
WO 2005/095376 PCT/AU2005/000453  -I ANTIVIRAL AGENTS
Field of the Invention 5 The present invention relates
to the use of naphthopyrans as agents in the treatment
and/or  prophylaxis of hepatitis B, pharmaceutical
compositions for use in such therapy and novel
naphthopyrans, Background of the Invention  10
Infection with human hepatitis B virus is a major
public health problem 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 cirrhosis and hcpatocellular
carcinoma. Currently there is no 15 completely
effective therapy for the successful management of
chronic HBV infectious.  The >250 million chronic HBV
carriers throughout the world are unable to benefit
from  the commercial vaccine presently available.
Currently available therapies for HEY 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
efficacy. Accordingly, a need exists for new effective
treatments for HBV. It has now been discovered that
compounds of Formula (1) are active agents against
hepatitis B virus. 25 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 2005/095376
PCT/AU2005/000453  



-2- R2 R4 R R3  2  Ri 3 7 R5 0 4 Re  O 5  Rg 7 X  R7
(1)  wherein X is OH, ORS or halo; R and R1 are
independently selected from H, C,.6alkyl, C2-,alkenyl,
C2.0alkynyl,  C3.6eycloalkyl, aryl, or together with
the carbon atonL to which they are attached form a  S
saturated or unsaturated C3_6carbocyclic ring; R2 and
R:j are independently selected from H, CL-6alkyl,
C2.6alkenyl, C2-6alkynyl,  C3.6cycloalkyl or together
with the bond between th.e carbon atoms to which they
are  attached form a double bond; R4' and R5 are
independently selected from H, Ci.,Salkyl,
CZ.oalkenyl, C2.6alkynyl,  10 C3.acycloalkyl, OH,
O129, halo or NR1oRio or together with the bond
between the carbon  atoms to which they are attached
form a double bond; R6 and R7 are independently
selected from H, C1-;alkyl, C2.(,alkenyl, C2.6alkynyl,
C3.6eycloalkyl, OH or OR,; Rg is independently
selected from H, C1.6alkyl, C2.6L1kenyl, C2.ealkynyl,
C3.6cycloalkyl,  15 OH, OR9 or halo; Ro is C,.f;alkyl,
C2.nalkenyl, C2.halkynyl, C3.ocycloalkyl aryl,
C(=O)R11 or S(O).5R,2 or OR9  is an amino acid
residue; 



each R10 is independently selected from H and
Ci.~alky3; R11 is CI.71alkyl, C2.2falkenyl, C2
Z,alkynyl, C3.6cycloalk.yl, C3-6cyeloa1kylCr.6alkyl,
aryl or  20 arylC1.6alkyl; and R12 is C1.6alkyl, C2
salkenyl, C7.6alkynyl or aryl. WO 2005/095376
PCT/AU2005/000453  -3 According to a further aspect of
the present invention there is provided a use of a
compound of Formula (1) in the manufacture of a
medicament for the treatment or  prophylaxis of
hepatitis B virus. 5 According to yet a further aspect
of the present invention there is provided a method of
treatment or prophylaxis of hepatitis B virus
comprising administering an effective amount  of a
compound of Formula (1) and a second therapeutic
agent. According to another aspect of the invention
there is provided a compound of Formula (1)  10 with
the proviso that when R and RI arc both methyl and R4
is OH or ORU, R5 is not  selected from OH, OR9
orNHRia. According to another aspect of the present
invention there is provided a pharmaceutical
composition comprising a compound of Formula (l)and a
pharmaceutically acceptable l5 carrier, excipient or
adjuvant, with the proviso that in the compound of
Formula (1) when  R and Rt are both methyl and R4 is
OH or ORS>, R5 is not selected from OH, OR4 or NH R 1
(1, According to the present invention the compounds
of Formula (1) may be presented in the  20 form of a
pharmaceutically acceptable derivative, salt or
prodrug, Dettilcd Description Throughout this
specification and the claims which follow, unless the
context requires  25 otherwise, the word "comprise",
and variations such as "comprises" and "comprising",
will  be understood 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
integers or steps. 



The reference to any prior art in this specification
is not, aiid 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. ' WO 2005/095376 PCT/AU2005/000453  -4
As used herein, the term "halo" or "halogen" refers to
fluorine (fluoro), c}Ylorine (chloro),  bromine
(bromo) or iodine (iodo). As used herein, the term
"alkyl" either used alone or in compound terms such as
NH(alkyl)  5 or N(alkyl)2, refers to monovalent
straight chain or branched hydrocarbon groups, having
1  to 3, 1 to 6, 1 to 10 or 1 to 21 carbon atoms as
appropriate. For examples, suitable alkyl  groups
include, but are not lir itzd to methyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl,  tert-butyl,
pentyl, 2-tnethylbutyl, 3-methylbutyl, n-hexyl, 2-, 3-
or 4-methylpctttyl,  2-ethylbutyl, n-hexyl or 2-, 3-,
4- or 5-methylpentyl. 10 As used herein, the term
"alkenyl" refers to straight chain or branched
hydrocarbon groups  having one or more double bonds
between carbon atoms, Suitable alkenyl groups include,
but are not limited to ethenyl, propcnyl, isopropenyl,
butcnyl, pentenyl and hexenyl. 15 The term" alkynyl
"as used herein, refers to straight chain or branched
hydrocarbon groups  containing one or more triple
bonds. Suitable alkynyl groups include, but are not
limited  to ethynyl, propynyl, butyiiyl, pentynyl and
hexenyl. The term "cycloalkyl" as used herein, refers
to cyclic hydrocarbon groups. Suitable  20 cycloalkyl
groups include, but are not limited to cyclopropyl,
cyclohutyl, eyclopentyl and  cyclohexyl. The terns
"aryl" as used herein, refers to C~-Ci(; aromatic
hydrocarbon group, for example  phenyl or naphthyl. 25
The term "heterocyclyl" when used alone or in compound
words incl" des monocyclic,  



polycyclic, fused or conjugated hydrocarbon residues,
preferably C2.6,whc--reiu one or more  carbon atoms
(and where appropriate, hydrogen atoms attached
thereto) are replaced by a  heteroatom so as to
provide a non-aromatic residue. Suitable heteroatormrs
include, 0, N 30 and S. Where two or more carbon atoms
are replaced, this may be by tw-o or more of the  same
heteroatom or by different heteroatorns. Suitable
examples of heterocyclic groups WO 2005/095376
PCT/AU2005/000453  -5 may include pyrrolidinyl,
pyrrolinyl, piperidyl, piperazinyl, motpholino,
indolinyl,  imiazolidinyl, pyrazolidinyl,
thiomorpholino, dioxanyl, totrahydrofaranyl,
tetrahydropyranyl, tetrahydropyrrolyl etc. 5 Each
alkyl, alkenyl, alkynyl, cycloalkyl, aryl or
heterocyclyl group may be optionally  substituted with
CI-3alkyl, OH, OCr-3alky1, halo, CN, NO2, CC72H,
C02C1_:;alkyl, CONH2,  CONH(Cr_:#alkyl),
CON(C1.3aikyl)2, trifluoromethyl, NH2, NII(alkyl) or
N(alkyl)2. For  example, an optionally substituted
aryl group may be a 4-methylphenyl or 4- hydroxyphenyl
group, and an optionally substituted alkyl group may
be 2-hydroxyethyl,  10 trifluorometliyl or
difluoromethyl. As used herein, the term "amino acid
residue" refers to an cx-amino acid or a P-anuno acid
which is attached to the naphthopyrandione structure,
preferably through the carboxylic  acid group of the
amino acid. The amino acid may be a L- or D- isomer
and may have a 35 naturally occurring side chain or a
non-naturally occurring side chain. The amino acid
may also be further substituted in the a-position or
the (3-possition with a group selected,  from
-C1-C6alkyl, -C2-CGalkenyl, -C'.2-C6alkynyl,
-(CH2)aCOR3, -(CH2)J h, -P0311,  -(CH2),heterocyclyl
or -(CH2)naryl where R,, is -OH, -NH2, -N1HC1-C3a1kyl,
-OCj-C3alkyl  or -C".1-C3alkyl and Rb is -()H, -SH,
-SC1-C3alkyl, -OCi-C3alkyl, -C3-C6cycloalkyl, 20
-Qj-C6cycloalkenyl, -NH2, -NHC1-C3alkyl or -NIC(C=NH)N
U2, n is 0 or an integer from  1 to 6 and where each
alkyl, alkenyl, alkynyl, cycloalkyl, cyclcsalkenyl,
aryl or heterocyclyi  group may be substituted with
one or more groups selected from -OH, -NH2,  



-NHC1-C3alkyl, -OCj-C3alkyl, -SU, -SCI-C3alkyl, -CO2H,
-C02Cl-C3alkyl, -CONI'E2 or  -CONHC,-C,~al.kyl, 25 The
term "a-amino acid" as used herein, refers to a
compound having an amino group and  a carboxyl group
in which the amino group and the carlwx`y1 group are
separated by a  single carbon atom, the a-carbon atom.
An a-amino acid includes naturally occurring and
non-naturally occurring L-amino acid' and their
D-isomers and derivatives thereof such as 30 salts or
derivatives where functional groups are protected by
suitable protecting groups.  The a-amino acid may also
be further substituted in the a-pc sition with a group
selected WO 2005/095376 PCT/AU2005/000453  -6. from
-C]-Cloalkyl, -C2-Cioalkenyl, -C2-Cloalkynyl,
-(CH2)"COR;,, -(CH2)"R,, -PO3H,  -(CH2)~reterocyclyl
or -(CH2)naryl where Ra is -OH, -NH2, -NHCt-C3alkyl,
-OC1-C3alkyl  or Ct--C3alkyl and Rb is -01i, -SH,
-SCi-C3alkyl, -OCt-C3alkyl -C3-CL2cycloalkyl,
-C3-C12cycloalkcnyl, -NH2, -NHC1-C;3alkyl or
-NHC(C=NH)NH2, n is 0 or an integer from 5 1 to 10 and
where each alkyl, alkenyl, alkynyl, cycloalkyl,
cyeloalkenyl, aryl or  heterocycly! group may be
substituted with one or more groups selected from -OH,
-NH2,  -NHCj-C3alkyl, -OCt-C3alkyl, -,SH, -SCI-C:;
alkyl, -C0214, -CO2C1-C;3alkyl, -CONH2 or
-CONHC1-C3alkyl. 10 As used herein, the term "j3-amino
acid" refers to an amino acid that differs from an
a-anuno acid in that there arc two (2) carbon atoms
separating the carboxyl terminus and  the amino
terminus. As such, n-amino acids with a specific side
chain can exist as the R or  S enantiomers at either
of the a (C2) carbon or the. p (C3) carbon, resulting
in a total of 4  possible isomers for any given side
chain. The side chains may be the same as those of 15
naturally occurring a.-amino acids or may be the side
chains of non-naturally occurring  amino acids, 3 C02H
C02H  



H2N R  R {~  C02H C02H H2N 3 H2N 20 Furthermore, the
P-amino acids may have mono-, di-, tri- or
tetra-substitution at tile C2  and C3 carbon atoms.
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
atoms. Tri-substitution  includes two substituents at
the C2 carbon atom and one substitueet at the C3
carbon atom WO 2005/095376 PCT/AU2005/000453  -T  or
two substituents at the C3 carbon atom and one
substituent at the C2 carbon atom.  Tetra-substitution
provides for two substituents at the C2 carbon atom
and two substituents  at the C3 carbon atom. Suitable
substituents include -Ci-Qalkyl, -C2-Chalkcnyl,
-C2-C,alkynyl, -(CH2),,CORa, -(CI12),R,,, -POSH,
-(CH2)"heterocyclyl or -(CH2),Iaryl where 5 R., is
-OH, -NH" -NHC1-C3alkyl, -OC1-C3alkyl or -CL-C3alkyi
and Rh is -OH, -SH,  -SC-C3alkyl, -OC1-C3alkyl,
-C3-CGcycloalkyl, -C3-C6cycloalkenyl, -NH2,
-NHCi-C3alkyl  or -NHC(C=NH)NH2, n is 0 or an integer
from 1 to 6 and where each alkyl, alkenyl,  alkynyl,
cycloalkyl, cycloalkenyl, aryl or heterocyclyl group
may be substitutcd with one  or more groups selected
from -OH1 -NH2, -NHC1-C3alkyl, -OC1-C3aikyl, -SH,  10
-SCE-C3alkyl, -CO2H, -CO2C1-C3alkyl, -CONH2, or
-CONIXi-C3alkyl. The term "non-naturally occurring
amino acid" as used herein, refers to amino acids
having  a side chain that does not occur in the
naturally occurring L-a-amino acids. Examples of
non-natural amino acids and derivatives include, but
are not limited to, use of norlcueine, 15 4-amino
butyric acid, 4-amino-3-hydroxy-5-phenylpentanoic
acid, 6-aniinohexanoic acid,  t-butylgiycine,
norvalinc, phenylglycine, ornithine, sarcosine,
4-amino-3-hydroxy-6- 



methylhcptanoic acid, 2-thienyl alanine and/or
D-isomers of amino acids. It will also be recognised
that the compounds of formula (1) may possess
asymmetric  20 centres and are therefore capable of
existing in more than one stereoisomeric form. The
invention thus also relates to compounds in
substantially pure isomeric form at one or  more
asymmetric centres eg., greater than about 90% cc,
such as about 95%n or 97%10 ea 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,  25
or by chiral resolution. The term "pharmaceutically
acceptable derivative" may include any
pharmaceutically  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  30
antivirally active metabolite or residue thereof. WO
2005/095376 PCT/AU2005/000453  -g Suitable
pharmaceutically acceptable salts include, but are not
limited to, salts arf  pharmaceutically acceptable
inorganic acids such as hydrochloric, sulphuric,
phosphorite-,  nitric, carbonic, boric, sulfarnic, and
hydrobromic acids, or salts of pharmaceutically
acceptable organic acids such as acetic, propionic,
butyric, tartaric, maleic, hydroxytnaleic, 5 fuinaric,
malic, citric, lactic, mucic, gluconic, benzoic,
succinic, oxalic, phcnylacetio,  rnethanesulphonic,
toluenesulphonic, benzenesulphonic, salicylic,
sulphanilic, aspartic,  glutamic, edetic, stearic,
palmitic, olcic, lauric, pantothenic, tannic, ascorbic
and valeriic  acids. 10 Base salts include, but are
not limited to, those formed with pharmaceutically
acceptab=le  cations, such as sodium, potassium,
lithium, calcium, magnesium, zinc, arnnioniurn,
alkylammoniurn such as salts formed from
triethyiamine, alkoxyamronium such as tho-se  formed
with elhanolamine and salts formed from
ethylenedianiine, choline or amino acids  such as
argitiine, lysine or histidine. 



15 Basic nitrogen-containing groups may be
quarternised with such agents as lower alkyl  halide,
such as methyl, ethyl, propyl, and butyl chlorides,
bromides and iodides; diall-cyl  sulfates like
dimethyl and diethyl sulfate; and others. 20 The term
"prodrug" is used in its broadest sense and
encompasses 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 example, compounds in which
a free hydrebxy  group is converted into a group, such
as an ester, carbonate or carharnate, which is capable
of being converted in vivo back to a hydroxy group. A
prodrug may include modifications 25 of one 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 having
enhanced water-solubility (e.g., which are better for
parenterally administacd  compositions) may be
prepared by chemical redaction of the quinone
functiona6ties to the  corresponding quinols, followed
by reaction with phosphorous oxyehloride to give the
30 corresponding phosphoric acid esters. After in vivo
administration of a composition  containing such a
solubilized antiviral naphtopyran prodrug, the prodrug
will be readily WO 2005/095376 PCT/AU2005/000453  -9
hydrolysed to the corresponding quinol, which
thereafter will oxidize to re-form in vivo the  active
parent antiviral naphthopyrandione. Likewise, other
kinds of derivatives may be  prepared from the reduced
quinol derivatives of the antiviral naphthopyrandione;
these can  also serve as prcxirugs for use in
therapeutic compositions. For example, other types of
5 esterification (e.g., acetylation) may be wed to
produce antiviral naphthopyran prodrugs,  such as for
example
7,$,10-triacetoxy-3,3-dimethyl-3H-napthai2,1-blpyran.
Again, after  in vivre administration the prodrug
would be readily hydrolysed and oxidized to its parent
active antiviral naphthopyran compound. 10 In a first
aspect, there is provided a method of treatment or
prophylaxis of hepatitis 13 virus  



in a subject comprising administering to said subject
an effective amount of a compound of  Formula (1): R2
p4  R Ra  2 0 R1 3 1 R5 a  64 10 p 5 I gI  Ra 7 X  R7
(1)  wherein X is OH, OR9 or halo; 15 R and RI are
independently selected from 11, Cy-;alkyl, C2.E0,enyl,
C2 c,all ynyl,  C3-6cycloalkyl, aryl, or together with
the carbon atom to which they are attached form a
saturated or unsaturated C3.ecarbocyclie ring; R2 and
R3 are independently selected from H, Ci.6alkyl,
C2-6alkenyl, C2.6alkynyl,  C3.6cycloalkyl or together
with the bond between the carbon atoms to which they
are  20 attached form a double bond; WO 2005/095376
PCT/AU2005/000453  -10 R.r and R5 are independently
selected from H, C11,a1ky1, C2.6alkenyl, C2.6alkynyl,
Cq.6cyeloalkyl, OH, OR, halo or NR10R") or together
with the bond between the carbon  atoms to which they
are attached form a double bond; R6 and R7 are
independently :;elected from Ft, C1.6alkyl,
C2.-6alkenyl, C2 balkynyl,  5 C3-6cycloalkyl, Ok1 or
OR9; Rs is independently selected from H, C1 calkyl,
CZ.c,alkcnyl, C2.0lkynyl, C3.6cycloalkyl,  



OK, OR9 or halo; R9 is C1-6alkyl, C2.6alkenyi,
C2-6alkynyl, C34cycloalkyl, aryl, C(=O)R11 or
S(O),2R12 or OR9  is an amino acid residue; 10 each R
is independently selected from H and C1.6alkyl; R11 is
C1.21aikyl, C2.2,alkenyl, C2.2falkynyl,
C3.6cycloalkyl, C3.6cyclcalky1C1.6alkyl, aryl or
arylCl.6a lk.yl; and R12 is C1.6alkyl, C2.6alkenyl, C2
alkynyl 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 OR or
OR9, R5 is not selected from OH, ORy or NHR9.  In a
preferred embodiment one or more of the following
definitions apply: X is OH, OC1.6alkyl or halo; 20 R
and R, are independently selected from H or C,-:,alkyl
or together with the carbon atom  to which they are
attached form a saturated or unsaturated
C3-6carbocyclic ring; R2 and R3 are each hydrogen; R4
and R5 are independently selected from H, OH, OR9, or
halo or together with the bond  between the carbon
atoms to which they are attached form a double bond;
25 Rc, and R7 are independently selected from H, OH,
C,.6alkyl, C1.tyall oxy;  Rs is H, OH, OR9, C1.6a1ky1
or halo; R9 is C(=O)R11 or S(O)2R12;  R1, is
C1.21alkyl; R12 is C1.calkyl, phenyl or tosyL.  30
Preferred compounds of the invention include those of
formula (2): WO 2005/095376 PCT/AU2005/000453  11 R2
R4  R Ra  



R1 Re O  O OH  (2) wherein R, RI, R2, R;3, R4 and R5
are defined as for formula (1).  Preferred compounds
of the invention include: 5
8-hydroxy-3,3-dimethyl-3H-naphtho[2,
l-h]pyran-7,10-dione;,
8-hydroxy-3,3-dimethyl-1,2-dihydro-3H-naphthoI2,1-h]py
ran-7,10-dione,
9-brotxmo-&hydroxy-3,3-dimethyi-1,2-di hydro-3
H-naphtho[2,1-b]pyran-7,10-dione,
9-bromo-8-hydroxy-3,3-dinietliyl-3
H-naphtho[2,1-1x]pyran-7, l 0-dione,
9-bromo-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-1,
2-dihydro-3li-naphthoL2,1-b1py  10 can-7,10-dione,
9-bromo-3,3-dimethyl-8-(4-tnethylbcnzenestilfonyloxy)-
3H-naphtho[2,1-h]pyran-7,10- dione, 8-ac;
ctoxy-3,3-dimethyl-:lH-naphtho[2,1-b]pyran-7, l
0-dione, 2,9-dibromo- l
,8-dihydroxy-3,3-dunethyl-1,2-dihydro-3H-naphtho[2,1-b
]p),ratt-7,10-dione,  15
8,9-diehloro-3,3-dimethyl-1,2-dihydro-3H-naphtho(2,1-b
Ipyrazi-7,10-dione,
7,8,10-triacctoxy-3,3-dimethyl-3H-naphtho[2,1-b
jpyran,
9-Bromo-3-hydroxy-3,3-dimethyl-3H-naphtho(2,1-bjpyr,in
-7, 10-dione.
9-Bromo-8-hydroxy-3,3-dimethyl-3H-naphtha[2,1-h]pyran-
7,10-dione.  9-Bromo-3,3-dimethyl -8-(4-met
hylbenzenesulfonyloxy)-1,2-dihydro-3H-naphtho[2,1 20
h}pyran-7,10-dione.
9-Branco-3,3-dimethyl-8-(4-methylbenzenesulfouyloxy)-3
H-naphtlio[2,1-b jpy, an-7,10- dione, WO 2005/095376
PCT/AU2005/000453  -12 8-13rorno-3,3 -di methyl
-9-(4-methylhenzenesulfc)nylox y)-31/-naphthol2, l
-hlpyran-7,10- 



dione,
8-Bromo-3,3-dimethyl-9-(4-rnethylhenzenesulfonyloxy)-1
,2-dihydro-3f1-naphtho[2,1- blpyran-7,10-dione, 5
8,9-Dichloro-3,3-dimethyl
-1,2-dihydro-3N-naphtho`2,1-h]pyran-7,10-dione,
Sodium
3,3-dimethyl-7,10-dioxo-7,10-dihydro-3H-benzo[flchrome
nn-8-olate;  Sodium
3,3-dimethyl-7,8-dioxo-7,8-dihydro-3H-benzo[flchromen-
10-o1at.e  8-Hydroxy-3-methyl-3-phenyl-31-1-benzo[f
chromene-7,10-dione, and 8-Hydroxy-3,3-diphenyl-3
H-benzoJ]chromene-7, J O-dione,  10 Preferably the
compound of Formula (1) is:
8-hydroxy-3,3-dimethyl-3H-naphthu[2, l
-hlpyran-7,10-diolle (compound (1)),
8-hydroxy-3,3-dimethyl- 1,2- dihydro- 3 H-naphlho 12,1
-bj pyTan-7, I O-dione (compound (2)). 15 In another
embodiment the compounds of the invention include
those of formula (3):  Rz Rq R3  R 0  R, O Re  R$ X
R7 (3)  20 wherein R, Ri, R2, R:j, R5, R6, R7, R8, and
X are as defined for formula (1) and Re4 is  selected
from H, Ci-6alkyl, C2.,alkenyl, C2.6alkynyl,
C3.(,cycloalkyl, halo or I`rR10R10 or  together with
R5 and the bond between the carbon atoms to which R4
and R5 are attached,  form a double bond. WO
2005/095376 PCT/AU2005/000453  



- 13  Compounds of Formula (1) may be prepared using
the methods depicted or described  herein or known in
the art. It will he understood that minor
modifications to methods  described herein or known in
the art may be required to synthesise particular
compounds 5 of Formula (1). General synthetic
procedures applicable to the synthesis of compounds
may be found in standard references such as
Comprehensive Organic Transformations, R.  C. Larock,
1989, VCH Publishers and Advanced Organic Chemistry,
J. March, 4th Edition  (1992), Wiley hiterScience. and
references therein. It will also be recognised that
certain  reactive groups may require protection and
deprotection during the synthetic process. 10 Suitable
protecting and deprotecting methods for reactive
functional groups are known in  the art for example in
Protective Groups in Organic Synthesis, T. W. Greene &
P. Wutz,  John Wiley & Son, 3`' Edition, 1999. The
compounds of the present invention may be prepared
according to the general  15 procedure of Scheme 1. WO
2005/095376 PCT/AU2005/000453  -14 Scheme I  Rz R,  R
,/- R3 R R3  HC R  Ra Ry O (4) O ~ ` ~ Ra  OH R6 OH
R7 (3) R7 (5)  



Rz R RA R *F13 Ai R, a  R e OH Ra 0  R7 OH Rr 0  (6)
Rz R z R4 Fla 0 R Ra O  RS  Rj R1~ 0 Rs O Ra  Rs OH Ra
X  R7 0 R7 0  (7) WO 2005/095376 PCT/AU2005/000453
-15 An appropriately substituted
2,6-dihydroxynaphthalene (3) is reacted with an
appropriately  substituted enal or enone (4) in the
presence of a suitable base to effect cyclisation and
provide a naphthopyranoi (5). The naphthopyranol is
then oxidised by a suitable oxidant  to the
corresponding intermediate orthoquinone (6), before
being reduced by a suitable 5 reducing agent and
further oxidised by a suitable oxidant to the desired
naphthopyrandione  (7). Further modification of the
substituents on the naphthopyrandione may be effected
using chemical approaches known to those skilled in
the art for the generation of the  desired substitucnt
or substituents. Those skilled in the art may utilise
conventional  approaches to protect and deprotcct
certain functional groups during the reaction
sequence. 



10 Such niethacis are well known in the art and
include for example 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 solvent;,,
bases, oxidising agents, reducing agents, 15
temperature and time of the reaction, may he utilised
to effect the desired transformation. A substituted
cnone such as (4) may, dependant upon the exact nature
of the reagents and  conditions 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 20
reaction is shown in Scheme 2, and provides
naphthopyranol (8). Naphthopyrariol (8) may  be
isomerised to provide a naphthopyranol effectively of
general formula (5), which may  then be subject to
further reaction in accordance with the general
procedures of Scheme 1  to provide compounds of
Fonnula (1). WO 2005/095376 PCT/AU2005/000453  - 16
scheme 2 R R2  z R1 R3 RI Ra HO (4a) H Rs  R OH OH  Rs
7 R;  (3) ($)  R1 .,~ Ra  H 



0 Rs  R OH  7 (5) WO 2005/095376 PCT/AU2005/000453
-17 Alternative synthetic procedures which provide
compounds of Formula (1) are shown in  Schemes 3 and
4. In Scheme (3) an appropriately substituted butyne
(9) is reacted with an  appropriately substituted
hydroxy Lctralone (10). The group L is any Suitable
leaving  group and includes groups such as a bromo,
ehloro, and hydroxyl. Reaction between the 5 tetralone
and the butyne may be acid or base catalysed to
provide naphthopyran (12). In  some cases the reaction
may be conducted in one pot however an intermediate
(11) may be  isolated. Intermediate (11) may
conveniently be cyclised for example by heating in the
presence of a suitable base, such as diethylaniline.
The cyclised product (12) is then  oxidised to afford
the quinonc (13) which may then be further modified to
provide other  10 compounds of Formula (1). Scheme (4)
outlines a similar reaction sequence to that of Scheme
(3) which would start  with an appropriately
substituted hydroxy naphthalene. This is based upon
work reported  by Bigi et 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 henzopyrans have been reported in the
chemical  literature and those skilled in the art may
adapt these methods to provide compounds of the
present invention, see for example, lshino el al.,
Syn. Comm., 31, 439-448 (2001), WO 2005/095376
PCT/AU2005/000453  -18 Scheme 3 R3  



L R R3 Pi HO RB RI (9) !, Ra  Re Re  R7 0 7 {1d) (11)
R R R3  R, O  O RB OH Rb  F16 R7 (13) (1`)  R2 R4 R R
3 ps p  R O r,/ Rg  R X  R7 WO 2005/095376
PCT/AU2005/000453  -19 Scheme 4 Ra  L R R,  HO Re R R0
R 



R, (9) R6 R \ ./ off  R? R7  () (14) R Ra  Ri 0 R,  R@
\`~ /' OH  R7 (i 5) Further modification may include
derivatisation of double bonds. For example, when Ra
5 and R5 together with the bond between the carbon
atoms to which they are attached form a  double bond,
the double bond may he derivatised by addition,
oxidation or reduction  reactions. An example of
possible derivatisation of such a double bond is given
in Scheme  5. Folk wing reductive acetylatioti to
protect the quinone portion of the compound,
epodidation of the pyran double bond, subsequent ring
opening of the. epoxide with an 10 amine, and
deprotection and oxidation to regenerate the quinone
may be effected. Those  skilled in the art could
rcadily determine appropriate reagents and conditions
to effect such  transformations. WO 2005/095376
PCT/AU2005/000453  20  Scheme S R ~ OAC  R, RI rQdu
1iva acetyla iQrt OH OAC  p OAC  



epoxida!ion  \ /R N O  OH R CAC R" R. R OAC  RI N/ RI
C H  OAC OAC  OAC OAC  oxidation FV R,  rJ ~  R OH OH
O q  Rt RI  O hydrdysis  OAG OH  O p A person skilled
in the art would be able to modify such a reaction
scheme by using  5 different reagcnts to open the
epoxide, using asymmetric epoxidation catalysts and
varying  the nature of the substitucnts. As used
herein, the term "Cfective amount" relates to an
amount of compound which, WO 2005/095376
PCT/AU2005/000453  -21 when administered according to
a desired dosing regimen, provides the desired
hepatitis B  



virus treatment or therapeutic activity, or disease,
prevention. Dosing may occur at  intervals of minutes,
hours, days, weeks, months or years or continuously
over any one of  these periods. A therapeutic, or
treatment, effective amount is an amount of the
compound 5 which, when administered according to a
desired dosing regimen, is sufficient to at least
partially attain the desired therapeutic effect, or
delay the onset of, or inhibit the  progression of or
halt or partially or fully reverse the onset or
progression of hepatitis B  virus. A prevention
effective amount is an amount of compound which when
administered  according to the desired dosing regimen
is sufficient to at least partially prevent or delay
10 the onset of a particular disease or condition. Yet
another aspect of the present invention provides a use
of a compound of Formula (1) in  the preparation of a
medicament for treating or preventing hepatitis B
virus. 15 Suitable dosages may lie within the range of
about 0.1 rig per kg of body weight to I g per  kg of
body weight per dosage. The dosage is preferably in
the range of 1 p.g to I g per kg  of body weight per
dosage, such as is in the range of 1 tng to I g per kg
of body weight per  dosage. In one embodiment, the
dosage is itn the range of I nig to 500 mg per kg of
body  weight per dosage. In another embodiment, the
dosage is in the range of 1 mg to 250 mg 20 per kg of
body wcight per dosage. In yet another preferred
embodiment, the dosage is in  the range of 1 mg to 100
mg per kg of body weight per dosage, such as up to 50
ring per kg  of body weight per dosage. In yet another
embodiment, the dosage is in the range of lug  to 1mg
per kg of body weight per dosage. 25 Suitable dosage
amounts and dosing regimens can be determined by the
attending  physician and may depend on the severity of
the condition as well as the general age,  health and
weight of the subject. The active ingredient 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 preferable to present it
as a  composition, preferably as a pharmaceutical
composition. WO 2005/095376 PCT/AU2005/000453  



-22. According to a further embodiment there is
provided a method of treatment or prophylaxis  of
hepatitis B virus comprising administering an
effective amount of a compound of  Formula (1) and a
second therapeutic agent. 5 When administered as a
combination, the compound of Formula (1) and the
second  therapeutic agent may be administered
simultaneously, separately or sequentially. The second
therapeutic agent may be a known antiviral or
antiretroviral agent or another  10 pharmaceutical
used in the treatment of viral infections.
Representative examples of  suitable second
therapeutic agents include immunornodulators,
innuunostimulants and  antibiotics. Exemplary
antiviral agents include acyclovir, val-acyclovir,
penciclovir,  famciclovir, ganciclovir, foscarnet,
ribavirin, interferon-alpha. PEG-interferon-alpha,
latnivudine, adcfovir, thyrnosin alpha 1, entecavir,
telbivudine, emtricitabine, elvucitabine, 15 MCC-475,
hepavir 13, MIV-210, valtorcitabine, HepeX-B,
Zidovudine, didanosine,  zalcitabine, stavudine,
lamivudine, abacavir, tenofovir, emtrieitabine,
sacluinavir, indinavir,  nelfinavir, amprenavir,
ritonavir, azatanavir, nevirapirie, delavirdine,
efavirena, enfurvitide,  trizivir, combivir, kalctra,
MIV310, mozenavir, SPD754, SPD'746, T1249, TMC125,
TMC114, VX-175, tipranavir other non-nucleoside
reverse transcriptase inhibitors and 20 protease
inhibitors, Exemplary iunnnunomodulators and
immunostimulants include  interferon alpha,
PEG-interferon, thymosin alpha 1, HepeX-B, }IB V
irnmunoglobulin,  HBV monoclonal antibodies, and
vaccines such as EngerixB, Havrix, H-B-Vax 11,
infanrix  hcp B, twinrix. Preferably the second
therapeutic agent is an agent suitable for the
treatment or prophylaxis of hepatitis t1 virus in a
subject. Such therapeutic agents include, 25 but are
not limited to interferon-alpha, PEG-interferon-alpha,
lamivudine, adefovir,  thymosin alpha 1, entccavir,
tclbivudine, emtricitabine, elvucitahine, MCC-478,
hepavir B,  M(V-210, valtorcitabine, and HepeX-fi.
Still another aspect of the present invention relates
to a pharmaceutical composition  



30 comprising a compound of Formula (1) and a
pharmaceutically acceptable carrier, diluent  or
excipient. WO 2005/095376 PCT/AU2005/000453  -23 The
formulation of such compositions is well known to
those skilled in the art. The  composition may contain
pharmaceutically acceptable additives such as
carriers, diluents  or excipients. These include,
where appropriate, all conventional solvents,
dispersion 5 agents, fillers, solid carriers, coating
agents, antifungal and antibacterial agents, dermal
penetration agents, surfactants, isotonic and
absorption agents and the like. It will be  understood
that the compositions of the invention may also
include other supplementary  physiologically active
agents. 10 The carder must be pharmaceutically
acceptable in the sense of being compatible with the
other ingredients of the composition and not injurious
to the subject. Compositions  include those suitable
for oral, rectal, irthalutional, nasal, tra.nsdermal,
topical. (including  buccal and sublingual), vaginal
or parenteral (including subcutaneous, intramuscular,
intraspinal, intravenous and intradermal)
administration.. The compositions may 1.1 conveniently
be presented in unit dosage form and may be prepared
by any methods well  known in the art of pharmacy.
Such methods include the step of bringing into
association  the active ingredient with the carrier
which constitutes one or more accessory ingredients.
In general, the compositions are prepared by
uniforniL.y and intimately bringing into  association
the active ingredient with liquid carriers, or finely
divided solid carriers or both,  20 and then if
necessary shaping the product. Dependirng on the
disease or condition to be treated, it may or may not
he desirable for a  compoutzd of Formula (1) to cross
the blood/brain harrier, Thus the compositions for use
in the pre=sent invention may he formulated to be
water or lipid soluble. 25 Compositions of the present
invention suitable for oral Administration may be
presented as  



discrete units such as capsules, sachets or tablets
each containing a predetermined amount  of the active
ingredient; as a powder or granules; as a solution or
a suspension in an  aqueous or non-aqueous liquid; or
as an oil-in-water liquid emulsion or a water-in-oil
30 liquid eiulsion. The active ingredient may also he
presented as a bolus, electuary or  paste. WO
2005/095376 PCT/AU2005/000453  -24 A tablet may be
made by compression or moulding, optionally with one
or more accessory  ingredients. Compressed tablets may
be prepared by compressing in a suitable machine  the
active ingredient in a free-flowing form such as a
powder or granules, optionally mixed 5 with a binder
(eg inert diluent, preservative, disintegrant (eg.
sodium starch glycolate,  cross-linked polyvinyl
pyrrolidone, cross-linked sodium carboxymethyl
cellulose))  surface-active or dispersing agent.
Moulded tablets may he made by moulding in a  suitable
machine a mixture of the powdered compound moistened
with an inert liquid  diluent. The tablets may
optionally be coated or scored and may be formulated
so as to 10 provide slow or controlled release of the
active ingredient therein using, for example,
hydroxypropylmethyl cellulose in varying proportions
to provide the desired release  profile. Tablets may
optionally be provided with an cnt.eric coating, to
provide -release in  parts of the gut other than the
stomach. 15 Compositions suitable for topical
administration in the mouth include lozenges
comprising  the active ingredient in a flavoured base,
usually sucrose and acacia or tragacanth guru;
pastilles comprising the active ingredient in an inert
basis such as gelatin and glycerin, or  sucrose and
acacia gum; and mouthwashes comprising the active
ingredient in a suitable  liquid carrier, 20 The
compounds of t~ortnula (1) may also he 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
suspendcd in any Suitable carrier or base and may be
in the form of lotions,  gel, creams, pastes,
ointments and the like. Suitable carriers include
mineral oil, propylene  glycol, polyoxyethylene,
polyoxypropylene, emulsifying wax, sorbitan
inonostearatc,  polysorbate 60, cetyl esters wax,
ectearyl alcohol, 2-octyldodecanol, henzyl alcohol and
water. Transdermal devices, such as patches, may also
be used to administer the  30 compounds of the
invention. WO 2005/095376 PCT/AU2005/000453  -25
Compositions for rectal administration may be
presented as a suppository with a suitable  carrier
base comprising, for example, cocoa butter, gelatin,
glycerin or polyethylene  glycol. 5 Compositions
suitable for vagiri l administration may be presented
as pessaries, tampons,  creams, gels, pastes, foams or
spray formulations containing in addition to the
active  ingredient such carriers us are. known in the
art to be appropriate. Compositions suitable for
parenteral administration include aqueous and
non-aqueous  10 isotonic sterile injection solutions
which may contain anti-oxidants, buffers, bactericides
and solutes which render the composition isotonic with
the blood of the intended recipient;  and aqueous and
non-aqueous sterile suspensions which may include
suspending agents  and thickening agents. The
compositions may be presented in unit-dose or
multi-dose  sealed containers, for example- ampoules
and vials, and may be stored in a freeze-dried 15
(lyophilised) condition requiring only the addition of
the sterile liquid carrier, for example  water for
injections, immediately prior to use. Extemporaneous
injection solutions and  suspensions may be prepared
from sterile powders, granules and tablet's of the
kind  previously described. 20 Preferred unit dosage
compositions are those containing a daily dose or
unit, daily  sub-dose, as herein above described, or
an appropriate fraction thereof, of the active  



ingredient. It should be understood that in addition
to the active ingredients particularly mentioned  25
above, the compositions of this invention may include
other agents conventional in the art  having regard to
the type of composition in question, for example,
those suitable for oral  administration may include
such further agents as binders, sweeteners,
thickeners,  flavouring agents, disintegrating agents,
coating agents, preservatives, lubricants and/or  time
delay agents. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or 30 saccharine, Suitable
disintegrating agents include corn starch,
methyleellulosc,'  polyvinylpyrrolidone, xantherx gum,
bentonite, alginic acid or agar. Suitable flavouring
WO 2005/095376 PCT/AU2005/000453  -26 agents include
peppermint oil, oil of wintergreen, cherry, orange or
raspberry flavouring.  Suitable coating agents include
polymers or copolymers of acrylic acid and/or
inethacrylic  acid and/or their esters, waxes, fatty
alcohols, zero, shellac or gluten. Suitable
preservatives include, sodium benzoate, vitamin E,
alpha-tocopherol, ascorbic acid, methyl 5 paraben,
propyl paraben or sodium bisulphite. Suitable
lubricants include magnesium  stearate, stearic acid,
sodium oleate, sodium chloride or talc. Suitable time
delay agents  include glyceryl monostearate or
glyceryl distearate. Those skilled in the art will
appreciate that the invention described herein is
susceptible toF  10 variations and modifications other
than those specifically described. It is to be
understood  that the invention includes all such
variations and modi ications which fall within the
spirit  and scope. The invention also includes all of
the steps, features, compositions and  compounds
referred to or indicated in this specification,
individually or collectively, Fwd  any and all
combinations of any two or more of said steps or
features. 15 The invention will now he described with
reference to the following examples which are
included for the purpose of illustration only and are
not intended to limit the generality c f  



the invention hcreinbefore described. 20 EXAMPLES
Example 1 Compound l:
9-Ilydroxy-3,3-elimetlryl-3H-naphtfta(2,1-bjpyran-2',1
0-dione  Step 1:
3,3-Dimethyl-39-nuphtho[2,1-b]pyrran-8-o1 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 mi., 37,02 g; 0.468 mol) were heated
under reflux for  3.5 h. The mixture was cooled to
room temperature, diluted with dichloromethane (500
mL), filtered through a sintered glass funnel
(porosity 3) then washed with aqueous  hydrochloric
acid solution (1 M, 2 x 250 rnL) and water (I x 250
mL). The organic layer 30 was extracted with a
solution of aqueous sodium hydroxide (2 M, 1 x 250 mL
and 1 x 125  mL) and the, combined aqueous extracts
cooled in an ice-salt bath, acidified (with stirring)
WO 2005/095376 PCT/AU2005/000453  -27  with aqueous
hydrochloric acid solution (5 M) uirtil a creamy-white
precipitate formed (pH  -- 2). The solid was stirred
for an additional 11) min with cooling, collected by
filtration,  washed with water and dried under high
vacuLxnl at 40 C to afford the desired crude  product
as a fluffy white-grey solid (43.9 g, 62 %). The crude
product was used in the  5 subsequent reaction without
further purification. Rccrystallised from diethyl
ether/hexane m.p. 12)-123. 5 (1fd) (300 MHz, CDCI3)
1.47, s;,  2xCH3;4.77,s,01-I;5.71,d,J10.2Hz,112;
6.Y7,d,J10.2 Hz, Hi; 7.02, d,J8.7Hz,H5;  7.03, s, H7;
7.10, dd, J 8.7, 2.7 Hz, H9; 7.48, d, J 8.7 Hz, H6;
7,85, d, J 8.7 llz, H10. m/z  10 (ES-, 100 V) 471
(2M+H+H20, 10011b), 245 (M+-H+I 120, 62), 227 (M+H,
63). Step 2: 3,3-Dim
ethyl-3H'-naphthof2,1-bJpvran-7,S-dione To an oxygen
saturated solution of
3,3-dimctlay1-311-naphto[2,1-1)jpyran-8-ol (3.0 g, 13
mmol) in acetonitrilc (70 mL) 'v-as added catalytic
amounts of  15 N.N-Bis(salicylidenc)ethyl
enediatnineocobalt(II) hydrate, ([Co(II)(Salen)2])
(300 mg, 0.91 



mmol, 7 rnol%), and oxygen was bubbled thwough the
mixture until the reaction was  deemed completed
(generally 4.5 h) by TLC Chexanc-ethyl acetate 4:1) or
HPLC, The  orange/brown reaction mixture was diluted
with ethyl acetate and the entire mixture  filtered
through a plug of flash silica (11 x 7 cm) to remove
the catalyst. The plug was 20 watihed'with ethyl
acetate until the eluent was aLcarly colourless, The
solvent concentrated  in vacuo and the residue dried
under high vaeutwrn to afford the desired crude
product is an  orange solid (2.73 g, 86%). The crude
prcc3uet was used in the subsequent reaction  without
further purification, 25 The product was
reerystalliscd from ethyl zci etate/hexanes to afford
red needles; m.p,  189.193 5 ('H) (3(X) MHz, CDCI3)
1.50, s, 2 x CH3; 5.92, d, J 10.4 Hz, H2, 6.43, d, J
10.4  Hz, Hl; 6.71, d, J 10.5 llz, H9; 6.84, d, J 8.6
1iz, H5; 7.72, d, J 10.5 Hz, H10; 7.97, d, J  8,6 Hz,
H6. "/z, (ES+, 30 V) 263 (M+Na, 9%), 242 (M41+1, 19),
241 (M+H, 100), 30 Step 3:
9-17ydroxy-3,3dimethyl-3H-riaphthoj2,J-b]pyrant-7,10-d
ione A solution of 3,3-dimethyl-3H-naphtho[2,1-b
Ipyraii-7,8-dione (4.59 g, 19.1 nu-nol) in WO
2005/095376 PCT/AU2005/000453  -28 toluene (340 mL)
was washed twice with a solution of sodimn dithionite
(24.9 g, 0.143  moi) in water (250 mL). The yellow
organic layer was there added in one portion to a
oxygen saturated solution of potassium ter!-butoxide
(12.19 g, 115 inmol) in tert-hutanol  (110 rn L) and
the resulting mixture was stirred at room tempaxature
with oxygen bubbling 5 for an additional 30 min (NOTE:
longer periods appears to result in reduced yield).
The  resultant dark red solution was acidified with
aqueous hydroc1loric acid solution (initially  2 M
then 5 M) until the colour turns yellow/orange (pH --
1), then water (- 40 mL) was  added to dissolve the
formed salt, and the layers separated. The organic
phase was washed  with water (1 x 85 mL), and then
extracted with a saturated aqueous sodium hydrogen 10
carbonate solution (5 x 85 mL). The combined aqueous
extracts were transferred back into  the separating
funnel and allowed to settle for I h (to separates
further amounts of toluene)  



and the layers separated again. The combined base
extracts were cooled in an ice-salt bath,  carefully
acidified (aqueous hydrochloric acid, SN4, - 80 rtlL)
dropwise over 30 min with  stirring until the colour
turns pale yellowish (pH - 1-2). The resultant
precipitate was 15 further cooled in the ice-salt bath
with stirring, the solid collected, washed with water
(-100 mL) to remove coloured impurities, and the
orang&h -owri solid was recrystalliscd  (absolute
ethanol) to afford the desired product as orange
coloured crystals (1.04 g, 21%),  m.p. 208" 8 ('H)
(300 MHz, CDC13) 1.48, s, 2 x CH:~; 5.94, d, j 10.5
Hz, H2; 6.23, s, H9;  7.03, d, J 8.4 Hz, H5; 7.83, d,
J 10,5 Elaz, H1; 7.99, d, J 8.4 E-jz, 1i6, m1z (ES+,
100 V) 279  20 (M+Na, I W%), 257 (M+H, 46), 159 (46),
137 (49), 86 (44), 59 (50). Example 2 Compound 2:
8-Hydroxy-3,3-dimetlryl-1,2-dlhydra-3H-naphthoj2,1-bjp
yran-7,10-ditme  A mixture of
8-hydroxy-3,3-dirnethyl-3H-naphthol2,1-h]pyran-7,10-cl
ionc (132 mg, 0,52  25 mmol) and platinum (IV) oxide
(15 mg) in ethyl acetate C 15 mL) was stirred under an
atmosphere of hydrogen for 7 h. The resulting mixture
was stirred in air for 1 h then was  filtered through
a pad of diatomaceous earth, The pad was vvashed with
ethyl acetate then  the filtrate and washings were
combined and cocnetrated ern vacuo to give a green
solid  (128 mg, 96%). Rectystall isation from ethyl
acetate/hexanm using activated charcoal gave 30
8-hydroxy-3,3-dim ethyl-
1,2-dihydro-3H-naphtho[2,1-blpyra-m.7,19-dione imp.
183.5-187".  5 ('H) (300 MHz, CDCI,;) 1.37, s, 2 x
C143; 1.85, t, J 6.8 Hc, 2 x H2; 3.30, t, J 6.8 Hz, 2
x WO 2005/095376 PCT/AU2005/000453  -29 H1; 6.20, s,
H9; 7.03, d, J 8.6 Hz, 145;7,98, d, J 8.6 Hz, H6.
.,n/z (ES+, 30 V) 259 (M+H,  77%), 174 (88), 159
(100). Example 3 5 Compound 3:
8-Acetoxy-3,3-dinrethyl-3H-naphtho(2,1-blpyrazn-7,10-d
ione Concentrated aidphuric acid (1 drop) was added to
a stirred orange suspension of
8-hydroxy-3,3-dimethyl-3H-naphthoi2,1-blpyran-7,10-dio
ne (855 mg, 3.34 rnrnol) in  



acetic anhydride (10 mL) and the mixture was placed in
an oil bath (oil bath temperature  100 C). The mixture
immediately became homogeneous red--black. After 10
min the 10 mixture was cooled (ice/water bath) and,
water (50 mL) added. Products were extracted  with
ethyl acetate (150 mL), the organic phase separated,
dried (NazSO4;) and filrered  .through a silica plug,
washing 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 compound as a red solid (965 mg,
97%), 'H NMR (300 MHz, CDCI3) t5 15 1.48 (614,s, 2 x
CH;;)22.37 (311, s, COCH,,), 5.94 (1H, d, J 10.5 11z,
H2), 6.34 (1 H; s, H9),  7.07 (11.1, d, J 8,4 Hz, H5),
7.73 (1H, d, J 10.5 Hz, Hi), 7.97, (11-1, d, J 8.4 Hz,
H6').  Example 4 Compound 4:
7,8,10-triacetoxy-3,3-diniethyl-311-naphtha('
,1-blpyran 20 A stirred solution of
8-liydroxy-3,3-dimcthyl-3H-iiaphtho ]
2,1-bipyran-7,10-dione (110  mg, 0.93 mrnol) in acetic
attliydride (3 mL) and pyridine (4 .inL) was heated in
an oil bath  at 60C for 15 min. Zinc powder (530 mg)
was added is 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 25 poured onto icelwater (20 nil.,) and
acidified with aqueous iiydrechloric acid solution(2.0
M). The organic phase was separated and the aqueous
phase washed with ethyl acetate (3  x 50 mL). The
combined organic phases were dried (Na;SCI~4),
filtered and concentrated in  vacuo. The resulting
solid was reerysta)li,sed from ethanol Lo afford the
title compound as  a colourless solid (96 mg, 58%). 1H
N.h4R (300 MHz, CDC13) 3 1.46 (6H, s, 2 x CH3), 30
2.31 (3H, s, COCH3), 2.37 (3H, s, COCH3), 2.43 (3H, s,
CCCH3), 5.64 (1 H, d, J 10.1 Hz,  H2), 7.11 (1H, s,
119), 7.12 (1H, d, f 9.0 Hz, H6), 7.23 (1H, d, 3 10.2
Hz, H1), 7.67 (1H, d,  19.0 Hz, H5). WO 2005/095376
PCT/AU2005/000453  -30- Example 5 



Compound 5:
9-Bromo-8~hydroxy-3,3-dimethyl-3H-naphtho[2,1-h]pyran-
7 l0-dione  0  OH -~ ` OH a ` , sr  0 5 A solution of
bromine (354 ing, 2.21 rnmol) in dry dichloromethane
(4 inl.> was added  dropwise to a cooled (01 C)
solution of 8-hydroxy-3,3-dimetliyl-l,2- 1ihydro-3H-
naphtho[2,1-h]pyrali-7,10-dione (506 mg, 1.96 mmol) in
dry dichlorometh nc (4 mL)  containing 3 drops of
glacial acetic acid. The cooling bath was removed and
the mixture  was stirred at room temperature for 20
min then concentrated in vacuo to allo.rd 9-hromo 10
8-hydroxy-3,3-diinethyl-
1,2-dihydro-3H-naphtlio[2,1-hjpyran-7,10-dione as a
bright  orange powder (635 mg, 96%): m.p. 213-216 C
(Found: C, 53.5; H, 4,0, C1SH13BrOa  requires C, 53,4;
H, 3.9 %). vL,,a, 3316rn, 1660s, 1642s, 1364s, 1286s,
12.62s, 1174m,  1114s, 1048s cm"'. 1H N v (300 MHz,
CDC13) 5 1.35 (611, s, 2 x CI{3), 1.97 (2H, t, J =
6.8 Hz, E12), 3,32 (2H, t, J = 6.8 1 Iz, H1), 7.06
(1H, d, J= 8.6 Hz, H5), 8.00 (L4-I, d, J= 8.6  15 Hz,
H6). nz/z (FSI-) 339 (M[1 Brj+H), 337 (M[7'Brj+H).
Example 6 Compound 6:
9-Bromo-8-ltydroxy-3,3-dimethyl-3H-naphthoZ,1-b]pyran-
7,2O-dione  Compound 7:
2,P.dibromo-1,8-dihydroxy-3,3-dimethvl-1,2-ditrydro-3H
-napftho[2,1- 20 bJpyran-7,10-dione WO 2005/095376
PCT/AU2005/000453  -31 a pH ` f I OH  p a Br  C7 O
Sodium hydride (42 mg, 80% dispersion in ail, 1.40 ni
mol) was washed with dry hexane  



then the supernatant was removed. The residual solid
was dried Linder a stream of 5 nitrogen. A solution of
8-hydroxy-3,3-dimethyl-3H-uaphthoi2,I-h3pyran-7,10-dio
ne (327  mg. 1.28 mmol) in tetrahydrofuran (5 mL) was
added and the resulting solution was stirred  at room
temperature for 10 min. This was cooled to 0 C and m
solution of bromine (265  mg, 1.66 mmol) in dry
dichloromethane (3 mL) was added. The mixture was
allowed to  warm to room temperature and stirred for
20 min, after which L he solvents were 10 concentrated
in vcacuo to afford a brown residue. Flash
chromatography (20-50% ethyl  acetate/hexane with 1%
glacial acetic acid) afforded
9-bromo-*3-hydroxy-3,3-dimethyl-:1H-
naphtho[2,1-h]pyran-7,10-dionc as an orange-brown
solid (43 rig, 10%). (Found: M+1-1,  334.9909,
336.9887. C15Ha2BrO4+requires 334.9919, 336.99C)0). tH
NMR (3(}i) MHz,  CDCI;;) 6 1.49 (6H, s, 2 x CH3), 5.99
(1H, d, J= 10.2 Hz, H2)_ 7.05 (1H, d, J = 8.4 Hz, 15
H5), 7.75 (1 H, bs, OH), 7.82 (114, d, J = 10.2 Hz,
HI), 8.01 (133, d, J = 8.4 Hz, 136). rra/z  (ES1*) 337
(M[51Br]+H), 335 (M179Br)+1t). Also recovered from the
flash chromatography coltunn was crude compound 6
contaminated with a product of pyran ring bromination
(compound 7). This was subjected  20 to preparative
HPLC (isocrutic 60%A, 40%B) and gave a cocn.pound
suspected of being 2, 9-dihrumo-1,8-dihydro
y-3,3-dirraethyl-.l,2-dihydro-3H-napIa.thof2,1-b]pyrwi
-7,10-dione  (3 mg, 0.5l0), m.p, 202.5-205 (Found:
M+H, 412.9011, 414.8981, 416.8961.  1C1sHt-~Br2Os -
H2O i+ requires 412.9024, 414.9005, 416.8987). vn,;,x
3475w, 1664m,  1582m, 1370in, 1284s, 1262s, 1184m,
11.22m, 1016m cni a. 5 ('H) (300 MHz, 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, iI1; 7.22,  d, J 8.7 Hz, H5,,8.13, d, J 8.7
Hz, H6, rn/z (ES"', 70 V) 457 (Ml Br][ "Brj-:a-Na,
13%), 455  (M[11Br]I711Br]+Na, 31), 453
(M[7Br][7Br1+Na, 22), 435 (M1 1Br]["Brl-i-H, 7), 433
(M[61Br] 179Br]+H, 18), 431 (M[7QBrj[ 79Br1+1(, 12),
417 (M[STBr][ siBr1-H2O+H, 16), 415 5 (M[61Brlt
79Br1-H20+H, 36), 413 (M[74Br1i 74E1r]-H2,O+H, 20),
336 (M-171Br +H20]+H,  



100), 334 (M-[ "Br +1-120 ]+H, 100). Example 7
Compound 8,
9-Bromor3,3-dimethyl-S.(4-rnethylbenzeneculfonylnxy)-1
,2-dihydro-3H- 10 naphthof2,l-b]pyran-7,1O-dione
Compound 9:
9-Bromp-3,3-dimethyl-F-(4-m,ethylbenzenesulfonyloxy)-3
fl-naphtho/2,1- BJpyran-7,10-dione 15 0 0  OH O'S.,O
O.S~0  + I O l ti '  O 6r0 / 0 Sr O Sr  O O Q  7~
Pyridine (0.40 rnL 4.95 mniol) was added to a cooled
(0 C), stirred solution of 9-bromo-8- 20
hydroxy-3,3-dinlethyl-1,2-dihydro-3H-naphtho[2,1-blpyr
an-7,10-dione (550 mg, 1.63  mmol) in dry d ichlorom
ethane (10 mL) under nitrogen. A solution of 4-
niethylbenzenesulfonyl chloride (350 mg, 1.84 mmol) in
dry dichloroinothanr, (8 nil.) was  added dropwise,
then stirring was continued for 1.5 h at 0 C.
DiisopruYI)ylethylami.ne (2.5  rnL, 14.4 mmol) was
added and stirring was continued for a further 3 h
when aqueous WO 2005/095376 PCT/AU2005/000453  33
hydrochloric acid solution (2,0 M) was added. Products
were extracted with  dichloromethane and ethyl
acetate, and the combined extracts dried, filtered and
concentrated in vacua to afford a brown solid (798
nag). Trituration of this with ethyl  acetate/hexane
gave a yellow solid (610 mg) which by 1H NMR
spectroscopy contained  



5 -10% of the unsaturated pyran (compound 9). A sample
of the above yellow solid (560 mg) was dissolved in
ethyl acetate (30 mL) a1Ld  platinum (1V) oxide (25
Trig) was added. The resulting mixture was stirred
under a~n  atmosphere 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 room temperature
overnight. Concentration in vacua gave a  brown solid
which contained -5% of the unsaturated pyran (compound
9) by 1H NM R  spectroscopy. The above hydrogenation
was repeated on this solid using platinum (IV)  oxide
(69 ntg) in ethyl acetate (35 ml.) under hydrogen at
room temperature overnight,  The mixture was filtered
through a pad of Celite(r) and the filtrate
concentrated in vacua to 15 afford a brown residue
(580 mg). This was dissolved in acetonitrile (45 mL)
and a solution  of ceric ammonium nitrate (617 mg) in
water (20 mL) was added dropwise. The resulting
mixture was stirred at room temperature for 2 h and
water (35 nil.) was added. Tic  resulting precipitate
was collected by filtration washed with water, hexane
and dried under  vacuum for 2 h at 400 C to give
9-promo-3,3-dimethyl-8-(4-methylbenienesulfonylox5) 20
1,2-dihvdro-3H-naphtho[2,1-h]pyran-7,10-dione as a
brown solid (300 mg, 4110): rry.p.  109-115 C (Found:
C, 53,6; H, 4.1. C2 H19BrO6S requires C, 53.8; fl, 3.9
%). v=".,  1672s, 1580m, 1370s, 1302s, 1288s, 1222m,
1202m, 1174s, 994s, 718s cm-1. 1H NMR  (300 MHz,
CDC13) 3 1.37 (6H, s, 2 x CHI), 1,87 (2H, t, J = 6.3
Hz, H2), 2.50 (3H., s,  ArCH3}, 3.27 (2H, t, J = 6.3
Hz. HI), 7.11 (1H, d, J = 8.4 Hz, H5), 7.41 (2H, d, J
= 7.8 E-li, 23 1113'), 7.98 (3H, app d, J = 8. 1 14z,
2 x H2' and H6).. trVz (ESI) 493 (Mc"Br-+H), 491  (M
['9Br]+H). WO 2005/095376 PCT/AU2005/000453  -34-
Example S Compound 9:
9Bromo-3,3-dimethyl-8-(4.meti:ylbenze-xesrilfvnyloxy)-
3H-naphrJrvj2,1- hjpyran-7,1O-dione O O  



OH O-.O  O Sr -" 0 Oro o a  5 Pyridine (0.15 mL 1.85
mtnol) was added to a cooled (0 C), stirred solution
of 9-bxomo-8-
1lydroxy-3,3-dimethyl-all-naphtho[2,1-blpyran-7,10-dio
ne (235 mg, 0.70 rranol) in dry  dichloromcthane (5
mL) under nitrogen. A solution of
4-methylbcnzenesulfonyl chloride 10 (0.148 ing, 0.78
mmol) in dry dichloromethane (4 mL) was added
dropwise, and stirring  was continued for 1 h at 0 C.
Diisopropylethylainine (1.0 rnL, 5.74 mmol) was added
and  stirring was continued for a further 3 h when
aqueous hydrochloric acid solutiorn (1.0 M)  was
added. Products were extracted with dichlororneLhanc
and ethyl acetate, and the  combined extracts dried,
filtered and concentrated in vacuo to afford a brown
solid. Flash 15 chromatography (ethyl acetate/hexane
3:7) afforded 9-bromo-3,3-dimethyl-8-(4-
methylbenzencsulfouyloxy)-3H-naphtho[2,1-bipyran-7,10-
dione as a brown solid (97 mg,  28%): m.p. 167-168 C
(Found: M+l C, 490.998, 488.999. CnH1sBrOr6St
requires. 490.999,  489.001). vm3=1672s, 1388m, 1288s,
121Sm, 1172s, 1112m, 1018m, 1004tH, 732s, 706m,  688
cn f. 'Fi NMR (300 MHz, CDCia) 6 1.49 (611, s, 2 x CH;
x), 2.50 (3H, s, ArCH3), 6.00 20 (1 H, d, J = 10,5 Hz,
H2), 7.10 (111, d, J = 8.4 Hz, HS), 7.41 (2H, d, J =
8.1 Hz, I-13'), 7.69  (1I1, d, J 10.5 = Hz, H1), 7.98
(2H, d, J = 8.1 Hz, H21), 8.00 (1H, d, J= 8.4 Hz, H6),
na/z  (Si) l3491 (Mixlllr]+H), 490 (M[79Br]+H+1) WO
2005/095376 PCT/AU2005/000453  -35  Example 9:
Compound 10:
8-Brnmo-3,3-dintethyl-9-(4-methylbenzenestulfonyloxy)-
3H.napltt o[2,1- h]pyran-7,10-dione 5 Step 1
3,3-Dimethyl-3H-naphtho(2,1-blpyran-9-ol  



HOc~ .~ C7H ``-- ----T- ,~ OH  r 10 A mixture of
2,7-dihydroxynaphthalene (33.2 g, 207 rnmel),
3-methyl-2-butenal (20.0 mL,  207 mmol) and pyridine
(17.0 mL) was heated at 110 C for 20 h under nitrogen.
The  mixture was cooled to room temperature and
diluted with diethyl ether (150 ML). The  organic
phase was separated and washed successively with
aqueous sulphuric acid solution 15 (5%, 150 m1,),
water (150 niL), aqueous sodium hydrogen carbonate
solution (5%, 150  mL) and water (150 n1L). The
organic phase was dried, filtered and concentrated in
vucuo  to afford
3,3-dirnethyl-3H-naphtltol2,1-h]pyran-9-ol as a buff
coloured solid (43.1 g,  92%):'H NMR (300 MHz, CDCI.a)
3 1.48 (6H, s, 2 x CH3), 4.99 (1 l1, br s, OH), 5.67
(1H,  d,.110 Hz, H2), 6.84-6.93 (31(, m, H1, 95, H8),
7.23 (1 H, d, J 2.3 = Hz, H10), 7.55 (1ff, 20 d, J =
8.8 Hz, H6), 7.63 (111, d, J = 8.8 Hz, H7). rn/z (FAB,
3NBA/MeOH) 227 (M+H,  Step 2 25
3,3-Dimethyl-3H-naphtho[2,1-blpyran-9,10-dione WO
2005/095376 PCT/AU2005/000453  -36 0 OH 0 0  N,
N'-Bis(salicylidene)ethylenediaminocobalt(M hydrate
(4.5 g, 14 intnol) was added to a  stirred solution of
3,3-dimetliyl-3H.naphthoi2,1-blpyrin-9-ol (43.2 g, 190
mmol) in 5 acetonitrile (J.0 L) and oxygen bubbled
through the mixture with reaction progress  monitored
by HPI.,C. Further portions of the catalyst (4.1g, 3.4
g and 2.7 g) were added  after 18.5 h, 24.5 h and 44.5
h respectively. After 112 h in total, H PLC showed no
starting  naphthol and the mixture was filtered though
a silica pad (5 x 12 cm), washing the pad  with ethyl
acetate until no further red colour eluted. The
filtrate was concentrated in 1'acuo 10 and the
resulting residue recrystallised from ethyl
acetate/hexane to afford 3,3-diinethyl-
3H-riaphtho[2,1-h]pyran-9,10-dione as maroon needles
(14.5 g, 32%): in.p. 109-110 C.  



'H NMR (300 MHz, CDC[,) 6 1.46 (6H, s, 2 x CH3), 6.00
(1H, d, J = 10.3 Hz, H2), 6.27
(1H,d,J10Hz,Hg),6.98(1H,d,J=8.2Hz,H5),7.09(1H,d,J=8.?H
z,l-H6),7.32  (1H, d, J 10.3 Hz, H1). rrl'z (FA B,
3NBA/MeOH) 242 (M+H+I, 52 15 Step 3
9-Hydroxy-3,3-dimethyl-3H-naphtho[2,1-h]pyran-7,10-dio
ne  C) 0 0 OH  0 -10 20 0  A solution of
3,3-dimethyl-3H-naphthn[2,1-b]pyran-9,10-dione (14.5
g, 60.3 mmol) in  toluene (850 mL) was washed twice
with a solution of sodium dithionite (84 g) in water
(850 mL). The resulting pale yellow solution was then
added to a solution of potassium 25 test-butoxide
(37.0 g, 330 nunol) in lert-butanol (370 mL) saturated
with oxygen. The WO 2005/095376 PCT/AU2005/000453  -
37  resulting mixture was stirred at ambient
temperature for 30 mim after which aqueous
hydrochloric acid solution (1.0 M, 250 mL) was added.
The organic phase was separated  and extracted with
saturated aqueous sodium hydrogen carbonate (3 x 250
n1L). The  combined aqueous extracts were cooled
(ice/water bath) and acidified with concentrated 5
hydrochloric acid. The resulting precipitate was
collected by filtration and washed with  water (1.0 L)
and dried under vacuum for 2 h at 40 C to afford
9-hydroxy-3.3-dimethyl-
3H-naphtho[2,1-b]pyran-7,10-dione as an orange solid
(7.'10 g, 46%):'H NMR (300 MHz,  CDCls) 6 1.47 (6H, s,
2 x CH3), 5.99 (1H, d, J = 1. 0,4 Hz, H2), 6.25 (1H,
s, HS), 7.1 1 (1H,  dd, J = 9.4, 0,6 Hz, H5), 7.47
(1H, s, 011), 7.76 (dd,.T = 10.4, 0.6 Hz, H 1), 7.97
(1 H, d, J  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-methylbenzcnesulfonyloxy)-3
H-naphtho[2,1-h]pyran-7,10- 15 dione 0  ~-, 0 0 0 0  O
.,- OH 0 0H _~ 0 O Br Br  0 0 Sodium hydride (12 mg,
80% dispersion in oil, 0.40 mmol) was added to a
solution of 9-
hydroxy-3,3-dimcthyl-3H-naphtho[2,1-b]pyren-7,10-dione
(100 mg, 0.39 mruol) in  20 tetrahydrofuran (2 mL) and
the mixture was stirred at room temperature for 10
min, The suspension was cooled to 0 C, and a solution
of bromine (70 mg, 0,44 mmol) in  dichloromcthane (1
nil.) was added. The orange solution was allowed to
warns to room  temperature then stirred for 20 min.
Aqueous hydrochloric acid solution (1.0 NI) was  added
and the product was extracted with dichloromethane and
ethyl acetate, The 25 combined organic phases were
dried, filtered and concentrated in vacua to give a
brown  residue (129 mg, 99%). WO 2005/095376
PCT/AU2005/000453  38  Pyridine (25 L, 0.3 1 mmol) was
added to a cooled (0 (1), stirred solution of the
above 8-
bromo-9-hydroxy-3,3-dimethyl-3N-naphtho12,1-h]pyran-7,
10-dione (25 mg, 0.07 mmol)  in dry dichlorornethane
(1 mL). A solution of 4-methylben enesulfonyl chloride
(17 rng,  0.09 mmol) in dry die.hloromethane (1 mL)
was added dropwise, then stirring was 5 continued for
I h at 00 C. Diisopropylethylarnine (115 l.-, 0.66
mmol) was added and  stirring was continued for a
further 3 In when aqueous hydrochloric acid solution
(1.0 M)  was added and the mixture extracted with
dichloromcthane and ethyl acetate. The  combined
organic phases were dried, filtered and concentrated
in vacuo to afford 8-brotno- 



3,3-dimcthyl-9-(4-methylbenzenesulfonyloxy)-3H-naphtho
l2,l-bJpyran-7,10-dione as a t'0 brown solid (35 mg,
95%): m.p. 181.5-184 C (Found: C, 54.0; H, 3.5.
C22H17BrO,5S  requires C, 54.0; It, 3.5 %). v,n;,,;
1678m, 1382s, 1294s, 1285s, 1183m, 1128m, 1062rn,
986rn, 806s, 682s, 564m cm't. 'H NMR (300 MHz, CDC1.1)
b 1.49 (61-1, s, 2 x CH3), 2.50  (3H, s, AtC11. ),
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), 'Wz (ESl) 491 (M[61Br]+H),
(Ml7`)Br]+H) Example 10 Compound 11.
8-Bromo-3,3~dimethyl-9-(4-nnethylbenzenesul
funyloxy)-1,2-dilaydro-3L1-
naphthnj2,1-b]pyranr-?,10-dione 20 0 ,moo 0 ,  C)l
S4C Imo. I Br ~-' Br  0 O Platinum (IV) oxide (25 mg)
was added to a solution of 8-bromo-3,3-dirnethyl-9-(4-
methylhenzenesulfonyloxy)-3H-uaphthc)[2,1-h]pyran-7,lp
-dione (199 tng, 0.41 mmol)  25 in ethyl acetate (S
ml.) and the resulting suspension was stirred under an
atmosphere of WO 2005/095376 PCT/AU2005/000453  - 39
hydrogen for 28 h. The reaction was filtered through a
pad of Celite and the filter  cake was washed with
ethyl acetate and diehloromethane. The filtrate and
washings- were combined, dried, filtered and
concentrated in vacua to afford a brown residue  which
was dissolved in acetonitrile (20 mL) and cooled to 0
C, A solution of eerie 5 ammonium nitrate (200 mg,
0.36 mmol) in water (6 mL) was then added and the  



mixture was allowed to warm to room temperature and
stirred for 2 h, after which it  was diluted with
water. Products were extracted with dichloromethane,
and the extract  dried, filtered and concentrated in
vcacuo to afford 8-hvomo-3,3-dimethyl-9-(4-
methylbenzcnesulfonyloxy)-1,2-dihydro-3li-naphtho[2,1-
blpyran-7,10-dione as an 10 orange-brown solid (193
mg, 970); tn.p. 168-169.51 C (Found: C, 53.6; H, 3.8.
C22Hi~)BrO6S requires C, 53.8; H, 3.9 %). Vm.x 1680s,
1668m, 162(tH, 1578w, 1566w,  1382s, 1290s cm-'. 'H
NMR (300 MHz, C:DCl3) 6 1.37 (6H, s, 2 x CHa), 1.87
(2H, t, J  = 6,2 Hz, 02), 2.50 (3H, s, ArCH3), 3.27
(2H, t, J = 6.2 Hz, Hl), 7.10 (1 H, d, J 8.6 =  Hz,
H5), 7.41 (2H, d, J;-- 7.7 Hz, H3'), 7.97 (2H, d, J =
7.7 Hz, H2'), 8.03 (1H, d, J =  15 8.6 Hz, 116). rn/z
(ESI+) (M(s1Br1+H), 491 (M[79BrI+l i). Example 11
Compound 12: 8,9.Dichloro-3,3-diniethyl
-1,2-dihydro-31l-naphtho(2,1-bjpyrar:-7,10- d'ione 20
Step 1 9-Hydroxy-3,3-dimethyl- l
,2-dihydro-3H-naphtho[2,1-b jpyran-7,10-dione  25 WO
2005/095376 PCT/AU2005/000453  -40 t 0 0 O OH 0 OH  a
A mixture of
9-hydroxy-3,3-dimethyl-3H-naphtho[2,1-b]pyran-7,10-dio
ne (1.20 g, 4.6  mn7ol) and platinurn(1V) oxide (125
mg) in ethyl acetate (30 mL) was stirred under  5
hydrogen for 3.5 h. The dark mixture was allowed to
stir exposed to air for 30 min before filtration
through a plug of Celiteo. Concentration of the
filtrate in uacrto gave a yellow  residue which was
subjected to flash chromatography (ethyl
acetate/hexane 7:3 with 1%  



glacial acetic acid) followed by recrystallisation
from ethyl acetate/hexane to give 9-
hydruxy-3,3-dimethyl-l,2-dihydro-3H-naphtho[2,1-blpyra
n-7,10-dione as yellow needles 10 (948 nag, 79%): m.p.
155 C (suhl.), >177 C (dec). vt"ax 3328, 3148, 3108,
1656, 1628,  1566 cm- '. ` H NMR (300 MHz, CDCl3) 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
(1N, d,.1= 8.5 Hz, H6), ti/Z, (FAD, 3NBA/MeO11) 261
(M+1f+2, 11%), 260  (M+Ht1, 27%), 259 (M+H, 51). 15
Step 2 9-Chloro-3,3-dimethyl-1,2-dihydro-3t/-naphthol
2,1-h]pyran-7,10-dione 0 O  0 OH O 01  20 0 O
9-l[ydroxy-3,3-dimcthyl-l,2-dihydro-3H-naphtho[2,1-blp
yran-7,10-dione (1.1 g, 4.3  rnmol) was dissolved in
dichloromethane (20 niL) and thionyl chloride (15 mL).
The  reaction was stirred at room temperature, for 24
h and the volatiles were removed in vucun. WO
2005/095376 PCT/AU2005/000453  -41 The residue was
dissolved in ethyl acetate (30 rnL), washed with water
(30 rL), dried,  filtered and concentrated in vacuo.
The residue was purified by flash chromatography
(ethyl acetate/hexanc 5:95) followed by
recrystallisation from ethanol to give 9-chloro-3,3-
dimethyl-1,2-dihydro-3H-naphtho(2,1-fh]pyran-7,10-dion
e as orange needles (633 mg, 5 53%): m.p. 140-2 C
(Found: C, 64.9; H,4.8. C14HI3C103 requires C, 65.1;
H, 4.7%).  Amax (log e) 216, 268, 350 sh, 412 nn?
(4.35, 4.25, 3.23, 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,
J = 7.O Hz, H2), 3.29 (211, t, J = 7.0 Hz, Hi), 7.12
(11-1,  d, J = 8.5 Hz, H5), 7.12 (11.1, s, H8), 7.95
(1H, d, .T = 8.5 Hz, H6). rn/z (FAB, 3NBA) 280 



10 (M137C1]+H+1, 14%), 279 (M[37c1]+H, 40), 278
(M135C1]+H+I, 49), 277 (M`35C1]+H,  100), 276 (44),
233 (17). Step 3 15 8,9-Dich1oro-3,3-dimethyl
-1,2-dihydro-3H-naphthoL2,1-blpyran-7,10-dione  O O  O
CI Q J CI CI  O O Chlorine gas was bubbled through a
Solution of 9-chloro-3,3-dimethyl-1,2-dihydro-3H- 20
naphtho[2,1-b]pyran-7,10-dione (633 mg, 2.3 mrnol) in
glacial acetic acid (5D 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 temperature and concentrated in vacuo. The
residue was purified by flash chromatography
(tolucne/hexaria 7:3) to give 8,9- dichloro-
3,3-dimethyl
-1?-dihydro-3H-naphtho[2,1-bjpyran-7,10-dione as an
orange Solid (508 mg, 25 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. C15HI2C1203 requires C; 57.9; H,  3.9%).
Xm,,,,, (log E) 220, 275, 290 sh, 350 sh, 412 nm
(4.32, 4.19, 4,01, 3.29, 3.38). vmax WO 2005/095376
PCT/AU2005/000453  -42 3700- 3330m br, 3050m, 2950m,
1700s, 1680m, 1600rn, 1580s ctn-1. 'H NMR (300 MHz,
CDC13) S 1.38 (6H, s, 2 x CH3), 1,88 (2H, t, J = 7.0
Hz, 112), 3.27 (2H, t, J = 7.0 Hz, HI),  7.12 (OH, d,
J = 8.5 Hz, 145), 8,04 (111, d, J = 8.5 Hz, H6). n1/z
(FAB, 3NBA) 315  (M[37C l2 +H, 16%), 314
(M[37C135C1J+H+l, 32), 313 (M{37C135C11+H, 74), 312  5
(M[35Cl2]+H+l, 64), 311 (M[35Cl2J+H, 100), 310 (42),
309 (16). Example 12 Compound 13: Sodium
3,3dimethyl-7,10-d'ioxo-7,I0-dihydro-3H-henzo&?chronte
n-8- otate or Sodium
3,3-dimcihyt-7,8.dioxo-7,8-dihydro-3H-benzwwftjchramen
-10-elate 



10 O O  OH NaOH ' I l ONa 0  O -~' ar 45*0 .~ O ,r ONa
Aqueous sodium hydroxide (2.0 M, 3.38 mL, 6.75 mmol)
was added dropwise to a stirred  15 orange suspension
of compound 1 (1.73 g, 6.75 mmol) in methanol (10
m!-). The mixture became homogeneous red. After 30 min
volatiles were removed in vcu:uo and the resulting
red residue dissolved in water (150 nil.), filtered
(porosity 4 sinter) and freeze dried for 48  h.
Compound 13 was obtained a,,; a red solid (1.80 g,
96%): 'H N?viR (300 MHz,  Dr'DMSO) J 1.38 (6H, s, 2 x
CHa), 5.26 (1H, s, H9), 5.82 (111, 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
(M-Na+H, 100%G); HPLC 700%/ 4.74 min, The 1H NMR can
also be run in D20, compound 13 is fully soluble in
water at 10 m" niL  25 HPLC Conditions WO 2005/095376
PCT/AU2005/000453  -43, Performed on Water 2690
Alliance System, using a Waters CIS 5 pm Symmetry
Column  (Part # WAT046980) and a flow rate of 0.7
mUmin. Column temperature of 30 C and  measured at
X--254 nM, Buffers:  5 Buffer A: 100%n water  Buffer
B: 100% Buffer C. 2 % aqueous formic acid  Gradient
(linear gradient curve "6") 10 min 5 min 45% A:50%
B:5% C:-: 95% C- 95% 13:5% C  



1 min  5min 45% A:SO% S:5% C 45% A:50% 9:5% C  10
Example 13 Compound 14: 8-Hydraxy-3-methyl-3
phenyl-3H-benzoffJchrontene-7,10-dione  Step 1 15
3-Methyl-3-phenyl-3H-be22ol Achromen-8-ol  OH OH HO  A
stirred suspension of 2,6-dihydroxy naphthalene (7) b
mg, 4.47 mmol) in toluene (200  20 mL) was heated to
reflux (oil bath temperature 160 C). After I h, the
mixture was homogeneous and p-toluene sulphonic acid
hydrate (54 mg, 0.40 mmol) was added  followed by a
solution of 2-phcnyl-but-3-yn-2-ol (588 ing, 4.02
mniol) in toluene (50 mL)  over 20 min while
maintaining rcflux. TLC (ethyl acetate/hexane 1:4)
after 4 h showed WO 2005/095376 PCT/AU2005/000453  -44
very faint 2,6-dihydroxy naphthalene. After a further
2 h, the mixture was cooled to room  temperature and
washed with aqueous sodium hydroxide solution (10%,
400 rnl,). The  organic phase was diluted with ethyl
acetate (100 mL), dried (Na2SO4), filtered and
concentrated in vaguo to afford a black semi-solid
(804 mg). This was dissolved in ethyl 5
acetate/hexaneldichloromethane/methanol (1 niL: 4 mL:
1 mL: 1 mL) and subjected to  flask chromatography,
eluting with ethyl acetate/hexane 1:4. .3-
Methyl-3-phenyl-3H-benzo[f]chromen-S-ol was obtained
as a brown solid (230 nag, 18): MS (ESI") m/z 287 (M-
1). HPLC 99.3 %n/ 7.58 min 10 Step 2 



3-Methy f -3 -phenyl-3 HHbenzo[ f ]chromene-7, 8-di
one  Co(SALEN)2, 02 0  15 Co(SALEN)2 (23 ing) was
added in one portion to a stirred homogenous yellow
solution of
3-nicthyl-3-phenyl-3H-benzo[f]chronten-8-01 (217 mg,
0.75 mmol) in acetonirrile (3 mL).  Oxygen was bubbled
through the mixture and after 90 min the mixture was
filtered  through a silica plug, washing the plug with
ethyl acetate until no further colour eluted. 20
Volatiles were, removed in vacua to afford
3-methyl-3-phenyl-3H-benzo[lchromcne-7,8- dione as an
orange solid (228 rng, 100%): 'R NMR (300 MHz, CDC13)
S 1.86 (3H, s,  CH;;), 6.25 (1H, d, J = 10.2 Hz, H2),
6.43 (1H, d, J = 10.5 Ha:, H9), 6.85 (1H, d, J = 10.2
Hz, H1), 6.97 (1H, d, J = 8.4 Hz, H6), 7.35 (511, m, A
-I), 7.72 (1H, d,.T = 10.5 Hz, H9),  7.99 (1 H, d, J =
8.4 Hz, H5) MS (EST) rrt/z 303 (M+1). 25 WO
2005/095376 PCT/AU2005/000453  -45- Step 3
8-Hydroxy-3-methyl-3 -phenyl-3H-benzo[i]
chramene-7,10-dionc  4 N NaOH HO  5 O Aqueous sodium
hydroxide solution (4 M, 5 mL) was added to stirred
orange suspension  of
3-methyl-3-phenyl-3H-benzo[J]chromene-7,8-dione- (32
mg, 0.11 rnmol) in ethanol (5  mL) and the mixture
became homogeneous browm. After 1 h, the mixture was
cooled 10 (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 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-3H-
'bcnzo[f]chromenc-7,10-dione as an orange solid (27
mg, 82%): 'H NMR (300 MHz, 15 C DC I) 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). MS (FS[') Fnlz 317 (M-
I ). HPLC 100 %/ 7.12 min. Example 14 20 Compound IS:
S-Hydroxy-3,3-diphetcyl-aft-benzo(f]chromene-7,
1O-dione  Step 1 3,3-Diphenyl-3H-benzoij] chromcn-8-ol
WO 2005/095376 PCT/AU2005/000453  -46- f  OH  HO A
stirred suspension of 2,6-dihydroxy naphthalene (502
mg, 3.13 mmol) in toluene (200  mL) was heated to
reflux (oil bath temperature 130" C). After I. h, the
mixture was  5 homogeneous and p-toluene sulphonic
acid hydrate (54 mg, 0.28 nnnol) was added followed by
a solution of 1,1-diphenyl-prop-2-yn-1-o1 (588 mg,
2.82 nunol) in toluene (40  mL) over 30 min while
maintaining reflux. After 2 d, the mixture was cooled
to room  temperature and washed with aqueous sodium
hydroxide solution (10%, 400 m1). The  organic phase
was diluted with ethyl acetate (200 mL), dried
(Na2SO4)4 filtered and 10 concentrated in vucuo to
afford a black solid. This was dissolved in
chloroform/hexane (5  mL; 5 mL) and subjected to flash
chromatography, eluting with chloroforrnlltexanc 1:1
then neat chloroform.
3,3-Dipheiiyl-3H-benzo[fjchroinen-8-ol was obtained as
a brown  solid (213 rag, 19%); MS (FSI') ,,V 287
(M-1). HP.LC 80.3%/ 8.89 min 15 Step 2
3,3-Diphenyl-3H-benzoG,f]clu'omene-7,8-dionc  



OQ(SALI=N)2, a2 Nzz  I ,, .,` 0 o HO~ 046  0  20 WO
2005/095376 PCT/AU2005/000453  - 47  Co(SALEN)2 (22
mg) was added in one portion to a stirred homogenous
yellow solution of
3,3-diphenyl-3H-benzo[f)chronteri-8-o1 (213 mg, 0.61
inmol) in acetonitrile (3 mL).  Oxygen was bubbled
through the mixture and after 3 h the mixture was
filtered through a  silica plug, washing the plug with
ethyl acetate until no further colour eluted.
Volatiles 5 were removed in vacua to afford brown
solid which was dissolved in dichloromethane and  the
solution subjected to flash chromatography, eluting
with neat diehloroniethane. 3,3-
Diphenyl-3H-benzo[ncbromene-7,8-dione was obtained as
an orange solid (32 mg, 14%).  MS (ESI) m/z 365 (M+1).
10 Step 3
8-Hydroxy-3,3-diphenyl-3H-benzo[f1chroinene-7,10-dione
/ 4 N NaOH O  0 .r HO 0 0  15 Aqueous sodium hydroxide
solution (4 M, 3 nil.) was added to stirred orange
suspension  of
3,3-diphenyl-3H-benz6Mchromene-7,8-dione (22 tng, 0.06
inmol) 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
cooling bath then at 10 min at 



20 room temperature. The precipitate was collected by
filtration and washed with water (15  n 1L). This
residue was dissolved in ethyl acetate (5 mL) and
filtered though a silica plug,  eluting the plug with
ethyl acetate (150 mL) then ethyl acetate/acetic acid
(30:1), collecting  3 x 15 ntL fractions. Fractions I
and 2 were combined and concentrated in vacuo to
afford
8-hydroxy-3,3-diphenyl-.3H-henzo[f]cl=onnene-7,10-dion
e as an orange solid (6 mg, 24%). 25 tH NMR (300 MHz,
CDCl3) 5 6.23 (1H, s, H9), 6.45 (1 H, d, J = 10.4 Hz,
H2), 7.20 (1H, d, WO 2005/095376 PCT/AU2005/000453
-48 J = 8.4 Hz, H6), 7.40 (1OH, in, ArH), 8.00 (1H, d,
J = 8.4 Hz, H5), 8.16 (1H, d, J = 10.4  Hz, li1). MS
(ESI') m/z 381 (M+1). HPLC 86.5%/5.81 min. WO
2005/095376 PCT/AU2005/000453  -49- Antiviral Activity
Tests of antiviral activity were performed in 2.2.15
human hepatoma cells infected with  hepatitis B
according to the method of Korba and Gerin, Antiviral
Research, 19, 55-70  (1992), Briefly, cells were
seeded into 96 well plates and cell media containing
various 5 concentrations of the compounds was added.
Media was changed daily for 9 days and  fresh media
containing compound was added each day. On the 106
day, viral DNA in the  supernatant was measured and
the reduction in the amount of virus in the
supernatant was  calculated compared to cells
incubated without drug. Six separate replicates were
performed for each drug concentration. The effective
concentration for 50% and 90% 10 inhibition of the
replication of the virus was determined from dose
response curves.  Results for some compounds of the
invention arc shown in Table 1. Table 1 Test Compound
LCSU M EC901iM  Compound 1 0.6 3.4  Compound 2 1.1 11 



15 Antiviral activity was also examined in HepG2
hepatoma cells infected with HBV  containing mutations
associated with resistance to larnivudine (3TC). Two
cell lines  containing an L180M mutation in the HBV
DNA polymerase, and a double  L180MfM204V mutation
were used. Cells were plated out in six well plates
and allowed 20 to attach overnight. Next day, the
culture medium was replaced with either medium alone
or medium containing the desired concentration of
antiviral compound. Media was  changed for fresh
medium with or without antiviral compound on day 3. On
day 5,  supernatant and cell lysates were analysed for
levels of HBV core protein by  non-denaturing Western
blot using an anti-HBV core antibody, 25 Results for
some of the compounds are shown in Table 2 whore 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
+. 5017a core reduction at less than WO 2005/095376
PCT/AU2005/000453  - '0 50molar is designated ++ and
50% core reduction at less than 10 tmolar compound
concentration is designated +++. Table 2  5 Compound 1
+++  Compound 5 ++  Compound 6 +  Compound 13 + WO
2005/095376 PCT/AU2005/000453  -51- CLAIMS 



1. A method of treatment or prophylaxis of hepatitis B
virus in a subject comprising  administering to said
subject an effective amount of a compound of formula
(1) or  5 a pharmaceutically acceptable derivative,
salt or prodrug thereof: R2 R4  R R3  2 O Ry 3 R5 a s
R6 X  R7 (1)  wherein X i4 OH, OR9 or halo: R and RI
are independently selected from H, C1.6alkyl,
C2.6alkenyl, C2.,6alkynyl,  10 C'j.5cycloalkyl, aryl,
or together with the carbon atom to which they are
attached  form a saturated or unsaturated
C3.~carbocyclic ring; R2 and R3 are independently
selected from H, C,.6alkyl, C2.6alkenyl, C2_5alkynyl,
C3.6cycloalkyl or together with the bond between the
carbon atoms to which they  are attached form a double
bond; 15 R4 and R$ are independently selected from H,
C,.6alkyl, C2,,alkenyl, C2.6alkynyl,  C3.6cycloalkyl,
OH, OR9, halo or NR,,,R,,, or together with the bond
between the  carbon atoms to which they are attached
form a double bond; R6 and R7 are independently
selected from 11, CI.r,alkyl, Cr-6alkenyl,
C2.6alkynyl,  C3.~cycloalkyl, OH or OR9; 20 R3 is
independently selected from H, Ci_balkyl, C2_6alkenyl,
C2 6alkynyl,  C3.6cycloalkyl, OH, OR9 or halo; WO
2005/095376 PCT/AU2005/000453  -52 



Ry is C1.6alkyl, C2.6alkenyl, C2.salkynyl,
C3~cycloalkyl, aryl, C(=O)R11 or S(O)2R12  or OR9 is
an amino acid residue; each R10 is independently
selected from H and C i-6alkyl; R11 is C1.21aLkyl,
C2.21alkenyl, C2.21alkynyl, C3.6cycloalkyl,
C3.ficycloalkylCl_Galkyl,  5 aryl or arylC,.6alkyl;
and Rl2 is Cl-,alkyl, C2.6alkenyl, C2.6alkynyl or
aryl. 2. A method according to claim 1 wherein the
compound of formula (1) is a  compound of formula (2):
10 R2 R4  R1 R5  (2) O R and R1 are independently
selected from H, C1.6alkyl, C.2.6alkenyl, C2-aalkynyl,
C3.6cycloalkyl, aryl, or together with the carbon atom
to which they are attached  15 form a saturated or
unsaturated C3,~carbocyclie ring; R2 and R3 are
independently selected from H, C1.6alkyl, C2.6alkcnyl.
C2.6allynyl,  C14cycloalky1 or together with the bond
between the carbon atoms to which they  are attached
form a double bond; R4 and R5 are independently
selected from H, C1.6alkyl, C2.6alkcnyl, C2.c,alkynyl,
20 C3_6cycloalkyl, OH, OR9, halo or NRU)Rla or
together with the bond between the  carbon atoms to
which they are attached form a double bond; R9 is
C1.5alkyl, C2.6alkenyl, CZ_balkynyl, C3.6cycloalkyl,
aryl, C(=O)R11 or S(0)2R12  or OR9 is an amino acid
residue; WO 2005/095376 PCT/AU2005/000453  53  each
R1" is independently selected from H and Cl.6alkyl;
R11 is C1 21alkyl, C2,21alkcnyl, C2-21alkymyl,
C3-c,cycloaikyl, C3.6cycloalkylCl.6alkyl,  



aryl or arylCj-6alkyl; and R12 is Cj.balkyl,
C2.salkenyl, C2.6alkynyl or aryl.  5 3. The method of
claim I wherein the compound of farmula (1) is
selected from the  group consisting of.
8-hydroxy-3,3-dimethyl-3H-naphtho
2,1-bjpyran-7,10-dione,  8-hydroxy-3,3-d
imethyl-1,2-dihydro-3 /f-naphtho[2,1-b l
pyran-7,10-dione, 10
9-brorno-8-hydroxy-3,3-dimethyl-1,2-dihydro-3H-naphtho
[2,1-h]pyran-7,10-dione,
9-hronlo-8-hydroxy-3,3-dimethyl-3H-rnaphtho[
2,1-h]pyran-7,10-dione,  9-bromo-3,3-di
methyl-8-(4-ntethylhenzcnesulfonyloxy)-1,2-dihydro-3
H-naphtho[2  1 -b]pyran-7,10-dione,
9-bromo-3,3-dimethyl-8-(4-methyl
benzenesulfou),loxy)-311-naphtho[2, l -b]pyran-7  15
,10-dione, 8-acetoxy-3,3-dimethyl-3 H-naphtho[2,1-b ]
pyran-7,10-dione,
2,9-dibromo-1,8-dihydroxy-3,3-dimethyl-1,2-dihydro-3l1
-naphthol2,1-h]pyran-7,1  0-dione,
8,9-dichloro-3,3-dimethyl-1,2-di hydro-3 H-naphtha
[2,1-b lpyran-7,10-di one,  20
7,8,10-triacetoxy-3,3-dimethyl-3H-naphtho[2,1-b]pyran,
9-Brorno-8-hydroxy-3,3-dimethyl-3H-naphtho
f2,1-b]pyran-7,10-dione.
9-Bromo-8-hydroxy-3,3-dimethyl-3H-naphtho[2,1-hipyran-
7,10-dione,  9-Bromo-3,3-dimethyl-
8-(4-mcthylbenzcnesuifonyloxy)-1,2-dihydro-3H-
naphtho[2,1-bjpyran-7,10-dione, 25
9-Brouio-3,3-dimethyl-8-(4-methylbenzenesulfonyloxy)-3
H-naphtho[2,1-b[pyran- 7,10-dime,
8-Bromo-3,3-dimethyl-9-(4-methylbenzenesulfonyloxy)-3H
-naphthol', l -h]pyran- 7,10-dione,
8-Bromo-3,3-dimethyl-9-(4-methylbenzencsulfonyloxy)-1,
2-dihydro-3H- 



30 naphtho[2,1-b ]pyran-7,113-dione,
8,9-Lichloro-3,3-dimethyl
-1,2-dihydro-3H-naphtho[2,1-b[pyran-7,10-dione, WO
2005/095376 PCT/AU2005/000453  -54 Sodium
3,3-diztiethyl-7,10-Clioxo-7,1O-dihydro-3H-benzoLf]chr
omen-8-plate;  Sodium
3,3-dinethyl-7,9-dioxo-7,8-dihydro-3II-benz
lf]chrotnen-1O-elate
8-Hydroxy-3-methyl-3-phenyl-3li-benzo[t]cliromene-7,10
-dione, and  8-Hydroxy-3,3-diphony]
-3H-benzo[f]chromene-7,10-dione. 5 4. A method
according to claim 1 wherein the compound of formula
(1) is selected  from the group consisting of,
8-hydroxy-3,3-dim
ethyl-3H-naphthol2,1-blpyrw-7,10-dione,
8-hydroxy-3,3-dimethyl-1,2-dihydro-3H-naphthoL2,1-b)py
ran-7,10-dione).  10 5. The method of claim I wherein
the compound of formula (1) is a compound of  formula
(3): Rz R4 R3 R5 o R$  a6 15 R7  (3)  wherein X is OH,
OR9 or halo R and Rr are independently selected from
H, C1fialkyi, C2.5alkcnyl, C24alkynyl,
C3.6cycloalkyl, aryl, or together with the carbon atom
to which they are attached  20 form a saturated or
unsaturated C3.6carhoeyclic ring; 



R2 and R3 are independently selected from H, C,,;
alkyl, C2.6alkenyl, C2-6alkynyl,  Ca.,;cycloalkyl or
together with the bond between the carbon atoms to
which they  arc attached form a double bond; WO
2005/095376 PCT/AU2005/000453  55 R4 is selected from
H, C:1 fialkyl, C2.6alkenyl, C2. alkynyl,
C3.6cycloalkyl, halo or  NR1oR1o or together with R.s
and the bond between the carbon atoms to which Ra  and
R5 arc attached, form a double bond; Rs is selected
from H, C,.~alkyl, C2.6alkenyl, C 2 ,alkynyl,
CM,cycloalkyl, 011, OR9,  5 halo or NR1oRj0 or
together with Ra and the bond between the carbon atoms
to  which Ra and R5 are attached, form a double bond;
R,, and R7 are independently selected from H,
C1.ralkyl, C2.6alkenyl, C2.6alkynyl,  C3.5cycloaikyl,
O1( or OR9; R5 is independently selected from H,
C1.6allcyl, C2.6alkenyi, C2.6alkynyl,  10
C3.6cycloaikyl, OH, 0R9 or halo; R9 is CI balkyl,
C2.6alkenyl, C2 (,alkynyl, C3-6cyeloalkyl, aryl,
C(=0)RH or S(O)2R12  or ORy is an amino acid residue;
each Rio is independently selected from H and
C1.5alkyl; R11 is Ct-2lalkyl, C2.2jalkenyl,
C2.2lalkynyl, C3.6cycloalkyl, C3.6cyc1oalkylCl.6alkyl,
15 aryl or arylC1_6alkyl; and R12 is C1.5alkyl, C2
acikcnyi, C2.6alkynyl or aryl. 6. A method according
to any one of claims I to 5 further comprising
administering a  second therapeutic agent. 20 7, A
compound of Formula (1) or a pharmaceutically
acceptable derivative, salt or  prodrug thereof: WO
2005/095376 PCT/AU2005/000453  



-56 R2 R4  R R3 0  RI 3 R5 4  O 10 Ra  Re 7 R7 O  (1)
wherein X is OH, OR,) or halo; R and Rl are
independently selected from H, Cl.6alkyl, C2.Galkenyl,
C2.5alkynyl,  C3.6cycloalkyl, aryl, or together with
the carbon atom to which they are attached  5 form a
saturated ar unsaturated C;.bcarbocyclic ring; R2 and
R3 are independently selected from H, C1. ,alkyl,
C-6alkenyl, C2.6alkynyl,  C3.6cycloalkyl or together
with the bond between the carbon atorns to which they
are attached form a double bond; .R4 and R5 are
independently selected from H, Cr.6alkyl, C2.6alkenyl,
C2.6a1kynyl,  10 C3.6cycloalkyl, OH, OR,), halo or
NR11,R10 or together with the bond between the  carbon
atoms to which they are attached form a double bond;
P,-) is C1 (,alkyl, C2.6alkenyl, C2.balkynyl,
C3.6cycloalkyl, aryl, C(=O)Rl1 or S(0)2R12  or OR9 is
an arnino acid residue; each RLO is independently
selected from H and Cl,;alkyl; 15 R11 is C1.2ialkyl,
C2 2lalkcnyl, C2_21alkynyl, Cl.c;cycloalkyl,
C3.6cycloalkylCi.6alkyl,  aryl or ary1C1_6alkyl; and
Rig is C1,Galkyl, C2.6alkenyl, C.Galkynyl or aryl;
with the proviso that when R and R1 are both methyl
and R is OH or OR9, R5 is not  



selected from OH, ORO or NHR9. 20 S. A compound
according to claim 7 wherein the compound of Formula
(1) is a  compound of formula (2): WO 2005/095376
PCT/AU2005/000453  -57 R2 R4  F( n, R5 O OH  (2) R and
R1 are independently selected from If, C1.6alkyl,
C2.ralkcnyl, C2.ralkynyl,  5 C3.Gcycloalkyl, aryl, or
together with the carbon atom to which they are
attached  form a saturated or unsaturated
C3.6carhocyclic ring; R2 and R3 are independently
selected from H, Ci.6alkyl, C2.6alkenyl, C2.oalkynyl,
C3.6cycloalkyl or together with the bond between. the
carbon atoms to which they  are attached form a double
bond; 10 R4 and R5 are independently selected from 11,
Cy-6alkyl, C2.6alkcnyl, C2 alkynyl,  C3.6cycloalky[,
OH, OR9, halo or NR1ORtp or together with the bond
between the  carbon atoms to which they are attached
form a double bond; R6 and R7 are independently
selected from H, C1.6alkyl, C2.6alkeny[, C2.6alkynyl,
C3.0cycloaikyl, OH or ORy; 13 Rs is independently
selected from H, C,.salkyl, C2.6alkenyl, C24alkynyl,
C3-6cycloalkyl, OH. ORn or halo; R9 is C1.6alkyl, C;
r.ralkenyl, C2.6alkynyl, C.3.{;cycloalkyl, aryl,
C(=O)R11 or S(O)2R12  or ORq is an amino acid residue;
each RI() is independently selected from H and
C1.6alkyl; 



20 R11 is C1_21alkyl, C2.21alkcnyl, C2.21alkynyl,
C3-6cycloalkyl, C3-6cyc[oalkylC1.6alkyl,  aryl or
arylCI.balkyl; and R12 is Cj.r;alkyl, C2.tialkenyl,
C7.6alkynyl or aryl, WO 2005/095376 PCT/AU2005/000453
-58 9. A compound according to claim 7 wherein the
compound of formula (1) is selected  from the group
consisting of:
8-hydroxy-3,3-dimctl)yl-3H-naphtho[2,1-b]pyran-7,10-di
one,
8-hydroxy-3,3-ditmethyl-1,2-dihydro-3H-naphtho[2,1-h]p
yran-7,10-dione,  5 9-bromo-8-hydroxy-3,;
i-dimethyl-1,2-dihydro-3H-naphtho[2,1-h]pyran-7,10-dio
ne, 9-bromo-8-hydroxy-3,3-dimethyl
-3H-naphtho[2,1-b]pyran-7,10-dione,  9-bromo-3,3-dim
ethyl-
8-(4-methyl'benzetnesulfonyIoxy)-1,2-dihydro-3H-naphth
o[2  ,1-h] pyran-7, 10-dione,
9-bromo-3,3-dimethyl-8-(4-methylbenzeiiesulfonyloxy)-3
H-naphtho[2,1-h]pyran-7  10 , 10-dione,
8-acetoxy-3,3-dirnethyl-3H-naphtho[2,1-bipyran-7,10-di
one,  2,9-dibromo- 1 ,8-dihydroxy-3,3-dimethyl- l
,2-dihydro-3H naphthol 2,1-b] pyran-7,1  0-dione,
8,9-dichloro-3,3-dimethyl-1,2-dihydro-3H-naphtho(2,1-h
]pyran-7,10-dione,  15
7,8,10-triacetoxy-3,3-dimethyl-3HHnaphtltol2,1-b1pyran
,  9-13romo-8-hydroxy-3,3-dimethyl-3 FI-naphthol
2,1-b] pyran-7,10-dione.
9-Bromo-8-hydroxy-3,3-dimethyl-alt-naphtho[2,1-b)]pyra
n-7,10-dione.  9-t3romo-3,3-dimethyl-8-(4-methyt
henzenesulfonylox),)-1,2-dihydro-3H- naphtho[
2,1-h]pyran-7,10-dione. 20
9-13ronio-3,3-dimethyl-8-(4-methylbenzenetiulfonyloxy)
-3H-naphtho[2,1-b Ipytan- 7,10-dione,
8-Bronco-3,3-dimethyl-9-(4-met
hylbenEenesulfonyioxy)-3 FI-naphtho[2,1-hlpyran- 



7,10-dione,
8-Bromo-3,3-dimethyl-9-(4-meth),lbenzenesulfonyloxy)-1
,2-dihydro-311- 25 naphtho[2,1-h. ]pyran-7,10-dione,
8,9-Dichloro- 3,3- dim ethyl
-1,2-dihydro-3H-naphtho[2,1-h]pyran-7,10-dione,
Sodium
3,3-dimethyl-7,10-dioxo-7,10-dihydro-3H-benzo[1]chrome
n-8-olate;  Sodium
3,3-dimethyl-7,8-dioxo-7,8-dihydro-3H-benzo[/]chromen-
l0-olate;  8-H
ydroxy-3-methyl-3-phenyl-3H-benzo[f]chromene-7,10-dion
e, and 30 8-Hydroxy-3,3-diphenyl-3H-hen
zo[f]chromene-7,10-dione. WO 2005/095376
PCT/AU2005/000453  -59 10. A compound according to
claim 7 wherein the compound of formula (1) is
selected  from the group consisting of:
$-hydroxy-3,3-dimethyl-3 H-naphtho[2,1-b l
pyran-7,10-di one,
8-hydroxy-3,3-diniethyl-1,2-dihydro-3H-naphtho[2, ]
-h] pyran-7,10-dione).  5 11. The compound of claim 7
wherein the compound of formula (1) is a compound of
formula (3): R2 R4 R3 R 5 o ~,, I Re Re x  10 R7 (3)
wherein X is OR, OR9 or halo R and R, are
independently selected from H, C1 fialkyl,
C2.Galkenyl, C2 6alkymyl,  C3.6cycloalkyl, aryl, or
together with the carbon atom to which they are
attached  



15 form a saturated or unsaturated Ci.6carbocyclie
ring; R2 and R3 are independently selected from H,
Ct-;alkyl, C2.6alkenyl, C2.6alkynyl,  C3.Gcycloalkyl
or together with the bond between the carbon atoms to
which they  are attached form a double bond; R4 is
selected from H, Ct-6alkyl, C2.6alkenyl, C2_6alkynyl,
CI-;cycloalkyl, halo or  20 NRtoRto or together with
R5 and the bond between the carbon atoms to which R4
and RS are attached, form a double bond;. WO
2005/095376 PCT/AU2005/000453  -60 R5 is selected from
H, C1_6alkyl, C2-6alkenyl, C2.6alkynyl,
C3.6cyclorlkyl, OH, OR,  halo or NRloR,ta or together
with R and the bond between the carhon atoms to  which
R4 and R5 are attached, form a double bond; R6 and R7
are independently selected from H, C,_6alky1,
C2.6alkenkyl, C2,,-;alkynyl,  5 C1.6cycloalkyl, OH or
OR9; R5 is independently selected from H, C1.6alkyl,
C2.6alkenyl, C2_6alkynyl,  C:5-6cycloalkyl, OH, OR9 or
halo; R9 is C1.6alkyl, C:2-6alkenyl, C2,6alkynyl,
C3.6cycloalkyl, aryl, C(--O)Rjj or S(0)'.1112  or OR9
is an amino acid residue; 10 each RIO is independently
selected from H and C1.6alkyl; R11 is C,_21atkyl,
C2.41u11;enyl, C2.2ialkynyl, C3.6cycloalkyl,
C3.6cy41oaJkylC1.(,a11cy1,  aryl or ary1C1.61lkyl; and
R12 is Ci.Ralk-yl, Cz6alkenyl, C2_;alkynyl or aryl. 15
12. A pharmaceutical composition comprising a compound
according to any one of  claims 7 to 11 and a
pharmaceutically acceptable carrier, diluent or
excipient. 




