-1 - NEUROLOGICALLY-ACTIVE COMPOUNDS The present invention relates to
neurologically-active compounds, processes for their preparation and their use as pharmaceutical or
veterinary agents, in 5 particular for the treatment of neurological conditions, more specifically
neurodegenerative conditions such as Alzheimer's disease. BACKGROUND OF THE INVENTION All
references, including any patents or patent applicationslcited in this 10 specification are hereby
incorporated by reference. No admission is made that any reference constitutes prior art. The
discussion of the references statdSROhEMCH (A Yadge it ddIOVEHPLLYDE reserve the right to
challenge the accuracy and pertinency of the cited documents. It will be clearly understood that,
although a number of prior art,_publications are.referred to herein, this reference does nqt constitute an
admission that 15 any of these 8@6%%%9%tgl¥oeﬂ%§1b%‘?r[%efsﬁ?en88¥ﬂ &5 ﬁ%%\Yf(ﬁSWPeodlé@%h the art, in
Australia or in angrethsscedointhyirTHepita tepaanié tratigie ad Mupislesyideal o xsteforaenebostedies, and
the length b thegauman iferapamés gt dain holoziay Reddiond 28 ieapeciiosrylife expectancy has
risen significantlynierl1l 1;hi S, century ét&gn%lgeorrllg ars an igf:reallrsniglgss(%géggent 20 of our population, and their
health care needs will continue Yo grow for decades. ilft%ough normal aging is characterized by
modest reductions in the mass and volume of the human brain, which may be due to the atrophy
and/or death of bR ICEIRD theBe@hdtite Nva T Iodre profound in the brains of patients who
succumb to a neurodegeneratiye,cARditian. MashakReSpEINdlions it SPREMIL S ErelGh ke to 25

genetic mutations) and of unknown cause, but hundreds of different mutations in many genes have
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precede clinical expression by Mot 23681

The life span is thought to be biologically fixed for each species, and the

length of the human life span is uncertain, but may be up to 120 years. Since life
expectancy has risen significantly in this century, the elderly are an increasing segment
20  of our population, and their health care needs will continue to grow for decades.
Although normal aging is characterized by modest reductions in the mass
and volume of the human brain, which may be due to the atrophy and/or death of brain
cells, these changes are far more profound in the brains of patients who succumb to a
neurodegenerative condition. Most of these conditions are sporadic (i.e., not due to
25  genetic mutations) and of unknown cause, but hundreds of different mutations in many
genes have been shown to cause familial (inherited) variants of several
neurodegenerative conditions. Many of the dozen or more genes that harbor these
mutations were discovered in the quest to determine the genetic basis of
neurodegenerative conditions just in the last ten years. Neurodegenerative conditions
30 evolve gradually after a long period of normal brain function, due to progressive
degeneration (i.e., nerve cell dysfunction and death) of specific brain regions. Since
symptomatic expression of disease occurs when nerve cell loss exceeds a “threshold”
for the continuing function (e.g., memory, movement) performed by the affected brain
region, the actual onset of brain degeneration may precede clinical expression by many
35  years.
Intellectual and higher integrative cognitive faculties become

progressively impaired and interfere with activities of daily living in neurological



Intellectual and higher integrative cognitive faculties become progressively impaired and interfere with
activities of daily living in neurological - 2 conditions resulting in dementia. The precise prevalence of
dementia in the elderly population is unknown, but may be 15% of people over 65 years old with 5%
severely and 10% mildly to moderately demented. The prevalence of severe dementia increases
from 1% at 65 years to 45% at 85 years. There are mar®d causes of dementia, but 5 Alzheimer's
Disease (AD) accounts for 50% of demented patients over 65 years of age. AD is a primary
degenerative diseasditofiithechuitinglinslahantacteibe ghioyisorpgredsive dedtimersfacmghitivkl¢uyctions
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known as tauopat
The aetiology of dementia of AD is unclear. There is considerable

evidence of a heritable predisposition for some forms of AD (reviewed in St George-
Hyslop, 2000), and the expression of certain isoforms of ApoE has also been linked to a

20  higher risk of AD (Corder et al, 1993; Czech et al 1994). The toxic accumulation of
aluminium has been suggested as a causative agent in AD, although this hypothesis has
now been largely superseded. The brains of AD patients display abnormal deposits
which include B-amyloid protein (Ap).

AP is known to be present in the brains of individuals with certain

25 neurodegenerative diseases, but it is not known whether it is symptomatic of an
underlying disease process, or is actually involved in the aetiology of the disease. For
example, some authors believe that the AP deposits may be indicative of a normal brain
defence mechanism, in which the brain attempts to sequester the A3; such deposits can
be present in the brains of normal individuals. There is a mutation of tau protein in

30  which neurofibrillary tangles, but no amyloid plaques are present in the brain; this
condition is known as tauopathy.

One proposed approach to AD therapy is to inhibit production of AP in
the brain. Proteolytic cleavage of APP by BACE] and y-secretase generates the full-
length AP, which is then released from cells (Nunan and Small, 2000). Therefore

35 inhibitors of either BACEI or y-secretase may be of therapeutic value. Alternatively, a
number of studies have shown that cholesterol can influence AP release (Simons et al.,
1998; Hartmann, 2001; Fassbender et al., 2001; Frears et al., 1999; Friedhoff et al.,



One proposed approach to AD therapy is to inhibit production of A(3 in the brain. Proteolytic cleavage
of APP by BACE1 and y-secretase generates the full- length A(3, which is then released from cells
(Nunan and Small, 2000). Therefore 3 5 inhibitors of either BACEL or y-secretase may be of
therapeutic value. Alternatively, a number of studies have shown that cholesterol can influence A(3
release (Simons et al., 1998; Hartmann, 2001; Fassbeider et al., 2001; Frears et al., 1999; Friedhoff
et al., - 3 200 1). However, there is some disagreement in the art as to the value of lowering
cholesterol level208nd ddoveewarr ks aonsideditrretiotes ter dldsud etualthbenkfoidlldvariexample, Ji
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causative step(s) lies within the pathway of the intracerebral biogenesis and
accumulation of the AP amyloid protein (see recent reviews by Selkoe, 2001;
Beyreuther et al., 2001; Bush, 2001). However, to date no drugs or agents which target
20  this pathway have been demonstrated to have a lasting effect on modifying the clinical
expression of the disease or in preventing or ameliorating the decline in cognitive
function associated with neurodegenerative disorders, including Alzheimer’s disease.

A further hypothesis is that AD is caused by the toxic accumulation of
AP amyloid, due in part to excess binding of copper and zinc, metal ions which are

25  abundant in the regions most affected. Moreover, it has been suggested that when Zn**
and Cu”" ions interact with AP, aggregation of Ap into fibrils and plaques occurs
(Atwood et al., 1998); confirmed by recent data from animals deficient in synaptic Zn*"
(Lee et al., 2002). It has also been suggested that redox-active Cu®*-Ap interactions can
generate H,O, from O, (Huang et al., 1999). Both Cu*" and Zn*" have been shown to

30 affect AB-lipid membrane interactions (Curtain et al., 2001).

The brain is an organ that concentrates metal ions and recent evidence
suggests that a breakdown in metal homeostasis plays a critical role in a variety of age-
related neurodegenerative diseases. Common features of these diseases include the
deposition of misfolded protein (each disease has its own specific amyloid protein) and

35  substantial cellular damage as a result of oxidative stress. Indeed data is now rapidly
accumulating that metallochemical reactions could emerge as the common denominator

underlying amyloidogenic neurological disorders such as Alzheimer’s disease,



(Lee et al., 2002). It has also been suggested that redox-active Cue+-A(3 interactions can generate
H202 from 02 (Huang et al., 1999). Both Cu 2+ and Zn2+ have been shown to 30 affect A(3-lipid
membrane interactions (Curtain et al., 2001). The brain is an organ that concentrates metal ions and
recent evidence suggests that a breakdown in metal homeostasis plays a critical role in a variety of
age- related neurodegenerative diseases. Common feafures of these diseases include the deposition
of misfolded protein (each disease has its own specific amyloid protein) and 35 substantial cellular
damage as a resaﬂmﬁbmidﬁiﬁ\mwbsﬂemdeéﬂlc&lapﬁqmo@iseamdIyimdudmglﬁmlgzlfemm:dtahochemical
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(Yassin et al., 2000; Bush and Masters, 2001).
However, no in vivo results in animal models or in humans are provided
20  in the Geromylatos and Bush patents. US 5,994,323 discloses a composition comprising
CQ and Vitamin B12, and its use for the treatment of "diseases or disorders responsive
to CQ administration while inhibiting detrimental side effects" of CQ. These diseases
include AD. US 6,001,852 discloses a method of treatment of AD using CQ, preferably
together with Vitamin B12. Both US 5,994,323 and US 6,001,852 suggest a dosage of
25  10-750 mg per day; US 5,994,323 recommends that if treatment is over a long period
CQ should be given intermittently, for up to 3 weeks at a time followed by a "wash-out"
period of 1-4 weeks.
In US application No. 09/972,913 CQ is exclusively referred to in terms
of its ability to disaggregate AP} deposits. No other mechanism of neurotoxicity is
30 discussed. PCT/US99/05291 by General Hospital Corporation discloses the use of CQ
in combination with specific copper and zinc chelators to promote dissolution of
amyloid plaques and inhibition of amyloid plaque formation and/or the production of
ROS by AB.
US 6,001,852 also suggests that a composition comprising CQ and
35 Vitamin B12 could be used in the treatment of Parkinson's disease; however, in this

context it is suggested that CQ acts primarily via clearing iron from the substantia nigra.



together with Vitamin B12. Both US 5,994,323 and US 6,001,852 suggest a dosage of 25 10-750 mg
per day; US 5,994,323 recommends that if treatment is over a long period CQ should be given
intermittently, for up to 3 weeks at a time followed by a "wash-out" period of 1-4 weeks. In US
application No. 09/972,913 CQ is exclusively referred to in terms of its ability to disaggregate A[3
deposits. No other mechanism of neurotoxicity is 30 diseussed. PCT/US99/05291 by General Hospital
Corporation discloses the use of CQ in combination with specific copper and zinc chelators to
promote dissolution of amyloidlxtadtiescand ¢1Dibitibe tofamioid plEuestsorpoaticrabidyoioteter
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least two molecules for every metal ion captured. SUMMARY OF THE INVENTION 10 The present
invention provideg aMeARS/AH 43RO RIGIEKR! conditions including those characterised by the
abnormal reaction between proteins and metals. We have now developed heterocyclic compounds
having twoilsed 15 6-membered rings with a nitrogen atom at position 1 and a hydroxy or mercapto
group at position 8 with at leadthepecsiens beiefiaropnarid¢h rongimnthe! ¢alddc@vecoptingization of one or
more of the followingprRaiesia) maial chalation (s haseipationdeinads KhagHepusiseRilty; 20

(c) reduced cell t%‘%ﬂ’ﬁ (d) amyloid dispersion properties;

We have now developed heterocyclic compounds having two fused
15 6-membered rings with a nitrogen atom at position 1 and a hydroxy or mercapto group
at position 8 with at least one ring being aromatic through the collective optimization of
one or more of the following properties:
(a) metal chelation (as hereinafter defined);
(b) aqueous solubility;
20 (©) reduced cell toxicity;
(d) amyloid dispersion properties;
(e) membrane permeability appropriate for CNS penetration; and
® metabolic stability.
These compounds include examples of therapeutics which are
25  concentrated in the CNS through active transport, contain antioxidant activity in
addition to their metal chelation properties which in some cases leads to enhanced metal
chelation properties and demonstrate a prodrug strategy which masks the 8-hydroxy or
8-mercapto moiety to favour CNS penetration and make use of the known esterase
activity which resides on the inner surface of the blood brain barrier (BBB).
30 According to the present invention there is provided a method for the
treatment, amelioration and/or prophylaxis of a neurological condition which comprises

the administration of an effective amount of a compound of formula I:



(e) membrane permeability appropriate for CNS penetration; and (f) metabolic stability. These
compounds include examples of therapeutics which are 25 concentrated in the CNS through active
transport, contain antioxidant activity in addition to their metal chelation properties which in some
cases leads to enhanced metal chelation properties and demonstrate a prodrug strategy which masks
the 8-hydroxy or 8-mercapto moiety to favour CNS pentration and make use of the known esterase
activity which resides on the inner surface of the brain barrier (BBB). 30 According to the present
invention there is provided a method for the treayment, amelioration an\%q prophylaxis of a
neurological condition which comprises th Adrfiistration cyf/a—nY I émount of a compound of
formula I: - 6 - (R)p Y~ Y (RA)P (RRyP X XURR Y X RL ;M (R zgalfH 10 in which R is O or
S; R'is independently selected from H, dptioiaily subskifuted aljopfionalfy substituted alkenyl;
optionally substituted alkynyl; optionally sibstituted arryk optjongllly SGbstituted heterocyclyl; an
antioxidant; g targeting moiety; CN; halo; X k.an "QRQ,/SRZ, SOR2, S02R2, NR2R3,
(CH2)"NR2R3, HCNOR2, HCNNR2R3 COMR2RSCSNR R3\NCOR2, NCSR2, COR2, C02R2,
CSR2 or SO2NR2R3 in which R2 adfR@ are ind pendently s ted from H, optionally substituted
alkyl, optionally substituted alkenyl, optionally sulysjifuted alkynyl, 6nptionally substituted aryl, optionally
substituted heterocyclyl, an antioxidant or a 20 targeting moiety and n is an integer of 1 to 10; X is
independently selected from CH, CO, N and NH; Z is indgpendently selected from CH, CO, N, NH and

0; Y is absent or together with the ring to which it is attached forms a 5- or
10  inWwhich

RisOorS;

R' is independently selected from H, optionally substituted alkyl,
optionally substituted alkenyl; optionally substituted alkynyl; optionally substituted
aryl; optionally substituted heterocyclyl; an antioxidant; a targeting moiety; CN; halo;

15  CF;; SOsH; and OR?, SR%, SOR?, SO,R?, NR’R?, (CH,),NR’R®, HCNOR?,
HCNNR’R’, CONR’R’, CSNR’R’, NCOR?, NCSR?, COR?, CO,R* , CSR” or
SO,NR’R’ in which R? and R® are independently selected from H, optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted heterocyclyl, an antioxidant or a

20 targeting moiety and n is an integer of 1 to 10;

X is independently selected from CH, CO, N and NH;

Z is independently selected from CH, CO, N, NH and O;

Y is absent or together with the ring to which it is attached forms a 5- or
6-membered optionally substituted aryl or a 5- or 6-membered optionally substituted

25  heterocyclyl;

m is an integer from 1 to 3; and

p is an integer from 1 to 4,

salts, hydrates, solvates, derivatives, pro-drugs, tautomers and/or isomers
thereof to a subject in need thereof,

30 with the provisos that:

(1) at least one of X and Z is other than CH;

(1)  phanquinone or tautomers thereof are excluded i.e., when R is O,

R' at position 7 is OH, X is CH and Y is absent, then Z is not m ;

N

35 N



6-membered optionally substituted aryl or a 5- or 6-membered optionally substituted 25 heterocyclyl;
m is an integer from 1 to 3; and p is an integer from 1 to 4, salts, hydrates, solvates, derivatives,
pro-drugs, tautomers and/or isomers thereof to a subject in need thereof, 30 with the provisos that: (i)
at least one of X and Z is other than CH; (ii) phanquinone or tautomers thereof are excluded i.e., when
Ris 0, R'at position 7 is OH, X is CH and Y is absent, then Zisnot N ; N 35 - 7 - (i) when R is 0, Y
is absent, Z is CH, Xis CH other than at position 3 Me where X is N, mis 2 and R1is -NH /NH 10 N
at position 3, thefuilRl at positiomt2isRotOs Y\iN#bhdentoZ S CHNH-SO2Me ; and 20 (iv) clioquinol i.e,
when R is 0, Y isxahsenf.o @it AfoSiHoand m is 2, then Rl at position 5 is not chloro and RI at
position 7 is not iodo. Further according to the present invention there is provided use of the 25
compound of formula | in the manufacture of a medicament for the'treatment, amelioration and/or
prophylaxis of a neurological condition. The invention also iles use of the compound of formula |
for the treatmentyrepeloraiomand/en@roplylaxis of g, ologigal condition. The invention further
provides t ompound of formula | for use in the 30 treatm&at, amelioration and/or prophylaxis of a
neurological condition. The invention still further provides use of the compound of formula | as a
pharmaceutical, preferably a neurotherapeutic or neuroprotectivgaggnt, more preferably an
antiamyloidogenia: agsinioP3efesatily athesidunalagical conditic uragegenerative condition,
more preferably neurodegenerative amyloidosis such as

&

or —s NH—sO,Me  ; and

20 (iv)  clioquinol i.e, when R is O, Y is absent,
Z and X are CH and m is 2,

then R at position 5 is not chloro and R' at position 7 is not iodo.

Further according to the present invention there is provided use of the
25  compound of formula I in the manufacture of a medicament for the treatment,
amelioration and/or prophylaxis of a neurological condition.

The invention also provides use of the compound of formula I for the
treatment, amelioration and/or prophylaxis of a neurological condition.

The invention further provides the compound of formula I for use in the

30 treatment, amelioration and/or prophylaxis of a neurological condition.

The invention still further provides use of the compound of formula I as
a pharmaceutical, preferably a neurotherapeutic or neuroprotective agent, more
preferably an antiamyloidogenic agent. Preferably, the neurological condition is a
neurodegenerative condition, more preferably neurodegenerative amyloidosis such as

35  Alzheimer’s disease or Parkinson’s disease.

R is preferably O.

R' is preferably halo, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted alkyl, OR?, SR?, (CH,),NR’R?, CONR’R’ and
NCOR? in which n, R? and R? are as defined above. More preferably R'is fluoro; iodo;

40  chloro; optionally substituted phenyl such as 4-halophenyl, for example, 4-fluorophenyl
or 4-chlorophenyl; an optionally substituted unsaturated 3 to 6-membered
heteromonocyclic group containing 1 to 4 nitrogen atoms such as imidazolyl or
pyridinyl; an optionally substituted saturated 3 to 6-membered heteromonocyclic group

containing 1 to 4 nitrogen atoms such as imidazolidinyl or piperazinyl; an optionally



35 Alzheimer's disease or Parkinson's disease. R is preferably O. R1 is preferably halo, optionally
substituted aryl, optionally substituted heterocyclyl, optionally substituted alkyl, OR’, SR’,
(CH2)"NR2R3, CONR2R3 and NCORZ2 in which n, R2 and R3 are as defined above. More preferably
R1 is fluoro; iodo; 40 chloro; optionally substituted phenyl such as 4-halophenyl, for example,
4-fluorophenyl or 4-chlorophenyl; an optionally substituBed-unsaturated 3 to 6-membered
heteromonocyclic group containing 1 to 4 nitrogen atoms such as imidazolyl or pyridinyl; an optionally
substituted saturatbstiButodsaaiatbe ot fetermiond byttiogaupy cbatainipg dnteidimgtfogeh atoms such

as imidazolidiny! %@aﬁﬁ%&%@m QQtiqﬂﬁlJigé@at%m{IHﬁ% ﬁ%%ﬁﬁ&%ﬁﬁ;@p@iﬂﬁ&l@%‘[%@tuted Ci.
heteromonocyclic groyp containing 1 to 2. oxygen at@yms @nd 1 t(g%;ltro%e a OméBSUCh as
morpholinyl optibALE) SHERHMIASH e £ i atEall G Br L Pl Ut Ettutea 26
cycloalkyl such agy@dgetopsdpyptiopabyanpsiivsdtGtedatkpxs; aiRbryalby tobriiytedbistdd o R
CH2NF(%4R5)55 in wichcR& angiRS @@iﬁﬁi&@@ﬁﬂ@ﬁb ml%%%l@atﬁ@&rﬁmﬁhmq ﬁfllkgllgl&yl; or |
CONH(CH2)2R6 i i is optionally, substituted heterocyclyl. Y is preferably an optionally
substituted phengl‘?) ﬁ]ﬂgg@%ﬁ ISL%SII(I%ﬁiedl Sl?ll?slgﬂjar?l estlll%-% g¥tg¥rl¥11%tr%r8§ (Ceelcyelheteromonocyc.lic group
containing 1 to 4 nitrogen atoms SSRicheERPn I pyHbR et R BYESRARFSnpdYiRe 84edrated
5or 6-membere¢ﬂ;&h@w@m&n@mm@m@mmmmm %mupgmn_ta_tﬁn@_anmmﬁof@gaﬂmgem
atoms such as rqeRRQIAiMNIESR B MIRRINSORS UM PXIBGRINeA ety Sbilahasiient R

]
has a limited_effect, electronically or sterically, in the chelating properties of the . compounds of the
present invRtiorl TBLRIIBI LG ST SRYEIBE 54da oMM BthL i HiHIePSL0IER shch
cytotoxicity and pisysimpblhémital properties including the number of hydrogen bond donors and

acceptors, lipophilicity (ClogP vlaghandishaghth sobhility B Relansuriree e aaMadsiation of
these parameter?r{]ci%ntriblutett(%1 t?te (%pt'mitsation ?f thetghar acokine ic profile of the co Hg)unds. Itis
also postulated tha WrenSubstittat ﬁsr(fglcca Oartspcfécl I.OXSIE and/or aflf}\gé’éaﬂ?oﬁetsoomoaulating 20
cytotoxicity and pleyRicuedeefichs prejsatias auidd. absb wffeidemeavithordescdubatind snmprolates
chelating p1@pertighe fasiiativgsdasses sfte@xipryndd phieicodhrhayg pofriawsndRdimelhe

number of hydrogen bond donors and acceptors, lipophilicity (ClogP, ElogP and

LogD), solubility and polar surface area. Modulation of these parameters contribute to

the optimisation of the pharmacokinetic profile of the compounds. It is also postulated

that when substituent R' is located at positions 2 and/or 7 in addition to modulating

20 cytotoxicity and physicochemical properties could also affect activity if the substituent
provides chelating properties.

[Nlustrative classes of compounds of formula I are as follows:

25 \ | \J 8-hydroxy-4(3H)-quinazolinones
7

(RYm (RY)m

|\\ /)’\'3 8-hydroxy-quinazoline
3/ ’\11/

OH

30
(RYm
SR,
N K
|\ P {J 8-hydroxy-quinoxaline
N

1

g
OH

35



NH 25 8-hydroxy-4(3H)-quinazolinones N SHR (R)m (R")m 8-hydroxy-quinazoline N OH 30
8-hydroxy-quinoxaline N OH 35 9 - (R")q N~ [1,6]naphthyridin-8-ol OH R")m O
9-hydroxypyrimido[1,6-a]pyrimidin-4-one OH (R'), 10 R)\ /R)4 1 8-hydroxy-cinnoline e N OH (R)m
(R", \ 6-hydroxy-phenazine a N s 15 OH (R )~~ R (R'), / 4-hydroxy-acridine N Ns OH

- 9 -

(Rl)q (Rl)
> o
| /J [1,6]naphthyridin-8-ol
N
OH
5
R Q o o
\4\ " Jj 9-hydroxypyrimido[1,6-a]pyrimidin-4-one
- |
X \N\
OH (R
(Rl)m 1
(RY)q
10 N4 .
| N 8-hydroxy-cinnoline
(R 1OH (RYp
|\\ N\ % .
NS 6-hydroxy-phenazine
15 OH
(RYm . . R! (Rl)p
|: é \/ 4-hydroxy-acridine
2 N 4
OH
20
4,7(4,10)-phenanthrolin-5-o0l
25
30

AN
N p
: \)\N (RY)q 9-hydroxypyrido[ 1,2-a]pyrimidin-4-one

35



20 (R)m (R)m \~ N' R~~~R )m ~N X 4,7(4,10)-phenanthrolin-5-ol s N R’k N 25 OH OH (R)m NO N\
"/ (R)g OHO 30 N~\N (R1) N (R1)q 9-hydroxypyrido[1,2-a]pyrimidin-4-one OH 35-10-R'(R)m"
n pyrido[3,2-d]pyrimidin-4-ol OH 5 R' (RYm NI I\ " Ni pyrido [2-3 -d]pyridazin-8-ol OH (R)a (RYm 1 0
~" [1,7]naphthyridin-8-ol N/ N OH (R"), OH rl/(R)q

N pyrido[3,2-d]pyrimidin-4-ol

/R (R
N
NN pyrido[2-3-d]pyridazin-8-ol

(RYm
10 H;@ [1,7]naphthyridin-8-ol
N~ N/
OH

OH
_N A RYq
\k)\)\'\‘j [1,5]naphthyridine-4,8-diol
OH

15
1 @
N A
L/\ |N/J [1,5]naphthyridine-8-ol
G
OH
20 (RYq 1
NSO
I P
N pyrido[3,4-b]pyrazin-8-ol
OH
(RY,q N R
N J
25 NP pyrido[3,4-b]pyrazin-5-ol
OH
/(Rl)m
SN (Rl)q
Q\T/)/ pyridol[4,3-d]pyrimidin-8-ol
OH
30
N Ge /(Rl)m
\\\/%Jl\/\/j 4-hydroxy-4a,8a-dihydro-pyrano[3,2,b]pyridin-2-one
R N
OH
(RYm

35 OY N \/
/\ | /j 8-hydroxy-6H-[1,6]naphthyridin-5-one
(RYq N
OH



[1,5]naphthyridine-4,8-diol 15 OH 0 (R")m [1,5]naphthyridine-8-ol (R ) OH 20 N\pa N)
pyrido[3,4-b]pyrazin-8-ol OH (R")gr\ N/R )q 25 N pyrido[3,4-b]pyrazin-5-ol OH (R)m \'(R")q NJ
pyridol[4,3-d]pyrimidin-8-ol OH 30 Oy O (R"Ym 1 4-hydroxy-4a,8a-dihydro-pyrano[3,2,b]pyridin-2-one
OH 35 0 N (R"Y)m 8-hydroxy-6H-[ 1,6]naphthyridin-5-one (R)g N OH-11- O (R)m
8-hydroxy-6H-[1,6]naphthyrin-5-one (R') N~ 9 OH 5 OL(R )g R")m ~N dibenzo[a,g]quinolizin-8-one

(RYm
8-hydroxy-6H-[1,6]naphthyrin-5-one

5
(RYm
/J dibenzo[a,g]quinolizin-8-one

10 Rl

O N / X

Tﬁ)f,\} RY),, 4-hydroxy-1H-pyrido[3,2-d]pyridin-2-one
OH

15 in which R', m, n and p are as defined above and q is an integer of 1 or 2.

The 8-hydroxyl or 8-mercapto group on the compounds of formula I may
be blocked to form a prodrug, in particular an ester prodrug. The 8-hydroxy or 8-
mercapto represents a principal site of metabolism for the compound of formula I:
conjugation with glucuronic acid or sulphate gives a hydrophilic species ready to be
20  excreted. Such conjugates probably do not pass the blood brain barrier. The ester
prodrug may protect the compound of formula I from conjugation. Esterases integral to
the blood brain barrier may then release the C8-hydroxy or mercapto on passage

through that barrier activating the compound for its role in the CNS.

25 A preferred compound of formula I is a compound of formula A

30

IA

in which
35 R, R! and m are as defined above;
W s CH, N or NH;
U is CH, CO or N; and



(R) OH 10 R' O N/ N (R")m 4-hydroxy-IH-pyrido[3,2-d]pyridin-2-one N OH 15 in which R1, m, nand p
are as defined above and g is an integer of 1 or 2. The 8-hydroxyl or 8-mercapto group on the
compounds of formula | may be blocked to form a prodrug, in particular an ester prodrug. The
8-hydroxy or 8- mercapto represents a principal site of metabolism for the compound of formula I:
conjugation with glucuronic acid or sulphate gives ahydbphilic species ready to be 20 excreted. Such
conjugates probably do not pass the blood brain barrier. The ester prodrug may protect the compound
of formula | from conjugation. Esterasé'sisntegrl dotapetlisionatinthinivar tiewmely ithenttatbadddhes
C8-hydroxy or merc to on sage_.through.that barrier.activating the compound for its role in the
CNS.25A preferredtpompo%aﬁg &ormu (?psl%n%% (f)gugn?% #%?E%ﬂaylcf W 1l N 30 (R1)m (R1)m
RH IA in which 35 R, Rl and eraf?ér%%ﬁﬂ@al%eﬁgarwh%@wrmmhwu is CH, CO or N; and - 12
Y' is absent or together with th@)ring tBonthidh ikis attacheddprms a 6 membered N-containing
optionally substituted heterocyclyl. Preferred compounds of|formula IA are as follows: (i) Formula la 0
5N

10

Ia

in which R, Rl, m and q are as defined above.

Preferably R' is located at positions 2, 3, 5 and/or 7 and is selected from
15 halo, optionally substituted aryl, optionally substituted heterocyclyl, optionally
substituted alkyl and (CHz)nNRzR3 in which n, R? and R? are as defined above. More
preferably R' is chloro, optionally substituted phenyl, Cs.¢ cycloalkyl, CH,NR*R® in
which R* and R’ are independently selected from H and C,_4 alkyl or optionally

substituted pyridinyl.
20 Particularly preferred examples are shown below.
Cl O Cl O
O A
N ‘ N
25 cl N) c N)
OH OH
1055 1061
30 cl 0 o
‘ NH ‘ )NH
A -
cl N
35 oH OH

1067 1049



(R) (R1)4 10RH la inwhich R, R1, m and q are as defined above. Preferably R' is located at
positions 2, 3, 5 and/or 7 and is selected from 15 halo, optionally substituted aryl, optionally
substituted heterocyclyl, optionally substituted alkyl and (CH2)"NR2R3 in which n, R2 and R3 are as
defined above. More preferably R' is chloro, optionally substituted phenyl, C3-6 cycloalkyl,
CH2NR4RS5 in which R4 and R5 are independently sefe8ted from H and C1_4 alkyl or optionally
substituted pyridinyl. 20 Particularly preferred examples are shown below. ¢l O CI O F ~~~ N OX/ N"
25cl\INJCI\N" OH OH 1055 106H08&wdh@0 NH NH /JI\J CI\N% N OH OH 35 1067 1049 13 -
(i) Formulalb N (R)9 5RH Ib in which R, R1, m and g are as defined above.

/ ‘ \N
RY— —
R

N

RH
Ib

in which R, Rl, m and q are as defined above.
10 Preferably R' is located at positions 2, 4, 5 and/or 7 and is selected from
halo and optionally substituted heterocyclyl. More preferably, R is chloro and/or
morpholinyl.

Preferred examples are shown below.

15 ) O

Cl [Nj
X N
X N N N )
20 N/
> =
Cl N Cl N
OH
OH OH

ClLogP = 2.35872

CLogP = 3.087
25
(i11))  Formula Ic
N
30 = \
(Rl)m/ ‘ \ 1
N N / (R%)q

RH

35 Ic

in which R, Rl, m and q are as defined above.



10 Preferably R' is located at positions 2, 4, 5 and/or 7 and is selected from halo and optionally
substituted heterocyclyl. More preferably, R" is chloro and/or morpholinyl. Preferred examples are
shown below. 15 (O) CO)CINNNNNI1J20N CI XNCI/N-~"OH OH OH CLogP = 3.087 CLogP =
2.35872 25 (iii) Formulalc N 30 (R"))9 N RH 35 Ic inwhich R, R1, m and q are as defined above. -
14 Preferably R' is located at positions 2, 5 and/or 7addisselected from halo and CH2NR4RS5 in
which R4 and R5 are independently selected from H and CI -4 alkyl. Preferred examples are shown
below. 5CICI N~~NO NMeZEiiy®' is located at positions 2, 5 and/or 7 and is selected from

halo and CHzNR4R5 in which R* and R° are independently selected from H and C, 4

alkyl.
Preferred examples are shown below.
5
Cl
Cl
N
j\/ N O
/ NM62
Cl N cl N/
10
OH OH NMe,
1066 CLogP =2.57029
15 N N
N ~
~ =
OH OH
20
1064 1065
(iv)  Formula Id

25
30

Id

in which R, Rl, m and q are as defined above.
Preferably R' is located at positions 2 and/or 7 and is selected from
35  optionally substituted heterocyclyl, CO,R? (CH,),NR’R* and CONR’R? in which n, R?

and R? are as defined above.



10 OH OH NMe2 1066 CLogP =2.57029 CIClI 15NN CI;t ,,CIN OH OH 20 1064 1065 (iv)
Formula Id 25 (R1)9 N/~~ N 30 RH Id in which R, Rm and q are as defined above. Preferably R' is
located at positions 2 and/or 7 and is selected from 35 optionally substituted heterocyclyl, CO2R2,
(CH2)"NR2R3 and CONR2R3 in which n, R2 and R3 are as defined above. - 15 - Preferred examples
are shown below. CI NI5N N N"~0 Me000/N OO\ OH 1053 1045 10 F~N N 10700 OH
HN

Preferred examples are shown below.

Cl
N
| N X X
5 K\N G N/ | _ P
MeOOC N
o\) OH
OH

1053 1045

i e
o N
N
(@) OH HN\\\

1070

10

15

(v) Formula Ie

20
/\N)KI (RY)q

RH

25
in which R, Rl, m and q are as defined above.
Preferably R' is located at positions 2, 3, 6 and/or 7 and is selected from
halo, optionally substituted aryl and (CH,),NR’R’ in which n, R* and R’ are as defined

above.



15 (v) Formulale 0 20 (R)m ~N J-(Ris N RH 25 in which R, R1, m and q are as defined above.
Preferably R1 is located at positions 2, 3, 6 and/or 7 and is selected from halo, optionally substituted
aryl and (CH2)"NR2R3 in which n, R2 and R3 are as defined above. - 16 - Preferred examples are
shown below. CI O5NICI O I\\NOH 1063 N 100 OH 1069 N\N 15 OH 1048 20 (vi) Formula If
(RIMN 251/1~I(Rim R1 "N - 16 -

Preferred examples are shown below.

cl
0
5 - N)‘j/©/ o} “
[ N \N
OH

Z SN
1063
N X
N
10 O OH
1069
Z SN
N \N
15 OH
1048
20
(vi)  Formula If
(RYm
=
25 | \/ (Rl)m
Rl/\ /)
N
OH
30 in which R! and m are as defined above.

Preferably R' is located at positions 2 and/or 6 and is selected from halo
and (CHz)nNRzR3 in which n, R? and R? are as defined above.

35



OH 30 in which R1 and m are as defined above. Preferably R1 is located at positions 2 and/or 6 and is
selected from halo and (CH2)"NR2R3 in which n, R2 and R3 are as defined above. 35 - 17 - Preferred
examples are shown below. N \NN I\ I/I\\IN~ CINCIN/OH OH OH NMe2 1026 CLogP =
2.77788 CLogP = 2.61188 10 In a further aspect, the invention provides a pharmaceutical or
veterinary composition comprising the compound offokfiuta | as defined above, together with a
pharmaceutically or veterinarily acceptable carrier. Some of the compounds of formula | are novel per
se. Accordingly, the invention Prefdced exemplesandsbdfarelian! which is a 15 compound of formula |
with the provisos that at least one R1 is other than H. Preferred compound formula Il are

language or necessary |mpggatlon the words ' comrlse or varltlons such as 8gomprises” or
"comprising” are used in an inclusive sense, i.e. to speC|fy the pre§ence of the,glated features but not
to preclude the presengggar.aggdition of further featyges.ig uarious embodiments of the invention.

10 In a further aspect, the invention provides a pharmaceutical or veterinary
composition comprising the compound of formula I as defined above, together with a
pharmaceutically or veterinarily acceptable carrier.

Some of the compounds of formula I are novel per se.

Accordingly, the invention provides a compound of formula II which is a

15  compound of formula I with the provisos that at least one R' is other than H.

Preferred compounds of formula II are compounds of the formula IA,
more preferably compounds of the formulae Ia, Ib, Ic, Id and Ie defined above, most
preferably 1045, 1061, 1066, 1053, 1063, 1064, 1065, 1067, 1069 and
1070.

20 The compound of formula II defined above may be prepared using the

processes described in detail hereinafter.

DETAILED DESCRIPTION OF THE INVENTION

In the claims of this application and in the description of the invention,

25  except where the context requires otherwise due to express language or necessary
implication, the words “comprise” or variations such as “comprises” or “comprising”
are used in an inclusive sense, i.e. to specify the presence of the stated features but not
to preclude the presence or addition of further features in various embodiments of the
invention.

30 The term “alkyl” used either alone or in compound words such as
“optionally substituted alkyl” or “alkylamino” refers to straight chain, branched chain
or cyclic hydrocarbon groups having from 1 to 10 carbon atoms, preferably 1 to 6
carbon atoms, more preferably 1 to 4 carbon atoms. Illustrative of such alkyl groups
are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,

35 neopentyl, hexyl, cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. Preferred alkyl
groups are C.4 alkyl such as methyl or ethyl and C,.6 cycloalkyl such as cyclopropyl.



30 The term "alkyl" used either alone or in compound words such as "optionally substituted alkyl" or
"alkylamino" refers to straight chain, branched chain or cyclic hydrocarbon groups having from 1 to 10
carbon atoms, preferably 1 to 6 carbon atoms, more preferably 1 to 4 carbon atoms. lllustrative of
such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, 35
neopentyl, hexyl, cyclopropyl, cyclobutyl, cyclopentytod8yctohexyl. Preferred alkyl groups are C1_4
alkyl such as methyl or ethyl and C2-6 cycloalkyl such as cyclopropyl. - 18 The term "alkenyl" used
either alone or in compound wtdsteucHadlsenplticrdltytbabstnted allkempbuddnotedslimehrgbranched

or mono- or poly-eysgilic, JadicAsRAUNIIRIIGASUeRG GATRER, ARRRAV IR RO ph R teyficarbon
atoms, preferably 2 to 14 carbon atoms, more preferabl ZPtlo gﬂc rbon atams. l%xamples of 5 alkenyl
radicals inciude ATICAARIPERbHENy s RIS R ARPS SRt OR S A NPT By,
cyclopentenyl, 1prefitighbyispbhranhoniateaxemydreeieaally yelokashkomatantsegisnyp!8sidptenyl,
1-octenyl ,dCBBJ|?Oéilfklaﬁbl%ﬂ%@?c&tﬁ@ﬂ%ﬂ%&t&%ﬁ%’?ﬁbn&ﬁﬁﬁ%ﬂ% %&@Q@ﬁ;ﬂ}, Brffnetéiﬂdie nyl,
1,4-pentadienyl, 1,3-cyclopentadienyl, .1.3-hexadienyl,,1,4-hexadienyl, 1,3-cyclo ienyl,
il oM R bl S et S S e o L S
like. The term --wymhew&,énb@ﬁ%hééem%#] sitenWoraslenetsmd *dﬁﬁﬁf‘r‘i%(l‘lyzsﬁ?i%%ﬁ&i{e%r
alkynyl" refers torsineigh} ChiziceoyibRadetradichBirbued calgl, Hadkipenaidieast, drd catlopencatieanifriple

bond of 2 to 20 crbap.ales PHEIGIANY YR, 14.CARAR AR IMOre PURIRLRRlA D &carbon atoms.

Examples include’ethynyl, 1.15 propynyl, 1- and 2-butynyl, 2-methyl-2-propynyl, 2-péntynyl,
3-pentynyl . pe 9%6@%9&’(1& :gﬁi@ﬁ&)ﬂbﬁpﬁqﬁb%%y@hgfé ﬁé&%ﬂ}?ﬁ%ﬁ-@ﬁﬂ%‘&%%@t%ﬁ-octyn-3-yl ,

7- dodecynyl, 9-dodecynyl, 10-Hotecyniyd]l3:myEtupkd dobiecyio:R-yl;, 2-todgeymgd, vidrdiridebyasyl,

3-tetrade_cynyl, 7‘%%&@H9W@Mbs§tﬁ%@@ﬁ@fﬂbﬁf e Eﬁ‘ﬁigm%ﬂﬁ%f"B%ﬁéﬁ@bi“ébﬂiﬁl%&ﬁéd@w e_ither
alone or in compﬁund W?rds 20 such as "optionall esgbsélttirgqoh%ero%%l;{ll[" refers m?ngc%cllc or

. av111% at least one %aI: on-carqon tri nad o ar OlillS ?I‘C erab, 'y
polycyclic heterocyclie grolps containing at least bne heteroatom atom selected from hitrogen,

sulphur and oxygehcabmaplernbtareyrivéagrblips i 6lgadpn abmnsin e ielesdayide gtbripgl, such as,
unsaturateds3 to ﬁ@gm@qe@a%@y}gnggyﬁgmgrmpgpwgiQ_L@gnlyﬁ@_ﬂ ?@ﬁtg@g«gmgj@mﬁgr _
ter?‘;zrgﬁl'leé f{;{gﬁg%%‘?ﬁ%’%-ﬁé%?ﬁ%‘?%ﬁ&%%ﬁ%}?@&%\ﬁg RIS Ry RYGRIAYY, pyridazinyl,
dodecynyl, 9-dodecynyl, 10-dodecynyl, 3-methyl-1-dodecyn-3-yl, 2-tridecynyl, 11-
tridecynyl, 3-tetradecynyl, 7-hexadecynyl, 3-octadecynyl and the like.
The term “heterocyclyl group” used either alone or in compound words
20  such as “optionally substituted heterocyclyl” refers to monocyclic or polycyclic
heterocyclic groups containing at least one heteroatom atom selected from nitrogen,
sulphur and oxygen.
Suitable heterocyclic groups include N-containing heterocyclic groups,
such as, unsaturated 3 to 6-membered heteromonocyclic groups containing 1 to 4
25 nitrogen atoms, for example, pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, pyridyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl or tetrazolyl;
saturated 3 to 6-membered heteromonocyclic groups containing 1 to 4
nitrogen atoms, such as, pyrrolidinyl, imidazolidinyl, piperidino or piperazinyl;
unsaturated condensed heterocyclic groups containing 1 to 5 nitrogen
30 atoms, such as indolyl, isoindolyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
indazolyl, benzotriazolyl or tetrazolopyridazinyl,
unsaturated 3 to 6-membered heteromonocyclic group containing an
oxygen atom, such as, pyranyl or furyl;
unsaturated 3 to 6-membered heteromonocyclic group containing 1 to 2
35  sulphur atoms, such as, thienyl;
unsaturated 3 to 6-membered heteromonocyclic group containing 1 to 2

oxygen atoms and 1 to 3 nitrogen atoms, such as, oxazolyl, isoxazolyl or oxadiazolyl;



saturated 3 to 6-membered heteromonocyclic groups containing 1 to 4 nitrogen atoms, such as,
pyrrolidinyl, imidazolidinyl, piperidino or piperazinyl; unsaturated condensed heterocyclic groups
containing 1 to 5 nitrogen 30 atoms, such as indolyl, isoindolyl, indolizinyl, benzimidazolyl, quinolyl,
isoquinolyl, indazolyl, benzotriazolyl or tetrazolopyridazinyl; unsaturated 3 to 6-membered
heteromonocyclic group containing an oxygen aton; sl8h as, pyranyl or furyl; unsaturated 3 to
6-membered heteromonocyclic group containing 1 to 2 35 sulphur atoms, such as, thienyl;
unsaturated 3 to 6-membered $rteatridriodyaliengrengd betetaminydytdi @ goxygermétmmg drid 2 to 3

nitrogen atoms, Gl a5, @xazeid 1189%azalytar axadiazrlyls, Lbpatiaied 3 to 6-membered
heteromonocyclic group containing 1 tog oxygen atoms an(;fgl to 3 nitr%%en atqnms such as,
morpholinyi: unsaturated condEREAHHEEFSRSERRC A ROV #iG® FS PR Beh CaoPesh 1 10 3
nitrogen atoms, stiemsandéiodxairioigeoatoarsz kel iz bknzexanshiraten®xeBagwdvhibered
heteromonosyclic group contaifiggikdRd3 0 IphHEratRwRE AbWrdidRobingenalots aHEY asothiazolyl

or thiadiazolyl; satyrated 3 to 6-membered heteromonaocyglic grou ntaining 1 to 2 sulphur atoms
T 10 3 mmoa B B S R e v
containing 1 to 2 sulphur 10 af8HE AP 146 RIeRIEA BRtsHosnQRRey géc BENRRRATH ML} to 2

benzothiadiazolysulpheferally iihd heted adyoldrisaamynsaiueatatiszolidGamemikred heteromonocyclic
group containing 1 to 3 nitrogeﬁh@éﬂﬂhﬁeﬁ%ﬂ&@ﬂ%@#&%h?é@%@ébﬂtéﬂﬂ@aiet% §th%membered

heteromongcgyclic group containing 1 to 4 nitrogen atoms suchas imidazolidinyl or piperazinyl; or a

saturated 5-8r 6-AIEMLEIEd 1% HRIEPSAHBRY R QrBtn ERFREIKIAYM 26 XBRYOEAMSHE and 1 to 3
nitrogen atoms such as morpHulifgrhbin éhtehnictapyiClybeceitnertatorvd Grontcormpbered words such as

"optionally substifter Ao SRNRIEA BRGNS BIOMAtifSYateIHEONIANINhARE. WP T three rings
wherein such ringe may be altached logether 12 pendent amner of may, 20 be fused, The term “ary
embraces aromakit radrcais Suth'SS phenyl Haphthy! Eef?ghy roapiiyP dane and biphenyl.
Preferably, the afjfieespticeiaiypetibatitutisdzphéinyl suetpasnamalophcaiirasté préfergpiyered
4-fluorophearty| ondtefii@idigolt group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms such

as morpholinyl.

The term “aryl” used either alone or in compound words such as

“optionally substituted aryl” denotes a carbocyclic aromatic system containing one, two

or three rings wherein such rings may be attached together in a pendent manner or may

20  be fused. The term “aryl” embraces aromatic radicals such as phenyl, naphthyl,
tetrahydronaphthyl, indane and biphenyl. Preferably, the aryl is optionally substituted
phenyl such as 4-halophenyl, more preferably 4-fluorophenyl or 4-chlorophenyl.

The term “halo” refers to fluorine, chlorine, bromine or iodine,
preferably fluorine, iodine or chlorine.

25 The term “alkoxy” refers to straight chain or branched oxy-containing
radicals preferably each having alkyl portions of 1 to about 6 carbon atoms. Examples
of alkoxy include methoxy, ethoxy, propoxy, butoxy and tert-butoxy.

The term “optionally substituted thio” refers to optional substituents
such as radicals containing a linear or branched alkyl of 1 to 10 carbon atoms,

30  preferably 1 to 6 carbon atoms, more preferably 1 to 4 carbon atoms, attached to a
divalent sulphur atom. Examples of alkylthio radicals include methylthio, ethylthio,
propylthio, butylthio and hexylthio.

The term “optionally substituted” refers to a group which may or may
not be further substituted with one or more groups selected from alkyl, alkenyl, alkynyl,

35 aryl, aldehyde, halo, haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, alkoxy,
alkenyloxy, aryloxy, benzyloxy, haloalkoxy, haloalkenyloxy, haloaryloxy, nitro,

nitroalkyl, nitroalkenyl, nitroalkynyl, nitroaryl, nitroheterocyclyl, amino, alkylamino,



The term "halo" refers to fluorine, chlorine, bromine or iodine, preferably fluorine, iodine or chlorine. 25
The term "alkoxy" refers to straight chain or branched oxy-containing radicals preferably each having
alkyl portions of 1 to about 6 carbon atoms. Examples of alkoxy include methoxy, ethoxy, propoxy,
butoxy and tert-butoxy. The term "optionally substituted thio" refers to optional substituents such as
radicals containing a linear or branched alkyl of 1 to-10Zrbon atoms, 30 preferably 1 to 6 carbon
atoms, more preferably 1 to 4 carbon atoms, attached to a divalent sulphur atom. Examples of

alkylthio radicals drdlgdenmethalitkio; atnybhidk yosdpylitino atydsylinio drdyterydihibedygatermo,"optionally
substituted" refer&lgg&}g%ﬁd/vg@h mﬁyngnaraayam% J&'f“éi S&'&?I%MS*’H 139mRGre groups
selected from alk Ike gﬂia}é ng)(z 5aryl i?% aloa h@oalke hanaIkynyI
e e B R S e RS ey
nitro, nitroalkyl, MW&MWW@WMYWWXFWIWMQW&WWMWMWM 20
d:idk)"?m"?%|ak|k@ﬁhﬂ@&ﬂ}f{&?ﬁl%@ﬂé’é@mlriil’kﬁfﬁl@”ﬂiéll@zﬂﬂﬂfd"@B?mobﬁﬁ@ﬂﬁflmr?%oﬂt%ﬂig@ww acyl,
alkenylacyl, alkyn r iacyla a sulphon
arylsulphenyloxy }?1(?@/ rc}%/éc(:a]lg fe{rer(yc’y o %%m}tllerocyc aer%%r}]/o g&l%llﬁgiferogcy I{B%Lﬁtﬁenyl,
arylsulphenyl, catBodridiey BeamsoahABRY; HERSIENY khiolbeiyy RIS, RIS Cral 0Xy;
phosphorus-contaipingegiodpslydahihe ikealRyéiatiably, the optional substituent is Cl 6 alkyl, more

preferably C14 alkyl; CF3; fluoripe.phlesineiRAine: 1§¥1§&Ph&émﬁiﬁllﬁsoﬁ%a’&&'ies&{?éc%@%'é’fé}éﬁa
alkoxy; arﬁlgheteroe‘g};1\;(/51 ?‘o ino; or alkylamino. The term ant|OX|dant is used h er in in_its bro dest

sense and Tefers%d fsic léytﬁcerggf) fIPASLY Rt BTRRSRIES SHSB AN 4B ¥€¥8§ uch as
a hydroxyl radlcmdmehmaq}ﬁ/aw@s'ﬁs tegerateisatom foxic produst. Exammissnabideelsinettols such

as 3,4,5- trimethWh@ﬁl@&é@iﬁﬂ%ﬂﬂ%@%ﬂhﬁﬁﬂ@@l&@m@%ﬁueﬁu@é melaionisrand
flavonoids. Other exar]%gles ma e oun(f th@tilterature Wr

ty, 2 wnj
Gilgun-Sherki, 2 “The'te rma"f%r eting molety" | lse e,bl’glgollll’? Kl{%\bl&o(%a eusle&ar Iz}ltr\d refers to
a group which Wlﬂ%bn@f@(tﬁ’é“ﬂfﬂ%ﬂode@é%ylbs r%@%gl way of an active transport mechanism.

The targeting moiety is recognisediéyrsnesificianspagters anuyResiiniegsaindas biaod ain barrier
and these transpQitel nzygrpo%%twﬁpc @l c15%'01htate the brain delivery of the drug by way of an active
transport mechanism. The targeting moiety is recognised by specific transporter
enzymes integral to the blood brain barrier and these transporter enzymes then provide
a mechanism for the drug to be imported into the brain. Typically such transporters are
20  sodium dependant and their substrates contain carboxylic acids such as ascorbic acid
and L-glutamate. Conjugation of the targeting moiety to the drug is enacted so as to
retain the acid moiety. Examples can be found in the literature (Manfredini, 2002,
Sakaedu, 2001).
The term “metal chelator” is used herein in its broadest sense and refers
25  to compounds having two or more donor atoms capable of binding to a metal atom,
preferably Cu, Zn or Fe wherein at least two of the donor atoms are capable of
simultaneous binding to the metal atom and the resultant metal complex has a
thermodynamic stability greater than or equal to that of the metal ion: biological ligand
complex. The use of metal chelators as treatments for neurological disorders in the
30 present invention is distinguished from the previously known concept of “chelation
therapy”. “Chelation therapy” is a term associated clinically with the removal of bulk
metals such as in Wilson’s disease, 3-thallesemia and haemochromatosis. The break
down in metal homeostasis in these diseases can be described as a catastrophic event
much like a dam bursting leading to overwhelming flooding of the problem metal. The
35 mechanism of action of such compounds is that bulk metal is sequestered by the
chelators and cleared by excretion. By way of comparison the breakdown in metal

homeostasis associated with neurological conditions of the present invention is more



a mechanism for the drug to be imported into the brain. Typically such transporters are 20 sodium
dependant and their substrates contain carboxylic acids such as ascorbic acid and L-glutamate.
Conjugation of the targeting moiety to the drug is enacted so as to retain the acid moiety. Examples
can be found in the literature (Manfredini, 2002, Sakaedu, 2001). The term "metal chelator" is used
herein in its broadest sense and refers 25 to compound$ having two or more donor atoms capable of
binding to a metal atom, preferably Cu, Zn or Fe wherein at least two of the donor atoms are capable
of simultaneous dindinghtodhestmetdtiptoia &l thepresukthnt eitaingomelek haB aveéheratipdgnsamic

stability greater thanQf.gaa ldeemr&if%lﬁaerm@@ﬂﬂﬁﬁb biglogigak] &%ﬂheome{%ma&%p{ﬂ@etal
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of action of such cdjmpoun SIS metal Is. sequestere és & cHe t%rs and cleared by
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conditions of the jliesenicnventionciepadie, b2l itakill te typeonstdrthalipofhiealiydagcaiiich if left
long enough will gyentuailyGaUSR o parldamAgE &\6%%%1%9 15%%&99 ﬁ%@ﬁﬂ%n%ﬁd@&%@&@@r@ﬁ&%ﬁnmeta'

chelator" of the present invention Is to disrupt an abnormal metal-protein interaction to achieve a

subtle rep&ﬁ’morﬁhalks—m%@%wdt%eﬁﬁﬁg@ausﬁpﬁamﬁm%}ynaafgmélﬁse}ffon%ﬂww 8faim that
once the toxic cypleuimstmnticillyuitadpehtosmdsausl eieasd voel placessestcaly copepmbleceffessively

with the accumU'é\lﬂ?ﬂa@%ﬂﬁiﬂp%fﬂ%ﬂfﬁt%mf[ﬁe(%&%ﬁf iﬁ@gﬁ@ﬂlﬁﬁ“ﬂ%ﬁ&ﬁﬁtma lorll are
preferably pharm%\gutlcall%/ acce 51b (Fdlput it will t‘txe aépﬁlreuated hat nonagparmaceutlcaj

acceptable salts FalwRAR e scope St tﬁac\eﬂ%Pe ent mz%/ceerl}lflcal LiEERHESS BPESIELTGCLD as

intermediates in thelpre parate aipeannbestheallsy; sdpbptibiphosnBomsaniplesaboptarbeaceutically
acceptableiglts incluee: aamslgﬁwwﬂmacwﬂgaﬁvsaﬁﬁmtﬁmmﬁﬁmw@boaptm@iufgaﬂ@taaawm
lithium, calcium, magnesiym e amom%”ﬁ%r%&”%i alk}{'aar”é‘mlﬁ "i'E“h?&r Afdiign ?ﬁﬁﬁ%r 1 Rhafpcaytically
acceptable inorganic aci suth as hydrochiofic orthép osphotic, sulphuric, phorlc hitric,
carbonic, boric, mucic, glucomc benzow succinic, oxalic, phenylacetlc methanesulphomc
trihalomethanesulphonic, toluenesulphonic, benzenesulphonic, salicylic, sulphanilic,
aspartic, glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic, ascorbic
20  and valeric acids.
In addition, some of the compounds of the present invention may form
solvates with water or common organic solvents. Such solvates are encompassed
within the scope of the invention.
By “pharmaceutically acceptable derivative” is meant any
25 pharmaceutically acceptable salt, hydrate, ester, amide, active metabolite, analogue,
residue or any other compound which is not biologically or otherwise undesirable and
induces the desired pharmacological and/or physiological effect.
The term “pro-drug” is used herein in its broadest sense to include those
compounds which are converted in vivo to compounds of Formula I or II. Use of the
30  pro-drug strategy optimises the delivery of the drug to its site of action, for example, the
brain. In one aspect, the term refers to the presence of a C;_¢ alkyl or arylester moiety
which is designed to resist hydrolysis until the pro-drug has crossed the BBB, where
esterases on the inner surface of the BBB act to hydrolyse the ester and liberate the C8
hydroxyl of the compounds of formula I or II. In a second aspect, the term refers to the
35  attachment at position 2 of an antioxidant group, in particular the 3.4,-
Strimethoxyphenyl moiety or derivatives thereof. Exposure to the prooxidative

environment of the brain will then lead to hydroxylation of the 3,4,5-trimethoxyphenyl



15 sulfamic and hydrobromic acids; or salts of pharmaceutically acceptable organic acids such as
acetic, propionic, butyric, tartaric, maleic, hydroxymaleic, fumaric, citric, lactic, mucic, gluconic,
benzoic, succinic, oxalic, phenylacetic, methanesulphonic, trihalomethanesulphonic,
toluenesulphonic, benzenesulphonic, salicylic, sulphanilic, aspartic, glutamic, edetic, stearic, palmitic,
oleic, lauric, pantothenic, tannic, ascorbic 20 and vate@®acids. In addition, some of the compounds of
the present invention may form solvates with water or common organic solvents. Such solvates are

encompassed wghimpthe geope diytheinvedtiomiBstiphgrheact sticstiy accdpthbledatligadive'0fs meant
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resist hydrolysis until the pro- rug has g(osselél ? e §S§§ wi ere?es%%rases on thte'innér surface of the
BBB act to hydrolyse the ester Qi diBeratenise caussddisiein &t ihebeordptsrbes anebinsidesor 11. In a
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the 3,4, Strimethgxuphenylmaiely RnLACLMAHVES IR GPl EXRASH St G Rieoxidatve environment of
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used herein in itslredtsdngmdsentirrf theloompostigatanrd ngbbreivits 40 Ehstarbis (s ofrIrDoAsi e
compound 15 Foriiilaié efodasaiabay eor@iel Ol bl e sharabpeialrescitiioballa ehexisinginl),
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intradermal) administration. The compositions may conveniently be presented in unit
dosage form and may be prepared by methods well known in the art of pharmacy. Such
methods include the step of bringing into association the active ingredient with the
20  carrier which constitutes one or more accessory ingredients. In general, the
compositions are prepared by uniformly and intimately bringing into association the
active ingredient with liquid carriers, diluents, adjuvants and/or excipients or finely
divided solid carriers or both, and then if necessary shaping the product.
The term “neurological condition” is used herein in its broadest sense
25  and refers to conditions in which various cell types of the nervous system are
degenerated and/or have been damaged as a result of neurodegenerative disorders or
injuries or exposures. In particular, compounds of formula I or II can be used for the
treatment of resulting conditions, in which damage to cells of the nervous system has
occurred due to surgical interventions, infections, exposure to toxic agents, tumours,
30 nutritional deficits or metabolic disorders. In addition, compounds of the formula I or II
can be used for the treatment of the sequelae of neurodegenerative disorders, such as
Alzheimer’s disease, Parkinson's disease, multiple sclerosis, amylotrophic lateral
sclerosis, epilepsy, drug abuse or drug addiction (alcohol, cocaine, heroin, amphetamine
or the like), spinal cord disorders and/or injuries, dystrophy or degeneration of the
35 neural retina (retinopathies) and peripheral neuropathies, such as diabetic neuropathy

and/or the peripheral neuropathies induced by toxins.



compound of Formula | or 1l together with one or more pharmaceutically acceptable carriers and
optionally other therapeutic agents. Each carrier, diluent, adjuvant and/or excipient must be
pharmaceutically "acceptable” in the sense of being compatible with the other ingredients of the
composition and not injurious to the subject. Compositions 15 include those suitable for oral, rectal,
nasal, topical (including buccal and sublingual), vaginadrparenteral (including subcutaneous,
intramuscular, intravenous and intradermal) administration. The compositions may conveniently be
presented in unit dosage fornlandemay/sanodeganecthbyendetholds we lidaddwrein thiemrtoofrpharmacy.

SUf?h methqu i%%M%ﬁlﬁysfﬁI@vﬁfcﬁ%r{{&mdmﬂté@%@q@ﬁ%ﬂ%ﬁe’ﬂ?@h’&fﬂﬂéﬁﬁiﬁ‘éﬁwt&mﬁem carrier
which constitutes.one or %E{'O e accessor];/ |g%r$dlelntsaln eneral, the comrgosﬁlons ar%greqﬁared by
uniformly and intiHSERI st Eﬁ?g“u%%oﬁ% G e deeaRcthabdiah chiit i e MR ersCiients,
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damaged as a result of neurodegenerative disorders or injuries ot exposures. In particular,
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cells of the nervadiseaysiamyhiasoplsicuste chbudeiosssirgibalontersentionsrinfectiebsl exginsuiia;to toxic
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inflammatory bowel disease; macular degeneration; malaria; methanol-induced toxicity;
meningitis (aseptic and tuberculous); motor neuron disease; multiple sclerosis; multiple
system atrophy; myocardial ischaemia; neoplasia; Parkinson's disease; peri-natal

20 asphyxia; Pick's disease; progressive supra-nuclear palsy; radiotherapy-induced organ
damage; restenosis after angioplasty; retinopathy; senile dementia; schizophrenia;
sepsis; septic shock; spongiform encephalopathies; subharrachnoid haemorrage/cerebral
vasospasm; subdural haematoma; surgical trauma, including neurosurgery; thalassemia;
transient ischaemic attack (TIA); traumatic brain injury (TBI); traumatic spinal injury;

25 transplantation; vascular dementia; viral meningitis; and viral encephalitis.

Additionally, compounds of the present invention may also be used to
potentiate the effects of other treatments, for example to potentiate the neuroprotective
effects of brain derived nerve growth factor.

The invention is particularly directed to conditions which induce

30 oxidative damage of the central nervous system, including acute and chronic
neurological disorders such as traumatic brain injury, spinal cord injury, cerebral
ischaemia, stroke (ischaemic and haemorragic), subharrachnoid haemorrage/cerebral
vasospasm, cerebral tumour, Alzheimer's disease, Creutzfeldt-Jacob disease and its new
variant associated with “mad cow” disease, Huntington's disease, Parkinson's disease,

35  Friedrich's ataxia, cataract, dementia with Lewy body formation, multiple system
atrophy, Hallerboden-Spatz disease, diffuse Lewy body disease, amylotrophic lateral

sclerosis, motor neuron disease, multiple sclerosis, fatal familial insomnia, Gertsmann



disease; amylotrophic lateral sclerosis; atherosclerosis; cateract; cerebral ischaemia; cerebral palsy;
cerebral tumour; chemotherapy-induced organ damage; cisplatin 10 induced nephrotoxicity; coronary
artery bypass surgery; Creutzfeldt-Jacob disease and its new variant associated with "mad cow"
disease; diabetic neuropathy; Down's syndrome; drowning; epilepsy and post-traumatic epilepsy;
Friedrich's ataxia; frontotemporal dementia; glaucoma2giomerulopathy; haemochromatosis;
haemodialysis; haemolysis; haemolytic uraemic syndrome (Weil's disease); 15 haemorrhagic stroke;
Hallerboden-Spa$traiiselas Shheddrattselsandl lepeditmsip ncrgomn/; hiHumtinbrga v disaageidoesisy body
disease; intermitigptglauglication; ischaemic stroke; inflammatory bowel disease; macular

degeneration; malaria; metha I-inducedl% icity; meningitis se‘é%iggtan tLtJbetrcquu(i); motor neuron
disease; multiple sclerosis; mulipie PAJ/SEERT frgban’f/w OISR ARG SR URTEL R Parkinson's
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effects of brain derived nerve growth factor. The invention |s#art|cularly directed to conditions which
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disease, Creutzf%lgg-élsacob disease and its new variant associated with "mad cow" disease,
Huntington's diseasg, Parkinson's disease, 35 Friedrich's ataxia, cataract, dementia with Lewy body
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(reviewed in St George-Hyslop, 2000). Most preferably the Ap-related condition is
Alzheimer’s disease.
In a particularly preferred embodiment of all aspects of the invention,

20  prior to treatment the subject has moderately or severely impaired cognitive function, as
assessed by the Alzheimer’s Disease Assessment Scale (ADAS)-cog test, for example
an ADAS-cog value of 25 or greater.

In addition to slowing or arresting the cognitive decline of a subject, the
methods and compounds of the invention may also be suitable for use in the treatment

25  or prevention of neurodegenerative conditions, or may be suitable for use in alleviating
the symptoms of neurodegenerative conditions. The compounds may be able to provide
at least a partial reversal of the cognitive decline experienced by patients. If
administered to a subject who has been identified as having an increased risk of a
predisposition to neurodegenerative conditions, or to a subject exhibiting pre-clinical

30 manifestations of cognitive decline, such as Mild Cognitive Impairment or minimal
progressive cognitive impairment, these methods and compounds may be able to
prevent or delay the onset of clinical symptoms, in addition to the effect of slowing or
reducing the rate of cognitive decline.

Currently Alzheimer’s disease and other dementias are usually not

35  diagnosed until one or more warning symptoms have appeared. These symptoms

constitute a syndrome known as Mild Cognitive Impairment (MCI), which was recently

defined by the American Academy of Neurology, and refers to the clinical state of



neurodegenerative amyloidosis. The neurodegenerative amyloidosis may be any 5 condition in which
neurological damage results from the deposition of amyloid. The amyloid may be formed from a
variety of protein or polypeptide precursors, including but not limited to A(3, synuclein, huntingtin, or
prion protein. Thus the condition is preferably selected from the group consisting of sporadic or
familial Alzheimer's disease, amyotrophic lateral sclerodks, motor neuron 10 disease, cataract,
Parkinson's disease, Creutzfeldt-Jacob disease and its new variant associated with "mad cow"
disease, Huntingtodi'vi distasdoderemntawighihpannizndybdomhatioa othattipte Systeomiaoptily,and
Hallerboden-Spafz,digsase nand diffiise &ﬁWYa%QMeQJ&%‘?aS@%%&qFH@JE! ably| shsﬁﬁw&ggeﬁmtive

amyloidosis is an Aqs-re_lated 15 condition, such as Alzheimer's disease or dementia associated with
Down syndrome BF18%% of several forms of autosomal dominant forms of familial Alzheimer's disease
(reviewed in St George{HiyslopYizonay. Imesyibrdreffisip ik skiBxelated condition is Alzheimer's

disease. In gparticularlyyrefemediempodimentins alhasaeeaiskef the invention, 20 prior to treatment the
subject has moderately ﬁsev%rﬁgl)i%gg&rﬁl €0 rglitive function, as assessed by the Alzheimer's
a

Disease Assessment Scale (A eicog est, e%mple an ADAS-cog value of 25 or greater. In

addition to slowing or aifBstingiteTeeAitRRaade itaccmd slasptectHee Methods and compounds of the
invention may also be s(fijableHoousedectbesttepidemenz5 or prevention of neurodegenerative

conditions, or may be s%g)able H&M@ﬁ&%ﬁﬂ%ﬂ%&ﬂ&%@nﬂﬁgptoms of neurodegenerative conditions.

The compounds may be able to pravide at least a partial reversal of the cognitive decline experienced
by patientst# administéfed to 4 'SABEEEWHBSSas been identified as having an increased risk of a
predisposition to neurod8yenetatangcomditimnbpobebaxisubject exhibiting pre-clinical 30 manifestations

of cognitive decline, suglgyas Milgzeanitiyeinpairnent or minimal progressive cognitive impairment,
these methods and co T8\)/l:,ndﬁorgsa fbe. able to prevent or delay the onset of clinical symptoms, in
o]

addition to the effect of ing’or redﬂléllﬁtévt%e rate of cognitive decline. Currently Alzheimer's

disease and other dementias aY¥EK-lisaalby dete3 @ giapmoerveonando st sciganiggeymptons have
appeared. TheseasyRepNaRIVeans§iie AEwdrorae e ommas MilgaGogaitvedsapaianent (MCI), which
was recently defﬁ%ﬁ?o@y%%l’%é‘? ﬂ%%peéﬁgg%m% af Neurology, and refers to the clinical state of
The term "subject" as used herein refers to any animal having a disease
or condition which requires treatment with a pharmaceutically-active agent. The
subject may be a mammal, preferably a human, or may be a domestic or companion
20 animal. While it is particularly contemplated that the compounds of the invention are
suitable for use in medical treatment of humans, it is also applicable to veterinary
treatment, including treatment of companion animals such as dogs and cats, and
domestic animals such as horses, ponies, donkeys, mules, llama, alpaca, pigs, cattle and
sheep, or zoo animals such as primates, felids, canids, bovids, and ungulates.
25 Suitable mammals include members of the Orders Primates, Rodentia,
Lagomorpha, Cetacea, Carnivora, Perissodactyla and Artiodactyla. Members of the
Orders Perissodactyla and Artiodactyla are particularly preferred because of their
similar biology and economic importance.
For example, Artiodactyla comprises approximately 150 living species
30  distributed through nine families: pigs (Suidae), peccaries (Tayassuidae),
hippopotamuses (Hippopotamidae), camels (Camelidae), chevrotains (Tragulidae),
giraffes and okapi (Giraffidae), deer (Cervidae), pronghorn (Antilocapridae), and cattle,
sheep, goats and antelope (Bovidae). Many of these animals are used as feed animals in
various countries. More importantly, many of the economically important animals such
35  as goats, sheep, cattle and pigs have very similar biology and share high degrees of

genomic homology.



- 25 individuals who have memory impairment, but who are otherwise functioning well, and who do
not meet clinical criteria for dementia (Petersen et al., 2001). Symptoms of MCI include: (1) Memory
loss which affects job skills 5 (2) Difficulty performing familiar tasks (3) Problems with language (4)
Disorientation as to time and place (getting lost) (5) Poor or decreased judgement (6) Problems with
abstract thinking 10 (7) Misplacing things (8) Changes3f mood or behaviour (9) Changes in
personality (10) Loss of initiative MCI can be detected using conventional cognitive screening tests,
such 15 as the Mini Mental StahesEdankcangbthetie nvonprises diomentiBodeekeanavhich are both

neuropsychoIogi@@bﬁ&ﬁ%@ifﬁ&@ﬁﬁﬁ%ﬂ@&%@ rSHRIECTnasHSRANRERIRISIAISHA AP ANIRR! having
re

a disease or con ﬁ;gg? whic ires treatment with a pharmaceutically-active agent. The subject

may be a mamm&f el i50 S Suman, or may be a domestic or companion 20 animal. While it is
particularly contemplated that theussthpergidsheftem irthertivntzne s aftaplie fommmin nmeghidlan

treatment offlumansu: isfalsompalicableie pricimnatyciiRaRIEaiRcl gl kerRUReN i gaEmRANion
animals such as dods,ancs¢ats, ad, domesti Animals suah asharses, ponisp.dankeys. mules, liama,
alpaca, pigs, cattle ang éfgeep, orz60 animals such as pri ates,?aléls, cgnﬂs, ovids, and ungulates.
25 Suitable mammals include highipesHist therancisic Brififedy Rupeia, WhghioHsha etacea,
Carnivora, Perissoilastya faothAdiodiegiyta cMambetiioh thenOrdatsdPergsodaciytaatidohriddactyla

are particularly pygerrednecauss aisnel hsifylaERIRIogY 308 ASPBPMICHIIRANANGE: FALSXAMPlE,
Artiodactyla comprises apgrommate%lSO living species 30 distributed throu%h nine families: plgs

(Suidae), prlcartd ¢raALERY) ! HiBhbABtaf SRS (LA BOP L AT PLAH R A R
chevrotains (Tragdidampogirdffesadetiokapi{Giraffidae), deer (Cervidae), pronghorn (Antilocapridae),
and cattle, sheep, goats and apjiglansRevidaeManof thestianimalaairivsas as fesgbanimals in
with other medicaments to provide an operative combination. It is intended to include
any chemically compatible combination of pharmaceutically-active agents, as long as
15 the combination does not eliminate the activity of the compound of formula I or II. It
will be appreciated that the compound of the invention and the other medicament may
be administered separately, sequentially or simultaneously.
Other medicaments may include, for example, where the condition is a
-amyloid related condition, particularly Alzheimer’s disease, an inhibitor of the
20 acetylcholinesterase active site, for example phenserine, galantamine, or tacrine; an
antioxidant, such as Vitamin E or Vitamin C; an anti-inflammatory agent such as
flurbiprofen or ibuprofen optionally modified to release nitric oxide (for example NCX-
2216, produced by NicOx) or an oestrogenic agent such as 17-B-oestradiol.
Methods and pharmaceutical carriers for preparation of pharmaceutical
25  compositions are well known in the art, as set out in textbooks such as Remington's
Pharmaceutical Sciences, 20th Edition, Williams & Wilkins, Pennsylvania, USA.
As used herein, a "pharmaceutical carrier" is a pharmaceutically
acceptable solvent, suspending agent or vehicle for delivering the compound of formula
I or II to the subject. The carrier may be liquid or solid and is selected with the planned
30  manner of administration in mind. Each carrier must be pharmaceutically “acceptable”
in the sense of being compatible with other ingredients of the composition and non
injurious to the subject.
The compound of formula I or II may be administered orally, topically,
or parenterally in dosage unit formulations containing conventional non-toxic
35 pharmaceutically acceptable carriers, adjuvants, and vehicles. The term parenteral as

used herein includes subcutaneous injections, aerosol for administration to lungs or



various countries. More importantly, many of the economically important animals such 35 as goats,
sheep, cattle and pigs have very similar biology and share high degrees of genomic homology. - 26
The Order Perissodactyla comprises horses and donkeys, which are both economically important and
closely related. Indeed, it is well known that horses and donkeys interbreed. As used herein, the term
"therapeutically effective amount” is meant an 5 amou®t’of-a compound of the present invention
effective to yield a desired therapeutic response, for example, to treat, ameliorate or prevent a
neurological conditkahc@hty spécifientihe reypauticaljaefiettite eah ontnitwiliabhnjeusiy, aanfuwith such
factors as the pagtigylareQndition being treated, the physical condition of the subject, the type of
subject being treated, the duration of the treatment, the nature of 10 concurrent t eragygif aré}r/()11 and
the specific formulations employScd S ThE S AP IRE AT BUNG OPIE w QFRIaRTES345
compounds of thehsrawsauimadivioautatgradditietsamtibencoribivsdep dyieth Geatmenedidhmeiessnd provide
an operativescompiration. ITit ipdaiiredo dnchadseany shemicalhisorepaikiccombiralioaof

pharmaceuticallyt-aaD tive a ents, as h)

ng as 15 the ombinat{on oes not eliminate the activity of the
et?, Al us Of %g Spensions E:Z?I{ €S, rocncs A% ﬁ}is ram?ltes, cmu S{ﬁxs,
compound of formula T’or’Il. Tt will be’ appreciated that thie compound of theé hvention and the other

medicament may- Ui INTERSratCsEHEr atdyy cOBIEHiPRI{PH P hNIRAPROERINAIO s HhBWIGaments
may include, for exampielcabeéedinaloopditipo isweQeaimyleidnslaladcoidibgoneactbnlaily

Alzheimer's diSe%@&é%’&*}ip&%m%@lﬁﬁﬁe&@%i’i&?&&%@ AHYESHCa0 SXAMPIRPRARSSINE.

galantamine or tacrine; an antioxidant, such as Vitamin E or Vitamin C; an antl-lnflammatory agent

such as fidkBiprotEP YR ARSIt SHAR RSEUIRE IS TAEse RIS D RIS QI6r SRARRNE RICX- 2216,
produced by Niccbaran destabtyedicsgentisgelyayslifidude straditdrdiethobiplegith josarmaceutical

carriers for pfep%@é@%ﬁﬂ%@%ﬁ&%ﬁ@%&%a@ﬁgﬁ%@&%ﬁ% RIS DO, tRR A1 AT SRS RHEN
textbooks sgch as F rg—:‘gnllr?cqltl(gﬂ'sePhea}Irrrl?ﬁ'f\,[ceﬂvltléﬁ,ﬂo?C|l(%rtlcre§,é eZHOtC eEdI'[IOII']én e|:II(|)z%1rrn:§, VI_\I[I|kInS,
Pennsylvania, USA As lised HERRS, a "pRErMacelicar edrrer i§ & pRarma e dtidaly acceptable
solvent, suspenditiy@gars: obwiild ereicaediveriigolid cenrapouRenapisemifitmitoEd | to the subject. The
carrier mayl e liquighQbsspistandaik se/rcierd withtEpalabee b M pansen badodinistEtepinanind.
Each carrier mu%&?a%%ﬁ@&&?n%'?&cl%dg F55 tgsl?lll%l stearate, stearic acid, sodium oleate, sodium

chloride or talc. Suitable time delay agents include glyceryl monostearate or glyceryl

distearate. The tablets contain the active ingredient in admixture with non-toxic

pharmaceutically acceptable excipients which are suitable for the manufacture of

20  tablets.

These excipients may be, for example, (1) inert diluents, such as calcium
carbonate, lactose, calcium phosphate or sodium phosphate; (2) granulating and
disintegrating agents, such as corn starch or alginic acid; (3) binding agents, such as
starch, gelatin or acacia; and (4) lubricating agents, such as magnesium stearate, stearic

25 acid or talc. These tablets may be uncoated or coated by known techniques to delay
disintegration and absorption in the gastrointestinal tract and thereby provide a
sustained action over a longer period. For example, a time delay material such as
glyceryl monostearate or glyceryl distearate may be employed. Coating may also be
performed using techniques described in the U.S. Pat. Nos. 4,256,108; 4,160,452; and

30 4,265,874 to form osmotic therapeutic tablets for control release.

The compound of formula I or II as well as the pharmaceutically-active
agent useful in the method of the invention can be administered, for in vivo application,
parenterally by injection or by gradual perfusion over time independently or together.
Administration may be intravenously, intraarterial, intraperitoneally, intramuscularly,

35  subcutaneously, intracavity, transdermally or infusion by, for example, osmotic pump.
For in vitro studies the agents may be added or dissolved in an appropriate biologically

acceptable buffer and added to a cell or tissue.



in the sense of being compatible with other ingredients of the composition and non injurious to the
subject. The compound of formula | or Il may be administered orally, topically, or parenterally in
dosage unit formulations containing conventional non-toxic 35 pharmaceutically acceptable carriers,
adjuvants, and vehicles. The term parenteral as used herein includes subcutaneous injections,
aerosol for administration to lungs or - 27 nasal cavity 48travenous, intramuscular, intrathecal,
intracranial, injection or infusion techniques. The present invention also provides suitable topical, oral,
and parenteral pharmaceuticaPfepanatiaiie dsrfparaseeial tiibmosehtmet hodsdef tradtmgnt oftloe present 5

inyention. The C%@&iﬂ%@%lﬁﬁﬁ?ﬁ,%{%ﬁ%ﬂéiﬁﬁé‘?aﬂgr&rﬁiﬁéﬁ&%aﬁ%ﬂiﬁﬁ%@ ﬁﬁl%ééoﬁél@ﬁ%n%%ws or
oily suspensions, lo

zenges, troches, pqwders, granules, emulsions, capsules, syrups or elixjrs. The
compostion for T il OBy ST RIS R LR 1ot B ShBL e CeaRmg
agents, flavouringrageistestersicueings eifehtdcatnd praveovingpaipenisdhdedestes, prochadis/aqueous
pharmaceutgallyselggany, 2t Ralatak eulPeprenar atongispuitable sueriepeEindisderstisiesd, lactose,
glucose, aspartamg, of. saesharin, Aiahie disniseraing sgents nglde som slarch. meflcellulose,
polyvinylpyrrolidone, xan% an gum, ben onltre, afglnlc acid or agar. u&abe avouring agents include
peppermint oil, ofBPYdRtdIeHERH RaREsTy, IBHANGRYS Meditletipcidrolinidrndunsbr biadenidisies
include sodium beezoakee\ritpraiishsrd fsatphatdosplasel] asdirieracdxmoethyimbtabake propyl

paraben or sodiup QISYIRIYLE - UBIARIS JREGRNR AU PAABRSIHER SE ARG IFRYIGARd. sodium

oleate, sodjum chloride or talc. Suitable time delay aqents include glyceryl monostearate o%glyceryl

distearate. Yhe tABIFRPED AN S AR RgHEARAH SRR EARRR ABA TSHceBRa ARG SRSy
acceptable excipients which al@eswitdbtetior tthmniarafaglréref@dedbbetd tihkke axcipid itsremay be,
for example, (1) 'ﬂ&%ﬁe‘&ﬁtﬁfg&i@ﬁ@@fﬁ&@%ﬂﬂe Gﬁ&ﬁr{@t@btlﬁﬁ@%sf%@@ﬂmﬁﬁ&%gﬁt@&f/@d"_Jm_
phosphate; (2) gr nula}m arﬁj glsjlthteg?t@%lag%nts, s%%rlm as corn starcE or algéplf: aC|dér(t3?1P|nd|ng
agents, such as S é’l?%:%,oéqé:lae i Or acacia, an a( ) fubyiéa nagC é%énn SRSTSIN- R agi3 Qi Searate,
stearic 25 acid oPtakeninegedia¢iedPhiagnty syivptaedimeohmlioy Kav\ba telaprytiesndaaingt

disintegratios and ghsaIpidipibe gasisintesingl. ragtantktharabneavide evavsianesassian over
a longer period. %?,ro?)%)al“gnv@n io%t(i)?gis%?llsaeyiﬁn aa{[/%ﬂgi)éa%g,haa}ﬁammal, particularly a human, and
includes: (a) preventing the disease from occurring in a subject that may be predisposed
to the disease, but has not yet been diagnosed as having it; (b) inhibiting the disease,
i.e., arresting its development; or (c) relieving or ameliorating the effects of the disease,
20 i.e., cause regression of the effects of the disease.

The invention includes various pharmaceutical compositions useful for
ameliorating disease. The pharmaceutical compositions according to one embodiment
of the invention are prepared by bringing a compound of formula I or II, analogues,
derivatives or salts thereof, or combinations of compound of formula I or II and one or

25  more pharmaceutically-active agents into a form suitable for administration to a subject
using carriers, excipients and additives or auxiliaries. Frequently used carriers or
auxiliaries include magnesium carbonate, titanium dioxide, lactose, mannitol and other
sugars, talc, milk protein, gelatin, starch, vitamins, cellulose and its derivatives, animal
and vegetable oils, polyethylene glycols and solvents, such as sterile water, alcohols,

30 glycerol and polyhydric alcohols. Intravenous vehicles include fluid and nutrient
replenishers. Preservatives include antimicrobial, anti-oxidants, chelating agents and
inert gases. Other pharmaceutically acceptable carriers include aqueous solutions, non-
toxic excipients, including salts, preservatives, buffers and the like, as described, for
instance, in Remington's Pharmaceutical Sciences, 20th ed. Williams and Wilkins

35 (2000) and The British National Formulary 43rd ed. (British Medical Association and
Royal Pharmaceutical Society of Great Britain, 2002; http://bnf.rhn.net), the contents of

which are hereby incorporated by reference. The pH and exact concentration of the



glyceryl monostearate or glyceryl distearate may be employed. Coating may also be performed using
techniques described in the U.S. Pat. Nos. 4,256,108; 4,160,452; and 30 4,265,874 to form osmotic
therapeutic tablets for control release. The compound of formula | or 1l as well as the
pharmaceutically-active agent useful in the method of the invention can be administered, for in vivo
application, parenterally by injection or by gradual perf&8ion over time independently or together.
Administration may be intravenously, intraarterial, intraperitoneally, intramuscularly, 35
subcutaneously, vatiags ity ioaastieritbd plorinfusiorcdy;dmpesiaimples admsttid peomplingdo in vitro

studies the agentgmay Q&l%nggeqrgi%|Q%MH mm%@%_@&m%%céﬁf‘g‘?@iﬁﬁl%f@l{ﬁ?r and
added to a cell O[I[Hssue. -.Zfsjdﬁieéjgﬁr?g s for parenteral administration include sterile aqueous or

non- aqueous solt AR ¥ Shs, aitd-emulsions. Examples of non-aqueous solvents are
propylene glycol, polyethylenegiyddlaneggstairel sitenpasiiiersgliv@isifcrabty injeptatdeandrganic esters

such as eth\ olegdeifgtée@im GRItaIBi HCISsieMateuAIcane|iCaabaayscapsalbiians s eppYkstenssor
suspensions, incpdiﬁ% aling d bgffe{egieme ia, Parenteral ﬁtl_picles inclu(ge sodieurrgtchloride
a

. . . T atment o1,da SubDjeC Nnain dCLIVILY O € .compou Ann .
solution, Ringer's dextrose. dextrose’and sodium gc%?onée,%c ed Iglnpgerns intravenous vehicles

include fluid and ¥itHaistAbSRIdRERANE RipINte T His diiersis 18a@RbRakv B IshE el thh MRigEr's
dextrose), and théifikeenRigide dmtivesrahehntaerGuldbti vegdinayielsadompredet suchhaghdooexample,

ani 10 microbials, AofiAdaRta, HE/ANGAURNS OTPHEDJRGIRGS AR el apaRsand dip ke

Generally, the terms "treafing"”, "treatm and the like are used herein to mean affecting a subject,

tissue or ceit'to oBtHHGYESREHIHHAREIS AOBHI S8 HhF OO Bttt e R ik bElse
prophylactic in tesensrat sonlisiedele anpartiallylspheyventingla diseesist arosigh bsyygiddotee rtof,
and/or may be thgfapgutigdmvigsms of 15 a partial or complete cure of a disease. "Treating” as used
herein covers any treatment o&,hor éﬁreventiogcg disease. in a verte .rate% mammal, articglarly a

human, and includes: (a) preven?i g & rSes8e ol Ocs)lctlcolflrsri?lcgc?ﬁ a'su je(ﬁ iﬁ\é%nr%%y 3ypr(eedisposed

to the disease, badmadivieegddppabnadisgitnea s Ihaiherspa)drihibifiegtive diseadenouats arresting its
development or {Eletelirvivgthis aRekalatnganesiepts Obihddiseass; 20the disaidsarggression of the
effects of the dis .. The invention_includes various-pharmaceutical compasiiiqns. useful f
ameliorating dise%?gghlrﬁ%% eélrer%%(%%atkj%iggﬁ?:%%lpbes%%oﬁgpé%gc] rdﬁégge%nséegﬁ%g{am%yﬁ %rjlp 'E,t?éeinvention
are prepared by Biffyirgidansn oliscarttinuralibfar, 1asiibgdpaanistration of the pharmaceutical

composition, and animal models may be used to determine effective dosages for
treatment of the cytotoxic side effects. Various considerations are described, e.g., in

20  Langer, Science, 249: 1527, (1990). Formulations for oral use may be in the form of
hard gelatin capsules wherein the active ingredient is mixed with an inert solid diluent,
for example, calcium carbonate, calcium phosphate or kaolin. They may also be in the
form of soft gelatin capsules wherein the active ingredient is mixed with water or an oil
medium, such as peanut oil, liquid paraffin or olive oil.

25 Aqueous suspensions normally contain the active materials in admixture
with excipients suitable for the manufacture of aqueous suspension. Such excipients
may be (1) suspending agent such as sodium carboxymethyl cellulose, methyl cellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth
and gum acacia; (2) dispersing or wetting agents which may be (a) naturally occurring

30 phosphatide such as lecithin; (b) a condensation product of an alkylene oxide with a
fatty acid, for example, polyoxyethylene stearate; (c) a condensation product of
ethylene oxide with a long chain aliphatic alcohol, for example,
heptadecaethylenoxycetanol; (d) a condensation product of ethylene oxide with a partial
ester derived from a fatty acid and hexitol such as polyoxyethylene sorbitol monooleate,

35  or(e) a condensation product of ethylene oxide with a partial ester derived from fatty

acids and hexitol anhydrides, for example polyoxyethylene sorbitan monooleate.



derivatives or salts thereof, or combinations of compound of formula | or Il and one or 25 more
pharmaceutically-active agents into a form suitable for administration to a subject using carriers,
excipients and additives or auxiliaries. Frequently used carriers or auxiliaries include magnesium
carbonate, titanium dioxide, lactose, mannitol and other sugars, talc, milk protein, gelatin, starch,
vitamins, cellulose and its derivatives, animal and veg@@bte oils, polyethylene glycols and solvents,
such as sterile water, alcohols, 30 glycerol and polyhydric alcohols. Intravenous vehicles include fluid
and nutrient replenishers. Pre$bovplivasaircitucs entipristoliaimaptboxidhnt®rohefatistgragents and
inert gases. Oth%ﬁ%%ﬂ@&?&@&é'%%@&&%@?&@ﬂéﬁﬁ%mcm§ %H&%Wé&tiee%ﬂﬁ{ﬂmi@&ic
excipients, including salts, preservatives, buffers and the. mfﬁ’ @{Sﬁdescribed, for. instance,éa
Remington's PhalfCarLg BRagih SR g ne e AR ConeR s Tau0b AL RE B ish
National Formulatysaardieglageniiskibigbdicet hessoaieniornashdbReyal mhstemigdai sl otseayadfoGreat
Briéain, 2005 httﬂiﬂ?@fg@ﬁf) a@ﬂéﬁg&%&@m&wb@m&a}ﬁﬁmﬁdﬁ@ﬁrmﬁatﬁﬁltéaw@iwence- The pH
and exact concentrati he - 29 variQus components of t arm tica pqsition are
usted accore 8 gtk YR EE FDRRSTAch AR S AR AR o
for TherapeuticsiCrapialle Yobisiesaid spbreRtcdatintchnivrRitvitsdsestercRapsr sy epaiian adyls
administered in des@ninitedbohididosddrulstivay Ineathlitiels, sapkyi@scdndl suppasitaiesndtigr
treatment of a subjgghARRRNADE o BrUheRlIP FOMRRL Y. MR 6le AR BsHalRRy Baure and

severity of the disorder, age and body weight of the subject,  different daily doses can be used. Under

certain circtthstaRe¥LEAIRIOET RGBS ST Mo St diglxgebid s droptationT Fit dfitistration

of the daily dose sah bed@icacribtmlutsaththy ieglatdmihisgatidrds the form of an individual dose

unit or else several smaller d@@m&%@@@%ﬂ’amHltil?'ﬁléﬁHMB%U@HRH&&%MM@@@&%?@F at
specific intervals,.The %kéa([nl’laceutlcal com ogitions zﬂ;cordinglfo the.i ver]tion may be administered

locally or systemllé%(ff’ﬁ)ln 2 thera éﬁﬁtgéﬁ]ﬁ] & Fec?lsv%mo?oslél.n (houfts eigqg?fegfﬁee%lratﬁllgl%e will, of
course, depend offsistesestimudilgecieessictasd tpogaighitcande&rared Stare oy sty ject.
Typically, dasagemosdipidid Quetayspiylicterdsadishguigainesdn phespraadyltshysiabl for in situ

administration of the pharmacayical ORRSIIN ANFL TR MOYR WAL orr (0 defeine

effective dosages for treatment of the cytotoxic side effects. ous considerations are described,
e.g., in form of veterinary compositions, which may be prepared, for example, by methods that
are conventional in the art. Examples of such veterinary compositions include those
adapted for:
20 (a) oral administration, external application, for example drenches (e.g.

aqueous or non-aqueous solutions or suspensions); tablets or boluses; powders, granules
or pellets for admixture with feed stuffs; pastes for application to the tongue;

(b) parenteral administration for example by subcutaneous,
intramuscular or intravenous injection, e.g. as a sterile solution or suspension; or (when

25  appropriate) by intramammary injection where a suspension or solution is introduced in
the udder via the teat;

(c) topical applications, e.g. as a cream, ointment or spray applied to the
skin; or
(d) intravaginally, e.g. as a pessary, cream or foam.

30 Dosage levels of the compound of formula I or II of the present
invention are of the order of about 0.5 mg to about 20 mg per kilogram body weight,
with a preferred dosage range between about 0.5 mg to about 10 mg per kilogram body
weight per day (from about 0.5 gms to about 3 gms per patient per day). The amount of
active ingredient that may be combined with the carrier materials to produce a single

35  dosage will vary depending upon the host treated and the particular mode of
administration. For example, a formulation intended for oral administration to humans

may contain about 5 mg to 1g of an active compound with an appropriate and



20 Langer, Science, 249: 1527, (1990). Formulations for oral use may be in the form of hard gelatin
capsules wherein the active ingredient is mixed with an inert solid diluent, for example, calcium
carbonate, calcium phosphate or kaolin. They may also be in the form of soft gelatin capsules wherein
the active ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin or olive
oil. 25 Aqueous suspensions normally contain the activ&lmaterials in admixture with excipients
suitable for the manufacture of aqueous suspension. Such excipients may be (1) suspending agent
such as sodium carberymethybwelkfiioss;enethglhod iosemdy daox ypnombne thyicei plosentsoitliben
alginate, poWVin){lﬁXf@iﬁﬁé@tiQH.”ﬁB@Q@&éﬁﬂo@ﬁ@ %ﬂg@ﬁaﬁiﬁ @h@ﬁ%ﬁ%@ﬁr&‘fﬁ%&@g%ﬁ? which
may be (a) naturallgé)occurrieritlg %O§hos§§atide such as lecithin; (b) a condensation product of an
alkylene oxide with3 faI& UG Y6 BREHSR: polyoxyethylene stearate; (c) a condensation product of
ethylene oxide with a long chafPpalipladdh comenotmde vd thelev e padecadnhipisitosy detadiaidad) a
condensation praofbidetseh&thdentIvMigeeid aPartiaktesiehdaiiediion anfaiiy acidandthaeyitol such

as poIyoxyethylgg%%(i)ﬁpslttroIt{fr;nosné)rgleg[gﬂ 3r5e %r{ a tc%n%eer\ll%atl?vr‘} Ooﬁc())gyﬁc%o?f}letpé/%rﬁre oxide with a
partial ester derive y exito e po )}30 t
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particular patient will depend upon a variety of factors including the activity of the

specific compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, rate of excretion, drug combination and the

20  severity of the particular disease undergoing therapy.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a flow chart of subjects studied;

Fig. 2 are graphs showing mean change (+SE) over time from baseline in
25  cognitive abilities (as assessed with ADAS-cog) in (A) two arms of CQ vs placebo and
(B) stratification by severity within treatment arms [less-severely affected (ADAS-cog
< 25), more-severely affected (ADAS-cog >25) (*p < 0.05; ** p <0.01);
Fig. 3 are graphs showing mean change (+SE) over time from baseline in
plasma AB,, levels in (A) the arms of CQ vs placebo and (B) stratification by severity
30 asinFig8. (***p<0.001);
Fig. 4 are graphs showing mean change (+SE) over time from baseline in
(A) plasma Zn (B) plasma Cu in the two arms of CQ vs placebo; and
Fig. 5 is a graph showing relative changes in behavioral (ADAS-cog)
and biochemical (plasma/CSF A) levels over the course of AD.
35



form of veterinary compositions, which may be prepared, for example, by methods that are
conventional in the art. Examples of such veterinary compositions include those adapted for: 20 (a)
oral administration, external application, for example drenches (e.g. agueous or hon-aqueous
solutions or suspensions); tablets or boluses; powders, granules or pellets for admixture with feed
stuffs; pastes for application to the tongue; (b) parente@2administration for example by subcutaneous,
intramuscular or intravenous injection, e.g. as a sterile solution or suspension; or (when 25
appropriate) by ittPeAddiPbhta®y injection where a suspension or solution is introduced in the udder via
the teat; (c) topical applications, e.g. as a cream, ointment or spray applied to the skin; or (d)
intravaginally, e.g. as a pessary, cteam or foam. 30 Dosage le els the com d%of formula I or Il of
the present mention ate of LS PUFLBIR A G B S0k S bEY RPN  vith
a preferred dosadfe feHg® berneehmbog &smipso about 10 mg per kilogram body welght per day
(from about §.5 gms to about 3 gms per patient per day). The amount of active ingredient that may be
combined with tf;gﬁarrlg@g‘ﬂsr ! ‘ Q%SBdéng upon the host
treated and the icularmoue o ertded for oral
administration to humaridLesg 2 oAy ctlve compound with an appropriate
and - 31 convenient amount of carrier materlal WhICh may vary from about 5 to 95 percent of the total

composition. Dosage gl iR ik ARACIAI GARTRIRRONEMIRIRARMLE. M. [0 Mo phaptive
ingredient. OQptio alg{ the co ounds %ﬁfe |nvent n are administ red ina dﬁ/lded 5 dose schedule

such that thcre abd 98%F§F Bﬁguﬁ?t 1Nl §c?1 SO QAL ARRO AR Yiven
preferably at leasubveéfytad/o, M@mmlmmduﬂs%dlqmlmmmmdﬁesmé gompovisd may be

administered eveqyEdeQreViars aaﬁdg@tm 2lropnespbeiited eRkpeaIhIaidbidre-fpse regimen
comprises a secaond aiz @)strat O%QE \%Oﬁ grscopmﬁ%g%thedgge |Oﬁ)g§ CSrS |nte|i al from the first 10
that he

administration sufficien ?y evel of active coriipound i t creased to
approximately fréies80ue ambé%aaﬁ AHGAcpraBAYRdEvaR Fé’&éﬁé@ﬁﬁﬂ’épfﬁbe ﬂv%tlfatﬁ?ﬂ?f%ﬁf&%ﬁn"so as
to maintaini®n effeich\epeddterh aiaptaserngemBisthetilood.shown in Scheme 2 (see Antoniotti and

coworkers, Tetrahedron Letters, 2002, 4, 3971). Further elaboration of the 2- and/or 3-

position(s) can be achieved using known methods.
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8-Hydroxy-3H-quinazolin-4-one itself was prepared according to a literature
procedure (see Iyer and Dhar, J. Sci. Ind. Res., 1956, 15C, 1). Derivatives of 8-hydroxy-
3H-quinazolin-4-one can be synthesised by numerous methods known in the literature.
One of the most common approaches to 3H-quinazolin-4-one derivatives is via
35  substituted 2-aminobenzamides. The 2-aminobenzamides may be accessed via two
different approaches (Scheme 3). For example, a 2-nitrobenzoic acid 3A is first

converted into the corresponding anthranilic acid 3B. In the presence of amine and an



Optionally one or more subsequent administrations may be given at a corresponding interval from
each preceding administration, preferably when the plasma level has 15 decreased to approximately
from 10-50% of the immediately-preceding maximum. It will be understood, however, that the specific
dose level for any particular patient will depend upon a variety of factors including the activity of the
specific compound employed, the age, body weight,geh&ral health, sex, diet, time of administration,
route of administration, rate of excretion, drug combination and the 20 severity of the particular
disease undergoisf thengmeeB RIEIFD EDC RBPTIONIBR FHENDIRAAMNG SEifPathig\a. flow chart of

subjects sttggzlljed;,cﬁign?a@&@m,rg%a%vi&gmm%& &f‘cé’tﬁ@}?\@htﬁm F@&Wg 52
cognitive abilities (as.assess t -C \) two. arms o S ebo an

cuatiication by SIS NG TR aRe e T IR I KRB oy, <os)
more-severely affected (ADAS-cog >25) (*p < 0.05; ** p < 0.01); Fig. 3 are graphs showing mean
change (+SB) ovgthisne filom baseline in plasma A1342 levels in (A) the arms of CQ vs placebo and
(B) stratification by severity 30 as inFig8.(***p<0.001); Fig. 4 are graphs showing mean change (+SE)
over time from baseline in (A} plas(r;p)gHZn @I)Aplasma Cu i(po(t)ne two arms of CQ \é(s)@IRacebo; and Fig. 5
is a graph showing relative cr@ggzin behavioral ( -cog) -and-biechemicdl (plasma/CSF A[3)
levels over the course of AD. -32,- EXAMPLES i ntion will now sgribed in detail by
way of reference only to the fadlowing ngn-limiting examples. 5 PREPARAAION OF
8-HYDROXY-OUINOXALINES AND 8- H YDROXY-3H-OUINAZOLIN-4-ONE S
8-Hydroxy-guinoxalines and 8-hydroxy-3H-q F’ﬁtz'%LBzoIin-4-ones) can beprepared 10 by processes
known in the literature. For example, condensation of an approprigtély substituted
1,2-phenylenediamine with 1,2-dicarbonyl compotnds such as pyruvic aldehyde provides a range of

2- or 3-substituted 8-hydroxyquinoxalines (see for ie" Abe and coworkers, J. Med Chem., 1998,
41, 4062) (Scheme 1). An NO,
3D
15

The compound, 4,6-dichloro-3-hydroxy-2-nitrobenzoic (4F) (Scheme 4) is a key
intermediate used for the provision of a range of 8-hydroxy-3H-quinazolin-4-ones and
specifically for the synthesis of 5,7-dichloro-substituted derivatives. Hence, according
to Golstein and Schaaf (Helv. Chim. Acta, 1957, 57(23), 132), commercially available

20  2,4-dichlorobenzoic acid (4A) is nitrated to give 2,4-dichloro-5-nitrobenzoic acid (4B).
Compound 4B is converted, via the amine 4C and the acetamide 4D, into 3-acetamide-
4,6-dichloro-2-nitrobenzoic acid (4E). Subsequent base hydrolysis of 4E gives the 2-
nitrobenzoic acid 4F. All steps proceed in high yields (about 90%).

25 Scheme4
Cl Cl Cl Cl
COOH COOH COOCH COOH
f» Em— —_— —_—
Cl Cl Cl Cl
aA NO, NH, NHAc
4B 4C 4D

Cl

cl
COOH COOH
E—
cl NO, Cl NO,
NHAc OH

4F

4E

*prepared according to Golstein and Schaaf, Helv. Chim. Acta, 1957, 57(23), 132



alternative synthesis of such compounds via condensation of the 1,2-phenylenediamine 15 with
epoxides in the presence of Bismuth(0) is shown in Scheme 2 (see Antoniotti and coworkers,
Tetrahedron Letters, 2002, 4, 3971). Further elaboration of the 2- and/or 3- position(s) can be
achieved using known methods. Scheme 1 20 R2ZWNHzNR3N\R /NHz/NR'NiR2 OH OH OH
25 Scheme 2 R2 NHz NZN\R2 NW iiY~ /NHz/"R'3¢R2 OH OH OH 30
8-Hydroxy-3H-quinazolin-4-one itself was prepared according to a literature procedure (see lyer and
Dhar, J. Sci. Ind. Res., 1956, 15C, 1). Derivatives of 8-hydroxy- 3H-quinazolin-4-one can be

synthesised by numeroys,mgtbedsdine wntihiligalierabye 1%&@5@%&@?&@%&@@% paghes to

3H-quinazolin-4-gne def\rlvatlves is |a 35s H&stltuteq 2- -amingbenza es The 2-ami nfoga%nza ides
é) lil 81% he use o 1S e%a € resu S 11n th€‘2 Process o
may be accessed via two erent ap roaches eme or exa mple a 2:nitrobenzoic aC|d 3Ais

first converted ifteig By paslstng ammabﬂméoaiﬁa%ap In the presence of amine and an - 33
activating agent such ashd¥oB3Rgives the22naroivbeizanddecBGy Pattp HnddrematydlyddAyand an

amine in the presgyee, g, hhﬂ;rr&sg@ SRR 3 NuRRenzamids SpuSuhseguent
reduction of 3D glv P eme 3 COOH Pa A RXx COOH RCONHR /NO, , NH,
NH, 3A 3B 3C 1@r1pg?nlr8 eiesgpgs of CDI produces the N-(substituted) benzamide SA. Reduction of

the nitro group and coupling of the resultant amine 5B with formic acid/CDI provides
the desired N-alkylated derivative 5C.

10
Scheme 5

cl cl cl c o
COOH CONHR CONHR -R
— — —_— | N
J
15 cl NO; cl NO, cl NH, cl N
OH OH OH OH
4F 5A 5B 5C

N-alkylated quinazolin-4-ones may also be prepared via the route shown in
Scheme 6. Hence, the appropriately substituted 2-nitrobenzoic acid such as 4F is first
20 treated with an amine in the presence of an activating agent such as CDI. This provides
the corresponding nitrobenzamide which, under reducing conditions, gives the
aminobenzamide. Subsequent treatment of the aminobenzamide with refluxing
formamide produces the 3H-quinazolin-4-one. The 3H-quinazolin-4-one is then

deprotonated with a base such as NaH and treated with an appropriate alkyl halide.

25
Scheme 6
cl cl cl cl o
COOH CONH, CONH,
— — —_— | )NH—>
~
cl NO, cl NO, cl NH, cl N
30 OH OH OH OH
aF

35 OH



NO2 3D 15 The compound, 4,6-dichloro-3-hydroxy-2-nitrobenzoic (4F) (Scheme 4) is a key
intermediate used for the provision of a range of 8-hydroxy-3H-quinazolin-4-ones and specifically for
the synthesis of 5,7-dichloro-substituted derivatives. Hence, according to Golstein and Schaaf (Hely.
Chim. Acta, 1957, 57(23), 132), commercially available 20 2,4-dichlorobenzoic acid (4A) is nitrated to
give 2,4-dichloro-5-nitrobenzoic acid (4B). Compound 3B is converted, via the amine 4C and the
acetamide 4D, into 3-acetamide- 4,6-dichloro-2-nitrobenzoic acid (4E). Subsequent base hydrolysis of
4E gives the 2- nitrobenddicracid shiowAlh steps tordeeoatine kg bl ietass tabie dt30dio 26-Bdheme 4 CI CI

CI CI COCH CQQM&@QM GROMNhdd, Ghiehiet d Ma&ﬂﬂ@ &élﬂ%ﬁcﬂ%s%ﬁiﬁl&i & COOH
/COOH CI NOz Ef\L{ Elql c OH 4E 4F Cpre gacc @ |n and Scha%al HF Chim.

Acta, 1957, 57(2 é}flﬁ tormedia ormu oﬁilaenls nove é]i%ere?ore orms part

of the present |n@@ﬁtmmd?emﬁé%nmﬁglﬁ@wﬂ@rmé%@%@&|b§mﬁqw&sr3@é%§rbﬂ%ﬁém@akﬁdbeung
high yieldingsandvathenaiieatetstatetiiaddlibeannve s5iodichlard-Digploenzeitddchsdeik a3 Ebmpound

[ hyd h
A7 into 5 hycroxs A ANNAZOln d:0nes B SRR RGNS AR ERIIGR AT an

amine in the presence of CDI produces t enzami Cilon of the nitro
group and coupliRBrBitheaRaHaRCA & SE ARSI ICHRIIDP S VR Ghe-aaTHEB alkylated
derivative 5C. 10nS&thg@nderbatives, e.g., 2-(methylamino)methyl derivatives, can be achieved using

standard literature methods. N-alkylation of these derivatives using the conditions

10  earlier described produces 2,3-disubstituted derivatives.

Scheme 7
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2,3-Disubstituted-8-hydroxy-3H-quinazolin-4-ones may also be synthesised via
25  the route shown in Scheme 8. Hence, a 2-amino-3N-(substituted)benzamide is treated
with the appropriate carboxylic acid such as Boc-protected glycine. Subsequent
dehydration with sodium methoxide (see Lee and coworkers, J. Med. Chem., 1995, 38,
3547) produces the desired analog.

30 Scheme8
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Rl
NHR* NHR® | )r\i
s o —> P
cl NH, cl H—[// al N O R?
OH OH R? OH

35



CICICICI0O COOH/CONHR CONHR R 15 CI/NOz CI NOz CI/ NH, CI N3 OH OH OH OH 4F 5A
5B 5C N-alkylated quinazolin-4-ones may also be prepared via the route shown in Scheme 6. Hence,
the appropriately substituted 2-nitrobenzoic acid such as 4F is first 20 treated with an amine in the
presence of an activating agent such as CDL This provides the corresponding nitrobenzamide which,
under reducing conditions, gives the aminobenzamide. ¥ubsequent treatment of the aminobenzamide
with refluxing formamide produces the 3H-quinazolin-4-one. The 3H-quinazolin-4-one is then

deprotonated witf2a bageRfcicARSTNHPNaOKF tBelstEd MK HB bt QridkN AKG LHNIOSNE28-Scheme 6 Cl
CI CI CI 0 COON CONHZ {:@hiz. E1MNRA FIENOB-B1 N ROMY - BUAMCHADIUEH @#F CIONR |

oo R A TR T o R D

qumazolln -4-ones. He TCOT aftat it i at e actt Sttt as z-aniho==,0~
dichloro-3-hydroxybenzal ¢ : Ha FHcid chloride with
ammonia giges the corrgﬂpm@xg\gmm{rgde This, in turn, is treated 5 Wlth chloroacetyl acetic acid to
provide 5,7-dichloro-2-chloromethyl-8-hydroxy-3H- quinazolin-4-one (see for example: Tani and
coworkers, J. Med. Chem., 1979, 22, 95). Further elaboration of the 2-chloromethyl derivative into a
range of 2-substi¥éﬁ8%@hethyl derivatives, e.g., 2-(methylamino)methyl derivatives, can be achieved
using standard literature methods. N-alkylation of these derivatives using the conditions

The following compounds were prepared by the methods described in

10 the literature: 8-methoxy-4(3H)-quinazolinone (3),” 8-hydroxy-cinnoline (C1),” 5,8-
dihydroxy-quinoxaline (B39),' 4,5-dihydroxy-phenazine (F5),° 4,8-dihydroxy-
phenazine (F2),’ 4-hydroxy-acridine (E1), and 5-hydroxy-3-methyl-2(1H)-
quinoxalinone (B12)". The following compounds were sourced commercially: 8-
Hydroxy-quinazoline (Al), 4-hydroxy-phenazine (F1), 4,10-phenanthrolin-5-o0l (D2),

15  4,7-phenanthrolin-5,6-diol (D3) and 8-hydroxy-2-methyl-4(3H)-quinazolinone (1).
Amines: ethylamine, histamine, 2-(2-aminoethyl)pyridine, 2-(2-
methylaminoethyl)pyridine; aldehydes: 4-imidazolecarboxaldehyde, 2-
thiazolecarboxaldehyde and 2-pyridinecarboxaldehyde, azoles: pyrazole, imidazole,
methylimidazole and 1H-1,2,3-triazole, boronic acids: phenylboronic acid, 2-

20  (trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic acid, 0-tolylboronic
acid, 2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4-
methoxyphenylboronic acid, m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4-
difluorophenylboronic acid, 3-thiopheneboronic acid, 3-fluorophenylboronic acid and
4-fluorophenylboronic acid; and organozinc reagents: 2-pyridylzinc bromide, 2-

25  (methylthio)phenylzinc iodide, 2-(ethoxycarbonyl)phenylzinc iodide and 6-
methylpyridylzinc bromide (0.5 M solution in THF) were commercially available
(Aldrich). 3-Pyridylboronic acid was purchased from Frontier Scientific. 2-
Aminomethylthiazole was prepared according to the literature.”” Solvents were
analytical grade and used as supplied. THF was distilled from sodium and

30  benzophenone under argon. '"H NMR spectra (8, relative to TMS) were recorded on a
Varian Unity 300 spectrometer unless otherwise indicated; J-Values are given in hertz.
Mass spectral data were recorded on a Micromass Quattro II mass spectrometer.

The synthesis of derivatives of 6 classes of compounds: 8-hydroxy-
quinazoline, 8-hydroxy-quinoxaline, 8-hydroxy-cinnoline, 4,7(4,10)-phenanthrolin-5-

35  ol, 4-hydroxy-acridine and 6-hydroxy-phenazine, is described in Part A, B, C, D, E and

F, respectively.



10 earlier described produces 2,3-disubstituted derivatives. Scheme 7 CI CI CI 0 15 # COOH ~-
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2,3-Disubstituted-8-hydroxy-3H-quinazolin-4-ones may also be synthesised via 25 the route shown in
Scheme 8. Hence, a 2-amino-3N-(substituted)benzamide is treated with the appropriate carboxylic
acid such as Boc-protected glycine. Subsequent dehy@dration with sodium methoxide (see Lee and
coworkers, J. Med. Chem., 1995, 38, 3547) produces the desired analog. 30 Scheme 8 CI0OCI0OCI 0
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15 4,7-phenanthrolin-5,6-diol (D3) and 8-hydroxy-2-methyl-4(3H)-quinazolinone (1). Amines:
ethylamine, histamine, 2-(2-aminoethyl)pyridine, 2-(2- methylaminoethyl)pyridine; aldehydes:
4-imidazolecarboxaldehyde, 2- thiazolecarboxaldehyde and 2-pyridinecarboxaldehyde, azoles:
pyrazole, imidazole, methylimidazole and 1H-1,2,3-triazole, boronic acids: phenylboronic acid, 2 2 0
(trifluoromethyl)phenylboronic acid, 2-methoxyphenytb&®nic acid, o-tolylboronic acid,
2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4- methoxyphenylboronic acid,
m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4- difluorophenylboronic acid,
3-thiopheneboronic acid, 3-fluorophenylboronic acid and 4-fluorophenylboronic acid; and organozinc
reagents: 2-pyridylzinc bromide, 2 25 (methy¢pi@)pheRrylzinc iodide, 2-(ethoxycarbonyl)phenylzinc
iodide and 6- methylpyridylzinc bromide (0.5 M solution in THF) were commercially available (Aldrich).
3-Pyridylboronic acid was purchased from Frontier Scientific. 2- Aminamethylthiazole was prepared
according to the literature. 13 Solvents were analytical grade and used®as supplied. THE was distilled
from sodium and 30 benzophenone under argon. 1H NMR spectra (S, relative to TMS) were recorded
on a Varian Unity 300 spectrometer unless otherwise indicated es are given in hertz. Mass
spectral data were recorded on a Micromass Quattro Il mass spectrogaetgr. The synthesis of
derivatives of 6 classes of compounds: 8-hydroxy- quinazoline, 8shydroxy-quinoxaline,
8-hydroxy-cinnoline, 4,7(4,10)-phenanthrolin-5- 3 5 ol, 4-hydroxy-a ‘(‘ﬁﬁ%’ and 6-hydroxy-phenazine, is
described in Part A, B, C, D, E and F, respectively. - 37 PART A: SYNTHESIS OF
8-HYDROXY-QUINAZOLINE DERIVATIVES A2-A138 The preparation of a series of
8-hydroxy-quinazoline derivatives is 5 summarized in Charts Al - S./ R3 NON OH OH OH Class A
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DER: further derivatives via substitution at the 2- (chloro/cyano) position
to a subject in need thereof, as shown in CHARTS Al - A4. 5-Position
was also halogen-substituted (as shown on this CHART)
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Preparation of 4-Chloro-8-hydroxy-2-methyl-quinazoline (A2) (Scheme Al)

Cl

0
NH SN SN
o, — O, — QO
N Me N Me N Me
OH OH OH
1

A2 A3
Scheme Al
5 8-Hydroxy-2-methyl-4(3H)-quinazolinone (0.01 mol) and phosphorus

oxychloride (10 mL) were heated under reflux for 30 min. The excess phosphorus
oxychloride was removed under reduce pressure and the residue was added to a mixture
of'ice (50 g) and water (50ml), and the pH adjusted to 6 (aqueous ammonia). 4-Chloro-
8-hydroxy-2-methyl-quinazoline (A2) was isolated via filtration.
10
Preparation of 8-Hydroxy-2-methyl-quinazoline (A3) (Scheme Al)
4-Chloro-8-hydroxy-2-methyl-quinazoline (0.01 mol) was treated with
hydriodic acid (100 mL; freshly distilled from red phosphorus) according to the method
described® in the literature. This provided 8-hydroxy-2-methyl-quinazoline (A3) as a
15 solid.

Preparation of 8-Hydroxy-quinazoline-2-carboxaldehyde (2) (Scheme A2)

SN SN SN
N/)\Me <;\AN/)\CHO Q\/N\/)\

OH OH NHR
A3 2 A4 - A7

Scheme A2
20
A solution of 8-hydroxy-2-methyl-quinazoline (A3) (5 mmol) in dioxane
(10 mL) was added dropwise over 3 h into a stirred mixture of SeO, (8.8 mmol) in
dioxane (30 mL) at 50°C. The resulting mixture was then heated at 80°C for 16 h,
allowed to cool, and the solids filtered off. The filtrate was concentrated and purified
25  via column chromatography on silica (dichloromethane/MeOH, 40:1). This afforded 8-
hydroxy-quinazoline-2-carboxaldehyde (2) as a solid.
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Preparation of 2-[Alkylamino-methyl]-8-hydroxy-quinoxaline (A4 - A7)
(Scheme A2)

Sodium triacetoxyborohydride (1 mmol) was added to a stirred solution
5  of 8-hydroxy-quinoxaline-2-carboxaldehyde (1 mmol) and ethylamine (1 mmol) in
dichloromethane (10 mL). The mixture was left to stir at RT for 16 h, neutralized
(aqueous NaHCO:s), and concentrated. The residue, after column chromatography on
silica, afforded A4.
In a similar fashion, reductive amination of 2 with amines: histamine

10 gave A5, 2-(2-aminoethyl)pyridine gave A6, 2-(2-methylaminoethyl)pyridine gave A7.

Preparation of 8-hydroxy-quinazoline-2-carboxaldehyde Oximes (A8 — A9)

(Scheme A3)
NN SN
N/ CHO N/ |
OH OH N
OR
2 A8 - A9
15 Scheme A3

A mixture of 8-hydroxy-quinazoline-2-carboxaldehyde (2) (1 mmol),
NaOAc (2 mmol), hydroxylamine hydrochloride (1.5 mmol) and water (10 mL) was
heated at 100 °C for 15 min. The precipitate was isolated by filtration. This provided 8-
20  hydroxy-quinazoline-2-carboxaldehyde oxime (A8) as a solid.
The reaction, repeated using 2 with methoxylamine hydrochloride in

pyridine, gave A9.

Preparation of 8-Hydroxy-2-methylamino-quinazoline (A10) (Scheme A4)

NN NN
@C& — @Q
N | N

OH OH
Al0

25

NH,

~

OH
A8

Scheme A4

A solution of the 2-carboxylic acid oxime (1 mmol) in MeOH (20 mL)
was treated under hydrogenolysis conditions (atmospheric H,, 10% Pd/C) for 16 h. The
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at the 2- (chloro/cyano) position to a subject in need thereof, as shown in CHARTS Al - A4. 5-Position
was also halogen-substituted (as shown on this CHART) - 43 Preparation of
4-Chloro-8-hydroxy-2-methyl-quinazoline (A2) (Schemé®al-0 a P~N~Me \ N~Me \ N-Me OH OH OH
A2 A3 Scheme Al 5 8-Hydroxy-2-methyl-4(3H)-quinazolinone (0.01 mol) and phosphorus oxychloride
(10 mL) were heatddundes fiéftosdfoff 30 drihe. fTitvate xoassntaospioposvidrychishideywas removed under
reduce pressure gRehimipidignaasiaddadap a mixture of ice (50 g) and water (50m1), and the pH
adjusted to 6 (aqueous ammonia). 4-Chloro- 8-hydroxy-2-methyl-quinazoline (A2) was isolated via
filtration. 10 Preparation of 8-Hydroxy-2-methyl-quinazoline (AB&(Scheme Al)
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To a stirring mixture of 8-methoxy-4(3H)-quinazolinone’(3) (0.05 mol)
and THF (100 mL) was added iodomethane (0.1 mol), tetrabutylammonium bromide
10 (100 mg) and aqueous NaOH (prepared from 7.55 g of NaOH in 20 mL H,O). After 16
h at 40 °C, the mixture was concentrated and the remaining residue partitioned between
H,0 and dichloromethane (1:1, 200 mL). The organic layer was washed with brine,
dried and concentrated. Column purification gave 4,8-dimethoxy-quinazoline (4).
To a stirred solution of 4 (40 mmol) in CHCI3 (200 mL) at 0 °C was
15 added m-chloroperbenzoic acid (44 mmol) portionwise over 10 min. After a further 30
min at 0°C, the mixture was allowed to warm to RT over 30 min and then concentrated
to dryness. To the remaining residue was added ethyl acetate and 1 N NaHCO; (1:1,
200 mL); the layers were separated and the organic layer was dried (Na;SOy), and
concentrated. This provided the N-oxide 5.



Preparation of 8-Hydroxy-quinazoline-2-carboxaldehyde (2) (Scheme A2) N-Me 9Z.LCHO N'~') OH
OH OH NHR A3 2 A4-A7 Scheme A2 20 A solution of 8-hydroxy-2-methyl-quinazoline (A3) (5 mmol)
in dioxane (10 mL) was added dropwise over 3 h into a stirred mixture of Se02 (8.8 mmol) in dioxane
(30 mL) at 50C. The resulting mixture was then heated at 80C for 16 h, allowed to cool, and the solids
filtered off. The filtrate was concentrated and purified- 246via column chromatography on silica
(dichloromethane/MeOH, 40:1). This afforded 8- hydroxy-quinazoline-2-carboxaldehyde (2) as a solid.
- 44 Preparation of 2-[Alkylamihorimetieydf §-Bitinoxplyinosaine Qadl) AT dsutibyheusia®ddium
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Oximes (A8 - A9) (Scheme A%Z N CHO ] I [
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(1.5 mmol) and itk (Lonhthewmas tireatacheted GOIE ¢dryl Baetiaie Tk mlexip)taibencamisatated by
filtration. This proyiggd8were dried and the volatiles removed. This provided 4,8-dimethoxy-

10 quinazoline-2-carboxylic acid as a solid. Subsequent de-O-methylation with BBr; gave

4,8-dihydroxy-quinazoline-2-carboxylic acid (All).

Preparation of 4,8-dihydroxy-quinazoline-2-carboxylic acid amides (A12 - A17)
(Scheme Ab)
15
1,3-Dicyclohexylcarbodiimide (1 mmol) was added to a stirred solution
of 1-hydroxybenzotriazole hydrate (1 mmol) and 4,8-dihydroxy-quinazoline-2-
carboxylic acid (Al1l) (1 mmol) in DMF and dichloromethane (1:1, 10 mL). After 30
min, histamine (1 mmol) was added and the mixture stirred at RT for a further 16 h.
20  The volatiles were then removed in vacuo and the remaining residue gave, after
purification by column chromatography on silica (ethyl acetate/i-PrOH/2 N NH4OH,
6:2:1), 4,8-dihydroxy-quinazoline-2-carboxylic acid[2-(1H-imidazol-4-yl)-ethyl-amide
(A12).
The above reaction was repeated using amines with A1l: 2-(2-
25  aminoethyl)pyridine gave Al3, 2-(aminomethyl)pyridine gave Al4, 2-aminothiazole
gave Al5, 2-aminophenol gave Al6, 1,2-phenylenediamine gave Al7.

Preparation of 8-Hydroxy-quinazoline-2-carboxylic acid amides (A18 - A23)
(Scheme 5)
30
The 4-hydroxy-compound (Al12) (1.2 mmol) and phosphorus
oxychloride (4 mL) were heated under reflux for 15 min and allowed to cool. Ice (50 g)
was added and the mixture basified with aqueous ammonia. The mixture was extracted
with dichloromethane (20 mL x 3), the extracts combined, dried, and concentrated. This
35  provided the corresponding 4-chloro-compound 7.
To a stirred mixture of p-toluenesulfonhydrazide (Aldrich, 2 mmol) in

CHCI; (10 mL) at 50 °C was added portionwise over 10 min, the 4-chloro-compound 7



2 0 hydroxy-quinazoline-2-carboxaldehyde oxime (A8) as a solid. The reaction, repeated using 2 with
methoxylamine hydrochloride in pyridine, gave A9. Preparation of
8-Hydroxy-2-methylamino-quinazoline (A10) (Scheme A4) 25 OH N, OH OH NH2 A8 A10 Scheme
A4 A solution of the 2-carboxylic acid oxime (1 mmol) in MeOH (20 mL) was treated under
hydrogenolysis conditions (atmospheric H2, 10% Pd/C#or-16 h. The - 45 solids were filtered off and
the filtrate concentrated to provide 8-hydroxy-2- methylamino-quinazoline (AlO). Preparation of
4,8-Dimethoxy-qUinansiineAZteatbdxylic sdid (b i8kitetmaaABirai@.ONde Owith BIM® and dug¢dN" CN
OMe N%I| OMe Qifig RdoM&i3 3-8 L PUrbNEhSRAZEniiiAMEifd) Qb5 & LN" 1O N O /N-- COOH

OH NHR, OH INHR, OH NHR,T(Byjz- %@g’o%ﬁér%e? lﬁyoraé,&ﬁ%&lq&?g% Ogurl}l%@%%%%?l Scheme AS
( _% : 180 .

To a stirring mixture of 8-methoxy-4(3H)*quinazolinone ol) "an Y\a}\?as added

a
iodomethane (0.24deM aVeabRyldMhmBie rﬁnﬁrﬁn@déoml(%lﬁf(f)ﬁﬁ;mﬁ@ Hyussier Botedpredsared
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remaining residu%&%r&i&ﬁgﬁ%&) GhYSRId. Subsequent removal of volatiles afforded the 8-hydroxy-
quinazoline-2-carboxylic acid amide (A18).
In a similar fashion, the remaining 4(3H)-quinazolinones A13 — A17

were converted into 8-hydroxy-quinazoline-2-carboxylic acid amides (A19 — A23).

10
Preparation of 4-Aryl(or heterocyclic)-8-hydroxy-2-methyl-quinoxaline (A24 —
A37) (Scheme A6)
Cl Cl
NN N
N/ Me N/)\Me
OH O
Az )\ A24 - A37
35
15 Scheme A6

2-Bromopropane (9 mmol) was added to a stirred mixture of 4-chloro-8-
hydroxy-2-methyl-quinazoline (A2) (6 mmol), K,CO3 (24 mmol) and DMSO (20 mL).
After 16 h at RT, saturated NH4Cl (20 mL) was added and the mixture extracted with
20  dichloromethane (20 mL x 3). The extracts were combined and concentrated. Diethyl
ether (100 mL) was added to the residue and the resulting mixture washed successively
with 2 N NaOH, H,O and brine, and dried (Na,SO4). Solvent removal afforded 4-
chloro-8-isopropoxy-2-methyl-quinazoline (35) as a solid.
To a stirred mixture of 4-chloro-8-isopropoxy-2-methyl-quinazoline (35)
25  (0.58 mmol), phenylboronic acid (0.62 mmol), 2 N Na,COs (7.2 mL), EtOH (1.2 mL)
and benzene (6 mL) was added, under a blanket of argon, Pd(PPhs)4 (20 mg). The
mixture was stirred under reflux for 16 h, cooled, and concentrated. Subsequent column
chromatography (ethyl acetate/hexane) provided 8-isopropoxy-2-methyl-4-phenyl-
quinazoline (36) as a solid.
30 To a stirred solution of 8-isopropoxy-2-methyl-4-phenyl-quinazoline
(36) (0.34 mmol) in dichloromethane (2 mL) at —78 °C was added BCl; (1.36 mL of a 1



H20 and dichloromethane (1:1, 200 mL). The organic layer was washed with brine, dried and
concentrated. Column purification gave 4,8-dimethoxy-quinazoline (4). To a stirred solution of 4 (40
mmol) in CHC13 (200 mL) at 0 C was 15 added m-chloroperbenzoic acid (44 mmol) portionwise over
10 min. After a further 30 min at OC, the mixture was allowed to warm to RT over 30 min and then
concentrated to dryness. To the remaining residue wad®dded ethyl acetate and 1 N NaHCO3 (1:1,
200 mL); the layers were separated and the organic layer was dried (Na2S04), and concentrated.
This provided théM\solxidensn-diéhlaronixthee ofl 33 (Eamhollhbecation (B twre)veaschinmethid salphate
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after purificationfy|cetimn-ehyporalagrapiionSivd eyl aeaipteiRiRiniz N ABAOKR7H:2:1),
4,8-dihydroxy-quinazoline-2-carboxylic acid[2-(1H-imidazol-4-yl)-ethyl-amide (A12). The above
reaction was repeated using amines with Al 1: 2-(2 25 aminoethyl)pyridine gave A13,

2- (am|nomethyl)@'ﬁﬂﬁf@ﬁ%@%ﬁ‘rﬂgﬁ|h@t?f8%¥ﬁ@ch§d®/ﬂﬁ@%%ﬁ6ﬂ%§8ave%%
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Scheme A7

Using the procedure as previously described in Example 9, 8-methoxy-
20  4(3H)-quinazolone® (3) (10 mmol) and phosphorus oxychloride provided 4-chloro-8-
methoxy-quinazoline 50. Treatment of the 4-chloride 50 with phenylboronic acid as
described in Example 9 gave, after de-O-methylation with BBr3, the 4-phenyl derivative
A38. The coupling reaction of 50 was repeated using a range of boronic acids: 2-
(trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic acid, o-tolylboronic
25 acid, 2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4-
methoxyphenylboronic acid, m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4-
difluorophenylboronic acid, 3-thiopheneboronic acid, 3-fluorophenylboronic acid, 4-
fluorophenylboronic acid and 3-pyridylboronic acid gave 51 - 64; and subsequent
cleavage of the methyl ether with BBr; gave the 4-aryl(or heterocyclic)-8-hydroxy-
30 quinazolines A39 — A51.



Preparation of 8-Hydroxy-quinazoline-2-carboxylic acid amides (A18 - A23) (Scheme 5) 30 The
4-hydroxy-compound (A12) (1.2 mmol) and phosphorus oxychloride (4 mL) were heated under reflux
for 15 min and allowed to cool. Ice (50 g) was added and the mixture basified with aqueous ammonia.
The mixture was extracted with dichloromethane (20 mL x 3), the extracts combined, dried, and
concentrated. This 35 provided the corresponding 4=ciBro=compound 7. To a stirred mixture
ofp-toluenesulfonhydrazide (Aldrich, 2 mmol) in CHC13 (10 mL) at 50 C was added portionwise over
10 min, the 4-chliBrepsuimipouaé S ChipretShydnxafawinge|ime(§817) (webesutaddd via filtration,
washed with H20, and dried. This prowded the 4-N'-(p-toluenesulfonhydrazino)-compound 21. The
4-N'-(p- toluenesulfonhydrazmo) compou id 21 (0.8 mmol) was §tided to Na2CO3 (10 ol) and H20
(10 mL) at 95 e mixture he heate5 reflux fog 15

extracted with “The extracts were-€oniined and drigg-

afforded the 8- h it roxy quinazoline-2-cardpoxylic acid amide (A1g). In a similar fashion, e remaining
4(3H)-quinazolinones A13 - A17 were conygrted into 8-hydroxy-qgmnazoline-2-carbox3ﬂil;\add amides
(A19 - A23). 10 Preparation of 4-Aryl(or heterocyclic)-8-hydroxy-2-methyl-quinoxaline (A24 - A37)
(Scheme AG) RR CICI'NN NN \ N~Me N~Me N~Me N~Me OH p OH A2 A24-A37 3536 -49 15
Scheme A6 2-Bromopropane (9 mmol) was added to a stirred mixture of 4-chloro-8-

coeled, filtered, an ate
uent removal, S

A54 - A67

Scheme A8

5 Chlorine (12 mmol) was added into a stirred solution of 8-hydroxy-
quinazoline (A1) (10 mmol) in 93% H,SO, following a previously published’
procedure. After 3 h, ice (100 g) and H,O (100 mL) was added, the mixture basified
with aqueous ammonia, extracted with dichloromethane, and the extracts dried. Solvent
removal gave the 5-chloro-compound A52.

10
Preparation of 5-Chloro-8-hydroxy-7-iodo-quinazoline (A53) (Scheme A8)

5-Chloro-8-hydroxy-quinazoline (10 mmol) was added to a stirred
solution of ICI (12 mmol) in concentrated HCI (10 mL).* After 5 min, the precipitate
15 was isolated via filtration, washed successively with H,O, saturated sodium thiosulfate
and H,O, and dried. This provided 5-chloro-8-hydroxy-7-iodo-quinazoline (A53) as a
solid.

Preparation of 7-Aryl(or heterocyclic)-5-chloro-8-hydroxy-quinazolines (A54 —
20  A67) (Scheme A8)
The 8-hydroxy-compound A53 was converted into the corresponding
isopropyl ether 65 using 2-bromopropane according to the method as described in

Example 9.



hydroxy-2-methyl-quinazoline (A2) (6 mmol), K2CO3 (24 mmol) and DMSO (20 mL). After 16 h at RT,
saturated NH4C1(20 mL) was added and the mixture extracted with 20 dichloromethane (20 mL x 3).
The extracts were combined and concentrated. Diethyl ether (100 mL) was added to the residue and
the resulting mixture washed successively with 2 N NaOH, H20 and brine, and dried (Na2S04)
Solvent removal afforded 4- chloro-8-isopropoxy-2-metbQI-cuinazoline (35) as a solid. To a stirred
mixture of 4-chloro-8-isopropoxy-2-methyl-quinazoline (35) 25 (0.58 mmol), phenylboronic acid (0.62
mmol), 2 N Na2CO3 (7.2 mL), Et@thént2itshinmd-Benderteigopmippwagwdaesdingr(G8), adsiendieg of
argon, Pd(PPh3)4, (3 mhoﬁf&smmrﬁlwaﬁrﬁyré@ wnﬂgrra%%%f%%&ﬁb saale@handisnoarntrated.
Subsequent colugp CTfhj oA ﬁ?&%ﬁg afgeh ¥l Acetate/hey &F d%gg?" Shnyib rojic.acid

8-isopropoxy-2- me{ﬁ - lény qU| 36} a8 H'So Yo' BSlired Saittion OP
8-isopropoxy-2-ni@ zpmpﬁ ﬁq%zr@mhénrﬂmrwlsmﬂn&mmmm@maﬁ@ @ihl4-at 78 C was
added BC13(1.3adMo0fphdny B3 rddisakitiomit dithiaienstinne -di8adrupathylihadgirciion mikture

was allowed to gl (g Ty (S1A 1,80 SHTEHALAJINEL AN MEQH Rk paR ddgdand the

mixture was concentrat ryness. T he proc SS was repeated our times rther was |ng of the

remaining residu84oRPPERANPOERET toidAnd pyrisbithegoninygaid:ape Al 4% SHRIAY§Binazoline

(A24). In a similacltashiem fitbansopropdxghtovoBwigb oo mbihyAdRinazoline (35) with boronic
acids: 2-(trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic acid, o- tolylboronic acid,

oy boraie a8 TR BOTOMORER, S0 s AT BB b,

3-thiopheneboronic acid, 3- fluorophenylboronlc acid, 4- fluorophenylboronic acid and 3 pyrldylboronlc

acid; and isopropoxy cleavage with BC13] g’ave 4-aryl(or
heterocyclic)-8- h -methyl-quinaz A25 > - A37). Pm of 4-Aryl(or m
heterocyclic)-8-hygroxy<quinazoline (A3 5 (Scheme A CINH N N Ng NJ\
NJ OMe OMe OMeiOH OH OH

Al A68 A70

Scheme A9

15 8-Hydroxy-quinazoline (Al) (0.1 mol) and concentrated sulfuric acid
(50 mL) were heated at 100 °C for 5 h, and allowed to cool. The solution was then
carefully added to 300 mL of cold H,O. The resulting precipitate was isolated via
filtration, washed with H,O, and dried. This provided the 5-sulfonic acid A68 as a solid.

To a stirred mixture of 5-sulfonic acid A68 (0.09 mol) and H,O (225

20 mL) was added KOH (0.25 mol) and NaOCIl (230 mL of a solution containing 10-13%
available chlorine).” After 1.5 h at RT, the solution was passed through a column of
Amberlite IR-120(H") resin. The effluent concentrated to 20 mL. Acetone (20 mL) was
then added and the precipitate isolated by filtration. Subsequent washing with acetone
and drying gave 7-chloro-8-hydroxy-quinazoline (A69).

25
Preparation of 7-Chloro-8-hydroxy-5-iodo-quinazoline (A70) (Scheme A9)

To a solution of 7-chloro-8-hydroxy-quinazoline (A69) (0.1 mol) and
potassium acetate (0.15 mol) in MeOH and H,O (19:1, 250 mL) was added, over 30
30  min, a solution of iodine (0.095 mol) in MeOH and H,O (19:1, 350 mL). The mixture
was then heated under reflux for 15 min, cooled and H,O (400 mL) was added. The
precipitate was isolated by filtration, washed with saturated sodium thiosulfate and
H,0, and dried. This provided 7-chloro-8-hydroxy-5-iodo-quinazoline (A70) as a solid.



35051 - 64 A38 - A51 Scheme A7 Using the procedure as previously described in Example 9,
8-methoxy- 20 4(3H)-quinazolone5 (3) (10 mmol) and phosphorus oxychloride provided 4-chloro-8-
methoxy-quinazoline 50. Treatment of the 4-chloride 50 with phenylboronic acid as described in
Example 9 gave, after de-O-methylation with BBr3, the 4-phenyl derivative A38. The coupling reaction
of 50 was repeated using a range of boronic acids: 2= (fr#fluoromethyl)phenylboronic acid,
2-methoxyphenylboronic acid, o-tolylboronic 25 acid, 2-fluorophenylboronic acid,
3-methoxyphenylboronic acid, 4- methoxyphenylboronic acid, m-tolylboronic acid,
3,5-difluorophenyibgsarigianief 2-ArdiftiorepiieaytiRionichicid. iR naladtREI0A71 —
3-f|uorophenylbo}r&)é}{&%%i%ﬁieﬂ%%@phenylboronic acid and 3-pyridylboronic acid gave 51 - 64; and
subsequent cleavageor the methyl ether with BBr3 gave the 4-aryl(or heterocyclic)-8-hydroxy 30
guinazolines A39 - A51. - 49 Preparation of 5-Chloro-8-hydroxy-qui [
Cl "NI'ININ\~NNJ J N OH OH OH Al A|\52 A53651CICI \
A67 66 - 79 Scheme AS 5 Chlorine (12 mmpl) was added into a stifred solution of 8-hydroxy.
guinazoline (Al) (10 @ iN'93% HgS a previously ed? procedure. Af
(100 g) and H20 (300¥r as added, the mixture basified with $ ammonia, exts
dichloromethane, and the extracts dried. Sotvent 0o OH

)\ )\ AT71- A4
AT70

80 81 -94

5 Scheme A10

According to the method described in Example 9, treatment of 5-chloro-
7-10do-8-isopropoxy-quinazoline (80), with a range of boronic acids: phenylboronic
acid, 2-(trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic acid, o-

10 tolylboronic acid, 2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4-
methoxyphenylboronic acid, m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4-
difluorophenylboronic acid, 3-thiopheneboronic acid, 3-fluorophenylboronic acid, 4-
fluorophenylboronic acid and 3-pyridylboronic acid gave 81 - 94; and subsequent

cleavage of the 8-isopropoxy group with BCl;, gave A71 — A84.

15
Preparation of 2-Chloro-4,8-dimethoxy-quinoxaline (96) (Scheme Al11)
OMe OMe OMe
NN NN SN
7 A, A
OMe O OMe H OMe
5 95 926
Scheme All
20

Acy0O (6 mL) was added to a stirred mixture of the N-oxide 5 (10 mmol)
and dichloromethane (10 mL). The solvent was then removed in vacuo and the resulting
solution heated under reflux for 1 h, cooled, and concentrated. The remaining residue
was washed with diethyl ether (10 mL x 2). This provided 4,8-dimethoxy-2(1H)-

25  quinazolinone (95) as a solid.



removal gave the 5-chloro-compound A52. 10 Preparation of 5-Chloro-8-hydroxy-7-iodo-quinazoline
(A53) (Scheme A8) 5-Chloro-8-hydroxy-quinazoline (10 mmol) was added to a stirred solution of ICI
(22 mmol) in concentrated HCI (10 mL).s After 5 min, the precipitate 15 was isolated via filtration,
washed successively with H20, saturated sodium thiosulfate and H20, and dried. This provided
5-chloro-8-hydroxy-7-iodo-quinazoline (A53) as a solicoPreparation of 7-Aryl(or
heterocyclic)-5-chloro-8-hydroxy-quinazolines (A54 - 20 A67) (Scheme A8) The 8-hydroxy-compound
A53 was converted into the cofressponuing 4isepropticather B3)using2hbronsddganenaedording to the
method as descrijied 'Hoﬁémﬁl&idé@ﬂﬁqtmﬂ%ﬁ{cﬁmgqpi@@t%%fﬁgmmmw@wazoline (65),
according to the rper%g?n%%sgggﬁggﬁ éample 9, with a range of boronic acids: phenylboronic acid,
2-(trif|uoromethyllfp(l?1veny oronic acid, Z-methoxyphenylboronic acid, o- tolylboronic acid,
2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4 5 methoxyphenylboronic acid,
m-tolylborortic aditepdratibnasbphenylioerostieracidliz)4, sitlitnyophanyihiowiiresigass — A9I8)
3-thiophenebor09rc§éﬁ(§jlqe %{ orophenylboronic acid,4- fluorophenylboronic acid and 3-pyridylboronic
acid gave 66 - 79; and subsequent cleavage of the 8-isopropoxy group with BC13, gave A54 - A79.
10 Preparation of 7-@hloro-8-hydroxy-quimazoline (A69) (SchemerA9) SO20H I INTZIN/J N\N"CI
N" CI'N" OH OHOH.QH Al A68 AGSA. Scheme A9 15 8- (y-quinazoline (AQ-4mol) and
concentrated ric;lgid (5611'rL)e ated at166-€ f , ahd aIIowed—te»c solytion
was then carefully Added to 300 mLIof dbld 287 he resulti g pﬁ‘e/z&@&{was isolated \')'p)n,
mi

washed with H20,"apd dried. This provided the”s-sulfonic acid’A68 as &solid. To a stifred dre of

5-sulfonic acid A68 (0.09 mol) and H20 ?ﬁ’ﬂ%o ABS - A% A99-ALL2
Scheme A12
10 According to the procedure previously described in Example 9, coupling

of the 2-chloride 96 (0.1 mmol) with boronic acids: phenylboronic acid, 2-
(trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic acid, 0-tolylboronic
acid, 2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4-
methoxyphenylboronic acid, m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4-

15 difluorophenylboronic acid, 3-thiopheneboronic acid, 3-fluorophenylboronic acid, 4-
fluorophenylboronic acid and 3-pyridylboronic acid gave 97 - 110; and subsequent
cleavage of the 8-O-methyl ether with BBr3, gave A85 — A98.

Preparation of 2-Aryl(or heterocyclic)-8-hydroxy-quinazoline (Scheme A12)

20 Sequential treatment of the 4-hydroxy-compounds A85 — A98 with
phosphorus oxychloride, p-toluenesulfonhydrazide and Na,COs3, according to the
method previously described in Example 6, provided the 2-aryl(or heterocyclic)-8-
hydroxy-quinazolines A99 — A112.



20 mL) was added KOH (0.25 mol) and NaOCI (230 mL of a solution containing 10-13% available
chlorine) .9 After 1.5 hat RT, the solution was passed through a column of Amberlite IR-120(H) resin.
The effluent concentrated to 20 mL. Acetone (20 mL) was then added and the precipitate isolated by
filtration. Subsequent washing with acetone and drying gave 7-chloro-8-hydroxy-quinazoline (A69). 25
Preparation of 7-Chloro-8-hydroxy-5-iodo-quinazoline (A¥0Y (Scheme A9) To a solution of
7-chloro-8-hydroxy-quinazoline (A69) (0.1 mol) and potassium acetate (0.15 mol) in MeOH and H20
(19:1, 250 mL) wakcadtidon eé230h Buarinnatbekyticiniopizsdine (BLERESaMsNMAMSDH and H20 (19:1,
350 mL). The mixture was then heated under reflux for 15 min, cooled and H20 (400 mL) was added.

The precipitate was. jselgted by filtrai shed with s sodium thio nd H20, and
dried. This provi -@' -chloro=8=hydr -Lgbo-qﬁna—zol@ as a-solie. |Pgéparation of
4-Aryl(or heterocydlic)'7-chloro-8-hydfoxy quinazolines (A71 -A84) (Scheme A|Q)1 1/~ NN/IN CI
N CI\N- CIN CIN"QH 0 0 OH A707T\ A71 - A84 80 81~'84 5 Scheme AIO Aggording to the
method described in ﬁlxample 9, treatment of 5-chloro- 7-iodo-%-isopropoxy-quin zoline (80), with a
range of boronic acids: phenylboronic acid, 2-(trifluoromethyl)phenylboronic acidj
2-methoxyphenylboronic acid, o 10 tolylboronic acid, 2-fluorophenylboronic acid,
3-methoxyphenylboronic acid, 4- methoxyphenylboronic acid, m-tolylboronic acid,

3,5-difluorophenylboronic acid, 2,4- g phenylboroni [&=3;thiophene :qCid,
3-fluorophenylboronic acid, 4- fluor %MQJ’N(RAQiC_a_Ciﬁ aid 3- ﬂL(ﬁ/lbbTUrTic | a)b@hﬁl -94: and
subsequent cleavage of tite*8<y3bpropxy grolp with BClomgzi've R“‘?el - A84. JoﬁePreparaYﬁon of

2-Chloro-4,8-dimethoxy-quinoxaline (98) (Scheme All) OMg . ;5 114

5 Scheme A13

According to the procedure previously described in Example 6, 8-
hydroxy-quinazoline (Al) (20 mmol) and iodomethane gave 8-methoxy-quinazoline
(111). 8-Methoxy-quinazoline (111) (10 mmol) was then treated with m-

10 chloroperbenzoic acid which gave the N-oxide 112. Subsequent treatment of the N-
oxide 112 with Ac,0O and phosphorus oxychloride according to Example 14 afforded 2-
chloro-8-methoxy-quinazoline (113).

Preparation of 2-[(N’-methyl)-heterocyclic]-8-hydroxy-quinazolines (A113 — A116)
15 (Scheme Al3)

A solution of 2-chloro-8-methoxy-quinazoline (113) (10 mmol) in
pyridine (10 mL) was added methylamine hydrochloride (Aldrich, 15 mmol). After 16 h
at RT, the mixture was concentrated in vacuo. Subsequent column purification of the

20  residue gave the 2-(N’-methyl)-compound 114.

Amination of 114 (1 mmol) with 2-bromopyridine (1.2 mmol) in the
presence of [Pdy(dba);] and DPPP according to the method described'! in the literature,
provided 8-methoxy-2-[(N’-pyridyl)methyl]-quinazoline (115). Subsequent treatment of

25 115 with BBr; (Example 6) afforded the 8-hydroxy-quinazoline derivative A113.

Amination of 114 was repeated using a range of 2-bromo-substituted

heterocyclics: 2-bromothiazole, 4-bromo-1H-imidazole and 4-bromo-1-



OMe OMe 10 ~ (?~N-- CI OMe 0 OMe OMe 5 95 96 Scheme All 20 Ac20 (6 mL) was added to a
stirred mixture of the N-oxide 5 (10 mmol) and dichloromethane (10 mL). The solvent was then
removed in vacuo and the resulting solution heated under reflux for 1 h, cooled, and concentrated.
The remaining residue was washed with diethyl ether (10 mL x 2). This provided 4,8-dimethoxy-2(1H)
2 5 quinazolinone (95) as a solid. - 52 Treatment of4,84limethoxy-2(1H)-quinazolinone (95) (5 mmol)
with phosphorus oxychloride (20 mL) and standard workup according to Example 8 provided the
2-chloride 96. 5 Prefhatatishaofle wndliorrheided didlic L 138 adithydbesguquiinizoige o (ABEO-me8)y
(Scheme A12) OpMieOM@ BBr), dive N4 ~N1d-OINRN VR --/N\R OMe OMe OH OH 96 97-110
A85-A98 A99-A112 Scheme Al12 10 According to the procedure previously described in Example 9,
coupling of the 2-chloride 96 (0.1 mmol) with boronic acids: phenylboronic acid, 2-

(trifluoromethy!) pREFRABBHORI O bRl DIaREIuRyprEbStoRRzabie bl bGreeadid?)
2-fluorophertylboronic acid, 3-methoxyphenylboronic acid, 4- methoxyphenylboronic acid,
m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4 15 difluorophenylboronic acid,
3-thiopheneboronic acid, 3-fluorophenylbordific acid, 4- fluorophefiylboronic acid and 3fy¥idylboronic
acid gave 97 - 110; quent cleav e 8-0-methy, ith BBr3, ga SNAOS.
Preparation of 2-Archyclic)-86h -Nqu,linazollneH AlZﬁbRg,@g gﬂ%atment of
the 4-hydroxy-compouggs A85 - A98 with phosphorus oxycﬁlori , p-toluenesulfonhy@azide and
Na2CO3, according to thg 119 AL17 AL18 - AL19

Scheme Al14

To a solution of 8-hydroxy-quinazoline (Al) (0.05 mol) in acetic acid
(175 mL) was added a solution of nitric acid (0.16 mol) in acetic acid (25 mL), keeping
10 the temperature below 30 °C. After 2 h, the 5,7-dinitro-compound 119 was isolated by
filtration, washed with H,O, and dried.
Hydrogenolysis of the 5,7-dinitro-compound 119 (0.045 mol) in MeOH
(200 mL) in the presence of platinum oxide gave, after filtration to remove solids and
concentration, 5,7-diamino-8-hydroxy-quinazoline (A117).
15
Preparation of 5,7-Diacylamino-8-hydroxy-quinazolines (A118 — A119)
(Scheme A14)

Acetic acid (2 mmol) and CDI (2.2 mmol) were heated under reflux in
20  dry THF (10 mL) for 1 h. 5,7-Diamino-8-hydroxy-quinazoline (A117) (2 mmol) was
added and the mixture heated under reflux for 16 h. Removal of volatiles in vacuo and
subsequent column chromatography of the resulting residue provided 5,7-
desacetamido-8-hydroxy-quinazoline (A118).
In a similar fashion, treatment of 5,7-diamino-8-hydroxy-quinazoline
25  (Al117) with benzoic acid provided 5,7-dibenzoylamido-8-hydroxy-quinazoline (A119).



method previously described in Example 6, provided the 2-aryl(or heterocyclic)-8-
hydroxy-quinazolines A99 - Al 12. - 53 Preparation of 2-Chloro-8-methoxy-quinazoline (113) (Scheme
A13)\ N~ ~~\N"~~\N ~cx. OH OMe OMe 0 OMe Al 111 112 1131 N/N g;.LNM e\ N~\NHMe R
= heterocyclic Me OH R OMe R OMe A113-A116 115-118 114 5 Scheme A13 According to the
procedure previously described in Example 6, 8- hydro®{-quinazoline (Al) (20 mmol) and iodomethane
gave 8-methoxy-quinazoline (111). 8-Methoxy-quinazoline (111) (10 mmol) was then treated with m
10 chloroperben#tiepacrtianiehgavetinet R-gilitie roxy-@lingeejirm (AR h{EpbenthAN) oxide 112 with
Ac20 and phosphorus oxychloride according to Example 14 afforded 2- chloro-8-methoxy-quinazoline
(113). Preparation of 2-[(N'-methyl)-heterocyclic]-8-hydroxy-quinazolines (Al 13 -Al16) 15 (Scheme
A13) A solution of 2-chloro-8-methexy-quinazoline (118¥(10 mmol) in pyridi#fé (10 mL) was added
methylamine hydrochloride ich, 15 mmol). R at RT, the mistyréswas concentrated in
vacuo. Subsequent column ication of the 20 u we the Z=( M;E;Mmpound 114.
Amination of 114 (1 mmol) WIOQ 2"broflopyridine (1,2 mmal) in the presgpce of [Pd2(dba)3] and DPPP
according to the method descrlﬁeg" in the literature, provided 121
8-methoxy-2-[(N'-pyridyl)methyl]-quinazoline (115). Sl;fsequent treatment of 25 115 with BBr3
(Example 6) afforded the 8-hydroxy-quinazoline derivative Al 13. Aminatio% of 114 was repeated
using a range of 2-bromo-substituted

OH

OH
NN XN
— Me 7 Me
N N
OH o OH S

A120 A122

N N AN N
— Me — Me
N N
OH o OH S

Al121 A123
Scheme A15
5 Methylmagnesium bromide (1.2 mL of a 3 M solution in diethyl ether,

3.5 mmol) was added dropwise into a stirred solution of 6 (0.6 mmol) in diethyl ether
(10 ,L) at —15 °C. The resulting solution was allowed to warm to RT over 2 h and
stirred at RT for a further 4 h. The reaction mixture was then quenched with saturated
NH4CI and extracted with ethyl acetate (10 mL x 3), the extracts combined, dried and
10 concentrated to provide 120.
Treatment of 120 with BBr; (Example 6) gave A120.

Preparation of 2-Acetyl-8-hydroxy-quinazoline (A121) (Scheme A15)
Successive treatment of A120 with phosphorus oxychloride, p-
15 toluenesulphonhydrazide and Na,CO; (Example 6) gave A121.

Preparation of 2-S-Acetyl-4,8-dihydroxy-quinazoline (A122) (Scheme A15)

A solution of 120 (1 mmol) and Lawesson’s reagent (0.7 mmol) in THF
20 (10 mL) was heated under reflux for 16 h and allowed to cool. Concentration and
subsequent column chromatography of the residue gave 121. Treatment of 121 with
BBr; (Example 6) gave A122.



heterocyclics: 2-bromothiazole, 4-bromo-IH-imidazole and 4-bromo-I - 54 methylimidazole which
provided 116 - 118; and subsequent cleavage of the 0-methyl ether with BBr3, gave Al 14 - Al 16.
Preparation of 5,7-Diamino-8-hydroxy-quinazoline (Al17) (Scheme A14) 5 NOz NHz NHCOR N JN\
N --\JN /N- O2N N- -- H2N / N- ROCHN N- OH OH OH OH Al 119 A117 A118-A119 Scheme Al4
To a solution of 8-hydroxy-quinazoline (Al) (0.05 mof) iP@cetic acid (175 mL) was added a solution of
nitric acid (0.16 mol) in acetic acid (25 mL), keeping 10 the temperature below 30 C. After 2 h, the
5,7-dinitro-compound 119 was isolated by filtration, washed with H20, and dried. Hydrogenolysis of
the 5,7-dinitro-coptieprrstibhb Q-8 Ases))-n e kIRy (@GR arblife {2e pegesaisens Aleginum oxide gave,
after filtration to remove solids§1ncdegqné:§rre1%rt%tlié)nr%, ?,K—f%'%mi%?-?%h (I*llrox%-&ngla\zoli e At 17). 15
Preparation of 5,7-Diacylamino-lé-?1y(§r\éxy-qumazo(flnes PMeR @%’ fgltl: eme AL4jALetic acid (2

mmol) and CDI (Rersssiphravey Hestda anbiprefluxixapwlerd) Bare Abd2siL) for 1 h.

5,7-Diaminos8-hydroxy-quinazoline (Al 17) (2 mmol) was added and the mixture heated under reflux
for 16 h. Remov iles | VFB;H} )| Hp&%‘i' ng f the resulting
residue providedﬁ%‘%‘%@éﬁ% o-8-k%qgc%§y-quingﬁz%o m%?%g[{(%}}{lgfg%gﬁgﬁion’ treatment of
5,7-diamino-8-hydroxy-quinazoline 25 (Al 17) with benzaic acid provided
5,7-dibenzoylam-ﬁ roxy-qui inE”(At 12L;5eﬁ ation of SN
2-Acetyl-4,8-dihytrxy~guinazoline (A )/)(‘SﬁlaemeA 7 Qe @Mel OMetG~Nz-6N /N 1 Me -S/ N
1 Me OMe OMe / 0M®@Me / S OMe OMe OMe

2

oF NH, 7 "NH,
113 12 123 124

| |

N N ~ N
— —
N)\NH N)\NH
.
OH o)\NHZ © s¥ NH,

Al124 A125

Scheme A16
10
The 2-chloride 113 was converted into the amine 122 according to
standard Chichibabin reaction conditions. The 2-amine 122 (1 mmol) and isocyanate (1
mmol) in dry CHCI; (10 mL) were then heated under reflux for 16 h. This gave, after
filtration, the urea derivative 123. Treatment of 123 with BBr; gave A124.
15
Preparation of 8-Hydroxy-quinazoline-2-thiourea (A125) (Scheme A16)

The 2-urea derivative 123 (1 mmol) and Lawesson’s reagent (0.7 mmol)
in THF (10 mL) was heated under reflux for 16 h, allowed to cool and concentrated.
20  Subsequent column purification on silica gave 124. Treatment of 124 with BBr3,

according to Example 6, then provided A125.



6120 121 OHOH/NMe Me OHOOH S A120 A122 N J'IX .Me / Nil ~Me OH OI OH lISIf A121
A123 Scheme Al S 5 Methylmagnesium bromide (1.2 mL of a 3 M solution in diethyl ether, 3.5 mmol)
was added dropwise into a stirred solution of 6 (0.6 mmol) in diethyl ether (10 L) at-15T. The
resulting solution was allowed to warm to RT over 2 h and stirred at RT for a further 4 h. The reaction
mixture was then quenched with saturated NH4C1 an® éxtracted with ethyl acetate (10 mL x 3), the
extracts combined, dried and 10 concentrated to provide 120. Treatment of 120 with BBr3 (Example
6) gave A120. PRipaeaadinmdb2ABeyrBHRpdBdxydtoyaduimrzolned jAS2herdd V) 3 peBeasoadiie
treatment of A120 with phosphorus oxychloride, p 15 toluenesulphonhydrazide and Na2CO3 (Example
6) gave Al121. Preparation of 2-S-Acetyl-4,8-dihydroxy-quinazoline (A122) (Scheme A15) A solution of
120 (1 mmol) and Lawesson's r 0.7 mmol) i <0 (10 mL) ted under reflux for 16 h
and allowed to cool. Concentratﬁ%?@k%mmggrem&og N@f\tma residue gave 121.
Treatment of 121 with BBr3 (Exagpple 6) gave AlZZOMSSg Preparation of,,,
2-S-Acetyl-8-hydroxy-quinazoline (A123) (Scheme A11§5) §Bcceésive treatmentof A22 with
phosphorus oxychloride, p- toluenesulphonhydrazide and Na2co3 (Exarﬁzp7l' 126) gave A123.5
Preparation of 8-Hydroxy-quinazoline-2-urea (A124) (Sriheme Al16) \ ~N\ NTN \IN NCINNH2NN
rH N NH OMe OMe OMe )-NH OMe --NH O S2

XN Ny
N/)\NH N/)\NH
OH O)\Rl OH S)\Rl
A126 - A127 A128 - A129
Scheme Al7
5 The 2-amine 122 was acylated under standard conditions: Ac,O gave

125; benzoic anhydride gave 126. Respective treatment of 125 and 126 with BBr;
(Example 6) provided A126 and Al127.

Preparation of 2-Thioacylamido-8-hydroxy-quinaxolines (A128 — A129)
10 (Scheme Al7)

The acylamido compounds 125 and 126 were individually treated with
Lawesson’s reagent according to conditions previously described (Example 21), which
furnished, after standard workup, 127 and 128. Subsequent O-methyl ether cleavage
15  with BBr; then gave A128 and Al129, respectively.

Preparation of 2-(acylamido)-methyl-8-hydroxy-quinazolines (A130) (Scheme
Al8)

OH NH, OH NHCOR
A10 A130

20
Scheme A18

Standard acylation of the amine A10 using a range of acid anhydrides

provided, after column purification, the 2-(acylamido)-methyl derivatives A130.



1131221231241 1 \"N\N N"NH N~H OH 0-~-NH2 OH S--~-NH2 A124 A125 Scheme A16 10
The 2-chloride 113 was converted into the amine 122 according to standard Chichibabin reaction
conditions. The 2-amine 122 (1 mmol) and isocyanate (1 mmol) in dry CHC13 (10 mL) were then
heated under reflux for 16 h. This gave, after filtration, the urea derivative 123. Treatment of 123 with
BBr3 gave A124. 15 Preparation of 8-Hydroxy-quinazo®e-2-thiourea (A125) (Scheme A16) The
2-urea derivative 123 (1 mmol) and Lawesson's reagent (0.7 mmol) in THE (10 mL) was heated under
reflux for 16 h, allowed to cool and concentrated. 20 Subsequent column purification on silica gave

124. Treatment of deprh Miitio BB 3, (AS6RICSIBYIEr EXBRIRL ofliRR pragitlechAddpschénféraneyation of
2-Acylamido-8-hydroxy-quinazolines (A126 - A127) (Scheme A17) N \ ~N'N 9CLNH N NHz OMe

OMe OMe ORsR 1222 \:NL26 127- 128 \ZNA/"N IB/ N" N~NH OH O-~-Rj OH sI'~-Rj
A126-A127 A128-Al12 the All5 The @ in/SN\122 was @ tegl\' under standard conditions: Ac20
gave 125; benzoic anhydride gave 126. Respective treatment gf 125 akhd 126 with BBr3

OMe OH

OMe R = 5-membered heterocyclic

113
A131 - A134

Scheme A19

A mixture of the 2-chloride 113 (0.5 mmol) and pyrazole (2.5 mmol)
was heated at 175 °C in a steel autoclave for 48 h. The crude product was then treated
with BBr; according to the procedure described in Example 6. Subsequent purification
by column chromatography gave 2-pyrazol-1-yl-quinazolin-8-ol (A131).

10 The above procedure was repeated using imidazole, 2-methylimidazole
and 1H-1,2,3-triazole to give A132 - A134.

Preparation of 2-Aryl(or heterocyclic)-8-hydroxy-quinazolines (A135 — A138)
(Scheme A20)

N AN SN N
e G i g Gy
N Cl N | N R N R
OMe OMe OMe OH

113 129 A135 - A138

R = aryl, heteroaryl

15
Scheme A20

According to a literature'? procedure, the 2-chloride 113 (5 mmol) was
treated with acetyl chloride and sodium iodide in AcCN. Standard workup followed by
20  column chromatography on silica furnished the 2-iodo-compound 129.
To a stirred solution of 129 (0.1 mmol) and PdCl,(PPhs); (5 mg) in THF
(2.5 mL) under an argon atmosphere at RT was added over 5 min 2-pyridylzinc
bromide (0.37 mL of a 0.5 M solution in THF, 0.185 mmol). After 2 h, saturated NH4Cl
(5 mL) was added and the mixture extracted with dichloromethane (10 mL x 3). The
25  combined extracts were washed with H,O and brine, dried and concentrated.
Subsequent column chromatography on silica gave 8-methoxy-2-pyrid-2-yl-
quinazoline. The 8-O-methyl ether was cleaved according to the procedure of Example

6, to give 2-(pyrid-2-yl)-8-hydroxy-quinazoline (A135).



(Example 6) provided A126 and A 127. Preparation of 2-Thioacylamido-8-hydroxy-quinaxolines (A128
- A129) 10 (Scheme Al17) The acylamido compounds 125 and 126 were individually treated with
Lawesson's reagent according to conditions previously described (Example 21), which furnished, after
standard workup, 127 and 128. Subsequent 0-methyl ether cleavage 15 with BBr3 then gave A128
and A129, respectively. Preparation of 2-(acylamido}-n¥hyi-8-hydroxy-quinazolines (A130) (Scheme
A18) 1 N'- ~x) OH NH2 OH NHCOR A10 A130 20 Scheme A18 Standard acylation of the amine AlO
using a range of acid anhydridébe peovithedy asteapcatedrusipgrificatishy heopteoylamidiofidathy|
derivatives A130(ctR$ REePsHAIPRAY 2t z6l8iSahd dxxiguazslinee tddide Hlad: (Brseme AL9)
N-"NV~NN"C OMe OMe OH R = 5-membered heterocyclic 113 A131 - A134 Scheme A195
A mixture of the 2-chloride 113 (0.5 mmol) and pyrazole (2.5 mmol) was heated at 175 C in a steel
autoclave for 48 h. The crude product was then treated with BBr3 according to the procedure
described inFExamplieapaol o¢GuB NS rpurEiCEiIr0X Py adtanhi ol (A D3P gEahbmg AR )
2-pyrazol-1-yl-quinazolin-8-ol (A131). 10 The above procedure was repeated using imidazole,
2-methylimidazole and 1H-1,2,3-triazole to give A132 - A134. Pseparation of 2-Aryl(or

heterocyclic)-8-hydroxy-quinazolines (A135 \3N8) Ny
N/) /)

N

OH OH
Al A139

Scheme A21

Bromination of 8-hydroxy-quinazoline (Al) with N-bromosuccimide,

15
L,

10  according to the method previously described by Gerson and McNeil, ~ gave 5-bromo-

8-hydroxy-quinazoline (A139).

Preparation of 8-Hydroxy-quinazoline-2-sulfonic acid (2-pyridin-2-yl-ethyl)-amide
(A140 and A141) (Scheme A22)

OMe OMe OMe OMe
Lawesson's
SN reagent XN Mel N SOCl,, H,O NN
—_— —_— —_—
/& /g /)\ /)\ //O
N O NT s N~ “sMe NT TSSo
OMe OMe OMe OMe cl
131 132
95 130
l RNH,
OH OMe
SN Example 6 NN BBr SN
3
-
0 0 0
| ~0 >0 | ~0
OH NHR OH NHR OMe NHR
Al41 Al140 133
Scheme A22

RNH,: preferably, ethylamine, histamine, 2-(2-aminoethyl)pyridine, 2-
(2-methylaminoethyl)pyridine
20



(Scheme A20) ~-N VNNV "SN JIB--JIB/JIB N"CI CN"RN"R OMe OMe OMe OH 113 129
Al135 - A138 R = aryl, heteroaryl 15 Scheme A20 According to a literaturel2 procedure, the 2-chloride
113 (5 mmol) was treated with acetyl chloride and sodium iodide in AcCN. Standard workup followed
by 20 column chromatography on silica furnished the 2-iodo-compound 129. To a stirred solution of
129 (0.1 mmol) and PdC12(PPh3)2 (5 mg) in THE (2.%fhL) under an argon atmosphere at RT was
added over 5 min 2-pyridylzinc bromide (0.37 mL of a 0.5 M solution in THF, 0.185 mmol). After 2 h,
saturated NH4C Prgpatefinasiadiddiyd i ey oichaieoayakdedstlfanydisthyeimetiiaaga@ine. x 3). The
25 combined extyagtsveie AashaS oM A@3and brine, dried and concentrated. Subsequent column
chromatography on silica gave 8-methoxy-2-pyrid-2-yl- quinazoline. The 8-0-methyl ether was cIeaved
accordlng to the procedure of gmample 6, to gige 2-(pyrid-2-yl)- droxy-quinazoline (A135). -
i | iodide~2; (ethoxycar Qenylzmc

i eparatiorrof>
5-Bromo-8- hydroxy qumaollrfe (&139) (Scheme Ail) Br N Olil OB Al A139 che%e ?21
Bromination of 8-hydroxy- qumg,-szollne (Al) withudd- bromosuccmgge 10 according to the méthod
previously described by Gerson and McNeil,15 gave 5-bromez .y ay,

heteroaryl Ee;e?g;yrli,|aryl'
Scheme A23
5 RBr: preferably, 2-bromopyridine, 2-bromothiazole, 4-bromo-1H-

imidazole, 4-bromo-1-methylimidazole

Reductive amination of amines (A4 — A7) from Example 3 to give A142 — A153

(Scheme A24)
RCHO
SN (reductive amination) SN
~ ~
N Example 3 N

OH NHR, OH NR;R,

A4 - A7 Al142 - A153

10
Scheme A24

RCHO: preferably, 4-imidazolecarboxaldehyde, 2-
thiazolecarboxaldehyde, 2-pyridinecarboxaldehyde
15



8-hydroxy-quinazoline (A139). Preparation of 8-Hydroxy-quinazoline-2-sulfonic acid
(2-pyridin-2-yl-ethyl)-amide (A140 and A141) (Scheme A22) 15 OMe OMe OMe OMe Lawesson's /
reagent N Mel 9CtkSMe N SOClz, H2O\NON \% N S OMe H O Me H OMe 131 OMe C1,14-0 95
130 132 1 RNH2 OH OMe N Example 6\ Bars\N O //[p-O N/1/NN5~/NS'" O OH NHR OH NHR
OMe NHR A141 A140 133 Scheme A22 RNH2: pre‘feﬁébly, ethylamine, histamine,

2-(2-aminoethyl)pyridine, 2- (2 meth Iamlnoeth I’Idlnﬁ 20 - 60 Pre aration of 2-Alk Eljor aryl or
heterocyclic)sulf )ﬁpg ﬂH EQ)'I'l APl Z&E@?@I\ﬂ@dd Br3 RBr
\ ~ N Example 6 NUG§ 05 “"@F\P é'%c'ﬁni%ﬁ 4 A142 A143 R = alkyl, aryl, R = alkyl,
aryl, heteroaryl heteroaryl . .
SN NN NN
OH A1 OH OH
A154 A156
cl F
NN XN NN
A157 A158 A155
5
Scheme A25
The synthesis of the fluorinated quinazoline derivatives (A154 — A158) followed
literature methods'® for 8-hydroxy-quinoline.
10
Preparation of 8-Hydroxy-quinazoline-7-carboxylic acid amides (A160)
(Scheme A26)
NN NN
HOOC/@Q RHNW/Q\AN/)
O
0:159 OH " A160
15
Scheme A26

8-Hydroxy-quinazoline (A1) was converted into 8-hydroxy-quinazoline-2-carboxylic
acid (A159) following the literature method®® for the carboxylation of 8-hydroxy-

20  quinoline. Subsequent conversion of A159 into the amide A160 followed the procedure
described in Example 8.

PART B: SYNTHESIS OF 8-HYDROXY-QUINOXALINE DERIVATIVES

25  Charts B1 — B4 show the routes to the 8-hydroxy-quinoxaline derivatives. The synthetic
procedures were, unless otherwise indicated, analogous to those previously described in
Part A.



Scheme A23 5 RBr: preferably, 2-bromopyridine, 2-bromothiazole, 4-bromo-IH- imidazole,
4-bromo-I-methylimidazole Reductive amination of amines (A4 - A7) from Example 3 to give A142 -
A153 (Scheme A24) RCHO N~ (reductive Example 3 OH NHR1 OH NR1R2 A4 - A7 A142 - A153 10
Scheme A24 RCHO: preferably, 4-imidazolecarboxaldehyde, 2- thiazolecarboxaldehyde,
2-pyridinecarboxaldehyde 15 - 61 Preparation of 5-ftu®@-,~7-fluoro, 5,7-difluoro, 5-chloro-7-fluoro and
7-chloro-5- fluoro-quinazolines (A154 - A158) (Scheme A25) FF \\N\\N\N NJ NJ CI NJ OH Al OH
OH A154 A156 CIF\\N\N\\N FN"FN'F/N~ OH OH OH A157 A158 A155 5 Scheme A25 The
synthesis of the fluorinated quinazoline derivatives @164 8A158) followed literature methods's for
8-hydroxy-quinoline. 10 Preparation of 8-Hydroxy-quinazoline-7-carboxylic acid amides (A160)

Cl N

OH oo OH gg DER
' SO,0H I
N N N N
AN N N AN
) ) ) — 1]
N N cl N cl N
OH B1 B2 B3 OH g4

cl cl
N\ N\
— DER R
~ —
N | N N\
DER —=-—
OH B9 OH B10 /j

Cl N
OH
l | o

Cl R = aryl, heterocyclic
N (5- and 6-membered)
)
—> DER
~
R N
OoH B1ll

R = aryl, heterocyclic
(5- and 6-membered)

DER

DER: derivatives via substitution of 2- and /or 3-chloro/cyano group(s)
to a subject in need thereof e.g. NR1R, (R; = H, alkyl;
R, = alkyl, aryl, heterocyclic), SR, CONHR, alkylamino



(Scheme A26) NN HOOC Ni RHN/NJ OH O OH A160 A159 15 Scheme A26
8-Hydroxy-quinazoline (Al) was converted into 8-hydroxy-quinazoline-2-carboxylic acid (A159)
following the literature method20 for the carboxylation of 8-hydroxy 20 quinoline. Subsequent
conversion of A159 into the amide A160 followed the procedure described in Example 8. PART B:
SYNTHESIS OF 8-HYDROXY-QUINOXALINE DERtVABIVES 25 Charts B 1 - B4 show the routes to
the 8-hydroxy-quinoxaline derivatives. The syntheticHw®teeures were, unless otherwise indicated,
analogous to those previously described in Part A. - 62 - CHART 131 FN DER CIN\OH B7 DER F
/[F /N \N JIJI-~DER NF/NOHB6 OHB8DER 1SO20HINCINql/N% OHB1OHB2OH
B3OHB4 ICICI\N~4(1" --DERR NHCOR

N
o) X

N A
Ny NH-C(0)-R N\IR RTON N~ Me
_ — OH B23
NT “Me N” “Me

OH B19* OH B22*
R = alkyl, aryl R = aryl, heterocyclic
’ (5- and 6-membered)

NH, N

~N
N\ NH, N\ _ B14*

— . N
N Me H,N N Me OH NHR
OH B18* OH R= alkyl, substituted

aIkyI

Q X ;1 1~ L
L R |
PR e e W ettse

OH B4 OH a7+ B15* 2
N\ NH.C(S).NH, R=H, alkyl
P ‘ l B17A
N Me | Cl
OH B21* N\ N\ N\
Y P
Cl N Me |

OH B25 B1ge NHCOMR
\ jﬁ R= alkyl aryl, NH,
R =H, alkyl

R j\ B17B NS

N

~
~ N
~

OH NH.C(S).R
cl N Me B16* ©®)

OH Rog R = aryl, heterocycllc R = alkyl, aryl, NH,

. (5- and 6-membered)
R = aryl, heterocyclic

(5- and 6-membered)

DER: derivatives via substitution of 3-chloro/cyano group
to a subject in need thereof e.g. NR1R, (R1 = H, alkyl;
R, = alkyl, aryl, heterocyclic), SR, CONHR, alkylamino

* - and halogen-substitution, preferably at the 5-
and/or 7-position(s)



N N OH OH DER B9 B10CIN | OH BS CI R = aryl, heterocyclic DER (5- and 6-membered) -- DER
N N'OH B11 R = aryl, heterocyclic (5- and 6-membered) DER: derivatives via substitution of 2- and
/or 3-chloro/cyano group(s) to a subject in need thereof e.g. NR1R2 (R1 = H, alkyl; Rz = alkyl, aryl,

heterocyclic), SR, CONHR, alkylamino - 63 - CHART B2 NHCOR JIO \ N\

_NNHC(O)RNRR"N/

NwH /N:~Me /N"Me OH B23 OH B19* OH B22*R &4alkyl, aryl R = aryl, heterocyclic (5-andl
6-membered) NH2 \ N\ N~~NH2 NICI\ N\~ / NB14* N Me N Me H2N /N Me OH NHR OH B18* OH
OH R= alkyl, substituted 1 1 alkyl HO N N Me NMe N -CHO

CHART B3

(-G %@I; L,

B34*
R4, R, = aryl, heteroaryl
alkyl and derivatives of
these thereof; preferably
CONHR, methylamino,
oximes, -CH,NR; R,
(Ry = H, alkyl; R, = alkyl,
acyl)

DER

|

H
B36*

OH

\

OH B37* N
“OR

l

DER

DER: derivatives via substitution of 3-
chloro/cyano group to a subject in need
thereof e.g. NR;R, (R; = H, alkyl;

R, = alkyl, aryl, heteroaryl, SR,
CONHR, alkylamino

* - and halogen-substitution, preferably
at the 6- and 7-positions

OMe
N
N
Y
N Me
OMe
OH OMe
N N
N N
-
— (@] —
N N CHO
O NHR OMe

OMe
Ri, R, = H, alkyl, methylhalo

AN
@j @1

Rl R2 =H, alkyl,
N
N
/j
N
OH

methylhalo
B39*

B35*

DER

OH
\ A = pyruvic aldehyde (Ref 16)
N
B= o
_ (Ref 17)
N R
OH NR;R, R1
B38*
R1 =H, alkyl
R2 = alkyl, acyl C = glyoxal

D= (Ref 16)
OH
R o)

N_ _Cl 2
N
=
N
—_—
OH NR;R, DER
R1 =H, alkyl

R2 = alkyl, acyl



/ OH B12* / IOH B13* OH\ N ~~NRC(O) NH2 N Me CI OH B20*\~~\N,\N N CI/N Me N Me N~
~~ OH B24 OH B27* OH INS OH NH2 \ NNH.C(S)NH2 R = H, alkyl OR B15* /.1 B17A N Me | Cl| OH
B21* J#N\~\N\~I\N///N CIN Me I N Me Cl OH B25 OH B28 74N~ OH )R B16* NH ~ R=alkylkyl,
aryl, NHZCIOHN ORI NR =H, alkyl\B17B N~ R /HIM CI/N Me OH B29 OH B16* NHC(S).R OH
B26 R = aryl, heterocyclic R = alkyl, aryl, NH2 R = aryl 8%eterocyclic (5- and 6-membered) (5- and
6-membered) DER: derivatives via substitution of 3-chloro/cyano group to a subject in need thereof
e.g. NR1R2 (R1 = H, alkyl; R2= alkyl, aryl, heterocyclic), SR, CONHR, alkylamino * - and
halogen-substitution, preferably at the 5- and/or @Ys) - 64 - CHART B3 OH OMe OMe OMe B
NR, I\ix R"RD\NH,\ix NR'NRz/N Rz NH, /N Rz OH OMe OMe OMe B34* R" Rz = aryl,
heteroaryl R" Rz =H, aIkyI methylhalo

OMe
N\ R,
-
—> —
N R,
OMe
R;, R, =H, alkyl, methylhal
R;, R, = aryl, heterocyclic mgth)zll amin oa o, methylhalo,
alkyl and derivatives of
these thereof; preferably A C
CONHR, methylamino,
oximes, -CH,NR;R,
(R, = H, alkyl; R, = alkyl, OMe OMe
acyl N
yl) \j\ N\j OH
N R
~ _— 1
N Me N \:[
OMe OMe N/ R,
DER OH
R;, R, =H, alkyl,
methylhalo, methylamino
OH OMe OH B35*
N N N
A A \j
1 1 )
N N CHO N
OH B36* NHR OMe OH
B39*
OH DER
N
AN
_ OH )
N | N A = pyruvic aldehyde (Ref 16)
AN
OH N B=
B3 N0 P o (Ref 17)
l N R2
OH NR,R, Ry
DER B38*
R1=H, alkyl
R2 = alkyl, acyl C = glyoxal
DER: derivatives via substitution of 3- l o
chloro/cyano group to a subject in need D= Ry (Ref 16)
thereof e.g. NR;R; (R; = H, alkyl; OH
R, = alkyl, aryl, heterocyclic), SR, R; o
CONHR, alkylamino N ©
=
* - and halogen-substitution, preferably N —  » DER
at the 6- and 7-positions OH NR;R,
R, =H, alkyl

R, = alkyl, acyl



alkyl and derivatives of A these thereof; preferably CONHR, methylamino, oximes, -CH2NR1 Rz (R,
= H, alkyl; Rz= alkyl, OMe OMe acyl) N N OH N\ Ri N'Me N\N~ OMe OMe /Rz DER OH R" Rz =H,
alkyl, methylhalo 835" OH OMe JOH % N/O/N"CHO /N1 OH NHR OMe OH B36" B39* OH
DER \N\OH N N A = pyruvic aldehyde (Ref 16) OH B37* N, OR \ N; B= OIL (Ref 17 OH B38*
NR,R2 Ri DER R1 = H, alkyl R2 = alkyl, acyl C = glyoXefh DER: derivatives via substitution of 3- O

chloro/cyano group to a subject in need D = R' (Ref 16) thereof e.g. NR1R2 (R1 = H, alkyl; OH Rz =
alkyl, aryl, hetercdRBR; RYNTHESIS OF 8-HYDROXY-CINNOLINE DERIVATIVES

Charts C1 and C2 show the routes to the 8-hydroxy-cinnoline
derivatives. The synthetic procedures were, unless otherwise stated, analogous to those

5 previously described in Part A.
CHART C1

N  » N e
~N ~N ~N
cl N~ Cl N cl
H

OH o] OH
Cl SO,0H NHR
N N N
~N -N ~N
N N N

OH
R = alkyl, aryl



CONHR, alkylamino N\~CI z N; "- and halogen-substitution, preferably at the 6-and 7-positions OH
NR1R2 DER R1 =H, alkyl R2 = alkyl, acyl - 65 - CHART B4 OH We We We N R,\N\ R, DNH N R, x
Xx2B N RzNR2NH2NIR2 OH Ol le Ole Ol le B34* R" R2 = H, alkyl, methylhalo, R" R2 = aryl,
heterocyclic methylamino alkyl and derivatives of A these thereof; preferably CONHR, methylaming
oximes, -CH2NR,R2 We We (R, = H, alkyl; R2 alkyl-ayl) *N\ N OH r' N Ole Ole NRz DER OH R" Rz
= H, alkyl, methylhalo, methylamino OH / Ole OH // B35*//N''VO N'CHO /N OH INHR Ole OH

B36* B39*
CHART C2
COOCH
N
~-N
OH
| Rz
CH,OH
reductive
N amination
~N
N
OH
PART D: SYNTHESIS OF 4,7(4,10)-PHENANTHROLIN-5-OL DERIVATIVES
5 Charts D1 — D4 show the routes to the 4,7(4,10)-phenanthrolin-5-ol

derivatives. The synthetic procedures were, unless otherwise stated, analogous to those
previously described in Part A. The reactions shown in Chart D1 were also repeated
using 4,7-phenanthrolin-5,6-diol (D3) instead of 4,7-phenanthrolin-5-o0l (D1) as starting

material.



OH DER \ N\/ N OH A = pyruvic aldehyde (Ref 16) \ N\ OH B37"NOR /" B (Rel1l7) N Rz DER OH
B38* NR,R2 R, R1 = H, alkyl R2 = alkyl, acyl C = glyoxal DER: derivatives via substitution of 3-R O
chloro/cyano group to a subject in need D ="' (Ref 16) thereof e.g. NR, R2 (R, = H, alkyl; OH R2 =
alkyl, aryl, heterocyclic), SR, R z O CONHR, alkylamino CI N "- and halogen-substitution, preferably N
. DER at the 6- and 7-positions OH NR, R2 R, = H, alk§BR2 = alkyl, acyl - 66 PART C: SYNTHESIS
OF 8-HYDROXY-CINNOLINE DERIVATIVES Charts Cl and C2 show the routes to the
8-hydroxy-cinnoline derivatives. The synthetic procedures were, unless otherwise stated, analogous
to those 5 previously described in Part A. CHART@IARTNPEI/ NIN CICIN OH OH OH 1 ClI
SO20HNHR I-1 /NN/NN/N OH ON OH

(9.8)

glycerol

I
HzN\©\ (Skraup synthesis) N
_—
NH —
2 N

CHO

OH OH NHR
R = aryl, heteroaryl

R =H, alkyl | |
(5- or 6-membered) , alkyl, aryl, acyi

NH.CO(S).NH,



t CI INH2 NHCOR/ININN,N NNNOMeOHOHOH OHCICICI\\IN/NNNNI/NNN OH
OMe OHOHR 10 NH2 OMeRI\/NN OHR = alkyl, aryl - 67 - CHART C2 COOH O NHR NN
NN OH OH Rz CH20H CHO NHR NHR, reductive \\'\\ -\\ amination IN/N/N.N OH OH OH OH
1 OR ~N N,N OH NH2 NHCOR

- 69 -

CHART D2

NH, NN

glycerol |

X N (Skraup synthesis) N

~
N Me N Me N Me

OH OH OH

\
\

B o

/
/

\
N\

N~ “cHo N
OH OH NHR

OH
R =H, alkyl

=z

~

OR

OH NHR



N,N N,N OH OH NHR N,N OH PART D: SYNTHESIS OF 4,7(4,10)-PHENANTHROLIN-5-OL
DERIVATIVES 5 Charts DI - D4 show the routes to the 4,7(4,10)-phenanthrolin-5-ol derivatives. The
synthetic procedures were, unless otherwise stated, analogous to those previously described in Part
A. The reactions shown in Chart DI were also repeated using 4,7-phenanthrolin-5,6-diol (D3) instead
of 4,7-phenanthrolin-5-ol (DI) as starting material. - 68 {CHART D1 (O,S) NN (O,S) OH1 O NC\
HOOC RHN N\A\N\\-N/NCNN COOHN O OH/ OH OH NHR OH\OHC\ H N glycerol |

(Skraup synthesis) N N\\-N NH,N/NCHO OHOHO1OHOHOH NNHR 1RRO\NCINNN
CHART D3

NN
N

NHCOR

NN
X
~
N NH.CO(S).NH, NH;

N
OH
SN
AN
—
N
OH
NH, |\N | SN
glycerol
N X (Skraup synthesis) X , X
—
N [e] N Cl
H
OH
SN
AN
—
N
OH

Iz
o
Iz
o]

OH OH OH
%QR

R = aryl, heteroaryl
(5- or 6-membered)



NAVAVNVINVINYY RNNCINN N OHOH OH N,OR OH NHR R aryl, heteroaryl R = H, alkyl, aryl,
acyl (5- - orr 6-membered) \\a ROCHN H2N | H2N.CO(S).HN N NN N NHCOR /N NH2 N
NH.CO(S).NH2 OH OHy OH RHN N N NHR OH - 69 - CHART D2 NH2\\\\ glycerol (Skraup
synthesis) \N Me N Me N Me OHOHOHI\NI\NNCHON OHOHNHR ~NN OHN R =H, alkyl
OR ~NN OHNHR R=H,acyl-70-CHARTD3 - 71 -

NH,

AN

—
N

OH

CHART D4
N N N N
glycerol ] |
(Skraup synthesis) N N
— —
N Br N
OH OH
l D2
)
AN
—
O,N N

B
N
~
H,N N
OH
B
N
~
RHN N

OH

R = alkyl, aryl, acyl

Skraup synthesis of 4,7-Phenanthrolin-5-ol (D1)

5 A stirring mixture of 3-hydroxy-p-phenylenediamine (0.185 mol),

glycerol (1.17 mol), arsenic solution (100 mL; prepared from 123 g of arsenic
pentoxide in 100 mL H,0O) and diluted sulphuric acid (400 mL; prepared by adding 240
mL of concentrated sulphuric acid to 200 mL H,O) was heated under reflux for 4 h,

allowed to cool and then made alkaline with concentrated ammonia. The mixture was
10 extracted with benzene. Removal of the benzene afforded 4,7-Phenanthrolin-5-o0l (D1).



N NHCOR OH\N\N N NH.CO(S).NH2 N NH2 OH R\ OH NHz glycerol //(Skraup\ \HO\NON
ONCI OHOHOHOH ~N NROH R =aryl, heteroaryl (5- or 6-membered) - 71 - CHART D4 NH2
glycerol (Skraups\\ NBOHOHOHD2 ~N-N O2NN\\NOHR/OH iHzNN OH RHNNOH R
= alkyl, aryl, acyl Skraup synthesis of 4,7-Phenanthrolin-5-ol (DI) 5 A stirring mixture of
3-hydroxy-p-phenylenediamine (0.185 mol), - 72 -

PART E: SYNTHESIS OF 4-HYDROXY-ACRIDINE DERIVATIVES

The 4-hydroxy-acridines were prepared via Ullman condensation™'*

ofa
substituted 2-halobenzoic acid and a substituted aniline as shown in Chart E1. Hence,

5  condensation of aniline itself with 2-bromo-3-nitro-benzoic acid gave 4-hydroxy-
acridine (E1). In an analogous fashion, 0-anisidine gave 4-amino-5-hydroxy-acridine
and 4,5-dihydroxy-acridine. Further derivatives of these acridines (Chart E2) were
prepared using analogous reaction conditions previously described for the synthesis of

compounds in Parts A — D.

10
CHART E1
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Substituents on aniline include alkyl, methoxy, halogen



glycerol (1.17 mol), arsenic solution (100 mL; prepared from 123 g of arsenic pentoxide in 100 mL
H20) and diluted sulphuric acid (400 mL; prepared by adding 240 mL of concentrated sulphuric acid to
200 mL H20) was heated under reflux for 4 h, allowed to cool and then made alkaline with
concentrated ammonia. The mixture was 10 extracted with benzene. Removal of the benzene afforded
4,7-Phenanthrolin-5-ol (DI). - 72 PART E: SYNTHESIS ®F4-HYDROXY-ACRIDINE DERIVATIVES
The 4-hydroxy-acridines were prepared via Ullman condensation4'14 of a substituted 2-halobenzoic
acid and a substituted aniline as shown in Chart El. Hence, 5 condensation of aniline itself with
2-bromo-3-nitro-benzoic acid gave 4-hydroxy- aéedB [EE3. In an analogous fashion, o-anisidine gave
4-amino-5-hydroxy-acridine and 4,5-dihydroxy-acridine. Further derivatives of th =i. acridines (Chart
E2) were prepared using analogous reacgion conditions previgysly described for the“synthesis of

compounds in Parts A - Dmd0 CHART.EJHOQC \ OC / Subs 't ~NH2 Br" hstituted// H" Y
NO2 NO2 O @%s@;it S4°HS @ H 2—N92>Suted—©H» @
BARTE2-R NOT

t on aniline
include alkyl, methoxy; halogen - 73 - \
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NO2 NO2 NO2 IONR1R2/H\aN/\ NH2 NO2 /i R1 =H, alkyl N" R2 = alkyl, aryl, acyl OH \\\
NR1R2EIOH/N/ OH R1=H, alkyl R2 = alkyl, aryl, acyl /N yO OH CN CHO NRj Rz 1 OH OH OH
R1 = H, alkyl R2 = alkyl, aryl, acyl O NHR COOH N/ OH OH - 74 PART F: SYNTHESIS OF
4,5(4,8)-DIHYDROXY-PHENAZINE DERIVATIVES The compounds, 4,5- and
4,8-dihydroxy-phenazines (F1 and F2), were prepared/dccording to the literature3 procedure. The
synthesis of derivatives of these 5 compounds, as summarized in Charts Fl - F3, unless otherwise

stated, followed Peésition: onNiTibiisSdh &Rbgbiaé4 e ibdd IARADN Yy Pits tibétNE PERIXAEIVERART
F1 02N/ NH2 We We We We NH2 NH2 NH2 NH2 1 Br Br

The compounds, 4,5- and 4,8-dihydroxy-phenazines (F1 and F2), were
prepared according to the literature® procedure. The synthesis of derivatives of these
5  compounds, as summarized in Charts F1 — F3, unless otherwise stated, followed

reaction conditions analogous to those previously described in Parts A — E.

CHART F1
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NH'z/N//N///N// HZN/N/C OHOHOHOHOHF2OHOHOH 11 1NR, R2NR~R2 NR, R2
NRjR2 S020H S020H \N\\N Rz RAN/N/NRjRz/NN// / OHOH OH OH OH OH R, =H, alkyl R,
= H, alkyl Rz = alkyl, aryl Rz = alkyl, aryl ~ N\ CI/NCI OHOH 1N CI/N/CI OHOH 75 - CHART F2
OMe \ OMe O2N N\ /N NH, / OMe OMe NH2 OH NH2 OH OH Br OH N# ~#N# H2N\N NH 2 N N\
N I-f OH NHz OH NH2 OH F3 OH Br NHR OH NHR-OFPS©20H OH\\RHN/N/NHR N/NN\/N//
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OH NHR OH NHR OH S020H R = alkyl, aryl R = alkyl, aryl OH \tcl CI OH - 76 - CHART F3 SO020H |
IN/Cl-~/N/=Cl-/N=Cl:-C1 OHOHOHOH IA\NHzB\CN--CN--CN NH2-~N/CI\N/CI\
N/OHOHOHOH 1C\ NOzCOOH N/CI/NOHOH NHzNCONHR i NOHCI1OHN\\:J1
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OH - 76 -
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15 (3) PREPARATION OF 8-HYDROXY-[1,61INNAPHTHYRIDINES A range of
7-substituted-8-hydroxy-[1,6]naphthyridines can be prepared using the route shown in Scheme 9 (see
for example: Anthony and coworkers, Patent WO 02/30931 A2). Hence, 2,3-pyridinedicarboxylic acid
is readily transformed through a 20 series of reactions iffo 8-hydroxy-[1,6]naphthyridine-2-carboxylic
acid methyl ester. The 7-methyl ester can then be converted, e.g. under Curtius conditions, into the
corresponding 7-Bmino SetpBund. The Mmide fidtionBlipginvtuv Wal dre dodr Sbiaboyated using
known methods. For exgrie cHiaaoieationonthes presence of HCI provides the corresponding
chloride. Further elaboration of the chloride can readily be 25 achieved using known methods.
Scheme 9 COOH \aNI\\NI'i 30 N COOH Me000 N Me000/N OH OIAIN\\N\\1 7-(5- or
6-membered optibhally Substienietiand ENCopasknyebiaRedern ik RO R L7d:38Y37-NR'R2etc 35
7-amides et& *prepared according to Anthony et al, patent WO 02/30931 A2 - 79 -

5,7-Disubstituted %hydﬁwﬂs@”@f’wh)(@&%?f ﬁaﬁéﬁl&@ggﬁﬁ&gﬁrﬁ%ﬁﬂ%y%f?ﬁ%i.%@?ﬁediate such
as 5,8-dihydroxy-[1,6]naphthyridine-7-carboxylic acid m&thyl ester (prepared according to the
procedure of Albert and ¥ 4mptor ST Bed Eelsirncansicdié8siBlanco and coworkers, J.
Heterocyclic Chem., 1996, 33, 361). Chlorination of 5,8-dihydroxy-[1,6]naphthyridine-7-carboxylic acid
methyl ester withl ROC1¥oP&REdipial d&s. K-chtloro<Brimy dboteytsi&lnSqeutinyy hiie; 7; &&boKkylic acid
methyl estdiQ Elaboration of the chloride into a range of 5-substituted-8-hydroxy- [1,6]naphthyridines
can be achieved 2&ing RdWR apeling dR . Raghtne latioraffofhagingv] AHienat e kizeitro déhprolides a
range of 5,7-disubstitutd@®Bthydroxyd276]aaphthyridines. Derivatives of 8-hydroxy-[1,6]naphthyridine
substituted at 2-,3- and/or 4-

15 (3 PREPARATION OF 8-HYDROXY-[1,6]NAPHTHYRIDINES

A range of 7-substituted-8-hydroxy-[1,6]naphthyridines can be prepared using
the route shown in Scheme 9 (see for example: Anthony and coworkers, Patent WO
02/30931 A2). Hence, 2,3-pyridinedicarboxylic acid is readily transformed through a

20  series of reactions into 8-hydroxy-[1,6]naphthyridine-2-carboxylic acid methyl ester.
The 7-methyl ester can then be converted, e.g. under Curtius conditions, into the
corresponding 7-amino compound. The amino functionality, in turn, can be further
elaborated using known methods. For example, diazotisation in the presence of HCI
provides the corresponding chloride. Further elaboration of the chloride can readily be

25 achieved using known methods.

Scheme 9
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7-amides etc *prepared according to Anthony et al, Patent WO 02/30931 A2
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positions can be synthesised using an appropriately substituted 2,3-pyridinedicarboxylic acid. For
example, the commercially available 6-methyl-2,3-pyridinedicarboxylic acid 15 can be transformed into
8-hydroxy-2-methyl-[1,6]naphthyridine-7-carboxylic acid methyl ester (Scheme 10). Other substituted
2,3-pyridinedicarboxylic acids can readily be prepared using known methods (see for example:
Wepplo, US Patent 4,460,776). Further elaboration-of fi%e 8-hydroxy-2-methyl-[1,6]naphthyridine
provides a range of analogs such as 2-(methylamino)methyl and 2-(alkylamino)methyl derivatives.
Various 20 7-substituted derivatives of these compounds can be prepared from the corresponding

e000 N OH GO0 M e B o s 1A 35 N
e == -- - e . z

N\\N\\R CI /N/i%ﬁ“ﬁﬁ’\?l‘ ﬁltWﬁ‘%ﬁf‘b‘%ﬁy o(%ﬂjéﬁfie‘(gi\’ﬁbﬁﬁ%“gmeﬁcar Ryl acid
PYRIDO[3,2-d]P ¥R s feiaeparad Aseamirg oy Reomqcgdoie, ¢ Yoo BHnKRIDA ZRS-OL
[1,6]NAPHTH!Y REDEN-B62L, AP BMN 4rrke] RIRAKIN;; 5 Bletdr dRYFRiID Ofid - bl POGRAZ 1D6-B-OL,,

1 SINAPHTHYRIGNAR IOk (L ANABHTHRIRIN G A ANDAYRIROIAIRVRINIDIN-OL

General 10 The following reagents were so mmerci 10% - amines; e Istamine,
2-(2-aminoethyl)bMding” SQ8lrayanrcRieRm PRy -hldekyaRbyatintd ARrais@sitnyde,
2-thiazolecarboxaidtlyydstand 12bmyridinet drb okkid b yae, sazales o P radoieuireddibyldroxy-
methylimidazole gngh Ao 3aittiazale bP ARG QM LRESWIPRIQRII 8t rther elaboration using
2-(trifluoromethyl), hetr‘lgélbor%ﬂmdaud, 2d15 methox¥|gh7eg}/lb€rtotn|tc(?%|(a, 3-tolylk[){)an|c I%%Id"d'
2-fluoropherylbolSHRILE peshods provides a range of 5, /-disubstituted-8-hydroxy-[1,6Jnaphthyridines.
Derivatives of 8-hydroxy-[1,6]naphthyridine substituted at 2-,3- and/or 4-
positions can be synthesised using an appropriately substituted 2,3-pyridinedicarboxylic
acid. For example, the commercially available 6-methyl-2,3-pyridinedicarboxylic acid
15 can be transformed into 8-hydroxy-2-methyl-[1,6]naphthyridine-7-carboxylic acid
methyl ester (Scheme 10). Other substituted 2,3-pyridinedicarboxylic acids can readily
be prepared using known methods (see for example: Wepplo, US Patent 4,460,776).
Further elaboration of the 8-hydroxy-2-methyl-[1,6]naphthyridine provides a range of
analogs such as 2-(methylamino)methyl and 2-(alkylamino)methyl derivatives. Various
20  7-substituted derivatives of these compounds can be prepared from the corresponding
7-methoxycarbonyl, 7-chloro or 7-amino compounds using known methods.

Scheme 10
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methoxyphenylboronic acid, 4-methoxyphenylboronic acid, m-tolylboronic acid, 3,5-
difluorophenylboronic acid, 2,4-difluorophenylboronic acid, 3-thiopheneboronic acid,
3-fluorophenylboronic acid and 4-fluorophenylboronic acid; and organozinc reagents: 2-pyridylzinc
bromide, 2-(methylthio)phenylzinc iodide, 2-(ethoxycarbonyl)phenylzinc 20 iodide and
6-methylpyridylzinc bromide (0.5 M solution in THF) tARfich). 3 Pyridylboronic acid was purchased
from Frontier Scientific and pyrido[3,2- d]pyrimidin-4-ol from Ambinter, France. 2-Aminomethylthiazole
was prepared according to the literature.' Solvents were analytical grade and used as supplied. THE

was distilled from godiuprans g Azehg PP yREIGFgoPY RINA SReH® (S, relative 25 to TMS)

were recorded on a VarLaLn] %H%%ﬁﬁg&mgt&r E@%ﬁﬁtﬁ%ls&ﬁwiggg' j ggtges are given in

hertz. Mass Spectral dataweterecordedofra |V||uuu|ae The synthesis
of derivatives of 8 class Nn2dMithyridin-8-ol (B),

pyrido[2,3-dlpyridazin-8pof KEDGIB, mtﬁmmmmmtolr 1@1 mxpdpmw:zlmwe&ndﬁ)
pyrido[3,4-b]pyrazin- 8-31 ( i[ g@ ! :%i ( pyrido[4,3-
d]pyrimidin-8-ol (H), is 1E JPIQ]P IID\LJR Q 10HN/
N% N/N% NNNN) OHOHOHOHOH E F H 10 Charts Al - A3 summarise the routes used in the
synthesis of a se@egefalpyrido[3,2-d]pyrimidin-4-ol derivatives. The preparation of the derivatives of
[1,7]naphthyridin-8-ol is described in Charts Bl - B2. Compound B1 was prepared 15 following the

literature mgjhod2 for the Synth%%'%o@lfo@vﬁi%"f@ar ERMRRAUEL FBEIMRES S ) N8 mines:

rido[2,3-d]pyridazin-8-ol itself and d ves C| and C2 followed th ethod viously described3
by Brzosinsk, andtLSEIRSS FEAHES GeAIUBS iy raine 2-C mathy Aoy e

aldehydes: 4- 1midazolecarboxaldehyde 2-thiazolecarboxaldehyde and 2-

»—

pyridinecarboxaldehyde, azoles: pyrazole, imidazole, methylimidazole and 1H-1,2,3-
triazole, boronic acids: phenylboronic acid, 2-(trifluoromethyl)phenylboronic acid, 2-
15 methoxyphenylboronic acid, 0-tolylboronic acid, 2-fluorophenylboronic acid, 3-
methoxyphenylboronic acid, 4-methoxyphenylboronic acid, m-tolylboronic acid, 3,5-
difluorophenylboronic acid, 2,4-difluorophenylboronic acid, 3-thiopheneboronic acid,
3-fluorophenylboronic acid and 4-fluorophenylboronic acid; and organozinc reagents:
2-pyridylzinc bromide, 2-(methylthio)phenylzinc iodide, 2-(ethoxycarbonyl)phenylzinc
20 iodide and 6-methylpyridylzinc bromide (0.5 M solution in THF) (Aldrich). 3-
Pyridylboronic acid was purchased from Frontier Scientific and pyrido[3,2-
d]pyrimidin-4-ol from Ambinter, France. 2-Aminomethylthiazole was prepared
according to the literature.' Solvents were analytical grade and used as supplied. THF
was distilled from sodium and benzophenone under argon. '"H NMR spectra (3, relative
25 to TMS) were recorded on a Varian Unity 300 spectrometer unless otherwise indicated;
J-Values are given in hertz. Mass spectral data were recorded on a Micromass Quattro
II mass spectrometer.
The synthesis of derivatives of 8 classes of compounds: pyrido[3,2-
d]pyrimidin-4-ol (A), [1,7]naphthyridin-8-ol (B), pyrido[2,3-d]pyridazin-8-ol (C),
30 [1,6]naphthyridin-8-ol (D), pyrido[3,4-b]pyrazin-5-ol (E), pyrido[3,4-b]pyrazin-8-ol
(F), and [1,5]naphthyridin-4,8-diol, [ 1,5]naphthyridin-8-o0l (G) and pyrido[4,3-
d]pyrimidin-8-ol (H), is described.



series were prepared following the routes summarised in Charts Cl - C4. Charts DI - D2 show the
routes to a series of [1,6]naphthyridin-8-ol derivatives. The synthesis of 20 compound D 1 used the
method4 of Blanco and coworkers. Other members in this series have been prepared following the
routes shown in Charts D 1 - D2. Chart El describes the route to a series of pyrido[3,4-b]pyrazin-5-ol
derivatives. Condensation of 1,2,3- triaminopyridine wit12,3-dihydroxy-1,4-dioxan gave
pyrido[3,4-b]pyrazin-5-ol (E1), the parent compound in this series; the same reaction employing
2,3,4-triaminopyridine 2p as starting material (Chart Fl)gave pyrido[3,4-b]pyrazin-8-ol (F1). Further

derivatives in the pyqﬁ “b]pyrazinp-ota pyrldo[ zin-8-ol ere prepared using
the routes shown in ¢ and Fl. € - G2 sh utes em the synthesis of a
range of [1,5]naphthyridin-4,8-diol and[ L,/5]naphthyridin-85g! derivatives. T synthe5|s of compound
G1, the precursor to the parent compoundg 30 [1,5]naphthyiidin-4,8-diol, followed the route described5
by Brown argl Dewar. Pyrido[4,3-d]pyrimidin-8-ol (H 1) was prepared4 following the route shown in
Chart HI, employing 4,5-pyrimidinedicarboxylic acid as starting material. Further derivatives in this

class were prepared using routes as shown in Charts HI and Ri2. - 82 - CHART Al RNHz rN\ CHO /N~

Se02 rN. \ (reductive / INI/ N N JNH OH OH r\AI Ri/ R Br2,
NH20R RI = H, alkyIn 4R2 = acyI N N JN 'R RNH2,

R = H, alkyl, aryl DCC klz, Pd/C r N N \ N C(O) NHR;
10 .

Charts A1 — A3 summarise the routes used in the synthesis of a series of
pyrido[3,2-d]pyrimidin-4-ol derivatives. The preparation of the derivatives of
[1,7]naphthyridin-8-ol is described in Charts B1 — B2. Compound B1 was prepared

15  following the literature method” for the synthesis of a similar compound. The synthesis
of the pyrido[2,3-d]pyridazin-8-ol itself and derivatives C1 and C2 followed the
method previously described’ by Brzezinski and coworkers. Further derivatives in this
series were prepared following the routes summarised in Charts C1 — C4. Charts D1 —
D2 show the routes to a series of [1,6]naphthyridin-8-ol derivatives. The synthesis of

20  compound D1 used the method* of Blanco and coworkers. Other members in this series
have been prepared following the routes shown in Charts D1 — D2. Chart E1 describes
the route to a series of pyrido[3,4-b]pyrazin-5-ol derivatives. Condensation of 1,2,3-
triaminopyridine with 2,3-dihydroxy-1,4-dioxan gave pyrido[3,4-b]pyrazin-5-ol (E1),
the parent compound in this series; the same reaction employing 2,3,4-triaminopyridine

25  as starting material (Chart F1)gave pyrido[3,4-b]pyrazin-8-ol (F1). Further derivatives
in the pyrido[3,4-b]pyrazin-5-ol and pyrido[3,4-b]pyrazin-8-ol classes were prepared
using the routes shown in Charts E1 and F1. Charts G1 — G2 show the routes employed
in the synthesis of a range of [1,5]naphthyridin-4,8-diol and[1,5]naphthyridin-8-ol
derivatives. The synthesis of compound G1, the precursor to the parent compound,

30  [1,5]naphthyridin-4,8-diol, followed the route described’ by Brown and Dewar.
Pyrido[4,3-d]pyrimidin-8-ol (H1) was prepared following the route shown in Chart
H1, employing 4,5-pyrimidinedicarboxylic acid as starting material. Further derivatives

in this class were prepared using routes as shown in Charts H1 and H2.
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N OBn N ~N R INR'R2 OH H R = aryl, heterocyclic R82 H, alkyl; (5- and 6-membered) R2 = alkyl,
heterocyclic, MeO N acyl N--NH C(O)R OBn R=alkyl, aryl, NH2 MeoNNHON '"IINHONeY YN
NH C(O) R ~- N NHC(S) R Y N NHC(S)R Y N NHC(O) R OH

CHART Al
RNH,
N._ _CHO N N reductive N
ﬁ h f D Se0, ﬁ O ;mination} f YO
N~ > N N # > N AL 2 N A 2
NH, N~ “Me N~ >CHO N
OH OH OH OH N
AL RV R?
1_ )
Brz, NHZOR 22::] allkil’ 1, acyl
H,SO, = allyl, anf, acy
N
ﬁ AN WN\ AN
N~ I~
N~ >COoH N AN\ |
OH OH N,
OR
R =H, alkyl, aryl
RNH,, o, ary
DCC
H,, Pd/C
WN\ X l
N =
Z SN > C(0).NHR NN
OH I
N~ 7

N
OH NH,



OBn OBn OBn R = alkyl, aryl, NH2 1 1 R = alkyl, aryl, NH2Z\N Meo Y NG NHO Y N N NH.c(s).R NY
N NHc(s)R NY NHc(o) R N N NHc(o) R OH OH OH OH 1 R= alkyl, aryl, NH2 R= alkyl, aryl, NH2
HO~r NN ,r N NH C(S).R OH -84 CHART A3/N~rN~ N//INI/NRNR OHOBn R =CONHR1,
-CHAN(R2)R3 R = SR1 (R1 = alkyl, aryl, - from CHART At heterocyclic), aryl, heterocyclic, NR2R3
(R2 = H, alkyl; R3 =alkyl, heterocyclic, acyl), NH.CO{S33H2, SO2NHR4 N~ - from CHART A2 IN/N
R OMe R = C(O)NHR', -CH2N(R2)R3 Rs N\ Y/ N, R OH R = SR1 (R1 = alkyl, aryl, heterocyclic),
aryl, heterocyclic, NH2 NR2R3 (R2 = H, alkyl; R3 =alkyl, heterocyclic, acyl), NH.CO(S).NH2,

CHART A2

HO. N

\W\\

NG~

—
MeO\rN\ N MeOYN\ N N NRIRZ
\ . \
N2 N A~ h OH
N N R* = H, alkyl;
OBn é
A2

MeO

i

N CHO

N

N =~
NH,

OBn

OBn R? = alkyl, heterocyclic;
‘ acyl x
HO N MeO N MeO N MeO. N
A BN AN AN
T — "7 —"1 0L —" 10
NF N7 R NF N R ZSN >l NN NR!R?
OH OH OBn OH
h . 1_ .
R = aryl, heterocyclic R = aryl, heterocyclic R™=H, alkyl;
(5- and 6-membered) (5- and 6-membered) R? = alkyl, heterocyclic;
acyl
Meo\ﬁ N\ XN
N N — N
W AN = N NH, ( AN
N _
= N R OBn N_ = N/ NRIR?
OH OH
R = aryl, heterocyclic R = H, alkyl;
(5-and 6-membered) R? = alkyl, heterocyclic;
MeO N
\W XN acyl
N A, 2
N NH.C(0).R
OBn

R = alkyl, aryl, NH,

N

MeO N
MeO. N HO. N N N
TS DS USTS T
N_ _— _ N__~ = N_ _— > N NH.C(O).R
N NH.C(S).R N NH.C(S).R N NH.C(O).R o1
OBn
OBn OBn R = alkyl, aryl, NH,

‘ ‘ R = alkyl, aryl, NHZ\
N MeO._ _N N HO.__ _N
AN AN AN XN
M h T i
N~ = N~ i N~ = N~ Kz
N~ TNH.C(S)R N~ "NH.C(S).R N~ “NH.C(O).R N~ “NH.C(0).R
OH OH

OH OH
\ R = alkyl, aryl, NH, R = alkyl, aryl, NH,
HO\WN\ N
N~

s
N~ NH.C(S).R
OH



SO2NHR4, C(0).NHRS, -CH2N(R2)R3; R5 = group from R - 85 - CHART B1 HO N/ N ¢c(O)NHR N N
C(O)NHR OH 1 OH Me0O meo N N C(O)NHR N C(O) NHR OBn OH V A MeO meo V A meo V A meo
VA NNRNNH,~N/NNNNNCOOH OH OBn OBn OBn O OBn R = aryl, heterocyclic Bt (5- and
6-membered) meo meo AmeoVAMeO"OA NN /NRNRNCINON OH OBn OBn OBn R =aryl,
heterocyclic R =aryl, heterocyclic (5- and 6-membered¥45—and 6-membered) HO meo meo VA AA
ANN/NNNH NRANNRrR'NNHz OH OBn O%: OH ?~§ R = aryl, heterocyclic Rl = H, alkyl;
(S) (5- and 6-membered) R = NH2, alkyl, aryl R~ = AR yr,b‘ heterocyclic Me HO Y,, V A meo

N N

AT ( I
\
N‘(/ — N~ =
N R N
OH OBn
1 2
R = CONHR", -CHaN(R )R3 R =SR! (Rl = alkyl, aryl,

- from CHART Al heterocyclic), aryl, heterocyclic,

NR?R® (R? = H, alkyl; R® =alkyl,
heterocyclic, acyl), NH.CO(S).NH»,
SO,NHR*

WN\ N - from CHART A2

N_ _~ —

N R

OMe
R = C(O)NHR?, -CH,N(RY)R®
5

R N
hAa

N~ N

OH
R = SR! (R = alkyl, aryl,
heterocyclic), aryl, heterocyclic, NH,
NR?R® (R? = H, alkyl; R® =alkyl,
heterocyclic, acyl), NH.CO(S).NH5,
SO,NHR*, C(0).NHR®, -CH,N(RY)R?;
R = group from R



V ANom/ N~ NHNNNH NOHOHNNRR2N/NNR~R2OHO~R OHOH (S) (S) R =NH2,
alkyl, aryl R = NH2, alkyl, aryl HO NN NRR2 OH-86 CHARTB2NI/NRN/NRO/N/NR OH
OMe OMe 2-R-substituted compound from CHART / from CB1///NCClI NN NR N R OMe OMe 0
11R~NHOOCR HNNRNNRNR OHOHOH R'=aryl, heterocyclic NH2, NR2R3 (R2 = H,
alkyl; I R3 = alkyl, aryl, heterocyclic, acyl), SR4 R1~N83 RNNR

CHART B1

‘ NN Ho | XX
N __~ = N —
N”  "C(O).NHR N C(O).NHR
OH T OH
MeO
MeO N € ‘ NN
\
N — N_ _~ —
7NN C(O)NHR N C(O).NHR
OBn OH

N MeO N MeO XN X MeO N
N N (O P ‘
= i N —
N" R NHz N N Z SN ScooH
OH OBn OBn OBni) OBn

MeO.
R = aryl, heterocyclic B1
(5- and 6-membered) / \ |
XN MeO X
— N ~
N c CN
~N
N
~
N
o

|
X

R = aryl, heterocyclic R = aryl, heterocyclic
mN
(S)

N
(5- and 6-membered) (5- and 6-membered)
N
R = NHj, alkyl, aryl

A
MeO MeO
MO X e X X N
\ -— \ - \ \
N__~ Z N~ - = 7
NT R N~ R | N
OBn OBn OBn
MeO MeO N
O N X \
N‘ N‘ 7 — | = = N/ NH
~
2 R N NR'R? H,
OH
OH OBn OBn

R = aryl, heterocyclic
heterocyclic

(5- and 6-membered)
MeO
J ) \\ = " \\ o
N__~ ~ —_— N_ >
| X N™ “NH N~ ONH
OH %\ OH )\
N~ bz
N~ NRIR? (g) R o
OH
‘ N AN
N .~ —
N
OH

R
R = H, alkyl;
RZ = alkyl, aryl,

R
®)

R = NHjy, alkyl, aryl R = NH, alkyl, aryl

j AN SN MeO.
N__~ P
N NRR?
OH
HO.



OH R1 =H, alkyl; R' = alkyl, aryl, aryl - 87 CHART C1I1NNSNN NN OI\\\\NHROHROH R =
alkyl, aryl, heterocyclic N N/N NHPh N MeON MeONMeONHONOOHOBNOBNnCIIN/N/N R
NNRN\NCIN\N OH OH OBn R = aryl, heterocyclic, R = aryl, heterocyclic, NH2, NR1R2 (R1 = H,
NH2, NR1R2 (R1 = H, alkyl, R2 = alkyl, alkyl, R2=alkyl, heterocyclic, acyl), heterocyclic, acyl),
NH.C(0).NH2, NH.C(S).NH2 NH.C(O).NH2, NH.C(S).\¥#d2~=88 CHART C2'N N /NHPh/N//N Me
N Me NOHC NOOHOH C2HOOC N N rl NNCCZN N % RO,N OBn NR R OH Ri = H, alkyl;

| AN N N AN N AN
N~ — N — N =
N R
OH
2-R-substituted compound
from CHART B1
CI
NC ‘\ N ‘\ N
N 7 N__~ 7
= N R N R
OMe
(e}
Rl
N ‘ XN HoOC ‘\ X
H —
N A =
N R N~ N/ R
OH OH

= aryl, heterocyclic
NH,, NR?R® (R? = H, alky!;
RS = alkyl, aryl, heterocyclic,
acyl), SR*

Rl
\;‘\1 ‘\ X
RZ N__—
OH
R1=H,alkyl;

R? = alkyl, aryl, acyl



R2 = alkyl, aryl, alkylamino, acyl ~\NN O NN NN NHR OHNH2 OH N NRIR2 OH R1 = H, alkyl;
R2 = alkyl, aryl, alkylamino, acyl - 89 CHART C3 N R NIN OH R = aryl, heterocyclic, NH2, NR'R2
(R'=H, alkyl; R2 = alkyl, heterocyclic, acyl), SR3 (R3 = alkyl, heterocyclic), SO2NHR4,
NH.CO(S).NH2, CONHRS5, -CH2NH2, -CH2N(RI)R2 - from CHARTS CIAND C21ZN N R IN OMe
CICNN \NgN NRRNOMe OH 11 NR1R2 CONHRY N ~N gN R N/N R OH OH R~ = H, alkyl;

CHART C1
‘ NN ‘ XN
| \
o) N N
02‘ NT N s N
NHR OH R OH

R = alkyl, aryl,
heterocyclic

N Xy NN NXTNN XN
| — | | — | | — | \
~ NHPh = N ~ N — _N
MeO N MeO N MeO N HO N

(0] OH OBn OBn
C1 |

XYy SN XvTXN XN

O —— O — 00

R N R N N al N/ N

OH OH OBn

R = aryl, heterocyclic, R = aryl, heterocyclic,

NH,, NR'R? (R! = H,
alkyl, R? = alkyl,

heterocyclic, acyl),

NH.C(0).NH,, NH.C(S).NH,

NH,, NR'R? (R = H,

alkyl, R? = alkyl,
heterocyclic, acyl),
NH.C(O).NHy, NH.C(S).NH,



R2 = alkyl, aryl, heterocyclic, acyl - 90 CHART C4 n-Bu Li; Me DMF; H*; N McNH.NH2 I NHPh N Ri
NRIiNOOH R1=0OMeorMeMeN /_N RN OMe RI=aryl, heterocyclic, NH2, NR2R3 (R2 H,
alkyl; R3 = alkyl, heterocyclic, acyl), SR4 (R4 = alkyl, heterocyclic), SO2NHR5, NH.CO(S).NH2,
CONHR®6, -CH2NH2, -CH2N(R2)R3 - from CHARTS CI AND C2 OR2 R2 iN CHO N_Ra gN~~ N ~N
NR1R~N/NRN( OHOMe OH Rz =H or alkyl R2 88, alkyl; R3 = alkyl, aryl, NH2 alkylamino, aryl

~N 1 /N R1N/OH
\ / 10 CHART C2

X ‘ AN \l‘\l Xy SN
Me” N7 NHPh Me” SN S OHC AN
o OH
Cc2

N
OH
|

| XN | X7 NN X7 SN
|
~ —~N / ~N s N
HOOC N ‘ N N
OH _N OBn NR!R? OH
RO 1
R™ =H, alkyl,
R? = alkyl, aryl,

alkylamino, acyl

N N |
\ |
N N
° NN NN XN
NHR OH ‘ ‘

NH, OH A __N
N

NR'R? OH
RY=H, alkyl;
R?= alkyl, aryl,
alkylamino, acyl



-91-CHART D1 OHOMe OMe NVANVANL EIOOC/N E[OOCN E[OOC1NCI 00OMe OH
OMe DIW\ CIOH NV ANV AN ELOOC N E[0OOC~NR Ra/NR' OMe OH OH /R SR' (R' = alkyl,
heterocyclic, = o (R' a alkyl, aryl, heterocyclic), het teroc rocyclic lic), aryl, heterocyclic, heterocyclic),
aryl, heterocyclic, NR2R3 (R2 = H, alkyl; R3 = alkyl, NR3R4 (R3 = H, alkyl; R4 = alkyl, R heterocyclic,
acyl), NH.CO(S).NH2, aryl, heterocyclic, acyl), SO,NHR8 NH.CO(S). NH2, N/ N SO2NHRS, EtOOC/
/' N Rs = CONHR7, -CH2N(R3)R4 OH CI R = SRS (R' = alkyl, aryl, heterocyclic), aryl, heterocyclic, N
| NR2R3 (R2 = H, alkyl: R3 = alkyl, EIOOC NR hetér%ﬁ'-g §§/I), NH.CO(S).NH2, OH SO2NHRS
R=SR' (R' = alkyl, aryl, heterocyclic), aryl, heterocyclic, NR2R3 (R2 = H, alkyl; R3 = alkyl, R
heterocyclic, acyl), NH.CO(S).NH2, N SOZNHRS//f\OﬁB = SRS (R' = alkyl, aryl, N

‘ TN

N

|
N
R

OH
R = aryl, heterocyclic, NH5, NR!R? (R1 =H, alkyl;
R? = alkyl, heterocyclic, acyl), SR® (R3 = alkyl, heterocyclic),
SO,NHR?, NH.CO(S).NH,, CONHR®, -CH,NH,, -CH,N(RHR?
- from CHARTS C1 AND C2

~ /N
R N
/ " \

Cl

CN
‘\ NN ‘\ SN
| |
AN N
R N/ N R N
OH

OMe

NR'R? CONHR?
‘ Xy NN ‘ NN
\ \
R™ N R™ DN
OH OH
R =H, alkyl;
R?= alkyl, aryl,

heterocyclic, acyl



heterocyclic), aryl, heterocyclic, Y N R NR2R3 (R2 = H, alkyl; R3 = alkyl, OH heterocyclic, acyl),
NH.CO(S).NH2, R = SRS (R' = alkyl, aryl, SO2NHRS heterocyclic), aryl, heterocyclic, NR2R3 (R2 =
H, alkyl; R3 = alkyl, heterocyclic, acyl), NH.CO(S).NH2, SO2NHR5 - 92 CHART D2 OMe OMe NI NI
EtOOC N EtOOC N CN OMe OMe prepared according to route shown in CHART DIN\\N CN OH N
/N CHO /N COOH /N C(O)NHR OH OH OH N\\N ROOH N, OR OH NR1 R2 R =H, alkyl Rl = H,
alkyl; R2=alkyl, aryl, acyl N\\/i N OH NH2 - 93 -

CHART C4

n-BulLi; Me

DMF; HY;
AN Xy SN
\ MeNH.NH, \ |
RPN NHPh Ty RN

o OH

R! = OMe or Me /

Me

B
Rl N/ /N

OMe
R!= aryl, heterocyclic, NHo, NRZR® (R2 =H, alkyl;
R3 = alkyl, heterocyclic, acyl), SR* (R* = alkyl, heterocyclic),
SO,NHR®, NH.CO(S).NH,, CONHR®, -CH,NH,, -CH,N(RH)R®
- from CHARTS C1 AND C2

OR® Y il
N—R®
=N CHO
Ny N r‘\l ‘ XN XN
R? N/ N R? N O N R! N N
RZ = H OIII: | OMe OH
=Hora
y R? = H, alkyl;
l R3= alkyl, aryl,
NH, alkylamino, acyl
N NN
| \
~ ~N

OH



CHART E1 N NH2 oto~N NH200Y N NH2 OH El NH20H N N JMe NH2 0 Me N NH2 OH rOOr
N~) CH=NOR N) CHO\N- COOH N NN OH R=H or alkyl OH OHI 1 AN AN1R N1 CH2NH2
CONHR C-N N/NJY 'N~H2H2R2 NN OH OH OH RI =H, alkyl; R2 = alkyl, aryl, acyl\ NH2 0 Rr\
N R'(R2) NNH2 O XR2 ~Y N"R (R1) NH2 OH Rt, R2 = alkyl, substituted alkyl, aryl, heterocyclic, OH
example: 0 Me \ NH2 \ N~ Me \ N~CONHR 0 Me NNHAN-N Me N~ N CONHR NH2 OHOH 0Ar0

Py N CH=NOR 0 Ar\V O Py N CH=NOR

OMe

CHART D1

OH OMe OMe
N XY N N7 N N7 N
‘ _— — ‘ _— > | — Pz
EtOOC N EtOOC N EtOOC N Cl
OH é OMe
D1

N

|

cl OH
N‘ NN N NZ ‘ AN
= P~ ‘ — — N —
EtOOC N EtOOC N R R® NT OR?
OMe OH OH

R N
(NN | — N/
[
— ~
EtOOC N OH
OH

R=SR! (R1 = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NRZR® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NH,,

SO,NHRs
R
NS
\/ _
N
OH

R = SR (R! = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NR?R® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NH5,
SO,NHRs

R = SR (R = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NRZR® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NHo,

SO,NHRg \
cl
N Y N
P
Eto0C NT R
OH

R = SR (R = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NRZR® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NH,,
SO,NHRg

[N
\//
N
OH

R = SR (R! = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NRZR® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NH,,
SO,NHRg

R = SR? (R? = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NR3R* (R® = H, alkyl; R* = alkyl,
aryl, heterocyclic, acyl),
NH.CO(S).NH,,

SO,NHR®,

R® = CONHR?, -CH,N(R?)R*



OH RV N~Ar NviNv NN Ar N~CH2NR'R2 NOH NiOH N N cH2NR'R2 R2OH Rt,R2=H or
substituted Rt = H, alkyl; R2 = H, alkyl, aryl, acyl - 94 - CHART FLN NHzZO ONN NH2 O O) N NH2
OHF1NNHzOHNN +I1Me NH2 O Me\~ NJNH2 OH N N NN N\N1 CH=NOR "vvww CHO COON
NNN OHIR=Horalkyl OHOHV NNRNN~ N CHzNHz C-N CONHR NJN NJHz 'R2 N-) OH
OH OH R1 = H, alkyl; R2 = alkyl, aryl, - 92 -

CHART D2

OMe

OMe
NT XY NT XY N
—_—
\ P \/ _
EtOOC N EtOOC N CN
OMe OMe

prepared according to
route shown in CHART D1

N

AN N
\ P
N CN
OHl
NT Y N NT XY X N XY N
\ Ra—— -
— — — 7
2NN CHO N COOH N C(O)NHR
OH

‘/
OH

'\“ NN NS
= ~ ‘ _— —
N
OH N
~OR OH /N\
_ R! °R2
R = H, alkyl 1
R™ =H, alkyl,
‘ R? = alkyl, aryl, acyl
N AN
\ P



acylNNHzOR1NAYR 1 (R2) +it NH2 ORz /N Rz(R") NH2 OH R1, R2 = alkyl, substituted alkyl,
aryl, heterocyclic, OH example: O Me N NHz N N~Me N~CONHR N O Me NH2 N Me N CONHR
NH2 OH OH O Ar N CH=NOR OPYyOArN1 OPYyNCH=NOR OH RNNAr Ng NNOHNArN
N CHzNRr Rz ~Y OH N~ ~ N"'CHzNRr Rz Rz OH R1, R2 = H or substituted R1 = H, alkyl; R2 = H,
alkyl, aryl, acyl - 95 CHART G1 OMe H OHOMe - 93 -

CHART E1
o NH2 0y _ 0 LN
X
N A~
Ha o0~ o N
OH
El
‘\ Oy _H ‘\\
O~ "Me
OH

=H or alkyl

1 N
A N\\ A N\\ R N
\ ——CH,NH, \ ——C—N ! -7~ CONHR
N~ N// / Hy ‘g2 N~ N//
OH OH

OH
R =H, alkyl;

R? = alkyl, aryl,
acyl

1,52
‘ o NHe o. R! ‘ N N\jiR (R?)
N + j: N~ —
= NH, P R? N R%(RY)
NH, OH
RY, R? = alkyl, substituted alkyl,
aryl, heterocyclic, OH

example:

N Me
‘ N AN
N~ Pz
N Me
OH

‘ SN NICONHR
N = 7
N CONHR
OH
N CH=NOR
N

=
N CH=NOR

A

N ar N CH,NR'R?
\
[\~
CH,NR'R?
OH
R, R? = H or substituted R =H, alkyl;

R?=H, alkyl, aryl, acyl



NN\N eN\/ COOEtNNO OHOMe G1OHOMee O NN\CNN NCNOHOMe OIOHOOHOMe
HN _gN~RHNIN NHR HOOCN COO=0NO 0OHOHHOMe OR 1 OH NO OH OMe \\ N\ CHO
NClI CINNOHCN/'-/ RO~NOHOHOMe R=H,alkyl11 OH!NH, OH NR1R2 OH N\\N\\N R
N R N NH2 OH NR1R2 OH OH R1 = H, alkyl; R = NH, SR1 (R1 = alkyl, aryl, R2 = alkyl, aryl,
heterocyclic), aryl, heterocyclic, acyl NR2R3 (R2 = H, #yk R3 = alkyl, heterocyclic, acyl),
NH.CO(S).NH2, SO2NHR5 - 96 CHART G2 O CI

N
N AN NHZ (o] O N AN \j
\ P + j —_— |l P
NH, o0~ o N
NH, OH
F1
X NH, o H X N\\
\ . . T Me
— Pz N//
NHz 07 Me
NH, OH
N N N
NN N Xy N X
\ ——CH=NOR | -CHO \ 7 COOH
AN — oA A
N N N
OH OH OH
R = H or alkyl ‘ J
N N RY N
N XYy N / NI
\ ;CHZNHZ \ //—ch\ \ _ ;CONHR
_— N = N Hy R2 N
OH OH OH
R = H, alkyl;
R? = alkyl, aryl,
acyl
152
X NH, o Rl X N R (R%)
\ .\ j: .
Pz N
NH, P R? NT DRYRY
NH, OH
R?, R? = alkyl, substituted alkyl,
aryl, heterocyclic, OH
example:

O, Me
NH N Me
N‘ X 2 j: N‘ SN j: X N\jiCONHR
o~ “Me \
pZ aNE - NP
NH; N~ "Me N~ “CONHR
NH, OH \ OH
N
NT X N
X
N~ “CH=NOR
OH \

Oj/\ Py CH=NOR

o Py

N A
NT N 152
‘ N_ _CH,NR'R
= — NN AN
N
. | ZNNT O CHNRIR?
OH N\;\ ) 2
R OH
RY, R? = H or substituted R = H, alkyl;

R? = H, alkyl, aryl, acyl



\'N COOEt\ N COOEt N N COOEt OMe H OMe OMe G11i CH20H i\ COOH \N N DER OMe OMe
110 NCH=NOR NCHON\NHRNN\NOHOHOH R=Horalkyl11DER i\CH2NH2i NRIi N
Rz DER N OH OH Rt = H or alkyl; R2 = alkyl, substituted alkyl, acyl j\ CH2NH.C(O)R N OH DER:
derivatives with substitutions at 2- and | 6-positions as in CHART G1 DER - 97 CHART H1 OH CI

COOH Na N\ ~JN N N /JIN ~N COOH EtOOC / N" Et(®9CN N" OH OMe OH D1 Hi RRN\~N N\
~N Rs N EtOOC N

oMe OH OMe
N N N
= ‘ ‘ ‘ N AN ‘ AN N
N — N
N COOEt N = N
o OH OMe
G1 \
OH OMe ?
N
X N\ CN AN X
\ — |
N TN
NC N N
OH é OMe
OH 0] OH OMe H
N N COOH N o)
| NN NHR | XX = |
RHN N N —
N HOOC N o N
o] OH OH H OMe
~OR \
OH ‘N OH OMe
SN N\ X N\ CHO N N\ cl
A L J —
ON OHC™ N a” NN
N OH OH OM
- e
RO™ R =H, alkyl l J
J 152
OH NH, OH NR'R OH
N N
‘ N AN ‘ N N AN N\ R
A= N ‘ N =
N R N
NH, OH NR'R? OH OH
1_ .
RZ = H, alkyl; R = NH,, SR* (R* = alkyl, aryl,
R =alkyl, aryl, heterocyclic), aryl, heterocyclic,
acyl

NR?R® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NH,,
SO,NHRg



OH OH R = SR1 (R1 = alkyl, aryl, R = SR1 (Rt = alkyl, aryl, heterocyclic), aryl, heterocyclic,
heterocyclic), aryl, heterocyclic, NRzRa (R 2 = H, alkyl; R3 = alkyl, NR2R3 (R2 = H, alkyl; R3 = alkyl,
heterocyclic, acyl), NH.CO(S).NH2, heterocyclic, acyl), NH.CO(S).NH2, SO2NHRE SO2NHRs,R6 =
CONHR7, -CH2N(R6)R9 (R8 = H, alkyl; R9 = H, alkyl, R aryl, acyl) NN N OH R = SR1 (R1 = alkyl,
aryl, \ N heterocyclic), aryl, heterocyclic, N NR2R3 (RP$6 H; alkyl; R3 = alkyl, Rs NJ heterocyclic,
acyl), NH.CO(S).NH2, OH SO2NHR5 R6 = CONHR&, -%HZN%%)RQ (R8 = H, alkyl; R9 = H, alkyl,
aryl, acyl) - 98 CHART H2 OH CI COOH N H-J ~ ~ INHAN L J Me N COOH EtOOC N Me
EtCOC N Me N Me OHOMe OH DER RRN~NN~NDER<E --- DER

o Cl
N COOEt N COOEt
_ _ SN /N N COOEt
NS ‘ ‘ J ‘ P - ‘ —~
H N N
OMe OMe OMe
Gl \
N COOH
/N XN CH,0OH _ XN
| — \
NS = AN ~
N N
OMe OMe

(e}

N CH=NOR N CHO N
= ‘ N Z ‘ N 4 ‘ AN NHR
NS i~ N —
N N NN
OH OH

DER

R = H or alkyl J J
J DER
N -CHaNH _N ‘ X ,‘\I/Rl
2 ‘ — NS N/ R,  — ~ DER
N
OH OH
Ry, = H or alkyl;
R, = alkyl, substituted
alkyl, acyl
/N ‘ X CH,NH.C(O)R
" P
N
OH DER: derivatives with substitutions at 2- and
j 6-positions as in CHART G1

DER



Rs N Me EtOOC N Me OH OH R =SR' (R' = alkyl, aryl, R = SR1 (R1 = alkyl, aryl, heterocyclic), aryl,
heterocyclic, heterocyclic), aryl, heterocyclic, NR2R3 (R2 = H, alkyl; R3 = alkyl, NR2R3 (R2 = H, alkyl;
R3 = alkyl, heterocyclic, acyl), NH.COS).NH2, heterocyclic, acyl), NH.CO(S).NH2, SOQNHR5,R6=
CONHRY7, -CH2N(R3)R9 (R3= H, alkyl; Rs= H, alkyl, SO2NHR5 aryl, acy) R N~N DER N Me OH R
= SR' (R1 = alkyl, aryl, heterocyclic), aryl, heterocyctic?DER N N * NR2R3 (R2 = H, alkyl; R3 =alkyl, 6
R N Me heterocyclic, acyl), NH.CO(S).NH2, OH SQO2NHR5 R6 = CONHR7, -CH2N(R3)R9 (R3 = H,
alkyl; R9 = H, alkyl, aryl, acyl) DER: derivatives tt@%ﬁ-ﬁrgﬂared via substitution of the 2-methyl
group to a subject in need thereof e.g. COOH, CONHR, alkylamino, alkylamido, oxime, alkyloxime -
99 - REFERENCES 1. (a) A. Dondoni, G. Fantin, M. Fogagnolo, A. Medici and P. Pedrini, Synthesis,
1987, 998-1001. (b) A. Dondoni, F.L. Merchan, P. Merino, I. Rojo agd T. 5 Tejero, Synthesis, 1996,

641-646. 2. A AIbNe \and)am. Hampton, J., 1952 \4985-4993. 3.J.Z. 312 \irgski, H.B. Bzaw ki and J.
Epsztajn, Tetrahe@rg , 1996, 52,3261- 1 3; 72/.)“4.1°v‘hEHaﬁco, M. ./orngzo,—i.—Periﬂwog dﬁ.B.
N N
OM

Schapira, J. Hetero€yckec®€hem., Ewooc N Eto0C
OH e OH
D1 H1
R R
N‘\ NN N‘\ NN
B —
R® = N/) Eooc” N/)
OH OH

R = SR (Rl = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NR?R® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NH,

R = SR (R1 = alkyl, aryl,
heterocyclic), aryl, heterocyclic,

NRZR® (R? = H, alkyl; R® = alkyl,

heterocyclic, acyl), NH.CO(S).NH,, SO,NHRs
SO,NHRs,R® = CONHR?, -CH,N(R®)R® l
(R® = H, alkyl; R® = H, alkyl, &
aryl, acyl) N N
\
L

OH

R = SR? (Rl = alkyl, aryl,

heterocyclic), aryl, heterocyclic,
N™ 7 SN 203 /p2 3
| P /) NR“R” (R“ = H, alkyl; R” = alkyl,
R N heterocyclic, acyl), NH.CO(S).NH,,
OH SO,NHRs

R® = CONHR’, -CH,N(R®)R®

(R® = H, alkyl; R® = H, alkyl,

aryl, acyl)



1996, 33, 363-366. 15 5. S.B. Brown and M.J.S. Dewar, J. Org. Chem., 1978,43,1331-1337.
PREPARATION OF 8-HYDROXY-6H-[1,6]NAPHTHYRIDIN-5-ONE, 4-
HYDROXY-4a,8a-DIHYDRO-PYRANO[3,2-b]PYRIDIN-2-ONE, 8 20
HYDROXY-6H-[1,6]NAPHTHYRIN-5-ONE, DIBENZO[a,g]JQUINOLIZIN-8-ONE AND 4-HYDROXY-IH-
PYRIDO[3,2-d]PYRIMIDIN-2-ONE General 25 The fol@®ing reagents were sourced commercially: -
amines: ethylamine, histamine, 2- (2-aminoethyl)py igine? 2-%'2- ethylaminoethyl)pyridine; aldehydes:
4- imidazolecarboxaldehyde, 2-thiazolecarboxalde -E Pyridinecarboxaldehyde, azoles:
pyrazole, imidazole, methylimidazole and 1H-1,2,3-triazole, boronic acids: 30 phenylboronic acid,
2-(trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic acid, o-tolylboronic acid,

2- quorophenbeoronic acid 3-methoxyphenylhoronic acid, 4- methodyphenylboronic acid,

m-tolylboronic acid, 3 hmgrophenylborom . a d 2,4- dlfluorop ronlc acid,
3th|opheneboron|c CI 3 fluerephenylbor i aC|d and—4-fluorop he be ronic-&ci , & dwanozmc
reagents: 2-pyridytzin c*brémrde 2 35 tnve |0v)phm1ylzmcﬁ@‘éﬁde o éttheycarbon nylzinc

iodide and 6- methylpyridylzinc bromide (0.5 solution in THF) (Al@Mth). 3- Pyrldylbo?Bnlc acid was
purchased from Frontier Scientific. 2-Aminomethylthiazole was prepared according to tl-\e literature.4
Solvents were analytical grade and used as supplied. THE - 100 wag distilled from sodyum and
benzophenone under argon. 1H NMR spectra (S, relative to TMS) were recorded on a’¥arian Unity
300 spectrometer unless otherwise indicated; J-Values are given in Hertz. Mass spectral data were
recorded on a Micromass Quattro IIRmass spectrometer. 5 The synthesis of derivatives of 5 classes of

compounds: 8-hydroxy-6H [ 1,6]n |n -5 -one (A), NN
4-hydroxy-4a,8a-difydio-pyrano |n -2-one(B),8-hydro {Ll G]WWHXFﬁn 5 -one (C),
dibenzo[a,g]quinolizin-8-one (D) and 4- ydroxy IH-pyrido[3, 8]prr idin- 2 -one (E), is described. H O

ON\OO\ R= SR (R! = alky, anyl, R = SR (R! = alkyl, aryl,
heterocyclic), aryl, heterocyclic, heterocyclic), aryl, heterocyclic,
NRPR® (R? = H, alkyl; R® = alkyl, NR?R® (R? = H, alkyl; R® = alkyl,
heterocyclic, acyl), NH.CO(S).NH,, heterocyclic, acyl), NH.CO(S).NHs,

SO,NHRs,R® = CONHR?, -CH,N(R®)R®

(R® = H, alkyl; R® = H, alkyl, SO2NHRs

aryl, acyl) i
R

SRR
\ P DER
N~ “Me
OH
R=SR' (R' =alkyl, aryl,
N heterocyclic), aryl, heterocyclic,
DER -——— N\ b /)N\ NR?R® (R% = H, alkyl; R® = alkyl,
R 7N e heterocyclic, acyl), NH.CO(S).NH,,
OH

SO,NHRg
R® = CONHR, -CH,N(R®)R®
(R® =H, alkyl; R® = H, alkyl,
aryl, acyl)

DER: derivatives thereof , prepared via substitution of the 2-methyl group to a subject in need thereof e.g.
COOH, CONHR, alkylamino, alkylamido, oxime, alkyloxime



HN NN\N OHOHOHABC OH N,IN O6*OHOH D E 10 Condensation of ethyl
3-amino-picolin-2-ate with acetic anhydride according to the method of Zhou and coworkers gave
8-hydroxy-6H-[ 1,6]naphthyridin-5-one (Al). By substituting ethyl 3-amino-picolin-2-ate respectively
with ethyl 5-chloro-3-amino- picolin-2-ate and ethyl 6-methyl-3-amino-picolin-2-ate, the corresponding
2-methyl 15 and 3 -chloro-8-hydroxy-6H- [ 1,6]naphthyf&in=5-one derivatives were obtained. Further
derivatisation of these systems as shown in Charts Al - A4 gave a series of 8-hydroxy- 6H- [
1,6]naphthyridin-8%Eéﬁ%@&féaratlon of a series of 4-hydroxy-4a,8a-dihydro-
pyrano[3,2-b]pyridin-2-ones is described in Charts Bl - B2. The method of Blanco and coworkers2 was

employed for the synth ?s of]522 é{vhlc upon su uent aledlgol\/@/(gg?lé/ élisfpt)?\grded §&H%%ro y-6H- [

1,6]naphthyrin-5 one ( urther derivatives in ' this ge%es Were prepare owing routes shown in
Charts Cl - C2. Charts B8P EHEA thb)phe Paradion. &t o deicbask Hidkdsror, h1Bgirdidnls-ones. The
key step, ingolving the Tefistu®fiahesfistli@dmpsysiea, followed the method previously described3 by
Colye and coworkers. Chart ElI shows the routes employed in the 25 preparation of a series of

4-hydroxy- I(alkylated)-pyrido [3,2-d]pyrimidin-2- one derivatives. - 101 - CHART Al /NH2 I/ N coos H
O\'N MeO\ N M&o N N% Ahses qqq_-\yg Hampton, J., 1952, 4985-4993.

3. J.Z. Brzezinski, H.B. Bzowski and J. Epsztajn, Tetrahedron, 1996, 52, 3261-
10 3272.

4, M.Blanco, M.G. Lorenzo, I. Perillo and C.B. Schapira, J. Heterocyclic Chem.,
1996, 33, 363-366.

15 5. S.B. Brown and M.J.S. Dewar, J. Org. Chem., 1978, 43, 1331-1337.

5) PREPARATION OF 8-HYDROXY-6H-[1 6]NAPHTHYRIDIN-5-ONE, 4-
HYDROXY-4a,8a-DIHYDRO-PYRANOJ3,2-b][PYRIDIN-2-ONE, 8-
20 HYDROXY-6H-[1,6][NAPHTHYRIN-5-ONE,
DIBENZOJ[a,0]QUINOLIZIN-8-ONE AND 4-HYDROXY-1H-
PYRIDO[3,2-d]PYRIMIDIN-2-ONE

General
25

The following reagents were sourced commercially: - amines: ethylamine, histamine, 2-
(2-aminoethyl)pyridine, 2-(2-methylaminoethyl)pyridine; aldehydes: 4-
imidazolecarboxaldehyde, 2-thiazolecarboxaldehyde and 2-pyridinecarboxaldehyde,
azoles: pyrazole, imidazole, methylimidazole and 1H-1,2,3-triazole, boronic acids:

30  phenylboronic acid, 2-(trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic
acid, o-tolylboronic acid, 2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4-
methoxyphenylboronic acid, m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4-
difluorophenylboronic acid, 3-thiopheneboronic acid, 3-fluorophenylboronic acid and
4-fluorophenylboronic acid; and organozinc reagents: 2-pyridylzinc bromide, 2-

35  (methylthio)phenylzinc iodide, 2-(ethoxycarbonyl)phenylzinc iodide and 6-
methylpyridylzinc bromide (0.5 M solution in THF) (Aldrich). 3-Pyridylboronic acid
was purchased from Frontier Scientific. 2-Aminomethylthiazole was prepared

according to the literature.* Solvents were analytical grade and used as supplied. THF



OH OMe OMe OMe AIHOH HONN O\NNCN MeONNCN OHN R1HN OHN R~ OH OMe R1
= NH2, SR2 (R2 = alkyl, aryl, heterocyclic), aryl, heterocyclic, NR3R4 (Rs = H, alkyl; R4 = alkyl,
heterocyclic, acyl), NH.CO(S).NH2, 1 MeO N SOzNHRs N COON N CN OMe o\ T\+ OH R-alkyl O N
ONHHNRLIHN\NR1L ONVONC\OHRsOHV//0OR1=SR2 (R2 =alkyl, aryl, N COOH HN N
R=alkyl OH R6 OH NHR heteroaryl), aryl, heterocyclidOONR3R(R3 = H, alkyl; R = alkyl, heterocyclic,
acyl), NH.CO(S).NH2, SO2NHR5 Me RON\ 1O N NN O N COON Rs OH NHR R6= alkyl,
alkylamino, acyl \@ﬂ@sfélkgilfmie sisbve reddiiorenherone podesdigysubshivgrrti2 G, KehRive

to TMS) were recorded on a Varian Unity 300 spectrometer unless otherwise indicated;
J-Values are given in hertz. Mass spectral data were recorded on a Micromass Quattro

IT mass spectrometer.

The synthesis of derivatives of 5 classes of compounds: 8-hydroxy-6H-
[1,6]naphthyridin-5-one (A), 4-hydroxy-4a,8a-dihydro-pyrano[3,2-b]pyridin-2-one (B),
8-hydroxy-6H-[1,6]naphthyrin-5-one (C), dibenzo[a,g]quinolizin-8-one (D) and 4-
hydroxy-1H-pyrido[3,2-d]pyrimidin-2-one (E), is described.

H (0]
(0] N (0] (o)
B )
NS N/ NS N/ S N/
OH OH OH

10
Condensation of ethyl 3-amino-picolin-2-ate with acetic anhydride according to the
method of Zhou and coworkers' gave 8-hydroxy-6H-[1,6]naphthyridin-5-one (Al). By
substituting ethyl 3-amino-picolin-2-ate respectively with ethyl 5-chloro-3-amino-
picolin-2-ate and ethyl 6-methyl-3-amino-picolin-2-ate, the corresponding 2-methyl-

15 and 3-chloro-8-hydroxy-6H-[1,6]naphthyridin-5-one derivatives were obtained. Further
derivatisation of these systems as shown in Charts A1 — A4 gave a series of 8-hydroxy-
6H-[1,6]naphthyridin-5-ones. The preparation of a series of 4-hydroxy-4a,8a-dihydro-
pyrano[3,2-b]pyridin-2-ones is described in Charts B1 — B2. The method of Blanco and
coworkers® was employed for the synthesis of C2 which upon subsequent acid

20  hydrolysis provided 8-hydroxy-6H-[1,6]naphthyrin-5-one (C1). Further derivatives in
this series were prepared following routes shown in Charts C1 — C2. Charts D1 — D2
show the preparation of a series of dibenzo[a,g]quinolizin-8-ones. The key step,
involving the construction of the ring system, followed the method previously
described’ by Colye and coworkers. Chart E1 shows the routes employed in the

25  preparation of a series of 4-hydroxy-1(alkylated)-pyrido[3,2-d]pyrimidin-2-one

derivatives.



with N GOOD N GOOD - 102 - CHART A2 NH2 Me N COOEtH R R NH.CO.CHR.0O00EtONONON
Me N GOOD R N'Mew RN Me R'"VNR2 R =alkyl OH R = alkyl OH R = alkyl OH R, Rt = alkyl; R2 =
-CH2N(R3) R4 (R3 = H, alkyl; R4 = alkyl, acyl), -CH2NH2, -CH=NOR5 (R5H, HHHONONON
alkyl), CONHRS RL N CH=NOR2 RTY N CHO R N COOH Rt alkyl; OH R = alkyl OH R = alkyl Rv =
H, alkyl,aryfHH1 HONONO ONRN H~ANRXNOH N OHNHR2 R2 R3 OH NH2 R' = alkyl;
R = alkyl R2 = H, alkyl; R3 = alkyl, aryl, acyl The above reactions were repeated by substituting NH2

CI NHz with MeQ N GOOD N~> COOEt - 103 - CHART A3

\NHZ
‘/

N

|

COOEt

CHART Al

H
Ox N MeO._ _N MeO_ _N MeO._ _N
‘\ ~ AN © = AN © = AN
) — [ | —— [
N N N pz N N1
N N7 cl N~ R
OH OMe OMe OMe
Al

-

M N
eo Z ‘ N
N —
N CN
OMe
MeO. N
© ~ ‘ N
N —
N
OMe

COOH

0N
| X
N ~ o]
Hl\‘l N
R® OH NHR
l\‘/le
o] N ‘ N
X ~ o]
Hl‘\l N
R® OH NHR

H \ H
fe) N N O N SN
\ — \
le HNle
OH I‘?G OH

R® = NH,, SR? (R? = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
NR®R*(R® = H, alkyl; R* = alkyl,
heterocyclic, acyl), NH.CO(S).NH,,
SO,NHR®

) )
N
o] N X o] N
\ — \
NS = S 7
N R HITI N R
OH R® OH

R = SR? (R? = alkyl, aryl,
heteroaryl), aryl, heterocyclic,
NR3R* (R = H, alkyl; R* = alkyl,
heterocyclic, acyl), NH.CO(S).NH,,
SO,NHR®

R = alkyl

R® = alkyl, alkylamino, acyl

The above reactions were repeated by substituting

e N
| with |
~ =

N COOEt

N COOEt



HON R6NNCH=NOR HOHR=H,alkyl1 NHZRR HONONON Me NCOOEtN A Me\HN\
N Me HN N~ R1 N R6 OH R6 OH R6 OH i) malonic ester i) NaOEI, EtOH 1 R R NH. CO. CH2.
COOEtONV ON O N Me N COOEI AN- Me~~ N Me N-R1 OH OH OH R=alkyl R1 =-CH2N(R2)R3
(R2 = H, alkyl; R3 = alkyl, acyl), -CH2NH2, -CH=NOR4 (R = H, H alkyl), CONHR5H ONONN
CH=NOR NCHO OHOH R=H,alkylH L ONH 6 102 -

CHART A2

\NHZ
‘/

Me N COOEt

F‘i R
\
NH.CO.CHR.COOEt o N o} N
N AN AN O, N N
\ — \ — \ - \
~ N\ ~ N — 1 7
Me N COOEt R N Me R N Me Rt N R?
o] OH OH

= H
R =alkyl R = alkyl R = alkyl
R, R!= alkyl;
R? = -CH,N(R%R*
(R® = H, alkyl; R* = alkyl, acyl),
-CH,NH,, -CH=NOR® (R® = H,
N N N Ikyl), CONHR®
O« __N alkyl),
0N ‘ N 0N ‘ N ‘ N y!
N p x Z N —
R N~ “CH=NOR? R N~ “cHo R N~ “COOH
OH
R = alkyl R = alkyl
R! = alkyl; y y
R? = H, alkyl, aryl l l
H H
o) N N O N XN
H ‘ |
N P o
° ‘ XX Rl N N/ R NN N
P OH NHR?
X N OH 2/N\R3
R
OH NH, RY = alkyl;
R =alkyl R? = H, alkyl;

RS = alkyl, aryl, acyl

The above reactions were repeated by substituting

NI L
| with |
~ —

Me N COOEt N COOEt



NN \NOHN OHNH2R1 R2 R1 =H, alkyl; R2 = alkyl, aryl, acyl HONH ON HNN R6 OH NH2
HN N R6 OH N R1 R2 R6 = alkyl, alkylamino, acyl The above reactions were repealed by substituting
NH2 CI NH2 with N COOEt N COOEt - 104 - CHART A4 NHz N COOEt H MeO N MeO N MeO N R
\N'R\N:"'0oHRNCI OHOMe OMeOMeIHMeONONRNCNRNR1 OMeOH R=alkylR 1
= NH, SR2 (R2 = alkyl, aryl, heterocyclic), aryl, heterotQdlic; MeO NR3R4 (R3 = H, alkyl; R4 = alkyl,

CHART A3
H
Os<__N N
RS X | pz
N N CH=NOR
Ho on
R =H, alkyl

o : : !
‘ o) N O, N o) N
pz S
COOEt | A ‘ - . | N
> . — J —~
N N~ “Me Hr\‘l N~ “Me Hl\‘l N~ R
RS OH R® OH R®  OH

N
i) malonic ester
ii) NaOEt, EtOH ‘ ‘ ‘
i i
NH.CO.CH,.COOEt o O<_ _N
X 2 X o] N N
Me N~ “COOEt N~ “Me N~ R
OH OH

[e]
\ —
(0]

H
N
~N
\ —
. =
N Me
OH
H
N
‘ N
. ~
N CHO
OH
H
N
‘ N
. =
N
OH /N
R OR?

Me

R =alkyl
alky R! = -CH,N(RAR®

(R? = H, alkyl; R® = alkyl, acyl),
-CH,NH,, -CH=NOR* (R* = H,
alkyl), CONHR®

H
o] N XN
. ~
N CH=NOR
OH
R = H, alkyl

|
ont m

OH NH.
2 RL=H, alkyl:

J R? = alkyl, aryl, acyl

H
| Os N
N ~ X
HN N |
s N Z
RS OH NH, H N
6
R® OH N
Rl RZ

R® = alkyl, alkylamino, acyl

The above reactions were repeated by substituting

LU N2
| with |
— ~

N COOEt N COOEt



heterocyclic, acyl), NH.CO(S).NH2, R N COOH SO2NHR5 OMe Me ON HOV-NRNR1 i O OH Rt
= NH2, SR2 (R2 = alkyl, aryl, OH NHR heterocyclic), aryl, heterocyclic, NR3R4 (R3 = H, alkyl; R4 =
alkyl, heterocyclic, acyl), NH.CO(S).NH2, | SO2NHR5 O R N OH NHR The above reactions were
repeated by substituting NH2 CI NHz with i Li N COOEt N COOEt - 105 - CHART B1 OC(O)Me N
COOEt 1NR10OWI-NffoNoN CI0OMe OMe-OM@4B1 1 O00O O00NCN~NRr-HN NR1

CHART A4
~
N COOEt
H
O N MeO._ _N
‘\ /‘\ MeO /N‘\ MeO /N‘\
NS < N — — —~
R N R N RN N~ TOH RN NT Tal
OH OMe OMe OMe
\ H
MeO N ‘ N o N | X
=
RN e RN\ R
OMe OH
R = alkyl
R!= NH,, SR? (R2 = alkyl, aryl,
heterocyclic), aryl, heterocyclic,
354 /53 R4 -
MeO N “ NRR™ (R” = H, alkyl; R™ = alkyl,
- ‘ heterocyclic, acyl), NH.CO(S).NH,
RTINS Scoon SO,NHR®
OMe ‘
l\‘/le
o N | N
H
N oz i
o N | N R N R
. _ o OH
R N RY = NH,, SR? (R? = alkyl, aryl,
OH NHR . .
heterocyclic), aryl, heterocyclic,
J NR3R* (R® = H, alkyl; R* = alkyl,
M heterocyclic, acyl), NH.CO(S).NH,
e
| SO,NHR®
o] N N
N = O
R N
OH NHR

The above reactions were repeated by substituting

NH, cl NH,
A _ A
~ ~

N COOEt N COOEt



OMe OH Rc OH R1 = NH, SR2 (R2 = alkyl, aryl, heterocyclic, aryl, heterocyclic, O O NR3R4 (R3 =
H, alkyl; R4 =alkyl, N COON heterocyclic, acyl), NH.CO(S).NH2, OMe SOZNHR5 R6 = alkyl,
alkylamino, acyl O 0 ~N' OH NHR O 0 HNXN O W OH NHR Rs = alkyl, alkylamino, acyl The above
reactions were repeated by substituting OAc Cl OAc H with N COOEI N COOEI - 106 - CHART B2 V
OC(O)Me OOV O O O O\ Me N COOS[N M. HN INMSHN | N CH=NOR OHR3OHROHR =H

Of alkyl 1 R3 = alkyl, alkylamino, acyl N CH=NOR

PdESE

OH NH2 RI ARC RI = H, alkyl; R2 = alkyl, aryl, acy

- OC(O)Me
»

N COOEt

|

R=Horalkyl OHOOON NOHN
HN NHNN R3 OHNHz OH N

Oy O 0.__0O 0.__0O 0.__O
N X
NS i~ NS = NS = NS o~ 1
N N N~ al N R
OH OMe OMe OMe
B1

0.__O
| A
N ~
N~ CN
OMe
0~__O
| AN
. —
N~ SCOOH
OMe
0.__O
| X
N P (@]
N
OH NHR
0~__O
| A
x p o
Hw N
RS  OH NHR

RS = alkyl, alkylamino, acyl

The above reactions were repeated by substituting

OAc Cl OAc
N i N
| with |
~ ~

N COOEt

0.__O
Og, O N
‘ — NS ‘ =
X N~ R Hl\‘l N~ DR
OH RS OH

R' = NH,, SR? (R? = alkyl, aryl,
heterocyclic, aryl, heterocyclic,
NR3R* (R = H, alkyl; R* =alkyl,
heterocyclic, acyl), NH.CO(S).NH,,
SO,NHR®

RS = alkyl, alkylamino, acyl



R R2 Rl = H, alkyl; R2 = alkyl, aryl, acyl R3 = alkyl, alkylarnino, acyl The above reactions were
repeated by substituting \ OAc ClI OAc with Me N CODE[ N COOEt - 107 CHART CI000 HN\HN
HN N MeOOC\N OHC\N NHR OH OH OH C2 O o0 O HN *N- HN N ROAN OH R'iN,R2 OH nN~
OH CI Ri = H, alkyl; R2 = alkyl, aryl, 0 acyl O HN\ H2N\i Me, NN\OH N OH C3- 108 - CHART
Cc20 0 - 106 -

CHART B2

OC(O)Me 0 o)
B B B
— = . =
Me N COOEt N Me H’T‘ N CH=NOR

R OH R=H oralkyl

\ RS = alkyl, alkylamino, acyl

OH R =H or alkyl

oy

R'=H, alkyl

R?= alkyl, aryl, acyl
o] 0. ‘ N
O S
HI‘\I N
3
R OH /N\
R

Rl = H, alkyl;
R? = alkyl, aryl, acyl

RS = alkyl, alkylamino, acyl

The above reactions were repeated by substituting

XN OAc . Cl XN OAc
| with |
~ P

Me N COOEt N COOEt



RRN\NR\NR,R"% \NR'OH OH R2=alkyl R1 =NHz, SR2 (R2= alkyl, aryl, heterocyclic), aryl,
heterocyclic, NR3R (R3 = H, alkyl; R = alkyl, heterocyclic, acyl), NH.CO(S).NH2, SO2NHR5 i O OMe
OMe OMe RHN\R N\N R N'R N\ N OH OMe OMe OMe 0 7-R-substituted derivatives | from
CHARTCI10O ON\ MeN\R\NCN R\NOHOH 1O RHN\N CHO RHN N COOH RHN\ N
CONHR' OH OH OH O NO I HNO I RE2 NO I\ R*Ni2 &N R\ N R\ N COO R coNHR' OH /N OH
N,OR, OH RO2 H alkyl 2 R, ~Rz = R1 = H, alkyl; R1.= H, alkyl R alkyl R2 = alkyl, aryl, acyl1 O HN
RZ-N\R2. RN'RANR\N Y RERRRICE e

(0] (0] (0]
HN ‘ S HN ‘ N HN ‘ X
— e —
o NN MeOOC N OHC N
NHR OH OH OH
] \ \
o X\ (0]
0] HN ‘ N HN ‘ AN
—
HN X NN A NN
NS / N OH N OH
N RO” R17NR2
OH
Cc1 R! = H, alkyl;
R? = alkyl, aryl,
l 0 acyl
HN X
9 |
HoN N —
Me
\N AN N



O Meg OH NH2 OH N,OR, OH NH2 N\alkylR alkyl R\'OHN R, Rz-109 CHART DIOH O 110 +
/INN OHzNN/~OHOH OHO H2N/10+gN eNMMeN OHOHOOO N/NN O\NHOOC\N
/ OHC NNHR OHOHOH O N/NfN/~N NRIR2 OH ROr'N OH R'=H, alkyl; R =H, alkyl Rz =
alkyl, aryl, acyl /N N NHz OH - 110 -

- 108 -
CHART C2
o (o]
RZ\N XN HN | X
-
\ N P
X N Rl R N~ TR
OH OH
= alkyl R = NH,, SR? (R? = alkyl, aryl,

heterocyclic), aryl, heterocyclic,
NR3R* (R® = H, alkyl; R* = alkyl,
heterocyclic, acyl), NH.CO(S).NH,,
SO,NHR® T

(o] oM

HN ‘ N N~
. ~

R N R N

OH oM

7-R-substituted derivatives
from CHART C1

(o]
Me
Y | X
NN —
R N
OH

\ \ w

| X
N~ CONHR!
COOH

R? _amw

\
Rl R2 1
R = H, alkyl; R™=H, alkyl
-aIkyI aryl, acyl

o ‘ o) o)
R? R2
HN | X Y | N Y | A
_ N — — . _
o RN N R N | R N
H N
Me\N N OH NH, o ~oR! OH NH,
| R? = alkyl R? = alkyl
NN ~
R N
OH N
R{ Ry

#_mm



CHARTD2OHO~~0N OH2NNMeONMeON OHOH 0OO~Ni/N/NH2N ~N CI~NHO ~N i
OHOHOH O1010 NN6iN HNNRIN'N4 OHR2 OH s N (S NHz R'=H, alkyl, R OH R2 = alkyl,
aryl, R = alkyl, aryl, heterocyclic heterocyclic OONN O RN O-sN OH NHR OH R = ary,
heterocyclic - Hi - CHART D3 OHON N O H2NVN \R1\N//R1 OH R1 = halogen, alkyl, CN, NH2
OHOHO fOON Me H2N,N,Me N// - 109 -

CHART D1

NR'R? OH
R = H, alkyl; R =H, alkyl
R? = alkyl, aryl, acyl




R Ri OH R1 = halogen, alkyl, CN, NO2 OH R1 = halogen, alkyl, CN, NO2 100 N/N ON/HOOC
\N /i NHR OH Ri OH -R R1 = halogen, amide, amino, R1 = halogen, alkyl, CN, NO2 substituted
amino OHO ON O FizNN MeO N R Me0O/\N R1 OH R, = halogen, alkyl, CN, NO2 OH R1 =
halogen, alkyl, CN, NO2O1/NO RR\N///N OH\ICIN Rz = SR3 (R3 =alkyl, aryl, OH R
heterocyclic), aryl, heterocyclic, R1 = halogen, alkyl; CNLON®G2 NR4R5 (R4 = H, alkyl; Rs =alkyl,
heteroaryl, acyl), NH.CO(S).NH2, SO2N HR6 R1 éﬁgkgqegzamide, amino, substituted amino - 112 -
CHART EIR O\ ,N~ N~1i

OH
D (1) —
‘ +
_ o HoN_ N
Me0” N ~ MeO

OH

= ‘ N
N ¥
s” °N
0~ "NH
(S) ‘ RY=H, alkyl; R OH
R? = alkyl, aryl, R = alkyl, aryl,
heterocyclic

heterocyclic

o o}
= N = N
P Q
N ¥
R N o:‘s N
OH NHR OH

R = ary, heterocyclic



N R1 ON R R1 = NHy SRz (Rz = alkyl, aryl, heterocyclic, O N NR3R4 (R3= H, alkyl; R= alkyl, acyl,
heterocyclic), NH CO(S) NH, SONHR' N, INCI RR OBn N CHO O N pl~ NH OBn OBn R R = alkyl,
substituted O\ ,N alkyl Ali' NN CIAOBn R OWN NNR1 OHR1=COOH, CONHR3 RROYN VI,
N N Me N Rt OBn OH R1 =-CH=NOR, alkylamino, alkylamido - 113 - REFERENCES 1. Z.-L. Zhou,
J.M. Navratil, S.X. Cai, E.R. Whittemore, S.A. Espitia, 3J&. Hawkinson, M. Tran, R.M. Woodward, E.
Weber and J.F.W. Keana, Bioorg. 5 Med. Chem., 2001 g 2861-2071. 2. M. Blanco, M.G. Lorenzo, I.
Perillo and C.B. Schapira, J. Heterocyclic Chem., 19 %A g,D 63-366.
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OH

R!= halogen, alkyl, CN, NH»

OH

X o | S

= o NN X
Rl

Me N

OH R! = halogen, alkyl, CN, NO,

NHR
R = halogen, amide, amino, R = halogen, alkyl, CN, NO,
substituted amino

OH
X o . | N
_ 0  HN_ N i

~ \R MeO

OH R; = halogen, alkyl, CN, NO,

R? = SR® (R® = alkyl, aryl,
heterocyclic), aryl, heterocyclic, Rl= halogen, alkyl, CN, NO,
NRR® (R* = H, alkyl; R® =alkyl,

heteroaryl, acyl), NH.CO(S).NH,,

SO,NHR®

R!= halogen, amide, amino,

substituted amino




10 3. J.D. Colye, J.F. Challiner, E.J. Haws and G.L. Newport, J. Chem. Res., M, 1985, 3748-3747. 4.
(a) A. Dondoni, G. Fantin, M. Fogagnolo, A. Medici and P. Pedrini, Synthesis, 1987, 998-1001. (b) A.
Dondoni, F.L. Merchan, P. Merino, |. Rojo and T. 15 Tejero, Synthesis, 1996, 641-646.
PREPARATION OF 9-HYDROXY-PYRIDOJ[1,2-a]PYRIMIDIN-4-ONE 2 0
9-Hydroxypyrido[1,2-a]pyrimidin-4-one itself was synthkb&ed according to a literature procedure
(Dennin and coworkers, J. Heterocyclic Chem., 199@5% ]_f . Derivatives of
9-hydroxypyrido[1,2-a]pyrimidin-4-one can be prepa 3 j:ﬁmwn methods (see for example: Yale
and coworkers, US Patent 4,022,897). For example, condensation of commerually available
2-amino-3-hydroxypyridine with an 25 appropriate 2-substituted-3-oxo- propl cid.ethyl ester (for
methods of preparation, see for example: Marabout and coworkers, Patent F &@82) produces
an intermediate enamine which under dehydrating conditions yields the d€sired 3
substituted-9-hydroxypyrido[ 1,2-a]pyrimidin-4-one (Scheme 11). Further,e @'bgp[ '—'erkﬁf‘ary e 8 IC05|tion
can be achieved using known reported methods (see for %xampl 30 Sm&m@v angd: @@yygﬂg@rs
Chemistry of Heterocyclic Compounds, 1992, 12, 1425)7- 114 Schemeeti-0c! @HBOOGWR' EtOOC
~LNH)"N+r~--OHOHO O R'JIlyR' N'VJ N R2 N'@H@Hd0 Scheme 12 shows an alternate
route to some functicmalised 9- hydrowpyridogl/Z»a/]zyrimmm'n 4-ones where an appropriately
substituted 2-ami Woxypy ndensed with a 2-substituted-3-oxo-propionic acid ethyl
ester. For exampl 2 mlno_-3-_c,’hlou;?i; dee (see Gudmundsson and coworkers,

OB

R = alkyl, substituted OYN AN
alkyl |
N~ —
N~ CN
OBn
= COOH, CONHR®
R R
\
O~__N
S D
—_—
N —
NS “ e NN RE
OBn OH
R! = -CH=NOR,

alkylamino, alkylamido



15 Synthetic Communications, 1997, 27(5), 861, for preparation) and 2-(4-chlorophenyl)-
3-oxo-propionic acid ethyl ester gives an 8-chloro derivative; the latter can be further elaborated using
known methods. Scheme 12 20 ClI OH EtOOC R ~ffooC)/ N NH+ OH 25 O IOlll }II~R~R N"~JI~
JIJICI'YNCIN IOH OH - 115 PREPARATION OF 8-HYDROXY-4(3H)-OUINAZOLINONE, 9-
HYDROXYPYRIMIDO[1,6-a]PYRIMIDIN-4-ONE AND 3131 YDROXYPYRIDO
[1,2-a]PYRIMIDIN-4-ONE 5 General The following compounds/reagents were sourced commercially:
amines: ethylamiREFRIBERIMHES 2-(2-aminoethyl)pyridine, 2-(2-methylaminoethyl)pyridine; aldehydes:
4- imidazolecarboxaldehyde, 2- thiazolecarboxaldehyde and 2-pyridinecarboxaldehyde, 10 azoles:

pyrazole, imidazqle, my%ﬁ))ﬂln%gazoj V{ﬁtﬁ,%%{tr&]zo}f b%%[‘j[lc amds{S %ZE#IPO@?C acid,

2-(trifluoromethyl)phen

oronic aci enyboronlc amdmo ?0 c dC|

2-fluorophenylboronic aH&Wh%@@hMyEmﬁMraﬁwémem\é{myﬁﬁeW%rISﬁ?ela&uoorg

m-tolylbororéc acid, 3,5diétu@hehnegdbronpoerizh2,4- difluorophenylboronic acid,
3-thiopheneboronic acid, 3-fluorophenylboronic acid and 15 4-fluorophenylboronic acid; and
organozinc reagents rT‘g/f/rldylzmc bromide, 2- (methylthio)phenylzinc iodide,

2- (ethoxycarbon )phe

REnsaidd-Shd-ercpzery RS B ChRorsrdaniss MHssREaeyFlic Fhe.-

(Aldrich). 3-Pyridylbororiig%cigB.\843-paéchased from Frontier Scientific. 2-Aminomethylthiazole was
prepared according to the literature.' Solvents were analytical grade and used as supplied. THE 20

was distilleﬁJro ns:r?lbjm%g’ i%o%%aine urrﬁqe?sﬁ&& ﬂﬂ%’s%m\é%‘@g%rﬁ @h rel |ve I\}P I&@g) were

recorded o
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3748- 3747
4, (a) A. Dondoni, G. Fantin, M. Fogagnolo, A. Medici and P. Pedrini, Synthesis,

1987, 998-1001. (b) A. Dondoni, F.L. Merchan, P. Merino, I. Rojo and T.
Tejero, Synthesis, 1996, 641-646.

(6) PREPARATION OF 9-HYDROXY-PYRIDO[1,2-a]PYRIMIDIN-4-ONE

9-Hydroxypyrido[1,2-a]pyrimidin-4-one itself was synthesised according to a
literature procedure (Dennin and coworkers, J. Heterocyclic Chem., 1991, 28, 1287).
Derivatives of 9-hydroxypyrido[1,2-a]pyrimidin-4-one can be prepared using known
methods (see for example: Yale and coworkers, US Patent 4,022,897). For example,
condensation of commercially available 2-amino-3-hydroxypyridine with an
appropriate 2-substituted-3-oxo-propionic acid ethyl ester (for methods of preparation,
see for example: Marabout and coworkers, Patent FR 2,765,582) produces an
intermediate enamine which under dehydrating conditions yields the desired 3-
substituted-9-hydroxypyrido[1,2-a]pyrimidin-4-one (Scheme 11). Further elaboration at
the 8-position can be achieved using known reported methods (see for example:
Smirnov and coworkers, Chemistry of Heterocyclic Compounds, 1992, 12, 1425).



J-Values are given in hertz. Mass spectral data were recorded on a Micromass Quattro Il mass
spectrometer. 25 The synthesis of derivatives of 3 classes of compounds: 8-hydroxy-4(3H)-
guinazolinone (A), 9-hydroxypyrimido[1,6-a]pyrimidin-4-one (B) and 9-
hydroxypyrido[1,2-a]pyrimidin-4-one (C), is described. 00 O 4 NH N N~N4 8 N52 121 P8 s N ~N 2
OH OH OH A B C 30 The method2 of Iyer and coworkéfs was employed in the synthesis of
compounds At and A2. Further derivatisation of these compounds to provide a series of 8-hydroxy -
116 4(3H)-quinageligimedd employed routes shown in Charts Al - A2. Halogenation of the 5- and/or
7-positions in the 8-hydroxy-4(3H)-quinazolinone system followed methods previously described3 in

the literature for the reactions on 8-hydroxyquinolines. The sysihests of the parent gm in classes
B and C, compounds md employedythe 5 proced (e eV| usly_epg,rte q nnin and
coworkers. Further derivétisation of B 1, gad Cl followed r own in Char 2 and Cl - C2,
respectively5CHART Al0 R DER N Me OH R=alkyl O O @ONHZ CH3COCl, NHz \ pyridine _ NH

NH DER NHz NHC(O)Me A N Me \ N Me OMe OMe OMe OH Al
C'T\)ﬁ/ )Jj/
AN X, | /Q
N
OH

Scheme 12 shows an alternate route to some functionalised 9-

10

hydroxypyrido[1,2-a]pyrimidin-4-ones where an appropriately substituted 2-amino-3-
hydroxypyridine is condensed with a 2-substituted-3-oxo-propionic acid ethyl ester. For
example, 2-amino-3-chloro-3-hydroxypyridine (see Gudmundsson and coworkers,

15  Synthetic Communications, 1997, 27(5), 861, for preparation) and 2-(4-chlorophenyl)-
3-oxo-propionic acid ethyl ester gives an 8-chloro derivative; the latter can be further

elaborated using known methods.

Scheme 12
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O O O DER NH Q~N_-rCHO Q(kN-rCCOH NXCH=NOR OH OHOH O /R - H, alkyl z Nf CH=NORM
OO0OOOH11J~NHNH R2-H,alkyl ~JNH~\A 0 R2=alkyl NN N OH NH2 N(R)R2 OHNHR 1z R1
= H, alkyl; R2 = alkyl, acyl DER DER O 11 'R DER N1 OH NH2 DER -and derivatives with R N' R =
alkyl I I halogen-substitution, preferably at 5- and/or 7-position(s) N 1 indicated by asterisk OH
N(R')R2 RI=H, alkyl; R2 = alkyl, acyl; R3 = alkyl ~1I#A5CHART A2 O 0 O \ COOH HCONH2 NIH
~I(JCNH \ NNJ \ NJ OMe OMe OH OH A2 o

(1) PREPARATION OF 8-HYDROXY-4(3H)-QUINAZOLINONE, 9-

HYDROXYPYRIMIDO[1,6-a]PYRIMIDIN-4-ONE AND 9-
HYDROXYPYRIDOJ[1,2-a]PYRIMIDIN-4-ONE

5 General

The following compounds/reagents were sourced commercially: amines: ethylamine,
histamine, 2-(2-aminoethyl)pyridine, 2-(2-methylaminoethyl)pyridine; aldehydes: 4-
imidazolecarboxaldehyde, 2-thiazolecarboxaldehyde and 2-pyridinecarboxaldehyde,
10 azoles: pyrazole, imidazole, methylimidazole and 1H-1,2,3-triazole, boronic acids:
phenylboronic acid, 2-(trifluoromethyl)phenylboronic acid, 2-methoxyphenylboronic
acid, o-tolylboronic acid, 2-fluorophenylboronic acid, 3-methoxyphenylboronic acid, 4-
methoxyphenylboronic acid, m-tolylboronic acid, 3,5-difluorophenylboronic acid, 2,4-
difluorophenylboronic acid, 3-thiopheneboronic acid, 3-fluorophenylboronic acid and
15  4-fluorophenylboronic acid; and organozinc reagents: 2-pyridylzinc bromide, 2-
(methylthio)phenylzinc iodide, 2-(ethoxycarbonyl)phenylzinc iodide and 6-
methylpyridylzinc bromide (0.5 M solution in THF) (Aldrich). 3-Pyridylboronic acid
was purchased from Frontier Scientific. 2-Aminomethylthiazole was prepared
according to the literature.' Solvents were analytical grade and used as supplied. THF
20  was distilled from sodium and benzophenone under argon. 'H NMR spectra (3, relative
to TMS) were recorded on a Varian Unity 300 spectrometer unless otherwise indicated;
J-Values are given in hertz. Mass spectral data were recorded on a Micromass Quattro

IT mass spectrometer.

25  The synthesis of derivatives of 3 classes of compounds: 8-hydroxy-4(3H)-
quinazolinone (A), 9-hydroxypyrimido[1,6-a]pyrimidin-4-one (B) and 9-
hydroxypyrido[1,2-a]pyrimidin-4-one (C), is described.

@) @)

4 4
N 2 N >
of N NG

OH OH

30  The method® of Iyer and coworkers was employed in the synthesis of compounds Al

and A2. Further derivatisation of these compounds to provide a series of 8-hydroxy-



N'R NOMe OMe OHL ~NN R=alkyl/ NCI/N OMe OMe 1 O/11011 0 O*N' N~\R1\NLR1\N
.CN OH OH OH OH R=alkyl R1= SR2 (R2 = alkyl, aryl, R = alkyl heterocyclic), aryl, heterocyclic,
NR3R4 (R3 = H, alkyl; R4 =alkyl, O 0 heterocyclic, acyl), NH.CO(S).NH2, SO2NHR5 ~N-~CooH
JIN~~R \N"'COON OH OH R = alkyl O 0 ~NHAP NO OH NHR OH NHR1 - and derivatives with
halogen-substitution, R = alkyl preferably at the 5- and/&6 7-position(s) indicated by asterisk - 118 -
CHART B1 Il HI~II"O N N NOz N;~N NH2 . N\\N ~~OH OH OH B1

4(3H)-quinazolinones employed routes shown in Charts A1 — A2. Halogenation of the

5- and/or 7-positions in the 8-hydroxy-4(3H)-quinazolinone system followed methods
previously described’ in the literature for the reactions on 8-hydroxyquinolines. The
synthesis of the parent system in classes B and C, compounds B1 and C1, employed the

5  procedure previously reported* by Dennin and coworkers. Further derivatisation of B1
and C1 followed routes shown in Charts B1- B2 and C1 — C2, respectively.

CHART Al
@d .
R alkyl
o} o)
CONH2 CH3COC| CONHZ *
idi NH NH
_ pyridine /)\ ) DER
NH, NHC(O)Me N7 Me * N~ “Me
OMe OMe OH
Al \
o} o / o)
*
DER NH NH NH
~ ~
* N)\CH=NOR N)\CHO N~ “COOH
OH OH OH
Q R-H, alkyl
* R2
N l
~
* N)\CH=NOR1 o o 0

* * *
OH
NH
RL-H, alkyl NH NH 1,
*
RZ = alkyl * N/)\ % N/)\ N
OH NHR

OH NH, OH NRHR?
Rl=H, alkyl; \
J R? = alkyl, acyl
DER J DER
O
*
N DER
* ~
N)\
OH NH, * o 3
R DER : -and derivatives with ~R
alkyl Ve N
halogen-substitution, preferably
at 5- and/or 7-position(s) * N/
indicated by asterisk OH NRYR?
R'= H, alkyl;
R? = alkyl, acyl;

R = alkyl



I NVN\-VN~Rz N\AN,R N\\~N" R OH XI OH OH OH Rt = alkyl; R = alkyl Rz = alkyl,
alkylamino R = NH2, alkyl, aryl 5 CHART B2 Il [0 NCOOEt NCHO N/~N" CH=NOR NN 7 OH OH
OH B21” J0”zJNN"Y'NR'RNNY 'NHz JOHOH Rt=H, alkyl; Rz = alkyl, aryl, alkylamino, acyl
119 - CHART CI I Ol N\ ~~\\Xx NOz VNHZNNN OHOHOH CIJlli0oy NN/N\RzN/NR~HUR

N OH OH OH - 117 -
CHART A2
O (0] 0
*
COOH " HconH, NH )NH NH
—_— —_— _ —_—
NH, Néj N * WJ
OMe OMe OH OH
A2

(0]
_R
N
J
N OMe OMe
OH
N N BN N
R = alkyl -— /J
= —
N Cl N

OMe OMe

O o 0 o}
* *
R R
)N\ - )’\f NH Nig
* — ~ — —
N~ R * N~ OR! N)\CN N)\CN
OH OH OH

OH
R = alkyl
R = alkyl R! = SR? (R? = alkyl, aryl, alkyl

heterocyclic), aryl, heterocyclic,
NR3R* (R® = H, alkyl; R* =alkyl,

o
heterocyclic, acyl), NH.CO(S).NH, R
SO,NHR® NH N
/)\ /)\
N COOH N COOH

OH OH R=alkyl
o] o]
* * /R
NH . N
P o — O
* N)\f * N)\f
OH NHR?Y OH NHR!
* - and derivatives with halogen-substitution, R = alkyl

preferably at the 5- and/or 7-
position(s) indicated by asterisk



Rt = alkyl; R = alkyl, aryl R2 = alkyl, aryl, alkylamino R = NH2, alkyl, aryl 5 CHART C2 1111 10l \\J~
COOEt\\J~ CHO CH-NOR NNNOHOHOHC210}u N"NR1R2~I11) -N2 O OH OH COON Rt
= H, alkyl; Rz = alkyl, alkylamino, N aryl OH IOl / Nx C(O).NHR NIl OH - 120 - REFERENCES 1. (a)
A. Dondoni, G. Fantin, M. Fogagnolo, A. Medici and P. Pedrini, Synthesis, 1987, 998-1001. (b) A.
Dondoni, F.L. Merchan, P. Merino, I. Rojo and T. 5 Tefel8, Synthesis, 1996, 641-646. 2. R.N. lyer, N.
Anand and M.L. Dhar, J. Sci. Ind. Res. A, General, 1(?I§A§:€TJB§C’ 1- 7. 10 3. H. Gerson, M.W. McNell, R.
Parmegiani and R.K. Godfrey, J. Med. Chem., 1972, 15, 987-989, and references cited therein. 4. F.
Dennin, D. Blondeau and H. Slivga, J. Heterocyclic Chem.é 1991, 28, 1287- 1291. 15 General
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CHART B2
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OH OH On
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o o]
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NN S

N
OH OH
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The following compounds/reagents were sourced commercially: 2,4- dichloroanisole,
2,4-dichlorobenzoic acid, 2,3-pyridine dicarboxylic acid, 6-methyl-2,3 2 0 pyridinedicarboxylic acid and
2-amino-3-hydroxypyridine (Aldrich). These compounds were prepared according to literature
procedures: 5-chloro-8-hydroxy- [1,6]naphthyridine-7-carboxylic acid methyl ester (PB 1045) from
5,8-dihydroxy- [1,6]naphthyridine-7-carboxylic acid metiy) ester (Albert and Hampton, J. Chem. Soc.,
1952, 4985; Blanco and coworkers, J. Heterocyclic Cclﬂﬁﬂlrc 996, 33, 361); 9 25
hydroxypyrido[1,2-a]pyrimidin-4-one (PB 1048) (Dennin and coworkers, J. Heterocyclic Chem., 1991,
28, 1287); 8-hydroxy-3H-quinazolin-4-one (PB 1049) (lyer and Dhar, J. Sci. Ind. Res., 1956, 15C, 1).
Solvents were analytical grade ahd used as supplied. THE was distilled from soglium and

benzophenone under arg@i%l? spectra (S, refat
sep+=

t S) were re "g2Varian Inova
400 spectrometer unless ise indicated; J- re given in hertg; mltiplicity: s = singlet, d

= doublet, m = multiplet, septet, t = triplet, g = guartet. Electrospray stpectraI data were
recorded on a Micromass Qudttro Il mass spectrometer. - 121 - Example 1 (A)
6,8-Dichloro-3-methylquinoxalin-5-ol (1064) and 6,8-Dichloro-2- methylquinoxalin-5-ol (1065) 5 Step A:

Preparation of 6,8-DichIoro-3-m%thquuinoxalin-5-o| and 6, 8-Dichloro-2- methqu)uinoxalin-S-oI ClCIClI

NHz NN 10 CINHz CIN CIN We We We CICI CI/NCI/N150HOHTo a itirrgd sKispension of
2,3-diamino-4,6-dichloroariiso {s) epa&red-from 2, 4{dichlorbanidole accordingfo thie conditions
reported by Philips' Gloeilampenfabrieken, N.V. (1973), Ratent GB 13037 g,%.15 mmol), 2 M

AcOH (14.2 mL) and 4 M 20°MNaOAc solution (8.8 mL¥yat 60 C was added 4% aqueous pyruvic
aldehyde solution (1.15 RiERKPhe mixture was then stifred4t¥fe same temperature for a further 40

min. R? = alkyl, aryl, alkylamino R'= NHy, alkyl, aryl
5
CHART C2
O [e) o
COOEt CHO —
= Njﬁ/ = Njﬁ/ Y N)ﬁ/CH—NOR
XNy SN PN

0] (0]
= Njﬁ/\NRlRZ = N)ﬁ/\NHZ
NN NS NS

N N N

OH OH
COOH R =H, alkyl;
Z\ 2 .
| R = alkyl, alkylamino,

N

N acyl

o]
_ Njﬁ/C(O)NHR
NP |

N
OH



The precipitate was isolated via filtration and washed with H20 (5 mL x 2). This solid (1.21 g) was
then dissolved in ethyl acetate and the solution was filtered through a short plug of Si02-gel (ethyl
acetate/hexanes, 1:3). This provided a 1:1 mixture of 6,8 25 dichloro-5-methoxy-2-methylquinoxaline
and 6,8-dichloro-5-methoxy-3- methylquinoxaline as a pale pink solid (1.13 g). To an ice-cooled
solution of the mixture of the 2-methyl- and 3-methyt- d&fpounds (2.48 g, 0.01 mol) in
dichloromethane (30 mL) was added BBr3 (20.1 mL of a 1 M solution in dichloromethane). The
cooling bath wasR&RBRINGES 1 h and the 30 mixture was left to stir at 30 C for 16 h. MeOH was
added and the solution was concentrated. The Iatter process was repeated four more times

Dichloromethane, (20 acfied reS| e a the mlxt $ adjusted
to 7 (cone NH4dH) Th o%ae]?uc ayére wtfgn 1rle n% 'f&fe ere thifgﬂnﬂl piug of

Si02-gel (dichloromethakR 186141 A®: 19%%)@519% rﬁ&td\’@@h@r&%.éﬁ%was ROJO and T

2-methylquigoxalin-5-ol B¢jer6, Syditirkisp1898eshylgumoxalin-5-ol as a light yellow solid (1.51 g). A
sample of this mixture was extracted with diethyl ether (3x). The ethereal extracts were concentrated
and the residue recrystallised from isopropanol to - 122 vyield 6,8-dichloro-2-methyl-quinoxalin-5-ol as

yellow needles. Fhe rerfahhimiFsodA4a8e aretdddorPRih i éﬂﬁy‘%@?ﬁnﬁs@@%@d B MOt give

6,8-dichloro-3- methyl-glinoxalin-5-ol as a pale pink solid. 6,8-Dichloro-3-methylquinoxalin-5-ol: 'H
NMR (CDC13): 6 8.88 (s, 1 H), 8.01 5 (br, 1 H), 7.79 (s, 1 H), 2.83 (s, 3 H).
6,8-Dichlor (-)2-m

2.87 (s, 3 ! Ste thquﬁpﬁ%ﬁlg}}? %% %\%ﬁ?ﬁ@ﬁ? ?r&i%%%}ggﬁ%l{#)%‘lﬂ%% ?lrr’m’é'e?())%f?é)l’(scﬁNHc):l

N OH OBn 15 A mixturée S HEAGE-FmdatHyiquiseciid- Bk (.50 mg, 0.655 mmol), benzyl
bromide (0.20 mL, 1.68 mmol), KOH (O 09 g) and EtOH (10 mL) was heated under reflux for 16 h,

cooled, and conc;ntraterd a{l%ehcllg 1% 1gZ('f)l (mjr) é/i/%/s ajlqe%egéw%éng eﬂmrelmslagdl\yglﬂﬁzo 5

mL x 2), dried and concen reS| die was purified via el chromatography’
(d|chloromethane/MeOI-]|2310 -150:1) to give 8
15

General

The following compounds/reagents were sourced commercially: 2,4-
dichloroanisole, 2,4-dichlorobenzoic acid, 2,3-pyridine dicarboxylic acid, 6-methyl-2,3-

20  pyridinedicarboxylic acid and 2-amino-3-hydroxypyridine (Aldrich). These compounds
were prepared according to literature procedures: 5-chloro-8-hydroxy-
[1,6]naphthyridine-7-carboxylic acid methyl ester (PB 1045) from 5,8-dihydroxy-
[1,6]naphthyridine-7-carboxylic acid methyl ester (Albert and Hampton, J. Chem. Soc.,
1952, 4985; Blanco and coworkers, J. Heterocyclic Chem., 1996, 33, 361); 9-

25  hydroxypyrido[1,2-a]pyrimidin-4-one (PB 1048) (Dennin and coworkers, J.
Heterocyclic Chem., 1991, 28, 1287); 8-hydroxy-3H-quinazolin-4-one (PB 1049) (Iyer
and Dhar, J. Sci. Ind. Res., 1956, 15C, 1). Solvents were analytical grade and used as
supplied. THF was distilled from sodium and benzophenone under argon. 'H NMR
spectra (9, relative to TMS) were recorded on a Varian Inova 400 spectrometer unless

30  otherwise indicated; J-Values are given in hertz; multiplicity: s = singlet, d = doublet, m
= multiplet, sep = septet, t = triplet, q = quartet. Electrospray mass spectral data were

recorded on a Micromass Quattro II mass spectrometer.



20 benzyloxy-5,7-dichloro-2-methylquinoxaline (98 mg, 47%). - 'H NMR (CDC13): 6 8.82 (s, 1 H),
7.81 (s, 1 H), 7.58 (m, 2 H), 7.38 (m, 2 H), 5.45 (s, 2 H), 2.85 (s, 3 H). Step C: Preparation of
8-Benzyloxy-5,7-dichloroquinoxaline-2-carboxaldehyde CI CI25:)-"" CI/N CI/N CHO OBn OBn A
suspension of the 2-methyl product from Step B (93 mg, 0.291 mmol) and 30 Se02 (100 mg) in
dioxane (4 mL) and H20 (0.4 mL) was heated under réfx for 3 h. The mixture was cooled, filtered
(celite), and concentrated. Dichloromethane was added and the insoluble material was filtered off.
The solvent was evaporated and the residue purifigXa®i®2-gel chromatography (dichloromethane)
to yield the desired aldehyde as an off-white solid (57 mg, 59%). 35

L TR GRSBLA 02 o .000

6,8-Dichloro-3-(ciieEHN AxhEHPyD lin-5-ol hydrochloride (1066) CICICI ~NNN _-/\
HCI CI/N'GHO CINMCI/ N5 OBn OBn NMez OH NMez Sodlum triacetoxyborohydride (50 mg,
0.236 mimol) Wa%%%dﬁdﬁ% ff@ﬁjofs@'gtlﬁ?f&mf)mesar%‘% TGP
dimethylamine hydfochlari 5.1 mg, 0.185 mmol) an t3N 0.023mL)In1,2 oroethane (2 10
mL). After 1 h, diEfEMOMEIARX é"(?d)'nL) was added and the resulting solution was washed with sat'd
NaHCO3 solution (5 mL x 2), drigd, and concentrated, The residue wgs purified via Si02-gel
chromatography (dichloromethapne/MgOH, 1:0 - 75:1)Jto yield the de edN

(8-benzylo -5,7-dich|oro-quin|n-2-ylme%hyl)di @ amjine as a y llow-selie-(38 mg, 61%). -
1H NMR (CDC13): 6 9.11 (311 H), 84 (s, 1 H), @I:58 ~7.35 (), 5} 27 (s, 2 H). A solution of
(8-benzyloxy-5,7-dichloro-quino®&hn-2-ylmethyl)dimetiwlamine (38 n@"eo 105 mmol) in cone HCI (2
mL) was stirred at room temperature for 16 h. The

cl Cl
N
N\ N
J
=
al N cl N
OH OH

To a stirred suspension of 2,3-diamino-4,6-dichloroanisole (prepared from 2,4-

15

dichloroanisole according to the conditions reported by Philips’ Gloeilampenfabrieken,
N.V. (1973), Patent GB 1303711) (1.48 g, 7.15 mmol), 2 M AcOH (14.2 mL) and 4 M
20 NaOAc solution (8.8 mL) at 60 °C was added 40% aqueous pyruvic aldehyde solution
(1.15 mL). The mixture was then stirred at the same temperature for a further 40 min.
The precipitate was isolated via filtration and washed with H,O (5 mL x 2). This solid
(1.21 g) was then dissolved in ethyl acetate and the solution was filtered through a short
plug of SiO,-gel (ethyl acetate/hexanes, 1:3). This provided a 1:1 mixture of 6,8-
25  dichloro-5-methoxy-2-methylquinoxaline and 6,8-dichloro-5-methoxy-3-
methylquinoxaline as a pale pink solid (1.13 g).
To an ice-cooled solution of the mixture of the 2-methyl- and 3-methyl-
compounds (2.48 g, 0.01 mol) in dichloromethane (30 mL) was added BBr; (20.1 mL
of a 1 M solution in dichloromethane). The cooling bath was removed after 1 h and the
30  mixture was left to stir at 30 °C for 16 h. MeOH was added and the solution was
concentrated. The latter process was repeated four more times. Dichloromethane (20
mL) was added to the remaining residue and the pH of the mixture was adjusted to 7
(conc NH4OH). The organic layer was dried, concentrated, and filtered through a short
plug of SiO,-gel (dichloromethane/MeOH, 19:1) to give a 1:1 mixture of 6,8-dichloro-
35  2-methylquinoxalin-5-o0l and 6,8-dichloro-3-methylquinoxalin-5-ol as a light yellow
solid (1.51 g). A sample of this mixture was extracted with diethyl ether (3x). The

ethereal extracts were concentrated and the residue recrystallised from isopropanol to



orange solution was concentrated to dryness and the remaining residue was washed with diethyl
ether (2 ml x 3) to give the desired product as a light yellow solid (27 mg, 20 83%).
6,8-Dichloro-3-(dimethylaminomethyl)quinoxalin-5-ol hydrochloride: 'H NMR (DMSO-d6): 6 8.75 (s, 1
H), 7.78 (s, 1 H), 4.40 (br, 2 H), 2.13 (s, 6 H); mass spectrum: m/z 272, 274, 276 (M+ + 1, 100%,
66%, 11%). 25 Example 2 (A) 5,7-Dichloro-3-(4-flucropBeényt)-8-hydroxy-3H-quinazolin-4-one (1055)
Step A: Preparation of 4, 6-Dichloro-3-hydroxy-2-nitrobenzoic acid 30 CI CI CI CI CI CI COOH-'CI /
COOH-.Cl / COQ#tldInE-Bichorotd riethidb iR Nikk&coNdd Aclow B&:Tiies (Theharideihgdrdieé (50 g,
0.29 mol) was adgrg Qe sbMRRIOA Ry UEIPKRaSWIRRE RZGI0/ AL (R ePRI 6 R akERISING 10 a
reported procedur%t%(;glstleink%{.n_ _(()legQa%Ié Ei bgl i.dChim. Acta, 1957, 57(23), 132)) (10.0 g, 0.045
mol) in EtOH - 124 lrlnrt(}_. he mlx?ure%vasps{llrre at 70,C for 0.5 h, cooled and poured onto ice.
The pH of the mixture Wesldgjilsted3 argtisigenexplacszylThENWEErBIoH WA 189t (o stbad-fdom
temperature5or St and yeracidifiedin pey{(giagil HOAc). The resulting white suspension was

continuously extracted \gigjﬁm g&%%gth%%@%%ﬁ_@mmﬁ%qg%%%g@%@.ggiPsg,qu'i@ @@d

concentrated to yield the’desired amine as ite soli

5-Amino-2,4-dicHrobERz6ideid: T-NMR EEDEDD): 6 7.30 (s, 1 H), 7.27 (s, 1 H). Acetic anhydride
(27 mL) was added to 5-amino-2,4-dichlorobenzoic acid (8.0 10 g, 0.041 mol) in glacial HOAc (150
mL). The solutlorgﬁé_/rgg SPGHA RISV DT BRI S, iRl RmdianthienAghiRdiegite Yield the desired
acetamide gs a white solid (9.6 g, 96%). 5-Acetamido-2,4-dichlorobenzoic acid: '"H NMR (CD30D): 6
8.32 (s, 1 H);7.62 (s, 1H), 2.19 (s, 3 H} 5-Acetamido-2,4-dichlorobenzoic acid (9.6 g, 0.039 mol)

was added in small 15 portions over 30./intQ a stirred ice-coalgdvsolution of fuming nitric acid (1.8
mL, 0.043 mol) and conc sulfuric acid mib.\Afterthe an ‘Z/;%f complete, more fuming nitric
0 0 min'an

acid (17 mL) and conc sulfuric acid (8 ) Were added at'3 '"and 60 min intervals. The reaction
mixture was then left to stir for an additioffal 2.5 h at 0 C, o8n
15 A mixture of 6,8-dichloro-3-methylquinoxalin-5-ol (150 mg, 0.655 mmol),

benzyl bromide (0.20 mL, 1.68 mmol), KOH (0.09 g) and EtOH (10 mL) was heated
under reflux for 16 h, cooled, and concentrated. Dichloromethane (20 mL) was added
and the mixture washed with H,O (5 mL x 2), dried and concentrated. The residue was
purified via SiO-gel chromatography (dichloromethane/MeOH, 1:0 — 150:1) to give 8-

20  benzyloxy-5,7-dichloro-2-methylquinoxaline (98 mg, 47%). - '"H NMR (CDCl;): & 8.82
(s, 1 H), 7.81 (s, 1 H), 7.58 (m, 2 H), 7.38 (m, 2 H), 5.45 (s, 2 H), 2.85 (s, 3 H).

Step C: Preparation of 8-Benzyloxy-5,7-dichloroquinoxaline-2-carboxaldehyde

Cl Cl
25 N Na
—_—
— —
Cl N Cl N CHO
OBn OBn

A suspension of the 2-methyl product from Step B (93 mg, 0.291 mmol) and

30  SeO; (100 mg) in dioxane (4 mL) and H,O (0.4 mL) was heated under reflux for 3 h.
The mixture was cooled, filtered (celite), and concentrated. Dichloromethane was added
and the insoluble material was filtered off. The solvent was evaporated and the residue
purified by SiO,-gel chromatography (dichloromethane) to yield the desired aldehyde
as an off-white solid (57 mg, 59%).

35 8-Benzyloxy-3,7-dichloroquinoxaline-2-carboxaldehyde: "H NMR (CDCls): &
10.31 (s, 1 H), 9.48 (s, 1 H), 8.06 (s, 1 H), 7.58 — 7.35 (m, 5 H), 5.55 (s, 2 H).



allowed to warm to 12 -16 C and left to stir at this temperature until all starting 20 material was
consumed (about 3 h). The solution was poured onto ice and extracted with ethyl acetate (3x). The
organic extracts were combined, washed with brine, dried, and concentrated to give
3-acetamido-4,6-dichloro-2-nitrobenzoic acid as an orange solid (9.8 g, 86%).
3-Acetamido-4,6-dichloro-2-nitrobenzoic acid: 'H NMR1ZD30D): 6 8.01 (s, 1 25 H), 2.13 (s, 3 H).
3-Acetamido-4,6-dichloro-2-nitrobenzoic acid (9.7 g, 0.033 mol) was added to a solution of KOH (18.7
g, 0.034 mol) in KBS @Dinhormme-ghmethaasi nearibyljaidnaxdlin:fopllsydractlebisle ¢ Lassn

temperature. Conc HCl was added to adjust the pH to 0. The mixture was diluted with ethyl acetate

and H20 and left to stir at room 3Q temperature for 50 mln The layers were eparated the aqueous
layer was extracted with it‘:* te (3x),-the ex
OGN0

s combined with th iy organic layer,
washed with brine, dried Genirated to yie 6-djenloro-3-hydroy nzoic acid as a
dark red solil (7.4 g, 89%); mdse 188-189 C (lit. m.p.{d.indergeg, M., HeIIbe S rk, S. et al, Ear.

J. Med. Chem., 1999, 34, 729-744): 186 C (dec)). 35 4,6-Dichloro-3- hydroxy -2-nitrobenzoic acid: 'H
NMR (CDBOD): 67.792% 1 H); mass spectrum: . m/z 250, 252, 254 (M+ - 1, 100%, 66%, 11%). - 125
Step B: Preparation of S>¥HAbIHELRHRMON AR Bise 8 MM R BRAEEHige #sio F clo F
COOH _ N\ N Hsolhtiddl ¢iNi2 abi¢iINOz fBim Stdp 6 Cil?ll@g-l(DHDDJhléﬂ)chnﬁtﬁﬂ&mntd) was added to a

St'[;ed Zotl)utlon Ohfreéo@lﬁfttﬂ@dieo% hyH¥, ﬁ@/‘l%’i“ﬂ{% CEL A é%@%@%%@%i)%ﬂ&ﬁ@ﬁfd&g{@ THE (i%
mL) an er uoyoan m was adae e solution was
M (e D A R R e e
purified via Si02 q@ﬁ@dmﬁt@@ré@%ﬂ@@hﬁ@d@mmm&hmw Jegrd copcentenigdld he residue
4,6-dichloro-N- (Maéqf@@h@@yth&b}gdg@m&ﬁimgwmmﬁmﬂmnmwiI1(@ 7 9545%)-
4,6-Dichloro-N-(4; ﬂ'll(? {ggﬁg Yezl%Shydnr%)/% rgltiio(iﬁ s3] qqgnol;(la m- 5 yl]fne Ey%@rr?e)thglzn%%e(gls a2 H),

7.44 (s,1H),7. o7
pa e yellow solid (38 mg, 61%). - '"H NMR (CDCls): § 9.11 (s, 1 H), 7.84 (s, 1 H), 7.58
15 —7.35(m, 5 H), 5.47 (s, 2 H).

A solution of (8-benzyloxy-5,7-dichloro-quinoxalin-2-ylmethyl)dimethylamine

6

(38 mg, 0.105 mmol) in conc HCI (2 mL) was stirred at room temperature for 16 h. The
orange solution was concentrated to dryness and the remaining residue was washed
with diethyl ether (2 ml x 3) to give the desired product as a light yellow solid (27 mg,
20  83%).
6,8-Dichloro-3-(dimethylaminomethyl)quinoxalin-5-ol hydrochloride: 'H NMR
(DMSO-d¢): 6 8.75 (s, 1 H), 7.78 (s, 1 H), 4.40 (br, 2 H), 2.13 (s, 6 H); mass spectrum:
m/z 272,274,276 (M" + 1, 100%, 66%, 11%).

25 Example 2
(A) 5,7-Dichloro-3-(4-fluorophenyl)-8-hydroxy-3H-quinazolin-4-one (1055)

Step A: Preparation of 4,6-Dichloro-3-hydroxy-2-nitrobenzoic acid
30 cl cl cl cl cl
COOH COOH COOH COOH COOH
cl cl cl cl NO, cl NO,
NO, NH, NHAC NHAc OH

35 Tin (IT) chloride hydrate (50 g, 0.29 mol) was added to a solution of 2,4-
dichloro-5-nitrobenzoic acid (prepared according to a reported procedure (Golstein, H.
and Schaaf, E., Helv. Chim. Acta, 1957, 57(23), 132)) (10.0 g, 0.045 mol) in EtOH



A suspension of tin (Il) chloride hydrate (8.8 g, 0.039 mol), 4,6-dichloro-N-(4-
fluorophenyl)-3-hydroxy-2-nitrobenzamide (2.7 g, 0.008 mol) and EtOH (70 mL) was heated at 70 C
for 1 h and left to cool to room temperature. The mixture was poured onto ice, basified to pH 8 (sat'd
NaHCO3), and stirred at room temperature for 1.5 h 20 before re-acidifying to pH 6.5 with glacial
HOAc. The suspension was filtered; the filtrate was-cd@&entrated to give a beige solid. The beige solid
was combined with the filter cake and extracted with hot ethyl acetate (5x). The extracts were

combined to pro(368 lamifs-thsdichiaos el #t dfoshemnyd) Shhgeebxlehpemideoaw acsolitig2.0 g,
29:@)-72592(-Am2in§ffléﬁ%i@mglranw%ﬁlatgt%mm%)(&hudgemgﬁmwsﬂéﬁm&“&@&Q@M #-69 (m,
, 1. m, . S . Ste . eparay =Ll [e]fel et . .
Tuarophomyn.& R Sripudfike TR abd PRSI Sl O AN e e B on
A solution of CDISBEGON P rABINaRESIreriEastsd Yot il asdatanibe) I a8 sseytsds THE (18
mL) and DM (2 wilshydasigiibeacatirRdmné nmpetatiue dab 4l dxhsaesiesd ahdhie asmineffovhifstep B

(2.01¢,3.2 mmo&ﬁa'{#géﬁ%&) was then added, the solution heated under reflux for 15 h, and
tin

concentrated. The res rown solid - 126 was washed with ethlxl acetate to yield the title
compound as white neea-|é§1(994é,ﬁb-’d1&l71?(}‘))_ben2010 acid: HNMR (CDs;0D): 0 7.307(s, 1 H), 7.27 (s,

5,7-Dichloro-3-(4Hldprophenyl)-8-hydroxy-3H-quinazolin-4-one: 'H NMR (CDC13/CD30D, 9:1): 6 8.10
(br, 1 H), 7.50 (s, 1 H), 43&iMnkydidé &l (k. pdl J03S8 10 SREFHUD 4G RoBEd 203 iR D 1.
100%, 660/%,0}1%%6%) ?,7- ichloro-3- %%%r(%% I-8-hy o%g/éi‘lzl@ljlnazsolm- -or}e %OG%@CI aOaO
lal 101 OH 191 1% -YAT {opB i 4lR512 c RO AL RBWIRE ¥8MBounds
were prepared usmdthé andthoasaasicdidedield the desired acetamide as a white solid (9.6 g, 96%).
5-Acetamido-2,4-dichlorobenzoic acid: '"H NMR (CD;OD): § 8.32 (s, 1 H), 7.62
(s, 1H),2.19 (s, 3 H).
5-Acetamido-2,4-dichlorobenzoic acid (9.6 g, 0.039 mol) was added in small
15  portions over 30 min to a stirred ice-cooled solution of fuming nitric acid (1.8 mL,
0.043 mol) and conc sulfuric acid (120 mL). After the addition was complete, more
fuming nitric acid (17 mL) and conc sulfuric acid (80 mL) were added at 30 min and 60
min intervals. The reaction mixture was then left to stir for an additional 2.5 h at 0 °C,
allowed to warm to 12 -16 °C and left to stir at this temperature until all starting
20  material was consumed (about 3 h). The solution was poured onto ice and extracted
with ethyl acetate (3x). The organic extracts were combined, washed with brine, dried,
and concentrated to give 3-acetamido-4,6-dichloro-2-nitrobenzoic acid as an orange
solid (9.8 g, 86%).
3-Acetamido-4,6-dichloro-2-nitrobenzoic acid: "H NMR (CD;OD): & 8.01 (s, 1
25 H),2.13 (s, 3 H).
3-Acetamido-4,6-dichloro-2-nitrobenzoic acid (9.7 g, 0.033 mol) was added to a
solution of KOH (18.7 g, 0.034 mol) in H,O (85 mL). The solution was heated under
reflux for 18 h and cool to room temperature. Conc HCI was added to adjust the pH to
0. The mixture was diluted with ethyl acetate and H,O and left to stir at room
30 temperature for 30 min. The layers were separated; the aqueous layer was extracted
with ethyl acetate (3x), the extracts combined with the original organic layer, washed
with brine, dried and concentrated to yield 4,6-dichloro-3-hydroxy-2-nitrobenzoic acid
as a dark red solid (7.4 g, 89%); m.p. 188-189 °C (lit. m.p. (Linderberg, M., Hellberg,
S., Bjork, S. et al, Eur. J. Med. Chem., 1999, 34, 729-744): 186 °C (dec)).
35 4,6-Dichloro-3-hydroxy-2-nitrobenzoic acid: '"H NMR (CD;0D): & 7.79 (s, 1
H); mass spectrum: m/z 250, 252, 254 (M+ -1, 100%, 66%, 11%).



Example 3: thus, replacing 4-fluoroaniline with cyclopropylamine in Step B (reaction 15 was
performed in a sealed tube at 70 C) gave, after Si02-gel chromatography (dichloromethane/MeOH,
9:1), 4,6-dichloro-N-cyclopropyl-3-hydroxy-2- nitrobenzamide (43%).- 'H NMR (CD30D): 6 7.37 (s, 1
H), 2.73 (m, 1 H), 0.74 (m, 2 H), 0.59 (m, 2 H); mass spectrum: //z 289, 291, 293 (M+ - 1, 100%, 66%,
11%). Reduction of 4,6-dichloro-N-cyclopropyl-3-hydrd&a2-nitrobenzamide with tin 20 (I1) chloride
hydrate using the conditions as described in Step B yielded 2-amino-4,6-
dichloro-N-cycloptepB-RrsrretidealardmeaidoilichlerdNtRHDBmDYNE 6367y s 01y henzandieqm, 1
H), 0.79 (m, 2 H), 0.62 (m, 2 H). CDI-mediated coupllng of formlc acid with 2-amino-4,6- dlchloro N-

cyclopropyl-3-hydroxybenzamide (as described |nCSte after washing@ wit ethyl acetate
and MeOH, 5,7-dichloro-3-cyslogrepyl-8-hydrox quipa « n 4 one a (40%). -
NMR (CDC13/CD30D, 9:1): 6/8.30 (s; 1T H), 7. '@ H) 3.22m.’1 | H1 2 H), 0.94 (m, 2 H);

mass spectrem: //z 271,7273] 275%M+ + 1, 1609%66%,"11%). 30 (C)°
5,7-Dichloro-8-hydroxy-3H- qumazolln -4-one (1067)CICIOCIOCIO1 17'COOH - J NHz NHz \ NH
CINOz CINOz CI NHz CIN OH OH OH OH 35 A solution of 2,4-dichloro- 5 hydroxy 6-nitrobenzoic

acid (Step A) (4.40 g, 1 2B mdh GRdmmebyrenvisd to rtired SS9 Rt A RENL) was heated
under - 127 refllytoodyland eitowed teidddlAgrodm2zemperatuhy dihs SoIGtIGO was adtBAB @onc

NH4OH (40 m'—) A9, CAfEPQ(FﬁHH”@BﬁH?oWﬁ%@WPHﬁd @pd b Mt eRitehalneReRPerature
for 2 h and.t onc ted tqQ give cr 115?-3 h drox -2- nlég?%%zamlde as a brown solid.
T e e i S R e S S
Reduction of 4 6anmdrm—nwfw2ar&@mmmmmm () dthooinie thapd rareteedr dfhid to the

conditions as desgripryyiR1$tep- &&ﬁbjﬁ)%mﬂﬁﬁo@i@ﬁﬂmmhﬁdhy@f&xﬂhﬁmmﬁwa%@h@gﬁe solid

(2.5 g, 62% (2 steps 30D): 6 6.69 (s, 1 H). 10 According to the procedure described
LT N Y

in Step C, 2-amino-
4,6- chhloro N-(4-fluorophenyl)-3-hydroxy-2-nitrobenzamide: '"H NMR

15 (CDs;OD): 6 7.58 (m,2 H), 7.44 (s, 1 H), 7.07 (m, 2 H).

A suspension of tin (II) chloride hydrate (8.8 g, 0.039 mol), 4,6-dichloro-N-(4-
fluorophenyl)-3-hydroxy-2-nitrobenzamide (2.7 g, 0.008 mol) and EtOH (70 mL) was
heated at 70 °C for 1 h and left to cool to room temperature. The mixture was poured
onto ice, basified to pH 8 (sat’d NaHCOs), and stirred at room temperature for 1.5 h

20  Dbefore re-acidifying to pH 6.5 with glacial HOAc. The suspension was filtered; the
filtrate was concentrated to give a beige solid. The beige solid was combined with the
filter cake and extracted with hot ethyl acetate (5x). The extracts were combined to
provide 2-amino-4,6-dichloro-N-(4-fluorophenyl)-3-hydroxybenzamide as a solid (2.0
g, 79%).

25 2-Amino-4,6-dichloro-N-(4-fluorophenyl)-3-hydroxybenzamide: 'H NMR
(CDs0D): 6 7.69 (m, 2 H), 7.09 (m, 2 H), 6.73 (s, 1H).

Step C: Preparation of 5,7-Dichloro-3-(4-fluorophenyl)-8-hydroxy-3H-quinazolin-4-

one (1055)
ca o /©/ F c o /©/ F
N — | N
Clmz C/©5:;
OH OH

A solution of CDI (0.65 g, 4.0 mmol) and formic acid (0.17 mL, 3.6 mmol ) in
35 anhydrous THF (18 mL) and DMF (2 mL) was stirred at room temperature for 4 h. A
solution of the amine from Step B (1.01 g, 3.2 mmol) in THF (15 mL) was then added,

the solution heated under reflux for 15 h, and concentrated. The resulting brown solid

30



hydroxybenzamide and formic acid in the presence of CDI gave, after washing the crude product with
MeOH, 5,7-dichloro-8-hydroxy-3H-quinazolin-4-one as a white solid (36%). - 1H NMR (DMSO-d6): 6
8.12 (s, 1 H), 7.55 (s, 1 H); mass spectrum: m/z 229, 231, 233 (M+ - 1, 100%, 66%, 11%). 15
Example 3 (A) 7-Morpholin-4-yl-[1,6]naphthyridin-8-ol (1053) 20 Step A: Preparation of
7-Amino-8-isopropoxy-[], 61naphthyridine N \ N \ ~--NI1\26Me000 N Me000 N HzN N/ OH IA Al 25
2-Bromopropane (0.9 mL) was added to a stirred mixture of 8-hydroxy- [1,6]naphthyridine-7-carboxylic
acid methyl este(prepahed acdoetinbacsiakthomiekitic tblvorkapoupdtsvhitoeBeo®1482) (1.00 g,
4.90 mmol), K2C£H8(2.79 g) and DMSO (15 mL). After 40 hat 50 C, sat'd NH4C1(20 mL) was added
and the mixture extract .with dighlorgmethane L.x 3). Jhe extracts were ¢ i and
concentated. Diethy ﬁfﬁé%i%&%@gﬁg&a%@% e SRR e o
successively witH HXO(ERIOR 29-And SriHe(brolnhl), 72t (sribb) SbRfefitréhbvallddye 2 H); mass
8-isopropox-[1,8lnaphify nidirs25 -6arhexylo/Acidl mietheyd, s, (1.96.9, 88%). - IH NMR (CDC13): 6
9.16 (dd, J=1.9 and 4.3, 1 H), 9.03 (s, 1 H), 8.34 (dd, J=1.9 and 8.5, 1 35 H), 7.63 (dd, J=4.3 and 8.5,
1 H), 5.33 (sep, J=6.2, 1 H), 4.04 (s, 3 H), 1.42 (d, J=6.2, 6 H). - 128 A solution of
8-isopropoxy-[1, 6K AAAER 2 HBRYARAS S WY SteA D& 4854R8 In MeoH (10 mL)

was added dropwise over 5 min into a stirred solution of hydrazine hydrate (2.5 mL), left to stir for a

further hour, and congentrated. This provitdled the desired crufle 73acylydrazide as'a gpldepsyrup

(1.06 g). 5 8-Isopro O,%'Tnaghthyrid' oxylic aci azide: 'H NMR ( N6 9.16 (dd,
h

J=1.8 and 2, 1 511008 (br, 1 H}, 9.0 H); 8.35 (dd, d8.2, 1 H),Z- 4=4.0 and
8.2, 1 H), 6.02 (br, 1 1), 5.39 (sep, J=6.2,51 H), 4.10 (br, 2 H),1.45 (d, J=6.2, 6 H). 3¢ a stirring
ice-cooled solution of the 7-acyl hydrazide (1.06 g, 4.30 mmol) in 10 1 M HCI (6 mL) was added a

solution of sodium nImt%l(lf‘?c)%lmgfirﬁg%%r@pn(;l?rll)dgnwl_g%repared using the methods described in

Example 3: thus, replacing 4-fluoroaniline with cyclopropylamine in Step B (reaction
15  was performed in a sealed tube at 70 °C) gave, after SiO,-gel chromatography
(dichloromethane/MeOH, 9:1), 4,6-dichloro-N-cyclopropyl-3-hydroxy-2-
nitrobenzamide (43%).- 'H NMR (CD;OD): & 7.37 (s, 1 H), 2.73 (m, 1 H), 0.74 (m, 2
H), 0.59 (m, 2 H); mass spectrum: m/z 289, 291, 293 (MJr -1, 100%, 66%, 11%).
Reduction of 4,6-dichloro-N-cyclopropyl-3-hydroxy-2-nitrobenzamide with tin
20  (II) chloride hydrate using the conditions as described in Step B yielded 2-amino-4,6-
dichloro-N-cyclopropyl-3-hydroxybenzamide (93%). - '"H NMR (CD;0D): 8 6.67 (s, 1
H), 2.86 (m, 1 H), 0.79 (m, 2 H), 0.62 (m, 2 H).
CDI-mediated coupling of formic acid with 2-amino-4,6-dichloro-N-
cyclopropyl-3-hydroxybenzamide (as described in Step C) gave, after washing with
25  ethyl acetate and MeOH, 5,7-dichloro-3-cyclopropyl-8-hydroxy-3H-quinazolin-4-one
as a white solid (40%). - 'H NMR (CDCI:/CD;0D, 9:1): § 8.30 (s, 1 H), 7.46 (s, 1 H),
3.22 (m, 1 H), 1.21 (m, 2 H), 0.94 (m, 2 H); mass spectrum: m/z 271, 273, 275 M"+1,
100%, 66%, 11%).

30 (C) 5,7-Dichloro-8-hydroxy-3H-quinazolin-4-one (1067)

Cl cl o cl o cl o
COOH NH
NH, NH,
Cl NO, Cl NO, Cl NH, Cl N
OH OH OH OH

A solution of 2,4-dichloro-5-hydroxy-6-nitrobenzoic acid (Step A) (4.40 g, 17.6

mmol) and thionyl chloride (2 mL, 27 mmol) in toluene (60 mL) was heated under

35



(1.5 mL) dropwise at such a rate that the temperature did not rise above 5 C. The mixture was left to
stir at O C for a further 20 min and then concentrated in vacuo. HOAc (5 mL) and H20 (5 mL) were
added and the resulting orange solution heated at 95 C for 24 h, cooled, and concentrated. H20 (10
mL) was added, the pH of the 15 mixture was adjusted to 8 (conc NH4OH), extracted with
dichloromethane (10 mL x 3), and dried. Solvent rem@f gave the 7-amine as an orange solid (467
mg, 53%). 7-Amino-8-isopropoxy-[1,6]naphthyridine: 'H NMR (CDC13): 6 8.88 (dd, J=1.5and 4.0, 1
H), 8.62 (s, 1 H),r8f0K (igd 1 Jxdng atheh&: td ddy] ToxSqiidetneotared BhR,solkjorow6 (sidpd Jegomcl H),
4.83 (br, 2 H), 1. 3@ H7802nb bk 0nasTaPeekkn: ¥l wadtvhowl hinki HeQkhnpéamiBePiermyation of

beadipect I R R T D

was added portlonwpse Ao & stirre ftion of the amin (20 mL) at
0 - 5 C. The mixtbféoRerzrepids@td %@%ﬂﬁﬂbdemb@@([ﬁe(ﬂ?s@ tRet- ?ﬁa(ﬁdltﬁentaﬂ%ﬁﬁéacw«hv@arm to
room tempegaturmQ\eIol 1t iceswastaddedoans Hw(plﬂl%);he mixture was adjusted to 8 (conc

NHAOH). The mixture s e AcEd iR dig h@g By LR %ﬁmgﬁsﬂcmﬂ}l gne dried
and concentrated. Purification on SiO2-gel ¢ roma oromet ane/MeOH, 200:3) provided
the desired 7- ch|8¥$@t5§%0%616@rr@§§%6%d@m% Step B gave 2-amino-4,6-dichloro

7-Chloro-8-isopropoydrékyinephtiigidindcid MR (Q;l@,l@%ﬁ(g Qépilyl - JEDNSVIRNCDZ)D Y, 8.76 (S,
1 H), 823(dd I8 and frsh, 1 H), 7.46 (dd, J=4.2 and 8.4, 1H) 129 5.14 (sep, J=6.2, 1H), 1.38

(d, J=6.2, 6 ) mass s ctru :m/z 223,225 (M++ 1, 100 0), Step C; Pr atio
e horahotth i (1 SIndb VOIS B AOSEUE AR 0 A § PR HETBER CH 10 A
mixture of the 7- élyl@r@de@nm@@@@df@@m@cmm@mmmywﬁ@mmaéer washing the

crude product with MeOH, 5,7-dichloro-8-hydroxy-3H-quinazolin-4-one as a white

solid (36%). - '"H NMR (DMSO-dy): 8 8.12 (s, 1 H), 7.55 (s, 1 H); mass spectrum: m/z
229,231,233 (M" - 1, 100%, 66%, 11%).
15
Example 3

(A) 7-Morpholin-4-yl-[1,6]naphthyridin-8-ol (1053)

20  Step A: Preparation of 7-Amino-8-isopropoxy-[1,6]naphthyridine
N7 YT N N7
| NG ! N /@O
MeOOC N MeOOC N HoN N
” i A

2-Bromopropane (0.9 mL) was added to a stirred mixture of 8-hydroxy-

25

[1,6]naphthyridine-7-carboxylic acid methyl ester (prepared according to Anthony and
coworkers, Patent WO 02/30931 A2) (1.00 g, 4.90 mmol), K,CO; (2.79 g) and DMSO
(15 mL). After 40 h at 50 °C, sat’d NH4C1 (20 mL) was added and the mixture extracted

30  with dichloromethane (10 mL x 3). The extracts were combined and concentrated.
Diethyl ether (40 mL) was added to the residue and the resulting mixture washed
successively with H,O (5 mL x 2) and brine (10 mL), and dried. Solvent removal gave
8-isopropoxy-[1,6]naphthyridine-7-carboxylic acid methyl ester (1.06 g, 88%). - 'H
NMR (CDCls): 6 9.16 (dd, J=1.9 and 4.3, 1 H), 9.03 (s, 1 H), 8.34 (dd, J=1.9 and 8.5, 1

35 H),7.63 (dd, J=4.3 and 8.5, 1 H), 5.33 (sep, J=6.2, 1 H), 4.04 (s, 3 H), 1.42 (d, J=6.2, 6
H).



(2 mL) was heated at 180 C for 20 h and then left to cool to room temperature. The reaction mixture
was extracted with MeOH and the extracts concentrated. The residue was purified using SiO2-gel
chromatography (dichloromethane/MeOH, 20:1) to yield the desired product as a yellow solid (78 mg,
64%). 15 To a stirred solution of 8-isopropoxy-7-morpholin-4-yl-[1,6]naphthyridine (149 mg, 0.545
mmol) in dichloromethane (10 mL) at 0 C was added B€83 1.5 mL of a 1 M solution in
dichloromethane). The dark orange solution was left to stir at room temperature for 24 h. MeOH (10
mL) was added and theArigtutiocoh8enortamxyHis opnopkdy udisa-dpeatea fbaratimess thyktiséarwashing

of the remaining egigdéeavithmigsnyli?Oietie (6 Hﬂ: Xk Bﬂa\éﬂmfb w1se over 5 min 1nto a stirred

(CD30DY: 6 9,09 ﬁﬁ@%@iﬂ%’%ﬂ% ﬁ'a%?eg%% ﬁi g @%é R e T

and 8.2, 1 H), 3.93igmravidgdsheclesired Frydg Ecﬂwﬂdw at:ﬁéerafrsﬁﬂogphfesai)nsxp:gznx[11Qﬁ@éphthyndm 8-ol

hydrochloride in 25 diclglas and ( Rlashegbuithsaicl ©@3soltaR2 x), dried,
oprepaand (Z0napbxhvas sedecidNard

and concentrate | pave..after i O%I”kﬁargfa Kk ( ighjogog eiMgeOH,

9:1), 7-morpholi &jﬁﬁg%\‘) ri?ﬁ@rfgﬂ-goﬁ%%s (fn orgl e soli ({%@B% gwﬂ HZ{:; Ile)l\éégD) 6

8.91 (dd, J=1.4 &Y 78%40( fd; 4740 a43-qud, M%H&rslﬁﬁ%%ﬂ &mﬁ 3=hBahdB.2, 1

H), 3.89 (m, 4 H)(18,27Hin] 4530, H%GZ,C{OHQB)

gtHytilArOéy 2- me:hylam'ﬁ%@%ﬁ‘ry n@a@i'@dﬂ'éhygé%ﬁgn o?%ﬁ@@é 1%9@&&%1%@%@@@%6@2'@%}!%%8;(3 \
ep reparatio pyridi djcarboxylic acid Z-isoprapy! est

COOH N 006 M S AR ESTEB AN GEI (L00 50688 VARG AL TE Iy 20 were

heated at 120 C fdr54ni odiolpdisarad m@m@tb@t tbcatbmmt@ne Hdmetpaseotwas Saddddieo the brown

oil and the solutigniepiechald0E seyarmgtdhenealaiies mﬁ{gnﬂem@y@&l%me mma residue

straw- Z‘Ltﬁruvrve?ﬂﬁ%ﬁ”'%ﬁd'e%ﬁtﬁe%ﬁ%ﬁ?ﬁﬁ B f TadER S P RIS £ o
(sep, J=6. 2 for 24 h, cooled, and concentrated. H,O (10 mL) was added, the p of the
mixture was adjusted to 8 (conc NH4OH), extracted with dichloromethane (10 mL x 3),
and dried. Solvent removal gave the 7-amine as an orange solid (467 mg, 53%).
7-Amino-8-isopropoxy-[ 1,6]naphthyridine: '"H NMR (CDCls): & 8.88 (dd, J=1.5
and 4.0, 1 H), 8.62 (s, 1 H), 8.07 (dd, J=1.5 and 8.2, 1 H), 7.15 (dd, J=4.0 and 8.2, 1 H),
5.16 (sep, J=6.2, 1 H), 4.83 (br, 2 H), 1.39 (d, J=6.2, 6 H); mass spectrum: m/z 204 M"
20 +1,100%).

Step B: Preparation of 7-Chloro-8-isopropoxy-[1,6]naphthyridine
= - — =
H,N N cl N
” 1, 1,

Sodium nitrite (1.8 g, 0.026 mol) was added portionwise into a stirred solution
of the amine (1.00 g, 4.92 mmol) in conc HC1 (20 mL) at 0 - 5 °C. The mixture was left
30  to stir at this temperature for a further h and then allowed to warm to room temperature
over 1 h. Ice was added and the pH of the mixture was adjusted to 8 (conc NH4OH).
The mixture was then extracted with dichloromethane, the extracts washed with brine,
dried and concentrated. Purification on SiO-gel chromatography
(dichloromethane/MeOH, 200:3) provided the desired 7-chloride as a colourless solid
35 (400 mg, 36%).
7-Chloro-8-isopropoxy-[ 1,6]naphthyridine: "H NMR (CDCls): & 9.04 (dd, J=1.8
and 4.2, 1 H), 8.76 (s, 1 H), 8.23 (dd, J=1.8 and 8.4, 1 H), 7.46 (dd, J=4.2 and 8.4, 1 H),



151 H), 2.68 (s, 3 H), 1.39 (d, J=6.2, 6 H). Step B: Preparation of
3-Hydroxymethyl-6-methylpyridine-2-carboxylic acid isopropyl ester COOH 20N OO NOOA
mixture of 6-methylpyridine-2,3-dicarboxylic acid 2-isopropyl ester (7.31 g, 0.33 mol) and thionyl
chloride (65 mL) was heated under reflux for 1 h. The 25 resulting solution was concentrated in vacuo.
The residue was washed with anhydrous THE (2x) to %€ the crude acid chloride as a brown oil. To a
stirred ice-cooled solution of the acid chloride in THE (50 mL) was added sodium borohydrlde (.26 g,
0.33 mol) in THE (¥5(sap) Hropwise )over8d. mird. Aftelll matsGI@cthareniidtB mifutdwag, poured
onto ice and extrageg with, dichloromethane (3x). The extracts were combined, 30 washed with brine,
dried and concentrated. The residue gave, after purification via Si02-gel chromatography

(dichloromethane/MeOH, 19:1), 3-hydroxymethyl-6- methylpyridine-2- carbox lic acid isopropyl ester
2 a light brown SHRIG3 e a6 Of HVNMRGEDEYBIA S Ipeniayain 6;al (495881 (4, 7=7.9, 1 H),
5.32 (sep, 7866.2, 1 H), 4.74 (s, 2 H), 1.45 (d, 7=6.2, 6 H). 35 - 131 Step C: Preparatlon of

3-[(Benzenesulfonyl(methoxyca ylmethyl)amino)m methylpyr|d| ylic acid
isopropyl ester So2Ph f Me 5N O rding to t?ew eported by
Anthony et al (WO 02/30931 AZ2) for the prepar t|o of o

3- [(benzenesuIfonyl(methoxydekbonylmethyl)ammo)me}ﬂy] 10 pyridine- 2 carboxyllc acid isopropyl
ester, a solution of diisopropyl azodicarboxylate (1.07 g, 5.30 mmol) in THE (5 mL) was added

dropwise r 40 min to a stirred rox me meth ridine-2-carboxylic acid
isopropyl eiﬁ er (739 m ?ggutl}? %I'J“i\?(ﬂﬁ é%s éﬁ%@fé %%t%f‘éé’f&?‘(@l 37@ %é%hﬁﬁnol)
and tnphenylphd@phln)e\"(asfk@@ge$a30 §A0N iferm29eh @l theh Teteesnatitigreetutionreesiteed 1S left to

stir at room tempeERiiE AVRIHINasTherieRAMRHNIEDE WSO BLeRtItRM O @AYEICTU R esidue
H(benzenesuony(elhoscatbeimetuhamnomsi iR e RHSR S SBRIS S

isopropyl ester as a olden s as u
the desired product as a yellow solid (78 mg, 64%).

15 To a stirred solution of 8-isopropoxy-7-morpholin-4-yl-[1,6naphthyridine (149
mg, 0.545 mmol) in dichloromethane (10 mL) at 0 °C was added BCl; (1.5 mL ofa 1 M
solution in dichloromethane). The dark orange solution was left to stir at room
temperature for 24 h. MeOH (10 mL) was added and the mixture concentrated. This
process was repeated four times. Further washing of the remaining residue with diethyl

20  ether (5 mL x 2) provided 7-morpholin-4-yl-[1,6]naphthyridin-8-ol hydrochloride
as a dark red solid (quantitative yield). - '"H NMR (CD;OD): & 9.09 (dd, J=1.5 and 5.1,
1 H),9.02 (s, 1 H), 8.99 (dd, J=1.5 and 8.2, 1 H), 7.79 (dd, J=5.1 and 8.2, 1 H), 3.95
(m, 4 H), 3.80 (m, 4 H).

A solution of the 7-morpholin-4-yl-[1,6]naphthyridin-8-ol hydrochloride in

25  dichloromethane (20 mL) was washed with sat’d NaHCOj solution (2 x), dried, and
concentrated. Solvent removal gave, after SiO,-gel chromatography
(dichloromethane/MeOH, 9:1), 7-morpholin-4-yl-[1,6]naphthyridin-8-ol as an orange
solid (97 mg, 77%). - '"H NMR (CD;0D): & 8.91 (dd, J=1.4 and 4.0, 1 H), 8.60 (s, 1 H),
8.32 (dd, J=1.4 and 8.2, 1 H), 7.41 (dd, J=4.0 and 8.2, 1 H), 3.89 (m, 4 H), 3.47 (m, 4

30 H).



the subsequent step without further purification. - Selected 1H NMR (CDC13): 6 4.73 (s, 2 H), 4.00 (s,
2 H), 3.54 (s, 3 H), 2.70 (s, 3 H). 20 Step D: Preparation of 8-Hydroxy-2-methyl-[1,
6]naphthyridine-7-carboxylic acid methyl ester SO2Ph NCOOMe N 25 NY McOOCN O OH To a
stirred solution of crude 3-
[(benzenesulfonyl(methoxycarbonylmethyl)amino)metdydP6-methylpyridine-2- carboxylic acid isopropyl
ester (from Step C) in MeOH (20 mL) at 0 C was added a 30 solution of NaOMe in MeOH (prepared
from Na (200 mg{Bh Sid@hqyratyatrypaiyaosesh ol i naplethysiding Sortexyliaarie (6-stir at 0 C
for a further hourfapstopPRANHRRR EYTY)acetate (50 mL) and ice-H20 (50 mL) were added. The
layers were separated; the aqueous layer was extracted with ethyl acetate (2x), the pH adjusted to 6
(5 M HCI) and extracted with dichloromethane (20 mL x 3). The extracts were 35 combined, dried, and

concentrated to GitR® PuirdrePATRHERRDOMIRNILPY M RriRARRX Y taB sk tIEORERPYAEHERN ester as a
cream solid 708 mg, 98% (2 steps)). - 1H NMR - 132 (CDC13): 6 8.87 (s, 1 H), 8.26 (d, J=8.5, 1 H),

7.62 (d, J=8.5, 1 H), 5.40 (br, 1 H), 4.13 (S 72.91 (s, 3 H)"Step B! Preparation of
8-Hydroxy-2-methyl-[1,6]naphthyridine- lic acid (4-mﬁm%Wl)amide hydrochloride N \\\
F~HN:'l--MeOO0O NN OH O OH 10 A solution of
8-hydroxy-2-methyl-[1,6]naphthyridine-7-carboxylic acid methyl ester (0.34 g, 1.56 mmol) and

&-fluorobenzylamine (0.5 ML toki50Rdfh it lieatad (10deE Tahss b Giandliawsd ip coo
to room te erature Ub%fg}?h] ven ﬁﬁaﬁ%aveacreams lid hICh aftJ washin W|th

diethyl eth ga\)@e@e fﬁ%r?émfe&gﬁ)(? fic 5%‘”(121% 8B]h° a‘?ﬁigde, as
an 15 off-white sefldetathg, 874 ml'anm MRs(cthmb)ea&S.aﬁ@s,QQwrmm (bhevplytigeg srere

removed in vacuo and the residue gave, after washing with diethyl ether, 6-

methylpyridine-2,3-dicarboxylic acid 2-isopropyl ester as a straw-coloured solid (8.8 g,

71%). - '"H NMR (CDCls): § 8.24 (d, J=8.2, 1 H), 7.34 (d, J=8.2, 1 H), 5.34 (sep, J=6.2,
15 1H),2.68(s,3H), 1.39(d, J=6.2, 6 H).

Step B: Preparation of 3-Hydroxymethyl-6-methylpyridine-2-carboxylic acid isopropyl
ester

COOH
|\ |\ OH
20 ~ o} = (e}
N Y N Y
o) o)

A mixture of 6-methylpyridine-2,3-dicarboxylic acid 2-isopropyl ester

(7.31 g, 0.33 mol) and thionyl chloride (65 mL) was heated under reflux for 1 h. The

25  resulting solution was concentrated in vacuo. The residue was washed with anhydrous
THF (2x) to give the crude acid chloride as a brown oil. To a stirred ice-cooled solution
of the acid chloride in THF (50 mL) was added sodium borohydride (1.26 g, 0.33 mol)
in THF (15 mL) dropwise over 20 min. After 1 h at 0 °C, the reaction mixture was
poured onto ice and extracted with dichloromethane (3x). The extracts were combined,

30  washed with brine, dried and concentrated. The residue gave, after purification via
Si0,-gel chromatography (dichloromethane/MeOH, 19:1), 3-hydroxymethyl-6-
methylpyridine-2-carboxylic acid isopropyl ester as a light brown solid (3.42 g, 48%). -
'H NMR (CDCly): 8 7.76 (d, J=7.9, 1 H), 7.31 (d, J=7.9, 1 H), 5.32 (sep, J=6.2, 1 H),
4.74 (s, 2 H), 1.45 (d, J=6.2, 6 H).

35



(d, J=8.4, 1 H), 7.52 (d, J=8.4, 1 H), 7.37 (m, 2 H), 7.07 (m, 2 H), 4.67 (d, J=6.2, 2 H), 2.87 (s, 3 H).
Step F: Preparation of 8-Hydroxy-2-(methylamino)methyl-[1, 6]naphthyridine-7- 2 O carboxylic acid (4
fluorophenyl)amide hydrochloride (1070) FN N N N CHO~~\N N~N O OH 0 OH 0 OH HNC .Ha 25
Se02 (100 mg, 0.901 mmol) was added to a solution of 8-hydroxy-2-methyl-
[1,6]naphthyridine-7-carboxylic acid (4-fluorophenyarhisfe (150 mg, 0.482 mmol) in 1,4-dioxane (8
mL) and H20 (0.1 mL) and the mixture was heated at 55 C for 3 h. The mixture was cooled to room
temperature and3iRpredReenaeativhofibikiienanesol tmyb@ntiaesyceshiog maiby )2raloexmeieyilk @ pale

orange solid. - 'HNMAKFRFEEI:ArBOATcGeil HbpBopfl(estdrH), 8.46 (d, J=8.4, 1 H), 8.45 (br, 1 H),
8.26 (d, J=8.6, 1 H), 7.40 (m, 2 H), 7.30 (br, 1 H), 7.08 (m, 2 H), 4.70 (d, J=6.0, 2 H). To a stirred

solution of the crude 2-aldehyde and methylamine hydrochloride (5@aprg, 0.741 mmol) in

1,2-dichloroethane(5 mL) was added ©v mL). Sodiu tnaéét@/oyborohydnde (102 mg,
0.482 mmolpwas then added and th deftto stir at perature overnight. MeOH was

added and the resulting solution was concentrated. Saturated NakdCO3 solution was added and the
resulting pale orange solid - 133 was isolated via filtration, washed with H20O and dried under vacuum.
MeOH (10 mL) was added to the solid and the remaining insoluble material was filtered off. The
filtrate was concentrated; condktGtduas tadble deanddtithe sedatiod wapmhat@detcahfméﬁmﬂﬁﬂi afforded

8-hydroxy-2-(methylaglingme Wﬁ&&@f@ﬂkﬁ@ﬂé@i@ﬁﬂoﬁg }?ﬁéﬁﬂ&?&%% ﬁ‘ﬂéﬁ{
hydrochlor§8 (PB 107‘522 AR }/ solid E’H? ry Q%u H%R CD30 ?Z}C E?%% s, 1 H)
8.64 (d, J= PEE %fl‘iaﬁ‘}vf\{‘f?fg? 55y 278 t(lﬁ{l%f 6906, FRIW 1),
4.65 (s, 2 H), 2. 9([1 @7s. |§)3(Em®|b]enﬂ H® (AynL) was added dropwise over 40 min to a stirred
3-(4-chlorophenyd)siattuoeRyRydidRbnBIneimidiy¥poRaitt0B )y id aBieRaFIPN ebter (739
2-(4-Chlorophenyl); 3;0x0; Ao RIGRES I SSI i 2% 1R ERREL $3P /ol and
triphenylphosphine (1.39 g, 5.30 mol) in THF (15 mL) The resulting solution was then
15  left to stir at room temperature overnight. The reaction mixture was concentrated to
give crude 3-[(benzenesulfonyl(methoxycarbonylmethyl)amino)methyl]-6-
methylpyridine-2-carboxylic acid isopropyl ester as a golden syrup. This was used in
the subsequent step without further purification. - Selected "H NMR (CDCls): & 4.73 (s,
2 H), 4.00 (s, 2 H), 3.54 (s, 3 H), 2.70 (s, 3 H).
20
Step D: Preparation of 8-Hydroxy-2-methyl-[1,6]naphthyridine-7-carboxylic acid
methyl ester
SO,Ph

|

AN “coome N™ YT
—_— |

N

N

o5 Y MeOOC r

To a stirred solution of crude 3-
[(benzenesulfonyl(methoxycarbonylmethyl)amino)methyl]-6-methylpyridine-2-
carboxylic acid isopropyl ester (from Step C) in MeOH (20 mL) at 0 °C was added a

30  solution of NaOMe in MeOH (prepared from Na (200 mg) in MeOH (4 mL)) dropwise
over 20 min. The resulting solution was left to stir at 0 °C for a further hour and
concentrated. Ethyl acetate (50 mL) and ice-H,O (50 mL) were added. The layers were
separated; the aqueous layer was extracted with ethyl acetate (2x), the pH adjusted to 6
(5 M HC) and extracted with dichloromethane (20 mL x 3). The extracts were

35  combined, dried, and concentrated to give pure 8-hydroxy-2-methyl-[1,6]naphthyridine-
7-carboxylic acid methyl ester as a cream solid (708 mg, 98% (2 steps)). - 'H NMR



OH A solution of (4-chlorophenyl)acetic acid (20.0 g, 0.12 mol) and conc sulfuric 20 acid (2 g) in EtOH
(150 mL) was heated under reflux for 19 h, cooled, and then concentrated. Diethyl ether (100 mL) was
added and the solution was washed with sat'd NaHCO3 solution (40 mL x 2), dried, and the volatiles
removed. This provided (4- chlorophenyl)acetic acid ethyl ester as an oil (22.3 g, 96%). Ethyl formate
(7.46 g, 0.101 mol) was added dropwise to a stirred-icd¥doted 25 suspension of
(4-chlorophenyl)acetic acid ethyl ester (20.0 g, 0.101 mol) and NaH (0.131 mol) in diethyl ether (100
mL). The mixtured@REhen &kdved tdwaah td dodm, lethpérdduis bvdmibht), TOrtixtdrE hdutalised
(1 M HC1); the organig)layer yas ppolated, dried, and the solvent removed to give
2-(4-chlorophenyl)-3-oxo-propanoic acid ethyl ester as a colourless solid (19.8 g, 87%). 'H NMR
(CDC13): 6 12.14 (d, 30 J=12.8, 1 H), 7.31- 7.18 (m, 4 H), 4.29 (q, J=7.2, 2 H), 1.57 (br, 1 H), 1.29 (t,
J=7.2, 3 H). - 133eB{epHsem@iomabi-bly SranchBedpdiydl pmeidipgricep bRk Arif-4-one
(1069) cl OBO\ fiuddpHahyIfz0Gde tiNrohlorideC: N N NHz H+ _N OH OH OH 2-
Amino-3-hydroxypyridine (5.51 g, 0.05 mol) and 2-(4-chlorophenyl)-3-oxo- propanoic acid ethyl ester
(13.6 g, 0.06 mol) in EtOH (100 mL) ted under 10 for 15 n allowed to cool.
The precipitate was isolated via filtratio ield a 97T mixtu theie j the cyclized
product (11.1 g). Enamine:'H NVIR (DN|SO-d6): 6 10.67 (d, J=12.4, 1 f{), § 10(d, J=12.4, 1 H), 7.72
(d, J=4.8, 1 H), 7.37 (m, 4 H), 7.16 (m, 1 H), 6.86 (dd, J=4.8 and 8.0, 1 H), 4.16 (q, J=7.2, 2 H), 1.18

diotnyibendShes (100 mL) wag AL 3160 CATBRE 1 AR LI R BB U e acid
methyl ester (0.34 g, 1.56 mmol) and 4-fluorobenzylamine (0.5 mL) in toluene (4 mL)
was heated under reflux for 16 h and allowed to cool to room temperature . Subsequent
solvent removal gave a cream solid which, after washing with diethyl ether, gave 8-
hydroxy-2-methyl-[1,6]naphthyridine-7-carboxylic acid (4-fluorophenyl) amide, as an

15  off-white solid (0.40 g, 87%). - '"H NMR (CDCl;): & 8.57 (s, 1 H), 8.44 (br, 1 H), 8.15
(d,J=8.4,1H),7.52(d,J=8.4,1H), 7.37 (m, 2 H), 7.07 (m, 2 H), 4.67 (d, J=6.2, 2 H),

2.87 (s, 3 H).

Step F: Preparation of 8-Hydroxy-2-(methylamino)methyl-[1,6]naphthyridine-7-
20  carboxylic acid (4-fluorophenyl)amide hydrochloride (1070)

F = F
NT XY NN N X NSRS
H \ —_— H | — H |
N = = N — ~ N P =
N N~ “CHO N
O OH O OH O OH HN._

HCI

25
SeO; (100 mg, 0.901 mmol) was added to a solution of 8-hydroxy-2-methyl-
[1,6]naphthyridine-7-carboxylic acid (4-fluorophenyl)amide (150 mg, 0.482 mmol) in
1,4-dioxane (8 mL) and H,O (0.1 mL) and the mixture was heated at 55 °C for 3 h. The
mixture was cooled to room temperature and filtered (celite). The filtrate was
30  concentrated to give crude 2-aldehyde as a pale orange solid. - "H NMR (CDCls): &
10.37 (s, 1 H), 8.75 (s, 1 H), 8.46 (d, J=8.4, 1 H), 8.45 (br, 1 H), 8.26 (d, J=8.6, 1 H),
7.40 (m, 2 H), 7.30 (br, 1 H), 7.08 (m, 2 H), 4.70 (d, J=6.0, 2 H).
To a stirred solution of the crude 2-aldehyde and methylamine hydrochloride
(50 mg, 0.741 mmol) in 1,2-dichloroethane(5 mL) was added Et;N (0.07 mL). Sodium
35 triacetoxyborohydride (102 mg, 0.482 mmol) was then added and the mixture left to stir
at room temperature overnight. MeOH was added and the resulting solution was

concentrated. Saturated NaHCOj3 solution was added and the resulting pale orange solid



isolated via filtration, washed successively with hexanes and EtOH, and dried. This provided
3-(4-chlorophenyl)-9-hydroxypyrido[1,2-a]pyrimidin-4-one as a straw- coloured solid (7.03 g, 74%). 20
3-(4-Chlorophenyl)-9-hydroxypyrido[1,2-a]pyrimidin-4-one: 'H NMR (DMSO- d6): 6 8.64 (dd, J=2.0 and
6.0, 1 H), 8.61 (s, 1 H), 7.89 (m, 2 H), 7.51 (m, 2 H), 7.30 (m, 2 H); mass spectrum: m/z 273, 275 (M+
+1, 100%, 33%). (B) 3-(4-Chlorophenyl)-9-hydroxy-8-id@3pyrido[1,2-a]pyrimidin-4-one (1063) 25 0 Ol
OCI NN NIN\ OH OH 30 To a stirred suspension of
3-(4-chlorophenytyas-tsgtiestypy idioftion ajmatind dinth4HoNeid. 2@ agl, 1dr vasiyend Melivd (205alg), 0.01

mol) in EtOH (10&5%31&@&@&@%1@@{@%&@%@@léﬂs&ébmeqﬁ%%amﬁﬁu&%%ﬁomﬂ@mume
mixture was left to stlr at roorpeaem&%rﬁte{e or % (ge%ygnél' 1e S¢ sohéwas |solate V|adf|Itrat|on Wﬁshed

with EtOH (20 mLx %SH aried 10 give a “ar green ow 560} gr seq Uen
recrystallisation faéﬁmm& méw@éqm@mié%wﬁéﬁyﬂlﬂhyéﬂa&phﬁﬂmbp?rm@qnb%ﬁ}wmﬁ|&}n 4-one

as an orangg-brotvioeplid (e hidochloride (PB 1070) as a pale yellow solid (45 mg, 30%). - 'H

3-(4- Ch'°r°phe“§§&rgﬁﬁoé\b§ §§'@Eyg§d§’ﬁ)2783éwﬂnﬂd§“44 nj‘ TRNMREYSQr6), 8 8,57 (s, 1 H),

8.35(d,J=7.2,1H H), 7.6 2, 1H) *mass spectrum: m/z 399, 401

(M+ + 1, 100% ﬂ) g ?ﬁelzfﬁﬂo%vﬁﬁ?g(%%g)s“a?é (Rad WA ééée% Pbiheldompounds

according to the invention for suitability for use in the methods of the invention. Example 5 -
Assessment of Compounds of Formula I or I 10 The-{gligkiing Assays were used in the assessment of
the comp #crd s of formula | or Il for suitability for use in the methods of the invention. Assay 1.
Fluorometric'H202 Assay A fluorometric assay was used to test the ability of a test compound to 15

inhibit hydrogen p@)cxidechbriorhirity byPAB drakeyrddetce-aliuappidinabenat Mighlorofluoroscein
diacetate (DCF; Molecular Probes, Eugene OR). The DCF solution (5mM) in 100% dimethyl

sulphoxide (previgusiy ASrged Wik 3192t 'BhIBF&RM-3-0x0-propanoic acid ethyl ester

15 cl cl cl
—_— —_—
COOH COOEt COOEt
OH

A solution of (4-chlorophenyl)acetic acid (20.0 g, 0.12 mol) and conc sulfuric
20 acid (2 g) in EtOH (150 mL) was heated under reflux for 19 h, cooled, and then
concentrated. Diethyl ether (100 mL) was added and the solution was washed with sat’d
NaHCOj; solution (40 mL x 2), dried, and the volatiles removed. This provided (4-
chlorophenyl)acetic acid ethyl ester as an oil (22.3 g, 96%).
Ethyl formate (7.46 g, 0.101 mol) was added dropwise to a stirred ice-cooled
25  suspension of (4-chlorophenyl)acetic acid ethyl ester (20.0 g, 0.101 mol) and NaH
(0.131 mol) in diethyl ether (100 mL). The mixture was then allowed to warm to room
temperature overnight. The mixture neutralised (1 M HCl); the organic layer was
isolated, dried, and the solvent removed to give 2-(4-chlorophenyl)-3-oxo-propanoic
acid ethyl ester as a colourless solid (19.8 g, 87%). '"H NMR (CDCls):  12.14 (d,
30 J=12.8,1H),7.31-7.18 (m, 4 H), 4.29 (q, J=7.2,2 H), 1.57 (br, 1 H), 1.29 (t,J=7.2, 3
H).



was deacetylated in the presence of 0.025M NaOH for 30min and neutralised at pH 7.4 to a final
concentration of 1mM. Horseradish peroxidase(HRP) stock solution was 20 prepared to 1M at pH 7.4.
The reactions were carried out in PBS, pH 7.4 in a 96 well plate (total volume =250pt/well). The
reaction solutions contained AB 1-42 at concentrations in the range of 50nM to 1M, copper-glycine
chelate (Cu-Gly), was prepared by adding CuC12 to giyéine in the ratio of 1:6 and added to the AB in
the proportion 2Cu-Gly : 1AB ), reducing agents including dopamine (5M) or ascorbic 25 acid,
deacetylated DCHtaDBM, rehanaiie, d.3:1#-Chlona e A -Sr atberep utidohio?-atey iadmd-present as a
control for free cqppgy) but was not required for the assay to function. The reaction mixture was
incubated at 37C for 60 min. Catalase (4000 units/ml) and H202 (1-2.5M) standards in PBS pcll-l 7.4
may be included as positive controls. Fluorescence was recorded usinga plate reagler Xcitation
and emission 30 fifters-at485nM’ OnM respectivelyHZ0 ntratio
comparing flsiores Jyith the H ekitds. TNHIbit fAB H202 prod

including a given concentration of test compound(s) in the test wells. Assay 2. C)HeuF'otoxi(:ity Assays
35 Primary cortical neuronal cultures Cortical cultures were prepared as previously described (White et
al., 1998). Embryonic day 14 BL6JxI29sv mouse cortices were removed, dissected free of - 136
meninges and dissociat2dAmih0Z64Yy dvettyphridipsied. igs Ociated Delisl Wdre qhlieg hiandi8-dret culture

plates at a density, 9f .4 d QG FEHFY Mt MEMVEDER(YRIOMRH5P ADY wibe(odualyilfsrand

incubated gt 37C, 2hrs, M was then replaced with_Neurohasal media (Jnvitrogen Life
Fechnoloot) A lbE RS R UTERE S0oteT PRI RGISS) A W DR Rea ot
37C in 5% CO2. Aeildrad: brpatineeriithioenamenedndréhenadilindimedegilalcled gith Neurobasal media
anld B27 ?igus antioﬁmmevlmmbﬁsgn@glmiwvI?di,mam.m?neﬁge,llarégr@oulﬂ@?ynon?,l
cultures 10 Cere o] st-nat S- = ice.were. r, e iIssec r
meninges and dizg)% ({tejgzi{r?lgo.f()g@ﬁzlﬁ? g%ll’ng gz’?gﬁbl)g:]grrrl’glra ﬂ?%gﬁggbgsagggﬁ)ﬁsérfﬂp?age%gin 24
well culture plate%qaé'?%@aéoﬂ)eéIlls%l‘ﬂg:lﬁ%l@lEI)(Invitrogen Life Technologies) supplemented with
10% Fetal Cmlf Serum (BRGStomdd tighutarsine ehshanineMnid@he Grsitasdyeisdsul ghate LBO pg/mL)

was added to all piating, be,Med@ ALY ISR NEIMATRINGH S IAE DR FRéprecipitate was

isolated via filtration, washed successively with hexanes and EtOH, and dried. This

provided 3-(4-chlorophenyl)-9-hydroxypyrido[1,2-a]pyrimidin-4-one as a straw-
coloured solid (7.03 g, 74%).

20 3-(4-Chlorophenyl)-9-hydroxypyrido[ 1,2-a]pyrimidin-4-one: '"H NMR (DMSO-
de): 6 8.64 (dd, J=2.0 and 6.0, 1 H), 8.61 (s, 1 H), 7.89 (m, 2 H), 7.51 (m, 2 H), 7.30 (m,
2 H); mass spectrum: m/z 273, 275 (M" +1, 100%, 33%).

(B) 3-(4-Chlorophenyl)-9-hydroxy-8-iodopyrido[1,2-a]pyrimidin-4-one (1063)

cl cl
o] o}
~ "N Z N
| — |
NN NS
N | N
OH OH

30 To a stirred suspension of 3-(4-chlorophenyl)-9-hydroxypyrido[1,2-a]pyrimidin-
4-one (2.73 g, 0.01 mol) and iodine (2.54 g, 0.01 mol) in EtOH (100 mL) was added

hydrogen peroxide (1.94 g of 30% w/v aqueous solution). The mixture was left to stir at

25

room temperature for 6 days. The solid was isolated via filtration, washed with EtOH
(20 mL x 3), and dried to give a dark green powder (3.56 g). Subsequent
35  recrystallisation from DMF provided 3-(4-chlorophenyl)-9-hydroxy-8-iodopyrido[ 1,2-

a]pyrimidin-4-one as an orange-brown solid (1.80 g).



Assay 3. Assays for Cell Viability (a) MTS Assay for Cell Viability 20 Cell viability is determined using
the MTS assay. Culture medium is replaced with fresh neurobasal medium plus B27 supplements
minus antioxidants. 1/10th volume MTS solution (Cell Titre 96 Aqueous One, Promega Corporation)
and incubated at at 37C, 2hrs. 200 microlitre aliquots are measured with a spectrophotometer at 560
nm. 25 (b) LDH Assay for Cell Viability Cell death isddtéhmined from culture supernatants free of
serum and cell debris using the lactate dehydrogenase (LDH) Cytotoxicity Detection Kit (Boehringer

Ingelheim) according toXHé-fialecsabemd)9 - hpdneatichso Smycidassaseioramniburbiodcitl ARt
Neuroprotection Nmsmiécyogtipamellﬁ weretredrfor fiyp deys @s, panAIseY @, P17 dayrsix the
neurobasal (NB) éro en Life Techpﬂdl 32‘61{131“/?27 7 U Bbg}n gg/?lnwtrogen Life

i by ace it NBH plem t

Technologies) were r 5 and B27 su oxidants). On day six,
test compounds were |nd|V|duaIIy added to the neuronal cell cultures - 137 The test compounds were

dissolved ing.00% DMSO to anwgﬁmvaﬂgrmﬁ?s@m%e(ﬂﬁw éfs@s@mp@mewmw&meighed out

per vial-then diluted to,2.5m cks uT n was serially dilyt ﬁ 10to eworklng
solutions of ZSOUBI\SICOqumﬁ/ItO ull{}lV %p?rr gf)lﬁba? fW ‘\e/vlgs%llr%(l Ti‘ %ggll\;lee in 20mM NaOH to a

concentration of ImM and sonicated for 5 minutes. The peptide was then diluted in H20 and 10 X
PBS to a final cabxaniiiidn At2eSlubh£Af3 CoinpABEs BhEeptitkelvead lagain sonicated for 5 10
minutes and then spun at 14000 rpm for 5 min and transferred to a fresh tube. The test compounds
were dissolved in 100% DMSO to a concentratlon of 2.5 mM (10mM if excess compound was

weighed odther ViAF IAHEW BRASTH WERINGI MhAI SRS Qlidh wamRarndr difora s fo1élin NB
media and B27 (hor stibxidiaits )jsoigitke wetkinty sbhbtiongeofidgd0uM, 25uM, 2.5uM. Test compounds

Assay 1. Fluorometric H,O;, Assay
A fluorometric assay was used to test the ability of a test compound to
15 inhibit hydrogen peroxide generation by AB in the presence of copper based on
dichlorofluoroscein diacetate (DCF; Molecular Probes, Eugene OR). The DCF solution
(5mM) in 100% dimethyl sulphoxide (previously purged with argon for 1hr at 20°C)
was deacetylated in the presence of 0.025M NaOH for 30min and neutralised at pH 7.4
to a final concentration of 1mM. Horseradish peroxidase(HRP) stock solution was
20  prepared to 1uM at pH 7.4. The reactions were carried out in PBS, pH 7.4 in a 96 well
plate (total volume =250ul/well). The reaction solutions contained AR 1-42 at
concentrations in the range of 50nM to 1uM, copper-glycine chelate (Cu-Gly), was
prepared by adding CuCl, to glycine in the ratio of 1:6 and added to the AR in the
proportion 2Cu-Gly : 1AB ), reducing agents including dopamine (5uM) or ascorbic
25 acid, deacetylated DCF 100pM, and HRP, 0.1uM. 1-10uM EDTA or another chelator
may also be present as a control for free copper, but was not required for the assay to
function. The reaction mixture was incubated at 37C for 60 min. Catalase (4000
units/ml) and H,O; (1-2.5uM) standards in PBS pH 7.4 may be included as positive
controls. Fluorescence was recorded using a plate reader with excitation and emission
30 filters at 485nM and 530nM respectively. H,O, concentration may be established by
comparing fluorescence with the H,O, standards. Inhibition of A3 H,O; production

was assayed by including a given concentration of test compound(s) in the test wells.

Assay 2. Neurotoxicity Assays
35  Primary cortical neuronal cultures
Cortical cultures were prepared as previously described (White et al.,

1998). Embryonic day 14 BL6Jx129sv mouse cortices were removed, dissected free of



15 were not added directly to cells, instead they were added to a 48 well "Drug Plate' as comprised
below: Preparation of "Drug Plate": To a 48 well plate add: Well 1: 515 ul NB+B27(no antioxidant)* +
24 ul 25uM test compound + 60ul A[3 20 diluent** Well 2 : 515 ul NB+B27(no antioxidant) + 24 ul
250uM test compound + 60ul A[3 diluent Well 3 : 515 ul NB+B27(no antioxidant) + 24 ul test
compound diluent*** + 60ul A01- 42 25 Well 4: 515-.ull8B+B27(no antioxidant) + 24 ul 2.5uM test
compound + 60ul A131-42 Well 5: 515 ul NB+B27(no antioxidant) + 24 ul 25uM test compound +
60ul A131-42 Wathég&lmdlduBed@aZdno aRoXidartty ol putypisR60NiMdestacbralowrde-phGutlii 131-42

gi:uen: we” ; gég WENBHBRL fig &r%{%&gﬂﬁh %k’htﬁf&&@mﬁomgﬂlm%ggh+12@@9 004 %é‘l(l)
lHuen e nuoxiaa ua u per we
equals 20 uM Al?ﬁilgz/“'ﬁ{g Eéfﬁ E%f%%‘ié%qgt’f igjé well 35 was
added in tnpl|caté@lt@i@ﬂ&ﬁim@b@)hbm@r@@mpﬂafeﬁh@@émpﬂalém&%@umd@deats gnatregen days. -

138 - * NB ngedia i8Rdchnoapiiaxidamishes w3 ﬂiﬂ#ﬁt@lﬁ%@M Na@H} LXEBS PHPBT diluent 10%
DMSO in NB+BZ7 no. antlt%)gdanﬁl%ﬁ%)m Ietl n of the ass: 4"' gaglafafter treat tye cells

the assay is compl plsted b dg?ﬁg "o the cells. &i i ssay for*es%%ompountf%yatoxml y 10
Neuronal corticaleéns %@&ﬂfﬁ?é&%ﬁﬂ%ﬂda% E@b@? I8gica) 2 in NB media and B27 supplement.

On day six the test compounds were added to the neuronal cell cultures in NB media and B27
supplement minq:.;rﬁ,ﬁéiﬂx&g%ggﬂJp&;&;ﬂm%p&%‘fv&mlﬁ&solved in 100% DMSO to a concentration of
10 Cerebella from post-natal day 5-6 (P5-6) mice were removed and
dissected free of meninges and dissociated in 0.025% trypsin. Cerebellar granule
neurons (CGN) were plated in 24 well culture plates at 350 000 cells/cm2 in BME
(Invitrogen Life Technologies) supplemented with 10% Fetal Calf Serum (FCS), 2 mM
glutamine and 25 mM KCI. Gentamycin sulphate (100 pg/mL) was added to all plating

15  media and cultures were maintained at 37°C in 5% CO.,.

Assay 3. Assays for Cell Viability

(a) MTS Assay for Cell Viability

20 Cell viability is determined using the MTS assay. Culture medium is
replaced with fresh neurobasal medium plus B27 supplements minus antioxidants.
1/10th volume MTS solution (Cell Titre 96 Aqueous One, Promega Corporation) and
incubated at at 37°C, 2hrs. 200 microlitre aliquots are measured with a

spectrophotometer at 560 nm.

25
(b) LDH Assay for Cell Viability
Cell death is determined from culture supernatants free of serum and cell
debris using the lactate dehydrogenase (LDH) Cytotoxicity Detection Kit (Boehringer
Ingelheim) according to the manufacturer's instructions.
30

(c) Assay for AB Neurotoxicity and Ag Neuroprotection
Neuronal cortical cells were cultured for five days as per Assay 2. On
day six the neurobasal (NB) media (Invitrogen Life Technologies) and B27 supplement
(Invitrogen Life Technologies) were replaced with NB media and B27 supplement (no
35 antioxidants). On day six, test compounds were individually added to the neuronal cell

cultures:



15 2.5 mM (10mM if excess compound was weighed out per vial - then diluted to 2.5mM). 2.5mM
stock solution was serially diluted 1 in 10 to give working solutions of 250uM, 25uM, 2.5uM. Test
compounds were not added directly to cells, instead they were added to a 48 well "Drug Plate' as
comprised below: Preparation of "Drug Plate™: 20 To a 48 well plate add: Well 1: 576 ul NB+B27(no
antioxidant)* + 24 ul 2.5uM test compound Well 2 :-57634l NB+B27(no antioxidant) + 24 ul 25uM test
compound Well 3 : 576 ul NB+B27(no antioxidant) + 24 ul 250uM test compound Well 4: 576 ul
NB+B27(no antiokiddeas) compeirlswvirealissanedonld@s PMISO 1676 alouBBR7 @io2antidvidant) + 24

576 Ul NB 270y AL i ISt crapi e e el B a0t N
u + tioxidant) + 24 ul test co uent** Well 8 : u +

antoxidan) The D D E L AT S0y b oo e SR P S A e
triplicate to the cafré¥badnthig cell plate. The cell plate was incubated at 37 C, for 4 days, (2
compounds &re tested on each plate of cells). * NB media and B27 (no antioxidants), ** PBT diluent
10% DMSO in N%%g@paﬂgﬂqxidams) 35 - 139 On completion of the assay, 1/10 volume MTS was
added per well of ‘plate (le 25ul/ 250 ul). The plates were incubated at 37C for 2hrs, and then

absorbance was read at 560nftP 3'AS &4 AhcdissRlxednins20mY NaQdlde daepnssatstiRiPin AYironal
cultures, growth anediumcigtedefooveadimeds afbavagiielt wasahwithldorstahsdiGahdion PHBSApand

ice-cold cell eXtrﬂﬁHPBo'ﬁHEﬁ%dﬁ&gQFQGB[@@M{MH‘@@_WB&?%K@ fRCHQD Ruffersorigists 8F 20 MM
Tris (pH 71@ 1 mM Sltjcrosg, 0.25 mM EEEAQ ml dghIOthgﬁ?#Olgﬁ;?éfgls 1 r%lM I%MSF, 1% Triton
x-100 (Tx-180) AR HETAISRSLRRIRA 000 BPBHERR > ARE 276 O R Sibfee, the
extraction buffer is removed, céhtrifesjedfepdsumdinvegral & ssody edidroteditrifdyESehtb oooneshsiapematant
is added to eachyyell Dhavpq WwallvpiatexdQ9 ot MveasisatReiduerpaEVE-PNAer BN or
IETD-pNA for caspasgds 3 8, 80F BRSRIEHYR W A9RT 115G WSt 094" P lingh GGy align of
antioxidants)] to give working solutions of 250uM, 25uM, 2.5uM. Test compounds
15  were not added directly to cells, instead they were added to a 48 well ‘Drug Plate’ as
comprised below:
Preparation of “Drug Plate”:
To a 48 well plate add:
Well 1: 515 ul NB+B27(no antioxidant)* + 24 ul 25uM test compound + 60ul AR
20  diluent**
Well 2 : 515 ul NB+B27(no antioxidant) + 24 ul 250uM test compound + 60ul AR
diluent
Well 3 : 515 ul NB+B27(no antioxidant) + 24 ul test compound diluent*** + 60ul ApB1-
42
25 Well 4: 515 ul NB+B27(no antioxidant) + 24 ul 2.5uM test compound + 60ul AB1-42
Well 5 : 515 ul NB+B27(no antioxidant) + 24 ul 25uM test compound + 60ul A1-42
Well 6 : 515 ul NB+B27(no antioxidant) + 24 ul 250 uM test compound + 60ul A1-42
diluent
Well 7 : 515 ul NB+B27(no antioxidant) + 24 ul test compound diluent + 60ul AB1-42
30 diluent
Well 8 : 600 ul NB+B27(no antioxidant)
N.B. 60ul AB1-42 equals 20ul AB1-42 per well equals 20 uM AB1-42

The Drug Plate was incubated at 37° C for 15 mins. 200 ul of each well
35  was added in triplicate to the corresponding cell plate. The cell plate was incubated at
37 C, for 4 days.



15 100 M substrate. Plates are incubated at 37C for 2, 4, 6 or 24 hr and the absorbance is determined
at a wavelength of 415 nm (Abs415). The absorbance reading is compared to a known standard of
pNA alone. Assay 5. Annexin V Assay 20 To determine the level of annexin V binding to cells, cultures
are washed twice with control salt solution (pH 7.4) followed by the addition of annexin V-FITC at a
concentration of approximately 0.5 pg/mL in control-salt3blution (pH 7.4). Propidium iodide (10
pg/mL) is also added to the cultures at the same time. Cells are incubated in the dark for 30 min at
ambient temperaturBanedsubddjuentignivesidedtshree times with 2 5 fresh control salt solution.
Analysis of FITC flugregaaese tauviad8or.1expB$0 nm) is determined using a Leica DMIRB
microscope. Photqgr re t kﬁ? i S/I% ei #\/I 0 camera, attachment using ASA400 colour
film, and negativé%ga?eB tsli%?rlllﬁeélg in o)’l\ﬁ 0 (I'gi{’]%% oEE%B%%%ﬁ? a}&iay 6. Lipoprotein Oxidation
Assay Two different assays of metal-mediated lipid peroxidation can be utilized. The first assay
involves measuriggrifsaiidaiivi@atisaly: of metallated proteins. This is determined by mixing dialyzed
metallated or native protein (a ignatad c ' Wi . f)( ipid
peroxidation 35 (LPQ) is meast(ageetj i?sqinga gylig%g Igggc)%ﬁg%%% (!agilsg)até ﬂ%g(égg_égd?fé%ﬁ%%éim e??ra;g{% al
Inc. Portland, ORME§ HéFh%tCﬁ'@tructions. The level of LPO is determined by comparing absorbance
(486 nm) with LDL alone (100% LPO). The second assay is - 140 used to measure the LPO activity of

native proteins in(g)g\gg%%}c?eg{ &gﬁmlagﬂboah%%tﬁ}(pund Cu. This involves adding non-metallated
peptides (140 M)'to 0.5 mg/mL DL tﬁgeth.er Withgzo M Cu-gl d assaying for LPO as fqr.t
etallatec oteins. The. lovel SPUPES TS LR IS oML 10 SEEORIRREE (b Lot
+ Cu-gly 5 (100%nep@pnd B3 heuypatiemavntrol, LDL is also exposed to dialysed Cu-gly solutions
comparable to those used to Connagialatenth efreteipsufgsaers SMQIYIY ABGHERY & cultures

Cu-MetaIIated Prl%ti{} S Pr&neln% %rﬁysnth tic peptides ar .n)‘l(l)éaeldtWIth metal-glycine solutions at 10
equimolar or two-fo

metal 10 protein concentration. Meta -p}rofélsh mixtures are incubated overnight at
37C and then extensively dialy5et! 2MAPEHkiTEevei AR d of0RIPME Q/én angracantidbpp of
temperature} using nmimvdialyaist cifpsxeit’k a&Spiinkiledaltorightdfb(PipeeeyRbckiibes, Wijuldinlysis of
proteins against E%I%IQI'FI H%mM stock solution was serially diluted 1 in 10 to give working solutions
of 250uM, 25uM, 2.5uM. Test compounds were not added directly to cells, instead
they were added to a 48 well ‘Drug Plate’ as comprised below:
Preparation of “Drug Plate”:
20 To a 48 well plate add:
Well 1: 576 ul NB+B27(no antioxidant)* + 24 ul 2.5uM test compound
Well 2 : 576 ul NB+B27(no antioxidant) + 24 ul 25uM test compound
Well 3 : 576 ul NB+B27(no antioxidant) + 24 ul 250uM test compound
Well 4 : 576 ul NB+B27(no antioxidant) + 24 ul 2.5uM test compound
25  Well 5: 576 ul NB+B27(no antioxidant) + 24 ul 25uM test compound
Well 6 : 576 ul NB+B27(no antioxidant) + 24 ul 250uM test compound
Well 7 : 576 ul NB+B27(no antioxidant) + 24 ul test compound diluent**
Well 8 : 600 ul NB+B27(no antioxidant)
The Drug Plate was incubated at 37° C for 15 mins. 200 ul of each well
30  was added in triplicate to the corresponding cell plate. The cell plate was incubated at

37 C, for 4 days, (2 compounds are tested on each plate of cells).

* NB media and B27 (no antioxidants) ,
** PBT diluent 10% DMSO in NB+B27 (no antioxidants)
35



resulted in metallated proteins with identical activity to dH20 dialysis. 15 To determine their neurotoxic
effects, metallated proteins, native proteins or peptides are added to two day-old primary cortical
neuronal cultures. The cultures are also exposed to Cu-gly (5 or 10 M) or LDL. Positive control
cultures are treated with Cu-gly + LDL or the LPO product, 4-hydroxy-nonenol (HNE, Sigma
Chemicals). Cultures are assayed for cell death using ##lactate dehydrogenase (LDH) 20 assay kit
(Roche Molecular Biochemicals, Nunawading, Australia) according to the manufacturer's instructions.
Assay 8. Acridine Orange Ass&nfepmpletieniofatic asseof 1/y8osdmat Aditivatiornlded ingredeHoeise

cortical neurons gigdraateshwitB A3 1-Aize (BAM] {Rérd Gnabira@nst e faingd withtbemanydericine

orange (AO) for 5 min a(ti37g3 015 min at 37C. The AO-induced fluorescence is measured with a red
. ead at S60nin. . . ; .
filter on a fluorescence microscope. AO is a lysosomotropic weak base which accumulates in the
endosomal/lysosomal compartments and displays orange fluorescence during incubation. AO is
sequesteredsinsigeshe ysnspaes/asdgng as there is a substantial 30 proton gradient over the
lysosomal membranes. Treatmlent aof cells with Al:(%j& 42 .disrllJﬁEI)ts tpe l sgosomal mem rane proton

. Jul cu

s ; "ACHVIL "y
gradient and relocalises AO into the %S%rgs%al,spgséelﬁc icated' b)‘/3 & foss of orange fluorescence within 16
24 hr. Assay 9. HGmRYFBresHS wag

SHIBAR NG Asal sl sehrdiaadpll didd prdfsesetfirclrder to
assess the abilityeefractest budfapieudddd diebilise A3 fudnirébeTihsohthietiontbeffalubigipghase @f an

extract of tissue fRMpshM9rEM BNARARLIZ- nif DR GRiLhRIARUEPAFHRY paytex

without mepinges was homogenized usi 900 homagenizer (Heudolph and Co, Kelheim,

7 ng a DIAX dolph
Germany) ‘ot otH@Ms{itable Hévidd98rtn i o8 LHSIR AOARCENEER BRI SHMEE- cold
phosphate-buffenadubaliiog, fioH1 3. hiil orolwith thex phasphbidtbui eceth sadineBieitgadtablé fraction, the
hom_ogenate way1ee @Hﬁ}iﬂfé@o@éﬂt@@u@@_%ﬁ‘dgl for 30 i pnd gt w&ﬂ@@m%emﬁw@mwely,
the tissue was freeze cirdﬁd gleplﬂ)ldlv?\qseg 1;[0 {or(n ta Pﬁ\ﬁl%mﬁt}%h ]':j'gh we _ONI |r}to aliquots
for extraction as 8%‘0%. H01°a |qu6f ofsélufjé?nea %Llnlil?/vas removed after céntri ﬁ)ﬁa ion e?ndA miXed with
an equal volumeseiP2xehris T htsh® rsiecysphplasiadted, tordagiBwedrimmivpdmabeyscamospn of

mercaptoett&nol] GrmnlesHwere tamdeaterhéabdOdaaiss at $0Q andsepar atemdyhgebsorbance
electrophoresis. }éhge{Q&R{Heb eaI ra %5%@181%&?0%04{ fi§ %lnﬁlm:%lf %Wafh%bé[gslgﬁadar?% reading is

compared to a known standard of pNA alone.

Assay 5. Annexin V Assay

20 To determine the level of annexin V binding to cells, cultures are washed
twice with control salt solution (pH 7.4) followed by the addition of annexin V-FITC at
a concentration of approximately 0.5 pg/mL in control salt solution (pH 7.4). Propidium
iodide (10 png/mL) is also added to the cultures at the same time. Cells are incubated in
the dark for 30 min at ambient temperature and subsequently washed three times with

25  fresh control salt solution. Analysis of FITC fluorescence (ex. 488 nm, em. 510 nm) is
determined using a Leica DMIRB microscope. Photographs are taken with a Leica
MPS 60 camera attachment using ASA400 colour film, and negatives are scanned into
Adobe Photoshop v2.0.1.

30 Assay 6. Lipoprotein Oxidation Assay
Two different assays of metal-mediated lipid peroxidation can be
utilized. The first assay involves measuring the oxidative activity of metallated
proteins. This is determined by mixing dialyzed metallated or native protein (at
designated concentrations) with 0.5 mg/mL LDL for 24 hr (37°C). Lipid peroxidation
35 (LPO) is measured using a lipid peroxidation assay kit (LPO 486, Oxis International
Inc. Portland, OR) as per kit instructions. The level of LPO is determined by
comparing absorbance (486 nm) with LDL alone (100% LPO). The second assay is



resuspending the initial pelleted sample in 1 ml of phosphate-buffered saline. A 50-I aliquot of this
suspension was then boiled in 200 ml of sample buffer as above. Tris-Tricine polyacrylamide gel
electrophoresis was performed by 15 loading appropriately diluted samples on to 10% to 20%
gradient gels (Novex, San Diego, CA) followed by transfer on to 0.2-m nitrocellulose membrane (Bio-
Rad,Hercules, CA). A(3 was detected by using monoclgHal antibody W02, which detects residues 5
through 8, 17 (or another suitable antibody) in conjunction with horseradish peroxidase-conjugated
rabbit anti-mousedgGt¢Dakenideherialk) aandi @0oVisataliz ecbipyngsinthe phaaoed adternjlnonipeseence (eg
ECL; Amershamfe, Seigneis Buinghamalir-UiFach gebieelided fveadanssomiinivg 0.5, 1,
and 2 ng of synthetimAl%%géeﬁg tzgatorg/, Yale Urﬁ?\‘/f :g New aven, ;I'ﬁ) as reterence
Ctandards. Blot fIHES e Ui an il by MRS AT ey, SN F 2 e v
documentation si&tehef d&fPdedsimewd pedomnadngsihgyabsimiecsdftbfare)) sgtl/PL adwogks. The

dynamic range of thesliinPepanmes was seteniradityiusing e csiprdaialiiNge €L -SHoutiadak,
Rochester NY), a calibraﬁd tﬁlmo%é%%ggq bé( the tttaq rtleu([]ﬁ\gture[g itﬁ)sprovided steps of known increasing
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A(3 bands was 30 based on the comparison with a curve obtained by scanning and densitometry of
the step tablet. S_Eamyés @yv_zmm&icihﬁ MQO%MUMMWPMimnary assay may be
re-assayed by using synthetic sigpdards o IRWEL pLRIEReL CIRERARHRM, & SAMRRle SR RNl sed

several times, and gel loadings and dilutions were. adjusted ta fit within the quantifiable region of the
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student's 't test' Was used 10 €0 pbrrgetheor%eé)ﬁ of the hig S8 Ve %B%a%ﬁ%lasoy e‘test'‘compound
for each gel at arfgstaéentnsiointes tetaesyyidl tdenped agaivies takEh@dinlysis-multiple 5 gels.
Accordingly 8 determination carpkrteiadgeahwihathestthecariiagenizerease frosehdbiligation obtained
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statistica
cultures are also exposed to Cu-gly (5 or 10 uM) or LDL. Positive control cultures are
treated with Cu-gly + LDL or the LPO product, 4-hydroxy-nonenol (HNE, Sigma
Chemicals). Cultures are assayed for cell death using the lactate dehydrogenase (LDH)
20  assay kit (Roche Molecular Biochemicals, Nunawading, Australia) according to the

manufacturer's instructions.

Assay 8. Acridine Orange Assay for AB-Mediated Loss of Lysosomal Acidification
Cultured mouse cortical neurons are treated with AB1-42 (20uM) for 16

25  hand then stained with 5 mg/ml acridine orange (AO) for 5 min at 37°C. 15 min at
37°C. The AO-induced fluorescence is measured with a red filter on a fluorescence
microscope. AO is a lysosomotropic weak base which accumulates in the
endosomal/lysosomal compartments and displays orange fluorescence during
incubation. AO is sequestered inside the lysosomes as long as there is a substantial

30 proton gradient over the lysosomal membranes. Treatment of cells with AB1-42
disrupts the lysosomal membrane proton gradient and relocalises AO into the cytosol,

as indicated by the loss of orange fluorescence within 1624 hr.

Assay 9. Human Brain Amyloid Solubilisation Assay
35 This assay was performed in order to assess the ability of a test
compound to mobilise AP from the insoluble to the soluble phase of an extract of tissue

from post mortem human AD brain.



significant increase in plaque solubilisation over that of PBS alone. A test compound with a (-) score is
a compound which does not achieve a statistically significant increase 10 in plaque solubilisation over
that of PBS alone Assay 10. Metal Partitioning To assay effects upon the partitioning of various
metals, including zinc and copper, following extraction of brain tissue in the presence of a test
compound, 15 soluble and insoluble fractions from an &#act of human brain tissue are prepared as
for the amyloid solubilisation assay. Metals in the two fractions are analysed by inductively-coupled
plasma mass spectrometry, folgwing.approphate retreatroerrkwithaitnccacigeandior hydrogen

peruxide whereAnﬁ%ge}{&ea%Aégm;i\@mhe%geﬂaa@tl@mfaw a5l @Wﬁ@gﬁ@% QRARAFPOSis
N ransgenlc nimails 1r se.mo S are avallaple T10r. num I OT heyro

orere e R e e s oS AL e e s clisease
(Masliah et al., ZOQ@PMHQI%W@%MIJHQI@MI%@eT@s@WQﬁZJEO@B]@ﬁWeVJéfemQ 199w):

Huntington'ssdisasa@ﬁ&aswaehah tllg%}nag@hﬁ}eewa%fe&tﬁai@&i £i3003 (GIPJor TRt ehalthd 994).
We have found that one, of the tran 9.';' mode J[‘Qe ﬁlgﬁ]éa%gr dlse se &E]&APPZS?%I;[raPs enic
‘a |

t rem eé f ricd ulv r%n
mouse (Hsiao etallll Tbaég} also has INCIdENCe of cataract. These animalmodels are suitable for

testing the meth@o@oaﬁvrdfﬁévmvbh*f?c&ﬁh%w%émklmél@ﬂmé @ffrarﬁrmﬂpg@?@lmﬁa&e&%w 1996) are
used. Eight to nisiéggmonihsofefemalewnioe e seldetectandidividechiniongrod pattosireqisient. Mice

are sacrificed at %ﬁﬁﬁ%‘%f%@éﬂ%e'ﬁ?éﬁé@ﬂmﬁéjb@ffé?tﬁm@ Mﬁ?&ﬂﬁﬁé@/‘rﬁﬁn?mﬂ@th test

compounds decreased brajn amyloid formation, and the _identification of thé most eftective
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a five point integer scale Wh|cHr§l§bTét§ﬂvéW&y@wﬁ%ﬁhﬁbﬁ%ﬂ@m%‘é’ammﬁnbmr activity,
alertness ap®l gengidhpepfifopigaishybdiluted samples on to 10% to 20% gradient gels (Novex, San

Diego, CA) followed by transfer on to 0.2-um nitrocellulose membrane (Bio-
Rad,Hercules, CA). A was detected by using monoclonal antibody W02, which
detects residues 5 through 8, 17 (or another suitable antibody) in conjunction with
horseradish peroxidase—conjugated rabbit anti-mouse IgG (Dako, Denmark), and
20  visualized by using enhanced chemiluminescence (eg ECL; Amersham Life Science,
Buckinghamshire, UK). Each gel included three lanes containing 0.5, 1, and 2 ng of
synthetic A4 (Keck Laboratory, Yale University, New Haven, CT) as reference
standards.
Blot films were scanned by using a suitable imaging system such as the
25  UVP gel documentation system, and densitometry performed using suitable software,
eg UVP Labworks. The dynamic range of the film/scanner was determined by using a
step tablet (No. 911ST600, Kodak, Rochester NY), a calibrated film exposed by the
manufacturer to provided steps of known increasing intensity. The quantifiable range
of signal intensity for densitometric analysis of the mono- and dimeric AP bands was
30 based on the comparison with a curve obtained by scanning and densitometry of the
step tablet. Samples in which the signal intensity is low after preliminary assay may be
re-assayed by using synthetic standards of lower or higher concentration.
All samples were analysed several times, and gel loadings and dilutions were
adjusted to fit within the quantifiable region of the standard curve. The insoluble A3
35  being comprised of the pelletable fraction derived from the insoluble amyloid plaque
from the above cortical samples and the soluble fraction comprising monomeric and/or

oligomeric soluble A.



Assay 12. Physiochemical Properties Polar Surface Area Calculations (PSA) Polar surface area
values were calculated using the web-based program available through "Molinspiration”, a package
for calculation of molecular properties. 10 Turbidimetric Solubility Measurements The solubility
estimate was measured at both pH 2.0 and pH 6.5. This is within the pH range that can be anticipated
along the proximal gastrointestinal tract in humans-194Ae-compounds were dissolved in DMSO to
appropriate concentrations and then spiked into either 0.01M HCI (approx. pH = 2.0) or pH 6.5
isotonic phosphate buffégytra fielaMBIES O gontesticatipowslngthos PBampiewivecdutedroarabised via

Nephelometry to gigtepminga sohubiiberongehdas RO PatRBRAVIT dRdd: dntdoiAd. A0tudhe:t
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body weight. ThE'Fgi ot VRS Pc%ly exposed and cannulated for perfusion -
144 of the cerebral circulation. The right external carotid artery (which supplies tissues

Assay 10. Metal Partitioning
To assay effects upon the partitioning of various metals, including zinc
and copper, following extraction of brain tissue in the presence of a test compound,
15 soluble and insoluble fractions from an extract of human brain tissue are prepared as for
the amyloid solubilisation assay. Metals in the two fractions are analysed by
inductively-coupled plasma mass spectrometry, following appropriate pretreatment with

nitric acid and/or hydrogen peroxide where necessary.

20 Assay 11. Effect of Administration of Test Compounds on AB deposits in
Transgenic Animals
Transgenic mouse models are available for a number of neurological
disorders, including Alzheimer’s disease (Games et al., 1995; Hsiao et al., 1996);
Parkinson’s disease (Masliah et al., 2000); familial amyotrophic lateral sclerosis (ALS)
25  (Gurney et al., 1994); Huntington’s disease (Reddy et al., 1998); and Creutzfeld-Jakob
disease (CJD) (Telling et al., 1994). We have found that one of the transgenic models
for Alzheimer’s disease, the APP2576 transgenic mouse (Hsiao et al., 1996) also has a
high incidence of cataract. These animal models are suitable for testing the methods of
the invention.
30 Transgenic mice of the strain APP2576 (Hsiao et al 1996) are used.
Eight to nine month old female mice are selected and divided into groups for treatment.
Mice are sacrificed at intervals, and their brains examined to determine
whether the treatment with test compounds decreased brain amyloid formation, and the
identification of the most effective administration protocol. The levels of soluble and
35 insoluble AP in the brain and serum are determined using calibrated Western blots as
per the methodology described for Assay 9. Brain Amyloid Solubilisation Assay.

Other mice in each group are tested over a period of up to eight months



outside the skull) was then ligated distal to its bifurcation from the right common carotid artery so that
all of the infusion solution would pass into the brain via the remaining right internal carotid artery. The
heart was then exposed and transected 5 immediately prior to the commencement of the infusion. The
rate of the infusion was controlled by a pump set to deliver at 3.2mL/min (approx. 85% of the normal
blood supply to the brain for this size of rat). The infusiéd@cannula initially contained a 0.5 mL
pre-wash of heparinised PBS (10 1U/ml) that acts to flush blood vessels and to prevent blood from
clotting and blocKing sgnatiivegssétsmbOcaftenigh iintrie sy dtee indusiarrgdmp autemdtidatiytbtolsped, the

cannula was Witﬁﬂ@g&ﬂéfﬂﬁéﬁlﬁ;%&%@%@fﬂm& %ﬁiﬁﬁ'ﬁ pfdhe lﬁ@d_ﬁﬁ’@ds&lb‘lf H‘aﬂlbg’é ‘m'L) was
then collected frqﬁrp the tl?g%of the infusion.cannula. The bral%wils Weqﬁjlsse ted free and divided into
i h SHOUES S

3 parts; the right REHRhHRTS ol %%{Hetﬁ’é?‘ LAY FRfBrA ETHISPhEHEISLEREI R the left
midbrain and thedifrgbreis (celebeduneipoisivng aBiress sechgeromlhemdthigignsart of the brain was
used for sullsequent measurements because perfusion via the right internal carotid artery

preferentially SUpRLi?a?ti:f Bﬁgglm ﬁ@g&{i t midbrain (the left hemisphere and hindbrain
receive a variable collateral per usm&% he brain fissue samples from each animal were frozen at

r
-30C, homogeniZQPARHNRSIHALR HRYGBIRIMNSI(RE by LC-MS to give total brain 20 concentration.
The analysis was carried out uBigr thefMicroeasdusiplerQurchmstrusnenthd hebyioisid plogsanm
consisted of an ageferitle /HBRNRSISIHASON AINIAG LOR HRIMIE A D AN g GalIRRNAS &
Phenomer;]eré Luna CN. Small aliquots from each brain tissue sample and the corresponding infusion
solution were analysed by liquid scintillation counting to determine the level of 25 14C-sucrose. The
residual vascularT$pREBNRYS Hiubility Measuresigdtsample was calculated by dividing the measured

concentration of Jueresi i Ryedstlinake (e MEne) r&y dtseeneantraiandh e somRRPRNNgMfusion

solution (dpm/pL e vol lyj tr NS insi I SSel of each
perfusion. Multi ﬁ%&ﬁ%%%c%ﬁ Rgeachfg#cge%g(gt%%ﬂé?{&ge@g@%ﬁgﬁﬁﬁ%ﬁﬁﬁg %r‘?%?sﬁ%gﬂgolution 30
gives the total re SR mount of the test compound that is present inside blood vessels in each brain
tissue sampe (ieTtieatomoiuhds wateod@sebeb thie BRE) Colckdpntony itts corarerttratiotal amaithen
concentration givesithe ARANALAT HeHAT RACARIRUX SRHE SBMNAS INBLIR SR asHaRd vessels

(ie: which has cr&is d the BBB?. Dividing this RVS- ¢ rr_ecteg, rain concentration gives the brain
uptake ratio (Eq f ﬁ(,fp_&oa‘ al DMSO concentration being 1%. Samples were thenanalysed via

Nephelometry to determine a solubility range. [as per D. Bevan and R. S. Lloyd,
Anal. Chem. 2000, 72, 1781-1787].

20
cLog P values
Theoretical Log P values were determined using the ACD Log P
software. The values quoted have been calculated from an untrained database and refer
to the unionised species.
25

Assay 13. Blood Brain Barrier Penetration
The test compounds were dissolved in DMSO and phosphate buffered
saline (PBS) was added to obtain solutions at a concentration of 50 uM in PBS
containing 1.25-2.5% DMSO. A trace amount of *C-sucrose was added to each stock
30 infusion solution (approx 0.01 pCi/mL) to act as Blood-Brain Barrier (BBB)-
impermeable marker in order to assess the integrity of the BBB during each perfusion
and to estimate the volume of the residual vascular space (RVS) in samples of brain
tissue (ie: the volume of fluid remaining inside the lumen of blood vessels at the end of
each perfusion).
35 Adult male Spague Dawley rats (180-190g) were anaesthetized with
intraperitoneal injections of Urethane (25% w/v) at a dose of 1.0 mL/100g body weight.

The right common carotid artery was surgically exposed and cannulated for perfusion



- 145 - Equation 1. [ brain ng.mg-1] - [ RVS ng.l-1 ] Brain Uptake Ratio = 5 [infusion solution ng. jL-1 ]
A total of 5-6 brain perfusion experiments were performed for each of the test compounds and mean
brain uptake ratios were calculated. Ratios of greater than 50% indicate compounds that enter the
brain 10 extremely rapidly; ratios between 10 and 50% indicate compounds that enter the brain well;
ratios less than 10% (not observed) would indicate coffunds that enter the brain very slowly and
would not be suitable for therapeutic administration; ratios less than 1% (not observed) would indicate
compounds that af¢heffsctivielcaxolatied fidm tight brédmal Saxgdpriery Kranshenito MedseuBsain

Immunohistoche@igdiye The ANB2PAoREaNsaancINRusS i(siag @tish  AAAGhas dafeuRthimin Assay 11

is utilized in this as;s(%}/ ;Il'rrgee cggt{%ggéﬁrg%{ érpn%llilrs}ffixgo 1rlrtloylseob@in tissut% l[ . %?”"%‘i'a}’tﬁ”t' Sections
(10 m) are takencf?om(%he cla/rrespon INg Sites and tréated With 84’ 888% Tormic acid ror anﬁgen

retrieval. The prifaryiBingioeht i¥emd casHiskioieay- ahtibberrl ©8 (ReictxposedAnbEassaeisds between
residues 18 and 2améA&1ypmidhislihe Beeekacendh) oMimuasaactivity iaderelepatdwish sacondary

antibody linked tQOanggﬁgﬁSQg%r%ﬁﬁ%e@ﬁ @@%@dﬁzﬁﬁm SRRz EIECRIRTAGRN tralke) and
fekasiiche

alkaline phosphatase oro 3-indoxyl phosphate and nitroblue 25 tetrazolium

chloride chromag®@RPYDIKES Brig fer dbisirsRigder Lhedpfricassusalyiniialho-apiiansa Bimded to
treatment accordiny pocthvenfblidihieygusoakel PBSHo(pladgotstbppatent fluslpldgoespretemidiat very

sparse 2 = several plagyRs Piesetldimeam BISERHR RIAGSSigble in restricted areas 4 = plaques
abundant not restricted to gg% é)]%ticular areg%.: Intermediate values h(—:-?%%%}5 are a sg'l?ned where
r -

applicable."Students' t * test is OSSR Bt fognat $Qapesy B1e cannula

Pharmacokinetic®filghdrawn from the carotid artery and a sample of the infusion solution (1-1.5 mL)
was then collected from the tip of the infusion cannula. The brain was then dissected
free and divided into 3 parts; the right hemisphere together with the right midbrain, the
left hemisphere together with the left midbrain and the hindbrain (cerebellum, pons and

15 brainstem). Only the right part of the brain was used for subsequent measurements
because perfusion via the right internal carotid artery preferentially supplies the right
hemisphere and right midbrain (the left hemisphere and hindbrain receive a variable
collateral perfusion). The brain tissue samples from each animal were frozen at -30°C,
homogenized and weighed aliquots analysed by LC-MS to give total brain

20  concentration. The analysis was carried out using the Micromass Triple Quad
instrument. The mobile phase consisted of an acetonitrile / water gradient (containing
0.05% Formic acid) and the column was a Phenomenex Luna CN.

Small aliquots from each brain tissue sample and the corresponding
infusion solution were analysed by liquid scintillation counting to determine the level of

25  'C-sucrose. The residual vascular space (RVS) in each brain tissue sample was
calculated by dividing the measured concentration of sucrose in brain tissue (dpm/mg)
by its concentration in the corresponding infusion solution (dpm/uL). This is the
volume of fluid that remains inside blood vessels at the end of each perfusion.
Multiplying this RVS by the concentration of the test compound in the infusion solution

30 gives the total residual amount of the test compound that is present inside blood vessels
in each brain tissue sample (ie: that which has not crossed the BBB). Subtracting this
from the total brain concentration gives the amount of drug in each brain tissue sample
that is outside the blood vessels (ie: which has crossed the BBB). Dividing this RVS-
corrected brain concentration gives the brain uptake ratio (Equation. 1).

35



Intravenous infusion of test compound; 2 mg/Kg in a suitable vehicle is administered to 2 rats and
arterial blood is sampled up to 24 hours. 5 Oral administration of test compound; 30 mg/Kg in a
suitable vehicle is administered via oral gavage to 2 rats and arterial blood is sampled up to 24 hours.
Plasma concentrations of test compound are determined by suitable analytical method. 10
Calculations: CL - Dosen, VaQ = CL11, BA(%) = AUCetai ~Doserv ~~~ AUCIV 13 AUCN * Dose
oraa CLrotai = total plasma clearance after IV administration Vap = volume of distribution during the
elimination phas&afi@ifdv115 administration BA = oral bioavailability AUGv = area under the plasma
concentration versus time profile from time zero to infinity after IV administration AUCorai = area
under the plasma concentration versus ti’EErQ{Oﬂ|e froml tirgl nzerci.t infinity after oral
administration = terminal elimination rate Snstant atter IV administititio Assay 16 Determination of
mouse plasma |eRB&dfpEdiccRAtiSounds 25 PBT 1061 Oral administration of PBT 1061 at 30mg/kg,
as a suspension in Na- Carboxymethyl Cellylosi{cMés)wias agministered by oral gavage to four mice.
Two mice were sacrificed 30 minutes after administration and two mice were sacrificed 60 minutes
after administration. Blood was obtained by cardiac puncture and plasma 30 separated by
centrifugation. The concentrati’éﬁ%ﬁbﬁ'ﬁl%@ialﬁé’éﬂa%?%ﬁﬁ@%‘Wﬂ@ﬁV@eﬁﬁBrfﬁEdzf@ sAskGfent.
The mobile phasthetrsistathofiaas acdtoritnlbr{AGN)ikateti gy adisntaladataining 0.05% Formic acid)

and the column was a Phenomenfys BRRERE dih 809 {RAAETSH I3 ntdAthe Hrgmouse
plasma saTBIes were directl A? ected Ilowmﬁg 180%5%?80 gﬁgg{gltatlon with

extremely rapidly; ratios betwee ate compounds that enter the brain

well; ratios less than 10% (not observed) would indicate compounds that enter the brain
very slowly and would not be suitable for therapeutic administration; ratios less than
1% (not observed) would indicate compounds that are effectively excluded from the
brain.
15
Assay 14. Transgenic Mouse Brain Immunohistochemistry
The APP2576 transgenic mouse (Hsiao et al., 1996) as referred to in
Assay 11 is utilized in this assay. The contralateral formalin-fixed mouse brain tissue is
coronally cut. Sections (10 um) are taken from the corresponding sites and treated with
20  80% formic acid for antigen retrieval. The primary antibody used is monoclonal
antibody 1E8, which recognizes epitopes between residues 18 and 22 of AP
(SmithKline Beecham, UK). Immunoreactivity is developed with secondary antibody
linked to horseradish peroxidase (using a 3,39-diaminobenzidinechromagen) (Dako)
and alkaline phosphatase (using 5-bromo-4-chloro 3-indoxyl phosphate and nitroblue
25  tetrazolium chloride chromagen) (Dako). Plaque abundance per section is assessed by
two operators blinded to treatment according to the following scale:
0 = no plaques apparent
1 = plaques present but very sparse
2 = several plaques present
30 3 = numerous plaques visible in restricted areas
4 = plaques abundant and not restricted to any particular area.
Intermediate values eg 2.5 are assigned where applicable.

Students’ t * test is used for comparisons between groups.



ACN. The analytical method in plasma was linear in the range of 125 to 10,000 ng/ml (R2 = 0.9992).
Diazepam was used as the internal standard. Recovery of PBT1061 from plasma was - 100 %. 5 The
concentration of PBT1061 in mouse plasma after dosing orally at 30 mg/kg is given in Table 1. Table
1. Concentrations of PBT1061 in Mouse Plasma after Oral Dosing at 30 mg/kg Mouse Dose Time
Conc. ID (mg/Kg) (min) (ng/ml) 2703 30 30 1826.61 2#63-30 30 5475.88 2740 30 60 1115.24 2801
3060 2417.55 10 PBT 1063 Oral administration of PBT 1063 at 30mg/kg, as a suspension in Na-
Carboxymethyl Gs$kaipdé (CMEhaamsandkiindste Fadble oral gavage to four mice. Two mice were
sacrificed 30 minutes after administration and two mice were sacrificed 60 15 minutes after
administration. BIooq w sr%bt%inedir? ciarrldi?(% Qﬁncture %I(’f_d prlgs a. r§%parital;€:ld bé{h&:elntlrifugation. The
concentration of PBT1063 Was ¢ estermlsn%onyﬁ_ W@ﬂ%lng hesingle qﬁ%oaruﬁalle ifstriment. The
mobile phase consistedddfHRiHEEd itAIEATN piietel Weaditriarplediirg D08 Formic acid) and
the column Bas a Phenomg¢aemiad wiriod ®8@4 (dthpodimdn} Caligriiy hhessipbléed:Rielddstoxicity mouse
plasma samples (delivefad, 02.09.93) &g éékfz gé%' QJ?PP‘%EMPQRMQ%%BEPEHA@?‘?&&F’A fipaqwith ACN.
Concentrations were determined by comparison to a calibration curve prepared in rat plasma. The
analytical method in pIé%’rWé'was linear in the range of 312 to 10,000 ng/ml (R2 = 0.9976). 25
Diazepam was usedeas Rhmsnntemakstenicado Retavany@ind Bicl @88 inomdbgsmaablasinal 2t@%. The
concentrations of PBT 1063 isythe mouse plasma samples are given in Table 2. 30 - 148 Table 2.
Concentrati%ws of PBT1063 in Mouse Plasma after Oral Dosing at 30 mg/kg

Calculations:
L A *D
CLt = DOSGIV Vdﬂ — C total BA(%) — UCoral* OseIV
' AUC, B AUC,, * Dose,,
CLota = total plasma clearance after [V administration
Vg = volume of distribution during the elimination phase after IV
15 administration
BA = oral bioavailability

AUCyy = area under the plasma concentration versus time profile from time
zero to infinity after IV administration

AUC,, = area under the plasma concentration versus time profile from time

20 zero to infinity after oral administration
B = terminal elimination rate constant after [V administration
Assay 16 Determination of mouse plasma levels of test compounds
25 PBT 1061

Oral administration of PBT 1061 at 30mg/kg, as a suspension in Na-
Carboxymethyl Cellulose (CMC) was administered by oral gavage to four mice. Two
mice were sacrificed 30 minutes after administration and two mice were sacrificed 60
minutes after administration. Blood was obtained by cardiac puncture and plasma

30  separated by centrifugation.

The concentration of PBT1061 was determined by LC/MS using the ZQ
instrument. The mobile phase consisted of an acetonitrile (ACN)/water gradient
(containing 0.05% Formic acid) and the column was a Phenomenex Polar-RP 4uM 80A

(50 x 2mm) column.
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Exp. No. Time Conc. (min) (ng/ml) 2835 30 412.81 2843 30 279.39 2814 60 439.49 2677 60 330.66
Table 3 Assay Assay 1 Assay 9 Assay 3(d) Assay 3(c) Assay 12 Assay 12 Assay 12 Assay 12 Assay
16 Assay 13 Peroxide Brain amyloid Cytotoxicity Neuroprotection clogP Polar surface Solubility
Solubility in Mice plasma Rat brain IC50 (ItM) solubilisation a ("%oviable at (% inhibition of area (PSA)
at pH 6.5 0.01M HC1, concentration perfusion 1 and3®(M) Abeta toxicity) pH 2.0 PBT-1053 0.63 (+)
104,98 11 1.99 58.5 >200 50-100 Between 10 Itg/mL Itg/mL and 50% PBT-1055 0.75 98,67 29 3.33
52.9 3-6.3 3-6.3 [fgrnhoBstwbema Saginies anet SOgecBmi¢ged HUGNiRENRTREIB (XcipFat®n EIp5

3.1-6.2 Refer to Tatie ThOUnaltgoal He(Ade inf ﬁIn%@@%s%ﬁ@aﬂln&ﬁ&é’néé #2950 Ito/00b rdhitg/mL

s b aaes A D A R R R e SR AR R R,
12.5-25 ltg/mL |tg>/kﬁ*rﬁan43m&:rdé)@ $%60 97,42 2.62 PBT-1070 1.14 PBT 1064 86, 83 29 PBT- 1065

99,76 7 a (+p = effectiveTaesoiubilisingpplafpBT adGnarenibase ptancenfratiosiglaiveiatPBmgdAs not
effective at solub %R,grplﬁ %er?latlve to PBS. 150 Example 6 - Clinical trial of compound of formula
| or Il for the treatmeént of Alzheimer's disease.

Table 1. Concentrations of PBT1061 in Mouse Plasma after Oral Dosing at 30 mg/kg

Mouse Dose Time Conc.
ID (mg/Kg) (min) (ng/ml)
2703 30 30 1826.61
2743 30 30 5475.88
2740 30 60 1115.24
2801 30 60 2417.55

10
PBT 1063

Oral administration of PBT 1063 at 30mg/kg, as a suspension in Na-
Carboxymethyl Cellulose (CMC) was administered by oral gavage to four mice. Two
mice were sacrificed 30 minutes after administration and two mice were sacrificed 60

15 minutes after administration. Blood was obtained by cardiac puncture and plasma
separated by centrifugation.

The concentration of PBT1063 was determined by LC/MS using the single
quadrupole instrument. The mobile phase consisted of an acetonitrile (ACN)/water
gradient (containing 0.05% Formic acid) and the column was a Phenomenex C8 4um

20  80A (50 x 2mm) column.

The supplied acute toxicity mouse plasma samples (delivered 02.09.03) were
directly injected following a protein precipitation with ACN. Concentrations were
determined by comparison to a calibration curve prepared in rat plasma. The analytical
method in plasma was linear in the range of 312 to 10,000 ng/ml (R* = 0.9976).

25  Diazepam was used as the internal standard. Recovery of PBT1063 from plasma was ~
42.9 %.
The concentrations of PBT1063 in the mouse plasma samples are given in Table

30



A Phase Il clinical trial of the compound of formula | or Il for the treatment of AD was undertaken to
study the effects of oral PBT-1 treatment in a 5 randomised, double-blind, placebo-controlled pilot
phase 2 clinical trial of moderately severe AD patients. Thirty-six subjects were randomized [18
placebo and 18 PBT-1, with 32 completions], and stratified into more- and less- severely affected
groups. The effect of treatment was statistically signifit&Bt in preventing cognitive deterioration over
36 weeks in the more-severely affected patients (baseline ADAS-cog > 25). The 10 performance of the
less-severely affedialllgebippieewistiong of PB)IdeteriordMedsnBlyiigiblyftvéiDivios/al 3onglaitive
changes could not be discriminated in this stratum. Plasma A1342 declined in the PBT-1 group but
increased in the placebo group (p< QUl Plasma An.lller\rllgls rose S|gr&7c|)%%ntly (Z30 %) in the PBT-1
group. 15 Dosage Several consiglera i5Rs dfove the cholce of dose. In previous studies on transgenic
mice, doses of 20-30 mg/kg of PBT-1 orally daily, for fil8H8ys per weéR3Wd)e markedly effective at
inhibiting A[3 accumulation after [2-3 mogtiss of treatmergg The humamyegyalent dose of 1500-2250
mg/day is close to the prescribed antlb&%g‘&zo dgse of P%T-l (600 mg-Pg géd) However, this
magnitude of dose, administeredfer—renths-wauld-raise-concetns-abett-SMON toxicity. The starting
dose of 3.3 mg/kg/day, assuming 75 kgd®\erage weight% within the 43 order of magnitude of the
effective dose in the transgenic mouse¢noedel, but only @pout one tengz@kthe antibiotic dose. 25
Since there is no data from the transgenic mouse study of the effectiveness of doses less than 20
mg/kg/day, we reasoned that a beneficial effect might require a longer period of treatment than the
9-12 week duration of the mouse study (Cherny et al., 2001). Therefore a trial length of 36 weeks at
an average dose which is approximately one-third of what is effective in the transgenic mice is
chosen. 30 The final dose of 10 mg/kg/day is half of an effective dose in mice. The starting dose of 3.3
mg/kg/day was within the same order of magnitude of the effective dose in the transgenic mouse
model, but only about one tenth of the anti-infective dose. The study was powered to detect
biochemical effects on metal and A[3 levels that would be in the same magnitude as those seen in the
transgenic 35 study. 151 EXPERIMENTAL PROCEDURES




Ethical issues: In compliance with Australian laws concerning consent from individuals whose
cognitive function may be impaired to the extent of being unable to make informed

judgements or decisions, "Consent to Special Procedures” 5 administered by the Victorian
Civil and Administrative Tribunal was obtained for each participant not able to consent on

their own behalf. In addition, third party consent was obtained from al

hcgyiers: All subjects

were stabilized on donepezil prior to commencement of the study. The study was approved
by the Royal Melbourne Hospital Research Foundation's Clinical Research and Ethics
Committee. 10 Study population: The study took place at the AD clinical trials unit, Mental

Health Rese ynstitlitesaf Viclosisapnd at thedeyal Mekseyme HosplitadsayQritarissbpn2 Assay 12 | Assay 12 Assay 16 Assay 13
inclusion in the study wexaixinfornsesh eensent; @wiagnosisiafpiaadale ADgHY | Polar surface | Solubility | Solubilityin | Mice plasma | Rat brain
NINCDS-ADRDA critefidMeRharidtisation 1 984 AD.AssEsshiéin Scale-cognitiyerea (PSA) | atpH 6.5 | 0.0IMHCL, | concentration | perfusion
(ADAS-cog)|(Rosen etlal., 1984) score of 18145nMinMVentst STAt8 Examination|15 (MMSE pH 2.0

(Folstein et alPBTIP%) score of 10<24; on dongp&z#5mg (ol 10mg for at|leéést 6 ménths; >200 50-100 Between 10
relative or carer willingland ablelto support the trial; able to complete trial examinations; pg/mL pg/mL and 50%
primary senscf’t'ﬁrlﬂf’ﬁct drs intact. Patients wefé &cludedif they had 4 AiStory or Bthical ig6/n31L 3-6.3 pg/mL ffﬁ%iz 10
evidence of pcn pheral Ldi:‘g.\lptib ||eur0pau YO ll"i’a% €O C)\L')Itll 1S iHresses-of ﬁast I’iStGr‘y’ that 12525 3162 Refer to Table | >50%
may have 2D Fafected cognitive flinction, nerve ddnductior or ilinesses that may have ug/mL, wg/mL )

confounded (g gaveTsE gvent profite. The foljowing fagtors were obtaime SEUMeT0 |5l | <10 pgmL | Refer to Table
determine if they correlated with| outcome measures: age, sex, premorbid 1Q [estimated fram 2

the National |AgultEeading Test (NART)], yeass ©f edugation, and apdlipgprotein E (ApoE

allotype. 25 SaelyidgsSionssThe sfudy was a dosible blind, placebo-controlled, parallel grou

randomized G@Bgfglrdzlgl NiMySiX patients and TEJy GArETs were recruited 1q, garticipate, with

patients randgmized ata t-1 ratjo to receive egigr PBT 1 orpfacebo. [Thg g’urd Lot the 14, 100 pg/mL

study was 36 weeks. PBT-1 oral dosage was 125mg bid from weeks 0-12, increased to | ug/mr

250mg bid frosaigeks| 3s24, and finally, 375mg Bid from weeks 30 2%-3p. Study pyocedures:so 12.5-25

Screening procedures consisted of a complete medical |history, physigal, neurological and | ng/mL pg/mL

ophthalmic examimationp.slood gand urine testsand psychometric tests G¥DAS-gog, MMSE).

Nerve condyationitesty amd visugl evoked responses were conducted |between the screening

and baseline wisitoge provide a baseline 35 meassiremehtyBlood was ¢ollected for ApoE

allotyping, basghnggplasma leve

S of metals

99,76

7

a (+) = effective at solubilising plaques at more than 1 concentration relative to PBS, (-) = not effective at solubilising plaques relative to PBS.
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and A[3 prior to randomization. All patients continued their study entry dose of donepezil and all
patients received 100 mg vitamin B12 intramuscularly every four weeks. 152 Blood samples were
collected by antecubital venepuncture except on weeks 12, 24 and 36 when they were collected by an
indwelling catheter. The procedural change did not affect biochemical readouts except for Zn levels
which were found to be consistently -10% depressed (pRSbably as a result of differences in platelet 5
activation). Zn data from these intervals were therefore omitted from analysis. Outcome measures:
The primary clini€{agfidady~atiablel wasl atbamgeufrdof faselide koord tor tthe AR#Bwagofonducted
at baseline and aA Wrsifset:sldisedand 36. This measure was chosen to allow comparability of

ADAS.c0 25 theit 10 primary Ui FIEISIHE RO T30t AU oo
neuropsychologitiktexst cduidPbrag amdicisreende sedyribianfiasenelives), RBlat inediawsum o avoid
fatiguing thessubjggtsoati seviwubibaaiarp e bo AR eQaIitivEtRSE WasdhlariMioHMemnialSiate
Exam (MMSE). The CIBIC+ (clinjician inferview based impression. of nge incor ting-caregiver
information, a schSeh B o T B e e e

and copper were'&ihaReoBpEY B AR steatifivd e apnsoaydcisptuse shelyrAlasikb aRHRTudSorbent
assay (ELISA) feff@ detectionnPolisiwenie dlatagnifcent oajgdvwitling Adp A 10 déoerAdiadsy) or mADb

G211 (for AL342), Riales Haie AR BIOYRE AR IO AR ACEsh 20 Bound anihody wias

detected with streptavidin-labelled Europium (Pérkin Elmer, Vic Austral@. The values obtained from

triplicated wells WEFPERESISRIG 5SS NN ALRF CLBTRP I AP B eatHPfa BIhsma samples
supplemented witkhgyntiptic & 1Bik-dlcrand R13tdAwelaaiso @asgdyed o donfimmnatedsutbment
reliability across thatganperiratiopsatgaiotdnietesPR5-Metahjeved sadviekrls ivelie prarbore iy
inductively coupled pl ass ctrometry as previously ribed rny et al., 2001).
Therapeutic drug PR PR 2B0E £ B e IEH (Ll a0 USSRy ed by HPLC
with appropriate validation studies (Centre for Pharmaceutical Research, University of South
Australia). 38 Safeggameasures: Standard adverse event reporting was conducted and biochemical

tests, renal and liver function, g%\%?ali?%%rlljsl%%gaﬁ)(()ggn &?@&@{ﬁesc%r&% \(l)i%%rgsig In previous studies on
transgenic mice, doses of 20-30 mg/kg of PBT-1 orally daily for five days per week
were markedly effective at inhibiting A} accumulation after 2-3 months of treatment.
The human equivalent dose of 1500-2250 mg/day is close to the prescribed antibiotic

20  dose of PBT-1 (600 mg po qid). However, this magnitude of dose, administered for
months, would raise concerns about SMON toxicity.

The starting dose of 3.3 mg/kg/day, assuming 75 kg average weight, is
within the same order of magnitude of the effective dose in the transgenic mouse
model, but only about one tenth of the antibiotic dose.

25 Since there is no data from the transgenic mouse study of the
effectiveness of doses less than 20 mg/kg/day, we reasoned that a beneficial effect
might require a longer period of treatment than the 9-12 week duration of the mouse
study (Cherny et al., 2001). Therefore a trial length of 36 weeks at an average dose
which is approximately one-third of what is effective in the transgenic mice is chosen.

30  The final dose of 10 mg/kg/day is half of an effective dose in mice.

The starting dose of 3.3 mg/kg/day was within the same order of
magnitude of the effective dose in the transgenic mouse model, but only about one tenth
of the anti-infective dose. The study was powered to detect biochemical effects on
metal and AP levels that would be in the same magnitude as those seen in the transgenic

35  study.



B12 and folate levels were documented at each visit. To assess for peripheral and optic neuropathy a
neurological examination was conducted at each visit, and visual evoked responses, nerve
conduction studies and ophthalmic examination were conducted at 35 screening, week 16 and prior to
the final trial visit. An ECG was done at screening and weeks 12, 24 and 36. 153 Data preparation
and statistical analysis: Data monitoring and managemé&hilwere undertaken by independent
contractors (Kendle International and Health Research Solutions, Melbourne). Evidence for efficacy
was indicated byRXBigRiivHNdifibr&RQGEEHARGS from baseline between treatment arms. Analysis of

5 variance was the principal mEth%nkgy@dumimgﬂﬁé@allﬁignﬂiﬁanﬁﬁ Witk taacraaimnestsanm illness

severity at baseli ebelr&g rimary design factor. Potentially. si n|f| nt cova, |ae ere introduced
y # 1b mn yeco &tlve(fl ction m % 86% the € 00 \é’
as necessary. Ditterences etwean groups on cae SHcal measiras Were analy usmggexact

statistical method@w@r@eﬁ@és%aﬁqmgawéﬁﬁé}er%%ée@ﬁw adsepppitida 8P%?k?éﬁ§?ﬁﬁ@#‘?§f 0.60
between measuredagnisist@Cbasiensidawerdivileiedctrameliechot omeisiantard dediatiarudtifgnence in

change betweer)FRURS A RARSUNG ORI AR AR e PERARRIGIMARI ARG sublects

were recruited P Ince an attrition rate o een o I popu ations, 18

patients were re&h??é‘&FﬂmePE]a@ﬁ‘é'Fﬂslé IRty & % piakil esd ardeninsatl BEASdYraphics: Thirty-six
subjects were rearuitechomacst P theositidperiodsaaty wenappgoApdibl 306 Reig )b aheset182pktald

suffici.(tan:c data fOR@g&d?g?tg&g}l@ﬁ%ﬁsg&‘gf[ﬂy&apﬂgjs%g}gzﬂé\é%ﬁﬁgﬁkgr@%ﬁﬁﬁ&@rm The basetlri]ne iIIndess

severity factqr was created, as ne ivision 0 e median

ADAS-cog%sEéore at baseline ( pgfg L%‘ %F&H‘F& EE&? r%ﬁ}ﬁdﬁfﬁ%ggci\fé? ylélltfected

groups (n=8 and M¢ntﬂiéiqaéthtﬁféﬁ@1@hﬁr§ﬁdlt¢=ﬂf Aot ainé g3l tiselboyat v elbspeautitielpitalne groups

drind not differ acressteleames [ﬁ&h&oi@@@ﬂé@h@@%@ikgigﬁbrﬁ%@m@&ﬁ af &lagﬁb'glg & pRisable Qihéﬁr than

the treatment ar rbid | C stlmat usmg
v hﬁ‘fﬂ?@ an(Sl 8%[‘) é %?I RB eve [ﬁ%yroﬁ st T

the NART (111.4 c\,[ompar ower ulating

hormone (TSH) @@ﬁ*%&?@a@@ﬁ%‘ Qt rﬁ?ﬁ/ﬁ) 1£205- qfél@O“pM@O%“‘Fﬂ@F@W%ﬁHWEﬂ were

subsequently praqwsiosB)yreideiacdinlq a9zéysesras Loovastaia sibuspagies fogioel tome foohtdigrificant in
any analysis. months; relative or carer willing and able to support the trial; able to complete trial
examinations; primary sensorial functions intact.

Patients were excluded if they had a history or clinical evidence of
peripheral or optic neuropathy or had co-existing illnesses or past history that may have
20  affected cognitive function, nerve conduction or illnesses that may have confounded the

adverse event profile.

The following factors were obtained at baseline to determine if they correlated with
outcome measures: age, sex, premorbid 1Q [estimated from the National Adult Reading
Test (NART)], years of education, and apolipoprotein E (ApoE) allotype.

25 Study design: The study was a double blind, placebo-controlled, parallel
group randomized design. Thirty-six patients and their carers were recruited to
participate, with patients randomized at a 1:1 ratio to receive either PBT-1 or placebo.
The duration of the study was 36 weeks. PBT-1 oral dosage was 125mg bid from weeks
0-12, increased to 250mg bid from weeks 13-24, and finally, 375mg bid from weeks

30 25-36.

Study procedures: Screening procedures consisted of a complete medical
history, physical, neurological and ophthalmic examination, blood and urine tests and
psychometric tests (ADAS-cog, MMSE). Nerve conduction tests and visual evoked
responses were conducted between the screening and baseline visits to provide a baseline

35 measurement. Blood was collected for ApoE allotyping, baseline plasma levels of metals
and A prior to randomization. All patients continued their study entry dose of donepezil

and all patients received 100 mg vitamin B12 intramuscularly every four weeks.



30 Clinical effects: Changes in the ADAS-cog score at weeks 4, 12, 24 and 36 from baseline were
subject to two-way analysis of variance with factors of treatment arm and baseline illness severity.
The means of the changes in ADAS-cog score showed greater deterioration in the placebo treated
group at each examination interval, compared to the PBT-1-treated group (Fig. 2A). This trend came
close to statistical 35 significance at week 4 [F(1,28)=3.68, p=0.070] and week 24 [(F(1,28)=3.31,
p-0.080] (Fig 2A). As planned in the protocol, the effect of severity of illness was examined by
stratification of thidlea@gsienpies viEbfeeedlestas by anriasubiiad iipeptieciadqxsemihen\BacksIA 2409

values <25, >25)a|$deBB|ﬂ/ﬁ€f¢ﬂﬁ%}3ﬁé$é/\dﬂ1'iébi@bl%ﬂﬁﬁqmmﬁh@‘afﬁ%étﬁ W%%ébﬁmp&%l@@llps to

be separable intg [ t m S ant
differences in the nq%%r}g?sgﬁ/gg?ﬂ% %%%a wee %@%Pﬁ%@ve&’s &%f 05 \%je 5(31% E%
[F(1,28)=6.63, p=0FEEty "2&0/%%@@[%?@\%509 Birﬁ%ifhé%f%'ﬁﬂ%@ﬁfSBeBG?%ﬁrMﬁW@scaped
statistical sighificactdealifdi)22)r3=02 frordt068].itcha e stvarfiyrabeacitecdohiaupsrihlgdgsiference in

mean change from baseline ABAS; éigf RB] { %’o}/})&\ég Plasene Al 5§r%‘61§’$‘¢3§§ Xl’ﬁ%g%

difference of 7.37 (95% Cl: 1.51 - 13.24) an 6 36 0.50-13.23 espectlv e};g
Effects on plasm ¥ 3255tiameress: ortBa &NAS-taereendel bt kpsiamind o itrelers

A[342 levels bet@éeiittreatenant avasscbosaverititcstratenpenabilityiaficeamiodieitieas Iwﬁhlsm’rebﬂsellne in
plasma A1340/4¥h\é4%?]é§{ﬁ§ sl R RoHCRApOURTCALING AN A LGRS RSk SIORRaRt
differences,in mean ¢ es between s. Howev f individual A[3 levels to baseline
reference I%§els R{Wéﬁlg’/ 3%5?&@8%%%@%’[) r%ﬁtda e\fégﬁjd%fe EW&?H?ent effects. Plasma
A1342 15 showedwaigyifiokrgicdlisie mﬂdbawmélﬂnenhesﬁam@amat@dsgrwptmmm
cl>|nwards over the, $3a18 fﬂﬁgulﬁ@&[@@a&;&@@aﬂébﬁtw areheferour iaﬁryeaﬂ@ﬁ &tliﬁla/s%é teatalaﬂﬁgeéiondby
illness severity a nstrate S vident only jn the vere a ecte
E/ﬂ}lon OI* @xamw}% q'% Wﬁgs?(/e‘*‘ ? flafle 1’1 I'Vle ?Z%

(Fig 3B). Admini was associa Ican vatio

plasma Zn (Fig 4%6%?%@%%&&%&3@%@9%@ )amwtm%w@w@d (w |v|) in
the pooled D gralspsondietbél N ageAglaied pisraative aaluep vy oedeanttdieng kP The
increase in plasmg,4n induced by PBT-1 treatment therefore represented a normalization of levels. In
contrast, mean baseline levels of Cué SI\a/lﬁwere within the '?P%e related normative range (Rahil 25

Khazen et al., 2000). Correlatib?PyPl5I4SHRO M DIBIE RAGSIEEHRKE IETNIA0RIREEA fatRY
(ELISA) for Ap detection: Polystyrene plates were coated with mAb G210 (for AB40)

or mAb G211 (for AB42). Plates were washed and biotinylated mAb WO2 was added.

20 Bound antibody was detected with streptavidin-labelled Europium (Perkin Elmer, Vic
Australia). The values obtained from triplicated wells were calculated based on standard
curves generated on each plate. Plasma samples supplemented with synthetic AB1-40
and AB1-42 were also assayed to confirm measurement reliability across the
concentration range of interest.

25 Metal levels: Metals were measured by inductively coupled plasma mass
spectrometry as previously described (Cherny et al., 2001).

Therapeutic drug monitoring: At weeks 12, 24 and 36, PBT-1 blood
levels were assayed by HPLC with appropriate validation studies (Centre for
Pharmaceutical Research, University of South Australia).

30 Safety measures: Standard adverse event reporting was conducted and
biochemical tests, renal and liver function, complete blood examination, serum vitamin
B12 and folate levels were documented at each visit. To assess for peripheral and optic
neuropathy a neurological examination was conducted at each visit, and visual evoked
responses, nerve conduction studies and ophthalmic examination were conducted at

35  screening, week 16 and prior to the final trial visit. An ECG was done at screening and
weeks 12, 24 and 36.



on the same or subsequent occasions showed no significant associations. An important result of
treatment of AD subjects with PBT-1 is the paradoxical elevation in plasma Zn (Fig. 4A), which is
consistent with a restoration in the ZnT3-mediated communication of synaptic zinc with the blood.
This also indicates 30 that, in contrast to a typical metal chelator such as desferrioxamine, the
mechanism of action of PBT-1 at this dose is not that df@3gross tissue chelator. The relatively weak
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between groups from baseline to week 36 would have been approximately 80% if 15
subjects were recruited per group. Since an attrition rate of 15% has been observed in

similar populations, 18 patients were recruited into each arm.

15 RESULTS
Subject recruitment and demographics: Thirty-six subjects were
recruited over a 12 month period commencing April 2000 (Fig 1). Of these, 32 had
sufficient data for per protocol analysis. Two subjects were lost from each arm.
The baseline illness severity factor was created, as planned, by division

20  of the sample into two groups at the median ADAS-cog score at baseline (values <25,
>25), yielding less-severely and more-severely affected groups (n=8 and 8 in the
treatment arm and n=7 and 9 in the placebo arm, respectively).

The groups did not differ across demographic, biological and clinical
parameters at baseline (Table 4), other than the treatment arm having a higher mean

25  premorbid IQ than the placebo group as estimated using the NART (111.4 compared to
104.9; 1(30)=2.27, p=0.031) and a lower level of thyroid stimulating hormone (TSH)
(1.14 compared to 2.00 mU/L; t(30)=4.400, p<0.001). The NART and TSH were
subsequently provisionally entered into analyses as co-variates but were found to be not
significant in any analysis.

30 Clinical effects: Changes in the ADAS-cog score at weeks 4, 12, 24 and
36 from baseline were subject to two-way analysis of variance with factors of treatment
arm and baseline illness severity. The means of the changes in ADAS-cog score showed
greater deterioration in the placebo treated group at each examination interval,
compared to the PBT-1-treated group (Fig. 2A). This trend came close to statistical

35  significance at week 4 [F(1,28)=3.55, p=0.070] and week 24 [(F(1,28)=3.31, p=0.080]
(Fig 2A). As planned in the protocol, the effect of severity of illness was examined by

stratification of the sample into subjects less- or more- severely affected (baseline
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late onset 30 famﬂr&lrm%@awlgdleﬂidévzblat%&em@.ln plasma AB4(0/42 was large and led to

reduced power of the study to detect any significant differences in mean changes

between groups. However, reference of individual A levels to baseline reference levels
markedly decreased variance, and revealed significant treatment effects. Plasma AB42

15 showed a significant decline from baseline in the PBT-1-treated group from week 20
onwards; over the same time, plasma AB42 in the placebo group increased (Fig 3A).
Stratification by illness severity as above demonstrated that changes were evident only
in the less-severely affected (Fig 3B).

Administration of PBT-1 was associated with a significant elevation

20  (=30%) of total plasma Zn (Fig 4A) but with no effect on plasma Cu (Fig 4B). Mean
baseline levels of Zn (9.4 uM) in the pooled AD groups were below age-related
normative values (Wood and Zheng, 1997). The increase in plasma Zn induced by
PBT-1 treatment therefore represented a normalization of levels. In contrast, mean
baseline levels of Cu (13.1 uM) were within the age-related normative range (Rahil-

25  Khazen et al., 2000). Correlation of plasma AB42/40 levels with Zn/Cu levels assayed
on the same or subsequent occasions showed no significant associations.

An important result of treatment of AD subjects with PBT-1 is the
paradoxical elevation in plasma Zn (Fig. 4A), which is consistent with a restoration in
the ZnT3-mediated communication of synaptic zinc with the blood. This also indicates

30 that, in contrast to a typical metal chelator such as desferrioxamine, the mechanism of
action of PBT-1 at this dose is not that of a gross tissue chelator. The relatively weak
affinity of PBT-1 for the metals appears to be insufficient to cause marked systemic
metal depletion in the presence of a re-established equilibrium of metal homeostasis.

Blood levels of PBT-1: Steady state pre-dose levels of PBT-1 at total

35  daily dosages of 250, 500 and 750 mg were 4.03+2.10, 6.74+3.70, 7.60£2.15 pg/ml,
respectively, and did not show significant correlations with ADAS-cog, metal or AP

levels assayed on the same or subsequent occasions.
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N (R)a OH 2 R1)a OH I (R ) [1,5]naphthyridine-4,8-diol; Ni OH (R'), N~(R pyrido[3,4-b]pyrazin-8-0 1;
i NJ1 YOH (R’),.. J (Rw pyridol[4,3-d]pyrimidin-8-ol; N OH 20 in which R1 and in are as defined in
claim 1, p is an integer of 1 to 4 and g is an integer of 1 or 2. 3. Use according to claim | or 2 in which
the compound of formula | is selected from the following: 25 (i) FormulalaON (RYIM N (R)g 30 RH la
166 in which R, R1, m and q are as defined in claim 1 &f&laim 2; (ii) Formulalb N (R,)5N; (R)q RH
Ib 10 in which R, R1, m and q are as defined in claim 1 or 2;

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

l. Use of a compound of formula I

10

in which I
RisOorS;
R' is independently selected from H, optionally substituted alkyl, optionally
15  substituted alkenyl; optionally substituted alkynyl; optionally substituted aryl;
optionally substituted heterocyclyl; an antioxidant; a targeting moiety; CN; halo; CFs;
SO;3H; and OR?, SR%, SOR?, SO,R?, NR’R”, (CH,),.NR’R’, HCNOR? HCNNR’R®,
CONR’R’, CSNR’R’, NCOR?, NCSR?, COR?, CO;,R” , CSR” or SO,NR’R’ in which
R? and R? are independently selected from H, optionally substituted alkyl, optionally
20  substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl,
optionally substituted heterocyclyl, an antioxidant or a targeting moiety;
W is CH, N or NH;
Uis CH, CO or N;
Y' is absent or together with the ring to which it is attached forms a 6 membered

25  N-containing optionally substituted heterocyclyl;

Y is absent or together with the ring to which it is attached forms a 5- or 6-
membered optionally substituted aryl or a 5- or 6-membered optionally substituted
heterocyclyl;

m is an integer from 1 to 3;

30 salts, hydrates, solvates, derivatives, pro-drugs, tautomers and/or isomers
thereof,

with the provisos that:

(1) at least one of W and U is other than CH;
(i)  phanquinone or tautomers thereof are excluded i.e., when R is O,
35 R'at position 7 is OH, W and U are CH and Y is absent, then Y' is not Kﬁ ; and

N

N



(i) Formula lc (R,) 15 m (R1)g RH Ic 20 in which R, R1, m and q are as defined in claim 1 or 2; (iv)
Formula Id (R1)g N~~~~R~)m 25N /RH Id 30 in which R, R, m and q are as defined in claim 1 or
2; (v) Formulale O N(R1) Ra35)mJI" RH 167 in which R, R1, m and g are as defined in claim 1
or 2; and (vi) Formula If (RI)m N 51/~(R~~m R1AN1NJ OH 10 in which R1 and m are as defined in
claim 1 or 2. 4. Use according to any one of claims 1 tol®% which R in the compound of formula | is

O.

15

20

25

30

35

40

(ii1))  when R is O, Y and Y" are absent, U is CH,
W is CH other than at position 3

Me

. . 1 -
where Wis N, mis 2 and R’ is —NH N M

at position 3, then R at position 2 is not —SO—NHAC
or —SONH—SOZMe

in the manufacture of a medicament for the treatment, amelioration and/or

prophylaxis of a neurological condition.

2. Use according to claim 1, in which the compound of formula I is selected from

the following:

(RY)nm o
\/ | QH 8-hydroxy-4(3H)-quinazolinones;
N 1
OH R
(RYm (RYm
| : /)’\‘3 8-hydroxy-quinazoline;
8 N
OH !
(RYn
VR (RY)q
R A
|\ _ N{J 8-hydroxy-quinoxaline;
oH
e "
L /J [1,6]naphthyridin-8-ol;



15 5. Use according to any one of claims 1 to 4 in which R1 in the compound of formula | is halo,
optionally substituted aryl, optionally substituted heterocyclyl, optionally substituted alkyl, OR2, SR2,
(CH2)"NR2R3, CONR2R3 and NCOR2 in which n, R2 and R3 are as defined in claim 1. 20 6. Use
according to any one of claims 1 to 5 in which R1 in the compound of formula I is fluoro, iodo, chloro,
optionally substituted phenyl, an optionally substituted wuagaturated 3 to 6-membered
heteromonocyclic group containing 1 to 4 nitrogen atoms, an optionally substituted saturated 3 to
6-membered heteromonocyclic group containing 1 to 4 nitrogen atoms, an optionally substituted
saturated 3 to 6-menwrred 25 heteromonocyclic group containing 1 to 2 oxygen atoms and 1 to 3
nitrogen atoms, optiona ituted C1-4 alkyl, optionally substituted C2-6 cycloalkyl, optionally
substituted C1_6 alkoxy,LQpﬂleN lly substitinted phionCld2NRARE iminichadR4; and R5 are
independently selected frafp H ard C14 alkyl or CONH(CH2)2R6 in which R6 is optionally substituted
heterocyclyl..30 7. Use according to any one of claims 1 to 6 in which Yin the compound of formula |
is an optlonaTIy subst;tuted phenyl 168 8. Use according to any one of claims 1 to 7, in which the
compound of formul m oll)é‘)ws CIOCIO F5/NNACI\IN~CI\IN" OHOH 10551061 10

Cl005011 1 INH | IUI\./Q 15 OH O} h}06%LoAR2NLO)
OH

il
fam]

(R')m R' (R, 4-hydroxy-acridine;

) N K
OH
15
(R
L
\ N N
7N N % |
J R1/\5(\QJJ 4,7(4,10)-phenanthrolin-5-ol,
20 OH
R
\, NG
SN
(GON
OH
25
0
N%Nk
o \\U 9-hydroxypyndo[1,2-a]pyrimidin-4-one;
R SX
(R'q

30



CINNN NNJN/ 25CICIOH OHOHCICI N~~NO 30NMeZ CIN CIOH OH NMe2 1066 35
169 CIcINN:t" CINCINOHOH 1064 1065 ClI 10 NI\\N\ N1 Me000/N O OH\// OH 15 1053
1045 F~N\\INI/ 20N 1070 0 OH HNC

(R'

) OH
: LRy, o )
Ej\/ [1,5]naphthyridine-4,8-diol;
P
N
OH

(R"), 1 . .
AR N%(R u pyrido[3,4-b]pyrazin-8-o01;
S

OH

(R'n
@\w\j/ - pyrido1[4,3-d]pyrimidin-8-o1;
o ~
N

CH
20
in which R' and m are as defined in claim 1, p is an integer of 1 to 4 and q is an
integer of 1 or 2.
3. Use according to claim 1 or 2 in which the compound of formula I is selected
from the following:
25 (1) Formula la o
= N
I
TR
(R*)m/\ & e
30
RH



Cl 025NCI OI\\NN OH106330C;:\N 0OH 1069 N\N 350H 1048170 ~N~NINCINCIN
N 5 OH OH NMe2 OH 1026 9. A composition as claimed in any one of claims 1 to 8, in which the
neurological condition is acute intermittent porphyria; adriamycin-induced cardiomyopathy; AIDS 10
dementia and HIV-1 induced neurotoxicity; Alzheimer's disease; amylotrophic lateral sclerosis;
atherosclerosis; cataract; cerebral ischaemia; cerebral &fy; cerebral tumour; chemotherapy-induced
organ damage; cisplatin-induced nephrotoxicity; coronary artery bypass surgery; Creutzfeldt-Jacob
disease and its new variantlasbdti&tednwitid madacdwindibeaskdidbetidanappathy; Down's
syndrome; drowning; epilepsy ﬁﬂd post Jayikagmatic epilepsy; Friedrich's ataxia; frontotemporal
dementia; glaucoma; glomerulopathy; haemochromat03|s haemodialysis; haemolysis; haemolytic
uraemic syndrome (Weil's disease); haemorr ; lgrboden-Spatz disease; heart attack
and reperfusion injury; Huntington's c“§ ea@ntermlttent claudication; ischaemic
stroke; inflammatory bowel disease; macular : / (RYq

N

RH
Ib
10 in which R, Rl, m and q are as defined in claim 1 or 2;
(ii1))  Formula Ic
N
= \
(Rl)m/ ‘ \ 1
R
15 . X TR,
RH
Ic
20 in which R, Rl, m and q are as defined in claim 1 or 2;
25
Id
30 in which R, Rl, m and q are as defined in claim 1 or 2;
(v) Formula Ie
(0]
N)K
(Rl)m /i(Rl)q

35 ~ \N)



20 malaria; methanol-induced toxicity; meningitis (aseptic and tuberculous); motor neuron disease;
multiple sclerosis; multiple system atrophy; myocardial ischaemia; neoplasia; Parkinson's disease;
peri-natal asphyxia; Pick's disease; progressive supra-nuclear palsy; radiotherapy-induced organ
damage; restenosis after angioplasty; retinopathy; senile dementia; schizophrenia; sepsis; septic
shock; spongiform encephalopathies; 25 subharrachnoldifaemorrage/cerebral vasospasm; subdural
haematoma; surgical trauma, including neurosurgery; thalassemia; transient ischaemic attack (TIA);
traumatic brain injury (TB#WhichuRa&icspindlinjerys tefiveplantztion; vastuiad dementia; viral
meningitis; viral encephalitis; spial cpiipiiyry; dementia with Lewy body formation; fatal familial
insomnia; Gertsmann Straussler Sheinkﬁélg;sease; hereditary cerebral 30 haemorrhage with
amyoidoisis-Dutch type; dementia; or M gnitive Impairment (MCI). 10. Use according to any one
of claims 1 to 9, in which the neurological cog}ﬁ%n is a neurodegenerative disorder. 35 11. Use
according tosclaim 10, in which the neurodegénerdtive disorder is neurodegenerative amyloidosis. 171
12. Use according to claim 10 or claim 11, in which n @Jrpnerative disorder is sporadic or
familial Alzheimer's disease, amyotrophic g osis, cataract, Parkinson's disease,
Creutzfeldt-Jacob disease and its new variant asspciated with "mad cow" disease, Huntington's
disease, dementia with Lewy body formation, mulggle 5 system atrophy, Hallerboden-Spatz disease,
diffuse Lewy body disease, fatal familial insomnia, Gertsmann Straussler Sheinker disease, hereditary
cerebral haemorrhage with amylqidosis-Dutch tyPe, multif)l,e sclergsis, tauopathies, motor neuron
disease orpYion diseas8sViENE. AL BAEATHGHBYAM 480 ih Which the neurodgenerative disorder
is Parkinson's disease. 14. Use according to any one of claims 10 to 12, in which the
neurodegenerativie disqiderdsaaiMé3o siatedconditiar 1k BanYaa ARG dongRiMdLgs in which the
A(3-related cond%tion i? Aﬂzh@mer's disease or dementia associated with Down syndrome or one of
several forms of 'aUto56mal dominant forms of familial Alzheimer's disease.

15 5. Use according to any one of claims 1 to 4 in which R' in the compound of
formula I is halo, optionally substituted aryl, optionally substituted heterocyclyl,
optionally substituted alkyl, OR?, SR?, (CH,),NR’R’, CONR’R? and NCOR? in which
n, R? and R are as defined in claim 1.

20 o. Use according to any one of claims 1 to 5 in which R' in the compound of
formula I is fluoro, iodo, chloro, optionally substituted phenyl, an optionally substituted
unsaturated 3 to 6-membered heteromonocyclic group containing 1 to 4 nitrogen atoms,
an optionally substituted saturated 3 to 6-membered heteromonocyclic group containing
1 to 4 nitrogen atoms, an optionally substituted saturated 3 to 6-membered

25  heteromonocyclic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms,
optionally substituted C;_4 alkyl, optionally substituted C,.¢ cycloalkyl, optionally
substituted Cy.¢ alkoxy, optionally substituted thio, CH,NR'R® in which R* and R° are
independently selected from H and C,.4 alkyl or CONH(CH,),R® in which R is
optionally substituted heterocyclyl.

30
7. Use according to any one of claims 1 to 6 in which Y in the compound of

formula I is an optionally substituted phenyl.



20 16. Use according to any one of the preceding claims which slows, reduces or arrests the cognitive
decline of the subject. 17. Use according to any one of the preceding claims, which further comprises
separate, sequential or simultaneous administration of another medicament. 25 18. Use according to
claim 17, in which the other medicament is an inhibitor of the acetylcholinesterase active site, an
antioxidant, an anti-inflammatory agent or an oestrogehftBagent. 30 19. Use according to any one of
the preceding claims, in which the compound of formula I is administered orally, topically or
parenterally. 20. 8Jse ofltlse aompioogth ahfoomudd ¢lasdefined, im amyabribeoodalgimméto Boasaa 1
pharmaceutical. 35,2} {s&according to claim 20, in which the pharmaceutical is a neurotherapeutic
or neuroprotective agent. 172 22.Cpse agcording to claim 20 or claim 21, in which the pharmaceutical
is an antiamyloidogenic agent. 23]A phajimaceuticaf oxvetefinary confpositioff compriging the
compound of 5 formula | as defingd above in any one of/claims 1 to 8 and a pharm ically or

veterinarily acceptable carrier. . pmposition axcarding to claim ' her comprises
another medicament. 10 25. A asition gecording to claim 24, | er medicament is
an inhibitor of the acetylchalihesteydse asfive site, an antioxidagt, ana

apti-inflgpfimatory agent or an
oestrogenic agent. 15 26. A compaund of formula | as defined in any one of claims 1 to 8. 27.
Compounds of the formulae la, Ib, %€ 1d, le and If as defined in claim 3.°%28. A compound as defined in
claim 8 excluding 1049, 1048, 1026 and’045. 20 29. A process for the prép@ration of the compound
of formula agefined in claim 26 as described herein. 30. A compound of the formula:

Cl (@] o
‘ NH ‘ NH
| ) N/
15 C N
OH OH
1067 1049
O (0]
Cl N N
X N
X N N N )
=
= = N
cl N cl N
25 OH
OH OH
Cl
Cl
N
X N 0
30
P NMe,
Cl N cl N/
OH OH NMe,
1066

35



25 CI COON CI NOZ NHAc 30
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20

25
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OH OH
1064 1065
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N SN
| j X X
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O OH
OH

1053 1045

NI NN
o
N
(@] OH HN\\\
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O
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Cl N Cl N
OH
OH OH NMe,
1026
0. A composition as claimed in any one of claims 1 to 8, in which the neurological

condition is acute intermittent porphyria; adriamycin-induced cardiomyopathy; AIDS
dementia and HIV-1 induced neurotoxicity; Alzheimer's disease; amylotrophic lateral
sclerosis; atherosclerosis; cataract; cerebral ischaemia; cerebral palsy; cerebral tumour;
chemotherapy-induced organ damage; cisplatin-induced nephrotoxicity; coronary artery
bypass surgery; Creutzfeldt-Jacob disease and its new variant associated with “mad
cow” disease; diabetic neuropathy; Down's syndrome; drowning; epilepsy and post-
traumatic epilepsy; Friedrich's ataxia; frontotemporal dementia; glaucoma;
glomerulopathy; haemochromatosis; haemodialysis; haemolysis; haemolytic uraemic
syndrome (Weil's disease); haemorrhagic stroke; Hallerboden-Spatz disease; heart
attack and reperfusion injury; Huntington's disease; Lewy body disease; intermittent
claudication; ischaemic stroke; inflammatory bowel disease; macular degeneration;
malaria; methanol-induced toxicity; meningitis (aseptic and tuberculous); motor neuron
disease; multiple sclerosis; multiple system atrophy; myocardial ischaemia; neoplasia;
Parkinson's disease; peri-natal asphyxia; Pick's disease; progressive supra-nuclear
palsy; radiotherapy-induced organ damage; restenosis after angioplasty; retinopathy;
senile dementia; schizophrenia; sepsis; septic shock; spongiform encephalopathies;
subharrachnoid haemorrage/cerebral vasospasm; subdural haematoma; surgical trauma,
including neurosurgery; thalassemia; transient ischaemic attack (TIA); traumatic brain
injury (TBI); traumatic spinal injury; transplantation; vascular dementia; viral
meningitis; viral encephalitis; spinal cord injury; dementia with Lewy body formation;
fatal familial insomnia; Gertsmann Straussler Sheinker disease; hereditary cerebral
haemorrhage with amyoidoisis-Dutch type; dementia; or Mild Cognitive Impairment
(MCD).

10.  Use according to any one of claims 1 to 9, in which the neurological condition is

a neurodegenerative disorder.

11.  Use according to claim 10, in which the neurodegenerative disorder is

neurodegenerative amyloidosis.
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12. Use according to claim 10 or claim 11, in which the neurodegenerative disorder
is sporadic or familial Alzheimer’s disease, amyotrophic lateral sclerosis, cataract,
Parkinson’s disease, Creutzfeldt-Jacob disease and its new variant associated with "mad
cow" disease, Huntington’s disease, dementia with Lewy body formation, multiple
system atrophy, Hallerboden-Spatz disease, diffuse Lewy body disease, fatal familial
insomnia, Gertsmann Straussler Sheinker disease, hereditary cerebral haemorrhage with
amyloidosis-Dutch type, multiple sclerosis, tauopathies, motor neuron disease or prion

diseases.

13.  Use according to claim 12, in which the neurodgenerative disorder is

Parkinson’s disease.

14.  Use according to any one of claims 10 to 12, in which the neurodegenerative

disorder is an AB-related condition.

15.  Use according to claim 14, in which the AB-related condition is Alzheimer's
disease or dementia associated with Down syndrome or one of several forms of

autosomal dominant forms of familial Alzheimer's disease.

16.  Use according to any one of the preceding claims which slows, reduces or

arrests the cognitive decline of the subject.

17.  Use according to any one of the preceding claims, which further comprises

separate, sequential or simultaneous administration of another medicament.

18.  Use according to claim 17, in which the other medicament is an inhibitor of the
acetylcholinesterase active site, an antioxidant, an anti-inflammatory agent or an

oestrogenic agent.

19.  Use according to any one of the preceding claims, in which the compound of

formula I is administered orally, topically or parenterally.

20.  Use of the compound of formula I as defined in any one of claims 1 to 8, as a
pharmaceutical.
21.  Use according to claim 20, in which the pharmaceutical is a neurotherapeutic or

neuroprotective agent.
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22.  Use according to claim 20 or claim 21, in which the pharmaceutical is an

antiamyloidogenic agent.

23. A pharmaceutical or veterinary composition comprising the compound of
formula I as defined above in any one of claims 1 to 8 and a pharmaceutically or

veterinarily acceptable carrier.

24. A composition according to claim 23 which further comprises another
medicament.
25. A composition according to claim 24, in which the other medicament is an

inhibitor of the acetylcholinesterase active site, an antioxidant, an anti-inflammatory

agent or an oestrogenic agent.

26. A compound of formula I as defined in any one of claims 1 to 8.

27. Compounds of the formulae Ia, Ib, Ic, Id, Ie and If as defined in claim 3.

28. A compound as defined in claim 8 excluding 1049, 1048, 1026 and 1045.

29. A process for the preparation of the compound of formula I defined in claim 26

as described herein.

30. A compound of the formula:

Cl
COOH

cl NO,
NHAC





