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Field of the Invention 5 The present invention relates
WO eooslgs3aee of napht hopyrans as agents in the pPCPAUR®EN00453
and/ or prophylaxis of hepatitis B, pharnaceutica
conpositions for use in such therapy and novel
napht hopyrans, Background of the Invention 10
Infection with human hepatitis B virus is a ngjor
public health probl em because of the alaility of the
virus to cause acute and chronic infections. Chronic
hepatitis B virus infection (hereinafter referred to
as "1{BV') causes serious liver disease in humans and
frequently results in ci rrhosils and hcpat ocel | ul ar
carcinoma. Currently there is no 15 conpletely
effective therapy for t S managenent of
chroni ¢ HBV i nfectious AI}%'F% 5*8’%? Yion chronic HBV
carriers throughout the world are unable to benefit
fr ﬁggﬁﬁ cial vaccine presently avail abl e.
Cu?gg%gpy aval | abl e therapies for HEY are only
partially effective and may be acconpanied 20 by

delras pleletsy&ids ré@hids@6 1h8 usel JF nRTHH H.% tuﬁ %:ugggéngmd/or
I n I n e

devel ntjviral resistance resu

ef PW@@‘@W %fétes?taﬁs Mg PRArmageical Fomppsitions fog useragpch gy sy novel
t r egthhepiend or HBV. |t has now been di scovered that
conmpounds of Fornula (1) are active agents agai nst
hepatitis B virus. 25 Summary of the Invention
Ac@@ﬂ@ﬂwgﬂt@%bhbwaﬁpect of the present invention there
105 prOV|ded a nmethod of treatnment or prophyl axi s of

IIII§I|t|s virus in_.a subject conprisi g
FAtiOR a¥ihnigag hepatis §u‘ﬁme@tﬂ Byior 36’*@# B FroRiem hefspte of the

of aﬂh@ompmldnsdm@fto Rawsensb@c (aﬂc) chri¥ih 280610958 Rnic hepatitis B virus
PC]/ lonQhS/OO

ereinatter xcfened to as "UBV") causes serious liver disease in humans and

frequently results in cirthosis and hepatocellular carcinoma. Currently there is no
15 completely effective therapy for the successful management of chronic HBV infectious.
The »>250 million chronic HBV carricrs throughout the world are unable to benelit [rom

the commercial vaccine presantly available.

Currently available therapies for HBY are only partially effective and may be accompanied
20 by deleterious side effects. In addition, many patients develop antiviral resistance resulting

in the loss of cfficacy. Accordingly, a need exists for new cffective troalments for HBV.

It has now been discovered that compounds of Formula (1) are active agents agai‘nsl

hepatitis B virus.
Summary of the Invention
According to one aspect of the present invention there is provided a method of treatment or

prophylaxis of hepatitis B virus in a subject comprising administering to said subject an

30 effective amount of a compound of Formula (1):



wo pabspessdent | y sel ected fromH, C, .6alkyl,
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-2- RRARRI 2 R 37RR04R 0O5 Rg7 X R7
(1) wherein Xis OH, ORS or halo; R and Rl are
C2- pei/kE2npb/000453
C2. 0al kynyl, C3..6eycloal kyl, aryl, or together wth
the carbon atonL to which they are attached forma S
saturated or unsaturated C3_6carbocyclic ring; R2 and
Rj are independently selected fromH, CL-6alkyl,
C2. 6al kenyl , C2-6al kynyl, C3.6cycl oal kyl or together
with the bond between th.e carbon atons to which t hey
are attached form a double bond R4' and RS are
i ndependently sel ected from , Sal kyl ,
CZ. oal kenyl, C2.6al kynyl, 1 C3 acycloalkyl OH,
0129, halo or NR1oRi o or together with the bond
between the carbon at,0nms kp which they are attached
form a doubl e bondkt R6 R7 mare i ndependently

: 2. (, alkenyl C2. 6al kynyl ,
: H§ |ndependently
sel ected fromH, C1. C2. eal kynyl
C3. 6¢cycl oal kyl, 15 &H._ OB8 AR5 C, . f:al kyl,
C2. nal kenyl , C2.ha|kyny| . aryl,
C(=OR11 or S(O.5R 2 ' 1 nNo acid
resi due;

C3. 6eycl oal kyl.,

Rg

wherein X is OH, ORy or halo;

R and R, are independently sclected from H, Ci.galkyl, Cagulkenyl, Cagalkynyl,

Ciscycloalkyl, aryl, or together with the carbon atomu to which they are attached form a

saturated or unsaturated Cs.scarbocyelic ring;

R; and Ry are independently selected from H, Csgalkyl, Casalkenyl, Cosalkynyl,

Cs.scycloalkyl or together with the bond between the carbon atoms to which they are

attached form a double hond;

Ry and Rs arc independently selecled [rom H, Chgalkyl, Chgalkenyl, Ca.galkynyl,

Ca.ceycloalkyl, OH, ORg, halo or NRjsR g or together- with the bond between the carbon
_ atoms to which they are attached form 4 double bond;

Rs and R; are independently selected from H, Cjsalkyl, Casalkenyl, Casalkynyl,

Cs.qeycloalkyl, OH or ORy; |

Rs is independently sclected from H, Cy.galkyl, Coemlkenyl, Cogalkynyl, Cageycloalkyl, "

OH, ORy or halo;

Ry is Crgalkyl, Caalkenyl, Cogalkynyl, Caseycloalkyly aryl, C(=0)R(; or S(0):Ry2 or ORy

is an amino acid residuc;

each R is independently selected from H and C14aﬂcyj;

Ry is Craalkyl, Caaralkenyl, Cp zialkynyl, Cs.seycloalkyl, CageyeloalkylCy.galkyl, aryl or

arylC.galkyls and

Rz is Cygalkyl, Cagalkenyl, Capalkynyl or aryl.



each R10 is independently selected fromH and

G .~alky3; R11 is C.71lal kyl, C2.2fal kenyl, C2
wQ@@bkyisgé , C3. 6¢cycl oal k. yl, C3-6cyel oalkyl Cr. Pet/kybqgos/000453

aryl or 20 aryl Cl.6alkyl; and R12 is Cl.6al kyl, C2

sal kenyl , C7.6al kynyl or aryl. W 2005/ 095376

PCT/ AU2005/ 000453 -3 According to a further aspect of

the present invention there is provided a use of a

conmpound of Formula (1) in the manufacture of a

medi canment for the treatment or prophyl axis of

hepatitis B virus. 5 According to yet a further aspect

of the present invention therg is provided a nethod of

treatment or prophylaxis of hepatitis B virus

conprising adm ni stering an effective amount of a

CORPBH Eﬂ'&”agpcgtl))f ﬂiedpréscﬁteﬁlgag' Pﬁ h.ﬁcrrua?seeﬂ)é/i cd a use of a

agent . ccor t o anot her aspect

t hesrapopng By ngwa IEdhep@umf«émre FOr riTegicgaent fcmhwrrpﬁment ot
t hgopiy@¥isoPhdpadds svwieR, R and Rl arc both nethyl and R4

is OHor ORU, R5 is not selected fromOH OR9

or NHRi a. Accordi ng to anot her aspect of the present
5i n¥emtdimniotsives éarihsr ppeoyiofied peesah ddvERG@ULre a,l provided a method of

c OHB&?{ém‘i 519190191'9[59{5 o§ h%%lt%blfang g&n%ns%g alc:h%r J.%E) («n c),r?urc]twc amount

pharmaceut’ C ) eXC]
adpiiveampoungjof ﬁOfﬁhlél (b}@duas}@onwéwpwtlt mgenconpound of
Fornula (1) when R and Rt are both nethyl and R4 is

CH o is not selected fromOH, OR4 or
1A“Aa‘:%*r ldldﬂﬁp)“’t‘d‘&ehté’f OredR¥ERton there hwe;‘ﬂdqdﬁéw%%% aﬂ&gmula ey
wof wib mravl(olﬂqatrmyenbm afd Bsenttith hidthyhand ROis fO 88 ORy, R5 is not

phay ; tabl e derivative, salt or
pr% ?%g%%ec?ﬁ c%ﬁ/" “Desctiption Throughout this

specification and the clains which follow, unless the

CORL&Kling 18 Akkhthed Sspedif gklaee(é/m Senthoh Tl fho ﬁow&&%bﬁﬁcmncal

and variations such a ri ses’ nprisin
W F‘anﬁlé‘”b‘ﬁ’d‘é\‘%‘f‘&éﬁ‘”{‘@"PW @H@@W@I“%Wﬁ“%‘ﬁ“&y S‘i“ﬁt‘%le

1 S NtLGET exBihictit @ RdjQvang Ra\QtlH Fﬂhe(%frodl Jd)tt@ég ﬁ{tﬁe &m p%luﬁlﬂﬁ ForBtila (‘.’L‘P\t«hun

?é&égl USPQ‘E{IEEJEPQ% R4is or 8]!{0, 5 1s nol se ecte from Ogﬁlr gﬂq or

NHR .

. According to the present invention the compounds of Fornila (1) may be presented in the

20 form of a pharmaccutically acceptable derivative, salt or prc»dmg,
Detailed Description

Throughout this specification and the claims which follow, unless the context requires
25  otherwise, the word "comprise”, and variations such as "compriscs" and "comprising”, will
be understoed to imply the inclusion of a stated integer or step-or group of integers or steps

but not the exclusion of any other integer or step or group of inlegers or steps.

The reference lo any prier art in this specification is not, aid should not be taken as, an
30 acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in Australia,



The reference to any prior art in this specification
is not, aiid should not be taken as, an 30

waednosdseclgment or any form of suggestion thatPCHAU2005/000453
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prior art fornms part of the comon general know edge
in Australia. ' WD 2005/095376 PCT/ AU2005/ 000453 -4
As used herein, the term"hal 0" or "hal ogen" refers to
fluorine (fluoro), c}Ylorine (chloro), bromne
(bromo) or iodine (iodo). As used herein, the term
"al kyl" either used alone or in conpound terns such as
NH(al kyl) 5 or N(al kyl)2, refers to nonoval ent
strai ght chain or branched b%grocarbon groups, havi ng
1 to3, 1to6, 1to 10 or to 21 carbon atons as
appropriate. For exanples, suitable alkyl groups
| Gl Mff?ermP Uhe @Fn? "HL‘PJ" L "ﬁ«l?g}cﬁ dre?eﬁl T RLEe (1163 b lorine (chloro),
propy I soprop sec-butyl, ‘tert-butyl,
PERRIDE Cbrczncﬂﬁetommrﬂb‘e@% 3 net hyl butyl, n-hexyl, 2-, 3-
or 4- et hyl pctttyl, 2-ethylbutyl, n- hexyl or 2- 3-

i B RS R B B AP B R o
hoy QAN refersgo avpsvalchestiaizht g oobralwardélydtwbbml dgongs huving 1
8 BIR Rl CELOAN AL B caBlh KARL & bR Fsroam i QME,QW

t henyl pcnyl; 1 sopropeny

kﬂy@@nwdudgém aTyrioL bmdcdw@mw IS g R W pe Yoy sec-butyl,
L%by@ﬁ B, e ettyRfu8A S 3L ustvudi Ihhegaz N DI obraneisthentyl,

dr ocar ou cont ai one of nore triple
b%FfPﬁé “‘éuﬁ"fl%f%{ gi%yﬁﬂsé‘}egﬂg’gm?’lml ude, but are not

I|n1ted to ethynyl propynyl butyiiyl, pentynyl and
I k
t Og( %snc }uler%m{}ﬁ%gerem alke xlc’ r%%lﬁ %’ straéu othhlg ﬁpbxhrg%gd l&’dfrog{ Ec{n] groups

ghmmpsmq: m:rhwel doubabmonéa‘ bzet\nmi chiber e, tSeitdye sy gydups mludc;
CHk Lug I?xUE Whited]Y &h%? Blo\ﬁknyﬁl ng proﬁé’n@l Qhﬁéy lpentdtyartd€ hd&nyl.

aryl" as used herein, refers t ; aromatic
hydr ocar bon group, for exanpl e phenyl or. napht hyl. 25

Ting: e nIkyhat ef 06y Bdrith,'refoRen stisielhain@nBratdhed Rydaogrdetgtoups
V\e)rnga?millgngr!e or (rjnore mpf?:%o}(& Scu‘ltdble alkynyl groups include, but are not limited

to ethynyl, propynyl, butynyl, pentynyl and hexenyl.
The term “cycloalkyl" as used herein, refers to cyclic hydrocarbon groups. Suitable
cycloalkyl groups include, but are not limited to cyelopropyl, cyclobutyl, cyclopentyl and

cyclohexyl,

The term "aryl" as used hetein, refers to Cs-Cy aromatic hydrocarbon growup, for example

pheny! or naphthyl.

The term "heterocyclyl" when used alone or in compound words inclk des monocyclic,

polycyclic, fused or conjugated hydrocarbon tesidues, preferably Cy.g,Wherein one or more -

carbon atoms (and where appropriate, hydrogen atoms altached thereto) are replaced by &
heteroutom so as to provide a non-aromatic residue. Suitable heteroatorms include, O, N
and 8. Where two or more carbon atoms are replaced, this may be by tw-0 or more of the

same heteroatom or by different hetercatoms. Suitable examples of heterocyelic groups



pol ycyclic, fused or conjugated hydrocarbon residues,
preferably C2.6,whc--reiu one or nore carbon atons

W@ 20d/09#326 € appropri ate, hydrogen at ons att achRdI/AU2005/000453
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thereto) are replaced by a heteroatomso as to
provide a non-aromatic residue. Suitable heteroatornrs
include, 0, N 30 and S. Wiere two or nore carbon atons
are replaced, this may be by two or nore of the sane
het eroatom or by different heteroatorns. Suitable
exanpl es of heterocyclic groups WO 2005/ 095376

PCT/ AU2005/ 000453 -5 may i nclude pyrrolidinyl,
pyrrolinyl, piperidyl, pipecgzinyl, notpholino,

i ndolinyl, imazolidinyl, pyrazolidinyl,

t hi onor phol i no, di oxanyl, totrahydrofaranyl,

t ey amlweopyrfoanﬂwx» mefomahy%eww @hwamew Boufidtho, indolingl.

a Lken Lkynyl, ., c

hggé#g%yé1 ¥§?%@Sm§a ba! ﬁﬁﬁf rly %ﬂ§%|tu?€ﬂwﬂﬁﬁﬁmwl
Oﬂﬂﬁauwyyran)mtr%h)@m@ablwaw hal o, CN, NO2, CC72H,

CO02C1_:;al kyl, CONH2, CONH(Cr _:#al kyl),

CON( C1.. 3a|kyl) rlfluoronethyl NH2, NI (al kyl) or

NESP A 2lkepdy alkwrhnpycioalkan sber beierbeyplydugsts maye optionaily

awhm@wwﬁh TRIKYE O, %qmmta% Lrg{rblem N g?zﬁyébwﬁyaﬂﬁn&bmz
85»?;5()3/,(1519%3&(%5({%‘1 3&%&921 tlrl.?hl:l(rrua? N yITJI—%?lk)%) or N(alkyl)ﬁ For

dwdtn@br Glnebm;ohallyAsuMsmmbdhenym gioupt Ryt BF Ma” a%@@yrﬁﬁﬂnﬁ or 4-

e P-
s end) ek O B T B e oo B PR iy,
pFErePRphY “EWﬂ@U@ﬁWWh% carboxyllc acid group of t he

nlno aC|d The amino acid may be a L- or D isoner

%§¥ g a 35 naturall occurring side chain or a
néh“ P 3B cHTRY AR it GHap F. STFHEER) FRU icH Bromino acid

majicabsaalied futchaphtBapaahiibie ﬁﬁlxctbfé %u'é@r:ﬁbl?%x‘ohgl? the Yarboxylic
roup, sel ec rom

: %Td %g,ﬂo‘f( ) I’%g ‘\(l‘jmé;{ﬁ%? ﬂ\%{w aciHnay begpLy %]Pypsomcr and may have a

Q@'@))atmﬁpg siCERY ohg nelPBEl]y occtrEhiR kideteiICYRL }{Tlmno acid
Ofna QQ’@% E\QFQQSUWW@% ?t&& %&snllon dhcg% p?glﬁyrj%]_'fh%sgéh selected
%m DSAery!;, -CoCsal'cRal kyih, mammeaszm)mw ()R, -PO3H,
Q:H%ebéﬁkm’;h %ﬁthn)narl}i%ere IE\“‘leoﬁB V'Ngb Wﬁ‘Na gl C_d}!#)cNalkyl

or an inte from
?rky(l 351I1‘¥<1e Ro b Ky | SHcyéfiofawiécyl -Céc Codall k efyFaeycloalkyl,
a{(ylcﬁqmlohlkéz@l’ eNMg -WHC, gnmpommd@@ SUPSLL Ui @Chrh ikl ger from
O dna WREE e&EOHJ% alieny,ahcynyl Lydoallgﬁ]_l ydcxaﬂzenyl aryl or heterocyclyl
group may be substituted with one or more groups selected from -OH, -NHa,
-NHC;-Calkyl, -0C;-Cjalkyl, -SH, -8C-Csalkyl, -COH, -CO0,C-Cjalkyl, -CONI; or
-CONHC,-Cyalkyl,

The term "0-amino acid" as used herein, relers to a compoundd having an amino group and
a carboxyl group in which the amino group and the carbox vl group arc separated by a

single carbon atom, the a-carbon atom, An o-amine acid inodudes naturally occurring and

' nong:atural!y oceurring L-amino acids and their D-isomers arxd derivatives thereof such as

salts or derivatives where functional groups are protected b v suitable protecting groups.

The c-amino acid may also be further substituted in the o-peasition with a group selected



- NHC1- C3al kyl, -QOQ -C3al kyl, -SU, -SCl-C3al kyl, -CO2H,
-C02C - C3al kyl, -CONI"E2 or -CONHC, -C, ~al . kyl, 25 The

WO 2005109337@m no aci d" as used herein, refers toPEI/AU2005/000453
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conmpound having an am no group and a carboxyl group
in which the anmino group and the carlwx yl group are
separated by a single carbon atom the a-carbon atom
An a-anmi no acid includes naturally occurring and
non-naturally occurring L-amno acid and their
D-isoners and derivatives thereof such as 30 salts or
derivatives where functional groups are protected by
suitabl e protecting groups. ,The a-anmino acid may al so
be further substituted.in the a-pc sition with a group
sel ected WD 2005/ 095376 PCT/ AU2005/ 000453 -6 from

d , Kk -PO.
fEELm c?@ Mbl C%@' 91%11 ecE‘ZY(': alRﬁ@I‘%@é&)q eter(()%l)—/bé)ber PO3H,
or(CH()éPffﬁoﬁ%ﬁlX}IOva@f’ ifréawh%e R -OHNRE . Nflar CadiailcfiCr-Cralkyl
- @C- Caabkydnd Ry 1$CLtoHC3swi K ydc andikib 0&1 CQﬂHyi @L‘-'Cmcydoalkyl

2?%%%?/‘@()8%[ f%]@@ﬁgﬁyl ON}_@ @%&l‘)g& 114§ "0 or an integer from

- NHG( ©=hi) NH2sc pach salylonlkenyl,i akegdr cyclooikyls cdrdaaikkylaney]l or
WH&& g@lgp% ﬂ'.l )Jﬂ()l be @{15"?&% th.@lnji%y&%lno’re %xxg\l %akéﬁéh ’from -OH, -NH,,

cyel o et er ocy
sﬁﬂ%@lr@*a’ﬂ‘@d Q\Ft‘ﬁSﬂM]e -3, r%@lgu\"ﬂupgoué’el ‘é@#‘etpfaﬂ@’ﬂn -COHH: or
- Ntdv e =dN|iG)r: C3al kyl, - OCt-C3al kyl, -,SH, -SC-C;

al kyl, -00214, - CO2C1- G 3al kyl, - C(]\IH2 or

- CONHC1- C3al kyl . 10 As used herein, the term"j3-am no

a(é{s aidedr ieted, Shd O:rxaﬂ ﬁaﬁﬁn}i]maca@i gfdrhat adihie ra81gf t’kﬁffklﬂfbrs from an
anuno that, there arc two ..carbon, at ‘

sgpa%‘%? N mﬂhg&@gr“ﬁcom )t?éaftfﬁnrﬁﬁ““a‘ﬁén”&’f‘h STy termins and

t erpininoSermASs, s.élshmh (B~ A iR ithSa spbdif deS RO duh QnStl zﬁl@hc Ror

o SRR 84T e 5 efthom i 0B BBl o gl of ¢

| pmatbteomaien.dbr dny pwm@laﬁamsdﬁ&&ﬂe f:lﬁ.wnsamp gl MRamkde those of
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?&rle L %%]:u ‘%nlmrll% L 0&s S Of H %hyog%gqe édse oﬁ'ﬁe %V" PO {uhtgraé?f d)éuurrmg

chlamnsmdﬁf non- naturally occurring amno acids, 3 CO2H
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Furthermore, the B-amino acids may have mono-, di-, tri- or tetra—substitution at the C2
and C3 carbon atoms. Mono-substitution may be at the C2 or C3 carbon atom.
Di-substitution includes two substituents at the C2 carbon atom, twoe substituents at the C3
carbon alom or one substituent at cach of the €2 and C3 carbon atoms. Tri-substitution

includes two substituents at the C2 carbon atom and one substituent at the €3 carbon atom



HZN R R {~ CO2H CO2H H2N 3 H2N 20 Furthernore, the
P-am no acids may have nono-, di-, tri- or

WO edosassabsti tution at tile C2 and C3 car bon PCDAE2005/000453
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Mono-substitution may he at the C2 or C3 carbon atom
Di -substitution includes two substitueuts at the C2
carbon atom twCti substituents at the C3 carbon atom
or one suhstituent at each of the C2 and C3 carbon
atons. Tri-substitution includes two substituents at
the C2 carbon atom and one substitueet at the C3
carbon at om WD 2005/ 095376 PCT/ AU2005/ 000453 -T or
two substituents at the C3 cgrbon atom and one
substituent at the C2 carbon‘atom Tetra-substitution
provides for two substituents at the C2 carbon atom

2{;}8?{ Y@B‘zn glth Iaﬁl gﬂe%di cal%t %@ﬁkcﬁ o &%Q%HQR %Mhe%ﬂ 5 t%Jlneatom
- Baragnbdtinying provxdgs@ﬂz)m; s@GRaients @Thel ) cappon atonn@k—ho substituenty

£tCh'1%? klgr?éa_ﬁﬁaﬁ%{&hw s@ﬁablc( Qhk%)mu!eﬁ{ Mﬁcl%@ercﬁ %_Ei,l’ £ SCqlkeny],

arﬁf Gutkyayl, - GH2).CBRy, (HW}@%{P%KCH”‘)@ rc@g&dylwr(C‘H« 11c1yryl where
Eﬁu_C@H,Cllel Ky e- e@y@%ﬁ)ﬁ@@%ﬁaﬁyh -CadNy? ,and Ry is -OH, -SH,

- 5 - = i or | er .

S R Lo A G R R R

cyc INEECICENH) i Inda 0k napl integerykonorl th et @doeherd ;dch gtkguplkenyl,

nﬁﬂ(yﬂ@ c@HQﬁlh'l W&S&ﬁ%lt %gg/?&iheté%cyaf §to C‘%I H%DFe §l§ tﬁﬁu‘?gﬂh one
| SOENES AR, S FOrORE Y ik kyVHC =ikt 'O Cralkyl, -SH.
G Kbk @R 0kM) -colthechrimdmon; srat onald, ~mme)mur ring

ami no aci d" as used herein, refers to am no acids

having a side chain that does not occur in the

nateteath r'rymmaloutly bevgrring ama:mqmd aoisetsherdix aafph Rsimofo acids having
nonr . ds ang rlvatly

DRSTIA B B {1085 BB b Bl B2k e, Mgt of
buaow niteralggiin) acis and fagivativey thebwdy,-tBt ph emylﬁrp@dttranm 'd norleucine,

aQ'aanOGblﬁﬂlc Gﬁh%ﬁm&:ﬁh&%‘xgts nphtanﬁ;%htﬂxcgé Y&k RCaminchexanoic acid,

norval i nc, Hi ne sar COSI ne,
4-Rnsy m:yn.g'xe hg;@nvgwy,_ @henylglycine, ornithine, sarcosine, 4-amino-3 -hydroxy-6-

methylheptanolc acid, 2-thienyl alanine and/or D-isomers of amino acids.

It will also bq recognised that the compounds of formula (1) may posscss asymmetric
centres and are therefore capable of cxisting in more than one sterenisomeric form. The
invention thus also rclates to oofnpounds in substantially pure isomeric form at one or
mote asymmetric centres eg., greater than about 90% cc, such as about 95% or 97% ee or
greater than 99% ee, as well as mixtures, including racemic mixtures, thereof. Such
isomers may be prepared by asymmetric synthesis, for example using chiral intermediates,

or by chiral resolution.

The term “"pharmaccutically acceptable derivative" may include any pharmaccutically
acceptable salt, hydrate or prodrug, or any other compound which upon administration to a
subject, is capable of providing (directly or indirectly) a compound of formula (1) or'an

antivirally active metabolite or residue thereof,



met hyl hcptanoi ¢ acid, 2-thienyl alanine and/or
D-isoners of amno acids. It will also be recognised

W bas/0933e6 conpounds of fornula (1) nmay possessPCT/AU2005/000453

asymmetric 20 centres and are therefore capabl e of
existing in nore than one stereoisonmeric form The
invention thus also relates to conpounds in
substantially pure isonmeric format one or nore
asynmmetric centres eg., greater than about 90% cc,
such as about 95% or 97940 ea or (greater than 99%
ee, as well as m xtures, including racemc m xtures,
thereof. Such isomers may be prepared by asymetric
synthesis, for exanple using chiral internediates, 25
or by chiral resolution. The term "pharnmaceutically

aSﬁfﬁlﬁteaPﬂaﬂn@&ftlcéﬂ@I b&@ptalﬂ@%al@%tmg Qlﬁyare not hmxu,d t salts of
glrnaceutlca I acceptable salt, Em]%/(Wrate or rug,
0

WHIFCRHALY ATCERTSURBFEHE AFidLieh an hlogip awlpbwq» ghogphoric,
Smlu]we&tubom& mpabiue:nmf aﬁ)c[ (BYdhdbxﬁﬂm( @H1d>e@¥ |ths°6f harmaceuticall y

 aPErBRI OB TR e, pieblsmt St i Relpiopverpypaleic.
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20@%’#19’95131% CP@F/ 1%2005131@.0@455&10 bgmﬁisu taoing, oxalic, phenylacetic,
ph@fh%@ﬁ%ﬁo‘n&aw]%néﬁﬁgm pmcﬁzeﬁéupﬁodx 1%@5(: su%%mﬁxcé N9hic,

limted ts ar har maceut | ca

i BYiRgAhictetg cTaEc SRIERItiG Ol disieh p@mﬂ@rucmwmmspccbm and valerdic
pba&phorite-, nitric, carbonic, boric, sulfarnic, and
hydrobrom ¢ acids, or salts of pharnaceutically
acceptabl e organi c acids such as acetic, propionic,
bBe3grsidts, intladet Bitiacs, noiiimitkd (o, Hyosk Bxytdnadie pieymfefitithmasidcgytats 1e

n@hioﬁs S%U‘I Elé (é dluﬂcéﬁ&‘d (%lll’lﬁllmglc‘il'f&lg'pl 14 llgsellqu%lgﬁ‘nlhl amumoniyern,

SUCCI Ni C,  oxal aceti o,  Fnethanesu
t SR aRESUFP SR % “‘l‘béﬁfﬂ@ﬁ &l fplhtbv\irl@nvseélmxwmlmum such as those

Sﬂirﬂhﬁﬁit}h biBanoRSRRIchE Galts FGHhil BUComyRAEli{iGine, $EAREoF amine acids
c, pantot heni c, tannic, ascorbic

aﬂﬁgbbﬁéwy?éy“¥HWh§“m%@ Base salts include, but are

not limted to, those forned with pharnaceutically

ﬁc{\.ﬁpk%gén ﬁonﬁﬁha S a)s %#Ja(l)"( qu§ ﬁmqedn%vﬁ S%!Fﬁs as lower alleyl

ah%yﬂpawﬁ'b#ﬁ @thylst%}bﬂ Hspﬁadrtlsbuixbruhledd%,rwmmdes and lodides; dialkcyl

tEdlﬁkb]&k%ﬁﬁﬂa@é&%M@H@&@ldmtﬁmh as tho-se forned
wi th el hanol ami ne and salt's fornmed from

et hyl enedi ani i ne, choline or am no acids such as
ally feirh M@odrtgy $d 13€d i@fits BioSddseR .and encompasses those derivatives that zire

converted in vivo (o the compounds of the invention., Such derivatives would readily oecur
to those skilled in the art, and include, for example, compounds in which a free hydroxy
group is converted into a group, such as an ester, carbonate or carbamate, which is capable
of being converted i# vivo back to a hydroxy group. A prodrug may include modifications
of onc or more of the functional groups of a compound of formula (1). For example,
similar to the approach described in US 5,672,607, antiviral naphthopyran prodrugs hav-ing
enhanced water-solubility (c.g, which are better for parenterally administered
compositions) may be prepared by chemical reduction of the quinone {unctionalities to the
C(vrrcsponding quinols, followed by reaction with phosphorous oxychioride to give the

“corresponding phosphoric acid csters,  After in vive administration of a composition

- containing such a solubilized antiviral naphtopyran prodrug, the prodrug will be reacdily



15 Basic nitrogen-containing groups may be
guarternised with such agents as | ower al kyl halide,

waeok/ogs7éret hyl , et hyl, propyl, and butyl chl oPCTIaE2005/000453

10

brom des and iodides; diall-cyl sulfates |ike

di mret hyl and di ethyl sulfate; and others. 20 The term
"prodrug” is used in its broadest sense and
enconpasses those derivatives that au'e converted in
vivo to the compounds of the invention. Such
derivatives would readily occur to those skilled in
the art, and include, for exanple, conpounds in which
a free hydrebxy group is cogverted into a group, such
as an ester, carbonate or carharnate, which is capable
of being converted in vivo back to a hydroxy group. A

ngﬂxgd Tae dJRGL B TRELA, G t9é?§1ftgr5w1gfoxﬂ% t@{e R @ vah lﬁu

nctional groups of, a conmpound o FY? b
F@#Wemmjldé“vuaéwﬁhrh@wfﬁl@lqnﬁe LasH6a °rdﬁé’§lé élaval Sy oe

r@gﬁem% th@'ﬂéduh’ddh@lnof‘&ﬂhith@%ﬂ@d‘mﬂﬁm hatthoharddivge; these can
enhanced wat er - sol ubi re bett

er
p%l%meraaﬂWlﬂéﬁirﬁ>wsgera8’8¥*p§%‘n%8@i’% ‘8‘&%) Trer B i Ypes of
pésepicatbnlly.g c hemlciah) madactsedmw phdich entq'uplrmphjhopyran prodrugs,
f 3 ngt | {{a%mglns 70y Ottg%eﬁ&?ﬁ RE&HA '3%«9%&3@@ Bipyrh! l\%\&@ Chiter

Féac ous ox eh orid gl ve
30z Gor sesprRiom @emmmwwkébea@ft éigtlre}ysed %&fitOévinWOv'f*vR&fem
agivB balviat daiin&raf c&AFRASI tion  containing such a
solubilized antiviral naphtopyran prodrug, the prodrug
will be readily WO 2005/ 095376 PCT/ AU2005/ 000453 -9
hyds okyseett, t‘dﬁbrtt kerovticd esphnd bitgaonehnolpropipip:giof hepatitis B virus
thereafter w.l Iy
oar Eripoaer s LS RsiC rE BRI o ad s R pE of
kiFndstofl):deri vati ves may be prepared fromthe reduced

~quinol derivatives of rthe amtiviral naphthopyrandi one;

15

20

these can al so serve as_gdrcxikrygs for use in
t herapeuti c conposi tY
5 esterification A '
produce antiviral naphthopyrjan progrugs
exanpl e >
7, %, 10- trlacetoxy 3, 3-dif
Agaln after in vivre adsi
woul d be readily hydrolysed > to its parent
active antiviral napRehopyra O In a first
aspect, there is provided a jmet hodllof treatnent or
prophyl axi s of hepatitis 13®rirus © ‘

(1)

, -~ such as for
Ha

hai 2, 1- bl pyr an.
t he prodrug

wherein X is OH, ORg or halo;

R and Ry are independently sclected [rom 11, Cigalkyl, Caealkenyl, Cycalkynyl,
Cs.scycloalkyl, aryl, or together with the carbon atom to which they arc attached form a
saturated or unsaturated Cj.gscarbocycelic ring;

Rz and Rs are indepcndently selected from H, Cigalkyl, Cagalkenyl, Caealkynyl,
Cieeycloalkyl or ogether with the bond between the carbon atoms to which they are

attached form a double bond;



in a subject conprising adm nistering to said subject
an effective anount of a conpound of Fornula (1): R2
w@200598R326 2 0 RL 3 1 RS a 64 10 p 51 gl RaP@I/XU2(R3/000453
(1) wherein Xis OH OR9 or halo; 15 Rand R are

i ndependently selected from 11, Cy-;alkyl, C2.EQ, enyl,
C2 c,all ynyl, C3-6cycloalkyl, aryl, or together with
the carbon atomto which they are attached form a
saturated or unsaturated C3.ecarbocyclie ring; R2 and
R3 are independently selected fromH, G.6alkyl,

C2- 6al kenyl, C2.6al kynyl, C3.6cycl oal kyl or together
with the bond between the carbgn atons to which they
are 20 attached form a doubl e€”bond; WO 2005/ 095376
PCT/ AU2005/ 000453 -10 Rr and R5 are independently

corg ka0 b R Rl B S
i e RIE BYn @ Ouckelp £1Richn BOIRESBRO tho botk Eheh éhe cardon
ar etalst@ehien e W gatodhe. BBk Lok® and R7 are
LT AN g -
ORT:«Rsloplsyli ep@RIent | y sel ected fromH, Cl cal kyl,
Q'R%’i?kdﬁgﬁgﬁhenﬂ%cgklw ﬂX%’H,Q%OQEMFk,?&lk%XJII’ Casalkynyl, Cigoycloalkyl,
OH, ORg or halo;
Rg is Cr.saikyl, Casalkenyl, Casalkynyl, Cagcycloalkyl, aryl, C(=0)R,1 or S3(OWR 3 or ORg
is an amino acid residue;
10 each Ry is independently selected from H and Cgalkyl;
Ryt is Cyajalkyl, Copialkenyl, Crasalkynyl, Cagcycloulkyl, Ca.scycloalkylCy galkyl, aryl or
arylCi.eulkyl; and
Ry is Crealkyl, Cagalkenyl, Cyqalkynyl or aryl,

15 In another aspect there is provided a compound of Formula (1), with the proviso that when
R and R; arc both methyl and R is OH or ORg, Rs is not selected from OH, QR or NHR,.

In a preferred embodiment one or more of the following definitions apply:
X is OH, OC,sulkyl or halo; ' '
20 R and R, ure independently selected from H or C.3alkyl or togcther with the carbon atom
to which they are attached form a saturated or unsaturated Ci.gearboeycelic ring;
Rz and Rj are each hydrogen; ‘
R4 and Rs are independently selected from H, OH, ORs, or halo or together with the bond
between the carbon atoms to which they are attached form a double bond;
25 Rgund Ry are independently selected from H, OH, Crealkyl, C4alkoxy;
Ry is H, OH, ORy, C.¢alkyl or halo; '
© Ro is C(=0)Ry; or S(O)R 2
Ry is Crajalkyl;
Ryz is Cjzalkyl, pheny! or tosyl.
30

Preferred compounds of the invention include those of formula (2);



OK, OR9 or halo; RO is Ci-6al kyl, C2.6al kenyi,
C2- 6al kynyl , C34cycl oal kyl, aryl, C(=O R11 or
WOESROP/H0ZRIZ or OR9 is an amino acid residue; 1BCEAURNOR000453
is independently selected fromH and Cl. 6al kyl; R11 is
Cl. 21ai kyl, C2.2,al kenyl, C2.2fal kynyl,
C3. 6¢cycl oal kyl, C3.6¢cycl cal kylCl. 6al kyl, aryl or
aryld .6a lk.yl; and R12 is Cl.6al kyl, C2.6al kenyl, C2
al kynyl or aryl, 15 In another aspect there is
provi ded a conpound of Formula (1), with the proviso
that when R and R, arc both nethyl and Ris OR or
OR9, R5 is not selected from@d ORy or NHR9. In a
preferred enbodi nent one or nore of the foll ow ng
definitions apply: X is OH OCl.6al kyl or halo; 20 R
and R, are independentdy selrgcted fromH or C -:,alkyl
sgrf atBm to which they are
nsat(gated :
each hydrogen; R4
and R5 are |ndependent y selgcted flromH OH OR9, or

hal o or together with Vhe pot , en the carbon
atons to which they are af a doubl e bond;
25 Rc, and R7 are independ ¢d fromH OH

C, .6alkyl, Cl.tyall oxy; i , Cl.6alkyl
or halo: RO is C(=OR11 or S{O) 2RL R1, 9

Cl. 21al kyl; R12 is Cl.cal kyl, phenylf or tosyL. 30
Preferred conpounds of the inC$%tldh i ncl ude those of

fornul a 2 V‘D 2005/ 095376 PCIT/'/AU2005/ 000453 11 R2
R4 “Té 2 R3, R4 and R5 are defined as for formula (1).

Preferrcd comﬁounds of the invention include:

5 8-hydroxy-3,3-dimethyl-3H-naphthol2, 1-A]pyran-7,10-dione,
8-hydroxy-3,3-dimethyl-1,2-dihydro-3H-naphthoj 2, 1-#]pyran-7,10-dione,
9—bromo—S-hydroxy-S,3-'d1'mcrhyl- 1,2-dihydro-3H-naphtho{2,1-b]pyran-7,10-dione,
9-bromo-8-hydroxy-3,3-dimethyl-3H-naphtho[2,1-6]pyran-7,10-dione,
9-bromo-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-1,2-dihydro-32-naphtho| 2, 1-blpy

10 ran-7,10-dione,
9-bromo-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-3A-naphthol2,1-b Jpyran-7,10-
dione, |
8-ucctoxy-3,3-dimethyl-3H-naphtho[2,1-b)pyran-7,10-dione,
2,9-dibromo-1,8-dihydroxy-3,3-dimethyl-1,2-dihydro-3 H-naphtho[2,1-#]pyran-7,10-dione,

15 8,9-dichloro-3,3-dimethyl-1,2-dihydro-3H-naphtho{2,1-b | pyran-7,10-dione,
7,8,10-triacctoxy-3,3-dimethyl-3H-naphtho[2,1-b]pyran,
9-Bromo-8-hydroxy-3,3-dimethyl-3H-naphtho(2,1-5|pyran-7,10-dione.
9-Bromo-8-hydroxy-3,3-dimethyl-3H-naphtho[2,1-b]pyran-7,10-dione.
9-Bromo-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-1,2-dihydro-3 H-naphtho[ 2,1~

20 blpyran-7,10-dionc.

9-Bromo-3,3-dimethyl-8-(4- methy]benzcnesulfonyloxy) 3H-naphtho|2,1-b[pyran-7,10-
dione,



RLRe O OOH (2) wherein RR R, R, R3, R4 and R5
are defined as for fornmula (1). Preferred conpounds
w@tooshessteivent i on i ncl ude: 5 PCT/AU2005/000453

8- hydr oxy- 3, 3-di net hyl - 3H napht ho[ 2,

| - h] pyran-7, 10- di one; ,

8- hydr oxy- 3, 3-di net hyl -1, 2- di hydr o- 3H napht hol 2, 1- h] py

ran-7, 10- di one,

9- br ot xno- &ydr oxy- 3, 3-di net hyi -1, 2-di hydro-3

H-naphtho[2,1-b]pyran-7,10-dione,

9- br ono- 8- hydroxy-3, 3-dinietliyl-

H napht ho[ 2, 1- 1x] pyran-7, | O dlone

9- br ono- 3, 3-di net hyl - 8- (4- nethylbenzenesulfonyloxy) 1,

2-di hydro-3li - napht hoL2, 1- blpy 10 can-7, 10-di one,

9- BIRRHRs-33.31 rgétmwlmtﬁng&n&e%%my@&wm%%hmofzonwp%x);m

3H napht ho[ 2, 1-h pyran 10- di one, "8-ac

ct 8% 3, 3-di met hyl - : | H napht ho[ 2, 1- b] pyran- 7, |

0- dimﬁo 3 &dﬁndh;brgl)mnedi)lhenzcnesulfonyloxy) 1,2-dihydro-3H- ndphtho[ 1-
Plgquaé{ 3, 3-dunet hyl - 1, 2-di hydr o- 3H—naphtho[2 1-b

]pf Ydi one, 15

3B, 99drighidro33-Emsthgl mm&&mmdphlﬁyﬂt bhBiandphtdimé.2, 1- b

I pé&ﬁﬁﬂ%% nﬂ-rgetg loﬁﬁ) dxgxoﬂ ,10- dﬁeﬁro 3I|;I|_benzommﬁf)0fnen -8-glate;

O-triacct OX nap
J p§p(gwn3 3-dimethyl- 8 dioxo-7,8- -dihydro-3H-benzo|f|chromen-10- olate

BrrOyaRx 33y elk 00y pidn 3381 - b 41y i citnB 2R bidnee Zind - bj pyT
9- él’%’%ﬁ’%qﬁy‘awb"&?}‘/’l ~H8ensPHIskRpEest %8Bt hal 2, 1- h] pyr an-

17, 10- di one.  9-Brono- 3, 3-di net hyl -8-(4-net
YI:D0ERPES LhEORKL R wrdusfr Ly dr o- S napht ho[2, 1 20

}pyran
9- BrigAwsy- %33hra¢thblt34wﬂv8£he@~!n@phw Bébrdiepecompauglioky) -3

H Rapbilok{-0B2idhe Ryl RY-dihido BHLAphEL 0095 iQﬂcﬂér@Q&S&;@und 2)).
O R e R s e
- 9- (4- met hyl henzenesul fc) nyl ox y) - 31/ naphthol2 I

15 hinpytodter dmbddiment the compounds of the invention include those of formula (3):

R, 0
(3) |
20  wherein R, Ri, Rz, Ry, R, R, Ry, Ry, and X are as defined for formula (1) and R, is
sclected from H, Csaltkyl, Cpqalkenyl, Caealkynyl, Cygeycloalkyl, halo or NRyoR o or

together with Rs and the bond between the catbon atoms to which Ra and Rs are attached,

form a double hond.



di one,
8- Brono- 3, 3-di net hyl - 9- (4-rnet hyl henzenesul f onyl oxy) -1

WQ 260diop8ads o- 3f 1- napht ho[ 2, 1- bl pyran- 7, 10- di onBCT/AU2005/000453

5

8, 9- Di chl or o- 3, 3-di net hyl

-1, 2-di hydr o- 3N- napht ho™ 2, 1- h] pyran- 7, 10- di one,

Sodi um

3, 3-di et hyl -7, 10- di oxo- 7, 10- di hydr o- 3H benzo[ f| chr one

nn-8-ol ate; Sodi um

3, 3-di net hyl -7, 8- di oxo- 7, 8-di hydr o- 3H benzo[ f| chr onen-

10-olat.e 8-Hydroxy-3-nethyl - 3- phenyl - 31- 1- benzo| f

chromene- 7, 10- di one, and 8- Hydroxy- 3, 3-di phenyl -

H benzoJ] chronene-7, J C)dioﬁ'?' 10 Preferably the

conpound of Forrmula (1) is:

8- hydr oxy- 3, 3-di net hyl - 3H napht hu[ 2,

-hl pyran-7, 10-di ol l e (compound (1)),

8- fpdiponngs 3F Fodiude(Hyiay be 2repaibdyanmthe Sndthadashbitied o2 ddseribed

- el 1@Nmbwn i @eddPNE x(rﬁ’lq{E%HquUSdZ?hzn mir hidds @.gkﬁse{o methods

enmbodi ment the conpounds of the iInvention Inc e

t heessribad hersimpn képo(wg)m thepast ey marequied) to gyntheyimepartjvglacompounds

§7of 3},rmu20(1\‘M"l &eBirfl FnthBlic prodedurk hppliRkile BGhe E%{huﬁg of @dihounds
ar

t ed
fr8 myﬁc%cang %‘{&nﬁu éi‘freng:falegﬁwg ]C)"@ng%(fsk’yﬁ r,gamr Ie rans ?onnatmns R.
C3C( Larpck, 388% WICH Pradlishooy ankd AdRbOE1O ganic Chogehh&Mastlt, Ath Edition
8@%%’ PRy IABRENGRNLDELILAN ANATRIb B WGt conuin
209@,0@\9537@\[3@}7 Apgesroomianand deprotection during the synthetic process.

10 Suilable protecting and deprotecting methods for reactive functional groups are known in

15

the art for example in Protective Groups in Organic Synthesis, I'. W. Greene & P. Wutz,
John Wiley & Son, 3™ Edition, 1999.

The compounds of the present invention may be preparcd according to the general

procedure of Scheme 1.



- 13 Conpounds of Formula (1) may be prepared using
t he nmet hods depicted or described herein or known in
wo b@sapi376 It will he understood that m nor PCT/AU2005/000453
nodi fications to nmethods described herein or known in
the art may be required to synthesise particul ar
conpounds 5 of Formula (1). General synthetic
procedures applicable to the synthesis of conpounds
may be found in standard references such as
Conpr ehensive Organic Transformations, R C. Larock,
1989, VCH Publishers and Advanced Organic Chem stry,
J. March, 4th Edition (1992), WIley hiterScience. and
references therein. It will a5 be recogni sed t hat
certain reactive groups may require protection and
deprotection during the synggﬁgiq'process. 10 Suitable
protecting and deprotecting“néiﬁ%ds for reactive
functional groups are known i the art for exanple in
Protective Groups in Oganic Synthesis, T. W |G eene &
P. Witz, John Wley & So dt tion, )
conmpounds of the present i n may be;
di eral 15 prdtedure of

05/ 0004534’-14 Schene | T
Ra Ry O(4) O ~Ra OH




Rz RRAR*FI3 A R a ReOHRa0 RTOHR 0 (6)
R RzRAFITaORRI O RS R RI~0Rs ORa Rs OH Ra

WOQORPIBTR7 0 (7) WO 2005/ 095376 PCT/ AU2005/ OPOHAB2005/000453

-15 An appropriately substituted

2, 6-di hydr oxynapht hal ene (3) is reacted with an

appropriately substituted enal or enone (4) in the

presence of a suitable base to effect cyclisation and

provi de a napht hopyranoi (5). The napht hopyranol is

then oxidised by a suitable oxidant to the

correspondi ng internedi ate orthoqui none (6), before

bei ng reduced by a suitable 5 gedu0|ng agent and

further oxidised by a sui tabl & oxi dant to the desired

napht hopyrandi one (7). Further nodification of the

su S f ;
S N e

t h@b%m{tedf el phenoge (orinttheopressnos pfea suallp Pay 1@ ai%it |°¥‘u‘é'f‘|‘f’“ and

O 1y SHASE ﬁéﬂﬁ%ﬁﬁmoﬂﬂﬂs efh% kbl yiaRolt i e biid WAYbyU dubifi€ oxidant

conventi onal proaches to protect and

Capt FPRUROET BRI G SP PR P eREn T ofFLces by a suisbl

5Seqaen@egent and further oxidised by a suitable oxidant to the desired naphthopyrandione

10

15

20

(7). Further modification of the substituents on the naphthopyrandions may be elfccted
using chemical approaches known to those skilled in the art for the generation of the
desired substituent or substituents. Those skilled in the art may utilise conventicnal
approaches to protect and deprolect certain functional groups during the reaction sequence.
Such methods arc well known in the art and include [or éxarnplc those described by
Greene and Wutz (supra). The reaction sequence described in Examples 1 and 2 exemplify
the preparation of compounds (1) and (2) and provide an example of how the reaction
sequence of Scheme 1 is utilised. Those skilled in the art will appreciate that a wide
variety of reaction conditions, including solvents, bases, oxidising ugents, reducing agents,

temperature and time of the reaction, may be utilised to ctfect the desired rransformation.

A substituted cnone such as (4) may, dependant upon the exact nature of the reagents and
condilions used, add to the substituted 2,6-dihydroxynaphthalene (3) in the opposite
orientation to that shown in Scheme 1 and still provide a naphthopyran product. Such a
reaction is shown in Scheme 2, and provides naphthopyranol (8). Naphthopyranol (8) may
be isomerised to provide a naphthopyranol effectively of general lormula (5), which may
then be subject to further reaction in accordance with the general procedures of Scheme 1

to provide compounds of Formula (1).



10 Such niethacis are well known in the art and
i nclude for exanple those described by G eene and
wOi0z/0930¢r a) . The reacti on sequence descri bedP€TAU2005/000453
Exanples 1 and 2 exenplify the preparation of
conmpounds (1) and (2) and provide an exanple of how
the reaction sequence of Schene 1 is utilised. Those
skilled in the art will appreciate that a w de
variety of reaction conditions, including solvent;,,
bases, oxidi sing agents, reducing agents, 15
tenperature and tine of the reaction, nmay he utilised
to effect the desired transformati on. A substituted
cnhone such as (4) may, depehdant upon the exact nature
of the reagents and conditions used, add to the
substi tut ed 2,6-dihydroxyn%Q?EQ§]ene (3) in the
opposite orientation to that shown in thene 1 and
Sucli a 20

still provide a naphthopyrafi product.
reaction is shown in Scheme pgd pEQuiges Ra
naphthopyranol (8). hbph opyrri ol (8)

ovide a h pyranol-- % |v-
‘ Mhlghﬁﬁé&*_khen be s
accordance with the g¢

BT 6% me"1 to provide conp®undsof
Fonnul a (Li. WD 2005/ 095376 PCT/ AU2005/ 000458 - 16
scheme 2 RR2 z RL R3B R Ra HO(4a) HRs R OfOH Rs
7R (3) ($Y RL.,~Ra H




O RR ROH 7 (5) WO 2005/095376 PCT/ AU2005/ 000453

-17 Alternative synthetic procedures which provide
w@orpoessds of Formula (1) are shown in  ScheneBCBAE2®S/000453

4. In Schene (3) an appropriately substituted butyne

(9) is reacted with an appropriately substituted

hydroxy Lctralone (10). The group L is any Suitable

| eaving group and includes groups such as a brono,

ehl oro, and hydroxyl. Reaction between the 5 tetral one

and the butyne may be acid or base catal ysed to

provi de napht hopyran (12). In sone cases the reaction

may be conducted in one pot h ver an internedi ate

(11) may be isolated. Internediate (11) may

conveniently be cyclised for exanple by heating in the

h di t |
TrRaness Snud td Bl RGP woPHE SoRRouti HprfOh pris ghove in
t heehgmigsore 4 i%?cmcdﬁ) qwraypltoweatelb quSUMGId@ﬂWWD@D fsiregiteti ovith an
pr@?fc@ﬁat@& h:@ﬁstltu;éh SRTPOURAS RS (1b9r Mk avrtgu}v) L Jssﬁzgﬁgﬁﬁlglé)ledvm&

outll nes a m |l ar reaction sequence t0
( 3§ro%‘fnélﬁn § FFoupsiuch agp Promon Ck&‘ﬂ‘i‘?r @tijr*w&i"éb’ly Reuction between the

5s utesilodeling dm@dﬁx@)@éampiatdh&hﬁféecata_fﬂb& to) ﬁoﬁ@&%htﬂ@;@ﬁm (12).
|
Vo0t S mih & cobhycRi sy o poth iyt BRs b >amy be
15is¢jeled.r dvaraediste (p@rmmemﬂ&&a& otlis8t e rrean(ply by beating in the
prﬁl{deg&‘: SOMPGUNESn0d, L HEad BYEDah PHe. Mﬂ@%{ﬁé&? hroﬁﬁtt 'EP*ZJ S then

%ﬁée aring henzopyrans have”been repor
igeg) to afford dheqpyipicd ) Wiidsmay Ricp |bedurrhﬁr ppdified 1o migwjide other
10adamkwﬁMQSEPﬁﬁthdﬁ to provide conmpounds of the

present invention, see for exanple, |Ishino el al.

Syn. Comm, 31, 439-448 (2001), WD 2005/095376

PGIvhate 00 3000646 Similad 8aGimhengieBceR3 that of Scheme (3) which would start

with an appropriately substituted hydroxy naphthalene. This is based upon work reported
by Bigi ef al., J. Org. Chem,, 62, 7024-7027 (1997). The cyclised naphthopyran (15) could

15 be treated as per compound (5) of Scheme (1) to provide compounds of the invention.

Many other methods of preparing benzopyrans have been reported in the chemical
literature and those skilled in the art may adupt these methods to provide compounds of the

present invention, sec for example, Ishino er al., Syn. Comm., 31, 439-448 (2001),
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~ /" OH R7 (i 5) Further nodification may incl ude

walesoswesrcat i on of doubl e bonds. For exanpl e, REAURAS/000453
. 5 and R5 together with the bond between the carbon
atons to which they are attached forma doubl e bond,
t he doubl e bond may he derivati sed by addition,
oxi dation or reduction reactions. An exanpl e of
possi bl e derivatisation of such a double bond is given
in Schenme 5. Folk wi ng reductive acetylatioti to
protect the quinone portion of the conpound,
epodi dation of the pyran douQIe bond, subsequent ring
openi ng of the. epoxide with an 10 am ne, and
deprotection and oxidation to regenerate the quinone
may be effected. Those skiggge in the art coul d
rcadily determ ne appropriate reagents and condhtlons
to effect such transformations. WO 2005/ 095 ’
PCT/ AU2005/.000453 20 Scheme S R ~ OAE | rdu
liva acetyla i Qt C]—| OAC\p QAC R;
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Further modification may include derivatisation of double bonds. For example, when Ry
and Rs together with the bond betwecn the carbon atoms to which they are attached form a
double bond, the double bond may be derivatised by addition, oxidation or reduction
reactions. An example of possible derivatisation of such a double bond is given in Scheme
5. Following reductive acetylatiors to protect the gquinone portion of the compound,
epoxidation of the pyran double bond, subsequent ring opening of the epoxide with an
amine, and deprotection and oxidation to regenerate the quinone may be effected. Those
skilled in the art could readily deterrmine appropriate reagents and conditions Lo effect such

transformations.



epoxidalion \ /RNO OHRCACR' R ROAC R N R
CH OAC OAC OAC OAC oxidation FV R, rJ ~ ROH O
w@2@s/0%B37RI O hydrdysis OAG OH O p A per sonPGRAUR®E000453
in the art would be able to nodify such a reaction
schene by using 5 different reagcnts to open the
epoxi de, using asymmetric epoxidation catal ysts and
varying the nature of the substitucnts. As used
herein, the term"Cfective anount” relates to an
anmount of conpound whi ch, WO 2005/ 095376
PCT/ AU2005/ 000453 -21 when adm ni stered according to
a desired dosing reginmen, prgyides the desired
hepatitis B

Scheme §
R SN o A R 0AC
Ry Ry
e Q
O‘ reductive acetylation Oe
o
oH CAC
(]
F\ epoxidation
a' .
N
R OH "
CAC P
M
Ho
‘O
OAC
QAC
oxikdation

hydrolysis M
o

A person skilled in the art would be able to modify such a reaction scheme by using

5 different reagents to open the epoxide, using asymmelric epoxidation catalysts and varying

the nature of the substitucats.

As used herein, the terin "effective amount” relates to an amount of compound which,



virus treatnent or therapeutic activity, or disease,
prevention. Dosing may occur at intervals of mnutes,
whows®9s3days, weeks, nonths or years or conti NBOUADUY005/000453
over any one of these periods. A therapeutic, or
treatnment, effective anount is an anmount of the
conpound 5 whi ch, when adm ni stered according to a
desired dosing reginmen, is sufficient to at |east
partially attain the desired therapeutic effect, or
del ay the onset of, or inhibit the progression of or
halt or partially or fully reverse the onset or
progression of hepatitis B _yjrus. A prevention
effective anobunt is an anmount of conpound whi ch when
adm ni.stered according to the desired dosing reginen

' %Vh%&'ﬁn'nfﬁ'st@r@& a&QrdﬁFg tb £ a8k Paskk A dhe BIRNEIE: 0 detBdda¥patitis B

he onset of particular disease or_ condition. Yet
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medi canent r treating or preventing hepa
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d aeRdRsyios piCer fa!f or mxﬁm Qfg’lﬂ%awg%seofhc Prishgr ?@glegsgofb%frheﬁe@““ B

gfvu!Q.Q dy W@éxﬂbﬁ efpé%ﬁve :@Qﬁ&gﬁm flrﬂibuﬁﬂ’lGF @Heidwaath whdtidministered
0S tn the ran e

DO ISR T CHEr SOBAGRELT T ABEIREE ah ot MBI P(g o cely

‘ 10d05@@ﬁﬂk$apmuﬂhmdmangewmﬁmﬂmng to 250 ng 20 per kg of

body wci ght per dosage. In yet another preferred
enbodi nent, the dosage is in the range of 1

to 100
nng @rotihey 'astpfu.t loEdy PrResngint cobet Prdddagreuse §fie pplg@un:gm{}zpnggla (1) in

ri tﬂgpmgﬁfrariﬁg of %C(@&Qﬁéntvl@ﬂ Bl dAR bredRSRGNepdiiis Befirugnot her
enmbodi nent, the dosage is in the range of lug to 1ny

per kg of body wei ght per dosage. 25 Suitable dosage
15aNDubls dedaghs @he@ nia gmnmghdmm@: of @oulb 0. 1dgtrer g nmcipwtghem 1gper

tte h t .
© b 2nar v B PR MR EREP R SR 1 R Y e
weoigally obigtittper <R)s|dyeesoth asThia tizcttigee[ilmgy ©di Eprr kgaybdgle weight per
adﬁfc}sgé Sth%r?edm%gd@nc& 'd8sa é’ﬁ% tﬁ ' %E h & I§gn &fs0 %ﬁﬁer kg of body

|ve gredi ent
beweidrtin ésegeedn w@weemqudlm@t ﬁweﬁcw%b & e rwe%hfngut? 230 mg

70313 p& k %@B&S/S\b&&h@ r déEa% ¥nof®r Prediiad ERIRBeaRkhe dosage s in
np03|t|on 005/ 0953 PCT/ U20 5/ 000453
the range of 1 mgto 100 mg per kg of hody weight per dosage, such as up to 50 mg per kg
of body weight per dosage. In yet another embediment, the dosage is In the range of 1ug |

. to lmg per kg of body weight per dosage.

25 Suituble dosage amounts and dosing regimens can be determined by the altending
physiciuh and may depend on the severity of the condition as well as the general age,

health and weight of the subject.

The active ingredicnt may be administered in a single dose or a series of doses, While it is
30 possible for the active ingredient to be administered alone, it is prefcrable to present it as a

composition, preferably as a pharmaceutical composition,



-22. According to a further enbodinent there is

provi ded a nethod of treatnent or prophylaxis of
whe@anysre B virus conpri sing adm ni steri ng anPCT/AU2005/000453

effective amount of a conmpound of Fornula (1) and a

second therapeutic agent. 5 Wien adm nistered as a

conbi nation, the conpound of Fornmula (1) and the

second therapeutic agent may be adm ni stered

si mul t aneously, separately or sequentially. The second

t herapeutic agent may be a known antiviral or

antiretroviral agent or another 10 pharnaceutica

used in the treatnment of V|r94 i nfections.

Representative exanples of Suitable second

t herapeutic agents include i mmunornodul ators,

i nnuunostinmul ants and antibiotics.. Exenplary

antiviral agents include acyclovir, val-acyclovir,

peeardinp s arfirther aybocimeny there 1§ amaeiied Duicthod phigesipeRer prophylaxis

r Io@%mm iRk %ﬁ@ﬁqag BN RterifE S el deefriiimabPRagumpound of -
| at ni'vud ﬁne adcfqvir, thyrnosin al pha 1, entecavir,

t dIOBRWRd ﬁ@asgﬁT?P@F?ﬁﬁ?ﬁﬁmtelvu0|tab|ne 15 MCC- 475
shepavir 13, NIV-210 val torcitabine, HepeX-B, .
Z ‘QQVUdI rL]nFi‘St T danoo‘?’omrin Atiort %ec Icctm‘?&) ofslgo%gﬁjxl Q?’and the sccond

| am vut i NE, acavir, tenofo rireitabine;
s dbirerewt L manm mawistered ne1uft4xnwlyr separirl eeraeguentially.
ritonavir, azatanavir, nevirapirie, delavirdine,
ef avi rena, enfurV|t|de trizivir, conb|V|r
Mggcnt of another

M 8 Berond s TaRcipE peenspy Ba a Kegiry snisicabiorsm

'LoTI\:fmﬂ:Accum Léh), mt 1h9rt&ata1¢ntr ofotnhermrmnm@ucﬂamserdawe examples of
r ev e tran

Gliptase i.nhi |tors a ase . .
i N ZBJ belp%n cxg.PrpuI 1gra)geriltsu hn R 8?10%18 rrgfx% r%tg :?%nunommuhmts and
i mutimioddsi nEitean sy i mbvind egentnighfle rgpclatip heal-acyclovir, penciclovir,
P%Lﬁkﬁf JngﬁlowﬁthB%a ah i, 11nt4§‘?c9€r?o< 15%1;1.}#1&1 Ynlurf:ron—alpha,

I r nmunogl obul 1 n, monocl onal ~ant i bodi es,
v alewivadiae, s@réwraglyaﬁaéﬁwsl CRARAY 1f«><f°1bP¥“Bm€'a%Fm.lli’“b“w’ elvucitabine,

151 nf/@ard7X, néapPir B, tvaziox. vai?@afdeﬁxabmp&hm sameﬁmme didanosine,
th a eut ent sglta

a
R T S R
S uh)ql et aﬁpﬁhavnm&roaquﬁm tAaeneviremtyRagineg [delderdiRs efavirenar epfurvitide,

”O&zfvlr, Lo Ak Slé @x&%%&ﬂ r@u@ﬂh@xr, PE%B&F §1515'?c{6°r’r1311cphﬁw0195

udi ne, entccavir,
t cwii?\ww\ﬁ%”fe riPFanayit a@r»m@on létr:bmdet HEIR trﬂmn%1lm1b1t°rs and

ZdWeP@ﬁéhsé Bhibicdft,V- Z%Bmpiy, x?l Lo GobRliers and iHeRASs frulants include
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S h I
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HBV monoclonal antibodies, and vaccines such as EnigerixB, Havrix, H-B-Vax 11, infanrix

hep B, twinri. Prefcrably the second therapeutic agent is an agent sujtable for the
trealment or prophylaxis of hepatitis B virus in a subject. Such therapeutic agents include,

25 but are not limited Lo interferon-alpha, PEG-interferon-alpha, lamivudine, adefovir,
thymesin alpha 1, entccavir, telbivudine, emtricitabine, elvucitubine, MCC-478, hepavir B,
MIV-210, valtorcitabine, und HepeX-B.

Sull another aspect of the present invention relates to a pharmaceutical composition
30  comprising 2 compound of Formula (1) and a pharmaceutically acceptable carrier, dilucnt

or excipient.



30 conprising a conpound of Formula (1) and a
phar maceutically acceptable carrier, diluent or
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formul ati on of such conpositions is well known to

those skilled in the art. The conposition may contain

phar maceutical ly acceptabl e additives such as

carriers, ‘diluents or excipients. These incl ude,

where appropriate, all conventional solvents,

di spersion 5 agents, fillers, solid carriers, coating

agents, antifungal and antibacterial agents, dernal

penetration agents, surfactggis, i sotoni ¢ and

absorption agents and the like. It will be understood

that the conpositions of the invention may al so

i ncl ude ot her supplenentary physiologically active

ggents. 10 The carder nust be Eharnace tlcg<@¥ -
& dpitrabRtion of P caBRYEIBE gy bn%wa G 1 ppat The

Qt:ﬂ@cf‘;nioﬂgheﬂ c@dis pﬁirnhﬂﬁtlﬁﬂwa&bthbl@ Addatnekskath m;wdm WHuents
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tegpits dllcry, |sn!md udtierg, cdathor wenta,n‘dmmmbdllang ualh)mctwag agtpaqs dermal
q:rcné?!%&ptaﬁF s(x}f&%nltkd'iﬁganﬁ:u&?ﬁ %ﬁgﬁ%ﬂs‘zgm{)@taﬁla% i, Al will be

i'ntraspi nal, intravenous and i ntraderma

AP (et hSrEomPPHEONS sikdesSRT S EpRs M s iacl%rﬂ%%riﬂwmfy
heypnesentetttvhagenist dosage form and may be prepared

by any nethods well known in the art of pharnmacy.

Such net hods include the step of bringing into

diseakiat inont be fherractitically sgpedicemthcwertst of heing eympagble with the

V\me? nngg fewcgttﬁé BRE oM MR RGERIRE Y ahggsnagaenbémposmm

I'n gen e conpositions are prepare
uinlpdsr thioke suitblg fonem el yinisaing! rfg%sqi«rffwd%r%b dopagl Gcluding

tlnﬁca@(hhldV SuHliNS e ivagthal Wit ﬂihréntdﬂdll (‘ihcﬁ@fn@l be‘éutz\ﬂefouf | iRRAuscular,
di vided solid carri rs or and th

h
HEEBEEHy FHABPHY ©He BREUEEL . MBERdHArimg OiF ¢hgpositons may
d¢cf51€am93& uyrbeq:@ﬁdmbd Dﬂuxﬁtﬁi()b%e Farmatne dhay ibt prgparedrbynmy nrdtods well
des b C 0 (o} e
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VR Bhe@f, IneRicthpaQlishl 8. p?e"f}'\x@@'fﬁp%'lf&lngﬂs m@ci ukﬁ‘ﬁnte@}{ @8igbthg into

invention suitable for oral  Administration. nay
p?%%c&qpéxdh%%uwe in grcchem with liquid carriers ot finely” dwxded solid camcrs or both,

and then 1f necessary shaping the product.

Dependirag on the disease or condition to be treated, it may or may not be desirable for a
compound of Formula (1) to cross the blood/brain barrier, Thus the compositions for use

in the present invention may be formulated to be water or lipid soluble.

Compositions of the present invention suitable for oral administration may be presented as
discrete wanits such as capsules, sachets or tablets each containing a predctermined amount
of the active ingredient; as a powder or granules; as a solution or & suspension in an
aqueous or non-agueous liguid; or as an oil-in-water liquid emulsion or a watct-in-oil
liquid exaulsion. The active ingredient may also he presented as a bolus, electuary or

paste.



di screte units such as capsul es, sachets or tablets
each containing a predeterm ned anount of the active
WO p@seeizent ; as a powder or granul es; as a sol BXT/AN205/000453
a suspension in an. aqueous or non-aqueous liquid; or
as an oil-in-water liquid enulsion or a water-in-oi
30 liquid eiulsion. The active ingredient may al so he
presented as a bolus, electuary or paste. WO :
2005/ 095376 PCT/ AU2005/ 000453 -24 A tablet may be
made by conpression or noulding, optionally with one
or nore accessory ingredients. Conpressed tablets may
be prepared by conpressing in,a suitable machine the
active ingredient in a free-fTowing formsuch as a
powder or granules, optionally mxed 5 with a binder
(eg inert diluent, preservative, disintegrant (eg.
sodi um starch glycolate cross-1linked polyvinyl

py IO BN &° Mededysomprasiny o5 suRidine caripraly p or more accessory
Ceinhﬂéhl@ﬁte) )Tomﬁﬂégsf:(ﬁﬁﬁle@(iﬁdy% &Epaﬂ:ﬂ&?%ﬁﬁbx@ﬁxr@ﬁni suuable machine
Sul
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Swi whh arbindrexdg e diluknt, grdsereaive, aihetegrazhl(eg Ssodfyn starch glyuolate,
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so as to OVI ow Oor con roI
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US Hadsloy 8 Ued pRemande aeRa&da or tragacanth guru;
pastilles conprising the active ingredient in an inert

basis such as gelatin and glycerin, or sucrose and

13ac &16!11@09@% sulhisle fDttplRWaTRes QAR itk r@t \h@h@@ t()lLM%es comprising
carrier

cotbanaoprtelof ¥ RhRE ol §BRin S mr it areeons s
i npstilesampysiey hy ictive imgetmtt ionp ifearbasiesuaimph @slbyn and glycerin, or
at QU R€hna AELRTRL: Al AL VN APAS LoBrR8 the active ingredient in a suitable
liquid carrier.
- 20
The compounds of Formula (1) may also be administered intranasally or via inhalation, for

example by atomiser, aerosol or nebulizer means.

Compositions suitable for topical administration to the skin may comprise the compounds
25 dissolved or suspended in any suitable cartier or base and may be in the form of lotions,
gel, creams, pastes, oinlments and the like. Suitable cartiers include mineral oil, propylene
glycol, polyoxycthylene, polyoxypropylene, emulsifying wax, sorbitan monostearatc,
polysorbate 60, cetyl esters wax, ceteary! alcohol, 2-octyldedecanol, benzy! alcohol and
water. Transdermal devices, such as patches, may also be used to administer the

30 compounds of the invertion,
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the skin may conprise the conpounds 25 dissolved or
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in the formof lotions, gel, creans, pastes,

ointnments and the like. Suitable carriers include

m neral oil, propylene glycol, polyoxyethylene,

pol yoxypr opyl ene, emul sifying wax, sorbitan

i nonostearatc, polysorbate 60, cetyl esters wax,

ectearyl al cohol, 2-octyl dodecanol, henzyl al cohol and
wat er. Transdermal devices, such as patches, may al so

be used to admi nister the 3Q_conmpounds of the

i nvention. WO 2005/ 095376 PCT7 AU2005/ 000453 -25
Conpositions for rectal admnistration may be
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whi ch may contain anti-oxidants, buffers, bactericides
and so] utes which render the conposition isotonic with
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Cﬁggg&ahkggﬁﬂpre those containing a daily dose or
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Sub-dose, as herein above described, or
an appropriate fraction thereof, of the active

Preferred unit dosage composilions are those containing a daily dose or unit, daily
sub-dose, us herein above described, or an appropriate fraction thereof, ot the active
ingredient.

It shpuld be understood that in addition to the active ingredients particulatly” mentioned
above, the compositions of this invention may include other agents conventional in the ant
having regard to the typc of composition in question, for example, those suitable for oral
administration may include such further agents as binders, sweeteners, thickencrs,
flavouring agents, disintegtating agents, coating agents, preservatives, lubticants and/or
tine delay agenis. Suitable sweeteners include sucrose, lactose, glucose, aspartame or
saccharine,  Suitable disirategrating agents include corn starch, methylcellulose,

polyvinylpyrrolidone, xanthatra gum, bentonite, alginic acid or agar, Suitable flavouring



ingredient. It should be understood that in addition

to the active ingredients particularly nentioned 25
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ot her agents conventional in the art having regard to

the type of conposition in question, for exanple,

those suitable for oral admnistration may include

such further agents as binders, sweeteners,

thi ckeners, flavouring agents, disintegrating agents,

coati ng agents, preservatives, lubricants and/or tine

del ay agents. Suitable sweeteners include sucrose,

| act ose, gl ucose, aspartanme qr. 30 saccharine, Suitable

di sintegrating agents i ncl ude¢’corn starch,

met hyl eel | ul osc,' pol yvi nyl pyrrolidone, xantherx gum
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sal Eedhen, SproEE herabddh@| dosi@mObisulphit € Muitdilé ladbikus include magnesium

vatlves ncl.ude sodlun1% n oat \V
S 6%5%1'1 aec.}Jmsolea 1 glg?tﬁl sgdmm c ?0 f;“a*c é%ug) a@mﬁ Helay agents

prmp\ydle aﬁmﬂabelnn@rem@@r piorvenyl glisteptaiet e SUI tabl e
| ubricants include magnesium stearate, stearic acid,
sodlun1oleate sodiumchloride or talc. Suitable tine
gg]&qtlg the; BTy a@rwa}ﬁctgiztﬁe BHRTE téraqfrg)p%h%e(m s susoeptmblc o
mgl yaﬁiarmle afll Bb@AERIL:. otTeh 0SE thokd dpb@bcal 1N désBiehedr It Wb ok understood
appreci at e thatuahe i nyenti.on d scrﬁged he a

S0 Pirey Bttt yRAT A R RGBT S Bne i wicie

t hant $chps e THpeauichiiaablky idbger ilbef .t $tepssTa:amrds»ewmpomuons and

u ngﬁﬁ L&g qefextrgiatru & hzﬁiu.a{&}f %p¥hllso{§ﬁ$1ﬁﬁ1 ?lﬁj %]?dl lJtnijyg U{‘:&lleum ely, and

varl | ons an I cat1 ons
sphpjad ¢ éﬁan@wa@.of THEWP B BATEi06 FRidIEs of Ketgdes aI | of
1§he steps, features, conpositions and conpounds
el e oM bt F3LAe by G Ry M R vhich e
cohﬁbluﬂai fooths padposny iltuwestion ofipked &t ne@htehdsd epismiothe gencrality of
%5%§km¥émxﬁgnfg¥%ng&pn wi Il now he described wth

erence OMAng exanpl es which are
|ncluded for the purpose of illustration only and are

200kxiAMEeNged to limt the generality c f

Example 1
Compound 1:9-Hydroxy-3,3-dimethyl-3H-naphths[2,1- b]pyran -7, 10-dione
Step 1: 3,3-Dimethyl-3H-nuphtho[2,1-bjpyran-8-ol
25 A mixture of 2,6-dihydroxynaphthalene (50.0 g, 0.312 mol), 3-methyl-2-butenal (30 mL,
26.24 g, 0.312 mol) and pyridine (38 mL., 37.02 g, 0.468 mol) were heated under reflux for
3.5 h. The mixturc was cooled to room temperature, diluted with dichloromethane (500
mL), filtered through a sintercd glass tunnel (porosity 3) then washed with agueowus
hydrachloric acid solution (1 M, 2 x 250 mL) and water (1 x 250 mL). The organic layer
30 was exu;acted with a solution of aqueous sodium hydroxide 2 M, 1 x 230 mL and 1 x 1 25

mL) and the combined aqueous extracts cooled in an ice-salt bath, acidified (with stiimirag)
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the i nvention hcrei nbefore descri bed. 20 EXAMPLES
Exanpl e 1 Conpound | :

wO®200bpe30xy- 3, 3-el i met | ryl - 3H napht ft a( 2, 1- bj pRCEHAU2005/000453

O-dione Step 1: ‘

3, 3- D net hyl - 39- nupht ho[ 2, 1- b] pyrran-8-01 25 A m xture
of 2, 6-di hydroxynapht hal ene (50.0 g, 0.312 nvol),
3-met hyl -2-butenal (30 nm., 26.24 g, 0.312 nol) and
pyridine (38 m., 37,02 g; 0.468 nol) were heated
under reflux for 3.5 h. The m xture was cooled to
roomtenperature, diluted with dichl oronethane (500
m.), filtered through a S|ng2red gl ass funne

(porosity 3) then mashed wi't"h "aqueous hydrochloric
acid solution (1 M 2 x 250 rnL) and water (I x 250

en e

bR HARRLE L0 el AR Pl GRS Hoossgorpea om
an@). 1The SSﬂEBde_)Te‘éfRﬁ ap editiaalntsi mey vagueoling, estteciad bisfiltration,
GORh&Owith WAk ne€uS@ dndbh; ?h wﬁ‘ﬁhg)') fal QQ é%tah’nﬁ]t il Tk crude
WD 2005/ 095376 PCT/ AU2005 queous
HRFETCHI OHYEY wiifsEreotalididh’ esﬁ M%)UI "Fltq qmzf Rf?%waww & the
puBelint BE@ioh afied il purificsddn. The solid was stirred

for an additional 11) mn with cooling, collected by
filtration, washed with water and dri ed under high
VRxeupstalilscdefrord Bic Byt atheahéronam phB @lezir & d 1 (AdeviHp U tL.47, s,

i ogHE,'atufvf Y dM] sfff Qﬁ%ﬁﬁi}ghg (f3. d9199 zﬁréagﬁw cﬁ“ﬁ fz{j‘ﬂ% Hs;

ult  Was s adudh
fUP& Kl 7: gL} ﬁq ¢ 8t &R H7RER WAt al ¥ |85761d? fH& B8i /By Hz, H10. m/z
G(Eherlb@WaTlQ2m+ﬁ+HJ@)10@-‘2§ 245 ML 1) 1,6 309, 2rient LX), 3)
s;, 2xCH3;4.77,s,01-1:5.71,d,310.2Hz, 112;

6Y7dJlOZHZ HI;702 d387HZH5 703 S,H7;
TStEP2: .ﬂﬂl)irﬂet@:l-?fl-tﬁzpmhhﬂ,l birant A8diole J 8.7 Hz, Ho6;

(75%\5/{%?-&%?6# %gétf&l ?Ml %%%’“ﬁi{ﬁl-{fgﬂaﬁgﬂ‘p PQ\QF"?]@}S—I (3.0 g, 13

EBIED St &p  2ace@niBlE nf70  mL) was  added  catalytic  amounts  of
ey, bwda1s(§hicym9$)£th§1£r@d&nhrl@ééﬁﬁﬂan 3 1522 ORe o (TSR Y88 Tng, 0.91

O Bl iy st i rgon ws
m*n}d Ldsmp\aed Queidriliyl £5 6¥ By ML Chéex@R- sﬂ@ﬂi%&t&@aab ¥t HPLC. The -
AR ol R 40 b AT oy s
(@l@:@cdr@xough 9 plug of flash silica (11 x 7 ©m) Lo remove the catalyst. The plug was
washed with ethyl acetate unti] the eluent was mearly colourless, The solvent concentrated
in vacuo and the residuc dried under high vacumm to afford the desired crude product as an
orange solid (2.73 g, 86%). The crude procduct was used in the subsequent reaction

without further purification.

The product was recrystallised from cthyl acetatc/hexanes to afford red needles; m.p.
189-193° § (‘H) (300 MHz, CDCL) 1.50, s, 2 x CHa; 5.92, d, J 10.4 Hz, H2; 6.43, d, J 10.4
Hz, H1; 6,71, d, J 10.5 Hz, H9; 6.84, d, 7 8.6 Mz, H3; 7.72, d, J 10.5 Hez, H10; 797, d, /
8.6 Hz, H6. my/z (BS*, 30 V) 263 (M+Na, 995), 242 (M+H+1, 19), 241 (M+H, 100).

Step 3: 9-Hydroxy-3,3-dimethyl-3H-naphtho[2, I-b]Jpyran-7,1(-dione
A solution of 3,3-dimethyl-3H-naphtho[2,1-t> |pyran-7,8-dione (4.59 g 19.1 mmol) in
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mmol, 7 rnol %, and oxygen was bubbl ed t hwough the
m xture until the reaction was deened conpl eted

W@omsesaidy 4.5 h) by TLC Chexanc-et hyl acet atBCHAL2006000453

HPLC, The orange/brown reaction m xture was dil uted
with ethyl acetate and the entire mxture filtered
through a plug of flash silica (11 x 7 cm to renove
the catalyst. The plug was 20 wati hed' with ethyl
acetate until the eluent was alLcarly colourless, The
sol vent concentrated in vacuo and the residue dried
under high vaeutwn to afford the desired crude
product is an orange solido 2.73 g, 86% . The crude
prcc3uet was used in the subsSéquent reaction wthout
further purification 25 The product was

tglg&%zté%} (V:\%, fWras nagvg %ggg A bt)ﬁ{_ﬁan'.: %n%ﬁéh&x%@&lé?r dO 143

imeipin \S'itCIZ(Zﬁo @EB The 98 owdorgdid Diyet \«HE thdtli adtﬁadéha onél porfion to a

]tgyﬁen sli’cﬁratédl soluﬁor? &t po%sxém I—i% M%&: (_}Hg% g6 &§§ j}’lmtg) % %%-gutmol
I-ﬁél m F)z‘m‘](‘E’SF*““S@ xwtuge@gas@wq@t o) temgmu(rg/mm pxyggg)subb ing

2 ar( Miithond B0)min IR0OBE SBngdt cnods appeats to re:suh in reduced y1e1d) The

PR gHmeW‘%X‘é‘l‘gH% O3 A AIRHL 2014 Sqjition ity
| i thér 5 F)8mndl hreolpowr. 15@s gellodtrdnga e l1)y, ihien Water (~ 40 mL) was

2005/ 9836 PETLALIOSIPR0I53, 2R hokHENG, L0 ML) g

was wash
(‘2ih watgr <10x $23L)nw1c) hemesjragted with 8 Guyrajed Fausoyesddpyn hydrogen
QUughdRitE sdlAWE NS W§§ miher u@&lgxﬁ&i Jqﬂt.ogn@ctﬁ@istxké}g trl@ ffred back into
Odj(%ge%n sattura e lO| ucfl on of E}t assium ter! -but oxi de

goye D Pyreq () spiaf for %ﬁpmtﬂfmwﬁune)mtaﬂfdoluw)
t«hué tred syt stsipagpten aghiar @hmmbsﬁzd bdse dxtﬁtts mmdcﬁwpamtc%eﬁt bath,

d|
Ma‘eﬁul?%@ﬁ%@&%%dqrl]tgdréohﬁ Orlcrae Uit q ¥ n r%. u%rg}awvr 8']'58')3\%133 with
Th@mgrwmmmtouaw gagedyetiowigh Kdh ~wWad). a@hdirfsuaht \piceipitate was

AHYHRS U:Soll':w o ag 11L<9§a'lt Cbaﬁcxkfﬂx SehM an scﬁ&l r&v\élie@eh ywas?eci\_/llmlh water

tgw? I\/? until the col our turns or an
&{%}] AeReaye c(oloua_o@ lwmm%émd wmgyarm g@'d\,@mt:ﬁ@ysmlhscd
f(@lﬁsﬁ‘&xda Slanbl) wadithrd e déﬁy@p@d@e&a&a{g@%mﬂh&i &5@@@ 1Q)4 g, 21%),

e 28t B4 HIRER M et B b gl Sdacruhi o dioter 2os 1o

\c’b(ﬂ”bdnés & HeoH Gt 1.8 d,(5106 1845 HrL7 99, Hhe 8 e 196 dn/ARE LS V) 279

R LR R SR T i o PE Elpar at s
further amounts of tol uene)
Example 2
Compound 2; 8-Hydroxy-3, 3-dimethyl-I,Z-dihydra-.‘?H-nap.?zﬂz0[2,‘l-b Jpyran-7,10-dione
A mixture of &-hydroxy-3,3-dimethyl-3H-naphtho|2,1-b)pyxran-7,10-dione (132 mg, 0,52
mmol) and platinum (IV) oxide (15 mg) in ethyl acctate ( 15 mL) was stirred under an
atmosphere of hydrogen for 7 h, The resulting mixture was stirred in air for 1 §i then was
filtered through a pad of diatornaccous earth. The pad was washed with cthy! acetate then
the (iltrate and washings were combined and cocnelrated f21 vacuo to give a green solid
(128 mg, 96%). Reecrystallisation from cthy! acetate/hexanes using activated charcoal gave
8-hydroxy-3,3-dimethyl-1,2-dihydro-3H-naphtho[2,1-b|pyram-7,10-dione m.p. 183.5-187".
§ ('H) (300 MHz, CDCILy) 137, 5, 2 x CHx: 1.85,t, J 6.8 He, 2 x H2;3.30,t, J6.8 He, 2 %



and the | ayers separated again. The conbi ned base
extracts were cooled in an ice-salt bath, carefully

wa@eoodiopizeel (aqueous hydrochloric acid, SN4, - BOI/AURA0F/000453
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dropwi se over 30 min with stirring until the col our
turns pale yellowsh (pH - 1-2). The resultant
precipitate was 15 further cooled in the ice-salt bath
with stirring, the solid collected, washed with water
(-100 nL) to renove coloured inpurities, and the
orang& -owi solid was recrystalliscd (absolute
ethanol) to afford the desired product as orange

col oured crystals (1.04 g, %%% mp. 208" 8 ('H)
(300 MHz, CDC13) 1.48, s, 2 CH ~; 5.94, d, j 10.5
Hz, H2; 6.23, s, H9; 7.03, d, J 8.4 Hz, H5; 7.83, d,

10,5 E H; ; ¢ 99, (6, : ' 1 6, ol ) (2
bl SE b i viagh 848 ek Ul gy g o
T3P)(146Y88).86° (14Q) | 59 (50). Exanple 2 Conpound 2:

8- Hydr oxy-3, 3-di netlryl -1, 2-dl hydr a- 3H napht hoj 2, 1-bj p
yran-7,10-ditme A m xture of

&Exayngpkeck y - 3, 3- di r net hyl - 3H napht hol 2, 1- h] pyran-7, 10- cl

ionc (1 , .0, .25 d_platinu oxi de
Rl  Bietog SRt A e e ST T e an
atorBeRaed udhur Ry SHi@ e wek Muded he o QSHbl icngag? %gﬂéﬁﬁcm of
fal-€ iand ! r i
e A
SO aBYie {10 BoyRIxpurq YisAlaeed HiPARY e ﬂ%é‘l“ demperatire
cdrbChe dhamiktere dnerdiarkdeenme hawgenepws gidsrdack. gABienl0 min the
sofxivik wisladBledice/Q66%0) battBaat yatea (40 mEpidiea. frrodmcat Wil extracted
g&iﬁt a%gﬁ( J&ag@gﬁ%qim,gm@ﬁtgametpﬁgse%@ﬁ&&&ﬁ' G BNaFED,) and filtored |
UG RS NN HE ey B e ol G oo el
183 [Huraggywes conepnpratpg in(\VBGE phe r@g‘)@;c,\yay dqricgpverpighpunger vacuum
Gb48prdthe3Ble chmpdund aBa Hd,soldl @R6HRE, B30 EE NMR @08 Mz, CRCl:) §
X1 MQeR002/xQ953 A6 7REH/ ARG, 900438 o, 7 3.5Hks, 18,2334 (B, s, HY),

LT L, A R

(100). Exanple 3 5 Compound 3:

8- Acet oxy- 3, 3-di nret hyl - 3H napht ho( 2, 1- bl pyrazn-7, 10-d
i Brndshcent rat ed ai dphuric acid (1 drop) was added to

SCRes: 28 TP BURSE ST M BT maohal2ef-tlren 2 10, gi o

n& BB soyiion oBAB-kydraaedd)i-dimethyl-3H-naphtho | 2,1-b]pyran-7,10-dione (110
mg, 0.93 mmol) in acetic anhydride (3 mL) and pyridine (4 anL) was heated in an oil bath
at 60°C for 15 min. Zinc powder (530 mg) was added i one portion and the mixture
became pale yellow, After 15 min heating, the mixture was cooled to room temperature
and filtered through a sinter (porosity 4), with ethyl acetate washings. The filtrate was
poured onto ice/water (20 mL) and acidificd with aqueous hydrochloric acid solution(2.0
M). The organic phase was separated and the aqueoué phias ¢ washed with ethyl acctate (3
x 50 mL). The combined organic phases were dried (Na;SO»y), filtered and concentrated in
vacyo, The resulting solid was recrystallised from ethanol Lo afford the title compound as
a colourless solid (96 mg, 58%). 1H NMR (300 MHz, CI2Cl3) & 1.46 (GH, s, 2 x CHj3),
2.31 (3H, s, COCH?3), 2.37 (3H, s, COCH3), 2.43 (3H, 5, COCH3), 5.64 (1H, 4,J 10.1 Hz,
H2), 7.11 (1K, s, H9), 7.12 (1H, d, [ 9.0 Hz, H6), 7.23 (1H, d, J 10.2 Hy, H1), 7.67 (1H, 4,
19.0 Hz, H5).



acetic anhydride (10 nL) and the m xture was placed in
an oil bath (oil bath tenperature 100 C). The m xture

w0 pavedidBrel y became honobgeneous red-- bl ack. AfPET/ALN05/000453

10

15

- 20

mn the 10 m xture was cool ed (ice/water bath) and,
water (50 nL) added. Products were extracted wth
ethyl acetate (150 nlL), the organi c phase separated,
dried (NazSO™4;) and filrered .through a silica plug,
washi ng the plug with ethyl acetate until no further
colour eluted. The filtrate was concentrated in vacua
and the residue wa.% chic,. overnight under vacuum to
afford the title conmpound a§ a red solid (965 ng,

97%, 'H NWR (300 MHz, CDCI'3y "t5 15 1.48 (614,s, 2 X

‘CH,,)22 37 (311, s, COCH,,) 594(1H d, J 10.5 11z,

1p§§ 4(1H s, H9), 7.07 (11.1, d, J 8,4 Hz, H5),
) J 10.5 Hz, H), 7.97, (11-1, d, J 8.4 Hz,
|-q'@51n9poun@( a&}rﬁr@nmsmmwﬁ@-‘(ﬁn1ethyl-3H-napl1thu[2,1-b]pyran-7 ,10-dione
7,8,10-triacet oxy-3, 3-dini et hyl - 311- napht ha("'

, 1-bl pyran 20 A stirred solution of

8-1iydroxy-3, 8 dincthyl -3Hiiaphtho ] Q

2, 1- bi pyr @f=7;+0<H one (110 ng, 0.93 nvneP i

an oi l. B ai 60C for 15 min. Zinc pafler] (580 i)
was added Ghe portion and the m xture eca?re pal e
yellow. After 15 min. heating, the m xture was cool ed
to roomtenperature and fi-ltered through a sinter

(b oviBtinesf Pryningf35A g AL el i érymmrmcéhanemﬁe ml.» was added

f ured e A i

adé{"’f}‘r %I Zodvﬁl%?ﬁéaggeo@g ?ll% é’gh{z% z;éalz ’Tm} yI Z “ngr?)3H

l\i)aphtﬂ'diemmfam+7clommme(5m$n§amr ater ia iy Hhﬁlo&ﬂmwﬁuﬁ: (4 mL)
phase % et h acetate (3, x 50 nL). The

&9&‘6}% @Clﬁh‘&g%%a% r B dPpiag bpkyasegmoppd and the mixture

\k':Ls 5B &0t ?&)‘}1 ﬁ%ﬁ&@t‘ﬂ;ert@f B henV @G erata-rﬁhtﬁ v[ch« Yl L Lt'd;ﬂtgih%bromo-

solid was reerysta)li,sed from ethano for
t §-hdeoxy Gripbwattlylak?2- dmydroﬁb!urablﬁmﬁzs;fbljpy@hn(pﬁ) dnme 58%) .a 1ttight

N. h4R (300 3 6. (6H CH3),. 30
LLIE (00 M, GEAOL S 45 B S 20 S0 S0 o
G@g}iﬂéa c, 5. $4H,(i9h%) dvmgﬁa%mhb'go)q 1@@9 ,11(?44%_451"52.&2“, 174m,

Hz114‘is41948s vm((§7 I(INMR GO0 Migz, G0y 5HI5)3 (61%@ 2@&51@9537/621& t,J =
PETHAYRROPL098453  6:3%, 1M 1.3 7= 8.6 H, 115, 800 (LH, 0. 7= 8.6

He, HE). m/z (ST 339 (M[*'Br+H), 337 (M]*Br[+H).

Example 6
Compound 6: 9-Bromo-8-hydroxy-3,3-dimethyl-3Hwnaphthof2,1-bJpyran-7, A 0-dione

Campound 7: 2,9«dibromo-1,8-dikydroxy-3,3-dimethyl-1,2-dihydro-3H-napFatho[2, 1-
blpyran-7,10-dione



Compound 5:
9- Br ono- 8~hydr oxy- 3, 3- di net hyl - 3H napht ho[ 2, 1- h] pyr an-

wQ@200800830me O OH -~ OHa , sr 0 5 A soleeT/an2F/000453
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brom ne (354 ing, 2.21 rnnol) in.dry dichloronethane
(4 inl.> was added dropwise to a cooled (01 O

sol ution of 8-hydroxy-3,3-dinetliyl-1,2- 1ihydro-3H
napht ho[ 2, 1- h] pyral i -7, 10-di one (506 ng, 1.96 mmol) in
dry dichloroneth nc (4 nL) containing 3 drops of

gl aci al acetic acid. The cooling bath was renoved and
the m xture was stirred at roomtenperature for 20

m n then concentrated in vagpo to allo.rd 9-hrono 10
8- hydr oxy- 3, 3-di i net hyl -

1, 2-di hydro- 3H-naphtlio[ 2, 1- hj pyran-7, 10-di one as a
bright orange powder (635 ng, 96%: mp. 2L§ 216 C
(Found: C, 53, 5;jH 4,0, CISHI3BrGa req

H 3.9 %. 316rn, 1660s, 1642s, . 1286s,
12.62s, 1 14s, 16483 cﬁT'[ 1HNTF 0 WHz
CDC13) 5 63l, s, 2 x C{3), 1./9¢ J =
6.8 Hz, E 32(2H t, J =6.81 1|z, Hl) 706

(1H, d. J= 8.6 Hz, H5), 8.00 (L4-I, d, J= 8.6 15 Hz,
H6). nz/z (FSI-) 339 (M1 Brj+H), 337 (M 7' Brj+H).

Exanpl e 6 Conpound 6:

giomumd‘sdq (#3 aleoWa dispersipn ip i 40 FHE T Faded Wi G iRane
28

D@ LRI SRS T oot it e spmrn o o,
-agkd. e kdytion o8- hlydqow 3,6-dfnellQA-d Hamgh W2 20851085 3AP6lione (327
PCT/ AU2005/ 000453 -31

AL aBr C7 O .

B TR e egazotign (Bob v epertine PAius solffighvpy somes

r@?ln)oni"@r%pm?& WhiR Y wieaRe w0 0 C and a solution of bromine (263
mg, 1.66 mmol) in dry dlchlorombthane (3 mL) was added. The mixture was allowed to
wartn to room temper ature and stirred for 20 min, after which £he solvents were
concentrated in vacuo to atford a brown residue, Flash chromaxtography (20-50% ethyl
acetate/hexane with 1% glacial acetic acid) afforded 9-bromo-B-hydroxy-3,3-dimethyl-3H-
naphtho[Z,l-b]pyran—7,10-dfonc as an orange-brown solid (43 mg, 10%). (Found: M+H,
334,990, 336.9887. C sH2BrO," requires 334.9919, 336.9530). 'H NMR (300 MHz,
CDCl3) 3 1.49 (6H, s, 2 x CH3), 5,99 (1H, d, J = 10.2 Hz, H2),. 7.05 (1H, d, 7= 8.4 Hz,
H3), 7.75 (1H, bs, OH), 7.82 (1H, d,J=10.2 Hz, H), 8.01 (1 H, d, J = 8.4 Hz, H6). m/z
(ES1*) 337 (M[*' Br]+H), 335 (ML’Br]+H).

Also recovered from the flash chromatography column was crude compound 6
contaminated with a product of pyran ring bromination {comp-cund 7). This was subjecled
to preparative HPLC (isocratic 60%A, 40%B) and gave a comapound suspected of being
2,9-dibromo-1,8-dihydroxy-3,3-dimethyl- 1, 2-dihydro-3H-nap@uho[ 2,1-b] pyran-7,10-dione
(3 mg, 0.5%), m.p, 202.5-205° (Found: M+H, 412.9011, 414.8981, 416.8961.
1C15H,2Br20s - H> O requires 412,024, 414.9005, 416.8987). Vmax 3475w, 1664m,
1582m, 1370m, 1284s, 1262s, 1184m, 1122m, 1016m cm”’. & (‘H) (300 MHz, CDCl3)



t hen the supernatant was renoved. The residual solid
was dried Linder a streamof 5 nitrogen. A solution of

W@20wpdoBRe/ - 3, 3- di met hyl - 3H uapht hoi 2, | - h3pyr anP@1/AD205/000453

ne (327 ng. 1.28 mml). in tetrahydrofuran (5 nL) was
added and the resulting solution was stirred at room
tenperature for 10 mn. This was cooled to 0 C and m
solution of bromne (265 ngy, 1.66 mml) in dry
di chl oronet hane (3 nlL) was added. The m xture was
allowed to warmto roomtenperature and stirred for
20 mn, after which L he solvents were 10 concentrated
in vcacuo to afford a brown 5e5|due. Fl ash
chr omat ogr aphy ( 20- 50@6ethy| acet at e/ hexane with 1%
gl aci al acetic acid) afforded :
9- br ono- *3- hydr oxy- 3, 3-di net hyl -: 1H
naged, kel 21,86, § lopys ade, 4, 408 Hi, ¢ 438, ba,romrmug&-mram, H1;7.22,
solid (43 ri 10%9 Found: Mtl-1, %@é

T S8 I T8 G et e B 0 03 i

R

W[“Bﬂu??&]{}l 1R}, 41015(,\/1 @BI)J[”M&Z 1(211147 (ML“'B}J[“BHJQ{—_ZO#H 16), 415

R PO R ) 7 e S o1 TRl PO AT BT SN

lbgﬁg&pﬁgpnnggb@gQﬁogpltunn was crude conpound 6
contam nated w th a product of pyran ring bronination

(conpound 7). This was subjected 20 to preparative
wﬂéiﬁéﬁocrutlc 60%A, 409%B) and gave a cocn. pound

' suspected of being 2, 9-di hruno-1, 8-di hydro

10

15

20

YC@npBudd r&: aéﬂhqrh«»-.? B-d2n dbypar-oreBitbargeh aulfovyliy): 118} dilydnp-3 H-
-7, -Fiq@e ; n% 0.510), mp, 202.5-205 (Found:
Niephgled -evrqt-7. 44408681, 416.8961. 1ClsHt - ~Br20s -

;,%‘?’ V‘G?L”‘l:{ gig 4U9 n?%é%%&% %%ﬁﬁet?%g%éemgézﬁgﬂdBHMph%0[2 1-

14lpy2@ny,I0db8m cni a. 5 (' H (300 Mz, CDCI3) WO

2005/ 095376 PCT/ AU2005/ 000453 32 1.59, CH3; 1.66, s,
CH3; 4.42, d, J 3.8 Hz, H2; 4.73, bs, OH 5.50, d, J
3.8 Hz, ill; 7.22, d, J 8.7 Hz, H5,,8.13, d, J 8.7
Hz, H6, rn/z (ES'', 70 V) 457 (M Br][ "Brj-:a-Na,

139, 455 (I\/[llBr]I?llBr]+Na 31), 453

(ML 1Br]["Brl-i-H 7), O433

- Pyriditte (0.40 mL 4.95 mmol) was added to a cooled (0° C), stirred solution of 9-bromo-8-
hydroxy-3,3-dimethyl-1,2-dihydro-3H-naphtho[2,1-b|pyran-7,10-dione (550 mg, 1.63
mmol} in dry dichloromethane (10 mL) under nitrogen, A solution of 4-
methylbenzenesulfonyl chloride (350 mg, 1.84 mmol) in dry dichloromethane (8 mi.) was
added dropwise, then stirring was continued for 1.5 h at 0° C. Diisopr{)pylcthylaminc 2.5

mL, {4.4 mmol) was added and stirring was continued for a further 3 h when aqueous



wW@2B5096ra, 3- di met hyl

10

15

20

25

100), 334 (M[ "Br +1-120 ]+H, 100). Exanple 7
Conpound 8,

- S. (4-rnet hyl benzenecul f oPg1T/AKYY05/000453
, 2-di hydro-3H 10 napht hof 2, | - b] pyran-7, 10 di one
Compound 9:

9- Bronp- 3, 3-di net hyl - F- (4- m et hyl benzenesul f onyl oxy) - 3
fl-naphtho/2,1- Blpyran-7,10-dione 15 0 0 OH OS.,0
0OSs-0 +1 Ol ti * O6r0/ 0Sr OSr O0Q 7~
Pyridine (0.40 rnL 4.95 miol) was added to a cool ed
(0 ©, stirred solution of 9-brono-8- 20

hydr oxy- 3, 3-di nl et hyl - 1, 2- dlhydro 3H napht ho[ 2, 1- bl pyr
an- 7, 10-di one (550 ny, 1.6333mol) in dry d ichl orom
et hane (10 nmL) under nitrogen. A solution of 4-

ni et hyl benzenesul fonyl chloride (350 ng, 1.84 nmol) in

dfyﬁmdﬂl&m QL Bt .0 ([8!) Nighs )adM@RS ﬁ‘g&i@g qreﬁep\é&@ﬁ*ted withy
then stirring was continued for 1.5 h at

Dli¢hiapraihany yindt kylandctarre 0. Bic mn@me:14¢x4rammn)e¢wasered ancl

stirri s.cont i for. g.further
R S oS IR S0 ST OB (3 Witk ethyr]
fh)édﬁt@/ﬁliﬂaﬂé E6caGielow b1t (600 rio? w@mey\AﬁmCiﬁéitroPBﬂdé&tﬁmd
were extracted with dichloromethane and et hyl

ad 8t E1e vaIrHEN EBHRAMOENERt ract s dried, filtered and
concentrated in vacua to afford a brown solid (798

nag). Trituration of this with ethyl acetate/hexane
gavenmc yiethd awvs gdliodr soBd Baglg) whik @Rsdped IttiNVRcetate (30 mL) and

ue{%%og )og idCC ?ﬁtﬁé)nggs added. The resulting mixture was stirred under an
atmosphere of hydrogen for 8.5 h after which it was filtered through 2 pad of Celite® amd
the filtrate was stirred in air at room temperature overnight. Conceniration in vacue gave a
brownt solid which contained ~5% of the unsaturated pyran (chnpound 9) by '"H NM R
spcctroscopy.. The ubove hydrogenation was repeated on this solid using platinum (1%
oxide (69 mg) in ethyl acetate (35 ml.) under hydrogen at room (emperature overnighat,
The mixture was filteted through a pad of Celite® and the filtrate concentrated in vacue o
atford a brown residuc (580 mg). This was dissolved in acetonitrile (45 mL) and a solution
of ceric ammonium nitrate (617 mg) in watcf (20 mL) was added dropwise. The resultimg
mixture was stirred at room temperature for 2 h and water (35 mL) was added, The
resulling pracipilate was collected by filtration, washed with water, hexane and dried undler
vacuum for 2 h al 40° C to give 9-bromo-3,3~dimethybS-(4-meﬂ1y1ben7e‘nesulfonyluxy)-
1,2-dihydro-3H-naphtho| 2,1-b]pyran-7,10-dione as a brown solid (300 mg, 41%): me.p.
109-115° C (Found: C, 53.6; H, 4.1. CxHsBrOsS requires C, 53.8; H,. 3.9 %). Vamax
16725, 1580m, 1370s, 1302s, 1288s, 1222m, 1202m, 1174s, 9944, 718s em. 'H NMR
(300 MHz, CDCly) 3 1.37 (GH, s, 2 x CHy), 1.87 (2H, t, J = 6.3 Hz, H2), 2.50 (3H, s
ArCHy), 3.27 (2H, t, J = 6.3 Hz, H1), 7.11 (1H, d, J = 8.4 Hz, H5), 7.41 (2H, 4, J = 7.8 Kz,
139, 7.98 (3H, app d, J = 8. 1 Mz, 2 x H2 and H6). m/z (EST") 493 (M{¥'Br[+H), 491
(M["BrI+H).



5 -10% of the unsaturated pyran (conmpound 9). A sanple
of the above yellow solid (560 ng) was dissolved in

weehglosacet ate (30 nmL) alld platinum (1V) oxiBeT/AR%005/000453
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20

Trig) was added. The resulting m xture was stirred
under a~n atnosphere of hydrogen for 8.5 h after
which it was filtered through a pad of Celite~D ai.d
10 the filtrate was stirred in air at roomtenperature
overni ght. Concentration in vacua gave a brown solid
whi ch contai ned -5% of the unsaturated pyran (conpound
9) by 1H NM R spectroscopy. The above hydrogenati on
was repeated on this solid using platinum (1V) oxide
(69 ntg) in ethyl acetate (3% m.) under hydrogen at
room tenperature overnight, The mixture was filtered
through a pad of Celite(r) and the filtrate
qOnefpg ated in vacua to 15 afford a brown residue
(580 ng). This was dissolved in acetonitrile (45 nli)
eﬁ‘rd"musél%tﬁ -BromoeH 3-diarethyl-&tivmaihyibenaitesdioayp5)-3 Hengp htho[2, 1-
\2’3 9;9_ nz was added dropwi se. The resulting

)gt"ﬁr Wgé’ Stirred at roomtenperature for 2 h and
water (35 nil.) was added. Tic resulting precipitate
was col | e@ted by filtration washed wki h water, hexane

Ea) gi ve

: am x5) 20

§- di met hyl - 8- (4- net hyI

1, 8H napht™hofZ; 1- h] g

brow olmd (300 ng, 4110): rryp 9-115 C (Found
C b 6 H 4.1. C2 H19Br G6S rqwresC 53.8; fl, 3.9
% . v=" , 1672s, 1580m 1370s, 1302s, 1288s, 1222m

1202m 1174S 994s, 718s cm1. 1H NMR (300 MHz,

%li?h)e ((331 %mgg 8% gﬁxo’lﬁms%d%%}do %’(%7(‘)( xgﬁ'ed %dlutﬁ)n of gb-gomo 8-

Hbdwbdw 3-dimdthyl(3EFhaphithof2,17 | Byréh-Hzo- dlbﬁe) (733 n4§, BHmnehl Y Jin dry
= 7.8 E—tgi, 23.1113"), 7.98 (3H, = 8. 1 14z,
Aichlqgoaethayy (Fgy-) undef giiroggag)A solgmn OIf/Ef “&‘hﬂhﬁbm’%glionﬂ Maloride

E}c()%é ln’aHb 78 \4910%019 iéﬁ&éﬁ&émé’%{ﬁk’%%%(? RRIropn?d; anct stirring
QBFNMMGKBR‘M tht (Hy:l Blas@ﬁpmtlhyliyhlbe(’imﬂx T4 thibwIMyhOaeided and
Ssld-rrrxlnagpng‘]&n\{ écfl' for deur rua g h7wh]é19 ac?t!egx?sehy(d)m?hlomc acid solutiors (1.0 M)
was added. Products were cxtracted with dichloromethane and ethyl acctate, and the
combined ex(racts dried, fillered and concentrated in vacuo to afford a brown sol§d. Flash
chromatography (ethyl acctatethexune 3:7) afforded 9-bromo-3,3-dimethyl-8-(4-
memylbenzenesulfonyk)xy)-3H—naphtho[2,l-blpyran—'?,l0~dionc asa bréwn solid (97 mg,
28%): m.p. 167-168° C (Found: M+H, 490.998, 488.999. CxHsBrO¢S™ requires 490,999,
489.001). Vmax 16725, 1388m, 1288s, 1218m, 1172s, 1112m, 1018m, 1004w, 7325, 706m,
688 cm”. 'H NMR (300 MHz, CDCl3) §.1.49 (6H, 5, 2 x CHy), 2.50 (3H, s, AtCHz), 6.00
(1H, d, J = 105 Hz, H2), 7.10 (1H, d, J = 8.4 Hz, HS), 7.41 (2H, d, J = &.1 Hz, X3, 7.69
(1H, d, 7 10.5 = He, H1), 7.98 (2H, d, J = 8.1 Hy, H2Y, 8.00 (1H, d, J = 8.4 Hz, H6). nrz
EBSI) 491 (M[™ Br]+H), 490 (M["*Br]+H+1) |



OHO.O OSr -" 0Ooo0oa 5 Pyridine (0.15 nL 1.85
nnol) was added to a cooled (0 C, stirred solution
W@ 2009/0i580610- 8- PCT/AU2005/000453
.1l ydroxy- 3, 3-di net hyl - al | - napht ho[ 2, 1- bl pyran-7, 10-di o
ne (235 ng, 0.70 rranol) in dry dichlorontthane (5
mL.) under nitrogen. A solution of
4- et hyl bcnzenesul fonyl chloride 10 (0.148 ing, 0.78
nmmol ) in dry dichl oronethane (4 nL) was added
dropw se, and stirring was continued for 1 h at 0 C
Di i sopropyl ethylainine (1.0 rnL, 5.74 mmol) was added
and stirring was continued,for a further 3 h when
aqueous hydrochloric acid soéfutiorn (1.0 M was
added. Products were extracted w th dichl ororneLhanc
?ﬁﬁn@hﬂyl acetate, and the conbined extracts dri ed,
iI'Ttered and concentrated in vacuo to afford a brown
Swrpaund-{ 4 ShBroso S Ereicf-donsixleanrspesidesriapeP Hawealtol2, 1-
$hrardd i@BLPRE  9- brono- 3, 3-di net hyl - 8- (4-
nethylbenzencsulfouyloxy) 3H napht ho[ 2, 1- bi pyran-7, 10-
di one as a brown solid (97 ng, 28%: mp. 167-168 C
5 (9fqund: Ml C, 490.998, 488.999. CnHlsBr O 6St
requires. 490.999, 489.001). vnB=1672s, 1388m 1288s,
121Sm 1172s, 1112m 1018m 1004tH, 732s, 706m 688
chd-Pimetipil-3 NVRIEEOD I hhrandBXti a) 6 1.49 (611, s, 2 x CH;

x), 2,50 (3H s, A'CH3), 6.00 20 (1 H d J =105 Hz,
H2) | 7.10(111 d, J =8.4 H, HS), 7.41 (2H, d, J =
8.1 He, 7.69, (1|1 d, J 10. Hz, HL), 7.98
(2H, d, J :@ 8.00 (1H, = 8. . H6),
na/lz (Si) xIIIr]+H) 90( ‘ WO

2005/ 095376 PCT/ AU2005/ 000453 -35 EX
Conpound 10: :
10 8- Brnno- 3, 3-di nt et hyl - 9- (4- met hyl benzenest ul f onyl oxy) -

3k'nﬁ€t9}ctéf 29[6%1 droxiHa :ﬁ*é%e 7331200,@0‘/3 Hﬁ—no@ ShRMyil2-butenal (200 mL,
7_xr|:1)1|ncr:rl? tanc}/ pyrldll_nl-cn(?'PO mL\ vas héatt);:fd at 110" C [orI 20 h under nitrogen. The
mixture was cooled to room temperature and diluted with diethyl ether (150 mL). The
organic phasc was sepatated and washed suceessively with aqucous sulphuric acid solution

15 (5%, 150 ml.), water (150 mL), aqueous sodium hydrogen carbonate solution (5%, 150
mL) and water (150 mL), The organic phuse was dried, filtered and concentrated in vacue

to afford 3,3-dimcthyl-3H-paphtho[2,1-hA]pyran-9-0l as a buff coloured solid (43.1 g,
92%): 'H NMR (300 MHz, CDCl3) 5 1.48 (6H, s, 2 x CHa), 4.99 (1H, br s, OH), 5.67 (1H,

d,J =10 Hz, H2), 6.84-6.93 (3H, m, H1, H5, H8), 7.23 (1H, d, J 2.3 = Hz, H10), 7.55 (1H,

20 d,J = 8.8 Hz, H6), 7.63 (1H, d, J = 8.8 Hz, H7). m/z (FAB, 3ANBA/MeOH) 227 (M+H,

684%).
Step 2

25  3,3-Dimethyl-34-naphtho[2,1-b|pyran-9,10-dione




Hoc~ .~ C/H " " -- ----T- ,~ OH r 10 A nmixture of
2, 7- di hydr oxynapht hal ene (33.2 g, 207 rnnel),

w@200809886 2- but enal (20.0 nmL, 207 nmol) and pRECT/AUZ®5/000453

10

(17.0 nmL) was heated at 110 C for 20 h under nitrogen.
The m xture was cooled to roomtenperature and
diluted with diethyl ether (150 M.). The organic
phase was separated and washed successively with
aqueous sul phuric acid solution 15 (5% 150 mi,),

wat er (150 niL), aqueous sodi um hydrogen carbonate
solution (5% 150 nL) and water (150 nlL). The
organi ¢ phase was dri ed, f[gégred and concentrated in
vucuo to afford

3, 3-di rnet hyl - 3Hnapht | tol 2, 1- h]pyran-9-ol as a buff

coloured solid (43.1 g, 929%:'H NWR (300 WVHz, CDCl. a)

3 1.48 (6H, Lexn 2 x CH3), 4.99 (1 I1, .. 5.67
(1H, d,.1 Y. ) orf. 84-6.93 (31734 5, H8),
7.23 (1 H, = Hz —HE8y—>7. 55 ( J =
8.8 Hz, HB), 11, d, J = 8.8 Hz, n/z (FAB,

3NBA/NEC}D 227 (N%H Step 2 25
3, 3-Di net hyl - 3H napht ho[ 2, 1- bl pyran-9, 10-di one WO
M%&Q&%B@ﬁddﬁ%fhﬂdﬁ@ﬁﬁmﬂﬁ&%@ hy8fateQ4GH, 04 Bumoly, was added to a
s(,salic I e) et 0co ydpat
&ng‘ élu’ﬂ_olf o ho?egll t)lq 3]?)/ B\.gqtzqrgalp 9%! gtgi'\’ﬂ %[ ﬂt)@ox%nnl in
31L391dmﬁref 1.9 D -BH. arapnt h-tbbl@d 1th1bu$iyth°nmgﬂll§¢ v(lmsrezct@n PETHIRSS

r? Tidrelt 'B%/ m@etﬁﬂh&rﬂok@m{ o 10c kot 11?5'9@4 %Bgeglatﬁtﬁbbk)eﬂcre addg,d

Hﬁﬁg mxture with reactio E

b%f“* 3k, é"'-”#—i&f“ﬂﬁ"e?hﬁf‘é?‘%“ S oo b xpa) ;’é’%cea%ﬁ o fging

%a@ﬁtdol%ng m)nlamree»vaqo&de:ebf Ztai@e ra sll&afp.xhl {5 Qgﬁ ':énﬂl ad3bing thepad
I.e el V. | No.

Oy R Gt s cetie b Mo R et PR R B

aandithd ealipgdefidiexed Stadlingd Tomsiiyhgeatdiehgsant towftold i ﬁﬁmethyl-

aé’lfhé}a‘h@mféﬁt b]byrE'rPc,wfleﬂ Moﬁé‘&, f‘n%@o& QbeQ (FJ yg,esdmmep 109-110° C

was concentr at In acuo

r é‘sbiMRi @ Mk @9611}%%?&%!*4% %Qbf’a"f ﬁ&Fh‘Bf h‘yl’ 155 11 H2), 627

25

ﬂﬁt Qtﬁi 'ﬂ@/‘m”ﬁs)t @9@(1@%@ 3,83zﬁ.k 'Hsf?t'hw (1H, d, J = 8.2 Hz, H6), 7.32
r|a yran-9 one as. haroon needl es

(44 & ’3"2’%6 HI. nm}J FARGN §W@H} 242 (M+H+1, 52%),

Step 3

9-Hydroxy-3,3-dimethyl-34-naphtho[2,1-£]pyran-7,10-dione

A solution of 3,3-dimethyl-34-naphtho[2,1-6]pyran-9,10-dione (14,5 g, 60.3 mmol) in
tolucne (850 mL) was washed twice with g solution of sedium dithionite (84 g) in water
(850 mL). The resulting pale yellow solution was then added to a solution of potassium
tert-butoxide (37.0 g, 330 mmol) in ser-butanol (370 mL) saturated with oxygen. The



'"H NMR (300 MHz, CDC[,) 6 1.46 (6H, s, 2 x CH3), 6.00
(1H, d, J = 10.3 Hz, H2), 6.27

WG 16589310 Hz, Hg) , 6. 98( 1H, d, J=8. 2Hz, H5) , 7. 09( 1HCI/AEB09HD0453

z,|-H6),7.32 (1H, d, J 10.3 Hz, Hl). rrl'z (FA B,
3NBA/ MeOH) 242 (MrH+l, 52 15 Step 3

9- Hydr oxy- 3, 3-di net hyl - 34 napht ho[ 2, 1- h] pyran-7, 10-di o
ne C 00OH O0-10 20 0 A solution of

. 3, 3-di net hyl - 3H napht hn[ 2, 1- b] pyran-9, 10-di one (14.5

g, 60.3 mmol) in toluene (850 nL) was washed tw ce
wWth a solution of sodiumdithionite (84 g) in water
(850 nmL.). The resulting pale yellow solution was then
added to a sol ution of potas¥ium 25 test-butoxide
(37.0 g, 330 nunol) in lert-butanol (370 nL) saturated
Wit h ox n. The WD 2005/.095376 PCT/ AU2005/ 09045
SFFsult'ué,S%tgﬂlﬁ dvafnssﬁr%ﬂ, ft m::nétt?n}qﬁ@&reatfm o ALter which aqueous
t BRpehBtic bed fatioRQ1.oiM) 2&D thell) wwh bdzlod. aTuee@gsnic phase was separated

Iy aehl of i, 3610, A0LULOD by §,Ma 220 B RS

2
- R

gani C hase was Ssepara extract e )
satmm@tieadu@qu eousts St mﬂcnydp/wg'enb@lard@d raiddicd vie pE@ntrated

nﬂrwl‘ti)rochl-gh@ ac1§oﬁﬂé ?ﬁ%gltrﬁgﬂﬁgﬂé‘ht@&% ABESEY BinGOH ﬁﬂ washed with
(1 cel wat er Elaan aci d ed wth coricentrate

5
hyaFodh ’o’r"i“é p 1dwr¥?@m+né§<m2th éﬁdo £ & pltorg a%’ﬂadwasé? 3-dimethyl-
C okinesiieal, DY phiehi7 @tdiee aandowas bad wilbla, 16mt B NUR GO0 MHz,

a%ﬁcg g?g g&g r V‘?:%%b Nob 0l 3, J'= M 82, ot £28L5PE sy, 7.11 (11,

3kH I’J&[ﬂ’n oo 122, Bsba]m:yr(am -s/QMQ-7d6 G 7 &40an0.6 Hangp, 391 (18, d, / =

(Z5%EH€ mf"(?%ﬂ Webﬁ smﬁlﬂcﬂ%)‘c’%ﬁ%gﬁ ;%d)?TH S

S, 711(1H =9.4, 0,6 Hz, H5), 7.47
[jﬁ;;s 011) 7.76 (dd T = 10.4, 0.6 HZ, H1), 7.97
10 8.5 Hz, H6 in/z (FAE3, 3" NBA/ MeOH) 258
(M+H+1 50~°/<n) 257 (M+H 100). Step 4
8-Bromo-3,3-dimethyl-9-(4-methylbenzencesulfonyloxy)-3 A-naphtho[2,1-#]pyran-7,10-

e 00 it 0@
Br Br
© ol

Sodium hydride (12 mg, 80% dispersion in oil, 0.40 mmol) was added to a salution of 9-
hydroxy-3,3-dimethyl-3 H-naphtho[2,1-b]pyran-7,10-dione (100 mg, 0.39 mmol) in
tetrahydroturan (2 mL) and the mixture was stirved at room temnperature for 10 min, The

dione

suspension was cooled to 0° C, and a solution of bromine (70 mg, 0.44 mmol) in

" dichloromethane (1 mL) was added. The orange solution was allowed to warm o room
temperature then stirred for 20 min. Agqueons hydrochloric acid solution (1.0 M) was
added and the product was cxtracted with dichloromethane and cthyl acetate, The
combined organic phases were dried, filtered and concentrated in vacuo to give a brown
residue (129 mg, 99%).



8- Brono- 3, 3-di net hyl - 9- (4- met hyl benzcnesul f onyl oxy) -3
H napht ho[ 2, 1- h] pyran-7, 10- 15 dione 0 ~, 0000 O

WO 2005@$306 OH ~ 0 O Br Br 0 O Sodi um hydri de PARAI05/000453

135

20

80% di spersion in oil, 0.40 mml) was added to a
solution of 9- :

hydr oxy- 3, 3-di ntt hyl - 3H napht ho[ 2, 1- b] pyren- 7, 10- di one
(100 ng, 0.39 nruol) in 20 tetrahydrofuran (2 nL) and
the m xture was stirred at roomtenperature for 10

m n, The suspension was cooled to 0 C, and a solution
of bromne (70 ng, 0,44 mmol) in dichlorontthane (1
nil.) was added. The orange .golution was allowed to
warns to room tenperature then stirred for 20 mn.
Aqueous hydrochloric acid solution (1.0 NI) was added

aﬁﬁld}r’@?zﬂ@@lﬁqtmlﬁ@§w§s)qdﬁ%‘él QQO&%({(B g} CHJ:%" 2 1tor|;]§ e ek 8-

acet at e ned organ ases
d'm“@a S-fyfrope? adlimpay déheahhol gt é’&wm Wchi.nanet @:g:m,eo @7 ‘mmol)

brnmmdmmsr&h@&u@ne(dZ&)m soM % of Mc@@@émﬁéﬁﬁ&w chioride (17 me,
305/ ridine ).

V4 g%ﬁ%ﬁ“t"@” hpge (sl R P R4 (ERestnang s

abougue8for 1 h at 0° C. Diisopropylethylamine (115 pl., 0.66 mmol) was added and
b t.h ht

§tﬂﬂ%o\2cgll%%%é‘y for 1?}815}1%% h vgllun %!rq\]L ea?s%ygrocﬁlpg? 8?1%11 é%ﬁﬁtgﬂ é?O M)

( Yasypdded A”édhmwreoﬂfmd?ﬁeml%@mrmﬁmwmdyttm)dmccmwdemc
( aoZnUixﬁg orgafdte Bifhs B0 dﬂléﬁl fkeYeadh @ thlcQ{n‘agﬁt:mQﬁﬁq fokig 8 bromo
v\@ad §%43%VP$§’ erP stirring conti nue

6’&*‘56?39 ‘EF‘HWa?r”n“"ﬁ%‘h?@llsblwmﬂéo 6’8“@‘ s
noroivh swis (3adde dsandm. stk §- mg N\@Eouﬁ@rtt i md{fps @naHnBrO(,S
n Ay eo) y. aci |

(%ﬁ%m %4[) AN g RS nﬂ:; %9% amli%r {bd2 os2m,
dpasin, 6%n@&°haﬁ6émam‘ SHIYMR o thalie LDThﬁ 8 mmnieﬂned x CHj), 2.50
Io{;@isg'cﬁug%aé;@? 1\1349&6/1?“'16?9& B a8 &L £9RCeRLy 2LPRu o

= §.3 Hz, H3", 7.70 (1, 4, T = 10.5 Hz, H1), 7.98 (2H, d, J = 8.3 Hz, H2"), 8.04 (1H, d, /

8.4 Hz, H6), m/z (ESID) 491 (M[*'Br]+H), (M| Br]+H)

. Example 10
Compound 11: 8-Bromo-3,3-dimethyl-9-(d-methylbenzenesulfonyloxy)-1,2-dihydro-3H-

' naphtho[2,I-b]pyran<7,10-dione

S o D o o\\sj‘
’ O‘ ° —_— = O ‘ .‘ o ©
Br Bt
' ' 6]
Platinum (IV) oxide (25 mg) was added to a solution of 8-bromo-3.3-dimethyl-9-(4-

methylbenzenesulfonyloxy)-3H-naphtho[2,1-b]pyran-7,10-dione (199 mg, 0.41 mmol)

in cthyl acetate (8 mL) and the resulting suspension was stirred under an atmosphere of



W@O@2Mp093re. 181.5-184 C (Found: C, 54.0; H, 3.BCT/AU2005/000453
C22H17BrO,5S requires C, 54.0; It, 3.5%. v,n;,,;
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15

20

25

3, 3-di ntt hyl - 9- (4- net hyl benzenesul f onyl oxy) - 3H napht ho
[ 2,1 -bJpyran-7,10-dione as a t'0 brown solid (35 nyg,

1678m 1382s, 1294s, 1285s, 1183m 1128m 1062rn,
986rn, 806s, 682s, 564mcnmit. 'H NVR (300 MHz, CDC1.1)
b 1.49 (61-1, s, 2 x CH3), 2.50 (3H, s, AtCll. ),
5.98 (1H, d, J = 10.5 Hz, H2), 7.09 (1H, d, J= 8.4 Hz,
H5), 7,41 (2H, d, J = 8.3 Hz, H3'), 7.70 (11-1, d, ,1
10.5 Hz, HI), 7.98 (2H, d, j = 8.3 Hz, 142'), 8.04
(1H, d, J 15 8.4 Hz, HG, 'MW (ESI) 491 (M61Br]+H),
(M 7" )Br]+H) Exanple 10 Conpound 11.
8- Br ono- 3, 3~di net hyl - 9- (4- nnet hyl benzenesu
funyl oxy) -1, 2-di | aydr o- 3L1-
naphighnfo? Zahb]wrramnon. waDFra@N@rodgh @ padrBPChite® arld)the filter
SAC | no. "'Br 0O Platlnun1(l oxi de (25 np)
vidke é‘(a“dwhf%Wﬁh SHLETBI Bf dhlorasashage. 3THg filveterpps »gshings
I C ,

r@%gﬁlém?%g %ﬁé# ehigidy fﬁwchzlffaggem Qm%) 16 abiofl {)x{o%ﬂ Gid®
nivhiyh umvddwshbred ersahmnntrge S0SPENSI@hoé@ & e*et «Cr Wi‘d)htﬂxﬁﬁi ef Laam
atnD here of g@ 2005/ 095376 PCT/ AU2005/ 000453 -

¢ G680 e Pé PEgR T SitehdS oHy| Yaeriae ew%a@h thy
D@Qnﬁé w@ﬁéllotv\@d andaded® bbh t&kperdnak %N&cwhzeﬁ{ aWed Dricn it
et hyl acetate and di ehl or onet hane trate and
weigstiiintgd withesater. cOthiictsetkre ehtingiel] with itlgp@chethgk, and the extract

C entrated.in va o afford a. _bro res m@ 5P
W%ggd?QSOﬁv f%“ggﬁggnWtV“Wﬁ C26HE) *; Hﬂ““%bagﬁﬂk‘$"
Gnemyls@dzct&smmmxy@emaem'amazmgyhmmonﬂ 51{;%&7(1&99»:19%«. an
0.36 mmol) in water (6 nL) was then added and

orange-brown solid (193 mg, 97%): m.p, 168-169.5° C (Found: C, 5‘% 6 H, 3.8,
CHisBrQgS requires C, 53.8; H, 3.9 96). Vemax 1680s, 1668m, 1620m, 1578w, 1566w,
13825, 1260s em™. 'H NMR (300 MHz, CDCly) § 1.37 (6H, s, 2 x CHa), 1.87 2H, 1, J
=6.2 Hz, H2), 2.50 (3H, s, AtCHy), 3.27 (2H, t, J = 6.2 Hz, H1), 7.10 (1H, d, F 8.6 =

He, H3), 7.41 (2H, d, J = 7.7 Hz, H3"), 7.97 (2H, d, J = 7.7 Hz, H2"), 8.03 (1H, d, J =

8.6 Hz, HE). m/z (BSI) (M Br1+H), 491 (M7 Br|+11).

Iixample 11

Compound 12; S,Q-DichZaro-3,3-dimethyl -1,2-dikydro-3H-naphtho[2,1-b]pyran-7,10-

dione
Step 1

9-Hydroxy-3,3-dimcthyl-1,2-dihydro-3 #-naphtho(2,1-b|pyran-7,10-dione



m xture was allowed to warmto roomtenperature and
stirred for 2 h, after which it was diluted with

W@108/0953RF oduct s were extracted wi th di chl or onRCTIATI2005/000453

10

15

20

and the extract dried, filtered and concentrated in
vcacuo to afford 8-hvono- 3, 3-di net hyl - 9- (4-

nmet hyl benzcnesul f onyl oxy) - 1, 2- di hydro- 3l i - napht ho[ 2, 1-
bl pyran-7, 10-di one as an 10 orange-brown solid (193
mg, 970); tn.p. 168-169.51 C (Found: C, 53.6; H, 3.8.
C22H ~)BrO6S requires C, 53.8; H 3.9 %9. Vmx 1680s,
1668m 162(tH, 1578w, 1566w, 1382s, 1290s cm'. 'H
NMR (300 MHz, C.DA3) 6 1.37,(6H s, 2 x CHa), 1.87
(2H t, J =62 H, 02), 280 (3H, s, ArCH3), 3.27
(2H, t, J =6.2 Hz, H), 7.10 (1 H d J 86 = Hz,

H5), 7.41 (2H, d, J;-- 7.7 Hz, H3'), 7.97 (2H, d, J =
7.7 Hz, , %03 (1H d, J = 15 8.6 Hz~ _116). rn/z
(ESI+) M Br on 491 (I\/[798r|+| i). pl €7 11
Conmpound 1D|Ch| oro-3,3-di-ni-et hyl © OH
-1, 2-di hydr® ~napht ho( 2, 1- bj pyrar:-7,1 ne 20

Step19|—|ydro-33d|rrethyl I g
, 2-di hydr o- 3H napht ho[ 2, 1-b j pyran-7, 10-di one ~25 WO
2005/ 095376 PCT/ AU2005/000453 -40t 0 0 OOH O OH a

o7 e S st eyt “ﬁ%hﬁ‘oLzz‘ BT GO 162%i% O
&L, 2y @a“wméw)mw% | (12Bme) i dthyh eqckel P Bk des (S under

nE))dr(')g,Qn edrhyd b, apRtadenik St \Wk)ﬁll%&i tgtsﬂur Jxﬁ&c&%qgfor ﬁ) min before
to

hydr ggen fo
f‘ﬁ’i“ %3( %Je%l tPB‘gaf{?lceP‘ﬁr §@“‘rﬁ“ﬁat‘%f’ \Af T ‘Fd’f‘?’ﬁ’rpavc a yellow
t fﬂ*l‘dufglwmh atl gutddeteTad meaam(ﬁﬁxm@mphy edthyo Boctfte/idREnc 7:3 with 1%

f lylbé Ela&%t&é gC‘JH)aF llgﬁecg ﬁ¥ %ec? Yd?hsat?% fr ru? %WI’J ucerdhexurwa to give 9-

O ra
ab ranyed. hréeeiel- 72@1%@&1&%@&10[ 1 b]pyian 7,10-dione as yellow needles

(948 mg, 79%): m.p. 155° C‘(subl.), >177° C (dec). Vupax 3328, 3148, 3108, 1656, 1628,
1566 cm-l, "H NMR (300 MHy, CDCl3) 8 1.38 (6H, 8, 2 x CH3), 1.89 (2H, (, J = 6.5 Hz,
H2),3.28 (2H, {, J = 6,5 Hz, H3), 6.25 (1H, 5, HR), 7.13 (1H, 4, J = 8.5 Hz, H5), 7.47 (1H,
$, OH), 7.97 (1H, d, 7 = 8.5 Hz, H6). m/z (FAB, 3INBA/McOI1) 261 (M+H+2, 11%), 260
(M+H+1, 27%), 259 (M+H, 51).

Step 2

9-Chloro-3,3-dimethyl-1,2-dihydro-3H-naphtho| 2,1-k]pyran-7,10-dione

© i OH o i oI
9@ -
“ |
Q o

9-Hydroxy-3,3-dimethyl-1,2-dihydro-3H-naphtho[2,1-blpyran-7,10-diope (1.1 g, 4.3
mmol) was dissolved in dichloromethane (20 mL) and thionyl chloride (15 mL). The

reaction was stirred at room temperature for 24 h and the volatiles were removed in vucue,



gl acial acetic acid) followed by recrystallisation
fromethyl acetate/hexane to give 9-

wWhaassp7@, 3- di met hyl -1, 2- di hydr o- 3H napht ho[ 2PAF/BUpnes/a00453

-yran-7/, 10-di one

10

15

20

25

n-7, 10-di one as yell ow needles 10 (948 nag, 79%: mp
155 C (suhl.), >177 C (dec). vt"ax 3328, 3148, 3108,
1656, 1628, 1566 cm '. ~ H NWMR (300 MHz, CDO 3) 5
1.38 (6H, s, 2. x CH3), 1.89 (2 H 1, J= 6.5 Hz, 142),
3.29 (214, 1, J = 6.5 Hz, H3), 6.25 (1H, s, H8), 7.13
(1 H d J =815 Hz, H5), 7.47 (1H, s;, OH), 7.97
(1IN, d,.1= 8.5 Hz, H6), ti/Z, (FAD, 3NBA/ MeOll) 261
(Mrlf+2, 1199, 260 (MrHt1, 27%, 259 (MkH, 51). 15
Step 2 9-Chl oro- 3, 3- di met hyl 21, 2- di hydr o- 3t / - napht ho
2,1-h]pyran-7,10-dione 0 O 0 OHOO01 20 0 O
O1hd %GERXVaSaikobdh Qé&h 'ahct%é %Bd%ﬁf. Qrasida %&%J!qu B0 by Bied,
. 1.1 g, 4. rnnol’) was di ssolved I n
dfiedrd prsheanprntialcd 2o vasre.) Tandesidyr o1y IPuekiddy ash (cmmpgiography
Theny! 5RAEH R WAS) Blibwddas) rédry L AXMdrTREH LT 8 givie OLchiAb-3,3-

h .an vol atj | es e renpved in vucun. WO |
e A B BB SP dORRa R T r0ud & rolinet Recqlgs (623 m
db3%6 0 Invedl40r° &t (Febnd R taPeHE30 € xH) sCloa shetesvd t 65. M, g7%).

(30 rL), drie filtered and caongce t in v Q,
e (8 1. 00 700 ) O 15 TS P i 0033005 b,
( etiow, 360061, ads304, hes@N520mItER0Hhol Jsovest . ' NMR (300 MHy, CDCLy) 8

atnekayie & SRa) FORAC EuE T REw > & 8 by P Hoa0a than

edas= 8rsangEsneadk Bs «( BS37.09(1H dSBYES HA H6). 24D (IRAK 3NBA) 280

R 988 S SRS P2 2

(40B5276449523331723, 3.44). vm 2x 3700-3300s br, 3070w,
3000w, 1680s, 1660s, 1620m 1590m 1580s cm 1. 1H NMR
(300 MHz, CDC17) 6 1.38 (6H, s, 2x CH3), 1.88 (2H, t,
JS%Pd O Hz, H2), 3.29 (211, t, J = 7.0 Hz, H), 7.12
(11-1, d, J = 8.5 Hz, H5), 7.12 (11.1, s, 7.95

H8) ,
CBl:nt0t0s Saiethy B2 di ko S0 nBontolEr 2 H2eh, 16 80me

o o)
RGO e Qe
Gl

O Is)

Chlorine gas was bubbled through a solution of 9-chloro-3,3-dimethyl-1,2-dihydro-3H-
naphthol 2, 1-blpyran-7,10-dione (633 mg, 2.3 mmol) in glacial acetic acid (30 mL)
containing concentrated hydrochloric acid (5 drops) at 70° C for 5 min. The reaction was
stirred for 55 min at 70° C, cooled to room temperaturc and concentrated in vacuo. The
residue was purified by flash chromatography (tolucne/hexane 7:3) to.give 8,9- dichloro-
3,3-dimethyl -1,2-dihydro-3H-naphtho[2,1-b|pyran-7,]0-dione as an orange solid (508 mg,
71%). A sample of this material was recrystallised from ethanol to give orange micro-
crystals: m.p. 158-60° C (Found: C, 57.9; H, 3.7. Cy5H,2Cl203 requites C; 57.9: H,
3.9%). Amax (log &) 220, 275, 290 sh, 350 sh, 412 nm (4.32, 4.19, 4,01, 3..29, 3.38). Vmax



10 (ML37Cl] +H+1, 14%, 279 (M 37cl]+H, 40), 278
(ML35CL] +H+l, 49), 277 (M 35C1]+H, 100), 276 (44),

WQ@33B50958y6 Step 3 15 8, 9- Di chlor o- 3, 3-di met hyl PCT/AU2005/000453

(M 350 2] £+ ,

15

-1, 2-di hydr o- 3H napht hoL2, 1- bl pyran-7,10-dione OO O
C QJ A A OOChlorine gas was bubbl ed through a
Sol ution of 9-chloro-3, 3-dinethyl -1, 2-di hydro-3H 20
napht ho[ 2, 1- b] pyran-7, 10-di one (633 ng, 2.3 nrnol) in
gl acial acetic acid (5D nL) containing concentrated
hydrochloric acid (5 drops) at 70 Cfor 5 mn. The
reaction was stirred for ;55 mn at 70 C, cooled to
roomtenperature and concengﬁated in vacuo. The

resi due was purified by flash chromat ography
(tolucne/hexaria 7:3) to give 8,9- dichloro-

%]?@o Eﬁg%}"xosmn 29%0;%()@005, 1680m, 1600m, 15805 cm1 lHN\/lR('%OOMHL,

d@%‘ﬁlgb* éﬁg ioﬁéi e@oegﬁg\ 1 %(%%Jp 7AO glgﬁ,gq)e?, %‘f czﬁh; g 70 e, H1),

MR L[l g, vas yl5e8f )’@i) lsbJ, 84 J fJOms%tﬁﬁr}@é t8; QFM@ INBA) 315
orange m cro- cryst al FE 60 C ( ound:;

57.9;
HMISTC3 40 SO CERDIMISIST sHt} "B G13 M 37§l*§%l+ﬂ 74), 312
G I 412 nm .
@[SSCIQ]XQ 8%455)5%)12&59[2;&@51{3%% 3W§7’r2r§>5<6bv%@2005/ 095376
PCT/ AU2005/ 000453 -42 3700- 3330m br, 3050m 2950m
1}Z ;@80m 1600rn 15808 Ctn 1 "H NMR (300 MHz,
S 1.
Fgomaoltg)i 1% Bgnﬁ('z(@ }_.F,?-(ItmegflyL7 F0 dwr_ﬁ# 1 ﬁfi)hydro-ﬁtﬂiﬁenf@hramen 8-
JolateSr Sodfdm 31A&nethl-£)é dipddh 1, 8-dihydrb-3H -Beroffit hromoy-10-alkez
(FAB, 3NBA) 315 (M37C 112 +H, 16%, 314
(M 37C135C1J+H+l, 32), 313 (M 37Cl35Cl1+H, 74), 312 5
64), 311 (M 35C ZJ+H,O_ZI.OO), 310 (42),

-10 elate .

Agucous sodium hydroxide (2.0 M, 3.38 mL, 6.75 mmol) was added dropwise to a stirred
orange suspension of compound 1 (1.73 g, 6.75 mmol) in methanol (10 mi.). The mixture
became homogencous ted. After 30 ﬁin volatiles werc removed in vacie and the resulting
red residue dissolved in water (150 mL.), Gltered (porosity 4 sinter) and freeze dried for 48
h. Compound 13 was obtained as a red solid (1.80 g, 96%): 'H NMR (300 MHy,
D'DMSO) 6 1.38 (6H, s, 2 x CHa), 5.26 (1H, s, H9), 5.82 (1F(, d, J = 10.2 Hz, H2), 6.83
(1H, d, J = 8.4 Hz, H6), 7.64 (1H, d, J = 8.4 Hz, H5), 8.14 (1H, 4, /= 10.2 Hz, H1). n/z
(ES*, 30 V) 257 (M-Na+H, 100%); HPLC 100%/ 4.74 min,

The ‘H NMR can also be run in D;0, compound 13 s fully soluble in water at 10 mg/mL

25 HPLC Conditions



1000 OHNaCOH'" I | ONa O O-~" ar 450 .~ O,r ONa
Agqueous sodi um hydroxide (2.0 M 3.38 nL, 6.75 mol)
woer®saiiedd dropwi se to a stirred 15 orange SUBQBEABRMN000453
of conpound 1 (1.73 g, 6.75 mmol) in methanol (10
m-). The m xture becane honbgeneous red. After 30 mn
vol atiles were renoved in vcu:uo and the resulting
red residue dissolved in water (150 nil.), filtered
(porosity 4 sinter) and freeze dried for 48 h.
Conpound 13 was obtained a,,; a red solid (1.80 g,
96%: 'H N?viR (300 MHz, Dr'DVSO) J 1.38 (6H, s, 2 X
CHa), 5.26 (1H, s, H9), 5.824111, d, J = 10.2 1(z,
H2), 6.83 20 (1H,d, J=8.4Hz, H6), 7. 64( 1H, d, J=8. 4Hz, H5) ,
8.14(1H,d,J=10.2 Hz,IN1). nnlz (1 .S}, 30 V) 257

( Mrﬁ’t‘ﬁﬁl&h oﬂ%?@h@d‘!gh&mzwgﬁm“uﬂnﬁ amV[ﬂlurs-Eh@ S:Uﬂl %1&%fbolumn

: |y sol ub
it Sl iBoodd BrCs 158 TRpbCS Eadn v Dot EeE 496C
Pﬁﬁkﬁhﬁaﬂﬁiﬂﬁemﬁs -43 Perforned on Water 2690
Jance System wusing a Waters CIS 5 pm Symmetry
Cof (Part # WAT046980) and a flow rate of 0.7
5 nﬂnﬁﬁAG@D%nwt@renperature of 30 C and neasured at
u&§43q@bu8uffers 5 Buffer A 100% water Buffer
L%_()O%Buffer C. 2 %aqueous formc acid G adient
(|| Bl T 20740HT FORRF9Ed " 6") 10 min 5 nin 45% A 50%
B(h8ai&it { lineQb §ealreri¥nfe 187 /5% C

10 min 5 min
45% A:50% B:5% ¢ ——— 5% B:5% C——~ 95% B:5% C

1 min

' £ min
45% AB0% Bi5% C =+—=—— 45% A50% Bi5% C

10
Example 13
Compound 14: 8-Hydroxy-3-methyl-3-phenyl-3H-benzo[fJchromene-7,10-dione

Step 1
15
3-Methyl-3-phenyl-3 4-benzol flchromen-8-ol

OH

”
HO

A stirred suspension of 2,6-dihydroxy naphthalenc (7)6 mg, 4.47 mmol) in toluene (200
20 mL) was hcated to reflux (oil bath temperature 160° C). Afier 1 h, the mixture was

homogeneous and p-toluene sulphonic acid hydrate (54 mg, 0.40 mmol) was added
followed by a solution of 2-phenyl-but-3-yn-2-ol (588 ing, 4.02 mmol) in toluenc (50 ml)

over 20 min while muintaining reflux. TLC (ethyl acetate/hexane 1:4) after 4 h showed



1 mn 5mn 45%A: SO% S: 5% C 45% A: 50% 9: 5% C 10
Exanpl e 13 Conpound 14: 8- Hydraxy- 3-nethyl -

wWQEb@awys33d+ benzof f Jchr ont ene- 7, 10- di one St ep RCT/ABU2005/000453
3- Met hyl - 3- phenyl - 3H be220l Achromen-8-ol OH OH HO A
stirred suspension of 2,6-di hydroxy naphthalene (7) b
nyg, 4.47 mmol) in toluene (200 20 nL) was heated to
reflux (oil bath tenperature 160 C). After | h, the
m xture was honogeneous and p-tol uene sul phoni c acid
hydrate (54 ng, 0.40 mmvol) was added followed by a
sol ution of 2-phcnyl-but-3-yn-2-o0l (588 ing, 4.02
miol) in toluene (50 n) ovegr 20 mn while
mai ntai ning rcflux. TLC (ethyl acetate/hexane 1:4)
after 4 h showed WD 2005/ 095376 PCT/ AU2005/ 000453 -44
\Z/ewryffahm s-dinfadkPNFh@xvnnapR halens b /f\t fiknfe WJOBRQJ to room

h, the m xture was cooled to room erature and

wa ST R RS ad6t i oarwm MR dscio b l0F.0HF mL). The

406rgmlc gtmeTkwes dOHIERRIE datwaeelmaql(m %11!!,5 , e (Nﬁv&@.m)ﬂltered and
ac | te

coﬁ%% 't g“t]ﬂ fi vaﬂ)"\fgé{g%rg %?F%Wdz’%d {5%8]5 'S Wf' W%F‘rs‘d’“w in ethyl
X 8@¢mgytcxaﬂdﬂdlshlmm»ﬁia®$nﬁume@l @lnietdyil: 5 mL: 1 mL) and subjected to

ac‘?ltiﬁct @Argﬁ&%gﬁglw %thgé Qﬂﬁt gﬁﬁeécgﬁ{c{%g{%!a 1(4" n%" Ibfethﬂl-ﬁ?i‘hcnyl -3H-

Subj ect ed I ofTat ogr a
eI @Ef}?ﬁ@lowvmnérqw gltaipesk o6 A hesyarrelid (240 mggi8): MS uasx ) m/z 287 (M-
Metiyiipi: phemy hs8khikenzo[ f ] chromen- S-ol was obt ai ned
as a brown solid (230 nag, 18): Ms (ESI") mz 287 (M
1). HPLC 99.3 %/ 7.58 mn 10 Step 2
10 Step 2

3-Methyl-3-phenyl-3H-benzoff]chromene-7,8-dione

O Co(SALEN),, O, O

2 - -~

DOR S0
HO 0

15
Co(SALEN); (23 mg) was added in onc portion to a stirred homogenous yellow solution of
3-raethyl-3-phenyl-3H-benze[flchromen-8-0l (217 mg, 0.75 mmol) in acetonitrife (3 mL).
Oxygen was bubbled through the mixture and after 90 min the mixture was filtered
through a silica plug, washing the plug with cthyl acetate until no further colour eluted.

20 Volatiles were removed in vacuo to afford 3-methyl-3-phenyl-3H-benzo[fchromene-7,8-
dione as an orange solid (228 mg, 100%): 'H NMR (300 MHz, CDCL) § 1.86 (3H, s,
CHz), 6.25 (1H, d, J = 10.2 Hz, H2), 6.43 (1H, d, / = 10.5 Hz, H9), 6.85 (1H, d, J = 10.2
Hz, H1), 6.97 (1H, 4, J = 8.4 Hz, H6), 7.35 (5I, m, ArH), 7.72 (1H, d, 7= 10.5 Hz, HY),
7.99 (H, 4, J=8.4 Hz, H5) MS (BEST") m/z 303 (M+1).



3-Methy f -3 -phenyl -3 HHbenzo[ f ]chronene-7, 8-di
one Co(SALEN)2, 02 0 15 Co(SALEN)2 (23 ing) was
w@awenoizme one portion to a stirred honbgenous BEI/AT2005/000453
sol ution of . . . ‘
3-ni ct hyl - 3- phenyl - 3H benzo[ f] chronten-8-01 (217 ny,
0.75 mmol) in acetonirrile (3 nL). Oxygen was bubbl ed
through the m xture and after 90 m n the m xture was
filtered through a silica plug, washing the plug with
ethyl acetate until no further col our eluted. 20
Vol atiles were, renoved in vacua to afford
3-nethy|-3-pheny|-3H—benzo[|q@&qnnne-7,8- di one as an
orange solid (228 rng, 100%: ™R NWVR (300 MHz, CDC13)
S1.86 (3H s, CH,;), 6.25 (1H, d, J = 10.2 Hz, H2),
6. 4%p(3lH d, J = 10.5 Ha:, H9), 6.85 (1H d, J = 10.2
Hz, Hl), 6.97 (1H, d, J = 8.4 Hz, H6), 7.35 (511, m A
-1), 7.72 (1H, d,.T = 10.5 Hz, H9), 7.99 (1 H d, J =
8. 4-HiiadrodyS) mbByl EFEhyILTH-behz 3B hrbMnk )7, 10280000 /
2005/ 095376 PCT/ AU2005/ 0004 -45- Step 3
8- Hydr oxy- 3- net hyl -3 - phenyl - 3H benzo[i ] ‘
chranmene- 7, dionc 4 N NaCH HO 5 O Aqueous sodi iy
hydr oxi de s ion (4 M 5 m_% was added to stirrg
or ange suspemnsi on of 4 N NalH

3- et hyl - renyl - 3H-benzof3Hechrerenes7, 8- di Gne-~(3
ng, Q A in ethanol (5 nL) and the
becage pgeneous brown After 1 h, the rri

107(ice/water bath) and acidifiedHPo Ty
£5.0 Maqueous hydrochloric acid solution). %he
resul ting orange suspension was stirred for 20 min in
the cooling bath then at 10 min at room tenperature. _
The PPWE ST LA dediREEs saredt & SHYLX wistaddadi to ntirgdcbravas begknsion
W toh 3wt ief-3(sBOnyl-3 H-benzo[ flchromene-7,8-dione (32 mg, 0.11 mmol) in cthano! (5
mL) and the mixture became homogeneous brown. After 1 h, the mixture was cooled
10 (icefwater bath) and acidified to pH~ 2.0 (5.0 M aqueous hydrochloric acid solution), The
resulting orange suspension was stirred for 20 min in the cooling bath then at 10 min at
room temperature. The precipitate was collected by filtration and washed with water (30 ‘
mL) then dried overnight under vacuum to afford 8-hydroxy-3-methyl-3-phenyl-34-
"benzol flchromene-7,10-dione as an orange solid (27 mg, 82%): 'H NMR (300 MHz,
15 CDCI;) §1.84 (31, s, CH3), 6,22 (1H, s, H9), 6,26 (1H, d, J = 10.5 Hz, H2),7.14 (111, d, J
= 8.7 Hz, H6), 7.20-7.45 (5H, m, ArH), 8.05 (2H, m, HS and H1). MS (ESD) m/z 317 (M-
1). HPLC 100 %/ 7.12 min.

Example 14
20 Compound 15: 8-Hydroxy-3,3-diphenyl-3H-benzo[flchromene-7,10-dione

Step 1

3,3-Diphenyl-3H-benzol| flchromen-8-ol



mL) then dried overnight under vacuumto afford
8- hydr oxy- 3- net hyl - 3- phenyl -

wO b@smed3fd chr onenc- 7, 10- di one as an orange sol PAI/ARZ005/000453
ng, 82%: 'H NMR (300 MHz, 15 CDC 1) S 1.84 (311, s,
CH3), 6.22 (]H s, H9), 6.26 (IH d, J = 10.5 H z,
H2), 7,14 (111, d, J 8.7 Hz, H5), 7,20-7.45 (5H, m
ArH), 8.05 (2H, m 145 and Hi ). M5 (FS[') Fnlz 317 (M
| ). HPLC 100 % 7.12 min. Exanple 14 20 Conpound IS:
S- Hydr oxy- 3, 3-di phetcyl -aft-benzo(f] chronene-7,
10-dione Step 1 3, 3-D phenyl -3H benzoij] chrontn- 8- ol
WO 2005/ 095376 PCT/ AU2005/ 000453 -46- f OH HO A
stirred suspension of 2,6-di hydroxy naphthal ene (502
ng, 3.13 mml) in toluene (200 nlL) was heated to
reflux (oil bath tenperature 0" C. After I. h, the
m xture was 5 honpbgeneous 4§ p-t ol uene sul phoni c
acid hydrate (54 ng, 0.28 n ) was added fol | owrd by

2.82 nunol) in toluene (48

mai nt ai ni_ng reflyux. After , the m xture was €04] ed
to roomature and washed wi th aqueouys_sadi
hydr oppde i on TI0% 400 mi)—THe .ord

was dil uted vvlth ethyl acetate (200 ni)nor

(Na2SO4) 4 filtered and 10 concentrated in vucuo to

afford a black solid. This was dissolved in
chlottiobdmmbéreicard 2Bdihyirgxy Suptitalean d02 iy, SABasmb irf xloa:sdm (200

chL.QREQGLAR Y, rc?‘iulﬂt(bﬁ] G tEpre@Jﬁt Y rl%"oéf nldetex N Chelimtxire was

then neat chloro
3, JoppusRRat \d FHOBEHY SYiphoaisr BichBrdrge df4 wiss Ot mimeddwesadded
a bewsd %}Sﬁ%ltgb&&?e 1r cn}l%@pa MSl 61&5!38 thg, 2.9 2R in tolucne (40
5, TN Pa o BE RGP e 2 dhgiiee was could o soom
temperature and washed with aqueous sodium hydroxide solution (10%, 400 mL). The
otganic phasc was diluted with ethyl acctate (200 mL), dried (Na;SOy), filtered and
10 concentrated in vacuo to afford a black solid. This was dissolved in chloroform/hexane (5
mL: 5 ml.) and subjected to flash chromatography, eluting with chloroform/hexanc 1:1
then neat chloroform. 3,3-Diphenyl-3H-benzo{flchromen-8-ol was obtained as a brown
solid (213 mg, 19%): MS (EST) m/z 287 (M-1). HPLC 80.,3%/ 8.89 min

15 Step2
3,3-Diphenyl-3H-benzo|flchromene-7,8-dione

‘ Co(SALEN),, O, O

/

~ Va
\ o ot
o | e
I o0
HO o ‘
o]

&)

20



OXSALI=N)2, a2 Nzz | ,, .,> 0 0 HO- 046 0 20 WO
2005/ 095376 PCT/ AU2005/ 000453 - 47 Co(SALEN)2 (22

worggosegs7added i n one portion to a stirred honPQBEATR®S/000453
yel | ow sol uti on of o .
3, 3-di phenyl - 3H benzo[f)chronteri-8-0l1 (213 ng, 0.61
inmol) in acetonitrile (3 nL). Oxygen was bubbl ed
through the m xture and after 3 h the m xture was
filtered through a silica plug, washing the plug with
ethyl acetate until no further colour el uted.
Vol atiles 5 were renoved in vacua to afford brown
solid which was dissolved in dﬁi chl oronet hane and the
sol ution subjected to flash chromat ography, eluting
vvith neat di ehl oroni et hane. 3, 3-

D oA LIS T Lo 08 103, S B
10% Btlipher3!- SH bunzo[/]chromen 8-ol (213 mg, 0.61 mmol) in acetonitrile (3 mL
/8 W)%Erp ®¥ ﬁzb??fc&i klf?él%ﬂlﬂl.e r?lHLnk‘beﬂ%oxEtfztj-ﬁﬁl R NRNR-Whs 1@@1@5 QE@JQh a

15 Aqueous sodi um hy q |
soqﬂma.pé% (whm %}e s Vjﬂbvsélyl ACHARITG "8 (P RPBEPI S Voatiles
5 S U&&S ﬂﬁr'ldi’&i inGhicuo to afford brown solid which was dissolved in dichloromethane and
|scjletll %Jﬁca%u) I?agh ﬁN%?&gtggrgﬁv;SIUt‘“%( ; u&?rééaggicﬂl&%megra%s 3,3-
homgwéwéexmoMormﬁd-éﬁ -dBBe winoblaiixg amiax prange seid (32 mg, 14%).

coplcedsr{,l.58¢ bath) and acidified to pH 2.0 (5.0
ogﬂqggorj' Ay rochPorl c acid solution). The resulting

orange suspension was stirred for 20 mn in the
10COQepBg bath then at 10 min at

8-Hydroxy-3,3-diphenyl-3H-benzo[flchromene-7,10-dione

0 4 N NaOH ©

/ T
°O
O
(o]

15 Aqueous sodium hydroxide solution (4 M, 3 mL) was added to stirred orange suspension
of 3,3-diphenyl-3H-benzo[f]chromene-7,8-dione (22 myg, 0.06 mmol) in ethanol (3 mL)
and the mixture became homogeneous brown. After 30 min, the mixture was cooled
(ice/water bath) and acidified to pH~ 2.0 (5.0 M aqueous hydrochloric acid solution). The

resulting orange suspension was stirred for 20 min in the cocling bath then at 10 min al
20 room lemperature. The precipitate was collected by filtration and washed with water (15
mL). This residue was dissolved in ethyl acetate (5 mL) and filtered though a silica plug,
eluting the plug with cthyl acetate (150 mL) then ethyl acetate/acctic acid (30:1), collecting
3 x 15 mL fractions. Fractiony 1 and 2 were combined and concentrated ixn vacun to alford
8-hydroxy-3,3-diphenyl-3H-benzo[flchromene-7,10-dione as an orange solid (6 mg, 24%).
25 'H NMR (300 MHz, CDCly) 8 6.23 (1H, 5, H9), 6.45 (1H, d, J = 10.4 Hz, H2), 7.20 (1H, d,



20 room tenperature. The precipitate was col |l ected by
filtration and washed with water (15 n 1L). This

wo embdes7sas di ssol ved in ethyl acetate (5 nlL)P@naU2005/000453
filtered though a silica plug, eluting the plug with
ethyl acetate (150 nlL) then ethyl acetate/acetic acid
(30:1), collecting 3 x 15 ntL fractions. Fractions |
and 2 were conbi ned and concentrated in vacuo to
afford
‘8- hydroxy- 3, 3-di phenyl -. 3H henzo[ f] cl =onnene- 7, 10- di on
e as an orange solid (6 ng, 24% . 25 tH NVR (300 Mz,
CDdl 3) 56.23 (1H, s, H9), 6,45 (1 H d, J = 10.4 Hz,
H2), 7.20 (1H, d, WO 2005/ 098376 PCT/ AU2005/ 000453

_483: 8.4 Hz, H6) 740(1OH in, ArcH), 8.00 (1H d,
6 _’]_ ’ | _
JESFE%' ﬁz.zr?%) g??’c 50/ = és)aiﬁrzn ﬂri]'gm gl iy, dVP= 104

‘2505ﬂ095@1@5¢MN¢ﬁ&) ﬁOﬁB@@QéS%ﬁgﬂ’VWn|V|ral Activity
Tests of antiviral activity were perfornmed in 2.2.15
human hepatona cells infected with hepatitis B
according to the nmethod of Korba and CGerin, Antivira
Research, 19, 55-70 (1992), Briefly, cells were
seeded into 96 well plates and cell nedia containing
various 5 concentrations of the conpounds was added.
Medi a was changed daily for 9 days and fresh nedia
cont ai ni ng conmpound was added each day. On the 106
day, viral DNA in the supernatant was neasured and
the reduction in the amount of virus in the
supernatant was cal cul ated conpared to cells

i ncubated wi thout drug. Six separate replicates were
performed for each drug concentration. The effective
concentration for 50% and 90% 10 i nhi bition of the
replication of the virus was determ ned from dose
response curves. Results for sone conpounds of the

i nvention arc shown in Table 1. Table 1 Test Conpound
LCSU M EC901i M Comnpound 1 0.6 3.4 Conmpound 2 1.1 11



15 Antiviral activity was al so exam ned in HepQ&
hepatonma cells infected with HBV containing nutations
waz®snsred with resistance to | arnivudi ne ( 3TE)T/AT05/000453
cell lines containing an L180M nutation in the HBV
DNA pol ynerase, and a double L180M M204V nut ati on
were used. Cells were plated out in six well plates
and allowed 20 to attach overnight. Next day, the
cul ture nediumwas replaced with either nmedi um al one
or nmedi um containing the desired concentration of
antiviral conpound. Media was changed for fresh
medi umwi th or without antivigal conpound on day 3. On
day 5, supernatant and cell 1'ysates were anal ysed for
| evel s of HBV core protein by non-denaturing Western

bl Ot .: LSk G anti-HBV core antibody, 25 Results for -
sd%@“%?hgﬁgﬁgbnpounds are shown in Table 2 whore a

a_50% .
r eBrsestdl ol #RNFieY WETS PREEraGH b 22dv Mt hepRIe™R I m@aﬁﬂé with
pr}%@it{@ ??@@f@?()t{& ﬁt@tﬁM ?ﬂhﬁoﬁﬁ afd G@z:imo’ul_ﬂdlral Research, 19C,l 55-70
concentratjpon o |r eat.eyr, pno I S eS| nat e N
o557 e ooPoutl e o Toual PRER s ot oeRa P vaiow

5PCEMALRORRA 0008 58mpeurid waOnikedr Meiadesidnate dail+Honfdiays and

Sog{%s%%ge%iarcgrqﬁg{nig gé}xelgbltunli %%? ﬂﬁlb@&cﬂ' %ﬁ;b lrfgl tgé l(g’oﬁpngNA in the

concen

ration i nat ed +++,

npound 1

++superGy AP oA cheSurd anOamrsueTipnan she apew ofi ks 113 the sygornatant was ‘
20g§éu@a9ei3&§nfu@/ HUZBO 4 Q0R4D %imbﬁldrugﬁéikﬁepgmw replicatcs were

10

15

20

25

performed for cach drug concentration. The cffective concentration for 50% and 90%
inhibition of the replication of the virus was delermined from dose response curves.

Results for some compounds of the invention arc shown in Table 1.

Table 1

Test Compound EC50 uM EC9 uM
Compound 1 0.6 3.4
Compound 2 1.1 13

Antiviral activity was also exumined in HepG2 hepatoma cells infected with HBV
containing mutations associated with resistance to lamivudine (3TC). Two cell lines
containing an L18OM mutation in the HBV DNA polymerase, and a double
L180M/M204V mutation wete used. Cells were plated out in six well plates and allowed
to attach overnighl, Next day, the culture medium was replaced with either medium alone
or medium c-ontainiﬁg the desired concentration of antiviral compound. Media was
changed for fresh medium with or without antiviral compound on day 3. On day 3,
supernatant and cell lysates were analysed for levels of HBY core protein by

non-denaturing Western blot using an anti-HBV core antibody.

Resuits for some of the compounds are shown in Tuble 2 where a 50% reduction or more
in measured level of the viral core protein compared to controls at a compound

concentration of greater than 50 pmolar is designated +. 50% core reduction at less than



1. A nethod of treatnent or prophylaxis of hepatitis B
virus in a subject conprising admnistering to said
waabpeed7an ef fecti ve anmount of a conpound of POI/AUR@S/000453
: (1) or 5 a pharnaceutically acceptable derivative, :
salt or prodrug thereof: R R4 RR3 2 ORy 3R5 as

R6 X R7 (1) wherein Xi4 OH ORO or halo: R and Rl

are i ndependently selected fromH, Cl.6alkyl,

C2. 6al kenyl , C2.,6al kynyl, 10 Cj.5cycloal kyl, aryl,

or together with the carbon atomto which they are
attached forma saturated or unsaturated

C3. ~carbocyclic ring;, R2 ankgR3 are independently
selected fromH, C .6alkyl, C2.6al kenyl, C2_5al kynyl,

C3. 6¢cycl oal kyl or together with the bond bet ween t he

CaUROMNr At qe@gnh@d Whi Gl J0ReYore e &ClBS dhdrD 107 il doddlpeund
bond,; are i ndependently selected fromH,

15
c°°“6%‘|‘fﬁw ‘Sﬁfﬁfg?‘ﬁ@ C2. 6al kynyl ,  C3. 6cycl oal kyl
~OH, OR9, halo or NR,,,R,,, ortogether with the bond
bet ween the carbon atons yhich they are attached
form a doubl e bond; R6 and are i ndependently
3 selected from11l, Cl.r,alkyl, Cr-6alkenyl,

Tesi Compound : >309% core peduction

SSomatwghyl , - C3. 6cycl oal kyl ,| tOH, OR9 or hal o: WO
POURLI¥a3 76 PCT/ AUZ00ST U00453 13- 52

Compound 6 +

Compound 13 - +




Ry is Cl.6al kyl, C2.6al kenyl, C2.sal kynyl,

C3~cycl oal kyl, aryl, C(=OR11l or S(O2R12 or OR9 is
W@eooand33os aci d resi due; each R10 is i ndependene¢H/AU2005/000453

selected fromH and Ci-6alkyl; R11 is Cl.2lalLkyl,

C2. 21al kenyl, C2.21al kynyl, C3.6cycl oal kyl,

Cs. flcycloalkyld @l kyl, 5 aryl or arylC, .6alkyl;

and RI2 is d-,alkyl, C2.6alkenyl, C2.6alkynyl or

aryl. 2. A met hod accordlng to claim 1 wherein the

conpound of fornula (1) is a conpound of fornula (2):

I0RRRA RILRS (2) OR and Rl are independently

selected fromH, Cl1.6alkyl, 2 6al kenyl , C2-aal kynyl

C3..6¢cycl oal kyl, aryl, or together with the carbon atom

to which they are attached 15 forma saturated or

g @ted C3, ~carbocyclie ring; R2 and R3 are
ndependently selected fromH, Cl.6alkyl, C2.6alkcnyl.

C2.6al lynyl, Cl4cycloal kyl or together with the bond

bet weens kot af RRBadAL 8MFod i RefulQYB valieinaldiBied @Bmprising

forma doubl e bond, Rﬁ and R5 are inde endentId\E/‘f |

sel ect RFHGHIE B WHPRYP elec Ve APRER & gy e (1) or

520 C3_Gaopheinmaadukiydily abddprafIRBeriviaditepsatiror Nl fitareof:

together with the bond between the carbon atons to-

whi ch they are attached forma double bond; RO is

Cl. 5al kyl, C2. 6a|keny|2 CZ ; nyl, C3. 60yc|oalky|,

aryl, ( C»Rll or , "is an amino acid

resi due; WD 2005/09 e each

R1" is independenﬁly Bm|H and d . 6al kyl ;

R11 is Cl 21al kyl, C20¥?

C3-c, cycl oai kyl, C3.6¢cycC

R~ 0

(D

wherein X is OH, ORy or halo;
R and R; are independently selecled from H, C.salkyl, Cagalkenyl, Ca.gulkynyl,

10 Cascycloalkyl, aryl, or together with the carbon atom Lo which they are attached
form a saturated or unsaturated Cscarboc yelie ring;
R; and R; are independently selected from H, Cigalkyl, Cogalkenyl, Cosalkynyl,
Ciecycloalkyl or together with the bond between the carbon atoms to which they
are attached form a double bond;

15 R4 and Rs are independently selected from H, Chrgalkyl, Cagalkenyl, Ca.galkynyl,
Cigeycloalkyl, OH, ORg, halo or NR Ry or together with the bond between the
carhon atoms to which they are attached form a double bond; l
R and R, are independently selected from H, Ciqalkyl, Cagalkenyl, Crealkynyl,
Cagcycloalkyl, OH or ORo; ‘

20 Rs is independently selected [rom H, Cyrealkyl, Caealkenyl, Cpealkynyl,
Cs.scycloalkyl, OH, ORy or halo;



aryl or aryl g -6alkyl; and R12 is (. bal kyl,
C2. sal kenyl, C2.6al kynyl or aryl. 5 3. The nethod of

we@b@snoviz7evher ei n t he conpound of farmula (1) iBCT/AU2005/000453

sel ected fromthe group consisting of.
8- hydr oxy- 3, 3- di net.hyl - 3H napht ho

2, 1-bj pyran-7, 10- di one, 8- hydroxy-3, 3-d
i met hyl -1, 2-di hydro-3 /f-naphtho[2,1-b |
pyran- 7, 10- di one, 10

. 9-br or no- 8- hydr oxy- 3, 3-di net hyl - 1, 2- di hydr o- 3H napht ho

10

20

[2, 1- h] pyran-7, 10-di one,

9- hronl o- 8- hydr oxy- 3, 3- di netfsyl - 3Hr napht ho[

2, 1-h] pyran-7, 10-di one, 9-brono-3, 3-d

met hyl - 8- (4-nt et hyl henzcnesul f onyl oxy) - 1, 2-di hydro-3

H- napr, of 2alkll, €RbRYyE Y. AlkdAYIOEOREloalkyl, aryl, C(=0)R(; or S(O):R:2
9- brono 4- et hy

|
benzeﬁ%ggPPgﬂme8§§§r%%&“naphtho[2 | -b]pyran-7 15
. 10- diewhe.o B-miepindanyly 3:\@sed frwet ik G, detkpiapht ho[ 2, 1-b ]

pyran 7, ).

07T s AR Goyaiens, iy, Cageypaliyh CogepelngyCypap
- naphta%rnzarzlchqdﬁvir awi 7, 1 0- di one,
8, 9- dirghis @1, Qaidn, &,qhmplhmhmjgy%q @i o ydr o- 3 H napht ha
[2,1-b | pyran-7,10-di one
7,8,10-triacet oxy- 3, 3-di net hyl - 3H napht ho[ 2, 1- b] pyr an,
92.Br ornand@ddy gheaxiyg ap&ﬂlaiihn‘EMhyicﬂBItﬂtenaprﬁﬁohm of formula (1) is a
f2,1-
9- Broﬁ%ﬁé&ﬁﬁgg%&gdg dlnethyl SFLnaphtho[Z 1- hi pyr an-
7 10-di one, 9-Brono- 3, 3-di net hyl -

8- (4- ntt hyl benzcnesui f epyl oxXR) - 1 2- dlhydro 3H
napht ho[ 2, 1- bj pyr an-A. ' Rs25
9- Br oui 0- 3, 3-di net hyl beeQ;enesquononxy) 3
H napht ho[ 2, 1- b[ pyRa R
8- Br ono- 3, 3-di net hyl - ra
-naphthol ', | -h]pyran-
8- Brono- 3, 3-di net hyl - 9- (4-
2- di hydr o- 3H

R and R, are independently selected from H, Cy.palkyl, Cpealkenyl, Caralkynyl,
Ci.scycloalkyl, aryl, or together with the carbon atom to which they arc attached
form a saturaled or unsaturated Ciscatbocyclic ring;

Rz and Rj arc independently selected from H, Cy.galkyl, Co.ulkenyl, Cagalkynyl,
Cs.ecycloalkyl or together with the bond between the carbon atoms Lo which they
are allached form a double bond;

R4 and R; arc independently selected from H, Crgalkyl, Cagulkenyl, Cagalkynyl,
Cygcycloalkyl, OH, QRo, halo or NRigRig or together with the bond between the
carhon atoms to which they are attached form a double bond;

Rp is Cygalkyl, Cagalkenyl, Cysalkynyl, Ca.eycloalkyl, aryl, C(=0)R,( or S(0):R2

or ORg is an amino acid residue;



30 naphtho[2,1-b ]pyran-7,113-di one,
8, 9- Li chl or o- 3, 3-di net hyl

WO 2902/09H3Me/dr o- 3H- napht ho[ 2, 1- b[ pyr an- 7, 10- di onBCT/¥I2005/000453

10

15

2
%]

30

2005/ 095376 PCT/ AU2005/ 000453 -54 Sodi um
3,3-diztiethyl-7,10-C i oxo-7, 1C>d|hydro 3H-benzolLf] chr
onen- 8- pl at e; Sodlum

3, 3-di net hyl -7, 9-di oxo- 7, 8-di hydro-3I1-benz

| f]chrotnen-10el ate ,

8- Hydr oxy- 3- net hyl - 3- phenyl - 3l i - benzo[t] clironene-7, 10
-dione, and 8- Hydroxy- 3, 3-di phony]

-3H benzo[f] chronene-7,10-digne. 5 4. A nethod
according to claim1 wherein the conmpound of fornula
(1) is selected fromthe group consisting of,

8- hy draxly R 3, iGinddpeadently selected from H and Cgalkyl;

et hyl - ph

o hyar Sl PRI RBLEX el L At St gher
ran-7, %@idﬂﬁﬁé¥ﬂkﬂmmd5 The nethod of claiml1 wherein

the c o e ( npound of fornmul a
(3): ggrp L@i%lﬁ%{ (f%[al%ﬁyfic }ﬂkghg m?? wherein X is OH,

OR9 or halo R and Rr are independently selected from

H3. CLfTisd hiythod E21a8A11 kihapeln thE2apkyidf formula (1) is selected from the
Cs. 6nyjq$%¥¥um aFyI or together with the carbon atom
to whith B& attached 20 forma saturated or

unsat u$- QYC@@M@3 -Bom iy o¥y-odphthotd, holpyran-7,10-dione,

B-hydroxy-3,3-dimethyl-1,2-dihydro-3 H-naphtho({2,1-b|pyran-7,10-dione,
9-bromo-8-hydroxy-3,3- dumthyl 1,2-dihydro-3H-naphtho[2,1- b]pyran 7,10~ dlone
9-brormo-8-hydroxy-3,3- d1methyl 3H-naphthol|2,1-b}pyran-7,10-dione,
O-bromo-3,3-di me.thyl—8-(4—mcthy!henzcnesulfonyloxy)- 1,2-dihydro-3 #-naphtho[2
1-b]pyran-7,10-dione,
9-bromo-3,3-dimethyl-8-(4- mcthylbenzcnesulfonvloxy) -3H-naphtho[2,1-blpyran-7
,10-dione, :
8-acetoxy-3,3-dimethyl-3A-naphtho(2,1-b)pyran-7,1)-dione,
 2,9-dibromo-1,8-dihydroxy-3,3-dimethyl-1,2-dihydro-31{-naphtho| 2, 1-b]pyran-7,1
(3-dione,
8,9-dichloro-3,3-dimethyl-1,2-dihydro~-3 H-naphtho[2,1-b|pyran-7,10-dione,
7,8,10-triacetoxy-3,3-dimethyl-3H-naphtho| 2, [-b]pyran,
9-Bromo-8-hydroxy-3,3-dimethyl-3H-naphtho[2, 1-b)pyran-7,10-dione.
9-Bromo-8-hydroxy-3,3-dimethyl-3 H-naphtho|2,1-51pyran-7,10-dione.
9-Brome-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-1,2-dihydro-3H-
naphtho(2,1-b]pyran-7,10-dione,
9-Bromo-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-3 H-naphtho[2,1-b |pyran-
7,10-dione,
8-Bromo-3,3-dimethyl-9-(4-mcthy1bcnzcnesulfohyloxy)-BH—naphthol-2, 1-Alpyran-
7,10-dione,
8-Bromo-3,3-dimethyl-9-(4-methylbenzencsulfonyloxy)-1,2-dihydro-3 H-
naphtho[2,1-b]pyran-7,10-dione, |
§,9-Dichloro-3,3-dimethyl -1,2-dihydro-3 F-naphtho{2,1-b|pyran-7,10-dione,



R2 and R3 are independently selected fromH, C,,;

al kyl, C2.6al kenyl, C2-6al kynyl, Ca.,;cycloal kyl or
wo ogsbdisre wi t h t he bond between the carbon at oPET/ATG2005/000453

which they arc attached form a double bond; WO

2005/ 095376 PCT/ AU2005/ 000453 55 R4 is selected from

H C 1 fialkyl, C2.6al kenyl, C2. alkynyl,

C3. 6cycl oal kyl, halo or NRLoRlo or together with R's

and the bond between the carbon atons to which Ra and

R5 arc attached, forma double bond; Rs is selected

fromH, C, .~alkyl, C2.6alkenyl, C 2 ,alkynyl,

CM cycl oal kyl, 011, OR9, 5-Balo or NRLoRj 0 or

together with Ra and the bond between the carbon atons

to which Ra and R5 are attached, form a doubl e bond;

R,, an#odRifu aﬁeiuhcthbéﬁel@dboxbﬁylOsﬁtyelm%ﬁbémolmtmomenﬂ -olats;

Cl ral . [AVIoT Mo T\ AV
or S SRARUEIN ok BRI hep S gk

Cl 6a| BalHroxE3: r@&lmkvéﬂwnyl-@é bergpifiphrpmene-1,40-dione, and

C3. 6¢cygligaidkyhs-dibhen Rzl mdR&7118-dbdnebal kyl ,

C2. 6al kéﬁe{ o7 c@ﬂlu, gynyl @ 6cyel oal kyl , - aryl ,

SC(=0) RH or S(O)2R12 or ORy is an anino acid residue;
eath RAOme®Bod mﬂeﬁmgd@nhinyl sakreiit thel cdnimmndHofafocinula (1) is selected
Cl. 5al kyl ; | al kyl, C2.2j al kenyl
2. 2| aF‘i\é o grg“i?a“’ Kt kol G, 6cycloal kyl O . 6al kyl |
15 ar yl8~ixydroay—§/[3@]mﬁ}a‘ilﬁﬂ-napfam2 REPyrg-G0-Gapky| , C2
aci kenygly, m@ﬁ 9?@1&&5{&%1 (c.8 dl@fd)/d 3H-§aph&1o[ﬁei Bg,siraﬁ@qgrd@dn@g
to any one claing | to5 further conprising

Cadmi ni st eri ng a second therapeutl c agent. 20 7, A
COSTPOUITHe @cthodrofitlagn (1 Lyhedin the REApBE @B tdrealal A1) is a compound of
accept gbl e r,i vative, salt or prodrug thereof: WO
2005/ 095376 '‘PCT/ AU2005/ 000453

15
| <)
wherein X is OH, ORyp or halo
"R and R; are independently sclected from H, Csalkyl, Czgalkenyl, Cogalkynyl,
Cyecycloalkyl, aryl, or together with the carbon atom to which they are attached
20 form a saturated or unsaturated Cagearboeyclic ring;

R2 and R; are independently sclected from H, Cisalkyl, Cy.eatkenyl, Cosalkynyl,
Cagcycloalkyl or together with the bond between the carbon atorms to which they

arc attached {orm g double bond;



-6 R R4 RR3I0 R 3RS 4 O10Ra Re 7 R7 O (1)
wherein X is OH OR/) or halo; Rand R are

w0 pbspessdent | y sel ected fromH, d.6alkyl, C2.¥Ei/Kkeenps/000453

10

C2. 5al kynyl, C3.6cycl oal kyl, aryl, or together with
the carbon atomto which they are.attached 5 forma

‘saturated ar unsaturated C;,.bcarbocyclic ring; R2 and

R3 are independently selected fromH, Cl. ,alkyl,

C- 6al kenyl, C2.6al kynyl, C3.6cycl oal kyl or together
with the bond between the carbon atorns to which they
are attached forma double bond; .R4 and R5 are

i ndependent|ly sel ected fromskl. Cr.6al kyl, C2.6al kenyl,
C2. 6alkynyl, 10 C3.6cycloal kyl, OH, OR), halo or
NR11l, R10 or together with the bond between the carbon

at OB Ry b qume tiohel, @relkalt Caghedylf Of Ankanﬂoobdcmdmmd halo or

C3 6cy§| £\ t?ge@él- Wf&é?’qgﬁ%%{!ld be@\%:(c %lée% onatomyta which Rs

an ar n!itdn%xs ﬂa@at‘ddrCésfpmmdm@hé’hnd?LO is i ndependent ly
égl eCkesi sEFcflEG Hvrﬁ‘ ﬂ(alkyﬁbla(é/a ken)J]5Q B,%&yﬁﬁ &lc,%loaﬂmybn ORs.
C3. 6c§7@9 Gl qR@e O%téeh%w Wltha*?w he g?lyil@iw'@al%m%ﬁaﬁmq to
Ri g i svhich RGahdayd are £Rciial fs@ny doublevead;kynyl or aryl ;
\glnfth he %EOVI S t had }m\%ﬁct%c% ﬁgr% lBleaoglliylP%a (,alken)}l hé‘/zl.oalkynyl,
Cg_(,c«ycloalkyl OH or ORy;
Ry is indcpendently selected from H, Cigalkyl, Cigalkenyl, Cigalkynyl,
Cageycloalkyl, OH, ORy or halo;
Ro is C; galkyl, Crgalkenyl, Cs qalkynyl, Cygcycloalkyl, aryl, C(=OMR) or S(O)R;
or ORy is an amine acid residuc;
each Ryp is independently sclected from H and C,.galkyl;
Ry is Craalkyl, Craralkenyl, Coajalkynyl, Cascycloalkyl, CageycloalkylCrsalkyl,
aryl or arylCi.galkyl; and
Rya is Cyealkyl, C; gulkenyl, Cy.galkynyl or aryl.

6. A method according to any one of clairs 1 to 5 further comprising administering a

second therapeutic agent,

7, A compound of Formuls (1) or a pharmaccutically acceplable derivative, salt or

" prodrug thereof!



selected fromOH, ORO or NHR9. 20 S. A conpound
according to claim7 wherein the conpound of Formula

W@ 19054095326 conpound of forrmula (2): WO 2005/ 09BGTAU2005/000453
PCT/ AU2005/ 000453 -57 RR R4 F( n, R OCOH (2) R and
R1 are independently selected fromIf, Cl.6alkyl,
C2.ralkcnyl, C2.ral kynyl, 5 C3.Ccycl oal kyl, aryl, or
t oget her with the carbon atom to which t hey are
attached forma saturated or unsaturated
C3. 6carhocyclic ring; R2 and R3 are independently
selected fromH, G .6al kyl, C2.6alkenyl, C2.oal kynyl,
C3. 6¢cycl oal kyl or together wi4gh the bond between. the
carbon atons to which they are attached form a double
bond; 10 R4 and R5 are independently selected from 11,
Cy-6al kyl, C2.6al kcnylRe. C2 84 kynyl, C3. 6cycl oal ky[,
OH, OR9, halo or NR gr toffet her with the bond
bet ween the carbon E? i chothey are attached
form a doubl e bon@ aRe [|ndependent |y
selected fromH, Cl.6¢ 2. 6al kynyl ,
C3. Ocycl oai kyl, OH or
sel ect ed froml4 (;.salk
C3-60yc|oa|ky| OH ORn

.ral kenyl, C2. 6a|kyq¥ 7 X aryl,

C( =O R11 or S(O 2R12 am no acid residue;
each RI() is independently s_Iecteu fromH and
Cl. 6al kyl ; 7.

C24al kynyl ,
Cl. 6al kyl , C

)

wherein X is OH, ORy or halo;
R and R; are independently selected from H, Cl_galkyl, Cp.palkenyl, Cosalkynyl,
Cs.scycloalkyl, aryl, or together with the carbon atom to which they are attached

5 form a saturated or unsaturated Csqcarbocyclic ring; |
Rz and R; are independently sclected from H, C).qalkyl, Cagalkenyl, Craalkynyl,
Caseycloatkyl or together with the bond hetween the carbon atoms to which they
arc attached form a double bond:
Rs und Rs ure independently selected from H, Ciealkyl, Cogalkenyl, Cagalkynyl,
10 C-_;;;cycloalkyl. OH, ORq, halo or NRj¢Ryg or together with the bond between the
carbon atoms to which they arc attached form a double bond;
Ry 1s Cipalkyl, Casalkenyl, Cogalkynyl, Cigcyeloalkyl, aryl, C(=0)Ry; or S{(O)R 2
or ORy is an amino acid residue;
each Rg is independently selected from H and Cmalkyl
15 Ry; is Craialkyl, Cagjalkenyl, Caagalkynyl, Cagoycloalkyl, Ca.scyeloalkylCisalkyl,
aryl or arylCysalkyl; and
Rya is Cpulkyl, Crgalkenyl, Cy ¢alkyny! or aryl;
with the proviso that when R und R are both methyl and R is OH or ORy, Rs is not
sclected from OH, ORy or NHRa, |
20

8. A compound according Lo claim 7 wherein the compound of Formula (1) is a

compound of formula (2):



20 R11 is C1_21al kyl, C2.21al kcnyl, C2.21al kynyl,
C3-6¢cycl oal kyl , C3- 60yc[oalkyIC1.6aIkyI, aryl or
wa@eoob@s3pal kyl ; and R12 is C.r;al kyl, C2.ti al Renxiu2005/000453
Cr7. 6al kynyl or aryl, W 2005/095376 PCT/ AU2005/ 000453 !
-58 9. A compound according to claim7 wherein the
conpound of formula.(1l) is selected fromthe group

consi sting of: .

8- hydr oxy- 3, 3-di ntt 1)yl - 3H napht ho[ 2, 1- b] pyran- 7, 10- di
one,

8- hydroxy- 3, 3-di tnet hyl -1, 2- di hydr o- 3H napht ho[ 2, 1-h] p
yran-7,10-di one, 5 9-brono-8shydroxy-3,;

i -di met hyl -1, 2-di hydr o- 3H napht ho[ 2, 1- h] pyran- 7, 10-di o

ne, 9-brono-8-hydroxy-3, 3-di net hyl

- 3H napht ho[ 2, 1- b] pyran-7, 10-di one, 9-brono-3, 3-di m

et hyl - ‘ Ry |
8- (4-nethyl ' benzet negul f on
o[2 ,1-h] pyran-7, 10~di
9- br ono- 3, 3- d|nethyh 3

R
L6XY)Rs1, 2- di hydr o- 3H napht h

8- acet oxy- 3 3- dlrnethyl‘
one, 2,9-dibrom- 1 ,8-d
, 2-di hydr o- 3H napht hol 2, 1-f
8, 9-di chl oro- 3, 3-di net hyl -
] pyran-7, 10-di one, 15
7,8,10-tri acet oxy- 3, 3-di net hyl -
,  9-13rono- 8- hydr oxy- 3, 3- dlnethx% 3CFI-naphtho

2,1-b] pyran-7,10-dione.

9- Br ono- 8 hydroxy 3, 3-di net hyl - al t - napht ho[ 2, 1-b) ] pyra

n-7, 10 e%&cﬁérﬁ@ﬁﬂ qe?"cga 'ﬁ%hhﬁflC; saﬁcé‘r '@E.hlyctnyl Cogalkynyl,

henzenesu di hydr o- 3H
2, 1-h] p%fﬁ@h'l@ 11@;&13{ @ﬁéogeggr with the carbon utom to which they are attached

93I1+3r Onﬂuﬁn §mﬁn§édmtuhéﬂtm&ec(ésM&W&lQQﬁgenetl ul f onyl oxy)
- na

"8-Bron aégcﬁrw?fgf{éeggx a&w tron?ﬂe("l salkyl, Cagalkenyl, Co.ealkynyl,
hyl benaén.ess:um@m| togeyher Fitkrltkaniaphbitepa, the birpyr @oms to which they
are attached form a double bond:

10 R4 and Rs are independently selected from H, Cysalkyl, Cy.eulkenyl, Cagalkynyl,
Cagcycloalkyl, OH, ORy, halo or NRygR g or together with the bond between the
carbon atoms to which they are attached {form a double bond;

R and Ry are independently seleeted Irom H, Cj.ealkyl, Caealkenyl, Cagalkynyl,
Ca.qeycloalkyl, OH or ORg;

15 Ry is independently sclected from H, Cigalkyl, Cogalkenyl, Ciesalkynyl,
Cs.geycloalkyl, OH, ORy or hulo,

Ry is Cy.alkyl, Cp.qalkenyl, Cogalkynyl, Csgeycloalkyl, aryl, C(=0)Ry; or S(O)R12
or ORg iy an amino acid residue;
cach Rip is independently selected from H and Cygalkyl;

20 Ry is Cypyalkyl, Coaialkenyl, Cozralkynyl, Cageycloalkyl, CascycloalkylChgalkyl,
aryl or arylC, salkyl; and
Rz is Cigalkyl, Cosalkenyl, Cagalkynyl or aryl,



7, 10- di one,

8- Brono- 3, 3-di net hyl - 9-(4-neth), | benzenesul f onyl oxy) -1
WQ 200di098p06 0- 311- 25 napht ho[ 2, 1-h. ] pyran- 7, 10Pdi/an2n05/000453

8,9-Dichloro- 3,3- dimethyl

-1, 2-di hydr o- 3H napht ho[ 2, 1- h] pyr an- 7, 10- di one,

Sodi um ’

3, 3-di et hyl -7, 10- di oxo- 7, 10- di hydr o- 3H benzo[ 1] chr one

n-8-ol ate; Sodi um

3, 3-di net hyl -7, 8- di oxo- 7, 8-di hydr o- 3H benzo[ /] chr onen-

| O-ol ate; 8-H

ydr oxy- 3- met hyl - 3- phenyl - 3H banzo[ f ] chr onene- 7, 10- di on

e, and 30 8- Hydroxy-3, 3-di phenyl - 3H hen

zo[f] chronene-7, 10-di one. WD 2005/ 095376

PGI/ Aumpemﬁ%aardmg& cLifim AV A RGOS ot 4 () is sclected

n the co%pound of formula (1) is

claim
sel ect érnglﬁ %mu"fqr?mm'l’méu consi sting of:
$- hydr @wmmwrmwwwmmhmmtmm -Lipdipne,

pyr an- &, h];QmQ%? @Qﬁmemﬂ—l 2~ dmﬁdro JH-néphthoéH%]pyan 1[0 2(110112

8- hydr oxy- di ni et
> pyrgem‘m?&i@l" PohdS- imeghid,> rcc%fﬁmﬂymw@lrb]@yrgn- 1¢-dione,
wher ei 8o thwﬁbﬂmmmémmlapﬁnﬂan 1 9B ra@Onaing, of
\f/\z[e:n;: %‘&‘3‘%‘% 3&“ 5%‘:&1?%&@”5?15&{?%})105?)6] %glydro-Bg-Iggaphthorz
i ndepentiélpyiay-79@idsated fromH, Cl fial kyl,

C2. Gal Mljno ’%@2% %%wlmethﬁw (r\iys\%l’]&gjkbﬁﬁ’]iﬂggéﬁ hof2 Ir-b]pyrum?

together w t h"the carbon atomto
10at t achelf-dione,

8-acetoxy-3.3-dimethyl-3 H-naphtha( 2, 1 -blpyran-7,10-dione,
2,9-dibromo-1,8-dihydroxy-3,3-dimethyl-1,2-dikydro-3H-naphtho| 2,1-b]pyran-7,1
O-dione,

8 ,9-dichloro-3,3-dimethyl-1,2-dihydro-34-naphtho[2,1-b]pyran-7,10-dione,

15 7,8,10-riacetoxy-3,3-dimethyl-3 H-naphtho[ 2, 1 -bipyran,
9-Bromo-8-hydroxy-3,3-dimelhyl-3 H-naphtho|2,1-b}pyran-7,10-dione.
9-Bromo-8-hydroxy-3,3-dimcthyl-3/1-naphtho[2,1-b]pyran-7,10-dione.
9-Bromo-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-1,2-dihydro-3H-
naphtho[2,1-b]pyran-7,10-dione.

20 9-Bromo-3,3-dimethyl -8-(4-,meﬂiy1benzenesu1fon yloxy)-3H -naphthoLi, 1-b|pyran-
7,10-dione, ‘
8-Bromo-3.3-dimethyl-9-(4-methylbenzenesulfonyloxy)-3 H-naphtho[ 2, 1-bipyran-
7,10-dione, |
8-Bromo-3,3-dimethyl-9-(4-methylbenzencsulfonyloxy)-1,2-dihydro-31-

25 naphtho[2,1-Flpyran-7,10-dione,

| 8 9-Dichloro-3,3-dimethyl -1,2-dihydro-3H-naphthol2,1-b]pyran-7,10-dioge,
Sodium 3,3-dimethyl-7,10-diox0-7,10-dihydro-3H-benzo[f]chromen-8-olate;
Sodium 3,3-dimethyl-7,8-dioxo-7,8-dihydro-3 H-benzo(/lchromen-10-olate;
g-Hydroxy-3-methyl-3-phenyl-3H-benzo| fichromene-7,10-dione, and

30 8-Hydroxy-3,3-diphenyl-3H4-benzo[f]chromene-7,10-dione.



15 forma saturated or unsaturated C .6carbocyclie

ring; R2 and R3 are independently selected fromH,

w@reosabisys , C2. 6al kenyl , C2. 6al kynyl, C3. GcycPOEHAK05/000453

or together with the bond between the carbon atons to

which they are attached forma double bond; R4 is

selected fromH, C-6alkyl, C2.6alkenyl, C2 6al kynyl,
-;cycloal kyl, halo or 20 NRtoRto or.together with

R5 and the bond between the carbon atons to which R4

and RS are attached, form a double bond;. WO

2005/ 095376 PCT/ AU2005/ 000453 -60 R5 is selected from

H, Cl _6al kyl, C2-6al kenyl, Czg6al kynyl,

C3.6¢cyclorlkyl, OH OR halo or NRIoR ta or together

with R and the bond between the carhon atons to which

Ra0and AR‘.Bnmmmd atcvalidyad clafro 7 mharethobdodospbionidyf fRBuland 1RElected

are in ed fromH, C,_ 6al kyl,

C2. 6al ﬁdgr%xm&%gg 5 C1. 6cycl oal kyl, OH or

OR9; RS- hYQIOFmBéﬁbTFP@E’h@HWﬂB@@%ﬁé’@W%ﬂ nllloOD@l 6al kyl ,

C2. 6al lﬁ%&r'oxy—%.d@&lﬁynﬁl-dm dfe- 5H-§§M1940?’ai K]é{rmnﬂl‘b -afeR9. or

hal o; I s 'Cl. 6al ZyGa | kenyl , al kyny ,

5C3. 6cyc| oal kyl , aryl C(--O)Rjj or S(0)'.1112 or OR9

I sjlan ame a@n;aemdjofrcﬁasm duehiercl the a6 ddhOof &nhmdapmmpbgnd of

sel ect ?d 1{51 H and Cl.6al kyl; R11 is C, _2latkyl,

C2. 41ult™® 3 C2. 2i al kynyl, C3. 6cycl oal kyl,

C3. 6cy4loaJkyI Cl.(,allcyl, aryl or arylCl.61llkyl; and

R12 is G .Ral k-yl, Cz6al kenyl, C2_;al kynyl or aryl. 15

12. A pharmaceutical conposition conprising a conpound

according to any one of ‘& ajMs,7 to 11 and a

pharmaceutical l'y accgpt abl di [ uent or

exci pi ent. Hs 0

wherein X is OH, ORy or halo ‘ ‘

R and R, are independently selected from .H, Ci4alkyl, Cagulkenyl, C; calkynyl,
Cagcycloalkyl, aryl, or together with the carbon atom to which they are attached
15 ‘ form a sawurated or unsaturated Cagearbocyciic ring;

Rz and Rz are indepcndently selected from H, Cgalkyl, Coealkenyl, Cp.salkynyl,
Ci.¢cycloalkyl or togcthcr‘ with the bond between the carbon atoms to which they
are aftached form a double bond;

R4 is selected from H, Cigalkyl, Cagalkenyl, Cg.ﬁalléymyl, Cscycloalkyl, halo or
20 NRoRio or logether with Rs and the bond between the carbon atoms to which Rs

and Rs ave attached, form a double bond;



WO 2005/095376 PCT/AU2005/000453

10

15

12.

- 60 -

Rs is sclected from H, Cy.salkyl, Cosalkenyl, Cagalkynyl, Cascycloalkyl, OH, ORg,
halo or NRgR o or together wi‘ch Rs and the bond between the carhon atoms (o
which Ry and Rs are attached, form a double bond; :
R¢ and Ry are independently selected from H, Ciealkyl, Crgalkerayl, Cogalkynyl,
Ci.¢cycloalkyl, OH or ORy;

Rg is independently sclected from H, Cigalkyl, Cagalkenwl, Crgalkynyl,
Cyscycloalkyl, OH, OR, or halo;

Rg is Cisalkyl, Crealkenyl, Cyeulkynyl, Csgeycloalkyl, aryl, C(=0JR; or S(OxR)2
or ORp is an amino acid residue;

cach Ry is independently selected from H and Cygalkyl;

Ry; is Craalkyl, Cogialkenyl, Caoralkynyl, Csecycloalkyl, CyecycloalkylCealkyl,
aryl-or aryﬁC;.séUcyl; and |

Ru is Cy.palicyl, Casalkenyl, Cosalkynyl or aryl.

A pharmaccutical composition comprising a compound accordirag to any one of

claims 7 to 11 and a pharmaceutically acceptable carrier, diluent or excipient.



