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METHODS OF USE THEREOF FI ELD OF THE | NVENTI ON 5 The present invention

rel at es twoamompaunds useful in the nodul ati on of potassi umCTtARNES1
activity in cells, in particular the activity of Kvl.3 channels found in T
cells. The invention also relates to the use of these conmpounds in the
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10  preparation.

BACKGROUND

Many autoimmune and chronic inflammatory diseases are related to

immunoregulatory abnormalities. Diseases such as systemic lupus erythematosis,
15 chronic rheumatoid arthritis, multiple sclerosis and psoriasis have in common the

appearance of autoantibodies and self-reactive lymphocytes.

Multiple sclerosis is the most common neurological disease of young people. It is
believed to cost more in medical care and lost income than any other neurological

20 disease of young adults.

Multiple sclerosis affects the myelin sheaths of nerves. Myelin is an insulating
material that coats most axons and allows rapid signal conduction over long
distances by saltatory conduction. [t is thought that antibodies and specialised

25 cells of the immune system attack the myelin coating. This process leads to
inflammation and scarring (sclerosis) which damages blood vessels in the area by
the formation of a lesion known as a plaque. These plaques are characterised by
being infiltrated by cells of the immune system. This results in demyelination with
the consequential loss of the rapid signal conduction.
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-2 A possible nethod of treating these autoi mune and inflammatory di seases
Is by suppressing T-cell proliferation and nodul ating their activation.
The ear| ywettagesiof T-cell activation may be conceptual | y pseEpanavesdii nt o
pre-Ca 2+ 5 and post-Ca 2+ events (Cahal an and Chandy 1997, Curr. Opin.

Bi otechnol . 8: 749). Foll ow ng engagenent of antigen with the T-cell
antigen-receptor, activation of tyrosine kinases and the generation of
inositol 1,4,5-triphosphate lead to the influx of Ca 2+ and the rise of
cytoplasm c Ca 2+ concentration. The rise in Ca 2+ activates the

phosphat ase cal ci neurin, which then dephosphorylates a cytoplasmcally 10
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lasting Ca®* signals while others require only a transient rise of Ca“".
15 Furthermore, Ca®" immobilisation of the T-cell at the site of antigen presentation
helps to cement the interaction between T-cell and the antigen-presenting cell and
thereby facilitate local signalling between the cells.
lon channels underlie the Ca®" signal of T-lymphocytes. Ca?" ions move across
20 the plasma membrane through a channel termed the store-operated Ca®* channel
or the calcium release-activated Ca** channel. Two distinct types of potassium
channels indirectly determine the driving force of calcium entry. The first is the
voltage-gated Kv1.3 channel (Cahalan 1985, J. Physiol. 385: 197, Grissmer 1990,
Proc. Natl. Acad. Sci. USA 87: 9411; Verheugen 1995, J. Gen. Physiol. 105: 765;
25 Aiyar 1996, J. Biol. Chem. 271: 31013; Cahalan and Chandy 1997, Curr.. Opin.
Biotechnol. 8: 749) and the second is the intermediate-conductance calcium-
activated potassium channel, /IKCa7 (Grissmer 1993, J. Gen. Physiol. 102: 601;
Fanger 1999 J. Biol. Chem. 274: 5746; Rauer 1999, J. Biol. Chem. 274: 21885;
VanDorpe 1998, J. Biol. Chem. 273: 21542; Joiner 1997, Proc. Natl. Acad. Sci.
30 USA 94: 11013; Khanna 1999, J. Biol. Chem. 274: 14838; Lodgson 1997, J. Biol.
Chem. 272: 32723; Ghanshani 1998, Genomics 51: 160). When these potassium



Chem 272: 32723; Ghanshani 1998, Genomics 51: 160). Wen these potassium
WO 03/078416 PCT/ AU03/ 00351 -3 channels open, the resulting efflux of K+
hyper pol awDa8®744n€ menbr ane, which in turn accentuates treTa08H0331 Cat +,
which is absolutely required for downstream activation events (Cahal an and
Chandy 1997, Curr. Opin. Biotechnol. 8: 749). 5 The predom nant

vol t age-gat ed channel in human T-1ynphocytes is encoded by Kvl1.3, a
Shaker-rel ated gene. Kvl.3 has been chayacterised extensively at the

nol ecul ar and physi ol ogi cal |evel and plays a vital role in controlling
T-Iynphocyte proliferation mai nly by maintaining the resting nenbrane
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t herapeuti c agents as i nmunosuppressants for the prevention of graft
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present in ynp ocytes, and al so as an i nmunosuppressant. However the
use of t hAdvamtageauslyitse vti 3 ehiaringl is aimnst exelusiyrlydpegieddn Trmmhesyiesnal

Pat ent Application publication No.s WO 97/16438 and WO 09/716437, and US
Pat ent No. 6,051,590 describe the use of the triterpene,

Accordingly compounds which are selective Kv1.3 blockers are thus potential
therapeutic agents as immunosuppressants for the prevention of graft rejection,
15 and the treatment of autoimmune and inflammatory disorders. They could be
used alone or in conjunction with other immunosuppressants, such as selective
IKCa1 blockers or cyclosporin, in order to achieve synergism and/or to reduce

toxicity, especially of cyclosporin.

20 At present there exist a number of “non-selective K channels that will inhibit
lymphocyte proliferation, but have adverse side effects. Other K channels exist in
a wide range of tissues including the heart and brain, and generally blocking these

channels is undesirable.

75 US Patent No. 5,494,895 discloses the use of a thirty-nine amino acid peptide,
scorpion peptide margatoxin, as a selective inhibitor and probe of Kv1.3 channels
present in human lymphocytes, and also as an immunosuppressant. However the

use of this compound is limited by its potent toxicity.

30 International Patent Application publication No.s WO 97/16438 and WO
09/716437, and US Patent No. 6,051,590 describe the use of the triterpene,



WO 03/078416 PCT/ AU03/00351 -4 correolide and rel ated conpounds as

I mmunosuppressants in the treatnent of conditions in mammuals affected or
facilitatwoop7ddvd. 3 i nhibition. US Patent 6,077,680 descrChaedioBbsssegnent s
and proteins of derived fromsea 5 anenbne species, nore particularly ShK
toxin from Stichodactyl a helianthus. The ShK toxin was found to bl ock
Kvl.1, Kvl1.3, Kvl.4 and Kvl1l.6, but a mutant ShK- K22DAP found to

sel ectively block Kvl.3. Unfortunately_jhe mutant was not sufficiently
stable for clinic use. 10 ShK toxin has recently been shown to both prevent
and treat experinental autoi mune encephal onyeliti s [ n Lews rats, an
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10 ShK toxin has recently been shown to both prevent and treat experimental
autoimmune encephalomyelitis in Lewis rats, an animal model for human multiple
sclerosis (Beeton 2001,et al., Proc. Natl. Acad. Sci. USA 98:13942), by selectively
targeting T-cells chronically activated by the myelin antigen, MBP (myelin basic
protein). The same study also indicated that chronically activated

15 encephalitogenic rat T- cells express a unique channel phenotype characterised
by high expression of Kv1.3 channels (approximately 1500 per cell) and low
numbers of IKCa7 channels (approximately 120 per cell). This channel phenotype
is distinct from that seen in quiescent and acutely activated cells and may be a
functionally relevant marker for chronically activated rat T lymphocytes.

20
Khellinone, a substituted benzofuran and natural product from certain plants, and
8-Methoxypsoralen (8-MOP), both commercially available products have been

found to have blocking activity on the Kv7.3 channel.
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WD 03/ 078416 PCT/ AU0O3/ 00351 -5 Khellinone, 8-MOP and four dineric variants
t hereof were described in a Poster (abstract. No. 1078) at a neeting of

t he Ameriwer@rsasé ol ogi cal Society in Snowrass, Col oradoPCThaioBlgasi ol ogi st
42: Al12 (1999)). The authors were testing whether linking two active units
wi th a spacer inproved activity. Sonme of the 5 bivalent derivatives were
said to be ineffective, and others were said to block the Kv1.3 channel,
but lack therapeutic utility due to their extrenme sensitivity to

hydrol ysis (very poor stability) and high |ipophilicity (poor solubility in
clinical conditions). 10 SUMVARY OF THE I NVENTION In a first aspect the
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conditions).

10 SUMMARY OF THE INVENTION
In a first aspect the invention relates to compounds of the general formula |

R1 R3

Rs Re

Linker

Formula |
15
wherein R;, R, Rz and R4 are independently selected from H, OH, optionally
substituted alkyl, optionally substituted alkoxy, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted haloalkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally substituted arylalkyl,
20 optionally substituted cycloalkylalkyl, cyano, halo, alkoxycarbonyl, alkyl

carbonyloxy, alkylamido, nitro and alkylamino;

Linker is a divalent spacer group that provides a spacing between the two
aromatic rings to which it is joined of from 6 to 11 atoms when measured across

75 the shortest route between the two aromatic rings;



-6 A and B are fused rings independently selected fromoptionally
substituted 5- to 7- nenbered aromatic, heteroaromatic and non-aronatic
het er ocycWwDm3nisigs; 5 R5 and R6 are i ndependently sel ect e@CirraamAQs0) R7,
-C(NR7)R7 and -C(S)R7, wherein each R7 is independently selected from
hydr ogen, an al kyl group, an al koxy group and an hydroxy group; or a salt
or pharmaceutically acceptable deri vati ve thereof; 10 wth the proviso
that at | east one of Rl, R2, R3, or dbs not a methoxy group when R5 and
R6 are -C(O CH3, rings A and B are unsubstituted furyl and Linker is

-0 CH2-C6H4-CH2-O-. 15 In a second aspect, the present invention provides a
phar maceuti cal conposition for use as an i nmunosuppressant, the
conposition conprising an effective anount of conpound of Formula I, a

product tRefeh ardfuddARIREBIER Gl selaEE HoH bptioiRilly AlbsYRItE A E: eof7. and

optional I'y ‘a“carrier or I'n a third aspect, "the present

i nvent i onmenhered arematic, tedewarpmatie and mgneﬂromlatheﬁ@rocwlmamgﬁ, mune or
chronic inflamuatory di seases, the prevention of rejection of foreign
organ transplants and/or related afflictions, diseases and illnesses by the

admi ni 5t 1AL ion RL &eCRRRALRTeAy SBITER NP ECIODRAT TGIRI)RE @indy —B(S}R1, abl e

derivative't reof or a conposition containing a conpound of forrmula | or
a 25 phawhemiutdashl Ry |ac|c1dpD@M@tUere@ﬁeidv@OﬁhBV@@QGW r?naafkdbrglr‘PP%Sﬁ@ct

t he present invention | thod of nodul ating potassiumion

channel EIE(PW glpLRy and EB 9%§§/ gs}lﬁ’g&appl i cation of a compound of Formula I,
or a pharmaceutically acceptable derivative thereof, to said T-cells. 30 WO
03/ 078416 PCT/ AU03/00351 -7 In a fifth ag};%ve t he_present invention

provi des ohe salier ghagmaeceyisaliy aseerteblergr #ergohhar maceut i cal | y
acceptlabl e derivative thereof, in the manufacture

with the proviso that at least one of R1, Rz, Rs, or R4 is not a methoxy group when
Rs and Rg are —C(O)CHj3, rings A and B are unsubstituted furyl and Linker is
-O-CH,-CgH4-CH,—O-.

15 In a second aspect, the present invention provides a pharmaceutical composition
for use as an immunosuppressant, the composition comprising an effective
amount of compound of Formula I, a product thereof, or a pharmaceutically

acceptable derivative thereof, and optionally a carrier or diluent.

20 In a third aspect, the present invention provides a method of preventing or treating
of autoimmune or chronic inflammatory diseases, the prevention of rejection of
foreign organ transplants and/or related afflictions, diseases and illnesses by the
administration of a compound of formuia | or a pharmaceutically acceptable
derivative thereof, or a composition containing a compound of formula | or a

25 pharmaceutically acceptable derivative-thereof.

In a fourth aspect, the present invention provides a method of modulating
potassium ion channel activity of T-cells by the application of a compound of

Formula |, or a pharmaceutically acceptable derivative thereof, to said T-cells.

30



of a nmedicanment for the treatment or prevention of autoinmune or chronic

I nfl ammat ory di sease, or the prevention of rejection of foreign organ
transpl arwe 0387&amel/ or rel ated afflictions. DETAl LED DESCRPETIADN3IBSTHE

| NVENTI ON The present invention is predicated on the discovery that,
contrary to the teaching of the prior art, bivalent Iigand systens can be
quite stable. In addition it has been 10 found the clinical solubility,
Kvl.3 channel selectivity and / or actiwjty of bivalent |igand systens
conpounds may be enhanced over that of the previously taught bival ent

| igand systens. Wiilst it has been suggested that a possible nmethod of

I ncreasing the acti

vity of 15 conpounds at_ . jte | |4 t wo
active cdéipdulity aﬁpécg & Pé%ﬁeé'?l 'nﬁﬁ% on t%%'ﬁ%%ﬁ@ggbgév ]JI Egnthﬁ]lngogqug B
(Por t 0ghegn, B [Sor alpHRcEtiEAIRT 1916 RV SRS trsof, il 980 mailfag®ee 235) ,
t he known experiment's wth sonme Kvl.3 channel active conpounds have.

|l argel y lfea mesiicareardf for. theddegatyent il peyeatiam r ol iBGEPIBTPW] ©OF SAERNG

increase .the activity of the biyval i : 21 or i Y
greater B mﬂbﬂﬁow@geﬁﬁ’&ﬁ L'\?aﬁ%"% B{'%'l' r?’tﬁ%%?“t@? Oﬁr}c]%?eg%r?c%@#?ﬁﬂag{r s
appears t o pbf eses dietigisccess of this approach including whether Iinker
joining the two active conpounds permts the bridging of two nei ghbouring

bi ndi ng sites, the surface norphol ogy of the 25 regi on around the binding

sites an 1} 1 cal Rﬁgﬂggg gFaJI'HEfIfI\RFEE.ﬁT@N nodi fying the active conpound
by addin . : rf these criteria are net, and
the di valpg glrémmdq\ﬁmﬁoﬁiigp'rédimeulqn thehdiscmetrpiivati oontrarytthdhe degehing
protein Kvl. 3,

wh d h | ent._1{gand . physi i cal
ot oper {1 < e iRy BAIaR 18804 SkElenm it go e ciier MaRgea e FER
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It 1s belireve a e conp the inventi'on may address one or nore
of these Iyzmll systemsdcdrhpsuntsymay berenheated ovee thaioplotheapraviasishh daught

bivalent ligand systems.

Whilst it has been suggested that a possible method of increasing the activity of
15 compounds at a receptor site is to link two active compounds via a suitable linker

to create a bivalent ligand (Portoghese, P.S., Trends in Pharmacological Sciences,

1989, 10, 230-235), the known experiments with some Kv1.3 channel active

compounds have largely been unsuccessful. Ideally local concentration effects

should increase the activity of the bivalent ligands by a factor substantially greater
20 than two.

Unfortunately, a number of unpredictable factors appear to influence the success
of this approach including whether linker joining the two active compounds permits
the bridging of two neighbouring binding sites, the surface morphology of the
25 region around the binding sites and chemical and structural affects of modifying
the active compound by adding a linker group. Furthermore, even if these criteria
are met, and the divalent ligand has significantly enhanced binding to the target
protein Kv1.3, whén compared to the monovalent ligand, poor physicochemical
properties such as poor aqueous solubility can render any such divalent ligand of

30 no therapeutic use.



sol ubl e than the known divalent |ligands, in addition to having good
stability. 5 Wth respect to the present invention there is a Linker joined
to two |iwend®7d4me order to provide the conmpound of fornmulPa&TIAUA®03Sar | i er
described. The "Linker" is a divalent spacer group that provides a space
between the two aromatic rings to which it is joined of from6 to 11 atons
when neasured across the shortest route between the two aronmatic rings
(the bridging portion). ldeally this |l.awth should 10 permt the active
conponents to bridge two nei ghbouring binding sites. Exanples of suitable
di val ent spacer groups include optionally substituted alkylene groups

having from6 to ll rbon ute
bet ween VRS 41 ?Xeq tﬁﬂotﬁg%?%?%re og iﬂ%ﬂﬁ(ﬁ} Weneﬁy%%g%&gp)
groups i maﬂéeopfth@@ ggotﬂemsl and tRYs heay ¢l ared séléttivectrd/oatanive and/br as
wherein I's selected from hydrogen and Iowe H%ﬁ One or
m)re of sohblerthdry thenngwiTeivajeng ligapds,iin a@‘ﬁﬁ'o rtP(iIﬁVH@Q)Qﬂ siER! y al so be
replaced with atonms formng part of an optionally substituted ring such as
one or noreoptionally substituted aromatic ring or optionally substituted

non arpmaljith respacsio t@@résemsin@\tmythenellsnde Lcrrb@rqmlnedrte et égarad@n@

selected fromO, S an The rin heteroato % H‘ﬁ%ﬁ" the

bri dgi ng q:lidet tQ)hTOVﬂ%tr@rq?Ql’QPW%Bﬁqr@H'ad 7SI A ! nggﬁ?ﬁ' &fo "?Ifeﬁgtss?

form ng [ r rlasm’aﬂCUH i6 at ed
gﬁ{ ﬁbggepéllo A oc &IHé%? V\ﬁe iHRENSSIE tREQWBT a i

sites. an et hyl ene noi et CH2-)
has been wmehat:sqome‘dhof febinG@Ho o at@n@-whél'mmegsam agrro@apther%nOH@Sbmutgnm ly

bstituted b d f t t bel
WEh ref drawebncbe o aaTaiS riggs o bitats morfiiis, Sy IS ERSE gl of 2"
non- | g tbé}gn Ffﬁ%’%tﬁlstéc;hﬁp&%?ﬁ@fo Br@gEP e MeidBbaring binaire *_sw(e§ubst i tuted

wi th one 'of nore su ents selected fromhydroxy, optionally
substituted al kyl, optionally substituted al koxy, opt ionally substituted WO

LA LTS b, AT e L Ky L,
opti onal | ykvigRat drotbs thaving #okyl6 toptl @é‘rbthatStﬁSSthntmdasured across the
shortest route between the two aromatic rings. One or more of the methylene
15 (-CHa-) groups in the bridging portion may be replaced with heteroatoms, such as
0, S or NR? wherein R? is selected from hydrogen and lower alkyl. One or more
of the methylene (-CHy-) groups in the bridging portion may also be replaced with
atoms forming part of an optionally substituted ring such as one or moreoptionally
substituted aromatic ring or optionally substituted non aromatic ring(s). The rings
20 may include one or more heteroatoms selected from O, S and N. The ring

heteroatoms may form part of the bridging portion.

The bridging portion (including non-aromatic ring(s) forming part of the bridging
portion) may include one or more unsaturated sites. An unsaturated site occurs

25 when an ethylene moiety (-CH,CH.-) has been replaced with -CH=CH- or -C=C-.

The spacer group may be optionally substituted by a wide range of substituents,
such as those described below with reference to the definition of 'optionally
substituted’. By way of a non-limiting example, the spacer group may be
30 optionally substituted with one of more substituents selected from hydroxy,

optionally substituted alkyl, optionally substituted alkoxy, optionally substituted



cycl oal kyl al kyl , cyano, hal o, al koxycarbonyl, al kyl carbonyl oxy, al kyl am do,
nitro and al kylam no. 5 The Linker nay optionally include one or nore
aronmat i c,wbaBerssas omati ¢ or non aronmatic rings. For exampCa/Auvg/obismker may
i nclude aryl or cycl ohexane rings. The included ring(s), preferably a
phenyl ring, may constitute two or nore of the atons that formthe
shortest path between the two aromatic rings |linked by the 10 Linker.
Preferably the Linker is a divalent migty of the form-X-(CH2)n-X-, where
each X is the sanme or different and is selected fromO0, S and NRa (where
Ra is independently hydrogen or | ower aIkyI) preferably 0, and nis a
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same or cbyfcicmlleﬁmkgalnd‘,yasosmaé@,t e&ouyeafbonylsaélﬁdpauhanyl@mr alkylnidg, nitro

i ndependent | éFrogen or |ower alkyl), preferably 0, and p and q are

I nt eger %Uﬁ%@y to or greater than 1, one or nore of the nethyl ene
groupsgnay be optlonally substituted and -(CH2)p- and -(CH2)g- may include
one or nore 25 unsaturated sites, Y is selected fraom di val ent qgletles such

as an optThméJlnlser rsapiptiopatiy inglagone on MG'e @éwnggc,ph%‘rﬁy@aro or nelo) -;
-C(0)0-; -NRb - KH I ,W(y@nYls
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speC| Bca%g unl ess ot herW| se defined "optionally substltut ed" neans that

a gr may not be further substituted with one or nore groups
sel ected

Preferably the Linker is a divalent moiety of the form -X-(CHy)n-X-, where each X is
the same or different and is selected from O, S and NR? (where R? is
independently hydrogen or lower alkyl), preferably O, and n is a integer of from 4
15 to 9, and preferably of from 6 to 8, and one or more of the methylene groups may
be optionally substituted and may optionally include one or more unsaturated

sites. -

20 Another preferred linker is a divalent moiety of the form -X~(CH2)p-Y~(CH2)¢-X-,
where each X is the same or different and is selected from O, S and NR® (where
R? is independently hydrogen or lower alkyl), preferably O, and p and q are integer
numbers equal to or greater than 1, one or more of the methylene groups may be
optionally substituted and —(CHg)y- and —(CHg)q- may include one or more
75 unsaturated sites, Y is selected from divalent moieties such as an optionally
substituted aromatic ring such as phenyl; -S-S-; -C(0)-; -C(O)O-; -NRPC(O)-
wherein R? is hydrogen or lower alkyl; or -O-. When Y is a phenyl group it may be
optionally substituted, and is preferably substituted with one or more polar
substituents, such as —C(O)OROR®, wherein each R® is independently hydrogen

30 or a lower alkyl and n is a integer from Q.to 10.



from al kyl, al kenyl, al kynyl, aryl, hal o, haloal kyl, hal oal kenyl,
hal oal kynyl, hal oaryl, hydroxy, al koxy, al koxyam no, al kenyl oxy, aryl oxy
benzyl oxywotwalsikoxy, 5 hal oal kenyl oxy, hal oaryl oxy, cyameT/Adasbessy! ’
nitro, amno, alkylanmino, dialkylanno, alkenylam no, alkynylan no, ’
aryl am no, diarylamno, benzylamino, acyl, alkenylacyl, alkynylacyl
aryl acyl, acylam no, heterocyclyl, heterocycloxy, heterocyclam no, 1
hal ohet erocycl yl, carboal koxy, carboaryj.oxy, alkylthio, alkylsulfonyl
a:\l:%/:l( ?);“C]f?l ny:\Ii?Cl(o(e_))nzyl t hi o, sul phonam do, -C(ONRR , - NR- C(SYNR R', 10 ’
- - NR R', -NRC(O R‘ =NR) NR -
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lower alkyl.

15 Where the optional substituent includes an aromatic or heterocyclic aromatic ring,
that ring may be substituted with one or more groups selected from alkyl, alkenyl,

alkynyl, halo, haloalkyl, haloalkenyl, haloalkynyl, hydroxy, alkoxy and alkenyloxy.

The term "alkyl" as used alone or in"combination herein refers to a straight or
50 branched chain saturated hydrocarbon group containing from one to ten carbon
atoms and the terms "C.s alkyl" and "lower alkyl" refer to such groups containing
from one fo six carbon atoms, such as methyl ("Me"), ethyl ("Et"), n-propyl,

isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl and the like.

25 The term "alkenyl" means a two to ten carbon, straight or branched hydrocarbon
containing one or more double bonds, preferably one or two double bonds.
Examples of alkenyl include ethenylene, propenylene, 1, 3-butadienyl, and 1, 3, 5-

hexatrienyl.

30 The term "alkynyl" means a two to ten carbon, straight or branched hydrocarbon

containing one or more triple bonds, preferably one or two triple bonds.



al koxy" and "l ower al koxy" refer to such groups containing fromone to siXx
carbon 5 atons, such as net hoxy, ethoxy, propoxy, isopropoxy, butoxy,

t - but oxy wod3hs16 | i ke. The term "aromatic" or "aryl" whemrCusdm®3adsne or in
conbination refers to an unsubstituted or optionally substituted
nonocyclic or bicyclic aromatic hydrocarbon 10 ring system Preferred
aromatic ring systens are optionally substituted phenyl ("Ph") or
napht hal enyl groups. Preferably, the ajpmatic or aryl group is phenyl and
may be optionally substituted wth up to four but nore usually with one or
two groups, preferably selected from 15 C1_6 alkyl, Cl_6 al koxy, cyano,
trifluoronmethyl and hal o. When the aromatic group is optionally substituted
by al koxycarbonyl, the al koxy group may itself be optionally substituted

by one oty gop g ol kg SO RSY Wi or T RBRINARITRIEe réfurd teb sidighnel | v

substi t ut aromatic group can be 20 substituted with a miety
such as aRMIERI EFkin atkgrgroup Rovaleatly baend alkan Qlivkpoe and the itarms qat-eger

f 0 to 10. Th "het tic" . i
L obl o, " ikma pd HSNBEFOKE Gre S 9 RLBE e Rt R Brgt ielkel fk Eafbdep °
atons andgther af, od methoRe! @R6BH dropdxy)i isoP@poxy sbldony, hdtoxy and gen.

Preferably, a’ heteroaromatic group is a 5 or 6-nenbered nonocyclic ring
(opti onallikg. benzof used) or an 8-11 nenbered bicyclic ring which consists of
carbon atonms and contains one, two, or three heteroatons selected from
nitrogen, 30 oxygen and/or sulfur. WO 03/078416 PCT/ AU03/00351 -12

Exanpl es pic RERH EF@HatiEt BF CaRPMhen @erlplorer er iis cocmatihgtion irefedaol

thiazolyl, isothiazolyl, pyridyl, furyl, rimdinyl, razol yl

pyri dazi msumﬂwed@ybpﬂﬁﬁlalérﬁt@ﬁﬂuied wqe%&%rab'w l@%ﬁéaﬁﬁM@%ﬁf?%hed

to the parent sfruct 0 i t om of

the nb orid sYStE: Fiederred e TRiG SiteRisr e pptiBIANOSBHIR! Shew
("Ph") or naphthalenyl groups.

Preferably, the aromatic or aryl group is phenyl and may be optionally substituted
with up to four but more usually with one or two groups, preferably selected from

15 Cy alkyl, Cq. alkoxy, cyano, trifluoromethyl and halo.

When the aromatic group is optionally substituted by alkoxycarbonyl, the alkoxy
group may itself be optionally substituted by one or more alkoxy groups which
themselves may be further optionally substituted. Thus the aromatic group can be
20 substituted with a moiety such as —C(Q)OR[OR]n wherein R is a lower alky! group

and n is a integer from 0 fo 10.

The term "heteroaromatic' group as used herein refers to a stable, aromatic
monocyclic or polycyclic ring system containing carbon atoms and other atoms

25 selected from nitrogen, sulfur and/or oxygen.

Preferably, a heteroaromatic group is a 5 or 6-membered monocyclic ring
(optionally benzofused) or an 8-11 membered bicyclic ring which consists of
carbon atoms and contains one, two, or three heteroatoms selected from nitrogen,

30 oxygen and/or sulfur.



The terns "hal 0" and "hal ogen" as used herein to identify substituent

noi eties, represent fluorine, chlorine, bromne or iodine, preferably

chl ori ne wo oBlozsané ne. The salts of the conpound of fornul 2Cir/Ang/omsef er abl y
pharmaceutically 10 acceptable, but it will be appreciated that

non- pharmaceutically acceptable salts also fall within the scope of the
present invention, since these are useful as internediates in the
preparation of pharmaceutically acceptaple salts. The term
"pharmaceutically acceptabl e derivative" includes pharnmaceutically 15
accept abl e esters, prodrugs sol vates and hydrates, and pharnaceutically
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esterssand the salts of quaternary am nes and pyridiniunms. The aC| d

addition salts are fornmed froma conmpound of. 25t nvent i.on . a.
phar maceuthe demnys delepeasl dalegnryans ¢ised gt "%ﬂt'ky %ﬁ'tHa? ‘%iesnot
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met hanesul E50 pron ¢ enzenesul phonic, acetic, propionic,
ascorbic, citric, malonic, fumaric, maleic, lactic, salicyclic, sulfamc,

or tartartic aci ds The counter n_of qua ternar am .nes i unBs
i ncl ude chherpalis of 6H¢d&°”¥ﬂ§’ulngd| eforay ( Tc?rﬁt?'é; P%ﬂﬁg%l&"%g at e,
citra t ptabie shitse
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magnesi um anmopi um.a d a nium Al s i | - cont ai ni ng
groups ma\MeyASHIALE iMi Br%%ﬂt'o%ﬁW%%Fgﬁ%%@?%ﬁép{ggﬁé%ﬁﬂal i des, such as
met hyl, ethyl, propyl, and butyl chlorides, brom des and iodides; dialkyl

sul fates |ike dinet hyI and diethyl sulfate, .o :
The term "pharmaceutically acceptable derivative" includes pharmaceutically

15 acceptable esters, prodrugs, solvates and hydrates, and pharmaceutically
acceptable addition salts of the compounds or the derivatives. Pharmaceutically
acceptable derivatives may include any pharmaceutically acceptable salt, hydrate
or any other compound or prodrug which, upon administration to a subject, is
capable of providing (directly or indirectly) a compound of formula | or an antivirally

20 active metabolite or residue thereof.

The pharmaceutically acceptable salts include acid addition salts, base addition
salts, salts of pharmaceutically acceptable esters and the salts of quaternary
amines and pyridiniums. The acid addition salts are formed from a compound of
25 the invention and a pharmaceutically acceptable inorganic or organic acid
including but not limited to hydrochloric, hydrobromic, sulfuric, phosphoric,
methanesulfonic, toluenesulphonic, benzenesulphonic, acetic, propionic, ascorbic,
citric, malonic, fumaric, maleic, lactic, salicyclic, sulfamic, or tartartic acids. The
counter ion of quarternary amines and pyridiniums include chloride, bromide,
30 iodide, sulfate, phosphate, methansuifonate, citrate, acetate, malonate, fumarate,

sulfamate, and tartate. The base addition salts include but are not limited to salts



5 and others. The salts may be made in a known manner, for exanple by
treating the conpound with an appropriate acid or base in the presence of
a suitablwoosobssent. The conpounds of the invention may becCrmwsyetsal | ine
formor as solvates (e.g. 10 hydrates) and it is intended that both forns
be within the scope of the present invention. The term"solvate" is a
conpl ex of variable stoichionetry formed by a solute (in this invention, a
conpound of the invention) and a solvem. Such solvents should not
interfere with the biological activity of the solute. Solvents may be, by
way of exanple, water, ethanol or acetic acid. Methods of solvation are 15
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esters of q\g)egﬁound of the invention such as sul phonic, phosphonic and
car boxyl i P id derivatives. 30 It wll be appreciated that conpound of
formula | and some derivatives thereof may have at |east one asymmetric

centre, and therefore ar able of existin o,
PCT/ AUOB/HQ%SFPmPOLmdtSh@cnt?‘Sn'B %'f'té‘?rbm%)/oﬁ@ Nee f?%tﬁ‘[f?ﬂe#ﬁ&“vﬁxgﬁ S%l\%égt(ergds to
each pf 'RRGdG IR it! 8 Yhitnfla! thit 8Bth tnTE KbunEn!ihersipe bhete:dregent
race sonmers nmay be separated conventionally by chromatographic
met hods dnvesiiery T heeeahVsalyatejdata complex of variable stoichiomietry formed by a
solute (in this invention, a compound of the invention) and a solvent. Such
solvents should not interfere with the biological activity of the solute. Solvents may
be, by way of example, water, ethanol or acetic acid. Methods of solvation are

15 generally known within the art.

The term "pro-drug” is used in its broadest sense and encompasses those
derivatives that are converted in vivo to the compounds of the invention. Such
derivatives would readily occur to those skilled in the art, and include, for example,
20 compounds where a free hydroxy group is converted into an ester derivative or a
ring nitrogen atom is converted to an N-oxide. Examples of ester derivatives
include alkyl esters, phosphate esters and those formed from amino acids,
preferably valine. Any compound that is a prodrug of a compound of the invention
is within the scope and spirit of the invéntion.
25
The term "pharmaceutically acceptable ester" includes biologically acceptable
esters of compound of the invention such as sulphonic, phosphonic and carboxylic

acid derivatives.

30 It will be appreciated that compound of formula | and some derivatives thereof may

have at least one asymmetric centre, and therefore are capable of existing in more



Alternatively the individual isonmers may be prepared by asymmetric
synthesis 5 using chiral internedi ates. Wiere the conpound has at |east one
car bon- cawban/o7sdoubl e bond, it may occur in Z- and E- for ®ETaxiw3adist

i someric forms of the conpounds being included in the present invention.
In sone preferred enbodi nents of the invention, and with reference to the
general fornmula | the following preferred definitions apply: 10 Rl, R2, R3
and R4 are independently selected fropyld. OH, nitro, cyano, halo,
optionally substituted al kyl, optionally substituted cycloal kyl, optionally
substituted al kenyl, optionally substituted al koxy, optionally substituted

B oo Rt o e M SSRBRAE S ik,

optional I; Clal QQH! NRddeyh tésleThé iopeerar iylagl byl
opti onal |'§d'§@l§'§h’t ut eg) hﬁtoi@%gﬁérony l? tnlgonal I g substi tuted

al kyl car eparatey, canwtenbuadtllyybssulnrgmatggf@@ Hr )Y PR VYRY 2 e5PIViKRRIGNT.

substitute an ptional l S s A
and B ar disoRtyalY | es R ey ol e hlssred ) SR S

| soxazgl Mlsnr;#éﬁ%@l' MterntéﬂlétééOHMheret theagsrhigbund sas tataeaﬂt;dne pyrbodiaaybon
fury[, pyri yrazol yl, pyrrol yI pyrldagfdd furlr%l and tptgghenyl
rings, nodaubbe dicmdabt ynay QBCUF Hn ofhangll E- fars aéy'rsf‘:’ fopmiSpg

- COR7, and each om hydrogen, an al kyl and
an al koxfoé?gw 'ggﬁ&gﬁg Efmteﬁe%&@ﬁ?%ﬂfd;n{jependently a |l ower al kyl
group andp Jupgé Eéf@fr@d@hl@odammtshw therinventiofhantdiwiktereferenga tothe @ﬁaerql
substituted di vaI ent noiety of t form-X-(CH2)n-X-, 30 where each X

t he sane fermuler ktbedatiowing F?@“%@%&%ﬁ'qr\so?ﬁ%y S and NRa (each Ra is

[ ndepggdent |y selected from hydrogen and | ower al kyl, preferabl y hydrogen),

/078416 PCT/ AU03/00351 - 15 preferably being O, and n is a integer
bet ween 4RaNR,9R;ametl R,Catd) indemendeniiyuseleated fiom ndr OHinBilouckABRE. §RlQs.

optionally substituted alkyl, optionally substituted cycloalkyl, optionally substituted
alkenyl, optionally substituted alkoxy, optionally substituted alkynyl, optionally
substituted haloalkyl, optionally substituted cycloalkyl, optionally substituted aryl,
15 optionally substituted aryloxy, optionally substituted heteroaryloxy, optionally
substituted arylalkyl, optionally substituted alkoxycarbonyl, optionally substituted
alkylcarbonyloxy, optionally substituted arylcarbonyloxy, optionally substituted

alkylamido and optionally substituted alkylamino;

20 Rings A and B are optionally substituted and are independently selected from
isoxazolyl, oxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyridinyl, furyl, pyrimidinyl,
pyrazolyl, pyrrolyl, pyridazinyl, furyl and thiophenyl rings, more preferably from
thiophenyl, furyl and pyrrolyl;

25 Rs is =CORy, and each Ry is independently selected from hydrogen, an alkyl and
an alkoxy group, more preferably each Ry is independently a lower alkyl group and

most preferable a methyl group;

The Linker is an optionally substituted divalent moiety of the form -X~(CH2)n-X-,
30 where each X is the same or different and is selected from O, S and NR? (each R®

is independently selected from hydrogen and lower alkyl, preferably hydrogen), X



Alternatively, the Linker is a divalent noiety of the form
-X-(CH2)p-Y-(CH2)g-X-, 5 where each X is the sane or different and is

sel ect ed Woorio@®416 and NRa, where each Ra is independent lpgTsdiosnoisd from
hydrogen and | ower al kyl, X preferably being 0, and p and q are integer
nunbers equal to or greater than 1, one or nore of the nethyl ene groups
may be optionally substituted and -(CH2)p and -(CH2)qg- may include one or
nmore unsaturated sites and Y is selectgg_froman optionally 10 substituted
aromatic ring (such as phenyl), -S S, -N(lower alkyl)-CO and -0-. Wen Y
is a phenyl ring, it is preferable to substitute it with a polar group such

Bnd n i praterablieng Pomnd i & acrtesst RERRERCE Aht o At e el I 1Y
of t he I%‘%Ré,h%ﬁ&égrﬂ t ngléﬁv\,{sq()f _Forrrula I R OOR3 AB 00 R7 R7

Li nker erein Rl, R2, R3, R4, linker, A and B are as
descri bed above and each R7 is |ndependently sel ected froman al kyl or

| k Cwit th t ) Aoy R4
ot n g Ritpativainoti e S B dglemofiR or, {BSop B(GRR FeHRER! 19
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A nore preferred enbodi nent of this

i nvent i oreach Radermdewmdﬂnt@h%eleﬁ@ﬂnm@ hyqragen and W@ﬁla%e'og{?@fﬁefarﬁy
being O, and p and q are integer numbers equal to or greater than 1, one or more

of the methylene groups may be optionally substituted and —(CHa),- and —(CHa)q-

may include one or more unsaturated sites and Y is selected from an optionally

10 substituted aromatic ring (such as phenyl), -S-S-, -N(lower alkyl)-CO- and -O-.
When Y is a phenyl ring, it is preferable to substitute it with a polar group such as
—C(0)OR[OR®], wherein each R® is independently hydrogen or lower alkyl and n

is a integer from 0 to 10.

15 A preferred embodiment of this aspect of the invention is a compound of Formula

Linker

Formula ll
20
wherein Ry, Ry, Rs, Ry, linker, A and B are as described above and each Ry is
independently selected from an alky! or alkoxy group, with the proviso that at least
one of Ry, Ry, Rs, of Ry is not a methoxy group when Rs and Rg are —=C(O)CHs,
rings A and B are unsubstituted furyl and Linker is -O-CH2-CeH4-CH2-O-.

25



Rg 9 RT RTRo Ro Z Linker R R4 f(a) RLOOR3Z R/ RT RIO Ro R9
R2 Linker R4 Rs I11(b) 5 wherein R, R2, R3, R4, R7 and Linker are as
descri bedwelwewessiior fornula |1, and each Z is independentPicy/AUoBeo3sn oat om
such as 0, S, NH or N(loweral kyl), preferably 0, and each R9 and RI O are

I ndependently selected fromH OH optionally substituted al kyl,
optionally substituted al koxy, optionally substituted 10 al kenyl,

optional Iy substituted al kynyl, optiongkly substituted hal oal kyl,

optionally substituted cycloalkyl optlonally substituted aryl, optionally
substituted arylal kyl, optionally substituted cycl oal kyl al kyl, cyano,

hal | k b I | kyl d
e e ke molaq it SR, SR, Bt ShrBRodlchipar 0o

that at | R2, R3, or R4 is 15 not a nethoxy group when R7
are both %&%ﬁu'gﬁagwlﬁind Rio are hydrogen, each Z is 0, the dashed lines

represents bonds and Linker is -O CH2-C6H4-CH2-O-. A nore preferred
enbodi ment of this aspect ofy the pnventionds a ﬁonpound of the Fornmula IV
WO 03/ 078416 PCT/ AUOZ,00351 | R

Rio

TII(b)

wherein R1, Rz, Rs, R4, Ry and Linker are as described above for formula 1l, and
each Z is independently a heteroatom such as O, S, NH or N(loweralkyl),
preferably O, and each Re and Rio are independently selected from H, OH,
optionally substituted alkyl, optionally substituted alkoxy, optionally substituted

10 alkenyl, optionally substituted alkynyl, optionally substituted haloalkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally substituted arylalkyl,
optionally substituted cycloalkylalkyl, cyano, halo, alkoxycarbonyl, alkyl
carbonyloxy, alkylamido, nitro and alkylamino, and the dashed lines represent
optionally present bonds, with the proviso that at least one of Ry, Rz, Rs, or Ry is

15 not a methoxy group when Ry are both CHs, each Rg and Ry are hydrogen, each
Z is O, the dashed lines represents bonds and Linker is -O-CH;-CgH4-CH2-O-.

A more preferred embodiment of this aspect of the invention is a compound of the

Formula IV



R7 R RRo 10 WK8 Rl1 x R Ra Formula IV 5 wherein RI, R2, R3, R4, R?,

R9, RIO Z and the dashed lines are as described above for fornmula Illa
and |1 b,wandoesath X i s i ndependently a heteroat om sel ect @dTfATA0035] 0 NH
and N(lower alkyl) and RIl is a divalent group having from4 to 9 atons

al ong the shortest distance between the heteroatons X to which it is
attached, wth the proviso that at |least one of RI, R2, R3, or R4 is not a
met hoxy group when 10 each R7 is CH3, _¢ach Z is 0, each RO and RIOis
hydrogen, each X is 0 and RI, is -CH2-C6H4-CH2-. The dival ent group Rl1l1
may be selected froma w de range of groups including optionally
substituted al kyl ene groups of from4 to 9 carbon atons across the 15
shortest distance between the X' s. The al kyl ene group may have one or nore
doubl e or triple bonds. Ope or npre of the optponal | Rssubstituted methyl ene

groups can be replf , such s 0, $ or NRy Wwherein Ra is
sel ected from hydrogen or . One or_~ et hyl ene groups
may be replaced w S I Mg, part ofRya ring . such as an
optional ly 2,Q 1bg1 i ¢ gmati c rlng and opti ond e’lo

al i phatic ri ng g i / i1 nclude unsat ur at ed
i ncl ude one or norezhet erqat ons
di val ent noiety of the forim - (CHZ)n- where n is an ilnteger of from 25 4
to 9, and one or nore of tRhe met hyl ene groups may bergptionally substituted
and -(CH2)n- may include 6ne or nore unsaturated sites. WO 03/ 078416

PCT/ AUO3/ 00351 - 18 Alternatively Rbimuk ¥ dival ent noiety of the form
-(CH2)p-Y-(CH2)g-, p and g are integer nunmbers equal to or greater than 1,
one or nore of the nethylene groups

5 wherein R4, Ra, Rs, R4, R7, R, Rio, Z and the dashed lines are as described above

and ich may
g, S a d N. Preferably RI1 a

for formula Illa and Hlib, and each X is independently a heteroatom selected from
S, O NH and N(lower alkyl) and Ry is a divalent group having from 4 to 9 atoms
along the shortest distance between the heteroatoms X to which it is attached,
with the proviso that at least one of Ry, Rz, Rs, or Ry is not a methoxy group when
10 each R is CHa, each Z is O, each Rg and Ry is hydrogen, each Xis O and Ry1 is
-CH2-CgHs-CHo-.
The divalent group Ry; may be selected from a wide range of groups including
optionally substituted alkylene groups of from 4 to 9 carbon atoms across the
15 shortest distance between the X's. The alkylene group may have one or more
double or triple bonds. One or more of the optionally substituted methylene
groups can be replaced with heteroatoms, such as O, S or NR? wherein R* is
selected from hydrogen or lower alkyl. One or more of the methylene groups may
be replaced with atoms forming part of a ring structure; such as an optionally
20 substituted aromatic ring and optionally substituted aliphatic ring. The ring may
include unsaturated sites and which may include one or more heteroatoms
selected from O, S and N.

Preferably Rq1 a divalent moiety of the form -(CHy),-, where n is an integer of from
75 410 9, and one or more of the methylene groups may be optionally substituted and

—(CH2)n- may include one or more unsaturated sites.



may be optionally substituted and -(CH2)p- and -(CH2)g- may include one or
nore 5 unsaturated sites and Y is selected froman optionally substituted
aronmat i c Wo®Ap784saich as phenyl, -S-S-, -NRbCO or -0-, whece/ARw30eshydr ogen
or lower alkyl. Wien Y is a phenyl group it is preferable to substitute it
with a polar group such as -C(O ORCJOR|n wherein each Rc is independently
hydr ogen or |ower alkyl and n is a integer fromO to 10. 10 A nore
preferred enbodi ment of this aspect of;¢he invention is a conpound of the
Formula V. RO RI12 OOR14 R9 R7 R7 RlO RLO ~O0 OO0-- R11 R13 R15 15
Formul a V wherein each R7, R9, Rlo and R11l are as descri bed above, and R12
and R14 are independently selected fromH OH cyano, halo, nitro and an
20 optional substituted group selected fromal kyl, al kenyl, al koxy,
opt i onal Ly R#R/% F{Utﬁsdaadh{?éﬂ@)ﬂ m&]éﬂyoéﬂ{ﬂé'forwqt)%bd‘\’l@l'ﬁw p ar(cquadarieyl
cycl oal ky oxycar bonyl , al kyl car bonyl oxy, al ky am do and

al kyl ami Iilﬂégaiaumlbdrd?éﬁualrte drrgfeptardban Iy og@md“ﬂ@@ Pfrthﬂ me thylene, gEPups

Pt er oar JRakYS CRIRFBLPUSRBR AN 01 s Bt Bty ey fl5 Y 508 st ghose

Eg/ ﬁ;@ﬁgﬁgﬁeﬁﬂfﬁt&%&t@y éﬁu tYh@ JHI6utb8 drdrhain @@udneaytsubamumd Ricnatiki 8ouRL4 and
such as phenyl, -S S- -NR°CO- or -O-, where R® is hydrogen or lower alkyl.
When Y is a phenyl group it is preferable to substitute it with a polar group such as
—C(O)ORYOR], wherein each R°® is independently hydrogen or lower alkyl and n

is a integer from 0 to 10.

10

A more preferred embodiment of this aspect of the invention is a compound of the

Formula V.

Re Ri2 Q 0 Ri4 Re
Rio / \ R0
0 of
11
Ria B Ris

15 Formula V

wherein each R7, Re, R1o and Ry are as described above, and

R4, and Ry are independently selected from H, OH, cyano, halo, nitro and an
20 optional substituted group selected from alkyl, alkenyl, alkoxy, optionally
substituted alkynyl, haloalkyl, cycloalkyl, aryl, arylalkyl, cycloalkyl alkyl,

alkoxycarbonyl, alkylcarbonyloxy, alkylamido and alkylamino;

R43 and Rys are independently selected from H, OH, and an optionally substituted
25 group selected from alkyl, alkoxy, aryloxy, heteroaryloxy, alkylcarbonyloxy and

arylcarbonyloxy;



is nethyl, RO and R10 are H, and R11 is -CH2C6H4CH2-. 5 A nore preferred
enbodi nent of this aspect of the invention is a conpound of the Fornula VI
RO R12 OWORIA7HY CH3 H3C Rlo Rlo O- O O-R1_O R13 R15PEwrateBao3st 10
wherein each R9, R10, Rl11l, R12, R13, Rl14 and R15 are as described above.
More preferably, each RO and R10 is H or optionally substituted al kyl, Rl11
is an optionally substituted noiety of the formula -(CH2)n-, where n is 4,
5, 6 or 7, or an optionally substitugig_noiety of the fornula

- CH2- C6H4- CH2-, and each R12 and R13 are optionally substituted

al kyl oxy, preferably |ower al kyl oxy, groups. Mst preferably the conpounds
are: - 1,5-bis(5-acetyl -4, 7-di net hoxybenzof uran- 6-yl oxy) pent ane;

1, 6- bi s(5-acetyl -4, 7-di met hoxybenzof uran- 6-. yl oxy) hexane; 20
1,4-bis(5-.acatyl-4. 7-di [ agy, 6- i ; oxv when R

T 2 bi o SLES oSk RBL B BRE SRR G R B R IR methoxy, when Ry

i - (5- acetiy methyre Ry @ndoR nzare H, amdeR yil io x@ek Gyt ) @itirer ;

1, 4- bi s(5-acetyl - 4- met hoxybenzof ur an- 6-yl oxynet hyl) benzoic acid; 1, 4-b is
(5-acetyl-4-meth oxybenzofu ran-6-yl oxym ethyl) benzoic acid nethyl ester;
WO 03/978 ime ‘ invention is a compound of the

1, 4- biﬁg( 2 ﬁ%’tgﬂ'{e%' i %@@é@?ﬁ%& e R st v ) bensal o aeid.

t et r aet hyf@hagh ol nononet hyl et her ester;

R

\ Rio

Formula VI

10
wherein each Ry, Rio, Ri1, Ri2, R13, Ri4 and Rys are as described above.

More preferably, each Ry and Ry is H or optionally substituted alkyl, R4 is an
optionally substituted moiety of the formula —(CHz)n-, where n is4,5 6o0r7,oran
optionally substituted moiety of the formula -CHz-CgHs-CHo-, and each Rz and Ry3

15 are optionally substituted alkyloxy, preferably lower alkyloxy, groups.

Most preferably the compounds are: -
1,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxy)pentane;
1,6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxy)hexane;

20 1,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxy)butane;
1,4-bis(5-acetyl-4-methoxybenzofuran-6-yloxymethyl)benzene;
di-(5-acetyl-4-methoxybenzofuran-6-yloxyethyl)ether;
1,4-bis(5-acetyl-4-methoxybenzofuran-6-yloxymethyl)benzoic acid;
1,4-bis(5-acetyl-4-methoxybenzofuran-6-yloxymethyl)benzoic acid methy! ester;



5-acetyl -4, 7-di met hoxybenzof ur an- 6-yl oxyet hanet hi ol , disul fide diner; 1,
6- bi s(5-acetyl -4, 7-d inmethoxybenzofu

ran- 6- yl owp)smrssed hyl - 3- aza- 4- oxohexane; 5 PCT/AU03/00351

2, 5-bi s(5-acetyl -4, 7-di met hoxybenzof ur an- 6-yl oxynet hyl ) f ur an;

2, 4-bi s(5-acetyl -4, 7-d i met hoxybenzof uran-6-yl oxynethyl )fu ran; 2,

5-bi s(5-acetyl -4, 7-di net hoxybenzof ur an- 6-yl oxynet hyl ) t hi ophene;

2,4-bi s(5-acetyl -4, 7-di met hoxybenzof urap-6-yl oxynet hyl ) t hi ophene;

2, 5-bi s(5-acetyl -4, 7-di met hoxybenzof ur an- 6-yl oxynet hyl )t hi azol e; 10

, 4- bi s(5-acetyl -4, 7-di met hoxybenzof ur an- 6-yl oxynet hyl ) t hi azol e;

, 5-bi s(5-acetyl -4, 7- di net hoxybenzof ur.an- 6- i adi azol e;

, 4- bi SE 51,6163&(%@%"#:‘@!"%? Hﬁﬁ?ﬁ‘ﬁa\ﬂ‘?’&'ﬁ%@yﬁgﬁ%{’%@u opent ane;

5-bi s(5z ﬁﬁ@ﬂ% 'rfég?'&l hmpﬁgﬁ@f gsteAN- 6- yl oxynet hyl )tetrahyd rofu ran;
, 5bis(g-ace yei- ,Se-d . o )

met hoxy biazetyl FrdiBagthoxybanzefurpnd-ylaxkyeihanathigi ndisdtide dimer,

2
2
1
2
reth
|

%’ on 1S Bk raren-hr R RER LA BN LY w0 dokHBRARBE SNE:
2
3

2

(

, 5- bsisgsgz Lydetfl-4, 7-dlmictmstypsyibefrsi-6-yiexynbethyhiyanst hyl ) pyrimid ine;
, 5-bis(5-acetyl -4, 7-di met hoxybenzofuran-?- | ox rrs hgl_) pyrazi ne;
, 6- bi s( 52,dens(pracktyl-47 rimethepbenseiyramde/. V(S&‘?%E #W Ypyri dazi ne; 20
, 6-bi s(5;acet yl -4..7- di 156 .dine; 2,6-b i
et s 2 ey AR AL G £ 12,0 1
2, 6- bi s( 52 aastB-adetyr-4i7niiathokbenebiuranoe/phonrstigtthiophene: i dazi ne; 2, 4-b
is (5-acetyl-4 7-d inethoxybe nzofu ran- %6\2“ O)éﬁm eb{ﬁ%}? I‘g_yrld ine 4,6-b
i s (5-ace kb|ﬁ<573@ﬁtyh4€t¢1‘83§m gotuzan; S/l RSty YSpyrimid in e 25
3, 5- by 5( 5 G8L M. adetfr A TR RANSRARAObHI ARSIk PRUIRH AN | di ne; 3,

Y47 7-dl et enzo

5-bi s(5-acety oxy ur an- 6- yl oxynet hyl )_p%ri dazi ne;
1, 5- bi s( 52 Beisit(F-adetyhdj7reintetRghhenabiuram-Seylgxyrmethy thiagineole;

b A e TR R S e e BEantaneso
D st e poam e
2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl) etrahydrothiophene;

15 1,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)-2-hydroxybenzene;,
2.5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridine;

2 5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyrimidine;
2 5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyrazine;
3,6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridazine;

20 2,6-bis(5-acetyl-4,7-dimethoxybenzofuran-8-yloxymethyl)pyridine;

2 6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyrimidine;
2,6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridazine;
2 4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridine;

4 6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyrimidine;

25 3 5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridine;
3,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridazine;
1,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylthio)pentane;
1,6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylthio)hexane;
1,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylthio)butane;

30 1,4-bis(5-acetyl-4-methoxybenzofuran-6-ylthiomethyl)benzene;
1,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylamino)pentane;
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1, 6-bi s(5-acetyl -4, 7-di met hoxybenzof ur an- 6- yi am no) hexane;

1, 4- bi s( 5Swaoayd416l, 7- di net hoxybenzof ur an- 6- yl am no) but ane PCandi03/00351

1, 4- bi s(5-acetyl - 4- met hoxybenzof ur an- 6- yl oxyam no) benzene. 5 The invention
al so includes where possible a salt or pharmaceutically acceptable
derivative such as a pharnmaceutically acceptable salt, ester, solvate
and/or prodrug of the above nentionedpgenbodi nents of the first aspect of
the invention. In the second aspect, the present invention provides a
pharmaceutical 10 conpositions for use as an i nmmunosuppressant, the

conposi tion conpri Si n ffective anp fn‘é% nd of Formula |, or a
phar rraceJt’@%(E%C&&%g?'gﬂrg%%@?r\‘/ﬁvR%‘#‘&Lﬂﬁeﬁh?, anﬂgbpti onally a carrier
or - di | uent 4. T8, 44, FAREHIoK) bexizdardrmb tuidojntamsarde the for mul ation
of an active ‘15 1ngredient with encapsulating paterial as carrier, to give
a capsul o #bis@radetyifemetiaybenzalyratBatexyaMiPAIRGNZ&N e hout ot her carrier)

is surrounded by carriers. The pharmaceutical conpositions or formulations
i nclude those suitable for oral, rectal, nasal, topical (includi n%bllouccal
e

and sup- IfigiRlehtiol A Ricllespahert posdible20s4lt oc phdrmgceuticadynanceP

sub-cut aneous and intravenous) adm nistration qr i nl a {ﬁ%r m iUitt agll]glopor

admi ni st rarivetiveysusthAsa@i GRagPaced ‘vaﬁFQﬁWa@ﬁeS%nﬁB d$*90 e h

i nvention, toge [ i ! : b lof tied invehtioent , na
pqrggQ% fgﬂtﬁce) am?w rAe tBB&Imd&tHs oY Y firsEaspedtiof tRg inveéhti y

t hus be e formor pharnmaceutical conpositions and unit 25
dosages thereof, and in such formnmay be enployed as solids, such as

tablets or filled capsul es,, or, liquids,such S . ONs L Q4

emul si onsIn ethﬁxisteé‘r?n%r_asﬁﬁtsuf‘r& gqule@EI WVFH%'%B_L%?&J! 7’?‘%%%?’% lusle, in
the fosm o, {iﬂﬁﬁﬁé FQ &S ak04n ﬁﬁ%ﬁosu?ﬁfés@bﬁtﬁ A igempawitiorn coimprismgrant
sterile injectable solutions for parenteral (including sub?ut aneouflsg use.
30 WD 03/ &f&tive agountes/@dysdund 2f Fofmula |, or a pharmaceutically acceptable

derivative thereof, and optionally a carrier or diluent.

The term "composition" is intended to include the formulation of an active
15 ingredient with encapsulating material as carrier, to give a capsule in which the

active ingredient (with or without other carrier) is surrounded by carriers.

The pharmaceutical compositions or formulations include those suitable for oral,
rectal, nasal, topical (including buccal and sub-lingual), vaginal or parenteral
20 (including intramuscular, sub-cutaneous and intravenous) administration or in a

form suitable for administration by inhalation or insufflation.

The compounds of the invention, together with a conventional adjuvant, carrier, or
diluent, may thus be placed into the form of pharmaceutical compositions and unit

25 dosages thereof, and in such form may be employed as solids, such as tablets or
filled capsules, or liquids such as solutions, suspensions, emulsions, elixirs, or
capsules filled with the same, all for oral use, in the form of suppositories for rectal
administration; or in the form of sterile injectable solutions for parenteral (including
subcutaneous) use.

30



Such pharmaceuti cal conpositions and unit dosage forns thereof may conprise
conventional ingredients in conventional proportions, wth or wthout

addi t i onawoO 0apts4ve conpounds or principles, and such unit péoasa®s/06351 s nmay
contain any suitable effective anmount of the active ingredient
commensurate with the intended 5 daily dosage range to be enpl oyed.
Formul ati ons containing ten (10) mlligrans of active ingredient or, nore
broadly, 0.1 to one hundred (100) m |l ihgrams, per tablet, are accordingly
suitabl e representative unit dosage forns. The conpounds of the present
invention can be admnistrated in a wide variety of 10 oral and parenteral

dosage forns. It will b bvi . to th . SKIL| i h :

ol | owi ngowds RBEMTBFPHIRFOTBRBTPES nisathacaeet Ja o IBSRah Ve et 5
conpound mie?ﬁoh&l" L@BnRY i cBRASHTRIFRY tdr6SbtivnaC OstAt 8bhathdat tadefiticnal
conpound O e rnventron. 15 For preparing pharmaceutical conpositions

from t he astiveoooipoahds oy priresplas, andvauehi bRl dssagaEETSi AV | SOTHBKe BP%bI e

. PO ! ik . ! ; 0
Sonder o vambik eepivg amourbelheddiledngBlidrd cobBhohaiERRNRh G LRAGUCE |
gr anul es. g4y s@bdah Lot eadmpRyed eFormunations bostaating terwfiio} milliglgmalafo act

as diluents, flavouring agents, solubilisers, lubricants, suspendi 0
agent's, bactikeringrastienteory mare &soadlynd dttoging W'&%{Pgt(ﬂ ﬁ@ miligrams, @Pré?r}%etz’

encapsul atin terjal, | ; ' s a finely divided solid
that is i%feag%%rf?'ﬁﬁ’@ %'PI?I‘?EEZ)% % gnietét)'/\/é Qﬁ::“ﬁgée%de:totr{r%é conponent. 25 In
tablets, the active conponent is mxed with the carrier having the
necessary binding capacity in suitable proportions, and .conpacted.] he
shape andThBezempsisidscef thepragrnt JeNiEies ‘%FH&F S‘QFB'E‘@"ﬁﬁegf'Br%@fc& X%rﬁ%tgioﬁ from
five gp t efityifhel HiiGEs ty/ hoserxaieadn thei dra e
carri gps §'[rééta?n119 n%ém%giggr eaﬂtagll,th\% 0‘3/ 878416 PCT/ AU03/ 00351 -23
the following dosage forms may comprise, as the active component, either a
compound of the invention or a pharmaceutically acceptable salt of a compound of

the invention.

15 For preparing pharmaceutical compositions from the compounds of the present
invention, pharmaceutically acceptable carriers can be either solid or liquid. Solid
form preparations include powders, tablets, pills, capsules, cachets, suppositories,
and dispensable granules. A solid carrier can be one or more substances which
may also act as diluents, flavouring agents, solubilisers, lubricants, suspending

20 agents, binders, preservatives, tablet disintegrating agents, or an encapsulating

material.

In powders, the carrier is a finely divided solid that is in a mixture with the finely
divided active component.

25
In tablets, the active component is mixed with the carrier having the necessary
binding capacity in suitable proportions and compacted in the shape and size

desired.

30 The powders and tablets preferably contain from five or ten to about seventy

percent of the active compound. Suitable carriers are magnesium carbonate,



magnesi um stearate, talc, sugar, |actose, pectin, dextrin, starch, gelatin,
tragacant h, nethyl cel | ul ose, sodi um car boxynet hyl cellul ose, a | ow nelting
wax, cocwaourdses, and the |ike. The term "preparation” PSTiAtt0@aedst to
include the fornulation of the active conpound with encapsul ating materi al
as carrier 5 providing a capsule in which the active conmponent, with or

W thout carriers, is surrounded by a carrier, which is thus in association
withit. Simlarly, cachets and |ozengges are included. Tablets, powders,
capsules, pills, cachets, and | ozenges can be used as solid fornms suitable
for oral adm nistration. 10 For preparing suppositories, a |ow nelting wax,

such as adm xture of fatty acid | ycerjdes or £oco ter, s fi
mel t ed amdagneRsiwDt islear@éhm daent syga di%ﬁ edpeﬁ@'?mégeﬁgr s|$aﬁcheré%"%ﬁﬁas by
stirri ngma@gaﬂﬂ trﬁ&h@mg%@, }J%omé%ﬁ Wk dxyridieylcelRske; da i lowomehingewasnt

., d 0

sized no owed cool, and thereby to solidify. 15 Fornulatjons
sui t abl e doebaviagtteralarad theni liker attieotermmy prRpasaiaiEnise intarded deanckide the

t ampons, creans, gels, pastes, foans_ or r i jod i &4 to
the act] vermpRBPRapbrihesaetie st cSHfaRat i el PES) drmer

appr opg i 3:5r8 ingqgi gae‘;ﬂéni,ﬁ)r\mméh &hk Oagive nedriigenantt| wiihoos withosipeasiienss is and
emul sions, ¥or 0 exanple, water or water-propylene glycol solputjons, For
exanpl e, qaremdeddly aicarért Wbich isdhusg ipassaaiatiarowih éta%"%‘gar%ﬁ?ﬁl%ﬁ 14
solutions in aqgueous  pol n I I QJ | iOzEnéeE m
conposi t i IBARENY f"[ﬁj@%‘f‘&‘%?tﬂ%ﬁ%ﬁ@@é&qsc@%g%f rlllss’%g%r}lb{sslec?#g létzgésyrups

and el i Xi & pd 18e@bistiidifbareiietle éarorabadmpusitatien. or suspended in a
pharmaceutically acceptable carrier, such as sterile water, sterile organic

solvent or a mixture of both. The conpounds according to the ' present

i ”VE”H)g”ﬂ@g@%@%@@%ﬂéhé&e& 158" mEBnB LS QicH a3 GHrixere s falty (i@ DY

i njec n, s i'njection o continuous infusion) and may be
pr esent edglyBerititist orles€04 dutter, ns ditglombked apddheGATL0TEARENFLTS AligrEreeds1

-24 filled syringes, small volyme nfusion or,in [ ti- . i wth
an added hemagensaiisly dnereie %Eﬁoﬁi”i"?%n %ﬁ‘f'ieé‘kggg‘@ﬁ”g@ﬁ%&@@é%%éﬁ
Suspensi 0pSyred thidt ddii&nidtt sized moulds, allowed to cool, and thereby to solidify.
15 Formulations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or sprays containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.

Liquid form preparations include solutions, suspensions, and emulsions, for
20 example, water or water-propylene giycol solutions. For example, parenteral

injection liquid preparations can be formulated as solutions in aqueous

polyethylene glycol solution.

Sterile liquid form compositions include sterile solutions, suspensions, emulsions,
25 syrups and elixirs. The active ingredient can be dissolved or suspended in a
pharmaceutically acceptable carrier, such as sterile water, sterile organic solvent

or a mixture of both. "

The compounds according to the'presént invention may thus be formulated for
30 parenteral administration (e.g. by injection, for example bolus injection or

continuous infusion) and may be presented in unit dose form in ampoules, pre-



emul sions in oily or aqueous vehicles, and may contain fornul ati on agents
such as suspending, stabilising and/or dispersing agents. Alternatively,

t he acti vwo33jomgnedi ent may be in powder form obtai ned bycasdapsioesst
isolation of sterile solid or by Iyophilisation fromsolution, for
constitution with a suitable vehicle, eg. sterile, pyrogen-free water,
before use. Aqueous solutions suitable for oral use can be prepared by

di ssolving the active 10 conponent inpoyater and adding suitable col orants,
flavours, stabilising and thickening agents, as desired. Aqueous
suspensi ons suitable for oral use can be nade by dispersing the finely

di vided active conponent in water W th VS S terl : al or
15 synt hgf’t led $inges, &8 s‘,’OqH@FhW%Sé?'? lﬂrdbe'?'arsﬁbd | umgégtr% ”&é%‘pﬁﬁcéﬁﬁqﬁ ose,
or other ,webh-KDEWTHSEERBBSIiDES AR ake stichdoinme bs dagpensions) | soutiarsmor
preparati'ons that are intended to be converted, shortwl?x hef ore klse to
liquid feemuisiasainacilyopsageeous ¥ehiglesi andthay icontaisfernylalian @oesisstcho

i nclude sol utions,. suspensi.ons i S i v
contain, §h SUFREPPIOG: (obiiaing Pviechg %’n%éﬁ],saggb:i%rgﬁte gr%?:égtloﬁfré: d& ©
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may be formul af e [ creans or lotions, or as a transdernal

pat ch. OW%%%g%aeﬁl\ga%?’g&nssfgng??' for exanple, be fornulated with an agueous
or oily base with the addition of suitable thickening and/or gelling
agents. Lotions nm

_ be formul ated wi th an,aqueous 0Qj. wll o in
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admi ni st r¢dickemingragérds nasidésirett| ude | ozenges conprising active agent in a
fl avoured base, usually sucrose and acacia or

Aqueous suspensions suitable for oral use can be made by dispersing the finely
divided active component in water with viscous material, such as natural or
15 synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, or other

well known suspending agents.

Also included are solid form preparations that are intended to be converted, shortly
before use, to liquid form preparations for oral administration. Such liquid forms

20 include solutions, suspensions, and emulsions. These preparations may contain,
in addition to the active component, colorants, flavours, stabilisers, buffers,
artificial and natural sweeteners, dispersants, thickeners, solubilising agents, and
the like.

25 For topical administration to the epidermis the compounds according to the
invention may be formulated as ointments, creams or lotions, or as a transdermal
patch. Ointments and creams may, for example, be formulated with an aqueous or
oily base with the addition of suitable thickening and/or gelling agents. Lotions may
be formulated with an aqueous or oinT)ase and will in general also contain one or

30 more emulsifying agents, stabilising agents, dispersing agents, suspending

agents, thickening agents, or colouring agents.



tragacanth; pastilles conprising the active ingredient in an inert base
such as 5 gelatin and glycerin or sucrose and acaci a; and nout hwashes
conpri si ryotohe784a€t i ve ingredient in a suitable |iquid caPcirayuodMesut i ons
or suspensions are applied directly to the nasal cavity by conventional
means, for exanple with a dropper, pipette or spray. The fornmul ati ons may
be 10 provided in single or nmultidose form In the |atter case of a
dropper or pipette, this may be achi evggd. by the patient adm nistering an
appropriate, predeterm ned volune of the solution or suspension. In the
case of a spray, this may be achieved for exanple by neans of a netering
atom sing spray punp. To inprove nasal delivery and retention the
conpounds according to the invention may be 15 encapsul ated with
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di chl ar Oggb dttoLABEENESEn drf sdibss efrlduacaciat muemomlthwashes comprising the

di chl orofet raf | uor oet hane, carbon di oxi de, or other suitable gas. The

aer osol myvemgredie@hm9S§It§@edlﬁl°llda‘?q{”§r surfactant such as lecithin. The
dose of drug may be controlled by provision of a netered valve. 25
Alternatively the active ingredients may be provided in the form of dry
powder, ddMitisherBPkaspemsivneararappligd directhyo bpthendasal @a\s’tulmaspevww base
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powder vol ur%eaocli‘n?'\g Is?)}u |5%dorb§ﬁsgg|§sf}8np Ifn A8 éa@gadfea[ spray, this may be achieved

for example by means of a metering atomising spray pump. To improve nasal
delivery and retention the compounds according to the invention may be
15 encapsulated with cyclodextrins, or formulated with other agents expected to
enhance delivery and retention in the nasal mucosa.
Administration to the respiratory tract may also be achieved by means of an
aerosol formulation in which the active ingredient is provided in a pressurised pack
20 with a suitable propellant such as a chlorofluorocarbon (CFC) for example
dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane,
carbon dioxide, or other suitable gas. The aerosol may conveniently also contain a
surfactant such as lecithin. The dose of drug may be controlled by provision of a
metered valve.
25
Alternatively the active ingredients may be provided in the form of a dry powder,
for example a powder mix of the compound in a suitable powder base such as
lactose, starch, starch derivatives such as hydroxypropylmethyl cellulose and
polyvinylpyrrolidone (PVP). Conveniently the powder carrier will form a gel in the

30 nasal cavity. The powder composition may be presented in unit dose form for
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including 5 intranasal formulations, the conpound will generally have a
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Such a particle size may be obtained by neans known in the art, for
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€ conpositions may further contain one or nore other
I mrunosuppr essi ve conpounds. For exanple the conpositions may contain a
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The pharmaceutical preparations are preferably in unit dosage forms. In such
form, the preparation is subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage form can be a packaged
preparation, the package containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or ampoules. Also, the unit
dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the

appropriate number of any of these in packaged form.

The invention also includes the compounds in the absence of carrier where the

compounds are in unit dosage form.

The amount of compound of Formula | administered may be in the range from
about 10 mg to 2000 mg per day, depending on the activity of the compound and

the disease to be treated.

Liquids or powders for intranasal administration, tablets or capsules for oral

administration and liquids for intravenous administration are the preferred

compositions.

e inthe range from about 10 ng t
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The conmpounds of the present invention may be useful in the therapeutic or
prophyl actic treatnment of the resistance to transplantation of organs or

ti ssue (woabozEiheart, kidney, liver, lung, bone narrow, PCOrAT®3/0033ancr eas,
intestinum 10 tenue, |inb, nuscle, nervus, nmedulla ossium duodenum
smal | -bowel , nmedulla ossium skin, pancreatic islet-cell, etc. including

xeno transplantation), graft- versus-host diseases; rheumatoid arthritis,
system c | upus erythematosus, nephrothg_syndrone |upus, Pal no-planter
pustul osis, Hashinoto's thyroiditis, nultiple sclerosis, Guillain-Barre
syndrone, nyasthenia gravis, type | diabetes 15 uveitis, juvenile-onset or
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ecti ous ses caused
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ar eat ag #er}mﬁydmt is, vernal conjunctivitis, uveitis associated
with Behcet's disease, ~keratitis, herpetic keratitis, conical cornea,

dystrophia epithelialis corneae, corneal |eukona, ocul ar penphi gus,

Moor en' s Jl’llg%r%d&]@g%ﬁig ©f She %@¥§ﬁt n%{npah i thy us%ﬁJMﬂgfn&ﬂyarapguuwrada

syndrone, etc. l'en a ergle reversible obstructive
ai rway di seps Iacﬁboﬁﬁ@étnwm&a‘tﬂnmresad;tbecglto taran$piantatlnnr¢fn9rgal’§sphrtt§sue

and i ﬁ@@? 58%&1@%&““ Hitnayy dieBalungy bige; mekovh s, BplBeasT puedifuf™ "™

damag Ocaf'é?ﬁ i, ﬁ%@&%‘oﬁeﬂhﬁea@@éulﬁd@s&@w”@@(fde'hum seiambowedWaedulla

di seases, I anmet bowel di seases, necrotizing enterocolitis,
i nt esti nabsémm oﬂsnamr@tted skt ¢elk hefendnclugingnxeaadtraesiianiationy graft-

R L e
ﬁiepsnﬁ?;sﬁ SHE%@(O?ELE.Z?%@@% ' Iggﬁﬁpoﬁmb%anféﬂl pustulbsiss C Hashimototse rthyricidias,
multiple sclerosis, Guillain-Barre syndrome, myasthenia gravis, type | diabetes

15 uveitis, juvenile-onset or recent-onset diabetes mellitus, diabetic neuropathy,
posterior uveitis, allergic encephalomyelitis, glomerulonephritis, infectious

diseases caused by pathogenic microorganisms, inflammatory and
hyperproliferative skin diseases, psoriasis, atopical dermatitis, contact dermatitis,
eczematous dermatitises, seborrhoeis dermatitis, Lichen planus, Pemphigus,

20 bullous pemphigoid, Epidermolyéis bullosa, urticaria, angioedemas, vasculitides,
erythemas, cutaneous eosinophilias, Lupus erythematosus, acne, Alopecia areata,
keratoconjunctivitis, vernal conjunctivitis, uveitis associated with Behcet's disease,

keratitis, herpetic keratitis, conical comea, dystrophia epithelialis corneae, corneal

leukoma, ocular pemphigus, Mooren's ulcer, Scleritis, Graves' opthalmopathy,

25 Vogt-Koyanagi-Harada syndrome, sarcoidosis, etc.; pollen allergies, reversible
obstructive airway disease, bronchial asthma, allergic asthma, intrinsic asthma,

extrinsic asthma and dust asthma, chronic or inveterate asthma, late asthma and

airway hyper-responsiveness, bronchitis, gastric ulcers, vascular damage caused

by ischemic diseases and thrombosis, ischemic bowel diseases, inflammatory

30 bowel diseases, necrotizing enterocolitis, intestinal lesions associated with thermal

burns and leukotriene Bs -mediated diseases, Coeliac diseases, proctitis,



henol ytic-urem ¢ syndrome, diabetic nephropathy, multiple nyositis,

Guil lain- Barre syndronme, Meniere's disease, polyneuritis, multiple
neuritis,womaorssuwsitis, 5 radicul opathy, hyperthyroidi sm PBasduemIs1

di sease, pure red cell aplasia, aplastic anem a, hypoplastic anem a,

i di opat hi ¢ thronbocytopenic purpura, autoimmune henolytic anem a,
agranul ocytosis, pernicious anen a, megaloblastic anem a, anerythroplasia,
ost eoporosis, sarcoidosis, fibroid lungg-idiopathic interstitial
pneunoni a, dermatonyositis, |eukoderma vulgaris, ichthyosis vulgaris, 10
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sepsi ancrea es caused by environnental pollution,
car ci nogeatherosniﬁrasisam gonitisc arsyndiome,an ddyatast llsopd"tqwsa di @é’&%rd@ég%ed by

hi st am ne | eukotrjene-C4 rel ea t
aut oi nmun¥® ‘ﬁ"é’ﬁ&fmﬁr éNeg?”%ﬁ P 'ﬁ?y%ﬁé}ghom Q"\ 05| n‘ggghgﬁﬁﬂghﬁ??se
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viral hepatitis, 30 shocCk, or anoxia, B-vi ruseql] gatl tis
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growth; muscular dystrophy; Pyoderma and Sezary's syndrome, Sjoegren’s

syndrome, Addison's disease, ischemia-reperfusion injury of organs which occurs
upon preservation, transplantation or ischemic disease, for example, thrombosis
and cardiac infraction, endotoxin-shock, pseudomembranous colitis, colitis caused

20 by drug or radiation, ischemic acute renal insufficiency, chronic renal insufficiency,
toxinosis caused by lung-oxygen or drug, for example, paracort and bleomycins,

~ lung cancer, pulmonary emphysema, cataracta, siderosis, retinitis, pigmentosa,
senile macular degeneration, vitreal scarring, corneal alkali burn; dermatitis
erythema multiforme, linear IgA ballous dermatitis and cement dermatitis,

25 gingivitis, periodontitis, sepsis, pancreatitis, diseases caused by environmental
pollution, aging, carcinogenis, metastasis of carcinoma and hypobaropathy;
disease caused by histamine or leukotriene-C, release; Berger’s disease, Behcet's
disease, autoimmune hepatitis, primary biliary cirrhosis sclerosing cholangitis,
partial liver resection, acute liver necrosis, necrosis caused by toxin, viral hepatitis,

30 shock, or anoxia, B-virus hepatitis, non-A/non-B hepatitis, cirrhosis, alcoholic

cirrhosis, hepatic failure, fulminant hepatic failure, late-onset hepatic failure,



WO 03/ 078416 PCT/ AU0O3/00351 - 29 "acute-on-chronic" liver failure,
augnent ati on of chenot herapeutic effect, preventing or treating activity
of cyt onmegeloewrssue i nfection, HCOW infection, and antii nfPCammtoe3sl
activity; and treatnent of imrunodepression or a disorder involving

I mmunodepr ession, including ADS, cancer, senile denentia, trauma, 5
chronic bacterial infection, type Il diabetes nellitus as gl ucose-dependent
insulin secretagogues, cardiac arrhygﬁgias such as atrial or ventricular
fibrillation, epilepsy, muscular fasciculations, urinary incontinence,
certain central nervous systemdisorders via nodul ating neural conduction

or neurotransmtter reI ease. 10 For certai of the abovenenti ned
condi t i of'@chie-pr-chrasug” t e tﬁ@r@onﬁégﬁ@@% Q ﬁ@ ﬁf ct?ﬁ%?try as
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I nsul a apro ective shedth of fatty substance called h ]\/Ultlple
20 scl er oseselagogess, deuaydaa(;natrhwﬂmlaﬁ schcrag ratgak st é‘@f‘tr@é"aéh@ btk omes
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syst em r eSip Pesponsi for the attack on the

central n@ﬁéf?r?\%lwﬂbﬁéﬂnbtmédi'@bl’uﬁ'g heurdeshdictionoor rRfuratraaskitieheeleasse of t he
di sease it rather than the nore traditional nethod of controlling the

synptonms. The nature of the disease is such that it may be possible to
contr bt 58 &L O Bl P thE LoRfHdURRIS' hal Mmune
syst egrb HEQEH %%'ntcﬁgth og%ﬁ%rg%ﬂgbsdé&gg@ﬁsqﬁﬁoﬂséifﬁ act R‘ﬁé ed rat y
T- | ynphocyg esed torsbhyladticatly spavsll @ fxt thdratieviatidri of acutelsympdomsmy be a
product of chronically activated T-cells having a
References herein to "treatment" or the like are to be understood to include such
prophylactic treatment, as well as treatment of acute conditions.
15
It is envisaged that the compounds may be particularly useful in the treatment of
multiple sclerosis. This chronic neurological disorder affects the nerves in central
nervous system. As earlier discussed normally most nerves in the body are
insulated by a protective sheath of fatty substance called myelin. Multiple
20 sclerosis causes demyelination, in which this protective sheath becomes inflamed

and ultimately destroyed.

By modulating or changing the immune system response that is thought to be
responsible for the attack on the central nervous system it should be possible to
75 attack the cause of the disease itself, rather than the more traditional method of

controlling the symptoms.

The nature of the disease is such that it may be possible to control multiple
sclerosis without unduly suppressing the patient's immune system. Based on the
30 earlier discussed chronically activated rat T-lymphocytes study, it is speculated

that multiple sclerosis may be a product of chronically activated T-cells having a



WO 03/078416 PCT/ AU03/00351 -30 channel phenotype characterised by high
expression of Kvl.3 channels and | ow nunbers of |KCal channels. As this
channel pWwerswyfes i s distinct fromthat seen in qui escentrCandioanessel y
activated cells it nmay provide a useful nmeans for controlling multiple
sclerosis without the significant side effects of |ess specific 5 drugs.
Furthernore, in denyelinating diseases such as nmultiple sclerosis or

di abetic neuropathy, the destruction gf_the nyelin sheath evokes an

i nt ernodal potassium current in nyelinated nerve fibers by uncovering
normal Iy silent potassium 10 channels. These abnornmal potassiumcurrents
contribute to the conduction, failure

.qb d. | '
Bl ocker scbanaalom@nqm%%ﬁ{%t%fr?&ﬁn@ sigh BxPresSidrnal KRS GghfEds 2B 0P
4- am nop g OHKQB)/ haKRelReets ﬂﬁ%ﬂéhﬁélt;ﬂibrfoneOMlem fmﬁdhla:ttsetﬂfn
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scl erosi s. npound hat bl ack n e

T-cells CQHHO{“HQ Wt' € RGIeros! ﬁe"ﬁ’g?%fr}ru’ﬁth? W@W‘SQ ﬁgﬁj%e fsfe(lgrg eg;‘ﬁelfne%% %ﬁé@

Ranw I}#? 5 of nyelinated nerves mght be ideally suited the treatnent
pl €

of nultl sclerosis. Such conpounds coul d simultaneously enhance inpul se
propagation in denyellnated neur ons and nDdify t he i mune response. 20
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Kvl. 3 chagpived Pt éryalimated reirens.i Bioakiess o€ Bxbnal qlasassiem efanagels such

channel, :sn?heogrtléeolggtll\}eycgrlnsgund 4-aminopyridine (4-AP) have been demonstrated to
overcome conduction failure in vitro and to improve disability in certain multiple
sclerosis patients. 4-AP (Fampridine) is currently in clinical trials for multiple
15 sclerosis. Compounds that block both the Kv1.3 channel in autoreactive T-cells
and the Kv1.1-Kv1.2 heteromultimeric channels present in the Ranvier Nodes of
myelinated nerves might be ideally suited the treatment of multiple sclerosis. Such
compounds could simultaneously enhance impulse propagation in demyelinated
neurons and modify the immune response.
20
Thus in a third aspect, the invention provides a method of preventing or treating of
autoimmune or chronic inflammatory diseases, the prevention of rejection of
foreign organ transplants and/or related afflictions, by the administration of a
compound of formula | or a composition containing the compound or a

25 pharmaceutically acceptable derivative thereof.

Accordingly in a preferred form of the invention, there is provided a means for
controlling multipie sclerosis by the application of a blocker of the Kv1.3 channel,
preferably a selective channel blocker of the Kv1.3 channel, and optionally also a
30 blocker of Kv1.1 and / or Kv1.2 channels, by the application of a compound of

formula | or composition containing the compound of formula 1.



30 bl ocker of Kvl.1 and / or Kv1.2 channels, by the application of a
conpound of formula | or conposition containing the conpound of fornula I.
WO 03/ 078W0e3RBIIAU03/ 00351 -31 In a fourth aspect, the iPeTatioBoossprovi des
a met hod of nodul ating potassiumion channel activity of T-cells by the
application of a conpound of Formula | to said T cells. Preferably the
conpounds of the invention inhibit the potassiumion channel 5 activity of
T-cells. Preferably the potassiumchapgel activity inhibited by the

conmpound of Forrmula I is a voltage-gated potassium channel, for exanple,
Kvl.1-Kvl.7. More preferably the potassiumion channel activity is the
vol t age- gat ed potassi um channel, Kv1.3 10 of a T-cell. Preferably the

conmpound sel ectively inhibits the Kvl.3 channel, and optionally also the
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sour ce of the bi val ent 20 group R11 and together with the two oxygens to
which it is attached provided a bivalent Linker group of Fornula |I. The

Che ot £ d2iE B obhe AR A A B b R e P

the att I none, 1 nduced by base, on the
el ectrophilg @olt C%gtreblqbbtasmm et rmed; rfor emamaleoqeﬂ b#@ﬂsﬁ Moge preferably

(bi shal o) al kane: CH2) nBr cH2)

< iiii:iithe:pgtassipm Wr(rg{/@ft ydsgﬁa\)@(i % |unz1 c%ann\el,“ﬁv%

10 of a T-cell. Preferably the compound selectively |nh|b|ts the Kv1.3 channel, and

optionally also the Kv1.7 and / or Kv1.2 channels.

In a fifth aspect, the invention there is provided a process for the production of the
compounds of Formula I.

15
Dimeric compounds of the Formula V or VI, preferred forms of Formula |, are

readily made from khellinone and a suitable linking compound. Khellinone is a
preferred starting material as it is a natural product from plants which is cheap and
commercially available. The linking compound acts as the source of the bivalent
20 group R4y and together with the two oxygens to which it is attached provided a

bivalent Linker group of Formula I.

The preferred reaction is a straightforward alkylation and takes place through the
attack by the phenolate oxygen of khellinone, induced by base, on the electrophilic

25 carbon atoms adjacent to halogen atoms in a (bishalo)alkane:

OMe O OMe O (0] OMe
Br(CHy)nBr
/ Me ( 2)) / Me Me \
° OH  g,co,OMF) © O——(CHgz)n o ©

OMe OMe OMe



WO 03/078416 PCT/ AU03/ 00351 -32 For exanple, when bi sbronmopentane is used
as the linking conpound with Khellinone, the reaction produces Khellinone
di mers haworg/opsamé ane | i nkage: O M O Ove OO0 O Me Br Br PEl/AU0S/0MSY \ M
OHOOM 0\ O CS2C3 Ove DVF Ove OV 5 Variations of this reaction
include first nodifying khellinone to create a derivative thereof by

addi ng, renoving or nodifying one or nore of the functional groups

attached to the ring system For exanpl$,_ the nmethoxy groups could be
selectively manipulated to provide to higher alkyl derivatives of
khel I i none and 10 used in the above schene as precursors for diner
formati on_ Anot her startin naterragars Khel Iin ﬁﬁ can be re g as a

pr ot ect edFok EMMeN avher biskIBMopERtANS (§ ¢'S59 BFS KR 89@? ron
tribromd EChaviAg Yeatdnd Riles _by t he
use of a &E% ﬂon%htﬁe rSéb‘[L&r{ gﬂ)&%%%"{?@ﬂg Cﬁlﬁleate on?i‘lb t he non- hydr ogen
bonded phenol, followed by a stronger base such as Cs2C33 to al kylate the
hydr ogen- bonded phenolic OH (hydrogen bon
shown. WO 03/ 07

\ ~ K2C03 |

Variations of this reaction include first modifying khellinone to create a derivative
thereof by adding, removing or modifying one or more of the functional groups
attached to the ring system. For example, the methoxy groups could be
selectively manipulated to provide to higher alkyl derivatives of khellinone and

10 used in the above scheme as precursors for dimer formation.

Another starting material is Khellin, which can be regarded as a protected
khellinone. This compound could be bis-demethylated with boron tribromide and
the resulting hydroquinone selectively alkylated, by the use of a weaker base such
15 as K,COs to alkylate only the non-hydrogen bonded phenol, followed by a stronger
base such as Cs,COs; to alkylate the hydrogen-bonded phenolic OH (hydrogen

bond shown as dotted line), as shown.



OOMOOMO OW OHOW EiIi KRKCGBH H O , '0 O 'O/ I\ 1 O XeOM
~ O OBt Mel EtlI ('.S2C08 Cs2C3 Ove OCEt 01 M OC | OM OCO Ort
Ove J OBW003/0346 O M Me OH O OH O Ovwe O Et Anot her varpcCatAwsa/00xsito add,
renmove or nodify the substituents of the dinmeric product to form new
derivatives. This could be achieved by using standard techniques for
functional group inter-conversion, well known in the industry such 5 as
those described in Conprehensive organi¢c transformations: a guide to

functional group preparations by Larock R C, New York, VCH Publishers, Inc.
1989.

/H\
OMe O o) ‘lo
74 74 |
o) o o 0~ “Me
OMe OMe
H.
s o° "o
O IO |
/ | / |
o 0~ “Me
0 0”7 “Me
OMe
OEt
Mel Etl
Cs2CO
CSzCOa l S2 8
OMe O OEt O
4 | / |
o 0~ “Me o 0~ “Me
OEt OMe l

; OEt O
OMe O

74 Me
OH OMe

Another variation is to add, remove or modify the substituents of the dimeric

o7
=
o

product to form new derivatives. This could be achieved by using standard
techniques for functional group inter-conversion, well known in the industry such

5 as those described in Comprehensivé organic transformations: a guide to
functional group preparations by Larock R C, New York, VCH Publishers, Inc.
1989.

Examples of functional group inter-conversions are: -C(O)NRR' from ~CO,CHs by
10 heating with or without catalytic metal cyanide, e.g. NaCN, and HNRR' in CH3OH;
-OC(O)R from —OH with e.g., CIC(O)R' in pyridine; -NR-C(S)NR'R" from -NHR with



Exanpl es of functional group inter-conversions are: -C(ONRR from-CO2CH3
by 10 heating with or without catalytic nmetal cyanide, e.g. NaCN, and
HNRR i n wBleM7s416 OC(O R from-OH with e.g., CCC(OR in pgmiadioney3s1
-NR-C(S)NR R* from-NHR with WO 03/078416 PCT/ AUO3/00351 -34 an

al kyl i sot hi ocyanate or thiocyanic acid; -NRC(OOR from-NHR with al kyl
chloroformate; -NRC(ONR R' from-NHR by treatnment with an isocyanate, e.qg.
HN=C=0 or RN=C=Q, -NRC(O R from -NHR treatment with CCC(OR in
pyridine; -C(=NRINR R* from-C(NR R") " with H3NR+OAc by heatlnginS
alcohol; -C(NRR')SR from-C(SYNR R" with Rl in an inert solvent, e.

PG s anCalolsgihy &mRuuoymmépe'a?Ld”‘W%ﬂﬁﬁﬂ% o, ZRR P Akt
anhydr oUs niibfeaiate: NESIOMELE Horh!- AR By Hebriehivihar ieayanate, W gh B CN

and” NaOEC! rom-NHR by treatnent RS ZC—NCN
-NR' SOZR|—[1NI:¢£@I’TIQ1‘ NRR=020:t FNROI®IR' fiiotrh -SHEOXY xealiosnt rvgm h‘»l@b@ l%

“NR C(OR f -

[ile bi smfléglgoggﬁ‘%@é?%{ﬁ%agam Iﬁ%ﬁpﬁ%‘ﬁ%h@%@ﬁ oé%a%gl su Pn%ejn

SR AR IR S LSO e v o

L reﬁ rerg?trg;e 9 (@)NR! '?ﬁ%’ﬁewdﬁ GHAR i noh MyBregemAizm —=GEU)N e W 'lﬂé)nli" Bl'—ﬁ'C(O) OCH3
RAO R N mRRRE ot -CLEiR iy T KFRERE & el e from

- CH2 C'*Z%l%sghgltéﬁ?\%ﬂgf\é FAACLE@NH)-NRIFZ By e@htrié) With (BrCNhen@UNa OB in

reaction

with TsC /base then ﬁgﬁ CB
/u;?gcmmy MM-N@\I)&BstHNHR ooy teaireanh b &@éﬁr o)’\%% %ngzsozt
et one r Snd 2 /
HOI ; ff?%%%b@ﬁﬁ?%&‘}%w g\@:ﬁgﬁy%romgz& Bﬁa@\'?mét ARG
Anot her VRIRIGKO)RN ByS thathiemt divfth eLawesstornsku ru;monpwma(4m@hexmhqrwyd)he
| i nker 25 corrpoun is of the gener al, for I& @11 L. wh
sui t abl e 1,88#-eithipdiphrsphetane-Z,4 disulfide]; rw gOzC from ﬁf—l‘ﬁ witR  Fiflic
anhydride and base, -CH(NHz)CHO from -CH(NH2)C(O)OR' with Na(Hg) and
HCIEtOH: -CH.C(O)OH from —C(O)OH by treatment with SOCI, then CH:2N; then
15 Ho0/Ag-0; -C(O)OH from -CH2C(O)OCH; by treatment with PhMgX/HX then
acetic anhydride then CrO;; R-OC(O)R' from RC(O)R' by R"CO3H; -CCH,0OH from
-C(O)OR' with Na / R'OH; -CHCH> from —CH2CH,OH by the Chugaev reaction; -
NH, from —C(O)OH by the Curtius reaction; -NHz from —C(O)NHOH with
TsCl/base then H,O; -CHC(O)CHR from ~CHCHOHCHR by using the Dess-Martin
20 Periodinane regent or CrOs / agH>SO, / acetone; -CeHsCHO from —CgHsCH3 with
CrO5Cly: -CHO from —CN with SnCl, / HCI; -CN from —=C(O)NHR with PCls; -CHzR
from —C(O)R with NaH, / KOH.

Another variation is to use different linking compounds. Preferably the linker

25 compound is of the general formula L-Rq4-L, where L is a suitable leaving group,
such as halogen, more preferably Br, and Ry is a moiety as earlier described
including ~(CHy)n- or ~(CHz)p-Y-(CHz)q-, where n, Y, p and q are as earlier
described. R;; may optionally include one or more unsaturated sites and may be
optionally substituted. '

30
Examples of linking compounds include:-



such as hal ogen, nore preferably Br, and RI, is a noiety as earlier

described including -(CH2)"- or -(CH2)p-Y-(CH2)g-, where n,

Y, p and g are

as earliewoodezsaeé bed. RI1 nay optionally include one or moTaAwWwAsSeEsur at ed

sites and may be optionally substituted. 30 Exanples of link
i nclude: WD 03/078416 PCT/AU03/00351 -35 L\ \\ LLLLLL

i ng conmpounds
LL-LLON

L-~L LLLONLL LLS5LL/L LLNLNNU CHLNLI N LL LLI/

LNLN SV S/\LS ~~LI NL S—~N3N.-L/ ~NNLLLI N

LLLLI NL



NNLLL\YLLL NUN LI \ L "NW O03/078416 PCT/ AU03/00351 -36
Preferably L is chlorine or brom ne. These |inker conpounds can be used in
mich theweanw7ssay as the earlier reaction wth bishal oal remavAnosxanpl e
schene is set out below O OSSO OOOWwW Br MMM\ OOHOOOO
OM OM S OM 5\ / The linking conpounds may need to be nodified before
the linking reaction. The nitrogen atons of heterocyclic rings may need to
be protected during the linking reactggn. The nitrogen atons coul d be
protected as by their reversible conversion 10 to an N-oxide form

Li kewi se, a phenolic hydroxy group in the |inker would need to be

protected duri the link reacti.on. -Suita ' I
Dot eeh g B8 RS AP RERG, IRk Tl 4G ol Re i
Prot ect i fge QupP§vayl &s Medaailier Fyadtiopsivih bRreasekdnsll AW éeymplet sstemerise,
New York, 1981. 15°The production of conpounds of the invention having a
"Li nker™ Sﬁlhlo_uhbebw.o! ned to the two aromatic rings by a nitrogen or

sul phur requires a different strategy. Wien starting with khellinone, the

ketone group should be protected. A dithiol-based protection strategy is
shown in the exanpl e bel ow, al$fough other siyategies my §ge uggd. The

phenol i ¢ OH shqlif'd the cW@ﬁ%Bt eavi ngbg’gro p by, for
Y Me 7 Me Me AN
OMe OMe S OMe
B \\@J

5

The linking compounds may need to be modified before the linking reaction. The
nitrogen atoms of heterocyclic rings may need to be protected during the linking
reaction. The nitrogen atoms could be protected as by their reversible conversion
10 to an N-oxide form. Likewise, a phenolic hydroxy group in the linker would need to
be protected during the link reaction. Suitable protecting groups are well known in
industry and have been described in many references such as Protecting Groups

in Organic Synthesis, Greene T W, Wiley-Interscience, New York, 1981.

15 The production of compounds of the invention having a "Linker" which is joined to
the two aromatic rings by a nitrogen or sulphur requires a different strategy. When
starting with khellinone, the ketone group should be protected. A dithiol-based
protection strategy is shown in the exammple below, although other strategies may
be used. The phenolic OH should be converted to a leaving group by, for

20 example, tosylation as shown. This compound could then be reacted with an
amine-based or thiol-based bis-nucleophile, to give the resulting dimer as shown,

after unmasking of the ketone group.



20 exanple, tosylation as shown. This conmpound could then be reacted with
an am ne-based or thiol-based bis-nucleophile, to give the resulting diner
as shown,woaBwessiunmaski ng of the ketone group. WO 03/ 07824C6/ARTCIHFNSD3/ 00351
-37 OMN OM/~ OMOSSSS MMM OHOOHOO0L, " OOW OM O
M OMe HZNN/N A NH2 HS\AV* V,SH OM OO0 OV (jMB M HH OHNOOW OO
Ok OOV ~ 1 \ MMM OO SS O \__~ OW Variations of this reaction
coul d be used to provide other conpoundg_of fornula | to VI. 5 Yet another
variation is the formation of heterodifneric (also known as non-

honodi meri c) conpounds. One end of the Iinking conmpound nmay be protected
with a suitable protecting group before the initial reaction with

khel I i none or aOMde®i vati ve theD@bﬁThe protecting gPM%_‘c\oul d be renoved

and t he resultat S
2. Me o Ve
O O\S,O

4
OMe n\©\
Me

AN

®)

H2’“\/\/\/”'"'2

OMe O

e %%%“rr

Variations of this reaction could be used to provide other compounds of formula |
to V1.

Yet another variation is the formation of heterodimeric (also known as non-
homodimeric) compounds. One end of the linking compound may be protected
with a suitable protecting group before the initial reaction with khellinone or a
derivative thereof. The protecting group could be removed and the resultant

10 compound reacted with a different khellinone derivative.

Alternatively two or more different khellinone derivatives may be mixed together
and subsequently reacted with a linker compound in basic conditions to form a
mixture of products that are then separated or used in combination.

15
In order that the present invention may be more readily understood, we provide

the following non-limiting examples.



10 conpound reacted with a different khellinone derivative. Aternatively
two or nore different khellinone derivatives may be m xed together and
subsequenwbysfesaeé ed with a |inker conmpound i n basic condiPCroi®3nesior m a
m xture of products that are then separated or used in conbination. 15 In
order that the present invention may be nore readily understood, we provide
the following non-limting exanples. WO 03/078416 PCT/ AU03/00351 -38-
EXAMPLES - GENERAL PROCEDURE To a suspgnsion of the benzofuran (1.0 nmmol)
and cesium carbonate (1.0 mmmol) in N, N-dinethylformam de ("DMF") (2 m-)
under nitrogen was added the 5 dibromde (0.5 nmmol) and the reaction

m xture was stirred at The reaction mxture was diluted with
et hyl acEXAMP 8 w—tr 10% citric acid solution (3 x 10
m-) and br| ne (10 m-) and dr| ed (MgS™) and concentrated in vacuo. The

resulting residue was purified by flash chronma le 1., 1 5
bi sf ( 5- aTety lsudpdnsiomref tux besrcivfan éhﬂanmwx%élyg th\ﬁ/a"lar?é‘a%md”ﬂﬂ‘%s
prepared_ from khel one_an aerd 0 Gepeer al
Procedur & N:B' |d1'm‘éJ:§‘t FBW‘%m'(f% 1(5@\@3 ? g aphy reﬁﬁtﬁgr?grﬂw?i 29?5?

t atee/ he bn‘dttﬁ’ﬁ??C 1eavTr@5
ngyatglel ﬁﬁﬁégﬂﬁ%ﬁ?%s&fho?) Hfd %@}ea&ftfdhrtﬁﬁmr‘e apstittadtat( ffgr /() a

541 +, 563 (MeNa) + ( 2
m, 1.77 rédct’dlort njxtdre=was d;lutedomthz ysthngagqta 1_1> 0 @j_ agd ggas(l-%&vﬁi )16 A)4C|

(oo %) gosbsolifionds X 4 M) adh rind 47 micippd agigt MBS d@&‘%%%@'ﬁ 4.9

CH2 ) d hpflagh qmamsrao 144. 4 :
LG (SIS g st s bt ot ¥ (03
6- bi sf (5-acet!| -4, 7-di met hoxvbenzof ur an-yl oxy) 1) hexan

10 Example1: 1,5-bis[(5-acetvl-4,7-dimethovaenzofuran—6-vloxv)])pentane

The compound was prepared from khellinone and 1,5-dibromopentane according
to the General Procedure. Purification by flash chromatography eluting with ethyl
acetate/cyclohexane (1:9 to 2:8) afforded the product (177 mg, 65%) as a grey oil.

15
MS (ES): 541 (M+H)*, 563 (M+Na)*;
"H NMR (CDCls) & 1.57 (2H, m), 1.77 (4H, tt, J = 7.0, 7.0 Hz), 2.51 (6H, s), 3.95
(6H, 5), 4.08 (10H, m), 6.84 (2H, d, J =2.1 Hz), 7.54 (2H, d, J = 2.1 H2).

20

136 NMR (CDCls) & 22.2 (CHy), 29.7 (CHy), 32.7 (CHg), 61.0 (CHy), 61.1 (CHa),
74.9 (CHy), 104.9 (CH), 116.3 (C), 124.5 (C), 134.4 (C), 143.9 (C), 144.4 (CH),
144.7 (C), 148.6 (C), 201.8 (C).

25 Example 2: 1,6—bis[(5—acetvl-4,7-dimethovaenzofuran—vloxv)])hexane

The compound was prepared from khellinone and 1,6-dibromohexane according
to the General Procedure. Purification by flash chromatography eluting with ethyl
acetate/cyclohexane (1:9 to 2:8) afforded the product (215 mg, 77%) as a

30 colourless solid.



The conpound was prepared from khelli none and 1, 6-di bronohexane accordi ng
to the General Procedure. Purification by flash chromatography eluting with
et hyl acwoaBerssyel ohexane (1:9 to 2:8) afforded the prodecu/AWdIH03sy, 77%
as a 30 colourless solid. WD 03/078416 PCT/ AU03/00351 -39 An anal yti cal
sanpl e was prepared by recrystallisation fromethyl acetate/cyclohexane:
Anal . cal cd for C30H34010, C 65.0, H6.2; found C64.9, H6.1;, M5 (ES): 555
5 (MtH) +, 577 (MtNa)+; np 89-90 C. 1H_AWR (CDCI3) 8 1.48 (4H, m, 1.75 (4H,
m, 2.52 (6H s), 3.97 (6H s), 4.06 | OH, m, 6.85 (2H, d, J = 2.4 Hz),
7.55 (2H, d, J = 2.4 Hz). 10 13C NW\R (CDCI3) 6 25.6 (CH2), 26.8 (CH2), 32.7

CH3), 61.0 (CH3), 61.2 (CH3), 75.1 (CH2), . 104.6 1 , .5
EC) )134%(@%'3)1&?@'9 %@}‘P‘ellwa& (@lfﬁéare 4b% (@® C&ﬂs%t%b) sy 39“(%'@)

Exanpl e cetyl -4 7-di met hoxybenzof ur an- 6-yl oxy) 1) but ane 15
The corrpc:}?t?néat@é}ela]feeggrgd from khel I i none and 1, 4-di br onobut ane accor di ng

to the General Procedure. Purification by flash chr omat ogr aphy el uti ng

th ethy] t 7), af 0
whi e notAnale coksg fas ErosheOa t Gy b Bigh ol gy 81 B Hh HEStSpRk *
CDCl 7 2. 0 3.95 (6H, 4 06 (6H, 4.09 (4H,
( , 639838%[#) dé‘ﬂ’ﬁ*(mf%\la rﬁ“98959654@)(2H d, S = 25)1 Hz) . 2(5 13CS¥\II\/R (CDCI( 3)
6266(CHZ) 327(CHS) 61.0 (CH3), 61.1 (CH3), 74.7 (CH2), 1049(CH)

103,00 R i o7 4Rl b i bimb s G, 34 B, 4.868-©

(10H, m), 6.85 (2H, d, J = 2.4 Hz), 7.55 (2H, d, J = 2.4 Hz).

10 13C NMR (CDCls) 6 25.6 (CHy), 26.8 (CHy), 32.7 (CHs), 61.0 (CHs), 61.2 (CHa),
75.1 (CH,), 104.6 (CH), 116.3 (C), 124.5 (C), 134.4 (C), 143.9 (C), 144.4 (CH),
144.8 (C), 148.6 (C), 201.8 (C).

Example 3: 1.4-(bis[(5-acetyl-4,7-dimethoxybenzofuran-6-yloxy))butane

15
The compound was prepared from khellinone and 1,4-dibromobutane according to
the General Procedure. Purification by flash chromatography eluting with ethyl
acetate/cyclohexane (3:7) afforded the product (221 mg, 84%) as white needles.

20 MS (ES): 527 (M+H)", 549 (M+Na)*; mp 119-120 °C.

"H NMR (CDCls) 5 1.87 (4H, m), 2.50 (6H, s), 3.95 (6H, s), 4.06 (6H, s), 4.09 (4H,
m), 6.83 (2H, d, J = 2.1 Hz), 7.54 (2H, d, J = 2.1 H2).

25 '3C NMR (CDCls) & 26.6 (CHy), 32.7 (CH3), 61.0 (CHs), 61.1 (CH3), 74.7 (CHa),

104.9 (CH), 116.3 (C), 124.5 (C), 132.4 (C), 143.9 (C), 144.4 (CH), 144.6 (C),
148.6 (C), 201.8 (C).

30



Exanpl e 4: 1 4-bis(5-acetyl -4-methoxybenzof uran-6-yl oxynet hyl ) benzene The
conpound was prepared from vi snagi none and a, a' -di brono-p-xylene according
to the Gaweroalo7R1©cedure. Purification by flash chronmat ogPapvogbessing 5
with ethyl acetate / cyclohexane (1:9 to 2:8) afforded the product (20 ng,
8% as a white solid: Anal. caicd for C30H2608, C 70.0, H 5.1; found C
70.1, H5.1; M5 (thernospray, LCM): 515 (M+H) +, 532 (M-NH4+); np-196-197
C. 10 1H NWMR (CDCI 3) 8 2.51 (6H, s), 4,485 (6H, s), 5.10 (4H s), 6.80 (2H,
s), 6.86 (2H, d, J =2.3 Hz), 7.40 (4H, s), 7.49 (2H, d, J = 2.3 Hz). 13C
NMR conmpound insufficiently soluble in dinmethyl sulfoxide ("DVSO') for 13C
15 NWR anal ysis. Exanple 5. D -(5-acetyl-4
7- di met hox¥BRERt s -2 o PXNSAS et S HS B eSO el l i none
(236 ng, 1.0 mmol ) and anhydrous potassium 20 carbonate (138 ng, 1.0 mol)
in DMF (2 nL) under nitrogen was added (2- bronoethyl)ether (63 L, 0.5

mol ) andThéeco@poundn wasx tprepansds fsim r visdaginoneomndt engedibtame-pryylenedays.
The reaction mixture was diluted with_ethyl. acetat 0 ) and d
with 10% 2¢aardingae; f@es@%?ﬁ%Ef@%eaﬁfﬁopwgg%tﬁ’@ﬁ%ﬁ?ﬁ%%i‘ﬁ“’f‘ﬁ"bﬁ“g}}’d&ﬁﬁﬁ ed
(MgSO4 n j Qgﬁgﬁ . r i FNR miguBPA) eslaby 25
flash h?\gﬂgt%g@ﬁ%%%aﬁ%?&ypﬁgéwt mé?%?@?ﬁtdé?égﬂ:@%ﬂ)hexg@(?: 9 t)o 3:7) to
afford tWwhaitpwotidict (99 ng, 37% as a colourless oil. M5 (ES): 543 (MtH) +,
565 (MtNa)+. 30 1H NWR (CDCI3) 8 2.53 (6H, s), 3.77 (4H, t, J = 4.8 Hz),
3.96 (6H, s), 4.06 (6H, s), 4.24 (6H, t, J = 4.8 Hz), 6.85 (2H, d, J = 2.1
Hz), 7. 5‘E§A§§‘H’ a?cd égﬁ:%;-ﬂz cbl%,)o 700,03/ 5786l dPCT/ AWOBY 8O3RS (HHErMLSPrawR
(CDCl 3) 7C CH3) , 10 CH3), 61.2 (CH3), 70.0 (CH2), 73.7 (CH2),

104. 9 ( CHL.C/NISE. 515 OI+HY2538 (VBNHARMB108)19714%. 0 (C), 144.5 (CH), 144.8
(0, [148.6 (0, 201.7 (0.

'H NMR (CDCls) & 2.51 (6H, s), 4.05 (6H, s), 5.10 (4H, ), 6.80 (2H, 5), 6.86 (2H,
d. J =23 Hz), 7.40 (4H, s), 7.49 (2H, d, J = 2.3 Hz).

136 NMR compound insufficiently soluble in dimethyl sulfoxide ('DMSOQ") for "°C
15 NMR analysis.

Example 5: Di-(5-acetyl-4,7-dimethoxybenzofuran-6-yloxyethyl)]) ether

To a suspension of khellinone (236 mg, 1.0 mmol) and anhydrous potassium
20 carbonate (138 mg, 1.0 mmol) in DMF (2 mL) under nitrogen was added (2-
bromoethyl)ether (63 uL, 0.5 mmol) and the reaction mixture was stirred at room
temperature for 2 days. The reaction mixture was diluted with ethyl acetate (10
mL) and washed with 10% citric acid solution (3 x 10 mL) then brine (10 mL) and
dried (MgSO4) and concentrated in vacuo. The resulting residue was purified by
25 flash chromatography eluting with ethyl acetate/cyclohexane (1:9 to 3:7) to afford

the product (99 mg, 37%) as a colourless oil.

MS (ES): 543 (M+H)*, 565 (M+Na)".

30 'H NMR (CDCly) 5 2.53 (6H, s), 3.77 (4H, t, J = 4.8 Hz), 3.96 (6H, s), 4.06 (6H, s),
4.24 (6H, t, J = 4.8 Hz), 6.85 (2H, d, J = 2.1 Hz), 7.55 (2H, d, J = 2.1 H2).



5 Exanple 6: 2, 5-Bis(5-acetyl-

7- di met hoxybenzof ur an- 6-yl oxynet hyl ) benzoic acid, tetraethyl eneglycol
nononet hywetohers4est er To a suspension of the nmethyl ester PCEAUD/0035113
mmol ) in tetraethyl eneglycol nononethylether (720 L, 3.80 mmol) was added
titanium (IV) isopropoxide (12 10 L, 0.042 mmol) and the reaction m xture
was stirred under nitrogen at 100 C for six hours. After this period the
reaction was inconplete by TLC and furyher titanium (1V) isopropoxide (25
L, 0.085 nmmol) was added and the reaction mxture was stirred at 100 C for
ei ght hours. The reaction was quenched with 1 M HC (1 nlL) and then the

). Tho SFouhE <§ﬁ§4§a&v§?tfm§@ﬁ§d%e§ (Bl e ERGT R RERATRA R 60

nL) then ety at3ads i(0), V410 (Chhe 4ues YCH) NG44 Be(d)iue
was puri fﬁ?a%l g@%i?ﬁ)sc rrggggr(gp)h??% utl)ng W th ( -gt hyl a('(:ldét ztt e/ pet g%)?eum

et her (3:8®38. cha,fzmlrii(tﬁhe starting material methyl ester (30 ng). Further
elution with ethyl acetate/petroleumether (7:3) furnished the desired
product (32 ng, 50% by 20 returned starting material) as a colourless oil.

M5 (ES}: e begzoic3. 35
(3H, s), ) , t, J 4.8 Hz),
3.99 (3H, asiy, tetragth rn1 (3H s), 4.44 (2H, t, J =
4.8 Hz), 5.12 (2H, s), 5.56 (2H, s), 6.88 (1 H d, J = 2.1 Hz), 6.90 (1 H,

d, J = 2. 1 Hz), 7.59 (L H, d, J =21 H), 7.61 (L H d, J =21H), 7.67
(1 H d, a-sﬁséeﬂréidn of -tB€ nhétHsH edter8(8D y) ,0. 3 GAmol) A, taoaetmOerl@lyWR

(5. GEW%%@&.@@?S 472Gy %%?m&%*%ga&h@éﬁ?f@ iprreRpfde 125
(18];22) 19 C,.»LI?%%&%“@‘@? ol 3/ R 8% Ir%tutge %szstﬁ%?i&%d% %“90%?;%}1 1 Pé% 1%5
0, 50 e 3 ot iy ki At
(O, 166. ttapim @UL. |§or(rcppx1d61(25 @) .0.085 mmol) was added and the reaction
mixture was stirred at 100 °C for eight hours. The reaction was quenched with 1M
HCI (1 mL) and then the reaction mixture was partitioned over 1M HCI / ethyl
15 acetate (1:1, 120 mL). The organic phase was washed with saturated sodium
bicarbonate (60 mL) then dried (MgSO,) and concentrated in vacuo. The resulting
residue was purified by flash chromatography eluting with ethyl acetate/petroleum
ether (3:2) to afford the starting material methyl ester (30 mg). Further elution with
ethyl acetate/petroleum ether (7:3) furnished the desired product (32 mg, 50% by

20 returned starting material) as a colourless oil.
MS (ES): 826 (M+NH,").

"H NMR (CDCls) 5 2.49 (3H, s), 2.49 (3H, s), 3.35 (3H, s), 3.51 (2H, m), 3.58-3.68

25 (12H, m), 3.81 (2H, 1, J = 4.8 Hz), 3.99 (3H, s), 4.00 (3H, 5), 4.03 (3H, s), 4.11 (3H,
s), 4.44 (2H, 1, J = 4.8 Hz), 5.12 (2H, s), 5.56 (2H, 5), 6.88 (1H, d, J = 2.1 Hz), 6.90
(1H, d, J = 2.1 Hz), 7.59 (1H, d, J = 2.1 Hz), 7.61 (1H, d, J = 2.1 Hz), 7.67 (1H, d, J
= 8.1 Hz), 7.86 (1H, d, 8.1 Hz), 8.09 (1H, s).

30 *C NMR (CDCly) 8 32.7 (CHa), 32.7 (CHs), 58.9 (CHa), 61.1 (CHs), 61.1 (CHa),
61.3 (CHa), 61.3 (CHa), 63.5 (CHy), 69.0 (CH), 70.4 (CH), 70.5 (CH3), 71.8 (CHy),



5 Exanple 7: 2,5-B is(5acetyl -

7- di met hoxy- 6- benzof ur an- 6- yl oxynet hyl ) benzoic acid, nmethyl ester The
conpound wasprapar ed from khel li none (147 ng, 0.62 muol ) PERAAID3H63510

di (bromonet hyl ) benzoate nethyl ester (100 ng, 0.31 mmol) according to the
General Procedure. Purification by flash chromatography eluting with ethyl
acet ate/ cycl ohexane (1:4 to 2:3) afforded the product (149 ny, 76% as a
straw coloured solid. 15 M5 (ES): 63342)( MtH) +, 650 (MtNH4+); np 87-89 C. 'H
NVR (CDCI3) b 2.48 (3H, s), 2.48 (3H 3. 87 (3H, s), 3.98 (3H, s), 3.99
(3H, s), 4.03 (3H, s) 409(3H s) 511(2H s), 5.55 (2H, s), 6.87 (1
H d, J = 2.7 Hz) 8 (1 ), (

7.59 (1 mm(oﬂz)ﬂﬁ (7(¢-Izl)z),, 11?)4@7(0'2*&) ‘(Q‘5P+(C?‘§ 1968° @51‘15 71?%)1247gé§)(1 H,

(CHS) E@é ‘%éﬁhﬂ%lf (o 1-/21,_@5 w3 1%§W)(%B%b% 5%474 (@}43434 6210
(), 76384 (6F) 130.04C), 1940 (ANS1 L1 T, 1848 (1,044 5 1617 186 (b, 3

O, 124 5 132.2 25 134.3
Ecg, 134 198(@C) ﬂé@ b(é)cﬂ%fe@)ﬂé%g)(q igb%((éﬁ_{) 144. 1 (c§ ,CH)144.4 (CH),
144.5 144.6 (C), 144.6 (C), 148.5 (C), 148.7 (C), 166.9 (C), 201.5
(O, 50 (C) Exanple 8: 2, 5 B| s(5 acetgl -4f 5 . f

: kg gt ¥ AZ0TH 3 & 2sis 0

7-di net hMéqﬁu 0 B-Hs (6l aefyi '
2, 5-di (bromonet hy )benzoate met hyl ester i nternedi ate V\D 03/ 078416
PCT/ AU03/2siBsnethvhésteh o sol ution of 2, 5-di et hyl benzoate nethyl ester (328
nmg, 2.0 mmol) in carbon tetrachloride (10 nL) was added N-brom)sucm ni m de
(890 ng, 5.0 mmol) and AIBN (2,2 -azobi sisobutyronitr 0 nmol )
and the reecicompauind wee preepagethdianadkhallinag &&3’? 6P940hézm emé(}‘i’t%??'
suspen5| was fil ed a th [ dhel sddordinbofonike X 5
uipaemthiieedils ey B o R mine 3ol 5
General Procedure. Purlflcatlon by flash chromatography eluting with ethyl

acetate/cyclohexane (1:4 to 2:3) afforc_jed the product (149 mg, 76%) as a straw-

coloured solid.
15 MS (ES): 633 (M+H)+, 650 (M+NH4+); mp 87-89 °C.

H NMR (CDCly) & 2.48 (3H, s), 2.48 (3H, s), 3.87 (3H, 5), 3.98 (3H, s), 3.99 (3H,

s), 4.03 (3H, s), 4.09 (3H, s), 5.11 (2H, s), 5.55 (2H, 5), 6.87 (1H, d, J = 2.7 Hz),

6.88 (1H, d, J = 2.7 Hz), 7.57 (1H, d, J = 2.7 Hz), 7.59 (1H, d, J = 2.7 Hz), 7.67
20 (1H, dd, J = 1.5, 8.1 Hz), 7.85 (1H, d, 8.1 Hz), 8.07 (1H, d, 1.5 Hz).

13C NMR (CDCls) § 32.7 (CHa), 32.7 (CHa), 51.9 (CHa), 61.1 (CHy), 61.1 (CHa),
61.2 (CHg), 61.2 (CHa), 74.1 (CHy), 76.0 (CHy), 104.9 (CH), 105.0 (CH), 116.6 (C),
116.7 (C), 124.3 (C), 124.5 (C), 127.5 (C), 127.7 (CH), 130.2 (CH), 132.2 (CH),
25  134.3 (C), 134.5 (C), 136.2 (C), 139.7 (C), 144.0 (C), 144.1 (C), 144.4 (CH), 144.5
(CH), 144.6 (C), 144.6 (C), 148.5 (C), 148.7 (C), 166.9 (C), 201.5 (C), 201.7 (C).

Example 8: 2,5-Bis(5-acetvl-4.7—dimethovaenzofuran-6—vloxvmethvl)benzoic

acid
30
Step (i) Synthesis of 2,5-di(bromomethyl)benzoate methyl ester intermediate



vacuo to give a m xture of product and succinimde by 'H NVR The m xture
was dissolved into dichloronethane (20 nmL.) and washed with water (2 x 10
mL) . The woioslrsmenet hane phase was dried (MgSO4) and con®emtAlatmeeBsin vacuo
and the 10 resulting residue was purified by flash chromatography el uting
with 2%ether in petroleumether to furnish the product (0.50 g, 78% as a
white solid. An analytical sanple was prepared by recrystallisation from
net hanol . np 79.5-80 C lit. np (MeOH)4381-83 C 15 'H NMR (CDCI 3) 8 3.98
(3H, s), 4.49 (2H, s), 4.94 (2H, s), 7.46 (1 H d, J =7.8 Hz), 7.53 (1H,
dd, J = 1.8, 7.8 Hz), 8.00 (1H, d, J = 1.8 Hz). Step (ii): synthesis of
2,5-Bi s(5-acetyl -4, 7-di met hoxybenzof uran-6- 20 yl oxynet hyl ) benzoic acid To
a solution of the nmethyl ester of step (i) (63 ng, 0.10 nmol) in

tetr ahyﬁ%é‘?ﬂ Q'(‘ f-F@ﬁirﬁ mZbé@ga@dﬁ@ﬂqﬂe%%rl\(BIZBtr’ng;JmOhmdmi)(lrdeanbnn

nmet hano nd the reaction m xture was %h]rred Iﬁ
for 16 htetrB@hlo'rmcmmmwyawasaddadohlpbr@mwcwmd@h(&gq M%i e (42

, 1.0 | dded dt 6 h.
The 1 eacligN @S rop veabgRadiie, 15aR0. 0o B} ahl ghed Sen‘imﬁm?@é‘ﬁée’n A
W th 583@‘1!0&;?8}%9 £X TRel88yMhd Bughdision (ks fﬂﬂe}ed Zhéd thae uesidge ;ste was

ice-c |edto pH4 ( by~ Uni ver sal Indlcator wth&
Extractlwasmearwm fvﬂlorafmtra(&ﬂé mLRoTha poslad SIgRleH Mere $ONGERHAIG 6’r t he
pool ed organics with b fo [ pOHR

evapor at V3aUafe gieed ngl Wh Qda%l?pulﬁl de g@ry‘kf‘ M Inidfe was

Iash chr omat ogI[a phy
el uting S%ﬁ/eWﬁuﬁ@ldﬁgr/om&ﬁél@@mL %dMthhéG/mrm wates| (210 mL)

di chi or onet hane e desired acid was obtai ned (26

col our | estichiolomethahe phaisedwpsrdriedz(dob®a) a GQP@enﬂ%Ing'” ﬁ%ﬁ‘r‘fg dhesthe |y
2 (2)1 ](%H%E%q'}'{\’Rgl gglauge\}vgs Surified” BYP bt chfomatbgfdpHy3 Blutiby wih @% (sther #) ,

petroleum ether to furnish the product (0.50 g, 78%) as a white solid. An analytical

sample was prepared by recrystallisation from methanol.

mp 79.5-80 °C; lit. mp (MeOH) 81-83 °C

15
"H NMR (CDCls) 5 3.98 (3H, 5), 4.49 (2H, 5), 4.94 (2H, 5), 7.46 (1H, d, J = 7.8 Hz),
7.53 (1H, dd, J = 1.8, 7.8 Hz), 8.00 (1H, d, J = 1.8 H2).

Step (ii): synthesis of 2 5-Bis(5-acetyl-4,7-dimethoxybenzofuran-6-
20  yloxymethyl)benzoic acid

To a solution of the methyl ester of step (i) (63 mg, 0.10 mmol) in tetrahydrofuran
("THF") (3 mL) was added 0.25 M lithium hydroxide in methanol/iwater (2:1, 3 mL)
and the reaction mixture was stired at 80 °C for 16 h. The reaction was
25 incomplete by TLC thus lithium hydroxide (42 mg, 1.0 mmol) was added and the
suspension was stirred at 90 °C for 16 h. The reaction mixture was concentrated
to one third volume and then diluted with water (10 mL) and extracted with ether
(15 mL). The aqueous phase was ice-cooled and acidified to pH4 (by Universal
Indicator) with 1M HCI. Extraction with ethyl acetate (2 x 20 mL) and subsequent
30 washing of the pooled organics with brine (10 mL) followed by drying (MgSO4) and
evaporation afforded a residue that was purified by flash chromatography eluting



(3H, s), 4.15 (3H, s), 5.23 (2H, s), 5.60 (2H, s), 7.13 (1 H d, J = 2.4
Hz), 7.13 (1 H d, J =2.4Hz), 7.75 (1 H dd, J =1.8, 7.8 Hz), 7.86 (1
H d, J =wbD.odiobea)e 7.86 (1 H d, J = 2.4 Hz), 7.91 (1 H, pd/Ali08/0635), 8.18
(1 H d, J=1.8 Hz). 10 13C NWR (d6-acetone) 8 31.9 (CH3), 31.9 (CH3),
60.4 (CH3), 60.5 (CH3), 60.5 (CH3), 60.6 (CH3), 74.1 (CH2), 75.6 (CH2),
105.1 (CH), 105.1 (CH), 116.6 (C, 116.7 (O, 124.6 (C, 124.6 (O, 127.0
(CH, 127.4 (Q), 130.3 (CH), 131.9 (CH),_ 135.4 (C), 135.6 (O, 136.6 (Q),
139.9 (O, 144.4 (O, 144.5 (C), 145.2 ?CH) 149.4 15 (O, 167.2 (O,
204.1 (O, 204.2 (C). Exanple 9 - Biological activity The effectiveness of
t he generated conpounds in bl ocking the

1,3 t 20
1929 cel Neith (46 b Mapebis R IARIMSaEe. BHE HaSTod: RGBHIHa PoIFBER 20’ Thhe

generatio i | i;ne has been previously described (Gissnmer et al.
(1995) Nb&%gﬁélgﬁgoéfgﬁlés&émlzzn. The cells were grown in Dul becco's

nodi fied Eagle's nediumcontaining 10%fetal calf serum 2 nM L-gl utam ne,

1 mM Na+ pyruvate, 100 unit penicillin, streptomycin and 250
g 418 (t6n2|5CR|éé|50&ﬁ@aH39§meﬂg‘é-ﬂegm-gn‘i%‘ﬂ"as%&g%’%gir?e cells were studied
in thes:whole-cell configuration of the patch-clanp technique. The hol di ng
potential in all experinents was -80 nV. Currents were recorded in normal

Ri nger solHiNMR (H3-8Q@etond) ISaZ43 (BH5 si2.KEI(3H2 s?TM.@écC@Izl, s), 4 NBU18). 4.83mv
HEPES, pH 7.4, 290-310 nCs i t i ntern ipette, s tiQn | ni
134 v EF(3|'2 s34 @Bhtas2, 5-?5) @H, ﬁgééo I@d’ W%E@Iﬁ\ﬂ}(?’p(ﬁ-i "7.502%-25%%*- 55@1 2; .ng
If currengs; _ e Qo L1 f C enpansat 7@s6 , d.
200- s O‘é/_%%% gg%/ Qﬁb%ﬁ)g%ol]%-ﬂﬁgﬂééggthr(?gi ﬁ’ggpﬂ%ses@t 0 40% C\‘/J\z(rae
appl i ed eyery4¥y)s7 (9% (145 we7.&iHzyl8.18 {995J, M11.8 Hehar macol . 45: 1227). Each

conpound was tested twice at two different concentrations. Kd values were
det er APned by fitting the reduction of the normalized peak current to the

H Il equatdO\VR (dg-acetone) & 31.9 (CH), 31.9 (CHs), 60.4 (CHs), 60.5 (CHs), 60.5
(CHy), 60.6 (CHa), 74.1 (CHz), 75.6 (CH,), 105.1 (CH), 105.1 (CH), 116.6 (C),
116.7 (C), 124.6 (C), 124.6 (C), 127.0 (CH), 127.4 (C), 130.3 (CH), 131.9 (CH),
135.4 (C), 135.6 (C), 136.6 (C), 139.9 (C), 144.4 (C), 144.5 (C), 145.2 (CH), 149.4
15 (C), 167.2 (C), 204.1 (C), 204.2 (C). |

Example 9 - Biological activity

The effectiveness of the generated compounds in blocking the Kv1.3 current was
20 assayed on L929 cells stably expressing mKv1.3 or on activated human T cells.
The generation of this cell line has been previously described (Grissmer et al.
(1995) Mol. Pharmacol. 45: 1227). The cells were grown in Dulbecco’s modified
Eagle’s medium containing 10% fetal calf serum, 2 mM L-glutamine, 1 mM Na*
pyruvate, 100 units/ml penicillin, 100 pug/ml streptomycin and 250 ug G418 (to
25 keep them under selection pressure). The cells were studied in the whole-cell
configuration of the patch-clamp technique. The holding potential in all
experiments was —80 mV. Currents were recorded in normal Ringer solution (160
mM NaCl, 4.5 mM KCI, 2 mM CaCl,, 1 mM MgCl,, 10 mM HEPES, pH 7.4,
290-310 mOsm) with an internal pipette solution containing 134 mM KF, 2 mM
30 MgCl, 10 mM HEPES, 10 mM EGTA (pH 7.2, 290-310 mOsm). If currents
exceeded 2 nA 60-80% series resistance compensation was used. 200-ms



5 The doses that have a hal f - maxi mal
range of

bi ndi ng twO 0B#w8436 are depi cted bel ow in Table 1. Physi cal pdataros®o3stovi ded

effect on the Kvl.3 current for a

conpar ati ve conpounds and conpounds of the invention tested for

wher e avail abl e.

bei ng potentially selective 10 for Kv channels other than Kvl.3. Table 1
Kd (channel type)

Bi ol ogi cal
70 M (Kv1. 3)

\ 160 M (Kv1.3)

PCT/ AUO3/ 00351

Conpar

10

Those conpounds | ess active at Kvl

data Exam Structure Physi cal
Conmpar Me ative O Exam _

ative Exam O Ople 2

.pie 1 Ow

3 -

-46 Exam Structure Physi cal

\' \ 17 M
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.3 are of interest as

pie data QOwe O

(Khell'in one) Conpar

Cl-13 MOP) WD 03/078416
Kd (channel type) ple data

%) ses?fzv 40 m\/ were appcl) eg ec\)/ecr)y %asn'(Gr:i)’ssmer at al. (1995) Mol.

Pharmacol. 45: 1227). Each compound was tested twice at two different

concentrations. Ky values were determined by fitting the reduction of the

normalized peak current to the Hill equation.

The doses that have a half-maximal effect on the Kv1.3 current for a range of

comparative compounds and compounds of the invention tested for binding to

Kv1.3 are depicted below in Table 1.

Physical data is provided where available.

Those compounds less active at Kv1.3 are of interest as being potentially selective

for Kv channels other than Kv1.3.
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In the cawe odf7demown conparative exanple 4, it was found teatAtobiessconpound
was so poorly soluble in aqueous nedia, it could not be tested for
inhibition of T-cell proliferation in a cell-based assay. The conparative
exanple 4 was thus 5 considered to | ack therapeutically use. However, the
compound was surprisingly found to haw good stability. Gven the poor
solubility of conparative exanple 4, it was surprisingly found that
exanples 1 and 2 were sol uble enough in aqueous nmedia to be tested for 10
i nhibition of T-cell proliferation in a cell-based assay. This was
unexpected given the lipophilicity of these conmpounds. The n-butyl fragnent

in exanpl g el GaseCHpoNRT Sdthparziive dxaRfdil it vdshfeund tieatthisngdmpowngp wascat ed
in the equivalent position of conparative exanple 4 (frag ent
thr ophobseipopriyagaliedle is agsieons media, iteaqdd not beytestegsigryl g@'ftqﬁ'o%ﬁtced'hat
t he i nprovenent..in aque biLi r t | A S ct
of ther consuimaton e BTeRRe anaa o Th8) Eoparqiile SRR 4 "ias Pliusct ure
! en_glt hsof chsidbidaker labk tieerapattitallyeussx aravevér, theccoopdund wasysysprisingly
simlar

found to have good stability.

Given the poor solubility of comparative example 4, it was surprisingly found that
examples 1 and 2 were soluble enough in aqueous media to be tested for

10  inhibition of T-cell proliferation in a cell-based assay. This was unexpected given
the lipophilicity of these compounds. The n-butyl fragment in example 2 is
considerably more lipophilic than the phenyl group located in the equivalent
position of comparative example 4 (fragment hydrophobicity value 2.5 verses 1.9
respectively).

15
It is thought that the improvement in aqueous solubility relates to the crystalline
structure of the compounds. The Linker in example 2 is similar in length to the
length of the Linker in comparative example 4, and such it may permit similar
binding of the non-linker portions to Kv1.3. However, the Linker of example 2

20 should have greater conformational flexibility relative to the more rigid phenyl-
based linker in comparative example 4. This may have produced a compound
which is inherently much less crystalline than that of the comparative example.
The fact that the melting point of comparative example 4 is more than twice that of
example 2 lends support to this theory.

25
Example 5 is also significantly more soluble in aqueous conditions than
comparative example 2. It has a lower melting point, and is an oil at room
temperature. The oxygen atom midway in the Linker, being polar, may further
increase water solubility, though the placement of this atom appears to have

30 caused some weakening in the binding to Kv1.3, as indicated by the decreased Kq

value.



bi ndi ng of the non-linker portions to Kvl.3. However, the Linker of exanple
2 20 should have greater confornmational flexibility relative to the nore

ri gi d phewgplos/obeased | i nker in conparative exanpl e-4. Thi s pPemauvavesspr oduced
a conmpound which is inherently nuch less crystalline than that of the
conparative exanple. The fact that the nelting point of conparative
exanple 4 is nore than twice that of exanple 2 |l ends support to this
theory. 25 Exanple 5 is also significagjly nore soluble in aqueous
conditions than conparative exanple 2. It has a |lower nelting point, and
Is an oil at room tenperature. The oxygen atom m dway in the Linker, being
polar, may further increase water solubility, though the placenent of this
at om appears to have 30 caused sonme weakening in the binding to Kvl.3, as

| ndi cal egt i dibe lers s Bbiikied Ylprévidd AnBRsEEEdaIGoIRGTS\NIS IEESAN of 50

Exanpl es are I eved to provide inproved solubility by the .

i ncl usi osubstitaentinbibiel ertenposition pkthsr phenyha8Y Al dhe bﬁ#@ﬁe Odﬁ'@n%bsgﬁlﬁ{frbf t he
Li nker. Otho substifution ,can psc;u"i\ IRy, B8 tgegani c
conmpound&a@n e‘?@%%é%ﬁI%Ysga"'f‘ﬁéto(fl%%éigéggpéem@ Clg)@/ not Hé'\/gnlgasﬁg)clu?éc} because of
the orsf h%x‘éHérﬁéfS, is G5 BUEE atdtfidiveehusé o thef otho effedtpdgspite theiidclsaiontdftaient
which is generally regarded as an inherently "crést@aeblfi ne" Igro . i’he

sol ubi | i tcarbaxyliha\asichesubstitarie whichr v densyaliyhJega 3% ofr '@1%685 Y as
the orthqQ su | t,uent o y ' AR Einltovay heolige 8Pl ubl e
and nore %/FF%“%L%O@’B: ﬁ}*i??ﬂ@'?ﬁ@ tc.)nna{)}oﬁé;l’ae %lggﬁ)*gm' delnﬁ)%}nd. 'Ibﬁiets may be
firmy prjigcionps Hsehbanitof substitusinhdhriige ghenylsinign a manner sinilar to
conparative exanple 4, whilst providing reduced lipophilicity due to the
presence of a polar N-nethyl am de group. 15 [3HLl- Thym di ne incorporation
assay, [ 3kt hyni g ne . LB hSd Mndredsdivelgedd a8 indugicsay d bie-

pr ol i]f(iarg)f%eﬂgcﬁ) W?%B%%B%J%Hegngﬁrodent | ynphocytes. As cells divide

[ 3H] - t hyrirdlidecbwhd] Tigs may be firmly projecting the benzofuran binding groups in a

manner similar to comparative example 4, whilst providing reduced lipophilicity

due to the presence of a polar N-methyl amide group.

15 [PH]-Thymidine incorporation assay

[®H]-thymidine incorporation is a widely used test to assay the proliferative activity
of human and rodent lymphocytes. As cells divide [PH]-thymidine will be
incorporated into the newly synthesised DNA of the resulting daughter cells. The
20 faster cells grow the more radioactive [°H]-thymidine will be incorporated. Any
compound that inhibits lymphocytes proliferation will reduce the uptake of

radioactivity by the cells treated with it compared to the untreated controls.

Example 2 was tested to determine its ability to inhibit [*H]-thymidine
25 incorporation. Resting peripheral blood mononuclear cells from healthy volunteers
were seeded at 2x10° cells per well in medium (RPMI 1640 supplemented 10%
fetal calf serum, 2 mM glutamine, 1 mM sodium pyruvate, 1 % nonessential amino
acids, 100 units/ml penicillin, 100 pg/m! streptomycin and 50 uM  B-
mercaptoethanol) in flat-bottom 96 well plates (final volume 200 pl). Cells were
30 pre-incubated with the compound of example 2 for 60 min, and were stimulated
with 5 ng/ml anti-CD3 Ab) for 48 h. [*H]-Thymidine (1 pCi per well) was added for



incorporated into the newy synthesi sed DNA of the resulting daughter
cells. The 20 faster cells grow the nore radioactive [3H -thym dine wll be
i ncor por awed3/07e3y6 conpound that inhibits |ynphocytes prolPCraxvtasioamstw | |
reduce the uptake of radioactivity by the cells treated with it conpared
to the untreated controls. Exanple 2 was tested to determne its ability
to inhibit [3H -thym dine 25 incorporation. Resting peripheral bl ood
mononucl ear cells from healthy voluntegns were seeded at 2x105 cells per
well in medium (RPM 1640 suppl errent ed 10% fetal calf serum 2 mM
glutamne, 1 mv SOdI um pyruvat e % nonessential amno acids, 100

its/m I / 1) i
et -bot (5 wstll I felkedie: Ra e@fﬂoﬂy 66,5385 ok Pl BRASpIABAARY' ) I
pre-i ”CUbﬁJe%guYécF r"nté‘eder‘PcﬂIBﬂéahﬁ‘dccﬁfnt@rxarlllQ“ & eﬁﬁ’fen@@ wére, dené metrplicate.
stinmulated wt g anti-CD3 Ab) for 4 H| - Thymi di p 6"1‘1 RC

per
wel 1) wasResudksi af@remembemsmnneTm&wmaﬁqu f@lmﬁﬁé‘blr% Mml@éﬁ s

h ted t
soi nti 11 apcomeaig o Eifoly Deimblsts WA BuUsRCloBE Haten: ifgRM S, S
are reporyfd AEECY bm@bkmﬁe@sammml i sed for maxi rrum [3H] t hym di ne
i ncorporation for controls. Exanple 2 was found to be potently

antiproliferative, 5 vvlth an EC50 of approxinmately 800nM Table 2

[ 3H] -t hym_dj I NCBLP. tion conpound 2 Nornmalised [3H] -TdR
| ncor por el ARl 2 o iR BRI 1 OO o B 5a 4~ 0. 04 580 nM 0. 76
+/- 0.06 1 MO0.38 +/- 0.05 10 MO0.01 +1- O. 003 ECSO apprOX| mately 800nM

-vlﬁorTrBi?’292?”2655{9%@4?24%'@8%%&%2 U geNaTAS al‘i?»#ﬂr”ﬁﬁ# TR SiRaFaDPDn Jot a
stat ed 0 (untreated control)
100 nM 0.86 +/- 0.04
250 nM 0.76 +/- 0.06
1 pM 0.38 +/- 0.05
10 pM 0.01 +/- 0.003
ECso approximately 800ni

10 Throughout this specification the word "comprise", or variations such as
"comprises” or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of elements, integers or
steps.

15 .

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as broadly described.
The present embodiments are, therefore, to be considered in all respects as

20 illustrative and not restrictive.



el enment, integer or step, or group of elenents, integers or steps, but not
the exclusion of any other elenent, integer or step, or group of elenents,
integers woo3stsaps. 15 It will be appreciated by persons ®kirlAw@doeisit he art
t hat nunmerous variations and/or nodifications may be nade to the invention
as shown in the specific enbodiments wthout departing fromthe spirit or
scope of the invention as broadly described. The present enbodi nents are,
therefore, to be considered in all respects as 20 illustrative and not
restrictive. WD 03/078416 PCT/ AU03/00351 -52- Clains 1. A compound of the
formulal R R3 R5 R6 AB Linker 5 R2 R4 wherein Rl, R2, R3 and R4 are
|ndependently sel ected from hydrogen, hydroxy, optionally substituted

al kyl , oéiﬁ@ﬁhlly substituted al koxy, optionally substituted 10 al kenyl,
optionally substituted al kynyl, optionally substituted hal oal kyl,
optionally substituted cycloalkyl optionally substituted aryl, optionally
substi t utted aﬁw@mhthndobﬁmﬂbnaubﬁ substituted cycl oal kyl al kyl, cyano,

hal o, al koxycarbonyl, al kyl carbonyl oxy, alkylam do, nitro and al kyl am no;
15 Linker is a divalent spacer group that provides a spaci ng between the
two aromatic rings to whichsit is joined of fromRBsto 11 atons when
measured across the shortegt route between the twp aromatic rings; A and B
are fused rings |ndependentl sel et ed fr0ﬁ1opt|on= |y substituted 5- to 7-

20 menbered aronmatic ot ¢ and noha ocycl ic rings;

wherein Ry, Rz, R3 and R4 are independently selected from hydrogen, hydroxy,
optionally substituted alkyl, optionally substituted alkoxy, optionally substituted
10 alkenyl, optionally substituted alkynyl, optionally substituted haloalkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally substituted arylalkyl,
optionally  substituted cycloalkylalkyl, cyano, halo, alkoxycarbonyl, alkyl

carbonyloxy, alkylamido, nitro and alkylamino;

15 Linker is a divalent spacer group that provides a spacing between the two
aromatic rings to which it is joined of from 6 to 11 atoms when measured across

the shortest route between the two aromatic rings;

A and B are fused rings independently selected from optionally substituted 5- to 7-

20 membered aromatic, heteroaromatic and non-aromatic heterocyclic rings;

Rs and Rs are independently selected from —C(O)R7, -C(NR7)R7 and ~C(S)R7,
wherein each Ry is independently selected from hydrogen, an alkyl group, an
alkoxy group and an hydroxy group;

25



R5 and R6 are independently selected from-C(OR7, -C(NR7)R7 and -C(S)R7,
wherein each R7 is independently selected from hydrogen, an al kyl group, an
al koxy grwopsarsdi@n hydroxy group; 25 WO 03/078416 PCT/ AUPBTN®500351 53
with the proviso that at |east one of Rl,- R2, R3, or R4 is not a nethoxy
group when R5 and R6 are -C(OCH3, rings A and B are unsubstituted furyl
and Linker is -OCH2-CoH4-CH2-O; 5 or a salt or pharmaceutically
acceptabl e derivative thereof. 2. A canpaund according to claim1l wherein
rings A and B are independently selected fromoptionally substituted

i soxazol yl, oxazolyl, imdazolyl, thiazolyl, 10 isothiazolyl, pyridinyl,
furyl, pyrimdinyl, pyrazolyl, pyrrolyl, pyridazinyl, furyl and

t hi ophenyl. 3. A conpound according to claiml1l or 2 having the forrmula I
R O -- Qs th&Brdvisd tHahlkeleast ond dRR . R,, RBesreRpisRiot dthetRBxy Gbuplwhéer, A

and B are as earlier defined and each R7_is ind ent sel ected from an
al kyI or R leowly Rgrarep-C@YGHs, héngsr vpsd B rafe ‘é‘@sq?@ggﬂe Z'JU}/% dgj;- rﬁgfr B2,

R3, or Xy group when R5 and R6 are -C(O CH3, rings A and
B are unsﬁ%?tl_?ztgf@d&ﬁ?@ and Linker is -O CH2-C6H4-CH2-O, or a salt or
pharmageutically acceptabl e derivative thereof. 4. The corrpound accordi ng

to claim3 having the fornmula Ilia or Illb .25
or a salt or pharmaceutically acceptable derivative thereof.

2. A compound according to claim 1 wherein rings A and B are independently
selected from optionally substituted isoxazolyl, oxazolyl, imidazolyl, thiazolyl,

10 isothiazolyl, pyridinyl, furyl, pyrimidinyl, pyrazolyl, pyrrolyl, pyridazinyl, furyl and

thiophenyl.
3. A compound according to claim 1 or 2 having the formula Il
R4 0 - 0 R3
COmee0
Linker
15 Rz 4

wherein Ry, Rs, Rs, R4, Linker, A and B are as earlier defined and each Ry is
independently selected from an alkyl or alkoxy group, with the proviso that at least

20 one of Ry, Ry, Rs, or R4 is not a methoxy group when Rs and Rg are —C(O)CHg,
rings A and B are unsubstituted furyl and Linker is -O-CHz-CgHs-CHa-O-,

or a salt or pharmaceutically acceptable derivative thereof.

4. The compound according to claim 3 having the formula llla or lllb
25



WD 03/ 078416 PCT/ AU0O3/00351 -54 RO RLOOR3 RO R7 R7T Rao Rao Z Z

Linker R2 R4 I111(a) Ra OOR3 Z --- ZR7 R7T 0 Raeo Rao R9 R2 Linker R4 RO
[11(b) wweregiors4ii, R2, R3, R4, R7 and Linker are as defi mea/Ate3ndamim 3, 5
each Z is independently selected fromO, S, NH and N(loweral kyl); each R9
and RI O are independently sel ected from hydrogen, hydroxy, optionally
substituted al kyl, optionally substituted al koxy, optionally substituted

al kenyl, optionally substituted al kynyd4 . optionally substituted hal oal kyl,
optionally 10 substituted cycloal kyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted cycl oal kyl al kyl,
cyano, hal o, al koxycarbonyl, Ralkyk, car bony}oxy, @l kyl am do, nitro and

al kyl am no; the dash-e i nes repr..ent opti pnal | ¥ bonds; 15 with
the proviso that at [
when R7 are both C}B'x 3 RO
dashed lines regpresé and Li nker

Linker

I(b)
wherein Rq, Rz, Rs R4, R7 and Linker are as defined in claim 3,
5 each Z is independently selected from O, S, NH and N(loweralkyl);

each Rg and Ry are independently selected from hydrogen, hydroxy, optionally
substituted alkyl, optionally substituted alkoxy, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted haloalkyl, optionally

10 substituted cycloalkyl, optionally substituted aryl, optionally substituted arylalkyl,
optionally substituted cycloalkylalkyl, cyano, halo, alkoxycarbonyl, alkyl
carbonyloxy, alkylamido, nitro and alkylamino;

the dashed lines represent optionally present bonds;

15
with the proviso that at least one of Ry, Ry, Rs, or Ry is not a methoxy group when
R; are both CHs, each Ry and Ryg are hydrogen, each Z is O, both dashed lines
represent bonds and Linker is -O-CH,-CgH4-CH5-O-;



or a salt or pharmaceutically acceptable derivative thereof. 5. A conpound
according to any one of clains 1 to 4 wherein Linker is a divalent group

i s an optwomalssicubstituted al kyl ene group havi ng from 6PCao/ALD3/0&5car bon
atonms when neasured across the shortest route between the two aromatic
rings in which: (a) optionally one or nore of the nethylene groups in the
bridging portion can replaced with O, S or NRa where Ra is selected from
hydrogen or |ower alkyl; and, 10 (b) .ggt-i onally one or nore of the

met hyl ene (-CH2-) noieties in the bridging portion are replaced with atons
formng part of a ring structure; and (c) optionally the bridging portion

i nclud ' ' dj hyl
or oups  ar 8 SA1 2R AR PRl SkeBn P A RARVE B A OO actor ding to

claim5 wherein the Linker is a divalent noiety of the form-X-(CH2)n X-,
where each X is the sanme or djifferent and is selected from .0, .Sléeand NRa
(where Rabis iAdeqyapeif RCoRFiiG e mnyr one el claims 1) to dnwhpgreinjLdnker [spaeger
of from4 t.he L@t P : I BU and
opt i onal 1 gvAIeT, 888, 2 R haMP SIBLLicES ol rPbiggho haying el bt
accor df ngcambofl #tbomsowhére nesasurdtbatiosk éhe shodestpoiienetiveensthb dwiotaroeatic
divalent noiety of the form-X-(CH2)p-Y-(CH2)g-X-, in which: X is

i ndependeffgs irkWhisd¥ ed from 0, S and NRa (where Ra is independently 25

hydr ogen @eb%ﬁ?@lsge{% éﬂ ngq%._aéﬁgﬁl ?@@E?Eﬁae@roﬂp@ﬁ{tﬁem@ng Gorliorcaat er

t han 1, Qg- optional i ncor porate one or
nor e unsat ur pgpdacedivMitts0 b$ ardpRavinege Rids s¢jentethfromehygioges qrlewes aliih an
unsaturated site; 30 Y is selected froman optionally substituted aromatic
ring: -SS:a8: -CO-: -C0)0-: and -NRDC(O)- wherein Rb is hydrogen or
| ower 1?' km- oMORRN0 8R4 16 RIGFEAD & TREhylerkS (BHA) eesiptiendnateobrtigngt 0
claim?7, erein Y'is an optionally substituted |
portion are replaced with atoms forming part of a ring structure; and
(c) optionally the bridging portion includes one or more unsaturated sites wherein

two adjacent methylene groups are replaced with an unsaturated site.

15 6. A compound according to claim 5 wherein the Linker is a divalent moiety of
the form -X-(CH,)-X-, where each X is the same or different and is selected from
O, S and NR? (where R? is independently hydrogen or lower alkyl), where n is a
integer of from 4 to 9, and the methylene moieties are optionally substituted and
optionally include one or more unsaturated sites.

20
7. A compound according to claim 5 wherein the Linker is a optionally
substituted divalent moiety of the form -X-(CHz),-Y-(CH2)q-X-~, in which:

X is independently selected from O, S and NR® (where R® is independently

25 hydrogen or lower alkyl), p and q are integer numbers equal to or greater than 1;

the moities —(CHy),- and —(CHy)q- optionally incorporate one or more unsaturated

sites by replacing two adjacent methylene groups with an unsaturated site;

30 Y is selected from an optionally substituted aromatic ring; -S-S-; -O-; -C(O)-;
-C(0)0-; and -NR°C(0)- wherein R® is hydrogen or lower alkyl.



phenyl noiety. 5 9. A conmpound according to any one of claim6 to 8 wherein
each X is -0-. 10. A conpound according to claim3 having the formula IV
R9 R O0WOR30RA16R7 R7T RRo RRo z x Rl11 X Z R2 R4 10 | VPCrhanaoemsRl , R2,
R3, R4, R7, R9, R10, Z and the dashed lines are as defined for claim 3,
and each X is independently a heteroatom selected fromsS, 0 NH and N(Iower
al kyl) and R11 is a divalent group having from4 to 9 atons al ong the
shortest 15 distance between the heterggatons X to which it is attached;
with the proviso that at |east one of Rl, R2, R3, or R4 is not a nethoxy
group when each R7 is CH3, each Zis 0, each RO and Rio is hydrogen, each
Xis 0 and R11 is -CH2-C6H4-CH2-; 20 or a salt or pharmaceutically

accept abl e derivative thereof. 11. A conpound of claim 10 having the
Formul a VaWo 02/ Bdi$hdand@bcotdiig A0 Xdim 75 vheteiRl¥ i© 4n RBpfioRally Béb&ituted RI O
R11 R13 R15 V wherein each R7, R9, R o and Rl11 are as defined in claim
10, and 5phenyl moiety.

5 9. A compound according to any one of claim 6 to 8 wherein each X is -O-.

10. A compound according to claim 3 having the formula IV

10

wherein R1, Ry, R3, R4, R7, Re, R1o, Z and the dashed lines are as defined for claim

3, and each X is independently a heteroatom selected from S, O NH and N(lower

alkyl) and Ryq is a divalent group having from 4 to 9 atoms along the shortest
15 distance between the heteroatoms X to Which it is attached;

with the proviso that at least one of Ry, Ry, R3, or R4 is not a methoxy group when
each Ry is CHs, each Z is O, each Rg and Ryq is hydrogen, each X is O and R44 is
-CH2-CgH4-CHo-;

20

or a salt or pharmaceutically acceptable derivative thereof.

11. A compound of claim 10 having the Formula V



R12 and R14 are independently selected fromH OH cyano, halo, nitro and
an optional substituted group selected from al kyl, al kenyl, al koxy,
opti onal Iwo osiolstié t ut ed al kynyl, hal oal kyl, cycl oal kyl, arPgiT/Ataspozi kyl |
cycl oal kyl al kyl, al koxycarbonyl, al kyl carbonyl oxy, al kyl am do and
al kyl am no; 10 R13 and R15 are independently selected fromH OH and an
optionally substituted group selected from al kyl, al koxy, aryl oxy,
het er oaryl oxy, al kyl carbonyl oxy and acgfcarbonyl oxy; 15 with the proviso
that at |east one of R12, R13, R14 and R15 is not nethoxy when R7 is
methyl, RO and R10 are H, and R11 is _CH2C6HACH2-; or a salt or
pharmaceutical |y acceptabl e glerivapi ve thereol, 20 &, A conpound according
to claim11l having the fornmufa VI \\O 03/07841¢ PCT/ A3/ 003K -58 -9 R12 O
RI0O O O OI R11 R13JIR15 VI| whereln each R9, R10,

OR14 R9 CH3 H3C RI{Q
R11, R12, R13, R14 anR g de iRned i cl 5 salt or
¢ ' d agcording to
0 0
13 wh

phar maceuti cal vative't hgf'eof .

claim 12 wherei'll ea D i s hydrogen or ubsti’t ut ed
al kyl and each R12 angd %)onally sub% i kyl oxy. 10 14. A
conpound according to any on ar meRI0 T 0 rein R11 is:

\Y

wherein each Ry, Rg, R1g and R4 are as defined in claim 10, and

5
Riz and R44 are independently selected from H, OH, cyano, halo, nitro and an
optional substituted group selected from alkyl, alkenyl, alkoxy, optionally
substituted alkynyl, haloalkyl, cycloalkyl, aryl, arylalkyl, cycloalkyl alkyl,
alkoxycarbonyl, alkylcarbonyloxy, alkylamido and alkylamino;

10

Ris and Rys are independently selected from H, OH, and an optionally substituted
group selected from alkyl, alkoxy, aryloxy, heteroaryloxy, alkylcarbonyloxy and

arylcarbonyloxy;

15  with the proviso that at least one of Rqz, Rq3, R14 and Rys is not methoxy when Ry
is methyl, Rg and Ryg are H, and Ry4 is -CH,CgH4CH-;

or a salt or pharmaceutically acceptable derivative thereof.

20 12. A compound according to claim 11 having the formula VI



(a) an optionally substituted divalent noiety of the form-(CH2)n-, where n
is an integer of from4 to 9, and the nethyl ene groups optionally include
one or nowe ormad urated sites; or 15 (b) an optional |y swoStAtoanest

di valent noiety of the form - (CHZ)p Y-(CH2)g-, where p and g are integer
nunbers equal to or greater than 1, -(CH2)p- and -(CH2)g- optionally

i ncl ude one or nore unsaturated sites, Y is selected froman optionally
substituted aromatic ring, -S-S-, -NR b§- and -0-, where Rb is hydrogen
or |ower alkyl. 20 15. A conpound according to claim 14 where R1l1 is an
optional |y substituted moiety of the formula -(CH2)n-, where nis an
integer from4 to 7, or an Qgtlonaély substi tyt ed npl ety of the fornula

- CH2- CBH4- CH2- . WD '8/ 078416 PCT/ AU03/ 00351 B9 16. | A conpond accor di ng

to claim15 wherein gra plncorpor [ 1 i/s optionally
substituted vvithap : 3 ]

1, 5- bi s(5- ace%{ 7. di mé enzof uPE{h *@C

1, 6- bi s(5-acet¥ - i mg enzof ur an- 6- yl oxy) Rio

1, 4- bi s(5-acetyl - shrethexybenzof ur an- 6-yl ox

1 4- bi s(5-acetyl - 4. nethoxybrnzofuﬁﬁn\ﬁ\IJyQﬁm&hyl) -enzenéj 10

- (5-acetyl - 4- met hoxybenzoflur an- 6-yl oxyét hyl )ether; |1, 4-b is
(5 acetyl-4-meth oxybe nzoRws ra n-6-yloxymethyl) bRsnzoic acid; 1, 4-b is
(5-acetyl -4-nmeth oxybe nzofu ran-6-yl oxymethyl) be nzoic aC|g nethyl
ester; 1, 4-b is (5-acetyl-4-neth oxybenzofu ran-6-yl oxymeth ‘) benzo ic
acid, tetraethyleneglycol nononethyl ether ester; 15

5-acetyl -4, 7- dj met hox benzof uran 6- yl oxyet hanet hi oI di sul fide diner; 1,
6- bi s( 5- a¥iejpingeach 5?' Rio, R11, Ri2, Ri3, Ri4 and Rys are as defined in claim 11, or a

i met hoySybye,gﬁgJ Eﬁh%?mgc%é{glf?&%\ﬂ a%aaa% aéré@a%ﬁe‘%hgké%ﬁexa“e 2,5-b

|s(5 acet oxybenzof u ran-6-yloxynethyl)fu ran;
4- bi s(5-acetyl -4, 7-di net hoxybenzof ur an- 6- yI oxynet hyl )furan;

13. A compound according to claim 12 wherein each Rg and Rqg is hydrogen or
optionally substituted alkyl and each Ri; and R¢; are optionally substituted
alkyloxy.

10
14. A compound according to any one of claims 10 to 13 wherein R4 is:-

(@  an optionally substituted divalent moiety of the form -(CHa),-, where n is an
integer of from 4 to 9, and the methylene groups optionally include one or more
unsaturated sites; or

15 (b) an optionally substituted divalent moiety of the form -(CH2)p-Y-(CH2) ¢,
where p and q are integer numbers equal to or greater than 1, —(CHy),- and
~(CH2)q- optionally include one or more unsaturated sites, Y is selected from an
optionally substituted aromatic ring, -S-S-, -NR°CO- and -O-, where R® is
hydrogen or lower alkyl.

20 15. A compound according to claim 14 where Ry is an optionally substituted
moiety of the formula —(CHy),-, where n is an integer from 4 to 7, or an optionally
substituted moiety of the formula ~-CH,-CgH4~CHo-.



- bi s(5-acetyl -4, 7- di met hoxybenzof uran- 6-yl oxymet hyl ) t hi ophene; 20
- bi s(5-acetyl -4, 7- di met hoxybenzof uran- 6-yl oxymet hyl ) t hi ophene; 2,
I s(5- awetoglo7sale 7-d i net hoxybenzof ur an- 6-yl oxymnet hyl ) t h PCazaios/0351
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| s(5-acetyl -4, 7-di net hoxybenzof ur an- 6-yl oxynet hyl ) cycl opentan e; 25
i s(5-acetyl -4, 7-di met hoxybenzof ur a96-yl oxynet hyl )t et rahydr of uran; 2,

I s(5-acetyl -4, 7-di met hoxybenzof uran-6-yl oxynet hyl)tetrahyd roth

hene;

- bi s(5-acetyl -4, 7- di met hoxybenzof uran- 6-yl oxymet hyl ) - 2- hydr oxybenzene;
-bi s(5-acetyl -4, 7-di net hoxybenzof uran-6-yl oxynmethyl)pyrid ine; 2,
(5- adét yl Acampouird nesgrdingzlofalaiom 16 wheosinrtee phehpygroup dhéorporatéd in

S
4 Ir f 6- yl oxynet hyl ) pyrazi ne;
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tetraethyleneglycol monomethyl ether ester;

15 5-acetyl-4,7-dimethoxybenzofuran-6-yloxyethanethiol, disulfide dimer;
1,6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxy)-N-methyl-3-aza-4-oxohexane:;
2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)furan;
2,4-bis(5-acetyl-4,7-dimeth6xybenzofuran-6-yloxymethyl)furan;
2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)thiophene;

20 2,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)thiophene:
2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)thiazole:
2,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)thiazole;
2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)thiadiazole:

1 ,4-bis(5-acetyl-4,7—dimethoxybenzofu_r_an—6-y|oxymethyl)cyclopentane;

25 2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)tetrahydrofuran;
2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethy|)tetrahydrothiophene;
1 ,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)—2-hydroxybenzene;
2,5-bis(5-acetyl—4,7-dimethoxybenzofuran-6-y|oxymethyl)pyridine;
2,5-bis(5-acety|—4,7-dimethoxybenzofuran—6-yloxymethyl)pyrimidine;

30 2,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyrazine;
3,6-bis(5-acety|—4,7—dimethoxybenzofuran-6-yloxymethyl)pyridazine;



15 1, 4- bi s(5-acetyl - 4- net hoxybenzof ur an- 6- yl oxyani no) benzene. 18. A net hod
of preventing or treating of autoimune or chronic inflammtory diseases,
the prevewnioofo7saie rej ecti on of foreign organ transplants ae/Aan3medsat ed
afflictions, diseases and illnesses by the adm nistration of an effective
anount of a 20 conpound of any one of clains | to 17 or a pharnmaceutically
acceptable derivative thereof. 19. A nethod of nodul ating potassiumion
channel activity of T-cells by the adnéhi stration of an effective anmount
of conpound of any one of claims 1 to 17 or 25 a pharmaceutically _
acceptabl e derivative thereof. 20. A pharnmaceutical conposition conprising

an effectj @n ' 1t0 17, or a
phar rraceuﬁegg?%%%ygfgfgg@gg&bvﬁzﬂﬁgé?(k?;?gﬁm%{@rq@g%{]%bnal ly a carrier
or di | uen2.6-Bis(acetyl-878dintethatyhaesfasBbiyloxphethyl)pyldmidiiea conpound

SCe et 94 RRhpsO A bl Aot ot BB 1, Toserhent©
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af f1i c®i ofAd-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyrimidine;
3,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridine;
3,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-yloxymethyl)pyridazine;
1,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylthio)pentane;
1,6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylthio)hexane;

10 1,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylthio)butane;
1,4-bis(5-acetyl-4-methoxybenzofuran-6-ylthiomethyl)benzene;
1,5-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylamino)pentane:;

1 ,6-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylamino)hexane;
1,4-bis(5-acetyl-4,7-dimethoxybenzofuran-6-ylamino)butane; and

15 1,4-bis(5-acetyl-4-methoxybenzofuran-6-yloxyamino)benzene.

18. A method of preventing or treating of autoimmune or chronic inflammatory
diseases, the prevention of rejection of foreign organ transplants and/or related
afflictions, diseases and ilinesses by the administration of an effective amount of a

20 compound of any one of claims 1 to 17 or a pharmaceutically acceptable
derivative thereof.

19. A method of modulating potassium ion channel activity of T-cells by the
administration of an effective amount of compound of any one of claims 1 to 17 or

25 a pharmaceutically acceptable derivative thereof.

20. A pharmaceutical composition comprising an effective amount of compound
of any one of claims 1 to 17, or a pharmaceutically acceptable derivative thereof,
and optionally a carrier or diluent.

30
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21. Use of a compound according-to any one of claims 1 to 17, or a
pharmaceutically acceptable derivative thereof, in the manufacture of a
medicament for the treatment or prevention of autoimmune or chronic
inflammatory disease, or the prevention of rejection of foreign organ transplants
and/or related afflictions.



