COVPOUNDS FOR THE REDUCTI ON OF BETA- AWLO D PRODUCTI ON FI ELD OF THE

| NVENTI ON The present invention relates to conpounds which are inhibitors
of i s-amavoidi2/@oepti de (AP) production, as well as toPpoEtusead/oede2s r eat i ng
Al zhei ner's Di sease (AD) and other conditions related to f3-anyloid
production using these conpounds. The invention further relates to

phar maceuti cal conpositions conprising these conpounds. BACKGROUND OF THE

| NVENTI ON 10Al zhei mer's di sease (AD) is a progressive neurodegenerative

cogni 1 ve | mp&tpRnoNI Tt BRI B e e RRRG R GRS R T ©
(G undman, M et al, Arch Neurol. (2004) 61: 59-66; Walsh, DM et al,

Neuron (2004) 44 181- 193). It _is the nost common form of denentia and
represents the third I eading @é%%%o&né%g‘ﬂ‘ﬁmé{ﬂ@? cardi ovascul ar di sorders

15and cancer . Tﬁ%e‘fo%%ént‘?JvexﬁBn'rélaﬁ@%rdaiﬁiﬂéu&i'@th'idﬂ%éﬁ@lﬁi%n&%‘%f s4fl®id ng of the
patients and famlies and | ost productivity of patients and caregivers.
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20eval uat i ofartedr rélhes PPpiketac@nidallcompbdiak cofpfingtBete cbmpopliaques and
neurofithillary tangl es upon autopsy (Consensus recomendations for the
post nort em di agnosi s of Al zheiner's di sease. Neurobiol Aging (1997) 18:

51-2). Simlar alterationspalKERSENDASE ifHEgm/iEm@Nwi th Trisony 21 (Down
syndrone). Plaques primarily consist of is-anyloid (AP) peptide,,; that are

f or med a st ephrsanggrsgtisaiey e isd Iéagféséé’eéﬁu@%m&‘ﬁ%ﬁwéld&eﬁ?é‘\’éltﬁhsor 25
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Physi ol Revbehm%il)d CB?EreaSPd]}lOYCG@)nCUyn Caondnans M. jeg aly /trﬁfaﬁgﬁrehﬁ?%é%} otein
conplex th e i n-1
(PS-1) or g% eésdgﬁ)? ?ln%l\%l %@2&%&@64%4 gﬁw%)aﬁn&ggk{gﬁﬁmﬁgw %ﬂ

1119- 1123) . dep®atia mddemsezts drethindlepdnechuspofcloath after datveovestubar disprders i tes of
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(80-909 nost ose genesi s.
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fam i al forms as t Y toxic

speci es (Se[frFVGHPA % reg;’prﬁ% y o IC S\ymp ?% %Slymﬂ’it %B’)“O 0Qljrrent evi dence
suggest s t hairendly :gmm&ﬂe C, prot ofibrillar and i nt racel | ul ar A1342 play a
significant role | t he di sease cess Neur osei .
(28008) 6 7o- gay: imsneicksRe gt A B byt ki s bt B as

7- secr e2®s egvalugfiiresTely nupdleLatdi 1adaligitid e 35 Reufiel blayidd @nd Rk cellhdyasnghkor the

treat ment of AD. Evi dence suggests that a reduction in ai n, AP
| evel s by |WPBPtPP%¥r{C8‘FSGI?S“§é‘?9P‘é‘F1§§‘g‘?H%§ @év%@%ﬂ%gaﬁw Oér%lztﬂﬁ%@ess. on

of AD ( Sel k@a@aseD.NR# AkinRe97{ 2OQ1)2) BimiibAditerafBfs ar¥BbdeRicd M patidnts Med.
Chem (2001) 44: 2039-2060 There are enmerging data for the role of Al3 in

ot her di seasélsTrijoms AdDeyn iy IdoredgRiaansserimephi emeriof framyjoid Biin

peptides that are formed by a stepwise proteolytic cleavage of the amyloid precursor

25  protein (APP) by B-site APP-cleaving enzyme (BACE), to generate the N-terminus, and
y-secretase, to generate the C-terminus (Selkoe, D.J., Physiol Rev. (2001) 81: 741-766).
y-Secretase is a transmembrane protein complex that includes Nicastrin, Aph-1, PEN-2,
and either Presenilin-1 (PS-1) or Presenilin-2 (PS-2) (Wolfe, M.S. et al., Science (2004)
305: 1119-1123). PS-1 and PS-2 are believed to contain the catalytic sites of y-secretase.

30 APA40 is the most abundant form of AP synthesized (80-90%), while AB42 is most
closely linked with AD pathogenesis. In particular, mutations in the APP, PS-1, and PS-2

genes that lead to rare, familial forms of AD implicate APB42 aggregates as the primary



10 syndrone, cerebral anyloid angi opathy (CAA), denentia with Lewy bodies
(DLB), anyotrophic lateral sclerosis (ALS-D), inclusion body nyositis

(I BM, amsoage/medoat ed macul ar degenerati on. Advant ageoksjus2@iongsends t hat
inhibit 7-secretase and reduce production of AP could be used to treat

t hese or ot her Af3-dependent di seases. Excess production and/or reduced

cl earance of AP causes CAA (Thal, D. et at, J. 15Neuropath. Exp. Neuro.
(2002) 61: 282-293). In these pati ents, vascul ar anyl oid deposits cause

degenerati on of vessel neu t be responsible for
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(v | ton,  BoduciShofks A8 6 NEWIARAERGL. o BREI A0 (8000 40, 015- 622). These

pati ents sho agents and potentially
could be treat edExbgss pmdpﬂwndad/bfmﬂuqeédlamenoéfoﬂiAIB@H&Ie&CAABIVhalsDaeeré

age-rel at ed, . degener ti rance of AP
oposi 1 & | vieti i dare Gl TRERFL 87T STl aR ety apdonBBRRRS "or ot he
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retinal pi gireAeidess ¢k Puirh rpEpd pigsFapiseing ths Hlutaé‘f pgtein dqvplop(dAdat ( 2004)

78: 243202561; sinfilaf %‘iﬁﬂéntét&gﬂpoﬁlﬁ& tﬁii%’&%c@@B%ls%ulh kS HerMaRpCAM3 and
macul ar degeneration in mce (Yoshida, T
DLB manifests with visual hallucmatlons delusmns and parkinsonism.

Interestingly, familial AD mutations that cause AP deposits can also cause Lewy bodies
and DLB symptoms (Yokota, O. ef al., Acta Neuropathol (Berl) (2002) 104: 637-648).
Further, sporadic DLB patients have AP deposits similar to those in AD (Deramecourt, V.
25  etal, J Neuropathol Exp Neurol (2006) 65: 278-288). Based on this data, AP likely
drives Lewy body pathology in DLB and, therefore, compounds that reduce AP levels
could reduce or prevent DLB.
Approximately 25% of ALS patients have significant dementia or aphasia
(Hamilton, R.L. et al., Acta Neuropathol (Berl) (2004) 107: 515-522). The majority
30  (~60%) of these patients, designated ALS-D, contain ubiquitin-positive inclusions
comprised primarily of the TDP-43 protein (Neumann, M. et al., Science (2006) 314:
130-133). About 30% of the ALS-D patients have amyloid plaques consistent with A3



Cin Invest (2005) 115: 2793-2800). Increases in Al3 deposition and
supranucl ear cataracts have been found in AD patients (CGoldstein, L.E et
al ., Lancw020200%309361: 151258-1265). Conmpounds that re@ctaSAi13/ouzseel s
coul d reduce or prevent age-rel ated nmacul ar degenerati on. Conpounds
whi ch inhibit gamma secretase may al so be useful in treating conditions
associated with loss of nyelination, for exanple nultiple sclerosis
(Watkins, TA., et al., Neuron (2008) 60: 555-569). 20A recent study by
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approach to redu0| ng Al3 levels is to block the action of the secretases. A
conpl enent afplddsdicaiad By Fampayndsetheidedugeny I9eliuce production of Al 31-42 by

the action of 23Bgf{Qirdte Ca%@l?é?érl&ﬂée ER&dtive Qis¥Re bPsidlckS Susdifi€rhe
7-secretase-nedi ated cl eavage of E P to instead produce shorter fornms of A
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that selectively 30reduce Al31-42 production and _their pharnmaceuti cal
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syndrone, CAA and>i ncl usl on myositis, di sorders where
Af 3 is tierpnpdugecef difan, ckgacehdnaleposits heeabdhd mtlmakhelgment eprtkelmew conmpounds
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cont ai ni ng aun rea I'ze these
conpounds. ﬁbWMﬁRb’nt@ﬁ: 11ﬂ]HE>etWéVENBI a(ﬁhlmacular degenerattlsn il migk (Ashrial T.t el pr esent

i nvention provides a und of mula (1) including pharmaceutically
accept abl e LGlin @quﬁé?'()g%)flw 2793 2800) Increases in AP deposition and supranuclear

cataracts have been found in AD patients (Goldstein, L.E. et al., Lancet (2003) 361:

15 1258-1265). Compounds that reduce AP levels could reduce or prevent age-related
macular degeneration.

Compounds which inhibit gamma secretase may also be useful in treating
conditions associated with loss of myelination, for example multiple sclerosis (Watkins,
T.A., et al., Neuron (2008) 60: 555-569).

20 A recent study by Georgetown University Medical Center researchers suggests
that gamma-secretase inhibitors may prevent long-term damage from traumatic brain
injury (Loane, D. J., et al., Nature Medicine (2009): 1-3).

A logical approach to reducing AP levels is to block the action of the secretases.
A complementary approach is to selectively reduce production of AB1-42 by the action of

25  certain compounds that serve to direct the y-secretase-mediated cleavage of APP to
instead produce shorter forms of AP. These shorter forms appear to aggregate less easily
and solutions of the shorter forms of AP are less neurotoxic than solutions of AB1-42 (See
Barten, Donna M.; Meredith, Jere E., Jr.; Zaczek, Robert; Houston, John G.; Albright,
Charles F. Drugs in R&D (2006), 7(2), 87-97). Thus, compounds that selectively

30  reduce AB1-42 production and their pharmaceutical compositions are beneficial agents
that will prevent damage from overproduction of A} and are useful in treating

Alzheimer’s disease, Down syndrome, CAA, and inclusion body myositis, DLB, and



ADF wherein R1 is a nitrile group, or is a five- or six-nenbered
het eroaromatic ring containing fromone to three heteroatons independently
sel ect ed woemiopzoegen, oxygen, and sul fur; wherein sai @¢ChaiSerionuisosmt i C
ring is optionally substituted with one or two 15groups selected from hal o,
hal oChoal | cyl, hydroxyl, am no, Choallcoxy, and Choal kyl; A is selected

from0O and CH?, or is a bond; Bis selected from-(CH2)"-, -CH=CH (cis),
-CH=CH (trans), and - Dis selected fromO, NR3, -CH OH)-, -CH(OR3)-, and
-CH(N[R2] 2)-. or_.is, a 20 bond; Eis selected from-(CH2) 1-,
-C}hc}+(cis@?“S%PE@ﬁW%PFh%gFfWQWHﬂP“FCHZ)CH(R3)-; Fis selected fromO and

NW or is a bondingid fiers@HERk&a if iRMrrEHR confgdRadite inhVRBs-aAPRia
-N(R3)-CH2-; 25S, T, and U are independently selected from carbon and

ni trogen, wephdd (A) prodvét®o, ashedl as gomprsgionhemtameg tkseSompouaiscand) i s

ni trogen,; i.S optiqgnally.one, two, or three of the follow ng:

hal ogen, CjTﬂ%?%6@%?“??%???8Eﬁ%¥{§?$”§HQOE%F‘RS i s independently Cl4 al kyl
or hydragen; and nis 0-3. In a first enbodi ment of the first aspect the
present invention provides a 5 conpound of formula (1), including
pharmaceutically acceptable salts thereof, wherein le is a five-nenbered

het eroaronatic ring contai niSWQWMERNOFIGgeINeET®Nherein the ring is
substituted wt al o g&oup.eln.a second.gnbodlnent O}@%QﬁﬂﬁlrSt aspect

h a
the present invé’ﬁftfgﬁt?ﬁ’ ihfdeessntdBYFBERMRY O g esragiommeund 4t Ldi ng
phar maceut i gabdiMg preaRd-atdaBy sach@blt BafeRfeorwher ei n Rl
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wherein R! is a nitrile group, or is a five- or six-membered heteroaromatic ring
containing from one to three heteroatoms independently selected from nitrogen, oxygen,
and sulfur; wherein said heteroaromatic ring is optionally substituted with one or two
15  groups selected from halo, haloC,_salkyl, hydroxyl, amino, C;_salkoxy, and C;_salky];
A is selected from O and CH,, or is a bond;
B is selected from -(CH»),-, -CH=CH-(cis), -CH=CH-(trans), and -
(CH2).CH(R)-;
D is selected from O, NR?, -CH(OH)-, -CH(OR?)-, and -CH(N[R?],)-, or is a
20  bond;
E is selected from -(CH2),-, -CH=CH-(cis), -CH=CH-(trans), and -
(CHy),CH(R)-;
F is selected from O and NR®, or is a bond;
G is selected from —CH,—, —CH,—CH,—, NR?, and —N(R3 »CH,-;
25 S, T, and U are independently selected from carbon and nitrogen, with the proviso
that no more than one of S, T, and U is nitrogen;
R? is optionally one, two, or three of the following: halogen, C_salkoxy, OCF3,
Cy4alkyl, and CN;



10is a five-nenbered heteroaromatic ring containing three nitrogen atons
wherein the ring is substituted with an al kyl group. Inathird
enbodi mrerwoab12dee3obi r st aspect the present invention pr@¢iradssoia/oesepound of
formula (1), including pharmaceutically acceptable salts thereof wherein R
is CN 151 n a fourth enbodi ment of the first aspect the present invention
provi des a conpound of forrmula (1), including pharmaceutically acceptable

salts thereof, wherein A is oxygen. In a fifth enbodi nent of the
first aspect t spresent i ntio ovi des conpound of forrmula (I),

i ncl udi ng pharng% 5%%?¢?H%§eﬁﬂ@38fiﬂg%$Ps hereof wherein B- 20D-E is
-CH, - CH=CH- (CH2)n'is p-3where the olefin is either cis or trans. In a

si xt h enbodi nent of the first aspect the present invention provides a
conmpound of forrmula (1), including pharmaceutically acceptable salts

t hereof wher ei n 1BRfikt esbodifekid)of the Hrfl a@pe@t&H@ﬂ%&nﬁﬁb&ﬁbﬁ?ﬁhd@i the first

aspect the present invention provides a 25conpound of tormula (
i ncl udi ng piearrareeftiPanla ), fctdpeabrenasenticaly asespébic saum@?répﬁwherﬁ@ RH, NMe,

or NEt. is a fivELnRndeed NctcRaRARTC Pll;k?ecd?ﬂie@ﬁﬁ@{wd HERD Qs RYHRYdL IS riflg is
phar maceutical conposition for the treatnment of disorders respon5|ve to the

reducti on ofubgiteted/vih dhplegrduge production conprising a therapeutical ly
effective am)untln Qﬁec‘%n(ﬁ: Mglt%f"thte@i'fﬂr?@ct(ﬂll%preée h{"f{gﬂtl&g %Qﬂ maceutical ly

acceptable salts ereo In associatio arnace Utica y acceptable
carrier or Mp@emt of formula (1), mcmdtﬂglnh@rnﬂalsmlcallytd@eeppﬂb@ssem thpmofewherom Ror ovi des

o ][T?t g(rjw of 18 atf'{!g tn{ ((]1%%1% g:%r ?Lfomq{lc? Pﬁg%n?alﬁlﬁgi%%ﬁht}l%aﬁ ?tﬁh@ _Fl%ﬂlvvﬁé tipd!

conpri ses a@sﬂmnmﬁﬂnmm@mmhwtgwdpnannal a therapeutically effective anmount

of a conmpound o lrrcflbem% ﬁéﬂept ﬂﬁ?ﬁré ats ?c?gfﬂ r{%g u&vgrngtoélpé?vqgcept able salts

thereof In a flrs F'der is selected
from Al zhei sqoatposndbfFeasta (HADCudDewharhanetionty, acodptablccaihticv® whopmiR'ment
(M), cerebr 5 anyl oi d angi opathy (CAA), denentia with Lewy bodies
(DLB), anyof hic lateral sclerosis (ALS-D), inclusion body nyositis (BM,
age-rel gt ed nacuhafol@gabediaichost thefth LRREAE prokéht awsﬁmqﬁo\edﬁ@@di ment of the

third aspect said or IS sele ted from Al zhei S e and Down
Syndrone. | $PTROMH] ?#Jogﬁ%o@] HEHITS PR RERECT D %&@&@?E c alyy @eraPizy?er&nArs
Al zhei ner' sigbkpRase. 10Qther aspects of the present invention may include

sui tabl e conbi nati ons of enbodi nents di scl osed herein.
In a fifth embodiment of the first aspect the present invention provides a

compound of formula (I), including pharmaceutically acceptable salts thereof, wherein B-
20  D-E is -CH,-CH=CH-(CH,),-, where the olefin is either cis or trans.

In a sixth embodiment of the first aspect the present invention provides a
compound of formula (I), including pharmaceutically acceptable salts thereof, wherein B-
D-E is «(CHy)p-.

In a seventh embodiment of the first aspect the present invention provides a

25  compound of formula (I), including pharmaceutically acceptable salts thereof, wherein F
is NH, NMe, or NEt.

In a second aspect the present invention provides a pharmaceutical composition
for the treatment of disorders responsive to the reduction of B-amyloid peptide production
comprising a therapeutically effective amount of a compound of formula (I), including

30 pharmaceutically acceptable salts thereof, in association with a pharmaceutically
acceptable carrier or diluent.

In a third aspect the present invention provides a method for the treatment of

disorders responsive to the reduction of B-amyloid peptide production in a mammal in



Yet ot her aspects and enbodi nents may be found in the description provided
herein. 15DETAI LED DESCRI PTI ON OF THE EMBODI MENTS The description of
t he presewbd 20rv@p3oPon herein shoul d be construed i n con@cwiusgomiosds2g he | aws
and principals of chem cal bonding. In sone instances it nmay be necessary
to renove a hydrogen atomin order accommpdate a substinment at any given

| ocation. It should be understood that the conpounds enconpassed by the

pr esent invention 20are those that are suitably stable for use as
pharnaceutlc i S.int nde that the dean%tlon of substltuent
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applcatlo a iterature re ences cit in the ecification are
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prevall In sone i nstances, the nu of carbon atons in any particular
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“hal oG _oal 401%98%}%"(A@§r1§bt ﬁélu@ioﬁ'%(ﬂ% ﬁﬁé (BN Re LRI B @pendrRichl andcar bon
atoms and the term "Cnf al koxyChzal " denot es an all coxy group contai ni ng

one to fourcaamrcbwseg@@wy&wémeamféhp ﬂltidtlﬂrpéCtﬁalﬁéFﬁprdSOISﬁdP‘é 'gR noi ety
through an & kyh.0 BHP staréc{)lEer g %Mn@%g%rcﬁéM1 oht'6f e ‘?hh%%?pegtes%lcgnat' ons

exi st they supersede a | mti1ons contalne erel sed
herei n, t hedigirdgyif AlzhdiperisDisedse. "an", and "t he" incl ude pI ural ref er ence

unl ess fdﬁ'e cont %&[ﬁeﬁ% e[fe%trs thg é)?ets rﬁvef?t%o qjéaw ?ﬁude suft?ble co"r{mu?a%%nsocgfher W se

expressly set for erms shall have
the foll ow e‘@ooﬂ&mmlsrc@siosedherem The term "al koxy," as used herein, refers to
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substi t ut echendiii.h one, two, or three al koxy groups.

15 DETAILED DESCRIPTION OF THE EMBODIMENTS
The description of the present invention herein should be construed in congruity
with the laws and principals of chemical bonding. In some instances it may be necessary
to remove a hydrogen atom in order accommodate a substituent at any given location.
It should be understood that the compounds encompassed by the present invention
20  are those that are suitably stable for use as pharmaceutical agent.
It is intended that the definition of any substituent or variable at a particular
location in a molecule be independent of its definitions elsewhere in that molecule.
All patents, patent applications, and literature references cited in the specification
are herein incorporated by reference in their entirety. In the case of inconsistencies, the
25  present disclosure, including definitions, will prevail.
In some instances, the number of carbon atoms in any particular group is denoted
before the recitation of the group. For example, the term “haloC,.¢alkoxy” denotes a
haloalkoxy group containing one to six carbon atoms and the term “Cy 4alkoxyC; alkyl”
denotes an alkoxy group containing one to four alkoxy groups attached to the parent
30  molecular moiety through an alkyl group of one or two carbon atoms. Where these
designations exist they supersede all other definitions contained herein.
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As used herein, the singular forms “a”, “an”, and “the” include plural reference

unless the context clearly dictates otherwise.



The term "al koxycarbonyl ," as used herein, refers to an al koxy group
attached to the parent nol ecular noiety through a carbonyl group. The term
"al kyl , " we 20026W930erein, refers to a group derived frompPaTAISR@ILYI62DTr
10branched chai n saturated hydrocarbon containing fromone to ten carbon
atons. The term "al kylami no," as used herein, refers to -N H Rx, wherein le
is an al kyl group. The term "al kyl am noal koxy," as used herein,
refers to an al kyl am no group attached to the parent nol ecul ar noi ety

t hrough an al ko 15The ! ar bo . as. used herein, refers
Lo an al iyl “or oot S arehe B R SR iR Y TR B o
carbonyl gr@uphave the followig nieefiigs: al Kyl sulfonyl ," as used herein, refers to

an al kyl group attached to {he parent | ecul ar moi ety through a sul fonyl
gr oup. The teppgalicg %a%tSR%a/tf‘gt}Pfrrs 119 A gy kerqw {iaehed ﬁ%%s.pwe? efers to
- O 0) NHS( 0) 23kcidl gy irdhcan sy @f @yl g oup. The term "ani o, " as used
herein, refers to - The term "cyano," as used herein, refers to -CN.

The term "cycl oﬁhﬁwrm"“a%fgxml@é” F\Se‘i‘sé herellnelte&r%totaé alkykgrown wbEHUtROWERy cl i ¢

hydr ocar bon,f.i R SiiteabAVEDEhst hree to fourteen carbon atons and zero
het eroat ons. 25The term "cycl oal kyl ami no, " as used herein, refers to - NHRx
wherein Rx is aldy&rgaklkprycgieny,” as used here]lfhé?ftrefwﬂ'atﬂfoab’I%Wuamtt?@efa@ used

herein ref %§Pigrtnt\glgggml%§;ﬁtog§){agggﬁﬁﬂ% each al kyl groups.

The term"dia am noa use refers to a dial kyl anmo
group 30 att achddetamt hkyparsaned rantingeferrto mtoelpylem\h:ddl@ghaawgat &oxy group.

The ter g " di, AR BY LA Hrac P dHRE BN ESRliMing FELERE 1 @n cbBAEns.

The term “alkylamino,” as used herein, refers to -NHR™, wherein R* is an alkyl
group.
The term “alkylaminoalkoxy,” as used herein, refers to an alkylamino group
attached to the parent molecular moiety through an alkoxy group.
15 The term “alkylcarbonyl,” as used herein, refers to an alkyl group attached to the
parent molecular moiety through a carbonyl group.
The term “alkylsulfonyl,” as used herein, refers to an alkyl group attached to the
parent molecular moiety through a sulfonyl group.
The term “alkylsulfonylamido,” as used herein refers to -C(O)NHS(O),R*
20  wherein R* is an alkyl group.
The term “amino,” as used herein, refers to -NHs.
The term “cyano,” as used herein, refers to -CN.
The term “cycloalkyl,” as used herein, refers to a saturated monocyclic
hydrocarbon ring system having three to fourteen carbon atoms and zero heteroatoms.
25 The term “cycloalkylamino,” as used herein, refers to -NHR™ wherein Rx is a
cycloalkyl group.
The term “dialkylamino,” as used herein, refers to -NR*R’, wherein R* and R” are
each alkyl groups.
The term “dialkylaminoalkoxy,” as used herein, refers to a dialkylamino group
30  attached to the parent molecular moiety through an alkoxy group.
The term “dimethylamino,” as used herein, refers to -N(CHjs),.
The terms “halo” and “halogen,” as used herein, refer to F, Cl, Br, and 1.

The term “haloalkoxy,” as used herein, refers to an alkoxy group substituted with



The terns "hal 0" and "hal ogen," as used herein, refer to F, d, Br, and I.
The term "hal oal koxy," as used herein, refers to an al koxy group
substi t utwo 20ideowue, two, three, or four hal ogen at onsPCT/US2011/Di3528 er m
"hal oal kyl ," as used herein, refers to an al kyl group substituted with one,
two, three, or four hal ogen atons. The term "hydrogen” or "H', as
used herein, refers to hydrogen, including its 5isotopes. The term
"hydroxy," as used herein, refers to -OH The term "nethyl am no,"” as used
herein, refers to_- term"sul fonyl," as used herein, refers to

NH . .The
-SR-. It S%EJW”QE”UW'8W§PE§HJ?HQ? the invention enconpasses al

st ereochem cal g mEm “hOOALI s WE@hetde &k to ahiligh cRAp SEsEtutddevitlnk] ty to
reduce p-anyloid peptigg producti on. Certai n conpounds of the present
i nventi on n&y: BFoodRidRloeen dPPf-er ent stabl e conformational forms which may

be separable. Tomsk@mahy@sydnet riy”, diiscl AeleRStefdreloal dfogéRlichiaimiuUt an
asymetric single bond, for exanple because of steric hindrance or ring

strain, haySPerstit separation of different conforners. The present

di scl osur e i ncl ugeserhoqaGix o REMRELANRfrd (§OORI Of these conpounds and
m xtures thereof Certain conpounds of the present invention may exist in

zvv-itterionic flbetaranmethytanipesemsedihgeinosierdoiNdClides each zwitterionic
form of these cqﬂggyﬁpgmﬁﬂghﬂ%ﬁgﬁjﬁ§?£h§%gqgngbarnaceuticaIIy accept abl e
unds di s

salts and prodrugs of conp closed herei'n are 20within the scope of
the invention. Thehotldbmuhisinseodetbe hd ioadntiyn ercompsatyl adl seadochiengisal iged, her ei n

and in e clains i.s intended to jincl. nont oxi ¢ _base dition salts.

200 oy 198 TR iR A s bR GRS R R By BRSO AR RO 63 s e

as, W thout |i mdeathin@ompbuyds ofdht prebant Aeerdion mydiraBbreeidi ia difedraht stplesphori c
hanesul f oni ¢ id, acetic acid, tartaric acid,

acid, sulfuric¢c acid, t ,
act] ¢ aci doM PTG HhCK ey Prschuille. Hariery ST et dirdp fircted
rotation about an asymmetric single bond, for example because of steric hindrance or ring
strain, may permit separation of different conformers. The present disclosure includes
15  each conformational isomer of these compounds and mixtures thereof.

Certain compounds of the present invention may exist in zwitterionic form and the
present disclosure includes each zwitterionic form of these compounds and mixtures
thereof.

Pharmaceutically acceptable salts and prodrugs of compounds disclosed herein are

20  within the scope of the invention. The term “pharmaceutically acceptable salt” as used
herein and in the claims is intended to include nontoxic base addition salts. Suitable salts
include those derived from organic and inorganic acids such as, without limitation,
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid, methanesulfonic
acid, acetic acid, tartaric acid, lactic acid, sulfinic acid, citric acid, maleic acid, fumaric

25  acid, sorbic acid, aconitic acid, salicylic acid, phthalic acid, and the like. The term
“pharmaceutically acceptable salt” as used herein is also intended to include salts of
acidic groups, such as a carboxylate, with such counterions as ammonium, alkali metal
salts, particularly sodium or potassium, alkaline earth metal salts, particularly calcium or
magnesium, and salts with suitable organic bases such as lower alkylamines

30  (methylamine, ethylamine, cyclohexylamine, and the like) or with substituted lower
alkylamines (e.g., hydroxyl-substituted alkylamines such as diethanolamine,
triethanolamine or tris(hydroxymethyl)- aminomethane), or with bases such as piperidine

or morpholine.



25acid, sorbic acid, aconitic acid, salicylic acid, phthalic acid, and the
| i ke. The term "pharmaceutically acceptable salt" as used herein is al so

i nt ended wWo 2omalogsde salts of acidic groups, such as a cachaxgéiateio2s t h
such counterions as amonium al kali nmetal salts, particularly sodium or
potassium al kaline earth nmetal salts, particularly calciumor nmagnesium
and salts with suitable organic bases such as | ower al kylam nes

30( net hyl am ne, ethyl am ne, cycl ohexylam ne, and the like) or with
substituted | ower alkylamnes (e.g., droxyl - substituted al Kyl am nes such
25" d et hanol an 1 ST BET G atpREds Y PO EHpaRbRy Ry PPaRiany et nane)
or w th basesn Sp6dtugSasfkfEtickdlh BiRoMbaiBHOhE Rem “prodrugAsteSt aiede abave, the
conpounds of the i veptLon al so _include "pr drggs",-The term " prodrug” as
used her ei n P& S edNHEER RTHEUE BYTH “ Hregur g Beeiariwoludgn eterh@nd er m
"prodrug etdedonates fHRfed W@hc"tiﬁ%@ﬁ’é S &S hPdrSxy 1St BAPLANIE df h@ian wifkhc| udes
esters and carbonates forned by reacting one or nore hydroxyls of conpounds
of For mi a 9ithgf allylsdiaxpedr agil pyfistitugad aedsing agpntapinhogihgstqtingegkdt acyl at i ng
agents or phasphes baddhRIKAGEND RIAPLIANIINE (R LGE GMiBRe KRaWM fituddose skilled
inthe art to generate acetates, pival ates, nethylcarbonates, benzoates,
am no aci d Betheeygbongipsdishzaates, anHag dcidestas, iesphajess hadhacakestesy walhtes,

succi nat es t , i key: Al L Ter .am no acid
st or o may e B B g B R O R i T ere

i ncl ude HO2Ers may be fpesiallepmferpadodr ug et hers” i ncl ude bot h phosphat e
acetal s;and 0-gl i I | exanpl es of such prodrug ethers
incIudeH%H Loo g&%&?kg§%q?€§ﬁd§§%ﬁ&%§k%§? forth above, the present

i nvention provides a conpound of fornula (b), incluging pharmaceutical ly

acceptabl e salts thereof o DF 5 -~
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The term “prodrug ethers” include both phosphate acetals and O-glucosides.

HO,C

Representative examples of such prodrug ethers include

OH
S
w: o8
ol
B,o HO OH
15 o "o OH

As set forth above, the present invention provides a compound of formula (1),

including pharmaceutically acceptable salts thereof:

B. _E.
A D7 F

1
R NN
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R2

20 wherein R' is a nitrile group, or is a five- or six-membered heteroaromatic ring

containing from one to three heteroatoms independently selected from nitrogen, oxygen,



20wherein RL is a nitrile group, or is a five- or six-nenbered

het eroaromatic ring containing fromone to three heteroatons independently
sel ect ed woemiopzoegen, oxygen, and sul fur; wherein sai @¢ChaiSerionuisosmt i C
ring is optionally substituted with one or two groups selected from hal o,
hal oCh6al kyl , hydroxyl, am no, Cl6allcoxy, and C _oal kyl; A is selected
from0O and CH?, or is a bond; Bis selected from-(CH?)"-, -CH=CH (cis),
-CH=CH (trans), and - 5(CH2)1CH(R3)-; Dis selected fromO, NW -CH(CH)-,

-CH(OR3)-, and -.CH(N 12.2 -, or i.s.a bond; .E is.selected from
C(Croy1, - A %ﬁ'%rgly 11 @E«@?m%ﬂg% 1S Opfignally pespitsdEEne Ot
sel ected fr@abuf salbcledNWm Bhlo] faldC RARA, hy@rd:§1, aliRCCe@dokPind Cizdkyl;- CH2- CH2-,

NR3, and - N(R3) - CH2-; S, T. and U are independently selected from
carbon and nitroﬁ@ﬁ?lewqwmt%anﬂr% ¢S ¢ RN no nore than one of S. T, and U

is nitrogen; R2H g s@R&ORshLCHNE, -CHMTH-RYs) -HeeHOfrahd)€antiol | owi ng:  hal ogen,
C _4al koxy, CFl, 15Cl4allcyl, CN, 123 is independently Cl4 al kyl or
hydr oger’ a@éLhCHéRO@S. Preferably, R is a five-nenbered

het er oar omat i ¢ 1ph NGI6QHE RbMICINREWR HRDH) OUBNAOR! AIBCHNGMRE]N, M€ Ting i
substituted wth a hal o group.
bond;
E is selected from -(CHj),-, -CH=CH-(cis), -CH=CH-(trans), and -
(CHy),CH(R)-;
10 F is selected from O and NR®, or is a bond;
G is selected from —CH,—, —CH,—CH,—, NR?, and —N(R3 »CH,-;
S, T, and U are independently selected from carbon and nitrogen, with the proviso
that no more than one of S, T, and U is nitrogen;
R? is optionally one, two, or three of the following: halogen, C_salkoxy, OCF3,
15 Ciaalkyl, CN;
R’ is independently Cy_4alkyl or hydrogen; and
nis 0-3.

Preferably, R' is a five-membered heteroaromatic ring containing two nitrogen
20  atoms wherein the ring is substituted with a halo group.
In a further embodiment, R' is a five-membered heteroaromatic ring containing
three nitrogen atoms wherein the ring is substituted with an alkyl group, more preferably
a methyl group.
It is also preferred that R' be —CN.
25 In yet a further embodiment of the compound of formula (1), A is oxygen.
In another embodiment, B-D-E is —CH,-CH=CH-(CH,),-, where the olefin is
cither cis or trans. In yet a further embodiment, B-D-E is —(CH,),-, with n being either 3
or 4. It is also preferred that B-D-E be -CH,~CH(OH)-CH,-CH,—, —-CH,—CH,—
CH(OH)-CH,—, -CH,~CH,—N(R*)-CH,~CH,—, or -CH,—CH,~O—CH,~CH,—.
30 In a further embodiment, B-D-E-F is «(CH,),—~CH(R*)-NR*—, or -(CH,),- NR*—
(CH2)y—
It is also preferred that F is NH, NMe, or NEt, wherein “Me” denotes methyl, and
“Et” denotes ethyl.

10



In a further enbodinent, Rt is a five-nenbered heteroaromatic ring
containing three nitrogen atons wherein the ring is substituted with an

al kyl gr owp,20reo0e30pr ef erably a nmethyl group. It is al sopprafSesmadsehat R
be -CN. 25In yet a further enbodi ment of the compound of fornmula (1), Ais

oxygen. I n anot her enbodi nent, B-D-Eis -CH -CHCH (CH?),.,-, where
the olefinis either cis or trans. In yet a further enbodinent, B-D-E is
-(CH?),.,-, with n being either 3 or 4. It is also preferred that B-D-E be
-CH2-CH(OH) - CH, - CH, -.,, - CH2- CH2- ( - CH2-, - - CH2- N -CH -CH2-, or

- CH2- CH, - 0- CH, - éﬁ?@ltl%}% cte e ﬁg?ggr?é%rn&%%zo{;%ﬁ?cﬁ

- (CH2) 11- CH( 123)sobiRPreferddd cofpbiids herR3ncl{der2) following: It is also
preferred that Fis NH, N r NEt, wherein "M" _denotes nethyl, and "El

denotes et hyl . V\chéf/ 009309RCT/ US2011/943628 [In \addi tjjon, it is preferred
that Gis -CH2-, - CHR-, or ANM(R3)-CHZ-=\ So prefé&rred conpounds herein
i ncl ude the foll ovil\agy.| j ¥ j

preferred: (112
hl or o-111-i m dazol - 1-y1
8, 4- (et hen o)cycl openta[h] 6,
10(11E)-7-(4-ch loro-1H i m dazol -1
hexahydr o- 15, 2-(azeno)-8, 4- (net hen

I
0, 13, 14, 163 ,¢g>h‘x.
12] oxatri azacycept g€
)-18-p henyl -10, 1 , 16,17, 18-
cycl openta[h] [1 ,670, 12] oxatri

azacyceptadecin e; (117)- -c hloro-111-im dazog| -1-y1l)-14-nethyl -18-p
heny 1-10, 13, 14, £§, 17, 18- Jex lahydr o- 15, -(azedaygkkgf met heno) cyc

| opental[ h] [1, 6, 1077FQ] atri Nazacycl feci ne; N15(11E)-7-(4-ch

| or o- 1H i mi dazol -\~ 4- e 18- phiyyt 16,13 , 14 17, 18- ex
ahydr o- 15, 2- (azeno) - 8, methen cl opent a [1,

oxatri azacycl ohept adeci "NTTAE) =X- (4- chl or 01 H 4

-y1)-19- phenyl -3 ,10,13,14,15,17,%} | 9- 4

oct ahydr o- 2, 16- (azeno) - 8, 4- (et he @ clopenta[j] [1,7,9

oxatriazacycl ooct adeci ne; F$7),- 7- (4-chl oro- 1H-i and

azol - 1-y1) - 14- net hy1- 19- pheny 3,101}§§%46%§;17,18,19-octahydro-2,16-(azeno)
]

-8,4- (metheno)cyclopentalj] DL, 7,91 tﬁiazacyclooctadecine;
BNy
N N
H
5
In addition, the following compounds are also preferred:
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl-10,13,14,16,17,18-hexahydro-
15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
10 (11E)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-

15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(112)-7-(4-chloro-1H-imidazol-1-yl)-14-methyl-18-phenyl-10,13,14,16,17,18-

hexahydro-15,2-(azeno)-8,4-

(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;

15 (11E)-7-(4-chloro-1H-imidazol-1-yl)-14-methyl-18-phenyl-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;

(11E)-7-(4-chloro-1H-imidazol-1-yl)-19-phenyl-3,10,13,14,15,17,18,19-
octahydro-2,16-(azeno)-8,4-(metheno)cyclopenta[j][1,7,9,13]oxatriazacyclooctadecine;

11



(11E)-7-(4-chloro-1Him dazol -1 -y1)-14-nmet hyl- 19- phenyl -

53, 10, 13, 14, 15, 17, 18, 19- oct ahydr o- 2, 16- (azeno) - 8, 4- (net heno) cycl openta[j ]
[1,7,9, 13wWDareradmzacycl ooct adeci ne; PCT/US2011/043628
7-(4-chloro-1Hi m dazol - 1-y1) - 19- phenyl- 10, 11, 13, 14, 15, 17, 18, 19- oct ahydr 016
, 2- (azeno) - 8, 4- (nmet heno) cycl opental[i][1,4,7,11, 13]di oxatri azacycl ooct adeci n
e; 7-(4-chloro-1Himdazol -1-y1)-17-phenyl-11, 12, 13, 15, 16, 17- hexahydr o- 10H
1014, 2- (azeno) - 8, 4- (net heno) cyc Iopent a[ g [1

,5,9,11] oxatri az C ad

bl oro- TH 1 i dazoll 13- i%‘e@@oﬁ& H’i}i”@? e{Helﬁ‘ﬂetHYLl 1PPhewl5 16, 17- hex

ahydr o- 10113 i¢}1 214, mm@%c@abyﬂm teeaggnoy-e,4L opentaf[g] [1,5,9, 11]oxatri
azacycl ohexaclwm ne; Qro-1H i m dazol - 1-y1) - 19- phenyl1-3

, 10, 11, 12, 1@<t nq)gyﬁqpegtg[]]iy 91@31%‘&%%?&?"30%taﬂ801’(‘%zen0) 8, 4-(meth en o)cycl

gpenlt a[ll ] 1[ 1187 ,1@9317walnsﬂoa@ﬁmaaﬂop@%ade@emﬁ 19-phenyl- 7- (4-c h loro-1Him
azol -

-10, 11, ¥ 1331(&113%‘615\1/177 HRL9RAtAN P ro5(222n0H3:¢no) - 8, 4- (ot heno) cycl opent a[ h] [ 1

, 6,10, 12] 0 ckHefd)R Al ﬁ@@clg d?;ﬁtna ac clooctadecme
7 (4-chl or )C()@{ll'l-el m%%?g -QR 3 F 5) cngl -10, 11,12, 13, 14, 16, 17, 18-
oct ahydr o- 15, 2- (Ta#chiyye-giiamidazol- 1 yl) 19 phenyl 10,11,13,14,15,17,18,19-octahydro-

20( met hcno) [ a
(112) - 7- (4- o g Tl@@ c]lje @IC g&o&%ﬁqﬁa / ﬁg?‘&{aﬁ%?ogﬂgﬁ% S 13,14, 16, 17,
18- hcxahydro- 15; (Zf c(hbpz(erhlj)lmglaml 1-y1)-17- phenyl 11,12,13,15,16, 17 hexahydro IOH—

EﬁtE;] Cgm( nyéh%) @‘%% (%?]edl ‘g??y%@e%é&i@ ﬁﬁg’% ancg’ i‘}e 10, 13, 14, 16, 17,

18- 25hexahydr 0-713;Blof@z Bnmjdadol4l-yl)-13- methyl 17-phenyl- 11,12 13 15 16,17-

(et heno) cy ] oxati azacycl ohept adeci ne;
(112)-7- (4- € ro_@ Hciaz’fo% %Z_yl) - 18- phenyl -10, 13, 14, 16, 17, 18- hexahydr o-

(metheno)cyclopenta[ g1[1,5,9,11]oxatriazacyclohexadecine;
7-(4-chloro-1H-imidazol-1-yl1)-19-phenyl-3,10,11,12,13,14,15,17,18,19-
15  decahydro-2,16-(azeno)-8,4-(metheno)cyclopenta[j][1,7,9,13]oxatriazacyclooctadecine;
7-(4-chloro-1H-imidazol-1-y1)-18-phenyl -10,11,12,13,14,16,17,18-octahydro-
15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
7-(4-chloro-1H-imidazol-1-yl)-14-methyl-18-phenyl -10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-
20  (metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-(2,4-difluorophenyl)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-(4-chloro-1H-imidazol-1-yl)-18-(2,4-difluorophenyl)-10,13,14,16,17,18-
25  hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-
15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,10,12]oxadiazacycloheptadecine;
(11E)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-
30  15,2-(azeno)-8,4-(metheno)cyclopenta[h][ 1,10,12]oxadiazacycloheptadecine;
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-(2,4-difluorophenyl)-14-methyl-
10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

12



15, 2- (azeno) - 8, 4- (net heno) cycl openta[ h] [ 1, 10, 12] oxadi azacycl ohept adeci ne;
(11E)-7-(4-chl oro- 1H i m dazol - 1-y1) - 18- phenyl -10, 13, 14, 16, 17, 18- hexahydr o-
3015, 2- (awer0)2/®9309( met heno) cycl opent a[ h] [ 1, 10, 12] oxadi azaajsedioleist@deci ne;
(112)-7-(4-chl oro-1H i m dazol -1-y1)-18- (2, 4-di fl uor ophenyl) - 14- met hyl -

10, 13 , 14, 16, 17, 18- hexahydr o- 15, 2- (azeno) - 8, 4- (et heno)cyc | opent a[ h]
[1,6,10,12]ox atri azacycl oheptadeci ne; 7-(4-chloro-1Himd

azol -1-y1)-18-(2, 4- difluorophenyl) 14- et hyl 10, 11, 12, 13, 14, 16, 17, 18- oct ahyd
ro-15, 2- (azeno) - en

oxat i azacycl oh eﬂt Cé&@&gﬁmmlc{) %:1 l?li)g ?ﬁ 2 Litﬂuo ophenyi]) 4= mlthyl—

7- (4-chlor orolﬂr]zrmsdmzml17118»bbiah5lc7ro(18,24(aihnt)j mr ophenyl) - 13- net hyl -

511,12, 13, 15, 16, 17- hexah ro-10H- 14, 2-( azeﬂ -8,.4- (et heno)cycl opent a[ g]
[1,5,09,11] Qj‘}? p@ a&céweqa [é)ga]d)e]&]%frlazacyclo eptadecme

(112) - 7- cyano- 1&@%@‘&1%111&@41,- 6.1 12,4 3rthexphyan o3 letRyl( azeno) - 8, 4-

(et heno cyclopent oxatlazacycloheptadeC|ne

10,12
(11E) - 7- yaH@Li@léwéﬂyﬂwzﬁwﬂ3>&Hf 62-427en@-8tbxahydr o- 15, 2- (azeno) - 8, 4-

10( met heno) G¥heh balg) (115, 61 h0xabddzaQ¥loflfalic@®acycl ohept adeci ne;
7-cyan o- 1§9%%§n§@$nhﬁ kﬂ% % a m% 17, fBeocfahydro 15, 2- ﬁazeno) 8, 4-

(met heno) cyc Iop hZhIﬁ$mpﬂ86m@®diQP3dﬁ1é£7ﬂ8é@@byép1éﬁéﬁf@db% ne;
(117)-7-cy 16, 17, 18- hexahydr o- 15, 2-
(azeno) - 8, 4- gﬁ%%?g%}{hqpﬁpﬂ?ﬁfﬂ%&m%d%&m%ﬁ(%ox atriazacyc lo

hept adeci ne; 15(@1&}7¢y%vdﬁdm@®ﬂ02IAAdﬂﬁﬂ&@8@pﬁ@m¢9¥5£ﬂﬁm®0)&4 16,17, 18- 11
exahydr fy 15%&@%‘%&&“@&&@?{1%‘?& 1@?&%)rﬁ¥acy£18§e%mdgc[lm [1,6,10,12] ox

atri azacyc

7- cyano- 19- ( 4- f [Tuyeop heplehy - 101 ] 112, 1331411, 11751, 816¢tdb8droA-5sdetazdmp b - 10H- 16, 2-

(azeno) - 8, %@%H§P€%$: émb @quph;#%%aﬂm¥d%%$%%&8égtetraazacyclooctade0|ne

7-cyano- 19
1,12, 13, 14, 15, 17@18)19ymouahydnmﬂmwhﬁhmwn101314161718hcmmwm0452-

g)o(;'_? et2 r g_g; a@g}epb%&(&r@%ﬁ%ﬁgc op nta %ﬁ? gtla[1bJoxLtrlhzacydlojhebtaggmne
15 (11E)-7-cyano-18-(2,4-difluorophenyl)-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
7-cyano-19-(4-fluorophenyl)-11,12,13,14,15,17,18,19-octahydro-10H-16,2-
(azeno)-8,4-(metheno)cyclopenta[i][1,4,7,11,13]oxatetraazacyclooctadecine;
7-cyano-19-(4-fluorophenyl)-12-methyl-11,12,13,14,15,17,18,19-octahydro-10H-
20 16,2-(azeno)-8,4-(metheno)cyclopenta[i][1,4,7,11,13]oxatetraazacyclooctadecine;
(112)-7-cyano-18-(2,4-difluorophenyl)-14-methyl-10,13,14,16,17,18-hexahydro-
15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(112)-7-cyano-14-methyl-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-
8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
25 (11E)-7-cyano-14-methyl-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-
8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
7-cyano-13-methyl-17-phenyl-11,12,13,15,16,17-hexahydro-10H-14,2-(azeno)-
8,4-(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;
7-cyano-18-(2,4-difluorophenyl)-14-methyl-10,11,12,13,14,16,17,18-octahydro-
30  15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
7-cyano-17-(2,4-difluorophenyl)-11,12,13,15,16,17-hexahydro-10H-14,2-(azeno)-
8,4-(metheno)cyclopenta[g][1,5,9,11oxatriazacyclohexadecine;
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(112)-7-cyano- 18- (2, 4-di fl uor ophenyl) - 14- net hy1- 10, 13, 14, 16, 17, 18- hexahydr o
15 2- (azeno) -8, 4- (nmet heno) cycl openta[ h] [ 1, 6,10, 12] oxatri azacycl ohept adeci ne
WOLHE)2/009399ano- 14- net hy1l- 18- phenyl - 1 0, 13 PCT/US2011/043628
14 16, 17, 18- hexahydr o- 15, 2- (azeno) - 8, 4- (et heno) cycl openta[h] [1, 6, 10, 12]

oxat ri azacycl ohept ad eci ne;
25(11E) - 7- cyano- 14- net hy1- 18- phenyl- 10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (azeno
)- 8,4-(netheno)cyclopenta[h] [1,6,10,12] oxatriazacycl ohept adeci ne;

e e e A o B GO o en)-
7-cyano- 18- s{a(lﬂetdéﬁobdyelbp@imqnmlmacﬂz oRithyAcykhdfadeRind3, 14, 16, 17, 18- oct ahydr o

- 3015, 2- (azeno) -8, 4- 0) cycl opent a 1,6,10,12
oxatri aza((:ycl Oh)gp“‘tya%inz?e 4-di uoro%henyB 13- me[t{l]}ll 1[1 12,13,15,16, 1]7 hexahydro-10H-

7-cyano- 17- (i eazaiomguo(mmﬁ@yiu@uw@g 153, odidlobmrahudie: 10 14, 2- (azeno

) - 4- (et heno) cyc | openta] k oxatri azacycl ohexadeci ne;
7- eyano -514- et hy(114087-prefy $- p%enYHOié 14.30.1 4 19-gexphydra-15 2t (arye- 9415, 2- (azeno) -

8, 4- (net he &%ﬁég@g%ﬁe%hﬂ][hhoﬁa?&a&@ﬂ Heh@dRmec! ohept adeci ne;
7-cyano-17-(2 | uor opheny1)-13-nethyl -11, 12, 13, 15, 16, 17- hexahydr o- 10H14

, 2-(azeno) - 8, 4- ( éﬁml@ylémbp@ﬂtlﬁ{lé]lﬁﬁswg ilif}abxéfprlﬁéz(&@yl@] ®hexadeci ne;
5(112)-7-c dro- 15, azeno) - 8, 4-
(Eret h)eno) c§ %Sé%tgéﬁﬁﬁﬁn%@ g]zioég ?Zé‘%"é‘f}%?@ﬁ%g{%dec. ne; 2 )
(11E) - 7- cyano- 18-¢phenydphayhy), 11412163,,M71611Q71r$eocaalhydi10d5:25@2&n(0h&éno) 8, 4-

(et heng) cy, t.adeci ne;

7- cyanom18 G%S@E%wf&éﬁﬁ @21%30)% %@h%&i%%@g e ydro 15, 2- (azeno) - 8, 4-

10( et heno) cye I apBnt-ai- m]ath[ymfm 2Pridxddiylataohoept @tk td, v, B, 18-
(112)-7-(3-ne 5 éirlazol 1-y1)-18-phenyl - 1 0,13, 14, 16, 17, 18-
hex ahydro ]?%fazengﬁz %j) (met heno) cye |l opental[h] [1,6, 10, 12] 0x atrl
azacycl ohepicaadeeicydopeath[H][ 1) H7F2(Saridrydlodditatiedned-t ri azol - 1-y1) - 18- phenyl

-10, 13,14, 16, 17, (]T§Zi)—7—(3—methyl— 1H-1,2 4-triazol-1-y1)-18-phenyl -10,13,14,16,17,18-

15  hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

(112)-14-methyl-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -
10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

20 (112)-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;

(11E)-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-

25  (metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

(112)-14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-
10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;

(112)-18-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl) -

30 10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
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15hex ahydro-15, 2- (azeno) -8, 4- (netheno)cye |lopenta[h] [1, 6,10, 12] Ox
atriazacycl o hept adeei ne;
(112) - 14-wot2h1210073005- met hy1- 1H 1, 2, 4-tri azol - 1-y1) - 18- piremyuis2011083628
, 14,16, 17, 18- hexahydr o- 15, 2- (azeno) - 8, 4- (net heno) cycl opent a[ h]
[1, 6,10, 12] oxatri azacycl ohept adeei ne;
20(112)-7-(5-met hyl-1H1, 2, 4-triazol -1-yl1)- 18- phenyl -10, 13, 14, 16, 17, 18-
hexahydr o- 15, 2- (azeno) - 8, 4- (net heno) cycl opent a[ h]
[1, 6,10, 12] oxatrj.aza hept adeej ne; .
(11E)-7-(5-nethyg?ék&¥§éﬁﬁyﬁ$?5§57Q§?Vﬁybi@ﬂﬁ%%ﬂV¥@1bYQB,14,16,17,18-
gg?ahYﬂr o- ;I-ﬁ),, @l-, H4auz] WQ%SF]}&XéfrygroiBS,2]:(221]zen0)—8,4— oh deel

nmet heno) cycl opent a , oxat ri azacycl ohept adeei ne;
(114- 14- met (Wpiep0)eyslonsp bﬂﬂlmoi%wtaﬁca% P§dgeise 18- phenyl 10, 13
, 14, 16, 17, 18- hexalyfsry 13422 1az80) v8. k-pHehRt lvanapagakapant 8lobhhydro-
[1, 6,10, 12] oxatri azacycl ohe tadecinF

y P : . .
( 114~ 18-Y 4- FIAGremmedymetiene)sygpeppthl 414, 10, 12]oxatrieragyelphoptagagine 3010, 13
, 14, 16, 17, 18- hexahydhR-713.Reth@A8NPD 48ridol-( PBL keI A0 198Nt akhk,17,1s-
[1, 6, 10, 12] oxatri azacycl oheptadeci ne;
( 11E) - 18- ( 4ectqhyidrodgiielagenp)-3.4¢ 3- met hy1- 1H- 1, 2, 4-tri azol - 1-y1) - 10, 13
, 14, 16,17, 18- - - < .cycl opent a[ h]
151 30, 1] EEENORYARnd i ety ol LG
7- (5- met hy1- 1H- T;;mcthylildi bR ALriyz)-1 ¥8- heheyyl-100,1 12,132 448,17,18-octahydro-

, 14,16, 14, 18-0 'dr0 . e
518 oo M S PR Alimetnenorcydopeniafhill & 10y 2doxgpiagasyelohepiadecine, | e
e; 14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)- 18-phenyl-

14- met hy1- 7 { 5- nethyL- .2 a-triazol-1-yl)- 18- phenyl- 10, 11, 12, 13, 14, 16, 17
, 18- oct ahylé)f‘l(s)l-’ @,321-421 g;l f’]1 5chﬁﬁ&ro—lgé—(azenoy§;)l-

(met heno) cy@ietreeatalldheht[H]1X01012] oxatzazeoywplabeps; adeci ne;
Y tat o i A uorpaetd T R 2 D A S 1.

15 10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-

(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(11E)-18-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-

10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-

(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

20 (112)-18-(2,4-difluorophenyl)-7-(5-methyl-1H-1,2,4-triazol-1-yl)-
10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

(11E)-18-(2,4-difluorophenyl)-7-(5-methyl-1H-1,2,4-triazol-1-yl)-
10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-

25  (metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

19-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)- 11,12,13,14,15,17,18,19-
octahydro-10H-16,2-(azeno)-8,4-
(metheno)cyclopenta[i][1,4,7,11,13]oxatetraazacyclooctadecine;

19-(4-fluorophenyl)-12-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-

30 11,12,13,14,15,17,18,19-octahydro-10H-16,2-(azeno)-8,4-

(metheno)cyclopenta[i][1,4,7,11,13]oxatetraazacyclooctadecine;

15



1015, 2- (azeno) - 8, 4- (net heno) cycl openta[ h] [ 1, 6, 10, 12] oxat ri azacycl ohept adeei
ne; 14-met hyl-7-(3-nethyl -1H1, 2, 4-tri azol -1-yl)- 18-p henyl 10, 11

, 12, 13, 14wW0ephoi®9oet ahydr o- 15, 2- (azeno) - 8, 4- ( net henoPeyaskapomicas h|
[1,6,10,12] ox atri azacycl oheptadeeine; (112)-18-(2,4-difluorop
henyl)-7-(3-nmethyl-1 H1,2,4-triazol-1 -yl)- 1510, 13

, 14,16, 17, 18- hexahydr o- 15, 2- (azeno) - 8, 4- (net heno) eye | opent a[ h]
[1,6,10,12] ox atriazacyclo hept adeei ne; (11E)-18-(2, 4-d

a0 T hexang B e B Rt a bt St k>
[ 1, 6, 10, 12] mxest 14 iaziagigceii8 it (#26io)-8,4-

20(112) - 18- 4-di fl uoro hen 7- (5- net hy 1,2,4-triazol-1-y1)- 10,13
, 14, 16, 17, 1@’%2%)(%%?%“% lé}z]@ﬁ‘ﬁﬁatr%‘s‘z%yc@ﬁeé‘f%ﬂ’éey cycl opent a[ h]

[1,6, 10, 12] oxat r m?aﬂyphl@m?pmd@m Rzol-1-yl)-18- ﬁell%E)O 113314(,?6 7, k-
i fluorophenyl)-7-(5-nmethyl-1H 1 4-triazo I-

13
.14, 16, 157 1@*?1@5@541%% @‘29_15))28 %@ﬁ%?)pgclgpenta h][1,10, 2]oxadlazacycloheptadecme

25( met heno) cycl o QgR}- @I@L{eﬂhyﬁlﬁq zlzelr%atm?mgu&llypmm MIeEi NEs-
(4f|uoropheny1 riazol-1-yl)-

11 12, 13, 14hexshygip- glf82 _(Lagenq)@ﬁa o)epeprestath] (lalPelRdxadiazpcycloheptadecine;

th | t t
(et ool ore oven b Lkl b A8kl e anatadh gy,

3011, 12, 13, lmalﬂy@mlii()fi%i@azam)a‘h%fdro 10H- 16, 2- (azeno) - 8, 4-

T AT e pagggne oot o ne

-nmet hyl- 1H 1, 2, 4342 Aalifddordphygdy)l}- 14 Geth$l-7-(3-methyl-1H-1,2,4-triazol-1-yl)-

110 1T A DA ARl gagN o R ono) el opental

(112) - 7- ( 3- (meteyd)ecldtbpbn@[MF1ta, i(H]Z@cbxa&ray@ydlShqpkﬁdwhe; 10, 13, 14, 16, 17, 18-
7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,11,12,13,14,16,17,18-octahydro-

15 15,2-(azeno)-8,4-(metheno)cyclopenta[h][ 1,10,12]oxadiazacycloheptadecine;

17-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-11,12,13,15,16,17-
hexahydro-10H-14,2-(azeno)-8,4-
(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;

18-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-

20 10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-17-(4-fluorophenyl)-
11,12,13,15,16,17-hexahydro-10H-14,2-(azeno)-8,4-
(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;

25 18-(2,4-difluorophenyl)-13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
10,11,12,13,14,16,17,18-octahydro-3H-15,2-(azeno)-4,8-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

18-(4-fluorophenyl)-3,11,12,13,14,16,17,18-octahydro-10H-2,15-(azeno)-4,8-
(metheno)cyclopenta[h][1,4,10,12]oxatriazacycloheptadecine-7-carbonitrile;

30 (11E)-7-cyano-18-(4-fluorophenyl)-18-methyl-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopenta[h]
[1,6,10,12]oxatriazacycloheptadecine;
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5hexahydr o- 15, 2- (azeno) - 8, 4- (et heno) cycl opent a[ h] [ 1, 10, 12] oxadi azacycl ohep
t adeci ne;

(11E) - 7- (\Sorzet2dnpd309H- 1, 2, 4-tri azol - 1-y1) - 18- phenyl- 10, 1BCTAIS2@,1/073628-
hexahydr o- 15, 2- (azeno) - 8, 4- (met heno) cycl opent a[ h] [ 1, 10, 12] oxadi azacycl ohept
adeci ne; 13

-met hyl-7-(3-nmethyl-1H1, 2, 4-triazol -1-yl)-17-phenyl1-11,12, 13,15, 16, 17-
hexahydr o- 10H 14, 2- (azeno) - 8, 4- 10(net heno)cyc lopenta[g] [1,5,9,11] oxatri
azacycl ohexadec

-met hyl- 1H 1, 2, |7ac2/81|'10( ig §4I§11|10]cr| Orﬁ?—lg‘—en Iyl—)l(3 }?ﬁif% Wﬂg—}zéxggydro—w 2-

, 12,13, 14, l@zehz) 88(@@&1@@@5&%&%[&(@aengh&rlézacﬁdmieb@&&)@yc | opent a[ h]
[1 6, 10, 12] ox atrl acyc ? eptade db
a1 asor g IO pRbem D T Thet i1k 2 s 2 18- oct ahydr o-

1515, 2- (azen01)21%1411(6matﬂseu9cac% 400t B[N lakeho 1 04kl ZREy4! ohept adeci ne;
17-(2, 4- di f| uor o hen -7-(3-ngf -1 LF%’20;-I¥I az%g?ﬁ;-gy) 11

.12, 13, 15, 11911l H@%ﬁﬁ?ﬁ%@fbbﬂﬂ%EGBG(azeno) 8, 4- (net heno) cycl opent a[ g]

[1,5,9,11] oxat rigaasyslohes ING7-mbiy (21 42,8 T4 V6,17,18,19-0ctahydro-10H-
or opheny1) - 7- (3- rrclf‘v‘%’t%hyl g gﬁ%ﬁﬂ{?l 78.20 1 1-y1Y- 7,18,19-octahydro-10A.

2010, 11, 12, 1532-tagenpg; 8117@@816@@@1% &hil5,010(13 jospigipzagydoheptadecine;

(netheno)cyclop tal tr hept c 13
et hyl - 743- ot hol @ffg{olf?ag BO-bah QAL IH. @;M&AO‘P %ufgb?@ fa0e; {167,153

11, 12, 13, 15oc1261y¢r¢ lﬁéxﬁmﬁd) &Aﬂ(@leﬂlmmo)@w(@z@ﬁ{dﬂ [18, 1@,12Iqxetrlh@anm1@i¢mad¢yemt a[ g]

[1,5, 9 ﬁ;] ?ﬁ%f5azacyclohexadeC|nc
2518- (2, 4-di orophenyl)-13-net hyl -7-(3-nmethyl -1H 1, 2, 4-tri azol - 1-y1) -
10, 11 12 13, 14, ﬂeqyiiﬂq 18<(bteabpdny)-36H 152, 23, (‘Bk(ehbp&dqtﬂwdro 15,2-(azeno)-

(et hene) YELPRERL ALk iR, EA B BRSNS PR TEIRE 2y o,
(netheno)cyclopqnna{hqLﬂdﬂmﬂgllzynma@hazhmy@hﬁhﬁmB@dg@ung%ZQCarbonltffIe
30(11E)- Cl}/exgilydro lél-f1 lg 5%292%8&%611 Ymetﬁeno%@ngy i]s’ 410 13,14,16, 17, 18-
15 h][1,6,10,12]oxatriazacycloheptadecine; or a pharmaceutically acceptable salt thereof.
When it is possible that, for use in therapy, therapeutically effective amounts of a
compound of formula (I), including pharmaceutically acceptable salts thereof, may be
administered as the raw chemical, it is possible to present the active ingredient as a
pharmaceutical composition. Accordingly, the invention further provides pharmaceutical
20 compositions, which include therapeutically effective amounts of compounds of formula
(D) including pharmaceutically acceptable salts thereof, and one or more pharmaceutically
acceptable carriers, diluents, or excipients. The compounds of formula (I), including
pharmaceutically acceptable salts thereof, are as described above. The carrier(s),
diluent(s), or excipient(s) must be acceptable in the sense of being compatible with the
25  other ingredients of the formulation and not deleterious to the recipient thereof. In
accordance with another aspect of the invention there is also provided a process for the
preparation of a pharmaceutical formulation including admixing a compound of formula
(D), including pharmaceutically acceptable salts thereof, with one or more
pharmaceutically acceptable carriers, diluents, or excipients.
30 The dosage of the compounds of Formula I to achieve a therapeutic effect will
depend not only on such factors as the age, weight and sex of the patient and mode of
administration, but also on the degree of B-AP reduction desired and the potency of the

particular compound being utilized for the particular disorder of disease concerned. It is
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hexahydr o- 15, 2- (azeno) - 8, 4- (met heno) cycl opent a[ h]

[1, 6,10, 12] oxatri azacycl ohept adeci ne;

(112) - 7- cyarror21®9304- f | uor ophenyl) - 18- met hy1- 10, 13, 14, 16 pCT/UB801thaxiwbg dr o- 15,
2- (azeno)-8, 4-(net heno)cycl openta[ h][1, 6, 10, 12] oxatri azacycl ohept adeci ne;
19- (4-fl uorophenyl)-17-net hyl-7-(3-nethyl-1H 1, 2, 4-tri azol -1-y1)-

11,12, 13, 14, 16, 17, 18, 19- oct ahydr o- 10H 15, 2- (azeno) - 8, 4- ( et heno) pyri do[ 3, 4-
5h][1, 6, 10, 12] oxatri azacycl ohept adeci ne;

7-cyano- 19- 17-nmethyl-11, 1 16, 17, 18, 19- oct ahydr o- 10H
15, ooyt R s e RN et SR Gy o P UL hant atioei ne
; ! (3- et hli zg-dﬁrl_mfnlstéféﬂ @rpllit Y dblége}brmla)md idéat the unit dosagi ZOI‘I’:II:IGWOJI-J%d be adjusted

me ri Z
oct ahydr o- 135¢ giingi:zfiw gﬂﬂed(lﬁél%/er?é%)r%ql?&ﬁ téf) {iyp iﬂVfllofectavetyﬂil%s’@&tSHnazacyc| oh

ept adeci n- %Q&%%’aﬂm@mr dosage to be ZmﬁMﬁ’é&l Endl@e ﬁénﬁérupﬁﬁ@sh@w&amﬁa{&teléd 12,13, 14
, 16, 17, 18- oct ahydr o- 15 (azeno)- 8, 4 (netheno)cyc | o entag kl 6, 10 12]

oxatri azacheEdp ﬁ%\ﬁtﬂaaé&drlﬁcmlemﬁt @Physigjig, and may be(varied by titration of t

14, 17- di net ydse fo G dARCHEr &1&uﬁ1¥t’dl@d’e§’9ﬂﬁﬂ3ﬂ\)enﬂ§1 tb r&d@celt?le §&irdPthehp&itic
ahydro 10H-15 -, 2- (azeno )-8, 4-(nethen o) pyrid 3,4

15h][ 1, 6, 18 @2‘} oxatriazacycl ohept adeci ne; or a phar maceutical |y acceptabl e

sal t thereof. itabWAGHY ddse b %gaf%hll?d & Fofiila éBPéhay'ﬁa?cehthgf &‘?.§p%£’i lon

t herapeutically e?uflectl VE anounts a conpoun I ncl udi ng
phar maceut Mbatbtyfomzmelptnabllr@luslmtream hdfeaog fromayr likelydd miffir foeyasyd as the raw

chem calo |l RaRRISLPL B AP oRIBIER ANEHRGHEYE, LABKERLEMO BT B mars . o

pharnaceut|ca mposi tiron. PACEOr & hven |on
phar maceut i t@abmﬁ @o agiQSint] lpmﬁaably\/mbmh 0L Ineo Runkek ¢ hﬁéreqalﬁuﬁmtelah byre@tbialtet | ve

CaTts. thor doff P HIMBAG G Wt e B PHER N Bl RPEr APy G o)

di l uents, ofde¥gmble o o.ihﬂmgp@umw@ghtf Ohdnehide (nkdedichWeillypakd fBgbly
phar maceut i cal |y accg pt abl e salts ther are as descri bed above, The
carrier(s), Pedpiseed 1 caypl dosssi ’f?inb?ﬁe(t%§“ﬁﬂ§‘?s s dERY shPwalina Pl sense of

bei ng cpympaddsfeqs Wnkilisteha, %ﬁQﬁMsageﬁQFﬁﬁlﬁaﬂgiﬁ&ré&gedtdhﬁl thebpithatdo@e ard not
del eterious to the recipient thereof T'n accordance with another aspect of

t he i nvent i Baheshupder freatend ds dricspingd d ngacperdinss &vith gpod elmist ipgticatif bn of a
phar maceut i Gak £ LM it Qnnd 1@&5&@5&?0@1@%9@ d&ﬁc&tr%ﬁﬁ%‘l‘ﬁlaﬁkﬂﬁp@&dﬁ@& a (1),

i ncluding phar maceutically acceptable salts thereof, with one or nore
phar maceut | @adffegtivgaabpmalslikeifgt Witkqus cauging 9®h]tl%mﬁd or @%Q\W?}T fede sffect0The dosage

of the comgunds:, HwilTRk THIRLIAnATHY SYkinPorRELAREHA foufli G&hinMerda

20  will be determined by a physician, in the light of the relevant circumstances including the
condition to be treated, the choice of compound of be administered, the chosen route of
administration, the age, weight, and response of the individual patient, and the severity of
the patient's symptoms.

Pharmaceutical formulations may be adapted for administration by any

25  appropriate route, for example by the oral (including buccal or sublingual), rectal, nasal,
topical (including buccal, sublingual, or transdermal), vaginal, or parenteral (including
subcutaneous, intracutaneous, intramuscular, intra-articular, intrasynovial, intrasternal,
intrathecal, intralesional, intravenous, or intradermal injections or infusions) route. Such
formulations may be prepared by any method known in the art of pharmacy, for example

30 by bringing into association the active ingredient with the carrier(s) or excipient(s).

Pharmaceutical formulations adapted for oral administration may be presented as
discrete units such as capsules or tablets; powders or granules; solutions or suspensions in

aqueous or non-aqueous liquids; edible foams or whips; or oil-in-water liquid emulsions
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depend not only on such factors as the age, weight and sex of the patient
and node of adm nistration, but also on the degree of-AP reduction desired
and t he pybentyooefost he parti cul ar conpound bei ng utili zedTfuseotloe3628
particul ar di sorder of disease concerned. It is also contenplated that the
treatment and dosage of the particular conpound may be adm nistered in unit
dosage formand that the unit dosage form would be adjusted accordingly by
one skilled in the art to reflect the relative |evel of activity. The
decision as to the ﬁartlﬁcul ar dosage to be enployed (and the nunber of
times to be AHHATEL EPEG%Bher day) is within the discretion of the

physi ci an, and F@Yﬁl’@ﬁnd@fdr efhl Qynihisirﬁtﬂﬁlicil@fhe@dc)rrr]ﬂdﬁ?tﬁlﬂ&&geaﬁﬁﬁlelth@adﬁ&éti ;:;JI ar
ci rcunstances of this invention tao produce the desired therapeutic effect.
A suitabl e s PR <ot becoetmsgorty a&forﬁmpﬁc phagmagshiraly aesprRial
conposi t i onintesrBafsuéiods cthaRBINEBEcroll WabY Sdbe RN, PosMb @Fd pigpatdddm or i kely
to suffer fromany 10 condition related to 13-AP production as described
herein, i |fomRnEghawstRoul 03 sHirkyitcoizpahminoe Wik gHREY pref erabl y,
about 0.1 t&nﬁniﬁﬁé&ﬂhamﬂuﬁgmﬂﬁétsﬁéﬂ aQ%Eli%fétc@fb%h}dfate,%Q,rfopéx%hlple,

adm nistration, the dose may be in the range from about 0.1 to about 75
my/ kg and pitaeleerapinpitely Flavoring, pessapatiyg/ dgpeboiy andeiolphing agunecaneisope

i ngredient wll: preferably be adm nistered in equal doses fromone to four
tinmes a day[.WL)HO\'Never, usual ly a small 15dosage is adninistered, and the
dosage i s gradudlapyulésres madeddy nueTreiing ¢ hewdspniixtale, dolvergided drove had Adwe under
treatme i g I Py 0, i {ni.ca ice it is
pr ot er B A et G REEPLAARE i bon JOCoE DUECL BB el ¢ ha
Wi | | pr oducecagate, ehlt@ot staaet@iot solidmpplyothglend gleatl cav beraded toahespomgleany har nf ul
or _unt owar d, 3} de L LOL! Sy HONRMEE ALE kLl Be undersh ood f haf  Lhe amount. of
t he corrpounla act oaft y a Mt Bed { PSS G aR eV n%ageﬁ)ly pfhy(%l cian, in
t he |ight odgat béciugl casb@nite,oir k@liurs tabees: danalsode agled heinpanditid on t o be
treated, the iLce.of c ound.of be adm.nistered, the chosen route of
admi ni str atarVSﬁ%i’%ftHQf ﬁgfeg&%“aﬁt“fhe%ﬂﬁ ‘preg d%’élgesgeld' the individual patient,
and theisever it WatovehvieaidesRll ofn@ YRy Qitab Ebiald® tebtichitg ldisidégmtingt | ons may
e et Rt e ey P B okl SR ™ ©
(I ncludi ng RMGEAtarcis BBkiiN G¥@lal s@arstshENEGAICOR or betd A&H AR corwdRRh&Nt er al

(i ncludi ng subcut aneous, intracutancous, intramuscular, intra-articular,

i nt rasynovi135'i1!t‘1,r?‘1ia‘ﬁfl _F‘Bé{%@eélﬁ s S‘%Ch_ta? aapiaclEAgacan i gr av%m@lma,te,@ nt ravenous, or

i ntrader mal cak‘tﬂix%&thﬁl@@lumse,'pr}}_éﬁl'yQHe? byE QU theeh LG AL daaR iRy be
prepared by any nethod known'in'the art of@@?har macy, for exanple 30by

bri ngi n i Mdasagedgesiiaglidsrioding aeatd, sadiumghleiddeepmd the tke. theinieartarer (s) or

exci pi ent ( Shejude, withol HHARGE Wt ﬁ%etgarc@}ﬂdlesteg s bRCARS Eghtﬁawguﬁﬂ d the

adm ni stration may e pr esent ed as I'screte uni'ts such as capsules or

tabl ets; potiieteTgblets agriamulleed, fgekunplorhy roepagusppovedeo mixtiug, greudaing oor

non- agueous i dsi; e : - iR OF - 1103 r

el of ons. o 4eite Ring S0 Gnl TR L) T byl T h Fin il T

adm ni st r atis prepamd bheniXing the odmpound Blugdbloconpeipstad, eyitht dhdluattor beseds ug

conmponent can he.conbined wth an.oral, non-toxjc phar utically

accept abl e cl%ﬁcer?)ted %%OrVF i aélg Ogtﬁ%lﬁﬁ%fsmteht%tg?]% ¥ ucgla%agr%y,%evvgpégﬁlﬁo%h%? the Iike.

Powder s ar ealgirapageadinbyr fptyomayil pytdlidgnd, heolatempeuntint claasyurdffiblae fine size
o XL, 10,5 SLOLLEY L, SO et pha el el Sgtiieh sueh s an
preservat i Vigstonite 34618 iondicaléinth phodphhteN Fhégeier Giiurd eS0bdganil RSEIL .
wetting with a binder such as syrup, starch paste, acadia mucilage, or solutions of
30  cellulosic or polymeric materials and forcing through a screen. As an alternative to
granulating, the powder mixture can be run through the tablet machine and the result is
imperfectly formed slugs broken into granules. The granules can be lubricated to prevent

sticking to the tablet forming dies by means of the addition of stearic acid, a stearate salt,
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Capsul es are nmade by preparing a powder m xture, as described above, and

filling 10formed gelatin sheaths. G@idants and | ubricants such as colloida
silica, twbepizmgivesi um stearate, cal cium stearate, or eorius2@aloyssehyl ene
gl ycol can be added to the powder m xture before the filling operation. A

di sintegrating or solubilizing agent such as agar-agar, calcium carbonate,
or sodi um carbonate can al so be added to inprove the availability of the
medi canment when the capsule is ingested. 15Modreover, when desired or
necessary, s itabl e ubricants, disinte ratln agents, and

Colort ng. agalit & TRafEiC o dirise] OREE SR e Rt Bt ani'e bi nders
i ncl ude st agoatpougBlo@thcPrestiatintictionsddg aks bs esibiRs! VAtHCO& | BVinpRtAcdraet 0Se,
corn sweeteners, naturalwggd syn}hetlc gumns sucE as acgfla tragacanth or

sodi um al gi HACEMPERH U RBICRIIEE M WRUELopRTAYEh NeeRUBI)E B SUSEHE t he | i ke.
Lubricants slt%ﬁdAldlbaEBlecﬁﬁ wHesane chAmiRonsiths 6 £AGH P QIf@RAdIRe, aS0di UM
chloride, and the |ike S|ntegrators include, without linmtation, starch,
met hyl cel | (rthgeof sugpser YN meeriakand B RALGERRINER] oK 621 baduovidedh| et s ar e
formul at ed, pf QfurR XA RideP REEBRHhHG0 ﬁlsﬂfi)é’ws%rdlf?éré{tlﬁﬁﬁ dod@E@nul ating or

sl uggi ng, addlng a lubricant and disSintegrant, and pressing into tablets. A
powder mi xture ialffudscnehiastsplugipnisygpy led ol sumks Prensradaplesasowii nut ed,

with a dil : i

bi nder sucﬁﬁgésgg? yﬁgﬁﬁyﬁ ﬁﬁﬁﬁéigg&ﬁﬁ a |Srﬁg%é995§8a?#%M S\?h%olyvmyl
pyn- ol i donecange wp@r@ﬂ b dissivingldn torspavind isa patelly flavoredaquegssplution

accel ergj or C S nt such as
bot oni ¢ 3 RS e gL SRRt A SRR At R SURM ARET 1

granul at ed @mﬂmﬁﬂﬁmu@ammquanhim@mmndabhhﬁsmﬁynbmxwﬁmammhmpaﬁwdwnacadla
muci | age, O ssoal dSOfRoPs dBtP(:e hua O%' ermint S oA tn%r al 3 %agnf or ¢i ng

t hrough a SEFEeR Y Rs AR C} ternat V&S granu i ng Wf’eh% ps()vmS Ure can
berunthnn@hﬂmmdamwmwnmhMMMQmmﬁhﬂwﬂmwi |S|npmfemlyformm

sl ugs broken in ranul es, uIe can_be ricated to prevent
sticking to theggg%?@ﬂnﬂﬁPﬁig H%ﬁﬁpmiﬂgmﬁﬁﬁwFPSWl stearic
acid, aist edicafefcapallited. tﬂieq‘ornﬁﬂatfashroaf aabolsvﬂrepamao btdng@at@ehimihgt ure i s then
conpressed into tablets. The conp s of the present |nvent|on can al so be
conbi ned wi TS % ‘EéXWRJG\P}ﬁ@“’i“H%P‘E en@&ﬁ?lﬁ%tﬁﬂ&ﬂ&ﬁ%ﬁﬁl@%@@a Yo eabr et s
directly wighad going through the granulating or slugging steps. A clear
or opaque protectlve coatl consisting of a sealing coat of shellac, a
5coating of sugamesPmpRnghelfoiyintls irciidingghgrmacggicy acé%%bilf‘ni} tHf wax can be
provi ded. qﬁ@ééﬂjéafnsals%%@ a@ﬁn@s@é;&gmttﬁ’e fohﬁ%?hﬁd@@{lé BaR et Qydbsg siGuk Shadi f f erent
uni t dosages. ds such as solution, syrups, and elixirs can
be prept edurillnm@lld%ag@eclﬁsnlafgertmlmébr vesiglesqanginpeilagpaliditvetigiese dipasPmes a

pr edet er m t r di ssol vi ng
Phe. compound a8 e R o NG o Bty i v e o e
prepar ed t hrhosgdiatidsheholing. of a non- tOXIC vehicle. Solubilizers and

The compounds of formula (I) including pharmaceutically acceptable salts thereof

may also be delivered by the use of monoclonal antibodies as individual carriers to which

25  the compound molecules are coupled. The compounds may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include polyvinylpyrrolidone,
pyran copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted with
palitoyl residues. Furthermore, the compounds may be coupled to a class of

30  Dbiodegradable polymers useful in achieving controlled release of a drug, for example,
polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic
block copolymers of hydrogels.
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enul sifiers such as ethoxyl ated isostearyl al cohols and pol yoxyet hyl ene
sorbitol ethers, preservatives, flavor additive such as peppermnt oil or
nat ural sweevem®ex®9 or saccharin or other artificial sweerarsers/o4xesl t he

| i ke can al so be added. \Were appropriate, dosage unit formul ations for

oral adm nistration can be 15m croencapsul ated. The formul ati on can al so be
prepared to prolong or sustain the rel ease as for exanple by coating or
enbeddi ng particulate material in polyners, wax, or the |ike. The conpounds

of formula (I),Ijncludin hfgharmaceu i al.ts thereof, can

X
cal.ly acceptabl e.
al so be adni ni st &PEHFHC “W%?H?%?f??gégé sdg $9@PV“§?§ﬁﬂﬁ¥ “uch as
smal | 20uni pradeeiell ad divest pateises ilt@idg@touBimhia il intidkte\cott& vath, thasdddmmlstaf| amel | ar
vesi cl es. Liposones_ can be f$rned froma variety of phospholipids, such as
p

chol est er ol the &ewiny fos aiprdonegd PG OEHEET B9 ERBPIeriRg active ingrediggpmay i ounds of

fornula (1)ddin&bdHbRIhDRAHBGEHEANR s ¥s g&ﬁgﬂlya@éeﬁb&ﬂh@_ﬁarhﬁ@éuﬁ@ﬂ may al so be
del i vered by the use of nobnocl onal anti bodies as individual carriers to

whi ch 25 t heesedfhd(Md3 IfdI¥éUl es are coupl ed. The conpounds nay al so be

coupl ed wi th solppBingcA/YTEmN AR MaPRl 88 t&Hich HemiB RIS R Say baUGuRRLY TET S
can include pol yvinyl pyrrolidone, pyran copolyner,

) ) yne
pol yhydr oxy3srodpyeitsicrragssuaenteishiorons; peyelopn ydvtivbg.articd. gelpaptasni dephenol
or poIyethxkggﬁg&hgggolylysine substituted with palitoyl residues.
Furt hernore, the conpounds nmay be coupled to a class of 30bi odegradabl e
pol ymers usef ul Hontreggiemy ofithe exsrar othiet exderna tismise fafexample owuthfand skiganpl e,

vl . . . ‘ . bol . .
pol yor ¢ toest oy R AR PSR AN Sl Pk IR BB o1
cr oss- | i nkeid aopinanghi thaidive inghed it waypled gnoyed ofithheyttieragetadfinic or a water-

Phar maceuti cal. fornul ati ons, .adapt ed for .transdermal .admnistration may be
present ed ansns((‘f‘lllbfsecorme]fmgﬁat 2% ﬁ%%rnlaﬁf’%}"i&%eaa oy P érr?glleﬂt TH l?egt?}fmﬁg%t%& Cdntact with

t he epi der nirsanofvith he oil-@Givpicedttant base ar pwelentigeibaperi od of tine. For exanpl e,
the active ingredi ent nmay be delivered, f.rom.t he patch. by iontophqgresis as
gencral 1y descr | BT EHAP FRUSHD) B c R deiehm B 671ons Ry Saaag e

Phar maceut i ¢aldrdpe iitle it thOnsiva thapddedt & afssdlegali @ ahspadidll M Stuitable osirismy be

fornmul ated as oi ntments, creans, suspensions, |otions, powders, solutions,
pastes, gel SPeciallya)aqueqiiwhshs, or oils. For treatnents of the eye or ot her

external tissuephafi@co@ATHRIARMS apRd fskbflcal d@hRRuANHRIAQAS are
preferably applied as a topical ointnent or cream Wen fornul ated
include lozenges, pastilles, and mouth washes.

Pharmaceutical formulations adapted for rectal administration may be presented

20  as suppositories or as enemas.

Pharmaceutical formulations adapted for nasal administration wherein the carrier
is a solid include a course powder which is administered in the manner in which snuff is
taken, i.e., by rapid inhalation through the nasal passage from a container of the powder
held close up to the nose. Suitable formulations wherein the carrier is a liquid, for

25  administration as a nasal spray or nasal drops, include aqueous or oil solutions of the
active ingredient.

Pharmaceutical formulations adapted for administration by inhalation include fine
particle dusts or mists, which may be generated by means of various types of metered,
dose pressurized aerosols, nebulizers, or insufflators.

30 Pharmaceutical formulations adapted for vaginal administration may be presented
as pessaries, tampons, creams, gels, pastes, foams, or spray formulations.

Pharmaceutical formulations adapted for parenteral administration include

aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,
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in an ointnment, the active ingredient may be enployed with either a
paraffinic or a water- m scible ointnent base. Alternatively, the active

i ngr edi erworraiz/dogsobor mul ated in a creamw th an oil -i n- raTas2aneadRbase or
a water-in oil base. Phar maceuti cal fornul ati ons adapted for
topical adm nistrations to the eye include 15eye drops wherein the active
ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous sol vent. Phar maceuti cal fornul ati ons adapted for topica

adm ni strat. i he nmouth include | ozenges, pastilles ut h washes.
Bhar et | Bt BRI G sdlp i Bh rafen e Pim Rk rdh 1t i D e
present ed 2@ast&dPPRGipicat: bRBaREaRnERAG Rficous sterile stkRATRGEUMiEICRLY

formul ati ons adapted for nasal adm ni strati&gémherei n the carrier.is a

sol i d i ncl uBeude WRmNdiae pgRtend WHCAINE ascidin The Sorapitionsmdnks IHesRes i n

-t Athi ch sngfifdds$ ot @B Yosd coBtainchY for 3Rdnth1¢ RARH @inbONes At QBN addBay RS al
passage froma container of the powder held close up to.the nose. Suitable

f or mul atd ongorgshisradiesze-fiacddbophidized) gondlitjondequiringraaty tizga(éﬂﬁiq*w othestsidh as a

nasal sprayjifiid Bas@! fofEARDIe WAG! O] A0S Al iatc®) dric? @ diki ons of the active
i ngredient. Phar maceut i cal fornul ati ons adapted for adm nistration by

i nhal at i on Fiempaiencppsmiajepizantsplutiansguid sespesiant g1 be preparpd framp sisailegener at ed by

means of varj.ous rXIRﬁés ofq miered, dose pressurized aerosols, nebulizers,
or insufflators.’ 30Pharnmaceutical fornul ations adapted for vagi nal

admi ni stration rhshobld bpuedariewidhaisn phlttgamrto g ingredipsnartiataslamentigsids
pastes, fo . i,on C i for i ons
Daapt o' or 8 Be SRR CTILERUE B ascy oy ORLHRCR M BRI AL |
steril e injthetyponf Hohubiions qustioh foresgkampla tlaisaiswmable faxord admsjstiaudif er s,
bacteri ostat s inalnﬁ ﬁa?l ut es V\4‘|i ch render the formulation isotonic with the
bl ood of the }f Nt ehae Ore%l%elnént; and aqueous and non-aqueous sterile
suspensi ons whi Clhe peggerit icknita el spervdidagribgeintcenreodbnt witticdeeinng agents. The

ol o PSR e TS5, BEbladoas GRS S (o
(1 yophi 15 zei@dyentiomebvietsam altexa@bitivek, Mo ddfidayiodshendad divhlicftn adantob enchiided iitginl i qui d
carrier, fof, &XarBl e (LS thal al it Mimpld TR el e Becife 1O Use:
embodiments, will illustrate one practice of the present invention, it being understood that
the examples are for the purposes of illustration of certain embodiments and are presented
to provide what is believed to be the most useful and readily understood description of its
20  procedures and conceptual aspects.

The compounds of the present application can be synthesized using the methods
described below, together with synthetic methods known in the art of synthetic organic
chemistry, or variations thereon as appreciated by those skilled in the art. Preferred
methods include, but are not limited to, those described below. All references cited

25  herein are hereby incorporated in their entirety herein by reference.

The compounds may be prepared using the reactions and techniques described in
this section. The reactions are performed in solvents appropriate to the reagents and
materials employed and are suitable for the transformations being effected. Also, in the
description of the synthetic methods described below, it is to be understood that all

30 proposed reaction conditions, including choice of solvent, reaction atmosphere, reaction
temperature, duration of the experiment and workup procedures, are chosen to be the
conditions standard for that reaction, which should be readily recognized by one skilled in

the art. It is understood by one skilled in the art of organic synthesis that the functionality
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Ext enpor aneous i njection solutions and suspensi ons may be prepared from
sterile powders, granules, and tablets. It should be understood that in
addi ti on wo 20te#0p30gr edi ents particul arly nentioned 1lOab@ee/Uuskéia/043628
formul ati ons may i nclude other agents conventional in the art having regard
to the type of fornmulation in question, for exanple those suitable for oral
adm nistration may include flavoring agents. The present invention will now
be described in connection with certain enbodi mrents which are not intended
tolimt its scope. .On the cogﬁrar , Lhe resent1é5inVﬁption covers al

al ter nat i ve¥SRH YHERROGHES OLiha MEGErY Atishiecoqoaln vHR Mededeqfed Wi ¢ hi n t he
S ﬁgpg of t hl%acﬁi_lolﬁéi pr_sliools&n Usuch tReictiond t@\tﬁe_f!egbsemfﬁﬁﬁ h)ﬂﬁch i dipatibie Widehss peci fi ¢
enbodi nents, w illustrate one practice of the present invention, it

bei ng under$2%88 cektons Wé‘?@%(r&ﬁ%lye@%r?fé ¢ gpe skijled HUTEB&‘% é%‘} Premafqmethedst  on of
certain enmbggd: RALsua@dd are presented to provide what is believed to be the
nost usefid and readi|ly understood description of its 20procedures and
concept Ual aspechhs starting materigls usefilie Srdlesir therremppwls af the prssent Hvedioncan be

synt hesi zed, Mghd¥h th IR -fBEMQAAS aResChl Qﬁfibe@é‘i(ﬂl\ﬁymatngﬂ_@ﬁl%ror Wetcbmﬁﬁéfgiﬁ@t ic

met hods known in the art of synthetic organiC chem stry, or variations
t hereon as @pi#bdei ated by those skilled in the art. Preferred nethods

i nclude, but ar €l ?ﬂlol\xji ) ﬁl@tﬁO&s%et ftogﬂﬁ 0\9%136 rb\;?@éél fgﬁhlﬁélf{'atie%ﬁlgeur (%Te@ n?nces

cited 25herein are hereby Incorporated in their entirety herein
reference. aheotdumplsd tdsmivty sbepcmi dpataants. us ivalgbe leeognizad thabihgaghed t echni ques
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various portiaons of the nol ecul e nust conpatible with the reagents and
reactions d?bﬁg§ﬁﬂﬁﬂ§ﬁ§h”¥@§@FF%WV%%@“@ﬁbW%e substituents which are

conpati bl e W t h dRidafabldviiokOREd tnl tROSe¥HitdtioRand BRAMJIY 2PRAMENLs t O one
skilled in the art and alternate nethods nust then be used. 5The starting

material s uSBPW: “dkn” d9ntkibragylideneaprionsy it estebuthe DMEsht i nventi on

dichloromethane; “LDA” for lithium diisopropylamide; “Ph” for phenyl; “TFA” for
20 trifluoracetic acid; “Et” for ethyl; “DMF” for N,N-dimethylformamide; “OAc” for

acetate; “h” for hours, “min” for minutes; and “THF” for tetrahydrofuran.

General Schemes:
Examples of methods useful for the production of compounds of the invention are
25  illustrated in Schemes 1-15. Schemes 1-3 outline different routes for the synthesis of
substituted aniline fragments used in the preparation of the title compounds. As
illustrated in Scheme 1, a variety of terminal alkenols can be added to either chloro- or
fluoro- nitrophenols 1, to generate chloro- or fluoro- alkenoxynitrobenzenes 2. A variety
of heterocycles 3, including but not limited to 1H-imidazole, 4-methyl-1H-imidazole, 4-
30  chloro-1H-imidazole, and 4-(difluoromethyl)-1H-imidazole can be added to said
intermediate 2, under basic conditions to provide heteroaryl substituted nitroarenes 4.
Reduction of the compounds 4 using reagents which spare the olefin functionality,

including iron in acidic medium or SnCl,, or other conditions known to one skilled in the
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are known to those skilled in the art and can be readily manufactured or
are commercially available. The follow ng nethods set forth bel ow are

provi ded wor2oizvdogsor at i ve pur poses and are not i nt endedPCo/Uskonin4iche scope
of the clainms. It will be recognized that it nay be 10necessary to prepare
such a conmpound in which a functional group is protected using a
conventional protecting group then to renove the protecting group to
provi de a conpound of the present invention. The details concerning the use
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the abbr eviatvidshsanpheablep dhesynthgiiy fpther 4-heteroagylanilines, inchydine kit 80t ons used i n
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"OAc" for acetate; " for hours, "mn" for mnutes; and "THE" for

t et rahydr of ur an. GEneraI Schenes: Ex&#ﬁméé of nethods useful for the
production of commounds of the invention are 25illustrated in Schenes 1-15.
Schenes 1-3 outl ine dlfferent routeg, for they §ynthe5|s of sub tltuted

ani li ne fragnen%& sed i ¥ he prep@rdtion of Yﬁ% title gopp As
illustrated i nrScher: | varlé f teLnLnaL_aLLgen ké/ e added to

ei ther chloro- or quord/ tr@ﬁﬁ" 1, toPagrenerate chkbr" or fl uoro-
al kenoxyni tr obénzefles 2. A varlehy of ﬁeterocycles 3, |nclud|ng °but not
limted to 1Thi m dazol e, 4-nethyl-1H i m dazole, 4- 30chl oro-1Hi m dazol e,
and 4-(difluoronethyl)-1Him dazole can be added to said internediate 2,
under basic conditions to prdéfﬁe het eroaryl substituted nitroarenes 4.
Reduction of the conpouqu\4 Sing reagents which spare the olefin
functionality, i ngri-¥ 'n acidic nmediumor Snd 2, or other
condi ti ons known st@, one ski NLn t he

5
As illustrated in Scheme 2, a variety of heterocycles 3, including but not limited to 1H-

10 imidazole, 4-methyl-1H-imidazole, 4-chloro-1H-imidazole, 4-(difluoromethyl)-1H-
imidazole can be added to difluoro- or chloro-fluoro- nitroarenes 6 to generate fluoro-
heteroaryl nitrobenzenes 7 . Reaction of terminal alkenols under basic conditions with
intermediates 7 provides heteroaryl substituted nitroarenes 4. Reduction of the
compounds 4 using reagents which spare the olefin functionality, including iron in acidic

15 medium or SnCl,, or other conditions known to one skilled in the art, affords substituted
anilines 5. While Scheme [ illustrates the preparation of 4-(1H-imidazol-1-yl)anilines 4,
it should be recognized to one skilled in the art that this method is widely applicable to
the synthesis of other 4-heteroarylanilines, including but not limited to variously
substituted 4-(1H-1,2,4-triazol-1-yl)anilines and 4-(1H-1,2,3-triazol-1-yl)anilines.
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art, affords substituted anilines 5. Wile Schene] illustrates the
preparation of 4-(1H m dazol-1-yl)anilines 4, it should be recognized to
one skil w0 20re/aob@®9art that this nmethod is w dely appli eablts2e10/0835e8

synt hesis of other 4-heteroarylanilines, including but not limted to
variously substituted 4-0H 1, 2, 4-triazol -1-yeanilines and
4-(1H1,2,3-triazol 1-yl)anilines. In addition, substituted nitropyridinols
can be used in place of the nitrophenols of fornula | to ultimtely provide
am no-substituted pyridines. Schene I O—I I RONO2 1 Y =For C R 1 RSN 4

> 1 N Kk )9
Z
N base /\ _HO(CH,)CH=CH, (/\:\N
o f} Rsf\l - T
R* R NO
3

4

2

X=ForCl

Fe, acid </
_— A
or R ﬁ
SnCl, R5-C
X" NH,

Scheme 3
5 An additional method for the preparation of analogs of claim 1 is described in

Scheme 3. The known 2-fluoro-5-nitrotoluene 8 can be brominated with NBS under
photochemical conditions to afford 9. The bromide therein can be displaced with a
variety of alcohols as described in WO200815569. By extension, this could be applied to
the appropriate terminal alkenols described to afford the fluoro- nitroarenes 10. The

10 fluoro substituent is subsequently displaced by a heterocycle under basic conditions to
yield 11. As above, nitro group reduction in an orthogonal manner with respect to the

olefin affords anilines 12.

i g
F F 1-4
\fj\ NBS \é\ HO(CHo)14CH=CH,  Fr
/ —_— /
R® NO, R5/ NO, Ag,0
8 9

R5 N02
10
<N:r\\1H N O\QJ N OQJ
RT3 &) 1-4 Fe, acid (~,\1 1-4
_— RN N - . R* NS
base |/ or |/
=
RS F NO, SnCl, RS NH,
1 12
15 The following schemes outline different routes for the synthesis of 2,4-dichloro-

7-aryl-6,7-dihydro-5H-cyclopenta[d]pyrimidines used in the preparation of the title
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04 --1272t. , NSnoCrlI2R4 NH2 5 As illustrated in Schene 2, a variety of
het erocycles 3, including but not limted to 1H 10i m dazol e,
4- et hyl -wbk2orevasel e, 4-chl oro- 1H i m dazol e, 4-(di f| uoromwatshylp43bkB
i m dazol e can be added to difluoro- or chloro-fluoro- nitroarenes 6 to
generate fluoroheteroaryl nitrobenzenes 7 . Reaction of termnal allcenols
under basic conditions with internmedi ates 7 provides heteroaryl substituted
nitroarenes 4. Reduction of the conpounds 4 using reagents which spare the
olefin functionaljty, .including iron in acidic medi um or SnCli,.or other
condi 11 ons SeRANdo Ay USRS PEG e HE Py lapiinag GRS ATkl ¢ B i1 i pes 5.
X\hi le Sﬁ heln%yltk)naighdsmaiMa@iﬂ@?obhﬁuwte@iafy?a}ldogms of. ﬁrtﬁéﬁeéeﬁt@ﬁ@lﬁy&atwg) ﬁnijl i nes

, 1t shou e recogni zed {o one skilled in the art that this method is
wi del y appl 1214k 3 @H@akﬂ;ﬂﬂsﬁé@ﬂ@ytthm%tﬁle%-t%%réﬂ[ﬁalmj? SAHWAHES, i ncl udi ng
but not | i mdit@ghifoR ol’ﬁrﬁtiepﬂé?liéld slehsd 15t wiRd tléatgleﬁf'vaiﬂzpegmtidiizigg%enﬂs; w&ihani l'i nes

and 4-(1 H1,2,3-triazol - 1)anilines. 20 _Schene For
5  as performic acid, olefins 15 can be transformed to 2-arylcyclopentanones 16. Abu

Thaher, B.; Koch, P.; Del Amo, V.; Knochel, P.; Laufer, S. Synthesis 2008, 2, 225-228.

Scheme 4
OH Dehydrating = h o =
Q§o R'Mgx % Agent N\ J R HCOH é/@Re
,\; .
13 14 15 16
10 Alternatively, as indicated on Scheme 5, 2-arylcyclopentanones 16 can be

prepared by treatment of cyclopentencoxide 17 with various arylmagnesium halides, in
the presence of copper salts, such as copper iodide, followed by oxidation of resulting
alcohols 18. The said oxidation can be carried out by a number of oxidation agents
known to those skilled in the arts, the superior results achieved by the use of Dess-Martin

15  periodinane. Dess, D. B.; Martin, J.C. J. Org. Chem. 1983, 48, 4155-4156.

Scheme 5
OH o
Oxidating
<\/|\ R'MgX Agent
o —— = .
cul Y Y
*\RG ~\; ;
17 18 16
20 Additional ketones useful in the preparation of compounds of claim 1 can be

prepared using the method described in O. Dirat et al, Tetrahedron Letters, 2006,47,
1295. This method, described in Scheme 6, relies on alpha-arylation (Fox et al, Journal
of the American Chemical Society, 2000, 122, 1360) of available ketones 19.

25 Scheme 6
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Schenme 3 5An additional nmethod for the preparation of analogs of claim1lis
described in Schenme 3. The known 2-fluoro-5-nitrotoluene 8 can be

br om nat estownt2noN®S under phot ochem cal conditions to afPCoru$2@.1/033e8 br om de
therein can be displaced with a variety of alcohols as described in
W)200815569. By extension, this could be applied to the appropriate
termnal allcenols described to afford the fluoro- nitroarenes 10. The 10
fluoro substituent is subsequently displaced by a heterocycl e under basic
conditions to yield 11. As above,,nitro group geduction in an orthogonal
manner with respect to the ol §f i affdrds ines 12. 15The fol | owi ng
schenes outline different rout fcﬁ;’;t‘m;’e synthgshsgof 2, 4-di chl oro-
7-aryl-6, 7-di hydr o- 5H cycl opent a[ d] tFnyiu)m' di nes ed in the preparation of
the title conpounds. As illustrated on Schefe 4, cycl opentanone 13 can
react wwth a variety of aryljmgogsi um halides to produce tertiary al cohols
14. In the presence of dehydrating agents, such as mneral acids or thionyl
chloride, these tertiary al cohols can undergo elimnation of water to yield
ol efins 15. sLhaRuEd FAAEA 7 W ANCRES BOAGENE S RHER W RRS B O M ©
acid, olefins can be tran ary? cycl opent anones i

Thaher, B. baK@@hph a9 LD ADgld tmanéwmbl alkyl@am@lﬂ@rnatepo give &etbesters B, whyahtupessi s 2008,
2, 225-228. t Schene 5,

2-aryl c32/5(2:I Orf):g?l g%ﬂﬁés&%@'l fﬁlm%géuﬁg&rx%?rg%d%gqb?eat %“B/P? 7of cycl opent eneoxi de
17 wit h vardibykoyclpbeneajelelss] umzha4l(|SHQ>9neS|2ﬁ frhelapere:gmpomdshndmgtpmd salts,

such as cop ti tin s 18. The
sai d oxi dat(i%?ally Zgggycggly%%%r)ortjloren\é@o %Pa(iéyﬁﬂc%gpe % Elsﬁaaatm fgggﬁ?}é known to
t hose ski ! | dohels 23t harsan 1.5, @Hﬂ@teﬁ&d:p 1 Diidvie Sitl Jogemech e Te Peliyrsdnhi. Rise of
Dess- Martl N icen, C. J. Chem. Soc., Perkin Trans. T 2000, 3035-3038.
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Alternatively, 7-aryl-6,7-dihydrocyclopenta[e][1,3]oxazine-2,4(3H,5H)-diones 23
15  are available by reaction of 2-arylcyclopentanones 16 with N-(chlorocarbonyl)isocyanate
(Scheme 8). Subsequent treatment of 7-aryl-6,7-dihydrocyclopentale][1,3]oxazine-
2,4(3H,5H)-diones 23 with ammonia in water, followed by chlorination with phosphorus
oxychloride affords 2,4-dichloro-7-aryl-6,7-dihydro-5H-cyclopenta[d]pyrimidines 25.

20 Scheme 8
° o] Cl
©° PN
cI”°N HN HN NE
c | NH | POCI |
’ N ° o s OJ\H 3 )\\N
¢ 7\ 7\
/= 2/
R® RS R®

In a similar manner to the synthesis described in Scheme 8, additional ketones can

be reacted with N-(chlorocarbonyl)isocyanate to provide additional oxazine diones 26 that

27



15peri odi nane. Dess, D. B.; Martin, J.C. J. Og. Chem 1983, 48, 4155-4156.
Schene 5 R6 171816 20Additional ketones usefill in the preparation of
conmpoundswof2olmp3iwl can be prepared using the nethod destnish@dois2®. Dir at
et al, Tetrahedron Letters, 2006,47, 1295. This nethod, described in Schene
6, relies on al pha-arylation (Fox et al, Journal al the American Chem cal
Society, 2000, 122, 1360) of available ketones 19. 258cherre 6 cr Ara
Pc12(dba) 3, Xantphos Na(OSBu) THF 19 20 where X = Br, As indicated in

cuch s LoaRREFEAPER MPRRRS 5 Thaoriare %%e”s%‘?@%hﬁ@f Sters 21, whieh

upon Chlorination then provides the intermediate dichlorides 28.
Scheme 9
[o] o Cl
0 X
Cl N"C: HN | HN | N7 |
% IR TN My PSR,
N Z = |
? < SSY
R® R® R®
5 20 26 27 28

Synthesis of 2,4-dichloro-7-aryl-6,7-dihydro-5H-cyclopenta[d]pyrimidines 25
could also be performed according to the pathway described on Scheme 10. 4-Chloro-
2,6-dimethoxypyrimidine 29 could be deprotonated with a strong base, such as n-

10 butyllithium or 2,2,6,6-tetramethylpiperidine, and quenched with allyl bromide to give 5-
allyl-4-chloro-2,6-dimethoxypyrimidine 30. Nencka, R.; Votruba, I.; H¥ebabecky, H.;
Jansa, P.; Tloust’ova, E.; Horska, K.; Masojidkova, M.; Holy, A. J. Med. Chem. 2007,
50, 6016-6023. The latter compound can react with a-styrylborinic acids in the presence
of a palladium catalyst, such as tetrakis(triphenylphosphine)palladium, to provide

15  compounds of formula 31 which can undergo ring closure olefine metathesis under
Grubbs conditions to form 2,4-dimethoxy-7-aryl-5H-cyclopenta[d|pyrimidines 32.
Grubbs, R. H. Handbook of Metathesis, 2003, First Edition, Wiley-VCH. The double
bond in compounds 32 can be reduced to give 2,4-dimethoxy-7-aryl-6,7-dihydro-5H-
cyclopenta[d]pyrimidines 33, which upon acid-catalyzed hydrolysis, followed by

20  chlorination with phosphorus oxychloride afford intermediates 25.

Scheme 10
~ B(OH)
o O)L : Grubbs
X Base catalyst
L e LT e
[e) N Cl
29 30 3
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S5reaction with 2-nethyl-2-thi opseudourea provide 2-am no-7-aryl-6, 7-

di hydrocycl openta e][1, 3] oxazi n-451/)-ones 22. The |l atter conpounds undergo
aci d- cat avgzet/deyapol ysis to form PCT/US2011/043628

7-aryl -6, 7-di hydrocycl opent a[ e] [ 1, 3] oxazi ne-2, 4(H , 511) - diones 23. Larsen,
J. S.; Christensen, L.; Ludvig, G; Jorgensen, P. T.; Pedersen, E. B.

Ni el sen, C. J Chem Soc., Perkin Trans. | 2000, 3035-3038. 10 Schene 7

Al ternatively,

7-aryl -6, 7-di hydrocycl opentale] [ 1, 3gxazi ne-2, 4(3H, 511) - di ones 23 15are
avai | abl e by reaction jof 2-aryl cycl ogentanones 16 w th
N-(chlorocarbonyl)isg¥y te_§Sche Sub¥s! ntiﬁf}ﬁbnent of
7-aryl- 6, 7- di hydr ocycIdp ntafé][l?ggwia i ne?? B'3H, 517 )~ d{ ones 23 with

ammonia in water, follo By chl ori natdolrwi t h phosphordisy®xychl ori de
affords 2, 4-dichloro-7-aryl -6, 7-di hydro- cycl opent a[ d] pyri m di nes 25.
20Schene 8 162324253 In a simslar manner to tha synthesis descri bed

in Schenme 8, additional ketones can be reacted with
N- (chl orocar bonyBi socyanate to provi de additional oxazinc dioncs 26 that
can be reacted 4-Dichlon®Masyl607-dihoiro-8H-dyblep@iyal i py dinidined 28 nds:tidaly (aehene 9) .
Chl orination. then proyides the .internedi ate di hlgrides 8. .Schene 9

with primary and secondary amines containing a terminal olefin to give 4-amino

5 derivatives 34, which under heating can be coupled with anilines 5 to form ring-closing

metathesis substrates 35. (Scheme 11). The said coupling can be performed either under

acidic conditions (for example, using acetic acid), or under basic conditions, (for

example, using sodium hydride). Alternatively, the coupling can be completed under

metal catalysis, with conditions known in the literature, for instance the use of Pd(dba),

10 and Xantphos catalyst in the presence of a strong base (NaO#-Bu) or Na,COs in an

aqueous cosolvent mixture (typically THF/water or dioxane/water).

Scheme 11
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N
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_H o | |
SN SN R5/ SN SN
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25 34 35
15 As shown in Scheme 12, bis-olefins 35 can be reacted under dilute conditions via

ring-closing metathesis (Grubbs, R. H. Handbook of Metathesis, 2003, First Edition,
Wiley-VCH.) to form cis and trans olefins 36. These compounds can be further reacted

to reduce the olefin using Pd/C and H, or similar conditions to afford the macrocycles 37.

20 Scheme 12
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Synt hesis of 2,4-dichloro-7-aryl-6,7-di hydro-5H cycl openta[c/] pyri m di nes
25 could al so be perfornmed according to the pathway described on Schene 10.
4- Chl or o2w6-2divmbIvexypyri m di ne 29 coul d be depr ot onat e@CRiUsSho1a/0g3629NQ
base, such as n- 10butyllithiumor 2, 2,6, 6-tetranethyl pi peridi ne, and
guenched with ally! brom de to give 5-

allyl-4-chloro-2, 6-di net hoxypyri m di ne 30. Nencka, R ; Votruba, I.;

Hf ebabeckY, H.; Jansa, P.; Tlougt' oval, E.; Horska, K. ; Masojidkoval, M;
Holy, A J. ;lied. Chem 2007, 50, 6016-6023. The latter co und can react
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31 which cade rg gr.r@h@.&ur@/Eb
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38 39 40

An additional method for the preparation of analogs of claim 1 is described in

10 Scheme 14. The known 3,4-difluoro-nitrobenzene 41 was displaced with an appropriate
heterocycle 3. The additional fluoro group is displaced under basic conditions with an
appropriately functionalized and optionally protected aminoalcohol 43. Removal of any
protecting group present utilizing conditions known by those skilled in the art (Green,
T.W., Wuts, P. G. M. Protective Groups in Organic Synthesis, 1999, Third Edition, John

15  Wiley & Sons), followed by displacement of the 4-position of an appropriate pyrimidine
dichloride 45 yields compounds of the structure 46. Reduction of the nitro group under
conditions orthogonal to the chloro group affords the aniline, followed by displacement
of the 2-chloro substituent utilizing the conditions described in Scheme 11 to afford the
title macrocycles 47.

20

Scheme 14
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15As shown in Schenme 12, bis-olefins 35 can be reacted under dilute
conditions via ring-closing netathesis (G ubbs, R H Handbook of

Met at hesiwQ 280089305 r st Edition, Wley-VCH ) to form ci #Crrus2emams2ol ef i ns
36. These conpounds can be further reacted to reduce the olefin using Pd/C
and H2 or simlar conditions to afford the macrocycles 37. 20Schene 12 WO
2012/ 009309PCT/ US2011/ 043628 353637 Appropriate substituted
anilines may conprise the structure of the key conpounds, such as 39-cis,
39-trans, and 4Q, utiljzing.anal ogous chem stry. The concept is described
in Scheme 13.¢ |t|dﬁal vaﬁnaﬁlons on this gederalts-stheme are evident to
50ne skilled i e art ’.sché ‘\1 3 ARCAgdr{y ofe thod for the preparation
of anal ogs of ®iai'™ 1 i s destyided, i f*PYschenew14 L The known

3, 4-difluoro-nitrobenzene 41 was displaced with %n appropriate heterocycle
3. The additional fluoro group is displaced under basic conditions with an
appropriately functbggahyzeg/aﬂgioptlonally ﬂ§0t£&$ed*anlnoalcohol 43.

Re n-Dval Of an_yCI—, \/N N 1. reduction
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|// A 2. Aniline coupllng )\ In
R5
7\
47 =X
R® R®

The racemic title compounds can be separated by chiral methods known to a
reasonable person skilled in the arts, to provide individual enantiomers (Scheme 15). This
5 is demonstrated below in the cyclopenta[d]pyrimidine series, but equally applies to the

other racemic compounds described herein.

Scheme 15

/\,\
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10 Additional members of the class of compounds of claim 1 can be prepared as is shown in
Scheme 16. Carboxylation of benzonitriles followed by simple reduction using metal
catalysis (Palladium on carbon or similar methods) provides the substituted beta-amino
ester 53. Condensation with an acrylic ester provides intermediate 54, which can be
alkylated on nitrogen to directly provide access to R® substituents. The intermediate 55 is
15  then cyclized in the presence of base (usually KOz-Bu) to provide the beta-keto ester 56.
Condensation of the beta-keto ester 56 with urea under basic conditions provides the
pyrimidine dione intermediate 57, which can then be chlorinated under standard
conditions to provide the dichloride 58. This dichloride can be converted into compounds
of claim 1 in the usual way (vide infra).
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protecting group present utilizing conditions known by those skilled in the
art (Geen, T.W, Wits, P. G M Protective Goups in Organic Synthesis,
1999, Thiwo 2e/aop3mm, John 15 Wley & Sons), followed byPdirask@acenset of the
4-position of an appropriate pyrimdine dichloride 45 yields conpounds of
the structure 46. Reduction of the nitro group under conditions orthogonal
to the chloro group affords the aniline, followed by displacenent of the
2-chl oro substituent utilizing the conditions described in Schene 11 to
afford the title macrocycles 47. 20 henf 14 WO

2012/ 009309PCT/ US2011/ 043628 The ra Gt1e conpounds can be separated

by chiral hods knowp<t® a rea Pt e per $6-sk| ePEin the arts, to
provi de i ndiyidueke en i onexs ( ne4TBTB This 5i 8 .denonstrated bel ow in
the cycl ope dpepti fisdi ne seri dsyJ but equal |y ap l.es to the other

racen ¢ conpoufids descri*bed hereln R1Schern:3 15 404950 10 Additiona
menbers of tHé class of? conmpounds *%bf claim 1 can®be prepared as is shown in
Schene 16. Carboxylatlon of benzonlte¢&e fpllomed by sinple reduction
usi ng net al gg;aly5|s CP“N i’Um_gn carfon) or sinilar methods) provides the
substi t ut ed—beta- ami no esf i 3—=Condefisgtion with an acrylic ester

provi des int & nedi ate 54, <¢h can be | ated on nitrogen to directly
provi de access to R3 substituents. The i grnedi ate 55 is 15then cyclized
in the presence of gase (usually KO -BU) to provide the beta-keto ester 56.

LR
POCI; NZ N

P

Cl N

57 4 58

o

Rq

Additional members of the class of compounds of claim 1 can be prepared as is
shown in Scheme 17. Esterification of an amino acid followed by alkylation with ethyl 4-
5 bromobutyrate provides intermediate 61, which can be alkylated on nitrogen to directly
provide access to R® substituents. The intermediate 62 is then cyclized in the presence of
base (usually KO#-Bu) to provide the beta-keto ester 63. Condensation of the beta-keto
ester 63 with urea under basic conditions provides the pyrimidine dione intermediate 64,
which can then be chlorinated under standard conditions to provide the dichloride 65.

10 This dichloride can be converted into compounds of claim 1 in the usual way (vide infra).

Scheme 17
HOOC COOEt 3
EtOOC._~_ N _cooEt R
Et0OC.__~_N._ COOEt
ethanol H* base base
—_—
EtOOC/\/\ Br R
F
61 62 F
o cl
EtOOC
HN | NZ ]
N N x> N
o R® 0" RS cl A N RS
urea POCI;
base
F F F
63 64 65
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Condensation of the beta-keto ester 56 with urea under basic conditions
provi des the pyrimdine dionc internediate 57, which can then be

chl ori natwo 20redwp308t andard conditions to provide the di edirarseade/ osde2dhi s
di chl oride can be converted into conpounds of claim1l in the usual way
(vide infra). 20 Schene 16 NC COCEt COOEt Et OOCr . COOEt H2N r educe- COOEt
CICOOEt 52 R X . Rl 53 54 1\1

Additional members of the class of compounds of claim 1 can be prepared as is shown in
Scheme 18. When F is a bond, the pyrimidine C(4) is directly attached to carbon. This is
achieved by the cross-coupling with a Grignard reagent in the presence of a catalyst,
usually Fe(acac),. 2,4-Dichloro-7-aryl-6,7-dihydro-5H-cyclopenta[d]pyrimidines 25
5 selectively react with the organometallic compounds to form the substituted pyrimidines

66, which under heating can be coupled with anilines 5 to form ring-closing metathesis
substrates 67. The said coupling can be performed either under acidic conditions (for
example, using acetic acid), or under basic conditions, (for example, using sodium
hydride). Alternatively, the coupling can be completed under metal catalysis, with

10 conditions known in the literature, for instance the use of Pd(dba), and Xantphos catalyst
in the presence of a strong base (NaO#-Bu) or Na,CO3 in an aqueous cosolvent mixture
(typically THF/water or dioxane/water). Bis-olefins 67 can be reacted under dilute
conditions via ring-closing metathesis (Grubbs, R. H. Handbook of Metathesis, 2003,
First Edition, Wiley-VCH.) to form cis and trans olefins 68. These compounds can be

15  further reacted to reduce the olefin using Pd/C and H; or similar conditions to afford the
macrocycles 69. Alternate pyrimidine dichlorides may be used in place of dichloride 25,

as would be apparent to one skilled in the art.

Scheme 18

cl \f
Brm
NZ N )r

Py - .

cl N Fe(acac),
7\
e
RS
25

ring-closing R*>
— .

metathesis S

20

“HPLC” is an abbreviation used herein for high pressure liquid chromatography.
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Addi ti onal nmenbers of the class of conpounds of claim1l can be prepared as
is shown in Schene 17. Esterification of an am no acid foll owed by

al kyl ati omownt2noezobyl 4- 5 bronpbutyrate provi des i ntercgdiSatie/og3b28 whi ch
can be al kylated on nitrogen to directly provide access to R3 substituents.
The internediate 62 is then cyclized in the presence of base (usually

KO -Bu) to provide the beta-keto ester 63. Condensation of the beta-keto
ester 63 with urea under basic conditions provides the pyrimdine dione

i nt er nedi at t hen be ori nat d und r stan onditions to
ou doCt peTal ey BbEe BRT DS Rl kP PR A Sk aT el FRr
conpounds ofefigitiah lrHPIT Whiea vhialpeit@ynelry detectb fHR)C sobehermdiiéns: WHeA606162

Cl 6365 ~Additiona ers of the class of conmpounds of claim1 can be
prepared asd %@%%W#Oﬁn Hfe S%dard/\ﬁwtr@nﬁssaénrﬁﬁﬁ’&ere RIS R YRR C(4) i

directly attiaghd) b 6RLARN grhlicst Progras KB \uadlvim floReraelo®$DRIOHM i Ng Wi th a
Gignard reagent in the presence of a catalyst, usually Fe(acac)).

2, 4- Di chl orReversgplyse ere?ara'ionylé%c5%@%@?@&@%%1?6@1]0&%4 widgi wedyd 5sel ectivel y
react wi th &hgiighoanaprt alpbldx. 209 WRASLOVEPhMdRB.BUb ST hf &4 PYri m di nes

purified on a 30mm X 100 mm Waters-Atlantis S5 column using a 10 minute gradient

clution from 0 % to 100 % buffer B in buffer A (buffer A = 10% CH;0H/90%

water/0.1% TFA and buffer B = 90% MeOH/10% water /0.1% TFA).at 40 mL/minute.
10 Proton NMR spectra were obtained on a Bruker 400 or 500 spectrometer. Data

were referred to the lock solvent.

The examples provided are intended to assist in a further understanding of the
present invention. Particular materials employed, species and conditions are intended to
further illustrate the specific embodiments of the invention and not limit the reasonable

15  scope thereof.

SYNTHESIS OF COMPOUNDS

Preparation A

20 4-(4-chloro-1H-imidazol-1-yl)-3-allyloxyaniline

N O/\/
o~
NH

2
Intermediate A(1)

2-chloro-5-nitrophenol
OH

NO

25  To astirred solution of 1-chloro-2-methoxy-4-nitrobenzene (20 g, 106.6 mmol) in

2

dichloromethane (500 mL) at -78 °C under a flow of Nitrogen gas, a solution of BBr;
(747 mmol) in dichloromethane was added dropwise. The reaction was stirred overnight
at -20 °C, then for 1 h at 4 °C. To the reaction, 10 mL of MeOH and 100 mL of water

were added dropwise. The resulting mixture was made basic with 10% NaOH solution.
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66, which under heating can be coupled with anilines 5 to formring-closing
net at hesi s substrates 67. The said coupling can be perforned either under
aci di ¢ comgi2oi2oms300f or exanpl e, using acetic acid), or ®QUarS201a9i3528
conditions, (for exanple, using sodiumhydride). Alternatively, the
coupling can be conpleted under netal catalysis, with 10conditions known in
the literature, for instance the use of Pd(dba), and Xant phos catalyst in
the presence of a strong base (NaOt-Bu) or Na2CO3 in an aqueous cosol vent

m xture (typically THF/ water or, di.gxane/water). Bis-polefins 67 can be
fencted undbi i BYEoHm R g B PR SErSet iy e AbRESRS T tbbs. R H
Handboolk ?fcoﬂq‘&ir@ﬂ fib_i!_oﬁlhfé,lay%ﬁ%re ﬂéd’d&ifitlﬁd%lgmgglt?‘%d ﬁ%l-c\dﬁ‘éénﬂrat'é@ngv@&db t@ijs andh
trans ol efi : ese _conpounds can be urther reacted to reduce the
ol efin usi n%foﬁfigléyélllﬂi" wlifl Hrhleony piffpphespldlt-P 8n&"Po afford the macrocycl es
69. Alternate pyrimdinc dichlorides may be used in place of dichloride 25,
as woul d be apparent to one skilled in the art. "HPLC' is an

abbr evi at i ottt ndfBi n for hi gh pressure |iquid chromatography. "LC M

refers to high pressure |iquidpbtematResantyoledsdht ed out according to the
definition for HPLC with a mass spectronetry detector. HPLC sol vent

condi ti ons: When described as performe@/tnﬁer "standard conditions",

sanpl es were dissolved in nmethanol ¢4 _igng/n) and run using a gradi ent
programwi th a solvent flowrate of 1 | mMin. 5 Reverse phase preparatory
HPLC. Wien descri bed as perfornmed under” "8fandard conditions”, sanples

(approx. 2 . wer i sso) ved in.metha 1 (L) . & {fied on a
Sonm x 100 HruErGullor 3 hes AT .8 s o) af RS ARLES o' it on
fromO % t owdsQGdd&b BuiG:€it 5. Bgj N 3bwhdler T rhlauird @as ddoted 1Q05CHIOHEA0% wat er / 0. 1%

TFA and. buffer.B = 90% MeOH 10Q0% wat er. /0. 1% TFA) . at 40 i mnute. 10Proton
R apekbr i€ GETRnbG Bl weariEl B Thob GimcrramaeureEiaed wer o
referred tooviehiight @k usdel Ni@0gen. The reactidhevBxangehesePloavmced®Fethent ended to
assist in furt her der st andi ng of .the present ipventiop..Particular
material s SHGAsy s ,aéﬁﬂ_ﬁé%fhégesgﬁ'a- 2 e aﬁ@eé WftBW&?a by her
illustrate §bmiSREG Wk arieDOB NG cOicehthied iR veb rORf@N the@ihly ydlloly t he
reasonabl e 15scope t hereof. ) ) .
solid 2-(allyloxy)-1-chloro-4-nitrobenzene (11.5 g, 72% yield). LC-MS (M+H)" 212.2.
15 'HNMR (400 MHz, CDCls) 8 ppm 7.81-7.77 (2H, m), 7.52 (1H, d, J=8.8 Hz), 6.12-6.02

(1H, m), 5.54-5.37 (2H, m), 4.72-4.70 (2H, m).

Intermediate A(3)
1-(2-(allyloxy)-4-nitrophenyl)-4-chloro- 1 H-imidazole
cl

20
A mixture of 4-chloro-1H-imidazole (3.31 g, 32.0 mmol), 2-(allyloxy)-1-chloro-4-

nitrobenzene (6.50 g, 30.8 mmol), and potassium hydroxide flakes (1.90 g, 33.9 mmol) in
anhydrous DMSO (50 mL) was heated at 90 °C for 20 h under nitrogen. The reaction
mixture was allowed to cool to rt and ice-cold water was added. The resulting precipitate
25  was collected by vacuum filtration. The product was dried, and purified by column
chromatography (5% EtOAc/Hexane) to afford the yellow solid 1-(2-(allyloxy)-4-
nitrophenyl)-4-chloro-1H-imidazole (3.48 g, 40% yield). LC-MS (M+H)" 280.2. 'H

35



SYNTHESI S OF COMPOUNDS Preparation A

204- (4-chl oro-1H i m dazol -1-y1)-3-allyloxyaniline Nzr' CI \ NH2

| nt er nediw0e0(®y302- chl or o- 5-ni t rophenol OH CI NO2 25ToPaT4aiseemmedes®| uti on

of 1-chl oro-2-net hoxy-4-nitrobenzene (20g. 106.6 mmol) in dichloronethane

(500 nL) at -78 C, under a flow of N trogen gas, a solution of B3r3 (747

nmol ) in dichloronmethane was added dropwi se. The reaction was stirred

overnight at -20 C, then for 1 h at 4 C To the reaction, 10 nL of MeOH and

100 nL of water were add ropviiise. The resulting m xture s made basic

i h ToraciEurlE M CORE aaBou T8y s THAH. tate Bt 6 Y e

extracted w 41508\ 1a1 6f)08 83-5 Bheae anph ned sarganhe | ayers were dried with

Na2SO4, filtered and concentrated in vacua to afford the yellow solid

2-chl oro-5-nitrophenol (12.5 g, 68% . 5Internedi ate A(2)

2-(a|IyIOXWW%%A%%JMO-4-nitrobenzene Cl N 02 To a stirred solution of

2-chl oro-5-nitrophenol (13.0 g, 75.12 nmmmol) in DM F (150 nm.) was added K2C01

(15.5 ¢,5 113 mmol ). The H4kehlere- Waknidayol-&aDt3oallyl@®yamiee al | y'  10br oni de

(9.60 nmL, 113 nmol) was added dropmj@%. Thegeaction was then allowed to
CI’Q\/N

stir
NH

Iron powder—325 mesh (737 mg, 12.5 mmol) was added to a round bottom flask charged

2

with a mixture of 1-(2-(allyloxy)-4-nitrophenyl)-4-chloro-1H-imidazole (500 mg, 1.8
mmol), absolute methanol (10 mL), and ammonium chloride (768 mg, 14 mmol). A

10 water-cooled reflux condenser was attached to the flask and the heterogeneous mixture
was heated to 65 °C with vigorous stirring for 30 min. The reaction mixture was filtered,
and washed with methanol. The solvent was removed in vacuo. EtOAc was added to the
residue, and washed with water and brine. The organic layer was dried over MgSO4,
filtered, and concentrated to afford 4-(4-chloro-1H-imidazol-1-yl)-3-allyloxyaniline (380

15  mg, 83% yield). LC-MS (M+H)" 250.0. 'H NMR (500 MHz, CDCls) & ppm 7.48 (d,
J=1.22 Hz, 1 H), 6.97-7.02 (m, 2 H), 6.26-6.32 (m, 2 H), 5.87-5.98 (m, 1 H), 5.20-5.34
(m, 2 H), 4.48 (d, /=5.19 Hz, 2 H), 3.86 (br s, 2H).

Preparation B and C
20 B: 3-(allyloxy)-4-(3-methyl-1H-1,2,4-triazol-1-yl)aniline
C: 3-(allyloxy)-4-(5-methyl-1H-1,2,4-triazol-1-yl)aniline

>>N o =y o
NG\ NG
B NH c NH,

Intermediate B(1) and C(1)
25 B(1): 1-(2-fluoro-4-nitrophenyl)-3-methyl-1H-1,2,4-triazole
C(1): 1-(2-fluoro-4-nitrophenyl)-5-methyl-1H-1,2,4-triazole

~
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overnight at rt under nitrogen. The reaction was concentrated to renove DM
F, then Et0Ac was added to the residue. The m xture was washed wi th water
and bri newOThe/weyani c | ayer was dried (Na2SO4), and comcenise@tiadorh vacuo
to afford the highly yellow solid 2-(allyloxy)-1-chloro-4-nitrobenzene
(11.5 g, 72%yield). LCGCM (MH)+ 212.2. 151H NWMR (400 MHz, CDCl13) 6 ppm
7.81-7.77 (2H, m, 7.52 (1H, d, J=8.8 Hz), 6.12-6.02 (1H, nm), 5.54-5.37
(2H, m, 4.72-4.70 (2H, M. Internedi ate A(3)

1-(2-(al Iyl oxy)-4-nitrophenyl)-4-chloro- 1Himdazo le CI 20 A m xture of
4-chloro-1Him dazole (3. 2lyg, 32.0 nmmol ), 2=(al Iyl oxy) - 1-chl oro-4-

ni trobenzene (6.50 g, 30N§ fmoll), and pota 'LNn droxide flakes (1.90 g,
33.9 mmol ) in anhydrous O m.) was he 90 C for 20 h under
nitrogen. The reaction mgiyr sogl | oned tq;ﬁ ,r't and ice-cold water
was added. The resulting precipitate 25 was coI | ected by vacuum filtration.
The product was dried, and purified by col um chr omat ogr aphy (5%

Et OAc/ Fl exa f I I -A-.

ni trophenyl‘?(@lXtu 0gfrg'o |I%h%§o+ QZO g% ﬂgléfﬁ%}g@ 91?%181)8614 O?ﬁ{}ﬁlbe 280. 2.
| FI NMVR (40(Q8IV/|gzl8IGDﬁﬂ)B)anﬁ qummbwaﬂooﬁat@elsezgﬂ,18h)mnob it DMSIBA 108)mL)Fvad4 ( 1H,
d, J=8.8 5.45-5 37 (2H .70-4 65 (2H,, m.
b epar at! oraeE ARG TRT A - S Thaeri 9 s 8o ol s A PRa Rl 17 on
powder - 325 i@statdr (800 WQ). Th.aQuitio)xtiva svaacdadtct ovith Btosad bl @n). fTiesk
charged with m xt ure of

1-(2-(allyl e OFgapic SEIRE e e mtBiy washef miGaatr £904p) a9 bride 8 mmol )
absol ut e nmedohae k1003 )MThe omagic #FDRAsUNCE bl @kbdlem(WBfe, Ftereddandnol ) . A
10wat er - cool ed refl ux condenser was attached to the flask and the

het er ogenedPECsHREd Fevans Herulg restigsmixgurgienpwiifigd Meipg siled $5 ng for 30

mn. Thg re@%ﬂlaﬁé‘gr?}&t(w %mib/hé&ﬁ@%neﬁgﬁbd%'é *ﬂ@ﬁ‘fc% o fégioi's@ﬂl@he The
sol vent was renoved in vacuo. Et0Ac was a to the resi d washed

wi th wat er RipdRcHr iPHE fraphensof fidese pelagisgioa@erdysre gorkiagd g Semeentated @r ed, and
concent r at efyd @183 hi068- ik ety 195 Qi M 022 Qi dreY 1) 23338 InvloPXyapi | i ne (380

yield) as an off-white solid. Data for 1-(2-fluoro-4-nitrophenyl)-3-methyl-1H-1,2,4-
triazole [B1]: LC-MS (M+H)" =223.1. "H NMR (500 MHz, CDCls) & ppm 8.73 (d,

15 J=2.7Hz1 H), 8.15 - 8.26 (m, 3 H), 2.53 (s, 3 H). Pure fractions of the more polar
regioisomer were combined and concentrated to afford 1-(2-fluoro-4-nitrophenyl)-5-
methyl-1H-1,2,4-triazole (6.23 g, 15 % yield) as an off-white solid. Data for 1-(2-fluoro-
4-nitrophenyl)-5-methyl-1H-1,2 4-triazole [C1]: LC-MS (M+H)" =223.1. '"HNMR
(500 MHz, CDCls) & ppm 8.18 - 8.24 (m, 2 H), 8.04 (s, 1 H), 7.69 - 7.78 (m, 1 H), 2.47-

20 2.53 (m, 3 H).

Intermediate B(2)
1-(2-(allyloxy)-4-nitrophenyl)-3-methyl-1H-1,2,4-triazole

NN
B(2) NO

25 A suspension of NaH (2.295 g 57.4 mmol, 60% dispersion in mineral oil) in DMF (85
mL) was cooled at 0 °C and a solution 1-(2-fluoro-4-nitrophenyl)-3-methyl-1H-1,2,4-
triazole (8.50 g 38.3 mmol) was added dropwise. Allyl alcohol (2.67 g, 49.9 mmol) was

added via syringe over 10 min. The reaction mixture was allowed to warm to room

37



15 ng, 83%yield). LCM5 (M-H)+ 250.0. IH NVR (500 MHz, CDC13) 6 ppm 7.48
(d, 1=1.22 Hz, 1 H, 6.97-7.02(m 2 H, 6.26-6.32(m 2 H, 5.87-5.98(m 1
H), 5.20-wo2d1qaep302 H), 4.48 (d, J = 5.19 Hz, 2 H), 3.8@CChrs2611/02dps
Preparati on B and C 20B:
3-(allyloxy)-4-(3-nethyl-1H1,2,4-triazol-1-yl)aniline C
3-(allyloxy)-4-(5-nethyl-1H1,2,4-triazol-1-yl)aniline N NN -N NH2
I nt er medi at e B( 1) and C(1) 25B(1):
1-(2f|uoro -nitro th 1H1 zoI
T (50 1 vor cempmiio BE s T e bl phimiteon 2t rioe) B e v 1) N
m xt gr ?I of Basmedwly a}ue%lbhelil aittAwitéd (a 6I19, thedfod %gzod&idcmmhé and et))(tracted
1, 2-difluoro-4-nitrqobenzene 181 mmol ), and s m bi car bonat e
(15.2 g, 181 HRC @t BRED %@C%}mmg@w&éﬁéﬁs éi‘ter%ﬁasg? Y8R WAST K X The
reaction mgounte) Aasriad éoqzmq(m BI0PIThe @rdahic Mdr WaSIrRAWL & ollilkQuMat.er (800
mL). The aqueous m xture was extracted wth EtOAc (3 x 200 nl). The
S filtered, and concentrated in vacuo. The crude reactlon mixture was purified using silica

gel chromatography (20-80% EtOAc/hexane, linear gradient). Pure fractions were

concentrated under reduced pressure to afford 1-(2-(allyloxy)-4-nitrophenyl)-3-methyl-

1H-1,2,4-triazole (5 g, 19.21 mmol 50 % yield) as a yellow colored solid. LC-MS

(M+H)" =261.0. "H NMR (400 MHz, CDCLs) § ppm 8.906 (s, 1H), 8.09 (d, 1H, J=8.8

10 Hz), 7.99 - 7.94 (m, 2H), 6.13-6.03 (m, 1H), 5.50-5.54 (m, 2H), 4.80-4.79 (m, 2H), 2.497

(s, 3H).
Intermediate C(2)
1-(2-(allyloxy)-4-nitrophenyl)-5-methyl-1H-1,2,4-triazole
/=N o/\/
T
15 C(2) NO,

A suspension of NaH (0.675 g, 16.88 mmol, 60% dispersion in mineral oil) in DMF (25
mL) was cooled to 0 °C. A solution 1-(2-fluoro-4-nitrophenyl)-5-methyl-1H-1,2,4-
triazole (2.50 g, 11.25 mmol) was added dropwise. Allyl alcohol (0.784 g, 13.5 mmol)
was added via syringe over 5 min. The reaction mixture was allowed to warm up to room

20  temperature. After 30 min, TLC showed completion of reaction. It was slowly quenched
with water (10 mL), diluted with brine (100 mL), and extracted with EtOAc (3 x 50 mL).
The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The
crude reaction mixture was purified using silica gel chromatography (20-80%
EtOAc/hexane, linear gradient). Pure fractions were concentrated under reduced pressure

25  to afford 1-(2-(allyloxy)-4-nitrophenyl)-5-methyl-1H-1,2,4-triazole (1.5 g 51 % yield) as
a yellow-brown colored solid. LC-MS (M+H)" =261.0. 'H NMR (400 MHz, CDCLs) &
ppm 8.02-7.94 (m, 3 H), 7.58 (d, 1 H, /=8.4 Hz), 5.98 — 5.89 (m, 1 H), 5.37-5.32 (m, 2
H), 4.69-4.70 (m, 2 H), 2.403 (s, 3 H).

30  Preparation B
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conbi ned organic extracts were sequentially washed with water (500 nL) and
brine solution (100 nmL.). The organic |ayer was dried over sodium sulfate,
filtered,wandixwmoentrated in vacua. The crude reacti onPGITAISA01E/0¥EHSS
purified using silica gel 10 chromat ography (30-80% Et OAcl hexane, |inear
gradient) to afford two regioisoneric products. Pure fractions of the |ess
pol ar regi oi sonmer were conbi ned and concentrated to afford

1- (2-fluoro-4-nitrophenyl)- 3 nmet hyl-1H 1, 2, 4-triazole (7.2 g, 30.8 mmol, 17
% yield) as an of f-whi

1- (2-f | uor o- 4- ni trophe%'g"llfy ﬂé@aﬁﬁ’iﬁ% 12 gtrigzph Lylndlinegy . Lo Ms (MeH) + =
223.1. 1-HNMR (500 MHz, CDC13) 6\ppm 8.73 (d, 15.7=2.7 Hz,1 H), 8.15-
8.26 (m 3 H), 2.53 (s, 3 H). Pure;\l Nactd ons of the nore poI ar regioi somer
wer e conbi ned and concentrated to a¥ -(2-fluoro-4-nitrophenyl)-5-

met hyl-1H 1, 2, 4-triazole (6.23 g, 150/ eld) as an off-white solid. Data
for 1-(2-fluoro4-nitrophenyl)-5-nethyl- NH2,4-triazole [Cl] : LC- MBS

M+ = 22 1 8. 04
oy 2 gpoast s AR G0 e MF s BRI indBoiqrd i chiflead’ .y o)
1 (2 (aI I y | wixly3 mébetiiric of 0oty loky 34- n&ﬁobyehyll\lﬂ-rilxetﬁylmﬂ 1 2@z N5B0 B?) :\IOZ 25 A
suspensi on Na 2.2 rsion.in oi in DVF
(8 5pm_) ﬁﬂsﬁ%orplélal()ébséae g}?alaaé]ls(g%ﬁ} w&Wr do m]t :Bl% ammonium chrpo ¢ (65-117 mg, )
1- (2-f1 uor 09.4t ﬁlhio[)OHh@Wfbbole rEuR Ydmdddtedwds dtacHel ik@@melfieskdaR g 38.3 nmol)

was added dropw se. ohol (2.67 49.9 mopl ) was added via syringe
over 10 mi nheter%n?%la&%w WﬁSil?%?deto\(éésCawﬂ%ae@aO%t%g A1t°8 MiBohfC t enper at ur e.

After 30 m Ractibh mishRwad f@t@f@nhﬁd W e®¥vith BRELAAN Thd RAvIERES de@Bydd 4t Ur & was
slowy quenched with water (20 nL), treated with 200 niL of brine and

extract ed weck- EHOAS W3 addeddptheirgsidugied sapisd ath vorteand brinsc(lhg orsaniger e
washed yg t hlay@tvx%ﬁ i 8‘&/6291%8@14 mlte?é&dargrdoﬁge&rﬁ)&&'{d ﬂf@)r& ﬁ-@ﬂlymx%r )-4 -@"e organic

| ayer was dr1ed over sodiumsulfate, 5filtered, concentrated in vacua.

The crude r@@tbrlr%lﬁl“xtflaiﬁoélmmﬂim |($10eng,@§?/msgel§) chMdeJfHﬂﬁréﬁht’-oélr aphy

Under r eaucSS F8e 08, DMREIOM AT ER4 & THE P SR 9085 MBI 8 0y 930, Lo ot
1H 1, 2, 4- t r6.26l & H 5-§.4 HA, S2-5i9b{m, 3006 4 2isd) HaS.22-5 6 (nowHgel k48 sol i d.

LC- M5 (M NM R (400 MHz, CDCl3) 6 ppm 8.906(s, 1H), 8.09(d,
1H, J= ( FDWH%%‘?%é’]%? 94 (ﬁn 2H), 6. 13—6.2)3 (Pnp 1H), 5.(50-5.H234 (m (2H),
4. 80- 4. 1759 (m 2H), 2.497

Preparation C

3-(allyloxy)-4-(5-methyl-1H-1,2,4-triazol-1-yl)aniline

Tron powder-325 mesh (4.52 g, 76.86 mmol) was added to a round bottom flask charged

20 with a mixture of 1-(2-(allyloxy)-4-nitrophenyl)-5-methyl-1H-1,2,4-triazole (4 g , 15.37
mmol), absolute methanol (40 mL), water (8 mL) and ammonium chloride (4.11 g, 76.86
mmol). A water-cooled reflux condenser was attached to the flask and the heterogeneous
mixture was heated to 65 °C with vigorous stirring for 50 min. The reaction mixture was
filtered and washed with methanol. The solvent was removed in vacuo. EtOAc was

25  added to the residue, and washed with water and brine. The organic layer was dried over
MgSO04, filtered, and concentrated to afford 3-(allyloxy)-4-(5-methyl-1H-1,2,4-triazol-1-
ylaniline (1.5 g, 42% yield) as a dark brown solid. LC-MS (M+H)" =231.2 'H NMR
(400 MHz, DMSO-d6) 6 ppm 7.880 (s, 1 H), 6.96 (d, 1H, J=8.4 Hz), 6.35 (s, 1H), 6.24
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(s, 3H). Internediate C(2)
1-(2-(allyloxy)-4-nitrophenyl)-5-nethyl-1H1,2,4-triazole 0O N 15C(2) NO2 A
suspensi onoah12Mabs000. 675 g, 16.88 nmol, 60% di spersi on PaTISR@EnAK36RE ] ) in
DMF (25 nmL) was cooled to O C. A solution

1- (2-fluoro-4-nitrophenyl)-5-nmethyl-1H1,2,4- triazole (2.50 g, 11.25 nmol)
was added dropwi se. Allyl alcohol (0.784 g, 13.5 mml) was added vi a
syringe over 5 min. The reaction mxture was allowed to warmup to room 20

tenperature tel ) S 0 efi f cti.o was sl owy
guenched w @hﬁ%\ﬁ)tigrﬁ%igéhjg&gﬁ luh[?ﬁg%\%ﬁﬁ %rﬂég(@@ 2% ,‘%‘12&3 g@ racted

W th Et 0Ac 487 ¢, 210, FUR HAhE2®Gg3M). ¢ | ayer was dried over sodiumsulfate,
filtered, and concentrated in vacuo. The crude reaction m xture was
purified using silica gel chromatography (20-80% Et 0Ac/ hexane, |i near
gradient). Pup@afisaptions were concentrated under reduced pressure 25to
afford 1-(2-(allyloxy)-4-nitrophenyl)-5-nethyl-1H1,2,4-triazole (1.5 g 51
% yield)>as a yell ow brown C&—E@Ql@@x@d}—p@moh@zmﬁ@%m + = 261.0. | HNVR (400
MHz, CDC13) 6 ppm8.02-7.94 (m 3 H, 7.88Ad, 1 H .T=8.4 Hz), 5.98 - 5.89
(m 1 H, 5.37-5.32 (n, 2 H, 4.69-4.70 (m 2 H), 2.403 (s, 3 H. 30
Preparation B 3-(allyloxy)-4-(3- met'}¥ 1,2,4-triazol-1-yl)aniline NN
NH2 | ron powder-325 nesh (565 ng, 9.6 NL was taken in a round bottom
flask charged with a nm xture of 2

1- (2- (al | yleyhedlateDinophenyl) - 3-nmet hyl-1H1, 2, 4-tri azol e (500 ng, 51.921
nmml ), absolute nethanol (5 m), water (1 nL) and anmoni um chl oride (517
ng, 9.61 mol). A water-cool ed FEIPYX4DdHPeHBIIRas attached to the flask
and the o NF

NO

D(1) 2

10 To a stirred solution of 2-hydroxy-4-nitrobenzonitrile (5.0 g, 30.48 mmol) in DMF (50
mL) was added Cs,COs (19.9 g, 60.97 mmol). The mixture was cooled to 0 °C, and allyl
bromide (4.39 g, 36.58 mmol) was added dropwise. The reaction mixture was stirred for
12 h at 90 °C under nitrogen. The reaction mixture was cooled to rt and concentrated to
remove DMF, then EtOAc (50 mL) was added to the residue. The mixture was washed

15  with water (2 x 30 mL) and brine (30 mL). The organic layer was dried with Na;SQOy, and
concentrated in vacuo to afford the yellow solid, 2-(allyloxy)-4-nitrobenzonitrile

(4 g, 65% yield). LC-MS (M+H)" =205.2 "H NMR (400 MHz, CDCls) & ppm 7.87-7.86
(m, 1 H), 7.811 (s, 1 H), 7.76 (d, 1H, J=8.4 Hz), 6.11-6.01 (m, 1H), 5.56-5.55(dd, 1 H,
J=1.6,3.2 Hz), 5.52 (d, 1 H, /=1.6 Hz), 4.79 (d, 2H, J=4.8 Hz).

20

Preparation D

2-(allyloxy)-4-aminobenzonitrile
O/\/

D NH,

Iron powder—325 mesh (5.7g, 98.0 mmol) was taken in a round bottom flask charged with
25  amixture of 2-(allyloxy)-4-nitrobenzonitrile (4.0 g, 19.6 mmol), absolute methanol (40
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het er ogeneous m xture was heated to 65 C wth vigorous stirring for 50 mn.
The reaction mxture was filtered and washed with net hanol. The sol vent was
renoved iwowvarum93ogt 0OAc was added to the residue, and washas2wiliohseasmt er and
brine. The organic 10l ayer was dried over MgSH4, filtered, and concentrated
to afford 3-(allyloxy)-4-(3- nethyl-1H 1, 2,4-triazol-1-yflaniline. (270 ng,
61%vyield). LCGCMS (MH) - = 231.2 1H NM R (400 MHz, DMSO d6) 6 ppm 8. 434(s,

| H, 7.11 (d, 1H, 1=8.8 Hz), 6.34(s, 1 H), 6.21 (d, 1H, J=8.4 Hz),

g gg (55933|(_1}1 )I\%Qelg, Sgﬁafg{%]agﬁn%wm c}ﬁonc% (?2 g, 9§ mmo Awgfter5 cooo?edé}gﬂu(xm 2H) .
3-(allyl OXyaonéen(S&%'fahabhecﬂd-tﬁe Ras#tahd thaa@tkmgenemixum@wﬁsrhea{&d% &HZ 1 ron
powder - 325 nesh (4.52 76.86 mMmul) was added to_a roun&j %é r’qlflask
charged 20 With HEYOps gytrlﬂﬁ,gefobw min. Thereaction mixture was filtered, and washed wit

1- (2- (al | yl gxydimoft-ThetsoRRRGNNY rdmSe 0Bt Mo, 1E101%02Va§'aﬂd[dda@ﬂﬂe@esﬁcﬂle,gand% 37

nmol ) , absol ute nethanol (40 nmL), water (8 nlL) and ammpniumchloride (4.11
g, 76.86 milution xagapded wbr“@&r st ripe. EB%%&\%#W@@@%&H@&@%M%&% he flask

and the hetﬁ?&&ﬁ&%eéﬁkr&k&”&%ﬁ’é@éz f@ﬁ@rﬁ&?) hgm%b&z%&rhewggr@%y@h} fring for
50 min. The reaction mxture was filtered and washed wt h”net hano The

sol vent wase kightbued SnOhd\lé‘c%S(l\Eﬂ@)&G WaS IENNHRed0p MHAHED@Eiddne 7.2hd washed
ith wat oY T i d. and
bonenct of AN HOLEeATRS, RIOTH IS EXET 0B 1613 P s IR sk ered an

yeani | i ne (@d5l |, 4298 ited).d)4daed alidari.6h3.owz), 34Cﬂ9|(d 2HG=MBHZMH) = 231.2 1H
NVR (400, Mz, DMBO-d6) 6 ppm 7.880 (s, 1 H), 6.96 (d, 1H J=8.4 Hz), 6.35
(s, 1H), 6.24 (d, 1H, J=8.4 Hz), 5.95-5.89 (m 1H), 5.88 (s, 2 H),
5.19-5.16 (Bdpadbibn B=1.6, 13 Hz), 4.47 (d, 2H, J=4.8 Hz), 2.20 (s, 3H).

Preparation D 52-2§(§_]d._)( —8})1%1)0:1 %Tda?z% ?nf)OSn hltirgphenoxy)el:j[%oxy)ethanamme
EO\/\NHz

iim

tert-butyl (2-(2-hydroxy)ethoxy)ethylcarbamate

2

15  Intermediate E(1)

EO\/\NHBOC
OH
To an ice-cold solution of 2-(2-aminoethoxyethanol) (10 g, 95.23 mmol) in
dichloromethane (500 mL) was added tricthylamine (19.23 g, 190.47 mmol), followed by
20  Boc-anhydride (22.62 g, 104.76 mmol) dropwise over fifteen minutes at 0 °C. The
reaction mixture was allowed to warm to rt and stirred for 18 h while monitoring by TLC.
The solvent was removed under reduced pressure and the residue was taken up in ethyl
acetate (400 mL) and washed with saturated ammonium chloride solution (2 x 250 mL).
The organic layer was dried over anhydrous sodium sulphate and concentrated to give
25  tert-butyl (2-(2-hydroxy)ethoxy)ethylcarbamate (10.9 g, 55.8%) as a colorless liquid. 1H
NMR (400 MHz, DMSO-d6) é ppm 6.76 (1H, s), 4.56 (1H, t, /=5.2 Hz), 3.50-3.46 (2H,
m), 3.41-3.36 (4H, m), 3.10-3.05 (2H, m), 1.38 (9H, s).
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Internediate D(1) 2-(allyloxy)-4-nitrobenzonitrile NC NO2 10To a stirred
sol ution of 2-hydroxy-4-nitrobenzonitrile (5.0 g, 30.48 mol) in DM F (50
m.) was awl0edi 202091 (19.9 g, 60.97 mml ). The m xture wrag/uSoali@ds® 0 DC,
and ally! bromde (4.39 g, 36.58 mvl) was added dropw se. The reaction

m xture was stirred for 12 h at 90 C under nitrogen. The reaction m xture
was cooled to rt and concentrated to renove DVMF, then Et0OAc (50 nlL) was
added to the residue. The m xture was washed 15 with water (2 x 30 nL) and
brine (30 %%? T$e pr anic layer was dried with Na2SO4, and concentrated in
vacuo to af PEFBCEH Vgllow solid, 2-(allyloxy)-4-nitrobenzonitrile (4 g,
65%yield). LCM (M-H) :terzrﬁﬂtyl?(zl-(lzltﬂivﬂﬁn&)éﬁ@x}%'ﬂﬁ lc&bXadad) 8 ppm 7.87-7.86 (m
1H, 7.811 (s, 1 H, 7.76 (d, 1H, J=8.4 Hz), 6.11-6.01 (m 1H), 5.56-5.55
(dd, 1 H, J=1.6, 3.2 Hz), 5.52 (d,I ¥ drAdoc6 Hz), 4.79 (d, 2H, J=4.8 Hz).
20 Preparation D 2-(allyloxy)-4-amnobenzonitrile NH2 l ron
powder - 325 nmesh (5.7g, 98.0 mol) w85 taken in a round bottom fl ask char ged

with 25a mi & Mfiec-ebld Eolﬁtadd dflt&xyatylﬂ(zqmlyazbgﬁgmai}t)étmbl@arﬁﬁna@e g, 19. 6 mml)
absol ut e. met hanol_ (40 and anmoni um chl ori de 2 g, 98

mol ). A \Naﬁ%&-%édm@al) rnec%l‘rfﬁ&m@eﬁel@r@%(? waniddgd Fwbenyéphopphine (3.6 gand t he

het er ogeneoiss; ﬁ'ih?éi)%l‘fovyt@ Q@@B@E&tr&&o&ﬁie@lﬂé@ 3%'7991&191‘)'& ¢4a. mhé RGcfar 50 mMm
The reaction m xture was 1}, | tered, and washed with net hanol. The sol vent

was r enovedMixirg yeusarmEd o apdsird derd Stho Thhwlveatveryemoyaddngeraeduced

pressure and the residue was purified by silica gel column chromatography (60-120 mesh
silica) using 5-10% ethyl acetate in pet-ether to give tert-butyl 3-bromopropylcarbamate

10 (4.9¢, 70.73%) as a light-brown liquid. 1H NMR (400 MHz, CDCl3) 6 ppm 4.90 (1H, s),
3.77 (2H, t, J=6.0 Hz), 3.55 (2H, t, /=5.2 Hz), 3.46 (2H, t, /=6.0 Hz), 3.32 (2H, q, /=5.2
Hz), 1.44 (9H, s).

Intermediate E(3)
15 tert-butyl 2-(2-(2-chloro-5-nitrophenoxy)ethoxy)ethylcarbamate
[O\/\NHBOC
o

NO

To a mixture of 2-chloro-5-nitrophenol (2 g, 11.62 mmol), cesium carbonate (5.66g,
17.44 mmol) in DMF (20 mL), intermediate E(2) (4.95 g, 17.44 mmol) was added,

2

followed by tetrabutylammonium iodide (0.214 g, 0.581 mmol) at room temperature. The
20  reaction mixture was stirred at rt for 18 h. The solvent was removed under reduced
pressure and the residue was taken up in ethyl acetate (200 mL) and washed with brine (2
x 100mL). The organic layer was dried over anhydrous sodium sulphate and
concentrated to give tert-butyl 2-(2-(2-chloro-5-nitrophenoxy)ethoxy)ethylcarbamate (2.1
g, 50%) as a light-brown solid. LC-MS (M-100)" = 260.7. 1H NMR (400 MHz, CDCl:) &
25  ppm 7.87-7.81 (2H, m), 7.54-7.52 (1H, d, J/=8.8 Hz), 4.95 (1H, s), 4.31-4.29 (2H, m),
3.92-3.90 (2H, m), 3.66-3.64 (2H, t, /=6.0 Hz), 3.37-3.33 (2H, m), 1.44 (9H, s).
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5sol ution was washed with water and brine. The organic |ayer was dried over
MSH, filtered, and concentrated to afford

2- (al | yl oxgpete/@mpionobenzonitrile (3.2 g, 94%yvyield) as &cCrriushaHlosisasn sol i d.
LCMS (MHH)+ = 175.2 IH NWR (400 MHz, CDC13) S ppm 7.29 (d, 1 H, J=8.4 Hz),
6.22 (dd, 1 H J=2.0, 8.4 Hz), 6.14 (s, 1 H, 6.07-5.98 (m 1H), 5.48 (dd,
1H J=1.6, 3.2 Hz), 5.44 (dd , 1H, J=1.6, 3.2 Hz), 4.59 (d, 2H, J=1.6 Hz).
10 Preparation E 2-(2-(2-(4-chloro-1Him dazol -

-y1l)-5-ni tL]%Fhen xg#;{)hoxy) et hanam ne ci COC---NH2 O N N 02 15Internedi ate
E(1) tert hydr oxy) et hoxy) et hyl car bamat e CCkv-'' NHBoc COH To an

i ce-col d sol ity 0f(2 22 {(£ciaion@einiiaxyel §BDhiroftkdog: ety Zthylaminate N

di chl oronet hane (500 nlL) was added triethylamne (19.23 g, 190.47 nanol)
foll owed by 20Boc-anhydride (22.62 g, 104.76 nmmol) dropw se over fifteen

m nutes at 0 C. The reaction m xture %\ag allowed to warmto rt and stirred
for 18 h while nonitoring by TLCI Thg sol velft®as renoved under reduced
pressure and the residue was tak up~pn et hyl acetate (400 nlL) and washed
with saturated ammoni um chloridéNgq ution (2 x 250 nal). The organic |ayer
was dried over anhydrous sodium sulp @ and concentrated to give 25
tert-butyl (2-(2-hydroxy)ethoxy)ethyl®sa SRpat e (10.9 g, 55.8% as a
colorless liquid. 1H NVMR (400 MHz, DVsO- d6)“ti ppm6.76 (1H, s), 4.56 (1H,
t, J=5.2 HzJq a SirkdnBxehfe c(thHern‘nS)il,ateE(@)l@E) g361(ltﬁhhol}ﬁ<,0k3(()l%—§ 165 nﬁrﬁdﬂ) inm, 1.38

(9H s). | %ﬁsgegb ?1'11:13 w%g g&deh %ﬁltor_olljmrtn cfazole (1 2, 18 IgDnzmol?at rX3£ pera urret:) amat e

The reaction mixture was stirred at 90 °C for 18 h while monitoring by LC-MS and TLC.
The reaction mixture was poured into crushed ice (50 g) and extracted with ethyl acetate
(3 x 200 mL). The organic layer was washed with brine, dried over anhydrous sodium

10 sulphate and concentrated under reduced pressure. The crude compound was purified by
column chromatography (60-120 mesh silica) using 60-70% ethyl acetate in pet-ether to
give tert-butyl 2-(2-(2-(4-chloro-1H-imidazol-1-yl)-5-
nitrophenoxy )ethoxy)ethylcarbamate ( 3.0 g, 63.29%) as a yellow solid. LC-MS (M-
100)" = 326.2. 1H NMR (400 MHz, CDCl3) & ppm 8.01-7.97 (2H, m), 7.88 (1H, s), 7.46-

15  7.44 (1H, d, J=8.8 Hz), 7.28-7.27 (1H, m), 4.92 (1H, s), 4.34-4.33 (2H, m), 3.86-3.83
(2H, m), 3.59-3.57 (2H, t, J/=5.2 Hz), 3.37-3.34 (2H, m), 1.43 (9H, s).

Preparation E

2-(2-(2-(4-chloro-1H-imidazol- 1-yl)-5-nitrophenoxy )ethoxy)ethanamine

[O\/\NHQ

(0]
NN i
NO

To an ice-cold solution of intermediate E(4) (1 g, 2.34 mmol) in THF (20 mL) was added

20 2
HCl in dioxane (20 mL). The reaction mixture was stirred at room temperature for 3 h
while monitoring by TLC and LC-MS. The reaction mixture was concentrated under
reduced pressure and taken in up ice cold water (100 mL). The pH was adjusted with

25  saturated sodium bicarbonate solution (100 mL) and extracted with dichloromethane (2 x

100 mL). The organic layer was dried over anhydrous sodium sulphate and concentrated
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C'"----"NHBoc Br To an ice-cold solution of tert-butyl

(2-(2-hydroxy) et hoxy) et hyl carbamate 5(5 g, 24.5 mmol ) in dichl oronet hane
(200 ni) wezowddesdotri phenyl phosphine (9.63 g, 36.7 muolPLTiuskéiomesh2dy
carbon tetrabromde (12.18 g, 36.7 mvl) at 0 C. The reaction m xture was
warnmed to rt and stirred for 18 h. The solvent was renoved under reduced
pressure and the residue was purified by silica gel colum chromatography
(60-120 nmesh silica) using 5-10% ethyl acetate in pet-ether to give

tert-butyl 3-bronopropyl carbamate 10 (4.9g,. 70.73%. | i - br own

Caut o T R 580 RRrbet g mr bR E s agtpa oot a2 e 280 1y
3.55 (2H, tLC-IS (M+HZ)=323.046HMAMR (800 NMEHE, OMSD)d6)3.p3d1 §.2H(1H].5),396.(2HHZ) ,
1.44 (9H, s%)g. Internediate E(3)_15tert-butyl

2- (2- ( 2- chl'Br 0?51 H; tropRidiaxyy -?-H%Q%’é@h%%é%%t@’ £4P-376 B pgde 0 a
NO2 To a m petut 9=06 HZ2y £hY-016@ 141 Hhi r ophenol (2 g, 11.62 mmol), cesium
carbonate (5.66g, 17.44 mmol) in DMF (20 nlL), internediate E(2) (4.95 g,
17. 44 mmbl) was added, followed by tetrabutyl anmoni umiodi de (0.214 g,
0.581 mml ) pahsponKt enperature The 20reaction mxture was stirred at P for
18 h. The solvent was renoved under reduced pressure and the residue was
taken up in ethyl 3ddét{acdooadbimudyzoihdDnsirephopprshipiopdmbapmex 100mL). The
organi c | ayer was dri ed over anhydrous g'hum sul phate and concentrated to
give tert-butyl 2-(2-(2-chloro-5-8itrophencky)ethoxy)ethyl carbamate (2.1 g,
50% as a |ight-brown solid. LC—IVB% )+ = 260.7. 1H NWR (400 MHz,

CDC13) 6 25ppm 7.87-7.81 (2H, m), Ng! 52 (1H, d, J=8.8 Hz), 4.95 (1H,
s), 4.31-4.29 (2H, m), 3.92-3.90 (2H, 3.66-3.64 (2H, t, 1=6.0 Hz),
3.37-3.33 (2H, m), 1.44 (9H, s). |nterwedigie E(4)

10  Intermediate F(1)
tert-butyl 3-hydroxypropylcarbamate

(\NHBOC

OH

15  To asolution of 3-aminopropan-1-ol (10 g, 133.3 mmol) in dichloromethane (500 mL)
was added triethylamine (26.9 g, 266.6 mmol) followed by Boc-anhydride (31.82 g, 146.6
mmol) dropwise over fifteen minutes at 0 °C. The reaction mixture was stirred at room
temperature for 18 h while monitoring by TLC. The solvent was removed under reduced
pressure and the residue was dissolved in ethyl acetate (400 mL), washed with saturated

20  ammonium chloride solution (2 x 250 mL). The organic layer was dried over anhydrous
sodium sulphate and concentrated in vacuo to give tert-butyl-3-hydroxypropylcarbamate
(9.8 g, 42.06%) as a colorless liquid. 1H NMR (400 MHz, DMSO-d6) & ppm 6.72 (1H,
s), 4.36 (1H, t, /=5.2 Hz), 3.41-3.37 (2H, q, /=6.4 Hz), 2.99-2.94 (2H, q, /= 6.4 Hz),
1.55-1.50 (2H, m), 1.38 (9H, s).

25
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tert-butyl

2-(2-(2-(4-chloro-1H i m dazol - 1-y1)-5-ni t rophenoxy) et hoxy) et hyl car bamat e

Cl Cl : 1NHBYO 2bd2v00p3098 NO2 5To a stirred m xture of inter mpdiraiseo1E(0d3c2§4. 0 g,
11.1 nmmol ), KOH (0.93 g, 16.6 mml) in DVSO (30 nL) was added

chl oroi mm dazole (1.69 g, 16.6 mmol ) at room tenperature. The reaction

m xture was stirred at 90C for 1811 while nonitoring by LCM and TLC. The
reaction m xture was poured into crushed ice (50 g) and extracted with

et hyl acetalttH 3,.X ﬁ&? The organic | ayer was washed with brine, dried
over anhydr 3if&mediyr losul phate and concentrated under reduced pressure.
The crude conpound was puri fjegchub) 3aRbiisprogdeimiagr aphy (60-120 nesh
silica) using 60-70% ethyl acetate in_pet-ether to give ter-butyl
2-(2-(2-(4-chloro-1Him dazol - 1- y1) - NiiBp¢ ophenoxy) et hoxy) et hyl car bamat e (
3.0 g, 63.29% as a yellow solid. MLOO) = 326.2. 1H NWMR (400 MHz,
CDC13) 6 ppm 8.01-7.97 (2H, m, 7. 88 %(EH s), 7.46- 157.44 (1H, d, J=8.8
Hz) , 728727(]1H m, 4.92 (1H, s), 434433§2H nm, 386383(2H n,
3.59-3.57 (B sclutiop-eh repr-upyl 3-ly dwrymropvicarbapatens ¢, 28 43mpngi ing) . Pr eparation E
2-(2-(2-44- am ne Cl (ON
H 20 5( T@Eﬂgﬂ%@g‘é‘»&ﬁéﬁz@@mp ‘G’t}? %dr]?)éd §1p|ﬂ %%@ngﬂ‘ F}%ﬁ? %g%%%%g 34 mmol) in
THF (20 nL)fOMa\sedde@daommrabwnddméﬂé (2 Srol) THE'G. @é@tqaotrpmmlxtum wanas
stirred at (oam ! RRSEALEE o ffodhd bl G1TRNLALLEIR Y e iR &G VB The
reaction m xture was concentr at reduced pressure an en in up
ice cold vvamreisul(eﬁﬁd)thﬁtgmdu?ﬂwas ptifid Dy adjummtcbrbnwitdgnapR H S@k LxOahasbl smodga])n

bi car bonat e_sol Noly) e i chl oronet ha 2 x 100
my - The ortgiih el e paRtst b Ak Rl Sl R RAR L 1

concent raat egh.466)es aﬂlghiblﬁe\dn pqtesslmTEMm@g@M}Er €panabippimn 4E33a($Has)J 3. g‘ht yel | ow

liquid (O. 4 | N 40 O d6) 6
pom s 17 (117651t S PG e (it g Al 3l 90"k oy
442440(2H m, 3.78-3.76 (2H, m, 3.42 (2H, t, 6.0 Hz) 2.69-2.66 (2H,
. Intermediate F(3)

tert-butyl 3-(2-chloro-5-nitrophenoxy )propylcarbamate

(\NHBOC

(0]

NO

To a stirred solution of 2-chloro-5-nitrophenol (2 g, 11.62 mmol), cesium carbonate (5.66

15 2
g, 17.44 mmol) in DMF (20 mL) was added tert-butyl 3-bromopropylcarbamate (4.13 g,
17.44 mmol) followed by tetrabutylammonium iodide (0.214 g, 0.581 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 18 h while

20  monitoring by TLC and LC-MS. The solvent was removed under reduced pressure and
the residue was taken up in ethyl acetate (200 mL) and washed with brine (2 x 200 mL).
The organic layer was dried over anhydrous sodium sulphate and concentrated under
reduced pressure to give fert-butyl 3-(2-chloro-5-nitrophenoxy)propylcarbamate (2.2 g,
57.4%) as a light-brown solid. LC-MS (M-100)" = 230.7 1H NMR (400 MHz, CDClz) §

25  ppm 7.82-7.76 (2H, m), 7.52 (1H, d, J/=8.4 Hz), 4.99 (1H, s), 4.20 (2H, t, J/=5.6 Hz), 3.41-
3.37 (2H, q, J=6.0 Hz), 2.12-2.01 (2H, m), 1.43 (9H, s).
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5 Preparation F
3-(2-(4-chloro-111-i m dazol - 1-y1)-5-ni trophenoxy) propan- 1- am ne

101 nt er mewsliO2b /08930 tert-butyl 3-hydroxypropyl car bamat e PCTABR01a/0835R&It | on oOf
3-am nopropan-1-ol (10 g, 133.3 mmol) in dichl oronet hane (500 nL) was added
triethylamne (26.9 g, 266.6 nmol) followed by Boc-anhydride (31.82 g,
146. 6 nmol ) dropwi se over fifteen mnutes at 0 C. The reaction m xture was
stirred at roomtenperature for 18 h while nonitoring by TLC. The sol vent
was reaneg%P dg{t&ggﬁced pressure and the residue was dissolved in ethyl
acetate (400'HPy ed with saturated 20 armoni um chloride solution (2 x

250 nL). The Orzgamuﬁylqur-cwa@-1d{-irﬁdaz@ueryl)asniﬁwdmu&ﬁ@dpylmrmawat e and
concentrated in vacua to give ten-buty/-3-hydroxypropyl carbamate (9.8 g,
42.06% as a colorless liquid. 1H;NVR (408HRd4z, DMSO-d6) 6 ppm 6.72 (1H,

s), 4.36 (1H, t, 1=5.2 Hz), 3.41-3)37 , g, 1=6.4 Hz), 2.99-2.94 (2H, q,
1=6.4 Hz), 1.55-1.50 (2H, m, 1.38( S). 25 Internediate F(2)

tert-butyl 3-bronopropyl carbamate NH r To a solution of tert-butyl

3- hydr oxypropyl carbamate (5 g, 28.57 k$ 5di chl or omet hane (200 nlL) was
added tri phenyl phosphinc (11.52 g, 42.85 nﬁ%z) fol |l omed by carbon
tetrabromde (14.22 g, 42.85 mmol) at 0 C. The reaction m xture was stirred

at rt for 1B HstitkedIngxRUf@F-bigl P2-hildzo- 5T1h@olﬁ1@ﬁoa@nimmmrtfaﬁm\(¢d gunder

reduced essure and e residue was p i ed col um hronatography
(60-120 Fresh & Treh sgbRPHEME oL Bombliy MR e i pededet her to i ve

tert-butyl Gid6ai@RoRRY REArIBaAMBES]) afrodmdemperature. The reaction mixture was

stirred at 90 °C 18 h. The reaction mixture was poured to crushed ice (50 g), extracted
with ethyl acetate (3 x 200 mL), and washed with brine (2 x 100 mL). The organic layer
was dried over anhydrous sodium sulphate and concentrated in vacuo. The crude

10 compound was purified by column chromatography (60-120 mesh silica) using 60-70%
ethyl acetate in pet-ether to give fert-butyl 3-(2-(4-chloro-1H-imidazol-1-yl)-5-
nitrophenoxy)propylcarbamate ( 3.2g, 66.6%) as a yellow solid. LC-MS (M-100)" =
296.8. 1H NMR (400 MHz, CDCls) & ppm 7.98-7.93 (2H, m), 7.79 (1H, s), 7.44 (1H, d,
J=8.4Hz), 7.22 (1H, s), 4.61 (1H, s), 4.22 (2H, t, J/=6.0 Hz), 3.31-3.26 (2H, m), 2.06-

15 2.00 (2H, m), 1.42( 9H, s).

Intermediate F(5)
tert-butyl 3-(2-(4-chloro-1H-imidazol-1-yl)-5-nitrophenoxy)propyl(methyl)carbamate

Boc

|~
cl [T\N
L
N\VN@
NO

20  To an ice-cold solution of intermediate F(4) (1.2 g, 3.030 mmol) in THF (40 mL) was

2

added sodium hydride (60% in oil, 1.2 g, 30.3 mmol) and the mixture was stirred at room
temperature for 10 min. Methyl iodide (4.3 g, 30.30 mmol) was then added at room
temperature. The reaction mixture was heated at 70 °C for 2 h. The crude mixture was
poured in crushed ice (250 g), extracted with ethyl acetate (2 x 100 mL) and washed with

25  Dbrine (150 mL). The organic layers were dried over anhydrous sodium sulphate and

46



1066.46% as a light-brown liquid. 1H NVR (400 MHz, CDCl13) 6 ppm 4.63 (1H,
s), 3.45- 3.42 (2H, t, J=6.4 Hz), 3.29-3.24 (2H, g, J=6.4 Hz), 2.08-2.01
(2H, m, WoAd12(@b%09s). Intermediate F(3) tert-butyl PCT/US2011/043628
3-(2-chl oro-5-nitrophenoxy) propyl carbanmate 7--'' NHBoc O 15NO>2 To a
stirred solution of 2-chloro-5-nitrophenol (2 g, 11.62 nmol), cesium
carbonate (5.66 g, 17.44 mmol) in DM F (20 nL) was added tert-butyl

3- bronopr opyl carbamate (4.13 g, 17.44 mol) foll owed by tetrabutyl anmoni um

Sirred ai POUTTRRIATOIE Py FR S T o0 i top by rel 3G Lo b

The sol vents m&ph@{my)@ebpy fhethyheaiiere (D0esEE4e,)and ytingy (otigi duavigas t aken up
in ethyl acet ata (2 The organic

PR LN AR It SY R s IR RER TEE Y Sy e VT

reduced pressdfigr Y- ¥z, elztz(t}tptsyu 19-4.16 (2H, m), 3 38-3.24 (2H, m), 2.81 (3H, )
3-(2-chloro-5-nitro henoxg&pﬁ?oi)yl car bamat e (2 g, 57. 4/() as a Ilgﬁt br own

solid. LC MOERO968Y.m)=1.2 H NVR (400 MHz, CDC13) 6 25ppm 7.82-7.76
(2H, n), 7.52 (1H, d, J=8.4 Hz), 4.99 (1H s), 4.20 (2H, t, J=5.6 Hz),
3.41- 3.37 (2H, g, J=6.0 Hz), 2.12-2.01 (2H, m), 1.43 (9H s).

| nt er nedi at eFf(mBlO't’ért but yl

3- (2- (4-chloro- 1 m dagbrolra izl LR REBMMSBHIBYC AL RTRL €

. (\NHZ

== (@)

N“ﬁl
NO

10 To an ice-cold solution of intermediate F(4) (1 g, 2.5 mmol) in THF (20 mL) was added

2

HCl in dioxane (20mL). The reaction mixture was stirred at rt for 3 h. It was concentrated
under reduced pressure and treated with 50 mL of saturated sodium bicarbonate solution
(100 mL). The mixture was extracted with dichloromethane (2 x 100 mL) and washed
with brine (2 x 50 mL). The organic layers were dried over anhydrous sodium sulphate

15  and concentrated under reduced pressure to get a light yellow liquid (0.62 g, 83.78%).
LC-MS (M+H)" =297.0. IH NMR (400 MHz, DMSO-d6) § ppm 8.08 (1H, s), 8.03 (1H,
s), 7.96 (1H, d, /=8.8 Hz), 7.77-7.73 (2H, m), 4.30 (2H, t, /=6.4 Hz), 2.68 (2H, t, J=6.8
Hz), 1.89-1.81 (2H, m).

20  Preparation G
3-(2-(4-chloro-1H-imidazol-1-yl)-5-nitrophenoxy)-N-methylpropan-1-amine

7~
N
Cl (\H
)< o
N“ﬁl
NO

To an ice-cold solution of intermediate F(5) (1 g, 2.439 mmol) in THF (15 mL) was

2

added HCI in dioxane (15 mL, 4.0 M). The reaction mixture was stirred at room
25  temperature for 3 h while monitoring by LC-MS and TLC. The solvent was removed

under reduced pressure. The crude mixture was treated with saturated sodium
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"---NNHBoc To a stirred mxture of tert-butyl
3 (2-chl oro- 5-ni trophenoxy) propyl carbamate (4.0 g, 512.12 mmol) and KOH
(1.018 g,wodot/aepb) in DVSO (30 nL) was added chl oroi mpdaask@1(043688lg. 18. 1
mol ) at roomtenpetature. The reaction m xture was stirred at 90 C, 18 It
The reaction m xture was poured to crushed ice (50 g), extracted with ethyl
acetate (3 x 200 nL), and washed with brine (2 x 100 nL). The organic |ayer
was dried over anhydrous sodi um sul phate and concentrat ed in vacuo. The

de 10 d ) i.fi h
o) U B DR oSRubRD PO sideld eSRreTRiR SR LR RarGR Ol B RE D Tng °
o6 609 ns o sal %&@rﬂﬁf‘?ﬁ“ﬁ‘é‘i‘&aﬁwdﬂ’“ﬁ W‘”“‘ﬁf‘%%“é“‘*mm@ﬁ“‘“m“ > 1) 6
ppm 7. 98- 7. ol uced pressyye to getalight yel Ogohqulﬂ) @5 % 170 &C- MS@WHMZ)W? B (1H s),

4.61 (1H sSWMRA48EMHADMSO- g@@@mm(@; 3)18%32ﬁ{ (sZH95MH, £.7988 HH2. 00 (2H,
m, 1.42( 9H . I nternediat tert

3- (2- (4- %hlb?wimﬂnn@ai% Qﬁyﬁ H?Hébﬁéﬁé&l‘y‘)rﬁ} 8py ({Hret:Hyi7)(@drthamat e Boc
No2 20To anpgggwgpl d solution of internmediate F(4) (1.2 g, 3.030 mol) in

THF (40 nL) was added sodium hydride (60%in oil, 1.2 g, 30.3 mvl) and the
m xture was stirred at roomtenperature for 10 mn. Methyl iodide (4.3 g,
30. 30 mmol )P)’é%?r L;hep added at roomtenperature. The reaction m xture was
heated at 70 G for 2 h. The crude m xture was poured in crushed ice (250
g), extracted wth et higl-bateBdR-ey{mR-Xniroghendyy)inpl lealsinett wi t h 25bri ne (150
m.). The organic | ayers were dried thydrous sodi um sul phat e and
concentrated under reduced pressuréto giwg tert-butyl

3-(2-(4-chloro-1H i m dazol -1-y B Ni trophenoxy) propyl (et hyl ) car bamat e
(1.0g, 80.64% as a yellow solid M5 ( M+H) 411.2. 1H NWR (400 MHz,
CDC13) 6 ppm 7.98-7.93 (2H, m, 1H, s), 744(1H d, .1=8.4 Hz),
7.22 (11 s), 4.19-4.16 (2H, m, 338‘324(2H rT) 281(3H, s),
52. 06- 2. 00 42( 9H, s). Preparation F 3-(2-(4-chloro-Wim
dazol - 1-y1)- Eermeﬂ[qr ogﬁe)noxy) propan- 1- am ne

tert-butyl 3-(2-cyano-5-nitrophenoxy)propylcarbamate

o

/\/\
NHBoc
NC\©

NO,
To a stirred mixture of 2-hydroxy-4-nitrobenzonitrile (4 g, 24.37 mmol) and cesium
15  carbonate (11.91 g, 36.6 mmol) in DMF (40 mL) was added fert-butyl 3-
bromopropylcarbamate (8.71 g, 36.6 mmol) at room temperature. The reaction mixture
was stirred at room temperature for 18 h. The solvent was removed under reduced
pressure and the residue was taken in ethyl acetate (250 mL), washed with brine (2 x 100
mL). The organic layer was dried over anhydrous sodium sulphate and concentrated in
20 vacuo to give tert-butyl 3-(2-cyano-5-nitrophenoxy)propylcarbamate (5 g, 63.8%) as a
yellow solid. LC-MS (M+H) = 321.2. 1H NMR (400 MHz, CDCls) & ppm 7.89-7.87
(1H, m), 7.81 (1H, s), 7.75 (1H, d, J= 8.4 Hz), 4.76 (1H, br s), 4.27-4.24 (2H, t, /= 6.4
Hz), 3.40-3.36 (2H, q, /= 6.4, 12.8 Hz), 2.15-2.09 (2H, m), 1.43 (9H, s).

48



NH2 CI NO2 10To an ice-cold solution of internediate F(4) (1 g, 2.5 =lop in
THE (20 nL) was added HCl in dioxane (20nL). The reaction m xture was
stirred avoro1dwe308 h. It was concentrated under reduce@Cprsgsanecand
treated with 50 nL of saturated sodi um bi carbonate solution (100 nlL). The
m xture was extracted with dichloronethane (2 x 100 nL) and washed with
brine (2 x 50 nmL.). The organic |ayers were dried over anhydrous sodi um

sul phat e 15and concentrat ed under reduced pressure to get a light yellow
liquid (0. Igg 8% . LC-M5 (MFH)I = 297.0. 1H NMR (400 MHz, DMSO d6) 6
ppm 8. 08 ( 1H¢ %rf”’ 703 (1H, s), 7.96 (1H, d, J=8.8 Hz), 7.77-7.73 (2H, m),
4.30 (2H, t, J=6.4 HZ)gertZ)u@&3((Marfod—rﬂi’t-’r@plﬁndﬂ@)proﬁyl&%aha&l (2H, m. 20
Preparation G

3- (2- (4-chl oro- Wi mi dazol - 1-y1) - 5- m%\é?_%)xy) - N- et hyl pr opan- 1- ami ne NC2
To an ice-cold solution of int Late (1 g, 2.439 mmol) in THF (15
m.) was added HCl in dioxanc (15 4 0 M. The reaction m xture was
stirred at room 25 tenperature fo h while nmonitoring by LCGM and TLC.
The sol vent was renoved under reducedOpressure. The crude m xture was
treated with saturat ed sodi um bi carbonate sal ution (100 nl) and extracted

wi th di chl ofb#eeeseid sqlvtiga of pegermeyliatertid) @rggaﬁﬁ&lm%{g/@r%%é%mm a8y over

anhydr ous Sﬂdb&ﬂ&gisﬂh@} q"h@quctﬁfanﬁ%w@ases@lrwﬁmmﬁeed%%%rpfo%aalur@het o get a
l'ight yellow liqui , 759 . LGM (M+H) = 311.0. 1H NWR (400 MHz,
DVBO- d6) ei SOpish \sasasmwﬂunéf)r reqgeglpresyye agg treapedgritly sppyrated sodm 8. 8 Hz) |

S57.77-7.73 K@J’bonﬁ?@soﬂtl%(l@gﬁm)ﬁnd exjtfact@d é&lltﬁ'@hyl a%eé% (Exﬁ@o (n%'jl TR, 2.27 (3H
s), 1.87 (2H, t, . Preparation Htert

3- ( 2- cyano-Bg#iig ham;ﬁ@ﬁ é;@c) Wbmd@pbmsmphate and concentrated under reduced
pressure to get tert-butyl 3-(2-cyano-5-nitrophenoxy)propylcarbamate as a light brown

10 solid (1.3g, 62.9%). LC-MS (M+H)" = 222.0. IH NMR (400 MHz, DMSO-d6) & ppm
8.10 (1H, d, J= 8.4 Hz), 7.97-7.93 (1H, m), 7.70 (1H, s), 4.40 (2H, t, J = 6 Hz), 3.00 (2H,
t, J= 7.2 Hz), 2.12-2.05 (2H, m).

Preparation 1

15 2-(3-(methylamino)propoxy)-4-nitrobenzonitrile
O/\/\N, Me
NC\© H
NO,
Intermediate I(1)
tert-butyl 3-(2-cyano-5-nitrophenoxy )propyl(methyl)carbamate

o)

252N
NBoc
NC\© me’

NO,

20  To an ice-cold solution of preparation H(1) (2 g, 6.22 mmol) in THF (40 mL) was added
sodium hydride (2.48 g, 62.2 mmol, 60% suspension in mineral oil) and the mixture was
stirred at room temperature for 10 min. Methyl iodide (8.83 g, 62.2 mmol) was added
dropwise and stirring was continued at room temperature for 3 h. The crude mixture was

poured onto crushed ice (350 g), extracted with ethyl acetate (2 x 150 mL), and dried over
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10NX2 Internediate HO te butyl 3-(2-cyano-5-nitrophenoxy)propyl earbamate
ON H Boc NO2 To a stirred m xture of 2-hydroxy-4-nitrobenzonitrile (4 g,
24. 37 moWD 2aredoedsi um 15car bonate (11.91 g, 36.6 mol ) PCH/USMA1(04382811) was
added tert-butyl 3- bronopropyl carbamate (8.71 g, 36.6 mmol) at room
tenperature. The reaction m xture was stirred at roomtenperature for 18 h.
The sol vent was renoved under reduced pressure and the residue was taken in
ethyl acetate (250 nlL), washed with brine (2 x 100 nL). The organic |ayer

was dried o r anhydrous. sodi.um sul phat e ntrated in vacuo to
e tert - O PSRBT, H P R Ry RSP R CaMshRtseod o ihegs. gog s a
ye||0W/SO|lamlb&aﬁ§m,&hﬁ%pnmﬁ&&&%dﬁﬁﬂ&ﬁ&h&&ﬁ&ﬂwﬂmlidﬁﬂﬁ&m&h1@&@'7 89-7.87
(1H, n) 7.8 o %% 7.75 % , 4.76 (1H, br s), 4.27-4.24
(2H, t,./= /ﬂet )acet?stealbp%‘etéeﬂe@ﬁetﬁf ytul %(2403’3‘1@[58 Hz), 2.15-2.09 (2H, m),
1.43 (9H Sﬂltropheﬁ&d?szréﬁ}il(@rfétﬂﬂI)E:Q‘Bém@él(l)d g, 52.7%) as a solid. LC-MS (M-56)" =
3-(2- cyano nltr%P eno§y BrQBX carb
279.9. 1H NMR (400°'M C13)8ppm788 (1H, d, J= 8.4 Hz), 7.80 (1H, s), 7.75
(1H, d, J=8.8 Hz), 4.23 (2H, t, J=4 Hz), 3.48 (2H, t, J= 6.8 Hz), 2.91(3H, s), 2.17-2.11

(2H, m), 1.46 (9H, s).

Preparation 1

10 2-(3-(methylamino)propoxy)-4-nitrobenzonitrile
O/“\//\N/Me
NC\I:E1 H
NO,
To an ice-cold solution of intermediate I(1) (2.1 g, 2.439 mmol) in DCM (40 mL) was
added TFA (10 mL). The reaction mixture was stirred at room temperature for 2 h. The
solvent was removed under reduced pressure and treated with saturated sodium
15  bicarbonate solution (150 mL) and extracted with ethyl acetate (2 x 150 mL). The organic
layer was dried over anhydrous sodium sulphate and concentrated under reduced pressure
to get a light yellow liquid (1.1 g, 74.4%). LC-MS (M+H)" =236.0. 1H NMR (400 MHz,
DMSO-d6) 6 ppm 8.09 (1H, d, /= 8.4 Hz), 7.99 (1H, s), 7.94-7.91 (1H, m), 4.38 (2H, t, J
=6 Hz),2.84 (2H, t, /= 7.2 Hz), 2.43 (3H, s), 2.05-1.98 (2H, m).
20
Preparation J
1-(2-(2-bromoethoxy)-4-nitrophenyl)-3-methyl-1H-1,2,4-triazole

\

l\\l O/\/ Br
NON

NO,
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NO2 To an i

t enper at Wwe 20v00230h. The sol vent was renoved under

ce-cold solution of internediate H(1) (3 g, 9.34 mmol) in DCM
(60 nm.) was 5 added TFA (15 nlL). The reaction mxture was stirred at

room

r edueet/yse@sduioes and

treated with saturated sodi um bi carbonate solution (150 nL) and extracted
acetate (2 x 150 nmL). The organic | ayer was dried over anhydrous

with ethyl

sodi um sul phat e and concentrated under

reduced pressure to get tert-butyl

3- (2- cyano- 5- ni trophenoxy) propyl carbamate as a |light brown 10 solid (1.3g ,
P@%&%@;%J@- 222. 0 1H NWR (400 MHz, DMBSO-d6) 6 ppn18 10 (1H,

62.9% . LC
J = 8.4 Hz)
3. 00( 2H, t,
152- (3- (et
tert-butyl

20To an ice-cold solution of prepa

B (1H m, 7.70 (1H s), 4.40 (2H t, J = 6 Hz),
J=7.2 Hz), 12oh110202 (@5ef Ry beikyloBnapafédch e 1

(nethyl)carbanate O NBoc

hyl am no) pr opoxy) - 4- ni t r obe E Pltrile NC N2 Internediate |(1)

3- (2-cyano- 5- ntrophenox¥% _

m.) was added

10

15

20

25

NO,
To a solution of 2-chloro-5-nitrophenol (10 g, 57.6 mmol) in acetontirile (100 mL) was
added potassium carbonate (11.7 g, 86 mmol) followed by 4-methoxy benzyl bromide
(13.9 g, 69.1 mmol), at room temperature. The reaction mixture was stirred at room
temperature for 18 h while monitoring by TLC. It was then filtered and the solid mass
was washed with ethyl acetate (100 mL). The solvent was removed under reduced
pressure and the residue was purified by column chromatography (60-120 mesh silica gel)
using 2% MeOH in CHCls to give 1-chloro-2-(4-methoxybenzyloxy)-4-nitrobenzene (15
g, 89%) as a yellow solid. IH NMR (400 MHz, CDCls) 6 ppm 7.85 (1H, s), 7.79 (1H, d,
J=8.8 Hz), 7.53-7.51 (1H, d, J= 8.4 Hz), 7.41-7.39 (2H, m), 6.95-6.87 (2H, m), 5.17 (2H,
s), 3.82 (3H, s).

Intermediates J(2) and J(3)
J(2): 1-(2-(4-methoxybenzyloxy)-4-nitrophenyl)-3-methyl-1H-1,2,4-triazole
J(3): 1-(2-(4-methoxybenzyloxy)-4-nitrophenyl)-5-methyl-1H-1,2,4-triazole

>: OPMB /= OPMB

N =N
N \ \
\\/N\©\ ?/N\@
NO NO,

J(2) 2 J(3)
To a solution of 1-chloro-2-(4-methoxybenzyloxy)-4-nitrobenzene (15 g, 51.1 mmol) in
DMSO (45 mL) was added potassium hydroxide (4.3 g, 77 mmol) followed by methyl
triazole (6.39 g, 77 mmol) at room temperature. The reaction mixture was heated at 95 °C
for 18 h. The reaction mixture was poured onto crushed ice (1.5 Kg) and extracted with
ethyl acetate (3 x 250 mL). It was then washed with brine (3 x 250 mL) and dried over
sodium sulphate. The solvent was removed under reduced pressure and the residue was
dissolved in dichloromethane (25 mL) and absorbed onto silica (25 g). The resultant
slurry of the compound on silica was subjected to flash chromatography using a Teledyne

Isco instrument (120 g RediSep silica column, with 50% ethyl acetate in pet-ether) to get
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d,

NC2

H(1) (2 g, 6.22 mmol) in THE (40



sodi um hydride (2.48 g, 62.2 mmol, 60% suspension in mneral oil) and the

m xture was stirred at roomtenperature for 10 mn. Methyl iodide (8.83 g,
62. 2 nmolwowar/m@moided dr opwi se and stirring was conti nue®CatUSEWOM13628
tenperature for 3 h. The crude m xture was poured onto crushed ice (350 g),
extracted with ethyl acetate (2 x 150 nL), and dried over anhydrous sodi um
sul phate. The crude conpound obtai ned after concentration of the ethyl
acetate | ayer was purified by colum chromatography (60-120 nesh silica)

i 12% hyl i th t t-h -(2- -5-
o Sonenod) PO AL B SED oS BB Shda bt LB AR
(7|vgge) o 5&A9bQwn A5idNVR (400 MHz, CDC13) ri ppm 7.88 (1H, d, JZ88(£21HHZ%
S " )
3=°6. 6 ) A diegipl bt et s Rl e B Sarts, (20
102- (3- (methyd am, BOX P8 @mwmllsnk)tgobmmplstwl(m d\lfj= 8N@22)T70353@H ge-col d

sol ution of internediate }n& &Z @g (40 nm.) was added
TFA (10 3ri)/=87)r @&t t23tod: - Gt tiek S §2%t5|) r3r%”c(35ts)¥%ﬂ)%3ﬁeﬁﬁperature for 2 h.
The sol vent s \astich BRRVEd( y%@ﬂh\/;agquﬁ?d: ﬁf@S%HfWﬁ@@bdMﬁ%t@ﬁcm § preat urat ed

sodi um 15 bi carbonate solution (150 nL) and extracted wth ethyl acetate (2

x 150 ). ¥®&78¢ gdhin. 7.8y e 8B Hed 780é2H ahHydit blas 689 dRlad. ¥ phat e and
concentr at u rg get a light yellowliquid (1.1 g,
T v, LoME T SR R T e, DNEO-46) i ppm B 09 (LH d.
J= 8.4 Hz), 7.99 (1H, s), 7.94-7.91 (lH m, 4.38 (2H, t, = 6 Hz), 2.84
(2H, t, q]) n%é%%ﬂq % 43 (3H, s), 2.05-1.98 (2H, m 20 Preparation J

1(2(2 4n|tropheny1) 3-nmethyl-1 H1,2,4-triazole N N2
Internmediate J(1) 2-(3-methyl-1H-1,2,4-triazol-1-y1)-5-nitrophenol
>:r\\1 OH
NN
NO,
J(4)

To a solution of Intermediate J(2) (6 g, 17.63 mmol) in DCM (30 mL) was added TFA (6
15 mL) at room temperature and the solution was stirred for 1 h. The reaction mixture was

concentrated under reduced pressure, diluted with ethyl acetate (100 mL) and washed

with saturated sodium bicarbonate (2 x 50 mL). The organic layer was dried over sodium

sulphate and concentrated under reduced pressure to get Intermediate J(4) (3 g, 77%) as a

yellow solid. LC-MS (M+H)" =221.0. IH NMR (400 MHz, DMSO-d6) § ppm 11.61
20 (1H,s), 9.11 (1H, s), 7.97-7.82 (3H, m), 2.38 (3H, s).

Preparation J

1-(2-(2-bromoethoxy)-4-nitrophenyl)-3-methyl-1H-1,2,4-triazole

>: O/\/ Br
N

\
\\/N\©\
NO

2
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1- chl or 0- 2- (4- net hoxybenzyl oxy) - 4- ni trobenzene OPMB CI NO2 To a sol ution of
2-chl oro-5-nitrophenol (10g. 57.6 mmol) in acetontirile (100 nL) was 5added
pot assi urwoantmogioe (11.7 g, 86 mml) foll owed by 4-net roxyusk@nsyic2dr om de

(13.9 g, 69.1 nmol ), at roomtenpeiature. The reaction mxture was stirred

at roomtenperature for 18 h while nonitoring by TLC. It was then filtered

and the solid nmass was washed with ethyl acetate (100 nL). The sol vent was

renmoved under reduced pressure and the residue was purified by colum

h t h 120 h 10 i 2% NeOH i 13 t i
Tl or o5 AP st s o anpatd HEE p Audrob N StppieRds B.OE S 1 Dot ve
§0I5 .3 d7 éT ?iMRo( 4@@@@@ (2@[@)13)797 5141@%1 RN (3@th)3%§ ag%eag Zédiblzogg)cthﬁjﬁ&g T?)’
(2H, s), 3 g éiﬂ I §)m°1)19f§ r%@%a‘a%eeﬁ% tezstloaﬁ%rkﬁl(@s‘yasastlﬁy atroom '

1-(2-(4- rretteﬁais&%szm} O )Thé sdlivdkt %b@ﬂ%%a&d@ﬁwﬁe& fdyshrardthd de@id@ € J(3):
1- (2-(4-met hox benégloxy -4-nitrophenyl) - nethgnnek+1 2,4-triazole

OPVBOPVE NNV inpghyl acete (1 P prlo pnd washed with 2x 25mL) The organic

1-chloro-2- %ﬁx@@&HH&N@@P%&&&%XQMﬂuﬁi&mﬂQ%Qﬁéaﬁm&%énﬂunQ&méuﬂﬁpé) 3.n 20 DMBO
(45 m) was added potassi um hydroxide (4 ) foll owed by met hyl

triazole ( (123901}30etwy}rﬁ'@ltyoph@tn}’})o%mﬁﬂl@nﬂéﬂ ét‘h‘ftﬂéZOlel'ﬁe? &éﬁét%kﬂﬁ aright ure was
heated at 9 f N YR d rushed ice
(1.5 Kog) anc ”1e€@%%ﬁ§%q§§@ﬂ$% hy égetate %gﬁXM§§6H%¥§8 cﬁ@&gm@ en washed
with brine (18, %, 269810t )3Hno),dr10eti6DREr mg. 33D (AHh hat 240 (Biessol vent was
renoved, under reduced pressure and the residue was 25di ssolved in

dlchlorb thane (25 nL) and absorbed onto silica (25 g). The resultant
slurry of thepoampoknd on silica was subjected to flash chronat ography

using a Tel edyne r Redi Sep silica colum, with 50%
ot hylg acet at eyi n %)Zf? SRRy l)—H{?:g ?§’1aZO lgyl) ? n1tr0p1?enoxy)pr0pan ?—amlne °

15  Preparation K(1)
tert-butyl 3-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)propylcarbamate

>= o//\\\NH

N \
\\/,\\1 l Boc

NO,

To a solution of Intermediate J(4) (2 g, 9.08 mmol) in DMF (2.5 mL) was added cesium

carbonate (4.44 g, 13.62 mmol) followed by tert-butyl (3-bromopropyl)carbamate (3.24 g,
20 13.62 mmol) at room temperature. The reaction mixture was stirred at rt for 18 h. The

solvent was removed under reduced pressure and the residue was purified by column

chromatography (60-120 mesh silica) using 2% MeOH in CHCI; to give tert-butyl 3-(2-

(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)propylcarbamate (1.4 g, 40.8%) as a

yellow solid. LC-MS (M+H)" = 378.2. 1H NMR (400 MHz, CDCls) & ppm 8.89 (1H, s),
25 8.06 (1H, d, J=8.8 Hz), 7.99-7.94 (1H, m), 7.94 (1H, d, /= 2.4 Hz), 4.66 (1H, br s), 4.28



Internediate J(2) (6 g, 34.5% as a yellow solid and Internediate .1(3)
(4.5 g, 24.99% as a dark brown solid. Analytical data of J(2): LCM (M-H)I
= 341. 2. WO 2DMR0O3000 MHz, CDC13) ti ppm 8.83 (1H, s), 8PLI/US:H1/0a3628 7=8. 8
Hz), 8.06 (1H, s), 8.09 (1H, d, .T= 8.8 Hz), 7.35 (2H, d, 5.7=8.4 Hz), 6.94
(2H, d, J=6.4 Hz), 5.29 (2H, s), 3.83 (3H, s), 2.47 (3H, s). Analytical
data of J(3): LCGM5 (MtH) + = 341.2. 1H NWR (400 MHz, CDC13) ti ppm
8.03-7.96 (3H, m, 7.57 (1H, d, J= K8 Hz), 720(2H d, ,T7=8.4 Hz), 6.89

(2H, d, .T=8,8 Hz) ( paration
(29 T8 Pl i3 B s S bt el Al b 4B TP

| nternedi atg. J(2) (6 g, 17.63 nmmol ) in DCM(30 m.) was added TEA (6 15nl)
at roomtenperature and the solution was stirred for 1 h. The reaction

m xture was concentrated under reduced pressure, diluted with ethyl acetate
(100 ) ang.pash&dkw th saturated sodi um bicarbonate (2 x 50 nL). The
organic | ayer was dried over sodium sul phate and concentrated under reduced
pressure to get |H%ﬁr@a'ihalrwJ(2¢b~trleeold-ylﬁmtroaéenézxx/)@mp@wl@mmed LC- MB
(MtH) - = 221.0. 1H NWR (400 WMHz, , DVBO- d6 ppm 11. 61 20(1H, s), 9.11 (1H,
s), 7.97-7.82 (3H m, 2.38 (3H, . Ry pa thn J

1- (2- (2- bronoet hoxy) - 4-ni trophemyl)\ 3-ret hyl-1 H-1,2,4-triazole N N2 To a
stirred mxture of 2(3-nethyl-1HT, riazol -1-y1l)-5-nitrophenol (3 g,
13.63 mmmol ) and K2C0I (2.4 g, 17. 79) in MCN (30 nL) was added

1, 2-di bronoet hane (3.3 g, 17.71 mvl) atyg,0om tenperature. The reaction

m xture was stirred at roomtenperature for 18 h. The sol vent was renoved
under reduced pressure and the residue 5mas di ssolved in ethyl acetate (100

) and Was"Po an ice- cokld solut10n o(f%ntermegn%‘e) K(l g,%?@%‘rlngl) in DCM (10 mL) was

added TFA (1 mL). The reaction mixture was stirred at room temperature for 1 h. The

10 solvent was removed under reduced pressure, and the crude mixture was treated with
saturated sodium bicarbonate solution (50 mL). It was extracted with (2 x 50 mL) and
washed with brine (2 x 20 mL). The organic layer was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to get a light yellow liquid (600 mg, 82
%). LC-MS (M+H)" = 278.2. IH NMR (400 MHz, DMSO-d6) § ppm 8.90 (1H, s), 8.08

15 (1H,d,J=9.6 Hz), 7.98-7.97 (2H, m), 4.35 (2H, t, J=6.4 Hz), 2.95-2.92 (2H, m), 2.50
(3H, s), 2.07-2.03 (2H, m).

Preparation L

N-methyl-3-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy )propan-1-amine

O/\H,Me

=N

\

N t\
NO,

tert-butyl methyl(3-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy )propyl)carbamate

y N

\
N f Boc
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20
Intermediate L(1)



| ayer was dried over anhydrous sodi um sul phate and concentrated in vaeuo to
give 1-(2- (2-bronoethoxy)-4-nitrophenyl)-3-nethyl-1H1,2,4-triazole (2.2

g, 49.5 %yoas12aobioght orange solid. LCMS (MHH) = 327. 13CTArSElL1MM4R2€ 400
MHz, DM SO-d6) 6 ppm9.15 (1H, s), 8.09-8.04 (3H, m, 4.70-4.69 (2H, m,
3.99-3.97 (2H, m, 2.40 (3H, s). 10 Preparation K

3-(2-(3-nethyl-W1, 2, 4-triazol-1-yl)-5-nitrophenoxy)propan-1-amne 01\NH2 N
NC2 15Preparation KO tert- butyI

3(243-nmethyl-1H 1 tria nox amat e

oit TR e Y b e it R R B R Y L ot ) i
DIVF (ﬁ .5 {rtadgvf@d@ﬁdmrﬁe)m mmbg:as bﬂﬁl?cg%og/ém%r%%érﬂ%gﬁﬂal ala):mu);mfrm dtevwed by
tert uty ro car rrate . na room

t enper at ur efor Tt ngﬁ@t"ie%{%y Hicseg P%“ %et@ﬁng@@f& ¢ gp3F- b %‘5 he repdiod o) vent
Was I enovedyAdeal 816 atkoPhaSHM fusk theahe Qﬁlﬁéiidl%(tﬁ&@%a@gédrfad &flo by col um

chromat o raph 560 120 nesh SI|IC&?1 using 2% MeOH in CHC13 to give
tert-butdl &) %]S‘th%ﬁxtrpcted with ethyl acetate (3 x 100 mL), washed with brine {150

H 1,62, 4-tri ﬁEP&ndjﬁrrM&)we";’ aﬂﬂjd?dﬁ@@&ﬁﬂﬁ)(ﬁlﬂia@@ﬁ%%@%ﬁ%&a@ rdmovéd gmdeﬁﬁadgc@i as a
yel I ow solid. VR (40 CDC13) ppm 8. 89

(1H, s), 251865@@6(11114 Cf‘éﬁe cgmﬁmgldavqswybgecredggﬂﬁsmr@atogﬁphym@aa(Tﬂeldyrt@ J= 2.4

I(_%?—I’ 2') 662%0 1P§tru§1)e’nt @Ogﬁgdlg'gﬂ_éﬂ)lcta’cgﬂlmn%ﬁﬁ %Ac ey h%gan(e?kj gegl’ert‘]out)@ Hz), 2.50
1 methyl(3-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5- n1tr0phen0xy)pr0pyl)carbamate (14 g,

10 96%) as a yellow solid. LC-MS (M+H)" = 392.2. IH NMR (400 MHz, CDCls) & ppm
8.96-8.87 (1H, m), 8.07 (1H, d, /=8.8 Hz), 7.97 (1H, d, /=9.2 Hz), 7.93 (1H, d, /=32
Hz), 425 (2H, t, /= 5.2 Hz), 3.43 (2H, t, /= 6.4 Hz), 2.86 (3H, s), 2.50 (3H, s), 2.61-2.09
(1H, m), 1.4 (9H, s).

15 Preparation L
N-methyl-3-(2-(3-methyl-1H-1,2,4-triazol- 1-yl)-5-nitrophenoxy )propan-1-amine

To an ice-cold solution of Intermediate L(1) (1.4 g, 3.58 mmol) in DCM (50 mL) was

20  added TFA (20.22 g, 195 mmol). The reaction mixture was stirred at room temperature
for 1 h. The solvent was removed under reduced pressure, and the crude mixture was
treated with saturated sodium bicarbonate solution (100 mL). It was extracted with (2 x
100 mL) and washed with brine (2 x 50 mL). The organic layer was dried over
anhydrous sodium sulphate and concentrated under reduced pressure to get a light yellow

25 liquid (1 g, 100 %). LC-MS (M+H)" =292.2. IH NMR (400 MHz, DMSO-d6) § ppm
8.92 (1H, s), 8.07 (1H, d, J=9.6 Hz), 7.98 (1H, s), 7.96 (1H, d, /=2 Hz), 434 (2H, t, J =
6.4 Hz), 2.79 (2H, t, J= 6.8 Hz), 2.50 (3H, s), 2.46 (3H, ), 2.09 (2H, t, /= 6.4 Hz).
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Preparation K 53-(2-(3-y0-5-nitrophenoxy)propan-1-amne N O01\--NH2 N NO2 To
an ice-cold solution of Internediate K(1) (1 g, 2.65 mmol) in DCM (10 nli)
was addedwORAI2@939R) . The reaction m xture was stirred &CTrusoomiiogisper at ur e
for 1 h. The 10sol vent was renoved under reduced pressure, and the crude

m xture was treated with saturated sodi um bi carbonate solution (50 nL). It
was extracted with (2 x 50 nL) and washed with brine (2 x 20 nL). The
organi c | ayer was dried over anhydrous sodi um sul phate and concentrat ed
under reduc;%d ressure to get a light yellowliquid (600 ng, 82 %. LC M5
(MrH) + = 27874488 VR (400 MHz, DVBO-d6) ti ppm 8.90 (1H, s), 8.08 15(1H,
d, J= 9.6 Hz), 7.98-7.97 (2H, my-methyBhut-62ht1-dmind=6.4 Hz), 2.95-2.92 (2H

m, 2.50 (3H, s), 2.07-2.03 (2H, nm). Preparation L Nmethyl-3-(2-(3 -nethy
l-1H 1, 2,4-triazo 1-1-yl)-5-nitrophen ox ropan-l-amin e O N %- N 20NO2
Intermediate LO) tert-butyl R

met hyl (3-(2-(3-nethyl-1H1, 2, 4-tri azol -1-yl)-5-ni trophenoxy) propyl ) car banat
© S5 Preparation M(1)

N-Boc-but-3-en-1-amine

\/\/HW(O\‘(

o
To an ice-cold solution of but-3-en-1-amine (5 g, 69.4 mmol) in dichloromethane (50
10 mL) was added triethylamine (8.41 g, 83.3 mmol) followed by Boc anhydride (15.12 g,
69.4 mmol) dropwise over 15 min. The reaction mixture was stirred at room temperature
for 18 h. The solvent was removed under reduced pressure and the residue was dissolved
in ethyl acetate (200 mL), washed with saturated ammonium chloride solution (2 x 150
mL), and brine (100 mL). The organic layer was dried over anhydrous sodium sulphate
15  and concentrated in vacuo to give N-Boc-but-3-en-1-amine (7.2 g, 60.5%) as a colorless
liquid. 1H NMR (400 MHz, CDCIs) é ppm 5.78-5.68 (1H, m), 5.09-5.03 (2H, m), 4.57
(1H, s), 3.16 (2H, d, /=6.4 Hz), 2.224-2.189 (2H, m), 1.416 (9H, s).

Preparation M(2)
20 N-Boc-N-methyl-but-3-en-1-amine
I\|/Ie
\/\/Nj(oﬂ/
o
To an ice-cold solution of Intermediate M(1) (5 g, 29.2 mmol) in THF (100 mL) was
added sodium hydride (9.35 g, 23.39 mmol, 60% suspension in mineral oil) and stirred at
room temperature for one hour followed by dropwise addition of methyl iodide (41.22 g,
25 290 mmol) at room temperature. The reaction mixture was refluxed for 18 h. The crude
mass was treated with ice (500 g)and extracted with ethyl acetate (2 x 200 mL). The
organic layers were washed with brine (150 mL) and dried over anhydrous sodium
sulphate. The solvent was removed under reduced pressure to give N-Boc-N-methyl-but-

3-en-1-amine (5.4 g, 87.4%) as a yellow liquid. |H NMR (400 MHz, CDCls) 6 ppm 5.82-

56



ONMe N Boc NO2 To an ice-cold solution of Internmediate K(1) (1.4 g, 3 71
nmmol) in THE (30 nL) was added sodi um hydride (0.742 g, 18.5 mml, 60%

di sper sedwpreorvaeesoal oil) and stirred at rt for 10 mm Poriusesd/ o328 he
addition of nethyl iodide (5.27 g, 37.1 mmol ). The reaction m xture was
stirred at roomtenperature for 1 h. The crude m xture was poured onto
5crushed ice (250 g), extracted with ethyl acetate (3 x 100 nth), washed
with brine (150 nL) and dried over anhydrous sodi um sul phate. The sol vent

was renoved redyc ssu I o subj dto
flash chr m?’ﬂ@?%mﬂ%?ﬂ%@ﬁ@ %Z@Qg’];sg@hl?ﬁ%tsggﬁ)%%g(&%;q’%gigg%isi lica
colum, 15% 87048, §)n hexane) to get tert-butyl

met hy1(3-(2-(3-nethyl-11-/-1,2,4-triazol-1-yl)-5-n

t rophenoxy) propyl ) carbamate (1.4 g, 10 96% as a yellow solid. LC M5 (M+H)
= 392. 2. 1HpMMLRL&ADO MHz, CDC13) 6 ppm 8.96-8.87 (1H, m, 8.07 (IH d, J =
8.8 Hz), 7.97 (1H, d, 1=9.2 Hz), 7.93 (1H d, 1=3.2 Hz), 4.25 (2H, t, 1=5.2
Hz), 3.43 (2H, t, J= 6.4 Hz), 2.86NBrthybyt3-ondgmimy s) 2. 61-2.09 (1H,
m, 1.4 (9H, s). 15 Preparation L N-methyl-3-(2-(3 -nmethyl-1H1,2,4-triazo
1-1-y1l )-5-nitrophen oxy)propan-l-amin e N2 To an ice-cold solution of
Internmediate L(1) (1.4 g, 3.58 mml) in IHQ\A(SO m.) was 20added TFA (20.22
g, 195 mmol). The reaction mi xture Wds StiMeed at roomtenperature for 1 h.
The sol vent was renoved under reduced pressure, and the crude m xture was
treated with saturated sodi um bi carbonate solution (100 nL). It was
extracted whe# icocsld sgotion of letpanodimeed () w0 B, Xr§ mero)2an PCHH(HML) Wtse or gani ¢

layer wgp de[did&in@Yﬁrdi&’élﬂé’élb%g{E 4?0%}).}1%?%%%&1&9%&%@%@%&%“ under

reduced pressure to get a light yellow
temperature for 4 h. The solvent was removed under reduced pressure to give N-

methylbut-3-en-1-amine as a light brown hygroscopic hydrochloride salt (2.69 g,
89.39%). 1H NMR (400 MHz, DMSO-d6) & ppm 9.048 (2H, s), 5.86-5.75 (1H, m), 5.18-
5.09 (2H, m), 2.92 (2H, s), 2.51 (3H, s), 2.43-2.38 (2H, q, /=21.2 Hz).

15
Preparation N

2-(2-bromoethoxy)-4-nitrobenzonitrile

O/\/Br

NO

To a mixture of 2-hydroxy-4-nitro-benzonitrile (2 g, 12.19 mmol) and K,CO3 (3.36 g,
20 24.39 mmol) in MeCN (20 mL) was added 1,2-dibromoethane (3.4 g, 18.29 mmol) at

2

room temperature. The reaction mixture was stirred at room temperature for 18 h while
monitoring by TLC. The solvent was removed under reduced pressure and the residue
was taken up in ethyl acetate (100 mL) and washed with brine (2 x 25 mL). The organic
layer was dried over anhydrous sodium sulphate and concentrated to give 2-(2-

25  bromoethoxy)-4-nitrobenzonitrile (1.6 g, 49 %) as a light red solid. "H NMR (400 MHz,
CDClz) 6 ppm 7.94-7.92 (1H, m), 7.82-7.78 (2H , m), 4.52 (2H, t, J=6.4 Hz), 3.73 (2H, t,
J=6.4 Hz).

Preparation O

30 2-(4-aminobutoxy)-4-nitrobenzonitrile
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25 liquid (1 g, 100 A). LCM (MtH) = 292.2. 1H NWR (400 MHz, DWVSO d6) 6
ppm 8.92 (1H, s), 8.07 (1H, d, J= 9.6 Hz), 7.98 (1H, s), 7.96 (1H d, J= 2
Hz), 4.34W02b12/a09309= 6.4 Hz), 2.79 (2H, t, J= 6.8 Hz), PCPWSEAH 04328 2. 46
(3H, s), 2.09 (2H, t, J= 6.4 Hz). Preparation iVl N nethylbut-3-en-1-am ne
N Me S5Preparation MO ) N-Boc-but-3-en-I-amne To an ice-cold solution of
but-3-en-1-amne (5 g, 69.4 nmmol) in dichloronethane (50 10 nL) was added
triethylamne (8.41 g, 83.3 nmol) followed by Boc anhydride (15.12 g, 69.4
mrol ) dropw se over 15 min. The reaction mxture was stirred at room
tenperature for 18 h. The sol vent was renoved under reduced pressure and
the residue was dissolved in ethyl ac 200 nm.), washed with saturated
anmoni um chl oride solution (2 x 150 ), an "Brine (100 nL). The organic

| ayer was dried over anhydrous sodi um sul phate 15 and concentrated in vacua
to give N Boc-but-3-en-1-anine (¥ 60.5% as a colorless liquid. 1H NV
R (400 MHz, CDC13) 6 ppm 5.78-5.68 m, 5.09-5.03 (2H, m, 4.57 (1H,
s), 3.16 (2H, d, J=6.4 Hz), 2.224-2.18 2H, m, 1.416 (9H, s). Preparation
M 2) 20N Boc- N-net hyl - but - 3-en- 1| -am ne t, NO To an ice-cold solution of
Internediate M1) (59, 29.2 mvol) in THF (100 nL) was added sodi um hydri de
(9.35 g, 23.39 mol, 60% suspension in mneral oil) and stirred at room
tenperaturelnfe{)‘?‘e%ﬁ%bﬁﬁur foll owed by dropw se addition of methyl iodide

(41.22 g 25290 mmol ) at roomt sipES BloHoButyiEi8arth@aCt i ON m Xt ure was
refluxed for 18 h. The crude

NH
Br Boc

To an ice-cold solution of fert-butyl 4-hydroxybutylcarbamate (5 g, 26.41 mmol) in

dichloromethane (200 mL) was added triphenylphosphine (10.38 g, 39.61 mmol)

followed by carbon tetrabromide (13.15 g, 39.61 mmol) at 0 °C. The reaction mixture was
10 stirred at room temperature for 18 h. The solvent was removed under reduced pressure

and the residue was purified by column chromatography (60-120 mesh silica gel) using

10% ethyl acetate in pet-ether to give fert-butyl 4-bromobutylcarbamate

(4.2 g, 63.3 %) as a light green liquid. '"HNMR (400 MHz, CDCl3) 6 ppm 4.53 (1H, s),

3.45-3.41 (2H, m), 3.18-3.13 (2H, m), 1.93-1.83 (2H, m), 1.68-1.61 (2H, m), 1.47 (9H, s).
15

Intermediate O(2)

tert-butyl 4-(2-cyano-5-nitrophenoxy )butylcarbamate

NH
(o) Boc

NC\©
NO,
To a stirred mixture of 2-hydroxy-4-nitrobenzonitrile (2 g, 12.19 mmol), cesium
20  carbonate (6 g, 18.29 mmol) and DMF (20 mL) was added fert-butyl 4-
bromobutylcarbamate (4.59 g, 18.29 mmol) . The reaction mixture was stirred at room
temperature for 18 h. The solvent was removed under reduced pressure and the residue
was dissolved in ethyl acetate (100 mL), and washed with brine (2 x 50 mL). The organic

layer was dried with anhydrous sodium sulphate and concentrated in vacuo to give tert-

25  butyl 4-(2-cyano-5-nitrophenoxy)butylcarbamate (2.1 g, 52 %) as a light yellow solid.
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mass was treated with ice (500 g)and extracted with ethyl acetate (2 x 200
m.). The organic | ayers were washed with brine (150 nlL) and dried over
anhydr ousweadizmpx®al phat e. The sol vent was renoved undePCrasecied4iseessur e
to give N-Boc-N-nethyl-but3-en-l1-amne (5.4 g, 87.4% as a yellow |iquid.
1H NWVR (400 MHz, CDCI3) 6 ppm5.82- 5.71 (1H, n), 5.09-5.00 (2H, m, 3.26
(2H, s), 2.84 (3H, s), 2.29-2.23 (2H, g, J=21.2 Hz), 1.467 (9H, s).
Preparati on 5N-net hyl but-3-en-1-anmne To an ice-cold solution of

i oxane. ( 2068 MOy St HOMTRE Mhet DN e babrt S Bu0gh rbrA D, "
t emper aturew@(rnﬂsm od ey, %OJA'se@Hz)\A@%vae)dwo@m 1[.2Euaed PsrSpUre to give
Nrret hyl but - -amne as a %H&76romm é%rosco |c hydrochlorlde salt

(2.69 g, 891=§910)a{2) 2.9§- M@P(@Hm@l RS H 67 €hpm 9. 048 (2H, s), 5.86-5.75
OH mnm), 5.18- 5.09 (2H, m, 2.92 (2H, s), 2.51 (3H, s), 2.43-2.38(2H
g,1=21.2 Hz). 15 Preparation N 2-(2-bronoethoxy)-4-nitrobenzonitrile Br O
NC N2 To aPmpsutigreOof 2-hydroxy-4-nitro-benzonitrile (2 g, 12.19 nmol) and

K2CG8 (3.36 g, 20 24.39 mob ), L0 NEN020,; Wasspdded 1, 2-di br onoet hane
(3.4 g, 18.29 mmol) at room%(errplélratur)é E@epeac{lﬁon mxture was stirred

at roomtenperature for 18 h while I by TLC. The sol vent was
renoved under reduced pressure and t reS|dué was taken up in ethyl
acetate (100 nL) and washed withBrine (2 x 25 nL). The organic |ayer was
dri ed over anhydrous sodi um sul phat d concentrated to give 2-(2- 25

br onoet hoxy) - 4- ni trobenzonitrile (1 , 4999 as a light red solid. |IFINWR

(400 MHz, CDC13) 6 ppm 7.94-7.92 (1H,
J=6.4 Hz), 3.73 (2H, t, J=6.4 Hz).
To an ice-cold solution of Intermediate O(2) (2.1 g, 6.26 mmol) in DCM (10 mL) was

, 7.82-7.78 (2H, n), 4.52 (2H, t,

added HCI in dioxane (10 mL, 4 M). The reaction mixture was stirred at room

10 temperature for 3 h. The solvent was removed under reduced pressure and the residue
was treated with saturated sodium bicarbonate solution (25 mL) and extracted with ethyl
acetate (2 x 50 mL). The organic layer was dried over anhydrous sodium sulphate and
concentrated under reduced pressure to get a light yellow liquid (1.2 g, 81.6%). LC-MS
(M+H)" =236.0. 'HNMR (400 MHz, DMSO-d6) & ppm 8.07 (1H, d, J=8.4 Hz), 7.96

15 (1H,s), 7.90 (2H, d, J=8.8 Hz), 4.30 (2H, t, /=6.4 Hz), 2.62 (2H, t, J/=6.8 Hz), 1.90-1.80
(2H, m), 1.58-1.48 (2H, m).

Preparation P

5-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)pentan-2-amine

20 NO,
Intermediate P(1)

tert-butyl 5-hydroxypentan-2-ylcarbamate

LT

NHBoc



Preparation 0 302-(4-am nobut oxy)-4-nitrobenzonitrile N2 Internediate 00
) Stert-butyl 4-bronobutyl carbamate rNH BrBoc To an ice-cold solution of

t ert - but yWo4etywsimaybut yl carbamate (5 g, 26.41 mol ) i npdiraishanomsthane
(200 m.) was added triphenyl phosphine (10.38 g, 39.61 mmol) followed by
carbon tetrabrom de (13.15g. 39.61 mvl) at 0 C. The reaction m xture was
10stirred at roomtenperature for 18 It The solvent was renoved under
reduced pressure and the residue was purified by col um chronat ography

60-120 ne lic 10% et hyl e n.pe ther to e
Lo bty alp b Ede iR uncngngh 1o B8 ot Gy RE S B0 Phura. 1 1
NVR (400 I\/Haoo QD%BQ addle P4 1andnd @45 5 )9. lﬁlnﬁﬁ)ﬁllé\%c{%ocﬂaﬂhycﬁl&§6 3513 (2H,

m, 1.93-1.83 (2H, 1,68-1.61 (2H, ;r% 1.47 (9H, s.15|nt§rma](11|ate
0(2) ten-bubyb: 14111(1@2) HXPRII5E BV itgny Bﬁﬂ%ﬁ‘ﬁ %fafftgﬂnd%}m%%éﬂmpﬂ pisbior

while monitoring by TLC. The reaction mixture was treated with saturated ammonium

5 chloride solution (200 mL), the organic layer was separated, dried over anhydrous
sodium sulphate and evaporated in vacuo to give ftert-butyl (5-hydroxypentan-2-
yl)carbamate (1.2 g, 60.9 %). 1H NMR: (400 MHz, CDCl;) & ppm 4.35 (1H, br s), 3.68-
3.65 (3H, m), 1.57-1.43 (4H, m), 1.44 (9H, s ), 1.13 (3H, d, /= 6.4 Hz).

10  Intermediate P(2)

tert-butyl 5-bromopentan-2-ylcarbamate

Br NHBoc

To an ice-cold solution of fert-butyl (5-hydroxypentan-2-yl)carbamate (3.6 g, 17.71
mmol) in dichloromethane (150 mL) was added triphenylphosphine (6.97 g, 26.6 mmol)

15  followed by carbon tetrabromide (8.81 g, 26.6 mmol). The reaction mixture was stirred at
room temperature for 18 h while monitoring by TLC. The solvent was removed under
reduced pressure and the residue was purified by column chromatography (60-120 mesh
silica) using 2-5% ethyl acetate in pet-ether to give fert-butyl (5-bromopentan-2-
yl)carbamate (2.5 g, 53 %) as a light brown liquid. 1H NMR: (400 MHz, CDCls) 6 ppm

20 429 (1H, brs), 3.68 (1H, brs), 3.42 (2H, t, J=6.8 Hz), 1.94-1.86 (2H, m), 1.59-1.46
(2H, m), 1.44 (9H, s), 1.13 (3H, d, J= 6.4 Hz).

Intermediate P(3)
tert-butyl (5-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy )pentan-2- yl)carbamate

N NHBoc
N :i:

25 NO,

cr



NO2 To a stirred m xture of 2-hydroxy-4-nitrobenzonitrile (2 g, 12.19
nmol ), cesium 20 carbonate (6 g, 18.29 nmmol) and DMF (20 nlL) was added
tert - but yWwo4e12mogsmbut yl car bamate (4.59 g, 18.29 mmol ) PCThiS201@md36e®HN

m xture was stirred at roomtenperature for 18 it The solvent was renoved
under reduced pressure and the residue was dissolved in ethyl acetate (100
m.), and washed with brine (2 x 50 nL). The organic |layer was dried with
anhydr ous sodiun1su|phate and concentrated in vacua to give tert- 25but yl

sol 1. L T viaRg R pet e b B2 ot ke - DRoclsni 18 efls. 07 (1h
d, J=8.4 Hzﬂlmoﬁ &ﬁuﬁllbi;boﬁéte (27449@ 7(42 h’hm&i) 1nJDﬁF$2(HZlL) whs &fled ﬂahlrbubﬂ (), 4.30

E gﬂ’ ';ri J 16Qfgm€@e%qtans%—yl)c§rbpplétﬁé? 43 g,o%250mm01) at rogr% tgmge%atgrze:HThe@eéctl%n 81-1.76

2-(4-am noblmxaﬁy)vaélgtmeaaﬂbemgw}me%ﬁmwbizngoo LCB\I%IJ@-WT%@QGI%ItQ'a§O| ution
of Internmediate 0O g, 6.26 mol SOW was added HO i n

di oxane Y 1oreweved4m|%r redmed PraEHEES A thﬁfﬁ%l%éﬁ%&@ﬁi@mdrmé yhacetatsgA0mL)

tenper at ur epfiQfasRedvith e $2k YN YRS hE SIERME thybndRcoh@ANaEHuRELR MWL and the
residue was treated with saturated sodi um bi Carbonate solution (25 nL) and

extract ed vitretiuistnd wagestigd by flashchggnategraphymeng p dakgihme|laG@rinsiamertr i ed over
anhydrous sQfi te I to get a
Tt ver | o R i B R R 00 W

DVBO- d6) 6 Ppih2gh-0izql-1dHD-ahnitdpBendx Hpyntanz2-g)carbime (159 g, 74.190 ag 2Hght d, 1=8. 8

Hz) . 4. 8P (&Bbvn Sotial TO- fhs'Rer1) 2= G664 20 Nbir: LB ML D1y AQuds 8811, s),
8.09-8.07 (1H, d, J=8.8 Hz), 7.99-7.93 (2H, m), 4.33 (1H, br s), 4.27-4.24 2H, t, J = 6.4
Hz), 3.73 (1H, brs), 2.50 (3H, s), 1.98-1.95 (2H, m), 1.61-1.57 (2H, m), 1.44 (9H, s),
1.17-1.15 (3H, d, J= 8 Hz).

15  Preparation P
5-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)pentan-2-amine

N NH,
N ©

To an ice-cold solution of fert-butyl (5-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-

cr

nitrophenoxy)pentan-2- yl)carbamate (1.5 g, 3.70 mmol) in DCM (50 mL) was added

20  TFA (5 mL). The reaction mixture was stirred at rt for 1 h. The solvent was removed
under reduced pressure and treated with saturated sodium bicarbonate solution (150 mL),
and extracted with ethyl acetate (2 x 150 mL). The organic layer was dried over
anhydrous sodium sulphate and evaporated under reduced pressure to get 5-(2-(3-methyl-
1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)pentan-2-amine (920 mg, 81 %). LC-MS (M+H)"

25  =306.2. 1H NMR: (400 MHz, CDCls) é ppm 8.97 (1H, s), 8.08 (1H, d, J=8.8 Hz), 8.00-
7.91 (2H, m), 4.29-4.23 (2H, m), 3.27-3.25 (1H, m), 2.46 (3H, s), 2.16-2.03 (4H, m),
1.32-1.27 (3H, m).

Preparation Q
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(2H, m, 1.58-1.48 (2H, m. Preparation P 5-(2-(3-nethyl-1 H
-1,2,4-triazol-1-y1)-5-nitrophenoxy) pentan-2-amn e oK NH2 20NQO2

t ert - but yWoORetywpmrypent an- 2- yl car banat e HONHBoc To anPCtarssecali@4308 ut i on
of 4-am nopentan-1-ol (1.0 g, 9.69 mmol) in dichloronmethane (100 nmL) was
added triethylamne (4.05 g, 29.1 nmol) followed by Boc-anhydride (6.75 g,
29.1 mml) dropw se over ten mnutes. The reaction m xture was stirred at P
for 18 h while nonitoring by TLC. The reaction m xture was treated with

sat urated ammoni um 5chl ori d ol ution (200 , _the organic | ayer was
separated, dried over anhyd?ﬁ%@mgﬁﬁgﬁﬁpé'lﬁﬂ%%ﬁmﬁﬂg evaporated in vacuo to
give tert-butyl (5-hydroxypentan-2¢Nyl)carbamate (1.2 g, 60.9 % . 1H NWR
(400 MHz, CDC13) ti ppm4.35 (1H, Sg, 3.6S3.65 (3H, m, 1.57-1.43 (4H,
m, 1.44 (9H, s), 1.13 (3H, d, JS : -\10I nternedi ate P(2) ten-butyl

5- br onopent an- 2- yl car bamat e Br NHB 0 an in-cold solution of tert-butyl
(5- hydr oxypent an- 2-yl ) carbamate (3.6 g, 17.71 nmol) in dichloronethane (150
m.) was added tri phenyl phosphine (8997 g, 26.6 mvl)

O

Intermediate Q(1)
5 tert-butyl (2-(2-cyano-5-nitrophenoxy)ethyl)carbamate
CN
O
NHBOc
NO,

To a stirred solution of 2-hydroxy-4-nitrobenzonitrile (5.0 g, 30.48 mmol) in DMF (25
mL) was added Cs,CO; (14.89 g, 45.7 mmol). The mixture was cooled to 0 °C, and tert-
butyl (2-bromoethyl)carbamate (7.17 g, 32 mmol) was added at rt. The reaction mixture

10 was stirred for 12 h at 90 °C under nitrogen. The reaction mixture was cooled to rt and
DMF was removed iz vacuo. The residue was treated with ethyl acetate (50 mL) and
washed with brine (30 mL). The organic layer was dried over anhydrous sodium sulphate
and concentrated in vacuo. The residue was taken up in dichloromethane (10 mL) and
silica (5 g). The resultant slurry of the compound on silica was subjected to flash

15  chromatography using a Teledyne Isco instrument (40 g RediSep silica column, 50%
ethyl acetate in pet-ether) to get tert-butyl (2-(2-cyano-5-nitrophenoxy)ethyl)carbamate (4
g 42.7%) as a yellow solid. '"H NMR (400 MHz, CDCls) & ppm 7.90 (1H, d, /=8.4 Hz),
7.82 (1H, s), 7.76 (1H, d, J=8.4 Hz), 5.04 (1H, br s), 4.27-4.24 (2H, m), 3.66-3.60 (2H,
m), 1.45 (9H, s).

20

Preparation Q
2-(2-aminoethoxy)-4-nitrobenzonitrile

CN
o

N

NH,

NO,
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15f ol |l owed by carbon tetrabrom de (8.81 g, 26.6 mmmol ). The reaction m xture

was stirred at roomtenperature for 18 h while nonitoring by TLC. The

sol vent wa® 20e7m93®d under reduced pressure and the resi dae/vsasi1pudors i ed by

col um chr omat ogr aphy (60-120 nmesh silica) using 2-5%ethyl acetate in

pet-ether to give tert-butyl (5-bronopentan-2- yl)carbamate (2.5 g, 53 %

as a light brown |liquid. 1H NVR (400 MHz, CDC13) ei ppm 204.29 (1H, br s),

3.68 (1H, br s) 3.42 (2H, t, J- .8 Hz), 1.94-1.86 (2H, m, 1.59-1.46 (2H,

m, 1.44 I.nt er medi P(3) tert-butyl

(5 (2 (3- ebhybod Pludstifted g3 512 PR U T A

Bz/p(egr bat 23-5-133102 mlﬁgl)lgfﬁZDCM)Q@ nﬂlj?lv&ai QQHSeSmFLAt QIOFII]hLQfll“he reactlon mixture was stlrred
met hy triazol - |trop eno

car bonat e (¥ It44r ¢f min 45herﬁ9§|eyt Y rwegge S ue@@rzsa%am{ Té?aﬁedrmi{{;b (5-

br omopent anggmrattd %fuﬁﬁﬁ@ér@orfa% sBhitiln gl% 1419) ali{HEJ;t}aca:H Wity evRes @turse. The

reaction mxture was stirred at rt 18 h while nonitoring ¥ TLC and

LC-MB. The Bb) vEKtorsids 1syce gy diedpveaienhy dauicedivpra e andeicetidiclesi due was

di ssol ved i ghqst failce@BRERE 0 6B nkinSah YRS AR L ARinhE (118e (@025 2100 M) . The

organi c | ayer was concentrated under reduced pressure and was purified by
flash chr onellogrsalihy.CudiSdyld)Tel2089n e NSGX(40A M kil ) Mpmy7.8% (1 4, colunn

2- 3% of net r t t.hyl

2. 4-triazod e %’IPE@ P?ﬂk‘?s)og%%lcyd?d%%?&ﬁ 53}%*@%‘{ st %#?%ﬁ Yo 1% as
a light 10 Hmomn SO|Id. LCMS (MHH) + = 406.2. 1H NM R (400 MHz, CIKHS) 6
ppm 8.86 (I H s), 8.09-8.07 (1H, d, 1=8.8 Hz), 7.99-7. 93 (2H, n), 4.33
(1H, bryg), 4.27-4.24 (2H, t, J = 6.4 Hz), 3.73 (1H, br s), 2.50 (3H s),
1.98-1.95 (2H, m), 1.61-1.57 (2H m, 1.44 (9H, s), 1.17-1.15 (3H, d, | = 8
Hz). 15 Pr elﬁrgpcsrml@hRP

5-(2- (3- met hy1- 111- 4, 2 dnbb i73%Rhy1ks; % dbhy o ek LRRPEASP, REALAN- 2- ami ne

Cl

cesi um

N/

Py

Cl N

15  Intermediate R(1)

Cyclopentenylbenzene

To a solution of 3.0 M solution of phenylmagnesium bromide in ether (49.7 mL, 149
mmol) was added THF (300 mL). To this solution cooled to 0 °C cyclopentanone (13.23
20  mL, 149 mmol) was added. The reaction mixture was stirred at room temperature for 30
min, then at reflux for 2 h. Ice (20 g) was added, followed by 6 N HCI, until the
precipitate dissolved. The product was extracted with ether. The combined etherial
layers were washed with saturated sodium bicarbonate solution, dried over anhydrous
magnesium sulfate and filtered. The solvent was removed iz vacuo and the residue was
25  purified by column chromatography on silica gel to give cyclopentenylbenzene (21.49 g,
149 mmol, 100 % yield) as a colorless oil. LC-MS (M+H)" = 145.1. "H NMR (500
MHz, chloroform-d) & ppm 7.48 (2H, d, /=7.3 Hz), 7.35 (2H, t, /=7.8 Hz), 7.22 - 7.27

63



o0 NH2 N N2 To an ice-cold solution of tert-butyl

(5-(2-(3-methyl-1H1, 2,4-triazol -1-y1)-5- nitrophenoxy) pent an- 2-

yl ) car barmsi0e0(2100330g, 3. 70 nmol ) in DCM (50 nL) was addea@CZOBRA1(%3628). The
reaction mxture was stirred at rt for 1 h. The solvent was renoved under
reduced pressure and treated with saturated sodi um bi carbonate sol ution
(150 m.), and extracted with ethyl acetate (2 x 150 nlL). The organic |ayer
was dried over anhydrous sodi um sul phate and evaporat ed under reduced
pressure to _get 5-(2-(3-nNE -

T T2, a ¢ oty BT Tot VG RdR o2y Shran 252 adioA L o2 243 ) . Lo e
(MrH) + 25= @06. 2. 1H NMR (400 MHz, CDC13) 6 ppm 8.97 (1H, s), 8.08 (1H d,
J=8.8 Hz), 8.00- 7.91 (2H, m, 4.29-4.23 (2H, m, 3.27-3.25 (1H, m, 2.46
(3H, s), 2.16-2.03 (4H, m, 1.32-1.27 (3H, m. Preparation Q

2- (2- am noetyhexydiatd Rt r obenzonitrile CN NO2

5 2-Phenylcyclopentanone
A0

A mixture of 30% hydrogen peroxide (23 mL, 149 mmol) and 85% formic acid (100 mL,
2619 mmol) was heated at 40 °C. for 15 min. The mixture was carefully added to
cyclopentenylbenzene (21.49 g, 149 mmol) and the resulting two-phase system was

10 vigorously stirred at room temperature for 4 h. An exothermic reaction was observed in
the beginning. By the end of the stirring the solution had become homogeneous. The
reaction mixture was carefully quenched with a saturated aqueous solution of sodium
bicarbonate. The product was extracted with ether. The combined etherial layers were
dried over anhydrous magnesium sulfate and filtered. The solvent was removed in vacuo

15  and the product was purified by column chromatography on silica gel to give 2-
phenylcyclopentanone (19.995 g, 125 mmol, 84 % yield) as a brown oil. LC-MS
(M+H)" = 161.0. "HNMR (500 MHz, chloroform-d) & ppm 7.38 (1H, t, J=7.3 Hz), 7.30 -
7.35 (2H, m), 7.19 (2H, d, /=7.3 Hz), 3.28 - 3.37 (1H, m), 2.71 (1H, td, /=4.6, 2.7 Hz),
2.58 -2.63 (1H, m), 2.43 - 2.55 (1H, m), 2.29 (1H, ddd, /=19.0, 10.5, 9.0 Hz), 2.07 - 2.21

20  (1H, m), 1.88 - 1.99 (1H, m).

Intermediate R(3)

Ethyl 2-ox0-3-phenylcyclopentanecarboxylate

Coo
0\

25  To asolution of diisopropylamine (6.62 mL, 46.8 mmol) in THF (200 mL) at -78 °C was
added a 1.6 M solution of n-butyllithium in hexanes (29.3 mL, 46.8 mmol). The solution
was stirred for 30 min at -78 °C and treated with a solution of 2-phenylcyclopentanone (5
g, 31.2 mmol) in 50 mL of dry THF. After stirring for 30 min at -78 °C, ethyl
carbonocyanidate (3.36 mL, 34.3 mmol) was added to the reaction mixture. The resulting

30  solution was warmed to 25 °C with stirring over 3 h. The reaction mixture was quenched
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Internmediate Q1) 5tert-butyl (2-(2-cyano-5-nitrophenoxy)ethyecarbamate CN
NO2 To a stirred solution of 2-hydroxy-4-nitrobenzonitrile (5.0 g, 30.48
nol ) i n WOR(22B930R) was added Cs2CO3 (14.89 g, 45.7 nmpCY/USThE/omiczs ure was
cooled to 0 C, and ten-butyl (2-bronoethyl)carbamate (7.17 g, 32 mml) was
added at rt. The reaction mxture 10was stirred for 12 h at 90 C, under
nitrogen. The reaction m xture was cooled to rt and DMF was renoved in
vacua. The residue was treated with ethyl acetate (50 nL) and washed with
brine (30 nic | ayer, was dried ov r. anhydr ous .sodi um sul phat e
and concent‘i”é& é(bmir??\‘?a%ﬂé‘.’as SVithu g e g¥erag %%O‘Hﬁgﬁgﬁmd}ﬂé Hf:or omet hane (10
) and sildoaéentrbte@)n valhie T}%&bﬂldu%mias@hMﬁé’dYonfolebh@@ﬁm&g#My@ﬁ sBich pga was
subjected to f]lash 15chrgmat o}% R)ggIgUSI n a Te&edyne sco |nstrungfnt (40 ¢

Redi Sep si | PeHOEAM ox8d0phst PREUCITY 150 Ted ey Melget P Y- but I

2-(2- 2. Hor lid.
(1 2 §\| NRC%'anoasFa c@lo@l%%ﬂcﬂiﬂ@qfisﬁmyg?ﬁ%gaﬁﬁhﬁﬂéﬂm Mz, o (ﬁ'érn?d)’&gﬂﬂ)i",’v ;o7|6

3) :
(1H, d, 3 873{2%99(@914"(%%7%(1%{)111)47297 74252@HQ2191|4 -4@2(861731)@029(2H n,

&I.OgS (9H S) 55 é@L ﬁ{),elP@f-aé.ds?@H,Qn& 1(_2’)g_air_r3g1@p[t’ Qﬁxy) 4-nitrobenzonitrile CN

Intermediate R(4)
2-Amino-7-phenyl-6,7-dihydrocyclopentale][ 1,3 ]oxazin-4(5H)-one

10
2-Methyl-2-thiopseudourea sulfate (1.336 g, 9.61 mmol) was dissolved in water (10 mL)

and KOH (1.128 g, 20.10 mmol) was added. While stirring, ethyl 2-oxo0-3-
phenylcyclopentanecarboxylate (2.03 g, 8.74 mmol) was added and the reaction mixture
was stirred at room temperature overnight. The reaction mixture was filtered, washed

15  with water and ether, and dried over anhydrous sodium sulfate to afford 2-amino-7-
phenyl-6,7-dihydrocyclopentale][ 1,3 Joxazin-4(5H)-one (1.22 g, 5.35 mmol, 61.2 % yield)
as white solid. LC-MS (M+H)" = 229.1. 'H NMR (500 MHz, DMSO-d6) & ppm 7.57 -
7.85 (2H, m), 7.08 - 7.47 (§H, m), 4.25 - 4.38 (1H, m), 1.72 - 2.73 (3H, m), 1.09 - 1.31

(1H, m).
20
Intermediate R(5)
7-Phenyl-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione
O
e
0~ O

2-Amino-7-phenyl-6,7-dihydrocyclopentale][ 1,3 ]Joxazin-4(5H)-one (900 mg, 3.94 mmol)

25  was dissolved in a 3 M aqueous hydrogen chloride solution (32 mL, 96 mmol) while
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To an ice-cold solution of fert-butyl

(2- (2-cyano- 5- ni trophenoxy) et hyl ) carbamate (4 g, 13.02 nmol) in DCM (20 ni)
was addedwOPRM2ori). The reaction m xture was stirredPa/uskofion3cd® m n.
The sol vent was renoved under reduced pressure and treated with saturated
sodi um bi carbonate solution (10 nL) and extracted with ethyl acetate (2 x
25 5n). The organic |ayer was dried over anhydrous sodi um sul phate and
concentrat ed under reduced pressure to get

2- (2- am noet hoxy) ni trobenzaonit 899 as yel |l ow solid. LC M5
(b o= S oeTgRe e R g 5 e Pisitertn gydigha Sdfafhy 1)
7.83 (1H, soxtradtedRith ddyl a(deta‘sé 3héloﬂgaﬂlc laﬂler%s(v&%hhedtwnh]saﬁlrﬁed'ﬁl)wmﬁ 22 (2H, t,
J=5.2 Hz). 10 Pr eparati on

2, 4- Di chl or9dirpheanats, S?IHHPIhW‘rchmSF@GS}EY"cSﬁelﬁtdé“[‘H]S?ﬂ}WPﬁ’i‘léﬁt‘hén(bl

151 nt er medi @h@enRbib) /eh® Panticmh tayzaczr@lriﬁ chréMad ﬁgrllyu@ﬂ QhcaQk] AtPaddsol uti on
of phenyl magnesi um brom de i n et her % was added THE (300

nL). To % hideadtut-figndepsiwantlsll béﬂ%%r%é@ﬂaﬁwrﬁém@@&zeg 2°Zimmalgg  mmpl )
was added. W(Vfﬁé}&)t 'L@‘Mﬂeﬁr zg %éoSUHNMﬁéﬁiOMQQ%ﬁﬁnPﬁﬁ RBE ] flfPf 30 mm

then at reflux for g) was adde fol 'owed by 6 N H unt i
t he preci piltrad.é. 3d|(21§otl, W(:B. H%é%ﬁdﬁlﬁdﬂ mRag. 18X2H.ak Vet Wizt I4 28 Hért, J=THfe

conbi ned egﬁ r I ﬁeﬁ A hs sodi um bi car bonat e
sol ution, rﬁe%g%vggygiﬁy ro§%§ﬁggﬁg U%]su??y e ‘and filtered. The sol vent
was renoved in vacuo and the residue w&s 25purified by col um
chronat h li.ca h cyel opent enyl benzene 21.%%%i 149
B A e el e e T s
I\/HZ, Chl or odhturite @)3. 8 QRO hindB) Walstirrel] atF8 ?C3oHzl) and/at 350 {@Fdr 45 miwl =The8 Hz) ,
7.22 - 7.27 . . . . . .
resulting tar was dissolved in ethyl acetate and neutralized with saturated aqueous sodium
bicarbonate solution. The organic layer was dried over anhydrous magnesium sulfate and
filtered. The product was purified by column chromatography on silica gel to give 7-
15  phenyl-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione (3.751 g, 16.36 mmol,
13 % yield) as a brownish solid. LC-MS (M+H)" = 230.0. "H NMR (500 MHz, CDCls)
S ppm 8.34 (1H, brs), 7.35 (2H, t, /=7.3 Hz), 7.27 - 7.32 (1H, m), 7.18 (2H, d, /=7.3 Hz),

4.20 (1H, t, J=7.6 Hz), 2.82 - 2.91 (1H, m), 2.61 - 2.79 (2H, m), 2.11 - 2.21 (1H, m).

20  Intermediate R(6)
7-Phenyl-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione
O

A solution of 7-phenyl-6,7-dihydrocyclopenta[e][1,3]oxazine-2,4(3H,5H)-dione (3.751 g,
16.36 mmol) in concentrated ammonia in water (80 mL, 16.36 mmol) was heated in a 350

25  mkL high-pressure flask for 5 h. The solvent was removed in vacuo to give 7-phenyl-6,7-
dihydro-1H-cyclopenta[d[pyrimidine-2,4(3H,5H)-dione (3.73 g, 16.34 mmol, 100 %
yield) as a brown solid. LC-MS (M+H)"=229.1. "H NMR (500 MHz, DMSO-d6) &
ppm 7.34 (2H, t, J=7.5 Hz), 7.26 (1H, t, /=7.3 Hz), 7.18 (2H, d, J=7.3 Hz), 5.39 (1H, br
s), 4.14 (1H, d, /=7.3 Hz), 2.43 - 2.68 (2H, m), 1.80 - 1.88 (2H, m).
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(1H, m, 6.22 (1H, t, J=2.1 Hz), 2.70 -2.80 (2H, nm, 2.52 -2.64 (2H, m,
2.01 -2.12 (2H, m Internediate R(2) 52-Phenyl cycl opentanone A m xture of
30% hydr oyerroppaoespde (23 nL, 149 nmmol) and 85% form c &ciraSedoO43sks 2619
mmol ) was heated at 40 C. for 15 min. The m xture was carefully added to
cycl opent enyl benzene (21.49 g, 149 mmol) and the resulting two-phase system
was 10 vigorously stirred at roomtenperature for 4 It An exothermc
reacti on was observed in the beginning. By the end of the stirring the

sol ution had becone honpbgeneous. The reaction mxture was carefully
guenched with a saturated aqueous solution of sodium bi carbonate. The
product waspeyitasirRd wth ether. The conbined etherial layers were dried
over anhydrous rragne5| um sul fate and filtered. The sol ve(}é was renoved in
vacuo 15and the progtdic ﬁ%ﬁpxll%ddlﬁydreéﬁu% BHHY ARy BRI UNY on silica gel
to give 2- phenyl cycl opent anone (19.99% g, 125 mmol, 84 %yield) as a brown
oil. LGM (MrH) = 161.0. I HNMR (500 M chl oroformd) 6 ppm7.38 (1H, t,
J=7.3 Hz), 7.30 - 7.35 (2H, m), 7.19N d, J=7.3 Hz), 3.28- 3.37 (1H, m,
2.71 (1H, td, 1=4.6, 2.7 Hz), 2.58; 31H, n), 2.43 -2.55 (1H, m, 2.29
(1H, ddd, J=19.0, 10.5, 9.0 Hz), 2. 07 - 2, 20(1H, m, 1.88 - 1.99 (1H,

M. Internediate R(3) Ethyl 2-oxo-3-phen | opent anecar boxyl ate 25To a
sol ution of diisopropylamne (6.62 nL, 468/ muol) in THF (200 nL) at -78C

ol ) The 3o M EbA Pl Gl I A lRTRE Dol T 2
sol ut| on of(1224|blgeiv9'4 mml)opehﬂsahmﬂen(lﬁorgle (Bél932mmmﬁ3)mmnl) 5@s hdatadfin they THF.
After sti ” at% atfﬁo“b’}o b TR rgsutlt‘?nrgf]%{étefﬁ"f‘w%)&faﬁc%’ | pnLdan e (386 m., 34.3

mrol ) was ereaC|on m X eres nngqutlon was
warnmed to Zl’ﬁel(édmﬂle progtidt mrab nxraoted witB dhcthlonsreethz&mcfrh@mnmmetdwr@nvmtrqmenc hed
with 10

m . of water hed with bri nhydr ous sodi um

oul Tat o, corgB Al bRk TR AT mie g B atiEOREa® Jib PO Sh)
chr omat ogr a\pzhyo ol thd tekidae Wal puhﬁe(af))f aslimetiryinatography on silica gel to give 2,4-
2- 0x0- 3- ph t ar ba 7 i el d) as
col orl ess o hlo Bg&% ql\ﬁﬁgﬁl 5I Opi‘&a[ﬂfﬁﬁgf’%%ﬁe @ﬁ}%ﬁ%ﬁ@ra@ﬁjﬁgﬁ& 6 ppm

brown solid. LC-MS (M+H)" = 265.0. "H NMR (500 MHz, CDCL3) & ppm 7.31 - 7.37

(2H, m), 7.27 (1H, d, J=7.0 Hz), 7.15 (2H, d, J=7.9 Hz), 4.4 (1H, t, J=8.2 Hz), 3.09 -

3.18 (1H, m), 2.97 - 3.06 (1H, m), 2.73 (1H, ddd, /=9.0, 4.7, 4.6 Hz), 2.26 (1H, ddd,

15 J=8.5,7.0, 6.7 Hz).

Q

Preparation Ra

N-allyl-2-chloro-7-phenyl-6,7-dihydro-5 H-cyclopenta[d]pyrimidin-4-amine

20  To a solution of Preparation R (1 g, 3.80 mmol) in acetonitrile (10 mL) was added
diisopropylethylamine (0.973 g, 7.54 mmol) followed by allyl amine (0.29 g, 4.12 mmol)
at room temperature. The reaction mixture was stirred at room temperature for 18 h. The
solvent was removed under reduced pressure and the residue was purified by column
chromatography (60-120 mesh silica) using 30% ethyl acetate in pet-ether to give N-allyl-

25  2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (0.7 g, 70%) as an
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57.32 - 7.39 (2H, m, 7.25 -7.31 (1H, m, 7.19 - 7.25 (2H, m, 4.18 - 4.32
(2H, m, 3.29 - 3.55 (2H, m, 1.87 -2.62 (4H m, 1.28 - 1.39 (3H m.

I nt er mediwOe0 (093309 PCT/US2011/043628

2- Am no- 7- phenyl - 6, 7- di hydr ocycl opent a[ e] [ 1, 3] oxazi n-4(51/)-one 0 10

2- Met hyl - 2-t hi opseudourea sulfate (1.336 g, 9.61 nmol) was dissolved in
water (10 nmL) and KOH (1.128 g, 20.10 mmol) was added. Wile stirring,

et hyl 2-oxo- 3- phenylcyclopentanecarboxylate (2.03 g, 8.74 mol) was added

eaction m Sttt il FFr MR oRba AR GERER. NP GART bR AT o, o

over anhydrpus(1$Qéi)umsubg @Btfen{)m 24-7.08 L2 n@015.0€594 (1H, m), 5.22-5.11 (2H,

phenyl-6, 7- dlhydroc cl ope e][1,3loxazin-4 35 nmol ,
012”56 y' o1 ) A0 4 Bt o TEC Rl g dod bl 8 sd i (2 R

DVBO46) 6 p(gppzl)51799137§51 (ngH M), 7.08 -7.47 (5H, n), 4.25 -4.38 (1H, m),
1.72 -2.73 (3H , 1.31 (1H, m. 20 Internedi ate R(5)

7- Phenyl56 7- dlhydrocyclopenta[e][l 3] oxazi ne-2, 4(3H,511)-dione 0O

2- Am no- 7- pﬁ%ﬁM%ﬁ@?g5d|hydrocyclopenta[e][l 3]oxa2|n 4(5H) - one (900 ny,
3.94 mmol) was di ssolved in a 3 M aqueous hydrogen chl oride solution (32

mL, 96 mmol ) Mhly]-&chlgror¥mietyl- 7:H11én}1h6x7tﬁhh)éir9\7é§ dyelap@dpldipyigfdingamsie 1 h. The
reaction mxture was cool ed and extyxaected with ethyl acetate. The organic

| ayer was washed with saturated aqueous\sodi um bi carbonate sol ution and
brine, dried over anhydrous sodi um sulyt&en and concentrated in vacua.
Purification by colum chronat ograpg?//lpn/i ca gel afforded 7-

10 To a solution of Preparation R (0.5 g, 1.88 mmol) in acetonitrile (5 mL) was added
diisopropylethylamine (0.48 g, 2.28 mmol) followed by methylallylamine (0.22 g, 3.75
mmol) at room temperature. The reaction mixture was stirred at room temperature for 18
h. The solvent was removed under reduced pressure and the residue was purified by
column chromatography (60-120 mesh silica) using 30% ethyl acetate in pet-ether to give

15  N-allyl-2-chloro-7-phenyl-6,7-dihydro-5 H-cyclopenta[d]pyrimidin-4-amine (0.36 g,
63.6%) as an off-white solid. LC-MS (M+H)" = 300.2. IH NMR (400 MHz, DMSO-d6)
o ppm 7.31-7.29 (2H, m), 7.27-7.26 (1H, m), 7.19-7.12 (2H, m), 5.89-5.83 (1H, m), 5.26-
5.17 (2H, m), 4.20-4.16 (3H, m), 3.20-3.16 (1H, m), 3.15 (3H, s), 3.09-3.07 (1H, m), 2.56
(1H, m), 2.07-2.03 (1H, m).

20
Preparation Rc

N-but-(3-enyl)-2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d Jpyrimidin-4-amine

To a solution of Preparation R (1 g, 3.71 mmol) in acetonitrile (10 mL) was added

25  diisopropylethylamine (0.86 g, 7.51 mmol) followed by 3-buten-1-amine (0.29 g, 4.13
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5phenyl - 6, 7- di hydrocycl openta[ e] [ 1, 3] oxazi ne- 2, 4(3H, 511) - di one (350 ng,
1.527 mol, 38.7 %yield). LCGCM (MrH) - = 230.0. Ili NWMR (500 MHz, CDCl13) 6
ppm 8. 34 WoOHp1209®Yp, 7.35 (2H, t, J=7.3 Hz), 7.27-7.32 @CHUSYL1/073628 (2H,

d, J=7.3 Hz), 4.20 (1H, t, J=7.6 Hz), 2.82 -2.91 (1H, m), 2.61-2.79 (2H,
m, 2.11 -2.21 (1H, m. O 10A solution of 2-phenyl cycl opentanone (19.995
g, 125 mmol) and carboni socyanatidic chloride (23.70 g, 225 mol) was
stirred at 58 C for 1 h and at 130C for 45 nm The resulting tar was

di ssolved in ebhrl acetate a neutralized with saturated ag$%%§s odi um

bi car bonat @8 dt [, R B B T BYX TG &4 T A TR WRRGAMBUET Hagnesi um
sy: fate alndh. fTink E@{Iéﬂgwaér ReéhoPEDEhdet reiasd prekdufd £d tiyreG@lumm pahfi@mt ogr aphy on
silica gel to give 7- . , . , ,

15phenyl - 6, @?W%%?%%9%P%éﬁ?'éf%ﬁllfsil, sgicakaien9rocthy seeteq L Ret e e gives1 g,

16. 36 Mol , v bdt-ealyBlobhiRS-73phbik@Wi-Gilly §6/siHde clegemdjp%ﬂdtn&-am(gmlll NM R
(500 MHz, CDCl3) 6 ppm 8.34(1 H,  br §%+ 7.3gv$[H t, 1=7.3 K%%j .27 -7.32
(1 H S 7808379 es awhitgsopdsLEpNS (Mbp" ¢ 304 141H YMR @ORpAHz, DMFO-doYd 91 (1K,
m, 2.61 -2,,{9762HH, 1) ﬂ.58=715b(21%;%%7(51%.32!@1_}1,%9,'7‘?29%@%@ . %63 82

7- Phenyl - 6, 7- di hydr 0- 1H-cycl opent a[ d] pyri m di ne- 2, 4(3H, 5Hy-dione 0 A

sol ution of (17, pherddr5839 (4. myct- b (IEl. b pleht dfze ]340 B Wx@H: me- 2,74(1Ht511) - di one
(3.751 g, 1g. i entE gt 0. 1i t (80 m., 16.36 nmmol)
tms heated T g b (PR B e e R S e sol vent v
removed in vacuo to give 7-phenyl-6, 7-

di hydr o;sLH- [d] pyri mdine-2,4( H 5H)-dione (3.73 g, 16.34 mol,
100 @6yygl %ééggggé%mm solid. LCGMS (MtH) = 229.1. "Il NWR (500 Mz,

DVMSO- d6) 6 pypfhuf-334ylj-2+dhlorq-NImath@-Hahenyl7a, 28ihf it SH-¢cyclopéntd[ditw)yimidin-#8 ( 2H, d,
J=7.3 Hz), 5.39 (1H, br s), 4.14 (IH d J=7.3 Hz), 2.43 -2.68 (2H, m,
1.80- 1.88 (2H, m. Preparation R

2, 4-Di chl or o- 7- phenyl - 6, 7- di hydr o- ¥ syCingpent a[ d] pyri m di ne Cl

To a solution of Preparation R (2 g, 7.5 mmol) in acetonitrile (50 mL) was added

15  diisopropylethylamine (1.95 g, 15.1 mmol) followed by N-methylbuten-1-amine
(Preparation M, 1.064 g, 8.25 mmol) at room temperature. The reaction mixture was
stirred at room temperature for 18 h. The solvent was removed under reduced pressure
and the residue was purified by column chromatography (60-120 mesh silica) using 20%
ethyl acetate in pet-ether to give N-(but-3-enyl)-2-chloro-N-methyl-7-phenyl-6,7-dihydro-

20  5H-cyclopenta[d]pyrimidin-4-amine as a brown solid (1.1 g, 46.4%). LC-MS (M+H)" =
314.2. IH NMR (400 MHz, CDCI3) 6 ppm 7.30-7.12 (5SH, m), 5.81-5.77 (1H, m), 5.15-
5.06 (2H, m), 4.2-4.163 (1H, m), 3.68-3.63 (2H, m), 3.2 (3H, s) 3.19-3.15 (1H, m), 3.09-
3.06 (1H, m), 2.57-2.52 (1H, m), 2.42-2.40 (2H, m), 2.09-2.06 (1H, m).

25  Preparation Re

2-chloro-N-(2-(2-(2-(4-chloro-1H-imidazol- 1-yl)-5-nitrophenoxy )ethoxy)ethyl)-7-phenyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine
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5A sol ution of

7- phenyl - 6, 7-di hydr o- 1H cycl opent a[ d] pyri m di ne- 2, 4(3H, 5H) - di one (1.241 g,
5. 44 mmolwoiznighesphoryl trichloride (14.93 nm, 163 molPLTRES301heaices i n t he
m crowave at 110 C for 1 h. The resulting material was added to ice. Once
the ice nelted, the product was extracted w th dichl oronethane. The

conbi ned organic extracts were dried over anhydrous magnesi um sul fate and
filtered. The solvent was renoved in 10vacua and the residue was purified
by col um chromat ography on silica gel to give 2, 4-

di chl oro- 7- phenyl - 6, 7- di hydr o- 5F+cyc|o enta[d]pyrlnldlne (3.132 g, 72% as
a light brown solid. LC M 0 1H NVR (500 MHz, CDC13) 6 ppm
7.31 - 7.37 (2H, m, 7.27 (1 7.15 (2H, d, 1=7.9 Hz), 4.44
(1H, t, J=8.2 Hz), 3.09 - 3.&8‘ 1H 2N@7 - 3.06 (1H m, 2.73 (1H, ddd,
1=930, 4.7, 4.6 Hz), 2.26 (1H™YH : 7.0, 6.7 Hz). Preparation Ra
N-al | y1- 2-chl or o- 7- phenyl - 6, 7- di hj pent af d] pyri m di n- 4-am ne
20To a solution of Preparation R (T7g pl ) in acetonitrile (10 nL)
was added dii sopropyl et hyl am ne (0. 9‘§2g, 7. pl ) followed by allyl
amne (0.29 g, 4.12 nmmol ) at room tenperaturg he reaction m xture was
stirred at roomtenperature for 18 h. The solvent was renoved under reduced
pressure and the residue was purified by colum chromatography (60-120 nesh
silica) usinga Q:Q%oﬂtolﬁ}?fepaammeojmg,ammﬂmy intaoetghittie (f0ahll)was added

252-chl o o 7-di ro-5H c entald rimdin-4-am 0.7

oo ns T P St et LY b A TS S R G (0 206 S, | DhvBO.d6)
6 ppm 7. 75-miholf At fobhl teiPeratdfre3BhefredBio ﬁh'ktuﬂé')was Ztm?&l-a? robéh ferhbkrafite fob196- 5. 91
(1H, m, 5.22-5.11 (2H, m), 4.22-4.20 (1H, , 4.02 (2H, t,

J=4. 00 Hz),h-Zhgselyengyay sepiovef undsr rpducsd B@ssclmnd ﬁlje re%gwaf Perlighby
column chromatography (60-120 mesh silica) using 30% to 40% of ethyl acetate in pet-

ether to give 2-chloro-N-(2-(2-(2-(4-chloro-1 H-imidazol-1-yl)-5-

10 nitrophenoxy)ethoxy)ethyl)-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine
(0.5 g, 40.98%). LC-MS (M+H)" = 555.2. IH NMR (400 MHz, CDCl;) § ppm 8.08 (1H,
s), 8.03 (1H, s), 8.00-7.45 (1H, m), 7.44 (1H, d, /=8.4 Hz), 7.30-7.12 (6H, m), 5.50 (1H,
s), 4.36-4.26 (2H, m), 4.24-4.22 (1H, m), 3.90-3.88 (2H, m), 3.77-3.75 (4H, m), 2.84-
2.62 (3H, m), 2.15-2.04 (1H, m).

15
Preparation Rf

2-chloro-N-(3-(2-(4-chloro-1H-imidazol-1-y1)-5-nitrophenoxy)propyl)-7-phenyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-amine

e

20  To a solution of Preparation R (0.552 g, 2.11 mmol) in acetonitrile (20 mL) was added
diisopropylethylamine (0.54 g, 4.189 mmol) followed by Preparation F (0.62 g, 2.11
mmol) at room temperature. The reaction mixture was stirred at room temperature for 18

h. The solvent was removed under reduced pressure and the residue was purified by
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S Preparation Rh
N-al | yl-2-chl or o- N-net hyl- 7- phenyl- 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n- 4-
amre 10Twoaopgiogiopon of Preparation R (0.5 g, 1.88 molPrTius2@ceszsestril e
(5 nL) was added diisopropylethylamne (0.48 g, 2.28 mmol) foll owed by
met hyl allylam ne (0.22 g, 3.75 nmol) at roomtenperature. The reaction
m xture was stirred at roomtenperature for 18 it The sol vent was renoved
under reduced pressure and the residue was purified by colunn

0, -
glh:/gmat oo ag)tl]l}/mn cql?on]ia%ggrap yQ6(§ 1£d 1ca nlgsmgoj/q’/s ttor}%!% (?f gc%taltenm%gtt ether to
15N-al | y1- Zetdik®gioe Z'cﬂlbﬁﬂlyi@—@z - aﬂdswdMweypypgaﬂﬁadlﬁhmﬁprmmn 4-am ne
(0.36 g, 63.6% asﬂ$ white solid # fg% 1H NVR (400
MHz, DVBO- d8¥d-6oh ?dfsffbcwpfféﬂd %lml n4-pmjn 4(31_%}-?’6%9( ) Lﬁ Y712 (2H,

m, 5.89-5. (&Br}é)ilészm 1}5NR@1&@)0MH£ Bl1SOUis) égﬁ@@%%ﬁ{(sw 990‘)94@ 92,3 16
(1H, m, 3.15 s), 3.09-3.07 (IH_ m, 1H, .
20 Prepat ati-oh ﬁ@(zH m), 7.58-7.56 (1H, m), 7.31-7.11 (51, m), 430(2H t J= 6Hz) 4194

N-but - (3: enyi) o bl onte Bemila & uflysno Bhicaychopoahadliye) m di n- 4. am

1,
ine NH To a solution o? Preparation R in acetonitrile (10
m.) was added 25d||sopropylethylan1ne (0 86 g, 7.51 nnnl) fol | owed by
3-buten- 1- agj, a&@z g, 4.13 mmol) at roomtenperature. The reaction
m xture was stirre at roomtenperature for 18 h. The sol vent was renoved
under reduced?-phlems¥f (Zatdechidie | Hegiidiael- Inals-Sputraphpiedty pyory OH\rmethyl-7-
chr omat ggr aphy (60~ 12Gy 2R 2ty f Rk 45bgknARIb Rt RERhRt e T pet-ether to
N- but - (3-eny1)-2-ch|oro-7-phe5y1-6-7)ﬂrﬁ?ﬂ{o 5H cycl opent a[ d] pyri m di n- 4- am
ine (0.71 5 g, 63.3% as a whipe soli/d. LGAM (M+H) = 300.1. 1H NWVR (400
MHz, DMSO d6) 6 ppm 7.61 (1H,h2Tﬂ 7.83-7.527(2H, m, 7.51-7.32 (1H, m,
7.29-7.13 (2H, m), 5.88-5.82 (N 5. 13~ Q39 (2H, m), 4.18 (1H, t,
.T=8.4 Hz), 3.45-34.40 (2H, m), 2. 1HJI\tV—4 8 Hz), 2.66-2.58 (1H, m,
2.36-2.31 (2H, m, 2.00-1.98 (1H, m: ﬂ@ PNepak ati on Rd

To a solution of Preparation R (0.553 g, 2.09 mmol) in acetonitrile (20 mL) was added
diisopropylethylamine (0.54 g, 4.19 mmol) followed by Preparation G (0.62 g, 2.09
mmol) at room temperature. The reaction mixture was stirred at room temperature for 18

15  h. The solvent was removed under reduced pressure and the residue was purified by
column chromatography (60-120 mesh silica) using 50% to 60% ethyl acetate in pet-ether
to give 2-chloro-N-(3-(2-(4-chloro-1H-imidazol-1-yl)-5-nitrophenoxy)propyl)-N-methyl-
7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine (0.55 g, 49.1%). LC-MS
(M+H)" =539.2. 1H NMR (400 MHz, DMSO-d6) § ppm 8.13 (1H, s), 8.00-7.98 (2H, m),

20 7.78-7.76 (2H, m), 7.31-7.11 (5H, m), 4.32 (2H, t, J=5.6 Hz), 4.11 (1H, t, J/=7.2 Hz),
3.70-3.65 (2H, m), 3.17 (3H, s), 3.13-3.08 (3H, m), 2.52-2.50 (1H, m), 2.12-2.10 (2H, m),
1.99-1.90 (1H,m ).

Preparation Rh
25 4-(but-3-enyl)-2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[ d Jpyrimidine
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N (but - 3-enyl) - 2- chl or o- N- et hy1- 7- phenyl - 6, 7- di hydr o- 5H

-cyclopenta[d] pyrimdin-4- amine To a solution of Preparation R (2 g, 7.5
nol ) i n woebomiopzwl e (50 nL) was added 15dii sopropyl et irgirarseona/0436295 g,
15.1 mmol) followed by N-nethyl buten-1-am ne (Preparation M 1.064 g, 8.25
mmol ) at roomtenperature. The reaction mxture was stirred at room
tenperature for 18 h. The sol vent was renoved under reduced pressure and
the residue was purified by columm chronmat ography (60-120 nmesh silica)
using 20% et hyl acetate in pet-ethgr to give

N- (but - 3-enyl) - 2- chl or o- N- net hy1- 7- pheny1l- 6, 7- di hydro- 20

5H-cycl openta[d] pyri m di n-4-am ne as™>8 brown solid (1.1 g, 46.4%. LC M5
(MtH) + = 314.2. 1H NWR (400 MHz, CDCl 6 ppm 7.30-7.12(5H, m, 5.81-5.77
OH m, 5.15- 5.06 (2H, m, 4.2-4. 1%“ nm, 3.68-3.63 (2H, nm, 3.2 (3H,
s) 3.19-3.15 (1H, m, 3.09- 3.06 (&-ByM~ 2.57-2.52 (1H, m, 2.42-2.40
(2H, m, 2.09-2.06(1 H m. 25 Preparatio
2-chl oro-N-(2-(2-(2-(4-chloro-111-i m dazd y1) - 5- ni t rophenoxy) et hoxy) et hy
| )-7-phenyl 6, 7-di hydro-5 Hcyc | openta[dfpyri m din-4-am ne To a solution
of Preparation R (0.58 g, 2208. mMmol) in acetonitrile (20 nL) was added

5di i sopropyl ethylam ne (0.56 g, 4.417 mol) followed by Preparation E (0.72
g, 2.208 mnﬁomithmomqkenp@rmtumélaSH trpippedwith @ mefirixgd condensaisandt i rred at
room tenperature v n reduced pressure
and the rem%ﬂ%nmlm%as Ch?r?edW%lfgdfcgl??ﬁo\ga?% ?t%g/ Cfﬁi d; 9%0 120 nesh silica)
u5| ng 30% t@yclpntaifl]pgtimydinea(@ et aﬁémol)péé(amhe@ 4(D(Dg di3é mmol), THF (34

chil N- 1H:

10n| t?g&enlgﬁ%/%“étm\ﬁ% %ﬁéolgh%fesﬁﬁllélglﬁ‘i I‘?‘”?ﬁ %?9%9? 2 B C78 BEERT™T d] pyri i di n
-4- ar8n (I’)lg g Om&en@siud Gr 8o waiﬁdh@(?()Mﬂl‘))drepvﬁ&%vgr twkhtyNMR [0 tM‘lZd,dlt@ClS) LIZ)

m ,
?pso 7.12 (tg?—lcoslﬂr)o“hf rS%f(“E)‘i IIPXtéf)e Cg%lg%zrﬁm?é‘gf( rfflitor@ﬁ)""n ﬁ%ﬁgﬂmﬁ% g‘(rllll? atn)
% 9012 |838 (2 B"O(tjr@nothBr A7mB of But(Hdyl MhgnediuBbroid®Hal &dded BAd stidred For2. 04 ( 1H,

. reparatian
2-chl or o- r\f fusghqrd b ALhepgastion mirturs wazdlowved yoryam 9i% CopA greeYIdY8by 1) - 7- phenyl

-6, 7- d1dﬂydsraalr§&r aﬁﬁﬁ%rﬁﬁ’rﬁ%l@h&'& mdtiom(ﬂsonnﬂy ﬁma@%eggmac@edsq@{wwgﬁ ok
Preparation R (0 in acetonitrile (20 nL) was added

di i sopr opyI?élOH%)aWPﬁlilég W@hénn@(%zm 8@1%@1)anhmrpwélmwulph@pambt| on F (0.62
g, 2.11 mméo}lcéiftra{es'l’%a%ﬁmegfefi& U8 brdBR ofl 9RGL! ARl X YTEleU@R 18, rred at room

tenperature for
1nstrument using a 40 g silica column and 4-7% ethyl acetate in pet ether to get 4-(but-3-

enyl)-2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d[pyrimidine (1.1g, 51.2%). LC—

15  MS (M+H)" =285.2. IH NMR (400 MHz, CDCl;) & ppm 7.33-7.24 (3H, m), 7.14-7.12
(2H, m), 5.89-5.83 (1H, m), 5.09-5.00 (2H, m), 4.37 (1H, t, /=7.2 Hz), 3.04-3.01 (1H, m),
2.94-2.92 (1H, m), 2.85-2.81 (2H, m), 2.71-2.66 (1H, m), 2.55-2.51 (2H, m), 2.23-2.19
(1H, m).

20 Preparation of Ri
2-chloro-N-methyl-N-(3-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy )propyl)-7-
phenyl-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-amine
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h. The sol vent was renoved under reduced pressure and the residue was
purified by colum chromatography (60-120 nesh silica) using 30%to 40% of
et hyl acewvate1mopet - et her to give PCT/US2011/043628
2-chloro-N-(3-(2-(4-chloro-1Hi m dazol -1-y1)-5-nitrophenoxy) propyl)-7-
phenyl - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n-4-amne (0.45 g, 36.2% . LC- M5
(MtH) = 527.0. 1H NWR (400 MHz, DMSO-d6) 6 ppm 8.16 (1H, s), 7.99-7.94 (2H,
m, 57.80-7.76 (2H, m, 7.58-7.56 (1H, m, 7.31-7.11 (5H, m, 4.30 (2H t,
J=6 Hz), 4.19-4.15 (1H, n), 3.54-3.48 2H, m, 2.78-2.52 (3H, n), 2.05-2.02
(2H, m, 1.99-1.94 (1H m. Phke arat ]

2-ch|oro-N—(3-(2 (4-chl oro- 1H

| - 7- 10phenyl - 6, 7- di hydr o- 5H cyeds
of Preparation R(O 553 g, 2.09 nmol
di i sopropyl ethyl am ne (0.54 g, 4.19~mml ), owed by Preparation G (0.62

g, 2.09 mmol ) at roomtenperature. The feactigf xture was stirred at room
tenperature for 18 151t The sol vent was renovg nder reduced pressure and
the residue was purified by columm chronmat ography (60-120 nmesh silica)

usi ng 50% tTo zﬁﬁﬂﬁt&inh)yw aak{la-@-Bmgleti-1éi- hed- tflﬂogil—\ydi) 5-nitrophenoxy )propan-

2-chl oro- N 2 4-chl or.o- azol - n heno propyl) - N- net hy
0 pheny! LenE s R e SHERERAT B 0 AR E I 55 5. 40, 109
IéCE)(I;/B7( g/gl‘%duseeretﬂylarihie m 1( ffl@QS6MIﬂﬁol) %@e(ﬂ@ 2 8- dﬂﬂi[ﬁr@7 :b'ﬁzrﬁ%-lzﬁ 7( Z L
t,
J=5.6 42151 0 éilmclppenjai@}’ pzrlmw)ne @el?@at@né% I(® ﬁﬂ ﬁr;molzaatﬁone 3H, s),
3.13-3. 08 (BhperBlure. 2hdraction Crikthid wdlkiirred ak 2o0tn %&pé&{ﬂre ot 18 & BR-«dn8Q (1H m ).

Preparation
254- ( but - 3- ¥y epoEdanigredupedienyeaad thedesilpames slkeryrinddirapeider i mi di ne

A 250 nL thng %1L’) QRKsilioYn %) bpjtd ﬁiﬂltﬁﬁt@ﬁffryeﬂ‘tﬁe%ﬁlgoﬂﬂdt(ﬁ sBich @l WeRdicaepndenser
and nitrogen iniet was

2, 4- di chl orfdash cbﬁ@n@gmehmsd?gwwwysmy@m@ﬁmna{@] Radisep dilisecqlpmy, 7. 54
mol ), AGRE Doty LethBOn Pet-cthel b BRERoro WS AN-(3-(2-(3-methyl-1H-1,2,4-
triazol-1-yl)-5-nitrophenoxy)propyl)-7-phenyl-6,7-dihydro-5 H-cyclopenta[d Jpyrimidin-4-
amine (1.2 g, 61.2 %) as a light yellow solid. LC-MS (M+H) =518.2. "H NMR (400
MHz, CDCls) & ppm 8.95 (1H, s), 8.05-7.93 (3H, m), 7.30-7.11 (§H, m), 4.35-4.31 (2H,
m), 4.18-4.14 (1H, m), 3.87-3.70 (2H, s), 3.28 (3H, ), 3.21-3.07 (2H, m), 2.54-2.50 (1H,
15 m),2.27-2.24 (2H, m), 2.01-1.98 (1H, m).

\da

nldln 4-amne To a solutlon
trile (20 nL) was added

Preparation Rj
2-(3-((2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yl)(methyl)amino)propoxy)-4-nitrobenzonitrile
O/\/\N/Me
NC

N~ |

© SN
NO, Cl
20

To a solution of Preparation R (1.24 g, 4.68 mmol) in acetonitrile (250 mL) was added
diisopropylethylamine (1.20 g, 9.35 mmol) followed by Preparation I (1.10 g, 4.68 mmol)
at rt. The reaction mixture was stirred at rt for 18 h. The solvent was removed under

25  reduced pressure and the residue was purified by column chromatography (60-120 mesh
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5mL) and NWP (6.4 nlL). The resulting solution was cooled to -78C and

but - 3-enyl magnesi um brom de was added (20 nlL) dropw se over twenty mn.
During t woadtiawpzmn, the color of the reaction m xture ebarused1/onivas deep
red to browm. After stirring for 1 h at -78 C, another 20 nL of but-3-enyl
magnesi um brom de was added and stirred for further 1 h. The reaction

m xture was allowed to warmto O C and quenched with 10saturated ammoni um
chloride solution (250 nL). It was then extracted with MIBE (2 x 200 m.),

washed th br ne 5 ried over dro ha
coflcent \rMat et ‘ia ( 843})0&&? llﬁce&?tﬁ\é]é’eb? Ogivllé3 (??&V\%@gr%w’% LA% by a

Tel ed%/net Ihsmydr@smtcayglepégmtu@ g?@nﬂm‘lﬂyg(rﬁdtlh}ll}éﬁmﬁf)gbrulﬁﬂkyﬁﬂldntfbbzﬁ@oﬁitﬂy| acetate
I N e e (0] e - ut - o- v

enyl)- 2. ch|@@owgsmr1¢r%s N hy a6t BRI URIAEMMECRGH) RPam T2,
51.299. LG 7(5‘5‘*(|Tb{+d 7 28bH2 7%&%5&%@%&3@@% 4313349171 8H
7.33-7.24(3 9- 5. 2H, :
4,37 (1H (tm>§ 3535480, w5 254 3o, 10 3%1&2@9%&239@”{}1@) AP0 38082, 61"
I(Dfs ar)atl §n$%2%8%3(éﬁ m2: 13282, Y. (2H m, 2.23-2.19 (1H, m. 20

2- CE| oro-N-nethyl -N-(3-(2-(3-nethyl-1H1,2,4-triazol -1-y1)-5-nitrophenoxy)p

ropyl)-7- ppr%l{)c)lrjatu@zlzk di hydr o- 5H cycl opent a[ dlpyrimdin-4-amine 0"--.7\--
"Me N To a sol ution of

N- net hy 1- 3- (2¢4¢3-atrsrdry-Dhartsil-6, 7 ilaydro- wzcaclonenyai() pimidin-oyhenmydigryoganl- am ne
(Prepargjion L, 1.20 g, 4 15 mml) trlle(50 m.) was added

dii soprgq)yl et hylam ne (0.731 g, Lrgbe%gﬁtlt? ol | owed by

2, 4-di chl oro-7- phenyl-6, 7- 5di hydro 5H cycl opent a[ d] pyri m di ne (Preparation

R 19, 3.77 mmol ) at room tenperature. Jhe reaction mxture was stirred at
roomtenperature for 18 h. The sol vent was\H enpbved under reduced pressure
and the residue was taken up in di chl or oet e (10 nL) and silica (2 g).

)
The resultant slurry of the conys on s}*l ‘Q was subjected to flash
chromat ogr aphy using a Tel edyne |3 i nsu'\brret (12 g Redi Sep silica
col um, 1050% et hyl acetate in pet=€tlher) to ‘
2-chl oro- N-met hyl - N- (3- (2- (3- et hy1- M1, 2, 4-
triazol -1-yl)-5-nitrophenoxy) propyl)-7- phenyl 6, 7- di hydr o- 5H cycl opent a[ d] p
yrimdin-4- amne (1.2 g, 61.2 %9 as a light yellow solid. LCM (MH)+
=518. 2. NVR Ta@®lution of 2,4-dichloro-7-phenyl-6,7-dihydro-SH-cyclopenta[dpyrimidine

15  (Preparation of R, 1.1 g, 4.163 mmol) in acetonitrile (40 mL) was added
diisopropylethylamine (0.807 g, 6.245 mmol) followed by 2-(4-aminobutoxy)-4-
nitrobenzonitrile (Preparation O, 1.174 g, 4.99 mmol) at room temperature. The reaction
mixture was stirred at rt for 18 h. The solvent was removed under reduced pressure and
the residue was taken up in dichloromethane (10 mL) and silica (2g). The resultant slurry

20  of the compound on silica was subjected to flash chromatography using a Teledyne Isco
instrument (12 g RediSep silica column, with 50% ethyl acetate in pet-ether) to get 2-(4-
(2-chloro-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ylamino)butoxy)-4-
nitrobenzonitrile (0.9 g, 47 %) as a light yellow solid. LC-MS (M+H) =464.2. 'H
NMR (400 MHz, DMSO-d6) 6 ppm 8.08 (1H, d, /=8.4 Hz), 7.98 (1H, s), 7.91 (1H , d,

25 J=8.8 Hz), 7.57 (1H, m), 7.32-7.13 (5H, m), 4.39-4.35 (2H, t, /=6.4 Hz), 4.19-4.15 (1H, t,
J=8.0 Hz), 3.46-3.33 (2H, m), 2.85-2.75 (1H, m), 2.60-2.50 (2H, m), 1.99-1.00 (1H, m),
1.88-1.75 (4H, m).

Preparation S
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MHz, CDCI3) S ppm8.95 (1H, s), 8.05-7.93 (3H, m, 7.30-7.11 (5H, m,
4.35-4.31 (2H, m, 4.18-4.14 (1H, m, 3.87-3.70 (2H, s), 3.28 (3H, s),

3. 21- 3. OAWO2by2/0093092. 54- 2. 50 (1H, 15m), 2.27-2.24 (2H, ®LI/UB2@Q14043698 ( 1H,
m. Preparation R

2- (' 34(2-chl oro-7-phenyl-6, 7-di hydro- 5H cycl opent a[ d] pyri m di n- 4-

y1l) (et hyl ) am no) propoxy) - 4-ni trobenzonitrile To a solution of Preparation
R (1.24 g, 4.68 mmol) in acetonitrile (250 nL) was added

G e ohrony! et Y AT g v e e P R R B B 1 The 0 @

sol vent was renoved under 25reduced pr@ssure and the residue was purified
by col um chromat ography (60-120 mash ilica) using 60-80% of ethyl
acetate in pet ether to give 2-(3-42 ch| 7- phenyl-6, 7-

di hydr o- 5H cycl opent a[ d] pyri m di n-é&/{r ¥t hyl ) am no) propoxy) - 4-ni t robenzon
itrile (0.8 g, 36.9% . LC M5 (MHH) 464. 2—1H NVR (400 MHz, CDC13) 6 ppm
7.82-7.78 (2H, m, 7.55 (1H, d, J= 8.4 .54-7.13 (5H, m, 4.37-4.32
(2H, m, 4.15-4.11 (1H, 5m, 3.93-3.85 (2B M, 3.34 (3H, s), 3.32-3.30
(1H n'),320317(1Hn')260250(1H|ﬁ)228223(2Hn’)213204

2 (4 (2- chlg Eﬁgl 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n- 4-yl am no) but

oxy)-4- 10nitr obenzonl trile ToCylsehtdhylanilwiobenzene
4-di chl oro- 7- phenyl - 6, 7- di hydr o- 5H cyclLopent a[ d] pyr m di ne 15(Preparation

01,‘ R 1.1 g, 4.163 mol) in acetonifril 40 inL) was added
di i sopropyl et hyl ami ne (0.807 g, 6. ) foll owed by
2- (4- amimnobut oxy) - 4- nitrobenzonit e (Preparation 0, 1.174 g, 4.99 mml)

at room t empes &b Wi Solutideof mefﬁfélfdpﬁéhymla@n%ﬁn%m&é ?1'98 %ii c'11119 ﬁlhloi)% T4® h. The
sol vent was renoved under reduced pressure and e resi due was taken up in

di chl or onetHA&nk V(awarﬁ{u)ﬂyaﬁféfdmlpwtap%(13 Fhaly é@%llnfnaat Ugpritheypndolohe t he

compound omioh Gl HASIAYAKRR 08 eflcf htsfhucibr OFRIRIIPADNNYI US| RficdusTel edyne
Isco instrument (12 g Redi Sep silica colum, wth ethyl acetate in
pet - et her) hygragbloripagidwere added. The reaction mixture was extracted with ether. The

10 combined organic extracts were washed with a saturated aqueous solution of sodium
hydrogen sulfite, a saturated aqueous solution of sodium bicarbonate and water. The
organic layer was dried over anhydrous magnesium sulfate and filtered. The solvent was
removed in vacuo and the residue was purified by column chromatography on silica gel to
give 1-cyclopentenyl-4-fluorobenzene (24.155 g, 149 mmol, 100 % yield) as a colorless

15  oil. LC-MS (M+H)" =163.0. "H NMR (500 MHz, CDCl3) & ppm 7.35 - 7.42 (2H, m),
6.95 - 7.02 (2H, m), 6.06 - 6.13 (1H, m), 2.63 - 2.71 (2H, m), 2.47 - 2.56 (2H, m), 1.96 -
2.06 (2H, m).

Intermediate S(2)
20 2-(4-Fluorophenyl)cyclopentanone
Q/Q F
O
A mixture of 80% formic acid (100 mL, 2618 mmol) and 30% hydrogen peroxide (23
mL, 149 mmol) was warmed at 40 °C for 10 min. The resulting solution was carefully

added to 1-cyclopentenyl-4-fluorobenzene (24.155 g, 149 mmol) while stirring. The two-

25  phase system was initially stirred at room temperature. After a certain period of time, a
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(2-chl oro-7-phenyl-6, 7-di hydr o- 5H cycl opent a[ d] pyri m di n- 4-yl am no) but oxy) -
4- nitrobenzonitrile (0.9 g, 47 %9 as a light yellow solid. LGM (MtH) + =
464. 2. 1HWOINBR2A00HD9INMHz, DVSO-d6) 6 ppm 8.08 (1H, d, J=8PATHRISP()11/04338 ( 1H,
s), 7.91 (1H, d, 251=8.8 Hz), 7.57 (1H, n), 7.32-7.13 (5H, n), 4.39-4.35
(2H, t, 1=6.4 Hz), 4.19-4.15 (1 H, t, 1=8.0 Hz), 3.46-3.33 (2H, m,
2.85-2.75 (1 H m, 2.60-2.50 (2H, nm, 1.99-1.00 (1 H m, 1.88-1.75 (4H,
m. Preparation S

2,4-Dichloro-7-(4-flugrophenyl)-6, 7-di hydro-5H cycl opent a| d r.j.,m di ne Cl
Tt er modt or ok BB T S P B B RS B T L o o
4-fl ]‘30[ thegl%jelraﬁgaﬁ:fiﬁﬂﬁfe R0 @ﬁleba(ail go%glstﬁﬁfer&tﬁ%gmh) ;thf\raa_d‘rﬁn@’ﬁxtﬁﬁ %@Sf )
carertu y adade copetnone . X -rrm)t. ponteenote
addition, t(ﬁ@n%%{ F%ﬂfuﬂ%@ttwpé)f faduied puium picpoppaigsoyiong Efer vy (10 g) and

6 N aqueousadaydifaahd Qtchtsdf i sWRERoRIARE] wdb QidoRAGH IsRIke Al KhdWrBanlBS
extracted with ether. The 10conbi ned organic extracts were washed with a

saturat et agURESEs separatediaph theRaucoys ansTivad euipstedsvitbrgthes, The combificdt ed aqueous

sol ution of ;506 UMb GRFRRRALEraNE) AL Slagndilien QARG filk@¥E" TESWIRd €d over
anhydrous magnesium sul fate and fi'ltered. The sol vent was renoved in vacua

and the resveuemeed fpurdp pedithp yestdgp wanpw ied bacolgmashipngpesiphy emsibed to gi ve

ol or ose 16 M e LH TS TRAT bRt o Gla ERgiro B BTk, %52

-7.42 (2H, evjqriess @5-LZMFAMEH, =nj77.26 BIMR 6350034 IED),5 6312 - 21§11 ( 2H,

, 2.47- 2,56 96, -, 2. 1 [ .nt i
- Cat ] oS BomS At D Crefv armah A8 B v SEH S HPU 3 Brtif)o 0
(1H, ddd, J=19.1, 10.5, 8.9 Hz), 2.12 - 2.20 (1H, m), 2.01 - 2.12 (1H, m), 1.87 - 1.99 (1H,

m).

Intermediate S(3)

15 7-(4-Fluorophenyl)-6,7-dihydrocyclopenta[e][ 1,3 Joxazine-2,4(3H,5H)-dione
O
HN |
0~ O
F

A mixture of 2-(4-fluorophenyl)cyclopentanone (18.557 g, 104 mmol) and
carbonisocyanatidic chloride (19.77 g, 187 mmol) was heated at 58 °C for 1 h and at 130
°C for 2 h. Upon cooling to room temperature, the resulting tar was dissolved in ethyl

20  acetate and washed with saturated aqueous solution of sodium bicarbonate. The organic
layer was separated and the aqueous layer was extracted with ethyl acetate. The
combined organic extracts were dried over anhydrous magnesium sulfate and filtered.
The solvent was removed iz vacuo and the residue was purified by column
chromatography on silica gel to give 7-(4-fluorophenyl)-6,7-

25  dihydrocyclopentae][1,3]oxazine-2,4(3H,5H)-dione (13.527 g, 54.7 mmol, 52.5 % yield)
as a brown solid. LC-MS (M+H)" =248.1. 'H NMR (500 MHz, CDCls) & ppm 11.80
(1H, brs), 7.31 - 7.39 (2H, m), 7.16 - 7.22 (2H, m), 4.30 - 4.38 (1H, m), 2.63 - 2.73 (1H,
m), 2.53 - 2.63 (2H, m), 1.84 - 1.95 (1H, m).
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O A mxture of 80%formc acid (100 nL, 2618 nmol) and 30% hydr ogen
peroxide (23 nL, 149 mmol) was warned at 40 C for 10 mn. The resulting

sol uti on waxoraoefoal | y added to 1-cycl opent enyl-4-fl uor @bensena/0§3s4s 155 g,
149 mmol) while stirring. The two- 25phase systemwas initially stirred at
roomtenperature. After a certain period of time, a spontaneous exothermc
reaction took place, and the tenperature rose to about 50 C. The reaction
m xture was stirred at roomtenperature for 1 h. The reaction m xture was
guenched by careful addition of a saturated sodi um bi carbonate sol ution.

Et her was added and the contents of the separatory funnel were vigorously
shaken. Thememganitesglyayer was separated and the aqueous | ayer was
extracted with_ether. The c nﬁ ned organi c extracts dried over

anhydr ous rragn%‘é‘f‘ﬁmogolﬁp?néd)éé ’6‘3’ oy lferystppentpldlnyy ‘i‘ﬁ &, Sr@ ¥¥d in vacua
and the residue was purified by col ump chromat ography on silica gel to give
2- (4-fluorophenyl)cycl opent anone (18 7 g, 104 mmol, 69.9 %yield) as a
colorless oil. LCMS (MtH) += 177. 2. ;%H| (500 MHz, CDC13) 6 ppm 7.12 -
7.18 10(2H, m, 6.98 -7.04 (2H, 1H, dd, J=11.6, 8.5 Hz), 2.42
-2.54 (2H, m, 2.27 (1H, ddd, J= 19 1 H10 8.9 Hz), 2.12 - 2.20 (1H, m,
2.01 -2.12 (1H, m, 1.87 - 1.99 (1H m rmedi ate S(3)

157- (4- Fl uor ophenyl) - 6, 7- di hydr ocycl opent 111, 3] oxazi ne- 2, 4( 3H, 510- di one
0 A mxture of 2-(4- fIuorophenyl)cyclopentanone (18.557 g, 104 mmol ) and

carbonlsoc t|d|c C 77.9, s heate 58 Cfor 1 h
and at 1%0 B?OHZOfH 4@}%@ gﬁ@h%dthasdrpwiqp@@ﬁ@ﬂg?%%ne§ﬁg% HiP%ng tar
was di ssol v@d sbng eumihmdQaAE&ndéreraR dmnRsRath ik dxde R0 AL B2 RehiePwEs sol ution
of sodi um bj car bonate. The organi c_ | ayer was separated and the aqueous

| ayer was eicpicdet Ki “hiie A highryessue 615qal) veiel @6shre fhuictaion EERET St s wer e
dried over RpRYW QLS ARGRES. URPHIALR v@'@@oﬁsbéutn%l?%asﬁEB%wﬁ@lzaY&%d Was
renoved in vacua and the residue was purified by colum chromatography on
silica gel ({rgyd@y\p@ssmg(az[_ﬂpqoggﬂtbpﬁgﬁylpgl sypsqruently under vacuum to give 7-(4-

25di hydy#cy. 0 di 7 54.7 mmol ,
52.5 % {/({)el d 09@%‘%%?%&#@% ?(lg%w&ébegmfb?‘l’wn%hj 2435)# 5@1 %05"2 Vi @? 500 Mz,
CDC13) 6 ppH.I7ImB0L, f4H% pirlds) L.C-MBMM+H) 3R473H, HﬁjMR'(S(I)G\/IHzEIQQhX&H rT)

4.30 - 4.38 (IH 701 & 68 52 B ( Yho Al md B3 7.2 BB, §230Ma 3870 84 1

(1H m.
m), 2.63 - 2.73 (1H, m), 2.53 - 2.63 (2H, m), 1.84 - 1.95 (1H, m).

15 Preparation S
2,4-Dichloro-7-(4-fluorophenyl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidine
Cl
NZ

PNy

Cl N

=
A solution of 7-(4-fluorophenyl)-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-
dione (1 g, 4.06 mmol) in phosphorus oxychloride (11.81 mL, 127 mmol) and N,N-

20  dimethylaniline (3.94 mL, 31.1 mmol) was stirred at 110 °C overnight. The reaction
mixture was carefully poured onto ice. Once the ice melted, the aqueous layer was
extracted with dichloromethane. The combined organic extracts were dried over
anhydrous magnesium sulfate and filtered. The solvent was removed in vacuo and the

residue was purified by column chromatography on silica gel to give 2,4-dichloro-7-(4-
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I nternmedi ate S(4)

7- (4- Fl uor ophenyl) -6, 7-di hydr o- 1H cyclopent a[ d] pyri m di ne- 2, 4( 3H, 510- di one
0 5A solwDi2ore/mH309 PCT/US2011/043628

7- (4-fluorophenyl)-6, 7-di hydrocycl opent a[ e] [ 1, 3] oxazi ne- 2, 4(3H, 511) - di one
(13.527 g, 54.7 mmol) in concentrated amoni um hydroxi de (150 niL, 3852
nmmol ) was heated at 100 Cin a high-pressure (350 nL) vessel overnight. The
reaction mxture was cooled to 0 C and filtered. The precipitate was

consecutive shed nd d ed h in ir.thrqu he filter
and subsequtxi ‘\?A@ ﬁh@wdxl}’é’g’[?ugﬁ Y %ﬁe{}t@ y(rz‘i?ﬂlé{lng?ﬁj%0n(‘?g’e3 472 mmo 6%%%

10f | uor ophepd) as&. daribhyAuPsdifd: aXeMs mtfgt dpRyni m(%oﬁﬁﬂc@@%r& one
(4.670 g, 18.97 nmol, 34.7 %yield). LCGM (MH) = 247.3. NVR (50

CDC13) 6 ppwm 19907 li_@féin)(”mlgl (%Irts!TS SHzyp.42 (FH39/TRHIZ Ry, 101?1}16161 7.22 (2H,
m, 4.30 - ﬁ9%84%3ﬂ%) (18 @3} 33-03 AAHiaM,~8938) 2163 424 /)., 1.84 -
1.95 (1H, Pr epar at i on

2,4-Di cHioro 7- (4 quorophenyl) 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di ne Cl

A solution
7-(4- quord%%%%?ﬁgn%?'7 di hydro-1 H cycl openta[ d] pyri m di ne-2, 4(3H, 5H) - di one
(1 g, 4.06 nﬁhﬂwlBﬁh@hn%phﬂnwsm@mﬂ¢hﬂahmdbbéﬂryﬁmmmm{]mﬁﬂnwnn4)mamd AT, N-
20di rethylaniline (3.94 nL, 311 was stirred at 110C overni ght. The
reaction mixture was carefillly pouréd BHto ice. Once the ice nelted, the
aqueous |ayer was extracted with dichle hane. The conbi ned organic
sulfate and filtered. The

sol vent was renoved in vacuo and thélresld e was purified by colum

chromat ography on silica gel to give 2,4-djgh| oro-7-(4-

, m dine (700.0 ng, 2.472 mmol,
60.9 %yield) as a dark burgundy solid. LC (MtH) = 283. 1. 1HNMR (500
MHz, CDC13) 6 ppm 7.09 - 7.15 (2H, m, 7.03 F2H, t, J=8.5 Hz), 4.42 (1H, t,

J=8.4 Hz), '13(5 '} sQollgtlji)ﬁ’of ggeparation S (1.2 g, 4.25 mmol) in acetonitrile (10 mL) was added

10 diisopropylethylamine (0.824 g, 6.38 mmol) followed by prop-2-en-1-amine (0.393 g,
5.52 mmol) at room temperature. The reaction mixture was stirred at rt for 18 h. The
solvent was removed under reduced pressure and the residue was purified by column
chromatography (60-120 mesh silica) using 30% ethyl acetate in pet-ether to give N-allyl-
2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d |pyrimidin-4-amine (1 g, 78%)

15  as alight brown solid. LC-MS (M+H)" = 304.2. 1H NMR (400 MHz, CDCl3) § ppm
7.25-7.07 (2H, m), 7.00-6.95 (2 H, m), 5.99-5.93 (1H, m), 5.30-5.20 (2H, m), 4.67 (1H,
brs), 4.26-4.17 (3H, m), 2.78-2.64 (3H, m), 2.11-2.05 (1H, m).

Preparation Sb

20 N-allyl-2-chloro-7-(4-fluorophenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[d [pyrimidin-4-

amine
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J=9.2, 4.6 Hz), 3.01 (1H, d, J=8.2 Hz), 2.73 (1H, d, J=8.9 Hz), 2.15 -2.27
(1H, m. 5 Preparation Sa

N-al | y1- 2vohlhvw9e309 ( 4- f | uor ophenyl) - 6, 7- di hydr o- 5H cycl eperusajidijopsses m di n- 4
-amne To a solution of Preparation S (1.2 g, 4.25 mol) in acetonitrile
(10 nm.) was added 10dii sopropyl ethylam ne (0.824 g, 6.38 mmol ) foll owed by
prop-2-en-1l-amne (0.393 g, 5.52 mmol) at room tenperature. The reaction

m xt ure was sti rred at rt for 18 h. The solvent was renpved under reduced

ressure a resi.dque was col unm .chr t ogr aph 60- 120 nesh
B T omy el Tt SO ORI ERLE 1Y ¢ 1 e R GG QORI gD
2-chloro-7- Moﬁrbpmétﬁmﬁmy@ 4B¢ Do e @olﬁabd-e@ysgzlrv%aﬂjzlgx[oglzpanti Ainfhcn- 4- am ne
(1 g, 78% <15 as ght _brown sol i d. LC—I\/BC% = 304,2. 1H NMR (400
Mz, CDCL3) é%gn%l?wz@m?l)@trroewmmatur? Big-rgcgsn tﬂ?“we“fﬁstlrse gOIWMY3 (1H, m,

5.30-5.20 (1 erﬂﬁlre ¢ B3/h. (T%Hsolbé’nt %l)as refhod 8t dhddrreliRic pf&surezanaahezreﬁdue( 3H, m,
2.11-2.05 (1H, . Preparatio

20N- al | y1- ZW%:SmuHﬁéd by gdurpnp %9@%@?}% ORI 3R tsh silcayusdienifde ethgliacetyis itbpent af d]

py m di n- 4-,2QihBeo Nivk v-al llych-BPoa(@@llqutobﬁ)éﬁyng—B'é@l?ﬁé @Idilﬁfﬁrogff S 91 17. 66
=lop in acetonltrl I'e (100 nmL) was added dii sop%gﬂ% ]\élam ne (3.42 g, 26.5

mol ) f ol | owekypenfalNipiremidn-pragpnes envhite sphdid. S (1\ff§{)rrrr(3”|1)g Oat room

te”peraturetHiﬁﬂ)ﬁzg@@%ﬂé? étatbf@ 7§’9g}f , @&bo- E%Ki henperatyge for 18 it
The sol vent was renove e &duced pressure an e res ue Swas
purified by(IHomOLrﬁﬂ%mb@ﬁt, ogrebhiy 4 (BO-n28. 1edh s§iBlloeH)S @EL my 25098.&lt hy |
acetate,{n t

N-al | y1ld c(ﬁFlg)rrnz 1;5’921 o 13ior§pheny1) N- net hyl- 6, 7- di hydr o- 5Hcycl opent a[ d] pyr
imdin-4-amne as a whlte solid (4.5 g, 80%. LCM (MH) + = 318.0. 1H NWR
(400 MHz, (@Cl%) ti.ppm7.11-7.07 (2H, n), 6.99-6.95 (2 H, n), 5.89-5.82
(1H, m, 5.296°4% N, 4.2-4.14 (3H, m), 3.19 (3H s), 3.16-3.05 (2H,
m, 2.56- 2. §1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[dJpyrimidin-4-y1)-N2-(2-(2-

(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)ethyl)ethane-1,2-diamine
>\ H
N \ NH
XN
N e

|
NO2 )\\N

Cl

15 F
Preparation Sc Step(1)
N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[ d Jpyrimidin-4-yl)ethane-
1,2-diamine
HoN
2 NNH

N/

PNy

Cl N

F
20  To asolution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H cyclopenta[d]pyrimidine
(0.5 g, 1.77 mmol) in acetonitrile (5 mL) was added diisopropylethylamine (0.343 g,
2.659 mmol) followed by ethane-1,2-diamine (0.138 g, 2.30 mmol) at room temperature.
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10(1H, m, 1.99-1.97 (1H, m. Preparation Sc NI -(2-ch

| oro-7- (4-fl uorophenyl )-6,7-di hydro-5H cycl openta

[ d] pyri mwoOre/opp309N2- (2- (2- (3-methyl -1 H 1,2, 4-tri az@CTAB2011/043628
-y!)-5-nitrophenoxy) et hyl )ethane-1, 2-di am ne 15 Preparation Sc Step(1)
N1- (2-chl oro-7-(4-fl uorophenyl)-6, 7-di hydro-5H-cycl opent a[ d] pyri m di n-4-yee
t hane- 1,2-diamne 20To a solution of

2, 4-di chl oro-7-(4-fluorophenyl) -6, 7-di hydro-5H cycl opent a[ d] pyrim di ne (0.5

20, Sate. o Hegehidy g e Bohare oo il AR IR SR ) e

r oorr:w t errlfpert&fdb‘h%ducea_ b@sghmuiﬂw“resgwetwsgamga &thilslogdthate (ISQﬁIﬂ)l aneemes@ture for
18 The sol vent s renoved under reduced pressure t he residue was
taken in di®hil8f aﬁaﬂmgﬂﬂwor@?&né?l} fldce wep s lylect%te?ﬁgsm%?grgn rry of

t he conpoungifn 'ﬁéléd&ﬁ@ls&@ﬁstﬁﬁﬁlﬁln@@l@%‘kéd@eﬁlsﬁ%zhccﬁﬁlﬁl@%@&ﬁétﬁ@l'&}’mlﬁ' ng a
Tel edyne I sco i nstrunent (12 Redi Sep_ silica colum, 10% nethanol in 5

chl or of ot mchﬂqgo@g{l) toget the ‘thleepogmlﬁbQ chloro-7-(4-fluorophenyl)-6, 7-dihydro-5H-
N1- (2- chl or Qzibpéflal ﬁjg?ﬁ&%h@gﬁ)éﬂlal@ 5) Qﬂaﬂiﬁ%f (@'3§ "g‘c&ﬁ ‘%?‘3{‘5 éflrﬁl]oMn' 5'811&1' Iiji) 4- y| le

t hane- 1, 2-di"am ne as a dark brown solid
307 2. 1H m@msaM@HMswm@ém MB( AYNMPLZ1GDT1:08 ppiaH, 1 1708 @Hg@l; 6195 (2H,

, 5.40 (1 1 98 (2H,
275 2,60 ikt A SR G R Py S5 E 2Ll 38 P gof Aty
Nl (2- chl or»7&2.62(3H, wor 2p®0299 1H.6n)7- di hydr o- 5H cycl opent a[ d] pyri m di n-4-y1)
-A2-(2-(2-
(3-nethyl-1H 1, 2, 4-triazol -1-y1l)-5-ni trophenoxy) et hypet hane- 1, 2-di am ne 15
To a sol utiPrpoition Sc

N1- (2-ehl oro-7-(4- henyl h ent. n- 4- ypet
hane- 1, 2- di &hi(?ﬁéﬁ? g& R‘POIO%?MV dﬁlyﬁr%%ﬁr’ﬁy‘?%"e kcﬁ 3%&%@%15? 247 g,
2.44 =lop foll ovvednd@h/yliuﬂéﬂz (-2rido IR Bt WP Ire Aoy dihyaR MY 1.0 -dBmine

met hyl-1H 1,2, 4-triazole (0.798 g, 2.44 mol) at roomtenperature. The

reacti on m xture

15 F
To a solution of N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)ethane-1,2-diamine (0.5 g, 1.63 mmol) in DMF (3 mL) was
added TEA (0.247 g, 2.44 mmol) followed by 1-(2-(2-bromoethoxy)-4-nitrophenyl)-3-
methyl-1H-1,2,4-triazole (0.798 g, 2.44 mmol) at room temperature. The reaction mixture

20  was stirred at room temperature for 18 h. The solvent was removed under reduced
pressure and the residue was dissolved in dichloromethane (5 mL) and silica (1 g). The
resultant slurry of the compound in silica was subjected to flash chromatography using a
Teledyne Isco instrument (12 g RediSep silica column, 10% methanol in chloroform) to
get N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d [pyrimidin-4-y1)-N2-

25  (2-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)ethyl)ethane-1,2-diamine (0.25 g,
27.7 %) as a brown solid. LC-MS (M+H)" = 553.2. 'H NMR (400 MHz, CDCl3) 8 ppm
8.25 (1H, s), 7.14-7.08 (3H, m), 6.99-6.95 (2H, m), 6.41 (1H, s), 6.33-6.31 (1H, d, /=8.4
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20 was stirred at roomtenperature for 18 h. The sol vent was renoved under
reduced pressure and the residue was dissolved in dichloronmethane (5 nlL)
and sili caoQa12¢0930%he resultant slurry of the conpound POTAISRéIGA4362S

subj ected to flash chromat ography using a Tel edyne Isco instrunent (12 g
Redi Sep silica colum, 10% nethanol in chloroforn to get

N1- (2-chl oro-7-(4-fl uorophenyl)-6, 7-di hydro-5H cycl openta[ d] pyri m di n-4-y1)
-N2- 25

(2-(2-(3- yl- 2, 4-triazol-1-y1)-5-ni engxy) e hane- 1, 2-di am
he (0. 25 g Mot (Bt peo gl R i 64 BN bl bt PR 2oo

MHz, CDC13)2.65-ppayi81,25, £.4643E6)), 1994%H871A8m(3H, m, 6.99-6.95 (2H, m, 6.41
(1H, s), 6.33-6.31 (1H, d, J=8.4 Hz), 4.39 (1H, br s), 4.16-4.12 (1H, t,
J=8.8 Hz), 3.93-3.88 (4H, m, 3.22-3.09 (6H, n), 2.55-2.54 (1H, in), 2.46
(3H, s), 1.8%pdaf& {dH in). Preparation Sd

5N1- (2-chloro-7-(4-fluoro hen){ll) -6, 7-di hydr o- 5H cycl opent a[ d] p}/ri m din-4-yl
) - N2- 5 N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydio-5H-cyclopental d [pyrimidin-4-y1)-N2-

met hyl - N2- (2- g dn{13viret hyh- 125 2 8 R 5/ - didropticRbL/ SRR M@XY ) 81 hy Det hane
-1, 2- diamne )z}f- NO @(hNﬁNélfllhyl 10 'Pr epgra %oyn Sod@lg?(lggglj(l) B,

N1- ( 2- chl or o- 7- (4-f | uor opheny1) - 6, 7- dii#Wide o- 5H cycl opent a[ d] pyri m di n- 4-y1)
-N2- net hyl et hane-1, 2-di am n To a sol ytion of
2,4-dichloro-7-(4-fluorophenyl)y 6, gydl,hNQr/e\-NSWvaycl opent a[ d] pyri m di ne

15(2.0 g, 7.06 nmol) in acetwgitrille (50 ni) s added
di i sopropyl et hyl am ne (1. 369 \g/ mmL%

owed by
N 1- net hyl et hane- 1, 2-di anine (0.6 8.4 at roomtenperature. The

reaction mxture was stirred at P for "£8 h NThe(sol vent was renmoved under
reduced pressure and the residue was takéfl in dichl or omet hane (10 nL) and
silica (2 g). The resultant slurry of the corrp on silica was subjected
to flash

10 Preparation Sd Step (1)
N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[ d Jpyrimidin-4-y1)-N2-
methylethane-1,2-diamine

HN
\/\NH

N’l

B

Cl N

F
To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H cyclopenta[d]pyrimidine

15 (2.0 g, 7.06 mmol) in acetonitrile (50 mL) was added diisopropylethylamine (1.369 g,
10.60 mmol) followed by N-1-methylethane-1,2-diamine (0.628 g, 8.48 mmol) at room
temperature. The reaction mixture was stirred at rt for 18 h. The solvent was removed
under reduced pressure and the residue was taken in dichloromethane (10 mL) and silica
(2 g). The resultant slurry of the compound on silica was subjected to flash

20  chromatography using a Teledyne Isco instrument (12 g RediSep silica column, 10%
methanol in chloroform) to get N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)-N2-methylethane-1,2-diamine (1.6 g, 70.6 %) as a light
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20 chromat ography using a Tel edyne Isco instrunent (12 g Redi Sep silica

col um, 10% net hanol in chloroform to get

N1- ( 2- chiwoeeiz/0430p| uor ophenyl) - 6, 7- di hydr o- 5Hcycl opent afajysgetiousbesn- 4-y1) -
N2- met hyl et hane-1, 2-diamne (1.6 g, 70.6 %9 as a light brown solid. LC M
(MtH)1 = 321.2. '"FT NWR (400 MHz, DVsO-d6) 6 ppm 8.13 (2H, br s), 7.22-7.11
(4H, n), 4.21-4.17 (1H, t, J=8.0 Hz), 3.82-3.79 (2H, m, 3.27 (3H, s),

3 19-3.04 (4H, m, 2.55-2.54 (1H, m, 1.99-1.98 (1H, n). 5 Preparation Sd

(2 chi or o- oy Rselidy bEGYRENED- 5371 2 REAMR €0 M 96@94[%%%??&%8% 4-y1)-N

brs ,7.22-7.11 4H m), 421417(1HtJ 80Hz) 382379(2H m), 3.27 (3H, s)
ntthyl | 1K1, 2, 4-tri azol - y1) nltrophcnoxy)cthypcthanc

i 0 s 2061 oy 0358 .

N1- (2-chl oro-7-(4-fluorophenyl)-6, 7-di hydro- 5H—

cycl openta[d] pyri m di n-4-y1l)-A2-net hyl et hane-1, 2-diamne (0.2 g, 0.623
mol ) i r® DM¥ep@atien Sdvas added TEA (0.095 g, 0.935 nmol) fol | owed by
1-(2-(2-brono 4- t Ve
(Preparatlonﬁ%p?é%&g%wAQME%%gggnyéidglHgfp%éﬁ%%%#%@ §nhh&ﬁa’leN?eactlon

m xture was snithyle®-@ (2R3 fnmthyl8 Hhl,2 Fieazebl ybiftniaghenempvisd cthBuniiér reduced
pressure and the residue was dlssolvqg dichloronethane (5 nmL) and silica
(1 9g). The resultant slurry of the conpound in silica was subjected to

fl ash chromat ography usi ng a\Tel edyne I5co instrunent (12 g Redi Sep silica
colum, with 10% net hanol in or of get NI

-(2- chi or o- 7- (4- quorophenle§ﬁN7 hydr o- 5Hicycl opent a[ d] pyl i m di n-4-y1)-N2
“met hyl - N2- (2- (2- (3-met hyl -1 H 1, 2 ruazqv ~5-
20nitrophenoxy)ethyl)ethane-1,2-o A Re, (0049, 13.12 %9 as a dark brown
solid. LGMS (MtH) + = 567.2. IFI NWR (40QHNPh, CDC13) 6 ppm 8.25 (1H, s),
7.14-7.08 (3H, m, 6.99-6.95 (2H, m, 6.41 (I 3), 6.320 H, d, 1=8.4 Hz),
4.39 (2H, br s), 4.14 (1H, t, 1=8.8 Hz), 3.93-3=88 (4H, ), 3.22-3.09 (6H,
m, 2.55-2.54 (1H, m, 2.46 (3H, s), 1.99-1.98 (1Y, m. 25 Preparation Se

é

10 To a solution of N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)-N2-methylethane-1,2-diamine (0.2 g, 0.623 mmol) in DMF
(3 mL) was added TEA (0.095 g, 0.935 mmol) followed by 1-(2-(2-bromoethoxy)-4-
nitrophenyl)-3-methyl-1H-1,2,4-triazole (Preparation J, 0.245 g, 0.233 mmol) at room
temperature. The reaction mixture was stirred at rt for 18 h. The solvent was removed

15  under reduced pressure and the residue was dissolved in dichloromethane (5 mL) and
silica (1 g). The resultant slurry of the compound in silica was subjected to flash
chromatography using a Teledyne Isco instrument (12 g RediSep silica column, with 10%
methanol in chloroform) to get N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)-N2-methyl-N2-(2-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-

20  nitrophenoxy)ethyl)ethane-1,2-diamine (0.04 g, 13.12 %) as a dark brown solid.
LC-MS (M+H)" = 567.2. 'H NMR (400 MHz, CDCl3) & ppm 8.25 (1H, s), 7.14-7.08
(3H, m), 6.99-6.95 (2H, m), 6.41 (1H, s), 6.32 (1H, d, /=8.4 Hz), 4.39 (2H, brs), 4.14
(1H, t, /=8.8 Hz), 3.93-3.88 (4H, m), 3.22-3.09 (6H, m), 2.55-2.54 (1H, m), 2.46 (3H, s),
1.99-1.98 (1H, m).

25

Preparation Se
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2-chl oro-7-(4-fluorophenyl)-Nnethyl-N(3-(2-(3-nmethyl-1H1, 2,4-triazol-1-y
1)-5- nitrophenoxy) propyl)-6, 7-di hydr o- 5H cycl opent a[ d] pyri m di n-4-am ne N
To a sol wpanixfo9Fweparation L (1.1 g, 3.78 mmol) in aceConiseentlogséeH0 nl)
was added 5dii sopropyl ethylam ne (0.976 g, 7.55 nmmol) foll owed by
Preparation S (1.28 g, 4.53 mmol ) at roomtenperature. The reaction m xture
was stirred at roomtenperature for 18 it The sol vent was renoved under
reduced pressure and the residue was purified by col um chromat ography

(60-120 nesh 209 % acef at pet her_to afford
2-ehloro-7- ( 4319H3 %)—gﬁa ghewfﬁr—é}—)rﬁg}gyloﬁ %gﬁ (3-m: t}I}?I ﬁ-l H 9 4= trlazo?—tl— ?) 5-
-(2-(3-nmethyl- 1|‘|'rﬂitr(%3héndx67hﬂ3@f|l)'6|-7 Mihydro-SHcyclopenta[d]pyrimidin-4-amine
5-ni t rophenoxy) propyl) -6, 7- di hydr o- 5H eyel opent a[ d] pyri m di n-4-am ne (1.2
g, 59.2 . LC M5 (MEII)" =5 2 £400 MHz, DVSO-d6) 6 ppm 9.91
(1H, s), 8.04 (IH d, J—88Hz .P9-7.92 (2H, m, 7.09-7.06 (2H, m,
6.97 (IH t, J-88Hz) 4.33 ( “ 4.13 (2H, t, J= 8 Hz),
3.88-3.76 (2H, m, 3.27 (3H, s), 3! : : m, 2.55 (1H, m, 2.53 (3H,
s), 2.25 (2H, g, J= 6.4 Hz), 2.00-1.9 .\ 15 Preparation Sr
2-(2-(2-(2-chloro-7-(4-fluorophenyl) - [ ] 5H- cycl opent a[ d] pyri m di n-
4- yl am no) et hyl am no) et hoxy) - 4-ni tr obenzoni t 20To a sol ution of
N1- (2-chl oro-7-(4-fl uorophenyl)-6, 7-di hydr o- 5H
cycl openta[d] pyri m di n-4-yfl et hane- 1, 2-di am ne {FPr eparation Sc Step (1),
1.0 g, 3.26k mrdm}oniorﬁPfemtﬁtic(rSL i) g\ia & ranidie dh éléEt@n'(tﬁLeMmQ) wiés, Bldedmol )
fol | owed. by nitr nzon |Ie atl N, 1.05 g,
201 o ) oS FUATRR LTI T bR Lietful SR 1 &0 S B For
18 h. The smhvbnat rommstempamuedTthmn ﬁﬂbumedvapsmmiwt moamémphetureefsr thie was

taken in d chlor e resul.tapt slurry of
e compoun IMRSTT A b e BeEPSt Bt orli oy aiLts: ng. o
Tel edyne | s@unmmdirériaBgtphly)80-920RaeihSel Ra BislingCY£©] 30906 thyl Qetare inaether N

to afford 2-chloro-7-(4-fluorophenyl)-N-methyl-N-(3-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-

10 5-nitrophenoxy)propyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-amine (1.2 g, 59.2 %).
LC-MS (M+H)" = 539.2. IH NMR (400 MHz, DMSO-d6) § ppm 9.91 (1H, s), 8.04 (1H,
d, /J=8.8 Hz), 7.99-7.92 (2H, m), 7.09-7.06 (2H, m), 6.97 (1H, t, /= 8.8 Hz), 4.33 (2H, t,
J=06Hz),4.13 (2H, t, /=8 Hz), 3.88-3.76 (2H, m), 3.27 (3H, s), 3.18-3.05 (2H, m), 2.55
(1H, m), 2.53 (3H, s), 2.25 (2H, q, /= 6.4 Hz), 2.00-1.96 (1H,m).

15
Preparation Sf

2-(2-(2-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
ylamino)ethylamino)ethoxy)-4-nitrobenzonitrile

H
N
o \/\NH
NC
N/

|
NO: )\\N

Cl

F
20  To a solution of N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d|pyrimidin-4-yl)ethane-1,2-diamine {Preparation Sc Step (1), 1.0 g, 3.265
mmol} in DMF (5 mL) was added TEA (0.495 g, 4.89 mmol) followed by 2-(2-
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chloroform to get
2-(2-(2-(2-chloro-7-(4-fluorophenyl)-6, 7-di hydro-5Hcycl openta[ d] pyri m di n-4
-yl am no)wOoryi22000300) et hoxy) - 4- ni trobenzonitrile (0.35 gPCZASTOXP4328 a | i ght
yellow solid. LCM5 (MtH)- = 497.2. N MR (400 MHz, CDCI3) S ppm 7.93-7.91
(1H, d, ./=6.8 Hz), 7.90 (1H, s), 7.86-7.85 (1H, m, 7.12-7.00 (2H, m,
6. 98- 106.96 (2H, rr), 5.30 (1H, br s), 4.34-4.32 (2H, m, 4.26-4.24 (1H,
m, 3.70-3.66 (2H, , 3.21-3.19 (2H, m, 3.04-3.02 (2H, m, 2.78-2.63 (3H,
rr),199198 Preparation Sq.

2- (24(2-(2- Q?ﬂ?‘é"r@o 5%21“?‘1"8%‘%815@8&’3‘69%?“?9&?’H;Pér%ﬁ%ww)&36;5%‘}?% a[ d] pyri ni di n- 4
- I15y! am n?t):mbéwﬂu)e( Ted Rydtlod Mi@)ealRQUNId # rifot DD EME Sl dnkt iaCrdMdvNC To a
solution o , o .
NL- ( 2- chl or BUFLeduce BISHYHEAYIO " BIur-es HIGP 8L SEgremepant Qe sye Pifdiin- 4-y1) -

N2- et hyl et hange fesdltadlt amdner thbe hﬁdicm SaSt cliko f18h2hbmalogePhymol f in
DVF (5 ?lrL) %\)/as %ddeé TEiEr}? tf2134&m ) 1r?’m)la) %CI{ 0\)/t\?ed ﬂ)m(a RSO

20br onpet hosyne-aalekidypolsemmngiinggn ﬁé’ g(l’epdﬁz sigjca qolupn, I)let 10} Bom

tenper at ur e kb@rh B GE 20- @(élcﬁfo?o-v\l@@-ﬂ%rbﬁﬂe‘ﬁ?l) 8- J1H’5Qﬁ% kghperature for 18 h.
The sol vent was renoved under reduced pressure and the residue was taken in

di chl or orret ¢yslveertd dlpyyimidiet4-laniipgethglagyno)efipxy -Egiffobenrenigile (G35 L1{7he
d | J € i i | d
corpound il iV SURLCEE s Fh St b Ak ptgelg g 8 Tl ccme

to get 2-(22A9R7.02(dhldose-THE¥7 PO (IGT, 6 eRGY7185- 6LH, no)i hymoemﬂ m) 6.98-

cycl opent a m., d a t hyl o |trobenzon|
YT P e LG RuE By 5o S P L R e SR AR R b b 2050 e
(400 M—Iz, CDA-3)19 (2H, ppn3.34-9.02 (2189 ) 2H,8-2193 (3H, 85, 1(IH[ .98 )1H, 7n)72 7.70 (1H, m,
7.14-7.10 (2H, m, 6.98-6.96 (2H, m, 4.42-4.39 (2H, m, 4.17-4.15 (1H, m,
3.66-3.56 (2H, m, 3.49 (3H, s), 3.35- 3.26 (2H, nm, 3.18-3.12 (4H, m,

2.78-2.63 (ﬁ,ldpam@ngg 99 1.98 (1H m. 5 Preparation Sh ten-butyl
' (2-(2-chl oro-7-(4-fl uorophenyl).-6, 7-di hydr o-

2- (5-am no- 2- no )eth
5H- cycl opent a[%@p(&f 27445 FuoEapRgY) ca f-Bdioe H-cyclopentald Jpyrimidin-4-

15 ylamino)ethyl)(methyl)amino)ethoxy)-4-nitrobenzonitrile

o/\/NM\

NH
NC
N= |
NS
NO, )\N

Cl

F
To a solution of N1-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)-N2-methylethane-1,2-diamine {Preparation Sd Step (1), 0.5
g, 1.56 mmol} in DMF (5 mL) was added TEA (0.234 g, 2.34 mmol) followed by 2-(2-

20  bromoethoxy)-4-nitrobenzonitrile (0.423 g, 1.56 mmol) at room temperature. The
reaction mixture was stirred at room temperature for 18 h. The solvent was removed
under reduced pressure and the residue was taken in dichloromethane (5 mL) and silica (1
g). The resultant slurry of the compound in silica was subjected to flash chromatography
using a Teledyne Isco instrument (12 g RediSep silica column, 10% methanol in

25  chloroform) to get 2-(2-((2-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-ylamino)ethyl)(methyl)amino)ethoxy)-4-nitrobenzonitrile (0.3
g, 37.68 %) as a dark brown solid. LC-MS (M+H)" =511.2. 'H NMR (400 MHz, CDCl5)
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, Boc Preparation Sh Step(1)

102-(2-(2-(2-chl oro-7-(4-fluorophenyl)-6, 7-di hydr o- 5H cycl opent a[ d] pyri m di
n-4- yl) evbybermions®p et hoxy) - 4- ni t robenzonitril e A m XPATAISed11/043628

2, 4-di chloro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl openta[d] pyrim dine (0.1
g, 0.353 mmol ), tributyl et henyl stannane (0.118g, 0.371 mol),

15t etraki s(tri phenyl phosphi ne) pal | adi um (0. 0081 g, 0.0070 mmol) in tol uene
(20 mL) was refluxed at 110C for 2 h under nitrogen The sol vent was
renoved und reduced pressure (high vacuu and e r e di ssol ved
n L of SHER RMOr aTHy ) 508 (b el Moy Ta bl f dbERb G €47 PO (0. 088 g,
0. 424 ol )%waﬁl)aad@eﬂsﬁn@ e m-xi 88, \M383r6%f3|5m§ﬁ @b, 340 ($HfQra.d8 h while
nonitoring . _The solvent was renoved 20under reduced pressure and

t he reS|due3é%@HHﬁgséﬂ§éd2KﬁHdeHTB?%@%@E%H@ %-KP§ (Fhdsilica (1 g). The
resultant slurry of the conmpound on silica was subjected to flash

chr omat ogr aphy usi a Tel edyne Isco instrunent (4 g Redi Sep silica colum,
10% met hianofrepfrfa@flfﬁ%?oforn) to get

2-(2-42-(2-ghl 7 8- i mdin-4
-yflethypanlﬂgﬁggﬁéié'Hﬁ)%?%@o ?gga(éc?§9%gg§%ﬁ&%gnng %agghg%gark
brown gummy | i qui d. LC—MSi@N&Hﬁmﬁd&&@ﬂ@¢ﬂﬂHﬂNﬂRﬂC@ﬂ@@“®+& CDC13) 5ti ppm
7.93 (1H, d, J=8.4 Hz), 7.87 (1H, s), 7.%4.(1H d, J=8.4 Hz), 7.13-7.10
(2H, m, 7.02-6.98 (2H, m, 4.45-4.44(2K nm), 4.36 (1H, t, J=8.4 Hz),
3.44-3.41 (4H, m, 3.11- 3.09 (2H, , A 97-2.88 (2H, m), 2.74-2.66 (1H,

m, 2.21-2.12 (1H, m. PreparatiomSh Stgp (2)
tert-butyl2-(2-ch|oro-7-(4-f|uoneh';Eyl)-: 7-di hydr o- 5H cycl opent a[ d] py

m di n-4- 10yl ) et hyl (2-(2-cyano- 5- ophgndﬂb%ﬂhyl)carbanate
NH, Cl
F
Preparation Sh Step(1)
10 2-(2-(2-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-

yl)ethylamino)ethoxy)-4-nitrobenzonitrile
N H

@N/

A mixture of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine

F

(0.1 g, 0.353 mmol), tributylethenylstannane (0.118g, 0.371 mmol),

15 tetrakis(triphenylphosphine)palladium (0.0081 g, 0.0070 mmol) in toluene (20 mL) was
refluxed at 110 °C for 2 h under nitrogen. The solvent was removed under reduced
pressure (high vacuum) and the residue was dissolved in 4 mL of THF/MeOH (3:1). 2-
(2-Aminoethoxy)-4-nitrobenzonitrile (0.088 g, 0.424 mmol) was added and the mixture
was refluxed at 75 °C for 18 h while monitoring by LC-MS. The solvent was removed

20 under reduced pressure and the residue was dissolved in dichloromethane (5 mL) and

silica (1 g). The resultant slurry of the compound on silica was subjected to flash
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To an ice-cold solution of tert-butyl

(2-(2-chloro-7-(4-fl uorophenyl)-6, 7-di hydro-5Hcycl opent a[ d] pyri m di n- 4-ypet

hyl ) ( 2- ( 2voyar0330ni t r ophenoxy) et hyl ) car bamat e (0. 025g, POTAB201m0wd6Rs , TEA

(0.0052 g, 0.052 mol) in DCM (3 nL), di-ten-butyl dicarbonate 15(0.011 g,

0.052 =l op was added and the m xture stirred at rt for 60 mn. The sol vent

was renoved under reduced pressure and the residue was dissolved in

di chl oronet hane (3 nL) and silica (0.5 g). The resultant slurry of the

conmpound on silica was subj d to flash chromatograph sin Tel edyne

50_ i nst r UKy A2 RERI8ay Y o BT (GO HEERANY STRTEHG of or my o

ggg HE en- Fut yhleiﬁlfzr(rﬁl31-@Mr@%ﬁn)ﬁz(gét-Z—{Zr-ll@%—;()Z(TJﬂﬂd(Slgﬂ)@&lu%rdéih&)éﬁ)’—@?—ﬁihydro—SH— ayl) carb
cycl opent pyri m di.n-4-ypet hy| - (2-cyano-5-ni trophenoxy) et hyl ) car

amate (0. 02 @xc?@smﬁ%pyggnﬁnﬁryg,%@YB?raweﬁwwa%-m@ebwsor(lm P32 gs%fgg.é%m NVR:

(400 MHz, CDgladarkt bro%%h%n%iqﬁih&cdws{ﬁ@ﬁg* Ha32 0. 1HNMRIH00Hz, GDAL)( 1H, d,

J=8.4 Hz), 7.16-7.13é H m, 7.03-7.01 é H m, 4.38-4.34(3H m,

3.87-3. 77 (4%pPHy 93310 F-0HHaH, 7- 9 (1Hps)7874 (185 ¢ 7584 Hp), 72356100 240m). 1 1,

1.42 (9H, s)7.028.9R(8Ram3td B0 SPoH ﬁiz;zb}goih, L84 Hy), 344341 (4H, m), 3.11-

2- (5- am no- 2- cyanophenoxy) et hyl ( 2- (] -chl oro-7-(4-fluorophenyl)-6, 7-di hydr o-

5H cycl opent épél%m)rﬁ-ﬁﬁ- B33 GH.|nek Byf-Poal Pamar &-21-2.5] ¢ldhmjowder - 325 nesh

(0.0095 g, 0.172 Mol ) was added to a round bottom flask charged with a

m xture of Pepdrabsint A S22 5- am no- 2- cyanophenoxy) et hyl ) - (2-(2-chl oro- 7-

(4-fl uorophenyl) -6, 7-di hydro-5H cycl ope d] pyr,im di n-4-yl)ethyl )carbamate
(0. 020 0" Gt i) T e S kRO e b o i e i el or e
(0.0091g 0.172 nmmol) . Aewal(2(2-60ab8chikr&hkbabky N6&hatwas attached to the
flask and the heterogeneous 10m xture was heated to 65 T. with vigorous
stirring for 150 min. The reaction mxtu,\qfﬁo"was filtered and washed with

nmet hanol . The sol vent was renoved in yacyo. Et0Ac was added to the residue,
and washed with brine. The organic bdayer Wwas dried over sodium sulfate,
filtered, and concentrated. Theneesi\due was subjected to flash

chromat ography using a Tel edyne Is nst u @ (4 g Redi Sep silica colum,
10% MeOH i n CHC13) to 15get the ti t&| conpe

off-white solid. LGMS (MrH) = 552, 2 NO; Cl

To an ice-cold solution of zert-butyl (2-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)ethyl)(2-(2-cyano-5-nitrophenoxy )ethyl)carbamate (0.025g,
0.052 mmol) , TEA (0.0052 g, 0.052 mmol) in DCM (3 mL), di-fert-butyl dicarbonate

15  (0.011 g, 0.052 mmol) was added and the mixture stirred at rt for 60 min. The solvent was
removed under reduced pressure and the residue was dissolved in dichloromethane (3
mL) and silica (0.5 g). The resultant slurry of the compound on silica was subjected to
flash chromatography using a Teledyne Isco instrument (4 g RediSep silica column, 10%
methanol in chloroform) to get tert-butyl (2-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-

20  S5H-cyclopenta[d]pyrimidin-4-yl)ethyl)(2-(2-cyano-5-nitrophenoxy)ethyl)carbamate (0.02
g, 66.2%) as a light brown solid. LC-MS (M+H)" = 582.2 1H NMR: (400 MHz, CDCl:)
dppm 7.92 (1H, d, /=8.4 Hz), 7.87 (1H,s), 7.77 (1H, d, /=8.4 Hz), 7.16-7.13 (2H, m),
7.03-7.01 (2H, m), 4.38-4.34 (3H, m), 3.87-3.77 (4H, m), 3.10-2.90 (4H, m), 2.73-2.69
(1H, m), 2.25-2.19 (1H, m), 1.42 (9H, s).

25

Preparation Sh
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1H NVR (400 MHz, CDC13) ti ppm 7.29-7.25 (1H, n), 7.13-6.99 (4H, m,
6.23-6.11 (2H, m, 4.31 (1H t, J=8.0 Hz), 4.15-4.06 (4H, nm), 3.87-3.83
(2H, m, WoeB1(@@bso9s), 3.15- 2.95 (4H, m, 2.72-2.63 (1lIACTMS2012/043622. 12
(1H, m, 1.56 (9H, s). 20 Preparation T
2,4-Dichloro-7-(2,4-difluorophenyl)-6, 7-di hydr o- 5H cycl opent a[ d] pyri m di ne
Cl I nternmedi ate To) 1-Cycl opentenyl-2, 4-difluorobenzene To a 0.497 M
sol ution of (2,4-difluorophenyl)nagnesiumbronmde (32.4 g, 149 nmol) in 5

THF at 0 C wa reful | dded c 149 I Upon
the end of {eﬁé’u(é'g&i(%i%’h‘?/o 2 S (N U ek e R T SR A AT S
lce (10 g) and 6 N aquecusclhryspeneafigiintdiacid)cngnearbsteed. The reaction

m xture was extracted with ether. The conbi ned organi c extracts were washed
with a saturated aqueous sol ution of sodium hydrogen sulfite, a saturated
aqueous sol ution of sodium bicarbonate ame: water. The 10organic |ayer was
dried over anhydrous magnesi um sul f at and filtered. The solvent was
renoved in vacua and the residue was/purified by col um chromat ography on

, 4- di f|l uor obenzene (7.064 g, 39.2 mmmol,
M5 (#tHER/ = 181.0. I HNMR (500 MHz,

2H, m, 6.26 - 6.31 (1H m,

- 2.02 (2H, m. Internediate

silica gel to give 1-cycl opentenyl-
26.3 Wbyield) as a col orl ess oil©
CDC13) 6 ppm7.22 - 7.31 (1H, m, :
2.68 -2.74 (2H, m, 2.51 -2.58 (2H,7 1 ”)le 0
T(2) 2-(2,4-Difluorophenyl)cycl opentanone 0 Z0 W nmixture of 90%fornic acid
(26.4 nL, 689 mmol) and 30% hydrogen peroxide-¢6.0 nL, 39.2 nmol) was

war nmed at 40 C for 10 nin The resulting solutiron was carefully added to

EII._hgyCI Opentlef\on plowzder4—39§ mes (E)%B& Z%nle72gﬂmgl)6\%asgaddg f02a rrorlTlrrP(} lzottom flagk stirring.

charged with a mixture of zert-butyl (2-(5-amino-2-cyanophenoxy )ethyl)-(2-(2-chloro-7-
(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d [pyrimidin-4-yl)ethyl)carbamate (0.02 g,
0.034 mmol), 3 mL of methanol : water (2:1), and ammonium chloride (0.0091g, 0.172
mmol). A water-cooled reflux condenser was attached to the flask and the heterogeneous

10 mixture was heated to 65 °C with vigorous stirring for 150 min. The reaction mixture was
filtered and washed with methanol. The solvent was removed in vacuo. EtOAc was
added to the residue, and washed with brine. The organic layer was dried over sodium
sulfate, filtered, and concentrated. The residue was subjected to flash chromatography
using a Teledyne Isco instrument (4 g RediSep silica column, 10% MeOH in CHCIs) to

15  get the title compound (0.01 g, 52.7%) as an off-white solid. LC-MS (M+H)" = 552.2
IH NMR: (400 MHz, CDClz) 6 ppm 7.29-7.25 (1H, m), 7.13-6.99 (4H, m), 6.23-6.11
(2H, m), 4.31 (1H, t, /=8.0 Hz), 4.15-4.06 (4H, m), 3.87-3.83 (2H, m), 3.65 (2H, s), 3.15-
2.95 (4H, m), 2.72-2.63 (1H, m), 2.17-2.12 (1H, m), 1.56 (9H, s).

20  Preparation T
2,4-Dichloro-7-(2,4-difluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine
Cl
NZ

PNy

CI” N F
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t wo- phase systemwas initially stirred at roomtenperature. After a certain
period of time, a spontaneous exotherm c reaction took place, and the

t enper at We 202989300 about 50 25 C. The reaction m xt ur e PeAAISSt1L/O#3BAS at r oom
tenperature for 2 h. The reaction m xture was quenched by careful addition
of a saturated sodi um bi carbonate sol ution. Ether was added and the content
of the scparatory funnel was vigorously shaken. The organic | ayer was

separ at ed and t he aqueous | ayer was extracted with ether. The conbi ned
organic ract dri ed over anhydrous nmagnesium sulfate and filtered.
The sol vent n@?ﬁ%‘“ﬁ"é%@ﬁd in vacua and the residue was purified by colum
chromat ogr aphy on silica gell-¢tyRlg@tmeny22(difudtbbeniacophenyl ) cycl opent anone
(3.503 g, 17.85 nmol, 45.5 %yield) as a colorless oil. LCMS (M+H) + =
195.2. 1HNMR (500 M—Iz CDC13) 6 ppm 7.88=1K td, 5J=8.4, 6.4 Hz), 6.76-
6.86(2Hn)342(1H dd, J=12.2,_+8. , 2.42 - 253(2Hn)228-
2.39 (1H, m, 2.13 223(1H n, .10 (2H, M. Intermediate T(3)
7-(2,4-Difl uoropheNP/ 6, 7-di hydrocycl opent al e] [ 1, 3] oxazne- 2, 4(3H, 510- di one
0 10 A mi xtws @49t 2&0{@0&0662% ﬂu@pw@n megpetiep FEEfADEa. 4(g11ﬁﬂLmn@1) %17 =l op
and 50% I Ukl i ﬁ[{“&!ﬂ 283 9, 9.30
nmol ) wa §M hgg}taé tQ%g&%%?g} ﬁ?&h Eﬂt%f§g3%fng$ 19 g%r%ggl(}:qt lon mxture
was di ssol veddhd ayldigiohythe @@@toatrmxmwmwe@awrﬁﬂw fan2 hqh?@(ﬁmsg)sa@ﬂ atN on of

sodi um bi Ca&[qﬁg&g‘%ﬁdro @r OYRARLE 24 AYCTn RS t%ﬁ%ﬂ!&tﬁ%&%ﬂ&é& dtvt}lﬁ} afijeous |ayer
was extracte acetate. 'The conbined organic extracts were dried
over anhydrﬂws:onmgméstgamnsxﬁafcatveerawalshéd Mthlaeduraﬁldethymhmmﬁscrdamnved in
vacua and {1 Ju85 L THE, MERRU AQLER BGPTSR AP P! | B el
(2,4-difd uoasrgqaiﬂcellaye]r)waﬁ dﬁecdml&yﬁiﬂ@dmui; ma@mma{nah[féte Bﬂcbﬁﬂaemmerhz sdlg3tiwad 0- di one
(499.3 ny, 1.883 4% r own 266. 2.
NN (500 B0V veeparditc st neTicley SRR oRIRG Op 10 §5410 120, 5.
6.3 Hz), 6.4i% t- cﬁ;l@%m(aﬁﬂa 4T111ﬂué|r08€§1zene47094§13|§‘21ﬁi101 26 3’9/0 yidld9as { 1H, m), 2.59

-2.78 (2H, q%,)l 2.08 (1H er nedi at e T$ 4)
257- (2, 4- Di Plaulsrophddy¥S @/HTH)drH%Po fiﬁl\é%ﬁo@a@ﬁ%zﬁ%@@mm 4Phel3! 4( 3H, 510-
di one (1H, m), 6.75 - 6.85 (2H, m), 6.26 - 6.31 (1H, m), 2.68 - 2.74 (2H, m), 2.51 - 2.58 (2H,

15 m), 1.93 - 2.02 (2H, m).

Intermediate T(2)
2-(2,4-Difluorophenyl)cyclopentanone

F
F

O

20 A mixture of 90% formic acid (26.4 mL, 689 mmol) and 30% hydrogen peroxide (6.0
mL, 39.2 mmol) was warmed at 40 °C for 10 min. The resulting solution was carefully
added to 1-cyclopentenyl-2,4-difluorobenzene (7.064 g, 39.2 mmol) while stirring. The
two-phase system was initially stirred at room temperature. After a certain period of
time, a spontancous exothermic reaction took place, and the temperature rose to about 50

25  °C. The reaction mixture was stirred at room temperature for 2 h. The reaction mixture
was quenched by careful addition of a saturated sodium bicarbonate solution. Ether was
added and the content of the separatory funnel was vigorously shaken. The organic layer

was separated and the aqueous layer was extracted with ether. The combined organic
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In a manner simlar to the conditions described for the preparation of
Internmediate S(4), Internediate T(3) was converted to

7- (2, 4- Diwbuorapbseny 1) - 6, 7- di hydr o- 1Hcycl opent a[ d] pyr i mPdTsS2@,1448k8 5H) - di o
ne. LCM5 (Mtll) = 265.1. 5 Preparation 7'
2,4-Dichloro-7-(2,4-difluorophenyl)-6, 7-di hydr o- 5H cycl opent a[ d] pyri m di ne
Cl A solution of

7- phenyl - 6, 7- di hydr o- 1H cycl opent a[ d] pyri m di ne- 2, 4( 3H, 5H) - di one 10(248.5

ng, 0.940 ), in phosphoryl trichloride 0 was heated in a mcrowave
00" 130 ¢ ot WEeeREeT Bt e e G AP hRE 1% ESKeRsor | ce.
Once the i cemi®ddiRBacibRed e @ekitit wa ureidd b CbRehnWhidmaticedpho bR bEth@me The
conbi ned or ganj ng\le,ét acts were dried over anhé%rous ma_gsguesi,um sul fate and

SN/ | - t

filtered. TH¥ ORRRCTY BRSIBAN PG AL U @rtd Ot AENYleS e IR Buri i ed by
col um chr ogRsRA &Phyc-81% @H}?@a 19§b. 119 NG €508 MEiz, CDCl3) § ppm 7.08 (IH,

15di chl or o- 7- phenyl - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m dine (267.9 ng, 95%
as a |ight Bdcwh4dEDi 6 1RMBH m.H)42 FH2¢H /01228 NR. 1-4D02.M2H. @DCL1) ti

O 000 (at (A8 0 gu %, PR 2a ek 1 D O it € T80 TS (1 .

20 Preparation Ta

N-allyl-2-c . 1= k2n4-di fl uor ophenyl) -6, 7-di hydr o- 5H cycl openta[d] pyrimd
i n-4-am ne ﬂl‘%&%at%g%&u on of Preparation T (2 g, 7.5 mmol) in acetonitrile
(25 nmL) was add&y-diflwwogphopyl-@7-dilydrcydopetaled 1 G loxh8in& 2 didd!,J HF-dibhcowed
prop-2-en-1l-amne (0.569 g, 9.9 mml ), at roomtenperature. The reaction

m xture was stirred at roomtenperatuge for 18 5h. The sol vent was renoved
under reduced pressure and the resiHd purified by colum

chr omat ogr aphy (60-120 nmesh sili cac;}us' 25% et hyl acetate in pet-ether to
gi ve © F

N-al lyl-2-chloro-7-(2, 4-difl uorophenyl) - di hydr o-5H cycl opent a[ d] pyri m d
in-4-amne as an off-white solid (1.6 g, 7% . LCGMS (Mrl-1)1 = 321.5. 1H
NVR (400 Mz, CDC13) (i ppm6.97-6.93 (1H m, 6.81-6.76 (2H m, 6.00-5.93
(1H, rr)l,o 5.31-5.30 (2H, 10m, 4.67 (1H m, 4.83 (1H m, 4.20-4.17 (2H,

m, 2.75-2.86iftdid,of 32,420 r¢pbehyyclofmepancafl i0dh g Phl7 mmol) and 50% wt.

carbonisocyanatidic chloride solution in toluene (1.963 g, 9.30 mmol) was heated at 58

°C for 1 h and at 120 °C for 3 h. The reaction mixture was dissolved in ethyl acetate and
washed with an aqueous solution of sodium bicarbonate. The organic layer was separated

15  and the aqueous layer was extracted with ethyl acetate. The combined organic extracts
were dried over anhydrous magnesium sulfate and filtered. The solvent was removed in
vacuo and the residue was purified by column chromatography on silica gel to give 7-
(2,4-difluorophenyl)-6,7-dihydrocyclopenta[e][ 1,3 ]oxazine-2,4(3H,5H)-dione (499.3 mg,
1.883 mmol, 36.4 % yield) as a brown solid. LC-MS (M+H)" = 266.2. "H NMR (500

20  MHz, CDClz) 8 ppm 8.19 - 8.64 (1H, m), 7.10 (1H, td, J=8.5, 6.3 Hz), 6.78 - 6.92 (2H,
m), 4.36 - 4.49 (1H, m), 2.79 - 2.92 (1H, m), 2.59 - 2.78 (2H, m), 2.08 (1H, ddd, /=9.3,
6.9, 6.7 Hz).

Intermediate T(4)
25 7-(2,4-Difluorophenyl)-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3H,5H)-dione
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N-al lyl-2-chloro-7-(2,4-difluorophenyl)-N nethyl-6, 7-di hydro- 5H
cyclopenta[d] pyrimdin-4-amne. 15 To a solution of Preparation T (1.4 g,
4. 65 molwoizn12zzaeezenitrile (25 nml) was added dii sopropylPerlusk@mionss2§ 1. 8 g,
13.9 mml) followed N nethylpro-2-en-1-amne (0.397 g, 5.58 mml) at room
tenperature. The reaction m xture was stirred at rt for 18 h. The sol vent
was renoved under reduced pressure and the residue was purified by colum
20chr omat ogr aphy (60-120 nesh silica) using 25% et hyl acetate in pet-ether
to give Nallyl- 5
2-chl oro-7-(2, 4-di fl uorophenyl) - N- net pyl -
din-4- amne as an off-white soli dHNO.™S
NVR (400 MHz, CDC13) 6 ppm 6. 94-6. IS
(1H, m, 5.27-5.17 (2H, m, 4.40 (TN,
(2H, m, 2.56 (1H, t, J=4.4 Hz). Preparag
52-(3-(2-chloro-7-(2, 4-di fl uorophenyl)-6 di hydr o-5H-cycl opent a[ d] pyri m di
n- 4- vyl am no) propoxy) - 4-nitrobenzonitrile To a solution of Preparation T
(1.77 g, 5.88 nmol) in acetonitrile (250 nL) was added

di i sopr opyIIatahydmaﬂsﬁteila(rloﬂ]écgndiﬂohs d&scribal fpr the blepavationhyf IReepdiaat$(@n H (1. 30

g, 5.88 10%&\%‘1@&}%&&%@%? Verte I’7e(2 4-%1?1u0r0 Cetnlyl?% 7n211ﬁyc{"rlo? was stirred at

roomtenpe
cyclopenta[d]pyrimidine-2,4(3H,5H)-dione. LC-MS (M+H)" =265.1.

6, 7- di hydr o- 5H-cycl opent a[ d] pyri m

N 57%. LC-MS (MtH)+ = 336.0. 1H

m, 6.81-6.76 (2H, m, 5.89-5.83

F4 Hz), 3.20 (3H, s), 3.15-3.10
Te

Preparation T
2,4-Dichloro-7-(2,4-difluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidine
Cl
NZ

PNy

CI” N F

=
A solution of 7-phenyl-6,7-dihydro-1H-cyclopenta[d]pyrimidine-2,4(3 H,5H)-dione

10 (248.5 mg, 0.940 mmol) in phosphoryl trichloride (10 mL) was heated in a microwave at
130 °C for 2 h. The reaction mixture was poured into a beaker of ice. Once the ice
melted, the product was extracted with dichloromethane. The combined organic extracts
were dried over anhydrous magnesium sulfate and filtered. The solvent was removed in
vacuo and the residue was purified by column chromatography on silica gel to give 2,4-

15  dichloro-7-phenyl-6,7-dihydro-5 H-cyclopenta[d]pyrimidine (267.9 mg, 95%) as a light
brown solid. LC-MS (M-H)" =299.0. IH NMR (400 MHz, CDCl;) & ppm 7.08-7.01
(1H, m), 6.88-6.80 (2H, m), 4.60 (1H, t, /=8.8 Hz), 3.17-3.09 (1H, m), 3.05-2.97 (1H, m),
2.78-2.69 (1H, m), 2.22-2.15 (1H, m).

20  Preparation Ta
N-allyl-2-chloro-7-(2,4-difluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-amine
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h. The sol vent was renoved under reduced pressure and the residue was
purified by columm chromatography (60-120 nmesh silica) using 10% et hyl

acet at e iwochizogfoor mto gi ve PCT/US2011/043628
2-(3-(2-chloro-7-(2, 4-di fl uorophenyl) -6, 7-di hydr o- 5H cycl opent a[ d] pyri m di n
-4- yl am no) propoxy) -4-nitrobenzonitrile (1.3 g, 45.5%. LC-M5 (MtH)- =
486.0. 1H NWR 15 (400 MHz, CDCI3) 6 ppm 7.91-7.89 (IH, m, 7.83 (1H, s),
7.76-7.74 (1H, d, J = 8.4 Hz), 6.97-6.93 (1H, m, 6.80-6.75 (2H, m,
4.37-4.99 (1H, br s), 4.47-4.45 ({H,_m, 3.38-3.35 (2H, nm), 3.86-3.82 (2H
m, 2.78-2.67 (3H, m, 2.32-2.29 , N, 2.04-2.03 (1H, m. Preparation of
Td
202- (34(2-chloro-7-(2,4-difl uorophcn
i n-4- yl1)(nothyl)am no) propoxy) - 4-ar't
Preparation T (1.997 g, 6.63 mml) in ace
di i sopropyl ethylamne (1.071 g, 8.29 nmo Mol | owed by Preparation | (1.30
g, 5.53 mmol) at roomtenperature. The regction m xture was stirred at
roomtenperature for 18 h. The sol vent was Fenoved under reduced pressure
and the residue was purified by calum chromat ography (60-120 nmesh silica)
usi ng 5%t oTOR)%hétOI‘WE Prepprptietel (e dm B3mgh dt %ﬁefoalt@#e&% ML) was added

2- (134( 2- chl @rseprépfidnfiadink (2198 @pSBHbD Golibwdil ow!rzoeéﬁgmewsm glod] pyri m di n-
4-y1) (et hyDani no) propoxy) - 4-ni trobenzonitrile (1.1g, 39.8%. LC M (M+H) +
500. 0. 1HRNR2 wow tepperatapCli reqqtion By tyre gvas ytirgxl 4t 1qqm tgynperztugfor 1, s) |
 71-7. 69 (fhine ovalTwls Arrtdedd uflcOda e Brelehid andhine BeiBRGas FRrifidthy M
.37-4.33 (3H, , 3.98-3.94 (1H m, 3.86-3.82 (1H m, 3.34 (38H, s),

. 26-3.18 (@Mmmhromat%a@yaw-é2_Q4pea4rx)s,1hcz). wing25Pgethyl ety in pet-gheritogsye( 1H, ) .
Preparati onyTe 1. 7 AL Feta
2- chl oro-7-{ %‘-?%1-2df"fl?r83r Goheny Ly N 5o 2 P iy F o I A B8 1 y1) - 5.
ni t r ophenoxap)apobipytiile-selid¢ich &yidr7ee)5HE-ON S (dpEnt-ap ] py Hi VB (AOUMEHT ne 15To

a sol uti on @hcp, &l §Bh AT Tr( ) 4did JHOrORNGL o8 r Y 936K,

10 m), 4.67 (1H, m), 4.83 (1H, m), 4.20-4.17 (2H, m), 2.75-2.66 (3H, m), 2.03 (1H, m).

\7-di hydr o- 5H cycl opcnta[ d] pyrim d
pefizond trile To a sol ution of
trile (250 m.) was added

wWh

Preparation T
N-allyl-2-chloro-7-(2,4-difluorophenyl)-N-methyl-6,7-dihydro-5 H-
cyclopenta[d]pyrimidin-4-amine.
XN

N™ X

15 F
To a solution of Preparation T (1.4 g, 4.65 mmol) in acetonitrile (25 mL) was added

diisopropylethylamine (1.8 g, 13.9 mmol) followed N-methylpro-2-en-1-amine (0.397 g,
5.58 mmol) at room temperature. The reaction mixture was stirred at rt for 18 h. The
solvent was removed under reduced pressure and the residue was purified by column

20  chromatography (60-120 mesh silica) using 25% ethyl acetate in pet-ether to give N-allyl-
2-chloro-7-(2,4-difluorophenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
amine as an off-white solid (0.9 g, 57%). LC-MS (M+H)" = 336.0. IH NMR (400 MHz,
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cycl openta[d] pyrimdine (Preparation T, 0.717 g, 2.38 nmol) in acetonitrile
(40 nL) was added diisopropyl ethylam ne (0.420 g, 3.25 nmmol) foll owed by

3- (2- ( 3- wOly/abB02, 2, 4- triazol -1-yl)-5-nitrophenoxy) pPopars2éianicne
(Preparation K, 0.60 g, 2.164 mmol) at roomtenperature. The reaction

m xture was stirred at roomtenperature for 18 h. The 20 sol vent was
renoved under reduced pressure and the residue was taken in dichloronethane
(10 mL) and silica (2 g). The resultant slurry of the conpound on silica

was subj ect o.fla g I ument (12
o Redi Sep. s PPELD BT GO WO athy T At Bt 3 sbae ey Sog-yieh!

2- chl or o- 7- R A40di 1) tuerRopheNy. by (3N 34 343-3: RLAY M), . 36-(1H 2, 444 Hazo 1-1-yl
)-5-ni trophen oxy) propyl)-6, 7-di hydro- 5H 250yc|openta[d]pyrinidin-4-anine
(0.65 g, 55.4 % as a light yellow solid. LC M5 (N%FD- =542.0. 1H NWR (400
VHz, CI[13)R@.@Q3@Bﬂ95 (1H s) 8 05-7. 93 (3H , 6 95-6.77 (3H, m, 4.86
(1H br s) 4 86-4 37-4 %» ?3 5-3.75 (2H, s),
2.69-2.50 (3H2-@2 Cblosﬂbwéﬁdlfblpropkerz@ @7 -dlyiroi, ?b)ClOPEHt@[ﬂJPL’“%dl(l‘fH m .
Preparation TI ylammo)propoxy? -4-nitrobenzonitrile
52-chloro-N-(3-(2-(4-chloro-1Hi m dazol - 1- y0- 5- ni t rophenoxy) propy0- 7-( 2, 4-
di fl uor ophenye- N-net hyl-6, 7- d|hydr@ng?6§@mopenta[d]pyr|nldln 4-am ne To
a solution of Preparation R (1N8 4.38lmol ) in acetonitrile (300 nl)
was added dii sopropyl et hyl am ne ( gfLBl mol ) followed by Preparation
G (1.36 g, 4.38 10mml) at roomte ratitme The reaction m xture was
stirred at roomtenperature for 18 hNOTfé s nt was renoved under reduced
pressure and the residue was purified by col chr omat ography (60-120 nesh
silica) using 15-20% ethyl acetate in pet-ethef to give
2-chloro-N-(3-(2-(4-chloro-1Him dazol -1-y1)-5-ni trophenoxy) propyl)-7-
(2,4dif|uoprh@ﬁvkmiﬁwﬁpmh@MfB(HTH&H#ﬁﬂmnGFMUy@bmpéﬂﬂép@prwﬁﬁﬂ@%n-4-anine

a3 o3 Rpmibvietiie [FTY T3 0nf oMM 6808 My E30EHsd PRV
7 21 ( 11-(1) sthmoB aBbot. t&Bpdrdthie. Tlje, rez&tlﬁﬁ)nﬁxtﬂlﬁ Wag ktirra)at rabnBfémpdrkiure for 18.= 8. 4
ﬁ% 3. 15- 3,108 g o s sttt e e Rl ylangs”] 65 1

column chromatography (60-120 mesh silica) using 10% ethyl acetate in chloroform to

give 2-(3-(2-chloro-7-(2,4-difluorophenyl)-6,7-dihydro-5H-cyclopenta[d [pyrimidin-4-
ylamino)propoxy)-4-nitrobenzonitrile (1.3 g, 45.5%). LC-MS (M+H)" = 486.0. IH NMR
15 (400 MHz, CDCl3) 6 ppm 7.91-7.89 (1H, m), 7.83 (1H, s), 7.76-7.74 (1H, d, /= 8.4 Hz),
6.97-6.93 (1H, m), 6.80-6.75 (2H, m), 4.37-4.99 (1H, brs), 4.47-4.45 (1H, m), 3.38-3.35
(2H, m), 3.86-3.82 (2H, m), 2.78-2.67 (3H, m), 2.32-2.29 (2H, m), 2.04-2.03 (1H, m).

Preparation of Td
20 2-(3-((2-chloro-7-(2,4-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d [pyrimidin-4-
yl)(methyl)amino)propoxy)-4-nitrobenzonitrile
O/\/\N/Me
NC
© b
\N E
NO, Cl

F
To a solution of Preparation T (1.997 g, 6.63 mmol) in acetonitrile (250 mL) was added
diisopropylethylamine (1.071 g, 8.29 mmol) followed by Preparation I (1.30 g, 5.53

92



20 Preparation Tg

2-chloro-7-(2,4-di fluorophenyl)-N-(5-(2-(3-nethyl-1H1,2,4-triazol-1-yl)-5-
ni t r opherw)paodan- 2- y1) - 6, 7- di hydr o- 5H cycl opent a[ d] pycirisdinao436asri ne WO
2012/ 009309PCT/ US2011/ 043628 ---.---NGCs----- N ..* "NNH NN® ics. Ci -N
To a sol ution of

2,4-dichloro-7-(2, 4-difluorophenyl)-6, 7-di hydr o- 5Hcycl opent a[ d] pyri m di ne
(907nmgy, 3.01 nnDI) in acetonitrile (150 nmL) was added dii sopropyl et hyl am ne
(1.05g, 6.03 npn

5- (2- (3- net APLY T Ofmée%mt}lrgzﬁlrefew BUHIE M6 RUFHA) JPBhERREBMEHRE (920 n,
3.01 mmol ) IBtThE O6HRk ezammbw@deﬁﬂa@&@gﬁbsuwhnmm@m@m patifisdgd at P for

18 h while nitaring by LCMS, The sol vent was renoved under reduced
pressure e L e 60 5%9@?51@&105%/u88%$|i{m nr ohdegraghy (60-120 nesh

silica) usnamorafoa%cplmil DRhlokd7-¢hh-QIfRbRpAR -7 - &ngworo 7-(2, 4-
di fl uor ophenyl) - N-é év E3qnetﬁ 1-@1 2, gbtrygzol 1y -nitro henoxy)pen

tan-2-y1) - obpaty ]wamtﬂns#yaye%ﬁéaﬁ%q)a]opwoﬁTIatirqbﬁazoaﬁﬂﬁé1 48 34 8/@| | ow

solid (650 IE@+M§ 1\3{4ﬁ mﬁmio 1?[&1@{%)@!0@1{4@1& Clb@B?@ngﬁ% 7‘855@91 91) 71516 NVR: (400
MHz, CDC13) 5 (1H s), 96 (2H, m,
7.00- 6. 97 ((:l.H; s)ni 7166811% d78 (824~Hz)n§9 @9111?117@ )1 68816, 75yt 1m), ?2‘5724364(3H rr),

2.50 (3H, spp g Odyels 981683k, 6342 (81, hn) /#8200, 9), 324338 (éH%ﬁ) 636l 49 -

Preparation U
2, 4- di chl or@H7m(,£- 3+ 2dY @bhenyllys-V8heltthyt)- 6, 7- di hydr o- 5H-cycl opent a[ d] pyri mi
di ne G

10

Preparation Te
2-chloro-7-(2,4-difluorophenyl)-N-(3-(2-(3-methyl-1H-1,2,4-triazol-1-y1)-5-
nitrophenoxy)propyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-amine

N
\
N >
’% |
N F

15  To asolution of 2,4-dichloro-7-(2,4-difluorophenyl)-6,7-dihydro-5 H-

cr

cyclopenta[d]pyrimidine (Preparation T, 0.717 g, 2.38 mmol) in acetonitrile (40 mL) was
added diisopropylethylamine (0.420 g, 3.25 mmol) followed by 3-(2-(3-methyl-1H-1,2,4-
triazol-1-yl)-5-nitrophenoxy)propan-1-amine (Preparation K, 0.60 g, 2.164 mmol) at
room temperature. The reaction mixture was stirred at room temperature for 18 h. The

20 solvent was removed under reduced pressure and the residue was taken in
dichloromethane (10 mL) and silica (2 g). The resultant slurry of the compound on silica
was subjected to flash chromatography using a Teledyne Isco instrument (12 g RediSep
silica column, 50% ethyl acetate in pet-ether) to get 2-chloro-7-(2,4-difluorophenyl)-N-
(3-(2-(3-methyl-1H-1,2 4-triazol- 1 -yl)-5-nitrophenoxy )propyl)-6,7-dihydro-5H-

25  cyclopenta[d]pyrimidin-4-amine (0.65 g, 55.4 %) as a light yellow solid. LC-MS
(M+H)" =542.0. '"H NMR (400 MHz, CDCl;) 8 ppm 8.95 (1H, s), 8.05-7.93 (3H, m),

93



20To a solution of 2,4-dichloro-7-(4-fluorophenyl)-6, 7-di hydro- 5H

cycl openta[d] pyri mdine, (Preparation S, 3.56 g, 12.57 mmol) in DVE

(Vol ume: W0 2ni2)o0a309- 78C was added KI I MDS (0.91 M in THFPCTAIS2@1/043624.3. 83
mol ) dropwi se. After 10 mn, Mel (2.36 nil, 37.7 mml) was added. The
reaction was kept at -78 Cfor 10 mn, then allowed to conme to rt. An

al i quot taken while the reaction was still cool was quenched with water and
extracted with Et OAc. TLC (10% Et OAc/ Hex) and LC/ M5 showed the cl ean

conver si on pr.o h f th eri was nched
and ext ractég‘s'gﬁ%\?@f g%é}{zgﬁ‘ér %g%]'%?é]ﬁn e) & Hr‘g%‘?@H\ﬂB’Sé%re?ég&gﬁer

MySO4, fil tgresh-2.andH, e, SGLVEMLs) RevoNE6l 2H) ny aeeial 9SG nomat ogr aphy (0 to
40% Et OAc/ Hex) gave

2, 4-di chl oro-7-(4-fl uorophenyl)-7-nmethyl-6, 7-di hydro-5Hcycl opent a[ d] pyri m d
ine (3.01 gprepBads ppol, 81 %yield) LGCM (*M+H) += 293.1 (*product reacts
w th met hanol during analysis*). 1HNMR (500 MHz, CDCl3) 6 ppm 107.21
-7.29 (P H m ,2-@1@6-N-(37(26A-Cb12>rq4,1Hﬁ!}l}da@lésvll-%ncj@pb@Ompwpyl)ﬁ:(gé( 1 H ddd,
J=13. 28, . 93, %ifgﬂrdﬁ%ényl)zl\’—%@ﬂfyl—gﬂetﬁh)fdilo—ﬂi—c%lope%ta@ﬁpﬁrﬁni'ﬂlin—@—lmine

Preparation bra

N-al I yl-2-chl oro-7-(4-fl uorophenyl) - 7-}@@/176, 7-di hydr o- 5H- cycl opent a[ d] py
rimdin-4- 15anine To a sol utiMm of O N

2, 4-di chl or 0- 7- (4-f | uor opherfyf N 1-§ ikhydr o-5Hcycl openta[ d] pyrimd
ine (Preparation U, 1.00 g, 3.37 i n|DC 3.46 nL) was added DI PEA
(1.176 M, 6.73 mmol ), then allylam (0305 M, 4.04 mol). The

20reaction solution was allowed to stiNOaf! rt. Jfhé¢ reacti on was

concentrated in vacuo. The residue was appli o@ silica gel and eluted
with a O to 50% Et OAc/ Hexane gradient to afford
N-al | y1-2-chl oro- 7- (4-fl uorophenyl) - 7- net hyl - 6, 7-Fdi hydr o- 5H

cycl opent a| i.m-dicp-4- am i : - 00 Wil as a white
solid. Lc-wfsg‘%)ﬁ%ﬁ@gi%?‘%%%%%(%&%d f‘f %ﬂréue 1}135})hle 83%’851@%"?*‘%?‘3@% 23 (2 H,
m, 6.91 25diiseprogyl¢thylpmingyl.15g,FY75-mBol@ollowvetiby RjepaBtis@ (K36 gdt.3% = 17.2, 1.4

5, Gl oyt TR B 30 i by L2 0 5
m, 1.63 (3hHhesdlyent was removed under reduced pressure and the residue was purified by
column chromatography (60-120 mesh silica) using 15-20% ethyl acetate in pet-ether to
give 2-chloro-N-(3-(2-(4-chloro-1H-imidazol-1-yl)-5-nitrophenoxy )propyl)-7-
(2,4difluorophenyl)-N-methyl-6,7-dihydro-5 H-cyclopenta[d Jpyrimidin-4-amine (1.6 g,
15 63.5%). LC-MS (M+H) "= 576.0. IH NMR (400 MHz, CDCl3) & ppm 7.96-7.93 (1H,
m), 7.91 (1H, s), 7.78 (1H, s), 7.42 (1H, d, J= 8.8 Hz), 7.21 (1H, s), 6.94-6.90 (1H, m),
6.80-6.75 (2H, m), 4.37 (1H, t, /= 8.4 Hz), 4.29-4.26 (2H, m), 3.88-3.84 (1H, m), 3.67-
3.64 (1H, m), 3.23 (3H, s), 3.15-3.06 (2H, m), 2.58-2.56 (1H, m), 2.19-2.04 (2H, m),
1.95-1.85 (1H, m).
20
Preparation Tg
2-chloro-7-(2,4-difluorophenyl)-N-(5-(2-(3-methyl-1H-1,2,4-triazol-1-y1)-5-
nitrophenoxy )pentan-2-yl)-6,7-dihydro-5 H-cyclopenta[d]pyrimidin-4-amine
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Preparation V

2,4-dichl oro-8-(4-fl uorophenyl)-6-nethyl-5,6,7, 8-tetrahydropyrido[4, 3-d] pyr
i m di ne GvO 2Bixoesopedi ate V(1) ethyl 2-cyano-2-(4-f luor epharsgtianeicas e Et COC
CN To a solution of sodiumhydride (4.2 g, 177.7 mol) in THE was added
4-fluoro phenyl acetonitrile (10 g, 74.0 nmmol) at -10 C. The reaction

m xture was stirred for 15 nmat 10the sane tenperature. D ethyl carbonate
(10.5 g, 88.0 nmol) was added to the reaction mxture and the reaction

m xture was allowed to come tp roomtenperature and heated to 40 C.
(Caution: Reaction wll star t’}gﬁdde xotherm c). The heating path
was renoved i mredi ately once \hq\\{recti on s started and the reaction

m xture was cool ed under ice/acety The solution was allowed to conme to
roomtenperature and stirred for h. NE aaction mass was cooled to 0 C
and quenched w th aqueous saturated afron Al ori de and extracted with
ethyl acetate (50 nL x 3). The conbi nedcpriyani\c |myer was washed with water
(50 mL), brine solution (50 nmL), dried over ag
under reduced pressure to give ethyl 2-cyano-R2-(4- fluorophenyl)acetate as
crude conpound as crude conpound (10 g). The cruyde 20 conpound was taken to
the next step without further purification. LGM (M-H= 206.2. 1H NWVR (400

MHz, CDC13)Td®a gipurion.odd, 4(Riklorty7-(2,A-difludr@Itenyt)-6,74i16QAr-A4H, s), 4.27-4.22 (2H,
q, J = 7.2 Hz).1. 3H, .. t er,nedi ate. V(2) 25e I

3 ami no- 2 (FEPPESTSIMERAT DB G TN RS i EhpEE bRd oL adiai at e (1)
(10.0 g, 4QiRopropHdthylAme €t.05%, 808 chntdsfoaadletbypR(J-@dhethyIoH-CaubeRzof-10% W w)
foll owed by RSO (0.5 vol., 5 m,) at roomtenpcierature. The reaction

m xt ure %sl'ﬁé‘é?%@@%ﬁ?‘é‘d)ﬂﬁﬂtd‘é'?'a@lﬁfg@%? mgy-4P bgale D peafeapsraiiresThs ¢ The
reaction m xidiof miarelvds k@&ht HbOLONWRR! mb@tdRiad bpnd-VMBSTRAoMLitRvaTet hanol .
The filtrate was evaporated under reduced pressure and the residue was

neutr al i zedeWPYH wdergsdrscdpretsttetagd thsireddusorra Paribet Ritgobnn chramatemiads
sol ution wagoaxh LRt §ecayidit %Wydf nReRhatie cl(lélf&@orooo %Vé)}ch%!?@m@,ﬁbi ned

organi c | ayer was washed w brine solution (1 ), dried over anhydrous

Na2SO4 and @EffagertenddNdAde(3-msthyb &d-1ph &diaelel -vlorSgutronbengy)pentan-2-yl)-
10 6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine as a yellow solid (650 mg, 1.140 mmol,

37.8 % yield). LC-MS (M+H)" = 570.0. 1H NMR: (400 MHz, CDCL:) § ppm 8.85 (1H,
s), 8.07 (1H, d, J = 8.4 Hz), 8.00-7.96 (2H, m), 7.00-6.97 (1H, m), 6.81-6.78 (2H, m),
4.47-4.31 (SH, m), 2.72-2.64 (3H, m), 2.50 (3H, s), 2.04-1.98 (3H, m), 1.78-1.74 (2H,
m), 1.32-1.25 (3H, m).

15
Preparation U

2,4-dichloro-7-(4-fluorophenyl)-7-methyl-6,7-dihydro-5 H-cyclopenta[d [pyrimidine

20  To asolution of 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d|pyrimidine, (Preparation S, 3.56 g, 12.57 mmol) in DME (Volume: 84 mL)
at -78 °C was added KHMDS (0.91 M in THF, 15.20 ml, 13.83 mmol) dropwise. After
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10 conpound. The crude conpound was purified by colum chronmat ography
(Silica gel, 60-120 nesh) using 10% net hanol in dichl oronmethane as nobile
phase to woOwel2wb3oh 3- am no- 2- (4-fl uorophenyl) propanoaPeT(lB2@1943629%) as
oily liquid. LCGCMS (MtH)+ = 212.2. 1H NM R (400 MHz, CDCl 3): Sppm
7.26-7.22(2H, nm), 7.04-6.98(2H, m, 4.15 (2H, m, 3.66 (1H m, 3.28 (1H,
M, 2.99 (1H mM.1.20 (3H, n. 15 Internediate V(3) ethyl

3- ( 3- et hoxy- 3- oxopr opyl am no) - 2- (4f | uor ophenyl )propanoate 0 EtQAOC To a

sol ution of Inte te 3 t hap dded et hyl
acryl ate 20(% W@ﬂ%@%@mﬁf)%’v&ghﬂlgnﬁ ’ﬁ?“d Wa€r ‘?trategg 5\9@?{ ﬁixt ure was
st idrreg at ﬁqimeths@mﬁeaﬁwemétgrre A0dliqghSt dtlilken-l}hﬁleﬂﬁif régffibn W@§St|ﬂl\/@ﬁp\flﬁt ed under
reduced pressure and the crude conmpound was rifie col um

chr omat ogr a%ﬁ%hféwltgé"é‘te@é‘lld e"é@‘“i@@“]’r@%" ujélr(ﬁglo%E)ooéAtC%X) é‘&dg'f%/ﬂ\@s in
pet-ether agoRBPiht 8lcRNEsTCekBn & ¥ fovEplodhct TRt HAKY mBreANRE @Ry am no) - 2-
(4-fl uorophenyl)pro anoat e (2 5 gIL 6099 as yellow sh Olelz%‘ liquid. LCM

(MHH) - 1= 3qusiched ang ayReted BrbRIE, | ThepemBined giepierextragty weredriedpper

7.03-6.97 (le{Egomﬂlteﬂedla?hd(tMOIMb refﬁoJeZi i Yo MG cﬁro%ﬁt(dgﬁphmo t0?4()%9 (3H n,
2.48 (2H, m nt er nedi ate V(4)

343-et hoxyné‘:oe%@ﬁﬁxbéwe)z(‘&m?r@@w&gﬂb@ﬁmwlhﬁﬁwﬂw @Wd%@k%éﬂienyl ) pr opanoat e

R U

mmol) at 0 (@proﬁfhrereraeia&uﬂlomﬂmnxtdmmgmyssﬂrlﬁENW(Sﬁ@Mﬁzt eppé) atppre for 2 h.

g ut odl i t ok o7 it e80T OB AR A Rl TG B e (50

X 3). The cnohismedArznx3d @yemmwass washed wth brine solution (75 ni),

dried over anhydrous Na2SO4 and evaporated under reduced pressure to get
crude conpound. The crude conpound was purified by col um chronmat ography
(Silica gelpreplludaPuaesh) using 20% ethyl acetate in pet-ether as nobile
phase to give ethy

N-allyl-2- chloro—’;—& fluorophenyl)-7-methyl-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-
15 amine
\/\NH
NTX

PP

Cl

=
To a solution of 2,4-dichloro-7-(4-fluorophenyl)-7-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (Preparation U, 1.00 g, 3.37 mmol) in DCM (13.46 mL) was
added DIPEA (1.176 ml, 6.73 mmol), then allylamine (0.303 ml, 4.04 mmol). The

20  reaction solution was allowed to stir at rt. The reaction was concentrated in vacuo. The
residue was applied to silica gel and eluted with a 0 to 50% EtOAc/Hexane gradient to
afford N-allyl-2-chloro-7-(4-fluorophenyl)-7-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-amine (896.2 mg, 2.82 mmol, 84 % yield) as a white solid.
LC-MS (M+H)" =316.2. "H NMR (500 MHz, CDClz) 8 ppm 7.18 - 7.23 (2 H, m), 6.91

25 -6.98(2H,m),590-6.00(1H,m),526(1H,dd, J=17.2,1.4Hz),5.20 (1 H, dd, J=
10.1, 1.2 Hz), 4.62 (1 H, br. s), 4.17 (1 H, td, /=5.7, 1.7 Hz), 2.56 - 2.62 (2 H, m), 2.43 —
2.50 (1 H,m), 2.19 -2.28 (1 H, m), 1.63 (3 H, s).
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15et hoxy- 3- oxopr opyl ) (net hyl ) am no) - 2- phenyl propanoate (6.0 g, 50% as oily
liquid. LCGMS (MtH) + = 326.2. 1H NM R (400 MHz, CDCl). 6 ppm 7.01 (2H, m,
6. 98, (2HyOrZp12/089308-4.07 (4H, m), 3.77 (IH, m, 3.13 (1lIACTIUS2011/643528! Hz),
2.75-2.51 (5H m, 2.17 (3H, s), 1.26-1.19 (6H m. 20Internmedi ate V(5)

et hyl 5-(4-fluorophenyl)-1-nethyl-4-oxopi pe 'dine-3-carboxylate EtQC To a
cool ed solution of Internediate V(4) (6.0 g, 18.4 mmol ) in THF was added
t-BuOK (4.1 g, 36.9 mvol ). The reaction mxture was stirred at room
tenperature_for 2 h _The reaction nmass was quenched with water then

evapor at ed PkeargBenBnt under reduced pressure. The residue was diluted with
wat er and extyagitedro-thfleiréphenarehats -6 85, Nictrahydrdpdido[4 Bal]HeimliAed or ganic
| ayer was washed with brine solution 0 nth), dried over anhydrous Na2SO4
and evapor ated under reduced pressurejto get crude compound. The crude
conmpound was purified by colum chr aphy (Silica gel, 60-120 nesh)
using 20% et hyl acetate in pet-ethqpk@s'nn ile phase to give ethyl

5- (4-fl uorophenyl) - 1- met hyl- 4- ox&pi p&ri di ne-3-carboxylate (3.0 g, 51% as
oily liquid. LCGM (M+H)+ = 278.2. .1H NVR (400 MHz, DMBO-d6). 6 ppm
7.35 (1H, m, 7.15 (1H, m, 7.12 (1H, .98 (1H, m, 4.01 (2H, m, 3.88
(1H, m, 2.60 (1H, mM, 2.38 (2H, M, 2.1%(3H, s), 1.19-1.08 (3H, m.

I nt er medi at e V(6) F
158- (4-fl uorophenyl)-6-nethyl-5, 6,7, 8-tetrahydropyrido[ 4, 3-d] pyrimdine-2, 4
(1H,3H)- dione O To a cool ed solution of Internmediate V(5) (3.0 g, 10.75
mmol ) i ns etihapglines(pdded tBucK (3.0 g 26.8 mol) followed by urea (1.6 g,
26.8 nmmol ). The reaction m xture was 20heated at reflux for 36 It The
reaction mass was quenched oy Breyiioer (aftiprephapdleestdel t he sol vent under
reduced pressure. The residue was ditbotedonth water and extracted with
ethyl acetate (25 nL x 3). The conbi ned prganic | ayer was washed with brine
solution (30 L), dried over Na4dSO4 andsevaporat ed under reduced pressure
to get crude conpound. The crude conpoupd Jwas purified by colum

chromat ography (Silica gel, 2560-120 nes usi ng 100% et hyl acetate as
nobi | e phase to give 8-(4-fluorophenyl)-®-

nethy1-5,6,7,8-tetrahydrop¥riq§kf 3-dlp rinidine-2,4(IH,35%;dione (1.5 g,
519 as pal B ¥R s grdiym hydndgst-¢ @MJ%- =mppR IpTH anigeed 200 BvE0- d6) -
6 ppm 11. O8ycetonitrile (10 g, 74.0 mmol) at -10 °C. The reaction mixture was stirred for 15 min at
10 the same temperature. Dicthyl carbonate (10.5 g, 88.0 mmol) was added to the reaction
mixture and the reaction mixture was allowed to come to room temperature and heated to
40 °C. (Caution: Reaction will start suddenly and exothermic). The heating path was
removed immediately once the reaction was started and the reaction mixture was cooled
under ice/acetone. The solution was allowed to come to room temperature and stirred for
15 1 h. The reaction mass was cooled to 0 °C and quenched with aqueous saturated
ammonium chloride and extracted with ethyl acetate (50 mL x 3). The combined organic
layer was washed with water (50 mL), brine solution (50 mL), dried over anhydrous
Na,SO,4 and evaporated under reduced pressure to give ethyl 2-cyano-2-(4-
fluorophenyl)acetate as crude compound as crude compound (10 g). The crude
20  compound was taken to the next step without further purification. LC-MS (M-H)" =
206.2. "HNMR (400 MHz, CDCl3) & ppm 7.44 (2H, m), 7.11 (2H, m), 4.69 (1H, s),
4.27-4.22 (2H, q, J= 7.2 Hz).1.26 (3H, m)

Intermediate V(2)
25 ethyl 3-amino-2-(4-fluorophenyl)propanoate
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(1H, s), 10.59 (1H, s), 7.31 (2H, M, 7.13 (2H, m, 3.74 (1H m, 3.17 (1H,
nm, 2.80-2.59 (2H, m, 2.23 (3H s). Preparation V
52, 4- di chworot280¢309f | uor ophenyl) - 6- et hyl -5, 6, 7, 8-t et r alrg@ruspyiniodsspst, 3- d] py
rimdine CI A solution of Internediate V(6) (1.5 g, 5.45 mmol) and
catal ytic amount of DMF in POC13 (20 vol.) was heated at reflux for 10 h.
The excess of POCLl3 was evaporated under reduced pressure. The residue was
poured in to crushed ice and stirred for 15 m n. The l10aqueous sol ution was
extracted with ethyl acetate (20 %ﬁé 2) . The conbi ned organic | ayer was
washed wi th aqueous saturated NaH f Hx 2), brine solution (10 ni),
dried over anhydrous Na2SO4 and evapor gted under reduced pressure to give
2, 4-
di chl oro- 8- (4-fl uorophenyl) - 6- net hyl - 557 7, 8-t et mhydr opyri do[ 4, 3-d] pyri m di
ne (0.7 g, 56% as brown solid. LC M (fWH)+ = 312.2. 15 Preparation Va 2-c
hl oro-8-(4-fluorop henyl)-6-nmethy-nmethy H 1,2, 4-triazol-1 nitrophenoxy
) but yl) - 5, 6T¥3 Slttenrod nydmediyiteiVdo) (18.03; 4.9 ymialj idiacetid-agidiwee addfEA salt N 20The
m xture of . o
4- ( 2- ( 3- met Y T4 O carbgn {1976 Jov) oW sd by iSO AhR &Ro YT BUY £92™ - ami ne, 2 TFA
(46.6 ng, OcOPatar|The récdendhzhirowes Brd(ekehdtedourndpitekpyd)hyBrogat frydule,fa, 7, 8-
tetrahydrop idﬂ%4,3-.d rimdi % .064 ). and DI néS.QttL,
0320 o 3 ottt B e BBert ity i ol Bt b RBom et e a
rt over ni ghthe filftgte was evaporated under reduced pressure and the residue was neutralized with

aqueous saturated bicarbonate solution. The aqueous solution was extracted with ethyl

acetate (100 mL x 4). The combined organic layer was washed with brine solution (100

mL), dried over anhydrous Na,SO, and evaporated under reduced pressure to get crude

10 compound. The crude compound was purified by column chromatography (Silica gel,

60-120 mesh) using 10% methanol in dichloromethane as mobile phase to give ethyl 3-

amino-2-(4-fluorophenyl)propanoate (6.0 g, 59%) as oily liquid. LC-MS (M+H)" =

212.2. "HNMR (400 MHz, CDCls): 8 ppm 7.26-7.22 (2H, m), 7.04-6.98 (2H, m), 4.15

(2H, m), 3.66 (1H, m), 3.28 (1H, m), 2.99 (I1H, m).1.20 (3H, m).

15
Intermediate V(3)
ethyl 3-(3-ethoxy-3-oxopropylamino)-2-(4-fluorophenyl)propanoate
0
/\O
EtOOC

Ir=

F

To a solution of Intermediate V(2) (3.0 g, 14.0 mmol) in ethanol was added ethyl acrylate
20 (1.7 g, 17.0 mmol) at room temperature. The reaction mixture was stirred at the same
temperature for 18 h. The solvent was evaporated under reduced pressure and the crude
compound was purified by column chromatography (Silica gel, 60-120 mesh) using 50%
ethyl acetate in pet-ether as mobile phase to give ethyl 3-(3-ethoxy-3-oxopropylamino)-2-
(4-fluorophenyl)propanoate (2.5 g, 60%) as yellowish oily liquid. LC-MS (M+H)" =
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crude product was purified by Prep-HPLC to obtain

2-chl or o- 8- (4-fl uorophenyl) - 6-

met hyl - NWO-202/008300et hy1- 1H 1, 2, 4-tri azol - 1- yO- 5- ni t r oplremaxsg)oe362y - 5, 6, 7,
8- tetrahydropyrido[4,3-d]pyrimdin-4-amine, 2 TFA (43.6 ng, 82 %yield).
LG M5 5(M+H)- = 567.2. NMR (500 MHz, nethanol-d4) 6 9.00 (s, 1H), 8.06 (d,
J=2.1 Hz, 1H), 8.03 -7.95 (m 2H), 7.21 -7.12 (m 2H), 7.04 -6.96 (m 2H) ,
4.39 (t, J=6.3 Hz, 2H), 4.00 (s, 1H) 360-3.52(m2H) 342- 3.23 (m
2H), 2.94 (dd,. J J= 2. 48

Z 50 (m 6hh2- 1Ot gl supn Rt t CF ToF0%0 98 K il by “10
Preparati onMl ), 3.77 (1H, m), 3. 23f(1H m), 2.89 (3H, m), 2.48 (2H, m) 1.22 (6H, m).

4-am no- 2- (4- (2 chl or 0 8-'(4-f | uorophenyi)-6-nmet hyl-5, 6, 7, 8-t'et rahydropyri do
[4, 3- d] pyr| m di n- 4-yl am no) but oxy) benzoni tile 15A m xture of

4- am no- (ﬁe@m& gbyipxy) benzonitrile, 2 TFA salt (Preparation X 23.32 ny,
0. 054 mol), 4-di chl'or o- 8- (4-fl uor ophenyl)-6-net hyl -5, 6, 7, 8-

t et rahydr op?tihV]cFo{@ cBOwY-pyrprPRNE oS Renatl lagynoy.2- (Mlur?g)ph@ly@n@pmw) and

DI EA (39.2 txL, 0.224 mmol) in acetonitrilg (224 !'l1L) was stirred at rt for
4 h. The crude product was purified by Prejp-HPLC to obtain

4-am no- 2- (4-42-chl or o- 8- (4-f 1 uor opherfy1f- 6-Jret hyl -

205, 6, 7, 8-t et rahydr opyri do[ 4, 3-d] rﬁ}@@' i yQamni no) but oxy) benzonitril e,
(5.0 ng. 15.72 %yield). LC-MS (MNa)l = 4B1. 2. NMR (500M, methanol -rid 6
7.26 - 7.18 (n, 3H), 7.16 - 7.08 (m 6.33 (d, J=2.0 Hz, 1H), 6.28 (dd,
J=8.5, 1.9 Hz, 1H), 4.45 (dd, J=10.5, b Hz, 1H), 4.30 (d, J=11.6 Hz, 2H),
4.10 (t, J=5.6 Hz, 2H), 3.89 (dd, J=12.14, 6.3 Hz, 1H), 3.70 - 3.52 (m 3H),
3.18 - 3.08 (m 3H), 2.01 - 1.80 (m 4H). 25 Preparation Vt.

Né?l ! é]lbi; : ! 'cgffo utﬁ)n%ﬁ‘,‘hﬁ%r E}*ﬁph‘ﬁ?ﬁ’é&%’ g% gimmo %laée%n% \x?ds%dctle%tli %%ydr opyrido[ 4
2, 4-di chl or @38« 46.5 hna pPhensdly-hethgtibide (8,56;, 76 8 ntredly @loydr Ay rdactafnd, 3-

mixture was stirred at room temperature for 2 h. The solvent was removed under reduced

10 pressure and the residue was diluted with water. The aqueous layer was extracted with
ethyl acetate (50 x 3). The combined organic layer was washed with brine solution (75
mL), dried over anhydrous Na,SO, and evaporated under reduced pressure to get crude
compound. The crude compound was purified by column chromatography (Silica gel,
60-120 mesh) using 20% ethyl acetate in pet-ether as mobile phase to give ethyl 3-((3-

15  ethoxy-3-oxopropyl)(methyl)amino)-2-phenylpropanoate (6.0 g, 50%) as oily liquid.
LC-MS (M+H)" =326.2. '"H NMR (400 MHz, CDCl:): & ppm 7.01 (2H, m), 6.98, (2H,
m), 4.16-4.07 (4H, m), 3.77 (1H, m), 3.13 (1H, t, /= 2.4 Hz), 2.75-2.51 (5H, m), 2.17
(3H, s), 1.26-1.19 (6H, m ).

20  Intermediate V(5)
ethyl 5-(4-fluorophenyl)-1-methyl-4-oxopiperidine-3-carboxylate

EtOOC N~

O
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d] pyrimdine (Preparation V. 408 ng, 1.307 mmol) in NMP (13 nL) vv-as
added N- 5net hyl prop-2-en-1-amne (465 ng, 6.53 mml). The resulting

reacti on woxpiwm9owas stirred at rt overni ght. \Water (50PoTjusems/oasbded t o
the m xture and stirred for 30 mn. The mxture was filtered to get a |ight
tan solid which was dried and purified by flash col um chromat ogr aphy
eluting with 30 to 100% Et OAc / Hexane to get N-allyl-2-

chl oro-8-(4-fluorophenyl)-N, 6-di nethyl-5, 6,7, 8-tetrahydropyrido[4, 3-d] pyrim

e 4 (- 2- (st Ro TP epER SN B sely bR Ged IS TeA

salt N2 15unteneecimdle e ré&ctlb@ﬁﬁmﬂﬂ’d%ﬂ; stirred at room temperature for 2 h. The

4-(2-(3-nethyl-1H1, 2, 4- tr| 1) - 5-ni t rophenoxy) but yl carbamate NO2 1; 4
tr-N Sodi uriCHaR FHe Vi eRs @5 beé ?h%r:‘;apaﬁgeé bt pricon! (6 n), and

then tenbutpbebrd: MidroMUOWhYdiduEAVABITRE and cfBtel wifd- ﬁgl RawRtd (25 MITHE (6.0
m.) was added. The 20reaction m xture was stirred C for 10 mn,

fol | oned by4)t H’ée SR iIRgdgngaic liye(r ap vagiee wath brine solutlon (30 mL), dried over
ni tropheny th?drgﬁstlh%g}og-ﬂfd]ev dp(ﬂatéd‘ ﬁlﬁléplle@u&& Rgs&re B glépcrﬁHEQ]o)n bihdI HiEe (10. 0

mL). The m xture was stirre and then stlrredfor an
addi ti onal @ude eemppend Wisgurifiedlest ¢Od}nnmﬁ§0rqu@gfemi@dsx}m aelm@rb?ro ragsl) wKter act ed

W th EtOAC 3gar &6 1ta!c§§%m @{tteﬁﬁﬁr %ﬁ?@@ﬁ%ﬁﬁw é%&i%)(l%o(ggm Qggﬁ&ﬂealx grs, the

resi due was pur| ogr ap to 80%
Et OAc Hexan‘éPXQp@egémeﬁélatbObﬂﬁtyI(3 0 84948-as oily hquld LC-MS (M+H) =278.2. 'H

;/T?telh)(;)l WCNQRI\%&? #DNES@I%Q gppIPH %w gél\/lgig{pfl% oro or%}% {S@%Z@i 38 ?2 7

1H), 8.10 (ld) 4TFEQ218, thiz 3.83 KDEL, 1), 060 (il m)JZSS eH, 31)32 Hz(3HLK) 1.19-198 (§d, J=2. 3
Hz, 1H), 4.28 (t, J=6.5 Hz, 2H), 3.22 (d, J=6.4 Hz, 2H), 2.52 (s, 3H), 2.01
-192(m1§)r|) 1.74- 1.68 (m 2H), 1.46 (s, 9H).

Intermediate V(6)
15 8-(4-fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-2,4(1H,3H)-

dione
(0]
N N~
O)\N
F

To a cooled solution of Intermediate V(5) (3.0 g, 10.75 mmol) in ethanol was added ¢-
BuOK (3.0 g 26.8 mmol) followed by urea (1.6 g, 26.8 mmol). The reaction mixture was

20  heated at reflux for 36 h. The reaction mass was quenched with water and evaporated the
solvent under reduced pressure. The residue was diluted with water and extracted with
ethyl acetate (25 mL x 3). The combined organic layer was washed with brine solution
(30 mL), dried over Na;SO, and evaporated under reduced pressure to get crude
compound. The crude compound was purified by column chromatography (Silica gel,

25  60-120 mesh) using 100% ethyl acetate as mobile phase to give 8-(4-fluorophenyl)-6-
methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-2,4(1H,3H)-dione (1.5 g, 51%) as pale
yellow solid. LC-MS (M+H)" =276.0. 'H NMR (400 MHz, DMSO-d6): & ppm 11.08
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10 Preparation if'

4-(2-(3-nmethyl-1H1, 2, 4-triazol -1-yl)-5-ni trophenoxy) but an-1-am ne, TFA
salt NO2 wbeopdlogiobon of tert-butyl PCT/US2011/043628
(4-(2-(3-nethyl-1H1,2,4-triazol-1-yl)-5- nitrophenoxy)butyl)carbamate (515
ng, 1.316 mmol) in CH2C12 (4 nmL) was treated with 15TFA (2 nL, 26.0 nmol)
at 0 C The mxture was stirred at rt for 2 h. The reaction m xture was
concentrated in vacuo and the residue was triturated with ether to yield a

white solid [ 0 d.b ilirat] {

o (25 (3 et Du BB, 51 EERE Y 1 b PR Vit am 2035, Te
(440 nmy, 832% wi)&W)BHLG- M5 (MrH) + = 292. 4. 1H NM R (500 MHz, met hanol -d4) 6
8.99 (s, 1H), 8.11 (d, 1=1.5 Hz, 1H), 8.05 (dd, J=2.1, 201.3 Hz, 2H), 4.38
(t, 1=6.2 Hz, 2H), 3.07 -2.94 (m 2H), 2.48 (s, 3H), 2.02 (dd, 1=8.8, 6.3
Hz, 2H), 1.B4p&iionF7-5 Hz, 2H). Preparation X

4- am no- 2- (4- am nobut oxy) benzonitrile N H2 NC OH2 The m xt ure  of

2- ( 4- ami hobdttohshlara-8nithgpphetyhi ¢ mpthsl-5. 02 &-tetgaby diopyiiet &dingHmpding 5 ny,
0.072 mml ) and hydrazine (112 pt, 3.58 mmol) in ethanol (358 itL) was
heated at 50 C for 4.5 h. The crude ct. was purified by Prep-HPLC to
obt ai n 4- am no- 2- (4- am nobut oxy) beﬁ Nle, 2 TEA salt (23 ng, 74.2 %
yield). LCM (MrH)' = 206.1 Prepgy

54-am no-1-(2-(3-nmethyl -W1,2,4-tr azol -
Internediate Y(1)

-y1) - 5-ni trophenoxy) but an- 2- ol

A solution of Intermediate V(6) (1.5 g, 5.45 mmol) and catalytic amount of DMF in
POCI; (20 vol.) was heated at reflux for 10 h. The excess of POCI; was evaporated under
reduced pressure. The residue was poured in to crushed ice and stirred for 15 min. The
10 aqueous solution was extracted with ethyl acetate (20 mL x 2). The combined organic
layer was washed with aqueous saturated NaHCO; (10 mL x 2), brine solution (10 mL),
dried over anhydrous Na,SO, and evaporated under reduced pressure to give 2,4-
dichloro-8-(4-fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine (0.7 g,
56%) as brown solid. LC-MS (M+H)" =312.2.
15
Preparation Va
2-chloro-8-(4-fluorophenyl)-6-methyl-N-(4-(2-(3-methyl-1H-1,2,4-triazol-1-y1)-5-
nitrophenoxy)butyl)-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-amine, TFA salt

20  The mixture of 4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)butan-1-amine, 2
TFA (46.6 mg, 0.090 mmol), 2,4-dichloro-8-(4-fluorophenyl)-6-methyl-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidine (20 mg, 0.064 mmol) and DIEA (55.9 uL, 0.320
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2- (3, 4-di hydroxybutyl )i soi ndoline-1, 3-dione OH0 HO O 10To a sol ution of

2- (but-3-enyl)isoindoline-1,3-dione (5.20 g, 25.8 mmol) in THF (86 nlL) was
added 4- wOhlyizmophol i ne 4-oxide (4.54 g, 38.8 mmol) f olPComsdolp43s28 un
VI1l) oxide in water (3.16 nth, 0.517 mmol) dropw se. The reaction m xture
was stirred at rt for 6 h. A saturated Na2S2S03 sol uti on was added to the
reaction mxture and stirred for another 10 m n. The aqueous | ayer was
separated and extracted with EtOAc three tines, 15and the corrbi ned organic

| ayers were washed e an ed over, Na3SO4. soI ids were

R e et orPanaT fntomtee Pl 4B D DR H S RS b S e T s, 4

Elichxl\//gr omﬂ;t]gryde)pzrgmcnﬂwl pﬁﬂﬁﬁ/cébﬁ?ggmmlo@mms%w@@d(? mlrcﬁ)hbrfylj‘;(ﬂgSneXt ;t ep.
- = i t -

e et Aé% AT A TR AR (R TR R G AR S

1H), 3.55 -@u i{gx n@ %ndmﬂlanﬁﬁe (ZnTFAl- tH3.6 1%%89 %yﬂelcﬁ5LCﬂMSlH)

I nternmedi at e -triazol -1-y1)-5-

roxg g@é -met hyl -11
ni t r ophehoxM yl5éé MR)(é Y Zemﬁ@ia’épl d4)\§()ﬁ@0|(55650 @rﬁ%ﬁdﬁzder(O 827 g,

i hydr oxybuttoF0S TS RCAD, RaTHELLAR bl r0BNEsb QIR ERS otz ol o 1
was added. 4¥ 6, Hé)a&b()e& 5%(m12H)93 Was3 88 (mrdd), 204 GldC/H1dr7, 16 Hu hH) 26RB1 owed by
th ddit 45 |
(201 g, gD b bt B8 280 LD SRR Ze M G 50678 For 4

h and t hen Kt,i2Hy.ed for an additional 2 h at rt. The reaction was quenched
wth WaLOe and washed with Et 0Ac. The aqueous | ayer was acidified to pH 2-4
and then extracted with Et 0OAc. The conbi ned Et OAc | ayers were concentrated
i n vacua t oP@eiraided Bb hydroxy 4-(2-(3-nethyl-1H1,2,4-triazol -1-y1)-5-

i‘ ,? glpt ' EDC[‘I(I\E/EOX )ar?llilrgoyi ((:AP {2 C%TDX 8- (9 %)r%lpﬁenyf)—é—imetml § lg 7I Stetlr'l'cl yc(firopyr;cf-of%i—n the next

d]pyrimidin-4-ylamino)butoxy)benzonitrile

15 A mixture of 4-amino-2-(4-aminobutoxy)benzonitrile, 2 TFA salt (Preparation X, 23.32
mg, 0.054 mmol), 2,4-dichloro-8-(4-fluorophenyl)-6-methyl-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidine (Preparation V, 14 mg, 0.045 mmol) and DIEA (39.2
uL, 0.224 mmol) in acetonitrile (224 uL) was stirred at rt for 4 h. The crude product was
purified by Prep-HPLC to obtain 4-amino-2-(4-((2-chloro-8-(4-fluorophenyl)-6-methyl-

20 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-yl)amino)butoxy)benzonitrile, (5.0 mg, 15.72
% yield). LC-MS (M+Na)" =481.2. '"H NMR (500MHz, methanol-dy) & 7.26 - 7.18 (m,
3H), 7.16 - 7.08 (m, 2H), 6.33 (d, /=2.0 Hz, 1H), 6.28 (dd, /=8.5, 1.9 Hz, 1H), 4.45 (dd,
J=10.5, 6.3 Hz, 1H), 4.30 (d, /=11.6 Hz, 2H), 4.10 (t, /=5.6 Hz, 2H), 3.89 (dd, /~=12.4,
6.3 Hz, 1H), 3.70 - 3.52 (m, 3H), 3.18 - 3.08 (m, 3H), 2.01 - 1.80 (m, 4H).

25
Preparation Ve

N-allyl-2-chloro-8-(4-fluorophenyl)-N,6-dimethyl-5,6,7,8-tetrahydropyrido[4,3-
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(MtF) = 456.1.1H NWMR (500 MHz, nethanol-d4) 6 9.31 (s, 1H), 8.15 - 8.01 (m
3H), 7.86 -7.76 (m 2H), 7.51 -7.46 (m 2H), 4.43 -4.42 (m 1H), 4.29 -4.27
(m 1H), 8020120083087 (n, 1H), 3.63 -3.47 (n, 2H), 2.47 T/ BR)1,1/023605 - 1.98
(n, 1H), 1.87 - 1.84 (n, 1H). 15 Internmediate Y(3)

2- (3-hydroxy-4-(2-(3-nmethyl-1H1, 2, 4-triazol -1-yl1)-5-ni trophenoxy)butyl)iso
i ndoline- 1, 3-dione NO2 20A m xture of

2- (3- hydroxy-4-(2-(3-nmethyl-111-1, 2, 4- triazol 1-y1)-5-
nitrophenoxy)butylcarbannyl)benzo c acid (2.56 g, 5.62 nmol) and hydrogen
chloride in dioxane (42.2 i, 16 Simvﬂaaémﬁﬁat ed at 100C for 45 nin. The
reaction was cooled to it, and theQ/extracted with Et0OAc. The conbi ned
organi c | ayers were concentrated to ge 2- (3 hydr oxy- 4- (2-(3-nmethyl-1
H1,2,4-tri azol-1-yl)-5- 25nitrophehdx bu1yl)|50|nd01|ne 1, 3-di one which
was used as-is in the next step. LG 1) - 438.2. 1H NVR (500 MHz,

met hanol -d4) 6 9.26 (s, 1H), 8.13 -7. 3H), 7.87 -7.83 (m 2H), 7.83
-7.77 (m 2H), 4.36 (dd,1=9.9, 3.5 FE, 4.27 (dd, 1=9.8, 6.1 Hz, 1H)
4.12 (dt, J=6.0, 2.9 Hz, 1H), 3.95 -3.81 2H), 2.48 (s, 3H), 2.08- 1.87
(in, 2H). Preparation Y 54-am no-1-(2-(3-methyl -W1,2, 4-tr

azol -1-yl1)-5-nitrophenoxy) butan-2-ol N N N N2 To a nlxture of

2- ( 3- hydr ox ) -
R R T

nm) was ad ayrrrylérnai?rﬁ@ar@am% e mgzgiomo ) in WYE Gﬁmldrws \aé@dﬁ\éat ed at 50C
for 1.5 4. Jg’tﬁylprop—}en—l—amme (465 mg, 6.53 mmol). The resulting reaction mixture was

stirred at rt overnight. Water (50 mL) was added to the mixture and stirred for 30 min.

The mixture was filtered to get a light tan solid which was dried and purified by flash

column chromatography eluting with 30 to 100% EtOAc / Hexane to get N-allyl-2-

chloro-8-(4-fluorophenyl)-N,6-dimethyl-5,6,7,8-tetrahydropyrido[4,3-d[pyrimidin-4-
10 amine (453 mg, 100 % yield). LC-MS (M+H)" = 347.1.

Preparation W
4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)butan-1-amine, TFA salt

15  Intermediate W(1)
tert-butyl 4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)butylcarbamate

T b
N O
|\/| /\/\/N\(

O

s f

Sodium hydride (0.405 g, 10.13 mmol) was suspended in THF (6 mL), and then tert-

butyl-(4-hydroxybutyl)carbamate (1.278 g, 6.75 mmol) in THF (6.0 mL) was added. The
20  reaction mixture was stirred at 0 °C for 10 min, followed by the addition of 1-(2-fluoro-4-

nitrophenyl)-3-methyl-1H-1,2,4-triazole (1.0 g, 4.50 mmol) in THF (10.0 mL). The

mixture was stirred at 0 °C for 1 h and then stirred for an additional 2 h at rt. The
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10reaction m xture was cooled to rt and filtered. The filtrate was
concentrated and taken up in CH Cl2. Again, the solid was filtered off, and
the filtraDeowawImoncentrated and purified by Prep-H PLECTAISodxmi3e28

4-am no-1-(2-(3-methyl-1H1, 2, 4-triazol -1-yl)-5- nitrophenoxy) but an-2- ol
(1.4 g, 81 %yield). LGMS (M(H)+ = 308. 2NWVR (500 MHz, nethanol-d4) 6
9.25 (s, 1H, 8.12 (d,1=2.1 Hz, 1H), 8.10 -7.98 (m 2H), 4.39 - 154.26 (m
2H), 4.26 - 4.15 (in, 1H), 3.25 - 3.08 (m 2H), 2.48 (s, 3H), 2.05- 1.86

(m 2H). Pre aration or o-7- ol - di

bytr o 1. CoRop pandu Syt et sield windfORE MFa onds: Aehon 4

H 1, 2, 4- t r i @&eniratngythe &orﬁrlifédEtOAh%@%Yﬂlbbﬁsﬁlﬂe Zra®@purified by Mi@shm xt ur e of
o S edy Gilen . 300k 67 852 GAY Hieln) S LOROTRRRTEG 2 ©!-

2, 4- di chl orgetfyl( -1 buokigphe nfrophSbyBiPhaHERIQPes oR¥dldmLdine
(1 223 g, 4362t n11(mlg and1 N-e??ll)l? 3’ll\l-,olgl’éo Jra% t??b eqﬂ)amtg?]%mg,y 2) X m., 13.29

nunol ) in aMSIMHNeY it 4451 6] @MM@OOW QIIIPTP?% 5515 $-88 ovEihPdALd. JThe

reaction m o] n r I

chr omat ogr a%%iqhz ut| gjvlw(g?hé to%&?ﬁ/@%#&%gﬂ g'zgg?‘]%% HIH),

4- ( 2- chl or 03.22 (d4/44.40e.apheh§2L(s- BD72.81 hy a2 om5HEy Eldpeas ahAtpyt.#risdi n- 4- yl ami
no) - 1- ( 2- (39ﬁrjet hyl -1H 1, 2, 4-triazol -1-yl)-5- nitrophenoxy)butan-2-ol (791
ng, 43.0 %yieéld). LCGM5 (MH)1 = 554.3. 1H NMR 5 (500 MHz, chl orof ormd)
6 9.08 - 9.02 (m 1H), Kb O-7.93 (m 3H), 7.18 -6.97 (m 5H), 5.23 (t,
J=6.4 4,36 - 4.23 (m 3H), 4.19 - 4.06 (m 2H), 3.52 (dt, J=14.5,
5.1 Hz, H)It’beé”@%“%/ 65 (m 3H), 2.54 - 2.48 (m 3H), 2.16 -2.09 (m 1H),
1.91 - 1.84 (nmy-(2ih-meBryepArIad, 4-0inzd- LOW-5atitrspherbxf Ybuam 1-amine, TFA salt

no- 2- hydr oxybut oxy) benzonitrile Inter rred,i\lgt e Z(1)

2
N'/\l; NH
N NN N2

7>
>/ 0
The solution of tert-butyl (4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-
nitrophenoxy)butyl)carbamate (515 mg, 1.316 mmol) in CH,Cl, (4 mL) was treated with
15 TFA (2 mL, 26.0 mmol) at 0 °C. The mixture was stirred at rt for 2 h. The reaction
mixture was concentrated in vacuo and the residue was triturated with ether to yield a
white solid, which was collected by filtration to get 4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-
5-nitrophenoxy)butan-1-amine, TFA (440 mg, 83 % yield). LC-MS (M+H)" =292.4. 'H
NMR (500 MHz, methanol-ds) & 8.99 (s, 1H), 8.11 (d, /=1.5 Hz, 1H), 8.05 (dd, J=2.1,
20 1.3 Hz, 2H), 4.38 (t, /=6.2 Hz, 2H), 3.07 - 2.94 (m, 2H), 2.48 (s, 3H), 2.02 (dd, J=8.8, 6.3
Hz, 2H), 1.84 (d, /=7.5 Hz, 2H).

Preparation X

4-amino-2-(4-aminobutoxy )benzonitrile

O/\/\/NHZ

NH

The mixture of 2-(4-aminobutoxy)-4-nitrobenzonitrile, TFA salt (Preparation O, 25 mg,
0.072 mmol) and hydrazine (112 pL, 3.58 mmol) in ethanol (358 uL) was heated at 50 °C

25 2
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2- (4- (2-cyano-5-ni trophenoxy) - 3- hydr oxybut yl car banoyebenzoi ¢ acid NC 0 NO2
OH 152- (3, 4-di hydroxybutyl )i soi ndol i ne-1, 3-di one was reacted as descri bed

i n | nterwoi2at2e00%302) wi t h sodi um hydri de and 2-fl uor o- 4Pairtuseie/ozzses tril e
in THF to get 2-(4-(2-cyano-5- nitrophenoxy)- 3-hydroxybutyl carbanoyCbenzoi c
acid which is used as-is in the next step. LC M5 (MtH) + = 400. 1.

20l nternedi ate Z(2)

2-(4-(1, 3-di oxoi soi ndol i n-2-y1) - 2- hydr oxybut oxy) - 4-ni t robenzonitrile OH0 NC

"eact o0 as WESQr BBACTH PRGH Neu v TR OB R S de " o oxane

to get 2-(4anfidebitoxy)benzonitrile, 2 TFA salt (23 mg, 74.2 % yield). LC-MS (M+H) =206.1

di oxoi soi ndol i n-2-y1) - 2- hydr oxybut oxy) - 4-ni trobenzonitrile which is used
as-is in the next step. LCM5 (MENTa)l = 404.1. Preparation Z 54-am

no- 2- (4- am pRpLuhydy oxybut oxy) benzonitrile OH H2 NH2

5 4-amino-1-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)butan-2-ol

OH
>§N O\)\/\NHZ

\
V@
NO

2-(3,4-dihydroxybutyl)isoindoline-1,3-dione

2

Intermediate Y(1)

10 To a solution of 2-(but-3-enyl)isoindoline-1,3-dione (5.20 g, 25.8 mmol) in THF (86 mL)
was added 4-methylmorpholine 4-oxide (4.54 g, 38.8 mmol) followed by osmium(VIII)
oxide in water (3.16 mL, 0.517 mmol) dropwise. The reaction mixture was stirred at rt
for 6 h. A saturated Na,S,SOs solution was added to the reaction mixture and stirred for
another 10 min. The aqueous layer was separated and extracted with EtOAc three times,

15  and the combined organic layers were washed with water, brine and dried over Na;SO..
The solids were filtered off, and the filtrate was concentrated in vacuo to get 2-(3,4-
dihydroxybutyl)isoindoline-1,3-dione which was used as-is in the next step. LC-MS
(M+Na)" =258.1. "H NMR (500 MHz, methanol-ds) & 7.92 - 7.85 (m, 2H), 7.85 - 7.75
(m, 2H), 3.91 - 3.75 (m, 2H), 3.65 (dtd, /=9.1, 5.5, 3.7 Hz, 1H), 3.55 - 3.43 (m, 2H), 1.95

20 - 1.85(m, 1H), 1.80 - 1.65 (m, 1H).

Intermediate Y(2)

2-(3-hydroxy-4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-

nitrophenoxy)butylcarbamoyl)benzoic acid
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To a m xture of

2-(4- (1, 3-di oxoi soi ndol i n-2-y1) - 2- hydr oxybut oxy) - 4-ni t r obenzonitrile (2.96
g, 7.76 rwol2p1z/aeodEmpOH (28. 1nl) was added hydrazi ne (12. P8TAISR)118&B28m0I ) .
The reaction m xture was heated at 50C for 1.5 it The reaction m xture was
cooled to P and 10filtered. The filtrate was concentrated and taken up in
CH2C12. The solid was filtered off again, and the filtrate was concentrated
and purified by Prep-HPLC to obtain 4-am no-2-

(4-am no- 2- hydr oxybut oxy) benzonitrile (1.015 g, 59.1 %yield). LCM (MH

)7 = 222.1. INNMR (500 Miz, \net hanol P84) S §.24(d, 1=8.5 Hz, 1H), 6.35-
6.26 (m 2H), 4.17 -4.09 (m % N 408516dﬂ?N 9.5, 4.9 Hz, 1H), 3.97 (dd,
J=9.5, 5.5 Hz, 1H), 3.20 (t, 1S3BZ A Hz, ggw 8 (td, J=7.1, 3.5 Hz, 1H)
2.01 - 1.86 (m 1H). Preparation E!E-anino- (2-chloro-7-(4-fl uoroph

enyl )-6,7-di hydro-5 Hcyc | opentafd

hydr oxybut oxy) benzon itri_ | e The m xture of

4- am no- 2- (3P4 Rulrile (87703 yBGT 8380 bessAgscndad ip THY MLy and thepPdddr at i on Z,
50 ng, 0. 11&ny®lybutylyisoindoline-1,3-dione (3.24 g, 13.78 mmol) in THF (20.0 mL) was added.

2, 4-di chl oro-7-( ;fyqorophenyl)-6,7-d|h dr o- SHcycl opent a[ d] pyri m di ne

( Pr epar at i ophiRreagipnanixigre \gas stimedid) °C fanl) minefapivedbs g réopefdp@n- 2- ami ne
(97 1L, . SpfrdmidophthyBCEREMLE [ 1119 L8ROI 04aS 9 §b Wik findtHH tigo fOr 24 h.
The reaéfigﬁﬁﬁlxtdfg mﬁ? concgntraféd aﬁﬂ Uriffeg g§(gﬁ3p-H Cto obtain
4- mL). The mixture was stirred at 0 °C for 1 h and then stirred for an additional 2 h at rt.

am no- 2- (4-£.2- . -7-(4- - - clj - I dl pyrimd
T8 g1 SSiEAiBE ad e WOMARAS Wby [l BIORG AU GUEI.OBGR O] YL )
LC- M5 ( MtH)acidifietiB8 pB.2~2 lend\iveh (:800tcliith F@Ahafid cotbjne@ FQRc lagert Srefemy  3H) |
714 1108 St S Py 2 o 33 iy 1T - 4 0
- 2. _67 (M 2ihroph2ndd)Hutydcarbkmby Bbendoid aH_Zl,, wilith is uRedleB-is in2hddEx( swp. IH)-MI.. 95
(thi, J-14- Q8 2 21 HRMRMES RRL,. Ralhnoray 5 9.31 (s, 1H), 8.15 — 8.01 (m, 3H),

7.86 —7.76 (m, 2H), 7.51 — 7.46 (m, 2H), 4.43 — 4.42 (m, 1H), 4.29 — 4.27 (m, 1H), 3.91

—3.87 (m, 1H), 3.63 — 3.47 (m, 2H), 2.47 (s, 3H), 2.05 - 1.98 (m, 1H), 1.87 — 1.84 (m,

1H).

P9s i madi n-4- ylam no )-2-

15
Intermediate Y(3)
2-(3-hydroxy-4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)butyl)isoindoline-

1,3-dione

20 A mixture of 2-(3-hydroxy-4-(2-(3-methyl-1H-1,2,4-triazol-1-y1)-5-
nitrophenoxy )butylcarbamoyl)benzoic acid (2.56 g, 5.62 mmol) and hydrogen chloride in
dioxane (42.2 mL, 169 mmol) was heated at 100 °C for 45 min. The reaction was cooled
to 1t, and then extracted with EtOAc. The combined organic layers were concentrated to
get 2-(3-hydroxy-4-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-

25  nitrophenoxy)butyl)isoindoline-1,3-dione which was used as-is in the next step. LC-MS
(M+H)" =438.2. '"HNMR (500 MHz, methanol-dy) & 9.26 (s, 1H), 8.13 - 7.97 (m, 3H),
7.87 - 7.83 (m, 2H), 7.83 - 7.77 (m, 2H), 4.36 (dd, /=9.9, 3.5 Hz, 1H), 4.27 (dd, J=9.8,
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10N4- al 1y1-72- (3- (al 1yloxy)-4-(4-chl oro-1Hi m dazol - 1-y1)

phenyl)-7-phenyl -6, 7-di hydro- 5H cycl opentad] pyri mdine-2, 4-diam ne

Pr epar at iwo 2Re2/000308g, 1. 754 =lop and Preparation A (0. 488TgjS2d11/p5628m0l )
were heated 15at 150C for 20 mmwhile nonitoring by LCGMS. After the
conpletion of the reaction, it was cooled to rt and the reacti on nass was
taken up in dichloronethane (5 nL) and silica (1 g). The resultant slurry
of the conpound on silica was subjected to col um chromat ography (60-120

mesh silica 0 form as. .th to give
N4-al |yl - % F‘% ﬁ%r%ﬁ@y?%@ J%ﬁl”ghﬁg)rgﬁ S Sf%%gﬁgﬁ SlE‘877 pﬁeny|
206, 7-di hy((ﬂ{QH5H- cycl openta[d] pyiimdine-2, 4-diamne (0.480 g, 26.3% as
an of f-brown solid. LCGM5 (MtH) + = 499.1. 1H NWR (400 MHz, DMS0-6/6): 6 ppm
9.17 (1H, s), 8.00 (1H, s), 7.75 (1H, s), 7.31 (1H, s), 7.29-7.19 (2H, m,
7.17-7.13 ( artdion . 04-5.89 (2H, m, 5.25-5.10 (4H, m, 4.31 (2H, m,

4.15-4.12 (3 nl 280-2 79 (1H, 2.752.49 (2H, m, 1.95-1.92 (1H, m.
25 Synt hon Rh A amino-1-(2-(3-methyl-1H-1,2,4-triazol-I-y1)-5-nitrophenoxy)butan-2-ol

N4-al Iyl -1V2- (3- (al | yl oxy) - 4- (45chl oro- 15yi m dazol - 1-yl ) pheny1) - N4- net hyl -

- phenyl 6, 7- di hydr o- 5H cycl openq?[: py(5 ml di pe- 2, 4-di am ne Preparation Rb
(0.500g, 1.610 mmol) Preparati N*@Qlo nmol ) were heated at 150C
for 20 min while nonitoring by L fter the conpl etion of the reaction,
it was cooled to it and the reactio s was taken up in dichloronethane
(5 nm) and silica 5(1 g). The resultant @‘Purw of the conmpound on silica

uas, SUb] ect el b GRLHIT: RO Paraptin (601 220,IRs .y B8] 1 02) using 5%

nmet hanol i n chloroformas ase to
AT4-al lyl-/ r\i@e;(l@nc()arbbuy}ﬂmoy[)dohne( 14,3¢1mne|(2)4518|-g |5rﬁ2d1anoib mIEtQH) (P8 é myll) wabld -

t hyl - 7- ph - tald 0. 420
0" B0, 695 Ao A RYERT, PR SHEUCREC bl PR 050 & fivh SR
DVBSO- d6)Q  Breqaypion d&uikAvas thbledsio,rt z&d(mte(e]iHThs )iltraVe whb cQhtensgted ahd3dkeipl, S),
7.29-7.19 (2 7.17.7 13 (6 :
4.31 (2H, nsl'é%@swlfzthw]le % %I@foffﬁ th%s” ﬁrﬁte 820%“(81?@2 “H;puﬂg “(78 2. 49
g- EHZ ET?B, (1| I%BPr&p D21 Cblobtadn.4- aﬁﬁﬂ@ MQB—(R%thyl 1H-1,2,4- trﬁlzol 1—3/1) 131—4 -7

a azo en en - /-
LN (3- Cal Ll ) s el gr s mdazol e X dphenye), Ms( o enyd) - 7-
(0. 700 9, VP, APRAno1-aNeE Fbepalay, Bqa(&k@ﬁ&hm 8303319'81@1' Jnyene_heated at

150C for 20 min while nonitorin 3/ After the con}) etion of the
reacti ohd i4.26 (m,2H),4.26 - 415(m1? 5- 308(m 2H), 2.48 (s, 3H), 2.05 - 1.86 (m, 2H).

Preparation Ya
4-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[dpyrimidin-4-ylamino)-1-(2-
(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy )butan-2-ol

=N
\\/N
@\ NZ
No, s |

20 F
The mixture of 4-amino-1-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy )butan-2-
ol, TFA salt (1.4 g, 3.32 mmol), 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-

Z
7/
O
gg
£

cyclopenta[d]pyrimidine (1.223 g, 4.32 mmol) and N-ethyl-N-isopropylpropan-2-amine
(2.321 mL, 13.29 mmol) in acetonitrile (16.61 mL) was stirred at rt overnight. The
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20was cooled to it and the reaction mass was taken up in dichloronethane (5
m.) and silica (1 g). The resultant slurry of the conpound on silica was
subj ect edwoaordgiogzen chr omat ogr aphy (60- 120 nesh sili ca) Pagiusgoi3sdises hanol
in chloroformas the nobile phase to give

N2- (3-(al l yl oxy)-4-(4-chloro-1Him dazol -1-yl ) phenyl) - N4- (but - 3-enyl) - 7-
phenyl- 6, 7-di hydr o- 5H eyel opent a[ d] pyri m di ne-2, 4-di am ne (0.590 g, 54.5%
as a white solid. LCGM (M-H) I 513. 2. Synthon M.A

RS (i s taﬁ(eﬁxﬁ%%f%&%% 0 URE el T PR oDy gy ) - M- e
Pr epar at i onwigds (o125%; §1cOBL /FCI'mz@T@){o)geam@ Blilefpar- @Lﬂtﬁiﬂop‘helﬁ}g) @89l dro3s A5 nmol )

wer e heat ed at 150C faor. 20 mm whil e nltorin by LC-MsS. After the
conpl et i on Frlopgal f@éi’i:“?lidczb‘h ‘yll*’tml&‘@\‘/\la@ Jeited- lthgl P # Y eacti on mass was

taken up i niglhsihodSTRITENG7¢ BmBL4n0 BRG] e Ara)) —Fae 3r sswMRnt sl urry

of the conmpound on silica was subjected to colum chromat ography (60-120

mesh si |3 cap0d¥rgcHopfrsntaRo?- 08 nd-eh(reridbot- M t 69de.aith. T e Q? (" Sebnpound

(1.0 g, 54. [ H) N :

NSO §6) Sporn-1o 10 1k T6y 42l (MO (B dues S HEIN .
15 7. 32-7. 2B1X 2RE - AP (18. ID, B5002.¢4 Hp, 37}‘));256980$(f8213),1]-91ﬂ‘)84€m3ﬂ)5. 27 (2H,
m, 5.26-5.24 (2H, m, 4.55 (2H, m, 4.39 (1H m, 3.80-3.72 (2H, m, 3.36
(3H, s), 3.36-3.33 (2H, M, 2.61-2.59 (1H, mM, 2.52-2.50 (2H, M, 1.99 (1H,
m . SYnt honPigedxation Z

20N- ( 2- 5-am no-2- (4, chlor 1H-| m henox et hoxy) et hyl ) - 2- chl
or o- ( E(ﬁeglyl 6, 7- di h§df}8m§19r c?%%%%ﬂ’é’?ﬁ)jxfﬁ%t%# ?‘lonllm e)m ne 0y12 ON% )112
O\)\/\NHZ

NH

2-(4-(2-cyano-5-nitrophenoxy)-3-hydroxybutylcarbamoyl)benzoic acid

2

Intermediate Z(1)

OH 0
O\)\AN
NC@ R
NO,  OH
15  2-(3,4-dihydroxybutyl)isoindoline-1,3-dione was reacted as described in Intermediate
Y (2) with sodium hydride and 2-fluoro-4-nitrobenzonitrile in THF to get 2-(4-(2-cyano-5-
nitrophenoxy)-3-hydroxybutylcarbamoyl)benzoic acid which is used as-is in the next
step. LC-MS (M+H)" = 400.1.

20  Intermediate Z(2)
2-(4-(1,3-dioxoisoindolin-2-y1)-2-hydroxybutoxy)-4-nitrobenzonitrile

2-(4-(2-cyano-5-nitrophenoxy)-3-hydroxybutylcarbamoyl)benzoic acid was reacted as
described in Intermediate Y(3) with hydrogen chloride in dioxane to get 2-(4-(1,3-
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| ron powder-325 nmesh (0.252 g, 4.5 mvl) was added to a round bottom fl ask
charged with a m xture of Preparation Re (0.5g, 0.903 mmol), absolute

met hanol wWeQoragoeseand armoni um chl oride (0. 24g, 4.5 mmolPLT/UA24vat0e¥62€ ool ed
refl ux condenser was attached to 5the flask and the heterogeneous m xture
was heated to 65 C with vigorous stirring for 5 h. The reaction m xture was
filtered, and washed with nethanol. The solvent was renoved in vacua. EtOAc
was added to the resi due, and washed with water and brine. The organic

| ayer was |ed ove ate, |Iter ed nd .concentrated to afford
thactitte CUMBOURMCIEI 95 Mo bRpRae by Bir o EoPET P ieehs T Mk o o 597 2.
1H NVR 10( 4QQ¢ bz , L OMBOINMIEN2)6=ppm1 7. 720 H, s), 8.70 OH, s), 7.520 H s),
7.38-7.28 (7H, m, 7.14-7.12 (1H, m, 6.37 (1H s), 6.22-6.20 (1H m, 5.41
(1H, s),4.19-4.02 (3H, m, 3.73- 3.71 (2H, m, 3.59-3.51 (4H, m, 2.80-2.55
(3H, M, 1.8%dufx1H m. S ynthon Rf A 15N- (3 -(5-am no- 2- (4-chl

oro-1Hi mdazol 1-yl)ph enoxy )propyl )-2-chl oro-7-phenyl-6,7- di

hydr o- 5H cyc | opent a[ d] ﬂnamilq@r%(%amma%ha{éroxvl?%wya@wtr@z5 nmesh (0.239 g,
4.29mvol ) was added to a round bottom fhask charged 20 with a m xture of
Preparation Rf (0.45g, 0.858 mol), @W@ met hanol (20 nL), and ammoni um
chloride (0.229 g, 4.29 mmol). lat Br=co | etlHr ef | ux condenser was attached
to the flask and the heterogeneous ture was heated to 65 C with vigorous
stirring for 5 h. The reaction mXx was filtered and washed with

met hanol . The sol vent was renoved in vatitl. Et0Ac was added to the residue,

Cuitace, fiLEPRREEARER B AR FERAP AP LR HERRLAELERICT G 23,

sul f at e, ere I'e conmpound (0.23 g,
54.24% as @. %@memml) 1dEt(DE(NSIr(1MHk=leadd=ed4lgfﬂraZine1H M(mmmw THRVSO- d6)
6 ppm 7. 73(1 depy o e 7.01-6.99
(o 32 el pivaloeGis 8o pp o g GRS neibagy g 80 Pl 31 %1
3.47-3.81 (fthé,redﬁTheZiltYaSe @a%néeﬁtﬂatedﬁmd tﬁkéﬁgrpjm QH2CBH, ThekoliBSyat filercdrdt . 4

5N (3- (5-am no- chI ogo-l\l-rret hy

(.4- (;u oro-1H-im d %
o e e gl Gl RaTe S B R R L IR N in
(4-amino-2-hydroxybutoxy)benzonitrile (1.015 g, 59.1 % yield). LC-MS (M+H)" =
222.1. "H NMR (500 MHz, methanol-ds) 8 7.24 (d, J=8.5 Hz, 1H), 6.35 - 6.26 (m, 2H),
4.17 - 4.09 (m, 1H), 4.05 (dd, J=9.5, 4.9 Hz, 1H), 3.97 (dd, J=9.5, 5.5 Hz, 1H), 3.20 (t,

15 J=7.0 Hz, 2H), 2.08 (td, J/=7.1, 3.5 Hz, 1H), 2.01 - 1.86 (m, 1H).

Preparation Za
4-amino-2-(4-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5 H-cyclopenta[d|pyrimidin-4-
ylamino)-2-hydroxybutoxy)benzonitrile
OH

O\)\/\NH

NC
N/
NHy s |

Cl N

20 F
The mixture of 4-amino-2-(4-amino-2-hydroxybutoxy)benzonitrile, 2 TFA salt
(Preparation Z, 50 mg, 0.111 mmol), 2,4-dichloro-7-(4-fluorophenyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (Preparation R, 31.5 mg, 0.111 mmol) and N-ethyl-N-
isopropylpropan-2-amine (97 pL, 0.556 mmol) in acetonitrile (556 puL) was stirred at rt
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0 I ron powder-325 nesh (0.519 g, 9.29 mvol) was added to a round bottom
flask charged 10wth a m xture of Preparation Rg (0.5 g, 0.929 mmol),

absol ut e wetzheyb30010 nL), water (10 nmli) and ammoni um cRCOMNISAE 10836496 g,
9.29 mml). A water-cooled reflux condenser was attached to the flask and
t he heterogeneous m xture was heated to 65 "C with vigorous stirring for 5
h. The reaction mxture was filtered and washed with nethanol. The sol vent
was removed in vactio. EtOAc was added to the residue, and washed wth

15wat er and, b The .organic | ayer dried.over sul f at

(i tered st BrbseraPh iyt ans fotsed Rl b B oA B 30058h g2, 3705 as
a yel | ow soimldo 2&&(3@1161&!&%4 mdﬁ&ﬂleayl) él?LdNWrc( m@ymntagyﬁﬁnﬁlaﬁM 6 ppm7.78
(1H, s), 7.37 1H33 (8 (2 . 6.22-6.20 (1H, m,
4.11-4. 03 (@wningy2-h rfwb@m>bgljzon%rllizT§Aéiﬁ(Zs»’Hnﬁfﬁ o hobn b CHS M m,
1.99-1.92 (%HH)I"TL%@Q Sy NNV 0-6%{2 methanol-dy) 8 7.27 - 7.15 (m 3H) 714701

N4-al |yl - N2(3(a|| 25&%1_521 | or o- 1H i m dazol - g phenyl1)-7-(2,4-diflu
or ophenyll) - (H62T7Ddi49)rd§r H}'(ﬂi%pé‘rﬂ%([ld]lﬁyt‘hlﬁ -di M2 24), ¢i0dm3té (mPr epar at i on
A (0.300 g, e ( heat ed
2t 1500 for T a oG T on T orr ma by LM DA g AT B B T he
5reaction, 1H), e -260(ed ol Pf (dndldleoddbciiibn nass was taken up in

di chl oronet hane (15 nL) and silica (1 g). The resultant slurry of the
conpound on silica was subjected to flash chromatography using a Tel edyne

| sco instrusrertion R4 g Redi Sep silica col urm 10% MeOH in CHCl11) to get the

titl =535. 2.
1IHN|\/eR ? Omza”%@)&g%ﬂyff‘y/ﬁ‘bﬁﬂs“’ﬁ%% ?ﬁ‘ﬂng PWD@E"*“(@J lglbe}lly\{sﬁgm‘r h?é‘r% 03 (4H,
M, 6.84-6.78 (3H, M), 6. 05Hc§cl&&n(a[ldﬂbyrh‘i1dm5—28@dﬁn&«fb (1H ), 5.32-5.20
(4H, 1), 4.55-4.46 (2H m), 4.32-4.29 ( M, 4.23-4.19 (1H n), 2.71-2.61

(3H, ), 2.12-1.98 (2H,
HN/\/
\/N. )\: )\/%

Preparation Ra (0.5g, 1.754 mmol) and Preparation A (0.483 g, 1.754 mmol) were heated

15  at 150 °C for 20 min while monitoring by LC-MS. After the completion of the reaction, it
was cooled to rt and the reaction mass was taken up in dichloromethane (5 mL) and silica
(1 g). The resultant slurry of the compound on silica was subjected to column
chromatography (60-120 mesh silica) using 5% methanol in chloroform as the mobile
phase to give N4-allyl-N2-(3-(allyloxy)-4-(4-chloro-1H-imidazol-1-yl) phenyl)-7-phenyl-

20 6, 7-dihydro-5H-cyclopenta[d]pyrimidine-2, 4-diamine (0.480 g, 26.3%) as an off-brown
solid. LC-MS (M+H)" =499.1. "H NMR (400 MHz, DMSO-d6): 8 ppm 9.17 (1H, s),
8.00 (1H, s), 7.75 (1H, s), 7.31 (1H, s), 7.29-7.19 (2H, m), 7.17-7.13 (6H, m), 6.04-5.89
(2H, m), 5.25-5.10 (4H, m), 4.31 (2H, m), 4.15-4.12 (3H, m), 2.80-2.79 (1H, m), 2.78-
2.49 (2H, m), 1.95-1.92 (1H, m).

25
Synthon RbA

N4-allyl-N2-(3-(allyloxy)-4-(4-chloro-1 H-imidazol-1-yl)phenyl)-N4-methyl-7-phenyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine
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Synt hon RhA

15N-(3-(al I yl oxy)-4-(4-chloro-1Hi m dazol - 1-yephenyl) - 4- (but - 3-enyl) - 7- phen
yl -6, 7- dwbydranodddocycl opent af d] pyri m di n-2-am ne 20Pr epanskéion4ds2g 0. 69,
2.4mmol ) and Preparation Rh (0.6 g, 2.11 mmol) were heated at 150 C for 45
mn while nonitoring by LCGMS. After the conpletion of the reaction, it was
cooled to rt and the reaction nmass was taken up in dichloronethane (50 nl)
and silica (2 g). The resultant slurry of the conpound on silica was
subjected to flash chronat ography usi ng_a Tel edyne Isco instrunment (12 g

Redi Sep silica colum, 10% MeGH in 3) to get the title compound (0.5
47.6% as a |ight brown solid. %%m FD\NMS 2. 5 1H NWVR (400 MHz,
CDC13) 6 ppm 7.96 (1H, s), 7.5 \34718(7H m, 7.08- 702(2H,
rr),677675(1HdJ—88Hz) 3 i, m, 5.26-5.02 (4H, m,
4.29- 4.19 (3H, m, 2.89-2.55 (7H, ™% R .5(1H m . 5:vnthon ThA
10N4-al Iyl - N2- (3-(al Iyl oxy) -4-(4- chIoroHlll i mdazol - 1-yl ) phenyl)-7-(2, 4-di
fl uorophenyl)- N4-nethyl -6, 7-di hydr o- 5H—cyc|oqgaga[d]pyrinidine-2,4-dianine
Cl Preparation A (1.48, mmol) and Preparation= (2 g, 5.961 mmvl) were
heated at 1 el t npl et i on
of the reaclg%réﬁggﬁ“ggog% (%Gh#&ﬂ %E%R%Egaﬁﬁé%gﬁyﬁm§gﬁ§$%%§Q$%ﬁ€n up i

di chl or onet HANE 6118 mﬂn)wlalladncmltbmngaby(mms ATleethe esmblbmnofsﬂlmatoylomﬁt t he

conmpound on_si | i S bj ected to fI h chr oqr | edyne
oo0 i nst r uert e B el kR G u BRONE  SETLREOERN R B et he
title conpoung THe 2a@tant3AMy dehea:ohipgﬁ’ﬁd dmrsdlwa waid bubjectdd @ MBupH) + =549. 2. 1H
20NMR (400 , .CDC13) ; 7.97 o (.41 (1H, s),
o ey oo bRy il biad s Mo R efibrgfbrmi e s 1, s
4.43-4. 2|9 (Shiake tﬁ')glve3\143ﬁly(—3’|2t(3~‘§a)ll,y103(y)24'(lﬁcﬂl5ro(121Hlm1ﬂﬁzol 2yHphdndnia-m, 2.09 (1
Hom. S yanth 3r/]l 7T1];}'1Ae\:nyl 6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine (0.420 g, 50.6%)

as an off-white solid. LC-MS (M+H)" = 513.2. '"H NMR (400 MHz, DMSO-d6): & ppm

10 9.17 (1H, s), 8.00 (1H, s), 7.75 (1H, s), 7.31 (1H, s), 7.29-7.19 (2H, m), 7.17-7.13 (6H,
m), 6.04-5.89 (2H, m), 5.25-5.10 (4H, m), 4.31 (2H, m), 4.15-4.12 (3H, m), 3.12 (3H, s)

2.80-2.79 (1H, m), 2.78-2.49 (2H, m), 1.95-1.92 (1H, m).

Synthon RcA
15 N2-(3-(allyloxy)-4-(4-chloro- 1 H-imidazol-1-yl)phenyl)-N4-(but-3-enyl)-7-phenyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine

cl f

Preparation Rc (0.700 g, 2.31 mmol) and Preparation A (0.581 g, 2.31 mmol) were heated
at 150 °C for 20 min while monitoring by LC-MS. After the completion of the reaction, it
20 was cooled to rt and the reaction mass was taken up in dichloromethane (5 mL) and silica
(1 g). The resultant slurry of the compound on silica was subjected to column
chromatography (60-120 mesh silica) using 5% methanol in chloroform as the mobile

phase to give N2-(3-(allyloxy)-4-(4-chloro-1H-imidazol-1-yl)phenyl)-N4-(but-3-enyl)-7-
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25N- (3- (5-am no- 2- (4-chl oro- 1Hi m dazol - 1-yl ) phenoxy) propyl) - 2-chl oro-7- (2,
4- difluorophenyl)-Nnethyl -6, 7-di hydro-5H cycl opent a[ d] pyri m di n-4-am ne

| ron powdwo-282%0pmwsh (1.553 g, 27.8 mmol) was added to &Craseaibaiseom fl ask
charged with a m xture of Preparation Tf (1.6 g, 2.78 mmol), absolute

met hanol (20 nL), water (20 nlL), THF (15 nL) and ammoni um chl oride (1.48 g,
27.8 mml). A water-cool ed 5reflux condenser was attached to the flask and
t he het erogeneous m xture was heated to 65 C with vigorous stirring for 3

s 1 emoved G EE A lre ol B e T e ol CE s WiFen wat or

and brine. sbhe rar-gasM+H#yes13was dried over sodiumsulfate, filtered, and
concentrated to afford the title conmpound (1.3 g, 86%yield) as a yellow
solid. LG 10 M5 (MrH)+ = 545.0. 1H NWR (400 MHz, CDC13) 6 ppm 7.45 (1H,
s), 6.99- Gﬁz%zhbﬁlzddAn') 6. 79 6 74 (2H n') 6 30- 6. 27 (2H m, 4. 38 4.34 (1H,
t, J= 8 Hz), 4.08-3. Z{ % 3.16
(3H, s),> 3 o2 $3- @sblYkaH- -y Chlt’zosléi QHI%OHMDPWY ’2f4deut23 @Ql)(f%l(sw 11, 95-1. 91
(1H m . 15 Synthon ffaR6 7-dihydro- 5H cyclopenta[d]pyrimidine-2,4-diaming

4-(4-(all yI am no) - 7- phenyi- 6 \7, cho SH cycI opent a[ d] pyri ni di n- 2-yl ani no)
-2- (allyloxy)benzonitrile CPreparat on D (1.22g, 0.70 mmol ) and
Preparation Ra (2.0 g, 0.70 weg-€ heajethatk150C for 45 mn while
nonitoring by LGMs. After thelgcqnplktion ¢f the reaction, it was cooled to
n and the reaction nmass was taken@; cﬂc\horret hane (15 nlL) and silica
(6 g). The resultant slurry of the “oR¢silica was subjected to
fl ash chronat ography using a Tel edyne IBco insprument (40 g Redi Sep silica
5% MeOH i n CHC13) to get the title conpound ( g, 67.5% as a brown
solid. LCGCM (MrH) = 5424.2. 1H NWR (400 MHz, 13) ti ppm 9.48 (1H, s),

8.01 (1H, Sl)reparatﬁ)% Rd JI gg 'ﬁ'lmm and Preparation A (0.785 g, 3.15 mmol) were heated at

150 °C for 20 min while monitoring by LC-MS. After the completion of the reaction, it

10 was cooled to rt and the reaction mass was taken up in dichloromethane (5 mL) and silica
(1 g). The resultant slurry of the compound on silica was subjected to column
chromatography (60-120 mesh silica) using 5% methanol in chloroform to obtain the title
compound (1.0 g, 54.34%) as brown solid. LC-MS (M+H)" = 527.2. 1H NMR (400
MHz, DMSO-d6) 6 ppm 10.10 (1H, s), 7.85 (1H, s), 7.52 (1H, s), 7.40-7.37 (4H, m),

15 7.32-7.23 (4H, m), 6.02-6.00 (1H, m), 5.98-5.82 (1H, m), 5.31-5.27 (2H, m), 5.26-5.24
(2H, m), 4.55 (2H, m), 4.39 (1H, m), 3.80-3.72 (2H, m), 3.36 (3H, s), 3.36-3.33 (2H, m),
2.61-2.59 (1H, m), 2.52-2.50 (2H, m), 1.99 (1H, m).

Synthon ReA
20 N-(2-(2-(5-amino-2-(4-chloro-1H-imidazol-1-yl)phenoxy)ethoxy)ethyl)-2-chloro-7-
phenyl-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-amine

-

NT X
I

~
NH, Cl
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6.01-5.95 (2H, m, 5.42-5.37 (4H, m), 5.30-5.11 (4H, m), 4.39-4.15 (2H, m),
2.67-2.49 (3H m, 1.98-1.85 (1H, m. Svnthon RO

104- am now@-2012/00230ehl or o- 7- phenyl - 6, 7- di hydr o- 5H cycl opeatrajsdjippuions di n- 4-
yl am no) but oxy) benzonitri | e eNA-NH | ron powder-325 nmesh (0.600 g, 10.79
mmol ) was added to a round bottom flask charged 15with a m xture of
Preparation Rk (1.0 g, 2.158 mmol), 3:1 nethanol : water (60 ni), and
anmoni um chl oride (0.580 g, 10.79 nmol). A water-cool ed reflux condenser
was attached to the flask and the heterogeneous mi xture was heated to 65 C
with vigorous stirring for 120 min. The reaction m xture was filtered and

washed w t hirgigidwaiRe32s hosh 92kY M. 5 wadl veyRMed th B rMﬂlﬁlb@ttorEﬂQACchﬁ\l%Sd added to
t he residue, and washed with water 20and brhnagaolT e org nic | ayer was dried
1

over sodi unVidht mittere of Preparpting ReyQfecdiBanmp v methage d29 AL | e

conpound (7Q1Qn6EQumZ§le{ﬁ>1é(é @\ 2dY, £ mhoVelA @WeS& ol reflf MRIdMERak affacftdfto2. 1H
NVR (400 MHz, DVSO-d6) ti ppm 7.56-7.53 (1H, 7.32-7.14 (6H, _m, 6.25

(1H, s),5 6. haflekegd (@lheteabgenepusm@mﬁ)ws beaieé tp 634'C wyth vigonys sirmipe for ) ¢, . J=8

Hz), 4.04- lf""[@ére(agth!)n Iﬁfl(tur@wgéﬁlgfre’élz r(d%%shmwn}?m&%ar%l 6Fhd SbenfWas 2. 01- 1. 97
(1H, m, 1.82- nt hon

4-(4-(allyl r&ﬁlp}"@)m ?af(uQ, Ei@/r\‘f W@ﬁﬁ%ﬂh@ﬁ@@)‘v‘s@uq ag] Wigsdiebw BIMwelgeaddeeal d] pyri mi
din-2- vyl arﬂ”ﬂ.é%‘ga%lc(lgyér Wa?éﬂéd%glzé%ﬁlurtﬂ §u|1f§te,|\Ht(J,}M, afoncentrated to afford the
title compound (0.35g, 74.15%) as a yellow solid. LC-MS (M+H)" = 527.2. IH NMR
10 (400 MHz, DMSO-d6) 8 ppm 7.72(1H, s), 8.70 (1H, s), 7.52 (1H, s), 7.38-7.28 (7H, m),
7.14-7.12 (1H, m), 6.37 (1H, s), 6.22-6.20 (1H, m), 5.41 (1H, s), 4.19-4.02 (3H, m), 3.73-
3.71 (2H, m), 3.59-3.51 (4H, m), 2.80-2.55 (3H, m), 1.99-1.93 (1H, m).

Synthon RfA
15 N-(3-(5-amino-2-(4-chloro-1H-imidazol-1-yl)phenoxy)propyl)-2-chloro-7-phenyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-amine

>§\ 0] NH
NON

N™ X
|

/
N
NH, CI

Iron powder—325 mesh (0.239 g, 4.29mmol) was added to a round bottom flask charged

20 with a mixture of Preparation Rf (0.45g, 0.858 mmol), absolute methanol (20 mL), and
ammonium chloride (0.229 g, 4.29 mmol). A water-cooled reflux condenser was attached
to the flask and the heterogencous mixture was heated to 65 °C with vigorous stirring for
5 h. The reaction mixture was filtered and washed with methanol. The solvent was
removed in vacuo. EtOAc was added to the residue, and washed with water and brine.

25  The organic layer was dried over sodium sulfate, filtered, and concentrated to afford the
title compound (0.23 g, 54.24%) as a yellow solid. LC-MS (M+H)" =495.2. 1H NMR
(400 MHz, DMSO-d6) 6 ppm 7.73(1H, s), 7.54 (1H, s), 7.39 (1H, s), 7.30-7.09 (6H, m),
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S5Preparation D (0.271 g, 1.557 mmol) and Preparation Ta (0.500g. 1.557
nrnop were heated at 150C for 45 mn while nonitoring by LC-MS. After the
conpl eti omoab1deesopeacti on, it was cooled to rt and thePCeaSkél0N432ES Was
taken up in dichloronethane (150 nL) and silica (1.5 g). The resultant
slurry of the conmpound on silica was subjected to flash chromatography
using a Tel edyne |Isco instrunent (40 g Redi Sep silica colum, 1010% MeOH in
CHC13) to get the title conmpound (380 ng, 53.3% as a brown solid. LC M

(N%FD+ = 8 , (.36 (IH

4 15059 P P S o B acmgb g b B Ao boml o 1y !
5 45 5. 20 (341ﬂz 38) (2H 142243250 (8, mymM .993.92238, 4P (2H, m), 2.65 (1H, m, 1.93
(1H, m. 15 Synthon SfN
4- am no-2- (2-(2-(2-chloro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl opent a[ d] py
rimdin-4- n@ghm%)ethylanlno)ethoxy)benzonltrlIe ON NH NH2 I ron
powder - 325 nesh q? ded to a_round bottom fl ask
20char ged wi %Ga( rARQE& 6111101prlelfyavlé%mbw@phmxﬁerogﬂ)é chivzo-fripsthyl-73: 1
met hanol @ water (20 mhinyl-8NdiRARRITNRIGHNE PGk inlBdmEBe 3. 52 mol). A
wat er - cool ed reflux condénser \ias attached to the flask and the
het er ogeneous m xture was heated to 65 C wth vigorous stirring for 120

mn. The reaction m xture was filtere d washed with nmet hanol. The
sol vent was renoved in vacua. tOAc s added to the residue, and washed
with water and brine. The orga er was—dried over sodiumsulfate,

filtered, 5and concentrated toNng() the :
yield) as a yellow solid. LG M (
6 ppm 7.67 (1H, br s), 7.29-7.13 (6% n)w\ﬁ.
m, 3.81-3.80 (2H, m, 3.69-3.60 (2H, Ny C'3.3
m, 2.01-1.97 (1H, n). 10 Svnthon SgN
4- am no- 2- (24(2-(2-chl oro-7-(4-fl uorophenyl)-6;7-di hydro-5H cycl opent a[ d] py
rimdin4-ylam no)ethyl) (methyl)am no) et hoxy) benzonitrile

Iron powder—325 mesh (0.519 g, 9.29 mmol) was added to a round bottom flask charged

. 1H NMVR (400 MHz, DMBO- d6)
§06.23 (3H, ), 4.27-4.04 (3H,
27 (2H, m), 2.85-2.67 (3H,

10 with a mixture of Preparation Rg (0.5 g, 0.929 mmol), absolute methanol (10 mL), water
(10 mL) and ammonium chloride (0.496 g, 9.29 mmol). A water-cooled reflux condenser
was attached to the flask and the heterogeneous mixture was heated to 65 °C with
vigorous stirring for 5 h. The reaction mixture was filtered and washed with methanol.
The solvent was removed iz vacuo. EtOAc was added to the residue, and washed with

15  water and brine. The organic layer was dried over sodium sulfate, filtered, and
concentrated to afford the title compound (0.20 g, 42.37%) as a yellow solid. LC-MS
(M+H)" = 539.2. 1H NMR (400 MHz, DMSO-d6) & ppm 7.78 (1H, s), 7.37 (1H, s), 7.32-
7.01 (8H, m), 6.36 (1H, s), 6.22-6.20 (1H, m), 4.11-4.03 (3H, m), 3.17 (3H, s), 3.12-3.0
(3H,m), 2.51-2.47 (2H, m), 1.99-1.92 (3H, m).

20
Synthon TaA

N4-allyl-N2-(3-(allyloxy)-4-(4-chloro-1H-imidazol-1-yl)phenyl)-7-(2,4-difluorophenyl)-
6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine
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NH 1ron powder-325 nesh (530 ng, 9.80 mmmol) was added to a round bottom
flask charged 15 with a m xture of Preparation Sg ( 0.5 g, 0.980 nmml ), 1:1
nmet hanol :woaabevo0d®9 nl), and ammoni um chl ori de (0.508 gpPC¥BRUTORIGRS A

wat er - cool ed refl ux condenser was attached to the flask and the

het er ogeneous m xture was heated to 65 C with vigorous stirring for 150
mn. The reaction mxture was filtered and washed with net hanol. The

sol vent was renoved in vacua. EtO0Ac was added to the residue, and washed
with water and brine. 20 The organic |ayer was dried over sodium sulfate,
filtered, and concentrated togaf ford th&ytitle conpound (350 g, 74.4%
yield) as a dark brown solid. LG (M = 481. 2. 1H NWR (400 MHz,

DVBO-d6) 6 ppm 7.25-7.10 (5H, N1y | 6725-6. 18 (4H, m), 4.15-4.03 (5H, m,
3.70-3.60 (2H, m), 3.3-3.27 (1N C20°T$HN S), 3.17-3.15 (1H, m,
2.51-2.45 (1H, m), 2.09-2.06 (2H, 1. 49-; (1H m. 25 Synthon TbD

4-(4-(a|kainethyl)anino)-?-(2,4-dif|u$}odﬁen 1) ;/6, 7- di hydr o- 5H

cycl opent a[ d] pyri m di n-2-yl am no) - 2- (al | yl ox @nzonitrile 5 Preparation D
(1.089 g, 6.25 Mol ) and Preparation Tb (2.1 g-/6.25 nmol) were heated at
150C for 60 mn while nonitoring by LC-MS. Aftek the conpletion of the
reaction, it was cooled to it and the reaction mass was taken up in

di chl oronet hane (25 nL) and silica (5 g). The resultant slurry of the

conpound o ilica bj ed t.o ash 10 ch t.ogr.aph ing a
Tol eayne | <ea R AEiD 4 ko Ty Prhta AR PP Ph0BMREEN R Gress) 1o
get the ti theated anpOUiodor45. Bingyhilo @gnitasngpbydiat M rdwnths obmpletidnGiMe (Mr11) - -
474. 2. NVR (400 MHz, M46): 6 7.74 (1H, . .36 (1H, J 8.4
oy 2y o b TR i G e oDy sl Vet hensiihi afepiorithing (15 s 25
g- 4553 ?)1i—| 4. 4Ry af]-hSd%gicé t@lﬁg) Hggé&ulzﬁlt {13ir; oSthe cdmplAind od Sili€a2Whs sibjectdd @6 (1H, m),

. \ . n (0] . . e
4- (4-(al | yﬂﬁ)l?éb ﬁ%@%ﬁowﬂm%}%wd@?eﬂsm PyErecns (408 Rediysa stlisp eqIBRi mi di n- 2- vl
am no) - 2- (|l ¥McoxyihkRer@ons Ltitheitle compound (200 mg, 30%) as a light yellow solid.

LC-MS (M+H)" =535.2. '"H NMR (400 MHz, CDCls): & ppm 7.86 (1H, s), 7.54 (1H, s),

10 7.26-7.03 (4H, m), 6.84-6.78 (3H, m), 6.01- 5.98 (1H, m), 5.86-5.84 (1H, m), 5.32-5.20
(4H, m), 4.55-4.46 (2H, m), 4.32-4.29 (2H, m), 4.23-4.19 (1H, m), 2.71-2.61 (3H, m),
2.12-1.98 (2H, m).

Synthon RhA
15 N-(3-(allyloxy)-4-(4-chloro-1H-imidazol- 1 -yl)phenyl)-4-(but-3-enyl)-7-phenyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-2-amine

cl *j\ A
>=:\ 0
L

N7
A~

N
H

20  Preparation A (0.6g, 2.4mmol) and Preparation Rh (0.6 g, 2.11 mmol) were heated at 150

°C for 45 min while monitoring by LC-MS. After the completion of the reaction, it was
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20Preparation D (0.872 g, 5.0 mol) and Preparation Rb (1.5 g, 5.0 nmoN
were heated at 150C for 90 min while nonitoring by LC-MS. After the

conpl eti omoab1deesopeacti on, it was cooled to rt and thePCeaSkél0N432ES Was
taken up in dichloronmethanc (50 nmL) and silica (5 g). The resultant slurry
of the compound on silica was subjected to flash chromatography using a

Tel edyne Isco instrunent (40 g Redi Sep silica columm, 60% of ethyl acetate
in hexane) to get the title conpound (1 1 g, 50.29% as a brown solid. LC 5

MS (MEH) I = 00 MHz,
0o 6 b (comtodis it ol B G Raiva s Ot B0 iy Farbica D oy 1y
g 34t ﬁ 3H, stg) T8e bulBinddurBbf thePompdubGosihid Wk RubjBted 3 fR9r Au@fatbdkibhy) .

vn on
104- ani no- 245{g4oldly g Seorinpirupanf (16 R iSey ailise ey dPGMEPEIHFRHY 1 di n- 4-
y1) (et hyl )@mm%@e&ﬂwmkxeﬂgw@%)dsm@w\@ownsdlrdomcpmd@[ 1925 4983h (963 ny,

17.24 mmol ) was added to a round-bottom flask char m xt ure of

Pr epar atd on! FRNMR(490 §1H2 CPLA)@mpm) 7-961¢ 1AL met AAAGT. $): 9}\/%éﬂe]rg (@Hgmhﬂ)og' and
15ammoni um £6) OH, 46, 4 £- 825 91 1171% 8@]39' 5.93-AIRIEL Iy CO0 682 (4T | khx4 69ndenser

was attached to the flask the het érogeneous m'xture was heated to 65 C,
wi th vi gor chtd St WA%%??@?(%ISHH]%.U THe (Méawtion mixture was filtered and
washed wi th net hanol. The sol vent was renpved in now. Et 0Ac was added to
the residue, and washed with water and brine. The organic |ayer was dried
over sodi undsdbfdb4, filtered, and concentrated to afford the 20title

R o AN S i o

(4H, m, 4.12-4.02 M@Hpthyr]}@7Elh?@ro§l‘75ycﬂ®lehtaml]pyrlﬁnc'ﬁn82z7dlz(rﬂ1hb , 3.20 (3H,

s), 3.17-3.15 (1H, m, 2512451 2.09-2.06 (2H, m), 1.99-1.91 (1H,
oph

m. 25 Synthon TcH
4-am no- 2- (3-(2-chloro-7-(2, 4 )-6, 7-di hydr o-5H cycl opent a[ d] p

yrim di n4-yl am no) pr opoxy) benﬂw/,\t ri
< |
N)\N F

H

Preparation A (1.48, mmol) and Preparation Tb (2 g, 5.961 mmol) were heated at 150 °C

15  for 45 min while monitoring by LC-MS. After the completion of the reaction, it was
cooled to rt and the reaction mass was taken up in dichloromethane (15 mL) and silica (3
g). The resultant slurry of the compound on silica was subjected to flash chromatography
using a Teledyne Isco instrument (40 g RediSep silica column, 10% MeOH in CHCI;) to
get the title compound (1.2 g, 37%) as a light brown solid. LC-MS (M+H)" =549.2. 'H

20 NMR (400 MHz, CDCls): & ppm 9.41 (1H, s), 7.57 (1H, s), 7.41 (1H, s), 7.27-7.06 (4H,
m), 6.89-6.82 (2H, m), 5.94-5.85 (2H, m), 5.34-5.22 (4H, m), 4.43-4.29 (5H, m), 3.30
(3H, s), 3.24-3.15 (2H, m), 2.61 (1H, m), 2.09 (1H, m).

Synthon TfA

25 N-(3-(5-amino-2-(4-chloro-1H-imidazol- 1-yl)phenoxy)propyl)-2-chloro-7-(2,4-
difluorophenyl)-N-methyl-6,7-dihydro-5 H-cyclopenta[ d]pyrimidin-4-amine
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| ron powder-325 nmesh (1.49 g, 26.8 mvl) was added to a round bottom fl ask
charged with a m xture of Preparation Tc (1.3 g, 2.68 mol ), 1:1 nethanol
wat er ( 35wolp12/@mmd9amoni um chl oride (1.43 g, 26.8 mml PCTASMEIO13CDO] ed
refl ux condenser was attached 5to the flask and the heterogeneous m xture
was heated to 65 C, with vigorous stifling for 3 h. The reaction m xture
was filtered and washed with nethanol. The sol vent was renoved in vacua.

Et OAc was added to the residue, and washed with water and brine. The
organic |l ayer was dried over sodiumsuffate, filtered, and concentrated to
afford the title conpound (8 ngy, 65/6 |@hd) as a Ilght y6||OM/SO|Id
LCM5 (M+H) + = 456.0. 101H N OOONPE, CDC13) 6 ppm 7.28-7.25 (1H, d, J=
10 Hz), 6.94-6.74 (3H n), 6.28-H. ¢ A . 29-5.24 (1H, n) 4.47-4.45
(1H, m, 4.16-4.11 (2H, m, 3.81-3 2.72-2.67 (4H, m, 2.24-2.19
(2H, m, 2.04-1.98 (1H, m. Synthon F

154- am no- 2- (34(2-chloro-7-(2, 4-di fl uo J
] pyrimdin- 4-yl)(met hyDam no) propoxyl benzoni : o me Iron powder - 325
mesh (1.22 g, 22.0 nmol) was added to a round bettom flask charged with a
m xture of Preparation Td (1.1 g, 2.20 mmol), 1F1 methanol : water (60 nL)
and 20 amMmomrbriigowaidt-ors thesh((1.557 gg27. Q&nﬁbl)mmd addAl t‘d@tr&[nd(lﬁﬁblﬁdl_aﬂ&fﬂat@éd

condenser was attached to the f etero €0 m xt ure was
heated to 6%ithe MRS OSFGB?WE%‘ '%tjt ? ﬁ&g ?)3%01“ et aélﬁtépdﬁq“)rﬁ" fure was
filtered andowashedr wstranwaﬂmeumeorm@I(v&ng WeESmmBIDU8htérttobRE 0.  Et OAC

was added to _the residue, wat er and brine. The organic
| ayer wabs drﬁﬂw%@@}serswlaaﬁﬁh%rorta% EaSkfaP@ flcﬁlénrogal?f@uwﬁ%ﬁtv@%&@&dﬁo afford

title conpoggg &laﬁ&lﬁ/ﬁgus S gfbﬁi %)) Tnesreécdoh %itubéedlds PYcRQ |ah(gwas!h€d {een (MrH) |
470.0. 1H NWVR (400 1 ppm 7.25 (1H, s), 7. 74(3H m,
6.22-6. 19 (@ﬂharnl @ﬁsgfvantm rer@OV@ IR wepo. sEtOAM%aéclqd to the @ﬂiu& 39d) |

g g% g gg Ex%d’s'hcdrgmh %af%?anﬁ ‘tﬁ’éc E e orBdnic léye?fQ)va(s %Hed §\)cr sd%l#?g# sﬁfaﬂeGﬁftégd m,
and concentrated to afford the t1tle compound (1 3 g, 6% ylcld) as a yellow solid. LC—

10 MS (M+H)" = 545.0. 1H NMR (400 MHz, CDCly) § ppm 7.45 (1H, ), 6.99-6.89 (3H,
m), 6.79-6.74 (2H, m), 6.30-6.27 (2H, m), 4.38-4.34 (1H, t, J= 8 Hz), 4.08-3.99 (2H, m),
3.99 (2H, brs), 3.68-3.60 (2H, m), 3.16 (3H, s), 3.08-2.99 (2H, m), 2.56-2.53 (1H, m),
2.06-2.03 (2H, m), 1.95-1.91 (1H, m).

15 Synthon RaD
4-(4-(allylamino)-7-phenyl-6,7-dihydro-5H-cyclopenta[d Jpyrimidin-2-ylamino)-2-
(allyloxy)benzonitrile

AN AN
O NH
Iy
N N
H

20
Preparation D (1.22g, 0.70 mmol) and Preparation Ra (2.0 g, 0.70 mmol) were heated at
150 °C for 45 min while monitoring by LC-MS. After the completion of the reaction, it

117



Synt hon RhD

2-(al Iyl oxy)-4-(4-(but-3-enyl)-7-phenyl-6, 7-di hydr o- 5H cycl opent a[ d] pyri m d
i n-2- 10wWearmrapbdnzonitril e Preparation D (0.673g, 3. 8®CHrisk)11amib28
Preparation Rh (1.1 g, 3.86 mmol) were heated at 150C for 90 mn while
monitoring by LC-MS. After the conpletion of the reaction, it was cooled to
rt and the reaction mass was taken up in dichloronethane (15 ni) and
15silica (5 g). The resultant slurry of the corrpound on silica was
subjected to flash chro ogr.a usi ng, a Tel instrunment (40 g
el Sop- i | VELORBH o0 o Testren 35t Sk Pran e LB E BN (057,
30. 69 as ailidaght). b]rlfé\d«éhu&ﬁitlsldrryleﬁth%o&l%iﬂh oft sthidBwds su&JdctBlﬂ/F& fl400 MHz, CDC13)
(1 ppm 7.95 (1H, s) 736711 68- 0J-84Hz)
5.94-5. 90 (@@mmgra@wsmsais eévm IS%lnst@me (80 éﬁeglm sifige S% ¢804 26 (3H,
nm, 2.98-2. éﬁcgg emle tidle élcﬂnp%uﬂ@Q(Olé" 6713V5) a$h BRWAQBIERAR-MS (M+H) =

N2- (3-(al Iyl ox
2, 4-trivazot?4 W@rﬁ%Mé&&%ﬁQWWﬁﬁééW ¢, 801 (1H, s), 7.43-7.13 (7H, m),

di hydr o- SH-cychopent ahds. @2’”5'36‘(41&%’;336‘5@1%&1?{%) 25.,9 A¥sePAT @, har- B 0. 0807g,
0.350 mml ) and Preparation were heated at 150C for
30 nmin whil @HapmikBri %(HITE/HQC-I\/B After t he corrpl et| on of the 5reaction, it
was cooled to rt and the reaction mass was taken up in dichl oronet hane (5
m.) and silica (1 g). The resultant slurry of the conmpound on silica was
subj ect ed t®nfioa&hNchr omat ogr aphy using a Tel edyne | sco instrunent (4 g

Redi Se |I|ca % i itle

conpouﬁ (0.07 23}“&% 4 @""hm‘?'gﬁ’?%r 82’?@%‘?‘.’*5?’9 CE@OR%%‘([%&&B&IQ% Iz‘tso 2. 1H NWR

(400 MHz, DM SO d6) 6 ppm 10. 2§lafnitd)busdxy)@nzmitdle (1H, s), 7.64-7.56 (2H,

m, 7. 53.7.17 (7H, m, 6.06-5.95 (2H, , 5.33-5.17 (4H, nm), 4.58 (2H, br

s), 4.44 (1H, br s), 4.17 (2H, br M9I1H2.74 (3H, m, 2.33 (3H, s),

2.05-2.03 (1H, m. Synthon RbCNC

15N4-al | y1-1172-(3-(al I yl oxy)-4-( ﬁ%
NH2

,2,4-triazol -1-yl)phenyl) - N4-
nmet hyl- 7- phenyl-6, 7-di hydro-5Hc i mdi i am

Tron powder—325 mesh (0.600 g, 10.79 mmol) was added to a round bottom flask charged
15  with a mixture of Preparation Rk (1.0 g, 2.158 mmol), 3:1 methanol : water (60 mL), and
ammonium chloride (0.580 g, 10.79 mmol). A water-cooled reflux condenser was
attached to the flask and the heterogeneous mixture was heated to 65 °C with vigorous
stirring for 120 min. The reaction mixture was filtered and washed with methanol. The
solvent was removed in vacuo. EtOAc was added to the residue, and washed with water
20  and brine. The organic layer was dried over sodium sulfate, filtered, and concentrated to
afford the title compound (700 mg, 75% yield) as a yellow solid. LC-MS (M+H)" =
434.2. 1H NMR (400 MHz, DMSO-d6) & ppm 7.56-7.53 (1H, m), 7.32-7.14 (6H, m),
6.25 (1H, s), 6.24-6.18 (1H, d, /=8.8 Hz), 6.13 (2H, s), 4.20-4.16 (1H, t, /=8 Hz), 4.04-
4.01 (2H, m), 3.45-3.32 (2H, m), 2.85-2.67 (3H, m), 2.01-1.97 (1H, m), 1.82-1.71 (4H,
25  m).
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Preparation C (1.53 g, 6.521 mol) and Preparation Rb(2 g, 6.688 mmvl) were
heated at 150C for 45 mn while nonitoring by LC-Ms. After the conpletion
of the rexot2ommooioe 20 was cooled to rt and the reacti oRCERASIOMAL3IRBKken up
in dichloronmethane (20 m.) and silica (4 g). The resultant slurry of the
conpound on silica was subjected to flash chromatography using a Tel edyne

| sco instrunent (40 g Redi Sep silica colum, 5% MeOH in CHC13) to get the
title conpound (1.6 g, 509 as a brown solid. LCM (MtH) =494.2. tfi NWR
(400 MHz, DSE/VBC}Z-4 . ti ppm9.8 (1H, br s), 7.91 (1H, s), 7.77 (1H, s),
7.35-7.31 ( ﬂf”ﬁ#‘,"Drm-?.zz (5H, m), 5.96-5.84 (2H, m), 5.25-5.11 (4H, m,
4.63-4. 22 ( SH-(4nhilyldmid8)-(-8H-dHuorophdiyt)36, 1Qihg dioh S Hyclope@dd[d{p3tmidin-2- 2. 51 (1H,
m, 1.93-1.91 5(1H, t, J=4.4 Hz). S nt{&gn RaC |

N4- al |yl - N2- (3- (al | yl oxy) - 4- (BB Ry Rl igxbenzgnifrile 57 0] - 1- yepheny1) - 7- phenyl
-6, 7- di hydro-5H-eyel openta[d] pyri m dipe-2,4-diamne 10 Preparation C
(1.61 g, 7.01 mml) and Preparaiﬁgn Ra%\(z g, 7.01 mmol) were heated at 150C
for 45 min while nonitoring by LG-\NB. AfNer the conpletion of the reaction,
it was cooled to it and the rggcti on mass| was taken up in dichl oronethane
(20 nL) and 15silica (2 g). The t ant g ry of the compound on silica
was subjected to flash chronmat ogr udi ng-a’ Tel edyne Isco instrunent (12
g Redi Sep silica colum, 10% MeOH in (ﬂHCI'W') t\o get the title conpound (1.4
g, 41% as a light brown solid. LGM (MH) & 480.2. 1H NVR (400 MHz,
DVMSO-d6) 5 ppm 10.01 (1H, s), 8.01 (1H, s), -7.50 (2H, ni), 7.49-7.1
(7H, m, 6.02-5.90 (2H, m, 5.30-5.11 (4H, m, \4.52 (2H, br 20s), 4.40 (1H
br s), 4.12 (2H, br s), 2.90-2.69 (3H m, 2.2f(3H, s), 1.99-1.94 (1H, m.
Synt hon RbBPreparation D (0.271 g, 1.557 mmol) and Preparation Ta (0.500 g, 1.557 mmol) were

N4-al | vl - N2- ( 3- -4- -methyl-1H-1, -trj | -1- h 1) - N\4- th
R L e kit Sl S s N G b G P AR s KRBT ) o D T b
B (1.53 g, @adidd, inwad QooRdth Paspée adabtiuh s (s GkerBuHi8 Jichiopdmethvie €1 Joeat ed at

150C for 45 mn while ponitoring by LCNMS. After the conpletjon of the
reaction. ipL)andsi {ca?l.S g). The resugant)sllurry OMEe compound on silica ggs suLJlected to

flash chromatography using a Teledyne Isco instrument (40 g RediSep silica column,

10 10% MeOH in CHCIs) to get the title compound (380 mg, 53.3%) as a brown solid. LC-
MS (M+H)" =460.2. '"H NMR (400 MHz, DMSO-d): & ppm 7.84 (1H, s), 7.36 (1H, d, J
= 8.4 Hz), 7.07-7.06 (1H, m), 6.86-6.79 (2H, m), 5.97-5.86 (2H, m), 5.45-5.20 (4H, m),
4.42-4.21 (6H, m), 3.22-3.19 (2H, m), 2.65 (1H, m), 1.93 (1H, m).

15 Synthon SN
4-amino-2-(2-(2-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d Jpyrimidin-4-
ylamino)ethylamino)ethoxy)benzonitrile
H

o~ N
NG NH

N/l

NH, Cl)\\N

F
Tron powder—325 mesh (0.205 mg, 3.52 mmol) was added to a round bottom flask
20  charged with a mixture of Preparation Sf (0.35 g, 0.704 mmol), 3:1 methanol : water (20

mL), and ammonium chloride (0.187 g, 3.52 mmol). A water-cooled reflux condenser
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5 was cooled to rt and the reaction mass was taken up in dichl oronethane
(15 nm.) and silica (4 g). The resultant slurry of the conpound on silica
was subj ewbedizwoFobash chromat ography using a Tel edyne Pstws2oionisnent (40
g Redi Sep silica colum, 5% MeOH in CHC13) to get the title compound (1.6
g, 50% as a brown solid. LCM (MtH) = 494.2. tH NWR (400 MHz, DVBO-d6): 6
ppm 10.01 (1H, br s), 8.71 (1H, s), 107.54 (1H, d, .1= 8.4 Hz), 7.40-7.38
(1H, in), 7.36-7.19 (6H m, 6.06-5.93 (2H m, 5.33- 5.23 (4H m, 4.56-

?éﬁ? S H %Sa(tiﬁl?egfo tﬁe ?%?fn%%ew?@%ﬁ%o %ﬁ“’%“ﬂf%l”f%ﬁﬁﬁ da{f% P?W@ﬁ(s 1(aI2I 34

| oxy) -4 - (3v1g<sfeﬁst*syiﬂmﬂg+ﬂor11231ymerh@fwaﬁonlmmre\fzdsuweﬁbmamwiahed with
6, 7- di hydro-5 }’;clopeta[d]pyllmdlne24d|amn Preparation B (1.06 g,
2 618 mml ) MetRRfopr Bisar ERioHs Sanqved 7 rcugy %@B‘Cﬁ%la; Sl Bichesi e 0at 150C

for 45 mn mihéﬁwﬁp%ﬁepiﬂdﬂﬁhnbwﬂe%g&@m lﬁfeﬁ fhs &9 o‘?f@méhﬁhi Qraeffilkhg, reacti on,
it was cooled to rt and the reaction nmass was taken up in di chl or onet hane

(20 ni) andendicppeeatryted gyffordhe fidessampanid @FYMey7G5p vickla a%h%wa i$dGsilica

was subj ectgd ( m}f*aamcmqu\my DMS@QZ(S%E&h@%Wﬁ{'b?%P7'2057t1r3U”9“t (12
g Redi Sep silica colum, 10% he tit conmpound (1.4

g, 61% as &HH myHe260h S Hs 81 4R 7-4.04 G, 13:8& zn) 199&!6@(%%00) MHz,

DVBO- d6) t 64-7.54 (2H, 7.35-7.18
(5H, rr)) GI%QP%@%?%}Q(Z% 2%)7’(3}§ Jﬁzg%?ﬂ@ﬂ IK)4 58 (2H( br g)s) 4.47 (1H,

br s), 4.17 (2H, br s), 2. 88 2 67 (3H, m, 2.34 (3H, s), 1.99-1.94 (1H, m.
Synt hon, Jfa

N4- al | y]IO- A%yfigﬂ%g‘?zlvyl oxy)-4-(3-nethyl-1H 1, 2, 4-triazol -1-yl ) phenyl)-7-(2, 4-
10di f | uor opHemih)-2-62-71RdRehidre? mﬂuqoplmpﬁlmﬁéfcdﬂ}piyw b Hicgtlngena| dlpghiradinne

Preparation B (0.788 94 426 ratjon Ta. (1.2 g, 3.738 mol)
were heated at 150C for gl@mmo e%(%gﬁ}'rg @ggﬂ)@’) %}lz?_ "Ms. After the

conpletion of the reaction, it
o/\/N\/\

NC NH
N |
NS

F
Iron powder—325 mesh (530 mg, 9.80 mmol) was added to a round bottom flask charged

15  with a mixture of Preparation Sg ( 0.5 g, 0.980 mmol), 1:1 methanol: water (30 mL), and
ammonium chloride (0.508 g, 9.80 mmol). A water-cooled reflux condenser was attached
to the flask and the heterogencous mixture was heated to 65 °C with vigorous stirring for
150 min. The reaction mixture was filtered and washed with methanol. The solvent was
removed in vacuo. EtOAc was added to the residue, and washed with water and brine.

20  The organic layer was dried over sodium sulfate, filtered, and concentrated to afford the
title compound (350 mg, 74.4% yield) as a dark brown solid. LC-MS (M+H)" = 481.2.
IH NMR (400 MHz, DMSO-d6) é ppm 7.25-7.10 (§H, m), 6.25-6.15 (4H, m), 4.15-4.03
(5H, m), 3.70-3.60 (2H, m), 3.3-3.27 (1H, m), 3.20 (3H, s), 3.17-3.15 (1H, m), 2.51-2.45
(1H, m), 2.09-2.06 (2H, m), 1.99-1.91 (1H, m).

25
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15 was cooled toil and the reaction nmass was taken up in dichloronethane
(20 nm.) and silica (3 g). The resultant slurry of the conpound on silica
was subj ewbedizwoFobash chromat ography using a Tel edyne Pstws2oionisnent (40
g Redi Sep silica colum, 5% MeOH in CHC13) to get the title conpound (1.2
g, 63%9 as a light brown solid. LGM (MH) = 516.2. 111NWR (400 MHz,
CDC13): 6 ppm8 60 (1H, s), 7.65 (1H d, J= 8.8 20Hz), 7.47 (1H, s),
7.32-7.27 (1H, , 7.22-7.16 (1H, m, 6.92-6.82 (2H, nm, 6.02-5.94 (2H, m,
5.37-5.28 (% " %D4 55 (3H, t, J=8 Hz), 4.25 (2H, t, J=5.2 Hz), 2.85-2.7
(3H, m, 803 2.21-2.17 (1H, m. Synthon TaC
iSNg ]9: Lyl - Nﬁ (31§ ajéh);illglmt}&i)ﬁlgﬁﬂﬁvJmi/i-dﬂﬂ'doﬂopﬂerﬂri)tﬁ'1"dﬁl?hrojﬁgyzf)ghenyl) 7-(2,
i fl uor opheny [ 0 cycl opent a yrim di pe i am ne
Preparation C (0. 322! Opfn%biri yrﬂ%ﬂl}l-%ﬂerﬂwp)s%%ﬁé{?qxas}beﬁf&ntt@l%5o g, 1.401
mol ) were heated at 150C for 4§,nm whike nonitoring by LC-MS. After the
conpletion of the reaction, it s cooledd to rt and the reaction mass was
taken up in dichloromethane (15 5n®) and>gitica (1.5 g). The resultant
slurry of the conpound on sil Nca w& ¢cted to flash chronat ography
using a Tel edyne |sco instrunent % silica colum, 5% MeOH in
CHCl) to get the title conpound (9 O SRO% as-a dark brown solid. LC M5
(MtH) = 516. 2. NVR (400 MHz, CDCI 3): 6 Hpm 7. 898 EH s), 7.88 (1H, s), 7.18-
7.15 (1H, d, J =8.4 Hz), 7.09-7.07(2H, m, § -6.78(3H, m, 6.01-5.98 OH,
m, 5.77 10(1H, m, 5.32-5.12 (4H, m), 4.56-4~47 (2H, nm), 4.28-4.27 (4H,
m, 2.71-2.69 (1H, nm, 2.30 (3H, s), 2.04-1.92 K1H, m. Synthon Sal
N1- (2-(5-am no-2-(3
-nethyl -dH 1, 2, 4-triazol - 1- y1) phenoxy) et hyl ) - N2- (2- chl or o- 7- (4-
15f | uor ophenyl) - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n-4-yl t et hane- 1, 2-di am
ne NNH Preparation D (1.089 g, 6.25 mmol) and Preparation Tb (2.1 g, 6.25 mmol) were heated at

150 °C for 60 min while monitoring by LC-MS. After the completion of the reaction, it
was cooled to rt and the reaction mass was taken up in dichloromethane (25 mL) and
silica (5 g). The resultant slurry of the compound on silica was subjected to flash

10  chromatography using a Teledyne Isco instrument (40 g RediSep silica column, 10%
MeOH in CHCIs) to get the title compound (1.8 g, 60%) as a dark brown solid. LC-MS
(M+H) =474.2. "H NMR (400 MHz, DMSO-dy): 5 ppm 7.74 (1H, s), 7.36 (1H, d, J =
8.4 Hz), 7.07-7.06 (1H, m), 6.86-6.79 (2H, m), 5.97-5.86 (2H, m), 5.45-5.20 (4H, m),
4.42-4.21 (6H, m), 3.22 (3H, s), 3.22-3.19 (2H, m), 2.56 (1H, m), 1.93 (1H, m).

15
Synthon RbD
4-(4-(allyl(methyl)amino)-7-phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-2-ylamino)-

2-(allyloxy)benzonitrile

\L \L
o N,Me
)\\ |
N N
H

20 Preparation D (0.872 g, 5.0 mmol) and Preparation Rb (1.5 g, 5.0 mmol) were heated at
150 °C for 90 min while monitoring by LC-MS. After the completion of the reaction, it
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| ron powder-325 nmesh (0.129 ng, 2.21 mvol) was added to a round bottom
flask charged with a m xture of Preparation Sc (0.2 g, 0.442 mol), 2:1
met hanol wowat2#10930%. 5 ni), and ammoni um chl ori de (0. 119PgT/UR2@1/0m3608 ) . A
wat er - cool ed refl ux condenser 20was attached to the flask and the
het er ogeneous m xture was heated to 65 C wth vigorous stirring for 120
mn. The reaction mxture was filtered and washed with net hanol. The
sol vent was renoved in vacua. EtO0Ac was added to the residue, and washed
with water and brine. The organic |ayer was .dri over sodjium sul fate,
F 1 Cerod | ANt ool Bt i e e s PO BIED 1 i Behiihont O
Ch ot 09r ok 8 TBasheduny D oompaiSEL i eRg oL C )
col umm, 0 in , to get the title conpound ( ny, 0.yi e as
a pal e yel | hBBegrephyuengs Tegpyge Isco iggriment (4¢e f%écamqk{m%@é%@f 6 ppm
831 (1H, ShhyiGedhfio B R4Sl colthe ifie SimBudd (13 0hye)hs BBrohr?Brid . 1
4.22-4.20 (2H, n1§+4.93-4.9q¥%?H R? 3.81-3.78 (2H n%, 3.20 (2H, br s),
3.10 (2H DYISEYTHD 84392871 YNR (49 Mz, gRCI:3pippry7 4527 318H. 197 6024386y . 10
&ni non SdJ oy, m% 5.49-5.23 ﬁtH mi, 4.55-4.54 (2H, m), 4.36-4.31 £3H, m), 3.34 (3H, s), 3.31-3.14
N1- (2-(5-am no-2-(3-nmethyl-1H1, 2, 4-tri azol - 1-y1) phenoxy) et hyl ) - N2- ( 2- chl or
o- 7- (4- fIu@ﬁbﬁhéhyﬁ§6%U¥LGDﬁh%ﬂ%é4GM#GVC | opent a[ d] pyrim din-4-y]
) - N1- et hyl et hane-1, 2- diamne NH NH2 CI 15 Iron powder-325 nesh (0.345
ng, 6.17 mol) was added to a round bottom flask charged with a m xture of
Prepar ati on8to¢@il7 g, 1.235 mmol), 2:1 methanol : water (45 nlL), and
anmoni uyg chl ori "3 .17 I . tef - L ondenser was
attached to théﬂﬁPﬁgﬁ*g%899H§“ﬁé#%?@é%ﬁ%@ﬁﬁ%ﬁfé?ﬁg@gﬁgéﬁﬁéa‘ﬁ%ﬁto 65 C with
20vi gorous stirring for 120fnathylfdnene)papbiyobenaonitide e was filtered and
washed wi th nmethanol. The sol vent was.renoved in vacua. Et0Ac was added to
the residue, and washed w th water aﬂﬁ\bLhme. The organic |ayer was dried
over sodiumsulfate, filtered, andoncentrated. The residue was subj ect ed
to flash chromatography using &Fetadyng i nstrunent (12g Redi Sep
silica colum, 10% MeOH in CHCL13) w QEt’\\IEI itle

C

NH,

Iron powder—325 mesh (963 mg, 17.24 mmol) was added to a round-bottom flask charged
with a mixture of Preparation Rj (0.8 g, 1.724 mmol), 1:1 methanol : water (40 mL), and

15  ammonium chloride (0.92 g, 17.24 mmol). A water-cooled reflux condenser was attached
to the flask and the heterogencous mixture was heated to 65 °C with vigorous stirring for
45 min. The reaction mixture was filtered and washed with methanol. The solvent was
removed in vacuo. EtOAc was added to the residue, and washed with water and brine.
The organic layer was dried over sodium sulfate, filtered, and concentrated to afford the

20 title compound (550 mg, 73.5% yield) as a puffy light-yellow colored solid. LC-MS
(M+H)" = 434.2. 1H NMR (400 MHz, DMSO-d6) § ppm 7.29-7.1 (6H, m), 6.21-6.17
(4H, m), 4.12-4.02 (3H, m), 3.79-3.75 (2H, m), 3.3-3.27 (1H, m), 3.20 (3H, s), 3.17-3.15
(1H, m), 2.51-2.45 (1H, m), 2.09-2.06 (2H, m), 1.99-1.91 (1H, m).

25  Synthon TcH

4-amino-2-(3-(2-chloro-7-(2,4-difluorophenyl)-6,7-dihydro-5H-cyclopenta[d ]pyrimidin-

4-ylamino)propoxy )benzonitrile
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25compound (305 ny, 46%yield) as a pale yellow solid. LCM (M+H) = 537. 2,
1H NWVR (400 MHz, CDC13) 6 ppm8.35 (1 H, s), 7.14-7.08 (6H, m, 6.410 H,

s), 6.33-W0o2h1Aaps09d, J=8.4 Hz), 4.39-4.35 (2H, m), 4. 1@CH/BI010DkkE628, IJ=7.2
Hz), 3.93-3.88 (4H, n), 3.34 (3H, s), 3.22-3.11 (6H, mM, 3.55-3.46 (1H m,
2.46 (3H, s), 2.01-1.98 (1H, m. Synthon ThB

5Nd-al lyl - A2-(3-(allyloxy)-4-(3-nethyl-1H1, 2, 4-tri azol - 1-yOphenyl)-7-(2, 4-
di f | uorophenyl) - Nd- net hyl - 6, 7- di hydr o- 5H cycl opent a[ d] pyri m di ne- 2, 4-di am n
e Preparation B (0.686 g, 2.98 mmol ), and Preparation Tb (1 g, 2.98 muol)
were heated at 10150C for 60 min whife n-}{toring by LC-MS. After the

conpl etion of the reaction, it wasPcool ed to it and the reaction mass was
taken up in dichloronet hane (1’$CandN 5

sa (2 g). The resultant slurry
of the compound on silica was suh ed to| ash chromat ogr aphy using a

Tel edyne Isco instrunment (40g Redi= I\ica colmm, 5% MeOH in CHCI 3) to
get the title conpound (700 ng, 44. as a prgwn solid. LCM 15(mtH) =
530. 2. NMR (400 MHz, CDC13): 6 ppm 8.51 (1H, &), 7.70 (1H, s), 7.53 (1H, d,
J= 8.8 Hz), 7.10-7.08 (2H, m, 6.83-6.79 (2H, , 5.93-5.86 (2H, m,
5.32-5.19 (4H, m, 4.42-4.21 (5H m, 3.21 (3HF s), 3.09 (2H, m, 2.56-2.48
(1H, m, 2.Hé foRder-S25 mdshi2.40 LH2 6. 8nmolOvaSynéddlte 8 réB bottom flask charged

N-(3-(allyl ox | -1H1, 4-triaz | - 1- henyl) -4-(but-3-cnyl)-7-p
henyl - 6, 7- mﬂﬁéaﬁvaursprBs?e%e)tp%?ca([lf}]gp%ﬁ }alé %%aﬁl@{w 4% éfﬂééa. Bt B

(0. 8739, 3.ahSm&MRhkhiBAG @I48RALASE bl RN Gvateae&ﬁbd Iéﬂé@cdﬁuaisérmraaadn@@t ed at
150C for_45 min while nonitoring by LC-MS. After the caonpletion of t he

reactior it thefeskawl téah%te)rog%ne@ﬁdmﬁmﬁ Vedeted i tPassVitgserawetinis frh

di chl or orret mn@he(r%&bu%}mﬁﬂ& WS 'ﬁlltbl%@ aﬁ&‘we?shgd wit] BRtaesUrhaiveal Wiy of the
conpound on silica was subjected ash
removed in vacuo. EtOAc was added to the remdue and washed with water and brine.

The organic layer was dried over sodium sulfate, filtered, and concentrated to afford the
title compound (800 mg, 65.6% yield) as a light yellow solid. LC-MS (M+H)" = 456.0.

10  1H NMR (400 MHz, CDCls) 6 ppm 7.28-7.25 (1H, d, /=10 Hz), 6.94-6.74 (3H, m),
6.26-6.16 (2H, m), 5.29-5.24 (1H, m), 4.47-4.45 (1H, m), 4.16-4.11 (2H, m), 3.81-3.78
(2H, m), 2.72-2.67 (4H, m), 2.24-2.19 (2H, m), 2.04-1.98 (1H, m).

Synthon Tdl
15  4-amino-2-(3-((2-chloro-7-(2,4-difluorophenyl)-6,7-dihydro-5 H-cyclopenta[d Jpyrimidin-
4-yl)(methyl)amino)propoxy)benzonitrile

Iron powder—325 mesh (1.22 g, 22.0 mmol) was added to a round bottom flask charged

with a mixture of Preparation Td (1.1 g, 2.20 mmol), 1:1 methanol : water (60 mL) and
20  ammonium chloride (1.17 g, 22.0 mmol). A water-cooled reflux condenser was attached

to the flask and the heterogencous mixture was heated to 65 °C with vigorous stirring for

3 h. The reaction mixture was filtered and washed with methanol. The solvent was
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chr omat ogr aphy using a Tel edyne Isco instrunent (12 g Redi Sep silica
colum, 4% MeOH in CHCII) to get the title conmpound (0.625 g, 41.3% as a

| i ght br owo 280/dogk09LC- M5 (MHH) + = 479.2 1H NVR (400 Mz pCDNSO»1d6¥3688 ppm
9.75 (1H, s), 8.60 (1H, s), 8.10 (1H, s), 7.38-7.16 (7H, n), 5.98-5.94 (2H,
m, 5.30-5.23 (2H, m, 5.13-5.01 (2H, nm), 104.35-4.31 (3H, m, 2.81-2.77
(IH, m, 2.56-2.51 (6H, m, 2.32 (3H, s), 2.05-1.95 (1H, m. Synehon R L
N-(3-(5-am no-2-(3-nmethyl -1H1, 2, 4-triazol - 1-yf | phenoxy) propy1) - 2-chl oro- N-
met hyl - 7- phen

AR T S G A b

charged W ttheargdnid lyee waf diffdepar @ldivansulfate( iteded anooBOhtaRB ko affodd &tl¢ret hanol
wat er (45 nl) d ammoni u chlagl de

wat er - cool e‘iﬂ’nH’@FlP OQ BigdRiva icld) %hté{f’lgoéfé?%é 1?%_1\%%@41* Hés‘k‘rzﬁ)rpdnflhe

het er OQGHGOIUMRWMMPQ md@@t&ﬁ&n{ mﬁéfﬁsywtzb 6V7|4g@IFIOM§ 63bid. 19 (@H JlQ]r 120
mn. The reaction mxture was filtered nmet hanol

sol vent ‘was™ PE4rBN<Elt (AHnat b33 EHoad w%@z)aﬂééﬂ Oc7(§21f1h@ PS8i3eiie 2Hamy 3. 3\Q/as hed

wi th water @apdg)bsbe.s T4 Y 987205l @y eh) wasdy ed, ﬁ)’qf%smh (lﬁﬂﬂ syl fate,
filtered, and concentrated. The residue was subjected to flas

chr onmat ography using a Tel edyne Isco instrunent (12 g Redi Sep silica

col um, 10‘V R%B CHClS) to get the title conpound (900 ng, 80%yield) as
a yel | ow so = 490.2, 1H NVR 5 (400 Mz, CDC13) 6 ppm 8. 35
(1H, s), 7. 362 YalhzlLoxyBH@ ﬁr)ut 3®n815-76>h313'1\627l-d1hy¢)r0 -5 H-cyglopendd] p2Hnidmy2- 3. 84 (2H,
br s), 70-3.66 (2H, m, 3.18 ( 00 (2H, m, 3.55-3.48 (2H,
m, 3.45 (3H, s), 2.12-2.04 (3H, %{%mlﬁ‘ébenéf’%‘gﬁéTeK

10N- (3- (5-am no- 2- (3- et hyl-1H ,A4-tr - 1-yl') phenoxy) propyl ) - 2- chl or o-

powder - 325 nesh (0.309 ng, 5.54 1) was hdded to a round bottom fl ask

charged with a m xture of Preplfagi , 1.107 mmol ), 3:1 nmethanol
water (16 15nlL), and ammoni umc g, 5.54 mol). A

wat er - cool ed refl ux condenser was

het er ogeneous m xture was heated to 65HC w t hiygorous stirring for 120

Preparation D (0.673g, 3.86 mmol) and Preparation Rh (1.1 g, 3.86 mmol) were heated at
150 °C for 90 min while monitoring by LC-MS. After the completion of the reaction, it
was cooled to rt and the reaction mass was taken up in dichloromethane (15 mL) and

15  silica (5 g). The resultant slurry of the compound on silica was subjected to flash
chromatography using a Teledyne Isco instrument (40 g RediSep silica column, 4%
MeOH in CHCIl;) to get the title compound (0.5 g, 30.6%) as a light brown solid. LC-MS
(M+H)" =423.2. 1H NMR (400 MHz, CDCl3) § ppm 7.95 (1H, s), 7.36-7.17 (6H, m),
6.68-6.66 (1H, d, J= 8.4 Hz), 5.94-5.90 (2H, m), 5.43-5.25 (2H, m), 5.12-5.02 (2H, m),

20 4.30-4.26 (3H, m), 2.98-2.55 (7H, m), 2.14-2.10 (1H, m).

Synthon RaB
N2-(3-(allyloxy)-4-(3-methyl-1H-1,2 4-triazol-1-yl)phenyl)-7-phenyl-N4-propyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine
25
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met hanol . The sol vent was renoved in vacua. Et0OAc was added to the residue,
and washed with water and brine. The organic |ayer was dried over sodium
sul f at e, Wol20evme30920and concentrated. The resi due was Pabjuseaien43oes f | ash
chr omat ogr aphy using a Tel edyne Isco instrunent (12 g Redi Sep silica

col um, 10% net hanol in chloroform to get the title conpound (500 ng, 88%
yield) as a pale yellow solid. LCM (MH) = 512.2. 1H NM R (400 WHz,
CDC13) 6 ppm 8.35 (1H, s), 7.29-7.27 (1H, n) 6.94-6.76 (3H m, 6.35-6.33
(2H, m, 5.34 (1H, br s), 4.44-4. (1H ,1=8.8 Hz), 4.13-4.06 (2H, m,
3.86 25(2H, s), 3.62-3.59 (2H, n)ﬁ;% 52(3H m, 3.45 (3H, s),
2.13-2.10 (2H, m, 1.99-1.94 N fjhon SelL

N (3-(5-am no- 2-( 3- et hy1-1H— tlri azoly 1-y1) phenoxy) propyl) - 2-chloro-7-
(4- fluorophenyl)- N nethyl - @i‘m—acpent a[ d] pyri m di n-4-am ne N
5 lron powder-325 nesh (1. 142 g, vas added to a round bottom
flask charged with a m xture of PreparaHllon Se\(1.10 g, 2.045 mol ), 1:1:3
nmet hanol : water : THE (100 nlL), and amoni um oride (1.094 g, 20.45
mmol ). A water-cool ed reflux condenser was attaghed to the flask and the
het er ogeneous m xture was heated to 65 C wth 10vigorous stirring for 2 h.
The reaction mxture was filtered and washed with net hanol. The sol vent was
renmoved in vacua Et 0Ac was added to the residue, and washed with water and

brine. The megadion B @YB07310S 50 hingfl) HM@repaRdbi Ry 801 & at B0 rhihbly §ed, and
concentrated to afford the title compound (850 m%@ 82% yield) as a yellow
T

solid. LC MsaetpH)S0=CdprgOxminpyrbile tsyitaipe bydpcMS. A ﬁﬁ?l@plswon(@he s), 7..34

E %E g’) 5 i—f—r]e:%c_tl%n jigwliflzc)oolea +OR a1¥d éﬁZ re(agtlﬂm r;)ﬁass wals ‘%ﬁer@up%ﬂ d(c%ld’rorﬁéthan@ (5'35S§3 22 o1
(2H, m . 2.mb) @dzﬁll(cgﬂ g)rr) he 265141113;111{ Qp{ry gfthe Qormg)un OQQIIQWS Sﬁ’?JeCtsilm hon. TgP

oo - (2, 4P el e R e e, X e me
methanol in chloroform) to get the title compound (0.07 g, 42%) as a light green solld
LC-MS (M+H)" =480.2. 1H NMR (400 MHz, DMSO-d6) & ppm 10.25 (1H, s), 8.76
10 (1H,s), 7.64-7.56 (2H, m), 7.53-7.17 (7H, m), 6.06-5.95 (2H, m), 5.33-5.17 (4H, m), 4.58
(2H, brs), 4.44 (1H, brs), 4.17 (2H, br s), 2.91-2.74 (3H, m), 2.33 (3H, s), 2.05-2.03 (1H,

m).

Synthon RbC
15 N4-allyl-N2-(3-(allyloxy)-4-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)-N4-methyl-7-
phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine

Preparation C (1.53 g, 6.521 mmol) and Preparation Rb(2 g, 6.688 mmol) were heated at
150 °C for 45 min while monitoring by LC-MS. After the completion of the reaction, it

20 was cooled to rt and the reaction mass was taken up in dichloromethane (20 mL) and
silica (4 g). The resultant slurry of the compound on silica was subjected to flash

chromatography using a Teledyne Isco instrument (40 g RediSep silica column, 5%
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-N Iron powder-325 nmesh (0.63 g, 11.4 mml) was added to a round bottom
flask charged with a m xture of

2- chl or o-wo(@R1200080p | uor ophenyl) - N- (5- (2- (3- et hy1l- 1H 1, PCHAISR01a083624 -

y1) - 5-ni trophenoxy) pent an- 2-y1) - 6, 7-di hydr o- 5Hcycl opent a[ d] pyri m di n- 4- am
ne (0.65 g, 1.14 mmol), nmethanol (15 nmL), THF (30 m.), water (15 nth) and
ammoni um chloride 5 (0.61 g, 11.4 nmol ). A water-cool ed refl ux condenser
was attached to the flask and the heterogeneous nixture was heated at 70 C

w th vigor tirri for . The r ion,m xture was fi ed and
washed ot PRQTHA RECH @ e soBbomd EE s DDA B M oA (250
n) was add(WH)é=u¢mz.rlest@(4a@Mma@Mmbgdapyjnhhstm'mes) The (ongam.o | ayer
was dried over anhydrous sodium_ sul oncentrated to

B Tord the Il ight e LTG0 SaadNeRanh 5 95 HOSH. B Arstgh .

H1,2,4- trlzﬂgphzil(sﬁ mhw@m @ﬁBtzars-lZfaﬁ)m?*z 21 (3H, 8), 2.51 (1H, m), 1.93-1.91

chloro 7- (2 dlfluoropheny ) , 7-di hydr o- 5H—cyc|opentétdjpyr|nldln 4-am ne
(500 ny,5 81(18h t. JEGEAEZK MkH) = 540 2. 1H NWVR (400 MHz, CDCI3)S ppm 8.32 (1H,
s), 7.32- 7.30 (1H, m), 6.96-6.94 (1H, n), 6.81-6.75 (2H, n), 6.34-6.29
(2H, n), 4.83 (1H, br m, 4.44-4.43 (2H, m), 4.09-4.00(2H, m, 3.77 (2H, br
s), 3.13-3.%2tpnRaCry, 2.64-2.56 (2H, 15m), 2.47 (3H, s), 1.94-1.80 (3H,

m, 1.63-1.61 = k. N _ rd-butyl
7-cyano- 18- ( 4Nigl I%g%lrlga &3e¢1a§}%])z§}i)04,2(%1&%§5?1116® i%%@aﬁgiﬁgﬁnﬁ)gﬁhﬁﬁZ "(azeno) -

204, 8- (netheno)cyclopenﬂﬁpﬂrfﬂg4w1mwm@ﬁﬂmﬁﬂmdm%édyﬁMDheptadeC|ne 12(13H) -ca
rboxyl a ,Boc A m xture of tert-butyl

(2-(5-am no- 2- cyanophenoxy) et hyl ) (2-(2-chl oro-7- (4-

fl uorophenyl) -6, 7-di hydr o- 5H cycl™®™pent afixd] pyri m di n- 4-yfl et hyl ) car bamat e
(0.01 g, 0.18 nmol ), xanthphos (1.5%7 ng, Q. 0027 mmol), and cesi um carbonate
(0.012 g, 0.036 25 nmmol ) in 1, &loféne (3NHL) was degassed with nitrogen
for 1 h and then Pd(QAc)2 (0.4 . 0Q¥8¢ ol ) was added. The reaction
m xture was heated at 110C for /60 Thdl sgl vgnt was renmoved under reduced
pressure and the residue was dissol ved En "t h acetate (3 nL) and filtered
through celite. The filtrate was concentrated d the crude conpound was
purified by colum chromatography (60-120 nesNk lica) using 10 % net hanol
in chloroformto give the title conpound (0.002 g, 21.41% as a |light
yellow solid. LCM5 (MtH) 1 = 516.2. 1H NWR (400 MHz, CDC13) ri ppm 9.01
(1H, s), 7 = oo H m,

6.38 (1H dﬁ%%é_a(n]oh' CFQ 61‘1g 30‘?’_ o )4215121 PJEA}),aIZJ,tIQJI;RQ@_% 7r61 mrzol%]ve@ h%gte& gt

3.80-3.75 (14s|q Criyr, 453nm5v121695>n(tq11mg lmLC Mszz&f@r @sc@rmpletmof tbze rtax:ngn 112 (1H, m,

Toa- (4- (2l 1T SHPSO) P Ragiongmshyy kernd SRR GO o) py1 i i
n-2- yl Em rml)cazz ¢al Thelromidiy eluzp of the icbmp @t on sﬂlca was subjected to flash
chromatography using a Teledyne Isco instrument (12 g RediSep silica column, 10%
MeOH in CHCL) to get the title compound (1.4 g, 41%) as a light brown solid. LC-MS
(M+H)" =480.2. 1HNMR (400 MHz, DMSO-d6) & ppm 10.01 (1H, s), 8.01 (1H, s),
7.60-7.50 (2H, m), 7.49-7.1 (7H, m), 6.02-5.90 (2H, m), 5.30-5.11 (4H, m), 4.52 (2H, br
20 5),4.40 (1H, brs), 4.12 (2H, br s), 2.90-2.69 (3H, m), 2.21 (3H, s), 1.99-1.94 (1H, m).

Synthon RbB
N4-allyl-N2-(3-(allyloxy)-4-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)-N4-methyl-7-
phenyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine
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To a solution of 2-(allyloxy)-4-am nobenzonitrile (Preparation D, 168 ny,

0.963 mml ), and

N-al | y1- 2vohnbmwrmw9e309( 4-f | uor ophenyl) - 7- met hyl - 6, 7- di hydr ®CPHS2011/043628

15cycl opent a[ d] pyri m di n-4-am ne (Preparation -Oa, 204 ng, 0.642 muol) in

N- Met hyl-2- pyrrolidinone (5135 4) was added H2SO4 (54.7 fff, 1.027 mmol).
The m xture was stirred at 100 C overnight. The crude reaction m xture was
purified by PREP HPLC. (50 X 250 mm HPLC XTerra C18 15 to 100% A: B over 40
mn, 3 mnat 10098 (A is 90:10:0.1 watef: MeOH. TFA; B is 90:10:0.1

MeOH: Nvat er: TFA)) . The appropri at 20fra§i ons were concentrated in vacua
to afford 4-(4-(allylam no)-7-{4-fkuorophenyl)-6, 7-

di hydr o- 5H cycl opent a[ d] pyri miydTN- 2-%1 ani "¥)¥2- (al | yl oxy) benzonitrile (74
my, 25%yield). LGM (MH)+ =\\4'5'6©\S'

VaB
25N (4- (5-am no-2-(3-nethyl- 1 _
H 1,2, 4-triazol-1-yl)phenoxy)butyl)-2-cdhl oNo-
fl uorophenyl)-6-nmethyl-5,6, 7, 8-tetrahydropyri
The m xture of
2-chl or o- 8- (4-f | uorophenyl) - 6-net hyl -N-(4-(2-(3-nethyl -1H1, 2, 4-
triazol-1-yl)-5-nitrophenoxy)butyl)-5,6,7,8-tetrahydropyrido[4, 3-d] pyrim di

n-4-am ne, JE t 0 7 I N 7 and

anmoni um ch rﬁrﬁgh&éé%%gg 2]691)1@5%% ep%rﬁtl(kﬁelgﬁ(zgégf 8%1307}) \&/%F g?a‘? % %tl m.)

was heat ed H0 °80oi@froin whilietmohkteringeac C-048. iftet the eomplsti@odltiedretadion.tit and t he
filtrate wa

fgls: gu\gasvsval;\l)valbsfﬁ%lgltee& éoglft %lg,dT‘EE éeﬁgtf—(ﬂgl_n&flsf gasg tzl{é:nourfﬁg Ia}cil%goerr(ljet}ilarr]le Y%Cmuf) a%qd the

N4- (5- am nasilZea( 8 gnetheydsultdtt ludty 41 the icampbund oy ejbibe waxsupjevicy do) adh chl or o- 8- (4-f
| uor ophenyl) - 6- net hyl -5, 6, -tetrahydropyridol 4, 3-d].pyrim din;4-am ne,
(525 me M el il e Rab R BRYE 0 § e (K o B R

met hanol - d4y1e@H8n @BI(H ko gt the tillcompgoudd (1.6 g DM as didfown/sotd (@S J=8.8, 5.0

Hz, 1H), 7.24- 7.1 ] 2 7.15 - 7.08 2 6.95 (hr. s, 1H), 6. 86-
6 o5 o L) g u Ghrado Mz oSS g oipn b0 T o 7B Sty O 4 oy
(t, J=6i0l Hzs4 @H) g, B=89 ,d7,.4(yﬁf§81@1-}§mg,67.3?’6-’r.|z9 6H‘|)mz) §o§$.9332}5,2n)(50333m,
3.15- 3.08 3H), 2.46 (s, 3H), 1.9-1.87§ , 1.84 - 1.72 (m 2H)
15 S ynt ho,é.z%@H, m), 4.56- 4.37 (5H. 5?,3.35 GH, 5),3.27-3.15 (2H. r|;|1)) 2.60-2.51 (1H, m).

2.34 (3H, 5), 1.97 (1H, t, J = 7.6 Hz).

- (4-
, 3-d] pyri m di n-4-am ne

Synthon SaB
15  N4-allyl-N2-(3-(allyloxy)-4-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)-7-(4-fluorophenyl)-
6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine

ol L,

=N O IH
N \
)\\|
N N
H
F

Preparation B (1.06 g, 4.618 mmol) and Preparation Sa (1.4 g, 4.618 mmol) were heated
20  at 150 °C for 45 min while monitoring by LC-MS. After the completion of the reaction, it
was cooled to rt and the reaction mass was taken up in dichloromethane (20 mL) and

silica (2 g). The resultant slurry of the compound on silica was subjected to flash
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1-(5-amno-2-(3-nethyl-1 H1,2,4-triazol-1 -yl)p henoxy)-4-(2-ch

| oro-7-(4-fluorophenyl )- 6,7-di hydro-5H cycl openta[d]pyrim din -4-y
| am no) buwerre2/wb309 20The m xture of PCT/US2011/043628

4-(2-chl oro-7-(4-fluorophenyl)-6, 7-di hydro-5H cycl opent a[ d] pyri m di n-

4-yl am no)-1-(2-(3-nmethyl-1H1, 2,4-triazol -1-y1)-5-nitrophenoxy) but an- 2-o0
(70 ng, 0.126 mmol), iron (42.3 ng, 0.758 nmol) and ammoni um chl ori de
(67.6

C for

1- (5- ami no- XU AP SRR W"*I qodgegument
yl ) phenoxy)méoHan ChlCM) e det (h@-tﬂctlkki&h@cﬁiﬁefﬂyﬂ)g%ﬁ/‘)dﬂs amgnm&bh syl opevisal d] pyrim
i din-

I

ng, 1.264 mol) in MeOH (842 pL) and water (421 pL) was heated at 80

1 h. The crude prod %% ur.ified b¥2Pre&SHPLC to obt?&y

g RediSep silica column,

din-4- 5y anlmo)butan 2-0 %P % Wﬁg = 524. 3.
HNMVR (500 rré‘t%énéﬁlﬂ\@( OQM% 1%%450 5P1?m71t9 1(5d1Ha%88? my 723
1Z|) 154( gls 2#%4 734 iy, m)77 @517(181(5@"&) 66438)6((§H ril}j")i;34f5 1&44@1@) 458 21%b§17$ Hz,
-3.67 (M 2691)44 gl]abts)z‘f 870(2Hn{°”i+%;88 ?zg%”’H ny, 276.)4 @ﬁli S>2H)99 1%’456{(@) J=1.5 Hz,
3H, 2.09 - 2203 (m 1H), 2.01 - 1.94 (m 1H), 1.87 (d, .T=5.5 Hz, 1H). 10
Synt hon VcD

4-(4-(al lyl (et hyl )am no)-8-(4-fl uorophenyl)-6-nethyl-5,6,7, 8-tetrahydropyr
i do[ 4, 3- d]ﬁ%ﬁbﬁbgbn 2-yl am no) - 2- (al | yl oxy) benzonitrile nmet hanol -d4) 6

7.68 (d, 1=1 1H), 7.41 -7.32 (m 3H), 7.22 - 7.13 (m 2H), 7.05 (dd,
J=8.5, 1.8 HZ, NH-ba,llyBNZ_Q?) -(allglogp)- 4( - mchDrl, 1H-1,2,4-triazol-1-yl)phenyl)-7-(2, 4—
10 difluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine

o b L

Preparation B (0.788 g, 3.426 mmol) and Preparation Ta (1.2 g, 3.738 mmol) were heated
at 150 °C for 45 min while monitoring by LC-MS. After the completion of the reaction, it

15  was cooled to rt and the reaction mass was taken up in dichloromethane (20 mL) and
silica (3 g). The resultant slurry of the compound on silica was subjected to flash
chromatography using a Teledyne Isco instrument (40 g RediSep silica column, 5%
MeOH in CHCIs) to get the title compound (1.2 g, 63%) as a light brown solid. LC-MS
(M+H) =516.2. 'HNMR (400 MHz, CDCI3): § ppm 8.60 (1H, s), 7.65 (1H, d, /= 8.8

20 Hz),7.47 (1H,s), 7.32-7.27 (1H, m), 7.22-7.16 (1H, m), 6.92-6.82 (2H, m), 6.02-5.94
(2H, m), 5.37-5.28 (5H, m), 4.55 (3H, t, /=8 Hz), 4.25 (2H, t, /= 5.2 Hz), 2.85-2.7 (3H,
m), 2.48 (3H, s), 2.21-2.17 (1H, m).

Synthon TaC

25 N4-allyl-N2-(3-(allyloxy)-4-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)-7-(2,4-
difluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine-2,4-diamine

128



5.53 -5.25 (m 4H), 4.71 -4.60 (m 1H), 4.57 - 4.39 (m 2H), 4.39 -

(m 1H),

(112)-7-(4-chl oro-111-i m dazol - 1- y0- 18- phenyl
-10, 13, 14, 16, 17, 18- hexahydro-1 5, 2- (azeno)-8, 4- (et hena) cycl opent a[ h]
[1, 6,10, 12] oxam azaeyel ohept adeci ne and (11E)-7-
(4-chloro-111-i m dazol - 1-y0- 18- phenyl

-10, 13, 14, 16, 17, 18- hexahydr o- 15,
[1,6, 10, 12] oxatri azaeyel ohept ad

10

15

20

e’

Preparation C (0.322 g, 1.401 mmol) and Preparation Ta (0.450 g, 1.401 mmol) were
heated at 150 °C for 45 min while monitoring by LC-MS. After the completion of the
reaction, it was cooled to rt and the reaction mass was taken up in dichloromethane (15
mL) and silica (1.5 g). The resultant slurry of the compound on silica was subjected to
flash chromatography using a Teledyne Isco instrument (40 g RediSep silica column, 5%
MeOH in CHCL) to get the title compound (290 mg, 40%) as a dark brown solid. LC-MS
(M+H)" =516.2. "HNMR (400 MHz, CDCI3): & ppm 7.89 (1H, s), 7.88 (1H, s), 7.18-
7.15 (1H, d, J= 8.4 Hz), 7.09-7.07 (2H, m), 6.86-6.78 (3H, m), 6.01-5.98 (1H, m), 5.77
(1H, m), 5.32-5.12 (4H, m), 4.56-4.47 (2H, m), 4.28-4.27 (4H, m), 2.71-2.69 (1H, m),
2.30 (3H, s), 2.04-1.92 (1H, m).

Synthon ScJ
N1-(2-(5-amino-2-(3-methyl-1H-1,2 4-triazol-1-yl)phenoxy)ethyl)-N2-(2-chloro-7-(4-
fluorophenyl)-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-yl)ethane-1,2-diamine

>\ H
N

Ny
N/

NH» )\\N |

Cl

F
Tron powder—325 mesh (0.129 mg, 2.21 mmol) was added to a round bottom flask
charged with a mixture of Preparation Sc (0.2 g, 0.442 mmol), 2:1 methanol : water (7.5
mL), and ammonium chloride (0.119 g, 2.21 mmol). A water-cooled reflux condenser

was attached to the flask and the heterogeneous mixture was heated to 65 °C with
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4.30 - 4.17 (m 1H), 4.12 - 3.85 (m 2H), 3.59 - 3.42 (m 1H),
3.17 - 2.\§96 201y0073dy . Exanples | and 2 PCT/US2011/043628

(aze 8, 4- 50net henal eyel opent a[ h]
St ”i



A solution of Synthon RaA (2.0g, 4.016 mmol) in 1, 2-dichol oethane (2 L) was
taken in a 105 L three-necked round bottom fl ask equi pped with a refl ux
condenserwandiziopzoogen i nl et. The sol uti on was degassedPairtus2omitossgen for 1
h and Hoveyda -G ubbs Il generation catalyst (0.63 g, 1.0 mml) was added.
The m xture was heated at 85 C for 16 h under nitrogen while nonitoring by
LC-Ms. The sol vent was evaporated under reduced pressure and the residue
was subjected to flash chromatography using a Tel edyne Isco 15 instrunent

120 Redi | % MeOH CHC1 I d
o1 her i mpur T ERRE “HEFE 97 AUT Brd PO Y REIC DSt ROt e

?Oﬂcenlt rat ?ﬂgﬁﬂ@l t”gl% S??W%o rﬂém%\&@niﬁva@luwemeﬁcu%ats fa$d[ed3@ﬂ1@;r@s1'15(glg/ a%)éloﬁ hi( (r) a|5cySFC
cniral ce mm pm cal umm, mimn O

" Copvahed st Bar SRPES T oBR T B oA gar OB SR o e i
cis-(+ enaeﬂlhl ORRhtrdtédNTh e%ﬂal@ bibetd @Jh@lﬁ% Wb taBhys @i gation tine
4 71(n2n i O c trz&% )T ef eWﬁssu ]]ect (%0 sh Bfrbm! D%/B%}ﬁ gdiTéRQlfym 5 74 (111
s), 9.35 (1o 1§9trum;e @g(liqﬂllSeg)ﬂhcayCO}mml %MEQH lﬁ)CHCw%ge(tihqtlt@) 7.30-7.26
(2H m, 7. c%kp%uﬂ@a(séllﬂ 0 yﬁldf?ésa@ alely&l%lxhsorﬂ 1Ld‘5—1\@32(‘1@+ﬁ’)8 45%@4,2 rrh, 5.1 (1H
m, 4.62-4.58 (1H d, & 25 ) 05l M 350 (IH ),
2.79-2.77 C}IMRn@OOMP%C@C@Smn ﬁﬁl(hﬁgzsnﬁ @%(é Hn).1f) 66%@Hym)cal data of
ci s+) - enant f i iQn tinme
3.95 min. LA'C;%TEQ %5)111) ﬁgéﬂzg‘@ PII—1]n¥|\¥I\/R%% 4% (Qﬁ i) 8t1%'§0(%}1dm%j§ﬁ2§)| %%tgt oits
anti pode 1A) 351%2&151’911% 285-Ahal3yt. inpal. 4‘6@3&%8)@? Oﬂflaﬂﬂilf(lﬁ)l) enantioner (2A):
(222ny, AL1. 799 of off-white solid. Retention tine 9.30 mn. LCM (MH) +=
471.1. 1H NWVR (400 MHz" DMBO-d6): ppm 9. 25 (1H, s), 8.31 (1H, s), 7.77 (1H,
s), 7.45 (1$hey Sdr.32-7.10 (8H, m), 6.59-6.57 (1H, m), 6.01-5.67 (1H d,

6 ) Mg s Hhndly fé}%éjffliﬁﬁm-rﬁ>ph§8@§2@y% Porantfs 44798 (g

(1H, m. Aftedryplicagl)-6 dadilay dod- 5mcgﬂsladﬂfa@d]pmmﬂnﬁt-ybzﬂ)met(lﬂatﬂaﬂegl, 2-11. 7% of
off-white solid. Retention tine 12.37.m.n. LCM5 (MtH) = 471.1. 111 NMR
(400 MHz, DNVSO d6): 15identical to i t4%™%A¢i pode 2A. Exanples 3 and 4 (1
17)-744- Alam 1 |

H i m dazol - 1-y1) - 14- et hyl - %h n¥i~10N13~14, 16, 17, 18- hexahydr o-

15, 2- (azeno) - 8, 4- (et heno) eyleLoIE)en a[h] [1, &H0, 121
oxatri azacycl ohept adeei ne and>” \@

N/

NH, Cl)\\N

15 F
Iron powder—325 mesh (0.345 mg, 6.17 mmol) was added to a round bottom flask

charged with a mixture of Preparation Sd (0.7 g, 1.235 mmol), 2:1 methanol : water (45
mL), and ammonium chloride (0.330 g, 6.17 mmol). A water-cooled reflux condenser
was attached to the flask and the heterogeneous mixture was heated to 65 °C with

20 vigorous stirring for 120 min. The reaction mixture was filtered and washed with
methanol. The solvent was removed in vacuo. EtOAc was added to the residue, and
washed with water and brine. The organic layer was dried over sodium sulfate, filtered,
and concentrated. The residue was subjected to flash chromatography using a Teledyne
Isco instrument (12g RediSep silica column, 10% MeOH in CHCI;) to get the title

25  compound (305 mg, 46% yield) as a pale yellow solid. LC-MS (M+H) =537.2, 1H
NMR (400 MHz, CDCI3) 6 ppm 8.35 (1H, s), 7.14-7.08 (6H, m), 6.41(1H, s), 6.33-6.31
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20(1 1

E)-7-(4-chloro-1H i m dazol - 1-yl) - 14- net hyl - 18- phenyl - 10, 13, 14, 16, 17, 18- hexa
hydr o- 15y0-2022098098, 4- ( net heno) cycl opent a[ h] PCT/US2011/043628

[1, 6,10,] 2Joxatri azacycl ohept adeci ne 25A solution of Synthon RUA (1 g,
1.92 mol ) in 1, 2-dichol oethane (2 L) was taken in a 5 L three-necked round
bottom fl ask equi pped with a reflux condenser and nitrogen inlet. The

sol ution was degassed with nitrogen for 1 h and Hoyeyda- G ubbs I1

750°C f or 18 nCulaen 1 Rt CRhie - Hohis o g By oM WEETvent vas

evapor at ed JMIgH, Keduesd 1SS BS53Mb (1 Hemy, esicqsie, Wwasoisubg ect ad. to fl ash
chromat ography using Tel edyne Isco instrunent ( 24 g Redi Sep silica colum,
10% MeOH in CHC13) to renove netallic and other inpurities. The fractions
havi ng desig@gogoppound were concentr at ed and the corrponent isorrers wer e

further separated by chiral SFC (Chiral cel n'n_} p. m col um,
70 mitmih of 350MRIKENHG-GllywsDe3-methdcd-4¢, ﬁw%drylmhﬁl@ﬁ ‘@4 Exanpl e 3:

Anal ytical datggm@fo ﬁérﬁrs)em%{hgf@ﬁ dhh(yﬁml{ c&c’iﬁjeﬁta yrinidie-2Qf digmfpk oWn sol i d.

Retention 10 tine 11 INVR (400 MHz,
DMSO-d6): 6 ppm 9.44 (1H, s), 934(1H s), 7.79 (1H, m, 7.46 (1H, s),
7.46-7.11 (6H, m, 6.67 (1H, d, 8. 5.80 (1H, d J=10 Hz), 5.62 (1H,
m, 5.16-5.01 (2H, m, 4.60 ( H%Zz Hggﬁ 05 (1H, , 3.52-3.48 (1H, m,
3.39 (3H, s), 3.32-3.15 (2H, iH m, 92 1.90 (1H, m. 15
Anal ytical data of ci s-enantlm (3B): (35 5 ny, 3 6% of a brown solid

Retention time 32.85 min. LC - N7 : 11- INMR (400 MHz, DMSO d6)
identical to its antipode 3k 20Ex 4 pha ytical data of
trans-enantioner | (4A): (20.1 ng, 2.1 0 ight brown solid. Retention

tinme 19.80 mm LC-M5 (MH)-= 485.6. 111 NMR (
(1H, s), 7.94 (1H, s), 7.94 (1H m, 7.77 (1R=g), 7.76-7.45 (2H ),
7.32-7.28 (3H, M), 7.19-7.09 (1H, ), 6.58-6.56(1H ), 6.05 (1H t.
J=16.4 Hz), 5.50 (1H, n), 254.81(2H, d, J=5.2 Hz), 4.09-4.00 (3H, m) . 3.32
(3H, s), 3.R2tpadatibd B @HI6 @) 2.92mbid)2nd Srep@iakion Tb (1 g, 2.98 mmol) were heated at

10 150 °C for 60 min while monitoring by LC-MS. After the completion of the reaction, it

WHz, DMSO-do): ppm 9. 24

was cooled to rt and the reaction mass was taken up in dichloromethane (15 mL) and
silica (2 g). The resultant slurry of the compound on silica was subjected to flash
chromatography using a Teledyne Isco instrument (40g RediSep silica column, 5%
MeOH in CHCI3) to get the title compound (700 mg, 44.4%) as a brown solid. LC-MS

15  (M+H)" =530.2. "HNMR (400 MHz, CDCL;): 8 ppm 8.51 (1H, s), 7.70 (1H, s), 7.53
(1H, d, /=8.8 Hz), 7.10-7.08 (2H, m), 6.83-6.79 (2H, m), 5.93-5.86 (2H, m), 5.32-5.19
(4H, m), 4.42-4.21 (SH, m), 3.21 (3H, s), 3.09 (2H, m), 2.56-2.48 (1H, m), 2.46 (3H, s),
1.92 (1H, m).

20  Synthon RhB

N-(3-(allyloxy)-4-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)-4-(but-3-enyl)-7-phenyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-2-amine
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S). Anal ytical data of trans-enantionmer Il (4B): (19.3 ng, 2.1% of a
| ight brown solid. Retention tinme 23.46 mm LC-M5 (M+tH) = 485.6. 111 NMR
(400 MHz,wONbBOOgRMY: 30identical to its antipode 4A. EPamfiSe013/043628
1E)-7-(4-chloro-1Himdazol - 1-y0- 19- pheny1- 3, 10, 13, 14, 15, 17, 18, 19- oct ahydr o
-2,16- (azeno)-8, 4-(met heno) cycl opent al
1[1,7,9, 13Joxatri azacycl ooet adeei ne 5 A solution of synthon RcA (1g, 1.95
mol) in 1,2-dicholoethane (2 L) was taken in a 5 L three-necked round
bottom fl ask equi pped with a reflux cond qnser and nitrogen inlet. The
sol uti on was degassed by nitrgge nYor 1 h)and Hoveyda - Grubbs |1 generation
catalyst (0.1g, 0.15 mml) wa dd The Wy xture was heated at 100C for 18
h under nitrogen 10 while nonﬂ{oﬁln by LC The sol vent was evapor at ed
under reduced pressure and the wa cted to flash
chr omat ogr aphy usi ng Tel edyne Isco 24 g Redi Sep silica col um,
10% MeOH in CHC13) to renpve netallic ard other).jnpurities. The fractions
havi ng desired conpound were concentrated and conponent isomers were
further separated by chiral HPLC [ CHRI AL PAK I 250 X 4.6) nm nobile
phase 15 A: n-Hexane (60%, B: EtOH 40% Exanple SA: Trans-(F) isomer
(0.2509, 27préfakatioRes @R7BON Aol ol aRFP dﬂa‘uo‘n@h 4 H)I6 mm@ efe hedateh NWR
(400 MHz, CDCD@[ ? %87 1H7 %rgg K@ e ﬁ20 (5H, m,
7.18-7.02 (210 rﬁforé %HMM m@l}ltorleg B LCIMS f&fter the—coznmetlpﬁ))f thg repgtiqmy
20t, J=8. 00 \'ﬁgs)oooféd%ﬁﬁd'{he %‘a&w@%d_@)fvas é{k&gu ‘linﬁr%hfo?c!ﬂqet%e (fbrﬁﬁ) dogl, t, 1=
6.8 Hz), 3.72 (2 m, 234 , 2.10-2.04 (1H,
Exanﬁpl esiIER:(4. ‘irgén?,he(res)ulta@@m O(f@lezgmgour@lwnw@ca waewmcteérﬁo flashe 8.71 min.

n.
Ecampl e 6 Snd g e e B B e AR A H %o phenyl -3
10, 13, 14, 15M¢QH1I8 C]:Ig,‘.h) to get the title compound (0.625 g, 41.3%) as a 11ght brown sohd LC-
MS (M+H)" = 479.2 1H NMR (400 MHz, DMSO-d6) & ppm 9.75 (1H, s), 8.60 (1H, s),
8.10 (1H, s), 7.38-7.16 (7H, m), 5.98-5.94 (2H, m), 5.30-5.23 (2H, m), 5.13-5.01 (2H, m),
10 4.35-4.31 (3H, m), 2.81-2.77 (1H, m), 2.56-2.51 (6H, m), 2.32 (3H, s), 2.05-1.95 (1H, m).

Synthon Ril
N-(3-(5-amino-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenoxy)propyl)-2-chloro-N-methyl-7-
phenyl-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-amine

)

15

N
\
N

N/

Iron powder—325 mesh (0.644 mg, 11.54 mmol) was added to a round bottom flask
charged with a mixture of Preparation Ri (1.2 g, 2.308 mmol), 3:1 methanol : water (45
mL), and ammonium chloride (0.617 g, 11.54 mmol). A water-cooled reflux condenser
20 was attached to the flask and the heterogeneous mixture was heated to 65 °C with
vigorous stirring for 120 min. The reaction mixture was filtered and washed with

methanol. The solvent was removed in vacuo. EtOAc was added to the residue, and
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oct ahydr 0- 2, 16- (azeno) - 8, 4-
(met henot cycl opentaft)[1,7,9,13] oxatri azacycl ooct adeci ne and

(11E) - 744wohh ryom93obt PCT/US2011/043628
i m dazol -11ivO0-14- et hyl - 19- phenyl - 3, 10, 13, 14, 15, 17, 18, 19- oct ahydro- 2, 16- (az
ena) - 8, 4- (metheno)cycl opentaal ,7,9,13Joxatri azacycl oact adeci ne A

solution of Synthon RdJA (0.975g, 1.85 mmol) in 1, 2-dichol oethane (2.5 L)
was taken in a 5 L three-necked round bottom fl ask equi pped with a refl ux
condenser an tro i nl et he sol ytion was degassed b rogen for 1 h
2nd boveydavehiihset g urlerise: T Suafin st oty 8 el de e The
m xt ur e wasandeahetraéd. T8Oridué Wbs shBjcbted AORh &ﬂomaﬁogﬂgmus\iﬁydmmﬁé toring by
LC-Ms. The solvent was evaporated under reduced preﬁ;ure and the residue

was subj ect 8¢ REURNEA sdiidbrRiber coiHYR J8Tgc@d 98 Btk toazctthstilej n

di chl or Omt@ﬁﬁb%uﬁcp(%@HEVﬁ)%T?feﬁll) ki £yand s@h@QIC—MB)QMJrFI) e&onhQHfmaRt i ons
havi ng the desired oun were concentrated and the conponent isoners

wer e furk het0Q Mk QP@@Bﬁﬁpm\&ﬁéﬂHgﬁé 3&-hél 955 )t §- A8 3?11@@1{ d’f‘)e“\%é‘ Ourified
by reverse phagg 3HﬂL(§Hlt5f{s§36rWE§ éé’gﬁhhﬁ'ﬂ ﬁBHSs)( 259%%0@1?@%) Mabislgg phase A:

20mM anmoni um acetate in hase acetonitrile) to get cis
(100mg) and2Hr ans’. {%@Hnﬁj)ﬂ%‘éﬁéﬁﬁ nohj raI separ ation of the cis-enantioners
and trans-enantioners were performed by chiral preparative HPLC [ WHELK
(250X4 6) mm nobile phase A: n hept anes (70%, B: MeOH +EtOH (1:1) 309 20
Exanpl e 6A: Sy@hox (el i soner. mg, 2.4% . Retention tine 18.12 min. LC M

775 (1R oy RethBubiR Wét@»‘@?@gﬁéﬂ%ﬂ?'ﬂ??he‘?léxébl“gy@% TGS B s 61
(2H, m, 4 79 4. 76l @¥yphey])-6 7 Aitigdrb- U3 cfddtenta)d]pydinGdin{@dhine) , 3. 37 (3H,
s), 3.33-3.29 (1H, m), 3.15-3,13 (lHA 252.52-2.48 (3H, nm), 1.90-1.89

(1H, m.

N )
N >
S
NH, Cl F
F

Tron powder—325 mesh (0.309 mg, 5.54 mmol) was added to a round bottom flask
charged with a mixture of Preparation Te (0.6 g, 1.107 mmol), 3:1 methanol : water (16

15 mL), and ammonium chloride (0.296 g, 5.54 mmol). A water-cooled reflux condenser
was attached to the flask and the heterogeneous mixture was heated to 65 °C with
vigorous stirring for 120 min. The reaction mixture was filtered and washed with
methanol. The solvent was removed in vacuo. EtOAc was added to the residue, and
washed with water and brine. The organic layer was dried over sodium sulfate, filtered,

20  and concentrated. The residue was subjected to flash chromatography using a Teledyne
Isco instrument (12 g RediSep silica column, 10% methanol in chloroform) to get the title
compound (500 mg, 88% yield) as a pale yellow solid. LC-MS (M+H) =512.2. 1H
NMR (400 MHz, CDCI13) 6 ppm 8.35 (1H, s), 7.29-7.27 (1H, m), 6.94-6.76 (3H, m),
6.35-6.33 (2H, m), 5.34 (1H, brs), 4.44-4.13 (1H, t, /=8.8 Hz), 4.13-4.06 (2H, m), 3.86

25  (2H,s), 3.62-3.59 (2H, m), 3.59-3.52 (3H, m), 3.45 (3H, s), 2.13-2.10 (2H, m), 1.99-1.94
(1H, m).
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Example 6B: Cis-(-) isoner (21ng, 2.27%. Retention tine 22.25 mn. LG M
(MtH) = 499.0. 1H NWR (400 MHz, DMS0-6/6) identical to its anti pode 6A.
Exanpl e WO 20122003309) i somer (45ng, 4.8% . Retention ti meCTAISBH 1/m3628 C- VS
(MtH)1 5 = 499.0. 1H NWR (400 MHz, DMVMSO-6/6): 6 ppm9.08 (1H, s), 7.77 (1H,
s), 7.60 (1H, s), 7.45 (1H, s), 7.44-7.13 (6H m), 6.56-6.55 (1H m,
6.03-5.97 (1H, m, 5.60-5.55 (1H, m, 4.64 (2H s), 4.08 (1H s), 3.40-3.32
(4H, m, 3.24 (3H, s), 2.52-2.48 (3H, m, 1.94-1.91 (1H, m. 10 Exanple 7B:
Trans-0-isonmer (48ng, 5.1% . Retention tine 20.54 mn. LCMS (MtH)I =
499.0. 1H NWR (400 MHz, DMSO-d6): identical to its antipode 7A Exanple 8

7- 64- chl or osyk:ol ised dazol - 1-y0-19-phenyl- | 0,1 1, 13 14,1
5,17,18,19- anah d 1 6, 2- azen (met heno) cycl opentaN [1, 4,7,
11, 131 di oxani’a?d ferrl%%é%rg@?harélﬁ I ‘ltw@ oY DRBF RO MO R Figoresigit E ~0. 66

mmol ), xant hphOSﬂ&&op%Egyl) N-remale) - dlamoseﬁéyémﬁé’&&{a}ppﬁﬂlmum(aﬁ}u&5 g, 1.0

nmml ) in 1, 4-di oxane (20 n) s degassed with nitrogen for 1 h. Then,
Pd(dba)3 (0.06g, 0.066 nnDI) s, .added, _ang.-the reaction m xture was
stirred at 110C for 14 h. TheNso ve enoved under reduced pressure
and the resi due was dissol ved ™M (200 nL) and filtered
through celite. The filtrate was c nt riat nder reduced pressure and
the crude residue was purified by co nnczﬁchr mat ogr aphy (60-120 nesh
silica) using 50-70% ethyl acetate in NEnl or of as nobile phase to give
the racemc title conpound. The enantioners separated by chiral
chronatggraphy [Chiral pak I C (250X4.6m), nobill\e phase: A: 02% of DEA in
n- hexane’ (50) B: ethanol (50)] to yield two enantioners. Exanple 8:

Anal yti cal Hat@owalkr-323 meshainildd gEY0.458Ah0]) (as Bdtled to dduid@B@ttoaf flaak thamdt e

DVEO 6] v it OEP i Se (5 TOH 3 Y o) T gicthpior ety g (e

7.27-7.12 (hH), ahd amBoBbmEhBAdé @1@94@ 20 415 ko), 26witektooltl reffixkdndenSB (| H
Tj =8), 3.77 2.50 (3H, m, 1.94-1.91

in), 2.7
(1H, . An‘éi‘l‘sﬁt?@lég t&??a%fan? the’ P? P??H%F“’?(“gB)‘VaS gwt%‘sto 8 (%Y“ém)/c) of of f
white Sqj i dvigdrGhsibrinodOht THErctiBf nifk e wabfiMGrel Mch)vasﬁe(ﬂ&ﬁh ZcthdbINVR (400
VHz, DMSO- d6 identical to its antipode 8A. Exa

7- (4- chl or ol1E SpVERN; s FRPaved iR e o KiRdyeyas aiqedi@thfgea@e ndgvaghed Wiy ahydr o- |
OH 14, 2- 15(azendbrife. ArcldraiNeNehay &hQRrRet Rlivth dulfate, filtered, and
, 5,9, 11Joxatr|azacyclohexadeelne
concentrated to afford the title compound (850 mg, 82% yield) as a yellow solid. LC-MS
(M+H)" =508.2. 'HNMR (400 MHz, CDCl3): & ppm 9.30 (1H, s), 7..34 (1H, d, /= 8.4
15 Hz), 7.09-7.07 (2H, m), 6.98-6.94 (2H, m), 6.35-6.28 (1H, m), 4.14-4.09 (3H, m), 4.10
(2H, m), 3.83 (2H, m), 3.16 (1H, s), 3.01 (2H, m), 2.49-2.4 (1H, m), 2.45 (3H, s), 2.09-

2.90 (4H, m).

.

Synthon TgP
20  N-(5-(5-amino-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenoxy)pentan-2-yl)-2-chloro-7-(2,4-
difluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-amine

N\/N NH
N/
NH | |
c N F
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A m xture of Synthon RfA (0.23g, 0.46 mmol ), xanthphos (0.040g, 0.06nmmmol),
and 20cesi um car bonate (0.226g, 0.696mmol) in 1,4-dioxane (15 nlL) was
degassed wot2zhimopzoogen for 1 h and then Pd(dba)3 (0. 042@CTAISO¢UG/0m3608 ) was
added. The reaction m xture was heated at 110 C for 14 It The sol vent was
removed under reduced pressure and the residue was dissolved in ethyl
acetate (200nl) and filtered through celite. The filtrate was concentrated
and the crude conpound was purified by col unm chromat ography (60-120 25

mesh silic usi 60% etate in orof orm as ile ase to
give the rg%%h@%wﬁfgg%ﬂ%%ﬁgé IF%WQM agwgﬁ%%%pgrmg@gog%gﬁqgf%@ggg chira
chr omat ogr apfilya ik af p@lﬂofocﬁ (Zﬁamo@mmyl)mps Jze(3 phama-1HAL,2 Q&P/az@t 1DEA in
n- hexane (509 et hanol (509 ve the follow ng enanti.o

Anal yti cal ﬂﬁ &lt@hw}w@ﬁam%a 7- g@wsro SWYﬁ@p@tﬁé%vrlard%ﬁfanm é5so| i d:

Ret ention td mB43mddl), HBthdaoNps Hﬂgl‘DHF%%F?&L)OwatM(1$|}4M§aﬁ&l9ﬁmMﬂ%m c@l%%@) 6 ppm
9.01 (1H SZ, 7.58 (1H, s 4.92
(1H 1m),> 4. @81 okl 4muopyy) wter-awi@@i rgf woe@qqserrwas a@a%zd@t%mﬂ%séppd%

2.75-2.59 (lgelféro%%\eBcsug m?)%ul% it h@eﬁ&’l a}o A oC %1&1%1g%r<9§ sﬁr}llﬁ% f(m2 h. AR %ﬁdtﬁﬁl data of

(-)-enantioner ) white so MS (MtH) =
459. 0 Chi r anixpype gay ﬁltteéwt 411énVa§]iletﬁléV1¢1 mﬁhwol mlen\m@te %@cwtram@mgq

i denti cal t]SJtO| %%2%31&1 g@d to%ﬁ{hﬂe %‘9 was wa hed w1th brlne The or%_anlc la%er

744-chloro-111-im 20-13-ne
16, 17- hexahy@nbwdm@%mnhﬁhﬂm@aieméyﬁﬂn4ﬂ%mdsmﬁemukwmﬂﬁbpeﬁ@@t@é@gn 5091

cant hphis (BBA00T B braniy amnlhE P 2 RAT TRy pbd b 82T

1, 4- di ox anechaot57r(2)4 digusorefthgad 5 6,d-diliytlho- ZDnydlomgen]fomidmet-hrowe (¥dng, hen Pd

gggg?%or f%%%ﬁg ven?)m%@)rennveg(Lﬂﬁwi ﬁ@%bﬁgé reggﬁ jhd tEd !

resi due mas7ﬂi6$bhﬂ&d%iﬁ9e(Myhﬂa@&Iéﬂ6(ﬂ15@ ﬂﬁé6aad2mnhxeBedH{hﬁﬁugh

by col um chi bt CAE 4B 7800 b Recr” Tike) S hiy 66F BBob e hyh Aot ate i n

pet ethpy ag) nebi®@, s), 1.94-1.80 (3H, m), 1.63-1.61 (2H, m), 1.27-1.22 (3H, m).
Synthon ShQ

tert-butyl 7-cyano-18-(4-fluorophenyl)-10,11,14,16,17,18-hexahydro-3H-15,2-(azeno)-
20 4,8-(metheno)cyclopental ][ 1,4,10,12]oxatriazacycloheptadecine-12(13 H)-carboxylate

Boc
/

N
O
NC N7
P
N° N
H

A mixture of tert-butyl (2-(5-amino-2-cyanophenoxy)ethyl)(2-(2-chloro-7-(4-

F

fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)ethyl)carbamate (0.01 g,

0.18 mmol), xanthphos (1.57 mg, 0.0027 mmol), and cesium carbonate (0.012 g, 0.036
25  mmol) in 1,4-dioxane (3 mL) was degassed with nitrogen for 1 h and then Pd(OAc)2

(0.407 mg, 0.00181 mmol) was added. The reaction mixture was heated at 110 °C for 60

min. The solvent was removed under reduced pressure and the residue was dissolved in
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25phase to give the racemate (25 ng). The enantioners were separated by
chiral chromatography [Chiral pak I A (250X4.6m), nobile phase: A 02% of
DEA i n n-Wexar#0$300%9 B: et hanol (30%] to give the enamrCirarsers/o4iezanpl e
10: Anal ytical data of (+)-enantioner (10A): (0.004 g, 2.53%, off-white
solid. Retention tinme 10.65 mm LG M (MrH)- = 473.2. |IFINVR (400 MHz,
CDC13) 6 ppm8 7 (1H, 5s), 7.60 (IH s), 7.34-6.99 (84 m, 6.75 (IH s),
4.27- 22(3H 31(3H s), 3.22- 3.08 (2H, m, 2.61-2.58 (3H, :

2.3-2. 05 a cal (-)-enanti oner 0B 004 g,

> 53% of oﬁyl%ﬁt?% BT Perl iR rDuh Rlire Tha SISN R hechtedang B "a72%

| FI NMR (4000rbd'd?o0n@aﬁﬂcﬁifas pudlaad H)}Ccéﬂlurﬁrﬂchr{f)ﬁat&l@aﬁﬁyi (poa20 hed. silkspimpige1 ol |
7-(4-chl oro 111 | ol -1-A-19-phenyl -3, 1éL 12,13, 14, 15, ]17 18, 19- decahyd
ro-2, 16- (a %lﬁg)[f@{ghtalgy&t étcgpqpound 0.002'g, 21.41%) as’a'light yellow

11,7, 9 13]@1&@&@@1@%@{ adadeci A&MR ( AE)OMHEECMJ@[?M@OQ(HQ sg2B9mmol ) in
10 mL was hé[rggenat ed &bal | oon t room

tenperat%re(lﬁnd p’réé‘e??éé b7l Bt AUn{ 044 8% (e Pod-01.4 1, d. d HA8zhtor) for 40

m n. The repagd bHen iyl #3441 61, Vasg degassec » uhy, M brexgess @pdd)id ie564 through
20cel ite. Solvents were renoved under reduced pressure and the residue was

purified bylEhm.a17p} EpdFamyveSHOFRLE. [ Chiral pak 1A (250x4. 6mm), 5 nicron,
nobi | e Phase: n-hexane: ethanol (50:50)] to give Exanple 11A along with the
ri ng opened phenolic conpound. Exanple 5B was also simlarly hydrogenated

on the sane_scal 0 get Exanple 113 and the corresponding ring opened
phenol i ¢ coMIBAAE o5 Exanpl e 11:
10 4-(4-(allylamino)-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[dJpyrimidin-2-

ylamino)-2-(allyloxy)benzonitrile
f
ol HNNF

NG
N)l\ ”

N
H

F
To a solution of 2-(allyloxy)-4-aminobenzonitrile (Preparation D, 168 mg, 0.963 mmol),

and N-allyl-2-chloro-7-(4-fluorophenyl)-7-methyl-6,7-dihydro-5 H-

15  cyclopenta[d]pyrimidin-4-amine (Preparation Ua, 204 mg, 0.642 mmol) in N-Methyl-2-
pyrrolidinone (5135 pL) was added H,SO4 (54.7 uL, 1.027 mmol). The mixture was
stirred at 100 °C overnight. The crude reaction mixture was purified by PREP HPLC:
(50 X 250 mm HPLC XTerra C18 15 to 100% A:B over 40 min, 3 min at 100%B (A is
90:10:0.1 water:MeOH:TFA; B is 90:10:0.1 MeOH:water:TFA)). The appropriate

20  fractions were concentrated in vacuo to afford 4-(4-(allylamino)-7-(4-fluorophenyl)-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-2-ylamino)-2-(allyloxy)benzonitrile (74 mg, 25%
yield). LC-MS (M+H)" = 456.1.

Synthon VaB

25 N-(4-(5-amino-2-(3-methyl-1H-1,2 4-triazol-1-yl)phenoxy)butyl)-2-chloro-8-(4-
fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-amine
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Anal ytical data of (+)-Enantioner (11A): (36 ng, 32% of off-white solid.
Retention tine 5.24 min. LCM5 (MtH) = 487.2 114 NVMR (400 MHz, DMSO d6) 6
ppm 9. 22 WOHp12909308. 42 (1H, s), 8.41 (1H, s), 7.42 (1H, PeX/USZ0130436227 ( 2H,
m, 7.25-7.14 (5H, n), 6.69-. 6.66 (1H, dd J=2.0, 8.8 Hz), 4.19-4.15 (2H,
m, 4.10 (1H, t J= 8.4 Hz), 3.40-3.06 (2H, m, 52.82-2.75 (1H, m,
2.68-2.54 (2H, m, 1.95-1.86 (3H m, 1.72 (2H, m, 1.27-1.24 (2H, m.

Anal ytical data of (-)-Enantioner (11B): (29 ng, 26% of off-white solid.
Retention tine 7.17 min. LCM (MtH) = 487.2. 1H NWR (400 MHz,

DMVS0- 6/ 6) identical to its 10 tNlp e 11A Exanple 12 7-(4-chloro-

1H i mi dazol - 1-yO0- 18- phenyl - {011, 1M 16, 17, 18-oct ahydro- 15, 2-
(azeno) - 8, 4- (met heno) cycl opent\\a’h[ 10, 12]| oxatri azacycl ohept adecine 15 A
m xture of Exanples 1 and 2 (O. 25(] 0. 53y NN 10 nmk of 1:1 (MeOH: THF)
was hydrogenated at room tenperature it he presence of platinum(lV)oxide
(0.011 g, 0.048 nmol) for 40 nm Reacti©nh mMi'xtyire was degassed with
nitrogen and filtered through 20celite. Sol ve were renoved under reduced
pressure and the residue was purified by chir preparative HPLC [ Chiral pak
TA (250x4.6mm), 5 mcron, nobile phase: n-hex et hanol (80:20)] to give
Exanple 12 along wth ring opened phenolic co pounds. Exanple 12:

25Anal ytical data of (+)-Enantionmer (12A): %( 129% of off-white solid.
Ret enti on tTheemixureaf 2-ghinrws- ((H\ﬂﬂlqyophen}’h)ﬁmﬁthyllﬁi ey 263013) 6 ppm

(91a6 ((ZI é—H ' St)‘laZOT IE}@) f %H* l_@ﬁénmﬁ%b@’t;?l? 5. 61758 (e%lﬁhll)/cﬁ‘aéayrlas@(é véﬁqgm(h’%ﬁl arﬁ?he,) . 38-6. 36

4.20-4.17 (15-4\ Sé}‘l@(42(3m53) @17515m(>12,l—llr01n§207 me7579 H@!DD(@HI anponiup ql@orgiemﬁﬁ()( 3H, m,
L o1 % (G P eyt R P (3 ., 125
NMR (400 MHeactioD@LB)reivche mooledlo rt adithessofid pwas filtered off. The filtrate was

concentrated in vacuo and the residue was purified by Prep-HPLC to get N-(4-(5-amino-

2-(3-methyl-1H-1,2,4-triazol-1-yl)phenoxy)butyl)-2-chloro-8-(4-fluorophenyl)-6-methyl-

5,6,7,8-tetrahydropyrido[4,3-d|pyrimidin-4-amine, (215 mg, 65 % yield). LC-MS

10 (M+H) =537.2. '"H NMR (500 MHz, methanol-d;) & 8.93 (br. s., 1H), 7.64 - 7.59 (m,

1H), 7.43 (dd, J=8.8, 5.0 Hz, 1H), 7.24 - 7.18 (m, 2H), 7.15 - 7.08 (m, 2H), 6.95 (br. s.,

1H), 6.86 - 6.78 (m, 1H), 4.46 (dd, J=10.4, 6.4 Hz, 1H), 4.28 (d, /=18.3 Hz, 2H), 4.21 (4,

J=6.1 Hz, 2H), 3.89 (dd, J=12.5, 6.3 Hz, 1H), 3.61 - 3.52 (m, 3H), 3.15 - 3.08 (m, 3H),

2.46 (s, 3H), 1.96 - 1.87 (m, 2H), 1.84 - 1.72 (m, 2H).

15
Synthon YaB
1-(5-amino-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenoxy)-4-(2-chloro-7-(4-fluorophenyl)-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ylamino)butan-2-ol

=N
N
@ N7
NH,

Z
7/
O
gg
£

20  The mixture of 4-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-
4-ylamino)-1-(2-(3-methyl-1H-1,2,4-triazol-1-yl)-5-nitrophenoxy)butan-2-ol (70 mg,
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anti pode. Exanple 13 7-(4-chl oro-1H i m dazol - 1- y0- 14- net hyl - 18- phenyl
-10,1 1, 12,13, 14, 16,17, 18- oet ahydr o-

1015, 2- ( a@erro)2/®93b9 ( net heno) eyel opental[ h] [1, 6,10, 121 PCT/US2011/043628

oxatri azacycl ohept adeei ne A suspension of Exanple 3 (cis-racemc, 0.320 g,
0.659 mmol ) in 20 nmL of 1:1 (MeOH THF) was hydrogenated (ball oon of H2) at
roomtenpeiature in presence of 15platinun(lV)oxide (0.032 g, 0.155 mmol)
for 40 mn. The reaction m xture was degassed with nitrogen and filtered

t hrough cel | So vent re ved under redu ure d t he

o5t due wasd-BmE by T2 AT ST B4 gBmeh B 6 b Y &Y 250%4. 6
5 micron, rmﬁbl)enﬁtwsmmpbmm@xer@mMQMaéﬁ&t&i&l}%o?@f@u\m Thearke 13 al ong
with ring opened phengl i nal ytical data

(+)- Enant i o@f@ﬁiucwgmuﬂﬁeégwwpdﬁ% t@%ﬁtaaﬂ(wﬂlwg 2s(érm<‘a yig b%,f‘.tm@iﬂne 7.41

g1 25 |(—gl ZB ﬁlg\%kﬁox )E(ﬂ&ﬁm% 7- (M—'%M@éphéﬁ@% Mday d@@@cg&d ent@&aﬂli[wnn%dﬁﬂl (2 %H7 i)z
(4H, m),5 6. yﬁimmgbetaef(az QN ms; 80f/°8’lel$jSH£~53 “MB, @3&@21*:152‘!)13s)‘§ NMPsLEQDQB@éZ (I1H t,

J=8.4 Hz), tﬁé‘no(glji’fi §}s@ ) (3 11%)97 7§|{£n% § 2, [‘?{) 7%353 1?6§102}Q§H10”)704g1n97 1.85

(5H, m. Anafytl cal ant’i oner
of f-white sl 693 F&eﬂﬁhbﬂérﬁdd Uﬁ%991 OHznliH, 4. &8} (IMHH)) £244:8472@(nL,HHENVR (400

(1107~ 4 chlor sSR0SI 20 5504, 16,17, 4

8- hexahydr.6<1 1512 3Ha26090) 2@, (4, 1H),(2ofdt-Helrae Y B, dpan(tlLaj3]5 Hz, 1H).

[1, 6, 10102.210xat ri azaeyel ohept adeei ne and

(11E)-7-(4-chl oro- 1Hi m dazol -1 -y1)-18-(2, 4-di fl uorophenyl)-10, 13, 14, 16, 17, 1
8- hexahydr a$ykBpz4¢tRzeno) - 8, 4- 10(i net heno) eyel opent a[ h]

1. 2. il ehol oot RAKID( Dy RO HEGCOLBaP BN Re IR A eegpeRonydSEes:

d]pyrimidin-2-ylamino)-2-(allyloxy)benzonitrile

ot

e

F

15  The mixture of N-allyl-2-chloro-8-(4-fluorophenyl)-»,6-dimethyl-5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidin-4-amine (Preparation Vc, 655 mg, 1.889 mmol), 2-
(allyloxy)-4-aminobenzonitrile (Preparation D, 329 mg, 1.889 mmol) and H,SO,4 (232
uL, 4.34 mmol) in NMP (3.8 mL) was heated at 90 °C overnight. The crude product was
purified by Prep-HPLC to obtain 4-((4-(allyl(methyl)amino)-8-(4-fluorophenyl)-6-

20  methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-yl)amino)-2-(allyloxy)benzonitrile,
TFA salt (158 mg, 13.98 % yield). LC-MS (M+H)" =485.6. '"H NMR (400 MHz,
methanol-ds) 6 7.68 (d, /=1.8 Hz, 1H), 7.41 - 7.32 (m, 3H), 7.22 - 7.13 (m, 2H), 7.05 (dd,
J=8.5, 1.8 Hz, 1H), 6.12 - 5.92 (m, 2H), 5.53 - 5.25 (m, 4H), 4.71 - 4.60 (m, 1H), 4.57 -
4.39 (m, 2H), 4.39 - 4.30 (m, 1H), 4.30 - 4.17 (m, 1H), 4.12 - 3.85 (m, 2H), 3.59 - 3.42

25  (m, 1H), 3.17 - 2.96 (m, 7H).
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15Synt hon TaA (0.600 g, 1.122 mml) was added foll owed by Hoveyda- G ubbs |
generation catalyst (0.100 g, 0.162 mml). The m xture was heated at 85 C,
for 16 h.wOhe12wobisent was renoved under reduced pressur @CTASR@n/oszse®val of
metallic inmpurities via silica gel colum chromatography, the conmponents
were separated via chiral SFC [Chiraleel 0.1-H 250 X 4.6 nm 5 mcron ,

0. 2% DEA in Hexane (60%/Ethanol (40%] 20 to give Exanple 14 and Exanpl e
15. Exanple 14: Analytical data of cis-(+)-enantionmer (14A): (30.01 ng,
5.28% of a dar% sh éolid. Retention tinme 11.01 mn. LCGM (MH) = 507.0
1H NMR (4005 es%ﬂ(ﬁ ) 6 ppm25 9.73 (1H, s), 7.58 (1H, s), 7.08-7.00 (4H,
an)), 2 222 g(zkllzal-Hﬂ’ - (400h]or6-1B3imd a36)- (ﬂl)‘-‘wmenyﬁm% 151557(;%@%@11{4 5.05 (2H,
2.00- 1. 97 (fwenéjwﬂﬁ%ﬂf%i%avpea%é{[bé 18#%iocafw@%ﬁ’iee%?ar(elazeé)ﬂ15(372 7 ny,
5.759% of a ﬂ@lilkmaﬁ‘h-zrﬁngéo@] S BersEsMeln QDI ¢ 1 3By, A6, 00 St eRanykife- MO (M) -s=-507. 0 1H
NVR (400 N+E 13) : identical to its antipode 14A. 5 Exanple 15:

Anal yti cal dat a of t(fgihenq) dylopaueiti 4 el I(Zi@CA}”aZMalob@quﬁmQ 259 of dark
ash solid. Retention tine 3 91 mMmm LCG-M5 (MtH)+ = 507.0 1H NM R (400 MHz,
CDCl) 6 ppm 8. 36 (lH sﬁ, .56 (1H, s), 7.06-7.00 (4H, n, 6.84-6.81 (2H,

m, 6.40-6.37 ( 10%&) 6. 00-5.95 (1H, d, =6 Hz), 5.75-5.71
(2H,d,./=6.4 Ftai, 4.82°NRH, m), 4.44-4.4Q (1H] NP 2 Hz),
4.06-4.00 (2H, N 4-2. 6/ , m, 2.02- 1N96 (1 n). Anal yti cal data
of trans-H enantionef (JL5B): 07 my, 3.309 0 dar K ol id.
Retention tine 9.16 M_Tr M+H) + = 507. 0. 111 LQBFHO , CDCl 3)
identical 15to its antlpéﬂe 15A anple 16 and 17 (14

17)-7-(4-chl oro-1Hi m dazol - B- phenyl

-10, 13, 14, 16, 17, 18- EQ%$QMdro 15 (azenok3§ﬂ4e5hethen cl opent a[ h]
[1, 10, 121oxad|azacycloheptadeC|ne and (11 20chl oro- 1 H i m dazol - 1
-y0- 18- phenyl -10, 13,14,1 6 17, 18- hexahydr o- 15, 2- (azeno) 8, 4-

(" met henOkyX Isol t?onr;[ 0 Sr;/nt[h ](g (‘)glglxo%glmmoq)c%cll 205110 tloet ea(r:lle (2'L) was taken in a

10 5L three-necked round bottom flask equipped with a reflux condenser and nitrogen inlet.
The solution was degassed with nitrogen for 1 h and Hoveyda -Grubbs II generation
catalyst (0.63 g, 1.0 mmol) was added. The mixture was heated at 85 °C for 16 h under
nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced
pressure and the residue was subjected to flash chromatography using a Teledyne Isco

15  instrument (120 g RediSep silica column, 10% MeOH in CHCI;) to remove metallic and
other impurities. The fractions having the desired compound were concentrated and the
component isomers were further separated by chiral SFC (chiral cel-OJ-H, 30 X 250 mm,
5 um column, 120 mL/min of 50% MeOH (0.5% DEA) in CO, at 100 bar and 35 °C.

20  Example 1:
Analytical data of cis-(+)-enantiomer (1A): (210 mg, 11.2%) of off-white solid. Retention
time 2.71 min. LC-MS (M+H) " = 471.2. "H NMR (400 MHz, DMSO-d6): & ppm 9.74
(1H, s), 9.35 (1H, ), 7.79 (1H, s), 7.79-7.47 (1H, m), 7.46 (1H, s), 7.30-7.26 (2H, m),
7.21-7.10 (4H, m), 6.63-6.11 (1H, m), 5.62-5.58 (2H, m), 5.1 (1H, m), 4.62-4.58 (1H, d, J
25 =14.8 Hz),4.12-4.10 (1H, m), 3.57 (1H, m), 2.79-2.77 (1H, m), 2.66-2.62 (1H, m), 1.93-
1.92 (1H, m).
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A solution of Synthon RhA (0.4g, 0.8032 mmol) in 1.5 L of

1, 2-di chl oroet hane was 25degassed for 2 h with nitrogen. Hoveyda - G ubbs |1
(0. 04g, Owo@8iwmepdoy was added and the m xture was heat esCatuse@fiiowde2$ or 18
h. The sol vent was renoved under reduced pressure and the residue was
purified by col um chromatography using 60% et hyl acetate in chloroformto
get 0.3 g of Exanple 16 and Exanple 17. The m xture of four conpounds was
separated into the conponents by chiral reverse-phase supercritical fluid

chr omat ogr aph jralcel OD H. 30 5 col o 7 im.n of 350/)
Vo (0. Son Rishytef ot <G - T T 9 Emes P At Tt s SAR *gar o of
Ci s- (+) - enadxhé ®IBMid. LEAMS (M8HE" #g) 1. 2f HaMRI(GoowHEEDMBR-JdRatignicalan ti e
21.5 min. LCMS (MrH) = 470.1.11-1INVR (500 MHz, CDC13): 6 ppm 9.62 (1H, d,
J=1.8 Hz),ltSﬁn!;l?Ongﬁﬁ- s), 7.32 (2H, t, J= 7.3 Hz), 7.22 - 7.27 (1H, m,
7.11 - 107.19 (3H, n), 7.07 (1H s), 7.02 (1H d, J= 8.2 Hz), 6.32 (IH d,
J=7.9 Hz), 5.62 - 5.73 (1H, n), 5.48 - 5.57 (1H, n), 5.10 (1H, t, J= 11.9
Hz), 4.67 (BHmPe2: 3= 13.4 Hz), 4.24 (1H, d, J= 1.2 Hz), 3.23 - 3.26 (1H
m, 3.08 - &na@y?ticﬁl]ddta Merané ﬂ?%nﬁnt%ngil(i%%ﬂm 14798 of off-iftebdi. M, 2.60 -
2. 71 (1H, M s e S T 5 08 2.7 (1H,_m. 15Analytical data
of cis-(-)-Retention tims9.3016IB) L.C-(4S (M+hRy) = 47 1. hnHOF¥IRWAO MBra xDMBEtNtS on ti ne

o ooue 1 aRm B2 MW 31 03 E T AR (R AMS 7 Rradlan! AENACE 10 0%
(12.6 ng) ofl Ham),afG1- 31 C1&L, dak: | REHBNS.6D4.06i( g, dl7?76:hﬁz), 418G MG n(;mgm(;H }
32005 MG ) Mt Q50 Yo 580 ary SRR B Bl 5 s oo A Y ordeps (AT G2

7.0 Hz), 7.46,f@lH, s), 7.00 -7.07 (2H, m, 6.37 (1H, dd, = 8.4, 2.3 Hz),
5.95 (1H, dt, J= 15.6, 5.9 Hz), 5.64 (1H, ddd, J= 15.6, 6.3, 6.1 Hz), 4.76
(2H, d, 25J= 6.1 Hz), 4.24 (1H t, J= 8.4 Hz), 2.91 - 3.05 (3H, m, 2.83
(1H, dt, J=Addytfal datsotiz)s-(-F-chfhtiomer (Z8): (ZHd m@)11.7%) ofbeElwiidecalid. dat a of
trans-(-)-enantjoner (17B): £11.4N£B%%Qf an off-white wax: Retention tine
40.6 nm LCNBUEREAP 1234 7gnoLe FMR 00 “NH2, HOARI90 Mz MO0t o t he

ant i podgs 17fentical to its antipode 2A.

Examples 3 and 4
(117)-7-(4-chloro-1H-imidazol-1-yl)-14-methyl-18-phenyl-10,13,14,16,17,18-hexahydro-
15,2-(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine and
20 (11E)-7-(4-chloro-1H-imidazol-1-yl)-14-methyl-18-phenyl-10,13,14,16,17, 18-hexahydro-
15,2-(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

Cl -
N>§\ O N c:>§\ (,)’”\\/\N/

\\/N \Y N
1) ele
N \N N | N/
H H
Example 3 Example 4

25 A solution of Synthon RbA (1 g, 1.92 mmol) in 1,2-dicholoethane (2 L) was taken in a 5
L three-necked round bottom flask equipped with a reflux condenser and nitrogen inlet.
The solution was degassed with nitrogen for 1 h and Hoveyda-Grubbs II generation

catalyst (0.1g, 0.15 mmol) was added. The mixture was heated at 100 °C for 18 h under
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Exanpl e 18
(112)-7-(4-chloro-1H i m dazol -1-y1)-18-12, 4-di fl uorophenyll- 14- nmet hy1-

10, 13, 14,w6,20i2/0080bhexahydr o- 15, 2- (azeno) - 8, 4- (et hena) egeluspantajchd

[ 46, 10, 12| oxat ri azaeyel ohept adeei ne Exanpl e 18: Analytical data of
cis-(+)-enantionmer (18A): (120 ng, 10.549% of a dark brown solid. 15
Retention tine 11.2 min. LCMS (MtH) = 521.0. 111 NVR (400 MHz, CDC13) 6 ppm
9.47 (1H, s),7.56 (1H, s), 7.26-7.00 (4H, m, 6.99-6.83 (2H, m, 6.33-6.28

1H, , b5.78- 5. 2H, m, . - 1 (1H , 5.05-5.02 (1H ,

51. 62- ? 58 (%Feg%@%a%ﬁ%%&fﬁ@?@?ﬁe %0.(‘???? %v%aleom?d md,%r ‘é’.ﬁ?ffd( ?H, s),
3.21-3. 01 (Rbbsuand the 3&idie s fiblidctedo fldshQhromabrdphiiusiig TeldGndnabyt i cal dat a
of cis+)-enantioner (18B): (100 ng, 8 78% of a dark brown solid. Retention
time 8.52 ﬁnﬁm%e@@% epsilicy golgmay | SQi;] 3 terserys mepdigtandal to its

anti pode 18Aner2@plErREPe fhdtions having desired compound were concentrated and the
7-(4-ch|oro-111-|n1dazo|-1-%;£-1842,4-d|I[uoro heny0-14-neth%l-
10, 11, 125 13compongit spmei vwses AR seraraedby guraheiC ¢ hiralcel OD-H 30 X 250 mm,

(et hena) eye| AREALA A hnf GnihOr 32 &S H [PEASER ) HNEBE 40BBILREnd 35 °C).

Example 3:
Analytical data of cis-enantiomer I (3A): (38.8 mg, 3.9%) of a brown solid. Retention

10 time 26.45 min. LC-MS (M+H) "= 485.6. '"H NMR (400 MHz, DMSO-d6): & ppm 9.44
(1H, s), 9.34 (1H, s), 7.79 (1H, m), 7.46 (1H, s), 7.46-7.11 (6H, m), 6.67 (1H, d, /=8.8
Hz), 5.80 (1H, d, /=10 Hz), 5.62 (1H, m), 5.16-5.01 (2H, m), 4.60 (1H, m), 4.10-4.05
(1H, m), 3.52-3.48 (1H, m), 3.39 (3H, s), 3.32-3.15 (2H, m), 2.51-2.01 (1H, m), 1.92-1.90
(1H, m).

15
Analytical data of cis-enantiomer II (3B): (35.5 mg, 3.6%) of a brown solid. Retention
time 32.85 min. LC-MS (M+H) " = 485.6. "H NMR (400 MHz, DMSO-d6): identical to
its antipode 3A.

20  Example 4:
Analytical data of trans-enantiomer I (4A): (20.1 mg, 2.1%) of a light brown solid.
Retention time 19.80 min. LC-MS (M+H) " = 485.6. "H NMR (400 MHz, DMSO-d6): &
ppm 9.24 (1H, s), 7.94 (1H, s), 7.94 (1H, m), 7.77 (1H, s), 7.76-7.45 (2H, m), 7.32-7.28
(3H, m), 7.19-7.09 (1H, m), 6.58-6.56 (1H, m), 6.05 (1H, t, /=16.4 Hz), 5.50 (1H, m),

25 4.81(2H, d, /=5.2 Hz), 4.09-4.00 (3H, m), 3.32 (3H, s), 3.21-3.12 (2H, m), 2.50-2.44 (2H,
S).

Analytical data of trans-enantiomer II (4B): (19.3 mg, 2.1%) of a light brown solid.

Retention time 23.46 min. LC-MS (M+H) " = 485.6. '"H NMR (400 MHz, DMSO-d6):
30  identical to its antipode 4A.
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5 A solution of exanple 18A (0.10g, 0.154 mml) in 5 nL of 1:1 (MOH: THF)
was hydrogenated (balloon of Eh) at roomtenperature in presence of
Pl at i numwWu)20x@e3000. 008 g, 0.032 mml) for 40 m n. ThePCaASRI10/04I62Kt ur e
was degassed with nitrogen and filtered through celite. Solvents were
renmoved under reduced pressure and the residue 10was purified by chiral
preparative H PLC [Chiral pak 1 C (250x4.6nmm, 5 mcron, nobile Phase: 0.2%
DEA in n-hexane et hanol (70:30)] to give Exanple 19A. Exanple 19B was
obt ai ned wh B was subjected to hydrogenation on a same scal e using
above condlﬁqmq > I'n both cases, a ring opened phenolic isoner was also
obt ai ned. 13ETpkenbd- zmﬁkayztzdzqagw) dsaplaenpzts (0*)3Bmammmoc(uﬂh%)o2(6l0 4 ny,
10.4% of off- mhlte solid. Ret mn. LCM (MtH) = 523.0
| FINVR (400 MHz, (@6939 4émff6fﬁ0§y9%pfniwfféi 2 fif%memqyclgecmdmez 7.24 (3H,
m, 7.05-6.85 (3H m, 6.37-6.35 (1H, d, J=6.4 Hz), 4.38- 4.34 (3H m,
3.31 (3H, s), 3.19-3.10 (2H, m, 2.56-2,53 (1H, m, 2.07-1.87 (5H m, 1.60
20(2H, n). Analytical data of\(-)- Eryéayr\g;mr (19B): (16.4 ny, 20% of off
white solid. Retention tine 21 . SH(MrH) = 523.0 I1i NWVR (400
MHz, CDCl13) identical to its Nyed anpl e 20
7-(4-chloro-1Himdazol -1-y0-1742, y0-13-net hyl - 11, 12, 13, 15, 16
, 17- hexahydro-1 OH 14, 2- (azeno) - 8, (i clopenta[g] [1,5,9,1
FbtatrlazacyclohexadeC|ne S A m xtureHof Synp- TFA (1.2g, 2.200 mmol),
xant hphos (0. 191g, 0 330mml ), cesium carbonat & ). 0759, 3.30mmol ) and
Pd(CAc)% (0.049g, 0.220 mmol) i n Bxadpldboxane (607nl) was degassed with

nitrogen for 1 h, then heated at 100 C. for 4 h. The sol vent was
A solution of synthon RcA (1g, 1.95 mmol) in 1,2- dlcholoethane (2L)wastakenina 5L

three-necked round bottom flask equipped with a reflux condenser and nitrogen inlet. The
solution was degassed by nitrogen for 1 h and Hoveyda -Grubbs II generation catalyst
(0.1g, 0.15 mmol) was added. The mixture was heated at 100 °C for 18 h under nitrogen
10 while monitoring by LC-MS. The solvent was evaporated under reduced pressure and the
residue was subjected to flash chromatography using Teledyne Isco instrument ( 24 g
RediSep silica column, 10% MeOH in CHCIs) to remove metallic and other impurities.
The fractions having desired compound were concentrated and its component isomers
were further separated by chiral HPLC [CHRIAL PAK IC (250 X 4.6) mm, mobile phase
15  A:n-Hexane (60%), B: EtOH 40%]

Example 5A: Trans-(+) isomer (0.250g, 27.7%). Retention time 7.09 min.

LC-MS (M+H) * = 485.4. '"H NMR (400 MHz, CDCls): & ppm 7.87 (1H, s), 7.54 (1H, s),

7.34-7.20 (SH, m), 7.18-7.02 (2H, m), 6.93 (1H, s), 6.36 (1H, q, /= 2.4 Hz), 6.10 (1H,
20  tJ=8.00 Hz), 5.63 (1H, t,J=7.60 Hz), 4.69-4.59 (2H, m), 4.18 (1H, t, /= 6.8 Hz), 3.72

(2H, m), 2.77-2.62 (2H, m), 2.34-2.11 (2H, m), 2.10-2.04 (1H, m).

Example 5B: Trans-(-) isomer (0.250g, 27.7%). Retention time 8.71 min.
LC-MS (M+H) “ = 485.4. "H NMR (400 MHz, CDCl;): identical to its antipode 5A.
25
Examples 6 and 7
(117)-7-(4-chloro-1H-imidazol-1-yl)-14-methyl-19-phenyl-3,10,13,14,15,17,18,19-
octahydro-2,16-(azeno)-8,4-
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10r enoved under reduced pressure and the residue was dissolved in ethyl
acetate (500 nL) and filtered through celite. The filtrate was evaporated
under redwoedizpnoe®gure and the crude conpound was puri f iP€U/USR01C OU3I6DHN
chromat ography (60-120 nesh silica) using 17- 20% ethyl acetate in

chl orof orm as nobil e phase to give 180 ng of racem c Exanple 20. The
enantioners were separated by chiral chromatography [Chiral cel AD-H 15
(250X4. 6mm) , m)bi I e phase A. 0.2% of DEA in n-hexane(70% B: Et hanol
(30%] to ge i ent s Exa | e 20A a Exanpl e
00 Rnal vt § CHIeTAD s Qe L G STH= O D166 118 1B 1 BT ot f whi £ &
solid. Retephii@dl- ZQZ)IMrmezmm@hmyv SIJ@]B/B4(IMTH)78 ?9-5&814}2#01255 (M) (00 MHz,
CDCl 3): 6 ppm 8.82 (1H, 00 (3H, M, 6.99-6.81 (3H,
M), 6.50-6.48 (1H, d mef’ﬁefgﬂ)%/cw?m[a/[é?9413%%?@%@?{?00@6%63. 55 (2H, M,
3.24 (3H, s), 3.22-3.03 (2H, m, 2.57-2.53 (1H, nm, 2.31-2.28 (2H, m,
1.99-1.94 (1H, m, 2.52-2.48 (3H, m, 1.94-1.91 (1H, m . 25Anal ytical data

of (-)-enantioner, (20B :/(0. 35 g, 1. 24% of of i solid. Retention
tine 16,34 nm LEAMS QUrH) = 509.2 .1 H NV (406 M, 3): identical to
its antipode 20A. >EXa e 21 Hhd 22 (112) - >Fyanc9 18- phiinyl

-10, 13, 14, 16, 17, X
[1, 6, 10, 12]oxatr|azac
-10, 13, 14, 16, 17, 18- hexahydio-'l
[ 46, 10, 12Ioxatrlazaeyelohe%tadeel' 10A sol ution of Syn RaD (1. 4g,
0.0.33 mol) in 1, 2-di chol oet hang .5 L) was taken in a 3 hr ee- necked
round bottom fl ask equipeededi th a ref | ux condenser Emgleri t rogen inlet. The

sol ution was degassed with nitrb%en for 1 h and Hoveyda- G ubbs 11
gener at i on @&elatgnsef Syothom RGA (99621 1 fprimoliad. Qa%l@ié?épethﬁh%@ﬁ Lt vitsdtakgds heat ed

at 100C f orin b NihRdRHYEEREBA N HaUEARES Qlth BIMX bIhBr ahusghvent vas

evapor at ed un reduced 15 pressure a e resi ue was subjected to flash

chr omat ogr aipley les Bolgtion Was|deghprrd by idtogiem S Ured oy aglagrRebdiTBequenstibi ca
col um,  50% gﬁ;{}law l%cﬁilﬁ‘h{?n Medt ‘i’%éﬁﬂ??&é@wﬂ?ﬁ& kdalo€ 1 RN L ‘?lé]uﬁdgpu” ties.

The fractl on eS|r npound were concentrated and e conponent
i sonmer slﬁ/\/erletr@gmt\%@lc rrmpemr@be'cLCbMSc fihe alllvenmwamdvamas@uﬁd@t@d{l@m ral pak 1C

( 250 X4.6) rTgnes%ure Ih& 816 Yt hue wag) su@‘gcmd 10 Qolurgn chro DaEfg‘grthy umn%r&)%‘Ve(—t:tﬂﬁnOl (70: 30)

acetate in dichloromethane to remove metallic and other impurities. The fractions having

(azeno) -
ne and (11E)
(azeno)-8,4- (

0j cycl opent a[ h]

angr 18 phenyl
et %E)Jeye opent a[ h]

the desired compounds were concentrated and the component isomers were further
separated in two stages: the cis /frans mixture was purified by reverse phase HPLC

15  {symmetry shicld RP18 (250X4.6mm), Mobile phase A: 20mM ammonium acctate in
water Mobile phase B: acetonitrile} to get cis (100mg) and frans (250mg) isomers.
Chiral separation of the cis-enantiomers and trans-enantiomers were performed by chiral
preparative HPLC [WHELK (250X4.6) mm, mobile phase A: n-heptanes (70%), B:
MeOH +EtOH (1:1) 30%]

20
Example 6A: Cis-(+) isomer. (23mg, 2.4%). Retention time 18.12 min. LC-MS (M+H)"
=499.0. '"H NMR (400 MHz, DMSO-d6) & ppm 9.08 (1H, s), 8.15 (1H, 5), 7.75 (1H, s),
7.42 (1H, s), 7.32-7.13 (6H, m), 6.67-6.64 (1H, m), 5.63-5.61 (2H, m), 4.79- 4.76 (2H,
m), 4.077-4.03 (1H, t), 3.54 (2H, m), 3.37 (3H, s), 3.33-3.29 (1H, m), 3.15-3.13 (1H, m),

25 2.52-2.48 (3H, m), 1.90-1.89 (1H, m).
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20nobi | e phase]. Exanple 21: Analytical data of cis-(+)-enantioner (21A):
(50 ng, 3.96 %9 of off white solid. 25 Retention tinme 8.61 mm LC M5 (MH)+
= 394. 2. WH20R093000 MHz, DVSO d6): ppm 9.70 (1H, s), 9PEF/US2H1/083628
7.61-7.14 (7H, m, 6.63 (1H d, J= 8 Hz), 5.62(2H, d, J= 11.2 Hz),
5.20-5.19 (1H, m, 4.72-4.69 (1H, m, 4.59 (1H t, J= 15.2 Hz), 4.16-4.11
(1H, in), 3.60-3.32 (1H, m, 2.81-2.50 (2H, in), 1.93 (1H, d, J= 5.6 Hz).
Anal yti cal data of cis-(-)-enantionmer (21B): (60 ng, 4.76% of off white

DNEO d6) - | GRS (B banerie | Bladed AR RS 225 PGSO Hhta of

traits-()-enagy o OHBNMR 2208) MHEGOMBD-J54 idehtidd) todis adfifode6i t € sol i d.
10Retention time 10.4 mm LC-MS (MrH) = 396.2. 1H NMR (400 MHz, DM SO d6):

ppm 9.70 (1H, s), 8.43 (1H s), 7.36 (1H, d, J= 8.4 Hz), 7.31-7.16 (7H, m),

6.58 (1H, dExambR 7A: @"r«!v"?s)&hﬁoﬁér (@éfhg 4d8%) ﬁ{eteﬂ&nﬁmlr&% 655111?12LCJMS (M= 16
Hz), 4.7 1H& 391% n, 2.84- 03

1.94 (1H t=49%%: 'H NMR#400 MﬁAr%MWrt&%lSm%O% 1H, ﬁ)ﬂt@ﬂ-ﬂEhdrﬁOi(éﬁe%) (225)

(38 ng, 3% t teeqt [ + =
396. 2. 1H N 1 Og’m,ﬁ&\%ﬂ%fg%i%nqlﬁg%f 6{(}(3) %]{%)}sdgnt? 63%%@% "EXanpl e 23
207- cyano- 1‘864b@é1ny)’, 4.08 O,H,IS),3;4923,-m,4H4r,n16,21‘7(3&8@)0%5%&?81(361 19, R4z énol - 8, 4-
Onet henot cmqho&gnt a[h] 1-1,6,10,]21loxatriazacycl ohept adeci ne 25A m xture of
Synt hon Rk g, 0.1.15 mol), xantliphos (0.100g. 0.173 mml), and
cesium carbonate (0.560 g, 1.732 rrrml) in 1,4-dioxane (25 nL) was taken in

o oo TR A L RS SRR B 5 s g, =

Pd( QAc) 2 ( 0= ORE0.gH NMR 1400mMaH), DMSO-d6): identical to its antipode 7A.

Example 8
7-(4-chloro-1H-imidazol-1-yl)-19-phenyl-10,11,13,14,15,17,18,19-octahydro-16,2-
15 (azeno)-8,4-(metheno)cyclopentafil[1,4,7,11,13]dioxatriazacyclooctadecine

o ,

N
X
\/N\©\ N7
|
NJ\N/

H
Example 8

A mixture of Synthon ReA (0.35g, 0.66 mmol), xanthphos (0.57g, 0.1mmol), and cesium

20  carbonate (0.325 g, 1.0 mmol) in 1,4-dioxane (20 mL) was degassed with nitrogen for 1
h. Then, Pd(dba)3 (0.06g, 0.066 mmol) was added, and the reaction mixture was stirred at
110 °C for 14 h. The solvent was removed under reduced pressure and the residue was
dissolved in ethyl acetate (200 mL) and filtered through celite. The filtrate was
concentrated under reduced pressure and the crude residue was purified by column

25  chromatography (60-120 mesh silica) using 50-70% ethyl acetate in chloroform as mobile
phase to give the racemic title compound. The enantiomers were separated by chiral
chromatography [Chiral pak IC (250X4.6mm), mobile phase: A: 02% of DEA in n-
hexane (50) B: ethanol (50)] to yield two enantiomers.
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was added. The reaction m xture was heated at 110 C. for 18 h while
nmonitoring by TLC and LC-Ms. The sol vent was evaporated under reduced

pr essur e wWoadotmwooesi due was di ssol ved i n ethyl acetatePCZWUSad)/0836a8
filtered through celite. The filtrate was concentrated and the crude
conmpound was purified by flash chromatography using a 5 Tel edyne |sco
instrunment (12 g Redi Sep silica colum, 10% nethanol in chloroform to give
enantionmeric m xture of target conmpound (130 ng). The enantioners were
further separated by chiral normal phase HPLC [Chirdl pak T A (250 X4.6)mm 5
mm colum, 1.0 nLImn of 0.2% DEA in Hexane: Et hanol (70:30)]. 10Exanple 23:
Anal yti cal Ei;&mldﬁ (+) enantioner (23A): (0.025 g, 5. 4% off white solid.

Ret t t 00 MHz, CDC13
o . b il Gragy [P panqmer JAk (004 & 7B of gV g, RRerion g =

8.4 Hz), 4¢3 (2 mthr L@lMs‘t g _14139(21H{NM11f4ﬁ)0hﬁ1)1z M 4d:-3):3pphdéles br s),
2.78-2.59 (3H, m, 99-1.92 Anal ytical data of Oenantlorrer

(23B): (0. 038.y, 756 211% 8, 614\4(%|Sﬁe73§dllﬂ'c5) Rt éﬂl? (Bh m)i ore0-6.0841Himn, LC- M5 and

1H NVR: i de 23k I

(112)-7- eyaépn%‘} fﬁLg15 5}}9 nlgl %gtroggﬁgﬁrﬂl 3@9%?6?%?1@ §§8 ?gqhexawglc%r 0- 15, 2- (azen
0) - 8, 4- (nmed.He@di, oycl-Bheht Althm)| E6, 10, 12Joxat ri azacycl ohept adeci ne and
(LIE)-7-eyano- 18-

(2, 4- dpbor opheny0- 10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (azena) - 8, 4-

( et hena) eyshaypeat dafhif[(4&nddioir2d GBat(0i0azaBy O ptfaddeisoldd. Rotenivd

2012/ 00?03 OgtPn%r é y? %in :]L/CQf\l&B(%/%rH) ©=1489.2. "H NMR (400 MHz, DMSO-d6): identical to its

antipode 8A.

Example 9
7-(4-chloro-1H-imidazol-1-yl)-17-phenyl-11,12,13,15,16,17-hexahydro-10H-14,2-
15 (azeno)-8,4-(metheno)cyclopentafg][1,5,9,11]oxatriazacyclohexadecine

Cl

N>§\ (@) NH
NS
\/N\©\ N
L
P
N
N N

Example 9

A mixture of Synthon RfA (0.23g, 0.46 mmol), xanthphos (0.040g, 0.06mmol), and

20  cesium carbonate (0.226g, 0.696mmol) in 1,4-dioxane (15 mL) was degassed with
nitrogen for 1 h and then Pd(dba); (0.042g, 0.046 mmol) was added. The reaction mixture
was heated at 110 °C for 14 h. The solvent was removed under reduced pressure and the
residue was dissolved in ethyl acetate (200ml) and filtered through celite. The filtrate was
concentrated and the crude compound was purified by column chromatography (60-120

25  mesh silica) using 50-60% ethyl acetate in chloroform as mobile phase to give the
racemic title compound. The enantiomers were separated by chiral chromatography
[Chiralpak IC (250X4.6mm), mobile phase: A: 02% of DEA in n-hexane (50%) B:

ethanol (50%)} to give the following enantiomers.
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A solution of Synthon TaD (0.520 g, 1.13 mmol) in 1, 2-dichol oethane (2.5 L)
was taken in a 3 L three-necked round bottom flask equi pped with a refl ux
condenserwandiziopzoogen i nl et. The sol uti on was degassedPairtus2omitossgen for 1
h and Hoveyda- G ubbs Il generation 5catalyst (0.177 g, 0.282 muol) was
added. The m xture was heated at 95for 18 h under nitrogen while nonitoring
by LC-MS. The sol vent was evaporated under reduced pressure and the residue
was subjected to flash chromatography using a Tel edyne Isco instrunent (40
g Redi Sep silica colum, 10% MeOH CHC13) to renove netallic and ot her
inmpurities. The fractions having the desired conpound were concentrated and

t he 10conpoAiytich SRREITS+ )8R LI (Yer (Grpar. ax%pottbffahité@hldSFC [Chiral eel QI
H 30 X 250 nm 5 gm colum, 125 nlimn of 30% MeOH (0.5% DEA) in CO at
100 bar andR&sntiop tlnE)?@ﬁﬁﬂ“é LA MSAATY i c‘éﬁ9 HatHaVYR ((0EMHz) CREEROIMBHer  ( 24A)

gﬁﬂ?mﬂ ”913297011{){(1{ of 7@85!}9@ 7350 @Hlj - 6533(5H3?tﬁﬂ?'}&51 4t9)2'r@H4m &3 . '(-g?H'VB
n, 7.15 (1435 H, m., 4)&861@@?( H, 3.69-3. 56(@3-“@; 795-22H(3ym), 8.333-38. 26 ( 1H, m,

574569 , 2H, 4.79-4.73 (2H, q, J= 7.6 Hz), 4.43
(1H, t, (%g H?zo&zé;ﬁaglgg( rr) 278267(3I(-| m)q 2.01-1. 99 2)4 m .

20Anal yt| cal data of ci s ) - enantl orrer (24B): (38.12 ng, 7.7% of a light

brown solid, . 1H NWR (400 MHz,
CDC13): i denlilal ca?pc{ o tg' %mégg%zi%xll\@é)wg% W—lﬁéiﬁlﬁytl cal data of
trans- (+)- elnrarmsdweH)*(%aﬂgoC(lﬁalawnfgretleﬁu%mgv 4?111:“1@%&)5%% i dCDC13) .
et ent i : ;
ppm 8.4@61(1(113-?85?,&%“’5%%1?-@“&0@% 8.4 Hz), 7.27 (1H, s), 7.05-6.99 (1H,
M), 6.84-6.80 (2H, n), 6.35-6.33 (1H, d, .1= 8.4 Hz), 5.96 (1H, q, .1= 5.4
Hz) 5. 84 (1%1? 1= 6 Hz), 4.88 (3H, n), 4.43 (1H, t, J= 6 Hz), 4.08 (2H,
. 2.78-2 ”’%?#0 . 2.04-1.98 (1H, m). 5 Analytical data of
th A Qm"‘”“”@”ﬁ N g o VA e S
etention tine mm - - = . 2. | , :
et cal 101t GSerpbdd osRenaley ioparled 15691 oxamutacyclonexddectie )

7-cyanotsl9r' 4-f1 uor ophenyO- 11, 12, 13, 14, 15, 17, 18, 19- oet ahydr o- 10H- 16, 2- (azen
0)-8, 4-
al m
N>§\ 0 N
ij\ A
H N
Example 10

A mixture of Synthon RgA (0.17g, 0.35 mmol), xanthphos (0.040g, 0.05mmol), and
cesium carbonate (0.163g, 0.502 mmol) in 1,4-dioxane (15 mL) was degassed with

20 nitrogen for one hour and then Pd (dba); (0.042¢g, 0.046 mmol) was added. The reaction
mixture was heated at 110 °C for 14 h. The solvent was removed under reduced pressure
and the residue was dissolved in ethyl acetate (150 mL) and filtered through celite. The
filtrate was concentrated, and the crude compound was purified by column
chromatography (60-120 mesh silica) using 50-60% ethyl acetate in pet ether as mobile

25  phase to give the racemate (25 mg). The enantiomers were separated by chiral
chromatography [Chiral pak TA (250X4.6mm), mobile phase: A: 02% of DEA in n-
hexane (70%) B: ethanol (30%)] to give the enantiomers.
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(et heno) cycl opentali [1,4,7,11, 13Joxat et raazacycl ooct adeci ne 15 An

i ce-cool ed solution of Synthon SIN (0.1 g, 0.214 nmol) in NWP (1 nlL) was

t aken i n wonowmeIwett om fl ask and treated with 0.1 nL ofPCrarseo11ios3esl. The
m xture was heated at 100C for 18 h while nonitoring by LC-MS. The reaction
m xture was cooled to rt, diluted wwth ethyl acetate (10 nL) and treated

W th saturated sodi um bi carbonate (15 20nm.). The ethyl acetate |ayer was
separated and t he aqueous |ayer was further extracted with ethyl acetate (2
x 10 mL). The conbi ned organic |ayers were washed with brine (2 x 10 nL),
dried over anhydrous sodium sul fate, and concentrated under reduced
pressure. Thenplde conpound was purified by flash chronatography using a
Tel edyne Isco instrument (12.g Red|8e@ silica. co nethanol in

chl or of or mAnatyficalgaiafiti(Ghgreatioeer (A 04 Bat-adf° R/iogf V&lﬂiersa ﬁp@@}l?ft:m ral OD-H
(250 X 4. 6nghe P AMGEOLEOTLS (M@{)ﬂuma @ﬁmﬁ@iom!a%\cm@ex?ﬁﬁ get fanol

(70:30) as a nobil e phase]. anpl e 26: Analytical data of enantiomer-|I

(26A) (. 00379 (18, ?)9/3 3ﬂrﬁf99\ﬁ$ﬁ17tr@) 843P (B sket éﬁﬂ%(ﬁﬂ ine-34. 8Hn)m3-23-C- M5 ( M+H)
431. 2. 1H / .71 (1H, s), 8.44 (1H, s), 8.46
i\{gﬁ%@f‘g{? (i\@zz 5@&@91@ 5) 20@ (ﬁﬁ?

(1H, s). 2710(5H m, 6.73-6.70 5(1H, d
J—88Hz)441 2Hrr),119405 1H 3.67 (2H, m, 3.25-3.22 (2H,

, 3.16-3. : I
ai aof enznrioiersflor GelliPygahp. 6%4 %ﬁ‘%%ﬁomeﬁf Lol RAB L o
time 1tﬁne8147421m1d_CCWS((MHH-D) = 4432. 2H NMRIMRO(MBA QW&1;): [vBabto6i) :
identiCﬂJ |H%]%g§nt|pode 26A. Exanpl e 27

ant1

Example 11
7-(4-chlovo-1H-imidazol-1-yl)-19-phenyl-3,10,11,12,13,14,15,17,18, 19-decahydro-2,16-
(azeno)-8,4-(metheno)cyclopentafjl[1,7,9, 13]oxatriazacyclooctadecine

° >
>§\ O NH
N
YL
o
N N
H

15 Example-11

Example 5A (0.110 g, 0.227 mmol) in 10 mL of 1:1 (MeOH:THF) was hydrogenated
(balloon of Hy) at room temperature in presence of platinum(I'V)oxide (0.011 g, 0.048
mmol) for 40 min. The reaction mixture was degassed with nitrogen and filtered through
20 celite. Solvents were removed under reduced pressure and the residue was purified by
chiral preparative HPLC [Chiralpak A (250x4.6mm), 5 micron, mobile Phase: n-hexane:
ethanol (50:50)] to give Example 11A along with the ring opened phenolic compound.
Example 5B was also similarly hydrogenated on the same scale to get Example 11B and
the corresponding ring opened phenolic compound.
25
Example 11:
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7-eyano-19- (4-fl uorophenyl)-12-nethyl -11, 12, 13, 14, 15, 17,

18, 19-octal l ycl ro- 10H 16, 2- (azeno)- 8, 4- (et heno) eyel opental | |

[1,4, 7, 1W00x@b3dr aazacycl oodadeci ne 15 An i ce- coolpe/used1utoises of
Synthon SgN (0.35 g, 0.72 mml) in NW (5 nL) was taken in a round-bottom
flask and treated with 0.35 nL of conc. H2SO4. The m xture was heated 20at
100C for 18 h while nonitoring by LC-MS. The reaction m xture was cooled to
rt, diluted with ethyl acetate (20 nl)and treated with saturated sodi um

B b R U AT R G /Sy

was washed $w4 RidLCPRIS(RHH)1C 43k ), Hd«fMR@MHzammww% ppadd. Qmp}plsj ate, and
concentrated under reduced pressure. The crude 25conpound was gurlfl ed by

flash chr on%ﬂ%@ﬁa%?“bélifh@) TelPdthfrie 15cb2T B8t Minemt7-(4 55 tRe@PBep08i | i ca
col umm, ﬂﬁewm 8'8”H(z‘f‘h%qf1%éhl ra} wqet(u?g@f:%m{z)Eﬁla@%Io@w%n)\we

separ at ed t hrough chiral 6) M 5 nm col um,

1.0 nil i n 582-0./26HmER, T-A% ﬂéﬂ:éﬂér@)ﬁ héﬁdl%iéﬁso), le@ (BB & 2pH4dPH. Exanpl e
27: 5Anal yt 5:a| data of enantiomner-| (27A) (3 ng, 199 off white solid.
Ret enti on tlrre 12.63 mn. LC M5 (MHH) - 445.2 1H NWR (400 MHz, CDC13) 6
ppm 8.28 (1H, s), 7.37- 7.35 (1H, d J—84Hz 7.18-7.14 (2H, :

7.02-6. 98 ( iy  dadl o‘ﬁ 2R }'('11 50( 9 o330 (Ritd o n?1 95 (1H,
s), 3.75-3. AP S 6)50 REEMGERT I 1y
2.05-2.02 (1H m[r) LCSI:EIS (M+H) " —4872 '"H NMR (400 MHz, DMSO d6) identical to 1ts

10 antipode 11A.

Example 12
7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine
15

Example 12

A mixture of Examples 1 and 2 (0.250g, 0.53 mmol) in 10 mL of 1:1 (MeOH:THF) was
hydrogenated at room temperature in the presence of platinum(I'V)oxide (0.011 g, 0.048
mmol) for 40 min. Reaction mixture was degassed with nitrogen and filtered through

20 celite. Solvents were removed under reduced pressure and the residue was purified by
chiral preparative HPLC [Chiralpak IA (250x4.6mm), 5 micron, mobile phase: n-hexane:
ethanol (80:20)] to give Example 12 along with ring opened phenolic compounds.

Example 12:

25  Analytical data of (+)-Enantiomer (12A): (30 mg, 12%) of off-white solid. Retention time
10.61. LC-MS (M+H) " =473.2. "HNMR (400 MHz, CDCI3) & ppm 9.26 (1H, s), 7.56
(1H, s), 7.33-7.15 (5H, m), 7.06-7.02 (3H, m), 6.38-6.36 (1H, dd, J=5.6, 8.4 Hz), 4.86
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Anal ytical data of enantioner-I1 (27B): (3 ng, 1% off white solid.
Retention tine 8.55 mMm LCG-MS (MH -1)- = 445.2 1H NWR (400 MHz, CDC13):

i denti calwoaoiz®omnt i pode 27A. 15 Exanple 28 (I PCT/US2011/043628

17) - 7-cyano- 1812, 4-di f | uor ophenyl ) - 14- met hyl - 10, 13, 14, |

6, 17, 18- hexahydr o- 15, 2- (azeno)-8, 4- (' net heno) cycl opent a[ h]

[1, 6,10, 12Joxatri azacycl ohept adeci ne 20A sol ution of Synthon TbD (0. 400
g, 0.845 nnDI) in 1,2-dicholoethane (2.5 L) was taken in a 3 L three-necked

Sttt 1 on v egaseeh b OPhry b bian b i iRl e e el s P Gbher ai  on
cat al yst (Qn)’LZElogz,,ooO@ﬂ{Q&) ol ). osn@st, agded. The mi xture was heat ed at 95 C

for 18 h under nitrogen while nonitoring by LC-MS. The sol vent was
evapor at ed under reduced 25pressure and the residue was subjected to flash

chronmat ogr aghwlytisl dag ofel)edMRR NS @1@3) nsd &%nﬁm) ((f%@f whiRadii®aRatibh G col um,
10% MeOH i n Cl 3‘)Lr€to renmove netal lic and ot her ngurltles The fractions

havi ng desi Fetimép oMﬁdw)e—éHﬁ@enHMﬂ%@QQ%HFat@ lodApbisd e it €oners were
further sepgggt®d by chiral SEC [Chiral cel-0J-H 30 X 250 mm 5 gm col um,
125 m/mn of 40% MeOH (0.5% DEA) in CO2 at 100 bar and 35 C]. 5 Exanple
28: Anal ytical data of cis-(+)-enantionmer (28A): (65 ng, 17.2% of a brown
solid. Reteption tsme 4.25 min. LCM (MrH) -= 446.2. 1H NMR (400 MHz,
CDC13): 6 ppm 9.47 (1H, s), 7.32-7.31 (1H, m, 7.10 (1H, s), 7.00-6.98 (1H,
m, 6.81-6. 7%-(/Abto- y-imiBuRT6))2A3-ak]- IMphery] Y1-13.126 3(I1ZH(, I RY §-oBladré. 18 ( 1H,

nm): 34 Eiﬂ ks Aoy f‘é?ﬁe)the)n‘ol)cg‘}%%g[qgi @W}]ﬁ%%m%m'@% il % (1H

o (\/\
P
N N
A -
N
H

Example 13

A suspension of Example 3 (c¢is-racemic, 0.320 g, 0.659 mmol) in 20 mL of 1:1
(MeOH:THF) was hydrogenated (balloon of H,) at room temperature in presence of

15  platinum(IV)oxide (0.032 g, 0.155 mmol) for 40 min. The reaction mixture was degassed
with nitrogen and filtered through celite. Solvents were removed under reduced pressure
and the residue was purified by chiral preparative HPLC [Chiralpak IA (250x4.6mm), 5
micron, mobile Phase: n-hexane: ethanol (50:50)] to give Example 13 along with ring
opened phenolic compounds.

20
Example 13:
Analytical data of (+)-Enantiomer (13A): (0.024 g, 2.4%) off-white solid. Retention time
7.41 min. LC-MS (M+H) "= 487.2. 'H NMR (400 MHz, DMSO-d6): § ppm 9.30 (1H,
s), 9.25 (1H, s), 7.78 (1H, s), 7.46 (1H, s), 7.32-7.28 (2H, m), 7.22-7.12 (4H, m), 6.71-

25 6.68 (1H, d, J/=8.4 Hz), 4.35 (2H, brs), 4.10-4.06 (1H, t, /=8.4 Hz), 3.31 (3H, s), 3.29-
3.13 (2H, m), 2.52-2.50 (3H, m), 1.97-1.85 (§H, m).
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1.95-1.92 (1H, m. Anal ytical data of cis-(-)-enantiomer (28B): (75 ny,
2099 of a brown solid. Retention tinme 8.99 mn. LCM (MH) = 446.2. 111
NVR (400 Wbiz2p120d¢3h8) : identical to its 15anti pode 28A. Bxargsk@12®Beand 30
(112) - 7- eyano- 14- et hy1- 18- phenyl - 10, 13, 14, 16, 17, 18- hexahydr o- 15, 2-| azen0- 8
, 4- (et heno) cycl openta[ h] [1, 6,10, 12] oxafri azacycl ohept adeci ne and
(11E)-7-cyano- 14-

20met hyl - 18- phenyl - 10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (azenO0- 8, 4-

| met henokycl opent a[ h +6, 10,121 ri cy ept adeci n A sal ution of
Synt hon_ b BVCB g S o Hptiteater Cr A0 SRR SR RRES B ohstsatoR B ¢ ke
in a5 L thyeemieckeriS(ound “botgy omH Nagk(4eqmmppe 39 1h): alchtdl witscondenser
and 25nitrogen inlet. The solution was degassed by nitrogen for 1 h and
Hoveyda - G B 3Ageneration catal yst (0.1g, 0.159nmmol) was added. The

m xture was heated at 100 C. for 18 h under nitrogen while nonitoring by
LC-M5. Another two batches of sanme reaction was perfornmed and work up was
done t oget ey @dllyent was evaporat ed under reduced pressure and the

residue vas sybjgct ed-fid ol lHeshaLbr RIBY 9GS R .oMsHhBE)a 018l BA¥IYe, /lssCO
i nstrunment (4gb§9Re§%§eposilica colgﬁh,gi096oFHziﬁgv acetate in chloroform
to remove netal lic and ot her i figrabidro-és2-(Fseo)i&4ct i ons havi ng desired

conpound we bt S ' 2H0, f ety

cepar at ed. by LRV ERLAPY G RO VLB G AR RRER O SOTR PP TT S ROEE o1 o 296
DEA i n hexanerdsedlaindl-1§-704-80)omphery i 1B d 4ghd - IBxcdmb e S 29(uzc0Afidt yt i ca
data of pi s-(+) - enant i ones 298k uf A OAR SodirBac kel SOl 1 d- Retenti on

/
Cl cl <ﬂ§§?//\
>=ﬂ 0 NH >=q o) NH
NQ N N\\/N
N N Nl N
|
)\N/ H)\N/

Example 14 Example 15

In a 5 L round bottom flask, 1,2-dicholoethane (2 L) was degassed for 1 h with nitrogen.
15  Synthon TaA (0.600 g, 1.122 mmol) was added followed by Hoveyda-Grubbs II

generation catalyst (0.100 g, 0.162 mmol). The mixture was heated at 85 °C for 16 h. The

solvent was removed under reduced pressure. After removal of metallic impurities via

silica gel column chromatography, the components were separated via chiral SFC

[Chiralcel OJ-H 250 X 4.6 mm, 5 micron , 0.2% DEA in Hexane (60%)/Ethanol (40%)]
20 to give Example 14 and Example 15.

Example 14:

Analytical data of cis-(+)-enantiomer (14A): (30.01 mg, 5.28%) of a dark ash solid.

Retention time 11.01 min. LC-MS (M+H) " = 507.0 "H NMR (400 MHz, CDCls) & ppm
25  9.73 (1H, s), 7.58 (1H, s), 7.08-7.00 (4H, m), 6.98-6.80 (2H, m), 6.33-6.30 (1H, m), 5.73-

5.65 (2H,m), 5.14-5.05 (2H, m), 4.66-4.62 (2H, m), 4.44-4.40 (1H, t, /=8 Hz), 2.75-2.70

(3H, m), 2.00-1.97 (1H, m).
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time 21.24 min. LCGM5 (MtH) - = 410.2. 111 NWVR (400 MHz, DVSO-d6): S ppm
9.65 (1H, s), 9.47 (1H, s), 7.37-7.16 (6H m, 6.67-6.64 (1H, d, J= 8.4
Hz), 5.8IwW0.202/00%39 m, 5.61-5.58 (1H, m, 4.69-4.66 (1PCTMGS2014/04%281. 06
(1H, m, 3.61-3.58 (2H, m, 3.51 (3H, s), 3.39-3.12 (2H, n), 2.52-2.48 (2H,
m, 1.99-1.95 (1H, m. 15 Analytical data of cis-(-)-enantioner (29B)
(0.058g, 4%, off-white solid. Retention tine 26.65 mn. LCM (MH) + =
410.2.1+1 NWR (400 MHz, DMSO-d6): identical to its antipode 29A. 20Exanpl e
30: Analytical data of trans-enantioner-1 (30A): (0.008g, 5.3%, brown
solid. Retention tine 17.5 mn. LGM (MH)11 = LG M5 (MHH) + = 410. 2.

I LI NVR (400AMT?t1caw5Qfd:@)()@Qm&ne‘é@m(Bll'dsz $)mg,87@‘§3>) (>faH;lar1$)sh sélidt2- 7. 19 (6H,
m, 6.61-6.59 (IH, d, J=8 é 69\)‘5595570—1
d, J=16 Hz)RetQP &U&leécﬂﬂzmn H@ M (DéiHé sé?b%HWRé@ﬁl\éﬂz €B(ls) sidentigabg "3 1
(2H M, 2.03x3ndRdé24A M, 1.99-1.95 (1H m. Analytical data of
trans-(-)-enantioner-1 | (30El): Retention tinme 23.1 mn. Exanple 3/
307-cyanb- 13- et hyl - 17- phenyl - 11, 12, 13, 15, 16, 17- hexahydr o- 10H 14, 2- (azeno) -
8, 4- (netheggmgmgtppentand[l 59,1 noxatriazacyclohexadecthe A m xture of

Synt hon R , 1.152 mol ), xant hphos g 0.173 mmlaéd,n and cesium
carbonate (4n @abﬂﬁmﬁ7@@Sﬁﬁh@?nman(h&Udﬂéﬁ e, 2 Tﬁﬂyfﬁmbw$éR in a two-
5necked 50 t o] I and

ni t rogen in%ﬁ&};ﬂ%%%@%ﬂ%ﬁgﬁ@ﬁ Hgse‘é M’%%r@% ‘@éé’éﬁ m Pd( dba) 3

(0.026 g, 03.36.8HyWOI.F6 WdE sadded. OOT(I4H M@ Al mmr@m@m ﬁéﬁﬁgaczat 105 C

r ecucea'br e PBTaRS (e Patals Niad" BSur et ¥Ry B afT A% ) "anc

filtered thnaugb=t2Hz), €.067® ©H| iy, at7=-2nes3H)mgonozniondtiednand t he crude
conpound was purified by flash chromatography using Tel edyne Isco
instrunment (12 g Redi Sep silica colum, using a 50% ethyl acetate in

pet - et her) AmlgiciBlat: dfaeaM(-G-cRanGbibE 19B): { Bm@ahg, GBIPHWAE d4rRAsH®)id.
Enanti omers_were further sefarated b .chiral, HPLC %Chlral ak AD H

X4. 6)nm 5 rRGIERI0R e 991 bgming brS SV 290 0N HINHE IHSIswen@el) as a
nobi | e phasglits adtpode 15A.

Example 16 and 17
(117)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine and (11E)-7-(4-
20 chloro-1H-imidazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine

Example 16 Example 17
A solution of Synthon RhA (0.4g, 0.8032 mmol) in 1.5 L of 1,2-dichloroethane was

25  degassed for 2 h with nitrogen. Hoveyda —Grubbs II (0.04g, 0.063 mmol) was added and
the mixture was heated at reflux for 18 h. The solvent was removed under reduced

pressure and the residue was purified by column chromatography using 60% ethyl acetate

151



Exanpl e 31: Analytical data of (+)-enantioner (31A): (0.027 g, 6%
off-white solid. Retention tine 15.56 min. LCM (MH) + = 398. 2. 1-H NWR
(400 MHz,wQD@I23)0930% ppm 8.93 (1H, s), 7.34-7.22 (6H, m PCO/UBI0110k3620r S),
7.16 (1H, d, .1= 7.2 Hz), 4.44-4.43 (2H, br s), 4.13- 204.09 (1H, t, .1=
7.6 Hz), 3.68-3.61 (2H, m, 3.23 (3H, s), 3.20-3.06(2 H m, 2.59-2.53 (1H,
m, 2.41-2.35 (2H, m, 1.99-1.98 (1H M. Analytical data of (-)-enantioner
(31B): (0.035 g, 7.6% off-white solid. Retentiontirre 12.37 mm LC M5

(% 398. | I NVR 0 25i to | antl ode 31A
b & 32 SRS 51 Sk HGBPOBNEAYE TRl hyfe pots o B3 16 16,17
18- oct uhydr @mbouts w(aag@a@)edsnté1Kdﬁ%hipeﬁ@&sqwcdhﬁmea¢ea€[etﬂhawsuﬁercri&al f:hacl
oxatri azacycl ohept udeci ne | e 28A_(0.120 0.269 mml) in 20 nL

5 EX
of 1:1 (MeCHOTHIYSIoRy (ﬁyla%l%@ﬂ?aﬁé;é‘?%%ﬂ m@oﬁu@ﬁ@@w %0 Ly ingy 3§éom

t enper at ur %@Hgbqge@@gﬁgfc@la@qgm%m@p@ de (0.012 g, 0.052 mmol) for 30
mn while nonitoring by LC-MS. The reaction m xture was degassed with

nitrogem and filtered through celite. The filtrate was concentrated under
10 reduced @%%%Jfée and the residue was subjected to chiral preparative SEC
(chiral cel 30 X 250 nm 5 pmcolum, 125 nmi/nin of 30% MeOH (0.5%
DEA) in CO)Amlytmmatveaf car(dt) Blfﬁn(B)m@rdl@‘M/él mmgmf@ngﬁmlatemvg with a

1 e TR R S SR OB e L sySIBIRLY 2B AL LEfh Bop Ry RS Lol eltfmer ac ur e
in pr esenc@.@j(lm, a,tJ:nm(Hz\y)m @H, {07.922H31, JG:ﬂ52[ZHmQZj—7fM(IHQm2U7m1VWN I ed

t - t rogen an
Tt er ol Dt Eugh. oo 1O trner ph PRk & - Nad it Soba St edbeba
pressure andHt hg Jasi sisne(mm)sym @@ﬁ edﬂq chi) 867 prepar-ati ¥y 8z 5G4 ( chl ral
cel - ODH, 30X250_mnH m col um m./mn of 30% I\/EOHéO 5%DEA) in CO2
at 100 (1H,d, J z)323 326(1Hm)308 3.22 (1H, m), 2.89 — 3.01 (ZH, m), 2

2.87 (1H, m), 2.60 — 2.71 (1H, m), 2.29 — 2.40 (1H, m), 2.06 — 2.17 (1H, m).

15  Analytical data of cis-(-)-enantiomer (16B): (23.2 mg) of an off-white wax:
Retention time 43.1 min. LC-MS (M+H) " =470.2. "H NMR (500 MHz, CDCL;):
identical to the antipode 16A.

Example 17:
20  Analytical data of trans-(+)-enantiomer (17A): (12.6 mg) of an off-white wax:
Retention time 17.7 min. LC-MS (M+H) " =470.1. "H NMR (500 MHz, CDCL;): 8 ppm
8.71 (1H,d, /J=2.1Hz), 7.55 (1H, d, J=1.2 Hz), 7.33 (2H, t, /= 7.6 Hz), 7.22 - 7.29
(1H, m), 7.16 (2H, d, J=7.0 Hz), 7.10 (1H, s), 7.00 — 7.07 (2H, m), 6.37 (1H, dd, /= 8.4,
2.3 Hz), 5.95 (1H, dt, J=15.6, 5.9 Hz), 5.64 (1H, ddd, J=15.6, 6.3, 6.1 Hz), 4.76 (2H, d,
25 J=6.1Hz),4.24(1H,t,J=8.4 Hz), 2.91 —3.05 (3H, m), 2.83 (1H, dt, /= 15.6, 7.9 Hz),
2.59 -2.73 (4H, m).

Analytical data of trans-(-)-enantiomer (17B): (11.4 mg) of an off-white wax:
Retention time 40.6 min. LC-MS (M+H) " =470.2. "H NMR (500 MHz, CDCls):

30  identical to the antipode 17A.

Example 18
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20 bar and 35 C) to give exanple 32B along with a ring-opened phenolic
conpound. Exanple 32: Analytical data of (+)-Enantionmer (32A): (10 ng,
8.8% | i gD 2br2ooem3080!l i d. Retention tinme 6.68 mn. LC VSPCIHISRO1+643648. 2. 1H
N MR (400 MHz, DVMBO-d6): 6 ppm 9.60 (1H, s), 25 9.20 (1H, s), 7.37 (1H d,
J =8.4 Hz), 7.21-6.94(3H, nm, 6.72-6.69(1H, dd, J = 2, 8.8 Hz), 4.31 (2H,
m, 3.31 (1H, t, J = 8.8 Hz), 3.31 (3H, s), 3.11-3.09 (3H, m, 2.47-2.44
(2H, m, 1.91-1.82 (5H, m. Anal ytical data of (-)-Enantioner (32B) (15

ng, 12.5% of a lj r lid Retentjon time 7.14 min. LC-NM5S (MtH) =
448.2. tfi NWR (ﬁ@%‘f@ffgf’?}&% a’ésd."z%l'ﬁgﬁffHfét4‘%@”‘?@%’36&#%'?1664&@?%&arrpl e 33
7-cyano- 1742, 4-di f | uor opheny, 04 14.1 4. 28-Aal%ird-85, 2 fadexadydm 10H- 14, 2- (azeno) - 8
, 4- (netheno)cyclopent%fri [},5,9 1 1J atatriazacycl ohexadeci ne 10 A

m xture of Synthon TEREEE)GGlora by ik AJoxekitearBleriaedsoy, 0. 263mmo1),
and cesium carbonate (0.858g, 2.63.mMmmvol) in 1,4- dioxanc (10 nlL) was taken
in a tw-necked 50 nL round bottom flask equi pped with a refluxed condenser
and nitrogen inlet. The m xtufFg was degassed with nitrogen for 1 h and then
Pd(QAc) 2 (0.0394g, 150.175namol/fF\was» added,_The reacti on m xture was heat ed
at 110C for 4 h while nonitorithg C an

evapor at ed under reduced pressure g
acetate (250 m) and filtered througé .
and the crude conpound was purified by fil ash
I'sco instrunent (40 g RediSep silica col.um, W5/25% of ethyl acetate in 20
chloroformgradient) to give the Facam ¢ t ar get\. conpound (130 ng). The
enanti oners were further separated by chiral HPLC [Chiral cel QJH (250
X4.6) Mm 5 mnsclofianat,SyhthOn hii(h2 gf 2. BE2 HnldBAn il 12-diehohrdahdh@nol wad de@Bjedas a

P o S Bt T AT 98 3

added and the mixture was heated at 85 °C for 16 h. The solvent was removed under

due was di ssol ved in ethyl
The filtrate was concentrated
s omat ogr aphy usi ng Tel edyne

reduced pressure and subjected to silica gel column chromatography to remove metallic
10 impurities. The two enantiomers were separated by SFC [Chiralcel OD-H, 30 X 250 mm,
5 um column, 70 mL/min of 35% MeOH (0.1% DEA) in CO, at 150 bar and 35 °C].

Example 18:
Analytical data of cis-(+)-enantiomer (18A): (120 mg, 10.54%) of a dark brown solid.

15  Retention time 11.2 min. LC-MS (M+H) " = 521.0. 'H NMR (400 MHz, CDCI3) § ppm
9.47 (1H, 5),7.56 (1H, s), 7.26-7.00 (4H, m), 6.99-6.83 (2H, m), 6.33-6.28 (1H, m), 5.78-
5.60 (2H, m), 5.28-5.21 (1H, m), 5.05-5.02 (1H, m), 4.62-4.58 (1H, m), 4.37-4.34 (1H,
m), 3.47-3.46 (1H, m), 3.42 (3H, s), 3.21-3.01 (2H, m), 2.52-2.55 (1H, m), 1.94-1.91 (1H,
m).

20
Analytical data of cis-(-)-enantiomer (18B): (100 mg, 8.78%) of a dark brown solid.
Retention time 8.52 min. LC-MS (M+H) " = 521.0 'H NMR (400 MHz, CDCI3) identical
to its antipode 18A.

25  Example 19
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time 13.66 nm LC-MS (M (1-1)- = 420.0. NVR (400 MHz, CDC13). 6 ppm 9.07 OH,
s), 7.32 (1H, d, .1= 8.4Hz), 6.99-6.98 (1H, m, 6.83-6.76 (3H, m,

6. 44- 6. 42W0Dlbi2/000809. 1= 2, 8.8 Hz), 4.82 (1H, m, 4.52- 2CPAISCAH0436p3
3.63-3.59 (2H, m, 2.70-2.60 (3H, M, 2.43 (2H, n), 1.97-1.95 (1H, n).

Anal ytical data of (-)-enantioner (33B): (0.0437 g, 5.66% off-white solid.
Retention 5 tine 24.3 min. LCGM (MtH) = 420.0. 1H NVR (400 MHz, CDC13):
identical to its antipode 33A. Exanple 34

7-cyano- 1 4- et hyl - 18- phenyl - 10, 11,12, 1 4.

16, 17, 18- oet ahydr o}ﬁﬁcg@fﬁ@-ﬂ&ﬁﬁeﬂiﬂh (éeﬁ-%ﬁ%f@fgf@r%éémee%] [1,6,1

0, 12] oxatri azaeyel oheptiadeer,ng /4 16, EX asvpliendRAl { B.(8ekg.8, 0. 054mol ) in 8 nL
of 1.1 (MeOH THF) was hydrogenat e bal | oon pressu Hz) at room
tenperature in preséeffé e’?ﬁ)"yﬁﬁéf’if?{ 11%%%%@@7%@@9’2 tadeeing 0096 nmol ) for
40 mn while nonitoring by LGMS. The reaction m xture was degassed with
nitrogen and filtered through celite. _The filtrate was concentrated under
reduced pressure and the residue was/subj esed to chiral reverse phase
supercritical fluid chromato hyO[Chirdf cel OD-H (30X250 )nm 5 nm col um,
20 nLimn of 0.5%DEA in CO2 atN104 barN sure and 32.7 C] to get Exanple
34A and a ring-opened 20 phenol i c poynd|| Spnilarly, Exanple 29B was
reduced on 38 ng scale to get Exand en@%ﬁu Xanpt e 34: Anal ytical data
of enantionerd (34A): (0.0039g. 16.5%! off ( e solid. Retention tine
258.59 min. LCMS (MFH) + = 412.2. 1H NMVR ( @ , CDCI3): Sppm 9.17 (1H,
s), 7.33-7.15 (7H, m, 6.29 (1H gynlg§- 2Hz)7(4.45 (2H m, 4.11 (1H t,
J= 7.6Hz), 3.27 F

5

A solution of example 18A (0.10g, 0.154 mmol) in 5 mL of 1:1 (MeOH:THF) was
hydrogenated (balloon of H,) at room temperature in presence of Platinum(IV)oxide
(0.008 g, 0.032 mmol) for 40 min. The reaction mixture was degassed with nitrogen and
filtered through celite. Solvents were removed under reduced pressure and the residue

10 was purified by chiral preparative HPLC [Chiralpak IC (250x4.6mm), 5 micron, mobile
Phase: 0.2% DEA in n-hexane: ethanol (70:30)] to give Example 19A. Example 19B was
obtained when 18B was subjected to hydrogenation on a same scale using above

conditions. In both cases, a ring opened phenolic isomer was also obtained.

15  Example 19:
Analytical data of (+)-enantiomer (19A): (10.4 mg, 10.4%) of off-white solid. Retention
time 19.79 min. LC-MS (M+H) “ = 523.0 "H NMR (400 MHz, CDCl:) & ppm 9.20 (1H,
s), 7.56 (1H, s), 7.27-7.24 (3H, m), 7.05-6.85 (3H, m), 6.37-6.35 (1H, d, /=6.4 Hz), 4.38-
4.34 (3H, m), 3.31 (3H, s), 3.19-3.10 (2H, m), 2.56-2.53 (1H, m), 2.07-1.87 (§H, m), 1.60
20 (2H, m).

Analytical data of (-)-Enantiomer (19B): (16.4 mg, 20%) of off white solid. Retention
time 14.21 min. LC-MS (M+H) © = 523.0 '"H NMR (400 MHz, CDCl;) identical to its
antipode 19A.

25
Example 20
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(3H, s), 3.23-3.21 (1H, m, 3.12-3.10 (1H, m, 2.56-2.53 (1H, m, 2.05-1.98
(4H, m, 1.42-1.22 (3H, m. Analytical data of Enantionmer-I1 (34B):
(0.00711 wyo 208/062309) , of f white solid. Retention 5 tinePCA/UB201r0u36REC- VS
(MtH) - = 412.2. I HNWR (400 MHz, CDC13): 6 ppm 9.17 (1H, s), 7.33-7.15 (7H,
m, 6.29 (1H, d, J= 7.2Hz), 4.45 (2H, m, 4.11(1H t, J= 7.6Hz), 3.27 (3H,
s), 3.23-3.21 (1H, m, 3.12-3.10 (1H, m, 2.56-2.53 (1H, m, 2.05-1.98 (4H,
m, 1.42-1.22 (3H, nm. 10 Exanple 35

7-cyano-17-(Z4-0luorophenyl),- 13- hyl -11 12, 13,15, 16

17 hexanydr o 18R S Rrlidy o Rl B B SO b P (IS 1
oxatri azacycl ohexadeei ne 01\ eddiMpo-10HLE, Adzendh8r of Synthon Tdl (0. 769,
1.67. mol ), xant hphos (2%}49, 0. 243mml ), _and_ cesi um carbonate (0.79 g,
2.42. mol ) in 1, 4- di 6RGAE|DTORATAGAS el BT 1% SR AEERED 100 nL round
bottom fl ask equi pped with a refluxed condenser and nitrogen inlet. The
m xture was degassed with nitrogen for 1 h and Pd. (0Ac)2 (0.0363 g, 0.162
mol ) was 20 added. The reactfon mi xtuMe_wameheat ed at 100C for 4 h while
nmonitoring by TLC and LC-Ms. The| sobvent
pressure and the residue was diksNQ [
filtered through celite. The filtrg

«| acetate ( 250 nL) and
antrated and the crude

instrunment (40 g Redi Sep silica colum,
25 give the raccm c target conpogrépke200 ng). anti omers were further
separated by chiral normal phase HPLC [Chiralcek AD-H (250 X4.6)mm 5 mm
colum, 3.0 nDmin of 0.2% DEA in hexanc: et hanol (f70: 30) as nobi | e phase].
Exanpl e 35: Analytical data of (+)-Enantioner (35A): (0.0617 g, 8.37%, off

white solid. Retention
A mixture of Synthon TfA (1.2g, 2.200 mmol), xanthphos (0.191g, 0.330mmol), cesium

carbonate (1.075g, 3.30mmol) and Pd(OAc)2 (0.049¢, 0.220 mmol) in 1,4-dioxane (60
mL) was degassed with nitrogen for 1 h, then heated at 100 °C for 4 h. The solvent was

10 removed under reduced pressure and the residue was dissolved in ethyl acetate (500 mL)
and filtered through celite. The filtrate was evaporated under reduced pressure and the
crude compound was purified by column chromatography (60-120 mesh silica) using 17-
20% ethyl acetate in chloroform as mobile phase to give 180 mg of racemic Example 20.
The enantiomers were separated by chiral chromatography [Chiral cel AD-H

15  (250X4.6mm), mobile phase: A: 0.2% of DEA in n-hexane(70%) B: Ethanol (30%)] to

get enantiomeric components Example 20A and Example 20B.

Example 20:

Analytical data of (+)-enantiomer (20A): (0.0115 g, 1.06%) of off-white solid. Retention
20 time 10.15 min. LC-MS (M+H) " =509.2. 'H NMR (400 MHz, CDCl:): 8 ppm 8.82

(1H, s), 7.58 (1H, s), 7.27-7.00 (3H, m), 6.99-6.81 (3H, m), 6.50-6.48 (1H, d, /=8.4 Hz),

4.37-4.28 (3H, m), 3.75-3.55 (2H, m), 3.24 (3H, s), 3.22-3.03 (2H, m), 2.57-2.53 (1H,

m), 2.31-2.28 (2H, m), 1.99-1.94 (1H, m), 2.52-2.48 (3H, m), 1.94-1.91 (1H, m).

25  Analytical data of (-)-enantiomer (20B): (0.0135 g, 1.24%) of off-white solid. Retention

time 16.34 min. LC-MS (M+H) " = 509.2 . "H NMR (400 MHz, CDCls): identical to its
antipode 20A.
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time 12.06 mm LC-MS (MtH)- = 434.2. | HNWR (400 MHz, CDC13): 6 ppm8.90 5
(1H, s), 7.365-7.344 (1H, d , J= 8.4Hz), 7.06-7.00 (2H, m, 6.87-6.81 (2H,
m, 6.48-w6.248/00439 m), 4.49-4.36 (3H, m, 3.85-3.505 (PHI/USRI1184808 ( 3H,

s), 3.2-3.05 (2H, n), 2.60-2.56 (1H, m, 2.43-2.36 (2H, m, 1.96-1.93 (1H,
m . 10Anal ytical data of (-)-Enantioner (35B): (0.0522g, 7.08 %, off white
solid. Retention tinme 17.95 mm LG M5 (MtH) = 434.2. I FINVR (400 IHz,
CDC13): identical to its anti pode 35A. Exanple 36 and 37

15(11Z) - 7- eyano- 18- phenyl -10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (azeno) - 8, 4- (
et heno) cycl openta[ h] [1, 10, 121 oxadi azacycl ohept adeci ne and (11E)-7-cyano- |
8- phenyl E;@lm;?ezlﬂhny@,zﬂ 18- hexahydr o- 15, 2- (azeno) 8, 4-

(et heno) cyel opent 3[ h] oxadl azacycl ohept adeci ne 20 _A sol ution of

synt hon RhD (0. 54417 @8’3%14%127346@ 19,13 61]éH5I16@€W£¥FéVO(]§25("£6]7%é§ taken in a 3

L three- neCkﬁk’etﬁé?zU}chlbﬁé%Ea?W[f bask2RaMHRRR lMdeHade%zrfeQ)anW(]@ gnses- and
nitrogen inlet. The sol ution was gasse by nitrogen f 1 and

Hoveyda-%Grubbs |1 gendV8ti o, Setellby/st! SIsadytys-ig,2- @Z@@Mﬁm) was added. The
m xture was heated %et%gﬁb%))‘c@%er;fg[}z}[]WﬂﬁfZ]WaErf&%@lo»@t&a%czgg)n' toring by
LC-MS. Another two batches "of the Teaction were perforned on the sane scal e
and wor ked-up together. The sol vent was evaporated under reduced pressure
and the resi due was subj ed to flash chronat og hy using a Tel edyne |sco
instrument (40 g Redi sitNga col um, 20% et hygl etate in chloroform to
renmove netallic angtot er ingurities. The frnacti J desired conpound

were concentrated an ﬁ;ﬁp i somer s parat ed by
chiral reverse phase supe 1 e

5 fluid chrogategrapf [Ch|ralcel QJ-H
(30X250 )nm 5 mm col um, 55 nm/ mia_of 0.5% DEA )inHCO2 at )98 bar pressure
and 32.7 C. Exanple 36: Anal yti

data of cis-(+)-enant (36A): (0.16
g, 12.3%, off white %JE:F)CZ Ret er=ron 10 tine 1 aprl@bE LEKB (MH)+ =
395. 2. 1H NWVR (400 MHz 13): 6 ppm 9.62 (1H, s .34-7.13 (8H, m,
6.28-6.26 (1H, d, .1=8.8 Hz), 5.68-5.58 (2H, M, 5 15-5. 09 (1H, m,
4.83-4.79 (1H, m, 4.26-4.25 (1H, nm, 3.30-2.81 (5H, m, 2.37-2.11 (2H, m.
Anal ytical data of cis4-)-enantioner 36B (0.18 g, 13.8%, off white solid.
Ret ent i bh tAmguti@eefAsntiomRaDC.46 QABHNmoD) B952-gicheloddvnR ({400 wMHzkenCDCI 3) ;

i denti cal

tig ai 3tLSthree—necked round bottom flask equipped with a reflux condenser and nitrogen
inlet. The solution was degassed with nitrogen for 1 h and Hoveyda-Grubbs II generation
catalyst (0.14 g, 0.021 mmol) was added. The mixture was heated at 100 °C for 18 h
under nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced
15  pressure and the residue was subjected to flash chromatography using a Teledyne Isco
instrument (40 g RediSep silica column, 50% ethyl acetate in DCM) to remove metallic
and other impurities. The fractions having desired compound were concentrated and the
component isomers were further separated by chiral normal phase HPLC [Chiralpak IC
(250 X4.6)mm 5 mm column, 1.0 mL/min of 0.2% DEA in hexane:ethanol (70:30) as
20  mobile phase].

Example 21:
Analytical data of cis-(+)-enantiomer (21A): (50 mg, 3.96 %) of off white solid.

25  Retention time 8.61 min. LC-MS (M-H) " =394.2. "H NMR (400 MHz, DMSO-d6): &
ppm 9.70 (1H, s), 9.69 (1H, s) 7.61-7.14 (7H, m), 6.63 (1H, d, /=8 Hz), 5.62 (2H, d, J=
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anti pode 36A. Exanple 37: Analytical data of trans-(+)-enantioner (37A):
(0.09 g, 6.92%, off white solid. 20Retention tinme 9.87 mn. LGCM (MtH)- =
395. 2. | WhNR2A{009IMHz, CDC13): 6 ppm 8.83 (1H, s), 7.3PCT/B4010BkH628Y) ,
6.31-6.29 (1H, d, J = 8.4 Hz), 5.98-5.94 (1H, d, .J = 15.6 Hz), 5.73-5.69
OH d, J =15.6 Hz) 4.89-4.87 (2H, m), 4.27-4.23 (1H, t, J = 8.4 Hz),
3.03-2.93 (3H, m, 2.67- 2.62(3H, m, 2.11-2.09 (1H, n). 25Anal ytical data
of trans-(-)-enantiomer (37B): (0.09 g, 6.92%, off white solid. Retention

T s L

- 10, 11, 12, 18), 340136324 TH18, o 1ahywirers, 49, 1293 @Ben)= 864).( met heno) cycl opent a[ h]
[1,10, 12] oxadi azacycl ohept adeci ne Exanple 37A (0. 06 g, 0.152mml) in 100
nth of 1:1 (MeOH THF) was hydrogenated (balloon pressure ff)) at room

t enper at ur eah tQEBcﬁlW%zsc([) Pahti e WIRYN 66 a{gb@ %%%ﬂﬁﬁﬂhn&oﬁé Goekidn and
ammonia (10 ) for h while nonitofin é{(} MS. The reaction 5m xture
N%/H’r eﬁ/ﬂé@ﬂ

was degassedm t”%mrlﬁt%w{%ﬂ@ 'F13%¢: dd MZO-df} édeptigal fogifse was

concent r at egyfer ar educed pressure and the residue was subjected to chiral
nor mal phase super critical fluid chromatography [Chiralcel OD-H (30X250 )mm
5 mm colum, 20nLinin of 0.5% DEA in nethanol) in CO2 at 100 bar pressure
and 31.2 Clgle@ef. Exanple 38k Simlarly, Exanple 37B was hydrogenated to
get Exanpl e 38§ 10 Exanpl e 38: Anal ytical data of ()-Enantiomner (38A)
(0.012 g, ZEWytICBkmpfsms (i) -cRettonter GRAD (AR MG, 4.7¢n of OIE-WBte(sMidH) + =

397.2.1 CDCL),: 61, 1H

6. 89- 6. ( i(g %nil i ip4’ B5d- ?“ﬁﬁ%ﬁ) 4. }%H*lg%\{[g@oﬁfﬁél@w&é)d@ L

152. 70- 2. 46gaH. 700 1H, 2), 823 21ELGG,2H36 (0, d1 /67 AHBR7 644, 16MYH, m), 6.58 (1H, d,
J=1.6Hz), 601 (1H, d, /= 15.6 Hz), 5.72 (1H, d, J = 16 Hz), 4.7 (1H, 5), 4.13 (1H, t, J
— 8 Hz), 3.91 (2H, m), 2.84-2.50 (3H, m), 1.94 (1H, , J = 3.6 Hz).

15  Analytical data of rans-(-)-Enantiomer (22B): (38 mg, 3%) of off white solid. Retention
time 10.7 min. LC-MS (M+H) "= 396.2. '"H NMR (400 MHz, DMSO-d6): identical to
its antipode 22A.

Example 23
20 7-cvano-18-phenyl -10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

O/\/\\NH
L)
N)\\N
H

Example 23

25 A mixture of Synthon RkN (0.5 g, 0.1.15 mmol), xanthphos (0.100 g, 0.173 mmol), and
cesium carbonate (0.560 g, 1.732 mmol) in 1,4-dioxane (25 mL) was taken in a two-
necked 100 mL round bottom flask equipped with a reflux condenser and nitrogen inlet.

The mixture was degassed with nitrogen for 1 h and then Pd(OAc¢)2 (0.025 g, 0.11 mmol)
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Anal ytical data of O-Enantioner (3813): (0.0106g. 20.02%, brown solid.
Retention time 3.76 min. LGMS (MtH)+ = 397.2.1H NM R (400 MHz, CDCl 3):
i denti calwoaoiz®omnt i pode 38A. 20 Exanple 39 and 40 PCT/US2011/043628
(112)-7-13-nethyl -1H 1, 2, 4-tri azol - 1- yO- 18- phenyl

-10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- | azenO0- 8, 4- (et heno) cycl opent a[ h]
[1,6,10,] 2] oxatriazacycl ohept adeci ne and (11E)-7-

63-nel kyl -1H 1, 2,4-triazol -1-y1) - 18- phenyl

-10, 13, 14, 16, 17 exahydr a- 15, 2- 2 heno) cycl

alh] L6, maslaéfiedg;zrﬁff P BEp areL 0 C e T eamab e P ra
(1.2 g, 2. 55dmmoMS. The ébl\%ntjw&-‘sf'tﬁ)hﬁlﬁit&ﬂlﬂﬁlel(rkdl?ceﬂ-brem& dndkRretiucdvad L

t hr ee- necke round bottom f| ask eq a refl #xtrcondenser and

ni trogen i nfiselvedHetyd peptatorORls) aaé&ﬁgrggaﬂwhmﬂft?@’@ ¥t W8 h and

Hoveyda- Grwmgenkrhtegeﬁteﬂhakﬂue@c&ﬁgo@hmhs Bricd BP N18sh BrAtdi@hy uasa added. The
m xture was heated at 100C for under nltrogen whi | e noni tor| ng by

LC-MB. The Eféffdyé%scmmév%@ﬂa&%@l%ﬁ@@m Fdumedg phethyigl @ AigolpHe tPesi due

was subj ect gd. tRnfidrRst nﬁ?ﬁl%'&ttﬁgét%gﬁﬁoﬂﬁ'([‘ﬂ)@gTﬁ@éiMﬁ‘t%nﬁe?&Qeﬂe@ﬁHeyﬁent (40
g Redi Sep silica colum) to renbve netallic and other inmpurities. The

fracti ons hupiragd Beshirabgoraehpfwsmidl e fehitadngk & (2 8 20 )am S g cdwnporent

i soners wer t nor mal phase HPLC [Chiral pak IC
(250 X4. 6) m%LéTg %ﬁ@g@ﬁ%ﬁ%ﬁ&%ﬁ%ﬁﬁo@b%@% DEA i n hexane: et hanol (80: 20)

as nobil e phase]. Exanple 39: Analytical data of cis-(+)-enantioner (39A):
(0.0653) %] ff white solid. Retention 15 tinme 11.47 mn. LC M5 (MH)
= 452. 2. N E) MHz, DMSO-d6): 6 ppm 9.77 (1H, s), 9.44 (1H, s) 8. 68
(1H, s), 7 5fﬂalﬁt1c5nda(ajd=ﬂ (+mnanfran®t {BADS(0(BBE, F1i#%0),®6Vhie.s6B8d.( 1H, , 5.61-5.59

(2H, m, 4%%} (2 W W % g 3. 61-
3.56 (1H, ete‘gl"%g“’%%% ‘%’%H Sé\”g%) lé_g%? 1H! (‘g’o %&Cl 5 1.97-1.91
(1H, ™.  ppm9.62 (IH, 5).9.35 (1H, s), 7.41 -7.15 (SH, m), 6.68-6.66 (1H. d, J = 8.4 Hz), 443
(2H, brs), 4.15-4.11 (1H, t, J=8 Hz), 3.41-3.31 (2H, br s), 2.78-2.59 (3H, m), 1.99-1.92
15  (5H, m).

Analytical data of (-)-enantiomer (23B): (0.025 g, 5.4%), off-white solid. Retention time
6.84 min. LC-MS and 1H NMR: identical to its antipode 23A.

20  Example 24 and 25
(117)-7-cyano-18-(2,4-difluorophenyl)-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8, 4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine and (11E)-7-cyano-18-
(2,4-difluorophenyl)-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine
25
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20Anal ytical data of cis-(-)-enantioner (39B): (0.065 g, 5.7%, off-white
solid. Retention time 10.97 mn. LCM (MtH)- = 452.2. I HNWMR (400 MHz,
DVBO- d6) :wocderiogzb to its anti pode. Exanpl e 40: 25Anal yCiraskoidaiam2of

mans- (+) -enantionmer (40A): (0.065 g, 5.7%, off-white solid. Retention tine
11.07 mm LCG-MS (MH -1)- = 452.2. |IFINVR (400 MHz, DVMSO-d6): S ppm 9.3 (1H,
s), 8.65 (1H, s), 8.34 (1H, s), 7.32-7.17 (7H, m, 6.61-6.58 (1H m,
6.03-5.99 (1H, d, J=16 Hz), 5.68-5.64 (1H, d , J-16 Hz), 4.84 (2H, s),
4.13-4.09 (1H, t, J=8 Hz), 3.89 (2H, s), 2.80-2.76 (1H, m, 2.68-2.62 (1H,
m, 2.56-2.50 (¥, m,\ 2.32 (3H, s), 1.97-MH m . 5Anal ytical data of
trans-H enanti oger (40 L: (0.065 g, 5.7% ‘off-white solid. Retention tine
13. 74 mm LC—I\/BC(IVHrH) NMHz, 50-d6): identical to its
anti pode. Exa
10(112) - 14- et %
-10, 13, 14, 16, 17,"18-N

zol - Il y b
4}% et enokyel opent a[ hj
I

g, 1.121 mmol ) in 1, 2-dichol ¢ ' a 3 L three-necked
round bottomfl&&&n@eq:wi pped\Ww th a refl ux ecngersser ang nitrogen inlet. The
sol uti on was degassed by nitfogen for 1 h and Hoveyda- Grubbs || generation
catal yst (0.190 g, 0.319 nmol) was added. The m xture was heated at 90 C.
for 18 h U”ﬁ%luﬂéﬁ&%ﬁt‘ﬁoﬂ“ﬁblﬁ@mthfs'n'ﬂﬂol Ml'—?d&'ﬁ)loé[ﬁ%e%?hé Rhs BRS

evapor at ed under reduced 20 pressure and the resi due was subject ed to flash
chr omat ogr apy ludhirdegregkefiapendyetomdlesk sanppedivihe rqflue condassr S@Jpﬁlgpgeiﬂca

col um, 10(y gﬁ'!: m d&s%g%agoun tm{r@éeh It& latpgldq&&g{/da— 5§ ﬁ &ﬁran-gﬁ'e

fractions haV| ng deS| re wer e concentr at orrponen
i somer s wer@tadflyst (Ohlgi7 gs@pd mtmebl oy addvidr Hie misrunaivaplivasd aHELC fp(:l—% IRALPAK | A

(250 X4.6 mpdf15n1{%gen While ’ﬁ’ionROr%l bD% M, 'T‘Bé_?o)f\%g?wgs%q)apol%ate(ﬁnﬂf%pl%du&g0) Fl ow

1.0 25nl
pressure and the residue was subjected to flash chromatography using a Teledyne Isco

instrument (40 g RediSep silica column, 10% MeOH/CHCI;) to remove metallic and
other impurities. The fractions having the desired compound were concentrated and the

10 component isomers were further separated by chiral SFC [Chiral cel OJ H, 30 X 250 mm,
5 um column, 125 mL/min of 30% MeOH (0.5% DEA) in CO, at 100 bar and 35 °C].

Example 24:
Analytical data of cis-(+)-enantiomer (24A): (35.12 mg, 7.1%) of a light brown solid.

15  Retention time 4.98 min. LC-MS (M+H) "= 432.2. 'H NMR (400 MHz, CDCl;): § ppm
9.81 (1H, s), 7.33 -7.31 (1H, m), 7.15 (1H, s), 7.01-6.99 (1H, m), 6.83-6.79 (2H, m),
6.30-6.26 (1H, m), 5.74-5.69 (2H, m), 5.16-5.08 (2H, m), 4.79-4.73 (2H, q, J = 7.6 Hz),
4.43 (1H, t, J=7.6 Hz), 3.74-3.69 (1H, m), 2.78-2.67 (3H, m), 2.01-1.99 (1H, m).

20 Analytical data of cis -(-)-enantiomer (24B): (38.12 mg, 7.7%) of a light brown solid.
Retention time 8.53 min. LC-MS (M+H) "=432.2. 'H NMR (400 MHz, CDCl;):

identical to its antipode 24A.

Example 25:
25  Analytical data of trans-(+)-enantiomer (25A): (6.57 mg, 1.3%) of a light brown solid.
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Exanpl e 41: Analytical data of cis-(+)-enantionmer (41A): (65 ng, 11.6%,
off-white solid. Retention tine 14.5 mn. LCM (MH) =466.2. |FINVR (400
MHz, CDCMSP:20t2/00pg9n 9. 50 (1H, s), 7.93 (1H, s), 7.35-7.POT(UBR{)11/0%3628
7.26-7.10 (2H, m, 7.09-7.07 (1H, m, 6.35 (1H, t, .1= 7.8 Hz), 5.81-5.64
(2H, m, 5.24 (1H, m, 5.02 (1H, t, .1=13.2 Hz), 4.53 (1H, d, .1= 14 Hz),
54.13 (1H, q, .1= 5.6 Hz), 3.46 (3H, s), 3.46-3.42 (1H, m, 3.27-3.12 (2H,
m, 2.58-2.35 (1H, m, 2.05 (3H, s), 2.05-2.02 (1H, m. Anal yti cal data
of cis4-)- ntjorrer . 11. 6% .of f-white sol] Retention
time 8.33 ei‘énﬁ}éle(%ﬁ%lﬂ‘ mL{Zggs +FI$I_I\A}I\{/%2( 4%%%%6‘)&68%3@?8% deRt i cal to
its anti pod&=414@1/P1 siExanplie id2 adeé)B7 27 (1H s) 7.05- 699(1H m), 6.84-6.80 (2H, m),

(ié % 14 i@%g3{%1%&éﬁygﬁﬁz§gsa§5°£m P3G RESW (11, g = 6 1, 4.88 1,

(aée?lo) 12 4m{ 'sianetinane) eyed) apental B), 27040312 49xed4 1 ez agy &l)ohept adeci ne
an -7-

15( 5- rret5nyl 1HJ, 2, 44ri azol - 1- y0- 18- phenyl - 1013 ]14,16,]7, 18- hexahydro- 15, 2-

no- 8,4 160k Db L
o A ool uf .%%ﬂﬁkg’éd%%%ﬁ%ﬁ””s”"%%‘ AR ﬁﬁ e ane (1. 5

L) was t akelRetgriiog tipe|3. &8hﬁ1éeuﬁéé$<@dﬂrlbmﬂ$2t¥otﬂ RIHHMEg PPl with a

refl ux condgnseh afd.tishbiegen inlet. The sol ution was degassed by nitrogen
for 1 h angl Hoveyda- %Brgbgs I'l' generation catalyst (0.183 g, 0.292 nmmol) was

added. The m xture was heated at 100C for 18 h 25under nitrogen while
m)nltoridﬁg g)ym@%%s The sol vent was evaporated under reduced pressure and
t he residue subj ected to flash chronmat ography using a Tel edyne |sco

i nstrunment (7Afanp-Redi-Beporgiehilc &, Ebl )5, 1701 & vy dret id- 1 ©2-aaehopiSHver

inpurities. The (metheno)cyclopentafi][1,4,7,11,13]oxatetraazacyclooctadecine

N
NC O N
Wfl v
N, |
N N

Example 26

15
An ice-cooled solution of Synthon SN (0.1 g, 0.214 mmol) in NMP (1 mL) was taken in
a round bottom flask and treated with 0.1 mL of conc. H,SO4. The mixture was heated at
100 °C for 18 h while monitoring by LC-MS. The reaction mixture was cooled to rt,
diluted with ethyl acetate (10 mL) and treated with saturated sodium bicarbonate (15

20  mL). The ethyl acetate layer was separated and the aqueous layer was further extracted
with ethyl acetate (2 x 10 mL). The combined organic layers were washed with brine (2 x
10 mL), dried over anhydrous sodium sulfate, and concentrated under reduced pressure.
The crude compound was purified by flash chromatography using a Teledyne Isco
instrument (12 g RediSep silica column, 10 % methanol in chloroform). The enantiomers

25  were separated via chiral HPLC [Chiral OD-H (250 X 4.6mm) 5 mm column, 1.0 mL/min
of 0.2% DEA in hexane:ethanol (70:30) as a mobile phase].
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fractions having desired conmpound were concentrated and its conponent

i sonmers were further separated by chiral normal phase HPLC [Chiral pak I C
(250 X4. eyormB/amoeol umm, 1.0 nLimn of 0.2% DEA i n hexaog/ustétanedce80: 20)
as nobile phase]. 5 Exanple 42: Analytical data of cis-(+)-enantioner
(42A): (0.035 g, 2.69% off-white solid. Retention tinme 16.63 mn. LC M
(MtH) = 452.2. 1-HN MR (400 MHz, DM SO-d6). 6 ppm 9.77 (1H, s), 9.44 (1H
s), 7.91 (1H s), 7.53 (1H, s), 7.32-7.22 (2H, m, 7.21-7.16 (3H, m,
7.06-7.03 ( ?I 6; =8. 4 Hz) 6.68-6.64 (1H, m, 5.76-5.4 (2H, m, 5.22-5.05
(1H, m) 1 2% (2H, ™), 4.20-4.05 (1H, m), 3.65-3.55 (1H n,

2.92-2.55 (/Sinuytmm daZa &émﬁﬁlumesj (264): QCI 0d3 913 0kloffRihite solidARdkyidnamhe dat a of
cis-(- ) enanti omer (42 0.035 g, 699 off-white solid. Retentlontlrre

B
16.17 min. LEVS EEMS (l” 2312, ELNN[ 400 Mo DIWMSO-460P onde)l: (1ldent i cal

to 15its ang !143@@1‘32)4@&6 (1@%571?'4% 7 (lﬁ”@Jﬁf&@@iz% Gabay Rf(shf ﬁ&’)‘% ’)@ﬁé 7@nant| oner
(43A): (0.035 ite solid. Retention time 17. LC- M5

(M (1-1)% :(1h158J2881ﬁz)NWR1 (%D@n)wzw BEtHd®) 3.6 Py 3@@ ?rzZ)?(@H; mg)  8.37
1H, 7.17 (4H, , 7.06-7.04 (1H,
<(:|, 1= 3)4 Hzﬁﬁégk'gﬁ?%% %%ﬁg(%? 11(1)25181@93 @ " 02- 5. §98 (1? d, 1=16 Hz),(
565561(1H d, 1=16 Hz), 4.77 (2H, s), 4.14-4.10 (1H t,1=8 Hz), 3.90

(2H, s), ,&Qal%tlc?p(ieaﬁal_éf e[:ﬂnztm%elzﬁ[é%(%')< (0%@3 52%%’) g,g%{,.ltg tha V\Eltent%% | ytl cal

data of trans te so
Retention timemab. MY—MTST(MHH}WZ(II\Z&H)I wms@ommmgomémﬂqntlmmﬂ 6)

i denti cf'adl to..it | pode 43A. Exanple 44
30( 1/ Z) UL 4- PR |- = 1. 3-nmet hyl- 141, 2, 4-tri azol - 1- yO- 18- phenyl - 10, 13, 14,

16, 17,18- hexcthyd ro-1 5, 2-(azeno)-8,4- (nethena)eyelopenta[h] [I, 6, 10,
I 2Joxat ri agx%%?elzcyﬂept adeei ne
7-cvano-19-(4-fluorvophenyl)-12-methyl-11,12,13,14,15,17,18,19-octahydro-10H-16,2-
(azeno)-8,4-(metheno)cyclopentafi][1,4,7,11,13]oxatetraazacyclooctadecine
15

N
0O\ \/\NH
NC
N |
N—L
H N
Example 27

An ice-cooled solution of Synthon SgN (0.35 g, 0.72 mmol) in NMP (5 mL) was taken in
a round-bottom flask and treated with 0.35 mL of conc. H,SO,. The mixture was heated

20  at 100°C for 18 h while monitoring by LC-MS. The reaction mixture was cooled to rt,
diluted with ethyl acetate (20 ml)and treated with saturated sodium bicarbonate (25 ml).
Ethyl acetate layer was separated and aqueous layer was further extracted with ethyl
acetate (2 x10 mL). Combined organic layer was washed with brine (2 x 10 mL), dried
over anhydrous sodium sulfate, and concentrated under reduced pressure. The crude

25  compound was purified by flash chromatography using Teledyne Isco instrument (12 g

RediSep silica column, 10% methanol in chloroform solvent system). Enantiomers were
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A solution of Synthon RUB (1.6 g, 3.232 mmol ) in 1, 2-dichol oethane (2.5 L)
was taken in a 3 L three-necked round bottom flask equi pped with a refl ux
condenserweandiziopioogen 5inl et. The sol uti on was degasse®Cmitushomioszeogen f or
1 h and Hoveyda- G ubbs Il generation catalyst (0.508 g, 0.811 mml) was
added. The m xture was heated at 95 C for 18 h under nitrogen while
nonitoring by LCMS. The sol vent was evaporated under reduced pressure and
t he resi due was subjected to flash chronat ography using a TeI edyne I se()

Irrgfglr :Jlrrgn; 406%11 ﬁ%‘?‘l‘gﬁﬁﬁ‘aﬁ Firpng &%ﬁ’mﬂﬁg%%%%%%?c' 3 IP‘«?B rrrrg\cl)ﬁnd wer e

concent r at eglLaifl of V29¢ DEPAH @&ant:SAABI(SO:BEY £ nidbilt Prisclsepar ated by chiral
normal phase HP LC [CHIRAL PAK 1A (250 X 4.6 nm 5 mcron, A: 0.2%DEA in
n- Hexane (50) B: Ethanol (50), Flow. 1.0nlL/ min.]. 15 Exanple 44:

Anal ytical gahplof7: G s- (+) Enantlorrer (44A) (30 ng, 2% of a light brown
solid. Retention time 10. 66.2. 111NWR (400 MHz,
CDC13): 5 p‘ﬁ?ﬁglcﬂlﬁia(alﬁen%‘?mmgr'h(ﬂ(\l@ H@) 1%80%@thwllds$etemloazm¢ 13?@3(5H n,
6. 68 (1H, o 79 1 , 1Ha~d, J= 14
Hz), 7.09- gmofLélgﬁ\,b[g v+ ﬁ% 4@&4 HrﬂMR?dﬂlMﬁzgé'ﬁ'zégﬁSs”% g @z% ?zﬂmm) 5. 24
(1H, m, 5703 (lﬂ—m v= &]&121,?71281—&4) (2H4 nB.37.Q216498 (PH, dm), G.45-14235, (14, 1B 4(3BH, q, J=

? 13 Hz), 3. zggo éz\%l:::m) 397&63&1'#%%337543060((% 2)3 443(3C1§1ls)§s%573 6§1F§H M) 2.4.50-2. 48

Cs-(- ) Ena2154@iﬁi3m)(24@ﬂ%}02(130n@g 2% of Ilght brown solid. 25 Retention
time 9. 706 mn. LCM (M-H) 466. 2. NMR (400 MHz, CDCl13): identical to its
ant i od% Exanpl e 45 and 46

(11 ZF18 ( 4- Ahdiricaphenyflehanfromdr-ITE2 1B)| Blnld, -1%) 2fAwlificaziid. REyd:n)lon time 8.55
-10, 13, 14,16, 1 hy 1 a 8 the eIo ent a[ h]
11, 6, 10, 12J185?a{7~F ]1}94@%60 9‘6? ad Zfeﬁwi* éﬁ(ﬁf@%ﬁzﬁﬁqﬁmo s antipode
fl uorophenyfa 7- (3-nethyl -1 H 1, 2,4-triazol -1-yl)
-10,13,14,16,17,18-hexahydro-15,2-
15 Example 28
(117)-7-cyano-18-(2,4-difluorophenyl)-14-methyl-10,13,14,16,17, 18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

(@] N—
NC
N/
@ g
N N F
H

Example 28

20 A solution of Synthon TbD (0.400 g, 0.845 mmol) in 1,2-dicholoethane (2.5 L) was taken
in a 3 L three-necked round bottom flask equipped with a reflux condenser and nitrogen
inlet. The solution was degassed by nitrogen for 1 h and Hoveyda-Grubbs II generation
catalyst (0.125 g, 0.199 mmol) was added. The mixture was heated at 95 °C for 18 h
under nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced

25  pressure and the residue was subjected to flash chromatography using Teledyne Isco
instrument (40 g RediSep silica column, 10% MeOH in CHCI;) to remove metallic and

other impurities. The fractions having desired compound were concentrated and its
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(azeno) -8, 4- (met heno) cycl openta[ h] [ 1, 6, 10, 12] oxatri azacycl ohept adeci ne A
solution of Synthon SaB (0.75g. 1.50 mmol) in 1, 2-dichol oethane (0.8 L) was
t aken i n wOao02/d0930br ee- necked round bottom fl ask equi ppedTiskér1a436e$ | ux
condenser and nitrogen inlet. The solution was degassed with nitrogen for 1
h and Hoveyda- G ubbs Il generation catalyst (0.094g. 0.15 mml) was added.
The m xture was heated at 100C for 1811 under nitrogen while nonitoring by
LC-MS. The sol vent was evaporated under reduced pressure and the residue

was subjected to flash chro ogr aphy, usi.n edyn o) Lpst rument
(24 o Pedr SEpvSRi cAREB L0 FEROveosaesh S SR BRI e o The
fractions hawi PEmdRRIniEd2LANNNHREI0¥ MG 1C2H DE) edlCandt 100DaLampsnent

i somers werg furt her separated by chiral nornmal phase HPLC [Chiral pak I C
(250 X4.6)mnl5 nmcolum, 1.0 mimn of 0.2% DEA in hexane: et hanol (80: 20)
as a nobil e phase]. 20 Exanple 45: Analytical data of cis-(+)-enantioner
(45A): (0 07 g, 10% off-white solid. Retention tine 11.49 nm LC M5 ( MtH)
= 470.2.5 FE’MMR%%OOM—IZ DVSO-d6): 6 ppm 9.76 (1H, s), 9.39 (1H, s) 8.67

1H 7 1C a Cis cran T ' M ' (1] a I'O S INC' 10 61 5 59
EZH i% . %%a‘lt 2l (a]d'fl %} s agmg (ééA)(géd @172@)@? @ @v% 611&"11 {Qm 15

253. 56 (1Ht1rm422rrm8L§ N3 (MZﬁ) m)446% NMM@O@MHZ @PCIQ é‘anpnq%W (lsH

1 97-1.91 ( y f Tk E 06
8 59 of 17wt b Lo T AV LAERH, R0 Bos sy oRT A CRER Gy é{% 2

| FI NVR (400mw|51181 -SONBOHA®),:5. 3 1 hit (18lam).1 5904 (LEL adt I9dddz) A6 A (15, Exbmpf.@ 46:

Anal yti gal t f ( 7 f- |te
solid. @gt en‘f%i %F’l?f‘ﬁﬁr\gﬁ?%ﬂ) g)“%ﬁ\ﬁfﬁé %/%E 3@@%6@)201?7]% Cgﬁ %l) I%l%lé 2(/%40(8 ,

SO d6). S pp!M-9926IH,.1H, s), 8.64 (1H, s), 8.32 (1H, s), 7.27-7.08 (6H, n),
6.61-6.58 (1H, d, J=8.4 Hz), 6.01- 5.97 (1H,d, J=16 Hz), 5.67-5.63 (1H, d ,
J=16 Hz), 4.84-4.82 (2H, br s), 4.15-4.11 (1H, t, 10J=8 Hz), 3.89 (2H, br
S), 2.79-2. Adal{tichl, dam) of cR-(6)8en2nt@nef 134B)NJ75 mg, BB Pofadrdvlitholid) Retéhtidi

time 8.99 min. LC-MS (M+H) "= 446.2. '"H NMR (400 MHz, CDCL): identical to its
15  antipode 28A.

Example 29 and 30
(117)-7-cyano-14-methyl-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine and (11E)-7-cyano-14-
20 methyl-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

O 0) N
NC\©\ N NC N
NS
S 9
H H
Example 29 Example 30

A solution of Synthon RbD (0.5g, 1.143.xxmmol, in 1,2-dicholoethane (3000xxL) was

taken in a 5 L three-necked round bottom flask equipped with a reflux condenser and
25  nitrogen inlet. The solution was degassed by nitrogen for 1 h and Hoveyda -Grubbs 11

generation catalyst (0.1g, 0.159mmol) was added. The mixture was heated at 100 °C for

18 h under nitrogen while monitoring by LC-MS. Another two batches of same reaction
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(3H, s), 1.97-1.91 (1H, m. Analytical data of trans-H enantioner (46B)
(0.035 g, 5% off-white solid. Retention tine 14.07 mn. LCM (M-tH) =
470. 2. N MRO(240oddd2, DM SO d6): identical to 15its anti potasi@Ao4iezanpl e 47
745-met hyl -1H 1, 2, 4-tri azol - 1-y0- 18-phet T1 -10,1

1,12,13, 14, 16, 17, 18- oet ahydr o- 15, 2-

(azeno) -8, 4-('ietheno)cycl openta[01][ 1, 6, 10, 121oxatri azacycl ohept adeci ne
Exanpl e 42A (0.03 g, 0.066 mml) in 4 nmL of 1:1 (MeOH THF) was hydrogenat ed

(bal I oon pressure H2) roomtepperature_in presence of atlnun(IV)OX|de
(00037 g GRaEow e PP BO G P B B oy e B e T eatt on
m xt ur e wasredpde grssethnditidvefiiidd Rgaabjadel thiflatiedeshitberaphghisme hiTeRdynthe
filtrate was concentr@Ped under. red?cedéﬁressure and .t he residue was

subj ect ed t8°CRFUEICIHAP g cdiprasibica-folum. rorod ckacrieteip s ooy fin 5 m

colum, 1. GreRbld ﬁbt@lh@fan@otﬁgﬁ%ﬁqtﬁe@ X6 R hAARL HestB@edPouAd werecd MobI | e
phase] to give Exanp 47A and a ring- opened phenolic conmpound. Simlarly

Exanpl e 250009%1#31)301%@0@6@@@@ tsemsrétwe&aﬁb?réemmdabvcmrh@{%l& FWEBKRdI ng

ri ng- opened 29(')}@"62!11&195 HATRARE 1. 0O EXATHE 6. 247DEA“1%éﬂJah&é%han%ﬁ(i7@ 30§ as a
(+)-enanti omer (0.008" g, 269, off-white solid. Retention tinme 17.54

mn. LC MS f pha&e%454 2.1H NM R (400 MHz, CDC11): S ppm 9.24 (1H s),
7.91 (1H s), 7 33-7.10 (7H, m), 6.43-6.40 (1H, d , J=8.4 Hz), 4.87-4.80
(1H, n), 4.34- 4.32 (2H, m), 4.19-4.18 (1H, n), 3.55-3.50 (2H, m),
2.75-2.65 (B¥mpi29:2.33 (3H, s), 102.08-2.03 (4H n), 1.92-1.90 (1H ).

Rotent i Bn 4 RUER! i e B BB Rer OB tobdd s ﬁfﬁw‘*@%ﬁﬁm bocis):
i denti cal ttimé 2k24umtni. FataISHAH Exadil 2 'M8IMR (400 MHz, DMSO-d6): & ppm 9.65

(1H, s), 9.47 (1H, s), 7.37-7.16 (6H, m), 6.67-6.64 (1H, d, /= 8.4 Hz), 5.81-5.79 (1H, m),

5.61-5.58 (1H, m), 4.69-4.66 (1H, m), 4.12-4.06 (1H, m), 3.61-3.58 (2H, m), 3.51 (3H, s),

3.39-3.12 (2H, m), 2.52-2.48 (2H, m), 1.99-1.95 (1H, m).

15

Analytical data of cis-(-)-enantiomer (29B): (0.058g, 4%), off-white solid. Retention time

26.65 min. LC-MS (M+H) " =410.2. "H NMR (400 MHz, DMSO-d6): identical to its

antipode 29A.

20  Example 30:
Analytical data of trans-enantiomer-I (30A): (0.008g, 5.3%), brown solid. Retention time
17.5 min. LC-MS (M+H) = LC-MS (M+H) "= 410.2. "H NMR (400 MHz, DMSO-d6):
d ppm 9.59 (1H, s), 8.06 (1H, s), 7.42-7.19 (6H, m), 6.61-6.59 (1H, d, /= 8.4 Hz), 6.08-
6.04 (1H, d, /=16 Hz), 5.59-5.57 (1H, d, J=16 Hz), 4.91-4.90 (2H, m), 3.61-3.58 (2H, m),
25  3.51(3H,s), 3.39-3.12 (2H, m), 2.52-2.48 (2H, m), 1.99-1.95 (1H, m).

Analytical data of trans-(-)-enantiomer-1I (30B): Retention time 23.1 min.
Example 31

30 7-cvano-13-methyl-17-phenyl-11,12,13,15,16,17-hexahydro-10H-14,2-(azeno)-8,4-
(metheno)cyclopentafg][1,5,9,11]oxatriazacyclohexadecine
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14-met hyl - 7-(5-methyl -1 H 1, 2,4-triazol -1-y0-18-phenyl-1 0, 11,12, 13, 14,1 6,
17, 18- octahydro- 15, 2-(azeno) -8, 4- (inetheno)cyclopentalN[1 , 6,

10, 121oxawoi2araeyaPohept adeci ne Exanpl e 41A (0.05 g, 0. POT/usemli)p43ens 4 nl of
1:1 (MeOH THF) was hydrogenated (balloon pressure H2) at room tenperature
in presence of platinun(lV)oxide (0.006 g, 25 0.026 mmol) for 60 min while
nmonitoring by LCMS. The reaction m xture was degassed with nitrogen and
filtered through celite. The filtrate was concentrated under reduced
pressure and the residue was subjected to chiral normal phase HPLC (

Chiral pak 1C (250 X4.6)nun 5 mm col Igrl\ﬁe nilimn of 0.2% DEA in

hexane: et hanol (80: 20) as a nobile Shase) fo give Exanple 48A along a

ri ng- opened phenolic conpound. NSk cti on of Exanple 41B yi el ded

Exanpl e 48B and the correspondi ng phenol i ¢ conpound. S Exanpl e
48: Anal ytical data of (+)-Enantioner N4 : \(0.008 g ,169% of off-white
solid. Retention time 45.52 mm LG M5 !{MFH) 8. 2. NMR (400 MHz, CDCl13). 6
ppm 9.20 OH 's), 7.91 (1H s), 7.38:4,R%(7 , 6.39-6.36 (1H, d , J=8.4
Hz), 4.32 (2H, br s), 4.13- 104.09 (1H, nm, 3.81-3.62 (2H, m, 3.31 (3, s),
3.27-3.12 (2H, n) 2.60-2.51 (1H, m, 2.33 (3H, s), 2.08-2.03 (3H, m,
1.92-1.90 (2H, . Analytical data of (-)-Enantioner (48B): (0.014 g, 28%

oS8 Sl TP T AR, IR RS § h 18 2 oe Cao

7r ?- met hy 1- &kuth, @rbdadte (B3I g 1 79&)1}{1@8)—1@ Hléﬂ;iioxanjb(lﬁﬁ nL) was taken in a two-

E-llg ig 5}_2 Jr(lj)é)g(lé ]dZSIO;"r% agoglzr:lﬁ B% e Celqlhl HIOQ reﬁhxed(corrf&%?e? n1¥r8§|ge%qr?l ntafh
The mixture was degassed w1th nitrogen for 1 h and Pd(dba); (0.026 g, 0.115 mmol) was
added. The reaction mixture was heated at 105 °C for 5 h while monitoring by TLC and
LC-MS. The solvent was evaporated under reduced pressure and the residue was
dissolved in ethyl acetate (20 mL) and filtered through celite. The filtrate was

10 concentrated and the crude compound was purified by flash chromatography using
Teledyne Isco instrument (12 g RediSep silica column, using a 50% cthyl acetate in pet-
ether) to give a racemic mixture of target compound (90 mg). Enantiomers were further
separated by chiral HPLC [Chiralpak AD H (250 X4.6)mm 5 mm column, 1.0 mL/min of
0.2% DEA in hexane:ethanol(50:50) as a mobile phase].

15
Example 31:

Analytical data of (+)-enantiomer (31A): (0.027 g, 6%) off-white solid. Retention time
15.56 min. LC-MS (M+H) " =398.2. "H NMR (400 MHz, CDCls): 8 ppm 8.93 (1H, s),
7.34-7.22 (6H, m), 6.83 (1H, brs), 7.16 (1H, d, /= 7.2 Hz), 4.44-4.43 (2H, br s), 4.13-

20  4.09 (1H,t, J=7.6 Hz), 3.68-3.61 (2H, m), 3.23 (3H, s), 3.20-3.06 (2 H, m), 2.59-2.53

(1H, m), 2.41-2.35 (2H, m), 1.99-1.98 (1H m).

Analytical data of (-)-enantiomer (31B): (0.035 g, 7.6%) off-white solid.
Retention time 12.37 min. LC-MS (M+H) " = 398.2. '"H NMR (400 MHz, CDCl):

25  identical to its antipode 31A.

Example 32
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Exanmpl e 39A (0.05 g, 0.107 mmol) in 4 nmL of 1:1 (MeOH THF) was hydr ogenat ed
(bal l oon pressure H2) at roomtenperature in presence of platinun(lV)oxide
(0.006 g,w0.202@0m3w0l ) for 60 nmm while nmonitoring by LC WBI/USh@1/0¢3%es i on

m xture was 25 degassed with nitrogen and filtered through celite. The
filtrate was concentrated under reduced pressure and the residue was
subjected to chiral normal phase HPLC [Chiralcel OTH (250 X4.6)mm 5 nm
colum, 1.0 nLimn of 0.2% DEA in hexane: et hanol (80:20) as nobil e phase]

to give Exampl e 49 | ong Wit ring-o ' 0 und. S mlarly,
Exanpl o 398 WS elCe s B A T B A L e 6B PEERORG G -
ring-opened phengtdne)-§@mRemdd)cyolopsadp) (e 649;12/xalryitdSabh&addecind
(+)-enantionmer (49A): (0.011 g, 22% of an off-white solid. Retention tine
11.3 min. LCGMS (MtH)+ = 454.2.1H NM R (400 MHz, CDC11): S ppm 9.28 (1H,
s), 8.53 (1H, s), 7.49 (1H, d, .1= 8/4kz), 7.33-7.15 (6H, m, 6.406.38(1H,
dd, .1= 2.4, 8.4 Hz), 4.85 (1H mg4. I\('MPL t, J= 5.6 Hz), 4.18 (1H, m,
3.66-3.57 (3H, m,2.75-265 10(,&H, , 2. s), 2.10-1.97 (5H, m.

Anal ytical data of (-)-enantione 9B)N”(p 4 g, 28% of an off-white
solid. Retention tine 10.97 m n. = 454.2. 1FINWR (400 MHz,
CDC13): identical to its antipode 49AH 15 Exaupife 50

14-met hyl-7-(3-nethyl -1H1, 2, 4-tri azol -1-y1) 3- phenyl

-10, 11, 12, 13, 14, 16, 17, 18- oct ahydrgz 15, 25 (azeng) - 8, 4-

(et heno) cycl openta[ h] [1, 6,10, 121oxatri azacyclohept adeci ne 20 Exanpl e 44A
(0.02 g, 0.0.042mmol ) in 2 mL of 1:1 (MeOH THF) was hydrogenated (ball oon
pressure H2) at roomtenperature in presence of platinun(lV)oxide (0.0024
g, 0.001 mplanpiorsa3®.17b), abhéd ﬁmH?ﬁlii(PﬁlL%glh)/(hffe@?ﬂ/ﬁ{Fjr\b@s HyBRebda@d M xture
was 25degassed with nitrogen and filtered through celite. The filtrate was
concent r at eé@alipea@resiuseioedt rpere osmperatige i Rrefengeed pltiBup@¥)oxisdsj(@8t%e to chiral
nor mal pha i : : : 4.6 Milocal nilimn of

0. 2% DEA i f,@?{?)f‘gﬁgi)g} ﬁgg’%ﬁwgégfg@glé)syr%o@%mé%&h%ag@ to Slur%‘éVQSExarrpl e 50A
al ong a ri ndsgepsehedh pitrepwl and fittoiep duenth cSited IThy filrate Byea epicentd® widst r educed

to get FxanplikedPRARGME CQhISFRAMNEA BREPA b HaGAIPOH D Ehiral cel-OD-

H, 30 X 250 mm, 5 um column, 125 mL/min of 30% MecOH (0.5% DEA) in CO, at 100

bar and 35 °C) to give example 32A along with a ring-opened phenolic compound.

Example 28B (0.128 g, 0.287 mmol) in12 mL of 1:1 (MeOH:THF) was hydrogenated
15  (balloon pressure Hy) at room temperature in presence of platinum(I'V)oxide (0.012 g,
0.052 mmol) for 30 min while monitoring by LC-MS. The reaction mixture was
degassed with nitrogen and filtered through celite. The filtrate was concentrated under
reduced pressure and the residue was subjected to chiral preparative SFC (chiral cel-OD-
H, 30 X 250 mm, 5 um column, 125 mL/min of 30% MecOH (0.5% DEA) in CO, at 100
20  barand 35 °C) to give example 32B along with a ring-opened phenolic compound.

Example 32:

Analytical data of (+)-Enantiomer (32A): (10 mg, 8.8%) light brown solid. Retention time

6.68 min. LC-MS (M+H) "=448.2. "H NMR (400 MHz, DMSO-dy): & ppm 9.60 (1H, s),
25  9.20 (1H,s), 7.37 (1H, d, /=8.4 Hz), 7.21-6.94 (3H, m), 6.72-6.69(1H, dd, /=2, 8.8

Hz), 4.31 (2H, m), 3.31 (1H, t, /= 8.8 Hz), 3.31 (3H, s), 3.11-3.09 (3H, m), 2.47-2.44

(2H, m), 1.91-1.82 (5H, m).
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5 Exanpl e 50: Analytical data of (+)-Enantiomer (50A): (0.002 g, 10%
off-white solid. Retention tinme 25.37 mn. LGCM (MH) + = 468. 2. 1H NVR (400
MHz, CDCMP:208/qop3w09. 22 (1H, s), 8.52 (1H, s), 7.48-7.48CTAIH201043628 33-7. 18
(5H, m, 6.98 (1H, br s), 6.41-6.38 (1H, d, .7=8.4 Hz), 4.42 (2H, br s)
,4.13-4.09 (1H, t, J=7.2 Hz), 3.81-3.62 (2H, m, 3.32 (3H s), 103.27-3.12
(2H, m, 2.60-2.51 (1H, m, 2.46 (3H, s), 2.08-2.03 (3H m, 1.92-1.90 (2H,
n. Anal ytical data of (-)-Enantioner (50B): (0.0025 g, 12.5% off-white
solid. Retention tine 24.02 mn. LCMS (MrH) = 468.2. 11-1 NWR (400 MHz,
CDC13): identical to its 15anti pode 50A. Exanple 51 and 52 (I

17) - 18- ( 2, 4aghilytlcanmmphanyEndntlommeieiomy ( £51hd -12.52)4f tar lighZBrowa solid. Retention
-v1)-10, 13, 14,16, 17, 18- hexa%dr_o- 15, 2- &\‘azen@?- 8, 4- o ,

20( met heno) &YcT-oh B AHYEIMs 0 =143 dx al NMAB 00 MIdRdPY I 8Qede) ilentigalito its

(11E1- 1842, éitipode.
di fluor og)henyg- 7-13-nmethyl-1H 1, 2,4-triazol -1-y0-10, 13, 14, 16, 17, 18- hexahydr
o- 15, 2-

(azeno) - 8, 4E,ga%qg1gno) cyclopenta[k][1, 6,10, 12] oxatri azacycl ohept adeci ne A
solution of Synthon TaB (0.430, 0.834 mvol ) in 1, 2-dichol oethane (2.5 L)
was taken i n72Bao2 TH2drdidwropdierdh ! F buha! o Aok dsk ! @i gredneldhr a refl ux
condenser and nitrog } [ ytol i,th nitrogen for 1
h and Hoveyda- G ubbs %?eithég)zlg)ﬁéev?lggéi%ga@@é? ’tgl @thx»?%z%%g@g&g‘ge%»& mmol ) was
added. The m xture was heated at 95 or 18 h under nitrogen while
nonitoring by LCMS. The sol vent was eva at ed under reduced pressure and
t he resi due was subjected to fl@as hro aphy using a Tel edyne |sco

Example 33

10
A mixture of Synthon TcH (0.8g, 1.755.mmol), xanthphos (0.152¢g, 0.263mmol), and
cesium carbonate (0.858g, 2.63.mmol) in 1,4- dioxane (10 mL) was taken in a two-
necked 50 mL round bottom flask equipped with a refluxed condenser and nitrogen inlet.
The mixture was degassed with nitrogen for 1 h and then Pd(OAc), (0.0394g,

15 0.175mmol) was added. The reaction mixture was heated at 110 °C for 4 h while
monitoring by TLC and LC-MS. The solvent was evaporated under reduced pressure and
the residue was dissolved in ethyl acetate (250 ml) and filtered through celite. The filtrate
was concentrated and the crude compound was purified by flash chromatography using
Teledyne Isco instrument (40 g RediSep silica column, 15-25% of ethyl acetate in

20 chloroform gradient) to give the racemic target compound (130 mg). The enantiomers
were further separated by chiral HPLC [Chiralcel OJH (250 X4.6)mm 5 mm column, 1.0
mL/min of 0.2% DEA in hexane:ethanol(70:30) as a mobile phase].

Example 33:

25  Analytical data of (+)-enantiomer (33A): (0.0428 g, 5.53 %) off-white solid. Retention
time 13.66 min. LC-MS (M+H) "= 420.0. 'H NMR (400 MHz, CDCls): § ppm 9.07 (1H,
s), 7.32 (1H, d , J=8.4Hz), 6.99-6.98 (1H, m), 6.83-6.76 (3H, m), 6.44-6.42 (1H, dd, J=
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instrument (40 g Redi Sep silica colum, 10% MeOHI CHC13) to renove netallic
and other inpurities. The fractions having the desired conpounds were
concent r aveoyo3obs 5 conponent isoners were further sepanst@dose2ghiral
SFC (chiral cel-0J-H, 30 X 250 nm 5 gm colum, 125 nLimn of 25% MeOH
(0.5% DEA) in CO2 at 100 bar and 35 C. Exanple 51: Analytical data of
cis-(+)-enantioner (51A): (24 nmg, 69 of light brown solid. 10 Retention
time 5.45 mn. LGCM (MH) 488.2. 1-H NWR (400 MHz, CDCI3). 6 ppm9.73

(119 S Shdd Ml of S Lo R ] AT 55 5175 o

(2H, m, 4.48 &, 87-195dFEmMf. 2 Hz), 3.71-3.69 (1 H m, 2.76-2.63 (3H m,
2.48 (3H, s), 1.98-1.97 (1 H m. 15Analytical data of cis-(-)-enantiomner
(51B): (33 ng, 8.2% of light brown solid. Retention tine 804 mn. LC M

(MrH) = 488agalytichl MR (AQQardvidRer @@Q}%@ 0437dg9e%mbfﬂvﬂnﬂetsghcamemﬁ S1A.
Exanpl e 52: 20Anal ytical data of

& ) - enanti oner é é , 1% of
brown sol i dimRet-&pEs- oIrPTM%éMﬁH%—ﬂ%QaO H B ($iyifiz=Clag )zdenili tNWR (400
MHz, CDC13)antifoddy®nd. 33 (1H, s), 8.64 (1H s), 8.33 (IH s), 7.28-7.19 (4H,
m, 7.18-7.15 (1H, m, 6.59 (1H dd, J= 2, 8.8 Hz), 6.29 (IH d, J= 16 Hz),
5.66 (1H, d, J= 16 Hz), 484483(2H m, 4.34 (1H, t, J= 8.4 Hz), 3.89

(2H, m, 2. L%@m%_% (3H, m, 2.33 (3H, s), 1.91-1.87 (1H, 25m. Analytical
data of trans enantiomer (52B): (6 ng, 1.5% of brown solid. Retention
tine 6.43 mm7- U@M»BHWMWW-I&A@@,VQIO A5 2 NMR, (6400 SMidaify @30 ) (azdnde ittt cal t o

its antjpode 52A. 30
12) - 18- 1((8 4-di f uorcf’ff eny éyglo?g’}g%n'g[t]‘r% ]|Of’12(?’“1ff"’f"%’bhepé"z"éf’”i
x0- 10, 13, 14, 16, 17, 18- hexahydro- 15, 2- (azeno)-8,4- WO

2012/ 009309PCT/ USZOll/ 043628
o N,Me
aole
N)\\N
H

Example 34

Example 29A (0.022g, 0.054mmol) in 8 mL of 1:1 (MeOH:THF) was hydrogenated
(balloon pressure H») at room temperature in presence of platinum(I'V)oxide (0.0022g,

15 0.0096 mmol) for 40 min while monitoring by LC-MS. The reaction mixture was
degassed with nitrogen and filtered through celite. The filtrate was concentrated under
reduced pressure and the residue was subjected to chiral reverse phase supercritical fluid
chromatography [Chiralcel OD-H (30X250 )mm 5 mm column, 20 mL/min of 0.5%
DEA in CO2 at 101 bar pressure and 32.7 °C] to get Example 34A and a ring-opened

20 phenolic compound. Similarly, Example 29B was reduced on 38 mg scale to get Example

34B.

Example 34:

Analytical data of enantiomer-I (34A): (0.0039 g, 16.5%), off white solid. Retention time
25  8.59 min. LC-MS (M+H) " =412.2. 'H NMR (400 MHz, CDCI3): & ppm 9.17 (1H, s),

7.33-7.15 (7H, m), 6.29 (1H, d, /= 7.2Hz), 4.45 (2H, m), 4.11 (1H, t, /= 7.6Hz), 3.27
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(et heno) cycl openta[ h][1, 6, 10, 12Joxatri azacycl ohept adeci ne and ( 1E)-]

842, 4-

di f | uor opNerzy2/009308- met hyl -1 H- 1, 2, 4-tri azol - 1-y0- 10, 13, PCTAB2M7/0482hexahydr
0- 15, 2- (azena)- 8, 4- (net heno) cycl opent a[ h]

11, 6, 10, 12Joxatri azacycl ohept adeci ne rTh A solution of Synthon TaC
(0.450 g, 0.873 nmml ) in 1,2-dichol oethane (2.5 L) was taken in a 2 L

t hree- necked round bottom fl ask equi pped with a reflux condenser and

oveyda. G UBDs 1258l BB Sae an i R0 2980 GHaTe ahy® (s ™hdaed. The
m xture was].feabe®mtm)95C for 1811 under nitrogen while nonitoring by

LC-MS. The sol vent was evaporated under reduced pressure and the residue
was subjected to flash chromatography using a Tel edyne Isco instrunent (40

g Redi Sep sAhdifiRaCakdEnadtQHcMBOBUIIHELE711 9, 18670X 8 ofR¥iAdclsbitd. RBEnd&Ot her

inmpurities. The fractions having, desired g@ﬂgound were concentrated and its

conponertt i iBett-& Ry eLEYIE M HI ep 4l 22 ed! H0p MHSED(1ons par 9dé1- 0J-H, 30

X 250 nm 5.p. ] B’%’E f 2 0@[#\5 (/9552 in 100 bar
and 35 Q EQg[n%} zggg%%%@r yti QT’%d‘ét Zo %‘:@f%%gﬁ?gﬂ%?%g?ﬁ(13_ 15
mg, 3.1% of2bEowm). 388321 (RétrehBilds. t0i (i, 8), 2363 L (CHMB),2\MSH). 94418812, | | i

NVR (400 M—% %ﬁ”ﬁ . ppm 9.79 (1H, s), 9.77 (1H, s), 7.92 (1H s), 7.57
(1H m, 7.58%Y% A4 m), 6.69-6.66 (1H, m), 5.61 (2H, ), 5.14 (1H m,
4.56-4.35 (3H, m), 3.52 (1H, n), 2.79-2.66 (3H, m, 2.23 (3H, s), 1.91 (1H,

m. 10
Example 35
7-cyano-17-(2,4-difluorophenyl)-13-methyl-11,12,13,15,16,17-hexahydro-10H-14,2-
(azeno)-8,4-(metheno)cyclopentafg][1,5,9,11]oxatriazacyclohexadecine

O/\N,Me
pole
N)\\N
H

Example 35

15
A mixture of Synthon TdI (0.76g, 1.67.mmol), xanthphos (0.14g, 0.243mmol), and
cesium carbonate (0.79 g, 2.42. mmol) in 1,4-dioxane (40 mL) was taken in a two-necked
100 mL round bottom flask equipped with a refluxed condenser and nitrogen inlet. The
mixture was degassed with nitrogen for 1 h and Pd(OAc), (0.0363 g, 0.162 mmol) was

20  added. The reaction mixture was heated at 100 °C for 4 h while monitoring by TLC and
LC-MS. The solvent was evaporated under reduced pressure and the residue was
dissolved in ethyl acetate ( 250 mL) and filtered through celite. The filtrate was
concentrated and the crude compound was purified by flash chromatography using a
Teledyne Isco instrument (40 g RediSep silica column, 8% cthyl acetate in chloroform) to

25  give the racemic target compound (200 mg). Enantiomers were further separated by chiral
normal phase HPLC [Chiralcel AD-H (250 X4.6)mm 5 mm column, 1.0 mL/min of 0.2%
DEA in hexane:ethanol(70:30) as mobile phase].
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25 Anal ytical data of cis-enantionmer-I1 (53B): (18 ng, 4.2% of |ight brown
solid. Retention tine 5.61 mm LCM (MtH) = 488.2. 1H NMR (400 WHz,

DVS0- 4) : woentzadoot o its anti pode 53A. Exanpl e 54: S5AnaCyitseali/odsbs of
trans-(+)-enantioner (54A): (12 ng, 2 8% of light brown solid. Retention
time 3.3 Mm LCG-MS (M+H)-= 488.2. 1H NWR (400 MHz, DVMBO-d6): ri ppm 9. 34
(1H, s), 8.36 (1H, s), 7.90 (1H, s), 7.24-7.16 (3H, m, 7.15-7.00 (2H, m,
6.63-6.30 (1H, dd, J= 2, 8.8, Hz), 5.99 (1H, d, J= 10 Hz), 5.63 (1H d, J=
10 Hz), 4.77 (1H m, 4.35 (1H, t, J= 8 Hz), 3.89 (1H m, 2.79-2.76 (1H,
m, 2.67-2.57 (2H, m, 2.50 (3H, s), 101.94-1.90 (1H, m. Analytical data
of trans-HEnapd3zrer (54B): (18 ny, 4. 2@@ of Iight brown solid. Retention

: IOrT'Iet g gﬁt %%gn 1ch];1cjgta o_lf\;ng)Ha)f%pl@erg%SA) (0. 0617 g, g 37%) Mt:‘rlzwhlte solid. dRee)tentllor(iI enti cal

19- (4- 17uor @phenyd hin’ - (S-NB iy 1434 2, 1ﬁItIMR6@§6 MirZY@bcls): § ppm 8.90
11,12, 13, 14, 15, 17, 18, 19- octahydro 1011- 16, 2-(azeno) - i (‘met heno) cycl open

off J [ 15 4, (7H })17 i@ 7. 3%ek1E Fiaézéﬁc“ﬁ?l) Ffated:(2He m), 6. %6812:6’15@@1 @#-$otout i on of
th S . d
Synthon Sc. (L (B 14.49) 4.96@ n{i“@%sh ke &H?’L@ {3 ('3‘H) V‘@% 3{)%“’(5’1’;171 ﬂl?z%orz%”

bottom fl as treate onc. ure was heated
at (1H, m), 2.43-2.36 (2H, m), 1.96-1.93 (1H, m).

10 Analytical data of (-)-Enantiomer (35B): (0.0522g, 7.08 %), off white solid. Retention
time 17.95 min. LC-MS (M+H) " = 434.2. "H NMR (400 MHz, CDCls): identical to its
antipode 35A.

Example 36 and 37
15 (117)-7-cyano-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine and (11E)-7-cyano-18-
phenyl -10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine

Example 37

Example 36
20

A solution of synthon RhD (0.5g, 1.183mmol) in 1,2-dicholoethane (2.5 L) was taken in a
3 L three-necked round bottom flask equipped with a reflux condenser and nitrogen inlet.
The solution was degassed by nitrogen for 1 h and Hoveyda-Grubbs II generation catalyst

25  (0.05 g, 0.080 mmol) was added. The mixture was heated at 100 °C for 18 h under
nitrogen while monitoring by LC-MS. Another two batches of the reaction were

performed on the same scale and worked-up together. The solvent was evaporated under
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100C for 18 h while nonitoring by LC-MS. The reaction m xture was cooled to
rt, 25diluted with ethyl acetate (10 nL) and treated with saturated sodi um
bi car bonawe 20Hopd0y. The et hyl acetate |ayer was separ arel/tsed 1os28gueous
| ayer was further extracted with ethyl acetate (2 x 10 nlL). The conbi ned

organic |layers were washed with brine (2 x 10 nlL), dried over anhydrous

sodi um sul fate, and concentrated under reduced pressure. The crude conpound
was purified by flash chronatography using a Tel edyne | sco instrunent (12 g

Redi Sep sili ol um, (V met hanol enantl rs were
Separared (RIBEGAEETTS 4 ot haseciel e e bR e R E 9SS 6y 5
S5pm col um, Isdo i@stiindot (ao%fRealgﬁfglﬂa&dlmnme&m}em@d’e@in(cmrcﬁ@ﬁn asrommpt!| e
phase]. Exanp 55; Anal yti cal t a of Enantlo r-| (0.01 g, 119% of
Phite sol | PCibe A 9iB0 IR T g hpyng/ssir %mpoua b R GNW?CE 400 Mz,
CDC13): 6 pRid 051% &bl 1so°iﬂers &er@z:urﬂlﬁf gelﬁaraﬁ:hb Zhlﬂ'rezfeﬁgpﬁa%%?@rcrlﬁcﬁ Hz) ,
7.16-7.12 (2H, 7.02-7.00 (2H %

4.81
(1H, br %), ﬂludslz_roma@sra@m(?htralcgl@ %(3%250@11@@ mmloelueTEHIS A/ mig, 0@73 58,65 (2H,

m. 321 3 BBAGRH0kgcBuldedulTnd 25 o) 2.65-2.62 (34 M, 2.47 (3H s),
2.01-1.98 (1H, m. 15Analytical data of Enantiomer-I1 (55B): (0.011 g, 12%

of white solid. Retention tinme 6.00 mn. LCM (MtH)+ = 487.2. 1H NVR (400
MHz, CDC13)y 'rr%ﬁeni g-cal to its antipode 55A. Exanpl e 56

2019 (4f|uoro enyl)-12-met hyl -7-(3-methyl-1 H 1, 2,4-triazol -1-y1)-

11, 12, 13, 14A1125yt10117d31880fr9 (@:wmy@m@r (36A 4. itg, 22 %@ eofb)vhis:; splid. Retention

(et he”fh? cYEhOPENLAL T LE s @1y L 3ds 33k 3460 NiRBZASHE] QoG kaderh e NH
s), 7.34-7.13 (8H, m), 6.28-6.26 (1H, d, J= 8.8 Hz), 5.68-5.58 (2H, m), 5.15-5.09 (1H,
m), 4.83-4.79 (1H, m), 4.26-4.25 (1H, m), 3.30-2.81 (5H, m), 2.37-2.11 (2H, m).

Analytical data of cis-(-)-enantiomer 36B (0.18 g, 13.8%), off white solid. Retention time
15  6.45min. LC-MS (M-H) " =395.2. "H NMR (400 MHz, CDCls): identical to its
antipode 36A.

Example 37:
Analytical data of trans-(+)-enantiomer (37A): (0.09 g, 6.92%), off white solid.

20  Retention time 9.87 min. LC-MS (M+H) = 395.2. '"H NMR (400 MHz, CDCls): &
ppm 8.83 (1H, s), 7.35-7.14 (8H, m), 6.31-6.29 (1H, d, J = 8.4 Hz), 5.98-5.94 (1H, d, ] =
15.6 Hz), 5.73-5.69 (1H, d, ] = 15.6 Hz) 4.89-4.87 (2H, m), 4.27-4.23 (1H, t, J = 8.4 Hz),
3.03-2.93 (3H, m), 2.67- 2.62(3H, m), 2.11-2.09 (1H, m).

25  Analytical data of trans-(-)-enantiomer (37B): (0.09 g, 6.92%), off white solid. Retention
time 5.18 min. LC-MS (M+H) " =395.2. '"H NMR (400 MHz, CDCls): identical to its
antipode 37A.

Example 38

30 7-cvano-18-phenyl -10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine
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Exanpl e 56 25An ice-cool ed solution of Synthon SdJ (0.15 g, 0.279 mmol) in
NWP (1.5 nL) was taken in a round bottom flask and treated with 0.15 nlL of
conc. H, S©o.20Pwzewxt ure was heated at 100C for 18 h whipCe/usemitioessehg by
LC-MS. The reaction m xture was cooled to rt, diluted with ethyl acetate
(10 mL.) and treated with saturated sodi um bi carbonate (20 nlL). The et hyl
acetate | ayer was separated and the aqueous | ayer was further extracted
with ethyl acetate (2 x 10 nL). The conbi ned organic |ayers were washed
with brine (2 x 10 nlL), dried over .anhydrous sodium sul fate, and
concentrated under reduced pressite.” 5 e crude conpound was purified by
flash chronmat ography usi ng aN¢ ne | geosiAstrunent (12 g Redi Sep silica
colum, with 10 % MeOH in CHC13 he enant]i oprers were separated by chiral
normal phase HPLC [Chiral OD-H (250 76)Mm B nm colum, 1.0 nmLImn of 0.2%
DEA i n hexane: et hanol (70: 30) as nobi lHe phase OExanpl e 56: Anal yti cal
data of (+)-enantioner (56A): (0.0d8m@e 3839 p-white solid. Retention
time 8.81 mn. LCGCM (MH)+ = 501.0. 1H NVR (400 MHz, CDCl): S ppm 8.44(1 H,
s), 8.43 (1H, s), 7.49-7.47 (1H, d, ,T=8.4 Hz), 7.26-7.12 (2H, m,
7.03-7.00 (@;!dmp'l‘@sm%)‘b% 61%&%1)&}&166,mL15181 §8‘W€@H T‘HF% “whs T@dr()étéflate& 1= 7 2
Hz), 4.32-4 27 ) U410~ 154

(2H br s), (ballc%(pseswre Hpy) at @ozsteslpmtu(ezmprmncesf D@Ua@umaor(ewbonnﬁo 009&54 2 48(1
H, , 2.47, f i oner
(56B) (0. oolg%%m‘ﬁ%”g%“%f“# @ﬁ %rol{lu)hd‘”ﬁ et%{#\tltolfig%b)??&ne%§ 3 %i&?nﬁﬁlt LC- VS
(MrH) + =5 50m1x©1r6_Ha$\maS(Ser®1t]szr0g@D®§1I)ltﬁred@lernmgh@ahtet ®hé fikraROsast | pode 56A.
Exanpl e 57 . . .

(11.7)- 18- (2 G YPFT SID e i rathye Co e VastRiF e iy il nprpphiohess) _ 1oy 1) -
10, 13, 14, 16supdredBeahBuid byrdmoatogapRy K@Mhd)OlB—,HZIGOX%O )mm 5 mm column,

25( met heno) | ope Ji 6, 10 12 cl ohe [ ol ution of
Synt hon TU ./ggb%égé.%mﬁn%tmno ?torf a?%@amrefsﬁlaneg?gz %ﬂ_ gﬁgs taken in
a 3 L threeEapkeIkA. SimithrigOE tadipld 3 7askasadydiggpettdvb bt Bxamplcl38B. condenser and
nitrogen, inlet. The solution was degassed with nitrogen for 1 h and

Hoveyda-'G-ubbs Il generation 5catal yst (0.148 g, 0.236 mmvl) was added. The
m xt ure wasghepierR:at 95 'C for 18 h

Analytical data of (+)-Enantiomer (38A): (0.012 g, 20%), brown solid. Retention time

5.7 min. LC-MS (M+H) " =397.2. '"H NMR (400 MHz, CDCls): & ppm 7.61 (1H, s),

7.38-7.19 (7H, m), 6.89-6.87 (1H, m), 5.52-5.50 (2H, m), 4.28-4.26(1H, t, /=8.4 Hz),
15 2.70-2.46 (7TH, m), 2.22-2.10 (2H, m), 1.67-1.52 (4H, m).

Analytical data of (-)-Enantiomer (38B): (0.0106 g, 20.02%), brown solid. Retention time
3.76 min. LC-MS (M+H) " =397.2. '"H NMR (400 MHz, CDCI3): identical to its

antipode 38A.
20
Example 39 and 40
(117)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine and (11E)-7-
(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17, 18-hexahydro-15,2-(azeno)-
25 8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine
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under nitrogen while nonitoring by LC-M5. The sol vent was evaporated under
reduced pressure and the residue was subjected to flash chronmat ography

usi ng a Twbedyr®9dosco i nstrunment (40 g Redi Sep silica ceCums2011098628

MeOH CHC13) to renove netallic and other inpurities. The fractions having
desired conpound were concentrated and its 10conponent isoners were further
separated by chiral SFC [Chiral cel-0J-H 30 X 250 mm 5 urn colum, 125
m./ mn of 40% MeOH (0.5% DEA) in CO, at 100 bar and 35 C]. Exanple 57:

Anal ytical data of cis-(+)-epantiomer (57A): (65 , 13.5% of a dark ash
solid. 15 Retention ti 6. 19\mn. LCM (MH) (+= 2. 1H NWVR (400 MHz,
CDC13): 6 ppm 9.4% (1H\s), 8.%4 (1H s), =47 (§H t,,J= 6.8 Hz),
7.00-6.98 (2H, m Y800(2H, HN J= 9.6 Hz)N  Q 37}6.32 (1H m, 5.81-5.71
(2H m, 5.22 (1H\aN A 0.2 5.10-5. 04> I  MLBEWLH, d, J = 14
Hz), 4.39 (1H ), 3.4 H, im) 42 (3H, s), S30ZNZH M), 2.58-2.49
(1H, m, 2.47 (3H, s), )1\ 1H, m. 20 Anal ytHcal

ci s+)-enantionmer (57B): (7% ngy, 1 of dark ash solid. Re
mn. LCGM (MH) = 50BxadpNidR (40 , CDC13): exgtegd4ocal te
57A. 25 Exanple 58 and 59 (112)-743%nethyl-111-42,4-triazol-1ivl)-18-phenyl
- 10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (azeno) -8, 4- (et henakycl opent a[ h]

[ E10, 127 Oxa)g 'sélﬁﬁ‘&l}’&t*s?%@ﬁ Rﬁ'ﬁ{{l.ﬁ'g ﬁﬂfjmﬁlloi)@ I,Z—‘h’i)b‘holoethane (1.2 L) was taken in a

met hyl - 111-42, 4-m azol - 1- y0- 18- phenyl

-10, 13, 14, 15L 1M¢61®Ch@kranw%b®tomafazk eauzened pa® ageflyxmondrane poy eitropeninigf. h]

11, 10, 12Joxagll BRAGY GhONGREBPEFhilGeen R PRI RARFOREDL R 2RI 4 RARRER st

5  (0.156 g, 0.25 mmol) was added. The mixture was heated at 100 °C for 18 h under

nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced
pressure and the residue was subjected to flash chromatography using a Teledyne Isco
instrument (40 g RediSep silica column) to remove metallic and other impurities. The
fractions having desired compound were concentrated and its component isomers were
10 further separated by chiral normal phase HPLC [Chiralpak IC (250 X4.6)mm 5 mm
column, 1.0 mL/min of 0.2% DEA in hexane:ethanol (80:20) as mobile phase].

Example 39:

Analytical data of cis-(+)-enantiomer (39A): (0.065 g, 5.7%), oft-white solid. Retention
15  time 11.47 min. LC-MS (M+H) " =452.2. "H NMR (400 MHz, DMSO-d6): & ppm 9.77

(1H, s), 9.44 (1H, s), 8.68 (1H, s), 7.53-7.50 (1H, m), 7.31-7.15 (6H, m), 6.67-6.63 (1H,

m), 5.61-5.59 (2H, m), 5.17-5.10 (1H, m), 4.67-4.64 (2H, m), 4.13-4.11 (1H, m), 3.61-

3.56 (1H, m), 2.68-2.56 (2H, m), 2.56-2.50 (1H, m), 2.32 (3H, s), 1.97-1.91 (1H, m).

20  Analytical data of cis-(-)-enantiomer (39B): (0.065 g, 5.7%), off-white solid. Retention
time 10.97 min. LC-MS (M+H) " = 452.2. '"H NMR (400 MHz, DMSO-d6): identical to

its antipode.

Example 40:

25  Analytical data of trans-(+)-enantiomer (40A): (0.065 g, 5.7%), off-white solid. Retention
time 11.07 min. LC-MS (M+H) " =452.2. "H NMR (400 MHz, DMSO-d6): & ppm 9.3
(1H, s), 8.65 (1H, s), 8.34 (1H, s), 7.32-7.17 (7H, m), 6.61-6.58 (1H, m), 6.03-5.99 (1H,
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A solution of Synthon RhB (0.45 g, 0.940 nmmol in 1,2-dichol oethane (2.5 L)
was taken in a 5 L three-necked round bottom flask equi pped with a refl ux
condenserweandiziopioogen 5inl et. The sol uti on was degasse®Cmitushomioszeogen f or
1 h and Hoveyda- G ubbs Il generation catalyst (0.045 g, 0.076 mml) was
added. The m xture was heated at 100 C for 18 h under nitrogen while
nonitoring by LC-MS. Another two batches of the reaction were perfornmed on
sanme scal e and the work-up was perfornmed together. The sol vent was

Chr ot ogr abny LHEI oA FeRyha e heH St 4090 red ety &1 i ca

col um, 50%pet byt s@cabatie mnN2.6R2eneiny M), 2156-2r MemieLalBics)angy-pbher

i mpur i ties. The fractions havi ng desired conpound were concentrated and its
conponent i d6BYs were further separated by chiral reverse phase
supercritical fluid chromatography [Chi ralcel OD-H (30X250 )mm 5 nm
colum, 40 niL/mn of 0.5% at 101 bar pressure and 32.7 C] 15
Exanpl e 58: Amhdicptdatenf tigait-£)- swanep@er((ﬁl?B)eﬁbQﬁﬁ%aﬁé/p ) ebfaubite sohid. Retegtion 6. 504 |

i ght brOVV“mﬁé)U%mBEtL@Jl\)[S)d%ALHﬁEzls‘szﬁ‘NM R 20N o6 S enest b NVR (400
MHz, DMSO- d6) pm 9.75 (1H, s), 9.61 (1H 's), 8.68 (1H, 's), 7.33-7.18
(6H n, 6.7AEPRE. (1H, n), 5.69-5.67 (1H, 20m), 5.47-5.38 (1H, rr),
5.12-5.05 (1H, m, 4.73-4.69 (1H, m, 4.29-4.28 (1H, m, 3.24- 2.99 (4H,

nm, 2.86-2.60 (2H, m, 2.32 (3H m, 2.28-2.02 (2H, nm). Analytical data of
ci s-(-)-enalanpheet! (58B): (0.20 g, 15. 740/() Iight brown solid.

o kT By D LGB o AN 10 My B0 €00

Trans- (+) Enant i orrer (59A) (Ohdxah)giro—9544%eno)k8‘ght brown solid. Retention

oy 28R (i M houcy by I R e n RS - O BT O

J= 8.8 Hz), 6.05-5.02 (1H, d, J= 16 Hz), 5.65-5.52 (1H, d, J= 16 Hz),
4.80-4.79 (2H, m, 4.30-

L

Example 41

N—Me

Z-Z

~)

15 A solution of Synthon RbC (0.600 g, 1.121 mmol) in 1,2-dicholoethane (2.5 L) was taken
in a 3 L three-necked round bottom flask equipped with a reflux condenser and nitrogen
inlet. The solution was degassed by nitrogen for 1 h and Hoveyda-Grubbs II generation
catalyst (0.190 g, 0.319 mmol) was added. The mixture was heated at 90 °C for 18 h
under nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced

20  pressure and the residue was subjected to flash chromatography using a Teledyne Isco
instrument (40 g RediSep silica column, 10% MeOH/CHCIs) to remove metallic and
other impurities. The fractions having desired compound were concentrated and its
component isomers were further separated by chiral normal phase HPLC [CHIRALPAK
TA (250 X4.6 mm) 5 micron, A: 0.2% DEA in n-Hexane (50) B: Ethanol (50), Flow: 1.0

25  mL/ min.].

Example 41:
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54.26 (1H, t, J= 8.4 Hz), 3.01-2.83 (4H m, 2.68-2.58 (3H, nm, 2.33 (3H,
s), 2.01-2.00 (1H, m. Anal ytical data of Trans4-)-Enantioner (59B):
(0.105 g,we.2a89d0930bi ght brown solid. Retention tine 6.8PgruS2LCoMs2§ M-H) =
451.2.11-1NWVR (400 MHz, DMSO-d6): 10identical to its antipode 59A. Exanple
60 13-nmethyl-7-(3-nethyl-1H1,2,4-triazol-hyl)-17-phenyl-11, 12,13, 15, 16,
17- hexahydro- 10H 14, 2- (azeno) -8, 4- (net heno) cycl openta[gl [1,

5,9, 11Joxatri azacycl ohexadeci ne 15 A mixture of Synthon RIL (0.8 g,

1.633 mol hos gng, esi.um carbonate.(0.798 g,
2. 449 mol gA?f’ﬁﬁ ap‘?aﬁﬁ 8&%?1@15 %{tmer @ém@ ﬁ%é)t Qégwrr@ﬁlé%lbdo %@%n roundg
bottom f| aStklg@qus ﬁmeqLOAMLsi(Nameﬂb@z E}m@lﬁn@l@o Maml omalspg@ﬁmlqﬁoe(m @Olgg

m Xt ure was e

ol ) vas. SRR Tha 3P aad B0 GHsmhadbe 7% N O RS
noni toring iy, FRE539¢24Gn V5. 24;5@1@ fﬁ? SVIQQTIHY@S—GDB@HE)aHSQi(HPdﬁJ—rﬂQ%ed

pressure and the residue was ved in ethyl acetate (20 and

filtered tH-bUghl GelT g Hahd 40i (Pl 2t é»%véé‘%éﬁc@ht%%& &d2 l’flhé Bristfe

conpound 51X dseduby, 5 6as 02 ehi t ography using a 25Tel edyne |sco
instrurren\tw(?ﬁg g ResggSe% sili ca@coﬁlt??m with 50% et hyl acetate in pet-
ether) to give a racem c m xture of the title conpound (140 ng). The

enanti oners r PLC [ Chiral cel
QIH (250 X Al tﬁal cfa'thréf*}% o )S&Qﬁtﬁd’?ﬁe‘?@u@j ng%?h{ga 1659}; Bt Qﬁﬁé&hh' [

hexanc: et hak&¢(te0 Tllt@)8 3§snlnolb¢11\é3 ﬁ\ﬁaﬁ)ﬂ— 466.2. '"H NMR (400 MHZ CDCL):
10 identical to its antipode 41A.

Example 42 and 43
(117)-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine and (11E)-7-
15 (5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-
8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

m \
/\N
N NN

)\/

\i/l
>=z
A/

Example 42 Example 43

20
A solution of Synthon RaC (1.4 g, 2.92 mmol) in 1,2-dicholoethane (1.5 L) was taken in
a 2 L three-necked round bottom flask equipped with a reflux condenser and nitrogen
inlet. The solution was degassed by nitrogen for 1 h and Hoveyda-Grubbs II generation
catalyst (0.183 g, 0.292 mmol) was added. The mixture was heated at 100 °C for 18 h

25  under nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced
pressure and the residue was subjected to flash chromatography using a Teledyne Isco

instrument (40 g RediSep silica column) to remove metallic and other impurities. The
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Exanpl e 60: 5Anal ytical data of (+)-enantioner (60A): (0.061 g, 8%
off-white solid. Retention tine 10.11 mn. LCGM (M+H) = 454.2. 1H NWR (400
MHz, CDCNP:208/qopsww8.84 (1H, s), 8.55 (1H, s), 7.50-7.48CrAlS201d/043528. 4 Hz),
7.33-7.14 (5H, m, 6.62 (1H br s), 6.51-6.49 (1H, d, J=8.8 Hz), 4.38-4.35
(2H, m, 4.13-4.09 (1H, m, 3.66-3.60 (2H, M, 3.24 (3H, s) 3.16-3.03 (2H,
m, 2.54-2.52 (1H, m, 2.54 (3H, s), 2.46-2.30 (2H, m, 1.99-1.98 (1H ).
10 Analytical data of (-)- enantioner (GOB) (0. 058 g, 7.59% off-white

sol i d. Retetlonhtlmsd g g gl F‘%ﬁ . 1HNIVR£4O VHz
CDC13) : i deftoie hayigedpdre ﬁ‘fffllb%‘a WEEACNGH! %F&ﬂsé* cgipponent isomers were

18- (2, 4-di fﬁutt@ér@ ﬁﬂéﬁﬂﬁyclaﬂal%&ﬁ%ph%e&ﬁlmm%lpmego &Atd)in@Z0mhml - y 0-

10,11, 12,13, 1 t ahydro- 15, 2- 4- (net heno) cycl opent a[ h]
2 6. 10. 12] ok | 7R OhRar R b nt A &0 57 ADOE DSy, 0. 089 bl
in 6 mM. of 1.1 (MeOH THF) was hydrogenated (balloon pressure H2) at room

tenperature in @‘resence of platinum(lV)oxide (0.005 g, 0.022 nmmol) for 30
mn whil® MBRMP&42hg by LC-MS. The reaction mxture was degassed with

ni trogen a”&naflﬂztlc%ﬁ&a?adof%m(wQ&nﬁ&héﬁ(ﬁzA)T(@OJS'é bls 3%ff"@l§te%9p&%¥eﬁl%@d under
25 reduced pressure and the residue was subjected to chiral preparative SFC

[Ch| ral celtm@DH.6B@InX IZB(MSWJFE) Fsini nesth uﬁ?NMKQ‘E)OMHmDMS(D -dB %0/ 1 0. 5%
CO 1 tQ
ring- Iogene) S(s)hglﬁ’él1 Q%%oﬁpbuz@’q’gi'm a’rﬁ%ya%gg&c? b?bggg%é%?n)aarrpl e 573

yi el ded Examm 2.06 X BHad d=8 . hélzg or G8es@bi e, mg, 5r76qg4031ém®d5.phér®6l(u¢, mpnpound.
Exanpl e, 61: n i cal t (+) 3 i r : , 9 f brown
soi 14, Kot ehfr3n Vs 6T sl o A Sy P 83025 o i cad e
CDC13): 6 ppy-99221H, 1, s), 8.53 (1H, s), 7.49-7.47 (1H, d, J= 8.4 Hz),
7.01-6.95 (2H, m, 6.84-6.79 (2H, M, 6.42-6.40 (1H, nm, 4.42-4.33 (3H, m,
3.81(1H, n), 3.31 (3H, s), 3.22-3.05 (5H, m, 2.62-2.55 (1H, m, 2.47 (3H,
S), 2.08-2. Qdalftizhl dafd of cAQ-)-enantiomer (42B): (0.035 g, 2.6%) off-white solid. Retention

time 16.17 min. LC-MS (M+H) " =452.2. '"H NMR (400 MHz, DMSO-d6): identical to
15  its antipode 42A.

Example 43:

Analytical data of trans-(+)-enantiomer (43A): (0.035 g, 2.6%) off-white solid. Retention

time 17.39 min. LC-MS (M+H) "= 452.2. "H NMR (400 MHz, DMSO-d6): 8 ppm 9.33
20 (1H,s), 8.37(1H,s), 7.91 (1H, s), 7.32-7.22 (2H, m), 7.20-7.17 (4H, m), 7.06-7.04 (1H,

d, /=8.4Hz), 6.62-6.60 (1H, d , /=8.4 Hz), 6.02-5.98 (1H, d, /=16 Hz), 5.65-5.61 (1H,

d, /=16 Hz), 4.77 (2H, s), 4.14-4.10 (1H, t, /=8 Hz), 3.90 (2H, s), 2.80-2.50 (3H, m), 2.24

(3H, s), 1.97-1.91 (1H, m).

25  Analytical data of rrans-(-)-enantiomer (43B): (0.025 g, 2%) off-white solid.
Retention time 25.67 min. LC-MS (M+H) " =452.2. '"H NMR (400 MHz, DMSO-d6):
identical to its antipode 43A.

Example 44
30 (117)-14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17,15-
hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine
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Anal ytical data of O-Enantioner (613): (9 ng, 20% of brown solid.
Retention tine 4.23 min. LCM (MtH) = 504.2. 1H NM R (400 MHz CDCl 3):

i denti calwoaoiz®omnt i pode 61A. 15 Exanple 62 PCT/US2011/043628
7-(3-mrhyl -1H 1, 2, 4-m azol - 1-. 31) - 18- phen. 31- 10, 11, 12, 13, 14, 16, 17, 18- ocnmhyd
ro-15, 2- | azenO- 8, 4-1 et henokycl openta[ h] [ 1, 10, ] 21oxadi azacycl ohermadeci ne
20 Exanple 58A (0.158 g, 0.351 nmol) in 80 nL of 1:1 (MeOH THF) was

hydr ogenat ed (bal |l oon pressure H2) at roomtenperature in the presence of
pl ati nun(IV)oxide (0.016 g, 0.070xx for 40 min while nonitoring by
LC-MS. The reaction m xture was degassed wNyh nitrogen and filtered through
celite. The filtrate was concef\trat gd under/ 25reduced pressure and the

resi due was subjected to ch| ra Norrﬁal phaseMsupercritical fluid

chr omat ogr aphy [ Chiral cel 5 p. m colum, 30 m/mn of 0.5%
DEA in nethanol) in CO2 at 100 bar e/
62A along with a ring-opened pheno

312C]tog|veExarrpIe
ou d Simlarly, exanple 58B was
reduced on the same scale to get Exarrpl'é 62B g€, t he correspondi ng
ring-opened phenolic conpound. Exampi&dd: SA \
(+)-enantiomer (62A): (0.0583 g, 34.9%, off

tical data of

te solid. Retention tine
9.02 mn. LCGM5 (MrH) + = 453.2.1H NVR (400 MHz, CDCl13): 6 ppm 8.93 (1H, s),
8.56 (1H, s), 7.53-7.51 (1H, d, J=8.4 Hz), 735716(5H m, 6.45- 6.45
(1H, m, 4.39- 4.38 (2H, , 427423(1H J=8 Hz), 3.03-2.63 (6H, m,
2.47 (3H, sA solptiamefSyndog REB (hf g, 32239221n11101911n(1@|-4110h¢joet1@@e (2.5 L) was taken

in a 3 L three-necked round bottom flask equipped with a reflux condenser and nitrogen

5 inlet. The solution was degassed with nitrogen for 1 h and Hoveyda-Grubbs II generation
catalyst (0.508 g, 0.811 mmol) was added. The mixture was heated at 95 °C for 18 h
under nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced
pressure and the residue was subjected to flash chromatography using a Teledyne Isco
instrument (40 g RediSep silica column, 10% MeOH in CHCIl;) to remove metallic and

10 other impurities. The fractions having desired compound were concentrated and its

component isomers were further separated by chiral normal phase HPLC [CHIRAL PAK
TA (250 X 4.6 mm) 5 micron, A: 0.2% DEA in n-Hexane (50) B: Ethanol (50), Flow:
1.0mL/ min.].

15  Example 44:
Analytical data of Cis-(+)-Enantiomer (44A): (30 mg, 2%) of a light brown solid.
Retention time 10.27 min. LC-MS (M+H) "=466.2. 'H NMR (400 MHz, CDCl;): § ppm
9.46 (1H, s), 9.37 (1H, s), 8.66 (1H, s), 7.32-7.16 (5H, m), 6.68 (1H, d, J = 2 Hz), 5.79
(2H, m), 5.11-5.08 (1H, m), 4.63 (1H, d, J = 14 Hz), 7.09-7.07 (1H, m), 6.35 (1H, t, J =

20 7.8 Hz), 5.81-5.64 (2H, m), 5.24 (1H, m), 5.02 (1H, t, /= 13.2 Hz), 4.53 (1H, d, J = 14
Hz), 4.13 (1H, q, J = 5.6 Hz), 3.45 (1H, d J = 14 Hz), 3.40 (3H, s), 3.31-3.17 (1H, m),
2.50-2.48 (1H, m), 2.32 (3H, s), 1.92 (1H, m).

Analytical data of Cis-(-)-Enantiomer (44B): (30 mg, 2%) of light brown solid.

25  Retention time 9.76 min. LC-MS (M+H) "= 466.2. 'H NMR (400 MHz, CDCl;):

identical to its antipode.
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Anal ytical data of (-)-enantioner (62B): (45.58 g, 27.9%, off-white solid.
Retention time 9.02 mn. LCGM (MtH) + = 453.2. 1H NVR (400 MHz, CDC13):
i denti calwoaoi®omnt i pode 62A. 15 Exanple 63 17-( PCT/US2011/043628
2,4-clifluorophenyl)-7-(3-methyl-1 H 1 ,2,4-triazol-1-y1)-11,12,13, 15
, 16, 17-hexahydro- 10H 14, 2-(azeno)-8, 4-(nmet henCcycl openta[gl [1, 5,09,
11Joxatri azacycl ohexadeci ne 20 A m xture of Synthon TeK (0.4 g, 0.781
nmol ), xant hphos (0 068g, 0.117 nmol), and cesium carbonate (0.382 g, 1.172
mmol) in 1, (25 nL) was taken in a two-necked 100 nL round bottom
fl ask equi rf’”§4 efl ux condenser and nitrogen inlet. The m xture was
degassed wit h(mzt)n@qe—wubﬁbphélnyl) 738 9ndrRl(-dbiR), 3448a0B1-g) - 0, 378y, romA Js-Was added.
The reaction m xture was heate 105 C for 4 h while nonitoring by TLC
and 25LC- Ms. The sol vent was egﬁ“ﬂ 52442 ugBY-$Educed pressure and the
residue was di gs@hov )@ydl&}ye@fay%y} awv%ﬁatkz;z@cyrﬂzaheﬁaglecmelawm@lzbr(mugh celite.
e

The filtrate was concentrat the crude conp purified by flash

chr ot oyr apHyoragkeiy) 4 (31@’@6\}4%1 J &EEpnkyly ulr?e1r§t14(]15417d8t?@émh$érﬂ &i4-i ca
colum, with 50% E‘etnb)lk 45?6%%%940? LRpRRL B Wo)lzﬁ&aﬂiaY&y@oﬁe%%l%ﬁe m xture of
t he target corrpound ﬁe enantionmers were fuither separated by
chiral normal phase HPLC [Ch| ral pak ADH (250 X 4.6)nm 5 pm colum, 1.0
nilimn of 0.2% DEA in c: et hanol (80: 20) as nobi] e phase]. 5 Exarrple
63: Anal ytical data of [(+)-enantiomer (63A)y (0.0 4\g~, . 7% off-white
solid. Retention /e 05.56 m. LC M5 ( MtH)y=m 47 T 1IFINNVR (400 MHz,
CDC13): 6 ppm 9. ¥g K s), BL57 (1H s), NeX7 k1 (| 3
7.05-6.98 (1H, m, 6..7 m, 6.66 10(1 S
J=8.4 Hz), 4.78-4.76 SNATA6B-4. 40 (3H, m ~F a
2.69-2.60 (3H, m, 2.47 (3’H S) : :
Anal ytical data of ( en o 3B): (0.012 3.2
Retention tine 1%’( ?en‘i .g%"?‘mpi
CDC13): identical to its 15ant| podé 63A. Exanpl e 64

A solution of Synthon SaB (0.75 g, 1.50 mmol) in 1,2-dicholoethane (0.8 L) was taken in

10 a2 L three-necked round bottom flask equipped with a reflux condenser and nitrogen
inlet. The solution was degassed with nitrogen for 1 h and Hoveyda-Grubbs II generation
catalyst (0.094 g, 0.15 mmol) was added. The mixture was heated at 100 °C for 18 h
under nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced
pressure and the residue was subjected to flash chromatography using a Teledyne Isco

15  instrument (24 g RediSep silica column) to remove metallic and other impurities. The
fractions having desired compound were concentrated and its component isomers were
further separated by chiral normal phase HPLC [Chiralpak IC (250 X4.6)mm 5 mm
column, 1.0 mL/min of 0.2% DEA in hexane:ethanol (80:20) as a mobile phase].

20  Example 45:
Analytical data of cis-(+)-enantiomer (45A): (0.07 g, 10%) off-white solid. Retention
time 11.49 min. LC-MS (M+H) " = 470.2. "H NMR (400 MHz, DMSO-d6): & ppm 9.76
(1H, s), 9.39 (1H, s) 8.67 (1H, s), 7.53-7.50 (1H, m), 7.29-7.11 (5H, m), 6.67-6.63 (1H,
m), 5.61-5.59 (2H, m), 5.17-5.10 (1H, m), 4.66-4.63 (2H, m), 4.15-4.13 (1H, m), 3.61-
25  3.56 (1H, m), 2.78-2.53 (2H, m), 2.56-2.49 (1H, m), 2.31 (3H, s), 1.97-1.91 (1H, m).
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18- (2, 4-clifluorophenyl)-7-(3-nethyl-1

H1, 2, 4-triazol-1-y0-10, 11, 12, 13, 14, 16, 17,18- oetahydro- 15, 2-(azeno)-8, 4-
200net hernwyel2apeswal 1i1 [ 1, 6,10, 121oxatri azaeyel ohept agegiuseo11/04362anpl e
51A (0.10 g, 0.205 mml) in 4 nm. of 1:1 (MeOH THF) was hydrogenat ed

(bal I oon pressure H2) at roomtenperature in the presence of

pl ati nunm(1V)oxide (0.011 g, 25 0.051 nmol) for 30 mn while nonitoring by
LC-MS. The reaction m xture was degassed with nitrogen and filtered through

celite. The, filtr centr at u o ressure and the

est due washpsjeallBesiT ERPRaRoER T RAITE « E S IGH O MSIRY Bughh s om
col um, 125 10%0méi L2OMSVVEH) (6.4580 DEANMRY400R R4, DMED-bay: idefibaBl C] to
gi ve exanple 64A along with a ring-opened phenolic conmpound. Simlarly
Exanpl e 51BN#8P¢dsdded to get Exanpl e 64B and the correspondi ng

ri ng- opened phenolic conpound. 5 Exanple 64: Analytical data of
(+)-Enantioner (64A): (15 ng, 15%, brown solid. Retention tine 14.93 mn.
LC- M5 ( MrH)Ex2 . 1H NWVR (400 MHz, CDC13): ti ppm 9.28 (1H, s), 8.54
(1H s), 7-&@ah%icépda(a]dﬂtm%-gﬂ)-eﬁaﬁioﬁleﬁf’&m):7(0.@%,65.7@)) bR nikoli®RAARNAL 10(1
H m), 4.85-4.84 (1H m, 4.42-4.40 (3H m, 3.58-3.56 (2H, n), 2.75-2.61
(4H, m, 2.tge (B mg) LOMBMTIY < 419,.2. nhi NMp HOPINIGa I DMED &/ 60510 ipnEhANt | oner

(64B): (16 7o, 16% . br idoo 0N 4 i B (7,18 Wi LG VB
(MeH) += 49072 o ﬂ&?ﬁﬁ%’%zw”&ﬁcﬁ%@%ﬁn PRt UfE el i18t4sﬁ%a?h?'91|50de VA,
5.07 (1L, J=16 Hz), 5.67-5.63 (1H, d . J-16 Hz), 4 84-4.82 (2H, br s), 4.15-4.11 (1L t,
10 J=8 Hz), 3.89 (2H, brs), 2.79-2.74 (1H, m), 2.68-2.62 (1H, m), 2.59-2.52 (1H, m), 2.31
GH, s, 1.97-1.91 (1H, m).

Analytical data of trans-(-)-enantiomer (46B): (0.035 g, 5%) off-white solid. Retention
time 14.07 min. LC-MS (M+H) "= 470.2. "H NMR (400 MHz, DMSO-d6): identical to
15  its antipode 46A.

Example 47
7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

¢ 7

20

/=N HN
Ne N
A 2
N N
H

Example 47

Example 42A (0.03 g, 0.066 mmol) in 4 mL of 1:1 (MeOH:THF) was hydrogenated
(balloon pressure Hy) at room temperature in presence of platinum(I'V)oxide (0.0037 g,
0.016 mmol) for 60 min while monitoring by LC-MS. The reaction mixture was

25  degassed with nitrogen and filtered through celite. The filtrate was concentrated under
reduced pressure and the residue was subjected to chiral normal phase HPLC [Chiralpak

IC (250 X4.6)mm 5 mm column, 1.0 mL/min of 0.2% DEA in hexane:ethanol (80:20) as
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Exampl e 65 13-nethyl-7-(3-nethyl-1H1,2,4- riazol-1-y0-1

7- (4- 1Mor ophenyl ) - 11, 12, 13, 15, 16,1 7- hexahyd ro-1 O41 4, 2-1azen0-8, 4-

20( met herpaydmopaent a[ gl [ 1, 5, 9, 1 noxatri azacycl ohexadeciPo@/US201Av0m3628 ur e of
Synt hon SeL (0.600 g, 1.183 mmol), xanthphos (0.099 g, 0.176 mmol ), and
cesium carbonate (0.776g, 2.365 mmol) in 1, 4-dioxane (50 nL) was taken in a
two- 25necked 100 nmlL round bottom fl ask equi pped with a refl ux condenser
and nitrogen inlet. The m xture was degassed vvith nitrogen for 1 h and
Pd(QAc), (0.0 6 0 116 ded. The r Jon m Xt.u s heat ed
it T10C £ o MeoHs W) B PR g A e RS e bt SR

evapor at ed Ewngpie 2800580) \pis&smwtoag@dmamﬂém ghaehy\@sresfbingiagkived i n DCM
(100 nL) and fliﬁgred throu h celite. The filtrate was concentrated and the
crude conpothiitF n lSrCPFlP%‘bP by flash chromatography using a Tel edyne Isco
instrunment (40 g Redi Sep silica colum, 10% MeOH in CHCl3) to give a
racem c m xture of the title conpound (250 ng). The enantioners were
further Sep&i@édtby chiral SEC 5 [Chiral cel-OD-H 30 X 250 nm 5 inn

col urm, 1%&@%@%@&%@@%@4&&@4 Eﬁn@%)s ol %@ogff@&hltégam@tem tgée d.

Exanpl e 65: Anal ytical data of ant i omer
off-white s&iﬁnlnl@%b@rﬁwﬁﬁ ﬁ4ﬁé23 PBNMR1(4OQ®HI’IBG(D@1 8ppm?2421HISF1 NI\/R

(00 e, O BRI B filesBlo Bu%f MDD TR, Sed =%

Hz) | 4. 38- 4. 30CPEHM) M. 19-419 (4 n073.6H3. 56 (2H3mY 2- 73 56 (@H, my2,333384s)( 3H, s),

3. 14- 3. 0(%%,2‘%&@2132590(&5,@@, 2.46 (3H, s), 2.34-2.30 (2H m,

1.95- 1.

Analytical data of (-)-enantiomer (47B): (0.01 g, 28.5%), off-white solid. Retention time
18.17min. LC-MS (M+H) "= 454.2. "H NMR (400 MHz, CDCls): identical to its

antipode 47A.
15
Example 48
14-methyl-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine
20

/=N o N—Me
No N
T @
| b7
N N
H
Example 48

Example 41A (0.05 g, 0.107 mmol) in 4 mL of 1:1 (MeOH:THF) was hydrogenated

(balloon pressure Hy) at room temperature in presence of platinum(IV)oxide (0.006 g,
25  0.026 mmol) for 60 min while monitoring by LC-MS. The reaction mixture was

degassed with nitrogen and filtered through celite. The filtrate was concentrated under

reduced pressure and the residue was subjected to chiral normal phase HPLC ( Chiralpak

180



Anal ytical data of O-Enantioner (6513): (57 ng, 10.2%, off white solid.
Retention time 7.66 mn. LCGMS (MtH) += 472.2.1H NVR (400 MHz, CDC13):

i denti calwoaoiz®omnt i pode 65A. 20 Exanpl e 66 PCT/US2011/043628

18- (2, 4-di fl uorophenyO- 13- net hyl - 7- 13- et hyl - 1H-1, 2, 4-tri azol -1-. 1. O-
10,11, 12, 13, 14, 16, 17, 18- ocl ahydr o- 3H 15, 2- (azeno) - 4, 8-

| met henokycl openta[h] [],6,10,12Joxatri azacycl ohept adeci ne 25A m xture
of synthon TgP (0. 59, 0. 926 mml ), Xant hphos (80ng, 0.139mmvl), and cesium

carbonate ( was de ed with
ni trogen f ﬁé%‘@mé % 8 umn( %Rr‘?ﬂ‘q %S(gz%&‘cﬁylﬁfg?g&?@@é % xture
was hegt eddzﬁfmobﬂgﬁlafs?l’to éwla Emmblemgmotﬁg)ainﬁgogale&@ad»{sgc Efdhqio%@dé vent V\ﬁsl
renove unae uce ressure an the resi e Wwa | SSOl ve |n et Yy
acetate ( 30’?}11\45 ’é?f’d‘CtF‘?q fdragpic il By cd dxpnple 4%%@115 the CPIEFSBORBRE "MEapor at ed

under reducgndd BesdlicRompéurddhe crude conpound was purified by a Tel edyne

| SCO i nstrunent (40g colum, 2-3% of nethanol in chloroform to gi ve 290 ng
of a diastereoneric mxture of four conpounds. LC-MS (l\/H—l)I = 504. 2. 51H
NMR: (400 h@gampgxgm) t| ppm8 82 (1H, s), 8.53 (1H, s) 53 7.50 (1H, m,
7.07- 6.9S ( 2Hn? 6.79 (2H, n), 6.44-6.41 (1H, ,460(1H br m,
4.42-4.39 (2nlytigpl dala @ﬂBE%tl@Izﬂ (4%4): ((RO0RZ 26% pofiofiwhity solid, Regentigpy,  s)

T 3a1 a0 (A o PR B e B SRR ABR o oo 2o B L1
1,11421, ig 1121,1s11,67 917@_1]1;8@0@2&!?%(6;]:2]—{629?5?5_6((3121&19?:84;}?2, 4(.323([_?Hehos));:4yt3 OSFSt al h]
sof ut i of? of "G HEhB S 20 Mo obSe oy et 720 mey (llsnEdad

(3H, s), 2.08-2.03 (3H, m), 1.92-1.90 (2H, m).

Analytical data of (-)-Enantiomer (48B): (0.014 g, 28%) of off-white solid. Retention
time 45.05 min. LC-MS (M+H) "= 468.2. "H NMR (400 MHz, CDCl): identical to its
15 antipode 48A.

Example 49
7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8, 4—(methen0)cyclopenta[ hj[1,6,10,12]oxatriazacycloheptadecine

H
NN A
@A/

Example 49
20

Example 39A (0.05 g, 0.107 mmol) in 4 mL of 1:1 (MeOH:THF) was hydrogenated
(balloon pressure H») at room temperature in presence of platinum(I'V)oxide (0.006 g,
0.026 mmol) for 60 min while monitoring by LC-MS. The reaction mixture was

25  degassed with nitrogen and filtered through celite. The filtrate was concentrated under
reduced pressure and the residue was subjected to chiral normal phase HPLC [Chiralcel

OJH (250 X4.6)mm 5 mm column, 1.0 mL/min of 0.2% DEA in hexane:ethanol(80:20)
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15TFA (0.2 nL). The reaction mxture was stirred at roomtenperature for 30
m n. The solvent was renoved under reduced pressure and treated with
sat ur at edweadizumpispcar bonate solution (1 nmL), which wasPextusactiogms t h

ethyl acetate (2 x 2 nL). The organic | ayer was dried over anhydrous sodi um
sul phate and concentrated under reduced pressure to get Exanple 67 as a
racemc m xture. LCM (MrH) = 416.2 20 Exanple 68 and 69

(11E) - 7-crano- 18- (' 4-fhtoropheny0 18- et hyl - 10 13, 14,16, 17, 18- hexahydro-|

g;(; r |( g_; 32 %[‘%ﬁ?ﬁﬁ&)ﬂ% tg %&é Blg q%g[ ?p}q@ [w1t’h a'ring* opene]d phenolic compound.

(112) - 7- cy agignilddy, (F&ahpld GDB RAE %dﬁéedl&géfﬂixbﬁﬁb}el@B and the corresponding ring-

13,14,16, 17, 18- ({161'130:{ ydr o- 15 2- 25(azeno)- 8, 4- (net heno) cycl opent af h]

[1, 6, 10, 12]%‘?%? R ’(93?8’[“8?1 t adeci ne, TEA salt To a solution of Synt hon
UaD (74 ng, 0.162 mmol) in 1, 2-dichloroethane (3249 pL) was added

Hoyveda- Grubbs Il catal yst (6. 90 ng, 8.12 pnol). The resulting solution was
stirred at Bomelatler ni ght. The reaction mxture was purified by PREP HPLC

30 X 150 5m . ol DOVET 26 Dilif s Lat 10098 (A
(300 1000 4kt Léholibdind) 4 @Qﬂqé B R an S15 R QFAI?% Reftafld (

appr opri at etithg blc? imons LiveMe (b@ﬁﬁeﬁt%’éﬂecﬂ{ NMR/H00 XMHAECRN) e 1§80 § (28 éI)H LC- MBS
0 ryt S P D IR SRR SR By, P24 g8 T
(2 H, 5n')74 6H£9;L4 (35.%1&{ mjd4 43481, 241( 51?433%%)3(11’? rﬂ)j@fgﬂ(S;c{IZH 2. 7&%55 t8)7 g gg

r. s.), 4. , app. br t), 2. -
2 85 (2'H 9%?[ %‘%((Ehkfm 8d§ 1993’1%‘37 B8 8.24, 4.73 Hz), > 33 2. 42 (1H m,
1.84 (3 H s). Exanple 69 (trans, atropisoners): LCMs (MtH) + = 428.1. 1H
NMVR (500 11.72 9.34(1 H, dd,
1= 14 95, gﬂ_%%alﬁ%% i 37a ‘gé{g%rlpil‘i‘“"liﬁr (433%](%8134 éjzé% Pgﬁn (;IT§W§EG sol: )%@e‘t@ |(4 M,

6. 96- 7.05 fde H.9Mhin. 6CBUS(M+H) Tedid4. 2 )FBNSBR (440 681z, EDL198ddteikal t6it23 (1 H,
t, J=5.34 Hz), 5.77 (1 H, q, .7=10.88 Hz), 5.59 - 5.68 (1 H, m, 5.04 (1
1
2

H,
ddd, J= 1 4tipedeg9A. 10 99, '3.97 Hz), 4.69 - 4.80 (2 H, m), 3.82 -3.91 (1 H,
m, 2.78- 2.87 (2 H m, 2.53 -2.62 (1L H m, 2.33 -2.42 (1 H m, 1.82 (
H d, J=7.32 Hzé Exanpl e 70

2019- (41160F¢pRENYL) - 17- met hy1- 7- (3-net hyl - 1H- 1, 2, 4-tri azol - 1- yO-
11,12, 13, 14, 164 hémiBy- éﬁm%}zam?lrzg*tig%ﬂz%%é%QJ}P)JU,%1,42,(1@,‘?9,'?9,?@,)9yri doP, 4-

octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

Example 50

20

Example 44A (0.02 g, 0.0.042mmol) in 2 mL of 1:1 (MeOH:THF) was hydrogenated
(balloon pressure Hy) at room temperature in presence of platinum(I'V)oxide (0.0024 g,
0.001 mmol) for 30 min while monitoring by LC-MS. The reaction mixture was

25  degassed with nitrogen and filtered through celite. The filtrate was concentrated under
reduced pressure and the residue was subjected to chiral normal phase HPLC [Chiralpak

IC (250 X4.6)mm 5 mm column, 1.0 mL/min of 0.2% DEA in hexane:ethanol (80:20) as
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12] [1, 6,10, 12] oxatri azaeyel ohept adeci ne (+a TEA salt A sol ution of
N-(4-(5-am no-2-(3-nethyl-1H 1, 2,4-triazol -1-yl) phenoxy) butyl)-2-chl oro8-(4
- f 1 uor ophwoyee)2s®93eet hyl -5, 6, 7, 8-t et rahydr oppi do[ 4, 3- ¢/ ] pgriuse@itn43t2@m ne
(35 ng, 0.065 nmml) in NMP (915 M) was treated with H2SO4 (8.0 M., 0.150
mmol) . The 5mi xture was heated at 90 C for 24 It The crude product was
purified by Prep-H PLC to obtain the title conmpound as a TFA salt (8.0 ng,
20 %yield). LCM5 (MtH)+ = 501.2. Ili NWR (500MHz, nethanol-d4) 6 8.95 (s,
1H), 8.83 (br 7.46 - 7.33 (m, 2H., 7.27 -
7.18 (m 2P, p?%seilt'}’)&welﬂgm?le 52%3@%%afif'@%Opea?d@i%ﬁ,%@@é@f; g@.ﬂéﬂpz, 1H),
4.52 (br. sExamphd44PAwaFeddedollt Bxdnple 408 and4hrrespbdding phdndlic 1H) , 3. 93
(dd, 1=12.4, 5.8 I—(Ilz 1H), 3.67-3.53 (m 3H), 3.12 (s, 3H), 2.51 -2.37 (m
3H), 2.09 (¥MpPo8RC. 2H), 2.00 (br. s., 2H). Exanple 70 (+/-), TEA salt (48
ng, 0.078 mmol) was separated by chiral SFC chromat ography [ Chiral pak AD-
H, preparative colum, 30 X 250 mm 5 pm columm, 70 nL./mn of 40% MeOH
(0.1% DBA) BHmpfS0%t 150 bar and 35 C] to get the 15 enantioners Exanpl e

70A (5.8 nabticEua an i ;48 &l Exanpl
" (LC- I\/ggl? ak cgﬁd %’ 643} ) ﬁ&ﬂé&@?%@oo&%&é% gfggﬁh_tg%ﬁd Rt %(tﬁﬁe 1y anpi e

8.66(s, 1H)25.37. 139 L@—Mszemsl)ﬁz%m H MBI 4007 MLB{ GPCRM, ppin %2(161 9)7 (m 2H)
6.55 (dd, , 7. Hz,

552 (b o002 Ot & JaBG ot 70 R R eyt 3Bl st i TTgace G

1 11 4, 6. QM8 HAH).42 @16 8r otl]3-2.00 (11T, 1, A7 2, 3.41H5.62 RH)( 332 GH), §), 2. 42 (s,

501 32 g‘f« (Nf/éf §6dﬁﬁfz% %éo%zﬁoﬁlﬁdﬁl? 2( 9(3§F2)(gb§g‘§§? (ﬁf%Blz?bgeM%éﬁ’ 1H) 7.39

(d, J=8.5 Ha). 1H) 7.30 - 7.18 (m 2H), 7.11 696(m 2H) , 655(dd
1=8.5, 2.3 Hz, 1H), 4.46 (br. s., 2H), 4.09 (t, J=6.7 Hz, 1H), 3.55 (br.
s., 2H), 3.50 - 253.42 (m 1H), 3.42 - 3.34 (m 1H), 3.08 (dd, 1=11.8,5.9
Hz, 1H), 2.A&ftidl dalaokl-)Enafkioler (50B): (0.0025 g, 12.5%) off-white solid. Retention

time 24.02 min. LC-MS (M+H) " = 468.2. '"H NMR (400 MHz, CDCls): identical to its
15  antipode 50A.

Example 51 and 52
(117)-18-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-
20 (metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine and (11E)-18-(2,4-
difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

(/\\ \
>tN >\l\\l M
N\\/'\\l NTX N\\/N

ij\ A7

Example 51 Example 52
F F

A solution of Synthon TaB (0.430, 0.834 mmol) in 1,2-dicholoethane (2.5 L) was taken in
25 a2 L three-necked round bottom flask equipped with a reflux condenser and nitrogen

inlet. The solution was degassed with nitrogen for 1 h and Hoveyda-Grubbs II generation

catalyst (0.130 g, 0.208 mmol) was added. The mixture was heated at 95 °C for 18 h
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Hz, 1H), 2.49 (s, 3H), 2.42 (s, 3H), 2.04 (d, J=12.7 Hz, 2H), 2.00- 1.82
(m 2H). Exanple 71 7-cyano-19-(4-fluoropheny0O-17-nethyl-11,12,13, 14, 16,
17, 18, 19woebmnposoe- 10H 15, 2- (azeno) - 8, 4- (met heno) pyr i @#0r3]S4011}043628

[1, 6,10, 12] oxatri azacycl ohept adecine (+/-,), TEA salt

54-am no- 2- (44(2-chl oro-8-(4-fl uoropheny0O-6-net hyl -5, 6, 7, 8-tetrahydropyrido
[4,3- d] pyrimdin-4-yflam no)butoxy)benzonitrile was reacted as descri bed
in Exanmple 70 with H2SO4 in NMP to get the title conpound as a bis TFA

salt (33 % yleld FI 500, M., mELh
68. 87 (br. ernﬂ genwhll\ifsntoalto n@yi%/?s %SOWG% 2 ev?ap%r,gte(lﬁl V13 ucefl 23 7.14
(m 2H), 6. &&sﬁﬁdnd tl1e8es{Hue %a@s&ﬂ}ectellh‘l) flash. cﬁfbn{a&%rapﬂ@dsﬂtﬂ@a_ 71]’-5e51e(§/n6 :{ddg H%H) "

4.51 (br. s . 1
3.93 (dd, lizﬂwwff g gé‘@fl&?ep ilﬂﬁa cling 10 PéaOI(I/ﬁ?H%a)to ooy megllicang - 2 14-
1.90 (n, 4Htherbrpii]e8SThéZradtichy having the desired compounds were concentrated and its

18- (4- 11uoropheny0 7-(3-nmethyl-1H1,2,4-triazol - 12, 13,14,1 6,

17, 18- ISoctoamyrisisemer weaez@ﬁbﬁrﬁeoaaatectbw@erﬁb?ﬁg @P’é?lo‘ﬁ]e% H[mXﬂSQmel 10,121

oxal 1| azacye ARERIAES AL kkn 6294 MUOH GIBFHRIG R 06 k0l 85 oF. 4
conpounds) , al

Example 51:
Analytical data of cis-(+)-enantiomer (51A): (24 mg, 6%) of light brown solid.

10  Retention time 5.45 min. LC-MS (M+H) "= 488.2. '"H NMR (400 MHz, CDCI3): & ppm
9.73 (1H, s), 8.57 (1H, m), 7.51-7.49 (1H, m), 7.03-6.99 (2H, m), 6.83-6.78 (2H, m),
6.39-6.35 (1H, m), 5.73-5.68 (2H, m), 5.15-5.05 (2H, m), 4.71-4.68 (2H, m), 4.42 (1H, t,
J=7.2Hz),3.71-3.69 (1H, m), 2.76-2.63 (3H, m), 2.48 (3H, s), 1.98-1.97 (1H, m).

15  Analytical data of cis-(-)-enantiomer (51B): (33 mg, 8.2%) of light brown solid.
Retention time 8.04 min. LC-MS (M+H) "= 488.2. 'H NMR (400 MHz, CDCl5):
identical to its antipode 51A.

Example 52:
20  Analytical data of rrans-(+)-enantiomer (52A): (3 mg, 1%) of brown solid.
Retention time 4.25 min. LC-MS (M+H) "= 488.2. "H NMR (400 MHz, CDCl;): § ppm
9.33 (1H, s), 8.64 (1H, s), 8.33 (1H, s), 7.28-7.19 (4H, m), 7.18-7.15 (1H, m), 6.59 (1H,
dd, /=2, 8.8 Hz), 6.29 (1H, d, J = 16 Hz), 5.66 (1H, d, J = 16 Hz), 4.84-4.83 (2H, m),
434 (1H,t, J = 8.4 Hz), 3.89 (2H, m), 2.78-2.61 (3H, m), 2.33 (3H, s), 1.91-1.87 (1H,
25  m).

Analytical data of trans-(-)-enantiomer (52B): (6 mg, 1.5%) of brown solid.
Retention time 6.43 min. LC-MS (M+H) "= 488.2. 'H NMR (400 MHz, CDCl;):
identical to its antipode 52A.
30
Example 53 and 54
(117)-18-(2,4-difluorophenyl)-7-(5-methyl-1H-1,2,4-triazol-1-y)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-
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The m xture of
1-(5-amno-2-(3-nethyl-1H 1, 2, 4-triazol -1-yl ) phenoxy) - 4- (2-chl oro-7-
20( 4- f 1 uovophepd3096, 7- di hydr o- 5H- cycl opent a[ d] pyri m di rCFAsR@EMmomBRHUt an- 2-
ol (250 ng, 0.477 mmol), PdOAe2 (5.36 ng, 0.024 mol), Cs2C01 (311 nmy,
0.954 mmol ) and xantphos (27.6 ng, 0.048 mmol) in dioxanc (4771 tx1l) was
heated at 100C for 6 h. The crude product was purified by Prep-HPLC to
obt ai n
ig_ E)ét fth;SII: 8??1%,21)2{é‘/{o&%@l&%ﬁnj@?fﬂ};,lé%ﬁ]o%b#’iaggcg/%l?elg)ta]ﬂe%%g an]EZO(’]}T:l)’—I]Sg('Z,lﬁ , 14,16, 17,
(0 ast or ommr o & a4 eomoundey TEA ot (130 o o4 42% yi el d)
i astereoneric m Xt ure conmpounds) , sal t ng, 24. oyie :
LC-MS (MrH) | = 485" -(iﬁmmgf@wcw,m%{,ﬁdﬁdﬁl%ﬂﬁrmeacgde’gep(ad,ea@%4. 0 Hz, 1H),
7.70 - 7.63 (m 1H), 7.34 - 7.26 (m 2H), 7.18 -7.07 (m 2H), 6.85 - 6.77
(m 1H),54.65 (d, J=13.4 Hz, 1H), 4.56 - 4.46 (m 1H), 4.39 -4.23 (m 2H),
3.84- 3.72 (m 1H), 3.65 -3.52 (m 1H), 2.99 -2.88 (m 1H), 2.88 - 2.72 (m

2H), 2.51 -2.43 (m mz (\/\
=N
/N O NH N/\\l\\l o) NH
NQ N N 7/ N7
T | A -
)\ ~ N N F
N" N F H
Example 53 Example 54
. F

A solution of Synthon TaC (0.450 g, 0.873 mmol) in 1,2-dicholoethane (2.5 L) was taken
in a 2 L three-necked round bottom flask equipped with a reflux condenser and nitrogen

10 inlet. The solution was degassed with nitrogen for 1 h and Hoveyda-Grubbs II generation
catalyst (0.136g, 0.218 mmol) was added. The mixture was heated at 95 °C for 18 h under
nitrogen while monitoring by LC-MS. The solvent was evaporated under reduced
pressure and the residue was subjected to flash chromatography using a Teledyne Isco
instrument (40 g RediSep silica column, 10% MeOH/CHCI;) to remove metallic and

15  other impurities. The fractions having desired compound were concentrated and its
component isomers were further separated by chiral SFC [Chiral cel-OJ-H, 30 X 250 mm,
5 um column, 125 mL/min of 25% MeOH (0.5% DEA) in CO, at 100 bar and 35 °C].

Example 53:

20 Analytical data of cis-enantiomer-I (53A): (13.15 mg, 3.1%) of brown solid.
Retention time 6.43 min. LC-MS (M+H) "= 488.2. 'H NMR (400 MHz, DMSO-ds): &
ppm 9.79 (1H, s), 9.77 (1H, s), 7.92 (1H, s), 7.57 (1H, m), 7.22-7.01 (4H, m), 6.69-6.66
(1H, m), 5.61 (2H, m), 5.14 (1H, m), 4.56-4.35 (3H, m), 3.52 (1H, m), 2.79-2.66 (3H, m),
2.23 (3H, s), 1.91 (1H, m).

25
Analytical data of cis-enantiomer-11 (53B): (18 mg, 4.2%) of light brown solid.
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- 2.07 (m 3H).

1018- (4-fl uorophenyl)-7-(3-nethyl-1H1, 2, 4-triazol-1-y1)-10, 11,12, 13, 14, 16,
17,18- WO 2012/009309 PCT/US2011/043628

oct ahydr o- 15, 2- (azeno) - 8, 4- (et heno) cycl openta[ h] [ 1, 6, 10, 12] oxatri azacycl oh
ept adeci n11(3H)-ol (diastereonmeric m xture of 4 conpounds), TFA salt (170
ng, 0.283 mmol) was separated by chiral SEC chronmat ography [ Chiral pak AD-H
preparative colum, 20 X 250 nm 5 gm 45 mL/ m n of 35% MeOH (0. 1% DEA) in

CO2 at 150 bar .and 3 t.0 A 9 d), Exanple
o8 (o7 no, R ERGEEIT 58 BCNS R ?%fn&(@r@%‘bﬁ@{ D L et o
72D (28 Ny, iddBicR9%aty nelpdde 5 anpl e 72A: LC-MS (M+H)+ = 488.3 1H NM R (400
Mz, nethanol-d) 69.21 (br. s., 1H), 8.77 - 8.72(m 1H), 7.42 (d, 1=8.5 Hz,
1H), 7.19 - 7.12 (m 2H) 7.05 - 6.96 (m 2H), 6.59 (dd, J=8.5, 2.3 Hz,
1H), 4.56 (Eixambﬁléﬁl ! 1H) 4 36 (hr. s., 1H), 4.26 - 4. 16 (m 201H),

4.10 (t, 1= 1 (b 1H), 3.50 - 3.39 g . 2.82 - 2.52
(m 3H),5 2. éwa«lyt@als@(%ﬁf f’E’IﬂE (+)zen21mon¥r @d@r‘.(lémﬁ 2. Boapbligh '712)B’n 891@1 VB (I\/H—I) + =

488. 3 1H N“ﬂ{é?erﬁ%Q%nMdzs mHPLbéM@'(Mdﬁ?*@tg% 215H(1~h\f4R (@00 Mi{'iDDM%O% (65%)
7.43 (d, J=8. 61 (dd,

J=8.5, 2.1 W(lﬁﬂ)s) 85066®H(ﬁ;79&112{ 5), Hz24- 71?@(3th1),174$rr700§ H rzz 633 - 4. 20
(m 25 Exa 2 ( 8 400 d4) 6
64’ Cbr g@hedlﬁ%%’\%g Md;klh 3, 5‘ 81 "588‘!!%41&9 9H)1W¥z)24{27?fh@-ﬁ Y ()

2H), 7.08 -6396H, mn&ﬁz)w%almow9 az@(lﬂ np, 1.6H2,57 1R, my 260 (34, S)J 12 3
Hz,lH)O4 (86 ¢ m). 4.27 - 4.19 (m 1H), 4.16 - 4.07 (m 1H), 3.77
-368 % ngﬁ 343(m 1H), 2.84-2.55(m 3H), 2.43 (s, 3H),
2.16- 189(m 3H) . Exarrple 72D: LC—I\/B(M+H)I 488.3 11-1 NVR (400 Mz,

rrethanol 4 ( (s, J=8.5 Hz, 1H),
7 o5 . Szlaa%tlcﬁllz_éta ol; trfas {-) gnag%blzlﬁ] (g%]?_b %1 24 2(/5) dﬁ‘llljgigbr?wnﬁolid L 1H)
4.70 - 4 55Rdtentiod Hme 4423480in ( 0¢-MS-MMOH Hz 488D, 1H4NBI(R (40AMER, DMSOLE), 4. 16 -
4.07 (m 1 3.82.- 3.6 1H), 3.53 -3.43 (m 1H), 2.87 - 2.73 (m 1H),
52.73 -2. 5;‘Dd%‘mcalé?|}t§ alﬁﬁpﬁge %‘Q‘]‘ 3H), 2.23 - 1.93 (m 3H). Exanples 73A-D
7- cyanotsl8- (4-fl uorophenyO-10, 11, 12, 13, 14, 16, 17, 18- oct ahydr o- 15, 2- (azeno) - 8
T Example 55

19-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl)- 11,12,13,14,15,17,18,19-

octahydro-10H-16,2-(azeno)-8,4-

(metheno)cyclopentafi][1,4,7,11,13]oxatetraazacyclooctadecine

H
N>\'\\l o~ N
N NH
N/
NG
N="SN

Example 55

An ice-cooled solution of Synthon ScJ (0.1 g, 0.191 mmol) in NMP (1 mL) was taken in a
round bottom flask and treated with 0.1 mL of conc. H,SO,. The mixture was heated at
100 °C for 18 h while monitoring by LC-MS. The reaction mixture was cooled to rt,

25  diluted with ethyl acetate (10 mL) and treated with saturated sodium bicarbonate (15
mL). The ethyl acetate layer was separated and the aqueous layer was further extracted

with ethyl acetate (2 x 10 mL). The combined organic layers were washed with brine (2 x
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(et heno) cycl opental[ h] [ 1, 6, 10, 12Pmari azacycl ohept adeci n- 11( 3H) - ol

(di astereoner 10; m xture of 4 conpounds), TEA salt CH

4- am no- 2W02e1220083wb or o- 7- (4-f 1 uor ophenyl) - 6, 7- di hydr o- SIHCEyUSR@pomicas d] pyri m
i di n-4- yl am no) - 2- hydr oxybut oxy) benzonitrile, TEA salt was reacted as
described in Exanple 72 with Pd(OAc)2, Cs2CO3 and xant phos in dioxane to
get 7-cyano-18-(4-fluorophenyl)-

1510, 11, 12, 13, 14, 16, 17, 18- octahydro 15, 2- (azeno) - 8, 4-

(et heno) cyg| opent.a[ h] [ 1,6, 10 0X azacyclohe t adecin 11 -ol, TFA

Sart (i not O BBRERRESH Girgpan ok EVERR L P 1h R

(7 4(232 ?/HZ ZTTEﬁeI tﬁ!it@coﬂlﬂdlﬁldgva@f)ulﬁﬂé’d bySflash M%atg%@ﬁlﬂﬂlnghﬁi@gg&hg&% 1(7) §6H-Z
m L -

1H), 4.56 1&stwe(1h§12§|_lbed1Sgp g]@ca c@é\mn é@ﬁ(rpﬁt‘haﬂpﬁ 1nnh10§)|2%rergr Thg enanfi(pi)lers 3.78 ( d

% H)12 g g(z) \%’I’E se 1Ea§e'a thrduchird) nokil phdse 3P 1-C o13@1pekA DN 2502X 8%)mm25 69 (M

7- cyano-18- n«mcelmar bp ﬁéﬁvm)of 102% DEfpinfgxang:cthgnald019) acmeltilpdhesel s, 2- (azeno) -

8, 4- (netheno)cyclopenta[h][1, 6,10, 12] oxati azacycl ohept adeci n-11(31/) -ol

(di astereonmer m xture of 4 conpounds), TEA salt (100 ng, 0.232 mml) was

separ at ed bixaoiplaE: HPLC 25 [ Chiral pak AD-H preparative colum, 30 X 250

TS, ol GO S PR i S Bl R38O
%gm;ln 3 730nﬂ1nHCE¥[Sr(M+(H)7§D8Q 171HngM§xa?](?§mngb@) S@heslmzélumrse of7 Exanpl e
pr epar a]thceHEljofe) ﬁl 7%%&2‘22 gﬁ%ﬁd)ﬁ r% 127(%11@ Ir’%l%r% 7% é%" Wd&li!{)& 1% DEA) in

CO2 at 150 (belrda&waﬁz)(a] 81t(qm&ts)a><mhg(ﬂBBJ%i§Hm 41543@(%13411)63@% 5 and
Exanpl e 73C (14 m, 60% g% H% ='432.2. 114
NMR (500 M£0> @&Hﬁrﬁo@l él/h?(%i o) ”(697( m)1?—|?5 2)52@{@)7% QD 1H), 7,22 -
7.09 (m 2@@1799%111@ 94 (m 2H), 6.56 (dd, J=8.5, 1.8 Hz, 1H), 4.61 (d,
J-11.6 Hz, 1H), 474,22 (m 2H), 4.22 - 4.09 (m 1H), 3.85 - 3.68 (m
1H), 3.57 - 342(m 1H), 2.83 -2.59 (m 3H), 2.11 (d, J=14.3 Hz, 2H),

ﬁegzamljl é4) Qﬁéglcﬁdd%abof@ﬁ%@nﬁe ?13(?)513}50 oG g(sli/b% 3t vvhlé?sg}l@ Regehlt%“%@né rSnOOZIMI)_E

7.06 - 6.91. Q(mmnzHP M§. (MtFP()d@E 43328 FPNMR @W-IMHZlQPCM lg@tl(:d to gs=antipgdez, 1H),
4 34 (br Sq 4.30 - 4.13 (m 2H), 3.74 (br. s., 1H), 3.55 -3.43 (m
5M56 (n1 1H), 2.75 -2.58 (m 2H), 2.13 (br. s., 2H), 2.08 - 1.87

Example 56
20 19-(4-fluorophenyl)-12-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
11,12,13,14,15,17,18,19-octahydro-10H-16,2-(azeno)-8,4-
(metheno)cyclopentafi][1,4,7,11,13]oxatetraazacyclooctadecine

>:N o~ NN
N l\\l NH

Example 56

25  Anice-cooled solution of Synthon SdJ (0.15 g, 0.279 mmol) in NMP (1.5 mL) was taken
in a round bottom flask and treated with 0.15 mL of conc. H»SO,4. The mixture was

heated at 100 °C for 18 h while monitoring by LC-MS. The reaction mixture was cooled
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15(m 1H). Exanple 73C. LC-MB (MtH)+ = 432.1. 1H NMR (500 MHz, nethanol - d4)
6 9.11 (br. s., 1H), 7.36 (d, J=8.5 Hz, 1H), 7.24 - 7.12 (m 2H), 7.08 -
6.93 (m WORP1205®9(dd, J=8.5, 1.8 Hz, 1H), 4.60 (d, J=PCTAISkin1/0iidps 4. 35
(br. s., 1H), 4.27 (d, J=13.1 Hz, 1H), 4.17 (t, J=7.9 Hz, 1H), 3.74 (br.
s., 1H), 3.58 - 3.42 (m 1H), 2.90 - 2.76 (m 1H), 2.76 -2.55 (m 202H),
2.13 (br. s., 2H), 2.07- 1.93 (m 1H). Exanple 73D. LC-M5 (MtH) + = 432. 2.
114 NMR (500 MHz, nethanol-d4) 6 9.22 (br. s., 1H), 7.36 (d, J=8.2 Hz, 1H),
7.24 - 7.11 (m,..2H),.7.10 - 6. , .5 dd, J=8.2,.1.8 Hz, 1H),
4.61 (d, Jopdt ﬂlhﬁ@ W&%ﬁt}lwlzﬁ%te??04151%%@E%eaff%Vzltg&is%teéﬁ935@%%%?% B9, 3. 76
(2 brll ?d %H%_IIA: gflﬁgﬁh'zyl &eﬁa{)& léjgﬁr (\)&%Hiepiﬁg;g:i?d &e%%ue(oﬁ%&ﬂtéﬂ)wlasl’l;rgféz e)larzl)5t8d( m 2H),
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15, 2- (azenObO'lﬁL)‘ldfléE%\J@EE&%:@ﬂéﬁé dRifuta difaie, and concentrated under reduced pressure.
[1,6,10,12] oxatri azacycl ept adeci ne (+/- The m xture of

4- 04~ (ald yKhhstyde)campprsyl g PHuRqd Ryr fsh Elg T3 ogpet e asT ddedyngglsco
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(135 ng, 0.226 mm G ubbs catalog/ eneration (42.5 ny,

0. 068 nmol )W¢rﬁs¢p@ete(dw chlr@ﬂnprmaé@h%éé%@ [&hirg I@:Pb(\;lé@ xﬁ@mm 5TA@ crude

product was. Bhd fiioSHL ¥ §Bo, le phasel.
14, 17-di rretchyl 7- é)yan/gfxnlg ?4/1:5%0r0 e%%%ar&)y(ﬁfo)f mlo%)l ?L% ai%’]- hex

ahydr o- 10H 15, 2- (azeno) - 8, 4- (met hen o) pyri do [ 3, 4-

h][ 1, 6, 1](9 5%1%?%% azacycl ohept adecine (+/-) (6 ng, 4.95%yvyield). LC M
(MtH) - 4 NVR (500 MHz, chloroformd) 59.39 (d, J=1.8 Hz, 1H)

7.34 -7.25 AmlytRk])datl@T+RehantiGhe B5AN (OXHR g, BOABEWRtORL{nRet@ipp tile07 - 6. 92

(5m142-H) 4, 95§€1rré" Hﬁ% ﬁfﬁz@gﬁflwgé 051rﬁ9 N (‘B%\é@ Fg?l@l% %F%“ﬂ 84‘42(6192)21m131(H) m

0.5H), 3. 718433(1419s)( m4927lzi)7 (18, Bl= Zde)]'—'/@607 112(,2H3iﬂ) 7.03- ’ﬂ-(70((2ﬂdd1, 6l4211. 8, 7.0,
2.1 He, 0.5H), 2. 71 (m E?é{ H% 5B/ OLOG CAL
METHODS oa@%ﬁ@ﬁ és’séﬁsHﬁ)of‘%ﬁﬁ @Hﬂdnﬁ%ﬂ )o‘&324'62%1 A3 2H—'F2pf‘é@fuct| on H4

cel I's stablyod (lﬁpﬁfﬁ%quiz(%V\B SNOAPBS13. 95) t@'sﬁ"ﬂ% 3 heo8wegi s1s-nog af,on (H4
APP751 SWE clone 8.20 evel oped at ?1 were nmaintained in | og phase
through t wi Bk 28ad/(] Fhavagd’ G, &), ioid %gItm). For 1050 det er mi nati ons, 30

pi cells (1.5 x 104

Analytical data of (-)-enantiomer (56B): (0.016 g, 11.5%) oft-white solid. Retention time
13.11 min. LC-MS (M+H) "= 501.0. "H NMR (400 MHz, CDCls): identical to its
20  antipode 56A.

Example 57
(117)-18-(2,4-difluorophenyl)-14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
10,13,14,16,17,18-hexahydro-13,2-(azeno)-8,4-
25 (metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

- /\\
“\’“ﬁj

Example 57
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20cel I s/vu-ell) in DM EM nedi a contai ning 0.0125% BSA (Si gma A8412) were
plated directly into 384-well conpound plates (Costar 3709) containing 0.1
pi serialWwg2didoovi®d conpound in DVMSO. Fol | owi ng i ncubat iPOm/USee110B6k8 i N 5%
CO2 at 37C, plates were briefly centrifuged (1000 rpm 5 mn). A 10 pi
aliquot fromeach well was transferred to a second assay plate (Costar
3709) for AP40 neasurenents. Antibody cocktails were 25 freshly prepared by
dilution into 40 niMTris-HCL (pH 7.4) with 0.2% BSA and added to assay

pl ates. For AP42 neasurenents, antibodies specific for the AP42 neoepitope
(565, devel oped at BMS; conjugated to the Wall ac reagent (Perkin Elner))

and the N tgkslufia of SYEGULTEE (@00AD 0PePphintle) (PEDAichembieped [atvaSlaln;
conjugated to A%F (Perkin El i xed. and of the m xture was

ry) were m 0 pl
added to ed8f e eedaeclch}éowgﬁﬁ%é&ﬂt@uippﬁqe with a{/ﬁifémpl??@n%?r phqpfrogen
concent r at i @Rt ahe Qoltidh WRlebasR@SviBNHirdRn MeH WLAdd }ﬂﬁ/@da—@ﬁbb§ﬂﬂg erfdFAi8n

measur enents, anti bodies specific for the AP40 neoepitope (T D, devel oped

at BVS, 5 coibigdd & %%%@Ilwawaa@ dedafesrinixpuee s ivated aetd) C fantf beD6 as

descri bed at!i?fa&enﬂi‘%eﬁ wWhilk &hnAtchedd) 1AMY ThOSNENXEAY &a¥Bse Rl ihe 10 RL
al i quots which h been renoved previ ousl é fromthe cell plate yielding a

final concedfesaicianhthgfresidug W&gﬁ%cted‘r@ﬂﬁ%ﬁ YOWKRTWQN}@F& aPgpyne ksgay pl at es
contai ni ng ; ﬁ&?dn%ﬂfj('sﬁg 1%%[5% Sifad &funtd, t6o J%%M@lﬁ}% lenfRd nleREiRAR €d

over ni ght at Vs det ermned usi ng a View ux counter (Perkin
10El rrer) armhdr@mumm tj@s fidetics hivviegidasgéhepnipenudew fric conoaefrdtedl a@drtyeMast er

brogent || nvaREraa e el AR Rl R R AL B R R e
cl one 8. 20,5 pmeolulinu 25 mt.@dn bfU0Vaec©HL0(IeDEW) in Tabhtd 00 bGomd 36 1id]. of ACt ivity
Exanpl eRati ng" Conmpound of Exanple Activity d. Rating" b 1A3.9 1B
Example 57:
Analytical data of cis-(+)-enantiomer (57A): (65 mg, 13.5%) of a dark ash solid.
15 Retention time 6.19 min. LC-MS (M+H) "= 502.2. 'H NMR (400 MHz, CDCI3): 5 ppm
9.47 (1H, s), 8.54 (1H, s), 7.47 (1H, t, J = 6.8 Hz), 7.00-6.98 (2H, m), 6.80 (2H, t, /=9.6
Hz), 6.37-6.32 (1H, m), 5.81-5.71 (2H, m), 5.22 (1H, q, J = 9.2 Hz), 5.10-5.04 (1H, m),
4.65 (1H, d, J = 14 Hz), 4.39 (1H, m), 3.46 (1H, m), 3.42 (3H, s), 3.25-3.07 (2H, m),
2.58-2.49 (1H, m), 2.47 (3H, s), 1.95-1.88 (1H, m).
20
Analytical data of cis-(-)-enantiomer (57B): (75 mg, 15%) of dark ash solid.
Retention time 2.93 min. LC-MS (M+H) © = 502.2. 'H NMR (400 MHz, CDCl):
identical to its antipode 57A.

25  Example 58 and 59
(117)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine and (11E)-7-(3-
methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine
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Example 58 Example 59

A solution of Synthon RhB (0.45 g, 0.940 mmol in 1,2-dicholoethane (2.5 L) was taken in
a 5 L three-necked round bottom flask equipped with a reflux condenser and nitrogen
5 inlet. The solution was degassed with nitrogen for 1 h and Hoveyda-Grubbs II generation

catalyst (0.045 g, 0.076 mmol) was added. The mixture was heated at 100 °C for 18 h
under nitrogen while monitoring by LC-MS. Another two batches of the reaction were
performed on same scale and the work-up was performed together. The solvent was
evaporated under reduced pressure and the residue was subjected to flash chromatography

10 using a Teledyne Isco instrument (40 g RediSep silica column, 50% ethyl acetate in
chloroform) to remove metallic and other impurities. The fractions having desired
compound were concentrated and its component isomers were further separated by chiral
reverse phase supercritical fluid chromatography [Chiralcel OD-H (30X250 Ymm, 5 mm
column, 40 mL/min of 0.5% DEA) in CO; at 101 bar pressure and 32.7 °C]

15
Example 58:
Analytical data of cis-(+)-enantiomer (58A): (0.21 g, 16.5%), light brown solid. Retention
time 14.7 min. LC-MS (M+H) " =451.2. "H NMR (400 MHz, DMSO-d6): & ppm 9.75
(1H, s), 9.61 (1H, s), 8.68 (1H, s), 7.33-7.18 (6H, m), 6.72-6.70 (1H, m), 5.69-5.67 (1H,

20 m), 5.47-5.38 (1H, m), 5.12-5.05 (1H, m), 4.73-4.69 (1H, m), 4.29-4.28 (1H, m), 3.24-
2.99 (4H, m), 2.86-2.60 (2H, m), 2.32 (3H, m), 2.28-2.02 (2H, m).

Analytical data of cis-(-)-enantiomer (58B): (0.20 g, 15.74%), light brown solid.

Retention time 8.05 min. LC-MS (M+H) "=451.2. "H NMR (400 MHz, DMSO-d6):
25  identical to its antipode 58A.

Example 59:
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Analytical data of Trans-(+)-Enantiomer (59A): (0.12 g, 9.44%), light brown solid.
Retention time 10.5 min. LC-MS (M+H)" =451.2. "H NMR (400 MHz, DMSO-d6): &
ppm 9.65 (1H, s), 8.65 (1H, s), 8.64 (1H, s), 7.33-7.20 (6H, m), 6.71-6.68 (1H, d, /= 8.8
Hz), 6.05-5.02 (1H, d, /=16 Hz), 5.65-5.52 (1H, d, /=16 Hz), 4.80-4.79 (2H, m), 4.30-
4.26 (1H, t, J=8.4 Hz), 3.01-2.83 (4H, m), 2.68-2.58 (3H, m), 2.33 (3H, s), 2.01-2.00
(1H, m).

Analytical data of Trans-(-)-Enantiomer (59B): (0.105 g, 8.26%), light brown solid.
Retention time 6.8 min. LC-MS (M+H) " =451.2. "H NMR (400 MHz, DMSO-d6):
identical to its antipode 59A.

Example 60
13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-17-phenyl-11,12,13,15, 16, 17-hexahydro-
10H-14,2-(azeno)-8,4-(metheno)cyclopentafg][1,5,9,11]oxatriazacyclohexadecine

>: 0/\N,Me

N

- NZ |
S

H

N
\
N
N

Example 60

A mixture of Synthon RiL (0.8 g, 1.633 mmol), xanthphos (0.142g, 0.245 mmol), and
cesium carbonate (0.798 g, 2.449 mmol) in 1,4-dioxane (50 mL) was taken in a two-
necked 100 mL round bottom flask equipped with a reflux condenser and nitrogen inlet.
The mixture was degassed with nitrogen for 1 h and Pd(dba); (0.037 g, 0.163 mmol) was
added. The reaction mixture was heated at 105 °C for 4 h while monitoring by TLC and
LC-MS. The solvent was evaporated under reduced pressure and the residue was
dissolved in ethyl acetate (20 mL) and filtered through celite. The filtrate was
concentrated and the crude compound was purified by flash chromatography using a
Teledyne Isco instrument (40 g RediSep silica column, with 50% ethyl acetate in pet-

ether) to give a racemic mixture of the title compound (140 mg). The enantiomers were
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143 ++ 15A+++ 15B 23 16A+++ 163 ++ 17A5.6 17B ++ 18A+++ 18B 47 19A+++ 193
++ 20A+++ 20B
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further separated by chiral normal phase HPLC [Chiralcel OJH (250 X 4.6)mm 5 um
column, 1.0 mL/min of 0.2% DEA in hexane:ethanol(60:40) as mobile phase].

Example 60:

5 Analytical data of (+)-enantiomer (60A): (0.061 g, 8%) off-white solid. Retention time
10.11 min. LC-MS (M+H) "= 454.2. "H NMR (400 MHz, CDCls): & ppm 8.84 (1H, s),
8.55 (1H, s), 7.50-7.48 (1H, d, /=8.4 Hz), 7.33-7.14 (5H, m), 6.62 (1H, br s), 6.51-6.49
(1H, d, /=8.8 Hz), 4.38-4.35 (2H, m), 4.13-4.09 (1H, m), 3.66-3.60 (2H, m), 3.24 (3H, s)
3.16-3.03 (2H, m), 2.54-2.52 (1H, m), 2.54 (3H, s), 2.46-2.30 (2H, m), 1.99-1.98 (1H, m).

10

Analytical data of (-)-enantiomer (60B): (0.058 g, 7.5%) off-white solid. Retention time
8.84 min. LC-MS (M+H) " =454.2. "H NMR (400 MHz, CDCls): identical to its antipode
60A.

15 Example 61
18-(2,4-difluorophenyl)-14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

>tN o/_\\N"vIe

\
PNy
N

N
N F

Example 61

20
Example 57A (0.045 g, 0.089 mmol) in 6 mL of 1:1 (MeOH:THF) was hydrogenated
(balloon pressure Hy) at room temperature in presence of platinum(I'V)oxide (0.005 g,
0.022 mmol) for 30 min while monitoring by LC-MS. The reaction mixture was
degassed with nitrogen and filtered through celite. The filtrate was concentrated under
25  reduced pressure and the residue was subjected to chiral preparative SFC [Chiral cel-OD-
H, 30 X 250 mm, 5 um column, 125 mL/min of 40% MecOH (0.5% DEA) in CO, at 100

bar and 35 °C] to give Example 61A along with a ring-opened phenolic compound.
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11 21A7.8 21B ++ 22An 223 ++ 23Ad-k 23B ++ 24A+++ 24B 43 25An 253 53
Compound of Activity
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Similarly reduction of 55 mg of Example 57B yielded Example 61B and the

corresponding ring-opened phenolic compound.

Example 61:

5 Analytical data of (+)-Enantiomer (61A): (7 mg, 15%) of brown solid.
Retention time 5.01 min. LC-MS (M+H) "= 504.2. 'H NMR (400 MHz, CDCI3): § ppm
9.22 (1H, s), 8.53 (1H, s), 7.49-7.47 (1H, d, J = 8.4 Hz), 7.01-6.95 (2H, m), 6.84-6.79
(2H, m), 6.42-6.40 (1H, m), 4.42-4.33 (3H, m), 3.81(1H, m), 3.31 (3H, s), 3.22-3.05 (5H,
m), 2.62-2.55 (1H, m), 2.47 (3H, s), 2.08-2.01 (3H, m).

10

Analytical data of (-)-Enantiomer (61B): (9 mg, 20%) of brown solid.
Retention time 4.23 min. LC-MS (M+H) "= 504.2. '"H NMR (400 MHz, CDCl):
identical to its antipode 61A.

15 Example 62
7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine

Example 62

20
Example 58A (0.158 g, 0.351 mmol) in 80 mL of 1:1 (MeOH:THF) was hydrogenated
(balloon pressure Hy) at room temperature in the presence of platinum(I'V)oxide (0.016 g,
0.070xx mmol) for 40 min while monitoring by LC-MS. The reaction mixture was
degassed with nitrogen and filtered through celite. The filtrate was concentrated under

25  reduced pressure and the residue was subjected to chiral normal phase supercritical fluid
chromatography [Chiralcel OD-H (30X 250)mm 5 um column, 30 mL/min of 0.5% DEA
in methanol) in CO; at 100 bar pressure and 31.2 °C] to give Example 62A along with a
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ring-opened phenolic compound. Similarly, example 58B was reduced on the same scale

to get Example 62B and the corresponding ring-opened phenolic compound.

Example 62:

Analytical data of (+)-enantiomer (62A): (0.0583 g, 34.9%), off white solid. Retention
time 9.02 min. LC-MS (M+H) " =453.2. 'H NMR (400 MHz, CDCl3): § ppm 8.93 (1H,
s), 8.56 (1H, s), 7.53-7.51 (1H, d, /=8.4 Hz), 7.35-7.16 (5H, m), 6.45- 6.45 (1H, m), 4.39-
4.38 (2H, m), 4.27-4.23 (1H, t, /=8 Hz), 3.03-2.63 (6H, m), 2.47 (3H, s), 2.13-2.10 (1H,
m), 2.02-1.91 (6H, m).

Analytical data of (-)-enantiomer (62B): (45.58 g, 27.9%), off-white solid. Retention
time 9.02 min. LC-MS (M+H) " =453.2. '"H NMR (400 MHz, CDCls): identical to its
antipode 62A.

Example 63
17-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-11,12,13,15, 16,1 7-hexahydro-
10H-14,2-(azeno)-8,4-(metheno)cyclopentafg][1,5,9,11]oxatriazacyclohexadecine

>>N o/\NH
N \
N)\\N
H

Example 63

A mixture of Synthon TeK (0.4 g, 0.781 mmol), xanthphos (0.068¢g, 0.117 mmol), and
cesium carbonate (0.382 g, 1.172 mmol) in 1,4-dioxane (25 mL) was taken in a two-
necked 100 mL round bottom flask equipped with a reflux condenser and nitrogen inlet.
The mixture was degassed with nitrogen for 1 h and Pd(dba); (0.018 g, 0.078 mmol) was
added. The reaction mixture was heated at 105 °C for 4 h while monitoring by TLC and
LC-MS. The solvent was evaporated under reduced pressure and the residue was
dissolved in ethyl acetate (20 mL) and filtered through celite. The filtrate was

concentrated and the crude compound was purified by flash chromatography using a
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Teledyne Isco instrument (24 g RediSep silica column, with 50% ethyl acetate in pet-
cther) to give a racemic mixture of the target compound (70 mg). The enantiomers were
further separated by chiral normal phase HPLC [Chiralpak ADH (250 X 4.6)mm 5 um
column, 1.0 mL/min of 0.2% DEA in hexane:ethanol(80:20) as mobile phase].

Example 63:
Analytical data of (+)-enantiomer (63A): (0.014 g, 3.7%) oft-white solid. Retention time
15.56 min. LC-MS (M+H) " =476.2. "H NMR (400 MHz, CDCl3): 8 ppm 9.00 (1H, s),
8.57 (1H, s), 7.53-7.51 (1H, d, /=8.4 Hz), 7.05-6.98 (1H, m), 6.83-6.79 (2H, m), 6.66

10 (1H, brs), 6.55-6.52 (1H, d, /=8.4 Hz), 4.78-4.76 (1H, m), 4.46-4.40 (3H, m), 3.62-3.56
(2H, m), 2.69-2.60 (3H, m), 2.47 (3H, s), 2.41-2.38 (2H, m), 1.99-1.98 (1H, m).

Analytical data of (-)-enantiomer (63B): (0.012 g, 3.2%) off-white solid. Retention time
12.37 min. LC-MS (M+H) " =476.2. "H NMR (400 MHz, CDCl:): identical to its
15  antipode 63A.

Example 64
18-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-

20 (metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine
>:N o/_\\ NH
NG N
N~ N7 |
N )\\N
N F
Example 64

Example 51A (0.10 g, 0.205 mmol) in 4 mL of 1:1 (MeOH:THF) was hydrogenated

(balloon pressure H») at room temperature in the presence of platinum(I'V)oxide (0.011 g,
25  0.051 mmol) for 30 min while monitoring by LC-MS. The reaction mixture was

degassed with nitrogen and filtered through celite. The filtrate was concentrated under

reduced pressure and the residue was subjected to chiral SFC [Chiral cel-OJ-H, 30 X 250
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mm, 5 um column, 125 mL/min of 20% MeOH (0.5% DEA) in CO, at 100 bar and 35
°C] to give example 64A along with a ring-opened phenolic compound. Similarly
Example 51B was reduced to get Example 64B and the corresponding ring-opened

phenolic compound.

Example 64:

Analytical data of (+)-Enantiomer (64A): (15 mg, 15%), brown solid.

Retention time 14.93 min. LC-MS (M+H) "= 490.2. '"H NMR (400 MHz, CDCls): § ppm

9.28 (1H, s), 8.54 (1H, s), 7.52-7.50 (1H, d, J = 8.8 Hz), 7.00-6.75 (3H, m), 6.44-6.41
10 (1H, m), 4.85-4.84 (1H, m), 4.42-4.40 (3H, m), 3.58-3.56 (2H, m), 2.75-2.61 (4H, m),

2.47 (3H, s), 2.08-1.94 (5H, m).

Analytical data of (-)-Enantiomer (64B): (16 mg, 16%), brown solid.
Retention time 7.18 min. LC-MS (M+H) "= 490.2. "H NMR (400 MHz, CDCl;): identical
15  toits antipode 64A.

Example 65
13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-17-(4-fluorophenyl)-11,12,13,15,16,17-
hexahydro-10H-14,2-(azeno)-8,4-
20 (metheno)cyclopentafg][1,5,9,11]oxatriazacyclohexadecine

Example 65

A mixture of Synthon Sel. (0.600 g, 1.183 mmol), xanthphos (0.099 g, 0.176 mmol), and
cesium carbonate (0.776g, 2.365 mmol) in 1,4-dioxane (50 mL) was taken in a two-

25  necked 100 mL round bottom flask equipped with a reflux condenser and nitrogen inlet.
The mixture was degassed with nitrogen for 1 h and Pd(OAc); (0.026 g, 0.116 mmol) was
added. The reaction mixture was heated at 110 °C for 16 h while monitoring by TLC and

LC-MS. The solvent was evaporated under reduced pressure and the residue was
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dissolved in DCM (100 mL) and filtered through celite. The filtrate was concentrated and
the crude compound was purified by flash chromatography using a Teledyne Isco
instrument (40 g RediSep silica column, 10% MeOH in CHCls) to give a racemic mixture
of the title compound (250 mg). The enantiomers were further separated by chiral SFC

5 [Chiral cel-OD-H, 30 X 250 mm, 5 um column, 125 mL/min of 30% MeOH (0.5% DEA)
in CO, at 100 bar and 35 °C].

Example 65:
Analytical data of (+)-Enantiomer (65A): (58 mg, 10.3%), off-white solid.

10  Retention time 3.8 min. LC-MS (M+H) "= 472.2. 'H NMR (400 MHz, CDCls): & ppm
8.82 (1H, s), 8.55 (1H, s), 7.55 (1H, d, J=8.8 Hz), 7.13-6.97 (4H, m), 6.61 (1H, s), 6.50 -
6.48 (1H, dd, J = 2.4, 8.8 Hz), 4.38-4.34 (2H, m), 4.11-4.07 (1H, m), 3.72-3.50 (2H, m),
3.24 (3H, s), 3.14-3.02 (2H, m), 2.62-2.50 (1H, m), 2.46 (3H, s), 2.34-2.30 (2H, m), 1.95-
1.90 (1H, m).

15
Analytical data of (-)-Enantiomer (65B): (57 mg, 10.2%), off white solid. Retention time
7.66 min. LC-MS (M+H) "=472.2. "H NMR (400 MHz, CDCI3): identical to its antipode
65A.

20  Example 66
18-(2,4-difluorophenyl)-13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
10,11,12,13,14,16,17,18-octahydro-3H-15,2-(azeno)-4,8-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine

e &L

Non? NH
N WA
)l\ <
N~ N F
H
Example 66
F

25 A mixture of synthon TgP (0.5g, 0.926 mmol), xanthphos (80mg, 0.139mmol), and
cesium carbonate (453mg, 1.389mmol),in 1,4-dioxane (50 mL) was degassed with
nitrogen for 1 h, and Pd(OAc), (21mg, 0.093 mmol) was added . The mixture was heated
at 100 °C for 4 h while monitoring by LC-MS. The solvent was removed under reduced
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pressure and the residue was dissolved in ethyl acetate (300 mL) and filtered through
celite. The filtrate was evaporated under reduced pressure and the crude compound was
purified by a Teledyne ISCO instrument (40g column, 2-3% of methanol in chloroform)
to give 290 mg of a diastereomeric mixture of four compounds. LC-MS (M+H)" = 504.2.
1H NMR: (400 MHz, CDCls) & ppm 8.82 (1H, s), 8.53 (1H, s), 7.53-7.50 (1H, m), 7.07-
6.98 (2H, m), 6.84-6.79 (2H, m), 6.44-6.41 (1H, m), 4.60 (1H, br m), 4.42-4.39 (2H, m),
4.14-3.93 (2H, m), 2.72-2.62 (4H, m), 2.48 (3H, s), 2.17-2.16 (1H, m), 2.05-1.95 (1H,
m), 1.98-1.97 (1H, m), 1.54-1.48 (1H, m), 1.34-1.32 (3H, m).

Example 67

18-(4-fluorophenyl)-3,11,12,13,14,16,17,18-octahydro-10H-2,15-(azeno)-4, 8-
(metheno)cyclopentafh][1,4,10,12]oxatriazacycloheptadecine-7-carbonitrile

J—NH
O
NC N7
s
N N
H
F

To an ice-cold solution of Synthon ShQ (2 mg, 0.0038 mmol) in DCM (2 mL) was added
TFA (0.2 mL). The reaction mixture was stirred at room temperature for 30 min. The
solvent was removed under reduced pressure and treated with saturated sodium
bicarbonate solution (1 mL), which was extracted with ethyl acetate (2 x 2 mL). The
organic layer was dried over anhydrous sodium sulphate and concentrated under reduced

pressure to get Example 67 as a racemic mixture. LC-MS (M+H)" =416.2

Example 68 and 69
(11E)-7-cyano-18-(4-fluorophenyl)-18-methyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine, TFA salt and
(117)-7-cyano-18-(4-fluorophenyl)-18-methyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine, TFA salt
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Example 68 Example 69
F

To a solution of Synthon UaD (74 mg, 0.162 mmol) in 1,2-dichloroethane (3249 uL) was
added Hoyveda-Grubbs II catalyst (6.90 mg, 8.12 umol). The resulting solution was
stirred at 90 °C overnight. The reaction mixture was purified by PREP HPLC (30 X 150

5  mm HPLC XTerra C18 0 to 100% A:B over 26 min, 4 min at 100%B (A is 90:10:0.1
water:MeOH:TFA; B is 90:10:0.1 MeOH:water:TFA)). The appropriate fractions were
concentrated in vacuo. Example 68 (cis): LC-MS (M+H)" = 428.1. '"H NMR (500 MHz,
CDCl) o ppm 11.97 (1 H, s), 7.86 (1 H, d, J=1.83 Hz), 7.42 (1 H, d, /=8.55 Hz), 7.23 -
7.31 3 H, m), 6.98-7.07 (2H, m), 6.81 (1 H, dd, /=8.24, 1.83 Hz), 5.94 (1 H, dt,

10 J=15.87,5.65Hz),5.74-5.84 (2H, m), 4.90 (2 H, br. s.), 4.13 (2 H, app. brt), 2.76 -
2.85 (2 H, m), 2.60 (1 H, ddd, /~=13.28, 8.24,4.73 Hz), 2.33 - 2.42 (1 H, m), 1.84 (3 H, s).
Example 69 (trans, atropisomers): LC-MS (M+H)" =428.1. 'H NMR (500 MHz, CDCls)
dppm 11.72 - 11.83 (1 H, d, /=23.2 Hz), 9.34 (1 H, dd, /=14.95, 1.83 Hz), 7.38 (1 H, dd,
J=8.39,2.90 Hz), 7.21 - 7.25 (3 H, m), 6.96 - 7.05 (2 H, m), 6.81 (1 H, ddd, J=8.32, 4.65,

15 198 Hz), 6.23 (1 H, t,/=5.34 Hz), 5.77 (1 H, q, /=10.88 Hz), 5.59 - 5.68 (1 H, m), 5.04
(1 H, ddd, /=14.34, 10.99, 3.97 Hz), 4.69 - 4.80 (2 H, m), 3.82 - 3.91 (1 H, m), 2.78 -
2.87 (2H,m), 2.53-2.62 (1 H, m),2.33-2.42 (1 H, m), 1.82 (3 H, d, /=7.32 Hz).

Example 70
20 19-(4-fluorophenyl)-17-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
11,12,13,14,16,17,18,19-octahydro-10H-15,2-(azeno)-8,4-(metheno)pyrido/3,4-
h][1,6,10,12]oxatriazacycloheptadecine (+/-), TFA salt
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NH
NN
N N N/
)l\ “
N N
H
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A solution of N-(4-(5-amino-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenoxy)butyl)-2-chloro-
8-(4-fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4-amine (35 mg,
0.065 mmol) in NMP (915 uL) was treated with H,SO,4 (8.0 uL, 0.150 mmol) . The

5 mixture was heated at 90 °C for 24 h. The crude product was purified by Prep-HPLC to
obtain the title compound as a TFA salt (8.0 mg, 20 % yield).
LC-MS (M+H)" = 501.2. '"H NMR (500MHz, methanol-ds) 8 8.95 (s, 1H), 8.83 (br. s.,
1H), 7.66 - 7.60 (m, 1H), 7.46 - 7.33 (m, 2H), 7.27 - 7.18 (m, 2H), 6.75 (dd, J/=8.7, 2.3
Hz, 1H), 4.64 (dd, /=10.1, 6.2 Hz, 1H), 4.52 (br. s., 2H), 4.33 (d, /=15.0 Hz, 1H), 4.29 -

10 4.21 (m, 1H), 3.93 (dd, J=12.4, 5.8 Hz, 1H), 3.67 - 3.53 (m, 3H), 3.12 (s, 3H), 2.51 - 2.37
(m, 3H), 2.09 (br. s., 2H), 2.00 (br. s., 2H).

Example 70 (+/-), TFA salt (48 mg, 0.078 mmol) was separated by chiral SFC
chromatography [Chiralpak AD- H, preparative column, 30 X 250 mm, 5 um column, 70
mL/min of 40% MecOH (0.1% DEA) in CO, at 150 bar and 35 °C] to get the

15  enantiomers Example 70A (5.8 mg, 13.35 % yield) and Example 70B (5.6 mg, 12.89 %
yield).

Example 70A: LC-MS (M+H)" = 501.2. '"H NMR (500MHz, methanol-ds) & 9.34 (s,
1H), 8.66 (s, 1H), 7.39 (d, /=8.5 Hz, 1H), 7.29 - 7.16 (m, 2H), 7.06 - 6.97 (m, 2H), 6.55
(dd, /=8.5, 2.3 Hz, 1H), 4.46 (br. s., 2H), 4.09 (t, J/=6.7 Hz, 1H), 3.55 (br. s., 2H), 3.50 -

20  3.41 (m, 1H), 3.41 - 3.34 (m, 1H), 3.08 (dd, J=11.4, 6.0 Hz, 1H), 2.68 (dd, /~11.7, 7.9
Hz, 1H), 2.49 (s, 3H), 2.42 (s, 3H), 2.05 (br. s., 2H), 2.02 - 1.85 (m, 2H).

Example 70B: LC-MS (M+H)" = 501.3. "H NMR (500MHz, methanol-ds) & 9.34 (br. s.,
1H), 8.66 (s, 1H), 7.39 (d, /=8.5 Hz, 1H), 7.30 - 7.18 (m, 2H), 7.11 - 6.96 (m, 2H), 6.55
(dd, /=8.5, 2.3 Hz, 1H), 4.46 (br. s., 2H), 4.09 (t, J/=6.7 Hz, 1H), 3.55 (br. s., 2H), 3.50 -

25  3.42 (m, 1H), 3.42 - 3.34 (m, 1H), 3.08 (dd, /=11.8, 5.9 Hz, 1H), 2.68 (dd, /~11.7, 8.1

Hz, 1H), 2.49 (s, 3H), 2.42 (s, 3H), 2.04 (d, J=12.7 Hz, 2H), 2.00 - 1.82 (m, 2H).
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based on Af342 cellular 1C50 values in H4 APP751 SWE cl one 8.20. +++ = <
0. 010 ++ wOoQ21093090. 100 'LIM 0.100 - 1.0 piNd 51t w || Poe/useildonic2s 0 one
skilled in the art that the present invention is not limted to the
foregoing illustrative exanples, and that it can be enbodied in other
specific fornms without departing fromthe essential attributes thereof It
is therefore desired that the exanples be considered in all respects as
iIIustratiyE an?:ﬂot restrictive, reference being

xample

7-cvano-19-(4-fluorvophenyl)-17-methyl-11,12,13,14,16,17,18,19-octahydro-10H-15,2-

(azeno)-8,4-(metheno)pyrido[3,4-h][1,6,10,12]oxatriazacycloheptadecine (+/-), TFA salt

O\/\/\NH

NC
N N/
/m ~
N N
H

F
5 4-amino-2-(4-((2-chloro-8-(4-fluorophenyl)-6-methyl-5,6,7,8-tetrahydropyrido[4,3-

d]pyrimidin-4-yl)amino)butoxy)benzonitrile was reacted as described in Example 70 with
H>SO4 in NMP to get the title compound as a bis-TFA salt (33 % yield). LC-MS
(M+H)" = 445.2. '"H NMR (500 MHz, methanol-d,) & 8.87 (br. s., 1H), 7.47 (d, /=8.4 Hz,
1H), 7.42 - 7.35 (m, 2H), 7.23 - 7.14 (m, 2H), 6.65 (dd, /=8.4, 2.0 Hz, 1H), 4.62 (dd,

10  J=10.4, 6.6 Hz, 1H), 4.51 (br. s., 2H), 4.34 (d, /=14.8 Hz, 1H), 4.26 (dd, /=15.0, 1.7 Hz,
1H), 3.93 (dd, /=12.1, 5.9 Hz, 1H), 3.68 - 3.54 (m, 3H), 3.12 (s, 3H), 2.14 - 1.90 (m, 4H).

Examples 724-D
18-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-10,11,12,13,14,16,17,18-
15 octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecin-11(3H)-ol (diastereomeric
mixture of 4 compounds), TFA salt

OH
>§N O\/\/\NH

NN
NN
N

H N=

F
The mixture of 1-(5-amino-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenoxy)-4-(2-chloro-7-
20  (4-fluorophenyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-ylamino)butan-2-ol (250 mg,
0.477 mmol), PAOAc; (5.36 mg, 0.024 mmol), Cs,CO; (311 mg, 0.954 mmol) and
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made to the appended clains, rather than to the foregoi ng exanpl es, and all
changes 10 which cone within the neani ng and range of equival ency of the

cl ai rs arwothermwdiwpe i ntended to be enbraced therein. ECAUSBI1/043828 onpound
of formula (I) B.E. C¥- F 2 including pharmaceutically acceptable salts
t her eof , wherein Rl is anitrile group, or is a live- or six-nenbered
het eroaromatic ring containing fromone to three heteroatons independently
sel ected from nitrogen oxygen and sul fur; wherein said heteroaronatic

ring is optlon ubs ted wi th one I 0 o m hal o,
nal 00 - eal RYPRoTPaPARS PO ! ehadianyt Ra bR AP EB et e
from0 and Ghig, préduct \Sasqgubl‘ﬁﬁéﬂby Bre@'PE)DCS to@éla]iﬁ-l@ﬁl:ﬂ}rbr@'ﬁnylﬁ Gi($)methyl-

- CH2- C1I -CH-CHZ (t rans) &Hy kf? CH( OH) - CH2- Ci12-,

- OH- CHo- OHFO- Aozl L0, %356 %tail?dfo 1é (eI B 0- CH2- CH-: F

i s sel ect edn{kiRAd Ry A éntd 16310 1|2 ox@trReRgelofeptade &Rl 1 {di-Qireofaedd
- CH2- CH2- dﬁ\IRS a)g}(,:l - R@q ; Qﬂg P Ue(glr{%@l (ndggendently

and
sel ect ed f r@ﬁﬁt‘E%leb‘b‘?an%nfiW tTrF@fféH (17 gy 21“{48 %y s sBCHEIMAE) mofe-3 han one
of 'S, T, angy \dirS(s0h MreIRRthanol-dy) & 9.03 (d, J=4.0 Hz, 1H), 7.70 - 7.63 (m, 1H), 7.34 -

7.26 (m, 2H), 7.18 - 7.07 (m, 2H), 6.85 - 6.77 (m, 1H), 4.65 (d, /=13.4 Hz, 1H), 4.56 -
4.46 (m, 1H), 4.39 - 4.23 (m, 2H), 3.84 - 3.72 (m, 1H), 3.65 - 3.52 (m, 1H), 2.99 - 2.88
(m, 1H), 2.88 - 2.72 (m, 2H), 2.51 - 2.43 (m, 3H), 2.22 - 2.07 (m, 3H).

10 18-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecin-
11(3H)-ol (diastereomeric mixture of 4 compounds), TFA salt (170 mg, 0.283 mmol) was
separated by chiral SFC chromatography [Chiralpak AD-H preparative column, 20 X 250
mm, 5 um, 45 mL/min of 35% MeOH (0.1% DEA) in CO, at 150 bar and 35 °C] to get

15  Example 72A (29 mg, 18.94 % yield), Example 72B (27 mg, 17.64 % yield), Example
72C (33 mg, 21.56 % yield) and Example 72D (28 mg, 18.29 % yield).

Example 72A: LC-MS (M+H)" =488.3 'H NMR (400 MHz, methanol-d,) & 9.21 (br. s.,
1H), 8.77 - 8.72 (m, 1H), 7.42 (d, /=8.5 Hz, 1H), 7.19 - 7.12 (m, 2H), 7.05 - 6.96 (m, 2H),
6.59 (dd, J=8.5, 2.3 Hz, 1H), 4.56 (d, /=13.1 Hz, 1H), 4.36 (br. s., 1H), 426 - 4.16 (m,

20  1H), 4.10(t, J=7.9 Hz, 1H), 3.71 (br. s., 1H), 3.50 - 3.39 (m, 1H), 2.82 - 2.52 (m, 3H),
2.47 -2.36 (m, 3H), 2.20 - 1.90 (m, 3H).

Example 72B: LC-MS (M+H)" = 488.3 'H NMR (500 MHz, methanol-dy) & 9.15 (br.
s., 1H), 8.74 (s, 1H), 7.43 (d, J/=8.9 Hz, 1H), 7.23 - 7.11 (m, 2H), 7.08 - 6.98 (m, 2H),
6.61 (dd, J=8.5, 2.1 Hz, 1H), 4.60 (d, /=12.5 Hz, 1H), 4.41 (br. s., 1H), 4.32 - 4.20 (m,

25 1H), 4.16(t, J=7.9 Hz, 1H), 3.75 (br. s., 1H), 3.59 - 3.45 (m, 1H), 2.88 - 2.74 (m, 1H),
2.74 - 2.53 (m, 2H), 2.43 (s, 3H), 2.14 (br. s., IH), 2.11 - 2.04 (m, 1H), 2.04 - 1.90 (m,
1H).

Example 72C: LC-MS (M+H)" = 488.3 'H NMR (400 MHz, methanol-dy) & 9.14 (br.
s., 1H), 8.75 (s, 1H), 7.43 (d, J/=8.5 Hz, 1H), 7.22 - 7.13 (m, 2H), 7.08 - 6.95 (m, 2H),

30  6.61(dd, /=8.7,2.1 Hz, 1H), 4.60 (d, /=12.3 Hz, 1H), 4.41 (br. s., 1H), 4.27 - 4.19 (m,
1H), 4.16 - 4.07 (m, 1H), 3.77 - 3.68 (m, 1H), 3.57 - 3.43 (m, 1H), 2.84 - 2.55 (m, 3H),
2.43 (s,3H), 2.16 - 1.89 (m, 3H).
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1(2 is optionally one, two, or three of the follow ng: hal ogen, Cnal koxy,
OCF3, ClAalkyl, CN;, R3 is independently Cl4 al kyl or hydrogen. 2. A
conmpound w0 2012z100302, wherein Rl is a five-nmenbered het ePoafusa®tliog3oes ng
containing two nitrogen atons wherein the ring is substituted with a halo
group. 3. A conpound of claim1, wherein Rl is a five-nenbered

het eroaromatic ring containing three nitrogen atons wherein the ring is
substituted with a nethyl group. 4 A corrpound of claiml1, whereinleis

-CN. 5. Acorrpo ndo | aim1 wh I S 0X oppound of cl aim
1, V\A‘IEI’EIn]iE(aIHg) _M%FMKE 8783,&{%6{?9 %n&q%nﬁ@gp I'n B-DE

i's - CH2- CHECHGHR 2 t | 8. A
conmpound of cl al n?61@cb\h§%zg?gg-%§gﬁ9§&%sCI@%%HS)H) 7(16: éB% énCHzZH)O42-

CH( OH) - CH2-6-62 Wﬂ&ﬁﬁ&(@)‘kllzﬁiﬂo A9 (m, G), 49 (d.7= @piﬁzelldjﬂé 304,19 (mg. A
conpound of | §) aiign 407\&99{ '@855 583 (19'1%{) 363423 G 11012, SNB?D:)(M%D 10. A

conmpound which is selected fromth grou consi sti ng of

(114-7- (%- CWEE)TZJSMW%;%&@J&H),%; 83 pheit) - 10, 13, 14, 16, 17, 18- hexahydr o- 1
5, 2-

(azeno) -8, 4- (met heno) cycl openta[ h] [ 1, 6, 10, 12] oxatri azacycl ohept adeci ne;
(11E.) - 7- ( 4Exchipbas G34# i mi dazol - 1-y1) - 18- phenyl

-10, 13, 14, 16, 12

(azeno) -5, 4 { R REHay A Ry SRR f2d 8, 4 gt il e e e
(112)-7-(4- c(mﬂedre@e)tycklommﬂzim 6,10,y A pxdvdazwetciv)itpta@ecphEy)-Adib8erkdmd6, 17, 18-
hexahyd{(ﬁ- 15, 2- (azeno) - 8, 4- (net hen {Oj)’ {’f?l %P%ntzzg;[fslf 1 6, 10, 121oxatri azacycl oh
ept adeci ne; (11E) - 7- (47ERIE 0D SHFRM Bk 'y1) - 14- met hyl - 18- phen
y1-10, 13, 14, 16, 17, 18-

hexahydr o- 15 2- (azeno) 8, 4- (et heri o)§ c o enta[h][1, 6, 10, 12] oxatri azacycl o

hept adeci ne; (11E)-7-(4-ch m INg

azol -1-y1) - 19- phenyl- 3, 10, 13, 14, 1'1@\ oct ahyd ro- 2, 16-

(azeno) -8, 4- (et heno) cycl openta[j ] L3) triazac yel ooct adeci ne;
(112)-7-(4-chl oro-1Him dazol - 1-y1) - 14-HretN 9- phenyl - 3, 10, 13, 14, 15, 17, 18

, 19-
oct ahydr o- 2, 16- (azeno) - 8, 4- (et heno) cycl ope j101,7,9, 13]oxatri azacycl ooc
t adeci ne;

F
4-amino-2-(4-(2-chloro-7-(4-fluorophenyl)-6,7-dihydro-5 H-cyclopenta[d|pyrimidin-4-
ylamino)-2-hydroxybutoxy)benzonitrile, TFA salt was reacted as described in Example
72 with Pd(OAc),, Cs,COj3 and xantphos in dioxane to get 7-cyano-18-(4-fluorophenyl)-

15 10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecin-11(3H)-ol, TFA salt
(diastereomeric mixture of 4 compounds). LC-MS (M+H)" =432.2. 'H NMR (400
MHz, methanol-ds) & 8.47 (br. s., 1H), 7.55 (d, J/=8.5 Hz, 1H), 7.36 - 7.24 (m, 2H), 7.19 -
7.07 (m, 2H), 6.81 - 6.69 (m, 1H), 4.64 (d, /=10.8 Hz, 1H), 4.56 - 4.43 (m, 1H), 4.43 -

20 4.30 (m, 1H), 4.24 (br. s, 1H), 3.78 (d, /=12.5 Hz, 1H), 3.65 - 3.50 (m, 1H), 2.99 - 2.86
(m, 1H), 2.86 - 2.69 (m, 2H), 2.30 - 2.04 (m, 3H).
7-cyano-18-(4-fluorophenyl)-10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecin-11(3H)-ol (diastercomer
mixture of 4 compounds), TFA salt (100 mg, 0.232 mmol) was separated by chiral HPLC

25  [Chiralpak AD-H preparative column, 30 X 250 mm, 5 pm , 70 mL/min of 35% MeOH
(0.1% DEA) in CO, at 130 bar and 35 °C] to get Example 73A (16 mg, 14.40 % yield),
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(11E)-7-(4-chl oro-1H i m dazol - 1-y1) - 14- net hyl - 19- phenyl - 3, 10, 13, 14, 15, 17, 18
19-

bctahydravoznﬁmmaiﬂno)-8,4-(netheno)cyc|openta[j][1,7,9PE$Mmmmmmhsm&cyclooc
t adeci ne;

7-(4-chl om 1H i m dazol -1-y1)-19-phenyl - 10, 11, 13, 14, 15, 17, 18, 19- oct ahydr o- 16
, 2-

(azeno) -8, 4- (met heno) cycl openta[i][1,4,7,11, 13]di oxatri azacycl ooct adeci ne;
7-(4-chloro:1/1-im dazol -1 0

T3y~ 27 phelhy B b EESNE T Epmelar a6y BBpprleg D, (17 me. 13.50%

(azeno) - 8, 4yitlaptTiRnexeycdfopenpR[7gB [add Bxduple TiOxad @pirazasy chigheradeci ne;
7-(4-ch|oro-%;1-inidazol-lﬁyl)-13-netQ%I-17- henyl-;}h12f13f15,16,17-hcxahy
dro;101114,51FQQ@ﬁ%bHSF@@PH§¥ﬁBHE}é@gl Beé&mpa] yp{ P BLann ¢4 434N Uz acycl ohexa
deci ne; (0.1%5 DEAG B @0 Latl 156 bhivnll d820] 1o Jgeﬁ@a&améﬁr?@hé{m mg, 15.30 % yield),
y1-3,10,11,12,13,14,15,17,18,19}depahydro-2,1 - (azeno)-8, 4-(netheno)c yc

| opent a[] 2 Exemple73Cokbmei ARCH ¢icdbct adec i ne;

7-(4-chl or og. L %080k -\ks KPJ‘Y)rH;T&' PRENYH NMR (500 MHz, methanol-dy) § 9.23 (br.

210,11, 12, 13. 14,16, 17, 18- 0ct ahydr o- 15, 2-

(azeno) - 8, 4s.(Iibt hého].sh@h,dpbnt. 29 1199 (n 2H0, 10 -ox 24 (mh, 2Ha.yX dhcBadesi ne;

7- (4-chl or o s m.dazol,- - el - ethyl - 18- I

(o011, 12, 1 0 R SR M) A Yo SRR 4 R PS8 open

ta[hl [1,6, b0, H2Bo0at42apadiis 2 8hepiah, 8H),i2nld;(d, J=14.3 HE1Z)), 200416k oro- 1
11-imdggzol - 1-y1)-18-(2, 4-di fl uorophenyl)-10, 13, 14, 16, 17, 18-
hexahydﬁ%-f@}é-‘azeno)-8,4-(netheno)cyc|openta[h][1,6,10,12]oxatriazacycloh

ept adeci ne; Exalbl) 738: (142-0ln$ @vieH = 43720 dEoi vk - yio) MES - rhhhotlizf) I5Wworiqph

enyl)-10, 13, 14, 16, 17, 18- hex ahydro- 15, 2- (azeno -8,4gén1

etheno)cycl%ﬂéﬂt%f%]fi%@%ﬂ@@i@%%xTH{@%é&%ﬁ?@iﬁhéﬁ@é& i G (dd, J=8.2, 1.8

(112) - 7- (4-ghlien o doHaUni1daze) 1dn, viBu-@8: PIeNy¥ho - 4.13 (m, 2H), 3.74 (br. s., 1H),

-10, 13, 14, 16, 17, 18- hexahydr o- 15, 2-

(azeno) - 8, 4-¢het-head)E) - ShehT@(k] ), 246 121 otadfazZally/ér 6h Pt ad8cilrie;

(11.0-7;{ 4-ghhgro-111-i m ckunl-1-y1) - 18- phenyl

- 10, 13, 14, 16,/17, 18- hexahydr o- 15, 2-

(azeno) - 8, 4ExampldiBo ) MDPEHTE MR, 15, NMR5CVEZ avsthiohdpbadietibne;
117)-7-(4-chl aros;111-iJn da -15 18- = d [ e - 14 et hyl-

(10, 1%),, 14,( 165,"%8’1@‘% AR 'dﬁéﬁ%@: '%?‘{?%é%gl?’%’ﬁ'gé - SOHE RN A Y

(et heno) cyrcg tlperit)af. b [dl /61 11DHZ 2] xAad T (bazad gl idvept. adacithe 1H), 4.17 (4,

7-(4-chl oro- _l i.m ol -1- -18-(,2,.4-di fl yoro

enyD) - 14- by o, T 3575 ¥ Yt 58 ot JRD SR gm0y 276555 4ma.

(et henz) cyxppenia] h]AH), 07101 d2{wxatr i azacycl ohept adeci nc;

7-(4-chloro- 1 f1-imdazol-1-y1)-17-(2. 4-difluorophen 0-13-nethgl-1
1,12, 13, 15, HETpK. AR SULEHA%2E (HAB) W) M Enttisbya 0 922 (br

ycl opent al of [1}4)57. % di, JHOXBLNIEBZRSY C1 PPEXDIBCI NNE: 6.92 (m, 2H), 6,56 (dd, J=8.2,
(112) - 7-cyano- 18- pheny1- 10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (azcno) - 8, 4-

( et heno) cyb$ bgerbat R} [d /61 21DH2.2AHoxht4 1 Bzhay.Atottept Gdediditz 1H), 3.76

(11E)-7-cy -1 V k- k0, 18 yarQ-15 ) 4-

(et heno) ci@f*sbiﬁ@?ﬁ] %’1%%?%%@%]8353?@%‘2é@%ﬁghg&%é‘gﬁ‘éﬁ%g?ﬁw 186
25 “Hz, 2H), 2.04 - 1.93 (m, 1H).

Example 74

(117)- 14,17-dimethyl-7-cyano-19-(4-fluorophenyl)-13,14,16,17,18, 19-hexahydro-10H-
15,2-(azeno)-8,4-(metheno)pyrido[3,4-h][1,6,10,12]oxatriazacycloheptadecine (+/-)
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7- cyano- 18- phenyl1-10, 11, 12, 13, 14, 16, 17, 18- oct ahydr o- 15, 2- (azeno) - 8, 4-

(met heno) cycl openta[ h][ 1, 6, 10, 12] oxatri azacycl ohept adeci ne;

(112) - 7- cwarror2®9302, 4- di f | uor ophenyl ) - 10, 13, 14, 16, 17, 18Phenshydioasedd, 2- (aze
no) -8, 4- (metheno)cycl opentalh][1, 6,10, 12] oxatri azacycl ohept adeci ne;
(11E)-7-cyano- 18- (2, 4-di fl uor ophenyl)-10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (aze
no) - 8, 4- (et heno)cycl openta[h][1, 6, 10, 12] oxatri azacycl ohept adeci ne;
7-cyano-19- (4-fl uorophenyl)-11, 12,13, 14, 15,17, 18, 19- oct ahydr o- 10H 16, 2- (aze
no)-8,4- (meth eno)cyclopenta[i][1,4,7,11,}3]oxatetraazacyclooctadecine;

7-cyano-19-(4-f|uorophenyl)-lz-netgy#a\g/N
1,12, 13, 14,15, 17, 18, 19- oct ahydr o- | OH 16772-
(azeno)-8,4-(netheno)cyc|openta[iF 1,4,7NIT
(11 2)-7-c yano- | NC\<§;>T P
8- (2, 4-di fl uorophenet hy1-10, | 3, 14\1¢/ ﬁ,1§{he ahydr o- 15, 2-
(azeno) - 8, 4- (net heno) c ycl openta[hl [1,6, 10, oxatri azacycl ohcpt adeci ne;
(112) - 7- cyano- 14- et hyl - 18- pheny1- 10, 13, 14, 7, 18- hexahydr o- 15, 2- (azeno) -
8,4- (nmetheno)cyclopenta[h][1,6, 10, 12] oxatri azacycl ohept adeci ne;

(11E) - 7-cyano- 14-net hy 1- 18-phenyl- 1 F
0,13, 14, 16, e i8rnexan ﬂ(égryﬁgle%zf)%ﬁﬂpg—'(Aﬁﬂafdroli)henyl)—6—methyl—5,6,7,8—

(et heno) cycl openta[ h] [ 1, 6,10, 12] oxatri azacycl ohept adeci ne;
7- cyano- 13-wahygropyrrdaih &ipyrimidin 2. yigmim )-2(alty laxp) bragetiyighs JFA @GR me,

4, 2- - /| eriti i deci ;
ST b T v it i ol
0- 15, 2- 5 DCE (75.3 ml) was heated at 90 °C overnight. The crude product was purified by Prep-

-8, 4n h I - i deci ne;
s 1 PSP B SL L by 10, A Al B RIBIACEE 0

-8, 4- t e 6 pe At (adend) FR14-6n@hchd)pyorelB i | oh deci

;-cyanoggz- ﬁgﬁg? 8-phenaggig 11..12 I?E4,lpf§§?ié?oot?§; eclggEg-(azeno)-
. o Ut e YRR PR e Sy e Rod R e RS Pl
7- cyano- 17-432,&-'diNMBRas@pyierychlord3rivet By 89 1d, /223 13, 115), 18417 28exabyyr o- 1011-
14, 2- (azeno%-S 4-&gethenggcyclopenta%g%jl 5,9, 111oxatri azacycl ohexadcci nc;
(112) - 71 &y ahdt 181 9HRA- 715 07 4%(M.2H 6707 0% (i By 091532 a1 koY 278, 4-
(met heno) cycq, 1t 4L, 516 %2,]19[5,65@4&24@55/. @, ohgptadecdong:, 1H), 4.51 (m,
(11E)- 7-cyano- 18- phenyl1-10, 13, 14,16, 17, 18- hexah ydro- 15, 2-(azeno) -8, 4-
(1t heno) Lyl bbaabapHP [, &bk 3170 xadlaEhetioloHd it hdddimati), 3.17 (ddd.
[--oyano- 18- phiehylo 0y i 3, A ol 177 L achiahydy a: 38) 2+ (azeno) -8, 4-

(et heno) cycl openta[ h][1, 10, 12] oxadi’azacycl ohept adeci ne;

(112)-7-(3-nethyl-1H1, 2, 4-triazol -1-y1)-18- phenyl - 10, 13, 14, 16, 17, 18- hexahy

dro-15, gs IOLOGICAL METHODS

(azeno)-8,4-(netheno)cyc|opentéﬁhffﬁ,g,10,12 oxat ri azacycl ohept adeci ne;
Cellular assays for inhibition of AF1-40 and AP1-42 production

H4 cells stably transfected with APP751 containing the Swedish mutation (H4
APP751 SWE clone 8.20, developed at BMS) were maintained in log phase through

pd .
13Noxat ct roa7acycl ooct adeci ne;

twice weekly passage at a 1:20 split. For ICso determinations, 30 pl cells (1.5 x 10*

20 cells/well) in DMEM media containing 0.0125% BSA (Sigma A8412) were plated
directly into 384-well compound plates (Costar 3709) containing 0.1 pl serially diluted
compound in DMSO. Following incubation for 19 h in 5% CO, at 37 °C, plates were
briefly centrifuged (1000 rpm, 5 min). A 10 ul aliquot from each well was transferred to
a second assay plate (Costar 3709) for AP40 measurements. Antibody cocktails were

25  freshly prepared by dilution into 40 mM Tris-HCI (pH 7.4) with 0.2% BSA and added to
assay plates. For AP42 measurements, antibodics specific for the AB42 neoepitope (565,

developed at BMS; conjugated to the Wallac reagent (Perkin Elmer)) and the N-terminal
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(11E)-7-(3-nethyl-1H 1, 2, 4-tri azo

-1-y1

- 10, 13, 14, 16, 17, 18- hexahydr o- 15, 2-
(azeno) - yo-20mawbsno) cycl opent a[ h] [ 1, 6, 10, 12] oxat r i azacycraiseqtiadises ne;

(112) - 14- met hy1- 7- ( 5- met hyl

-11-1-1,2,4-tri azol

) - 18- phenyl

-1-y1)-18-phenyl

-10, 13, 14, 16, 17, 18- hex ahydm 15, 2- (azeno) - 8, 4- (et heno) cycl opent a
[h][1,6,10,12] ox atriazacycl ohept adec i ne;

(112)-7-(5-methyl-1H1, 2, 4- triazol

-10, 13, 14, 16, 17, 18- hexahydr o-

(azeno) 8, &w@W@P%

(11E) -
dr o- 15,

1-yl

) - 18- phenyl

&eh E%Pé‘ﬁ%géﬁﬁa‘ieﬁflmed@t PP psugetel 40 ARG (Pl St merdei ne;
( 5- et Mdealil 20 21 fethd mBERL whs ¥dhba &BsPORBY be dOintdbald LB pikte 18- hexahy

(azeno) - 8 4y1¢1dmg hé’m@l)qoycﬂnummﬁ[()hi]t{gzlwesl, X0 amQFﬁmg[well aglacy tbothe pPadeci ne;
uremelgts arrTlFbOQlYes specﬁlc 12 t the A[348l neoepl opYe ](’}”SI% e%l e&élajt E!R/[S]'S 14,16, 17
hexahydro- %nﬁfgﬁt@@ﬁﬂﬁé Wallde l(eﬁ@hﬂﬂ”@fk)rﬁMﬁie@P@rMM] o UeGrib@ db3joxatr i azacycl oh

(112) - 14- et h
, 18-

ept adeci ne;

(112) - 18- (4-

fl uorophe

nyl

-7-(3-nmethyl-1H 1, 2,4-tri azo

-y1) -10,1 3miggd gigl 20l pg the mixture was added to the 10 ul aliquots which had been removed

hexahydr o- l&e@o&sﬁzﬁ&ﬂ }he%eﬂ’

ept adeci ne;

-4

11E) -

uorop en

yl)-

fafé%ﬁé]&iﬁgb GR&l cggc%ﬁﬁﬁ olﬂ]o[f 1 ’6%}%1111?5]15)Mt I7isazacycl oh

111-1, 2, 4- tng/\aqlbzélld ﬁs)say gl@esl@n@mm@nmodm.wm;@Wm@_ _ahignigum foil and
; gg.zeno) - 8, e fuIRE DENMf: ¥ GePRNLA il dbrBindPast OV AL AR RRYS LR Pt adec

7- ( 5- met(by 1Eliid) Bn@ Gy vali@mbtetming) usd@s pinenfiling B, Chttyedask8 (el W#ed1 8- oct ahyd

ro-15, 2-

(azeno) - 8, 4- ( met REATHEY &F BRERTUTNE FATBOTES IFPOREIPHAYHLYRIBHESPANER ne;
14- met hy 1- Too(iBaEetDyaluck kh 4 APA75 T SWEQond 82D) ard Bhpfeayin Thole 1Xbdiawil 3, 14, 16, 17

, 18-

oct ahydr o- 15, 2- (azeno) - 8, 4- (et heno) cycl openta[ h] [ 1, 6, 10, 12] oxatri a2acycl oh
eptadec in e;

7-(3- net hyl
dro- 15, 2-

(azeno) -8, 4-
14- met hyl - 7-
18- phenyl
| openta [ hi

fl uorophenyl)-7- (3
hexahydr o- 15,

| ohept adecin

(11E)- 18- (2, 4-di f|

16,17, 18-

hexahydr o- 15,

ept adeci ne;
Z)-18-(2, 4-d
, 18-

hexahydr o- 15,

ept adeei ne;
y1l)-7-(5- et

hexahydr o- 15,

yel ohept adee
19-(4-fluoro
11, 12, 13, 14,
(met herto)cy
19-(4-fluoro
11, 12,13, 14,
(et heno) cyc

-10,

-1H 1,2, 4-triazol -

Table 1

1-v1)-18-pn
al

henvl-1ﬂ 11,

12,13 14,16, 17, 18- oct ahy

Compound of Activity Compound of | Activity
(et heno)egwplopent a[Rajipd, 6,110, E2jmdat rilazReyrd ohept adeei ne;
(3-nethyl -141-1,2,4-t39azol-1-y1)B ++
11,12, 13, 24, 16, 17, 18++ oct ahydr 02R5, 2- (lazenn) - 8, 4- ( et heno) cyc
[1, 6, 10, 12Bax atri azaeycl ohept adeBi ne; ++ (112) - 1842, 4-di
-m ethyl- 1H 1, 244-trijazol -4B-y1) -|10, 183 14, 16, 17, 18-
2- (azeno) sR&, 4- (et heno) c opentafi] [ 1, 6, 10,42] oxatri azacyc
e 6A 3.6 6B ++
uor oppenyl)-7- (gg et hyl-1Hg, 2, 4-[triaz. 0ol1-1-y1)-10, 13, 14,
8A +++ 8B +++ _
2-(a en0)9g>4-(r thenq) cyciopenygl nj{ 1,6, I 12j oxatri azacycl oh
. (ITioA S P 1 ) e
i fluor UpIIEH)AJ.) =7+ (5" nef hy =t 1 gpd-trrazol 1=y 0; 10, 13, 14, 16, 17
2_(a n \I_QtA A—{ et IA+++ | " .,-.1+2Br hlrl1 ~ ’I—’I_'\—'_’I"'ﬂ )XatrlazaC C|Oh
(2 Bhg o 4 dr doro peBn 1 26 17 ’
hyl- 1H-1, 2'_1;4.@”&\:’205 %*\,'1) 10, 10,2%4, 16,1374
- 4-(mpt he Yevel L op a4 [h1Tl1 610 1 I
iﬁegazewwﬁigi-ﬁ (methenc)eye toperta [h][1,6;10,12] oxatri azae
pheny1) - 7- Y78 net hy1- 13401, 2, la-t rildBol - 1-ly1) -+
15, 17,[18, 1HQ\npfahyd#ﬁ#1nH.1ﬁ 9lﬁBypnn\-R,&U
cl opent all9%1 4,7 11+13] oxlat et rl@Bzan yc | obkct adeei ne;
pheny1) - | 20fet hyl - 7- (3Fnet hyl - 20B- 1, 2,|4-tril azol -1-y1)-
15, 17,|18, 1040ct ahydr 2804 || 6, 21Bazeno) - 8, 4-
| opent|a[i]228 4, 7,11, 18} oxatlet r a®22Bcycl doet adeci né;
23A +H 23B ++
24A -+ 24B 43
25A ++ 25B 53
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(112)-18-(2, 4-di
,2,4-triazol

- 1_y1)_

fl uor ophenyl) - 14- net hyl- 7- ( 3- net hyl -
10, 13, 14, 16, 17, 18- hexahydr o- 15, 2- (azeno) -8 , 4-

11-1

(met heno)woye1dmpsent a[ h] [ 1, 6, 10, 12] oxatri azacyc | ohept a®t€®iuse011/043628

(112)-7-(3-nethyl-1H 1, 2, 4-tri azol -

0, 13, 14, 16, 17, 18- hexahydr o- 15, 2-
(azeno) - 8, 4- (net heno) cycl openta[ h] [ 1, 10, 12] oxadi azacycl ohept adeci ne;

(11.0- 743- met hyl -

-yl)-18- phenyl -

1

azol -1-y1)- 18- phe
(azeno) - 8, 4- (et he
13 -neth y1-7-(3-

1,12, 13,15, 16, 17-
[1,5,9,1 I]oxatria
18- (2, 4-di fl uoroph
10, 11, 12, 13, 14, 16,
1,6,10,12] oxatri az
1-1-y1l)-18-phenyl-
(azeno) - 8, 4- (et he
17-(2,4-di fluorop
-yl)-11,12, 13, 15, 1
| openta[g][1,5,9,1
18- (2, 4-di fl uoroph
6,17, 18-

oct ahydr o- 15, 2-(a
ept adeei ne;

13- met hy1- 7- ( 3- met
15, 16, 17-

hexahydr o- 10H- 14, 2
| ohexadeei ne;

18- (2, 4-di fluorop
10, 11, 12, 13, 14, 16,
(et heno) cycl opent
18- (4-fl uoropheny
OH 2, 15- (azeno) -
ycl openta[ h] [ 1, 4,

(11E) - 7- cyano- 18- (
2- (azeno)-8, 4-(ne
(112)-7-cyano- 18- (
2- (azeno)-8, 4-(ne
19- (4-fl uorophenyl
11, 12,13, 14, 16, 17,
h][1, 6, 10, 12] oxatr
7-cyario-19-(4-flu
1,12, 13, 14, 16, 17, 1
(azeno) - 8, 4- (et he
18- (4-fl uorophenyl
, 18-

oct ahydr o- 15, 2-(a
ept adcci n11(310- 01

| H1,2,4-tti
W—1013,14.16, 1+ 18-hexahydro—15;
ﬁ%@ﬁ@%ﬁ%ﬁ%ntagﬁl?iﬁlo, Agiesed oz 4c %g“ﬁghe)tadecine;
et Hyrgmnle | 1 Rafogr i gz ol Exanply. 17-
exah3fdy 0101 14, Pt (azeho) - £6B- ( net henochc opent a[ g]
zaey¥lohexadeci te; 27B
eny D8AL4- net hyl 13- (3-|net hyA3B | H-1,2,4-triazo|-1-y1)-
17, 1®Aoet ahydr g=15, 2-|(azer®B- 8, 4-| (nettheno) cycl opent a[ h] [
anyciozhept adeci tie; B0B3- nethhyl -+ H1,2,4-tri azo
10, 1AL2, 13, 14,46, 17, 18- o@1Bahydr|o- | 5312-
no)cynxlopenta[hﬂ _1,10,I2MBxadiazacye | ohepl ad ee i ne;
hertaysly - 7- (3-nmethyl - H 1, 238-tri dzol -4
6, 17342hex ahydmp1011-14, 2-Fu@zeno)|- 8, 4¢ met heno) eye
T Joxa{ ri azacyclohexadeei ngp 140
enyliga/- (3fmet hyl - TH L, Z, &-gri azql - I-y1)- 1D, 11, 12, 13, 14, 1
I8A RN 38B_ . . I .
eno) 33, 4- (et heg) cyciopenogal M { 1,6, 10, I2foxat ri azacycl oh
hyl'jfl)’ﬁ' 24 L—T:;_d.LUI = 1= yi}?—ﬁl?- (4-1H ui)il ophenyl)-11, 12, 13,
\azigé, 84 (d%ghero,cycégﬁen a[g][igﬁ,e,Ll]oxatriazacyc
eny2¥ M3 ppt ™7 (3 et A B 1 o 4 3% 4201 - 1-v1) -
17 18%ct ahydrot 3015 2. ( §98ne) g-
! J 7 \ 7
al-h] *,6,10,121vxatriazac?@ﬁohﬂntadﬂv?nﬂ;
) -3, 1213 14616 17 18-49Bt ahydro- TF
8- (4%t henp)c 43B 88
0, 124%xat r i azacytl ahept ade¥Bne- 7-[carbonitri |l e;
4-f | 3y opheny1)18- net hy1-508, 13, 14, 161117, 18- hexahydr o- 15,
| hendYcycl openttdfrh] [ 1), 6, 131B2] oxdt ri azacycl ohept adeci ne;
4- f 1 ey opheny1) 18- net hy1-508, 13, 14, 16t#17, 18- hexahydr o- 15,
t hen®Acycl openttaf-h] [ 1, 6, 133B2] oxat ri aacycl ohept adeci ne;
) - 17542et hyl - 7- ((3+net hy1- 1158B1, 2, 4-triwzol - 1-y1) -
18, 1&20ct ahydm 40H 15|, 2- ( &58n0) - 8, 4- (+wet heno) pyri do[ 3, 4-
i azaspacl ohept adeci ne; 56B ++
oropynyl)117-ngghyl-| 1 578 ++
8, 19sct ahydr o+3QH-1 5, 2- 588 24
no) P3yA do[ 3, 4- il 1, 6,10, TXLgxat r ijazacyclohept adeci ne;
Y- T-&ox met Nyl - 1TH 1,2, @-Trigpol - 1-[yl)-{10, 11} 12, 13, 14, 16, 17
61A 41, 6IB_, . . _ o _
BNO) s 5, 4- (et heng) cyclopenghaf ti { 1,6, 14, 12 pxat ri azacycl oh
' 63A - 63B 25
64A 5.3 64B ++
65A ++ 65B ++
68 160 69 120
70A ++ 70B -
71 ++ 74 ++
T2A +++ 72B +++
72C +++ 72D -
73A ++ 74B 10
73C ++ 74D +++
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7-cyano- 18- (4-fl uorophenyl)-10, 11,12, 13, 14, 16, 17, 18- oct ahydr o-

5, 2-(azeno) -8, 4- (netheno)cyclopental[h][1,6,10,12]oxatcriazacyc | oheptadec
i n-11( 3/ OWO2p122000809 (112)- 14, 17-di met hyl- 7- cyano- 12CctASkémonsphen
y1l)-13, 14,16, 17,18, 19- hexahydro-1011-

15, 2- (azeno) - 8, 4- (net heno) pyri do[ 3, 4-h] [ 1, 6, 10, 12] oxatri azacycl ohept adeci ne
; or a pharnmaceutically acceptable salt thereof. 11. A pharmaceuti cal
conposition conprising a conpound of claiml in association with a
pharmaceutically acceptable carrier or diluent. 12. A pharnaceuti cal
conposition conprising a conpound of claim 10 in association with a

pharmaceut 1 Gall ¥ BSEPR! RPA R efifthl 1] valles H Y KBB751 SWE clone 8.20.

+++ = <0.010 uyM
++ = 0.010-0.100 uM
+ = 0.100-1.0 uM
5 It will be evident to one skilled in the art that the present invention is not limited

to the foregoing illustrative examples, and that it can be embodied in other specific forms
without departing from the essential attributes thereof. It is therefore desired that the
examples be considered in all respects as illustrative and not restrictive, reference being
made to the appended claims, rather than to the foregoing examples, and all changes

10 which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced therein.
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CLAIMS

1. A compound of formula (I)

o {5

T=y
including pharmaceutically acceptable salts thereof, wherein

R! is a nitrile group, or is a five- or six-membered heteroaromatic ring containing from
one to three heteroatoms independently selected from nitrogen, oxygen, and sulfur; wherein said
heteroaromatic ring is optionally substituted with one or two groups selected from halo, haloC;.
salkyl, hydroxyl, amino, C;salkoxy, and C;.ealkyl;

A is selected from O and CH,, or is a bond;

B-D-E is -CH,-CH=CH-CH,- (cis), -CH,-CH=CH-CH,- (trans), -(CH2)3-, -(CHz)s-.
-CH,-CH(OH)-CH,-CH,-, -CH,-CH,-CH(OH)-CH>-, -CH,-CH,-N(R?)-CH,-CHj,-, or -CH,-CH,-
O-CH,-CH,-;

F is selected from O and NR?, or is a bond;

G is selected from —CH,—, ~-CH,~CH,—, NR?, and -N(R*)-CH;-;

S, T, and U are independently selected from carbon and nitrogen, with the proviso that no
more than one of S, T, and U is nitrogen;

R? is optionally one, two, or three of the following: halogen, C,salkoxy, OCFs, Ci4alkyl,
CN;

R?is independently C) 4 alkyl or hydrogen.

2. A compound of claim 1, wherein R! is a five-membered heteroaromatic ring containing two

nitrogen atoms wherein the ring is substituted with a halo group.

3. A compound of claim 1, wherein R! is a five-membered heteroaromatic ring containing three

nitrogen atoms wherein the ring is substituted with a methyl group.

209



4. A compound of claim 1, wherein R'is-CN.
5. A compound of claim 1, wherein A is oxygen.
6. A compound of claim 1, wherein F is NH, NMe, or NEt.

7. A compound of claim 1, wherein B-D-E is -CH,~CH=CH-CHy— (cis), -CH,~CH=CH-CHz>—
(trans), (CH»);— or ((CHz)4— .

8. A compound of claim 1, wherein B-D-E is —CH,~CH(OH)-CH,—~CH,—, -CH,—CH>—
CH(OH)-CH,—, —CHZ—CHZ—N(Rs)—CHz—CHz—, or -CH,—CH,—O—-CH,-CH,—.

9. A compound of claim 1, wherein G is -CH;—, -CH,—CH,—, or —N(R3 }CH,—.

10. A compound which is selected from the group consisting of:
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-(4-chloro-1H-imidazol-1-y1)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
(11Z)-7-(4-chloro-1H-imidazol- 1-y1)-14-methyl-18-phenyl-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
(11FE)-7-(4-chloro-1H-imidazol-1-yl)-14-methyl-18-phenyl-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][ 1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-(4-chloro-1H-imidazol-1-y1)-19-phenyl-3,10,13,14,15,17,18,19-octahydro-2,16-
(azeno)-8,4-(metheno)cyclopenta[j][1,7,9,13]oxatriazacyclooctadecine;
(112)-7~(4~chloro-1H-imidazol-1-yl)-14-methyl-19-phenyl-3,10,13,14,15,17,18,19-
octahydro-2,16-(azeno)-8,4-(metheno)cyclopenta[j][1,7,9,13]oxatriazacyclooctadecine;
(11E)-7-(4-chloro-1H-imidazol-1-yl)-14-methyl-19-phenyl-3,10,13,14,15,17,18,19-
octahydro-2,16-(azeno)-8,4-(metheno)cyclopenta[j][1,7,9,13 Joxatriazacyclooctadecine;
7-(4-chloro-1H-imidazol-1-y1)-19-phenyl-10,11,13,14,15,17,18,19-octahydro-16,2-
(azeno)-8,4-(metheno)cyclopenta[i][1,4,7,11,13 ]dioxatriazacyclooctadecine;
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7-(4-chloro-1H-imidazol-1-yl)-17-phenyl-11,12,13,15, 16,17-hexahydro-10H-14,2-
(azeno)-8,4-(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;
7-(4-chloro-1H-imidazol-1-y1)-13-methyl-17-phenyl-11,12,13,15,16,1 7-hexahydro-10H-
14,2-(azeno)-8,4-(metheno)cyclopenta[g][ 1,5,9,11]oxatriazacyclohexadecine;
7-(4-chloro-1H-imidazol-1-yl)-19-phenyl-3,10,11,12,1 3,14,15,17,18,19-decahydro-2,16-
(azeno)-8,4-(metheno)cyclopenta[j][1,7,9,13]oxatriazacyclooctadecine;
7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,11,12, 13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,6,10,1 2]oxatriazacycloheptadecine;
7-(4-chloro-1H-imidazol-1-yl)-14-methyl-1 8-phenyl -10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,1 2]oxatriazacycloheptadecine;
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-(2,4-difluoropheny1)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,1 2]oxatriazacycloheptadecine;
(11E)-7-(4-chloro-1H-imidazol-1-y1)-18-(2,4-difluorophenyl)-10,13,14,16,17, 18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopentafh][1,6,10,1 2]oxatriazacycloheptadecine;
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,13,14,16,17,1 8-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,10,12]oxadiazacycloheptadecine;
(11E)-7-(4-chloro-1H-imidazol-1-yl)-18-phenyl -10,13,14,16,17,1 8-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,10,12]oxadiazacycloheptadecine;
(112)-7-(4-chloro-1H-imidazol-1-yl)-18-(2,4-difluorophenyl)-1 4-methyl-
10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine;
7-(4-chloro-1H-imidazol-1-yl)-18-(2,4-difluorophenyl)-14-methyl-
10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
7-(4-chloro-1H-imidazol-1-y1)-17-(2,4-difluorophenyl)-13-methyl-11,12, 13,15,16,17-
hexahydro-10H-14,2-(azeno)-8,4-(metheno)cyclopenta[g][1,5,9,11 Joxatriazacyclohexadecine;
(11Z)-7-cyano-18-phenyl-10,13,14,16,17,1 8-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-cyano-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
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7-cyano-18-phenyl-10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(11Z)-7-cyano-18-(2,4-difluorophenyl)-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-cyano-18-(2,4-difluorophenyl)-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
7-cyano-19-(4-fluorophenyl)-11,12,13,14,15,17,18,19-octahydro-10H-1 6,2-(azeno)-8,4-
(metheno)cyclopentafi][1,4,7,11,13]oxatetraazacyclooctadecine;
7-cyano-19-(4-fluorophenyl)-12-methyl-11,12,13,14,15,17,18,19-octahydro-10H-16,2-
(azeno)-8,4-(metheno)cyclopenta[i][1,4,7,11,13 Joxatetraazacyclooctadecine;
(112)-7-cyano-18-(2,4-difluorophenyl)-14-methyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(11Z)-7-cyano-14-methyl-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][ 1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-cyano-14-methyl-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
7-cyano-13-methyl-17-phenyl-11,12,13,15,16,17-hexahydro-10H-14,2-(azeno)-8,4-
(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;
7-cyano-18-(2,4-difluorophenyl)-14-methyl-10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
7-cyano-17-(2,4-difluorophenyl)-11,12,13,15,16,1 7-hexahydro-10H-14,2-(azeno)-8,4-
(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;
7-cyano-14-methyl-18-phenyl-10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
7-cyano-17-(2,4-difluorophenyl)-13-methyl-11,12,13,15,16,17-hexahydro-10H-14,2-
(azeno)-8,4-(metheno)cyclopentalg][1,5,9,11]oxatriazacyclohexadecine;
(11Z)-7-cyano-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,10,12]oxadiazacycloheptadecine;
(11E)-7-cyano-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,10,12]oxadiazacycloheptadecine;
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7-cyano-18-phenyl-10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,10,12]oxadiazacycloheptadecine;
(112)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17, 18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(112)-14-methyl-7-(5-methyl-1F-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][ 1,6,10,1 2]oxatriazacycloheptadecine;
(112)-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl -10,13,14,16,17,18-hexahydro-1 5,2-
(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(11E)-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
(11Z)-14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]Joxatriazacycloheptadecine;
(11Z)-18-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl) -10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,1 2]oxatriazacycloheptadecine;
(11E)-18-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1) -10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopenta[h][ 1,6,10,12]oxatriazacycloheptadecine;
7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
14-methyl-7-(5-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12Joxatriazacycloheptadecine;
7-(3-methyl-1H-1,2,4-triazol-1-y1)-18-phenyl-10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;
14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)- 18-phenyl-10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,1 2]oxatriazacycloheptadecine;
(112)-18-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopentah][ 1,6,10,12]oxatriazacycloheptadecine;
(11E)-18-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,1 2]oxatriazacycloheptadecine;
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(112)-18-(2,4-difluorophenyl)-7-(5-methyl-1H-1,2,4-triazol-1-y1)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopenta[h][1,6,10,12]Joxatriazacycloheptadecine;
(11E)-18-(2,4-difluorophenyl)-7-(5-methyl-1H-1,2,4-triazol-1-y1)-10,13,14,16,17,18-
hexahydro-15,2-(azeno)-8,4-(metheno)cyclopenta[h][ 1,6,10,12]oxatriazacycloheptadecine;
19-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-yl)- 11,12,13,14,15,17,18,19-
octahydro-10H-16,2-(azeno)-8,4-
(metheno)cyclopenta[i][1,4,7,11,13]oxatetraazacyclooctadecine;
19-(4-fluorophenyl)-12-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
11,12,13,14,15,17,18,19-octahydro-10H-16,2-(azeno)-8,4-
(metheno)cyclopenta[i][1,4,7,11,13]Joxatetraazacyclooctadecine;
(112)-18-(2,4-difluorophenyl)-14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
10,13,14,16,17,18-hexahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
(112)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,10,12]oxadiazacycloheptadecine;
(11E)-7-(3-methyl-1H-1,2,4-triazol-1-yl)-18-phenyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,10,12]oxadiazacycloheptadecine;
13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-y1)-17-phenyl-11,12,13,15,16,17-hexahydro-
10H-14,2-(azeno)-8,4-(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;
18-(2,4-difluorophenyl)-14-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
10,11,12,13,14,16,17,18-octahydro-15,2-(azeno)-8,4-
(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
7-(3-methyl-1H-1,2 4-triazol-1-yl)-18-phenyl-10,11,12,13,14,16,17,18-octahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,10,12]oxadiazacycloheptadecine;
17-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-11,12,13,15,16,17-
hexahydro-10H-14,2-(azeno)-8,4-(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;
18-(2,4-difluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;
13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-17-(4-fluorophenyl)-11,12,13,15,16,17-
hexahydro-10H-14,2-(azeno)-8,4-(metheno)cyclopenta[g][1,5,9,11]oxatriazacyclohexadecine;
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18-(2,4-difluorophenyl)-13-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
10,11,12,13,14,16,17,18-octahydro-3 H-15,2-(azeno)-4,8-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecine;

18-(4-fluorophenyl)-3,11,12,13,14,16,17,18-octahydro-10H-2,1 5-(azeno)-4,8-
(metheno)cyclopenta[h][1,4,10,12]oxatriazacycloheptadecine-7-carbonitrile;

(11E)-7-cyano-18-(4-fluorophenyl)-18-methyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]oxatriazacycloheptadecine;

(112)-7-cyano-18-(4-fluorophenyl)-18-methyl-10,13,14,16,17,18-hexahydro-15,2-
(azeno)-8,4-(metheno)cyclopentafh][1,6,10,12]oxatriazacycloheptadecine;

19-(4-fluorophenyl)-17-methyl-7-(3-methyl-1H-1,2,4-triazol-1-yl)-
11,12,13,14,16,17,18,19-octahydro-10H-15,2-(azeno)-8,4-(metheno)pyrido[ 3,4-
h][1,6,10,12]oxatriazacycloheptadecine;

7-cyano-19-(4-fluorophenyl)-17-methyl-11,12,13,14,16,17,18,1 9-octahydro-10H-15,2-
(azeno)-8,4-(metheno)pyrido[3,4-h][ 1,6,10,12]oxatriazacycloheptadecine;

18-(4-fluorophenyl)-7-(3-methyl-1H-1,2,4-triazol-1-y1)-10,11,12,13,14,16,17,18-
octahydro-15,2-(azeno)-8,4-(metheno)cyclopentalh][1,6,10,12]Joxatriazacycloheptadecin-
11(3H)-o];

7-cyano-18-(4-fluorophenyl)-10,11,12,13,14,16,17,18-octahydro-1 5,2-(azeno)-8,4-
(metheno)cyclopenta[h][1,6,10,12]oxatriazacycloheptadecin-11(3H)-ol, and

(112)- 14,17-dimethyl-7-cyano-19-(4-fluorophenyl)-13,14,16,17,18,19-hexahydro-10H-
15,2-(azeno)-8,4-(metheno)pyrido[3,4-h][ 1,6,10,12]oxatriazacycloheptadecine; or a
pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition comprising a compound of claim 1 in association with a

pharmaceutically acceptable carrier or diluent.

12. A pharmaceutical composition comprising a compound of claim 10 in association with a

pharmaceutically acceptable carrier or diluent.
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