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1 PURINE COMPOUNDS AND USE THEREOF AS CANNABINOID
RECEPTOR LIGANDS 5 FIELD OF THE INVENTION The present
invention relates to purine compounds and intermediates useful in the
synthesis of the purine compoundsXThe purine compounds are useful as
cannabinoid receptor ligands, in particular as CB-1 receptor antagonists.
As a result, the present invention also relates to the use of the io purine
compounds in treating diseases, conditions and disorders modulated by
cannabinid reseptanligandssincludingqehammaceauticalocompesitions forcanns
such use. BACKGROUND Obesity is a major public health concern
because of its increasing 15 prevalence and associated health risks.
Obesity and overweight are generally defined by body mass index (BMI),
which is correlated with tététldodyHatdindNagtibhatedithe relative risk of
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estimates the relative risk of disease. BMI is calculated by weight in kilograms

divided by height in meters squared (kg/m?). Overweight is typically defined

“as a BMI of 25-29.9 kg/m?, and obesity is typiéally defined as a BM! of 30

kg/m®. See, e.g., National Heart, Lung, and Blood Institute, Clinical
Guidelines on the Identification, Evaluation, and Treatment of Overweight and
Obesity in Adults, The Evidence Report, Washington, DC: U.S. Department of
Health and Human Setvices, NiH publication no. 98-4083 (1998).

The increase in obesity is of concern because of the excessive health
risks associated with obesity, including coronary heart disease, strokes,
hypertension, type 2 diabetes mellitus, dyslipidemia, sleep apnsa,
osteoarthritis, gall bladder disease, depression, and certain forms of cancer
(e.g., endometrial, breast, prostate, and colon). The negative health
consequences of obesity make it the second leading cause of preventable
death in the United States and impart a significant economic and
psychosocial effect on society. See, McGinnis M, Foege WH,, "Actual
Causes of Death in the United States,” JAMA, 270, 2207-12 (1883).
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2 Obesity is now recognized as a chronic disease that requires treatment
to reduce its associated health risks, Although weight loss is an important
treatment outcome, one of the main goals of obesity management is to
improve cardiovascular and metabdlic values to reduce obesity-related 5
morbidity and mortality,. It has been shown that 5-10% loss of body weight
can substantially improve metabolic values, such as blood glucose, blood

pressufgeang %@%mw@ﬁs@a@%ﬂtﬁﬁ%@%@% Fré%

intentional reduction y weight may reduce morbidity and mortality.
iesiwieRy BVaTiIe Preashpitioiedrlgs B inanatiiig ek siigehesii 28
FRINRSWelghhyInduGinesatioly of ecreasing siens fRl-ADSAENIIEment

Satiety is achieved by increasing synaptic levels of norepinephrine,

isdroliOmiPVEr BHEHO KRR GHARTHIE, BEiRato N drseiRdRfRCBpRsY-related

PURYRES aABmbiaiaNd REANEcknastbdna drenelgig e RARI SR RRI8A
food i(ﬁfgfe by regu?a?ting satiety. See, Bray GA, "The New Era of Drug§

o AHRERTHAIP HRRFRLD BRI TAYS R ©f SRy DisRAseRAe, blood
SPveniRvs@RERIRBRceHPHhS) . MdRseT & (43X Vi SRSl giGaapAts

(e.g., diethylpropion, benzphetamine, phendimetrazine, mazindol, and
InteatienalimRg usiasy MRS ARG ey TestesfrephriRiNaAB LBIAIRE
receptoftn eyl e HRIGIMAIGHEH SARKNORMINETAIRAS OHRMIS generally

adrenergic weight-loss drugs 20 (e.g., amphetamine, methamphetamine,
reAHheRiaBtRYNEU R AR QK YeRRasENg Biskamiii paaRIRRR -are
@ilaNgeLreteremnendadbasause\widpe: liskep! BiaibabsipepharBuramine

and dexfenfluramine, both serotonergic agents used to regulate appetite,

SO0 IbrRydraltiail BT TR NbreWatiehyf sasatenimEasiRBiaTeLBBes
antagpRisteinyarRe Roargonistihavebacn syagesiedrasfaienialintake b

appetite suppressants. See, e.g., Arnone, M., et at, "Selective Inhibition o
r

egidlRliRo AR EhaReanEIRY BRSRIZTRY B AhlagenisieAtsal

FanRrRieisid G Rl tResripGhedigychinnbaBliasabvietdiclP4-40e {19
Colombo, G,, et a/., "Agggtite Su%ression and Weight Loss after the

SRR Ad (oS SPeRAGeARIAIC agents (e.g., diethylpropion,

benzphetamine, phendimetrazine, mazindol, and phentermine) act by
modulating central norepinephrine and dopamine recepiors through the
promotion of catecholamine release. Older adrenergic weight-loss drugs
(e.g., amphetamine, methamphetamine, and phenmetrazine), which strongly
engage in dopamine pathways, are no longer recommended because of the
risk of their abuse. Fenfluramine and dexfenfluramine, both serotonergic
agents used to regulate appetite, are no longer available for use.

More recently, CB1 cannabinoid receptor antagonists/inverse
agonists have been suggested as potential appetite suppressants. See,
e.g., Arnone, M., et al., "Selective Inhibition of Sucrose and Ethanol intake
by SR141716, an Antagonist of Central Cannabinoid (CB1) Raceb-tors,”
Psychopharmacol, 132, 104-106 (1997); Colombo, G., et al., “Appetite
Suppression and Weight Loss after the Cannabinoid Antagonist SR141716,”
Life Sci., 63, PL113-PL117 (1998); Simiand, J., et al., “SR141716, a CB1
Cannabinoid Receptor Antagonist, Selectively Reduces Sweet Food intake
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3o Life Sci., 63, PL113-PL117 (1998); Simiand, J., et at, "SR141716, a
CB1 Cannabinoid Receptor Antagonist, Selectively Reduces Sweet Food
Intake 3 in Marmose," Behav. Phargnacol., 9, 179-181 (1998); and
Chaperon, F., at a/., "Involvement 6f Central Cannabinoid (CB1)
Receptors in the Establishment of Place Conditioning in Rats,"
Psychopharmacology, 135, 324-332 (1998). For a review of cannabinoid
Pl RO B IacaPoRa ModElaters, BRe eries) RaGd (Fapeabineid ef

Receptor Ligands: Clinical and Neuropharmacological Considerations,

ReldvapvaEnuet Droy Biscverhingld S&RAIPRERCER. Whin. Invest.
BIUGS: 21 3P Briked 2P0k ViR ou ey ia vestigations Aie b RRINGT 35,

there still exists a need for a more effective and safe theézépeutic
it

SRéBRe RGdhemg EvirwehargnRPineishegdiant GBdid6R%8Bbesity,
thesgialsp existsraniaBeRneedfarreaimsnt RERlgahal @awsR: Clinical and

Alcoholism affects a%groximately 10.9 million men and 4.4 _million women

Nete R SIS aA hoXiAsRIg NE 0R6HRY 8BAIRS HEN e R UGS BRGTY
Atibited o alkahobauss g depeadencestiestth 1isks-18 ssR0sRd

with alcoholism include Tmpaired motor control and decision makin

cancePiNeraisByssligRiPasrarsONSNgistiie il GriRE aRRRIROR,
PaRseRtitis anchintesretrenab arablednnRindivg Ravesisaaesiekiialg
engl?gengus cannabinoid tone plays a critical role in the control of ethanol
\itékt-I8We endogenous CB1 receptor antagonist SR 20 141716A has

been shoyritR RIRckioluptansaihansbintakeatn iats ek atider Reftment of
Arnone, M., at al., "Selective Inhibition of Sucrose and E{chanol Intakﬁ?lpx
NRE BprEd 4

grohe] 2besan Alselydisgt sifedarRrEmalbit e BT
RashoRhasmacehelSRid 0B AL 193 Ardrpimisyiano S eatnge Bybar

and B.S. Basavarajappa, "Are Anadamide and Cannabinoi?l Receptors 25

hYSIRSE At HBE B IBlspled BRUSE e RN SEGRe ndg K I6HE &
AeobalismyiR @LAR6MLA3IRINR: Gusridremesisian alsohrioduse or

dependence generally suffer )
making, cancer, liver disease, birth defects, heart disease, drug/drug

interactions, pancreatitis and interpersonal problems. Studies have
suggested that endogenous cannabinoid tone plays a critical role in the
control of ethanol intake. The endogenous CB1 receptor antagonist SR-
144716A has been shown fo block voluntary ethanol intake in rats and mice.
See, Amone, M., et al., “Selective Inhibition of Sucrose and Ethanol Intake by
SR141718, an Antagonist of Central Cannabinoid (CB1) Receptors,”
Psychopharmacol, 132, 104-106 (1997). For a review, see Hungund, B.L
and B.S. Basavarajappa, “Are Anadamide and Cannabinoid Receptors

involved in Ethanol Tolerance? A Review of the Eyidence,v” Alcohol &
Alcoholism. 35(2) 126-133, 2000. '

Current treatments for alcohol abuse or dependence generally suffer
from non-compliance or potential hepatotoxicity; therefore, there is a high

unmet need for more effective treatment of alcohol abuse/dependence.
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4 SUMMARY The present disclosure provides compounds of Formula (1)
that act as cannabinoid receptor ligands (in particular, CB1 receptor
antagonists) B RN N N 4 (I) wherein A is an optionally substituted aryl
or an optionally substituted heter%?(% é%rgerably, A is a substituted
phenyl, more preferably a phenyl fituted with one to three

substit ' (o) r sistin al
(prefeﬁﬁéﬁ%ﬁ@%‘ﬁ%ﬁ%ﬁ%@%ﬁéﬁ‘@%@ﬁﬂfggﬁ%ﬁw*9 ) 820t ac
PGB ARSI (Srereraiy 616 sieRRIES SalRghaind
cyano, most preferably, A is 2-chlorophenyl, 2-fluorophenyl, 2,4-
dichlorophenyi, 2-fluoro-4-chlorophenyl, 2-cHloro-4-fluorophenyl, or 2,4-

15 difluorophenyl); B is an ohégo itiited aryl or an optionally
substituted heteroaryl (preferablyf,l Bis su%&&wed phenyl, more
preferably a phenyl substituted Wit ree substituents
independently selected fromthe group consisting of halo (preferably,
chloro or fluoro), (C1-C4)alkoxy, (C120 C4)alkyl, halo-substituted
(C1-C4)alkyl (preferably fluoro-substituted alkyl), and cyano, most
preferably, B is 4-chlorophenyl or 4-fludr phenyl); R1 is hydrogen,
(GirerBialkyl, halo-substituted (C1-C4)alkyl, or (C1- C 4

Als an obtiona!ly substituted aryl or an optionally substituted
heteroaryl (preferably, A is a substituied phenyl, more preferably a pheny
substituted with one to three substituents independently sslected from the
group consisting of halo (preferably, chioro or fluoro), (C+-Cyyalkoxy, (Cs-
Cyialkyl, halo-substituted (C4-Cylalky! (praferably fluoro-subsiituted atkyl),
and cyano, most preferably, A is 2-chiorophenyi, 2-fluorophanyl, 2,4-
dichiorophenyl, 2-fluoro-4-chiorophenyl, 2-chloro-4-fluorophenyl, or 2,4-
difiuorophenyl);

B is an optionally substituted aryl or an optionally substituted
heteroaryl (preferably, B is a substituted phenyl, more preferably a pheny
subsfituted with one to three substituents independently selected from the
group consisting of halo (preferably, chioro or fluoro), (C+-C4lalkoxy, {Cq-
Cajalkyl, haio—substitu'ted (C1~C4)aikyl (preferably fluoro-substituted alkyl),
and cyano, most preferably, B is 4-chloropheny! or 4-fluorophenyl);

R'is hydrogen, {C+-Cylaikyl, halo-substituted (C+-Calalkyl, or (Cq-
Cajalkoxy (preferably, R' is hydrogen, methyl, ethyl, halo-substituted methyl
or ethyl, or (C+-Cy)alkoxy; more preferably, R' is hydrogsn, methyl, sthyl,
fluoro-substituted methyl or ethyi, or (C,-Cylalkoxy; most preferably, R iz
hydrogen, methyl, or fluoro-substituted methyl);

R*is

{i) a group having Formuia (1A) or Formuia (13}
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1)alkoXy (p y rei erably, R1 is hydrogen, methyl, ethyl, halo-substituted
methyl or ethyl, or (C1-C4)alkoxy; more preferably, R1 is hydrogen,
methyl, ethyl, 25 fluoro-substituted rgethyl or ethyl, or (C;-C4)alkoxy; most
preferably, R1 is hydrogen, methyl, orfluor(D-substituted methyl); R4 is (i)
a group having Formula (IA) or Formula (IB) 5 + 0 R 4~a R4f N R4b R4f/
Rob R4f Rob R4f' Rob z-~ Y'X z"Y__ X (lA) (IB) where R40 is hydrogen
or (C1-C3)alkyl; R4b an Rob are each mdependentlyﬁydrogen cyano,
hydroxy, s amino, H2 O) or a chemical moiety selectgd from the
group conS|st| f(C C6)a yb, (C1- C6)a|k xy, acyloxi? aryh
(C1-C3)alkyl- O aIkyI NH- C( [Y2N-C(0)-,

(C1- C6)a|ky|arﬁ| Cl 4 fkyI)Zamlno- -C6)cycl aFRytiamlno-
acylamino-, aryl(C1- éA HK amino-, heteroaryl(C1<G4)alkylamino-, aryl,

10 heteroaryl, a partlally or fully saturated 3- to 6-membered heterocycle
and a partially or fully $bdgrated 3- to 8-membered c&Bpcyclic ring, where
the moiety is optionally substituted, or either R 4b or Rob' taken together

with R4e, R4e’, R4f, or R4f form d, a methylene bridge, or an
ethylen(‘-‘-,VBﬁF)‘f;é2 AERNY %{HOFZ@QéQQ'@FC(R%)(RMﬂ where R4C

and Roo' are %@ﬂ@ﬂ%@@@&h%ﬁm&n@m&h&oh?&d@w, amino, hydroxy,
(CL-COPGIE (A R hF AL O E R e TP
(C1-CA)adigddirg 6@034@@&1%)&@)24}@&@% éewe&@)alifgyllaqmp%)a;kyi-o-
di(C1 2% %:g?falk I?Eini)naolkyf %C(S?&)jclogl éasgmy[ ﬁCél&gnln?anryl(Cl-
Celalkylamino-, ((C4-Cy)alkyl)zamine-, (Cs-Csicycloalkylamino-,
acylamino-, aryl(C+1-C4)alkylamino-, heteroaryl(C+-Cs)alkylamino-, aryl,
heteroaryl, a partially or fully saturated 3- to 8-membered heterocycle,
and a partially or fully saturated 3- to 8-membered carbocyclic ring,
where the moiety is oplionally substituted,
or either R or R*' taken together with R*, R*, R¥, or R¥
forms a bond, a methylene bridge, or an ethylene bridge;
X is a bond, -CHaCHz- or -C(R*)(R*)-, where R* and R* are
each independently hydrogen, cyano, hydroxy, amino, HoNC{O)-, or a
chemical moiety selected from the group consisting of (C4-Cg)alkyl,
{C+-Ce)alkoxy, acyloxy, acyl, (C4-Ca)alkyl-O-C(O}-, (C4-Cajalkyl-NH-
G(O)-, ((C1-Ca)alkyl}oN-C(O)-, (C+-Cs)alkytamino-, di(C+-
Cylalkylamino-, {C3-Cs)cycloalkylamine-, acylamino-, aryl(Cy-
Ca)alkylamino-, heteroaryl(C1-Cylalkylamino-, aryl,k hetercaryl, a
partially or fully saturated 3- to 8-membered heterocycle, and a
partially or fully saturated 3- to 8-membered carbocyclic ring, where
the moiety is optionally substituied, |
or either R* or R* taken together with R*, R4E', RY or RY

forms a bond, a methylene bridge or an ethylene bridge;
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C4)alkylamino-, heteroaryl(C1-C4)alkylamino-, aryl, heteroaryl, a partially
or fully saturated 3- to 6-membered heterocycle, and a partially or fully
saturated 3- to 8-membered carbogyclic ring, where the moiety is
optionally substituted, 25 or either R4oor R4c'taken together with R4e Rae
R4f or R4f forms a bond, a methylene bridge or an ethylene bridge; 6 Y
IS oxygen, sulfur -C(O)-, -C(=N-OH)-, or -C(R46)(R4d")_ wher R49 and
Rod' are eaclY idepioritHjdreter:, cidmd!-Aydroy, - @l{ﬁind (R*)-,

H2NC(Q)arorchemisat nai .
-cs)a&@)? (c% %6)%?&%, agc}:gt;%xayégfy ."‘8%}},% c%%equgge iy,

(CI-CARMYRNFEEEE)- (@iechaRTENoCKey- sei@:teﬁifr@mﬂle group
Co)alkylammiags ddaé%c ﬁ&ﬂ(&ﬂ%?c@%&%@%@% O(Cq-Ca)alkyi O-

acylamino-, ary Cl C4a lamino-, heteroaryl(C1-C4)alkyfamino-, ary

hetero&i{P)a p@maugﬁwaws@f@meu@-@pwmwe%@heiéwm 01-
and a y r mpere exelic, 10
where%ﬁe%ﬁxé@ ili‘,go %ti?g(ga%ezeﬁﬁt;g%ﬁéﬁd@ orgg 44 g@idalgod taI{IcLenrr?{D
togeth&CHam fa%aﬁfal(ﬁmqgﬁ}'@éﬁﬂﬁ*f@d,, heetescamiémbered Reasrieycliaryl,

g, a ps Rt SFEBREIEAIIPCIPASHING: PLRA A48 MFBRRISLIAFARL LBk

where the heterocyclic rln%ﬁthe lactone ring and the lactam ring are

option@idsupatiabdirythe stu sl S rity b b siethas fiag viioonagdy
contalmédmgqﬂgfep}pgem@% Ig[gg)gqﬁfu@éﬂ oxygen, nitrogen or sulfur,

or Y is -NR 4d" where R 4d is a hydrogen or a chemical moiety

selected fromhE Gred Bonéwiteiy oa@hecbyamyl nesals)ey dbkiepturated,
(Ci- C3233|Iféf'é%%'?ﬁﬁ!)e@ﬁ@@%@@f@'ﬂﬁ?“Iéoﬂ-yb @—qgﬂg\g)ered lactone ring,

C3)alkylaminosulfonyl-, acyl, (Cj-C6)alkyf-O-C(O)-, aryl, and heteroaryl,
where i rﬁoi@tﬁﬁ@ﬁmﬁ@ﬂ)}%@@ﬂtﬂ% whsrs Bambeieragoris-riog, the

-C(RAGYRAR) W%@ﬂ%%'&5%@%ﬁ@%ﬁ&%ﬂ@@%@xmxar%a%e
cyano, hydroxy, amino, H2NC
lactone ring and the laotam ring aptionally contain an additional

hetercatom selected from oxygen, nitrogen or sulfur, or

Y is —=NR*"-, where R*"" is 2 hydrogen or a chemical moisty
selected from the group consisting of (C+-Cg)alkyl, (Cs-Ce)oycloalkyl,
(C4-Csa)alkyisulfonyl-, (C4-Cslalkylaminosulfonyi-, di{Cs-
Cgjalkylaminosulfonyl-, acyl, (C+-Csg)alkyl-O-C{O)-, aryl, and
heteroaryl, where the moiety is optionally substituted;

Z is @ bond, =CH2CHa-, or -C(R*)(R*)-, where R* and R*®
are each independently hydrogen, cyano, hydroxy, amino, HoNC(Q)-,
or a chemical moiety selected from the group consisting of (Cy-
Cejalkyl, (C+-Cg)alkoxy, acyloxy, acyi, (C+-Czlalkyl-O-C(O)-, (Cs-
Calalkyl-NH-C(O)-, ((C+-Cy)alkyl}N-C(O)-, (C+-Cq)alkylamino-, di{Cs-
Cs)alkylamino-, {Cs-Cg)cycloalkylamino-, acylamino-, aryi(Cs-
Cs)alkylamino-, heteroaryl{C4-Cy)alkylamino-, aryl, hetercaryl, a
partially or fully saturated 3- to 8-membered heterocycle, and a
partially or fully saturated 3- to 8-membered carbocyclic ring, where

the moiety is optionally substituted,
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or a chemical moiety selected from the group consisting of (C1 25
C6)alkyl, (C1-C6)alkoxy, acyloxy, acyl, (C;-C3)alkyl-O-C(0)-, (C1-
C4)alkyl-NH-C(O)-, ((C,-C4)alkyl)2N~C(0)-, (Ci-Ce)alkylamino-, di(CT-
C4)alkylamino-, (C3-C6)cycloalkylamino-, acylamino-, aryl(C;-
C4)alkylamino-, heteroaryl(C1-C4)alkylamino-, aryl, heteroaryl, a partially
or fully saturated 3- to 6-membered heterocycle, and a 30 partially or fully

saturated 3- tocj-grgrabried cRfbagyelictinamdarehtréRIEYRE®, or R*
optionally substituted, 7 or either Roe or R4e taken together with R4b,

R4b', RAETS REE TS BYIRT S HHEHR RNBbREYESE 41 e8I AR
bridge; and R4R&nehRM“Bea £ aeliineeReraeittpyiioaeRCYaRMo, hydroxy,

hydroxy, amino, H2NCSO)-, or a chemical moiety selected from the group

5 consistRY 6% (EANEBIAlRyPT (€T EBIKIRbRY A BRF I (T E X AHR-
C(0)-, (GarSiimindNE; QAU ATLAMIBEN-E(AII ey, (C1-Cs)alkyl-O-

C5)alkylamino-, di(C,-C4)alkylamino-, (C3-C6)cycloalkylamino
acylamir‘r‘tﬁ%rﬁ?@:@é}ﬁ)&g{fm&@?ﬁe éﬁy@f A%Q@mi{n%: aryl,
heteroaryh)alipagialhoor dutty safjarigaBie-6 Dempririoasteraeytt, 10
and a partially or fully saturated 3- to 8-membered carboc@c ring’{ where

the moictFHEBPIBhATTY ‘SubstRty Ur lifie RIGT6P RUf takenalsy&imdpO-, amyl,
with R4E4ks &4 08 @adeimsor AP AlrslyIeneBidgenas e ethmienycle,
bridge; proyided that when R4 is a group of Formula (1A), then (aé at least
one of B RPRABIG-THY RO IR Raitp RIERRE KA FRFRPRIS NN

other thamByelteaencitd;hisikylany Ralossulsiuted (C,-C4)alkyl; and
(b) Y is not oxygen, sulfur,. or -NH-, when X and Z are a,pongd, -Ck2- or ,..
_CH2CH2-, an¢ RAERAD FA Fantf it Qerar a4 For (fy a:droue™ R

having Fermyla 860dRa methylene bridge or an ethylene bridge;
provided that when R* is a group of Formula (IA), then (a) at least one of R*,
R™, R* R R R, R R* R, RM and R is other than hydrogen,
(C4-Cy)alkyl, or halo-substituted (C+-Cylalkyt; and (b} Y is not oxygen, sulfur
or -NH-, when X and Z are a bond, ~CHgp~ or ~CH2CH.-, and R*, R*, R¥ and
R*" are hydrogen; or
{ih) a group having Formula (IC)
al
_ B
—%O__\Rf
(IC)
where R® and R® are each independently hydrogen or (Cs-Calalkyl, and R is
(C4-Cyjalkyl-, halo-substituted {C4-Cylalkyl-, (C1-Cylalkoxy(C1-Cylalkyl-, (Cy-
Cayalkylamino(C-Cylalkyl-, di(C1~C4)alkyiamino((}«,-c,;)aikyl—i or a partially or
fully saturated 4- to 6-membered heterocyiic ring containing 110 2
hetercatoms independently selected from oxygen, sulfur cﬁr nitrogen,
or R® and R® or R® and R taken together form a 5- or 6-membered
lactone, 4~ to 6-membered lactam, or a 4- {o 6-membered partially or fully

saturated heterocycle containing 1 to 2 heteroatoms independently selected



0-~R 20 R' (IC) where R5 and R6 are each independently hydrogen or
(Ci-C4)alkyl, and R7 is (C1-C4)alkylg, halo-substituted (CI-C4)alkyl-,
(C1-C4)aikoxy(C,-C4)alkyi-, (C2- C4)alkylamino(Ct-C4)alkyl-,
di(C,-C4)alkylamino(C1-C4)alkyl-, or a partially or 25 fully saturated 4- to
6-membered heterocyfic ring containing 1 to 2 heteroatoms independently

sefegiedhfigBhoxygen osulfis riliagen. 19t R REOLRE ANGHR 7.

taken together form a 5- or 6-membered lactone, 4- to 6-membered

|ladtalRT Ba 3-8 EPHeRBBdRSHIEN or fully saturated heterocycle
containing J-igr¢,heterpainms inclependently selested § Jram exygen,

‘sulfur or nitrogen, where the lactone, the lactam and the hetérocycie are

opHOARHBAtIEtER BharsrhEdtally d&ieshbie safrprieaer the salt or
s Predeugeithe compound or the salt, or a solvate or hydrate of the

compound, the salt or 5 the prodrug. A preferred compound of the

present figeRselirRdisARAHPERTA ST FEBFRRI SIgTWiie IR PEBROMS Of
Formyia @A@; Rrelerably, %Aﬁ?cﬁﬁpd? rﬁ@fﬁiﬁaﬁ%@h i@iﬂ@@%ﬁﬂ@ﬁ%‘b and R® are

hydrogen, H2NC(O)-, or a chemical moiety selected from the group

coRamiiy P EOTeChjaIkGToaes: (CH S akyro C@)cetnadaiakgieged from

NH 10 Y b i yl h € 4.[t [... ”fU pum -

S;gﬂ%‘%gu égér%gnﬁéggggg@eir%ygéj@%rggah%g%gﬁy@r@&% ’sg%rg["é)g ty!
10 3- W BLMhemiered oalbdaltlie g A festivsanolety fsoiaibmallfully saturated

substitute R ' ' 4 R4’ qr, fQrms a

o 2 e TGne e B iRy e e T A s oBe

-C m@mbzr@’r f@(m@)@hmépg_,ww‘éfé%weimam@enpt‘wanky, fylobiarad, or
conGisBg of [ R 1 Ry, acylony. aesy Rl 0-
C(Opinered)skgkNH-B (G ens0a)alrgt) 2N-C(O)-, (C1-C5)alkyiamino-,

15 Xis a bond, ~-CHzCHz- or -C(R*)(R*}-, where R* is hydrogen,
cyano, hydroxy, aming, HNT(Q)-, or a chemical molety selected from the
group consisting of {C4-Cgjalkyl, (C+-Cq)alkoxy, acyloxy, acyl, (C+-Calalkyi-0-
C(O) (C1-Cylalkyl-NH-C{O}-, (C1-Cajalkyl)oN-C{O})-, (C1-Cslalkviamino-,
{(C+-Cylalkyl}zamine-, (Cs-Csleycloalkylamino-, acylamine-, aryl{Cy-

20 Cyjalkylamino-, heteroaryl(C+-Cqlelkylamine-, aryl, heteroaryl, a partially or
fully saturated 3- to 6-membered heterocycle, and a partially or fully
saturafed 3- to 8-membered carbocyclic ring, where the moiety is optionally
substituted, or R* taken together with R*®, R R* or R¥ forms a bond, a
methylane bridge, or an ethylene bridge, and R is nydrogen, HaNC{O)-, or

25 - a chemical moiety selected from the group consisting of (C+-Cgalkyl, acyl,
(C1-Caialkyl-C-C{O)-, (Cy-Cy)alkyl-NH-C(O)-, (C4-Cylalkyl}zN-C(O)-, aryl,
heteroaryl, a pariially or fully saturated 3- fo 8-memberad heterocycte, and =
partially or fully saturated 2- to &-membered carbocydiic ring, where the

4c’ g

molety is optionally substituted, or R*® taken together with R%, R* g% or

30 R forms a bond, a methylene bridge, or an sthylens bridgs;
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((C1-C4)alkyl)2amino-, (C3-C5)cycioalkylamino-, acylamino-, aryl(01 20
C4)alkylamino-, heteroaryl(C1-C4)alkylamino-, aryl, heteroaryl, a partially
or fully saturated 3- to 6-membered heterocycle and a partially or fully
saturated 3- to 8-membered carbocycllc ring, where the moiety is
optionally substituted, or Roc taken together with R4, R4~, R41, or Rot
forms a bond, a methylene bridge, or an ethylene bridge and R4'is

hydrogep, i?@?c(o 3% gycg?%ﬁg@g'%@éw 186080 Ben,

conS|st|ng [, ac

(@) ikt 200, @N@@&WDZ?\E@@W?%“WO'%@@WE@fﬁ@rﬁ’l}ﬁm?

B A e nEserRaneimpeeoat A PRI MO
dbtibhal(l@eﬁhﬁiﬁmewbﬂmb,téﬁerﬁdgéthazmmﬁ@oeiﬁo@osbaiksbaWOCRot
B e A e B
dﬁlmmﬂﬁx@%etﬂraw‘mé@mﬁh}akm:é@ﬁw@ctewhmﬁﬁﬁ@a@rb@opamaﬂy or
isti I I-O-
S A S R L B G £ P r vy
(@éit@ﬁbaﬂ@ﬁm&m,eﬁ?b(@@mmyzﬁmtm, YeRredhsy bhedkylEnsipgonaily
?‘t'“fod AVl ke ?4?,?&?6 ey rt]d&g%ya@ <§&r§%ﬁ%\' s@fé(nljted

eroary a partially or atura 6-membere eter ocycle,

afmdaibwmﬂymcmwsmmé(é?d@aﬁé ButnemetCe-carbtiof ity where
SR S A o e, LMY oy

asyly (EtdE 3 )alKyrert(ek( (Cles)4lel Nd-e@rially or fully saturated 3-
SN GO0 A e B PRI Ot Uiy Rt PEeR ilRec,

6-membered heterocycle ‘partially or fu yS urat 3-10
8em§r4ﬁmazé%mbeydm@mﬁ@nﬁm@n@tm@miwr§tdwtmwm§t§gib§mm&i

oL RA%ES ) déh g%ﬂgcy(:@ﬂ%ﬁhs%o @H@%M@& Ugo%awr 2y 3; ao% 6-

1s mem hg, a 5- or 6-membered lactone ring, or a 4-
torermensisdeetidacting, nigwHbrethteretredoydng, ihg, awdaaetone ang the

6\%@&% ring are optionally substituted and the iactone ring and the lactam
ring optionally contain an additional heteroatom selected from oxygen,
nitrogen or sulfur, or

Y is —-NR*'-, where R*®" is a hydrogen or a chemical moiety selected
from the group consisting of (C+-Cglalkyl, (Ca-Cejoycloaliyl, (Cq-
Cslalkylsulfonyl-, (C4-Csjalkylaminosulfonyl-, di(C+-Cg)alkyiaminosulfonyt-,
acyl, (C1-Cglalkyi-0-C(0)-, aryl, and heteroaryl, where the moiety is
optionally substituted;

Z is a bond, —CHoCHo-, or -C(R*)(R*)-, where R is hydrogen,
cvano, hydroxy, amino, HoNC{O)-, or a chemical moiety selected from the
group consisting of (C1-Celalkyl, (C1-Ce)alkoxy, acyloxy, acyi, (C1-Cslalkyl-O
C(Q)-, (C+-C4)alkyl-NH-C(O)-, (C4-Cajalkybh)oN-C{O}-, (C1-Cg)alkylamino-,
((C4-Ca)alkyl)zamino-, (Cs-Cs)cycloalkylamino-, acylamino-, aryl(Cs-
Ca)atkytamino-, heteroaryl(C4-Cs)alkylamine-, aryl, hetercaryl, a partially or

fully saturated 3- to 6-membered heterocycle, and a partially or fully
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lactam ring are optionally substituted and the lactone ring and the lactam
ring optionally contain an additional heteroatom selected from oxygen,
nitrogen or sulfur, or 20 Y is -NR 4d" _, where Rod" is a hydrogen or a
chemical moiety selected from the'group consisting of (C1-C6)alkyl,
(C3-C6)cycloalkyl, (C1- C3)alkylsulfonyl-, (C1-C3)alkylaminosulfonyl-,
di(C1-C3)alkylaminosulfonyl-, acyl, (C1-C6)alkyl-O-C(0)-, aryl, and
ilﬂtﬂﬁlé%\t&6%&?&5@%@&&%@@?@!‘@%@Mtﬁt&&de&ﬁ&é@&&@@ﬁbna”y

-CH2CH2- )(R4e h 4 h 4 h

SRTBCMONG (O)- o A HEHIE HBTo) aeiostad o the gt 2 BEne 2

ﬁ@gﬁ) (fci:@ @éﬁ) |6§M%@h&@%%exffa|d§$m iﬁ;?&fa@éb—@—i&)&lkwp or
a a

éf AL eh%@?m@m Ho @%@&éﬁ}m BEhoaCY!

@"?@hwt (01 ATCH @agwmmem}erga{Mémwwmmem

ar eteroar artl or (0] memper

AR Ha DR G S ot Bem g G T saragie. and 2

gamgxgy@hm@@am%cﬁr@ mﬂ&mm@naﬁmwdwwmg omémta@n

th ith R R bond, a meth
S G B B 3 WA e g IARICTOR, B e Epoheals O

Tg%%mﬁlf@@ﬂdr@nmﬂg g)wol INHtmganféﬁ&gi&?abkw acxaln@ o

- a

i N A Oy e S o Bl (o

bﬁéﬁ?ﬁ%é{?i@)s@n@b@lm@tﬁﬁbﬁf fhﬂ}gﬁ@upf@tmis%ﬂtﬁg%ﬁ’(emlﬁ%}@ﬂ(yt acil (Cs-
clic.rin ti t r R4e, taken

sty danne oA WL e coiliTelkiwe i o

petetbylone @Mﬁ:pﬁﬂf@ﬂﬁﬁt@@ﬂm@ ®agbrifsiepenteritydymiiogrn.a

L AT 5t (AT ORI (TR RO 0

(ScSARpEN E 6Qbsatechererdanyl ;ﬁf”mauyagefﬂibrsa;wm"éd ¥t
membersd heleroeycle. and s partall or ully SRRl 3 dAsce

a pharmaceutically acceptable sait thereof, a prodrug of the
compound or the salt, or a solvate or hydrate of the compound, the salt or
the prodrug.

Preferably, R* is hydrogen, an optionally substituted (C+-Ca)alkyl, or
taken together with R*, R*® R or R* forms a bond, a methylene bridge, or
an ethylene bridge; R* is hydrogen, an optionally substituted (C1-Calalkyl,
or taken together with R*¢, R, R¥, or R* forms a bond, a methylene bridge,
or an ethylene bridge; R* is hydrogen, an optionally substituted (C4-Cs)atkyl,
or taken together with R*, R®, R*, or R* forms a bond, a methylene
bridge, or an ethylene brid'ge; and R* is hydrogen, an optionally substituted
(C1-Ca)alkyl, or taken together with R*, R%, R*, or R* forms a bond, a
methylene bridge, or an ethylene bridge, and even more preferably, R*,
R% R¥ and R*" are all hydrogen.

When Y is ~NR*"- then R*" is preferably a hydrogen or a chemical
moiety selected from the group consisting of (C-Csg)alkyl, (Cs-Cs)cycloalkyl,
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15 moiety is optionally substituted, or R4f or R4F taken together with Rob
Rob" Roo, or Roc forms a bond, a methylene bridge, or an ethylene
bridge; a pharmaceutically acceptable salt thereof, a prodrug of the
compound or the salt, or a solvate dr hydrate of the compound, the salt or
the prodrug. 20 Preferably, R 4b is hydrogen, an optionally substituted
(C1-C3)alkyl, or taken together with R4e R4e R4or R4r forms a bond, a

b kL i G
forhs(a bontd ”éytr@tﬁil@ﬁre aﬂ@g@tddp alflempik ﬁ@h@,rgé@e iRy is
Wt&%@ﬂ%WQS'W@%@F@%&%M@%@”&%@ dakentagetherwith

Rob R4": Roc, or R4c"forms a bond, a methylene b ?&e or an ethylene

tm@r@éy aple Rt IOTydoR 60 R SRARIAANG @gb@m&‘e MPP)’&[W or
9%%%@%5} #@g T J ié%%&f% &zéﬁﬁﬁf 0)-

brl ge, or an et ven more pre ab b'R4f

éﬁ@mwréetﬁamwgwﬁet@ %mw@iwt»s W@Wh@rﬁ%@ﬂﬂ@éﬁé&éﬁﬁ@y
LEMQ @%&f@ﬁ%ﬁg{ (IEO 5@%%%9&1@?9@@ consisting of
ycloalk

C3 Cb) 11 (Cl C3)alky sulfony
aﬁedarm@w Hesutonsy! ,oﬁq@lt@eﬁa kglarindstifongre asjionally
G4k f%q(%):a ﬂtbdnﬁeg *zﬁtsrﬁerwet@fl@éﬁm@ H}ﬂ!@%!ﬁj Qianalvg

substituted (more prefer " is a hydrogen or a chemical” moiety
s@tébté@of.%ﬁvﬂ%iwuf@ wﬁé&r&@aﬂw@@% KigsnIibRyareap §0ﬂsrstm9 of

%‘Bytﬂgaﬂae 5”"@3{9 M- Co)bdaryInasiiamt oAb i Ealkyt-O-

roary e m0|ety is optionally substituted
@Bﬁé‘fﬂﬁxly the (C1-C3)alkyisulfonyl, (C1-C3)alkylaminosulfonyl, di(C1-

C3)alkyjam %&ﬂffgg?ég Cylnand KEd(;8)RRy L0 G LAY ;%%BQHBQﬁ‘Hy

substltuted W|t orlnes and the heteroaryl is optionally

mﬁmad HANGR k1672 epiRtialrrebstaeddentt; selisutetCrsmatie-NH-

2 RYP. CONFiSting, %uﬁh qtpdtk@fo ok E3ekex R 4G LR IRkKRRith R,
quor bstltu ed (C
or R forms a bcnd a methylene bridge or an ethylene bridge; and

Z is -C(R*)(R*)-, where R* and R*®' are each independently
hydrogen, HNC(O)-, an optionally substituted {C1-Cgalkyl, (C+-Cslalkyl-NH-
C(O)-, or ({C1-Cy)alkyl)zN-C(O}-, or either R* or R*® taken together with R*?,
R R* or R* forms a bond, a methylene bridge or an ethylens bridge.

When Y is -C(R*YR*")-, then R* is hydrogen, cyano, hydroxy,
amino, HoNC(O)-, or a chemical moiety salected from the group consisting of
(Cq-Cglalkyl, (C+-Cs)alkoxy, acyloxy, acyl, (C+-Calalkyi-O-C(O}-, (C+-Cy)alkyl-
NH-C(O)-, (C1-Cy)alkyl}oaN-C{O)-, (C+-Celalkylamino-, {{C+-Ca)alkyl}amino-,
(Cs-Cscycloalkylamino-, acylamino-, arvi(C4-Cy)atkylamino-, hetercaryl(Cq-
Cy)alkylamino-, aryl, heteroarvi, a partiaity or fully saturated 3- to 6-
membered heterocycle, and a partially or fully saturated 3- to 8-membered
carbocyclic ring, where the moiety is optionally substituted (preferably, R* is
aming, (C+-Celatkyiamino, di(C4-Cylalkylaminog, (Ca—Ca)cyetoaikylamino,
acylamino, aryl(C+-Cy)aikylaminoc-, or hetercaryl(C4-Cy)alkylamino, more
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Xis -C(R40)(R4c")-, where R" and Roc are each independently hydrogen,
H2NC(O)-, an optionally substituted (C1-C6)alkyl, (C1-C4)alkyl-NH- 15
C(0)-, or ((C,,-C4)alkyl)2N-C(O)-, or either R4oor Roc taken together with
Roe, R4e, R4f, or R41 forms a borid, a methylene bridge or an ethylene
bridge; and Z is -C(R4e)(R4e’)_, where R4e and R4e'are each
independently hydrogen, H2NC(O)-, an optionally substituted

i IkgiFd (e Infriaeky k either
E£R4e @F?% taken togeth?r\uv%r%R%o)bmg]Or(écjfaéT%qoo or RZ?1I a%&?n&)s g%ond a

G IR R WABR Gr Afethylene bridge. When Y is -C(R4d)(R4d')_ then

R 4d iR ogRMAeS¥ANPL NSIOXY ABIRAHANG (=0 R RhesHeal meiety
selected from thefgroup consisting of (C1-C6)alkyl, C -C6)alkoxy,

HeyBPASINT L dejritsc vl (C1-Ea) aﬁby{ {@(b)(Ch Coalkyl-NH-
C | | .
jcgggug‘gglhklﬁgﬁl)r%{@gcg?rﬁlﬁ¥mgl(?&1(é?e)alk al?nflilaom%%rééd 3
e A e TS A

@@Wf%%ﬁ%%écmmwewmr@@%@ﬁq@m&iﬁﬂmu%ﬁﬁ@arated

3- to 8-membgred carboai/cllc ring, where the moiety is optlonally

VST ﬁ)refér{’ﬁmpﬁ il Hehlino te {Cosyaigltedni¥ia;C(O)-, or ((C+-

difekOhatbymminpaf@3reficyeiaaliadaming! Soiagytam 510(2@% Yalkyl-
‘](iﬁ} -C4 alkyfamlno or heteroaryi(C1-C4)alkylamino, more 12 pre erably,

mirid, (ko %é?éﬁﬁ@lé\‘n )d i(C1-C4)alkylamino, (C3-
C6)cyepatyiamingy, @R@Bﬂf@éﬂw‘é‘{d&@ﬁ@@ é@rfen@sféierm%' 3- 1o

moiety selected from the group consisting of (Ct- lkyl, ac
qersEsyane-orEeRy e Ties)alRy M A f@%@é@fe@ﬂm@ammmr@(@m 8-
rABhieteiqarhra PAKIAINDE Al SaluraisdiR: IhE BRMDAISE ring and the

heterocycle and a partially or fullej/esaturated 3- to 8 membered

|RSARLY BECAR P RURBRY YIRS RSIRHP & 2Pt shaIk Siopstiting @np idrefagipm

rivACh 18R G @iy HANG IR EF helediadadrNbbe (@ B6 Grygen,
C43alkgl)2N C(O)-, or aryl, more preferably, R4d' is H2NC(O)-,

ENatkyiu iy NH- -C(0O)-, or ((C,-C4)alkyl)2N-C(0)-), or R 4d and R4d'
taken wwmsbﬁ@@ramfajtﬂé?‘)fuww@@@ﬂ%r% ¥9° are each hydrogen;

and Z is a bond or -C(R*)(R*)-, where R*® and R* are each hydrogen.
Another preferred embodiment is a compound where Y is
-CR¥HRM), R®, R*, R¥, and RY are all hydrogen; R* is hydrogen,
hydroxy, amino, or a chemical moiety selected from the group consisting of
(C+-Ce)alkyl, (C1-Cglalkoxy, acyloxy, acyl, (C4-Csalkyi-O-C(O)-, (C+-
Celalkylamino-, and di(C+-Cy)alkylamine-, where the moiety is optionally
substituted (preferably, R* is hydrogen, hydroxy, amino, or a chemical
moiety selected from the group consisting of (C+-Cg)alkoxy, acyl, (C+-
Csyalkylamino-, and di(C4-Cy)alkylamino-); and R* is hydrogen, or a
chemical molety selected from the group consisting of {C4-Cg)alkyl, aryl and
heteroaryl, where the moiety is optionally substituted (preferably, R* is
hydrogen, or a chemical moiety selected from the group consisting of (Ci-
Coe)alkyl and aryl, where the moiety is optionally substituted). in this

embodiment, X is preferably -C(R**)(R%)-, where R* and R* are each



6-membered heterocyclic ring, a 5- to 6-membered lactone ring, or a 4- to
6- membered lactam ring, where the heterocyclic ring,.the lactone ring and
the lactam ring are optionally substituted and the lactone ring and the
lactam 15 ring optionally contain an additional heteroatom selected from
oxygen, nitrogen or sulfur; X is a bond or -C(R40)(R4") where RAC and

R4a are cashhydragen. aad %ﬁ%ﬁﬁ?BHQH@%‘%Qﬁ%Bﬁ?ﬂ Vggag(ﬁ,%%nher

and 4R4e'ar4et each hydrogen. Another preferred embodiment’is

compoand widrenvasZoecwadi(RadR4toras RACaRd Rararetane bridge
hy . | . i o . o X .
T g o1 (Co b Bl G Ay or siter
acyfoxp ary HEHOBRERyROVEI0)-: (@i RCEalkyaaimoi jihd Z is preferably -

di( ladamina.. A tiana e )

S (rateabl, R L Rarsaeh hraros At SR ShamaL) S8 et =
seleciéenbyrstisigriap tonsisiinof (Ce®aRGkyr BEYIfdG:n together with
C6)alk inQg: i(C.2C4)alk no-):. 4d | n.ora
chemical Roict) LEb e o e T LR e P A
and pheteraiayyIRivieme N6 misiety éb dptivnaky sulstitetdd {oefkiatiyeRr4d
is chemical moiety selected from the group consisting of
(C@ggég%%}ﬁgﬁa%nd §£f%@ Wﬁgek%%%hge%r%cﬁéfy is optionally substituted). In this

10embodiment} Xristpesferalsly=C @A0)Ei4 e WherRAQ@RGErard @ach
13 ie

L Srgmpgeity s hmensh SRR RN e
methygletie biidges pasinéthyidné\bsilye (e ferably; R4t sad Réetarecyciic
cech SRR el o Sk P M B e o
independdntyhisyerogenoriag, optiaaiy substitted{€ictafkyboosrs

B T PN T Y
eachohydrogen ed@iihee Rt @nRéertal@ncted from oxygsen, nitrogen or sulfur

(preferably, R* and R* taken together form a 5 to 6 membered Jactam ring,
where the lactam ring is optionally substituted and optionally coniains an |
addifional hetercatom selected from nitrogen or oxygen). In this

20 embodiment, Xis preferably a bond, ~CH;CHe- or -C(R**){R)-, whare R

and R* are sach independently hydrogen or an optionzally substituted (C,-
Csalkyl, or either R*or R* taken togsther with R* or R* forms a bond, 2
methylene bridge or an ethylene bridgs (more preferably; X is a bond or -
CR*™IR* -, where R* and R* are each hydrogen); and Z is preferably a
25 bond, ~CHyCHe- or -C(R*YR*., whare R* and R*® are each
independently hydrogen or an op*‘iionaily substituted {C4-Cylalkyl, or either
R* or R* taken together with R* or R* forms a bond, a methylens bridge
or an ethylene bridge (more preferably, Z is & bond or —C(.R‘{‘e){R“e’)», where

R* and R* are each hydrogen). !

30 Another preferred compound of the present disclosure is a compound
of Farmuia (1) where R is a group of Formula (1B) where where R% s as
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together with Roo or R4c forms a bond). 10 Yet another preferred
embodiment is a compound where Y is -C(R4d)(R4d)Rob R4b' R4f and
R4f are all hydrogen; and R4d and R4d, taken together form a partially or
fully saturated 3- to 6-membered héﬁerocycllc ring, a 5- to 6-membered
lactone ring, or a 4- to 6-membered lactam ring, where the heterocyclic
ring, the lactone ring and the lactam ring are is optionally substituted and

the ing Qkthe le tern r|n o tlonal con
ﬁg&é gp 8ﬁ?¥gle%teds fh 8 ygen P rdg}f rqy o u#@tﬂfzpﬂfﬂﬁgﬁ RAd and
R&Aénﬁ@d@m@@eﬂmmmmmemmmmmcrfd@ﬁﬁla}ﬁ&yhéct-

ﬁé@k@gﬁ&& “%';g# }ﬁtroéﬁﬂx?@x%&ﬁ) lé/tﬁ?s t&%ﬁmbodﬁﬁgo @1-

@%ﬁém Yf\a(b@mt {C WIBW@QR‘(WR@EFWME&Q- dfd-R40 are

hin dentl en or an io ed [, or
Efﬁ@lﬂ@?%ﬂ%‘ ake togertﬁer&mt Eaggféaaﬁwﬁgs ah%gn§ % @/
rﬁﬁghﬁleimrﬁmmigem aretttoderiedrdgilimord e feritbigtad i8-dbbnd or -

R4c ere R40 and,R4- 'are ach Eeta}%l
fé%% %ﬁﬁ SERS: oir @(ﬁheﬁé& givg Wherg F%%ﬁn qzlzetgasgrgach Yol
|@dﬁ@mmbtl'jnlgyd\rbg®tbe ano@ﬂoad&mtaﬁmatﬁnﬁ(@tt&alkyl or either

g B TR s e R S IR
-GiBANRG s ngvbie R4yl Ree, df2: dack yHode(t)) 3QAnCtelkyi-NH-

otk R Eher O 05 ke WRB g 4 A sicted -

defl@&deﬁbb&'&ad?toetesdmydtegend ca/aamatydmﬁwtammotam&(m)&or a.

B  E BN

(C.- C4)@ll€§’(‘r}‘2®t B"(b‘bak&ﬂie@@)ﬁhhuytaﬁmr& (R‘f aﬁwm (038, 2
C6)cycloalkylamino-, ac éC C4)a|ky|am|no heteroaryl(Cr
dﬂé ﬁ{) ga?yPrher%/ero apar e‘IIy or fully saturated 3- to 6-

X is a bond, CHZCHZ' or -C(R*)(R*)-, where R* is hydrogen,
cyano, hydroxy, amino, H.NC(O}-, or a chemical moiety selected from the
group consisting of {C+-Cg)alkyl, (C+-Csjalkoxy, acyloxy, acyl, (C41-Csjalkyl-O-
C(O), (C4-Cylalkyl-NH-C{O)-, (C1-Ca)alkyl}o2N-C(O)-, (C1-Cslaikylamino-,
{(C4-Cs)alkyl)amino-, (Cs-Ce)cycioalkytamino-, acylamino-, aryl(Cq-
Cs)alkylamino-, heteroaryl(Cs-Cy)alkylamino-, aryl, heteroaryl, a partially or
fully saturated 3- to 8-membered heterocycle, and a partially or fully
saturated 3- to 8-membered carbocydiic ring, where the moiety is optionaily
substituted, or R* taken together with R*, R*®, R*, or R forms a bond, a
methylene bridge, or an ethylene bridge, and R* is hydrogen, HaNC{O)-, or
a chemical moiety selected from the group consisting of (C4-Cgjalkyl, acyl,
(C+-Caalkyl-O-C(O}-, (C1-Ca)alkyl-NH-C(O}-, (C4-Ca)alkyl}2N-C(O}-, aryl,
heteroaryl, a partially or fully saturated 3- to 6-membered heterocycle, and g
partially or fully saturated 3- to 8-membered carbocyclic ring, where the
moiety is optionally substituted, or R* taken together with R*, R*®, R*, or

RY forms a bond, a methylene bridge, or an ethylene bridge (preferably, Xis
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membered heterocycle, and a partially or fully saturated 3- to 8-membered
carbocyclic ring, where the moiety is optionally substituted, R4b' is
hydrogen, H2NC(O)-, or a chemical moiety selected from the 1o group
consisting of (C,-C6)alkyl, acyl, (le&B)aIkyI-O-C(O)-, (CrC4)alkyl-NH-
C(0)-, (CrC4)alkyl)2N-C(0)-, aryl, heteroaryl, a partially or fully saturated
3- to 6-membered heterocycle, and a partially or fully saturated 3- to 8
rmermkeredgarhocyshic i where. theraeietyisaptinffabyssebstituted, or
R4b or R4b' taken together with R4e, R4e" R4f, or R41 forms a bond, a
IBdRRERAB BN G é@w@ﬁ@l%ﬁ%e; X is a bond, -CH2CH2- or

-C(RAC)RA D WhETR B, i nydrogen eyeng Hydramsramitids hydrogen,
H2NC(O)-, or a chemical moiet §elected from the group c nsiséir%‘g(;)ofth
(@@J@E)B}f@rgm,-@gmw@}%@o«% éc?h?@,*?éb%ﬂ@ﬁ&%-, m the
g@‘c}cﬂ)@&%rﬁiﬁg%@m&@%ﬁ kg 2B EDxy(@c@eXsikatamim-Cafalkyi-O-
((C,-C4)alkyl)2amino-, (C3-C6)cycloalkylamino-, acyla ing-, a]rQ/I(C

falkylarmino 2RI A0TSR -G teroep A R P sty
Qi sailwalgehido Eepembpirdireiaranysicagpdmipartiatyi@,fully

saturated 3- to 8-membered carbocyclic ring, where the moi%y is .
dptisiari rainestRRER OaF e TakE UGBS WA R AE RS K 4F BRRARY OF

feimssaheadaRameiikene Ridgachanpihyene bidgs aodiRya is
hydrogen, H2NC(O)-, or a chemical moiety selected from the gfr%ugpticnaﬂy

COMSIEHRG Sf (© ComRIbe e T ROk aI)oRdRR, he mote
(GdnCrhabicy-Md &O)s ﬁ@m@géﬁimzm&ﬁ@; oy lchheterapmybicpatiedied
or fully saturated 3- to 6-membered heterocycle, and.a, éa%z;t\)r/gg%ljl);\ (9"?/0 )
SHRIFRIER SRS RIR A At bbe RO HRE HEre s istyis: (&0

copmabisubsitied codiaiapnmheniihRdedide A eIRér fully
forms a bond, a methylene bridge, or an ethylene brld%fy(f%lﬁrabl ,

X
i$ABBIRE SCHREHRBPeERIB ARSI SwiRere RBRTAA i SRS =

indepgndaptyddepess erdGnsaalkyDiNas e sulfunalG(Oks@ituted,
_C(Rﬁg)(R4Od%)£d, where Rod is hydrogen, cyano, kgc”oxy, amtigg, 510 6
HENE(@NISF a CRERRIRRRIORIY BTSN fduly saturated; S-1o &-

membered heterocyclic ring, a 5- or 8-membered lactone ring, or a 4- to 6-

N

membered lactam ring, where the heterocyclic ring, the lactone ring and the
lactam ring are optionally substituted and the lactone ring and the lactam
ring optionally contain an additional heteroatom selected from oxygen,
nitrogen or sulfur, or

Y is ~NR*". where R*" is a hydrogen or a chemical moiety selected
from the group consisting of (C4-Cglalkyl, (Cs-Cg)eycloalkyl, (Cq-
Cs)atkylsulfonyl-, {C4-Cs)alkylaminosulfonyl-, di(C+-Csjalkylaminosuifonyl-,
acyl, (C1-Ce)alkyl-O-C(QO}-, aryl, and heteroaryl, where the moiety is
optionally substituted (preferably, Y is -NR*"-, where R*""is a hydrogen or
chemical moiety selected from the group consisting of (C+-Csjatkyl, (Cs-
Ce)oycloalikyl, (C+-Ca)alkylsulfonyi-, (C+-Cs)alkylaminosulionyl-, di{Cs-
Ca)alkylaminosutfonyl-, acyl, (C+-Cg)alkyl-O-C(O)-, arvi, and hetercaryl,
where the moiety is oplionally substituted);
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s group consisting of (C,-C6)alkyl, (C1-C6)alkoxy, acyloxy, acyl, (C;
-C3)alkyl-0- C(O)-, (C,-C4)alkyl-NH-C(O)-, (C,-C4)alkyl)2N-C(0)-,
(C,-C6)alkylamino-, ((C,-C4)alkyl)2amino-, (C3-C6)cycloalkylamino-,

~acylamino-, aryl(C,- C4)alkylamino-itheteroaryl(C,-C4)alkylamino-, aryl,

heteroaryl, a partially or fully saturated 3- to 6-membered heterocycle,
and a partially or fully io saturated 3- to 8-membered carbocyclic ring,

where the moiety is gptionally substituted, and Rod' is.iydrage
HzNC(bbS,%baf"&he—rﬁ%aﬂ%ieW S ¥HREG P S hlnee s
&g&%)ﬁm;?ﬁybrﬁ%o?%@@—%%,cﬂ%nﬁcééaﬂkylé%@é@eﬁ from the
(Cr-Cd)a kyl)2N-C(0)-, aryl, heteroaryl, a partially or fully saItu ted ? ,%o 1-O-
BN BISEIE 167y clet AHE b St B Ty PSS 16 T o 2
g-msmpgerad, carlasyglic rmg, whets iR ynoiety (S pptonaly=ipistitited,

or R4d and R4d' taken together form a partially or full .saturatﬁqu- to 6-
ﬁé@m@eﬁ@m&%eg}ai@sn‘é@)&@‘%ﬁ“Mﬁ@?ﬂﬂfé‘re%cﬂé%ﬁ‘@h Y8r'a 4- to 6-

memRarediifsianingawheredhrhsierapyslicaing niterostone ragtatig or
the lactam ring are optionally substituted and the lactone r]g}%fag the
efec

fatharrBaiRg dptioRaMPERREY AT SdaRmicHal ABEPIREOHE from

QygeRedHragen PRIk PEX IR NRALInyvhaierB 4 ineidtydrogsiioorily

chemical moiety selected from the group,consisting of (C1-C6)alkyl
CHTHRSIR, IR C ARSI (O Loy TnddiEgibond. &
HHGnHlpfRminesulfoBiy 28AENHEE, SR FKS1016@0gary T (0)-, or
heteroaryl, where the moiety is optionally substituted ée[%tzl)yﬁ,’ ij]s -NIE?
RPN SIRARTOR SR SR B RO U Lt o G
group sangistng eh(C «Cometky0RHCO)Cyrio@iyt ek @RIy S anyt,
C1-C3)alkylaminosulfdnyl-, di(C1- C3)alkylaminosulfon é aﬁgl %C'l nd &
S B @A A HSBIEIFO 30 VohEre ARG b ey
substiied g Zisalbartl «CHARM e s ClRI)RUe inghoteRAb s

hydrogen, cyano, hydroxy, amino, HZNC(O)-, or a chemica e —4c
ﬁ%@@d&@%!%”ér%ﬁﬁﬁEBH@%tiﬂb%%m(ﬁ‘?%}SW?‘?é&'é]slﬁﬁo%y, R, or
(

asyiqaynacyl bpt GaadlBne bridge, or an ethylene bridge (preferably, Z is
a bond, -CHaCHa- or -C(R*)R*®)-, where R*® and R* are each
independently hydrogen or (C4-Cglalkyl};

R* is hydrogen, cyano, hydroxy, amino, H,NC(O)-, or a chemical
moiety selected from the group consisting of (C4-Csjalkyl, (C4-Ce)alkoxy,
acyloxy, acyl, (C1-Ca)atkyl-O-C(Q}-, (C+Cs)alkyl-NH-C(O}-, (C+-Cy)atkyi}aN-
C(O)-, (C1-Cg)alkylamino-, ((C4-Cslaikylyamino-, {Cs-Celoycloalkylamino-,
acylamino-, aryl{G4-Cs)alkylamine-, heteroaryl(C+-Cq)alkylamino-, aryl,
heteroaryi, a partially or fully saturated 3- to 8-membered heterocycle, and a
partially or fully saturated 2- o 8-membered carbocyclic ring, where the
moiety is optionally substituted; and

R4 is hydrogen, HZNC(O)-, or a chemical moiety selected from the
group consisting of (C+-Cg)alkyl, acyl, (C+-Cz)alkyl-0-C(O)-, (C+-Cas)alkyl-NH-
C(O)-, (C+-Cy)alkyl)2N-C(O)-, aryl, heteroaryl, a partially or fully saturated 3-
to 6-membered heterocycle, and a partialiy or fully saturated 3- to 8-

membered carbocydlic ring, where the moiety is optionally substituted,



C(0)-, (C1-C4)alkyl-NH-C(0O)-, (C1-C4)alkyl)2N-C(0)-,

(C1-C6)aikylamino-, 5 ((C1-C4)alkyl)2amino-, (C3-C6)cycloalkylamino-,
acylamino-, aryl(C1- C4)alkylamino-*feteroaryi(C1-C4)alkylamino-, aryl,
heteroaryt, a partially or fully saturated 3- to 6-membered heterocycle, _
and a partially or fully saturated 3- to 8-membered carbocyclic ring, where
the moiety is,optionally substituted, or R41, takep together with Rob Rob
Roc or m@q?g%gaa ol ?ﬂﬁfh@fhwgﬁegjlg%idﬁ%eeid%ganoét \A\femrﬁﬁébg?nds C
a%ﬁ%ég@wg@qr@r%wgém@rb@ﬁ@gmical moiety selected from the
group consisting of (C1-C6)alkyl, acyl, (C1-C3)alkyl-O-C(Q)-, ,
(Cl—C4)a?k%%ﬁ‘@&%@%&ﬁéﬁ%%ﬁ\ﬁ@?éﬁlﬁ%}[% SrieterodR P dsartially
or fully-satvated 3-da6wnenberad hateraaysle canthadariallyordulyay or
saturated 3- to'8-membered carbocyclic ring, where the is moiety is
optivhalfdsubstituted, or R4e' taken together with Rob Rob Roc or Roc
forms a headramethyigandiidompmian ethylene duidgeiretarably a7 is

a bond, -CH2CH2- or -C%R4c)(R4c' ;» where Roo and R4C are each

L

4

indepBRderdiphyaroysn o (CRE6)aIkSIF; Retie Ay drgenadfanoynere where

hygroxy«asing, EeNG éwe%grﬂks@#oé%m%@y@k}&n%qu fies (C.-
group consisting of (C1-C6)alkyl, (C1-C6)alko

1-C xy, acyloxy, acyl, R
(c@-ﬁ@)ﬁikyh@oew;s,’trwf@@m@mszb(@a,—%@@mﬁ@nm&lw@){w

10 (CEGS)alkviam ;aéﬁfa]ik%)%'ifﬁ)?@mﬁﬂ?wé%g@%ll Iylamingds s rialiy or
acylamino-, aryl 1-C4)alkylamino-, heteroaryi(C1-C4)alkylamino-, aryl,
hefetyayiuspratfalip Sriogy Sainratea 846 BihisHsare@Rsterocycle, and
2 23 partigliy arifilly safyrated 3si0 8membered carboaydlic ringwhere, <5
the moiety Is thion%I_Ify sué@ﬂtuted; and R4F issa?k?ydrbgen, HZNQ((%-, ora
chemica rmoRhaseléttddiontogringloliptonsisting on¢obeealrpioasyk- to
(Cﬁ@%&@%@a}m,(%EL'aCﬁ%?#@ﬂyW-f y%ét&%ﬁ%@%’@%é%@@d
aryl, heteroaryl, a partially or fully saturated 3- so to 6-membered )

15 hetepteychciarmbatpirmg!) & Rinpsiraesas3nisasnenibbregiecied from
carporySHicdingr ehera dae mojeir s aRianaliy substitedy L A1 RY QL rooycie
R4r taken together with R4b, Rob, W', or Roc forms a bond, a ’

- are optionally substituied; a pharmaceuiically accepiabls salt ther=of, a
prodrug of the compound or the salt, or a solvate or hydrate of the
compound, the salt or the prodrug. Prefarably, R° and R® are each

20 indepandently hydrogen or {C+-Culalkyl, and R7 is (C5-Cy)alkyl.

Preferred compounds of the present disclosure include: 1-[9-(4-chloro-
phenyl-8-{2~chiorophenyl}-8H-purin-6-yi}-3-sthyiaminc-azstiding-3-
carboxyiic acid amide; 1-[8-{4-chiorophenyl)-8-(2-chioropheny)-8H-purin-6-
yi-3-isopropylaminoazetidine-3-carboxylic acld amide; 1-{1-18-(4-chloro-

25 phenyl}~8-(2~chlorophenyi}—gH-purin-6~yi}~4~pheayipiperidin—4—yl}—eihanone;
{3-[9-(4-chlorophenyl)-8-(2 4-dichlorophenyl-aH-purin-6-y0-3-(1 o508k
azabicyclo[3.1.0]hex-6-yi}-dimethylamine; 8-(1-benzylpyrrolidin-2-yioxy}-8-(4-
chioropheny! -8-(2, 4-dichiorophenyl)-8H-purine; 9~(4—Ch}ofophenyl)»—6~(ﬁ -
cyclohexylazetidin-3-yioxy}-8-(2,4-dichlcrophenyl-8H-puring; 8-tert-buioxy-

30 9-(4-chlorophenyi}-8-(2 4-dichlorophenyl)-9H-puring; §-{4-chiorophenyl}-8-

(2,4-dichlorophenyl}-8-isopropoxy-8H-purine; 1-[9-(4-chloropheny!}-8-(2,4-
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methylene bridge, or an ethylene bridge; a pharmaceutically acceptable
salt thereof, a prodrug of the compound or the salt, or a solvate or
hydrate of the compound, the salt 0f¢S the prodrug. Yet another preferred
compound of the present disclosure is a compound of Formula (1) where
R4 is a group of Formula (1C), where where R5 and R6 are each
independently hydrogen or (C1-C4)alkyl, and R7 is (C,- C4)alkyl-,
halengybphared-UO1-GARYA.4GlobRiatkexylipetemikyleaChigylic acid
C4)alkylamino(C1-C4)alkyl- i(%2ﬁ4 alkﬁamigoél%l-C@}a#%}-,‘%r a
parisfy &ﬂ%&ﬁ?@é‘?ﬁ?%ﬁ”&’}){g 2ERIBER B S ML g Eohtaining 1
o B EeipRIOmsiagepensdenty rlediedhioideonys H-stlkiophaitid g en2-
or R5 and R6 or P5 and P' taken together form g 5- to 6-membered
AESRRPRERY ) i BRr e IR PO ERRAN ROy SeRn Rt s
6amenebered ib Beateasyele/pomi@iioer-bih & hejeraatstimg-Didepemnienly-4-

selected from oxygen, sulfur or nitrogen, where the lactaone, the Ia%tam
aﬁ@ﬁﬁ@ﬁ@@&&;&i@%@%ﬁ&ﬁéﬁ%ﬁﬁ&ﬁ&&ﬁ %h?ﬁ% ?'éa‘ﬁ@éw enyl)-8-
ageepiahiesaiiheegiuanmsodiuomithedempaungaidie saltaobexylic acid
solvate or hydrate of the compound, the salt or t%igfdru% Pre er%‘% .
P@*ﬂﬁa,ﬁsﬁ%@*ﬁﬁﬁf?&h}ﬁafﬁﬁﬂérﬁvoﬁ?&%@ﬂ)b ey wéiﬁr, SRR ino-
(195& (ﬁlﬁ{?ﬁﬁé’ﬁ%@q&@m@m@%ﬁiﬂ%(@l:@ﬁ&ﬂbgb@m}}l&(m(ﬂhdﬁt)phenyi)-
-[9-(4-chloro- . : . e :
pRERHCE-C2EnfippE e pRiRA IR £ ARG adRiEy. 4-amino-
C@'[i ( lﬁ&ﬁ@;ﬁ#@iﬂf?}B%ZﬁFlomphenyi}-gH-pur%mS—yE}-pEperidine»4~
'1-[9-(4-chlorophenyl)-8-(2¢hloropheny|)-9H-purip-6- .. . =~ N s
y§ERSK PG ARG %et%ahgﬁ-éf*skgg%%%eﬂ%%-@n‘}aﬁw ERETAISHO A
p_Beﬁ}é@ﬁ;@ﬁk&ﬁﬁﬁﬁhﬁﬁéh;ﬁh&@:ﬂ%@cﬁ}i@rahle%askgigecj_ ?r—lg9~(4~ﬁhlorl{>-
piperidin-4-yl}-ethanone, {3-[9-(4-chlgrophen ,4 dichlorophenv!
BB S S Oy L A 1 Ry R
6;}%‘@@%@6F?f@@iﬂc?‘y?{%(ﬁ'&ﬁbiopheny[)~8-(2-ohiogophenyi)-?%purin—ﬁ-
chlorophenyl}-8-(2.4-dichiorophenyl)-9H-purine; 9-(4-chlorophenyl)-6-(1-, .. -
O e SRR PO NS Hr s P TRy 2
3eHicishierapbenyiii(4rd ichistophenyl-att-plisnes pirol5 Slundecan-2-
o B DRSS R BB OB seopropy
1,3,8-triazaspiro{4.5jdecan-4-one; 1-{8-(4-chlorophenyi}-8-(2-chlorophenyl)-
SH-purin-6-yl-4-(4-fluorophenyl)-piperidin-4-ol; 1-[8-{4-chiorophenyl}-8-(2-
chlorophenyl)-9H-purin-6-yf}-4-phenylpiperidin-4-ol; 4-benzyl-1-[8-(4-chloro-
phany!}»-8-(2-chiorophenyl}-8H-purin-6-vi}-piperidin-4-ol; 4-[9-(4-chloro-
phenyi}-8-{2-chlorephenyl}-8H-purin-6-yi}-piperazine-2-carboxylic acid
methylamide; S-(4-chlorophenyi}-8-(2 4-dichlorophenyl}-6-{4-pyridin-2-yi-
piperazin-1-yi)-9H-purine; and 9-{4-chiorophenyl}-8-(2,4-dichiorophenyi}-6-

(4-pyrimidin-2-yl-piperazin-1-y1)-0H-purine; a pharmaceutically acceptable
salt thereof, or a solvate or hydrate of the compound or the salt.

Preferred pharmaceutically acceptable salts include hydrochloride,
mesylate and besylate salts. In some instances, the free base is preferred.

“Free base” refers to an amino group having a lone pair of electrons.



18 dichlorophenyl)-9H-purin-6-yl]-4-propyiaminopiperidine-4-carboxylic
acid amide; 1-[9-(4-ch|orophenyI)-S-Q-fIuorophenyl)-9H-purin-6-yl]-4-
propylaminopiperidine-4-carboxylic acid amide; 1-[9-(4-chlorophenyl)-8-(2-
chlorophenyl)-9H-purin-6-yl]-4-propylaminopiperidine-4-carboxylic acid s
amide; 1-[9-(4-chlorophenyl)-8-(2-fluorophenyl)-2-methyl-9H-purin-6-yl]-4-
'SOPrOPVJ@A‘a{HBK'gﬁ!&%@%&-&m@&&wﬂgﬁcm@aﬂeg ihtSridghieophemyfhich are
(2-chlorophenyl)- H-purln-6-yl]-4-pyrrol|d|n-1-¥!-plperldln_e-4-carb(_)xyllc
acigefrhindhe synthesis of the compounds of the present invention:
1-[9-(4-chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-yi]-4-ethylamino-
piperidine-4-carboxylic acid amide;
1-[9-(4-chlorophenyl)-8-(2-chlorophenyl) 10 B
9H-purin-6-yl]-4-isopropylamingpiperigine-4-carboxylic acid amide;
4-amino- 1-[9-(4-chlorophenyl)-8- {chlb phenyl)-9
H-purin-6-yl]-piperidine-4- carboxymc ac/id amﬁe;_lg[Q-M-chiorophenyl)
8-(2,4-dichlorophenyl)-9H-purin- :g\N
6-yi]-4-methylaminopiperidine-4-carbakylic acid amide; 1-[9-(4-chloro-
phenyl)-8-(2-fluorophenyl)-9 H-purin-é&l]—4-isopropylaminopiperidine-4 IS

5 carboxylic acid amide; (4 Ckli—?
8-[9-(4-chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-
vyl MLsspfopyERS B RiaAapirs[doprieeaniy- gneheny! substituted with 1 10 3
9-19(dsshigrephenyhBri2nghiospahenyiaipuinfryd-methv-4- 05! (..

,9-diazaspiro[5.5]undecan-2- one;

8-[G-(akmaropheRyl)adad, baichIdrephengf OHBUANE AT wepmpi- s

1,3,8:tri iro[4- 4rON ot ) P

1_%?(%{%@0 é‘%e‘&r?%g_& 2%%%%%%%%@50@‘ Cayalkyl, or (C1-C.lalkoxy; and
10 QHRGUsiMGLAKYI-4 Rlrophenyl)-piperidn-4-DI; 1-[9-(4-chlorophenyl)-8-(2-

chlorophgpyl):Rki-BUpBe6 A dePResyiR REMIoA; there is provided a compound of
4-benzyl-1-[9-(4-chloro-

ph&ERYMBE 236hiorophenyl)-9H-purin-6-yi]-piperidn-4-ol; 4-[9-(4-chloro-
phenyl)-8-(2-chlorophenyl)-9H-purin-6-yl]-pipe, azine-2-carboxylic acid
methylamide; 9-(4-chlorophenyl)-8-(2,4-dichlorophenyl)-6-(4-pyridin-2-yl
25 piperazin-l-yl)-9H-purine; and e
9-(4-chlorophenyl)-8-(2,4-dichlorophen {6 'f
(4-pyrimidin-2-yl-piperazin-1-yl)-9H-purire; a pharmaceutically acceptable
salt thereof, or a solvate or hydraté Qf the gompound or the salt. Preferred
pharmaceutically acceptable salts include, xd?{gloride, mesylate and
besylate salts. In some instances, the free ba | Is preferred.

A
(1b)
wherein A and B are each independently a pheny! substituted with 110 3
15 subsiituents independently seiected from the group consisting of halo, (Cs-
Cayalkoxy, (C4-Cyialkyl, halo-substituted (C+-Cylalkyl, and cyano; and R' is

hydrogen, {C+-Cy)alkyl, halo-substituted (C+-Cylalkyl, or (’C_‘,vC,@)aikoxy.

e
1 to 2 subslituents independeantly selected from the group consisting of

20 chioro, fluoro, (C4-Cyalkoxy, {C+-Cujalkyl, fluoro-substituted (C.-Cyalkyl),
and cyano. More preferably, A is 2-chlorophenyl, Z-ﬂuordpheﬂyt, 2,4~
dichtorophenyl, 2-filuoro-4-chlorophenyl, 2-chioro-4-flucrophenyl, or 2,4~

diffucrophenyl; and B is 4-chiorophenyl or 4-fluorophany!,



16

30 "Free base" refers to an amino group having a lone pair of electrons.
19 Another disclosed embodiment iggludes intermediates (1c/d) which
are useful in the synthesis of the compounds of the present invention: B
R~/NON A R4 5 (I did) wherein A and B are each independently a phenyl

“substituted with 1 to 3. substituents independently selected from the group

consisti I £:C aik.d z | '¢.-C4) and
C 'ano; A?J% ﬁ%@%ﬁ%ﬁlﬁ%ﬁﬁ%rtgége‘ﬂ%%ﬁ%%%ﬁﬁ%ﬁgé‘u gg%[luted
(CEREH RS IR G IEaFiRAX T SBIRATiS hparorRgLowdhalieh trresfiestt
asprel-eH sent inventi SHalzelVf O f_Formula_ .
o) | o TG ) v Aok e S e B e
indesépaaht e preRpPsiissierat iahsIad B apauistiverisctive amount of
in ] i t censisfi halo C.C4alkoxy, . .
(O el bRt 1T s and S ama i o e Sotain
hyHregedr g @dditipydikyli arrsabstalted Tt D atkileor (O RIEY ) dlkoyrad

Prefesatlyy Agnd Rair eachipdnendentiya ieny syetited with (o

independently Y
naltrexone and naimefene), dopaminergic agents (e.g., apomorphineg),
attention deficit activity disorder (ADHD) agents {.g., Ritalin™ Stratiera™,
Concerta™ and Adderall™), and anti-obesity agents (described herain
below).

Yet another embodiment of the present disclosure includes a method
for treating e disease, condition or disorder modulated by 2 cannabinoid
receptor (in particuiar, a CB1 receptor) antagonist in animals comprising ths
step of administering to an animal in nead of such treatmant 2
therapeutically effective amount of a compound of Formula (i) (or a

pharmaceutical composition thereof).

wherein

Als an optionally substituted aryl or an optionally substituted
hstercaryl; B is an optionally substituted aryl or an optiohaﬂy substituied
hetercanyt; R'is hydrogen, {C4-Cyalkyl, halo-substituted {C+-Cyjalkyl, or (Cs-
Ca)alkoxy;

R is

(iy a group having Formula (IA) or Formula (1B)
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to 2 substituents independently selected from the group. consisting of 20
chloro, fluoro, (C1-C4)alkoxy, (C1-C4)alkyl, fluoro-substituted
(C1-C4)alkyl), and cyano. More preferably, A is 2-chlorophenyi,
2-fluorophenyl, 2,4- dichiorophenyl, Z-fluoro-4-chiorophenyl,
2-chloro-4-fluorophenyl, or 2,4- difluorophenyl; and B is 4-chlorophenyl or
4-fuorophenyL 20 Yet another embodiment of the present disclosure
includes a pharmaceutical composition comprising (1) a cgmpound of the
present- invention and (2) a pharmaceutically acceptahbl cipient,
diluent, or carrier. Prefetably, the composition compri ngMherapeutically
effective amounidt5 a gompomfd of the presaftinvention. ThE
composition maya conta] 4jeast one adgliti
agent (described herqu). B§@f rred agents includezn\i\cog ceptor
partial agonists, opioid aitagonists (e.g., naltrexone arid naimefene),
dopaminergic agents (e} ., apomorphine), attention’v?%'cit activity
disorder (ADHD) agenté (¢.g., RitalinTM, StratteraTM, 10 ConcertaTM
and AdderallTM), and anti-obesity agents (described herein below). Yet

anothergm@@pﬁ@gt@dr@@fege@@ql%@w ) includes a method for

treating a diseasg, condition or disorder modulated by a cannabinoid

receptor (in partcufid &CBA FeRBpRoY SFREHERI YT HATPERN cSHBIsigroxXy,
the 1s stepiabadiniusteringrte ananinalibnaedelauch Feaimentdup
therapeutically effective amount of a compound of Formula (1) (or a

pharmaGUNEEIa3 Mpdsiton tHere 86 B ohalkeny. Aewmererr i iéanCa)alkyt-O-
optionallg @ipstisites) piy pranoptinatly substitytes-heteroqryl: B is an

optionalleé uﬁ(sﬁltut,ed aryl or an optionally substituted
Sa yiamino-, {(C+-Cajatkylzamino-~, (Cs-Csleycloalkylamino-,

=23

acylamino-, aryl(C4-Cs)alkylamino-, heteroaryl(C+-Cy)alkylamino-, aryl,
hetercaryl, a partially or fully saturated 3- to 6-membered heterocycle,
and a partially or fully saturated 3- to 8-membered carbocyclic ring,
whers the moiety is optionally substituted,

or either R* or R* taken together with R*, R*, R* or R¥
forms a bond, a methylene bridge, or an sthylene bridge;

X is a bond, -CHxCHg- or -C{R™)(R*)-, where R* and R* are
each independently hydrogen, cyano, hydroxy, amino, HaNC(O)-, or a
chemical moiety selected from the group consisting of (C;-Cg)aliyl,
(C+-Cglalkoxy, acyloxy, acyl, (C1-Ca)alkyl—O-C(O)-,_ (C1-Cyjalkyl-NH-
C{O), ({C4-Cy)alkyl)}oN-C(O)-, (Cq-Cglalkylamino-, di(Cs-
Cas)alkylamino-, (Cs-Cs)cvcloalkylamino-, acylamino-, aryl{Cs-
Cs)alkylamino-, heteroaryl(C+-Cy4)atkylamino-, aryl,' heteroaryl, a
partially or fully saturated 3- to 6-membered heterocycle, and a
partially or fully saturated 3- to 8-membered carbocyclic ring, where
the moiety is optionally substituied, _

or either R* or R* taken together with R*, R*¢, R¥ or R4

forms a bond, a methylene bridge or an ethylene bridge;
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heteroaryl; R1 is hydrogen, (C1-C4)alkyl, halo-substituted (C;-C4)alkyl, or
(C-- C4)alkoxy; 25 R4iis (1) a group having Formula (IA) or Formula (IB)
21 0 Via R4r N R4b R4r R R4b R4F R4b'R4fR4b z~Y_Xz_Y__ X (IA)
(IB) where Roe is hydrogen or (Ci-G3)alkyl; R4b and R4b are each

indepen

dently hydrogen, cyano, hydroxy, 5 amino, H2NC(O)-, or a

chemical moiety selected from the group consisting of (Ci-C6)alkyl,

(Co-Capl N (O T AIONCOF 1 R MR anc R

(C5-C4)

((CT-CAyakyeyaminiep¢G3:08)dyaivatiytarmiemmo, agydaminegmino, HoNC(O)-,
aryl(Ci-C4)alkylamino-, heteroaryl(Ci-C4)alkylamino-, aryl, 10.heteyoaryl, a
SErERE TR B o el

partially

or fully s&ig)edkgt] 8= teB)miemmnieceyicarhaaydli¢Cing.s Jalgtetis Ojoj¢d,is

optional
R41, or

SR e m@é@é@é&ﬁ%ﬁ@{@p@ 'thﬁq‘j‘é’gs dicr-

X is a bodgalRHREHD~, dC+CHRAc) (Rlle)lawhinme, R4GanthR4Ehafe -each

ndependenty hiogens ¢y

chemical

Rt ANLRleess e bt

olety selected 5m

-C6)alkomgizailgtaxy{ alyysaf@raCa) ak yb O-QEDIh 4 GicChalkyttd; 0%,

((Ci-Cayalky

(C3-Ce) ycloa&y amln\’t/)-, acylamino-; ary

ol

GrfSakylamipo. dﬂ‘g%éﬁ )% a?:%ﬁrglr?r?g where

heteroariiCh@adalkydaniinellyasybiséitatedryl, a partially or fully saturated
3- to 6-membergdhetegrocyate, and, Yogether form a partially or fully saturated,

3- {0 8-membered neterocyciic ring, a 5- or 6-membered lactone ring,
or a 4- to 6-membered lactam ring, where the heterocyclic ring, the
lactone ring and the lactam ring are optionally substituted and the
lactone ring and the lactam ring optionally contain an additional
heteroatom selected from oxygen, nitrogen or sulfur, or

Y is -NR*™"-, where R*®" is a hydrogen or a chemical moiety
selected from the group consisting of (C1-Cs)alkyl, (C3-Cs)cycloalkyl,
(C4-Calalkylsulfonyl-, (C+-Cs)alkyiaminosuifonyi-, di{C+-
Cajalkylaminosulfonyl-, acyl, (C+-Cgalkyl-O-C(O)-, aryl, and
hetercaryl, where the moiety is optionally substituted;

Z is a bond, ~CHzCHz-, or -C(R*®)R*)-, where R*® and R*’
are each independently hydrogen, cyano, hydroxy, aming, HaNC(O)-,
or a chemical moiety selected from the group consisting of (C:-
Celalkyl, (C+-Cglalkoxy, acyloxy, acyl, (C+-Csalkyl-0-C(O)-, (Cy-
Ca)alkyi-NH-C(O)-, ({C1-Ca)alkyl)zN-C(O)-, (Cq_-Cs)aiky!amino-; di(Cy-
Cujalkylamino-, (C;-Ce)cycloalkyiamino-, acyiafnino—, aryl(Cs-
Cajalkylamino-, hetercaryl(C+-Cylatkylamino-, aryl, heteroaryl, a
partially or fully saturated 3- to 6-membered heterocycle, and a
partially or fully saturated 3- to 8-membered carbocydiic ring, where
the moiety is optionally substituted,
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partially or fully saturated 3- to 8-membered carbocyclic ring, where the
moiety is optionally substituted, 25 or either Roo or R4a taken together
with Roe R4e R4, or R4f forms a bond, a methylene bridge or an ethylene
bridge; 22 Y is oxygen, sulfur, -C(G%, or -C(R4d)(R4d")-, where Rod and
Rod' are each independently hydrogen, cyano, hydroxy, amino,
H2NC(O)-, or a chemical moiety selected from the group consisting of

(C,- C6)alkyl, (C C al C Q 4@) o
C4)alkyl-NH-C{OE Félﬁ%ﬁaﬁ% %}9%& cf’é?émyzia é’ R’
C4)alkylamiros (GB4CS yoydioadkydaminge, @Cwia@ﬁmierwﬁ(ﬁge and
C4)alkylamino- lnet yl 4)alkylamino eroaryl a parti

or fully saturated & ? m%rr%t?er%% ﬁ/éﬁa[?%@g@@at gﬁé{ oggﬁrawgpfmxplyoxy,
saturatedrBinto, 8hyhebered earbemjicht ma@stwﬁeted@mmta@@oup
optionall sub titute en to rform rt|

fully satl(j’yratgﬁ g ?(fl ?hgﬁf%?kyggﬁé r%@ %yrl é\[(ﬁ'%/ 5@ y-O-
lactone m@) p(@QJ}&I@MM@G@@Ja((:@;n@gpgky%ﬁf@’(l@e)h@tﬁmcycl|c

ring, the ne ring an act m ring are gpti tituted and

the is Iac sr%n g ’tﬁ%ﬁ%cé ’ 8n’aﬁ§3 % ﬁ%ﬂqg\'fafpg}%l’
heteroatauytsateﬁecbfm(lﬁge@y@hyiammgﬁn loeisutiEryOC ¥-05, YAl lawinere aryl,

L R P R oo

(Ci- CS)mkyimadalIMyﬁujEghé@taﬂ@t@@)&ll{ﬂmnlé@@dlcaﬁtbwhychc ring,
(C, C6)a| IO 0O)- I, an roaryl, . w the moiety is optionally
O D R R RS

substltute isa 4e')-, where Roe and

R4e' are each@n@ﬁb%&érﬂy%@d@@nt@g@fh@;%d%ﬁﬂﬁ‘?ntﬁ“" or R
FIZNC(éQé’r ch mlcalertr%o et S Iectgd from the nS|st|ng of
(C, 25 ”i‘[?y? AR A GBS A é‘?% &?oj” (C.-
(i) a group havang rormuta (iC)
RS
e
+O—<—FR’
R7'
{1C)
where R° and R6 are each independently hydrogen or (C+-Cy)alkyl, and R is
(C4-Cylalkyl-, halo-substituted (C+-Cyjalkyl-, (C4-Cylalkoxy(C-C,)alkyi-, (Cq-
Ca)atkylamino{C4-Cylalkyl-, di{C4-Cy)alkylamino(Cq-Cy)alkyl-, or a partially or
fully saturated 4- to 6-membered heterocylic ring containing 1 or 2
heteroatoms independently independently selected from oxygen sulfur or
nifrogen,
~ orR°and R or R® and R’ taken together form a 5: or 6-membered
lactone, 4- to 6-membered lactam, or a partially or fully saturated 4- to 6-
membered heterocycle containing 1 or 2 heteroatoms independently
selected from oxygen, sulfur or nitrogen, where the iactoné, the lactam and
the heterocycle are optionally substituted; '
(iil)  an amino group substituted with one or more substituents

independently selected from the group consisting of (C-Cg)alkyl, aryl(Cs-



1G-

15

20

20

C4)alkyl-NH-C(O)-, ((C,-C4)alky)2N-C(O)-, (C,-C6)alkylamino-. di(C,-
C4)alkylamino-, (C3-C6)cycloalkylamino-, acylamina-, aryl(C,-
C4)alkylamino-, heteroaryl(C,-C4)alkylamino-, aryl, heteroaryl, a partially
or fully saturated 3- to 6-membered ¥eterocycle, and a 30 partially or fully
saturated 3- to 8-membered carbocyclic ring, where the moiety is
optionally substituted, 23 or either Roe or R4e' taken together with Rob

4h R41; or Rac form nd, a.methyl bri idge.
A B S A S T AT oy
GG RENG(M)- @) alichehvtalanoiky SBigated, frsvd thévfyouppgtially
consisting of (Ci-C6)alkyl, (Ci-C6)alkoxy, acyloxy, acyl, (Ci-C3)alkyl-O-
é(%?-ﬁ&%fgéfﬁ 5 |9} H-&(0)-, ((C.-C4)alkyl)2N-C(O)-, (C-

C6)alkylaminoardi{(GHCA¥tkY rminps (G Bt @8t ydtbatigamimee substituents
R L T o,
amhiaq@adiaiGs tiylyrsamratf @ 3 Qg @hyigmhiere (Coathgelolisuttumyiwiire
e PR Tl A S B i e
edslaweamﬁrii@gecamycii%agrtd)'ap‘miawag)Edfaﬁula&tm)am eﬂ{m&)ﬁz is (IC)
e O SR A SILACERE Dn i e o
(CorGgdatkaop(Db-€dljatky s(@ia@A0alkyl eatinol G ¢ @tmikyihd, the sali or
dti Cell-rCé}_glkyIamino(C.,-C.4)aIkyI-, or a partially or 20 fully saturated 4- to
6- eDm%ere% heterocylic ring containing 1 or 2

Diseases, conditions, and/or disorders modulated by cannabinoid
receptor antagonists include eating disorders (e.g., binge eating disorder,
anorexia, and bulimia), weight loss or control {e.g., reduction in calorie or
food intake, and/or appetite suppression), obesity, depression, atypical
depression, bipolar disorders, psychoses, schizophrenia, behaviorai
addictions, suppression of reward-related behaviors (e.g., conditioned place
avoidance, such as suppression of cocaine- and morphine-induced
conditioned place preference), substance abuse, addictive disorders,
impuisivity, alcoholism {e.g., alcohol abuse, addiction and/or dependence
including treatment for abstinence, craving reduction and relapse prevention
of aicohol intake), tobacco abuse {e.g., smoking addiction, cessation and/or
dependence including treatment for craving reduction and reképse
prevention of fobacco smoking}, dementia (inciuding memory loss,
Alzheimer's disease, dementia of aging, vascular dementia, miid cognitive
impairment, age-related cognitive decline, and mild neurocognitive disorder),
sexual dysfunction in males {(e.g., erectile difficulty), seizure disorders,
epilepsy, gastrointestinal disorders (e.g., dysfunction of gastrointestinal
motility or intestinal propulsion), attention deficit activity disorder (ADHD),

Parkinson’s disease, and type il diabetes. In a preferred embodiment, the
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heteroatoms independently independently selected from oxygen, sulfur or
nitrogen, or R5 and R6 or R5 and R7 taken together form a 5= or
6-membered lactone, 4- to 6-membered lactam, or a partially or fully
saturated 4- to 6- 25 membered heterocycle containing | or 2 heteroatoms
independently selected from oxygen, sulfur or nitrogen, where the lacton
el, the lactam and the heterocycle are optionally substituted; (iii) an amino
gréip subistasRY ithcoheBrMntte'sebshtberts int iRty seleded
frogythe.groyp,gonsisting of (C1-C8)alkyl, aryl(C7 24 C4)alkyl, a partially
or fully saturated (C3 C6)cycloalkyl, hydroxy(C;-C6)alkyl,
(C1-C3)almraaree)die hrsttodisgiciucs rarybamdraifigiesndiartially
safiated heteroeyclesor kvl an-(ChGSlatkylaroumssiastituted with ona;er,

more substituents 5 independently selected from the group consisting

of RgardRynFD 0B IRERY & GRS, M LE S amyiaminsicid antagonists (e.g.,

di((G1-CA)alkyhaming (C keylsulfonyl (G G3)alky!
di(%%%rés alkﬁ%%%@ﬁ%@%%i@r Eﬁ%ﬁ%ﬂ%ﬁgﬁ%@ﬂ E?t%%’cyde,
g

andP R BigRaARHY SARIEAEPETIGR pharmacaiiedlyAcceptable
;3@%5%&%85@9wd%é%wd%q@@oua%mm SO ESAVALE Oy oy etine

rate’of the compound, the salt'or the prodrug. Diseases., conditions,

andhdr-dfgeriters Hndanatadnby eamiatsinorl Sreceptoreditayeniseiclbesty
Calpg UL Cho DGR PARALARIOIE RNOIEXARAN E I b onicts,

weight loss or control (e.g., reduction in calorie or is food intake, and/or
appetite supm essivia) obdsiipde pasgioiatyipicltc dgprassione ipotagic
disorders, nevehoses, schizaphrenia, henaviaral, addictions, supprepsion
ey S &g.. Conditioned place ”avomce}/ritfée, SULREY
suppressimret eptairecig: nistphtverfdided agonditmned planeoncentrating
preﬁefe”‘?—? (Sbstance abuse, addictive a‘lié%dgisk?osi'}P‘%'Si‘{?ﬂe tar
alcORoNISM (e“.&?‘,pa%o%o'l Aouse, aoedjlctrfc)n“’aﬁd/or"gepcen Rnde C=P
agonists, galanin receptor antagonists, iipase inhibifors, bombesin receptor
agonists, neuropeptide-Y recaptor antagonists, thyromimetic agents,
dehydroepiandrosterons or analogs thereof, glucocoriicoid receptor
antagonists, orexin receptor antagonists, glucagon-like peptide-1 raceptor
agonists, ciliary neurctrophic factors, human agouti-related protain
antagonists, ghrelin receptor antagonists, histamine 3 recepior antagonists
or inverse agonists, and neuromedin U recepior agonists, and the liks.
The combination therapy may be administeraed as (a) a single
pharmaceutical composition which comprises a compound of the present
invention, at least one additional pharmaceutical agant described herain and
a pharmaceutically acceptable excipient, diluent, or carrisr; or (b) two
separate pharmacautical compositions comprising () a first composition
comprising a compound of the present invention and a pharmaceutically
acceptable excipient, difuent, or carfier, and (i) 2 second compesition
comprising at lsast one additional pharmaceutical agent described harein

and a pharmaceutically acceptable excipient, dituent, or carrigr. The
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including treatment for abstinence, craving reduction and relapse

--prevention-of alcohol intake), tobacco abuse (e.g., smoking addictien,-. -« ---.

cessation and/or dependence includfhg treatment for craving reduction
and relapse prevention of tobacco smoking), dementia (including memory
loss, 25 Alzheimer's disease, dementia of aging, vascular dementia, mild
cognitive impairment, age-related cognitive decline, and mild .
RO RGEGG N CreCTT SER Ay RO ek (o B st
diffiguliyti-seizureidisonderserepilepsy, gastrointestinal disorders (e.g.,
dysfunction of gastrointestinal motility or intestinal p,ropulsion%/,B%ttention

deficit acfRAGNISHRIRAGIADY SOTPERIhSHPLHHLE A8 UdRa f pRafmaceutical

diabgiessina prefersechembadimetit e s methddds sisediindhiers
treatment of obesity, ADHD, alcoholism, and/or_tobacco abuse

COIRPYORHISRY TRE PRoset dRCREarANGY B e ML R - The kit
conthinationwith:other phrsaaeeiicakagentsiRrefemet phataitesticalsent
S agents |r]clude nicotine receptor p rtial agoni ts, .opioid an;%%onlsts s
(é@?%@@e%ﬁ@éiHHH&%DHQ%QS@B‘B@&O{?;W& WS, ResrRRR o™

depaminerdic 3geNts (eiflorpemorphine) Matb-agenisitesd by cannabinoid
methylphenidate hydrochlorideﬁ(e.g., RitaF\inTM and Concerts W,),

ABRHBNNINE 1814 C BHattaraTM), EHd AP FEIERHEETe.g., AdderallT™)

and anti-Qhasity iopaenta-aUHtRS @per B hibiar«iMeRmising: &) a
agonists, CCK-A agonists, monoamine reuptake inhibitors, . B "
sy APRHMIBHE 9EmEsEadHenSRIEPreEEhto Mg BIiSE! dbpartne and (i) e
fe&ﬁ&%ﬁra%a&ﬁ&%t@ melapogyteslimulating, RefMeRaUrSERIPE 2RAI0ES dosage
5-HT2c receptor agonists, melanin concentrating hormone receptor
arfeigoRETEEP 1)@@@%&%,%%%%%%@6% ROSHoHRISTIgERAR =N, and

regspiof-anagenists: ipasephibitorsrhombesindaceptan. agoristsc) o
neuropeptide-Y receptor antagonists, thyromimetic agents,

d FdePliandrosterone or analogs thereof, glucocorticoid receptor

antagonists, orexin receptor antaggsisis,@irgagon-like peptide-1 receptor

agonists, ciliary neurotrophic factors, human agouti-related protein
As uszd herasin, ihe term “alkyl” referstc a hydrocarben radical of the

general formula CpyHzms. The alkane radical may be straight or branched.
For exampiz, the tarm "(C+-Celalkyl” refers fo & monovalent, straight, or
branchad aliphatic group containing 1 to € carbon atoms (e.g., methyl, sthyl,
n-propyl, ~propyl, fa-butyl, Fbutyl, s-butyl, i-butyl, n-pentyl, 1-mathylbutyl, Z-
methyibutyl, 3-methylbutyl, neopenty, 3,3-dimethyipropyl, hexyl, 2- '
mathyipentyl, and the like). Similarty, the alkyl portion (i.e., alkyl moisty) of
an alkoxy, acyt (e.g., atkanoyl}, alkyiamino, dialkyiamino, and alkylthic group
have the samsa definition as above. When indicated as being “optionaily
substituted”, the alkane radical or alkyl moiety may be unsubstiuted or
substituted with one or more substitusnts (generally, one o three
substituenis except in the case of haiogen subsiituents such as perchioro or
perfluoroalkyls) independently sslected from the group of subsiituents listad
below in the definition for “substituted.” "Halo-substituted alkyl” refers 1o an

alkyl group substituted with one or more halogen atoms {e.g., fluoromethyl,
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20 antagonists, ghrelin receptor antagonists, histamine 3 receptor
antagonists or inverse agonists, and neuromedin U receptor agonists,

and the like. The combination theragy may be administered as (a) a
single pharmaceutical composition which comprises a compound of the
present invention, at least one additional pharmaceutical agent described
herein and 25 a pharmaceutically acceptable excipient, diluent, or carrier;
of (i iRE sEpar Atdprrameibrlitielicorasibiions ¢ dheplising Wrefirst
compasiton spruNising ademperadof s oresed %\48%&%%@.’%% Bstituted
pharmaceutically acceptable excipient, diluent, or carrier, and {ii) a

sedbnt ieohipawiticn soinsnsingal least eHesttiditim il gtrendeettisalected
Sefl ereins reraceyt ceceptable excipient
o B A IR F o 6
adeinistese d sigrgieytiso ilpm, spgoentiatiycanyd (6-alyotkexyYatdmother
of Ahe Isclosure~in tical kit for use by
T P P TR R 2 o
canifbinGidrEeeplor artugimintS i anadinimatithekiketorttprisesra) more

syitablegosags fo &@%Ps@gg, Srqo%%me%&‘%gégg%%% inyﬂ&q{)@ iy,

and b ins?ructlons?g}escn ing a metho using osage for
dﬁ@ea&a‘@)@&?ﬂiiﬂ@n@e?&ﬂéoﬁié@ﬂﬁﬁ@ﬁéhﬁ@*@a@b Bytodhmasinbited
SR (AR 8 SRR RIS S U i
form comﬁﬁiéﬁﬂ@ﬁ)‘ﬁa@ﬁﬁib@ﬁ@w sadpréserEivenitidic ang (i(pso referred
I B B BT g
h%fr%iﬁi,ﬂa?fommia_iiwmfn&xéwcagﬁmt%bmmwr@ﬁﬁémg?aimgediku@nt;
e s e 8 U
rEciR ey Fe Stiai ghismiarefsmg (preferably, 3- to 6-membeared ring).
For example, partially or fully saturated carbocyglic rings (or cycloalkyl)
include groups such as cyclopropyl, cyclopropenyi, cyclobutyl, cyclobutenyl,
cyclopentyl, cyclpenienyl, cyclopentadienyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl, norbornyl (bicycloj2.2.1]heptyl), norbornenyl,
bicyclo[2.2.2Joctyl, and the fike. When designated as being “optionally
substituted”, the partially saturated or fully saturated cycloalky! group may be
unsubstituted or substituted with one or more substituents (typically, one to
three substituents) independently selected from the group of substituents
listed below in the definition for "substituted.” A substituted carbocyclic ring
also includes groups wherein the carbocyclic ring is fused to a phenyl ring
(e.g., indanyl). The carbocyclic group may be attached to the chemical entity
or moiety by any one of the carbon atoms within the carbocydiic ring system.
When subsﬁtuted, the carbocyclic group is preferably subétftuted with 1 or 2
substituents independently selected from (C+-Ca)alkyl, (02403)aikeny!, (Cy-
Ce)alkylidenyl, aryl, heteroaryl, 3- to 8-membered heterocycle, chloro, fluoro,

cyano, hydroxy, (C+-Cs)alkoxy, aryloxy, amino, (C+-Cg)alkyl amino, di-(Cq-
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For example, the term "(C;-C5)alkyl" refers to a monovalent, straight, or zo
branched aliphatic group containing 1 to 6 carbon atoms (e.g., methyl,
ethyl, n-propyl, i-propyl, ,n-butyl, 1-butyl, s-butyl, t-butyl, n-pentyl,
1-methylbutyl, 2- methylbutyl, 3-metﬁ§/lbutyl, neopentyl,
3,3-dimethylpropyl, hexyl, 2- methylpentyl, and the like). Similarly, the
aIkyI portion (i.e., alkyl moiety) of an alkoxy, acyl (e.g., alkanoyl),

Sy A S g e s e goanton

optronally substrtuted the alkane

rérdr@ew(@mﬁmﬁreftyrmay bE hﬁgm fRaitedSmaiBsRie@ it eHedrom
3{%‘3%@@%@5@385 s QR dosthres g”b@Q?%W gxesat indhe sase

alogen substitlients such as perchloro perluorcalk S)

|riwpefmd@*ﬁlyf&elemé@1ﬁ@sﬁﬁ!he>@rd@p&@a8§ﬁtﬁ§m‘@I%‘t&h‘@éfﬁél&ﬂ/{km
the. felnikan for. < ﬁ?“é;r@garkr@eréah%ret?g%@bye@efecrfecregratyh hl%

group substituted wit e or more halogen a e.g., fliorome

ditiebraiigliylinsifiosromestiie semp HREtAJICERFtAadN@). When
Subst'w*?gﬁt{é?rﬁ“ﬁéw icalsrarly! mw&eﬁr@ereerﬁ&é@%@rma@teg

with 1 to 3 fluoro substituents, or 1 or 2 substituents independéntly

setbereet! tors (O2-tI)ylu(ERDS)EyboaryTaed E@%m@fg}ﬁ’émfers to
TR e M?&@%Bﬁ%ﬂ%ﬁ%ﬁm%ﬁé{%@ﬁé\@@ém may

oxy, aryloxy, amino, (C1-C6)alkyl amino; di-(CT-C4)alk
aris aensisdoaith DrglaCHdS (DY-C3)aRyROICIO RIS SDeolf o

h%%ﬁ%mg@ frR)alkdam é’%ﬁ“ A @é%ﬂ%@ore Prsterahlyektars

fluoro groups, or | subs lected from (C1- C3)a|ky| (C,
cemrerem@yr (CB)ariereaimembarsichetdrch /) 230 §60memBe iageRendently

A&%%%&é!@ k) vk aminonr dide Lraialky kamined
rms "partia

or fuI saturated car ocyclic rrng " (also referred to as

parﬁalmﬂtmmpegbh@@r@@wmmﬂ SIS BNGTaPORTARE ARGX thakiridinyl,
atgelinen partially; of flly; W%%WW XY ﬁéiﬂﬂ@%‘ﬁ Jing,

bicyclic’ring or a spiral fing. Unless specifie otherwise, the ca ocyclic
ringe iyl yepkduly, areﬁﬁiehérewrb@méwﬁ@qﬁrér@%wngh faperazmyi

° ggggﬁﬁc it (__r;%g% CongrampleyRaria ok flly-salraled#arbaaseis ofino,
thiomorpholing, tei:rahydrothrenyi tetrahydrothienyl 1,1-dioxide, and the like.
When indicated as being “oplionally substituted”, the partrai y saturated of
fully saturated heterocycle group may be unsubstiuted or substituted with
one or more substituents (typically, one to three substituents) independently
selected from the group of substifuents listed below in the definition for
“subsiituted.” A substituted heterocyclic ring includes groups whearein the
heterocydlic ring is fused to an aryl or heteroaryt ring (e.g., 2,3-
dihydrobenzofuranyl, 2,3-dihydroindolyl, 2,3-dihydrobenzothiophenyl, 2;3-
dihydrobenzothiazolyl, etc.). When substituted, the heterocycie group is
preferably substituted with 1 or 2 substituents independently selected from
(C1-Ca)atkyt, (Ca-Celeycloalkyl, (C2-Cy)alkenyl, aryl, heteroaryl, 3- 1o 6-
membered heterocycle, chicro, fluoro, cyano, hydroxy, (C4-Csjalkoxy,
aryioxy, amina, (C1-Cg)alkyl aming, di~{C+-Cs)alkyl amino, aminocarboxylate
(i.e., (C4-Ca)aikyl-O-C(O)}-NH-), or keto {(oxy), and more preferably with 1 or2



10

15

20

25

30

include groups such as cyclopropyl, cyclopropenyl, cyclobutyl,
cyclobutenyl, cyclopentyl, cycipentenyl, cyclopentadienyl, cyclohexyl,
cyclohexenyl, cyclohexadienyl, norbomyl (bicyclo[2.2.1]heptyl),
norbornenyl, 20 bicyclo[2.2.2joctyl, and the like. When designated as
being "optionally substituted”, the partially saturated or fully saturated
cycloalkyl group may be unsubstituted or substituted with one or more

h tt |
R LA T Sl e e R
"s{ibsftited: mmmmmmmyahcwuag@mummdwdmgyotmm fluoro.
] | ). The
e Rl 08 AL AP 1 MRS, o
a@@@@fﬁh&@dﬁb@@&t@mwﬁmrhtteétemtwgailmmm@%mm S/tfhﬁtriy, any
I f ith |
su t|tuewc r%oggé%% II t?rr?r%ega&%@% %(tjly ﬁ;@g&éﬁg enyl,
(dlew&%()éﬁ(yﬁidb@wiaﬂ@ h@%@rﬂwwaﬁqeaﬂ@memba@dﬂfmterocycle
hl fl |
ARG LT I L Dme prais o e A SR
(cmc@s)awatzl;r@(epmte) etgdr@wiemksmng &yslketm g@?@) and
m n nde ected from
e R R T v S P b @ 6-10
(ClOaaganpram @fz@ma@ls(@rb@zyaikylrmgtaDno%anla@;:ate;d eyl
) | th
e s aEuB e oriealyBlol Srlon BB R BRI o
he@éfb@iiﬁlefriﬁ@rféaisbsféfﬁ@méﬁ(w gie f‘mm&ldyrssmwrated trrhdlpehditatads)
el METeaa ARG AN Al SURe! Al el ithe

nate may 10 exISt s & Single g, DICYENE rRg or-X Sp
rigfoiiend @pé@lﬂeﬂh@ﬁqb”rvﬁs@ﬂtﬁeﬂ@etemtt@mpegnshg&eratmta 3fto

e e R e A TR TR Ssyelnen

oﬁﬁhﬁéé?ﬁ@éﬂ%ﬁmﬁate@ie@emW%atﬁﬁfamﬂ)hetetrmyctﬁﬁrwgb ihcluBle

QSRS &S BRPENAAIY Oected from (C1-Ca)alkyl, (Co-Caalkenyl, anyl,
heteroaryl, 3- to 6-membered heterocycle, bromo, chioro, flucro, iode, cyano,
hydroxy, (C41-Cyjalkoxy, aryloxy, amino, (C4-Cg)alkyl amino, di-(C4-Cs)alkyt
amino, or aminocarboxylate (L.e., (C1-Ca)alkyl-O-C(Q)-NH-), and more
preferably, 1 or 2 substituents independently selected from (C4-Cyalkyt,
chioro, fiuoro, cyano, hydroxy, or (C4-Cs)atkoxy. The aryl group may be
attached to the chemical entity or moisty by any one of the carbon atoms
within the aromatic ring system. Similarly, the aryl poriion (i.e., aromatic
moiety) of an aroyi or aroyloxy {i.e., {arvi}-C(0C)-0-) has the same definition
as above,

The term "hetercary!” or “heteroaromatic ring” refers to aromatic
moieties containing at least one heteratom (2.g., oxygen, sulfur, nitrogen or
combinations thereof) within a 5- to 10-membered aromatic ring system
(e.g., pyrrolyl, pyridyl, pyrazolyl, indolyl, indazolyi, thienyl, furanyl,
benzofuranyl, oxazolyl, imidazolyl, tetrazolyl, triazinyl, pyrimidyi, pyrazinyl,
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15 tetrahydrofuranyl, dihydrofuranyl, dihydropyridinyl, pyrrolidinyl, N-
methylpyrrolidinyl, imidazolidinyl, imidazolinyl, piperidinyl, piperazinyl,
pyrazolidinyl, 2H-pyranyl, 4H-pyranyl, 2H-chromenyl, oxazinyl,

morpholino, thiomorpholino, tetrahyé?othienyl, tetrahydrothienyl
1,1-dioxide, and the like. When indicated as being "optionally

substituted”, the partially saturated or 20 fully saturated heterocycle group
r@ﬁ%ﬁﬂyﬂﬂﬁ%ﬁ?”t@é‘r%rﬁ%ﬂ%@@swﬁb&ir%ﬂ?i%dﬂ?(@iﬁ%sﬂéﬂﬁ@tﬁbphanyl,
(typically, one to three substituents) independently selected from the

oGS BrREMD L ikEnts ISRADEISRTRIMRICBIRRYTTBY Sonssthbtdsingle of
sfibsiiiuiag bedesacydlie AnGiRchies SrouRsWHRHEIR Ahe. RetrrasHisERGIng
is fused to an aryl or heteroaryl ring (e.g., 2,3 25 dihydrobenzofuranyl,
z@r&ﬂwaiﬁas@qz BregiRsHORARsHibEenly. sslecied from oxygen,
diyriobenzathigzalyn ets ) aen subsititeds e Rateracyale JEOUDHS 10-
preferably substituted with 1 or 2 substituents independently selected from

(ERESRARGINIESYSETEY ABRIRYI NG ST ARk S R AR JBARP S R BLY

- merpbrigdrbateIRRySIe. ilara il anPe g¥AN ARG MYciddGR alkpyy, 30

aryloxy, amino, (C1-C6)alkyl amino, di-(Cry-C3)alkyl amino, .
arritabosyReEiI% \(DF-CSRIRGIOXEINRY, BF kEBUBRIH AP
menespfeferalhinviit berdAdsshbsiifsertsinsepsndenilyspleatad frak
(C1-C3)alkyl, (C, C6)cycloalkyl, (C6)aryl, 6-membered-heterqaryl, 3- to
BHITHIGEEE WaTBEJEIRT Y REGITCTHE MleT SHPHIR: Grotp PRl fisted
agiaehethtththeshiensabersiy stimeiety Whany aReiefdhe firg atoms

within the heterocyclic ring system. Similarly, any 5 heferocycle portion of,

A HERAO G HeBRIEjER UGHSRARP AR HEWFEC)He tatbermibatiyents
hﬁ‘@é‘b@ﬁ@@ﬁﬂi@%@@MWW@-@QQ!WWC@I&BEQM@WW, GRIROEKPUL 3-
ring” refers to aromatic maieties having a single (e.g., phenyl) or a fused

ritg P AREIR FESG. DAEEPRM SRR, ARthEierR, THRRaArerfe A8te ) el G-

ey iRy, igriPnemberpdidiamaie CabocCHGINg ehiMd @R

indicated as being "optionally substituted”, the aryl groups may be
PRSI GRSt bt Ao o DR o ArSr S ubTRSEME TR PBR G O
NJOse KB AN RS SUDSEHERMS) selected from (C4-Cyalkyl, chioro, fluoro,

cyano, hydroxy, (C,-Cs)alkoxy, (C1-Cy)alkyl amino or di-(C+-Co)alkyl amino.
The heteroaryi group may be altached {o the chemical entity or moisty by
any ong of the atoms within the aromatic ring system (e.g., imidazol-1-yi,
imidazol-2-yl, imidazol-4-yl, imidazol-5-yl, pyrid-2-vyl, pyrid-3-vi, pyrid-4-vl,
pyrid-5-yl, or pyrid-6-vt). Similarly, the heteroaryl portion (i.e., |
heteroarcmatic moiety) of a heteroaroyt (i.e., (heteroaryl}-C{0)-0-) has the
same definition as above,

The ferm “acyl” refers to atkyl, partially saturated or fully saturated
cycloalkyl, partially saturated or fully saturated heterocycle, aryl, and
heteroaryl substifuied carbonyl groups. For example, acyl inciudes groups
such as (C4-Cglalkanoyl (e.g., formyl, acetyl, propionyt, butyryl, valeryl,
caproyl, -butylacetyl, etc.), (C5-Cg)cydloalkylcarbonyl (e.q.,
cyclopropyicarbonyl, cyclobutylcarbony!, cyclopentylcarbonyl,

cyclohexylcarbonyl, ete.), heterocyclic carbonyl (e.g., pyrrolidinyicarbony,
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independently selected from the group of substituents listed below in the
definition for "substituted.” Substituted aryl groups include a chain of 15

- aromatic moieties (e.g., biphenyl, terphenyl, phenylnaphthalyl, etc.)_When. ..

substituted, the aromatic moieties afé preferably substituted with | or 2
substituents independently selected from (CrC4)alkyl, (CZ-C3)alkenyl,
aryl, heteroaryl, 3- to 6- membered heterocycle, bromo chloro fluoro,

|odo oxy, (Ci-C loxy, .amino, 6 kyl amino,
EIET i i Y SR G
(@a@ﬂ)@k@ibﬁbﬁmmmy amd mareypreferabbn oy Pesubbtiteersoy! (e.g.,
mde nde om C7-C4)alkyl chI ro qu ano, hydrox
R e B oA e R O
oxaTtﬁxbeﬁM Wﬂmy@nﬂ@iwm%pm mpmmwmmﬂbenaybmamoinfghmphenyi
ste ilarly, the aryl porti aro iet of an aroyl or
R Sl ey B (e R e S S AN
heteroavyﬂ ;cmrﬂmtemammgfmgmga meéqrs&aa:pmaél@f nhaieffesps described
a|n|n at least heteratom njitrogen or.
Aot G WIa B, 10 o aeR o Aot e Bl
Eéhé%ﬁtutad?ptm ngowaz@ybend@ﬁbmda@ﬁydzrtbmmdaﬂyranylstituted
ofuranyl, oxazolyl, imid zo tetr zolyl, tria mJ |, pyrazinyl,
SRR o A B GGy e e B
baﬁam@mmnybetm@mmmhsegwu 7o hetetbatoialiciendielpwimythe
|s of SII‘] d 1] m. At I e heteroary| ring is
T O e S ST B A0 RS BRSBTS, 20 onel
ingeprrdehty ﬁ@e@emﬁr@mybgme;m reyulfersangiititegersateber typicabove
fus d hete eg/l rln% stem is,a 9- Cﬁ} ﬁo me k%sred |n? g{?st%n
il 8ﬁr R TASME i 5 USRS IET R 6% gen,
sulfur aﬁthe|tmger‘sw&\1ﬁmmstdiemedfamh¢mgws:pnermw slibstittdedhahe
heteroaré/ g t#%:f %/ e unsubstltuted ’g %ute Wlth one or mie
ST ERE (S RrabR Ao nYore thah ‘{h St T E PR Ny
sefeestdraimthéhgreugkdiesubstite entstistétle substituents shouid be
selected so as to not adversely affect the pharmacological characteristics of
the compound or adversely interfere with the use of the medicament.
Suitable substituents for any of the groups defined above include (Cy-
Cslalkyl, (C3-Cycycloalkyt, (Co-Cglalkenyl, (C4-Cqlalkylidenyl, aryl,
heteroaryl, 3- o 6-membered heterocycie, halo (e.g., chioro, bromg, iodo
and fluoro), cyano, hydroxy, (C+-Cgjalkoxy, aryloxy, sulfhydryl (mercapto),
(C+4-Cg)alkylthio, arylthio, amino, mono- or di-(C4-Cslalkyl amino, quaternary
ammonium salis, amino(C4-Cg)alkoxy, aminocarboxylate {i.e., (C1-Cglalkyl-
O-C{O)-NH-}, hydroxy(C.-Ce)alkyiamino, amino(C4-Cg)alkylthic, cyanocaming,
nitro, (C4-Cs)carbamyl, keto (oxy), acyl, (C+-Celalkyi-CO, glycalyl, glyewy,
hydrazino, guanyl, sulfamyl, sulfonyl, sulfinyl, thio{(C+-Ce)alkyi-C(O}-, thio(C+-
Cealkyl-COy,-, and combinations thersof. In the case of substituted
combinations, such as “substituted aryl(C4-Cg)alkyl”, either the aryl or the
alkyl group may be substituted, or both the aryl and the alkyl groups may be
substituted with one or more substituents (typically, one to three substituents
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below in the definition for "substituted." When substituted, the
heteroaromatic moieties are preferably substituted with | or 2 substi*uents
independently selected from (Ci-C4)alkyl, (C2-C3)alkenyl, aryl, heteroaryl,
3- to 6-membered heterocycle, bromé? chloro, fluoro, iodo, cyano,
hydroxy, (CS 15 C4)alkoxy, aryloxy, amino, (C1-C6)alkyl amino,
di-(Ci-C3)alkyl amino, or aminocarboxylate (i.e.,

(Ci-C3)alkyl-O-C(0O)-NH-), and more preferably, | or 2 substituent ,
iR ERHEY AL R (AT Ghlof: R 0" RESHEa R pgtiuted
gﬁﬁ@ﬁﬂr@%wr(@é@@gﬂ@lb@mﬁ ﬂﬁb@ﬁﬁﬁ@@ﬁ)@ﬁ?ki@@i(@g.ﬁh@anﬁl, 20
eteroaryl group may,be. attached to the chemical entity or moiety by
an%ﬁ“égg?%ﬂéoﬁféﬁﬂ‘ﬁwﬁ‘ﬁm {ﬁ’éﬂgﬁimaﬂ rrng system (e.g., imidazol-I-yl,
imidazol-Phg témitdzabdrgteimidaaaboyd, pyoend; Wupysidr3odoryridnd:-y!,

id-5- id;6-yi).. Similarly, the h | portion (i.e.,
Peteron SR FORAIF 4 Heter erofh 1 b AR -E bRt the

sameredinidio has advovie. @pofie térmollatyl refens te alkyl phartiadiyeutically
satlégaete% 3r fully s turatgd cloalkgl, {Eartiallg saturated or fully saturated |
he%erogycp © SRS AnG SRlte N SBSAESCNBBhTIYRApRS Faruch solvent
exam:atmiasydrhnld’réaﬂex?mn‘@?uﬁ@a@ﬁr{fiﬁf&é@)a\-mg@?ﬁ@%af@,rmylch are
acetyl, propionyl, butyryl, valeryl, caproyl, f-butylacetyl, etc.), .
K RARRSBIR PG o4 5Bl Bpy i Bofyanct, and the like.
cyChebigyicanlydryle Tyslopentyleaternyle cytiehexyicameny rettdeules is
heterocyclic carbonyl (e.g., pyrrolidinylcarbonyl, 31

pyrrolid-2-one-5-carbonyl, piperidinylcarbonyl, piperazinylcarbonyl,

tetrahydrbifier phydear bemytreics) iual) (egepoesizoyhoandhetesoareBdance
thiophen I-2—carbon%/tl thio henétf-c rbon ijuran I-2-carbonyl, i
fuPART A SHHBOHT S PE s ol aoa ASHCA i aRAHRy IocaipBivgly, with the.
benzeftitiepiety psr2pcaibgryioetalativadditivor the alkyhrexcieateytreated
h?ter%%%e, aryl and heteroaryl portion of the acyl group may be any one

of the groups described in the respective definitions above. When

indicatedras beimg' toptiatiatygsulystituterl” theaasibgsQUb MBYDR that is

u%%%qﬁutg%? %nqxrp?cwéa%nt%“%i%% %irt%t%%ect a particular functionality while
reacting other functional groups on the compound. For example, an “amino-
protecting group” is a substituent attached to an amino group that biocks or
protects the amino functionality in the compound. Suitable amino-protecting
groups include acetyl, trifluoroacetyl, t-butoxycarbony! (BOC),
benzyloxycarbonyl (CBz) and 8-fluorenylimethylenoxycarbony! (Fmoc).
Similarly, a *hydroxy-protecting group” refers to a substituent of a hydroxy
group that blocks or protects the hydroxy functionality, Suitable protecting
groups include acetyl and sifyl. A “carboxy-protecting group” refers to a
substituent of the carboxy group that blocks or protects the carboxy '
functionality. Common carboxy-protecting groups include —~CH;CHLSO,Ph,
cyanoethyl, 2-(trimethylsilyljethyl, 2-(trimethyisilyl)ethoxymethyl, 2-(p-
toluenesulfonyl)ethyl, 2-(p-nitrophenylsulfenylethyl, 2-(diphenylphosphino)-
ethyl, nitroethyl and the like. For a general description of protecting groups
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with one or more substituents (typically, one to three substituents) io
independently selected from the group of substituents listed below in the
definition for "substituted" or the alkﬁl% cycloalkyl, heterocycle, aryl and
heteroaryl portion of the acyl group may be substituted as described
above in the preferred and more preferred list of substituents,
respectively. The term "substituted" specifically envisions and allows for

0BADthis e SUPFUNNIADsthaé AreREBIMOTHH UM FRtTiewaNes Hititesis,
gﬁnem\l&/_ urglg%rstoo k%gt%?s%tskilled in the art that the substituents

SHOOM BeCESeetsl s ° ?a%%%‘rsely affect the pharmacological
characterigfigs el dhereompaund of agvetselkinmrfarevithiherise o0 e o

medicament. Suitable supstituents for any of the groups defined above
iR %t&%jﬁc{@wfci@ye%wtmﬁ fesiepiakersits the particular
(Qls6alkidemb, avhidetrnan e Grmembesadheteropyvelpniale s
(e.g., chioro, bromo, iodo and fluoro), cyano, hydroxy, é(_:l-CG)a[kox ,
16, E ORI AO10F eSSk RIRADE oo B Oa G BRGREE: oF
dii(Cgre@atkrarpings AuetensaLAHN R NS RRIRA(GI-GE) BaXiar
aminocarboxylate (|.e.r,ﬁ$(:|-c,6)alkyl 25 O-C(O)-NH-),
h§HRBRSECREBTARy AnIRer ARG REIeLdigfRito, cyanoamino, nitro,
(C1-C6)rrebamy:degtndoxsicACH, K@iﬁ%@)@#&l%&a@&@?,l\do%%on
hydrazipo guanyl, sulfamyl, suifonyl, sulfinyl, thio(C1-Ce)alkyl-C(O)-,
tHB(EREEBFISPE0R SR BRTBIH GITREHEE ATiEEasoRANMalS,
suhsiitetedinsaminatansg Sﬂﬁ@r%%ﬁﬁ%&ﬂ%@ﬂ?é‘&@é'@@ﬁﬂ%raF‘ﬁﬁ%&"
the aryl orfth(;:; 30 alkyl group mayEe substituted, or both theLaryI 1and the
alRIPOTEUPORISH BEC SIBSHRSY MRoFRYSr RigFe SUBRRERABRZBICally,
one to tMiegtswRpsitientmng?, exsen! i the sanenl BerRalR. sukstitutions).
An aryl (ir heteroaryl substituted carbocyclic or heterocyclic group may be

ARSI Y Se' G- IRERRIY Gy FODER SRR 3iMATbindolyl, etc.). The

term "hafes refers torghlated trpmeatiual siipAa-arYP:. & ThRRIRion of a
"solvate". refers to a mplecular co‘pplex:_of‘a compound. represented by
ForiRg 119 6r B FRRIuamE Brstn ahd HRamssaridaRen of a

cannabinoid receptor. For example, a ligand may act as an agonist, partial

agonist, inverse agonist, antagonist, or partial antagonist.

The term "antagonist” includes both full antagonists and partial
antagonists, as well as inverse agonists.

The term "CB-1 receptor” refers to the G-protein coupled type 1
cannabinoid receptor.

The term “compounds of the present invention” (uniess specifically
identified otherwise) refer to compounds of Formuia (1) and Formula (1]),
prodrugs thereof, pharmaceutically acceptable salts of the compounds, andfor
prodrugs, and hydrates or solvates of the compounds, salts, and/or prodrugs,
as well as, ail sterecisomers {including diastereoisomers and enantiomers),
tautomers, and isotopically labeled compounds. Unless spacified otherwise,
the term "compounds of the present invention” does not iné!ude intermediates
(fc/d) or (1b).
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acceptable salts thereof) with one or more solvent molecules. Such
solvent molecules are those commonly used in the pharmaceutical art,
which are known to be innocuous to the recipient, e.g., water, ethanol,
and the like. 10 The term "hydrate" 3eéfers to the complex where the
solvent molecule is water. The phrase "pharmaceutically acceptable™
indicates that the substance or composition must be compatible

chemically and/or toxicologically, with the other ingredients comprising a
formulation, and/or the m E&@n@ﬁ%ﬁ%ﬁ%&%rewith. The term

"protectipehgERnRlsasT PR préaeiarn sHbstitHen thasistoeripeeny synthetic
employed to block or protect a particular functionality, while reacting other,
Vg‘%ﬂ\r’r\g &?,L@moai

faRte A g RSIECOR AR ESRTHBIAGIRHE &R ARTHIE, R Irdte
QrRuRHisiauRspstiuRIiatiashegdeAptRIMIbergmmedinairblacksrer Srting

protects the amino functionality in the compound. Suitable X
RO AER GRY YPNRV AR TR R ALERH LB aRoIsyich
(B mice ey saibom (GiBa:aad Arflueegnyisdatijienoxsratzongl
gFmoc). Similarly, a "hydroxy-protectin rouap" refers ﬁEO%SUbSmuTIm of a
a0 GFBSE FRUAIBA B toes IERIEFORY TIRCHRNS ST SiALlble
@@@%f t’@@ m%tﬁggns 'u?réfyt%smm@pmw,ﬁﬂ'@gdﬁxs-ﬁp&mﬁ:ﬁc& roup”
refers to,a substituent of the carboxy gr S or protects the
SR koAl oA S Rt R gr e
;@%ﬂ_@&b&%ﬁ%?h I 'F?%r?@ywhml ; éanﬁt[aiml:‘-,‘tmam'!é@e@bﬂhnrgl‘elr—Verlag, Berlin,
-(trimethylsilyl)ethoxymethyl, 2-(p- toluenesulfonyl)ethyl, .

g0 SHERRSORER (R0 £ TR P S L iR CRipEERE
and the=bkey feaaaeperabdesciiinmefipnoienting-grosprdd asevheir
use, see T. W. Greene, Protective Groups in{ﬁrganic Szlg‘theggfséEJohn

GATEYNE BERLNRI Y SHU 598 AU AQS TRESpRRRLAIPeHebRRsent

RIVSHTEN IREARBANIAV MuahekdifesPPund eidhe dueskit dvanipdodhsfitip
treats or prevents the particular 5 disease, condition, ?r dis%der, glz )
Eﬁé\ﬂgla\f’éé?%ﬂt@ﬁb?ﬁﬁ: 8?3”%‘1? mples section below. Those Skilled in

the art will appreciate that other synthetic routes may be used o synthesize

the compounds of the present invention {including the inventive
intermediates). Although specific starting materials and reagents are depicted
in the schemes and discussed below, other starting materials and reagents
can be easily substituted to provide a variety of derivatives and/or reaction
conditions. In addition, many of the compounds prepared by the methods
described below can be further modified in light of this disclostre using
conventional chemistry well known {o those skilled in the art.

In the preparation of compounds of the present invention, protection
of remote functionality (e.g., primary or secondary amine) of intermediates
may be necessary. The need for such protection will vary depending on the
nature of the remote functionality and the conditions of the preparation
methods. Suitable amino-protecting groups (NH-Pg) include acetyl,
trifiucroacetyl, f-butoxycarbonyl (BOC), benzyloxycarbonyl {CBz) and
9uﬂuorenyimeth'yieneoxycarbonyi (Fmoc). The need for such protection is
readily determined by one skilled in the art. For a general description of



one or more symptoms of the particular disease, condition, or disorder, or
(i) prevents or delays the onset of one or more symptoms of the
particular disease, condition, or disorder described herein. The term
"animal” refers to humans (male or fgmale), companion io animals (e.g.,
dogs, cats and horses), food-source animals, zoo animals, marine
animals, birds and other similar animal species. "Edible animals" refers to

food-source animals such as cows, pi%s, sheep and poultry. The terms
"tREGER MO AR PE PR liBiense SRBrack b Stie prévarglaetveeGroups in

PIORRC UG RRERRiRiyRATRNaeab S IRG/19BRS “Tggdulated by a

cannabinoid receptor” or "modulation of a cannabinoid receptor” refers to

the activafiFProraeacvVaRBRYR Al )it AbisEin RecBfBATEdsiRgritle, general
ligRpEamaN At ARRaONIStuPatigh 30 ist, IAVersR.AdenshaRRgRtsh g

or partial antagonist. The term "antagonist" includes both full antagonists
5 ahtESRRNOoeRiEiRbHISEEhesedIbaianverse agonists. The term "CB-1
receptor” refers to the G-proggin coupled type 1 cannabinoid receptor.
The term "compounds of thg\present invention” (unless speciﬁcally
identified otherwise) refer §5 cdinpounds of Formula (1) anth%rmula (12),
25 prodrugsthergof, p ically acceptable saltg of C ounds,
and/or prodrugs, and Rydrages of solvates of the compofinds] salfs!
and/or prodrugs, as well as, alf stereoisomers (including diastéteoisomers
and enantiomers), tautomers, and isotopically labeled comypounds.
Unless specified otherwise, the term "compounds of the present
invention" does not include intermediates 30 (1c/d)or(1b).F4 DETAILED

DESCRIPTION Compounds of the present invention may pe synthesized
by synthetic routes that include processes analogous to those 1well-known

in the chemical arts, particularly in light of the description cofined
herein. The starting )\ NP N
N "N {
] B‘N)\/I\CI
= N
A A
R /
1(c) \ 1(b)
)
Boyy 3 “OH
}~:N
Y ~ A
I}\!Q\g\, 1(d)
B-y ~ R*
=N
A
(D) or {il)
Scheme |

Intermediate 1(a) may be prepared by reacting the ‘desired amino
compound (B-NHMy, where B is as defined above) with 4,6-'dichtoro-
10 S-aminopyrimidine (available from Sigma-Aldrich, St. Louis, MO) in refluxing
aqueous hydrochloric acid (A. Miyashita et al. in Chem, Pharm. Bull., 46,
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5 materials are generally available from commercial sources such as
Aldrich Chemicals (Milwaukee, WI) or are readily prepared using methods
well known to those skilled in the art (e.g., prepared by methods generally
described in Louis F. Fieser and Maty Fieser, Reagents for Organic
Synthesis, v. 1-19, Wiley, New York (1967-1999 ed.), or Beilsteins io
Handbuch der organischen Chemie, 4, Aufl. ed. Springer-Verlag, Berlin,

including supplements (also available via the Beilstein online e))..:
B A R SRR AL O A N S I B L 0 i
@6!FﬁBBﬁHé@(B@@R}ﬁFﬂQI@t@@’BM@MmM@)Mdsybflarg;, aniline)
present invention including key intermediates. For.a more detaile o

e SoRSHRT A 1) 5 Shah ALY BB S0 GB (e eorara e etgeiine:
@ef‘%brdthoéfcﬁlﬂﬂﬂdiﬁb;@@fb&ﬂ lzaﬂpro?tﬁi?u;mmdﬁmmﬁj Moy
may be used to synthesize the compounds of t resent invention.

RS T B et e B SOR R L i L e ives of
matefigisornt eraety aredlapictey i thecschemesaatingiisetssatior those
below, other starting materials . and reagenats 20,can.be easi stituted
POV GAE) BTN EEN Lo e B OB DR O
ManytRlerambryods aranarsdihidine methbashdesd@iobchbeiovi-can

be further modified jn light of this djsclqsure, usin nventional '
wENKHOAE! setp i%@ﬁﬁ?\sﬁl%t%#mﬁﬁt%@wgp At ensggc%n?pfgl?f 5!801%
the: RPSYVHIMNEREON: AratRelipsc25Af Admotefuhciiohaliyem gS erinfi§2
or secondary amine) of intermedjates: may he necessatry. . for
O BB MDA BPYEL, S o nd armate o
functionalityraagiifie tanditons of the acgkacatiosing ethodsn Buitbemistry
amino-protecting grou H-Pg) include acetyl, triflugroacetyl
GRS O SR o TR B Techee () may
9l verenpimethyiroedicadbnoyl Gretrddeyledddtdsiicradratéctohvisnt

readily determjned by one skijlled in,the grt. Fo eneral description.of 3
e NGBS BFAF R L R e e B D el a)
Qrganie Bythesisitiahe Wilksed Says oNbetdfodroldshioride in a reaction
inert solvent (e.g., tetrahydrofuran, methylene chioride, N,N-

dimethylacetamide). The addition of a suitable base (e.g., tristhylamine,

dilsopropylethylamine) may help facilitate the reaction. Suitable aroyi

chlorides include benzoyl chioride, o-chiorobenzoyl chiorides, o-
fluorobenzoy! chioride, p-chlorobenzoyl chioride, p-fluorobenzoyl chioride,
2 4-dichlorobenzoyl chloride, 2,4-difluorobenzoyl chioride, and the fike.
Intermediate 1{b) may then be cyclized to the 6-chloro-purine
intermediate 1(c) by treatment with a condensation agent using analogous
procedures and conditions described in U.S. Patent No. 4,728,644,
incorporated herein by reference. In a preferred method, intermediate 1(b)
can be refluxed in a weak acid (e.g., acetic acid) or sulfuric acid in an
appropriate solvent (e.g., isopropyt alcohol, toluene) to provide the hydroxy
purine intermediate 1(d) followed by refluxing in phosphorous oxychioride,
toluene in the presence of phosphorous oxychloride and triethylamine, or

2 6-lutidine in phosphorous oxychloride to give intermediate 1(c). in another



i0

15

20

25

30

Compounds of Formula (1) and (11) can be prepared using the general
procedures described by R.J. Chorvat, at at. in J. Med. Chem, 42,
833-848 5 (1999) and depicted in Scheme | below. RI R1 N "N NkN
B-NH2 + CI CI B,N CI NH2 H NH2 #(a) VR1 RIN~N N"-NBNICIl B-N
C(HHNfONI AA 1(c)R/1(b) N"NBN~OH }=-N Rt A N"~'N 1(d)
B_NR4N A (1)or(11) Scheme I Intermediate 1(a) may be prepared by
reacting the desired amino compound (B-NH2, where B is as defined
bty edtmdtBetichidionie B raniiiopyyivitivertaddnablie) fyrrefluxing in

%irgcr)g%ﬁpc‘b!%it?sh b%&o%?o%gae%q)éﬁﬁﬁé%@g co-solvent (e.g., toluene) and/or
base (e.g., pyridine, triethylamine) may be added to aid in the condensation.

Finally, the R* group can be introduced by displacing the chioride on
the purine ring at the 6 position.

For compounds of Formula () and (I} where R* is an amino group,
intermediate 1(c) is generally stirred with the desired amine (e.g., substituted
or unsubstituted aryl(C;-Ca)alkylamine, substituted or unsubstituted
2-indanylamine, substituted or unsubstituted cyclohexylamine, substituted or
unsubstituted cyclopentylamine, substituted or unsubstituted
norboranylamine, hydroxy(C4-Cg)alkylamine, substituted or unsubstituted
heteroarylamine, heteroaryl(C4-Cs)alkylamine, and substituted or
unsubstituted 5- to 6-membered heterocyclic amine (i.e., an amine of
Formula (la) defined above)). The amine may act as the soivent or 2 solvent
(e.g., ethano!, methylene chioride, etc.) may be added to assist in
solubilization of the reactants and/or provide a media having the appropriate
refluxing temperature to comp!ete the substitution. The reaction may be
heated to accelerate the process. In addition, a suitable base such as triethyl
amine may be employed to quench the acid produced in the process.
Suitable amino compounds can be either purchased commercially or easily
prepared using standard procedures well-known to those skilled in the art.

Compounds of Formula (1) above where R*is a primary or secondary -
amine can be alkylated, sulfonated and/or acylated to provide additional
derivatives (e.g., alkylamines, dia!kylamines, sulfonamides, amides,
carbamates, ureas, etc.) using standard procedures well-known to those
skilled in the art. a |

Compounds of Formula (1) above where R* s an amino acid may be
prepared as described by A.M. Shalaby et al. in J. Chem. Res., 134-135
(1998). These materials may be further elaborated {o amiéies and eéters

using standard procedures well-known to those skilled in the art.
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- chlorides include benzoyl chloride, o-ch,lorQben%o%lfﬁ?Ior'

aqueous hydrochloric acid (A. Miyashita et al. in Chem. Pharm. Bull., 46,
36 390-399 (1998)) or ethoxyethanol at elevated temperatures. Suitable
amino compounds (B-NH2) include those compounds where B is aryl
(e.g., aniline) or substituted aryl (e3s., 2-chioroaniline, 2-fluoroaniline,
2,4-dichioroaniline, 2-fluoro-4-chloroaniline, 2-chloro-4-flurooaniline,
2,4-difluoroaniline, and s other substituted arylamines). Other

commercially available derivatives of 4,6-dichlorg-3-aminopyrimidine may
be useblWEer Qs g MFEEREIIERHHOSE F@éﬂ%ﬁ&ﬁé@ 6?%\#%@‘6)}”8{%0

wheredrdids Qihesdban helagenye Bhown methods readily available to
2-methyl-4,6-dichloro-5-aminopyrimidine and 2-eth I-tG-dlchloro-S- f
iR SRR rE51 (ST R R G TaRTE LG R CoB T SIABIRRINGS O
8 Sraminanimigingrdesyaives sl Adssicat alT e brépemtiGoe]
3832 (1954) and W.E. Hymans in J. Hetergcycl. Chem,, 13,#%%&%197.6).
frminRREr (AP R BE IS IR R g QSRUNARISRAPEREHRHY

well-kRowmiithese akilleddnetbenaita Rix examleirieimediate diey may
be reacted wlth the desired aro | or heteroarp L%Ign e bﬁsi% rig(% ntc
mse@gspb@ﬁ%%@%efﬁ}%@j@deﬁr%e#m@ﬂéﬁe@i(d t ﬁ%{.\%}%{w t te”"
1) dawheiEsasiadwilh ithe. desited pepy|, o, eterearmyl @gridedrkaA.

reaction inert solvent (e.q., tetrahydrofurgn thylene chloride, N,N-
R N i A B G M DR ARy
disaprepyletipdasminensnayhetpdasiiatsthesteaeinniiSuitthiaed ot 2t of

B ORHBP G 5 e BRSSPI A e AT K rlich
I%Haﬂiﬁhfpé%?@gwh?w%ri@@g 1?541@ii_ﬁl.q%rpmaa)%ahch+@r@ﬂem@m thetieed
ntermediate may then be cyclized to the 6-¢ ro-purine
g R I A e st L A T T )
Janyessaes andgandiianssmeaibed in. Wisniatget N id J 28&d Ehem.,

ié]ézp?r%%;gted he(ri}eéré b ef;%@%c(%ﬁg};a gflﬁrrgg mgtgod, in? term(’ai%i%tg5 &S,@_

aRBPPIigte selMent(egarigeprapyl 8lcobainiokiené)Toamzibde tithe

h e ,
p¥g;goa)§¥tion of 3-aminoazetidine-3-carboxamide is described by A.P.

Kozikowski and A.H. Faug in Syniett, 783-784 (1991). The preparation of
preferred 4-alkylaminopiperidine-4-carboxamide groups of Formula (1A) are

depicted in Scheme I below.

o) NH(atkyl) NH(aticyl)
R CN NH,
M N N
2(a) 2(b) 2(c)
' Scheme i

The amino group of 4-piperidinone is first protected to provide
intermediate 2(a). A useful protection group is benzyl. 4-piperidinone and
derivatives thereof may be purc'hased commercially from a variety of sources
{e.g., Interchem Corporation, Paramus, NJ and Sigma-Aldrich Co., St. Louls,
MOQ). Piperidinone 2(a} is then reacted with the desired alkylamine and

potassium cyanide in an aqueous HCl/ethanol solvent mixture at about 0-30
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purine intermediate 1(d) followed by refluxing in phosphorous oxychloride,
30 toluene in the presence of phosphorous oxychloride and triethylamine,
or 2,6-lutidine in phosphorous oxychloride to give intermediate 1(c). In
another 37 preferred method, 1(b) #ay be directly converted to 1(c) by
refluxing in phosphorous oxychloride; an appropriate co-solvent (e.g.,
toluene) and/or base (e.g., pyridine, triethylamine) may be added to aid in

e THBHER OB B R g aR B oS R iAR S Rand
\E@F@U?KB Wgﬂiﬂﬂgfﬁ@é&%‘ﬁfﬁ aemm@m%QMemmm@aiwptbods for
enerally stirred with the desired amine substitute
e A S N i el s
IHERCR wﬁubéatggeﬂm@@@m&mmmspmmm @‘rﬁ’@i/C

unsubstituted cyclopent mlne Estlt %or uns tltute
norborBRYERANRE YRGS { fia DBt or%’nsu Oéatl*t(uted

Qﬁ%%%@mmeeh@t@m%wﬁﬁbﬁﬁwwamlm ahhbsubsmmwmedtate 1(c)
unsubstituted 5- to 6- m%{gbered heteroc |c arplne #\5 wih amine of
mailin] pg)RASESLY ")‘)Cﬁ%oa%ﬂ%‘ 4§ actAs e Solvent or a

@&ﬁ%&y@m@omﬂmm@bmwm@ ghdedides et fnay be added to assist

lubili h d/ id
o e oA LD e IR o W) o
fsaeTihpayded)eded te.gqddisrale ehalp©obsst. B zattitiéhesuitable
base such as trl%%gg%ggrgﬁ%be e é)|0¥ﬁg rgore ncé‘l t@%-%cé%% amine

no comp OUI’] S can

MW@ @@@ﬁh@@ﬁ‘f@@mﬂﬁyﬁ onethsitis memmuim@maa&hedrmﬁwﬁét(e g.
well-known tg those s in the ay COén%ound mL,Hﬁe(l rou
priiagRaitl D \rﬁf’i’iﬁ %V é)&)t?{b& hhine can be alky ed sul nate? P
aadioicacyRiaria et visiaadditidaat xéeimmesn@igtmmamd@ms
e R AR R S oo
ketone or aldehyde in a polar solvent at a temperature from about 16 °C to
about 140 °C for about 2 to about 24 hours in the presence of 3 A molecular
sieves. Typically, an equivalent or a slight excess of the amino compound i3
added to the ketone or aldehyde. Suitable poiar solvents include methylene
chloride, 1,2-dichioroethane, dimethylsulfoxide, dimethylformamide, alcohols
(e.g., methanol or ethanol), or mixtures thereof. A preferred solvent is
methanol. In the same reaction vessel, the imine may then be reduced to
the secondary amine in the presence of a reducing agentat a temperature
from about 0 °C to about 10 °C and then warmed to a temperature from
about 20 °C to about 40 °C for about 30 minutes to about 2 hours. Suitable
reducing agents include pyridine-borane bomp!ex and metal borohydrides,
such as sodium borohydride, sodium triacetoxy borohydride and sodium
cyanoborohydride. Suitable aldehydes or ketones inciudé
paraformatdehyde, acetaldehyde, acetone, benzaldehyde, and the like.
Altermnatively, the amino alkyl group may be introduced using the
methods described by Hocek, et al. in Tetrahedron, 53(6), 2281-2302
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Compounds of Formula (I) above where R4 is an amino acid may be
prepared as described by A.M. Shalaby et at. in J. Chem. Res., 134-135
(1998). These materials may be further elaborated to amides and esters

" *30°using standard procedures well-gnown to those skilled in the art. 38—

Numerous amine compounds of Formula (AA) are available from
commercial sources or prepared by known methods readily available to
those skilled in the art. Representative preparations of amine compounds

f Jegnm Uise( AL aker dfusiradatar e Exarnfil e &hedove e torépatation of
5 4-aminogpiperidine-4-carboxamide.groups af Formula (1A -aAMminNE;z,.:
ol dmrpc ity o s
precrvioTsiate described )by faAydisTarissesdn ) ByRatbysidNoesBd 616auire of
C. van de Westeringh . in d. m.. 7. 619-623.(1964), and
R e ol S OV A e O Croy s
abgiesithé-anutwagedupsiare, UNsalstiiyiegtompnsshibstiately, converted to an
disubstituted, or part of a heterocyclic ring. Related bicyclic derivatives
A B e e S EHNA D LB S AP O . GG g 0w o
th998)skiid deifetbpcas. cAntaimdpthereim Spirvesabstitwtedipipiiting sofine
formula (IA) are described by P.A.J. Janssen.in US Patent No ,
NG e ek e e T
ahibrideBulicioberpyBoemiapam d4o8445¢ 603 PAM et Srkomidiay

nd amnick in WO 9522544. The preparation of . .
Tenan s neade R R P o sivdand aggeucing
AddnFéelg inNByBiel NASHLEN( 193t CEhexpispalaytinde)) jprefdeesdolvent at
4-alkylaminopiperidine-4-car ide groups of.Eormula (IA).ar
e e e e A Tl vl e R e
Ol 886 2i@) 2 (biju2(epriety of aldehydes, ketones and amines that may be
used in either the reductive alkylation of the 6-aminopurine or the reductive
amination of the B-acetyipurine.

For those compounds of Formula (1) and (Ii) where R*is an
unsubstituted or substituted atkoxy group, intermediate I(¢) may be treated
with the desired alcohol in the presence of a base (e.g., potassium
t-butoxide) and an aprotic solvent (e.g., THF). Suitable alcohols can be
either purchased commercially or easily prepared using standard procedures
well-known to those skilled in the art.

Alternatively, compounds of Formula (i) or (Il) where R* is a hydroxy
or alkoxy substituted alkyl group may be produced by replacing the chlorine
group of intermediate 1(c) with the desired electrophile using procedures
described by Sugimoto, et al., in Tetrahedron Letters, 40, 2139-2140 (199©).

The 6-chioropuring intermediate 1(c) is reacted with lithium n-butane-

tellurolate (tellurium reacted with n-butyllithium) in an aprotic solvent (e.g.,
THF) at -78°C followed by the addition of the desired electrophile (e.g.,
acetaldehyde, benzaldehyde, acetone, methylethyl ketone, etc.) and then
warmed to room temperature to form the desired hydroxyaltkyi derivative.

Alternately, the hydroxy derivative may be formed using the procedures
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Scheme It The amino group of 4-piperidinone is first protected to provide
1.4 intermediate 2(a). A useful protection group is benzyl. 4-piperidinone
and 25 derivatives thereof may be purchased commercially from a variety

e i -

" of sources” (e.g., Interchem Corporgtion, Paramus, NJ and Sigimia-Aldrich™

Co., St. Louis, MO). Piperidinone 2(a) is then reacted with the desired
alkylamine and potassium cyanide in an aqueous HCl/ethanol solvent
mixture at about 0-30 39 C. The cyano group is converted to the

aberesiaading amdedyith sicid dnOraatielne LREQLIAG Trelp! & theno).
R R G S e T e
hyidrogaration in tmeﬁﬁés&@%@@d&ﬁ&e%he%r@ﬂ@émmme
nd (II) where R4 is an aminoalkyl, alkylaminoalkyl, or dialkylaminoalkyl
dFofip, AR RRIBHAS ATHAEN IR e YRS HRISb RERRE with A
cyano gw}@tﬁgéb@eabm l&g, @B@w@%nl@raéugaw_ anddesin ﬁ@piepared
resence o - diazabigyclg[2.2.2}octane in an aprotic solvent
?ﬁ?@éﬁ%ﬁmg#ﬁ??agﬁﬁ%eﬁzyﬁ}%ﬁﬁ@%@ .,bﬁ%b%%—éaﬂ?ct.
80),Geenso n. H13BHNROR). e tbyanbecanithaniredtieed to
the alk) | amine ug’iggi)tanqg %\;ﬁ uction metho&}s well-known to those

e TG S e N PO TESRL RS Moy Ee PG B Rushras
Rt Enerauminendigdidean ke AR glloitaded iusindbs ansanse dyetive

Ikylation procedures. 1s Generally, a Schiff base ig formed by reacting . |
R R AR PacT A SesrRbF SRR 21505 SRR 2egont, in

L@mﬂwatim&maggu%&s@;@@@?mbglm a@r@ﬁegrm@.tﬁ&mﬁ@ué&fﬁne could

ouss. In e sence ol molecgular Sieves. plca y, an GQU|Va ent or

B GOSN CELEN TR P BRI RS ZRMF D e Ketons or

illdeh_yﬁg.tﬁwaﬁﬁmmﬁk?@q?sé%@@afﬁamﬁh?mé&f@@?dﬁﬁc?n t(hen be
o] loroet , Al t sulitoxiae, met ormamijae, conals 4.,

HEIAIET 6F s R R R S AR i e, kT (0

Defitand)-Oithesathereaclion- e pD thetmnaimay theade redusedriss

1 EERRIAATY R RIES RISRE1SE ORISR A LA SRSt

be condensed with other moieties to provide a variety of substituents (e.g.,

sulfamyl, sulfonyl, etc.). The aminoalkyl group could be modified in a similar
fashion to give amides, sulfonamides, etc.

The R* group may be attached to the pyrimidine moiety either after
(as described above) or prior to cyclization to the purine. Scheme Il below

ustrates the introduction of the R* group prior to cyclization to the purine.
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from about O C to about 10 C and then warmed to a temperature from 25
about 20 C to about 40 C for about 30 minutes to about 2 hours. Suitable
reducing 0& 1 de pyridine.borane complex and metal borohydrides, entS
include such as sodium borohydridegzsodium triacetoxy borohydride and
sodium cyanoborohydride. Suitable aldehydes or ketones include’
paraformaldehyde, acetaldehyde, acetone, benzaldehyde, and the like. 30
Alternatively, the amino alkyl group may be introduced using the methods
described by Ho &k, at al. in Tetrahedron, 53(6), 2291-2302 4§;(1997).
The 6-chloropyene, intermediate 1(c) is converted to the 6- agety]purine
compound by feacting intermetiate-(e)-with 1-ethoxyvigyltr - utyltin
under Pd(PRRh3)# catalysis followed by hydrolysis using ar;ljnixt fe OR
acetone an(f'aqu%}‘us HCI (or DMF/aq. HCI mixture) at reflux NH;
temperatures 5 to give the acetylated purine. The acetyl group is then
easily convelf¥d to an amine or substituted amine by réductitf@lamination,
a process well-known to those skilled in the art. An.€xampiary procedure
employs the desired amine salt (e.g., am@ioniurgrchloride,
methylammonium chloride, aIIyIammoniu/Lh\ chloride,
cyciopropylammonium chloride, cyclohgxylgmmoniurn chloride, is
dimethylammonium chloride, benzyi schloride, etc.) and a
reducing agent (e.g., NaBH4, NaBH or triacetoxyborohydride) in
polar solvent at room temperature. See Abdel-Magid, et al., J. Org.
Chem., 61, 3849-3862 (1996) for a wide variety of aldehydes, ketones
and amines that may be used in eithgrthempductive alkylation of the
6-aminopurine or the reductive isaminatiop,of the 6-acetylpurine. For
those compounds of Formula (1) aﬁ%mﬁgre R4 is an unsubstituted or
substitutée alkoxiy grorempiraetheediateni) enaydoe bdiated! W@ithrise be

' ohol.in the presence of a base (e.q., potassium t-butoxide) and
o O R e 8 G T S IR .
parchasedaoredieteidls jor ebsityereiardth y sing btan derdpideedutedith an

aryl or heteroaryl carboxylic acid or derivative (eg., acid chloride, ester, eic.)

to give purine compound (l). The cyclization may be accomplished using the
procecdures described by Young, et al, in J. Med. Chem, 33, 2073-2080

(1990). For example, intermediate 3(a) is heated with benzoic acid in the

presence of polyphesphoric acid (PPA) to a temperature of about 150 °C to
about 170 °C for about 1 hour. Alternatively, the desired purine (I) may
obtained afier the diamine and aryl carboxylic acid are heated to a
temperature of about 100 °C in the presence of a dehydrating agent (e.g.,
propane phosphonic acid cyclic anhydride) in an appropriate solvent (e.g.,
dioxane), .

The B group may be attached directly to the purine moiety as
fllustrated in Scheme |V below.
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well-known to those skilled in the art. Alternatively, compounds of Formula
(D) or (II) where R4 is a hydroxy or alkoxy substituted alkyl group may be
produced by replacing the chlorine group of intermediate 1(c) with the
desired electrophile using procedures 25 described by Sugimoto, et al., in
Tetrahedron Letters, 40, 2139-2140 (1999). T ire 6-chloropurine
intermediate 1(C) is reacted with lithium n-butane- tellurolate (tellurium
reacted with n-butyllithium) in an aprotic solvent (e.g., THF) at -78C
followed by the addition of the desired electrophile (e.g., acet blehyde,
benzaldehyde, a{/dqtone, methylethyl ketone, etc.) and then 3 ﬁ;{med to
room temperatyire t Horm the degired hydroxyalkyl derivative, Alternately,
the hydro>g(2|q i ay be Lﬁn@d using the procedtygs described
by Leonard, et alezJ. Org. Cﬁem., 44(25), 4612-4616 (197HNT
6-chloropurine intermediate 1(c) is treated with n-butyl lithium to form the
carbanion at -78Gfgllowed by reaction with the desired elecﬁf@pl‘ﬁle (e.g.,
ketone or aldehyde) to form the hydroxyalkyl derivative. 5 In yet another
approach, a 6-aroylpurine compound can be prepared by the|procedures
described by Miyashita, et al, in Chem. Pharm. Bull, 46(30), 390-399
(1998). The aroyl group can then be reduced to the correspohding
secondary alcohol by treating h a reducing agent such as i jium
alumunium hydride. The terti @aﬁ:ohol can be obtained up

treatment with an alky metal feagént, such as an alkyl Grign@rd riéagent,
in a suitable solvent (e.§rtgtrapydrofuran, diethyl ether)Rinally, af!
amine could be introduced FReductive amination (see ab;}v‘eﬁ. In the
above examples, the resultant hydroxyalkyl group can thea be alkylated
or acylated to form the desired'&koxy or acylate (e.g., (alky)4S{0)- 15 0-,
(aryl)-C(0O)-O-, (heteroaryi)-C(O)-&sgmdIping standard procedures
well-known to those skilled in the art. Alternatively, the hydroxy group may
be condatyEaariticotia) rrildir e rolried Wan&) EF%BQE{?E}Q@&S@T@?‘Q
sylfarenlosidiian. €tsgiyTinel aunaaly Larpup Gayidvhecsnoaifiedrin ..,

similar
benzoyl chioride), substituted aryl (e.g., 2-chlorobenzoy! chioride,

4-chlorabenzoyl chioride, and other substituted aryl acid chloriges),
heteroaryl, or substituted heteroaryl. Compound 4(b) may be converted to
intermediate 4(c) using with dehydrating agents like POCl3 using procedures
described by H.C. Koppel in J. Org. Chem., 23, 1457 (1958) and in J. Chem.
Soc., Perkin Trans. |, 879 (1984). The B group, where B is aryl, substituted
aryl, heteroaryl or substituted heteroaryl, may then be introduced using
reagents like R™-B(OH), , R'-Br or R'-l and Pd catalysts (see Y. Wan et al. in
Synthesis, 1597-1600 (2002) , and references contained therein) or
copper(ll) catalysts such as cupric acetate or cupric bromide (see S. Ding et
al. in Tetrahedron Lett,, 42, 8751-8755 (2001), A, Kiaparé et al. J. Am.
Chem. Soc. 123, 7727-7729 (2001), and references contained therein). The
SNAr reaction may also be useful for introducing electronjdeﬁcient
heterocycles (see M. Medebielle in New. J. Chem., 19, 349 (1995)).
Conventional methods and/or techniques of separation and

purification known to one of ordinary skill in the art can be used to isolate the



10

15

20

23

30

fashion to give amides, sulfonamides, etc. 20 The R4 group may be
attached to the pyrimidine moiety either after (as described above) or
prior to cyclization to the purine. Scheme Il below illustrates the

" introduction of the R4 group prior tggyclization to the purine. 42 R1 R1

NN NN CIB, 1 R4 B.N)INH2HNH2 1(a) 3(a) R1 Nj~N B-N R4 }=-N

A (1) or (I) Scheme IIl The chlorine group of the pyrimidine intermediate

1(a) may be displaced with the desired nucleophile (e.g., amino
cemneundisatdahelpetegnbitydativnnes medliste B ) dritarmiediatosiaies

can then be condensed with.an aryl.or he [ j .
SBRRISEG0 s Enlaig e S g e B b i

ayielizatiominmasybedodenfplishednsingthy peocédbresdéagrity igh
Young, et al, in J, Med. .Chem

RER A R R S A s
Relitrhos it beids( BRA) 4o ailiem gefas_tné tjﬁaﬂe}aerléﬂir@mmcayeuhw,o
oA S e S et
100 C intieecprepence obattehyestingaganide. mayrepsnsisibsphdtied
%Cég gg%ﬁﬁ ’ﬂ?é’ %ilgr%)cjp g%”ﬁ%?{%’é@&%C%?Jyeg‘éégp@gbge salt, solvate andfor
hydrate. The term “salts” refers to inorganic and organic salts of a
compound of the present invention which may be incorporated into the
molecule via an ionic bond or as a complex. These salts can be prepared in
situ during the final isolation and purification of a compound, or by separately
reacting the compound or prodrug with a suitable organic or inorganic acid or
base and isolating the salt thus formed. Representative salts include the
hydrobromide, hydrochioride, hydroiodide, sulfate, bisulfate, nitrate, acetate,
trifluoroacetate, oxalate, besylate, palmitiate, pamoate, malonate, stearate,
laurate, malate, borate, benzoate, lactate, phosphate, hexaflucrophosphate,
benzene sulfonate, tosylate, formate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, and
laurylsulfonate salts, and the like. Preferred salts of the compounds of the
present invention are the mesylate, besylate and hydrochioride salt. The

salts may include cations based on the alkali and alkaline earth metals, such

as sodium, lithium, potassium, calcium, magnesium, and the like, as well as

non-toxic ammonium, quaternary ammonium, and amine cations including,
but not limited to, ammonium, tetramethylammonium, tetraethylammonium,
methylamine, dimethylamine, timethylamine, tristhylamine, ethylamine, and
the like. See, e.g., Berge, et al,, J. Pharm. Sci., 66, 1-19 {(1977).

The term “prodrug” means a compound that is transformed in vivo 1o
yield a compound of Formula (1) or a pharmaceutically acceptable salt,

hydrate or solvate of the compound. The transformation may occur by

various mechanisms, such as through hydrolysis in blood. A discussion of
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15 dioxane). The B group may be attached directly to the purine moiety as
illustrated in Scheme 1V below. 43 R1 R1 N~NH O NNH H2N O
H2N-J)--~0 A-~-CI NH2 HN tO 4(a) 4(b) A R' R" N~N NJj~ N B-N\ CI HN

“YCI)=N'A'A 1(c) 4(c) Scheme IV Jgtermediate 4(a) can be first acylated

with an acid chloride. Suitable acid chlorides (A-COCI) include those
compounds where A is aryl (e.g., 5 benzoyl chloride), substituted aryl
(e.g., 2-chlorobenzoyl chloride, 4-chlorobenzoyl chloride, and other
sihatitutsderyragidiciploniis), bidtedghthbpsdbélitbiedseiiesiugs as
ompaound 4(b)xmay be ¢ inteFmedi [ j ;
i dieATe AR AL USIREWID and in
g@ﬁ?ﬁ%#‘\\ée g)(t":gélé&]es ’ %ggfsqgg]procedure déscribed by H.C.

KoppetinidictgrGhenn (28g1267gnosd) aaw A d Behanha o Soerid@arkin

ans. 1, 879 (1984). T js.aryl, tituted aryl,
%&@@Efiﬁ% % jt%s%ﬁé%%%ﬁt%@ﬁﬁ%@% en eéi’n?[ro uced using
reagerfitiksRueB{ OH) 20 REBNArAR thearie St itusietsedaiNgah et
al. in_Synthesis, 1597-1 00 Qptal hetsinkar
GGt A e IR N o i
Bicl FeplaiceTesratEdnerhydfogen, SPE1E 158 00 GONPRIEPFERER SUCh

één (C4-Cg)alkyl, (Co-Ciz)alkanoyloxymethl, 1-(atkanoyloxy)ethyl having from

4 1o 9 carbon atoms, 1-methyi-1-(alkanoyioxy)-ethyl having from 5 to 10

carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms,
1-{alkoxycarbonyloxy)ethy! having from 4 to 7 carbon atoms, 1-methyi-
1-(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms,
N-(alkoxycarbonyhaminomethyl having from 3 to 8 carbon aloms,.
1-(N-(alkoxycarbonyljamino)ethyl having from 4 to 10 carbon atoms;
3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N /N-{C+-
Colatkylamino(Co-Ca)alkyl (such as p-dimethylaminoethyl), carbamoyl~{(Cq-
Colatkyl, N,N-di(C+-Cz)alkylcarbamoyl-(C+-Co)alkyt and piperidino-,
pyrrolidino- or morpholino(Cz-Cs)alkyl. |

Simitarly, if a compound of the present invention contains an alcohol
functional group, a prodrug can be formed by the replacement of the
hydrogen atom of the alcohol group with a group such as (Cq-
Ce)alkanoyloxymethyl, 1-((C+-Ce)alkanoyloxy)ethyl, 1-methyl-1-((C+-
Ce)alkanoyloxy)ethy!, (C1-Cs)alkoxycarbonyloxymethyl, N~{C+-
Ce)alkoxycarbonylaminomethyl, succinoyl, (C1-Cg)alkanoyl, a-amino(Cq-
C.)alkanoyl, arylacyl and a-aminoacyl, or a~-aminoacyl-a-aminoacyl, where
each a-aminoacyl group is independently selected from tlhe naturaily
oceurring L-amino acids, P(O)OH)z, P(OYO(C+-Celalkyl)z or glycosyi (the
radical resulting from the removal of a hydroxyl group of tﬁe hemiacetal form
of a carbohydrate). ‘

if a compound of the present invention incorporates an amine

functional group, a prodrug can be formed by the replacement of a hydrogen
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Chem. Soc. 123, 7727-7729 (2001), and references contained therein).
The SNAr reaction may also be useful for introducing electron, deficient
heterocycles (see M. Medebielle in New. J. Chem., 19, 349 (1995)).

"“Cohvéntional methods and/or technyjgues of separation and 20 purification

known to one of ordinary skill in the art can be used to isolate the 44
compounds of the present invention, as well as the various intermediates
related thereto. Such techniques will be well-known to one of ordinary skill

Etotheranﬁlc@@dnm@ygmkpdﬁitm gxanmomcﬁil?ymafmwfn&t@g@amn&hgh
ressure liquid chromatogr HPLC),. ing5
Sk R E N G e R S S
enpRIRkiRatione ang, differentiablig isliguidtliqaid) exiaction techaltjoaisx-
The compounds of the present inventi isolated gnd
e AR [0 oo 9T Yo% S
RydiateyiThe v, saliscrelars fesincrganjcandl erdanicsals-fjatiy,

compound of the present invention which may b incor@o&(gﬁ?g into the
RN iEapiicBRP G oS A6 PN HESE S4itd- é Prepared

iﬁsgﬂ't in e fina ieolstiamans pirifisatian afetiepnapauridisomano-N- or
separately reacting the compound or prodry ,Wi%h Tsuitablel.ar&agrli or
NG BINE abic) ok HagE S dTISHPRANG n 8RR it 1¥hieRY RS dttive

salts inglude he,b8 Mydeahrenyessditdreehiagadinydareside, isudatve
bisulfate, nitrate, acetate, trifluoroacetate, o a[%te, besg%?fggg?agmltﬁﬁe

iaioaeiaieabmay, ek ite SYRmRl CRlIsr Hsame Ci8ctite,

REpsANAiBs @ ikeienbgsrbaine berrene siiénantattosyiaeniainatans
citrate, maleate, fumarate, succinate, tartrate, na rghylaée, mgsylate,
@mﬁor@}ﬁﬁhﬁa{@ﬂéﬁﬁgi&%@rﬁiﬁﬂjﬁﬂﬁr;}fsﬁlf@ﬁ‘% 24 1885Ad the like.

Brefesiedmalie ahihe eomiomnpsisRidhe: prasesbinyrniiaisatitiepresent
mesylate, besylate and hydrochloride salt. The salts mag_l_i?(glude %atlons
di h

irsafion acviiknRIKIERHEERR IMELINGANSINS SRR SiniRH & Part
RetReSHBL GRIGNBnIRINPSAHItBRd the fikss @it Wekkationamtbrces all
ammonium, quaternary ammonium, and amin ca\[ions includilagj
geometric and positional isomers. For example, i an intermedidate or
compound of ihe present invention incorporates a double bond or a fused
ring, both the ¢is- and trans- forms, as well as mixtures, are embraced within
the scope of the invention.

Diastereomeric mixtures can be separated into their individual
diasterecisomers on the basis of their physical chemical differences by

methods well known to those skilled in the art, such as by chromatography

" and/or fractional crystallization. Enantiomers can be separated by

converting the enantiomeric mixture into a diastereomeric mixture by
reaction with an appropriate opticaity active compound (e.g., chiral auxitiary
such as a chiral alcohol or Mosher's acid chioride), separating the
diasterecisomers and converting (e.g., hydrolyzing} the individual
diastereoisomers 1o the corresponding pure enantiomers. Also, some of the
compounds of the present invention may be atropisomers {e.g., substituted
biaryls) and are considered as part of this invention. Enantiomers can also

be separated by use of a chiral HPLC column.



10

i5

20

23

30

25 but not limited to, ammonium, tetramethylammonium,
tetraethylammonium, 1 A t i methylamine, dimethylamine, trimeth
uyia~iine, tiiethylam~eiylal111n E, Eth uyla lamin E, and the like. See,
e.g., Berge, et al., J. Pharm. Sci., 6§; 1-19 (1977). The term "prodrug"
means a compound that is transformed in vivo to yield a compound of
Formula (1) or a pharmaceutically acceptable salt, 3o hydrate or solvate of
the compound. The transformation may occur by various mechanisms,
such ad e caghgopdrotysidiv biesenhitisaiizionay £5ighia wsevated as
rogrugs Is provided by . r
R R e e
BietenertiblecC amie s inlibeugdidsig ﬁn@mcémaai BeRoepsliahfAREfe
%gﬁ(né‘gﬁ,%!{ti%% {@ds%%%i&ggr{baqgrﬁ‘ggamon Press, 1987. 5 For example, if

a compoung he present invention contains a carboxylic acid functional
group, 4 jrratsugossitenipaisbaintsmeairuand GuTRPHKEEABRS the

ARSI e ncl i iR BRURBHRAHCArdRIn foms

alkanoyloxy anoyloxy)ethyl having from 4 to 9

catbembtanes] tithéntiels (aikandyisxii)veriPRaving @i StEyttones oF
¢ ng:%%&’:‘@&%‘*‘%@%* boayigrmRIEdhadng MBS PéERRaLMRRre
1-?a| ethyl

oxycarbonyloxy aving from 4 to 7 carbon atoms, I-methyl-
Infatoonyeatine yixg) sie herdn GHosr S toB mpaterion tautomers

MR el e gt

Diphihalidyl, uctormbiictenyl, guhimavenesrboisaermatiouscp specific

C)alkylamy - dj - ,
e G AR HE P MRTRISEHI tho ycrocen
piridiigrateppavideiother mgrphsitRe 2 \Gavarg [aitanagks ipgude
?R{E%%W\%&gé?\% %y%ggd&e{a%&%eﬂ ceatins analcahakidg Biastiena!

group, a prodrug can be formed by the replacement of the
The present invention also embraces isotopically-labeled compounds

of the present invention (including intermediates) which are identical to those
recited herain, but for the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different from the atomic mass
or mass numberrusually found in nature. Examples of isotopes that can be -
incorporated into the intermediates or compounds of the invention include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine,
iodine, and chlorine, such as 2H, °H, 'C, °C, ™C, N, "N, "0, 70, |0,
$1p 32p 38g 18E 129 125 5ng 0| respectively.

Certain isotopicaily-labeled compounds of the present invention (e.g.,
those labeled with ®H and "C) are useful in compound and/or substrate
tissue distribution assays. Tritiated (i.e., °H) and carbon-14 (i.e., *“C)
isotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium
(i.e., °H) may afford certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo half-life or reduced dosage

requirements) and hence may be preferred in some circumstances. Positron
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hydrogen atom of the alcohol group with a group such as (C1-
C6)alkanoyloxym ethyl, 1-((Cr-C6)alkanoyloxy)ethyl, 1-methyl-I-((C1-
C6)alkanoyloxy)ethyi, (CT-C6)alkoxycarbonyloxymethyl, N-(Ci-
C6)alkoxycarbonylaminomethyl, sugcinoyl, (Ci-C6)alkanoyl, a-amino(Ci 25

“C4)alkanoyl, arylacyl and a-aminoacyl, or a-aminoacyl-a=aminoacyl,

where each a-aminoacyl group is independently selected from the

naturally occurring L-aming acids, R(O)(O P(O)(O(Cj-CB)alkyh2.or
GIPSRS1 RHOHRIEATTGEL Ry 7o the FEHlowE S SSaHblGh HPSTECE the
beriasataliasmaphe mEbDdHR) 1SS tbartempaiickel teeqprsent
invention incorporates an amine functional group, a rod{u%,_can be
PGRHBRINSY eI IR B TR RSB AP T TRE AT B R B
YAHEAA(0MD SHSTASIR g achomhcRPocathary ahiRRicar honybuherecRised

and R' are each independently (Ci-Cio)alkyl, (C3- C7)cycloalky|, henzyl, or
R SSyTeoh ARG B SR RSP R TR BoIH G i 2
AcABHReAGMEHeIEHGERKPICrvheteinsYidp ida(G ik yeagedienzyl,
-C(OYQ)Yi1 wherein Yo Is (Ci-CeAg alk I%nd Yiis g-fcfgﬁlﬁ\fl’ g di

carboxy CTRBIRNS ORI REEE WA S hRIRGERETH e Rp{(gL diseases,
&?)@KMMHE&RM&?&&Y&MEE?{YBGrBino‘éaﬁ&;]bil;wimﬂihab?Idig@iwiss (e.g.,
mono-N- or di-N,N-(Ci-C6)alkylamino, morpholing, piperidin-1-yl or

B oRaRRRIST MBS NG STASER RIS AP GALEkAG fresent
IveRtiNE iHodiREMAdIRIeE) N By rapBib ASYTRME|n@ B chised sentieesly
therefore, the compounds and irrgfrmediates may exist in different

SHedEARRI o RTPCERI RIGAR A SHAGITSRIORBARYS. 1tis
iMenfeddbat Al siesepisemeneisiens diltheninterraediates and

compounds of the present invention ags well as mixtures thereof itncludingem

racemic MRIGRECTEHIFUGRHR REBRIRE BreRualdvRRABIPHTSHETR e
BlesaRinveatosembrasesalogeroisisiet argLjiabitoralisamdisdhts and

e e b S e RISl B e,
aswelkanmhyestase wmlraoedisitbinuble and/or sweliable polymers,
hydrophilic or hydrophobic materials, gelatin, oils, solvents, water, and the
like. The particular carrier, diluent or excipient used will depend upon the
means and purpose for which the compound of the present invention is
being applied. Solvents are generally selected based on solvents
recognized by persons skilled in the art as safe (GRAS) to be administered
to a mammal. In general, safe solvents are non-foxic aqueous solvents such
as water and other non-toxic solvents that are soluble or miscible in waler.
Suitable aqueous solvenis include water, ethanol, propylene glycol,
polyethylene glycols (e.g., PEG400, PEG300), etc. and mixtures thereof.
The formulations may also include one or more huffers, stabilizing agents,
surfactants, wetting agents, lubricating agents, emulsifiers, suspending
agents, preservatives, antioxidants, opaquing agents, glidants, processing
aids, colorants, sweeteners, perfuming agents, flavoring agents and cther

known additives to provide an elegant presentation of the drug (i.e., a
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the scope of the invention. 20 Diastereomeric mixtures can be separated
into their individual diastereolsomers on the basis of their physical

‘chemical differences by methods well known to those skilled in the art,

such as by chromatography and/orsractional crystallization. Enantiomers
can be separated by converting the enantiomeric mixture into a
diastereomeric mixture by 25 reaction with an appropriate optically active
compound (e.g., chiral auxiliary such as a chiral alcohol or Mosher's acid
chforigelrskpbiiad nyehen dingtatéwisondrarambegticethageogition thereof)
AL e M AR Riaaa S R FOGEP A S ment)
enantiomers. Also, some of the compounds of the present invention may

be atroplseniers(daiossibstiytedr 3P aiat, 183 nodary eoivids @dwEyan and

P o iy Salippumd o
uhsopraerhhinvetiitan suletabiiteddowithigher reoeaticall{cagcaptalpiex with

e e e g e

@%B@slﬁa@ﬁeﬂm@rtﬁemmsmcﬁmﬁwnmm tidhprexeinienie dgseribed
'%@ks%'swed%%%ww'g@%% mgrﬁ%bﬁumggm)(%ﬁm%aﬁﬂm
withi T or

n the Scope o e Inventio e term "tautome automeric
fohmnraieaitoatdosags isome s ghaifidechit asilyiconidabiredosage of the
i Verti i lowy: iek. o' s to
e B e S e o Sy e PO o e
migratiohhefrdprotapcsiict askeessits dridamndadivaniaeapplication may

. A | . ! CeEET
T e e
\Edlerivis tatingnibesdnegu de eimesedynaer sidlsscoiprsbistipitianon didems of
. 0 ol . . . e
,ESnﬁaﬂ%@%ﬁg@@%ﬁ@qgg?@ﬁ%%%%?%@@&ﬁ@!tf%?rﬁ(ﬁagnon in an

isotopical compounds of the present invention ing
iaeprmediate Spuhich wistiteptictainptRcye well-known to those skilled in the

art and include materials such as botiles (plastic and glass), sachets,
ampoules, plastic bags, metal cylinders, and the like. The container may
also include a tamper-proof assemblage to prevent indiscreet access to the
contents of the package. In addition, the container has deposited thereon a
labet that describes the contents of the container. The label may also
include appropriate warnings.

The present invention further provides a method of treating diseases,
conditions and/or disorders modulated by cannabinoid receptor antagonists
in an animal that includes administering to an animal in need of such
treatment a therapeutically effective amount of a compound of the present
invention or a pharmaceutical composition comprising an'eﬁécﬁve amount of
a compound of the present invention and a pharmaceutically acceptable
excipient, diluent, or carrier. The method is particutarly useful for treating
diseases, conditions and/or disorders modulated by cannébinoid receptor (in

particular, CB1 receptor) antagonists.
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recited herein, but for the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different from the atomic

.mass .ot mass number usually found in nature. Examples of isotopes that

can be 20 incorporated into the inter#fediates or compounds of the
invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorus, sulfur, fluorine, iodine, and chlorine, such as 2H, 3H 11C,

13C 14C_ 13N, 15N, 150,.170,180,31P,.32P, 35S, 18F 1 1251 and
B0 re O G R s DS A R Cne T g Bimses.
ingentidivie,Endbrttinsedahe md widd8k @adidcambusstltareptor
compound ?nd/o .su%strat tissue distribution. it %g 3Hé and Arban-1
RO G TR T LR (T hmlicee g Tiggrdey Anorexis s
areubianticy ladigpréderediositelr @age dqurepandtioraant defectahilibke,
F%rtr&?rr%ubst{'t,[ution with heayier isot&)egs sugg acs de;tjte!réugndéi.e., 2I.—9

may ARb AP REHS T tREI SR LR BRI EERESTRIAY fom gredih 35510,
miiadiakc Eata kg (e g cincrea sechinvprodrdal; e lmviedsiceddictags

requirements) and hence referred in some gircumstances. .,
PR L e L A B o, S EHPRERACE mgafpnoe,

fosyaisi®au ppness@m tohnogeipby 4RE THstodiss-tnducadinerslitistrateplace
T e L
to{ thgsealtisbisissnliSanatiei Sihre ared/andépraindbrdexaciptisthemmbatdvior
L 0 Al SR e AR IR v,
trézitimerdisbases soonditansranddtisdicier s esedlitatexhbioc siepanideitte .
R s e e b
cempiisiag, a¢hezape (iedlldiefietbreamme s, dflzhedmpdsidisehitee dementia
pregdine, and mild neurocognitive disorder), sexual dysfunction in males (e.g.,
erectile difficulty), seizure disorders, epilepsy, gastrointestinal disorders
(e.g., dysfunction of gastrointestinal motility or intestinal propulsion),
attention deficit activity disorder (ADHD), Parkinson's disease, and type i
diabetes. ’

Accordingly, the compounds of the present invention described hersin
are useful in treating diseases, conditions, or disorders that are modulated
by cannabinoid receptor antagonists. Consequently, the compounds of the
present invention (including the compositions and processes used therein)
may be used in the manufacture of a medicament for the therapeutic
apnlications described herein,

Other diseases, conditions and/or disorders for which cannabinoid
receptor anfagonists may be effective include: premenstrual syndrome or
late luteal phase syndrome, migraines, panic disorder, anxiety, post-
traumatic syndrome, social phobia, cognitive impairment in non-demented

individuals, non-amnestic mild cognitive impairment, post operative cognitive
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invention and a carrier, diluent or excipient. Suitable carriers, diluents and
is excipients are well known to those skilled in the art and include
materials such as carbohydrates, waxes, water soluble and/or swellable

LELTL JRVIVRT P oy A L PRVEVEP RV

" polymers, “hydrophilic or hydrophobig materials, gelatin, oils, solvents,

water, and the like. The particular carrier, diluent or excipient used will
depend upon the means and purpose for which the compound of the
present invention is 20 being applied. Solvents are generally selected

estit ardisivéens assminledvbith paBulsivekhrRiiEAHES {auE e disruptive
(GRAMMR 8%&%@&9@%6%9;% amnAl g genialisafe setysnts are

non-toxic aqueous solvents such”as water and other non-toxic solvents
tinap recsotuibl dio dinpscible. inanses! demralste 2fiebePReRBARA| Hialiast

ST IO ok 35 DO B SR NS YA R GABRIcr

etc. ahd mixturés thereof. The formulations may also include

emsl antirrel Buttsronalibiidise dgendiserpricEsTRCHGENtAgaMY sive
lubgicati ‘s fiers, e y .
RIS AR SO s s ey s
impelenaenipelflintiriean éne, flalemig et arplariveiRicsden sipptomania,
ggﬂg%%ﬁé& @n@e'&%gea?lsgﬁm;m SERLPHRMBIIAREENE)- BoedSive

mpound of the présentiinvention or pharmaceutical composition thereof?
coaipirsive dsprsractalifisr taigsmfmbamearpid@ich@inction in maies

| glégggﬁ?é?ﬂékujé‘r%;%ﬁ‘ﬂé%@%&%s DIGRAEH iRV eNtighfrs of

Ion an xing procedures. For example, the bulk drug substance
(Hlesrdmponieesf apnRe prEsminvaiiven SrestEsiR e réHRteIRROVeMment

cRERaURd éﬁ'iﬂa!%ﬁf?|ﬁ§iz§,”a§rﬁé68%>fﬁg‘ dativativeros hsrkomne g.,

compﬁaxaﬁ agent)) is olved in" a suitable solvent in the presence of
drasiotahcreaifethecskenasRaiasiverdgcanes & rtasie ompbepilv 61 aheS

RieseREDYERIog S XRIGRIY fermulaieiinio RRASMACRHAFBIKINSRIE (e g.,

forms to prov de an easily controllableé’ dosage of the io drug and to give
theqpabestsanandglinbaias easily handleable product. The pharmaceutical

composiienan ipruiationh Op ARRIGEHIB MRY OSRRCKRERM IR Sryarsty

of ways depending upon the method used for

patient at dosage levels in the range of from about 0.7 mg to about 7,000 mg
per day. For an adult human having a body weight of about 70 kg, a dosage
in the range of from about 0.01 mg to about 100 mg per kilogram body
weight is typically sufficient. However, some variability in the general dosage
range may be required depending upon the age and weight of the subject

being treated, the intended route of administration, the particular compound

* . being administered and the like. The determination of dosage ranges and

optimal dosages for a particular patient is well within the ability of one of
ordinary skill in the art having the benefit of the instant disclosure. Itis also
noted that the compounds of the present invention can be used in sustained
release, controlied release, and delayed release formu!atipns, which forms
are also well known 1o one of ordinary skill in the art.

The compounds of this invention may also be used. in conjunction with
other pharmaceutical agents for the treatment of the diseases, conditions
and/or disorders described herein. Therefore, methods of freatment that
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administering the drug. Generally, an article for distribution includes a
container having deposited therein the pharmaceutical formulation in an is
appropriate form. Suitable containers are well-known to those skilled in
the art and include materials such ag bottles (plastic and glass), sachets,
ampoules, plastic bags, metal cylinders, and the like. The container may
also include a tamper-proof assemblage to prevent indiscreet access to
the contents of the package. In addition, the container has deposited
thepdsie 200 IRISE That eRveenesishel don IRt iy eoieane canBingisn

M AR NHAS ARRIARKalE UGS JB RiRSRAL iRystign further

provides a method of treating diseases, conditions and/or disorders

NSEITBRSP BYCea faabitdlplctaybe diftad dRisBMIpInaTIaniwin the asiends
agmUSIeERShiqrRR AM S M Reeshal SHehig et R 1RerBRRHIS AR in-B

effective amount of a compound of the present” invention or a

pRerRHealtEPSSMpbEItorFebpisngfansataiiviaep-B/MisUrnabiwrs,
cRmRrQUNd ahIB. RERSRILMRINIANAA PIERRGEULCANYRECERIBAS ptake

excipient, diluent, or carrier. The method is particularly useful for treating
qﬁ@@@é‘@&sé@ﬁ@hi@ﬁ§@ﬁﬁ@ﬁéﬁ§dr@éﬁ§@ﬁ§t@]@k@@%&@ﬁébwF@_ﬁépﬁ&ﬂ
R T s HCa T e O i
afectabadidecativyialitgbipond recegeptanarnits Sediidy rdiseptieragonists,
. : : . lmnia), Aveight)
R oA By T O Sprdut Iyei
o@@@i@g%é@pé@sﬁ@ﬁ@a@@md@m@@amﬂ iptigetistrdénsspspbiiztes, (such
sghigaphreniaibehayioral %ﬁ?ﬁ%‘gﬁan&é@ﬂ%@%&o JENRLL OISt o i
behaviors’(e.g., conditioned place’avoidance, such as suppression o

cegaitiet) NaLTrphiiteiidiecsp soriiepraigaddypretéraiteyosutisiance
SR R, N G doab sl
agonists or antagonists, orexin receplor antagonists, glucagon-like peptide-1
receptor agonists, ciliary neurotrophic factors (such as Axokine™ avazilable
from Regeneron Pharmaceuticals, Inc., Tarrytown, NY and Procter &
Gamble Company, Cincinnati, OH), human agouti-related protein (AGRP)
inhibitors, ghrelin receptor antagonists, histamine 3 receptor antagonists or
inverse agonists, neuromedin U receptor agonists and the like. Other anti-
obesity agents, including the preferred agents set forth hereinbelow, are well

known, or will be readily apparent in light of the instant disclosure, to one of

ordinary skill in the art.

Especially preferred are anti-obesity agents selected from the group
consisting of orlistat, sibutramine, bromocriptine, ephedrine, leptin, and
nseudoephedrine. Preferably, compounds of the present invention and
combination therapies are administered in conjunction with exercise and a
sensible diet.

Representative anti-obesity agents for use in the combinations,
pharmaceutical compositions, and methods of the invention can be prepared

using methods known to one of ordinary skill in the art, for example,
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abstinence, craving reduction and relapse prevention of alcohol intake),
tobacco abuse (e.g., smoking addiction, cessation and/or dependence.
including treatment for craving reduction and relapse prevention of
tobacco smoking), dementia (includiag memory loss, Alzheimer's
disease, dementia 15 of aging, vascular dementia, mild cognitive
impairment, age-related cognitive decline, and mild neurocognitive
disorder), sexual dysfunction in males (e.qg., erectile difficulty), seizure

LS fapsYe ueRaib arararRberis kS Palshifcidrsi29;

gaeiredtiestinal cantibitype pastingl qeeptisienh @itention Melicit Favigy 4 and
disorder éADHD), Parkinson's disease, and type 1l 20 diabetes.

Abéorifiefly ARE BHRITH GRAsDS BeRsHEestAPIRGSRIBAIESLHBe S Ak RiRS-are
usefpd in4meaing olsesss S apoditionsd @, cisnaters Mpbanecnedwatediby

cannabinoid receptor antagonists. Consequently, the compounds of the

preSe REIRERTSR QTR BkIRIBAYItEAR 8RS rocesses used therein)
25 may pe:upedita e pRanuiaciuieaf ageedicnmensiosdhatnarrieticin

applications described herein. Other, diseases, caonditions and/or disorders

6P RIER Cam MABIHBR CRIBBBII SR JBR RIS RRA PuHRmRHEBGSeNTs

RigBighSH valtRyRdromRR &Y dBlRBIteal PRASSAKEPE: MHSFRINGY) PRSHS,
disorder, anxiety, post 30traumatic syndrome, social phobia, cognitive

iRHIRRISR Y PioTR U e EiRC iKBRALERS Hoha Fre e d ¥egRitheand
impatAe i pRArABAfaHYPpRSENlNg ks declios; disemis S assosiRedamth
impulsive behaviours (such as, disruptive behaviour disorders (e.g., . .
ﬂﬁ@é@@@ﬁ%é@ﬁ?@%@?%@ﬁ’%w&%@ RGNS (Febs, Ritalin™, -
congHEtAlisodeh asdir AR Atiaa refjianhdlisgsdeskrguBnaremdn,

disorders (e.g., borderline personality disorder 5 and antisocial personality

diEHER) Pa@é%éég%&faéfété%vitﬂaﬁ{sﬁ@w%%mW& Yeder fiBstance

akusenApEPlulas endaelaHibaies), @iad)firaRY EeseORielHiSPEs the
intermittene explrosive disorder, kles)tomania, pyromania,

A ARG, nd AR AL PSS RED Do the

-tradename Campral™)). [n addition, agents for reducing alcohol withdrawal

symptoms may also be co-administered, such as benzodiazepines, beta-
blockers, clonidine, carbamazepine, pregabalin, and gabapentin
(Neurontin™). Treatment for alcoholism is preferably administered in |
combination with behaviorai therapy including such components as
motivational enhancement therapy, cognitive behavioral therapy, and referral
to self-help groups, including Alcohol Anonymous (AA).

Other pharmaceutical agents that may be useful include
antihypertensive agen{s; antidepressants (e.g., fluoxetine hydrochloride
(Prozac™)); cognitive improvement agents (e.g., donepezil hydrochloride
(Aircept™) and other acetyicholinesterase inhibitors); neuroprotective agents
(e.g., memantine); antipsychotic medications (e.g., ziprasidone (Geodon™),
rispeﬁdone (Risperdal™}), and olanzapine (Zyprexa™)); insulin and insulin
analogs (e.g., LysPro insulin); GLP-1 (7-37) (insu!inotropin") and GLP-1 (7-
36)-NHz; sulfonylureas and analogs thereof: chlorpropamide, glibenclamide,
tolbutamide, tolazamide, acetohexamide, Glypizide®, glimepiride,
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compulsive disorder, chronic fatigue syndrome, sexual dysfunction in
males 10 (e.g., premature ejaculation), sexual dysfunction in females,
disorders of sleep (e.g., sleep apnea), autism, mutism,

" neurodengenerative movement disgrders, spinal cord injury, damage of

the central nervous system (e.g., trauma), stroke, neurodegenerative
diseases or toxic or infective CNS diseases (e.g., encephalitis or
meningitis), cardiovascular disorders (e.g., 15 thrombosis), and diabetes.

Theeaginpaumdswiitid arbkprtrinesntioalicambe atanfiswieddermpatient-

at dosage levels, in the range of fr t Q. : 0.
ORI e BN hICRRA, RdcJS, ARG B B,
irthexang&wfdroraabotitdd. Dk ulp tecistagdglandipepkidgamiicdy 20
weight is typically sufficient. Hewever variahility in th I
e O A e e L L B e e
stibjglita beirg freateds THE Ritd8663  datty aicid middstiatiomthé grartidamoxir,

compound being administered and the like. The determination of dosage
e SR e Aerise IR TR fmstee,
3@@?{»@5@%’9&@;@@%6@3{ ﬁ(.;r:mm, ,tm@gngiif&tﬁ mmmtfaﬁ,es?xma%
ISClOoSsure. IS alSO_Nnote compounaqgs e present.inventon
Tk IR ot Wisi sk age Wt et gl e A
fogpLiaBoNsiIGR fokNsganesalssniiedrsrovento remeiod ordineduskihin
the art, The compounds of this invention may also be used in conjunction
SR PRERSEBod AN TP TG AT EAR ST HE SedgRes.
congitionstanshesdisgidesoreserioet Beretludhesetpsacaiethoustofs;

treatment that 52 include adm'nisterin%com ounds of the present

iSOETRIGS iRBoRREREe R HIRCOMHE AERRE AUSOHE S AGkh RARINGE, WAC
psoMidednSiirtie HRRIRacentcabageniidbah ey Argodsebiluctase

combination with the compounds of the present invention include
dnhiBhesitPayeREPaliGs 8 aBbiBEEbRINEP BRUGeR MREES oFRAP IOl
taglygaridayansiehpeted femuBMdbikibiersaeRybagoniss-1)
cholecystokinin-A gs:CK-A) agonists, mgnoamine reuptake .
inhibitors and/or cholesterol biosynthesis inhibitors or cholesterol absorption
inhibitors, especially a HVG-CoA reductase inhibitor, or a HMG-CoA
synthase inhibitor, or a HMG-CoA reductase or synthase gene expression
inhibitor, a CETP inhibitor, a bile acid sequesterant, a fibrate, an ACAT
inhibitor, a squalene synthetase inhibitor, an anti-oxidant or niacin. The

compounds of the present invention may also be administered in

~ combination with-a naturally occurring compound that acts to lower plasma

cholesterol levels., Such naturally occurring compounds are commonly
called nutraceuticals and include, for example, garlic extract, Hoodia plant
extracts, and niacin. ‘

The dosage of the additional pharmaceutical agent is generally
dependent upon a number éf factors inciuding the health of the subject being
treated, the extent of ireatment desired, the nature and kind of concurrent
therapy, if any, and the frequency of treatment and the nature of the effect
desired. in general, the dosage range of the additional pharmaceutical
agent is in the range of from about 0.001 mg to about 100 mg per kiiogrém
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inhibitors (such as sibutramine), sympathomimetic agents, Q3 adrenergic
receptor agonists, dopamine receptor agonists (such as bromocriptine),
melanocyte-stimulating hormone receptor analogs, 5HT2c receptor

“dgonists, 16 melanin concentrating hggmone antagonists, leptin (the OB™ "~ ™™

protein), leptin analogs, leptin receptor agonists, galanin antagonists,

lipase inhibitors (such as tetrahydrolipstatin, i.e. orlistat), anorectic agents

(such as a bombesin agonist), Neuropeptide-Y receptor antagonists,

tﬁl&mdmhméghtaﬁéhtﬂnd%@daba@aﬁdyo&ﬁ%em mm@%tf{ene@fg tc about
[ antagonjsts, orexjn re

grﬁ%ﬁ%fg P%‘I{E %algg%(r)lol d pept br(lal felt &?gtdaéﬁh wever some

nefart&tbdﬁhlmf&tﬂcgemwahmmm@wdwm&érmtﬁmfﬂgmdmg upon

P t Y Gamble
R o e e B B T e A Bl
resbpivisiataguriistsphittartineBirebeptor a@(;ﬁ@@’@itg @ﬁﬁ@ﬂ!ﬁt@féﬁband the
agonis receptor agonists an e. Other anti- obesit
aggﬁtsﬁpné;ﬁgcfgmﬂgqugfggreasagge%tgns%?%og? ﬁﬁ'ﬂﬁ!afb%a&r%gvf%f 12 g
kﬁamuéﬂwmﬁtmteamlgmppﬁmhm tmebittt}eaﬁstwbdlsrﬂan‘yzst@;!Qnethe art

rom%ﬁé?{%% AL ggpan(;(l Igcpreferred are anti-obesity agents

roup consist ing oPorI’stat sibutramine,
bromocnﬁﬂmpE@EﬁtHEMeﬁhmdaDﬂt‘meu@&mhﬁdi Itilen‘RI@lﬁf@the present
c 9%5]9 t ntlon and ¢ nation therapies are
a@l{rﬁmlsterééo %ng:%ﬁﬁﬁc%lon with 8?(@%%%”30 %ﬁh%ﬁgﬁﬁ@ Yent:on and at
Reg%mauizbtmtabpbsnysagmﬂsébagsmlrsthemwmimatlm S0biject in
P ti met od of the in ntlon can pe
R R O B o A e et

e&famﬂfpwitﬁm silauﬂrmumbmhmmepaoe@famdesoabednntﬂesccﬁ‘apdtlﬁd of

S S R A S O S bl sgmslaad ot
(PSP aNest, B]eTUNAGEAR0, 808D S4OrHdi7 Addid D, 648187 dopdrafribryic
AW 'BEIRHoid antagonist) may be administered either separately or in the
pharmaceutical composition comprising both. It is generally preferred that
such administration be oral. However, if the subject being treated is unable
to swallow, or oral administration is otherwise impaired or undesirable,
parenteral or transdermal administration may be appropriate.

According to the methods of the invention, when a combination of a
compound of the present invention and at least one other pharmaceutical
agent are administered together, such administration can be sequential in
{ime or simultaneous with the simultaneous method being generally preferred.
For sequential administration, a compound of the present invention and the
additional pharmaceutical agent can be administered in any order. ltis
generally preferred’that such administration be oral. It is especially preferred
that such administration be oral and simultaneous. When a compound of the

_present invention and the additional pharmaceutical agent are administered
sequentially, the administration of each can be by the samé or by different
methods.
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5 U.S. patents are incorporated herein by reference. Other suitable
pharmaceutical agents that may be administered in combination with the
compounds of the present invention include agents designed to treat
tobacco abuse (e.g., nicotine receptgy partial agonists, bupropion
hypochloride (also known under the tradename ZybanTM) and io nicotine
replacement therapies), agents to treat erectile dysfunction (e.qg.,
dopaminergic agents, such as apomorphine), ADHD agents (e.g.,
Ritalin T cSteine raTihe Cwmiberds Ditizmibaekieal EMpapd wyénfshe peetent

. e ) ) .
S R B oo o I R SR e ot
uadst ane z8draclealbphammabuieaNgenid mdampidsale @is@&kown

e G A S R e

LsHEbaritepinescortndiiockersy piiding tharbrnentpivenfivagatalin,

A ARRARSIIA (Beyr m&g%é[iﬁaégqgﬂéFR%%'@QP&'&Wt§r éﬁ@?{g{ any
avioral therapy including suc

cmpeniéenelayah otvkiolanedransbrert theralp y{aogritivel b ehinavealous,

tﬁﬁféﬁ%rs%ﬂ%ﬁfﬁr@b&%fégﬁb‘z HRYPRLRS d}ﬂ&é}\l%ﬂ%&g@?@g@%eal,

(AA). Other pharmaceutical agehts that may be usefu
antinypeieshdneahfeneamntamesstaitopiyeftoxeting hydroehiaider

22, Brozact M)} gagnitive improvement agents (e.g., donepezil
hydrochloride (Q..C-1.TMI and other acetylcholinesterase inhibitors);

neuropfé@é@_l—‘r@@iﬁgéﬁtgu'(t@-@ﬁ fﬁémﬁm’ﬁ@f}ahimﬁ@@}@h@@me&cmmnée
O o e B RSB0 Dftons,
iﬁmﬁmimapsyw@ﬁi@n%uﬁhm&ﬂigmcm@tﬁe BOBAPIH;
T P B S ol of
EpEnrigaUpRiaNd SA1§0ARIES CHBER mInd Bt finty, din sniveal
%’iﬁ?}gﬂ?é@qﬂém%&%ﬂgﬁ%m,li58@0@3@'}98&?995@99&?@0Iyethyfene
glycol, glycerol, and the like), suitable mixtures thereof, vegetable oils (such
as olive oil} and injectable organic esters such as ethyl oleate. Proper
fiuidity can be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the case of
dispersions, and by the use of surfactants.

These compositions may also contain excipients such as preserving,
wetting, emulsifying, and dispersing agents. Prevention of microorganism
contamination of the compositions can be accomplished with various
antibacterial and antifungal agents, for example, parabens, chiorobutanol,
phenol, sorbic acid, and the like, It may also be desirable to include isotonic
agents, for example, sugars, sodium chloride, and the like. Prolonged
absorption of injectable pharmaceutical compositions can be brought about
by the use of agents capable of delaying absorption, for example, aluminum

monostearate and gelatin,
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efaroxan, fluparoxan; other insulin secretagogues: linogliride, A-4166;
glitazones: ciglitazone, Actos(r) (pioglitazone), englitazone, troglitazone, 5
darglitazone, Avandia(r) (BRL49653); fatty acid oxidation inhibitors:
clomoxir, etomoxir; a-glucosidase igthibitors: acarbose, miglitol, emiglitate,
voglibose, MDL-25,637, camiglibose, MDL-73,945; f3-agonists: BRL
35135, BRL 37344, RO 16-8714, ICI D7114, CL 316,243;

phosphodiesterase inhibitors: L- 386,398; lipid-lowering agents;
benfluSid ASTRASIHES Jah SEAkE SRING ARG diRRELERs fpDlets,
DRaivAN G ARFREIEXO VAR BHRNRISXgE; fermya antagonistsof the
glucagon antagonists; gluconeggenesis inhibitors; somatostatin analogs;
S e At ﬁi&&ﬁﬂ%%l&{‘déi&%%?\ﬂ/)@‘ g9 ,%%%ﬂﬂﬁw{
ESYEF A GRdBtDatesbnidenaldosaniednaiash dstbinnm (eigate or
zopolrestat), glycogen phosphorylase inhibitors, sorbitol 15
HeRldoyRRSRRHIAOR) E@afﬁrﬂfr@z%&g%i%na@f?y S AES)
dnbibiter s abEholer eretbiory tikasie Jn(itmnsi erscchatgsterol
absorption inhibjtors, espe,cialtlésa HMG-CoA redutg?ase inhibitor, or a

a

RO R R IR AR R A B Y RS I RS 8ne

SGURSEIND HHRNIRES (& GEhBJRNbites. & il esid serbigsidiien, @jibrate,

an ACAT 20 inhibitor, a squalene synthetase inhihitor, an anti- xidapt Qr
ng%o ato or 1apioca

AdmnisRiad BckpmhiRateam(tier Biitatlly, ceciingatmpaendritiahe
acts to lower plasma cholesterol levels, Such naturally, occurring.
Itshd6USQLERR CERME A BHel i gbéﬂécg\g ﬁ%%,"@@%)go f@a'(?)'?ample,
S ra ohar o Rl e 15 centraily dopandert upon A rmEa of
additional pharmaceutic ent js gener ependent upon a n er
NEE1518 FRARAE B FEAI G R RS b U R A LR (1
drepimentsesisedkdbemaleneonite kind tfetRelreant/dhgidpyritaarty, (@ngl,

the frequ f treatment and the nature of the effect 30 desire. |
A D B B ST BRERD (IR UENCA SEOMESh the

Jaauerolfeyh aheit 200 thadgite ablottht0Casg petkilagenahddybieighthe
S il ReL Y. IR KRR 3095L Sk Mo to about

Solid compositions of a similar type may also be used as fillers in soft
or hard filled gelatin capsules using such excipients as lactose or milk sugar,
as well as high molecular weight polyethylene glycols, and the like,

Solid dosage forms such as tablets, dragees, capsules, and granules
can be prepared with coatings and shells, such as enteric coatings and
others well known in the art. They may also contain opacifying agents, and
can also be of such composition that they release the compound of the
present invention and/or the additional pharmaceutical agent in a delayed
manner. Examples of embedding compositions that can be used are
polymeric substances and waxes. The drug can also be in micro-
encapsutated form, if appropriate, with one or more of the above-mentioned

H

excipients.
Liquid dosage forms for oral administration include pharmaceutically

acceptable emulsions, solutions, suspensions, syrups, and elixirs. In
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10 mg per kilogram body weight of the individual per day. However, some
variability in the general dosage range may also be required depending
upon the age and weight of the subject being treated, the intended route
of 5 administration, the particular ant®obesity agent being administered
and the like. The determination of dosage ranges and optimal dosages
for a particular patient is also well within the ability of one of ordinary skill
in the art having the benefit of the instant disclosure, {Accordir#? to.the
|

FREHBE 5 {RE FRBRBLACLEHRRDRRTRY Bt IUEHACeRt (86 FUBRTGRIS athe

crRinatioseffarre MAg W Riithn presrnéinyetiomanst atdedstieeart, such
additional pharmaceutical a%e t.is.administered to,a sui?'g%c;t in ne

d of
SRR PRl raRiYaRI i Bﬁﬁ%@gﬁ'ﬂtﬁrﬁ@cgm% %5%1883@%. In

the sQIplRINaHigh AspRs! Midhedpyraliondhetoymaobodait, tbihpresenste,
invention and at least one othei %harm_afeutic?l age tB(—%'gtr}’/lami 1
HDa t

BB ZURAIChiEBTRY ARG DA ASERG R &8 Ghyool,
depaeNneRie-AGaR! OkqRigd enirgast oiRyleadministeredreikem ofl,
separately or in the pharmaceutical co sition.comprisi oth. Itis. .
SO all 67616 FPRC SRS Hh AT Sk STE i g Sy
sHkierbheipystagiatkglyoalienrid sutallavidosaiea adsinisteatiar imixtures of
otherwise impaired or aari%%ii able, 20 parenteral or transdermal

HIFRHSHRRATRS B8 fftate. According to the methods of the

inventiopayider awpnmiratitngita, tanpeoenpdsifidhesprealsat invierdon
and at_least one other pharmaceutical alge t.are administered to ethejt'S
SRS SR i Ve B R H RA 5r  HSRS D O

Siveinnapigs MRethntbainy gemenaihy prgtertad. 25 For sequential
e e 8 DS o
prefestadsivaitpmc hradminintatbompeissaul jeedipgciaibnis etege ettimatylated
SRR T End N N A A S B
agnairistores |3 seguentiglbiutintnadminigahiidrosideadientontie, ygdeagar,
sgnm t?eggbélcgirﬁ f%r?tmr& Ltllggg of these substances, and the like,

Compositions for rectal or vaginal administration preferably comprise
suppositories, which can be prepared by mixing a compound of the present
invention or a combination with suitable non-imitating excipients or carriers,
such as cocoa butter, polyethylene glycol or a suppository wax which are
solid at ordinary room temperature but liquid at body temperature and
therefore melt in the rectum or vaginal cavity thereby releasing the active
componeri(s).

Dosage forms for topical administration of the compounds of the
present ihvantion and combinations of the compounds of the present
invention with anti-obesity agents may comprise ointments, powders, sprays
and inhalants. The drugs are admixed under sterile conditions with a
pharmaceutically acceptable carrier, and any preservatives, buffers, or
propellants that may be required. Ophthalmic formulations, eye ointments,
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56 According to the methods of the invention, a compound of the present
invention or a combination of a compound of the present invention and at
least one additional pharmaceutical agent (referred to herein as a
"combination”) is preferably adminisigered in the form of a pharmaceutical
s composition. Accordingly, a compound of the present invention or a
combination can be administered to a patient separately or together in any
conventional oral, rectal, transdermal, parenteral, (for example, '
intrauersusdistartioss e, s s ianded suse inaedesrdinintthgaginge of
intraperitoneal, .intravesical, local (for example, powder, ointment or drop),
ﬁ?%é) 2 ,{%r'r%e#ﬁg%af, dosage form. Compositions suitable for parenteral
injectiof iy ftavyrin ey pidisriestiiiva by ST P BR HI\aB0Iu S685 8PS,
nopagusar Spionsy Sishersions. HSRERRIARYAIABHBRNEo A unds of
rile"powdeérs for reconstitution into sterile injectable solutions or
disppreiers. iExantiplesof 18T itabloag i due ermpowRERcolsTaraerbr
diluents (includin I S icles) iagcl I ) i
S A o ST R B e SR (B
mjxicpeasitmareof, vegetable oils (such as olive oil) and injectable organic

esters such 42 S e TaRe oML Cam bR RARAIN L dfibination of

example, by the use of a coating such as 20 lecithin, by the maintenance

af thenmouicboiheickesind invaptins i @ﬁsp@%@%ﬁ&h@@% use of
Aiactants, I Q%%?\ LY %‘ﬁ%@%&%ﬁéqs%@é%%@@%aw% Hily dose

S
preserving, wetting, emulsifying, spersing agents. Prevention of
iietos mpmisisteadamnitatoaohieediafsinens ehewelaeisnglichat

i rous 2 ! r ' t
R R e A e e R e
tmgikgldétbwtpm\ieigiger!ts, for example, sugars, sodium chloride, and the
ke Pf%ﬁ@q%ﬂ1&@5rgt&%gagﬁwmgaﬂewweﬁwamgaan)

out t

be brought a e use of agents capable of dela mg absorption, for

exanigeatiadifuthe drinking water sc that a therapeutic
compound is ingested with the daily water supply. The compound can be

osage of the

directly metered into drinking water, preferably in the form of a liquid, water-
soluble concentrate (such as an aqueous solution of a water-soluble salt).
Conveniently, a compound of the present invention (or combination)
can also be added directly to the feed, as such, or in the form of an animal
feed supplement, also referred to as a premix or concentrate. A premix or
concentrate of the compound in a carrier is more commonly employed for the
inclusion of the agent in the feed. Suitable carriers are liquid or solid, as
desired, such as water, various meals such as alfalfa meal, soybean meal,
cottonseed oil meal, linseed oil meal, corncob meal and corn meal,
molasses, urea, bone meal, and mineral mixes such as are commonly
employed in poultry feeds. A particularly effective carrier is the respective
animal feed itself: that is, a small portion of such feed. The carrier facilitates -
uniform distribution of the compound in the finished feed with which the
premix is blended. Preferably, the compound is thoroughly blended into the

premix and, subsequently, the feed. In this respect, the compound may be
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water.

30 monostearate and gelatin. 57 Solid dosage forms for oral
administration include capsules, tablets, powders, and granules. In such
solid dosage forms, a compound of the present invention or a
combination is admixed with at leastone inert customary pharmaceutical
excipient (or carrier) such as sodium citrate or 5 dicalcium phosphate or
(a) fillers or extenders (e.g., starches, lactose, sucrose, mannitol, silicic
acid and the like); (b) binders (e.g., carboxymethyicellulose, al%in tes, i
eRarRe Ay ARSI oh ELaEIo Y ARG TRGILES O com ol
QLHBRSERMS (e Shcoiveanet andthe JiseXi o) rdisitegsating agente(etended

- agar-agar, calcium carbonate, potato or tapioca to sﬁ?rch, g(,l inic acid,
(e

wlihe cantisiex Sikihies aRRIRRIRIS HORRIRS REPRRTIAS BRI I
{FRIgsES -t RREAHID APE tranike)ébiaksersiicn tecatrtalorolts.,

quaternary ammonium compounds and the like); (g), wetting, agents (e.q.

NS 5 BB RO R S SR HRES (IR R A et

kagliniBRe plierardiie {ikeleandios alnbaicripde wydiotatoreptting

stearate, magnesium stearate, solid polyethylene fgaﬁ)gls, F1eség%lum Iayarg{wer
ets,’the”

sulfate Hab BREGREY. AR RS O ERISLEATE e GBEyE

(RIS Ranalsecrrearise: kuleringsagenisn Snlicheampastivrs nfenisinitar
type may also be used as fillers in soft or hard filled ?Iatir]gczﬁpsules abl
e e RBRUp A TR0 e GO SHP P S el B ghe Sutable

fooleciarueialt polyaihylsnerolyesisnanthiis ikes Solidalesageptamitied to
such as tablets, dragg??:, capsules, and granules can be pr?ﬁ?red W{th
Giehe FE\oH

ceREES dha SREAL Celcn ICEREYR %oy S3REeY U TR may

thepitcihayJRRy BlsRcrraimhonagiiis s aaartireil salmatea bintdredh
composition that they release the compound o %IE 29585{esent in}/ ntion

el somainin B pRaHslY R AHE RS BehGeITIRERE! e present
Fyampigs afrmbsddiag sempesiigns,thas sasdbyusethased poboedtes,

substances and waxes. The drug can als;ﬁge in micrg- encapsulated
vo1, 3PP ORI ARSIt ThBRS SRR BSYR M tioned

. If the supplement is used as a top dressing for the feed, it fikewise
helps to ensure uniformity of distribution of the compound across the top of
the dressed feed.

Drinking water and feed effective for increasing lean meat deposition
and for improving lean meat to fat ratio are generally prepared by mixing a
compound of the present invention with a sufficient amount of animal feed to
provide from about 107 to about 500 ppm of the compound in the feed or

The preferred medicated swine, cattie, sheep and goat feed generally
contain from about 1 to about 400 grams of a compound of the present
invention (or combination) per ton of feed, the optimum amount for these
animals usually being about 50 1o about 300 grams per ton of feed.

The preferred poultry and domestic pet feeds usually contain about 1
to about 400 grams and preferably about 10 o about 400 grams of a
compound of the present invention (or combination) per ton of feed.
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excipients. ' 30 Liquid dosage forms for oral administration include
pharmaceutically acceptable emulsions, solutions, suspensions, syrups,
and elixirs. In 58 addition to the compound of the present invention or the
combination, the liquid dosage formmay contain inert diluents commonly
used in the art, such as water or other solvents, solubilizing agents and
emulsifiers, as for example, ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, s benzyl alcohol, benz% benzoate, pr(;fpglene

glycol, AoB prRgéash HéBinistreery o BRARID, BRGERPOBbES IS oil,
ﬁ&% é‘g yc§/8ijffci891m09"crc5ﬂwﬁlﬁha%¥8 Rib ¢ BRI OAPES I S96HPERRG AREs o

erol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty

aqiellestens ardsoibisiercst asiiuiasintheseabhspipeB s fike Napd
g?éhgjrecﬁ SHER AL GIUERISH e cBR G GRR Al SR Hiduldm sxaipients,

such as wetting agents, emulsifying and suspending agents, sweetening,

fraporireymantiipdeaimmeshde ied reirjeRgis@l- in addition to the
compoyngd ofdha NisReRLinY SRRl dhe F HUBINBs A etdATBrtAeIfiicient

comprisesuspending agents, e.g., ethoxylated t5 isostearyl alcohols,

polpuxysthglenB Bomsitb PAEseIeseRt &8eriionidRGyRaImeRlittodevide
aluninummetabydroxide s BE ORIl 8YRLAIM o PBE BEREAGRIRL OF the drug.

mixtures of these substances, and the like. Compositions for rectal or

Tagimapieinoniseann [roraibly, ciise WapoSRmEOalmRM AR BEStC
gre%B"i‘éeiH D"RiiBg BroRAPANRNQS hetBraseik 29 inyellienyobbody weight

ombination with“suitable non-irritating excipients or carriers, such as

obevagbutter, polyethylene glycol or a suppository wax which are solid at

ordinary Lepm MRS BHIBKIIE shRaMY (ihRialie B thg infare

melt in the rectum or vaginal cavity thereby releasing the active .
obapoaceiiiiya s awesatbisraisSrhcii 2 AR (PEREMSt Gle cOM oil or
ﬂ?é’rm@mds of the present invention and combinations of the compounds
of th

e present '
Pellets containing an effective amount of a compound of the present

invention, pharmaceutical composition, or combination can be prepared by
admixing a compound of the present invention or combination with a diluent
such as carbowax, carnuba wax, and the like, and a lubricant, such as
magnesium or calcium stearate, can be added to improve the pelleting
Process.

it is, of course, recognized that more than one pellet may be
administered to an animal to achieve the desired dose level which will
provide the increase in fean meat deposition and improvement in lean meat
to fat ratio desired. Moreover, implants may also be made periodically
during the animal treatment period in order to maintain the proper drug level
in the animal's body.

The present invention has several advantageous veterinary features.
For the pet owner or veterinarian who wishes to increase leanness and/or
trim unwanted fat from pet animals, the instant invention brovides the means
by which this may be accomplished. For poultry, beef and swine breeders,
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invention with anti-obesity agents may comprise ointments, powders,
sprays and inhalants. The drugs are admixed under sterile conditions with
a pharmaceutically acceptable carrier, and any preservatives, buffers, or
30 propellants that may be required2Ophthalmic formulations, eye
ointments, 59 powders, and solutions are also intended to be included
within the scope of the present invention. The following paragraphs

SRR SISRIPAR I ARIONS, CORPAS B YRRAY IELAONEDHMAR that

a afion 6f thé compoun present invention
@ﬁtﬁmnrdnghM$ah‘dlwoesrﬁDoumﬂ$0ﬁm pTéBe‘m}'mventlon with

TR YRR et B

An am pou presént invention or Zombihation 0
Eamplandibistie t;maeseﬁnsmmmmwmrearﬂaatltbbﬁnibcagmnﬁof the

.adm| |stereds hthat ffective,dose, is |
i&&?@ HLlE 3 aaniglrr]ﬁg edre t(%ralﬁf/) C]fad% g%tl?ﬁlal &F@{%ﬁe%%%ﬁé? a%g% Mgr
adriatiodsBe nenf kgiiohd dayp wiei gints preferduly phthveldhabwiaoi Clisalegure,

%bgogutcsf F% r% rﬁ%%f P%déﬁ)g/%l'g;ht Conveniently, a compound of the
rS8&TiRUER

or combination) i5 can be carried in the drinking water
so that a therapeutic dosage of the compound is ingested with the daily
water supply. The compound cap %@{) metered into drinking water,
preferably in the form of a liquid, water soluble concentrate (such as an
aqueowswMatmoﬁ@dvatbsmm&alet@&iﬁ)@@nammwtﬁﬁage@@f@tﬂumﬂf@iiabie

t fj 0 d t
ERSL A0 o asanh G0 cap psmbe e s o
refecesteoSsithpesmiboor (himdmaratey bﬁ{)prfétmiw @rgenm(?’a&téi@mé\u)

ﬁﬁeya;eﬁngn & erencgla E?“%%I@f&%?ﬁ: S are Ilqui g} O|Ié51 V%%iﬁg %filﬁ[cch
@wmnyﬁwuem&masaMmmmugcﬁlﬁ&mm Fgland).
cottonseed oil meal, &&!e&% p&@g@}ﬁgﬁ@&pﬁ@gg&gp&com meal,

NMR spectra were recorded on a Varian Unity™ 400 or 500 (available
from Varian Inc., Palo Alto, CA) at room temperature at 400 and 500 MHz H,
respectively. Chemical shifts are expressed in parts per million (8) relative to
residual solvent as an internal reference. The peak shapes are denoted as
follows: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br s, broad
singlet; v br s, very broad singlet; br m, broad multipiet; 2s, two singlets. In
some cases only represantative 'H NMR peaks are given.

Mass spectra were recorded by direct flow analysis using positive and
negative atmospheric pressure chemical ionization (APcl) scan modes. A
Waters APci/MS model ZMD mass spectrometer equipped with Giison 215
liquid handling system was used to carry out the experiments

Mass spectrometry analysis was also obtained by RP-HPLC gradient
method for chromatographic separation. Molecular weight identification was
recorded by positive and negative electrospray ionization (ESI) scan modes. A
Waters/Micromass ESI/MS model ZMD or LCZ mass specirometer equipped



10

15

molasses, urea, bone meal, and mineral mixes such as are commonly
employed in poultry feeds. A particularly effective carrier is the respective
animal feed itself; that is, a small portion of such feed. The carrier
facilitates uniform distribution of thé3compound in the finished feed with
which the so premix is blended. Preferably, the compound is thoroughly
blended into the premix and, subsequently, the feed. In this respect, the
compound may be 60 dispersed or dissolved in a suitable oily vehicle
GBI oA SHIAIR baRABNG BEHESEE i, A4 GHAIOaNR S RERTY
StgaceseMemzans then blended with the carrier. It will be appreciated
that the proportions of compound in the concentrate are capable of wide

variatioh &R RSN COCHRrE . OB fARB AREIR P Rec Fnay be

asisieshbyrblendingdharnpreapiate wseRssEan ebEproxi:iBe edde
abtain a desired level of comé)ound,{,9 }gh potency concentrates may be
b

fehd&dreprisdiBedana AR el ré wil profervitie iR iRy AL AY the
raveangilinerl gndiothasmeals as Aessibedorkavexdenpragduce

concentrated supplements, which are suitable_io for direct feeding to

animalSPHCaL EPrRYSRR I SHBISHTIIGE AfedhERftEd REEonsdhetEimeter
LpiabeiatnAHe MaiabinRoR COPRSRIERO dMUNRISMS e MayuRe BdHed s, =

directly to the feed to produce a nutritionally balanced, finished feed

SoRmIMIR Beindipatart ey peeitie 38dass teporpbandaions fseseht
gg\g%gg%ﬁgp %wﬁ%%ﬁ thasoughly plended by standard procedures,
n she

such as in a twi lender, to ensure homogeneity. If the supplement

is used ot pluiessimpfeptevespatikawidevitlepiierdiriee’™ silica gel
iformity-of distribution.f fhe ¢ acr ed

e S S A e Eotion

Ghsibien,itp)dvigtpsacoieatsofdn Ritdare Yeoohaiypr@pardd by

SRR RS, TR Ay v

perfopuattsitiyedfdsromaiaten '™ (Harrison Research).

Preparation of Key Intermediates
Preparation of Intermediate 6-Chloro-N4-{4-chlorophenyl)-pyrimidine-
4 5-diamine (I-{1A-1)a):

(1A-Da

5-amino-4,6-dichloropyrimidine (5.00 g, 29 mmol) and 4-chiorcaniline
(4.71 g, 36 mmol) were suspended in 80 mi H20 and 12 r'r}i ethanol.
Concentrated HCI (1.2 ml, 14.5 mmol) was added at room temperature
followed by warming reaction to 82 °C. After stirring for 19 hours the
reaction was cooled o room temperature and stirred for 60 hours. The
precipitate was collected on a sintered glass funnel and rinsed with water
followed by hexanes. After drying under vacuum, |-(1A-1)a was obtained as
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The preferred medicated swine, cattle, sheep and goat feed generally 25
contain from about | to about 400 grams of a compound of the present in
ention (nr combination) per ton of feed, the optimum amount for these
animals usually being about 50 to aigout 300 grams per ton of feed. The
preferred poultry and domestic pet feeds usually contain about 1 to about
400 grams and preferably about 10 to about 400 grams of a 30 compound
of the_present ipvention (or combination).per. to d Far

G A0 B0 AT LS ABALAGS o the HHLe 00 M,
igyetion &y eymbinadiom) saay be repared hitheFam(af d pasterr, a H).
pellet and administered as an implant, usually under the skin of the head
or ear of the animal in which increase in lean meat deposition and 5

imRISYRMEH LN iRapTBeRt st mtip/is Soughte e neralcpRsRINBERly -

administration involves injection of a sufficienj( amount of a compound of

YN ONSE VEESABIRSHeN 45 9rdvide the animal with about

0.01 to about 20 mg/kg/day:iei‘ghgoi& the drug. The preferred
dosage for poultry, swine, catteep,ugoa s and domestic io pets is in
the range of from about 0.05 to abounI0 wig/Rgiday of body weight of
drug. Paste formulations can be prep’éreg hy dispersing the drug in a
pharmaceutically acceptable oil such as pealut oil, sesame oil, corn oil or
the like. 15 Pellets containing an effective amoyntbf a compound of the
present invention, pharmaceutical compos , Or combination can be
prepared by admixing a compound of the prgsent invention or
combination with a diluent such as carbowa¥%! carnuba wax, and the like,

and a lubricant, such as magnesib‘l_ @r pajcium stearate, can be added to
improve the pelleting 20 process. IT15, 0 course, recognized that more

than orfe-gBifrsonhid- BeChlgmpiaaip tnidinma) doiamiasd tHAdbiaredt 9,
dasedpushunicWille (150 mi) was cooled to 0 °C and to it was added

2,4-dichlorobenzoyl chioride (25 mi, 178 mmol). The reaction was allowed fo

o VLR A aryl PAYENTHO.K) 6

warm to ambient temperature overnight. The solid precipitate was collected
by vacuum filtration and dried under high vacuum to yield the title compound
I-(1A-1)b as a colorless solid (14 g, 25%). The pyridine solution was
concentrated under reduced pressure and then triturated with methanot (500
m!) to provide additional material (35 g, 60%): +ESI MS (M+1) 427.4; 'H
NMR: (400 MHz, DMSO-dg): 8 10.08 (s, 1H), 9.16 (s, 1H), 8.38 (s, 1H), 7.97
(d, J = 8.7 Hz, 1H), 7.75 (d, J = 2.0 Hz, 2H), 7.64-7.60 (m, 3H), 7.40 (d, J =
8.7 Hz, 2H). |

Preparation of Intermediaié 9-(4-Chlorophenyl)-8-(2.4-dichlorophenyl}-
SH-purin-6-of (I-{1A-1}c):
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provide the increase in lean meat deposition and improvement in lean
meat to fat ratio desired. Moreover, implants may also be made
periodically 25 during the animal treatment period in order to maintain the
proper drug level in the animals boify. The present invention has several
advantageous veterinary features. For the pet owner or veterinarian who
wishes to increase leanness and/or trim unwanted fat from pet animals,
the instant invention provides the means which this may be
accomplished. For poultry,(gee arg swine breeders, 62 utilization of the
method of the present inven angt armmals that command
higher sale prices from the meat industry=kmbodiments of the present
invention are illustrated by the followirng Examples. Itis to be understood,
however, that the embodiments of fzention are not limited to the
specific details of these Examples, asother variations thereof will be
known, or apparent in light of the $istant disclosure, to one of ordinary
skill in the art. EXAMPLES 10 Unlesgaspecified otherwise, starting
materials are generally available from commercial sources such as
Aldrich A Beppreasicn sif (RufwieikesoWH4-chistsfsghiprpbgpdamino)-
gfgmm- fbe%%ﬁe@é@ﬁﬂg@@@ AN riavhrislasiChem §1ﬂ!) was
mpany, Ltd. (Cornwall, England), Tyger Scientific (Princeton, NJ), and
A@@mtﬁe@%é@ﬁ%&@w&a&i@@d@&m@fémﬂsf. wesseRlpd to 0 °C, the

%%88{#5?%56%%9&%@%@5&) M&S@&%@éﬁ%? (REAARFIRRLBOAATY the solid
UnityTM 400 or 50(%21%“ ble from Varian Inc., Palo Alto, CA) at room

teRmpeiealRs arfDBdHEPEE) MRECLRLIG RO ARSI SR dRPaEST e e
BERRIGELIE R RRI-AIIRR (b raiRily S de inidyalirply end &8 @Bompound

internal reference. The péak shapes are denoted as 20 follows: s, singlet;

i HAnhlet3? wiplat Y, afuaresione s fipietseid. BRsadheidayasEsery
hrgadsinglel brdar beapd sauliBletRs JMPtRRGINIE- Ry stamaseasemonly
representative 1H NMR peaks are given., .

methanol to provide additional material (16 g) as a colorless solid: mp 314-
315°C: +ESI MS (M+1) 391.3; "H NMR: (400 MHz, CDzODY): § 8.06 (s, 1H),
7.61 (d, J=8.3 Hz, 1H), 7.52 (d, J = 2.1 Hz, 1H), 7.48-7 41 (m, 3H), 7.31 (d,

J = 8.7 Hz, 2H).

Preparation of Intermediate 6-Chloro-9-f4-chliorophenvl)-8-(2,4-dichloro-
phenyl)-9H-purine (I-(1A-1)d);

\'*"“/ Cl
Cl
-{(1A-1)d
9-(4—Chlorophenyi)—S-(Z,zl—dichloropheny])—QH-puriniﬁ-o! I-{(1A-1)c (6.5
g, 17 mmol) was heated to reflux in POCls (3 ml) overnight. The reaction

mixture was concentrated under reduced pressure and the residue was
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Mass spectra were recorded by direct flow analysis using positive and
negative atmospheric pressure chemical ionization (APcl) scan modes. A
25 Waters APcl/MS model ZMD mass spectrometer equipped with Gilson
215 liquid handing system was usedd&o mar Ji nut the experiments Mass
spectrometry analysis was also obtained by RP-HPLC gradient method
for chromatographic separation. Molecular weight identification was
recorded by Posrtrve and negative electrospray ionization (ESI) scan

AisEed/ed J0I0\aNs g InisroAEsB ase R RTAdERI ZNDPERRIIS Imyawas
ss%%ﬁ%r@%t%a%m% QatvithiGisen 2dadisuichhanding svsteaandiblR s

1100 DAD was used to car% out the ex erlments Where the intensity of

CHRIEOBI HRGRirtB et E 1ondiare déé@nﬁ%ﬂc%ﬁéf Bgskupdpieridngd

rBHO A% ODSeEVIRA IRRPRIE AR §g§1u'ﬁ°{ P FREUAL d-CRRIBHENGLONS ether
and 1:1 for 79Br/81Br-containing ions) and onl§/ the Iower mass ion is

dief MEApEaNE BB aR pHRERSP HATBRYR FgamHE ere

@&f@%ﬁt%%ﬂ%‘@%ﬁﬂ%ﬂ%fh@@@%@eﬁé Q%Yﬁﬂaﬁl?df'f A-1)d as a
PerkinElmer Inc., Wellesley, MA) u&ﬁ@the sodium D line (7 nm) at

tie!ipiEars (ErfhrifiR: ar%%r%’ﬂ% fdd At ko MBiclARAHz,
QORRSOUALOR &£e395L00mby. pOS SEivER t%g'ur%d? IOAtogrA

performed with either BakerTM silica gel m; J.T. Baker, Phlﬁlpsburg,
P@JT SiZitR, G BB Sefeh@esT)-Gibbstown, NJ) in glass columns or
in BiotageT™ columns (ISC, Inc., Shelton, CT) under low nitrogen
pressure Radial chromatography was;\? erformed usrn a

I-(4A-7)a
6-Chloro-N4-{(4-chlorophenyl)-pyrimidine-4,5-diamine 1-(1A-1)a (1.00
g, 3.92 mmol) was dissolved in 6 ml of N, N-dimethylacetamide giving a clear

brown solution. After cooling to 5 °C, neat 2-chiorobenzoyi chioride (0.80 g,
4.34 mmol} was added over 1 minute. The solution was warmed to room
temperature and stirred for 4 hours. Addition of water (15 mi) caused white
precipitate to come out of solution. The mixture was stirred for an additional
30 minutes at room temperature, then the precipitate was collected by
vacuum filtration, rinsing with H20 and then hexanes, The solid was further
dried under vacuum fo give [-{(4A-7)a as a colorless solid (1.27 g, 82%}):
+APCI MS (M+1) 393.1; "H NMR (400 MHz, DMSO-dg) 8 10.02 (s, 1H), 9.11
(s, 1H), 8.40 (s, 1K), 7.93 (dd, J = 7.4, 1.6 Hz, 1H), 7.66-7.40 (m, 7H).
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I- 1A-1 a 5-amino-4,6-dichloropyrimidine (5.00 g, 29 mmol) and
4-chloroaniline (4.71 g, 36 mmol) were suspended in 80 ml H20 and 12
nil ethanol. Concentrated HCI (1.2 ml, 14.5 mmol) was added at room
temperature 25 followed by warmingé¥eaction to 82 C. After stirring for 19
hours the reaction was cooled to room temperature and stirred for 60
hours. The precipitate was collected on a sintered glass funnel and rinsed

W|§h Wateé. foll?\fve(ej b& h

NBR (498 Wiz, CD30D): 6 7.87 (s, 1 H), 7.66 (d, J = 8.7 Hz, 2 H), 7.30
(d, J=8.7 Hz, 2 H). Preparation of Intermediate

2,4-Dichloro-N-(4-chloro-6-(4-chlgropheny 5N
amino)-pyrimidin-5-yi7-benZdmid IA-DR). 2] NON HCP HN C{ CI 1-

‘1 A-1 b 6-Chloro-N4-(4-chloropheny - ri |dineQ4,5-diamine I- 1A-1 a

(34 g, 134 mmol) in pyridine (150 ml) w s Qboled to 0 C and to it was
added io 2,4-dichlorobenzoyl chIori«i@g&1 178 mmol). The reaction

was allowed to warm to ambient te ature overnight. The solid
precipitate was collected by vacuum filtration and dried under high
vacuum to yield the title compound b as a colorless solid (14 g,

25%). Thie pysidiperroduionu@s seneeatagrorsles etlyeeshrigaswito)-
and _th%] trgur? ed with methanol (500, 15 ml) to provide additional
R (35 ¥ ety A Y ASP P17 ORNNRIQHdD Fpsopanol (20
DM@ 8cH0E (81,80, 40031 111} S8R (Palfdbr &mibrdind.” The
1 H), 7.75 (d, J = 2.0 Hz, 2H), 7.64-7.60 (m, 3H), 7.40 (d, J = 8.7 Hz, 2H).
reaction was refluxed for 8 hours foliowed by coaling to room temperature
and stirring for 16 hr. To the heterogeneous solution was added 20 mi of
water to promoie further product precipitation. After stirring for 1 an
additional hour at room temperature, the solid was collected on a sintered
glass funnel, rinsing with water followed by hexanes. The product was
further dried under reduced pressure to give 1-{(4A-7)b as a colorless solid
(0.72 g, 80%): *H NMR: (400 MHz, DMSO-dg): § 12,57 (s, 1H),8.08 (d, J =
4.1 Hz, 1 H),7.66 (dd, J= 7.4, 1.2 Hz, 1H), 7.51-7.41 (m, 5H), 7.33-7.29 (m,
2H).

Preparation of intermediate 6-chloro-9-(4-chlorophenyl)-8-(2-chlorophenvi)-

9H-purine (I-(4A-7)c):
~0-

P
V=N
Ci

1{4A-T)c
9-(4-Chloropheny!)-8-(2-chlorophenyl}-8H-purin-6-o! |-{4A-7)b (2.49 g,
6.97 mmol) was suspended in 50 m! of toluene. Triethylamine (1.07 ml, 7.68
mmol) was added followed by addiﬁoh of POCI; (720 pl, 7.72 mmol) at room
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25

20 Preparation of Intermediate 9-(,4-Chlorophenyfl-8-(2,4-dichlorophenyO-
9H-purin-6-0i 041A-i)c): 65 N*N CI/NI1/OH NCI CII-1A-1cA

..suspension_of 2,4-dichloro-N-[4-chloro-6-(4-chlorophenylamino)-

pyrimidin-5-yl]-benzamide I- IA-l1 b (4&g, 0.11 mol) in acetic acid (1 I) was
5 heated to reflux for 7 hours. The reaction mixture was cooled to 0 C, the
product (colorless needles) was collected by vacuum filtration, and the
solid was washed with additional acetic acid, ethyl acetate, and then

et PRRAVFodliRE RRURB SR WigEshGeraligh 9ad diifae farord braurs to
titgveomgledndrande i ifend, AR%p)BsimeaREess it S P8 Renperature

mother liquor was 10 concentrated under reduced pressure and the solid
o LA U I AREtARS PR ERRAtGRel aReriitL Baprpanct (50 ml)

celpHansselithcamidd dlrferipldMRdViidd Btksuts M%A@@%é\@?ﬁmm
CD30D); 3 8.06 (s, | H), 7.61 (d, J=8.3 Hz, I H), 7.52 (d, J = 2.1 Hz, ' H),
7oiREEPiRies e SU@T solugonyZ haponsapissahsgsrsnsion was

IndeBmReriaietiieRner Aid-shiesarBeRYNoBre AriichikiOnitate was collected
phenyl)-9H-nurine (1—(1A-1?d): NON CI/NI/CI NCI
on a Sintered glass funnel and rinsed with cold isopropanol to afford, after

drying in vacuo, [-(4A-7)c as an off-white solid (2.13 g, 82%): +ESI MS (M+1)
375.1; TH NMR (400 MHz, DMSO-ds) § 8.84 (s, 1H), 7.76 (dd, J=7.46, 1.2
Hz, 1H), 7.58-7.40 (m, 7H).

Preparation of Intermediate 6-Chloro-N4-(4-chlorophenyi)-2-methvi-
pyrimidine-4,5-diamine (I-(7A-80)a):

C!\@ N/LN
|
e ﬁ/\)\(}i
NH,

[-(7A-80)a
4,6-Dichloro-2-methylpyrimidin-5-ylamine (100 mg, 0.56 mmol) and

4-chlorophenylamine (86 mg, 0.68 mmol) were combined in H2O (1.5 mi)
and 10:1 ethanol/HC! (0.24 mi) and heated to reflux for 6 h. The reaction
mixture was cooled and H,0 added to it. The product was collected by
filiration and dried on high vacuum to give the desired compound }-{7A-80)a
as a tan solid (173 mg) that was carried on crude: +ES]I MS (M+1) 269.2.

Preparation of infermediate N-f4-Chioro-6-{4-chlorophenyiaming)-2-
methyipyrimidin-5-yil-2-fluorobenzamide ({-(74A-80)b):
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_Thereaction mixture was concentrated under reduced pressure and the .

Cl I- 1A-1 d 20 9-(4-Chlorophenyl)-8-(2,4-dichlorophenyl)-9H-purin=6-ol I-
1A-1c (6.5 g, 17 mmol) was heated to reflux in POCI3 (3 ml) overnight.

residue was 66 dissolved into chloréform and poured onto ice. The
organic layer was separated and washed with saturated aqueous
NaHCO3; the organic layers were combined, dried (Na2S04), filtered,
and concentrated under reduced pressure. The residue was taken up in
1:1 methylene chloride/diethqyg ether 5 (20%?2 and was then filtered to
remove residual starting materiaf’ "Goncgntration of the organic layer gave
the title compound I- 1A-1 d as Iow] 0 5.8 g, 85%): +ESI MS
(M+1) 411.4; 44 NMR: (400 MHz, DMSO-l6): 6'8.83 (s, 1 H), 7.79-7.75
(m, 2H), 7.63-7.58 (m, 1 H), 7.56 (d, J = BN~ 2H), 7.42 (d, J = 6.7 Hz,
2H). 10 Preparation of Intermediate E
2-ChIoro-N-[4-chIoro-6-(4-chIorophenv(ami
pyrimidin-5-y17-benzamide (I-(4A-7)a): Cl N=t“z~'-N HCI HN 6 CI
1-(4A-7)a 15 6-ChIoro-N4-(4-ChIorthen§I3-pyrimidine-4,5-diamine I- 1A-1
a (1.00 g, 3.92 mmol) was dissolved-4# of N,N-dimethylacetamide

giving aciaghrBEMR SAILHRIHAN@RCA0ITBd i fel REE 28R ABeNZAM ro-

chloride (0.80 g, 4.34 mmol) was added over 1 minute. The solution was

witrifeghiereBhenshpenatindRyfinddinsatér-dinaing addBRlarilaieng)
@) saveed WheRY SEaei BRI RS RYA RSP ThEMbdURA

was stirred for an additional 30 minutes at room temperature, then the

prasigiappisiecshdoielng sreturddiliermn -BrafuivRtenissd Zigaren
hearaRss chitsiaeig NasdHENSS the reaction mixture and continued stirring

overnight at room temperature. The reaction was extracted from saturated

NaHCO; solution into ethyl acetate. The organic layers were combined,
dried (NaxS0y), filtered, and concentrated to dryness to afford the desired
crude product ~(7A-80)b (0.25 g). +ESI MS (M+1) 361.2.

- Preparation of Intermediate 5-Chioro-9~{4~chlorophen;kD-8—(2~ﬁuorophenyi)-

2-methyl-9H-purine (1<{7A-80)¢):

BN

)
Cl
\-@'\N/K[/}LCE
=N
F

-(7A-80)c
A solution of N-{4~chioro~6-(4~chforophenyiamino)-?—met’hy]pyrimidi,n-
5-yi}-2-fluorobenzamide {-(7A-80)b (0.25 g) in dioxane (6 mi) was treated
with 60% propanephosphoric acid cyclic anhydride (PPAA') in ethyl acetate
(0.6 ml) and heated to reflux overnight. It was determined that the product
was a mixture of desired product and the hydroxy compound (displacement

of the chiorine atom). The reaction was therefore concentrated under
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" (M, 7H).'67 Preparation of Intermedjate

dried under vacuum to give 1-(4A-7)a as a colorless solid (1.27 g, 82%):
+APCI MS (M+1) 393.1; 1H NMR (400 MHz, DMSO-d6) 6 10.02 (s, 1H),
9.1125(s,1H),8.40(s,1H),7.93(dd,J=7.4,1.6 Hz, 1 H), 7.66-7.40

A R R L

9-(4-Chlorophenvl)-8-(2-chlorophenyl)-9H-purin- 6-ol (1-(4A-7)b): NN CI /
N OH N Ct ClI 1-(4A-7)b 5 To a suspension of
2-chloro-N-[4-chloro-6-(4-chlorophenylamino)- pyrimidin-5-yi)-benzamide
Tedicfatt s 2:5 naatel) tviseirhpanat{2inyPag addet) ndae

H2SQ4 (410.1, 7.4 T i
UL OB b B GG JenH i 5Sr ALV ot oG P56 P
T ihedetrtogenariisradtivanes astled 0 wil obitdedteeto aiditiate

further é&%%% épt&ﬁ%ﬁ%qgﬁée@%e%%% fgoﬁr]rl a% a\gd%fj% %%a\,'\,]%r‘]) rf}?‘;,%?“ed

Wbé&ﬂlﬁy fotlowead dnchexaresraibe farettuctvas Thtkendipddodewas

R T O i tefg wand S et S e hielide s
Eﬁﬁs(@ldeﬂﬁc?fbttélﬁ ﬂzze, ?eﬁl)eﬁ Ea;rﬁ(p@ﬂ-rﬂm m—g -@8]) . 42%)from

r ration o [ntermedjate
R R e e agBg) 3 - ealizE s e A

N P Gl 3bo MHz, CDCls) 8 7.80-6.90 (m, 8H), 2.76 (s, 3H).

Preparation of Intermediate 1-Benzyl-4-eth yiaminopfpen‘dine~4»cérbonitﬁle

(IH7A-80)d):
!

Q\, OLCN

IH{7A-80)d

To a solution of 4-N-benzyipiperidone (5.69 g, 29.5 mmol} in ethanol

(4.2 ml) cooled in an ice bath was added ethylamine hydrochloride (2.69 g,
32.3 mmol) in water (3 mi), keeping the internal temperature of the reaction
below 10 °C. A solution of KCN (2.04 g, 31.3 mmol) in water (¥ mi) was
added to reaction solution over 10 minutes keeping the internal temperature
below 10 °C. The reaction was then warmed fo room temperature and
stirred 18 hr. lsopropanol (10 ml) was added to the reaction mixture to give
two distinct layers: lower colorless aqueous layer and an orange organic
upper layer. The organic layer was separated and stirred with water (30 mi)
for 30 minutes. The organic layer was separated (orange organic layer now
the bottom layer) and the orange oil was diluted in CH2Cl, (30 ml). The
organic layer was washed with brine, dried (Na;S0Qy), filtered and
concentrated, in vacuo, to give 1-(7A-80)d as an orange oil (6.05 g, 84%):
+APCI MS (M+1) 244.2; "H NMR (400 MHz, CD,Cly) 6 7.32 (d, J = 4.1 Hz,
4H), 7.29-7.23 (m, 1H), 3.54 (s, 2H)}, 2.81-2.76 (m, 2H), 2.75 (q, / = 7.1 Hz,



10

15

20

25

6 Cl 20 c 1-(4A-7) 9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-ol

1- (4A 7)b (2 49 g, 6.97 mmol) was suspended in 50 ml of toluene

POCI3 (720 pi, 7 72 mmol) at room 68 temperature. The reaction was
warmed to reflux and stirred for 23 hours to give a clear orange solution.
After cooling the reaction to room temperature it was concentrated under
r%cg?ﬂg 2ssure diluted with isopropanol (50 ml) and then concentrated
fétHef uiierredibed Brestiive - Hatieopiols! aifioulBeds plavifitidelbahie 7-1
qutpssp,lutlon The concentrated suspension was cooled in an ice bath

and stirred for 2 hours. The precipitate was collected on a sintered glass

nel and rlnsed W|th cold |sopropanol4to aff?rd after drylng |n vacuo,

fLﬂp

NARY MWMW?EMS@%) 8 8.84 (s, I H), 7.76 (dd J= 7 46 12 to Hz 1
H), 7.58-7.40 (m, 7H). Preparation of Intermediate

6-Chloro-N4-(4-chlorophenyl)-2-methyl- pyrim)yne-4,5-diamine
(I-(7A-80)a): CI\ I NN HCI NH2 15 1- (7A18 N
4,6-Dichloro-2-methylpyrimighir yIa mgz0.56 mmol) and
4-chlorophenylamine (86 m@,.0.68 mn!lol) er comblned in H20 (1.5 ml)
and 10:1 ethanol/HCI (0.24 mlj and’heatéd to reflux for 6 h. The reaction
mixture was cooled and H20 adde!gm&ﬁg)lae product was collected by 20

filtrationya d |ve the desired,co d

-(7A-8 e? (%Lg a%a(#gok})% ”Et A Wad Eja%@ (5 %ﬁ@l Ief&A-80)d
(268 269.23 mmol) in rnethylene chlonde (2 mi) coofed in an ice bath was
treated with H,S04 (1.8 ml, 33 mmol}, dropwise, while keeping the internal

temperature below 20 'C. The reaction was then warmed to room
temperature and stirred for 19 hr. After stirring was discontinued, the thick
paie orange H,SO4 bottom layer was separated, cooled in an ice bath and
then carefully quenched with concenirated NH,OH 'keeping internal
temperature below 55 °C. The aqueous layer was extracted with methylene
chloride (2 X 10 ml), the combined organic layers were washed with brine
(20 mi), dried (Na»S0y), and then concentrated in vacuo to afford I(7A-80)e
as a pale orange oil that solidifies to a peach colored solid upon standing
(0.54 g, 87%): +APCI MS (M+1) 262.2; "H NMR (400 MHz, CD,Cly) 8 7.34-
7.30 (m, 4H), 7.29-7.21 (m, 1H), 7.16 (br s, 1H), 3.48 (s, 2H), 2.71-2.68 (m,
2H), 2.47 (q, J = 7.0 Hz, 2H), 2.17-2.02 (m, 4H), 1.62-1.58 (m, 2H), 1.41 (br
s, 1H), 1.09 (1, J = 7.0 Hz, 3H),

Preparation of Infermediate 4-Ethviaminopi

(I-(7A-80)f):

%
®
=
a
w3
®
I
1
S
)
g
N
=,
o
T
I3)
oy
Ea»
<Y

o

HN %

-{(7A-80)
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Preparation of intermediate N- 4-Chioro-6-(4-chloro.ohenylamino)-2 25

methylpyrimidin-5-0-2-fluorobenzamide (I-(7A-80)b): 69 C{ NkN aNH)~CI

HN O F I-(7A-80)b 2-Fluorobenzoyl chloride (931, 0.78 mmol) was added

to 6-chloro- N4-(4-ch|orophenyI)-2-rr7§thyIpyrimidine-4_,5-diam|ne

1-(7A-80)a (173 mg) s and pyridine (1 ml) and stirred at room

temperature for 7 h. The reaction was incomple:ﬁ atdthls tlmedso grt\ -

additio ival -flugroz.henzoyl chloride was adde e,

reaction e o hea eV BV Bt s raper o

THERsLAiAN-BRe 32 te dABoBrnsattlisite tha B COR! @@Imtit)m.imolaelﬂiw 20%
AT icd onabined, io dried (Na2S04), filtere

R e 0 WSSOl St S dage o1 2 Parre

18pAkssBRqOvEs EdvEST KBS [MiHi))38 o Priparmianot otermietiatthe

‘ O, 8- (2- - 2-methyl-9H-p uri
R R AR i o
r@éar@ﬁé@éd(@e%mmmm)%ﬂahm(mu.)m?z.)z; 'H NMR (400

a7l1= i - - j io e S [reate
e O e A g =9
fobtale’ Hz, 2H), 2.45 (g, J = 7.2 Hz, 2H), 1.95 (ddd, J = 13.7, 8.3, 3.7 Hz,
2H), 1.55 (ddd, J = 13.7, 6.6, 3.3 Hz, 2h), 1.08 {t, J = 7.1 Hz, 3H).

. Preparation of Intermediate 4-Chloro-N-{4-chioro-6-(4-chlorophenviamino)-

pyrimidin-5-yil-2-flucrobenzamide (I-{7TA-91)a):

Ch .
-{7A-91)a

6-Chloro-N4-(4-chiorophenyi)-pyrimidine-4,5-diamine I-{1A~1)a (6.6 g,
26 mmol) in pyridine (30 ml) was cooled to 0 °C and to it was added
4-chloro-2-fluorobenzoyl chioride (5 g, 26 mmol). The reaction was then
allowed to warm to ambient temperature overnight. The heterogeneous
reaction was diluted with ethanol (50 ml) and the resulting solid collected by
filtration. The solids were siurried in toluene, which was then removed under
reduced pressure to remove residual ethanol. The solid was slurried in
diethy! ether and then collected by filtration to give -(7A-91)a (8.3 g, 78%):
+APCI MS (M+1) 409.0; "H NMR (400 MHz, CD30D) 3 10.60 (s, 1H), 10.10
(s, 1H), 8.19 (s, 1H), 8.74 (t, J = 8.1 Hz, 1H), 8.46-8.40 (m, 3H), 8.28 (dd, J =
8.7,2.1 Hz, 1H), 8.20 (d, J = 8.7 Hz, 2H),
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20 (0.6 ml) and heated to reflux overnight. It was determined that the
product was a mixture of desired product and the hydroxy compound
(displacement of the chlorine atom). The reaction was therefore
concentrated under 70 reduced preSsure and heated overnight in
refluxing POCI3 (6 ml). The reaction mixture was concentrated to
dryness, diluted with ethyl acetate, and poured onto ice. Saturated
NaHCO3 solution was added,next and t ixtur tirred. The Ofga ic
IayePaIAUQL L IR B ISl EEE B O 0l ST OO IY QO I G L At loro-

qeiveeylicaldatoideyfie$s-Thbherude product was purified via TLC
preparative plate using 5% methanol/methylene chloride as the solvent to
obtain the desired compound 1-(7ZA-80) c88 Mg, 42% from
4,6-dichloro-2-isopropyl-pyrimici ylami (aﬂsolid: +ESI MS (M+1)
373.2; 1H NMR (400 MHz, CDCI3}-8 )-6/90 (M, 8H), 2.76 (s, 3H). 10
Preparation of Intermediate 1-Benzyi-4-gthvlaminopiperidine-4-carbonitrile
(1-(7A-S0)d): HNJ \ I N~CN I- 7A- iS To a solution of
4-N-benzyipiperidone (5.69 g, 29.5 ) in ethanol (4.2 ml) cooled in an
ice bath was added ethylamine hygrochloride (2.69 g, 32.3 mmol) in
water (3 ml), keeping the internal temperature of the reaction below 10 C.
A solution of KCN (2.04 g, 31.3 mH&Mter (7 ml) was added to
reaCtiOfA%@B@ﬂ@Mﬁr&Q@ﬂ@E@%ﬁﬁ@W@r@%W%ﬂﬁim@%%?
below 10 C. The reaction was then warmed to room temperature an

Qreaidia-RrYlkepiopmistaamBadd Adibd ¢F A resb BRSO s (100
GHPwWHOristBE pMETaK [oTues fBlfrifeRaceRYD IRYBEARED HbRINESsous

organic upper layer. The organic layer was separated and stirred with
g g’& P

RERE43OH: Afesoeflindngsd TIY GRS cearbiPh Satdura MasIcRpiathand

ersaiaNen WSS daebaltpre dayes) BnslvbeorRrea LW ThEidieduB was
CH2CI2 (30 ml). The i B} i
diluted with ethyl acetate and poured over ice/aqueous sodium bicarbonate.

The organic layer was separated, washed with brine, dried (Na,S0,), and
concentrated, Crystallization from diethyi ether afforded product I-{{(7A-91)b
(5.8 g, 73%) as an ofi-white solid: +ESI MS (M+1) 393.0; 'H NMR (400 MHz,
DMSO-dg) 8 8.81 (s, 1H), 7.72 {t, J = 8.1 Hz, 1H), 7.60-7.55 (m, 3H), 7.50-
7.42 {m, 3H).

Preparation of Infermediate 1-Benzhydrvl-3-isopropylaminoazetidine-

3-carbonitrile (I<(7A-106)a};
e

Qe
Q

-(7A-108)a
To a solution of 1-benzhydrylazetidin-3-one (3.20 g, 13.5 mmol) in

ethanol (100 mi} cooled in an ice bath was added isopropylamine (1.26 ml,
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| Ms?(walqcm_ﬂ@m qumﬂ@dcﬁmb)

organic layer was washed with brine, dried (Na2S04), filtered and
concentrated, in vacuo, to give i- 7A-80 d as an orange oil (6.05 g, 84%):
+APCI MS (M+1) 244.2;'H NMR (400 MHz, CD2CI2) 6 7.32 (d, J = 4.1 Hz,
4H), 7.29-7.23 (m, 1 H), 3.54 (s, 2H}$2.81-2.76 (m, 2H), 2.75(q,J=7.1
Hz, 71 2H), 2.35-2.29 (m, 2H), 2.01-1.98 (m, 2H), 1.74-1.68 (m, 2H), 1.14
(t, J=7.1 Hz, 3H). Preparation of Intermediate 1 -Benzyl-4-ethylamino
piperidine-4-carboxylic 5 Acid Amide (I-(7A-80)e): HNJ Qj/NH2 O
(ImBg@)*QOA Sollaumd Stvichenyisa adnijiamplopperatrated arpsriug &1C!

7&3%%@85%&0 3%@[“9&%%‘?%31'@%%!8@%é@lﬂllbﬁ%‘%@f@”

bath was 1o treated with H2SOZ% (1.8 ml, 33 mmol), dropwise, while

ké@ﬁ‘aé thel ntermap hdmpaiaudbebwas edded RRarih A8eie over 7
warmed {0 fapmetempelatare,apd.aiiiedifes ASH. téﬁﬁ%’e’%ﬁfﬂ@ MeSstirred

discontinued, the thick pale orange H2SO4 bottom layer was separated,

covleiiahnin Adteh samaritraleig dhrcfaptinieirRal WHHTESh deiRat It was
NﬁHéPMwa&mwh%wé&%&?dm&%%@vﬁ%w

was extracted with methylene chloride (2 X 10 ml), the combined organic

|5 taliferenpasHBliNAthyaRBIqIaVETS, \Mﬂ@a mabsfbwy%hartﬁeﬁﬂvd

“Peeste SefBrACHRY ORI el ) ﬁ%c@@ %@gi@@é@ﬂgﬁ }@I 1'78@ that was
lid o a peach colored solid upon stan g (0.54 g 87%): +A

-Mﬁg (},ﬁczipﬁ)on of
tﬂg Fegﬁi&’é"lr?-rh'étﬁaﬁ@i gﬁrﬁﬁlméﬂ%é?eg'ﬂ?ﬂ@ lgéggcﬁ%@%lﬁéﬂ 123%mol,

J=7.0Hz, 2H), 02 (m, 4H), 1.62-1.58 (m ), 1.41 (br s, 1 H),
1279r(trrzpa argl IillerBﬁF}GWéiﬁﬁﬂa%ﬁ mhr%rm@mata’fzroem fampRIBIBER;

sfHehB ol 30 7ilRGRIL XWEVNGIIN {83h mg, 8.7 mmol) was added and. the
mixture was heated to reflux overnight. The reaction was concentrated, in
vacuo, and then extracted from saturated aqueous sodium bicarbonate with
ethy! acetate. The combined organic layers were washed with brine, dried
(Na»S0y), filtered and concentrated, in vacuo, to give |-(7A-106}a as a dark
foam (3.41 g, 83%): +APCI MS (M+1) 306.4; 'H NMR (400 MHz, CD2Cly) &
7.45-7.42 (m, 4H), 7.31-7.18 (m, 6H), 4.42 (s, 1H), 3.68 (d, J = 8.3 Hz, 2H),
3.11 (septuplet, J = 6.2 Hz, 1H), 3.07 (d, J = 8.3 Hz, 2H), 1.01 {d, J = 6.2 Mz,
6H).

Preparation of Intermediate 1-Benzhydryvl-3-isopropylaminoazetidine-
3-carboxviic Acid Amide (I-(7TA~106)b);

e

NH

U

> N/ W
= 0

I-{7A-106)b
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25 (1-(7A-80)0: / HN'NH2 HN O 1-(7A-80) f 72 To a solution of
1-benzyl-4-ethylaminopiperidine-4-carboxylic acid amide 1-(7A-80)e (7.39
g, 28.3 mmol) in methanol (100 ml) was added 20% Pd(OH)2 on carbon
(50% water; 1.48 g). The mixture was place on a Parr(r) shaker and was
reduced (50 psi H2) at room temperature overnight. The 5 mixture was
filtered through a pad of Celite(r), and then concentrated to a colorless

lid (4.84 g.. 5 0. .
SRR S A A
B-T7RZI 0613, 2.48 @, U1=1 Tvadd) ZHY atiodemei¢nirade (Z5m)) gopjgs in an
2H), 1.55 (ddd, J.= 13,7, 6.6, 3.3 Hz2h), 7 :

’f9?e%%%t%gn%ﬁﬁ%gP}n%ma%%df%h@%mﬁcﬁﬁ)ﬁ@?&%ﬁgfgﬁ_ﬁﬁg%{%%)
roantinxl - Mb-aliovioenh raavaida (@ (PAM IaPEIatiie RNA’H NN~O

THIRGIE (5105 58 ST h oot ST R
vermarttetbdt Mot 2eflidrbberizioy IohiB MBS SEAFROIY ITHE FEALEE?
e B R e e e g
solidanttetaddibyacuo, to afford a crude foam (3.3 g) that was then purified
on a Biotage™ Flash 40M column using 0-2% methanol in methylene
chioride as eluant to afford the title compound 1-(TA-106)b (2.32 g, 64%) as a
brown solid: +ESI MS (M+1) 324.4; 'H NMR (400 MHz, CD;0D) & 7.40 (d, J
= 7.5 Hz, 4H), 7.24 (t, J = 7.5 Hz, 4H), 7.15 (t, J = 7.1 Hz, 2H), 4.46 (s, 1HY),
3.53 (d, J = 8.7 Hz, 2H), 3.06 (d, J = 8.7 Hz, 2H), 2.90 (septuplet, J = 6.4 Hz,

1H), 0.97 (d, J = 6.6 Hz, 6H).

Preparation of Intermediate 3-Isopropylaminoazetidine-3-carboxylic Acid
Amide. Hydrochloride Salf (I-(7A-106)c):

g

NH
NH,,

HN
G «2HCI

I-(7A-108)¢

To a solution of 1—benzhydryl-S-isopropylaminoazetidine-B—carboxyﬁc
acid amide (I-{7A-106)b; 2.28 g, 7.05 mmol) in methanol (100 mi) was added
1M HCl in ether (14.8 ml, 14.8 mmol) and then water (10 ml). After the
addition of 20% Pd(OH)z on carbon (60% water; 1.43 g), the mixture was
placed on a Parr® shaker and then reduced (50 psi H,) at room temperature
overnight. The mixture was filtered through a pad of Celite®, and then
concentrated, in vacuo. The residue was then concentrated, in vacuo, from
toluene (2X), acetonitrile (2X) and then methanol to give |-(7A-106)c (1.59 g,
98%) as a tan solid: +APCI MS (M+1) 158.1; 'H NMR (400 MHz, CD30D) 8
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20 filtration. The solids were slurried in toluene, which was then removed
under reduced pressure to remove residual ethanol. The solid was
slurried in diethyl ether and then collected by filtration to give 1-(7A-91)a
(8.3 g, 78%): +APCI MS (M+1) 40974; 1H NMR (400 MHz, CD30D) 6
10.60 (s, 1H), 10.10 (s, 1 H), 9.19 (s, | H), 8.74 (t, J = 8.1 Hz, 1 H),
8.46-8.40 (m, 3H), 828(dd,J=258.7, 2.1 Hz, 1 H), 8.20 (d, J =8.7 Hz,

Preparatign te iat
é@hlégd q%h oﬁr%o 2- o%@égn@l?gef% of0- ’—”ényd')%(ﬁegaﬁ)bt /=656
(H(a?A%@)l)bﬁf#\I(W N= E.@iH[&(mpl)b 5 A suspension of
4-chloro-N-[4-chloro-6-(4-chlorophenylamino)
pyrimidin-5-yl]-2-fluorobenzamide 1-(7A-91)a (8.3 g, 20 mmol) in POCI3
(Pofpandiiivashéattiediefe 1 -Baedinhl-brEuvereadaorirsecmidine-
@@aogenio Eﬁjeaylg ép%irs After refluxing 3 hours, the reaction mixture
ated under reduced pressure to give a viscous
oil. The residue was io diluted with ethyl acetagteqnd poured over
icelagueous sodium bicarbonate. The organit er was separated,
Washed with brine, dried (Na2S04), and concgntrated. Crystallization
(5.8 g, 73%) as an
off-white solid: +ESI MS (M+4) 393. 0 MR (400 MHz, DMSO-d5) 6
8.81(s,1H),7.72( J=8. H), 4.60-78% (m, 3H), 7.50 is 7.42 (m,
3H). Preparation of Intermediate 1-Benzhydryl-3-isopropylaminoazetidine-
3-carbonitrile (I-(7A-106)a): HN-" 20 1-(7A-106)a

(13A-9)a

To a solution of 1-benzhydrylazetidin-3-one (3.3 g, 14 mmol) in
methano! (35 ml) was added benzylamine (1.6 ml, 15 mmol) and then acetic
acid {0.88 ml, 15 mmol) at room temperature. After stirring for 45 minutes,
solid NaCN (0.76 g, 15 mmol) was added in portions over 2 minutes and the
mixture was heated to reflux overnight. The reaction, which now contained a
precipitate, was cooled and then stirred at room temperature. The solid were
collected by vacuum filtration, rinsed with a small volume of cold methanol,
and then dried, in vacto, 1o give 1-{13A-9)a as a solid (3.56 g, 72%): +APCI
MS (M+1) 354.4; TH NMR (400 MHz, CD3;0D) § 7.40 (d, J = 7.5 Hz, 4H),
7.35(d, J= 7.5 Hz, 2H), 7.31-7.20 (m, 7H), 7.16 (t, J = 7.3 Hz, 2H)}, 4.44 (s,
1H), 3.76 (s, 2H), 3.48 (d, J = 8.3 Hz, 2H), 3.05 (d, J = 8.3 Hz, 2H).

Preparation of interrmediate 1-Benzhydryl-3-benzyviaminoazetidine-
3-carboxviic Acid Amide (I-{13A-8)b); ‘
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To a solution of 1-benzhydrylazetidin-3-one (3.20 g, 13.5 mmol) in
ethanol (100 ml) cooled in an ice bath was added isopropylamine (1.26
ml, 74 14.8 mmol), followed by dropwise addition of concentrated
aqueous HCI (1.23 ml, 14.8 mmol).After stirring for 15 minutes, a
solution of NaCN (0.727 g, 14.8 mmol) in water (30 ml) was added to
reaction mixture over 7 minutes. The reaction was then warmed to room
temperature and stirred s overnight. After concentrating the reaction to
half volume, in vacuo, it was then extra om saturated aqueous
sodium bicarbonate with ethyl acetate. The-combined organic layers were
washed with brine, dried (Na2S04), filtered and concentrated, in vacuo,
to give an oil (3.17 g) that was 2:1 cyanohyglrin to ketone as judged by 1H
NMR and LCMS. A solution gt igythe residue irNmethanol (17 ml) was
molky_27 minol) and then acetic acid

reflux overnight. The reaction wa centrated, in vacuo, and then
extracted from saturated aqueousSedium bicarbonate with 15 ethyl
acetate. The combined organic Iamwashed with brine, dried
(Na2S04), filtered and concentratedi#rv&etio, to give I-(7A-106)a as a

dark foArsdBiHdngyf8BUYn2ARIBHD ek 3060k NIMR34a00ZIIe

12).6 ,2.45-7. 4H),.7.31-7.18 (m, 6H), 4,4 , 1 H),3.68(d,J=
%ﬁ%\%@ﬁﬁé&eﬁm@@? ‘:“é?‘ff@%“ﬁ)?@%*ﬂ?d%%gi’ﬁ%?@?ﬂéﬁ,an ice
Lot (dp3d bRl zyvitRA-BED PR analiom 6f imtérdeshatisd - Beftehiids reaction
l-3-isoaropylaminoazetidine- 3:-carboxylic Acid Amide (I-(7A-106)b); NE
P A DA TGSy B Hy A P e frapg . 1 was
avnedzetines3bedirdtiten carefully quenched with concentrated NH,OH
1o pH 10. The mixture was extracted with methylene chloride and then the
combined organic layers were washed with brine, dried (Na;S04) and

concentrated, in vacuo, to afford a brown solid. Trituration of this material

| from hexanes/ diethyl ether afforded a light tan solid which were coliected by

vacuum filtration, washed with additional hexanes and dried, in vacuo, to
give [-(13A-9)b (3.34 g, 92%): +ESI MS (M+1) 372.4; "H NMR (400 MHz,
CDs;0D) 8 7.41 (d, J= 7.5 Hz, 4H), 7.35 (d, J = 7.5 Hz, 2H), 7.31-7.22 (m,
TH). 716 (t, J=7.7 Hz, 2H), 4.50 (s, 1H), 3.80 (s, 2H), 3.48 (d, J = 8.3 Hz,
2H), 3.16 (d, J = 8.3 Hz, 2H).

Preparation of Intermediate 1 -Benzhydrﬂ—S-—(benzyiez‘hvlamino)—azetidine—
3-carboxy!i_c Acid Amide, Hydrochloride Salt (I-{13A-8)ci:
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(I- 7A-106 a; 3.40 g, 11.1 mmol) in methylene chloride (25 ml) cooled in
an ice bath was treated with H2SO4 (5.95 ml, 111 mmol), dropwise. After
the reaction mixture was allowed to warm to room temperature and stir 5
overnight, it was cooled in an ice bath and then carefully quenched with
concentrated NH4O0H to pH 11. The mixture was extracted with methylene
chloride, the combined organic layers were dried (Na2S0O4) and then
concentrated, in vacuo, to afford a crude-fgam (3.3 g) that was then
purified on a BiotageTM Flash 40M c@ using 0-2% methanol in
methylene 10 chloride as eluant to afforg=the title compound 1-(7A-106)b
(2.32 g, 64%) as a brown solid: +ESI MS (M#1) 324.4;1H NMR (400
MHz, CD30D) 6 7.40 (d, J =7.5 Hz, 4H)w724 (t, J = 7.5 Hz, 4H), 7.15 (t,
J=7.1Hz, 2H), 4.46 (s, 1 W}, 353 (d3d-£8,7Hz, 2H), 3.06 (d, J = 8.7
Hz, 2H), 2.90 (septuplet, J z ,0.97(d,J=6.6Hz, 6H). 15
Preparation of intermediate 3-isopro pylamingazetidine-B-carboxyIic Acid
Amide, Hydrochloride Salt ((-(7A=206)c): NH NHZ HN 0 .2HCI
I-(7A-106)c 20 To a solution of O
1-benzhydryl-3-isopropylaminoazetidine-3-catféxylic acid amide (I-(7A-1
06)b; 2.28 g, 7.05 mmol) in methzg %ﬂg ml) was added 1 M HCl in
ether (14.8 ml, 14.8 mmol) and therrwater (10 ml). After the addition of_
20% P EDEp2rsicadichiieoss vinerd-baszyjathin paselidinfs -prbeyyds
Sl ri%jgl ﬁ:ﬁ'ﬁ@@%tlfgméegug%%%% ir2hatiens! I8 RET_BER:E ™ an
overnight. € was filtered through a pad of Celite(r),"and then

icerimehtrenedrémigtbudiaectissriieé @é&ﬁﬁeﬁ%@m}r&@&ym vacite (6.8

fr Ure () And e meanel Qe GFALC0)C
?1%’%%%3@?%%?%%%QzécﬁMqS{(M+1) 58.1;1H.Il\ll\i\/{l‘% (400 MHz,
BDSEDHNECHIBH; (6.24 mg, 9.9 mmol) was added, portionwise. After
stirring for 45 minutes, the mixture was then allowed to warm to room

temperature and stir overnight. The reaction was concenirated, in vacuo,

and the residue then extracted from saturated agueous sodium bicarbonate "
with ethyl acetate, the combined organic layers were washed with brine,
dried (MgSQ.), and then concentrated, in vacuo, to afford the crude product
(3.8 g): +APCI MS (M+1) 400.5; H NMR (400 MHz, CD,Cl) 8 7.41-7.37 (m,
6H), 7.29-7.22 (m, 6H), 7.20-7.12 (m, 3H), 4.44 (s, 1H), 3.74 (s, 2H), 3.47 (d,
J=8.3Hz, 2H), 3.12 (d, J = 8.3 Hz, 2H), 2.56 (q, J = 7.2 Hz, 2H), 0.85 (t, J =
7.1 Hz, 3H).

For purification, a solution of the free base in methanol (75 ml) was
treated with 1M HCI in diethyi ether (21 ml), dropwise over & minutes. After
stirring for 20 minutes, the mixture was concentrated under reduced
pressure foliowed by concentration from addition methanol (2X) and then
ethanol. The residue was then suspended and stirred in isopropanol (3 mi)
while diethyl ether (50 mi) was slowly added. After stirring for 45 minutes, the
solids were then isolated by vacuum filtration, were washed with ether and
dried, in vacuo, to provide [-{{(13A-9)c (4.4 g, quantitative): +APCI MS (M+1)
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4.71 (d, J =13.3 Hz, 2H), 4.60 (d, J = 13.3 Hz, 2H), 3.49 (septuplet, J =
6.6 Hz, 1 H), 1.34 (d, J = 6.6 Hz, 6H). Preparation of Intermediate
1-Benzhydryt-3-benzylaminoazetidine- 5 3-carbonitril (I-(13A-9)a): HN-j
CN N 1-(13A-9)a To a solution of Z¥benzhydrylazetidin-3-one (3.3 g, 14
mmol) in methanol (35 ml) was added benzylamine (1.6 ml, 15 mmol) and
then acetic to acid (0.88 ml, 15 mmol) at room temperature. After stirring

for 45 mlnutes solid NaCN (0.76 g, 15 mmol) was added in lg)mons over
gw:ﬁm MRIEOMbitdze GRS HRREeE. 8516 BrethidRH F fe/@AisnTH),

no r c pgo and then stirred at room
\%‘ rat%vrgggh%e soh@ vt\gl)rergé C(j lected !Ey vacuum filtration, rinsed with a

smaII volume of cold methanol, is and then dried, in vacuo, to give 141

..... LSS (M )a?%&akemx;mo

meﬁﬂim ﬂuﬁ%ﬁ@ﬂ J 7 3 Hz 2H) 444 (s, I'H), 3.76 (s, 2H), 3.48
(d, J=8.3 Hz, 2H), 3.05 (d, J = 8.3 Hz, 2H). 20 Preparation of

Intermediate 1-Benzhydryl-3-benzylaminoazetidine- 3-carboxylic Acid
Amide (1-(13A-9)b): 77 tNH2 ution of
1-benzhydryl-3-benzylaminoa ne-3-carbogitrile 1-(1 3A-9)a (3.45 g,
e (58 cooled in an ice 5 bath was
dropwise. After the reaction

treated with H2S0O4 (8.1 ml, 0.15 m
mixture was allowed to warm to rog mperature and stir overnight, it

was cooled in an ice bath and therrgarefully quenched with concentrated
NH40H to pH 10. The mixture was extracted with methylene chloride and

then the i~(13A-8)d

To a mixture of 1-benzhydrylazetidin-3-one (9.5 g, 40 mmol) in
methanol (30 mi) was added ethytamine hydrochloride (4.2 g, 52 mmol) and
then acetic acid (3.0 mi, 52 mmol) at room temperature. After stirring for 15
minutes, solid KCN (3.4 g, 52 mmol) was added and the homogeneous
mixture was heated at 80 °C, overnight. The reaction was cooled and then
concentrated, in vacuo. The residue was then extracted from saturated
aqueous sodium bicarbonate with ethyl acetate, the combined organic layers
were washed with brine, dried (MgSO,), and then concentrated, in vacuo, to
afford I-(13A-9)d as a colorless solid (11.7 g, quantitative): +ES MS (M+1)
292.2; 'H NMR (400 MHz, CD30D) 8742 (d, J=7.5Hz, 4H), 7.26 ({, J=7.5 .
Hz, 4H), 7.17 (t, J = 7.3 Hz, 2H), 4.47 (s, 1H), 3.54 (d, J = 8.3 Hz, 2H), 3.25
(d, J = 8.3 Hz, 2H), 2.61 (s, J = 7.2 Hz, 2H), 1.11 (t, J = 7.3 Hz, 3H).

Preparation of Intermediate 1 -Benzhvdrv!—B—eth,vlamino,azetidine—s—carboxyﬁo
Acid Amide (I-(13A-9)e}:
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combined organic layers were washed with brine, dried (Na2S04) and io
concentrated, in vacuo, to afford a brown solid. Trituration of this material
from hexanes/ diethyl ether afforded a light tan solid which were collected
by vacuum filtration, washed with agiditional hexanes and dried, in vacuo,
to give 1-(13A-9)b (3.34 g, 92%): +ESI MS (M+1) 372.4;1H NMR (400
MHz, CD30D) 6 7.41 (d, J = 7.5 Hz, 4H), 7.35 (d, J = 7.5 Hz, 2H),
7.31-7.22 (m, is 7H), 7.16 (t, J = 7.7 Hz, 2H) 4.50 (s, 1 H), 3.60 (s, 2H),
3.48 (d,J=8.3 Hz, 2H), 3.16 (d,J=8.3 2H) Preparation of
Intermediate 1-Benzhydryl-3-(benz IIetth o) -azetidine- 3-carboxylic
Acid Amide, Hydrochloride Sg (I 3A- SMHJ\I‘ NHZ N O 2HCI 141
3A-9c A suspension of 1-be yl-3-be zy minoazetidine-3-carboxylic
acid amide 141 3A-9b (3.06 g,"8-24 wimol) in neethanol (80 ml) cooled in -
an s ice bath was treated with acetig.acid (2.4 ml, 41 mmol), sodium
acetate (6.8 g, 82 mmol) and acetyde (1.8 ml, 41 mmol). After
stirring for 10 minutes, NaCNBH3%6.24 mg, 9.9 mmol) was added,
portionwise. After stirring for 45 minutes, the mixture was then allowed to
warm to room temperature and stikﬁéﬁn@ﬁt The reaction was

Concentﬁ@%ﬂﬂu%c%ﬂrﬂécﬁ%@%%ﬁec%qUSéHEHWaﬁiéﬁwm%;%%@fﬁﬁne-

queous sodium bicarbonate with ethyl acetate, the combined organic

|a"y@?§bﬁéﬁr‘8iiﬁa(§€é%vﬁ%ﬁbr1ﬁe7 Gibe (NFRDI) Mt ISES ChiRaRer41Ed i)

vasRdhatiorsthR Gryaes RFeH 38 ) Lf@tw MM&P%;&M%
NMR 400 MHz, CD2CI12) 3 7.41-7.37 (m, 6H), 7.29-7.22 (m,

PIsu7the (machioy, mixi(e, was)atiomeg lompme (@qgﬂngrﬁ@@m’d stir
%gﬂgﬂt,‘i%g'éo%'@d Z8r(Sbe) HathZahid  tREY: By qmenched with
concentrated NH4OH to pH 11. The off-white solids that formed during the

quench were collected by vacuum filtration. The agueous mixture was then

extracted with methylene chloride, the combined organic layers were
washed with brine, dried (Na,S04) and then concentrated, in vacuo, to afford
additional solids. The combined solids were stirred for 1 hour in ethyl acelate
(150 mL) and then collected by vaéuum filtration to give |-(13A-9)e (9.2 g,
74%) as a solid: +ES MS (M+1) 310.2; *H NMR (400 MHz, CD;0D) & 7.41
(d,J=7.1Hz 4H), 7.25 ({, J=7.5 Hz, 4H), 7.16 {t, J = 7.5 Hz, 2H), 4.49 (s,
1H), 3.44 (d, J = 8.3 Hz, 2H), 3.11 (d, J = 8.3 Hz, 2H)}, 2.47 (q, /= 7.1 Hz,
2H), 1.10 (t, J = 7.3 Hz, 3H)..

Preparation of Infermediate 3-Ethylaminoazetidine-3-carboxviic Acid Amide,
Hyvdrochloride Salf (I-(13A-9)f):

/
-

NH,

HN

HN
O «2HC

H(13A-9)f
To a solution of 1-benzhydryl-3-(benzylethylamino)-azetidine-
3-carboxylic acid amide hydrochloride salt (I-(13A-8)c; 0.66 g, 1.4 mmol) in
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7.1 Hz, 3H). For purification, a solution of the free base in methanol (75
ml) was treated with | M HCI in diethyl ether (21 ml), dropwise over 5
minutes. After stirring for 20 minutes, the mixture was concentrated under

~ reduced 20 pressure followed by cosicentration from addition methanol

(2X) and then ethanol. The residue was then suspended and stirred in
isopropanol (3 ml) while diethyl ether (50 ml) was slowly added. After
stirrin%/for 45 minutes, the solids were then isolated by vacuum filtration,

s anlidn Mrhvaraddss dhePA(Githenaprbomé3Pietend4g 9)-

qQURNHBRIYE) WeARTAMS M 81D dR@A09REHBAMRL408MERG T3NS at
7.55-7.25 (br m, 15H), 5,76 (br s, 1 H), 4.21 (br s, 4H), 3.93 (v br s,] %I2-|

im&rgpgpﬁu&%&;ghﬁdfﬁ hedigyas diluted with methano gb mi)
iif%?@é%{&wgﬁ' thylaminomzstidiae- ma-rashoRitiledlreledMe) s bl iThe
CN_N 141 3A-9)d To a mixture of 1-benzhydrylazetldln-3-one(}9.5 g, 40
AeSEN sV asSiRRBlad dram dathubatrestrolianing Bydreewondéiatieg, 52

WEPIEARFHIHEP A IEACEHED Mb 220 MR A PRM IaMPeIasleng,
After stlrrlng“for 15 minutes, solid KCN (3.4 g, 52 mmadl) was added an

BT NiiitdAvkis' hebitdiR 4660 WH<HRightThd éatsioHH),
wapaoled Q@g&g@@gq@@t&@‘gg if]flgej%k]')he residue was then
t qu

extracted from sattra agueous sodium bicarbonate with ethyl acetate,

the coritipradibrghmie kyjetion Divbleonaayddimite thyfamintsr eigis o3y,

i | (1 3A- | idn o
BRI ORS SR ARG o
wasaged BV G sther(Z6 mlymenobzTasnxirdivas csdenirated
&0/ US tDrebsb it 2t %‘&’5&'%ﬁd(ﬂﬁgnzrﬁe%]gﬁo?wé’sza%%ed

(s, J=7.2 Hz, 2H), 1.11 (t, = 7.3 Hz, 3H
to bring the reaction volume to 150 mL. This was repeated a second time.

After the addition of 20% Pd(OH), on carbon (50% water; 2.3 g), the mixture
was placed on a Parr® shaker and then reduced (45 psi Hyp) at room
temperature overnight. The mixture was diluted with methanol (350 mi)
filtered through Celite®, rinsing with additional methano!. The methanol
fractions were filtered through a 0.45 um filter disk, and then concentrated
under reduced pressure to give a solid residue that was triturated from
diethyl ether, collected by vacuum filtration, washed wfth ether and then
dried, in vacuo, to afford 1-(13A-8)f (6.3 g, 91%) as a tan solid.

Preparation of Intermediate 1-[9-(4-Chlorophenyi)-8-(2. 4~dich?orophenyl}-

SH-purin-6-vil-ethanone (I-{15A-1)a):

NN
C!MO\NJWO
.,
=N
Cl

Cl

-(15A-1)a
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20 Preparation of Intermediate
1-Benzhydryl-3-ethyiaminoazefidine-3carboxytic Acid Amide (1-(13A-9)e):
so NH ,(NH2 O I- 13A-9 e A vigorously stirred solution of
1-benzhydryl-3-ethylaminoazetidineg23-carbonitrile (1-(I 3A-9)d; 11.7 g, 40
mmol) in methylene chloride (150 ml) 5 cooled in an ice bath was treated
with H2S0O4 (22 ml, 0.4 mol), dropwise. After the reaction mixture was

allowed to warm to room temperature and stir .0 h ooled in
an ice PRI Pcaham Cf&eﬁ%\%ﬂﬁbﬁw&\éi@n% zist'gh RIYIQR%FH ¥5'
Bl Fosedfwiiterselige thaidonmed-aiwidngahe tateriitiehercapcigshbye)

vacuum filtration. The aa ueous mlxt was trf;e

0 with
el o LA BRGNS Ty SRR e U rine.
Qfé%daé@é@%@&l@ﬁ%@@a@@é@@ﬁyﬁmmt&@@mai@@f&mr@d@qgaal W, 0.74

solids. The combined solids were stirred for 1 hour in ethyl acetate (150

mipehdiheiessianda s Rvrm RSP BAVE LI ABIP @S shown
70%/?)&5 Q%‘?Jfgh&'?@f"ﬁf @f" %b?‘é@n% FHAIMRE480 Wiz aGRHAB T 41

d,J=7.1Hz, 4H) 7.5 Hz, 4H), 7.16 (t, J = 7.5 Hz, 2H), 4.49
(@a@tm BIKE, anﬁi 9“@ HQE‘EFE} epptinged & Bh‘i@é“2iﬁ§ezfﬁ%06&3fbmﬁl

HaueE W An iy btetald En S dHeRaAHAN AL EBHRIRIC layers were

3-Ethylaminoazétidine-3-carboxylic AC|d Amide, 20 Hydrqochloride_Salt

an@ﬁgdﬂm MNES O (fjiﬁqui@q! et §§rg§@plrated to aryness. The crude

material was purified via TLC preparative plate using 30% ethyl

acetate/hexanes as the solvent to afford the desired product |-(15A-1)a (50
mg, 25%): +ESI MS (M+1) 417.3; 'H NMR (400 MHz, CDCl3) 8 9.11 (s, 1H),
7.58 9 (d, J = 8.7 Hz, 1H), 7.43-7.30 (m, 4H), 7.21 (d, J = 8.7 Hz, 2H), 2.82

(s, 3H).

Preparation of Infermediate 9-(4-Chlorophenvi)-8-(2 4-dichlorophenyl)-
9H-purine-B-carbonitrile (I-(16A-1)a);

Cl
i~(16A-1)a 1
6-Chlioro-9-(4-chlorophenyl)-8-(2,4-dichlorophenyl}-8H-purine

(-(1A-1)d (200 mg, 0.49 mmol) was dissolved in acetonitrile (5 ml) and stirred
at 0 °C. Tetrabutylammonium cyanide (236 mg, 0.98 mmol) and 1,4-diaza-
bicyclo[2.2.2Joctane (173 mg, 1.5 mmol) were added fo the reaction mixture
and stirring was continued at 0 °C for 3 hours. The reaction mixture was
concentrated under reduced pressure and then purified by flash
chromatography using 30% ethyl acetate/hexanes as the eluant to obtain th_e
desired product [-(16A-1)a (215 mg, quant); +ESI MS (M+1) 400.2; "H NMR
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To a solution of 1-benzhydryl-3-(benzylethylamino)-azetidine- 3-carboxylic
acid amide hydrochloride salt (1-03A-9) c; 0.66 g, 1.4 mmol) in st
methanol (25 ml) was added 20% Pd(OH)2 on carbon (30% water; 0.13
g). The mixture was placed on a Pa&sr(r) shaker and then reduced (45 psi
H2) at room temperature overnight. The mixture was diluted with
methanol (200 ml) filtered through a 0.45 m filter disk, and then
concentrated to a solid. The s residue was triturated from diethyl ether

cotRR By CRGah? VRS, Thsh&d (fin/&iter A tHoh Gfted’ iR® (m, 4H),
% flogdyIry f (298 mg, 98%): +APCI MS (M+1) 144 1;'H
N?\%Lpflﬁg(‘)?MH(zj? CD%) 8 4.56 (s. 4H), 3.00 (g, J = 7.2 Hz, 2H), 1.36 (t,
J = 7.1 Hz, 3H). Alternatively, a solution of
1r-% o S e apineRzeline: biasabanh acd aaibranlsiy)-
g, 30 mmo in‘methano Oml) a was added 1M In ether
(ATl 75 moiIeTHEaIH 3 i~ u" ntrated to 2/3 volume to remove
the ether, in vacuo, and then methanol was.added to bring the reaction
volume to 150 mL. This w%% d a'second time. After the addition of
20% Pd(OH)2 on carbon ( ; i kture 15 was placed
on a Parr(r) shaker and then redtced (4&fsi H2) at room temperature
overnight. The mixture was diluted withh methanol (350 ml) filtered through
@ -dihe methanol fractions were
then concentrated under reduced
pressure to give a SO|Id residue tﬁat was triturated from 20 diethyl ether,
collected by vacuum filtration, Wasp gggltli]g ther and then dried, in
vacuo, to afford 1-(1 3A-9f (6.3 g, an solid. Preparation of
Interme&d@@k@@bﬁ’ﬂ&fhﬁﬂénﬁ)ﬁimﬂlmﬂWbﬁﬁewnne -6-carbonitrile

RN Gy e RROBS AR Nids e8I Thethylene chloride (0.9 ml)

and the solution cooled to -78 °C. Diisobutyl aluminum hydride (1 M in

methylene chloride; 590 ul, 0.59 mmol) was added dropwise to the reaction
mixture and stirring continued at -78 °C until TLC indicated the starting
material had been consumed. Methanol (100 uf) was added fo the mixture
to guench the reaction and the cooling bath was removed. The reaction '
mixture was extracted with ethyl acetate from 1 M HCI. The organic layer
was back-extracted with 1M HCI and the aqueous layers combined. The
aqueous layers were then brought to a basic pH with sodium hydroxide and
extracted with ethyl acetate. The organic layers were combined, dried
(Na,SQ,), filtered, and evaporated to dryness to afford the desired
compound |-{18A-1)b : +ESI MS (M+1) 404 .4, "M NMR (400 MHz, CD30D) &
8.92 (s, 1H), 7.69 (d, J = 8.3 Hz, 1H), 7.57 (d, J = 1.7 Hz,-1H), 7.63-7.43 (m,
3H), 7.36 (d, J = 8.3 Hz, 2H), 4.40 (s, 2H).

Preparation of Infermediate N4-(4-Chlorophenvi)-6-pyrrolidin-1-yl-pyrimidine-
4. 5-diamine (I-(17A-1)a);
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141 5A-1 )a 82 A solution of
6-chloro-9-(4-chlorophenyl)-8-(2,4-dichlorophenyl) 9H-purine I- 1A-1 d
(202 mg, 0.49 mmol) and tetrakis(triphenylphosphine) palladium(0) (60
mg, 0.049 mmol) in dimethylformansigde (1.5 ml) was degassed and to it
was added tributyl-(1-ethoxyvinyl)-stannane (250 I, 0.74 5 mmol). The
reaction mixture was heated to 100 C until completed as shown by TLC.
A solution of 2:1 of H20/caonc. HCI (1.5 ml) was added to the reaction
mixture and the heating cOhtipday for fhidur. The reaction was diluted
with ethyl acetate and washe @’- water, Jhe organic layers were
combined, dried (Na2S04), fiItered,%nd onc'éntr ted to dryness. The
crude to material was purified via TLC pr@Baratlve plate using 30% ethyl
acetate/hexanes as the solvent tq_affprdttie desired product 1-(I 5A-1a (50
mg, 25%): +ESI MS (M+1) 417.3; 400 MHz, CDCI3) 39.11 (s, 1
H), 7.380haro-h4a{fAablarepherd)Reonidiae, 7-diegaing +6Aa £i4

2 i t ; . .
R LIS s ot i eotee
gatheAiryg aNON € o 2 opum. ~Theregsliopgnidyewas diluted with
Sl L eaanY) el arbeayl ckbause Thitkifinc

0 mg, 0.49 mmol) was dissolved in acetonitrile (5 ml) and stirred at 0

GyFerabiRtambioaln t9aiNe806 it coeds #Re Sy aperataddiasiyness to

flgxxtazkr%@ SRl RIS {54309 A mmeh were gddeshindhed pastidn orange-
brown solid: +ESI MS (M+1) 290.3; 'TH NMR (500 MHz, CD;0D) § 7.85 (s,
1H), 7.45 (d, J = 8.8 Hz, 2H), 7.26 (d, J = 8.8 Hz, 2H), 3.63 (m, 4H), 1.96 (m,

4H),

Preparation of intermediate 2-Benzhydryl-5-benzyl-2,5,7-triazaspiro[3.4]joct-
6-an-8-one (I-(29A-6)a}:

-(28A-8)a
N,N~Dimethy}fdrmamide dimethyl acetal (16 ml, 121 mmol) was -
combined with 1-benzhydryl-3-benzylaminoazetidine-3-carboxylic acid amide
(I-(13A-9)b; 3.03 g, 8.16 mmol) and heated to reflux. After 4 hours, the
suspension was cooled and extracted from saturated agueous NaHCO3 with
ethyl acetate. The combined exiracts were dried (NazS0y), and
concentrated, in vacuo, fo the crude solid (3.50 g). Purification of the
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and stirring was continued at 0 C for 3 hours. The reaction mixture was 25
concentrated under reduced pressure and then purified by flash
chromatography using 30% ethyl acetate/hexanes as the eluant to obtain
the desired product 1- 16A-1 a (218mg, quant): +ESI MS (M+1) 400,2;'H
NMR 83 (400 MHz, CDC13) 8 9.09 (s, 1 H), 7.57 (d, J =8.7 Hz, 1 H),’
7.45-7.39 (m, 4H), 7.21 (d, J = 8.7 Hz, 2H). Preparation of Intermediate

TSN AR T AR TRAETES PR mE e
H@éiﬁ«yﬂéhe Gl epheny)=BidPdliciorophard)dehowish solid (1.92 g,

6-carbonitrile I- 16A-1 a (11 0.27 I
ot N aleione met N T
aW@yQHmJ'W“ﬂﬂéliﬂﬂn7mgﬂ?yhn§~mhig;?e559@ (6, D99 anaaofy W), 3.31
added drO£Wlse to the reaction mixture an stlrrlng continued at -78 C

ufstiTE @ -fhiigatdd) th)é%(ia{ﬁmb “Hdteia Adet been consumed. Methanol

(100 I) was added to the mixture to quench the reaction and the cooling

bath was removed. The reaction |s mlxture wa e) tra ted with ethyl
£ DiNIEEn ale,e BT, SeOnG, dragchloride

Hgmngg_@;g}aous Iayers comblned The aqueous Iayers were then
bréught to a basic pH with sodium hydroxide and extracted with ethyl
acetate. The organic layers were co dried (Na2S04), filtered, and
evaporated to dryness to afford th 20 compound I- 16A-1 b :
+ESI MS (M+1) 404.4:1H NMR {4b , GR3OD) 6 8.92 (s, | H), 7.69
(d,J=8.3Hz,1H),757(d,J=1.7Hz, 1H), 7.53-7.43 (m, 3H), 7.36 (d,
J = 8.3 Hz, 2H), 4.40 (s, 2H). [-(28A-6)b

To a solution of 2-benzhydryl-5-benzyl-2,5,7-triazaspiro[3.4Joct-6-en-
8-one (I-(29A-6)a; 1.83 g, 4.80 mmol) in methanol/methylene chloride was
added excess 1 M HCl in diethyl ether (10 ml). After stirring for 10 minutes,

the solvent was removed, in vacuo, and the resultant hydrochloride salt
dissolved in methanol (50 mi). After the addition of 20% Pd(OH), on carbon
(50% water; 1.1 @), the mixture was placed on a Parr® shaker and then
reduced {50 psi H,) at room temperature for 22 hours. The reaction was
filtered through a 0.45 uM disk, and then concentrated, in vacuo, to give a
gummy solid. This material was triturated from methanol to afford |-{(29A-6)b
(450 mg, 47%) as a tan solid: +APClI MS (M+1) 127.9; H NMR (400 MHz,
CD3;0D) 8 4.51 (s, 2H), 4.41-4.33 {m, 4H).

Preparation of Intermediate 1-Benzhydryl-3-methviaminoazetidine-

Q\/NDL e

3-carbonitrile (I-(28A-7)aj;
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Preparation of Intermediate
N4-(4-Chloropheny))-6-pyrrolidin-1-yl-pyrimidine- 25 4,5-diamine

. {1-(17A-1)a): 84 CI,INNHNH2 1417A-1 a

6-Chloro-N4-(4-chlorophenyl)-pyrindifline-4,5-diamine 1-(1 A-la (114 mg,
0.45 mmol) and pyrrolidine (1 ml, excess) were combined and heated 5
with stirring at 100 C for 2 hours. The reaction mixture was diluted with
saturated NaHCO3 solution and gale éNith ethyl acetate. The organic
layers were combined, dried (Na red, and evaporated to

drynes'éct@ swntmedehb@ﬂﬁwdpﬁah@tlﬁiﬂ-ﬁﬁl%(@i?r@ R S)R

AT R s R R0 P g
am; tBefBBe(a:Btiél-atpld OBEMYHR. @mmatW@@mt@maratére After stlrrmg
RRE B SR ) s iRl anbead igaadin)

methylformamide dimethyl acetal (16 mi,
Was heae)wascdfond@ wWithrs. The reaction was cooled; the solid produot

7 benzrggggé B %@mlﬂ%%%%d'Hﬁs%&evﬁ%@%%ﬁwh%n%e 9

\gag 88 and eated to reflux. After 4 hours, the 2
saspen@caﬁwais @éﬂﬁa@m@w@eﬁ@m&m@éﬂm@@mﬂwﬂc@s

R 2 e B B R e T R R oAy 729
(esicu® orHa Bibthge PBI(Elash AGNHEORMINAISE G<0-B6h) rﬁe&ﬁa(domﬁ 7.5 Hz,
oH), 3.15 (d, J = 7.1 Hz, 2H), 2.40 (s, 3H).

Preparation of Intermediate 1-Benzhydrvl-3-methvlaminoazetidine-
3-carboxviic Acid Amide (I{29A-71b):

N
NH

T~
N
‘ 0

1-(20A-7)b ' '

A vigorously stirred solution of 1-benzhydryl-3-methylaminoazetidine-
3-carbonitriie (I-(29A-7)a; 2.10 g, 7.57 mmol) in methylene chloride (25 mi}
cooled in an ice bath was treated with H;S04 (4.0 mi, 76 mmoi), dropwise.
After the reaction mixture was aflowed to warm to room temperature and stir
overnight, it was cooled in an ice bath and then carefully quenched with
concentrated NH,OH to pH 11. The mixture was exiracted with methylene
chioride, the combined organic layers were dried (NaxS04) and then
concentrated, in vacuo, to afford 1-(29A-7)b (1.2 g, 54%) as an off-white
solid: +ES MS (M+1) 296.3; *H NMR (400 MHz, CDa0D)67.41(d, J=7.5
Hz, 4H), 7.25 (t, J= 7.5 Hz, 4H), 7.18 (t, J = 7.1 Hz, 2H), 4.48 (s, 1H), 3.41
(d, J=8.7 Hz, 2H), 3.09 (d, J = 8.7 Hz, 2H), 2.24 (s, 3H).
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methylene chloride as eluant afforded 1-(29A-6)a as a yellowish solid
(1.92 g, 62%): +ES MS (M+1) 382.3; 1H NMR (400 MHz, CD30D) 5 8.66
(s, 1H), 7.59 (d,J =7.1Hz, 2H), 7.49-7.11 (m, 13H), 5.12 (s, 2H), 4.44
(s, 1 H), 3.315(d, J=9.6 Hz, 2H), 320 (d, J = 9.6 Hz, 2H). Preparation of
Intermediate 2.5. 7-Triazasniro13.41octan-8-one, Hydrochloride Salt
(I-(29A-6)b): HN NH HN p -HCI 10 [-(29A-6)b To a solution of
2-benzhydryl-5-benzyl-2,5,7-triazaspiro[3.4]oct-6-en 8-one (I-(29A-6)a;

1. 83 g 4 80 mmol) in methanol/methylene chlorlde was added excess 1

e . | and the resultant hydrochlorlde salt 15 dlssolved
\Aé’aéﬁ 69’3/ é/ r the addition of 20% Pd(OH)2 on carbon (50%

Water, 1.1 9), the mlxture was placed on a\Pa’&r) shaker and then

rated, in vacuo, to give a
ethanol to afford I- 29A-6

MHz, CDSOD) 8 4.51 (s, 2H), 4. 4 5 (M, 4H). Preparation of
Intermediate 1-Benzhydryl-3-methytamthoazetidine- 3-carbonitrile
(1-(29A-7 HN' QjcN 2586 1-(29A-7)a To a solution of

1-benzhydrylazetidin-3-one (2.13 &{28Menol) in

N,N-Dimethylformamide dimethy! acetal (1.1 mi, 8.3 mmol) was
combined with 1-benzhydryl-3-methylaminoazetidine-3-carboxyiic acid
amide (i-(29A-7)b; 153 mg, 0.52 mmol) and heated fo reflux. After 3 hours,
the suspension was cooled and extracted from saturated aqueous NaHCO3
with ethyl acetate. The combined exiracts were dried (Na,SQ.), and
concentrated, in vacuo, to afford 1-{(28A-7)c as a solid (152 mg, 96%); +ES
MS (M+1) 306.3; 'H NMR (400 MHz, CDsOD) 8 8.42 (s, 1H), 7.47 (d, J= 7.5
Mz, 4H), 7.27 (t, J=7.5 Hz, 4H), 7.17 (t, J = 7.5 Hz, 2H), 4.57 (s, 1H), 3.58
(s, 3H), 3.55 (d, J = 10.0 Hz, 2H), 3.34 (d, J = 10.0 Hz, 2H).

Preparation of Intermediate 5-Methyl-2.5, 7-friazaspirol3.4Joctan-8-one,
Hyvdrochloride Salt (1-(28A-7)d):

NH

HN
O *HC

-{(28A-7Yd
To a solution of 2-benzhydryl-5-methyl-2,5,7 -friazaspire[3.4Joct-6-en-
g-one (I-(20A-7)c; 188 myg, 0.619 mmol) in methano! {30 n%l) was added 1 M
HCI in diethyl ether (1.3 ml). After the addition of 20% Pd(OH); on carbon
(50% water; 95 mg), the mixture was placed on a Parr® shaker and then
reduced (50 psi Hz) at room temperature for 5 hours. The reaction was
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methanol (17 ml) was added methylamine hydrochloride (1.21 g, 18.0
mmol) and then acetic acid (1.03 ml, 18.0 mmol) at room temperature.
After stirring 5 for 5 minutes, solid KCN (1.17 g, 18.0 mmol) was added
and the mixture was heated to 60 &8for 19 hours. The reaction was
cooled; the solid product was collected by vacuum filtration, rinsed with
methanol, and then dried, in vacuo to afford [-(29A-7)a as a colorless

lid , itati : +
P S S S G o T e LAV Tl o
EcﬁidﬂZTA%h?aﬂ@&?r(grnldi@t?&E&t(élrtéf#o?d%gj-l 2 (221A)7 3416 £d, chyg, Bd%lzas an
, S reparation nterm |
SR S PR D2 A BT ENAR (408 om0 6 4.38
(B(2PAD ) 1 NH AN oHA DAL A7) 12 wigerously stivreds, 3H).

solution of 1-benzhydry|-3-methylaminoazetidine- 3-carbonitrile 1- 29A-7 a;
2.10 g, 7.57 mmol) in methylene chloride (25 ml) cooled in an ice bath
was treated with H2S04 (4.0 ml, Z@anfped) 7dropwise. 20 After the
reactlon mixture was a Iowed _to warm, to room temerature and stlr

g@pggﬂt@tpgquﬂ4OH to pH 11. The mlxture was extracted with methylene
chloride, the combined organic layers were dried (Na2S04) and then

concentrated, in vacuo, to afford [- (29AB(L.2 g, 54%) as an off-white

25 solid: +ES MS (M+1)2964; 1% NMR (49h MHz, CD30D) 3 7.41 (d, J =
7.5 Hz, 4H), 7.25 (t, J = 7.5 Kz, 4FJN7.16 (t, J& 7.1 Hz, 2H), 4.48 (s, 1H),
3.41 (d, J=8.7 Hz, 2H), 3.09 (d, J = F7Mz, 2H), 2.24 (s, 3H). 87

Preparation of Intermediate
2-BenzhydryI-5-methyI-2,5,7-tria of8idloct-
Cl
1A

Sodium (7 mg, 0.3 mmol) was dissolved in isopropanol (1 ml) and to it
was added 6-chloro-9-(4-chlorophenyl!)-8-(2,4-dichlorophenyl)-9H-purine
[-(1A-13d (30 mg, 0.07 mmol). After stirring at room temperature overnight,
the reaction mixture was evaporated to dryness and extracted into ethyl
acetate from saturated aqueous NaHCO; solution. The organic layers were
combined, dried (Na,SQy), filtered, and concentrated fo dryness. The crude
residue was purified on a TLC preparative plate using 4% methanol/
methylene chloride as the solvent to yield title compound 1A-1. A solution
of the material in methylene chloride was treated with excess 1 N HCl in
diethyl ether, stirred, evaporated to dryness, and then friturated in diethyl
ether to afford the hydrochloride salt of compound 1A-1 (8 mg, 268%): +ES!
MS (M+1) 433.4; "H NMR (400 MHz, CD30D) 6 8.50 (s, 1H), 7.64 (d, J/ = 8.3
Hz, 1H), 7.55 (d, J = 1.7 Hz, 1H), 7.48-7.45 (3H), 7.34 (d,'J = 9.1 Hz, 2H),
5.73 (septuplet, J = 6.2 Hz, 1H), 1.48 (d, J = 6.2 Hz, 6H).



6-en-8-one (1-(29A-7)c): NN N O s 1-(29A-7)c N,N-Dimethylformamide
dimethyl acetal (1.1 ml, 8.3 mmol) was combined with
1-benzhydryl-3-methylaminoazetidine-3-carboxylic acid amide I- 29A-7 b;
153 mg, 0.52 mmol) and heated to refitix. After 3 hours, the suspension
was cooled and extracted from saturated aqueous NaHCO3 >_o with ethyl
acetate. The combined extracts were dried (Na2S04), and concentrated,

306 30101 GO LIBE TG B L § 42 N Her Ry 5

AHRFOPEIEY waiagwpwatha@qesbnbka Hzp2elosthe (suithsi8.68 (S,

e BT R O
S&I@WAﬂbﬂ)pwamd(us}ﬂg@mp@%eﬁd vefltmavsolidiamet skilled in the
e O e SRR SRS e aiangmer
Stﬁgg@drlﬁl)?sl\fféﬁl@@raadmmdfsmé/djéﬂj@zh)ireriszadmg@h iR watels free
t shaker and the uc
p?l H2)aeE\l'[ﬂ?(;%c?érriﬁ t mp\%@ urews\gj é‘oﬁgh%he GILRHBRA! n%ﬁﬁ)&*ga“de salt
t WJ@@@G 45 uM disk, and then concentrated, in vacuo, to give a solid.
Trituration from diethyl ether afforde ;l éb%?ﬁ 7)d (124 mg, 94%) as an
off-white solid: +APCI MS (M+1) 14 MR (400 MHz, CD30D) 8

4.38
cl |
\Q\N/K/‘\ o=F
=
10 Ar
Example Ar -OR MS
No, (M+H)*
1A-2 2,4-dichiorophenyl -OMe 405.4
1A-3 2,4-dichlorophenyl ~OEt 419.6
1A-4 2,4-dichlorophenyl -O-n-Pr 433.4
1A-5 2 4-dichlorophenyl -0-n-Bu 447.0

Example 2

Preparaz‘ion of 6-ten‘»Butoxy-Q-(4—chIorophenv[}-8-(2,4-dich!orophenv!}—
15 9H-purine (2A-1):

ci
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(d, J=12.0 Hz, 2H), 4.17 (s, 2H), 4.13 (d, J = 12.5 Hz, 2H), 2.71 (s, 3H). 5
Example 1 Preparation of
9-(4-Chlorophenyf)-8-(2,4-dichlorophen4l)-6-isopropoxy_- 9H-purine
(IA-9): NON CI/1 N}--N Q-CI CI 1§ 1A-1 Sodium (7 mg, 0.3 mmol)
was dissolved in isopropanol (1 ml) and to it was added
6-chloro-9-(4-chlorophenyl)-8-(2,4-dichlorophenyl)-9H-purine |- 1A-1 d (30
mg, 0.GLOMReD- ﬁ@bﬁlﬂf&ﬁﬂméﬁﬁﬂpﬂl@m@ﬁtﬂwmm@rﬂi}agH m@m@action

PR TR RS Lo i i BBy T uran (1

WW@@%&H@%@&@M@H%@@rﬁ@ﬁt@ﬂ@mﬁi@ieﬁbﬁ@m@% Tihe
crud residue was purified on

C ti t
m*mafﬁm%ecamﬁ%%i&@L o Wﬁ%fg@%{%@%\ﬂéﬁ&ﬂaﬁw

ﬁqﬁpbm?na@été\@ maieatindnathyipnaablarideorasssaated. wmheeesmid
[\I HCI in 20 diethyl ether, stlrred evapo tecé%) dra/gess and t
AR IER? &%Eﬂ?l“@%é%’ '1% %?@%ﬁ?é)m‘?a SURMSHE ptaﬁrar TRSS-

S .
il vsgag(&/‘ i Eémg]fa@%meesg NGt
Efribbian8dN-25:8% Hed GRTOROWHE Its&aq\m’r)abh%bblpmver(aoo MHz,
REPBIST88 (s, 11, 7.64 (d, J = 8.3 Hz, 1H), 7.55 (d, J = 2.1 Hz, 1H),

7 49-7.44 (m, 3H), 7.34 (d, J = 9.1 Hz, 2H), 1.77 (s, 9H).

Example 3
Preparation of 6-(1-Benzhydrviazetidin-3-vioxy)-9-{4-chlorophenvi)-
8-(2 4-dichlorophenvl)-9H-purine (3A-1):

PN
NN N
o~y AT T
N O
=N
Cl
Gl
- 3A-1

To a tetrahydrofuran (1 ml) solution of 6-chloro-8-(4-chiorophenyl)-
8-(2 4-dichlorophenyl)-8H-purine -(1A-1)d (30 mg, 0.073 mmol) and
1-benzhydrylazetidin-3-o! (53 mg, 0.22 mmol) was added pdtassium tert-
butoxide (24 mg, 0.22 mmol). The combined reagents were stirred overnight
at ambient temperature. The reaction mixture was concentrated to dryness
and the residue was extracted into ethyl acetate from saturated NaHCQOj3
solution. The organic layers were combined, dried (Na;S0y), filtered, and
evaporated o dryness. The crude product was phriﬁed by chromatography
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procedures analogous to those described above for the synthesis of
Compound A-1 using the appropriate starting materials which are
available commercially, prepared using preparations well-known to those
skilled in the s art, or prepared in a ffanner analogous to routes decribed
above for other intermediates. The compounds listed below were isolated
initially as the free base and then generally converted to their

CSNES@%B%%%\W q‘*@é*};ﬁ%{g%ﬁﬂ SF; oy, tﬁ?é't'ﬁ%n%@’%‘éthg‘eﬁ{e Ghiokiak Bs the

CSR 10 Ar Example Ar -OR No. I (M+N)+ 1A-2 2,4-dichlorophenyl
-OMER0B), @rw&ﬂﬁ@mmm&ﬁﬁyﬁ@m&i@@\wb A golution of the material

24 iShQEoRNEN P NBE 4334 4 dARPSAsdichIRrapbemYl; 9@1%%7 0

Example 2 Preparation of 6-tert-Butoxy-9-(4-chlorophenyl)-8

oﬁéﬂﬁn@ﬁbmém)etﬁsi oripoaae. @rdthae iGivctedin dethy! ether to afford
ST ARoaRhsn G Acichlerepheny a9k puries| Ms (vi+1)
612.2; 'H NMR (400 MHz, CD30OD) & 8.51 (s, 1H), 7.65-7.30 (m, 17H), 5.85-
5.77 (br m, 2H), 4.75-4.60 (br m, 2H), 4.55-4.30 (br m, 2H).

The compounds listed in Table 2 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 3A-1 using ;ihe appropriate starting materials which are available
commercially, prepared using preparations welli-known 1o those skilled in the
ari, or prepared in a manner analogous to routes decribed above for other
intermediates. The compounds listed below were isolated initially as the free

base and then generally converted o their corresponding hydrochioride salt

for testing.
Table 2
NN
ci f
=N
Example Ar “OR MS
No. ' (M+H) *
3A-2 2, 4-dichlorophenyl N/Me 488.4
O )

3A-3 2,4-dichlorophenyl e, € 544.4
N,Mei
RS Me .
Me




I- 1A-1 d, potassium tert-butoxide (20 mg, 0.15 mmol) and tetrahydrofuran
(1 ml) were combined and stirred overnight at ambient temperature. The
reaction mixture was concentrated to dryness and the residue was
extracted 5 into ethyl acetate from s&turated aqueous NaHCQO3 solution.
The organic layers were combined, dried (Na2S04), filtered, and
evaporated to dryness. The crude product was purified by

hromatography.on a preparative T].C nplate using 4%
7 7 T = T J

methapplaethylene chigride as thg solvent to gigaRtitle compound 2Asl
gs a ygllow gil: +ESI MS (M+1) 447|5;"H NMR (400 MHz, Ib CD30O@{j+H) *

48.(s1H) [7.64.(d J=8.3 Hz, 1H} 7.55(d; J =21 Hz 1H)-7.49-7.44
(n, 3A47.34 (b, d-8idhlortmimyl 1.7 (s, 9H). Example 3 Prepdratipod
6-(1-Benzhydrylazetidin-3-yloxy)-9-{4-chlorophenJ- 15 . ‘
8-(2,4-dichlorophenvl)-9H-purine (3A-1): NON CI Cl CIiI3A-1 To
a tetrahydro?.lran (1 ml) solution of B-chloro-9-(4-chlorophenyl)-

8-(2,4-dichloyophenyl)-9H-purine | 2A-1 d (30" ndg, 0.873 mmol) and 20

'b’eﬁzhydrylazetidiﬁ 3-oH53-mg;,-622-mmot-was-added-potassit-tert-
butoidled (24{mg,Bd2mompihehiye dombined reagenle‘Were stirned 488.4
gvernight atiambient temperature. The reaction m';:::fe was copcentrated
tp dryness gnd the residue was extracted intq ethyl ace¢tate fror
gaturated NgHCO3 solution. The o}ganic layerg tombined, dried

=)

ltered, and 25 evaporated to dryness The crude prpduct was.
urifipgl.gy ¢

TOMAGERARIBAHAN AN & preparative XLC plate using 4%gsg 4
methanollmethylene chloride as the /N

O

3A-T 2 4-dichlorophenyl ' ::N,Me ' 474.0
S

O

3A-8 2, 4~dichiorophenyl (\N 550.2
w /\©

9

3A-8 2 4-dichlorophenyl 502.4

L

3A-10 2 4-dichioropheny! O 528.0
N

0

3A-11 2 4-dichloropheny! N 514.8
?‘o@

Example 4
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solvent to give title compound 3A-1 as a yellow oil. A solution of the
material in methylene chloride was treated with excess 1 N NCI in diethyl
ether, stirred, evaporated to dryness, and then triturated in diethyl ether to
afford 5 the hydrochloride salt of coﬂ:fpound 3A-1 (14 mg, 31%): +ESI MS
(M+1) 612.2; 1H NMR (400 MHz, CD30D) 3 8.51 (s, 1 H), 7.65-7.30 (m,
17H), 5.85- 5.77 (br m, 2H), 4.75-4.60 (br m, 2H), 4.55-4.30 (br m, 2H).
Phe compeubids. fisied st dsiie @) belonuwars piepaas ) siteteahydrofuran-
procedures analogous to those described above for the synthesis of

i {V3AUT-0k T propriate starting materials which are
avallable commermally, prepared u%o,gxo\reparatrons well-known to those
skilled in the art or preparedsia a manne analogous to routes decribed

Ompo ﬂ’sm below were isolated
initially as the free 15 base and the gnerally ¢ rted to their

correspondrng hydrochloride s r testing. Table 2WNCI/\N1/O_R
N Ar Example Ar-OR MS No Gt 3A-2 2,4-dichlorophenyl "N.Me
488.4 0 3A-3 2,4-dichlorophen Me 544.4 Me M6 0: Me 92 Example
Ar -OR MS | ct

4A-1

9-(4-Chicrophenyl)-8-(2 4-dichiorophenyl)-9H-purin-6-of I-(1A-1)c (100
mg, 0.255 mmol), 2-bromomethyl-tetrahydrofuran (42 mg, 0.265 mmol), and
cesium carbonate (83 mg, 0.26 mmol) were combined in dimethylformamide
(5 mi} and heated 1o 100 °C overnight. The reaction mixture was diluted with
ethyl acetate and washed with brine. The organic layer was dried (Na;SO4),
filtered, and evaporated to dryness. The crude material was purified on a
preparative TLC plate using 75% ethyl acetate/hexanes as the eluant 1o
yield titte compound 4A-1 (20 mg, 16%); "™ NMR (400 MHz, CD;0D): § 8.52
(5, 1H), 7.64 (d, J = 8.3 Hz, 1H), 7.48 (d, J = 2.1 Hz, 1H), 7.50-7.44 (m, 3H),
7.34 (d, J = 8.7 Hz, 2H), 4.68 (d, J = 5.0 Hz, 2H), 4.39 (m, 1 H), 3.91 (m, 1
H), 3.79 (m, 1H), 2.20-1.83 (m, 4H). A solution of the material in methylene
chloride was treated with 4 M HCl/dioxane, evaporated fo dryness then
further dried with high vacuum to yield the hydrochloride salt of compound
4A-1: +APCI MS (M+1) 475.2.

The compounds listed in Table 3 below were prepared using
procedures analogous to those described above for the s'ynthesis of
Compound 4A-1 using the appropriate starting materials which are available
commercially, prepared using preparations well-known to those skilled in the
art, or prepared in a manner analogous to routes decribed abave for other
intermediates. Ttte compounds listed below were isolated initially as the free
base and then generally converted to their corresponding hydrochloride salt

for testing.



No. (M+H) + 3A-4 2,4-dichlorophenyl 502.4 o 3A-5 2,4-dichlorophenyl
Me 488.4 'o 3A-6 2,4-dichlorophenyl 488.4 0 3A-7 2,4-dichlorophenyl N
Me 474.0 o~ J 3A-8 2,4-dichlorophenyl N 550.2 3A-9 2,4-dichlorophenyl
502.4 N O 3A-10 2,4-dichloropheryl 528.0 O~N 3A-11
2,4-dichlorophenyl N~ 514.8 ~o Example 4 93 Preparation of
9-(4-Chlorophenyl)-8-(2 4-dicklorophenyl)-6-(tetrahydrofuran
2-ylmethoxy)-9H-purine (4A-1): NON CINO CICI4A-1 5
9-(4-Ch|orophenyl)-8-(2,4-dichiorogﬁ@ﬁ9l?-9H-purin-6-oi 141 A-1c (100
mg, 0.255 mmol), 2-bromomethyl-tetrahy¥d1:QJ‘Hran (42 mg, 0.255 mmol),

and cesium carbonate (83 m 6 mmpl) were combined in
dimethylformamide NWO’R
Ar

=N
Example Ar -OR MS .
No. (M+H)
4A2 2,4-dichlorophenvi oin 4751
40
AA-3 2 4-dichloropheny! \;&O/\/OME 4491
AA-4 2.,4-dichlorophenyl | .. O 477.2
56‘0/\( _7
8]
4A-5 2 4-dichloropheny! ¢ G 4802
3 o“@
4A-6 2,4-dichlorophenyl OMe 493.2
N
O/\)\OMe
4A-T 2-chloropheny! -OEt 385.2
4A-8 2-chlorcphenyl -OMe 371.2
4A-9 2-chlorophenyl ; 439.2
‘\‘{o/\gF
Example 5

Preparation of 9-(4-Chlorophenvl)-8-(2,4-dichiorophenyl}-6-(2,2, 2-trifluoro-
ethoxy)-9H-purine (5A-1):




(5 ml) and heated to 100 C overnight. The reaction mixture was diluted
with ethyl acetate and washed with brine. The organic layer was dried
(Na2S04), io filtered, and evaporated to dryness. The crude material was
purified on a preparative TLC plate #sing 75% ethyl acetate/hexanes as
the eluant to yield title compound 4A-1 (20 mg, 16%); 1H NMR (400 MHz,
CD30D): 68.52 (s,1H),7.64(d,J=83Hz,1H),749(d,J=2.1Hz1
H), 7.50-7.44 (m, 3H), 7.34 (d, J =8.7 Hz, 2H), 4.68 (d, J = 5.0 Hz, 2H),
4.39 (m, I H), 3.91 (m, 1 is H),.3.79 (rH,él\IH), 2.29-1.83 (m, 4H). A solution
of the material in methy@d | ith 4 M HCl/dioxane,
evaporated to dryness then Further Qris ! wit higF vacuum to yield the
hydrochloride salt of compound 4A/1: +APCI MS (M+1) 475.2. 20 The
compounds listed in Table 3 be

erg prepared using procedures
analogous to those described a for the synthesis of Compound 4A-1

using the appropriate starting graterials which are available commercially,
prepared using preparations well-kn to those skilled in the art, or
prepared in a manner analogous to ¥etites decribed above for other 25
intermerhatesiuhheceomuoniads fiske thbrtevy 0@ ishlat@d mitaly asithe
free base and then generall conversﬁefg t? their correspondin .
Ry LHISRERELER R e Y o5 SR & KARIMCF R GAL R AR A

5 rRRUASWAS addet 6-4hi8r8-9-gicttsanbieayl V- @7 5-dickefophenyi)-
B i PP AT 100 G thmaty T T SACHOR Tantbr: Was Stired

at room temperature for 3 days then quenched with H,O and diluted with

chioroform. The organic layer was washed with brine, dried (Na;SOy),
filtered, and concentrated under reduced pressure. The crude product was

10 purified by preparative TLC using 20% ethyl acetate/hexanes as the eluant
to give fitle compound 5A-1 (20 mg, 17%): +APCI M8 (M+1) 473.4;*H NMR:
(400 MHz, CD;OD): 8 8.58 (s, 1H), 7.64 (d, 1H), 7.57 (d, 1H), 7.50-7.41 (m,
3H), 7.36 (d, 2H), 5.23 (g, 2H).

15 Example 6
Preparation of 9-(4-Chlorophenyl)-8-{2,4~dichlorophenvl)-8H-purin-6-vil-

cvclohexviamine (BA-1):

i
BA-1 !
20 6-Chloro-9-(4-chlorophenyl)-8-(2,4-d ichloropheny!)—QH—purine
[-(1A-1)d (30 mg, 0.07 mmol) and cyciohexylamine (0.3 mi) were combined
in ethanol (0.5 ml) and heated at 60 °C for 30 minutes. The reaction mixture

was concentrated under a stream of Nz and then extracted into ethyl acetate



4A-5 2,4-dichlorophenyl 0 489.2 4A-6 2,4-dichlorophenyl OMe 493.2 We
4A-7 2-chlorophenyl -OEt 385.2 4A-8 2-chlorophenyl -OMe 371.2 4A-9
~ 2-chlorophenyl F 439.2 o~F F Example 5 s Preparation of
9-(4-Chlorophenyl)-8-(2 4-dichloropttenyl)-6-(2,2 2-trrfluoro-
‘ethoxy)-9H-purlne (5A-1): 95 _ NANCV/N\ O--*F -N F C 5A-1
Potassium tent-butoxide (1 M in THF; 0.73 mi. 0.73 mmol) and

2,2,2-trifluorgethanol (2 m|) were_stirred at room temperature and to this
R A TG0 el R TG o ISR ATy
(RE:BWinefittbAet defi)fbrage® RAdmymeds, Hredrastiqminfixtiiy wespstistad:

at room te rature for 3 days then quenched, with,H20 and diluted with
T oHBIBHT T CHAE et A AEa At e 2 NS S
giltared, anidieanceieatadtanideetuitetbnessinedEheas dmmodvitt was
to purifie reparative TLC using 20% ethyl acetate/hexanes as the
BT T e TN UG ST B0 G T A e A 1.
triuNIVER {406t M HEENE PROETO A8 Higd dddhiditde(dalt idj, co b (et A-1

.20-7.4 3H), 7,36 . .5 le 6. Rreparation

GRS a: G o M BisthStonSont e 0 FARE
CD:ODY: § 8.40 (s, 1H), 7.66-7.60 (m, 2H), 7.38-7.35 (m, 3H), 7.53-7.50 (d, J
= 8.8 Hz, 2H), 3.90 (br m, 1H), 2.12 (brd, J = 11.9 Hz, 2H), 1.94 (brd, J =
13.0 Hz, 2H), 1.78 (br d, J = 14.5 Hz, 1H), 1.62-1.23 {m, SH).

The compounds listed in Table 4 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 8A-1 using the appropriate starting materials which are available
commercially, prepared using preparations well-known to those skilled in the
art, or prepared in a manner analogous to routes decribed above for other
intermediates. The compounds listed below were isolated initially as the free

base and then generally converted to their corresponding hydrochloride salt

for testing.
Table 4
R1
¥
Cl
=
Ar
Ex. Ar R NRR’ MS
No. _ (M+H)”

6A-2 2 4-dichlorophenyl -H ;&O 458.5
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cvclohexylamine (6,4-1): N°"N CI/"H NG CI6A-1 20
6-Chloro-9-(4-chlorophenyl)-8-(2,4-dichlorophenyl)-9H-purine 1- IA-1 d (30
mg, 0.07 mmol) and cyclohexylamine (0.3 mi) were combined in ethanol
(0.5 mi) and heated at 60 C for 30 nunutes. The reaction mixture was
concentrated under a stream of N2 and then extracted into ethyl acetate
96 from saturated NaHCO3 solution. The organic layers were combined,

dryness,

treated w

ied (Na2S0Q4) filtered, evaporated to.dryn

ith s excess 1 N HCl in didthyl ethet, stirred, ek@gwated to
and then triturated in diethyl ether to afford the hydrochloride

ss,.and then purified by

pregpagative M&@iﬂg@é% yl a?ceta;@!hexanes a§eluant to obtailn.«,tiglgﬁ
compound 6A-1. A solution of the material ir methylene/(%rﬁ)ride was

e

d,1=11

7.38-7.35

payind BA: , 57%) as a splid: +ESI MS (M+1) 472.6;
[go?&%ﬁ&éﬁ%m 8.40 (35’1 H), 7.6é§m60\6m,/2H), 8465
(m, 3H), 7.53-7.50 (d, J * 8.8 Hz,
9 Hz, 2H) 194 (brd, 1=

PH), 3.90 (br m, 1 H), 2,12 (br
13.0 Hz 2H), 1.78 (brd, 1= 145 Hz

prepared

synthesis
which.are

| FR1562-1.23 4THiMbrdHRHQMPO

using procedures analog

of Compound 6A-1 using the apprppriate stalrung materials

» available 15 commercially, prepare d llqing prpparatian

LindsHisted in Tablg 4 bhelow were 446.5
bus to thgse descritied above forf the

wegjskgown togt,h@i@hgﬁiﬁgﬁéﬁ)}he art, grpre pared#g a manner analogos. 5
to routes|decribed above for other jntermediates. Thg compounds listed
below were isolated initially as the free basejand then gengrally
converted to their corresponding hydrochloride salt Me

Example 7
Preparation of 1-[9-(4-Chloro-phenvi}-8-(2.4-dichloro-phenvil)-9H-purin-6-vij-
pineridine-4-carboxviic acid Ethvi Ester (TA-1):

Ny

cl W
N)},AN |
=N O\/
cl ©
cl
7A~1

8-Chloro-9-(4-chicrophenyl)}-8-(2,4-dichlorophenyl}-9H-purine
-(1A-1)d (30 mg, 0.07 mmotl), piperidine-4-carboxylic acid ethyl ester (34
mg, 0.22 mmol), and triethylamine (20 ul, 0.29 mmol) were combined in
ethanol (1 ml) and heated at 70 °C for 2 hours. The reaction mixture was
concentrated under a stream of N2 and then extracted into ethyl acetate from
saturated NaHCQO; solution. The organic layers were combined, dried
{NayS0y), filtered, evaporated to dryness, and then puriﬁeci by preparative
TLC using 4% methanol in methylene chloride as eluant to obtain titie
compound 7A-1. A solution of the material in methylene chloride was



i0

15

for testing. 20 Table 4 R1 N'__ ~N NRR' } N Ar Ex. A; R1-NRR'1"S No.
(M+H) 6A-2 2,4-dichlorophenyl -H ,~cNO 458.5 97 6A-3
2,4-dichlorophenyl -H 460.5 ~~ 0 6A-4 2,4-dichlorophenyl -H >IN 446.5 |
H 6A-5 2,4-dichlorophenyl -H N 448.5 6A-6 2,4-dichlorophenyl -H 473.6
N ON\Me Example 7 Preparation of

1-f9-(4-Chloro-phenyl)-6-(2,4-dichloro-phenyl)-9H-purin-6 y17-
piperidine-4-carboxylic acid Ethyl Ester (7A-1):N/Y 'N-NO,, / CI0 5ClI
twairadaaaih|@P@:@swdﬁ|bﬁ@bﬁ@?yﬂgl@,ﬁ%idﬁ%%ﬁ@ﬁﬁ)ﬁ@mﬁ[ﬁ]ﬁﬁ@|-
LSk @OMG L0 mmeRnRIRGEURR Gredhpalisris et sice34) as
a solid: +ESI MS (M+1) 530.1; H NMR (400 MHz, CD;0D) & 8.35 (s, 2H),
7.60 (d, J = 8.3 Hz, 1H), 7.56 (d, J = 2.1 Hz, 1H), 7.50-7.45 (m, 3H), 7.34 (d,
J =87 Hz, 2H), 4.15 (g, J = 7.1 Hz, 2H), 3.68 (v br s, 2H), 2.85 (m, 1H), 2,16

(m, 2H), 1.89 (m, 2H), 1.25 (t, J = 7.1 Hz, 3H).

The compounds listed in Table 5 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 7A-1 using the appropriate starting materials which are available
commercially, prepared using preparations well-known to those skilled in the
art, or prepared in a manner analogous fo routes decribed above for other
intermediates. The compounds listed below were isolated initially as the free

base and then generally converted to their corresponding hydrochloride salt

for testing.
Table &
L
O
Cl
\@\N)\Kk NRR'
=
Ar
Ex. No. Ar R1 -NRR’ MS
TA-2 2,4-dichlorophenyl ~H 462.0
R /L/OME
)
' H
7A-3 2 4-dichlorophenyl -H \ﬁ‘f A~ 457 .1
Me




mg, 0.22 mmol), and triethylamine (20 i, 0.29 mmol) were combined in io
ethanol (1 ml) and heated at 70 C for 2 hours. The reaction mixture was
concentrated under a stream of N2 and then extracted into ethyl acetate
from saturated NaHCOS solution. Tge organic layers were combined,
dried (Na2S04), filtered, evaporated to dryness, and then purified by
preparative TLC using 4% methanol in methylene chloride as eluant to

obtain title 15 compound 7A-1. A solution

of the material in methvlene

(24 mg, 6

chloride W

evaporate
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530.1;'H NMR (400 MHz

C )
3.68 (v br
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2.1H
N7 Hz,
Ry, 125 (t,

)415(

i

2,402.5
7, 2H),
J —_
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above for the synthesisof 1o.

Cofppgun

available

above for
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TG H

0 2 LidpiRgoRIR:APPT

other intermediates.

commermally prepare
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their
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reerresponding-hrydrochioridesa
X De-diahiRICRIRRYM S

t—is-fort

(MAH) |

=

i e .l -4 ALLL A 1 A Lr
SUTTY. Fapte 5 RI-N*N-INH

A
g

RR’

484.4

TA~T

2,4-dichlorophenyt

490.8

TA-8

2 ,4-dichloropheny!

432.0

7A-8

2 4-dichlorophenyl

462.0

7A-10

2 ,4-dichlorophenyl

504.8

TA-11

2,4-dichiorophenyl

| 460.0

7A-12

2 4-dichlorophenyl

446.0




7A-2 2,4-dichiorophenyl -H 462.0 N OMe H 7A-3 2,4-dichlorophenyl -H
~N~;N 457.1 Me 99 Ex. No. Ar Rl -NRR' MS (M+H) + 7A-4
2,4-dichlorophenyl -H 502.5 N-H H 7A-5 2,4-dichlorophenyl -H 0 oEt

530.4 7A-6 2,4-dichlorophenyl -H iy A484.4 H 7A-7 2,4-dichlorophenyl -H
490.8 'YOEt H O 7A-8 2,4-dichlorophenyl -H ;432.0 H 7A-9
2,4-dichlorophenyl -H 'hN--y OMe 462.0 H O 7A-10 2,4-dichlorophenyl -H

504.8 N OMe H O 7A-11 2,4-dichlorophenyl -HN i/ 460.0 H 7A-12

2E4)Efjﬁglowophenyl ')ilr446'0 H 100RE'X- No. ArR1 -W,MS MS +
(M+H)
| TA-13 | 24-~dichlorophenyl -H % 0 5152
H
7A-14 | 2 4-dichlorophenyl -H 4440
NN'/Q
.
- 7A-15 | 24-dichlorophenyl | -H e 444.6
[
7A-16 | 24-dichloropheny! -H 460.0
e
)
H
TA-1T | 24-dichlorophenyl -H . 474.4
R
N \
H
7A-18 | 2,4-dichiorophenyi -H NS 430.0
TA-18 | 24-dichlorophenyl -H 504.4
7A-20 | 2,4-dichiorophenyl -H - | ' 478.0
3 OhMe
Y
H 0]
7A-21 | 24-dichiorophenyl -H \’;\N 446.0
I/\(
H




(M+H,) + 7A-13 2,4-dichlorophenyl -H 0 515.2 H 7A-14
2,4-dichiorophenyl -H N/~/[~ 444.0 H 7A-15 2,4-dichlorophenyl -H 444.6
. [/A-16 2,4-dichlorophenyf -H 460.0 N H 7A-17 2,4-dichlorophenyl -H
474.4 H 7A-18 2,4-dichlorophenyl¥l 430.0 N 7A-19 2,4-dichlorophenyl
-H o oMe 504.4 H 7A-20 2,4-dichlorophenyl -H 1 476.0 ~N~oMe H O
7A-21 2,4-dichlorophenyl -HN 446.0 H 101 Ex. No. Ar Rl -NRR' MS

(M) 7A=22-2;4=dichtorophenyt=H488-8 N—+-7A-23
ZEx-dN®arophenyl A Me 472.4 MB17A-24 2 4-dichiRIphenyl -H 4p1.94S .
NNE | (M-+H)
7A-22 | 24-dichlorophenyl -H 488.8
.
H
TA-23 ¢ 2 4-dichlorophenyl -H Me 4724
\JKNi
Me
TA-24 | 2.4-dichiorophenyl -H H 461.5
™S
H O
7TA-25 | 2 4-dichlorophenyl -H O 474.4
™y
H
7A-26 | 2 4-dichlorophenyl -H \>§N A~y /\ 517.2
1
oL
7A-27 | 2,4-dichlorophenyl -H (\o 503.2
\,{N/\/N\)
lli
TA-28 | 2.4-dichlorophenyl -H Me 517.2
\ﬁ”)\
[
H N
»
o]
TA-29 | 2 4-dichlorophenyl -H 489.6
\r'*S\N/\/’\é\/
N
H




111 H O 7A-25 2,4-dichlorophenyl -H /0 474.4 N H 7A-26
2,4-dichlorophenyl -H 517.2 N' ~N H 7A-27 2,4-dichlorophenyl -H 10

503.2 | H 7A-28 2,4-dichlorophenyl -H Me 517.2 ~'NH N, 0 7A-29

2,4-dichlorophenyl -H 489.6 N H @2 EX, No. Ar R1 -NRR' MS (M+H)
7A-30 2,4-dichlorophenyl -H 487.2 NN | H 7A-31 2,4-dichlorophenyl -H
475.2 NI- H 7A-32 2,4-dichlorophenyl -H N 513.2. HN

Ex. No. Ar R1 -NRR’ MS
(M+H)
TA-30 | 24-dichloropheny! -H O 487.2
f
7A-31 | 24-dichlorophenyi -H /L/i 475.2
ENENPN
H
7A-32 | 24-dichlorophenyl -H Ry 513.2
Q}N\
7A-33 | 2.4-dichlorophenyl | -H ~ 517.2
NN
N
T
7TA-34 | 2,4-dichlorophenyl - 503.2
, . N
N
T
7A-35 | 2.4-dichlorophenyl -H H, N 499.6
\;\NXOJ
hovR
7A-36 | 2 4-dichlorophenyl -H .HH,'_ 409.2
w KN
N
H
TA-37 | 24-dichlorophenyl -H SR 487.2
N7
h
7A-38 | 24-dichlorophenyl -H 485.2




7A-33 2,4-dichlorophenyl -H Y 517.2 NA/N H 7A-34 2,4-dichlorophenyl
-H503.2 | H 7A-35 2,4-dichlorophenyl -H s H, CAl 1 499.6 H 7A-36
2,4-dichlorophenyl -H H 499.2 HNV | H 7A-37 2,4-dichlorophenyl -HNC
487.2 7A-38 2,4-dichlorophenyl -HN | 485.2 1 1) N-Me 103 Ex. No. Ar

Rl -NRR' MS (M+H) + 7A-39 2,4-dichlorophenyl -H > " 549.2 N 1-4

7A-40 2,4-dichiorophenyl -H N 537.2 ~N\ N N 7A-41 2,4-dichlorophenyl

rHN-53647A42-24=ciichtorophenyt=H4872N=N=-7A-43
2Edidlorophenyl A Me 461.9) NR'N Me | -NRR’ (MME{)*
+
7A-39 | 2,4-dichlorophenyl -H P 549.2
N/ﬁ
(n
7A-40 | 2 4-dichlorophenyl -H \iN /\ 537.2
P
I 3
>
7TA-41 | 2,4-dichlorophenyl -H }{N /ﬁ 536.4
L
i ~2
o
7A-42 | 24-dichlorophenyl | -H W 487.2
N
-
7A-43 | 2,4-dichiorophenyl -H - e 461.9
H
TA-44 | 2 4-dichiorophenyl -H 503.2
>H\N’/‘\./'N\\/
Me
7A-45 | 2 4-dichloropheny! -H . f 516.2
N N
N
7A-46 | 2.4-dichlorophenyl -H 'N',M& 487.2
My
e




H 7A-44 2,4-dichlorophenyl -H 503.2 N *~N( | Me 7A-45
'3,Al-,41,hioropheny, 1 -H 515 2 ~-tvwuwvN ~ 7A-46 2,4-dichlorophenyl

-H N,Me 487.2 N | Me 104 Ex. No. Ar R1 -NRR'MS (M+H) 7A-47

2,4-dichlorophenyl -H N 487.2 N-Mausl Me 7A-48 2,4-dichlorophenyl -H
501.2 7A-49 2,4-dichlorophenyl -H Me 515.2 Me N N 7A-50 :
2,4-dichlorophenyl -H 501.2 N H 7A-51 2,4-dichlorophenyl -H Me 475.2
~lk N~~N Me 1 Me

Ex. No. Ar R1 -NRR’ MS
(M+H)
TA-47 | 2,4-dichlorophenyl -H \;‘\Ni 487.2
NMMG
Me
TA-48 | 24-dichiorophenvl ~H 501.2
TA-48 | 24-dichlorophenyt -H 1\{18 515.2
N‘"Me
\’{N
7A-50 | 2 4-dichiorophenyl -t Q 501.2
H
7A-51 | 24-dichlorophenyl -H “ f\[ﬂe 475.2
Iiﬂ/\/N\Me
Me
7A-52 | 24-dichiorophenyt -H = 549.2
NT O\
w o/
i
H
7A-53 | 24-dichlorophenyi -H 5271




7A-52 2,4-dichlorophenyl -H 549.2 H 7A-53 2,4-dichlorophenyl -H ANY
527.1 105 Ex. No. Ar Rl -NRR' M5 (M+H) 7A-54 2,4-dichlorophenyl -H x
NAYMe 487.4 y N, H Me 7A-55 2,4-dichlorophenyl -H 487.5 N-Me f Me
7A-56 2,4-dichlorophenyl -H Me 49450 7A-57 2,4-dichlorophenyl -H 506.4
H 7A-58 2,4-dichlorophenyl -H 486.4 H S 7A-59 2,4-dichlorophenyl -H Me
508.0 7A-60 2,4-dichlorophenyl -H 480.9 H 7A-61 2,4-dichlorophenyl -H

Me 512.4 N H1 % F 7A-62 2,4-dichlorophenyl -H 500.4 N S H

£ LR8 Ek- No. Ar I -NRR'MY (M) 4 NRR' MS
\ (M+H)
7A-54 | 2.A4-dichlorophenyl -H 487.4
P RN/YMG
k(m
H
Me
TA-55 | 2 4-dichlorophenyt -H ‘;ﬁ\N 487.5
"‘N/Me
f
Me
7A-58 | 2,4-dichlorophenyl -H Me 494 .0
“w
\
H
7A-57 | 2,4-dichlorophenyl -H >§ 506.4
N .O
/
H
7A-58 | 2 4-dichlorophenyl ~H W /[ 486.4
N
WS
7A-58 | 2.4-dichlorophenyl -H Me Me 508.0
R
H
7A-860 | 2 4-dichlorophenyl -H \;;N ' _ 480.9
lli/\@
7A-61 2, 4-dichlorophenyl -H Me 512.4
\&N
!
: F
7A-62 | 2.,4-dichlorophenyi -H 500.4




7A-63 2,4-dichiorophenyl -H 566.0 /Y, oV O 7A-64 2,4-dichiorophenyl -H
470.0 H/ 7A-65 2,4-dichloropheny(-H 512.4 N1H 7A-66
~ 2,4-dichloropheny) -H 1506.4 7A-67 2,4-dichiorophenyl -H 473.6 NN 1 H
7A-68 2,4-dichiorophenyl -H 509.5184-69 2,4-dichiorophenyl 495.9 N ~./
H 7A-70 2,4-dichiorophenyl -H )k N N 481.2 H 107 Ex. No. Ar Rl -NRR'
MS (M+H) + 7A-71 2,4-dichlorophenyl -H 481.9 HiN 7A-72

2,4-dichlorophenyl -H N-N.495.1 Me 7A-73-2.4-dichlorepheny—H-|
ABX. 2N | Ar R1 -NRR’ MS
' (M-+H)
TA-63 | 2,4-dichlorophenyl -H @ 566.0
>r\N
H/O\/
I
O
TA-84 2,4-dichiorophenyl‘ -H N 0 470.0
AW
H
TA-65 | 24-dichlorophenyl -H /\@/F 512.4
\K?} _
H
TA-66 | 2, 4A-dichiorophenyi -H \;&;N: : 506.4
7A-87 | 2 4-dichlorophenyl | -H 473.6
ﬁﬁwzw
H
7A-68 | 2,4-dichlorophenvi -H \;‘\N . 509.5
PR
7A-69 | 2,4-dichlorophenyl ~H | SN 495.9
‘?‘*\,?1 o
H
7A-70 | 2,4-dichlorophenyl -H y\w ‘ . 481.2
H =




7A-74 2,4-dichlorophenyl -H 523 NN 7A-75 2,4-dichlorophenyl -H No

495.3 NI H 7A-76 2,4-dichlorophenyl -H N 535.2 N 7A-77
2,4-dichlorophenyl -H 535.2 N 7A-78 2,4-dichlorophenyl -H ‘AN 507.6 108
Ex. No. Ar R1 -NRR' S (M+H) t 7A-I9 2,4-dichlorophenyl -H Me 495.9 N

H i N 7A-80 2-fluorophenyl -CH3 '>508.3 N HH-NO H 7A-81

2,4-dichlorophenyl -H 530.1 V., e H N-H H 7A-82 2,4-dichlorophenyl -H

44 1 N-N
O™ LT TV TV

la..=N'Ma
e NETVIS—

Ex. No. Ar R1 -NRR’ MS
(M+H)™
7A-71 | 2,4-dichlorophenyl -H gN N 481.9
}
H ] =N
7A-72 | 2 4-dichlorophenyl -H 4951
pheny b R
Me s
7A-73 | 2 4-dichlorophenyl | -H Ry Ny 481.2
bl
TA-74 | 2 4-dichlorophenyi -H /\r 523.2
J
?\Nk S
TA-T5 | 24-dichlorophenyl -H Ny 495.3
T\KN | y
H
7A-76 | 2,4-dichiocrophenyl -H 535.2
TA-TT | 24-dichlorophenyi ~H ,/\\\N 535.2
he
7A-78 | 24-dichlorophenyl ~H \,»QN 507.6




O N-H H 7A-83 2,4-dichlorophenyl -H 558.1 N gNHO N'H H 7A-84

2-fluorophenyl -H Me 480.2 OH H'NH 109 Ex. No. Ar RI -NRR' MS
(M+H) + 7A-85 2-fluorophenyi -H Me 494.2 N N'Me H-N, H 7A-86

2-fluorophenyi -H 508.2 N,H 3~0 WBINS H 7A-87 2-chlorophenyl -H Me
496.1 NN H'N.H 7A-88 2-chlorophenyl -H Me 510.2 N N'Me

Ex. No. Ar R1 -NRR’ MS
(M+H) *
7A-79 | 2,4-dichlorophenyl -H Me 495.9
\i;ﬁ l .
H =N
7A-80 2-flucrophenvi ~CHs 3=;N A f 508.3
N\.
H
Hep” ©
\
H
7A-81 | 2 4-dichlorophenyl -H NS 530.1
N Me
OS\N“H
o N-H
H
7A-82 | 2 4-dichloropheny! -H N " 544.1
OX\N‘Me
o N-p
H
TA-83 | 2,4-dichlorophenyl -+ 558.1
>€N
N\H
0" M-y
H
TA-84 2-fluorophenyl -H 5 Me 480.2




H-N H 7A-89. 2-chlorophenyl -H 524.2 NHHH 7A-90 2-chlorophenyl -H
536.2 NO H-NH 110 Ex. No. Ar R4 -NRR' MS (M+H) 7A-91
4-chloro-2- -H H514.1 quoropheny{ N NIMe o N-H H 7A-92 4-chloro-2-

-H Me 528.1 fluorophenyl N N, Me

B N-H H 7A 93 4-chloro-2- -H H

542."1 fluorophenyl Ng p N-H H 7A-94 2,4-dichlorophenyl -H H 544.2 N

Ex. No. Ar R1 -NRR’ MS
(Mi+H)”
7A-85 2-fluorophenyl -H ~ Me 494.2
N ? :
N-tse
Q
~N.
H H
7TA-86 2-filucrophenyl ~H g 508.2
ot N.
H
O
N'N\
H
7A-87 2-chiorophenyl -H W Me 496.1
0
/
H-N,
H
7A-88 2-chiorophenyl -H hS Me 510.2
N N-Me
o]
H-N
H
TA-89 . 2-chiorophenyl -H H 524 .2
N 'N
“H
H‘;\{ ’O
H
7TA-90 2-chiorophenyl -H Y O 536.2
N :
N
X
H-N




O gqH-N O H 7A-95 2-fluorophenyl -H XN H 494.1 N H-N O H 7A-96
2-chlorophenyl -H 438.1 ao 7A-97 2,4-dichlorophenyi -H 570.1 *Z ::A N
7A-98 2,4-dichlorophenyl -H 584.1

O \H Ex. No. Ar RI -NRR' MS (M+
NN N H 7A-99 4-chloro-2- -H 542.

fluorophenyNNH H,NOH

7A-100 4-chloro-2- -H 554.2 fluorophenyl N N 7A-101 4-chloro-2- -HNO
568.3 fluorophenyl

Ex. No. Ar R1 -NRR’ MS
(M+H) "
7A-81 4-chlorg-2- “H N H 514.1
flucrophenyl N N
“Me
o N-H
H
TA-92 4-chioro-2- -H N Me 528.1
fluorophenyl '\QI\LM
=]
o  N-H
H
TA-S3 4-chioro-2- ~H e H 542.1
fluorophenyl I\Olﬁ o~
o N-H
H
TA-84 | 2 4-dichlorophenyl -H N y 5442
N !
OLN\/
Hep” O
\
H
7A-95 2-fluorophenyi ~H oy H 494 1
/
N
He Q
N
H
7A-96 2-chlorophenyl -H \,*\N 438.1
LAy
TA-97 | 2,4-dichlorophenyl -H 570.1
{
o H




N H,H-NO H 7A-102 2,4-dichlorophenyl -H 598.2 N\ HHNO 1H

112 Ex. No, Ar Rl -NRR' MS (M+H)+ 7A-103 2-fluorophenyl -H 548,3 N
PNH H-NOH 7A-104 4-chloro-2- -H 582,2 fluorophenyl N N H .H-,N
O H 7A-105 4-chloro-2- -H H 528.21% fluorophenyl N N O

Ex. No. Ar RrR1 -NRR’ MS
(M+H)™
7A-98 | 24-dichlorophenyl -H \?\N 584.1
o
H\,\{ o
H
7A-99 4-chloro-2- -H o 542.2
fluorophenyl \'(\UY
N\
H
H«-_,\{/L\o
H
7A-100 4-chloro-2- -H 554.2
fluorophenyi 3{N T
N‘\
0 M
7A-101 4-chloro-2- ~-H R 568.3
fluorophenyl N NQ
Hey” ©
}
H
7A-102 | 2,4-dichlorophenyl -H 588.2
wve\i\! _ ;
N\
H
My . 0O




H-0 tH 7A-106 2-chlorophenyl -H\496.1 NN HN\H O H 7A-107

2-chlorophenyl -H 572.2 N ~Nr-O H HEN"O H 113 Ex. No. Ar RI -NRR'

MS (M+H) + 7A-108 2-chlorophenykstl "A N H 482.2 N'HH /ZO H

7A-103 2-fluorophenyl -CH3 Or 522.3 N H H~NO H Example 8

Preparation of Intermediate 4-f9-(4-Chloroohenvl)-8-(2-chloroohenyl) 5
AuriR-6=yll-Diocerazine-1,3-dicarboxyllc Acid 1-tert-Butyl Ester 3-Et

hyl

Ex. No. . Ar R1 -NRR’ MS
(M+H)*
7TA-103 2-fluocrophenvt -H 548.3
\RN ;
N\
H
Moy O
\
H
TA-104 4-chioro-2- ~H 582.2
fluoropheny! ‘
~
N
N\
H
Hepy” O
\
H
7A-105 - -2- - | 5
4-chloro-2 H _ \,{N " 528.2
fiuorophenvl ;\g
N
Hey” ©
\
H
7A-106 2-chiorophenyl -H » 496.1
: .
N
H_ N,
S "
H
7A-107 2-chlorophenyi -H 572.2
R //O
N
o
H
H~ EO ‘
N
H




10

15

20

Ester (1-(8A-1)a):
6-Chloro-9-(4-chlorophenyl)-8-(2-chlorophenyl)-9H-purine !I-(4A-7)c (103
mg, 0.27 mmol), piperazine-1,3-dicaghgxylic acid 1-tert-butyl ester 3-ethyl
ester (Chiu, C. K.-F. and Giriffith, D. A., EP 1004583 A2; 156 mg, io 0.60
mmol), and triethylamine (95 I, 0.68 mmol) were combined in ethanol (1.5

ml) and heated at 60 C until complete by TLC (3 days). The reaction

as._eluant

%gﬂgrﬁd\jes concentpgted under redgced |
BiotageTM Flash 12M column using 20 to

o affard title compounf I- 8A-1

ressure anqut,:-&@n purified on ams

30% ethyl acetate in hexar Hy*
(78.mg, 48%): +ES| MS

1\

1572216%
7.48-7.25

br m, 3H
Preparatio
piperazine
NN C C'

'H NMRHAA0LME#E CDODR)8 8

Invnn hn

(m, 7H), 5.60 (v br s, 1 H), 4.67

noarazing

1 H), 7. 57 (brs, I Hygo 2
(d, J = TH7 Hz, 1), 4.231
, 3.43-3.00 (br m, 2H); 1.46 (s, 9H), 1.22 al
n of 1-f9-(4-Chlorophehy0-8-(2-¢hlorophenyl)-9
12-carboxylic Acid Ethyl Ester, Hydrochloride!$alt (BA:
"Cl / N N N ~NH CI 2HC! 8A-14- [9 (4-Chlonaphenyl)-8

4.05
20
14

di narbnvullr- ::r-lrl tert Ir\| |hl|

2.k
A\ETUTTTOTOO

eT-10BA|

inutes, the now heterogeneous|reaction
educed pressure and then triturated from
A-1 (38 mg, quantitative): +ESI

D30D) 3
35-4.15

20 (1

Ol STV A
|Cl|y|} I 1—|uun|| O y|]

-1 advisalisgbived in

}JCI TAZITTCO

S (M+1
8.43(s,1H),7.58(d,J=75H
m, 2H), 4.06 (d, J = 13.3 Hz, 1

MEH] in s dlo%ga

vas condentr te

30 542 3

e compound
497.2;1H NM & 0 MHz,
{ 307(m, 7H),
-I) 3. 73 3 47y(m 5H), 3.40

io
6

TIU I, TN

423 -(4-3-= 7.1 Hz . 3H). Th

below were prepared using

Example 8

compounds ||cfnd in-Tabl
TPo

5oy oot

Preparation of Intermediate 4-{9-(4-Chlorophenvi)-8-{ 2-chlorophenvl}-

QH-purin-6-yll-pinerazine-1,3-dicarboxvlic Acid 1-tert-Butyl Ester 3-Ethy!

Ester (I-(8A-1)a):

6-Chloro-g- (4-ch§orophenyi) 8- (2—chioroph@nyl)~9H puring I-(4A-7)c
{103 mg, 0.27 mmol}, piperazine-1 ,S—dtcarboxyhc acid 1-tert-butyl ester
3-ethyl ester (Chiu, C. K.-F. and Griffith, D. A, EP 1004583 A2, 156 mg,
0.60 mmol), and triethylamine (85 pl, 0.68 mmol) were combined in ethanol
(1.5 ml) and heated at 60 °C until complete by TLC (3 days). The reaction

‘ mixture was concentrated under reduced pressure and then purified on a

Biotage™ Flash 12M column using 20 to 30% ethyl acetate in hexanes as
eluant to afford title compound [-(8A-1)a (78 mg, 48%): +ESI MS (M+1)
597.3; 'H NMR (400 MHz, CDs0OD) 6 8.298 (br s, 1H}, 7.57 (brs, 1H), 7.48-

7.25 {m,

7H), 5.80 (v br s, 1H

H}, 4.67 (d, J = 13.7 Hz, 1H), 4.23-4.05 (br m,
3H), 3.43-3.00 (br m, 2H), 1.46 (s, OH), 1.22 (t, J = 7.1 Hz, 3H).

Preparation of 1-[9-(4-Chlorophenvl)-8-(2-chlorophenyvl)-9H-purin-6-yi]-

piperazine-2-carboxylic Acid Ethyl Ester. Hydrochloride Salt (8A-1):
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procedures analogous to those described above for the synthesis of
Compound 8A-1 using the appropriate starting materials which are
available 15 commercially, preparedd4ing preparations well-known to
those skilled in the art, or prepared in a manner analogous to routes
decribed above for other intermediates. The compounds listed below
were isolated as their correspondlng hwocblorlq? salt for testing. 20

Table 6 ~R1 N"'=NN 1NR N AR ExMAr R -NRR' MS No. (M+H) +
115 Ex, Ar Rl -NRR' ME 4\2&\2 ichlorophenyl -H H
473.3 ~N Me 8A-3 2,4-dichl he H 8A-4

2,4-dichlorophenyl -H H 485.3 BA- 4 dICh phenyl -H 459.3 H 8A-6

2,4-dichlorophenyl -H H 447.3 Me | H Example 9
: *2HCI

8A-1

4-[9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-8-yi]-piperazine-
1,3-dicarboxylic acid tert-butyl ester [-(8A-1)a was dissolved in 4 M HC! in
dioxane (0.5 ml). After 30 minutes, the now heterogeneous reaction was
concentrated under reduced pressure and then triturated from ether to afford
titte compound 8A-1 (38 mg, quantitative): +ESI MS (M+1) 497.2; 'H NMR
{400 MHz, CD50D) 6 8.43 (s, 1H), 7.58 (d, J = 7.5 Hz, 1H), 7.51-7.30 (m
7H), 4.35-4.15 {m, 2H), 4.06 {d, J = 13.3 Hz, 1H)}, 3.73-3.47 {m, 5 H), 3.40-
3.30 (m, 1H), 1.23 {t, J = 7.1 Hz, 3H).

The compounds listed in Tabie 6 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 8A-1 using the appropriate starting materials which are available
commercially, prepared using preparations well-known to those skilled in the
art, or prepared in a manner analogous to routes decribed above for other
intermediates. The compounds listed below were isolated as their
corresponding hydrochioride salt for testing.

Table 6
R1

NT SN

)
i \ N/\%\NRR'
"

No. (M""H)"P

EX. Ar R1 J -NRR’ MS
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Preparation of
f3-f9-(4-Chlorophenvl)-8-(2,4-dichlorophenyl)-9H-purin-6-vll- 5 3-(1 a, 5a,
6a)-azabicyclof3.1.0/hex-6-yl}-dimethydamine (9A-1): N*'N CI , N)tH N
N L'l CH3 CIH CH3 ci 9A-1 3-[9-(4-C h Toro-phenyl)-8-(2,4-d
ichloro-phenyl)-9H-pu rin-6-ylj-
3-(1a,5a,6(x)-azabicyclo[3.1.0]hex-6-ylamine hydrochloride 14A-5 (20 mq,

1 OEQ§9 mmol), paraformaldehyde ﬁéLP mg), methaon& 5 ml) and MS
etﬁoécid 116 (13 pl, 0.22 mmol) were cambined and stirred at roorw(M+H) *
temperature for 30_minutes. Sddium cyanoborohydride (5 mg, 0.074

MR Was @d@gﬂ@%@@ﬁgﬁ@ gnd thg reaction mixture stirigd for 4 dayg 4 3
room temperature. The reaction mixturg was difut ith‘gsaturatec

aHCO3 solution and extracted 5 with ethyl acetaté} Th org\éfrﬁc layers
ere combined, dried (Na2S04), filtered, and evaporated to dryness, The

>

cru odugt yvas purifi ig TLC preparative plate, using 7:3:0.1
er%%‘g;s/d e%ﬁ%a%ﬁﬁ%ﬁéﬁgﬁ\ﬁjncl as the sqlvent to%le compoundﬂ1'2

9A-1. A solution of the material jn methylerje chloride Nreated wit
xcess | NHCI in diethyl ether, stirred, evaporated 10 to dryr‘ﬂess, and

e
then triturdted Jn diethyl ether g afford the hydrochloride salt of
corﬁéﬁ%%gg&%dég¥%?ﬂﬂl) 499.2. Preparation of N/}? 485.3
{B-{9-(4-Chlorophenyl)-8-(2 4-dichlorophenyl)-9H-purin-6- - 3;(1
a,5a.65)-agabicyclo[3.1.0/hex-6}yIT-dimethvlamine -2)5CI N 0O-cl Me
15 ClI

BA-5 | 2Z,4-dichiorophenyl -H ' 459.3

CA=D | <& oropneny ‘ \:\N/\{

NN
H
8A-6 | 2,4-dichlorophenyi -H H 4473
ﬁf]\i/\\’/N\Me
H

Example 9
Preparation of {3-9-(4-Chlorophenv(}-8-(2.4-dichlorophenvyl)-9H-purin-6-vii-
3-(1c, 50, 6ax)-azabicyclof3. 1.0lhex-6-vi}-dimethviamine (8A-1):

/
cl
9A-1
3—[9-(4~Chioro-pheny])~8-(2,4~dichioro—phenyl)~9H-p'urin-6-y!]-
3-(1a, 50,60 }-azabicyclo[3.1.0thex-6-ylamine hydrochloride 14A-5 (20 mg,

0.038 mmol), paraformaldehyde (40 mg), methanol (0.75 ml) and acetic acid
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9A-2 {3-[9-(4-Chlorophenyl)-8-(2,4-d is h | o rop h e nyi)-9 H-purin-6-yl]
3-(1 a,5a,6[3)-azabicyclo[3.1.0]hex-6-yl}-dimethylamine was prepared

using procedures analogous to thodétdescribed above for the synthesis

of 20 Compound 9A-1. The compound was converted to the

corresponding hydrochloride salt for testing: +ESI MS (M+1) = 499.2
Example 10 Preparation of 1-&9.-(4-chlorophen ) 8-(2 4

ditRiBroprentITOR okRE S YL d Ash RS yRshah PR RfReIRdaI® S RO
ARIEAGRIAS G by kRO Ny RN ('(§~r€%ﬁ§.d'ﬁ>4 FAEB\EW&Q&&&&B% this
10A-1 6-Chloro-9-(4-chlorophényl)-8-(2,4-dichlorophenyl)-9H-purine |-
AN EEOtRS R B oM MBI AP HUES Y SRTE R blperisEpRsatbey ithe

aeifcande 0l OB AR mme) YRR SusPRAMRTH) sthanaymeinyentied

chloride (3 ml/1 ml). Triethylamine (0.16 ml, 1.1 mmol) was added to the
WP &SI ReRFtRe MISOreHIaEY w560 E wRaMBETICIHER INFSD+),

GRBRiateattinvAherseactionphdute Wwag RaltisionesHbeiwean satdres T1.C

NaHCO3 solution and methylene chloride. The organic layer was dried 1o

RIgPEHy SiRGIRIVaIRNY dondehthssanesiiptudaminepmethard asethms
iselated Ry sifisa gekchsampatam iy Using Riddh meilanekdaietiisnehyiene

chloride as the gradient eluant to afford title compound | OA-1. A solutio

SRR asdraatae R s RSB Wits dre disthiiptesteaiiren sxapprated
diethyhethcrridiach avapskaad Madnyiesseand thendritiydeaindisid san

ether to
of compound 9A-1: +ESI MS (M+1) 488.2.

Preparation of {3-[9-(4-Chlorophenvi)-8-(2. 4-dichlorophenvi)-9H-purin-6-vil-
3-{1a.5a. 68)-azabicyclof3. 1.0lhex-6-vi}-dimethviamine (9A-2):

- OA-2
{3-[9-(4-Chlarophenyl)-8-(2,4-dichlorophenyl)-8H-purin-6-yl}-
3-(1 a,5a,6ﬁ)-azébicyclo[3.1 Olhex-6-yl}-dimethylamine was prepared using
procedures analogous to those described above for the synthesis of
Compound 8A-1. The compound was converted fo the corresponding
hydrochioride salt for testing: +ESI MS (M+1) = 499.2

Example 10
Preparation of 1-[9-(4-chiorophenyl)-8-(2.4-dichlorophen vi)-OH-purin-6-vil-
4-isopropylaminopiperidine-4-carboxviic Acid Amide (10A-1);




15 afford the hydrochloride salt of compound 1 OA-1 as a tan solid (115
mg, 38%): +ESI MS (M+1) 558.2; 'H NMR (400 MHz, CD30D) 8 8.40 (s,
1H), 7.60(d,J=8.3Hz,1H),7.56H,J=2.1Hz, 1H),7.51-7.44 (m,
3H), 7.33 (d, J =8.7 Hz, 2H), 5.20 (v br m, 2H), 3.87 (br m, 2H), 3.59
(septuplet, J =6.6 Hz, 1 H), 2.68 (br d, J =13.7 Hz, 2H), 2.16 (ddd, J =
14.5, 10.4, 4.1 Hz, 2H), 20 1.39 (d, J = 6.6 Hz, 6H). Example 11

Preparation of 9-(4-Chiorophenyi)-8¥2-fiiorophenyl-2-methyl-6-(4-methyl-
piperazin-l-YI)-9H-purH: N N~N\ F11A-1 A
solution of 1-methylpiperazife (Zd& 4n ethano 58 mijwas added to
6-chloro-9-(4-chlorophenyl)-8-(2-fluorophenyl}- Xt [-9H-purine 5 I-
11A-1 c (24 mg, 0.06 mmol) aqd placed on &60 C shaker apparatus for
30 minutes. The reaction was |pa¢led directly onto a TLC preparative plate
for purification using 10% méthanol/ethyl acetate as the solvent to obtain
the desired title compound 11A-1: +I§§ NI\{IS (M+1) 465. A solution of the
material in methylene chloride/meth as treated with excess 1 N HC!
in dieth{-Cdriense-&iebihrephsordledt(o, drinkderepitmd h Sicparéuein

i | 0 lor - :
e L e T R R Rl O s oyt
7ErE Rl TRy, .69 & munel) weig, sLenesdal(r effmapigrtiipese
%ﬁ@g{m@m .Zﬁ#e(ﬁgﬂ?'%mé-g%é’ AT .%%:"r\%fi%%%@&’é&'?&etﬂe
in Table 8 below were prepdred using procedures analogous to those
dashpeicabane tbetmddyraHeidast to 60 °C until the TLC determined

complete (3 h). The reaction mixture was partitioned between saturated
NaHCO; solution and methylene chioride. The organic fayer was dried
{(Na250y,), filtered, and concentrated to dryness. The pure free base was
isolated by silica gel chromatography using 2-4% methanol/methylene
chioride as the gradient eluant to afford title compound 10A-1. A solution of
the material in methylene chloride was treated with excess 1 N HCl in diethyl
ether, stirred, evaporated to dryness, and then triturated in diethyl ether to
afford the hydrochloride salt of compound 10A-1 as a tan sofid (115 mg,
38%): +ESI MS (M+1) 558.2; "H NMR (400 MHz, CD30D) & 8.40 (s, 1H),
760 (d, J=8.3Hz, 1H), 7.56 (d, J = 2.1 Hz, 1H), 7.51-7.44 (m, 3H), 7.33 (d,
J = 8.7 Hz, 2H), 5.20 (v br m, 2H), 3.87 (br m, 2H), 3.59 (septuplet, J = 6.6
Mz, 1H), 2.68 (br d, J = 13.7 Hz, 2H), 2.16 (ddd, J = 14.5, 10.4, 4.1 Hz, 2H),
1.39 (d, J = 6.6 Hz, 6H).

Example 11
FPreparation of §~{’4~Chiomphenyi}—8—(’2—ﬁuorophem/i%?-mgthyi~6-{4"~methvf-

piperazin-1-yl)-9H-purine (11A-1):
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Compound 11A-1 using the appropriate starting materials which are
available commercially, prepared using preparations well-known to thqse
20 skilled in the art, or prepared in a anner analogous to routes glecnbed
above for other intermediates. The compounds listed below were isolated
initially as the free base and then generally converted to their
corresponding hydrochloride salt for testing. Table 8 119 R1 NN C{/N
NRR' N AT Ex. ArR1-NRR'MS No. (M+H) 11A-2 2-chlorophenyl -H
Me Me H 499.1 N Me N~Me HHO 1 %’-fluorophenyl -CH2C(CH3)3
493.4 Me 11A-4 2-fluorophe (C )2 465.3 Ol\!, Me 11A-5
2-fluorophenyl -CH2CH2CH Zflusrophenyl -CH(CH3)2 o
436.3 11A-7 2-fluorophenyl -CH2C(C 464.@\; \-8 2-fluorophenyl
-CH3 N~D 408.2 Example 12

F

11A-1
A solution of 1-methylpiperazine (200 i) in ethanol (0.8 mi) was

added to B—Ch!oro~9-(4-chloropheny!)—B-(2-ﬂuorophenyi)-—2~methyl-9H~purine
I-{11A-1)c (24 mg, 0.06 mmol) and placed on a 60 °C shaker apparatus for
30 minutes. The reaction was loaded directly onto a TLC preparative plate
for purification using 10% methanol/ethyl acetate as the solvent {6 obtain the
desired title compound 11A-1; +ESI MS (M+1) 465, A solution of the material
in methyiene chloride/methanol was treated with excess 1 N HClin diethyl
ether, stirred, evaporated to dryness, and then triturated in diethyl ether to
afford the hydrochioride salt of compound 11A-1 (35 mg, quantitative): +ES|
MS (M+1) 437.2; *H NMR (400 MHz, CDs0D) 8 7.70-7.25 (br m, 7H), 7.09 (t,
/= 9.1 Hz, 1H), 5.80 (br s, 2H), 3.74 (br s, 4H), 3.36 (br s, 2H), 2.99 (s, 3H),
2.64 (s, 3H).

The compounds listed in Table 8 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 11A-1 using the appropriate starting materials which are
available commercially, prepared using preparations weli-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. The compounds listed below were isolated
initially as the free base and then generally converted to their corresponding
hydrochloride salt for testing. |

Table 8



5

5 Preparation
0f9-(4-Chlorophenyl)-8-(2-fluorophenvl)-6-(4-methylpiperazin
1-y)-9H-purine (12A-1): 120 NN CI AAN IN F 12A-1 A mixture of
6-chloro-9-(4-chlorophenyl)-8-(2-fluorophenyl)-9H-purine (prepared
analogous to 1-(7A-80)c; 25 mg, 0.07 mrnol) and 1-methyl- 5 piperazine
(200 pl) in ethanol (1 ml) were stirred overnight at room temperature. The
precipitated title compound 12A-1 was colle&téd by filtration and rinsed
with ether (15 mg, 51 %): +ESI MS (M+1)N ;

CD2CI2) 8
(d,J=8.7
7.01(t, J =

8.27 (s, 1 H), 7@3
Hz, 2H), 7.26 (1,
8.9 Hz, | H), 4.34 (b

(t

b

4H),

ng NMR (400 MHz,

= 7.3,1.7 Hz, | H), 7.45 (m, | H), 7.38

J = 8.7 Hz, 1a 2H),

(t, J = 5.0 Hz, 4H), 2.30

3H). A solution of the material in meth ! ne chloride/methanol was
treated with excess 1 N HC! in diethyl ether, stirred, evaporated to

(s,

dryngss, and then tgjturated in diethny‘}éether to]aﬁord the hydrochloride
salt 9f ‘compound 1 A-1. 15 The compdunds listed in T below werd!S .
prepared using procedures analogous to those described above for théM+H)
synj g\s@ of Go -1 using the appropriate, st rting materials
vv]hic are avgilg@é?%@&erﬁ rcially, prepared usi p%%%iﬂ@ns Me 499.1
ell-known to those 20 skilled in the art, or prgparethin a Ah Me
W
apalogousijto routes decribed above for other nternigadiates. The
cbmpounds listed below were isolated initially|as the free b&se and then
generally"gonverted 1o their” corresponding hy@rochtoride satt for-testing:
Taﬂl el 2-ﬂuorophenyi ‘CHQC(C 3)3 T 403 4
N
SNy,
11A-4 2-fluorophenyl -CH({CH3)z 465.3
ﬁiN/ﬁ
I\/N"M
11A-5 2-fluorophenyl | ~-CH,CH.CH 436.3
pneny 2UHUg »;;N :
11A-6 2-fluorophenyt -CH(CHjz)2 436.3
e
T1A-T 2-fluorophenyl | -CHC(CH3)s 5 4643
N
11A-8 2-fluorophenyl ~CHs 3. 408.2
N. 7
Example 12

Preparation of 9-(4-Chiorophenyl)-8-(2-fluorophenvi)-6-{4-methvipiperazin-

1-vi}-8H-p

urine (124A-1):
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R1 N-\N CI~Z/NRR' N Ar Ex. Ar R1 -NRR'MS No. (M+H) + 12A-2
2-fluorophenyl -H ?Z 410.2 12A-3 Zl-g!)uorophenyl -H 408.1 N 12A-4
2-chlorophenyl -H 426.1 12A-5 2-chlorophenyl -H 439.1 N™ N, Me 12A-6
2-chlorophenyl -H 424.1 N 12A-7 2-chlorophenyl -H H 443.1 N~ ~ fH
HO 12A-8 2-chlorophenyl -H H 443.1 NH ~,OH Example 13 122
Preparation of 8-f9-(4-Chiorophen yl) T@«ég?\s:hIorophenyl)-9H-purin-6-y1J-
1-isopropyl-1 3 8-triazaspjro eca %4:9 e (13A-1): NON

ND\]/QN/\

RN

F

12A-1
A mixture of 6-chloro-8-(4-chlorophenyi}-8-(2-fluorophenyl)-9H-purine
(prepared analogous to -(7A-80)c; 25 mg, 0.07 mmol) and 1-methyl-

piperazine (200 pi) in ethanol (1 ml) were stirred overnight at room

temperature. The precipilated title compound 12A-1 was collected by‘
filtration and rinsed with ether (15 mg, 51%): +ES! MS (M+1) 410; "H NMR
(400 MHz, CD,Cly) 8 8.27 (s, 1H), 7.63 (id, /= 7.3, 1.7 Hz, 1H), 7.45 (m,
1H), 7.38 (d, J= 8.7 Hz, 2H), 7.26 (t, J= 7.5 Hz, 1H), 7.22 (d, / = 8.7 Hz,
2H), 7.01 (1, J = 8.9 Hz, 1H), 4.34 (br m, 4H), 2.52 (1, J = 5.0 Hz, 4H), 2.30
(s, 3H). A solution of the material in methylene chioride/methanol was
treated with excess 1 N HC! in diethyl ether, stirred, evaporated to dryness,
and then triturated in diethyl ether to afford the hydrochloride salt of
compound 12A-1.

The compounds listed in Table 9 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 12A-1 using the appropriate starting materials which are
available commercially, prepared using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. The compounds listed below were isolated
initially as the free base and then generally converted to their corresponding
hydrochloride salt for testing.

Table 8



Cl/~N~N1 _,

N 1j~N CI O H 13A-1 s A mixture of

6-chloro-9-(4-chlorophenyl)-8-(2-chlorophenyl)-9H-purine )-(4A-7)c (19

mg, 0.052 mmol), 1-isopropyl-1,3,8-tgiﬂz

P. A. J., US 3238216; 20mg, 0.10 mmol) and triethylamine (11 1) in

ethanol (1 ml) was stirred overnight at room temperature. The reaction
mixture was. concentrated under reduced pressure and then purified on a
>.0 BiotageT" Flash 12S column using 3% methanol in methylene chloride

as eluant to afford title compound 13A-1 (25
'H NMR (400 MHz, CD30D)
7.46-7.35 (m, 5H), 7.29 (d,%=

6 8Zi (s: ;’ﬁ\?&(y

3.15 (septuplet, J = 6.6 Hz, | H)

6H). A is solution of the material in methy,

4

g): +ESI MS (M+1) 536.

(d, J = 7.5 Hz, 1 H),

3 (m, 4H Ri%?(ol J = 6.6 Hz,

End ¢

hloride/ methanol was

treated with excess 1 N HCI in diethyl éfther, stirred, evaporated to

aspiro[4.5]decan-4-one (Janssen,

3

S, 2H), 4.25 (v br s, 4H),

diyné€ss, andthenm triturated-in-diethyt-etherto-afford-the-hydrochloride
salt gF¥ompound 13A8 (23 mg, 77%):RH NMR (400 MERRED30OD) 8  MS
8143 '&Plr) 7.61(d, J=7.5 Hz, [L H), 753740(m 5H), 735(d J—S(M—i-H}*
Hz, 2H), 720V br 5), 3.94 20 (Septuptet; 3 =66 Hz+H);-2:45-tm4H);
1.4%% '& 5 6. 6?—T§U§F‘Bphﬁﬁ\é’icom ounds! listed in Tablg:10 helow were 410.2
prepared using procedures analogous to those describedYaboye for the
synthesis gf Compound 13A-1 us|ng the appropriate start aterial$
ich-are25-available-commergi . pnrnd lqing prpparations
welﬂ-Rﬂeﬂ/n to tiivHeosiiieshiyl the jart, orgprepared in a uanner analogbugpg 4
tg routes decribed above for othef intermediatés. The compounds liste
below werg isolated 123 initially gs the free base and the erally
cpnverted fo their corresponding _hydrochloridd salt for testing. Table 10
12A-4 2-chlorophenyi ~H R 426.1
N7
L_o
12A-5 2-chlorophenyi -H \RN /\ 430.1
K/N\Me
12A-6 2-chlorophenyl -H NN ’O 4241
12A-7 2-chlorophenyl -H H 443.1
\;"‘\N/\/N
i
.
| HO
12A-8 2-chlorophenyl ~-H i? 4431
\.’E\N/\\/N\H
Lo

Example 13
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125

~R1 N"\N CI/NRR' Ar Ex. No. Ar RI -NRR'MS (M+H) + 13A-2
2-fluorophenyl -H 508.3 N1_NH H-NH 13A-3 2-fluorophenyl -H 534.3
O H-N H 13A-4 2-fluorophenyl -H 52223 N--/N_H 13A-5 2-chiorophenyl
-H H524.3 ~ H.N.H 124 Ex. No. Ar RI -NRR' MS (M+H) 13A-6
2-chlorophenyl -H NC N550.3 H-N O H 13A-7 2-chlorophenyl -H H 564.2

© Preparation of 8-[9-(4-Chlorophenyl)-8-(2-chlorophenvi)-9H-purin-6-v{i-
1-isopropyl-1,3,8-triazaspiro/4.5]decan-4-one (13A-1):

2

° Nl/ N/\}’
pareaeh

cl o Ky

13A-1

A mixture of 6-chloro-9-(4-chlorophenyl)-8-(2-chiorophenyl}-OH-purine
-(4A-7)c (19 mg, 0.052 mmol), 1-isopropyl-1,3,8-triazaspirof4.5]decan-4-one
(Janssen, P. A. J., US 3238216; 20mg, 0.10 mmol) and triethylamine (11 pi)
in ethanol (1 ml) was stirred overnight at room temperature. The reaction
mixture was.concentrated under reduced pressure and then purified on a
Biotage™ Flash 128 column using 3% methanol in methyiené chloride as
eluant to afford title compound 13A-1 (25 mg): +ESI MS (M+1) 536.3; 'H
NMR (400 MHz, CD;0D) & 8.22 (s, 1H), 7.58 {d, J = 7.5 Hz, 1H), 7.46-7.35
(m, 8H), 7.29 (d, J = 8.7 Hz, 2H), 4.27 (s, 2H), 4.25 (v br s, 4H), 3.15
(septuplet, J = 6.6 Hz, 1H), 2.00-1.83 {m, 4H), 1.07 (d, J = 6.6 Hz, 6H). A
solution of the material in methylene chioride/ methanol was treated with
excess 1 N HCI in diethyl ether, stirred, evaporated to dryness, and then
triturated in diethyl ether to afford the hydrochloride salt of compound 13A-1
(23 mg, 77%): "M NMR (400 MHz, CDs0D) § 8.43 (s, 1H),7.61({d,J=7.5
Hz, 1H), 7.53-7.40 (m, BH), 7.35 (d, J = 8.7 Hz, 2H), 4.20 (v br s), 3.94
(septuplet, J = 6.6 Hz, 1H), 2.45 (m, 4H), 1.41 (d, J = 6.6 Hz, 6H).

" The compounds listed in Table 10 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 13A-1 using the appropriate starting materials which are

_available commercially, prepa%ed using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. The compounds listed below were isolated



NI H-N. H 13A-8 2-chlorophenyl -H 0 497.1 s N v N,H 13A-9
2-chlorophenyl -H 482.4 NIN/IHN\H O H 13A-10 2-chlorophenyl -H N
455.3 OH H N O H Example 14 Preparation of Intermediate
{3-(9-(4-Chlorophenyl)-8-(2-fluorophenyl)- 9H-purin-6-yll-3-(1
a,5a,6a)-azabicyclol3.1.0/hex-6-yl}-carbamic Acid tert- utyl Ester (1-f i4A-
1)cl). 6-Chloro-9-(4-chlorophenyl)-8-(2-fluorophenyl)-9H-purine 144A-7) c
(981FG YR8 3he e beseransliees) coneialiy e rine ety e ik canasmending
agigkiteEhRiybasigrdprerargd using the procedures described in Brighty,
Katherine E., US Patent No. 5,164,402; 87 mg, 0.44 mmol), and 125
triethylamine (46 I, 0.33 mmol) werd éb#gblfed in ethanol (1 ml) and
stirred overnight. The reaction mixture was goncentrated under reduced

pressure PR
w N

=3
Cl—
\Q\N%NRR‘
Ar

=N
Ex. No. Ar R1 -NRR’ MS
(M+H) "
13A-2 2-fluorophenys -H ' 508.3
B
A NH
»)
H-N
H
13A-3 2-flucrophenyl -H 534.3
N__/
oo
H-N
H
13A-4 2-1 henyl -
uoropheny H = W 520.3
| -
\rN“/N H
13A-5 2-chiorophenyl -H N H 524.3
N ,&_JL\
\=O
=
H’N“H
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and then purified on a BiotagetM Flash 12S column using 3% methanol in
methylene chloride as eluant to afford title compound 1414A-1)a (117 mg,
S 99%): +APCI MS (M+1) 537.4;1H NMR (400 MHz, CD30D) 3 8.19 (s, 1
‘H), 7.59 (d, J =7.5Hz, 1 H), 7.50-7.35 (m, 5H), 7.27 (d, J = 8.7 Hz, 2H),
4.75 (br s, 1 H), 4.20 (brs, 1 H), 4.03 (brs, 1 H), 3.75 (br s, 1 H), 2.24 (s,
H), 1.89 (br s, 2H) 1.42 (s, 9H) io Preparafion of
3-((44ehlorophenyl)8-(2-fluoroghengl}-9H-gurin-6-y)NRR’ MS
3-(1a,5a,6@)-azabicyclof3.1. Olhex-6-ylamine Hydrochloride Salt (14/\-(]5&;;,;4)*
ANNGl-NNH2 H CIl2HC1 14A-1

ot Parads

{B- [Q}@A@hlorwwm@wﬂyor phenyl)-9H-purin<6-yl]-3- (115} a)- B50.3
Cli

azabicycio[3.1.0]hex-6-yl}-carbamic acid tert-futylPester 41 was
dissolved ip methanol (1 ml) and|to the mixture was
dioxane (1{ml). The reaction mixture was stirred 5 ho uts a. then
concentrated and triturated in ether to afford tjtle compOLh{]d 14A-1 (112
g, quant tative) +ESI MS (M+1) 437.1; 1H NMR (400 MHz, CD30D) 8
&

5.39.(S,.20[1 H), (4 J=75Hz, TH), 755-7.40 (m, 5H), 7.32 (A} J =
.719ﬁ§;'§H 2 % gr?pheay§7 (t{ Theac Hlistee gbﬁaﬁ‘*-?

1 below were prepared using p
bove for the synthesis of 25 Cgmpound 14A-1 using'th
tarting materials: which are available commercially, ng ared using

reparations well-known to thoseg skilled in the art, or prepared in a
aRReraRalogous-to-routes-dectibed-126--abpve forotherintermediates——

Théampounds distedprtawiwere isokited as Q 497.1
\;“\N/H)L o>
NN
H
13A-9 2-chiorophenyl - N 482.4

N —
N\
", y
AN
H

13A-10 2-chlorophenyl -H Ni 455.3
OH
H

Example 14
Preparation of Intermediate {3-[9-(4-Chlorophenyi)-8-(2-fluorophenyl)-
SH-purin-6-vii-3-(1 a.Sa. 6 a)-azabicyclol3. 1. 0lhex-6-vhi-carbamic Acid tert-
Buty! Ester (i-{14A-1)a): "
6-Chloro-9-(4~chlorophenyh)-8-(2-flucrophenyl)-9H-purine 1-(4A-7)c
(83 mg, 0.22 mmol), (3-(1a,5u,68)-azabicycio[3.1.0]hex-6-yl)-carbamic acid
tert-butyl ester (prepared using the procedures described in Brighty,

Katherine E., US Patent No. 5,164,402; 87 mg, 0.44 mmol), and




their corresponding hydrochloride salt for testing. Table 11 R1 N"N CI/

N /NRR' }--N Ar Ex. Ar RI -NRR' MS_No. (M+H) 14A-2 2-chlorophenyl

-H 437.1 NN.H HH 14A-3 2-fluor0|3ﬁényl -HH421.1 "N. HH H 14A-4

2-fluorophenyl -H H 421.1 N H H 14A-5 2,4-dichiorophenyl -H 471.3 NH
H H Example 15 Preparation of {1-rg-(4-chlorophenyl)-&-(2, 4-dichlo ,

| PW&%HEE’R%IH %-'é%- ﬁf%biwéogg%g}%d(%Sé}}gh%?& If}l‘ll]\j\lag sltérred
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overnight. The reaction mixture was concentrated under reduced pressure
and then purified on a Biotage™ Flash 128 column using 3% methanol in
methylene chioride as eluant to afford title compound |-{14A-1)a (117 mg,
99%): +APCI MS (M+1) 537.4; "H NMR (400 MHz, CD30D) § 8.19 (s, 1H),
7.59 (d, J = 7.5 Hz, 1H), 7.50-7.35 {m, 5H), 7.27 (d, J = 8.7 Hz, 2H), 4.75 (br
s, 1H), 4.20 {(br s, 1H), 4.03 (br s, 1H), 3.75 (br s, 1H), 2.24 (s, 1H), 1.89 (br
s, 2H), 1.42 (s, 9H).

Preparation of 3»[9—{4—Chlorophenvl)—8—{2—ﬂuoroohenvl)—_QH—purfn-6~v!]-
3-(1a.5a.6al-azabicyclof3.1.0lhex-6-ylamine, Hydrochloride Salf (14A-1):

™
cl H
O
. =N PN,
H
cl
*2HC!
14A-1

{3-]9-(4-Chlorophenyl)-8-(2-fluorophenyl}-9H-purin-6-yll-3-{ 1a.,50.,6 0. -
azabicyciof3.1.0]hex-8-yl}-carbamic acid terf-butyl ester I-(14A-1)a was
dissolved in methanol (1 ml) and to the mixture was added 4 M HCI in
dioxane (1 ml). The reaction mixture was stirred 5 hours and then
concentrated and triturated in ether to afford title compound 14A-1 (112 mg, ‘
quantitative): +ESI MS (M+1) 437.1; "H NMR (400 MHz, CD;0D) 8 8.39 (s,
1H), 7.60 (d, J = 7.5 Hz, 1H), 7.55-7.40 (m, 6H), 7.32 (d, J = 8.7 Hz, 2H),
2.66 (s, 1H), 2.37 (br s, 2H).

The compounds listed in Table 11 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 14A-1 using the appropriate starting materials’ which are
available commercially, prepared using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed



N CH3 CH3 Cfc! 15A-1 A solution of
1-[9-(4-chlorophenyl)-8-(2,4-dichlorophenyl)-9H-purin- 6-ylj-ethanone |-
15A-1 a (16 mg, 0.038 mmol) and isBfropylamine (6.5 pd, 5 0.076 mmol)
in methylene chloride (0.3 ml) was stirred at room temperature and to it
was added titanium(1V) isopropoxide (34 I, 0.114 mmol). The reaction
'Bﬁﬁ%efdéﬁﬁ%ﬁﬁé'( ek cﬁé#%s apgthen, % BtﬁB'?»%%QIs({éé A o‘%(ﬂ%e?%‘?&&ated as
owed by sodium borohydride (5 m en the reaction was shown t
kib&tbﬁﬂﬁt@@byd_@mmﬂv@écﬁmlealwﬂ%im@paratlve plate io using
10% methanol! methylene chloride with 1 % ammonium hydroxide as the
solvent to obtain title compound 15A-1. A solution of the material in
methylene chloride was treated withaiX¥eet$ 1 N HCI in‘diethyl ether,
stirred, evaporated to dryness, and then triﬂJ‘rated in diethyl ether to afford
the hydrochloride salt of compound 15A-1 (5.9 mg): +ESI MS (M+1)
460.5;1H 15 NMR (500 MHz, C3OD) 3 1H),7.77 (d, J =8.3 Hz,
I H), 7.64 (s, 1 H), 7.59-7C48 ),7.41!\*(]&—88H2 2H), 5.38 (q, J =
6.2 Hz, 1 H), 3.45 (septuplet, 3-=.6/5M ), 1.B3%d, J = 6.7 Hz, 3H),
1.43 (d, J =6.7 Hz, 3H), 1.41, (d, J = 6,2z, 3H). 20 Preparation of
9-(4-Chlorophen yl)-B-(2,4-dichloroptfenyi)-6-(1-piperidin-1-yl-

ethyi)-9Hpurne(15A-2)-NON-GH-N-ANJ-CH-EH28-15A-2-0-(4-Ch
ordphenyl)-8-(2,4-dAehlorophenyl)-6-R4pipe fidin-1-yl-&R- 9H- purine MS
wadlprepared using procedures analogous tothose described (M+H)"*
14A-2 2-chlorophenyl -H \’KN Ci . 437 .1
N
H H
14A-3 |  2-fluorophenyl -H PN 421.1
N~ K y
H H
14A-4 2-fluorophenyl ~H 5 H 421.1
NCOOAL H
N
- \
H H
14A-5 | 2 4-dichlorophenyl -H . H 471.3
A
: g
Ho H
Example 15
Preparation of {1-[9-(4-Chlorophenvl}-8-(2 4-dichlorophenyl)-9H-purin-6-yil-

ethyB-isopropviamine {(15A-1):
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above for the synthesis of Compound 15A-1. The compound was
converted 5 to the corresponding hydrochloride salt for testing: +ESI MS
(M+1) = 486.5 Example 16 Preparatidn of r9-(4-Chlorophenyl)-8-(2
4-dichlorophenyl)-9H-purin- 6-ylmethyll-cyclohe ylamine (16A-1): N*N FI
CI/"NI,N N CI 10 Cl 16A-1 C-[9-(4-Chl orophenyi)-8-(2, 4-dichioroph
en yi)-9H-purin-6-yl)- methyiarnine 1-0 6A-1 }b (19 mg, 0.047 mmol) was
dissolved in methanol (1 ml) and to A adq_ied cyclohexanone (I drop)
and acetic acid (1 drop).Cla ' i stirred at room
temperature for 0.5 hour. and=thén '§ yan orohydride was added
(5 mg) and the stirring continued until the reaction‘was complete (2
hours). The reaction mixture wag } entrated and the residue diluted
with saturated NaHCO3 solution Hd extracted into ethyl acetate. The
organic layers were combinedgtried (Na2S04), filtered, 20 and 5%
methanol in ethyl acetate as the solvigi®t-tb give title compound 16A-1.

The resjdue was dissolyed in, methylene chloride and treated wijth .
/ot R S AeAat T S B WA AP ) 0 ST
mixipegHaes i PlagAthenredual, 1Neseendighed Wapdenasiamansd. e,
crystals pumped to dryness on high vacuum to afford the hydrochloride

GRS BMAhpSuatN RS ¢Blaride (Scbay)-Meas RiE e i yous sempRiiiNe
O R R ) i%%ﬂ]n(g@ Hbptopbiihd 7@&-&},@1%%%@& (fnd =
2.1 Hz, 1 H), 7.56 (dd, J = 8.8, 2A 1 Hz, 1 H), 7.52'(d, J = 8.8 Hz, 2H),
Terslignrabguse pas-plires) farghhaurmang BemmetipnobEral) peas
L4ddzolibhet 98 dluh B3RS mMef8 Rhentmelrd8ddén e

1.60-1.20 (m, 5H).
shown fo be complete by LC/MS it was purified by TLC preparative plate

using 10% methanol/ methylene chloride with 1% ammonium hydroxide as
the solvent to obtain title compound 15A-1. A solution of the material in
methylene chloride was treated with excess 1 N HC! in diethyl ether, stirred,
evaporated to dryness, and then triturated in diethyl ether to afford the _
hydrochloride salt of compound 15A-1 (5.9 mg): +ES| MS (M+1) 460.5; 'H
NMR (500 MHz, CDs0D) 8 9.08 (s, 1H), 7.77 {d, J = 8.3 Hz, 1H), 7.64 (s,

‘tH), 7.59-7.48 (m, 3H), 7.41 (d, J = 8.8 Hz, 2H), 538 (q, J = 6.2 Hz, 1H),

3.45 (septuplet, J = 6.5 Hz, 1H), 1.84 (d, J = 6.7 Hz, 3H), 1.43 (d, J = 6.7 Hz,
3H), 1.41, (d, J = 6.2 Hz, 3H).

Preparation of 9-(4-Chlorophenyl}-8-(2.4-dichlorophenvi)-6-(1-piperidin-1-vi-
ethvl}-OH-purine (15A-2):

N/“Ni/\
c:/\N¥/ N
= =N
cl

Cl
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The compounds listed in Table 13 below were prepared using 5
procedures analogous to those described above for the synthesis of
Compound 16A-1 using the approprigig starting materials which are
available commercially, prepared using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. The compounds listed below were isolated
1o initially as the free base and then dérekally converted to their

i R e B U e T

18R-pUANG ¥e8. Prepardd H g 4Tdod ksl ShabgdRis- MRROMSINoribed

( + -5 - / mpl reparation of
o ChSToRN T B (A O e gl B converte
(17 Abe) carmesponding hydrochloride sait for testing: +ESI MS (M+1)=486.5

Example 16
Preparation of [9-(4-Chlorophenyl}-8-(2,4-dichlorophen vi-OH-purin-

6-vimethvil-cvclohexylamine (16A-1):

NN
c—7 N AL H
/N
=N
cl
cl
16A-1

C-[5-(4-Chiorophenyl)-8-(2,4-dichiorophenyl)-8H-purin-6-yl}-
methylamine 1:(18A-1)b (19 mg, 0.047 mmol) was dissolved in methano! (1
mi) and to it was added cyclohexanone (1 drop) and acetic acid (1 drop).
The reaction mixture was stirred at room temperature for 0.5 hour. and then
sodium cyanoborohydride was added (5 mg) and the stirring continued until
the reaction was complete (2 hours). The reaction mixture was concentrated
and the residue diluted with saturated NaHCO; solution and extracted into
ethyl acetate. The organic layers were combined, dried (NazSOy), filtered,
and 5% methanol in ethyl acetate as the solvent to give title compound
16A-1. The residue was dissolved in methylene chioride and treated with 2M
HCl/ether to form the desired HCI salt. Ether was added to the reaction
mixture to precipitate the product. The excess ether was decanted and the

crystals pumped to dryness on high vacuum to afford the hydrochloride salt
of compound 16A-1 (6.8 mg, 30%). +ESI MS (M+1) 486.6; 'H NMR (500
MHz, CD30D) & 9.07 (s, 1H), 7.71 (d, / = 8.8 Hz, 1H), 7.64 (d, J = 2.1 Hz,
1H), 7.56 (dd, J = 8.8, 2.1 Hz, 1H), 7.52 (d, J = 8.8 Hz, 2H), 7.40 (d, J = 8.8



CI/Nd-Cl 17A-1
N-4-(4-Chlorophenyl)-6-pyrrolidin-1-yl-pyrimidine-4,5-diamine I- 17A-1 a
(25 mg, 0.086 mmol) and 2-chlorobepgoic acid ethyl ester (31 mg, i0 0.17
mmol) were combined in polyphosphoric acid (1 ml) and heated to 150 C
until completion (2 hours). The reaction mixture was diluted with water,
made basic with 6M NaOH solution and then extracted with methylene

chiErids! TREEriaritlagets WaréHdhratiBedrdtieti{(Na2Stn)2fljefe8b dhd d, J
can r dr ecr erjal was:puyifi parative

S s R G L
solvent to give title compound 17A-1 (11 mg, 32%): +ESI MS (M+1)

410.5; 1 H\él%g ; I . = A1

Hz, 1 H)T7.42-7%%rﬂ%§ , ‘?@%;@’?ﬁé_?ﬁ%‘,‘%}ﬁ ‘%J%‘g%f%a ;%,@.88
(HproceA)res 8rRlogue i lapee Acsnitiad siibventardrialspnitetbigate

chio f : o ' L C o
D o e e R e,
hyaEHRiGersancstiedyn pooparedAiging prepaqinmaatsibknemsl aghose
(MpALALAR- inds i ' | eqnr d
R e T e S T e e
cehsuied etheninisinganic Boprdheatesaaimng mistethkelovichene isolated
v : h . . ] .
S e e O S
abydeehiatitte fbivici@islies. The compounds listed below were isolated
initially as the free base and then gengually gonverted to their

corresponding hydrochloride salt for testing. Table 14 NON CI/~ 1

NN
O
N
=N R1
Cl
Cl
Ex. R1 -NRR’ MS
No. (M+H)*
16A-2 -H H 448.5
%N
18A-3 -H Pf 488.5
Al o~
NN,
o
164A-4 -H if 474.6
oA




5

10

15

20

1 No N 10 Ar Example Ar MS No. (M+H) + 17A-2 3-chloro hen 1410.5
17A-3 4-chloro hen | 410.5 Example 18 Preparation of 9-(4-Chlorophenyo
8-L2-fluorophenyl) 6 pyrrolidin 1yl 8*9H-p urine (18A-1): NN N No N F
1 8A-1 2-Fluorobenzoic acid (22 mg, 0.15 mmol) and N4-(4-chlorophenyl)-
6-pyrrolidin-1-yl-pyrimidine-4,5-diamine I- 17A-1 a (30 mg; 0.10 mmol)
were_20dissotved i dioxane (071 0 ' '
chcliE%nhydride in etijllacetate (0.3 ml). The resuliRGmixture was MS
shal¥f-at 95 132 C for 48 h. The rgaction was cooled and diluted up|téh+H) "
vplumeé of .8 mI " With water for puritication. The purification of the cryde
ixtBR-Was accompli§ﬁed by reverse phase prepardtive Gilson 215 460.5
PLC withithe Hewlett Packard Seties 1100MSD, and G1315A DAD
using a Lupa 5 micron 5 C8(2) 25021.2 mm Phe Omgné( column. qu

gradient elgant tised was 0.1 % formic acid in water (A) and acetonitriie
(B) with trifluoroacetic acid as a buffer: 0.04 min.-80% A, 20%B; 20
min.-20%A, 80%B; 25 min.-100%B. The fractions with the desired

C
treated wit
OH-purne (17A-1);
i@
Ct
\QN Y
=N
e
17A-1

N-4-(4-Chlorophenyl)-6-pyrrolidin-1-yi-pyrimidine-4 ,.5-diamine
I-{(17A-1)a (25 mg, 0.086 mmol) and 2-chlorobenzoic acid ethyl ester (31 mg,
0.17 mmol) were combined in polyphosphoric acid (1 ml) and heated to 150
°C until completion (2 hours). The reaction mixture was diluted with water,
made basic with 6M NaOH solution and then extracted with methylene
chioride. The organic layers were combined, dried (Na,S0,), filtered, and

concentrated to dryness. The crude material was purified by preparative TLC

| using 2 passes of 20% ethyl acetate in methylene chioride as solvent to give

title compound 17A-1 (11 mg, 32%): +ESI MS (M+1)410.5; "H NMR (500
MHz, CDCl3) 8 8.44 (s, 1H), 7.51 (dd, J = 7.8, 2.1 Hz, 1H), 7.42-7.33 (m,
5H), 7.21 (d, J = 8.8 Hz, 2H), 4.30 (br s, 2H), 3.88 (br s, 2H), 2.15-2.00 (br
m, 4H). A solution of the material in methylene chioride was treated with
excess 1 N HCI in diethyl ether, stirred, evaporated to dryness, and then
triturated in diethy! ether to afford the hydrochloride salt of compound 17A-1
(12 mg, quantitative): +ESI MS (M+1) 410.5.



mixture was shaken at 40 C for 1 h then dried in a flow of nitrogen at 30 C
over 18 hours to obtain the hydrochloride salt of compound as a solid
18A-1 (4.2 mg, 10%): +ESI MS (M+131394.3;'H NMR (500 MHz, CD30D)
88.36 (s, IH),7.72 (t,J=7.8 Hz, 1 H), 7.59 (m, | H), 7.51 (d, J = 8.8 Hz,
2H), 7.40 15 7.33 (m, 3H), 7.14 (t, J = 9.3 Hz, 1 H), 4.49 (br s, 2H), 3.84
(brs, ZH% 2.24 (brs, 4H). The compounds listed in Table 15 below were
prepared (&8 pRoLEdS b e iofabietd4Husioweveribptabore tsirthe
synwsia s 20 Sogmaund s Lusian e ApRieRripislaiip matgrials

which are available commercially, prepared using preparations well-known
o 1RBYP Wl IddAntnis g, ibemeprved atestraiing nzataligiousticicares

decthepcrbovRerpiher m@%ﬁggiﬁ@ﬁagn-rélafgﬂﬁgﬁ@ e“ﬁ%%%v?gl%)\’\{tgose

v;/%ﬁ isolated initially as the free base en generally converte
5 1isHIEGHR BB RInGT REaRpdfstiiorideasaiefane . S Eblo W SNON KB

“absMoNotNel F3chramale £\ MR NBH%W% %’()la%ﬁé%‘il%sé%?\rg &%%e_%c%lated

401.2 18A-3 3-cyanophenyl 401.2 18A-
iR RIFPARSS aTeiitEen. GRneI@iahnhendd bR 8ATesponding

drgolasonioreshaxtrberebddg.2 18A-8 2-ethox hen | 420.2

Table 14
NN
01\< ) |
N/‘Yl\D
=N
10 Ar
Example Ar MS
No. (M+H)*

17A-2 3-chloropheny! 410.5
17A-3 4-chlorophenyi 410.5

Example 18

Preparation of 9»{4~Chlorophenyl)~8—(2-ﬂuorophenvf}~6-pvrrolidin-1 -y
15 9H-purine (18A-1):

i N%

— b

18A-
2-Fluorobenzoic acid (22 mg, 0.15 mmol) and N4-(4-chlorophenyl)-
6-pyrrolidin-1-yl-pyrimidine-4,5-diamine I-(17A-1)a (30 mg, 0.10 mmol) were
20 dissolved in dioxane (0.7 mi) and 50% propanephosphoric acid cyclic
anhydride in ethyl acetate (0.3 ml). - The resulting mixture was shaken at 95




10

20

25

IBA-9 3,4-difluoro hen 1 412.2 18A-10 3-methox hen |1 406.2 18A-11
4-isopropoxyph enyl 434.2 18A-12 2-methox hen |1 406.2 18A-13
3-chloro-4-fluoro hen |1 428.0 18A-1433-fluoro-2-meth Iphen | 408.2
18A-15 4-difluoromethox phenyl 442.2 18A-16 4-chloro-2-fluoro hen |
428.0 18A-17 3-difluorometho hen! 442.2 18A-18 phenyl 376.2 18A-19

2,3-difluorophen ' 412.2 18A-20 2,4-difluorophen ! 412.2 1BA-21
2-EniBFH- R ubRSHERTRPERSL 99RlY Brkhitulediiiple Ferpiums.of 1.8 mi

IGA2RABP ibr Pdifcatohl 6T St rilRARR AT ki MhRue nﬁ?h%?é Was
18A-26 OH 18A-27 396.7 s 134 Example Ar MS No. g [:2
accomplished by reverse phase preparative Gilson 215 HPLC with the |

Hewlett Packard Series 1100MSD, and G1315A DAD using a Luna 5 micron
C8(2) 250*21.2 mm Phenomenex column. The gradient eluant used was
0.1% formic acid in water (A) and acetonitrile (B) with trifluoroacetic acid as a
buffer: 0.04 min.-80% A, 20%B; 20 min.-20%A, 80%B; 25 min.-100%B. The
fractions with the desired compound were combined and evaporated {o
dryness to give titlie compound 18A-1. The residue was dissolved in
methanol (1.5 ml} and treated with 4M HCl/dioxane (0.2 ml). The resulting
mixture was shaken at 40 °C for 1 h then dried in a flow of nitrogen at 30 °C
over 18 hours to obtain the hydrochloride salt of compound as a solid 18A-1
(4.2 mg, 10%): +ESI MS (M+1) 394.3; "H NMR (500 MHz, CD;0D) & 8.36 (s,
1H), 7.72 (t, J=7.8 Hz, 1H), 7.59 (m, 1H), 7.51 (d, J = 8.8 Hz, 2H), 7.40-
7.33 (m, 3H), 7.14 (t, /= 9.3 Hz, 1H), 4.49 (brs, 2H), 3.84 (br s, 2H), 2.24
{br s, 4H).

The compounds listed in Table 15 beiow were prepared using
procedures analogous to those described above for the synthesis of
Compound 18A-1 using the appropriate starting materials Which are
'avai!able commercially, prepared using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. The compounds listed below were isolated
initially as the free base and then generally converted to theii; corresponding
hydrochloride salt for testing.

Table 15

NN
CE\< ) [
N)}///l\iD
=N
r



18A-28 416.7 \s ci 18A-29 38M 1\ O 18A-30 382.0 18A-31 418.2 N--/
O,N 18A-32 436.2 O 18A-33394.2 18A-34F 4482 F F O 18A-35
396.2 S 18A-36 446.0 s 0.. ci 135,Fxample Ar MS No. (M+H) + 18A-37
C: 445.2 FFN F 18A-38 418.2

Exampie Ar MS
No. (M+H)*
18A-2 2-cyanophenvl 401.2
18A-3 3-cyanophenyl 401.2
18A-4 3-fluorophenyl 394.2
18A-5 2,4~dimethoxy phenyl 436.2
18A-6 4-rifluoromethyiphenyl ‘ 44472
18A-7 4-chloro-2-methaxyphenyl 440.2
18A-8 2-ethoxyphenyl 420.2
18A-8 3,4-diflucrophenyl 412.2
18A-10 3-methoxyphenyl 406.2
18A-11 4-isopropoxyphenyl 4342
18A-12 2-methoxyphenyi 406.2
18A-13 3~chloro-4-fluorophenyl 428.0
18A-14 3-fluoro-2-methviphenyl 408.2
18A-15 4-diflucromethoxyphenyl 442.2
18A-16 4-chloro-2-fluorophenyt 428.0
18A-17 3-diffluoromethoxyphenyi 442.2
18A-18 phenvl 376.2
18A-18 2,3-difluorophenyl 412.2
18A-20 2, 4-diflucrophenyl 412.2
18A-21 2-chloro-4-fluorophenyi 428.0
18A-22 3-chloro-2-flucrophenyl 428.0
18A-23 3804
3
0
18A-24 o 416.4
I
X e
18A-25 4514
Nz :
s/~
-
18A-26 378.9
S
bN
18A-27 Q% 396.7
) 8




18A-39 377.2 18A-40 391.2 18A-41"382.0 ns 18A-42377.2N/?
18A-43411.0 CI 18A-44 N Z 411.0 cl 18A-45411.0 I N/ Cl 18A-46
391.2 N Example 19 Preparation of 34
1-f9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-ylamino]-
cyclopentanecarboxylic Acid, Potassium Salt (19A-1): 136 NONCI1/1/
~y)JOK, NN -NHp CI 19A-1 1-Aminocyclopentanecarboxylic acid (36

mg, 0.28 or})arfd Na2S04 (15 mg, Q.14 mmol) were gombined_ in watér
(2 ml). - r - -‘(34 chloro- s phenyl)=8-(2-chlorophenyl)-9H-
[-(4A-T)c (57. mg 0.337 mmol) was added to the reaction n(1 and
heated to ref@s-B8ernight. The reacti ixture was diluted withglM HCI
and thejresulting solids were collect@/mg
&
18A-29 &’? 380.9
XN
\ O
18A-30 ‘ & | 382.0
N _
\ S
18A-31 418.2
1
N
18A-32 436.2
\
\ O
- 18A-33 304.2
18A~34 E 448.2
| F
N
F
) ¢
18A-35 &% 396.2
AN
\ S
18A-36 Ay 446.0
S o
Cl




filtration and dried under high vacuum to give 2:1 product to starting
purine (49 mg). The residue was dissolved in methylene chloride (1.5mi)
and io treated with potassium trimethifisilanolate (21 mg). Ether was
added to the slowly stirring reaction mixture and a precipitate was formed.
The solids were isolated by filtration, washed with 1:1 methylene
chloridefether;and—gried-under-high-vacuum-to-afford-titte compourd
19A-1|(28xagnads)| +ESI MS (M+151468.1; hH NMR (400 MAS, CD3GD)
38.21j(s, 1M, 7.60i(dd, J =1s 7.5, 1.7 Hz, 1 H), 7.50-7.35((‘&1’,*@-7), 7.29

(d, J =8 7Rz 2, 242-2:33(orm;—2H), 2.26-2717 (brm, 2R =187 (bf s,
4H). Prepg?é%oénflof 4-Amino-| l/jg o2
-f9-(4-chlomphenyl)-8-(2-chlorephepyl)-9#-purin-
6-yll-pjperidine-4-carpoxylic Ac%@@sium Salt (19A+2): NI~N CI/~|N/
O ~Nifl v+ NH2v x Cl 20 19A-2 #-Amino-1
-[9-(4-chloyBpl@gyl)-B-(2-chlorophenyl)-8H-pu rin-6-yi)- 418.2
piperidine-4-carboxylic acid was pg ed using procedures analogousito
137 those described above for tie s 5is of Compqund 19A-1. +ESI
MS (M+1) = 483.1 Example 20 5 Préparz
1-f9-(4-Cigmpenyl)-8-(2-chlorophenyl-9H-purin-6-yll: 377.2
4-ethyjaminopiperidife-4-carboxylic Agjd%Amide (20A-1): NON Cla IN N

H N Npom/ Cl p NHZ =N
18A-40 N 391.2
! =
18A-41 @E, 382.0
: s
18A-42 ‘ N 377.2
No#
18A-43 N : 411.0
L
N Cl
18A-44 NS 411.0
| P
cl |
18A-45 | N 411.0
N =
Cl
18A-46 T 391.2
/
\\ N
Example 19

Preparation of 1-[9-(4-Chlorophenvyl)-8-(2~chiorophenyl)-9H-purin-6-ylamino]-

cvclopentanecarboxylic Aqid, Potassium Salt {19A-1):
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20

(d,J=7.0Hz, I H), 20 7.45-7.3

20A-1 To a pale orange solution of
6-chloro-9-(4-chlorophenyl)-8-(2-chioro- io phenyl)-9H-purine |- 4A-7 ¢
(1.00 g, 2.66 mmol) in acetone (13 m}l% t room temperature was added
triethylamine (410 I, 2.94 mmol). A solution of
4-ethylamino-piperidine-4-carboxylic acid amide 1-(7A-80 f in water (1.5
ml) was then added to give a clear yellow reaction solution. After stirring
at room temperature for 3 days the cloudy white,reaction mixture was

t room temperature
followed by 1 hour at 0" @ <alle@tett on a sintered
glass funnel and rinsed wrt cofd 1: O The solid was dried,
in vacuo, to give title compound 20A

+ESI MS (M+1) 510.2; 'H NMR

-1 as a colorless solid (2.22 g, 90%):
Mkiz, CD30D) 5 8.19 (s, 1 H), 7.57
¥, 5H), 7.26 (d, J = 8.7 Hz, 2H), 4.54 (br
S, 2H), 4.24 (br s, 2H), 2.51(q,J =7, Z 2H), 2.12-2.06. (m, 2H),

1.76-1.72 (m, 2H) 1.10 (t, J = 7.0 Hz+ 381 The above solid (1.00 g, 1.96

mmol) was\smapeydre@m{aaemao@yrﬂﬁmxmm@QBaddﬁﬁmmrdﬂﬁlﬁzso.;
) a cleay, solution. While p )
R R Ve () SIS T e e e Gro-
rqﬁmﬁemse(mtmr@ropﬁdwurg*ﬂupmbﬂheaﬂm 8. 6eftuy @r.rbt—}%mn@tf})rvas
ur er cooling, the, mixture was stjrred in an _ice hath 2_hours. ..
TR A TR A he e I el pta s T Epction
andxiuwd/mtmmeﬁ%r&umpr@@aanﬁ t20eburttivey dokds watacoolidoted by
rd. 20A- 1 rles id (0.86 rtion ter a
O e TS R e ek s iz purine
thes dmga.té“dxmrwimawdsetmmfwdm imetivd s phitsine Was eopiadito
era ure,. stirred fo urs, then.collect a mediu
g N R e TS
F@@Nlé}dmrrrﬁmgtheemymmmﬂmaodth@mcdmmmm sﬁahmf@oﬁbew%ds
égfgréla Yé%%&%g%‘? %ﬂr%?gnc%%rsl Se% %\%H%j {0 [ gt'hy?% ch orr%?egwerlénd
driec’i under high vacuum to afford title compound 19A-1 (28 mg, 44%): +ES|
MS (M+1) 468.1; 'H NMR (400 MHz, CD30D) 8 8.21 (s, 1H), 7.60 {dd, J =
7.5, 1.7 Hz, 1H), 7.50-7.35 (m, 5H), 7.29 (d, J = 8.7 Hz, 2H), 2.42-2.33 (brm,
2H), 2.26-2.17 (br m, 2H}, 1.87 (br s, 4H).

Preparation of 4-Amino-1-[9-(4-chiorophenyl)-8-{2-chliorophenvi)-9H-purin-

6-vl]-piperidine-4-carboxviic Acid, Potassium Salf (19A-2):
N X N

19A-2
4-Amino-1-[9-(4-chlorophenyi)-8-(2-chicrophenyt)-9H-purin-6-yi}-

CF

piperidine-4-carboxylic acid was prepared using procedures analogous to
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(400 MHz, CD30D) 8 8.31 (s, 1 H), 7.60 (d, J = 7.4 Hz, 1 H), 7.51-7.40
(m, io 5H), 7.29 (d, J = 8.7 Hz, 2H), 4.78 (br s, 2H), 4.22 (br s, 2H), 3.07
(q,J=7.0 Hz, 2H), 2.56-2.52 (m, 2H};2.09-2.03 (m, 2H), 1.36 (1, J=7.0
Hz, 3H). The benzenesulfonate and methanesulfonate salts of 20A-1
were prepared in an analogous fashion. 15 Example 21 Preparation of
1-19-(4-Chloropheny0-8-(2-chlorophenyf)-9H-purin-6-yll-
4mwmwammn®ﬁoeﬁdm%¢amwmadawemwbaam (22A11)+ NG
%\g\é CIOOMe 21 A-1 20
1- -(4 orophenyl)-8-(2-chlorophenyl)-9H-purin-6-ylj-4-methyl-
aminopiperidine-4-carboxylic acid amide 7A-87 (Example 164; 53 mg,
0.093 mmol) and Amberlyst 15 ((E&gm;almemanol (5 ml) was. sealed ina

W%H&mmemaaoﬂfﬁé—ﬂt@mmbmﬂdWW@YE(B’-\V\@& concentrated
and then purified on a BlotageTM Flash 12S column using 0-2-4%
methanol in methylene chl Gamtto give title compound 21A-1 as
a light brown solid (26 frig:€ ) §11.1;'H NMR (400
MHz, CD2CI2) 8 8.28 (s, 1 d,J 139 = 8|3Mz, 1 H), 7.44-7.32 (m,
5H), 7.21 (d, J = 8.7 Hz, 2H), 5.55 ¢ br s, 1 H)y"4.65 (v br s, 2H), 4.13 (v
brs, 2H), 3.71 (s, 3H), 2.28 (s, 2.07 (ddd, ¢= 1817, 9.6, 3.7 Hz, 2H),
1.79 (dt, J = 13.7, 3.9 Hz, 2H). paration of 1-(9-(4-Chlorophenyl)-8-(2
chloropheny) 9H purin-6-y11 4- ethylgg}j\nopiperidine-4-carboxylic Acid
Methyl Ester (21A-2): N*N CI

To a pale orange solution of 6-chloro-9-{(4-chlorophenyl)-8-(2-chioro-

phenyl}-9H-purine [-(4A-7)c (1.00 g, 2.66 mmol) in acetone (13 mi) at room
temperature was added triethylamine (410 pl, 2.94 mmol). A solution of
4-ethylarnino-piperidine-4-carboxylic acid amide |-(7A-80) in water (1.5 mi)
was then added to give a clear yellow reaction solution. After stirring at

room temperature for 3 days the cloudy white reaction mixture was diluted
with water (11 ml). After stirring 1 hour at room temperature followed by 1
hour at 0 'C, the precipitate was collected on a sintered glass funnel and
rinsed with cold 1:1, acetone: H,O. The solid was dried, in vacuo, to give
titlte compound 20A-1 as a colorless solid (1.22 g, 90%): +ES! MS (M+1)
510.2; 1H_N!VIR (400 MHz, CD30D) 8 8.19 (s, 1H), 7.57 (d, J = 7.0 Hz, 1H),
7.45-7.35 (m, 5H), 7.26 (d, J = 8.7 Hz, 2H), 4.54 (br s, ZH), 4.24 (brs, 2H),
2.51(q, J=7.0 Hz, 2H), 2.12-2.08 (m, 2H), 1.76-1.72 (m, 2H) 110 (t, J = 7.0
Hz, 3H). ‘_

The above solid (1.00 g, 1.96 mmol) was suspended in isopropanol
(16 mi) followed by addition of THF (6 ml) to give a clear solution. While at
room temperature, aqueous 2 M HCI (1.3 ml, 2.6 mmol) was added over 1
minute and then stirred at room temperature for 1 hour, followed by heating
to refiux and stirring for 16 hours. After cooling, the mixture was stirred in an

ice bath 2 hours. The colorless precipitate was collected on a sintered glass
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N-NNH CINMeO O 21 A-2
1-[9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-yl]-4-ethylamino- io
‘piperidine-4-carboxylic acid methyl défer was prepared using procedures
analogous to those described above for the synthesis of Compound 21
A-1. +APCI MS (Ml) = 525.3 Example 22 15 Preparation of

]ﬂIRrIéII%I:I I‘I’r@e@@ fﬁ'éofgg@rgggﬁﬁ é) EIIiII 6&%&%9&%&9& f&ﬁ&&ﬁlo, to

4-isopropylaminapi erldlne 4-car
22fe1d Rifyshe Q@@M%[@@(@-ﬁh&ﬁ@ﬁ%) &@mﬁ@rmﬁhleiayﬁ)eﬂéﬁah(@@‘t

20 6- 1 th 4 ml
vﬁég (%Iéﬁ@ﬁﬂ%%é %rgeéa ed WI IIJngg’I)?f/Ig it mpe&%%' nIIIInec}I)
dmﬁtﬁéﬁmw@mma&dmmfms‘l AGE. Aftee mm:mmmmm&n
d I ter (0.4 I) dded; the 140
RIS R DAt AT e R
dﬂmwedj agadstinsedmwitintotetramnydeshitan @56 pnan Hreh &ided Adter

I e Addit |um cyapide (8 m and
PR R Gt R
\mﬁaim@aaadcsim&samér{@éféomm}eﬂ&&d\me@ﬂwrIe) f01i2e ‘lﬁ’dlex!MR
C 22A- 48% E
B rels iy Boben] SEE T Tt 1 S et m
1Bi)), 771489783 m BHRZ. 2104 .78 (br s, 2H), 4.22 (br s, 2H), 3.07 (g, J = 7.0
Hz, 2H}, 2.56-2.52 (m, 2H), 2.09-2.03 (m, 2H), 1.36 (t, / = 7.0 Hz, 3H). The
benzenesulfonate and methanesulfonate salts of 20A-1 were prepared in an
analogous fashion.

Example 21
Prepafation of 1-/9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-vil-
4-methyviaminopiperidine-4-carboxyvlic Acid Methyl Ester (214A-1):

I N
ol )
\Q‘N 7N I,{f
==N “Me
OM
cl 0 ©
21A-1

1-[9-(4-Chloropheny!}-8-(2-chlorophenyl}-9H-purin-6-yi]-4-methyl-
aminopiperidine-4-carboxyiic acid amide 7A-87 (Example 164; 53 mg, 0.083
mmol) and Amberlyst 15 (0.8 g) in methano! (5 ml) was sealed in a tube and

‘then heated to 80 °C for 20 h. The resin was removed by filtration and

washed with 2:1 methanol/triethylamine and then 10% NH,OH in methanol.
The combined organic layers were concentrated and then purified on a

. Biotage™ Flash 128 column using 0-2-4% methanol in methylene chloride

as eluant to give title compound 21A-1 as a light brown solid (26 mg, 55%):
+ESI MS (M+1) 511.1; "H NMR (400 MHz, CD,Cl,) & 8.28 (s, 1H), 7.52 (d, J
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= 8.7 Hz, 2H), 5.50 (v br s, 2H), 3.88 (v br s, 2H), 3.18 (septuplet, J = 6.0
Hz, 1 H), 2.16 (m, 2H), 1.82 (ddd, J = 13.3, 10.4, 3.7 Hz, 2H), 1.16 (d, J =
6.2 Hz, 10 6H). Preparation of 139
1-19-(4-Chloroohenyl)-8-(2-chloronhenyl)-9H-purin-6-vll-
4-ethylaminopiperidine-4-carbonitrile (22A-2): N*"N CiNIN.H CN CI 15
22A-2
1-Pod 4 Cllot P ErfiAy-B8I2 {oh Sriophayi o H/pe Briz eyl 2HptByEdntinbr s, 1H),
pi nigr r e [ I

Inesidined-caphoniiria (VA RIA3 g ug ﬁfpou%nsgfﬁzﬁ?%é;t@%d J=

those described above e’synthesis of Co

(MY, 9493 7 HrEXdmplé 2giRrdpatdionde Hz, 2H).
1-19-(4-Chloropheny1)-8-(2-chlorophenyl)-9H-purin-6-y11-
4-hydroxypipertdine-4-carboxylic Acid Methyl Ester (23A-9): 141 N~N CI /
~ﬁf£ﬂ’ﬂawn~oﬁhf%{%mmrophenvl) 8-(2-chlorophenyl)- 9H~purm 6-yl]-

[TYATOXY-f me-4 mg, 0.14 5
mmol) were coupled by the general nNefhsg of Example 19. The crude

4\% -

N

- 21A-2
1-[9-(4-Chlorophenyl)-8-(2-chiorophenyl)-9H-pu rin-6-yf}-4-ethylamino-
piperidine-4-carboxylic acid methyl ester was prepared using procedures
analogous to those described above for the synthesis of Compound 21A-1.
+APCI MS (M+1) = 525.3

Example 22
Preparation of 1 -{9-(4-Chlorophenvyl)-8-(2-chiorophenyl}-9H-purin-6-vij-
4-isopropylaminopiperidine-4-carbonitrile (22A-1):

NN
cl !
et
=N “H

CN

Cl

22A-1
A suspension of 1-{9-(4-chiorophenyl)-8-(2-chiorophenyl}-9H-purin-
6-yl]-piperidin-4-one 7A-96 (48 mg, 0.11 mmol) in methandl (0.4 ml) was
cooled to 0 °C and then treated with 2-propylamine {15 ui,-l().‘I o mmol} and
then concentrated aqueous HCI. After stirring 5 minutes, a solution of
sodium cyanide (8.1 mg, 0.16 mmol) in water (0.4 mi}) was added; the
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product (ESI MS (M+1) 484) was dissolved in 1:1 methanol( benzene (0.6
ml) and then treated with trimethylsilyldiazomethane (2 M in hexanes, 0.17
ml, 0.34 mmol). After stirring for 1 hoyp, the reaction was concentrated
under a stream of nitrogen and then purified by preparative TLC using 4%
io methanol in methylene chloride to give title compound 23A-1 (31 mg,
44%). An ether/methylene chloride solution of the material was treated

vwh%k%e@@@duw r@fdtiamm%,mﬂﬁ@ﬂﬁatadaume&rﬁgzmaaﬁm afmn itmgemé)wed
and then triturated from ether to gi the rocnliori a CcO un
Y GG o0 TETAy SEAIGHE 0 ST DTS A
e e St
m e ,J.=8,7 Hz, e v.ors , 3. S A t

=(4 8150051 Were sdef ¢ el ﬂ??&?’%-iﬁ)‘% %%%ﬁ%ﬁé‘(ﬁere ahd
Wﬁmﬁf@é&@Iﬂf@pboi@\ﬂ)e%éar@n?@péeaﬂﬂ)le?mmﬂn&ggq (27
methylaminopiperidind-yikmetang @44 BN, Gl Wik @b -z,

1®{dichiosophesyhrB;(2-shlprophenyd) r9H-pulinFasilramethybH), 7.21 (d, J
aminopiperidine-4-carboxylic acid methyl ester 21A-1 (91 mg, 0,18 m_moB
PHBFARFarT AN, 6 )Pl A (EHic Rith ATBBEEP URIRtINLm -0 He
hydrjde (& Mrinsefyahysdrefigan, & 94 mixan hienwapped4o1B (@O0= 6.2 Hz,
temperature and allowed to stir overnight. The mixture was quenched
with)o.6 M NaOH (25 ml), extracted with ethyl acetate, dried (Na2S04),
concentrated (80 mg), and then purified on a BiotageTM Flash 12M
column uf_sing 5-10% methanol and 0).5% NH4O0H in me neC}hIori
: . Qe{ 4K RRASIIA-E : A R0 4

I
o

22A-2
1-[S-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-yi}-4-ethylamino-
piperidine-4-carbonitrile was prepared using procedures analogous io those
described above for the synthesis of Compound 22A-1. +ESI MS (M+1) =
4924

Example 23
Preparation of 1-[8-(4-Chlorophenvil-8-(2-chlorophenvi)-9H-purin-6-vii-
4-hvdroxvpiperidine-4-carboxviic Acid Methyi Ester (23A-1):
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io (400 MHz, CD2CI2) 5 8.28 (s, 1 H), 7.52 (d, J = 8.3 Hz, 1 H), 7.44-7.32
(m, 5H), 7.21 (d, J = 8.7 Hz, 2H), 4.67 (v br s, 2H), 3.98 (br s, 2H), 3.40
(s, 2H), 2.31 (s, 3H), 1.72 (dt, J = 1441, 4.6 Hz, 2H), 1.62 (ddd, J = 14.1,
9.6, 4.2 Hz, 2H). 15 Example 25 Preparation
0f8-[9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-v11-
1-isopropyl-3-methyl-1,3,8-triaza- splrol4 57decan-4-one Hydrochloride
Salt (25A-1): NON CIN S J C! 25A- 1 A suspensmn of
8-[9-(4-chlorophenyl)- -8t
6-yi]-1-isopropyl-1,3,8-triazas ]decan;- 4 -0 1 (86 mg, 0.16
mm0|) and methyl iodide (2 M in MTBE, 16 pl)in d:d tetrahydrofuran/
. yith sodlum hydride (60%
dispersion 25 in oil, 12 mg, 0.3\m oI) After stirring for 2 hours, the
mixture was extracted from saturaterlzagueous sodium bicarbonate with
ethyl acetate, dried (Na2S04), concentrated (123 mg), and then purified

by flash@himmétddraploydt sty &V@hﬁmthahehm)wémdamm (59
25A an il antitative me h lene chloride,s tlon
maQérl Was tre&a (? wnﬂ?’exc)%{sg E%W% #1 e BSX (i)!ﬁcaen rg’ d uﬁder a
Smemﬂ ofaritragapieahttiten gﬂnmmienéltbndwﬁ@@mp}e e The crude
rochl t of nd 25A-1 (82.5 m '2% verall) as a
T T B e s R ed D oo ek 5 g 946
(mi). Eihdrieen thebted @ithzirithh RIS IyHEZ (mdakbpa (ﬂh@dn&%&ﬂ&&z 0.17
), s. 2N), 4,14 rsZ H296 3H), 2.2
20 G oY Ah0 SR S aigRes Pheedd Gaer
@f%iﬁé%ﬁpﬁmgéﬁ&(@éh@@nhé&ﬂ)b?@mmeﬁw&ﬂ' L.C using 4%
methanol in methylene chloride 1o give title compound 23A-1 (31 mg, 44%).

An ether/methylene chioride solution of the material was treated with excess
1 M HCl in ether, concentrated under a stream of nitrogen, and then
triturated from ether to give the hydrochloride salt of compound 23A-1 (27
mg, 36% overall) as a light tan solid: +ES! MS (M+1) 498.1; "TH NMR (400
MHz, CDs0D) & 8.38 (s, 1H), 7.62-7.59 (m, 1H)}, 7.5’?»7‘.40 {m, 5H}, 7.34 (d,
J=8.7 Hz, 2H), 3.90 (v br g, 2H), 3.75 (s, 3H), 2.25 (id, /= 13.1, 4.1 Hz,
2H), 1.97 (brd, J =124 Hz, 2H).

Example 24
Preparation of {1-[9-(4-Chlorophenyl)-8-(2-chlorophenvi)-9H-purin-6-vil-
4-methviaminopiperidin-4-vi}-methanol (24A-1):

)
o L
\Q\ A

=N K/V\OH
N~y

L4

Cl Me

24A-1



piperazine-2-carboxylic Acid amide (26A-1): NN O CI//NIN NH2 N NH
ci 26A-1 is To a 0 C solution of 4-[9-(4-chlorophenyl)-8-(2-chlorophenyl)-
9H-purin-6-yl]-piperazine-2-carboxyligacid ethyl ester 13A-9 (32 mg,
0.064 mmol) in methanol (4 ml) was bubbled NH3 at a moderate rate for
15 minutes. The vessel was sealed, warmed to room temperature and
allowed to stir for 4 days. The mixture was concentrated under reduced

pressuré 201U Rg) -Eiftissiopepiieaybntea(Bretig e PRI 1S-potinr vil-
U&ﬂ@e@a?f’éhiﬂ%%lﬁ@ﬂ'dmé“@t@é(r‘%?ﬁ&'%ﬂ? ASFIYABLIG OYR W'E"rq 1. mg, 0.18

compound 0 mg, quantitative). A methyléne chloride solu

tﬁ@rﬂ%}éméq%m é%ffér@w\ﬁrﬁé%)e@ts@fr@ wes itieaked ibhcdisohusy
UBQRRiIAFHIRMRI mmm@ﬂgh Bifviutaie e drom %W&mgrgwg&%d g 1o

hydrochloridé salt of compound Z6A-1 25 as an off-white solid: +ESI M

5Py mF@WWF@M@'W tostonisnight (e Miuremas yanched

%1}%452%8?\/3515\?3@1 ?nﬁ%sétrécté‘%ﬂﬁ e%h' 1%@%@5 %léggﬂdt‘éﬁ%ﬂi)z 0

SGQWWH)E@(&@ MQ @mdﬁw pwfwﬁ@aom@wﬁagmt@asﬁ taMecoBimn

belgyy wereRranateshupimrsesndyrescanalogRIs R osadesseuant to
above for the synthesis of Comp ound 26A-1 uscmé; the approp rlate

SEYENY fatsnarnaicAArd @a\rama@é%a)rmﬁ@ﬂ By (Wrhat8a. lisiigNMR

o PRRRTAR B NGNNAR (807 S e BTk PLPHARRrPAI A (m,
manner analogous o routes decribed above for other’ mte lates
cepdeitiédisted Bdldvzwiie 8iAtedbiriaias B8 (e baksd, dndlifen2H),
geRaradyonveraqde tenaorrespqndingy AR iKde saltfor gy 1z,

2H).

15 Example 25
Preparation of 8-[9-(4-Chloropheny!)-8-(2-chiorophenyl}-9H-purin-6-yij-
1-isopropyi-3-methyi-1,3,8-triaza-spiro/4.5]decan-4-one Hydrochloride Salf
25A-1

NN

O~Crr

20 25A~1

A suspension of 8-[9-(4-chlorophenyl)-8~(2-chloropheny!}-8H-purin-
6-yll-1-isopropyl-1,3,8-triazaspirol4.5]decan-4-one 1,:_3”;_3;_1 (86 mg, 0.16
mmol) and methyi iodide (2 M in MTBE, 16 wl) in 1:1 tetrahydrofuran/
dimethylformamide (2 ml) was treated with sodium hydride (60% dispersion

25 inoll, 12 mg, 0.3 mmol). After stirring for 2 hours, the mixture was extracted
from saturated aqueous sodium bicarbonate with ethyl acetate, dried
{NazS04), concentrated (123 mg), and then purified by flash chromatography
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25

10 Table 18 R1 N"N CI/~1/N NRR"' >=N Ar Ex. Ar RI -NRR'MS No.
(MtH)+ 26A-2 2-chlorophenyl -HN H 524 N\_ H-N o Me 26A-3
2-chlorophenyl -H 0 482 ~Ix NN'Mej43 ~ 1 ~N,H H Example 27
Preparation of 9-f9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-yll- 1s
1-methyl-4-oxa-1,9-diazaspirof5.5lundecan-2-one (27A-1); 145 NON Me
CINI,NN N-_~clO 27A-1To a 0 C solution-of

{asfoq 4-ériopbpmenhyio-givz: dllpepmenyind 25A-1 as an oil (87 mg,
%{dzﬁﬁﬁ@ﬂ@%bﬁrﬁ@ Hyanainepipadindidk fBP{Héf?ﬂ!a?e%Mé‘(? 9 9LR%n

s mmol) and triethylamine in methylene chloride (1 ml) was ad
EESH T M HCl in ether, concentrated under a stream of nitrogen, and then

triturated from ether to give the hydrochloride salt of compound 25A-1 (82
mg, 82% overall) as a colorless solid: +ESI MS (M+1) 550.2; 'H NMR (400
MHz, CD30D) 6 8.34 (s, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.51-7.39 (m, 5H),
7.31(d, J= 83 Hz, 2H), 4.76 (s, 2H), 4.14 (brs, 2H), 3.78 (br s, 1H), 2.96 (s,
3M), 2.28 (brs, 4H), 1.32 (d, J = 8.2 Hz, 6H).

Example 26
Preparaffon of 4-[9-(4-Chlorophenyl)-8-(2-chioropheny!)-9H-purin-6-yij-
piperazine-Z-carboxviic Acid amide (26A-1):

Nl"\‘N 0
N N NH
=N L _NH
Ci
26A-1

To a 0 °C solution of 4-[9-(4-chlorophenyl)-8-(2-chiorophenyl)-
gH-purin-6-yil-piperazine-2-carboxylic acid ethyl ester 13A-9 (32 mg, 0.064
mmol) in methanol (4 ml) was bubbled NHz at a moderate rate for 16
minutes. The vessel was sealed, warmed to room temperature and allowed
to stir for 4 days. The mixture was concentrated under reduced pressure
(123 mg), and then purified on a Biotage™ Flash 128 column using 3-6%
methanol in methylene chloride as eluant to give title compound 26A-1 (30
mg, quantitative). A methylene chloride solution of the méfcerial was treated
with excess 1 M HCI in ether, concentrated under a stream of nitrogen, and
then triturated from ether to give the hydrochioride salt of compound 26A-1
as an off-white solid: +ES1 MS (M+1) 468.3; 'H NMR (400.MHz, CDs0D) 8
8.47 (s, 1H), 7.64-7.61 (m, 1H), 7.53-7.36 (m, 5H), 7.35 (d, J =8.7 Hz, 2H),
5.52 (brd, J=14.5 Hz, 2H}, 4.28 (dd, J = 10.0, 3.7 Hz, 1H), 3.95-3.88 (m,
2H), 3.63 {dt, J = 12.9, 3.3 Hz, 1H), 3.44-3.39 (m, 1H).
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15

acetyichloride, dropwise, and the reaction was allowed to warm to room
temperature and stir overnight. The mixture was then diluted to 3 ml with
methylene chloride, 50% aqueous Ng@H (0.6 ml) was added, and stirring
was continued overnight. The reaction was extracted from saturated io
aqueous sodium bicarbonate with methylene chloride, dried (Na2S04),
concentrated (123 mg), concentrated under reduced pressure (123 mg),
and then purified on a BlotageTM Flash 12S column using 2.5-10%

methanetjg tﬁ{&%@&dwﬁ*&@-%@d&%ﬂb@é BlaRRk Loy gjgﬁ@itle

compound 27A-1 (15 mg, 32%). A methylene chloride solution of the

RERSREMFRS arsiRaPWAFO I ese el PR RO UGN, Buhe¥ninaed Bhder

A SRARLALYEAEN, AN Hhe oty LRIRiRERIARAME Wich are
hydrochloride’satt of compound 27A-1 as an off-white solid: +ESI MS
(RMallpEiB DIAMIFE(B0 P PRI SODBOR PR eNs WD) o2hoge
Fé%«slﬂemn%g@é?ti”%r(mve?a?eé-@fa(%énﬁ GhZogbls R WYY Gedibld
4.18 (s, 2H), 4.01 (s, 2H), 3.19 (br m, 2N}, 2.85 (5, 3H), 20 2.14 (td, J =
139Vs. IpreiiEnnicggasiales = TppmpaydERakaEIBSigw pr dtRA e
i"lir%i(ﬁﬂg hiosarheeyI8--2-chig f@@?ﬁ@éﬂé@ﬁrﬁ iR Adulo their Correﬁaon ding
3-hydroxyazetidine-3-carbox lir>c Acid Methyl Ester (28A-i): 146 N~N CI/
Nvdopehleddermit or282in9To a 0 C solution of
1-[9-(4-chlorophenyl)-8-(2-chlorophegukls 418
9H-purin-6-yl]-3-hydroxyazetidine-3-carboxylic acid amide 13A-10 (83 mg,
5 0.18 mmol) in methanol (2 ml) was added"HCI (1 M in ether, 0.27 ml).

After NN
Clyf I
‘Q\[\/ﬁ%w
=N
Ar
EX. Ar R1 -NRR’ - MS
No. (M+H}*

26A.-2 2-chlorophenyi -H Ry i 524
N ~—
H-;\€ o
Me _ :

26A-3 | 2-chiorophenyl -H 9 482
X{P\O/U\!?/Me

Example 27
Preparation of 8-19-(4-Chlorophenvl)-8-(2-chioropheny()-9H-purin-6-yl}-
1-methyl-4-oxa-1.9-diazaspirof5.5]undecan-2-one (27A-1);




15 minutes, the reaction was concentrated under reduced pressure. The
crude product was purified by Chromatotron using 30:1:0.05 to 20:1:0.1
methylene chloride/methanoiiNH40H4s the eluant (14 mg, 17x): +ESI MS
(M+1) 470.2;1H NMR (400 MHz, CD30D) 6 8.25(s,1H), 761 (d,J=7.5
Hz, io 1 H), 7.48-7.39 (m, 5H), 7.30 (d, J = 8.7 Hz, 2H), 3.83 (s, 3H).
Example 29 Preparation of

1-(1-f9-(4-Chlorophenvl)-8-(2-ehloro ?\ﬁ\ )-9H-purin-6-y11-
4-phenylpiperidin-4-yl}- ;t ZNA N¥¢5 20A-1 Toa
solution of 6-chloro-9-(4-chlorephenyl):8-(2-chlor - 9H-purine
1-(4A-7)c (68 mg, 0.18 mmol) in_1:¥ methylene chloride/ethanol (2 ml)
was added 1-(4-pheny|piperidi panone (48%ng, 0.2 mmol) and 20
triethylamine (70 I, 0.5 mmol). TheMmixture was stirred overnight,
concentrated under reduced pressure, _q then purified on a BiotageTM
Flash 12S column using 5-10% meth n methylene chloride as eluant
to give title compound 29A-1 (77 mg, 78%). 147 A 1:1
methanolimatBylerkobRierids SbiRithobigre phmeyia vt shiareahgimi)-
CYREI et 140«7?&6#{/}éﬂﬁﬁfﬂigé?&ﬁdéﬁ%ﬁ}ﬁwé@mﬁmﬂﬁ%ﬁﬂn?]Q‘J.091

then triturated from ethér to give the hydrochloride salt of ‘Compoun
20RP{rand gieHpdamige s tnienacRiaridetbMiHyas edsirgry-ghloro-
B 35RO oD AN bl it I b el
(m, 9H), 7.34-729 (m, 3H), 2.70 %xr m, 2H), 1.98 (br m, 2H). The _
chPpRaFRlY Rt avernig el dhevaispre ysre dnasingiigisedautdel with
analeanus irdhesrdessibsa aRaxe NeIdhe @/Bthasi A ARiePmBpRUtring

29A-1 Using the appropriate starting materials which are
was continued overnight. The reaction was extracted from saturated

aqueous sodium bicarbonate with methylene chioride, dried (NaxSO.),
concentrated (123 mg), concentrated under reduced pressure (123 mg), and
then purified on a Biotage™ Flash 12S column using 2.5-10% methanol in
methylene chioride with 0.5% NH4OH as eluant to give title compound 27A-1
(15 mg, 32%). A methylene chioride solution of the material was treated with
excess 1 M HCl in ether, concentrated under a stream of nitrogen, and then
triturated from efher to give the hydrochloride salt of compound 27A-1 as an
off-white solid: +ESI MS (M+1) 523.3; 'H NMR (400 MHz, CD,Cl») 8 8.32 (s,
1H), 7.53 (d, J = 7.9 Hz, 1H), 7.45-7.33 (m, BH), 7.22 (d, /= 8.7 Hz, 2H),
5.55 (v br s, 2H), 4.18 (s, 2H), 4.01 (s, 2H), 3.19 (br m, 2H), 2.85 (s, 3H),
2.14 (td, J = 13.8, 5.4 Hz, 2H), 1.88 (br d, J = 14.5 Hz, 2H).

Example 28
Preparation of 1-{6-{4-Chiorophenyi)-8-(2-chiorophenyl)-9H-purin-6-vij-
{
3-hvdroxyazetidine-3-carboxviic Acid Methvi Ester (28A-1);
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available commercially, prepared using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. The cggmpounds listed below were isolated
initially as the free base and then generally converted to their
corresponding 15 hydrochloride salt for testing. Table 19 R1 ~ N""N CI
N/NRR' >N Ar Ex. Ar RI -NRR'MS No. (M+H) 29A-2 2-chlorophenyl
-H N 516 OH 148 Ex. Ar Rl fo m No 2843 2-chlorophenyl -H N F

29A-4 2-chloroph enyl -H: i 29 -5 2-chlorophenyl -H 530 OH
"N N 29A-6 2-chlorophenyl 36 m O N M 2-chlorophenyl H ~\
> 480.1

OMe
Cl 0

28A-1

To a 0 °C solution of 1-[{8-(4-chiorophenyl)-8-(2-chlorophenyl)-
9H-purin-6-yl}-3-hydroxyazetidine-3-carboxylic acid amide 13A-10 (83 mg,
0.18 mmol) in methanol (2 ml) was added HCI (1 M in ether, 0.27 ml). After
15 minutes, the reaction was concentrated under reduced pressure. The
crude product was purified by Chroma’totrbn using 30:1:0.05 1o 20:1:0.1
methylene chloride/methancl/NH,OH as the eluant (14 mg, 17%): +ESI MS
(M+1) 470.2; '"H NMR (400 MHz, CD30D) 6 8.25 (s, 1H), 7.61 (d, J = 7.5 Hz,
1H), 7.48-7.39 (m, 5H), 7.30 (d, J = 8.7 Hz, 2H), 3.83 (s, 3H).

Example 29
Preparation of 1-{1-[9-(4-Chlorophenvi)-8-(2-chlorophenvl)-9H-purin-6-vi}-
4-phenyipiperidin-4-vi}-ethanone (28A-1}:

NN
cl ' 0
=N
cl

20A-1
To a solution of 6-chioro-9-(4-chlorophenyl)-8-(2-chiorophenyl)-

9H-purine |-(4A-7)c (68 mg, 0.18 mmol) in 1:1 methylene chioride/ethanol (2
ml)} was added 1-(4-phenylpiperidin-4-yl}-ethanone (48 mg, 0.2 mmol} and
triethylamine (70 ul, 0.5 mfnoi). The mixture was stirred overnight,
concentrated under reduced pressure, and then purified on a Biotage™
Flash 128 column using 5-10% methano! in methylene chioride as eluant to
give title compound 29A-1 (77 mg, 78%).
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O NH tro 29A-8 2~chlorophenyl H 532.4 H N Example 30 149
Preparation of 3-f9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-yg-
6-morpholin-4-yl-3-azabicyclof3.1.0,hexane-6-carboxylic Acid Amide (30A-
NONGi/NI/NH N C1HNH2530A-1 A mixture of
3-[9-(4-chiorophenyl)-8-(2-chlorophenyl)-9H-purin-6-yl]-
6-morpholin-4-yl-3-azabicyclo[3.1.0]hexane-6-carbonitrile 29A-8 (28 mg,
0.052 mAndtylimedharotfat HA B0 (@6 sndoivtishedtbe ai2edial farswo

hours. After.the reaction,mixture was allowed to cogl to room rature
R R L e et R R e ot

quiragiesy avithtbev aduedas Na@ e teepkd Hive Heernixdvoe viesdexsaited

with_ethy! t then i rgapig | d

T 0 B e e 820 T e

pQDigo D58 .Botage”MFiis(d12S: ¢olukin Uusingr05a%: oethaaatin 1H),

t hlorj luant to,give,. after trituratjon f ethyl

el N Sy e e R IR

550.4;'H NMR (400 MHz, CD2CI2) 8 8.27 (s, 1 H), 7.52-7.49 (m, | H),

7.44-7.32,(m, 5H), 7.2Q (d, J = 8.Z. Hz, 2H), 5.54 (s, 1 H), 5.47 (s, 1 H),

505 (0. DB Lompoindsieding e 75 below are iR Usiog ;

Hzrcb&huRe6 B H0dtnsTb thd st b 6Sritvad 286k, 12:0th £osyeithEbisla96 (br

1 H).

SCom%ound 28A-1 using the appropriate starting materials which are
available commercially, prepared using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. The compounds listed below were isolated
initially as the free base and then generally converted to their corresponding
hydrochioride salt for testing.

Table 18
R
@
Cl
\QN )\%w
=N
Ar
Ex. Ar R1 ~NRR’ MS
No. (M+H) "
29A-2 2-chloropheny! -H 516




Example 31 Preparation of
9-(4-Chlorophenyl)-8-(2-chiorophenvJ)-6-isopropoxy- 9H-purine (31A-1):
150 NON Cl~~1 N CI 31A-1
9-(4-Chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-ol I- 4A-7 b; 50 mg,

0.14 mmol), 2-iodopropane (26 mg, 0.15 mmol), and cesium carbonate 5

148

(5 0O- ' in dimethylformamide (0.7 ml).an
stirrébovetnight. Additional 2-ipdopgepane {13 mg, 0.4qgpmol), and Ms
cesiiNa. carbonate (25 mg, 0.76 mmol) were added and stirred an (M+H) *
apdionat-day—The-—reaction-mitture-was-dilpted with ethyl ether and then
wagRddrvith shmmspragyeoys sodkim bi¢arbonage and brine. The 534
organic layler was dried 10 (Na2S0O4), evaporated to #iryngss, and then
purified onia BiotageTM Flash |12S columnj using 0-70% ef Hcetatd in
hiexanes a$ eluant to afford title compound;31A-1 (34 mg, 56%); 1H
NMR: +ES| MS (M+1) 399.4; (400 MHz, Cb2CI2) 8 gh ), 7.56
(dd, J=7.5, 1.7 Hz, | H), 7.47-7.34 (m, 5H)} 7.23 (d, J = &Mz, 2H), 5.71
(septuptet,;3==6-2-Hz;-+-H); 150 3=-6-2-Hz,—15-6H).- The compounds
listé8 44T gble2+ theltmwpherglprépareeHising procesigres-analogous to| 534
those desdaribed above for the synthesis of |Compourid 31A-1 using the
dppropriat starting materials \4vhich are 20iavailable e%lly,
prepared ysing preparations well-known to those skilled inithe art, or
prepared ih a manner analogouys to routes ¢gecribed aboother
intermediates. :able 2v. NON
F
29A-5 | 2-chiorophenyl -H N 530
N
OH
gw }ij
28A-6 | 2-chiorophenyi H > 466.1
o™
¥y
29A-7 2-chlorophenyl H > 480.1
o}
oy J/\j
29A-8 2-chlorophenyl H ' Y N 532.4
H "\\ '
N

Example 36
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XNI1/0..-RN Ar 151 Example Ar X -OR MS No. (M+H) + 31A-2

2-chlorophenyl CF3 -OEt 419.2 31A-3 4-chlorophenyl CF3 -OEt 419.2
31A-4 2-methylphenyl CF3 -OEt 39948 31A-5 3-chlorophenyl CI -OEt
385.2 31A-6 4-chl6rophenyl Cl -OEt 385.2 31A-7 2-methylphenyl CI -OEt
365.4 31A-8 2-chlorophenyl CF3 -OiPr 433. 3 31A-9 4- chlorophenyl CF3

%Pr 433;4 312-%@ ﬁ 22

38%@@%@%@%%@%@%6%%&4@@1@0 @Wﬁf@d {30A-
3 -OCH2CF3 473.4 31A-15 4-chlorophenyl CF3 -OCH2CF3 473.4

F
3.@3\ 16 2-methylphenyl CF3 -OCH2CF3 453.4 31A-17 3-chlorophenyl CI
-OCH2CF3 439.3 31A-18 2-methyl he(qyl Cl-OCH2CF3 419.1 Example

32 Preparation of 1-19+(4-¢ roph nyf 8-(2- ch( rorphergl) -OH-"uM-5-y", -
Plperldln -4-one oxime (32 \} N

a o'//;\ NH,

A mixture of 3-[9-(4-chlorophenyl)-8-(2-chlorophenyl}-9H-purin-6-yi]-
6-morpholin-4-yi-3-azabicyclo[3.1.0]hexane-6-carbonitrile 29A-8 (28 mg,
0.052 mmol) in concentrated HoSO4 (0.6 mi) was heated at 200 °C for two
hours. After the reaction mixture was allowed to cool to room temperature
and stir overnight, it was cooled in an ice bath and then carefully quenched
with 5 M aqueous NaOH to pH 11. The mixture was extracted with ethyl
acetate and then the combined organic layers were washed with brine, dried
(MgSO0s) and concentrated, in vacuo. The residue was purified on a
Biotage™ Flash 12S column using 0-6% methanol in methylene chiloride as
eluant to give, after trituration from methylene chloride/hexanes, title
compound 30A-1 (24 mg, 83%): +ESI MS (M+1) 550.4; H NMR (400 MHz,
CD.Cly) 6 8.27 (s, 1H), 7.52-7.49 (m, 1H), 7.44-7.32 (m, 5H), 7.20 (d, J = 8.7
Hz, 2H), 5.54 (s, 1H), 5.47 (s, 1H), 5.03 (d, J = 12.0 Hz, 1H), 4.37 (d, J =

© 12,0 Mz, 1H), 3.97 (brd, J = 9.1 Hz, 1H), 3.68-3.55 (m, 5H), 2,73-2.63 (m,

4H), 2.01 (br s, 1H), 1.96 (br s, 1H).

Exampie 31
Preparation of 9-(4-Chlorophenyl)-8-(2-chlorophenvl)-6-isopropoxy-
9H-purine (31A-1):
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Cl OH 32A-1 A mixture of
1-[9-(4-chlorophenyl)-8-(2-chlorophenyl)-9H-purin-6-yl]- piperidin-4-one

" 7A-96 (75 mg, 0.17 mmol) and hydrgxyiamine hydrochloride 5 (11.9 mg,

0.17 mmol) in methanol (0.3.ml) was stirred overnight at room
temperature. The reaction was then extracted from saturated aqueous
sodium bicarbonate, the combined organic layers were dried (Na2S04)
and concentrated to afford title compoug@=32A-1 (75 mg, 97%) as a solid:
+ESI MS (M+1) 453.4;1H NM@\M{ j;\g) 6 10.49 (s, 1 H),
8.28(s,1H),i07.70(dd,J=7 41 (m, 5H), 7.31 (d,
J =8.7 Hz, 2H), 4.45-4.18 (v br s, 4H),

sl (t J=6.0Hz,2H),2.39 (t,J =
5.8 Hz, 2H). PHARMACOLOGICAL-TESTING is The utility of the
compounds of the present inventio

heSPractice of the instant invention

" can be evidenced by activity in at least one of the protocols described

hereinbelow. The following acronymsi-tised in the protocols described

gterllgl}gng%slgmlne\étlgqepagtu amzﬂl"fé? p[?b) (gtge}gbmeéreéﬁ 8&%@:@%0

ethyledd glycobhisi3edomnopting &Ber)d\ NS ;Nhtetbaaa&tmaaom Zarbonate
B e BRI o nc

[:ﬂﬂ}&‘%ﬁl@@m@m rafcioifibelEdNoghipericimé {18 51(d.-ChFg opmedy pdd cesium
carbonate (26 mg, 0.76 mmol) were added and stirred an addional day. The
reaction mixture was diluted with ethyl ether and then washed with saturated
agueous sodium bicarbonate and brine. The organic layer was dried
{Na=S0y), evaporated to dryness, and then purified on a Biotage™ Flash
128 column using 0-70% ethyl acetate in hexanes as eluant to afford title
compoﬁnd 31A-1 (34 mg, 56%); "H NMR: +ESI MS (M+1) 399.4; (400 MHz,
CD.Clp) 6 8.51 (s, 1H), 7.56 (dd, J = 7.5, 1.7 Hz, 1H), 7.47-7.34 (m, 5H),
7.23(d, J = 9.1 Hz, 2H), 5.71 (septuplet, J = 6.2 Hz, 1H)s 1.50 (d, J=86.2 Hz,
6H).

The compounds listed in Table 1 below were prepared using
procedures analogous to those described above for the synthesis of
Compound 31A-1 using the appropriate starting materials which are
available commercially, prepared using preparations well-known to those
skilled in the art, or prepared in a manner analogous to routes decribed
above for other intermediates. '

Tahln 20N
£ MIC L8



5 (2,4-dichlorophenyl)-4-methyl-1 H-pyrazole-3-carboxamide
hydrochloride available from Amersham Biosciences, Piscataway, NJ.

[3H]CP-5594

0 - radiolabled 5-(1,1-di§g

thylheptyl)-

2-[5-hydroxy-2-(3-

hydroxypropyl)-cyclohexyl]-phenol available from NEN Life Science
Products, Boston, MA. 10 AM251 - N
-(piperidin-1-yl)-1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4- methyl-1

%g gé?;-carboxam' available from TocrisTM14, Ellisville, MO., All
of thepgompaunds listed in the Example section above were tested W‘ I-@*
B-1 receptar binding assay below.|The compounds provided a ragge 5
ofbingipgractivities_fram 0. 1AM to O%M wigh-the exception of Examp
19A-1 whichlhad a binding}gct;‘\)ﬂtv 2.8 iM‘and 'xample 19A-2 w#i?: i
H a bingingrapitdiyof 1.2 nMcEiose dompogggs haying a8 -
Mmexelhmgesl%d_in_ﬁhe CRE}GTP [35S] Binding Assay
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Preparation of 1-]9-(4-Chiorophenyl)-8-{2-chlorophenyl)-8H-purin

radjoJabeled CB-1 Tigand) and [3H] 154 5-(1, I-dmethytheptyt)-2-{5-

roxy 23 Sy ro@ﬁﬁw}ﬁ%mﬁexyu-phéﬁ B ([3H] CP=64Br0; | 4134

radgo,llitz%ed CB-i{gil%b%élgﬁQg%to their res&ecﬁve rece tglg. 309 4
31A-12 Z-methyiphenyi Ci -OiPr 378.4
31A-13 2-chloropheny CFs -OCH,CF; | 473.4
31A-14 3-chiorophenyi CFa ~OCHCF3 473.4
31A-15 4-chlorophenyl CFa -OCH,CF3 473.4
31A-16 2-methylphenyl CF3 ~-OCHCF; 453.4
31A17 3-chlorophenyl Ci -OCH,CF; 439.3
31A-18 2-methyiphenyl Ci ~-OCH,CF3; 4191

| Example 32

Q II,
ok ¥ ol i A el

piperidin-4-one oxime (324A-1):
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Rat CB-1 Receptor Binding Protocol s PeiFreeze brains (available from
Pe( Freeze Biologicals, Rogers, Arkansas) were cut up and placed in
tissue preparation buffer (5 mM Tris;HCI, pH = 7.4 and 2 mM EDTA),
polytroned at high speed and kept on ice for 15 minutes. The
homogenate was then spun at 1,000 X g for 5 minutes at 4 C. The
supernatant was recovered and centrifuged at 100,000 X G for 10 1 hour
at 4 C. The pellet was then re-suspengetkig 25 ml of TME (25 nM Tris,
pH=7.4,5 mM MgCI2, and EDJA) ger brain used. A protein assay
=
was performed and 200 p1 of.tissuen p
assay. The test compounds were dil
1s DMSO and TME) and then 2 ere added to a(gfep well
polypropylene plate. [3H] SR14 ks diluted ina ligand buffer (0.5%
BSA plus TME) and 25 ul were added to the plate. A BCA protein assay
was used to determine the appropri@@ﬁtiésue concentration and then 200

1 of rat,b ti t trati t h
Dite. TR DI 30 ita oy RPCaP Al M Eie o AR PR RN Sr oty I
Gmpamm:teé-@mmﬂeaﬁ {(@bthegincuFationgdpaod ﬁ@ﬁmiﬁwﬁmmbtyfdhoctﬁ%nde

Ius T Was dded to the r tio plate lates w
r?arvesEn% 'by SR ohtd! %I% %at 5” 8854 %gom%ﬁﬁg
memwwm@cﬁwdtmmasmalsetdetwmetrﬁdiedlIfms*wetardtad aummmgmt

B A i A SR o o
Humesn@BiddRe ceéfitat RiedingPmind@Hunndnfempneiis) kerep@rs +ES!

R ORIy Al e el A sl 26 5, 1)

hnmg@mzaammfferwiomm EBTA.40 (VISEG T8 ﬂ@ijH\&l? Hz, 2H),

el B 3en: i Moo & B el = 5.8 P 21

 PHARMACOLOGICAL TESTING
The utiiity of the compounds of the present invention in the préctice of

thin drug bt r(05% BSA, 10%

the instant invention can be evidenced by activity in at least one of the
protocols described hereinbelow. The following acronyms are used in the
protocols described below.

BSA - bovine serum albumin

DMSO - dimethylsulfoxide

EDTA - ethylenediamine tetracetic acid

PBS - phosphate-buffered saline ‘

EGTA - ethylene glycol-his(B-aminoethyl ether) N,N,N',N-tetraacetic
acid '

GDP - guanosine diphosphate

sc -~ subcutaneous

po - orally

ip - intraperitoneal
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at 1,000X g for 5 minutes at 4 C. The supernatant was recovered and
centrifuged at 25,000X G for 20 minutes at 4 C. The pellet was then re-
suspended in 10 ml of homogenizatigss buffer and re-spun at 25,000X G
for 20 5 minutes at 4 C. The final pellet was re-suspended in 1ml of TME
(25 mM Tris buffer (pH = 7.4) containing 5 mM MgCI2 and 1 mM EDTA).
A protein assay was performed and 200 | of tissue totaling 20 g was
added fo'th&'HSsEg efHe R ESHIBbunds were diluted in drug buffer (0.5%
BSA, 10%ipMa@angd TME) and then 25 .d were added to a deep well
polypropylene io plate. [3H] SR141716A was diluted in a ligand buffer
(0.5% BSA plus TME) and 25 p1 were added to the plate. The plates were

covereghiaraipiaqed g andarIBBIEANEOY @r&@%m&mbman@@m -
the incubation period 250 pl of stop buffer (5% BSA plus TME) was

Ldedic0'preragRNb RN MR dlers SRR BEVEsR Iy Gblardie
AuENATE Blterpats aiaReakestiRASE FAdSRe/ay) Rls TME. Each filter

was waghed twice. The filters were_dried gvernight. In the morning the
filters werEdoiinedbn Yk EatdplatiTitRunsRY agairabie i 2-(3-
RediERes e wianeaaT Mh&esiavaiiie. fdinNRecemeSBiading

Protocol 20 Chinese hamster ovary-KI (CHO-KI) cells transfected with
BESUGSNACRBEiNL from Dr. Debra Kendall, University of Connecticut)

were hanesied /in-fispugianepaiation butigithoriyneis i€l autes fparyl)-4-
7.4%Hcontaining 2 mM_ EDTA), polytroned at high speed ,anglq keﬁ%o,n ice for
meHutesPRF RS GBHAR SRR thavrdaRIPA A0 d6%  for & HiMiited AP
4 C. The 25 supernatant was recovered and centrifuged at 100,000X G for
1 hour at 4 C. The pellet was then re-suspended in 25 ml of TME (25 mM
Tris bufier¥pie-CoapeYREsiRtFs mﬂwgmh% %HM'E%’PX)? B ted
isate SRroteiBepisRyindinPerterpetiand 206 ebtisruminialingideda range

was added to the assay. 30 The test compounds were diluted in dru

.ad th . . g
plFEKESoshdles omBMIaMAR oMb tiRS geaRbamef fsmaple
added {piBs H88RBHding activity of 2.8 nM and Example 19A-2 which

demonstrated a binding activity of 1.2 nM. Those compounds having an
activity <20 nM were then tested in the CB-1 GTPy {*°S] Binding Assay and
the CB-2 binding assay described below in the Biclogical Binding Assays
section. Selected compounds were then tested in vivo using one or more of
the functional assays described in the Biological Functional Assays section
below. '
In Vitro Biological Assays

Bioassay systems for determining the CB-1 and CB-2 binding
properties and pharmacological activity of cannabinoid receptor ligands are
described by Roger G. Pertwee in "Pharmacology of Cannabinoid Receptor
Ligands™ Current Medicinal Chemistry, 6, 635-664 (1998) and in WO
92/02640 {U.S. Application No. 07/564,075 filed August 8, 1990, incorporated
herein by reference).

The following assays were designed to detect compounds that inhibit
the binding of [°H] SR141716A (selective radiolabeled CB-1 ligand) and [PH]
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156 polypropylene plate. [3H] CP-55940 was diluted a ligand buffer (0.5%
BSA and 99.5% TME) and then 25 | were added to each well at a
concentration of 1 nM. A BCA protei Assay was used to determine the
appropriate tissue concentration and 200 d of the tissue at the
appropriate concentration was 5 added to the plate. The plates were
covered and placed in an incubator at 30 C for 60 minutes. At the end of

the inculiatiemieriash 200 [Dhstaphuftes (96:BRMo piuy TME)oMas AHgRenol

oA B ROl RS 3 415 1R PR TMES Bt Rrer

wascwiashed twice. The filters were dried 10 overnight. The filters were

aesaerepregatedfrom-SHO
transfected|mitie Ab e himaan faBabeeseptor ePNAcMeRibiasiesiweregers,
prepared from cells as described by Bass et al, in "Identif'ca&ioggnd .
CHURISAS A D PHbYBI AR SARSY é&tﬁﬁ%&@ﬁﬁ?g@%@m&é giap MM Tris

Ph@gmﬁﬁgmg)ﬂ ggd@ilﬁﬂlﬂ%@]}g@%?@ﬁﬁ’ﬁd@?w e ﬂ@@é@’}{gow,%ﬂ%n ice
performed in a ell FiashPlate™ format in duplicate using 1 M .

B BERNIRF 10 AR LR IREI A A Bl dorh s Qi Pa s tes
W%M’ H@J;(;Crhepﬁ;aeglnggmwlv&é%ﬁ%ﬂeﬁ?ﬁ@dﬁMrﬁMg@%&ﬁ@MO X G for
EGTA, 1 M , M GDP, 0.1 % bovine seru [

LN ot RIS 1050 B HBRaBaEm a8 B TE 135 v
bemgapidiag, 5, GmamRiTL) & e/MHelBEPTA) Dae Bsaayuty Wwaprisien
incubated with increasing concentrations of antagonist (10-10 M to 10"5
VESERY B ARIRRES HREL ARt Wi tRE AR Sl K SRS v e a e

(],%g@y_Assays were performed at 30 'C for one hour. The FlashPlatesTM
25 were then centrifuged at 2000Xg for 10 minutes. Stimulation of

GTPy[3531e BRRIAGTA Heh ek HHeipt dm G R A RiiE Mkl BrACEB %
C@Jm@@%dpmgl@mﬁé%w s Ryt aRinad iy e ARaNisE RS ylene
measured in the absense of agonist. CB-1 FLIPR-based Functional
Akede PEdcOR 1417 16A was diluted in a ligand buffer (0.5% BSA plus TME)
and 25 il were added fo the plate. A BCA protein assay was used to
determine the appropriate tissue concentration and then 200 pl of rat brain
tissue at the appropriate concentration was added to the plate. The plates
were covered and placed in an incubator at 20 °C for 60 minutes. Atthe end
of the incubation period 250 pl of stop buffer (5% BSA plus TME) was added
to the reaction plate. The plates were then harvested by Skatron onto GF/B
filtermats presoaked in BSA (5 mg/ml) plus TME. Each filter was washed
twice. The filters were dried overnight. in the moming the filters were
counted on a Wallac Betaplate™ counter (available from PerkinElmer Life
Sciences™, Boston, MA).
Human CB-1 Receptor Binding Protocol
Human embryonic kidney 293 (HEK 293) cells transfected with the
CB-1 receptor cDNA (obtained from Dr. Debra Kendall, University of

Connecticut) were harvested in homogenization buffer (10 mM EDTA, 10 mM
EGTA, 10 mM Na Bicarbonate, protease inhibitors; pH = 7.4), and
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157 CHO-K1 cells co-transfected with the human CB-1 receptor cDNA
(obtained from Dr. Debra Kendall, University of Connecticut) and the
promiscuous G-protein G16 were usgg for this assay. Cells were plated
48 hours in advance at 12500 cells per well on collagen coated 384 well
black 5 clear assay plates. Cells were incubated for one hour with 4 M
Fluo-4 AM (Molecular Probes) in DMEM (Gibco) containing 2.5 mM

praheoigihiead Wity gﬂ];lf)aﬁgé @L@ﬂ%@eﬂﬂi@mﬂﬁé W@ﬂ?&)b Qgﬁ@ﬁ&%@@@%n spun
times wi EPES- huffered saline (containin obenicid; 2.5 mM) to

e O T D T RAES Sl SR B aUER TR
in@@gﬂ(‘)&ﬂ@@»%@d HoomEscenas lzolgfvﬂd%_m;@smnmuw%lwmm -| Qsetﬂaeuler@-

an second. periodg. Compoung a Itions were made sim t

o SRRRORS AP 56 oL SERBH Eael 0N (ot e PR & Tor 20
trmﬁi@atesaam@gomhgcﬁn@ep@mtgmaga@pﬁm@@?tﬁwesmwﬁit’ém (25 mM Tris
Aptggonist compounds were subsequently challe ith 3,M WIN
B e ol G S TSt earg T LR o Ao assay
Detectienoitieeri 20onists foa.otowing 2CligAME Rtsay reiectsay.

using intact cells was used to determine inverse agonist activité. . Cells

were plaldtfitRsiLoBRRMMEIRYEEE & e uengPeifenB o °rs, 0650
cejigger well ahasencamcatien of LaR! asaets Ef@ee@tséa%@/paopyxene

incubated for 24 hours in a 37 C incubator. The media was removed and

nidaig il PEethiT (Pdovpwddideden. arhaanatbsiipsrO henBehriusdT ME)
fAL B ROUFS RIS GG VIR I BRIBE ST SRREINIRGLHM dBaced in

added to each well 25 followed by 10 pi of test compound (1:10 stoc
setiveURSeR Mt B o $thmMBB) iAidBew D MBDHBSdtitadedxd 250

P G e TN R A0SR R Fron Rl e
Spidiethwarethambsresiovdr;, Moot 6rad N HEB fivesradd erteswhitsehin
neuRated 10n 48 BILH4GHET OO fiiter was washed twice. The filters were
dried overnight. in the morning the filters were counted on a Wallac
Betaplate™ counter (available from Perkinkimer Life Sciences™, Boston,
MA).
CB-2 Receptor Binding Protocol
Chinese hamster ovary-K1 (CHO-K1) cells transfected with CB-2 cDNA

{obtained from Dr. Debra Kendall, University of Connecticut) were harvested

in tissue preparation buffer (5 mM Tris-HCI buffer (pH = 7.4) containing 2 mM
EDTA), polytroned at high speed and kept on ice for 15 minutes. The
homogenate was then spun at 1,000X g for 5 minutes at 4 °C. The
supernatant was recovered and centrifuged at 100,000X G for 1 hour at 4 °C.
The pellet was then re-suspended in 25 mi of TME (25 mM Tris buffer (pH =

~ 7.4) containing 5 mM MgCl; and 1 mM EDTA) per brain used. A protein

assay was performed and 200 pl of tissue totaling 10 pg was added to the

assay.
The test compounds were diluted in drug buffer (0.5% BSA, 10%

DMSO, and 80.5% TME) and then 25 ul were added to the deep well
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in FlashPlateTm cAMP assay kit available from NEN Life Science
Products 158 Boston, MA) into a Flaghplate. cCAMP standards and cAMP
tracer were added following the kit's protocol. The flashplate was then
incubated for 18 hours at 4 C. The content of the wells were aspirated

and counted in a Scintillation counter. 5 In Vivo Biological Assays
@@d}qﬁbﬂd@&gﬁﬂi@ts[&%lﬁ)é’s%ﬂmhydﬁn@ﬁ@lﬁmQAMF&H(C@én%l BSA

CP- een,show ect four ch acter|s viors | .
e T e e R Vi P S B S Bl Rrtration
befhaviors A68C /SpritkeiR Bsset atain (Ebe hdsnracdiagibal appvityrefie tissue

anandamide, a n enous abinoid, in mice.
SRR AN ol B ST (SRR SosoaRin was
Mmma@gtgt@wmué ptacts WEranaieRBtdmi sRisedErrad. incubator at
Pharmacol., 276(1-2), 49-54 (1995). Reversal of these activities in the

B0 CRETIRYE athlcsye e G e RLERPPIGE 15 2 shii S1OP
dagfebetbaiow provides-a seieandenitovMe aciiMiropieR:1 the plates were

antagonists. AII ata |s resented as % reversal from agonist alone usi SgA 5

tHRERIMRRNATRY AgBnRt oVl B JURrRnAvameRITERRIE B
veliciaiages WFN %QHM@}W@%%@W@@@WH@W&@ heragnpist

activity or non-antagonist activity. Positive numbers indicate a reversal of

RV SEHG- for Beatifaitiv(REr 160 CStBiRstSIHER RAlRISRRARIGS (Reginter.
17-19 g, Charles River kaharaiqries;tag BIM\H’HH%QQ}{ MA) were

pre-treated with test compound (Sc, po, Ip, or ICy).” Fifteen minutes later,

the mich @t ehafeveielRRPEC SEURESS)- 55 aelermiahletmitirged with
Qﬁéfﬁbﬁéﬁ%ﬁﬁﬁ'?&fétﬁer EISNICRAWRTGr RIS U 53 a’*r%féﬂﬁd%ﬁg;%’?ls as

(431.8 cm x 20.9 cm x 20.3 cm) containing clean wood shavmgs The

siisjechendre Baswetiab exgrretéisrdiondangsdona erakation of novel
somatostatin antagonists,” Molecular Pharmacology, 50, 708-7186 (1996).

GTPy [*°S] binding assays were performed in a 96 well FiashPlate” format in
duplicate using 100 pM GTP¥[*°S] and 10 pg membrane per well in assay
buffer composed of 50 mM Tris HCI, pH 7.4, 3 mM MgClz, pH 7.4, 10 miM
MgClz, 20 mM EGTA, 100 mM NaCl, 30 uM GDP, 0.1% bovine serum
albumin and the following protease inhibitors: 100 pg/ml bacitracin, 100
pg/ml benzamidine, 5 pg/mi aprotinin, 5 pg/ml leupeptin. The assay mix was
then incubated with increasing concentrations of antagonist (10™° M to 10
M) for 10 minutes and chalienged with the cannabinoid agonist CP-55940
(10 uM). Assays were performed at 30 'C for one hour. The FlashPlates ™
were then centrifuged at 2000Xg for 10 minutes. Stimulation of GTPy[*®S]
binding was then quantified using a Wallac Microbeta.ECs calcula .
using Prism™ by Graphpad.

Inverse agonism was measured in the absense of agonist.

CB-1 FLIPR-based FFunctional Assay Protocol




i0

15

20

23

30

about 5 minutes and the activity was recorded by infrared motion
detectors (available from Coulbourn Instruments TM, Allentown, PA) that
were placed 30 on top of the cages,Fhe data was computer collected and
expressed as "movement units." 159 Catalepsy Male ICR mice (n=6;
17-19 g upon arrival) were pre-treated with test compound (sc, po, ip or
icv). Fifteen minutes later, the mice were challenged with CP-55940 (sc).
Ninety @HtiHéd pedsinjetiors;totethicéhwite supraie 6 Brla 6t piartediA

Q%a“ §*%ed (94 1199y ?R%r% he'ﬁ.% @ P&%A@Eﬂ&ét Theyripg was

oun edina horlzont orlenta Io0n-an ouse was sus ended in the
pagnubtoeunGrithitsreCadiing yraddaripngssry peiteteergnated 48

uration that he m letel ionl
R TR e g e I BT aleR i X heen 852148 SEE MRl black
viere presenittass mmemmnnwﬁnhtwafmng}nﬁwbaanngth/\m;sftﬁaﬂﬂumed\M

ividing the nu use re otignless e
Rl T AR B PR A N SR e
pereent rayfergamee) thibeaglatest we&atlﬂaﬂmhmﬂmdcﬁ tH}@@mém&m&F@ES-

che 17-19 ona retreated with t
AR et ol i e O e
%mm@mgmmm -5EORDIRR) irtivyHfiimidyramdtisqrestence

onist injection, rectal body temperatures were take W,

TR SRR DB S B0 ey 3G b Cpoe Y
eetiition2 vdempeckiwies iere cachy de ciic3iBe welisesttes 20 obaateigroé

Plate ale ICR mice 7 171 on arrival) ar r h

e T e el et G
c@aﬂenge@umﬁs@eaermbmoﬁdmgmmeerﬁﬁ@aﬁc(s@emﬁwﬁeqmmﬁms
oo, 20 et VAR B85 1o VB " FURIORRR R Bed using
Graph Pad Prism. :

Detection of Inverse Agonists

The following cyclic-AMP assay protocol using intact cells was used to
determine inverse agonist activity.

Cells were plated intc a 96-well plate at a plating density of 10,000-
14,000 cells per well at a concentration of 100 pl per well. The plates were
incubated for 24 hours in a 37 °C incubator. The media was removed and
media lacking serum (100 ul) was added. The piates were then incubated
for 18 hours at 37 °C. '

Serum free medium containing 1 mM IBMX was added to each well
followed by 10 pl of test compound (1:10 stock solution (25 mM compound in
DMSO) into 50% DMSO/PBS) diluted 10X in PBS with 0.1% BSA. After
incubating for 20 minutes at 37 "C,'2 uM of Forskoiih was 5added and then
incubated for an additiona! 20 minutes at 37 °C. The med.ia was removed,
100 ul of 0.01N HCI was added and then incubated for 20 minutes at room
temperature. Cell lysate (75 pi) along with 25 pi of assay buffer (supplied in
FlashPlate™ cAMP assay kit available from NEN Life Science Products



10

15

20

25

30

(Columbus Instruments). The hot plate was 10" x 10" x 0.75" with a
surrounding clear acrylic wail. Latency to kick, lick or flick hindpaw or jump
from the platform was recorded to thggnearest tenth of a second. The
timer was experimenter activated and each test had a 40 second cut off.
Data so were presented as a percent reversal of the agonist induced
analgesia. 160 Food Intake The following screen was used to evaluate
tmgﬁh@amgnmesia Cdawpplatts foARilsitimg! éo0d angdlk@ANP tracer were

g R A e S

Theuratstwere, |rmmomaih3ehbuéémbamlls°wbpewdpn@da§hem Theyptedio a
Wafd on a 12-hour light/dark cycle and received food and water ad
198 SRIAAH were acclimated to the vivarium for a period of one

Week before testing was chnitineteBidlegticay uémsompleted during the

light portion o cIe To ond tth ki intake effica

were A AREABN AR B bAGe TRE B LB ) and
t@mﬁfmmg\@w@ﬁsmf@ﬁmmwmmfmmhemuenagmmtmice
rats were dosed the foIIow mg with ve {é:le or ;éﬁst com ounds. A

KARART RSO WS WSl TSR BIL L ES Rt %2}4% see
CSRY, g@pé@gewm@;@l@mmcaomm@f Fherdshuidmpopnotigive

weredosedatra sbet eenOl 00 mg/kg depe ng nth
TSRS 56 G AR O R oD T e RS -

amiﬂfowmfaﬁd\ﬂ&qldﬁ qf agnainistradieorivasativel dtiowave sitiferet

vehlcles and routes qf dministration were 2 0
TR e B G00 ALE ) 8 el gpvereal o
nifritie seligfislosingand tgrQromatiditoCetsd fegd Hmahﬂweystrarrand Hot
I%olumbus Ins rume%ts, %ﬁ]umbus hlcr)%was started. Ind|V|dugl Er,[at [}% 1
IRle free BRIkt R R BRI B R lE SR s PP

henwtisgdMkRes required, food intake was recorded manually using an

All data is presented as % reversal from agonist alone using the
following formula: (CP/agonist - vehicle/agonist)/(vehicle/vehicle -
vehicle/agonist). Negative numbers indicate a potentiation of the agonist
activity or non-antagonist activity. Positive numbers indicate a reversal of
activity for that particular test.

L.ocomotor Activity
Male ICR mice (n=6; 17-19 g, Charles River Laboratories, Inc.,

Wilmingion, MA) were pre-treated with test compound (sc, po, ip, or icv).
Fifteen minutes later, the mice were challenged with CP-55940 (sc).
Twenty-five minutes after the agonist injection, the mice were placed in clear
acrylic cages (431.8 cm x 20.9 cm x 20.3 om} coh_taining clean wood
shavings. The subjects were allowed to explore surroundings for a total of
about 5 minutes and the activity was recorded by i.nfrared motion detectors
(available from Coulbourn Instruments™, Allentown, PA) that were placed
on iop of the cages. Thé data-was computer collected and expressed as

“movement units,”
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25 electronic scale; food was weighed every 30 minutes after food was
provided up to four hours after food was provided. Compound efficacy
was determined by comparing the fpgd intake pattern of
compound-treated rats to vehicle and the standard positive control.
Alcohol Intake 30 The following protocol evaluates the effects of alcohol
intake in alcohol preferring (P) female rats (bred at Indiana University)
with an 161 extensive drinking his@@i@gﬁollowin‘g references provide

detailed 080" Bl L K ohalHaiana secln Sl oot

on alcoho relate or§ In pmen
Pd:(anpaunde{aenpomow feds MiGleamicuies RérichaRmiceandErwin V.

A0t S MR R e o v

prédesehor arfd&onps&eiemétﬁ&l@m@@ﬁ@adﬂ@emMemmgmrtg about 12

e e Y oGl umeng, L,
e@%[.égD 1“& ren ens%\%le@ﬁgglé ang (t:%]hcgrl- re er%r%ng%ghh\ 6dse was
-rsaﬁpmféaringl thts Q&Zhanmothmt?hémaBehdm!%p&%@,ﬂp@@@@@g)

L b T g e A A0 A

nﬁamtauhédmaarmiergenmm@mwmpemﬁmer m@nadtiotespitied.

S S R SRRy

Am?ﬁﬂinu!ateﬁ Broliyiding doe dosetiesvteaguisdtiie T8 smeGRI0Pp 4 -

VAR O BRI I\l TR S SO

' v@auﬁdo@ﬂm ermlmemebﬁloth@gmehmeM@@@a@fdam

first two days of the experiment. g?'!g&gﬁme%ollowed by 2 days of drug

injections (to the appropriate gro al day of vehicle injections.

On the éfalgiKjEttionelfysddidgtSerpaivarive 3earinutekqsiod toitn test

- ZhaslnaboLacssshRsiash Aterhdl iRkedoTAl: mice were challenged

with the cannabinoid agonist CP-85940 (sc). Sixty-five minutes post agonist
injection, rectal body temperatures were taken. This was done by inserting a
small thermostat probe approximately 2- 2.5 cm into the rectum.
Temperatures were recorded to the nearest tenth of a degree
Hot Plate

Male ICR mice (n=7; 17-19 g upon arrival) are pre-treated with test
compounds (sc, po, ip or iv). Fifteen minutes later, mice were challenged
with a cannabinoid agonist CP-55840 (sc). Forty-five minutes later, each
mouse was tested for reversal of analgesia using a standard hot plate meter
(Columbus Instruments). The hot plate was 10" x 10" x 0.75" with a
surrounding clear acrylic wall. Latency to kiek, lick or fiick hindpaw or jump
from the platform was recorded to the nearest tenth of a second. The timer
was experimenter activated and each test had a 40 second cut off. Data

were presented as a percent reversal of the agonist induced anaigesia.
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animals was measured during the test period and a comparison was
made between drug and vehicle-treated, animals to determine effects of

‘the 25 compounds on alcohol drinkir}; behavior. Additional drinking

studies were done utilizing female C5/B1/6 mice (Charles River). Several
studies have shown that this strain of mice will readily consume alcohol
with little to no manipulation required (Middaugh et al., "Ethanol
Consumption by C57BU6 Mice: Irffloethdetak&ender and 30 Procedural

——— e =

Variableg,' . 17 75-183, 1999; Le et al.,../Alcohol 162
Conamm et Th el HaC b IR el R S B test o
Pavagigmid@Harrirdeblogy Biodhetalstn St Belellan kY, RTS STE, 4994).

For rpQses, upon arrival (17-19 g) mice were individually housed
aﬁ\é%H\E%?r\:{un%?hited access to powdered rat chow, water and a 10 % (w/v)
s alcohdVis@EUfipraAfee D2uBiaweekis efaralinbitethaddess, Ghteleydiver

restri or 0, nd alco restricted to only 2.hours acces
s B R T TR e M B 5 anc
Hedrp ofvtheathdhpart Ohehedighe oyaleaDeckariakifghbehdigiol stabitizeld
test Q ice onsidered stable when the avera
e R s o cor U G (o the
Diwetiwhtést aqraistdadbbal mwasskeetivintp stiety cha njeetitncted oiTigdting

Thirty Nyt injecti ccess,was_given to alcohol and
vv\’;:lét%f%i@l%g? ‘é?n”s?ﬁ?ﬁ&%n%ﬁt%fﬁ é)ayc\)/varsl%g%%?ated (9/kg) and groups
were asbigneddne{7i® foodtivbal giiopsynadreguivatabvisalrehsféntatdo
3..mi inject ith.vehicle or test compound an
e Y S o R S s
ameradaniectionsrnighs. giviiar atavessighbfpstdatsivee re pested the following

e e e B AR R e tonge @
begZBdhes @ ¢resitieacoohmpoand thabwias! apteutp sigaifiednthicidusiene (no
A LRI SUFRY QB R F BRYIRGS R G OOMAE  ces betwesn 0.1 and
100 mg/kg depending upon the compound. The standard vehicle was 0.5%
(w/v) methylcellulose in water and the standard route of administration was
oral. However, different vehicles and routes of administration were used to
accommodate various compounds when required. Food was provided to the
rats 30 minutes after dosing and the Oxymax automated food intake system
(Columbus Instruments, Columbus, Ohio) was started. Individual rat food

" intake was recorded continuously at 10-minute intervals for a period of two

hours. When required, food intake was recorded manually using an
eléctronic scale; food was weighed every 30 minutes after food was provided
up to four hours after food was provided. Compound efficacy was
determined by comparing the food intake pattern of compound-ireated rats
to vehicle and the standard positive control.
Alcohol Intake
The following prcjtocol evaluates the effects of alcohol intake in

alcohol preferring (P) female rats (bred at Indiana University) with an
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Oxygen Consumption Methods: Whole body oxygen consumption is
measured using an indirect 25 calorimeter (Oxymax from Columbus

~hastruments; Columbus, OH) in male Sprague Dawley rats (if anotherrat. -- -

strain or female rats are used, it will B8 specified). Rats (300-380g body
weight) are placed in the calorimeter chambers and the chambers are
placed in activity monitors. These studies are done during the light cycle.

RAgeiRihe @%ﬁ%&&?@ﬁ%ﬁﬁ@&??&%@& BVRlS BLERd

standard chow ad Tibitum.”During measurement of oxygen

cOpBEIMIRST, RdUTistiotialialfablel Basingierdoselesiipgestutiasumstionhol
Rt AmPYLHANACH VY, %l@%ﬁ%‘fﬁe&%’ﬁmﬁEMB#gtselgsf%%rwé)cgoeneﬂc

hours. At the end of th ;
ape@lied eel WeCnnrals dre BuritiitbtEret. casia flennsé 6 JoRpmmand's
(e isyialsipae 13906ds g‘-Q%FﬂfM%@Wﬁ%ﬁ'%ﬁkﬂﬁé%@%&ﬂ%, L,
of adninistration as specified,’i.e. s.c., i.p,, i.v.). Drugs are prepared in
b fyicBiRnosaitael criothih gleeliidvelsions texantblespreiaence”

REGAN AR eIy EXARIEHERD A0S 5‘?@%@?3,%@%%9@5 New York,
consumption a‘“n“‘d‘ﬁam'ﬁ‘fl_‘_ﬁe%ﬁgg‘m‘eau atory activi sured every 10.mintites for
amwaoetib At 178 iemblisnng. dosihgl. THaiDpnhserstivitietctcselbaned in

e C J A the f ir
st e g ot e eyl o
oldpul pertd98Be activity monitors have 15 infrared light beams spaced

one inchr gpaIf0R RAGR AR AMPHIANL RS '\4@%&%@5@8%3%3%%

consecutive beams are broken and the results are recorded as counts.

ReEdRPORgEEN derisahtiioratdDrRy pré Ohttepdrkdnsiiey, e stelame
PINEIS K AT NI S R e o
Seitdisgrpetiritialyassigedie frerdssupreauaied fhe sicahellinekem
t@‘?oup 1 - vehicle (n =8); Group 2 —positive control (e.g., 5.6 mgrkg AM251; n
= 8); Group 3 — low dose test compound (n = 8); and Group 4 - high dose of
test compound (n = 8). Test compounds were generally mixed info a vehicle
of 30% (w/v) B-cyclodextrin in distilled water at a volume of 1-2 mi/kg. Vehicle
injections were given to all groups for the first two days of the experiment. This
was followed by 2 days of drug injections {to the appropriate groups) and a
final day of vehicle injections. On the drug injection days, drugs were given sc
30 minutes prior to a 2-hour alcohol access period. Alcohol intake for all
animals was measured during the iest period and a comparison was made
between drug and vehicle-treated animals {o determine effects of the
compounds on alcohal drinking behavior.

Additional drinking studies were done ut'ilizinlg female C57B/6 mice
(Charles River). Several studies have shown that this strain of mice will
readily consume alcoho! with little to no manipulation requiréd (Middaugh et
al., "Ethanol Consumption by C57BL/6 Mice; Influence of Gender and
Procedural Variabies” Alcotiol, 17 (3), 175-183, 1999 Le et al., “Alcohol
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post-dose period. Change in oxygen consumption is reported as percent
and is calculated by dividing the post-dosing resting oxygen consumption
by the pre-dose oxygen consumptl% *100. Experiments will typically be
done with n = 4-6 rats and results reported are mean +/- SEM. 25
Interpretation: An increase in oxygen consumption of >10% is considered
a positive result. Historically,. vehicle-treated rats have no change in
o&ygeanuﬁimubypﬁﬁﬁ ol pre-dosedpasBIR 262 Mitainnsa: L Whiatiis.claipzed

'%a]raéig By : 1b 1rv- 5 | b. ngr%zéAr%aéréd %@ﬁ

each Indeperde

mdeperiﬂermlyrsmegm@ érmmhergmmjmtmmgh@ﬂéhme(ga*ws%atkbmyzsed
l..h bstituted Kk d cyanp; and.R1
oGRS PR SR e R R B A ey
MMWMT RERIRE @EP TUNRDSIAN @M%Wﬂéﬂ@%ﬁld@d for
N I EPTOR LI DS C ds of Form 1

B e P Iy S R R tres A b e
ctise&sesa_l imiceth & thetrirediabesopérodanaabioidste eptossontraniastspart
BrAsTgRegdeeren v

Once drinking behavior stabilized, testing commenced. Mice were

considered stable when the average alcohol consumption for 3 days was +
20% of the average for all 3 days. Day 1 of test consisted of all mice receiving
vehicle injection (sc or ip). Thirty to 120 minutes post injection access was
given to aleohol and water. Alcohol consumiption for that day was calculated
(g/kg) and groups were assigned (n=7-10) so that all groups had equivocal
alcohol intake. On-day 2 and 3, mice were injected with vehicle or test
compound and the same protocol as the previous day was foliowed. Day 4
was wash out and no injections were given. Data was analyzed using
repeated measures ANOVA. Change in water or alcohol consumption was
compared back to vehicle for each day of the test. Positive results would be
interpreted as a compound that was able to significantly reduce alcohol

consumption while having no effect on water

Oxyvgen Consumption

Methods:

Whole body oxygen consumption is measured using an indirect
calorimeter (Oxymax from Columbus Instrumen’ts, Colurnbus, OH) in male
Sprague Dawiley rats {(if another rat strain or female rats are used, it will be
specified). Rats (300-380g body weight) are placed in the calorimeter
chambers and the chambers are placed in activity monitors. These studies
are done during the light cycle. Prior to the measurement of oxygen
consumption, the rats are fed standard chow ad libitum. During the
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measurement of oxygen consumnption, food is not available. Basal pre-dose
oxygen consumption and ambulatory activity are measured every 10 minutes
for 2.5 to 3 hours. Atthe end of the basal pre-dosing period, the chambers
are opened and the animals are administered a single dose of compound
(the usual dose range is 0.001 to 10 mg/kg) by oral gavage (or other route of
administration as specified, i.e. s.c., i.p., i.v.). Drugs are prepared in
methylcellulose, water or other specified vehicle (examples include PEG400,
30% beta-cyclodextran and propylene glycol). Oxygen consumption and
ambulatory activity are measured every 10 minutes for an additional 1-6
hours posi-dosing.

The Oxymax calorimeter software calculates the oxygen consumption
(mifka/h) based on the flow rate of air through the chambers and difference
in oxygen content at inlet and output ports. The activity monitors have 15
infrared light beams spaced one inch apart on each axis, ambulatory activity

is recorded when fwo consecutive beams are broken and the results are

- racorded as counts.

Resting oxygen consumption, during pre- and post-dosing, is
calculated by averaging the 10-min O2 consumption values, excluding
periods of high ambulatory activity (ambulatory activity count > 100) and
excluding the first & values of the pre-dose period and the first value from the
post-dose period. Change in oxygen consumption is reported as percent
and is calculated by dividing the post-dosing resting oxygen consumption by
the pre-dose oxygen consumption *100. Experiments will typically be done
with n = 4-6 rats and results reported are mean +/- SEM.

Interpretation:

An increase in oxygen consumption of >10% is considered a positive
result. Historically, vehicle-treated rats have no change in'oxygen

consumption from pre-dose basal.
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Claims :

What is claimed is;

1. A compound of Formuta (1b)

wherein

A and B are each independently a phenyl substituted with © to 3
substituents independently selecied from the group consisting of hale, (G-
C.ialkoxy, (C4-Cuyalkyl, haio-substituted (C;-Cs)alkyi, and cyano; and

R"is hydrogen, (C:-Cyalkyl, halo-substituted (C-Cgatkyl or (C—Ca)alkoxy.



165

ABSTRACT

PURINE COMPOUNDS AND USES THEREOF AS CANNABINOID RECEPTOR
LIGANDS

Compounds of Formula (i) that act as cannabinoid receptor ligands and their uses

in the treatment of diseases linked to the mediation of the cannabinoid receptors in

animals are described therein.

!
1 ifj
R Ne "
%E f}"** A



