anyloid plaques and neurofibrillary

tangles (NFTs) in the brains of affected patients.
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neuritic plaques and NFTs contain paired helical
filaments EPHFS) of which a major constituent is the

BACKGRYUNP oTdbl ciated protein tau (Wschik et al.
(1988a) PHAS USA 85, 4506- 4510) PI aques al so,
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(2000)0fmt a8, pAGEANUkBLL 0Ds0f WAt bol egi-aals)PHFS and | oss
of synapses in the md- frontal cortex all correlate

W th associ ated cognitive inpairment. Furthernore,
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asscciated protein tau (Wischik et al. (1988a} PNAS USA 85, 4506-
4510) . Plaques also contain extracellular p-amyloid fibrils
derived from the abnormal processing of amyleid precursor protein
(APP; Kang et al. {(1987) Nature 325, 733). BAn article by Wischik
et al. {in ‘Neurobiology of Alzheimer’s Disease’, 2nd Edition
(2000} Eds. Dawbarn, D. and Allen, $.J., The Molecular and Cellular
.Neurobiology Series, Bios Scientific Publishers, Oxford] discusses
in detail the putative role of tau protein in the pathogenesis of
. neurodegenerati#e dementias. Loss of the normal form of tau,
accumulatiﬁn'of.pathological PHFs and loss of synapses in the mid-
frontal'cdrtex all correlate with associated cognitive impairment .
Furthermore, loss of synapses and loss of pyramidal cells both
correlate with morphometric measures of tau-reactive o

neurofibrillafy‘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.



neurofibrillary pathol ogy, which parallels, at a

nol ecul ar level, an alnost, total redistribution of
the tau protein pool froma soluble to a polynerised
form(i.e. PHFs) in Al zheiner's disease. 2 Tau
exists in alternatively-spticed i sofornms, which
contain three or four copies of a repeat sequence
corresponding to the mcrotubul e-binding domain
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Publ i shers, @ Anster 5-241). In the course of
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Brandt, R. and Kosik, K. S. (Harwood Ac:ad‘e;mi_c Publishers,
Amsterdam) pp.185-241). '

In the course of their formation and accumulatiom, PHFs first
assemble to form amorphous aggregates within the cytoplasm,
probably from early tau ollgomers-whlch become truncated prior to,
or in the course of, PHF assembly }Ména, R., et al. (1995} Acta
'Néurqpathol- 89, 50-56 Mena, K., et al. (19961 Acta NEUrqpathol
91, 633-641). These filaments then go on to form classical ]
" intracellular NFTs. 1In this state,fthe PHEs consist of a core of
' truncated tau and a fuzzy outef coat containihg full-~-length tan
(Rischik., C. M., et al, (1996} loc7.cit.i. The assembly prpéess
is exponential, consuming the celLdIar,pooi of norﬁal-functional
tau and inducing new tau synthesis to make up the deficit {Lai, R.

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



91, 633-641) _ These filanments then go on to form

classical intracellular NFTs. In this state,. the
PHFs consist of a core of truncated tau and a fuzzy
outer coat containing full-length tau (Wschik., C

M, et al, (1996) loc. cit3). The assenbly process
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is of great interest. W 96/ 30766 (F Hoffnman-La
Roche) di scl oses assays for the inhibition. of

WO 9dﬁ§%v%§uuﬁ§§&%h§BLﬂﬁ R&HN%)Cﬁiééﬁékésngkgh§9r§or the
entifled using the assays. Figures 23 24
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absen@e| mAntenpElved. Phar macol ogi cal Basis of Therapeutics”,
9th edition, pp 1582-1585, 1998. Mre conprehensive
reviews are provided in WIlliam Friedrich, -

_ Of cougiseant Heingf $85¥skig knpypg: PoRsip ef aItQQEHRBUtlc A

brieDoNgsvi&s o¥/§itamin K is given in "Goodman and Gilman®s The
Pharmacological Basis of Tﬁera-peutics“, 9th edition, pp 1582-1585,
- 1998. More comprehensive reviews are provided in William Friedriéﬁ,
“Vitamins", pp 285-338, 1988; Thorp et al (1995), Drugs 49, 376-

- 387; Vermeer and Schurgers (2000}, Blood Stasis and Thrombosis,- 14,
339-353. The reduced form of vitamin K acts as a ceofactor for the
enzyme gamma-glutamyl carboxylase. This enzyme is respohsible for
the conversion of glufamic acid residges to gamma-carboxyglutamate
on the vitamin K - dependent clotting factors (factors II, VII, IX,
X and the anticoagulation proteins, protein C and protein S}. Other
gamma-—carboxyglutamic acid containing proteins (so called Gla-
proteins) have been found in plasma {protein Z), bone
{ostebcalcin}, kidney, lung and tgsticular tissue. The functions
.of,nonéhaematological-G;a=proteins-are.outlined in Vermeer and

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



387; Verneer and Schurgers (2000), Blood Stasis and
Thronbosi s, 14, 339-353. The reduced form of vitamn
K acts as a cofactor for the enzynme ganma- gl ut anyl
car boxyl ase. This-enzynme is responsible for the
conversion of glutamc aci¥ residues to gamm- ca
rboxyglutanate on the vitamn K - Eendent clotting

the bragay dVerpeeyt G0 Byprhen ). 268, afd T
anti coagul ati on proteins, proteln C and protein S).
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(1990), BiochemJ, 266, 625-636). Traditional
t herapeuti c uses of Vitanin K anal ogues i ncl ude
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K2 hadebﬁceaiﬁexat Sidvarhan iiro:w@ﬁdgatelf\fe&tanmbﬂﬂeuscﬁage 10 -
TuM. B -neurones nd fo Sd t hat \{/}lt?n%n‘i P%l ~SO« %

uM. By GRPRENT s %P ofSEHAY °BF7 B2 TH Y ROFaffe ,
surviva prawu&/ aagnvi agl , amd ttdnisn o3y (aeradion@haheder the
mechadyghyof1£w@§ﬁeéé@d§, it was not dependent on the vitamin K
cycle, since coumarin anticoagulant which interferes with epoxide
reductase step had no effect on the survival promotion assay.
Using cultured human neuroblastoma cells, Ko et al. (1997) showed
‘that menadione at high doses {200 pM) caused both prominent
dephosphorylation. of tau protein, and oxidation of a broad range of
proteins. Interestlngly, for the reasons discussed in detall in
Wischik et al. {2000), tau protein déephosphorylation might be

expected to enhance tau protein aggregation.

‘More recently, Ko et al. (2000) discusses the role of pathogenic
mutations in alpha-synuclein - in sensitising neuronal cells to
oxidative stress induced by higﬁfdose menadione, In this paper, the

authors argue that thiol-depletion induced by compounds which



survival pronoting activity, and this only at 1 pM

What ever the nechanismof this effect, it was not

dependent on the vitam n K cycle, since counmarin

anti coagul ant which interferes with epoxide

reduct ase step had no effegt on the survival

pronotion assay. Using cul tured human neurobl ast oma
gener®£ed lBidkaies— §ﬁre451997) showed mkhRbniEnatispasible for
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2000), tau protejn dephosphorylation mght be

S“bSt%&ﬁﬁtF@ﬁ hi 85 JMRAEEPCau protein aggregation. More

recently, Ko et al. (2000) discusses the role of
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neuroddgEnersyivel @igease.heredi tary Parkinson's di sease,

with the inplication that rational approaches to

therapy would be based on counteracting the oxidant
DISCLOG{HEG SN TBE BBENRIONS yhst ances such as menadi one.

Fbmever apart fromthe isol ated data given in WO

96/ 307 F__Hoffman-.La Roc |nvest| ation has
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preseﬁ%“&lé%ioghkén1{hese results demonstrate utlllty for such

compounds inter alia in the treatment of diseases {such as AD)

associated with such protein aggregation.

More specifically, the inventors-have determined that it'hay be
advantageous for potency that the *3% position group, generally
.subStituent R** in the structural formulae below, be absent or
relatively short (e.g. as in menadione) rather than an extended
group {(e.g. as in Vitamin K2 or K3). This is not only unexpected
in the light of WO 96/30766, but also in the light of earlier more
general strugtqré function relationships for these compounds.- For
example in: Isler and Wiss (1959), Vitamins and Hormones, i7, 53—
90, at page 77, the “biblogical activity” of Vitamin Kl and K2, and
their analogs, is shown to decrease as the ‘37 position side chain

is shortened.



K- derived conpounds, have been determ ned in respect
of their use as protein (e.g. tau protein)
aggregation inhibitors. As will be appreciated by
those skilled in the art, in the light of the

present disclosure, these mesults denonstrate utility
for such conpounds inter alia in the treatnent of

di seases (such as AD) associated with such protein

compoR@dikegat LN i pMaheispecifically, the inventors have
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general structure function rel ationships for t hese
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L9k ogi cl, Vitam n Ki
' Corres e?r angﬁ é, %guéﬁé%ﬁwquuﬁﬁﬁ? asémgbg?h% d%?tary
'Prlﬂcbebﬁt?%ﬁﬁﬁ§ﬂéé Epni the inprepbrivermmthgsiConposmdsradf factors

requﬂ:@& W aiifel @mot‘}@ﬂ\?}:ftosf @fioble ‘ﬂ(@%%lkfﬁ]y?nii%%cgated
use tam n K- tO‘Pe co ounds avi n

i P e Rb T PV O K B Sa PR,
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aggregatlon bove, ass
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watervegbitdls els):lamllms amemadi@l (smiiaguphossYatel hd abh&dione
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_ whi ch the phyt ai n of ohadione ti s
admm+%‘isﬂaé‘éé>@ by %t*s?faé:%?muﬁd%uafﬂaw 20t wengdmrenylave been

investiydiSad #8¢ anti-tumour activity, 'in particular compounds
related to lapachol (2 hydroxy—Bw(3—methyl~2¥butenyl)—1,4—
naphthoguinone) . Structural variants in the side-chain at peosition
3 are reviewed by Rao (1974). Some typical toxicological and
clinical data for lapachol are provided by Seiber ef al. (1976) and
Morrison et al. (1970%.

- The invention particularly pertains to compounds of the following

- formula:



nunbered accordingly. Intestinal bacteria and Iiver
are able synthesise nenaqui nones (predom nantly
manaqui none-4) fromthe synthetic |ipid-soluble
anal ogue nenadi one. Menadi one has 2 conmon

wat er - sol ubl e derivati ves,7nenadi ol sodi um phosphate
and nmenadi one sodi um bi sul phate which are converted
t psmengdi one after adm nistration- O her conpounds
atggl tp*renadi one have been investigated for

-lplrpéttivity, in particul ar conpounds
edl}o | apachol (2
.xw; S
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-aTet hyl - 2- but enyl ) -1, 4- naphthoqui%one).
a7 al ariants in the side-chain at position 3
i Red by Rao (1974). Sone typi cal
t Bxi co oglcal and clinical data for |apachol are
wherei-ovi dedbby Sei ber et al. (1976) and Morrison et al
(1970). The invention particularly pertains to
conmpounds of the followng formula: 7 Rs J1 RS a
- J' andR¥3 dhe bRthR=0; Ii&Y theSchfB erd bdndbhatathed olandnd are

dOUbléJ%OQldg bt & drefsi gf N@lent bonds marked a and
doubl e bonds; % 4re single bonds, and

the covalent bond narked y is a double bond with RIB

and tiGoR3dBenbaidhBSeRbd 9ris thacaByal mita kard A®r ked a
both s a single bond. In another enbodiment: J1 is -ORL
°© wE'F2 is -ORB; i.e. the coval ent bonds marked a and
or e are single bonds; (3 and 6 are doubl e bonds, and

the cJJAQeSQV%%‘th@ vTREKEs 18- Bosh Nl € bond with RIB
, RmB both absent. Both oxi di sed and reduced forns

of the conmpounds descri bed herein
In another embodiment:

J' is -OR! and J% is ~OR®; i.e. the covalent bonds marked a and ¢
are single bonds; 8 and 5 are double bonds, and the covalent bond

~ marked vy is a single bond with R' and R®® both absent.

‘Both oxidised and reduced forms of the compounds described herein

" may be used in the present invention.

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

- formula:

11

In one embodiment, thé compounds have the following formula:



may be used in the present invention. Thus in
particul ar enbodi nents,. the conpounds have the.
followng formula: RSO RS RIAZI R4 RZAR3 0 In
one enbodi nent, the conpounds have the follow ng
formula: 8 R6 0 RILARS RBII Rt zn Reg R3 Oln
one enbodi nent, the conpounds have the foll ow ng
f @ful @: R60?7 R RalV R4/ RZa R3 OR Various
prefer edR ’épecrfr c, -enbodi ments are shown in Figure

itk g n Kl and K2, and certain other inactive
not form ng part of the present inveptjon,
ed for conparison. R2Aand R23 if present
the invention are those in which Ru' is
%ﬁzel g gly short group (conpare K1 and K2 with

0 and K3 for exanple). Thus R'' may be
independently selected from-H, Cl -, al kyl

di n unsub ut ed . C,
tn ond ASLAG,, SRRl LELE il cormta:
Cil:L hngéxyaI kyl, Cl1_,am noal kyl, Cl1_, carboxyal kyl
-OH,,.C1 7al koxy, acyl oxy, -COOH, ester,
SO :ﬂ/l sul f onat e, Cl_7al kyl sul fonate, or a
{ar n al kyl group"” by which is neant v

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

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

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

short group {compare Kl and K2 with DHI0 and K3 for example).

Thus R*® may be independently selected from -H, C,&alkyl {including,
e.g. unsubstituted C,;alkyl, substituted ¢, ,alkyl such as

¢, shaloalkyl, C,hydroxyalkyl, C, ,aminoalkyl, C, ,carboxyalkyl etc.},
~-OH, €;.alkoxy, acyloxy, —COOH, ester, —503H, —SO0,M, sulfonate,
Cisalkylsulfonate, or a “short chain alkyl group& by whiéh is meant
linear or branched alkyl group hawving from 1-15 carben atoms, most
preferably 1-12, nore preferably 1-10, e.g. 1, 2, 3, 4, 5, 6, 17, 8,
9, or 10 carbon atoms, which may be saturated or partially

unsaturated.



| i near or branched al kyl group having from 1-15
carbon atons, nost preferably 1-12, nore preferably
1-10, e.g. 1, 2, 3, 4, 5 6, 7, 8, 9, or 10 carbon
atoms, which may be saturgted or partially
unsaturated. 8a In one aspect, there is provided the
use of a conmpound in the preparation of a nedi canent
for the inhibition of the aggregation of a protein,
whi ch aggregation is associated with a disease state

mani f est ed as neur odegeneration and/ or .cljnical ;
In ondespedti shere wha@revided e 88MoEUhFomeopd i thes PEFATRHOR P 2

med:c@n?Jﬁ for %He iMibiBol rlﬁ“ﬁ@%b‘!te'oﬁﬁ"éﬂ ¥f acseRinalifch iglérbganon is
e, m de, est er, ofr ether thereof. The t
associteat iptaseypialgmant e g BoeAGEFE B AR Siigigalementic
whereﬁlahe %&}Sliur%g &!ﬁ;!ﬁsvyﬂb&;ﬁ lﬁ'i?lgu%@% PAPhiyHagrRalRi@sptable
been replaced with a hal ogen

sﬂtdednﬁ@@dgeﬂﬂﬁoreﬁﬁfmsﬁo ). If nmore than one

hydrogen atom has been replaced with a hal ogen atom

9 the halogen atoms may independently be the sane or

di fferent hydro en at may, be re ced MAth
The tejm =y dlrona b d O e B R oRE RS ©
C,_,alk@ONY LA Whben! &f eTd4 baecan i&&ém pesmatodt kyh, 2, 23)

group.” Examples of Cl_, hal oal groups i ncl ude, but
has bQ%ﬂerﬁB%aC¢4lﬁ#ﬁ@datbal@ﬂﬁn aﬂBHFie 9 CHFk, Cledx. QB

more thgﬁzgﬁlgg}odtgg%kyggomaﬂgs bgélncge 1Jclﬂr§d LEER a ‘halogen atom,
a

group,” as used herein, pertains to
,al kyl group in which at |east one hydrogen

atonlhas been replaced with a hydroxy group. '
Exanpl es of Cl_, hydroxyal kyl groups include, but are
not limted to, -CH2OH, - CH2CH2CH, and - CH( OH) CH3OH.
The term " Cl"am noal kyl group,"” as used herein,
pertains to a C,-,alkyl group in which at |east one
hydrogen atom has been replaced with an am no group-
Exanpl es of C, _, am noal kyl groups include, but are
not limted to, -CH NH2,-CH CHNH' and -CH, CH, N (CH,),

The term "Cl., carboxyal kyl group,"” as used herein,
pertains to a C ,alkyl group in which at |east one
hydr ogen at om has been repl aced with a carboxy
group. Exanples of Cl1_, carboxyal kyl groups



i nclude, but are not |limted to, -CH2COOH and
-CH2CH2COCH. I n one enbodi nent, the short chain al kyl
group is one of the follow ng groups, wherein nis
0, 1, or 22 Me M Me M Me R28 if present -wil] $e
sel ected fromthe sane groyps as R2", and may be the
same or-different to R2A-_ However preferred conpounds
the tauegezt hasSdnsi ﬁayrhiﬁchbﬂgﬁﬁehﬁlﬁh@lthelgamac& Ricsckagh.
L R B is i ndependent | H, Cl1-, al kyl
E"ery(' ﬁﬁ?ﬁﬁ‘h@toé‘ g2y s’i?é’%ﬁ‘??%t“é‘&bca a’rmn atom, in which
case %ﬁ@sﬁf&l—ﬂ Qﬁycconaézlﬁ}@ntﬁycﬁe aﬁzf@rreﬁa{:rgaié(yé Cyoy erhaloalkyl
dr oxyal ky d _,am noal kyl, Ci1 carboxyaF kyl
groupef'c- ﬁ}xamzerﬁrs erf Cx ARyl grpuagy inc e, hast are not
llmltegqg(!)"; —C%OSMC@”O@I@%@ ~cdl . akigy| U&}&%ﬁa&e’-&{cﬁ‘ . and
short’ chai'n aIkyI group M denotes a catl én’ or
-CH,CEat i ons of charge or cunul ative charge to counter
the charge on the -S03 group. In one enbodi ment, M
denotes an alkali ion, such as Li*, Na', K, or Cs %
The tgome"Q@rélydrobiylNd gooup K} aﬁPue&érhexbxnonm@und$narmb a
hose in [ ab ent, al.t hou co ou ds in
v aafpPafrap M A B 1208 nRuR B

 replashdwadt iav hysiro®y efrenaped Emnﬂwdefacg,ﬁﬂm&eyanwhrmups
ar e

i s alkyl ch, as, et hy
imcluley B AERnOR) BT TBrr Y OB) oo iedor CE B om0
smal | groups in place of nmethyl, such as a sul phate

rou al so be preferred (conpare K3 and DHB).
The tirpr s aver%n?wywrgmup 3% ugfdelettiton PESHALPAGES 2

C, -,al @YD Wr-odbAin RulsiciR2A, 1B2E6: |dheORGaLHpaI Ia[E%HI ha€ aﬁ@eﬁ)f
R A R 8 ReA RZB is independently - He,

replaCﬁ@rw1tl} Igln amhlga ITUR;, E:i{WI.ESt BE c @qlnoa@ggl g:(g_:ctps
include; e ite Bu

CH1Ca O(%E;r? be o%(g— I )P{a € ﬁgo) -)E(%‘H Nﬁ;(é%(%k& %H(zng' Bk

~CH, Hz@@r%)e(u Pr), -OC(=0)(nBu), -QC(=0)(sBu),

The term "“C, ,carboxyalkyl group,™ as used herein, pertains toc a
C,.salkyl group in which at- least oner hydrogen atom has been
réplaced with a carboxy group. Examples of C,,.,carbokyalkyl groups
include, but are not limited to, -CH,COCH and -CH,CH,COOH.

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

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

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

those in which R* is absent.



-OC(=0) (i Bu), or -Q(C=Q)(tBu); -C(=0 Owe, -C(=0)Cktt,
-C(=0).0O(nPr), -C(=0)(iPr), -C(=0)Q(nBu),
-C(=0 (sBu), -C(=0 (iBu), C(=0QtBu); -SOBH,
-S03M -SO3Me, -SO3Et, -303(nPr), -S03(iPr),
-s03(nBu), -s03(sBu), -SOB¢iBu), -S03(tBu)_ in one
enbodi nent, each of RA R 8, WA R2Bis
i ndependently -H, - M, -Et, -Ow,.-CEt,--0R -0OW,
gsOEt, -0OC(=0)Me, -OC(=0O)Et, -Coon, -COOME, -COGEt,
-SBH, -SBM -S03Me, -S03Et, O -CH2CH=C(CH3) 2. ii
In one enbodi nent, each of R', RIB, R, R28 is
Each dfnﬂ9peﬁd@5§|ihdééendeMQly Lﬁﬁ%clﬁaﬂkylc*@hcldagﬁgﬁ»ékg
-COOMe, -SOBH, -S03M - Me,
unsmsc@ﬂﬂ@%(%@ﬂé"?l' I'?Plb‘%@té‘ﬁﬁéo?m%ﬂwwl? saﬁ l(/“e-vh%]ffbalkﬂ
gﬂg, R28 ahs fi R3
Cu- ’hyd%ﬁ)r,} oné1 enb "?)%tﬁlrre nt ei{@,tFlel ACBQ&L%O%@ Z%I?Ibgéttﬁf}H gﬁ%er&A
salkoxpnch@2Bxar e-GROH defsitwad abeiie: —R8:M0 sRELfyhatd, R4 \
praat Ng RHE: |gﬁg§ and R2B are
Clqalkt?%sulfH aeﬁgogléA Sand Rledmgge as efi ﬁéd above: R6 O
la Rs Rte VIl Rin one enbodinent, RL and R28 are
¥ dend¥ekha-dhtiamdoRl BagiehfR2B @her§s or cumulative charge to

counter the charge on the -50;3 group. In one embeodiment, M denotes

RIA,

an alkali ion, such as Li*, Na', K', or €s*, more preferably Na‘ or

Ki—

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

show activity.

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

R™ group is an electron donating group-
—RIJ‘, RIB, RZA, RZB

In one embodiment, each of R¥™, R™, R®, R?® is independently -H; -
Me, -Et, '—nPr; ~-iPr, -nBu, —-sBu, -iBu, -tBu; —-OH; -OMe, -OEt, -
G(nPi}p -0 {iPr}, -0{nBu}, EOGsBu}, -Q(iBu), -0(tBu); -0C(=0)Ue,
-0C{=0}Et, —-OC({=0) .tnPr}'-,-r—OC£'=Q}(iPr}, ~0C(=0) (nBu), ~0C{=0}{sBu),
~0C(=0) (iBu}, ‘or —0(€=0} (tBu); -C{=0)OMe, -C(=0)OEt, -C(=0)}O(nPr},
~C{=0)0(iPr}, -C(=0)0(nBu}, -C(=0)0(sBu), -C{=0)0O(iBu}, _
_C{=0)O(tBu}; -SOH, ~SOM, -SO:Me, -S0;Et, -80;(nPr), -S03(iPr),
<503 (nBu), -SO3;(sBu}, -SO;{iBu}, -SOs(tBu}.

In one embodiment, each of RY, R¥®, R?®, R¥® is independently -H, -
-Me, -Et, —-OMe, —-OEt, —OH, —-OMe, -OEt, —-OC(=0)}Me, -OC(=0)Et, -COOH,
-COOMe, -COOEt, -SO;H, -SOsM, -SOMe, -SO;Et, or —CH,CH=C{CH;),. '



defined above: R6 O RS RA ~ VIII R4 RZn R3 0 12
R3, R, R5, and R6 Each of R3, R4, R5, and R6 is
i ndependently -H, -OH, C-,alkyl (including, e_g.
unsubstituted Cl_, al kyl, substituted C, -, al kyl such
as Cl_, hal oal kyl, Cl hydiibxyal kyl, C, _, am noal kyl,
Cl carboxyal kyl C"F %s L2l kgxy, or acyl oxy. The
In onepeBEReMiEeTSr. 8B§En‘é’é i KibsH tudht slsatm‘l@e‘ﬁ’f“tﬂig Br -
Me, -ONMB,d06S, -iBfe,appeatoie:, greadbly -afdomel ~So,H,. ~SOsM, -SO;Me,
achq{fgf;on’pare K3 and DH2 for exanple). In one
or ~CHaf each of R3, R, R5, and R6 is
i ndependently -H, - OH, Cl1_,alkyl, Cl1_7al koxy, or
Y ko LReO 0 di, e R, R3, R4,
to oneChmBLIGHLATY Ots L ot PO U IPRY 3RO D
-m?—’r,.}lPr -nBu, -sfu, -iBu, -tBu; -Owe, -OCEt, -
OMPr), -O(nBu), -O(sBu), - (i Bu), -O(tBu);
(=0 Et, -00(=0) (nPr), -00(=0 (iPr),
Ey¢nBu), -OC(=0 (sBu), -0OC(=O(iBu), or
Bu In one enbodi nent, each of R3, R4, R5,
ndependently: -H, -OH, -M, -Et; -Ow,
; JZOC(—O)I\/E or -OC(=O)Et. In one enbodi nent,
each of R3, R, R5; and R6 is independently: -H,
-OH, - Me; C]Vb or -OC(=0O) Me. In one enbodi nent, each
Ryx LSel Bolaperdentd Yaz» -ddd @re 26R as
Tn ong r?mgﬁgl%ﬁlbtdd?{ne%?lg ggcﬁ%f R4, R5, and R6 is -H and
defl“eldsan""ﬁs defined above: a J3 R1A

VI

" In one embodiment, R* and R?® are both ~H, and R'™ and R'® are as

defined above:

VII

0

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

rdefihed above:

VIII




Rio SY RAIX R26 R3 J2 In one enbodi nent, each of
R4, R5, and R6 is -H and R3is -H. 13 Ji a RSA R
"B RY X S RZ'" E 28 J2 In one enbodi nent, each of
RO, R5, and R6 is -H and R3is -OH Jr R" RIB ay
xi SRZ" s R OHJ2 .7 ®3md J' As denonstrated in
t he exanples conpounds in which J' and j2 are both
R’, R',=(’, oznd rR°whi ch they are -OR7 and - OR8 respectively,
may bot h have hi ghactivities (conpare K3 and DH9 for
exanpl e; also DHS). Thus, referring to formula IV
Bach ofhBye R eakh 8RIRY afdimgenrendenddperifenOtly CHyalkyl

(1nc1u@1ng§l|é_(y_:i @jnﬁﬁbﬁditﬂg:,ecﬁcgvawub%hb§ﬂitﬁﬂ:eg 'Olaiikwl such

subpstit uted al kyl such as C1_, hal oal ky
as G, Jpalogllyloy ap‘klgﬂroxyelky%\m (hev&f“lk?‘l’a“@,fl €an%@$83fa$}1§}|k¥1
etc.),CEL,dakAGY | ofl ekl Ci_ alkylacyl, e.g.
< acef’yl) -SO:%H‘Q@Y Ggil\]/l or suI fonate. The term” acyl "

as used herein, pertains to a group -C(=O R, wherein
The prBobfcdlbAahkeRONH iR chOhe S%AMRF €152~ B2l K¥lgoes
‘not apgéggpto greatly affect activity(compare K3 and BPH? for

example) .

In one embediment, each of R’, R‘, R®, and R® is independently -H,

OH, C;.alkyl, Cbgalkoxy, or Cyi;alkylacyloxy.

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

In one emb_o,diment, each of R*}, RY, R, and R® is independently: -H;
—-OH; 4-Me,. -Et; -0Me, -OEt; -0OC(=0)Me, or -OC(=0C)Et.

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

In one embodiment, each of R’, R', R%, and R® is independehﬁly: -H
or -OH. '

o

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

defined above:

IX

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



(also referred to as O _, al kyl aeyl or C; _, al kanoyl)
a C3_ 29heterocyclyl group (also referred to as
Cl _20heterocyclylacyl}, or a C -,,aryl group (also
referred to as CS 20aryiacyl), preferably a
C -,alkyl group. Exanples;of acyl groups include, but
are not limted to, -C(=0O CH3 (acetyll; -C(=0)CH, CHL
(prepionyl), -C(=0-C(CH3)1 (t-butyryl), and
—Oh@h (benzoyl, phenone). In one enbodi nent, R7
R¢ ane the sanme. - In one enbodinent, R and RB
) rent. 14 |In one enbodinent, each of R7 and
'_ i ndependently -H, C, -,alkyl, Cl 7al kyl 3(cyl
M or Cl1_7al kyl suI fonate In one
e Qdﬂ%%nt each of R and Re is independently -H;
-Md, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -t Bu;
(=0 Me, -C(=OQEt, -C(=0) (nPr), -C(=0) (iPr),
G20 (0B, - =0 (5B, SL0) (1B oo
In one- ¢@bofmaB); eag@gﬂ:‘ R®, s, wﬂgoagg; R’ is -OH:
-SQ3(nPr), -SQG3(iPr), -SOS(nBu) -SOS(sBu)
- 943(igBy), or -S03(tBu). In one enbodinent, each of
i s independently -H, -M, -Et, -C(=0 M,
] -SO03H, -S03M -S03Me, or -SCBEt. In qQne
_meg;\, each of R7 and RB i s independentl L H;
I: Me, -SO3H, -SG3M or -SO03Me. In one
BodiRTeEnt, each of R7 and RBis -H R6 OH R5 RIA
OHXIIJ Ra \ RzA R3 OH Preferred conpounds of the
present invention are those which show high activity
- in the assays described herein, particularly "cell
J' andpdsed assay It described below. Preferred conpounds
have a B50 of I|ess than 10, nore preferably | ess

than 5 |ke se they will have Xi Gl
s aeng ReRrel ) P CRTBI itan CANCHOIE GPeraiabry i dh £
both =Chanrln wiscbsebenerm n@R{ exnd ukbasspent bytl wemandeoth
have h‘ﬂ;hegﬁ%%tltege(&&ﬁ[gﬁre K3 and DHS for example; also DHS).

Thus, referring to formula IV above, each of R’ and R® is
independently -~H, C;;alkyl {(including, e.g. unsubstituted C, ,alkyl,
substituted C; ,alkyl such as €, haloalkyl, C,,hydroxyalkyl,
C,.,amincalkyl, C, ,carboxyalkyl etc.), acyl (including, e.g.,

C, ;alkylacyl, e.g.-, acetyl}.,r ~8053H, —-SO;M, or sulfonate.

The texrwm “acyl, " és used herein, pertainé to & group- ~-C{=0}R,
wherein R is an acyl substituent, for example, a C,_;alkyl group
(also referred to as C,..alkylacyl orxr C‘l__.,alkar_m'yl) . a Gy
',oﬁeterocyclyl group {(also reférred to as €, heterocyclylacyl), or
a Cg aryl gro;xp {(also referred to as Cs_uary_lacyi}, prefen;ably a
Cy,alkyl group. Exauqiles of acyl groups include, but are not
limited to, -C{=0)CH, {acetyl), -C(=0}CH,CH, (propionyl),
~C(=0)C(CH,); (t-butyryl), and -C(=O}Ph (benzoy}, phenone).

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

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



"vitam n K conmpound” is intended to enconpass any of
these conpounds such as (for exanple only)
nmenadi one, nenadi ol and diesters thereof, and
anal ogs of any. of these in accordance with the
formul ae given herein. Usgg of the present invention
15 In one aspect there is disclosed use of a vitamn
K conpound to inhibit the aggregati on of a protein,
h.a regatr n |s 7 associ at ed a disease state
mn onq' BB B ORISR ok Par BRACE! Satpdrettmiig - fine ety
Cl—valkryrieseht f%@ntr%@nmn&y Geradppllsetifemattehat whi ch
arises froman induced confornmati onal polynerisation
interaction i.e. one jn which a conformational
In ongRERGE BINEh&A5TOPEI R, 2F Rnig fpdeptirentier ebf e, -Et,
-nPr, gives fnse t-GBul,erpbal edsi;ndcngopnd aggr:@gla@r on of
e er r Sor) e nol e ,
c=0) (Hﬂtpbr o(ég dét :iﬁg?ﬁan(ggo& ‘Jﬂg nu(gr}gaft 8H’fs’c“o’ (iBuj, or
-~ {(€=0)jiBu} at etsHan—8Gdr eglPiten c88dHde ~FRyin@rs ue-9dy dhr),
~50; (nbiY Ol VRS (55) , I-GJeasl ConRk org@tqt@ﬂal pol ymeri sation
of further protel n nol ecul es eading to the
formati on of toxic product fragments in aggregates
In onewhinbbdamentsulesicans ak’ ymaes‘f SkafhdépeddentNQr -5; -Me, -Et,
= ot g | . T o regates s formed are
c= O)E% { t'o be tgsﬁrox:‘%ﬁfé cause ‘ ot dr éregal:se st ates
mani fest ed as neur odegenerati on clinical denenti a
in onedBfib&di@Indlakhehogi Gefl aay Nt Q%in&%d&'ﬂtﬁ.?l 2 ] Qyel.
_C(__O)Tau pga %lel n referred enbodi nents of the invention'
HFe baddd oﬁ MhiBi TP Cof  tau protei n aggregation.
Where used. herein, the term"tau protein" refers
In oneOBRSS@dht,0 AR BEAiehROf the_fau protein fanily.
Tau proteins are characterised as being one anbng a
Il%rr geOHiunber of protein famlies which co-purify
ith 'cro bules during repeated cycles of assenbly
o€ 34 ly (Shel anski et al. (1973) Proc. Natl.
USA, 70., 765-768), and are known agrr
-4 associ at ed- proteins (MAPs). Menbers of
qu fa Iy share the common features of having a
qzti’aragkerlstr c Nterm nal segnent, sequences of
approximately 50 am no acids inserted in the N

_Pyeferred compounds of the present invention are those whicﬁ‘show
high activity in the assays described herein, particularly ‘cell
based assay i' described belew. Preferred compounds have a B%0 of
less than 10, more preferably less than 5- Likewise they w1ll have
a low tox1c1ty, with an Rxlndx of greater than 4, more preferably

gpeater than 10.

As used hereinafter, unless context demands 0therw1se, the term .
“Yitamin K compcocund” is Lntended to encompass any of these

compounds such as f(for example onlyy menadione, menadiol and

~diesters thereof, and analogs of any of these in accordance with

the formulae glven herein.

Uses of the present invention



term nal segnment, which are devel opnentally regul at ed

in the brain, a characteristic tandemrepeat region

consisting of 3 or 4 tandem repeats of 31-32 am no

acids, and a CGtermnal tail. MAP2 is the predom nant

m cr ot ubul e- associ ated prqgein in the

somat odendritic conpartnment (Matus, A., in
In one Mhsiife@ttlu EHE&S;J.:{ RMaasosaihdd e¥da €£h?amj]n BP c&ﬁg?ﬂlﬁﬁ,to
AP Yo W I ey and. Sons. ., . .MAP2 .isoforns are al npost
innibp Hhe et dROior St pobrotetibn ant & i Fgdipn
associmgidowithut diddasme stbstantially both in the sequence

~and extent of 16 the N-term nal domain (Kindler and

_ Garner (1994) Mdl. Brain Res. 26, 218-224). . .
In gengiadrt FOPeBECTHghPEGAEPIN-ITh {PhElt Shddift PEsegnt invention
may bé gl ks i Bothaeledichveriors tdtemt an wPRAId dORBbMational
porsndfi oy bpts bl B APLCEL 80 1008 AGASRLP s
changageff et Pontehpulod Be ¢akerymestr eharealy aligest pise to
templ 4@k AR n§OSKEE RGreGat MWL EVARZ L REFT §ORAIIQRoAN b Sftein

_ on. Qther Erotelns Figure 4 shows a Table listinpg
molecylss dis 2oP Akt "R WELEE 3% SHE ST e dOn Y JHETABAGT 15
‘initifteat,eiamns agy hegd tikinbichbcmiomayheobud artnig-hpanodied hte
inducég]i ecst')%l’}:'tor}ugt\‘[f%a{lo ﬁfolpﬂegf&&i%%SSf t PL? 19{&%‘6 ?&%t{gg_n molecules,
I seases I n I'Cc e thitiation of aggregation
leadingdicothgufatpan of ofhEoprotrairdlsy hegoresitay in peiregades
which 380 ubsteflci £ LR sherseerd ramhde graltled1y8X30Pl1the |
_ di seases which ar characterise tb% B?th0|o I ca
prote i GEBAIAHEr ST SRTPHLI Thie HBBPE Yib oo PLlf Ltk gause
of digeabd ewptbodyardi Sedsd. afurduvedproererdthen, paihogexiesi s

demen®fa NSWNHOHEAEP S AHMBHESOI ARt opliCh as Pick's disease
and Progressive Supranucl ear Pal sy appears to

correlate with an accunul ati on of pathol ogical tau
Uses DgQfagaties ta the pdembase gyrus and stellate
pyram dal cells of the neocortex, respectively
- .(Wschik et al. 2000, loc_cit). Qther "tauopathies'
Prefexxpdiginbledihentprafsdhe LpRenftioonapaypdreqepl iebibition of

tau pldicdivd %g&-@gjl;iii Aln MihbLp! @5y 2@k n JaiPal “tau protein®
Corti cobasal Degeneration,_and Famlial Gerstpann-

refergiqeneialey. R PhIEPTRIS et dMeThEY FHOWGM fpBtly- Tau
prote BpPprae ahedacterised bsghtigf ohkecandoy e dissgusshamher of

protein families which ce-purify with microtubules during repeated
cycles-df assembly and disassembly (Shelanski et al. {1973) Proc.
Natl. Acad. Sci. USA, 70., 7165~-768)}, and are known as microtubule-
.assoclated-proteins (MAPs}. Meﬁbers of the tau family share the
‘COMMOK ﬁeatﬁres of having a characteristic N-terminal segment,
sequences of approximately 50 émino acids inserted inrtheVN-
terminal segment, which are developmentally regulated in the brain,
a characteristic tandem repeat region consisting of 3 or 4 ténde_m‘

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

~'_,MAP2 is the predominant micro-tubu-l—e—~a—ssocia,f:ed protein in the
somatodendritic compartment {(Matus, A., in “Microtubules” [Hyams
and Lloyd, eds.] pp 155166, John Wiley and Sons, NY). MAP2
isoforms are almost identical to tau protein 1n the ta-ndem repeat

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



(and except where context requires otherw se) where

the enbodi ments of the invention are described with

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

MAP2) the description should be taken as applying

equally to the other protg ns di scussed above (e.g. -

anyl oid, synuclein, prion 8t c. ). or other proteins
the Nww@%&hngﬁydoaaght (RERaPL: LHILLARE, StUJA! 1R DL o] Al

agg%egatlo virtue of confornmational ange 1n

186mat crNQWQﬁﬁpeﬂéﬁspr%ﬁﬁﬁﬁﬂﬁtéﬁno¥ﬂtqﬁ? t@gQﬁEgH@WQﬂt
reglonoris\/\hbﬁhsélrmfikr& P60t e WaiC repali lddaitnQ t BBus it will be
apore %g te thusdgogned arQJ%Ie bg VVsqllk et al. (in

PPrecigfirobiar Gy 9F CAPSHRT M4 PDt et 1oP fOEfRT iRRptein
or tauezagoygﬁiﬁgaﬂmawbahnul@)bquuikeAlhen;eritlng Eheo to tau-MAP2
aggregmh.gﬁu“@h@-@ﬁP@l ?5&@53{\1%4{ %&!dols Ser' es, Bi ros 17
Scientific Publishérs, Oxfor such protei ns nay

be referred to herein as "aggregating disease
~other piroteins." The di seases may be referred to herein as

"di seases of protein aggregation". Likew se, where

mention is nade herein of "tau-tau aggregation", or
Figuret Heshoke,a tldbdenmbystimp Weivakenther s seppktsabbadted

a.ggreggti:h {1 p%l%gat ERQ Ptflhj%lhzqr np{)@t@tllinﬁl %‘:ﬁ.@ Eg‘fl@ of the

sim properties in this respect, suc
preseng éﬂ??%?ﬁmhggF@gﬁ??Bncaiﬁ|§Eﬁ digratmacifodignases in which

the inSyDdEl&t vRAGYHegahtddn HiDorlinkext i d&auhefﬁiéxéﬂﬂﬂs¢ may
degr adatign” §O on. O her uses and net hods

play adgggrlff(fisgo%ésg?n one aspect there is dlsclosed use
of a vitamn K conpound to inhibit the aggregation

As canof)eas@é@tﬁ'oﬂb thBi Eleél,gg,Jx%%&éO&lééaé%S%&éﬂe&'xé’\" th a
|sea3ﬁ state as descri bed above.

f.u
charackipbartedit PREPLRBEFRL Wtﬁﬁﬁaﬁ?ﬁé’fﬁga&lﬁf’obﬁ\}lr%% &ogpr
neurong. ddseaasen@fprgtb¢myaggmegat|onnaSEﬂﬁ®®éLbembabove

pathog\é/ﬂaghs e h,%@maggpaézs;él@d ;05580 NG 40,8 §Mﬁc biease

tamn K conpoun era eutl c conposi
and Preaﬁﬁ-‘r%‘r%g?us)ﬁéngﬁh%ar isagpPea%m%uoprrﬁéate with an

accumu&@ﬁi@@&iﬁ Qﬁtﬁﬁlb@ﬁcﬂ Oolfti RggEegetesd aGh %bhdt‘éﬁ‘t&e gyrus

: se_ st at. ur nent there
and stGh EEPE Halilar o B0 00 HEs AROSHH B arABecE ety
{Wischibnpbsaili @908eonpecsiaLit-he Oshae; ‘ﬁanogasalen'atdnummad the
: presengf 1n\trél?@itd'ﬁe Higayof)e pémécﬁ)f_h%lg&e aE‘Q({lslq@&eMQItﬂg ystem

g ation as
Tauopat y, orticobasal PBegeneration, and Familial Gerstmann-

Straussler—Scheinker Disease.

Thus it will be appreciated, in the light of the above discussion;
(and?excépt where context requires otherwise) where the embodiments
of the'invention dre described with respect to tau protein or tau-
like proteins (e.g.,MAPQI:the deseriptioh should be taken as
applying equally to the other proteins discussed above {e.g. g-
amyloid, synuclein, prion etc.} or othex proteins which may
initiate or undergo a similar pathological aggregation by wvirtue of
COnformatiopal change in a domain critical for propagation of the
dggregation, or which 1mparts proteolytic stability to the

. aggregate thus'formed (axrticle by Wischik et al. (in “Neurcbiology
of Alzheimer's Disease”} 2nd Edltlon {2000} Eds. Dawbarn, B. and

BAllen, S.J., The Molecular and Cellular Neurobiology Series, - BlOS



descri bed above, which nethod conprises adm nistering
to a subject the vitam n K conpound or conposition
such as to inhibit the aggregation of the protein
associ ated with said disease state. In a further
enbodi nent there is disclosed use of a Vitamn K
conpound in the preparatidf of a nedi canent for use
a nmethod of treatnent or prophylaxis of a disease
SCle“‘b‘fflpﬁ c?PBFhS’%@@?'eéEﬁ"&ﬁ” as 2HestHBYC LYV Raghbehreferred
to hemsitrhed ceg@remr@mlrsneakerpﬂg:dmsa“suhjeeo.:tlsehbes may be
refenr@cﬂlt%aﬂ%@gléugﬂ Q0N P1 441812005 £4RLI Q.OF the
telin a3300|ate sa| i Seas M'n one
enbodlnent there is disclosed a nmet hod of regulating

Likewidie w&ggéeﬁ@ﬁiiﬁh(¥3 faBbOL&Ed d et Pealr @l QlyrBgation”, or
mmal ,, which |8 gﬁggatlon S aSSOCIated %

the 1{J{ECNISPaY L0 dBOCPREAAt QRN SPPLLNEPAG dt FREHET
aggreg@xonpmi sifngthde stcapiok ﬁUntMHHHWH’Bmg11&rfﬁﬁa§aﬁ&ﬂ@ﬁ|in this
respeéﬂ1 %%%q Qg éfﬁéyﬂd!%aﬁﬁ Leg@tﬂ&PpFMH?ﬁtééay an
her apeuti cal | effec I ve anoun anin bltor
SY““CJseaPl”d aﬁ@@?‘é@%\%?‘brﬁt%é‘ﬁéﬁl%%e tﬁ“nﬁFBF??)]rYtl@ alevr@%aﬁwn"
and sKannpound. | n another enbodi nent of the present
invention, there is provided a nethod of inhibiting
production of protein aggregates (e.g. in the form
Other ofsd2HEsd mpthahal |y in NFTs) in the brain of a
manmal , the treatnent.being as described above.
_ V'tan1n K conmpounds may be adm nistered alone, or in
As desqyribefapbore it 976t RePett ddtients, dbi¢lnsed use of a
vitamid mallcbape@mxslt;g Qrmﬁaqueatéé aédqbegagemrwterat plﬂ‘BQQMtl hesich
ndi ti r di_ sease e.lreate ticu it
aggre%%mge eSTTed 1o odlngéEgr < OFIRNAL 8 #? arﬁD R €4 apove.
conpounds wWith other inhibitors of the rel evant

A furlﬁfeQ:t RinBodEERYald ANmeckBEELSON Ralmeh 61{/‘\%:@%ﬁglﬁig%’f a
be cor ounds as de crlggIB8 i 0766 or
n

diseass'(of; PFVFREP Pt 3RB G AT TAPPEN gy e -0 101 6A grathod
comprides edmiehtseofngMioch ankejecicor poranibd hewapbuby, or
therageqftqrees ogaean téa%@@gyﬁg, CrR080hS, faicht r%at:b Mehififhe che

present i nvention be co
aggreqqﬁﬂOEdéchﬁﬁ|Hﬁ8ﬁﬁ§Pa§és?ﬁ+ﬁ%ﬁq(ﬂﬂ§h §%&§14%§eééﬁe§%ﬁﬁq

muscarini c receptor agonists, and inhibitors of

In a further embodiment there is disclosed a Vitamin K compound,-orA
" therapeutic composition comprising the same; for use in a method of
treatment or'piophylaxis of a disease of protein aggregation as
-described above, which ﬁethod'comprises administering'to a subjeét
the vitamin K compound or composition such as to imhibit the

aggregation of the protein associated with said disease state.

In a further embodiment there is disclosed use of a Vitamin K
compound in the preparation of a medicament for use in a method of
treatment or prophyléxiS»ef a disease of protein aggregation as
described above, which method comprises adhinistering to a subject
the medicament such as to inhibit the aggregafion of the protein

associated with said disease state.

In one embediment there is disclosed a method of regulating the

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



bet a-anyl oid. A further aspect of the present.

provi des a therapeutic conbination conposition
conprising a vitam n K conpound plus one further
conmpound. Dosage of therapeutics Adm nistration of
conmpounds, conpositions or di canments as descri bed

herein is preferably in aJ*'EgEophyl actically effective

aggre@e[@iuﬂ{ 1soﬁs§oc£§@c?%%§1| Qaliiyeé:% %(Eglt(\éeagl"@% tr"lbe(:é above,

case may _be, ylaxi's
the t’éﬁfgffed’é’-r é&mPﬁé?%\‘ﬁ%/)thet Fﬁt§P bféf— r?gﬂmsxaﬁfspmmttq gad foppmma l
in neéﬁﬂuﬁldaLHOttéﬁméﬁr$ WI@&abhyﬂxﬁtiﬁalu§|oﬁnfﬂﬂﬂapeutlcally
S e and rate. an i me-course o
e’c'feC@%rg %msﬁl‘r;&ét ggnan hke gé)ﬁe%d TH REIRGFTT P Ynyherein the
inhibifeperist g ¥itahen df sompeubdi ng treated. 19
Pr escrl ption of treatnent, e.g. decisions on dosage
., is within the responS|b|I|t of gener al
n a“cbtr*a?di FIPEAEPERarRf SPRePrREERCaINveaEEPhr sthegfdis provided a
nethod YA aahhyltﬂk@Spfuﬁu&mﬁbnoéftﬁubﬁ$1&066§fedété%e(e g. in the
; eatred, [ | ndi vi du atien
torm J%e Si teoggngni ge i QFEQ q:h dg’o?1 3 ?n%r?r) i Fhe
treatmpid bepeg ‘P%tc‘i%?%fllbﬁéwﬁb?ﬁe practitioners. Typi cal | y
the mammal wi Il be hurran al t hough use in aninmals
for, test %ur or veterinary therapeutic

. (e.g..
VltaMEL%pgg@gjm?%s 210 P REPAB LT 14 RAOT Ry i 16 comhERation
with atdeenmrendoentas | pmhbcmnmels:a‘mm_pam rsdé;u\éal:yally,

depen&%ttw@sanam@tco&oqt%gnpséd@ifséas%f 2t Q"? d pg/ ‘b

[ dren and y hs up t years
Partmp’gl/ﬂefayt(%ﬁmlaﬁ éﬂhaswefi %9 ‘y%ar(? éﬁamvawm )vl(cR@As Kfor -

compoddds ﬁ@&ﬁ)otﬁlﬁ@ﬁﬂﬁbﬂ@bk§ 6@Qﬂﬁﬂ&@ﬂe@a@@;QmQ%ngéﬁﬁkegatlon

d h F
reacmg)l sgauwg: %nt és%%fQ{)lgg %‘I e A% Wnbe P@?Wémgﬁnﬁ%lﬂﬁfé:”bed

in WO %ﬁﬁaéfit%s[@rmdlilﬁdt henprtddeshedi apehidasionnely be

0101048415, Nk Ak CE&Sk d:k AR FARRYAL ﬂ@ﬁh%rw@é‘té?{ h%%i‘ix by
about 10 nmy/ per day or nore for a 70 kg adul

referefigeeording to British National Formulary dat a
rel eased by the BMA and Royal - Phar maceuti cal Soci ety

Other Q%egg Qﬁtfglg | —)égFQrgyéggln aBd rnfl B?Eﬂoq}

erapeutlcs e conpou dS suc Aose
presenﬁopﬁﬁpata%nngpreaggvglaﬁd include chollnesterase 1nh1b1tors

such as donepezil, muscarinic receptor agonists, and inhibitors of.

beta-amyloid.

‘A further aspect of the present provides a therapeutic combination
- - & - - - } ¢
composition comprising a vitamin K compound plus ene further

compound .
Dosage of therapeutics

Administration of compounds, compositions or medicaments as
described herein is preferably in a “prophylacticaily effective
’ amount” or a "therapeuticaliy effective—amnunt" (as the case may
be, although prophylaxis may be considered therapy), this being
safficient 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 béing treated.



their pharmaceutically-acceptable salts, may be

i ncorporated into conpositions of this aspect of the

present invention after-further testing for

toxicity. The conpositions may include, in addition

to the above constituentsig

pharmaceutical | y-acceptabl e exci pients, preserving
Presc&ggﬁi@p dﬁﬂﬂlbabﬁéﬁts e M S@@&RE&bdﬂW%hea§$£§h etc., is within

g n wettin

the r%—:%‘gﬁ}ngipg &5 tys E% {;éxlxéc'}arh. trgx%? nI:ldn L5t gf‘: %?gotu fuleﬂbcal
doctoggenerd #HH%HQS#YnQa%&ﬁNﬂ9§OHQQIQ% ther désoyderg tohbe treated,

the casaptwn dﬁ'Qﬁ%UiﬁdlxbﬂfJaﬁr Pat PenCO0ahl nglége&}z‘ U1 W, the
S .shoul be non-toxi c and shou

I
me thoy nf’ r?‘%?’é”ﬁtfﬁtf‘ﬁ‘é UG i2FREY bItIFE éfe?Weto ‘practitioners.
- ingredient. The precise nature of the carrier or
Typlcgﬁhﬁrtﬁ@tn{%ﬁrﬁnﬁh w{riily e@x%ﬂlg 9naf %u gmusee olfn anim e.g.
dm ni stration. anpl es of tec ues” ~and pro?ocd
for teaﬁ PErRGART PR “%@ﬁwgtrantéewm@emxmﬁes) is also
‘embradedepg atie, ih6thtEshiti on, Gsol, A (ed.), 190.
Compounds affecting 20 the stability of nenadi one

: (vitamin k3) are discussed by Daabis & Khawas (1969
The rphommendesl 24i1750)1avweaicEat fah GnenDaaki afyl ®étween about
10- 20Pﬂ&fﬁ@f'ﬁn%3nﬂ 4, 1@36%9 ug A&, e{érilﬁdQQHpé%?d tj)o%lghs Sy, to 11

formulated into a arnaceu i ca
yearshqmiit sty adP ohg{qlﬁe\f st iddren vy dét é@ﬁrﬁara@m attklt} (RDAs
for USUCIO®E .or 8khyr idpddie retsmmindd@WOErs.03 all/RLShody weight
t.abl dr agees,,. hard .and soft el ati ne
(see ORI 1808 1 3 T par e R pde Ui ORL " vicans
K*typﬁaS%WQ%FWg§ gsu¢¢|4&u§ﬁh§enu@édnasahespweaaﬁk dnvention, may

be adﬁlﬁﬁiﬁjﬁéﬂéd (8- 8n An(bdr&egigﬁgéxpftlélﬂpg?sécgﬂ]} &s) abou 10
ver t he dn1n|strat|on can al so fecte

mg/ peﬁa % POTEUERT &5 TOntPartietil ‘&ﬂcﬁ,’fdi’i‘%t’ﬁf’a@éh‘éﬂ@ yational
Formutatanbous Iry lessit uhyandeuBky , amif Rophl apiedintaelaal ¢yl society
of Grkfr Briviilhe formof injection solutions). Thus, for
exanple mﬂere t he pharnmaceutical conposition is in
the formof a tablet, it may include a solid carrier

Fbmmu$M&hmﬁSu@Ebahkﬁﬁbtﬁyfl@ﬂ 8¢] tWaipeuE9Ls t he manufacture
of tablets, coated tablets, dragees and hard

gel atine capsules the active conpounds and their
Suitabhereamevnids al $yctaese phabé eviadi @& dddiiliomssahben Gdve or

thelrbﬁh&Eﬁ%ﬂ%%%ggalf§lJE %ﬁggﬁfeéglé%al Iggﬁfdcolnong?Qilnto

or organi c exclplent act ose I Ze,
compoght ey |€\fe§h%ﬁe'?%2ﬁ<3t P&l Ehe srragent a@v@tmn after ‘turther

testing for toxicity.

The compositions may include, in addition to the above
constituents; pharmaceutically-aceceptable exCipients, preserving
agents, solubilizers, viScoSity—increasing substances, stabilising
agents, wetting agents, emulsifying agents, sweetening agents,

" colouring agents, flavouiihg agents, salts for varying the esmotic
pressure, buffers, or coating agents. Such materials should be non—-
toxic and should not interfere with the efficacy of the active
ingredient. The precise nature of the carrier or other material
may depend on the route of admlnlstratxon ‘Examples of techniques
and protocols can be found in “Remlngton s Pharmaceutical

" Sciences”™, l_ﬁth édition, Osoil, A. (ed.?}, ];9-8—{)‘,‘ Compounds affecting



or its salts etc_ can be used, for exanple, as such
excipients for tablets, dragees and hard gel atine
capsul es. Suitable excipients for soft gelatine
capsul es are, for exanple, vegetable oils, waxes,
fats, sem -solid and |iquig polyols etc. Were the
conpositionis in the formof aliquid

the smﬁrﬂ&@eatlﬁ&a&%@ka&t%n |ktB)W'aL:E R[N lSy Daabis &
lude a liquid carr as water, petr

Knawag, A 27 At e 1501 sdbairal tie Bt ASH o

Pharm:dile 3Rhyiskpld¥dical saline solution, dextrose or
ot her sacchari de sol ution or glycols such as
et hyl ene gl ycol, propylene glycol or polyethyl ene
Where dfhee glompagyt HTs d-sbEormel aRad.inGohar PhwAmagsiu ical

conpo$XGidM, eRhE £@ﬁ1r{1r&r&&;iaﬁaﬁlé&re%f QBnSIQJf L@f&r&eangarentally
ar e, exanp 0] yOI S, sacchar oSe,
such SdALIZugH Ol G380 ; pITHA ke PIRTELS S it CabTsts,
drageexCitpirentsdf 90fy gedeting spaliesnssaletidrey, emulsions ox
susper@i%'}{yagrxg%%%ﬁé St CCQHOLﬁ‘e ff?ﬁl@/%lfsnagéyc\s%’x%l s) or rectally

For 1 ntravenous, cut aneous or
(e.q. dubdieafonhsos UPPOSAROT RS )i -nt MREEY et e ROmdpéptration

can aldt Be EiGebfR hardcRRadlyi siecH BG edtaﬁug&dﬂar@g,l n the

] f |
incraVop e By DRERar Yoo MR HAE CF { bl G eper s toncdiny

{e.g. iigottbei €pty-ahd rgkeaibnt yolikhose) of rel evant 21
skill in the art are well able to prepare suitable

sol utions_using for exanple, isotonic vehicles such
Thus, a@rs&efﬁfsﬁ%m‘ﬁﬁr&e thRj BRITRACCULAFAY FORPATHtEEP] bR, in the
form dfact abedeR NDemay linceadé on.sdlidseayvBiévesich as gelatine

or an Sat bl | I ger l:sc;r bé'“c f g{’ﬂ%uggg@a Q}épnggbf‘ggé t I%’oea%egaiéagfets,

require
drageem @plalr hak@nse oft et ARPALIES i@ dheORCY I YariaREREngFeand theix

,pharma@ié@dl@allﬁycﬁﬁ@@bag Mci@' L ile sat s&DtEs the Beehrocessed
i scl osed. he The.di scl asure of

with g CP&F%?% e ‘ﬁ’&&& hé?‘é’f‘-’na“ﬁ §§nﬂ’é?1a‘é S -\ 1
Lactogegquiaied. bytonh ot Heedvatrivdwe theret¢d, suppl.esepbrihecid

or 1tsprs%§%gt etg' S&Axpsﬂér %’sehs P@f Qatﬁérn%)@@c' éé Csﬁlél"y exc:Lplents for

i ncorporated herein. The invention will now
tabletisyr (egegesttd Ber et ter@nseles- t r%“‘%‘aé’llleowfﬁﬁf’lents

for sdﬂtﬂde&ﬁtlh@@ceﬁizﬂiﬂe&saaﬁd Ex:araadae@leotwmjetﬁm@dbﬁm@,t S<axes,

fats, Os m1~r§otlh§v?eﬁcghtoi%u\g]d| lPﬂ gc(s: s ettoc:.t Egg’lees ellc%(rjnphgl :Poen is

in the form of a liquid pharmaceutical formulatlon, it will
generally include a liquid caryxier such as ﬁater, petroleum, animal
or vegetable oils, mineral oil 6r synthetic oil. Physiological
saline solution, dextrose or other saccharide seolution of glycels
such as ethylene glycol, propylene glycel or polyethylene glyecel
may also be included. Other suitable excipients for the manufacture
of solutions and syrups are, forxr example, water, polyolé¢
saccharose, invert sugar, gluceose,; trihalose, ete. Suitable
excipients for injection solutions areg for example, water,
-alcbholsf pelyols, glyeerel, vegétable oils, ete. For intravenous,
cutaneocus or subcutaneous injection, or intracatheter infusion into
the brain, the active ing#edient.wi;l be in the form of a
_‘paienterally—acceptable‘adueous solutign.which is pyreogen-free and

has suitable pH, isotonicity and stability. Those of relevant



FIGURES Figure 1 - shows in vitro tau-tubulin _
binding in the presence of Vitamin K2. Figure .2a
shows the structures of vitamns KL - K3 and 2, 3-

di met hyl - 1, 4- napht hoqui none (denoted OHIO. Figure 2b
shows two 5- hydroxy 1, 4- nzﬁnthqu|none derivatives
(denoted DR14 and DHQ) rther conpound (denoted

. |s |ncIud arison. re 20
skill, 69 &t 8% (e pres%n‘gnp P Ry 3?6 %?1ﬁﬂ¥8t2°n5 using,

for eip@mltq 0 nspnc’tm eehdgdpousidsh (ade ﬁetiecku BHlx ridd7 Ingeckion,
ngew)xnjla&%e 2¢h shewa hbeg@,f'fse%geéttm R30G5 e d
at e and buggl phite i.h the 2' position
stabl{tﬁeﬁfp%uﬂm gEn Gt OMthegussd LtAFEd BHOWE iigcipded. as
requistdoxy derivative of the present invention (DH117),
and a further conpound (denoted DH19, which includes

a halide) which is included for conparison. 22
Oral gmdypagepéasdhpiPanasiens- phpHttsedni Kbl andymte véxanimdiB are

avai l&ﬁmﬁﬂﬂxﬁcuﬁjﬂ&m edbbid, ndHSor EhE Ulﬁ:?e:;fdl%t@%ehhﬁerEJ.n ) -

ef fect of acetate and sul phate substitutions
(conpounds denoted DH9, DH11l, DH13). Figure 2g shows
The disrd ceffrectf odnialdwey-aafemstdey hadebisérdiut,i AAssmuch as it

may beg %mﬁ%gﬁw& nggéi ﬂpq: 2 faEEtD(F J&S(y{%gulégg the present

denot ed I nclu es a
‘ dlsc“i’fiﬂ:‘[eudéd P%Fetbibmcil%ﬁalﬁ g‘tﬁ’l‘:@fs‘ar%‘icﬁﬁ e reipw t he
' t au- tau aggregation inhibition using cell based

assay ure a Table i stJ g
The 1“%%1 geggglassocia e agﬁfeégf? %hwﬁ? eﬁ?“ﬁﬁl?ﬂtthe

followmyg b@nuéedltmq Wégpresemd ifxpaptenn. Otfieguenbbdimerets of

the LNEHRARN il PEESENLAL ERDsOfsililgekiNi Y érteo A3958980d 0N ghe
assay of WD 96/ 30766 in which binding of two

of the¢§9mcated units is neasured. The species term nating
at Ala-390 ("a") is first coated on the ELISA plate
FIgurgd N sodi um carbonate buffer: 50mMM pH 9.6). Next, a
cond truncated tau species termnating at G u- 391
("e") is incubated in various buffer conditions.

Figurénl ¥ RGwSPEE I eEtreLtaliStubulin binding in the presence of
Vitamin K2. '

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

dimethyl-1, 4-naphthegquinone {deéenoted DH10).

Figure 2b shows two 5S5-hydroxy 1,4~naphthoqt.1_inone derivatives
. {denoted PH14 and DH2). A further compound {(denoted DH18) is

inecluded for comparison.

Figure 2¢ shows the effect of the presence of a hydroxy in the 2°

position in three compounds {denoted DH15, DH7, and DH1}.

Figure 2d shows the effect of the presence of a sulphate and
bisulphite group in the 2' position {compéunds denoted DH—B‘,- DH3) .
ﬁlso shown is an alkoxy derivative_ofrthe présent invention (DH17),
. and a further compound (de’notederHZlﬁ, which includes a halide)

which is included for comparison.



recogni sed by mAb 423, and hence nmAb 423
i munoreactivity nmeasures only that tau which is
bound during the second incubation. Figure. 6a is a
schematic representation of the process upon which
cell-based assay | ('T40/%2kD') is based. It shows
how i nduction of full-length tau can lead to its
Figure Gy ehsi8Ncidit D, 4mpi;§hl§%m@gamtrﬁ eﬂaﬁfﬂéigd(,co;ngsaﬁds
nme exi sting tau in the cell. Figures
denOté%I%ﬁéregéganples results obtained fromthe assay
using DH15 (negative result), vitamn K3, DHO and
FigurdHE’ snblh9ufge 7&@& $¢hegBLl G, e 0N Qf ;L he;
( 7 cel | -based assa ( SSK40\%2§E% ?é% S€§St1£ Eions
Compqﬂﬁﬂﬁoﬂgnﬁﬁe Rik |19H5 as883P This is described in
detail in WO 96/ 30766. Brlefly a fragnent of tau
the ¢o eat do
T D L T RO TR A SR AT Ao
(Comp%lalﬁ& geaoked UBS) fad a| éwgttmaq a?Qmawehdbl itk rtctie AWDHPO, which
includdisgl Bhfidd )t Wwhilh $sasserh@ld @@y E&E}gﬂ&oﬂ.ab' ity
agai nst proteolytic digestion.of the aggregated tau
, nol ecul es. The process is self-propagating, and can
Figureh@abhodk¥e steesl atiei velytdy goaeghypen PhdiMEeBhi 68ng cell
based agelSrfWschik, CM, et al. (1996), loc. cit)_ The
assay 1Is shown schenatlcally in Figure 5. Cell-based
assay | ('T40/12kD ) In essence', fibroblast cells

Figure( 3T6hoex [ aSs®Hilulll skengtdh didms(o JM )ai 44 ,600L{
notor, and |ow constitutive |eve s

asseof B SRS SABERTRL S S0 O GRS ILUELIE TS

T40 expression is.induced., it undergoes
Fi aggi@%tgmn&%@ngs 2 0 €,C8l
1gureN— term na B egé ttggé {Jfé\rl\&rﬁwnaﬁ ”Qtr ©_dggregation

assay g§gWo- ?‘f{eiﬂgytﬁf 5%89&%‘9%@@@0%@ stmmcﬁﬁedlﬁnm is
measurEHL: CTie sferfied tbbagn®fing Brogusgiian ofa-fhesl2i kR coatea

on the &EQE&'BL&%” {lie 3] g:i:llﬁﬁfi%:]in o%atgo \gfetd endent rrl?nn.efir}

tau -aggregatlon ors.
Next, qu aneendttiremcgtednhibi sryrgiegcte vmityatofnqc altrpGJlmdS‘.”lM )

is inctB&PE&lid Yarious buffer conditions. Only the species “e” is
. recognised by mAb 423, and hence mAb 423 immunoreactivity measures

. only that _i‘__au which is bound during the second incubation.

Figure 6a is a schematic representation of the process upon which
cell-based assay I ('T40/12kD’) is bésed It shows how 1nduct3.on of
full-length tau can lead to its conversion 1nto the 12 k[) fragment
. provided there is some preexlstlng 12 kD tau in the cell. Figures
6b-e are examples results obtained from the assay using DHL15

{negativer result), vitamin K3, DHY9 and DHLT.

‘Figure 7 is a schematlc representation of the ceill-based assay I1I
_(“SSK40/25kD* ¥.

EXAMPLES

_'R}_etheds



proteol ytic generation of the 12 kD fragnent wi thin
cells can be described entirely in terns of the sane
paraneters which describe inhibition of tau-tau
binding in vitro. That is, extent of proteolytic
generation of the 12 kD fragnent within cells is
determned entirely by thé3extent to tau-tau binding
t hrough the repeat domain. The availability of the
In Vl?%1é€gﬁ¥ proteases within the cell is non-liniting
The process |s shown schematically in Figure 6a, with

This i%x%gg glbé(? tc?etgﬁ ”Qnsﬁ‘&%/bggghguraeﬁe@?%r fg—xl’ae(;glent of

rocess 1 s escCri nor e tail 1n
tau C%f@a‘ﬁpn@h% tefppﬂhec &Prenrwm@@@agms Whllnélr haetleen

adsorﬁ&f—‘goltﬁ s&lia Qﬁr&@ﬁt ; éa@%yrathasobsﬁé \2&%1 cgg.ltt%rga&ﬂ&ﬁz@
ro ction o e ba e | e

rur -GS Lot Tl B8 Fou s N B R e Enr ¢ BhAE| afpociation
confemosftfabelem a@alms@) proveal wtiandagdsfiunciofomhe aggregated
‘ . tau mﬂ%%%'iégl ngrﬂ@tﬂxbﬂ& gnlgfséfy tr@ Qtl.ﬂgj n%n!dngghtl{e é)locked

To obtain this fit, two assu tlons need to
Selectvweéﬁ BY PRUindiveee Rha PR seYtdsaltt 39¢ntom (@asehik, C.M., et

al. (©GRlgh-based @ . in vitro studies: 1) the
intracel lular concentration of tau is approximtely
500 nM 2) the tau-tau binding affinity is 22 nM
The addhenikthesarassingpiicansl by eonwdgnréhe. functi on
' Activity = (tau] ((tau] + Kd * (1+ [inhibitor] / KI))
. can be solved by standard nunerical nethods to derive
Cell-tmsegl aesiéprI apdydakpbKl . Conparison with val ues
observed for tau-tau binding in vitro at a tau
concentration of 500 n&% where the Kd val ue for
In esseqger afi B IAATF 1§ LR AOKAT o e ress nfidodrreri t Fast ¢'HE0™)
under SEherdet €f Mmamduefibpe opltmidter, Ohnd hnamkﬁheﬁiyﬁitﬁﬁ lIgvels

of the t[,@[ng Sogﬁrl?a aturatgﬂlgbt: 2%2 tkg)ﬁ f@lé'gm%wmt:)hl let P\E expir%551on
is. lncb’éﬁeﬁ‘wetlér““%@ceﬁaélgﬁééﬂa*elsﬂtﬂaﬁ‘iepgh‘é@“i ﬁrw@§pée@n ofithin

the cSAPRURLE AR ! 2dahCi) hnaTbecBAA MAhNCaLS- 1P 300,

determ ned concentration of test compoun use
therehyh@redinring dmphar Wavehs efltdei vé WP ddliccrsn dfmaive

fragmebd KPrbane: {8 whi- hengs EraameWBScan be blocked in a

. dose-dependent manner by tau-aggregation inhibitors. Indeed the
. guantitatien of inhibitory activity of compounds with respect to
protegiytic generation of the 12 kD fragment within cells can. be
described entirely in terms of the same paraﬁeters which describe
inhibition of tau-tau binding in vitro. That is, extent of
proteolytic generation of the 12 kD fragment within cells is
determined entirely by the extent to tau-tau binding through the
repeat domain. The availability of the relevaﬁt proteases within

the cell is nen-limiting.

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

Parameters used in cell-based assay I

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



reduced to 50% of that observed in the absence of the
conpound. This provides an indication of the tissue
concentration which would be required to achi eve the
corresponding activity in vivo. In general there is

an approximately linear relationship between '
apparent Kl value and B50 24al ue, which can be used
to.derive the KI value: 850 (pM = 0.0217 x KI (nM

fittelassdyedi ass PIaqveds K40/ REidYcreTheopraegsoni soefficient

> 0.9)dexy bedahfa PO SR dégb;ptral% Lt Aigh YRRl 8880 oy
plication GB Q100119 denonstrat ed t herein,

binaigd 0 GELERT {7 | I " bes Bit oft"Ronbr HR-icatgBeed talbe

made, (Wsitcduia®©- ddisisteggE4Qth reswldss firam PéaHICIHean ~-BhsédMuand

in vitREGdiGeEl eavage products: a 25 minor 30 kD species
("K30") in which the fragnent is Ctermnally

1) the dgicacedlatey cxnpg@trasen ahdaa Faj app 25 ikBtepechEl nu;

2) thd "d&dBthul BPindMHE R AMaityagaent Hjus N-termnal ly
truncated at residue - 295. These cl eavage sites
correspond to the known boundaries of the PHF- core

When tore pssunpf ot areatatibei rtheggmeratéoon within the
cell depends on PHF-Iike tau aggregation through an
antiparallel phase-shifted alignnment of the repeat

Activigaig dtagh( &3 dnédn* séh‘én‘e}t“lhégPFyr] n EIgdre 7. When

: expreSS|on of full- length tau (T40) is actlvated
und ontrol_o n_in r nDter in ce

can b eSOl At poBehredt ResBoinis srslvEap bt for

apparqy;K&G fr@@mmﬁnlsdﬁ4®1tb P2 boes vbdeprad dairy tthoakhy bimding

in V:Ltg:'oV%t ki §§ut(9)r%elﬁ4:Qaf:i§QWt50@N erpdal th[auﬁaa{raptne for
a K30 fragment (C-termnal truncation

as
tau-tay 5’&“%6? la%dmé’wpezéf)f Pagfert! (ROLLER ihe4l thruRedei on
deten{alnantaszQﬁ)ducEDﬁa»mpbé the proteolyoidallyt 3dabBld core tau

unit otfaléhteugﬁjt"lvpl Q}dltﬂg }_[.,L,ifnlg] Wstifzo%r}c en% hgvgaliotrg?x

activity in e tau-tau bin assay in vitro
bindingg| yes | ess than 100 pM the apparent KI value in
vitro is 942 nM_ Homever Vitam n K2 does not |nhibit

a f“”%ﬁ§k tubul in gg%lng n%watr%ta Coqgentratlons up

2 51 BTt SCPM LIS OBpEEForet (5
compoqqﬁsthgem;lmﬁqugmgr@ﬁnththe B50 value is the determined
-COncent;ation of test compound used in the cell assay at which
relativé production of the 12 kD band from full-length tau was
reduced to 50% of that observed in the absence of the compound.
This provides an indication of the tissue concentration which would
be required to achieve the éorresponding activity in vivo- In
~ general there is an approxxmately linear relationship between
apparent KI value and B50 value, which can be used to derive the KI

value:

'BSO  (uM) ;0£H7XKIRM)

Cell-based assay II{‘ssK40/25kD’)

" The process is described in more detail in prior filed unpublished
application GB 0100l19-7. As demonstrated therein, the

' 'coz_xStitutivé expression of membrane-targeted tau (sstauld0-441,

“s5K40”) results in production of two specific cleavage preducts: a -



assay) - see Figure 1. Further data (not shown)

denonstrated that DH3 (Figure 2d) caused inhibition

at concentrations greater than or equal to 50 NM

(wth tau concentration 100 nm). However nenadi one

(Figure 2a) did not show activity in the in vitro

assay possibly due to its2¥educed solubility. On

his basis, further structure-activity
‘“1“°’-”cﬁ8r KRt R9EEEI HNFIRY IndbichKElr fEpaBerthd sco-tepainally
truncassdyst WisibBuean IEn nairel aeasidy 2s5Ugpdspddil sCQRROSMAS o
PN iffe I Tau-.t au

wnienZbnd TRRERk 18 Y Smndlay SOMRARRY 45 g DE st
The‘set REeavaacisdies e@rmmdngomhe mwanIdom’maelee of the PHF-

core Qbﬂﬁhh,y |1ﬂdléa9@pm5\9%ﬂeﬁ9n§e&mtﬁdw%m t%' 6 i Yepends

sely rel ated
on FHEZ Fo2hs HA i‘gﬁfﬁ%ﬁrﬁ%c}&fﬁaﬁfé(%ﬁé}&ﬁaﬂalleﬁhehase shifted
aligngent esponei ngpeat uksadme | i sted for apparent Kl and
B50 calculated fromthe cell data using the T40/12kD
cell assay to determ ne extent of inhibition of
This {gushenn BCRETMEE Gl ldeder Fhgdre dboliben Byxrpewpapnngf full-
lengtht £&1§Itw4@$ W& tdcd iRfidRidt Qhde ACtdnELY A eﬁﬁlllnﬁuchglé S

ayen hat g er e-chains at the 3' position
promogergtg E so |ate ct % Sﬁﬂégﬂ'é’e‘ée%’cﬁxgi[ﬁ/s HegBpEbbAne -
targethdwssHAfo £Badmpedrtox 40, 4s nlapdsndmm pﬁcsteecd@ltmtallyaﬁo give
Qn_ of nd ests that the npet
vise £ 00 a0 O p e i e r o oy e bt dfr 6d oo L Etrarc &30
fragmaﬁ:tl {\U4t:)émﬁﬂﬁ1 tﬂ'l&inda'ﬁ@.onh-}‘di@)%@r 4P d kAsh@rBgment (N~
position is not detrinmental. DH2 proved to be the
teml‘i’ﬁ‘)%t“ﬁ‘i"‘g:ﬁﬁro?o%& ¢ 6% 8PF)the conpounds tested, with a

cellular LD50 value of 2.1 pM The DH16 conpound di d
t sh m%ctwny' Fi ¢ gur e 2C shovvs the effect of

three conpounds As can be seen from DH15 and DH17, a
Vltammdﬁp)@é3| @oﬁm I:% hQQé' gbrﬁ@ M%E:?tlt_rp t%% qgt r m:“rg)t al ing

to activity. However, activity can Ge observer
assay i Witthe - 3Eqr e@ueﬁeﬂ-ﬁvattw 10BH1Y,. 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 M {(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 SC M (with
tau concentration 100 nm) . However menadione (Figure 2a) did not
show act'i_\_ri_ty in the in vitro assay, possibly due to its reduced

solgbility.

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

_- used with compounds of different solubilities.

Example 2 -~ Tau-tau. inhibit‘ion- using ce_il_ based assay I

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



Figure 2d shows the effect of the presence of a

sul phate group in the 2' position. As can be seen, a
sul phate group can be accommobdated in this position
wi t hout substantial |oss of activity. However the

bi suphite -(a formof K3 w.gely used as an ani mal food
suppl enent) has reduced activity- The net hoxy

dlmetl{iﬂ.u 1V, QLhﬁﬁhéMIJ)non%h QM@QOQ&P%H@@B ' Wﬁ&(h 1%3 C%BSHz egelated
to K3 co arl twtamn K3 in_ Figure . .
%%Tﬂﬁigﬁ‘ EHEIE%WW?GHSH vi ty as an
i nhi bitor of aggr egation, and indeed it appear ed t hat

The cagrergg;\snagnﬁatﬂasag%egﬁ ed 3L, hgaeno WO &is

ts t conpounds aving t
‘Calculmf&ﬁenfw@stlbﬁr S0 dpty Belrmddsi TABY b2kD mieddr esfey to
determiliVexttbacr €5 WdhS pakt ah Ned MR aliWBinding as described
1, 4- napht hoqui nol s were exam ned. The o? I carbonitrile
was entirely inactive, the 27 naphthoic acid form
had activity in prelimnary experiments. Napht hoi c

By cor@%ﬁntgssgﬁ&_e{tﬁ:lésy ?Eﬁsﬁl.{e}:s:éggggi??%ftyh 1%Rd El?s 1t is

natural precursor for synt
apparepty fhREqUPREfTe S idg —chellly ateddicaBl eBO%ﬁdOBaéFeriP%ﬁOClated
with redpded 2Ecbhiaws the effect of acetate and sul phate
substitutions in the 1 and 4 positions. As can be
) seen fromthis series, the 2- nethyl diacetate (DH9)
Figure gbhishhky ot i5\ré1ydwhsy ehst triirph2h8qdimetehyleridiadetat e
compari@dhlbehag) 4 e@'ﬁ%egﬂgcéﬁéldé%s %ﬁaw {:lhe tn@%hﬁl group in the

, cor.respondi ng pht hoqul nones.

3° Posgitdgpphay 5 ?mﬁﬁéFﬁ‘éd‘F‘atE‘é“}aﬁlceaéFF’ﬁJﬁY Fiagér ghaty the
hydroxghagwsup i:mrmwrsld pek at Bsh h&blaHthjeﬂxlsMiét&Q 2ﬁu2 RHoved to

[ t gr.ou een replaced, w.t
R G L e T T
C€11UJaHTdLK393 Va'h-@ ednpolingd s hovae @ﬁlGDbﬂ@cﬁhﬂV\ﬁddnﬂ)t show any
tivity as an inhibitor of aggregation, and indeed
‘appeared that it may be a pro-aggregant (results
_ not shown). Exanple 3 - Tau-tau-inhibition using
FigureCelkl sﬁ&ﬁ§¢f&9%®fehf dp aehiddemehhe 6@3&“&1&33:9% aeGe 2
p081t10%| ng ﬁé based a say I t her eriments were
o

S, RUACHOCUITS b oA P38k By SPF g PHLD s iigh
: hydroxs'h@w that21t kics ipiotemppad s poobesdengineanabeto adgkady .

Howeveirr,‘ Lghﬁ §5t§it‘ﬁ@yuégﬂ gbéﬂ Jﬂgﬁeﬁswgﬁn@fg %DS}:ex‘?}t’l derivative
(DH1) . :

above.

act1v1%

Figure 2d shows the effect of the presence of a sulphate group in
the 2°¢ posi{:ionf As can be seen, a sulphate.group can be
‘accommodated in this position without substantial loss of activity.
However ;he_bisuphite {(a form of K3 widely used as an animal food
aupplementl'has reduced activity. The methoxy derivative (DH17)
showed good activity, as expected by comparison with vitamin K; in
_Figure 2a. The compoﬁnd shown as DH19 showed no activity as an
inhibiter of aggregation, and indeed it appeared that it ray be a

] pro—aggregant (results not-shown}. This suggests that compounds

having the enelisation properties of -DH19 may be undesirable.

i Figure 2e shows the résults obtaiged when two 1,4~naphthoquinqls

were examined. The dicarbonitrile was entirely imactive, the



concentrations of I - 2 pM Figure 3a shows that the
conversion of T40 -> K25 is reduced to about 74 of
that seen without K3, and Figure 3b shows that the
conversion K40 -> K25 is reduced.to about 4 of that
seen w thout K3_ Fronrthls it can be inferred that
t he conversron “of T40 -a<K40 is also reduced to
hout t see
napheifdflact o bt diadd FEP el R ln S lin AR S iments-
Naphtl"mmp@@rnd31demrerrbé@lyamwseemaeras;sesseldlem talng iF40K42

naturdiDgrellirassay U %?ﬁtﬁ@s PSS SRCHIYhEY - naMh%th né’»‘ﬁ‘é m
neasured by cell "nunbers after 24 hrs exposure to

leaty vsossahdes Arhagtratiat e dehydr ogenase assay kit
- TOX-7(Si gma B|030|ences) accordlng to the
facturer's astry tions .after
Flguremy}ulﬁlng @% ff te?na rkuaeyagdk?¥f?$%ﬁﬁ ﬁPgﬁﬁétuEﬁenS in
the 1 (g dTesesgel)ona/»aesuse@ baguien deonr thihy tegithe the 2-

methyﬂnaiﬁkéﬁgﬁée(Dﬁéﬂ @§tﬁy&$1§ﬂﬁbtiEwp WAPALL ANt e 2, 3—-dimethyl
concl usi ons ener fromthis analysis: 1. Thefe is no

dlaceté"&rer dPHLT b e éﬁe%ci‘?’i/‘r‘fvycf 3gothburide ggrresponding -
naphthomjmhbhess Te tZavetbyl afignagaiaten:anthtdisiediboxi Chty
activi the assay; 2. Considering the conpounds tested so
f several have simlar KI values of about 120 nM
corresponding to a B50 cellular activity |evel of
Flgure22@ EkbwgtﬁwﬁﬂﬁbOEHGYrémhﬂgéfﬁ@'Uﬂmﬁrfﬁfﬁldﬂ%et95|cbﬁﬂr
noro 354, SERAST e bgh AT ort SThgs
hd ere%?oﬁp&h Y rﬁﬁﬂﬂp a7 %F?cﬁeP(ﬂﬁeﬁu8éF d%éw §%Be (PR -
Again wWwihichbhasattieriftiyglieSt DRHIBD anal §E) . A Thdarapeubdicshown as

DH20 éﬂgw%ﬁ queénglt a§sb§§rhﬂﬁiﬂ¥€d¥:§@ g&&réﬁ%ﬁ ogf and indeed
conmpounds tested in the cell assays as

- it appgargdy that oo meypBe THIUIFLSGHIEE nél’éesd’éstér PB’édS‘é‘H‘Eﬂ/’e
can be arranged in order: Cbnpound Kl (nND BSO (ph@

34.29 13,39 DH1r513 11'13 0.864 100 97 o. 07 DHS 157
To conFidh Qh@Gﬂeédlﬂ§505t§5ned using cell based assay I, further

experiments were performed with cell based assay II.

Figures 3a and 3b show that this proteolytic processing can be
blocked in this system using Vitamin K3 (menedione} at
concentfations of 1 -~ é.pM.-Figuxe 3a shows that the conversion of
T40 — K25 is reduced to about % of that seen without K3, and
Figure 3b shows that the convereion K40 — K25 is reduced to about
s of that seen without K3. From this it can be inferred that the
conversion of T40 — K40 is also reduced to about s of that seen

without K3.

Example 4 - Toxicity using cell based assay I

Toxicity of the eompounds-d65cribed above was assessed in the
- T40/12 kD cell assay used to assess activity. Toxicity was
- measured by cell numbers aftéf 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



DH13 263 5.71 0.956.. 30.90 5.41 1)119 127 2.76
0.988 13.09 4.75 DH3 630 13.68 0.944 63.36 4.63 29
DH11 674 14.63 0.950 12.13 -- 0.83 is an indication
of the goodness of fit of the function to the data.
Ref er ences for Figure 4: Abrahanson, M, Jonsdottir,
S., Qafsson, |. & G ubb28A (1992) Hereditary
. _cystat C I0|d angi o hy identification of the
remaingl§ Sells - ATRTREI T ROR Sd SpaE PoncaPagRosFLcaipx 96)
was uspd) yaesas ecleading reactheo mabasedtanal S iisist Hi8BIbas .
Genetics 89, 377-380. Booth, D.R, Sunde, M,
_ Bellotti, V., Robinson, C V., Hutchinson, WL.,
Two impppkapt rElusigpgiemerge [rompshipmnadywlis: Radf or d,
'S E_ Bl ake, C. C F & Pepys, M B. (1997)

| nst abi| | J and e atl on of "human
1. ThepdtS M PRredRE LR R Eay o P Compounds os
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