WO 2010/059773PCT/US2009/065060 TITLE OF THE INVENTION ARYL METHYL ‘
BENZOQUINAZOLINONE M1 RECEPTOR POSITIVE ALLOSTERIC MODULATORS FIELD OF THE
INVENTION  whbhedmsention is directed to a class of aryl methyl benzoguinazalimosm@ompounds,
their salts, pharmaceutical compositions comprising them and their use in therapy of the human body.
In particular, the invention is directed to a class of benzoquinazolinone compounds which are

muscarinic %&ﬂ%@ﬁ§?ﬁ§%@§teﬂc modulators, and hence are useful in the treatment of
Alzheimer's Diséase and other dise:

ases medi t ini Hl[(%c GROUND OF
THE INVENFON METAD AR %@Q;g%% &%%n%%ﬁ%%@g%ﬁ%raﬂve%?é&?@aﬁ ecting the
elderly, resuMidgit-prddfiéssive memory impairment, loss of language and visuospatial skills, and
behavior deficits Characteristics of the disease include degeneration of cholinergic neurons in the
cerebral cortgky hippocampuschagakforebrain, and other regions of the brain, neinofibrillary tangles,
and accgmulatlon ?ﬂé%é’rﬂigﬁqm&&%&dﬁ%@%ﬁ%ﬂ%&ﬁbﬁz@&&lﬁl&@ﬁﬁﬂ %Hﬁ&ﬁ'x!@ m@rbram by
processing of the eta-amé:olld %recutrsor Orot%|5r1 @ﬁe%%glﬂgrbuestea& r%o'doﬂget%\'ﬁn%ﬁﬁé{@g enzyme
("beta secrefﬁ%se'pl r ?-\f‘&, 8)'5?] pﬁﬁa’"rﬁorzﬁsa-s%gre ase. The processing eads to accumulation of Ap in
the brain.  MEHERHEFdiee HETFRSIPR ASHIRSESEiRiA e BREBIRUAE S1o36 SRAMER "EHL? o the nicotinic
acetylcholinesneceipioMih ACHRY prt thellnstssisaripde lalostytoh bints peceistol InMRCISENTRTRLSs been
hypothesized thatshalinetgic Mypafitnatienwonttihuitsyththeucognitinél defigitsrof patients suffering
from Alzheimer's Disease. Consequently, acetyl cholinesterase inhibitors, which inhibit acetylcholine

hydrolysis, i ited. States for use in the treatment of the cognitive
impairment%%%%%@rﬁgg%ggg%g &%ﬁnts. hile acetyl cholipesteragse jnhitgitolr P}ave provided
some cognitive enREMEEMEALIRAIZ A HEPE P SE48e BAEHtE ‘if;nsgat‘ﬁea? eﬁyt/n}‘?asen%ff%é/én shown to
change the usribiHyifyrRsEISETatoR G Pairmenisiesbiidperertiatprisimeriisiihabfic target to
counteract chalinengiethypofiieciioniisithe’ detiviation iofimisearivistiacetarEndviis savinie Feceptors are
prevalent thrgughouhihe-Redy. Five.islinsiussainieresapiess ¢MloMB)hanmbeentdnatified in
mammals. 11, i ceifal AREHS YRR TS SRUINIGLRAERIONS A e 10Maluaiin.LROnbNR-bRfavior
sensory, motor-and autonomic fun tl%ns. ne r:guscarlnlc M1 reﬁﬁme%y%@ggt 1S Tglr?gi%lerrg}tt in the
cerebral corfds IO HRTSHTE A B SEATRAS BESHTOURA'T0' Have’ &’major rofe in cognitive
processing aieiT@BenavEt (hTnteatsiem T GanBETaBH SR SIRAZ MBS BRESEE Bee Eglen et
al, TRENDSdec#hdemacdlddicati8cmhaces, 2001, 22:8, 409-414.1n addition, unlike acetyl
cholinesterase inhibitglisexMiishuaieaawMmI0-ROVE e:oblydsynp tossatie thesdiments MEagonists also
have the potential fo.reat the underhving diseass wachanism,ef AheimersRiseasa.athe cholinergic
hypothesis of lzhelmer s hisease s dnkedio Bolhehary o and yeiahgspiondatad dau protein.
Formation o -3‘%3?&% ﬁ?ay Impair ﬁe coypﬂ’ﬁg SFthe muscarninic receptor with G-proteins. Stimulation
of the MI muBRHTHE V&R P Rad BEERAER QWA i SR RS n ST h OP tRESEHTFd llgg?é%ﬁi/e a.APPs
fragment, therily iphéviertitgciidifohvitlysiobave pnysepved prbes Unithgsiistermsiaiiér APP
processing apehenrhanceaARRvseapatiornS e AishenesphideRh aemacy ? VA080;84y101-112.
nge\f/feﬂ Mlcﬂgﬂﬁ&l%ﬂ@%%ﬁﬁg@s Eﬁ%ﬁ»@%}é@t@m?@ﬁmmﬁéﬁhﬂm@ﬁ@@&seas@eﬁbgvde prﬁduced
side effects common, to other muscarinic to : [ ea and diarrhea.
See Spaldiné’ agg%?ls,’ Iwglt%ﬁ%’?m%scg , %)egfa %gﬁgglé%g?g%%%gﬁ H%T e? W%%cgg?ﬁ}% %r'?ét];gpiiors.are known
to contRin one or %?@W?&?@@i?@%ﬁ?&lﬁmy%@gﬁ%éoé:ﬁ}ﬁlffﬁa\?\;iré%\}ﬁ%ﬁ' frigscarinic igands bind
to the primar§pbmtingoorosrestenie siayosediserine gsRiahEy erEr e/ Prsshcle Bobe,
62:6,1491-150% Sstrazmisncmt akhalsPhavzabele 2000068 kd426%nmals. Thiketrait®mpounds of
the invention,whighsase Muscasinie MiJecaptonpositive allastedomodiatersraadelieved to be
useful in the %‘i%@‘?@%&fcﬁ\léﬁ%e*ﬂl@ﬁﬁ@éﬁﬁ?ﬁ@[?‘%e@‘é&?%iéﬁﬁsﬁé‘zﬁléﬂ'ﬁt% bydhgimagarinic Ml

receptor. SUN . res%ng dlsc:i_osu{ﬁ (}li directed 1o Tq;\ﬁ%loa%’tl ‘[Qetrgéf/ésgenzq[ggsnazolinone
compounds &fpdf@ﬁaé??&ufoaﬁ%ﬁ%%% % PRAIRSL0 A5 Rete ftable Salt thefeol. WhIth Is Useful as an
M1 receptor positkiEtahestarielpibda Rethorhysiology of Alzheimer’s Disease. See Eglen et al, TREN,

in Pharmacological Sciences, 2001, 22:8, 405-414. it addition, unlike acetyl

cholinesterase inhibitors, which are known to provide only symptomatic treatment, M1 agonists
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In one aspect, there is provided a compound of formula (I): R3 71-,R2 N N" (1) or a pharmaceutically
acceptable salt thereof, wherein X, Y and Z are each CHand Q is C, orone of X, Y, Qand Zis N and
the others are CH or C, or X and Y are CH and Q, Rl and Z are linked together to form a naphthyl

roup; R1 is selected from the group consisting of (1) hydrogen [
2 o Cyclc oF FUNES SRR, FeAAGT ORI TR LU S SIS O seleed fom C.
0, N or S. athetstrginenaforhitipisAlzirioe S Ndydsalodmhe(Sy 0N K6RDEN26 alkyl, (7) -C1_6 alkyl,
(8)-C2_6 alkemyhn(IpnSiaaRdxdi0) NREARGE, pubiereinl saidiandi-hietesopityh sl and alkenyl
moiety is oplionally;s &&%B%bﬂ%ﬂ@%&%& rRere-(Analegen: REAYEFMceptor has been shown
to merease formation of the neuroprotective e APPs fragment, thereby preventing the formation
of the AP peptide. Thus, M1 agonists may alter APP processing and enhance tAPPs secretion.
See Fisher, Jon J Pharmacoel, 2000, 84:101-112.
However, M1 ligands which have been developed and studied for Alzheimer’s Disease
have produced side effects common to other muscarinic receptor ligands, such as sweating,
nauses and diarrhea, See Spalding et al, Mol Pharmacol, 2002, 61:6, 1297-1302.
The muscarinic receptors are known o contain one or more allosteric sites, which
may alter the affinity with which muscarinic ligands bind to the primary binding 0T
orthosteric sites. See, e.g., S. Lazareno et al, Mol Pharmacol, 2002, 62:6, 1491-1503; §.
Lazareno ¢t 2}, Mol Pharmacol, 2000, 58, 194-207.
Thus the compounds of the invention, which are muscarinic M1 receptor positive
allosteric modulators, are believed to be useful in the treatment of Alzheimer’s Diiscase and other
diseases mediated by the muscarinic M1 receptor.

SUMMARY
The present disclosure is directed to novel aryl methyl benzoquinazolinone compounds of generic
formula (I)
RS
2
Nf”L N
! o
_
!
Ve
X\?Q‘R‘l

or 2 pharmaceutically acceptable salt thereof, which is useful as an M1 receptor positive

allosteric modularor.



(c) -0-C1_6 alkyl, (d) -C1_6 alkyl, (e) (f) -N(R5AR5B), (g) -S(=0)n-R8, or- (h) oxo, provided that when
Q is N then RI- is absent; R2 is selected from the group consisting of (I) hydrogen, (2) aryl, (3) a
heteroaryl group which is a cyclic or polycyclic group, having from five to twelve ring atoms, said ring
atoms selectedhfromp&at, Ahdtaf Soatiteastanewiiwhiohisl®(IN or S, (4) a heterocyclic group, which is
a non-aromatic cyclic or polycyclic group having from five to twelve ring atoms selected from C, 0, N or
S, at least one of whichis 0, N or S, (5) -0-Ci_6 alkyl, (6) -C1_6 alkyl, (7)-C2_6 alkenyl, (8)
-S(=0)n-R4, (9) -C3_8 cycloalkyl, (10) -05_8 cycl ?kenyl, (11) -NR5ARS5B, wherein said aryl,
heteroaryl, heterocyclyl, alkyl, alkenyl, cycloalk)ﬂ[ citloalkenyl moiety is optionally substituted with
one or more

2 O
_
Ye
P 7
X\&Q
(I)

or a pharmaceutically acceptable salt thereof, wherein

\R1

X, Y and Z are each CH and Q is C, orone of X, Y, Q and Z is N and the others are CH or C,or
X and Y are CH and Q, R and Z are linked together to form a naphthyl group;

R1 is selected from the group consisting of
(1) hydrogen,
(2) aryl,
(3) a heteroaryl group which is a cyclic or polycyclic group, having from five to twelve
ring atoms, said ring atoms selected from C, O, N or S, at least one of which 1s O, N or S,
(4) haiogen,
(5)-CN,
(6} ~0O-C1.6 alleyl,
(7) ~C1.-6 alkyl,
(8)-Cn.g alkenyl
(9) -S(=O)n-R4,
(10) -NRSARSB,
wherein said aryl, heteroaryl, alkyl and alkenyl moiety is optionally substituted with one
or more
(a) halogen,
(b) hydroxy,
() —0-C1-6 alkyl,
{d) —C1-g alkyl,
(e) -C(=0)-(O)m-RH,
() NRSARSB),
(g) ~S(=0)p—R8, or

Z2a



(a) halogen, (b) hydroxy, (c) -O-C1;6 alkyl, (d) -Ci _6 alkyl, (e)-S(---=0)n-R8, (f) -C2_6 alkenyl, (g)
-CN, (h) (i) -NR5ARS5B, (j) oxo, (k) aryl, (1) a heteroaryl group which is a cyclic or polycyclic group,
having from five to twelve ring atoms, said ring atoms selected from C, 0, N or S, at least one of which

isO,NorS,(m)ah
five to twelve ring a

e

ocyclic group, which is a hon-aromatic cyclic or polycyclic group having from
$%elected from C, 0, N or S, at least one of which is 0, N or S (n) -0C(r=0)- R6,

wherein the aneyidaridmyihepl hist eyl isetseriyclic moiety is optionally substituted with one or

more halogen,
group nS|s in 8f
optionally S stibstitute

(i) -C1_6 alkyl, or (i) -OC 1 _6 alkyl; R3 is selected from the

(§ ?gdro eném(l% st% gfalkyl and (3)-S(0)n-R4, wherein said R3 alkyl moiety is

(=24
rore

(1) hydrogen,

(2) aryl,

(3) a heteroaryl group which is a cyclic or polycyclic group, having from five to twelve

ring atoms, said ring atoms selected from C, O, N or S, at least one of which 1s O, N or S,

(4) a heterocyclic group, which is a non-aromatic cyclic or polycyclic group having from

five to twelve ring atoms selected from C, O, N or S, at least one of which is O, N or §,
(5) —O-C1.4 alkyl,

(6) -C1-6 alkyl,

(7)-C2-6 alkenyl,

(8) ~S(=O)n-R4,

(9) —C3.g cycloalkyl,

(10) —Cs.g cycloalkenyl,
(11) -NRSARSB,
wherein said aryl, heteroaryl, heterocyclyl, alkyi, alkenyl, cycloalkyl and cycloalkenyi

moiety is optionally substituted with one or more

(a) halogen,

(b) hydroxy,

(¢} ~0-Cq.6 alkyl,
(d) ~C1-6 alkyl,
(€)-S(=O)p-R8,

(f) =C2.¢ alkenyl,

(2) CN,

(h) -C(=0)~(O)m-RE,
(i) ~NRSARSB,

() oxo,

(k) aryi,

(1) a heteroaryl group which is a cyclic or polycyclic group, having from five to

twelve ring atoms, said ring atoms selected from C, O, N or S, at least one of
whichis O, Nor S,

(m) a heterocyclic group, which is a non-aromatic cyclic or polycyclic group

having from five to twelve ring atoms selected from C, O, N or 8, at least one of
whichis O, Nor S

2b



(a) halogen, (b) cyano, and (c) -0-C1_6 alkyl, wherein said alkyl is optionally substituted with one or
more halo; R4, R6 and R8 are independently selected from the group consisting of (1) hydrogen, (2)
-C1_6 alkyl, and (3) -(CH2)n-aryl, wherein said R4, 126 or R8 alkyl or aryl moiety is optionally

substituted with one oi\,r@]%réem_é%grli%ogen, (b) cyano, and (c) -0-C1_6 alkyl, wherein said alkyl is
optionally substitutedWith-one br more halogen; RSA and 12513 are selected from the group

consisting of (1) hydrbgesin (23 atiiy alikgnyt3IrG Ietuyeidalkyicery cOEHOFOIdR6is(8)ista)2-R6, or
RSA and FOB are linkgditogether withdhe sitrogen to which they are both attached to form a 2-6
membered carbocyclic rin%)wher%%%@g or two of the ring carbon atoms is optionally replaced by a

nitrogen, oxygen or sulfur;"’
g ¥ (11)  ~C1-6alkyl, or

(i) —OC].6 alkyl;

R3 is selected from the group consisting of

{1) hydrogen,

(2) ~C1-6 alkyl, and

(3)-S(O)p-R4,

wherein said R3 alkyl moiety is optionally substituted with one or more
{a) halogen,
(b) cyano, and
(c) -O-C1.¢ allyl, wherein said alky!l is optionally substituted with one or more
halo;

R4, R6 and R8 are independently selected from the group consisting of

(1) hydrogen,

(2} -C1.6 alkyl, and

(3) {(CH2)p-aryl,

wherein said R4, R6 or R8 alkyl or aryl moiety is optionally substituted with one or more
{a) halogen,
{(b) cyano, and
(¢) =O-C1-¢g alkyl, wherein said alkyl is optionally substituted with one or more

halogen;

R5A and RSB are selected from the group consisting of
(1) hydrogen,
(2)~C1-6 alkyl,
(3) —C3-g cycloalkyl,
(4) ~C(=0)-0- RS,
(5) -S(0)2-R6,
or R5A and RSB are linked together with the nitrogen to which they are both attached to
form a 2-6 membered carbocyelic ring, wherein one or two of the ring carbon atoms is

optionally replaced by a nitrogen, oxygen or sulfur;

2c



misOorl;andnis0,1or2.In another aspect, there is provided a compound of formula (V), (V)
wherein R2 and Q are paired as below: Q H OH (racemic) 1110 (i S, 2S) b OH (i S, 25) e -='N

mis 0 or 1; and
nis0,1or2.
In another aspect, there is provided a compound of formula (V),

2
I?I%N’R
SO
Q!
(V)

wherein RZ and Q' are paired as below:

q R

(racemic)

&O '\JjN

OH ==
(18, 25)

N
3‘5@ /N

OH N
(18,25)
or a pharmaceutically acceptable salt thereof.




or a pharmaceutically acceptable salt thereof. In another aspect, there is provided a compound
which is rac-3-[trans-2-
hydroxycyclohexyl]-6-[(6-methylpyridin-3-yl)methylThenza[h]quinazolin-4(3H)-one, or a
pharmaceutigally agsegtahlesalt theseofis pinddethenaspeshotheie isipebvided sacSnipenmdt which is
3-[(1S,2S)-2- hydroxycyclohex yl -6-[ ( 6-meth ri.din -3 -yl lin ethyl Ib e h] quin azolin -4 (3
H)-on BYSPAYSHASESrkAIR e é’ﬁ@%‘éﬁ%ﬁ%{ggfy ﬂbe?%i%h:ﬂﬁ%r%%%%ﬁét 'rlelglkg provided a
comp%lgg;m@ﬂ%&t{g@[ﬁ-galthcyclohexyI]-6-[(6-methoxypyri din-3 -yl)methylibenzo[h] quin
azolin-4(3 HI-on e, or a pharmaceutically acceptabée (?alt thereof dIn a%otger.aspe_(fhg]%?_ i’g
provided a compcBReFhicERES-[(sTss)ts. provided 2 compound  wiich 18 7o-{15.2

hydro B:24(FrisopsonsipyridinnyimettyiThenzeliigyinazelim4(@H)ane, Or ar o
pharmaceutically acceptable salt thereof In another aspect, there is provided a compound which is
raC_3_[@|l§ﬁg1QQeuti.caﬂy acceptable sait thereof.

hydroxycyclofexyll:6:146-(hydroxymethy ) pyrighs-rvtimethyieeozeth|quinezolis-4{3t)-ome;sal-a
pharmaceutically acceptable salt thereof . _The disclosure is fu er,dire(gted tg}g]ethods of treating a

patientyserey SR TTHRANY fom B R RERE iR IR T AT R WA 8 ttr 14 i06ved  suéh as

Alzheimers, diseasen cagnitive impailingasrschizophrenia, pain disorders and sleep disorders, by

administering to the patient a therapeutically effective. amount of a cqmpaund of ge |f la (), or
g P y _ ‘ 9 th g gegg %Qljl (N

a pharmaceutieallyradesptabhs Salt hiareofs THIWEMsufe iSAIES Wik ctéd R pHANmacETtcal™

comp%%@g;wp&@&; yde e eHisclive.amannt of aearneeisd of) fermulait)+ H-gharmaceutically
acceptable salt'thereof, and a pharmaceutically acceptable carrier, and the use of the compounds and
pharm&béﬁﬂéé@éé?ﬁ%ﬁ&iﬁﬁ?@ﬁﬁ?ét(Hh’éfé%ure in the treatment of such diseases. In another
aspect, there i3 prayided aphaimagruticakcoppasidon sorpristhca theiapeuticaliyeffestive amount
of a compound as defined above, or a phannaceutically acceptable salt thereof, and a
pharmacetpicenychtesptitte [tk ox v ptARORNER R SR TGRS | BrevRisd AR An aceUins:

compogitiop; for the. treah of iafisease gegisorder mediated by the muscarinic Ml receptor,
wherein said disease or disorder is selected from the group consisting of Alzheimer's disease,

schizophrenia,.pain qr sleep di or(%lers comprising a therapeutically effective amount o{acompound
2 defined abOLE B BBt LR (S Ao TR S S S DR AN mccoptable

carrier. DETATE EDIFESTRI PO ROE THEPINVERTION: s SRpoaR=Htetit invention is directed
to aryl metinitinehzogjuinazclinonérenm penrtsouiege et sicfordrurdt) W rdrapaphdanndceutically
acceptablgisaltsithereatiwiemeifive amount of a compound of general formula (I), or &

pharmaceutically acceptable salt thereof. The disclosure is also directed to pharmaceutical

compositions which include an effective amount of a compound of formuta (), or a

e



X, Y and Z are each CH and Q is C, or one of X, Y, Q mid Z is N and the others are CH or C, or X and

Y are QH a@&@a&hﬂa@d%@@tﬁbﬁmd}iﬁgﬁib&mé iqﬂmaaaqni‘@iw @@pfm;bglmlenﬂeuqmm the group

consisting Gf (L ydoqen: (2) Aid.(3) AIsipand araymwBiEh s Gyelc ekpelioysligroup, having
ve i [

from five to twe g atoms, said ring atoms selected from C, 0, N or S, at least one of which is 0. N
or S, (4) haISTER: (5) -CN, (6)-0-C1_6 alkyl, (7)-C 1_6 allcy-1, (8 \r-C2-6 alkenY1 (9) -S(=0)12-R4,

(10) -NRSARSB, yyherein said and, heteroaty!palkyhand,alkenyl meigty.is eeﬁh%zs@ﬂyoﬁulagm ehwith
one or more (a) halogen, (b) hydroxy,-3- WO 2010/059773PCTTUS2009/065060 (c) -0-C1-6 alﬁyl, (d)
-01-6 alkylih@pe(Eeln)pileRE vEr) ameﬂgtp\R{{;g)’oompound as defined above, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

In another aspect, there is provided 2 pharmaceutical composition for the treatment of a
disease or disorder mediated by the muscarinic M1 receptor, wherein said disease or disorder is
selected from the group consisting of Alzheimer’s disease, schizophrenia, pamn or sleep
disorders, comprising a therapeutically effective amount of a2 compound as defined ab.ove, Or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.
DETAILED DESCRIPTION OF THE INVENTION
In one embodiment, the invention is directed to aryl methyl benzoguinazolinone

compounds of general formuta (T)

and pharmaceutically acceptable salts thereof, wherein-

X, Y apd Z are each CH and Q is C, or one of X, Y, Q and 7 is N and the others are CH or C, or
¥ and Y are CH and ¢, R1 and Z are linked together to form a naphithyl group;

R1is selected from the group consisting of
{1y hydrogen,
(2) aryl,
(3) & heteroaryl group which is & cyclic or polyeyelic group, having from five to tweive
ring atoms, said ring atoms setected from C, O, Noor §, at least one of which 15 O, Nor §,
{4) halogen,
(5)-CN,
(&) ~0-Ci-4 alkyl,
(73 ~C1-6 alkyl,
(8.6 alkenyl
(9) -S(=0)p-R7,
{10} -NR5ARSB,
wherein said aryl, heteroaryl, alky! and alkepyl moiety is optionally substituted with one
O more
{2} halogen.

(b} hydroxy.



(9) -S(=0)n-R8, or (h) oxo, provided that when Q is N then Rl is absent; R2 is selected from the group
consisting of (1) hydrogen, (2) aryl, (3) a heteroaryl group which is a cyclic or palyeyclic group, having
from five to twel\VErREpAaBTAYS, said ring atoms selected from C, 0, N or S, tT18a&t88&Bf which is 0, N
or S, (4) a heterocyclic group, which is a non-aromatic cyclic or polycyclic group having from five to
twelve ring atoms selected from C,0,Nor S, at least one of whichis 0, Nor S, (5) -0-C1_6 alkyl, (6)
-C1-6 alkyl, (7)-C2-6 aIk %) z?éﬂg Jn-R4, (9) -C3_8 cycloalkyl, (10) -05_8 cycloalkenyl, (11)
_NR5AR5B, wherein sal Jahe ﬁﬁ% aryl heterocyclyl, alkyl, alkenyl, cycloallcyl and cycloalkenyl
e

moiety is optionally substittit more (a) halogen, (b) hydroxy, (c) -0-01-6 alkyl, (d) --C1.6
alkyl, (©)-C-OH O R

(O -NERSARIB), |
(g) -S(=0)-R8, or
{h) oxo,
provided that when ( is N then R1 is absent;

RZ is selected from the group consisting of
{1} hydrogen,
(2) aryl,
{3) a heteroaryl group which is a cyclic or polycyclic group, having from five to twelve
ring atoms, said ring atorne selected from C, O, N or 8, af leasi one of which 18 O, Nor §,
(4) a heterocyclic group, which is a non-aromatic cyclic or polycyclic group having from
five to twelve ring atoms selected from C, O, N or S, at least one of whichis O, Nor §,
(5) ~0-C1-6 alkyl,
{6) ~Cj -6 alkyl,
{(7+-C2-¢ alkenyl,
(8) —S(=0)p—R%,
(9 (3-8 cycloaikyl,
(10) ~Cs.g cycloalkenyl,
(11) ~-NRSARSB,
wherein said aryl, heteroaryl, heterocyclyl, alkyl, alkenyl, cycloaliyl and cycloalkeny!
molety is optionally substituted with one or more
{(a) alogen,
(b} hydroxy,
() ~0-Ci.6 alkyl,
(d) ~C1.6 alkyl,
(-S(=0)n-R8,
(f) ~C2-6 alkenyl,
(g) -CN,
(1) -C(=0)-(O)m-RO,
(i) ~-NRSARSB,
(j) oxo,
(k) aryl,



(1) -02-6 alkenYl, (g) (h) -C(=0)-(0)/n-R6, (i) -NR5ARS5B, (j) oxo, (k) aryl, WO
2010/059773PCT/US2009/065060 (1) a heteroaryl group which is a cyclic or polycyclic group, having
from five to twelveordagp4aseitis, said ring atoms selected from C, 0, N or S FPATIEEXOHPESY which is 0, N
or S. (m) a heterocyclic group, which is a non-aromatic cyclic or polycyclic group having from five to
twelve ring atoms selected from C, 0, N or S, at least one of which is O,N or S (n) -0C(=0)- R6,

wherein the alkyl, alkenyl Ayt Detgi l&g% ngteroeyalic s%é&%@@u 3lly:sulsiitusediwith one or
more (i) haloge) ¥2 t) é% Jgd %‘9 Fom the group
- consisting of (1) hydrogeﬁve(lﬁ e Rk éﬁﬁ%ﬁ&%ﬁ%ﬁ? %(gﬂa yl'molety 1s optlonaﬁy substituted
with one or more (a) halogigh is O, Nor 8,
(m) a heterocyclic group, which is a non-aromatic cyclic or polyeyclic group
having from five to twelve ring atoms selected from C, O, N or 8, at least cne of
whichis O, Nor S
{m —OC(=0)- RS,
 wherein the alkyl, alkenyl, aryl, heteroaryl or heterocyclic moiety is optionally
substituted with one or more
(i) halogen,
(1) —LCi-galkyl or
(i)  ~0Cjp-4 alkyl;

" R3 is selected from the group consisting of
(1) hydrogen,
(2)-C1-6 alkyl, and
(3FS(O)n-R%,
wherein said R3 alkyl moiety is optionally substituted with one or more
(a) halogen, '
{b) cyano, and
() ~0-C1.¢ alkyl, wherein said alky! is optionally substituted with one or more

halo;

R4, R6 and R8 are independently selected from the group consisting of
(1) hydrogen,
(2) -C1-6 aikyl, and
(3) {CH2)p-aryl,
wherein said R4, RS and B8 alkyl or aryl moiety is optionally substituted with one or
more
(a} halogen,
{b) cyano, and
(¢} ~0-C1-6 alkyl, wherein said alkyl is optionally substituted with one or more

halogen,

R5A and R5B are selected from the group consisting of
(1) hydrogen,
{2) ~C1.-6 alkyl,



(b) cyano, and (c) -0-C1_6 allcyl, wherein said alkyl is optionally substituted with one or more halo; R4.
R6 and R8 are independently selected from the group consisting of (I) hydrogen, (2) -C1-6 alkyl, and
(3) -(CF12)n-aryiyaviseseiarsaid R4, R6 and R8 alkyl or aryl moiety is optidi{ialy=36i54#dt&d with one or
more (a) halogen, (b) cyano, and (c) -0-C1-6 alkyl, wherein said alkyl is optionally substituted with one
or more halogen; RSA and RSB are selected from the group consisting of (1) hydrogen, (2) -C1_6
alkyl, WO 2010/056%(]%;3%;’/ %099/065060 (3) -C3-6 cYcloalkyl, (4) -C(-0)-0- R6, (5) -S(0)2-R6, or
R5A and R5H are i t get er with the nitrogen to which they are both attached to form a 2-6
membered carboc;ﬁéhc@in@)\ﬁh&éeln one or two of the ring carbon atoms is optionally replaced by a
nitrogen, oxygen of 3uff{P)2-RO,

or R5A and RSB are Jinked together with the nitrogen to WhiCh they are both attached to
forma 2-6 membered carboeyclic ring, wherein one or two of the ring carbon atoms s
optionally replaced by a nitrogen, oxygen or sulfur;

misOorl;and
nist, lor2,
In particular embodiments, Q is C, X and Y each CH and Z is N.
In other embodiments, X, Y, Z are each CH, and Q is C.
In other embodiments, X and Z are each CH, Q is Cand Y is N
In other erribodimenté, X and Y are CH, and Q, R1 and Z are linked together 1o form a
naphthyl group.
In particular embodiments of the compounds of formula (1), R? is selected from the group
~ consisting of
(1) halogen (suitably fluoro or chloro),
(2)-CN,
(3} ~0-C1.6 alkyl, or
{43 ~C1-6 alkyl,
wherein said alkyl is optionally substitited with one or more
(a) halogen,
(b} hydroxy,
{c) ~O-C1.6 alkyl,
{d) -C1-6 alkyl,
(e) -C(=0)-(O)RO,
(f} ~NRSARSE, or
(gj OXO,
Tn other embodiments of the compounds of formula (T), R1 is selected from the group
consisting of
(1) aryl, or
(2) heteroaryl, as described above,
wherein said aryl or heteroaryl is optionally substituted as described above. A suitable
R1 aryl group is phenyl. Suitable R1 hetercaryl groups include pyridyl, pyrazolyl, pyrimidinyl,
and imidazolyl. In certain embodiments, the R1 aryl or heteroary]l moiety is optionally
substituted with one or more
{a) halogen,



misOor1l;andnis 0, 1 or 2. In particular embodiments, Q is C, X and Y each CH and Z is N. In other
embodiments, X, Y, Z-are each CH, and Q is C. In other embodiments, X and Z are each CH, Q is C
and Y is N. Iwotheresmbodiments, X and Y are CH, and Q, RI and Z dtellinieerfs§¥ther to form a
naphthyl group. In particular embodiments of the compounds of formula (1), Rl is selected from the
group consisting of (1) halogen (suitably fluoro or chloro), (2) -CN, (3) -0-C1".6 alkyl, or (4) --C1-6
wherein said alkyl is opti stltuted with one or more (&) halogen, (b) hydroxy, (c) -0-C1-6 alkyl,
(d) -Cl alkyl, (e) -C(-0)-( % 5ARSB or (g) oxo, In other embodiments of the

I |s

compounds of formula (I) : ed from the group consisting of (1) aryl, or
1 a

(e) ~S{~0)n-R3-

Exemplary R1 groups include hydrogen, methyl, isopropyl, 1-hydroxy-1-methylethyi,
hydroxymethyl, cyano, methylsulfonyl, oxo, chloro, methoxy, phenyl, 1-methyl- 1H-pyrazol-d-yl,
1H-pyrézol~l-yl, 1-isobutyl-1H-pyrazoi-4-yi, 1 H-pyrazol-4-yl, 3-pyridyl, 6-fluoro-pyridyl-3-yl,
6-methoxy-pyridyl-3-yl, 6-methyl-pyridyl-3-yl, 5-fluoro-pyridyl-3-yl, S-methyl-pyridyl-3-yl, 5-
methyl-pyridyl-3-yl, 5-chloro-pyridyl-3-yl, S-methoxy-pyridyl-3-yl, 1-methyl-1 H-imidazolyl and
dimethylamino.

In particular, embodiments of the compounds of formula (F), RZ is ~C3.8 cycioalkyl, such
as cyclopentyl or cyclohexyl, optionaily substituted as described above. Suitably, the ~C3.8
cycloalkyl group is substituted with one or more

{(a) hydroxy,
(£)y-0-Cyi_6 alkyl, or
{c) ox0.

In other embodiments, R2 is selected from the group consisting of

(1} aryl, or

(2) heteroaryl {as described above), or

(3) ~C1.6 alkyl, wherein said aryl, heteroaryl or alkyl is optionally substituted as
described above. Suitably, the R2 aryl group is phenyl. Suitable R2 heteroary] groups include
pyridyl, pyrazotyl, imidazolyl, indazolyl, triazolyl and azaindolizinyl. In some embodiments, the

| aryl, heteroaryl or alky! group is substituted with one or more
(&) halogen,
(b) ydroxy,
(¢} ~0O-C1-6 alkyl,
{d) —C1-6 alkyl,
(e} -CN,
(£) -CEO-OmRE,
() ~NRSARSB,
(h) oxo,
(i) arvl, and
{j} heteroaryl.

Exemplary R2 groups include 2-hydroxyleyclohexyl (suitably 1.5, 25-2-
hydroxyeyciohexyl), 2-methoxyeyclohexyl, 2-methyl-2-hydroxy-cyclohexyl, Z-aminocyclohexyl,
2-methylaminocyciohexyl, 2-acetylaminocyclohexyl, 2-dimethylaminocyclobexyl, 2-
oxycyciohexyl, 2-acetyloyclohexyl, 2-acetoxycyclohexyl, 2-mesylaminocyclohexyl, 2-acetamide

~X



(2) heteroaryl, as described above, wherein said aryl or beteroaryl is optionally substituted as
described above. A suitable RI aryl group is phenyl. Suitable 12.1 heteroaryl groups include pyridyl,
pyrazolyl, pyrimisiingdegserimidazolyl. In certain embodiments, the 121 aryorREEBSRA moiety is
optionally substituted with one or more (a) halogen, WO 2010/059773PCT/US2009/065060 (b)
hydroxy, (c) -0-C1_6 alkyl (d) -C1_6 aIkyI or (e) -S(=0)11-R8. Exemplary R1 groups include

h%/:drogen Q?“Xﬂeh%’?pfﬁ%éf ,QV{J“LX ¥l el e@h{;&qmgmwm@ﬂw{agmmﬂ; ]a_sn@ﬂwkwlﬁcmi OXO,
chloro, methoxy, phenyl, "1-me Y ra -yi,
1H-pyrazol 4’39?2@1 dy’IQGWIIL’f;c}g ﬁ%{ ??’;0‘4 B-atho %-111 - %PS‘ _ﬁlfﬁ%gﬁ%ﬁ% -yl,

5-fluoro- pyrléy}eglbﬂr1gﬂmr%%ldﬁ3@%h@ymé{maﬁ9f§§ “ m ﬁX %
5-methoxy-pyastlysteBevil 14rpettiyll phetsinic@eotypheab %W&H?Whéﬂﬁ’%ﬁ?fm‘é leinbodiments of the
compounds g dermetan(R.drahdsm@3 nfeytlaitykybustiphrayeyotoperiyhol és?ckihex@)boé{%nally

substituted 356%5 1bpg @&)ﬁ&ﬁ_%yt@ljﬁ%&ﬁq G3.8 £yslpalleyh orouprig-substitater3withi one or more
(a) hydroxy

f% 17 9UhEr SORiRnia.RA o splemiar i the group
consisting of ¢ §z§ Iﬁﬁavs desc above), or (3) -C1-6 alkyl, wherein said aryl,
heteroaryl oﬁ%@}’ ﬁﬁﬁé‘ﬂﬁfﬂmﬁ%‘ututed as described above. Suitably, the R2 aryl group is phenyl,
Suitable R2 heterohrphgiolipstireilicey Atk pyrasens iRiezsl) ».F%éy %BY §FCEAzolyl and
azaindolizinyl. In saméenmtiodmentsadhe efrijic b@m@a@l{ﬁf%k%aé% St fien Withtone or more
() halogen, kvl (typically methyl o ethyl), and ~8(O)p-R4, wherein R4 is typmaliy»{ll-@ atkyl, such as
methyl or ethyl.
Exemplary R3 groups include hydrogesn, methyl, and methylthio.
In ane embodiment, the invention is directed to methods of treating 2 patient (preferably a
Human) for diseases in which the M1 receptor is involived, such as Alzheimer's Disease, cognitive
impairment, schizophrenia, pain disorders and sleep disorders, by administering to the patienta
therapeutically effective amount of a compound of general formula (I).
The invention is also directed to the use of a compound of formula (I) for weating
diseases of disorders in which the M1 receptor is involved, such as Alzheimer's disease,
cognitive impairment, schizophrenie, pain disorders and sleep disorders.
The invention is also directed to medicaments or pharmaceutical compositions for
treating diseases or disorders in which the M1 receptor is involved, such as Alzheimer's disease,
cognitive impairment, schizophrenia, pain disorders and sleep disorders, which comprise a
compound of formula (1), or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.
The invention ;s further directed to a method for the manufacture of a medicament or a
composition for treating diseases or disorders in which the M1 receptor is involved, such as
Alzheimer's disease, cognitive impairment, schizophrenia, pain disorders and sleep disordess,
comprising combining a compound of formula (1) with one or more pharmaceutically acceptable
carriers.
Within the genus of compounds of formula (D), there is a sub-genus of compounds of
formmuia (II): '



(b) hydroxy, (c) -0-C1_6 alkyl, (d) -C1_6 alkyl, (e) -CN, (f) -CE=0)-(0)m-R6, (g) -NR5ARSB, (h) oxo, (i)
aryl, and (j) heteroaryl. Exemplary R2 groups include 2-hydroxylcyclohexy-1 (suitably 15, 23-2-
hydroxycyclohexyt) :2umettaxycyclohexyl, 2-methyl-2-hydroxy-cyclohexyl P2Iafmeesecidshexyl,
2-methylaminocyclohexyl, 2-acetylaminocyclohexyl, 2-dimethylarninocyclohexyl, 2- oxycyclohexyl,
2-acetylcyclohexyl, 2-acetoxycyclohexyl, 2-rnesylarninocyclohexyl, 2-acetarnide WO
2010/059773PCUUS2009/065060 cyclohexyl, 2-hydkgxycyclopentyl, 5-methyl-1H-pyrazol-3-yl,
~ 1H-pyrazol-3-yl, 4-(2-thieny1)-1Hpyrazol-3-yl, 4-(2-p/yjiidyp’\@-1H-pyrazol-3-yl,
4-cyano-2-methyl-11/-pyrazol-3-yl, 4-carboxyethyl2meéthyl- 1H-pyrazol-3-yl, 3
-fluoropheny1-1H-pyrazol -3-yl, (1 -ethyl-piperdin-4-yiy=3H-pyrazol4-yl, 3-pyridyl, 4-pyridyl, phenyl,
2-fluorophenyl, 2-methylphenyl, hydrogen, i- hydroxyethyl, 2-cyanoethyl, methyl, allyl,
tetrahydropyran, cycloalkenyl, 1,2,4-triazol-3-yI, 5- furan-2-yl- 1,2,4-triazol- 3 -yl,
5-pyridin-2-y1-1,2,4-triazol-3-yl, 1 -phenyl-1,2 4-tri azot3;-yl, 1 - methyl- 1,2,3 -triazol-4-yl,
2-methyl-1,2,3-triazol-4-yl, indazol-3-yl, azaindolizinelang etrahydropyrazopyrimidine. In particular
embodiments of the compounds of formula (1), R3 is hydro&en. ID alternative embodiments of the
compounds of formula (1), R3 is selected from -Ct afiéy! (typically methyl or ethyl), and -S(0)n-R4,

wherein R4 ii 211 -it' .s.4_6 alkyl, such as methyl or ethyl. Exemplary R3 groups include hydrogen,
methyl, and Q}ﬁtgyﬁkﬂ&mﬁc&ﬁ?g@&ﬁﬂgMimﬁkém?aﬂmgation is directed to methods of treating a
patient (preferably,a hyman) foriseases  whieh e M ExGeaRIaLS yalerk Such as Alzheimer's
Disease, cognitive impairment, schizophrenia, pain disorders and sleep disorders, by administering to
the patient a therapeltitft§eafiective amount of a compound of general formula (I).  The invention is
also directed to the{dis@sdf a compound of formula (1) for treating diseases or disorders in which the Ml
receptor is involved3shahresyAlzhéimebisi dissase, cognitive impairment, schizophrenia, pain disorders
and sleep disorderss) hajogen, '

(5)-CN,

(6) -0-C1- alkyl,

(7) -C1-6 atkyl,

(8)-Cp-g alkenyl

(%) ~S{=0)p-R4, and

(10) -NRSARSB,

wherein said aryl, heteroaryl, alkyl and atkeny! moiety is optionally substituted with one

Or IS
{a} halogen,
(b) hydroxy,
(¢} ~0-Ci.6 alkyl,
(d) —C1-¢ alkyl,
() -CEOHO)m-RE,
(f) NR3ARSB),
(g) -S(=0)~R8, and
(h) oxo. _
In particular embodiments of the compounds of formula (1), R7 is selected from the
group consisting of '
(1) halogen (suitably fluoro or chloro),
(2) ~CN,
(3} ~0-C1.6 alkyl, or
(4) -C1-6 alkyl,



The invention is also directed to medicaments or pharmaceutical compositions for treating diseases or
disorders in which the MI receptor is involved, such as Alzheimer's disease, cognitive impairment,
schizophrenia, paimwisesdess and sleep disorders, which comprise a congsetibgrepAsfitila (1), or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. The invention
is further directed to a method for the manufacture of a medicament or a composition for treating
diseases or dlsorde 'n‘Whl%ha§q§1lswol rec Ol’bl etg gggrh .as Alzheimer's disease, cognitive
impairment, schizopl R S disorere and sieep dlsor ers, comprising combining a compound of
formula (1) with one or méi’é lﬁ’érﬁqaceutlcally acceptable carriers. Within the genus of compounds
of formula (1), there is a s(ibigénys. of compounds of formula (I1): WO |
2010/059773PCTTUS2009/0850604R31R2 N (I) and pharmaceutically acceptable salts thereof,.n R2
and R3 are as described ghowe.;aineR7 is selected from the group consisting of (I) hydrogen, (2) aryl,
(3) heteroaryl (as describ&sﬂ_@e&yﬁ%@g@’ﬁa’logen, (5) -CN, (6) -0-C _6 alkyl, (7) -Cl_—6 alkyl, '
(f) ~NRSARSB, and
(g) oxo.
It other embodinients of the compounds of formula (IT), R7 is selected from the group
consisting of -
(1) aryl, or
(2) hetercaryl (as descnbed above),
wherein said aryl or heteroaxyi is optionally substifirted as descnbed above, A suitable
R7 aryl group is phenyl. Suitable R7 heteroary! groups include pyridyl, pyrazolyl, pyrimidinyi,
and imidazolyl. In certain embodiments, the R7 aryl or heteroaryl is substituted with one or more
{a) halogen,
{b) hydroxy,
{¢) ~0-C1.6 alkyl, or
(d) ~C1-6 alkyl.
Exemplary R7 groups for compounds of formula (II) groups include methyl, 1-methyl-
1 H-pyrazol-4-yl, 1 H-pyrazol-1-yl, cyano, methylsulfonyl, chioro, isopropyl, 1-hydroxy-1-
methylethyl, hydroxymethyl, oxo, 3-pyridyl, 1-methyl- 1 H-imidazolvl, dimethylamino, cyano, 1-
isobutyl-1H-pyrazol-4-yl, 1 H-pyrazol-4-yl, 6-fluoro-pyridyl-3-yl, G6-methoxy-pyridyl-3-yl, 6-
methyl-pyridyl-3-yl, 5-fluore-pyridyl-3-yl, S-methyl-pyridyl-3-yl, S-methyl-pyridyl-3-yl, 5-
chloro-pyridyl-3-yl and 5-methoxy-pyridyl-3-v1.
In another sub-genus within the genus of compounds of formula (1), there are compounds
of formaia (I}

(1)
and pharmaceutically acceptable salts thereof, wherein
RZ and R3 are as described above, and R7 is selected from the group consisting of
(1) hydrogen,
- 10 -



(8)-C2_6 alkenyl (9) -S(0)--R4, and (I 0) -NR5ARS5B, wherein said aryl, heteroaryl, alkyl and alkenyl
moiety is optionally substituted with one or more (a) halogen, (b) hydroxy, (c) -0-C1 6 alkyl, (d)--C1-6
(€) -C(=0)-(0) TrRREIIPSN(R5ARS13), (g) -S(0)-R8, and  (h) oxo. In pariciiAPERBStiments of the
compounds of fokula (H), R7 is selected from the group consisting of (I) halogen (suitably fluoro or
ehloro), (2) -CN, (3) -0-C1-6 alkyl, or (4) -C1_6 alkyl, WO 2010/059773PCT/US2009/065060 wherein

said alkyl is option&l%r%bstituted with one or more
(3) heteroaryl (as described above),
(4) halogen,
{5)-CN,
(6) —0-C1.4 alkyl,
(7)-C1-6 alkyl,
(83-C2.¢ alkenyl
(9) —S(=0)-R8, and
(10) -NRSARSB,
wherein said aryl, hetercaryl, alky! and alkenyl moiety is optionally substituted with one
or more ‘
{(a} halogen,
(b) hydroxy,
(¢} -O-Ci-6 alkyl,
{d)~Ct-6 alkyl,
(&) -C(=01(C)m-RS,
(f) NR3ARB),
(g) ~S(=0)p-R4, and
{h) oxo.
In particular embodiments of the compounds of formula (TIT), R7 is selected from the
group consisting of
{1} halogen {suitably fluore or chloro),
(2)-CN,
(3)—=0-C1-6 alkyl, or
(4) ~C1-6 alkyl,
wherein said alkyl is optionally substituted as described above.
in other embodiments of the compounds of formula (M), R7 is selected from the group
_congisting of
(1) aryl, or
(2) heteroary! {as described above),
wherein said aryl or heteroaryl is optionally substituted as describad above. A suitable
R7 aryl group is phenyl. Swuitable R7 heteroaryl groups include pyridyl, pyrazolyl, pyrimidinyl,
and imidazolyl. In certain embodiments, the R7 aryl or heteroaryl is substituted with one or more
(&) halogen,
(b) kydroxy,
(c) —0-C1-g alkyl, or
{d) -C1.6 alkyl.

- 11 -



(a) halogen, (b) hydroxy, (e) -0-ClI -6 alkyl, (d) -C ..6 alkyl, (e) -C(=0)-(0)m-R6, (f) -NR5AR5B, and (g)
0XO. In other embodiments of the compounds of formula (1), R7 is selected from the grou
consisting of (1 Veryh1epIZyheteroaryl (as described above), wherein said’ QTW%P%QPePSOaryI is
optionally substituted as described above. A suitable R7 aryl group is phenyl. Suitable R7 heteroaryl
groups include pyridyl, pyrazolyl, pyrimidinyl, and imidazolyl. 111 certain embodiments, the R7 aryl or
heteroaryl is substituted with one or more (a lo I I -C1..6 alkyl.
Exemplary R7 grots&8lEeom 966?}%?8 2’ i #ﬁg@%wﬂc%%%d%%%%y(%ﬁ %ﬁ%ﬁyil%égglrazol 4-yl,
1H-pyrazol- i &fpoyarict- Yhérﬁ%&)’#dﬁ??%ﬂl%’r?ﬁr%b oA %’&?8‘5% y--1- methylethyl, hydraxymethyl,
ox0, 3-pyridyl, 1-miethydddsitvighmze iyl fikirthatesianei romsranes Al TEBm- itﬁ”f)%%mf”ﬂ
1H-pyrazol-4p/y G erospyridy1-3-yl, 6-methoxy-pyridy1- 3 -yl, 6- methyl-pyridy1-3-yl,
5-fluoro-py-ridy1-3-yl, 5-methyl-pyridy1-3-yl, 5-me -3-yl, 5- chloro-pyridy1-3-y1 and
5-mefhoxy-pyridy1-3-yl. In another sub-genus ﬂl& enus of compounds of formula (1), there
are compounds of formula (ll): 0:11) and pharm ceu |caI Hacceptable salts thereof, wherein

Yo
7
X\},\R1 )
%

and pharmaceutically acceptable salts thereof, wherein X, Y, Z, R1 and R3 are as described
above. In particular embodiments, compoundq of formula (IV) have a particular relative

| steraachemsﬁy In this embodiment, the bonds between the benzoquinazoline nitrogen and the
I-carbon on the cyclohexyl ring, and the bond between the hydroxy and the 2-carbon on the

cyclohexyl ring, are rans (i.e., are in opposite stereochemical configurations}, as shown below in

formula (IVA):

(IVA)
Compounds of formula (IVA) have either a (1S, 28) or (1R, 2R) absolute stereochemistry.
Ins particular embodiments of compounds of formulae (IV) and (IVA), X and Y are each

CHand Zis N.
In other embodiments of compounds of formulae (TV} and (IVA), X, Y and Z are each

CH.

.12 -



R2 and R3 are as described above, and R7 is selected from the group consisting of (I) hydrogen, WO
2010/059773PCUUS2009/065060 (2) aryl, (3) heteroaryl (as described above), (4) halogen, (5) -CN,
(6) -0-C1-6 alkykv{rie10%367z8kyl, (8)-C2.6 alkenyl (9) -S(0)n--R8, and (1 OPNRERMEB herein said
aryl, heteroaryl, alkyl and alkenyl moiety is optionally substituted with one or more (a) halogen, (b)
hydroxy, (e) -0-01-6 alkyl, (d) -C1.6 alkyl, (e) -NR5AR5B),

In other embodiments of compounds of formulae (IV) and (FVA), X and 7, are each CH,
and YisN.  In other embodiments of compounds of formulae (IV) and (IVA}, X and Y are
cach CH and Q, R! and Z are linked together 1o form a naphthyl group.

[n particular embodiments of the compounds of formulae (IV) and (TVA), R1 is selected
from the group consisting of |

(1) halogen (suitably fluoro or chioro},

2} CN,

(3} ~0-C1-6 alkyl, or

{4)-C1.6 alkyl, ‘

wherein said alkyl is optionally substituted as described above. Suitably, the Rl
alkyl moiety is optionally substituted with one or more

(2) halogen,

(b) hydroxy,

(¢} ~0-C1-6 alkyl,
(d) ~C1-6 alkyl,

(&) -C=0)-(O)mr-RO,
(f) -NRSARSB),

(@) ~S(=0)—RS, or
(h} oxo.

Ini other embodiments of the compounds of formulae (IV) and (IVA), R1 is selected from
the group consisting of '

(1} aryl, or

{2} beteroaryl,

‘wherein said aryt or heteroaryl is optionally substituted as described above. A suitable
R1 aryl group is phenyl. Suitable R1 heteroaryl groups include pyridyl, pyrazol;}l, pyrimidinyl,
and imidazolyl. In certain embodiments, the R1 aryl or heteroaryl moiety is substituted with one
OF more

(a) halogen,

{b) hydroxy,
(¢y—0-C1-p alkyl, or
(d) ~C1-6 alkyl.

Specific embodiments of formula (I} are described herein as Examples 1-131, such as
mc»3—{rmnsuZ-hydmxycyc}ohexyl]—6~{(6-methyipyridin—3—y1)methyi}benzo[h}quénaz@lin—4(3H}~
one (Example 1);
3-[(15,25)-2-hydroxycyclohexyl]-6- [(6-methylpyridin-3-yDmethyl Jbenzo[/]quinazolin-4(3 H)-
one (Exampie 2);
6—{4~methoxybenz}f§)—3—(,S»methyi)dH~pyrazei—3-y1)benzo[h}quinazolin—4(3H)-Gﬁe (Example 3);

w13 -



(9) -8(=0)n-R4, and (h) oxo. In particular embodiments of the compounds of formula (1), R7 is

selected from the group consisting of (1) halogen (suitably fluoro or chloro&i%g -ON, (3) -0-01_6 alkyl,

or (4) -C1.6 whey@iassedalkyl is optionally substituted as described above o%’%’P’éerOn%odiments of

the compounds of formula (11l), R7 is selected from the group consisting of (1) aryl, or (2) heteroaryl
(as described above), wherein said aryl or heteroaryl is optionally substituted as described above.

A suitable Rg-gr-}ﬂ&58)%éﬁtﬁ'ﬁ‘-@%@Hﬂ%ﬂ%ﬁ&ﬁ]@t@ﬁ%ﬁ-@mk@uﬂ%ﬂjﬂyI, pyrazolyl, and
imidazolyi. In certain embodiments, the R7 a{r\g ?r hetherlg)%yl IS 50'1'9§t25ug%%i‘ﬁ’éﬂﬂwone or more (a)
halogen, (b)Hydrbiyrtcs BBTEHGNTT L8y 0T 6 AT WE 2B10/058773PCT/US2009/065060
y1]methyl} benzo[hlquinazolin-4(3H)-one (Example 5);
rac-3-[ trans —2—hydréxycyc]0hexyl}-6~ £16-{1 H-pyrazol-1-yl)pyridin-3-
yl]methyl}benzolh)quinazolin-4(3H)-one (Example 6);
mb—i»{{S-{ trans —2—11ydmxycyclohexyl}—4—0xo—3,4—di§1ydmbsnze{h]quinazoiin«G—
yi}methyl)pyridine-2-carbonitrile (Example 7);
rac-3-[ trans -2-ydroxyeyclohexyl]-6-{ [6-methylsulfonybpyridine-3-
yljmethyl} benzolAlquinazolin-4(3H)-one (Example 8);
rac-3-{ trans -2~hjrdxoxycyc10hexy1]~6-[(6—methaxypyridin—3—yl)methy}]benzo[h'jquinazoiim
4(3H)-one (Bxample 9);
6—{(6—chioropyridin-3—y])methy}]—3u(2-0xycyclohexyl)benzoUa]cgu'mazolixz-ﬁl(SH)—one {(Example
1
trans -2-{6- [(6~clﬂoropyridin—3-y1)rnethy1]-4—oxobenzo[h]quinazciinm3(4H}—y1] cyelohexyl rac-
acetate (Example 11);
N-{(18,28)-2-[6-[(6-chloropyridin-3 ~yDmethyl}-4-oxobenzol/] quinazolin-3(4H)-
yljeyclohexylbacetamide (Example 12);
3-{(18,28)-2-hydroxycyclohexyl] -6-{{6-isopropylpyridin-3 ~yDmethylbenzo[Flquinazolin-4(3H)-
one (Example 13); _.
3-{(1 5,28)-2-hydroxycyclohexyl}-6- [(6-(1-hydroxy~1 -methylethyl)pyridin-3-
y1]methvl} benzo[A}quinazolin-4(3H)- (Example 14);
rae-3-[ frans -Z—hydrexycyclohexyl}ﬁu{[6-{11ydr0xymeti'1y1)pyridine~3~
ylmethyl}benzo[k]quinazolin-4(3H)-one (Example 15}
rac-3-[ trans -2-hydroxyeyclohexyl]-6-[(1-methyl-6-oxo-1 ,6-dihydropyridin-3-
yhmethyllbenzo{#lquinazolin-4(3/)-one (Example 16); |
3 S,25‘)—2—hydr0xycyc§0hexyi}~6—[(G-methyl—1—oxidcpyriciin—3~y1)methy1]bcnzo[h]quinazolin—
4(3H)-one (Example 17);
‘ 3-{(1S,ES)—Z-h.ydz‘oxycyciohexyi]—6-(pyridin—2~ylmethy],)benzo[h] quinazolin-4(3H)-one (Example
18);
6-.[(6-chiompyridin—3 ~yhmethyl]-3-[(15 28)-2-hydroxycyclobexyl]-2-methylbenzol 4] quinazolin-
4(3 H)-one (Example 19); _
and pharmaceutically acceptable salts thereof, Suitable pharmaceutically acceptable saits include

ammonium, sodiam, potassium, hydrochloride, hydrobromide and fumarate,
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Exemplary R7 groups for compounds of formula (Ill) include methoxy, chloro, 1-methyl- 1H-pyrazol-4
yl, 3-pyridyl; phenyl, 1H-pyrazol-1 -yl and hydrogen. In another sub-genus within the genus of
compounds of fetnig/¢Fy there are compounds of formula (IV): (BO and Bﬁ%@gg %ﬂly acceptable
salts thereof, wherein X, Y, Z, Rl and R3 are as described above. In particular embodiments,
compounds of fonoula (IV) have a particular relative stereochemistry. In this embodiment, the bonds

getwee” the benzoquing Hﬁqs%@aﬁ&é@%%%ﬂlo&@éb%h@ﬁh%agwqh@%ym?g hamgnjterbond
etween the hydroxy an 2-carbon on the cyclohexyl ri etr [l'n in opposﬂe
stereochem@ﬁ?@éﬁﬁgé}@é‘ﬁﬁ?ﬁ%}“ HEICh SR A D SRGHPIRT FHINEH ‘éem f\%&sy%%%%obsﬁdgs of formula (IVA)
have either @dé;ﬁﬁ&)@ﬁﬁﬁﬁ%ﬁhﬁ@&w@ sierénckiernistiylchp pantidtiabeadbodiftamsobeompounds

of formulae %)at? {1 IVA gx%%@n?ﬁ?&%
2 i Nod Rather: embedimeantsefsompounds of
fomndae (IVIARE: (VAL XY %dfé are each CH. W 2018/059773PCM82009/O65(f)(6O In other

embod|ment@@fpb@ma@uﬁ%@bﬁ?ﬂﬁﬁﬁﬁéﬂﬂ\%@ﬁﬁé (IVA), X and Z are each CH, and Y is N. In other
embodiments of cam Q}%@n%ﬁfﬁf QN %@%s@éﬁ)c%r@%%@@%rﬁﬁ% @ij' angl @nRhand Z are

linked together to form a na mbo iments ounds of formulae
(IV) and (WA YR} &LEESEG ‘f]r‘f‘fﬁ?"ﬂ?égdf‘% Brégn s%‘ngaM iy halo i 1esﬁuwsﬂwtea I§ u%%r% or.chloro), (2)
-CN, (3) -0-0Alghzitked's Ois¢ay- gqgng,lampmnnent schizophrenia, pam 1sor ers ark g/ leep dlsordrers

administering to the patient a compound of formulae (1}, (I, 3V) and (JVA}, ora

pharmaceuticaily acceptable salt thereof.

The invention is also directed to medlcaments or pharmaceutical compositions for the
treatment of diseases or disorders in a patient (preferably a human} in which the M1 receptor is
involved, such as Alzheimer's Disease, cognitive impairient, schizophrenia, pain disorders, and
sleep disorders, which comprise a compound of formulae (I}, (10, (IV) and (IVA), ora
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

The invention is also directed to a method for the manufacture of a medicament or a
pharmaceutical composition for treating diseases in which M1 receptor is invelved, such as
Alzheimer's Disease, cognitive impairment, schizephrenia, pain disorders, and sleep disorders,
comprising combining a compound of formulae (L), (FII), (IV) and (IVA), or a pharmaceutically
acceptable salt thereof, with 2 pharmaceutically acceptable carrier.

Where a variable occurs more than once in any of formulae (IT), (), (IV) and (IVA) or
in a substituent thereof, the individual occurrences of that variable are independent of each other,
unless otherwise specified.

As used herein, the term “alkyl,” by itself or as part of another substituent, means a
saturated straight or branched chain bydrocarbon radical having the number of carbon atoms
designated (e.g., C1-10 alky] means an alky! group having from one to ten carbon atoms).
Preferred alkyl groups for use in the invention are C1.6 alkyl groups, having from one to six
atoms. Exemplary alkyl-groups include methyl, ethyl, p-propyl, isopropyl, n-butyl, isobutyl, ferr-
butyl, pentyl, hexyl, and the like. Cq alkyl meansa bond.

As used herein, the term “cycloalkyl,” by itself or as part of another substituent, means a
saturated cyclic hydrocarbon radical having the number of carbon atoms designated (e.g., C3-12
cycloalky! means a cycloalkyl group having from three to twelve carbon atorns).  The term
cycloalkyl as used herein includes mono-, bi- and tricyelic saturated carbocycles, spirocycles, and
bridged and fused ring carbocyeles.

Preferred cycloalkyl groups for use in the invention are monocyclic C3.§ cycloalkyl
groups, having from fhree to eight carbon atorns. Exemplary monoeyclic cycloalkyl groups
inctude cyclopropyl, cyclobutyl, cyclopentyl, eyclohexyl and the like. Exemplary bridged
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wherein said alkyl is optionally substituted as described above. Suitably, the R1 alkyl moiety is
optionally substituted with one or more (a) halogen, (b) hydroxy, (c) -0-C1-6 all(Y1, (d) -C1-6 alkyl, (e)
-C(--0)-(0)m-R6, %) 2aM(RSARSB), (g) -S(=0)n-R8, or (h) oxo. In other EfHOHHAAGESWES the
compounds of formulae (IV) and IVA), R1 is selected from the group consisting of (1) aryl, or (2)
heteroaryl, wherein said aryl or heteroaryl is optionally substituted as described above. A suitable

R1 aryl group i enyl. Suitable Rl heteroal rpups; i I} I (mig and
imidazolyl. Incgé]ﬁaihh"( Ie%ﬁ}l%s |Eﬁ($éln safdﬁﬁ% (I%g%/j} IE’)%rr %Oetgbﬁggﬁt%@s%gtﬂﬁl rg:ligr:%&ér more (a)

halogen, (b) ﬁmﬂfﬁ”@hﬁb@e‘}% alkyl, or (d) -C1-6 alkyl. Specific embodiments of formula (1) are
described herein aﬁmmmgﬁmg_@ﬁ@hegg,” by itself or as part of another substituent, means a

rac-34trans-2thygioxyexsiabenintyE-metaylvdidingiypmestiad beboofatbuirazblirbaides one

(Example 1); Be[kiBin8)Lchvekanysy clofamul B4(bemethyipyridindsy@ailstinivenrbafijg from

qU|naZO||n'4(§,!7<!,){0 ten carbon atoms). Preferred alkenyl groups for use in the invention are Cp-¢ alkenyl
groups, having from two 1o six carbon atorns. Exemplary alkeny! groups include ethenyl and

propenyl. ‘
As used herein, the ferm “cycloalkyl,” by itself or as part of another substituent, means a
saturated cyclic hydrocarbon radical having the number of carbon atoms designated {e.g., C3-12
cycloalkyl means a cycloalkyl group having from three to twelve carbon atoms). The term
cycloalkyl as used herein includes mono-, ft)i; and tricyclic saturated carbocycles, spirocycles, and
bridged and fused ring carbocycles. ‘

Preferred cycloalkyl groups for use in the invention are monocyclic C3.8 cycloakkyl
groups, having from three to eight carbon atoms. Exemplary monocyelic cycloalkyl groups
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. Exemplary bridged
cycloalkyl groups include adamanty] and norbornyl. Exemplary fused cycloalkyl groups include
decahydronaphthaiene.

As used herein, the ferm “aryl,” by itself or as part of another substituent, means an
aromatic cyclic hydrocarbon radical. Preferred aryl groups have from six to ten carbons atoms,
The term “aryl” includes multiple ring systems as well as single ring systems. Preferred aryl
groups for use in the invention include phenyl and naphthyl.

The term “ary]” also includes fused cyclic hydrocarbon rings which are partially aromatic
(i.e., one of the fused rings is aromatic and the other is non-aromatic). An exemplary aryl group
which is partially aromatic is indanyl.

As used herein, the term “heteroaryl,” by itself or as part of another substituent, means a
cyelic or polyeyclic group having from five to twelve ring atoms selected from C, N, O and S,
wherein at least one ring heteroatom is O, N or S, and wherein at least one of the constituent
tings is aromatic. Exemplary heteroaryl groups for use in the invention include carbazolyl,
carbolinlyl, chromenyl, cinnolinyl, furanyl, benzofuranyl, benzofurazanyl, isobenzofuranyt,
imidazolyl, benzimidazolyl, benzimidazolonyl, indazolyl, indelyl, iseindolyl, indotinyl,
indolazinyl, indynyl, oxadiazolyl, oxazolyl, benzoxazolyl, isoxazolyl, pyranyl, pyrazinyl,
pyrazolyl, benzopyrazolyl, pyridazinyl, pyridyi, pyrimidinyl, pyrrolyl, quinoiyl, isoquinolyl,
tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, thienyl, benzothioenyl, benzothiazolyl,
quinoxalinyl, triaziny! and triazolyl, and N-oxides thereof.

In one such embodiment, the heteroaryl groups have 5 or 6 ring atoms.
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one (Example 2); 6-(4-methoxybenzy, d)-3-(5-rnethyl)-1H- [-3-yOben: ' in-4(3H)-one
gE(xampIe 3); WO 2010/059773PCTAI8200(9/06508/0) prazokS-yobenzolhiquinazolin-4(3)-one

-(4-methoxybenaye)edspiidin-3-ylbenzo[h]quinazolin-4(3H)-one (E AR
-2_-hydroxycyc|oheryl]-64[6-(1-rnethyl-1H-pyrazOI4-y1)pyr1d)1ne-3(- XamB %S f ik
yélmhe(tjhylIbenzlo[h]quinazolin-4(311)-one (Example 5); rac-3-[ trans
-2-hydroxycyclohexyll-6-{16-(1H-pyrazal: 1 L iytdin-go ¥l meth i senzoliblayinazolini(3H)-One
(Example 6); rac-S?%EXt_raﬁs’-%%h droxycycloh 11?4(i -3,4-di i |
Vet py TR AT OA T e CER E  Prad aope o HBOERERGiopReseli e
-2-hydroxycygtotigxyl]-6-{(6-methylsulfony1)pyridilie-3- ylrnethyl}benzo[h]quinawlin-4(3H)-one
éEEEample 8); rac-3-(AranisA{@Et)uoné Exanmy er¢midiisié @) ring atoms and two heteroatoms,

- 6-chIorp%ﬂi@@@é&é&i@d%h&@n@myﬁiﬁéﬁwﬁmﬁmqwna@w@mmiy-@éﬁee@kém% 10); tra
éé)l(gzrlrﬁ-ghll%rrg%ﬂlf%%%%}ga%]},y&}dﬁ%gpenzo[h]quinazolin-3(41-1)-yll]cyclohexyl rac- acetat)é "
e o am g sebetots DI RV RGO A @Rl y-clohery

3'[(18,25)'2-‘NWW%?}@WW-%@{E@%%y%i%@%ﬁeﬁﬁﬁ%ﬁ%ﬁﬁ% e |r113-04d(13m I?ﬁt one
(Example 13W¢1m9éﬂehydroxycyclohexyll-6-{[(6-(1-hydroxy-l-methylethyl)pyridin-3-
yllmethyllbenzoNquitaaglirb{adib)of Exedmpie gtdyps have 7, 8 or 9 ring atoms and two heteroatoms,
which are selected from oxygen, sulfur and nitrogen. Exemplary heteroaryl groups in this
embodiment are indazole and azaindolizine.

The term “heteroaryl” also includes fused cyclic heterocyclic rings which are partially
aromatic (i.e., one of the fused rings is aromatic and the other is non-aromatic). An exemplary
heteroaryl group which is partiaily aromatic is benzodioxol.

When a heteroaryl group as defined herein is substituted, the substituent may be bonded
to a ring carbon atom of the heteroary! group, or on 2 ring heteroatom (i.e., a nitrogen, oxygen of
sulfur), which has a valence which permits substitution. Preferably, the substituent is bonded to
a ring carbon atom. Similarly, when a heteroaryl group is defined as a substituent herein, the
point of attachment may be at a ring carbon atom of the heteroaryl group, or en a ring heteroatom
(i.e., a nitrogen, oxygen. ot sulfur), which bas a valence which permits attaclhment. Preferably,
the attachment is at a ting carbon atom.

As used herein, the term “heterocyclic,” by itself or as part of another substituent, means
a cycloalky! group as defined above, In which one or more of the ring carbon atoms is replaced
with a heteroatom (such as N, S or O). Suitable non-aromatic heterocyclic groups for use in the
invention include piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, tetrahydropyramnyl,
tetrahydrofuranyl and tetrahyrbpyrazopyrimidine. Preferred heterocvclic groups for use in the
invention have four io eight ring atoms and a single nitrogen or oxygen hetercatom.

When a heterocyelic group as defined herein is substituted, the substituent may be bonded
to a ring carbon atom of the heterocyclic group, or to & ring heteroatom (i.e., & nitrogen, OXygen
or sulfirr), which has a valence which permits substitution. Preferably, the substituent is bonded
to a ring carbon atom. Sitnijarly, when a heierocyclic group is defined as a substituent herein, the
point of attachment may be at a ring carbon atom of the heterocyclic group, oron a ring
heteroatom {i.¢., anitrogen, oxygen or suliur), which has & valence which permits attachment.
Preferably, the attachment is at a ring carbon atom. '

As used herein, the term “halo” or “halogen” includes fluoro, chloro, bromo and iodo.

17 -



rac-3-[ trans -2-hydroxycyclohexyl)-6-{[6-(hydroxymethyl)pyridine-3-
ylimethyl}benzo[h]quinazolin-4(31frone (Example 15); rac-3-[ trans
-2-hydroxycyclahexgtjp®{{1-methyl-6-oxo-1,6-dihydropyridin-3- PCT/US2009/063060
yl)methyl]benzo[h]quinazolin-4(3/1)-011e (Example 16);
3-[(18,2S)-2-hydrox-ycyclohexy11-6-[(6-methyl-l-oxidopyriciin-3-y1)me ylibenzo [h] quinazolin-
4(319)-one (Examﬁlg C%Qgﬂ%%(dﬁlf% e invention may have one or more asymmetric centers. Compounds

3-[(1S,28)-2-hydroxycyc pyrylmethypbenzol[h] inazolin-4(310: Example 18);
S e e s b N e

2-Ny metg Ibenz.o‘lllrél uinazolin-
4(311)-one (Exfmwitons)isamerprarAtieatiitafinisateh i & ﬂtﬁ%slsécg%_egﬁ%é% evsqfﬁnarmaceutically
acceptable saltginghsecamirnanium) soitmy mﬁsmm@e@w&i&%%%%ﬁﬁ%ﬁ#ﬂ%%d fumarate,
WO 2010/0397 3Pt TWSR809/1085060nt inviieinventienisatsoireciotdoimetisdsrabwéating a

patient (preferably a human) for.di diserdessinavhich the Ml receptor is involved, such as
Alzheimer's %?scé’gll g@ggﬁﬁlﬁmgﬁﬁ?%@%@ %@Z%’&%i palndiseidersigndsleep disorders, by
administering to tHe B4t @tj‘ﬂagé tl élﬂy. fegtlve amount of a com O‘hlnd( f rr@tﬂagqu), (1, (1Iv)
and (WA), os‘ier@hh‘?!ﬁﬁ%éu?ﬂ@éﬂﬂ?%&éb’?&ﬁf@é%ﬂlflﬂﬁ’é?élo?ewm?%rlgnove%ﬁ%n% Q)fso directed to the use
of a compound @V forrmdabagiicgii) sy penspiqWieAytdharentting a disease or disorder in which the Ml
receptor is involveg,siyabrasiblzheimsesoDiscase;icognitile impairrencrietizepitiedia, pain disorders
and sleep disorders, by agminisiering o dhenaianha serpont elfer mokaei the@bxIV) and (WA), or

apharmaceﬁ?fcr:lg r acceptable salf thereqf. > londs age diresied de-spadicaments or
pharmaceuti@ﬁ’lrﬁgiﬁtﬁ&‘iﬁgeﬁgt%}?Iggl] mEpodoios: Fsbrl] éé%gi&?é%ﬂglgﬁ ders in a patient (pr?g%?ably a

human) in whighbersRmyeeEPIaRI TV SVEE SEER ES ABREIMErs Disease, cognitive impairment,
schizophreniasepairigischders; deidasieasp Esererars, Wit AR CBRHOE LIRS ATSURE B fdGiae (1), a1,
(IV) and (IVAxRhaRbRENasstiealby acceptable salt thereof, and a pharmaceutically acceptable
carrier.  The inveption is.alsqiditeciadstoramethpshios #e maspiactire dhatmédicament or a
pharmaceutical compositipn for treating disgasegn which MLEreeRieRds ivelvasihsuchaas Alzheimer's
Disease, cogeﬁ'fﬁ’\t/‘@‘l Engrrhaesn{ schizophrenia, pain disorders, q.rg:d sl%ggdgiig%deq@ﬁigmgﬁ' g
combining a‘éﬁ’rﬂiﬁéﬁﬁﬂ%P@ﬁ%ﬂﬁé@(“iﬂfp&mﬁ(ﬁ&aﬁ%lf\ﬁ Sorap frmaceyg{:]all ' ace ptab}g salt
thereof, with phanmacsutidatly adteistapretamisire. PUYRERPE VEHABIE 8tk er‘é‘%%r% han once in
any of formutag ettt K\ ranadMA00s, inich s Betitiearitcerdirtipr sneRraRISErdAtes of that
variable are i&%ﬁﬂ%‘t@%ﬁ“i@@@&%KE'%rrﬂﬁi@ﬁammeMﬁgmﬁﬁmeﬁca%ﬂ}u@@@iﬁ@ré’mﬁtﬁéqerm
ralkol,” by itsgltor a5 part of anothr SHhal el BRARS ésawaladsialo; aehigeched chain

hydrocarbon ) Fcr%?fﬁavm, t%e number of carbon atoms i ; : ns an alkyl
group havingfsrhcbizd f‘c’f‘%‘}‘f‘ CHPB SR I’%’f‘{ lf’j.e%ﬁrf}ee aogﬁ%ﬁr@%%% S Sphatdd MG

. _ 15). F %? ps %gr use %}]1? @vep&%g are Cl1_6
alkyl groups, dravintpfrephiomettodsiv e e ESEHRAR) 21 B illid?ei i me V1o ethyl, n-propyl,
isopropyl, n-kyl, isobutyl, ten-butyl, pentyl, hexyl, and the like. Co alkyl means a bond. As used
herein, the term "cyglealkivhiyinitspibosas patiafanathersubstituertmmeerdtisatbiated cyclic

hydrocarbon radical h 1\‘!%%911@95{3%5&&&@%% alpms drsignaiaddeas: G3abeycloallcyl means a

cycloalkyl grosup aving {[E m '[!Fgrﬁse t% eI\V/‘g1 g:lba&lkgeon atoms). The term cycloallcyl as used herein
includes moncc?-nﬁ%, SR Yc’% Saturated car ocygees, Sﬁ'eré)gggred?h ga{%qhe following reaction

The compounds of the invention may be prep
Schemes, in which variables are as defined before or are derived, using readily available starting
matérials, from reagents and conventional synthetic procedures. It is also possible o use variants
which are themselves known to those of ordinary skill in organic synthesis art, but are not
mentioned in greater datail. ,

The present invention also provides a method for the synthesis of compounds useful as
intermediates in the preparation of compounds of the nvention.

During any of the above synthetic seqnences it may be necessary o ciesirgbie to protect
sensitive or reactive groups on any of the molecules concerned. This may be achieved by means
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bridged and fused ring carbocycles. ~ Preferred cycloallcyl groups for use in the invention are
monocyclic C3_8 cycloalkyl groups, having from three to eight carbon atoms. Exemplary monocyclic
“cycloalkyl groupwdnasivdssesiclopropyl, cyclobutyl, cyclopentyl, cyclohexyl BAH YR¥IMESEkemplary
bridged -15 - WO 2010/059773PCT/US2009/065060 cycloalkyl groups include adamantyl and
norbornyl. Exemplary fused cycloalkyl groups include decahydronaphthalene. As used herein, the

ferm alkeny; VALl 3 BRIt Oéra'gapof;@%ahsgsbaﬂrgﬁ%@&ﬁﬂ%%ﬂg@@rﬁa gighain

hydrocarbon ra ca aV| asin on-carbon We«, I carbon atoms
designated (&7 #6 MkdhyfrainS SREIERT g{ iNg Trom two to ten carbon atoms).
Preferred alk@wﬁr@m@bslﬁﬁlnéegﬁﬁﬂﬁ@HWéﬁfrdﬁh@r %ﬂ@ér%&ﬂ%roﬁﬁgpﬁﬁrﬁﬂ’ggf%&??ﬁﬁ@% six
carbon atomse M%y@k&nﬁ@mw@ﬂm@@d&m@mﬂ%@i@m@eﬂym artAs used herein, the term

"cycloallcyl," by Itse%arﬂ%a%a%m@%%ammlepafmemsﬁaawamwmmm@mmn radical
having the numger rbtgnEa X Qﬁé} pated (e. g C3 12 eythoalkyl means a cycloalkyl group

having from fﬁreet We ve car toms Thet I | as used cludes mono-, hi-
J@g@%%ﬁﬁg e 0163 SO ap% carg@ u% i

and tricyclic saturated &S an brr Preferred
cycloalkyl grotafes oy é?éé’ Wﬁ@ﬂﬁ\?@?ﬂl@ﬁ%ﬂe STl i’d:"E’f% a%aéi?é(ﬁﬁjal'l’ﬁ &from three to
eight carbonlatomsn Exemplary monocyclic cycloalkyl groups include cyclopropyl cyclobutyl,
cyclopentyl, cyclohgxykangtihe, like-Exemptannhridgedgyeloatiey groups’ iheliesadgrrant)’] and
notborny'. EXeme N aed el Qr?dh)t%% r;)at'%regte d85ARYpDARIIAIRSrowin Agspd herein, the
erm "ar its nother substituen aromatic. r on radica
Preferre%l ar)?lx”'ﬁer%tﬁ Bs h %Og,gu‘fpﬁy G ten car Om toer%csi,lgf‘ remmafé 18 59 eyt

e term_"ary e ring
systems as v&8ﬁ3as5§r?’r}g{‘]é?ﬂaé‘gyéfpebf‘r‘@”qﬁ?éfe??édzg?y? 3g?8&ﬁ§4&(ﬁ§)&?ﬁ’?fﬁceam e trg{rlr %Baf de phenyl
and naphthylt 302. THe tewsnataiyltcadptrineio §eerhuseeheiptlionh v rpEa BB HgEIShTachre partially
aromatic (i.e mepgief fhadusedvinostsiaramatieiatigtide ides senomanobiaticg oAN exemplary aryl
group which js.partially;aromatic is nganyly o1 AS Mseehhersin, thedesme heserosyl,” by itself or as
part of another substitue ﬁgs FS &CY, %ﬂgg ko ls}ff%\é%ﬁ(:bl groMR-iaving cfgﬁmw&}&&rrﬁ{re ring atoms

selected from C, N, W ere na one rrng eteroato herern at least

one of the coﬁ%tﬁlﬁﬁér’ﬂti"ﬁ‘@@%@ Porfadieet ﬁ)’&% 8r"o"t1%§1r&’ﬁ?f§e“ ﬁ%’e invention include
earbazolyl, recepthirormeivgle dinnoiingt, Hmﬁl%eﬂﬁﬁmwdﬁéﬁ%fﬁlﬁﬁgﬁwrﬁiﬁéﬁfofuranyl
imidazolyl, benzimitazeiylalenditidazeleimg, iidazehwr.ifdobgkissindolyfurtobngbénddtazinyl,

indynyl, Oxa%%o%%%whe@ﬁ%%ﬁ@alme isgyazebdyEanylRRBIR LRIl udienzopyrazolyl,
pyridazinyl, p ”Fg{ﬁh@”m'd' }i %‘X AnalyLlsogrineil. fetazalyhiniazohd isghiazolyl,
yl,

thiadiazolyl, t nzoﬁrloen enzothiazolyi, quinoxalinyl, triazinyl and triaz,olyl, and Ai-oxides

thereof In oné“é‘ﬁé}ra ‘Bir?fe?r{mfﬁ%nheteroaryl groups have 5 or 6 ring atoms. WO
2010/059773PCT/ U080 Di5e508ends at EisiERaifere s ies iy Ao ErStSI St5roi8<have 5 or 6

ring atoms ani:&#ingiehetemyatonpiavhictds ritrogen. i tersrpikitled stéroary | Groupstiithis
embodiment grg-RykigyhRAhRKIraMbsANRIh RS whgsoup bt hesaradiyugroipshayes or 6 ring atoms
and two hete???&é’aﬁ?ég Which are. selegied fom sulfiiand nitioganExemplasy dieiskaryl groups in this
embodim allosteric binding sites, see Christopoulos, Nature Reviews: Drug Discovery, 2002, 1:198-

210.

1t is believed that the compounds of the invention bind fo an allosteric binding site

that is distinct from the orthosteric acetylcholine site of the muscarinic M1 receptor, thereby

augmenting the response produced by the endogenous figand acetyicholine at the orthosteric

site of the M1 receptor. It is also believed that the compounds of the invention bind 1o an

allosteric site which is distinct from the xanomeline site of the muscarinic M1 receptor,

thereby augmenting the response produced by the endogenous ligand xanomeline at the

orthosteric site of the M1 receptor.



are pyrazolyl, imidazolyl and thienyl. Another subgroup of heteroaryl groups have 5 or 6 ring atoms
and three heteroatoms, which are selected from sulfur and nitrogen. An exem lary heteroaryl group in
this embodimentinsiedes iazolyl. Another subgroup of heteroaryl group%cﬁ 0P ring atoms
and two heteroatoms, which are selected from oxygen, sulfur and nitrogen. Exemplary heteroaryl
groups in this embodiment are indazole and azaindolizine. The term "heteroaryl" also includes fused

cyclic heterocycli S which aare ﬁ%gj%@ggﬁ@t@ ;eﬂfg}@egggﬁg% ed eags is aromatic and the
t

other is non-aroma K‘n xem rou artia odioxol. When
a heteroarylpﬁ?ﬁﬂff%i?fgf’ﬁ%ﬁ H"i’% fiSs %f e gﬁ I%ﬁ?e ?rl%an% %IQE %gcllge}%%ggﬁng carbon
U

atom of the netestiarylqeerip a@ﬁ%nﬁqﬁ?@m%ﬁéﬁ%ﬁmyﬁﬂ%&@ﬁnw & BBShifr), which has a

valence whighppetnits shistititionl Ridfenatiipaliiessubsntiefeifdsoneetrse af FW@&PBW atom. -

Similarly, when @a's’l%tﬁ(@éal})(:! SouR isAefinadas rsybatiidenihinein, dhewpsin, chttachment may be at

a ring carbop atgm.of. the tﬁ%%%%ﬂes%?@rﬂr{?&gc@ér%%@u@ paaiiFagesdiamy/gen Or sulfur),
ment. Pre

which has a'valerice Whlc permlts attac erably, the attachment is at a ring carbon atom. As
used hereln’”EI"FeE’(’%fjrﬁh Hléeierocycllc by itself or as pan of another substituent, % aclyﬁloallcyl
Ce

group as defined Alsévis e AR ECBREBY FRSHRUITINGETB W SIS s FRPIAL eteroatorn
(such as N, Hrar @)hBtitablgahod-dreiztio Mersrsychellyregpadde QW#@%&%‘?? include

piperidinyl, Qﬂgg{@zgggyg@M@QQI|gadgﬁmgm@ﬁﬁimylmﬁﬁmmcﬁmmymmw;mraﬁy@nm@¥and
tetrahyropyrazo r@u%k%ﬁttﬁirﬁiﬁﬁe%dc%?%ﬂﬁﬁ@%ﬁ ouRsi iRrene iz dhesitiy ewriion hawéntour to eight ring

atoms and a’ sm ar oxygen,heteroatom, e CYCliG-rauRRegetined herein is
substituted, 'l’ﬁ@lgfrtfé %ﬁ‘e éne %%e r{igr}iwi 9 %lérm%}gkﬁ &&}Q%ﬁﬁ eteﬁpwiglc tr%yrpe or to a ring

heteroatom @t@mﬁlﬁiﬁ%@éﬁh@%@g@ﬁaﬁ?}%ﬁ’mﬁ’)e%?eﬁ IERRY A F’er?f:gwrﬁ G PErmits substitution.
Preferably, tmauim;Iglwasmb@nhﬁe@@e&amﬁ@@a@@@ﬂ%ﬁwmﬂ%ﬁ%h@n A8 elic group is
defined as an%@ﬁgﬁgerﬁmm; pascnciint pbiattatiemeint, ayde greirisglemisonistom of the
heterocyclic g %}Wa&%?@r&@ﬁl F%?% 2618, RRgeRmaxyganteriilfur), which has a valence
which permits at meént. Prefera Igf Ihe attac @5@8{%}0@1%931@”&19@1&919%@159&&:@@Wd herein, the

term "halo” or "halogen mcﬁ?&es?uor chioro, romgagn jodo, W m Such acids

2010/05977 BPATFERSRHB RSB POR S 11§f1ﬁ%1§%,nve T amc Fave one or more
asymmetric tehtérse@orniburrisaiit b erapRemtieccRirsis: QWH%%Oéﬁa%%%?W {Cafisomers),
diastereomersreanfiguemaiiopakisomeyd)cordth hadrdchlisimissitienithiacégl BRIFE PBYSible enantiomers

and dlaStefe%ﬁ@é%@uﬁﬂé&ﬁ@;ﬁg asRureeE Nartialy Ronliedicompeinds areiiclsdédiwithin the
scope of this | agagntl on. ;I{')?un bresent 'Qé‘ﬁ”ih%rlﬁ§ jpeant to encompass all such isomeric forms of
The present invention is directed o the use of the compounds of formulae (T), (1), (1},
(IV) and (TVA) disclosed herein as M1 allosteric modulators in a patient or subject such asa
mammal in need of such activity, comprising the administration of an effective amount of the
* compound. In addition to humans, a variety of other mammals can be treated according to the
method of the present invention.
The compounds of the present invention have utility in treating or ameliorating
Alzheimer's disease. The compounds may also be useful in treating or ameliorating other
diseases mediated by the muscarinic M1 receptor, such as schizophrenia, sleep disorders, pain
disorders (including acute pain, inflammatory pain and neuropathic pain) and cognitive disorders
{including mild cognitive impairment). Other conditions that may be treated by the compounds
of the invention include Parkinson’s Disease, pulmonary hypertension, chronic obstructive
pulmonary disease (COPD), asthme, urinary incontinence, glancoma, schizophrenia, Trisomy 21
(Down Syndrome), cerebral amyloid angiopathy, de cenerative dementia, Hereditary Cerebral
Hemorrhage with Amyloidosis of the Dutch-Type (HCHWA-D), Creutzfeld-Jakob disease, prion
disorders, amyotrophic lateral sclerosis, progressive supranuclear palsy, head {rauma, stroke,
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the compounds of formulae (1), (I1),(IV) and (WA). Formulae (1), (II), (HI), (IV) and (WA) are shown
above without-a definite stereochemistry. The present invention includes all stereoisomers of formulae
(1), (1D, (1), (IV) seck¢ivsspand pharmaceutically acceptable salts thereof. BEHETEENE Nt syntheses
of the enantiomerically or diastereomerically enriched compounds, or their chromatographic
separations, may be achieved as known in the art by appropriate modification of the methodology

disclosed herein. Their absolute stereochemi mined he x- tallography of
crystalline prgaﬁ’é %ﬁgirs clflfg%% ﬁ?%ﬂﬁéﬁ%%@i%%%ﬁ%%%%ﬁ%@%% #%xé%%agéég%%v%%f a reagent
containing ar?‘%%?ﬁlﬁ’éﬁﬁ% center of known absolute configuration, If desired, racemic mixtures of the
compounds may belsepdrarddsbotiaritie hediviranénirns Hergion I e isolated. The
separation casihe;sarrianeak:hymitirotisowiett kaabixepinetive ity devideasavbsbop dlantfot alieieemic
mixture of compAURIsIQALERRG NS icalY Rirecospeunctiadasmiadiasieraemeric mpxture,
followed by sepattion o ine ndydualdiPsleienel B NaRart nelhodsmsuc g dractiona

o oY & . .
crystallization or chromatography. The coupling reaction is often the formation of salts using an
enantiomericAl§PHE 48i8%r base. The diastereomeric derivatives may then be converted to the pure

enantiomners by cleabeigesiok hizerpiaedaamaiiees aUasorRes RE S kGBI E S pounds can also
be separatedighitadtly hyyikrenfatoglaghiomtethodsifbiniglshites seatwaspphisgssss: which methods are
well known therastAlernatiely. anmandantosret i dinsiereandetiafa-eompoandieay be obtained by
stereoselective yallgsisHSINg QRlsalUIR.ter i aielile ot keaganls ok oBfguration by
methods well kngwn in the art Th{f cocrﬁl&%urgsdoﬁ e]:‘ the invention may he prepared accgrding to the
following rea&%‘%’@iéhdésr?fg T N A s :%e ineq belore or are (?érlve%q. using, readily
available starftigHeaEHETEDIERT HRMGEREE dna-ROHvEHRBARY sk B AR PEET TS hossible to
use variants wiicthetiesthemrséivis kndwhetothdsetofubraimd cskitm prydarsepringsidiswishut are not
mentioned in greatel dakrildhepresentinuenton. alsd providesyahowthobiforftheisy pthdsigsof
compounds uggfty ag Intermediatesin e RieparatOR.of SOmPRURdERiHalIRvaniiass Ruring any of
the above syninelic sequences 'tsm%%%%%%%é%}%fx 9L slesirable.to pIotect SeRsifive s deagtive groups
on any of the'moiecties concerned. This may be achieved ‘b%/ means, .. s

Alzheimer's disease and post-traumatic stwess syndrome), Including both the positive and the
negative symptoms of schizophrenia and other psychases; cognitive disorders including dementia
{associated with Alzheimer's disease, ischemia, multi-infarct dementia, trauma, vascular
problems or stroke, HIV disease, Parkinson's disease, Huntington's disease, Pick's disease,
Creutzfeldt-Jacob disease, perinatal hypoxia, other general medical conditions or substance
abuse); delirium, amnestic disorders or age related cognitive decline.

In another specific embodiment, the present invention provides a method for treating
schizophrenia or psychosis comprising administering o a patient in need thereof an effective
amount of a compound of the present invention. Particular schizophrenia or psychosis
pathologies are paranoid, disorganized, catatonic or undifferentiated schizophrenia and
substance-induced psychotic disorder. At present, the text revision of the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) (2000, American
Psychiatric Association, Washington DC) provides a diagnostic toel that includes parancid,
disorganized, catatonic or undifferentiated schizophrenia and substance-induced psychotic
disorder. As used herein, the term "schizophrenia or psychoesis” includes treatment of those
mental disorders as described in DSM-IV-TR. The skilled artisan will recognize that there are
slternative nomenclatures, nosologies and classification systems for mental disorders, and that
these systems evolve with medical and scientific progress. Thus the term "schizophrenia or

psychosis” is intended to include like disorders that are described in other diagnostic sources.

e



WO 2010/059773PCT/US2009/065060 of conventional protecting groups, such as those described in
Protective Groups in Organic Chemistry, ed. J.F.W.McOmie, Plenum Press, 1973, and T.W. Greene &
P/G.M. Wuts, Pretectiva@roups in Organic Synthesis, John Wiley & Sonsed§9sihsi060tecting
groups may be removed at a convenient sequent stage using methods known from the art.

Specific embodiments of the compounds.of the invention, and methods of making them, are described
in the Examples herein. he teun."substantially pure’ means that the isolated material is at least
000% prres ama protE RS B BT B e e R e o
techniques kHBARASH Phechirorhrenies fgs srprakein CoRPRAAD Rt AR NPT RRUES t8PYPEHSS to one of
the five subtypépspittiesuseariticegeaty kolbiing vhoepior datichidnio mytresnpérfdingy of O-protein
coupled receptassudhigifamineimuscarnias ecepieimisdesetined: for-guampiezidiR2hgnsacol Ther,
ﬁ]%, 58131_95&@1%;&9%, éﬁﬁ%@g%s%?% §8§@§§&&2ﬂsmﬂl}%ﬁi£§3@_ﬁ@z@{%&@%@%nﬁa,:l 257-;]302-

e muscarinic receptors.are known, to contain one or.maore allos:terie site | alter the
affinity with W%ﬁ?ﬁ%%ﬁ%ﬁ%ﬁ%&ﬁ%@ﬁ@ 1 eggaﬁtﬁggifyaﬁ%}‘&ﬁngbarn , lfﬁ %%%r:{é,m%gg&@ e, e.g., S.
Lazareno et Bﬁnﬁ}fﬁ‘i@ﬁﬁrﬁf%ﬁ%&?@?fﬁ?fmﬂ%g?mbm%?%%@ e iy ete‘iﬁfpé)%liasﬁtive
allosteric moduifatbbeiaing. Allost&riépoteltirmrmae dewddpmarchasyéaiyciarngerster to a ligand which
interacts withcoréiesietidesiipefharsedepimntmaatvateaftie: primrargphindiagpsitein hiexetampbunds of the
invention are posifive alpsieris modiatnrs phiheimuseainicM] deeentoss kR examaleramgdulator or
potentiator M SSE QLRI ANImSLIBE S sRATRAPIRLHEEOB NG £OdgRROuS Iand (such

as acet Ichoﬁne or. xanomeline * orthgsteric site e muscarinic. M1 receptor i animal, in
artioular & ARG O HeE SOHE O VAL AP S LSS TP SRy b (B stoo0
according to razeatiostersteieran: ERTPIeRGBERM ML RO SIFHIBY thisa oRATaHn e et FHe allosteric
ternary comptexhasedehisigsiinih eddwitinrgspéottothefainiyatt nivscarinioveceplors in Birdsall et al,
Life Sciences200knd8idad A2tk & qeraialdesarissionaf hiadale ohallesterie binding sites, see
Christopoulos, Neliie Besuisi B uRRIAE0 R A0R. LAREE Hmpmihis ARl hat the

~compounds e Invention bind to an allost ric blc%dlng gétr i% at |$ﬁ_gl|st|nct from he orthosteric

acetylcholine S B P B HG SR AP RA B ISl P 55 HgMeAting the TREBARHS, TSR by the
endogenous ipiazte fhietinme Sptre i B BRE I EMAoRs BRI €8 believed that the
compounds afithreiides niideidsind fteoperadtos tevics sitewhich ismlistind t4roparth sexbafomeline site of the
muscarinic MAlsgrepiah-therebysaqemantsgidee respanse:ptaduseddybibaiendhgenousiligand
xanomeline githe qrthosienc si o%&%%erg&ﬁﬂﬁ%mwpcg%%gégZ«?iﬁ%-‘%ej&2@19%@55060 The

term "pharmac%ggegl%laccg?%a%ec glalts refgfgc é%aa%s B{%%red from pharmaceutically acceptable

. £ b4 1 as nerapy or . . . .
non-toxic baélés or acids In morgpgnlc or organic pases and Inorganic or grganic acids. The

compounds of the ihERHShSRESBRAOHD SUIBF 9B THBHRATMRCST tRe HaRTBEP DT 4Eid
functionalitielprésmriviththeviidebaselfeivs ofithrercbrrpocabores hssvmndhsaimdslved from
inorganic basessinclidy altsinusyiammbailihetatel dmieeppeas, ifelsicrddiroids, dithivan, aiggnesium,
manganic salis; fRNYRR0LS PALBSSIIN nediNBHEINCARE theslike suchSalisdR4nesalid fopm may exist
in more than one,eryStal.stiyclire, And.May2lsg sl o of ydiales,Salisdeed from
pharmaceutica fy accep aéfe organic_non-toxic fses Include salts o rlmarg, Secon?har , and tertiary
amines, subgHiteEd %ﬁ?@?%éﬁﬁ%‘ﬁ%ﬁ?ﬁ%ﬂff@&%ﬁﬁﬁﬁ@%v P TR ﬁ%/e.s, and basic
ion exchangerasinel. duehassitsiniens dnpan dseidtenssestiginer 8o e aranzspistrgliederdtamine,
diethylamine p2 sgiethigtaithao ethdmnein2vdinetteninae thafiol) efrarictamingjcetinderedidmine,
N-ethylmorpholing, N-gibMpiReridinealdeamias, lieaspminachistidinacivdrabansing,
isopropylamiﬂ&e}{%&hﬁghé&e&%%l&q %@Em%%@g{;& piperazine, piperidine, polyamine resins,

eo [

procaine, purines, t romine, triethylaming, trimethylamine, tripropylarnine, tromethamine, and the
ko When the CORBUEHEROPHaBreLERt AL RIBH S DEE S e sy B (RBAVED Hot
pharmaceuti¢ampaissditapie Rbmeeas dioriteingsiorgaicibragrgait BEaePISH acids include
acetic, trifluorbstestibuhéripentsutiohicldenzdisscarhphorsptio g nciticaBthensesitforiic, fumaric,
gluconic, glutamissmbydrahremie chvdsashiorie, iselhianitie|asticidnaleis.amaliesamiandelic, .
methanesulfanig, mugic, Niltie.pAMAlG: PANIYIGENIS, RROARDATIC. SUCGHRG, SHHKES include
tartaric,para-toluenesolfonic acid, and the like. The present invention is directed to the use of the
compounds of formulae (1), (1), (1), (IV) and (IVA) disclosed herein as Ml allosteric modulators in a
patient or subject such as a mammal in need of suél‘?Qa’ctivity, comprising the administration of an
effective amount of the compound. In addition to humans, a variety of other mammals can be treated
according to the method of the present invention. The compounds of the present invention have
utility in treating or ameliorating Alzheimer's disease. The compounds may also be useful in treating or
ameliorating other diseases mediated by the muscarinic Ml receptor, such as schizophrenia, sleep -
disorders, pain disorders (including acute pain, inflammatory pain and neuropathic pain) and cognitive
disorders (including mild cognitive impairment). Other conditions that may be treated by the

compounds of the invention include Parkinson's Disease, pulmonary hypertension, chronic obstructive
niilmonaryv dicaace (COPDY acthma 1irinaryvy incontinence alatriroma cchizonhrenia Triecomy 21



Potential schizophrenia conditions or disorders for which the compounds of the invention may be
useful include one or more of the following conditions or diseases: schizophrenia or psychosis
including schizopienia/gparanoid, disorganized, catatonic or undifferentiaped)usabizapisseniform
disorder, schizoaffective disorder, delusional disorder, brief psychotic disorder, shared psychotic
disorder, psychotic disorder due to a general medical condition and substance-induced or
drug-induced phenCé_clidine, ketanine and other dissociative anaesthetics, amphetamjne and other

psychostimul&HtEP; é’f?ﬁeﬁ"ﬁ@éf*f@si@BEWBIﬁé’ﬁ?s%%%‘??ﬁgﬁﬁég}gzﬁ%ﬁﬁgﬁaWﬁ SHective
disorders, bribftreenbgvenpdybHerisdethiz cafferitvé pEpbpod sl reriZams e Riaide i edistrders
such as schizgighatidsthiz otypainpeksenatity: disesiets, pritnishidssaeiatedulithdgsyrehosis (such as
major depresgign;dnani¢ Jeniessieithipelankdisardebizheinens disaaseanshresi-Havmatic stress
syndrome). Inglicing, Boil e 93t e,2RdINe Nadatie.xmIames of seluropbisi And other
psychoses; co ﬁltlvelap,sor ers’including dementia, (associated vatﬁ Alzheimer's disease, ischemia,
multi-infarct dOIEFRTEEAPRIFEC VALl BIOBIES OF &K ,lﬁwgggéﬁ,gg’f%sons disease,
Huntington's ehgepksapnaesiirediwhavsinsfainddeil dssiseaperirnatbt iy Pexesttfer general
medical conditicnsa, stifhstpmedralyde)httelituting timmeshinidistrddrs lolagede itetadgnitive decline.
In another spreHisn.e RpodIAaRL Hia-ReseptinramiRnIRIpNdes:a, methadiorieatngmseaizophrenia or
psychosis COMé@ﬁ&z@%ﬂ%ﬁ%ﬂ%ﬁ%ﬂyg&ta&rﬂﬁ&ﬁﬂg@r@&fﬂbgﬁa‘%@m% i, 8;6gmpound of
ar

the present invention icular schizophr nla.or%§ ch05|sh%9tholo es are paranoid, disorganized,

catatonic or Lfﬁﬁ%ﬁ%%%ﬁﬁ’fe& %%ﬁ}%ep Irjecrﬁ}l% anc .%Eﬂ. S é%cgteq?n ua‘czjlervl ’psené otic %ll%)wr&?éﬂrl.em present, the
text revision GTEREFBEHRCEEE: SFIReBMERCIRTIdHY SISIREERENRADANPhiSH Tiesiters
(DSM-IV-TR)d 2808 Alnelioam P §yphiatricsAsoptbiioh aneshinrokBEy phdvirberzddiagnostic tool that
includes parapeideglisang anizeshacatatas) casmingifesentiated seohizbphre niaantdsubstange«dnduced
psychotic dis : in; M. -SRI Rig; m@ "singisgles treatment of those
mental disor(feir?é?;gig%’?é%?g%egcﬁg y %E%%f\foﬁgﬁ&?%?fﬁu%ng%ﬁﬁwe%gemcg)gr?%St%a'%l éhere are
alternative nomencia 1l?reégs inegg%l?gréleys’an (C:l_flaz'lssﬁica?lon systems ¥or mentaml,sorger's, and that these
systems evolve with FiaHAc e EPRERAHE %&%%é?%%ﬁﬂ? faMR O SORFEITASP Fyciosis” is
intended to inshfddnikedel el thenpareiiasonyedia Db Adibighosmecsiig closp plenance;
2010/05977 3R&HLiS 200806504 is cakamplesnahe dmbihationbiedt the-pothpdudrigsiincude
combinationsyyith agents in.thedreatmept af sehizopbrenianfohexampleincompinatiopwith
sedarives, Iy RRQHC AN EHANIDSYRARIICR. AR AIIEL, AGENlS. AYRIARYEIGIONGS, i dazopyridines,
pyrazolopyrlmlcﬁrF S, minor tranquiljizers, me, gtonl,r%)agonlsts an tagonists, melatonergic agents,
benzodiazep B A BRHETEHE128 SriRig S e AR IR ch %Ifeﬁ?ﬂ’iﬁarig%f&ﬂ?,s barbital,
alonimid, aiprssiaiolerneasietalariekiptyliee; Bemssireiha o5 e taipiprassne, thentazepam,
benzoctaminéabretizeiany isprogiemdis pridne fegtabarbitddrbutatlbitdl M dptuideicafizootoral, chloral
betaine, chlorgl hygrateglRRipsAmiage.ClaRRZERaM (Clopesidone 4¢laraz epateihigrdiaaepoxide,
clorethate. chigronazine. fH0FpIe YRz SRAMmAESIBAmIne A3 clampl diozanam,
dichloralphenazone,, di al%roe_x, dg%h,en%dram#% doxe&n,.es?ﬁzg@n&, {ga‘ﬂéch ory enol, etomidate,
fenobam, flufitFAE SaTHes RO SRS HE HiPalepant favoxamine. fioxetine, fosazepam,
glutethimide, REHEPEFAPAS T SPEHROT CRVAFSS e HIRB A SRR TRT At RRTFA A FEFARR 0 FHFfdta 7epam,
maprotiline, riegicguaione;afibietonirimmephpbdrbita Rt pioipanienepivethatlaalohd! widaftur,
midazolam, ngfazedensmBisORasvaie.Nitiazenam iRtk inecatanzapingrexaaepam, paraldehyde,
paroxetine, PeRlaPiaLARUARINS -PRIANENAZNC e ElPlpE-RUonaRakb R Rlgeemald,
promethazine, propofol, protriptyline, quazepam, quetiapine, reclaz .Trisperidone, roletamide,
secobarbital,‘f‘is{:g(r’fxr1 ﬁrﬁsééé)ﬁ%’réﬁe)%%%? é%%é%%%ﬁ%%%r%eﬁﬁses Oﬁ%‘%t??ﬁ%%}f %?gi(%%@fme,m& a
tranylcypromafibas sl e Pissal 4P apRssar Rt RIS FHASIER RS pRTasMeoRitretozine,
trimipramine, shiflareparhsddeiafenditions diepiofruziprisib orss rolactiapam Rotbemasmnddsalts thereof,
and combinatipes; hateeh-andithedikaaofthe suhjectsompausiceay basetimihistesdeebiapaanjunction
with the use qfiphysical.methods such-aswithlighiherany acglestricahSHomIRHQN resuilpsanOther
embodiment,atge s%ﬂggt cqr po(%lé{]g may be employed in combination with levodopa (with or without a
selective extracerebral decar oxyFagé inhibitor such as carbidopa or benserazide), anticholinergics
such as biperiden (optionally as its hydrochloride or lactate salt) and trihexyphenidyl (benzhexol)
hydrochloride, COMT inhibitors such as entacaponeZMOA-I3 inhibitors, antioxidants, A2a adenosine
receptor antagonists, cholinergic agonists, NMDA receptor antagonists, serotonin receptor antagonists
and dopamine receptor agonists such as alentemol, bromocriptine, fenoldopam, lisuride, naxagolide,
pergolide and pramipexole. It will be appreciated that the dopamine agonist may be in the form of a

- pharmaceutically acceptable salt, for example, alentemol hydrobromide, bromocriptine mesylate,
fenoldopam mesylate, naxagolide hydrochloride and pergolide mesylate. In another embodiment,
the subject compound may be employed in combination with a compound from the phenothiazine,

thioxanthene, heterocyclic dibenzazepine, butyrophenone, diphenylbutylpiperidine and indolone
rlacecace Nf narirnlentic anent <Untabhle evamnlec nf nhennthiazineac inchiide chlarnromazine

O



WO 2010/059773PCT/US2009/065060 activators; gamma-secretase inhibitors, such as LY450139
and TAK 070; gamma secretase modulators; tau phosphorylation inhibitors; glycine transport
inhibitors; LXR pxagaRrisisi;APOE4 conformational modulators; NR2B antagonisisisanck@gen receptor
modulators; blockers of AP oligomer formation; 5-HT4 agonists, such as PRX-03140; 5-HT6
antagonists, such as GSK 742467, 808-518, FK-962, SL-65.0155, SRA-333 and xaliproden; 5-HT1a
antagonists, such as lecozotan; p25/CDIC5 inhibitors; NK1/NK3 receptor a%?%%nifts; COX-2
inhibitors; HMG-C dATetReefasdnHiBRS RS KOSRIERISEI it T BIBh P ATEHIA Yahti-amyloid
antibodies (inetuafiniansizaivylod msthanttedawelsbeloig EtbodrSYHEUCH ds BEBNEU2umab,
ACCO001, CARLAE:AZD 310 2:0bt k2 AlMEspptininf aintmatosyropibp opriafsisuomas: (R)-flurbiprofen,
nitroﬁlturbiprogg%ogl‘gfgﬁd%’ }{gﬁgégsgcil%ggg%%?ﬂ?e&m%gﬁ%m&@wt RgeRnisEysuCh tas )
pioglitazone and rosiglitazone; CB-1receptor antagonists. or CB-1 T2 gonists, such as
AVE1625; aﬁﬁiﬁfggt&, UChRE fa"é‘%&%‘&%ﬁ?ﬁzﬁﬁﬁg i gsr% %ﬁ%if%ggsﬁrééﬁggﬁa%%f{léﬁA) receptor |
antagonists, RFERBEEMBMERGHREHERTeRRE A & E‘W"I‘.ﬁﬁ)ft‘%ﬂy HBSRTASE HRIBItTS such as
galantamine (sivastigrivisiercgoiitperitioncaive dpHe Rstv A ARG AR BERID Y GPRR th hormone
secretagogues:sycibaspuiampeenpdbtitaparspamesyaterarrircepramerelimotistaimine 113 receptor
antgglonists w&%&ﬁ%ﬁi 7%36@}%8&%@%%%1%MMﬁMMWQ@MM PA
modulators, such as CX- : ) . < 3; Rediiciuding
MEM1414, j‘iﬁéﬂ%"ﬁ“ﬁ@“&\?ﬁﬁ?ﬂ%‘ %%A‘%J“ 1 S’\/%frfg‘?-?1 %@ﬁ%ﬁ;&%ﬁg@?@%ﬁ%ﬁ%yd@ D1080,
SAR502250 BiHHE BB hetiuRa s ?C%ﬁ%?ﬂ%s% ,%rg‘%%st]iz\i/‘éﬁf agomets: FIDAC inhibitors: and
microtubule affdityiresatatag iedisia AR RYBHYES OPRFREHTERTCRTE A ffect receptors or enzymes
that either increasectherefficacy fsatetconvanisnde, wed eduse amrietedysitneeffects or toxicity of the
compounds Gf the pIaseniRYEnion he inkx@mnies of cambinatiens afithecempoukisitciade
combinations Wil BASHIRIGY JhsealnRh olnain umemel ReRssiaieklal adikin laiinalory
agents, such as‘aspirin, iclote ac, duflunisal, fenoprofen, flurbiprofen, ibuprofen, indomethacin,
ketoprofen, KO8R Enaproxen, oxaprozin, piroxicam, sulindac and tolmetim COX-2 inhibjtors, such
as celecoxib, rofecakibsubieicrariizrs e 3B HHE WRPPERSSCRYS BESHSIEY QUeH BB THE AR
SAB378; VR gkenitgohistsn suicly, ankMGS1e. 105408, M3 248 RACIReE0: ¥ 119es8tlaill A425619;
bradykinin B JreceRtonantasanisls, suehas, SoRa4064 2an Ny REAALBhosdiLirghariiesblockers
and antagonigts, e 5,09 200, SRIBCG: pitisxideaBihaseNQBinibiarsiincluding INOS
and TINOS inhibit rsgén?uch' s SD6010 and 274150; glycine site antagonists, including lacosamide;
neuronal nicdiMEEg6HTEEE Such as ABT 894: NMDA ant gonists, such as AZD4282; potassium
channel openers; AMIPZIRBHAS ?éé%@ts%féﬁmﬂé?@é%ﬁ?ﬁ CRERTRBITRISEKETE “B6EhAS Ziconotide
and NMED 160h<GdBs A tedeptoetOfnbdatetors(adjion g the sprsruysaiste mesnt
metalloprotease-4ViM RYinhiniko rshéhy embahtitsdgentshopicidtarmhgesics:Such ageodieie, fentanyl,
hydromorphogg, leyeraanab M aReHne:, edkadaned VA2 GLAKbAT3RERA) 52R29/65060
morphine, oxycodone, oxymorphone, RenipFegg. AIGRSYPhensReLliRNkRNbioncLasior (NIF)
pramipexole, Topinirole; an icho Inergics; amantadine; monoamine oxidase B15 gM%O-B'I}llnhlbltors;

& 8 e s

51-IT receptdi XGOSt BramabBtis> it RBPRRIEY Skt SiRh RS Rt 19775 AIbh| agonists, such
as AGN)DIfY ¥e siuirosietes S tinin BOOAist 80 SIhTE SRBISA RIS IS RS cENE P By BHISHs b Plantagonists,
such as AZD4a282:AMK antagebisispsalectiie serstomnagioptakedriighothe(SSREyHa/ or selective
serotonin and.NreRINeRLFRR FRUPIAKE dRNAIRES (ESRNRIS, e as detaxetinbeideayclic |
antdepressat diyds, norepineRAae Mosulaters; iR valocoale; sRhaRsmMitoRraaabalin:
rizatriptan; zollnrﬁfrlplarf; nara{rlptan and sumatfiptan. . The c%mcgoundskqg the present inyention may
be administerPIREEIARBEOAAAITR'E ?ﬁ%ﬁ’]’&‘g{ﬁ%h toF ShRancing '(BLssfieepO(rqurz;%t%/1 and_preventing and
treating sleeprdigeitiens Andostadpi thsal dusas eRIdFE e g cresiatiosee Iﬁ?fﬁ??c?ﬁ(?@éﬁgiolytics,
antipsychoticgsapitandgiyaagents, antihistamines, benzadiazepines, barbiturates, cyclopyrrolones,
orexin antagonists, plphalaniageiisisi B Akaganisind bihedbantagantstdinetliding 51JT-2A
antagonists and 8512 GRiANipdenisis.AissARInG ARiRaBRs SNEluling hisiamineiid anfagonists,
istamine I-13 Inverse agonists, imi rir, . » s an
antagonists, %81&?8?%6@%%&ﬁ%&?%ﬁ?éﬁ%%nmﬁ%gg i?%ex%gggbﬁgﬁipgﬁ%%%aﬁ agonists and
antagonists, pyrazolopyrimidines, T-type calcium channel antagonists, triazolopyridines, and the like,
such as: adinazolam, allobarbital, alonimid, alprazolath; amitriptyline, amobarbital, amoxapine,
armodafinil, APD-125, bentazeparm benzoctamine, brotizolam, bupropion, busprione, butabarbital,
butalbital, capromorelin, capuride, carbocloral, chloral betaine, chloral hydrate, chlordiazepoxide,
clomipramine, clonazeparn, cloperidone, clorazepate, clorethate, clozapine, conazepara, cyprazepam,
desipramine, dexclamol, diazepam, dichloralphenazone, divalprocx, diphenhydramine, doxepin,
EMD-281014, eplivanserin, estazolam, eszopielone, ethchlorynol, etomidate, fenobam, flunitrazepam,
flurazepam, fluvoxamine, fluoxetine, fosazepam, gaboxadol, glutethimide, halazepam, hydroxyzine,

ibutamoren, imipramine, indiplon, lithium, lorazepam, lolinetazeparn, LY-156735, mapraotiline,
NMDI 2100007 meclonaiialone melatonin menhoharhital menroharnate methanimmalone methvnrvion



A tablet containing the composition of this invention may be prepared by compression or molding,
optionally with one or more accessory ingredients or adjuvants. Compressed tablets may be prepared
by compressingy@re@ geitaisle machine, the active ingredient in a free-floﬁﬁ%‘%ﬁaﬁl(}sﬁusg ) as powder or
ganules, optionally mixed with a binder, lubricant, inert diluent, surface active or dispersing agent.

Molded tablets may be made by molding in a suitable machine, a mixture of the powdered compound
moistened with g, Inerigid dlentafiach ahietaretambly sentans fromuahaut ekmg (0 about 500
mg of the active Ingredient and each ca or capsule pre tqii baut,941 mg to
about 500 rﬁ@gé‘flﬁtfgsé@f\})é“?ﬂé}%rﬁ%%?? 1&“%8%62% ?Sﬁré}*sg?c%{%ﬂ ﬁ%gﬁyggggé%ms%g%{ged as hard
gelatin capstieiwmriéseshmpi Fitrre NRg R eER TS i SR SRR T L0 %t_%ﬁ%e %Sr example, calcium
carbonate, cdigiurer phasphate T kastinstosa go RRGE i SapItléS Tt (s V8 ingredient is
mixed with waigg0kaR-silsmedism, forsexaniphr permiutoikdiguideparelii z enloliveissi such ®ther
pharmaceuticg) ¢om '%%%)H% INGHAS ABHEONE SHSPRBSIARSONRISITCOntaih hioacHle Varials in
admixture with excm’),%n}'gs sqiﬁgﬁﬁgg gh%a%gﬁﬁ%%%%_%%@mﬁgdm addition oily
suspensions‘%%é ﬁﬁ%ﬁa ed by su‘s’pen&ing he_active ingredient i a,veg §Q{%qugor example
arachis oil, GiNeTB e SHREIBIRGPRASEEIEL TP RS 2 aesr]é%%ﬁeélﬁlé 28'liquid paraffin. Oily
suspensionsATiny! s &ltohtaii varoielexsgienteormpremsiatsirse il e itions of the invention
may also beiphe-farrsal sibinawatep et KNS Wwhit RHi 02188 SBraamrexepishtsSidh as
sweetening andflayaring: agents, one; TheRbaEMAGSUlGaEcoMPBSitiensimay becngthéstoreiof a sterile
injectable a%eg?yﬁ8%5‘?'e%%%&?c“gsﬁs%?Bsei{&ko%l_;}cz%{e‘&H&%Mﬁﬁ%%{ﬂﬁ@%gﬂﬁém@@temporaneous
S a

preparation erile’injeéctable solutignis or dispersions.. cas inak iniectable form
must be steriRE&HE %@Weﬁ@&ﬁéﬂ?‘ﬁﬁ?ﬁ%%@?ﬁ%ﬁﬁﬁn %‘EM@@ SR ahiBige

: he D i%n}gg%ﬁti&%pompositions
must be stable-urdetalietondivieHshm el acant RISragRen it BraKan Sholld be preserved
against the coptantinaibig actiemnofmicrobagdnismersudhita bRy i FheAromopiifrmaceutical
compositiong,ef.Haedme serbinveninieand in DA sHabI F0F $8pI8aL ts@ S Gk 88 Tor example, an
aerosol, cream, pintment, lotj NG ROV Qrakeslike; Furthess thesanpaesitionsasan be in a
form suitable oF 1 agomﬁéa%rs%%})ré%aqf%ngﬁ%g?rﬁ : 01 WO, 2Q46/059 FARCT/S2009/065060

formulations}?‘}? & legpc))zgtsr’e]jgicv]illal%‘E‘)nventlonél processing.met o% As an exam Ied a cream or
ointment is pESafeeBiaTxing tieREIC Tt SRal 2y FEE1 %?Té}euwﬁ ﬁgz;(%%%%% Wi to about 10
Wt% of the Coempauid] pprotyEDACieaitosindméme hhwh B HE St dshERHNARK)
Pharmaceutigglcenapesitions,ohithisfemeaiipmean alsarbetinaifbenisuitabibefofireerasaeifhinistration
wherein the carrieris a solidh s Rigferable thetahe eixuyefewsupitsiesd sugpasitories. Suitable
carriers mcludoe cocoa butter and other materials commonly used in the art. By "pharmaceutically
acceptable" it Nt the carrier, diluent or excipient must1 bde corrhpatgble Wigg théa tgt&gﬁliggredients of
the formulation andEReTelEIEHOIER ARe ?%@Fp?@ﬁ?@f@?éb‘f? ude (IAMEIRCIS "administration of or
“administeringeatieornpprindstoaitbbeomdersio anto EamsIavitERT R LERA ST of the invention to
the individualsgseeg, of treatmesidpraciar futbiatotan bepinfrodindetiiies thaetnpiRiIUAPY 158y in a
therapeutical%#gggg] Jform,and therapeulisaliyusafishasauobing llibgobutiotdicaiteckit: oral dosage
forms, such as abl%@tféka?géi);g%esfio%)f'ré'ip%fd%ﬁﬁ??&%%@_a@fﬁ@s&%ﬁ%im@%@%@@m&;f@m& such as

IV, IM, orIP,%?ﬁe(‘f‘fﬁ [IKe: transderrnal dosage forms, i [ Jelli .patches;
buccal dosag@ﬁﬂﬂﬁé‘ésiﬁﬁ%{léﬁmée’?r%?%grgé% a’gﬂéq’r%}cizc})gr@,{} éﬁw%%?e#féég%ﬁ (?r%%?ﬁﬁ%gositories.

The terms "efidctiveamoteetists; tvehas STReAl) Brae i SO IACANS 15 }%ﬁ% ‘the subject
compound thahwithelicitikhiesbioiogieaho Shigdicairie sponsentfacbiy®, Eydde, iAo iiman that
is being sought aythe ieaearchercyaleimianmedisel docter o ethepnistsAsdisbagherein, the term
Lreall %‘I}me%g i iﬁg%&§¥§§9ﬁg§§@m9ﬂm thegresenhiugntion and

e

"treatment” oqh

includes (1) iNAONNG eEﬂ”s,ease In a{w animal th%; ex grlencpgﬂa%i laying e pathology or
sy-mptomato%?@gﬁﬁé%q%‘é‘?é:m.,Ogﬁ’gﬁiﬁa‘ u‘rll%‘eairn%éevrg%%?nen %itg\ ’ atl?r?logé/ ndjor
symptomatolbipgkess gggbméngmaﬁ%%%%%i@hﬁ%ﬁﬁﬁ%&ﬂ 8% g%*ga o e'é‘br_ggjsp'fé[ying the
pathology or syragiamaieingy ohthe misdagedte(MEPaishibi v HasrsioycHass SHtiftomatology).
The compoSitigns.cRNLAINIBIEARRORAES I i piegentinkentibam ayaorvanientybepresented in
unit dosage form and may be prepared by any of the methods well known in the art of pharmacy. The
term "unit dosage form" is taken to mean a single dose wherein all active and inactive ingredients are
combined in a suitable system, such that the patient or person administering the drug to the patient
can open a single container or package with the entire dose contained therein, and does not have to
mix any components together from two or more containers or packages. Typical examples of unit
dosage forms are tablets or capsules for oral administration, single dose vials for injection, or
suppositories for rectal administration. This list of unit dosage forms is not intended to be limiting in
any way, but merely to represent typical examples of unit dosage forms. WO
2010/059773PCT/US2009/065060 The compositions containing compounds of the present

invention may conveniently be presented as a kit, whereby two or more components, which may be
activ/ea Ar inactivie inAradiente carriare dilhiente and the like are nrovviided with inetriictione for

o



A general synthesis is shown in Scheme 1. Treatment of 2-methyl-I - nirronaphthalene 1 with
Bredereck's reagent affords compound 2. Alternatively, compound 1 may be treated with DMF DMA to
afford 2. Oxidatiom VLW a reagent like potassium permanganate folloW&dUByPEsteYifitation using
anhydrous methanol saturated with HG] affords ester 3. Instead of use of anhydrous methanol, the
reaction may occur in the presence of tBuOI-DH20, which would yield the free carboxylic acid analog

of 3. RedUC&&?sz%r}@%{;J&Ha&@oupy%%pe&i&s@mm&cﬁe&%@,@a@ viasatahisbaushaspalladium on
carbon undeé@p atmosFX relo m¥qro %\r/ved l%x brt%lagaltlgm%qgg g%es /Qéford 4 (or5in
the case of 3 i Acid ana o]0 {1 §is 6 sin ase suc ﬁ%‘lt drOX|de affords
acid 5. Amid@’ HBH’&W%BWWRP?H@%@‘? 9 Fl‘i}ﬁ%%‘safﬁ(ﬁ%’% %ﬁ@%gﬁeSWiﬁ%"é%@g ing reagent
such as Bommmazmw%@@mmmﬁ%wwmﬁﬁwﬁ%ﬁ&%ﬁ%sﬁw affords 6.
Cyclization ef&inhebzequinazalintne s madibtes by KimetayiformsdritecdimethiacetakeFinally,
Negishi Cfo%ﬁ}ﬁ&%&l?ﬂ@@ﬂiﬁ)%ﬁ?&&%ﬁ@m@ﬁ%&%l% IRAGRRIMSING SupatalyStISUEh(BSSNRI"),
bis(tr-tert-bultylphosphineipaliediym, . solvntlie Fﬁ%ﬁéﬂﬁﬂﬁeﬁ?ﬁ%ﬂ 64 0iHhis mRydutther be

functionalizéd via an additiona Ing With zinc chlorlde to provide Example 2. The
Negishi couBfingTHa H&&Wtﬁ‘éﬁ%ﬁ%@é‘n&f) %’é or g pPeseFr)lce of Pd(Pt- EE)US)Z and
THF. Scheme 2 The Comﬁgﬂﬂmfflﬁiwgéﬁ’é#ﬁéeﬁti@%ﬁ?ﬁfﬂ%dﬁlﬁlﬁﬁ%‘%‘m?&?ﬂ%‘?’% a number of
other examplespBisplacdménteahthashiariceualith adprclesphil ersiichr g sdiudrariotethoxide in a
solvent like QMS@:ertME ahalavated lasipevalurpaiirlsksamale:dOlyAdditionakexigation of
e dehoror el 9%%%%9‘@%%%% e S P e e

u xam
Additionally, a@%‘ﬁ%nﬁ’ﬁs ‘m E%am§ Fn%omgs mq%ig c:)}%g{?%gz O}‘lStér%lEsds&(‘;ﬂr Iﬁlg F\)/vtleth a
suitable bor@ﬂ%@@?&%ﬁ%ﬁ }%lé‘%n’iﬁ*tﬁg‘lﬁ?%éﬂ&@%?% B%ﬁ‘%%%ﬁoﬁﬁ%&ﬁ&@“ﬁﬁ nsition
metal-ligandicompkexssehaisdiatuiing. butpipresphires) pateinim de0a So e e F4F to afford
Example 5. Heheme:# axanpler/dbxampigoaxampia Sgonists, prokineticin agonists and

antagonists, pyrazolopyrimidines, T-type calciura channel antagonists, triazolopyridines, and the

like, such ag: adinazolam, allobarbital, alonimid, alprazolam, amitriptyline, amobarbital,
amoxapine, atmodafinil, APD-123, bentazepam, benzoctamine, brotizolam, bupropion,
buspriene, butabarbital, butalbital, capromorelin, capuride, carbocloral, chloral betaine, chloral
hydrate, chlordiazepoxide, clomipramine, clonazepam, cloperidone, clorazepate, clorethate,
clozapine, conazepam, cyprazepam, desipramine, dexclamol, diazepam, dichloralphenazone,
divalproex, diphenhvdramine, doxepin, EMD-281014, eplivanserin, estazolam, eszopicione,
ethehlorynol, etomidate, fenobam, flunitrazepam, flurazepam, fluvoxamine, fluoxetine,
fosazepam, gaboxadol, glutethimide, halazepam, hydroxyzine, ibutamoren, imipramine, indiplon,
lithium, lorazepam, lormetazepam, L'Y-156733, maprotiline, MDL-100907, mecléqualom,
melatonin, mephobarbital, meprobamate, methaqualone, methyprylon, midaflur, midazolam,
modafinil, nefazodone, NGD-2-73, nisobamate, nitrazepam, nortriptyline, oxazepa,
paraldehyde, paroxetine, pentobarbital, perlapine, perphenazine, phenelzine, phenobarbital,
prazepam, promethazine, propofol, protriptyline, quazepam, ramelieon, reclazepem, roletamide,
secobarbital, seriraline, suproclone, TAK-375, temazepam, thioridazine, tiagabine, tracazolate,
{ranyleypromaine, trazodone, triazolam, trepipam, tricetaride, triclofos, trifluoperazine,
trimetozine, trimipramine, Wldazepam, venlafaxine, zaleplon, zolazepam, zopiclone, zolpidem,
and salts thereof, and combinations thereof, and the like, or the compound of the present
invention may be administered in conjunction with the use of physical methods such as with light
therapy or electrical stimulation.
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As can be seen in Scheme 4, copper catalyzed N-arylation can be effected with Example 70 using a
heterocycle such as pyrazole, a ligand such as trans-N,Y-dimethylcyclohexane-1,2-diamine, a base
like cesium carFente/@ptiscopper iodide in a suitable solvent like DMSOPfF &Y/ ERéihple 6.
Similarly, Example 9 may be prepared by using methanol in place of pyrazole. Scheme 5 Other
transition metals may be used in the cross-coupling. In Scheme 5, a zinc reagent such as zinc

ke DM ransrar e B oD 2 D00/065080 I
n
Scheme 6 t eﬁ% Cﬁ {éﬁ 5‘." &It t a SI{.’% ec‘{é) trac gbrameca:fbox asg I}legbi%}ﬁ t‘? 3. ES & eél’l\éﬁﬁfi

i dicarbonate
to afford 10 b@VéI%ﬁFdna@f%%efﬁ’éﬂ%ﬁ?ﬁ%ﬂ@ﬂﬁ?ﬁﬁﬁﬁ%ﬁ&@%& Wfﬁ%éacﬁ)y Negishi

coupling deseilydeinpixadyplecTthtacifordicEXariisid OMI ThivBoe group olExempiP21Bmay be
removed usingissHonG @cid:ay ctrasdsyciiog en-splonde-taiafaie ExagmplectR®: dnddbpmedesivatization

of Example 9&%&%%@&&@%&%@@%@1&45@%&%8&%%@ SN ReRTICARAYdide-ane hasgssuch as
triethylamine t&) afford E amp e 12. Scheme 7 1\1VILA--j14<-7'N 61,1H KOAc,

Pd(cippf)CI FtoRene T O B, 00 411Example 18 In Scheme 7, bromide 4 may be converted to
boronate 11 using &%@FB% FRIEBRPH & WEDIRERDD I STBIOH SLTAFORRISE 1R SotaBeli Bcetate, a
transition merawﬁrgianm@mlwgﬁ@wwqdmwwm@ﬁppgsﬁwpﬁsmﬁéﬁﬁé‘éﬁ@}a%ﬁv@r@lpalladuum(||)
1:1 complex-wwiths IEMtin @ salverit ikeniclhiebiesBuzdkiceuplfivg ofitiwithia thakidei$edh as

2- (brornom%l)ﬁxridiﬂez!éw{&@l@m@% MR 2010/0597 43R 118209066060 F ansition

metalligand, SomR'ect, s EC? HEBAKURREHIRLRSRD R RAUASIAN . AhASG i sRdlu carbonale in

solvents suc% as to

ethano win amples are provided to
illustrate the &R 8?1 aﬁn‘ﬁe & HotRS %5 c %g}t}rméépgs rw%FﬁDr fﬁ%ﬂsegg "0 Eeml)%\l/lg Ation in any
manner. complexation or aggregation of any two or more of the 111grsd1611’cs or fmm dissociation of one or

more of the ingredients, or from other types of reactions or interactions of one or more of the
ingredients. '

In generel, pharmaceutical compositions are prepared by uniformly and intimately
bringing the active ingredient into association with a Hquid carrier or a finely divided solid
carrier or both, and then, if necessary, shaping the product into the desired formulation. In the
pharmaceutical composition the active compound, which is a compound of formulae (T) to (VII),
is included in an amount sufficient to produce the desired effect upon the process or condition of
diseases. Accordingly, the pharmaceutical compositions of the present invention encompass any
composition made by admixing a compound of the present invention and a pharmaceutically
accepiable carrier. _

The carrier may take a wide variety of forms depending on the form of preparation
desired for administration, e.g., oral or parenteral (including intravenous). Thus, the
pharmaceutical compositions of the present invention can be presented as discrete units suitable
for oral administzation such as capsules, cachets or tablets each containing a predetermined
amount of the active ingredient. Further, the compositions can be presented as a powder, as
granules, as a solution, as a suspension in an aqueous liquid, as a non-aqueous liquid, as an oil-
in-water emulsion or as a water-in-oil liquid emulsion. In addition to the common dosage forms
set out above, the compounds of the invention, or phasmaceutically acceptable salts thereof, may
also be administered by controlied release means and/or delivery devices.

Pharmaceutical compositions intended for oral use may be prepared according to any
method known to the art for the manufacture of pharmaceutical compositions and such
compositions may contain one or more agents selected from the group consisting of sweetening
agents, flavoring agents, coloring agents and preserving agents in order to provide



EXAMPLE 1 rac-3-[trans-2-hydroxycyclohexy11-6-[(6-methylpyridin-3-yl)methylThenzo[h]quinn
4(313)-one A solution of 2-methyl- | -nitronaphthalane (5.00 g, 26.7 mmol) and te
butoxybis(dimetitylasmiregmethane (8.27 g, 40.1 mmol) in 10 mt, of tolueneCwas2reftossech at 120 WO
2010/059773PCT/1JS2009/065060 C for 15 h. Additional tert-butoxybis(dimethylamino)methane (3.76
g, 13.4 minol) was added and the reaction was refluxed at 120C for another 24 h. The mixture was

cooled to rt gpd 20 Mk of Ng é@iﬁ?é&@’ a?ﬁa‘i‘ee& 8(0\4'590{%1§ r&”%%rtffé’a@%ﬂ?m &ﬁ‘éﬁ‘?ﬁ" solid was
collected, washed with, dltlonal s,.and dried t rov1 Wﬁg Ime %{ ~(1-nitro-2-
o et T PSR B e R e et R BB B & @bitiion of the
above compBaridacterood taiets nhbRen carBictawsi b tarpanate et Ao o RTSIFARISE0 mL of 1:1
r-Bu01-1:F17@tweseaddedpathssitnipesnanganatbddbbafegr 99i8m)rholpisiondyaovieti:@0ndm. The
reaction mixgeinagisidadatict teedfid) contartlack-precipitate-wasditerad andwashed twice with
100 mL of W&L‘?&h %&%J ts%%a\é@%&&)%ﬁ%@t@%%% '&éan YQA&!@Q&%&%"@%&%@%@ N HC1topH

-2. A belge[{ tteb\fv s col ecte {f\;/ thcebW|t 1 of I¥¥ r, and to provide

1-nitro-2- nap 10iC agid mt%ave roto ectra con nt with ‘c}i‘?s 1gn 3 mass ion (ES+) of

218.1 for [Mqlﬁlﬂieﬁf%ﬂ%ﬁ%a%ﬂﬁé%ﬁ\‘?ée éaﬁwﬁﬁ%aneéﬁ%més@%ammse%%ﬁ RHEOM was
cooled to 0 @vanellsageratsiddwith gaseous TIC. The solution was warmed to rt and then heated at 90 C
for 22 h. The solutia:was-agaiirgatyrategoatibHChgheatedaly 90 kefarddhcdhereisied to rt. The

beige prempg@s&ﬂgamﬂm%ﬂtﬁ%aéla@wg@c&@é %&M&Q@%ﬁdﬂ@ t@o&rﬁx@& methy! 1-
nitro-2- naphthoabe tha%gg\ée proton NMR SRec r@t consistent witt theo n of the above

compound ( pref T 250 L afg K an ‘%e g of THF W adsmél1 lee— agyur% on carbon
(10 mol%). fﬁ%%@&&?aﬁwggrﬁra%@ﬂl{?ﬁaﬂ@f%%@ bk %P g aﬁffﬁ?eff 4 A58 mixture
was filtered, aHi& s etidisnitsies weeshelbolday bttt Moleets Snaakd fivntewakdcoadamrated in vacu o .
The residue miasscosfabntratdel divioepuithd olvisecd vdthl re dhént VigoidoitmgutoFHeleh mabtthy |
1-amino- % r(lgg)%%ﬁleo&h@hgﬁiwé ARSY LB &E&asﬁtcsfoa%ﬂaffefe[é&dmﬁﬁg@eaxéﬁlmmmgbolcvs
compoun o ion of bromine
oLt %p?#i%ﬁ;ﬁ%%ﬁ%%}f%ﬁ‘%}%‘;ﬁ ﬂfﬂ*fﬁ‘%?% %@ﬁ%ﬁﬁ?ﬁ%ﬁ%ﬁﬁ%ﬂé 0Cfor2h,
tered and washol S EASHS TR dF R RS vﬁﬁﬂf}%ﬁ%ﬁa R SRS HABIA i
hydrobromd@%ﬁ@&fﬁéﬁﬁmwmﬁ@%%ﬁﬁ%ﬁ& BB Ry CACEBIARRP B therkiidve compound
(3.20 g, 8.86chospbiydreiaNidimrethyifognieimidesdimethyticdtal(@ $6nmkdi26. & ninal waseated at
100C for 2 hoAdditienalih Neimelbyligrmamiderdimeshylacetal k4 8imL, 8 9 =op was added and the
Zolu;'?n was 2eate@éﬁérl,a%%hgage%ﬁaﬁg%&%%é dﬁcfﬁ@@ GHon.w @%1%99'%&9 E&a@%{?‘ﬁ%“tr:f‘fdt atnhdt
ried 1to pI’OVI e crude me m mjno ene mino nap oale tha
S T S ‘ﬁ% o %rvn 5

‘gave a mass| |on (E |on 0 ove c%?n ound (2.20 g, 6.56
mmol) and atmoHitP é&@@&f@"(‘b @W@Sp‘?né‘gmcﬁ)‘fi*ﬂﬁwlﬁ?ﬁééﬁﬂgﬁﬁd‘%@%ﬂéd at 140 C for 31i.
The reactionivgastisobied teeetbifvibdonitbpinvradinaterlifittere sesarashid drwitteavatek emid £120, and
dried on highxae:daiMioh20 1aIRER:ABR CTi1 3260865066 #Ho\useat: broimahkeripainioUinazolin-4(

R)-one that %é(ﬁz@c@&ﬁésﬁ t%&é&%‘bh@f@%@ ﬁd&tgfn[Mé‘;%hﬁoT& ﬂmﬁﬁb‘ M@ﬁ@iﬁ%%&?@zﬂ%@ém@ the above

compound ( m er &n atmoshper of nltr s added
(2-chloro-5- ég/%%y ﬁﬁ?ﬁ%é’hﬁon EH %_QR %% A c;gT‘)

nU
nol) an
tetralcis(triphenylp %BH‘T‘HB%%\ ﬁﬁ%ﬁ?ﬁ(@?g ‘i@flﬁgﬁpéo ‘Nt%r %g SR HpHBSPHINE)palladium
could be usefdeaaﬁ@%aw@wwa@rhéé%é@aﬁ9@@rﬁ.ﬁpp‘ﬁd%:ééﬂéalf@?ﬁeiawwamrmﬁawmﬁ_ of ethyl
acetate and 5@micdfwiterbl Bdufjorsolidiwasiemoved viach!ttatiomianddhbldiftrateovadavashed with
brine, dried Quensadivmsswfate.diteren;and concantiaadin MacupRhtesulianbsasidide was

washed Wlthrgﬂgmagr%ﬁ%?tﬁ@&)ﬁﬂﬁ&%y%ﬂﬂﬁ&ﬁ%%g?tor ¢; thus, preferab}y should be
6-[(6-chlorop rldln )met I|ber%?olé umazolln 4(3H -one that % r(%)rotczn N ﬁs ectra consistent

with theory dﬁ%"’% BN ESH P S SO b thE 55878 SRibound (0.400g,
1.24 mmol) in 5 mtt W%ﬁﬂs‘?%ﬂ%ﬂlﬁﬁ%&% RYEEPhsratE D3R g 2 e amighiain ©yBhexene
oxide (0.366ugs 3:7Bam otk aFinereaetiosplvearsdte atetntnt] RO®. idustise plesetiprassirdikessel for 15 h,
and cooled tauthanehelioiedvithsetitybacelateranawates: dhenmixiiewhs-pasitianed and the organic
extract was washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The
resultant residue was purified via silica gel chromatagraphy, eluting with 10-50% ethyl acetate in
hexanes, to provide rac-6-[(6-chloropyridin-3-yl)methy11-34trans-2-hydroxycyclohexylibenzo [h]
guinazolin4(311)-one that gave proton NMR spectra consistent with theory and a mass ion (ES+) of
419.9 for [M+1-11+: 11-1 NMR (400 MHz, d6-DMS0) 5 9.00 (d, J = 7.7 Hz, 1H), 8.66 (s, 1H), 8.44 (d, J
= 2.4 Hz, 1H), 8.17 (d"l = 7.6 Hz, 111), 7.97 (s, 1H), 7.80-7.73 (m, 214), 7.68-7.65 (in, 114), 7.41 (d, J
= 8.3 Hz, 1H), 4.58 (s, 2H), 2.07-2.04 (m, 2I1), 1.89-1.85 (m, 2H), 1.78-1.72 (m, 311), 1.40- 1.35 (m,
311). To a solution of the above compound (0.225 g, 0.536 nunol) in 5 nil- of THE under an
atmosphere of nitrogen was added methyl zinc chloride (0.536 rnL, 2 MM THF, 1.07 mrnol) and

[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(11), 1:1 complex with DCM (1 0 mol%). The
reaaction wac heated at QN C for R h and additional methvl zine chloride (O R2Aml 2 INVin TE1E 1 07



WO 2010/059773PCT/US2009/065060 EXAMPLE 2 _
3-[(18,25)-2-hydroxycyclohexyl]-6-[(6-methylpyridin-3-yl)methy1]ben20[h]q010az011n- 4(311)-one
Methyl 1-aminowetmames2rhaphthoate hydrobromide was prepared as desoriedorn&semple 1. To a
solution of methyl 1-amino-4-bromo-2-naphthoate hydrobromide (2.00 g, 5 54 mmol) in 20 ml, of THF
was added sodium hydroxide (11.1 mL, 20% aqueous 55.4 mmol). Alternatively, lithium hydroxide
could be use d. The mixture was stirred at 20 fo T lvent was
removed in vacﬁ‘ga% nd ﬁaélroc%%)ﬁ% %\é% ‘ﬁ'naaﬁé < g}& %&d gtltsl%?Ecz;f;f ngs ?S%())hd was
collected vid¥iFEAbI, R B‘ﬁé‘F SHiF: 8"39%% f%’ls—%lb g‘ﬁ%gs“zoog/ocssow
provide 1-artine-40bySh - haraptneisié Scrodise garfélafrﬁaww (Esrsg PISEEITETORTITOr To a
solution of the abRiereeryduid(@@Siiay: 38Einmmeat)im bamdisofdichidrometirheiwas-titided

(111-1,2,3-hghzetiaeel ey Hisisidimerbviamine) phaspbrnismikexaiivorophosphale: (1.82 g, 4.12
mmob). (15, Zel:&aminocyeioexanal (433 0o, 2 puneh.A0dmetdamiag (0 83.mk ok T mmo)

The mlxture stirred at rt for 15 h and then diluted with dichloromethane and water. The resultant
beige solid Was collected via filtration, washed with dichloromethane and water, and dried to provide
1-amino-4-bromo- ﬁlﬁﬁli’srﬂ%ﬁeﬂﬁ?ﬁ%ﬂrﬁfkﬁﬁ?@gh@kﬁ/i}l%é?ﬁﬁﬁﬁé’r‘ﬁrd’é“ﬁﬁ&toﬁawpéeﬂﬁ%%ﬁ (ES+) of
364.9 (81Brydonppvbititia Solotienigftdembol/dctmpiuin mdnatidinaoy ol artildertimethylacetal
(3.06 mL, 22Z:8+amol) was heated at 80 C for 15 h. The reaction was cooled to rt, concentrated in

yam), and dried togoyide 6:hroma-2-[(13: 20)-ahykorycvelohexyienzathiavingzalin4(31-frone that
st Y U L a&mﬁ HRgund-waspLaRAE By £l PIoVIng

the proceduFn Scrl 18 ectra consistent wit ry and a

av

mass ion (ESHF) GFIAW’GF‘F&“H\%SA P’@I—i‘%ﬂhﬁqﬁ’@d%ﬁ’?@@ﬁ‘@ Py §5 BB 8 Py (s 114),
8.29 (s, 111 s 5uwutinciudmg b}%@r@ﬁhm)d e B3EhH PRy, @W@e(mcweﬁ 9608, J= 8.0 Hz,
1H), 4.62 (byuSpdibids, 4dEHs iR nidekibléhiosagh B2, 48cKsas3M) 112, 2912, 36 (tn; Wikd), 1.95-1.90 (M, 3H),
1. ?j 1. 3?} (”ﬁaﬁté)mﬁai% Eo%ns mncluding crealtms , jellies, powders, or patches; buccal dosag\gil fomms;

metho met one
2010/05977%@%@%@8@% ﬁéﬁg% &1’% %{?59 aﬁdﬁ%@?@ %Q%Jinﬂgég %%é%ﬁa%ﬁgé@ hydro romlde was
prepared as describ&dSAEX tllgelamlo r%lu E?gffgfﬁa RER% fpaiﬁ’]?luélt f the amount o
1-amino-4- b%?ﬁéb%&?mﬂwaﬁéwwgﬁmﬁb@e@%@ g ByHeAh BT &ristihospREre of nitrogen
was added 4uiiethexybenzyiziic-ehiosicieh(d. umbsed St irtTiitii48 Badienbipetndor other
tetrakis(triphgpybphosphine)pfrdladium(0) (10 mol%). The mixturewas heated at 90C for 7h, cooled to

t, and diluted with 50,] @.}E}%fraﬁhmﬁﬁﬁat&e@agaodmn@;tmgl%eg%@ biHrs AR Raritioned and the

organic extract Was ed Wlfh‘ brlne drle Jdgsoﬁ Irq]s?ﬂm % iftered,.and cong]ecgtgated in vacua.
The residue Wg?%ﬂ ]\n%’fes RATErE nrca)]k:r)‘na ograp ¢ ’i% 0200 }J eaﬁ'ny acetate'in hexanes, to
provide metWPTﬂé?ﬁ}%"A u0iiEh o SHHBHIG %8?@5\918‘66158%% RiE$sEp&ctra consistent

with theory dndhesmasioipne(ES-th 0&@@2@ fod v smijeraistsigtion 6 tirechibuvsgifepéredcéampound
(1.41 g, 4.3%mmelhimA T \:dimethyifbrdisshidexdimeityingetal (FnpGimtolbgRafinol)swasiheated at
100C for 4 hg;Additional d%'ﬂz@ﬁgﬂﬁﬁﬁwé% Q%Q%Wacetal (0.44 inL, 3.3 mmol) was added and

the solution was h mixture was co L to It concen %%gﬁ Ygeua to
provide methyl I{[% ﬁanrir?e% Aammo ﬁ%%hce{lg ela n%ﬁo%ef E(e We en % -ngp thoate that

gave a masSIGHTES ) BitsPse mﬁma&%eg@a?ﬁ%?o%%?é %B @B?@B“g CBRBSLHE"(0.040 g,
1.1 rnmol) inod Barrbeef- ddetieracisnivdesagtdet s -l -5-prithy ek At (Uo7, £ioeiol). The
mixture was heateeliai-dA6ntoferc6riband ithencodtedtont antl tandeptratadiparasuo. The residue was
purified via pigparativad enerse Rhase-HRk GloRioyige-tbetitlecompaiagt thak gave@dnass ion (ES+)
of 433.1653 I;gxrat%%'adl\gmpée% 4and does not have 1o mix any components together from two or more

containers or packages. Typical examples of unit dosage forms are tablets or capsules for oral

administration, single dose vials for injection, or suppositories for rectal administration. This kst

of unit dosage forms is not intended 1o be limiting in any way, but merely to represent typical

examples of unit dosage forms.
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6-(4-methoxybenzy1)-3-pyridin-3-ylbenzo[hiquinazolin-4(3H)-one WO
2010/059773PCT/US2009/065060 6-(4-metboxybenzyl)benzo[h]quinazolin-4(31-)-one was prepared -
by the same procedarerssdescribed for 64(6-chloropyridin-3-yl)methyl Therzofdguinzze 1in-4(3H)-one
" in Example 1. To a solution of 6-(4-methoxyberayl)benzo[h]quinazolin-4(38)-one (0.030g. 0.095 annol)
and 3-iodopyridine (0.058 g, 0.28 rrunol) in 2 rnL of THE and 1 inL of DMSO under an atmosphere of
nitrogen was added cesium carbonate (0.19 mL. 1.N agueous, 0.19 mmal), t - -
dimethylcyclohexanéﬁ-i?ﬁa;%)lgrﬁrﬁsecif%l}gﬁié ,68%5&%??%1?,%%8 hfé‘b"ﬁﬁr?l %%fégg%%eég b(3%,095 mmol).
The reactioP S8 FLAEPECESE 1P PETROTESOIRRPESTE, AL ORESRARIEHIHTAETS. The residue was
purified via repdietiversvessblygsand e Gk BroviyidtHeviildebrspouar thispyaler&Pfston NMR
spectra conaistahtiavitt theo by decaimbespiom{iGtnoi3Dg Sdan|ie Bie hidnNMEh (400dtHZ,
Ci6-DMSO0) 82 0% fhed 5ofhil b 853 itchihls 8o 2nfBedidib) Bl o, iy tho§ Qo dela J = 9.6 Hz,
240, 7.98 S byl 67 S B B A AL R dpp Al 220 5,18 (m
-1.83 11), 1.58-1.39 (m, 311), 1 1).

1H), 2.03-1.96 (m, 1H), 1.95 m, 2 t%ﬁ 3 , 1.29-1.18 (m, 211). EXAMPLE 5 rac-3
[trans-2-hyd*6 RS Bﬁ%‘?{ff‘fﬁ'—%@{” 3&% éf?flzf’-ﬁfrgz_t%ﬁ%-yl)p%r_idine-3- ethyl} benzo [h]
quinawlin-4(311)-oNEMFEF DY/ GBS PE FAPSEIonY dEsEedor Which compounds of the present
rae-6-[(6-chlorepiridine 3ayitndthyib:8Litsammsagudy drodipey clahexyiivéne dih jguinazelind¥8H)- one was
prepared aslgsarideshtibExamplnbtela a: seiution albat-Bdtashiotapyrdint-yQooetiyl-B:[trans-2-
hydroxycyclgpgﬁ%@%&p[j;g%mr?%@%@(él‘—,gﬂ%gg 0888:0 AL Hmeh;iR Baiks Qb d EFsunder an
atmosphere of ”'tr%gf%ﬂr?suggl & reteats Carﬁ%“t%‘je% «%OiI?’S 59&3{5%{?‘1%@%%‘3-38 Mmob, 1-
methy1-4-(4 FE 51 r’ametﬁy "8 D Eioxaborolan-2- E3-flgl-py*i‘azo e“(‘o. )79 g ikt mmol), and
bis(tri-tert-b A B S SFTHES B B ARPS) Qié“&ﬁ?l@?ﬁmrﬁ/%r?éé’éfi%sﬁ QAR EEigh 2l 585%6F 20 h, cooled
to rt., and dillitéd with eahpbabetiatel deidl deser It Benords i Tayethwas reeioveeahdiWashed with
saturated aqheoussseditpinbicash baatérandbrine;dibdoprerssadiupausilfatgfilteTee, and concentrated
in vacua. Theg,residus waswudfiedvia silica.gehchromatographyeeidlinganith, 100% sthylacetate, to
provide the title aQmpound that gave a proton NMR spectra consistent with theory and a mass ion
(ES+) of 466.0 fof [M-tH]:NMR (400 MHz, CD30D) 9.02- 8.99 (m, 1H%, 8.67 g?w_s, 1H), 8.61 (s, 1H),
8.33 (s, 11-1), 8.23 {8 2329 814S FHEEGA NGRS D5 PBS B2 i FHT. BBOES OH), 4.10-4.04
(m, 1H), 3.89:pslugty sipgigdesaer (o w)l wwostenead e e hogorsated ¢pd, tha pestiepi3gmodd (m, 4H).
EXAMPLE 6N\A/Di28101059 FFRRETHYIS00MEE50 60rsicd3trins: 2- hidioxysysiohbxykp6-1

[6-(1H-pyrazglyl cyd)pyEgin-amdimeihyzdohaenzel g wnazelin Ad 300 ssent, compounded with

an appropriate and convenient amount of carrier material. Unit dosage forms will generally

contain between from ebowt 0.605 myg o about 1000 mg of the active ingredient, typically 0.005,
0.01 mg, 0.05 mg, (.25 mg, 1 mg, 5 mg, 25 mg, 50 mg, 100 mg, 200 mg, 300 mg, 400 mg, 500
mg, 600 mg, 800 mg or 1000 mg, administered once, twice or three times a day.

It will be understood, however, that the specific dose level and frequency of dosage for
any particular patient may be varied and will depend upon a variety of factors including the
activity of the gpecific compound emploved, the metabolic stability and length of action of that
compound, the age, body weight, general health, sex, dief, mode and time of administration, rate
of excretion, drug combination, the severity of the particular condition, and the host undergoing
therapy.

Several methods for preparing the compounds of this invention are illustrated in the
schemes and examples herein. Starting materials are made according to procec_{uzes known in the
art or as illustrated herein. The following examples are provided so that the invention might be
more fully understood.  The present invention also provides a method for the synthesis of
compounds useful as infermediates in the preparation of compounds of the invention.
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To a solution of rac-6-[(6-chloropyridin-3-yl)metby11-3-[trans-2-
hydroxycy-clohexylThenzo[h]quinazolin-4(311)-one (0,050 g, 0.12 mmol) and pyrazole (0.024 g, 0.36
mmol) in 2 mL of®MBBameler an atmosphere of nitrogen was added cestamusaryomstie (0.24 mL, 1 N
aquoeus, 0.24 mmol), rrans-N,Ar-dimethylcyclohexarie-1 ,2-diamine (1.7 mg, 0.012 nunol), and
copper(l) iodide (2.3 rug, 0.012 unnol), The mixture was heated at 13000 for 24 h, cooled to rt, and
purified via Rrepar: tive reverse phase HPL,C. The appropriate fractions were concentrated in vacuo.
The residue Wasnfg]gen up in saturated aqueqys sodium bicarbonate and extracted 3 times with ethyl

acetate. The co ed orgesnicKexkigats were Wa eél with fvine, dried ovégigoggm sulfate, filtered,
and concentr acya to.psedde the title Ct mpound E(ETVEIVNE Om MR spectra consistent
with theory and"a mass ion (ES+) of 452.6"t0 AM++11+: 1H NMR (4 CDC13) 39.01-8.99 (m,

114), 8.50 (s, 1H),'8.32-8.30 (m, 2H), 8.02 (s,4H), 7.93-7.91 (m, 11-1), 7.8% (d, = 8.2 Hz, 1H),
7,69-7.64 (m, 3H), 7.56 (d, J= 8.4 Hz, 1H), 6.43 (s, 21-1), 4.63 (hr s, 1H)f410§‘3(|‘5ﬁ5 1H), 2.28-2.22 (m,
1E1), 2.14-2.00 (m, 1H), 1.94-1.84 ( 11), 1.60-1.40 (m, 3H), 1.18-1.1 (|n i14) WO
2010/059773PCTV{USEOOO /0 SOQQ‘J;ZE MPLE 7 N, O
eyclohexyl]- éz—oxe.
carbonfttile {T3H.C To-a selution of Z
rac-6-[(6-chloropysidin-3- ypmethy]ﬁ %Etrans 2- hydroxycyclohexyl]benzo[lgquinazolin-4(3H)-one (0.050
g, 0.12 mmol) andszinc cyanide (0.042 g, 0.36 mgnol) in 2 rut or WI= under an atmosphere of nitrogen
was added bis(tri-Jertbut Iphosphine)palladium(0) (10 mol%). The mixture was irradiated in a
microwave reacto¥ &l 160 C for 1 h, cooled to rt, filtere d purified via preparati verse phase
P !
HPLC to provide the titl¢ compo p\(that gave a proto R spectra consis Wmﬁeory and a

mass ion (ES-9 of 0 for [MAT]: H_NIMR (400 ¥iHY, c C13) 69.04-902 (i . 870 (s, 11-1), 8.46
(s, 11-1), 8.0 1), @%7mM7 767 inp 2H), Y87 52 (in 2H> 487 0On's, 1H), 4.55
(s, 211), 4.02 (bis AH), 2.30-2 REPEm):1H), 2.4¢ 3 (m, 118}2e00:1 WH) 1.59-1.21 (m, 3H).
EXAMPLE 8 W082010/059773PCT/U52009/06 \:,[/‘%N

rac-3-prans-2- hydroxycyclohexyll -6-([6-methylsulfo yj}Qdme -3- LA
yI)methyI/benzo[h]qumazolln 4(3H)-one  Exampie 70 Example 2

A general synthesis is shown in Scheme 1. Treatment of 2-methyl-1-
nitronaphthalene 1 with Bredereck's reagent affords compound 2. Alternatively, compound 1
may be treated with DMF DMA to afford 2. Oxidation of 2 with a reagent like potassium
permanganate followed by esterification nusing ashydrous methanol saturated with HCl affords
ester 3. Instead of use of anhydrous methanol, the reaction may occur in the presence of t-
BuOH/H; 0, which would vield the free carboxylic acid analog of 3. Reduction of the nitro
group of 3 or its carboxylic acid analog via a catalyst such as palladium on carben under an
atmosphere of hydrogen, followed by bromination with bromine would afford 4 {or 5 in: the case
of the carboxylic acid analog). Hydrolysis of 4 using a base such as lithiom hydroxide affords
acid 5, Amide bond formation with (15.28)-2-hydroxy-aminocyclohexane using a coupling
reagent such as BOP (Benzotriazolyloxytris(dimethylamino)phosphonium hexafluorophosphate)
affords 6. Cyclization of 6 1o benzoguinazelinone 7 is mediated by dimethyHormamide
dimethylacetal. Finally, Negishi cross coupling of 7 with the appropriate z_inc reagent using a
catalyst such as bis(tri-terf-butylphosphine)paliadium m a solvent like THE affords Example 70.
This may firther be functionalized via an additional Negishi coupling with methylzine chioride
10 provide Example 2. The Negishi coupling may occur in the presence of Pd(dppf)Cls, or in the
presence of Pd(Pi-Bus), and THE.

Scheme 2
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. A solution of rac-6-[(6-ehloropyridin-3-yl)methyll-3-Linms-2-
hydroxycydohexylThenzo[h]quinazolin-4(3H)-one (0.150 g, 0.357 nunol) and sodium thiomethoxide
(0.075 g, 1.1 mmwal rimoRdntzof DMF was heated at 120C for 15 h, cooled te-riangaibstad with ethyl
acetate. The organic solution was washed with water and brine, dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified via silica gel chromatography, eluting with 0-50%
ethyl acetate in hexanes, to provide the title compound that gave a proton NMR spectra consistent
with theory and a mass ion[(ES+) of 432.0 for [M+H]. 11- R (400 MHz, CDC13) 8 d, 1=5.6
Hz, 1H), 8.38 (s, 1Hy=8x: H), 7.98 (s, 1H), 7,924, , 1H), 7.67-7.63 (nké‘kg ~7.22 (m,
211), 7.04-7.02 1 )63;(hrslH)43552),04(§Ws 1H), 2.52

2.30-2.22 (m, H)OToaséi%ﬁl% of §

compound (0.02 ).10 nunol) in 3 mL of d ’

acid (0.045 g, 0.26 n¥nE )\\Jhe mixture was warme fi
chromatography, eluti b with 20-70% ethyl acetate ifj hexanes, to provide the title fomound that gave
a proton NIMR spectra cns@tent with theory and a nigss’ign (BS--) of 463.8 for [ ﬁs’ﬁMR (400
MHz, CDC13) 89,95:9.03 (m, 1H), 8.67 (s, IH), 8.32 (s, g%s .04 (s, 1H), 7.97-7. 92éln ZH), 7.84-7.81
(m, 11-1), 7.72-7.66 (m, WO 2010/059773PCT/U§?{‘§6’§"/ 060 3H), 4.65 (hr s=FITF .55 (s, 2H),
4.03 (hrs, 11-1), 3.20 (s, 311), 2.30-2.23 (m, ll1), 2.00-1.83 (m, 311), 1.61-1.43 (m, 4H). EXAMPLE 9

rac-3-[trans-2-hydroxycyglobexylil: Qcﬂénmtb%xﬂxri@iﬂm% b matmihbensolianinaze .4 (311)-one
Toa SOIUUOQ:F?&Mﬂ 6&%@‘%@1&% lx@ Xﬁgp ]mrlgcl?g‘ e%unhas. so um fuorpeﬂ}omd

hydroxycyclo qui 0.15 e%ﬁ under an
atmosphere & %ﬁt%% eﬂltﬁﬁﬂ%ﬁﬁ fo P6ﬁ5e§}a‘rﬂ@$é ai PFAREI6012 mmol),
and copper(#§ %@{H@ﬁ(éf}& i DO T RHGIT TR %tsaﬁm@hat@@mafwéwvém@actor at 160

- C for 4 h, costeantdiitcahchbompethtnat edaffovaEranlihé. residue was purified via silica gel
chromatography, eluting with 0-100% ethyl acetate in hexanes, to provide the title compound that gave
a proton NMUYggpectra consistent with theory and a mass ion (ES-I') of 416.0 for [M+H]: 114 NMR (400
MHz, CDC13) 89.03-8.99 (m, 111), 8.29 (s, 11-1), 8.10 (s, 1H), 8.02-7.99 (in, 2H), 7.70-7.65 (m, 2H),
7.37-7.34 (in, 1H), 6.62 (d, J = 8.5 Hz, 1H), 4.82 (hr a, | H), 4.39 (s, 2H), 4.01 (br s, 1H), 3.90 (s, 3E1),
2.30-2.23 (in, 1H), 2.18-2/12 (n, 111), 1.99- 1.84 (m, 3H), 1.53-1.42 (m, 31
20101059773PCPU} 065060 EXAMPLE 10 6 6-c mop idin-3-yp#enatk
..o[h]qu a-4(3 = ;}K C8,CO0;,
Y\Nf

Pd(Pi{Busj,

Exampie 70 Example &

Additionally, as shown in Scheme 3, Example 70 may undergo a Suzuki-type cross coupling with
a suitable boron reagent such as 8, in the presence of a base like cesium carbonate, a transition
metai-ligand complex such as bis{tri-fert-butylphosphinejpaliadium in & solvent like THF to
afford Example 3.

Scheme 4



To a solution of rac-61(6-chloropyridin-3-yOmethy11-3-prans-2-
hydroxycyclohexyllbenzo[h]quinazolin-4(311)-one (0.050 g, 042 mmoI) in 3 rtiL of dichloromethane
containing powdegedddssmalecular sieves was added 4-methylmorpholinedr/oxice/ (65018 g, OA 6
mmol). After 15 mm, tetrabutylammonium perruthenate (0.013 g, 0.036 mmol) was added and after 30
min, the mixture was filtered through a pad of Celite. The filtrate was concentrated in vacua and
purified via preparative reverse phase HPLC to provide the title compound that gave a proton NIVIR
spectra consistent with thg and a mass ion (ES+) of 417.9 for [M+1-4]+: 1H (400 MHz,
CDC13) 89.03-9.0Q 4mN 8.60 (s, ﬁLH) 8.49 (s #H)77:967.93 (m, 1), 7,82~ , 2H), 7.55-7.48
(in, 1H), 7.29-7.26 (in, 1H), @785 3(n 1H 4%,@H)@a80271 m, 11-1 2@@258(m 1H),

2.51-2.47 (in 218 (m., HE 2.06{1L.83 (i 218). EXAMP
trans-216-1(6-chtorgpyridin-3-y -4- zo[hiqu inazo lin= -yl Jcyclohexyl rac- acetate

rac-6-[(6-chloropyridi .-3 Ometﬁyf/; -Urans-2- hyd ox yclohexyliberizorhi uir zolin-4(3H)-one
(0.040 g, 0,095 mmolyii 2L of CH2®12 at 0 C was™ad d acetic anhydride<0.0d®emL, 0 11 mmol)
and triethylamine (0.026 inL, 0.20 nﬂ‘nol) The mixture was#@armed to rt and after 15 h., concentrated
in vacuo. The riggidlyg ygas purified via preparatiiasplerée phase HPLC fsaprefeidie the title compound
that gave a proton NMR spectra consistent with theory and a mass ion (ES+) of 461.9 for [M+H]t.
EXAMPLE 12 N- {(1S,25)-2464(6-chloroPyridin-3-y1)methyll-4-oxobenzo [h]quinazolin-3(411)-

yllcyclohexyllacetamide WO 2010/059773P T/ldJ%Z (%9/065060 l\%FZ ONIC7'N. 1 N1, DMFDMA (-or;
JHBoc NHBSE can be seen in Scheme 4, copper ca -arylation can be effected with Example 70 using

a heferocycle such as pyrazole, a lgand such as trans-N,N-dimethylcyclohexane-1,2-diamine, a
base like cesium carbonate, and copper iodide in 2 suitable solvent like DMSO to afford
Example 6. Similarly, Example 9 may be prepared by using methanol in place of pyrazole.

Scheme 5

¢
NZ N . NTINT

Example 70 Exampie 7

Other transition metals may be used in the cross-coupling. In Scheme 5, a zinc reagent such as
zine cyanide, 4 transition metal catalyst/ligand such as bis(iri-fers-butylphosphine)palladium(0),
in a solvent like DMF transforms Example 70 in Example 7.

Scheme 6
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Cl Pd(pP63)4 6N HCI  1-Amino-N-[(18,25)-2-aminocyclohexyll-4-bromo-2-naphthamide was
prepared by the procedure described for the synthesis of
1-arnino-4-brorrmpeNsilBs2%)-2-hydroxycyclohexyl]-2- naphthamide in Exaroplesisodmssua@olution of
1-arnino-N-[(15,25)-2-aminocyclohexyli-4-bromo-2-naphtharnide (0.460 g, 1.27 mmol) in 20 mL of
diehloromethane was added di-tert-butyl dicarbonate (0.305 g, 1.40 mmol). The mixture was stirred at
rt for 4 h and then purified via silica gel chromatography, eluting with 0-20% ethyl acetate in hexanes,
to provide tert-butyl {(18,2S)-2-[(1-amino-4-hromo-2- naphthoyl)aminoicyclohexyl)carbamate that gave
a mass ion (ES-I-yiaf 46‘%@ [M+Hr. The abéfe re@ compound was convened to provide
tert-butyl {(1 (B : Boc,C N7 1. DMFDMA

ehloropyridi thyl]-4sxobenzo[hlgwina Iinf§(4f57‘91°3ﬁllay@ Ncarbamate by the procedure
described for the gynthesis of 6-1(6-chloropyrigin-3-yl)methy11-3-[(/S: i 2-
hydroxylcyclohexyllbenzg[hjquimaolin-4(3f)-one in Example 2%f&"asolution of tert-butyl
{(15,2,)-246-[(6-chloropyridin-3-yOmethyl]-4- oxobenzo[h]quinazolin-3(4H)-ylleyclohexyllearbamate
(0.080 g, 0.15 mmol) in 2 rnL of methanol was added hydrochloric acid (0.15)@., 6 N aqueous, 0.92
rnmol). The reaction wasgeited at 60 C for 2 h, «@ to ambient tem’gg@f%rj?)and concentrated in
vacua. The residuenvas entrated twice yithytoluene. The residue Wagiputified via preparative
reverse phase HP 3{(38,25)-2kami &yeloml- Fop{tn-3-

yl)methyllben 10 unazoling4(3 ;0N that gave a proton NMR $pestra consistent with them and a
mass ion (ES+) of 419.0 for [M+HJ: 1H NMR (400 MHz, 4DMS0) 9.10:9.08 (m, 1I-1), 8.56 (hr s, IH),
8.27 (s, 1H), 8.14-8.1¢ (i, 1H), 8.04 (s, 1H),7§§./87bl§7,75 (in, 311), 7.43-7.36 (I, 1H), 4.60 (s, 21-1),
2.31-2.24(m, 2H), 2.124.94 (m, 41-0, 1.70-1.564Mm¢AH). WO 2010/0597 73PET/US2009/065060 To a
solution of the abogggggpgred compound (Q}EEC‘)ZE?&z 0.055 mmol)in2r i,aof di%ploromethane at 0C
was added triethylamine (0.023rnL, 0.16 mmo Sanjé acetic anhydride ?5.5‘8% mL, 0.082 mmol). The
mixture was stirred at O C for 2 h, diluted with dichloromethane and washed with water and brine, dried
over sodiumisgiatendifienesmatidiconosritqgiecinyachs: doep esiduersaspiltfitidariebailica gel
chromatograpiy,ghiting withi4%: 160%-8ibylasstaladneranes.de pravidsithetitle:sompgund that
gave a protop iDM%gg%ctgr cansisten e‘%'t!‘ tgleo%anpq a, as%a%l}? éESB;oé 46 ) for M+Hr: 11-1
NMR (400 M ORI SRS T B 08 (1°Tpr B 58%2PY W%. (2 TERPY 8.7 9% (e 1145, 7.72-7.68
Om 2H), 7.42 PSR [P boremey (isipe p Steomedei sl BGRB8 20011 4.47 (s, 2H),
4.29-4.24 (mEerple 128 Fanhgnderrgtizetign 2f0xgmple )2 sudnas B2 HeN3MIVIBE{E G 1586-1.41 (m,

31-1). EXAMREE 15332 8)d2: hydroxyoycidhiexyhinéup(Sisdpiopyhby iitlin-3-y11methy
enzo[hlquinazolin-4(31-0- one

Scheme 7
/.‘\ 0
() S
N s B
N,;,\Nvff\‘,/' jO‘B“B'OE NTN Y ;\r N Har
% o 0 OH )
By MO OH ( Sy 0O \Q’J
| P Ny
KOAL, Pd{dppfCla Pd{PPhals
Br tolueng 150 °C G,BNO oiuene, EtOM 85 °C
r
4 . 11 Example 18

In Scheme 7, bromide 4 may be converted to boronate 11 using a boron reagent such as pinacol
diboron ester, a base like potassitm acetate, a transition metal/ligand complex such as {1,17-bis-
(diphenylphosphino)ferrocenedichloro-palladium(il), 1:1 complex with DCM in a solvent like
toluene. Suzuki coupling of 11 with a halide such as 2-(bromomethyl)pyridine hydrobromide, a
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To a solution of rac-6-[(6-chloropyridin-3-yOmethyl]-3-[trans-2-
hydroxycyclohexylThenzo[h]quinazolin-4(31-1)-one (0.250 g, 0.595 mmol) in 3 mL of TI-IF and 0.5 raL,
of water under ancatinosphsre of nitrogen was added potassium carbonate: {x08bgws&h&c mmol),
isopropenylboronic acid pinacol ester (0.200 g, 1.19 mmol), and [1,1'-bis(dipheny1l- WO
2010/059773PCT/US2009/065060 phosphino)ferrocene]dichloropalladium(ll), 1:1 complex with DCM

(20 mol%) (0.022.g, 0.030. mmol). The mixture was heated at 100. C for,18 h, cqoled.to rt, and diluted
with ethyl aéé%ﬁ’é‘%h‘&ﬂ\%ﬂ : ﬁé‘?ﬂ SETPERTRS 5%?[% %ﬁ%@éo gl%el)é%%?cl@)if"ear%ﬁéeg }\I}{v%shed with
saturated adebEs-eEwRE Biseliseis aushardabime 2aiehenok Eadi FrAemiaté; filtered, and concentrated
in vacua. The resid&aveliopirifiedidesdicagelchromatbgraphy aletinp w8509 ethyl acetate in
hexanes. Tapiavide 3 HASiAbI2skudroxyeysiehexyi}-énfj(erisagropenylpyridin-3-
yl)methylbenzo[h]quinazolin-4(3H)-one that gave a proton NMR spectra consistent with theory and a
mass ion (ES+) of 426.0 for [M+Hr: 111 NKR (480:M#bizz; €DCI3).5 9.05-9.03 (m, 1H), 8.57 (s, 11-1),
8.30 (s,8.09 (s, 11-I), 8.00-7.97 (m, 1H), 7.69-7.66 (m, 2H), 7.39-7.33 (m, 2H), 5.80 (s, 1H), 5.25 (s,
11-1), 4.72-4.60 (ter-HeyeasAysropydnbscd Jofr ((nmeiyrysin s omeigippnzol/dqeinamfing 12-2.02
(m, 1H), 1.99-1.92 (m, 3H), 1.58-1.44 (m, 311). T&@~™ptution of the above compound (0 030 g, 0.71
mum]) in 3 mL of Me01-l was added palladium on carbon w 0l%). The mixture was placed under
an atmosphere of hydrogen (1 atm) for 3 h and wastheQ ed through a pad of Celite, which was
washed with MeOH. The filtrate was concentrated in vagua tg _provide the title compound that gave a
proton NMR spectra consistent with theory a S iOR +) of 428.0 for [M+1-1]+: IHNMR (400
MHz, CDC13) 5 9.04-9.00 (m, 1H), 8.52 (s, 1H)+8:38(s, 1H), 8.04 (s, H), 8.00-7.96 (m, 1H), 7.69-7.65
(m, 21-1), 7.35-7.31 (m, 1H), 7.01 (d, J 8.0 Hz, 1H),4.72-4.60 (in, 1H), 4.42 (s, 2H), 4.04-3.97 (in, 1H),
3.04-2.95 (m, 1H), 2.26-2.20 (m, 11-1), 2.09-2.01 (m, 1\?f 1.99-1.83 (m, 3H), 1.63-1.41 (m, 4H), 1.26
(d, J=6.9 Hz, 6H). EXAMPLE 14 34(182 (C)-2-hydroxyey exylj -6- { [(6-(1-hydroxy-1-methyl
ethyl)pyri d in-3- ylimethyl } benzo[h]quinazolin-4(311)-one
3-[(1S,28)-2-hydroxycyclohexyl.1-6-[(6-isopropenylpyridin-3-yl)methylbenzo [h] quinazolin4(311)-one

was prepared as ribed jn Example 13. To¥solution of NO, O
3-[(1S,25)-2- c@ﬁ%ﬁ?ﬁﬁﬂéﬁgﬁéis srapenyipyridin-3t yiiRthyIb Juhazelin-4(3H)-one in
4 mL solutio -aceeere (¢ater (2:1, 0.353 nunol), and

osmium tetroxide (4 wt% in water, 3 drops from a 9" pipet) and after 4 It, additional osmium tetroxide

d
(4 wt% in water, 3 drops from a 9" pipet) was added. After an additional 3 h,| tie ififxttirewas diluted
| e

with ethyl acetate, washed with aqueous sodiuntthiosulfate and brine, dried'over Sodium sulfate,
filtered, and concentrated iff vaktio. The residue Was purified via silica gel ¢
with 10-50% ethyl acg anes, to provide 6:{(6-agetylpyrickin:3-yT)ite 39[(1S,28)-2-
hydroxycyclohexyl]b inazolmfﬂtﬁifr IRz ra congsstent with
theory and a mass ion (ES+#) of 428.0 for [M+H]. : tH NN1R (400 MHz, CDCBh) al 9.04-9.02 (m, 1H),
8.61 (s, 1H), 8.31 (s, 1H), 8.04 (s, 1H), 7.97-7.87 (?ﬁ, 2H), 7.71-64 (m, 2H), 7.57-7.52 (n, | H),
4.71-4.60 (m 1) j4.53 (s, 49, 4:06-4.00 (m, 1H), 2.68 (s, 3H), 2.28-2.23 (n, 1H), 2.20-2.17 (m, 1I-1),
2.00-1.85 (m, 3H), 1:6041.42 (in, 3H). To a solution of the aBove prepared compound (0.610g, 0.023
mmol) in 2 mL of dichlorornéﬁﬁgﬁé at -40 C was addggrmethytmagiesium bromide (@ nt, 3.0 M
diethyl ether solution, @047 mmoly; After 1 h -4Q..C, the mixtdre was treated with saturatedaqueous

ammonium chloride, céngeairated conderttated 0, and purtitédlia préparative reverse phase

mass ion (ES+) of 444.1 for [N{+11]+: NMR (400 w CD30D)& 9.12-9.10 (t;-1H,8.57 (s, 1H),
8.52 (s, 1H), 8.43-141 (m, 114);-87128.00 (m, 31-1), 7.%\1;\73 (m, 2H), 4.86 (s, 2H)/4.21-4.10
(m,11-1), 2.22-2.17 (m, 1H), 2,04-1.97 (in, 1H), 1.96-1.81 (m~'2H), 1.63 (s, 6H), 1.56-1:43 {in, 3H).
WO 2010/059773PCT/US2009/065060 rac-3 trans-2-hydroxycyclohexyl]-6- .1[6-(hydroxymethyl)p
dine-3- yllmethyl}benzo[h]quinazolin-4(310-one
A solution of 2-methyl-1-nitronaphthalane (5.00 g, 26.7 mmol) and ferr-
butoxybis(dimethylaminojmethane {8.27 g, 40.1 mmol} in 10 mL of toluene was refluxed at 120
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Rac-5-({3-(trans-2-hydroxycyclohexyl1-4-oxe-3 ,4-dihydrobenzo[h]quinazolin-6-
yHmethyppyridine-2-carbaldehyde was prepared by the same procedure as described for the
synthesis of 6-[@emeatylyridin-3-yOmethylk3-1(18,28)-2- PCT/US2009/065060
hydroxycyclohexylibenzo[hiquinazolin-4(3H)-one in Example 14. To a solution of
rac-5-({3-firans-2- hydroxycyclohexyll -4-0x0-3,4- dihydrobenzo[h]quinazolin -6-

yHmethyppyridinc-2-ca (©.070 as a ded sqdiym
borohydride f@bb%h %ﬁ%g mmo "%??37 %F‘f% I%IX?UI’ \?v%tg re te %H% sg}lura ac?i?eous
ammonium éﬂ?dﬁﬁgia%?i’c‘é(ﬁifﬁ%ﬁ% ot ﬁ%%‘?l‘ﬂifé&%th BEHYPAEEEs S9¢led d?dé?ﬁ'@ Blution was
washed Wltm&%ﬁ@bwwﬂn@d&ﬁ%wmm sliffate i Eradn drividoresnbdres iolastdo. The
residue was-pistitiediviadite pareibrengyvarsarphaserbii=CAp/phodidettye ditlentosrpound that gave a
proton NMRngggl grge istent with-IheQi AN RSB {Eah) Rl iR &yfor [M3-Hr: 1H NMR (400

MHz, CD305) 9.0 %M;la %glgb %715%&51 (%ﬁ e Sp%zasfaugq@zrb%r@a%a 95 (Dot

770767(m1 b 12-7 ?1%
2010/05977%9@%%6616&% PS¢ 4"’3@%@%@3 ﬁsﬁﬁné’ﬁﬁ“’( 5 § 391%%"’114)
1.94-1.88 (irtlarily pverZ8-ming The @Mf)owwrxﬂe%rr%ﬂm@n?? Hg}él %yeaf%wvé@zwa% 1(1 -m
ethy1-6-oxo4iiérdlihyd repieitinid whim @iyl Thenazo[ Thaglinazovisiswd@iahte200 mL in
Rac-3-[transegrbyeraxysysiohexti-6 A(Gemethrynysdingsyevieathyibenzringuinszaling(311)-one
\rl\ja?:sfsp[tigﬁ;e‘gﬁs %@%ﬁg?ﬁ%%%%ﬁ%ﬁ’ﬁ tg e{(r%%espy%%@%phmm e th&fzgéaﬁrﬁqmﬁ}azolm -4(31.0-one
(0.025 g, 0. 0586 ot %e_nLt ﬁ’ rx{\%“ntn%asﬁ ﬁ@gﬁ ?:{:alé/I ed v IUP? added iodomethane (0.031 g,
0.22 mmol). FEEWEEE] Hrpbeeegnakeiiéhtes é%%@n@}fﬁ?% RLBNEPI s sp o dertrated in
vacuo. The residuersebiptrified vidiple Jaratiai soverse givas éoPbChorgratdd etthie “itlercimpound
that gave pr@tqmé\&ﬂﬁ%zspaﬁyag@mms&&iaea with ey imedaansass: ibn {ES t)afcddibdtdor. [Whet 11t: 1H

NMR (400 Q&J;?a& o Q&I&:@é Gmghl&%;?\ﬁéee%&'ﬁa@}%{@dﬁmo Q4o 92404 1H), 7.75-7.72
(m, 2H). 7.45, go 10859773 PCT/US@OO%@;S%O 7 02 (s, 1H), 6.77 (d, J= 9.3

% t QR § CTNS1
z Jratpd bl b R e n
CPLE 173 %“?Sf’%ﬁ D stori e e A e Dt

4(3H)-one was added palladium on cmb{m (10 mol%). The reaction was placed under an atmosphcre of
hydrogen (1 atm) for 14 k. The mixture was filtered, the solids were washed with additional
MeOH and the filtrate was concentrated in vacuo. The residue was concentrated twice with
toluene and dried in vacuo to provide methyl 1-amino-2-naphihcate that gave a mass ion (ES+)
of 202.1 for [M-H]".
To a solution of the above compound (8.70 g, 43.2 mmol) in 200 ml. of 1:1 dioxane:CCly at 6 °C
was added a solution of bromine (2.23 mL, 43.2 mmeol} in 40 mL of 1:1 dioxane: CCly dropwise.
The mixiure was stirred at 0 °C for 2 b, filtered and washed with Et,O, and dried to provide
methyl 1-amino-4-bromo-2-naphthoate hydrobromide that gave proton NMR spectra consistent
with theory,
A solution of the above compound (3.20 g, 8.86 mmol) in N, N-dimethylformamide
dimethylacetal (3.56 mL, 26.6 mmol) was heated at 100 °C for 2 h. Additional N,N-
dimethylformamide dimethylacetal (1.19 ml., 8.9 mmol) was added and the solution was heated
at 100 °C for an additional 3 h. The reaction was cooled to rt, concentrated, and dried to provide
crude methyl 4-bromo-1-{{(1 E)-(dimethylamino)methylenelamino }-2-naphthoate that gave a
mass jon (ES+) of 337.1 *'Br) for IM+HT".
A solution of the above compound (2.20 g, 6.56 mmol) and ammonium acetate (0.607 g, 7.88
mmol) in 10 mL of acetic acid was heated at 140 °C for 3 h. The reaction was cooled to %,
diluted with 50 mL of water, filtered, washed with water and Et;0, and dried on high vac to
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3-[(18,23)-2-hydroxycyclohexyl]-6-[(6-methylpyridin-3-y1)methylThenzo [h] quinazolin-4(3H)- one was
prepared as described in Example 2, . To a suspension of
3-[(1S,25)-2-hyavoxygayaiehexylk6-1(6-methylpyridin-3- yOmethylThenzo[k{cpsisamelisd{8H)-one
hydrochloride (0.050 g, 0.12 mmol) in 0.6 mL of dichloromethane was added triethylamine (0.012 g,
0.)2 mmol). Upon dissolution of the suspension, 3-chloroperoxybenzoic acid (0.031 g, 0.13 mmol) was

added and the m stlr at rt for |xture was dilu thane,
washed Wltrpg{gllu? ﬁ’ a§(§%23 ﬁzrﬂ 1(j‘?arg‘{}'}eﬁe ot over sodit nﬁﬁ Y?Eq#?k@%g;ﬁd
concentrate@ARFacuo. The residue was purified via S|I|ca gel chromatography, eluting with 0-10%
methanol in Bichioratriethan8ado qrevidectie ity compourd tHRtgave promNivRspectra consistent

with theory &ﬁﬁn@xﬁé@@&fi@&&@ﬁ@a@ﬁ&ﬁ:@ QB ToforsipMayDoirtHiyliiN bR (40 @ MiHZL.ADG13) 6 8.99-8.96

3\?01210 ig)l% ?ﬁ}% SeTe %r(étéh%@?s hc]s}ai@h zTZ@aZ&@(éml@iﬂe%%pﬂég%&mﬁe%H) 6, 19ﬁ)(d J
. rs,
2 50-2.40 (n[?s'_f ?féjﬁti iﬂ?\} épggﬁ%% b]e_isse 1 réﬁél%on w% eateg’%g% é"f907’ﬁ 1.58-1.40 (m,
H%WBW&W:%“‘(&P%ﬁ Eﬂyﬁié’%% b’gl%% rgma%%lln -4(3H)-one

3H). EXAMPPE eﬂé%ﬁKﬁé
_OHO GW@BMEBI@BFMVH%WWWW%W%FP?}Q%‘Hﬁﬁ%ﬁﬁﬁﬂ%{@% Hadhrepared as
described inabk ampiettsioravsalutiheofsultant residue was washed with dichloromethane and dried in

6-bromo-3-[(18,28)- %M%W@%&@Wﬁé&bﬁ%@m mﬁ@dm@@m&m@ £,894 mmol) in 6.5

M1, O tolLenguER w}i SRR QQJ N9.225.0i0 B4 nunol) pgtagsiym acetate (0.158 g,
1.61 ), hosphi ]dich I ), L:L.complex with DCM
o AU, ﬁé.‘%?ﬁ%ﬁ i L?%.X?n L%%%Qﬁraga%e° ina microwave

reactor at 15@*@?6’?1’9@1%%&6%% %%ﬁ%ﬁ%?ﬂﬁ%%@?%’fﬁ% 8@@?&@33% %F@éﬁ?‘éﬁgolﬁhﬁn was
washed twiceaittnwatereakicd BietGudisealslitfatewfitesed fanth domokimpiet in vatdduThe residue

was purified yig stigragahehremategraphyieliutingswith f-a0anathyl agetateimhexaneshto provide

‘(34 [Ellg g?étf Mﬁ%cgﬁga%qg%gggmm sulfate, filtered, and concentrated in Vﬁcuo ?%ﬁ gasui ;am res:ﬁt;e; s ion (ES+)
of 421.0 for ff\’ﬁi 4f Wﬁgﬁﬁg@gfﬁéﬁ%@ %éﬂ%’q‘%lgé c?o fé%lut?g%ag %g}‘ above pr Eared
compound (@70 ‘*g”,aﬁ.ﬁé@ﬁﬂ?ﬁ?}’?ﬁ‘&“ﬂ%ﬁ’%’ﬁ@i@r?e{ﬁﬁff@ﬁyﬁfﬁng‘écﬁqaﬁgﬁm‘%@éﬁl ol
2-(bromomett§Hpyricibe by wbiorhitiR (@018 wigsigiaib theattitti 85 Sutex0. 7641 2 M
aqueous, 1.5qupeijanttsrakis(opienyiphospbide) paliadio (D)6 1H33¢60s1 24 nsvdljduider an
atmosphere szrggtlrgggq) 'ghq mlmrﬁ@@ﬁs ﬁga{;eﬂ; @st gg)cyfg@ 3. groled tosit-amd @iluted with ethyl
acetate. The Qrganic §p rated |hﬁ§1% t Sl%diUéy (ﬁylfﬁ? pngl pw%dﬁ%d oper sodium

sulfate, filtered, and conc cua. h & was purified via preparative reverse phase
HPLC to proénéi% fﬁeaﬁﬁe compound that gave proton NNIR spectra consistent with theory and a mass

ion (ES+) of 86 Disiomes Fie 2brywiRpeao0 (W2, £HTE 311908904 Ui Hipds s (d 1= 5.1 Hz, 1H),
8.38 (s, 1H), Buképlssrd b)nit@2:/A:89 4disRbbithyl 27 B0 {de, (QED 6 1B 22 A48 (W 1H)] mrelra2d (in, 1H),
5.02-4.91 (inp12H)i4 &0shddbhinAi03:0eh g dibAbogaBdnRmdiim; 1cbd)pi2«:01R OONiN #1), 2.00-1.86
(in, 31-1), 1.60%:43 40, 3 )kion was heated at 90 °C for 3 b, and additional methyl zine chloride (0.536 mL

,2 Min THF, 1.07 mmo!) and [1,1 -bis(diphenylphosphinoerrccene]dichloropaliadium(Il), 1:1

complex with DCM (5 mol%) were added. The mixture was heated at 100 °C for 15 &, cooled to

rt, and diluted with ethyl acetate and water. A beige solid was removed via filtration and the

organic layer of the filirate was washed with water and brine, dried over sodium sulfate, filtered,

and concentrated in vacuo. The residue was purified via silica gel chromatography, eluting with

20-100% ethyl acetate in hexanes, to provide the title compound that gave proton NMR spectra

consistent with theory and a mass ion (ES+) of 400.0 for [M+H]™: "H NMR (400 MHz, CDCls)

5 9.02-8.99 {m, 1H), 8.46 (s, iH), 8.29 (s, 1H), 7.99 (s, 1H}, 7.95-7.76 (m, 1H), 7.68-7.63 (m,

2H), 7.28-7.17 (m, 1H), 6.98 {d, J = 8.0 Hz, 1H), 4.63 (brs, 1H), 4.47 (s, 2H), 4.11 (br s, 1 H),

2.49 (s, 3H), 2.29-2.20 (m, 1H}, 1.95-1.90 (m, 3H), 1.65-1.39 (m, SH).
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EXAMPLE 19 6-[(6-chloropyri di n-3-yfimethyll -34(1 8,28)-2-bydroxycyclohexyl -2-methylbenzo
[h]quinazol in- 4(3.H)-one Using the procedures described in Example 2 for the preparation of
6-[(6-chloropyridio-f:1y@ymethy11-3-[(1S,25)-2-hydroxycyclohexylibenzo[Ej¢utisasglixsa{8H)-one,
substituting N,Ndimethylacetamide dimethylacetal for IN-dimethyllonnamide dimethylacetal, the title
compound was obtained that gave proton NMR spectra consistent with theory and a mass ion (ES+) of
433.9 for [MI-Hrl:NMR (400 MHz, d6-DMS0) 9.05-9.03 (m, 1H), 8.28 (s, 1H), 8.06 (d, J= 7.7, 1H), 7.92
(s, 11), 7.75-7.63 (in, 31-1), 7.34 (d, --- 8.4 Hz, 1H), 4.80-4.74 (in, 1H), 4.53 (s, 2H), 4.15-4.09 (n, 111),
2.87 (s, 311), 2.81-2.70 (in, 111), 2.19-2.12 (m, 1H), 1.901.80 (n, 3H), 1.53-1.35 (in, 3H). The
following compounds of formula (lll) above, wherein R.3 is hydrogen, are depicted below in Table 1.
The Table | compounds were prepared accordingsigphe general procedures provided in Examples
1-20. The starting materials are either commercially available or may be WO
2010/059773PCTTI52600/065068 plepandHorbiersidiavaliabie! roagettsrasihilyeorrmintional
reactions well known in the art. Table 1 - Exemplqaﬂt}:@mpounds of Figure (Ill), wherein R3 is
Hydrogen WO 2010/059773PCT/US2009/065060 The-following compounds of Figure (1) above,
wherein R3 is hydrogen and X, Y and Z are C1-1, gre d&g)ﬁd below in Table 2. The Table 2
compounds were prepared according to the gene Al ocedgjres provided in Examples 1-19. The
starting materials are either commercially ayaita @y be prepared from commercially available
reagents using conventional reactions well

the art.

NH, O

- hFz @ HEN NHp O
R o -
] NaOH OH
= HBr .
BOP, TEA
Br

DMFDIMA
N Y = -
O 0 7 MeznCi A o OH
- . )
Pd(dppfiCl Pd{PPha)4 OO

Br

Methy! 1-amino-4-bromo-2-naphthoate hydrobromide was prepared as described in Example 1.
To a solution of methyl 1-amino-4-bromo-2-naphthoate hydrobromide (2.00 g, 5.54 mmol) in 20
ml of THF was added sodium hydroxide (11.1 mL, 20% aqueous, 55.4 mmol}. Altematively,
lithium hydroxide could be used. The mixtare was stirred at 50 °C for 20 I, then heated at 90 °C
for 2 h. The solvent was removed in vacuo and hydrochloric acid (1 N aqueous) was added until
pH ~2. The beige solid was collected via filtration, washed twice with water, and dried to
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WO 2010/059773PCT/US2009/065060 Table 2 - Exemplary Compounds of Figure (1), wherein R3 is

Hydrogen

The following compounds of Figure (ii) above, wherein R3 is hydrogen, are depicted
below in Table ydheebabte 3 compounds were prepared according to theenembpsscedures
provided in Examples 1-19. The starting materials are either commercially available or may be
prepared from commercially available reagents using conventional reactions well known in the an.

Bemla Comaéfg;gfg; of Flgure (1), wiereln B3 5, Aydiogen Theapht, 126 § pHBMS

-111fethna:P™

fICI .........

To a soiunon of the above compound (0.930 g, 3.57 mmol) in 5 mL of dichioromethane was
added (1H-1,2,3-benzotriazol-1-yloxyMiris(dimethylamino)|phosphonium hexaftuorophosphate
(1.82 g, 4.12 mmol), (18, 28)-2-aminocycichexanol (0.493 g, 4.28 mmol), and triethylamine
{0.99 mL, 7.1 mmol). The mixture was stirred at 1t for 15 b and then diluted with
dichloromethane and water. The resultart beige solid was collected via filtration, washed with
dichloromethane and water, and dried to provide 1-amino-4-bromeo-N-[{1.5,2.5)-2-
hydroxycyclohexyl}-2-naphthamide that gave a mass ion (ES+) of 364.9 (*'Br) for [M+H]".

A solution of the above compé_und in N, N-dimethylformamide dimethylacetal (3.06 mL, 22.8
mimol) was heated at 80 °C for 15 h. The reaction was cooled to rt, concentrated in vacuo, and
dried to provide 6-bromo-3-[{18,25}-2-hydroxycyclohexyljbenzo[Alquinazolin-4(3 F)-one that
gave a mass ion (ES+) of 374.8 (¥'Br) for [M+HT".

The titled compound was prepared by employing the procedures deseribed in Example 1 thgzt
gave proton NMR spectra consistent with theory and a mass ion (ES+) of 400.0 for [M+HT": 'H
NMR (400 MHz, CDCl3) 8 9.00-8.99 (m, 1H), 8.45 (s, 1H), 8.29 (s, 1H), 7.95 (s, 1H), 7.95-7.76
{m, 1H), 7.68-7.63 {m, 2H), 7.27-7.17 (m, 1H), 6.96 (d, J = 8.0 Hz, 1H), 4.62 (br s, 1H}, 4.35 (s,
2H), 4.11 (br s, 1 H), 2.48 (s, 3H), 2.29-2.20 (m, 1H), 1.95-1.90 (m, 3H), 1.65-1.39 {m, 5H).

EXAMPLE 3
6-(4-methoxybenzyl}-3-(5-methyl)-1 H-pyrazol-3-vi)benzojquinazolin-4{3 H}-one

F(NH

N7 IAN
oo
i =

ey
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Methyl 1-amino-4-bromo-2-naphthoate hydrobromide was prepared as described in Example 1.
To a round bottom flask cbmaining methyl i-amino-4-bromo-2-naphthoate hydrobromide (3,50
g, 9.69 mmol) under an aimosphere of nitrogen was added 4-methoxybenzylzine chioride (97.0
mkE, 0.5 M in THF, 48.5 mmeol) and tetrakis(triphenyiphosphine)palladiom(0) (10 mol%}. The
mixturewas heated at 90 °C for 7 h, cooled to rf, and diluted with 50 mL of ethyl acetate and 50
ml. of water. The mixture was partitioned and the organic extract was washed with brine, dried
over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified via silica gel
chromatography, eluting with 0-20% ethy] acefate in hexanes, to provide methyl 1-amino-4-{4-

" methoxybenzyl)-2-naphthoate that gave proton NMR spectra consistent with theory and a mass
fon (ES+) of 322.0 for [M+HT".
A solution of the above prepared compound {1.41 g, 4.39 mmol) in N, N-dimethylformamide
dimethylacetal (1.76 mL, 13.2 mmol) was heated at 100 °C for 4 h. Additional N,N-
dimefhy}fcmamide dimethylacetal (0.44 mL, 3.3 mumnol) was added and the solution was heated
at 106 °C for 1 h. The mixture was cooled to 1, concentrated iz vacuo to provide methyl 1-
{{{1 E)-{(dimethylamino)methylenejamino } -4-{4-methoxybenzyl)-2-naphthoate that gave a mass
ion (ES+) of 377.0 for [M+H]".
To a solution of the above prepared compound (0.040 g, 1.1 mumol) in 0.5 mL of acetic acid was
added 3-amino-5-methylpyrazole (10.7 mg, 1.10 mmol}. The mixture was heated at 100 °C for 6
h and then cooled to 1t and concentrated i vacuo. The residue was purified via preparative
reverse phase HPLC to provide the title compound that gave a mass fon (ES+) of 433.1653 for
[M+HT"

EXAMPLE 4

6-(4-methoxybenzyl)-3-pyridin-3-ylbenzof#lquinazolin-4(3 H}-one

- 40 -



(18,28) ,--"-.. |

";dt---,....--2 OH - 466.0 Mithod Example 568 69 Racemic OH \

WO 2616/059773 PCT/US2009/065068

C@Ao
o,

Z

Z
7N
\_
-

H
N
N7 "NH O N%N
JN/
CIy ™. oy
& AN Ce;C0;, Cul ”

6-(4-methoxybenzylibenzo{h]quinazolin-4(3 H)-one was prepared by the same procedure as
described for 6-[(6-chloropyridin-3-yhmethyljbenzoif]quinazolin-4(3 H)-one in Exampie 1.

To a solution of 6-(4-methoxybenzylybenzo[/]quinazolin-4(3H}-one (0.030 g. 0.095 mmol) and
3-odopyridine (0.058 g, 0.28 mmol) in 2 mL of THF and 1 mL of DMSO under an aunosphere
of nitrogen was added cesium carbenate (0.19 mL, 1 N agueous, 0.19 mmol}, trans-NN-
dimethyleyclohexane-1,2-diamine (1.3 mg, 0.0095 mumol), and copper(l) iodide (1.8 mg, 0.095
mmol). The reaction was heated at 120 °C for 15 h, cocled to t, and concentrated in vacuo. The
residue was purified via preparative reverse phase HPLC to provide the title compound that gave
a proton NMR spectra consistent with theory and a mass ton (ES+) of 393.9 for IM+HT™: ‘B
NMR (400 MHz, de-DMSO) 8 9,07 (d, J= 8.0, 1H), 8.53 (s, 1H), 8.42 (s, 1H), 8.14 (d,/=7.6
Hz, 1H), 8.07 (d, J= 9.6 Hz, 2H), 7.95 (s, 111}, 7.74-7.54 (m, 5H), 4.57 (s, 2H}, 4.21-4.09 (m,
1H), 3.92 (s, 3H), 2.20-2.18 (m, 1H), 2.03-1.96 (m, 1H), 1.95-1.83 (m, 2H), 1.58-1.39 (m, 3H),
1.29-1.18 (o, 2H).

EXAMPLE 5

rac-3-[trans-2-hydroxyevelohexyl}-6- {[6-(1 -methyi-1 H-pyrazol-4-vijpyridine-3-
vijmethyl} benzo|Alquinazolin-4(3 H}-one
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rac-6-[(6~chloropyridin-3-yDmethyl]-3-[trans-2-hydroxycyclohexyl|benzo[ Al quinazolin-4{3 I)-

one was prepared as described in Example 1.

Te a solution of rac-6-{(6-chloropyridin-3-yDmethyl}-3-{rrans-2-
hydroxyeyelohexylbenzo[hlquinazolin-4(3 #)-one (0.080 g, 0.19 mmol) in 3 mL of THF under
an atmosphere of nitrogen was added cesium carbonate (0.38 mi,, 1 N agueous, 6.38 mmol), -
methyi~4~{4,4,5,5—tetramethyl—lﬁ,Z-dioxaborolan—2-y1)-1H’—pyrazake'(0.{}79 g, 0.38 mmol), and
bis(tri-rert-butyiphosphine)palladium{®) (10 mol¥%6). The reaction was heated at 100 °C for 20 h,
cooled to rt, and diluted with ethy] acetate and water. The organic layer was removed and
washed with saturated aqueous sodium bicarbonate and brine, dried over sodium sulfate, filtered,
and concentrated in vacuo. The residue was purified via silica gel chromatography, eluting with
100% ethyl acetate, to provide the title compound that gave a proton NMR spectra consistent
with theory and a mass ion (ES+) of 466.0 for [M+H]": 'H NMR (400 MHz, CD;OD) 5 9.02-
8.99 (m, 1H), 8.67 {brs, 1H), 8.61 (s, 1H), 8.33 (s, 1H}, 823 (d, /= 7.5 Hz, 1H), 8.03-8.00 (m,
2H}, 7.82-7.62 (m, 4H), 4.60 (s, 2H), 4.10-4.04 (m, 1H), 3.89 (g, 3H, 2.08-2.00 (m, 1F1), 1.93-
1.83 (m, 1K), 1.90-1.72 (m, 3H}, 1.38-1.30 (m, 4H).

EXAMPLE 6
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rac-3-{trans-2- -hydroxyeyclohexyl}-6-{[6-( 1 H-pyrazol-1-yD)pyridin-3-

vl methyl} benzol hjquinazolin-4(3 H)-one

To a solution of rac-6-[(6-chloropyridin-3-ylymethyl}-3-{rans-2-
hydroxveyclohexyljbenzofAlquinazelin-4(3 Hy-one (0.050 g, 0.12 mmol) and pyrazole (0.024 g,
0.36 mmol) in 2 mL of DMSO under an atmosphere of nitrogen was added cesium carbonate
(0.24 mL, 1 N aquoeus, 0.24 mmol), irans-N N'-dimethylcyciohexane-1,2-diamine (1.7 mg,
0.012 numot), and copper(l) iodide (2.3 mg, 0.012 mmol}. The mixture was heated at 130 °C for
24k, cooled to 1t, and purified via preparative reverse phase HPLC., The appropriate fractions
were concentrated in vacuo. The residue was taken up in saturated aguegous sodium bicarbonate
and extracied 3 times with ethyl acetate. The combined organic extracts were washed with brine,
dried over sodium sulfate, filtered, and concentrated in vacue to provide the tifie compound that
gave a proton NMR spectra consistent with theory and a mass ion (ES+) of 452.0 for [M-+H] "
"H NMR. (400 MHz, CDCls) § 9.01-8.99 (m, 1H), 8.50 (s, 114), 8.32-8.30 (i, 2H), 8.02 (s, 1H),
7.93-7.91 {m, 1H), 7.84 {d, /= 8.2 Hz, 1H), 7.69-7.64 (m, 3H), 7.56 (d, /= 8.4 Hz, 1H), 6.43 (s,
2H), 4.63 (br s, 1H), 4.09 (br s, 1H), 2.28-2.22 {m, 1H), 2.14-2.00 (m, 1H), 1.94-1.84 (m, 3H),
1.60-1.40 (m, 3H), 1.18-1.16 (m, 1H).
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EXAMPLE 7

rac-5-({3-{trans-2-hydroxycyclohexyl]-4-oxo-3 4-dihydrobenzo[ Flquinazolin-6-
yl}methyDpyridine-2-carboniirile

o OH §E§$§%§>4
g DMF
. ~
gy

To a solution of rac-6-[(6~chioropyridin-3-yDmethyl|-3-[zrans-2-

hydroxveyclohexylbenzo| Zlquinazolin-4(3 Hj-one (0.050 g, 0.12 mmol) and zinc cyanide (0.042
g, 0.36 mmol) in 2 ml. of DMF under an atmosphere of nitrogen was added bis(tri-rerr-
butylphosphine)paliadium(0} (10 mol%). The mixture was irradiated in a microwave reactor at
160 °C for 1 h, cooled to 1t, filtered, and purified via preperative reverse phase HPLC to provide
the title compound that gave a protonr NMR spectra consistent with theory and a mass ion (ES+)
of 411.0 for [M+H]": "H NMR (400 MHz, CDCly) 8 9.04-9.02 (m, 1H), 8.70 (s, 151), 8.46 (5,
1H), 8.06 (s, IH), 7.84-7.80 (m, 1H), 7.76-7.64 (m, 2H)}, 7.57-7.52 (m, 2H), 4.67 (br 5, 1H), 4.55
(s, 2H), 4.62 {brs, iH), 2.30-2.22 (m, 1H}, 2.10-2.03 {m, 1H), 2.00-1.83 (m, 3H), 1.59-1.21 {m,
3H).

EXAMPLE 8
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rac-3-[trans-2-hydroxycyciohexyl}-6-{ [6-methylsulfonylpyridine-3-
yHmethyl}benzof ] quinazolin-4(3H)-one

~x
H
NzSMe mCPBA /

A solution of rac-6-{{6-chloropyridin-3-yDimethyl]-3-[frars-2-
hydroxycyclohexyl]benzo[hlquinazolin-4(3 Hy-one (0.150 g, 0.357 mmol} and sodium
thiomethoxide (0,075 g, 1.1 mmol) in 2 mL of DMF was heated at 120 °C for 15h, cooled tort
and diluted with ethyl acetate. The organic solution was washed with water and brine, dried over
sodium suifate, filtered, and concentrated in vacuo. The residue was purified via silica gel
chromatography, eluting with 0-50% ethyl acetate in hexanes, to provide the title compound that
gave a protonn NMR spectra consistent with theory and a mass ion (ES+) of 432.0 for [M+H]™
'H NMR (400 MHz, CDCls) 6 8.98 (d, J=5.6 Hz, 1H), 8.38 {s, 1H), 8.28 (s, 1H), 7.98 (s, 1H),
7.92-7.89 (m, 1H), 7.67-7.63 (m, 2H), 7.26-7.22 (m, 2F), 7.04-7.02 (m, 1H), 4.63 (br s, TH),
4.35 (s, 2H), 4.04 (br s, 1H), 2.52 (s, 3H), 2.50-2.43 (m, 1H), 2.30-2.22 (m, 1H), 2.00-1.83 (m,
3H), 1.59-1.43 (m, 3H).
To a solution of the above prepared compound (0.045 g, 0.10 mmol) in 3 mi of dichloromethane
at 0 °C was added 3-chloroperoxybenzoic acid (0.045 g, 0.26 minol). The mixture was warmed
to rt, stirred for 2 h and then purified via silica gel chromatography, eluting with 20-70% ethyl
acetate in hexanes, to provide the title comound that gave a proton NMR spectra consistent with
theory and a mass ion (ES+) of 463.8 for [M+H]": "H NMR (400 MHz, CDCl) § 9.05-9.03 (m,
1H). 8.67 (s, 1H), 8.32 (s, 1M}, 8.04 (s, 1H), 7.97-7.92 (m, 2H), 7.84-7.81 {m, 1H), 7.72-7.66 (m,
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M), 4.65 (br s, 1H), 4.55 (s, 2H), 4.03 (brs, 1H), 3.20 (s, 3H), 2.30-2.23 (m, 1H), 2.00-1.83 (m,
3H), 1.61-1.43 (m, 4H).

EXAMPLE ©

rac-3-{trans-2-hydroxycyclohexyl}-6-[(6-methoxypyridin-3-yhymethyl [benzo[ #]lquinazolin-
4(3H)-one

i

NN

Cs,C0,;, Cut
MeOH

To a solution of rac-6-[{6-chioropyridin-3-ymethyl]-3-{ramns-2-
hydroxyeyclohexyllbenzofhlquinazolin-4(3 Hy-one {0.150 g, 0.357 mmol) in 3 mi of MeOH
under an atmosphere of nitrogen was added frans-NN'-dimethylcyciohexane-1,2-diarnine (1.7
mg, 0.012 mmol), and copper(l) iodide (2.3 mg, 0.012 mmol). The mixture was nradiated in a
microwave reactor at 160 °C for 4 b, cooled to vt and concentrated in vacwo. The residue was
purified via silica gel chromatography, eluting with 0-100% ethy] acetate in hexanes, o provide
the title compuund that gave a proton NMR spectra consistent with theory and a mass ion (ES+)
of 416.0 for [M+H]": "H NMR (400 MFiz, CDCl3) § 9.03-8.99 (m, 1H), 8.29 (s, 1H), 8.10 (s,
1H), 8.02-7.99 (m, 2H), 7.70-7.65 (m, 2H), 7.37-7.34 (m, 1H), 6.62 (d, /= 8.5 Hz, 1H), 4.82 (br
s, 1H), 4.39 (s, 2H), 4.01 (br s, 1H), 3.90 (s, 3H), 2.30-2.23 (m, 1H), 2.18-2.12 (m, 1H), 1.99-
1.84 (m, 3H), 1.53-1.42 (m, 3H).
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EXAMPLE 10

6-{(6—chiuropyridin—3—yl)methyl]-3 -(2-oxyeyclohexyhbenzofh]quinazolin-4(3H)-one

To a solution of rac-6-{(6-chloropyridin-3-ylymethyl}-3-[rars-2-

hydroxyeyelohexyilbenzoi Alquinazolin-4(3F-one {0.050 g, 0.12 mmol) in 3 mL of
dichloromethane containing powdered 4A molecular sieves was added 4-methytmorpholine 4-
oxide (0.018 g, 0.16 mmol). After 15 min, tetrabutylammonium perruthenate (0.013 g, 0.036
mmol) was added and after 30 min, the mixtore was filtered through a pad of Celite. The filtrate
was concentrated in vacuo and purified via preparative reverse phase HPLC to provide the title
compound that gave a proton NMR spectra consistent with theory and a mass ion (ES+) 0 417.9
for [M+H]": *H NMR (400 MHz, CDCls) § 9.03-9.00 (m, 1H), 8.60 (s, 1H), 8.49 (s, 1H), 7.96-
7.93 (m, 1), 7.81-7.76 {m, 2H), 7.55-7.48 (m, 11D}, 7.29-7.26 (m, 1H), 5.78-5.73 (m, 1H), 4.53 (s,
2H), 2.80-2.71 (m, 1H), 2.66-2.58 (m, 1H), 2.51-2.47 {m, 1H), 2.30-2.18 {m, 3H), 2.06-1.83 (m,
2H).

EXAMPLE 11 ‘
trans-2-16-[(6-chloropyridin-3-yl)methyl-4-oxobenzo[A]quinazelin-3(4 H)-yleyclohexy! rac-

acetafe
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To a solution of rac-6-[(6-chloropyridin-3-yDmethyl]-3-[rars-2-
hydroxveyclohexvljbenzo[hlquinazolin-4(3H)-one (0.044 g, 0.095 mmol) in 2 mL of CHCh at 0
*C was added acetic anhydride (0.011 mL, 0.11 mmol} and triethylamine (4.026 mi,, ¢.20
mmol). The mixture was warmed to rt and after 15 h, concentrated in vacuo. The residue was
purified via preparative reverse phase HPLC to provide the title compound that gave a proton
NMR spectra consistent with theory and & mass ion (ES+) of 461.9 for [M+H]".

EXAMPLE 12
N-{{18,25)-2-[6~[{6~chioropyridin-3-ylimethyl -4-oxobenzofAlquinazolin-3(4H)-
vilevelohesvl bacetamide
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1-Amino-N-[(15,28)-2-aminocyclohexyl]-4-bromo-2-naphthamide was prepared by the
procedure described for the synthesis of 1-amino-4-bromo-N-{(15.25)-2-hydroxycyclohexyl]-2-
naphthamide in Example 1.

To a solution of 1-amine-N-[(18,28)-2-aminocyclohexyl}-4-bromo-2-naphthamide (0.460 g, 1.27
mmol} in 2¢ mL of dichloromethane was added di-tert-butyl dicarbonate (0.305 g, 1.40 mmol).
The mixture was stirred at tt for 4 h and then purified via silica gel chromatography, eluting with
(-20% ethyl acetate in hexanes, to provide fert-butyi {(15,28)-2-[(1-amino-4-bromo-2-
naphthoyl)aminoleyclohexyl)carbamate that gave a mass ion (ES+) of 463.9 for [M+H]"

The above prepared compound was converled to provide ferr-butyl {(18,25)-2-{6-[(6~
chloropyridin-3-ylymethyl]-4-oxobenzofklquinazolin-3(4H)-ylJeyclohexyl } carbamate by the
procedure described for the synthesis of 6-[{6-chioropyridin-3-yiymethyl]-3-[(15,25)-2-
hydroxyicyclohexyllbenzof Alquinazolin-4(3 H)-one in Example 2.

To a solution of tert-buty! {( 1-S,ZS')-»Z»{6»[(6~ch10r0pyridin~3wyl)meihjd]~4—
oxobenzolAlquinazolin-3(4Hyvl]cyclohexyl } carbamate (0.080 g, 0.15 mmol) in 2 mL of
methanol was added hydrochloric acid (0.15 ml, 6 N agueous, 0.92 mmel). The reaction was
heated at 60 °C for 2 h, cooled to ambient temperature and concentrated in vacue. The residue
was concenirated twice with toluene. The residue was purified via preparative reverse phase
HPLC to provide 3-[(18,28)-2-aminocyciohexyl]-6-[ (6-chloropyridin-3-

yhmethyl[benzo[ hlquinazolin-4(3/)-one that gave a proton NMR spectra consistent with theory
and a mass ion (ES+) of 419.0 for [M+H]": "H NMR (400 MHz, de-DMSO) § 9.10-9.08 (m,
1H), 8.56 (brs, 1H), 8.27 (s, 1H), 8.14-8.12 (m, 1H), 8.04 (s, 1H), 7.80-7.75 (m, 3H), 7.43-7.36
{m, 1H), 4.60 (g, 2H), 2.31-2.24 (m, 2H), 2.12-1.94 (m, 4H), 1.76-1.56 {m, 4H).
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To & solution of the above prepared compound (0.025 g, 0.055 mmoi) in 2 ml. of
dichloromethane at 0 °C was added triethylamine (0.023ml, 0.16 mmol) and acetic aphydride
(0.0078 mL, 0.082 mmol). The mixture was stirred at ¢ °C for 2 b, diluted with dichloromethane
and washed with water and brine, dried over sodiwm sulfate, filtered, and concentrated in vacuo.
The residue was purified via silica-gel chromatography, eluting with 10-100% ethyl acetate in
hexanes, to provide the title compound that gave a proton NMR spectra consistent with theory
and a mass ion (ES+) of 460.9 for [M+HT" 'H NMR (400 MHz, CDCly) 6 9.11-9.08 (m, 1H)},
8.38 (s, 1H), 8.02 (s, 1H), 7.93-7.91 (m, 1H), 7.72-7.68 (ni, 2H}, 7.41-7.39 (m, 1H), 7.20-7.17
(m, 1H), 5.76-3.74 (m, 1H), 4.94-4.88 (m, 1H), 4.47 (s, 2H), 4.29-4.24 (m, 11), 2.28-2.21 {1,
1H}, 2.16-2.02 (m, 1H), 2.00-1.82 (m 3H) L 72 (g, 3H), 1 60-1.41 (1, 3H)

EXAMPLE i3
3-[(18,28)-2-hydroxycyclohexyl) -§-[(6-isopropyipyridin-3-ylmethylbenzo[ lquinazolin-4(3 H)-

o
Pd(dp;)f)Cla OO PA/C, Hz O S g O
L

R
l! PN

Y At

To a solution of rac-6-[(6-chloropyridin-3-ylmethyl]-3-{frans-2-

hydroxyeyclohexylibenzol#]quinazolin-4(3 Hy-one (0.250 g, 0.595 mmeol} in 3 mL of THF and

0.5 mL of water under an atmosphere of nitrogen was added potassium carbonate (0.091 g, 0.66
- mmol), isopropenylbaronic acid pinacol ester (0.200 g, 1.19 mmol), and [1,17-bis(dipheny!-
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phosphino)ferrocene]dichloropalladium(Il), 1:1 complex with DCM (10 mol%;} (0.022 g, 0.630
mmol). The mixture was heated at 100 °C for 18 h, cooled to rt, and diluted with ethyl acetate
and water. The mixture was partitioned and the organic layer was washed with saturated aqueous
sodium bicarbonate and brine, dried over sodium sulfate, filtered, and concentrated in vacuo,
The residue was purified via silica gel chromatography, eluting with 10-50% ethy] acetate in
hexanes, to provide 3-[(15,25)-2-hydroxycyclohexyl]-6-[(6-isopropenyipyridin-3-
yhmethylbenzo[Fquinezolin-4(3H)-one that gave  proton NMR spectra consistent with theory
and = mass jon (ES+) of 426.0 for IM+H]": "H NMR (400 Mz, CDCly) & 2.05-9.03 (m, 1H},
8.57 (s, 1H), 8.30 (5, 1H), 8.09 (s, 1H}, 8.00-7.97 {m, 1H), 7.69-7.66 (m, 2H)}, 7.39-7.33 (m, 2H),
5.80 (s, 1H), 5.25 (s, 1H), 4.72-4.60 (m, 1H), 4.49 (s, 2H), 4.05-3.97 (m, 1H), 2.30-2.23 (m, 1H),
2.18 (s, 3H), 2.12-2.02 (m, 1H), 1.96-1.92 {m, 3H), 1.58-1 .44 (m, 3H).

To a solution of the above compoun& (0.030 g, C.71 mmol} in 3 mL of MeOH was added
palladium on carbon (10 mol%). The mixture was placed under an atmosphere of hydrogen (1
atm) for 3 h and was then fitered through a pad of Celite, which was washed with MeOH. The
filirate was concentrated in vacuo 1o provide the title compound that gave a proton NMR spectra
consistent with theory and a mass ion (ES+) of 428.0 for M-+H]™: 'H NMR (400 MHz, CDCl3)
5 9.04-9.00 (m, 1H), 8.52 (s, 1H), 8.30 (s, 1H), 8.04 (s, H}, 8.00-7.96 (m, 1H), 7.69-7.65 (m,
2, 7.35-7.3% (m, 1H), 7.01 (d, /= 8.0 Hz, 1H), 4.72-4.60 (i, 1H), 4.42 (s, 2H), 4.04-3.97 (m,
1H), 3.04-2.95 (m, 1H), 2.26-2.20 (1, 1H), 2.09-2.01 (m, 1H}, 1.99-1.83 (m, 3H), 1.63-1.41 (m,
4H), 1.26 (4, /= 6.9 Hz, 6H).

EXAMPLE 14
3-[(15,28)-2-hydroxycyclohexylj-6-{ {(6-(1-hydroxy- 1-methylethyl)pyridin-3-
yllmethyl}benzofklquinazolin-4(3}-one
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3-[(15,28)-2-hydroxycyclohexyl}-6-[ (6-isopropenylpyridin-3-yl)methylbenzo{ Z}quinazolin-

4(3 Hy-one was prepared as described in Example 13.

To a solution of 3-[(15,28)-2-hydroxycyclohexyli-6-[(6-isopropenylpyridin-3-
ylimethylbenzo[]quinazolin-4(3 H}-one in 4 mL solution of THF :acetone:water (2:1:1) was
added sodium periodate (0.075 g, 0.353 mmol), and osmium tetroxide {4 wt% in water, 3 drops
from a 9" pipet) and after 4 h, additional osmium tetroxide (4 wt% in water, 3 drops from a 9"
pipet) was added. Afier an additional 3 h, the mixturewas diluted with ethyl acetate, washed
with équeous sodium thiosulfate and brine, dried over sodium sulfate, filtered, and concentrated
in vacuo. The residue was purified via silica gel chromatography, eluting with 10-50% etiyl
acetate in hexanes, to provide 6-[(6-acetylpyridin-3-yl)methyl}-3-{{18,28)-2-
hydroxyeyelohexyljbenzo[#)quinazolin-4(3H)-ons that gave a proton NMR spectra consistent
with theory and a mass 1on (ES+) of 428.0 for IM+HT: 'H NMR (400 MHz, CDCly) § 9.04-9.02
(m, 1H), 8.61 (s, LH), 8.31 (s, 11, 8.04 (s, 1H), 7.97-7.87 (m, 2H}, 7.71-64 (m, 2H), 7.57-7.52
(m, 1H), 4.71-4.60 (m, 1), 4.53 (5, 23}, 4.06-4.00 (m, 1H), 2.68 (s, 3H), 2.28-2.23 (m, 1H),
2.20-2.17 (m, 1H), 2.00-1.85 (m, 3H), 1.60-1.42 (m, 3H).

To a solution of the above prepared compound (0.010 g, 0.023 mrmol) in 2 mL of
dichioromethane at -40 °C was added methyimagnesium bromide (0.016 mL, 3.0 M diethyl ether
sotution, 0.047 mmoty. After 1 h -40 °C, the mixture was treated with saturated agueous
ammoniom chloride, concentrated concentrated in vacuo, and purified via preparative reverse
phase HPLC to provide the title compound that gave a proton NMR spectra consistent with
theory and a mass ion (ES+) of 444.1 for [M+H]": 'H NMR (400 MHz, CD;0D) 8 9.12-9.10 (m,
1H), 8.57 (s, 1H), 8.52 (s, 1H), 8.43-3.41 (s, 1H), 8.12-8.00 (m, 3H), 7.81-7.73 (m. 2H), 4.86 (s,
OHY, 4.21-4.30 (m, 1H), 2.22-2.17 (m, 1H), 2.04-1.97 {m, 1H), 1.96-1.81 (m, 2H), 1.63 {s, 6H),
1.56-1.43 (m, 3H).

EXAMPLE 15
Z52.
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rac-3-{trans-2-hydroxycyclohexyl]-6-{[6-(hydroxymethyl)pyridine-3-
ylimethyl}benzo[A]quinazolin-4(3 H)-one

e

B
e OH
E
NZ N
NaBH, G OH
7N
L A OH

Rac-5-({3-{rrans-2-hydrexycyclohexyl}-4-ox0-3,4-dihydrobenzo Alquinazolin-6-
ylimethyl)pyridine-2-carbaldehyde was prepared by the same procedure as described for the
synthesis of 6-[(6-acetylpyridin-3-yhmethyi}-3-[{15,25)-2-
hydroxyeyclohexyl]benzofhjquinazolin-4{3 H}-one in Example 14.

To a selution of rac-5-({3-{trans-2-hydroxycyclohexyl]-4-ox0-3 4-dihydrobenzolklguinazolin-6-
ylimethylpyridine-2-carbaldehyde (0.070 g, 0.17 mmol) in 3 mL of MeOH was added sodium
borohydride (0.0096 g, 0.25 mmol). After I h, the mixture was treated with saturated aqueous
ammonium chioride, concentrated in vacuo, and diluted with ethy! acetate. The organic solution
was washed with water and brine, dried over sodium sulfate, filtered, and concentrated in vacuo.
The residoe was purtfied via preparative reverse phase HPLC to provide the title compound that
gave a proton NMR spectra consistent with theery and a mass ion (ES+) of 416.6 for [M+H]:
"H NMR (400 MHz, CD;OD) § 9.06-9.04 (mn, 1H), 8.53 (s, THY, 8.31 (s, 1H), 8.07 {5, 1H), 8.02-
7.95 (m, 1H}, 7.70-7.67 (m, 1H), 7.46-7.43 (m, 1H), 7.12-7.10 (m, 1H), 4.71 (s, 2H), 4.69-4.61
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(m, THD), 4.49 (s, 2H), 4.04-4.00 Gm, 1H), 2.28-2.18 (m, 1H), 1.94-1.88 (m, 1H), 1.72-1.40 {m,
GED).

EXAMPLE 16
rac-3-[trans-2-hydroxycyclohexyl}-6-{(1 -methyl-6-oxo-1,6-dibydropyridin-3-
yDmethyljbenzo]h]quinazolin-4(3 H)-one

Mel

CHACN, 80 °C

Rac-3-[trans-2-hydroxycyclohexyl}-6-[(6-methoxypyridin-3-ylimethyl Jbenzo[ Alquinazolin-
4(3H)-one was prepared as described in Example 6.

To a solution of rac-3-[frans-2-hydroxycyclohexyl}-6-[(6-methoxypyridin-3-
yhmethylbenzof#]quinazolin-4(3H}-one (0.025 g, 0.060 mmol) in I mL of acetentrile in a screw
capped vial was added iodomethane [0.021 g, 0.22 mmol). The vessel was sealed and heated at
90 °C for 48 h, cooled to rt, and concentrated in vacuo. The residue was purified via preparative
reverse phase HPLC to provide the title compound that gave proton NMR spectra consistent with
theory and a mass ion (ES+) of 416.1 for [IM+HT": "H NMR (400 MHz, CDCl) 8 9.07-9.05 (m,
1H), 8.41 (s, 1H), 8.06 (s, 1FD), 7.94-7.92 {m, 1H), 7.75-7.72 (m, 2H), 7.45 (d, J=2.5 Hz, 1H),
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7.02 (s, 15D, 6.77 (d, J= 9.3 Hz, 1H), 4.68 (br s, 11T, 4,27 (s, 2H), 4.01 (br s, 1H), 3.50 (s, 3H),
2.28-1.88 (m, SH), 1.59-1.44 (m, 3H).

EXAMPLE 17
3-[(15,25)-2-hydroxycyclohexyl}-6-[(6-methyl- 1 -oxidopyridin-3-yDmethyl Jbenzo[ 2] quinazolin-
43H-one

3-1(18,28)-2-hydroxycyciohexyl]-6-[(6-methylpyridin- 3~y1)methy1}benzo[h]qumazolm 4(3H)—
one was prepared as described in Example 2.

To a suspension of 3-[(15,25}-2-hydroxycyclohexyl]-6-[(6-methylpyridin-3-

yhmethyl benzo[#lquinazolin-4(3 H)-one hydrochloride (0.050 g, 0.12 mmol) in 0.6 mL of
dichloromethane was added triethylamine (0.012 g, 0.12 mmol). Upon dissolution of the
suspension, 3-chloroperoxybenzoic acid {0.031 g, 0.13 mmotl} was added and the mixtare was
stirred at rt for 15 h. The mixture was diluted with dichloromethane, washed with safurated
aqueous sodium carbonate, dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified via silica gel chromatography, eluting with 0-10% methanol in
dichioromethane, 1o provide the title compound that gave proton NMR specira consistent with
theory and a mass ion (ES+) of 416.1967 for [M+H]™: 'H NMR {400 MHz, CDCl3) 5 8.99-8.96
(m, TH), 8.29 (s, 1H), 8.12 (s, 1H), 7.98 (s, 1H), 7.79-7.76 (m,1H), 7.65-7.59 (m, 2H), 6.91 (d, J
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= 8.1 Hz, 1H), 4.61 (brs, 1H), 4.31 (s, 2H), 4.00 (br s, 1H), 2.50-2.40 (m, 1H), 2.41 (s, 3H),
2.26-2.21 (m, 1H), 2.06-1.98 (m, 15D, 1.98-1.82 (m, 3H), 1.58-1.40 {m, 3H).

_ EXAMPLE 18
3-{(18,28)-2-hydroxycyclohexyll-6-(pyridin-2-yimethylbenzo[ A]quinazolin-4(3 H}-one

¢ I
| . Br
NPT jOE"E{O\,@ N i , Fer
& - =
S OH o G 1 S e g P
P e
KOAe, Pa{dpphiClz PalPPha)y

oluens 160 °C B toluene, EtOH 85 °C N

Br oo =
L b

6-bromo-3-[(15,25)-2-hydroxycyclohexyl [benzol hlquinazolin-4(3 /)-one was prepared as
described in Example 2.

To a solution of 6-brorno-3-{(18,28)-2-hydroxycyclohexyl foenzof#]quinazolin-4(3 H)-one {0.300
g, 0.804 mmol) in 6.5 mL of toluene was added bis(pinacolato)diboron (0.225 g, 0.884 mmol),
potassium acetate (0.158 g, 1.61 mmol}, and [1,1’-bis(diphenylphosphino)ferroceneldichioro-
paitadium(ID), 1:1 complex with DCM (0.029 g, 0.040 mmol) under an atmosphere of nitrogen.
The mixture was irradiated in a microwsave reactor at 150 °C for 90 min, cooled io rt and diluted
with ethyl acetate. The organic selution was washed twice with water, dried over sodium sulfate,
filtered, and concentrated in vacuo. The residue was purified via silica gel chromatography,
eluting with 0-50% ethy! acetate in hexanes, to provide 3-[(185,28)-2-hydroxycyclohexyi}-6~
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylbenzo hlquinazelin-4(3 H)-one that gave & mass ion
(ES+) of 421.0 for [M+H]".
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To a solution of the above prepared compound (G.080 g, 6,190 mmol) in T mL of toluene and 0.8
mL of ethanol was added 2-(bromomethylipyridine hydrobromide (0.048 g, 0.19 mmol), sodinm
carbonate (0.76 mL, 2 M aqueous, 1.5 mmol}, and tetrakis(iriphenylphosphine)pailadium(0)
(0.143 g, 0.124 mmol) under an atmosphere of nitrogen. The mixture was heated at 85 °C for 3
h, cooled to rt and dilufed with ethyl acetate. The organic solution was washed with agueons
sodium sulfaie and brine, dried over sodimn sulfate, fillered, and concentrated in vacuwo. The
residue was purified via preparative reverse phase HPLC o provide the title compound that gave
proton NMR spectra consistent with theory and a mass ion (ES+) of 386.0 for [M+H[™: "H NMR
(400 MHz, CDCl3) § 9.06-9.04 (m, 1H), 8.92 (d, /= 5.1 Hz, 1H), 8.38 (s, 1H), 8.17 (s, 1H},
7.99-7.89 (rm, 2H), 7.74-7.69 (m, 2H), 7.62-7.58 {m, 1H), 7.26-7.24 (m, 1H), 5.02-4.91 (m, 2H},
4,67 {(brs, 1H), 4.03 (brs, 1H), 2.33-2.24 (m, 1H), 2.16-2.00 (m, 1H), 2.00-1.86 (m, 3H), 1.60-

1.43 {m, 3H).
EXAMPLE 19
6-[(6-chloropyridin-3-yDimethyl]-3-[(15,28)-2-hydroxycyclohexyl]-2-methylbenzo{ Alquinazolin-
4(3 F-one

Using the procedures described in Example 2 for the preparation of 6-[(6-chloropyridin-3-
yhmethyl]-3-[(1.5,25)-2-hydroxyeyelohexylIbenzolAlquinazolin-4{3 /}-one, substituting ¥, N-
dimethylacetamide dimethylacetal for N, N-dimethylformamide dimethylacetal, the title
compound was obtained that gave proton NMR specira consistent with theory and a mass ion
(BES+) of 433.9 for [M+H]": 'H NMR (400 MHz, de-DMSO) 5 9.05-9.03 (m, 1H), 8.28 (s, 1H),
8.06 (d, J= 7.7, 1), 7.92 (s, 1H), 7.75-7.63 (m, 3H), 7.34 (d, /= 8.4 Hz, 1H), 4.80-4.74 (m,
1H), 4.533 (s, 2HD), 4.15-4.09 (m, 1H), 2.87 (s, 3H), 2.81-2.70 (m, 1H), 2.19-2.12 {m, 1H), 1.90-
1.80 (m, 3H}, 1.53-1.35 (m, 3H).

The fotlowing compounds of formula (III) above, wherein R® is hydrogen, are depicted
below in Table 1. The Table | compounds were prepared according to the general procedures
provided in Examples 1-20. The starting materials are either commercially available or may be
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- prepared from commercially available reagents using conventional reactions well known in the
art. '

20 . 31{@ OMe | 411.1527 Example 1
F a
21 - H OMe 317.0 Example |
22 - Allyl OMe 357.0 Ezample ]
23 - Me OMe 3310 Example |
24 - Ph OMe 392.9 Hxample 4
25 Tacemic ;“%:Q OMe 414.9 Example 1
o _ OH
26 | - | 3-pyndyl 4 OMe | 3939 Example 4 ?
27 - 4pyridyl | OMe | 3939 Example 4
| R _
28 - T OMe 407.0 Exemple 1
|
29 - b -~ OMe 373.0 Example 1
“?{\]/ P |
30 - CH,CH,CN | OMe 369.94 Example 1
O
31 - }{\/1 OMe | 400.94 Exampie 1
32 - CH>CH,OH | OMe 36(.99 Example 1

w5 .
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33 racemic }LCQ OMz 397.0 Example 1
n-NH
b‘%.f
34 i /I\Q OMe | 433.1659 Example 1
I
35 - NN | OMe | 4331656 Example 3
36 - Sdey N | OMe | 383.1498 Example 3
NC
R
37 - /E;N OMe Example 3
4
38 - T Wy | OMe | 397.1653 Example 3
N
EtO.C
[
39 - N L OMe | 469.1859 Example 3
\
&
s
46 - i Yy | OMe | 465.1376 Example 3
.
41 - 7N OM 460.1755 E ie 3
3;z;w & xampie
H
fﬁﬁm-
42 - E “> OMe | 438.1925 | Example 3
| HN -
@ i NN | OMe | 3841456 | Example 3
{
1 O s
44 - N - OMe | 450.1563 Hxample 3
:LL{QN'NH |

250
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386.0 Example 117 '

WO 2010/059773 PCT/U_SZOOWOﬁSOéU

45 - ;}}_,:\NH OMe | 461.1723 Example 3
/&‘NI
N, == )
46 - s ML | OMe | 460.1762 Example 3
Vi
» |
. N ;
47 TNy OMe | 39R8.1608 Example 3
43 - whe N— | OMe | 398.1605 Example 3
| TN
/
O
49 - N OMe | 480.2408 Example 3
Z‘az N
ey .
50 - N | OMe | 4771723 Example 3
}LLN’
H
51 racemic ,Q OMe | 4010 Example 1
OH
52 racemic }LLQ Cl 4049 Example 1
oH
33 - :{@ Cl 410.9 Example 1
!
54 Racemic ,O Ci 418.9 Example 1
OH
55 , E’Q Cl 432.9 Example 1
Racemic z
O\
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56 . Racemic ;‘iC ¥ 464.9 Example 5
OH
IQRY:
57 Racemic FE 4 w 461.9 Example 5
OH
58 - PMB OMe 437.0 Exampie |
59 . b e Ph 4529 | Example §
L T
60 - Ry N 457.0 Example 5
DRk
61 : . E‘W/ = 442.9 Example 6
62 - H 3770 Example 5

The following compounds of Figure (I} above, wherein R?is hydrogen and X, Y and Z are
CH, are depicted below in Table Z. The Table 2 compounds were prepared according to the
general procedures provided in Examples 1-19. The starting materials are either conumercially

available or may be prepated from commercially available reagents using conventional reactions

well known in the art.
<
Nx;\N,R
f Sy Ry »)
e
S

_61-



Exam pleF. 120 racemic Cl 417.9 Example 0 121 (18,28) S1HBoc Cl 519.0 Example 12 122 (IS,

.o 4-=--/ 11.)-17 Cl

WO 2010/039773

Table 2 — Exemplary Compounds of Figure (I), wherein R?is Hvdrogen

PCTE/US2009/065066

63 - H f 336.97 | Example 1
64 Racemic (31—! ¥ 434 .96 Exampie 1
O,
- N
65 (18, 28) H 7 386.1 Example 18
BH -
NG
2 o & 386. i
66 (18, 25) 4 CN} 3860 | Example 18

The following compounds of Figure (IT) above, wherein R* is hydrogen, are depicted

below in Table 3. The Table 3 compounds were prepared according to the general procedures

provided in Examples 1-19. The starting materials are either commercially available or may be

prepared from commercially available reagents using conventional reactions weli known in the
art,

tereospecific

Racemic

465.9

-6 -
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419.0 Example 12i The following compounds of formula (I) above, wherein X and Y are CH, are
depicted below in Table 4. The Table 4 compounds were prepared according to the general
procedures prowideshiroEamples 1-19. The starting materials are either eamirsescsakyosvailable or
may be prepared from commercially available reagents using conventional reactions well known in the
art. WO 2010/059773PCT/U52009/065060 R32NNR The utility of the compounds as M1
receptor pasi : in the art,
including by that possess
‘modulator activity at the acetylcholine muscarinie’M1 receptor oriother muscarinic reiceptors expressed
in CHONfat cells gy measurlngéh@swtracellular% lcium V\ﬁﬁ&FL PR384 F_u%’??)’i‘??é"tr'c Imaging Plate

Reader System. The assay studies the effect of o ﬁ or|sevéral concentratlons of test compounds on
basal or ac vdehalne (L'tlm Uatad f"n’)_lL In

SHEROHAe tatea-Caz rels-using+-HPR- \,unlpuuuup are-pre{ ared and
subjected to a preincubation period of 4 min. fter, asingle;EC20 corp %IOI‘] of acetylcholine
is added to;eachswell (3riM firabendibe intracellife _a2+ le¥ehof eactsBample is sured and
compared to an acetylgholine control to déteiminezany modulatory activity. éells CHOnfat/hiM1,
hM2, hM3 d celfs are plated 24 hr before z:e assay at a density of 18,000 cells/well (100 uL) in

a 384 well plate. CHOnfat/hM1 and CHOnfat/h1 rowth Medium: 90% &%{M Glucose); 10%

FIl FBS; 2 mM LZ§lutam ne; R4 NEAA; Per-Strep; and@mg/mZ*Eeheticin, are gdded. For

M2Gqi5CHOnNfat and M4Ggi5CHONfat cells, an additional 600 ug/ml hygromycin is deed

Equipment:} 384 well plate 120 at addition plate;-96:well Whatman 2 ml Uniplate Incubator, 37 CC,

5% CO2, Skatro EIvl*LA 3 e Washer;, thrhek Pip&ttine %@é}ggé Gewesils Freedom 200
'PR38

System,; Mcsqwto System T rnb anolitre Plpettlng ystem; and 4 Flaoromettic Imaging
Plate Read ,LSysLem_a,rp used_.WO0.20101059773PCT/US2009/065060 Buffers. Assay Bulffer:

\CAC A ATac TGO

Hanks Balanced Salt Splution, with 20 mM Hep 5 advl Probenecid (Slgerg %%%33 61) first dissolved
in 1 N NaOH, 1%Bovine Seryg.Atbumin {Sigm: 47). Dye Loading Buff 5y Buffer plus 1%
Fetal Bovine Serum and Fluo-4AM/Pluronje Acid I‘éﬁ(ture. 2 mM Fluo-4AM estefstock in DMSO
(Molecular Prebes+-= J.’-ELUL) Concentratio m-puffer-for-g-finatconcentration of | uM in Assay.
20% Pluronjc Acid Solution stock, with cor, 0.04% in Buffer 0.02minphssay. 654 of 2
niM Fluo-4AM ar&mixed with (i§02ﬁl of 20 cid. Fhe reddfti 62 olution and 650 pi, FBS is
added to th E.-Positive-G4 n*m'o 4-Br-A23187; 10 niM in

TTIroUros

DMSO; final concentration 10 p.M. Acetylg holigﬁmm |[} water, working |s %II% aboth 20 p.M and
30 'AM in assay fuffer, final cgpegptration; of M- This |@sed todsheck thé maximum stimulation of
the CHOK1|hM1 cells, 20 uM (2x) acetylcholine is gdded in the preincubation pa@rt of the assay, and
the 30 p.1\4(3x) stock-is—added-inmthesecpnd part. (EC20)Acetyichotine 10 mM i Wwater, working
stock of 9 mM (3x), and final concentration in asﬁay is 3 nM_Thisjis used afterthe,preineubation with
test compounds. 7&ddition of tHESEEA) Acetylc to each-well with33-test comypouryd will ascertain

any . : O
: ¥ Example
76 _ racemic %’O T:r}\f A51.9 ¢ P
OH
. y O Example |
77 racemic Py NMe: 426.0 o
OH
K / i
: i Example
78 racemic FE Me | 4000 . P
, OH |
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modulator activity. 24 wells contain 3nlvl Acetylcholine alone as a control. Determining Activity of
Putative Compounds: Screening Plate: Compounds are titrated in 96-well plates (columns 2-11), 100%
DMSO, started ebawonsentration of 15 mM (150x stock concentration), aith/3swled/sexiel dilutions
using Genesis Freedom200 System. Four 96-well plates are combined into a 384-well plate using
Mosquito Nanolrtre Pipening System by transferrrng 141 of serial diluted compounds to each well, and

2m1UnipIa§e, 9 NnM Acé
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Ph:phenyl Bn:benzyl DCE:dichloroethylene HNIDS:hexamethyldisilazane DINE:dimethylformiunide
DMIDMA: N,N-dimethylformamide dirnethylacetal THF:tetrahydrofivan BOP:benzotriazolyloxytris
(dirnethylaminovphospiserium hexafluorophosphate Boc:tert-butyloxycarbonyisTERtes@thylamine
TPAP:tetra-n-propyl ammonium perruthenate NMO:N-methyl morpholine N-oxide ClZn:Chlorozinc
dppf:diphenylphosphorousferrocenyl PMB:p-methoxybenzyl Ms:mesyl Ac:acetyl

DMSO:dimeg:

acid

r N ' Example
90 (18, 25) “}:O Q 481.0 ;i P
OH i
O \,'Jf 3 Example
91 (18,28) I @“ 477.0 S
OH
O y B Example
92 (18, 28) s {;N 464.0 p “
OH
S
~ ] Example
93 (18, 25) i A o | aero o
OH
/ﬁ ¥
Example
04 (18, 28) % ']\/ @-we 930 P
OH
\
“ Q ’Jj Y Example
95 (15,25) £ @ 477.0 .
OH
FHJ
Hxample
9 racemic ”.‘MQ ) 469.0 i P
OH
¥
: L O N _ Example
97 racemic FUaN &S 486.9 o
OH
&
: O N Example
a8 racemic & : &_O 471.0 N
OH
o
N Example
99 (18, 28) ‘:arO g | 470 .
OH
e
' N Exampie
100 racemic ”:LO ¢ | 4840 o
OH v -




FBS:fetal bovine serum rt:room temperature aq:aqueous HPLC:high performance liquid
chromatography MS:mass spectrometry While the invention has been described and illustrated
with reference tweeriamparticular embodiments thereof, those skilled in #ig/aseeilkeiopreciate that
various adaptations, changes, modifications, substitutions, deletions, or additions of procedures and
protocols may be made without departing from the spirit and scope of the invention. It is intended,
therefore, th OF t such claims be

interpreted a%: : Hbe ) AL at is claimed is:
1.A compound of form Jla (I) R3 ' W% 2 NIR (1) or @ pharmageutically
acceptable salt tEIFrem wherein X, Y and'Z a CH%Q& Q s G090 onelsPXP¥,|Q and Z is N and
the others are C or X anWare CH ant Q R1 and % e linked togetheBto farm a naphthyl
croup; RI is selected from the group consisting of °(1) hydrogen, (2) aryl,..(8) a heteroaryl group which
is a cyclic or polycyclig group, having from five t Ive ring atoms, said ring atomsselected from C.
O0,NorS, at Ieaﬁg‘zone of Whi%Qc!:%n?d N or 8, :%5 | SMe 431.9 Xﬁfgnpk
OH
| O Example
103 (18, 28) s~~~ . SMe 432.0 ;
OH
| | Example
104 racermic “:Ji; | SOMe | 463.9 i P
OH
J . Exampie
105 racemic PSS vinyl 412.0 3
OH )
Example
106 racemic E'LQ Et 414.0 iiﬁp :
OH '
Example
107 (18.28) h@ Bt 4140 131’
OH
O Example
08 (18,28) N CHOH | 416.0 s
' OH
O Example
X ~cf
109 (18, 28) P - ¥ 426.0 3
. OH
T
Q Example
1o (18,28} EEaN 428.0 3
o ‘
111 (18,2%) sy ﬁ/ . iy
OH O




(4) halogen, (5) -CN, (6) -0-C1-6 alkyl,

(7) -C1-6 alkYl, (8)-C2-6 aLkenyl (9)-S(=0)n-R4, (10)

-NR5AR513, wherein said aryl, heteroaryl, alkyl and alkenyl moiety is optionally substituted with one or -
more (a) halogewo(@bydraxy, (c) --0-C1.6 alkyl, (d) -C1_6 alkyl, (e) -C(=0¢(Q)smédBssd60
2010/059773PCT/US2009/065060 (f) -N(R5AR513), (g) -S(=0)n-R8, or (h) oxo, provided that when Q
is Nthen Rl is absent R2 is selected from the group conS|st|ng of (1) hydrogen (2) aryl, (3)a

heteroaryl g

atoms sele

atoms, said ring

O N Example
112 (18,29) > ; o 4441 4
OH
Example
113 racemic ERQ CHO 414.0 14p
OH
Lixample
114 racemic EQ OMe 4159 o P
OH )
Example
15 (18, 28) f:a:Q OMe | 416.0 gp |
OH
Example
116 racemmic ?&'O H 386.0 | P
OH
- ¢ Example
117 racemic J&Q al 433.9 11p
é\
O e
; xample
118 racemic L Cl 461.9 HP
OAc
Exampie
19 (18,28) &'Q Me | 4422128 | ip
O '
: © Example
120 racemic Cl 417.9 10
:: Example
121 (18, 28) - cl 519.0 P
NHBOC 12
Q Example
122 (185, 25) e Cl 419.0 5
' Nk,




(4) a heterocyclic group, which is a non-aromatic cyclic or polycyclic group having from five to twelve
ring atoms selected from C, 0, N or S, at 'east one of which is C). Nor S, (5) -0-01_6 alkyl, (6) -C1-6
alkyl, (7)-C2_6 atkenydoE9)7C3-8 cycloalkyl, (10) -054; cycloalkenyl, (11) #¢RSARBBssndverein said
aryl, heteroaryl, heterocyclyl, alkyl, alkenyl, cycloallcyl and cycloalkenyl moiety is optionally substituted
with one or more (a) halogen, (b) hydroxy, (c) -0-01_6 alkyl, (d) -Ci_6 alkyl, (e)-S(-0)n-R8,. (0 -02-6

alkenyl, (g
cyclicor p

or 8, at Iea§t CMC of w

from C, O, |

roup which is a

giiwwlocted from C, O, N

a heterocyclic
ng atoms selected

hichis 0, N or S, WO 2016/059773PCT/UJS2009/065060 (m
group, which is a non-aromatic cyclic or pplyeytlic group having from five t)@gﬁ%@er
N or &zat least onélsf ¥¥hich is 0, N Or,ﬁ Cl 4609
AL 12
1‘4{‘0 Fxample
124 (1S, 28) RS 1 496 1
O
! 18, 28 " c1 4330 | ample
25 ( " \} TQHM@ 23, 12
| }L“O cl aazp | Remple
126 (1S, 28) e, . 1
ISRE
B 1
127 racermic PN ; ) 416.0 HAmpIe
;?,-\‘
O jf_\\w'c' Example
: & — 416.1967
128 (18, 28) - = -

The following compounds of formula (1) above, wherein X and Y are CH, are depicted

below in Table 4. The Table 4 compounds were prepared according 1o the general procedures

provided in Examples 1-19. The starting materials are either commercially available or may be

prepared from commercially available reagents using conventional reactions well known in the

art.
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(n) -0C(=0)- R6, wherein the alkyl, alkenyl, aryl, heteroaryl or heterocyclic moiety is optionally
substituted with one or more (i) halogen, (ii) -01_6 alkyl, or -OCI-6 R3 is selected from the group
consisting of (1 wyedsagem-62) -01_6 alkyl, and (3)-5(0)n-R4, wherein saidR3alobmeiety is optionally
substituted with one or more (a) halogen, (b) cyano, and (c) -0-C1_6 alkyl wherein said alkyl is
optionally substituted with one or more halo; R4, R6 and R8 are independently selected from the group
consisting of (I) hydrogen, (2) -01-6 alkyl, and (3) -(CF12)n-aryl, wherein said R4, R6 or R8 alkyl or
aryl moiety is optionally substituted with one or more? a) @alogen, (b) cyano, and

Exanp)
129 . OMe | SMe | CH | 4574 Xaf?p
Examp!

130 (18,28) ol Me N | 433.9 o

The utility of the compounds as M1 receptor positive allosteric modulators may be
demonstrated by methodology known in the art, including by the assay described below. The
assay is designed to select compounds that possess modulator activity at the acetylcholine
muscarinic M1 receptor or other muscarinic receptors expressed in CHOnfat cells by measuring
the intracellular calcinm with a FLIPR384 Fluoremestric Imaging Plate Reader System. The

- agsay studies the effect of one or several concentrations of test compounds on basal or
acetylcholine-stimulated Cal™ levels using FLIPR,

Compounds are prepared and subjected {o a preincubation period of 4 min. Thereafter, a
single EC20 concentration of acetylcholine is added to each well (3pM final). The intracellular
CaZ+ level of each sample is measured and compared to an acetylcholine control to determine
any modulatory activity.

Cells: CHOnfat/hM1, hbM2, hM3 or hM4 cells are plated 24 hr before the assay at a
density of 18,000 cells/well (100 pL} in a 384 well plate. CHOnfat/bkM1 and CHOnfat/hM3
Growth Medium: 90% DMEM (Hi Glucose); 10% HI FBS; 2 mM L-glutamine; 0.1 mM NEAA;
Pen-Strep; and 1mg/ml Geneticin, are added. For M2Gqi5CHOnfat and M4Ggi5CHOnfat cells,
an additional 600 ug/ml hygromycin is added.

Equipment: 384 well plate, 120 pL addition plate; 96-well Whatman 2 mi Uniplate
Incubator, 37 °C, 5% CO7; Skatron EMBLA-384 Plate Washer; Multimek Pipetting System;
Genesis Freedom 200 Svstern; Mosquito System; Temo Nanolitre Pipetting Systern; and
FLIPR384 Fluorometric Imaging Plate Reader Systern are used.

_§9 -



(c) -0-01-6 alkyl, wherein said alkyl is optionally substituted with one or more halogen; R5A and R5B
are selected from the group consisting of (1) hydrogen, (2) -01_6 alkyl, (3) -C3-6 cYcloalkyl, (4)
-C(=0)-0- R6, (5yex@@)adrfi; WO 20101059773PCT111520091065060 orRSésandoRsd are linked
together with the nitrogen to which they are both attached to form a 2-6 membered carbocyclic ring,
wherein one or two of the ring carbon atoms is optionally replaced by a nitrogen, oxygen or sulfur; rn is

Oorl;andnisO, 1%18@2 Zf,séap HE ?ﬂ %g%%g%@%p%&a\% {?B?all%%cegtglﬁlgﬁglt thereof,

wherein Q is C, X an dré*ea aim 1 armaceutlcally

und o

acceptable SibeReFIS igRFeiion) ﬁ‘%ﬁﬁszl‘éﬁ%‘@ééh WQHS Ty PRROHPFBUREE4m 1, or a
pharmaceutRsally. devehtadiie Saiffthresof, Bulerelrsd GrittZ BuyieaSrama fve %’W%WCS A
compound oiapwefelaimsnito e aNbasmassutidalif acaaptable Balbéheretf)zyherein Rl is selected
from the grogp,capsistingrof, ) RAIGEEYor  final concentration of 1M in Assay. 20% Pluronic Acid

Solution stock, with concentration of 0.04% in Buffer, (.02% in Assay.

65 pL of 2 mM Fluo-4AM are mixed with 130 uL of 20% Pluronic Acid. The resulting

solution and 650 pI FBS is added io the assay buffer for a total volume of 65 mL. Positive

Controls: 4-Br-A23187: 10 mM in DMSO; final concentration 10 uM. Acetylcholine: 10 mM in

water, working stock at both 20 pM and 30 pM in assay buffer, final concentration of 10 pM.

This is used to check the maximum stimulation of the CHOK 1/hM1 cells. 20 uM (2x)

acetylcholine is added in the preincubation part of the assay, and the 30 pM (3%) stock is added
in the second part. (ECz0)Acetyicholine: 10 mM in water, working stock of % M (3x), and

final concentration in assay is 3 nM. This is used after the preincubation with test compounds.
Addition of the ECpp Acetylcholine to sach well with a test compound will ascertain any
modulaior activity. 24 wells contain 3nM Acetylcholine alone as a control.

Determining Activity of Putative Compounds:

Screening Plate: Compounds are titrated in  96-well plates {columns 2-11), 160% DMSO,
started at a concentration of 15 mM {150x stock concentration), and 3-fold serial dilutions using
Genesis Freedom200 System. Four 96-well plates are combined into a 384-well plate using
Mosquito Nanolitre Pipetting System by transferring 14 of serial diluted compounds to each
well, and 1 mM acetylcholine {100x stock concentration) were added as a control. Using Temo,
49 pl assay buffer is added to each well of the 384-well plate right before assay.

In a 96-well Whatman 2mi Uniplate, 9 nM Acetylcholine (3x) is pipetted into wells
corresponding to the screening compounds, and into control wells. The 30 uM acetylcholine
control (3x) is added into contro] wells, and the 3x agonist plate is transferred into a 384 well
plate.

Cells are washed three times with 100 pL of buffer, leaving 30uL of buffer in each well.
Using Multimek, 30 pL of Dye Loading Buffer is added into each well and incubated at 37 °C,
3% CO7 for up to one hr,

After 60 min, the cells are washed three fimes with 100 ul of bufier, leaving 30 pL of
buffer in each well. The cell plate, screening plate, and agonist addition plates are placed on the
platform in the FLIPR and the door closed. A signal test to check background flucrescence and
basal fluorescence signal is performed. Laser intensity is adjusted if necessary.

4 min of preincubetion with the test compounds is provided to determine any agonist
activity on the M1 receptor by comparison to the I mM acetylcholine conirol. After

- F0 -



(2) --CN, (3) -0-C1_6 alkyl, or (4) -C1-6 wherein said alkyl is optionally substituted with one or more (a)
halogen, (b) hydroxy, (0) -0-C1-6 alkYl- (d) -C1_6 alkyl, () -NRSARSB, or (g) oxo. 6.A compound of
any of claims 1 teodoar@agptrarmaceutically acceptable salt thereof, wherewrRUisscsetesied from the
group consisting of (1) aryl, or (2) heteroaryl, wherein the R1 aryl or heteroaryl moiety is optionally
substituted with or more (a) halogen, WO 2010/059773PCT/US2009/065060 (b) hydroxy, (c) -0-01_6

alkyl, (d) -ClI _6 alkyl, or ) .
preincubation, the EC7g value of acetylcholine (3 nM final) is added to determine any modulater

activity.

A further description of the muscarinic FLIPR assay can be found in International patent
application W02004/073639.

In particular, the compounds of the following examples had activity in the
aforementioned assay, generaily with an IP (inflection point) of 10 pM (10,000 nMj or less. The
inflection point is calculated from the FLIPR values, and is a measure of activity. Such a result is
indicative of the intrinsic activity of the compounds in use as M1 aliosteric modulators.

1P values from the aforementioned assay for representative exemplary compounds of the
invention (as described herein) are provided below in Table 1 below:

i 51 |
2 71 |
3 1800

4 3500

5 8

6 31

7 ; 74

8 93

9 73

10 1300

11 3600

12 >10000

13 21

14 46

15 24

16 84

17 63

18 228

19 1428

The following abbreyiaiéons are used throughout the text:
Me: methyl
Et: ethyl



(e) -S(0)"-R8. 7.A compound of any of claims Ito 6, or a pharmaceutically acceptable salt thereof,
wherein R2 is -C3_3 cycloallcyl, optionally substituted with-one or more (a) hydroxy, (b) -0-C -6 alkyl,
or (c) oxo. 8.A osppaund-of any of claims 1 to 6, or a pharmaceutically accaptahlie/salsihereof,
wherein R2 is selected from the group consisting of (1) arYl, (2) heteroaryl, or (3) -C1-6 alkyl, wherein
said aryl, heteroaryl or alkyl is optionally substituted with one or more (a) halogen, (b) hydroxy-, (c)
-0-Ci _6 alkyl, (d) }CI:%TG alkyl, (z%%[bculyy‘l (f) -C(=0)-(0)-m-R6, (g) -NR5ARSB, (h) oxo, (i) aryl, and

Ar aryl

Ph: phenyl

Bn: benzyl

DCE: dichlorcethylene

HMDS: " hexamethyldisilazane

DME: dimethylformamide

DMFDMA:  N,N-dimethylformamide dimethylacetal
THE: tetrabydrofuran

BOP: benzotriazolyloxyirs (dimethylamine) phosphonium hexafluorophosphate
Boc: : tert-vutyloxycarbonyl

TEA: triethylamine

TPAP: tetra-n-propyl ammonium perruthenate
NMO: N-methyl morpholine N-oxide

ClZp: Chlorozine

dppf: diphenylphosphorousferrocenyl

PMB: p-methoxybenzyl

Ms: mesyl

Ac: acetyl

DMSO: dimethylsulfoxide

DCM: dichloromethane

m-CPBA: meta-chloroperoxybenzoic acid

DIMEM: Dulbecco's Modified Eagle Mediwm (Migh Glucose)
FBS:  fetal bovine serum

1t room temperature

aq: aqueons

HPLC: high performance liquid chromatography
MS: mass spectrometry

While the invention has been described and iltustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various adaptations,
changes, modifications, substitutions, deletions, or additions of procedures and protocols may be
made without departing from the spirit and scope of the invention. it s intended, therefore, that
the invention be defined by the scope of the claims that follow and that such claims be
interpreted as broadly as is reasonable.
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() heteroaryl. 9.A compound of claim 1 or a phanaceutically acceptable salt thereof, wherein R3 is
hydrogen. N.A compound of claim 1, or a pharmaceutically acceptable salt thereof, which is selected
from the group G9psigtine ot PCT/US2009/065060
rac-31trans-2-hydroxycyclohexy11-6-[(6-methylpyridin-3-y1)methylThenzo[hlquin olin-4(314)-- one; 3 -
[(18,2S)-2-hy droxycyclohexyl)-6- [(6-methyl pyri din- 3 -yOmethylThenzo[h] quinazo lin- 4(3H) one;
WO 2010/059773PCT/US2009/065060
6-(4-methoxybenzy1)-3-(5-methyl)-1H-pyrazol-3-y1l)benzo[h]quinazolin-4(3/4)-one;

6-(4- methoxwgﬁjyébﬁi@/igdm -3-ylbenzolh]quinazolin-4(311)-one;
rac-34trans-2-hydroxycyclohexy11-6- { [641-methyl-I ll-pyrazol-4-yl)pyridine-3- ylimethyl
tbenzolhiquinazolin-4(314)-00e; rac-3-[trans-2-hyciroxycycloheryl]-6- { [6-(1H-pyrazol- 1 -y))pyri din
-3- ylimethyl benzo{h]qwﬁa%ﬂ?f"ﬁ(@ﬂgoﬁ'ﬂ\gat@c-S -({34 trans-2-hydroxycyclohexyl]-4-oxo0-3,4
hydrobenzo[liquinazolin-6- yl)methyppyridine-2- carbonltrlle rac-3-krans-2-hydroxycyclohexy1J-6-
{[6-methylsulfonyl)p dine-3- ylimethyl ) benzo [h]qui oI|n -4(310-one;
rac-3-[trans-2-hydroxycyclohexyl]-6-[(6-methoxypyydi 3Qypmethyl benzo[liquinazolin- 4(311)-one;
6-[(6-chloropyridin-3-yl)methyl)-3-(2-oxycyclo h]qumazolln-4(3M-one;
trcuis-246-[(6-chloropridin-3.11)methyl)-4-oxp
8,251)-2461 (6-chloropyri din-3-yl)m ethyl] -4-o%
ac,etamide;

@

or a pharmaceutically acceptable salt thereof, wherein

¥, Yand Zareeach CHand Qis C,orone of X, ¥, Qand Zis N and the others are CH or C,‘ or
X and Y are CH and Q, R] and Z are linked together to form a naphthyl group;

R1 is selected from the group consisting of
(1) hydrogen,
(@) any,
(3} a heteroaryl group which is a cyclic or polycyclic group, having from five to twelve
ring atoms, said ring atoms selected from C, O, N or 5, at least one of which i3 O, Neor S,
(4} halogen, '
(5)—CN,
(6 —0-Ci_g alkyl,
(7)1 alkyl,
(8)~C2.g alkenyl
(9) -8(=0)R4,
(10) -NRSARSB,
wherein said aryl, heteroaryl, alkyl and alkenyl moiety is optionally substituted with one
or more
(=) halogen,
(b} hydroxy,
(c) ~0-C1.6 alkyl,
(d) -C1.-6 atkyl,
() -C(=0)-(0)m—RO,

273 -



3-[(1S,2S)-2-hydroxycyclohexyl)-6-[(6-isopropylp} d 3-yl)methylbenzo [h] quinazolin-4(3H)- one;
34(15,25)-2-hydroxycyclohexyl]-6- {[(6-(1-hydroxy-I-methylethyl)pyridin-3- yliimethyl}
benzo[h]quinazgdisfake-ane; rac-3-[trans-2-hydroxycyclohexyl]-6- [6-(droxyiimn-adingh)pyn din 3 -
yllmethyl ) berao[h]quinazolin-4(3H)-0ne; rac-341rans-2-hydroxycyc10hexyl]-6-k |
-methyl-6-0xo-1,6-dib ydroppi di n-3 - yOmethyllbenzo [h]quinazolin-4(3/1)-one;
3-[(18,28)-2-hydroxycyclohcxyl] -6-[(6-methyl-l-oxidopyriethyl]benzo [h] quinazo 4(311)-one; 3-[(1
3-[(18,28)-2-hydroxycyclaheXyR@-RPHidin-2-yimethyl)benzo[h]quinazol in-40/1)-one;
6-[(6-chloropyridin-3-yl)migth§tEB. (RS, 25)-2-hydroxycyclohen1]-2-methylbenz0[h] quinazOlil-
4(310-one; or a pharmac&lﬁlggg’lly acceptable salt thereof. WO 2010/059773PCT/US2009/065060
11. A compound of clajin’ 1, or a phari utically acceptable salt thereof, whichis selected from the
group consisting OPF%‘@%H%F?Q%@%E%%%%%’% 16-[(6-methylPynd
-3-yOmethyllbenzo[h]quinazolin-4(3H)- one; 31( 15,25)-2-hydroxycyclohexyl]-6-[(6-methylp idin-3
-yemethyl |b&Aze fhicadifiazoinet(@Kynosimea{4-methoxybenzyl)-3 -(5 -methyl)- | H-pyrazol-
3-yl)benzo[h]quinazplig#égek)-one ; 6-(4-methoxybenzy1)-3-pyridin-3-Ylbenzo[h]quinazolin-4(3H)-one;
rac-3-Urans-2-hydr(9 clohexyl]-6- [6-(1 -methyl- | H-pyrazol-4-yl)pyri dine-3- yl] methyl
benm[hlqu'nazo"n-‘(@%%@%%ﬁg&%@ droxyRYgIane Y B RyarRlxd widpyricin3-

3
ring atoms selected ffom C, O, Nor §, at least one of whichis O, Nor §,

ylimethyllbenzo[h]quirazolin-4
ring atoms, sal

~ (4) a heterocyclic group, which is a non-aromnatic cyclic or pelyeyclic group having from
five to twelve ring atoms selected from C, O, N or S, at least one of whichis O, N or 5,
(3) ~0-C1-5 alkyl,
(6)—C1-6 alkyl,
(7—C7.6 alkenvl,
(8) —S(=0)n—R4,
(9) —C3.8 cycloalkyl,
(10} ~Cs.g cycloalkenyl,
(11 -NR5ARSB,
wherein said ary], heteroaryl, heterocyelyl, alkyl, alkenyl, cycloalkyl and cycioalkenyl
moiety is optionally substituted with one or more
(a) halogen,
(b) hydroxy,
{c) —0-C1.6 alkyl,
(d)-C1-6 alkyl,
(er-S(=0)-RE,
{fy ~Co.6 alkenyl,
{8 N,
() -C=ON-(0)m-RE,
(i) ~NRSARSB,
(3} oxo,
(k) aryl,
(1) a heteroary! group which is a cyclic or polycyclic group, baving from five to
twelve ring atomms, said ring atoms selected from C, O, N or 5, at least one of
whichis O, Nor 5,
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r ac-5-({3-[ t7-ans-2-hydroxycyclohexyl]-4-oxo-3,4-dihydrobenzo[hiquina20l1n-6- ‘
ylimethyl)pyridine-2-carbonitrile; or a pharmaceutically acceptable salt thereof. 12. A compound of

claim 1, wherein X 2dh%se48 CH, Qis C, and R1, R2, R3, and Z are depigieg,88l@Whissose 13. A
compound of claim 1, wherein the compound of formula (1) is a compound of forrnula (11): WO

2010/059773PCT/US2009/065060 R3 '-'7<:> NJ R7 (II) or a pharmaceutically acceptable salt thereof,
wherein R7 is se_lected from the group consisting of (1) hydroger‘[, (2) aryl, (3? heteroaryl, (4) halogen,
(5) -CM (6) -0-Ci_6 alkyl, (i} abgt@uabiyl group, which is a non-aromatic cvelic or po ycychc group
having from five 1o twelve ring atoms selected from C, O, N or 5, af least one af
whichis O, Nor§
() ~OC(=0) R, _
wherein the alkyl, alkenyl, aryl, heteroaryl or heterocyclic moiety is optionally
substituted with one or moze
6] halogen,
(i)  —C1-6 alkyl, or
(iiiy ~OCj.6 alkyl;

R3 ig selected from the group consisting of
(1) hydrogen,
(2) ~C1-6 aliyl, and
(33-S(On-R%,
wherein said R3 allyl moiety is optionally substituted with one or more
(a) halogen,
(b} cyano, and ,
() ~0-C}.6 alkyl, wherein said atkyl is optionally substituted with one or more

halo;

R4, RE and RY are independently selected from the group consisting of
{1) hydrogen,
(2) -C1-6 alkyl, and
© (3) ~CH)p-aryl, |
wherein said R4, RS or R8 atkyl or aryl moiety is optionaily substituted with one or more
~ (2) halogen, '

(b) cvane, and
(c) ~0-C1.6 alkyl, wherein said alkyl is optionaily substitated with one or more

halogen;

R5A and R5B are selected from the group consisting of
(1) hydrogen,
(2) ~C1-6 alkyl,
(3y —C3-6 cycloalkyl,
(4) ~C(=0)-O- RS,
(5y~S(0)2-RS,

275 .



(8)-_C2-§ alkgnyl (9) -S(=0)1r-R4, and (10) -NR5AR5B, wherein said aryl, heteroaryl, alkyl and alkenyl
moiety is optionally substituted with one Or more (a) halogen, (b) hydroxy, (c) -0-01-6 alkyl, (d) -C1-6
alkyl, (e) -C(r=0)- 8)591-&997@ -N(R5AR5B), (9) -S(=0)n-R8, and (h) oxo. 144 £empRaias.of claim 13, or

a pharmaceutically acceptable salt thereof, wherein R3 is hydrogen and R2 and R7 are paired as
depicted below: (*Ogle&t ---"

or R3A and RSB are linked together with the nitrogen to which they are both atiached to
form a 2-6 membered carbocyclic ring, wherein one or two of the ring carbon atoms is

optionally replaced by a nitrogen, oxygen or sulfur;

misOorl;and
nis0,lor2.

Z. A compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein Q
is C, X and Y are each CH and Z is N,

3 A compound of claim 1, or a pharmaceutically acoeptable salt thereof, wherein X,
Y and 7, are each CH, and Q is C.

4. A compound of claim 1, or a pharmaceutically acceptable selt thereof, wherein X
and Zareeach CH, QisCand YisN.

5. A compound of any of claims 1 to 4, or a pharmaceutically acceptable salt thereof,
wherein R1 is selected from the group consisting of
{1) halogen,
(2)-CN,
(3) -0-C1.6 alkyl, or
(4) —Ci.6 alkyl,
wherein said alkyl is optionally substifuted with one or more
{a) halogen,
(b) hydroxy,
{c} ~O-C1.6 alkyl,
(d)—Ci-6 alkyl,
(e} -CEOMHONRS,
(£} -NRSARSB, or
(g) oxo.

6. A compound of any of claims 1 to 4, or a pharmaceutically acceptable salt thereof,
wherein R1 is selected from the group consisting of '
(1) ayl, or - |
(2) heteroaryl, wherein the R1 aryl or heteroaryl molety is optionally substirated with one
0T MOTE
(a} halogen,
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Racemic OH (15, 25) , OH Racemic OH Cit4 Racemic -OH Cl (IS 2S) CN :h--"\--- OH CI Racemic
OH CI

WO 2010/659773 ' PCT/US2009/063060

(b) hydroxy,
{cy —0-C1.-6 aliyl,
{dy -C1-6 alkyl, or

(&) ~S(O)-R8.

7. A compound of any of claims 1 to 6, or a pharmaceutically acceptable salt thereof,
wherein R2 is —C3.g cycloalkyl, optionally substituted with one or more
(a) hydroxy,
(b) ~0-C1-6 alkyl, or
(¢} oxo.
8. A compound of any s of claims ] to 6, ora phalmaceuucally acceptable salt thereof]

wherein RZ is selected from the group consisting of
(1) axyl,
(2) heteroaryl, or
(3) —C1_6 alkyl, wherein said aryl, heteroaryl or alkyl is optionally substituied with one or
more
(2) halogen,
(b) hydroxy,
() ~0-C1-6 atkyl,
(d) —C1.6 alkyl,
(e) -CN,
() -CEOH{O)m-RS,
3 ~NRSARSE,
(h) oxo,
{1} aryl, and
{}) heteroaryl.

Q. A compound of claim 1 or a pharmaceutically acceptable salt
thereof, wherein R3 is hydrogen.

10. A compound of claim 1, or 2 pharmaceutically acceptable salt thereof, which is

selected from the group consisting of
rac-3-[trans-2-hydroxycyclohexyl]-6-[(6-methylpyridin-3 -ylimethyllbenzofhiguinazolin-4(3 7}

one;
3-[(18.28)-2-hydroxyeyclohexyl]-6-[(6-methylpyridin-3-yl)methyl ibenzo[Ajquinazolin-4(35)-

one;



(15,25) 'OH Cl racemic OH (IS, 2S) OH racemic OH racemic -C9 OH N(CH3)2 1 co-speciill

WO 2010/059773 . ' PCT/US2609/065060

6-(4-methoxybenzyl)-3-(5-methyl}- 1H«pyrazol—E—yi)benza{h]quinazclinA{BH)—on_f:;
6-(4-methoxybenzyl)-3-pyridin-3-ylbenzo{k] quinazolin-4(3H)-one;
rac-3-[trans-2-hydroxycyclohexyl]-6-{[6-(1 -methyl-1H-pyrazol-4-yl)pyridine-3-
 yljmethyl ybenzo[hquinazolin-4(3H)-one; |
ra&»B—{I?"afzs~2-hydro;iycyciohexyi}-6« {[6-(1 H-pyrazol-1-yl)pyridin-3-
yljmethy!}benzo[#]quinazolin-4(3 H)-one;
rac-5~(§3- trans-2-hydroxycyclohexyl] -4-0x0-3,4~dihydrobenza{h}quinazoiin—6~
ylimethyl)pyridine-2-carbonitrile;
rac-3-[frans-2-hydroxycyelohexyl]-6- {[6-methylsulfonyl)pyridine-3-
yl]methyl}benzo[Alquinazolin-4(3H)-one;
rac-3-[trans-2-hydroxycyclohexyl]-6- [(6-methoxypyridin-3-yDmethylibenzo [#)quinazelin-
4(3H}-one;
6-{(6-chloropyridin-3 ~ylymethyl}-3-(2-oxycyclobexyljbenzo [Aiquinazolin-4(3 H)-one;
trans-2-]6-[(6-chloropyridin-3 —yl)methy]}—4—0x0benze{h}quiaazolinu3(4!1}—yi}cyclohsxy1 rac-
acotaie;
N-{(18,283-2-[6-[{6-chloropyridin-3 ~ylymethyl]-4-oxobenzo{Ajquinazolin-3 (4H)-
yllcyciohexyl}acetamide;
3 [(15,28)-2-hydroxycyc] ohexyl}wé-['(é-isopropyipwidi.n -3-yDmethylbenzo[]quinazolin-4(3H)-
one; ,
3-{(15,25-2-hydroxycyclohexyl]-6-{ [(6-(1-hydroxy-1 -methylethypyridin-3-
ylimethyl}benzo{#lquinazolin-4(3H)-one;
rac-3-{trans-2-hydroxycyclohexyl]-6-{ [6-(hydroxymethylypyridine-3-
¢l]methyl} benzo[]quinazolin-4(3 H)-one;
mc—3~[rmns-Z-hydroxycyclohexyl}-6~[(1 -methyl-6-oxo-1,6-dihydropyridin-3-
yIimethyllbenzo[hlquinazolin-4(3H)-one; '
3-[(18,25)-2-hydroxycyclohexyl] -6-[(6-methyl-1-oxidopyridin-3-yhimethyl Joenzo [A]quinazolin-
4(3H)-one;
3-0(15 ,25‘}-2~hydroxycyclohexyi}~6»_(pyridin—2-y1me{hyl}bcnzo [R]quinazolin-4(3 H}-one;
6-[(6-chloropyridin-3-yhmethyl}-3-[( $.2S)-2-hydroxyeyclohexyi}-2-methylbenzo [#]quinazolin-
4(3H}-one; :

or a pharmaceutically acceptable salt thereof,

-8 -



racemic OH CH3 (1S, 2S) 611 CH3 (1S,25) )11- 'OH CH3 mcemic OH CN racemic OH racemic

WO 2010/059773 PCTUS2009/665064

11. A compound of claim 1, or a pharmaceutically acceptable salt thereof, which is

selected from the group consisting of
rac-3-{trans-2-hydroxycyclohexyl}- 6*[(6~mﬁ:thylpyndm-1 -yhimethylTbenzolfjquinazolin-4(3 H}-

one;
3~[_(1S,ZS}-E-h}fdroxycyclohexyl]~6»«[(G—methylpyridin%-yl)m:;thyi]benzo[h}quinazolin—4{3H}-
one,

6-(4-methoxybenzyl}-3-(5-methyl)-1 H-pyrazol-3-yhbenzo[ hlquinazolin-4(35)-one;
6-{(4~methoxybenzyl}-3-pyridin- -3-ylbenzo[k]quinazolin-4{3H)-one;

rac-3-{irans-2 —hydroxycvclohexyl} -6-{[6-(1-methyl-1 H-pyrazol-4-ylpyridime- 3—

 yi]methy!} benzo[hjquinazotin-4(3H)-one;

rac-3-[rans-2-hydroxycyclohexyl]-6-{[6~(1 H-pyrazol- 1~y1)pyr1dm -3~
yl}methyl}benzo[h]qumazohnmﬁi(BH)-one,

rac-5-({3-| Wam-ii—hydroxycyclohexyl]—4ﬂ0x0w3,4—dihyd:robenzo[}z}quinazelinwsw
yl}methyl)pyridine-2-carbonitrile;

or a pharmaceutically acceptable salt thereof.

19, A compound of claim 1, wherein X and Y are CH, Q is C, and R1, R2, B3,
and Z are depicted below:
; Q OCH; | SCH: | CH
F
L
M Cl CHs N
OH .

(18, 25)

13. A compound of claim i, wherein the compound of formula (f) isa compound of
formuda {I):

- TG -



OH'I\:%:I?ImiC ---"-" se" ."-? -71 OH I/ racemic .-------, OH \ (15, 2S5) OH \ racemic 6H / \ racemic.

WO 2010/059773 PCT/US2009/665064

ity
or a pharmaceutically acceptable salt thereof, wherein
R7 is selected from the group consisting of
(1) hydrogen,
(2) aryl,
(3) heteroaryl,
{4) halogen,
{5) CN,
(6} ~0-C16 alkyl.
(7) ~C1.6 alicyl,
(8)-C2.6 alkenyl -
(9} =S(=0)p~R%, and
(10} ~-NRSARSB,
wherein said arvl, hetercarvl, alkyl and alkenyl moiety is qptionally subgstituted with one
or more
(a} halogen,
(b} hydroxy,
{¢) =0-C1-6 alkyl,
(d) ~C1.6 alkyl,
(&) -CEO-(O)mRE,
(f) -NR3ARSB),
(&) ~S(=0)p-RS8, and

{h} oxo.

14, A compound of claim 13, ora pharmaceutically acceptable salt thereof, wherein
R3 is hydrogen and R2 and R7 are paired as depicted below:
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Clcer- iz'---}..)"-....z ereoe (1S,2S)OH/F (IS, 2S)OH (IS, 2S)OH\(1 S, 2S) OH %

WO 201{}/059773 _ PCT/US2009/665060

s
(18, 7S} | ‘:LLO T

AY
&
Racemic :‘&O Y
Racemic E’Q Cl
$
(18, 28) o 1
Racemic t‘u’o Ci

(18,28) /Q Cl
OH

N

racemic :%O L)

., ﬁ‘ )

(18, 28) i‘»z:O S
: Q My
racemic b sy
racemic :‘uO 1 N(CHi)
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N-1(1S,28) OH '1--\c (IS, 25) OH -...,"-,- (IS, 25) 6ii >I N- OH cracernc racemic OH

WO 20100059773

PCT/USI009/065060

racemic - CH,
OH
9 |
(18, 28 N CH;
OH
(18, 28) ;%Q CHs
OH )
 racemic > C CN
OH
IORl-e
racemic et - M
OH
TN
! Pz,
racemic N by
OH
oIk
racemic o - -
OH F
b
Ol%
racemic_ - ~ :o
OH - /
N
0%
(18, 28) O v
OH ’
| O &
racemic ST -
OH
¥
7N
. s
TaCenne s ¢ &
OH Q}

~B2 -



racemic OH (1S,23) .----,,,, OH Q oe SCH3 OH OH

WO 2010/639773

PCT/US2009/065060

(18,25) -
OH i
ISR
_ 7\
(18,25) S (;}P
OH
IGRE;
7Y
(18, 25) F Q‘
OH '
W
/ Ry
(18,29) }:Q @”
OH
}S_J
_ O 7Y
(18, 28) g ﬂ_ c
OH
SRS
(18, 28) N L
- 61
O
(18, 28) O =
o8
] ¢
racemic e ; §:>
OH
%
o
racemic ﬁj:;j &:g
OH
p
N
tacemic 3ﬂ£:;:] Q;;}
OH
IO
(18, 28) N Q:;}
OH
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OH OH OH WO 2010/059773PCT/US2009/065060 15.A compound of claim 1, wherein the
compound of formula (1) is a compound of formula (111): WO 2010/059773PCT/US2009/065060

WO 2018/039773 ; PCT/US2009/063060

racernic E’Q
OH _
S
N
O 8
TACEMIC e : —
OH ©
Tacenic E%Q SCH;
(18, 28) &Q SCH;
- OH
9
racemic ™ ' S0,CH;
* OH
racemic Zﬁfo CHy=CH-
OH
racemic ELQ CH.CHs
O
(18,25) :&Q CH,CH,
O
(18, 28) %O CH0H
OH
(18, 28) ?:mQ .
OH ":fil/
O
(18, 28) FO
OH

.84 -



or a pharmaceutically acceptable salt thereof, wherein R2 and R3 are as described above, and R7 is
selected from the group consisting of (1) hydrogen, (2) awl, (3) heteroatyl, (4) halogen, (5) -CN, (6)
-0-C1.6 alkyl, (%),5Gd:f,aku. (8)-02-6 alkenyl (9) -S(.~---0)n-R4, and (10) piiREARERswinerein said
aryl, heteroaryl, ailcyl and alkenyl moiety is optionally substituted with one or more (a) halogen, (b)
hydroxy, (c) _6 alkyl, (d) -C1-6 alkyl, (e) -C(=0)-(0)m-R6, (f) -N(R5AR5B), (g) -S(0)/r-R8, and (h) oxo,

tereospecific
(15, 25) “:L:Q e
: OH O
b
(18, 25) T:%Q N
racemic %’O CHO
OH
racemic Z%Q OCH;
OH
(18, 28) ".&Q OCH;
OH
racemic ?&Q H
' OH
racemic ;L‘LO Cl
o -
racernic ;H;O Cl
OAc '
(18,28} ;%O; CH;
é\.
@]
racemic EDQ Ci
L
T Cl
(18, 28) NHBoc

-R5 -



16. A compound of claim 15, wherein R3 is hydrogen, and R2 and R7 are paired from the group
consisting of IP OCH3 F H OCHqg All 1 OC Me OCR- Ph OCHS3 - CO H3 OH (racemic)

WO 2016/059773 PCT/US2009/065060

(18,25) :L:O Cl
NH,
2 }“Q | Ct
(18,28) NHAC
|
=
: i
(18, 28) s ¢
0
28 T cl
(18,2%) NHMe
O
" Cl
s, 29 e, |
IGRE;
. 7%
Tacemic F »
OH ro
O
(18, 28) e /_;N*'O
CH -

15. A compound of claim |, wherein the compound of formula (I} is a compound of
formula (11):
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3-pyridyl OCH3 4yridyl OCH3 100 OCH3 \---../ OCH3 CH2CH2CN OCH3 "---,,0 OCH3 CH2CH20H
OCH3 :h4-'-'- (racemic) OCH3 N-NH '

WO 26104059773 PCTIUS2009/065060

iy

or a pharmaceutically acceptable salt thereof, wherein
R? and R3 are as described above, and R7 is selected from the group consisting of
(1) hydrogen,
(2) aryl,
{3} heteroaryl,
{4) halogen,
(5y-CN,
{6) ~0-Ci.-g alkyl,
(1) -C1-6 alkyl,
{8)-Co_g alkenyl
(9) ~S(=0)R%, and
{10) ~NRSARSB,
wherein said aryl, heteroaryl, alky! and alkenyl moiety is optionally substituted with one
or more
{(a) halogen,
{b) hydroxy,
(¢) ~0-C1-4 alkyl,
(d) ~Cy-6 alkyl,
(e) -C(=0)-(0)mRS,
(f) NRIAR3B,
(2) -S(=0)n-R8, and
{h} oxo.

16. A compound of claim 15, wherein R3 is hydrogen, and RZ and R7 are paired

from the group consisting of

- 87 -



OCH3IiN N OCH3>,.., ,N,NHOCH3NCN )1/4-tOC x,N,NH OCH Eto2c >LI N\

WO 2018/059773 PCT/ES52009/065060

3&@ OCH;
F
H OCH;
Allyl QCH;
Me | OCH;
Ph OCH,
;hLQ OCH;
QOH
{racemic)

3-pyridyl | OCH;
4-pyridyl 1 OCH;

%/Q OCH;

:z{\]/ - 1 OCH;

CH.CHL,CN | OCH;

0
b OCH;

CHCH,OH | OCH;

EJ:;Q OCH;

(racemic)
- NH

{

¥
> OCH;

N
I
;JQQNH OCHj3
NC
s
LN OCH;

\
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OCH3 s 1\OCH3H / NOCH3H OCH3HN xj_t__N,NH OCH3 o/"--

WG 2010/059773 PCTIUSZ609/065060

— OCH;
%é”“

\ .
Y

7]
© W OCH
Zu! N}N 3
t
\Nf
?}L] ;,N. ‘ OCH;
H

y
* *~-:> OCH;
HN

%inkg OCH: |

N
O =
N= " OCH;
.}'L\ P
N;"_‘\
- OCH;
NH
sy
N, =
}"\.’{*“gq‘N N OCH_%
Nf :
EJEQN OCH;
=N OCH,
}L\.N/N% 3
7
_N
Q OCH;
N\
‘}a! N
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OCH3 ,NH N \ OCH3 N- _,,,.1/4N,NH t1/4.77- :NI OCH3 N OCH3. OCH3

WO 2019/059773

FN OCH;
-~ N’
b
M OCH;
oH
(racemic)
}"Q Ci
OH
{racemic)
| RS
B Cl
e
: Cl
OH
(1acemic)
}{Q Cl
O..
{racemic)
;"«.Q “N‘NM
OH
{racemic}
L |5
z 7N
oM <;)
{racemic)
PMB OCH;
PN
o~ L-:M

-90-
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N OCH3 WO 2010/059773PCT/US2009/065060 or a pharmaceutically acceptable salt thereof

17. A compound of claim 1, wherein the compound of formula (I) is a compound of formula (1V): (1V) or
a pharmaceutigally:ageeptable sail thereof, wherein X, Y, Z, R1 and R3 #eT45H8tiHEHM claim 1. 18.A
compound of claim 17, wherein the compound of formula (IV) is a compound of (TVA) OVA) -91 -
WO 2010/059773PCT/TJS2009/065060 wherein the bonds between the benzoquinazoline nitrogen
and the 1-carbon on the cyclohexyl ring, petween the hydroxy and the 2-carbon on the
cyclohexyl ring, are trans.

or a pharmaceutically accepiable salt thereof.

17. A corzpound of claim 1, wherein the compound of formula (I) is a compound of

formula (JV}):

Z
)
X \%Rﬁ
Iv)

or a pharmaceutically acceptable salt thereof, wherein X, Y, Z, R1 and R3 are as defined in claim

i.

18. A compound of claim 17, wherein the compound of formula (V) is a

compound of (IVA)

-9] -



19. A compound of claim 17 or 18, wherein X and Y are each CH and Z is N. 20. A compound of claim
18 or 19, wherein X. Y and Z are each CH. 21. A compound of formula (V), (v) wherein R2 and Q' are

paired as below:yoH,QhRerrs---ii _ OH (racemic) 5\,)_/ ,,, SH b (1S, 25) / ‘BcGruspod/S¥sboo

wherein the bonds between the benzoquinazoline nitrogen and the 1-carbon on the cyclehexyl

ring, and the bond between the hydroxy and the 2-carbon on the cyclohexyl ring, are frans.

19. A compound of claim 17 or 18, wherein X and Y are each CH and Zis N,
20. A compound of claim 18 or 19, wherein X, Y and Z are each CH.
21, A compound of formuia {V),

‘ 72
NE N

7"

QE

V)

wherein B2 and Q' are paired as below:
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(5, 2S) / or a pharmaceutically acceptable salt thereof.

22. A

compound which is

rac-3-[trans-2-hydroxycyclohexyl]-6-[(6-methylpyridin-3- yl)methyl]benzo[h]quinazolin-4(31frone, or a

pharmaceutically acceptable salt thereof.

23. A compound which is

3-[(1S,25)-2-hydroxycyclohexyl]-6-[(6-methylpyridin-3- yl)methyl]benzo[h]quinazolin-4(31/)-one, or a

pharmaceutically acceptable salt thereof

24. A compound which is rac-3-Prans

-2-hydroxycyclohexyl]-6-[(6-methoxypyridin3-yl)

pharmaceutically acceptable salt thereof {225. 4

ethvilbenzolhlal
A | | Ml B |

A compgyind whi

linazolin-4(3H)-one, or a
¢chis

3-[(18,25)-2-hydroxycyclohexy1]-6-[(
a pharmaceutically acceptable salt th
-2-hydroxycyclohexyl]-6-116- (hydrox
or a pharmaceutically acceptable salt

-I5OpTropyipy
ereof 26.A ¢ )
ymetﬁ'yrppyrigdine-

thereof 527

ompPosmad. v

yridin=3=yOmethyl]benzo[h]quinazolin-4(3H)-one, or

is rae-3-[ trans
| } benzo[h]quinazolin-4(311)-one,

therapeutically effective amount of a compound o
iceutically a
der mediate
disease or disorder is selected from the group c nsig@/g of
or sleep disorders, comprising a therapeutically e
thereof Zaric
pharmaceult
e of a medic

acceptable salt thereof, and a pharma
for the treatment of a disease or dison

or a pharmaceutically acceptable salt
compound of any of claims 1-26, or a
acceptable carrier, for the manufactur
mediated by the muscarinic Ml recept

he
2

aph

fectiye anmount a
tic
ically acceptable
ament for the tre
oriradaerein said disease or d

A-phafmacgutieal composition comprising a
f any of claims 1;
cceptable carrier
d 10by the muscarinic Ml receptor, wherein said

26, or a pharmaceutically
28.A pharmaceutical composition

imer's disease, schizophrenia, pain

f a compound of any of claims 1-26,
ally acceptable carrier. 29.Use of a
salt thereof, and a pharmaceutically
atment of a disease or disorder
isorder is selected from the group

consisting of Alzheimer's disease, scl
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or a pharmaceutically acceptable salt thereof.

22.

(1S, 25)

A compound which is rac-3-[trans-2-hydroxycyclohexyl]-6-[ (6-methylpyridm-3-

yl)methyl]benzo[h}quinazolin—ﬂ}(BH)—one, or a pharmaceutically acceptable salt thereof.

23.

A compound which is 3-[(1S,25)-2-hydroxycyclohexyl] -6-[(6-methylpyridin-3-

ylimethyl|benzo[ h}quinazolin-4(3H)-one, or a pharmaceutically acceptable salt thereof.

24.

A compound which is rac-3-[trans -2-hydroxycyclohexyl}-6-[(6-methoxypyridin-

3-yl)methyl Jbenzo[ #]quinazolin-4(3H)-one, or a pharmacentically acceptable salt thereof.

25.

A compound which is 3-[{15,28)-2-hydroxycyclohexyl]-6-[(6-isopropylpyridin-3-

ylmethyl]benzo[h]quinazolin-4(3H)-one, or a pharmaceutically acceptable salt thereof.

-03.
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26, A compound which 1s rac-3-[ trans -2-hydroxycyclohexyl]-6-{[6-
(hydroxymethyl)pyridine-3-ylmethyl } benzo[#]quinazolin-4(3H)-one, or a pharmaceutically

acceptable salt thereof,

27. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of any of claims 1-26, or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

28. A pharmaceutical composition for the treatment of a disease or disorder mediated
by the muscarinic M1 receptor, wherein said disease or disorder is selected from the group
consisting of Alzheimer's disease, schizophrenia, pain or sleep disorders, comprising a
therapeutically effective amount of a compound of any of claims 1-26, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

-93a-



29.  Use of a compound of any of claims 1-26, or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier, for the manufacture of a medicament for the
treatment of a disease or disorder mediated by the muscarinic M1 receptor, wherein said disease
or disorder is selected from the group consisting of Alzheimer's disease, schizophrenia, pain or
sleep disorders.

-94.



