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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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Wi th associ ated cognitive inpairnment.
In AD, both neuritic plaques and NFTs contain paired helical

filaments (PHFs), of which a major constituent is the microtubule-
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.
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'protelns {see Wlschlk C.M., et al. (1997) in “Microtubule—

,assac1ated,prote1n3' modifications in disease”, eds. AVlla, J.,

Brandt, R. and Kosik, K. S. (Harwood Academiec 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~
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(Wschik et al. 2000, loc.cit). As tangles are
extruded into the extracellular space, there is
Cleardyofhesidapdifigasion qtheorpoysds Gilasr cevdd midylpse the

aggred@ei 8N o MdiReG Qe £5RANNGILRE hOSE: s DubRl 8 Ndlu ti@U of great
|nnunoreact|V|ty, but preservatlon of tau

interegimnoreactivity associated with the PHF core
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Of course, vitamin K is well known, per se, as a therapeutlc A

brief overview of Vltamln K is given in "Goodman and Gilman® s The
Pharmacological Basis of Tﬁerapeutics“, 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-3tasis and Thrombosis;-ld,
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
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IpM. g§°%%L§Q§S§“”¥%gggﬁﬂ K3 (menadlone) had only ~10% of this
survival promotlng a¢t1v1ty, and this only at 1 M. Whatéver the
mechanism of this effect, it was not dependent on the vitamin K
cycle, since coumarin anticoagulant which interferes with epoxide
reductase step had no effect on the survival promotion assay.

Using cultured human neuroblastoma cells, Ko et al. (1997) showed
‘that menadione at high doses {200 pM) caused both prominent
1dephosphorylatlon 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
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cell death by inhibitng Cdc25 phosphat ase_ However
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in the repeat domain of tay_ One study (Nakajinma et
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sensi.ti.sing, neur.onal X datj ve Spress.
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appreciated by those sklj_led in the a_rt, in the light of the
present disclosure, these results demonstrate utility for such
compounds inter alia in the treatment of diseases {such as AD)

associated with such protein aggregation.

More specifically, the inventors-have determined that it'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 sri‘:ru'ctu_-re' 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.



the inhibition of aggregation of protein associated
Wi th neurodegenerative di sease. DI SCLOSURE OF THE

I NVENTI ON The present inventors have investigated the
structures of napthoqui none-type conpounds whi ch can
be used to inhibit the ag@regation of protein

associ ated wi th neurodegenerative disease. Using
novel assay technology they have denonstrated that,

Compdt@Blk! 8FYehd GG eda8La given in WO 96/ 30766, nenadlone
: and rel ated conpounds may be highly effectlve

inhibitors. Detail ed structure-function
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K2 (mppagiingishi §h? otatifds EeRbrPRVUNdS SeFéPs efarpirounds (the
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| activit of Vitamn
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svnth gve% g__ on uses of  Mitam n K-

ynthg d BTV RI eRbomegr BEpadicie figs 2 common
watergﬁqiqpleaﬁetheatlves, menadiol sodium phosphate and menadione
sodium bisulphate which are converted to menadione after
'administration. ,Other—cpmpounds related to menadione have been
investigated for anti-tumour activity, in particular compounds
;elated to lapachol (2 hydroxy—Bw(3+methylwz¥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 et al. (1976) and
Morrison et al. (1970%.

- The invention particularly pertains to compounds of the following

- formula:



3" position (as defined in nore detail below) in
relation to neurodegenerative diseases of protein
aggregation. As described above, the cl ass of
conpounds known as "Vitamn K' correspond in their
naturally occurring fornms 0 a dietary principle
essential for the normal biosynthesis of severa
fpetorgt required for the clotting of blood. This
agtivijy R¥ associated wth at |east two distinct
pat ur a oq&urring substances, designated vitamn
gnadi one, or 2-nethyl-3-phytyl -1, 4- 1
ingpe, the formoccurring in |eafy
sygand vitamn K2 (nmenaquinone). The latter
ntRa series of conmpounds (the nenaqui nones)

) ch the phytyl side chain of phytonadione is
wherei®pl aced by a side chain built of .2 to 13 prenyl
units, and nunbered accordingly. Intestinal bacteria

and liver are able synthesise nenaqui nones
- J' and( pf ed@rbeant +§; nanaguiheonevdierft dmtihenaynt bethd ¢ are
doun1d Itdhdss b P ANGLOGYRIBNAMANE. Menadione has 2
conmon Wwat er - sol ubl e %erlvatlves, menadi ol sodi um
phosphat e and nenadi one sodi um bi sul phate which are
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both Q%%Pgunds rel ated to nenadi one have been _
' FHW&sti gated for anti-tumour activity, in particul ar
or conpounds related to | apachol (2
the cdWdeQXYndid Jdmiyl- 25 bt &nhk- Loda, Napht hogui none) .
- Structural variants in the side-chain at position 3
are reviewed by Rao (1974). Sone typica
In andtdrcembgdiosdntand clinical data for | apachol are
provi dedbby Sei ber et al. (1976) and Morrison et al.
L. (1970). The invention particularly pertains to
J° is cBRpauddd” dfs t19& § ot {oowtflg cPHrIRiitabonds RRagkedRg and ¢
are siRbAelBonds: B \add 3YaZd@ 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:



s RZB 3 JZ wherein: J' and J2 are both =0; i.e. the
coval ent bonds marked a and e are double bonds; {3
and S are single bonds, and the coval ent bond marked
y is a double bond with RIB and R2B - both absent; or
t he coval ent bond marked ys8is a single bond. In
anot her enmbodinent: J1 is -ORlL and J2 is -ORB; i.e.

t m& comal ent bonds nmarked a and e are single bonds;
" and[6 R' doubl e bonds, and the coval ent bond

v J sr& single bond with RIB and RrB bot h

Rot h oxi di sed and reduced forns of the ;;;
acribed herein may be used in the

R* i hyention. Thus in particul ar enbodi nents, .
g cofgpoUnds have the. following formula: RS 0 RS
R1IA ZI © R4 RzA R3 0 I n one enbodi nent, the conpounds

have the following fornula: 8 R6 0 RLARS RIIl Rt

in ons% Eeenlu?;r\eo%llfug%t ?? gét?eoroe??gqpe @189 ! g&?\pé ’thteh %0%90 .'9#(_? dfsorm%\ig:

R
v

Various preferred, specific, embodiments are shown in Figure 2 with
Vitamin K1 and K2, and certain other inactive compounds not forming
par,t 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, Clq'alkyl {including,
e.g. unsubstituted €, ;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.



R6 OR7T RS Ra IV R4/ RZa R3 OR Various preferred,
specific, enbodinents are shown in Figure 2 with
Vitamin K1 and K2, and certain other inactive
conpounds not formng pagt of the present invention,
bei ng i ncluded for conparison. R2Aand R23 if present
Conpounds of the invention are those in which Ru'" is
a relatively short group (conpare Kl and K2 with
DH10 and K3 for exanple). Thus R" way be
I ndependent|y sel ected from-H Cl_- é

In ongiaspeaidihere 1s @r@VId%élwoslﬁq tqﬁt%&Otepou%ﬂ kfyl ¢ preparation of a

medxc%%@‘?ﬁjfotrl{hfe o@ld?yfhe SMER ofFon ina éh@’ieﬁﬂ'v{ﬂiléh a eganon is

ydr oxya Cl _, am noal k
associeted vg1th a digyase @tem@;@ a&gwrg%genqrwn L £ dementla

Where;,n% r'é{)mgﬁ%ﬁ ?‘Eﬂ o QNAb&n in @ﬂgﬂ@bdﬂb'r %Lﬂﬂhﬁlﬂ{h@&mca@i addeptable |

3@ P which is neant |inear

sﬂtdembr%m@heﬁwakkyteg haV|ng from 1-15 carbon
atonms, nost preferably 1-12, nDre preferably 1-10,
e.g. 1, 2, 3, 4, 5-6, 7, 8 9, or 10 carbon atons,

whi ch saturated or partiall unsaturated 8a
The tel Gfte RSGRITLL HEPE 1% 2B O Uipndte. BRAYE ¢
C,,alkg@NGesR i whREhPAE PR Al BReOhydrod@dhcane.4.9r 1t he, 2)

I nhibition of the aggregation of a protein, whi ch

has begggreplacesh Wish FsBaleaare@tm Kesddi FoaSh shac d) - If

| t e | I Q-

o O e TR i e oo
Figure 2d, or a pharmaceutically acceptable salt,
sol vat e, anide, ester, or ether thereof. The term
" Chal oal kyl group," as used herein, pertains to a
Cl_,al kyl group in which at | east one hydrogen atom
(e.g.., 1, 2, 3) has been replaced with a hal ogen
atom(e.g., F., d, Br, 1). If nore than one
hydr ogen at om has been replaced with a hal ogen atom
9




t he hal ogen atons may i ndependently be the sanme or
different. Every hydrogen atom may be replaced wth
a hal ogen atom in which case the group may
conveniently be referred to as a C, _, perhal oal ky|
group.” Exanples of Cl_, hakoal kyl groups include, but
are not limted to, CF" -CHF2, -CH2F, -Cd ™" -CBr"

the ha@b@ﬁH%FbomChﬁmepﬁﬂﬂenm @e théhgah&rdR different.
" as used herein, pertains to

"C, dr oxyal k roup
E"eryahY%f W—ng?%fap‘g FORPER i e ashebegemafoBgeAn waich
case @h@”@;ﬂﬁﬁ) heeNcohePhRGRA yWhé Nrer dP¥ABOKY L QR perhaloalkyl
|l es of Cl. hydr ox¥al kyl groups _include, But are
grU“Pné't ¥arrled £6,C koHxERreR, 1ARACHEDE) BFBaMT
1imitBRecd e 1oF, CL @B, noa&:{kxl OF@UD, Zc®S , USEE,REF &1 oy cur,, and
pertains to a ,al’kyl group in which at 1east orfé
-CH,Chydr ogen at om has been repl aced 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 terMh¥CitAydrogialisar borynl kyds geedphérais: upetdthéngimm a
talns . Co-.albkyl grou |nV\/n|c Ieatone
”alg\}d rOgen ?‘%c‘% telénxs{? gelap S L8 T 2 %alhﬁgxé
‘ replagEéLk{mtlE)eahpﬂeexpfglﬁhp, caEtm@&lskyE ﬂq;moxyﬁmkjﬂje_sjroups
_ ut are not
inclugfe SO AHnBRE LITAEChPT (P Sy T oG SCBIRIGHON.
the foIIovm ng groups, wherein n is 0, 1, or 2: M
k Me R28 if present -will $e sel ected from the
The t§5‘ﬁe Cgrvc}ﬁ‘b%o%]sk)ﬁz IXOURd" n%ﬁ/“sﬁg PRES anPegitadne {9 ént

C,..alkp1 RgAupHonemer cipef eeh8d SRMBYUAGSe IR ord RASCHELL
which, R28 is absent 10 RIA R's Each of RA RBis

replaphd dpiditiént RIS XL -a| K¥ATRliewc PdFngmigoglicyl groups

includBSURS! idrdt 88e G tmdlday ko, SURSR!, Ucathiinm, aldgy such

as C, , hal oal kyl ,
-CH,CH,N (CH;T ;.

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.



Cl_, hydroxyal kyl, d _, am noal kyl, Cl1_, carboxyal kyl
etc-), -OH d _ ,al koxy, acyloxy, -COCH, ester,
-SB8H, -S03M sulfonate, Cl1_,alkylsulfonate, or a
short chain al kyl group. M denotes a cation or
cations of charge or cunuiative charge to counter
the charge on the -S03 group. In one enbodi nent, M
denotes an alkali ion, such as Li', Na', K, or Cs %
wore preferably Na- or K}. Preferred conpounds are
those in which R B is absent, although conpounds in
which it is not absent (such as DH3 for exanple) do
Each of@W, agtt yit ynadfafrmied c:@mqumaygr ELI{J].Qﬁﬁ. gn a\h_i,.ch
R Ais alkyl, such as nmeth (compare
unsubstdtubgdriphelicl s Bttt a‘ﬁ-dv ng) Suclltm\?ewhe%%lrkﬂ

¢, hydsBRYA 11gA0uURS A&rmaaq&pf cMRI oy SN a5 )Sulphiate,_
group, may also be preferred (conpare K3 and DHB).
salkoxPr ed@rlablyy tGQOH Wesgreaup—H&:Han -802Gt sohfdoate.i ng
: RZB ment, each of
R S e Pt
-nPr, -iPr, -nBu, -sBu, -iBu, -tBu; -OH ; -0Ow, -OCtt,
M denctegﬂFEE)tLorr a:i Eﬁﬁionﬂd’thi)largéX@BLt)Jmuia:iBél)charge to

counte_r%l d}thrrge) n %%/fe Oﬁ(néugoup CD?C%T?) %n)%o}hment, M denotes

an alka@f( T@)( iBe], aor L1 8a0) (¥'Buyr € QB refgrab} vifa” or
k. -Q(=0).0(nPr), -C(=0)Q(iPr), -C(=0)Q(nBu),
-A=0 A(sBu), -A=0 iBu), (=0 tBu); -SGBH,
, -S03M - SG3Me, -SO03Et, -303(nPr), -S03(iPr),
Prefer—r&ﬁ3(:@ﬁht)qnds$@3ésa)k)$e -iS0Rhi B0 R'®- BOHHsBux, bhtioneh
compou%gggggn h] QQCEI Olflo‘sea%se 8(5% a%z%ﬁbsfozd?exa e) do
show ac@Etfltyoq —0) Me, -OC(=O) Et, -Ooon - COOMe, - COGEL,
- SGBH, - SG3M -SOSI\/E -SOSEt O -CH2CH:C( CH3) 2. i i
Preferrﬁaeﬁgnﬁpgagﬁr%% gler%t theaCh' O]Ej%RCh @IBis_ g\}éky%&%éba,\?e methyl
(compar@OONR arCDONB 4 fsce%gmpmsmsoswvepﬁ?band DH15) .
Howeve'rcﬁg%%hﬁ) %J:o:up_s in place of methyl, such as a sulphate

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

R, R

R™ group is an electron donating group-
—le‘ , 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-f}-p -0 {iPr}, -0{nBu}, —'jO(-'sB'u)', -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;),. '



In one embodinent, RIAis -Me, and R18 and R28 are
absent: R6 J1 M Ry V RAfi RZn R3 2 In one
enbodi nent, RIA and R 8 are both -H and R2A and R2B
are as defined above: R6 0 RS VI | RA\ RZ~ R28
R O In one enbodi nent, R2ZWtand R2B are both -H and
RIA and RIB are as_ defi qu_g gpove, R6 O la Rs Rte
In oneyprboqdmerdne eafBodf dent R R1 Band BR2& satBaeranderfly antd- —
Me, -oRBeB afgl, R¥Bear ecas-oydeaf,i nredonpoumonBd Osd, R-80:¢; -S03Me,

\Y N R4 RZn R3 0 12 R3, R, R5, and R6
or ~CHCH=C {CH;),-

In one embodiment, R™ is -Me, and R'™ and R® are absent:

In one -embodiment, _RMt and R*® are both -H, and R*® and R?® are as

defined above:

VI

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

defined above:

R® O

VII
R 0

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

-def inéd above:

VIII




Each of R3, R4, R5, and R6 is independently -H -OCH,
Cl-,alkyl (including, e _g. unsubstituted Cl_, al kyl,
substituted C, -, al kyl such as Cl1_, hal oal kyl,
Cl_, hydroxyal kyl, C, _, am noal kyl C1_,carboxya|ky|
etc.), Cl_,al koxy, or acylsxy. The presence or
absence of substituents at R3, R4, R5, or R6 does

R’, R'na¥,appea®® to greatly affect activity(conpare K3 and
DH2 for exanple). In one embodi nent, each of R3, R,
R5,.and R6 is independently -H, - OH C1_, al kyl,

Bach of1R7aRoxy, 8RAR° ial kyUerSHidsRyly | TH.om@te mEodh Hexk |

(1nc1uﬁaﬁ§ of . ﬁ,maébs%tutﬂiﬂj cRbalisyl ,ndapspaatdd c, - J:ih.kyl such
-Et, -nPr, -iPr, -nBu, -sfu, -iBu, -tB

as C,_ -,hﬂ%alkyézt Ciz Wlkya I%Fv)amln@]ﬁg{}) C, @%@Bxyalkyl
c.l, ox G O Me, OFEt, - =0 (nP
o SRy Mg O, LIS, 0
-OC(=0) (i Bu), or -QQC=O (tBu). In one enbodi nent,

The pr@géﬂc@foﬁ%bsgéee%f s@MtB@uéﬁ&‘_é&( Q%)eﬁenqgnt ilfy orHRG does
- or‘ -
ot ap?ﬁaﬁﬂé’éﬁﬁﬁ&ﬁﬁeﬁfﬂﬂﬁaéﬁtbFlﬁB“KﬁPar95K3éﬁ&i 2|§°r
examplépdependently: -H, -OH -Me; -Owe; or -OC(=O)Me. In
one enbodi nent, each of R3, R4, R5, and R6 is
i ndependently: -H or -OR. In one enbodlnent each of
In onepambqRimentd RBR L B ald R iandaB® igefindedentovay al, -

OH, C,J31IRIA ORi,01 k&% RA bX,af%#ié@%lg; I n one enbodi nent,
each of R4, R5,  and R6 is -H, and R3 is -H. 13 Ji

In one embodiment, each of R®, RY, R°, and R® is independently: ~H;

-OB; -Me, -Et, -nPr, —-iPr, -nBu, -sBu, —-iBu, -tBu; -OMe, —-OEf, -

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

-0C (=0)Et, -~OC(=0) (nPr), —0C(=0) (iPr}, -OC(=~0}(nBu), -OC(=0) {(sBu),

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

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:



aRSA R'B RY X S RZ'" E 28 J2 In one enbodi nent,
each of R9, R5, and R6 is -H and R3is -OH Jr R"
RIB ay xi S RZ" s R OHJ2 .7 and J' As
dermonstrated in the exanples, conpounds in which J'
and j2 are both =0, or fthWhi ch they are -OR7 and
-OR8 respectively, may bo have highactivities
(cqompare K3 and DH9 for exanple; also DHS). Thus,
refiergiing to formula 1V above, each of R7 and R6 is
i i ependamt|ly -H, Cl-,al kyl (including, e.g.
uted C -, al kyI substituted C, -, al ké{j\ such
_, hg) oal kyl , C, hydroxyal kyl, C, _, am noal kyl ,
7T§ xyal kyl etc. ) acyl (incl udi ng, e.dg.,
CE aRyl acyl , "e.g., acetyl), -S03H, -SBM or
subf onat e. The term"acyl," as used herein, pertai ns
to a group -C(=O R, wherein Ris an acyl
substituent, for exanple, a-Cl_, al kyl group. (also
In oner efibpdinpity &3k of A'kyRaePndoR @s -8 kanfoW )is -QHe3
t}eterocyclyl group (also referred to as
120Rgterocycl yI acyl}, or a C,-,,aryl group (also
egﬁmo as CS 20aryiacyl), preferably a
group. Exanpl es of acyl groups incluyde, but
gﬁyzklmtedto -C(=0O CH3 (acetyll; -C(:d()'CH,CHl
1),

JUand F

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

have high activities (compare K3 and DHO 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 term "acyl," as used herein, pertainé to a 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:



-C(=0-C(CH3)1 (t-butyryl), and -C(=0O Ph (benzoyl,
phenone). In one enbodi nent, R7 and-Rs are the sane.
- In one enbodinment, R and RB are different. 14 In
one enbodi nent, each of R7 and Re is independently
-H C -,alkyl, Cl_7alkylagyl, -S03H, -SG3M or

Cl _7al kyl sul fonate. In one enbodi nent, each of R and
Re is i ndependently -H, -Me, -Et, -nPr, -iPr, -nBu,

i Bu, - =0) 8 Pr),
tn on Reyi ) L2 o U Ui G o i,
Cizalkypacy [ C=09%HBUY SO:MB08H, €1- mwulm - SO3Et,
-S03(nPr), -SQ3(ikPr), -SOS(nBu) - S03(sBu),
-S03(i Bu), or SOB% Bu) . In, one enbodi nent, each of
In onepembadipgEitg %aﬁ&eﬁ nRederyR. iis iggdepermentlycrlO)We, —Et,
-nPr, —Qpe0) Eisu, SGB, -SH3M -tFI3INec (00) MSBE =0} B One

et irrls___,, of R7 RB is.jndependently -H.
o8 el AR BT e kBINER o) o, ox
-~ (C=0)dxBoili rre‘iﬂsﬂ:eaé%l‘bf ~89:tend saeaﬂts =B {viRG } OH- 5B, (REA) ,
-505(nBd], R, \sBA R RIE! enr egoc@mpounds of the

present i nvention are those which show hi gh actrvr ty

in the assays described herein, particularly "cell

In onebaskddassey, IetacdeSﬁrﬁt%eddqu aw. iRaefaldend 1 GONPOURIS -Et,
(= ve_ s re. pr ably | ess
c= O)nﬁ %‘(ﬁﬁ%kevm se Ia%?’l I %Oa‘g‘g [p %&,&{ oxicity, with

an Rxi ndx of greater than 4, nore preferably greater

in onel BABodikeAS WSeH Bﬁriel ﬁﬁ&tl@r msuﬂh&asﬁarﬁﬁﬁﬁ:gﬂ l‘ij‘emds
eterm_"vitamn K conpound" is i nt ended

__..ot her
—CA 0)8 encdgipaség%y 5t ~THEEe conmpounds such as (for

exanpl e only) nenadione, nenadiol and diesters
In onel Qﬁ]@ﬁmmde@em 98%™0Lagne ;8 _fjhese in accordance
W

R® OH

XIT

_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



the fornmul ae given herein. Uses of the present
invention 15 1In one aspect there is disclosed use of
a vitamn K conpound to inhibit the aggregation of a
protein, which aggregation is associated with a

di sease state In general, jgEhe protein aggregation to
whi ch the present invention nay be applied is that

In one‘Mﬂsﬁféc&r itﬁ@ﬁefisﬁl'ﬁl&&lbﬁ&ﬂ(iﬁﬁa ©@n£ow&tr&1@nad compound to

hib meri sat| e? 1c|)nnto%r aCt 0{1 n Whlnh a % s
inhi %n r AP AT L RAnGeP DT e BRETRI r?gﬁﬁg% ﬁog i
associataghenttht hedipfasegisteteri se to tenplated bi ndi ng

~and aggregation of further (precursor) protein
nol ecul es in a self-propagati ng manner. Once

In ge?ﬁﬁﬁkeaFPSnPF%te%qﬂaﬁﬁﬁF%%Fl%ﬂwtﬁg@Féﬁ%I?Qﬁ1Hﬁ%§8&8el?ﬁﬁPt1°n
may b&NGHA WAl €5 timmolwasht hei sdsnduerdas OiididEat ic@RABbrmational

polym%)xgi:%/a%%r | sal] rac:oJ}_ urt her rRer 9 el F %@laecc%lnt%matz‘?grgallng

“foration of toxic product Fragments
changageff dfat esotahiclprane 3ubstasnitathgreasi stiges rbse to

templdtdd RELARALQ S04 ya%'g&egghﬁ)n RIE0teR k- BnH O RGBS ot N USrotein

formed are thought to.be a proximal cause of djsease
molecyles 4@ faift Es‘i‘(gﬁi’a&é‘th’é% r“bad‘é’&é nePats JHCIERtAPE S
ini tlmnhhaag@ﬂébﬁﬂw cpatétd agiyc ahsey nptiehs inkseges nthe

1nducec§ ! c%tnltfggmgeio &%QL&{{J%I { E}E’f eguxrg{ma(}d %@E?eorﬁolerl:%les ¢
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(1973) Proc cad ci. USA, 70., 765-768),

and are known as microtubul e- assoclated proteins
Uses {AARSDatibhRbersawiproreitau fanm |y share the common

features of having a characteristic N-term na

- segnent, sequences of approximately 50 am no acids

Prefepymbrembddinette o ther MvRiltivagaenthasdd o aphibition of
tau pAOMSIHORYBPLGLE Vo CUHERE 6sdd) hbRRi RS AL 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
protein families which ce-purify with microtubules during repeated
cycles of assembly and disassembly (Shelan-ski et al. (1973) Proc.
Natl. Acad. Sci. USA, 70., 7165~-768)}, and are known as microtubule-
.assocliated-proteins (MAPs). Members of the tau family share the
common features of having a characteristic N-terminal segment,
sequerices 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 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



a characteristic tandemrepeat region consisting of 3
or 4 tandem repeats of 31-32 am no acids, and a

Cterminal tail. MAP2 is the predom nant
m cr ot ubul e-associ ated protein in the
sonatodendrltlc conpartneg% (Matus, A, in

"M crotubul es" [Ryans Ll oyd, eds..] pp 155-166,
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herein in relation"to tau protein or tau-tau
aggregation should be taken as relating also to
~other paycdPP? aggregati on, MAP2- MAP2 aggregati on and so
on. Other proteins Figure 4 shows a Table listing
vari ous ot her di sease-associ ated aggregating
Figurepdotbows, afﬂmglenhlbttmqmvaxhouhlethénnﬂn$epaetas$odﬂuted
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the indksatiostadaghsegatihe frRBrf hatatim bablkge SXS¢MIgs) may

play adrg gsesiﬂplcg ? &4 characteri sed by pathol ogi ca
protéin aggrega Fon" i ncl ude motor neurone. di sease

and Lewy body di sease. Furthernore, the pathogenesis
As canoﬁensé@@cmﬁnea@t t¥gr1d] 0LA8hs SUGhAas RheknSadl sease

essi ve Su ranucl ear Pal sy appears to
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accumullﬁﬁitbhd eoﬁ:@ﬂtbb&bgﬂgﬁl | {he aQysbeiteslaWORAENentate gyrus
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S€E

" and stQ[B Y d
StraussTer- sche neocortex, respectively
{Wischik et al. 2000, loc- cit). Other ‘tauopathies’ to which the

_ pi:esent' invention may be applied include Familial Multiple System
Tauopathy, Corticobasal Pegeneration, 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 Editlon {2000} Eds. Dawbarn, B. and
Allen, S.J., The Molecular and Cellular Heurobiology Series, Bios



Thus it will be appreciated, in the |light of the
above di scussion, (and except where context requires
ot herwi se) where the enbodi nents of the invention
are described with respect to tau protein or tau-
i ke proteins (e.g. MAP2) the description should be
taken as applying equaIIy3¥% the other proteins
di scussed_ above | oi d, synuclein, prio
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referred to herein as gregating di seas
Synuclpf’rldt oAEeTa iR dt*'s"ea§é§eﬁ=h§/e betaUr eFetedlytis Hepeidntgon”
and sd @seases of protein aggregation”. Likew se, where

mention is made herein of "tau-tau aggregation", or

the like, this may also be taken to be applicable to
Other otdwer andggedlyads on of other proteins which have

simlar properties in this respect, such as

R-anyl oi d aggregati on, prion aggregati.on and
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of a protein; which aggregation | s associated with a

R\ furtﬂteiee&eoahaé& &S @eaet;h@@do@bgééetme&tfdtr th}%hytams of a
odinent.is a of treat p%l -axi s of
r |

dlseasf 0& ?é?t%%“bfa%ﬁf&g&tﬁ"ﬁg%? G eﬁs &Gh e
compr igHsC ladnetheide rigconmrl sesulajkttniss tvétanin 10 campubn@cton
theraﬁ@&éyg Eoéb&&ﬁﬁ&ﬂﬂ@mmBElsiH&ﬁﬂR@%%hﬁlQQHBP%'t£8n1nh1b1t the

nprising the same, such as to _inhibit
aggr e‘lfgtgﬁé‘g afi dtrct‘t?é“p psterietad d’éltét geidvdiseggpdstate.
di sease state.

%ion and

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 adminietering'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 ad@inistering 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



In a further enbodiment there is disclosed a Vitamn
K conmpound, or therapeutic conposition conprising
the same; for use in a nmethod of treatnment or

prophyl axis of a di sease of protein aggregation as
descri bed above, which nethopd conprises adm nistering
to a subject the vitamn conpound or conposition

aggre§MEIbAS ot st@giﬁéd m‘g’,h Qgg{gﬂé %@a% LQedgcﬁ:ESeH above,

associated with said disease state. I'n a fu
the trgafduinte FOPRAFENY $hG SEPBsel AU réFtaring 4w pakd mammal
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EEfeCé{bprggégg 389?%@% |%ﬁ%as %égcr égrgﬁ%Eﬂxhwﬁ ghein the
inhibyhdd eoNprambs adwmpoyndring to a subject the
medi canent such as to inhibit the aggregation of the
rotein. associated with said disease state. In one
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in need of said treanent, a prophylactically or

apeutlc ffective anount of an inhibitor of
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with dChegnpoeadnents ardther sidodianeoiisdf &fmsqmmesemally,
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production of protein aggregates
partiyplap it wayihe figsiyedntarTrsy 9m fereubaty ﬁfl(*;fﬁman K
compoufiFmal tht &ehe rl&ﬁhﬁ&ﬁbrbed)ﬂg:r@s rde8GLAD e[ﬂ:oQQQHeaggregatlon

Mtamn K ¢ ounds e adm ni stered al one, or
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be desired to use or formulate Vitamn

refere@ﬁ%pounds with other inhibitors of the relevant
protein aggregation reaction.e.g. in the case of Tau

ocher '3 PRYLRE KAMAR0P AP O3R! (D ab LWR 3REQ7ER. O
rior unpubl'i shed appl’i ca

present invention may be combined include chollnesterase 1nh1b1tors

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

beta-amyloid.

‘A further aspect of the present provides a therapeutic combination
R %
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.



0101049.5, the contents of which are incorporated
herein by reference. Qther therapeutic agents for
treating e.g. ADwith which the present invention
may be conbi ned include cholinesterase inhibitors
such as donepezil, nuscaripyc receptor agonists, and
i nhi bitors of beta anyloid. A further aspect of t he
Preseprn.g'sem ofprtaeadsene, tdey.a@eut s Lorked hi aa;algmd etc., is within
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‘embratbe Patilee iakgnedmerity of the di sease -being treated.

19 Prescription of treatnent, e.g. decisions on

dosage etc., is within the responsibility of general
The rpf:atmtmtdemhelﬁslandlmmceaedocahtadmotmr@;rﬁmtween about
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I e human,,.al t haugh use
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be adﬁﬁ@ﬂéﬁ'@:‘é@e‘indﬁﬁ|éﬁncﬁldt0%@§€§r fanVi t\SaE opt 10
ween about pg/ day. (i nf ant

ma/pe PHAY dPoRoRRA Sout O Y POVAY. (yearejng e acsones
Formupgrtyladatic vell daged dwerchél BYR il ®d¢addeldnmacBRASca f Gociety

of crey A38Qin X her reports recommend 0.01-0.03 ny/ kg
body wel ght (see Friedrich, 1988, loc cit,
di scussi on page 319-320).. Vitamn

Formulation and administration of therapeutics

Suitable compounds, such as those with a formula as shown above or
their pharmaceutlcally acceptable salts, may ke 1ncorporated into
compositions of this aspect of the present invention after -further

testing for toxicity.

The compositions may include, in addition to the above
constituents; pharmaceutically-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”, 16" edition, 0s61, A. (ed.}, 1980. Compounds affecting



K-type conpounds, such as those used in the present
invention, may be admnistered in an anpunt greater
than or equal to about 10 ng/per day or nore for a
70 kg adult (according to British National Fornulary
data rel eased by the BMA apd Royal Pharnaceuti cal
Society of Geat Britain). Fornulation and

the s@éiﬁ]l&'t%t betm@ﬁhdaforiehqw@&kﬁd %)Sak&a@i&mmpwdsaams &
such as those w as shown their
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PharmdAi@O3RoHated23ait.0 conpositions of this aspect of the
present invention after-further testing for
toxicity. The conpositions may include, in addition
Where tigiet [sompbaielon gisthiorpaheted into a phamaceutlcal

compodNalJrBCeHti &@ums&c&embabi&m RhRNBS e HRIRUWV bBBentally
agent solubiliz i scosit as

-inc in
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pressure, ers coat | ng agents
(e.g. n‘a’t érhiealfgr’gl‘fbﬁlsdlp@ésﬁéﬂr%‘b‘i(’l c é’ﬁ’t{e’é%ul thengdministration
can aldt ®f @fee¥tdd ghienehll gatyctofast hat BGidsttlarly,

i ravgpe e e Y PR B LR otk g opex Shoneally
{e.g. ddithies Epat | @n.imearpbassofuttienlshi- ques and protocol s
.can be found in "Rem ngton's Phar maceut i cal
Sci ences", 16th edition, Gsol . ied ), 190.
Thus. & GuaRel e f‘élﬁxienéhgopf‘?’ﬁ@%et‘%lcﬁ (SPRROTIEARRI bficin the
form dfViat arbhek3)ivnaydiacnaset bylBdabasrifer Khanass(dobf ine

or an 5)213 uw%%'te é%t ﬁz’?o)m?gg?ag% ea%fart]:gbpg@l Sco(al:%é7tablets,

rnazi e ere the conp OSIt 1 on
dragesfsoremgl heed Iekad-iaepkaPrateut it a%bwbd%qﬁtaosﬁdsm@ their

,pharm@i@ﬂﬁ:‘l‘c%‘li@l?@kdd&@lﬁogc%@rh&lﬁf@foﬁigﬁﬁﬂs R?ﬁf) :&Eabk&’cessed
C as ora n he orm Q 0 ers a
with QucheapRifully inbrkaoshSRy BRO S, BeipRants-

Lactoszapsulies, soludh ons deeivhsiws td»ereglil.sp@da,o%ﬁarlc acid
or 1t§1%%q| lsyegg gcad rﬂ) i&%eﬁorﬁépfe%gle S@éaéﬂft)h %5(01p1ents for

rectal (g in the form of suppositories).
table%vvé\’r‘éﬂee?h%“ BT SElaEIRR capstlsFso PE-teblecpagipients

for sﬁﬁﬁ'@&HakhﬁeS¢Kﬂkd¥&sLB&éanfﬁﬁﬂdﬁﬂhbye, vegetable oils, waxes,
fats, semi-solid and liquid polyols ete. Where the composition is
in the form of a liquid pharmaceutical fofmulation, it will
generally include a liquid carxier such as water, 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, for example, water, polyolé¢
saccharose, invert sugar, glucese, trihalese, etc. Suitable
excipients for injection solutions areg for example, water,
-alcbholsf pelyols, glyeerel, vegétable oils, ete. For intraveneous,
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



i ntravenously, cutaneously, subcutaneously, or

intraperitoneally (e.g. in the formof injection

solutions). Thus, for exanple, where the

phar maceuti cal composition is in the formof a

tablet, it may include a sqlid carrier such as

gelatine or an adjuvant. for the manufacture of

t abl oated t.ab dragees and rd | atine
sxi11 B0 G e PRLE Tt 288 o TR TR R hefLe ATuRIOAS using,
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stabi fisensy .b\v‘5§efﬂ§fé’cf1 rpEher addLives 24 Deyri A gded a5
requigéd. can be used, for exanpl e, as such excipients for
tabl ets, dragees and hard gel ati ne capsul es. Suitable
exci pients for soft gelatine capsules are, for
Oral aochrEsitentedgieii @tapny, o hsddaminf Kt @ndefi ¥4 ohinth diiYl are
 availhbilicbrpekyoh 51 £t GibMher ot R COAROSidd Qi dSoskl ﬂ&%m) ]
formof a liquid pharmaceutical formulation, it wl
generally include a liquid carrier such as water,
The dpsticciveenyfamnalrossrretgetmais) aadélﬁereﬁnnenahsmh&hcns it
may bec'yl.[gcﬂﬁtﬂeﬁ Bifloné:)%h_ﬂaﬁgi&%he 3 ‘:I @c? sctgllp plt the present
dextrose or ot her saccharide so utlon 'S
‘ dlSClQﬁHﬂ?'aésebﬂy?QﬁuﬁaﬁcyébFalkﬁ(ﬂ?FPéﬁ%riﬁ%ﬂxheﬁ§ﬁn
' pol yet hyl ene glycol may also be included. O her
The 115% ttglg)lrnﬁpgfglrrgl ent S fggé”;rr‘he erg\?\'gtlij ?8t%gqqy(ﬁ%%e§:gllgé Itoonsth
follownm&cm@moéemltxnweﬁngsggaraniﬂﬂfgmséestrlqtﬂeasembeﬁ:ments of
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exanpl e, .water, al cohols; polyols, glycerol,
of th%%@etable oil's, etc. For intravenous, cutaneous or
subcut aneous |njection, or intracatheter infusion,
Ficurdgdt 0 the brain, the active ingredient will be in the
rmof -a parenterally-acceptabl e aqueous sol ution
which is pyrogen-free and has suitable pH,
Figuréd Spt—O&lh@hEYIiﬂﬂdlt&toabhﬁl-tdbuﬂﬂﬁloﬁﬁn@{mj &l Rt g&sence of
Vltmnsh%% inthe art are well able to prepare SU|tabIe
YoI'titi ons using, for exanple, isotonic vehicles such
as Sodium Chloride Injection, Ringer's Injection,

Figuré-afé %%%QSREIQ(Qeé'éﬁcltﬂkggtéf)Wlt fa?:ﬁgrlyﬁt I &S and 2,3~

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

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

inecluded for comparison.

Figure 2c shows the effect of the presence of a hydroxy in the 27

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’note_d;DHZlﬁ, which includes a halide)

which is included for comparison.



stabilisers, buffers and/or other additives may be

i ncluded, as required. Oal and parental

preparations of vitamn K and of vitamn K3 are

avai l abl e comrercially (albeit not for the uses

di scl osed herein) The disgl osure of any

cross-reference nade herein, inasnuch as it may be
Figure eQuisheds byw@PE mﬂalpm.dogmmc{)& ekl f@xexwﬁé@ NRRtpbBSds

sclosure, is hereby specifically

denOt&%E%ﬁbora?Ld herein. The invention will now be

further described with reference to the follow ng

FlgurenQrf' |shm-1§| A% R AUES odNdEXAP6S: sg&“? te enb dltng %ums
he invention will occur to those t

<compoamds AepnEed it PO L nBER )R GURES  Fi gure 1 - shOV\s

invitro tau-tubulin binding in the presence of

" | ws th
Figure ZtFJaghﬁs%h%: Me%t %g %Pl? % %ﬁ%&&l‘j?‘ﬂ%ﬁ e
(Compwenéee‘atwl%}lmﬁagere Q'brtémmommu@d h@hm»t)ed DH20, which
includks4anapbi oquinione ides h¥Aldate For(d 414 and

DH2) A further conpound . (denoted 16) i ncl uded

, for conparison. Figure 2c shows the effect of t he
FigurepBesend e3pfshuhyttieoxyut tad hgyg2egapben tidNibikibAr €€ing cell
based gggg9upﬁs (denoted DH15, DH7, and DHl). Figure 2d

shows the effect of the presence of a sul phate and
bi sul phite group in the 2" position (conpounds

E‘J_guredanah&sﬁis Q‘&aﬂi&hlstﬂxé Ov:5HQAWR b Enah c?ié%%xs)énasso'::lated
tivative .of rese tion (DHL17),  and a

aggreg %1 roteins w 1 g 3&? | nvgnl nvent
rtRef T TompoundEdehdt Pt REfSeRGedngention.
hallde) whi ch is included for conparison. 22 Fi gure

F:LgureZQ §Qoé(‘55<5ﬂ@ﬁxal:’1% Q@BP&Q&%&&%@:L@#’E{J ; eeg’?mlh Lo aggregation

rrgoun s _ denot ed
assay efff@ 23 E& éflewah‘ahs'm%a\seogubsq itnAnicoed units is

measuredonphs dpeddrat edritlsciddlhe RH3oo (ra~) is first coated
on the ELISA plate {in sodium carbonate buffer: 50mM, pH 9.6).

Next, a second truncated tau species terminating at Glu-391 (“e”)
is incubated in various buffer conditions. Only the species “e” is
. recognised by mAb 423, and hence mAb 423 immunoreactivity measures

. only that _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 besed 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



Figure 2g shows the effect of al koxy and nethyl
substitutions (conmpound denoted DH18) and a further
compound (denoted DH20, which includes a halide)
whi ch is included for conparison. Figure 3a and 3b
show the tau-tau aggregation inhibition using cel
based assay |I. Figure 4 €8ows a Table |isting
vari ous ot her di sease-associ ated aggregating
In vitHo,@SPA¥ which may be used in the present i nvention.
Figure 5 is a schematic representation of the in
This VA tdr gcgggéc?gﬁ{ I&%aLQS%ﬁyW&fQG\p@Oggé3O7l§r(ielfli I Cpra-gment of
nd two truncated units measured’ The
tau C%@@Pegd%@r nichdifien§oae m%@g@iowaﬂ) yhichi hes et ed

adsoridd ttBeaELd SA Pratse @,uﬂs\sp&wml%aabp@atoe dpkhies: soQUHYe
second trun §?htau Speci.es

£ 1-Rath ke i, 136w oSt e EF ki pdti R ssadasion
conferfrufsitebitordidgeaonmst @nbye¢1m£r$pe¢gestiqﬁ'qfsthe aggregated

‘ . tau mc{l%%ggggsedﬂté/ Me@%slsaggléj%QBSaﬁf@lnﬁz and c%n be blocked.

| munor eact 1 vi ty neasur es tau whi ¢
selectyyghy HurPWqWé?eSéeéﬁﬁa¢Wﬁatlu BReP S difdechih. |% My, et

al. (BohgMatLe. repnesentati on of the process upon which
cell -based assay | ('T40/12kD ) is based. It shows

how i nduction of full-length tau can lead to its
~ The aszaRVesShdw Haheheitd1kp ifa #ggepé,s. provi ded, there
is sone preexisting 12 kD tau in the cell. Figures

. 6b-e are exanples results obtained fromthe assay
Cell-hasiedgabbilp I (OEQYEVIIREDl Bsult), vitamin K3, DH9 and
DH17. Figure 7 is a schenmatic representation of the
cell -based assay |1 (' SSK40/25kD ). EXAMPLES
In esyqlcRods bR Iastyiceldsaddls) TRPEerS fidclepeathi fau (VT407)
under d@hairbl | of \iD Siibhe RBrdmitloy, and I‘Hgﬂ%hsﬁituﬁlaké levels

of thd PreBBANY agg déroag&n@ﬁtw{f LERe %tgmgo Aigh o Hression

sol1d ase ra IS a
is_ indugsdyr &t s@%@efff aBBrP@?@W*ﬁaaeawﬂoutmnFaalw t¥i-thin

_ithe céylghNaﬁékﬁﬂﬁéﬁl E%S a&&°§é§“&d&nc ~terminally at -~ oo 390,
thereby producing higher levels of the 12 kD PHF-core domain
fragment. Production of the 12 kD fragment can be blocked in a

. dose-dependent manner by tau-aggregation inhibitors. Indeed the
. 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 5inding through the
repeat domain. The availability of the relevant 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



confers stability against proteolytic digestion of
the aggregated tau nolecules. The process is ‘
sel f -propagating, and can be bl ocked selectively by
pr ot ot ype pharnmaceutical agents (Wschik, C M, et
al. (1996), loc. cit)_ The assay is shown
schematically in Figure 524 Cell -based assay |
(é T40/ 12kD' ) I n essence', fibroblast cells (3T6)
fitte >&ﬁQ§9§Yf&FFe4éﬁgﬁﬁwﬁduv€"ﬂmckyctaﬂdewrxﬁﬂaﬂmph obeBfiicient
> 0. Qﬁ nd&ﬁbb%@aﬁﬂ@ﬂptﬁﬁhcﬁiﬁﬂ h@¥%£§HT§E|iHﬁiH%%ld%V%EStantau
PHE-core_ta fr nt 12 kD fragment). Wen T40
bmd%‘&mé’sﬁ oR- 3.9 {‘l‘imdzgpge%gumptwns need to be
made, aggrcegatreonemmwlthuneanm fwbih hbthert R@1aebhsed and
in Vlab;gﬁgh@ggly at - as 295 and Gtermnally at - as
0, thereby producing higher levels of the 12 kD
1) th*?DHIm(?&FéléIBh%’f FonGeagrBhion Priodget L®rmrroptieat2l K00 nM;
2) thd ragmeat sandhey birgakedyi s @2 g@se- dependent manner
by tau-aggregation inhibitors. Indeed the
guantitation of inhibitory activity of conpounds with
When tlesyreetsstoptrct ealey nade getter duinoniod: t he 12 . kD
fragment within cells can be described entirely in
terms of the sane paraneters whi ch descri be
Activityhipiltpeh{ BFatlad- £8u* bl hti HabiRivesl o KERAt i s,
: extent of proteolytlc generation of the 12 kD
fra nent mnthl et er ed entirely by the
can be, Boent Elt 8 t A dar ?ﬁb""i“j’hf“gﬁgpﬁg? he “{eé;}é’ﬁt A gikis for
apparEﬂte Kvai ﬁ‘amarrlt%wnomt:hew ey abseprad dagesawi-thib rbinding

in vithRe aeehl ch$ éHH&édt@bEhBS oawyﬁopﬁﬁceﬁﬁbﬂestﬁgoﬁﬁ.value for
schematically in FEgure 6a, wth exanmp resul

tau-tayp Binddpg s (rorng Peke 6t gt O?Hélﬁ?d’é@ststi@ SOle

deterndesati bédpisduaipe dEt ahd pﬁbq@bngtléaﬂkyjsuaamblhé&&ﬂiau
h.i.C 0 0 sed.in

unit O%pﬁ;lh?bgggdn%@a?y%g% B8 1o HRRTY HLS ISR Be tau-cau

bindingr-oduct i on of the 12 kD band can be 24 fitted

closely (i.e. observed vs. predicted correlation
: oeff|C|ent to a standard funpction
A furthel pp ??ﬁf??ﬂﬂ %PflBﬁso?e?%uFStggilfﬁ?ﬂmlﬁgrFﬁPGFfr%ﬁ

compoufgispcampl i fiiegsl hiereinwoThs Afptvadns ineatiet debermined
-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

"COQStitutivé expression of‘membrane*targeted-tau (sstauld0-441,

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



made, which are consistent with results from ot her

cell-based and in vitro studies: 1) the

intracel lular concentration of tau is approximtely

500 nM  2) the tau-tau binding affinity is 22 nM

When these assunptions are nade, the function:

Activity = (tau] ((tau] +3%d * (1+ [inhibitor] / KlI))

can be solved by standard nunerical nmethods to derive

minor 39al‘%esl?e&r“*5ab %0t ¥ vbEshplrs fsageenth wralCossrminally
truncabeeraeckéaiﬂubaa 120} kinadangajém 261 kbOspdcidst q¥k25) in

c e n, of 0 e the Kd_val ue for
niontERE PR @ent 8 v om0 L BB e 2 e oz 2 e
TheseSﬁlleaweerSﬁtﬁan@weqn%@ucm ore dinokhebpurtaadleyt pEathey PHF-
core 88@9}.@ CiQld8 chadl thdt tenefi Q@ngfﬂ:tl%t ‘Di{hA rh%h%elclali Yepends

Eg%% the extent of tau-tau binding
on P”Ea G 2BBETIFAL H EETOBER A7) |a§1ﬁéaa¥‘hll@és ﬁéeﬁeoﬁmft&d
aligngenpoufndheexeppdt fdeachilker ei n. The B50 val ue is the
determi ned concentration of test conpound used in
the cell assay at which relative production of the
This i5 RIpvWareherdwsalily- HenFigurad -wiben retuesdivn - GO%ul1-
lengthf tilha@‘l‘@bse'ﬁ vask ilva delde uaise e bt de £OTRAHAGN] «
promoggrsl |deshaq}|n%ﬁ%at|gn of the tissue
2R cBht AL of A GrRCHE e FUPFRY tcalRTRE S he
targeged r%ﬂ@@ndrﬂgnm,l 4y ik an(xﬂ}S.sekinprcg&ftﬂfﬁllcthf &d Yive
0 |natel I near tionship betwee
rise go paaﬁg?t )%ﬁi Va é/ueNlé' &rﬁéﬂal 2 Gh 'bhatcan“ﬁelﬁ@e'd a K30
fragmédu derieeemiAgl Krundlat@on 83k (P znd PIALE ¥rKinddM (n-
Cel | -based assay |1 ( ssK40/25kD ) The process is
termigak SHTUEEHI PR flr & @8t 8PP in prior filed unpublished
application GB 0100119.7. As denonstrated therein,
Qe VL utlve ex.resglon of nenbrane-t
' i #o2 e St st ion of two

speC|f|c cleavage products: a 25 nlnor éé kD speci es

Vltam{n K@é)" s' E‘om % 'ﬁggef E@Iggee[gtllvitg L?rt'i@en% ytau binding

assay in vitro. For values less than 100 uM, 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) . Howeve}: menadione (Figure 2a) did not
show act'i_\_ri_ty in the in vitro assay, possibly due to its reduced

solubility.

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

_- used with compounds of different solubilities.

Example 2 -~ Tau-tau. inh,ibit’ion- using ce_il_ based assay I

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



truncated at residue - 390, and a mpjor 25 kD species
("K25") in which the fragnent is Ntermnally
truncated at residue - 295. These cl eavage sites
correspond to the known boundaries of the PHF- core
domai n, indicate that theij. generation wthin the
cell depends on PHF-1ike tau aggregation through an

d1metﬁ¥ﬁ4IQQLﬂhkﬁkhJ&Eﬁﬂ%n§hk&éﬁgte&“ﬂﬁiﬁveﬂﬂlgﬁ téqglgggfg&related
own schemmati cal Igure en

iS,1$
to K3 &%ﬁggbﬁén of % Sathoﬁgﬁﬁ?TFfﬂﬁPﬁ??ﬁ%j’rs acti vat ed
under control of an inducible pronoter in cells

e oA I ARS8 LIRS LS

raghent I's processed
‘calculyfpst fFP@et¥%)%?h%4@aFPa@ﬂ%¢ﬂ g TP 2D qaianeasamnto
determdine e&%eh85)f ihtKBAti1bhagpretdu(Gut BERY ErHEQQEiSEh
- as 390) and a K25 fragment (N ternina truncation
at - as 295). Exanple 1 - In vitro tau-tau and
tau-tubulin binding Vitamin K2 was found to have some

By coﬁﬁ%&hﬁht¥tk&EEJy%st@Htﬂaynﬁﬁéﬁy g%bgé§§éQ%¥ V;FEEPS, 1t is

val ues | ess than rent
apparepty thafslopgen I\‘ﬂldﬂﬁﬁk%*ils af (A A KRodiddennarei afidsiiated
with ﬂﬁmmceﬁubutifnﬂy nding in vitro at concentrations up to
500 M (i. 2500: 1 nolar ratio with respect to tau
) in the condltlons of the assay) - see Figure 1.
FigureFgbt Bhpwgatwe Orbydshewn), deraphshogubtbrichaerDAdtives .
ComparliFodUbe B4 C%‘ﬁ%ﬁ‘@ﬂz' &m&édso Rhat Eﬁ)@ %%%E&t 5985‘1) in the

e reater than or equal to NM (Wi
POSISHOBNPR AR PTEEE T RAY . t‘?—kﬁﬁé\?”é‘tcerréﬁ'é’clﬁ'kﬁ?e erfigtirat 2d)e
hydroxdi drpap ishow &Ctpusiyldﬂlﬂéﬁaotnd&tfidkdﬁiiaynHz proved to

b Ltscr C sol ubi I|t
be thegg%?st L¥%ﬁjﬂﬁ tog%trégt%jfwe eh iVITY ou" ar aeét g@r s‘éfébr?
cellulwgs LDAAdealwk of asnngwttuthebhlbaeﬁmbdnﬁaa¢$dwﬁbﬁﬁhﬂamﬂany
activit§ . nore readily used with conpounds of different
solubilities. Exanple 2 - Tau-tau inhibition using

cell based assay | Figure 2a shows the structures of

FigureV2kaBhsss Khe olf3eabfdor Zund esence of a hydroxy in the 27

position in three compounds. Bs can be seen from DH15 and DH17, a

above.

hydroxy in the 2‘ position appears to be detrimental to activity.
However, weak activity can be observed with the 3-prenyl derivative
(DH1Y .

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
gupplementl'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



di met hyl -1, 4- napht hoqui none (denoted DH10) which is

closely related to K3

(2- et hyl -1, 4- napht hoqui none(nenadi ol )). The

corresponding values are listed for apparent Kl and

B50 calculated fromthe cell data using the T40/12kD

cell assay to determ ne &t ent of inhibition of

t au-tau .bi nd| escr bed a conparin
naphergt EHaOEOG M REEEPEE, R0 At ShSanty SRR IREREr ¢
Naphtlgpggaeent iha@teﬂa;ﬁgev Br@seerdharmsreaetalhhesa apdsiti e

naturaAl %r%%ﬁ?%?t%} s%‘:ﬁeé?gl%?@dcréc%'ﬂ_’;h«%}’ FrdGusones in
shows two c}/ r oxy 4- napht hoqui none derivatives.

leafy (Y(ﬁ’r?ﬁérapéﬁﬁ It ﬁqf&e’éh’%i DH2 suggests that the nethyl
"~ group in the 3' position nay be preferred to enhance
acti vit nd that. th hydr.Q ro
Flgure Cij :no}rgsleghno fl}ac rlﬁen é/ﬁ eDlyﬁf% v%%aqi S“Betfﬁutlons in
the 1 rm@t 4hpghi yiqrexi ésoﬁaralwe tfr?@imﬁmmuhkdss testied, whé¢h2a

methylc%ila'é'eegttla-[m{%al Yenodn ]ac&MveThﬁhg‘_Q@s %@pgugddm\&hyl
not show an activity ure 2¢c shows the ef fect of

diacetate (PHLLL Sofreﬁuﬁ?‘i’jr%?&l Hen@sovithddie cgprepponding -
naphthdyudecoespdind 2-mAshghndbenlgtertel i smbdimeandeHl7, a
activiydroxy in the 2' position appears to be detrinental
to activity. However, weak activity can be observed
with the 3-prenyl derivative (DHl). Figure 2d shows

Flguret b:e ehbesta Qfoﬂphanﬂr&sm o ®asgyl p:hafle;lﬁeoyg |t

whereifl& RetBPbArEB AR TR TRt St bt etk LT
Again |thds bhsaxttiwitty. (cHowWeNET arte K3 suphid eofppohind nslodwn as

DH20 HDWadgh Va5t £35S aNa N dlb il tQ)Q:dofSQf nL), héﬁd indeed
reduced actjvity- The methoxy derivative 17)

it 2PReREREd thRbd itV PEy? %@e&w&tbwe&fﬁr PEBNSHPYH -
vitamin K3 in Figure 2a. The conpound shown as DH19
Exampl%h%V\Ed QQ I?E?J 1Wh&¥1@§o;@%su@j r}\)—zl Eoﬂagéd %%% $9?£' on,
dftu |l|ueeu Tt appedreu-tIiat " 11 711ay DY
pro-aggregant (results not shown). This suggests that

To con@QFROUAESreAWsNgLthEn&NQldisRE icRN 1 PEORAS tis88y0f, DRLO her

n | I
experlme%tsewgrgeger o?:mgd with cell based assay II.

Figures 3a and 3b show that this proteolytic processing can be
blocked in this system using Vitamin K3 (men:—._\dione)- 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 éompounds -de'scribved 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



Fi gure 2e shows the results obtai ned when two

1, 4- napht hoqui nol s were exam ned. The dicarbonitrile
was entirely inactive, the 27 naphthoic acid form
had activity in prelimnary experinments. Naphthoic
acid is generally present in vegetables, and is the
natural precursor for syntflesi s of the higher

.0 hﬁgglgﬁpes in. Ieaf vegetables and bacteri a.
remainfRB 000! H3EEneRivelt oG Tt Sraveata OBy preion 96)
was usedpsagdid ianeridingt he ﬂueanﬁndfpesuteﬂrhs inftraanidiss.

seen fromthis series, the 2- nethyl diacetate (DH9)
is highly active, wher eas t he 2,3-dimethyl diacetate
Two 1m?erﬂaytrﬁﬁ9q%eaaeea HETHIA ﬁyoma§h%ﬁt¢94Mﬂ§ls«
‘correspondi ng napht hoqui nones. The 2-net hyl
1. Th di sul p@gte IS terqg iate in __activity Figure 2g
- MRl W ¢ nrp‘&uﬁ TP "tte&et“oaﬁﬁﬁbl?% R gﬁ’P‘é’OEadSbﬁtft
inhiblmh9$e¢f1tﬁqv@ahyhggrcaﬁtﬂmmsabeenheexﬂzuxmﬁluythnathe assay;
nmet hoxy (DH18). Again this has activity (cf. DHLY
and K3). The conpound shown as DH20O showed no

2. ConziderAng the sAmPPwrd: tiGstef aggfepativrradntayndded lar KI

valuesléfaﬂﬁﬂﬁfadothﬁtcéiréﬁﬁbnﬁﬁné P6 02 a9y @@antin4F eslikS ey
shown) . le 3 - Tau-tau_inhibition using

not
level @b|%- Hageg&f thepn dooAL £ERFt He Tedative eokifed as
" express$i&d Ngy aald Ibaeedamayx bxeﬁf@fkggrcorﬁ%ﬂﬁ%ﬁ' ﬁﬁnéﬁléfv%rr%ug for

forned t ceII sed s 3a and 3
cnmc‘gﬁ Wt hat ;Mﬁl ghpr of ‘é“?‘ ?‘ag Bg‘ lé’s%‘?‘??d: ggﬁgb‘éal‘lﬁ ‘0&ked
therap¢¢£1¢n%ﬁdgwsﬁéniu@xkupaﬁ baennciBof harvadifomegaalt of
compouk® Y d R 18Nenof cd1ir 22sBYs ELOHSE AR .shows that the

conversion of T40 -> K257is reduced to about 74 of
that seen without K3, and Figure 3b shows that the
conver si orr¥d4ix- > KB8%0i 46 ps@duced. to about 4 of that
seen without K3_ Fromthis it can be inferred that
the conversion of T40 -a K40 is al so reduced to
about 4 of that Seen w thout K3. Exanple 4. -

Certaid QXdngiduhdsS qBgcEabdd haord ashaye | akhx ut ¥YnObrddie

conmpounds descri bed above was assessed in the
Compound KI.(nM) B50 {(pM) r LD50 (uM} Rxindx
K3 128 - 2.78 0.925 44.92 R 16.17
DHLO 122; © £.80 0.935  66.71 ' 13.91
pﬁs 118 - 2.56 0.776 | 34.29 13.39
i 513 11.13 0.864 100.97 9.07
DHS 157 3.41 0.964 '18,53 | | 5.45.
7 DH13 -_ 263 - 5.71 0{956. 30.99 | 5.41
DHY 1127- 2.76 0.988 13.09 4.75

- DH3 630 13.68 0.944 63.36 4.63



T40/ 12 kD cell assay used to assess activity.
Toxicity was. neasured by cell nunbers after 24 hrs
exposure to the conpound wusing a |actate

dehydr ogenase assay kit TOX-7(Si gnma Bi osci ences)
according to the manufacturer's instructions after
lysis of 28 renmaining cell's. Alternatively a kit
from Pronega UK (CytoTox 96) -was used, again

according to the manufacturer's instructions. Two
PHIL i npoftént conktfsi ons en®rPRP fromiehild analysis: 9.83
There is no correl ation between activity of conpounds

. as. i.nhibjtors of tau-tau aggregation and thejr
5 FoAPEIT3EIa (e s ayoaters G ELhert g eCb s
data.tested so far, several have simlar val ues of
about 120 nM corresponding to a B50 ceIIuIar activity
| evel of 2.6 pM However they do differ in relative
ReferqnpasitPy, Fagurexbr essed. by the LD50 val ue. A
preferred conmpound in this group for clinical use
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RELATED NEURODEGENERATI VE DI SORDERS Abstract

Use as claimed in any one of claims 1 to 3 wherein the disease is: Familial
Multiple System Tauopathy, Corticobasal Degeneration, Familial Gerstmann-
Straussler-Scheinker Disease, Motor Neurone Disease, Lewy body disease;

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



Provi ded are napt hoqui none-type conpounds whi ch can
be used to nodul ate the aggregation of protein
(e.g.tau) associated with neurodegenerative di sease

- (e.g. Al zheiner's disease). Structure-function
characteristics for oxidizeggand reduced
napt hoqui none-type conpounds, such as
nmenadi one-rel ated conpounds, are disclosed. The
i nvention further provides nethods of treatnment or
prophyl axi s of neurodegenerative di seases and/or

NARTHOQEANONEBBRIA THERS d\ D INH IR TORFOR M) ABGREGATION

Sui t b erL P A TMENT OF ALZHEIMER’S AND RELATED
NEURODEGENERATIVE DISORDERS

Abstract

Provided are napthoquinone-type compounds which can be used to modulate the
- aggregation of protein (e.g.tau) associated with neurodegenerative disease (e.g.
Alzhemmer’s disease). Structure-function characteristics for oxidized and reduced
napthoquinone-type compounds, such as menadione-related compounds, are
disclosed. The invention further provides methods of treatment or prophylaxis of

neurodegenerative diseases and/or clinical dementias based on the compounds.
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