WO 2009/ 038752PCT/ US2008/ 010877 3- SUBSTI TUTED 1, 2, 3- TRI AZI N-4- ONE' S
AND 3- SUBSTI TUTED 1, 3- PYRI NI DDMONE' S FOR ENHANCI NG GLUTANI ATERG C
SYNAPTI C REGPONBESs2 Fi el d of the Invention 5 This i nveRCIas200&0WHESs
t o conmpounds, pharmaceutical conpositions and nethods for use in the

prevent i QrypRer i eALNENY3-SRIAZIRDL ONE S AW B SUHHMTUTED YSIFYRIVMIDIN-
enhanc ey A6 RIAPRNCINECELYTAMATE: Qlﬁﬁﬁpﬁﬁmwmts@r Ks

responsi b are i nvol ved
in basic functions such as breathing, to nore conpl ex functions such
10 as nmenmuy ofifhd 160&tiohi on. | nbal ances in neuronal activities between
different brain regions may |lead to a nunber of disorders, including
psychidatric and neurel ogi cal disorders, including menmory inpairnent,
Par ki nsoqn. s, .di sease [ [ ' 1 Gl f i

o mood dPEIHERaT FauBR eERBALRE el Sl Al dnd it Bk W e
def i ci engyeveitidhomt alesarhi 6f ceabtad iisuificnay inchalimknhinvementarréosptonr

aspect, the invention relates to conpounds useful for 15 treatnpent of

such condicHienag ThiyaaRtet Hogan &FNGEWGSPPH%E]@ lf?fo"r?ﬁB‘Eﬁhfga‘f‘%?' igﬁgﬁ brain

treatme nﬂleBﬁL%{rg BvARRY okl Mg tiond fHeh BE @Rtz 2B Rhdre 8éthlBx SinetidHE such
rom Un

priority ited States Provisional Application serial 20 nunber
US60/1994 a5m8mofy dndcboSutive fipbalag@s ippmnabictividienbstwegn different braip gegions

entire contents of LC i cat | I . e :
ner i n. - BRGH IR AA Pt PR oA RA Rl Blcfib O ofs Bl R aing
Synapses nidmdFpiipasinieas Parkinsoivaliseass, Sohfzophraiin astatiml defieis anduffectivessres
of postsynaptic, ionotropic, receptors. ,These ¢l asse re usual | .
r ef er r ed magdalisopdorsarespiraleryAAchiessi aandNg fsprigys- %%a?fia%max PIEPE(“F\‘%KPPB&)
receptor 2 Al _ r I¢3 I |Adeasndent
Faat excrtA e B e e B e R e D
I eceptsor sregratent @ftsaclaconditioagend epdnde nf ysing theve ermpowids for sueh freatrnent.
Studies 30 carried out in slices of hippocanpus or cortex, indicate
that the AMPA receptor nediated fast EPSC is generally the dom nant
corrpone.ng{ep%e&gg AlatdRst gl utamatergic synapses. ANLE A receptors are
expressed throu Rout the central nervous system These receptors are
found in high concentrations in the superficial |ayers of neocortex,

|2 80 S/ag g 8 %)l‘fgg %%?;?%a %gt}?%?%é%%%ﬂ% oEr;lr Lﬂ:&g&' Eta%g%mv\ils\zl%nal Application serial

20 number US60/994,558, filed September 20, 2007, of iden_tical title, the entire contents of

which application are incorporated by reference herein.

Background of the Invention

25 Therelease of glutamate at synapses at many sites in mammalian forebrain stimulates two
classes of postsynaptic, ionotropic receptors. These classes are usually referred to as
AMP A/quisqualate and N-methyl-D-aspartic acid (INMDA) receptors. AMPA/quisqualate
receptors mediate a voltage independent fast gxcitatory post-gynaptic current (the fast EPSC),
whereas NMDDA receptors generate a voltage-dependent, slow excitatory current. Studies
30 carried out in slices of hippocampus or cortex, indicate that the AMPA receptor mediated

fast EPSC is generally the dominant component by far at most glutamatérgic Synapses.

AMPA receptors are expressed throughout the central nervous system. These receptors are

found in high concentrations in the superficial layers of neocortex, in each of the major
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The present invention includes; in one aspect, a compound as shown by structure I, and
described in Section I of the Detailed Description, which follows. Administration of
compounds of this class has been found to increase synaptic responses mediated by AMPA
25 receptdrs. The compounds of the present invention are significantly more potent than
previously descr'ibed compounds in increasing AMPA receptor function in primary neuronal |
cultures and in slices of rat hippocampus, and in enhancing cogn@tive performance, such as

performance in a delayed match to sample task. This unexpected activity translates into
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2- azabi oyel9lidrys L ¥t in the mBARRIoC ABAFA Pcbtdrshmph tHat memory or other
2-azabicyclo[2.2” 11heptyl and_ 1-azabi.cylo[3.2. 1]octyl. V%

20093 038 EERPCTINgEonDEF TuprEd. Suchcenditipns mayalseaysea soticplaRl, o n 1o

refer t ki | i LA BLAIHAGiBAh Bevind hydrogen (up to
10 car b%}]b%}iaggér]fg%/a t g%’ S{':%%étpai ns one o(?ﬂtwcl) sites of un-saturation, and

whi ch nmay be a straight chain, branched or cyclic. Exanples of

| kenyl t heny).. | : ‘ - ON€
2T 58 B i R Lol RO oGPPI

depression in a subject having respiratory depression, comprising administering to the

20  subject an amount of a compound of the invention, the amount being sufficient to reduce or
inhibit respiratory depression. In one embodiment of the invention, the subject is a human.
" In é.nother embodiment, the éubj ectis a mammal. Also claimed is a method for reducing or
inhibiting respiratory depression comprising administering to the subject an amount ofa
compound of the invention i conibination with an opioid analgesic; examples of such

25 opiates include but are not limited to, alfentanil and fentanyl.

In another aspect, the invention includes a method for reducing or inhibiting breathing -
related sleep disorders or sleep apnea in a subject having sleep apnea, comprising
administering to the subject an amount of 2 compound of the invention, the amount bemng

30 sufficient to reduce or inhibit the breathing related sleep disorder.

According to the methods, such a subject is treated with an effective amount of a compound



The term"allcynyl” is used therein to refer to a nonoval ent radi cal
cont ai ni ng_carbon and hydrogen (up to 10 carbon atons) that contains
at | east oN@2XP{& pond between carbon atons within t RETHSFIFOURYT
mhlch may be a stralght chai n, branchéd or cycllc 10 The ternmns
"substituted al kyl" "substi t ut ed al kenyl " and "substituted al kynyl"

LGRS L artoe D N B B Db PR RS B
ﬁ;: géleng Hﬁrﬁf&@éﬂﬁgaﬂy e@c@;ﬁé%@ Baxgho 'I'lﬁeSﬁZﬁ% Etheﬁol:@édt‘l dndt feshu@s yf the aimwehtion

t hi oan wal bscams, more felly, ap@pqegtfﬁl)qn thgfql]@@/mgﬂf:&algg gescgpﬁgkgr}] the invention is

alkoxyalk o, acylam no, acyloxy, 15
aryloxy, éry?m§wu;Pn%%£ dﬁ%oxghﬁ%ﬁ%ra rboxanldo t hi o, thioethers,

bot hssat urated and unsaturated cyclic hydrocarbons het er ocycl es and
the like. The term"aryl|" refers to a substituted or unsubstituted
monoval Pﬁfaﬂé?&?é‘frl'%m?“aéi@ﬁ nYEMNIRg a single ring (e.g., phenyl) or
nmul ti pl e condensed rings (e.g., naphthyl). O her exanples i ncl ude 20
het erocyclic aromati c (heteroaromatic) ring groups having one or nore
ni t r ogePefinitipgen, or sulfur atons in the ring, such as oxazolyl,

i soxazol yl, "pyrazolyl, thiazolyl, thiadiazolyl, triazolyl,
tetrazolyl, pyridazinyl, pyrimdyl, benzofuryl, benzothienyl,

benaim daz ek belb@tzoé theafalddwing db@rﬁﬂmeamdﬁsyinmdamd piitehiiaz c@tm:r, terms that
qui nolyl, isoquinolyl. imdazolyl, fur rr r|d t hi enyl
and i ndateyised glespiberths preseng PR ERtdRhaye H‘ﬁs“ﬂgg%&lﬁonﬁﬁg Rosg ?ﬁ“hs are
substi matic, substituted heteroaryl, or
substitg dﬁ tg¢%%§%E§%$%afﬁg?%?ﬁ S|gn|f|es that one or nore
substituents may be present, said substituents belng sel ected from

atons a oy, Mhich . when p ot . prevent. from
functio &gﬁ% Q]}y]p Jt Wi barest tocffgﬂﬁ‘?lﬁAﬁlﬂg Eagbrtageﬁ BURE ?IFI(I)tﬁ gdlgag @Eé{g Shpltes

of gu¥bstibbemiEhydhaien TRY D8 RHRSAMm) und vhidtsby bé Sstraagtn oRdin, bratched or
het eroaromatic group include, but are not |imt u such as

( Cl- C7) cydlieyBxanimtys € Akyh g1ups aeyethyhetis.aabyyl, n@l&b‘é’% ﬁog{f’@bﬂozr and

heteroag%ggggg#ﬁgen cyano, nitro, amdo (optionally substltuted WO
2009/ 03 1JS2008/ 010877 9 with one or two C1-C7 al kyl groups),
t hi oami do (optionally substituted with one or two Cl-C7 aIIcyI

(1 Cr) T sty e Qe e B e ) BB Bonotale POV,

am 9, c&kaigihg Yoy Baaitoas ar(cﬂiydﬁ‘a@en acyting \Exampleb of(wclc(a{k‘;yl ﬁ%)lps are

aryl oxyal | cyl 7) carboxyal |l c t hi o, (Cl C7)

t hi oet héyféoprsmﬂo%b@a%vb Rl A OO Y %?e%ﬂcs) cycl i

hydr ocar bons, (C3-C8) heterocycles and the like. It is noted t hat
each of the substituents disclosed herein may thensel ves be

subst i t Thethrm™Hityeloalkyl ligtsed hetehetoaefovipa by satanted snomgvalend aadiesdy | i ¢

T R A G R e L T A
het qrsocgﬁiu% aﬂermdyuw 2 biet@l BeyR@i2 il _f]llebﬁ_/(ﬂ aldbicyid]enihdel and

pyrr.olidine pholi ne, thionorpholine, piperazine, tetrahydrofuran,
tetrahybﬁﬁb&3&ﬁfmﬁﬂpyrrol|d|none 8- val erol actam 8-val erol act one
and 2-ketopi perazine. "5-ring heterocycles" refers to heterocycles
containing 5 atonms within the heterocyclic ring. "6-ring

het er oc &t e “aedbioysloatkyltdt eseddyprdie® refentoa faily gatGratetl onmovaleitiraditdie

heterocyclic. rin "5-rin teroaro cs! refers . ..
%ontammg uPQ{o 10 carliaonsganr&%y rogen an m%ro gen a%om in a bicyclic nng. Examples

30  of azabicycloalkyl groups a include 1-azabicyclo{2.2.2]octyl, 2-azabicyclo[2.2.2]octyl, 1-
azabicyclo[2.2.1]heptyl, 2-azabicyclo[2.2.1Theptyl and 1-azabicylo[3.2.1]octyl.



15 to heteroaromatics containing 5 atons within the heteroaromatic
ring. "6-ring heteroaromatics" refers to heteroaromatics containing 6
atons wi t WO20Hessiiat er oaromatic ri ng. Heterocycl es andPCT/US2008/010877
het eroaromati cs may be unsubstituted gor substituted as ot herw se
descri bed herein. 20 The term "substituted heterocycle" refers to a

het er ocpiGl@npSllidast i$eea heRattolrb@i tocnnbmivasniandicalrconinéng cardsi apdal
groups such as lower alkyl, acyl, aryl, cyano,. hal.ogen, am doa oh

t hi oanibydrogan [ipdo 1RypaibeR ptoms) Kisk Gontaips Qng,ey BF & Sifes of - iralpie And XivF

di al kyl - am no,. acyl am . &Y bthenyl, n-

car boxﬂ’&ﬁr%:eyar stral. ﬁ%g%%%@g?%’hf 1y1%,%xgﬂg?%%?géké§gg gﬂgt urated and
unsat uraked], ayiepicayhisdpoparhaysloptietnt, ogsiapeatenuiathyt i dyclobexeayl.

ot herwi se described herein. 25 The term "conpound” is used herein to
refe¥ to any specific chenical conpound disclosed herein. Wthin its

use in ﬁ%%%t‘ai?h@ i G&ed tﬂ?f@ﬁlrtélréf&t'b%frﬁ‘dn%vﬂ%téacﬁ&dl@blﬁaiﬁﬁi@ﬁw@d,an@Ut
es nmay als

I n certaininst o refer to stereoi soners and/or optical

i somer shydiozeh (it 1od Oendmohiabmes) ¢hat comgunadeaseonedtple vord be{MESH @RS
ds .and ' 1 xt f. 30, di ds. WO
006/ 038D B Ry Db Y b2 pot el e et BRBEeR o 1 Ts

I ntended use to effect an intended result, for exanple, to enhance

gl utamat ergi c synaptic response by increasing AVPA receptor actiyity.

Thelr cBledermaseubreb el FunaiyLRaHa T ROH RV eGP 2

conpou n:ﬁke?l? Gl ﬁ?yrg’p%ohﬁgssas' L REeB 49 Bich iftfudR B8 anhoyeuddtionall grblis as
route o dmn strJ

subj ect, ation, and so forth, but may be easily 5
det er i subskitbgnts suchian ovex plyl eantdining drf carhpniafmnse amyb sabpstinied ayb a¢lent

i ch' i ogendt, O BRIEE: Py RSB R SR SRR Nradch sl gt
di seasex$d@h§droxy, alkokpealk@yalkyh hativaeiriitand diallyl-antep tefidninomcyiosy,”
refers to a carrier. or excipient which is. not. 10 unagceptab oxi ¢
to 1he wulsxmcrylowyalipi.caroxyslsylaemhrraido: §m= t@ﬂﬁgﬁ&@é’ ?%‘H?‘Fé nd
e notisan B e AEh RS R RIS md AR By BT Hartin in
The term "aryl" refers to a substituted or unsubstituted monovalent aromatic radical having a
single ring (e.g., phenyl) or multiple condensed rings (¢.g., naphthyl). Other examples include
20  heterocyclic aromatic (heteroaromatic) ring groups having one or more nitrogen, oxygen, or
sulfur atoms in the ring, such as oxazolyl, isoxazolyl, pyrazolyl, thiazolyi, thiadiazolyl,
triazolyl, tetrazolyl, pyridazinyl, pyrimidyl, benzofuryl, benzothienyl, benzimidazolyl,
benzotriazolyl, benzoxazolyl, benzothiazolyl, quinolyl, isoquinolyl, imidazolyl, furyl,
pyrrolyl, pyridyl, thienyl and indolylL
25 |
The term “substifuted” as used in the term “substituted aryl, substituted aromatic, substituted
heteroaryl, or substituted heteroaromatic™ herein signifies that one or more substituents may
. be present, said substituents being selected from atoms and groups, which when present do
not prevent the compo{md from functioning as a potentiator of AMPA recéptor function.
30 Examples of substifuents that may be present in a substituted aromatic or heteroaromatic
group include, but are not limited to, groups such as (C;-Cy) alkyl, (C1-Cv) acyl, aryl,
heteroaryl, substituted aryl and heteroaryl, halogen, cyano, nitro, amido (optionally substituted



A "pharmaceutically acceptable salt” of an am ne corrpound such as

t hose conten‘gl ated in the current invention, is an ammoni al t
having as CB&WEBn an i norgani ¢ anion such as 15 chPST’EUé@OS’“IOS”

brom de, iodide, sulfate, sulfite, nitrate, nitrite, phosphate, and
the like, or an organic anion such as acetate, nalonate, pyruvate,

prop| onate fumarate, cjnnamate,. .tos) The

‘pat i envith gpe OIS (actraliod gy fﬁ’r?%‘éﬂg‘iﬁm{lﬂg’ bgﬁ?tfa‘i!l EAi98/ OF BV° &-c
descri b 216 AOF3 HyfRthey, (03, sl C,-C
human, ﬁkﬁ {T%lg?rrent g?((:?jis%)(alﬁ?rlﬁﬁltﬂ'ﬂgégco 3gun ds gr(Uc]o Tyos??: gnzs S)

accor di aigoxytallwh enyine $§6nE7)i atksd and ialkyk alpmewcdéb) aqyiming,d & CYBEYuse

5 Speci FYICrar CabpoirE (GoPshORRRISH TR o) aBp Tl pien!

pati entdoth %zh‘taratﬁrdﬁuma&atﬂated QC3 -Sp)ajyelid hydedeartsns, (()Ci-ﬁ@)thep:fmmdynkcslhmi the like.
animal. 25 The term "sensory_ notor, probhlens” is_us qii %ﬁ ri be a
pr obl emiiif neted hat gach qfrﬁhf‘asubﬁttll@ﬁ% dlé‘l"lo%e%‘F@H’th@ﬁmﬁ ¥EsiDg 8P t‘lt?ft 0
integrate external information derived fromthe five known senses in
such a way as to direct appropriate physical responses involving
novenmentHaadcadd i o Mhet&@cyciey REHG9 OSBRI ﬁmg@ﬁ@&&/om osmwreiqarbon atoms
association cortices of the pari.etal m%éq:)gra and frontal b

whi ch abavsbeen Feplacethith Qnek BPTF heksspaly PReHy SRR |°§§ T are
respgn SEQAJﬁpIEQSf HouGEeyRfes H&ﬁl&e NhRPSRidt Bfhifed &F; pipetidide.t ligiae,Sné&pholine,

bet ween sensory | nput and notor output. The diverse functions of the
associ aﬂmmmrpbmlinecmpelazme,déit@tydm&ren rtetchhydropwag é’grmolhéﬁlﬂﬂw ch

literall ans rocess whi ch .we f

Sel ect | VIPSTRPED RG0SR P Re bRt ot Bers SR e B

i dent i fMét%c}Mnfa%@/ﬁ%m%tWiﬂﬂ s hfe%?dcslélﬁ‘&l@fld&ﬁingmﬁteﬁ@ydﬂd rcfers to
experiencing the response are sone of the processes Eﬁ abilit]|

medi at ebetBPCYdRs drptRmnD? AlCMSWHIEN thehstereeyalicaipg oo 0§ "F%‘ﬁomaucs 7 refers

15  to heteroaromatics containing 5 atoms within the heteroaromatic ring. “6-ring
heteroaromatics’ refers to heteroaromatics containing 6 atoms within the heteroaromatic ring.
Heterocycles and heteroaromatics may be unsubstituted or substituted as otherwise described

herein.

20  The term “substituted heterocycle” refers to a heterocycle as just described that contains one
or more functional groups such as lower alkyl, acyl, aryl, cyano, halogen, amido, thidamido,
azido, hydroxy, alkoxy, alkoxyalkyl, amino, alkyl and dialkyl-amino, acylamino, acyloxy,
aryloxy, aryloxyalkyl, carboxyalkyl, carboxamido, thio, thioethers, both saturated and
ﬁnsaturated cyclic hydrocarbons, heterocycles and the like, as otherwise described herein,

25
The term “compound” is used herein to refer to any specific chemical compound disclosed
herein. Within its use in context, the term generally refers to a single compound, but in
certain instances may also refer o stereoisomers and/or optical isomers (including
enantiopure compounds, enantiomerically enriched compounds and racemic mixtures) of

30 disclosed compounds..

The term "effective amount" refers to the amount of a selected compound of formula T that is



10 The term "brain network™ is used to describe different anatom cal
regions of the brain that communicate with one another via the
synaptic a¢Q 200943378f neuronal cells. The tenn " AVPA PEHEFOWI10877
refers to an aggregate of proteins-fqgnd in sone nenbranes, which

all ows positive ions to cross the nenbrane in response to the binding

of gl Ut QOB BRI thelednfMPAY its intended use to effect an intended result, for example, to
(DL-cc-am no- 3- hydr oxy- 5-net hyl - 4-i soxazol e rOgi oni ¢ _acl dé’, gglut enot
NI ADA. efhanct glutartiatsrgictsamantip rwﬁaﬁ@wm%%%éﬁ\f? THERI PHE Y COF PEEEF)

junction at, which.rel e i NERselBYic® iR BeinlenfedsRS
depol arfaP} wird ety %gé?ng?gﬁ-&gﬁ%ﬁghﬁ%ﬁst he other cell. An

exci t atips Yosunaapsht degesilbes, muposndyimgtation, ned so forikh bettmaydy egsily

| tential that 20 i iti h t ;
ot oh etk o et e e, by e oAbl AR RO foiease

| ncr easgs. therkaRakidubt ¥ thdiaodit e sabalrty effestiveBytrmpthi pagiotlent i al
will result (a neuron will fire producing an action potential)

Rever satongitios ot diatase sfag- t hr eshol d potenti al s determ ne postsynaptic
excitation and inhibition. If the reversal potential for a post
synaptic potential ("PSP') is nore positive than the action potenti al
t hr eshotgh teidheplpfhasitieflyac@ptableanasirt tefars fos @t oacxsipienirdigisaotes

an excitator ost. synaptjc potenti.al ("ERSP" nd the.fill an
RTINS = R e )
synapt é,ﬁb(?%rﬁgﬁrh AbschiBed R 1EnAEBRE W EMBARDn! R mBfitd Y PHaahadeutic] Sciences.”

t hresho e transmtter 1s 1nhibitory and may generate inhibitory
post synaptic potentials (SP), thus reducing the |ikelihood that a

272225 et il 2551 O 2P VRO W Ll

post syn |5'P reversa entral 1's nore positive
than t hieshebd inRxGéd, & idanhesiumt salt hivibg B doueter acuisorgdni¢ fon swbrsal
potential is nore negative than threshold. See, for eggjfngﬁ(e, Chapt er.
7, NEURdSOidaNDEmide) iiodide, 5ylfate, salig; nifede. n@ﬁalee}@ﬁplﬂé% 8 S, qf g8 oteant
Sunder | an 7 1e0di88a(atd, Zosi e, bed the

" not or &ég ﬁ%ﬁsa}%g%a e’t%ﬁgéﬁ%iﬁg%’nééﬁgﬁgg%g fggkén by a pa}i ent or

- subj ect likhat i nvol ves novenent or action. 5 The term "perceptual
task” is used to describe an act by a patient or subject of devoting

attention to sensory inputs. The term "synaptic response" is used to
descri bgndiean!Tysicatl orr edtgédroBsedtharughme e specification $e deseriereangimde

rel ease of chenical npessengers anot her. cell wth ich it, s in

cl 098 1eeneembyacpammplian sl Wb’géﬁgtﬁqﬁ’ﬁif?e?&ﬁ?%%?%‘ﬁ%ﬁm? %/&I?Jlslled to

descri b@mﬁ?&}nﬁg S]i %ﬁ@ﬁ@h& LQBrdir} tehihCHreden AINSEALDE iOFToMed. Foededtyient or
or re

gl utamate ated excitatory amno acids) is reduced o b_elagw
nor mal heveitigor ditherstosdifions aokisehsststateswhitheare spesticefont spePilicaARHERa

bi ndi ng t t tic .15 ors. .and nj : at-
nt eor akePe o 02 Fahdpr it BRE s bag ARy o M RRUTE oje TP, o

condi ti gﬁihgafﬁﬁi,gged excitatory post synaptic current It can arise
fromany of the three above noted phases of transm ssion. Conditions
or dbsease states which are considered hypogl utamatergi c conditions
and whi ¢ e § SRBROUBIS protdR AhidH £138s idAGatient or
met hodsﬁi}%g%?‘d?%gsslﬁﬁgétﬁgpfg?fgggnts%%vent ?%ln i (I:I ude, for exarrp?)e, | oss
of 20 medwject frodetie iiability tieiptegsss onernaltinformation ddii v fun the feknarn
dysfunction, novenent disorders, i.ncludi.ng ParKkin ' i
schi zopKFeAT & SBFD S WAY 3S0HRTSH; FPBIRFBSH 1%??fes%ﬁ%ﬁ'§9§3%gﬁ}é°§/r%%?§fgand
di sor der,gy,od. Ncl udi ng those di sorders which result fromaging, traum,
stroke and neur odegenerative di sorders, such as those associated with
dr_ugiiQ nduced states, neurotoxic agents, Al zheiner's disease and
291 N9, &3l AL 0K PRLES IO BAGSR" RS JFRFHE afSndeandiok pRRsss
are readily recogni zed and diagnosed by those of ordinary skill in
by a patient or subject that involves thought or knowing. The diverse functions of the




The term "cortico-striatal inbalance” is used to describe a state in
whi ch the bal ance of neuronal activities in the intercgnnected cortex
and underﬂ@?ﬁﬂm@ﬁ?ﬁﬁtal conpl ex deviates fromthat norﬁﬁ?ﬁ@”?%ﬁﬂﬁn
"Activity' can be assessed by el ectritsal recording or nolecul ar

bi ol ogi cal 30 techni ques. |nbal ance can be established by appl yi ng

t hese nmeasures to the two structures or. by f ctlo aV|oraI or
physi olaéijlicl?élpyl certiceseqfithe Paqﬁﬁlée‘ﬁg?reb@ﬁt‘f?ﬂ\é* }%S’i‘dﬂ%? é“)‘g Y3 The term
"aff ect ' gtgl&dlg% of Ml hu'ﬁ%ﬂq)rgh S0hEElre rlFSEHIORS nfulR of BB Ghibireaionhen

sadness? on'i1s over i ntense and conti nues beyond the
expect qﬂodeﬁﬁﬁg thabfoed of bemﬁ sénsbriyfiepug wehinpton putpni. Tbe divawss festery %ﬁh%s

d h the t ffect di sord
i Sor dePebion@sHierBE R BFIds ShiAEaoory OB An el b
T e‘k[aer i MR Rhe Yo BiAP S G4, Eaetﬁvla iehding tod DSMidr, smgesreadgnzaﬂgt

schlzophrenla is used escribe a condition which is a
comon dndpéentifyips tlmkmlwant(shmuaxstfmrze@d@almﬂw g reHRTINANG HiE TEIRORG ng

processes, such_ as del usio |
Wt SHBFOTSE ot HEPIOHET ST e P arady FhPARAMhAE R L 10
out si degehitlod, and the investnment of it in hIS or her own.
Schi zophrenia i s now consi dered a group of nental di sorders rat her
than a single entity, and distinction is nmade between reactive and
pr 0 §SSTREA » S8 S IGS R differkMQnkBMBaS fdgiche phihe bidin trat

i zop renlforre enpbraces all types of schlzophrenla i ncl udi ng
anbulat@nmnmnuuzwmhmenmaﬁh@amaﬂ@ﬁwémgeﬁﬂwﬁﬁﬁf@%Fﬁ1 H@Bephrenlc
schi zophreni a, |atent schizophrenia, process schizophrenia, 15
pseudoneurotic schi zophrenia, reactive schizophrenia, sinple
schi zophreRhA “AMIEA FRbibetefsy0habpgegits ofpietemsﬂsﬂndtin aorae giembtages,t o
schi zophreni a, but which are not necessari | ed..as
schi zopwhishiaHpws pPesitivedens toSErss di THEAR, 8”%%5‘%’%?3@ ﬂbet inding of glaiape Rk

and 5 aAEEE O8F oA s B ¢ R R o oo 1)

Sections 293.81, 293.82, 295.10, 295.20, 295.30, 20 295.40, 295.60,

295.70, 295.9Q, 297.1, 297,3, 2
used t oTheteEr| B)gntta‘;péy N L ésdusf‘i%(‘ges‘b%)epae‘ic@eﬁnyﬂ ?101? n{\g}gr&geﬁlse of%a
filteri Et%nﬂ?:ﬂ nidssd é}qﬂftgletcgll Balsey db%blaﬁhétfﬂﬂ' of th et terid] edefttrane of the other

not i vat 1 ona proce ses. 25 The term"” yai red"” is_used to descri.be

funct i ocelivdmiexaigateny ssmdpse escribesta HostSyREDHC PPN WBICHRS & t%@?lrpé’&nﬁal tha

fungpions can b Ni.f f, 4RGN al S

baréby ﬁé?ﬂ§p83 rlegngﬁﬁ&%géh% rtugﬁkﬁpﬁgﬁ gﬁ%fghﬁwor ?%bmo? ng in

a fashi geurbipaismitter Sicyeusés thaptdbyblheshattahamcmnmabst synepti¢ petential mltl Feswis

may also be sub-o0 alr

sever i t {® JUEH Bk ‘?rélﬁ’f mﬁé‘Pla %?ﬁ"dl ﬁ IQ%VSFI oﬁ%nﬁﬂ{s%g km?@éatdg ntlgl(i

WO 20094038432 FSstéHRaRARCRLRB ahd Irhikiies If the @évbi;éai potenial fat @ pyst synaptic

depression refers 'to conditions where the nedullary n ug@ n tmnrk

associ apetdnmlt(‘FPSP )s?ﬁlm%fﬁ opsitiyhiiam e gaticsy Ratsntig! @Eﬁsm}f]t@ geg o

respond Lo a6 LRSIMh e EbSP o PaR)
pﬁ F%%H m“ Iilguen éﬁﬁgg%gg%gFﬁﬁ§%fg§1nntor ﬁeﬁrons Fen

C 0 nt r ol Kiking of htﬂg:tﬂﬁﬂ@ﬁwhﬁillhyehe neuron. If the reversal potential for a post synaptic

potential is more negative than the action potential threshold, the transmitter is inhibitory and
may generate inhibitory post synaptic potentials (IPSP), thus reducing the likelihood that a
synapse will fire an action potential. The general rule for postsynaptic action 1s: if the reversal

30 potential is more positive than threshold, excitation results; inhibition occurs if the reversal ‘
potential is more negative than threshold. See, for example, Chapter 7, NEUROSCIENCE,
edited by Dale Purves, Sinauer Associates, Inc., Sunderland, MA 1997.



5 The term "sl eep apnea” as used herein refers to breathing-rel ated
sl eep disorders of which there are two types: central and ,
obstruct i W 200098874l Sl eep Apnea is defined as a neur oPGRWI2H18/010877
condition causing cessation of all r §pi ratory effort during sl eep,
usually with decreases in bl ood oxygen saturation, if the brainstem
center controlling breathing shuts down there's no 10 respiratory
effort and no breathing. The person is aroused from sl eep by an

aut onatTie temeahbiongsie i heed, to sescriby awe exdleayr dgakien by g petéeny of subjeckthal eep

at all.. O%structive sl eep apnea is characterized by repetitive pauses
in brea’%‘ﬁ??ﬁ‘ﬁrﬂ%‘f‘?‘}?&t%f’é@gﬂ'due to the obstruction and/or coll apse of
the upper airway and foll owed by an awakening to breathe. Respiratory
effort continues during the episodes of a%nea. .15 The term "pro-drug"
as uSedThedemi fiparespbiattasls’ ia usastta gescribapn §ot b3 B PREend 8F RPIRCH ?ﬁg}et’ 2RE i s
pharmacq) ogi cal |y inactive in the parent formbut that is rapidly

net abolqt?gﬂc’r} Sﬁ%ﬁ?%mBPtsani mal plasma to a pharnacol ogical ly active
form Exanples of pro-drugs as used herein include but in no way are

limted to ester d_erivati\,/,e_s of hydraqxyl. containi ng NDi etiglz such 20
est ers Thectewd Ssypenticaespones” is ner t@ Aesprabs HERWYSICRTRHHORT BRPE GHE S § ut ed

or _un- SUBSLL ENLEH sARNLA! orRheridatl i lers B OBl SvitSPRBRU A oBdsct he

| nvent i SR 1E present 1nvention Irécted, in one aspect, to
conpoungkatdeavi ng the property of enhanci ng AMPA receptor function.
These are conpounds having the structure of formula I, below. WO
2009/ 038752PCT/ US2008/ 010877 15 wherein: X = C (CH) or N, 5y = C

(CH  ofpNemikhiboblt@arRit@¥icTndingd” {¥ ussins dtschibe & atatean coditiondnwiitland

(the transmission mediated by glutamate (or related excitatory amino acids) is reduced to below
normal levels. Transmission consists of the release of glutamate, binding to post synaptic

15 receptors, and the opening of channels integral to those receptors. The end point of the

| hypoglutamatergic condition is reduced excitatory post synaptic current. It can arise from any

of the three above noted phases of transmission. Conditions or disease states which are
considered hypoglutamatergic conditions and which can be treated using the compounds,
compositions and methods according to the present invention include, for example, loss of

20 memory, dementia, depression, attention disorders, sexual dysfunction, movement disorders,
including Parkinson’s disease, schizophrenia or schizophreniform behavior, memory and
learning disorders, including tﬁose disorders which result from aging, trauma, stroke and
neurodegenerative disorders, such as those associated with drug—induced states, neuroto_xic
agents, Alzheimer’s disease and aging, respiratory depression and sleep apnea. These

25  conditions are readily recognized and diagnosed by those of ordiﬁary skill in the art.

The term “cortico-striatal imbalance” is used to describe a state in which the balance of

neuronal activities in the interconnected cortex and uhderlying siriatal complex deviates from

that normally found. 'Activity’ can be assessed by electrical recording or molecular biological
- 30 techniques. Imbalance can be established by applying these measures to the two structures or

by functional (behavioral or physiological) criteria.



R6 Re ni groupR5 R7represents H, al kyl or cycloalkyl, RlL and R2 are
|ndependentI¥ {drgg al kyl , substituted al kyl, cyclo

subst it ut e40 YO al l cynyl, substituted allcynyl P CQ@%@%@TN?”
substituted 10a|keny| cyano, al koxy,t3and if RL and R2 are al kyl, Rl
and R2 may be j oi ned mﬁth a bond or -(CH2)1,- to produce a

cycloallcyl, R3 and R4 d dent |y, hy, .k I d
ol kyl - TRl Y SpaFT 1t BIDL RS Ty PSR EpOT T KBCERR e 8l

aIIcyny t
el éﬁr@ IE%O%Aey m%sg;ﬁ%dd cﬁ%ﬁ@gggﬁﬁﬁﬁYﬁ:&exsydsﬂidg?qagtu?'gﬁﬁg?éflmﬂﬁmm or
fog

cycl oal drisys ¢n®lgbmiushyuAedsedy@te@althMﬂm m/dl,soréﬂbgtnbﬁﬁﬁ%@f/wﬁﬂfﬂood

al kenyl bst i ute tic I

hetero ¢ﬁﬁa?F@S g?f?uﬁ%éxﬁgﬁéroa'gﬁ% ?@£§%#%%%ﬁqﬁ%%g?§g%%ﬁét|c
het95OQE%bﬂﬁmﬁmhﬁﬂhEuﬁ@d(DSNE“OngﬁesrmyﬁroxyI, al koxy, cyano,
fluoro, SCN, SO2NR9e, CONRORm NRI I SO2R12, NRII COR12, OR9, 20NRSRi o,
R5 and R6-are i ndependently hydrogen, al kyl, substituted al kyl,

| oal
cycl oa ’fﬁé’ o Iklétﬁa}ogg&éh{%k 15%%&&?41&%%&hhmeﬂkum&xubﬁtbﬁlﬂfoﬁ lggynyl ,

al kenyl , enyl, cyano, alkoxy, and if R5 and R6 are
al kyl , mcmm E&’famtﬂgnzbéby@ldmoﬂmltme thinjgngiprogessqsCGreh s delasiphssddce a

cycl oa gt andSitonstve Ry ok AL BERE Rl ¥ HGRE o bif pecpte and the
subghi t gicGide oMM thé nK@sﬂfﬁEmt o‘-fllltﬁﬁlhistdiﬂleﬂo@i Isemiybphrénisl fsaowt qona:ldknad W,

cyano, fluoro, , 1 and R12, are |nde 3
hydr ogegrouapﬁmentah@b@ﬂers mtbfer thwysfmgle gatithaned éﬂmctgoaa %Qeéﬁ en reactive

Y L 0a K gyo gl Kehtlopn Rt AL WERHeALI WML QUBMbnia BPCRBbY RS

al kenyl e jOIn a bond or

- ( CH2) gembracgr Aityse ofvmm&hm&ﬁm@mu@mwlsaﬁwmm catatonic

cycl oal I cyl, . ) . ) . X . .
_ schizophrenia, hebephrenic schizophrenia, latent schizophrenia, process schizophrenia,

15 pseudoneurotic schizophrenia, reactive schizophrenia, simple schizophrenia, and related
psychotic disorders which are similar to schizophrenia, but which are not necessarily
diagnosed as schizophrenia per se. Schizophrenia and other psychotic disorders may be
diagnosed using guidelines established in, for example, Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM IV) Sections 293.81, 293.82, 295.10, 295.20, 295.30,

20 295.40, 295.60, 295.70, 295.90, 297.1, 297.3, 298.8.

The term “brain function” is used to describe the combined tasks of perceiving, integrating,

filtering and responding to external stimuli and internal motivational processes.

25  The term “impaired” is used to describe a function working at a level that is less than normal.
Impaired functions can be significantly impacted such that a function is barely being carried
out, is virtually non-existent or is working in a fashion that is significantly less than normal.
Impaired functions may also be sub-optimal. The impairment of function will vary in severity
from patient to patient and the condition to be treated.

30 |
The term "respiratory depression” as used herein refers to a variety of conditions characterized

by reduced respiratory frequency and inspiratory drive to cranial and spinal motor neurons.



B may be absent, hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloallcyl, allcynyl, substituted allcynyl, alkenyl,
subst i t ut 8 HI0ke¥yI2, aromatic, substituted aromatic, hREEVLABENENT C,
substituted heteroaromatic, S5bicyclohgteroaromatic, heterocycle,
substltuted heterocycle hydr oxyl, alkoxy, cyano, fluor, - SCN,

p h?r mm?smlm Wh mspngmmmmmgmemm agtividy dsies pol rysmen%w %Cﬁ‘é‘ihé]éflng levels
ernativ referre d |
For mul 2 FLOpdpeiactepring rapg oh Opy i ot g URANEES uARE S Beeibrcr,

are as rgﬁﬁohge&lﬁo@ﬁn%l%%ﬁh@cuhamr@r a pharmaceutically acceptable salt,
sol vate or polynorp reof. 20 A further preferred enbodi nent

i ncliudes conpounds according to fornula La below. 111 wherein: WO
2009/ 031%1753151:9-8/ E;Ié‘ljnsallz)ggaalag {lié)e%% rein refers to breathing-related sleep disorders of which
there are two types: central and obstructive. Central Sleep Apnea is defined as a neurological
condition causing cessation of all respiratory effort during sleep, usually with decreases in
blood oxygen saturation, if the brainstem center controlling breathing shuts down there's no
10  respiratory effort and no breathing. The person is aroused from sleep by an automatic
breathing reflex, so may end up getting very little sleep at all. Obstructive sleep apnea is
characterized by repetitive pauses in breathing during sleep due to the obstruction and/or
collapse of the upper airway and followed by an awakening to breathe. Respiratory effort
continues during the episodes of apnea.
15 |
The term “pro-drug” as used herein refers to a metabolically labile derivative that is
pharmacologically inactive in the parent form but that is rapidly metabolized in human or
animal plasma to a pharmacologically active form. Examples of pro-drugs as used herein
include but in no way are limited to ester derivatives of hydroxyl containing moieties, such
20 esters include but are not limited to those formed from substituted or un-substituted natural or

un-natural amino acids.
Compounds of the Invention

25  The present invention is directed, in one aspect, to compounds having the property of

enhancing AMPA receptor function. These are comiaoun_ds having the structure of formula I,

below:
R6 RB
f,N f m
R3 R1 >l< [}I R5 R7
N 2Y
N
n O



17 RI, R 2, R3, R4, R5, R6, A B, n and mare as defined for formula
|, or ph utlcally acceptable salt, solvate or pol rph
thereof ‘§Pg&§ﬁgyibreferred embodi ment i ncl udes conp03ﬁ§§m§@@EWﬁVng
to formula IV below R O Iv whereind X = C (CH) or N, R is
hydrogen, al kyl, substituted al kyl, cyel oal kyl, substituted

cycl oaLkyl, 10al kenyl, substituted al kenyl, allcynyl, substituted

al kynyl , R2 and R3 are independently hydrogen al kyl, substituted

al kyl , ‘%@%@@allcyl substituted cycl oal kyl, alLkenyt substituted
alkenyl al kynyl , substituted al kynyl , and R2 and R3 may be j oi ned
with a bond or - €?¥ﬁ roduce a cycloal kyl, Particular preferred
groups for A |ncIude ut’are’not limted to aromatic, 15substituted
aromgtic, 5-ring het®®H)ondl vith thesprowisa that ¥ daBiof baeprbr whesaX Grinend s
6-ring heteroaronatlcs substituted 6-ring heteroaromatics, p=1, 2or3,
B may be absent, H@drogen al lcyl, substituted al kyl, cycloallcyl,

substituted cycloallcx@,Ralkényl substituted aIIcynyI al kenyl ,

substituted al kenyl, ar , 20substituted aromatic, 5-ring
het er oaromati cs, substi 5-ring heteroaromatics, 6-ring

het er oaromatics, @golstit B’é ecF 6- r fepgpséntd Hrﬂhylomqlwkﬂ,or a
pharmaceuti cal I'y apcept aa?é gdeszgndentﬁr%ygt%%gn,% , %W Srt{loutg(i.l al.ttcﬁ%}%%faﬂcyl,
substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted

10 alkenyl, cyana, alkoxy, and if R' and R? are alkyl, R' and R? may be joined
with a bond or -(CHa)y— to produce a cycloalkyl,

R? and R* are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted
alkenyl; hydroxyl, alkoxy, cyano, flucro,

15 A may be absent, hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted alkenyl, aromatic,
substituted aromatic, heteroaromatic, substituted heteroaromatic,
bicycloheteroaromatic, lteterocycle, substituted heterocycle, hydroxyl, alkoxy,
cyano, fluoro, SCN, SO,NR’R'%, CONR’R'’, NR"'SO,R'?, NR'COR %, OR’,

20 NRR'C,

| R’ and R® are independently hydrogen, alkyl, substitdtcd alkyl, cycloalkyl,
substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted
alkenyl, cyano, alkoxy, and if R® and R® are alkyl, R® and R® may be joined
with a bond or ((CHa;),— to produce a cycloalkyl,

25 R’ and R? are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkynjrl, substituted alkynyl, alkenyl, substituted

~ alkenyl, hydroxyl, alkoxy, cyano, fluoro,
R’ R R'" and R'Z, are independently hydrogén, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl,

30  substituted alkenyl,

R’ and R'®, and R!! and R" may be joined with a bond or (CHz),— to produce



A further preferred enbodi nent includes conmpounds according to
formula V below. 25 WD 20091038752PCT/ 1JS20081010877 18 .. 31 R24.
y:-. - - XRLWZOYPIETS2ZWEC (G- H) or N, X, Y and Z are i ndRpEHIEH(IE7T
(GH or Nto a maximumof 4 N's in ghe ring, 5Rl is hydrogen,
met hyl , ethyl, acetylene, cyclopropyl, fluor, R2 is hydrogen, nethyl,
et hyl, CF3, R3 [ "E‘f%&h’ ethyl, cyclopropyl, isopropyl, -(CH2)pCCH,
(CI—|2)p0R4 - dé-@j R4 is H al kyl @@Bstlt“g{ie(g
al kyl , cycl oal I CBIma)&mmrﬂ dtyéxbgelsa@ﬂ@’éllskwtlmt% ?@Wy?y‘ﬂof 5L iR
al kynyl al kenyl e , cuBuISkl hk@d, aromatic,
aromatic, p = 0, CW?"agkyﬁr 5]9’“ gﬁ&ékg’ﬁ d@&ﬁ?%@ﬁsy accept ablI%Ee! sal t,
sol vate or pol yrfaib@hm&éaaa&@ﬁ&ncl5etemmmahe,rsupmmed hgcroanyatifment
el Sudes Conpounglscy(?lgﬁe%rg;rgrgnaag Ja%?a@!ﬂ"é‘ s\élostxtuteg Weterocycle, hydroxyl, alkoxy,
cyano, fluoro, SCN, SO;NR’R'?, CONR’R', NR''SO,R'Z, NR''COR'?, OR®,
NRR',
n=0,1or2,
m=0,1o0r2,
10 p=1,2,0r3,
q=2,30r4

r = 0 or 1, or a pharmaceutically acceptable salt, solvate or polymorph thereof.

Alternative preferred embodiments include compounds according to formula IT below:

15
rs RS
- N
N N -
R3, Rl N Fs R7
NI
A" o
R4 R2
]
whergin:
R', R%L R R RS, RS A, B, n and m are as defined for formula 1, or a
pharmaceutically acceptable salt, solvate or polymorph thereof.
20

A further préferred embodiment includes compounds according to formula Il below: -

R
m
N
g N “R7
I
RS, Rl A RS
N
AT 0
R4 R2

“wherein:



VI wher ei n: C(C-H) or NN 20y = C(CGH or N, R is nethyl,

et hyl, cycl 0 ro% i sopropyl, -(CH2)pCCH, -(CH2)pOR2

is H all&R &2 tuted al kyl, cycloal kyl, substitut EBT/@%P%‘QPQF’EW
al kynyl, substltuted al I cynyl, al kenyt, substit ut ed al kenyl ,

aromatic, subst | tuted 25aromatic, WO 2009/ 038752PCT/ US2008/ 010877 19

p=20, 1, 2 or ar t | |
pol ym)rph thereoR R\y%b%? smageu |ca y acgﬂﬁgg t%ﬁ%lfld?é\éate o
conmpounds accord 'pﬂgnﬁaeedn%almc@ea&me %i, Q¥vatd oppotymorph thereof.

A further preferred embodiment includes compounds according to formula IV below:

9] R2
Fs

N
| R3
\ N

wherein:
X=C(C-H)orN,
R! is hydrogen, alkyl, substituted alkyl, cycloalkyl, su{)stituted cycloalkyl,

10 atkenyl, substituted alkenyl, alkynyl, substituted alkynyl,

R? and R® are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloaikyl, alkenyl, substituted alkenyl,alkynyl, substituted alkynyl,
and R? and R® may be joined with a bond or -(CHz),— to produce 2 cycloalkyl,
Particular preferred groups for A include but are not limited to aromatic,

15 substituted aromatic, S5-ring heteroaromatics, substituted 53-ring
heteroaromatics, 6-ring heteroaromatics, substituted 6-ring heteroaromatics,
p=1,20r3,

B may be absent, hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted alkenyl, aromatic,

20 substituted aromatic, 5-ring heteroaromatics, substituted 5-ring
heteroaromatics, 6-ring heteroaromatics, substituted 6-ring heteroaromatics, or
a pharmaceutically acceptable salt, solvate or polymorph thereof.

A further preferred embodiment includes compounds according to formula V below:

25



,NYrY M O vii whereini. = C(CH) or N Y=C(CH or N 10Rl is
met hyl , ethyl, cyclopropyl, isopropyl, -(CH2)pCCH -(CH2)pOR2, -
(CH2) pCN, wizopo3pgszal kyl , substituted al kyl, cycl oal KYCT/Ea8018TH ed
cycl oal kyl, al kynyl, substituted alLkypyl, alkenyl, substituted

al kenyl, aromatic, substituted aromatic, 15p = 0, 1, 2 or 3, or a
pharmaceutically acceptable salt, solvate orgpol ynorph thereof. A yet
further preferred enbodi ment includespne ndsraccording to fornul a
VIl below. 20VIII wherein: X = C M NN or a pharmaceutically
acceptabl e salt, solvate or pwl Ky afi=N :

Z !
A= R1 O

R2

wherein:
W=C(C-H)orN,
X, Y and Z are independently C (C-H) or N to a maximum of 4 N’s in the ring,
5 R! is hydrogen, methyl, ethyl, acetylene, cyclopropyl, fluoro,
R? is hydrogen, methyl, ethyl, CFs,
R® is methyl, ethyl, cyclopropyl, isopropyl, {(CH2),CCH, —~(CH3),0OR", -
(CH;)CN,
R*is H, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, alkynyl,
10 substituted alkynyl, alkenyl, substituted alkenyl, aromatic, substituted
aromatic,
p=0, 1, 2 or 3, or a pharmaceutically acceptable salt, solvate or polymorph
thereof.

15 A further preferred embodiment includes compounds according to formula VI below:

0
)I(,,N rﬁ,m
Vi
“wherein:
X=C(C-H)orN,
20 Y =C(C-H)orN,
R' is methyl, ethyl, cyclopropyl, isopropyl, <(CH2),CCH, ~(CH;),OR?, -

(CHZ)PCNa
R%is H, alkyl, substituted alkyl, cycloalky}, substituted cycloalkyl, alkynyl,
substituted alkynyl, alkenyl, substituted alkenyl, aromatic, substituted

25 aromatic,



WD 2009/ 038752PCT/ US2008/ 010877 20 N N, R2-3C--1( RL O |IX wherein:
V and Wangghfdgpesdently C (CGH or N, X Y and Z arepi-peepsisass v
C(CH or Ntoamximnumof 4 Ns in the ring, R and R3/%§re§}

i ndependent |y hydrogen, nethyl, ethyl igacetyl ene, cycl opropyl,
fluoro, R2 and R4 are independently hydr ogen, mnet hyI et hyl, CF3, or
a pharmaceutically accegt able salt, solvate or h thereof

further preferred?Pc% cHARIGHRRCeptically, acmRp A CF’BIF ﬁﬁ]IQ’QGRrB‘é‘Wh
wherein: X and W ae.jendependently C (GH) or N,

A yet further preferred embodiment includes compounds according to formula VII below:

Vit

wherein:

X=C(C-H)orN,
Y=C(C-H)orN,

10 R! is methyl, ethyl, cyclopropyl, isopropyl, {(CHz),CCH, ~(CH,),0R?, —
(CH2),CN,
R%is H, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, alkynyl,
substituted alkynyl, alkenyl, substituted alkenyl, aromatic, substituted
aromatic,

15 p=0, 1, 2 or 3, or a pharmaceutically acceptable salt, solvate or polymorph

thereof.

A yet further preferred embodiment includes compounds according to formula VIII below:

20 Vi

wherein:
X =C (C-H) or N, or a pharmaceutically acceptable salt, solvate or polymorph
thereof.

25 A yet further preferred embodiment includes compounds according to formula IX below:



Y =C(CH or N or a pharnaceutically acceptable salt, solvate or
pol ynmor ph thereof A further preferred class of conpounds is shown in
formul a XW®atwsmms’2 M NY N W Nr.--Nve 0 XI wher ei BCT/US8/010877

2009/ 038752PCT/ US2008/ 010877 21 X andoW are independently C or

N, Y =

Cor N, or a pharmaceutically acceptable salt, solvate or pol ynorph

thereof. In a further aspect, the present invention provides

conpounds of Formulas | -XI selected 5 from R

3-Cycl opropyl-84(1R)-1-nethyl -2-(2Htetra

,2,3]triazino[4,5- g][1,2 ,3]1) er\)klzp [ Jazj
I

|
e
N
v
N?

wherein:
V and W are independently C (C-H) or N,

-8 yp&agT] - 3, 8- di hydro[ 1
- N=. Yone

5 X, Y and Z are independently C (C-H) or N to a maximum of 4 N’s in the ring,

R! and R3 are independently hydrogen, methyl, ethyl, acetylene, cyclopropyl,

fluoro,
R? and R4 are independently hydrogen, methyl, ethyl, CF3, or a

pharmaceutically acceptable salt, solvate or polymorph thereof.

10
A further preferred class of compounds is shown in formula X below:
No
vy N
=N
X
wherein:
15 X and W are independently C (C-H) or N,
Y =C (C-H) or N, or a pharmaceutically acceptable salt, solvate or polymorph
thereof.
A further preferred class of compounds is shown in formula XI below:
20
=Y,
~\
Nep e
N

wherein:



3- Cycl opropyl- 84(2R) 1- (5-nmethyl -2Htetrazol - 2-yl ) propan-2-y1] - 3, 8-di
hydr obenzq| 1, 2- 5-dpis[1,2,3]triazine-4,9-dione 10

3-Cycl opro‘&&’f ‘Q@%Sﬂ% 1- (5- net hyI AH tetrazol - 1- y1) pr opaRCBUGAPS/GOE i
ydrobenzo[ 1, 2- d:4,5-d" ]bis[1,2,3]triazine-4,9-di one

3-Met hyl -84(2R)-1- (2Htetrazol - 2 yl ) propan- 2-y1] - 3, 8-di hydrobenzo[ 1, 2
-d: 4,5- cllbis(1,2,31triazi ne-4, 9-di one

3- Met hyl - 84( 2R) - 1&%‘?@{%&%@51&@91%@%% 2-y1] - 3, 8- di hydr obenzo[ 1, 2

-d: 4,5- 15d']bis[,2

3- Et hy1- 84( 2R) - 1- %2 b %N’ Q%Fﬂ%‘“y Bgi(%%gﬁ‘feé’f%ef-ag’, PG ROE 1 o
d: 4,5- dt]bis[1, 2thdfeof.i azi ne-4, 9- di one

3- (2 Fl uor t hyl) 2R) - 1- (2H—tetrazo| 1) pr opan- 2- =2 ydr o
benzo[ 1} oa g rtllesaspa?tbﬁﬂlg PESTIt FveRfiofLpRwdss @ ﬂéaogdﬂ% Og‘%omigsq R selefted

3- Prgpagygr y1-84(2R) - 1- (2H-tetrazol - 2-yl ) propan-2-y11- 3, 8-di hydr obenz
o[1,2-d:4,5- dibis[1,2,31triazi ne-4,9-dione )

3- ¢ycl oBtﬁyjzlbp&i}:(yBR)K]I%){lzmietﬁmk-?-%{e@qu@plﬂ@th3,ﬁdjdﬂﬂdﬁﬁlgfﬁmmpkﬂb’ienzo
[1,2-d:4 f-ﬁjﬂ)bls eé]tézl azi ne-4, 9-di one _
ﬁ ((j(yglé]pg ’8% ;’Z%Pé pin 5 qf,?h 1ﬁ§_§et%itgetrazol 2- yl)gropan 2-y1] -3, 8-di
ydroben R)4X5 12 |0di8ydrobenzo[1,2-
342- Met hmT%[c pcli'1 ggzg 5( ﬂ o vl [
benzol 1d12f d'lblﬂl 2631151355{11&-423 B¢ azi ne- 4, 9- d| one

Ay AR kAR YR o B

;1 B:.It 3- )iiﬂﬁagt‘lblﬂ-l[Z(ZQE)azme@(Jj%Hmmrazol
7 by o S efl e Lo - R E DRt s oaB vyt it B10877 22

3 Cycl opnisign b, Hirtakiryd, 9-diofe 3- ylpr opan 2- 34) - 3, 8-di hydr 0ben20[ 1, 2-d: 4,
- cilbis I\%l 2,3]triazine-4,9-d
T

3 oycl oMbl BHAR)- 21l Heietrazobi 3@9599@% Ryl & dfvdiohsasrbs el 1, 2- d: 4, 5-
F1bisS[ 1 390igh 2 41874, $aldnd ONe

3-Ethyl-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl}-3,8-dihydrobenzo[1,2-d:4,5-
© d']bis[1,2,3]triazine-4,9-dione

3-(2-Fluoroethyl)-8-[(2R)-1-(2 H-tetrazo}-2-yD)propan-2-yl]-3,8-dihydrobenzo(1,2-d:4,5-
d'|bisf1,2,3]tnazine-4,9-dione

20 3-Propan-2-yl-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-3,8-dihydrobenzo[ 1,2-d:4,5-
d'|bis[1,2,3]trlazine-4,9-dione
3-Cyclobutyl-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-3,8-dihydrobenzo[1,2-d:4,5-
d'Ibis[1,2,3]triazine-4,9-dione
3-(Cyclopropylmethyl)-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl}-3,8-dihydrobenzo[ 1,2-d:4,5-

25 dbis[1,2,3]triazine-4,9-dione
3-(2-Methylpropyl)-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-3,8-dihydrobenzo{1,2-d:4,5-
d'Ibis[1,2,3]triazine-4,9-dione '
3~But-3A-yn-1-yl-8-{(2R)-1-(2H—tetrazoI—2—y1)prop'an—2—y1]~3,8~dihydrobenzo[1,2—d:4,5-
dbis[1,2,3]triazine-4,9-dione 7 |

30 3-But-3-yn-1-yl-8-[(2R)-1-(1H-tetrazol-1-y)propan-2-yl]-3,8-dihydrobenzo[ 1,2-d:4,5-
d']bis[1,2,3]triazine-4,9-dione

tetrazol- -y1) propan-2-yl1] - 3, 8-di hydro -



5 _
3-Cyclopropyl-8-[(2R) -1-(1H-tetrazol - 1- 34) Propan- 2-y1] - 3, 8- di hydr oben
zo[ 1, 2- c1WQ BY/e38iH2s[ 1, 2, 3] tri azi ne-4, 9-di one PCT/US2008/010877

3- Cyckpropyl-8-[(2R)-1-(2Htetrazol - 2;34) Propan- 2-y1] - 3, 8- di hydropyri
rni do[ 4, 5- g] qui nazol i ne-4, 9-di one

-(2- hyle) 8- . -1- e - - 3, 8-di hyd
- obenzor iSSP G YR P Rt angRs® vl -5, B ALY
3- ( 2- MatBREYELIMAine4,DidRdRe- 1- ( 2H- ][ etrazol - 3_— yl ) propan- 2-y1] - 3, 8- di hyd

1, 2, 3 4 = o 3 . L} 1 igzine-
o2 Py ey e R R S e RO S e 2
i hydrobﬁgglué%ll, 2-d:4,5- d This[1,2,3]triazine-4,9-dione 15

-yn-1-y

3- Prop- 1-8-[(2R)-1- (2H-tetrazol - 2-yl ) propan- 2-y1] - 3, 8- di hydro
benzp[ 13-Cyclogropyl-§-[(BRs[-(1H-t@Tzpl hﬂ)mp%{%yéi%@él%y‘?mbenzzh’2‘3-4?5'

4,9-Di Qx0-8-[,(2R).- 1- (,2H-t etrazol - 2-yl ) propan- 2- 341- 8, 9-di hydr obenzo
{1, 2-d: 4%13[@21[3@‘?“5%‘&?"%,6‘3‘?‘?1?‘% azin- 3(4H§/- é?l} gcet onitrile y [
3- Oycl oprgayaroBylL{-ARR)- LR Hettb k23 DprofaBZ Yk, 8-8ihganopyymioBt, B- di hydr ob

enzo[ 1, 2-d: 4,5- 20clibis[1,2, 3]triazine-4,9-dione
3- Oycl oglavipgzclivef(Odpna - (1H-t et r azol - 1- y1) but - 3- 3m 2- y13- 3, 8- di hydr ob

eyl MRy P R TR A e R e . o Lt hy
obeng o[ 4']Rs(d;243]brazihie}dd-dfode 2, 3] tri azi ne- 4, 9- di one _

yar obens oo S s lpedh AR o RO o thach s
or AR A & 2 S propan 2 11, 1yt
3- Met hy 1-ByridiRyyimethylBA(ZR)s1-2H- Erarel 2-i)ergnen ok S-4iydropeggell ekt 2o -

%: %Zdégtﬁdﬂgg%%%ﬁ%h[g(g% é r1I ?EIH?E g g '?Ir i02§01_ 2- 3/ 1) propan-2-y1]-3,8
- di 1ydr aiPes20fva,12y)-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-3,8-dihydro enzo[1,2-d:4,5-
d']bis[1,2,3]triazine-4,9-dione |
{4,9-Dioxo-8- [t2R)-1 -(2H-tetrazol-2-yl)propan-2-ylj -8,9-dihydrobenzo[1,2-d:4,5-
d'Jbis[1,2,3triazin-3(4H)-yl}acetonitrile
3-Cyclopropy1-8-[(ZR)-1-(2H—tetrazol-2—yl)but-3-yn-z-yl]—3,8-dihydrobenzo[l,2-d:4,5-

20  d'Jbis[1,2,3]triazine-4,9-dione
3-Cyclopropy1-8-[(2R)-1-(11‘_I-tetrazol-1~y1)but-3-yn-2-yl]-3,8-dihydrobenzo[1,2—d:4,5-
d'Jbis[1,2,3]triazine-4,9-dicne
3-Cyclopropyl-8-[(2R)-1-(2H-1,2,3-tri azol-2-yDpropan-2-yl]-3,8-dihydrobenzo(1,2-d:4,5-
“d']bis[1,2,3]triazine-4,9-dione )

25  3-Cyclopropyl-8-[(2R)-1-(1H-1,2,3-triazol-1 -yl)propan-2-yl]-3,8-dihydrobenzo[1,2-d:4,5-
d'Tbis[1,2,3]triazine-4,9-dione
3-Methyl-8-[(2R)-1-(2H-1,2,3-triazol-2-yl)propan-2-yl]-3, 8-dihydrobenzo[1,2-d:4,5-
d"bis{1,2,3]triazine-4,9-dione
3-Methyl-8-[(2R)-1—(IH-1,2,3-triazol—1-yl)propan—2.—y1]-3,8-dihydrobenzo[1,2-d:4,5—

30 d'jbis[1,2,3]triazine-4,9-dione
3-(2-Methoxyethyl)—8~[(2R)~1-(2H—1,2,3-triazol-2-yl)propan—2—yl]-3,S-dihydrobenzo[1,2-
d:4,5-d']bis[1,2,3]triazine-4,9-dione



d:4,5-d]bis[1,2,3]triazine-4,9-dione WO
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3- Cycl opr 8’%?/1‘105195{8(7531?) -1-(1H1,2,4-triazol -1-yl)pr opan-ﬁgf/ff%“?i/%pﬁi” hyd
robenzo[ 1, 2-d: 4,5- dlbis[1,2,3]triaziase-4, 9-di one

3- Cycl opropyl-841- (1H pyrazol - 1- 371) propan- 2-y11- 3, 8- di hydr obenzo[ 1, 2
-d:4,5- 0is[1,2,3]triazine-4 9-dione 5 . .

3- Met hy?r-Caqlsapr(omcL47{/(28):&1(14:%%%%1ﬁl)prfpals?gl]dﬁ,%'QH}YB’E?Qﬁ%E&?'é‘:“ds.Z, 5-

dpi s[ 1, 2y3 Lazlne: 4,94l pne

(2R) - 2-%@?%/213%%%-93‘?@@% oxo- 8, 9-di hydr obenzo[ 1, 2-d: 4, 5-cl i bis[1, 2
, 3] t ri azRel3prbblyl-8- YOI pydazalki-pidprepeat2yl]-3,8-dihydrobenzof 1,2-d:4,5-
3-But-2-yn-1-y1-8-R2R) - 1-(2Htetrazol-2-yl)propan-2-yl]-3, 8-di hydrobe
nzol 1, Zdﬁ’:‘ }sgﬁ]ti‘é%fnf"ﬂigé‘#?‘,(mz, 3]tri azi ne- 4, 9-di one

N- R2R) - 2\ Bry86C(1 }tpwazom9571%&@&@285,1]93,&&%@@@@3&0,2&:@541: 4,5-cllbis[1
,2,3]trirazin-3 43)ﬂ yppr opyl | met hanesul f onam de
N- R2R) - #1Hi€1.2\3¢thepnemhP1diang. di oxo- 8, 9- di hydr oben20[ 1, 2-d: 4, 5- Cbi s[ 1, 2

,3]triazipn- - i N 4T 25l sf ' iazin- -
3yl ot B D a r oben
zo[ 1, 2- dyptoyi titlbdyanate 1, 2, 3] tri azi ne- 4, 9-di one _

51 (o L (3H 1otk aents &0t oRpg: Bl B Rl 1 220
di hygr 0@?& 9h b giading-42-@oh®i S[ 1, 2, 3] tri azi ne-4, 9-di one

3- R%R) -1- (g Tetrazol - 2- yl‘g> propan- 2-y11- 8- [ (12R3 - l-d(lH- 1,2, 3-tri | -1
- yOPr opAH{ZR)y2H{3-Gy@oprepyl-4,9-dioxo-8,9-dihydrobenzo[1,2-d:4,5- ]bls[l,2,3f]tr1azm-3€l -

di hydr 09&%%[}#1ezfﬁéjﬁcg'ul?dn%'idse[ 1,2,3]triazine-4,9-di one
N-[(2R)-2-(8-Cyclopropyl-4,9-dioxo-8,9-dihydrobenzo( 1,2-d:4,5-d']bis[ 1 ,2,3]triazin-3(4H)-
yi)propyl}-N-methylmethanesulfonamide

15 3—Cyclopropyl—8-[(2,5‘)-1-(3—ﬂuorophenyl)but—?s-yn*2~y1]-3,8-dihydrobenzo[1,2—d:4,5-

- d'Ibis[1,2,3]triazine-4,9-dione

3-[(2R)-1-(2H-Tetrazol-2-yl)propan-2-yl]-8-[(2R)-1-(2H-1 ,2,3-triazol-2-yl)propan-2-y1j-3,8-
dihydrobenzo[1,2-d:4,5-d"]bis[ 1,2,3]triazine-4,9-dione . '
3—[(ZR)—1-(2H~Tetrazol~2-yl)propan~2~y1]-8-[(2R)-1—(1H—1,2,3—triazol—1—y1)propan-2—yl]—3,8—

20  dihydrobenzo[1,2-d:4,5-d"Jbis[1,2,3]triazine-4,9-dione
3-[(ZR)—1-(2H-Tetrazol-2—yl)propan—ﬁ-yl]—8-[(25)~1—(2H—tetrazol-2—y1)propan-2-yl]—3,8-
dihydxobenzo[1,2-d;4,5~d']bis{1,2,3]triazine*4,9—dione
3-[(2R)-1-(2H-Tetrazol-2-yl)propan-2-yl]-8-[(25)-1-(1H-tetrazol-1 -yDpropan-2-yt]-3,8-
dihydrobenzof1,2-d:4,5-d'Ibis[ 1,2,3]triazine-4,9-dione

25  3-Methoxy-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-3,8-dihydrobenzo( 1,2-d:4,5-
d'Ibis[1,2,3]triazine-4,9-dione
3-(3-Methoxypropyl)-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-y]-3 ,8-dihydrobenzo[1,2-d:4,5-
d'Jbis{1,2,3]triazine-4,9-dione
3-Pr0p-2-cn—1-y1~8-[(2R)-1-(2H—tetraz<>1—2-yl)propan—2—yl}—3,8-dihydrobenzo[1,2-d:4,5-

.30 d'|bis[1,2,3]triazine-4,9-dione
(3R)-3-(8-Cyclopropyl-4,9-dioxo-8,9-dihydrobenzo{1,2-d:4,5-d'Jbis[1,2,3 ] triazin-3(4H)-
yl)butanenitrile



34(2R)-1- (2H Tetrazol - 2-yl ) propan- 2-y1] - 8- R2S)-1- (2H-tetrazol -2-y1) Pr -
oPan- 2-y1] -3, 8-
di hydr obe Map00y/@387R24, 5-d' ] bi s[ 1, 2, 3] tri azi ne- 4, 9- di onePCT/US2008/010877

3-[(2R)-1-(2H Tetrazol - 2- yI)propan 2-41]-84(25)-1-(1Htetrazol-1-yl)p
ropan-2-ylj -3, 8-

di hydr o ﬁp.ép{%; RS% o%?o Picslrd 02 8lab o1l fi§ 2;5}694%1»9 ;ﬁjls@&m%émbem 1,2-d:4,5-

3- Met ho tetrazof 2-34) di hydro enzo[l
2-d: 4, 5¢ bﬁblhus[]ti:aﬁm%ﬂfd] vz buteneditBledi one

S’réﬁe%?‘iééﬂéﬂ" Bl Gk Pamssabbyigbimy i aniatoaudiz da3. 0l 1Y
3- Prop- 3@?%I:E3¥%,6§P@%m{%l}gggﬁé,ﬁﬁfeaw 2.11) Propan- 2- 34] - 3, 8- di hydr obe

nzol[ 1, 2 2,3]triazine-4,9-dione

(3R) 5 3- wucqudpylewm1qzﬂﬁeimolsmnmhwzﬂﬂeh&é{hxd@bm [152-8¢sT 1, 2, 3]
triazin- ﬁé?g% %%%Put nitrile WD 2009/ 038752PCTTUS2008/ 010877 24
(3R)-3-4 Bl P’Eﬁ 1-(2H 1, 2, 3-tri azol -2-yl ) prop

an- 2- y1} p@: 9-vall hydg 9(9&514 251, 23 &idhoB2-yl)propan-2-yl]-3,8-dihydrobenzo[ 1,2-d:4,5-
d|b|s[123]tr|a2|n 3(4 y}butanenltrlle(BR)- -
{ 4, 9- Di d¥as82[3(piRying-4(O2¢ionet r azol - 2- y1) pr opan- 2- 34] - 8, 9- di hydr obenzo

L 20 0 efics Ch bl o Bl ikl AU AUGRY bl 2-0:4.5-
an- 20y 1§'1t3s[ 8, 2chilniaelmets, edivoe [ 1, 2- d: 4, 5-

3,8-Bis[(2R)-1-(2H-1 ,2,3-&iazol—Z-yl)propan—Z-yl]J ,8-dihydrobenzo[1,2-d:4,5-
d'Jbis[1,2,3 triazine-4,9-dione
3,8-Bis[(2R)-1-(1H-1,2,3-triazol-1-yl)propan-2-yl]-3,8-dihydrobenzo[1,2-d:4,5-
d'bis{1,2,3 ltriazine-4,9-dione

15 3—Cyclopropy1-8~[(2R)—1-(2H-tetrazol-2-yl)propan-Z—yl]-3,8-dihydro{1,2,3]triazino [4,5-
g]quinazoline-4,9-dione
3-Cyclopropyl-8-[(2R)-1-(1H-tetrazol-1-yl)propan-2-y1]-3,8-dihydro[ 1 ,2,3]triazino [4,5-
g]quinazoline-4,9-dione
8-[(2R)-1~(1 H-Benzotriazol-1-yl)propan-2-yl] -3-cyclopropyl-3,8-dihydro[1,2,3] triazino[4,5-

20  gjquinazoline-4,9-dione '
3-Cyclopropyl-8-{(2R)-1-(2H-tetrazol-2- yl)butan—2-y1] -3,8-dihydro[1,2 3]tr1azmo [4,5-
g]quinazoline-4,9-dione
3-Cyclopfopyl—8-[(2R)-1-( 1H-tetrazol-1-yl)butan-2-yl] -3,8-dihydro{1,2,3]triazino [4,5-
g]quinazoline-4,9-dione '

25  3-Cyclopropyl-8-[(2R)-1-(2H-1 ,2,3-triazol-2-yl)butan-2-y1]-3,8-dihydro[1,2,3] triazinof4,5-
glquinazoline-4,9-dione
3-Cyclopropyl-8-{(2R)-1-(1H-1,2,3-triazol-1 -yDbutan-2-y1]-3,8-dihydro{1,2,3] triazinof4,5-
g]quinazoline-4,9-dione '
3-Prop-2-yn-1-yl-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-y1]-3,8 dihydro[1,2,3] triazino {4,5-

30 glquinazoline-4,9-dione
3-Prop-2-yn-1-y1-8-[(2R)-1-(1H-tetrazol-1-yl)propan-2-yl]-3,8-dihydro[ 1,2,3] triazino[4,5-

glquinazoline-4,9-dione



clibis[1,2, 3]triazine 4, 9-di one

3- But - 2-yn- | (2R 1-(2H-1, 2, 3-tri azol - 2- Dpr oPan- 2- 3, 1] - 3, 8-di hy
dr obenzo[ 92 %/?9"2385 2 di]bis[1,2 3]triazine-4,9-dione PCT/US2008/010877
3-Pent-3-yn-2-y1-8-[(2R) - 1- (ZFFtetrazmi 2-yl ) propan-2-y1] -3, 8-di hydro
benzo[ 1, 2-d: 4,5- 10 cllbis[1,2, 3]triazine 4, 9-di one

3, 8- BlsR2 1§%2H-1 2, 3- trlazol 2- bpro an- 2- 1] 3,8 q¥drobenzo[l
2-d: 4, 58-[ H-Detopelr3- XQPTﬁBaMZQIH e 1.3,3griprq éylmethyi) -3

[(2R) -1 1] - 3, 8-di hydrob enzo

[1,2.d: %3‘%4“‘ rpap et RS L T

3- Oycl opiGyplpprdpyl-8-PR(2H-dt kbl 2y Dethy] -3 3-dihydoo[d RitriRziBo (1] 5-8q8indzdlindrded-1
,2,3]triazino [4,5- g]quinazoline-4,9-dione

3- CycloﬂPHbyl 8-[(2R)-1-(1Htetrazol - 1-yepropan-2-y1] -3, 8-di hydro[ 1, 2

, 3] 151 az gis(l Ar)or-(HenAAA0)- ylﬁﬂoﬁan%«‘f}l]%mh dro[1,2 3]tnazmo[45
8-[(2R-1-(1 enzot ri azol - 1-yOpr opan- 2 f 3-cycl oprowl- 3, 8-di hydr o[

1,2, 3] glanazeloke4,%dior® dqui nazol i ne- 4, 9 di one

3. Orel obyoncd: &1 LRI (SHCL 8L SHi Ry Co A loflnth Pl 1. 2

triaz

3- Q/C' 0@1{19& ﬁsitﬁa?ﬁﬁ 45(g]<!1‘&1hﬁ0[1ﬁ€-@19-diond ) but an- 2- Y1]
, 8-di hydro Jtriazino :ghQU|nazoI|ne 4. 9-di one

285 oych y@HSTf[t{aZ?i)Z‘ID'E‘QW‘ ~Yi>] Ri- ik efiotazoly dnniAra-3Y13.% 8- di h
%dﬁ,\?{%?og’r g‘lmg{%gﬁ%ﬁﬁ% gl‘ﬂ@%ﬁé@% Irgurkg‘%gelgld;i)n but an- 2- 34] - 3, 8- di hydr
o[ 1, 2, 33-[2R)-A il He eArazel- Gy nitam2 ol - 2 R)-0-(2il-detmzol- 2—y1)pr0pan-2-y]]-3 8-
dihydro[1,2,3}triazino[4,5-g]quinazoline-4,9-dione
8-[(2}2)-1-(5-Methyl—ZH—tetrazo1—2—y1)butan—2-y1]—3—{(2R)—1-(2H~tetrazol-Z-yl)propan—Z-yl]-
3,8-dihydro[1,2,3]triazino[4,5-g]lquinazoline-4,9-dione
15  8-[(2R)-1-(5-Methyi-1H-tetrazol-1-yl)butan-2-y1]-3-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-
3,8 dihydro [1,2,3] triazino[4,5-g]quinazoline-4,9-dione |
3,8-Bis[(2R)-1-(2H-tetrazol-2-y)butan-2-yl}-3,8-dihydrof1,2,3]triazino[4,5-g]quinazoline-
4,9-dione
3,8-Bis[(2R)-1-(1 H-tetrazol-1-yl)butan-2-yi]-3,8 dihydro{1,2,3]triazino{4,5-g]quinazoline-
20  4,9-dione
3,8-Bis[(2R)-1-(2H-tetrazol-2-yl)butan-2-yl]-3,8-dihydropyrimido[4,5-g]quinazoline-4,9-
dione -
3-[(2R)-1-Hydroxybutan-2-yl]-8-[(2R)-1-(2H-tetrazol-2-yl)butan-2-yl}-3,8-
dihydropyrimido{4,5-g]quinazoline-4,9-dione
25 3-[(2R)-1-(2H-Tetrazol-2-yl)butan-2-y1]-8-[(2R)-1-(4H-1,2,4-triazol-4-yl)butan-2-y1]-3,8-
dihydropyrimido{4,5-g]quinazoline-4,9-dione
3,8-Bis[(2R)-1-(2 H-tetrazol-2-yl)propan-2-yl]-3,8-dihydropyrimido{4,5-g]quinazoline-4,5-
dione
3,8-Bis[(2R)-1-(1H-pyrazol-1-yl)propan-2 —yI]-3 8-dihydropyrimido[4,5-g]lquinazoline-4,9-
30 dione
3-[(2R)-1-(4-Chloro-1H-pyrazol-1-yl)propan-2-yl]-8-[(2R)-1-(1 H-pyrazol-1-yl)propan-2-yl}-
3,8-dihydropyrimido[4,5-g]quinazoline-4,9-dione



3-Prop-2-yn-1-y1-8-[(2R) - 1-(2H-tetrazol -2-yl ) pronn-2-34] -3, 8

- dihydro[ 1, 2,31triazino [4,5- 30 g]quinazoline-4,9-dione

3- Prop- 2- WO 2008/®8B2[ ( 2R) 4- (1H4et raz014-yl ) propan- 2- y 11RCI@2eM8140870[ 1,
2,3] triazino[4,5- g]quinazoline-4,9- gl one WO
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q,(:l Ry ﬂ_%@gﬂdpwquwmz}ymmakd& -@stopand?-o])B,2, 31t ri azi no[

]qU|nazoI|ne 4

53 BQBl@m@bﬂ!}ZC([?fEidf’étdﬂhisﬂlZéltﬂlﬂlﬁf‘b%gwn? y1]-3,8-di hydro[1, 2, 3]tria
4, - 1 €Nz

él F?[ZR)éﬁg'}s?@/ﬂ?Z@?aﬂgg?zﬁigy%@gﬁgnﬂlf h hydro[b( ZIS)[1 ?L d(42?4- tetrawl-2-yl)

pr opan-&bisl],2 3jtBaziok-APetiofel, 2, 3] tri azi no[4 5-g] qui nazol i ne- 4, 9-di one

8-[(2R t

O LR o AR Gt U e A B gl g 2

8- [(2R)3@ﬁﬁ&&oﬁeﬁi@ﬂ@ldas.ni]alqu;mﬁ&zmyssdlbﬁeR) 1- (2H—tetrazo| 2-yl)p

. ropan- 2- 8- dihydro 23]tr|a2|no£ ? hn 0 e-4, 9-di,0 n
8 [(2R)1ﬁ2 Blfcérﬂ\ﬁt;ﬂylzlﬁ telrezol Aot ppoRAny Y l-AH ?égﬂ]’i F?k?yi) %E?e%faz

3 8 d| hyd;doig? E’g]ﬁéﬁr ?3121% %g‘]tﬁxs[%21]anuaizlr1]132409l ?18364 9-di one 15

8 [ (@R) 3-(2RB1 NREIBetraddt- 2 Wprapant 2- 113 (BRI a3 Qngluoxoxgﬁt[hmﬂﬂ nyrezeitlt et r az

-2-yl 1 di h
t ri az|yn§%} P,iolgmg?j é@?l%%g@p’ﬁ gexiizogld%ﬁg dﬁﬁ& ,2,3]triazine-4,9-dione
3, 8-Bi Sﬁ@ y-4= ﬁﬁifén%&&@zﬁbm@ayi Y18t RIR)2H- - toRaol diy)pdeppn D)3 1 i azi n

o[ 4,5-¢g |nazoI|ne4 di one

g ﬁ g,. sEBRIrotenzali - &5y isl 1,2, ringinehooligne] - 3, 8 _

3 8 b ook T R Ly O TR S b 2y a2 1281 o 5.

g] E]%lgz n) dralgernﬁo[ﬁb%{d::ﬁng]bls{l ,2,3]triazine-4,9- d(lozne t 1
3,6 a) @Ry IR YOO G Gt gest 2 bl 2 S

3- [(ZR)dlill c(rgﬂ;'enI@[tlrzaaalsé]hYA[)blsgtﬁazxﬂe ¥ bldi¢re] (2R) - 1- (4H1 2,4-triazol -4
- yCbut an- 5

do[ 4, 5- 4, 9 di
3, 8- Bi s}{2R)- lﬂilfl'z‘?maé‘?lrézrorgy“?y T%o[;s%!ﬁ gl??ﬁljﬂ%gzz e #13’3,%0[4 5

ég]8qll_;>: 2?%’%‘#5)9%?[]}& qlfsg?gﬁqu%%%mgﬁ 92dlc§/n] 3, 8-di hydropyr| m do[ 4, 5-¢g
| quizoaz ®)BiBie{ZR)O-(1 H-tetrazol-1-yl)propan-2-y1]-3,8- dihydrobenzo[1,2-d:4,5-
d'|bis[1,2,3]triazine-4,9-dione
3-(2-Hydroxy-2-methy1propyl)-8-[(2R)—1-(2H—§etrazoi-2-y1)propan.-2-y1]-3,8-
dihydrobenzo[ 1,2-d:4,5-d'Jbis[1,2,3]triazine-4,9-dione

25 Synthesis

The synthesis of the compounds of the invention, are preferably carried out as shown in the
following Schemes I and I1. Alternative syntheses by analogy relying on methodology that

exists in the art may also be used.

The 4~1ﬁtroaniline derivative 4 is synthesized in 2 steps starting with 2-aminoterephthalic acid
30 methylester 1 by firstly (step A) protecting the aniline using for example a mixture of formic

acid and acetic acid anhydride or ethyl chloroformate in the presence of a base e.g. N-methyl

morpholine, or triethylamine to give intermediate 2 and then nitrating (step B) with nitric



30 dione

3-[(2R) - 1- (4- Chl or o- 1H pyrazol - 1- yOpr opan- 2-y1] - 8- [ (2R) razol
- 1- yDpr opanQ20YAP8751 8. di hydr opyri mi do[ 4, 5- g] qui nazol i HST@g@-ﬂﬁF%Wé
WO 2009/ 038752PCT/ US2008/ 010877 26 27

3, 8-Bi s[2-(3-fl uorophenyl ) et hyl] -3, 8-di hydropyri m do[ 4, 5- dqui nazol i ne
-4, 9-di one

3 [ (2R adld./l-s)aifunx peid oybioh-r2sujts in 8nfixtarR)of pityapipn pmdn@tmomquc}sﬁra@#éﬁh% yl

-3,8- di t
b5 b  frigreactoprpuaed by affeseshomsrstumt oh po5- B8ty 10 Afstpition.
4,5- 5 dpMa Sl4l which M 45li@itiRRd 4s Hredése ﬁ@lar isomer on silica gel, was reduced (step C) to
2R }15 Vet hyl-211- tetrazoIOOHyC%_Ipro an-2-yl] - 8- }(ZR) 1-(2H-tetr

- 2 ylie)qnﬂupammg ZpiChu argt acid (HC COOH, HCl or others or hydrogen and a

(
|
hy b, 1
LSRR i PRl dr B Ttk SR NG B pmons pitn
olj ﬁa%&ﬂ{égﬂﬁ&ﬁagrcgz&ﬁdizo%s (Ste;t; D) [yieldzed :;hi triazinones 6. Hydrolysis of the aniline and
i r obenzo i bis [
(2R gﬁequwtméﬁhtaﬁaﬂe@ﬁw Fondpens gk KTF orrigety) 3nd spids Pimsioonesing

1H pyy, dit le CDI, EDC], I-IBTUma suitable solvent yielded the desired
yl'] propan %nél%lséorhexélﬁigt?enzo[ 1,2-d:4,5-flbis[1,2, 3]triazine-4,9-d

i one armdes The ring closure (step F) to the mixed tncychc mazmones/qmnazolmones 8 can be
?Op &ﬁR) _ @%\j%'&%ll%tg raﬁ%?tho%n%at}a bu& aar?ac%dlx 1ltal§st[s£1§r&s t%fuggg—guﬁi%hfcﬁéﬁl a2-y)p

di hydr 0@%0&9& ﬂanﬁ:eﬂatﬁ}e 5A@h§[vkiﬁh3}ﬁ®bi&iﬂ1ﬂ&tﬁm%nd y8tem 9 can be formed (step
3-[(2R)-1- (1HTetrazol - 1-yl) butan-2-y1]-8-[ (2R).-1- (2H-tetrazol - yppr
opan- 2- ﬁ)lwlgelgﬂle amide is treated with NaNQ, or ai organic nitrite (1soamy1 nitrite, tert buty

dlhydro i e

3-[(2R) B %eé{fg‘“ﬁh%{ss Eﬁ%{f-g' @E?‘%%gﬁ- é-ly??-(g@?ﬁz% PSR sltemafive route fo
2- K' ) butigdridydtit|sysieri 9 startls w1th the hydroly51s of mtro aniline denvatwe 4 under basic

3 [ 2Ry sanaons (DeDsy SO oy e s boURveA b firmion BB etentrdcapyivons
pr opan- %orye;é]@e?c%l ED% ff?EUs’f 2 sultaqu[ srolhge;nlt (r?teep E)gfoilowed b)éreductlon (step H)

di hydr obenz
3, 8- Bi s[of 2R)fertmddhtitrt dérivatiot 7 byyt&“,ng Zuoﬁhrﬂnﬂ-aylﬂ](e 8, BCOOH,; (b ERABHC oy

3. (2- by AYSReeintA ARt DG oL atheRD Bing olpsie o4be Wy iaanng (BN can by

3, 8- di hygsehangel ﬁaﬁogloﬂmﬁmgﬁhc afrdte Ze. §]1§dan@znmete4tcﬁbdty0mmaﬁmder
Synt hesi's The synthesis of the co ounds of the invention, are

pr ef28r alspidiccognditions e BEd, GREWIAOHH ctﬂéldf%l | owi ng Schenmes | and H

Al ternative syntheses by anal ogy relying on nmethodol ogy that exists
in.the art may also be used. The 4-nitroaniline derivative 4 is
synthesized in 2 steps starting with 2-am noterephthalic acid 30

met hylester 1 by firstly (step A) protecting the aniline using for
exanple a mxture of formc acid and acetic acid anhydride or ethyl
chloroformate in the presence of a base e.g. N-nethyl norpholine, or
triethylamne to give internediate 2 and then nitrating (step B) with
nitric WO 2009/038752PCT/ US2008/ 010877 _

3-[
azo
8-di
3-[
raz
3,8
3-[
|

a
)-



- conditions for

27 acid/ sulfuric acid which results in a mxture of nitration
products, conpounds 3 and 4 that can be readily separated by silica
gel chron®zuoapisys2or crystallization. The desired nitreriUsnosmpiasduct
4, which was identified as the |ess gl ar isomer on silica gel, was
reduced (step C) to the aniline usi n% Zn/ Cu and acid (HCOOH, CH3COOH,
HC1 or others) or hydrogen and a 5ggatal yst (Pd/ C or others).

Di azotation of this aniline 5 with NaNO2/ HC1 and treatnment with an
am ne under basic conditions (step D) yielded the triazinones 6.
Hydrol ysis of the aniline and ester fundionality under baSIOC
conditions (NaO , S,Iﬂeor mation, us

in-a
the desiyed.apdes The ring \Bsy ep F) towteh§ g

triazi nones/ gqui nazofulznones 8 can e 10 gchi eved using anney tholtbPRAL e
and an acidi C cataJ yst such as to ugnedSultf.@® c aci d at3 el evat ed
tenperature. Alternatively the tricyclic bis-triazinone system9 can
be formed (step G, when die amde is treated with NaNO2 or an

organic nitrite (isoanylonitrite, tert butyl nitrite or 6th s) under

aci di c conditiongy LH3®EOH or ot hers). An altermat ivg rFe %tmeto
the tricyclic syste st&?ts with the h¢drol ysis of ni ani’l i ne
derivative 4 st e 15 conditi : P pthef Sinf ol | owed
by am de for mati o under standard conditions for exanple CDL._ EDCl,

BBTU in a suitabl € spl wéntaep E), fol | owed by reducti‘ono (&pRH)
of the formed nitro derjvative 7 by using Zn/Cu and acid (e g. HCOOH,
CH3COOH, HC1) or hydr@g%n and a catal yst (Pd/ C or ot hérs}M Ri ng
closure to the bis-triaginone (step H can be perforned th NaNO2 or
an organic nitrite (e.g. igoanyl nitrite, tett butyl nitrit ) under
20 acidic conditiops (&g \HCke CH3COOH) to yield N 3
2009/ 038752PC,\/1J82'0088773 28 Schene | The am de}35l
be transformed ipte pazetifdiids 10 by heal i ngRam t stNH ut ed

am nes (HZN-R1, H2 R2) n,a suitable solvent (step ). Hyd7rol ysi s of
the aniline 5 and ester®functionality under basic condytions (NaCH,
KOH or others) followed|by ami de usi ng st%\z’dard condi tions
for exanple CD, EDCT , lBBTU, in a sui | e solvent vyi&lded am des

whi ch were used w t hout ification in t next step §N). Ring

cl osure to the quips e B8 f or med
wi th NaNOQ2 or an B'rga ert butyl
nitrite or ot hegsf~yrd COOH or 10

others) to yield 13 The ring closure (step Oj o the 9
bi s- qui nazol i none system £4 can be achi eved usi ng an orthoformate and

-an acidic catalyst such as toluepe sulfonic
el evat el ¥R %f%ﬁhemegtmn Redramsiory L‘s ’?Ve\%\ﬁew f%“i?ﬁﬂ%t”h cal
hi s- qui Q@Ztﬂhteagﬂﬁéesftﬁ?\t&{ nﬁi‘mtz)zm shﬁamb Sl (Sbdpi KON t@ﬁ:ot:,tse of the aniline

bi s-formam de 11 using formc acid and acetic acid
2009% 03852 rCTmoEombgy @@@Btraplcz@ndtttons {(NaOH, KOH or others) followed by amide

formation, using standard conditions for example CDI, EDCI, HBTU, in a suitable solvent

yielded amides which were used without purification in the next step (IN). Ring closure to the
quinazolinone-triazinones (step N) can be performed with NaNQ; or an organic nitrite (e.g.
isoamyl nitrite, tert butyl nitrite or others) under acidic conditions (e.g. HCl, CH;COOH or

10  others) to vield 13. The ring closure (step O) to the bis-quinazolinone system 14 can be
echieved using an orthoformatte and an acidic catalyst such as toluene sulfonic acid (or others)
at elevated temperature. An alternative, especially when symmetrical bis-quinazolinones are

synthesized is the formation of the bis-formamide 11 using formic acid and acetic acid



anhydride at elevated tenperatures (step L). Heating 11 vvith
substituted am nes (step P) gives bis-quinazolinones 14,

synt hesi s V09 /83833 cyclic system 14 starts with the hWT’gP%}’gﬁ@O%}F
nitro aniline derivative 4 under basim conditions (e.g. NaCH KOH)
foll owed by am'de fornmati on under standard condi tions for exarrpl e
CDI, EDCI, HBTU in a suitable solvent 5 (step foll 2

r educt i mmhy¢rideess eRyatof tankperatanes &stepit H@atﬂ’érlll\ﬂé}fh %’@Stﬂtcﬂm {I“"Pzﬁ) Cu

and acid oy
20 Bk by TRETEF boffP s S P MAGRIC R0 St Pl B oo
achi ev e@t 1156 BEIlIAA deivakiof @ nnddrdasio dormliticas (@lg.ANaH aKQHi fodlowied b% am@deuene

sulfonic acid (or others) at.elevated t er I Q Sch 5
The synforaatien wder sandaghinsd Hipss &r expaple &n ﬁf&ﬁ ajfjé gaggbpveﬂt

carred out &&t@ﬁ%hhﬁﬁ%slz e |ZM§711
rel y? ng o #Mng%ﬂ %%H‘bd) ﬁdﬁﬁgﬁg?ps{{)s%iftﬁé M{;ﬂeart may al so gig uishgd
2009/ 03&WERRITE dJSXIDBHOCHZZGOR) HUBY drdydrogem s ¢alyst m&ﬁm&%lw

aspect of the inventi.on, rov

b | e bE et e R P R R bh R M B it

from de&it n%&@ﬁéhe% thihehd Gl RHERRIA (OF otﬁér"sﬁﬂ@lehat@cﬁ tep¥etdhatory synapses or
in the nunber of AMPA receptors. In such a subject, nenory or other
cognltlve functions nay be inpaired, or cortical/striatal inbalance

Bccur, | eading to | oss of menory, denentia, depression, attention

dlsd ders, sexual dysfunction, novenent disorders, schizophrenia or

schi zophreni f orm behavi or. Menory 10 di sorders and | earning

di sorders, which are treatable according to the present .invention

i ncl ude those disorders that result fromaging, trauma, stroke and
neur odegener ati ve Scheme Il

H,N _Me
o
c
Me’o NH )Ni

5 O (H,0R)} (H.OR)

15 - The synthesis of the compounds of the invention, are preferably carried out as shown in
Schemes. Alternative syntheses by analogy relying on methodology that exists in the art may

also be used.



di sorders. Exanpl es of neurodegenerative disorders include, but are
not limted to, those associated with drug-induced states, neurotoxic
agent s, Wazliedeserszs di sease, and agi ng. These condi t irrRURE0S/062i | Vv
recogni zed and di agnosed by those of . ordinary skill in the art and 15
treated by adm nistering to the patient an effective anount of one or
nore conpounds according to the present invention. In another aspect,
the invention provides a nmethod for reducing or inhibiting

respi Matmby ol FRERMBHON I N a subj ect having such a condition,
conprising adm nistering to the subject an 20 anount of a conpound of
the invention, the anount being sufficient to reduce or inhibit

respi g?éc%l/n Béggs%ie%f thdlinferdtibh! DBEHLAS RERLviAd oP@edting @thdnSfaliad

2
met hod 1's provi for reducing or inhibi'ting respiratory depression
corpr issbjag saffeiing S¢remihygogletamhiergietinditonaer fram deficiarios i & Bf

the inyentiop in conmbination wth an Lﬁﬁé; I f. SM&h opi ates
i ncl ud e‘EﬁEﬂE Og?’ifﬂﬁt(?fy PRRTed IP\#,‘B Al gﬁ?ﬁn. arr?g i‘fi en'tlgﬁl)ll - ZSRPﬁ a
f ur t hefiend&p @€ bihet fugnitive dinictions puybd itgmired, wetdrtcalkoiatal eubalinvg roy
inhibiting breathing - rel ated sLegg di sorders. or. sl eep aﬁ eain a
subj eccoHalpadige & leepetapsmey P, epigs HentioR AsRileroS*RY subj ect
an amyid, - Ofor@ e QPRAH Akoferd, BéhidopMRRtal o? SehitdpBreAiTOilbeHa®ion Menbdyl Ci ent
to rggﬁke ofnkﬁﬁiﬂﬁt t he breathfﬁg relatedc?[eep di sorder. 30 WO
200D/ (BSTERPET 1u8aBeali0Ibey Whrh aoheatabivadieningdo Hiterrephyaien |
bel Owinclyl\é]eetilgslendiso?dgr(s &39 Lresul\llt from aging, trauma, stroke and neurodegenerative
disorders. Examples of neurodegenerative disorders include, but are not limited to, those
associated with drug-induced states, neurotoxic agents, Alzheimer’s disease, and aging. These
conditions are readily recognized and diagnosed by those of ordinary skill in the art and
15  treated by administering to the patient an effective amount of one or more compounds

‘according to the present invention.

In another aspect, the invention provides a method for reducing or inhibiting respiratory
depression in a subject having such a condition, comprising administering to the subject an
20  amount of a compound of the invention, the amount being sufficient to reduce or inhibit
respiratory depression. In a further aspect of the invention, a method is provided for
reducing or inhibiting respiratory depression comprising administering to the subject an
amount of-a compound of the invention in combination with an opiate; examples of such

opiates include but are not limited to, alfentanil and fentanyl.

25
In a further aspect, the invention provides a method for reducing or inhibiting breathing -
related sleep disorders or sleep apnea in a subject having sleep apnea, comprising
administering to the subject an amount of a compound of the invention, the amount being
sufficient to reduce or inhibit the breathing related sleep disorder. '

30

In the present invention, the method of treatment comprises administering to the subject in

need of treatment, in a pharmaceutically acceptable carrier, an effective amount of a



Y =Cor N with the exception that Y cannot be carbon when X =N and
the group R7 represents H, alkyl or cycloallcyl, 10RI and R2
are indepéﬁﬁéﬁgpywﬁydrogen, al kyl, substituted allcyl, PEVERHAFNIEFT7,
substituted cycloallcyl, allcynyl, supstituted al kynyl, al kenyl,
substituted allcenyl, cyario, allcoxy, and if Rl and R2 are allcyl,
Rl and R2 may be joined with a bond or -(CH2)p- to produce a

cycl oal t@ypound having the Fdranid R4 belpw: i ndependent | y hydrogen, al kyl,
substituted al kyl, cycloal kyl, 15substituted cycloallcyl, allcynyl,
substituted allcynyl, alkenyl, substituted alkenyl, hydroxyl,

al I coxy, cyano, fluoro, A may be absent, ? ro Bal kyl, substituted
al kyl, cycloallcyl, substituted cycloallgyl, ynyl, substituted

al kynyl , al kenyl, substituted aI&eH \'C, pbstituted
aromatic, heteroaromatic,R3sull¥ti tiute t eqoaRemat i c,

20bi cycl ohet eroaromatic, h rpeycife, Sub$tituted heterocycle,
hydroxyl , al koxy, cyano, A , SAN, SO2NRORI 9, CONROR1, NRI | S02R1
2, NR | CORI2, OR9, NRORi o,RR8BrRand R6 are independently hydrogen,

al kyl, substituted allcyl, cycloal kyl, substituted cycloallcyl,

al i cynylyhegigbst i tuted al kynyl, al kenyl, substituted 25al kenyl, cyano,
al koxy, and if R8 and 12.6 are alkyl, Rs and R8 nmay be joined with a
bond or -(CH2)p- to produce a cycloallcyl, 12.2 and R8 are

i ndependent | y hydk&dgenr Nal kyl, substituted al kyl, cycloal kyl, WO

2009/ 038752PCT/ US%O_%G{;#ES%}K/ lﬂﬁg%xggfgﬁ)hiﬂrld{ é(;mg_\q({tq)legg,}bbﬁ When & WK the

substituted allcynyl, titut enyl , hydroxyl, al koxy,
cyano, fluor, group
Re R8

B

m

s 7 represents H, alkyl or cycloalkyl,

10 R! and R? are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted
alkenyl, cyano, alkoxy, and if R' and R? are alkyl, R and R* may be joined
with a bond or |{(CHy),— to produce a cycloalkyl,

R® and R* are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,

15 substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted
alkenyl, hydroxyl, alkoxy, cyano, fluoro,

A: may be absent, hydrogen, alkyl, substituted alkyl, cycloaikyl, substituted
cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted alkenyl, aromatic,
substituted aromatic, heteroaromatic, substifuted heteroaromatic,

20 bicycloheteroaromatic, heterocyc_le, substitut.ed heterocycle, hydroxyl, alkoxy,
cyano, fluoro, SCN, SO;NR’R'’, CONR’R'®, NR''SO,R'?, NR''COR?, OR’,
NR°RI®,

R® and RS are independently hydrogen, alkyl, substituted alkyl, cycloa]kyl,
substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted

25 . alkenyl, cyano, alkoxy, and if R® and R® are alkyl, R® and R® may be joined
with a bond or (CH,),~ to produce a cycloalkyl,

R and R® are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,



12.9, R1, Rl11 and R12, are independently hydrogen, alkyl, substituted
al kyl, cycloallcyl, substituted cycloal kyl, allcynyl, substituted

al kynyl , a¥kagyP3878Bsubstituted al kenyl, RO and R19, ankCTREP8P1RD
may be joined with a bond or -(C}Q)q-ato produce a cycloallcyl, B may
be absent, hydrogen, alkyl, substitutéd al kyl, cycloallcyl,

St e S AR, s

substituted al ke , aro
het eroaromati c, simasyil, hudegylhekeroayanopfiioey, bi cycl ohet er oaromati c,

het erocycl e, substd tued, heterocycle, hydroxyl, alko 0
fluoro. SN SO RRELE W%}ndmnﬁé%ﬁ%&%ﬁﬂﬁ%ﬁ}%%ﬂ%
NRORL9, n =0, 1 1ogbkyﬂ§ﬁﬁsﬁnﬁedl dicRblH, alymyl lsubdituted alkynyd, atkedyl, 3 or 4

r = 0 or 1, or a pharmaceutically acceptable salt, solvate or
pol ysror ph t her eofsub@Quted atklenylpr esent i nventi on, the method of

treatnent al so caoppri.ses admgini siering,.to.. i j ed d
treatnent, in a %ﬂé@emg?m lgcé% tbgg?léé}g%@??ggl?&grﬂg féc%o?é/rg uee
anount of a conpoyfdidagyi,ng the Fornmulas I1-Xl as previously defined.
Conmpounds according to the present inventiaon exhibit e ncebg.

sul Btuted

bi oavai | abi | ity iBmayde abgnt,iydmgen slkylsubsttutqdadiet, Gyplo ,
enhanced phannacoki neti i Qi ngE,Hﬁ ?{mp 1 tic,
Accordi ngly, the %’F@%@‘Hﬁ%a@#ﬁ@ﬂtﬁ% e f%%’?’fi%f’?ﬁ or mul at e’grcinrlla:tg

phanpaceut i cal copegitel atsndtie, Reteradrombiic, eibst osaidetdroaromatiaand i n
particular, oral dosage forns. . not edq ahove, freatnment, of a subject
according to the qu@@t%qar@xﬁgnq, WEWPY‘%% si%nﬁg%#ﬁer?%ngﬁwfé?ﬁ%ﬁ@fdﬁé’
ANI TA recept or ackjayi tior@REN, e NRBY' HeONRERI 1R '8 01 7. KRB CORE?, OR”,
| earni ng of behavi’ors _dependent upon AMPA receptors, and to treat

condi tions, such TalEgRﬁg,rmry i npai rnment, in which AWMPA receptors, or
synapses utili zi nlg=t0h?%§2recept ors, are reduced in

15 m=0,1o0r2,
p=1,2,0r3,
g=2,3o0r4

r= 0 or 1, or a pharmaceutically acceptable salt, solvate or polymorph thereof.

20  In the present invention, the method of treatment also comprises administering to the subject
in need of treatment, in a pharmaceutically acceptable carrier, an effective amount ofa

.compound having the Formulas II-XT as previously defined.

Compounds according to the present invention exhibit enhanced bioavailability in most
25 instances due, at least in part, to enhanced pharmacokinetics exhibited by the present
compounds. Accordingly, the present compounds may be favorably formulated into
pharmaceutical compositions in a variety of dosage forms, and in particular, oral dosage
forms.
As noted above, treatment of a subject according to the method of the invention is useful for
30  enhancing AMPA receptor activity, and thus may be used to facilitate the learning of
behaviors dependent upon AMPA réceptors, and to treat conditions, such as memory

impairment, in which AMPA receptors, or synapses utilizing these receptors, are reduced in



WO 2009/ 038752PCT1US2008/ 010877 33 nunbers or efficiency. The nethod
is also useful for enhancing excitatory synaptic activity in order to
restore an'?AYWAP#i¥e bet ween brain sub-regi ons, which REl/URMAY18%T
itself in schizophrenia or schizophregyfonn behavior, or other
behavi or as descri bed above. The compounds adm ni stered in accordance
wi th the nethod have been found to be nore effective 5 than

previ ousimbateeceifibieteyc Thpmethdd id aiscowdefin GirreghaiviRg exeit@ly oynaptic Aativity in
as shown in the in vi gg tests described bel ow,. Bi ol.ﬁag{}.igak.

Acti vi t SFICERIEHE FRATLYRICRGSA SRR PR BIP-eENRs MOvehaB ™ M UPHAR Assay s
Synapt i &hiRpRRARSS sEREipht@tioRY bAMRRT RGERE BERVRE 8 ddiEtiRas8evaaer di ng
to the nmethod of the invention, using the conpounds described herein.

These commrsndsadmisistronbmeesaiitgs With thiefnd hpedsen foand fabq Bare SEECve
T admigistraerbi . aht | _
avespopen hre%ﬁ#'tsl rcfg%crib@d bRbSREL H%\x}@%f’drfheé%% 1%?8 WAL EviRELd shbwn in the

currents i neurons and nctionn slices of
rat hi ppocanests desthibedbsisw.ol ogi cal effects of invention conpounds
were tested in vitro on primary cultures of rat cortical or

hi ppocanpal neurons or on slices of rat hippocanpus according to the

fol | owi B igyiontsas: EdRadt@ielt 6 AV AEREGChiANMREiOh 09y Assay Corti cal

cells were prepared fromday 18-19 enbryoni c Sprague-Dawl ey rats and
recorded after 3 days in culture. The extracellular sol ution.(ECS)

contain (4.n inM_: NaCl (145), KC1 (5.4), HEPES (10), MyCl2 (0.8),
Ca(:ltlg (ﬁ&g)rfltrﬁm%ée (10), sucrose (30); pH. 7.4. In order to 25
bl ock the voltage-gated sodiumcurrents, 40 nM TTX was added to the
recordi ng solution. The intracellular solution contained (in nm\V:

K- gl ucoB¥napti¢ 1e5pnses-mpgisted by AMP4sToceptorsiare Insrasediseqrding tnle msfhodgf aTp
(3), GTh e(ir%? Rion '@%%he( é:)n?poﬂﬂgis $R2&hea %Qrc%). Thi¥corh ﬁmdé‘la}e defi®hstrated, in
d gf' dtamate so e P [

corrpounél an utions were nmade-up in the extracel [ ular
sol ut i othe E3@mples tivdo 6d1w; @d havepoteandctivitg impasarimAMPAmpdintedh whbleroell

anpl ifier (Axopatch, 200B), f.iltered a kHz, .di.gitized.at 5 kHz..and
o 0 detrmSBelrt sersan AMEhvigeoplar FutthBs i B R hithoedul AL
80 nVv. suil&%éhfi HBI S0 BRPLNtBE cOMp&WNDs hre¥GeEimvito bapehyeutesponae
for 009/ 038752PCT11152008/ 010877 34 each cell was rec rflogld ysi ng
a 1 s pedrsealer hippocammalnenrensenr o0 §lices of (A BIPPACABIYS 2489 @ége Opi
corrpoungm}gg.][u?est‘ hen determ ned by application of a 10 s pul se of test
conpoun olTowed by a 1 s pulse of the sane concentration of test
conmpound plus 500 pMglutamate and then 10 s of saline. This pul se

suf hci EnE PR el ed 1o allow oxtrapal ation toa
cal cul at ed nmaxi nrum change.
| Cortical cells were prepared from day 18-19 embryonic Sprague-Dawley rats and recorded
after 3 days in culture. The extracellular solution (ECSj contained (in mM): NaCl (145), KCl
(5.4), HEPES (10), MgCI2 (0.8), CaCl2 (1.8), glucose (10), sucrose (30); pH. 7.4. In order to
25  block the voltagc-gated sodium currents, 40 nM TTX was added to the recording solution. '
The intracellular solution contained (in mM): K-gluconate (140), HEPES (20), EGTA (1.1),
phosphocreatine (5), MgATP (3), GTP (0.3), MgCi2 (5), and CaCl2 (0.1); pH: 7.2. All test

compound and glutamate solutions were made-up in the extracellular solution.

30 The whole-cell current was measured with patch;clamp amplifier (Axopatch 200B), filtered
at 2 kHz, digitized at 5 kHz and recorded on a PC with pClamp 8. The cells were voltage-
clamped at— 80 mV. Solutions were applied by DAD-12 system. A baseline response for
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20  In another test, excitatory responses (field EPSPs) were measured in hippocampal slices,
which were maintained in a recording chamber continuously perfused with artificial
cerebrospinal ﬂu-id (ACSF). During a 15 - 30 minute interval, the perfusion medium was
switched to one containing various concentrations of the test compounds. Responses
collected immediately before and at the end of drug perfusion were superimposed in order to

25  calculate the percent increase in EPSP amplitude.

The field EPSP (excitatory post-synaptic potential) recorded in field CA1 after stimulation of
CA3 axons is known to be mediated by AMPA receptors, which are present in the synapses
’(Kessler et al., Brain Res. 560: 337-341 (1991)). 'Drugs that selectively block the receptor
30  selectively block the field EPSP (Muller et al., Science, supra). Aniracetam, which has been
shown to increase the mean open time of the AMPA receptor channel, increases the

amplitude of the synaptic current and prolongs its duration (Tang ef al., Science, supra).
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(Servio et al., Neuroscience T4: 1025-1035 (1996)). Furthermore, the concentration of the

modulator that evoked these responses was shown to exist in plasma from behaviorally



sumari zed in Table 1. 25Table 1 Conpound Exanple Number In vitro
IPatch Cl anp El ectrophysiol ogy | EC2x 2Rat Hi ppocanpal slice assay 4 3
I n vi VSOEM®@B376physi ol ogy 1 0. 28pM 69% (P, 3RM 37%BCHU20A8pNETL8% @

31. 1M :
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relevant doses (Granger e al., Synapse, supra). Thus, the concentration of compound
sufficient to produce a 10% increase in amplitude of the monosynaptic field EPSP is likely to

represent a behaviorally relevant plasma concentration.

5 1L In Vivo Physiological Testing

The physiological effects of invention compounds were tested in vivo in anesthetized animals

according to the following procedures.

10  Animals are maintained under anesthesia by phenobarbital administered using a Hamilton
syringe pump. Stimulating and recording electrodes are inserted into the perforant path and
dentate gyrus of the hippocampus, respectively. Once electrodes are implanted, a stable
baseline of evoked responses are elicited using single monophasic pulses (100 ps pulse
duration) delivered at 3/min to the stimulating electrode. Field EPSPs are monitored until a

15 stable baseline is achieved (about 20-30 min), after which a solution of test compound in
HPCD is injected intraperitoneally and evoked field potentials are recorded. Evoked
potentials are recorded for approximately 2 h following drug administration or until the
amplitude of the field EPSP returns to baseline. In the latter instance, it is common that an iv

administration is also carried out with an appropriate dose of the same iest compound.

20
The activity of selected compounds of the invention in the patch clamp electrophysiology
assay, the rat hippocampal slice assay and in the rat in vivo electrophysiology assay is
summarized in Table I.
25 Table 1
In vitro Patch Clamp “Rat Hippocampal *AIn vivo
Compound Electrophysiology slice assay Electrophysiology
Example Number 'BC2x
1 0.28uM 69% @ 3pM 37%°
4 0.28uM 18% @3uM__ 46%’
18 NT 35% @ 10uM 34%°
22 0.24uM 24% @ 3uM 42%’
53 0.60pM 55% @ 10uM 33%"
80 0.016uM 65% @ 3uM 59%"




4698 18 NT 35% @ 101. 1M 3498 22 0.241.tM 24% @ 3pM 4298 53 0. 60RM 55%
@ | OpM 33%8 80 0.016pM 65% @ 312M 59% WO
2009/ 03875¥P&4¥ {88588/ 010877 ' PCT/US2008/010877
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1. Concentration at which the plutamate induced current is increased by 100% in the patch
clamp assay

2. % Increase in the amplitude of the field EPSP in the CA1 region of rat hippocampal slice
3. % increase in the amplitude of the field EPSP in rat dentate gyrus @ 5Smpk 1.p.
5 4. % increase in the amplitude of the field EPSP in rat dentate gyrus @ 1mpk i.p.

NT = Not tested

While the invention has been described with reference to specific methods and embodiments,
it will be appreciated that various modifications may be made without departing from the
invention.
10

Administration, Dosages, and Formulation

. As noted above, the compounds and method of the invention increase AMPA

receptor-mediated responses, and are useful for the treatment of hypoglutamatergic

15  conditions. They are also useful for treatment of conditions such as impairment of memory
or other cognitive functions, broﬁght on by a.deficiency in the number or strength of
excitatory synapses, or in the number of AMPA receptors. They may also be used in the
treatment of schizophrenia or schizophreniform behavior resulting from a cortical/striatal
imbalance, and in facilitation of learning of behaviors dependent upon AMPA receptors.

20
In subjects treated with the present compounds, pharmaceutical compositions and methods
memory or other cognitive functions may be impaired, or cortical/striatal imbalance may
oceur, leading to loss of memory, dementia, depression, attention disbrders, sexual
dysfunction, movement disorders, schizophrenia or schizophreniform behavior. Memory

25  disorders and learning disorders, which are treatable according to the present invention,
include those disorders that result from aging, trauma, stroke and neurodegenerative
disorders. Examples of neurodegenerative disorders include, but are not limited to, those
associated with drug-induced states, neurotoxic agents, Alzheimer’s disease, and aging.
These conditions are readﬂy recogniied and diagnosed by those of ordinary skill in the art

30 and treated by administering to the patient an effective amount of one or more compounds
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conditions are readily recognized and iagt@ﬁSEd bé/ﬁthos en%f’ ordi.nary

skil|l i sipppgitogies, creams, omtments, lotions, aerosols, p es or the'like, pre ly m unit

dosage forms suitable for simple administration of precise dosages.

Pharmaceutical compositions according to the present invention typically include a

20 conventional pharmaceutical carrier or excipieht and may additionally include other
medicinal agents, carriers, adjuvants, additives and the like. Preferably, the composition will
be about 0.5 to 75% by weight of a compound or compounds of the invention, with the
remainder consisting essentially of suitable pharmaceutical excipients. For oral
administration, such excipients include pharmaceutical grades of mannitol, lactose, starch,

25 magnesium stearate, sodium saccharine, talcum, cellulose, glucose, gelatin, sucrose,
magnesium carbonate, and the like. If desired, the composition may also contain minor

amounts of non-toxic auxiliary substances such as wetting agents, emulsifying agents, or

buffers.

30  Liquid compositions can be prepared by disselving or dispersing the compounds {(about 0.5%
to about 20% by weight or more), and optional pharmaceutical adjuvants, in a carrier, such

as, for example, aqueous saline, aqueous dextrose, glycerol, or ethanol, to form a solution or
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subject.

The following examples illustrate but are not intended in any way to limit the invention.
Unless otherwise stated, all temperatures are given in degrees Celsius. Unless otherwise

25  stated, all NMR spectra are '"H NMR spectra and were obtained in deuterochloroform,
deuterated DMSO or deuterated water as solvent using tetramethylsilane as an internal
standard. All names of Example compounds conform to [UPAC nomenclature as provided by

the computer software ChemSketch by ACD Labs.

30 Chemical Procedures
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preparation, the conposition nmay be prepared as a sol ution,
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| NTERMEB] STES 1166pmn BH, d2RF 512 X2H- Tet r azol - 2- yDpr opan- 2- ani ne
hydr ochl ori de and (21?) -1-(1H Tetrazol-1- yl? pr opan- 2- an‘idntg
hydr ocTiedfirictions ¢4énkiing the more polar 1-substituted tetrazole were combined and the solvent

15 was removed under vacuum (Rf: 0.20, white solid): '"H NMR (300 MHz, CDClL) 8 8.65 (1H,
s), 4.82 — 4.47 (3H, m), 4.14-4.01 (1H, m), 1.41 (9K, s) and 1.31 ppm (3H, d, ] = 6.6 Hz).

The fractions containing the 2-isomer were dissolved in chloroform (150 ml) ahd TFA (30
ml). The solvent was removed completely after 18 hours. Ethyl acetate (150 ml) was added
and extracted with 2N HCI (100 and 50 mi). The water phase was evaporated, the remaining
20  material re-dissolved in ethanol and again evaporated to give(2R)-1-(2H-tetrazol-2-yl)propan-
2-amine hydrochloride (4.8g) as a white solid: 'H NMR (300 MHz, D,0) 6 8.90 (1H, s),
5.46-5.32 and 5.17-5.09 (2H, m), 5.00-4.90 and 4.19-4.09 (1H, m), 1.44 and 1.31 ppm (3H, d
+d,J = 6.6 Hz). |
The fractions containing the 1-substituted tetrazole were similarly treated with TFA and
25  hydrochloric acid to give (2R)-1~(1I-I-tetrazol;1-y1)propan-2—amine hydrochloride as a white
solid (3.5g): 'H NMR (300 MHz, D;0) 8 9.33 amnd 9.22 (1H, s + 5}, 5.15-4.67 (2B, m),
4.12-4.00 (1H, m), 1.41 and 1.25 ppm (3H, d, ] = 6.6 Hz).



HNIL H\WIs% N HCL *HC1L * 5 Tert-butyl

[ (2R) - 1- hydr ox Fr o?an- 2- Acar bamate (12.3g, 65.7 mmol),

tri phenyl d’ﬂ%%ﬂ% 0353 26.3 g, 100 nmmol) and tetrazol e (OPEHUSHOHPIOPTT
acetonitrile, 100 mol) were dissolveg in THE (100 ml). A solution of
of diisopropyl azodi carboxylate (DI AD, 20.2g, 100 rrunol) in THE (50
m) was added slowy and the m xture was stirred at 25 C for 18 hr.
The sol vent was evapor at ed aINTERMEDKATE®3podidfi ed using flash

chromat ography with ethyl 10 acetate/hexane 30/h 0.4 60/40) as the
S-Mieghvi-2 fctefrgzel- ' A 2-i soner were

nobi | e 23 —Iug il Y- b #hae o S saidl 1L B
conbi ned and, t he 3ok Vel 1R AV dp A8 SmiNeEvaHaERIBkide 0. 65, white
solid NvR=( H . SRS H, S 1.90 - 4.68 (3H, m,

, vz, CD . ! . 4. )

4.33-4.20 (1H, m), 1.42 (9H,s) and 1.66 ppmgsH, d, J = 6.9 Hz).
The fractions contai ni ng't he#rore pol ar 1-‘ﬁu.l<sii hed tetrazole were
conbi ned and the sol vent H‘S%&Nﬁ‘amved wfder\vgcuum (Rf: 0.20, white
solid): NMR (300 MHz, CBC13) N§I¢¢5 (1H, s}, 4. 8?’-” 4.47 (3H, m,
4.14-4.01 (1H m, 1.41 R¥H s) "andve.31 ppm (3 d, S = 6.6 Hz). The
fractions containing the 2-isomer were dissolved in chloroform (150
m) and. TEA ; f : ebrahieraédiges 18ad 2

g' E}Ime&%%s rg1 d 4%6 E%%@%sﬂggﬁt 5%915%6&19%'5

hour acetate S ed and extracted with 2N HCl
(100 angsib®s-mhethyl Thezoategivphaso ofidsl efZastezale tietapeler Hived-HPHET WeP

mat eri al re-dissolved.i nal i t }
ite s : _ . 3o +5d, .an

5. 17-5.83b?§‘1!f;mn)', I. Oggh.'QO(gaﬁdQA} 19-2. 09 111(, m, 1.44 and 1.31

ppm (BHTPg 1% Q'stinﬂte(fteﬁfgﬂé‘?sbmems‘s k6136l 0P/, GRAL ai ni ng t he

1- substi ed tetrazol € were simlarly treated with TEA and 25
hydrlgchl oric acid to give (2R)-1-(1Htetrawl- 1- Apropan-2-am ne
hydrochl oride as a white solid (3.59): IH NW (300 WMHz, -D20) 89. 33
arruid 9.22 (1H, s + s), 5.15-4AI6VERMEDIANE 54 12-4.00(111, m), 1.41
and 1.25 ppm $3H J = 6.6 &-Jz; VWO 2009/ 038752PCT/ US2008/ 010877 41 .
| NTERVERL - amino) 1.4-dicarboxylate

(210-1-(5-Methyl-2Htetrazol - 2- ybpr opan- 2- am ne hydrochl ori de
and(2/0-1-(5-Methyl-11/-tetrazol - 1-yDpr opany 2-anai 11e hydrochl ori de
Hve Nmc- NN -- :

o~ Me

15
A mixture of acetic acid anhydride (100 ml) and formic acid (30 ml) was stirred for 10
minﬁtcs at RT and then added to a slurry of dimethyl-2-amino-terephthalate (25.0 g, 119.5
mmol) in chloroform (150 ml). The clear solution was stirred for 20 minutes at ambient
temperature, after which the solvent was removed under vacuum to yield 28.4 g dimethyl 2-

20 (formylamino) 1,4-dicarboxylate as an off white solid.

INTERMEDIATE 6
Dimethyl 2-(formylaminoe)-5-nitrobenzene-1 4-dicarboxylate




HNI HN HCI *NMeHCI * 5 Internediates 3 and 4 were prepared using the
same procedures as for Internmediates 1 and 2 using 5-nethyl tetrazole
to give womvy/mssk 3:1 of 2-tetrazole:l-tetrazole. TheETAIS2&S8/0BIS7WAS
i solated as a white solid, NVR (300 MHz, D20) 8 5.28-5.20 and
5.06-4.92 (211, m), 5.00- 4.90 and 4214-4.02 (IH, m), 2.58 (311, s),
1.41 and 1.29 ppm (311, d +d, J = 6.6 Hz). The 1-substituted
tetrazol e i sonmer was isolated ira,@3% yi ¢l d. 10 | NTERVEDI ATE 5

D net hyl-2- (fornyl am no) 1, 4-di Car ateM15 A m xture of acetic
acid anhydride (100 m ) and forajc (80 mM) was stirred for 10
mnutes at RT and then added ™o slurry of

di met hy1-2-am no-terephthalate (25.0 ¢#%19.5 mol) in chloroform
(150 mM). The clear solution was stirred for 20 m nutes at anbient

tenperature . after L ch ql v - 1580501y 5k HdRek O
yi el d_%’."i?réél %F‘Fr@% 1 fo?y%%%toﬁgﬂrglpépn%té ?@f‘v%lchr boxylate as an of f
whi te selibihwisk N ERMANSATE (B comdienrated $ulfuric acid (150 ml). After the material
2- (fornyl am no) - 5- ni tr obenzene- 1, 4- di gaér ?%dl(%e WO
2009/ 0dsspbzpdiit nErBrsr TIeeeled ta 910°C and 90% 3 ml) was added slowly. The
5  reaction was complete after 2.5 h (TLC: hexane/ethyl acteate/CHCl; 50/10/40). The reaction

mixture was poured over crushed ice (500 g}, extracted with dichloromethane (3 x 250 ml),
washed with water (200 m]) and dried over sodium sulfate. The solution was filtered through
silica gel and the solvent removed under vacuum to a volume of 200ml, and MTBE (200 ml)
was added and the solvent partly evaporated which caused the main isomer, dimethyl 2-

10 (fofmylamino)-s—nitro‘oenzene—l,4-dicarboxylate, to crystallize {19.9g; 59%). 'H NMR (300
MHz, CDCl3) & 11.30 (1H, s), 9.05 (1H, s) 8.80 (1H, s), 8.60 (1H, s), 4.04 (3H, s), 3.99 ppm
(3H, s).

INTERMEDIATES 7 and 8
15 Methvi 6-a_n_1i£o—3-cvclopropil-4-oxo-3,4-dihvdro-1,2,3-benzotriazine—’)’-carbo:_gylate and

Methvl 3-cyelopropyl-6-(formylamino)-4-oxo-3,4-dihydro-1,2,3-benzotriazine-7-

carboxylate

20
Dimethyl 2-(formylamino)-5-nitrobenzene-1,4-dicarboxylate (5.0g, 17.7 mmol) was

dissolved in THF (100 ml) and methanol (100 ml). Zn/Cu (30g) and formic acid (6 ml) were
added and stirred for 20 minutes. The mixture was filtered through 1.5 em silica gel, washed
with THE/MeOH (60 mi, 1:1) and the solvent evaporated, which yielded a yellow solid. This
25  material was dissolved in THF (150 ml) and cooled to 0°C. A solution of sodium nitrite
(2.5g) in water (60 ml) was added, and conc. HCI (5 mi) was added (0°C). After 7 minutes a

mixture of cyclopropylamine (6 ml) and triethylamine (35 ml) were added in one portion and



Powder ed di nethyl 2-(fornylam no)-1,4-di carboxylate (28.4 g, 119.5
mml ) was added portion wise to cool ed (5 -10C) concentrated sulfuric
acid (150 ‘FH))m”'ﬂgﬁ't"ézr the material dissolved, the m xtuPETHEXOHHESEd
to -10C and 90% HNCB (15 ml) was addeg sl owl y. The 5 reaction was
conplete after 2.5 h (TLC. hexane/ et hyl acteate/ CHC13 50/10/40). The
reaction m xture was poured over crushed ice (500 g), extracted with
di chl or pieetik ane sBed f@SChauk WithwatsbelihgiThé solati@r w{s2@actéd withdthyl acstite

over sodium sulfate. The sol ution S f||t edt h ca gel and
Che. sof ConioCBhugee Rt RS 195 ST RS DBoEs sh e sty
) V"asuﬁ@aﬁﬁa@ga&hﬁx;ﬁﬁlﬁm S0k} Vet RYABRRS/nREhIMeCohGRdessa VIR mai N

i soner, dinet

(for nyl mmdn@ﬁésoﬁamwémfewethﬂ Gaineat-pEkaprenyd-4-axg-3et-¢idwdior . 28-

T i s iy ey
| I\FI'ERIVEQI Mgisui SBUB2HL 5), BEBIYH, s), 3.98-3.83 (LH, m) and 1.30 - 1.12 ppm (4H, m),

6- am no- 3-cycl opropyl- 4- oxo- 3, 4-di hydro- 1, 2, 3- benzaqtri azi.ne- 7; ear boxy
| at e an@ndviethyl 3-cyclopropyl-6- (formylarnmo) 4—ox0-3 4-dihydro-1,2,3-benzotriazine-7-

3-eyel o Y, ; t 7
3-eyel bga){ycﬁéfrate (r&fr%%ﬂﬁ ot 4y PR T3t Y EDeY 531 3o RARZSLS SREDNSY,
2- (f or nylgaqima), 61, 6} 4USENE; s), 406H8 CaHiaxy) atdel. 1%~ 047 pif. (FHnoiol )
was di ssolved in TBF (100 m) and nethanol (100 mi). Zn/Cu (30g) and
fordc acid (6 ml) were added and stirred for 20 mnutes. The m xture
was filtered through 1.5 cmm%%hfrﬁ;\ga§gﬁglwth THF/ MeOH (60 i,
1:1) and the sol vent evapor ; ed a yellow solid. This

25 nat eMeth l\ﬁaamdlosasnie ik oxo TR divdDo-1 2 3-hen 301:‘:'5:4. : gvlape and

TR I

cycl opropyl am ne (6 m ) and triet hyI am ne (35 rﬂ) wer e added in one
portion and WD 2009/ 038752PCT/ US2008/ 01087P¢3Ht he nj x was stirred
for 1 hour without cooli ng. THe solution was gxtract ¢d vwnth et hyl

acetate (2 x 150 nil )y~ erMSodi um sulH af§ I eyaporat ed onto
- 1Qg silica gel. i
et hyl acet at e/ hexane/ t hyl ene- chlori de 60/2/ 20 yi eI ded 4.5g of a
i xtldr e of net hyl 6- am no- 3- cycl opropyl 4- oxo- 3, 4-di hydro-1,2,3- 5

benzotr| e 7-car | at e DI E 7 I ] .

CDClS) %“ %C‘inil??“ng R DA Tﬁ”‘? mgé‘ﬁt P ‘%fifi“m yseﬁyq@&%?%i%@s fand38
3. 98- 3. 8} dsldelme laﬁﬁkﬂ: 1ﬂist3£h'ofﬂay313plﬁpﬁhlﬁﬁlklmwﬁqedlatﬂ@ e N (300 MHz,
3-cycl opropyl 6 | am nH) -0X0-3,4-di h dro 1 2, 3-benzotriazine-7

- car boPCGlS &ﬁﬂ\IEEREE@I"A‘(E 89), 6. ﬁ@-ﬂﬁ? s} guoh GGy ntsrmediafel O 1H 1

) b 5ot B D S P 3R oSkl 405

(6H, s).

INTERMEDIATE 11

Methyl 3-ethyl-6- -4-0x0-3.4-dihvdro-1,2,3-benzotriazine-7-carboxylate

25
o H
Y 9 )Me

N

H” ;;1

0

Me” NN

0

The title compound was prepared according to the procedure used for intermediates 7 and 8

and using ethylamine instead of cyclopropylamine. 'H NMR (300 MHz, CDCl3) 511.2 (1H,



10 | NTERMEDI ATES 9 and 10 Met hyl
6- am no- 3- net hy1- 4- oxo- 3, 4-di hydro- 1, 2, 3-benzotri azi ne- 7- car boxyl at e

and Met hy WO 2009/038752 PCT/US2008/010877
6- (f or nyl am no) - 3- net hy1l- 4- oxo- 3, 4-di hydro-1, 2, 3-benzotri azi ne-7-carb
oxyl at e The title conpounds were prepared according to the

pr ocedur.e f e | i neEL usi )

nst eadlof- gﬁﬁﬁf DR RGN e R ol VR L R LR
5 8.68 (3H 1975045 (1H s), 6.50 (2H s) and 4.00 ppm(6H S).

| nter medi at’'e10: 20 NMR (300 MHz, CDCI3) 5 11.2 (1H, s), 9.58 (111,
s), 8.88 (111, s), 8.65 (1H, s) and 4.06 ppm (611, s). | NTERMEDI ATE
3-et hyl-6-(fornyl am no) - 4- oxo- = , 3-benzotri azi ne-7-car bo

xyl ase Rfethyl z&ﬂﬂ%&ﬁ I W@M¥dm;o—l 2(8-benzotipzing7- 8. 87
(1H, " s) S), 4.52 (2H, g, J = 7.5 Hz), 4.06 (3H s) and
1.52 ppﬁ!@BHl&tE, J = 7.5 Hz). | NTERVEDI ATE 12 5 Met hyl
3-(2-fluoroethyl 1-6- (forrryl am no) 4 0xo0- 3, 4-di hydro- 1, 2, 3-benzotri azi

ne-7- /l/

O
Me” ia

o}
'Prepared from 2-fluoro ethylamine using the procedure for intermediates 7 and 8, "H NMR
10 (300 MHz, CDCl3) & 11.2 (1H, 5), 9.60 (1H, 5), 8.88 (1H, s), 8.65 (1H, s), 5.00-4.72 (4H, m)

and 4.07 ppm (3K, s).

Z——Z

INTERMEDIATE 13
Methyl 6-( for:_:ylamino)-4-o:_co—3-nrogg_n-Z—vl-BA-dihzdro-l,2,3-benzotriazine—7«
15 carboxylate

N
H” I}IJ\ME
me~® =N
o}

20  Prepared using previousty described procedures: "H NMR (300 MHz, CDCl3) 8 11.2 (14, s),
9.55 (1H, s), 8.85 (1H, s), 8.63 (1H, s), 5.50-5.35 (1H, m), 4.06 (3H, s) and 1.58 ppm (3H, 4,
I=6.9Hz).

INTERMEDIATE 14
25  Methyl 3-cvelobutyl-6-(formylaming)-4-oxo-3,4-dihydro- 1,2.3- benzotnazme-’?—

carboxylate



car boxyl at e Prepared from 2-fluoro ethylam ne using the
procedure for internmediates 7 and 8, 111 NVR 10 (300 MHz, CDC13)

611. 2 (1HWQPOUOH3EE? (1H, s), 8.88 (1H, s), 8.65 (1H, sPCT/US2008/010877
5.00-4.72(411, in) and 4.07 ppm (3H g). |NTERVED ATE 13 Met hyl
6- (f or mylam no) - 4- oxo- 3- proPan- 2-yl - 3, 4- di hydr0- 1, 2, 3-benzotri azi ne- 7
- 15 carboxyl ate 20 Prepared using previously descrlbed pr ocedur es:
1H NWR (300 MHz, CDC13) 8 11.2 6&#% s), g 5 1H, s), 8.85 (1H, s),
8.63 (1H, s), 5.50-5.35 (1H, in) n4. ,ZSJ and 1.58 ppm (3H, d,

J = 6.9 Hz). | NTERMEDI ATE 14 25 Vet
3-cycl obuty1- 6- (fornylan1no)n4f8vr 3 -hydro 1, 2, 3-benzotri azi ne-7-
car boxyl ate WO 2009/ 038752PCT/ @2008/010877 45 Prepared from

cycl obutyl am ne using the procedure described for internediates 7 and

5 o5 (110 vt g Bty fytpRlpady e Py SRR 1

2. 60- 2. HBNMERI(309 MATZICRDS $111 (1 Fps), 938 LLH, W), 8. QMHRs;EmlsArg{,m;, 5. %ﬁhﬁl
?agf cl S0, by '@E é{%} $ 2et b9 WM 9% 88 3 s B 8 fond 1, B2 0!

INTERMEDIATE 15
Methvyl 3-( cvclopropvlmethvl)-G-(10rmvlamiﬂo)-4-o§o-3,4—dihgdro-I,2,3-benzotriazine~

7-carboxylate
10

Prepared from cyclopropylmethylamine using the procedure described for intermediates 7 and
8, '"H NMR (300 MHz, CDCl3) & 11.2 (1H, s), 9.58 (1H, s), 8.88 (1H, s), 8.64 (1H, ), 4.32
15 (2H,d,J=7.2 Hz), 4.08 (3H, §),,1.53-1.40 (1K, m) and 0.65-0.47 ppm (4H, m).

INTERMEDIATE 16
Methyl 6-(formylaglino)-3~(2—methvlpropyl)—4—g:_w-3,4-di§vdru-1,2,3-benizotria£ine-7-

carbogﬂate
20

j,m

Z—-Z

Prepared from isobutylamine using the procedure described for intermediates 7 and 8; 'H
NMR (300 MHz, CDCIg) 8 11.2 (14, s), 9.58 (1H, s), 8.85 (1H, s), 8.65 (1H, 5), 4.29 (2H, 4,
25 1=6.9Hz), 4.08 (3H, s), 2.45-2.30 (1H, m) and 1.03 ppm (3H, d, T = 6.9 Hz).



Prepared from cycl opropyl net hyl am ne using the procedure descri bed
for intermediates 7 and 8, IH NVR (300 MHz, CDC13) 5 11.2 (111, s),
9.58 (1H, v&)200808&2( 111, s), 8.64 (111, s), 4.32 15 (2 T/05200B/0£0877 2
Hz), 4.08 (311, s),x1.53-1.40 (111, r? and 0.65-0.47 ppm (4H, m.

| NTERVEDI ATE 16  Met hyl 6

6- (f or nyl am no) - 342- et hyl prop -4 - 3.4-di hydro-1, 2, 3-benzotri azi
ne-7- carboxyl ate Pr epar emém#am ne using the

pr ocedufRuAe s Hued -6L(R ih$i 2,3NMRz0 G G inlek T,
CDC13) : , , 9. , S), 8. s), 8.65 (111, s),
4.29 (2prboxylates J = 6.9 Hz), 4.08 (311, s), 2.45-2.30(111, m) and
1.03 ppm (311, d, J = 6.9 Hz). WD 2009/ 038752PCT/ US2008/ 010877 46

| NTERVEDI ATE 17 Met hyl Oﬁ/“ o

3- but - 3-yn- 1- y1- 64f or myl am no) - 4n0xQ- 384- di h 0-1, 2, 3-benzotri azi ne-
7- earboxylate 5 But-3-yn-1-ol' (§ 9, 'B5. ﬁml) was di ssolved in
anhydrous pyridine (50 M) apgdCspoted~d 0C, benzene sul fonyl
chloride, (15 g, 85.7 mol) was g@dded within 30 mnutes and stirred
at roomtenperature for 3 hrs. The m xture was poured onto |ce/ H2SO4

400.m i . . . gedr i NESIQY,
gand %on%%thfﬁ%[lgogt@g g;\il; %?8’?’5&%8?%?% ?gﬁg(r Tﬁg%s g%gnﬁll?ée\fggnlgﬁ%l _vegn in
DVF (50090, benzatkdafoNaNBldriliz, Q5¢) 85 chnstl) wasedded withiBG Ofroinu®s hulistisred Bhe
10 ti i xt led t t t | et
of { ho. ToBRCERBHAtES GYRIYe. g Re Bur Bt WHRELeA Pt Cobe Quded o hEgrif i
r eact | 0gyakliods 150 i &ftch 3%Er MBS0 bhd Eohobmratd 0.4 dcrdolofless oil. I

i

portions.” The warm sol ution was tered, and the solvent evapaqrated.
To t he wht dissobatdih DREF £10Ush, addsd Mated 2& 2 @ad siraint 40P §ntopd IR *209)
in ter (100 . Ih r ALY

and 100 A I iR B vt S A5 R AL A Rt et 2Rbn A
1-am no?ﬂaplztmﬁzm (asglavasekded inssthetdactiohheixane, rstimod fast @ ANHCW -t fml)

di ret hyl 2-(fornylam ng)-5-nitrobenzene-1. 4-djcarhboxyl

descri b¥as pdsied imhpfipRsy Lhe Famy S%%H'E“%W?Sgﬁbef‘%?‘ga?dn ‘*F‘???ﬁé e?%"?r’ﬁag%dhg;" e |
NVR ( 30Qy,:MAzd whlddiddh Fasldddd®a caddidd sohitionDf BlaOHH208) in vt B 1 (0D, Tis) ,

8.64 (1H, s), 4.63 (211, t, J =6.9 Hz), 4.06 (311, Lo R-85dt, J =
3.0 a(ndwgt_egl)ahase was e}((tracted with ether (150 ml ax?d 300 ml), dg'xe% OVBI'SI‘)IES& an

15 concentrated to give 1-amino-but-3-yne as a colorless oil. The amine was reacted with
dimethyl 2-(formylamino)-5-nitrobenzene-1,4-dicarboxylate as described for intermediates 7
and 8 to give the title compound, "H NMR (300 MHz, CDCl3) 8 11.20 (1H, 5), 9.6 (IH, s),
8.88 (1H, 5), 8.64 (1H, s), 4.63 (2H, t, ] = 6.9 Hz), 4.06 (3H, 5), 2.85 (2H, dt, ] =3.0 and 6.9
Hz) and 2.00 ppm {1H, t, J = 3.0 Hz).

20

INTERMEDIATE 18

Dimethyl 2-[(ethoxycarbonvl)amino]-terephthalate

ooMe
Me’o N'H
A B

o
O o

25  Dimethyl-2-amino-terephthalate {30.0 g, 143 mmol) was dissolved in dichloromethane (600
mL) and N-methylmorpholine (45 g, 445 mmol) was added. A solution of ethyl chloroformate



Hz) and 2.00 ppm (1H, t, J = 3.0 Hz). 20 | NTERMVEDI ATE 18 Di net hyl
2-f (et hoxyear bonynam nol -t er epht hal ate WO

2009/ 0387@59@{}9{%35%8/010877 47 (45 g, 415 mol) in di CATTPHRINEHe
(100 M) was slowy added. The m xturegrwas stirred for 18 hours at
anbi ent tenperature, after which water (200 m) and sulfuric acid (4
pH 2) were added, the organic phase was separated and the aqueoqus

phase WS sedhednel) irdichiletemsthane (194mel) wangovy)addedh dhe gynrraessigad £

phases e drjed .over sodium sul e :

under vi@hﬁ?ﬁs 3{'1%1(;'?1%&%13? %"?dlméq’ aﬁé/afrs@kgéhyvs@taﬁ (;Elbgre@) }ﬁgpn di chlug)§ o%t g)(;lvr?gr/e
met hyl heded, fdboydaaicipbsd WikBE)arhiod ghd/de bipeots pase wonpadnd with a white
solid. |INTERMEDI ATE 19 _Di et hyl i . .

2- 1( et hdichlozrnethgnsdRPheL) £lhei corbingr @parrisphates W5radigd over 08 RHate oo
05 P%?g&%m} 3 niELARNNE S0 hAE] WakdrpaRhidTeskat e (3. 73
g, 13 mol) was added portionw se to cooled (-10C) 90% HNG3 (20 ml).
The r eadichimometbared msftol erufutdethanMifBRte give dhe ilamompeaed g2 whige solid.
(hexane/ et hyl act eat e/ CHC1360/ 20/ 20). The reaction m xture was poured
over crushed ice (100 g), extracted with chloroform (2 X 100 m),
washed with 15 saturated sodi urn imftul" A& {0100 m) and dried over
sodi um sul fate. The sol vent was froved—dirger— vacuum and t he

resul ta'iiim@{mugketﬁwq:_ﬁgcawdn?;ig@ﬂi%i%tﬁoteag@tﬁbmmat ography with ethyl
acet at e/ chror ot or exane . 20: as the nobile phase. Dinethyl 2-

N
02 OaMe
. o H
Me” N
r X e
10

Powdered dimethyl-2-[(ethoxycarbonyl)amino]-terephthalate (3.73 g, 13 mmol) was added
portionwise to cooled (-10°C) 90% HNO; (20 ml). The reaction was complete after 10
minutes, as confirmed by TLC (hexane/ethyl acteate/CHCl3 60/20/20). The reaction mixture
was poured over crushed ice (100 g), extracted with chloroform (2 x 100 ml), washed with

15  saturated sodium bicarbonate (100 mi) and dried over sodium sulfate. The solvent was
removed under vacuum and the resultant product was purified using flash chromatography
with ethyl acetate/chloroform/hexane (20:20:60) as the mobile phase. Dimethyl 2-
[(ethoxycarbonyljamino]-5-nitroterephthalate was isolated as the faster eluting nitration
product and was crystallized from methanol to give a white solid; 'H NMR (300 MHz,

20 CDCly) §10.81 (1H, s), 8.78 (1H, s) 8.77 (1H, s), 4.28 (2H, q, ] = 7.2 Hz), 4.00 (3H, s), 3.97
(3H, s) and 1.35 ppm (3H, t, ] = 7.2 Hz).

INTERMEDIATES 20 and 21
tert-Butyl [2-(2H-tetrazol-2-yDethylicarbamate and tert-Butyl [2-( LH-tetrazol-1-yI)
25 ethyllearbamate |

AN O, __Me
St o LS g
Me



[ (et hoxycar bonyfl am no]-5-nitroterePhthal ate was isolated as the
faster eluting nitration product and was crystallized from nethanol
to give awdhioogosoizi d; NVR (300 MHz, 20 CDC13) 5 10. 81PGIIF$200¢8)010837 78
(111, s) 8.77 (111, s), 4.28 (211 a, = 7.2 Hz), 4.00 (3H, s), 3.97
(3H, s) and 1.35 ppm (3H, t, ‘ﬁ‘—‘iz | NTERVEDI ATES 20 and 21

R

%3&9; o%?,ét&ragg <7L52%08%@ hﬁg%ﬂ EA% drgeelrvgerxi gET]}W k7(hi)hat mmwcaox(rl]@han@(m 15.7
28.3 mml))Amméomp%EbﬂlgéW-? & --Em(nP@ fd )C F%m@%i?@ a*ﬁgg‘{s} ?ﬁfa)’
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The title compound was prepared from 2-methoxy ethylamine following the procedure for

intermediates 7 and 8; 'H NMR (300 MHz, CDCls) § 11.2 (1H, s), 9.58 (1H, s), 8.85 (1H, s),

8.63 (1H, s), 4.67 (2H, t, J = 5.4Hz), 4.07 (3H, ), 3.89 (2H, t, ] = 5.4Hz), and 3.39 ppm (3H,
25 s).

INTERMEDIATES 23 and 24
tert-Butyl [(2R)-1-(2H-tetrazol-2-yhbut-3-yn-2-yllcarbamate and tert-Butyl [(2R)-1-(1H-
teti‘azol—l-xl]but—3—vg:2-vl]carbamate
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Glucosamine hydrochloride (60.0 g, 27.8 mmol) was suspended in methanol (400 ml) and a
solution of NaOH (12g) in water (200 ml) was added and stirred until clear. The mixture was
cooled (ice bath) and a solution of BOC anhydride (62 g, 284 mmol) in THF (150 ml) was

5 added slowly and the mixture was stirred over night. The white precipitate was filtered off
and washed with MTBE. The filtrate was concentrated which yielded a second crop of

product. The combined material was dried (oil pump) which yielded Boc-glucosamine.

30.2 g (108 mmol) of this material was suspended in ethanol (400 mi, 96%), sodium
borohydride (4.16 g, 110 mmotl) was added and stirred at RT for 2 hours. The solvent was

10  evaporated and the resulting foam was dissolved in water (200 ml). Sulfuric acid was added
until pH3, and the mixture was stirred for 5 minutes. The mixture was neutralized with
NaHCO; and diluted with methanol (150 ml) and stirred af room temperature over mght The
methanol was evaporated and the procedure repeated once more. The resulting clear solution
was cooled to 5°C, and a solution of NalQ, (71"g, 332 mmol) in water (600 ml) was added

15 slowly. The mixture was stirred at room temperature for 1 hour and extracted with
dichloromethane (10x 300ml), dried over sodium sulfate and concentrated, which yielded
tert-butyl [(28)-1-hydroxy-3-oxopropan-2-yl]carbamate as a colorless foam. Dimethyl 2-
oxopropylphosphonate (17.3g, 104 mmol) and 4-(acetylamino) benzene sulfonylazide (25g,
104 mmol) were dissolved in dry acetonitrile (250 ml), potassium carbonate (45g) was added

20 and the mixture was stirred for 2 hours under nitrogen. A solution of tert-butyl [(25)-1-
hydroxy-3-oxopropan-2-yl]carbamate (16.6g, 87.7 mmol) in dry methanol (100 ml) was
added and stirred at room temperature over night. Potassium carbonate (15g) was added and
the mixture was stirred for 24 hours. The solids were filtered off and the solvent evaporated,
water (400 ml) were added and extracted with ethyl acetate (2x 350 ml), dried over sodium

25 sulfate and concentrated. Chromatography (Hexane/chloroform/THF 60/30/10) yielded tert-
butyl [(2R)-1-hydroxybut-3-yn-2-yl]carbamate as a colorless oil.

Tert-butyl [(2R)-1-hydroxybut-3-yn-2-yl]carbamate (1.1g, 5.8 mmol), tetrazole (740 mg, 10.5
mumol) and triphenylphosphine (2.75 g, 10.5 mmol) were dissolved in THF (50 ml) and
dichloromethane (50 ml). A solution of DIAD (2.12 g, 10.5 mmol) in dichloromethane (5 ml}
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The title amine was prepared as described for intermediate 1 using 1,2,4-triazole; 'H NMR
25 (300 MHz, D,0) & 9.45 (1H, s), 8.67 (1H, 5), 5.02 — 4.60 (2H, m), 4.15-4.00 (1H, m), 1.43
and 1.32 ppm (3H, d + d, J = 6.6 Hz).
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(2R) - 1-(2H 3- trlazol 2-yl) propan- 2-am ne hydrochl oride and
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for intermediates 1 and 2, using 1,2,3- triazole.
(2R)-1-(2H1, 2,3-triazol - 2 yI)pron 2-anine hydrochl oride was as
I sol ated as a 15 white solid; INTKHMEDSS -v‘-f‘r‘ D20) 5 7.84 (2H, s),
. aga(lﬁpﬂl n, 133and126 ppm (311, d + d,
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was as isolated as a white sol i d;"h 300 MHz, D20) 5 8.29, 8.14
and 7.94 (211, s+s+s)5054 ah405395(111rr)
4.87-4.71 (211, in), 1.38 and 1.31 ppm (311, d+ d, 5= 6.6 Hz). 20
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1- (1H Pyrazol - 1- yDpr opan- 2- am ne
chromatography on silica gel to give 2.2 g (17.7 mmol) of a yellow oil. The ketone was

dissolved in ethanoi (15 ml) hydroxyl amine hydrochloride (1.22 g, 1.0 eq) and pyridine (1.0

10 m!) were added to the reaction mixture and heated at 50°C for 1.5 h. The volatiles were

evaporated and the residue was dissolved in chloroform (50 mlj, washed with water (50 ml),
dried over MgS0O; and concentrated to give the dark oily mass (1.7 g). The oxime was
dissolved in dry THF (50 ml) and added slowly into LiAlH4 (2.32 g, 5.0 eq)/THF suspension.
After addition was completed the reaction mixture was stirred at room temperature overnight.
15 Hexane (50 ml) was added into the reaction mixture and cooled to 0°C (ice bath). Conc..
NaOH (10 g in 20 m! H;O) was carefully added and the mixture stirred at room temperature
for 1 hour. Filtration of the reaction mixture through a pad of celite, and concentration yielded
the title compound as a yellow oil; TH NMR (300 MHz, CDCl3) 8 7.52 (1H, sb), 7.41 (1H, d,
I=2.1Hz), 625 (IH,'dd, T=2.1Hz), 4.10 (1H, dd, J = 4.5 and 13.5 Hz), 3.90 (1H, d4, J =
20 8.4.and 13.5 Hz), 3.48-3.38 (1H, m) and 1.12 ppm (3H, d, ] = 6.3 Hz).

INTERMEDIATE 29
tert-Butyl [(2R [—1-thiocxanatoprogan-z-yl|carbamate
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25  Tert-butyl [(2R)-1-hydroxypropan-2-yljcarbamate (5.0g, 28.5 mmol} and tripheny! phosphine
(13.8 g, 52.6 mmol) were dissolved in chloroform (100 ml) and THF (20 ml). N-Bromo

succinimide (9.4g, 52.8 mmol) was added portion wise and the mixture was stirred for 1 hour
at RT. The material was evaporated onto silica gel and purified by chromatography with ethyl

acetate/hexane (20/80) as the mobile phase. The fractions containing the product were
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20 DMSO (80 ml), NaCN (6.23 g, 3.0 eq) was added and heated to 100°C for 3. 5 h. The reacnon

mixture was cooled to room temperature and diluted with CH:Cl/H;O (200 ml, 1:1),
extracted with CH,Cl, (200 ml), washed with brine (200 ml), dried over MgSO, and
concentrated to give a yellow oil. The product was purified using flash chromatography with
hexane/ethyl acetate (4:1) to hexane/ethyl acetate {3:2) as the mobile phase. The solvent was

25 evaporated to give a white solid (5.6 g).

The white solid was dissolved in toluene/DMF (150 ml, 2:1), sodium azide (6.8 g, 4.0 eq) and,
TEA.HCI (11.0 g, 3.0 eq) was added and heated to 115°C ovemight. The solvent was
evaporated and diluted with H,O (100 mi), acidified with 2N HCI, extracted with ethyl
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, and
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trlphenylphosphlne (10.5 g, 40 mmol) were dissolved 1111 Oml (THF and cooled to -25°C.

DIAD (8.1g, 40 mmol) and diphenyl phosphoryl azide (11g, 40 mmol) were added slowly.

Hz)
2-[
)-dio
4, 8
3.32 (
Hz) .
The mixture was slowly warmed up to RT and stirred for 1 hour. NaHCO; solution (100 ml)
was added and the mixture extracted with ethyi acetate (2 x 100 ml), dried over sodium
25 sulfate and concenfrated to give an oil which was purified using chromatography (ethyl
acetate’hexane 20/80) to yield the azide as an oil, which used as such in the next step; 'H
NMR (300 MHz, CDCls) § 4.65-4.50 (1H, m), 3.90-3.80 (1H, m), 3.47-3.28 (2H, m), 1.46
(9H, s) and 1.19 ppm (3H, d, = 7.2 Hz). |

The azide was dissolved in methanol (40 ml) and THF (40 ml), Zn/Cu (30g) and formic acid
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sol ut ievapcrated Tﬂe) residee weel é@s@vmi intrblayoferm (E00sed)y ZEFA0Gmlhansk IN?B (10
acet at n d

e e b R A S T A AR b o trnte
acet atd RepaieacZOw8id) added y-Be;bIe! 2} haﬁd azwaieedaslﬂamlchibfomaﬂkme li2:u3@chDadhe

h h NVR ( 30 65- 4. 50 1H,
Z“&o MBI Doy Sy NG O ol oo Sed ettt k) aad,
= chnlenkiéted. WBSZ%%HQB 7@%'3 Cﬂ-{lﬁ-ﬁ%o Oﬁu%lo&zrzm%gfaﬁhfd Xethir eacadebed

and stirred for mnutes. The mxture was filtered and the filtrate
ev aporl&km/dlﬂ?ﬂgorr@ﬂladm é%ﬁ@od?s@@ﬂv@methﬁn@ﬁ%ﬁﬁﬁw iR Yisldor yehife sofigy

(100 a t f ( S y
acddod VI P0G PHD 5 EIER 0 854 57 LR R R O TG
added (#, phl 235-385QEX0], aCttsquV\é)Tahddlzoipbmr(eHe&H&n&%&)} 70 ml) The 5
organic phase was washed wi th NaHCO3 solution (100 m), dried (sodium
sujdate) and concentrated. This material was purified using

chr omat ogr aphy (et hyl acetate/ hexane/di chl oronet hane 50/ 40/ 10 4

di chl or orret hane/THF 60/ 40) t olNTERMEDIAEE 33 50| jd; 11-1 NVR (300 Mz,

CDCl 3), 8 5. | 4efiBindn 28 . \ehdmite S)

: g0 I.20 ppm (3H,
d, J =6.9 Hz). 10 INTERNEDI ATE 33 ten- Butyl
f(2R) - 1-f met hyl (et hyl sul f onyDani | nolpr opan-2-yl | earbamate 0"0
o, ,0 i

".r

Me” \N/ﬁ \ﬁMe

Me Me

15 To acooled (0°C, ice bath) solution of N-Boc-D-alaninol (4.0 g, 22.84 mmol) in CH,Cl, (100
mL) was added trietbyl amine (4.8 ml) and methane sulfonyl chloride (6.5 g, 2.5 eq) and the
mixture was stirred for 1 hr. After completion of the reaction it was washed with H2O (200
mL), brine (200 mL) dried over MgSO4 and concentrated to give a white solid. The solid
(2.1g) was dissolved in CHCl; (30 ml), TEA (2 ml) was added and the reaction mixture was

20 cooled to -78°C (dry ice/acetone). Excess methylamine was added and stirred at room .
temperature and at 70°C in a stainless steel pressure vessel overnight. The volatiles were
evaporated and the residue dissolved in CH;Cl, (50 ml), methane sulfonyl chloride (3.02 g,
2.5 eq) was added to the cooled reaction mixture (0°C). Slowly TEA (2.0 ml) was added and
stirred for 2 h. The solvents were evaporated and the product was purified using flash

25 chromatography (ethyl acetate/hexane 20/80 = 30/70 =» 50/50). The solvents were
evaporated to give a white solid; "H NMR (300 MHz, CDCl,) § 4.68-4.58 (1H, my), 3.82-3.60
(1H, m), 3.22 (1H, dd, T = 7.8 and 13.8 Hz), 3.01 (1H, dd, J = 5.7 and 13.8 Hz), 2.92 (3L, s),
2.82 (3H, s), 1.44 (9H, s) and 1.18 (3H, d, ] = 6.9 Hz).

30 INTERMEDIATE 34




OM MN"y YM M M O M 15 To a cooled (0C, ice bath) solution
of N-Boc-D-alaninaol (4.0 g, 22.84 mmol) in CH2Cl12 (100 _nlL) was added
triethyl aWPAYYP#F™® n) and nethane sul fonyl chloride F6T S%j’"*"@”@”eq)
and the m xture was stirred for 1 hr.5After conpletion of the
reaction it was washed with H20 (200 ni), brine (200 nL) dried over

MSH4 a d., The solid (2.1g) was
di ssol v : —wes—aeaded and the reaction

m xture was 20 cool ed to -78C (dry icel acetone). Excess nethyl am ne
was added and stirred at roomt reHaed at 70C in a stainless
steel pressure vessel overnight. vol ati |l es were evaporated and

the residue dissolved in CH2C12 ( m )|l nethane sul fonyl chloride
(3.02 g, 2 5 eq) was added to the cool ed reaction m xture (OC)

Sl ow y e d.stirr dfor soI re
evapor a 8d aW tﬂ%;eﬂr 5%3@ \A& %&ﬁﬁ" f?‘f"é%r JgﬁeﬂﬂalﬁP&%h&Q@ V(\’Epwy
(ethyl aeplopdmdh@ar 301)80t 4adbieriO tdniithid) una”éaenﬁmgmgnmsmmded N,N-
evaporated to give a white solid; Il (300 MHz, CDCl13). 64.68-4.58

(1H, ) carborgidimniderole 32 8. 14mpplY asi3 solig, Carben giogidgryolition was phsegvagy
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7000 1 st obEfSinahs eh b S Caammel) Sisevisigy Dis BB iy v Sifh
ni t nogewith Wikhisegethard ( ?wab 0ivE |adiléaTisHREM thal Wadtiged & ahﬂnémwérhp@m

solid. Carbon di oxi de evol ution was observoed and the m Xxtur
sti rredfat! bavei Brnrepctiopanixziuge was gpured pg, f 0% gipie geid (2@ mi) and extracted with

o T one AR o SO S ph et rochon i3, BB v B3R

via syr hmbgonc'ﬁh@atled dmlcglvels Itherr}zmdars]prdddcutaecﬁ I&@ld/\/l "Efi;lst ai?téliab rvorresubaacted to
sml r u

{ enper atHPEHRgERDY RacieriRl (Gleat Riseiabdead dhetings Pl Fhtign it 25%

citnsc pabAlc/heddns) ) t@ndgigxt rm; é@QB-YﬁJ&lﬁpl‘ﬂﬂr@bll%% F@eﬂly( Aazfﬁeﬁndsil)lethﬂiyle

or ganl C phases were Cco i ned ried over sodium sulfate and
concent cabauictagidgen-dutyh estcrra;d:ewlpteoMﬁé&Hna@Oéds &1 NYR (00MHe: GRCh) 8 hefd

330, aooncirs) 88 BTRLASIR N il A0e kAR ER G S0 R0 SR 0.5

(8) 42- (& Hl ypuaEh@ Y 1n,15 foret BpXy res. Ny Hz); ard3a 0y, Iy, evt:hwﬂm (car e 1018
amdtert butyI ester as a _ white crystalline solid: NWR (

CDC13) FSIHutpr CosHapFNOs myz2349.1 MHNGY. J=13.58, 7.36 Hz), 3 07(1 H,
dd, 1=13.6, 5.70 Hz), 3.20(3 H, s), 3.71 (3 H s), 4.94 (1L H m,
5.280(1 H d, 1=8.71 Hz), 6.93 (3 H, m), 7.26 ppm (1 H, m. M5 (ESI+)

LOF C 6iig 3FNAA4-4Y 2o 348N —(M;Néé fbat% wefl firfe@! furky 65(;? <288 MuordhinA)C R
ath) well stirred slurry of 3-f1 uorophenyl

(rnethoxymethyicarbamoyl)ethyl]carba:mc acid tert-butyl ester (11 46 g, 35.1 mmol) in dry

diethyl ether (300 ml) was added LiAlH, (1.0 M in diethyl ether, 43.9 mmol) slowly via

syringe. This mixture was stirred at -45 °C for 1 hour and slowly, carefully quenched with a

25  solution of potassium bisulfate (8.37 g, 61.4 mmol) in water (80 ml). This slurry was allowed

to warmn to ambient temperature, diluted with ethyl acetate (200 ml) and filtered through a

Celite plug. The solids were washed with ethyl acetate and the filtrates combined and

separated. The organic phases were washed with 10% cifric acid, saturated sodium

bicarbonate, ‘and brine, dried over sodium sulfate and concentrated. This provided (8)-[1-(3-

30 fluorobenzyl)-2-oxo-ethyl]-carbamic acid tert-butyl ester as a white solid: "H NMR (400



(et hoxynet hyl car banoypet hyl i carbam ¢ acid tert-butyl ester (11.46 g,
35.1 mmol) in dry diethyl ether (300 m) was added Li AlH4 (1.0 Min
di et hyl eW{e2009/083783 mmol ) slowly via syringe. This m xREHES20@8810877
stirred at -45 C for 1 hour and slowgs carefully quenched with a 25
soI ution of potassiumbisulfate (8.37 g, 61.4 nunol) in water (80

ThiB1-SCIChY sV Iiloéﬁeﬁ MEh4t3 (RHINONS.08 eNESKRNE3 Mk od
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separated. The organi c phases were washed with 10%citric acid,
sat ur at Bolasolii ({33 BEDET&Etmtoeol)a’mﬂ ﬁﬁlﬂeﬁl@lm@rﬁ eftcagvasy tesriuomided 3.8 & 0.2
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sol 15 1ds. dMﬁRx%&&llgledm&@%%@%ﬁimbﬁB&Q&Dm&&Z&hﬁﬁcmcmﬁn 5
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a solution of (8)41- quorobenzyl 2- OX h car ba
tert but Wfa@s et Pfsgechﬁr@lg bz g (- H0CH ﬁ#ﬁﬂ%‘é{%‘”ﬁ%‘g‘”ﬁ'@f ditional

Stig 5&@% [ drb @omBREd LA cHRSNEME C TR redidub
sat ur at e& ium %Rgg? cl)jr)lattltwéﬁ?l%{irS " r) %nd ext ragt eanI th met f\yl em;’Vals
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o1 ug ved NEERE R, P BRTE S R T ShbisiBhel g 2 ke el
fi |h | trat gsmvwrt]leg@mﬁﬁs Wfﬁﬂe aﬁldbm@dlﬁfgitvé aoe)d g ah(g){agmmzrgrémgg(s ﬂuorobenz3y1)— .
romat ographed on silica ne
C, el ut iﬂgﬂ] \%ﬂgq{mla 26ig| tent BH@? Fﬁéﬁﬁ@f é%ﬂtetsﬂ]éé ?nljl'gé)aocglfh%rﬁ I‘Sﬁgys?alhzea '%t’om ?q
re-ghr Ogg&ﬂgéﬁ%d@m& L«:ﬁl&duxme'nrm gsﬁE@pI%a@&t ignemikr @O heth) Croty®$ 43

were co ned to dgive 10 di br ono- 1- ( 3- f1 uor obenz 1)-

al |yl kcé)rl:iam 29562 H, 1oy 4. 4@(11 m mé,sﬂt%’lr(laﬁ, m), WHilt(é I5an) .95 ThEL prodakppm
enant | ot £ 1 G BRI RS B P Ccts) 8 1,43 (9
5 v o ol B el sollion e %f%%m@ s EoeRe il sdatge

(MeNa) - 194 gerCilish e(ste¥g4@ g, MES Inn®) ih deet fydidf@dn @50 mL) was added 1.35 M of
(S)- %3 3-di bronp-1 fl uorobenzyl)allyl]carbamc acid tert-butyl

est 80 (n-bepwyilghiugoim hexase)(23-8 b yover erReRQ@ 06 1dr B (StPT -y BRad “Tidedthe

1.35 M OJactmn was quenched with saturated ammonium chloride (30 ml) and diluted with diethyl

ether (100 mi). This mixture was allowed to warm to ambient temperature and extracted with
diethy] ether (4x100 m}). The organic phases were combined, dried over sodium sulfate and
concentrated. The residue was chromatographed on silica gel (Merck Kieselgel 60, 230-400
25 mesh, 150 g, elution with 20% ethyl acetate/hexane) to give (S)-[1-(3-fluorobenzyl)-prop-2-
ynyl]-carbamic acid tert-butyl ester which solidified under vacuum: 'H NMR. (400 MHz,
CDCly) & 1.45 (9 H, 5), 2.32 (1 H, ), 2.97 (2 H, m), 4.70 (2 H, m), 7.01 (3 H, m), 7.30 ppm (1
H, m); "*C NMR (CDCL;) § 162.67 (d, J = 246 Hz), 154.52, 138.84 (d, J = 7.3 Hz), 129.68
(d, T = 8.1 Hz), 125.43 (d, J = 2.9 Hz), 116.68 (d, ] = 21.2 Hz), 113.81 (d, J = 20.5 Hz),
30 82.38, 80.15, 72.50, 43.70, 41.42, 28.29 ppm (3C). MS (ESI+) for CsH;sFNO; nv/z 286.1

(M+Na)+



20 n-butyllithiumin hexane (23.8 m) over a period of 15 mn. After

2.5 hr at -78 C the reacti on was quenched with saturated ammoni
chioride (29385 diluted with diethyl ether (100 nPS:T’rUWP’gm"SW

m xture was allowed to warmto ambi en$7 tenperature and extracted with
di et hyl et her (4x100 m). The organi c phases were conbi ned, dried

over So Ifate a d co e r t ed er ue wa chro t hed
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ynyl |l -carbamc acid tert-butyl ester which solidified under vacuum
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(S)-[1- %gF Ct%-!ro 2zy prg% Zéynyt carbar‘hc acid tert-butyl ester
(1.1 g, 4.2 mmol) was d| ssolved in chloroform (25 m ) and
trifluoroacetic acid-(4 m) was added. After one hour the solvent was
evaporated by vacuum and nelNPERMEDIADES A8 (nAB6M , saturated with
HC1 gas hen renoved b h| g i
proél ct Mgk W g4
”) - 15 (3W—caﬁ))oxylzdt§2ncy R’?e‘@h
(1H, dddihs ) Pbemzdtrlgine-Fearboxpldte 63 ppm (1H, d. S= 2.1 Hz).
| NTERVEDI ATES 35 and 36 10 Met hyl

6- am no- 342R) - 1- hydr Bxypr ogan- 11 4- oxo- 3, 4ﬁd| hydr -1‘“2 3 benzotrr a
zi ne7-ear boxyl ate and

6- (fornyl am no) - 3-(2 évydroxypropan 2- ;I_ z

di hydro-1, 2, 3- benzot¥i azi nét 7- car boxyl at e gnter rredr ate 6 (3.0g,

10.6 mml) was dissolved in THF (60 m) and rret hanol . Zn/ Cu
15 (30g§ntam@rdrramr&ri3c0m06 nmolyiwes gissa veddia JaIE G el mdneathml (@Jsml) Zn/Cu

i 1 THRPRLEC b i ek A i QU Ty SRS hPnffle WENIRR

yi el dedthaongtl | Swemokilida g'Eni Wasmrl ewithal THEM «thamsbi(i-éd 30nmhHEN 1B smivent

and cooled to OC,.A saol uti mnitrite t

o oo HhishoarEed hesiery st ThauRatial v sEssog ioTHE Goe e,
M xt ur ecQfiedio(0°t: A-sBMIBA of sdiieR aRfite CIR) inPRaterX@0 nil) FadydRE] 44 dohé) Ht)
were added i n one portlon and the mx was stirred for 30 m nutes

wi t hout (o) Wag addpde(03@). diflenr] menntesxa mixfuediR{(H-2dheinool-piepeppirde) and
dr.i e I d._av S
R Y e
solid. ZshdkERMERY, @t&&o’iﬂtt@@a&":&xﬁd&ﬁ:ﬂmfﬂth dtchloromethane (2x100 ml), dned over
6- am no- 4- oxo- 3- 112R)-1-(2H 1, 2, 3-triazol - 2-y pan-2-yl | -3 dlh}/
ro- 1, 2, Sdiysegulate aaépr@owear%eeia}r@tlen g lml?met ane/miethanol gave the title

6 am no; I%dgét‘?isg'bﬁzi%g&hdl (1H 1, 2,3-triazol - 1-yl naropan- 2-y11- 3, 4-di hyd
o-1, 2, B enzotrrazine-7-ear boxyl ate

25 - INTERMEDIATES 37 and 38

re—

Methyl 6-amino-4-0x0

benzotriazine-7-carboxvlate and

Methyl 6-amino-4-ox0-3-[(2R)-1-(1 H-1,2.3-triazol-1-yl)propan-2-yl]-3.4-dihydro-1,2,3-

benzotriazine-7-carboxylate




WD 2009/ 038752PCT/ US2008/ 010877 58 M R =H COH R =H, COH

I nternediates 35 and 36 (1.5g, 5.4 mmol), triphenyl phosphine (2.1 g,
8.0 mmol ) Wno%93878- triazole (1 m) were dissol ved i reCIAYS2008@ 148
and di chl oronet hane (70 ml). A soluti®&h of diisopropyl

azodi carboxyl ate (D AD, 1. 629, 8 Onmol) in TIT (5 M) was added
slowy and 5 the FI’nxture wa dat 25 Cffor 1 urMeTh | vent
was evapor at ed @10 »fied usimg’ : @c;%phy
40/ QO) The

(ethyl acetate/hexd h0/ Qp 4 TBF?'dl chl or oreet hag
fracti ons coMeai henTess pol ar 2-sub¥stiflut ed t N azol e i soner

g
were conbi ned and® thg .spkygnt was removed under yagy 111 NVR (300
MHz, CDC13) 8 8.70 (1H 's), 7.50 (2H s), 7.41 (1H , 6.63-6.50

(2 ) gt 1 5 Syl gt 2 i )9

J = 6. 9trtdz§:Le {(The) ¥eradissamed mOFHA{H my) atddichiorometiehe (70Iml) sAlssiutiom béd

s, ;IC 36?7: %[%%Lﬂvﬁr 5 CO ngﬁ%ﬁ@?ﬁ%ﬂhg OSOI S nt Tﬁf% m?) Wf}llsea(gld}sjci1 sclowly and

2- arm nofh‘é lﬁ&aﬂ@%@gﬂr&akb,@m@ f&-1hothr. dﬂt@@m@fwa@wapoﬁtmtm@ﬁlﬂum
intermedi ate 6 in dichloronethane/ net hanol :

hydr ogenarifead sing fooh Ahrpmetogmop (et eeet@Me’swo @ aﬁf*‘# chlomgethane
shaker. 48_/@6). %ﬂk Y54 ong\@éntgﬁfﬁg\ﬁ?éjle&%ﬂr 2-substituted triazole isomer were combined
and the solvent was removed under vacuum; "H NMR (300 MHz, CDCl3) 5 8.70 (1H, s), 7.50
(2H, s), 7.41 (1H, s), 6.63-6.50 (2H, s5), 5.83-5.71 (1H, m), 5.10 (1H, dd, J=8.4 and 13.8 Hz),
10 4.90 (1H, dd, J=35.1 and 13.8 Hz), 3.98 (3H, s) and 1.67 ppm (3H, d, J = 6.9 Hz). The

fractions containing the more polar 1- substituted triazole isomer were combined and the

solvent was removed under vacuum.

INTERMEDIATE 39

15 Dimethyl 2-amino-5-(formvlamino)benzene-1,4-dicarboxylate

-
Me NH,

A solution of intermediate 6 in dichloromethane/methanol {2:1, 150 ml) was hydrogenated for
30 min at 50 psi over 10%Pd/C (1.0 g) in a Parr shaker. The solvent was removed under

20 reduced pressure to give the title compound; 'H NMR (300 MHz, DMSO + CDClL) & 10.1
(1H, s), 8.89 (1H, s), 8.30 (1H, s), 7.44 (1H, s), 4.03 (2H, m), 3.83 (3H, s) and 3.80 ppm (3H,
5).

INTERMEDIATES 40 and 41
25  Methyl 6-(formylamina)-4-oxo-3-[(2R)-1-(2H- tetrazol-z- l)propan-2-yl}-3.4-dihvdro-

1,2.3-benzotriazine-7-carboxylate and



20 reduced pressure to give the title conpound; 1H NVR (300 MHz, DMSO
+ CDC13) 8 10.1 %H s), 8.89 (1H, s), 8.30 (1H, s), 7.44 (1H 5%7
4.03 (2H, iy 2008028357 34, s) and 3. 80 ppm(3H s). | NTERREBU BYand

41 25 Met hyl

6- (fornylan1no) 4- oxo-3-1(2/21-1-(211- tetrazol 2-yl)propan-2-y11- 3, 4-
di hydro :

T/ US200

6- (f or my2ambéibtriarines7-3ar{odRatd 41H-t et r azol - 1- yDpr opan- 2-y11- 3, 4-di hy
drol, 2, 3-benzotri azi ne- 7- car boxyl at e 5 The title conpounds were
prepared fron1|nterqu|ates 35 and 36 and tetrazole u5|n the
procedure for internediate 3;36mﬁ 8. Intenpedlat NH had the
fol | owi ng properti#s: : BIHz 9N(1 8. 42
(1H, s), 7.35 (21 ~49 (2H, s), 51\&30 533(1H

dd, J = 8.4 and 13. 8 Hz), 5.09 (111, dd, J%Sland 138Hz) 3. 99
(311, s) and 1.71 ppm (3-SR J = 7.2 Hz). 10 FNTEENED ATE 42

tertsbutrhé ttle 2ofpdnmikanaprRppied fivhl @amBaiate3s Mnd %Eadd thirdzold Ddlee M
0O Me To a cooled (0C) solution of NBoc-D-alaninol (2.0 g, 11.42

nr nol ) Precedwreiy ipsonediates, s and3& dueemediate th R ad hei the folloying apperties:
th
oL nane DR O 6% BP0, 4R 9t 8] O R BB e 70

ont 0 saflH,NaHE33 (38| dd,iJens.4 LA 1818)HANS 0L KIH, aldl £ 5 il THRELY 3(9P0BH, s)
m ), dried over centrated to give a white solid. The
naterlawuab aeeggiv%& nﬂz%%go (50 m), NaCN (2.03 g, 3.0 eq) was
added and heated to 100C for 90 mn. The reaction m xture was cool ed
to Bomtemmrmure

INTERMEDIATE 42

tert-butyl [(ZR)-1-cyanopropan-2-ylearbamate
0
N O Me
Z YT Fwe
Me O Me

To a cooled (0°C) solution of N-Boc-D-alaninol (2.0 g, 11.42 mmol) in CH;Cl, (50 ml) was
15 added triethylamine (2.5 ml) and methane sulfonyl chloride (3.25 g, 2.5 eq) and the mixture

was stirred for 1 hour. After completion of the reaction it was poured onto sat. NaHCO;
solution (100 ml) and extracted with CH;Cl; (100 ml), dried over MgSQOj4 and concentrated to
give a white solid. The material was dissolved in DMSO (50 ml), NaCN (2.03 g, 3.0 eq) was
added and heated to 100°C for 90 min. The reaction mixture was cooled to room temperature,
20  diluted with H,Q (100 ml), extracted with CHCI, (300 ml), washed with brine (100 ml), dried
over MgSQO, and concentrated to give yellow oil. The product was purified using flash
chromatography with hexane/ethyl acetate (1:1) as the mobile phase. The solvent was
evaporated to give a white solid; "H NMR (300 MHz, CDCls) 6 4.70-4056 (1H, m), 4.02-3.88
(1H, m), 2.75 (1H, dd, T = 5.1 and 16.8 Hz), 2.53 (1H, dd, J = 3.9 and 16.8 Hz), 1.45 (9H, s)
25 and 1.33 ppm (3H, d, I = 6.6 Hz).



20 diluted with 1120 (100 m ), extracted with CHC13 (300 m ), washed
with brine (100 m), dried over MgSOH and concentrated to give yell ow
oil. The poomowe3svsas purified using flash chromat ogr aphGr/w2008/010877
hexane/ et hyl acetate (1:1) as the nobjle phase. The sol vent was

evaporated to give a white solid; 11 RWVR (300 MHz, CDC13) 8 4.70-4056
(1H, m, 4.02388(1H m, 2Z§ﬁ Té4351and 16.8 Hz), 2.53
(111, dd, J 3.9 and 16.8 Hz) 25 and 1.33 ppm (3H, d,

|3 zyG 63@):1@rm@flﬂkﬂﬁmaﬁiﬁfdﬁﬁmamm&ﬁdﬁm R NERMEDIATE 43
cl op
r opy 1- sglanimezotingd rdignsyr opan- 2- y11- 3, 8- di hydro[ 1, 2, 31t ri azi nol4, 5-
gl gazoline-4,9-dione Me O 5 A mxture of internediate 39 (62.4
mml ), (R)-2-am no-1-propanol (9 nl 112 t\?x} sodi um cyani de (0.98
g, 20 mnol), and nethanol (80 rﬂ)( ed in a stream of argon
with distillation of the soIM i pﬁﬂentire nmet hanol distill ed
of f, heating was continued at 119C Eor 30 mn. The crude product was
purified by colum chromat ography (silica-gel, chloroforniethyl
acet 3t epehhang of %témiehxatd\ssqmanﬁmmm qﬁ)-ﬂmlm~é@emﬁanq ¢ oohdl2 mudolo
g, 36.7 10 nmmol ) in nethanol (200 itreted éeg .solid 85% KOH
(5.10 gsodnym myaifle 498 ga%@erm’(@) @nﬁLn}etham (8% Dy Rigated d o SRS i rEon
heat ed grtith &?{ hi%od 8{ i sBl‘ve%_ Lgﬁepgl'e(éﬁﬁl%qn&hinoi Hﬁtlﬁé@&f‘f 'HEQU]’(?’@EH doRkinMess
consurme er coo m xture was acidified by addition of
conc. Hej 11080 foi 30 2@ 'l'r‘mtdn)de @nduct kes potibed beeolwen shroarinssabhyfeibea gel,
reduced pressure added vol ati.]l e
t hor ougRMgrofesmiely fﬁﬁtﬁé%et}faé‘g{é 4V\ﬁpf‘é§§l??§°n QLG PIHET dm of &ﬁlglo B 8367
Obt qg“eﬁm?&% th IBrhan X eess) VAFrdaf0n i Yolitess % KEsH esiwvg; ’m iiaﬁll) 4nHOwdt8r
mrol ), 1- hydroxybenzotriazol e hydrate i frﬁd "’r’r? DIVAP
(7 26 g(l.6eIamBhy mugyrs|versrstippd aadhented & reflyy for P‘}ma“" Ryl the starting
triethyl an ) & By deRion@s csid HCRdL0
under a%nﬁoﬁﬁgﬁ'é§%°%s§glldd %S@TH(% thgh_ﬂ% egsf/%mgitil Be% wer e renoved ¢
under r edjtHEimpiod) sud the v@lasxbdsutztvrg mermcﬁVCti hodergsiutee pragsusn | IMB(b5 imioes

m) was red.inta,brine {200 aci t 4

and ext F‘g@lae&“%"f’ ST 61 ORI %t{r&lgém V9 QUI‘fgl! Eégﬁged %89%3) N“_f_%lli]n@ﬂ\' offie
comjisnedhR¥led aeidSinVihedetid BHOYVI0 Iﬁr)dwas rreatet faitteEDEH dlStereg,slcﬂO\/imml)w&s
removed under reduced ressure to ve th 57 The, crude

ani de mgdreﬁx%eaﬁ%aquﬁ ysvete( Hdl§ & ?0 ﬁ%@d vﬁn B g%BBE? | CYHIoPRIPYL
(20 m) .4 @%ﬁa‘l €128 Ginflof) Zanfdl i eth ARG irlel (O WAL, Bk 2iu@El) athedketibmitfrd @as
The vol at'1 wer’e renovéd under” 25 reduced pressure. Col um

chr omat etireh hydeyfargdneandelsiatident 461Q ifarsd heThe edlridlenMeradeapng] under reduced
acet at e/ et hanol and re-crysta
ethyl alESSPE {\556%‘051 oﬁ# eoﬁ,eaxél e 1M Xﬁorokorm ébb %Iﬂ) Was &Jgﬁetﬁ) 56 Yehe T(i%l)

3- le ORERMEE-t8 pH 2Rith ENWOI Sxyertananwah hiorcdosyethiod (9] 1102 3)¢ mi)aThe
o[ 4, 5- g]qui nazol i ne-4,9-4ione; IHNNER (300 Miz, DVMSO-d6) 5

(111, skemBingg gxtragts \ggre cgiedgox(eg_ﬁodlgljn sy fatps gﬁhe rﬁ)lve@t was (qppve%under

3. 86 (111 d 75 (1H dd J = 4.5 and 3011.7
Hz), 1.5% “6%@?”&“‘??%%?]’& IZ-E’FHT%B (2H, m), and 1.21 (2H, M. WO
2009/ 038z 2RAE/aLISROR R 0408/6d 16IDMF (100 ml) and treated with isobutyl nitrite (20 ml) and

acetic acid (2 ml), and it was stirred at 22°C for 16 h. The volatiles were removed under

25  reduced pressure. Column chromatography of the residue (silica gel, chloroform/ethyl
acetate/ethanol, 5:4:1) and re-crystailization of the product from ethyl acetate (50 ml)
afforded 3-cyclopropyl-8-[(2R)-1-hydroxypropan-2-yl}-3,8-dihiydro[1,2,3]triazino[4,5-
g]quinazoline-4,9;glione; "H NMR (300 MHz, DMSO-ds) 8 8.90 (1H, s), 8.48 (1H, s), 8.45
(1H, s), 4.95 (1H, m), 3.93 (1H, m), 3.86 (1H, dd, 6.6 and 11.7 Hz), 3.75 (1H, dd, = 4.5 and
30 11.7Hz), 1.51 (3H, d,J=17.5 Hz), 1.28 (2H, m), and 1.21 (ZH, m). ‘



EXAMPLE 1

3- Cycl oprz‘{? SlS) 1- net hyl - 242H-tetrazol - 2-vQet hyl | - 3, 8-di hydrof 1
,2,31tria Q%@ﬂ“@ 5291[ 1, 2, S] benzot ri azi ne- 4, 9-di one t FRATVUBZMAISH ur e
of internediates 7 and 8(2 70 g, 9.8 emol) was dissolved in THF (100
m ) and methanol (75 m ). A solution of potassium hydroxide (6.0 g)
in water (60 m) was added, and the m xture was stirred (20C) for 45
m nutes. Hydrochloric acid was added to the m xture 10 (4 pH 2) and

t he sol vent evaporated. The m xt giyssolved in DVF (100 m) and
t he sol vent evaporated to rennveu'ﬁvé‘léﬁmﬂ— _

q163 SALEQES - H 1.22g, | Omol), hydroxybenzotrl azol e
(HO%I’) (1 359, IOmTDI) NEt3 (2 M) and

N- (3-di net hyl am nopropyl) - N - et hyl carbodii @i de, (M) (5.5g9, 15 28.5
mol ) were added and the m xture Yo )ﬁﬁjer nitrogen at 45C
for 4 hours. The sol vent was evaporat ¢ wather (100 M) was added,
the pH was adjusted to 2 u ‘i x-angeY he ni xture was extracted
with ethyl acetate (3 x 20 ) .mdhe organi c phase was washed with
saturated sodi um bi carbonate solution (100 m ), dried over_ sodjum

sul f at eAawidtucontintarmediatgs 7 Trd8 (T8 %S mml) ‘M?%%@Pl)’é@l 1 FHEB(HEG b e ) |
t
6. hour BePRRII5t b RALRE B s Eyn rblnh 6.0 B il 66 BB R0 RS
usi ng fthasdixahe @apdeaaAPITT) Yortds neihiags. Hagmlecichtoabiaeﬁaws/adde:ﬂtb(bllmmhnane
40/ 40/ 20 th hile ph duct d.f
i B o GRUEBIRNIBEI T STAP oG TUem s Chavel Pasing) 07 o8 By
192 C %%@ngé% %\Qfgdto wa“terg@é 1Q§H—Té)azol92 913pr6%&112-a§ﬁne t&dﬂﬁhtoﬂahb

36 ( 5.15 (1H,
dd J =(22%g, 40 mmowamﬂDMH-(ink) Wiede add4d emd t(hz splvmt evapogated. €80 ml)=

EX%NEE) %rtlat ylamin 45 _1pend%§ M?H ziQ 10mmol), hydroxybenzotriazole (HOBT) (1.35g,

3- Cycl omlﬁm% ﬁﬂﬁ%ﬁ}nl)'l&ﬁf 3—Jﬂﬁhct2ﬁbﬂ1&bp@§ﬂb-1\2-e}&iqunrhmﬂanudb(\EDIJ—IB(SB‘S—g;I| h
vdr obenzo -d' ] b| sll 31ltriazi ne-4, V(\? Th
20095 03885 ZPaT) USW#QF‘%)&TB@#‘?H’G’?‘JY&FY?@ spipred lén%ﬂlﬁfaﬁ%at\ﬁés frédoreyThe

using t epHEAHs alsd D asif@NIH,B0g
wni te st REE e Wé%gﬁméﬂ*%@?‘?iég%ﬁ P57 o160 G gL TNV

(300 MHzd the GDODYe 6 ewaetmwlthgyhy aeetie (371200 ), TI@ gganic ghape;wey pashey

5.26 (1H 14. 4
He) | ( Eh sdtub’%ed(_ Sf%&lm %cgrbénaie sol(ﬂ@i_?n (?S)(Pél!,_)( %rgéd S soéi}unj éll@aé@%ﬂz ) and
1.48 - dor%ént@zﬂfﬁ (Chklmargrial EXANRoE<d in DOAF (100 ml) acetlc acid (3 ml) and 1soa.my1
3047| 1-8-1(2R),- 145- Ht et | 8-d
"y dbobaiekt 21 teik def ARICTS hoie PPIS(E’ir‘tS’EaOS&V@O\El‘?"%“ﬁ%ip BRealets
conpoun &Bdnd

mp g.llﬁa@e?]t X %{r@z&eﬁ%ﬂéﬁiaﬂ%&ﬂﬂ? WithQERA Heeat Qhex@x@iRhRr @40/40/20) as

i nternme 15 resul ting white solid had the foll ow ng
pr oper t thesnokils pha@0 Fheprbda;t “Z@HCI&MRH(ZS@ Gomtdichigpoetpnagd TRE hexape t9)give

9.02 (11-1 5.7 d

He) | : egvhctf‘cﬁ%hfha%?{algk ngp ﬁ%@a%@ ﬁ?ﬂﬁiﬁw EP?J‘%‘?Q% %a‘n‘g pg0d

(3H, S) (H,- 3% 4B3dk, s 5:98 .97 AH, %), #8611, 48, F=3 289 1PBHAHS (TH, dd, T =
25 4.2 and 13.8 Hz), 4.10 - 4.00 (1H, m), 1.81 (3H, d, J = 6.9 Hz) and 1.45 — 1.22 ppm (4K, m).

EXAMPLE 2

3-Cvclopropyl-8-[(2R)-1-(5-methyl-2H-tetrazol-2-yl)propan-2-yl}-3.8-dihvdrobenzo[i.2-
d:4.5-d'|bis[1,2,3]¢triazine-4,9-dione




20EXAMPLE 4

3- Met hyl1-84(2/21-142Htetrazol - 2-v1l) propan- 2- 01- 3, 8- di hydr obenzal a- d:
-4,5- cl | bive} 200208132r i azi ne- 4, 9- di one W - PCT/US2008/010877
2009/ 038752PCT/ 1JS2008/ 010877 63 the ocedure used for exanple 1.
The resulting white solid had the follow ng properties: np =
228-230C; 11-1 NWR (300 MHz, CDC13) 8 9.15 (1H, s), 9.06 (1H, s),
8.42 (1H, s), 5.90- 5.80 (1H, m, 5.38 (1K dd, J = 8.7 and 13.8 Hz),
5.17 (1H, dd, J = 4.2 and 13.8 HZ)N/,N4. 4 HA) and 1.81 ppm (3H, d,
J =6.9 H). 5 ! NEXAMPLE 5

3-Met hy1-8-1. (2R) - 1-( 1%3{/}5\2@7& 2-y11- 3, 8- di hydr obenzo
f1,2-d:4,5- drlbisfL2, 31tr|t@;§i nepé, §-di one 10 The title conpound
was prepared frominternmediate 2 using the procedure described for
exanpl eTHe tiffhepnipemud wias grepivied esisg tiegrévadurt héetapiplohiige topediaieds Thep

= 228-230C. NVR (300, Miz, | 3+ CD30D) 8 9.14 (1H,.S s),
8.94 (1¥sulipe W@%tgé‘?lﬁi. hed ﬂeqf%ﬁgwmg, P@?%QS'(@W i3 . 136 ;5@@;}%@&@{% ,
5. 00¢( 1 = . . ( iy )
N dEDEﬁ-’i & gllgrg% 3) 309 (14, s), 480~ 5451y, ﬁiﬂs.z%)(lﬁ,rﬂéi),(i W%Eégi ),
3- Et hy 15.08(IR)dd1T €248 dreit Idak k), 2-1Qu g8 (2N, 2), 2 1i-(3H8s)d1 A9 (FTbIse h =6.9Hz)
1,2-d:4,5- bi,s, f 1, ltriazi ne-4,9-dione 20 The title conpound
was pre?)‘ﬁlr]etgg”rrléﬁlplpmé?ﬁﬂéi ate 11 using the procedure of example 1.
The conpound was isolated as a white solid, nmp = 174-176C; 111 NWR
(300 MHz, CDC13) 8 9.13 (1H, s), 9.04 (1H, s), 8.40 (1H s),

5.90-5.75 (1H, n), 5.36 (1H, dd, gxasgeOeand 14.1 Hz), 5.15 (111, dd,

| = 4.8 and 14.1 4.59 (2H, J =7.2 Hz), 1.81 (311, .d, J =.6.9
3 -1-(5-methyl-1 H-tetrazol-1-vl)propan-2-yl]-3.8-dihydrobenzo[1,2-

N=N Me ©
The title compound was prepared using the procedure of example 1 using intermediate 4. The
15 resulting white solid had the following properties: mp =208-211 °C; "H NMR (300 MHz,
CDCl;) 8 9.14 (1H, s}, 9.02 (1H, s), 5.90; 5.79 (14, m), 5.03 (1H, dd, J = 9.6 and 14.4 Hz},
4.69 (1H,.dd, T = 5.1 and 14.4 Hz), 4.11 - 4.03 (1H, m), 2.62 (3H, s}, 1.80 (3H, d, ] = 6.9 Hz)
and 1.45 — 1.25 ppm (4H, m).

20 EXAMPLE 4
3-Methvl-8-I(2R)-1-(2H-tetrazol-2-vl)propan-2-vl]-3.8-dihydrobenzo(1,2-d:4.5-
d'|bisf1,2,31triazine-4.9-dione

=N Me O

The title compound was prepared from intermediate 1 and intermediates 9 and 10 following



25 ppm (3H, t, | = 7.2 Hz). WD 2009/ 038752PCT/ US2008/ 010877 64
EXAMPLE 7 %2 Flu o roethyl)-8-[(2R) - 1(2H—tetra2012f\62€ f

an- 2-vil - YB2@PFE% ob enzo f 1,2-d:4,5- & bis PCT/USZ008/010877
,2,31triazine-4,9-dione 5 Titl e congound prepared frominternedi ate
12 using the procedure of example 1 and i solated as a white solid np
= 196-198C, NVR (300 MHz, CDCI%}T3 1H, s%_‘ 9.08 (1H, s),

(1H s)thepraggduye psed forexapple 5 m&tmw itg solidiad the,fpllgwing Hraaem@ ‘iﬁp
(1H,

(1 dg ?%2?60@0%@03@1 e s 19 B A 0.08 (B0 d) 13 82 (0PD) (3bh-

3- PropaﬂSQ{VH 18,15 2Ry 1L 41 t=e8.7 and 13 3-Kit)| friGaH; &, VH 4.3, Bd di3I8/He) Beldz
o[1,2-d;4 el bis[1, Jtriazine-4,9-dione 15 The title conpound
was pre@éfr’éhmidr]o% Pméﬁébgmé&%%)'fol | owi ng the procedure used for
exan?I e 1 and was isolated as a white solid, np = 134-136C;, NMR (300
CDC13) 9.14 (1H, s), 9.04 (1H, s), 8.41 (1H, s), 5.90-5.78 (1H,

m, 5.46 (1H, n), 5.37 (1H, dd, Jgs gnd 13.8 Hz), 5.16 (1H, dd, |
= 4.5 and 13.8 Hz), 1.82 (3H, d, = 0. ) and 1.64 ppm (6H, d, J =
6.9 Hz)3-Mdéh k=191 H-tetrazol-1-yDpropan-2-yl1]-3.8-dihvdrobenzo[1,2-d:4,5-

3- Q/CI obut yl- 845 2R).-1-(2H-tetrazoi - 2-yl ) propan-2-y11- 3, 8-di hvdr obenzo
[1 sii e~ IPRE azi ne- 4, 9-di one

Ny

N T
10 v ©

The title compound was prepared from intermediate 2 using the procedure described for

example 1. The resulting white solid had the following properties: mp = 228-230°C; '"H NMR

(300 MHz, CDCl3+ CD;0D) 6 9.14 (1H, s), 9.04 (1H, s), 8.94 (1H, s), 5.88-5.74 (1H, m),

5.22 (1H, dd, J = 9.3 and 14.1 Hz), 5.00 (1H, dd, ] = 4.2 and 14.1 Hz), 4.14 (3H, s) and 1.78
15 ppm (3H, d, J=6.9 Hz).

EXAMPLE 6
3-Eihyl-8-[(2R)-1-(2H-tetrazol-2-y)propan-2-yl]-3.8-dihydrobenzo [1,2-d:4,5-
d']bis[1,2,3]triazine-4,9-dione

O
N
v N
~N N
NI,N"-I»’\I v Nf'
20 =N Me O

The title compound was prepared from intermediate 11 using the procedure of example 1.

The compound was isolated as a white solid, mp = 174-176°C; 'H NMR (300 MHz, CDCl3) 6

9.13 (1H, s), 9.04 (1H, s), 8.40 (1H, s), 5.90-5.75 (1H, m}, 5.36 (1H, dd, T = 9.0 and 14.1 Hz),

5.15(1H, dd, J = 4.8 and 14.1 Hz), 4.59 (2H, q, I = 7.2 Hz), 1.81 (3H, d, J = 6.9 Hz) and 1.57
25 ppm(3H,t,J=7.2Hz).



WO 2009/ 038752PCT/ US2008/ 010877 65 The title conpound was prepared
frominternediate 14 followi ng the procedure used for exanple 1 and
was i sol a&x208%0873%hite solid, np = 152-154C, 1H NVMR (BODQUIBE/01GDTCL3)
9.12 (1H, s), 9.05 (111, s), 8.41 (1%4 s), 5.90-5.78 (1H, m,
5.62-5.50 (1H, m, 5.37 (1H, dd, 5 = 8.7 and 14.1 Hz), 5.16 (1H dd,
J =4.5and 14.1 Hz), 2.86-2.72 (2H, m, 2.62-2.50 (211, m, _
2.10-1.94(211, m and 1.81 ppm (3H, d, J= 6.9 Hz).

EXAVPLE 10 EXAMPLE 7
%)SQ&IBMI)%D%L@Q% fishyd

. > e Ul
conpounglipisys ;g%]m@ch Dr(mmeu nt er rredl ate 15 follow ng the procedure
used for exanple 1 and was 1solated as a white solid, np = 134-136C,
IH NVR (300 MHz, CDCI3) 8 9.15 (111, s), 9 05 OH, s), 8.41 (111, s),
5.90-5.78 (1H, m, 5.37 AL dd, J @8 el A8 Hz), 15 5.16 (1H,
dd, J = 4.5 and 13.8 Hz), 4@9 2H, d 32Hz)182(3H d, J =
7.2 Hz), 1.56- 1.43 (1H, n*and 6-0. 2N|6pm(4H rT) EXAMPLE 11
3- (25 Met hyl propy1l) - 84( 2R) - 1\%QH- tet Pazol - 2- ynpropan- 2- 1711- 3, 8- di hydr
obenzoi L2- 20 d: 4, 5-drlbisfL2,11tri azi ne-4,9-dione WO )
2009/ 03876 zm@iﬁﬁuﬁaﬁa&mﬂm Ynta@e@ialeuz e$he @y progedue pfigrample 1 gndgsolated)

i o e ol i 155056 ' sl oy oty AT 6 G107y s G,

(111, n941 %1}?35) (5385 68 (31, ) 537HEd, a0d =19.93nd M1t G6F.5. 1, (13, 8d,8.948%hd
5EXAMPLE

3- But - 3t4/hHg), p1048- 4.7 @, m)(apeH :8ippay G 8, I p9rfan- 2- y11- 3, 8- di hydrob
enzo [1,2-d4,5- d This [1,2,31triazi ne-4, 9-di one
10

EXAMPLE 8
3-Propan-2-vI-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-3.8-dihvdrobenzof1,2-d:4,5-

d'|bis[1,2,3]triazine-4.9-dione

15 The title compound was prepared from infermediate 13- following the procedure used for
example 1 and was isolated as a white sohd, mp = 134-136°C; '"H NMR (300 MHz, CDCl3) §
9.14 (1H, s), 9.04 (1H, s}, 8.41 (1H, 5), 5.90-5.78 (1H, m), 5.46 (1H, m), 5.37 (1H, dd, T=9.0
and 13.8 Hz), 5.16 (1H, dd, J = 4.5 and 13.8 Hz), 1.82 (3H, d, J = 6.9 Hz) and 1.64 ppm (6H,
d, J=06.9 Hz).

20

EXAMPLE 9

3-Cyclobutyl-8-[(2R)-1-(2 H-tetrazol-2-vlipropan-2-yl}-3.8-dihydrobenzo[1,2-d:4.5-
d'1bis[1.2,3]¢riazine-4,9-dione




10 The title conpound was prepared frominternediate 17 follow ng the
procedure used for exanple 1 and was isolated as a white solid,

185- 188C; WRPRNRESH00 MHz, CDC13) 9.14 (1H, s), 9.06 (IFWU?,Z)OOS/@OQ)
(111, s), 5.90-5.78(111, n) 5.36 (1185 dd, 5=9.3 and 14.1 Hz), 5.16
(1H, dd, J = 4.8 and 14.1 Hz), 4.71 (2H t, $=6.9 H), 2.90 (211,
dt, J = 2.7 and 6.9 Hz), 2.02 (1H, t, %7 Hz) and 1.81 ppm (3H,
dJ:69Hz) 15 EXAMPLE 13
3-But-3-yn-1-yl-8-1(2R) - 141H—tetramP’ 4 n-2-y11- 3, 8-di hydr obe
nzol |, 2-d:4,5- d'lbis[1,2,31fri rﬁe-lghe 20 The title
corrpound was prepared fromm nt'k di gt e™17Mand i nternediate 2

follow ng the procedure used=tor ¥xaftlpl e 1 and was isolated as a
white solid, nmp = 201-204C, 1H NWR (300 Mz, CDCI3) 8 9.14 (1H s),
9.05 (1Mhe difle @mpRud Mas Prepadofios. I?lEH(lﬁ_d*ﬁteri)“ foBowag( they proredury used for

and 14.1 and :

20t b1 el itey i s a8 o W A (6t bmd cptis
E?(i M% 7819@1191,(3’%9 08l (1H, s, @419(&&2);),59%@%)@91/ Q387 62BGOYBANRS/ LOGH] d6,7
3- Oyél opﬁapvlﬂleﬂd( Hiz) g6 1 H. 44, Jno‘} 6,9@5111%31 Pa), 28652-d Hflimow éRzor0 @Hym,
5- el bi N-NN M O5 A mxture of
ni coti ngﬂg %2Hgﬁ%hg?ﬁ§8wndgo ) n|tr thane (4.3 nml, 60 mmol) and
i sobutylamne (0.2 m) was heat ed at 110C for 16 h. The crude product
was purified by colum chromatography (chlorofornfethyl

acet at e/ et hanol 1 50/45/5) to gi veEXAMPIEI#0 derivative (4.81 g,
50% . Thi . d

(4. 55 gr—2BRE &

argqp aj. ﬂdgyg[lnz gﬁp,agﬁg_ﬂpd;oh@n heat ed at refI ux for 5 h. After
cooling R an Tcelwat er ereact|on m Xt ure was
4“ /w

',N ~N

The title compound was prepared from intermediate 15 following the procedure used for
example 1 and was isolated as a white solid, mp = 134-136°C; 'H NMR (300 Mz, CDCls) &
9.15 (1H, s), 9.05 (1H, s), 8.41 (1H, s), 5.90-5.78 (1H, m), 5.37 (1H, dd, ] = 8.7 and 13.8 Hz),

15 5.16 (1H, dd, T = 4.5 and 13.8 Hz), 4.39 (2H, d, ] = 7.2 Hz), 1.82 3H, 4, J = 7.2 Hz), 1.56-
1.43 (1H, m) and 0.68-0.52 ppm (4H, m).

EXAMPLE 11
-3,8-dihydrobenzo{1,2-
20
0
f;‘”N N Me
N"N\j,\’ N N”N Me
=N Me O

The title compound was prepared from intermediate 16 following the procedure used for

example 1 and was isolated as a white solid, mp = 132-134°C; '"H NMR (300 MHz, CDCl) &



diluted with TIT (100 m), treated wth sodium sul fate decahydrate
(20 g) and stirred at rt. for 1 It The solid was filtered off, and
t he sol vemto wasoseaoved under reduced pressure to gi verdines:dmssiosed
am ne. The amine was reacted with a mg.xture of internediates 7 and 8
usi ng the procedure of exanple Ito give the title conmpound as a white

sol id, 1 1

9.01 (IH 9)H1 @ggiﬁ%@@ %ﬁﬁ”‘%’l\@é Ofﬁ%mﬁ “?J)C%%%g{g%dh% d)I?‘)']f.{ﬁ)?

(111, ctddﬁ (138, 4d 01 + 4.8%nd 1andHZ),Z3H@H &6 T66G.9 HE, 2#8,2.38 QH, dH .81 BH, d,J

342(1H dd, J. = 8.8 and 2.24 (1H, dd, J = 6.6 and 14.3
%2(@3@@1031321“65311125 657 (2H, ), and 1.27 (2H .

20EXA|\/PLE 15

3-Cycl opropvl-842-(2Htetrazol - 2-ynet hv1ll- 3, 8-di hydr obenzoll, 2-d: 4, 5-

el blf[l 2, 31triazi ne-4, 9-di one ngﬁ%%ed using previously

descti bed procedures from i nter = The conpound was i sol at ed

as a Wg-Bat-39nkOyl-8902R)-A5Q R &AG zol-1-¥1)iivRak-2300] -3/t ih @cb&zoBl B AR5 1H,

s), 9.08 (1A, SZ‘ 8.48 (1H, s), 5.27 (2H, t, J = 6.0 Hz), 5.07 (2H,

t, J = s[il2y3]tunzine-4.9 H nm and WO

2009/ 038752PCT/ US2008/ 010877 68 1.45-1.24 ppm (41ff, m. EXAWPLE 16

3- Cycl opropyl- 8-
[(2R)-1-(1Htetrazol - 1- yI)propan 2-y1l1- 3, 8- gl hydr obenzol L2-d: 4, 5-

5d' I'bis[1,2,31tri azi ne-4,9-di one Di et hyl

2- Ket hoxycar bonyf | am no- 5-nitrot erepxb(l , 5 67 mmol) was
di ssolved in THF (30 nl) andn:e LN A sol ution of KOH
(1.68 g, 30 nmol) in water ( 0 im )1 10 was added, and the mixture was
stirred (70C, 142) for 18 hr. Iﬁdr%ch‘?onc acid was added to the

| ed 4 pH2 d the sol v
oo oLEr e i Brmro Rl Prentd o Sartst oy b oo ing O, Pk e Wi By
(ZR) 1- éx%lftgieef 5&12@55 idoMed RS Qﬂﬁﬂe%oluﬁm 1 8y dechirprivete (10809HRDCD8L:) &

mmol ) was dissolved in DVF (80 ml) added to’ the crude

2 am no9.54 (liH, sht9eNoe(dH BaBidd (Bdi 9, 5 WS(H@%}?@ 3661 1Adsl, ¥ = Homd (gt Hz),

the m Qﬁ# Lu%ggtgtl fgr%% ][Rﬁ%}élgpni tro eﬁ(‘uﬁl t%g;4§6’312 lat j/@l’z?»; &QWHQPd

Cycl oprpgytﬁ{ntr}p:Qb}[ﬂ))anmst@gdﬁ(dHaﬂdliﬂeHn)xture was st| rred at 45C
for another 18 hours. The sol vent was evaporated, water (100 m) was

addeel, the pH was adjusted to 2 using 2M H2SO4 and the m xture was
extracted with AcOEt (2 x 100 m). The organi ¢ phase was washed with
saturated sodi um bi carbonate sol rrt) dried over 20 sodium
sulfate concengrat A : '
m)/mt%ﬂmm : — : ;

m Xt ur ed\Wis[13%.3) trli e d-0.0-dibneri nut es. AI | solids were filtered off and
the volatiles evaporated. The material was dissolved in DMVF (30 m)
and isoanyl nitrite (5 m) was added. Aftf§er 4 hours the sol vent was
evapor ated. The product was purifj i i Ftasfychr omat ography with
et hyl acet at e/ di chl or onet ha,@e &5&35 N

N

20 The title compound was prepared from intermediate 17 and intermediate 2 following the
procedure used for example 1 and was isolated as a white solid, mp = 201-204°C; 'H NMR
(300 MHz, CDCl3) § 9.14 (1H, s), 9.05 (1H, s), 8.62 (1H, s), 5.90-5.78 (1H, m), 5.23 (1H, dd,
J=19.3 and 14.1 Hz), 4.92 (1H, dd, J = 4.8 and 14.1 Hz), 4.70 (2H, t, J = 7.2 Hz), 2.90 (ZH,
dt, J=2.7 and 7.2 Hz), 2.01 (1H, t, J = 2.7 Hz) and 1.78 ppm (3H, d, I = 6.9 Hz).

25



25 as the nobile phase. The product crystallized when the sol vent was
evaporated. The resultant white solid had the follow ng properties;
np = 233 WWGZ00&038T1 NVR (300 MHz, CDC13) 9.14 (111, s)PCHUBRIYMeSTT
s), 8.60 (1H s), 5.90 - 5.77 (1H, Mgy 5.25 (1H, dd, J = 9.6 and 14.4
Hz), 4.91 (111, dd, J = 4.8 and 14.4 Hz), 4.13 - 4.00 (1H, m, 1.77
(3H, d, J = 6.6 Hz) and 1.45 - 1.22 ppm (411, m. WO
2009/ 038752PCT/ US2008/ 010877 69 EXAMPLE i4 EXAMPLE
17 - - -4.5-

3- Cycl oprepyt—&s T e Yas] ' 'si hydr opyri m
i dol14, Sa kAW Nadlihére94didnéli one 5 Di net hyl

2-[ (et hoxycarbonyT)am no-5-ni troterephthal ate (1.85 g, 5.67 mmol) was
di ssolved in THF (30 m) and Methanol (10 )

(1.68 g, 30 rnunol) in water (30 my* nasSSedded, and the m xture was
stirred (70C, 142) for 18 hr dr akhl ;ﬁ. agi d was added to the
cooled mxture (4 pH2) and ka sofvelit evapbrated. The mi xture was

di ssolved in DVF (100 m) heMsolvent evaporated to renove water.
(2R)-1-0H-tetrazol - 1- Apropan-2- 10 am ne hydrochl oride (600 ng, 3
mol ¥ wasnisthgs of MestiratieDhe (620, 58 mmoid] nitcebtchne (4.3 hd, Ormamiel]) and

2-am no-5-nitrot ht hal i id. P 3 ) I (811
mo 6. nivebylamEneO dam s Rl O ondS Aot e iRt s BlRthEd
the m Xﬁ&ﬁxﬁg%ﬁ%ﬁ?dlg%ﬁ‘f? (LIS ol kAR ata kiR, $0945/8) 6 gheWuss nitro

Cycl opr opyl am ne was added ‘and the m xture was stirred at 45C
for anotidrbmtit@(4Riug, S0%JHEhis vlatesint wesastded partipmwiselto asmsransion 96 LA L was

added, S . adj ust.ed usin ] S
ext ractéﬂfﬁﬁﬁﬁﬂmé‘?“ﬁ%@ﬁ}g E‘?%ﬁ'i@‘bd W%)S%Mfzi%é %}g 95&5 %’%ﬁ(ﬁ sgﬂdva
washed ’éﬂeh Iﬁeﬁécli ?trraﬂxﬁdfog 6. AMebédRling anal iﬁe/mieubitb,rt}n( fe@ﬁiogﬂ rjli;ctlflc i»gd

over sodium sul fate and concentrated. T teri i ssqal v i N
M ( B0ditng i TRE P08 Mepie v oD e S HBPEEL & O ey 2
added a gﬁl 1t1? GE kAN Es MRS eBbIEr 48 hd DlvehBwhd rBitbe&H unfie! red@etl BHesne &
filtered oft and the volatil es evaporated. The material was_ dissol ved

20 in DufveiE0desiryd amicet Diapariae wasEaeed with aanikwreeiateangdizes tadd wing
500 was added. Th i oy -+t 0l UARB 1100 |

ot 1 hg IFee R e T btk el bt ARGl Bligiap LABB 161°C; M
(5 nis) NMR@300VEIZ( SDNL) S\Wald @HJSI9 PO IH,aR S Is@HnN) .36 UH, df, det &S and

After cooling, ethyl acetate (20 e e m _
ext r act 4& Bk k1 &Hndddel= Odatt rﬂ“‘gﬂrc?aﬁ)‘[@\gﬁg?@ﬂd&u?@gﬁf}?’fﬂgg&;ﬁﬁﬁga
over sogigimySyld e, ang g Qc paty edid.4.3THS), 253 PIRAIGE SREZR R7HREMM),
usi ng f?as chr omsgf ogrgphy w th chlor ofig@rﬂ etﬁs;l acet at e/ net hanol

(60/ 36/ 4ad 8872 mpbi | e phase. The sol vent was evaporated and the
product crystallized from di chl oronet hane/ ethyl acetate. The
resulting white solid had the foll owing properties; np = 221 -223 G
NVMR 4300 MHz, CDCI3) 5 8.62 (1H, BXAMPOR161H s), 8.46 (1H s), 8.14
(1H, s), 39 (1H, dd, J = 7.8 and 13.5 Hz 5.22 -
5.05 (1BCye L2 xhetiyblod.srdsvdsehenzoldsodid 10877 70 =
4.8 and . 3 31 g.3; (1H, m, 1.77 (3H d, J = 6.9 Hz),

1. 30-1. B , trg§m§ ga ']:- 0.93 ppm (4H, .

V

25 Prepared using previously described procedures from intermediate 20. The compound was
isolated as a white solid; mp = 250-252°C, 'H NMR (300 MHz, CDCl3) & 9.12 (1H, s), 9.08
(1H, s), 8.48 (1H, 8), 5.27 (2H, t, ] = 6.0 Hz), 5.07 (2H, 1, ] = 6.0 Hz), 4.10-4.02 (1H, m) and



EXAMPLE 18 5 3-(2- Met hoxyethyl)-8-1(2R)-1-(2H-tetrazol -2-vl)prop
an-2-v11-3,8- dihydrob enzo [1,2-d 4,5- d 1 b isll ,2,31triazin
e-4,9-d i wo mov/o3kts2Prepared fromii ntermedi ate 22 usi n@d%zmmmdure
of exanple 1. The resulting white sol ad had the follow ng properties;
nmp =145-147C, 11-1 NMR (300 Mz, (IXIS 8 9.15 (111, s), 9.06 (1H, s),

841( 80 (1H, m, 5.37 (1H dd, J = 8.7 and 13.8
l????ﬁppHHaH w5 5 and 13 8 Hz), 4.75 (2H, t, J = 5.7Hz),

3 93 (2H, t, 5.7Hz), 3.40 (3H, s) and 151.82 ppm (311, d, J -=
7.2Hz). EXAMPLE 19

3- (2- Met hoxyet hvl) - 84( 2R) - 142H- t e av®i ¥2r¢y 1) pr opan- 2-y11- 3, 8-di hydro
(1, 2,31 tr|a2|n 0 4 5-0 oU|nazoI|ne-Z 9-di one 20 Internedlate 22

(460 Asl-f ! 2 8-dihxdeobienzalba-ds
pot Si wg réﬁ gg %%; dn water (20 m ) was added, and the

a§ a1B; XQ iy é = r 90 m nutes. Fwdrochlorlc acid was added
to the cooled m xture (4 pl12) and the solvent 25 evaporated. The
m xture was dissolved in DVF (100 m) and fhe gol vent evaporated to
remove the water. DVMF (70 m), intge 10 ng, 1.55 mmol),
DVAP (189 ng, 1.55 mmol), T 209 55y mml ), NEt3 (2 m) and
EDCl (2.0g, 10.4 mmol) werg “alded" a tYe KT xture was stirred under
mtrogen at 55C for 2 hour sh=NheMsolvent was evapor at ed, vvater (100

m Xt ur e R g B B LB SR O & e B b ffeotved

di chl orler’t&tﬂ‘t @Al b féihlnol 21 XmiP A salution ShE ST gaasl & 39 Rass) maﬁatmso )

with saturat ed sodi um bi carbonate sol uti on éloo dried over
sodi@m was added and theonibmaweastited (TAE, Mak foF 1 &r ﬁé(éroahlgeeﬁ%&faﬁ added to

i xt or SO by B GRS sl B, g A PRI RN, 0

a sol ut(100n0f and the solvent evaporated to remove water. (2R) 1-(1H-tetrazol-1-yl)propan-2-

amine hydrochloride (600 mg, 3 mmol) was dissolved in DMF (80 ml) and added to the crude
‘2-amino-5-nitroterephthalic acid. DMAP (733 mg, 6 mmol), HOBT (811 mg, 6 mmol), NEt;

15 (3 ml) and EDCI (4.5g, 23.5 mmol) were added and the mixture was stirred under nitrogen at
45°C for 2.5 hours. Cyclopropylamine (1 ml) was added and the mixture was stirred at 45°C
for another 18 hours. The solvent was evaporated, water (100 ml) was added, the pH was
adjusted to 2 using 2M H,S0, and the mixture was extracted with AcOEt (2 x 100 ml). The
organic phase was washed with saturated sodium bicarbonate solution (100 ml), dried over

20 sodium sulfate and concentrated. The material was dissolved in THF (50 ml)/methanol (50
ml), Zr/Cu (12g) and HCOOH (3 ml) were added and the mixture was stirred t‘or 15 minutes.
All solids were filtered off and the volatiles evaporated. The material was dissolved in DMF
(30 ml) and isoamy] nitrite (5 ml) was added. After 4 hours the solvent was evaporated. The
product was purified using flash chromatography with ethyl acetate/dichloromethane (65/35)

25 as the mobile phase. The product crystallized when the solvent was evaporated. The resultant
white solid had the following propetties; mp = 233 — 235 °C; 'H NMR (300 MHz, CDCl3) &
9.14 (1H, s), 9.02 (14, s), 8.60 (1H, s), 5.90 — 5.77 (1H, m), 5.25 (1H, dd, T=9.6 and 14.4
Hz), 4.91 (1H, dd, J = 4.8 and 14.4 Hz), 4.13 - 4.00 (1H, m), 1.77 (3H, d, J = 6.6 Hz) and
1.45 - 1.22 ppm (4H, m). -

30



5 trinmethyl orthoformate (5 m) in dioxane (5 m) was added portion
wise (1 M/ mnute). After cooling, saturated sodi um bi carbonate

sol uti on (OGmwbIs7Tsms added and the ni xture was extractret/vsedonsiyl
acetate (2 x 100 m ), dried over sodi Hgn sul fate and concentrated. The
product was purified using flash chromatography with tol uene/ acetone
(80/20) as the nobile phase. The resulting foam had the foll ow ng

properties: IIINVR (300 MHz, CDCIgxAR1®R9710 (1H, s), 8.63 (1H, s),
8.47 (1H, s), 7.81 (1H, s), 5.40 (IH dd, J = 7.5 and 13.8 Hz),

5 25-5. ropyl-8-§2R% 1 -tetrazolp- oaam-ﬂrvlh&.&ﬂlmropmiwﬂqiéé; t,

= 5.7Hz u:}ng (2o dinnd = 5.7Hz), 3.39 (3H, s) and 1 79 ppm (3H, d
J=17.2 . 15
3-(Pyridin-3-vimethvl1-8-112/0-1-(2H-tetragol - 2- yOpropan-2-y11- 3, 8-di
hydr obenzoi |l , 2- d: 4, 5-dThi s11, 2, 31tr yazj.nedl4, i one Prepared from
1- pyridin-3- yI met hanam ne and mterﬁe e 1Y using the procedure of

20 exanple 16. The resultin l,. g-hqd the foll ow ng
properties: np: 200C degradation, we BHIMR (300 Mz, CD30D/ CDC13) 3 9.07
(1H, s), 8.89 (1H, s), 8.87 (1H, s), 8.67 (1H, d, J = 5.4Hz), 8.54

(5 1 ?2 5? A l;')}m;ﬂ@} g ﬂ%ﬁmxﬁ:a%n&lﬁﬁmnﬁ)ﬂ-mﬁot%{%gﬁéﬁate é‘ij 85 ‘é 5 6‘.4_’ nﬂn@lﬁ‘@a@c:h@slﬂl\)e)d

5.03 (1H THB (3Qmb) and3Methahol 4l MmbizA salnﬁomofésoﬁdmﬁémo aumaj) ia vetg By ml)
25

2 b op- 372 Rdded, andghe mixtpre v stie AN o) Sk 184 Hydrochioric apidwes afded to

benzol | ﬂ%—d&ol’kd&nxﬂﬂi‘& > SiH2) 2nd Her: sbarénmaﬁhr&edilmﬁmmnmas dissolved in DIVE?
2 OO 1081 L2 ket LA RL9Rar 0y phne i no
(2(])_2'1%1 1%11%}&1?&1110%@ (6%@11115?108 waé dfstévedih, DﬁFQ@O fn:i-)]a]ad addled 18 tHcrude
2-amino-5-nitroterephthalic acid. DMAP (733 mg, 6 mmol), HOBT (811 mg, 6 mmol), NEf3
(3 ml) and EDCI (4.5g, 23.5 mmol) were added and the mixture was stirred under nitrogen at
45°C for 2.5 hours. Cyclopropylamine (I ml) was added and the mixture was stirred at 45°C
for another 18 hours. The solvent was evaporated, water (100 ml) was added, the pH was
15 adjusted to 2 using 2M H,SO, and the mixture was extracted with ethyl acetate (2 * 100 ml).
The organic phase was washed with saturated sodium bicarbonate solution (100 mi), dried
over sodium sulfate and concentrated. The material was dissolved in THF (50 ml)/ Methanol
(50 ml), Zn/Cu (12g) and HCOOH (3 ml) were added and the mixture was stirred for 15
: minutes. All solids were filtered off and the volatiles evaporated. The material was dissolved
20  in DMF (50 ml) and toluene (250 ml), and toluene sulfonic acid (500 mg) was added. The
mixture was heated and ~10 ml toluene distilled off. While distilling, a solution of trimethyl
orthoformate (5 ml) in toluene (5 ml) was added portion wise within 15 minutes. After
cooling, ethyl acetate (200 ml) was added and the mixture was extracted with saturated
sodinim bicarbonate solution (100 ml), dried over sodium sulfate and concentrated. The
25  product was purified using flash chromatography with chloroform/ethyl acetate/methanol
(60/36/4) as the mobile phase. The solvent was evaporated and the product crystallized from
dichloromethane/ethyl acetate. The resulting white solid had the following properties; mp =
221 -223 °C; "H NMR (300 MHz, CDCl) § 8.62 (1H, s), 8.60 (1H, s), 8.46 (1H, 5), 8.14
(1H, s), 7.72 (1H, s), 5.39 (1H, dd, J = 7.8 and 13.5 Hz), 5.22 — 5.05 (1, m), 5.06 (1H, dd, J



5s), 5.90-5.80 (1H, m, 5.38 (1H, dd, J = 8.7 and 14.1 Hz), 5.29
(2H, d, J = 2.4Hz), 5.17 (111, dd, J = 4.8 and 14.1 Hz), 2.45 (1H t,
J = 2. 4dHz\wendedas®3 ppm (3H, d, J = 6.9Hz). PCT/US2008/010877
EXAMPLE 22

4, 9- Di oxo-84(2/0-142Htetrazol - 2-yl )p7t°oPan- 2-y11-8, 9-di hydrobenzo[ 1, 2

-d: 4,5-_ d.i.hislkt.2 tri.azi, a3 - ot ot R g P r
fromint %3&38#2@3“%2’ %12&_31’1@ n%gtglﬁ’glﬁ%éﬁ @’C’lﬁ_sg%gﬁ Zt)’nfé%ﬁ} '(%gé%}gfrré)e%?l 1%’5
exanpl e- 4.63 pgili€4Hom}.i t| € conpound was isolated as a white solid; np =
209- 212C, NI\/E% (300 MHz, CDC13) 9.17 (1H, s), 9.12 (1H, s), 8.42 (1H,
s), 5.92-5.80 (1H, m, 5.38 (2H, s), 5.37 (1H, dd, J = 9.0 and 13.8
Hz), 5.18 (1H, dd, J = 4.5 and 138\#i 1.84 ppm (3H, d, J =

6. 9Hz) . EXAMPLE 23 20 ALY

3- Oysl op(BMeth Bdeti)-8-12 -1 o Haetrhzd-2vllirapaig2 8 pHyHdel®n

zo[1,2-d: 4, 5- d' | Dbisf Lé, 31triazi ne-4, 9-di one WO
2009/ 03&28lbeg] 73 follow ng properties: np = 224-225C,
.4

1H NWR (300 MHz, CDC13) 39.16 (1H, s), 9.03 (1H, s), 8.43 (1H, s),
6.50-6.43 (1H, in), 5.58 (1H, dd, J = 9.0 and 13.8 Hz), 5.39 (1H, dd,
J =4.8 and 13.8 Hz), 4.10-4.02 (1H, m, 2069 (1K d, J = 2.4Hz) and
1.45-1.22 ppm (411, m. S5EXAMPLE 24_n :
3-Cycl opropyl-8-1(2R)-141Ht et razoli- 1-
nzorl, 2-d:4,5- drlbis[1,2,3 ”t'“n'd arpNe-2N9<giwhe ~ 10 Prepared from

I nternmedi ate 24 (de-protectggnw tde 1-A) and internediatel 9 foll ow ng
theﬂ@rocedure of exanple 16. The resulting white solid had the

follow ng properties: np >195C X ) .
Prepared from intermediate 22 using the procedure of example 1. The resulting white solid

had the following properties; mp =145-147°C; 'H NMR (300 MHz, CDCl3) § 9.15 (1H, s),

9.06 (1H, s), 8.41 (1H, s), 5.90 — 5.80 (1H, m), 5.37 (1H, dd, J = 8.7 and 13.8 Hz), 5.17 (14,

dd, T = 4.5 and 13.8 Hz), 4.75 (2H, t, J = 5.7Hz), 3.93 (2H, t, J = 5.7Hz), 3.40 (3H, s) and
15  1.82 ppm (3H, d, I = 7.2Hz).

0
ut'}‘-/:??n- 2-y11- 3, 8-di hydr obe

EXAMPLE 19

3-(2-Methoxvethv])-8-[(2R)-1-(2H-tetrazol-2-yD)propan-2-y1]-3.8-dihvdro[1.2,3]
triazino[4.5-glquinazoline-4,9-dione

20
Q Me
N {
‘4, N/\/O
|
FaD e
N=N Me ©

Intermediate 22 (460 mg, 1.50 mmol) was dissolved in THF (80 ml). A solution of potassium
hydroxide (1.0g) in water (20 ml) was added, and the mixture was stirred at RT for 90
minutes. Hydrochloric acid was added to the cooled mixture (= pH2) and the solvent

25 evaporated. The mixture was dissolved in DMF (100 ml) and the solvent evapofated to
remove the water. DMF (70 ml), intermediate 1 (310 mg, 1.55 mmol), DMAP (189 mg, 1.55
mmol), HOBT (209 mg, 1.55 mmol), NEt; (2 ml) and EDCI (2.0g, 10.4 mmol) were added
and the mixture was stirred under nitrogen at 55°C for 2 hours. The solvent was evaporated,

water (100 mi) was added, the pH was adjusted to 2 using 2M H;SO4 and the mixture was



(degradation), NMR (300 MHz, CDC13) 8 9.17 (1H, s), 9.07 (1H, s), 8.75
(1H, s), 6.46- 6.41 (1H, m, 5.31 (1H, dd, J = 7.5 and 14.1 Hz), 5.20
(1H, dd, We2@0348rd 14.1 Hz), 4.11- 15 4.03 (1H, m), RCTESIOLPI0ETT J
= 2.1Hz) and 1.45-1.24 ppm (4H, m. BEXAWPLE 25

3-Cycl opropvl-8-112R1-1-(2H L2, 3-tri azol - 2- vOpr opan-2-1711- 3, 8- di hydr
obenzof 1, 2-cl:4,5- d'ibisf1,2,31triazine-4,9-dione 20 Prepared

usi ng permbte&shm cﬁﬁﬁmniaﬂﬂnqﬂﬂfe(ﬁurés 150 o). [The erganidiphass W veashied with

020" Fpiiated sobinpFiibyite sffiaa {0 ied plergbBybFialilia oo
(1H, ddrhedmateQalOvaAntksdtred inidxant- (955 Iﬁﬂ)HheIdﬂ-,toldene sﬂlf&naﬂtdd {600ImgIzyss 25
4.10-4.02(111, m, 1.77 (3H d, J

m. WrddeddieIsrsrerwss hepmoedoif 8171-p017gnt d)IStlHBd off. Whlle di tlllglg, gcﬂu’non of
EXANE)L Etnme iogﬁi%ﬂ'ﬁati( TH_LE dboxgnef‘ gsl ml) was added portion wise (1 ml/ mmutg) After

3- Cycloprop azol - 1-yl)ypropan-2-1711-3 di hyd
rob enzefoliag,dathrdied stidivin bichidoRdtt solatiom@ 08 o) Wasorided 41Nl thewixture wis 0

P P e i Silrerial avaint (FE 166 b 4l QLSS sLpRhld WoRE AR A" £n®
product was purified using flash chromatography with toluene/acetone (80/20) as the mobile
‘ phase. The resulting foam had the following properties: "H NMR (300 MHz, CDCl3) 5 9.09
10 (1H,s), 8.63 (1H, s), 8.47 (1H, 5), 7.81 (14, s), 5.40 (1H, dd, T=7.5 and 13.8 Hz), 5.25-5.10
| (1H, m), 5.08 (1H, dd, J = 4.5 and 13.8 Hz), 4.70 (2H, t, J = 5.7Hz), 3.90 (2H, t, J = 5.7Hz),
3.39 (3H, s) and 1.79 ppm (3H, d, ] = 7.2Hz).

EXAMPLE 20
15 3-(Pyritgn-i’;-vlmethvl)-S-[@_lj)-l-(2H—tetrazoﬂ-vl)propan-z-vﬂ-3,8-dihvdrobenzoL13g;
d:4.5-d'lbis[1,2,3]triazine-4.9-dione

o]
N
';F N i =
N <N
& ';‘I N/,N N/
N=N Me O

Prepared from 1-pyridin-3-ylmethanamine and intermediate 19 using the procedure of

| 20  example 16. The resulting white solid had the following properties: mp: ~ 200°C degradation,
'"H NMR (300 MHz, CD;0D/CDCls) § 9.07 (1H, s), 8.89 (1H, s), 8.87 (1H, 5), 8.67 (1H, d,J
=5.4Hz), 8.54 (1H, d, J = 8.1Hz), 8.26 (1H, ), 7.90 (1H, dd, J = 5.4 and 8.1Hz), 5.72 (2H, s),
5.70-5.58 (1H, m), 5.18 (1H, dd, T = 8.7 and 14.1 Hz), 5.03 (1H, dd, ] = 4.5 and 14.4 Hz) and
1.63 ppm (3H, d, J = 6.9Hz).

25
EXAMPLE 21

3-Prop-2-yn-1-yI-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl}-3.8-dihvdrobenzo[1.2-d:4.5-
d'Ibis[1.2.3]triazine-4,9-dione




solid; rap: 200-203C, 11-1NWR (300 MHz, CDC13) 89.14 (1H, s), 9.03
(1H, s), 7.62 (1H, s), 7.58 (13, s), 5. 88 5.76(13, m, 5.14 (IH dd,
J = 9.0 aggh *dedsstdd), 4.88 (111, dd, J 5.1 and 14. 4;1@),[;52608,1,90847 03
(1H, m, 1.77 (3H, d, J = 6.9Hz) and 1 44 1.22 ppm (4H, m.

EXAMPLE 27

3-Met hyl1l-8-1(2R)-142H 1, 2, 3-tri azol - 2 171)gropan 2-y11- 3, 8-di hydroben
zo[1,2-d:4,5- Chis (1,2, 31tr|a2|ne 4N9 diope 15 Prepared using
previ ously descri bed procedures frqm' '%Dé&; and isol ated as
a white solid; np = 202- 204?1 . NHz 13) 8 9.14 (11-1,
s), 9.06 (1H, s), 7.48 (2H, EMB 575“(1H n) 5.14 (11-1, dd, J
= 8.7 and 13.8 Hz), 495(1Hl dd °3%4.5 and 13. 8 Hz), 4.14 (3H, s)
and 1.77 (3H, d, J =7 2Hz) 20 EXAWPLE 28

3- Met hyde846L Rbn %&ﬁhéyl%n&etugmg@e&wduswwewma@roﬁedmésfﬁ;iascdathﬂyd$ obbifzo
112-d:4,5- d'Ibisfl 3ltriazine-4,9-dio V\%

2009/ 038 HB2REH m@zmnsq:oiﬁmmog Hitiw CDﬁé}s}S %17 éh%ts P bR s)-3ot? L

5685 b. 57> PEA i By 3 {7 ol Bt (s sy “518:@1‘“@59” 08

J -- 5.44,ard §4ndl14dr Hz), 4454 1 H3H) =) 4Hr)cind 1733 ppBH3HAd, ]>J= &9ng)3 Hz)
S5EXAMPLE 29

EXAMPLE 22
{4,9-Dioxo-8-[(2R)-1-( 2 H-tetrazol-2-yDpropan-2-yl]-8.9-dihydrobenzo{1,2-d:4,5-
10  d'lbis[1,2,3]triazin-3(4H)-yl}acetonitrile

Y

=N fe]

Prepared from intermediate 1 and aminoacetonitrile using the procedure of example 16. The

15 title compound was isolated as a white solid; mp = 209-212°C, 'H NMR (300 MHz, CDCls)
8 9.17 (14, s), 9.12 (1H, s), 8.42 (1H, s), 5.92-5.80 (1H, m), 5.38 (2H, s), 5.37 (1H, dd, J =
9.0 and 13.8 Hz), 5.18 (1M, dd, J = 4.5 and 13.8 Hz) and 1.84 ppm (3H, d, J = 6.9Hz).

EXAMPLE 23
20 3-Cyclopropyl-8-[(2R)-1-(2H-tetrazol-2-yhbut-3-yn-2-y1]-3.8-dihydrobenzo[1.2-d:4,5-

d'lbis[1.2,3]triazine-4.9-dione

25 The title compound was prepared from intermediate 23 (de-protected with TFA) and

intermediate 19 using the procedure of example 16. The resulting white solid had the



3(2- Met honet hyl ) -8-1(2R1- 1- (2H-1, 2, 3-tri azol - 2-vnpropan-2-y11- 3, 8-di h
ydrobenzof 1, 2- 0:4,5-elbis[1,2,31tri azi ne-4, 9-di one 10 The title
conpound WeQ2@38as2ed from i nternedi ates 22 and 25 usi ROF/CRI®08/010877
procedure of exanple 1; np = 145-146C,3 NMR (300 MHz, CDC13) 8 9.13
(1H s), 9.05 (1H, s), 7.47 (2H, s), 5.86-5.74 (1H, m, 5.10 (1H, dd,
9.0 and 14.4 Hz), 4.94 (1H, dd, J =4.8 and 14.4 Hz), 4.73 (2H, t,
S 5 1fd1l1b)m§p19aerﬁas‘tmp=t=zzzszzs 6, THHIYR (30BBH3EDQY) SEnth AHLE), OIBI(1H,

J
3 Oyl o OB 4Pp AP0 LA VER 19, 558 (1Hioh J 32 795 LpEMZD- S (LEL 44k Fdch
b LT, %};};, !

goﬁl?-zfj[ %7%‘12})31E>r ezgéj'rgggpégﬁq{ %mrfetr‘s@rrggﬁ:a{?g 42]27‘%:1@5:&%3%3?& 0 yﬂgenécrl bed
procedures; np = 195-199C, 11-1 NMR (300 Mz, CDC13) 8 9.14 (111, s),

9.04 (1H, 8.02 (1H, 7.83 (1H .90580 1H, 4.96
(lH <(1Id ss) 9.3 an((j 13. ?Hz) 4.@&@2&2 J = 5. l(and rl% 8 Hz),
m - 10- 4. Q?C%%?d_'é gi}%s-gékﬁ gﬁﬁﬂetrﬁz& 1%- 1&‘&-3:@- -z&'ﬂds §-dfbraloBdnzpRM- (45l

EXAVPLEdYbis[1,2.3]triazine-4.9-dione :

3-Cycl opropy1-841-(1H pyrazol - 1-y1) propan-2-y11- 3, 8-di hydrobenzoll, 2-

:4,5- d'Ibis 11,2, 31tri azi ne-4, 9-di one 54repared from

ermedi ate 28 using previously desc,rn b . o;é)dures np = 178-180C;
NML2. (300 MHz, CDC13) 89. 11(1 5. 0% (1H, s), 7.37 (11-1,
1.8 Hz), 7.30 (1H, d, & Nﬂ:’d)(lH dd, J = 1.8 and

), 5.86-5.74 (111, m, ‘s}fxé lal dd J =9.3 and 13.8 Hz), 4.62
dd, I = 5.1 and 13 8 Hz), 08-400(111r’r)169(3H d, J

Hz) and 1.40-1.22 ppm (4H, rr) 10 EXAMPLE 32

hy =yl T U EAVel ek

.b%g@%f% S RURAEDNG 0 e SRR (K TRy B oARLARES Witoving i
procedure of example 16. The resulting white solid had the following properties: mp >195°C

(degradation), "H NMR (300 MHz, CDCL) 8 9.17 (1K, s), 9.07 (1H, s), 8.75 (18], s), 6.46-
6.41 (1H, m), 5.31 (1H, dd, J = 7.5 and 14.1 Hz), 5.20 (1H, dd, J = 6.0 and 14.1 Hz), 4.11-
15 4.03 (1H, m), 2.70 (1H, d, J = 2.1Hz) and 1.45-1.24 ppm (4H, m).

]
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EXAMPLE 25

3-Cyclopropyl-8-[(2R)-1-(2.H-1,2,3-triazol-2-yl)propan-2-yl l.-3,8-dihvdrobenzo[1,;_ﬂ:4L5-
d'|bis[1,2,3]triazine-4,9-dione.

20
<,.“/\i -
Prepared using previously described procedures from intermediate 25 and isolated as a white
solid; mp =189-192°C , 'H NMR (300 MHz, CDCl3) § 9.14 (1H, s), 9.04 (1H, s), 7.48 (2H,

5), 5.87-5.75 (1H, m), 5.11 (1H, dd, J = 9.0 and 14.1 Hz), 4.94 (1H, dd, ] = 4.8 and 14.1 Hz),
25  4.10-4.02 (1H, m), 1.77 (3H, d, J = 6.9Hz) and 1.43-1.24 ppm (4H, m).

—-Z



N* NN Me O 15 Prepared frominternedi ates 28 and 9 and 10 using
previ ously described procedures. The resulting white solid had the

f ol | ow ngwas aueesdstas: np = 201-203C;, NWMR (300 MHz, Cm'rfﬁszgoskl{]ge’ﬂ.ll
s), 9.04 (1H, s), 7.37 (1H, d, | = 1.2 Hz), 730(1H d, .1 Hz),
6.10 (111, dd, | = 1.2 and 2.1 Hz), 5486-5.74 (1H, m, 4. 81 (111, dd,
| = 9.3 and 14.1 Hz), 4.62 (1H, dd, J = 5.1 and 14.1 Hz), 4.12 (3H,
s) and 1.69 ppm(3H, d, J = 6.9 E 26

EXAMPLE, 33 :

1tri aZImttﬂgmgﬁtnazﬁu‘-QMoﬁehl ocyanat e WO

2009/ 038752PCT/ 1152008/ 010877 77 liMe N Prepared frominternedi ate
29 and internediates 7 and 8 follow ng the procedure in exanple 1.
The resulting white solid had the follow n /,Qpertles =
178-180C, 111 NI AR (300 Mz, CDC13)N’5 Ni1, s), o. 14 (1H, s),
573562(1Hrr)410403h(~;1* 4-41H 5 dd, J = 9.0 and
14.4 Hz), 3.50 (1H, dd, J ="4_8 a 944Hz) 180(3HdJ:6.6Hz)
and 145-1. 25 ppm (4H, ). EXAMPLE 34
3- But - 2ergperdd ylagirePiR)slg désetibedatroerziotes Sombipteopediato 2¢ aud 3018ted|ah%‘fh65en

.ZﬁtL?éwalgt@pwlﬁ%q%ﬁéb'*m&@métﬁ%séé%pfio@%ear905‘? BRS L fE g
nite 594 ?g@qtg %%egsf.@#é QM K9, PN PPEE tddeF= oand 15A24H34€8 (1l dMMR=(6300
and 14.4 Hz), 4.10- 4 03 (1H, m), 1.77 (34, d, ] = 6.9Hz) and 1.44-1.22 ppm (4H, m).

10
EXAMPLE 27

3-Methyl-8-]( ;_IQ—-L(ZH-I..24,3-triazol-z-vl)prop_:m-z-vil-3..8-dihvdrobenzo[1,2-d:4,5—
d'lbisf{1.2.3]triazine-4.9-dione

O

=N N,Me
i
N
<MY

o]

Z-'—Z

15
Prepared using previously described procedures from intermediate 25 and isolated as a white

solid; mp = 202-204°C , "H NMR (300 MHz, CDCl3) & 9.14 (1H, s), 9.06 (1K, ), 7.48 (2H,
5), 5.87-5.75 (1H, m), 5.14 (1H, dd, ] = 8.7 and 13.8 Hz), 4.95 (1H, dd, ] = 4.5 and 13.8 Hz),
' 4.14 (3H, s) and 1.77 (3H, d, J = 7.2Hz).
20
EXAMPLE 28
3-Methyl-8-[(2R)-1-(1H-1,23-triazol-1-yl)propan-2-yl}-3,8-dihydrobenzo[1,2-d:4.5-
d'|bis[1,2.3]triazine-4.9-dione

o

I?ffN N,Me
I
‘\N N
N \/l /\[ N?

Prepared using previously described procedures from intermediate 26 and isolated as a white

25



s), 9.08 (1H, s), 5.82-5.68 (1H, m, 4.21 (3H, s), 4.20-4.00 (1H m,
3.71 (1H, dd, J = 8.4 and 15 15.0 Hz), 3.54 (11-1, dd, J = 6.0 and
15.0 Hz), Woo0p83e752d, J = 6.9 Hz) and 1.42-1.20 ppm (4RLT/URYP0OS/EMFVPLE
35 N-f (2R) - 2- (8- Cycl opr opyl - 4, 9-di oxo- 8, 9- di hydr obenzo
[1,2-d:4,5-d" I bisfl,2,31triazin20 3(4H)-yl) propyri met hanendf onam de
WO 2009/ 038752PCT/ US2008/ 010877 78 The title conpound was prepared
INII:I om i ngclgfdd iﬁzﬂhgﬁ} as i 'PONMETe (300 00K CTBCIRY & x4 (TH, &), D.0STHE, s)eBbL (1Hg

ite soli ad the followi.ng properties: = 195-197 - VI
(300 181 1EbCy e 8377 1% Ghoat i ne Bagd 147 B 4370 e, T 51
4. 87 1%?1:1%4.1%1 ,4@14Q3H%%)an&1173r(|_§1 3 Ldkmm) . 3.88-3.64 (2H m, 2. 94
(311, s), 1.6 %—3H, d, y "and 1. 44 1.24 ppm 5(4H, in).
EXAMPLE 36 N-f (2R) - 2( 8- Cycl opropyl- 4, 9-di oxo- 8, 9-di hydr obenzo
fl,2-d:4,5-elbis[1,2,31triazinl0
3(413) yI ) pr opyl | -N-rret hyl met haane 0"ONA Me N.N,-N M

| € ed Yo

procedu € ' X ‘ X F . ra ' )
pr opertueﬁd : ,;,Zlag,4glamiqul\/R (300 MHz , CDClB) 5 9. 15 (1H s),
9.14 (1 : . ) 410400(1H m, 3.89 (111, dd, J

10 The title compound was prepared from intermediates 22 and 25 using the procedure of
example 1; mp = 145-146°C, "H NMR (300 MHz, CDCly) § 9.13 (1H, s), 9.05 (1H, s}, 7.47
(2H, s), 5.86-5.74 (1H, m), 5.10 (1H, dd, J = 9.0 and 14.4 Hz), 4.94 (1H, dd, J = 4.8 and 14.4
Hz), 4.73 (2H, t, T = 5.1 Hz), 3.92 (2H, t, I = 5.1 Hz), 3.39 (3H, s) and 1.76 3H, 4, J = 7.2

Z"'Z\\
z
A é——‘
2—22
o

Hz).
15
EXAMPLE 30
-1-(1H-1,2.4-triazol-1-v)propan-2-vl}-3.8-dihydrobenzo{1.2-d:4,5-
d'lbis[1,2,3]triazine-4.9 dione
o]
Seoa
Ne. N N
¢ N
20 [N Me ©

Prepared from intermediate 27 using previously described procedures; mp = 195-199°C, 'H
NMR (300 MHz, CDCl3) § 9.14 (1H, s), 9.04 (1H, s), 8.02 (1H, s), 7.83 (1H, s), 5.90-5.80
(1H, m), 4.96 (1Y, dd, J = 9.3 and 13.8 Hz), 4.67 (1H, dd, J = 5.1 and 13.8 Hz), 4.10-4.03
(1H, m), 1.73 (3H, d, I = 6.6 Hz) and 1.45-1.25 ppm (4H, m).

25



15 9.3 and 14. 1 Hz), 3.40 (1H, dd, J = 4.5 and 14.1 Hz), 3.95 (311,
s), 2.75 (311, s), 1.69 (3H, d, J = 6.6 Hz) and 1.42-1.22 ppm (4H,

m . EXAVPGR #69/038752 RCIYS2008/010877
3-Cycl opropvl-8-11261-1-(3-fluor ophe&vl ) but - 3-yn-2-y11- 3, 8-di hydr oben
zofL2-d:4,5- 20 &l bis 11, 2,31triazin 4 9- di one Title conpound

prepared frominternedi ates 19 amm ng the procedure in
exarrpl e 16. The resulting white he foll ow ng properties:

= 188CvyclbfPodvl-81i (1. a40300y] 3,82 di:ﬂbt(nlk 1.50:4.8. 04
(111 g 7.5 25 Hz),
4.09 - dumnmaimmne-@ qtmneoll d J=7.5 Hz) 2. 53 (1H, d, J = 2.1
Hz) and 1.43 - 1.23 ppm (4H, n). WD 2009/ 038752PCT/ US2008/ 010877 79

EXAMPLE 38

3-[(2R) - 142H Tet r azol - 2- Apr opan- 2 l&'i )/A42H-1 2,3-triazol -2-yh
propan241 3,8-d ihydro b t,rrlla2|ne49 dione 0 M
NN '"1\/4 ume 0 5 The title € ouhd S pr%pared frominternedi ates 1
and 37 followi ng the procedu |n Mex@npl e 1. The resulting white

CDC) eusel PR ntpSaies (e eyl dogsiped oS rer 7 { BE L)L B

? 90452% (Jg,tljg l\injqz ?Délg) § &11} (1Hdg Jdé 029% Q_),@'Bgn%ﬁ 4, JHZl ’8)1-,5:)1‘530 @tﬂ, d?(]'

dd, J —-415Ha)q¢f 10318, Bd)J =1. 8&nc( 3 Hzy, 53&5742(11%&911)@%&1 (1¥,61d1 0 =p%ﬁhand
(3H, d,

5711 o) 318 gl 468 P i 5= bR BAGE 54003k mh B B3 S35 62580

1-vl) pi@n. zﬂﬁiZigﬁm@HSmﬁl hydr obenzo 11,2-d :4,5-d 'Ib is
[1, 2, 31triazi ne-4, 9-di one

10
: EXAMPLE 32
3-Methyl-8-[1-(1H-pyrazol-1-yl}propan-2-yl}-3.8-dihydrobenzo{1,2-d:4.5-
d'lbis{1,2,3]triazine-4,9-dione

15 Prepared from intermediates 28 and 9 and 10 using previously described procedures. The
resulting white solid had the following properties: mp = 201-203°C; "H NMR (300 MHz,
CDClL) 6 9.11 (1H, s), 9.04 (1H, s), 7.37 (1H, d, T = 1.2 Hz), 7.30 (1H, d, T = 2.1 Hz), 6.10
(1H, dd, J = 1.2 and 2.1 Hz), 5.86-5.74 (1H, m), 4.81 (1H, dd, J = 9.3 and 14.1 Hz), 4.62 (1H,
dd, J= 5.1 and 14.1 Hz), 4.12 (3H, s) and 1.69 ppm (3H, d, J = 6.9 Hz).

20
EXAMPLE 33
(2R)-2-(8-Cyclopropyl-4.9-dioxo-8.9-dihvdrobenzofl.2-d:4.5-d']bis[1,2,3]triazin-3(4H)-
yhpropyl thiocyanate




M 15e The title conpound was prepared frominternediates 1 and 38
follow ng the procedure in exanple 1 and isolated as a foam 1H NWR
(300 MHz, VOD@WP383529. 05 (2H, s), 8.42 (111, s), 7.63 (RET/USISMNIBG
(1H, s), 5.90-5.76 (1H, m, 5.37 (1H,7dd, J = 9.0 and 14.1 Hz), 5.17
(111, dd, J = 4.8 and 14.1 Hz), 5.13 (111, dd, J= 9.3 and 14.1 Hz),
4.88 (1H, dd, J= 5.1 and 14.1 20 Hz), 1.82 (311, d, J = 7.2 Hz) and

1.77 ppm (3H, d, J = 6.9 Hz). EXAMPLES 40] angh 41  3-f
(2R) - 142H Tet r azol - 2- ybpr opan- 2- v &f- y=142Htetrazol - 2-yf | propan
-2-y11-3, 8- di hydrobenzo[ 1, 2- g/ﬂ,[ 2, 31tri azi ne- 4, 9-di one and
25 Me O

3-112R) - 1- (2H Tetrazol - 2-yl )pé!opaen- 2-v11-8-1(25)-141Htetrazol -1-yl)p
ropan-2-yl11-3, 8- | i . . . .

di hydr o%@ﬁarag from igteamedipte;28; and intormediates 74 S fllgwine Shprocsgre in example
2009/ 038 b RCNGROO 81 QBT n&tDihe! BHALTE PréHeRiedOmb 2= §789180FCIIHMMR (S

di ssol ved 1 n 200 Q of THF/ CHC133 (4: 151{?(% @Jﬁoleed Fo 0C (1 ce bath) and a

sol uti oMEx GEE(I‘]IQ% 918 211) s)i B.16F(1H1D05.(36.aH (L Hwag, 4didtdd3gnH, s, 3.7€d1H,

fast, (0 o] added d stirr or. 10 te
(S)-{ +Cgcg bﬁ%%ﬁ@(ﬁ%ﬁ éf gf% e §§ {L#Sn} of%%@o
m) in irhEI(ng)pm@H/\@g added and stirred at OC to RT for 4-5 hours.
The mixture was diluted with water (100 ml), extracted with ethyl
acetate (3x100 m ), washed with satd. NaHCO3 (100 m ) and dried over
Na2SO4 and concentrated, which afforded a dark brown solid. The crude
solid was purified usi ng flash wa_&bhy wi t h hexane/ et hyl

acet at e3§34 2 . at e

sol vent =19
to obt aﬂ'mb:alll;gnmm@é-u,d-dliﬁike tr| azi none was d| ssol ved in THF/ I\/EOH
(100 M, 1:1). 30 mM of 2M NaOH was added and stirred at room
tenperature for I h. Conc. HCl was added to hgééeacti on mxture (4pH
2) and the solvent evaporated. The @ QY i ssolved in DMF (50

m ) and the sol vent evapor at to rlgzrm I, he\water. The material was
di ssolved in DVMF (50 m), BT 5 2N
N

N

Prepared from intermediate 30 using previously described procedures. The resulting white
solid had the following properties: mp = 132-134°C; "H NMR (300 MHz, CDCl;) § 9.14 (1H,
s), 9.08 (1H, s), 5.82-5.68 (1H, m), 4.21 (3H, s), 4.20-4.00 (1H, m), 3.71 (1H, dd, T = 8.4 and
15 15.0 Hz), 3.54 (1H, dd, T = 6.0 and 15.0 Hz), 1.75 (3H, d, J = 6.9 Hz) and 1.42-1.20 ppm (4H;

m).

EXAMPLE 35

-[{2R)-2-(8-Cyclopropyl-4,9-dioxe-8,9-dihvdrobenzofl.,2-d:4.,5-d'}bis[1.2,3] triazin-
20 3{4H)-yDpropyllmethanesulfonamide




15 nmg, 5.30 mol ), (2R)-1-(2Htetrazol -2yl)-2-am noproPane. HC1 (1.59
g, 1.5 eq) were added and the solvent evaporated. The residue was.

di ssol vedyighohdzsii00 m ), DVAP (650 ng, 5.30 mmol), E%@nfs%o%iosﬁnd
EDCI (3.03 g, 3 eq) were added and stjrred at 60C for 4.5 hours.

sol vent was evaporated, ethyl acet atd® (150 rri) was added and wat er

(100, il SR (0 ol B0yt IE-ARURRUS VR, hERALAREI TN 1.
sat ur at'He: seatingnwhite asolio nat ehs dblltwing pfo]:@ﬂlem 1)1p npedovcer f}wg@m @nad
concentr e&péqg}% material was dissol ve acet | CI d

' 100 )
G ST G 8 XD i Shas o Eaml. S87 (1t Ar OB 4
t enper V, i I I r at.
was pu?‘fﬁggpuﬁg’@ﬁ -f{ Chrgﬁz;;.%{)l 3%%1%Ge§éﬁlpﬁe§aﬁéej?%ﬂa#$acet at e
(7:3 t@H1m). hexane/ ethyl acetate to CHClB/ ethyl acetate (1:4). The
solvents were 25 evaporated to obtain a yellow solid (700 ng). WO
2009/ 038752PCT/ US2008/ 010877 81 di phenyl- 2-pyri dyl phosphi ne (720 ng,
1.5 eq) inthy THF (60 mM) was added DIAD (0.6 m) in dry THF (5 m)
dr opwi se under N2 The mxture WEXAMPLE}S at room tenperature for 18
hours. The s \ ! .
chl or of O w ] f :
conDCentI(QHMDbmmﬂtmnietﬁvlytﬁitimmmtdnanﬁhe 0|I was 5 purified using
flash chromat ography (100 g silica gel, chloroform then 40% et hyl
acetate in chloroformto 1:1 ethyl acetate/fchl grof ormand 4% net hanol
in 1:1 ethyl acetate/chloroform TheNar ctions were
concentrated and triturated%%edm BE!to give 3-[(2R)-1-
(2H-tetrazol - 2-yfi propan- 2mMy7T N§-\[T( tetrazol - 2-yOPropan-2-yl
1- 3, 8- di hydrobenzo[ 1, 2-d: 4,5-®é] BespPl, 2,3]tri azine-4,9-dione; np =
223-226C;, 11-1 NWR (300 10 MHz, CDC13) 8 9.05 (2H, s), 8.40 (2H, s),
5. 90- 5.Ti8e (c2Hpomyd ptep@6d (e idgrmetiate 33 3usirgl thedprocddnyes . &ampRH]. dHs

J=4.2 d 14,1 6K

anda- [ (omyone ke said B e BheB PR Aibatis: pros 784750 (RIVG GO
eprODarCIBGM)’Laga,s&iH s) 9. 14 (1H, s) 5. 66 5.54 (1H, m), 4.10-4.00 (11-1 m) 3.89 (1H,dd, J =
di h drobenzo{ ].bis[ S%tr|a2|ne 4,9-dio ng

204120645 and 141 m:as(@d@Hm Itﬁéfesl $1570:5 YA 8) 2.78 (B, 91469 OFL 4,7

P Ll e i LTI A e T Zuf‘,”dl.lSzB

(3H d J = 6.9 Hz) and 1.77 ppm (3H, d, J = 6.6 Hz).
EXAVMPLE 42
3- Met hoxy- 8-4(2R) - 142H-t etrazol - %n- 2-y11- 3, 841i hydr obenzor |

, 2-d: 4, BeydBptobRi-8) 133110 dépieivib e SliyReyI)-B 8Ny Y obeR oM 23 :4.5-
20 d'lbis[1,2,3]triazine-4.9-dione
. A
,a“:@ft

Title compound prepared from intermediates 19 and 34 following the procedure in example
16. The resulting white solid had the following properties: mp = 188 - 190 °C; '"H NMR (300
MHz, CDCl;) & 9.14 (1H, s), 9.04 (1H, s}, 7.26 — 6.85 (4H, m), 6.17 (1H, dt, J = 2.1 and 7.5
25 Hz), 4.09 - 401 (1H, m), 3.55 (2H, d, J = 7.5 Hz), 2.53 (1H, d, J = 2.1 Hz) and 1.43 — 1.23

22—z

ppm (4H, m).



The title conmpound was prepared frominternediate 40 and

met hoxyl am fte hydrochl oride follow ng the procedure in exanple 1.

The resul twongoommaisess al had the foll owi ng properties: 2BCTpS202@687231C
(degradation), 1l NVR (300 MHz, CDCla 8 9.18 (1H, s), 9.10 (II1I,

s), 8.41 (1H s), 5.90-5.78 (1H m, 5.36 (1H, dd, | = 9.3 and 14.1
Hz), 5.16 (111, dd, J = 4.5 and 14.1 Hz), 4.33 (3H, s) and 1.82 (311,
d, J -=7.2 Hz). WO 2009/ 038752@z@ma§010877 82 EXAMPLE 43

3-(3- ey | t

dr obenzot¥ad¢+4 F pa: o456 i
corrpoungtsmvd}roﬁaazromz.fdde']lbml,mﬁlrﬁhﬁe@ ai&deS met hoxypr opyl am ne
followi ng the procedure 1 n exanple 1; = 164-166C, 1H NMR (300 MHz,
CDC13) 8 9.14 (1H, s), 9.05 (1H §)., 8.41 ?LH; g) 5.90-5.78 (1H, m,
5.37 (1H, dd, J = 8.7 and 13.8 HiY, 6 NIH dd, J = 4.5 and 13.8
Hz), 4.65 (2H t, J:72r¢.9/\|3‘N et J = 6.0 Hz), 3.31 (3H
s) 2-27 - 10 2.18 (211 ndMelC81(3H d J :72Hz)

3 Pr 6pE“éhf‘ewlelcwognﬁmzywrarfﬁfrpa inteprgpdistes; pg S followingithe progedirg ity ob
enzo[ 1, &athpfe P-THeufideZviRl olid hhd fredoirlhOPRpdaed = 139-140°C, 'H

NMR (300 MHz, CDCl;3) & 9.05 (1H, s), 5.04 (1H, s), 8.43 (1H, s), 7.49 (2H, s}, 5.90-5.74
(1H, m), 5.37 (1H, dd, J=9.0 and 14.1 Hz), 5.15(1H, dd, ] =4.2 and 14.1 Hz), 5.11 (1H, dd,
T=9.0and 13.8 Hz), 4.93 (1H, dd, J = 4.5 and 13.8 Hz), 1.81 (3H, d, J=7.2 Hz) and 1.76

10  ppm (3H, d, J=7.2 Hz).

EXAMPLE 39
3-[(2R)-1-(2H-Tetrazol-2-vI}propan-2-yIj-8-[(2R)-1-(1 H-1.2,3-triazol-1-yl)propan-2-yli-
3,8-dihydrobenzo|1,2-d:4,5-d']bis[1,2,3]triazine-4,9-dione '

O ‘N=N

=N N k/N.., 2

N\N/\[ N
The title compound was prepared from intermediates 1 aud 38 following the procedure in
example 1 and isolated as a foam; '"H NMR. (300 MHz, CDCls) 8 9.05 (ZH, s), 8.42 (1H, s),
7.63 (1H, s), 7.56 (1H, s), 5.90-5.76 (1H, m), 5.37 (1H, dd, J=9.0 and 14.1 Hz), 5.17 (1H,
dd, J=4.8 and 14.1 Hz), 5.13 (1H, dd, 7=9.3 and 14.1 Hz), 4.88 (1H, dd, J = 5.1 and 14.1

20 Hz), 1.82 (3H,d,J=7.2Hz)and 1.77 ppm (3H, d, J = 6.9 Hz).

Z—Z

15

EXAMPLES 40 and 41
3-|!2R!-1-(ZH-Tetrazol-Z-xlmrogan-Z-yl]—S-[(Z.S')el-QH-tetrgzol—2—111propan—2—v!1—3.8-
dibhydrobenzo[1.2-d:4.5-d'|bis[1,2,3}triazine-4,9-dione and

25  3-[(2R)-1-(2H-Tetrazol-2-yl)propan-2-vI]-8-[(25)-1-(1H-tetrazel-1-yl)propan-2-yli-3.8--
dihydrobenzof[1.2-d:4,5-d'[bis[1,2.3]triazine-4,9-dione




The title conpound was prepared frominternediate 40 and al |yl am ne
1|‘V|c_)|lzl OVC\JAD?J%a;t)oh; procedure in exanple 1, nmp = 159-161C, 111 NWR (300

: 0 HoPossk2(1H, s), 9.06 (111, s), 8.41 (111, 05
(111, m, 5.90-5.78 (1H, m, 5.46-5.10 (6H m aE]d 1. 8@%5630%%1%7?
= 6.9 Hz). EXAMPLE 45 (3R)-348-Cycl 8bropvi-4, 9- dioxo-8, 9-dihy d rob
enzo f L2-d:4,5-d" ibis [ 1,2 3ltriazin-3(41-45y yl)b utanenitrile
25 Me 0 WD 2009/ 038752PCT/ U82008/ 1087 i 8 io@edures np =
240-242C; 111 NAIR (300 MHz, HNs) 9.12 (1H, s),
5.70- 5.58 (1H, m), 4.10-4~N 1 ; ‘20(1H dd, J = 8.1 and 16.8
Hz), 3.04 (1H dd, | = 6.8.3nd 16.58 Hz), 1.78 (3H, dd, J = 6.9 Hz)
and 1.42-1.25 ppm (411, m. 5EXAMPLE 46
(3R) - 3- 14, 9- Di ox0-81(2R) - 142H1, 2, 3-tri d
drobenzo[ L2- d: 4, 5-dgbi sfL2, 31tria? 4
title conpound was prepareqjl fromgin dikates 37 and 42 using
previ ously described 10 pNOc%ﬁﬁres 2°164- 166C, 111 NM?. (300 MHz,
CDCl 3) 8 9.13 (111, s), 0.8 (1M ), 7.47 (2H s), 585575(1H
m, 5.70-5.58 (1H, .in), 5.10 (1H dd, | = H,
dd, J ntérSechaie 3&42%42)93 1gmph vesghsspbyed WO%WHOETH?I%& &) °8°1e§ ta’

6.9 H2) °C (ice bath) and a solution of NaNO; (1.2 g) in of H20 (30 ml) was added and stirred fast.

b

oIMBZ-NrH\propan 2-y11-8, 9-di hy
i' NNput anenitril e The

Conc. HCI (0.9 ml) was slowly added and stirred for 10 minutes. (5)-(+)-2-Amino-1-propanol
5 (2.5 g) and a cooled solution of TEA (30 ml) in THF (10 ml) was added and stirred at 0°C to
RT for 4-5 hours. The mixture was diluted with water (100 ml), extracted with ethyl acetate
(3x100 ml), washed with satd. NaHCO3; (100 mi) and dried over Na;SO,4 and concentrated,
which afforded a dark brown solid. The crude solid was purified using flash chromatography
with hexane/ethyl acetate {4:1) to hexane/ethyl acetate (3:2) to ethyl acetate. The solvents
10 were evaporated and the product was triturated from MTBE to obtain a brown solid. The
triazinone was dissolved in THF/MeOH (100 ml, 1:1). 30 m! of 2M NaOH was added and
stirred at Toom temperature for lh. Conc. HCI was added to the reaction mixture {(=pH 2)
and the solvent evaporated. The mixture was dissolved in DMF (50 mi) and the solvent
evaporated to remove the water. The material was dissolved in DMF (50 ml), HOBT (715
15 mg, 5.30 mmol), (2R)-1-(2H-tetrazol-2yl)-2-aminopropane.HCl (1.59 g, 1.5 eq) were added
and the solvent evaporated. The residue was. dissolved in DMF (100 ml), DMAP (650 mg,
5.30 mmol), TEA (5 ml) and EDCI (3.03 g, 3 &g} were added and stirred at 60°C for 4.5
hours. The solvent was evaporated, ethyl acetate (150 ml) was added and water (100 ml) and
2N HCl (pH = 2) and the aqueous was re-extracted with ethyl acetate (2x100ml). The
20 organic phase was washed with saturated sodium bicarbonate solution (100 ml), dried over
MgSO4 and concentrated. The material was dissolved in DMF (100 ml), acetic acid (2 ml)
and isoamyl nitrite (5 ml) was added and stirred at room temperature overnight. The solvents
were evaporated énd the product was purified using flash chromatography with hexane/ethyl
acetate (7:3) to 1:1 hexane/ethyl acetate to CHCls/ethyl acetate (1:4). The solvents were
25  evaporated to obtain a yellow solid (700 mg).

To a solution of the preceding material (700 mg, 1.82 mmol), tetrazole (200 mg, 1.5 eq),



EXAMPLE 47 15

(3R)-3-{4, 9-Di ox0-84(2R)-1-(2Htetrazol - 2-0) propan- 2-v11- 8, 9-di hydr ob
enzof L2- d:WM0Q 300908T8 s[ 1, 2, 31tri azi n- 3(4/3) -yl | but aneni PETIUS2008/MlGe77
title conpound was prepared frominteginedi ates 40 and 42 using

previ ously described 20 procedures; np = 105- 108C 111 NwP. (300 MHz,

CDC13) 6 9.15 (1H, s), 9.09 (111, 840
gzj : ? %p&lEBZ(pmdylp;OSpans@?EOlmg ba)eqhmdrﬂ %Hﬂﬁwis ?—*igdﬁd m&%ﬁi‘?
= 4. 1

(14 acin oy T 6 EpherbEise ipder 1 hyeltinlry wa% fnghy f*@m%“ﬁ*m%%@%pﬂi
(3H, d, polrs ﬁEQomﬂt wasVéOaI%}QtQ& ea&me&mwmammaﬂmfm (Emwl, Pragiged
3-But-2-yn-1-1/1-8-1(2/0-1- éﬂl—l—tetrazol 2-vn rogban 2-V FI?"F drob
onzoR 2wcthA|51\BHC<1,1¢]b‘iosm1L Sricih ¥ BP9 £oDRaBRLI0 Coa @ YSTpHAOiL it P WE
conp und r\i’&% 1% %hltoliﬁ)a Pthsrr(?ﬁéjg%hfcﬁ éép cﬂ‘lag)f&'ﬁf tHenYd0o%4 =Bl Aftate in

usi ng thé proce escr 188-190C;, NMR (300
MHz, CIIIﬂ&)ofc&mQtoJlGl ethiv a&e)ate/&ﬂ@ﬁfc(rfal—&,ndgt)"/p n@thﬂol(mm 1 ethyl agetatglohloygform.

(1H, m, 5.36 dd, J = B
5.16 ( ﬂtgle Hr&duéjf:acgf ons Véeﬁac%exltrq_&cf an]dAfnéli t?%fjl_‘il% Hf?e;a.rge%u’rg% ‘é%e%aﬁ%kﬁz i
1.81 ppmH-gkhzoid-y rcpaﬁ-ﬁy |)_£{251)01 @%féﬁhﬁ)l&gyl)propan- -yl}-3,8-
3-But-2-yn-1-yl- 8 2/ L,2,3-triazol -2-v0Op %33?% y,h’L-]%.lﬁ- (&&y
dr obenzéihydmpbengoll, ﬁéﬂ%iilst[lﬂ[lﬂ Hirjazing A SRS o g oné -226°C;
10 MHz, CDCLy) & 9.05 (2H, s), 8.40 (2H, s), 5.90-5.78 (2H, m), 5.36 (2H, dd, J = 9.3 and 14.1
| Hz), 5.15 (2H, dd, J = 4.2 and 14.1 Hz) and 1.81 ppm (6H, d, J = 7.2 H2).
and  3-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yi]-8-[(25)-1-(1H-tetrazol-1-yl)prop an-2-yl}-3,8-
dihydrobenzo[1,2-d:4,5-d"Tbis{1,2,3]triazine-4,9-dione; mp = 204-206°C; 'H NMR (300
MHz, CDCly) 8 9.05 (2H, s), 8.61 (1H, s), 8.39 (1H, s), 5.90-5.78 (2H, m), 5.34 (1H, dd, J =
15 8.7 and 13.8 Hz), 5.26-5.12 (2H, m), 4.91 (1H, dd, J=4.8 and 14.1 Hz), 1.82 3H, d, I = 6.9

Hz) and 1.77 ppm (3H, d, J = 6.6 Hz).

EXAMPLE 42
3-Methoxy-8-[(2R)-1-(2H-tetrazo)-2-yl)propan-2-yl|-3.8-dihydrobenzo[1.2-d:4,5-
20  d'lbis[1,2,3]triazine-4,9-dione

The title compound was prepared from intermediate 40 and methoxylamine hydrochloride
following the procedure in example 1. The resulting material had the following properties:

25 mp = 227-231°C (degradation), 'H NMR (300 MHz, CDCI;) & 9.18 (1H, s),' 9.10 (1H, s),
8.41 (1H, s), 5.90-5.78 (1H, m), 5.36 (1H, dd, ] = 9.3 and 14.1 Hz), 5.16 (1H, dd, J = 4.5 and
14.1 Hz), 4.33 (3H, s) and 1.82 (3H, d, T =7.2 Hz).



15 The title conpound was prepared frominternedi ates 37 and
but - 2-yn-1-am ne using the procedure described for exanplel; nmp =
154- 156C; wdidR:6390 MHz, CDC13) 59.14 (1H, s), 9.06 (gkfhys2608/0106746
(211, s), 5.86-5.74 (1H, m, 5.22 (2§ q, | = 2.4 Hz), 5.10 (111, dd,
J =8.7 and 13.8 Hz), 4.94 (111, dd, J = 4.5 and 13.8 Hz), 1.84 (3H,

t, J =24 H) and 1.77 (3H, d, gxaMpHE)43 20
EXAVPLE 50

benzoil . ; Lo fhs 4 6 “t‘ i azi ne- 4 9- d| one WO
2009/ 03375ZPET The t|tIe conpound was prepared from
I nternmedi ates 40 and pent-3-yn-2-am ne using the procedure described
for exanplel; np = 72-74C, 111 NWMR (300¢MHz, CDC13) 8 9.14 (1H, s),
9.06 (1H, s), 840(1H s), 6. 10y: /\n:)f\Bv%e90578(1H m,
534(1H dd, J 81andra1 8 .4z 15 (1H, °dd, J = 4.5 and 14.1
Hz) , 86(3Hd3-1 hﬁ 143H‘d J:72Hz)and1.81
(315 d, | = 6.9 Hz). XAVPLE 43 © 10 3, 8- Bi sf

(27)-1- T}%Hitﬂa,ca ohrid ﬁzﬁmﬁaryd)ﬁbmﬁﬁﬁm&dy&é4@a@- ﬂh‘hﬁﬂkﬁhﬁﬁbﬂﬂmne followmg
[1,2-d: 4 i s[1,2,31ltriazine-4,9-dione The title co

pr epar dhe P?OG winepREplad emps 164 Pﬁf@heHMe@Q? dMia Lt hk 9f16r(1H S)
exanpl }111% (13? 's), %9@6(11?15% sldg-4. 7001 (A8 M H, T3k Aald BB £2)15. 19,

7.50 (
dd, J = 4.5 and 13.8 Hz), 4.65 (2H, t, T = 7.2 Hz), 3.53 (2H, t, T = 6.0 Hz), 3.31 (3H, 5), 2-27 —

10 2.18 (2H, m) and 1.81 (3H, d, T = 7.2 Hz).

EXAMPLE 44
3-Prop-2-en-1-v1-8-[(2R)-1-(2H-tetrazol-2-yDpropan-2-yl]-3.8-dihydrobenzo[1,2-d:4.5-
d')bis[1,2.3]triazine-4.9-dione '

15

” N ! 4
N [ N
\==N Me O

The title compound was prepared fiom intermediate 40 and allylamine following the

procedure in example 1; mp = 159-161°C, "H NMR (300 MHz, CDCL3) § 9.14 (1H, s), 9.06

(1H, ), 8.41 (1H, s), 6.18 — 6.05 (1E, m), 5.90-5.78 (1H, m), 5.46-5.10 (6H, m) and 1.81
20 (3H,d,J=6.9Hz).

EXAMPLE 45
(3R)-3-( 8-Cvclopropvl—4.9—di0)_co-8,9-dihvdrobenzo!1,2-d:4,5—d']bis[1,2,3]triaziﬁ—3( 4.H)~
yl)butanenitrile
0
" -
Z N N
25 Me ©

The title compound was prepared from intermediate 42 using previously described



15 5.75 (2H m, 5.11 (2H, dd, 3 = 8.7 and 13.8 Hz), 4.94 (211, dd,
1=4.5 and 13.8 Hz) and 1.77 ppm (611, d, J = 6.9Hz). EXAMPLE 52

3, 8-Ei s [ (v@poovogsrsz- 1, 2, 3-triazol - 1-vl) propan- 2-yll- 3, 8cuiukyods/aberizo
f 1,2-d:4,5- 20 & bis f1,2, 31triazineg#, 9-dione N* N Cl=-1Me 0 The
title conpound was prepared frominternmedi ates 26 using the procedure
descri bed for exanpl el6; nip: 192-195C, 111 NWMR (300 MHz, CDClgz 8
9. 03 ( 2fdocaiires7mp2= F40425T; 'H NBAR ZHO(MHz, €PCLE dF7LTH(1 58X 2842 (Wi, £)562.18-
(2H, dd, J =.9.3 and 14 ). 4. 2H, dd, 1. = 5.1 4,.1. 1
177 ppied 6k« a0k 3 2 ebiel b3 s BapaBR gy s &Y
EXAMPL Eﬁs.@ﬁz%%égﬂ, dd, T = 6.9 Hz) and 1.42-1.25 ppm (4H, m). _

3-Cycl oproov1-84(2R)-1-(2Htefrazol - 2-v1) Propan-2-y11- 3, 8-di hydrof 1, 2
,31triazinor4,5- 0quinazoline-4,9-dione and 5

3-Cycl opropyl-84(2R)-1-(1Htetrazol - 1-yOpropan-2-y11- 3, 8-di hydrof 1, 2,
31trbazino [4,5- gl quinazoline- EXANMRIIR46 ANA i . NN N 4"-'111.--Y

3R)-3-{4,9-Dioxo-8-[(2R)-1-(2H-1.23-triazol-2-yl)propan-2-y}]-8.9-dihydrobenzo[1,2-
d:4.,5-d'Ibis[1.2.3]triazin-3(4H)-vl}butanenitrile

W N--‘k/CN
i 1
Sy
/ =N Me O

The title compound was prepared from intermediates 37 and 42 using previously described

10  procedures; mp = 164-166°C; 'H N‘MR (300 MHz, CDCl3) 8 9.13 (1H, s), 9.08 (1H, s), 7.47
(2H, 5), 5.85-5.75 (1H, m), 5.70-5.58 (1H, m), 5.10 (1H, dd, J = 8.7 and 14.1 Hz), 4.94 (1H,
dd, T =4.8 and 14.1 Hz), 3.25-3.00 (2H, m) and 1.77 ppm (6H, 4, J = 6.9 Hz).

EXAMPLE 47
15 (3R)-3-{4.9-Dioxo-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-vi]-8.9-dihydrobenzo[1,2-d:4,5-
d'bis[1.2.3]triazin-3(4H)-ylibutanenitrile

0

Me
2N N,.‘.K/CN
1 .
N

N 3
\e==N Me ©O

Zz—Z

Mg

The title compound was prepared from intermediates 40 and 42 using previously described

20 procedures; mp = 105-108°C; "H NMR (300 MHz, CDCl3) § 9.15 (1H, s), 9.09 (1H, s), 8.40
(1H, s), 5.90-5.77 (1H, m), 5.68-5.56 (1H, m), 5.36 (1H, dd, J = 9.0 and 14.1 Hz), 5.17 (1H,
dd, J = 4.8 and 14.1 Hz), 3.19 (1H, dd, T = 7.8 and 16.8 Hz), 3.05 (1H, dd, J = 6.6 and 16.8
Hz), 1.82 (3H, d, T = 6.9 Hz) and 1.78 ppm (3H, d, J = 6.6 Hz).



1?1*N IN1* Me O To a stirred suspension of internediate 43 (8.00 g,
25.5 mmol ), tetrazole (7.40 g, 105.7 nunol) and triphenyl phosphi ne
(11 00 g, Wsz% oBo/fs,) i n anhydrous THE (150 m) was addgéddodslotdgs £ 10
, ) 1n one portion. Sti I‘I’Iﬂg under argon was continued at
ZOC for 14 h. The volatiles were renoved under reduced pressure, and
t he residue was subjected to col ography using silica gel
and chl or of or n et hyl acet at e/ et hm: 2) as an eluent. The
fracti OBuE9 21 Ri-B Npropan-2-yl]-3.8-dihydrobenzo[1.2-d:4,5-
H-tetrazol -
yI)pro g el 1, 2, 3] tri azi no[ 4, 5-gi qui nazol i ne-4, 9-di on
e were conblned the 15 solvent was renoved, under reduced pressure,
and the residue re-crystallized fromlgt hangl ; np _zMd92-194C 111 NWR
(300 MHz, CDC13) 8 9.05 (IH, s), 8@2 sy’\%G(lH s), 7.81
(1H s), 5.41 (1H dd, J = 7.8« . NIN5 24- 5.10 (1H, m, 5.08
(1H, dd, J--45and138|—|2\):,'4 4 3.96 (1H, m, 1.79 (3H, d, J =
6.9 Hz) and 1.40- 1.20 ppm (4H, m. E?utlon of the silica gel col um

cyortprofy L8 PSRk Lot an B onog R i arps -

[1 2, 3] p:bbamw&&sém&d foremmp&-zp tniprel 88- moan: mqsnéhﬁﬁz é:mab)aams (1H,

) 5. 5. LIRS, S b H Bhs 2By (15 g0 L 4 7003k e ST

34 1 HZ% %@%ﬁ)lﬁ sﬁﬂa i 5= 41.‘3&1?@"111 ﬂﬂz)lﬂda)(aHSt 92 2(41Hz) 4, 1.41 §ifn (34

EXAI\/PLEd,5%7r 2 Hz)

8-faR)-1-(1H Benzotri azol -1-yl ) Propan- 2-y11- 3-evel opropyl -3, 8-di hydro
f1,2031triazino [4,5-0 qu in azolin e-4,9-di on e WO

2009/ 038752PCUUS2008/ 010877 87 %ﬂl\ﬁ 119

3-But-2-yn-1-y1-8-[(2R)-1-(2H-1,2.3-triazol-2-yl)propan-2-vi }-3.8-dihydrobenzo[1.2~
d:4,5-d'ibis[1,2,3]triazine-4.9-dione

Me

N*
</N Me

15 The title compound was prepared from intermediates 37 and but-2-yn-1-amine using the
procedure described for examplel; mp = 154-156°C; 'H NMR (300 MHz, CDC13)_ 69.14 (1H,
5), 9.06 (1H, s), 7.46 (2H, s), 5.86-5.74 (1H, m), 5.22 (2H, q, ] =2.4 Hz), 5.10 (1H, dd, J =
8.7 and 13.8 Hz), 4.94 (1H, dd, J= 4.5 and 13.8 Hz), 1.84 (3H, t, J =2.4 Hz) and 1.77 3L, 4,
I =172 Hz). '

20

EXAMPLE 50
3-Pent-3-yn-2-yI-8-[(2R)-1-(2H-tetrazol-2-vl)propan-2-yl]-3.8-dihydrobenzo[1,2-d:4,5-

d'1bis[1,2,3]triazine-4,9-dione




Me O The title conmpound was prepared frominternediate 43 using the
procedure described for exanples 53 and 54; np = 103-105C, 11-1 NMWR
(300 MHz, VoD@W3Y383529. 10 (111, s), 8.71 (1H, s), 8.43 (2E/US008/8090
(111, d, S=8.1 Hz), 7.44 (311, mM, B24 (1H, m, 520 (111, dd, J =
7.3 5 and 10.5 Hz), 4.80 (1H, dd, | = 3.7 and 10.5 Hz), 4.02 (111,

m, 1.82 (311, d, J =7.2 Hz), 1.37 (211, m  and 1.25 (2H m.
EXAMPLES 56 and 57 T 1 me

3-Cycl opropyl-8-[(2/2)-1- (2H—tetrq|2 liaMn-Z-vl i -3,8-dihydrof1,
2,31triazino[4,5- 10 giqui pazedj.ne- pLone and

3- Cycl opropyl-84(2R)- 141Hﬂ“@raz | -81-y1)butan-2-y1l -3, 8-

di hydro[ 1, 2, 3]tr| azi nof 4, 5- gl qU| nazol i ne- 4, 9 d| one The title
CO!’TpOUﬂ Z)I’ eﬁ[&f{ g%%llf)%épn gmplgl e%%g ates dBElﬁ ’ﬁ?ﬁjﬁaﬁ'rﬁrl ﬁszﬁﬁ'%s

using (R¢ 2

3- Cycl 0{9{0@%3 ﬁes[cﬁé’é%) fot ek &hple 6] 1E1§EO’P2-?4°@7 15 bR 3@ Bﬂ-lz Ercleh hg.dd QIH,
2,3] tria 15 zino[4,5-dqui nazoline-4 di one; (rr% -161C; il

(300 MHE), 90BCLB) 5)88.90 OB, ()4 136, oogu@snz $90:5.29 (1 maes é‘i [{H.gd, T 7, 87143nd

(1175, gt B0 ksl .89, ety 330t o 770

(111, n¥Hz) dndBUR( &, dj =619 B3). (211, n), and 1.07 (311 t 7 5 Hz).
3-Cycl opropyl-8-[(2R)-1-0Htetrazol - 1-yebut an- 2-y1] - 3, 8-di hydro[ 1, 2, 3
Jtriazino[4,5- 20 g] quinazoline-4,9-dione; np = 213-214C;, 111 NWR
(300 MHz, CDC13) 8 9.02 (111, s), 8.64 1H s), 8.55 (111, s), 7.83
(1H, s), 5.34 (111, dd, J = 9.3 4 ), 4.86 (1H, dd, I = 5.3
and 1%4 . : 234151 (111
WO

2009/ 038716BPCTAUEIGABAPIIRTE 88

3-Cycl opropyl-84(2R1-1-(2H 1,2, 3-tri azg - gleyl utan-2-y11- 3, 8-di hydro
f 1,2,31 triazin o J450qU|naz,®,|e 4 9-d| and

3- cyc| opropy1-81(2R)-1- (111-1, A yl"ibut an2-y11- 3, 8-di hydro
[1,2,31triazino[ 4, 5- dqw{i‘f GHT-n A48 'Ne'he

==N Me O

The title compound was prepared from intermediate 25 using the procedure described for

examplel6; mp: 194-195°C, 'H NMR (300 MHz, CDCl3) 6 9.05 (2H, s), 7.50 (4H, s), 5.86-

15 5.75 (2H, m), 5.11 (2H, dd, J = 8.7 and 13.8 Hz), 4.94 (2H, dd, J =4.5 and 13.8 Hz) and 1.77
- ppm (6H, d, J = 6.9Hz).

EXAMPLE 52
3.8-Bis[(2R)-1-(1.H-1,2.3-triazol-1-yl)propan-2-vl]-3.8-dihvdrobenzoj1,2-d:4,5-

20  d'lbis[1.2,3]triazine-4,9-dione

The title compound was prepared from intermediates 26 using the procedure described for
examplel6; mp: 192-195°C, 'H NMR (300 MHz, CDCl3) 8 9.03 (2H, s), 7.62 (2H, s), 7.55

25 (2H, s), 5.87-5.76 (2H, m), 5.11 (2H, dd, T =9.3 and 14.1 Hz), 4.94 (2H, dd, J = 5.1 and 14.1
Hz) and 1.77 ppm (6H, d, J = 6.6Hz).



5 The title conpounds were prepared follow ng the procedure for
intermedi ate 43 using (R)-2- am nobutanol and 1,2,3-triazole, as
descri bedwmisgwaml es 53 and 54; 3-Cycl opropyl- 8- PCT/US2008/010877
[(2R)-1-(2H 1, 2, 3-triazol -2-yCbut an-2-y1] -3, 8-di hydro[ 1, 2, 3]tri azi no
[ 4, 5- g] qui nazol i ne-4, 9- dione; np =128-130C, 111 NWR (300 Mz, CDC13)
8 9.07 (1H 's), 8.60 (1H s), 7.62 (1H s), 7.53 (2H s), 5.15 (1H
m, 4.86 (1H, ), 4.84 (1H, dd, J 4.4 and 14.7 Hz), 4.00 (1H m,
10 2.24 (1H n), 2.11 (1H, MEMPLEB,sanands:; 24 (2H m, and 1.05
(3H,t,J=72Hz) —"——”‘“—'—'—‘ .

3- q’C' el d 1 2] C i FORS- R ORLIgLY g PLZ 1D

o[ 1,2, 3]trjazino 4d5- ui nazol i ne-4, 9- d| one; np: 215- 217C 111 NWR
(300 MM—B&-%—@E%& s), 8.62 (1H, s), 7.77 (IN, s), 7.60 (1H,
d, Js= AcYclbro )11 Hi tetdazel-0- -5 drirf1.2 3] txi

15.0 HZ 4.83 (1H, dd, J = 4.8 and 15.3 Hz), 4.00 (*¥H, -
m, 2. mgummolme-“-dmell (1H, m, 1.34 (2H, m, 1.23 (2H, in), and
1.04 (3H, t, J = 7.2 Hz) . EXAMPLES 60 and
61 3-Prop-2-yn-1-yl-84 2R) 1§ 2H/x et r azol - 2y1)proan 2)&138

di hydro[ 1, 2,3]triazino qui zollne49d|[e’m d
3-Prop-2-yn-1| -y /Jﬁ _Netrazol - ] J.!i- 20

3, 8-di hydr of 1, ZB'E[ a2| n014 5 Oqui nazod| %-4 9- gione The title
conpounds were ET pa M8&d °f rom pr opar gyl a’l‘n he USi ng t he procedures

descri bed f le (7.40 g, 105.7
3- Pr op- s(t?er IEEFQ? i‘ﬂgﬁé e 135800 5 3%3#8%‘32’- te_tr;}zoeé s

di hydr %32) a’ilhtt_ﬁ rp@bgbh&agmqno ra#dDimeeld 19 autiydroas Tﬂrﬁ’ @50 zrﬂ) g @ided
111 NWR

00 , 8. 64
7" 810( TPLAY10 aﬂ@ftm%%?h@ ong portipny Sitre ity gih Vi toahfusyiin 3 r 19
2.6 Hz)h Phel Solatttds Whke rem&Rd(dilder dluceti eésuée &Jﬁd the I&id'dz)waSZSuzbjcc(eﬁl-to
, Wb 5808 6587 52PCT 102008/ 010877 88 = ﬁ@ e}ntg L 804 actn
7. Ocdizm cBeoRratyeraphy ysing Filioy pelgand] b mﬁ‘)@/ﬁ*@’ fats/shy ) as

t

J

1-1-yl 3 i
e AR Yhtaohs: BofliE" el food iy BRALBGOpADICBLL GHtetrazol 2
g g s) y)fofdn-1-¥13, 8})11,hy&05172 6W1m@[4 57g]®an:(zmw-éf9 dignep gvgre HO gned,) the
(

(

8

|

HII
(@]

lgngﬁplléqlt wag%einca/ﬁé ug ersréc}qf?d prfssgﬁe ETEI‘he trésidjlg re—gxyst%mzzz?cmmmgﬂ‘%ﬁ%l' mp
H d WA VR 300 MI-Iz CDCI;%S 9.05 (1H, s), 8.62 (IH s), @@@\(I?HES)GZ 81 (1H,
R) 1- %I—li- Tetra

zol - 2-yl ) propan-

1H 1,2, 3-triazal -

L 105 41 KAprct 27 B oed BB 015 26— LA Rzth SRR (o i e 5 and 138

Hz), 4.04 —3.96 (1H, m), 1.79 (3H, d, T = 6.9 Hz) and 1.40 — 1.20 ppm (4H, m).

Elution of the silica gel column with chloroform/ethyl acetate/ethanol (5:4:1) gave 3-
20 cyclopropyl-S-[(ZR)-1-(lH-tetrazol-1-y1)propan-2—y1]—3,8-dihydro[1,2,3}triazino[4,5~

glquinazoline-4,9-dione as the more polar isomer; mp = 245-246°C; "H NMR (300 MHz,

CDCL) 5 9.31 (1H, s), 8.83 (1H, s), 8.51 (1H, s5), 8.45 (1H, s), 5.29 (1H, m), 5.17 (1H, dd, 9.3

and 14.1 Hz), 4.99 (1H, dd, J = 4.8 and 14.1 Hz), 3.92 (1H, m), 1.68 (3H, d, ] =6.9 Hz), and

1.22 (4H, m). ‘

I
3
4(
) -

25
EXAMPLE 55

1-3,8-dihvdro{1,2.3]triazino

{4,5-glquin azoline-4,9-dione



N, N'. e Nr--14Me O

Am xt ur eof 3- prop-2-yn-1-y1-8-[ (2R)-1-(2H-tetrazol - 2-y1) propan-2-y11-3
, 8 di hydr s§d.2a89/838t521 azi no[ 4, 5- gi qui nazol i ne- 4, 9- di one PABESIVOR/0108731
mmol ), Cul (120 ny, 062 mmol), a2|dot6r7| nmet hyl silane (0.13 nL, 1.0
mol ), acetic acid (1 m) and DVF (3 nl) was 15 heated in a seal ed
tube at 110C for 16 h. The crude product was purlfled by silica gel
chromat ography and re-crystallization fromé& hHE = 180-182C; 1H
NVR (300 MHz, DMSO d6) 5891(1H l),l\l 38 s), 850(1H, S),
8.44 (1H, s), 7.70 (1H, .( 735 (12 @ 5,544 (1H, dd, J = 8.8 and
12.8 Hz), 5.37 (1H, m, 5.3 . <37 and 128Hz) and 1.73
(3H, d, J = 6.6 Hz). 20 EXA 63MEO

7 o ot b pP b F%ELSS%’FG%Z% S RGN 4Ty SRR AR Plojedbud Updckibad ok
90 s), e‘% 1k Bhhand )54; r?1p7=01c(31th5°cs) Hﬁmmcaop 1\41{6,6010911316 o, (14, 90871 (B,
m. L s) X 431%1}1 ns)) 8 %8%11& 25 L35l 7 JPENTEES 2031908320 11, dd, 7= 73
5 and 10.5 Hz), 4.80 (1H, dd, J = 3.7 and 10.5 Hz), 4.02 (1H, m), 1.82 (3H, d, ] =72 Hz), 1.37

(2H, m), and 1.25 (2H, m).

EXAMPLES 56 and 37
3-Cyclopropyl-8-[(2R)-1-(2H-tetrazol-2-yhbutan-2-vl]-3,8-dihydro[1,2,3}triazino[4,5-
10  g]quinazoline-4,9-dione and 3-Cyclopropyl-8-[2R -1-(1F-tetrazol-1-yl)butan-2-yl| -3.8-

dihydro{1.2.3]triazino[4,5-g]quinazoline-4,9-dione

o) /A N 0 A

Y
/\L N N /1 N
N"N N:."-N

The title compounds were prepared using the procedure for intermediate 43 and using (R)-2-
aminobutanol. 3-Cyclopropy1—8-[(2R)—1-(2H—tetrazol-2-y1)butan-2-y1]—3,8-dihydro[1,2,3] tria
15  zino[4,5-g]quinazoline-4,9-dione; mp = 160-161°C; 'H NMR (300 MHz, CDCl) & 9.06 (1H,
5), 8.63 (1H, s), 8.46 (1H, s), 7.74 (1H, s), 5.46 (1H, bdd, J = 8.8 and 13.9 Hz), 5.07 (14, dd,
J =42 and 14.4 Hz), 4.86 (1H, m), 4.00 (1H, m), 2.30 (1H, m), 2.14 (1}, m), 1.34 (ZH, m),
1.23 (2H, m), and 1.07 (3H, t, 7.5 Hz).
3-Cyclopfopy1—8-[(2R)— 1-(1H-tetrazol-1-yl)butan-2-y1]-3,8-dihydro[ 1,2,3 ]triazino[4,5-
20  g]quinazoline-4,9-dione; mp = 213-214°C; 'H NMR (300 MHz, CDCl;) § 9.02 (1H, s), 8.64
.(IH, s), 8.55 (1H, s), 7.83 (1H, s), 5.34 (1H, dd, ] = 9.3 and 14.2 Hz), 4.86 (14, dd, J = 5.3
and 14.2 Hz), 4.76 (1H, m), 4.01 (1H, m), 2.34 (1H, m), 2.10 (1H, m), 1.35 (2H, m), 1.23
(2H, m), and 1.05 (3H, t, J="7.5 Hz).

Z—Z

25 EXAMPLES 58 and 59




5

3,8-Bis[(2R)-1-(2H-tetrazol - 2-yl i proPan-2-1di - 3, 8-di hydrof L2, 31tri azi

no[ 4,5 Okyghtbogseedzi ne- 4, 9-di one and PCT/US2008/010877

3-[(2/2)-1-(1H Tetrazol -1-1, 1) propan-2-y11- 84( 2R) 4- (2H et razol - 2-yl ) p

ropan- 2- yll 3, 8- d|hydrofla 3|tr|a2|no 4 5 quU|nazoI|ne 4,9-dione o
0 f : ?

(R) - 2-

‘ 0- -
10 mml@igggumm 4,9-5116ﬂe)a 1-3- m ama ]
with di'sStriration o e Vo at| Ater the dlstlllatlon ceased

the m x3 ] it IRI8RE or an addi ti onal

m n, then poured |nto 15% NaClo(l ) neutral [ zed WDth N HCl,
and extracted with chl orefa ' panol (4:1, 6sﬁ){,éThe 15
extract was dried over §od u']'fate concentr(t reduced

pressure, and th

A omat ogr‘afphé‘db
chl or of or m et hyl epbet hanol (2:1:1) N&ﬁ) gi eothe am de as the
second fraction. Asold‘[’lon of the am de (2. 90 't g, 9.05 mmol) in DWF

30 M) was treated with isopen n|t ite (4.0 ti.c [
(2. 05 i he St coaarunrtor e BReaie lowi b Bipositio Bep L osife 86,

volatil §§m‘6’§&t§ndlea[ﬂav?§ 3UBdLe, rﬁd&lﬁ%d&r 5 SihBpled 591 and £4; UBICyABpropyl-8-
triazinone. A solution of the crude triazinone in dry THF (60 ‘TmBE‘?V%

t r eat ed[(2R}-h-(2H+ ghetydzphdyPhiutee-2¢41-3 8-dghydmpf1, ﬁ#ﬂirtyzmq e&4r5a&]6}lea%
d D1 At
st | rredAIQ?gﬂ}?:_ﬁ\g? (1%%8 rﬂ[ﬁ%&ﬁﬁﬁ(ﬁ;?h}z és vvef‘)eahggng ?jmﬁﬁjféé 3%@?”{

pressurg, 7 am@zmhg 3. BS {18y en))V 86 CIH aﬁpmgr(ammw CE 41@1da14cha)m4 00i(1 Hexmt),
ol UdA: . 27 G 1Py Bim iy HELOPS Py 1-24 B, B0 el 113 G £ 3 Faefs 21
3-Cyclopropyl-8-[(2R)-1-(1H-1,2,3-triazol-1-yl)butan-2-y1]-3,8-dihydro[ 1,2,3]trlazino . {4,5-
glquinazoline-4,9-dione; mp: 215-217°C; 'H NMR (300 MHz, CDCl;) & 9.04 (1H, s), 8.62
(1H, s), 7.77 (1H, s), 7.60 (1H, d, J = 0.9 Hz), 7.46 (1H, d, J = 0.9 Hz), 5.16 (1H, dd, J =9.9
and 15.0 Hz), 4.85 (14, m), 4.83 (1H, dd, ] = 4.8 and 15.3 Hz), 4.00 (1H, m), 2.29 (1H, m),
15  2.11 (1H, m), 1.34 (2H, m), 1.23 (2H, m), and 1.04 (3H, t, J = 7.2 Hz).

EXAMPLES 60 and 61
3-Prop-2-yn-1-y1-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-y1]-3.8 dihvdro[1.2.3]triazino[4.5-
glguinazoline-4.9-dione and 3-Prop-2-yn-1-y1-8-[(2R)-1-(1 H-tetrazol-1-yl)propan-2-vi}-

20 3.8-dihvdro]l.2.3]triazino[4.5-g]quinazoline-4.9-dione

N N
g NN r N
W N
N/\I ‘
N,N Me W=N Me O
The title compounds were prepared from propargyl amine using the procedures described for
examples 53 and 54 3-Prop-2-yn-1-y}-8-[(2R)-1-(2H-tetrazol -2-yl)propan-2-yl]-3,8
dihydro[1,2,3]triazino[4,5-g]quinazoline-4,9-dione; mp = 222-223°C; 'H NMR (300 MHz,
25 CDCL) § 9.10 (1H, s), 8.64 (1H, s), 8.46 (1, s) 7.81 (1H, s), 5.41 (1H, dd, J = 8.1 and 13.9
Hz), 5.23 (2H, d, ] = 2.6 Hz), 5.18 (1H, m), 5.08 (1H, dd, J = 4.4 and 13.9 Hz), 2.41 (1H, t,J



25 fraction was re-crystallized fromchloroform (2 m) to give

3,8-bi sRRR) - 1- (2Htetrazol - 2-

yppr opan- 2vg 2409/8388sdi hydro[ 1, 2, 3] tri azi no[ 4, 5g] qui hazokCrheshpBe1dsione;

np = 184-185C, Ili NWR (300 MHz, CDC 59.08 (11{, s), 8.53 (1H,

s), 8.46 (1H, s), 8.40 (1H, s), 7.80 s), WO

2009/ 038752PCT/ US2008/ 010877 91 5.81 (1H, m, 5.41 (1H, dd, J = 7.7

and 13. Qzlzjzb‘;z) §1d3158((43ﬁ ddp= 7D Fz)8. 9 and 13.9 Hz), 5.04- 5.20 (3H m,
6.

1.79 (3H, d, (3H, d, J = I

from E th&Pc%bi@r 1ﬂﬁz§c&@@?1f {H@-WI@Z@W&QP&PMHZ%W?rgoﬂﬁ%ggze}r%;]{)‘?%“t i)‘?é: \elle

3-[(2R o

( 1I[—|f t e% $]§Elgﬁzoim§'€p9r %133% e y%]]8'7819 %’2% NYJI&%OO/ MtHer ngc (%?) 629)9 z)(é)}rlo ar% 625-

y11- 3, 8dirhwylraof 71124, 3} 1591 (n}aab rfof A (15, gldgiii=ried ebd te3 HzD- D24 681, chﬂ =2.2
.8

(1615 o, 6 ShaiFan). 455 (7% 46 h%?ar@ﬂ%%@é%@aﬁ"?ﬁéz bl sy e

= 7 7 a qnlf §ﬁ§2 5.22 (111, dd, J = 9.5 and 14. 5 14 (1H
: % d, J = 4.4 and 13.5 Hz), 4.91 (1H, dd J = 4.8 and
14 2 Ft) 1.80 (3H d J =6.9 H), and 1.74 (3H, d, J = 6.9 Hz). 10
EXAMPLES 66 and 67
8-[(2R)-1-(2H Tetrazol- 2- yl)buta#ﬁg&ggg&gg%ZR) 1-(2Htetrazol - 2-yl) pr
opan- 2-y R?y~18r2H-@bm£BmM)&a§aﬁ42Lﬂlzs-m{M,ﬁa@mi—m&hﬂéﬁmb-ﬁ@ di one
and 8-1 - 1- (Lh#TEtrazoI 1- .
bedﬂand' grefl L PL2] GUIA A 27 BB pan- 2- y11- 3, 8-di hydrof 1, 2, 3
1tri azi nof 4, 5- 15 gqu|nazoI|ne 4"9 dloneo Internediate 39 (7.0 g,
19.8 mmol ) was treated with (R)-2- P Bl (4.7 m, 50 num
sodi um cyani de (245 ng, 5.0 -no alf (6 M), and the nixture
was heated in a stream of stNT ati on of the sol vent.
After all the solvent was r amvede the 20 nlxture mas stlrred and

heated at 100C for 30 mn. The reaction m xture di 51
A mixture of 3-prop-2-yn-1-y1-8-[(2R)-1-(2H- tetrazol 2-y1)propan— -yi}-3,8

dihydro[1,2,3]triazino[4,5-g]quinazoline-4,9-dione (185 mg, 0.51 mmol), Cul (120 mg, 0.62
mmol), azidotrimethylsilane (0.13 mL, 1.0 mmol), acetic acid (1 ml) and DMF (3 ml) was

15 heated in a sealed tube at 110°C for 16 h. The crude product was purified by dilica gel
chromatography and re-crystallization from ethanel; mp = 180-182°C; 'H NMR (300 MHz,
DMSO-dg) & 8.91 (1H, s), 8.56 (1H, s), 8.50 (1H, s), 8.44 (1H, s), 7.70 (1H, bs), 5.73.& (241, s),
5.44 (1H, dd, J = 8.8 and 12.8 Hz), 5.37 (1H, m), 5.18 (1H, dd, = 3.7 and 12.8 Hz), and 1.73

: (3H, d, ] =6.6 Hz).

20

EXAMPLE 63
3-Cvclopropvl-8—[2— 2 H-tetrazol-2-yDethvyl]-3,8-dihydro[1,2.3]triazino[4.5-
glquinazoline-4,9-dione
0
a v
N'-.N/\.,./N N’/N
¢

The title compound was prepared from intermediate 20 using the procedures described 'for

examples 43 and 53; mp =194-195°C; '"H NMR (300 MHz, CDCl5) & 9.09 (1H, s}, 8.62 (I:I-I,



met hanol (50 m), poured into ice/water (100 g), acidified to pH 6
with 6 N HClL, and extracted with chloroform (2 x 100 nil). The extract
was dri eduQVRhaedium sul fate, the sol vent was evaporq{cqﬁ{sg(;b%{osﬂ
reduced p?@ssugr/e and t he residue vva chromat ographed (silica gel

chl orof ornf et hyl acet at e/ et hanol , D1) to give the nethylester A

ot S8k Wi SRR 8 ¥ 135 of Pt (U B P o

15 mn ﬂ%gr ctlon m Xt ure was aC|d|f|ed with conc. HCl WO
"

20091038 US20081010877 92 and the vol atiles were renoved under
reduced pressure. The residue was suspended in DM (50 m), and the
sol vent was thoroughly renove ressure. A solution of
the obtained acid in dry DWF ESSRH ed with triethylatnine
(1.68 m,s_%srl%%mg@n-mommﬁr@mgmmm%mm&ﬂ riazole
hydrate (0. g, 5 mol) ),
and t hezlaminazolineghd-digne,an 56 . 20 h.
The SO'%Q‘E}:OI—‘_’@- L%N)%Qﬂhi’f]?g,‘sbmﬂgrol‘ﬁﬂ Bﬁﬁdzﬁbﬁﬁﬂﬂﬁ_._!___ﬁ__naﬂﬂ@* Sidiere Was
di ssol or m ) poureg Ipto water (100 M), and

acidified to pH 5. The chlorof or mphasejwa s 6&5ated and the
aqueous phase was washed with anfa I™~por’i on of chl orof orm (50
m ). The chl orof orm sol ut Mg over sodium sul fate, and the
sol vent was renoved 10 uﬁﬂgﬁ rgduge pressure to give crude am de. The
crude am de was dissolved in DM (40 m) and treated wth isobutyl
nitrite (10 m, 84 rnnol) and acetic aci do( Lydl)=NThe m xture was
stirred at 20C for 2 days, the sol ye \a8 Nr@prv & under reduced
pressure, and the residue m$§ subj- toicolu chr omat ogr aphy
using silica gel and chlorgq &C méﬁe/ethanol/trlethylanlne
(50:45:3:2) as an el uent to\=§fi veMEt h@ al cohol . A solution of the 15

al cohol (695 ng, 1.27 muol), PPh3 (525 ng, 2.0 nmol ), tetrazole (216
ng, 3.0 mmol) and D1AD (0.79 m, 4.0 mmol) in THF (10 mM) was stirred
undes apgARndE dJf- 1n€enn&9£te3_s9d@m g Thes whal)j {R<-meine- 1Fopanetl (1100 gf 66 5
reduced pressure, and the residue was chronmat ogra phed. . The mater

f r om t hemiods sodieh syariden@49h 1Qaameld apd saangl (3 BB vas heapd i AsisA™ JJ WHPe
8- 2R Gl' 1 t c wal
[ )T@bﬁf@ﬁh%@%ﬂh&gﬁi}y@m& il aw[c(w@m)afaﬁ&ea&d Bl Az el a yRaALaD

an-2-yl triazino 20 [4,5- g]qU|nazoI|ne 4
NP = 80at8RE;satht-témpivRube for(8: gcnditionahﬁo rging thep paures) intog %4 P@aﬁh (199 .

137 rejeundlia vl W o haa s i Biorsodste thorfce: o e

and133. thﬁéﬁ wad d8dd 6ddr.sodidm shifate3 cOhcamehtduriderredpced, ﬁ&s@&k@ndgthn)rcsidue
2.31 (1H, nd .1.07 (3H

233 U g hpmatogmphitsitiee Fh ooty e Sanel 2 & piga b atité os

re-crysal iR 1) in DMF (30 ml treated
(lH—t)ét bt SL’?‘@%&% @{J@%&@&%lﬁt@e[( R)(Q%%Z?-E)%rentnrma)zgll y(l )S‘r%"ﬁi?n Ziﬁ

] -3 , 8withhywpeoty] mnzte:{}t%nnlazndmecpezuxcac i§] @9 mBz bhe Wéctmngnaqﬂgﬁ@‘asﬁﬁﬂ
198- 200 4

(1h ) 27 Gt A fovt o BEGiois fere ity Sl Sl @Sl Bbe o

z21 6 z@?dtrﬂﬁ%%nﬁz )mzséliuﬁs‘n (ol'l'threﬂd&udal tmzﬂnoll:leasgddg;z@w 1) Ms(tt&aiqd mh
(3H, t, trsahﬂnﬁfipipsr#que (4. 9\5)32(369%1@3%7@‘2%’{? Us%és%%b“g@% o, 18

mmol), and the obtained mixture was stirred at 22°C for 20 h. The volatiles were removed

under reduced pressure, and the residue was chromatographed using a column filled with
silica gel and chloroform/ethyl acetate/ethanol (5:4:1) as an eluent. The material from the first
25  fraction was re-crystallized from chloroform (2 ml) to give 3,8-bis[(2R)-1-(2H-tetrazol-2-
yl)propan—Z—yl]-3,S-dihydro[1,2,3]triazino{4,Sg]quinazoline-4,9-dione;' mp = 184-185°C,; 'H
NMR (300 MHz, CDCl;) & 9.08 (1H, s), 8.53 (1H, s), 8.46 (1H, ), 8.40 (1H, s), 7.80 (1H, s),



EXAMPLES 68 and 69

84( 2R1- 1- (5- et hyl-2H-tetrazol - 2-yl ) butan-2-y11-34(2R)- 1- (2H-t et razol
- 2- y| br opawme 2609/038752 PCT/US2008/010877
y11-3, 8-di hydrof 1, 2, 31tri azi no[ 4, 5- glgui nazoli ne- 4, 9-di one and
8-faRl- 1- (5- Met hyl - 1H

tetrazol -1-yl)butan-2-y11-3-f(2R) - 1- (2Htetrazol - 2-yl) propan-2-v11- 3,
8 di hyds @1 Y1H2m$15.45(10, iddzi ror.] dndb1H2 da) 13T OH, mid; 4 =B Yewh 3.9 Fha, 5.04-

R e e

8 [ (2R) viks et Bk i docbifid b vasktb bRafibed b ciforbfoalo ke 2H(2RY12
3 0 |OI i— g - g;1);prmgﬁb1_2§1¥ifb%@ﬁymsrfgzgge{hﬁzfzgea]am+%ﬂ)m@gm;9%y@punis ndibyirpie2. ]
(1H, 5s) f—ﬁara?n@ﬁ"ni- Jquinggoling-4; dgﬂilﬁ, mpy= 1@6@@@ ‘\%{‘ﬁ (%.‘)@Sﬂ?ﬁ%%]:’ﬁ?fég A
(15 (100 SRR, i st oty soin s o Rrens s -

4.83 (1 L m, 2. o%H, m, 1.78 J(SH, d,
J = 6.97Hznd 18r5cH4), 082 (BH, dd, J =9.5amd E4.2iHz), 518+ (1H, m), 5.07 (1K, dd, J = 4.4 and

8-[(2R) - 1-(.5- +1 et razol ~1- b -vi]= =11 Faz

5 [ (2 y)liépgga,('\]@é%%c\%tjg 5 ﬁ?%r%-zﬁ%)g%??ﬁ & 1= 3ol ARialr 12138 &L 5

triazi ngloAdiH- 9] qui nazol i ne-4, 9-di one; np = 238-240C, 111 NIVIR (300

MHz, CDC13) 8 9.02 (1H, s), 8.55 (111, s), 8.41 (1H, s), 7.90 (1H,

s), l9._81 (111, m, 5.35 (111, dd, J = 8.8 and 13.9 Hz), 5.15 (2H, m,

4.79 (I H m, 4.63 (111, dd, gxanrlEe6dande? Hz), 20 2.50 (3H, s),
2

136 (1H, m, 2.10 (1H m, 1. ~d, J = 7.2 H), and 1.05§3H, t,
J = 7.58HRR)-1-(2H-Tetrazol-2-yl)butan-2-yl}-3-[(2 R AQH-tety azol- rppan-2-y1j-3,8-
|31ng£ E"Z \f1riazing[d 52l iz % hhi 32 Qb 310 T 8Z
3, 8- Bi s BRhta 4 2 Htathadoli opyahil2-31]S,8-dihydro[1.2.3]triazino{4,5-

di hydrof'l, 2, 31triazi no[ 4, 5- glqui nazoli ne- 4, 9-di one WO

2009603 gimumazplingddiohe 10877 94 11: A mixture of internediate 39

(4.3 g, 12.2 mol), (R)-2-am nobutanol (&.8wmM n=80 nmol ), NaCN (122
ng, 2.5 mol ), and methanol (5 mr), '(‘..rl\egrﬁquﬁ heated in a stream
of argon with distillation of volla §. After all the sol vent
distilled off, heating mﬁﬂb}bﬁjn et ~oC
=N

Me

Intermediate 39 (7.0 g, 19.8 mmol) was treated with (R)-Z-amino-l-butanol (4.7 mi, 50
mmol), sodium cyanide (245 mg, 5.0 mmol) and methanol (5 ml), and the mixture was heated
in a stream of argon with distillation of the solvent. After all the solvent was removed, the
20 mixture was stirred and heated at 100°C for 30 min. The reaction mixture was diluted with
methanol (50 ml), poured into ice/water (100 g), acidified to pH 6 with 6 N HCI, and
extracted with chloroform (2 x 100 ml). The extract was dried over sodium sulfate, the
solvent was evaporated under reduced pressure, and the residue was chromatographed (silica
gel, chloroform/ethyl acetate/ethanol, 5:4:1) to give the methylester. A solution of the
25  methylester (2.90 g, 9.9 mmol) in methanol (30 ml) was treated with 10 N NaOH (1.5 mi, 15

mmol) and heated at reflux for 15 min. The reaction mixture was acidified with conc. HCI,



5 for an additional period of 30 mn. The reaction m xture was
diluted with nethanol (50 m ), poured into ice/water (100 g) and
extract edywy dghoglh@roform (2 x 100 m ). The extract wascohid26d0R0687
sodi um sul fate, the solvent was renoved under reduced pressure, and
the residue was chromat ographed usi n§?et hyl acet at e/ et hanol / aceti c

d (95:3: | t. Th d f t th
A de. 334 ZRIPERS Bera MBOHHA Hey EOBGRpres gy TSRS weRryTEef 5 P
m) Wagsé li'[ﬁ.?ta%q e Edivdns QRN kNdrotihly tehRved uider rédiceple}sura@ndsalaidn ef the

acid ( he m xture was stirred at roomtengerature for

days. Tcﬁmlwﬁl aid ineigyM(frOernBv’eﬂa tigptge pith ddefbdamped §68 m 1%%%%}%?
f th d t et | 0

(r)rm) I )e %{%I gﬁyl n Jg‘ q@mi”%é#ﬁz&gqﬁﬁﬁ% m&@ 2 6t 188! &nd ﬁﬁ&d‘éﬁtatesl

di -tertd lxatgyhaa @ﬂnsla,rahmxwd Aixduré Jas Btirged vhder angwi 4nd Hekted ACEE fonR0 h. The

m xture was stirred at roomterrperature or 10 dd%/f’é‘ h? %5 soj vent
was rerfevieat wesevancareld andeseducsd oressig e sELP ved In chiorofotm
chromat e YiciRG&t & SIS hﬁlbowlérbf&hlh 0ENwe
(50:47: (gaq%ﬂg I%éjgéde ue%%lté?'r(ﬁb@frmag‘%lpoéﬁs cont alﬁﬁl ng the | ess pi(ﬂ ar

i somer s&ﬁmted,dﬁr(ﬂt ﬂl&laquleoas pbmengasayahtﬂ with 2RjadditiopH nostiomefshlgroform (50

| ) but 2- t 4
2 bt ey i Ehloii, BRHAGE Aefs i ovRh oo RIS o TRE U RAE s YR
E ?gﬁj g%de%@ 1|)_|r§ s%reot% Jéféru(}i dmid8. '5145b %'gdé %—rﬁdesﬁas dBesélired iIi‘Dll’\]/ﬂ')‘) (:E’rgalgllgo
Hz), 5.8 t(epked widh ity mygnmar{ao 119“54 ppol) gxdmem fqid (éldnSJThe pIBUrG YYps
13.9 Hz I e e Pesidu
(211, irre g aggoﬁﬁr 2 n?a% ﬂ]ua 501?%% v@ajaq‘clgld‘ve% Jfade eé?éég I%és'sihroghd t% % due
= 7.2 Hids Sipfectedacd i enmnmondhaematographye usm@ q@bdaargebr emi:c@hlmf@nﬂethyl

nmoi d t 25 d
o At ey e TP S f o B b SNASRE afGHD T Sl of 8
é ﬁ, igF tﬁ&&h%; 95lmy) ).bwiaanolf-PPhL (R 58me, 2.0 mmol), tetrazole (216 mg, 3.0 mmol) and
i hydro

NVR (3 Umio %t@:rmléizzél)ﬂnggii@gml(i “Lé'%zﬁv'v%s?ﬁé}ﬁunﬂgr) argen aS (tlf%i-“’ Cé‘?’é Th
8. 40 WeivA : a

020 (Lot wernpEPLARE (SRL:CHUSROUR ORI God byllifogaba, The
9.0 andmi@risl frh, th&lekSpglaHiadtivon xmszemﬁtaandd ﬁ@mgethmcl tcsgxys S(L@R) @A)

= 4.4 and 14 32 (FLd

(a1 el 2 il - 00 Pyt Dol o ST Y, ol
713 20 [4,5- qu111azohne49 -dione; mp = 8§0-82°C; 'H NMR & 7.08 (1H, s), 8.54 (1H, s),846 (1H
3, 8- BIS& l% 2H-tetrazo| -171) but an- 2- 138d|h9 yri 1c_i[o[1
o Sh o o rteney i (A SR 4T3 S R
34(2R) - 1- 4¢ 2 I put 8
R AP T s P 6P MPLL A B0l (il puinads yid )
form c agh 1K 16n)R)31a0H, a)e2. 12 (1A my)dt i78 ¢3H,1d) Tt 5.9k, nealt EHI(3EL t.80€7.5
for 1 h, Internediate 39 (1.50 g, 5 95 mml) was added, and the

sol uti ofZivas heated at 90C for 4 h. After cooli ng, the reaction

m XES" MRS attkih UG M Idre i frRtibetvad AeO&ydthl)izalnforf tlethagel tatgwemi@ﬁ)or-

2 the precipitate was filtered off, washed with ethyl ether [%23]

m ) and(ldf teémquf‘l-ﬂ)hﬂéi@h%rﬁﬁ]tﬁeK?@:h‘@ﬁ"‘etTAZﬁ"ﬁ%dQRf@E’@fz‘Y%ﬁsg dibydre
f 245 R :
or e 1%@%%%@5”0 pl %982265 | ne)iNtRN8bo drs, 8C

nmol ), was heated In"a streamo argon
at 120- (1¥BQS; 8:44 (2H]isk 1840l @H] 9)17.33 (l\PhIshtSLSEG(Sthﬂ fL3H(2H me), pdadiiobd, J =

m xture was poured into_ 20% CI (1 , r

chl oo 8éqpaliA g ) e Bsdd, Fiog g 14a i, AR B men s
sodipgm h r reduced pressure to

gi ve crude ??IH Eﬁmﬁ%@&%ﬁ?i?ﬁ?\gﬁggﬁ tetrazole (560 ng, 8.0

nmmol ), triphenyl phosphine (1.57 g, 6.0

(=)




20 mmol ), DIAD (1.97 m, 10 mml), and TIT (50 mM) was stirred at 20C
for 18 h. The solvent was renoved under reduced pressure, and the
resi due wamo etwosss0ogr aphed usi ng chl or of or nf et hyl acepeatr/@esmbiangt
(50:30:20) as an eluent. The first fgaction eluted was identified as
3,8-bis[(2R)-1-(2Htetrazol - 2- yQout an- 2- 3, 1] - 3, 8- di hydr opyri m do[ 4, 5-
g] qui nazol i ne-4,9-di one; np = 177-178C, 1H NI\/112 (300 MHz, CDC13) 5
8.58 (2H, s), 8.44 25 (2H, s) E ;g@sm 44(2H dd, I =8.1
and 136Hz 506(2H dd, J , ) 64 L ng 2, 29
(2H E 3-1(2R) s h l -te 15 ' S propan

2009/ 03 o Hyila gy
TE R arern 9%@%%#:&%? o bt

yl)butaw i Rkftety szl Prylipnopas 2-4-%8 dibrlsn B.2.3) iR
(300 ) B8 57 8. 55 (111, s), 8.45 (1H s), 8 19
(1H, 5s) 8l . ,z"' 2gEe "y 5. 07 (1R dd. 9= 4.5 and 144
) 470492(2H rr),392416 oH 30 1H m, 1.90- 5 2.15
(3H m, 159 (1H bs), 1.06 (3H ISvI-"Iz& and 0199 (311, t, J

= 7.5 Hz). N EXAVPLE 74

3-[(2R)-1-(2H-Tetrazo|-2-y t,aH 2dy11- 8“42R) 1-(4H-1, 2, 4- trlazol 4-yO

but an-2-1/11- 3, 8- di hydr opyr H‘Fdo[4 5- doui nazol i ne- 4. 9 dione 10 A

sol ution of

3-[(2R) - 1- hydroxybut an- 2-y1] - 8- [ (2R); 1- (2 té;neﬁ’by 2-yQbut an-2-y1] -3

, 8- di hydropyri m do[ 4, 5-q] qLMenazoI |rﬁe ‘(NAOO ng, 1.01 nmol),
8ig, 8.0 nmol),

nethyl 1,2,4-triazol e-3: car tal
trlphenylphosphlne (1.57 g, ﬁs@ and DIAD (1.97 m, 10.0 mmol)

in THF (20 m) was stirred undéf argon and heated at 4OCfor 18 h.
The sol vent 15 was renoved under reduced pressure, and the residue
was chromat ographed. Fractions containing the triazole ester were
conbi nedhe dtid composulsweme prgared esing db pmd%dturqSé?GEF@é’Gd forexxgmples 6f and 67,

| h
N NaGH £ i odnbeRr, BT Ml 3B o P Dk B SRR
aC|d dipf i :j e&h-1. g)ﬂﬂpﬁl—%_‘gl ks, @d&ﬂyﬁl@{l &qunﬁﬁﬁo[apLgathazghge-é\%hmeat g ebdeidl
reauce ressure e Ccrude r oduc was ur |

chr orat 86 ThNMR £190 MEzgEPCIB HIBEEH 7Y S H 5N @ S m, 9, 5.2
acet at e{(ﬁlé,flﬂﬁg'zlst(?tl%'?yi 1 dd530— C'é% a.%dfi)s oag, 4. %(l)ﬁitd@ ju@tdnarmfzr a,

et hyl ive the title product; np C Ili

(300 lvuzs,s (CBCHD) 2.86 8355s)( 220 (B, m& 211D (s J .78 £383d, (Jl‘FI5 9sf912) 7a1glgl .06
(1H, s) ﬁ%]ﬁé 765(111 s), 5.42 (1H, dd, J = 8.1 and 13.9
4.4 and 14.3 Hz), 5.06 (1H, m), 4.85 (1H,

rr),’lg 66(111 rny, 455(111 dd, J = 4.8 and 13.9 Hz), 230(211,

2. 06 11, 25 1.05 d 1 =
D5 boy SRR S Hgssaa(og—mﬂipmfa@#u L1y ey pypbiopan 21T

an- 2- yl%,@d%y@fa“ﬁ?i,@jo&[ahﬁ}o?@s LfnfiQoibhell, 6-RicAZOtpNe 43820 XNEH NMR (300

MHz, CDCl3) § 9.02 (1H, s), 8.55 (1H, s), 8.41 (1H, 5), 7.90 (1H, 5), 5.81 (1H, m), 5.35 (1H,

dd, T = 8.8 and 13.9 Hz), 5.15 (2H, m), 4.79 (1 H, m), 4.63 (1H, dd, J = 5.1 and 14.2 Hz),

20 2.50 (3H, s), 2.36 (1H, m), 2.10 (1H, m), 1.78 (3H, d, ] = 7.2 Hz), and 1.05 3H, t, T = 7.5
Hz).

EXAMPLES 70 and 71
3.8-Bis[(2R)-1-(2H-tetrazol-2-yl)butan-2-y1]-3.8-dihydro[1,2.3]triazino[4,5-
25 glquinazoline-4,9-dione and 3,8-Bis[(2R)-1-(1H-tetrazol-1-yhbutan-2-y1]-3.8
dihydrofl,2,3]triazino{4,5-glquinazoline-4,9-dione




WO 2009/ 038752PCT/ U82008/ 010877 97 The title conpound was prepared
usi ng (R)-2-am nopropanol by the procedures described for exanple 72;
mp = 255- @&Paodzsa NVR (300 MHz, CDC13+ TFA) 3 9.22 (Rirfus2e0k01f787
(2H, 5s), 8.65 (2H, s), 5.40-5.50 (4? m, 5.15-5.26 (2H, nm, and
1.86 (611, d, | = 6.6 Hz). EXAMPLES 76 and 77

3, 8-Bi sf(2R) - 141H pyrazol - 1-y1) Propan-2; y hM§$§-dihydropyrinido[4,5-0
nui nazol i ne4, 9-di one and N Jo N

3- 112R) - 144- Chl or o- 1H pyr azol - 1-yan¥2-y1f- 84( 2R) - 141H pyr azol -
10 1-yl)propan-2-y11- 3, 8- {'hydnopyl -aof4, 5- al qui nazol i ne- 4, 9-di one o
Me VNNM O M O A mxtureNgf-fopmic acid (10 nl) and acetic
anhydride (10 m) was heated at .80C for % h. Mentermediate 39 (1.50 g,
5.95 nunol) was added, and the sol ugion vas hegt&d at 90C for 4 h.
After cooling, the reaction mxturf diyutéd™i'th ethyl ether (100
m ) and stored at -10C 15 fgﬂmZﬁjﬁ” wetipitate was filtered of f,
washed with ethyl ether (ZOWWﬂL ndedried in a vacuum desi ccator. A
m xture of the diformarnide (1.%0 g, 4.5 mol), (R -2-am nopropanol
(1.55 M miRfreodhixternddiad 69 (49 gg,1220mmub), YReddmbigbuiapolnf2)d Wis-”(ﬁéﬁftcéh

at 130C.in_.a stream of on for 1 . ~The i S
it ey U et PR et i S SRR R ik e 8ehealfi
grol)T angi 8sGnyhar N?l%?{ﬁk.oﬁﬁérlraﬂm%ggﬂma @i&til{g?@fﬁh):ath{g vgaiS\ﬁlanqixu}Eé a1 Q°C
0O a suspension o e 1 O 10, 1 nmmo]. I,n .GNl OLO0 r
m) Stifer e@g@#iﬁ@ral argshofsmit de fwgglam%m@l"?ﬁ “,tedl“_é‘.%émr’?#ﬁi‘@ (g%“]ﬁ)
met ha”fﬁ%@cf 2 &e%@ééd(gb@g) Qf&&mged%ﬁicmk&m Ehe 100 ¥I)Toe kG aTBYas
 and ntirré& so I

war m ( the e I'd dissolved. Stirring at room .
t enper adrisdervensodimntsifatedtht solvent diasiremayedqunder Eeced PressHS: Hiskthp aepdg

o0, S Ryl Lol o) BLIAS9Y 1 e, T

second fraction gave the desired amide. A solution of the amide (1.00 g, 2.87 mmol) in DMF

10 (40 ml) was treated with isobutyl nitrite (5 mi, 42 mmol), and acetic acid (0.5 ml). The

mixture was stired at room temperature for 3 days. The volatiles were removed under

reduced pressure. A solution of the residue in THF (20 ml) was treated with tetrazole (560

mg, 8.0 mmol), triphenylphosphine (2.10 g, 8.0 mmol) and di-tert-butylazodicarboxylate

(2.30 g, 10 mmol). The reaction mixture was stirred at room temperature for 10 days. The

15 solvent was removed under reduced pressure, and the residue was chromatographed using

" chloroform/ethy]l acetate/ethanol/triethylamiine (50:47:2:1) as an eluent. The fractions

containing the less polar isomer were identified as being 3,8-bis[(2R)-1-(2H-tetrazol-2-

yl)butan-2-yl]-3,8-dihydro[ 1,2,3]triazino[4,5-g]quinazoline-4,9-dione and the product was re-

crystallized from ethanol; mp = 80-81°C; 'H NMR (300 MHz, CDCls) 8 9.09 (1H, s), 8.54

20 (1H, s), 8.47 (1H, s), 8.40 (1H, s), 7.74 (1H, s), 5.61 (1H, m), 5.48 (1H, dd, ] = 8.4 and 13.9

Hz), 5.16 (1H, dd, J = 9.0 and 13.9 Hz), 5.16 (1H, dd, J = 4.2 and 13.9 Hz), 5.08 (1H, dd, =

4.4 and 14.2 Hz), 4.85 (1H, m), 2.32 (2H, m), 2.15 (2H, m), 1.08 (3H, t, J = 7.5 Hz), and 1.03
(3H,t,J=7.2 Hz).

The fractions containing the more polar product were combined, the solvent was removed

95  under reduced pressure, and the residue was re-crystallized from ethanol to give 3,8-bis[(2R)-

1-(1H-tetrazol-1-yl)butan-2-y1]-3,8 dihydro[1,2,3]triazino[4,5-g]quinazoline-4,9-dione; mp =

80-81°C; 'H NMR (300 MHz, CDCl;) 3 9.09 (1H, s), 8.54 (1H, s), 8.47 (11, s), 8.40 (1H, s),



WO 2009/ 038752PCUUS2008/ 010877 98 MgSM4, and the sol vent was renoved
under reduced pressure to give the bis-sulfonate. A solution of the
bi s- sul f oN(® 2000/08®2y, 1.75 mol ) and pyrazol e (680 ngPCHOSHEEAUPYT7i n
DIVE (5 m) was stirred under argon a¥d treated with 60% sodi um
hydride (100 ng, 2.5 nmol). The obtai ned m xture was heated at 50C

for 4 h. Methanol (5. m) and tri yl am n ) lded,
stirri ng79ed.cont§ hieh m 5 A8 §H Ehper fﬁ?‘gl%%%pgﬁi&ﬁ'ﬁ%aﬂ_b?‘gtafl 22,9
vere 1 epyaquadctar PAUCLGPI LS 5Es 08U -8l dug 14R5Hz), 485 (1H, m)
chromat 0gt aphed (si11ca gel, chloroforntethyl

acet at e?.8? tihah), 2risé2Hympati0se(3H5t,3:=17.1 Hz), Bhé 108 §3H gol 5 -4¥8deri al was
identified as

3, 8-bi sR2R) - 1- (1H pyrazol - 1- 3/ 1) ProPan- 2-y1] - 3, 8- di hydr opyri m do[ 4, 5-
g] qugnazol i ne-4, 9-di one and wasXAMPIES2hhd Z8d from ethanol; nmp =

239-240C, 1H NIVIEt. 10 (300
s), 7.43 5] (2 R)-1-(2 FF-tatrszol423v]

3-[(2R) - ydr oxypropan-2-y1] -8-[ (2R)-1- (1H pytazol - 1-yppropan- 15
2-y11- 3, 8-di hydropyri m do[ 4, 5- g] qui nazol ¥e-@, Oehone and this was
reacted with chl oropyrazol e using et qé”'scri bed for exanple
76 . to give N N

3-[(2R) - 1- (4- chl or o- 1Hpyr "zd‘faﬁ/l pr paml)z-yll- 8-[(2R)-1- (1H Pyrazol
-1-y1) ProPan-2-yl1] -3, 8-di%’dmg ri i do[ 4, 5-, 9] genazol i ne- 4, 9- di one;
np = 231-232C, 111 NWR (300 MHz, CDC13) 8 8 57@&% s), 8.55 (1H, s),
7.70 (1H, s), 7.61 (1H, s), 7.49 (1 . ), 7.40 (1H, s),
7.26 (1H, s), 7.21 20 (1H, dN~J= N 210 (1H, t, J = 2.0 Hz),
4.96 (211, m), 4.79 (2H, r’r)f“\,g,wl (1 = 4.8 and 13.9 Hz), 4.43
(1H, dd, J = 5.1 and 13.9 Hz), Me72 (3H, d, J = 6.6 Hz), and 1.69

(311, d, J.= 6. ) LE,7 . . o
$o50m, Spompud Db RPN 704 sEtc, sbyiide (10 m) was heated at S0°C for 1 b
-4, 9- di apemefidE X9 .50 ofs.9Dmeal) wed sidedQandithe suhtionoedsi teatad laty 80°Cdfer 4 ho

m heated at 80C f 1 h. Inte i 3 1. 5.9 | ) o
T O o i LR S8l e R horc

cool i ngg t AN ' i6h a1 Behet YImIgbiedriddifQ vatyum
and cooF%;}gttﬁ%a%%bﬁ%w%gg%%%\g%%%%e?b@gloégl/13108472?%g for 2 hour.
The r esdbdi¢oatprph ke af thiswasdef fofmamidd, MG (24d s § mmeh, @&)3yamigesihgnol

(20 M) and drjed i u desi ¢cat.of. m Xt ur f i 20-
o 1 oot et 3 gmel, VE GRS EREESRD i Kttty Rk S geapt 12
10 mmol ) 3pveswits Alseflatidh 6F wliREToRN 1T Readtion Hiufcoras3uradrintoT2086 NaCl
crude product. was purified b¥ col um_ chr omat ogr ap;g}/ £SI lica gsel .
hexanes (E0m), extracted with chloroform/ethanol (4:1, 5 x 100 ml), anid the extract wis dried over
sodium sulfate. The solvent was removed under reduced pressure to give crude diol. A
mixtare of the crude diol, tetrazole (560 mg, 8.0 mmol), friphenylphosphine (1.57 g, 6.0
20 mmol), DIAD (1.97 ml, 10 mmol), and THF (50 ml) was stirred at 20°C for 18 h. The solvent
was removed under reduced pressure, and the residue was chromatographed using
chloroform/ethyl acetate/ethanol (50:30:20)-as an eluent. The first fraction eluted was
identified  as 3,8-bis[(2R)-1-(2H-tetrazol-2-yl)butan-2-yl]-3,8-dihydropyrimido[4,5-
glquinazoline-4,9-dione; mp = 177-178°C; 'H NMR (300 MHz, CDCls) § 8.58 (2H, s), 8.44
25 (2, s), 7.64 (2H, s), 5.44 (2H, dd, T = 8.1 and 13.6 Hz), 5.06 (2H, dd, J = 4.0 and 13.9 Hz),

4.64 (2H, m), 2.29 (2H, m), 2.08 (2H, m), and 1.05 (6H, t, J = 7.5 Hz).



5 acetate/triethylamne, 50:45:5) and recrystallization from ethanol
to give the title conpound; np = 250-251C; 111 NWR (300 WMHz, CDC13) &
8. 65 (2H, v 2009/036%2(2H, s), 7.25 (211 m, 6.93 (6H, @GTrlﬁqsz&)%mﬁdé% t,
J =7.0 H), and 3.13 (4H, t, J = 7. JHz). EXAWPLE 79
34(2R) 1- El vdr oxypr opan- 2-y11- 8- 1(2R) 142Htetrazol - 2- yepropan 2-y11-
3,8- di ff 8 2687t adNL-D-
|ve 0 Toﬂ%éé%é(?%?r e 1‘581%%391%%&%%@&:5% ézr}%r}e%#%{rgﬁégﬂﬁ%ﬂ% Q(ﬁgﬁ (8 nmol ) in
| NF/ chl )d]b@fanrihylﬂ-z@dehydrwm)io[wa‘ieghdme@blmwécﬂ @mnez;nH aQQJMHﬂ trite

(2.50 t ture
s co0FRHD! B OE T A r S AR Btk T AR dar et B S hE by

(5.0 ms oPQHR] )=added 14 £.20- 4/9f2t(2H B, lsrgzmgs@tae@ 200 (IH'I,m),190-
additional period of 15 mn, gﬁ) ropanol (5. Igqgmml)

f ol | DweH L bFH mel A9 (Hhibse 106 W 71@)Hzﬁﬁ%ff9 s ta{fagé opwi se.
The stirred m xture was allowed to warmup within 1 h to 10C, and was
poured onto crashed ice (200 g). The m xture was extracted with

chl or of or nf et hanol 20 (9:1, 3 X ZOOE&M_PEEéctextract was dried over
sodi um z J [

The restH&&w L ' :

cryst al iy Lagasane mﬁgm‘gg@mn@ m xture of the triazi none

(1. 90 gt—%r)ﬂ&mﬂﬁ-m 20 mmol ) and met hanol (50 ni)
was heated at reflux for 15 m n. The m xour Ncool ed, acidified by
addition of conc. HCL (2.0 m, 24_K t ke Nol at i les were

renoved under 25 reduced phes ur & re)l due was diluted with DWVF
(50 mM), and the volatllers’vvére
\=N

10 Me
A solution of 3-[(2R)-1-hydroxybutan-2-yi]-8-[(2R)-1-(2H-tetrazol-2-yl)butan-2-y1]-3,8-
dihydropyrimido[4,5-glquinazoline-4,9-dione (400 mg, 1.01 mmol), methyl 1,2,4-triazole-3-
-carboxylate (1.016 g, 8.0 mmol), triphenylphosphine (1.57 g, 6.0 mmol) and DIAD (1.97 mi,
10.0 mmol) in THF (20 ml) was stirred under argon and heated at 40°C for 18 h. The solvent
15 was removed under reduced pressure, and the residue was chromatographed. Fractions
containing the triazole ester were combined, and the solvent was removed under reduced
pressure. A solution of the triazole ester in methanol (30 ml) was treated with 1 N NaOH (2
ml) and stirred at rt. for 30 min. The reaction mixture was acidified to pH 3 with 6 N HC],
and the solvent was evaporated under reduced pressure. The crude product was purified by
20  column chromatography (silica gel, chloroform/ethyl acetate/ethanol/triethylamine, 50:37:8:5)
and recrystallization from ethyl ether (5 ml) to give the title product; mp = 130-132°C; 'H
NMR (300 MHz, CDCl) 8 8.55 (2H, s), 8.44 (1H, s), 7.93 (1H, s), 7.89 (1H, s), 7.68 (1H, s),
7.65 (1H, s), 5.42 (1H, dd, J = 8.1 and 13.9 Hz), 5.07 (1H, dd, ] = 4.4 and 14.3 Hz), 5.06 (11,
m), 4.85 (1H, m), 4.66 (1H, m), 4.55 (1H, dd, J = 4.8 and 13.9 Hz), 2.30 (2H, m), 2.06 (2H,
25 m), 1.05 3H,t,J=7.5Hz), and 1.01 (3H, t, T =7.5 Hz).

"EXAMPLE 75
' 3.8-Bis[{2R)-1-(2 H-tetrazol-2-yl)propan-2-ylI]-3,8-dihydropyrimido|4.5-g]guinazoline-

4.9-dione



t horoughly renoved under reduced pressure to give crude am noacid.
The product was directly used in the next step. A solution of crude
am noaci d Wo2epmssi80 ) was stirred under argon and tPERUSIIOFNINETT
DVAP (1.20 g, 10 mmol ), BtOH H20 (0.8 g, 5.0 nmol), triethylam ne
(1.4 M, 10 mmol), internmediate 1 (1.14 g, 9.0 mmol ), and DIC (4.7
m, 30 30 mml ). The m xture was stirred_and hegfed at 40C for 16 h.
The vol atiles were renoved WO 2009/0387 2 FT 2008/ 010877 100
under reduced pressure, and the rEsi rd)'mat ographed usi ng

et hyl acetate /ethanol /aceixl,\,e\? .1) as eluent. A solution of
this material (2.20 g, 4.34_ fnol (30 M) was treated with

I sobutyl nitrite (10 mM, 84 mmol) and acetic acid (1.0 mM) and kept
atdlfﬁ: for 28 h. The volhati | es were renoved under reduced pressure,
an e _residue was chr omat,0 sill r

acet at eFle Hignesmpoypd #igs Bﬁep?rﬁb (3%‘7% %nﬁj a{n e%%%&eo% ﬁ%ﬁogé&é&ldgﬁibm for

él é4N ' B %4% COGE Is6C; 9H114Mm1€ﬂnos\m 9cm613&1TFA)s§ 9. 2 (28, 1387 O,

1H dd, J =8
(1115 ds), 8.65 amsASadfms i@r%hx&)ﬂé 5% @éﬁqm)nsnd 1236g<§ﬁ?%41 483*’@) 5 0
?(r)]dEZ(Aﬁ/PEZE) 801 82 (3H, d, J 6.9 Hz), and 1.61 (3H, d, J = 6.9 Hz)

EXAMPLES 76 and 77
3.8-Bis[(2R)-1-(1H-pyrazol-1-yl)pro an-z-vll—3,8-diMronvrimido[4,5-g{guinazoiine-
4,9-dione and 3-[(2R)-1-( 4-Chloro-1H-pyrazol-1-y)propan-2-y1]-8-[(2R)-1-(1 H-pyrazol-

10 1-yDpropan-2-ylj-3,8-dihydropyrimidof4,5-glquinazoline-4.9-dione

: N
O
= Me O

A mixture of formic acid (10 ml) and acetic anhydride (10 ml) was heated at 80°C for 1 h.

Intermediate 39 (1.50 g, 5.95 mmol) was added, and the solution was heated at 90°C for 4 h.
After cooling, the reaction mixture was diluted with ethyl ether (100 ml) and stored at -10°C
15  for 2 h. the precipitate was filtered off, washed with ethyl ether (20 ml) and dried in a vacuum
desiccator. A mixture of the diformamide (1.60 g, 4.5 mmol), (R)-Z-aminopropmol (1.55 ml,
20 mmol), NaCN (0.49 g, 10 mmol) and DMF (2 ml) was heated at 130°C in a stream of
argon for 18 h. The obtained crude product was purified by column chromatography (silica
gel, ethyl acetate/ethanol, 9:1) and re-crystallization from methanol (50 ml) to give pure diol.
20 To a suspension of the diol (650 mg, 1.96 mmol) in chloroform (10 m]) stirred under argon
was added pyridine (1.0 ml, 12.3 mmol) and methane sulfonic anhydride (796 mg, 4.57
mmol). The mixture became warm (40°C), and the entire solid dissolved. Stirring at room
terperature was continued for additional 4 h. The mixture was poured onto crushed ice (50

g), stirred for 1 h, and extracted with chloroform (2 x 50 ml). The extract was dried over



3,8-Bisl112. 10- 142H-tetrazol -2-yli prop an-2-y11-3, 8-di hydrob enzo f 1
,2-d:4,5- d'I bis [L2,31 triazine-4,9-dione 111)4Th."'"N Me 0 15 A
I Xt ure oo 2009/038752 PCT/US2008/010877
3-[(2R) - 1- hydr oxypr opan- 2- y1] - 84( 2R) -gk- (2H-t et r azol - 2- yDpr opan- 2-y1] -
3, 8- di hydrobenzo[ 1, 2-d: 4,5-d] bis[1,2,3]triazine-4,9-diOne (1.40 g,
2.73 n i ' sk giviahs drufofdle. 48
g 6. o%nggﬁbi’,a&gl@\%%?%’ggp %s@mé’pgd ﬁ%%e?? ?&gﬁc‘;pTHF (20°m) was stir S
at 18C dohtioR M fithe HibauNaiatt (OF@ :gné 1786 moabvad phmere (§30duscd BPeh<n IEY

and the resi due was chromat ogr aphed PN ] .
acet at ePePHaNS| ?tlér@at"i“gcraacﬂg%ﬂ gﬁggﬁ?dz&%.dgléf%%% rlllghlg%éngg%) n grigz'st fe )
desi r edryBsLihad mBLR WAMRLEREG: SOKTRIS @l i antthams (F miparddriethylemireeduobd
pressure, and the residue was recrystallized from et hgng} tolaqj ve the
title compadded, ang stimdm waTeonivRed BOWOMHEmPETsie Pemighp A heHglaiilss

(211, | dmo3e. G arops ey i A g Audiobipld Tich &8
oS hgntty et 1110, T o e o s
2-yl i prigpatifieg as 3,8-bis{(2R)-1-(1H-pyraz l-ln-ylgpropan— -y{]%@-dﬂiygropyr%fdgftl%-
%|4'( -2§ Ziéﬂ[;%ﬁﬁ%%ﬂ{o}m 2 v Ye SrysRiliSed - 2ors Litiah@Z ke =2 D-2H000e MR
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= 4.8 and 13.9 Hz), and 1.71 (6H, d, = 6.9 Hz).

The second fraction gave 3-[(2R)—1—hydroxypropan—Z-yl]—8~[(2R)-1—(1H-pyrazol-1-yl)propan—

15 2-y1]-3,8-dihydropyrimido[4,5-g]quinazoline-4,9-dione and this was reacted with
chloropyrazole using the procedure described for example 76 to give 3-[(2R)-1-(4-chloro-1H-
pyrazoli1—yl)propaﬁ-Z-yl}-&[(ZR)-1-(1H—pyrazol—1-yl)propan-Z-yl]-S,8—dihydropyrimido[4,5-
g]quinazoline-4,9-dione; mp = 231-232°C; '"H NMR (300 MHz, CDCl5) & 8.57 (1H, s), 8.55
(1H, s), 7.70 (1H, s), 7.61 (1H, s), 7.49 (1H, d, ] = 1.5 Hz), 7.40 (1H, s), 7.26 (1H, s), 7.21

20 (1H,d, 7=1.8 Hz), 6.10 (1H, t, J = 2.0 Hz), 4.96 (2H, m), 4.79 (2H, m), 4.51 (1H, dd, I =4.8
and 13.9 Hz), 4.43 (14, dd, ¥ = 5.1 and 13.9 Hz), 1.72 (3H, d, J = 6.6 Hz), and 1.69 (3H,d,J
= 6.6 Hz).

EXAMPLE 78
75  3.8-Bis[2-(3-fluorophenyDethvli-3.8-dihydropyrimido[4,5-glquinazoline-4,9-dione

@/\/@\F

A mixture of formic acid (10 ml) and acetic anhydride (10 ml) was heated at 80°C for 1 h.

Intermediate 39 (1.50 g, 5.95 mmol) was added, and the solution was heated at 90°C for 4 h.
30  After cooling, the reaction mixture was diluted with ethyl ether (100 ml) and cooled at -10°C



N*N.-sr...v.-NIl I NIl M NN Me O Prepared from 5-nethyltetrazol e using
the procedures described for exanple 80. The isoners obtained were
separ at ed W 29803 chr omat ogr aphy (silica gel, chl or oPEFRFW0HIA0877
acet ate/ ethanol, 50:45:5). The less pg ar isoner identified as
3-[(2R) - 1-(5- rrethyl 2Htetrazol- 5

2-yl)propan-2-yl1]-8-[(2R) -1-(2Htetrazol - 2-34) ProPan-2-5/ 11- I hyd
r obenzofot 22hadwATHe resilfini girdcipitabd wes Sipied-off, quaghednwith £y stber Qq B’ﬁ)

propert = 66- 1

o 06 (1Y 0¥ v fefjead. ' MEie? 3T MR (rPnff Sytned) e s
13d9152%u0|f|z %g@%%ﬁuﬁdi? 303:(1;# ® ﬁnﬁﬂl)dwﬂs?:h@tddizi)z a $ed qfatdon dd 80YC for3
an d .9 Hz 2. 4 '
1.81 (3w The gude Bméuﬂz‘)’as bifiod %C?lgﬁ?ﬂ“ onﬁat‘lgf%jhg (i’gﬁﬁ%%l hixeyemy
pol aé RI) éc%fﬁ?%tdeﬂﬁ?rﬁlﬁé . 4%5%) and recrystalhzatlon from ethanol to give the title compound;

3-[( 1H-tetrazo- ropan- 2-
[ (2R) - 1-o{R =256t 25a %3 ‘&mm%hﬂmq&(ﬁ ) 868 d$)oBé’ﬂiaFaS)27&542§~ g

his[1,2 di |l t

81- 82C: 5%@% iaq%nﬂlz(“ﬁdaérég)&g‘g B'l%qh? P\A’quiazgﬂersl)ess 20 ( (111,
s), 5.82 (2H, m, 5.35 (111, dd, J 88and 13.9 Hz), 5.16 (111, dd,
J 15 = 4.8 and 13.9 Ha), 502 (1H, dd, 1.=9.2 and 14.3 ), 4.68

(1H, dd, J = 5.3 and 143Hz) 2EXA_&HBE£) 1.81 (311, d, J = 6.9

Hz), .an .
. P DA . [ 3 -3.8-
3-[ (9R) 24l S ope : x He%or onet hyl
)-1H pyg i 3]triazine-4,9-dione
yli prom&m-11 % N C J ydrobenzo[ L2-d: 4, 5 cnhjsf1, 2, 31tri azi ne-4, 9-di
one o I AN" Nc- A0
,?r/N rlé“"j\/OH
,‘N\. '.-\N N

N\sr'q Me O

To a stirred solution of intermediate 39 (6.10 g, 21.8 mmol) in THF/chloroform (200 + 100

ml) was added a solution of sodium nitrite (2.50 g, 36 mmol) in water (60 ml). The

15  vigorously stirred mixture was cooled to 0°C in an ice/methanol bath and treated with cone.
HCI (5.0 ml, 60 mmol) added .dropwise. After stirring at 0°C for an additional period of 15

min, (R)-2-aminopropanol (5.0 g, 66 mmol) followed by triethylamine (13.9 ml, 100 mmol)
were added dropwise. The stirred mixture was allowed to warm up within 1 h to 10°C, and

was poured onto crushed ice (200 g). The mixiure was extracted with chloroform/ethanol

120 (9:1, 3 x 200 ml), the extract was dried over sodium sulfate, and the solvent was removed
under reduced pressure. The residue was triturated with ethanol (75 ml) to give the crystalline
triazinone intermediate. A mixture of the triazinone (1.90 g, 6.2 mmol}), 10 N NaOH (2.0 nﬂ,

20 mmol) and methanol (50 ml) was heated at reflux for 15 min. The mixture was cooled,
acidified by addition of conc. HC1 (2.0 ml, 24 mmol), and the volatiles were removed under

25 reduced pressure. The residue was diluted with DMF (50 ml), and the volatiles were
thoroughly removed under reduced pressure to give crude aminoacid. The product was
directly used in the next step. A solution of crude aminoacid in DMF (50 mi) was stirred
under argon and treated with DMAP (1.20 g, 10 mmol), BtOH-H,0 (0.66 g, 5.0 mmol),
triethylamine (1.4 ml, 10 mmol), intermediate 1 (1.14 g, 9.0 mmol), and DIC (4.7 ml, 30

30 mmol). The mixture was stirred and heated at 40°C for 16 h. The volatiles were removed



Prepared using 3-(trifluoronethyl)pyrazole and follow ng the
procedures in exanple 80; nmp = 95-97C, 111 NMR (300 MHz, CDC13) 5

9. 05 (1H we)r00603932(111, s), 8.40 (111, s), 7.38 (111,pagnusz6osdiostilH,
d J=2.2H), 5.79 (2H, m, 5.35 (111, dd, J = 9.2 and 14.3 Hz),
5.16 (111, dd, J WD 2009/ 038752PCT/ 1982008/ 010877 102 = 4.4 and 13.9

Hz), 4.84 (1H, dd, J = 9.2 and 14.3 Hz), 4,65 (1H . 8
13. 9 Hznder reduced Fppssere, and-thg Tesifipa was,f OTEW*‘Pé?—‘?"Sd‘,qg 3@% ?%éaﬁé)” ’7‘“&"“’1
EXAMPLES 84 X i i jal (2.20 g, 4.54 mmol) in DMF (30
34(2R) -afﬁtg a‘?@????'&? -gi-e%}ﬂe?tbt}}t Saorlllftlzo-n olflthlésln(]azt%a 1( ( ZIEI- t e%rf;\ ol - 2-%)%0 an-
2- y11- FiBwasl itfeyie cbtnizobulylsittitel (B oI 3 mmpl)zang POFHCAT é--ﬁ,‘@) bkt
34(2R) - 1- (1H Tetrazol - 1-. d th id
yCbut aﬁ-g‘?( f‘ir1-2§§‘( %ﬁ?f"?}a(ﬁéﬁ YVErr5g8re ?Ld/ﬁi)rfc)?ugg%r?-reff’u;%l? 3, §-_r§?1h;1/% F%Ee
I’I\IIZO[Sl ivéhgmfao' g 6 apﬁéﬂi @g@% 1ge?, agblrog@ﬂi/qﬁﬁyMa(i&taﬂ;ﬁ/@hmm_l, 5@4?@Nﬁ0 reiv@dgNERe

, e~ repare rom -Z-amn u | f uine
escr | Isepbd:exumpBes 5785 uHaMER CTRHbr ok SatLteg, DS e prs.co

col um chr i did g hidl 7 a®es aldev4ct Hay 6l16dtHs dd; Jacd d,
5 o) TH SRS RLRMY, S8 (IHE Bateas (B B L O e o

, 2R).-1-(2H

t et r azaind 23yl Py uda-(2Hy ), B07 (12R)}d1T 48 m@t?-&%@,-l(za%/é%%rdé%n@%-}%]apé,
8- di hydrobenzo[il,_%—sﬁ: 4,5-0is[1,2, 3]triazine-4,9-dione had the

fol | owi g} BHbfef T5H2hp: 58-60C, NMR 15 (300 MHz, CDCL3) 6 9.06 (111,
s),1® 05 (111, s), .8.42 (1H, s), 8.40 (1H s), 5.83 (1H m, 5.61
(lH} M, 5.36 (2H dd, J = 9.0 and 14 2 Hg), 5.17 (2H m, 2.32 (1H
m, 2.18 (1H, n), 1.81 (3H, d, JERAMPLBE0 5,4 1. 05 (3H, t, J = 7.5

Hz) . 3.8-Bis[(2R)-1-(2H-tetrazol-2-yDpropan-2-yll-3,8-dihvdrobenzo[1.2-d:4.>-

d'lbis[1.2,3)triazine-4,9-dione

N,'N-.?l ‘.1‘N -
=N Me O

15 A mixture of 3—[(ZR)-1-hydroxypropan—2~y1]-8-[(2R)—1-(?.H—tetrazoI-Z-yl)propan-z—yl]-3,8-
dihydrobenzo[l,2-d:4,5—d‘]bis[1,2,3]triazine—4,9-dione (140 g 2.73 mmol), triphenyl
phosphine (1.05 g, 4.0 mmol), tetrazolé (0.42 g, 6.0 mmeol), DIAD (1.58 ml, 8.0 mmot}), and
THF (20 ml) was stirred at 18°C for 20 h. The volatiles were removed under reduced
pressure, and the residue was chromatographed (silica gel, ethyl acetate/ethanol/acetic acid,

20 - 97:2:1). Fractions containing the desired material were combined, the solvent was removed
under reduced pressure, and the residue was recrystallized from ethanol to give the title
compound; mp = 64-66°C; 'H NMR (300 MHz, CDCl3) & 5.04 (2H, s), 8.41 (2H, s), 5.83
(2H, m), 5.36 (2H, dd, J = 9.2 and 13.9 Hz), 5.16 (2H, dd, J = 4.4 and 13.9 Hz), and 1.81 (6H,
d,J=7.2 Hz).

25

EXAMPLES 81 and 82

3-[(2R)-1-(5-Methyl-2H-

yl]-3.8-dihvdrebenzof1,2-d:4,5-d'

1H—teg'_z_1_§01—1-ynpropan-Z»vH-S-[(ZR)-I-(ZH—tetrj_l_._z_gl-_Z-vl)propan-Z-gl|-3,8—
30 dihxdrobenzo[1,Z-d:4,5-d'lbis[1,2,3}triazine-4..9-dione |




The nore polar isomer was purified by recrystallization from ethanol
and had the followi ng properties: np: 146-147C, 1li NWR (300 MHz,
CDCl13) 8 WOmof/ei7szs), 9.05 (1H, s), 8.59 20 (1H, s), BCHUSMH4108TY,
5.82 (1H, m, 5.64 (1H, m, 5.36 (1lHjp1dd, J = 8.8 and 13.9 Hz), 5.22
(1H, dd, S = 10.0 and 14.4 Hz), 5.17 (1H, dd, J = 4.4 and 13.9 Hz),
4.94 (1H, dd, J = 4.4 and 14.4 Hz), 2.28 (1H, m, 2.12 (1H m, 1.81
(3H, d, J = 6.9 Hz), and 1.04 (3H, t, = ¥, of
2009/ 038752PCT/ US2008/ 010877 10 N«B’&x“
3-112R) - 1- (2H Tet r azol - 2- thp,t\/an- S faRl- 142H L2, 3-tri azol -2-y1
) but an-2-y11- §¢ N

3, 8- di hvdr obenzo[ L2- d: 4, Svdr | tesfd.2, 31t pi agj nged, 9-dione oM N, NN
Me O 5 The title conmpound was pregared si hg fhgnprocedures used to
prepare exanples 84 and 85 and u§| 2,B-1f1agole in the | ast step;
np = 162-163C, NWR (300 @5 (1H ¥s), 9.04 (111, s),
8.42 (1H, s), 7.47 (2H, 5. 83 f41H, n) 5.58 (1H, m, 5.3 (1H, dd,
J =8.8 and 13.9 Hz), 5.1 ?1H dd, J = 4.4 and 13.9 Hz), 5.11 (1H,
dd, J -Pera?eecﬁﬂal;n%Smgﬂﬁﬁétrazéle%mglmt dkdudbstlederBedifinl ctnglcia) Thedisders

1H, 2.15 (1H, 1.81 HdJ—72Hz nd 1.04
S = 7n)z)b|t@)ed v(vere sggarated by( column’ chrqmyatggspphy 4?1%8?1 d24dg c}glorog‘onnfetflyl

34 2R) - LB 369s:s). 1 BLGRAR 50l At PRI oA PH(S- Bl ol rado) 1

opan- 2-
di hysir Cﬂ)gli)ﬁiﬁbén-ﬂﬁﬂ 84[(5R)sit-l(bflf$¢tfaml -ByHpiopai-AallP, Srdiydnebengatl . 2-d:4,5-

ynpr opdhb LY A E ISR RS G i BT Vipsraperiss mpy = 6 S} [H NMR (00
azi ne- %A?rzgt:@mﬁ;)% s NEEs), 9.05 (1H, s), 8.41 (1H, s), 5.82 (2H m), 5.36 (1H, dd, J = 9.2
and 13.9 Hz), 5.26 (1H, dd, J = 8.8 and 13.9 Hz), 5.16 (1H, dd, J = 4.4 and 13.9 Hz), 5.04
(1H, dd, J = 5.7 and 13.9 Hz), 2.44 (3H, 5), 1.81 (3H, d, J = 6.9 Hz), and 1.78 (3H,d,J=6.9

10 Hz). . ‘

The more polar isomer identified as 3-[(2R)-1-(5-methyl-1H-tetrazol- 1-yl)propan-2-yl]-8-
[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl]-3,8-dihydrobenze[ 1,2-d:4,5-d'bis 1,2,3]triazine-4,9-
dione had the following properties: mp = 81-82°C; '"H NMR (300 MHz, CDCl;) 6 9.05 (1H,
s), 9.04 (1H, s), 8.40 (1H, 5), 5.82 (2H, m), 5.35 (1H, dd, T = 8.8 and 13.9 Hz), 5.16 (1H, dd,J

15 =4.8 and 13.9 Hz), 5.02 (1H, dd, ¥ = 9.2 and 14.3 Hz), 4.68 (1H, dd, J = 5.3 and 14.3 Hz),
2.44 (3H, s), 1.81 3H, d,J = 6.9 Hz), and 1.78 (3H, d, J = 6.9 Hz).

Me

N

EXAMPLE 83
3-I(2R}-1-{ 2H-Tetrazol-2-yl)propan-2-y11-8-{(2R)-1-[3-(trifluoromethyl)-1H-pyrazot-1-
20  yllpropan-2-y1}-3,8-dihvdrobenzo[1.2-d:4,5-d"bis[1,2,3]triazine-4,9-dione

(0] Me ==

CF,
Nw
ri‘lf’N N/\/
N N
=N Y

Prcpéred using 3-(trifluoromethyl)pyrazole and following the procedures in example 80; mp
= 95-.97°C; '"H NMR (300 MHz, CDCl3) 5 9.05 (1H, s), 9.03 (1H, s), 8.40 (1H, s), 7.38 (1H,
m), 6.41 (1H, d, J = 2.2 Hz), 5.79 (2H, m), 5.35 (1H, dd, J = 9.2 and 14.3 Hz), 5.16 (1H, dd, J




W 1'1'a 14r.--NFle OOMe tt-AN N--)4 it N'1 N'.N NtE NraNMe o
Internediate 39 (5.00 g, 19.8 mml) was added to a concentrated

nmet hanol | eyebséssera of HCL (200 m ), and the obtai ned sUSGRSI@IRTNAS
stirred at rt. for 4 days. The react i1&p m xture was poured onto
crushed ice (400 g), treated with sol1'd sodi um bi carbonate (3 pH 8)
and 20 extract ] h mg( )a: 5Ty tyacGt '
over soﬂ?ﬂn%n ?ull%:‘:b a 5},’ Qas‘%n;dh%gﬁgj;l \/gezznf'&avxggp ?%%évﬁgdaglﬁgg’rfrg' u%@zlﬁ k)
pr essurest GH)idyp=totteHde and 202 M, fie.6.68Hm). xt ure of the di am ne (4. 26
g, 19 mmol), (R)-2-am nopropanol (5.00 g, 66 nmol), NaCN (0.49 g, 10
mmol ) and nmethanol (5 m) was stirred and heated in a stream of argon
with distillation of the vol atgxt£8ipIAY §&f addgs di still ation ceased,
the m xture was heated at 140- or an additional WO
2009 03BIEZRPCHLHSP&8:870D- 208 bNit4 : A2 Heie | '

enzqlhe-did.Sed i bas( 1 ZaNnazine 4.0 diolie ARg Sa o e
preci pi ilﬂglﬁaﬂ\@iﬂ-ﬂ[fqu(ﬂi-fetrdé@ﬁil?ﬂpwxiah-zﬂﬂléﬁ-&iﬂ@dfﬂbhniﬂl,gidlﬁs-
sol utl

di am de. “on of the precedrng diamde (5.00 g, 14.5 rnmol) in

DVF (70dibiy(1vdg ang-8-dipedy | sopentyl nitrite (8.0 m, 60 mmol) and
acetic o M ,;,—_-:N>
- T
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10 Prepared from (R)-2-aminobutanol using the procedures described for examples 79 and 80.
The compounds were separated by column chromatography (silica gel, ethyl
acetate/ethanol/acetic acid, 97:2:1). The less polar isomer, identified as 3-[(2R)-1-(2H-
tetrazol-2-yl)butan-2-y11-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yl}-3,8-dihydrobenzof1,2-
d:4,5-d"]bis[1,2,3]triazine-4,9-dione had the following properties: mp: 58-60°C; 'H NMR

15 (300 MHz, CDCl3) 8 9.06 (1H, s), 9.05 (1H, s), 8.42 (1H, s), 8.40 (1H, s), 5.83 (1H, m), 5.61
(14, m), 5.36 (2H, dd, ¥ = 9.0 and 14.2 Hz), 5.17 (2H, m), 2.32 (1H, m), 2.18 (1H, m), 1.81
(3H, d, ] =6.9 Hz), and 1.05 (3H, t, J = 7.5 Hz).

The more polar isomer was purified by recrystallization from ethanol and had the following
properties: mp: 146-147°C; '"H NMR (300 MHz, CDCls) 8 9.07 (1H, s), 9.05 (1H, s), 8.59

20 (1H, s), 8.41 (1H, s), 5.82 (1H, m), 5.64 (1H, m), 5.36 (1H, dd, J = 8.8 and 13.9 Hz), 5.22
(14, dd, J = 10.0 and 14.4 Hz), 5.17 (1H, dd, J = 4.4 and 13.9 Hz), 4.94 (1H, dd, J = 4.4 and
14.4 I-fz), 2.28 (1H, m), 2.12 (14, rﬁ), 1.81 (3H, d, ] = 6.9 Hz), and 1.04 (3H, t, ] = 7.5 Hz).



5 acid (2 m). The reaction m xture was stirred at roomtenperature
for 16 h, and the volatiles were renoved under reduced pressure. The
product wWe® 390993878d by col unmm chromat ogr aphy (silica /GS2008/010877
chl orof ornf i sopropanol, 4:1) and a sglguti on of the product (1.20 g,
3.61 mmol ) and pyridine (4.0 m, 50 mmol) in dry chloroform (50 m)
was treated wi th nethanesul fonic anhydride (2.61 g, 15 mnol). The
m xture was stirred at rt. for AEXAMEBE 8vured onto crushed 10 |ce
aC|d|f|ed W|t : 4 gt orm
(3 x 1GelHEX1 A ' : e

sol vents g ?Wﬁ’%ﬁi Itﬁldelrsﬂ Hid igfifed®-diongi ve a di sul fonate A
sol uti rsultonate 6g 3.24 ml,) and tetrazole (1.50
g, 21.4 mmol) in DV (20 m) was stlrredound’er Nirgon and treated with
60% NaH (0.82 g, 20.5 mmol) The nix s 'Nﬁned and heated at 60C
for 16 h and then it was poured 15 i ice/water (100 m), acidified
to pH3 with IN HC1L and e ™ chforoform (3 x 100 m). The
extract was dried over mm |u@ne|sulfate concentrated and

chromat ographed (silica gel, ethyl acetate/ethanol/triethylam ne,
(95:3: 2pe Hﬂ@c&ﬁﬁlﬂﬂﬁtwa&q&e £eT ysigihk ipreddines nsedtth arare exagiples §fand 85

e B R R T e
(1H. S)(1‘11i88)43 1@\H %@4\’? @%BTWQH“@Z gg% RO ) hﬁgféid‘ 95

Hz), 5.28 a6dhi3. 9@@;) 315 (o Sidahe 44argl 1329 Hep 547 (PHyd, éd=9§and

13 9 Hz 92 (1H, 4 34+ d
art dpef i oo B Sl FaF Wiy frp o, Ao
|denb|f{)3§_ptqs_$,2§1§| s[(2R)-1-(1Htetrazol - 1-yppropan-2-yl1]-3,8- 25

di hydrobeizo[ 1,2-d "4, 5-dr]bis[1,2,3]triazi ne-4,9-di one and was
recrystallized from et hanol ; Ciriff= 220- 222C, 11-1 NWR (300 MHz,
CDC13) 8 9.05 (2H, s), 8.62 ( LES $9 ahdlds n) 5.21 (2H, dd, J =
9.2 and 14.3 Hz), 4.92 (2H, d 2 and 1.77 (6H

d, J Mﬂwopan-}vﬂ -8-[(2R)-1- (ZH-tetrazo 3-yDpropan-2-yl 5-3,8-
332-5&?%%2 et ) RLOPWARE R Rl G 8Mhib &L & %#5@ PRt Ybi13
, 8- di hiHvdsebenzoll: - G-

200950388 pedfahl ﬁﬁﬁ@&iknﬂg 2@H4Enr| HRSYIN 20 3] ke itle
conpound was pr epar e rom i nternmedi ate 40 and

1, 1-di met hyl ar ni nopr opanol using the prodged e or exanple 1; nmp =

128-130C;, 1H NWR (300 M—Iz CDCl 3)N’§ &M’f N'9.07 (1H, s), 8.40
(1H, s) 5.84 (1H, m, p\éfuiz/ d 8N8 and 13.9 Hz), 5.16 (1H,
dd, J 5 4.4 and 13.9 stu (3H, 7s), N2 s), 1.81 (3H, d,
JF 9 Hz), and 1.38 (6H,N&Y. PB?OPIQQI cal Pche(ﬁ%ﬁéxs

Intermediate 39 (5.00 g, 19.8 mmol) was added to a concentrated methanolic solution of HCI
(200 m1), and the obtained suspension was stirred at rt. for 4 days. The reaction mixture was
poured onto crushed ice (400 g), treated with solid sodium bicarbonate (= pH 8) and
20 extracted with chloroform (2 x 400 ml). The extract was dried over sodium sulfate, and the
solvent was removed under reduced pressure to give the desired diamine. A mixture of the
diamine (4.26 g, 19 mmol), (R)-2-aminopropanocl (5.00 g, 66 mmol), NaCN (0.49 g, 10-
mmol) and methanol {5 ml) was stirred and heated in a stream of argon with distillation of the.

volatiles. After the distillation ceased, the mixture was heated at 140-150°C for an additional



10 EXAMPLE 1 In Vitro Physiol ogical Testing 15 The physi ol ogi cal
effects of invention conpounds were tested in vitro on primary

cul tures womewoseweti cal or hippocanpal neurons or on ElTe&soiosrat
hi ppocanpus according to the foll ow procedures. Cortical cells
were prepared fromday 18-19 enbryoniCc Sprague-Dawl ey rats and

record 20 agfter 3. da LI, - I f

Cont ai ndath A poolicie aph i o whs s S 300 ol dikiBRed Wi
CaCl 2 (Na(8)and Gekte@ $6th(ADILC] $016HES & feBSirring for 30. win, the predpifate wapfitieied
t he vol t age-gated sodium currents, 40 nM TTX added,.t o,t he 00

r ecor diof weshadwign water 20 B e gee|dianaide.ob solpf: HOTBR P THGE fiepige )0 &

K- gl uc e (140 1 6 LAk Phnd &P
(35! A3 B Mpa7D 51 S refil i ischbney PRERPISG ALES Rndiphad oA
conpoungidadnl| Thiarattknsalxtié ors stiesdatracde-teppdraturetfor && by andethr yplgtiles
sol uti on. The whol e-cel | rrent S asur ed w -

Sl e foipsAvBteraoisss PToE G Lo Bbas eg putifd b @il Ehiopraphy
recor de%iif%gtg%l, RG10MhfonREhaRRnd; 4. ID8nd 8! dohutibardt toprodge(1.20ap&d ramol)

80 nV. S0 ions were applied by DAD 12 sg/stem A basel j he r.es o’}_ae.
for 30 amdiyridik|(4.fasl, 58 caneldin ¢ dilpraform 5§ msEassFeaigviih me{}}aag%e P
di ssol ved in Respon : jatell QfdrdnkdadsHa
appl i caf’f"g?ﬁ‘#{l%&%llgoqé "f: j‘?‘z@%?m%“g@% ngnpou%rt\!%q H BRA °
2008 0387 BRBG)/ ARAGOSHh GBVHCLAGHH 0| hralhwxtratigd with chlopfbrre (bk 10A&ly die
concentration of test conpound pl 500, Et M gl ut ammt :
of sal i FFEACtTHRS dpgH QYeE MAGRFEEN W&@%ﬁ%‘hf%“ﬁ%ﬁ e fg{@g?det“?g%d‘%g‘é&d
vas Obglfl‘liégﬁg’ to YivelD ik ki fonfel AGbRbn datR dIBhSe (IET6Ee, BeRismmel) dnd tettizoly
extrapol ation to a cal cul ated maxi num change. 5 The nean val alQIf

i ciop RiafY (0.82

pl at eau1c&rg, 8 thmplide PMIDE 01D ts smedwndsy argen HjTsated

gl utanat e or _test ~conpo a@@ I f S ednrsl
t he par%(ra?é)t%?m%@' r?giﬁ iFe %Wgé gt?rﬁegue{j aﬁeaéteg hecgﬁg?gga&r%glsl%gnsesq%n

t hep pr eseneevaier\(@0Y il acidifizard pal 3 ovith B HEsind catpaehdithehloreforn 2«

by the baseline response in order to calculate th rcentage. .10

i ncr eask0 WHnFbe FYEach s @gg%aerdggwgwuﬂﬁﬁescqnggqeﬁﬁ? , Cthé‘%[‘%tg%r aphed

90ncent%ﬁfch%[@h%{hﬁ { @R Seth} RGP (IBIDE The ProdnltarastBemstifiadh from

i ncrease I n & Value of the st eady-state current neasured

ethanol to give pure 3-[(2R)-1-(1 M tetrazol-1-yl)propan-2-y1]-8-[(2R)-1-(2H-tetrazol-2-

yl)propan-2-yl]-3,8-dihydrobenzo[1,2-d:4,5-d"Jbis[ 1 ,2,3triazine-4,9-dione;

20 mp=160-161°C; 'H NMR (300 MHz, CDCl;) 8 9.06 (2H, s), 8.61 (1H, s), 8.40 (1H, s), 5.82
(24, m), 5.35 (1H, dd, J = 8.8 and 13.9 Hz), 5.22 (1H, dd, J=9.5 and 14.3 Hz), 5.17 (14, dd,
T =4.4 and 13.9 Hz), 4.92 (1H, dd, J = 5.1 and 14.3 Hz); 1.81 (3H, d, ] = 6.9 Hz), and 1.77
(3H, d, T = 6.9 Hz).
The more polar product was identified as 3,8-bis{(2R)-1-(1H-tetrazol-1-yl)propan-2-yl]-3,8-

25  dihydrobenzo[1,2-d:4,5-d'Jbis[1,2,3]triazine-4,9-dione and was recrystallized from ethanol;
“Hp = 220-222°C; 'H NMR (300 MHz, CDCl3) 6 9.05 (2H, s), 8.62 (2H, s), 5.80 (2H, m),

5.21 (2H, dd, T = 9.2 and 14.3 Hz), 4.92 (2H, dd, J = 4.8 and 14.2 Hz), and 1.77 (6H, d, T =
6.6 Hz).

30 EXAMPLE 85
3-(2-Hydroxy-2-methylpropyD-8-[(2R)-1-(2H-tetrazol-2-yl)propan-2-yij-3,8-
dihydrobenzo[1,2-d:4,5-d'|bis[1,2.3]triazine-4.9-dione




due to application of glutanmate al one. The concentration at which the
gl utamat e i nduced current is increased by 100%is commonly referred
to as the VEEZ20090378%. Conpounds of the exanpl es di scl osedvamosei0s77

di spl ayed EC2x val ues in the range ofyf.05 to 10 piVI. 15 hi anot her
test, excitatory responses (field EPSPs) were neasured in hi ppocanpal
slices, which were nmaintained in a recording chanber continuously
perfused with artificial cerebrospinal flf F). During a 15 - 30
m nute interval, the perfusion negipes &d to one containing
various concentrations of the tesj c-EﬁEunQ&Me'asponses 20 coll ected
i mredi ately before and at “Q/Ehﬁ gf drugNper f usi on were superi nposed
in order to calculate the Rerceme idcrease in EPSP anplitude. To
conduct these tests, the hippocanpus was renoved from anesthetized, 2
mont h ofle tﬁhrmgmeummwepﬁtfgﬁ@ndnfﬁﬂmﬁﬁt? #0 and bbgimethyannoprpeig! Wege

prepared and iptained iin_an | DLer '

convent lﬁ)ﬁ’é)lce‘i{g% Fﬁﬂ@ge [sB8~ ?%F i@x‘?ﬁpﬁ%ﬁ% ’?%(ﬁlg) ygg E}g’\ls.)’
Physi ol g 0208 Sg%?aozgﬁ, §1988) 11, The s@eamiedd, V3. S et Hey, Spér(i Hséd) Jat
0.5 inLimn wth ACSF containi2£ﬁ££r1i nM: NaCl 124, §E1§ ngZgCﬂ
1.255 Mysadd 23.9 HzLACRA28, 1), 2188 )2b681 G dobE 60Hand L 38 @5kt e 2.
A bi polar nichrome stinmulating el ectrode was positioned in the
dendritic layer (stratumradi atun) of the hippocanpal subfield CAl 30
close to the border of subfield CA3. WD 20091038752PCT/ US2008/ 010877
107 Schaffer-conm ssural (SC) fibers, which arise fromneurons in the
subdi vi L LORBUYSSr mi nate i n synapses on the dendrites of CAl
neurons. Activation of these synapses causes themto rel ease the
trah@mitter glutamate. A utamate binds to the post-synaptic AVPA
receptors, which then transient!| yES8MPEE Iassoci ated i on channel and

permt a sodiumcurrent 5 to enter the postsynaptic cell. This
current .r HJ 2 &m)%:y Ltpge in the extracel lular space (the field
EPSP) hi gh i npedance recordi ng el ectrode

positioned in the mddle of the stratumradi atum of CAL The intensity
of the stinulation cyrrent. was adj usted to produce.hal f-naxi S
(tyiP calhg pBIREcE! eHick o RoBRRIds WL i QoL ap e Ees
every 40;:s Wik bEn S h & RonsHr 8 4Bbes OF rd Ahpbbspus 38rdifk @the The
field 1g!é%SPs ggﬂ?he second response were digitized and anal yzed to
det er m fodloainyg proeaderes] f t he responses were stable for 15-30 nmin
(baseline), test conmpounds were added to the perfusion lines for a
period of about 15 min. The perfusion was then changed back to

r ﬁgulsfér Fa%ﬁa ceRgiveRchrasr &P iday n&?g efmbryasiclSpeausiDuedeyatismntl atcooted of
t he Ipers, In art actl vat es Inte ur ons 1] C e

| 281 t ohy Fyoin SvAMBG T OHERE N SO ORBIEY b 2ok
CAL Thi ﬁs.é)eﬁégfggg}’@f tgg?@hégyéa@@(hx),mse 0REE@bscl(B6), FRSP4IBaghe %o

its peaK. ‘It ra repolarizati on and shortens the decay
phase obloththeEPRage-gatall sokiven coants, pANM BT X yvagaddedtio thegpqosdipg seiptiqhe

t est ds. . the.r. f SP
ot hat TR R R Sl dausii iRl R RSO DESRARL LS

f ol | owi PRbsphaPeating (9)] RigAQIP (BYIGER (0Th)] Melire@Ghrmd GaCi2a@. Depkerf2. dybst o
advantage to elimnate | PSP, by deIivgrin ai red ﬁﬁlsef.separatgd by
20025 &varedagd shvamate spiptiqns sreregds-up Bdpe FeEcelfiargaplon, o) ysi s.

Conmpounds are deened active in this test if, at a test concentration

of 10 “?‘L?ﬁhbﬁ%ﬂgﬁgé}f v&%%ﬂ&ﬁe@wﬂﬁ@%ﬁ-&l%ﬁﬁ%ﬁ%& m%@@ﬁ.@om( tihred

val ue o € evo current neasure or asel rne " period (herein
r ef er r edt I BHASIFHEALI) 5 KEznd mevdsdedfontalRE with ppllaey ¥ilde lccldsalere olidnsv e

) eor
ef: \s/gl gﬁ gg}rjé?% gtle%%({ r%%/e gau?}g/%s! \Qerte qulgead%%%gf)- 1%' s%'stten% K%aéjel}{lne IEe)éé(l)\{lFs)lé If:‘or2 In
30  each cell was recorded using a 1 s pulse of 500 uM glutamate dissolved in ECS. Responses

to test compound were then determined by application of a 10 s pulse of test compound



30 WO 2009/ 038752PCT/ US2008/ 010877 108 Ani mal s are mai ntai ned under
anest hesi a by phenobarbital adm nistered using a Hanmilton syringe
punp. Stiwel2a0903875and recordi ng el ectrodes are insert CTIGRWININETT
perforant path and dentate gyms of the hi ppocanpus, respectively.
Once el ectrodes are inplanted, a stab?e 5 basel i ne of evoked

eoPOnSes 208, S A5l LA ERNARARSh 1565 S08GM ghtenpint se

durati e stinulating electrode. Field
EPSPs  atheR 0 & of edinelriHis plﬂsESsteqiDéree baseipeatet wrgil a@WbWQ%ﬂlle%‘ﬂéiﬂbt%e‘bo

mn), after which a | ut f £&hm
i nt r aper MY seliciept %ﬁ%%g@gﬁiz’gf‘ge %e@%t“ggt 1%@?1 %gﬁ?h?ogﬂ‘F‘SHEg%)SAr@ﬂ?%%\%ked

potentlﬁin%t are recorded for approxi mately 2 h follow ng drug

admi ni s ion or until the 10 anplitude of the field EPSP returns to
bassline. In the latter instance, it is conmon that a

adni ni gieatdaNalus oﬁﬂ)lsmam: aurrdne bieteaen GA0ths torPOQ s afisk P%Rl@a‘{%réb%f ebytemplg
7 of or o iest GRBIPRER PIUE SHTHURE =5 M BHBOM PRRd & eI REReblelie | o
that vagl ouh sl bichal kaanasth e staaﬁemmu’g cospartimgof s e 15
conpounrdmaoaal demgivided byethé bﬁwgféreglgggélg%gq :’Ifé) cgaléll\lviiaﬁ{ar the perceﬁ{aNED 1A
10 increase. Compounds are deemed active in this test if, at a test concentration of 3 M or less,
they produce a greater than 100% increase in the value of the steady-state current measured
due to apphcatxon of glutamate alone. The concentration at which the glutamate induced
current is increased by 100% is commonly referred to as the BC2x value. Compounds of the

examples disclosed above displayed EC2x values in the range of 0.05 to 10 pM.
15

In another test, excitatory responses (field EPSPs) were measured in hippocampal slices,
which were maintained in a recording chamber continuously perfused with artificial
cerebrospinal fluid (ACSF). During a 15 - 30 minute interval, the perfusion medium was
switched to one containing various concentrations of the test compounds. Responses

20  collected immediately before and at the end of drug perfusion were superimposed in order to

calculate the percent increase in EPSP amplitude.

To conduct these tests, the hippocampus was removed from anesthetized, 2 month old

Sprague-Dawley rats and in vitro slices (400 pm thick) were prepared and maintained in an
75  interface chamber at 35 °C using conventional techniques [see, for example, Dunwiddie and

Lynch, J. Physiol. 276: 353-367 (1978)]. The chamber was constantly perfused at 0.5

ml/min with ACSF containing {(in mM): NaCl 124, KCI 3, KH;POq4 1.25,MgS04 2.5, CaCly

3.4, NaHCO?3 26, glucose 10 and L-ascorbate 2. A bipolar nichrome stimulating electrode

was positioned in the dendritic layer (stratum radiatum) of the hippocampal subfield CAl :
30 close to the border of subfield CA3.

Current pulses (0.1 msec) through the stimulating electrode activate a population of the



=CHor NN Y=CHor N with the proviso that Y cannot be carbon
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cycl oal ddiysted lpr&duoy half- mslaﬁ‘haltEPtS@el (tmbiksibyydboutal. &eﬁ@lmvb Peised stippwlation

al kenyl, cyano, al koxy, and R5 an are e
j oi ned p%smggm%mb@rf tﬁ (5‘68’#6’?6%7 %qi%‘ 1208 Hsec (2 BAGwS TR
10  EPSPs of the second response were digitized and analyzed to determine amplitude. If the
respotlses were stable for 15-30 min (baseline), test compounds were added to the perfusion

lines for a period of about 15 min. The perfusion was then changed back to regular ACSFE.

'Paired—pulse stimulation was used since stimulation of the SC fibers, in part, activates

15 interneurons which generate an inhibitory postsynaptic potential (IPSP) in the pyramidal
cells of CA1. This feed forward IPSP typically sets in after the EPSP reaches its peak. It
accelerates the repolarization and shortens the decay phase of the EPSP, and thus could
partially mask the effects of the test compounds. One of the relevant features of the feed-
forward IPSP is that it can not be reactivated for several hundred milliseconds following a

20  stimulation pulse. This phenomenon can be employed to advantage to eliminate IPSP by
delivering paired pulses separated by 200 ms and using the second ("primed") response for
data analysis. Compounds are deemed active in this test if, at a test concentration of 10 pM
or less, they produce a greater than 10% increase in the value of the evoked current measured
for the baseline period (herein referred to as EC;sy). Compounds of the examples disclosed

25 above displayed values for ECsy in the range of 0.1 to 20 pM.

EXAMPLE 2

In Vive Physiological Testing
30

The physiological effects of invention compounds were tested in vivo in anesthetized animals

according to the following procedures.



with a bond or -(CH2)p- to produce a cycloal kyl, 12.2 and R8 are
i ndependently hydrogen, al kyl, substituted al kyl, cycloallcyl,
substi t ut we 209ed3emk | cyl , al kynyl, substituted al kynyl ,pcaltsesngh]o877
substituted al kenyl, hydroxyl, al koxys cyano, fluor, 5R9, R, R1 and
Rl 2, are independently hydrogen, allcyl, substituted al kyl,
cycl oal kyl, substituted cycl oal kyl, al kynyl, substituted allcynyl,
al kenyl , substltut ed al kenyl, or BY and RI, and Ru and Rl 2_may_ be
j oi ned Awirhdls Arehndinkzined u(u[éfiﬁx)q:sthe‘sle by phdw@erbaakngu@awwmnseé{%ﬁli%e
absent, hydrogen,  al k substituted a h L ed
cycl anFE&EPPu@P@WW yj%%ﬁ?t‘??‘ﬁ?@ﬁ ‘3§F'iI 4? ems %hnﬁ{hl%e glt%?{t)%%ted
al kenyl X ﬁiﬂi{vgﬁ;&aﬁ SCebsFHcalE l@nce%c@ﬁdbaramﬁmpﬂmedsmmbht ut ed
heterog?%%gp%fs I cyc ohetlbe“roarlgé’natlg het er ocycl e, substituted
het gr ogydlife of@v@kétkgebpomésima( ylicitey asiog smglg@monoﬁlam s ROR! |
NB." | SO2R 12, NB.' Qutiila OF
2, p —dmratlszn) dsivered gt 3/myn t@hBFmﬁulat?‘EﬁR%%%dng i EP%PQ %Orrng?glgutl cal | ly
accept ah BAb& (BbutPoLI0 eP ’Mifcﬁ@fSoluﬂon Af tem”qomxmdnd)m
claim acc %géll%elsts%h%/ he gor?ru | a: :ﬂﬁi)PJi’t 5 R7 R3 RINN
HPCD is inj ected infraperitoneally and evoked ﬁeld potentials are recorded. Evoked
potentials are recorded for approximately 2 h following drug administration or until the
10  amplitude of the field EPSP retumns to baseline. In the latter instance, it is common that an iv

administration is also carried out with an appropriate dose of the same fest compound.

While the invention has been described with reference to specific methods and embodiments,

it will be appreciated that various modifications may be made without departing from the

15 invention.



R4 R2 Il 25 wherein: R, RR, R3, R4, RS8, le, AL B, nand in are as

defined for formula I, or a pharmaceutically acceptable salt, solvate
or pol ynowgndhesenf . WO 2009/ 038752 111 3. A conpoungcmwbs2cdsai et
according to the formula: IIl wherejfa. 5R, R2, R3, R4, le, R6, A
B, n and mare as defined for fornula I, or a ’

pharmaceutical |y acceptable salt, solvate or polynorph thereof. 4. A
conpourdgafr i\{ eLxmvassording to the fornmula: 0 R2Z NBrN 1 R3 NeN

1. A compound according to the formula:

5
wherein:
re RS
- N T m
- N
rR3 R1 Ej y RS R7
N*
A n O
R4 R2
!
X=C-HorN,
¥ = C-H or N, with the proviso that Y cannot be carbon when X =N and the
rg RS B
PR
R7
10 group R5 represents H, alkyl or cycloalkyl,

R and R? are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted eycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted
alkenyl, cyano, alkoxy, and if R’ and R? are alkyl, R' and R? may be joined
with a bond or —{(CHy),— to produce a cycloalkyl,

15 "~ R®and R* are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted
“alkenyl, hydroxyl, alkoxy, cyano, fluoro,
A may be absent, hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted alkenyl, aromatic,

20 substituted aromatic, heteroaromatic, substituted heteroaromatic,
bicycloheteroaromatic, heterocycle, substituted heterocycle, hydroxyl, alkoxy,
oyano, fluoro, SCN, SO;NR°R'?, CONR'R'®, NR''SO,R", NR''COR "%, OR’,
NR°R,
R’ and R® are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,

25 substitated cycloaikyl, alkynyl, substituted alkynyl, alkenyl, substituted
alkenyl, cyano, alkoxy, and if R® and R® are alkyl, R® and R® may be joined



R1 0 10l V wherein: X= CGCHor N, Rl is hydrogen, alkyl, substituted
al kyl, cycloallcyl, substituted cycloallcyl, alkenyl, substituted

al kenyl , b'zﬁdéﬁ)ﬂ?sz substituted allcynyl, 15R2 and R3 BLP/US2008/010877
|ndependently ydrogen, al kyl, substj t ut ed al kyl , cycl oal kyl,

substituted cycloalkyl al | cenyl, subftituted alkenyl al I cynyl,

substituted allcyn and ed mnth a bond or
-(CH2) p- to prodﬁﬂ%a&oﬁ Eﬁmi}rtowga‘%é@tﬁy‘é'{pWéferred groups for A

i nclude but are D&rb R%E%eb&d@ﬁ@@dk Sau&g&tsubsﬁuﬁddalksahayqlmm ri ng

het er oaronmati cs, stituted 5-ring 20heteroaronat|cs hé%

het er oar omat i cs, smmtadtoutleeﬂkﬁk amwimbﬁwéﬁ eyl alkeny) S“bf“ or 3, B
may be absent, d allcyl, cycloallcyl
substituted cycl ﬂmj%ydf%yréb‘ %% %?Ut ed all cynyl al kenyl

subgtituted al keﬁ?'R"’@{‘édebz mumeﬁdamdhwlmgmaﬂcyl Fbstitaigd alkyl,

het éroaromatics, substituted 5 ring 2009/ P 1010877
112 het er oar onat Plicéoa“@dfﬁuﬁﬂlthféflé)"a%nﬁmgpmlg lgﬁﬁtsu? %[ %;“gls éﬁ(rgl?fng

het eroaromati cs phakdmeeytical ly acceptable salt, solvate or
pol ynor ph thereofﬁgl&i co aghnd of claim1l accordln 9@5@ for

,.R3 teN | - Y2'adRR ' and R” and R'? may be joined with a bond — 0 pro o
a cycloalkyl, '
10 B may be absent, hydrogen, alkyl, substituted alkyl, cycloalkyl, subs:ituted

cycloalkyl, atkynyl, substituted alkynyl, alkenyl, substituted alkenyl, aromatic,
substituted aromatic, heteroaromatic, substituted heteroaromatic,
bicycloheteroaromatic, heterocycle, substituted heterocycle, hydroxyl, alkoxy,
cyano, fluoro, SCN, SONR’R'®, CONR’R™, NR'!SO,R'2, NR''COR'?, OR’,
15 NR°R',
n=0,10r2,
m=0,1lor2,
=1,2,0r3,
gq=2,30r4,
20 r=0 or 1 or a pharmaceutically acceptable salt, solvate or polymorph thereof

2. A compound of claim1 according to the formula:

25  wherein:
R, R%, R%, R4 R%, RS, A, B, n and m are as defined for formula I, or a

pharmaceutically acceptable salt, solvate or polymorph thereof.



V wherein: W= GHor N X Y and Z are independently GHor Nto a
maxi mljm of 4 N;s in the ring, R is hydrogen, nethyl, ethyl,

acetyl enexyxnbertapyl , fluoro, 10R2 is hydrogen, methydgybidhesrr3,
R 3 is nethyl, ethyl, cyclopropyl, i ggpropyl , 40-12) pCCH, -(CHZ{;%ORA
- (CH2)pCN, R4 is H alkyl, substitut'éd al kyl, cycl oal kyl ,
substituted cycloal kyl, alkynyl, substituted alkynyl, alkenyl,
substi ut 2doablamrclah BBotding gus kiklaed 15aromatic, p = 0, 1,2 or
3, or a pharm ceutically accep abl e salt, solvate or polynorph
thereof 6. A conpound of claim1 according to the formula: 0 rl1 S
N, RL NON Me 0 20VI r6 R8

i
wherein:
5 R, R?, R’ R R®, RS, A, B, n and m are as defined for formulal, ora
f ' pharmaceutically acceptable salt, solvate or polymorph thereof.

4. A compound of claim! according to the formula:

10 v

wherein:
X=C-HorN,
! is hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,

15 R? and R? are independently hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl,alkynyl, substituted aﬂdmyl,
and R? and R® may be joined with a bond or ~(CHy),— to produce a cycloalkyl,
Particular preferred groups for A include but are not limited to aromatic,
substituted aromatic, 5-ring heteroaromatics, substituted 5-ring

20 heteroaromatics, 6-ring heteroaromatics, substituted 6-ring heteroaromatics,
p=1,2013,

B may be absent, hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, alkynyl, substituted alkynyl, alkenyl, substituted alkenyl, aromatic,

‘substituted aromatic, 5-ring heteroaromatics, substituted 5-ring



wher ei n: X=_C-H or NN, Y=CHor N Rl is nethyl, ethyl,
cycl opropyl, |sopropyl, - (CH2) pCCH, - (CH2) pOR2, - 25(CH2) pCN, WO

2009/ 0387 908/ 010877 113 R2 is H, alkyl, substj |,
cycl oal kyl", tut ed cycl oal kyl, allcynyl, subst i t ut eg'{sgiﬂﬁyny
al kenyl , subst | tut ed al kenyl, ar ormat 1 2, substituted aromati C, = 0,

1, 2 or 3, harnaceutlcally acce able ol vat
pol ymor ph 5t her ebyterogromehicy, ﬁﬁﬁ%ﬁt&teé‘?arg‘r‘ % t8‘?§ éll"t %r?aﬁomatws’ o

formula: VI L e a1
eseofet hyl ,
et hyl, cycl opr opyﬁD | sagpr opf&&%ﬁg% salt ml&ﬁ%ﬂ%%o%m oy

5. A compound of claim 1 according to the formula:

wherein:
W=C-Hor N,
X, Y and Z are independently C-H or N to a maximum of 4 I’s in the ring,
R! is hydrogen, methyl, ethyl, acetylene, cyclopropyl, fluoro,
10 R? is hydrogen, methyl, ethyl, CFs,
R? is methyl, ethyl, cyclopropyl, isopropyl, {(CHz2),CCH, —(CH;),OR*, -
(CH2),CN,
R*is H, alkyl, substituted alkyl, cycloalkyi substituted cycloalkyl, alkynyl,
substituted alkynyl, alkenyl, substituted alkenyl, aromatic, substituted
15 aromatic,
p =0, 1, 2 or 3, or a pharmaceutically acceptable salt, solvate or polymorph
thereof.

6. A compound of claim 1 according to the formula:

20 Vi

wherein:
X=C-HorN,
Y=C-HorN,
R' is methyl, ethyl, cyclopropyl, isopropyl, {CH2),CCH, —(CH;);0R’, -
25 (CH2),CN,



(CH2)pCN, R2 is H, allcyl, substituted allcyl, cycloallcyl,
substituted cycloallcyl, allcynyl, 15substituted allcynyl, alkenyl,
substit ut egh fhkenyd, aromatic, substituted aromatic, pecE/Gs2008/01087Dr

3, or a pharnaceutically acceptable iﬂlt sol vat e or pol ynorph

t her eof 8. A conmpound of claim1l according to the forrmula: 20VIII
wher ei n: CHor N, or a pharmaceutically acceptable salt, solvate

of po' y"‘”ph thegeqfp, aivf, 20004036152 ROTIOLISIN AL eA clbalkyIRAkgNYR3 X
V R2
substituted alkynyl, alkenyl, substituted alkenyl, aromatic, substituted

aromatic,

p=0, 1, 2 or 3, or a pharmaceutically acceptable salt, solvate or polymorph

5 thereof.

7. A compound of claim 1 according to the formula:

O
);(,N r}l,m
y //\"\]/\[N N"N
H N=N Me O
VIi
wherein:
10 X=CHorN,
Y=C-HorN,
R! is methyl, ethyl, cyclopropyl, isopropyl, (CHz),CCH, —(CHz)pORz, -
(CH3),CN,
R?is H, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, alkynyl,
15 substituted alkynyl, alkenyl, substituted alkenyl, aromatic, substituted
aromatic,

p=0, 1, 2 or 3, or a pharmaceutically acceptable salt, solvate or polymorph thereof.

8. A compound of claim 1 according to the formula:
0]
¢N AN
D
=N
N‘N'A\T N®
N=N Me O -
20 Vil

wherein:

X = C-H or N, or a pharmaceutically acceptable salt, solvate or polymorph

thereof.

25 9. A compound of claim 1 according to the formula:



X-X RL 0 - I X wherein V and Ware independently CGHor N, X, Y and Z
are independently CGHor Nto a maximumof 4 Ns in the ring, 5R and
R3 are i y hydrogen, nethyl, ethyl, acetyle _ pyl,
fluoro, %gsgﬁtﬁ%%ﬁ%%re i ndependent |y hydrogen, nethyl, @g?”ﬁ@?@%@%ﬁ or
a phar naceutical |y acc‘é%t able salt, solvate or
pol ymor ph thereof. 10 10. A compound of claim1 accorging to the
formula: X wherein: X and Ware independént IRz O}lﬂﬁtfr N, Y=GCHor
N, or a pharmaceutically acceptabl gusa ﬁﬂ\@}i@\ \4 pol ynor ph

v

15t hereof 11. A conpound of cl ai nf¥1 gtothe formula: 0 Me

rig NW "N‘N/\[“‘N

Z 1
R v=X Rl O

di

Nf

wherein:
V and W are independently C-Hor N,
X, Y and Z are independently C-Hor N to a maximum of 4 N’s in the ring,
5 R! and R3 are independently hydrogen, methyl, ethyl, acetylene, cyclopropyl,
fluoro,
R? and R4 are independently hydrogen, methyl, ethyl, CF;, ora
pharmaceutically acceptable salt, solvate or polymorph thereof.

10 10. A compound of claim 1 according to the formula:

N=Y
O Me l\', ’>
N
X
wherein:
X and W are independently C-H or N,
¥ = C-H or N, or a pharmaceutically acceptable salt, solvate or polymorph
15 thereof.

11. A compound of ¢laim 1 according to the formula:

20  wherein: _
X and W are independently C-H or N,
¥ = C-H or N, or 2 pharmaceutically acceptable salt, solvate or polymorph



,NY ter'N Th" "Np.--NMve 0 XI 20 wherein:

‘WO 2009/038752 PCT/US2008/010877
115

thereof.



