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Field of the Invention The present invention relates to the
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neur ol ogi cal disorders in mammals, including 5 humans. This invention al so
relates to inhibiting, in mamal s, including humans, the production of
A-beta peptides that can contribute to the formation of neurol ogical
deposits of amyloid protein Mre particularly, this invention relates to
spi ro-pi peridine conpounds useful for_the treatnent of neurodegenerative
and/ or neurol ogi cal di sor dePSTPERAY BETNSFRRYIREF B dPEEESe and Down' s
Syndrone, related to A-beta peptide production. Background of the Invention
Denentia results froma w de varig@ﬁdefméhmkhm@iive pat hol ogi cal processes.
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ind R b e THECHORn et e o e e ol el Fapatle ot sowid the N ©
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et o ooyt oal ky! SR Pk Ry boe et bi fisealf i pies ey oors,
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to three hydirexyber amhhat!oheiyewmm;beunhail ©YeDs. Wekybsemymmabtkyé ates $62R7,

- NR7CORY7, R7 -N(R7) .2 rein |, 20
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t oget her wit he, carbo h e bonded to forma cycl oal kyi ene noi ety or
a heter ocycl%g%k§|58ﬂgp?£i4ét g%l"4\?\):1er ein said - 3 - cycloal kyl ene or

het er ocysel oal kyl ene noi ety i s opbdomabdof tisulbsémtiont ed with one to three

hydr oxyl, aryl, heteroaryl, hal ogen, alkyl, cycloal kyl, -S02R7 -NR7COR7,
-CON(R) 2, -COCOR7, -C(0)R7, -CN, or -N(R7)2, wherein said aryl, alkyl,

cycl oal kyl and heteroaryl substituent is optionally substituted with one to
t hree hal ogen, al kyl, hydroxyl, or -O 5alkyl; when is a double bond, R b
is absent and Rl is hydrogen, alkyl, alkenyl, -(CH2)t-cycl oal kyl,
-(CH2)t-heterocycl oal kyl, -(CHarYl, -(CH2)rheteroaryl, -(CH2)rOR5,

-(CH2): N(R7) 2, -NH(CH2)t-cycl oal kyl, -NH (CH2)rheterocycl oal kyl, NH
(CH2),-aryl, -NH (CHA-heteroaryl, -(C-12),-COR5, -(CH2)i-502R5, or 10
wherein said al kyl, al kenyl, -(0-12)1cycloal kyl, -(CF12)rheterocycl oal kyl,
-(CF12)raryl, or -(0-12)1heteroaryl R1' substituent is optionally
substituted with one to three hydroxyl, aryl, heteroaryl, hal ogen, alkyl,
cycl oal kyl, -S2R7 -NR7COR7, -CON(R7)2, -COOR7, - C(0)137, or -N(R7)2,




each R3 is independently hal ogen, alkyl, cyano, hydroxyl, -0-alkyl, -0-

cycl oal kyl, -S02R7. -N(R7)2, -CON -CON(R7)2, -(CH2)t-cycl oal kyl,

- (CH2) i hewenzooyosizal kyl , -(CH2)t-aryl, or -(d -12)t- het ecoaB3iov/odsesei n sai d
R-1 alkyl, -(CH2)t- 20 cycloal kyl, -(CH2)t-heterocycloal kyl, -(CH)t-aryl,
or -(CHZ)t heteroaryl is optlonally subsﬁltuted with one to three R4;

each R4 is independently al kyl, hal ogen, “cyano, -SO2NHR7, -CON(R7) 2,

-Ni (R7)2, -N(R)COR7, -N R)COZR? -S02N(R7) 2, -N(R7) SO2R7, -COW - S02R7,
-(CH2) rcycl oal kYL - (CHZ) r het er ocycl oal kyI -(CH2)t-aryl, -(CHA-heteroatyl,

CH2)t- 25 N(RZ Ri kyl, .
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- (CH2) s- het earcee;ﬁmbzelswts)mr@n&tatmgnmmermt‘tcymsmbst| tuted by one to three
cyano, al kyl, halogen, -CF 3 o w€ach, RS is independently hydrogen,
al kyl, (CHZ)t cycl oal kyl, (CI-lZ)ufthet | oal kyl, -(CH2):-aryl, or
-(CHA- het eroaryl; wherein said -( oal kyl ,

30- (CH2) r het erocycl oal kyl, -(CHA-aryl™or \; (CH2)t-heteroaryl is optionally

substituted with one to three Ro; - [4 - each R6 is independently

al kyl, hydroxyl, al koxy, hal ogen, cy : BN(R7)2, -(CH2),-cycl oal kyl,

-(CH4- het erocycl oal kyl, -(CH2)raryl, CH2)i heteroaryl; each R7 is

i ndependent|y hydrogen, al kyl, -(CHA- kyl, -(CH)i- 5

het er ocycl oal kyl, -(CH2)-aryl, or -( roaryl, or when two R7

substituents are attached to the sa nitrogen atomthey may be taken

together with the nitrogen to which they are-gttached to forma

het er ocycl oal kyl ene Moi ety; and wherein t¢aid at’ik%/l -(CH2) t - cycl oal kyl ,

-(CH2)t-heterocycl oal kyl, -(CH2)raryl, of -(CH2) rhet eroaryl are optionally

substituted with one to three al kyl, haI n_gh cyano, hydroxyl, or --OR4; n

is an integer selected froml, 2 and 3#’ a each t is an integer

i ndependently selected fromO, 1, 2 Andor phar maceutl caI | y acceptable salts

thereof. In another enbodinent of the inVention, n 1, In a further

enbodi nent are
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enbodi nment , J%Ebgﬁtﬁ Pth%@H%&IS er m\%ht&%mt%eggar bonm?tg %t?s)ﬁﬁ.g@e%gﬁ zﬁFe({;btst gret‘eorm a

cycl oal kyl erFé gV y or a heterocycl oal kyl ene noiety. I n another exanpl e of

this 20enbodi ment r iagpnt of
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of the itBvergryiofyclgalkg, getgqocyqi@e WA G Hsteraatibis artionalhf sybppiituten ethiang oA i s

cycl oal kyl . ﬁétar’wanot her enbodi ment of the invention, Ais heteroar yI I n

anot her enbodi nent of the invention, A | S heterocycl oal kyl .
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- S02R7, | g -m , g ard

-(0-12) tTShg@%ggqmyky D t%l%-l or %)1‘! ('ER(?V\,her el n each R{ F”( |,
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CH2) t - het S 3 hree
cyan &l kyl ARl PR o OB R Te T SRR ke’
aryl or het erueatﬂyted it ora 1p ghiegdiasspre naryly h@t@@qryl h‘ﬁiO@QEna kn*yémcioa S’té)ZNHR?
CON(R7) 2, - NGR/®2. Nlﬁ“d%ié CCB%N R@%Bﬁzaczpmﬂl g TN R%are%@géﬁ’& aryl,

-(CH2)i cycI oal Ryl erocycl oal k
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-(CHOrcycl o :%,Dh&%;er I 2 &2,

-(CH2) t - het ?ralcﬁgfglallﬁs opt | ngf%lﬁge%&dgﬁ Iy s%%tg%%/{vmgkcﬁbaghtge %ret hr ee
cyano, al kylbenfed sylerm a @rRalkgiene ORBelY AT ametanetyclerigne nstety hherainisgdh nent ,
R4 is hal ogen, alkyl, -OR5, cyan, trifluoroal kyl, -(CH2)-cycl oal kyl,
-(CK-jtheterocycl oal kyI , -(CH-aryl, or -(0- 12)t-heteroary| , Wherein each

-(CH2) tcycl oal kyl, -(CH2)t-heterocycl oal kyl, -(CH2)t-aryl, or
-(CH2)t-heteroaryl, is optionally independently substituted by one to three
-OW al kyl, cyano, or halogen. In an exanple of this enbodinment, Ais aryl
and R4 is -0OR5, wherein R5 is independently -(CHA-cycl oal kyl or
-(CKA-heteroaryl whereint is zero and said cycloal kyl or 15 heteroaryl is
optionally substituted with one to three R | n another exanple of this
enbodiment, Ais aryl and R4 is -(CH2)ratyl wherein t is zero and the aryl
|s opt| onal I y substl tut ed by one to three ~cyano, aI kyI, haI ogen, or -0R5 In

N T B —~ A - ~1 S\ 1 o,




I n anot her enbodi nent of the invention Ais aryl, heteroaryl, cycloal kyl or
het erocycl oal kyl, and A is optionally substituted with two R4 substituents,
I n one 30woersmpBa3of this enbodi ment, each R4 is i ndepentantdoyozsbidyl|

hal ogen, cyan, -SO2NHR7. -CON(R7)2, -N(R)COR7. -SN(R7)2, -N(R7)S02R7,
-CON -S02R7, (CH2)rcycl oal kyl, -(CHA-heterocycloal kyl, -(CH)-aryl,

- (CHA- heteroaryl, -(CH2)t- - 6 - 1\1(R7Y2, or -(CH2)1-O0R5 wherein each R4
al kyl, -(CH2)t-cycl oal kyl, -(CH)heterocycloal kyl, -(CH)raryl, or

-(CHO heteroaryl is optionally independently substituted by one to three
cyano, al kyl anot he ) enbod each
RA TS alky! EPRHERT or Mieopurelbud oasbF PR ns e TP BBl ano,
al kyl, hal oggtiroxg¥, anfVietbagh tdRiene xR beciadiky, mss:sgahbﬂm OeRt., ~C®M{Q"")&ryl or

het er oaryl , i nd pdent | y. al kyl an HR7,
e R 3, RO SR B BRATE - Wb, i S g Bl Rd neic?oy
- (CHAt cycl O&uhytﬁtueht(lélblﬂt)dnameeﬁjs@ﬁ&@i wah ki fo mf@-ﬁélsﬁgm Yyt wdmxyl, or =
(CHZ)rheteBag -(CH2),-N(R) 2, or -(CH2),-OR wherein each R4 al kyl,
- (CH2) - cycl -(CH2), - heterocycl oal kyl, -(Cl1-12)1-aryl, or
-(0-12)t-heter oarwﬂeni s—opti analdoyblienisterpie it it bwsazulastiiffﬁ“ut@@hydtrxbgameatk)@, three

, alk h - I | e odj R4 i
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hal ogen, or «CIHOREORN -2 hER" )12 x-apIGH 0fcytl haIBylenMdCanhete&:awoﬂsy‘tg gH-

ndependent AL X), BIORT e G R ORLI ol CEp Rl s ol Rl

- ( CH2) t -1ay clvaradrday Isaic-diGHzgitenhe t @D Ry gdioak i yA CHo)¢ iSEptydaatyl, -(BH,)-aryi, or

-(CH2) t - heter i S_option i,nde end nt | bstiftute e to.three
cyano,  al Ky IChasRa DR Aot S RRERRE s BHET bk Sof AF R AVeroR o
aryl and at drgiasétemae/l Rkldgen: 66 dd)oalian, yBQWhert&‘R EGRLS(Z@H(Ri'};aF@E}ORe aryl

is optionall bst.i,t ut ne .to_thr anqg k hal o 0R5
o oot hor SASTBP EE; o AR L Bt et o 8 AR Gea Rl Riostlus op
I n anot her e’.xamﬁrﬂtzptuﬁshmecamﬂodmmhreemal@eheéaﬂd@mydxyand--fatamyeast one R4

is -(CH2).t - I | dt ht t I
et B R alhaf T B e SHREE, B 8 i
exanpl e of tdptisnatiylsotisitietet with one ':thetr@é tmwén apgtoedcdr o?énws -OWN In anot her

enbodi nent of the ipveptian, A 1S het er oar y| oal ky r
het er ocycl oal kyl ,® dﬁ ¥ P ?ﬂ%%ﬁ'?fﬁ’l a@ﬁ%’%t I”@( % ﬁy?rﬂi‘%e éf?kw -~
substi t uent s:gclbntkgﬂne»@@&’ﬁrpl eN@ )t hi- Soaﬁbocﬂ@mm ea{@H Rfiryt: salkyldege‘:mdent |y

al kyl, hal ogen S HR7 N 7 ,

“NCR7) SCoRy PeRssp b P by kP Rt ? M R bCY Ok I
(CH::)rkalrzﬁl oyichiRyit {mﬁermytycloe(l@ﬂzxmm RE]I’}Q cror(Cng}gwiﬁibotaﬂﬂRS spiensaiyn each
R4 , - 2 2)t- 30 t CH2) t ,
or e( CIZIZ) - I*?@@I‘%%ﬁ Dé‘e&?)IIIr%IthHI I/ i ndepengeﬁI Ia)c/y(s:uggtl I/ut ed( by )cyaﬁ(r)y

ﬁI Fyl , ha: ogen, Cﬂ’ach RO_% Ihdjaspamnentwialrkpi a?m%@thhﬁawbeﬁmn@m? BOM{R&I}E%I? or
et er oar a f ac £ AN e - 1457C 7 - ARY,
O S RS I ey ERTERER)) SOy BRSO R R s

-(CH2) t - cyG ;qubQam(fiﬂﬂécme;ttwtmwdimtykykc%}&@)I-{GHY)I heteroaryl, ~(CHa)e

(S ey SR o SERORT Mg o R Ry PIGR T SRV EH

-(CH2) t - het aretaoylcidatyd ptiCohalahy, mde{]ﬁ?et}tiaatelrgarﬁubstommham bydereadealy 5
three cyano, noth ¢ exanlse of this enbodi nent,

each R4 is aﬁu%ﬁmtgstbygﬁxg%g‘free]%agg%g %j‘%eunb 3tCIIt I)y one to three cyan,
al kyl , hal ogen, arachORF li: sadmémtenmamhﬁgenf tikyls -¢QHgdeyrmatkyl, eac}mz}azt is

|ndependentl hal oge ano, rifl oro ) C
(G8). - o LTS iy B i st g e O R F G each
- ( CHZpr - Cmﬂqatét@rbwc%c(aﬁyllz)%ﬁmg ear@b)ca‘l vakkyhetercbGl -id pliomatly| substituted

(CH2)t hetero%ﬁyet 3 oggionally i ndependently substituted by one to three
cyano, aIkyI 4] 8 W' OR 5 In anot her exanple of this enbodi nent, at

| east one R4 is -(CH2)t-heterocycl oal kyl whereint is zero and the

het erocycl oal kyl is pyrrolidinyl, piperidinyl: or norpholinyl, and is
optionally independently substituted by cyano, al kyl, halogen, or -OR5 15In
anot her enbodi nent of the invention, B is aryl. Exanples of said enbodi nent
include but are not limted to:

(5R 7S) - 8- (4- Hydr oxy- 3-i sopropoxy-benzyi)-7-methyl- 1 -phenyl-1,
-di azaspi ro[ 4. 5) decan- 2-one, and

(5R, 78) - 8- (4- Hydr oxy- 3-i sopropoxy- benzy -7-rnethyl -|-phenyl -1, 8-di aza-

20spi ro[ 4. 5] dec- 3- en- 2- one. I n anot her exanple of this invention. B
i's substltuted mnth one to three Ra substltuents Exanples of this

I Y L L 1 o



In one exanple of this invention, B is substituted with only one R3
substituent and R is hal ogen. Exanpl es of said enbodi nent include but are
not |i m two 2017058333 PCT/IB2009/055043

5(5R, 7S) - 1- ( 2- Fl uor o- phenyl ) - 8- (4- hydr oxy- 3-i sopr opoxy- benzyl ) - 7- net hyl -

, 8- di aza-spiro[ 4, 5] decan- 2- one;

(5R 7S) - 1- (4- Fl uor o- phenyl) - 8- (4- hydroxy 3-i sopropoxy-berizyl)-7-nethyl -

di aza- spi ro[ 4, 51decan- 2- one;

(5R, 75) - 1- (2- Chl or o- phenyl) 8- (4- hydroxy- -isopropoxy-benzyl)-7- e hyl-

10di aza-spiro[ 4. 51ldec one 4- Chl or 0- phenyl ) -

- (4- hydr oxy- 3-i sdpf pg:%y- emﬁn@%%t R 1?‘5"@(05%’51 Eléﬁ”f O[Ea@ﬁg‘ca?%_ﬁg”one,
I n one exarrpt(&imé(mm s-{CRieaidi@ikyi, B-(C$, pyeleaaiykiphikylAn(@aralie @f (.5
enbodi nent Iude but is not limted to
(5R, 7S) - 1- qﬂﬁ R&XY1 - 8- 0- hydr oxy- 3-
15i sopr opoxy- benzath- & mat hybe;ﬂerﬂediﬂyazmmem[é%kﬁld@«:ian-@;cmae@i -(CHal- I N

22823?;8%?al lgefe B%}c agwf (ﬂ-Ygsr%{r)If iofr}]r‘ (Eg %erc}éryl or wi?é(na w! 's[sbstt@uents are

(5R, 75) - 8- (%iﬂdymmm%aasammmﬂymemayég by ibeapkapybethematth e diirBgeh aza- spi
ro[ 4. 5j decan 0 no r._enbodi pent o IS inve t|on

et er ocyci oal\%hy‘ih %f?yeﬁfﬁn%fae&"ﬁ t%%? %@&Vﬂ@ﬂp YIEnR \"i%fmﬁ%tsaldi nt ed
to (5R 7S) - Guiiyl- H&:dinpxyd&iﬁy&cﬂtﬁl@pk@temcyc oalkyl, «(CHy)-aryl, or «{CHé wheteroaryl

benzyl)-7-methyl-1-(te 0: aza-spirol 45} decaps 2- one.
| n anot her e%éﬁﬁ"?@ﬂ%’ S‘ﬂ)tfs‘?p%%c{ Wpé?ﬁp tHre%Féky}Qaggﬁ% cyano, hyd[’cxyf ﬁ’r"B rther
enbodi neet of t hey iseventganrelctizd foampcuad 3;iandl udi ng t he pharmaceutical ly
accept abl e saltsthr af , havethe ethe25 stit ents are
defined above: - ﬁ F PP b¥R 'H1€g%A 1} pﬁﬂ%ﬁrﬁ éeé%%% Wt Dot - uﬁe ']dn ent'i on,

t he corrpoun(hhairmadamdcmg atcb@awtmasamatamal | y acceptabl e salts thereof, have
the structure, V\ﬂere &0 he su |ttu<13 S a8 defi ged above: In
anot her embodi nert #FHES TR B T ?ﬂ(’i‘w es nmethods of treating
neur ol ogi cal and upwmﬁna:t embodimnr dethe inoation StogeT=dsl @ sﬂhg‘;é&x@hmgaftabaa‘

patient .n ne dereof an.a ound f forrrulal fet ve in
treati ngmsu %or%%rga(:;%lﬁ"% %?ng’él ngcmg%ﬁ B Fr P cﬁ)@g}p s f ncl ude
but are not dmbridireshtt &' aamtr@“ rteg&tﬁéomtbaﬂhaamﬂb@sy%méy ate |bomdhcsmd®m asuch
as cerebral defigcits subsequ 0 _cardi.ac bypas urgery and raftlng,
Stroke. cor SHFRPVERQHTEY Wof HareTRUER LY BIR O AYal ERaTHS S par el B
hypoxi a, carahhiaeiirasste ahyp@tjl yoethec wittuthenadrbotanege are bodded (deéoenta a,
Al DS- i nduced_de tia, Vv cuI ar erren m xed. denent i a ssoci at ed
rerory | mpar Y HERE EAE PP & RS RadeeTse ) RHeBATE ehORL SAERGos Bni ¢
| at eral 2scl @n&ﬁdﬁaemwﬂjaﬁdﬁé%ag@,acnepdmgmt hy cogni tive disorders,
i ncludi ng cognitiyve disorders oci at ed Z0 ni a anpd Qlar
g Cog L SRR SRS B oL ROPALFL Bl S
spasns and ditsemiders associ at ed W|th rruscul ar spasticity including trermr S,
epi | epsy, convul signs ain dach urinary incontinence,
subst ance tol er aﬁﬁé‘”@%b%’?é%éd@em ?rpﬁ'% el “’m t’%%ﬁygml from opi at es,
ni coti ne, tobaccdnpnoﬁacémbocﬁdnenhﬁlthe inemtmd; azsa@cnmﬂgyi cocai ne, sedatives,
and hyp tlcs p d cognitive 10 I rrrent ammestic cognitive
i npair rrul tﬁx ?r@ érgg]% mfepvg@hwéwtwgm gsn%%%@afyy schi zophreni a,
anxi ety, gener al iiz edothaxerebydiciesiostdes invedonal smemtytifnhimr der, panic
di sorder, post-traunmatic stres i sorder. obses r
nmood di sorders, d pqngihgfg ,b-oﬁ,grﬁqng,a?ghepmVS?tlo& go 3“’;3(:” rgﬁré’ln 3‘?‘" '?1‘5 ‘gal gi a,
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edema, pai n’ex%%a%*eeo?tﬂ% emb-odiment R* is independently alkyl, halogen, cyano, -SONHR,
30 -CON(R). -N{R)s, -N(RYCOR’, -SON(R"),, -N(RISOR’, ~COR’, -SO,R, ~(CHa)-
cycloalkyl, ~(CH2);~hete:ocycloaikyi, ~(CHa)aryl, -(CHa)-heteroaryl, <{CHL)-N(R™),, or
{(CH.)-OR® wherein each R alkyl, -(CHp)-cycloalkyl, -(CHil-heterocycloatkyl,



15 chronic pain states, severe pain, intractable pain, neuropathic pain,
post-traumatic pain, tarclive dyskinesia, sleep disorders, narcol epsy,

att ent i orwoebiogissIdyperactivity di sorder, autism Asper @ET/IB20d9/8%86e, and
conduct disorder in a mamal, conprising adm nistering to the mamual an
effective amount of conmpound of formula %Eor pharmaceutically acceptabl e
salt thereof. Accordingly, in one enbodifent, the 20 invention provides a
met hod for treating a condition in a nmanmmal, such as a hunman, selected from
the conditions above, conprising admnistering a conpound of formula i to

th | | b | t As
exarmron t O B ACHBEIEAAN ¥ SR P o b fesaBifly Sp it o SR

defitﬁi t/ h?’rgegf@@tdjtﬂh(ﬁ)éi@ll Sendaeh, (snhb;fo@h?ambae gnﬁn&b{ﬂg@gﬁerﬁb&?@@ma@& 25In
ano er e odl.nen ese 4I nventi on oVl S 0ods O I

meur ol gl calng! SERTRI T s Br GEPRSHSREY U MRER e | S
patient in nﬁ;em Rhe(rjwm’ Ja RNERTEC DR ,oSngmggpqum)m{aRf motma $Qﬁfe(c:tHa)ée in
treatin Suc or na, (0] | 0 HSG I n
conbi na%J Son SUFPA gn 1‘ “8@&%8’%’8§n39%8?¥5>%§%$‘? C"%@L @%é)}%

exanpl e, an -@Cipi@R @mdreps eabiot RE, allyl, mmﬁd;hme&yierasa - nétehmp@ﬁa k;@r NNDA

t t t t hot t
i red to, Bmausnech ey, omRBHh Reeseel Pl sl ne,
ari pi prazol ahrepaiyamraudarmelogauGEFNI@AGF@Ciamomea@t@mn&hs amiligkent Rt are
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hearing J.oss, .tinnitus ene Lon .of t brain
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neur opat hi ¢ yiarain 1po strot arauthmthetero@y! paiptiondiaraibwiuey S mmahrﬁl ®eno,

di sorders, nar¢ol epsy, at tion deficit/hyperactivity disorder, autism
Asperger's aﬁ?‘gﬁ“é‘g"%%ﬁn%r“ cf%guct di sorder in a manmal, conpri sing

adm ni st eri ng an lefdnetter \eentaxdonet offthe drjeotiord Aok &gl mﬁltaoé:ybrcycioa kyt or

phar maceut i cal | C abl e, sal t .t her eof nd, a har geut | aII jacge tabl e
Carrior . ThatioRBREATbrrTSpR Sriteyabgpestfties, Sub BlooRs Shetifin, A6

ant i psyacisot |examleclmﬁlth|sesmam<amenu rdzichi Rbris m@@:@kﬁm@b@t&yi oMa@@ﬂaA gyacept or

o1 prast done, SPPUZA REOTUR v AT Y | SpGF e, NIRACLZRY n ORr | FpFazol .

pal i peri done{CisnedychihBDy, r-sCidptreteractchginyi, si(@Hg}gadyUd&Gb@t-memarwt ~{OND)~
2010/ 058333PCT/ | B2009/ 055043 - 12 - limted to nmemantine; and such
cholinesterase inhibitors include but are not limted to donepezil and
gal ant am ne. Abbrevi ations and Definitions TABLE A - Abbreviations Ac
Acetyl APCl At nospheric pressure chem cal ionizationn mass spectronetry)
Boc tert-butoxyc, arbonyl br Broad CD30D Deut erated net hanol CDCl 3
Deuterated chloroformd



Doubl et dba Di benzylicl ene acet one DCM DVF Di chl or onet hane

NN-clirnethyl formam cl e dd Doubl et of doubl ets DVSO di net hyl

sul phoxi de ES

Ei ect r ospwayoionisisati on (in nmass spectronetry) Et3N Tri eChygBzood/ngs0B 0AC

ethyl acetate g Gram(s) Hour(s) HPLC Hi gh performance |liquid

chromat ography Coupling constant (in NVR LCMS Liquid Chronatography -
Mass Spectronetry LDA Lithiumdiisopropylan de LRVG Low Resol uti on Mass
Spectronetry (el ectrospray or thernospray ionization positive scan) LRMS
(ES-) Low Resol ution Mass Spectronetry (eiectrospray ionization negative

scan) WO 23040583330/ | BZO0JL02304%0ch RE alkyl, (CHa)-cycloalkyl, ~(CHale
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heterocycloatkyt, ~{CHap-anyl, or ~{CH.)-hetercaryl is optionally independently
substituted by one to three cyano, alkyl, halogen, or ~OR®. in ancther exampile of this
embodiment, each R is alkyl optionally independently substituted by one to three
cyano, alkyl, halogen, or ~OR® In another example of this embodiment, A is aryl or
heteroaryl, and each R% is independently alkyl, halogen, cyano, -SONHR',
-CON(R');, -N{ROICOR’, -SON(R™Y, -NRNISOR', -COR', -80,R7, -(CHye
cycloalkyl, ~{CH;)-heterocycloatkyt, -(CH:)-aryl, ~(CHy)-heteroaryl, -{CH)-N(R')., or
~(CH,)-OR® wherein each R' alkyl, -(CH;)-cycloalkyl, -(CH;)-heterocycloatkyl,
{CHy)earyl, or -(CHg)-heteroaryl is optionally independently substituted by one to
three cyano, alkyl, halogen, or ~OR’. In an example of this embodiment, each R is
alkyi optionally independently substituted by one to three cyano, altkyl, halogen, or -
OR® In another exampile of this embodiment, each R’ is independently alkyl, halogen,
~{CH,)-cycloalkyl, {CH:-heterocycloalkyl, {CHy)-aryl, or ~(CH;)-heteroaryl, wherein
each R <(CH,)-oyaioalkyl, {CH,-heterocyainalkyl, -(CH:l-aryl, or <(CH,)-heteroaryl
is optionally independently substituted by one o three cyano, alkyl, halogen, or —
OR". in one example of this embodiment, A is aryl and at least one R’ is -(CHa)-aryl
wherein tis zero and the aryl is optionally substituted by one o three cyano, alkyl,
halogen, or ~OR®. In another example of this embodiment, A is aryl and each R* is ~
OR®. in ancther example of this embodiment, A is heteroaryl and at least one R* is
-(CHy)-aryl wherein { is zero and the helercaryl is oplionally substituted by one to
three cyano, alkyl, halogen, or ~OR®. In ancther example of this embodiment, A is
heteroary! and each R is ~OR®.

Iy another embodiment of the invention, A is aryl, heteroaryl, cycipalkyl or
heteracycloalkyl, and A is optionally substituted with three R substituents. In one
example of this embodiment, each R’ is independently alkyl, halogen. cyano,
-SOMNHR', -CON(R™);, -N(RICOR’, -SO:N{R);, -N{RHSO,R’, -COR’, -SO:R’,
-(CHz)ecycloalkyl, ~{CH;}-heterocycloatkyt, ~(CHglearyl, «(CH)-heteroaryl, -(CHyke
N(R', or -{CH:-OR® wherein each R alkyl, -{CH.h-cycloakyl, -(CHa)-
heterocycloalkyl, ~(CHuearyl, or ~{CH:)-heteroaryl is optionally independently
substituted by cyano, alkyl, halogen, or ~OR®. In one example of this embodiment, A
is aryl or heteroaryt and each R* is independently alkyl, halogen, cyana, -SONHR|



- 13 - The term"alkyl" refers to a |inear or branched-chain
saturated hydrocarbyl substituent (i.e., a substituent obtained froma

hydr ocar bwo 2bi/osesseval of a hydrogen) contai ni ng from oR€TiHB200NeISY3 car bon
atons; in one enbodiment fromone to twelve carbon atons; in another

enbodi ment, fromone to ten carbon atons; in 5 another enbodi nent, from one
to six carbon atons; and in anot her enbbéfnent, fromone to four carbon
atons. Exanpl es of such substituents include nethyl, ethyl, propyl

(i ncluding n-propyl and isopropyl), butyl (including n-butyl, isobutyl,

sec-butyl an t- butyl) ent exyl | .1 ke, - The m " yr
refers to rrlo,'gf('Fi/t'\ﬁ{Qr)?ardi'@Z‘Ji2 SHBst i gﬂ@ﬁt hﬁgﬁﬁ%ﬁ ‘ |'!<CSOR 't h%bgeé ‘ QJ&?‘D‘ e

':1 e& m cycl ](c)aldg;;zlb'é%kpzei(@ﬁz}tgmeaacﬁb;aibbmgyqb&g)lrswhﬁtﬂilﬁgﬁfﬁzem_bﬁyaiH(IB@;}(WRFE,Wi ng a
ydrogen froma saturated carbocyelic nmolecul e and hay three to fourteen
carbon at ons';EE*?ﬂ" e Y58 FBRY %a %’5@1 O—é(?l-ﬁwcygﬁﬁ&ii, tﬂéﬁ%"‘ﬁ%@rqcﬁ?‘%%&ﬁ’o ten
car Ibon at olrrB(Crgggiaz{ml ies H@Hgﬁmt@@érkwh émmhmdemdy;@érlmspmﬁg?bstweds @buing {o f

cycl opentyl .and 5cyc . sThe term"cycl ogl kyl ene _noiety" refers
3o bar ooy BRE e AE fhldeeniir Rty Fet e ige R SIS BR et Tt om

sat ur at ed cas bigysiticnailyohesshdeatydsubaitirg dyhsreciotibrebanyiihie attkyt drabm@n atrons.

I n one enbodi a cl oal kyl ene suhstituent has;three to,ten carbon
b o Bxampl O ot “BgBPOARRIPEL IR e tdL fah Buhigoeperenty haBage”, of
"cycl oal kyl "-Off* seyanoclrifidesagibs CH: pepdicalih atCan ehctersedidatkyh -84 Slavylasronmat i ¢

ring or to a,l5-10-nenbered, heteroaromati¢..rin rei, r.ou avi such
L osed cych 6l IPath SoE S SR e n{c THaHI o GHOAPEEHRAISHGT t he
cycl oal kyl g(@p-Aierr SGER-hetbused icyplioadilkyihdgreadpnthys sEhsligttéd by edhewict h one

15 bstit t bstit ol t i
Sheatod. PR B 4EtgeR G R T S S el ks sRof gD b E54 o
fused O6- C, Gorar BiTeS i-(CHi)Ft@bcyfonakybwilrantbir sstohatE teanetmbycioalkpgisTay be

optionally substityted w.th hal ogen. Cl- al.kyl., C3-Ciq cycloal.kyl, or O
P eyl oal Ly PRI EPatii o AARrOmd BRTH Bebry et SRt T BBl 56

ri nlg ﬁo alt ort%a?&mn?!msaigénmrumfgyc! opropyl, bcy](c:l obgt%ll , %cl opentﬁl , and
cycl ohe . ernatively, r ri.ngs my be fuse get her. su

) Cyel odbcanyl - ard- testr kypodinent "ot "8 Mo, 4 VR" ahB P ErdPbiss oH 3pBha i ¢
substi t uent eeidahedtngiaicut ergnatinttadter three fused rings. The aryl

substituent may h i.x o el een carbon atans, . 25 an. | e, the
aryl substituent r}ﬁéi ﬁé@é*@%ﬂ%?ﬁﬁfpp@%b%@%ﬁ%@@ “Pé@ﬂ%‘ 1{%‘5}%*& yl " may
refer to subsiropuBddcanslioke asdphenyl, naphthyl and anthracenyl. The term

"aryl" al so incl bstituents. such as phenyl . naphthyl d.ant hracenyl
that are fused tggg%éj%éam%’ﬁy' "|SPB‘OPPWQ?£%Q%"'B?@“ggg%}y'“g%&a@ér bocyclic
ring, ora0to spirdl Sjdec-3-e88-6nel0- nenbered heterocyclic ring, wherein a group

havi ng such a fused aryl group as,.a substituent is.bound to a romgtd c
carbon of the aryh Goues bR Sk BVPdiay Bk esitte Ve Sabde HAF R wi
one nore subsbsituent £xahipdesostfehio emotienetipslube btieat ot imitesi®: ot her w se

specified, are each o) rompatic carbon of .the fused aryl _ 5 group.
The Tused Oi G o Aty er el dN RSB b ofRhaaa meraryis tr EBka5" nmy be
optional | y spbsiiijagetyviMabbntiadeegendeC -C -; alkyl, C3-C o cycloal kyl, or

=0 | f | i | di | h | ht.hal |,

Lot r anors ont haPK ST PR A T4 DGRl bt B R TEREY L 1

I nﬁany: ot ‘ I[%‘S}re | oheienyl, | Eegg(r)rga;)ht ngyles(al he Eﬂ(r)rbmragf car bon
enyr), and L : _ 1 hy

I e BN e ME R 1 VR

cycl oal kenylpheaylyt 8-@axa-3piiodl Slddtaoat-edeby the prefix "Cx-Clr," wherein x is

t he m ni num and vy, mxi num nunber of .car at in the, substituent.
Thus, for exanpl esf(%%gggq%ﬂy fmy'r%g‘?%?rgﬁ?)a"ba%?zgﬁzwetgﬂ%é?’ﬁ'Lgﬂ%@bnt ai ni ng
from1l t3o 6 spacldijdat ogB-behddnitsier ati ng further, C3-C6-cycloal kyl refers to

some i natances. (RS RERT BrOM SreP AR A R PO BRI E M ng one

or nore het erpaisaaspis[4Eidechelasr@aayd or heterocycl oal kyl) is indicated by
the prefix "XY-nenbered”, wherein wherein x is the mninumand y is the
maxi mum nunber of atons formng the cyclic noiety of the substituent. Thus,
for exanple, 5-8- 20 nenbered heterocycloal kyl refers to a

het er ocycl oal kyl containing from5 to 8 atomns, including one ore nore
heteroatons, in the cyclic noiety of the heterocycloai kyi. The term
"hydrogen" refers to hydrogen substituent, and may be depicted as -H The
term ' hydroxy" or "hydroxyl" refers to -COH Wen used in conbination 25
with another tern(s), the prefix "hydroxy" indicates that the substituent
to which the prefix is attached is substituted with one or nore hydroxy

o, o v ~



The term "cyano" (also referred to as "nitrile') means -CN, which also may
be depi O The term "carbonyl"” neans -C(0)-, which also may be depicted
as: 5ThewDepmiss3sBno” refers to - NH2. The t er m ParApreas3sos3 r ef er s
to an am no group, wherein at |east one al kyl chain is bonded to the am no
nitrogen in place of a hydrogen atom Exgrrpl es of al kyl am no substituents
i ncl ude nmonoal kyl ami no such as nethylanmino (exenplified CH3 by the fornula
-NH(CH3)), which may al so be depicted: Hand 10di al kyl am no such as

di met hyl am no, (exenplified by the fornmula -N(CH3),), which -lay al so be
depicted: -N CH3 , . h erm ' hal ogen” refers to fluorin (which may be
op cted as - Fr), 2-UARGSHE A O - Ry PRESHERTE T -BENY ProB itiee (whi c
mar% 3e depi @pﬁd[m?e&~yz}abmhehifimmﬁom5(a?Mmimﬂneuﬁmrmﬁ.,)depi cted a; Ih)I I n one
enbodi ment, the hal ogen_is chlarine. . |ln_another enbodi ment, e . hal ogen is
o Tuorine. - R oRRE R T i Gy RO ST R R P e R S8 Wi o
the prefix immdRtiashegen xatbikiof uhiedmbotimamnmchide N erei md epratent | y

I d _hal it : | | oal kyl f | kyl
hat i Substr Lt T R TR LR et >S5 FEIE Ao tUAR S mor o

t han one hydfiogespirol JjegplaaceshepM t h hal ogens, the hal ogens may be the

i ahi or omet hy |+ dPRI 007 SRR BB Y DB GaP R WRERg et .8

t ri chl or ometdigda;spkefdrpeeati?ydne; f | uor onet hyl, difl uoronet hyl,

pent af Luor oet hyl SRR GBSO L BB 5P Rt Hragt bR fopy!

I'l| ust r ati nglidaardpireld, S)ddrahQadricoayd refers to an al koxy that is substituted

with at | east one bstituent. EX l.es of hal oal ubstjtuents
el ude chior oot AR s Eh RO BB ERURI O P BT MY
trifl uor ometdupayspiraldsiiddcanrores 5 "perfl uoronet hyl oxy"), and

22, 2-trifluoroet OXY.. | t _shoul tg;e recog}ni z§d tha} h‘g a, subst i ﬁluer?t,mi S
substituted by mofethdi2BRE RhIBGeRVETHLL i% Ut ' PHes P haBglF O this
substi t uent senmmdirbenti chehities dlut oAbl firmit@htic (3R BDst-Ofdietiasys®(Shadred)-3- The

term"oxqQ" refers to =0. The ,t.er.m " oxy" fers.to an ether substituent,
bnd Ty e Aty bea g7 melhE 1 Bl kS SReFAT208e 0 an ol kyl i nked ¢ o
an oxygen, whi ch imagndhso ehanplepoestint ededton, B is akyl0-A adaené nfthea R

represents th kyl. group. anpl es of.. al koxy..j.nclude nmetho et hoxy,
propoxy and %nﬁfc%gnﬁﬂ@ﬂpg? rﬁ%‘h épgc%'feéjal %y%i@é#&'ﬁgggx%é%wmmém

obt ai nted b%/ treaﬁpy'nf@p&qpy&ﬂnﬁ@th&{id@ﬁiaig@fﬁcﬂiﬁ}mmmﬂeﬁieor pirt: al | %/ sat ur?t ed
ring structure cqntaipnin ot a . 0.. i at ons. eas ne. o
Lhe’ring ot one § SathBebPslebient o niepudn £ St dnare® § oh

t he remaoni ngisreamigndihemsinbietag buhdepantdrt p &6 EtRA-Hydmt-hésograpopy-

a1 or nat | velr iy b A Gy lop Rty Tikadde st ArREURRREE o | Last

one such ring 20neothai eisbatirhetter tationantien, &R 1id gigylat om (i . e., nitrogen,

i hg atom of 1 he et droyoPBEPlAL aaie Tl o Sl Yotk ol

may be the at peastacenmeahetaicepizbla salis | hemmy beve thengtreaundeonwisdremthenwher e

the ring,.carbon atom e.in the sane ring as the at | east one heteroatom
or wher%sthe rFW65§§P§§ﬁE§P®#¥H%§WBe in a d?fferent ring from 25 the at

| east one heteroatom Simlarly, if the heterocycloal kyl substituent is in
turn substituted with a group or substituent, the group or substituent may
be bound to the at | east one heteroatom or it may be bound to a ring
carbon atom where the ring carbon atomnay be in the sane ring as the at

| east one heteroatom or where the ring carbon atommy be in a different
ring fromthe at | east one heteroatom 30 The term "heteracycl oal kyl" al so
i ncl udes substituents that are fused to a CeCo aromatic ring or to a 5- to
10- menbered heteroaronatic ring, wherein a group having such a fused

het er ocydoal kyl group as a substituent is bound to a heteroatom



- 18 - of the heterocycl oal kyl group or to a carbon atom of the

het erocycl oal kyl group. Wien such a fused heterocycl oal kyl group is
subst i t utwo 20i0ri5833Be nore substituents, the one or norePSWIBG0Y/0ZS043S,

unl ess ot herw se specified, are each bound to a heteroatom of the

het er ocycl oal kyl group or to a carbon at§n1of t he heterocycl oal kyl 5group,
The fused C6-Clc,. aromatic ring or 5- 10- menber ed heteroaromatic ring
may be optionally substituted with hal ogen, Cl-C6 al kyl, cycl oal kyl, Cl-C6
al koxy, or =0 The term "het erocycl oal kyl ene noiety" refers to a
substituent obtained by removing two.hydregen atons froma saturated or
partially saturated ring structgrse ntaijping a total of 3 to 14 ring
atons, where at |east one of the r\fg atgms is a heteroatom In one
enbodi ment, a heterocycl oal kyl ene s hree to ten ring atons.

The term "heteroaryl” refers to an gr i W9 strycture containing from
5to 14 ring atons in which at |east “of
(Le., oxygen, nitrogen, or sulfur), . he remaifing ring atons being
i ndependently selected fromthe group consisting of carbon, oxygen,
nitrogen, and sul fur. A heteroaryl single ring or 2 or 3 fused
rings. Exanpl es of heteroaryl substid mpclude 6- menbered ring
substituents such as pyridyl, pyrazyl, yrlnldquI and pyridazinyl; 20
5-menbered ring substituents such aip;glazolyl |n1dazolyl, furanyl,

t hi ophenyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 1,2.3-, 1,2, 4-,
1,2,5-, or 1, 3,4-oxadiazolyl and is I azol y1; 6/5-menbered fused ring
substituents such as benzothiofuraﬁ%l, i sobenzot hi of uranyl, benzi soxazol yl,
benzoxazol yl , puritngtotheme@mpatinemhi ¢fythe an@nies- ﬁ@nﬁéﬁ@éuﬁms@diurﬁﬂggﬁﬂ%uch
as qui nol i nyl , phafEARLINYdccoblBRO!SY | neRUENAZM | strfu@duflre tne

, 4- benzaxa2|ny I'n a group t as a heteroary t|tuent e ring
atom of the hesdrstituepts alistinadmimver hat is bound to the group may be the at
| east one heteroatom or it may be a ring carbon atom where the ring
carbon atom may be in the sane&! e at | east one heteroatom or where
the ring carbon atomnmay be in a ring fromthe at | east one
heteroatom Simlarly, if the hetefjoary =gubstifuent is in turn
substituted with a group or substi roupﬂer”%ubstituent may be
bound to the at |east one heteroat i sbound to a ring carbon
ring as the at |east
one heteroatom or where the ring c on1nay be in a different ring
fromthe at least 5 one heteroatam The ferm "heteroaryl” al so includes
pyridyl N-oxides and groups contaijning a pyridi ne N-oxide ring.
Exanpl es of single-ring heteroaryl n ét, ;ocycloalkyls i ncl ude furanyl,
di hydr of uranyl, tetrahydrofuranyl, thNophen CHeal so known as
"thiefuranyl "), dihydrothiophenyl, tefrahydrothiaphenyl, pyrrolyl,
i sopyrrolyl, pyrrolinyl, pyrrolidinyl 10 i m dazol yl, isoinidazolyl,

i m dazol ignyl, imdazolidinyl, pyr yl, pyrazolinyl, pyrazolidinyl,
triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl,
t hi azolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl,

i sot hi azol i di nyl ,mtémioa-@irmoﬂm@xaﬁ@immwmvewpmm@yiméthmé uflirBgting
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This specification uses the ternms "substituent,” "radical," and "group
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substituent usalrg%c%ae( eégeagﬁtng? é}é tg% ey?negesng brain edemal paml abute and

chronic pain states, severe pain, intractable pain, neuropathic pain, pesttraumatic
25  pain, tardive dyskinesia, sleep disarders, narcolepsy, attenlion deficithyperactivity
disorder, autism, Asperger's disease, and conduct disorder in a mammal, comprising
administering an effective amount of compound of formula 1 or pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier. The compaosition
optionally further comprises an atypical antipsychotic, g cholinesterase inhibitor,
30 dimebon, or NMDA receptor antagenist. Such atypical antipsychotics include, but are
not limited to, ziprasidone, clozapine, olanzapine, risperidone, guetiapine,
aripiprazole, paliperidong; such NMDA recepior antagonisis include but are not
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in
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H guchi and W S

>tTe.ﬁHia) ar

Lol
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Prodrugs in acq

ygance Wi

n,\nln.,\ Dk o A
I"\IIBI l \J(J.II rllal IIﬂ.\JCuLI \J(J.I N\oouUUll (J.Ll UII

¢Pm%e i nventi on can, for exanple, be pro

Huced by

repl aci ng apprd

priate f4y

formula | with

Hen@@lshifl es present 1 n the conpounds of

certai.n.n

Leties. . known.to.those.skilled. in.the.art

any of

"pro-noi eti es” as BeSER| Bl rlErs Bxariprar of Aranghad- g Faprsed %@“GSWWH
Bundgaard ( H,semi&d:, 11%985) subkQiueRt QRBSned from a hOGoBEBSENby IBMENAI 8N Al SO

i ncl udes i sotop

ically

I'abel |

ed conpounds, which are identical to t

hose

recited in fUPFRIPR) FONHENYFGM PfEIOHYERY REONGHET BN RBF ETROBIMEA BT A aced
by an at om hgwi,Bge 2RO G TRSEhoMer MBSO EHEHEod dictlotiBh dafUR &ibmsatom C

mass or

mass nunber usual Iy found in nature.

Exanpl es of

i sot opes that can

15 be i n€or Wﬁieéd*m’?ﬂdﬁ“%ﬂfﬁ%nw B SKHE e 8BRS i8R0 Shtangier se1adEngot opes
of "hydrogen, frdr‘f:%ﬁ@fb fo[l!r &ér@gr@@ten%xm% l@&%&ﬁﬁ%@b@iu&r@ sﬁél[xda He‘ﬂ%f 'é’é@y rand

chl ori ne, such

as

C "C, 14C 15N 180 T13F

and

a.36 respeo‘t’?%l{’?du@ﬁﬁﬁb@ﬁ% asg @%’Wb@ém neling |nd-wty prsamfwg§eq Réreof ,

and phar maceghgire@lnl

whi ch contain t

58

he

asGRAT 8By akk

af orement i one

a0k usai@d conpounds or of said

&

prodrugs

i sot opes and/or other isotopes of

other atoms are witehieint'RENBEJGEDBHO t”Pﬁtgyzrfﬁ@‘éﬁﬁ%’ﬁ“m@rW@“ RNEOt i Bl |y

| abel | ed conpounds of the pres
radi oactive isotopes such as
drug and/ or substrate tissye

car bon- 114,
preparation

i sot opes such as deuterium
advant ages resulting from greater
increased in vivo half-life or
be preferred in sone circunstances.

formul a |

nventi on,
&h 14C are incorporated, are usef
bution assays. Tritiated, i.e.

ot

substitution with heavi
2H, can afford certain therapeut
met abolic stability, for exanple
reduced dosage requi renents and, he

i.e.

for exanple those into which

ul in
3H, and

ﬁ@%wwmlﬂemnﬁsofﬁbes aré particularly preferred for their ease of
25 and detectability. Further,

i er
icC

nce, may

| sotopically | abell ed conpounds of
of this invention and prodrugs thereof can generally be prepared

by carrying 30 out the procedures disclosed in the Schenes and/or in the
Exanpl es and Preparations below, by substituting a readily avail abl e

isotopically | abelled reagent for a non-isotopically |abelled reagent.
- Adm nistration and Dosi ng

Typi cal ly, a conpound of the

28
nventi on

is adnrnrstered |n an anount effectrve to treat a condrtron as descrrbed
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g,
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medi cal condition of the patient; the severity of the condition: the route
of adm nistration: and the activity of the particul ar conpound enpl oyed.
Thus t he WO 2ds8333r egi nen may vary w dely. Dosage | evelpsTaB20otvessosder from
about 0.01 ng to about 100 ng per kil ogram of body wei ght per day are
useful in the treatnment of the above- |nd11 cated conditions. In one

enbodi nent, the total daily dose of a conpound - 29 - of the invention
(adm ni stered in si ngl e or divided doses) is typically fromabout 0.01 to
about 100 ny/kg. In another enbodi nent, total daily dose of the conpound of
the invention is rom

ahout. 50 t h
enbod ment . 1 rom LSJAT G opbyA s 83 eyt s ReuiiRRy QelRaBthe o e
i nvention pey hk@—ob@sdwwvelsgbﬁt)watetﬁ ch@o@itﬁc&ﬁdﬂ@dtlmﬂ halog) tged Sofivomedh 01 to

10 nyg/ kg/ day noth enbodi nent , dosj | S om 0. / day,
Dosage uni ¢ CeGBOPTY o oo g TR SO b LSRR i ihe opeBalihar oot
to make up tdendaEkymgeseof kpclady hostianceprdiye admubbhst Cﬁﬂcbmtyd)fartdﬁe
conmpound will b peated a plurality of tinmes in a day (typically no
great er fharfY4'e ﬁ?ﬁ@ Mul ti pl e doses per day typically may be used to

i ncrease 10t he t ot tedﬁi"bycl@hﬂﬁ,&ﬂei rhmdq,é irefed to a carbocﬁmc sabstituent obtained

adm ni strati,on |t|on rovid of tablets
Cont i o na g EMoligaReRStcugR gtor ot BROGIGP ey chS lofiollsing MR
75.0, 100, XB&e t&%nebﬁ&arkﬁﬂ%tmﬁ%mm &ﬁlﬁbdm@értt; gﬁ:gﬁtﬁaibjiestéﬁﬁztﬁﬁtueuﬂaas

di t f 1 1 dij th t 1 A
e %E&%?%wé'agﬁ PEBh R T Bl e R klatifbsb0 me o L he

active ingredient, or in another e nent frogpabout 1 ng to about 100
ng of active ingredient.S|ntravenous 0ses nay.AM-ar

about 10 ng/ kgfm ) i
according to the

feline, bovine, ioe, equirne, ovi hes or ci ne, ts, Iagrmruphs
pri mat esto and the T1ke, and“®Hconpass manmals in uteré” In one enbodinent,

humans are suitabfir &whi-e¢dialky/luaBd iStiRCobsi¥nRanaf sl fubed weander, and at
any stage of devel opnment. 25Use in the Preparation of a Medi canent

In anot her eWBBalGER of {ha ¥ AUEHMRSHEE HRFFIE@TIh BN SEIBRINGh 8P HRyig

conpounds ofgkhe fdé\é@%bl@@ X2 Oém&ﬂ?%spé epadialdn®s BbuRi wRdi GRRERNLtohOBr tie
treatnment of the conditions recited herein. Pharmaceutical Conpositions

30For the t rSOREROeHP- t WELR Srel ¢ fushd Crapai 8EPupds BERsiiIed WED eOMPIONIA® of

the investi %b&@e{}erﬁ@ ﬁ«@%r@ of HRE ABsRORRRUNEIRE otiffwish! dREMBET MRl ¥ach
pharmaceutically - eptable salts are suitable for nedical

appl i cati onsmlb‘%&%@ éa@P“t?@’l’"P oftefveiraliy REes H6 WERY i« FPEBHGENE 87 1ohe
parent compouBtiy.membered HlerBBRIRRE RDAEY MRNptichAE RIRERRL WY SAldgeR,
conpri ses pharnaceutical corrp05| tions.” Such pharmaceutical conposi t| ons
conprise a dorfpodiid efCrrclogkylei{ti on presented with a

phar maceutical |y @%W@éi@@'n@ayﬁﬁé Il ﬁﬁgie_ﬂﬂx@ %fch't?;ﬁ;ceﬁ@'rhclﬁ%n@s ﬁ@r‘n' Hio 8 rlirigqU' d,
or both, and may be fornul ated with the conpound as a unit-dose

un
conposi t3%n, at‘?"ﬁ? ekARAPPES HCREH| SCORPRYE hCXEFRUEON EEHIIPIHONROC 0BSAPBx¥5% by
wei ght of thﬂteﬁ?étz'ué’i? QOBPRUARIEs rridyC AT tQfertidhe siidly @Bt hieftidmY¥aRg frupl ed
with suitable poI Yrrers as targetable drug carriers. Qther pharmacol ogically
active substdss can 10al so be present. The conpounds of the

present | nvent| Om‘ﬁm.‘émbea@ldF@f@x‘s&b%h%ﬂa:hxtlﬁbbsﬁubﬁ@éﬁn%m@@bﬁe rRgef gicdl y in
the formof a pharnmaceutical conposition adapted to. such a route, and in a

dose effect W"@eff%&?eq firgst r gt PRheubshivepidaay hms‘éé‘? Eled %Woﬁﬁd

CONMpPOSi tis0Nsan éﬁm;ﬁé%ﬁ@'a@l SW&%%@W}?‘ tﬁﬁu@ts%f edrognedd Yarpb@Glcthd. YThe term
parenterally, or 15to adm nistration of a sglid dose

form may be, aWbrm%&?ﬁ‘r%I '8 SUB%/‘E‘%%’H% et 7 gh%f SpRNiKi ang andijerenys hBR PBY sof t

capsul es, pi larlyﬁ alSAeRekss sLBABRGRS sud ad éﬁé@l Snapﬁﬁﬁfh aﬁ@%’hmréﬁéﬂgl Hat are
predet erm ned anmount of at | east one conpound of present invention. In

anot her enbddPsieRtE Crhre GFRACYSHNITE S¥FLET BisiPag Qﬁecﬁ”i’fl’céfc Bolitde T Bra 428
granule form In another enbodinent, the oral dose formis sub-Iingual,
such as, for exanple, a lozenge. In such solid dosage forns, the conpounds
of formula | are ordinarily conbined with one or nore adjuvants. Such
capsules or tablets may contain a controlled-release fornulation. In the
case of capsules, tablets, and pills, the dosage forns al so may conprise
buf feri ng agentsor may be prepared with 25enteric coatings. I n
anot her enbodi nent, oral administration may be in a |liquid dose form

Li quid dosage fornms for oral adm nistration include, for exanple,
pharnaceutlcally acceptable enuI5|ons solutions suspen5|ons syrups, and

T ] . o Y, 1 - o, .



I n anot her enbodi nent, the present invention conprises a parenteral dose
form "Parenteral adm nistration” includes, for exanple, subcutaneous

i nj ecti or®O 201K05838@nouUs i nj ections, intraperitoneally, POTARINOSCIS0EX
injections, intrasternal injections, and infusion. |Injectable preparations
(i.e., sterile injectable aqueous or 5 p{sqagi nous suspensi ons) my be
formul ated according to the known art usi'ng suitable dispersing, wetting
agents, and/or suspendi ng agents. I n anot her enbodi nent, the present

i nvention conprises a topical dose form "Topical admnistration” includes,
for exanple, transdernmal adm.nistratian, such as via transderpmal patches or
| ont ophor e - HETREE e OB e, e m b e Gn'd RPRERA R BAs S

i nhi':ll gti 01[1 ads,msmis@flttﬁﬁbdsm_.to@arﬁa@ml aitd emsorf oithé apd g@lupadvﬁemamhatfum ﬁ&lso

i ncl ude, for_exanple ica els, sprays, ointnents, and creans. A

opi oar f or AP T rcratBe g 5% o iR aR e M e S0 s TR s e o1
penetr a{/\iyl on @Les%hﬁhawtée\@ebiﬂgﬁ,ﬁsﬁémth tthuedighai Iaasrgéﬁcrpmomtmaﬁ fadddeatied

ar eas. en the c un this invention are m.ni stere a

o ansder el dith cOPPRRRATT 2o bRl B e B S BE B ah Sl Pl v st o

ei ther of theticesigrasbsitu@dyiphotaog:nenidaties tGpe. arclobikg, s0kOd Hrabpies
variety. Typi.cal formulatjons for this purpose includ el s, .hydr | s,
Votions.  soldiEnbRLURERdlie Spirinahpeenybneb gl sdpy oty Hsans,
films, slki n Ypatvehes, “awdfliayy, ihmalaiyantssmdsm,nmnyft i‘élmlaac;edwnkdagwlﬂagdyt

m croenul siqns. Li posonmes al so.he used, Typica arriers include

al cohol , wat gp?@?ﬁ’iﬁg}egw @s%%gﬁn P ot e&a%&q‘r}of‘%ﬂ’ﬁﬁ& ite petrol atum

gl ycering pol yet hilsene igbtpcads, drdnpniap\df eatdoglaieat in Pégetotatbybsubatifsanicer s

may be incorporated - see, for.exanp|le, J. Phar Sci.,,. 88 (10), 955-958,
oy Fi-mni - ke Vel T opisioatgh o RloBenit, BT fla i ishicdlal Paline W
t opi cal adm*gi-§t 4 avh@eintxds themeyeumnmkdyde thd mexiexanpiebherey eadovopgomdier ei n

t he conpound, of this inventiop is dissol r .25 .suspended, i.n_sui.tabl e
carrior A pp elPet Tk o (SRR o O g ST TS0 BN Ak R LBRLE  on
may be in thenfaanng 6bmdt ep$ @irbeén alcersonilisechtiay SpERs| OnCorySahin ireferd @

i sotonic, pH.adjuste terile saline. her formyl ati ons suitable for
boul ar s PR e X BRb B T e S ona e B B odegr adable (i o
absor babl e gel sporges,instaideagenhusmer abaads dde gradabbsit(ent eontaiirg @ene)

i npl , f I 1d 30 i cul i.cul suech
i bsones. or I TGE SREERRE DR et S et Polaali s R A B e 6
pol yvi nyl al cohembehytl] whemincwbareth, x & heldibhast ang ol iy ey makiatune xampbeof

hycl r oxypr opy!l met hyl cel J ul os hydr oxyet hyl cel.l ul os or .nethyl . - -
oor1 U oan CBHOE LRGP Rk P Rhe ShahS PSS eInl IO ar R e ey
be i ncorgoor atiedbéegeklrescywickhyiaefare Red hatkrocecios kg koaminbrenzah ISaniButtoms,

chl oride. Such formul ations | so be, del i.vered by.iontophoresis. For
ity anasal TG PTG SletoE RRRRTS RanT vt ingl e POl COREaRE  ve s
conmpounds of the Thevient Monirayss” eafansgnihgdtogyn debstivesne daridnmbn e fdepimeafasa
sol ution or guspensi on froma punp spray container that is squeezed or
punped by the patient or as an aerosol spray presentation froma

pressuri zed cont ditrekrorhalirmed wr meiroxyi refers he-08e Whea used frabbebination

propel l ant. Egrmulations, syitabl.e . for intranasa m ni.stration are
Pyorcal 149 adi Pt S daisy the BRSR hiok” MRS Ine YRNIRbE 2 Bt e,
m xt ure, forprefb0isextanipteis substautdd withl ewrdbrwhdre Hydetkgsebstitieras Gonpredis

conponent parti.cle, for exanple 1 X it h phosphol i pi. such_as._ .,
hosphat | dy 1RGNS Res PR AVGPyPFoviara HrarSr Sapven GurS 5 <&eals: 11 om
a pressuri sedkoholst ansiennd poerpi. spray, atom ser (preferably an atom ser

e naut £ ot BT B BB EIHR A ST oAU SPssthh

, 1, 2-t etaoaf lhydroogtshbsteuant. ExBmples bf hy@rpSya¥\8 intkpb afvHwayoptheh apdroxfading,

i ntranasal uys t he powder .may, canpri se a bi oadhesive agent, for exanple,
chi t osan orqkyggqxggé)%ﬁﬂvﬁﬁ%ydmdb&ﬁ I n anot her enbodi nent, the present

i nvention conprises a rectal dose form Such rectal dose formnmay be in the
formof, for exanple, a suppository. Cocoa butter is a traditional
suppository base, but various alternatives nmay be used as 20appropriate.

O her carrier materials and nodes of adm nistration known in the
pharmaceutical art may al so be used. Pharmaceutical conpositions of the
invention may be prepared by any of the well-known techni ques of pharmacy,
such as effective fornulation and adm ni strati on procedures. The above
considerations in regard to 25 effective fornulations and adm ni stration
procedures are well known in the art and are described in standard

t ext books. Fornmul ation of drugs is discussed in, for exanple, Hoover, John

-~ " . o -~ o o, B -~ .



251 nt er nedi at es I n anot her enbodi nent, the invention relates to

t henovel internedi ates useful for preparing the conpounds of the invention.
Gener al Syothmtise3z3schenes The conpounds of the fornul a PCRaB20o®oFnSpar ed by
t he net hods described 30 below, together with synthetic nethods known in
the art of organic chem stry, or nodifications and derivatisations that are
familiar to those of ordinary skill inthe art. The starting materials used
herein are conmercially available or nay be prepared by - 34 - routine

met hods known in he art (such as those methods disclosed in standard

f book the ( ENDI UM OF . NI C SY! T1.C THCDS,. Vol .
o Choel ores R oA SReore e S B i 18} B b e R Y 5t ar o

not limted to, thos¢ described bel ow. 5During any of the follow ng

synt heti c sequences {jit nmay be necessary and/or desirable to protect
sensitive or reacti groups on any of the nol ecul es concerned. This can be
achi eved by neans of}conventional protecting groups, such as those
described in T, W Geene, Protective Goups in Oganic Chem stry, John
Wley & Son<ePREEI "~ W Geene and P. G M \Wits, Protective Groups in
Organic 10 Chemel Yermd Ob& bW Ydar®ons(0L9¥hichatho T maly ver aepitteandsP. G
M Wit s, Protecglve G oups in Oganic Chem stry, John | ey & Sons, 1999,
whi ch are hereby incorporated by reference. Compounds of fornula |
or their pharmageutically acceptable salts, can be prepared according to
the reacti om8chergs di scussed herein below. Unless 15 otherw se

i ndi cated, tFe substituents in the Schenes are defined as above. Isolation
and purification _of the products is acconplished by standard procedures,

whi ch ar & known tGedetheiiae sferdiafhry skill . It will be

under st 00d_ by Onel'?&ki@ehhe‘ﬂikyl@nﬂliﬂlﬁ réfets thah abiidd gﬂfubpuﬁex%%ﬂ’@@laést sMealkger i pts
and subscripts, used in the schenes, nethods and exanples are used 20 for

conveni ence Gy @&C@Q@%ﬁ%mﬁbﬁmg}%f}i%ﬁ?gﬁ%iw RPPRet @ WEraSra O RIFHES Rey are

i ntroduced idkyiding GNEERFent@ ILAE BalkyRheRE8GeH 8s RRE|SSARG| exembligapond
to the synbols, superscripts or subscripts in the appended clains. The
schenes are representative of nethods useful in synthes'zingth%H%onpounds
of the present invention. They are not to constrain theéscvﬁ of the
i nvention i myame Wehula SEPROR,)L whlcHSHRgt 880 the ypridyesbs of | et erghg
derivatiyves ,eglcted by Formul a | qubp |n%%nethods wel | known to one
skilled ©n tHEAREARPINRSUER engmedviehare exemEtied dvetherfaged onibiislan which
appropriatehﬁap@ggggu@ c@hi ral piperidinone with zinc cyanide 5in acetic
acid followed by chiral separation provides chiral conmpounds 2. Acyl ation
of amine 2 with an-dpfsropriate acyl chloride provides conpounds 3.
For mati on ofettreNket o-am de 5 is acconplished by base catal yzed cl osure of
4 foll owed by decar yl ati on/ hydrol ysis. Reduction of the carbonyl group
of 5 with sodi um borohydride foll owed by conversion to the chloride and
el i mati on provi delegerm “haggpen” Refdscvifoaring (whheh enphe depittecempyial chidrinehe
protecting i ; of- AN : I By hych ion to
provi de |acg&ﬂﬁgﬁﬁégg%gg?ﬁﬁégﬁiE@??ﬁﬁ“@?(§a&??ﬂé%§9§9%§ﬁ§§§‘Eﬁ%ggo Ium
t ri acet 0%y bdwbiedniy deodeniiky laat 4)onlnoeng spiboringnhalhe derigoenGs, chBrrinel ) nand
base such aﬁn%@g&gﬁkBXHﬁﬁﬂ?h{ﬁQ§%%ﬁ§aﬁ%@ﬂ&%”d 8. Installation of 5R1/R' to
n

provi de conpou I's acconplis usi ng net hods known to one skilled in
the art Alternatikg grefix gy andiestes et fhrectubstitbeny tgvdigh bf reefirpdaiiacied(in

t he case of ; 4S e | i ] p Ldes <10

Reduct i ve a&ggg?%@ﬁé%#ﬁ?g&&fgﬁhgﬁggﬂ§§%§%§@géggg%giﬁﬁ%@?ﬁ%%%ﬁggsﬁbrg &dride
or al kyl at i qvagpleldaldaiy! gl foden @kyidhat Br sulisfituger Wilh o 18ard ongshalegfinrum

hydri de 4pr ovd t i f : I i.shed
iai g mePhodiDERUEATRE rte b tRlrARcEn ] ERERIUAA noiockRs ERMBY
Experi ment alm®r deetiaridsnimal onshfaray. Exanpphies of haloalkyméndhsle eblprignethyl.
I11ustrate tHgSUREREE! Sh&ﬁuc%f H¥&H&eﬁ%ﬁf°?£ﬂ9ﬁo&ﬁuérﬁﬁxeﬁ{ S eNnfichiBMRRh RN

Addi ti onal conpounds W t hin e scope o I'S |nvent|og'na be prepared
15usi ng t he hichsedvi.| |flveraragtay. | Aifvareswtiekanipflerrometivher?. akdifaicoretig,

conbi nation with techni ques generally known in the art. Experiments
were generally carried out under inert atnosphere (nitrogen or argon),
particularly in cases where oxygen- or noisture-sensitive reagents or

i nternedi ates were enpl oyed. Commercial solvents and reagents were
generally 20 used wi thout further purification, including anhydrous

sol vents where appropriate (generally SureSeal TM products fromthe Al drich
Chem cal Conpany, M |waukee, W sconsin). Mass spectronetry data is reported
fromeither liquid chromatography-nass spectronetry (LCIVIS) or atnospheric
pressure chem cal ionization (APClI) instrunentation, Chem cal shifts for

o, o o . o



25expressed in parts per mllion (ppm 6) referenced to residual peaks from
the deuterated sol vents enpl oyed. For syntheses referencing

pr ocedur esoOi2n100t58838 Exanpl es or Met hods, reaction condi PCOnB200Y/e¥sgihn of
reaction and tenperature) may vary. In general, reactions were followed by
thin | ayer chromatography or nmass spectnﬁnetry, and subjected to work-up
when appropriate. Purifications may vary between experinents: in general,
solvents and the solvent ratios used for eluantslgradients were chosen to
provi de appropriate Rs or retention tines. - 37 - Preparation 1

Racem c , . _ ,

(5R7S), (5S7RYMPIeA; BRIFBMPEIRITY- PIVERRPY. FCBIMRRIIRE RGP BTREPIORA- 2- one
(P1) Step 1.ihnthesfsthel “hecaidxy2rai®t ity dn 4koxoh3t 4-sdbdtstes pyth iaticaet de2H) -

i op- wi o £ GEISCER, $4EBGER PO DY O PHERKGR, SYTCHERE (PRSP T o3I and
t net hyl am net-fibthorthox918uoromilhoi  ditbyradnatimxy e tifabycteahanyalaldd khown widi | e
coml ot 6n_ oPSRREeRREYS: Stk s SuleTRSuepdr Rl hege S rredhet T as0c
for 20 m nutsedstithéithy| sognesiduby bnee gen (&0 hbbhan slifsttu®aithyHoset fesgenc650
m., 1.95 I t.h dded - t -60C -50C, . Th ti 1 Xt
wes st rred SESTRUHR FBME SEFE BT YR e R R SRR i | ayer
chronat ography ( peiertoiretuncttef@sket0yl acetate = 1:1) indicated that the
o rores Sor Bl A oL B ISP el b e

br own- bl1ack. The Torganh Calkayé refaastoldn siepdinkédc amdxgmncentchated aisn beacua,
and the residue and.the aqueous | ayer were extracted with ethyl acetate (2
x 2 L). The 'EB¥BFHEGSr ganic | ayers were washed with saturated aqueous
sodi um chl ori de sa)-& woBrsfrof@ Rigpreshritetheation gragh ERasitidsadfertiang imhajpor at ed
to dryness to t%ve %rude Cl ., whi 2{} was used in the next step wthout

puri ficati o P8 FNOPERORY 2B IREs. 20Step 2. Synthesis of benzvl

2- met hyl - 4- oxopi peel grmehiteemybloxiliarefe(sCd)a shibstuat iabtatkd by wémovingfa

d 750 q,. 3. 06 | i ef | i1d (2.8 L t 100C s .added zi
commound. 4y A9 bbol T RBRRL FBElsh My bR R A < 7
m Xt ur e becaueldy ghd aremAf tariegsanpleetd O ofg tlvenaddstharpabbe (irreastyigen,

1 Xt ti d at 110 1 h Th 1 Xt . fil d.th h
Col i Ve 1 ne 5P ¥5t Wt el b ol Sl m Rl sl B8R
diluted w ththevafreup E@ndigtingastdoaetidrr, andrgeh, whitrbgeet layld augfet. atie heRrdgyclodivel

conbi ned organi c layers were basified with solid potassiumcarbonate to pH
08 Uhen woaRisuY ey A TPIeeq SsauLga bl S P B Hr PSR )
dried owver sedidim sbbicadaoand ®viepaiat ¢k | Otrogemesggdno ogisuirtr inde g8ipas a

brown- bl ack il , which,was purifie ol umm. chr omat agr.aphy. on 30sj |jca
el aradi ebe! 524 on DR AL ORI REr B dirk ey SO Bhreder Bl
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col um chr omat ography on silica gel (Gadient 1:20 to 1:2 ethyl
acetate/petroleumether) to give C3 as a brown oil conprised of a mxture
of diastereoners. Yield: 846 g, 2 batches, 2,30 nol, 68% 1H NVR (400 MHz,
CDC13) : 7,39-7,31 (m 5H), 7.24-7.15 (m 1H), 6,66-6,59 (m 3H), 5.15 (s,
2H), 4.63-4.43 (2 nultiplets, 1H), 428-4,02 (2 nultiplets, 1H), 3.85-3.76
(2 broad singlets, 1H), 3.39- 20 3,24 (m 1H), 2.40-2,18 (several nultip
ets 3H), 1.83-1.58(2 nultiplets, 1H), 1.411,20 (2 doublets, 3H).

Step 4, Synthesis of racem c benzyl (2S, 4R) (2R, 4S)-4-cvano-4-[(3-ethoxv- 3-
oxopr opanoyl) ( 3-fl uor ophenvf | am noi - 2- net hyl pi peri di ne- 1-car boxyl ate (C4).
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15 with 1 N aqueous hydrochloric acid to pH 6. The solid was filtered and
dried to obtain conpound C5 as a white solid. Yield: 445 g, 0,923 nol, 99%
11-1 NVR WoQ010M58333CDCl 3): 8 7.35-7.33 (m 3H), 7.24-7. P2T(IR2009BH5043
6.95-6.93 (m 3H), 4.93-4.90 (d, 1H), 4.72-4.68 (d, 1H), 4.26-4.20 (m 1H),
3,87-3,83 (m 1H), 3.36-3,29 (m 111), 898 2,90 (m 1H), 2.41-2.33 (m

1H), 2.10-2.01 (m 11), 1.92-1.86 (m 1 1.79- 201,72 (m 1H), 1.30-1.26
(t, 3H), 0,95-0.92 (m 3H). Step 6. Synthe5|s of racemc

(5R 7S) (5S, 7R) 1- (3-fl uorophenyl)-7-nethyl 1. 8-di azaspi r 014, 51decane-2, 4-di o
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ot by < 254 BB, 118U Gopr BPTAS dB8fles docKF BERYPiErchetespromic ing
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at 5C was added a 30sol ution of sodium hydroxide (90 g, 2.25 nol) in water
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m 2H)‘*~f”4 36&4»%4 (m\,,l L 4 07-4+03 (m 1H), 3.55-3.48 (m
1H), 3.40-3.18 (AB quartet, 2H), 2.05-1. 96 (m 2H), 1.86-1.82 (br d, 1H),
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_py_7g5S7 ‘ N _
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7.64-7.62 (d, 1H), 7,52-7.37 (m 1H), 7.34-7.32 (m 5H), 7.16-7.11 (m 1H)
6.91-6.80 (m 2H), 6. 34- 6. 32 (d, 1H), 5.08 (br s, 2H), 4.70-4.64 (m 1H),
4.24-4.20 (m 1H), 3.1&309 (m 1H), 2.13-2.06 (m 1H), 1.91-1.87 (m 1H),
1.69-1.62 (m 1H), 1 .47- 51,44 (br d, 1H), 1.32-1.30 (d, 3H). Step
10. Synthesis of racemc

(5/3,7S)(5S, 7TR) - 1- (3-fl uorophenvl) - 7- net hyl 1. 8- di azaspi rol4. 51dec- 3- en- 2- on
e (P1), To a solution of C9 (20 g, 51 nmol) in nethanol (20 nL) was added 6
N aqueous hydrochloric add (200 nL) at roomtenperature. The reacti on was
then heated to reflux for 2 hours durlng V\/mch t|rre 10 the brown sol ution
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- 42 - tenperature for 18 hours. Thin |layer chromatography (petrol eum
ether/ethyl acetate = 2:1 and di chl oronet hanel net hanol =10 : 1 ) showed the
reacti on wa0nmspd3et e. The reaction mxture was filtere@gCanBmiesshdd trate
was concentrated in vacua: the residue was then diluted with ethyl acetate
(100 nl..) and water (100 ni). The mxtu1re was 5 cooled to 10C and

aci dlfled with 1 N aqueous hydrochloric gmd to pH 2-3, after which the
aqueous | ayer was separated and maintained at 10C. It was then basified to
pH 11 with saturated aqueous sodi um hydroxide, and extracted with ethyl
acetate (5 These f ani ¢ Ia onbi ned ed over
Sodi um sl t aLESdHEs iUt R o BaliCeg, AR PrstelERa’ S o
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fl uor ophenyl no) net hy i di ne-1- %)
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Cle (10 g, 22 Mjnyinaddohﬂnamoﬂe(hhamew@ﬁeﬁs (L2, 3-tEER A Y}, oxazmyl (including
3-chloro-3-q (4.48. s then added e from
an addition ¢%§ﬁ§ Zm%nd Qﬁagélgt 3%5%103(&2&% \(/%/a O AP 1¥e % o PEEY QF(Q%Q\[% ‘oom

t enper at ur e faB-vkakioyr &r ﬂhexanm@i}urimmsyidq:rhumm whisdxazib@l dr phbkawamgthane
(30 m), .80 ) i th saturated aqu di um.chl ori de
(30 ,1) ot hEdo M Bb el iR gl by HEBHRS 0 S B Sy
renoval of siofgenkthiax npapu@ammﬂqidmm@ tby# bty naphd.6, 2panadfazoatli on on
silica gel (Elu 0%.et.h C ate tane), to provide Cl2 (6,64 Q)
as a yell ow“&?fpﬁ& y&éé‘*ﬁ’ &Q’c%egﬁg‘ev{ﬁpén%) 5%5" aphed to provide

addi tional Cl2 Tdbampese! df Bﬂ;ked 1ﬁgg hel@oérytmmhduﬁé%mrﬁ@hﬁym Dyd&End,
(M), 'H NIVR 500 2 doubl et s,
527 7 ey SRRk, Bl et rdialit o iibevilyt AR Ty
3.14 (s, 302I—|)gvn80{33ﬂﬁmynamsuna:dmﬁib{3 aeza}mw;ainkiy als ¢ pyretb{h§-b$olridimt), peakd) ,

4.09 (2 quar Iz 1. T Hz,  2F (m
ohy, 710 (R T, ke > Borchinta \Pnabediy “okarlly. Fhgimimds! o o
8- benzyl 3- epdndxafryR7 Syuihaaningd- 148ndddminyphebghioppranyl,  benzothiopyranyl,

met hyl - 2- oxo- 1, 8- di azasoi rol 4. 51dec- 3- ene- 3, 8-di car boxyl ate (C13). Sodi um
netal (426 ng, 18.5 mmol, prewashed with heptane) was added to nethanol (12
m.) and allowed to react conpletely. This solution of sodi um net hoxi de was
then added to a OC solution of Cl2 (6.64 g, 142 mmol) in nethanol (45 niL).
The reaction mxture 25 was allowed to warmto roomtenperature, stirred
for 45 mnutes, and concentrated to provide Cl13 as a yell ow paste, which
was taken on to the next transformation without purification. Yield: 6.84
g, 14.2 mol, 100% LCM5 tn/z 482.1 (M+1l).NWR (500 MHz, CD30D) 6' 1.02 (d,
J=6.1 Hz, 3H), 1.31 (t J 7 1 Hz, 3H), 2.01 (dd, J=14.7, 11.3 Hz,
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1. 8-di azaspi rol 4 Si decane- 8-carboxylate (C15). A solution of Cl4 fromthe
previous step (4.73 g, <15,1 mmol) in tetrahydrofuran (40 nL) and water (20
m.) was cwol2eth/t583386C and treated with a solution of sodipemihgde/essoese (4, 11
g, 103 mmol) in water (19 nL). Benzyl chloroformate (95% 4.61 ni, 30,8
mmol ) was added, and the 15 resulting lution was stirred at 0C for 2
hours, Another portion of benzyl chloroformate (95% 1.28 ni, 8.6 nmol) was
added, and the reaction was stirred for an additional 2 hours at OC. After
concentration in vacuo to renove tetrahydrofuran, the residue was dil uted
with water (.50 and tracted three tipges .wth dichlorornet
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Step 7. Synt‘h’ggjggjg %é%@?e’?%ﬁyé% wa‘?e{‘?ggﬁ%8%;?65‘@§¥‘?2f8§§§}*”‘§H%S‘xo 1, 8-

di azaspi r of Labikdely: Jasthen- wmxwate (Cu) A solution of Cl6 (510 ng,

1.24 ) in pyridine (8,83 c.and_t thIh onyl
chiori0gs 20 (b, o8 Hiin “193a0h s RS stPens A8 ot PRRA G BT
room t enper ahatraee fisheano atC.E0CchtooiBe hingirssich Ak el @ @dld agbdayciaem, or to

d d d
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aqueous sol wrogmanh sabstituemt b ipamddnah er¢ratic &BbarLyf. thd heteorggemiroud @aytera was

concentrated ipn vacua d b chro to silica gel

(G adient:  gsmedBand: d0n P bav b, rupFhmr frusrargiedy SGRePE s00
ng, O. 7630mrtdubstﬁ&1%i wiEVS e mu%@&u.ﬁas(th@ﬁi}s tf@eﬁel\hﬂn@cﬁ@%d&ﬁﬂmt@m @)lesd 1 32
(d, J=7.1 =12 1..93

5,11 (m 1H)dth l?%s‘g s&&cu?eﬁ_{)are 33@4,&3?%(1%?@1 ar%nk%g: ﬁggcri%‘he é%&z%gr nE:r 6, 3 4
(d J=6. 1 Hzp alhdierobicdd of the HdBrpaly! adoubbrThe fuded C8-Chiz parbbiiyclid pi 4- (tmm-lH)
7.30- 307.37 (m 5H), 7.43 (ddd, J=8.2, 8.2, 6.4 Hz, 1H), 7.64 (d, J=6.3
Hz, 1H). - 46 - Step8. Synt hesi sof (5R7S)-1-(3-fl uorophenyi)-7-nethyl-1, 8-
di azaspi ro[ 4, 51dec- 3-en-2-one (P3).. Conpound Cl7 (150 ng, 0.38 mmol) was
di ssolved in nethanol (0.19 m.) and 6 N aqueous hydrochloric acid (1.27
m., 7,6 moi), and the reaction was heated at reflux for 2 hours, The

m xture was 5 concentrated in vacua to one-half its original volune, and
then extracted with ethyl acetate; this extract was di scarded. The aqueous
| ayer was cooled to 10C, basified to pH 11 with 1 N aqueous sodi um
hydrOX| de sol ut| on, and extract ed W|th et hyI ‘acetate (3 X 10 m_) The
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Racem c8-substituted(5R, 7S)(5S, 7R) - 1- (3-fl uorophenyl)-7-met hyl - 1, 8-

di azaspirol4. 51dec- 3-en- 2-ones and 8-substituted

(5R7S) (5SyoRY10105883f | uor ophenyl )- 7-neth yl -1 . 8-di azaspcraB@peessass- 2- ones
0.JI H P2Exanpl es 33-55 5( +trans(+0-trans Synt hesi s of
Exanples 1 - 86. A solution of either c ound P1 or P2 (0.19 Min

di chl oroet hane, 400 iL, 75 pnol) was pldced in an 8 niL vial, and treated

wi th the al dehyde conponent (0,25 M solution in dichloroethane, 300 pl., 75
Hrol ) . Sodiun1triacetoxyborohydride (225 p.nol) was added to each vial,

whi ch was t hen shake at 30 6 hou Sol vent

Famoved us MEPE0EEE CATRIEYS FaTa S PN LB L hIETe pUr T TEd: by
preparative &jmgcyﬁeﬁkﬁahlr:@ 1 for characteri zation dat a. Table 1
shows the structu eco ounds, and .r el evan bioo,i,al tat t were
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Each assay i.s q]scl ose

det h bel
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present) H R23}-GidRaiBnhyg, 3pifdpdaniofaniienyl, Em:@xahyi 2 s tatrathguifakigogiend, (D) 3.0r a

single bond tgtrghydmthmp 1enA1 ZB morph’aﬁcny én%:l)rphoimyi 4-morpholiny, 2-thiomorpholiny,
3-thiomorphotinyl, 4-thiomorphoting, 1-pyrrolidinyl, Z-pyrrolidinyl, 3-pyrrolidingl, 1-
piperazinyl, 2-piperazinyd, 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-piperdinyl, 4-
10 thiazolidinyl, diazolonyl, N-substituted diazolonyl, 1-phthalimidinyl, benzoxany,
benzo[1,3]dioxine, benzo{1 4ldioxine, benzopyrrolidingt, benzopiperidinyt,
benzoxolanyl, benzothiolanyl, 4.5,8,7-tetrahwydropyrazoli1,5-alphalpyridine,
benzothianyl, pyrrolidinyg, tetrahydrofuranyt, dihydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidino, morgholing,
15  thiomorpholing, thioxanyl, piperazinyl, azetiding, oxetanyl, thietany, homopiperidinyt,
oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepiny, 1,2,3,6-tetrahydropyridinyt, 2-
pyrrolingl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothieny, dihydrofuranyi,
pyrazofidiny, imidazolinyt, imidazolidinyi, 3~-azabicyclol3.1.0lhexanyt, 3-
20  azabicyclol4.1.0lheptanyl, 3H-indoby, gquinolizinyl, pyridinyl, imidazohd, pyrimiding,
pyrazodyl, trigzolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolv,
isothiazolyl, pyrrolyl, gquinolinyl, isoquinolinyl, indolyl, benzimidazolyt, benzofuranyl,
cinnolinyt, indazolyl, indolizingl, phthalazinyl, pyridazingl, trazinyl, isoindolyd,
pteridinyl,  puwrinyl, oxadiazolyl, thiadiazobd, furazanyl, benzofurazanyl,
25  benzothiophenyl, benzothiazolyl, benzoxazalyl, quinazolingl,  quinoxaliny,
naphthyridinyl, and furopyridinyl. The foregoing groups, as derived from the groups
listed above, may be C-attached or N-attached where such is possible. For instance, a
group derived from pyrrole may be pyrrol-1-yl (N-attached) or pyrrol-3-yl {C-attached).
Further, a group derived from imidazole may be imidazol-1-yt (N-aftached) or imidazol-

30 2-vi {C-attached).
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A subsiituent is "substitutable” if it comprises at least one carbon, sulfur,
oxygen or nitrogen atom that is bonded {o one or more hydrogen atoms. Thus, for
exampile, hydrogen, halogen, and cyanc do not fall within this definition.

if a substituent is described as being “substiluted,” a non-hydrogen

(81}

substituent is in the place of a hydrogen substituent on a carbon, oxygen, sulfur or
nitrogen of the substituent. Thus, for example, a substituted alkyl substituent is an
alkyl substituent wherein at lsast one non-hydrogen substituent is in the place of 2
hydrogen substituent on the alkyl substituent. To illustrate, monoflucroalkyl is alkyl
substitited with a fluorc substituent, and difluorcalkyl is alkyl substituted with two
10 fluoro substituents. it should be recognized that if there is more than one substitution
on a substituent, each non-hydrogen substituent may be identical or different {unless
otherwise stated).
if a substituent is described as being “optionally substituted,” the substituent
may be either {1} not substituted, or (2) substituted. If a carbon of a substifuent is
15  described as being optionally substitited with one or more of g list of substituents,
one or more of the hydrogens on the carbon {to the exient there are any) may
separately andfor together be replaced with an independently selected optional
substituent. If a nitrogen of a substituent is described as being optionally substituted
with one or more of a list of substiluents, one or more of the hydrogens on the
20  nitrogen {to the exient there are any} may each be replaced with an independently
selected optional substituent. One exemplary substituent may be depicled as ~
NR'R,” wherein R’ and R” together with the nifrogen atom to which they are attached,
may form a hsterocyclic ring. The hsterocyclic ring formed from R and R” togsther
with the nitrogen atom to which they are attached may be partially or fully saturated.
25 in one embodiment, the hederocyolic ring consists of 3 to 7 atoms. I another
embodiment, the heterocyclic ring is selected from the group consisting of pyrrolyl,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, isoxazolyl, pyridyl and thiazolyl.
This specification uses the terms “substituent,” “radical” and “group”
interchangeably.
30 If a group of substituents are collectively described as being optionally
substituted by one or more of a list of substituents, the group may include: (1}
unsubstitutable substituents, (2} substititable substituents that are not substifuted by



2 ' D*** Racernic(5R 795), (5S, 7R -1-(3- fluorophenyl)-7-methyi-843-(4-
rnet hyl phenoxy) benzyli -1, 8- di azaspirof4, 51dec- 3-en-2-one 456.2 457 2.583""'
w0 2010/058333 f>--0 /7 3\ \a> D ** Racem c(5R 795) PCﬁSBM/GSBOa(KB-
quorophenyl) 843- (4- net hoxyphenoxy) benzylj-7- rnethyi -
, 8-di azaspiro[ 4. 51dec-3- en-2-one 472.2 %7~3 2.4563 . c..-- r--\?D

the optional substiiuents, andfor (3} substiutable subsiituents that are substifuted by
one or more of the oplional substituents.

if a substituent is described as being optionally substituted with up o a
particular number of non-hydrogen substituents, that substituent may be either (1)
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not substituted; or (2) substituted by up to that particular number of non-hydrogen
substituents or by up to the maximum number of substitutable positions on the
substituent, whichever is less. Thus, for example, if a substituent is described as a
heteroaryl optionally substituted with up to 3 non-hydrogen substituents, then any
heteroaryl with fess than 3 substitutable positions would be optionally substituted by
10 up to only as many non-hydrogen substituents as the heteroaryl has substitutable
positions. To Hlustrats, tetrazolyl {which has only one substitutable position) would
be oplicnally substituted with up to one non-hydrogen substituent. To illustrate
further, if an amine ndrogen s described as being optionally substituted with up to 2
non-hydrogen substituents, then the nitrogen will be optionally substituled with up to
15 2 non-hydrogen substituents if the aming nifrogen is 8 primary nitrogen, whereas the
aming nitrogen will be optionally substituted with up to only 1 non-hydrogen
substituent if the amino nitrogen is a secondary nitrogen,
A prefix attached to a muiti-moiety substituent only applies to the first moiety.
To illustrate, the term “alkylcycloalkyl” containg two moieties: alkyl and cycloatkyl.
20  Thus, a C«-Cs prefix on C-Ce-alkylcycloatkyt means that the alkyl moiely of the
alkyicycloalkyl contains from 110 8 carbon atoms; the C.-Ce- prefix does not describe
the cycloalkyl moiety. To illusirate further, the prefix "halo” on haloalkoxyalkyl
indicates that ondy the alkoxy moisty of the alkoxyalkyl substituent is substituted with
one or more halogen substituents. If the halogen substitution onfy occurs on the alkyl
25  moiety, the subslituent would be described as “alkoxyhaloakyl” ¥ the halogen
substitution occurs on hoth the aliiyl moiety and the alkoxy moiety, the substituent
would be described as “haloalkoxyhaloalkyl”
When a substituent is comprised of multiple moieties, unless otherwise
indicated, it is the intention for the final molety to serve as the point of attachment (©
30  the remainder of the molecule. For example, in a substituent A-B-C, moiety C is
attached to the remainder of the molecule. In a substituent A-B-C-D, moiety D is
attached to the remainder of the molecule. Similarly, i a substituent
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aminocarbonyimethyl, the methyl moiety is attached to the remainder of the
N ;\1

molecule, where the substituent may also be be depicted as o . Ina
substituent trifflucromsthylaminocarbonyl, the carbonyl moiety is atiached io the
remainder of the molecule, where the substituent may also be depicled as

N
5 F F Pr‘j
If substituents are described as being "independently selected” from a group,
each substituent is selected independent of the other. Each substituent therefore
may be identical to or different from the other substituent{s}.
jsomers

10 When an asymmetric center is present in a compound of formula |
hereinafter referred to as the compound of the invention, the compound may exist in
the form of optical isemers {enantiomers). In one embodiment, the present invention
comprises enantiomers and mixtures, including racemic mixtures of the compounds
of formuia 1. in another embodiment, for compounds of formulae | that contain more

15 than one asymmetric center, the present invention comprises diastereomeric forms
{individua! diastereomers and mixtures thereof) of compounds. When a compound of
formula | contains an alkenyl group or moiety, geometric isomers may arise.

Tautomeric Forms

The present invention comprises the tautomeric forms of compounds of

20  formula 1. Where structural isomers are interconvertible wia a low energy barrier
tautomeric isomerism (‘tawtomerism’) can occur. This can {ake the form of proton
tautomerism in compounds of formula | containing, for example, an imino, keto, or
oxime group, or so-called valence tautomerism in compounds which contain an
aromatic moiety. It follows that a single compound may exhibit more than one type of

25  isomerism. The various rafios of the tautomers in solid and Hquid form is depsndent
on the various substifuents on the molecule as well as the paricular crystallization

technigue used fo isolate a compound.



rk-- 1- (3-fluorophenyl)-7-nmethO-1, 8- diazaspirot4, 51ldeo- 3-en-2-one
--.--N6HD Racemc(5F 2.7S), (5S7R)-1- fl uorophenyl)-84(6-

hydr oxypywOodn1o/@s83s8) net hyi | - 7- net hyl - 1, 8- di azaspi r o[ 4. PCaaB2089/0350432- one
367,2 368 1,595"" ** Racerni c3-{[(5R 79), (5S, 7R -1- 375.2 376 0.9503
..." 1 CN

(3-fluorophenyl)-7-rnettlyl-2-o0xol, 8-di “a?féspi ro[ 4. 5] dec- 3- en- 8-

Anet hyl } benzonitrile

Salts
The compounds of this invention may be used in the form of salis derived
from inorganic or organic acids. Depending on the paricular compound, a salt of the
compound may be advaniageous due to one or more of the salt’s physical properties,

such as enhanced pharmaceutical stability in differing temperatures and humidities,
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or a desirable solubility in water or oil.  In some instances, a salt of a compound also
may be used as an aid in the isolation, purification, and/or resolution of the
compound.

Where a salt is intended to be administered to a patient (as opposed to, for

10 example, bsing used in an in vifro context), the salt preferably is pharmaceutically
acceptable. The term "pharmaceutically acceptable salt" refers 1o a salt prepared by
combining a compound of formula 1 with an acid whose anion, or a base whose
cation, is geneyally considered suitable for human consumption. Pharmaceutically
accepiable salts are particularly useful as products of the methods of the present

15  inveniion because of their greater aqueous solubility relative to the parent compound.
For use in medicing, the salis of the compounds of this invention are non-toxic
“‘pharmaceutically acceptable salts.” Salts encompassed  within  the term
“pharmaceutically acceptable salts” refer to non-toxic salits of the compounds of this
invention which are genevally prepared by reacting the free base with a suitable

20  organic or inorganic acid.

Suitable pharmaceutically acceptable acid addition salis of the compounds of
the present invention when possible include those derived from inorganic acids, such
as hydrochloric, hydrobromic, hydrofluoric, boric, fluoroboric, phosphoric,
metaphosphoric, nitric, carbonic, sulfonic, and sulfuric acids, and organic acids such

25  as acelic, benzenesuifonic, benzoic, citric, ethanesuifonic, fumaric, gluconic, glycolic,
isothionic, factic, lactobionic, maleic, matic, methanesulfonic,
trifluoromsthanesulfonic, succinic, toluenssulfonic, tartaric, and triffuorcacstic acids.
Suitable organic acids generally include, for example, aliphatic, cycloaliphatic,
aromatic, araliphatic, heterocyclylic, carboxylic, and sulfonic classes of organic acids.

30 Specific examples of suitable organic acids include acetate, trifluoroacetate,
formate, propionate, succinate, glycolate, gluconate, digluconate, lactate, malate,
tartaric acid, citrate, ascorbate, glucuronate, maleate, fumarale, pyruvate, aspariate,



WO 2010/ 058333PCT/ 1 B2009/ 055043 -49 - 8, = D Racem c(5R, 75), (55, 7R -1-
fl uorophenyl)-8-(3- triethoxybenzyl)-7-nethyl-1, 8-

di azaspi reD2081038333 3- en- 2-one 380.2 381 -; 1.796- 9 HO PCTAB200WBF5H3 Racem C
(5R 75), (55, 7R)-8-(2,4- di hydroxybenzyl)-1-(3- fi Li=

phenyi)-7-methyl-1, 8- diazas pi r014. 51d2%q- 3-en-2-one 382.2 383 1.81e 10 11

\--z D ** Racernic(5R 7S), (5S, 7TR) - 1-(3-

gluiamate, benzoale, anthrandic acid, mesyiate, slearale, salicylate,
p-hydroxybenzoate, phenyiacetate, mandeiate, embonate {(pamoate),
methanesulfonate, ethanesuifonate, benzenesulfonate, pantothenate,
toluenesulfonate, 2-hvdroxyethanesulfonate, sufanilate, cyclohexylaminosulfonate,

(81}

algenic acid, B-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate,

butyrate, camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate,

glycoheptanoate,  glycerophosphate,  heptanoate, hexanoate,  nicotinate,
2-naphthalesulionate, oxalate, palmoate, pectinate, 3-phenylptopionate, picrate,
pivalate, thiocyanate, tosylate, and undecanoate.

10 Furthermore, where the compounds of the invention carmry an acidic moisty,
suitable pharmaceutically acceptable salls thereof may include alkali metal salls, i.e.,
sodium or potassium salts; alkaline earth metal salts, &.g., calcium or magnesium
salts; and salts formed with suilable organic ligands, e.g., quatemary ammonium
salts.  In another embodiment, base salls are formed from bases which form non-

15  toxic salts, including aluminum, arginine, benzathine, choline, disthylamine,
diolamine, glycine, lysine, meglumineg, olamine, fromethamine and zinc salis.

Organic salts may be made from secondary, terflary or quaternary amine
salts, such as tromethamine, diethylamine, NN'-dibenzyiethylenediamine,
chioroprocaine, choline, disthanolaming, gthylenediamine, meglumine

20  {N-methylglucamine), and procaine. Basic nifrogen-containing groups may be
quaternized with agents such as lower atky {C:-Cs) halides (e.g., methyl, ethyl,
propyl, and butyl chiorides, bromides, and iodides), dialkyl sulfates {(i.e., dimethyl,
diethyl, dibuytl, and diamyl sulfates), long chain halides {i.e., decyl, tauryl, myristyl,
and stearyl chlorides, bromides, and iodides), arvialkyl halides {i.e., benzyl and

25 phensthyl bromides), and others,

in one embodiment, hemisails of acids and bases may aiso be formed, for
example, hemisulphate and hemicalcium salts.

Prodrugs

Also within the scope of the present invention are so-called "prodrugs” of the

30 compound of the invention. Thus, certain devivatives of the compound of the

invention which may have litle or no pharmacological activity themselves can, when

administered into or onto the body, be converted inte the compound of the invention



fl uoro phenyi)-7-methyl-64(1- pro pyl-1H pyrazol -5-vyi

)rnethyl | 1, 8-di azaspi ro[ 4. 51dec- 3-en-2- one Racemid(5R, 75), (55, 7R -1 -(3-
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di azaspi rot 4. 5)dec- 3-en-2-one 396.2 397 1. 813 ' 13 14 | 42\ D ** Racem
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referred to as “prodrugs.” Further information on the use of prodrugs may be found
in "Pro-drugs as Novel Delivery Systems, Vol. 14, ACS Symposium Series {1 Higuchi
and W Stella) and “Bioreversible Carriers in Drug Design,” Pergamon Press, 1887
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{ed. E B8 Roche, American Pharmaceutical Association). Prodrugs in accordance
with the invention can, for example, be produced by replacing appropriate
functionalities present in the compounds of any of formula | with cerfain moieties
known to those skilled in the art as “pro-moieties” as described, for example, in
“Design of Prodrugs”™ by M Bundgaard (Elsevier, 1885).
10 Isotopes
The present invention also includes isotopically labelled compounds, which
are identical to those recited in formula |, but for the fact that one or more atoms are
replaced by an atom having an alomic mass or mass number different from the
atomic mass or mass number usually found in nature. Examples of isciopes that can
15  be incorporated intc compounds of the present inveniion include isotopes of
hydrogen, carbon, nifrogen, oxygen, phosphorous, sulfur, fluorine and chiorine, such
as “H, °H, 7C, 'C, ¢, BN, B0, 0, VP, PP, 8, PF, and *PCl, respectively.
Compounds of the present invention, prodrugs thereof, and pharmaceutically
acceptable salits of said compounds or of said prodrugs which contain the
20 afcrementioned isotopes and/or other isotopes of other atoms are within the scope of
this invention. Ceriain isctopically labelled compounds of the present invention, for
example those info which radioactive isotopes such as “M and ™C are incorporated,
are useful in drug and/or substrate tissue distribution assays. Tritiated, i.e., *H, and
carbon-14, i.e., ¥C, isolopes are particularly preferred for their ease of preparation
25 and detectability. Furiher, substitution with heavier isctopes such as deuteriun, i.e.,
‘M, can afford certain therapeutic advantages resulting from greater metabolic
stability, for exampie increased in vivo half-life or reduced dosags requirements and,
hence, may be preferred in some circumstances. isotopically labelled compounds of
formula | of this invention and prodrugs thereof can generally be prepared by carrying
30  out the procedures disclosed in the Schemes andlor in the Examples and
Preparations below, by substituling a readily available isotopically labelled reagent
for a non-isotopically labelied reagent.
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Administration and Dosing

Typically, a compound of the invention is administered in an amount effective
fo treat a condition as described herein. The compounds of the invention are
administered by any suitable route iy the form of a pharmaceutical compasition

(81}

adapted to such a route, and in a dose effective for the treatment intended.

Therapeutically effective doses of the compounds required to treat the progress of

the medical condition are readily ascertained by one of ordinary skill in the art using

preclinical and clinical approaches familiar to the medicinal arts.
The compounds of the invention may be administered orally. Oral

10 administration may involve swallowing, so that the compound enters the
gastrointestinal tract, or buccal or sublingual administration may be employed by
which the compound enters the blood stream direclly from the mouth.

in another embodiment, the compounds of the invention may also be
administered directly into the blood stream, into muscle, or inte an intemal organ.

15 Suitable means for parenteral administration inchlude intravenous, intraarteria,
itraperitoneal, intrathecal, intraventricular, intraursthral, intrasternal, intracranial,
intframuscudar and subcutaneous. Suitable devices for parenteral  administration
include needle {including microneedle} injectors, needle-free injectors and infusion
technigques.

20 In another embodiment, the compounds of the mvention may also be
administered topically {0 the skin or mucosa, that is, dermally or transdermally. In
ancther ambodiment, the compounds of the invention can alse be administered
intranasally or by inhalation. In another embodiment, the compounds of the invention
may be administered rectally or vaginally. In another embodiment, the compounds of

25  the invention may also be administered directly (o the eye ar ear.

The dosage regimen for the compounds and/or compositions containng the
compounds is based on a variety of factors, including the type, age, weight, sex and
medical condition of the patient, the severity of the conglition; the route of
administration; and the activily of the particular compound employed. Thus the

30 dosage regimen may vary widely. Dosage levels of the order from about .01 mg to

about 100 mg per kilogram of body weight per day are useful in the freatment of the

above-indicated conditions. In one embodiment, the tolal daily dose of a compound
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of the invention (administered in single or divided doses) is typically from about 0.01
to about 100 mg/kg. in another embodiment, total daily dose of the compound of the
invention is from about 0.1 o about 50 mg/kg, and in another embodiment, from
about 0.5 o about 30 mg/kg {i.e., mg compound of the invention per kg body weight).
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in one embodiment, dosing is from 0.01 o 10 mg/kg/day. In another embodiment,
dosing is from 0.1 to 1.0 mg/kg/day. Dosage unit compositions may contain such
amounts or submuitiples thereof to make up the daily dose. In many instances, the
administration of the compound will be repeated a plurality of times in a day {typically
no greater than 4 times). Mulliple doses per day typically may be used fo increase
10 the total daily dose, if desired.
For oral administration, the compositions may be provided in the form of
tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 50, 10.0, 15.0, 25.0, 50.0, 75.0, 100,
125, 150, 175, 200, 250 and 500 milligrams of the active ingredient for the
symptomatic adjustment of the dosage o the patient. A medicament typically
15  containsg from about 0.01 mg 1o about 500 mg of the active ingredient, or in another
embodiment, from ahowd Tmg o about 100 mg of active ingredient.  Intravenously,
doses may range from about 0.1 to about 10 mg/kg/minute during a constant rate
infusion.
Suitable subjects according to the present invention include mammalian
20  subjects. Mammals according to the present invention include, but are not limiled fo,
canineg, faline, bovineg, capring, eguine, ovine, porcine, rodents, lagomorphs,
primates, and the like, and encompass mammals in uterc. in one embodiment,
humans are suitable subjects. Human subjects may be of either gender and at any
stage of development.
25 Use in the Preparation of a Medicament

In another embodiment, the invention comprises the use of one or more
compounds of the invention for the preparation of a medicament for the treatment of
the conditions recited herein.

Pharmaceutical GCompositions

30 For the freatment of the conditions referred o above, the compound of the
invention can be administered as compound per se. Alternatively, pharmaceutically
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agueous solubility relative to the parent compound.
In another embodiment, the present invention comprises pharmaceutical
compositions.  Such pharmaceutical compositions comprise a compound of the
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invention presented with a pharmaceutically-acceptable carrier. The carrier can be a
solid, a liquid, or both, and may be formulated with the compound as a unit-dose
composition, for exampls, a tablet, which can contain from 0.05% to 25% by weight
of the active compounds. A compound of the invention may be coupled with suitable
polymers as targetable drug carriers. Other pharmacologically active substances can
10 also be present.

The compounds of the present invention may be administered by any suitable
route, preferably in the form of a pharmaceutical composition adapted to such a
route, and in a dose effective for the freaiment intended. The active compounds and
compositions, for example, may be administered orally, rectally, parenterally, or

15 topicaily.

Oral administration of a solid dose farm may be, for example, presented in
discrete units, such as hard or soft capsules, pills, cachets, lozenges, or {ablets, sach
containing a8 predetermined amount of at least one compound of the present
invention. in anocther embodiment, the oral administration may be in a powder or

20 granule form. in ancther embodiment, the oral dose form is sub-lingusl, such as, for
exampie, a lozenge. In such solid dosage forms, the compounds of formuta | are
ordinarily combined with one or more adjuvants, Such capsules or tablets may
contain a controlled-releass formulation. In the case of capsules, tablets, and pills,
the dosage forms also may comprise buffering agentsor may be prepared with

25  entleric coatings.

In another embodiment, oral adminisiration may be in a liguid dose form.
Liquid dosage forms for oral administration include, for example, pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert
diluenis commonly used in the art (l.e., water). Such compositions also may

30 comprise adjuvants, such as wetling, emuisifying, suspending, flavoring (e.g.,

sweetening), and/or perfuming agents.



442 ' 443 447 1,7835 1.530" 2.0093 24 Racem c(5R, 7S), (5S, 7R)-8-(3- bro
no- 4- f | uor obenzyi)-1-(3- fl uorophenyO-7-nethyl -1, 8-
di azaspi rep2B10383333- en- 2-one 446.1 447 2.102'"' 25 N - - PCTABR009/TIS0A3 :

D ** Racem c5- (3-{R5R, 75), (5, 3, 7R) -

, 8-di azaspro[ 4. 51dec- 3- en8- Ar net hAphenyQni cotinonitriie Racem c
4-(241(5R, 75), (5S, 7R - 1-(3-fluoropheny0-7-net hyl -2- oxo-1

,8-cliazaspiro[4.51dec-3-en8-Arnethyl)-1, 3-thiazol-4- yCbenzonitn |le 452.2
458. 2 453 459 1.981:) 2.1547 26 ?.
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in another embodiment, the present invention comprises a parentsral dose
form. “Parenteral administration” includes, for example, subcutaneous injections,
infravenous  injections, intraperitoneally, intramuscular  injections, intrasternal
injections, and infusion. Injectable preparations {i.e., sterile injectable agueous or
oleaginous suspensions) may be formulated according fo the known art using
suitable dispersing, wetling agents, and/or suspending agents.

in another embodiment, the present invention comprises a topical dose form.
“Topical administration” includes, for example, transdermal administration, such as
via transdermal palches or onfophoresis devices, intraccular administration, or
infranasal or inhalation administration. Composttions for topical administration also
include, for example, topical gels, sprays, ointments, and c¢reams. A topical
formulation may include g compound which enhances absorplion or penetration of
the aclive ingredient through the skin or other affected areas. When the compounds
of this invention are administered by a transdermal device, administration will be
accomplished using a paich either of the reservair and porous membrane type orof a
solid matrix variety. Typical formulations for this purpose include gels, hydrogels,
lotions, sclutions, creams, oindments, dusting powders, dressings, foams, films, skin
patches, wafers, implants, sponges, fibres, bandages and microemulsions.
Liposomes may also be used. Typical cariers include aloohol, water, mineral oil,
fiquid petrolatum, white petrolatum, glycerin, polyethylene glycel and propylene
glycol. Penetration enhancers may be incorporated - see, for example, J. Pham.
Sci, 88 {103, 955-958, by Finnin and Morgan {Qctober 199%9).

Formuiations suitable for topical administration fo the eye include, for
example, eve drops wherein the compound of this invenlion is dissolved or
suspended in suitable carrier. A typical formulation suitable for ocular or aursl
adminisiration may be in the form of drops of a micronised suspension or solution in
isotonic, pH-adjusted, sterile saline. Other formulations suitable for ocular and aural
administration include ointments, biodegradable (i.e., absorbable gel sponges,
collageny and non-bicdegradable {ie., silicone) implants, wafers, lenses and
particulate or vesicular systems, such as niosomes or liposomes. A polymer such as
crossed-linked polyacrylic acid, polyvinylalcohol, hyaluronic acid, a cellulosic
polymer, for example, hydroxypropyimethylceliulose, hydroxyethyicellulose, or methyl

1- (3-fl uorophenyO- 7-net hyl - 2- oxo-1

D



-- N..,. NC 27 (, )----- Nr , ON D** Racem c3-(2-15R, 75), (55, 7R) -
1- (3-fl uorophenyl)-7-nethyl-2- oxo-1

, 8- di azasworo{0Ms833dec- 3-en8-yi |l met hyl}-1, 3-t hi azol - 4- y@oenBm/Hisnd3 | e
458.2 459 2.1733 28 ;// -~r- D Racem c3-([(5R 7S).(5S, 7R) - 1-

(3-fl uorophenyl)-7-net hyl - 2-oxol, 8-di azagpi ro[ 4. 51dec-3-en-8- ylinethyl}-N
i sopropyi benzenesul f onani de 471,2 472 1 852'"

cellulose, or a heteropolysaccharide polymer, for example, gelan gum, may be
incorporated fogether with a preservative, such as benzalkonium chioride. Such
formulations may also be delivered by iontophoresis.

For intranasal administration or administration by inhalation, the aclive

(81}

compounds of the inveniion are conveniently delivered in the form of a solution or
suspension from a pump spray container that is squeezed or pumped by the patient
Or as an aerosol spray presentation from a pressunized container or a nebulizer, with
the use of a suitable propetlant. Formulations suitable for intranasal administration
are typically administered in the form of a dry powder (either alone, as a mixture, for
10 example, in a dry blend with lactose, or as a mixed component particle, for example,
mixed with phospholipids, such as phosphatidyicholine) from a dry powder inhaler or
as an aerosol spray from a pressurised container, pump, spray, atomiser (preferably
an atomiser using electrohydrodynamics to produce a fine mist), or nebuliser, with or
without the use of a suitable propellant, such as 1,1.1,2-tetraflucroethane or
15 1,1,1.2.3,3,3-heptaflucropropane.  For intranasal use, the powder may comprise a
bicadhesive agent, for example, chitosan or cyclodexirin,

It another embodiment, the present invention comprises a rectal dose form.
Such rectal dose form may be in the form of, for example, a suppository. Cocoa
butter is a traditional suppository base, but varicus alternatives may be used as

20  appropriate.

Other carrier materials and modes of administration known in the
pharmaceutical art may alsc be used. Pharmaceutical compeositions of the invention
may be prepared by any of the well-known technigues of pharmacy, such as effective
formulation and administration procedures. The above considerations in regard fo

25 effective formulations and administration procedures are well known in the arf and
are descnbed in standard texibooks. Formulation of drugs is discussed in, for
example, Hoover, John E., Remington’s Phamaceutical Sciences, Mack Publishing
Co., Easton, Pennsylvania, 1975, Liberman ef al, Eds., Pharmaceutical Dosage
Forms, Marcel Decker, New York, N.Y., 1980; and Kibbe ef al., Eds., Handbook of

30 Pharmaceutical Excipients (3® Ed.), American Pharmaceutical Association,

Washington, 1989,

Co-administration




WD 2010/ 058333PCT/ 1 B2009/ 055043 - 51 - 29 30 e, , \k, \ D **

Racem c(5R, 7S), (5S, 7R) - 843- (4-chl or ophenoxy) benzy11-1-( 3-

fl uor ophewpprofsssshyl - 1, 8- di azaspir of 4, 51dec- 3- en- 2- oRETABBO035643 3. 58e

D Racemc(5R, 7 S),(5 S, 7R -1-(3- fl uorophen0)-7-nethyi-84345- (trifl
uoromet hyl ) pyridi n-2- yllbenzyl}-1, 8-d :{'%azaspi ro[4 .51dec3-e n-2-one 495 2
496 2.457' 31 .." HN--- 1 D Racenmic(5R",7 9),(5 S, 7R -8-([6-

(et hyl arni no) pyridin-3-ylimethyl}- 1-(3-fluorophenyO-7-nethyl-1 , 8- di
azaspirof4 .5}dec-3-e n-2-one 394.2 395

The compounds of the present inventiion can be used, alone or in combination
with other therapeutic agents, in the treatment of various conditions or disease
states. The compcound(s) of the present invention and other therapeutic ageni{s)
may be may be administered simultanacusly (either in the same dosage form or in

(81}

separate dosage forms) or sequentially. An exemplary therapeutic agent may be, for
example, a mstabotropic glutamate receptor agonist.

The administration of two or more compounds “in combination™ means that
the two compounds are administered closely enough in time that the presence of one
alters the biological effects of the other. The two or more compounds may be
10 administerad simultaneously, concurrently or sequentially. Additionally, simultaneous

administration may be carried out by mixing the compounds prior to administration or
by administering the compounds at the same point in time but at different anatomic
sifes or using different routes of administration.
The phrases "concurrent administration,” “co-administration,” “simultanecus
15  administration,” and "administered simultaneously” mean that the compounds are
administered in combination.
The present invention further comprises kits that are suitable for use in
performing the methods of treatment described above. in one embodiment, the kit
20  contains a first dosage form comprising one or mare of the compounds of the present
invention and a container for the dosage, in quaniities sufficient to carry out the
methods of the praesent invention.
in anocther embodiment, the kit of the present invention comprises one o
more compounds of the invertion.
25 Intermediates

in another empodiment, the invention relates {o the novel intermediates useful
for preparing the compounds of the invention.

General Synthetic Schemes

The compounds of the formula | may be prepared by the methods described

30  below, together with synthetic methods known in the art of organic chemistry, or
modifications and derivatisations that are familiar to those of ordinary skill in the art.

The starting materials used herein are commercially available or may be prepared by



2.520k) 32, jJ HN Racem c(5R 7S), (5S, 7R) - 1- ( 3-

fl uoropnenyi)-7-rnethyi-8-{f6- (propyiarnino)pyndl n-3-

yl i met hy Wwo2oByiskaszaspi r o[ 4. 5) dee3-en-2-one 408.2 408 1P6TOB2009/035043. . 0
Racem |l c(5 R 7S), (5S,7R)-8-(3- ethoxybeflzyi)-1-(3-fluorophenyl)-

7-methyl -1 , 8- diazaspiro[4.51ldecan- 2-on3% 396.2 397 2.0673 34 ..-.. S **
Racemic(5R ,7 S),(5 5,7 R-1-(3- fl uoro pnenyi)-7-nethyi-843-(4- neth

yi phe noxy )be nzyil-1,8- diazaspiro[4.51ldecan-2-one 458.2 459 2.582 35 36

routine methods known in the art {such as those methods disclosed in standard
reference books such as the COMPENDIUM OF OQORGANIC SYNTHETIC
METHODS, Vol. VI {published by Wiley-interscience)). Preferred methods include,
but are not imited to, those described below.

(81}

During any of the following synthelic sequences it may be necessary andior
desirable to protect sensitive or reactive groups on any of the molecules concerned.
This can be achieved by means of conventional protecting groups, such as those
described in T. W. Greene, Protective Groups in Organic Chemistry, John Wiley &
Sons, 1981, T. W. Greene and P. G. M. Wuts, Protective Groups in Organic
10 Chemistry, John Wiley & Sons, 1891, and T. W. Greene and P. G. M. Wuls,

Protective Groups in Organic Chemistry, John Wiley & Sons, 1999, which are hereby
incorporated by reference.
Compounds of formula |, or their pharmaceutically acceptable saits, can be
prepared according to the reaction Schemes discussed herein below. Unless
15  otherwise indicated, the substituents in the Schemes are defined as above. isolation
and purification of the products is accomplished by standard procedures, which are
known to a chemist of ordinary skill.
it will be understood by one skilled in the art that the various symboaols,
superscripts and subscripts used in the schemes, methods and examples are used
20 for convenience of representation and/or o reflect the order in which they are
infroduced it the schemes, and are not intended to necessarity correspond o the
symbols, superscripts or subscripts in the appended claims. The schemes are
representative of methods useful in synthesizing the compounds of the present
ivention. They are not to constrain the scope of the invention in any way.



-i--.., r\ N6 S ** Racem c(5R 75), (5S. 7R -1-(3- fl UO Ophenyl)-843-(4-
nmet hoxyphenoxy) benzyl1l-7- nethyl -1, 8-di azaspi ro[ 4. 5| dec- 2-one

Racem c( 5RO28)0/058837R) - 1- ( - fl uorophenyl) - 7-r net hyl - 84BCT(Ip3009/a35048 n- 1
-yisul fonyl)benzyll- 1, 8-dazaspi ro(4,5)decan-2-one 474.2 485.2 475 486
3.413 1.961' 37 HO S Racem c(5R 7S), (55.7/R-1- flI LIOO0 phen y1)-8-(4-
hydr oxybenzy1) - 7-rnet hyl -1, 8- di azaspi rol4. 51cl ecan-2-one 368.2 369 2.48e
38 HO. S ** Racem ¢c(5R, 7S), (55,7R)-1-( fl uoro phenyi)- 8- (4-hydroxy- 3-
meth yi befizyi)-7-nmethyi-1, 8- .2 383 1.001
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Scheme 1 illustrates the synthesis of lactam derivatives depicted by Formula |
employing methods well known to one skilled in the art. Refering to scheme 1,
Strecker reaction of an appropriately protected chiral piperidinone with zinc cyanide

5 inacetic acid followed by chiral separation provides chiral compounds 2. Acylation of
amine 2 with an appropriate acyl chloride provides compounds 3. Formation of the
keto-amide 5 is accomplished by base catalyzed closure of 4 followed by
decarboxylationthydrolysis. Reduction of the carbonyl group of 5 with sodium

borohydride followed by conversion {o the chloride and elimation provides 6.
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Racem c(5R 7S), (5S, 7R)-1-( - fl uorophen 0)-7-nmethyl-S.-Rlpro

pyl- 1H pyweazoio/Bs3zaet hyl F 1, 8-di azaspi ro[ 4, 51decan- 2- on®@C38B2089/858431. 9435
40 S Racernio(5R 79), (55, 7R)-1- fluorophenO)-8(1H i ndol -5-

yl methyl)-7-methyl-1.8- 391,2 392 1.68 ---\z ), -,- S **

Racemni c(5R, 78),(5S, 7R -1-(3- f | Lt oro ‘pheny)-7-nethyl-2-oxo0-1,8- di aza
spirop .51dec-8-yilnet h yl)-2- hydroxybenzonitnie 393,2 394 1,780") 42
---, HOr a s

Reduction of the enone and removal of the protecting group (in the case of Chz) is
accomplished with hydrogenation to provide lactam 7. Reductive amination of 7 with
an aldehyde and sadium triacetoxyborohydride or atkylation of 7 with a halide (X =
Cl, Br, ) and base such as sodium hydride provides compound 8. instafiation of

R™%R™ to provide compound 8 is accomplished using methods known to one skifled

(81}

in the art. Alternatively, removal of the protecting group of compound 6 (in the case
of Cbz this is accomplished with 8N HCI) provides enone 10. Reductive amination of
10 with an aldehyde and sodium triacetoxyborohydride or atkylation of 10 with a
halide (X = Cl, Br, 1) and base such as sodium hydride provides compound 11,
10 Synthesis of compound 12 is accomplished using methods known to one skilled in
the art from compounds 8 or 11.
Experimental Procedures and Working Examples

The following illusirate the synthesis of various compounds of the present

invention. Additional compounds within the scope of this invention may be prepared
15  using the methods llustrated in these Examples, sither alone or in combination with
techniques generally known in the art.

Experiments were generally camied out under inert atmosphere (nitrogen or
argon), particularly in cases where oxygen- or moisture-sensitive reagenis or
intermediates were employed. Commercial solvents and reagents were generally

20  used without further punfication, including anhydrous solvents where approprigte

™
|

{generally Sure-Seal'™ producis from the Aldrich Chemical Company, Milwaukee,

Wisconsin)

Mass spectromeiry data is reported from either liquid chromatography-
mass spectrometry (LCMS) or atmospheric pressure chemical lonization (APCH
instrumentation.  Chemiical shifts for nuclear magnetic resonance {NMR) data are

25  expressed in parts per million {(ppm, §) referenced 10 residual peaks from the
detterated solvents employed.

For syntheses referencing procedures in other Examples or Methods,
reaction conditions (length of reaction and temperature} may vary. In general,
reactions were followed by thin layer chromatography or mass spectrometry, and

30 subjected to work-up when appropriate. Purifications may vary between experiments:
in general, solvents and the solvent ratios used for eluanis/gradients were chosen {o

provide appropriate R$ or retention times.



** Racem c(5R, 7S), (55, 7R)-1-( - fluorophenyi)-8-(4-1-1ydf oxy- 3-

nmet boxybenzyi )-7-rnethyl -1, 8- di azaspiro[ 4, 5] decan-2-one 398.2 399 2.684'
43 Q S Wacemis§BR, 7S), (5S, 7R) - 8- (2- fl uoro-5- met hoxybenTggl004/635843 400. 2
401 1.8613 11luor ophenyi)-7-rnethyM , 8- diazaspi ro[4,5]decan-2-one
44 . .-7., Ho" ci S " Racern |Ic(5R 7S), (5p, 7R)-8-(3- chi

or 0- 4- hydr oxybenzyi)-1-(3- fl uoro phenVy’i)-7-neth0- 1, 8-

di azaspi ro[ 4. 51decan- 2- one 402, 2 403

Preparation 1
Racemic (8R,78).{(53,7R)-1-{3-flucrophenyl)-7-methyl-1,8-diazaspirol4.5]dec-
3-en-2-one (P1}

Step 1. Synthesis of benzvl 2-methyl-4-oxo-3 4-dihydropyridine-1{(2H)-

5 carboxyigte (C1). Benzyl chloroformate (235 g, 1.38 mol) was added drop-wise o a

chilled solution of 4-methoxypyndine (150 g, 1.38 mol) and tnsthylamine {19 mil,
0.137 mol} in anhydrous tetrahydrofuran (6 L), while keeping the temperature below
-50°C. A white precipitate formed. After completion of the addition, the resulting
suspension was stirred at -60°C for 20 minutes. Methylmagnesium bromide (3.0 M in

10 diethyt sther, 850 mi., 1.95 mol) was then added drop-wise at -80°C ~ -50°C. The
reachon mixture was stirred at room temperature overnight, at which time thin layer
chromatography {petroleum etherfethyl acetate = 1:1) indicaled that the reaction was
complete. After quenching the reaction with 1 N agueous hydrochloric acid {500 mb),
the color of the reaction mixture became brown-black. The organic layer was

15 separated and concentrated /n vacuo, and the residue and the aqueous layer were
extracted with ethyl acetate {2 x 2 LY. The combined organic layers were washed
with saturated agueous sodium chioride solution (800 ml.}, dried over sodium sulfate
and evaporated o dryness {o give crude €1, which was used in the next step without
purification. Yield: 1500 g, 4 batches.

20 Step 2. Synthesis of benzyl 2-methyl-4-oxopiperidine-1-carboxylate {€C2). To

a stirred solution of compound C1 {750 g, 3.06 mol) in acetic acid (2.8 L) at 100°C
was added zine powder (795 g, 12.2 mol) over 4 howrs in four pordions. The reaction
mixture became veliow. After completion of the addition, the reaction mixture was
stired at 110°C for 1 hour. The mixture was filtered through Celite, the filtrate was
25  concentrated in vacuo, and the residue was diluted with water (2 L), and exiracted
with ethyl acetate (3 L. The combined organic layers were basified with solid
potassium carbonate to pH 7~8, then washed with saturated aqueous sodium
chioride solution (1 L), dried over sodium sulfate and evaporated to dryness to give
crude €2 as a brown-black oif, which was purified by column chromatography on
30 silica gel (Gradient: 0-10% ethy! acelate in petroleum sther) to afford C2 as a light
vellow oil. Yield: 838 g from 2 batches, 3.38 mol, 61% over two steps. "M NMR (400



0.957 45 3.-- -,- 'r ** Racem c(5R 75),(5S,7R) -1 -(3- fluorophenyl)-8-(3-

| sopropoxybenzyi)-7-met hyki, 8- di azaspiro[ 4. 51decan-2-one 410,2 411 . 2,222
' 46 **WBaesveIBIe5R, 7S), (5S, 7R)-1-(3- fi Lioro phenO) PeTmBrieyhs5843 3- pm
poxy benzyl)- 1,8- i _liazaselLok4Ji decan-2-one 410.2 411 2.2983 47

Racem c(5R, 7S), (5.5, 7R) - 8- ( 3- butoxybenﬁ%t )-1-(3-fluorophen yl)- 424.3 425
2.478'

MHz, CDClLy): 8 7.40-7.32 (m, 5H}, 5.18 (s, 2H), 479 {m, 1H}, 4.34-4.30 {m, 1H),

3.42-3.35 {m, 1H), 2.71-2.86 (dd, 1H), 2.54-2.45 {m, 1H), 2.38-2.25 (m, 2H), 1.21-
1.20 {d, 3H).

Step 3. Synthesis of racemic benzyl (2S5 4ARN2R 45)-4-cvano-4-[(3~

5  fluorephenylaminol-2-methylpiperidine-1-carboxyiate (€3} 3-Fluoroaniline (378 g,

3.38 mol) was added drop-wise {o a solution of compound €2 (418 g, 1.69 mal) in

acetic acid {3 L) at room temperature. Zinc cvanide (430 g, 3.66 mol) was then

added in portions. The reaction mixiure was stirred at room temperature for 18

hours, at which point thin layer chromatography {petraleum etherfethyl acetate = 4;1}

10 showed the reaction was complete. The mixture was coaled {o 0°C, and agueous

ammonium hydroxide scolution {2 L) was added drop-wise until pH = 7~8. The

resulting mixture was extracted with ethyl acetate {3 x 2 L). The combined organic

lavers were washed with safurated agueous sodium chiloride solution (1 L), dried

over sodium sulfate and concentrated in vacuo to give crude €3 (530 g}, which was

15  purified by column chromatography on silica gel (Gradient 1:20 to 12 ethy

acetate/petroleum ether) {o give €3 as a brown oil comprised of a mixture of

diastereomers. Yield: 846 g, 2 batches, 2.30 mol, 68%. 'H NMR (400 MMz, CDCL):

& 7.39-7.31 {(m, 5H), 7.24-7.15 {m, 1H), 6.66-8.59 {m, 3H), 5.15 (s, 2H}, 463443 (2

mudtiplets, 1H), 4.28-4.02 (2 multiplets, 1H), 3.85-3.76 {2 broad singiels, 1H), 3.38-

20 3.24 {m, 1H}, 2.40-2.18 (several multiplets, 3H), 1.83-1.58 (2 muitiplets, 1H}, 1.41-
1.20 (2 doublets, 3H).

Step 4. Svynthesis of racemic banzyl (28 4R} 2R 435)-4-cvano-4-[(3-ethoxy-3-

oxopropanovl¥3-flucrophenvilaminel-2-methyipiperidine-1-carboxylate _ {C4).  2.6-

Dimethvipyridine (242 g, 2.26 mol) and ethyl 3-chioro-3-oxopropanocate (255 g, 1.69
25 mol) were added to a solution of €3 (4155 g, 113 mol) in anhydrous
dichloromethane (2 L) at 10°C. The brown mixiure was stirred at room temperature
overnight. Water (500 ml.) was added at 15°C, and the organic layer was separated
and washed with saturaled aqueous sodium chioride solufion {1 L), dried over
sodium sulfate, filtered and evaporated o dryness o give crude product, which was
30 purified by chromatography on silica gel (Eluant: 115 then 1.5 then 1.1 ethyl
acetate petroleum ether) to give compound C4 as a brown o, Yield: 465 g, 2



_ 7-methO-1, 8- di azaspi

7R)-1-- fluoropheny0O-8-(3- isobutoxybenzyl)-7-nethyl-1, 8-
di azaspl repaoBldeisan- 2- one 424,3 425 3,539 49 F * PCT/IB2009/055043
Racem c(5R, 7S), (5.5, 7R)-' -(3- fluorophenyl)-7-nethyl - 8- (3-

pyridi n-3-yl benzO -1.8- diazaspiro[4.51

Raceni ¢(5R, 7S), (5S, 7R) - 8-[ 3- 436.3 437 2.°465-

10

15

20

30

batches, 0.965 mol, 43%. NMR daia indicated that this material was a single
diastereomer. 'H NMR (400 MHz, CDCl)y: § 7.48-7.43 (m, 1H), 7.42-7.30 (m, 5H),
7.23-7.19 (m, 1H), 7.06-6.92 (m, 2H), 5.14-5.07 (m, 2H), 4.55 (br s, 1H), 4.24-4.09
{m, 3H), 3.38-3.31 (m, 1H), 3.14-3.05 (m, 2H), 2.80-2.76 {m, 1H), 2.17-2.04 (m, 1H),
1.78-1.72 {m, 1H), 1.48 (d, 3H), 1.46-1.35 {m, 1H), 1.28-1.20 {t, 3H).

Siep 5. Synthesis of racemic 8-benzyl 3-ethyl (R 7SHES.7R)-4-aming-1-(3-
fluorophenyl)-7-methyl-2-oxo-1 8-diazaspirol4 5Sldec-3-ene-3 8-dicarboxylate  (C8).

To a solution of compound C4 (450 g, 0.934 mol) in methanol (3.4 L) at 15°C was
added a solution of sodium methoxide (60.5 g, 1.12 mol} in methano! (600 mlL), A
yellow precipitate formed. After completion of the addition, the reaction mixture was
stirred at room temperature for 40 minutes. Thin layer chromatography (petfrcleum
etherfethyl acetate = 2:1) showed the starting matenal was completely consumed.
The reaction was concentrated in vacuo 1o give crude product, which was suspended
irn methanol (100 mbl) and water (2 L); this mixture was cooled to 5°C and acidified
with 1 N aquecus hydrochioric acid to pH 8. The solid was filtered and dried o
obtain compound C5§ as a white salid. Yield: 445 g, 0.823 mol, 89%. 'H NMR (400
MHz, CDCl:): § 7.35-7.33 (m, 3H), 7.24-7.22 {m, 3H), 6.95-6.93 {m, 3H), 4.93-4.90
{d, 1H), 4.72-4.68 {d, 1H), 4.26-4.20 {m, 1H), 3.87-3.83 {m, 1H), 3.36-3.29 (m, 1H),
2.98-2.90 {m, 1H), 2.41-2.33 {m, 1H), 2.10-2.01 {m, 1H), 1.82-1.88 (m, 1H), 1.78-
1.72 {m, 1H}, 1.30-1.26 {1, 3H}, 0.85-0.92 {m, 3H).

Step 8, Svnthesis of racemic (8R.7SHES, 7R} 1-{3-fluorophenyl)-T-methyl-

ro[ 4. 51decan- 2- one 48 * Racem c(5R, 79), (5S,

can-2-one 429,2 430 2.888 50 \

1.8-digzaspirol4 Slidecane-2.4-dione hydrochioride (€C8). Compound C5 (217 g, 0.45
mol) was added portion-wise to 6 N aguecus hydrachloric acid (2 L) al room

temperature, and the mixture was heated fo reflux for 5 hours. The mixture was

cooled o room temperature, and concentrated in vacuo 1o give crude C6 as a brown

solid, which was used in the next step without purification. Yield: 282 g, 2 batches.
Step 7. Synthesis_of racemic benzyl (3R7S¥SS.7R-1-{3-flucrophenyl)-7-

methyl-2 4-dioxo-1,8-diazaspireid .Sidecane-8-carboxylate {C7). To a solution of C6
{1405 g, 0.45 mol) in watertetrahydrofuran {400 mL/800 mL) at 5°C was added a
solution of sodium hydroxide (90 g, 2.25 mol} in water (400 mlL). The reaction

became red-brown. The reaction midure was cooled to 0°C and benzyl

*



(cycl opentyl oxy) benzyl | -1-(3- fl uoro phen yl)-7-nethyi-1, 8- diazasp

ro[ 4. 51decan- 2- one WO 2010/ 058333PCT/ 1 B2009/ 055043 - 53 - 51\ d S
Racem o( SRO28)0/058837R) - 1- (3- fl uorophenyi ) - 7- met hyi - 843 P(C4AB2009/055043
rnettlyipyridin-3-yi)benzyl]-1, 8- diazaspiro44.51ldeoan-2-one 443,2 444 1808
52 Ax. [-\ []". S ** Racenic(5R 7S), (5S,,7/R) -1-(3-

f 1 uor ophenyi) - 7-r net hyi - 8- ( 3- phenoxybéﬁ@jl)-l,S-

di azaspi rof 4, 5} decan- 2-one 444.2 445 2.577"' 53 'F S

chioroformate (115.2 g, 0.67 mol) was added drop-wise. The solution, which became
yellow in color, was stirred for 1 hour at 8°C, at which time thin fayer chromatography
{petrcleum ether/ethyl acetate = 1:2) showed the reaclion was complete. Ethyl
acetate (500 mbl) was added and the agueous layer was separated, cooled to 0°C,

(81}

and acidified with 4 N aqueous hydrochioric acid to pH 2-3. The aqueous laver was
then extracted with ethyl acetate (3 x 1 L) and the combined organic layers were
washed with saturated agueous sodium chioride solution (500 mi), dried over
sodium sulfate and concentrated in vacuo 1o give €7 as a yellow solid. Yield: B4 g, 2
batches, G.205 mol, 23% over two steps. H NMR (400 MHz, CDCL) 8§ 7.46-7 40 (m,
10 M), 7.37-7.27 (m, BH), 7.18-7.13 {m, 1H}, 8.93-6.85 {m, 2H]}, 5.07-4.98 (m, 2H),
4.36-4.34 {m, 1H), 4.07-4.03 {m, 1H), 3.55-3.48 (m, 1H}, 3.40-3.18 {AB quartet, 2H},
2.05-1.98 {m, 2H), 1.86-1.82 (brd, 1H), 1.74-1.72 (m, TH), 1.26-1.24 (d, 3H).

Step 8. Synthesis of racemic benzyl (SR 7S)5S.7R)-1-(3-fluoraphenyl)-4-
hydroxy-7-methyl-2-oxo-1.8-diazaspirold Sldecane-8-carboxylate  (€8) To a

15  suspension of compound C7 (84 g, 0.205 mol) in methanol/tetrahydrofuran {2500

mbL/500 mbL) at 15°C was added sodium borohydride (23.3 g, 0.614 mol) in portions.

After completion of the addition, the solution was light vellow. The mixiure was

stirred at 15°C for 1 hour, at which time thin layer chromatography (petroleum

etherfethyl acetate = 1:1) showed the reaction was complete. The solveni was

20 removed in vacuo and the residue was diluted with ethyl acstate (2 L), The mixture

was washed with water (800 mi}, then with saturated agqueous sodium chioride

solution {500 mb), dried over sodium sulfate and concentrated under reduced
pressure to give C8 as a vellow solid. Yield: 84 g, 0.204 mol, 99%.

Step 8 Svnthesis of racemic benzyl (R 7S8YES8 7R)-1-(3-flucrophenyl)-7-

25  methyl-2-ox0-1 8-digzaspirold Sidec-3-ene-8-carboxylate  {€8). Thionyl chioride

{73.68 g, 0.614 mol} was added drop-wise o a solution of compound C8 (84 ¢, 0.204
mol) in pyridine (1.5 L) at 0°C. The mixture was stirred at room temperature for 1
hour, then heated to 50°C for 5 hours. After cooling to room temperature, the solvent
was removed i vacuo, and the residue was diluted with ethyl acetate (1 L) and
3¢  washed with saturated aguecus sodium bicarbonate solution o pH 7. The organic
layer was dried over sodium sulfate and evaporated to dryness to give crude product,
which was purified by silica gel column chromatography to give C9 as a brown syrup.



Racem c(5R, 7S), (55, 7R) - 8- (5- brorno-2-fluorobenzyl)-1-(3-

fl uorophenyi)-7-rnethyi-1 ,8- diazaspiro[4.51ldecan-2-one 448.1 449 2, 288"’
54 s'3...W0201005833€¢N Rr_acem c4-(2-{[(5R 7S), (55, 7R) - PCT/IB2009/055043

1- (3-fluorophenyl)-7-rnethyl-2- axe-1, 8-di azaspiroi 4, 5j dec- 8-

Anet hyl}-1, 3-t hi azof-4- yQbenzon itri | e43460 2 461 2.1243 55 . '1 .-.0
.11..- ** Racem c(5R7S), (5S57R)-84 - (4-cNorophenoxy)benzyll-1-(3-

f1 uorophenyO-7-nmet hyi - 1, 8- di azaspiro[ 4. 5] decan-2-one 478.2 479 2.615" 59 '
J

Yield: 82 g, 0.157 mol, 77%. LCMS m/z 395.1 (M+1). 'H NMR (400 MHz, CDCLY): 8
7.64-7 62 (d, 1H}, 7.52-7.37 {m, 1H), 7.34-7.32 {m, 5H), 7.16-7.11 (m, 1H)}, 6.91-6.80
{m, 2H), 6.34-8.32 (d, 1H), 5.08 {br s, 2H), 4.70-4.684 (m, 1H), 4.24-4.20 {m, 1H),
3.18-3.09 {m, 1H), 2.13-2.08 (m, 1H), 1.91-1.87 {m, 1H), 1.69-1.62 (m, 1H), 147~

5 1.44 {brd, 1H)}, 1.32-1.30 (d, 3H).
Step 10, Synthesis of racemic (BR.7SY5S.7R)-1-(3-fluoroghenyl)-7-methyi-
1.8-diazaspiro{4.Sldec-3-en-2-one {P1). To a solution of €9 {20 g. 51 mmal} in

methanol {20 mL) was added & N agueocus hydrochioric acid (200 ml) at room
temperature. The reaction was then heated to reflux for 2 hours, during which time
10 the brown soludion became vellow. Thin layer chromatography (petroleum ether/ethwvl
acetate = 1:2) showed the reaction was complete. The mixture was concentrated to
half of the initial volume, and then extracted with ethyl acetate (2 x 100 mbl.). These
organic extracts were discarded. The aqueous layer was cooled to 10°C and basified
with saturated agueous sodium hydroxide o pH 11, then extracted with ethyl acetate
15 (b x 200 mbL). The organic layers were dried over sodium sulfate, fillered and
evaporated fo afford P1 as a red syrupy solid. Yield: 12 g, 468 mmol, 80%. LCMS
m/z 261.3 (M+1). "M NMR (400 MMz, CDCl): 5 7.44-7.35 (m, 1H), 7.14-7.10 {m,
1H), 7.03-7.02 {d, 1H), 7.00-6.88 {d, 1H}, 68.94-6.91 {m, 1H), 6.18-6.16 (d, 1H), 2.92-
2.87 {m, 1H), 2.77-2.70 {m, 1H), 2.67-2.80 {m, 1H}, 2.02-1.81 (m, 1H), 1.90-1.84 (m,
20 2H), 1.70-1.81 {dd, 1H), 1.08-1.02 (d, 3H}.
Preparation 2

Racemic (5R 7SUES. TR)-1-(3-fluorophenyl)-7-methyi-1.8-
diazaspirol4.Sldecan-2-ons (P2)
/O F
; . {
j_fl \ ‘ \/‘_\
> \r:sw\:;; ’ ”Ci M/F
[’- N ’f§ e e L;)e:i\{““{\\‘ i )
O/g\“() l’\ N"j )
el -~ H
i
S cs P2
f+i--frans {+i-trans
25 Synthesis of P2. A mixture of €9 (20 g, 51 mmol) and palladium hydroxide on

carbon {2 ¢) in methanol (200 mL) was stirred under 45 psi of hydrogen at room



(2,2,2-trifluoroethylylH pyrazoi 5-yll methyl)-1, 8- diazaspiro[4.5lciec-

: D*** Racemc N (4-{[(5R 7S), (5S, 7R) -
axe 1, 8-di azaspi o[ 45] dec- 3- en8- Anet hyl phenyQacet am de 407.2 408 .1.978"'

C D RaworniossR37S), (5.5, 7R) -1 -(3- fluoropheny)-7- nwtm)gmz(ﬁwoi{smm

1- (3-fl uoropheny)-7- et hyi -

60

-en-2-one 422.2 423 2.225" 61 HN ft CN ** Racernic3-([(5R 75).(5S, 7R) - 1-
(3-fl uorophenyl) - 7- net hyl - 2- oxel, 8- di azas$pi r o[ 4. 51dec- 3- en- 8-
yi ] methyl }-1H I ndol e-5- carbonitrile 414,2 415 1.797'3 62 - - \-),2--ciD

C.

D

(81}
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15

20

25
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temperature for 18 hours. Thin layer chromatography {petroleum ether/ethyl acelate
= 21 and dichicromethang/methano! =10:1) showed the reaction was complete. The
reaction midure was filtered and the filtrate was concentrated in vacuo,; the residue
was then diluted with ethyl acetate (100 ml) and water (100 mi). The mixlure was
cooled to 10°C and acidified with 1 N agueous hydrochloric acid to pH 2-3, after
which the aqueous layer was separated and maintained at 10°C. it was then basified
to pH 11 with saturated aqueous sodium hydroxide, and extracted with sthyl acetate
{5 x 200 mL}. These five organic layers were combined, dried over sodium sulfate
and evaporated to give P2 as a red syrupy solid. Yield: 8.0 g, 34 mmol, 67%. LCMS
miz 263.2 (M+1). "H NMR (400 MMz, CDChL): § 7.40-7.34 (m, tH), 7.10-7.05 (m
1H), 6.95-6.93 (m, 1H), 6.80-86.86 {m, 1H}, 2.87-2.81 (m, 1H), 2.76-2.69 (m, QH},
2.81-2.54 (m, 3H), 2.18-1.97 (m, 4M}, 1.79-1.70 (m, 1H), 1.50-1.41 (dd, 1H), 1.08-
1.02 {d, 3H).
Preparation 3
{6R. 735> 1-{3-Fluorophenyl)}-7-methyl-1,8-diazaspirof4 Sldec-3-en-2-one (P3)
Step 1. Synthesis of benzyl (28 4R)-4-cvano-4-{{3-fluorophenyhaminol-2-

methylpiperidine-1-carboxylate (€10}, A solution of benzyl (2S)-2-methyi-4-

oxopiperidine-1-carboxylate (see C. Coburn el al, PCT Patent Application
Publication WO 2007011810 A1 20070125) (31 g, 125 mmol} in acetic acid (250
mi) was treated with 3-fluoroaniline (24.1 mb, 250 mmol) followed by zing cyanide
{38.8 g, 313 mmol). The reaction mixture was allowed o stir at room temperature for
18 hours, at which time it was cooled in an wce bath and slowly basified with aqueous
ammonium hydroxide solution. The resulting mixture was extracted three times with
dichloromethane, and the combined organic layers were dried and concentrated in
vacuo. Purification of the residue by silica gel chromatography (Eluant. 20% o 40%

ethyl acetate in heptane) afforded a mixture of C10 and its isomer benzyl (25,48)-4-
cyano-4-{({3-fluorophenyblamino}-2-methyipiperidine-t-carboxylate {C11) as an oil
Yield: 36 ¢, 98 mimol, 78%. This material was subjected to chromatography using a
Chiralcel QJ-H column, 5 pm, 30x250 mm (Mobile phase: 70/30 CO./methanoci; Flow
rate: 120 g/min) to afford 14.6g (32%) of €10 as a oil. Retention time: 3.45-4.46
min, MS (APCH) m/z 341.1 (M-CNY". 'H NMR (400 MHz, CDCl) § 1.48 (d, J=7.3 Mz,



** Racem c(5R, 7S), (5S, 7R)-8-ff 5- (be nzyl oxy)-1Hindol- 3-

yl I ni ethyl}-1-(3-fluorophen0Q)-7- rnethyi-1, 8-diazaspiro[4 .51dec- 3-
en- 2- one WORNR/0488331, 7234 WD 2010/ 058333PCT/ | B2009/ 055@43/1B208%4/0350653
i.,....kKk HN _ D Racem c(5R 79), (5S, 7R -84(6- fluoro-1

H i ndol - 3- Arnet hA-1- (3- fl uorophenyi)-7-ynethyi-1, 8-

di azaspi ro[ 4. 51dec- 3-en-2-one 407,2 408 2024.' 64 -.. ..NND"
Racerni c(5R, S), (55,7R)-1-(3- fluorophenyO-7-nethyi-8-[3(11-1-

pyrazol - 1-y) benzy11-1, 8- di azaspiro[ 4. 5] dec-3-en-2-one 416,2 417 1.985

N TSt l_iM}, )1[7'6‘ {ddd, J=13.3, 13.3, 4.4 Mz, 1H), 1.89 (dd, J=13.9, 6.6 Hz, 1H), 246 {(m,

(81}

10

18

25

30

2HY, 3.35 (m, 1H), 3.73 (br s, 1H), 4.28 (m, 1H), 4.63 (m, 1H), 516 (AB quartet,
J=12.3 Mz, 2H}, 6.80-6.67 (m, 3H), 7.21 (m, 1H), 7.37 (m, BH).
Step 2. Svynthesis of benzyl (25 4R\-4d-cvano-4-[{3-ethoxy-3-oxopropanoviy3-

fluorophenyljamincl-2-methvipiperidine-1-carboxylate {€12). 2 8-Dimethyipyridine
{99%, 4.80 mL, 40.8 mmol} was added to a solution of C10 (10 g, 27 mmaol) in
dichloromethane (136 mb). Ethyl 3-chloro-3-oxopropancate (448 mL, 354 mmol)

was then added drop-wise from an addition funnel, and the reaction mixture was
allowed fo stir at room temperature for 4 hours. The mixiure was diluted with
dichloromsthane {30 mi)}, washed with water (80 mi}, with saturated aqueous
sodium chioride solution (80 mbL), and then dried over sodium sulfate. Filtration and
removal of solvent in vacuo was followed by chromatographic purification on silica
gel (Eluant: 30% ethyl acelate in heptane) to provide C12 (6.84 g) as a yellow oil.
Mixed fractions were rechromatographed to provide additional C12. Total yield: 8.24
g, 17.1 mmol, 63%. LCMS myz 482.0 (M+1). 'H NMR {500 MHz, CD.0D) § 1.20 &,
J=7.1 Hz, 3H), 1.44 (2 doublets, J=7.3, 7.3 Hz, 3H), 1.48 (m, 1H), 1.90 (m, 1H)}, 2.16
{m, M), 2.76 (m, 1H), 3.14 {s, 2H), 3.33 {m, assumed 1M, partially obscured by
solvert peak), 4.09 (2 guartets, J=7.1, 7.1 Hz, 2H), 4.15 {m, 1H), 4.54 {m, 1H), 5.10
{m, 2H), 7.18 {m, 2H), 7.29-7.35 {(m, 8H), 7.53 {m, 1H).

Step 3. Synthesis of 8-benzyl 3-ethyl (5R.7 S)-4-amino-1-{3-flucrophenyl}-7~

methyl-2-0xo-1 8-diazaspirold Sidec-3-ene-3 8-dicarboxviate (€C13). Sodium metal

{426 mg, 18.5 mmol, prewashed with heptane) was added to methanol {12 ml} and
allowed to react compietely. This solution of sodium methoxide was then added o a
0°C solution of €12 {6.64 g, 14.2 mmol} in methanot (45 mL). The reaction mixture
was allowed to warm to room temperature, stirred for 45 minutes, and concentrated
to provide €13 as a vellow paste, which was taken on {0 the next transformation
without purification. Yield: 8.84 g, 14.2 mmol, 100%.

LCMS m/z 482.1 (M+1). "H NMR (500 MHz, CD,0OD) & 1.02 (d, J=6.1 Hz, 3H),
1.31 (4, J=7.1 Hz, 3H), 2.01 (dd, J=14.7, 11.3 Hz, 1H), 2.12 (dd, J=14.6, 6.8 Hz, 1H),
218 {dd, J=15.4, 4.8 Hz, 1H), 2.58 {m, 1H), 3.18 {m, 1H}, 3.44 {m, 1H), 3.97 {dd,

65



--,--t, cr D. ** Racem c(5R 79), (5S, 7R) -8-[ (5-
chI oro 11 I -indazol -3-0)rnethylj-1- (3-fluorophenyl)-7-nethyl-1, 8-
di azaspi rep20B10383333- en- 2-one 424.1 425 2038." 66 " HN PCT/IB100)/033043

Racerni c(5R 7S), (5S, 7R)-1-(3- fl harp phenyl )-7-nethyl-84(6- nmeth y}-1H
ndok3-yi )rnethyl]-1,8- diazaspi ro[4. 5]&ec 3-en-2-one 403.2 404 2.163' 3 67
1. D" Racernic(5R 7S), (55, 7R)-1-( 3- uor ophenyi) - 7- net hyi - 8- ([ 6-
(trifluoromethyO-11-i-indol-3- ylinet hyl} 1, 8-di azaspi ro[ 4. 5] deo3-e n-2-one
457,2 458 2.501Q 68 .

J=14.0, 6.6 Hz, 1H), 4.27 (g, J=7.1 Hz, 2H), 4.71 {m, 1H), 4.95 (br d, J=12.0 Hz, 1H),
7.05 (m, 1H), 7.10 {br d, J=8.3 Hz, 2H)}, 7.26 {m, 2H}, 7.28-7.37 (m, 4H).

Step. 4. Synthesis___of (SR 7S1-1-(3-fluorophenyvl)-7-methyl-1.8-
diazaspirol4. Sidecane-2 4-dione hydrochloride {€14). Compound C13 (8.0 g, 17

mmol} was added in portions o an aqueous B N sclution of hydrochioric acid (130

(81}

mb}, and the yellow suspension was heated at reflux for 28 hours. After cooling to
room temperature, the midure was azsotroped five times with toluene, then dried
under high vacuum for 18 hours to provide €14 as a gray-green solid. Yield: 83 g,
assumed quantitative. LOMS mvz 277.1 (M+1).

10 Step 5. Synthesis of benzyl (BR7S)-1-(3-fluorophenyl)-7-methyl-2 4-dioxo-
1.8-diazaspiro[4 Sldecane-8-carboxyiate {(C15). A solution of C14 from the previous

step {(4.73 g, <15.1 mmol) in {etrahydrofuran (40 mb) and water (20 mlL) was cooled
to 0°C and freated with a solution of sodium hydroxide (4.11 g, 103 mmol) in water
{19 mL). Benzyl chiorcformate {(85%, 461 mlL, 30.8 mmol) was added, and the
15 resulting solution was stirred at 0°C for 2 hours. Another portion of benzyl
chioroformate (85%, 1.28 ml, 8.8 mmol) was added, and the reaction was stirred for
an additional 2 hours at 0°G. After concentration i vacuo 1o remove tetrahydrofuran,
the residue was diluted with water (50 mbL} and exiracted three times with
dichioromethane. The combined organic layers were dried over sodium sulfate,
20 fillered and concentrated i vacue, and the crude product was purified twice by
chromaiography on siica gel (Gradient: 5% to 100% sethyl acelaie in heplane, then
30% fo 100% ethyl acetate in heptane). The resuling malerial {5.78 g) was idenlified
as the enol benzyl carbonate by mass spectroscopic and NMR analysis. The bulk of
this material (5.05 g} was dissolved in tetrahydrofuran {about 60 mb) and stirred with
25 aqueous sodium hydroxide solution {1 N, 200 mil, 208 mmol) for 5 hours. The
reaction mixture was then acudified o pH 2 with agqueous 1 N hydrochloric acid, and
extracted twice with dichloromethane. The combined organic layers were dried over
sodium sulfate, and concentrated {o afford C15 as a brown oil, contaminated with
extraneous aromatic material, Yield 4 g, <9.7 mmol. LCMS m/z 411.1 (M+1). H
30 NMR (400 MHz, CDChL) Product peaks only: 3 1.28 (d, J=7.2 Hz, 3H), 1.74 (m, 1H),
1.86 (m, 1H), 2.00 {m, 2H), 3.22 {d, half of AB quartet, J=21.9 Hz, 1H), 3.39 {d, half
of AB quartet, J=21.8 Hz, 1H), 3.53 {m, 1H), 4.07 {m, 1H)}, 4.38 (m, 1H), 5.04 (m,



n., -"ND** Racerhic(5R 7S), (55, 7R)-8-( 3-
[(3 oydopr op0- 1, 2, 4- oxadi azo- 5- y) met hoxypenzy1) - 1-(3-
fl uorophewwz)no?i}ssmt hyi -1, 8- di azaspi ro[ 4. 51deo- 3- en- 2- GOE/IBZBI/AS5480 2. 3163

7071, ) i NF i'-=-YNHN ------ ----,\V 0o 5-4 -N\ \ G S D** *x* **
Racemic N (4-([(5R 79), (5S, 7TR) - 1-(3- flu4%ropheny) 7-rnethyi-2- axe-i

, 8-di azaspi ro[ 4. 5] dec- 8- rnethy i ben T acet arni de

Racem c(5R, 7S), (55, 7R -8-[ (5- chl oro-1Hindol-3-0)nmethyl|-1-(3-

fl uorophenyi)-7-rnethyi-1, 8- diazaspiro[4.5ldecan-2-one

2H), 6.88 (m, TH}, 8.83 {br d, J=7.8 Hz, 1H), 7.17 {m, 1H), 7.32 (m, 5H), 7.44 (ddd,
J=8.3, 8.3, 8.3 Hz, 1H).

Step 8. Svynthesis of benzyl (§R.7 3)-1-3-flucrophenyl}-4-hvdroxy-7-methyl-2-
ox0-1.8-diazaspitoid Sldecane-8-carboxvlate (C18). A solution of €15 (881 myg, 2.15

mimol} in methanol {25 mL) and tetrahydrofuran (5 mL) at 0°C was treated portion-

(81}

wise with sodium borohydride {98%, 248 mg, 6.42 mmol}, and the resulting yellow

solution was stirred at 0°C for 2 hours. Water (5 mbL) was added, volatiles were

removed in vacuo, and the remaining mixture was acidified to pH 3 with 1 N agueous

hydrochioric acid, then exiracted with ethyl acetate (3 x § mL). The combined

10 organic layers were dried over sodium sulfate, filtered and concentrated; the residue

was purified via silica gel chromatography (Eluant: ethyl acetate) {o afford C16 as a

tight brown foam. Yield 620 mg, 1.50 mmol, 70%. LCMS m/z 413.2 (M+1). TH NMR

{400 MHz, CDCl:) Mixture of two diastereomers, selected peaks: § 1.18 and 1.21 (2

doublets, J=7.0, 7.2 Hz, 3H), 1.36 {m, <1H}, 1.90 (m, <1H}, 2.07 and 2.18 (2 broad

15 doublets, J=13.1, 11.3 Hz, 1H), 2.37 {m, 1H), 2.86 {m, 1H), 3.03 {(m, 1H), 503 (m,
2H), 6.80 (m, 2H), 7.06 (m, 1H), 7.29 {m, 8H).

Step 7. Synthesis of benzyl (R, 75113 fuorophenyii-7-methyl-2-0x0-1.8-

diazaspirgl4.5ldec-3-ene-8-carboxylate (G17). A solution of C16 (510 mg, 1.24

mmol} in pyridine (8.83 mL) was cooled to 0°C and freated with thionyl chloride

20 {0270 mbL, 3.71 mmol). The reaction was stired for 1 hour at room temperature,
then at 50°C for 18 hours. After cooling to room temperature, volatiles were removed
under reduced pressure, and the residue was dissolved in ethyl acetate and
neutralized by repeated washing with an agueous solution of sodium bicarbonate {4 x
10 mbi)  The organic layer was concentrated /n vacuo and purified by

25  chromatography on silica gel (Gradient: 20% - 100% ethyl acetate in heptane),
providing C17. Yield: 300 mg, 0.76 mmol, 61%. LCMS m/z 385.5 (M+1). 'H NMR
{500 MHz, CDCl,) 8 1.32 (d, J=7.1 Hz, 3H), 1.50 (br d, J=12.9 Hz, 1H}, 1.68 {m, 1H),
1.83 {m, 1H), 2,11 (m, 1H), 3.14 (m, 1H), 4.24 (m, 1H), 464 (m, 1H)}, 5.09 {m, 2H),
6.34 {d, J=B.1 Hz, 1H), 6.85 (m, 1H)}, 8.91 {br d, J=7.8 Hz, 1H), 7.14 (m, 1H), 7.30-

30 7.37 {m, 8H), 743 {ddd, J=8.2, 8.2, 8.4 Hz, 1H), 7.64 (d, J=B.3 Hz, 1H).



Racer hi c(5R75), (5S, 7R) -8- ([ 4- (3-chl orophenyl)-1, 34Mazoi - 2-

yl ] met hyl }-1-(3-fl uorophenyi)-7- netnyi-1, 8-di azaspiro[4.51deo-3- en-2-one
409. 2 425¥70 2485833410 426 468 1 964Q 2 185 . 1864 WO PCT/IB2009/055043

2010/ 058333PCT/ | B2009/ 055043 - 55 - .S, V--N \ ""- D

Racem o(5R, 79), (5S, 7R -1- 3- fl uoropheny4 -8-{[4-(3-

rnettioxypherlyl)-1, 34hi azol -2- ylinethyl)-7-nethyl-1, 8-

di azaspi rot 4. 51deo- 3-en-2-one 463,2 464 2.36 73 fr; ~;, ; 0 D **

Racem c(5R, 79), (58 7R) - 1- (3- fluoropheri yi )-8-1[ 4- (4-

(rjln:tz 2%?’?2? El\MS)ld 5, E[SaEOIGMS\, npheas y! 231‘ } {E%.%)L?_—&'—ﬁ&monhenvi‘)—?—methvl—“f 8-

i

diazaspirold Sidec-3-en-2-one (P3). Compound C17 (150 mg. 0.38 mmol} was

dissolved in methanol (0.19 mb) and 6 N agueous hydrochlonic acid (1.27 mb, 7.8
mmol), and the reaction was heated at reflux for 2 howrs., The mixture was

(81}

concentrated in vacuo to one-hall its original volume, and then extracted with ethw
acetate; this extract was discarded. The agueous layer was cooled to 10°C, basified
to pH 11 with 1 N agueous sodium hydroxide solution, and extracted with ethyl
acetate {3 x 10 mL}). The combined organic layers were concentrated under reduced
pressure to give P3 as an oi. Yield 32 mg, 0.12 mmol, 32%. LCMS nmvz 2612
10 (M+1). 'H NMR (400 MMz, CDCL) § 1.02 (d, J=6.5 Mz, 3H), 1.62 (dd, J=14.1, 8.9 Hz,
1H), 1.82-1.90 (m, 2H), 1.96 (ddd, J=14.1, 10.8, 4.9 Hz, 1H), 2.63 (ddd, J=12.7, 10.9,
3.3 Mz, 1H), 273 (m, 1H), 2.88 {ddd, J=12.6, 4.6, 4.6 Mz, 1H), 6.16 {d, /=5.8 Hz, 1H},
6.93 {m, 1M}, 8.99 (m, 1M}, 7.03 {d, J=6.0 Hz, 1H)}, 712 {m, TH), 7.41 (ddd, J=B.0,

8.0, 64 Hz, 1H).
15 Preparation 4
{6R.78)-1-{3-fluorophenyl)-7-mathvi-1 8-diazaspiro[4 .Sidecan-2-one (P4)
f»’ “{/O ,rnw{i’a
" },NT Ny F L N F
L N [/ v {;]
o7 0Bn H
C17 P4

Svnthesis of P4 Compound C17 (150 mg, 0.38 mmol} and palladium

hydroxide {20% by weight on carbon, 28.7 mg, 0.038 mmol} were combined in

20 methanol (4.75 mbL) and hydrogenated for 18 hours under 45 psi of hydrogen. The
reaction mixture was fillered through an Acrodisc®™ syringe filter and the filtrate was
concentrated in vacuo to afford P4 as an oil. Yield: 70 mg, 0.27 mmol, 71%. LCMS
m/z 263.5 (M+1). TH NMR (400 MMz, CDClL) 8 1.08 (d, J=6.4 Hz, 3H), 1.59 {dd,
J=14.2, 9.2 Hz, 1H), 1.86 (ddd, J=14.3, 10.2, 4.5 Hz, 1H), 1.88-2.14 {m, 4H), 2.50-

25 258 {m, 3H), 2.76 {m, 1H), 2.88 (ddd, J=13.0, 4.8, 4.9 Hz, 1H), 6§.84 {ddd, J=9.3, 2.2,
2.2 Hz, 1H), 8.90 {m, 1H), 7.06 (dddd, J=8.3, 8.3, 2.4, 0.9 Hz, 1H}, 7.35 {ddd, J=8.2,
8.2,86.4 Hz, 1H).



463.2 464 2.335 74 ' 1<l faaaaacfz--z.-, '-'- z Racem c(5R, 75), (55, 7R) - 8-E
6- fluoro-1Hindol-3-Arnethyl)-1-(3- fluorophenO)-7-nethyi-1, 8-

di azaspi repaoBlndessari - 2- one 409.2 410 2,019s 75 1-. PCT/AB2009/038043 . . 0'0
1 Racem cnet hyi (4- {[(5R 7S), (5S, 7R) - 1- ( 3-

fl uoropheri0)-7-nmet hyl - 2- ox1, 8- di azaspi,.rof 4. 5} dec- 8-
ylinmettiyi)pherlyi)oarbarnate 425.2 426 1.7673 76 ¢c- ---..., HNJ r-,:-- (;
\ - CN

Examples 1-88
Racemic  8-sybstituted (BR.ISHES. 7R 1-(3-flucrophenvi-7-methyl- 1.8~
digzaspitol4 Sldec-3-en-2-ones and 8-substituted (SR 7558 7R-1-(3-fucrophenyi)-

7-methvi-1.8-digzaspirel4 Sldecan-2-ones
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P1 Examples 1-32

{+f-)-trans {+i-y-frans
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p2 Examples 33-55
5 {+-}-frans {+f-}-frans

Synthesis of Examples 1 - 86, A solution of either compound P1 or P2 (0.18

M in dichioroethane, 400 ul, 75 pmol) was placed in an 8 miL vial, and treated with
the aldehyde component (0.25 M solufion in dichioroethane, 300 ul, 75 umol).
Sodium triacetoxyborohydride (225 pmol} was added to each vial, which was then
10 capped and shaken at 30°C for 16 hours. Solvent was removed using a SpeedVac
system, and the crude products were purified by preparative HPLC. See Table 1 for
characterization data.
Table 1 shows the stnucture of the compounds and relevant biological data
that were measured in each case either on the compound as a free base or on the
15  pharmaceutically accepiable salt of the compound disclosed in the Table. Each
assay is disclosed in greater detail hereinbelow.
Table 1



, S Racem c3-{[(5R 79), (55, 7TR) -1-

(3-fl uoroph

enyl) - 7-rnet hyl - 2- oxol, 8-di azaspi ro[ 4, 51dec- 8- Anet hyl)-1H-i ndol e- 5-

car boni t rwbeo10Ra8Ba1 c(5R, 75), (5S, 7R) -1 - (3- fl uoropheri @CT/ABIO/D3H0433- ([ 1-
(2,2,2-trifluoroethyi)-1H pyrazol 5-yi | nmet hyl)
di azaspi ro[ 4. 51decan- 2-one 416,2 424,2 417 425 1.793J 2. 157’
acem c(SR7S), (5S, 7R) - 84(5- chi
(3-fl uorophenyl)-7-nethyt-1, 8-

oF3

78 79
oro-11-1-indazol-3-0)nethyl|-1-

HN'

r-..

di azaspi ro[ 4, 51decan- 2- one

F o,

-1. 8-

SD-

77

N, N1

Rﬂ) O
ta | Y )
R "f?[;'“j{ R R'™ (if presant) = ¥
’rr:,‘ NKS RE == CHQ;
d \‘} B = 3-fluorophenyl
Ny 2 n=1
“} R zzz 1% & double bond {D}
A,i(-«Hzl‘n or a single bond (S}
1 Cale'd. | Mass, | HPLE
£ A I,‘ ot WPAC Name Exact | Spec.| RT
¢ ACUVIY Mol Wt.| (M+1} | (min)’
1 AN D} ** | Racemic (SR73),(587R)-8-{3-] 3942 | 305 |2.086°
[\ 3 ethoxybenzyi-1-{3-flucrophenyl)-
hd 7-methyt-1,8-diazaspirol4 Sldec-
~° 3-gn-2-0ne
2 i | Dy A Racemic (SRTS)L(BS7R1-{3- | 4582 | 457 {2.583"
e l flucrophenyt-7-methyl-8-{3-{4-
J methylphenoxyibenzyil-1,8-
¢ thylph benzyl-1,8
f ‘{‘D diazaspirofd Sidec-3-an-2-one
3 e | D] ** | Racemic (BRTS)(ESTRM-(3- | 472.2 | 473 2.458°
Ny fluoropheny!)-8-{3-(4-
N {E) rnethoxyphenosy iberzyil-7-
‘F" Ny methyi-1 8-digraspirof4.5idec-3-
o en-2-one
4 g |DYo#% | Rasemic  (BR7S)(5S.7RM-3- | 4832 | 484 {2003
L fluorophenyl)-7-methyl-8-{3
[ Nyedeo {pyrrofidin-1-yisulfonyhbenzvi}-
S8 1,8-diazaspirg]4 Sldec-3-en-2-
one
5 ﬁ-\fa; Dy ww Racemic (5R.7S){58,7TR}-8-(3- | 4022 | 493 [1.001"
N (3,5-
| difluorophenoxyimethviibanzyi}-
?’ 1-{3-fluorophenyl)-7-methyi-1,8-
rﬁV’\EE\ diazaspirofd. Sidec-3-en-2-one
F"’t’*f “E
§ K,,;:\E}g' D # Racemic (SR.75)(5S.7R)-1-(3- | 367.2 | 368 [1.595°
e iN fluaropheny})-8-{(6-
g hydroxypyridin-2-yhmethyi}-7-
OH methyl1, B-digzaspirojd Sidec-3-
&n-2-one
7 A D} #» Racemic 3~{BR.7SL{58,7R)1- | 375.2 | 376 {0.950°
{\ ﬂd {3-fuorophenyl)-7-methyl-2-0x0-
K;/ 1.8-digzaspirofd.5dec-3-en-8-
Q!:N yviimethyitbenzoniirile




Racem c(5R, 79), (5S, 7TR) - 1- ( 3-
-0)benzyl 1 -1, 8- diazaspiro[4 .5]decan-2-one Racerni o(5R 79), (5S, 7R)-84 3-

uor ophenyl) - 7-rnet hyl

(cycl opr opol2010y058383 ( di f | uor onet hoxy) benzyi |l -1-( 3-

-843-(1 | + pyrazol -

PCT/IB2009/055043

fl uorophenyi)-7-methyi-1,8- diazas pi rot4.51dec-3-en-2-one 426 2 418.2
472,2 427 419 - 473 2.0243 1.982" 3 2 3945 80 WO
2010/ 058333PCT/ | B2009/ 055043 - 56 - .S. V- -- Na S
8 V * Racemic (BR75)(58.7R)-1-(3- | 380.2 | 381 {1.798"
(\\ ) fluorophenyt}-8-(3-
T meathoxybenzyh)-7-methyl-1,8-
Pus) diazaspirofd. Sldec-S-en-2-one
g ANy * Racemic (BR7S).(557R)-8-(2.4-1 3822 | 183 [1.814°
fg\f dihytroxybenzyl)-1-(3-
HO™ T O fiuorophenyl)-7-methyi-1,8-
diazaspiroj4.5idec-3-en-2-one
10 b7 ok Racemic (SR7SIESTRM1-{3-| 3822 | 383 {0977
\\RN ‘ fluorophenyt)-7-methyl-8-{(1-
N” \[ propyl-1H-pyrazol-5-ylmethyll-
- 1.8-ciazaspirofd. Sidec-3-en-2-
one
11 DK *% Racemic (SR.78)(58.7R}-1-{3- | 388.2 | 380 |1.869"
P fiuorophenyh)-8-(1 H-indol-5-
HN Y yimethyl}-7~methyi~1,8+
N digzaspirojd Sidec-3-an-2-0ng
12 {;m;{ **% | Racemic (BRTSILBSTRNI-(3-| 386.2 | 387 |1.831%
Iy I fluorophenyl)-8-(d-hydroxy-3-
HO™ Y methoxybenzyl)-7-methyl-1,8-
O digzaspirol4.5idec-3-en-2-one
13 NG, *x | Racemic (5R,75)(58 7R84~ | 3982 | 399 [1.845°
A i fluoro~-3-methoxybenzyi-1-{3-
PO fluarophenyl)-7-methyi-1,8-
O, diazaspirofd Sldec-3-en-2-one
14} Ok * Racemic (SR.78)(5S.7R»-8-{2- | 398.2 | 389 |1.859°
EE\ B fluoro-5-methoxybenzyl)-1-{3-
o fiuarophenyh)-7-methyi-1,8-
diazaspirojd . Sidec-3-en-2-one
15 f’é\f‘ ¥xx | Racemic (BRT7S){557R»8-(3- | 400.1 | 401 {0.838"
| chioro-4-hydroxybenzyh-1-(3~
HOT YT flucrophenyil-T-methyl-1,8-
Cf diazaspirofd Sidec-3-en-2-one
18 NG ¥#xx | Racemic (S5R7S)(5S.7R)-1-{(3- | 408.2 | 400 {2.226°
fe } fluorophenyi}-8-(3-
b isopropoxybenzyly-7-meathyl-1 8-
\ch’ diazaspirofd Sidec-3-an-2-one
17 ENK * %k Racemic (BR.78),(5S.7R-1-(3- | 408.2 | 409 {2.300"
b Efk fluorophenyl)-7T-methyl-8-{3-
i propaxybenzyl}-1.8-
- diazaspiroj4 . 5idec-3-en-2-one
P
18 {’R\\’{; il Racemic {(SR7SL{OSTRM-1-{3- | 422.2 | 423 2.483°
g 4]’ fluorophenyi)-8-(3~
1 isobutoxybenzyl}-7-methyl-1,8-
- diazaspirol4 Sidec-3-en-2-one
N




Racem c(5R, 7S), (5S, 7R -8-([4- (3-chioroptienyi)-1,3-thiazoi-2-

yi ] met hyl }-1-(3-fl uorophenyi)--7- nmethyl -1, 8-di azaspiro[ 4, 51decan2-one
469, 1 470W0.20i0@488B2 83 ---A- Il --0"0- HN./-k-si' \ D DPCT/IB2009/055043
Racerni c(5R, 7S), (55, 7R) - 8- 13-

(3, 3-di net hoxycyci obutyi ) benzyl 11-( 3- fI%%rophenyl )-7-nmethyl -1, 8-
di azaspirot 4, 51dec- 3-en-2-one Racem c(5 '/'S) , (55, 7TR) - 1- ( 3-
fl uorophenyl)-7-methyl -8-[(2- phenyl-1H i m dazol -4-yl)nethyl]-

1, 8- dlazasp|r0[4 51dec- 3- en- 2 one 464 2 416 2 465 417 2.28e 1.747 84

/ kHN \l‘!\llf\ I /EQ7D\’|
19 A‘&« DY #x Racemm 59‘?37{53“?‘1%11‘(3 42\ ‘428 11 9‘?6“
i ;f fluorophenyl)-7-methyi-8-{3-
\]’ pyridin-2-vibenzyi-1,8-
N :\j diazaspirofd. Sldec-S-en-2-one
L.
20 g D wx Racemic {S5R7SL(5S,7R)-8-{3-] 4342 | 435 |2.470°
i (cyclopentyloxy thenzyl]-1-(3-
,T/ fluorophenyl)-7-methyl-1,8-
~ ) . ‘
s diazaspirof4.5jdec-3-en-2-one
ot
21 -y DI #* | Racemic (GBRI7SLBSTR-3-1 441.2 | 442 [1.783
i \{ flucrophenyl)-7-methyl-8-f3-(4-
S
1/ methylpyridin-3-yhbenzyl-1,8-
{;j diazaspirofd. Sldec-3-en-2-one
N
22 ;:?\]3; Dy ** Racemic (SR7S)(B8.7R-1-{3- | 442.2 | 443 [1.530°
[\\,\ j flucrophenyl)-7-methyl-8-{3-
id phenoxybenzyl)-1,8-
gf’\ﬂf@ diazaspirofd Sidec-3-an-2-one
N
23 | Bra_ 3 | D} #** | Racemic ({(SR.T7S}{5S.TR)-8-(5-| 446.1 | 447 |{2.009°
SN Y
| I bromo-2-fluoroberizyl)-1-(3-
g fluorophenyl)-7-methyi-1,8-
diazaspirol4. Sidec-3-en-2-one
24 Ny D * Racemic (BR73)(5S.7R}-8-{3- | 446.1 | 447 |2.102°
/( T bromao-d-fluorobenzyii1-(3-
g fluorophenyl)-7-methyi-1,8-
Br diazaspirojd Bijdec-3-en-2-one
25 ‘{f‘x};}g D *% Racemic 5-3-{{(BR7SLES TR | 452.2 | 453 1.881°
P 1-(3-fluorophenyl)-T-methyl-2-
14 oxo-1,8-diazaspirof4. Sjdec-3-en-
g"”k’\h S-viimethyllphanyinicotinonitrile
Nasan A
26 S DY R Racemic 4-(2-{(5R.78)(55.7R})- | 458.2 | 459 |2.154°
Kot 1-(3-flucrophenyt)-7-methyl-2-
Kf“{\ oxo-1,8-diazaspirof4.Sldec-3-an-
}:h/ 8-ylimethyi}-1,3-thiazol-4-
NC yhihanzonitrile
27 (,S\?;g; D1 ** | Racemic 3-@-{(5R.7SL{55,7R) | 458.2 | 459 [2.173°
N 1-{3-fluorophenyh)-7-methyi-2-
ﬁm{ axo-1,8-thiazaspiro{4.Sjdec-3-en-
&N 8-yiimethyl}-1,3-thiazol-4-
b - yhbenzonitrile
28 S | DY oRE Racemic 3-{{5R7S){58,7R-1- | 4712 | 472 {1.852°
{3-fluorophenyly-7-mathyi-2-oxo-
o ;
5 1,8-diazaspirold . 5idec-3-en-8-
NS yiimethyl}-N-
isopropyibenzenesutfonamide




fl uor ophenvi) - 7-net hyl
di azaspiro[ 4, 51decan- 2- one 459, 2 460 2.562'
Racem c( 5R0IP10(BH33R) - 6- ([ 4-
ylinmettlyl}-1-(3-fluoroonenyi)-7-
en- 2- one 467,1 468 2.479- 86 e0-z , ,
R3- cycl opr opykl, 2. 4- oxadi azol
f I uor ophenyi) - 7- et hyl

- 84[ 6-

(trifluoronethyl)-1Hi ndol

85 ,s,,.:

-0

(2-chl orophenyi) -1, 3-t hi az®CTAB2009/055043

met hyl

-5- Anet hoXyl'benzyl ) - 1- ( 3-

-1, 8-di azaspi ro[ 4, 5] dec- 3-
S Racem c(5R 79), (5S, 7R) - 8- { 3-

-3- yilmetnyi}-1, 8-
I s- )--N\\,

1 D *

-1, 8- diazaspiro[4.51decan-2-one 490,2 491 2. 307’

BACE activity Cell Free Assayl nMto 1 pM****, 1 tho 10 M***, 10 pMto
100 pM7, 100 ,pM-t+e—300-—pM HPLg R at | m n
50' C; col um <dnd gradi\Entg_cjegéri t eﬁ;’rlg }Iz &Q’O X f#Fé "éa %yg\/ga 42? s
Col um: Yaw,|: QDS- AQ\T’Z Ox50r nm ’ Ig D375% TFA i n
wat er (v/v): Mbi |£ \p‘nase 3. 0, O @,, %}deﬂg QLQ@I tr| I e G| adi ent: njnutes
10% B 0.5 mjnutles
30 ,fa\\&},g D * Racemic (BR75)(5S8.7R}-1-(3-1 4952 | 488 2457
i B flucrophenyt-7-methyl-8-{3-[5~
\r {trifiuoromethylpyridin-2-
NSy yiisenzyi)-1,8-diazaspirold.5)desc~
P 3-en-2-one
L
[
N
31 o | D ¥ Racemic (SR, 7S8)(557R)-8-({6- | 304.2 | 395 {2520°
ft ' {ethylamino)pyridin-3~-yljmethyi}~
HNT NS 1-(3-fluorophenyl)-7-methyl-1,8-
P diazaspiro[4.Sldec-3-an-2-one
32 A | D] x Racemic (B8R 7SLBSTRM1-{3- | 4082 | 409 [1.810°
B /fﬁ fluorophenyl)-7-methyl-8-{[6-
HN™ TN {propytamino)pyridin-3-
Ny yiimethyl}-1 8-diazaspirofd Sjdec-
i 3-en-2-0ne
33 SN 3 * Racemic (5R.73).{58.7R)-8-(3- | 306.2 | 397 [2.087"
\T ethoxybenzyl-1-(3-fuorophenyl)-
g 7-methyi-1,8-
- O diazaspirof4.8idecan-2-one
34 g | S e Racemic (5R7S){BSTR)-1-{3- | 458.2 | 459 [2.582°
g fluorophenyli-T-methyl-8-{3-(4-
g methyiphenoxybenzyij-1,8-
f‘"’*uﬁ diazaspirofd.Sidecan-2-one
S
35 fﬁ"‘\,x 5] ** Racemic (SR.7S8),(55.7R)-1-{3- | 474.2 | 475 {3.413°
S fluorophenyl)-8-[3-(4-
B methoxyphanoxybenzyll-7-
‘*j methyl-1,8-diazaspirof4.5idecan-
o 2-one
36 g |8 * Racemic (BR75)(58.7R}-1-(3-1 4852 | 488 [1.961
Vo fluarophenyh-7-methyl-8-3-
\é’;a {pyrrofidin-1-yisulfonyhbenzvi}-
L;\x % 1 8-digzaspiroi Sidecan-2-one
37 e | S Racemic (SR.78),(58.7R)-1-(3- | 368.2 | 369 {2.485°
Lj}‘* fluarophenyt)-8-(4-
HO™ hydroxybenzyl)-7-methyi-1,8-
diazaspiroj4.Sldecan-2-one
33 L o Racemic (5R7S).{585.7R)»-1-{3- | 3822 | 383 {1.001

fluorapheny)-8-(4-hydroxy-3-
methyibenzyi-7-meathyl-1,8-

diazaspiro[4.5idecan-2-one




1098 4 mnutes 100% B 4.3 mnutes 10% B 4,7 m nutes

G adi ent :

25% B 4, Woi2nu=83335% B 5 Col unm: Ynt ODS- AOQ 2, OX50nmpCI/Ipmod/Msbid e phase

10% B

- 57..

O mnutes 25% B 0.5 mnutes 25% B 4 i:ntes 100% B 4.3 m nut es

A: 0.0375% TFA i n wat er
m nutes 100% B 4, 3 m nutes

Gadient: O mnutes 0.6 mnutes 1%8 5%B
-52 .
38 MQ%/ 5 * Racemic (BR75)(587R-1-(3-| 3842 | 385 1843
(< N\ fluorophenyt)-7-methyl-8-{(1-
N7 propyl-1H-pyrazol-S-ylimethyll-
e 1.8-dlazaspivofd Sidecan-2-one
40 T s * Racemic (5R.75).(587R1-{3- | 3912 | 392 |1.685
JI\/\I%: fluoropheny)-8-{1H-indoi-5-
T yimethyl)-7-methyl-1,8-
o diazaspirofd Sldecan-2-ong
41 Pl I B Racemic (SR7SLESTRM-{3-1 393.2 | 394 |1.780°
“ I fluorophenyl)-7-methyl-2-oxo-1,8-
HO” ‘T") diazaspirojd.Sidec-8-yiimethyi)-2-
CN hydroxybenzonifrile
42 AN | S * Racemic (BR7S)BSTRM-{3-] 388.2 | 309 (2684
L\ E ’ fluoropheny-8-(d-hydroxy-3-
HO™ T/ methoxybenzyl)-7-methyl-1,8-
O diazaspirofd Sldecan-2-one
43 | O % | S * Racemic (BR7S),(BS7TRM-8~2-| 4002 | 401 {1.881
\Q 17 fluoro-5-methoxybenzyl-1-{3-
FNp fluorophemnyi)-7-methyl-1,8-
diazaspirofd 5ldecan-2-one
44 Fey | 8] wx Racemic (5R.75).{55,7R)-8-(3- | 402.2 | 403 |0.957
/i, chioro-4-hydroxybenzyi}-1-(3-
HOT Y fluorophenyt)-7-methyl-1.8-
G diazaspirofd. Sidecan-2-ona
45 2N Sf ** Racemic (5R.79),(535.7R)-1-{3- | 410.2 | 411 {2.222°
L\J ' flucropheny)-8-(3-
i isopropoxybenzyl-7-methy-1,8-
\?’D diazaspiroj4 Sidecan-2-one
46 ,:,f;\fg S w* Racemic (BR7S)(BS.7R;F1-{3-1 410.2 | 411 [2.208°
L fluarophenyl)-7-methyl-8-(3-
T propexybenzyl}-1.8-
O diazaspiroid. Sldacan-2-one
47 A gl * Racemic (8R7S)1(587TR}-8-(3- | 4243 | 425 {2.478°
gy j}" butoxybenzyh-1-(3-fluorophenyl)-
\E 1 7-methyi-1,8-
~0 diazaspirof4.8idecan-2-one
48 s | 8 * Racemic (SR78){5S7R-1-{3-| 4243 | 425 {3.539°
\} fluerophenyl}-8-(3-
il isobutoxybenzyl - 7-methyi-{ 8-
D cigzaspirofd.fldecan-2-one
48 ‘/\\‘ﬁ S * Racemic (5RT7SL{BSTR)-1-{3-| 4292 | 430 {2888
[5\ e fluorophenyl)-7-methyl-8-{3-
pyridin-3-yibenzyl-1.8-
,J\EE diazaspirgf4.5ldecan-2-one
Mgy
50 X | 8 * Racemic (SR7S)(587R)-8-{3-1 4363 | 437 |2.488°
&,f.—* {cyclopentyloxybenzyi]-1-(3-
i\ fluorophenyl)-7-methyi-1,8-
<“‘}’ = diazaspirofd Sldecan-2-one

4



1% B 4,7 mnutes 1% B CO UM#1l: Welch XB-C18, 2.1x50mm 5 urn; Mbile
phase A: 0.05% NFLCOH i n water Gradient: O minutes 5%B 0.5 mnutes 5%
B 3.4 m mubes1016388%3B 4.2 m nutes 100% B 4, 21 m nutes 5%PBTABZOMIIf0LES 5% B
"Col um: Ynt ODS- AO, 2,0x50mm 5 gni; Mbile phase A: 0,037TFA in water
(v/v); Mobile phase B: 0.01875% TFA in etonitrile cy/v) Gadient: O
m nutes0% B 1,0 mnutes5% B 4.0 ninutes 70% B 4,1 nmnutes 0% B 4,7 minutes

51 g S % Racemic (S5R.7S).{6S.7R}1-(3- | 443.2 | 444 [1.80%°
E \r{ fAuoraphenyl)-7-methyi-8-{3-(4~
methylpyridin-3-yibenzyl]-1,8~

r;,.» - diazaspirofd Sidecan-2-oneg
52 e | S *F Racemic (BR7SLBSTRI1-{3-| 444.2 | 445 {2577
b fE fluoropheny)-7-methyl-8-{3-
{ phenoxybenzyl)-1 8-
N diazaspirod.5ldecan-2-one
)

53 | By | S ® Racemic (8RR, TS8)(5S 7R85~ | 448.1 | 449 {2.288"

\[ bromo-2-fuorobenzyl)~1-(3~
fluorophenyl)-7-methyl-1,8-
diazaspirol4. Sldecan-2-one

54 Sui [8] % | Racemic 42-(5R7S)(5S.7R)- | 4602 | 467 2.124"
‘}4{3 ' 1-(3-fluarophenyl)-7-methyi-2-
¢ oxo-1 B-diazaspirol4 Sldec-§-
/f_§ yiimethyil-1 3-thiazol-4-
e yhbenzonitrile
CN
55 S | S ¢ Racemic {5R.75)L(5S.7R)-8-[3- | 478.2 | 479 |2.815°
E\,_J {4-chiorophenoxyibenzyll-1-(3-
! fluorophenyl)-7-methyi-1,8-
i o diazaspiroj4 5jdecan-2-one
G e
59 | D] %% | Racemic N-(4-{[(3R.75).(55,7R)- | 407.2 | 408 |1.978°
A /ﬁ i 1~{3-Auoraphenyi-7-methyi-2-
oTNT oxo-1,8-diazaspirof4. Sjdec-3-en-
S-vyiimethyliphenylacelamide
80 | T~.( Dl #* | Racemic (BR.7S)(BSTRM-{3-] 4222 | 423 {2225
<\M fluorophenyl)-7-methyl-8-{{1-
N*‘N\] (2,2 2-trifluorcethyi}-1H-pyrazol-

G S-viimethyl}-1,8-
N diazaspirold.Sldec-3-en-2-one

61 . D] #* | Racemic 3-4(BR.7S).{58, 7R~ | 4142 | 415 (1787
HN : {3-fluorophenyly-7-mathyi-2-oxo-
f»i 1.8-diazaspirold Sidec-3-en-B-
- j{ yiimethyll-1H-indole-5-
CN carbonitrile
82 | aux ] ** | Racemic (BR.7S),(55.7R}-8-{5- | 4952 | 498 {1723
"‘N\,J\ (benzyloxy)-1H-indol-3-
¢ oy yilmethyii-1-{3-Ruorophenyi}-7-
T methyi-1,8-diazaspirof4 . Sidec-3-

an-2-ong




0% B 10Exanpl e 87

(5R, 73)-1- (3-fl uorophenvi) - 8- (4- hydr oxv- 3-i sopropoxybenzvl ) - 7-net hyl - 1. 8-
t hazas WO 24108)58836- 3- en- 2- one hydrochl ori de 87 - 58 pcaahmovoH43d O O
-H _Lil '-"<s> C18C19C20 Step 1. Synthesis of

3-i sopropoxy- 4- met hoxvbenzal dehyde (C18)., A sol ution of

3- hydr oxy- 4- net hoxybenzai dehyde (5. 00g. 5?2 9 mmol ) in dinethylfornmam de
(100 5 nt..) was treated with potassium carbonate (9.03 g, 65.7 nmol) and

2- |odopropane (6,57 nm, 65.7 m*rol) The reaction was stirred for 4 hours
I c _added an

and t hen adgitienal 2 gopropan ? 3 .m t he
m xture was aqgl ’6 egr:t or !i%.ﬁ_g (g’t{é- “Etﬁﬁg%& &%\ﬁg% ??‘?gnt red
into water and ext d with et E y . Xa ‘rrL . The i ned
organic |ayers e hediw th C% LARchy dir oxi dé soljution, then
w th saturated aqu us sodr um chIorr e S0 tron dried, filtered and
concent r at e+ vacu'o“* o ovi-de AS—ah. 0} V' °' g 604023 f—pDI ,
72% LOVB M| 105755090 | B Lh VA T2 @"* “‘§ 4‘1"‘(2& Mg PRy, 6H),
3,95 (s, 3Hy, 4,6 111}, 6.9 o1y e . 42-7]46 (m 2H) 9.85
(s, 1H). Stgp 2. BSynthesi Sdr& sprro{#ﬁde»c—3~ena2—one

2- (3-1isopropoxyl- 4xet hoxyphenyl )i- 1. 3- di oxol ane . Ethyl ene gl ycoI (99%
2 63 nL 47 A. . .nnnl igpd ak.a fnlnnnncnlfnnlﬂ Qﬂld wnnobudro e

(.Q704

: : HAreka=and a4 ne f Q ng,
0.38 mol) We&Pd @Qﬁé@ to & sorut G‘Sﬁ{(ﬁig? uop.7 % Zg 74 %hnbi )42P n t‘%’?u ne

- 4 -idazok- -yi
(79 m). Thereactmflasrwas WD, Wor R nStarkirap, and {t he
contents wene heat é\dmat re1 | ux fq:ggzg £ Hrssjeu, t@;{&g@,ctl on wa$ poured into
aqueous pot assijum carfshnat e sol ution he orqganic. i ayveriwas 'rhpn§ shed
an additi onalaatwo t 4 v@i h *4quedeam] ot W%ﬁﬁ%ﬁ?}ﬁdﬁ‘at #0%%| fOR o7, 18and once
with saturatied jaqt sodr um chlﬂﬁ‘f’)m “éf*ol? "i"&’hg {(ﬁ]‘q or gani ¢ | ayer was
dried, filtgred - "597 angd concell WR' rgécﬁvs reveal ed that {he

reacti on was incorrp%‘f’e, so the ip azgstf” s resﬁ%}ect ed to fhe rieactipn

Conditions, he at-i-pg- t—tef-tt—far LU nuu WaS, €, &5%&;Tto
afford C19 asﬁan }%%\%ﬁvu el ¢; l}%- G Ugge E%;F%f%?e/ﬂ?' &W\?R (ﬁgo | ,%,
(it -

cDCl:1) 3 138 |(d, 2| HE, 6H), o402 (m 2H), 4.14 (m
52H), 4.57 (septet, b He, lFDygiﬂémygﬁq@Qﬁggé&ﬂ)m@] 8 ((d, J¥8.7 Hz, 1H),
7.03 (m 2H), %t ep| 3{ Syntihesi-sod ydr oxy- 3-isopr opoxybenzal dehyde
(C20). LithilumwireC(cut!into somll seorrents 204 ng, 29 4 mml)i was,_added
to a sol utiofdaf chierad) Pheryl plﬁ)@ iFiICne(5 SLPSAR-84F 7488wl )48 23187

t et rahydrof yran (18iZnl), {and t i—f’ Q\ﬁa‘g‘a@%‘¥°r”?ed for{l hour. A

derofuran 5 ) wasi t hen

sol ution of |C19 (2.08 g,|8/39 m :
added drop-Wise to fhe dark red ‘tag?“éw : %actr on was stirred for 2
hours. It was themﬁ\bltered intg ous so |um hydyr oxi de¢ solution, and
extracted with d|9 iyl efhér (3 ix 15 rrL) t he conbi ned; organi c ljayers} were
washed wi t h{1N jagiieous spbdi um hyldr oxi de sol ution, and the aqueous | ayers
were conbi nedeand cooled & an IjGeacbalchn-(HMsR, 730 Ea0s- phawse | was amedl f i ed
with concentir at egl\aguepu Wy dr ochi-@rfiucropisingh)-7-feéhvhd-xt ur e was$ extjacted with
di et hyl ether (i3 NlO”rrL and t hese-tt&izasmegdicc-& ayer s were conbi ned and
washed wit h|satlurat ed_agueous..s oilmeihelitapilaeeiagiat i on,  dried aan ]
concentrat ed 7On vacuX to %r vé*C2 (F(’%.@m&n iéﬁ?i?s’ (YPERuS-l(Fa044RF | 4281 2heBl |, 49%

(92)

1H NVR (400 |MHz, 3) .41 (d,§ E;i“ el-783-(lseptet, J6. 1 Hz, 1H),
6.30 (s, 1H|, 7. 05{(d, 2pJ+8.0 Hz““’ff'f B”Wr} 4 82I—I) 9.82 (5, 1H).
Step 4. Syntflhesis of 87.| Conpound 'P@éd? 'ée 115 hrnol) in

di chl or oet harfe (0. 5,51y Vs oonblFﬁFe:dmw f(BR A SO (IR} BAAOf 45731 288y ,860" 077
mml ) in clilchloroelHane| (0. 4 nl){3-ciewphesnyididdnigzptB L, | 0. 07{mol) was
added. After 5 jhouis of stirring, Yfifﬂﬁ@“f’ié‘&%ﬁqoﬁﬁ’hw@"?’treat ed W th isodi um
triacet oxyborohydir,de (3R, 6 ny, (OB SIERZASRIPY.SIRAG the reaction m xkure
was al | owed|to jstir for (18| hours,. 8”ﬁq‘ﬁl@ous sodi um bi carponat ¢ soljuti on was

t hen added, an e~ |dye sTwere-separated—The—aqueous tayer—wasextrTact ed
wi th dichloronethane (3 x 5 nL), and the conbi ned organic |ayers were dried
over sodiumsulfate, filtered and concentrated in vacua. The residue was
purified by chromatography on silica gel (Gadient: 20%- 70% et hyl
30acetate in heptane) to provide the free base of 87 as an oil Yield: 7.8
ng, 0.018 mol, 23% LCMS nfz 425.2 (M+1l). "H NWR (400 WMHz, CDC13) 3 1.14
(d, J=6.8




60 - Hz, 3H), 1.33(2 overl apping doublets, J=6.0, 6.0 Hz, 6H), 1.59 (m

1H), 1.71 (m 1H), 1.97 (ddd, J=13.1, 9.8, 4,1 Hz, 1H), 2.11 (dd, J=13.3,
5.1 Hz, IWp,200/048336ddd, J=12.5, 5.3, 4.3 Hz, 1H), 2, 64 @dadB200%70%053 9. 8,
3,0 Hz, 1H), 2.99 (m 1H), 3,35 (d, J=13,3 Hz, 1H), 3.55(d, J=13.3 Hz, 1H),
4.52 (septet, J=6,0 Hz, 1H), 5.63 (bra, 5’[5H) 6,23 (d, 5 J=6.2 Hz, 1H),
6.68 (dd, J=8.0, 1.6 Hz, 1H), 6.77 (br s, 6.81 (d, J=8.0 Hz, 1H), 6,89
(ddcl, J=9.5, 2.2, 2,2 Hz, 1H), 695(brd J78Hz 1H), 713(ddd
J=8.4, 8.4, 2,5 Hz, 1H), 7.38-7.44 (m 2H). '2C NMR (100 Mz, CDCI: ) Not
all of the \,x,g\,cted S'si."nﬂ'. Wer-6 “hser"m4 615162206 212 2

40.34, 43.96,°51. 00¢ B7. 80| 71. 47" Cri% ’?’; s §0°F 4.F 3_291‘Hz ,

0
118,12 (d, J=22 Hz),}“”‘\121.48, 124 % J=3 Hz)}, 130.38 {(d,
J=9 Hz), 144. 41 //TZ\%S 61,| 153. 60. Los) de salt was|prepared py
di ssol ving tthe fr\ee\ base| of 87 i %5;@1‘3@&;@@@ trieating the solution
with a 1.0 Msaluti®@n of| hy drochlorlc aC|d in ether, fioll owed by

concent r at i GTFMT VACHE Cop PowIt 1835 0 ORI TR P s SO T ise 033876 N,

0,18 ol , 100% Exdnyl’e| 88 fluorophenyl)-8-4-(4-

(5R, 7S) - 1- (3-f ljuory eg)henvl)- 7- met ihydta@eyfiedyir1,8-tiekbi-phenyl - 31v1l) ethyl)-1
di azaspi rol 4. 51jdeéan- 2- one{ hydr dchietiige-nE88)1.8- P4 Conpound 88 was
prepared acgordi.ng to the gener aldigrperethidecfom-24re synt hesis of{ 87 in
Exanpl e 87, [&¥Cept L1 and  2TRAFERRY T BRPEEAY ¥RBs (ar PaOENVHE 2@ 19er e

used instead of|{ P& ar d Q20§ to primvicde-hiesfyneenipses-of 88 as anj oil .
Yield: 16.5|ng,| 0.0Q3 »mpl | 48%)| fluGeBhdrwl)-Z-mbi8-28( ML), H NMR (500 Mz,
CDCl 3) 8 1,14 (d, J‘E@«’ Hz; 3H),| dlazgepirpimSideepn-2-e0/0 (my 1H) | 1.89 (m| 1H),
2.04 (dd, J=#13.i2, 5£4 Hz I|H), 2.13 (ddd, J=12.4. 9.5,19.5 Hz, 1H), 2. 25

(a, 3H, 2. JJ}’E«(ddd =12| §| 8 8,| BycOmidz, 1Hpeth@. 49 ((ddd42aJ=1228, 1484 | 4. 4
Hz, 1H), 2.%3-2. m 3H) 3, 04 {BR7IHPSTBES(B1 (d, J=13.6|Hz, [LH), B3.63
(d, J=13.4 Kz, 1H}q 7| (¢dd, J@@f@?h%*i?*@fw*%@m m, 6.92 (brid, JES.3
Hz. 1H), 7.11 (Jdgfdo J: 8 4. 18. 4, [Hagapproldfgec-8y 8 (m JVH), {7.33 |- 61-
(dd, J=7.6. -r% bz 311!-!\, T40-{-dd yi}ﬁ"ﬁ yiinher E)harb@gnge ,_,_, 1{ Q,\% ,\!\1,% (105
MHz, CDCI 3) |d°13, 79+%20. 3% 2’@.80;‘%%@"3 "“ﬁﬁ”’ 554577, VY 63751783,
58.13, 64.03, 115 (d, J¥20 Hz1, ﬂe &rzzz %)l 125/69, 126.30 (d,
J=3 Hz), 126.99, 127)15,| 127.76, %1 , 129,68, 130.18 {(d, J=9
Hz), 130.28, 135. 17”&;&8.0), 138 mif 138 56 141,71 (d, J=6 Hz), 162,76
(d, J=248 Ha)77 {175, 81, The hyﬂroqizm@mcde(sszaﬁg){smmgntgspta@;&m 5Y4281$S8FVi ng
the free base of <§8in di et hyl etihempaongh)-rhestyi-ngit he solution wth a 1.0 M

sol ution of |hydr o@ﬁﬁ*wi c| a¢i d i n {erkerfuofeeliipnegylayoiconcent fati on in yvacua.
Conpound 57 {was| obt aiched] as a sald-dime¥iveit@- 18 ng, 0.037 mml, 100%
Exanpl e 89 diazaspirol4 Sidecan-2-one

10( 5R, 73) - 1{(*8-}f | uds&phenyi) - B- (ﬁ%‘f?ﬂlcox(?’?@sl @85Rb%§ybé¥§z?yl V427 - [RRhy| - 1. 8-

cl i azaspi rof 4. 51&’5 n- 2-oné hydr n%}mem 89 Synt hiesi s
of 89. Conpgund 8 9% pr epar ed xa*'é “'ﬁyi@ g‘é” eral pr )cedulge for the
synt hesi s ofl 87 \':’x ie 87, ax %DP V\B.S used instead of 15 P3, to
provi de the : 89 as arREmedmc Yiﬂ?@J(SZSG?F?m-*{SO o6 gk, {1408% [LCVB

mz 427.1 () 500 Mz, luepeIs)y)-6-meivostE-(19=6, 8 Hz| 3H), 1.32 (d,
J=6.1 Hz, 6} iH), 1. @yt Kzf&?@ném 1H), 2.00 (dd, J={13.2,
54 Hz, 1H), =12. 4, |glagaspyol Ygpcanppne o o8l (cli bl d, U=12.17,
8.8, 3.9 Hz, dddl, J=12.4, 4.5 4.5 Hz, 1H.! 261-2.63 (m_3H),
2,97 (m 1H), 5 JHRR. 2¢ Hz, Rabbipic 3{54%7 RS, R0-83 2134 2. Hy 473 HR, 394" 51
(septet, J=6.1 |Hz, J1H}, B.67 (dd,(cgiopopsioy)41. 6 Hz, 1H), 6.77 (n 1H)|
6.80(d, J=8,|0 Hz, V1 6, 85 (ddd, mlﬁﬂ-ﬂ@ﬂfﬁ@“‘%&}@@@% 1H), 6.90 {(br d
J=7.8 Hz, 1#), %10 thd, .]:8.4,&‘@‘3“@2“’ “Wﬂf 7.38 (dd¢, J=8.0, 8.0,
6.4 Hz, 1H) '136-NVR-{-100-MHz e ZBIRIRESIRCII B0 eheneet-td-si-gnal-st wer e

observed, 3 13. 70 22 03, 22.11, 29, 84 33,45, 34. 51, 42,54, 43,27, 51.27,
57,86, 64.12, 71,42, 113,54, 113.88, 25115.38 (d, J=21 Hz), 117.91 (d, J=22
Hz), 121.36, 126.40 (d, 1=3 Hz), 130.15 (d, J=9 Hz), 144.41 145.52, 175, 05.
The hydrochl oride salt was prepared by dissolving the - 62 -



free base of 89 in diethyl ether and treating the so
sol ution of hydrochloric acid in ether, followed by

Conpound V80 20a058d38ai ned as a solid. Yield: 28 ng, O.

90 and 91 5Racem c
(5R, 7S) (5S, 7R) - 3-fl uoro- 1- ( 3- quorophenyS’Q 8-(3-isop

lution with a 1,0 M
concentration in vacua
06 @Cr1B2009/0530%% Exanpl e

ropoxybenzyl ) -

7-nmet hyl -1, 8- di azaspi ro(4. 51decan-2-one," formate salt (90) andRacenic

f5R, 7SV5S, 7R) - 3, 3-di f | uor o- 14341 uor ophenvl)-8-(3-i so
-1,8- diazaspirof4. 5l decan- 2-one, formate salt (91)

or opoxvbenzvl) - 7- met hyl
10A flame-dried flask

and

under a nitrogen utrm P.. Le—was—eharged—uLth '*f"
cliisopropyl 21831 S11.05 ;%}f ‘T:_C eéh

i ce-acet one |batih (0,37 Mo m?? > 41131
sol uti on was wa C ;& e]e 9
sol ution of |Exanp
dropw se, 1f

C for
) ng, nmmoO0 in anhy ro

culfin mvfllro\ c..etirr.eod

§§R'~ b zz~ 4%&;% T
th
d}‘--ggbnggq,cgzdback to{-784 A

;
ed dropw seg|, en the

usi THF ¢3 nmj was} added
tot--45+m-pat--+A8C and

N t
allowed to wasr’?n
anhydrous THF (
stirred for |1 h e reacd Zggb"lﬁ@%}

m.) and the soI enoved i n vacua. The reS|

bet ween EtO ‘83\ h@f««andm%at-e-rm g
aqueous | ayer "was Hne-3 bt ed vvcgtj{;C e%:g g ﬁb

\ ol Ut (ﬁﬁﬁ%hg é???%”ﬂ

ided drOaWosEnn

dried over Na2S bor at e hggy,_g id gﬁ_«;i "
by preparatijve i N ExXanpligrQ é]ggg,e,;l_
Exanpl e 91 (58 a whiltegesolid Exanpl e 90:

64 13874881 ) i n
i on nmixturje was
tih satdrateld NH4CI (10
du was partitioned
PREAH G baeney) the
anlz %rs wer e
t, which was purified
as a white solid and
H NVR (400 {vHz, MeOD):

6 7.51-7.45 (= . 18 29%cedid) , (57? A8 B
3H), 5,31-5|15
5H), 2.11-1473
Col um YMC (DS-

. 98- 1. 2Utrfidgrowedy)- 1H-P2CHB: 18
bem x (EEeRY-TR 1. 99 min,

M| a2 | 6erdeGerd (d,

. 56- 4. 5Qubephebil)-7-n2t31885{( m 2H), 2.94-2.47 (m

- 63-{(t, 3H). HPLC
Mbbi | e{ Phasie 10% MeCN

(0. 199FA) i n_w VECNL (I(H12p8sPTRid)S1eqang g

Exanpl e 91: |#A

7.17-7.13 (m 1 .06 (d, % torogh Y
hy!-ﬂ-{

3.60- 3.49 (m 86 (mSE ‘;2‘) g

1H), 2.13-2]05 84- 1. 77m ‘;n’;fkﬁazgj Frogoress

LOMS ml 7 429 4 (M+1).

7, MeOrjecemior. @W $) @§ ?("" “{iiH) 46771 2g69 2FTPm  1H),

., 4.55-4.51 (s, 1H),
H) 2150-2, 40 (m
(d, 6H|, 1.19-1.18 (d,

—

3H). HPLC Cotgg
MeCN (0. 19%9FA)
(M+1). 10Exanpl c3-fl Lmﬁ@{hb%énzy{ﬁf-@_ dr ox
i sopr opoxybenzy, ~oret hyl 11, 8- di tez@gpinyptédaidesan-

salt (921 HO FI R o i 0| #C38, -|'diszaspirolh. R c@oRpOUNd
according to tJe p)'r oﬁedure descrji bed in 15 Preparati

O (046 X%
80% qﬁac@&al& éﬁ %ﬁ‘?)ﬁq

=

mat erial [LEVS il 9A (Mr1) ] s then converted to
reaction wth 50pr opokybenzalldehyde, using the ge

I HGG. ngiz sHgase 10%

difsonatier. LEVS miz 44i7. 4

-8-(3-
2-one, hydrochl orj de

#C38 s hyldr ogenat ed
oni 4. The deprotected
the title product by
ney al t hod desciri bed

for preparation OfBASE dchvilbiaiipres ABFay excep¥ @ hatt Thet gy &di®uy *F of0 uM to
chr omat ogr apif§ #id's 1096:Mdo 833 ¥t hanol in di chl oromet hane. The free base was
isolated as a col d‘l"? %‘3“8’?'1’”3 4Py it 84 W”’THS%QRCQ"HWB@%%W%‘P?%@B“ THEd & 20

roughly 3:2 ﬂ‘?‘)‘(‘iﬁ ée ‘Blas [e hon be Lh Wé‘(}xﬂy
group. Yiel V’(}d leé) ‘,?se%zﬁs%%} §g§£m abe’?n ”&éifgbel\ﬁ? %H&%g? f%&pgh =6.9

Hz) and 1.1

J=6.0 Hz) and t30 (d,

n 11-1), 3.49 (AB

rl.. LLY] LS XS 2NN A v
J=6.0 Hz, total 6H), 1.56- 284 ;.;ﬁ‘,“i;%g%,, 298y R4
quartet, JAB=13.6 Hz, AvAB=735"63# i apd 3150 {RBguua
AvAB=25.7 Hz, total 2H), 4A6{4, 064 {ies2H) ] 6.763%% S0

tet, JAB=13.6 Hz,

25(m 3H), 6.84-6.87

(m 1H), 6.90-6.93 (m 1H), TOB4AFBukd ZH, 10k 86- 7

43 (m 1H). - 64 -

4.7 minuies 10% B

T Colunwy Yme ODS-AQ, 2.0x50mm, § 1un; Mobile phase A: 0.0375% TFA in water

(viv); Mobile phase B: 0.01875% TFA in acatonitrile (viv);



LCMS mz 427.1 (M1), Conversion to the hydrochloride salt as in Exani pe 87
provided 3,6 ng of the title product. Exanple @ 93

(5R, 7- (Cywbaproassizaet hyl ) - 8- ( 3-i soor opoxvbenzyl ) - 7- net hpCT/IBBH9/055043

5di azaspi rol4, 51dec- 3- en- 2- one (#93) St epl. Syn hesi sof

benzvl (2SAS) - 4- hydr oxy- 2- net hvl -

(trichl oronethyl) pi peridi ne-| -carboxyl ate (#C21), Chloroform (4.06 nt.,
50.7 nmml) was added to a m xture of benzyl

(2S) - 2- net hyl - 4- oxopi peri di ne-1-carboxyl ate (98.5% 4,24 g, 16.9 mmol) and
magnesi um chl oride (4.83 g, 90—+ AP —ini2—direthoxyethane (45 nl), and
the reaction m xture was cool itcelacetonei bath. Lithium
bis(trinethylsilyl)anide (1 Min’{WMShyddofufdhE 2514 nl, 25.4 mmol) was
added drop-wi se over 30 m nut es, O RANIES kedni nép% Be i ht er nal t enperature of
the reaction bel ow - 72C. The Lreaffii¥Swas (st iP%® at |- 72 to -77 C for 4
hours, then 15 allowed to wirm%oningss" Ciby £#3%aBsferring the flask to a
wet ice-nethanol bath. After {oné hwiapteat 415 &% Bhe feaction was slowy
quenched with water (25 nL), then partitioned between water (75 nL) and
ethyl acetate (156aHIN YN ﬁ%o% SPEs & i &lobilet e &d CWETHY> dthy1 walklet at e
(2 x 50 ni),Vandfobigehesihi helBlordanica@anitagt/dwere. washed with saturated
aqueous sodi um chl ori de sol uti nnéfaﬁ*‘“?"ﬁ-t ).idried over! - 65 - magnesi um
sulfate, filtered and concentrat®fM¥eSyaciia._THeB crude product was

di ssolved in diethyl ether (30 ®9nn@hRtch cau$&Pa white precipitate to
form this mixture was stirréd fémingshours. PAB S0l id was col |l ected by
filtration and rinsed with cgl d4fanhgs etther 1%1® nl) to provide #C21 as a
white solid. The relative confidgutmabiten 3 of itd methyl and hydroxy groups
was det erm ned by single-crystal X-ray crystallographic analysis of a

sanpl e piepar ed i'rboumnaiicd JEuSiSnamEmm. Shert Mobipihesaiis 0. 88% St-aPHiveatef r om
acet oni t ri | dviabiebile pypea By 10R%cpselgnitile; 05 |, 48% 1FI NMR (400 MHz,

DVBO- d6, presumed to be a mi xturBasientiot aers) 6 1. 27 and 1.28 (2 d, J=6.9
Hz, 3H), 1.81-1,96 (m 3H), 2.070zn&es(m (1H) 3%3F 09-8,25 (m 1H), 3.95-4.03
10(m 1H), 4.44-4.53 (m 1H), 5.00mbuied (m_2HKB6,20 (s, 1H), 7.29-7.40(m

5H) . Step 2. Synthesi$_ofSdlmbengyl {4- e0¥HE
(2S, 4R) - 4- azi do- 2- net hyl pi peti didgiedindiedi car boxgdedt e (#C22). A suspension of
benzyl (2S, 4S) - 4- hydr oxy- 2- met hyl{ dinutes 5% B

(trichloromethyl)piperidi ne-1-carbexykat e {(#C2%5s (18! 00 g, 49.09 mmol),
18-crown-6 ether (2.00 g, 7.57 mol) and sodi um azide (98% 9.00 g, 136
mol ) i n met hanol? ¢ukdth: Mok MESAGE 2. Oxsetnat uro Osbitegipes at 0e74NFA irheater.

1, 8- Di azabi dye) Gpbie4hedamh detTB eHe FAX8etRAlOvE, 157 mol ) was then added
over ten mnutes. The reacti gn nSrtdin& was stirred at roomtenperature for
18 hours. Most of the nethangl wasimesoved | nO¥a€uo, | and t he resi due was
diluted with water (200 nL) and iexhnaetsed W t B%es hyl | acetate (2 x 250 i),
The conbi ned organic extract$ weremmwasaed (W tm% 80 water (150 nL), washed
W th saturated aqueous sodi uin chilohihges soliuti gm g 150t L) and dried over
magnesi um sul fate. After fil{ratdonnagd renovak, @ sol vent under reduced
pressureg #C22 was obtained as a Ti Ol uRld®w oOi I Yield: 15.8 g, 47.5

mol , 97%APCIrn|23333(M41)1‘ _M—Iz CDC136109dJ71
Hz . 3H) 1. 60 (dRT'lSl ophenyl ks ) S-isoprappxybeseyi-1-methy .1 Hz,
1H), 2,23- Zd%Zza%H}QM%@e%@ené ol h@r@c@:@hl@ﬂ&é@ﬂ; 12.3, 3.2 Hz, 1), 3.84 (s,
3H), 4.07 (br ddd J=14, b5, 1H), 4.45-4.53 (m 1H), 5.14 (s, 2H),
7.30-7.40 (m 5H). St ep 3 Synt hesi s of 1- benzyl 4-nethyl

(2SAR) - 4- am no- 2- et hyl pi peri di nel. 4-di carboxyl ate (#C23). Zi nc dust (99%
4.76 g, 72 mol) was added to a solution of 1-benzyl 4-nethyl

(25, 4R) - 4- azi do- 2- net hyl pi peri di ne- 1, 4-di car boxyl ate (#C22) 30(4.8 g, 14.4
mmol) in acetic acid (35 nL) and tetrahydrofuran (35 nL), and the reaction
m xture was heated at 50 QC for 4 hours. After cooling to roomtenperature,
- 66 - the mxture was filtered through Celite, and thete was concentrated
In vacua to renove nost of the solvents. The residue was diluted with ethyl
acetate, washed several tinmes with saturated agqueous sodi um bi carbonat e

sol ution, then washed with saturated aqueous sodi um chloride solution and
dried over magnesium sulfate. The 5 mixture was filtered and concentrated
under reduced pressure to provide #C23 as a light yellow oil, which was
taken to the next step. Yield: 4.4 g, 14.4 mmol, quantitative. LCM5S rn/z
307,5 (M+1l). 1H NWR (400 MHz, CDCI3) 6 1,05 (d, J=7.1 Hz, 3H), 1.44 (ddd,
J=13.2, 12.8, 5.2 Hz, 1H), 173 (dd. J=13.6, 6.0 Hz, 1H), 2.15-2.26 (m 4H),
3.16 (ddd, J=14.1, 12.7, 3.1 Hz, 1H), 3.75 (s, 3H), 4,05 (br cldd, J=14, 5,
a 10 Hz, 1H), 4. 42- 4. 50 (m 1H) 5 14 (AB quartet JAB= 12 5 Hz, AvVAB=5.5

-— NN NP~ ~
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302H), 3.34 (ddd, J=14.2, 12, 4.3 Hz. 1H). 3.75 (a, 3H), 4.02 (br ddd,
J=14, 6, 2 Hz, - 67 - 1H), 4.10-4.24 (m 2H), 4,27-4.35 (m 1H), 5.14 (AB
guartet, WORsMASE33Blz, tivAs=6,0 Hz, 2H), 7.30-7.39(m S5SPCI/IB20%035043 s, 1H).
Step 5Synthesis of 8-benzyl 3-ethyl (5R 7.3)-7-methyl-2,4-dioxo-1.8-
cliazaspirol4. 51decane- 3, 8-di car boxyl at e58( #C25). Sodi um et hoxi de powder
(95% 1.41 5 g, 19.7 mmol) was added to a solution of 1-benzyl 4-nethyl
(25, 4R) - 4-[ ( 3- et hoxy- 3-

oxopr opanoyl ) am no] - 2- et hyl pi peri di ne-1, 4-di car boxyl ate (#C24) (6.90 g,
16.4 mol ) in methanol, and the rn'xtugehwas,}stirred at roomtenperature for
20 m nutes, The reaction was quenched f cetic acid (2 nlL), and nost of
the ethanol was renoved in vacua. The resi due,was q#l\ut ed™~wi'th eghyl
acetate, then hed th.i,?2 éo N a ueous Rydrochl o¥ic aei A Wt er, and
sat ur at ed aque le~6-h+‘€)rl gajuﬁlm* AfT e&dr@rrﬂg*ovewf rﬁa fbsi um
sul fate, the m was filtex d concentyat under peduced pressure
to afford #C25 as a vvhlte foamvvhgiﬁ NMR data igpgi cated a m xhyre of

di astereoners, which was taken to~“the next step w thout purification.

Yield: 6.4 g, 16 mmol, 98% LCV5 rn/z 389.5 (NH,)%/Qll NVR (400 MHz, CDC13)
15 1,26-1.30 (m 3H), 1.40 (t, J=7,1 Hz, 3H), 1’76N1Q2F(m 3H), 218(ddd
J=14.2, 5,9, 2,54;:19, 1H) 3.21-3.31 (m 1H), 4, ‘?fj’\fl (m 1H) 4,18-4, 25
(m 1H), 4,33- 47 4% (m 2H) .,r5. 11{5 22 (m 2H), 3 s, 7.31-7, 41
(m 5H). Step6.Sfath eS|sofb@ »y«i} R 7S)5.7- n'\'éthyl o, 4 di oxo- 1 8-

di azaspi rof 4. 51[de anef—8 car bgi ate (#C26). \%’Bj?ﬁzyl-ﬁaf et hyl

(5R, 7S) - 7- met hy I}y 2,"4- Az

di oxo- 1, 8-cl i azasfi ro[4 5}decane 3, 8-di carbd oxyl at e ?#025) (6.30 g, 16,2
mmol ) was dissolved in cli oxarre? (90 nmL) and water (10 nmL) and heated at

reflux for 1 hourszeé\ﬁt%w-]@-e@slslohg :éc%rddﬁﬁ@jdtsﬁ@@ﬁ@edéa@deﬂvﬂé (CERCTA ORuMRS
concentrated in vacua. due was acet at e, vvashed

with saturat®d- *H&U@%ﬁ’sm§t§‘6?<¥hﬁﬂéwﬂ%w&é5§8lmt??8&‘**‘89?%@n%ffﬂfmw 8 {1H%

sul fate, sfi lhey@ss aase8ONFEMhIAH ceméfaeter @d}&cgdes 2%@@@%&@@%@@@@@5@ d
#C26 as a light yell ow foam _Yield: quantitative, LCMS
nmz 317.5 (NRPY. mklﬁﬁ?wmlé 46@%\"-&0"0@13@% *f'@dlfﬁ% V(OHT‘S gntp thengdditipng! 2-
1.74-1.89 (%dc%?&pah% é&e(rﬁﬁotaz @n%i)lwaéeade@arediﬁém&!d}e w@s%ﬁmﬂ%ﬂ‘é@&t et,
46=22.2 Hz B- I—? 25 (ddd, J=14. 2,

4,07 (br dddor EJ”—?L‘??"'OPE“ QO\HZ “”ﬁ% heﬂ poureg ‘@Q V\(aﬁﬁf am)a"f@dfé V(“)&B“‘@hé%‘é%e
JAs=12.3 Hz,3Ar g5 BEl8: Tae%émbﬁﬁa@rgarﬁe YQeESvaet%y wadtled mﬁtﬁ?N@%ﬂee(@so@b‘h -
68 - Step7 Synt hesi s of benzyl R, 7S) - 4- hydr oxy- 7- et hyl - 2- oxo-

cl i azaspi®r o[ WIBKHEC BBl c‘ﬁ?fbd%*?‘l ﬁtefaﬁ%ﬁ?yec‘-@oﬁﬁq}ﬁﬁ‘ tﬁﬂ‘%ﬁ’?d?q dong ‘9'8‘%‘ 915
g, 23.7 mmlltbréﬂa@ncﬁggfﬂén{r@teé :ﬁ@a@&é%\ pRividee0Ty las an ol Yield: 4.50 g, 23.7

(5R, 7S) - 7- et hyl - 2, 4- di oxo- 1, 8- |aza$p| ro[ 4, 51decane- 8- car oxyI ate (#C26)
(5.00 g, 15. remﬁhﬁl?% TR ARG 2(Mo0) 8 NP (GH{MEReCPERLE f 6 (dakbal Hawed t o
stir at roomgy m@rgétww@rﬁnﬂr&mows@ (ST HADqHgddis rom @ IR 6.83qdi um
borohydrlde% , the reaction was Stirred for one hour, then
quenched w t )acetl c acid (5. 5 m., 96 mmol ) and concentrated in vacua The

resi due jaas dil utgd, Wi td) @1l or3CRLiabSoptigSNRE M hdhy 1N Sudsigehl©rd)

aci d, saturated aqueous sodi um biIcarbonat e sol ution, water, and saturated

aqueous 10 EBAPRAN SHIbr (Wee.s @R iBh. Whe BMpAniand| Hperiojussesiiony Gwis
magnesi um s uhbrgaratd 1476t &4 rﬂgcb SORGRAL heleshddldet JoRMLE BHCRE 7281 23lr0

provi de #C27 as a vi scous, orless oil that was a m xture of

di ast er eomer@moNiieioieng (68 gil)1 Ahe masion fashswewEuipped 31 BDeARSjark YRPAMR
(24(2)2 g/H:de (C%ld%h)e c%nt%ﬂtelwgt% !Gé(d?ed §Wﬁ)ﬂu} f<§r65 ha@!% ('Eﬂe ?éé'l:tlorzm@@ g%mjelﬂ tﬁﬁd

1H), 4. 2P- 4. 3BOePwq PQWS'U'H qyﬂma&ersq Hﬁ‘ﬂﬂlﬁ)‘d “? ;l?tﬁ_aiﬁiclisyfffrfvi‘faszl‘—qﬁ” ‘@Si‘ﬁdaﬁﬁ‘d 6, 35
(2 br s, 1HaggkioRS- @vd‘lgm%@w@{'%quenus ;]gaiaﬁu?rﬁ S R8RS Ohnd @RZY lwith

(5R, 7S) - 7- met hy1- 2- oxo- 1, 8- di azaspi r of 4. 51dec- 3- ene- 8- carboxyl ate (#C28).
Met hanesul fcﬁﬁHfa*@HI@iﬂuﬁﬁes podjumoghl Cﬂ"ﬂ%@i%mlﬁ@ AIEGNIc ey Wl dded diltgred
solution of benzyl (5R, 7S)-4-hydroxy-7-nethyl-2-oxo-1 20

di azaspi ro[ 4. 51decane- 8- car boxyl ate (#C27) (4.30 g, 13.5 nmmol). After
addition of triethylamne (99% 2.47 nmL, 17.5 mmol), the reaction m xture
was stirred at roomtenperature for 1 hour. At this point,

1, 8-di azabi cycl o[ 5. 4. O] undec-7-ene (98% 2.68 nL, 17.6 mvol) was added, and
stirring was continued for 3 hours. Additional 1,8- diazabicyclo[5.4

Q undec-7-erie (1.48 nL, 9.53 mol) was added, and the reaction 25 was
allowed to continue for 1 hour. Mdst of the solvent was renpved in vactio,
and the residue was diluted with ethyl acetate, washed with 0.5 N aqueous
hydr ochl or| c acid, then WI t h sat ur at ed aqueous SOdI um bi car bonat e sol ut| on,

. T Y 1 o o o o o —— o o




6.19 (d, J=6.2 Hz, 1H), 7.32-7.40 (m 5H), 7.47 (d, J=6.2 Hz, 1H).

Step 10. Synthesis of (5R, 7S)-1-(cycl opropyl nethyl)-8-(3-isopropoxybenzyl) -
7- met hyl -Wwootv@gm3pi r o[ 4. 51dec- 3-en- 2-one (#93). BenzylPCTABR0IBY35143
(cyclopropyl nethyl )-7-methyl-2-oxo-1, 8-di

azaspiro[ 4. 51cl ec- 3- ene- 8- car boxyl ate 3%#C29) (48 ng, 0,14 mmol ) was

di ssolved in a freshly prepared solution of trinethylsilyi iodide (0.17 M
in acetonitrile, 1.0 m., 0.17 nmml), and the resulting - 70 - solution
was stirred at roomtenperature for 8 hours Purification was carried out

(v sol o B sccaiara: Nk hE L EME Srrdle QB i RS RGeS apR s e 219
di IchI or ome]'E haoguct waRliesuttiaded e iy agidtdn vasditdmenhedtnigeat rafin0gral Rhddrs.
solution o

rocuo Lo of (OPPalkE s Feabtol streEilab el YR AP 233 o RerAbi T &L, L

materl al  wasguwmrxesh mﬂzhcmubmﬁa@dl ﬂwmkmm;atmm@tm)swmﬁa&b@naw £62. 8
neth SO benzene

(o o o g B s %%ﬁ%p%géb” TS h Yl niaeh TRS ey o

procedure reportegie 3. ASyNBBsiERN e;n r®ly-Blsoprodox\Bedizal§Igme @9? LRBum 10
5999- 6007) (68 e mxture was stirred at room

t enper at ur e Wit (@nﬂ@grsmgihéﬁgm aeaﬂ"br‘i‘?% St NPERCR RS PERRS &bt %gi\l;ﬁqx?gof

snal | armuntch&fm&g&érty@h@@pm@ (0f7 «tnne*npa%&h@g:mt@w@d}mrahqmss{h@t ahzmme
removi ng sol ids he cartri d was flushed with ! El i.chl or onet hane

and the fil tBRSEsYPP dIEAA Cel i 1% were SHEHEAI Py “rfBniv&H O rOAY tHE i e

cartridge. Tbeatpoasueh (pasLehad etbnUusideg @o@m&ées@l ik icerk Afd ANERS] 8nd the 15
met hanol (5 nlL), and the filtrate was concentrgt ed in vacuo. The residue

was purified®® *Qﬁr@ﬁ%rsﬁffﬁ@éﬂf‘sﬁl PRYSt hitpvesyyagn H‘ﬁfﬁﬁdt’@g?%ﬁwe?"é Faftm 504
acetonitril mglufhx&ieh%luﬁﬁetaﬁdeéxtrécf&i Wtﬁd&!&hyibéﬂnér &S extrﬁapttaél Adridined 1

et hyl acetate: anol | ter re sol vent
it ToduoiIBTEERo el RN B Dagt LS SO MHIERRS couBer e T8 )
passed t hr ougfiedud ek wdrk tBfbl@d Z2nBBuoRAdh aRQ;ermsimcra.@tarq@é@@ls biensprig de

t he product as a gr@/(:off Wmte sem - %ol id. Yi elg g 067 moj ,

48% LONB r icaifsgiovs cRpceiraigdgiepus BY HrEhiowpes '@B‘ e4"“6.‘)"?‘5( Friirasigd

g H)49 g gg ( ruith2dtibthyle@or 213 3<3§C(ﬁ1L &hb théselﬁsre{sﬂ@rgéni@ {8ydrE wedbDoombindd- al’)d46 (m
1=13.1, 5.5 ‘W%‘Egpﬁ*f“ 52‘“6’?‘95 %ef"ﬁﬁ g‘%‘ﬂﬁ Ci@I]O:[' e§°§'§°"( rﬁfk‘él%“d%”é%”*ﬁ&%l(

gu% t eé ?51@&;3 chgwedmas@sBarsoz 2ieig, 780 ng, 415%6@3%% wﬁ@wo{m MQ&D

Cade 5%, 5ot iy hraad=d B 1 oo 75 Tocigr, Fihis a0 € Ty 2Pbs &

(5F?, 75)q- i Sﬁgr@g@xwheﬁwl(,), fﬁﬂg@@yﬂ; ﬂH}propyl 1 -di azaspl rold. 51de

- 3-en-2-one (#94% S St ep OIq\(‘nt hesi s of benz

(5R, 7S) - 7- net hy| -3¢ APERHIY 6728, E'c]ﬂd’f'edﬂ@ gddSsmEwhbiixyl at e

(#C30). The &lémé@e’:ﬁé@@'@% m’@%\/é%r&ﬁﬁﬁr%@ RECLdiunsh bops e §aNELAY nih@sRdur e
for the synthesis of benzyl

(cycl opr opy|HhEtHpeane et FH)- W@Wqﬂ 6 . a2 86 pIrHQ) waspédase -/gtes UL al boxy!|
ate (#C29) Idefraiil @alioh wa 8Rka WiRlsolinp HRREERARSoNBRLIESl: infl Bl e Of
(br onmonet hyl )c ¢l opr opane, e reaction was heat e or hour s,
and sodi4¥m |mpﬂeaf§h%§1@1f§3@mmm@f%tﬁﬁéra iperee t%?drfggéa hﬂw‘ﬁ tl‘l‘ﬁt@@é§§§d*umhe
crude produ C t he
et st ep. | LISEPHER® SRy B oo e S R e T e
spectrum 6 layeyvgs extaered wip dl@}tgmmzt@me(@w 53813, &d @e@qfﬁbmqq-l))fgamc

5,12-5.20 (Eéaye%@weré dl'léd(&ber‘]sn@ u?'n 'éélffaté"g %ergd 3t TotehtfBte® D valud® fife

J=6.2 Hz, : hesis o
(5R 79) - 8- (38;5@@,%@150%9@@@3% ghrqmﬁf@gfa}am Trpgitiey pel1{Fadient: 20% - 70% etny
di azaspizo[ healfess §e;ﬁ§ne%‘t8?>‘?o\ﬁé’r‘e9@e fré@’gasr,e' & & SOARYINd¥@S D¢

according to 15 the procedure described for the synthesis of #9 |n Exanple
@3, except mat ?_a@nzyq:ms m/z 4252 (M+1). "H NMR {400 MHz, CDCly) & 1.14 (d, J=b.8

(5R, 7S) - 7- et hyl - 2- oxo- 1- propy1l-1, 8-di azaspi r o[ 4, 5] dec- 3- ene- 8- car boxyl ate
(#C30) was used instead of benzyl

(5R7S) - 1- (cycl opr opyl nmet hyO- 7- met hyl - 2- oxo- 1, 8-

di azaspi ro[ 4. 5] dec- 3- ene- 8- car boxyl ate (#C29). The product was obtai ned as
athick yellowoil. Yield: 14.3 ng, 0.040 mmol, 27% over 2 steps. LCMS m z
357.6 (M+l). 20 "H NWR (400 MHz, CDCI3) 5 0.94 (t, J=7.4 Hz, 3H), 1.15(d,
J=6.8 Hz, 3H), 1.33-1.38 (m 1H), 1.36 (d, J=6.0 Hz, 6H), 1.41-1.47 (m
1H, 1,60-1,70 (m 2H), 2.00 (ddd, J=12.9, 10.7, 4,6 Hz, 1H), 2,23 (dd,
J=13.2, 5,4 Hz, 1H), 2,59-2.73 (m 2H), 3.22-3,34 (m 3H), 3.62 (AB
quartet JAB 13.6 Hz L\ vAs 21 7 Hz, 2H), 4,58 (septet, Hz, 1H), 608 (d,

~ N N ~ O~ 11 A1 N ~ o~ aA ~ o~ oA VR ~1 N -— o~ P~



#C28#C31 5Step 1. Synthesis of benzyl

(5R, 7S) - 1- cycl opropyl- 7- met hyl - 2- oxo- 1, 8-

pi ro[ 4. 5]weceBymssas38- car boxyl ate (#C31). Benzyi (5R, 7S) P¢TnBrdoybhss8430x0- 1, 8-
di azaspi ro[ 4. 5} dec- 3- ene- 8- car boxyl ate (#C28) was converted into the title
product by reaction with cycl opropyl bor%l c acid, according to the nethod
of S. Benard et al., J. Og. Chem 2008, 73, 6441-6444. Purification was
carried out by sili ca gel 10 chromatography (Eluant: ethyl acetate) to
provi de the product as an oil. Yield: 18 ng, 0.053 mmol, 31% LCMS 177/Z

?.4%63(8!\/“}):?7 %AE W%ﬁ'ﬁ%&ﬁ%*? ~(n% ‘i%?og’gﬁ(‘%’ 15@@ é{ 1]7|3|) ik% 2 30

(br m 1H), QQE@d@bﬂ”ﬁm gJe: U317 HZ, HR), 2 HH) (o 303335174, bzrmmz 41K)dd, 4=1754. 35

(or 1) s S5 TP 0k ol okl s 2318850 8345 Ty 28be B Mialfas J0FaE L

of HZ 1H), 3.55 (d, J=13.3 Hz, 1H 4.52 {(seplet, J=6.0 Hz, TH), 5.65 (brs, 1H), 623 (d

(5075) ovel Qv o 3 R I L e g gL,

accor di ng t é.8heaidar gerduz e, Qegﬁz i hedeberibt hessyhthesis 7013 #a3, 8. Hxauapl e

ZOCI i g)z(;ggf r%?%[%i)'g}e?yé?; g‘gftés%%}r b é?\l!\g&é&%y#é@f)g&é&u@%{uﬂ%‘ﬁﬁ%ﬁwe&f‘a%enzyl

(15(R 78|) s.gnazs uﬁei)e :;bsewed 10 15.186, :.zf 088 2%12 33.63, [42340'43 Qg 51.00, 57. sob |
-(cycl oprop t hy yl-2-0 t hazas ec - 8-carboxyl a
L (cycl opr oyl JIPL QL 7= IELDYLi 25 010" 1o8- khazasnbr ol 8l dect Joeng- 82 parb
hours rafheriZsleand8 /ApuEs, 13888 @t H@Bizpalfék;@ﬂ ex&banmﬁﬁscme agajrbdwlmse
extracti on colums were Léé‘ed rat her than | . ums

purificati orMAESCRPPEY BYJHSSPINY 86 disgepse 0§§%Hé’$éh%ﬁﬁ@f@€ﬁlt‘i?ﬁﬂ“9 Bey:
Mobi | e phas asn&snaﬁ wittoal +4 N BolvBdre bf ydtathiorVieid ie eaftaswe ;cﬁuecﬁb;l&’@rﬁﬁtraﬁbn

acetonitrile G adi e 5% 100% B afford th oduct
as an oil. Y 1’3’8‘ C%P@p‘?’%"*dg%s” l%a'“ ﬁ%@é?%“é‘?*@p@ﬁ @I\é gn"}m (M+1)
- 73 - NNVIR (400 MHz, CD3CD) partlgmgﬁ gum 5 0.81-1.01 (br |n 4H) ,
1.33 (d, J=6.0 Hz, _ I‘J-69 3H) , 6514 br 1H)
3.46-3,66 (br m &f Alupropaeryl - 7-ein Sdie -melivibinhemylh SyRmelyil A 7. 41

(dd, J=7.9, dlafs 45 carE&&iﬁl@l o @:Hbride (88 _
5(5R, 75) - 1- ( 3- Fl uor opheny1) - 8- ( 3- 1 sopr opoxybenzyl ) - 3, 7- di net hyl - 1. 8-
di azaspiro[ 4. 51decan- 2-one. hydrochloride salt (#96) ¢ Step 1.

Synt hesi s of (2S,4R), 44(3-fl uorophenyl ) am no] 2- met hyl pl{mﬁrb\dl pe- 4-
carbonitrile (#C32)~¢Benzyl (2& 4R) - 4 cyano -[(3-fluofO hénﬁf)am noj - 2-

net hyl pi peri di ne- 1%, (_é.all’ bexyFat & ;ClO) ﬁ4 g...,11 sl ) .di“Ssol ved in

nmet hanol (100 nlL) anq reat &d it ‘suspensi on[ oﬁ pal | adi um hydr oxi de on
carbon (20% by wei .. 540 nmg, 0. %= ) in et hyf ‘ﬁce at-#C{ 10 nL), The
reaction m xture vvais shaken under 40 psi of hydrogeh<¥or 4 hours, filtered
and concentrated in yactio The resulting oil was purifi ed® by chr omat ogr aphy
on silica gel (Gadient: 50%to 100% 15 ethyl acetate in heptane, followed
by 10% net hanol i@nremmyzti &% ettt plepatsnl afdoodidg tthehprpmhect! mecariues éfarthpel | ow

oil. Yield: 1,83:.8.¢8yS 87288¢ tgk%n 4 ié_'c (A

cpci3) 3 1.1 Pt BT TS Gy en 13 7
11,5 Hz,201Hwer2. B384 ( (rmﬂeﬁd df:ii&aﬁci @06;0 src@;cﬂelztheﬂap ba@g&@-ﬁg %arﬁ il 2Hlet:

2909 01 (M2 318 (s 8ot (il MoninSRob RIS, iyl 23
St ep2, Synt hezsiéS(rf(u%S%&Fﬁ “3H)[ (1 BOf (hyarophaayhy) anm, nn&g im( BH), 204 (dd, J=13.2,

EFoor oohens AR T Biba el ak S BRe A S i 0320 88 18

mol ), 1- ( . D ety $9 3ddds ot EoRybeny e 1 Kig . 205-8.69 3, BHMBOK {ﬁﬂdmeSI um

carbonat , acet qn

and sti |2r %ﬁ %dm%?gﬁe%gﬁﬁggf%rﬂ\ggﬁﬁﬁ‘gw)%& é;dgctC) %% ?ntlx%dq’éz( then
di luted wit6.@2 tiyld, ae®Batze 1H), 70t hrdidnashed .42 h Haatidy, 7. 20AR RS Wit TH s &tadr at ed
aqueous sodi um chl oride solution, dried over magnesium sulfate, filtered
and concentrated in vacuo. Purification was effected by chromat ography on
silica gel (Gadient 0% to 20% et hyl acetate in heptane), providing the
product as a solid. Yield: 4.60 g, 12,1 nmol, 67% The characterization
data was obtained on a sanple derived froma simlar reaction. 15 LOVS mt
382,0 (M+l1l). 1H NWR (400 MHz, CDCI3) 8 1.22 (d, J=6.2 Hz, 3H), 1,35 (d,
J=6.0 Hz, 6H), 2.02-2.32 (m 5H), 2,56-2,71 (m 2H), 3.06 (d, J=13.4 Hz,
1H), 3.80 (br s, 1H), 4,07 (d, J=13.4 Hz, 1H), 4.57 (septet, J=6,0 Hz, 1H),
6,55-6,66 (m 3H), 6,77-6.88 (m 3H), 7.16-7.24 (m 2H),

St ep3. Synt hesi sof (28, 4F?) - 4-[ (3-fl uorophenyi )am no]-1-(3- 20



Hz, 6H), 1/1 (dd, J=13,6, 11.7 Hz, 1H, 1 6- .96 (m 3H), 2.15 (br ddd,
J=11.9, 11.3, 4,4 Hz, 1H), 2.48-2.56 (m 1H), 2.76 (br ddd, J=12, 3, 3 Hz,
1H), 3, 0WOap10058835 Hz, 1H), 4.12 (d, J=13.5 Hz, 1H), 2CIAB%do9/0350431H),

4,58 (septet, J=6,0 Hz, 1H), 6.25 (ddd, J=11. 3 2,3, 2,3 Hz, 1H), 6.30 (dd,
J=8,0, 2.1 Hz, 1H), 6.44 (ddd, J=8. 3, 5% Hz, 1H), 6,79 (dd, J=8.1,
2.2 Hz, 1H), 6,86-6,91 (m 2H), 708(d'c3J81 8,1, 6.8 Hz, 1H), 7.21
(dd, J=7.9, 7.9 Hz, 1H), 9.63 (s, 1H). Step 4Synthesis of et hyI
3-[(2S, 4R) - 4- [(3f|uoropheny|)amno] (3-

sopr opoxyb per,i.di v, yl aj.e | 2-

di et hoxyph % J{IEA’&% ﬁg'htz PO&@QZJ r#é %Dg%é%oﬁj} é é@g@zéﬁ\%@w se

— =

toa 10 m >@iDl€I.II§) 20i3 39diows, hydoi se4g.60%d 12 g7l 43.89.4 mss@s%ﬁemls)w n
i enet orbodS bbb el i 5638 B UCb T afle 18780 ™
S, fﬁ) | 4- [ ( 3-fvuey, aghsgsémlezmh-igb@a ?:(oz-rg ?;pua@p@wlze@aykfzsz? 138.00, 138. als

nme yplperl rbal de e mma -
G ot hocBer 1 ‘%@éﬁ\néé” 21005 LER e b R PR 6.0, T b e o 112
addi tional %l_e@arsﬁf &ye@s@éidinfgl 88 fﬂa‘e padeetbs sghe d@w UdtRe B @XbiRCtRd W th
et hyl acet ate he conbi ned anj c ers were dried over sodiumsulfate,

filtered andOlEAR&APrETdY FH‘“U 8%1“3" X e BRIRAT e8P §L Y gRijcentration
chr onat ogr aghyadde: athremiund 8% dsoorAlife b kot etialie femdeniamamoafibovded the
title product as an oil. Yield: 85 r’rgE 0. 18CTTYD| 38% LCVS mz 469.1
(MF1l). 1H NWMR (400 MHz, CDC13), char 4 C S|gnals 6 20 1,18 (d,
J=6. g ﬁm gH) 1. {8& 7(3)»,1 {?;f%gﬂoﬁrzwl3%&H§uhﬁdr3ﬁvoé?b§pﬂ%ﬁﬁi§§odgéﬂ;@hﬁﬁﬂ 12@2(1 d(

’ ’ q1
1 Hz 2 I_‘?'a cay2ng h‘“’df“hloﬁd%@ 1H), Step 5. Synt hesis of ethyl
(28 4R) - 4 [(3f|uoropheny)amno] 1-(3-
i sopropoxybenzyl ) - 2- rret hyl pi pendi n-4-01- 2- et hyl propano,ét@ (#CSg) Et hyl 3-
25 ,,\\ -
[(2S,4R)-4-[(3-fl ufm/ophen | ) am ™l - )rrg i sopr opoxybenz;[l ) ﬂl ngt hyl pi peridin

-4-yil-2- nethyl aC'r tef #G35) D@ Omlﬁmm:ml‘)vand pal tadi um on car bon
(10% 19.2 ng, O, pla 1) were ¢ ned in met hanol AL 18 m_) and shaken
under 50 psi of hydfcgen for 18iChoifs. The reaction tvva% fi''t%er ed and
concentrated in vaftio to provide the product as tm “oif, wéd ch was used

wi thout further pur®dication. Yiel&@® 75 30 ng, O0.16 mml 88% LCMS ntz
471,4 (Ml). - 7, h i

A e, ) 555 SBrBayRLITRL By Blaes, apsoron o the genera

di met hyl - 1, Srdicalmssior tle] #ynBledsad 87 2n Grempleyalt, emtﬂprbltﬁadé’r;smstus(am%s)tea@hyl
3-[(2S, 4R)

4-1 ( 3- fl4|§orop en?ﬁ V'de the ireib?%,e ?fsaog arso%i?)%l/b\ér(?izdyl%8 rgg f“ i peﬁ%ﬁ ncw yll-2-
met hyl pr oparm&tii@?(‘l#(wa) WBM@(SGOM}& roatl)) anve $0 a;dd@d 8t§€z 8HY XBRKe Job.1sodi um

onotl on vad o eE ol 62 ool naar HHiA N I Helih et s 1 230

for 18 hour ggddRernydl 86f 9 S0t eht, LPgigkidr gdackd. @ﬁ%ﬁﬂrH}V\B\gZRmﬂd owezl4 by

eptane) 1 o phour a2 ¢ HE % PEe o5t Rz 1 ol oot g v 1 4Rt ur e

of di asteer e, HasiHudgadsésemitd Hi 1NNRB 50 {S@eﬁi?rmnns ¥izehd), 8127 g,

0932 e AR bR 1 2Ralp iy JHLUR G M, f B2 8B

(2 m 3H), Hr827.109ddd M=8LHR 4, 2.59% 2+087 BBddiH)/+8 8, 8.0- @42, ahdl ZCATMRT6 (2

47 e e B e A ol G R T aol) ™™

ifi)ser)%egg (ﬁ&ﬂz@m 3@)158@7@? G2k, 631273&*)2? 63783% eddg 70289.B3.5%, 243, 882 Hz
it S e o Rt et . o1 98 fary (bl o 25 (™
hydrochl ori dezjsed4.41,i198l53t edls 85 Ths MlytidchiBAGRAIEWAS frepared by dissolving the
20(5R, 7S) - 1- ( 3- Fl uor ophenyl ) - 8- (4- hydr oxy- 3-i sopr opoxybenzyl ) - 7- net hyl - 3- ph
enyl -1, 8- di azaspirof 4. 51dec- 3-en-2-one, hydrochl oride salt (#971 - 77 -
17-------- ("...<\\ N/ r _"1-4--- - - - .., 4->e -, 00" 0 H#CAA2



e,:.."nC"." 4,7,-, OF\ P1\----<?, -,---; KN--1, r € -4---- 2z
c,)- ' Oi Step. 1. Synthesis of benzyl (5R 7S)-

- (3-f | uorwphermdsy333- met hyl - 2- oxo- 1, 8- di azaspi r o[ 4. 5] decamaBBogesooxyl at e
(#C37). (5R, 7S)-1-(3-Fluorophenyl)-7-methyl 1, 8-di azaspiro[ 4. 5] decan- 2- one
(P4) (532 nmg, 2.03 mmol) was dissol ved |E& 5 tetrahydrofuran (10 nL) and
water (5 nmL) and chilled in an ice bat h.“Sodi um hydr oxi de (487 ng, 12,2
mmol) in water (1 nL) was added, followed by benzyl chloroformate (0.39 ni,
2.6 mol ), and the ice bath cooling t he reaction m'xture was allowed to

warmto roo r hou he r eact ur ed nt o
BT ut e aquedtis BB o2 i Siefn athe" FiabnS 46 S RiBer ir BBt
10 dichl or omﬂmer;cﬁam momemaﬂiooegm| @nbamemsnmrveadil e:drr@\zsemd sadmasm
sul fate, fi I g and c0£rf% i acuai rovi de a residue, which was
subj ected td E?m?dc?f Bapt Q?%rgﬂ%ﬁ r@(lngd 0% to 4% methanol in
di chl oronet hane). The product was Emﬁ@éedaasga V\/m te foam Yield: 545 ny,

0,
2'5%773’{?'1:_ ( 27]4) P s T Tl ) ) %f}iuosoohenvl} -8-{3-isopropoxybenzyi}-
150x0- 1, 8- difazetpi-1 a{cﬁaﬁ]sdseﬁaﬁmeﬁawardmxylfatrmté#C&ﬁb (B0} hizm Racem;c

bi s(tri et hykﬁ'?ﬁ&?s%}dfa%u%"mﬂ‘ :%ﬁ" torrgo emﬂ? u(r aigdﬂroﬁﬁx\’bmz\'% 7"mg£0‘| ? 8-

added to a DUI o601

(5R, 7S) - 1- (%éﬂaﬂgﬁ@@l&&i’ewhﬂ—akﬂ@emhte%aﬂanl 8- di azaspiro[ 4. 51cl ecane-8-carb
oxylate (#C37) (500 ng, 1.26 mmol) in tetrahydrofuran 6.3 m) at -60 ")C,
and the reaction nixture wis maintai ned® \atOthis tenperatyfe for 1 hour. A
solution of 3-phenyl-2- ZQ@ph yﬁl sul fonypg}é\pxam i di ne (sﬁe L. £

Vi shwakarma at al ., O gahi theses 1988,y 378 - 66,°208- Y0) (494 ny,
1.89 mol ) in tetrakydrof an “Was addedt dro < Se,_ ,an the veaction was
warnmed to roomtenp a.L\ur)e andmst»lr ed fH 18 houros Th m xture was pour ed
into saturated agueou$ armonl um chl T‘de’ sol ution (\',{ () and extracted with
di chl or onet hane (3 x 3¢ rrL) t he corrblﬂ;ed organi c | ayefs were dried over 5
sodium sul fate, fil tEEﬁdop&nﬁ concent Ead@tk don vacuo. ekurgiddication via silica

gel chraonmat ogr aph 00/ to 5% nmet hanol in di Ior t ha
provi dedrgt?he pr od&/ﬁém%*g 3&?}%*& ?Bf‘l grogspg red= o i %% nrﬁ.)p Gt aner s
and di ast er eppesal ﬂursomapy&nﬂdel(mngpecﬁ rmmnl)\énelwhs aﬁﬂedn@ -789.°48k amapd ,

39% APClI m.z 41 400 1 .24-1. 31 L3
1.53-1. 94 (Bfe ﬂ?e &‘ﬂ‘% (bwg] ﬁB("Gd ‘igg‘g"“””@ )adgﬁé ‘%?6‘*3"-%%‘?”%3 t ot al
of 1H), 2. 64candnyB6udithedcio —55-‘T£Bf04 1 iBaihd KzeratmbiskEB2ckSio -85 He soilitidn of

(m 1H), 6. a5l e iy S o iy T SaIndd e el or e

Synt hesits ofthée tzyles(ibhy itk W birvay plenyih)at 77806t Iyl alwadddboxam to -

15,0 2eespLald. RLSESSNS B SR ol SRl SRARFASI Ve 21 (5%

(5R, 75) - 1- (%dfdea@rmhﬁ]wn)j-tﬁe réacdmwxﬂrenmmyﬁrr&mxo -Hlat -55*C. The reaction

T o D G A T Ty

unltul no ISt ?,ralt:umgmm’eaﬂuetwmsnmbm?]mdeoyEtMm (thayierarchraemtiognigpAgteron
silica E 5% i n, chl or of or f10 re was
Tt onedd o Sephita s ihe Aonpotpyen RS ceedtinsqaabratiarodnf, syt
Chr onat ogr aphyartn lageisi veere geikd OGeaida Sa);; atietapobiredrit @%1 olude Broduct, which

di chl or onet hane rqvi ded th duct .an. oil e a _mxture of
rotaners frofffd %‘érﬁ I\ﬂe%@g@)ﬁﬁg&\ﬁoe‘? ain aﬁﬁﬁe%%oége ﬁ}/b 5398 ¥ n z
411.0 (M+l) .sohtd WE&A@@IM(E&BMIZiﬁb)las%wﬂitaﬁéohdm 3H), 25 1.61-1.78 (br m
2H), 1.84-2.13 (br m 2H), 2.96 (AB quartet, 45=19.1 Hz, AvAB=34.9 Hz, 2H),

3,0-3,13 (br m 1Examé ie1Qa4 31 NMR (400 BHy, MeCBA- £.7751-1 86 (M, 1H))7.25.700 5. 14

7oaa 7. S8 (- 2oy 700 zgfgp@z%]%%fcﬁ&i{“ Az i 36430 &,

(5R 79) - 1- ( B.3-pasqpheny|d sd2 methy 5H2-DXD4 33 (d, 4H), 1.28-1.21 (d, 6H), 1.22-1.18

{ Rt nfl uor onet hyl ) sul fonyl ] oxy}-1, 8-di azaspi ro[ 4. 5i dec- 3- ene- 8- car boxyl at e
(#C40). Lithiumbis(trinmethylsilyl)amde (1 Min tetrahydrofuran, 0.067 niL,
0.067 mmol) was - 79 -




added drop-wise to a solution of benzyl

(5R, 7S) - 1- (3-fl uorophenyl)-7-net hyl -2, 3-

cl i oxo- 1,80chitsssspi r o[ 4. 5} decane- 8- car boxyl at e (#C39) @2%/182P09/05506L nmol )
in tetrahydrofuran (0,61 nL) at -78 C. After 30 m nutes,

N- (5-chloropyridin-2-y1)-1,1, 1-

trifluoro-N-[(trifiuoronethyl)sulfonyl ]*n@ét"hari esul fonam de (28.7 ng, 0.0731
mol) in 5 tetrahydrofuran (1 nL) was added drop-wi se and stirring was
continued at -78 ')C for 2 hours. Sodium sulfate decahydrate (100 rrg, 0.31

A i o poithi e TEKS ol MO YERRahABrCre % hPhch = PA i cHEBn vi 2

silica gel oHR8800nENY (d SLadhem walddad ec%oﬂreewrmlw@-qmmemrbrhepmne)
provi ded t he %ra%%ﬁ Mgg a solid. Yield: 30 ng, 0.055 10 nmol, 90% LCVS m z

542.9 (M), MHz, CDCI3) 1.31 (d, J7.1 Hz, 3H), 1,55 (br d, J=13
Hz, 1H), 1.71-1.78 (br . 1.96-2.06 (br.m _1 2.19 dd, J= 13 7
He. 1;)') 3. 06- 3. 1@(35’3?*9#1" E)DNME (390 M%“{e@)% ?frzb)?’ 4%%0“%) %@5(%?3

5.09 (br 55 1&?)?1678@&@%) ;ﬂﬁgwrlas (%r,, QH%%%@% (ki Qﬁsl«:rﬁd 4&%73@@“

0,8 Hz, sé »—1} 9, {in

7.42 (s, 1H)3497(fa *ﬂ)da&g*%%ﬂ“s %Hi Q?@iééﬁd 'l iﬁ?ﬁ O(m ‘”‘ﬁt 3;3352 %Vﬂt heS| s
of benzyl (S S)r*alr 1(3? E&UMOH@DV@& 1d - 6% hY*ig-?-rMQ §H} HPLC Column YMC

phenyl -1, 8- dlaza ec- 3- ene- 8- car boxyl ate (#C4 y bor oni c
acid (8.0 mfPD8: |5}:m aphydr Bl s %é?eeeul‘riﬁ&'pﬁﬁﬁeﬁé‘tﬁé’o M@@f\b UngeTi0AN65
mol ) and t I8 ’ oro al I adi um( 11
PR e e e

(5R, 79) 113 (3 fl uorophenyl) 7- net hyl - Zxanpledd?

LLLLEN T uoronet ytd e onvl @y o @ RAL B8 P, Q[ré a%br&%ﬁeéaﬁﬁﬁwﬁowé hoxyl ate
(#C40) (30 ng, O. - of aran’ , _The resulting

sol ution MWVW f-fk_a&wlﬁ’hg dLE@é@IFGW mqéﬁaﬁ-aﬂnmhﬁdm&ﬁﬁﬁﬁéﬁﬁdat ure,
diluted with ethyl acetate (b and filtered through a <1 pmfilter. The
filtrate was concentrated)ifl vacfio, then 25 puri‘*?’leﬁ by silica gel

chromat ography (G adi ent: tJ 0% ethyl acetated heptiane) to provide
t he product as a col orl esé I Yield: 20 ng, O, 04\5 76% APCI niz
471.1 (M+1). 1H NI\/R(400I\/F*12 CDCl 3) 7371739 (ds ZZHZ 3H), 1.54-1.6 (m

1H, assuned: partially obecvtrbed by water peakp, .171-1.79 (br m 1H),
1.95-2.05 (br m 1H), 2.18 ~dd, J=13, 7 Hz, 1? 3.19-3,28 (br m 1H),
4.204.37 (br m 1H), 4.62% 330 b (br m 1H), 1°® br 5, 2H) 6.91 (ddd,

63 55 10 aip, Gomgslhio SRt gk sccrigi® i ideskiis SESped g 3

6. Synt hesgi s Fﬁépérﬁﬁbﬁ 3) - 1713 -deprsaeh enytdjial 7 QM P yih43 2pheniid+ 1] 8vas then

di azaspiro[ 4, 51dec e Cco u repar ed
Sccordl ng - SOPYSHHLSBA dfe Pt B astid soibrkis o RPRBORRE RSB Y Bt
Prepar at i on gknegk aeghod hﬁtﬁcrb:&ﬂzmr preparat on of 87 in Example 87, except that the
(5R, 7S)-1-(3-fl.uoro 7-net hyl - Q- 3 hen di_azaspir. .5)clec-
ene 8. ot o PR TR el R ot R Tra) BB pP The et
(5R, 7S) ( 5S, #Rake wds3isolated as a coiorless oil, estimated by 'H NMR to be comprised of a

fl uorophenyl) - 7- met.hyl - 2- oxo- 1, 8-di azaspirol 4. 5] dec car bo te
(oo T b St & TastemomeRt R S9bdh B 4G TSRy S Rt B 7os
LCIVS Eﬂdg 3@;@ Gﬂ)@n(rMﬁl)B%H MR 4010 vz, !:(‘rm 83. ﬂzzt@gééﬁs Hdigﬁncﬂ‘ihiz 33H)
1.7 J=14, m I 14

1173 (8% Tokbithe Sroe i 1 as dutoid Pl o 3 et b S sTBiohs 11y
3 82 Eggg Jiféc?gﬁ ar4} 59843 54'(%; 1&{034@&@%&@1@% J= %@HzéﬂLABJSE rhﬂ}ankﬁ)lm
7.17 (s, 1H356( @qqarmr @mw a1 Hy, Avaagasrrmw(t@‘hzrm 46-4.64 (m, 2H), 6.73-8.80

St ep7. Syt heq| a0k (-6 Ga%f Bod-4-18Y, P36-7.43 (m, 1

i soprop%%%yberﬁrnlzyﬁ? 85& %)7 (\]n hf%aﬂ@% &zagépl r1|o% (91{ ?(%I ec63 en(m Hr)ie

hydr ochl ori de salt (#97) The t|tIe product was prepared from (5R, 7S)-1-(3-
fl uorophenyl) - 7- met hyl - 3- phenyl- 1, 8- di azaspi r o[ 4. 5] dec- 3-en- 2-one (#C42)
according to the general procedure for the synthesis of

(5R, 7S)-1-(3-fl uorophenyl)-8-(4-

20hydr oxy- 3-1 sopropoxybenzyl) - 7- met hyl - 1, 8- di azaspi ro[ 4. 51dec- 3- en- 2- one
hydrochl oride (87) in Exanple 87, except that the purification was carried
out by multiple silica gel chromatographies: 0%to 5% nethanol in

di chl oronet hane gradient, followed by 1% to 100% et hyl acetate in heptane
gradient, and finally diethyl ether eluant, providing the neutral form of
the product as a solid. Yield: 3.0 25 ng, 0.0056 mmol, 28% LCMS m z 500. 2
(NH) 111NNR(400M—|z CDCIa) 3120(d J67Hz 3H) 134(br d, J=6

A a ~ N a -—~ oA ~ ~ PN NN N NS "~ A



Step 2. Synthesis of benzyl (2S, 4R)-4-[(3-fluorophenyl)am no] - 4-

(hydr oxynet hyl ) - 2- met hyl pi peri di ne-1- car boxyl ate (#C44). 1-Benzyl 4-nethyl
20( 2S, 4ARwWo-2p(0ds833aor ophenyl ) am nci ] - 2- et hyl pi peri di nePCTABZ0ZesRYE at e
(#CA3) from - 82 - the previous step was dissolved in tetrahydrofuran
(63.3 nL) and treated with a solution of 4I i thi um borohydride in
tetrahydrofuran (2 M 19.0 n_, 38.0 n’mﬂE) The resulting m xture was heated
at reflux for 18 hours. After cooling to roomtenperature, the reaction

m xture was quenched Wi th saturated aqueous anmonium 5 chlori de sol ution,

ayors var o baghae ! ST dond b hE autRhBife sl <<l brdone P ea

over rragnesipnm;@gd 8 atneg off thé tige pabdastd concentrated under reduced pressure.
The residue was purified by silica gel chrtogr aphy (Eluant: 50% et hyl

acetate in heptane) to provide the prdte $ a viscous, colorless oil.

Yield: 1.10 g, 2. $Brnssh anﬂ&BprBQ\%n@mF} &r\&as@irgmvbésﬁvmém@mw CDCl 3)
6' 1.21 (d, J=6.6 Hz, 3H), 1.35 (dd,, J ‘ .%M—l) 1.78-1.88 (m
2H), 2.06 (del, J143 6.5 . , Hz, 1H), 3.06-3.14 (m
1H), 3.53 (brﬂs 1H), 3.68 (dd half of ABX syste m J=11. 3, 4.9 H, 1H),
3.75 (dd, half of  ABX"€yst em J%il 3,..6%% Hz, TH)’\”} 3,.96%4..03 (1, fH)
4.15-4, 24 (mociH), 23 (s, 2Hn -6, 306,4% (m 2H); 6/62+¢dddd, B3

0,9 Hz, 1H), WOB(d@d J=8.3, & 3, 6.8xkz, 1H), S, 29- 738 (m 5H)a~

St ep 3, Synt hesi SEBESHERZY] (23¢°4R) - 4T (3=F1 uor odﬁenyf Fait o) - 4- f srMy 1- 2-
met hyl pi peri di ne- 1- car boxyl at e*{#C45). Oxalyl chloride (99% 0.3%wl, 4.4
nmmol ) was added drop-wise to a -78 C solution of dinmethyl sulfoxide (0.63
m.., 89 mmol) in dichl ororrethane (5 After,. 20¢m nutes, a sol ut{ron of
benzyl (2S,4R)-4zf{3- 20 ¢ ’\;«‘

f I uor ophenyl ) am;mats (hydfr,e*xyrret hy:ﬂ;“z* met 'Plylpl pe -
(#C44) (1,10 gpe 2{1&5} mol ) NA-di chl qg.enet hane{-5 rrL) wa,s sI OV\M( -added.

After an additjonal, 20 m nut~es t rerhyt ani net€ 99% ~1766nl, 14:8 mml) was
added, and the reactronyi Xt e was al | owed temwarmto room t emper ature and
stir for 18 hours. The reaction was then diluted with water and extracted
with ethyl acetate. The ﬁorganl c layer was 25 washed wi th saturated, aqueous
sodi um chl oride solutiod, dried over magfiesium sulfate filter ed““aindA
concentrat ed _wmder r@du,e‘éd presser e toiprovi dé tHe@p’r oduct. as a ‘QI|

Yi el d: 600 ngst. 62 nm)l . 55% o»H NMR (400 MHz, GDQls) 3 1. 18 (dyd=6.7 Hz,

3H), 1.71 (dddse)=13. 7,&,12 2 3556 p@reHz 15‘9% 1.91 (dgd,” hal f of C‘A%ﬁ%system

b JI\J& b

J=14.2, 6.4 W'"H), 1,98 (dd, half of ABX system_J=14.2, 6.3

2.44 (ddd, J=14.0, 3, 303 Hz, 1H), 3.14 (ddd. J142" 12.0, 4.2 H,

4.03-4.09 (m 2HSen 3.4 41 $waibess o 1bepayl 2HRSAS A 2-memvl-e@-, 2.3,

23 Tij 1?') : EberdiT: 1-LarbxyikEN e S1f Q:rﬁé-‘r&ronn (%906 rrréd‘ée?Jrrﬁmzﬁ 2

St ép 4. Syhtw]@s@gidgcﬁ i@eﬁzmrxture of benzyi (25}— —mei’hyi 4-oxoprperdme *! carboxylate

(SR 79) -4}~ (%%WWME”X%)Q' o] dérﬁ@%heéurﬂx&ﬂmﬁre {48728 P56 O frmabdgCr 3- ene- 8

-car boxyl ate (#C46) e/ b| s§

trifl uor oet HHRYPpREEAG sﬂﬁ]%{ﬁoﬁéﬁ Qﬁaqe@ct(mmﬁ@e \@SG@OWHF Gt ScedRRpane

drop-wi se tq,zan Lﬁﬁuﬁqgé@ﬁnéﬂr%wssmefe @qd'w%tmﬁg&ro@tﬁar 6% iofl. Psls ot B 10,

102 nmol ) and 1, di net hoxyet hane he mxture was stirred at 0
'C for 30 WASRAUES dpRrvSsciyenaP r“i@ﬂiﬂﬁe wiverieeengdhatrinreal tameeiRiite oh thef

benzyl (2S, [ i s

fl uar ophenyﬂ%ﬁﬁﬁo -4- f%% my1- TQe reaﬁmlnpvlv%se?tfrr o at 2(:t%r %xglf%‘r‘é ‘F}i&g}e”( 270

ng, 10 16. 72%owatk) wianm i #iSmal b irandemeg Iﬁwﬁ@khtaaewm wdthadoidradip- Wiere, and

th t t th dded, t
o o e b P i 1ehd, Yae Ba M Pan SOV alE bl SR SRR P8 Wl B wer e
dried over soditsiesbbhale, wdtéd Femed andetenReentd gicedni)n Thacidueous phase

Purification of the residu ia c tography on silica et; 10%
Lo 40% ot hy e extaced fith ol s Sl BRdRanThenst B Sied Syt el o
170 ng, O. 4\Gereedshed W9th $:ENBtanddied09 sbdiiMtdoridhHsdNRN (48 niMHzrie€GE3) (3
132 (d, J=7.0 Hz, 3H), 1.41-1.47 (m 1H), 1,57-1,65 (m 1H), 1.82-1.95 (m
1H), 1.99 (d, J=16 Hz, 3H), 2.04-2.10 (m 1H), 3.08-3.17 (m 1H), 4.13-4.26
(m 1H), 4.56-4.69 (m 1H), 5,05-5,14 (m 2H), 6.84 (ddd, J=9.4, 2.2, 2.2
Hz, 1H), 6.89 (br d, J=8 Hz, 1H), 7.11 (br ddd, J=8.4, 8.4, 2.5 Hz, 1H),
7.23-7.24 (m 1H), 7.30-7.37 (m 205H), 7.41 (ddcl, J=8.2, 8.2, 6.4 Hz,

1H). Step5.Synthesis of (5R 7S)-1-(3-fluorophenyi)-3,7-di nethyl-1, 8-

di azaspi ro[ 4. 5] dec- 3-en-2-one (#047). The title conpound was prepared
according to the general procedure for the synthesis of P1 in Preparation
1, except that benzyl

I ™ = ~\ a Y P — N L ~ o a ~ N T -\ 1 ~ o




20Bi ol ogi cal data for Exanples 87 - @8 is given in Table 6. The
structures of additional Exanples are shown in Tables 2 and 3, which al so
gi ve physwoabilodssis3 preparative i nformation and bi ol ogi ealr/iBz00%035043 t hese
Exanpl es. Table 2 - Exanples #200 212 WD 2010/ 058333PCT/ |1 B2009/ 055043 -
85 - Ex #, r 1?1., -0- Method Ex 87 BACEl Activity ,, Nane | UPAC

(5R, 7S9)-1- (3- fuorophenyl )-8-[(5- isobuUtyl-1,3- oxazol-4- yl)nethyll-
7-metnyt- 1,8- diazaspiro[4 .51dec-3-en- 2-one, hydrochiold e salt 1H
NVR (400 WHz, CDC). 6 (poni) Mass spectrun1 LCNB (unless ot herw se
|nd|cated) observed o

1.19 (d. @%gﬁﬁf'unéﬁ)"?aﬁ %’%e’?%rané ‘&dncﬁmi%edé”’ﬁfcu m&elcfgéef%i“% rWés?,H)

2.09 (dd, dissclved in diethyl ether (30 miL). which caused a white precipitate to form; this
mixture was stirred for 18 hours. The solid was collected by filtration and rinsed with
cold diethyl ether {10 mlL) to provide #C21 as a while solid. The relative configuration

(81}

of the methyl and hydroxy groups was determined by single-crystal X-ray
crystallographic analysis of a sample prepared in an analogous manner; that sample
was crystallized from acefonitrile-water. Yield: 2.95 g, 8.05 mmol, 48%. 'H NMR
{400 MHz, DMBO-ds, presumed to be a mixture of rotamers) & 1.27 and 1.28 (2 d,
J=6.9 Hz, 3H), 1.81-1.96 (m, 3H), 2.07-2.15 {m, 1H), 3.09-3.25 (m, 1H), 3.95-4.03
10 {m, 1H), 4.44-4 53 (m, 1H), 5.04-5.14 (m, 2H}, 6.20 (s, 1H}, 7.20-7.40 (m, 5H}.

Step 2. Synthesis of 1-benzyl 4-methyl (28 4R)-4-azido-2-methylpiperidine-
1.4-dicarboxylate (#C22). A suspension of benzyl {28 45 4-hydroxy-2-methyl-4-
{(trichioromethylpiperidine-1-carboxylate #C21) {18.00 g, 48.09 mmol), 18-crown-6

ether (2.00 g, 7.57 mmol) and scdium azide (88%, 9.00 g, 136 mmeol} in methanol

15 {130 mbL) was stirred at room temperature for 1 hour. 1.8-Diazabicyclo][5.4.0Jundec-

7-ene {98%, 24.0 mlL, 157 mmol) was then added over ten minutes. The reaction

mixture was stirred 2t room {emperature for 18 hours. Most of the methanol was

removed in vacug, and the residue was diluted with water {200 mb) and extracted

with ethyt acetate (2 x 250 mbL). The combined organic extracts were washead with

20 water {150 mbL), washed with saturated aqueous sodium chioride solution (150 mbL)

and dried over magnesium sulfate.  After filtration and removal of solvent under

reduced pressure, #C22 was oblained as a lght yellow oil. Yield: 15.8 g, 47.5 mima,

97%. APCH myz 333.3 (M+1). "H NMR (400 MHz, CDCL) § 1.09 (d, J=7.1 Hz, 3H},

1.60 (ddd, J=13.5, 12.5, 5.3 Hz, 1H}, 1.84 (dd, J=13.6, 8.1 Hz, 1H), 2.23-2.32 {m,

25  2H), 3.18 {ddd, J=14.3, 123, 3.2 Hz, 1H), 3.84 {s, 3H), 4.07 {br ddd, J=14, 5, 3 Hz,
1H), 4.45-4 .53 {m, 1H), 5.14 {s, 2H)}, 7.30-7 40 {m, §H).

Step 3. Synthesis of 1-benzyl 4-methyl (2S.4R)-4-amino-2-methyipiperdine-

1 4-dicarboxylate (#C23), Zinc dust (99%, 4.76 g, 72 mmol) was added {o a solution

of 1-benzyl 4-methyl {28 4R)-4-azido-2-methyipiperidine-1 4-dicarboxylate (#C22)

30 (4.8 g, 14.4 mmol) in acetic acid (35 mb) and fetrahydrofuran (35 mb), and the

reaction mixture was heated at 50 °C for 4 hours. After cooling to room temperature,



J=13.6, 4.7 Hz, 1H), 2.40-2.46 (m 1H), 2.42 (d, J=7.1 Hz. 2H), 2.66 (ddd
(J=12.4. 8.5, 36Hz 1H), 2.94-3.02 (m 1H), 346 (AB quartet,
j AO----- W0.2010M58338VAE, | 7-15.0 Hz, 2H), 6 21 (d, J=6.0 PeI/IBMp9/ &85 COdd,

"1:19.4, 2.2, 2.2 Hz, 1H), 6,91 (ddid j,--7.9, 1.8, 1.0 Hz. 1H), 7,08

(dddd. J=8.4, 8.4. 2.5, 0.6 Hz, 7 %é (d. J=6.0 Hz, 1H), 7,36 (ddd,
1ro g.

J=8.1. 8.1, 6.3 Hz, 1H), 7.66 (s 2 (Mr1) 2 $200 #201
HO'-'..- Ex 87 *** (5R 7S)-8- (3-thioro-4- hYdrprberI zy1)-1-(3-

uor oohenvl ) -7- nethvl- " die za spiro[4 51cl ec-3-e-,.., - 2 one;

fi
hydrochl ori
Hz1

1 71%% n*(xﬂ.}nrelxﬁ)as ﬂiﬁ%th‘%@&éﬁ%ei te, P2 et i wad conéen‘gra‘[]?e% R'valic to
remove most of the solvents. The residue was diluted with ethyl acetate, washed
several times with saturated agueous sedium bicarbonate solution, then washed with
saturated aqueous sodium chioride solition and dried over magnesium sulfate. The

(81}

mixture was filtered and concentrated under reduced pressure to provide #C23 as a
light yellow oil, which was taken to the next step. Yield 4.4 g, 144 mmol,
quantitative. LCMS m/z 307.5 (M+1). 'H NMR (400 MMz, CDCL) § 1.05 (d, J=7.1 Mz,
3H), 1.44 (ddd, J=13.2, 12.8, 52 Hz, 1H), 1.73 (dd, J=13.6, 8.0 Hz, 1H}, 2.15-2.28
{m, 4H), 3.186 {ddd, J=14.1, 12.7, 3.1 Hz, 1H), 3.75 (s, 3H), 4.05 {br ddd, J=14, 5, 3
10 Hz, 1H), 4.42-4.50 (m, 1H), 5.14 (AB quariel, Jip=12.5 Hz, Avag=55 Hz, 2H), 7.25-

7.32 {m, 5H).
Step 4. Synthesis _of 1-benzyd  4-methyl (2SS 4R)-4-[{3-ethoxy-3-
oxepropanoyhaminol-2-methyipiperidine-1 4-dicarboxyiate (#C24). N-{3-

{Dimethylamine)propyl}l-N-ethylcarbodiimide hydrochioride (EDCH, 88%, 3.58 g, 18.3
15  mwnoly was added to a solution of 1-benzyl 4-methyt (235 4R)4-aminc-2-
methylpiperidine-1,4-dicarboxylate (#023) (5.10 g, 186 mmol), 3-ethoxy-3-
axopropancic acid {96%, 2.25 mbL, 18.3 mmal) and triethylamine (89%, 4.62 mi, 33.3
mmol} in dichloromethane (50 mL), and the mixture was stirred at room temperature
for 2 hours. An additional 0.1 equivalent of EDCI and 3-ethoxy-3-oxopropanoic acid
20 were added, and stirring was continued for 1 hour. Solvents were removed in vacuo,
and the residue was diluled with ethyl acetate, washed twice with 0.5 N aqueous
hydrochloric acid, washed with saturated aguecus sodium bicarbonate solution,
water, and saturated agqueous sodium chicride solution. After drying over
magnesium sulfate, the mixture was filtered, and the fillrate concentrated under
25  reduced pressure to provide #C24 as a viscous, light yellow oil, which was used
without further purification. Yield: 7.3 g, >16.6 mmol, guantitative. LCMS m/z 4215
(M+1). 'H NMR (400 MHz, CDCly) & 1,18 (d, J=6.8 Mz, 3H), 1.28 (1, J=7.2 Hz, 3H),
1.88 {ddd, J=14.0, 12.0, 6.2 Hz, 1H), 2.07 (br dd, half of ABX system, J=13.9, 8.0 Hz,
1H), 2.17 {dd, half of ABX system, J=13.8, 6.2 Hz, 1H), 2.52-2.58 {m, 1H}, 3.24 (s,
30 2H), 3.34 (ddd, J=14.2, 12, 4.8 Hz, 1H), 3.75 (s, 3H), 4.02 (br ddd, J=14, 8, 2 Hz,

1.6



(ddd, J=13 0, 9.t, 4.0 Hz, 111), 2.10 (cid, J=134, 5 0 Hz, 1H), 2.37 (ddd,
J=12.5. 6.2. ,,,-.., ., ri-- 4.1 Hz, 1H), 2,62 kdeici, J=12 .0, 9.4.
").,)z, MoQoRy®d8332.98 (m 1H), 3,43 (AB quartet, , JAERCI/IB200/0584 Hz 2H),
623d J=6.0 Hz, IN), 6.86-6.90 (m 1H). 6.88 (d, J=8.3 Hz, 1H), 6.94 (ddd,
J=7.9. 1.9, 1.0 Hz, 1H),7.00 (dd. J=8. 3,6?2 0 Hz, 1H), 7,12 (dddd, ,- J=8.4,
8.4 2.5, 0.9 Hz, 1H) 7.18 (br d, J=2.0 "'Hez, 1H) 739 (d. J=6.2 Hz. 1H),
7.4-7.44 (m 1H) APC# 401.0, 463.0 (M1 )2 #202 '-,"'.'--kz.k., No Ex 87
"'" (5R 78) - - fluorophenyl hydroxy-2Z- methyl bl phe nyl - 3- yi)rnet hyq-
7- met hyl - z Lro : oh or| salt. 1 14
(d. J=6.6 m@%ﬁ,}@%‘i’i‘f %d“%@%%m lﬁg %éﬂ—iﬂ '{%%)2\“1 A0 1H) .
1.97 (ddd, 313 7@0%39 wQ5HE.7 Sefor s2480 (dd, J=13.2, 5.1 HZ 1H) 2.14
(s. 3H), 242(?&|d 4 H.7.58%

5 Synthesis of B-benzyl 3-ethyt (8R.78)-7-methvl-2 4-dioxg-1.8-
diazaspiro[4 Sldecane-3.8-dicarboxylate (#C25). Sodium ethoxide powder {95%, 1.41

5 g, 19.7 mmol) was added to a solution of {-benzyt 4-methyt (25 4R)-4-[(3-ethoxy-3-

oxopropanoylaminol-2-methylpiperidine-1, 4-dicarboxylate (#C24) (690 g, 164
mmoi} in methanol, and the mixdure was stirred at room temperature for 20 minutes.
The reaction was quenched with acetic acid {2 mlL), and most of the ethanol was
removed it vacuo. The residue was diluted with sthyl acetate, then washed with 0.2
10 N aqueous hydrochioric acid, water, and saturated aqueous sodium chioride solution.
After drying over magnesium sulfate, the mixture was filtered and concentrated under
reduced pressure {0 afford #C25 as a white foam whose NMR data indicated a
mixture of diastereomers, which was {aken to the next step withowt purification.
Yield: 6.4 g, 18 mmol, 98%. LCMS myz 389.5 (M+1). 'H NMR (400 MHz, CDCLy) &
15 1.26-1.30 {m, 3H), 140 ¢, J=7.1 Mz, 3H), 1.76-1.92 (m, 3H), 2.18 (ddd, J=14.2, 5.9,
2.5 Hz, 1H), 3.21-3.31 {m, 1H}, 4.03-4.10 {m, 1H), 4.18-4.25 {m, 1H), 4.33-445 {(m

2H), 5.11-5.22 {m, 2H), .31 {br s, 1H), 7.31-7 .41 (m, 5H).
Step 6 Synthesis  of  benzyl  (5R 78)-7T-methyl-2 4-dioo-1.8-
diazaspirol4. Sldecane-8-carboxylate (#C28). 8-Benzyl 3-athyl (BR,78)-7-methyi-2,4-
20  dioxo-1,8-diazaspirol4.5]decane-3,8-dicarboxylate (#C25) (6.30 g, 18.2 mmol} was
dissolved in dioxane {80 mbL) and water {10 mL) and heated at reflux for 1 hour. After

cooling {o room temperature, the reaction was concentrated in vecuwo. The residue
was diluted with ethyl acetate, washed with saturaled aqueous sodium chioride
solution, dried over magnesium suifate, filtered and concentrated under reduced
25  pressure to afford #C26 as a light yellow foam. Yield: 513 g, 16.2 mmol,
quantitative. LCMS m/z 317.5 (M+1). 'H NMR (400 MHz, CDCh} § 1.26 (d, J=6.6 Hz,
3H), 1.74-1.89 {m, 3H), 213 {ddd, J=14.1, 5.2, 2.3 Hz, 1H), 3.08 (AB quartet,
Jas=22.2 Hz, Avae=38.5 Hz, 2H), 3.25 {ddd, J=14.2, 11.3, 5.1 Hz, 1H), 4.07 {br dddq,
J=14, 7, 2 Hz, 1H}, 4.24-4.33 (m, 1H), 5.16 (AB quartel, Jus=12.3 Hz, Avae=18.2 Hz,
30 2H}, 6.70 (brs, 1H), 7.32-7 41 {m, 5H).



1H),

J=12.4. 5.7. 4.2 Hz, 1H), 2.66 (ddd, J=12 5, 9,6, 3.1 Hz. 1H), 2.95-3.03
(m 1H), 336d J=1 al H411-1), 360(d J=13 3 Hz, 1H). 4.90 (br s. 1H), 6.22
(d, d=6.0wb291010583p, 6.87-6.91 (m 2H), 6 95 (ddd, J=7.B8CTABBVI/055943Hz,
6.99 (d. J--.2.2 Hz, 1H), 7.09-7.14 (m 2H), 7.20-7.22 (m 1H), 7.25-7.34
(m 3H), 7.38- 7,44 (m 1H), 7.40 (d, J=6,0 Hz, 1H); 457.1 (Mrl)2 #203 .,
1...-,--- .. x87 """ (5R 79)-1- (3- |Iuorophenyl ) - 7- et hyl -
8-(3-([(1R) - 1- methyl propy i | oxyl benzyl 0.96 (t, J=7.5 Hz, 3H) 1.15 (d,
J.7 Hz, 3H), 1.27 (d J=6.2 Hz. 3H), 154164(m 2H), 1.67-1.7 (m 2H) .
1.99 (ddd, J=12.9 . : 3 ( .42
(ddci, J=12.5. 5.38R«
3292 390? (rﬂmzﬁ@smf@&%c@ﬁb&}égﬁﬁ?aﬁz{#dﬂﬁf___;b Sadxﬁfh éadcoh«}aﬂc& 59&% 91’&2;71 3

m c
0.5 DS UhoF cioudity of gt B é%fg'é%&* B0k fh:

. 51dee- 3- en-d:&a@pﬁ:}{»ﬂ% Sidecane-8-carboxylate (#C26) (5.00 g, 15.8 mmol) in methanol (100

5

10

15

25
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mbL} and the reaction was allowed to stir at room temperature for 18 hours. After the
addition of more sodium borohydride (300 mg, 7.8 mmol), the reaction was stirred for
ong hour, then quenched with acetic acid (5.5 mbL, 86 mmol) and concentrated in
vacuo. The residue was diluted with ethyt acetate, washed with 0.2 N hydrochloric
acid, saturated aqueous sodium bicarbonate solution, water, and saturated aqueous
sodium chioride solution. The organic layer was dried over magnesium sulfate,
filtered and concentrated under reduced pressure fo provide #C27 as a viscous,

olorless off thal was a mixture of diastereomers. Yield: 4.8 g, 14.4 mmol, 81%.
LCMS mv/z 319.5 (M+1). "H NMR (400 MHz, CDCL) § 1.24-1.28 (m, 3H), 1.56-1.81
{m, 3H), 2.06-2.11 and 2.24-2.36 (m, 2H), 2.77-2.85 {(m, 1H}, 3.04-3.20 (m, 1H},
4.00-4.09 {m, 1H), 4.22-4.30 (m, 1H), 4.31-4.47 (m, 1H), 5.10-5.18 {m, 2H), 6.21 and
6.35 (2 brs, 1H}, 7.30-7.40 (m, 5H}.

Step B. Synthesis of benzyvl (BR.7S):-7-methyl-2-ox0-1.8-diazaspirol4.51dec-3-
ene-8-carboxylate (#C28) Methanesulfonyl chioride {89.5%, 1.16 ml, 14.9 mmol}
was added fo a solution of benzyl (R, 78)4-hydroxy-7T-methyl-2-oxo-1.8-
diazaspiro]4 5idecane-8-carboxylate (#C27) (4.30 g, 13.5 mmol). After addition of

triethylamine (89%, 2.47 mbL, 17.5 mmuol}, the reaction mixture was stirred at room
temperature for 1 hour. At this point, 1,8-diazabicycle][5.4 Olundec-7-ene (88%, 2.68
mi, 17.6 mmol} was added, and stirring was continued for 3 hours. Additional 1,8-
diazabicyclof5.4 Ojundec-7-ene {1.48 mL, 9.53 mmol) was added, and the reaction
was allowed to continue for 1 hour. Most of the solvent was removed in vacuo, and
the residue was diluted with ethyl acetate, washed with 0.5 N aqueous hydrochioric
acid, then with saturated agueous sodium bicarbonate solution, water, and saturated
aqueous sodium chioride solution. The agueous layer was dried over magnesium
sulfate, filtered and concentrated under reduced pressure, and the crude product was
purified by chromatography on silica gel (Eluant: 10% methanol in sthyl acetate) o
afford the product as a light yellow foam. Yield: 34 g, 11.3 mmol, 84%. LCMS m/z



hydrochlorid e salt 2.2, 2 2 Hz, 19), 6.95 (ddd, ,fr7.9, 1.8, 1.0 Hz,
7 11-7.18 (m 29): 739-7 45 (n 2H); 423.1 (Mtl)'- 4204 4205 - c e HO
K-i-"( NnrwORoro/ss3s3. .., ...... ;oo 3-10"---- Ex 87 ExePCTAB2009YRS68) 4
(3- flUoropnenyl )--8-(4- hydvax)/-3. |sobutyryibe ne rlzYi )-7-

ar zasoil .5ldee-3-en- 2«'65'%’ hydrochior id (5R 7S)-1- (3-

thyl-1,8- di
f 1 uor ophenyl

10

15

20

30

) - 844- hYcj nxY- 3-

301.4 (M+1). 'H NMR {400 MHz, CDCly) 8 1.28 (d, J=7.0 Hz, 3H), 1.862 (ddd, J=13.7,
3.4, 1.6 Hz, 1H), 1.73-1.79 (m, 1H), 1.87 (ddd, J=13.5, 124, 5.2 Hz, 1H), 2.04 (dd,
J=13.7, 6.6 Hz, 1H), 3.12 (ddd, J=14.3, 12.3, 3.6 Hz, 1H), 4.18 {br ddd, J=14, 5, 3
Mz, 1H), 4.52-4.60 (m, 1H), 516 (AB quarietl, Jue=12.4 Hz, Hvp=88 Mz, 2H), 8.07
(g, J=5.9, 1.7 Hz, 1H), 6.30 {br 5, 1H), 7.32-7.41 {m, 6H).

Step 9. Synthesis_of benzyl (5R.75)-1-{cyclopropyimetbyl}-7-methyl-2-0x0-
1.8-digzaspirc{4.5ldec-3-ene-8-carboxylate (#C29). A solution of benzyl (BR,7S)-7-

methyl-2-oxo-1,8-diazaspirof4.5]dec-3-ene-8-carboxylate (#C28) (45 mg, 0.15 mmol}
iy tetrahydrofuran (0.3 mbL) was added to a suspension of sodium hydride {60% in
mineral od, 6.8 mg, 0.16 mmal) in tetrashydrofuran (0.3 mbL). The reaction was stirred
for 20 minutes after gas svolution ceased, then ftreated with a sciution of
{bromomethyhcyclopropane (33.6 mg, 0.248 mmol) in tetrahydrofuran (0.3 mL). The
reaction was heated to 80 °C for 20 minutes, at which time sodium lodide (< § mg)
and 15-crown-5 ether {1 drop from a Pasteur pipette, < 5 mg) were added. The
reaction mixture was maintained at 60 °C for an additionatl 8 hours, then at room
temperature for 18 hours. Solvent was removed under a stream of nitrogen, and the
residue was pariitionsd between water {1.5 mbL) and ethyl acetate {3 mL}). The
aguecus layer was extracted with ethyl acetate (2 mb), and the combined organic
layers were dried over magnesium sulfate, filtered and concentrated in vacuo.
Purification was effect by chromaiography on silica gel (Gradient: 0% to 10%
meathanol in dichloromethane} to provide the product as a thick gray oil. Yield: 52
mg, 0.147 mmol, 98%. LOMS m/z 3552 (M+1). 'H NMR (400 MHz, CDCl) 4 0.30-
0.34 (m, 2H), 0.49-0.54 (m, 2H), 0.99-1.08 {m, 1H), 1.30 (d, J=6.2 Hz, 3H), 1.3-1.39
{br m, 1H), 1.42-1.54 (br m, 1H), 1.97-2.09 {br m, 1H), 2.28 (dd, J=13.8, 8.5 Hz, 1H),
3.08-3.24 {m, 3H), 4.16-4.35 (br m, 1H), 461-4.81 (br m, 1H), 5.13-521 {m, 2H),
6.19 (d, J=8.2 Hz, 1H), 7.32-7.40 {m, 5H), 7.47 {d, J=6.2 Hz, 1H).

Step 10, Synthesis of (BR.7S}-1-(cyclopropyimethy)-8-(3-isopropoxybenzyl}-
7-methyi-1,.8-digzaspiro[4.5ldec-3-en-2-one {#93). Benzyl (5K, 7531~
{cyclopropyimethyl}-7T-methyl-2-oxo-1,B-diazaspiro[4 . bldec-3-ene-8-carboxylate

(#C29) (48 mg, 0.14 mmol} was disscived in a freshly prepared soclution of
trimethylsityl odide (G.17 M in acetonitriie, 1.0 ml, 0.17 mmol}, and the resulting

1H),



(1- hvxv- -dr - nethyipropy ibenzyl]-7- ) nmeth).4-1.8- diazaspiro' t4
.51dee-3-en- 2-one, hydrochiorid e salt

WO 2010/058333 lt2.,iti. .1- " 1,17 ((HCTLIBZ(EWUSSHB 39),
1,21 (br d, J-=6.8 Hz, 69). 1.61(|CI '1 13445 1.7 H19) . 1.70-1.76
(rn, 19), 1.98 (dcld, J=13.1, 9.8, 4.0 1H 2 1'3 Ad J-13 41 H 1H 2 40

,r, i. - -, -1--Db (ddd, J=12.5, 56 4.2 Hz, 19) 266(ddd fr12.5,
9.8, 3., 2,-. .1 Hz, 19)97304 (m 19) st /. ,. , a.49-3 6
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1H) 6. 96- 7 OQas(smm capbenateo(%z 8 mg, %@5 mmoi} A%er aéd;tlén of %F%r‘omome%hsgl} 3~
isopropoxybenzene {which may be prepared from 3-isopropoxybenzaildehyde using
the general procedure reported by A. van Ceveren et al, J Org. Chem. 1994, 59,
10 59996007} (68.7 mg, 0.300 mmol), the mixture was stirred at room temperature for 1
hour, then loaded onto an MCX cartridge containing a small amount of Celite on top
of the packing material, fo assist in removing solids. The cartridge was flushed with
dichioromethane {5 mL), and the filtered solids and Celite were manually removed
from the cartridge. The product was eluted using a 2 M solution of ammonia in
15  methanol (& mb), and the fitrate was concentrated in vacuo. The residue was
purified by preparative silica thin layer chromatography (Eluant 5% acetoniinile in
sthyl acetate); the product band was extracted with 2:1 ethyl acetate: methanol (15
mi} and filtered. After removed of solvent under reduced pressure, the residue was
dissolved in ethyl acelate {3 mi), passed through a nylon filter (0.2 pm) and
20 reconcentrated to provide the product as a gray/off-while semi-solid. Yield: 24.8 mg,
0.067 mmol, 48%. LOMS myz 369.2 (M+1). 'H NMR (400 MHz, CDCly) § 0.35-0.40
{m, 2H}, 0.498-0.54 {m, 2H}, 1.05-1.13 (m, 1H), 1.15 (d, J=6.8 Hz, 3H), 1.33-1.46 (m,
2H), 1.35(d, J=B.0 Hz, 8H), 2.11 {ddd, /=12, 12, 5 Hz, 1H), 2.34 (dd, J=13.1, 5.5 Hz,
1H), 2.81-2.73 {m, 2H}, 3.18-3.35 {m, 3H), 3.62 {AB quartet, Ja=13.7 Hz, Avae=8.3
25  Hz, 2H), 4.58 (septet, J=6.0 Hz, 1H), 6.10 {d, J=6.2 Hz, 1H), 6.78 {br d, J=8 Hz, 1H),

6.80-6.94 (m, 2H), 7.23 (dd, J=8, 8 Hz, 1H), 7.37 (d, J=6.0 Hz, 1H}.

Example @94
{5R.751-8-(3-Isopropoxybenzyh-T-methvi-1-propyl-1.8-diazaspiro[4 . 5idec-3-en-2-one
#94




.. br s, 19); 439.0 (M4)2 206 ; ,- --",---.., 1. Ho'' Ex 87 (5R 7S)-8-
1(2' -chiore- 6- hydroxybiph eny)-3- 3. 4)nethy1} 1-(3- il uorophenyl

) - 7- r net hyD-2010/B833di azaspi rop .51ldee- 3-en- 2-one, hydroehirapzhogossasx 1 14
(d. J-,-.6.7 Hz, 3H). 1.6(ddd, J.--13 3 4,9, 1.6 Hz, 1H), 1.70-1,77 (m
19). 1.97 (ddd, J13.0, 9,6, 4,1 Hz, 2.10 (cid, J----13.4, 5. 0 Hz, 19).

2.43 (ddci, J.--12.5, 5.9, 4.1 H, 19) 3767 (dcid, ..i=12.4, 9.7, 3.3 Hz,
1H), 2.95-3.03 (m 19), 3.49 (AB quartet, JAO:--13.3 Hz, i.WAB-294.1 Hz,
oH). 5,12 (br s, 19), 6.22 (d, ,./----:18.0 Hz, 19), 6.88 (d. J:--8.3 Hz.
19). 6.87-6.90 (in, 19), 6.94 (ddd. J---7.9. 1.8, 0,9 Hz, 19), 7.05 (d,
J222.2 Hz. 1H), 7.11 o e
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Step 1. Synthesis of benzyl (8R.78)7-methyi-2-oxo-1-propyi-1,8-
diazaspiro[4.5]dec-3-ene-8-carboxylate (#C30). The title product was prepared
according fo the general procedure for the synthesis of benzyl (BR7S)-1-

5  ({cyclopropyimethyl}-7-methyl-2-oxo-1, B-ciazaspiro[4.5klec-3-ene-B-carboxylate
{#C29) in Example @93, except that 1-iodopropane was used in place of
{bromomsthylicyclopropans, the reaction was heated at 60 °C for 22 hours, and
sodium iodide and 15-crown-& ether were not used. In this case, the crude product,
obtained as a thick gray cil, was taken directly on to the next step. LCMS myz 3431

10 (M+1). 'H NMR (400 MHz, CDCL), partial spectrum: 8 0.91 (t, J=7.4 Hz, 3H), 2.21
{dd, J=13.5, 6.6 Mz, 1H), 5.12-5.20 {m, 2H), 8.17 (d, J=6.2 Hz, 1H), 7.32-740 (m,
5H), 7.45 (d, J=6.2 Hz, TH).

Step 2. Synthesis of (5R,75)-8-(3-isopropoxybenzyl)-7-methyi-1-propyl-1,8-
diazaspiro[4.bldec-3-en-2-one {#94). The fitte compound was prepared according fo

15 the procedure described for the synthesis of #93 in Example @93, except that benzyl
(SR 7 S)-7-methyl-2-oxo-1-propyl-1,8-diazaspirc[4.5ldec-3-ene-8-carboxylate  {#C30}
was used instead of benzyl (BR.7S8)1-{cyclopropylimethyl)-7-methyl-2-ox0-1,8-
diazaspiro[4.5]dec-3-ene-8-carboxylate (#C29). The product was obtained as a thick
yveliow ofl. Yield: 14.3 mg, 0.040 mmol, 27% over 2 steps. LOMS mvz 357.6 (M+1).

20 'H NMR (400 MHz, CDCly) § 0.94 (1, J=7 4 Hz, 3H), 1.15 (d, J=6.8 Hz, 3H), 1.33-1.38
{m, 1H), 1.36 {d, J=6.0 Hz, 6H), 1.41-1.47 {m, 1H), 1.60-1.70 (m, 2H), 2.00 (ddd,
J=12.9,10.7, 4.6 Hz, 1H), 2.238 (dd, J=13.2, 54 Hz, 1H), 2.58-2.73 (m, 2H), 3.22-3.34
{m, 3H), 3.82 (AB quariet, J,a=13.8 Hz, Avag=21.7 Hz, 2H), 4.58 {sepiet, J=6.0 Hz,
1H}, 6.08 {(d, J=6.0 Hz, 1H), 6.80 {br dd, J=8.3, 2.3 Hz, 1H), 8.91-6.94 (m, 2H), 7.23

25  (dd, J=7.8,7.8 Hz, 1H), 7.31 {d, J=6.2 Hz, 1H).

Example @95



(dcidd, ,,fr--8.4, 84, 2.5, 0.9 Hz, 19), 7.15 (dd, J=8.3, 2.2 Hz, 1H), 7
317.43 (m 59), 7.50- 7.54 (rri, 1H): 476.8, 479.0 (MtV WO

2010/ 058386RaIVUsBBB09/ 055043 -87W #207 Ex 87 " (5P, 7S) PLA/18809/H3504% ophenyl
)-7-methyt.- 81(5- phenyl-1,3- oxazot-4- yi)rnethyli- 1,8- diazaspiro[4
5)dec-3-en- 2-one, hycirochto d e salt 7 1.18 (d, "/,7 Hz, 3H), 1,61
(dcid, J--213,4. 4.8, 1.7 Hz. 1H), 1.70- T 76(m 1H), 198 (ddd, J=13 1, 9.7,
4.0 Hz. 1H). 2.12 (dd. j=13A, 5.0 Hz, 1H), 2,56 (ddcl, J=12.4, 5.8. 4.2 Hz,
1H), 2,74 (ddcl, J=12.4, 9.6. 3.2 Hz, 1H) 3.04-3,12 (m 1H), 3,70 (AB
quartet, J13. 4, . : : H 6. : ... @, 86 (ddd,
J=9.4, 2,2, 2% SRl
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#C28 #C31 #95
5 Step. 1. Synthesis of benzyl (5R.7S5)-1-cyclopropyl-T-methw-2-0x0-1,8-

diazaspirol4.5ldec-3-ene-8-carboxylate (#C31). Benzyt (5R,7S)-7-methyl-2-0x0-1,8-
diazaspiro{4 5]dec-3-ene-8-carboxylate (#C28) was converted into the title product by
reaction with cyclopropylboronic acid, according to the methad of S. Bénard ef al, J
Org. Chem. 2008, 73, 6441-6444. Pwification was carried out by silica gel
10 chromatography (Eluant. ethyl acetate) to provide the product as an oil. Yield: 18
mg, 0.053 mmol, 31%. LCMS mrz 341.3 (M+1). "H NMR (400 MMz, CDCL) 6 0.78-
0.89 (m, 4K), 1.27-1.3 {m, 1H), 1.30 {4, J=7.2 Hz, 3H), 1.36-1.48 (br m, 1H), 2.17-
2.23 {m, 1H), 2.18-2.30 (br m, 1H), 2.55 {br dd, J=13, 7 Hz, 1H), 3.07-3.17 {br m,
1H), 4.17-4.35 {(br m, 1H), 4.66-4.80 (yw m, 1H), 5.13-5.23 (m, 2H), 6.14 {d, J=6.2 Hz,
15 M), 7.32-7.40 {m, 5H), 7 .44 (d, J=B6.2 Hz, 1H).

Step 2. Synthesis of (BR.78)1-cyclopropyl-8-(3-isapropoxybenzyl}-7-methyl-
1.8-diazaspirofd.Sldec-3-en-2-one, triflucroacetate salt (#85). The tille compound
was prepared according o the procedure described for the synthesis of #33 in
Example @93, sexcept that benzyl (5R,735)1-cyclopropyl-7-methyl-2-0xo-1,8-

20  diazaspirol4 5ldec-3-ene-8-carboxylate (#C31) was used instead of benzyl (5R, 78}
1-{cyclopropylmethyl)-7-methyl-2-oxo-1,8-diazaspire{d. 5ldec-3-ene-8-carboxylate
{#G29), the removal of the protecting group was carried out over 18 hours rather than
8 hours, and strong cation exchange (SCX) solid-phase extraction columns were
used rather than MCX columns. The final punfication was carned oul via reversed-

25  phase HPLC {Column: Cys; Mobile phase A: 0.1% TFA in water {v/v}; Mobile phase
B: 0.1% TFA in acetonitrile {viv), Gradient: 5% B to 100% B} to afford the title product
as an oil. Yield: 7 mg, 0.015 mmol, 9% over 2 steps. LCMS mvz 3552 (M+1). 'H



7.

64-7.68 (m 2H), 7.82 (s, 1H): 417.9 (wm+1l #208 x 87 E',,,
[(2'-11uoro-6- hydroxybi ph er134-3.- yl)nethyg- 1-(3-

|2090/088388t h 18- yl- , pi

di azas rop 2-one,

1H),

. 1.62 (br dd, d--n13, 5 Hz,
1H), 2.09 (dd. J 13,

lrganBuiog/eF04B a sal t
1.72-1 76 (br m
2.32.45 4m 1H),

1
2H),

'2.94.3.01 (rn,
622d , J=6,0 Hz.

éé 4.9 Hz, 1H),
50 (AB quartet,
1|'|)

6,85-6,90 (m 2H),

4:3=13. 3 Hz,
6.93 (br d. J=8

7.07-7.26 (rn,

5H),

7.33-7.42 (m 4H)

461.5 ',

(M-1) #209 . L.

1,.

10

15

NMQ_LXDG MHz, CD,0D), partial spectrum: § 0.81-1.01 {(br m, 4H), 1.33 {d, /=6.0 Hz,
&H), 1.62 (d, J=B.9 Hz, 3H), 1.65-1.74 (br m, 1H), 3.46-3.60 (br m, 2H), 4.67 (septet,
J=6.0 Hz, 1H), 7.03-7 .23 (m, 4H), 7.41 {dd, J=7.8, 7.8 Hz, 1H)}.

D96

{SR. 7S)}-1-{3-Fluoropheny}-8-(3-isopropoxybenzyi}-3. 7-dimethyl-1.8-

Example

diazaspirold Sidecan-2-ong, hydrochioride salt (#96)

{ . .
oo e i
o . N

R
@

#C38

Synthesis of (25,4R)-4-{(3-fluorophenyllaminol-2-methyipiperidine-4-~
(#C32).
methylpiperidine-1-carboxyiate {C10) (4.0 g, 11 mmol) was dissolved in methano!

Step 1.

carbonitrile Benayt (25, 4R)-4-cyanc-4-{{3-fluorophenyhaminol-2-
{100 mL) and ireated with a suspension of palladium hydroxide on carbon (20% by
weight, 540 mg, 8.77 mmaol) in sthyl acetate {10 mb). The reaction mixture was
shaken under 40 psi of hydrogen for 4 hours, filtered and concentrated in vacuo. The
50% to 100%

ethyl acetate in heplane, followed by 10% methanol in ethyl acetate), {o afford the
product as a clear yellow ofl. Yield: 1.85 g, 7.93 mmol, 72%. LCMS m/z 234.0

(M+1). "H NMR (400 MHz, CDCl3} & 1.10 (d, J=6.3 Hz, 3H), 143 {(br s, 1H), 1.73 (dd,

resulting oil was purified by chromatography on silica gel (Gradient:



Ex 87 """ (5R 7S)-8- [(5' -fluoro-6- hydroxy-Z- trlethytbi phe nyl-3-
yl)rnethyl]- 1-(3- fluorophenyl , )-7-nlethY - diazas pirop .-en- 5ldec-3
2-one , hyonroomsessd e salt 1.14 (d, J-4.7 Hz, 3H), 1, 6@CCdszho9/0$8434. 4,9,
1.5 Hz. 1H), 1,70-1.77 (m 1H), 1.97 -, (ddd. J=13.0, 9 6, 4,0 Hz, 1H),
2.09 (5, 3H), 2.10 (cid. J=13.3, 5.0 Hz..mlH), 2.41 (cldd, J=12.4, 5.9 4.1
Hz, 1H), 2.66 (cid& d=12.4. 9.5, 3.1 Hz,"'IH). 2.94-3.02 (m 1H), 3.48 (AB
quartet, ..; A p,=13.3 Hz, AVA96.1 Hz, 2H), .-,")",,. , 5.13 (br s, 1H),
b.,..2 (d, J----6.2 Hz. 1H), 6.66 (d, J83 Hz, 1H), 6.88 (ddd. J---9.4, 22

22000, 1) (i 11308 S Pos Ba0 535 s Bt B2 Sl bty sy 1ay
(ddd. J=6.2,3.8t &n, $4% 3H8, (b E) 1HABE96.64 (mMad), S/l Qicd- J58.NI 2.3, 0.8 Hz, 1H),
7.20 {ddd, J=8.2, 8.1, 8.7 Hz, 1H).

Siep 2. Synthesis  of (28 4R-4-[(3-flugropherybamine]-1-(3-
5  isopropoxybenzyl)-2-methyipiperidine-4-carbonitrile (#C33). {25 4R)-4-{(3-

Fluorophenyllamino}-2-methylpiperidine-4-carbonitrile (#C32) {4.20 g, 18.0 mmol}, 1-

{bromomaethyi)-3-isopropoxybenzene (4.95 g, 21.6 mmol) and cesium carbonate

{99%, 14.2 g, 43.1 mmol} were combined in acetonitrile (80 mi) and stirred at room

temperature for 3 hours. The reaction mixiure was then diluted with ethyl acetate,

10 and washed with water, then with saturated agueous sodium chioride solution, dried

over magnesium sulfate, filtered and concentrated in vacuo. Purification was

effected by chromatography on silica gel {Gradient, 0% to 20% ethyl acelate in

heptane), providing the product as a solid. Yield: 4.60 g, 12.1 mmol, §7%. The

characlerization data was obtained on a sample derived from a similar reaction.

15 LCMS myz 382.0 (M+1). 'H NMR (400 MHz, CDCly) 8 1.22 (d, J=6.2 Hz, 3M), 1.35 (d,

J=8.0 Hz, 6H), 2.02-2.32 {m, 5H), 2.56-2.71 {m, 2H), 3.06 (d, /=134 Hz, 1H), 3.80

{br s, 1H), 4.07 {d, J=13.4 Hz, 1H}, 4.57 (septet, J=6.0 Hz, 1H), 8.55-6.68 (m, 3H),
B6.77-6.88 {m, 3H}, 7.16-7.24 (m, 2H).

Step 3. Synthesis  of (28 .4R)-4-[{3-flucrophenyhamino]-1-(3-

20  isopropoxybenzyl}-2-methyipiperidine-4-carbaldehyde (#C34). Diisobutylaluminum

hydride {98%, 1.5 M soluion in toluene, 5.8 mL, 8.5 mmol) was added drop-wise o a

solution of {25 4R)-4-{(3-fluorophenyhaminol-1-(3-isopropoxybenzyl)-2-

methylpiperidine-4-carbonitrile (#C33) {2.20 g, 5.77 mmol} at -78 °C. The reaction

was stirred at -78 *C for 1 hour, then warmed to 0 °C for 1 hour, then warmed to

25  room temperature for 1 hour. Agqueocus ammonium chioride solution and 1 N

hydrochloric acid were added until the reaction mixture was acidic {pH around 5).

The agueous layer was extracted three times with ethyl acetate, and the combined

organic layers were dried, filtered and concentrated in vacuo. The residue was

purified by chromaiography on silica gel (Gradient: 0% to 100% ethyl acetate in

30  heptane), providing the product as an oil. Yield: 730 mg, 1.90 mmol, 33%. LCMS

m/z 385.0 (M+1). 'H NMR (400 MHz, CDCL;) & 1.22 (d, J=68.0 Hz, 3H), 1.36 {d, J=6.0



\---5 Ex 87 ""'"'"" (5R 7S)-8- {[4- (cydopropyl nethyl)-1,3- thiazol-5-

yilmethyly 1-(3- ffuoraphenyl )-7 -nethyl- 1,8- dlazaspirol4 5ldec- 3-en-
hywoaetwessisd 0. 14-0.18 (m 2H), 0.43-0.48 (m 0. OPCTABDIP/(F50431H) ,
=6.7 Hz. 3H), 1.60 (ddcf. J=13.4, 4.8, 1.7 Hz, 1H), 1,70-1.77 (m
211(dd d134 50Hz 1H),
J=6.7 Hz. 2H), 268(ddd

2-one,

1,16
1H),

2.46 (dcfd. J=12.4, 5.8, 4.1 Hz,
J----12.5, 9.6, 3.2 ru 1rb 3 02- 3 10 (m 1rb 3.67 (AB quartet, di4.2
82.8 Hz. .24 (d, J=6.0 Hz. 1H), 6.89 (ddd J=9.3, 2,2,

> ety ﬂ:zé W J31]3 8y B e s o 85 Wiy e Pl

8.63 (Sﬂ AH)4 ML 18, @MBL). 26 MD"i?-@19/795(88385’@#2829%1%@558%33,8?88, -

AVE. ,
Hz. 1
2.5,

1H),

(d, J
1. 97 (

H)
09 Hz,

(81}

10

15

20

30

ddd, J=13.1, 9.6, 4.0 rz 1th
0 (

J=13.5 Hz, 1H), 4.12 {d, J=13.5 Hz, 1H), 4.17 (br s, 1H), 4.58 {septet, J=6.0 Hz, 1H),
6.25 {ddd, J=11.3, 2.3, 2.3 Mz, 1H), 6.30 (dd, J=8.0, 2.1 Mz, 1H}, 6.44 (ddd, J=8.3,
8.3, 2.2 Hz, 1H), 6.79 (dd, J=8.1, 2.2 Hz, 1H), 6.86-6.81 {m, 2H)}, 7.08 (ddd, J=8.1,
8.1, 6.8 Hz, 1H), 7.21 {dd, J=7.8, 7.9 Hz, 1H), 9.63 (s, 1H).

Step 4. Synthesis of sthyl 3-[{2S 4R)-4-{{3-fluorophenylamino]-1-(3~
isopropoxybenzyl)-2-methyipiperidin-d-yi}-2-methylacrylate  (#C35). Ethyl 2~
{diethoxyphosphoryhpropanoate (0.122 mlb, 0.560 mmol} was added drop-wise to a
mixture of sodium hydride {(80% in oil, 20.6 mg, 0.515 mmol} in 1,2-dimethoxyethane
{0.8 mi) at 0 °C. After being stirred at 0 *C for 30 min, the reaction was wanned o
room  temperature. (254R4-[(3-Fluorophenytiaminol-1-{3-isopropoxybenzyl}-2-
methylpiperidine-d-carbaldehyde (#C34) (180 mg, 0.47 mmol) in minimal 1,2-
dimethoxyethane was added drop-wise, and the reaction was stirred for an additional
3 hours. After addition of water, the mixture was extracted with ethy! acetate. The
combined organic layers were dried over sodium sulfate, filtered and concentrated in
vacyo. Purification via silica gel chromatography {Gradient: 10% to 40% ethyl
acetate in heptane)} afforded the tifle product as an ol Yield: 85 mg, 0.18 mmal,
38%. LCMS myz 469.1 (M+1). 'H NMR (400 MHz, CDCl), characteristic signals: &
1.18 {d, J=6.0 Hz, 3H), 1.31 {1, J=7.1 Hz, 3H), 1.34 (d, J=8.2 Hz, 6H), 1.94 {d, J=1.5
Hz, 3H), 3.04 (d, J=13.5 Hz, 1H), 4.10 {d, J=13.5 Hz, 1H)}, 421 (g, J=7.1 Hz, 2H)},
7.04 {ddd, J=8.1, 8.1, 6.8 Hz, 1H).

Step 5. Synthesis of ethyl 3-[{28 4R)-4-{(3-flucrophenyhamino]-1-(3-
isopropaxybenzyi)-2-methyipiperidin-4-yi}-2-methyipropancate (#C386). Ethyl 3~
(28 AR»4-[(3-fluorophenyllamino}-1-{3-isopropoxyvbenzyl}-2-methyipipendin-g-yi}-2-
methylacrylate (#C35) (85 mg, 0.18 mmol) and palladium on carbon {(10%, 19.2 mq,
G.018 mmol) were combined in methanol (1.8 mi) and shaken under 50 psi of
hydrogen for 18 hours. The reaction was filtered and concentrated in vacuo o
provide the product as an oil, which was used without further purification. Yield: 75
mg, 0.18 mmol, 88%. LCMS m/z 471.4 (M+1).

Hz
2.

2



e salt #211 \-3,-, NM?\ --S Ex 87 ' (5R 7 S)-8- 114- (cyciobutyl

met hyl )-1, 3- thiazoi-5- yi]nethyl)- 1-(3- fluoroenl phy ) 7 nethyl 18-
, di azaswoap10abssei3ac- 3-e pi .n- 2-one , hydrochlorid e ®artB2009/035643 d,
J=6.6 Hz, 3H), 1.57-2.04 (m 9H), 2.11 (dd, J=13.5, 5.1 Hz, 1H), 246 (dcfd,
J--:12.4, 5.7, 4.2 Hz, 1H), 2 61-2.75 (r7%, 4H), 302 -3.10 (m 1H): 3.68 (AB
quartet, ,/ ,=14 2 H7-vA82' 2 Hz' 2H) 6 24 (d, '.'" J=6.1 Hz. 1H). 6.89
(ddd, J=9.4. 2.2, 2.2 Hz, 1H), 6,95 (ddcl, Jv--7,9, 1R, 0.9 Hz, 1H),7.14

Siep 8. Synthesis of (5R735)-1-{3-flucrophenyl)-8-(3-isopropoxybenzyl)-3,7-
dimethyl-1,8-diazaspirol4.5idecan-2-one, hydrochioride salt (#96). Ethyl 3-[(285 4R)-
4-{{3-flucrophenyhamino}-1-{3-isopropaxybenzyl)-2-methylpiperidin-4-yi}-2-
methyipropanocate (#C38) {75 myg, 0.18 mmol) was atdded t© a mbiture of sodium

5  hydride (9.5 mg, 0.24 mmol} and tetrahydrofuran (0.8 mbL) at 0 °C. The reacton was
stirred under ice codcling for 1 howr, then heated at reflux for 18 hours. Removal of
solvent under reduced pressure was followed by chromatograghy on silica gel
{Gradient: 0% to 100% ethyl acetate in heptane} to provide the free base of the
product as a roughly 2:1 mixture of diastereomers, as judged from the '‘H NMR

10 spectrum. Yield: 14 mg, 0.033 mmol, 21%. LCMS mvz 425.0 (M+1). "H NMR (400
MHz, CDCly) 8 1.09 and 1.14 {2 d, J=6.8 and 6.8 Hz, 3H), 1.28-1.32 (m, 9H), 1.46-
1.51 and 1.80-1.77 {2 m, 3H), 1.82-1.91 {m, 1H), 1.88-2.08 (m, 1H), 2.19-2.25 and
247276 (2 m, 4H), 2.80-3.03 {m, 1H}, 347 (AB guartet, Jxz=13.6 Hz, Avae=22 8
Hz) and 3.44 (AB guartet, Jwp=13.6 Hz, Av,:=98.9 Hz, tolal of 2H), 4.45-4.55 (2

15  septets, J=6.0 Hz, 1H), 6.72-6.81 (m, 3H), 6.84 (ddd, J=9.5, 2.2, 22 Hz, 1H), 6.80
{ddd, J=7.9, 1.8, 0.9 Hz, 1H), 7.06-7.18 {m, 2H), 7.35-7.42 (m, 1H).

This material was converied to 15 mg of the corresponding hydrochioride salt,
isolated as a solid.

Example @97
20 {BR.7S)»-1-(3-Fluorophenyh)-8-(4-hydroxy-3-isopropoxybenzyhl-7-methyi-3-phenyl-1.8-

digzaspivold Sldec-3-en-2-gne_ hydrochioride salt (897




(dcidd' J8.4, -8 4 8. 4
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Step 1. Synthesis of benzyl (5R,78)-1-(3-flucrophenyl}-T-methyl-2-0x0-1,8-

10

15

24

diazaspiro{4.bldecane-8-carboxylate (#C37).
1,8-diazaspiro{d Sidecan-2-one (P4} (532

tetrahydrofuran (10 mbl) and water (&8 mb) and chilled in an ice bath.

{5R,7 S)-1-{3-Fluorophenyl)-7-methyl-

mg, 2.03 mmol} was dissolved in
Sodium
hydroxide (487 mg, 12.2 mmol} in water (1 mL) was added, followed by benzyl
chioroformate {0.38 mi, 2.6 mmol), and the ice bath codling the reaction mixture was
allowed to warm o room temperature over 18 hours. The reaction was then poured
into dilute agqueocus sodium bicarbonate sciution and extracted three times with
dichleromethane. The combined organic layers were dried over sodium sulfate,
fillered and concentrated in vacuo to provide a residue, which was subjected o silica
gel chromatography {Gradient: 0% 1o 4% methana! in dichloromethane). The product
was isolated as a white foam. Yield: 545 mg, 1.37 mmol, 67%.

Step 2. Synthesis of benzyl (5R, 7 3)-1-{3-fluorophenyl}-3-hydroxy-7-methyl-2-
oxo-1,8-diazaspiro[4 5]decanse-8-carboxylate (#C38). Lithium bis{trimethyisilyllamide
{1 M in tetrahydrofuran, 1.5 mbi, 1.5 mmol) was added to a solution of benzyl
{(5R,7 8)1-{3-flucrophenyi}-7-methyl-2-oxa-1,8-diazaspiro[4 . Sldecane-8-carboxylate
(#C37) (500 mg, 1.26 mmol} in tetrahydrofuran {6.3 mL) at -60 °C, and the reaction
mixture was maintained at this temperature for 1 howr. A solution of 3-phenyl-2-

{phenyisulfonylloxaziridine (see L. C. Vishwakarma ef al., Organic Syntheses 1988,



7,29 (d, J,----51 Hz, 1H), 7.39 (ddcf, J.--8,1, 8.1, 6 3 Hz 1H 7 40 (d
..1=6 1 Hz 1H)- 463 4 ' (- M+l) BACE activity CO Free Assay IC..30 1 nMto
1 prvl pMWo 200/0883330 pMto 100 ptVr- 100 pMto 300 pM RCTIBROZNIHOMS dat a
obtained on free base, prior toion of hydrochloride salt. Table 3 -

Exanpl es #213 - #217 R b O R 34 4 N ‘?78( 61'12)il A Ex # A Met hod
BACE Activity | UPAC Nane i H NMR (400 MHz,” 'CDC11). S (ppn); Mass spectrum
LCMS (unl ess otherw se ind(cated), observed ion nv z WO
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66, 203-10) {494 mg, 1.88 mmol) in tetrahydrofuran was added drop-wise, and the
reaction was warmed to room temperature and stirred for 18 hours. The mixiure was
poured into saturated agquecus ammonium chioride solution (3 mb) and extracied
with dichioromethane {3 x 3 mb), the combined organic layers were dried over

(81}

sodium sulfate, filtered and concentrated in vacuo. Purification via silica gel
chromatography {Gradient: 0% to 5% methanol in dichloromethane) provided the
product as a white solid, presumed {o be a mixture of rotamers and diastereomers
from its "H NMR spectrum. Yield: 201 mg, 0.487 mmol, 38%. APC} m/z 413.2 (M+1).
'HONMR (400 MHz, CDCl:) § 1.24-1.31 {m, 3H), 1.53-1.94 (br m, 4H), 2.23 (dd,
10 J=13.5, 5.3 Hz) and 2.05-2.12 {m, fotal of 1H), 2.64 and 2.86 (2 dd, J=134, 8.1 Hz
and J=12.8, 8.5 Hz, 1H), 3.05-3.15 {(br m, 1H), 4.05-4.62 (m, 4H), 5.01-5.12 (br s,
2H), 8.79-6.83 (m, 1H), 6.85-6.88 {m, 1H)}, 7.10-7.16 {m, 1H), 7.28-7.44 (m, 6H).
Step 3. Synthesis of benzyl {(8R,75)-1-(3-fluorophenyl)-7-methyl-2,3-dioxo-
1.B-diazaspiro[4.Sldecane-8-carboxylate (#$#C39). Manganese(lV) oxide (85%, 124
15  mg, 1.21 mmol} was added to a solution of benzyl (5R,73)-1-(3-flucrophenyl}-3-
hydroxy-7-methyl-2-0xo-1,8-diazaspirold .5]decane-8-carboxylate  (#C38) (50 mg,
(.12 mmaol) in dichloromethane (0.61 mlL), and the reaction was stirred at room
temperature uniil no starting material was observed by thin layer chromatography on
silica gel (Eluant: 5% methanol in chioroform). The reaction mixture was fillered
20 through a <1 ym filter, and solvent was removed in vacuo. Chromatography on silica
gel {Gradient; 0% o 5% methanol in dichloromethane) provided the product as an oil,
assumed to be a mixture of rotamers from ifs "M NMR spectrum.  Yield: 30 mg,
0.073 mmol, 81%.
LCMS mde 411.0 (M+1). "M NMR (400 MMz, CDCL) 8 1.23-1.31 {m, 3+,
25 161178 (brm, 2H), 1.84-2.13 {brm, 2H), 2.96 {AB quartet, Jaz=18.1 Hz, Av,p=34.8
Hz, 2H), 3.0-3.13 (br m, 1H), 4.12-4.31 {br m, 1H), 4.54-4.71 (br m, 1H), 5.00-5.14
{br m, 2H), 6.80-8.94 (m, 2H), 7.11.7.23 {m, 1H), 7.28-7.39 {m, 5H), 7.44-7.51 {(m,
1H).
Step 4. Synthesis of benzyl (BR,75)-1-(3-fluoropheny)-7-methyl-2-oxo-3-
30 {{{triflucromethyl)sulfonyl]oxy}-1,8-diazaspirof4.5}dec-3-ene-8-carboxylate {#C40).
Lithium bis(trimethylsityljamide (1 M in {etrahydrofuran, 0.087 mlL, 0.067 mmol) was



.5, -, oz, o\, -.:-..NEx 88 +4 (5R, 7S)-1-(3-
f 111, 9. ,,r9 Phehr| . I; --1('-"-"sc'"""LLY' - 1 3-o0xazol -4- ,
I'I)netllwezmo/mmyl-l,& dl azaspi ro[ 4. 5] decan- 2- one, PhydBmodIn4ci e sal t
0 84 (d,=-6.6 Hz. 3H), 0.85 (d, ..1=-6.7 Hz, 39), 1.1(d,1,:6.6 Hz. 3H),
1.54-1.59 (m 1H), 1,65-1,72 (m 1H), 1.85-1,95 (m 2H), :

2.25 (ddd. 1=12 6, 8,6 2.02-2.1'7 (m ' "7 ., 4 6 Hz, 1H), 2.4-2.47 (m

1H), 242 (d. 1,--7.0 Hz2H) 2.53-2.63 (m 3H), 294 ,, 3.0l (m 19). 3.40
(s. 2H), 6,81(ddd S ih.... 2A 2,2, 2.2 Hz, 1H), 6.87 (ddd, l--z--79 Vv
1.8, 0.9 Hz, 19 ( 7
(it 1,52 acgeh argpyee Uiz Saigfon P‘fléa@nzvg <5ﬁ~53?“zrbbﬂ%"’?‘§ﬂ?f)’Hz’#§%‘H )23

Cl . , - 1. diexo-TTB-«hazaspid|4. S}Hecdﬂl@ 8-Exrb88ylate CREIM 0425 hygr @Qdtenamb) in

tetrahydrofuran (0.61 ml) at -78 *C. After 30 minutes, N-{5-chloropyridin-2-yi}-1,1,1-
trifluoro-N-[{triflucromethylisulfonylimethanesulfonamide {28.7 mg, 0.0731 mmol} in
5 tetrahydrofuran {1 mbL) was added drop-wise and stitving was continued at -78 *C for
2 hours. Sodium sulfate decahydrate (100 mg, 0.31 mmol) was added, and the
reaction was allowed to warm 1o room temperature, at which point # was filtered and
concentrated /n vacuo. Purification via silica gel chromatography (Gradient: 0% to
40% ethyl acelate in heplane) provided the product as a solid. Yield: 30 mg, 0.055
10 mmol, 90%. LCMS m/z 542.9 (M+1). 'H NMR (400 MHz, CDCl3) 8 1.31 (d, J=7.1 Hz,
3HY, 1.55 (brd, J=13 Hz, 1H), 1.71-1.78 {br m, 1H), 1.96-2.08 (br m, 1H), 2.19 {br dd,
J=13, 7 Hz, 1H), 3.068-3.17 (br m, 1H), 4.21-4.36 {(br m, 1H), 4.80-4.74 {br m, 1H),
5.09 (br s, 2H}, 6.86 {ddd, /=01, 2.2, 2.2 Hz, 1H), 6.81 {ddd, J=7.9, 1.9, 0.8 Hz, 1H),
7.18 {dddd, J=8.3, 8.3, 2.5, 0.8 Hz, 1H), 7.29-7.39 (m, 5H), 7.42 (s, 1H), 7.45 (ddd,

15 J=8.2,6 8.2, 6.2 Hz, 1H).
Step 5. Synthesis of bhenzvl (8R,75)-1-(3-flucrophenyl)-7T-methvl-2-0x0-3-
phenyl-1 8-diazaspiro{4.5]ldec-3-ene-8-carboxyiate (#C41). Phenylboronic acid (8.0
mg, 0.066 mmol), anhydrous potassium phosphate (35.0 mg, 0.165 mmol) and then
{1,1-bis{diphenyiphosphino)ferroceneidichloropalladium{ll) (4.4 mg, 0.0060 mmol}
20  were added to a solufion of benzyl (BR,7S5)-1-(3-flucrophenyl)-7-methyl-2-oxo-3-
{{riftucromethylisulfonylloxyl-1,8-diazaspirol4.5]dec-3-ene-8-carboxylate (#C40) (30
mg, 0.055 mmol} in tetrahydrofuran (0.55 mbl). The resulling solution was heated at
reflux for 1 hour, then cooled to room temperature, diluted with ethyl acetate (5 mb)
and fillered through a <1 um filler. The filtrate was concentrated /v vacuo, then
25  purified by silica gel chromatography (Gradient: 0% {o 50% ethyl acetate in heptane)
to provide the product as a colorless oil. Yield: 20 mg, 0.042 mmol, 76%. APCI m/z
4711 (M+1). 'H NMR (400 MMz, CDCly) 8 1.39 (d, J=7.2 Mz, 3H), 1.54-1.6 (m, 1H,
assumed; partially obscured by water peak), 1.71-1.79 {(br m, 1H), 1.95-2.05 {br m,
1H), 2.18 (br dd, J=13, 7 Hz, 1H), 3.19-3.28 (br m, 1H), 4.20-4.37 {br m, 1H), 4.62-
30 474 (brm, 1H), 5.11 {(brs, 2H), 6.91 (ddd, J=8.3, 2.2, 2.2 Hz, 1H), 6.95-6.98 (m, 1H},



-1-(3- fluorophenyl)- 7-nmethyl-1, 8- pir diazas o[4.5] decan-2-one ,
hydrochloride salt 1.10 (d, 1=6.9 Hz, 3H), 1.57 (ddd, 1=13.2, 4.0, 2.1 Hz,
19), 1.64wW0.2600/0583331H), 1.84 (br ddd, 1,13, 10, 4 Hz, 1HCT/IB200Q0%5d¢5, J=13.2
5,8 Hz, 19), 2.16 (br ddd, J=12.5, , 9.4, 9.4 Hz, 19), 2.27 (dcld, 1=12. 6,
8.6, 4 2 H 1H238 'br ddd 1=124 45 4.6 @@, 1H), 2.50-2.65 (m 3H), 2
90-2.98 (m 1H), 340 (AB quartet, JAB,----13,4 Hz, AVAkt =33.5 Hz, 2H), 5
67 (v br s,111), 684 (ddd. 1=9.4, 2,2, 2.2 Hz, 1H), 6,89 (d, J--.8.3 Hz,
19), 6.90 (ddd, ,f-=7.9, 1.9, 1.0 HzH 701 'dd J-8 3 20 Hz 19) 7 10 (dddd,

1=8. 4, 8 4, 0,9 Hz, L~ 218 .(d, s 0 Hz, L 1H),. 7.3 J=8.1
8.1, 6.3 m:“’gf-‘f)",ddﬂoéf%?*lgé‘s?% 4%%\%&113%1-32@5% 95%—) Z}Eﬁs’sﬂ“”ﬁ' ?@ég\ﬂ%sms-

fl uor ophenyidH). 8-[ (6- hydroxy- 2'-- nethyl bl phenyl -3-11)nettl Y1]-7-

methyl -1, 8- Step_ 6.  Synthesis of (8R.78)-1-{3-flucrophenyl)-7-methyl-3-phenyl-1,8-

diazaspirol4.Sldec-3-en-2-one (#C42). The title compound was prepared according

(81}

to the general procedure for the synthesis of P1 in Preparation 1, except that benzy

{5R,7 S} 1-{3fluorophenyl}-7-methyl-2-oxo-3-phenyl-1,8-diazaspirol4 . 5}dec-3-ene-8-

carboxylate (#C41) was used instead of racemic benzyl (BR7SX5S.7R-1~(3~

fluorophenyl)-7-methyt-2-ox0-1,8-diazaspiro[4 S]dec-3-ene-8-carboxylate (C9). The

product was obtained as an oil. Yield: 8.8 mg, 0.020 mmol, 47%. LCMS m/z 337 .1

10 (M+1), TH NMR (400 MHz, CDCly) & 1.07 (d, J=6.4 Hz, 3H), 1.72 (dd, J=14.2, 101
Hz, 1H), 1.90-1.98 {m, 2H}, 2.06 (ddd, J=14.2, 11.1, 5.0 Hz, 1H), 2.69 (ddd, J=12.7,
11.0, 3.2 Hz, 1H), 2.74-2.84 (m, 1H), 2.95 (ddd, J=12.6, 4.5, 4.5 Hz, 1H), 6.99 (ddd,
J=83, 2.1, 2.1 Hz, 1H), 7.06 (ddd, J=7.8, 1.8, 0.9 Hz, 1H)}, 7.15 {dddd, J=8.4, 8.4,
2.5, 1.0, 1H), 747 (s, 1H), 7.34-7 47 (m, 4H), 7.91-7.84 {m, 2H}.

15 Step 7. Synthesis  of  {6R73)-1-(3-flucrophenyl}-8-{4-hydroxy-3-
isopropoxybenzyl)-7-methyi-3-phenyl-1 8-diazaspirol4 .5ldec-3-en-2-ane,
hydrochloride salt {#97). The #itle product was prepared from (BR,75>1-(3-
fluorophenyl}-7-methyi-3-phenyl-1,8-diazaspiro{4 .5idec-3-en-2-one (#C42) according
fo the general procedure for the synthesis of (BR.7831-(3-flucrophenyl}-8-(4-

20 hydroxy-3-isopropoxybenzyl)-7-methyl-1 B-diazaspirof4 5idec-3-en-2-one
hydrochloride (87) in Example 87, except that the purification was carried out by
muitiple silica gel chromatographies: 0% to 5% methanol in dichioromethane
gradient, followed by 1% to 100% ethyl acefaie in heptane gradient, and finally
diethyl ether eluant, providing the neutral form of the product as a solid. Yield: 3.0

25  mg, 0.0056 mmol, 28%._LCMS myz 500.2 (M+1). 'H NMR (400 MHz, CDGClL) 8 1.20
{d, J=8.7 Hz, 3H), 1.34 {br d, J=6 Hz, 6H), 1.64-1.69 (m, 1H), 1.76-1.82 (m, 1H},
2.00-2.08 {m, 1H), 2,18 (dd, J=13, 5 Mz, 1H), 241-2.47 {(m, 1H), 2.68-2.74 {m, 1H),
2.89-3.04 {m, 1H), 3.48 (AB quaritst, Jup=13 Hz, Avag=78 Hz, 2H), 4.54 (septet, J=6
Hz, 1H), 5.62 (s, 1H), 6.70 {dd, J=8, 2 Hz, 1H), 8.7Q (d, J=2 Hz, 1H)}, 6.83 {d, J=8.0

30 Hz, 1H), 6.83-6.96 {(m, 1H), 8.98-7.02 (m, 1H), 7.12-7.17 {m, 1H), 7.34-7 46 (m, 4H),



di azaspiro[ 4.51 decari-2-one ' hydrochloride salt 1.10 (d, 1=6.9 Hz, 3H).

1.57 (ddd, J=13, 4, 2 Hz, 1H), 1 64-1.70 (m 1H), 1.81-1.89 (m 19), 2.00
(dd, J13.WO 2810058833 19), 2 06-2.14 (m 1H), 2.14(s 3H), peTaB20090Es043- 1=12 r
8 6 4 2 Hz 1H 244 (br ddd, 1=12.5, 4.5, 4,5 Hz, IFD 2.50-2,65 (m 31--0

2,95-3.01 (m 19): 3,4.5 (br AB,.. nuarfe el A"\ - 13 H7, AVAB=46 Hz.
2H), 6.84 ' (idd. J---9.4, 2. 2 2 2 HZ, ~19), 6.89 (d. 1=8.3 Hz, 19), 6.90
(ddd, 12-'T 9, 1.8, 6.9 Hz. III) 6. 98 (d, J=2,2 Hz, 1H), 7.06-7,14 , .

"Al - ")0 7 22(1H) 7 2C-7 14 (m3H). 7.33 (ddd, 1= 82 8.1, 6.3 Hz, 1H): 459.1
#216 88 x*=* | uor ophen

iyl . 5518 (R PO T BT o e S EAREnEE sl e PR aéwd[w 51

decan- Z- one hthyeﬁmhioaﬂé pregisi@alitather, providing #97 as a solid, 3 mg.
Example @98
(SR 7S)-1-{3-Fluorophenyl-8-{4-hydroxy-3-isopropoxybenzyl-3 7 -dimethyl-1,8-

5 diazaspiold Hldec-3-en-2-one, hydrochioride sali (#98)
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Step 1. Synthesis of 1-benzyl 4-methyl (28 4R)-4-{{3-flucrophenyliamino]-2-~
methylpiperidine-1, 4-dicarboxylate (#C43). Benzyl {25,43)-4-hydroxy-2-methyl-4-
{trichioromethyhpiperidine-1-carboxylate (#C21) (4.80 g, 13.1 mmol), 3-fluoroaniiine
10 {88%, 2.91 ml, 26.2 mmoi} and diazabicyclo[5.4 Qlundec-7-ene (88%, 5.99 mi, 393
mmol} were dissolved in methanol {131 mb) and heated at reflux overmight. The
reaction mixture was diluted with water and extracted with ethyl acetate. The
combined organic layers were washed with saturated aguecus sodium chloride
solution, dried over magnesium sulfate, filtered and concentrated in vacuo. The
15  residue was purified by chromatlography on silica gel (Eluant. 25% ethyl acetate in
heptane) to afford a viscous, colotless oil (3.8 g), which was taken directly to the next
step. LOCMS mvz 401 47 {(M+1).
Step 2. Synthesis  of benzyl  (25.4R)-4-{(3-fluorephenylamino]-4-
{hydroxymethyl}-2-methylpiperidine-1-carboxylate  (#C44) 1-Benzyl 4-methyl
20 (2§ AR4-{(3-fluorophenyljaminol-2-methyipiperidine-1 4-dicarboxylate (#C43) from



0.95 (t.1,,7.5 Hz, 3H), 1.11 (d, 1,--6.9 Hz, 39), 1,26 (d, 1=6.0 Hz. 39),
1,54-1.78 (m 4H). 1.82-1,89 (m | H), 2.02 (dd, 1=13.1. 5.5 Hz, 19),
2, 06- 2. 15WOrp101i$3332, 29 (ddd, 1=12.6, 8.6. 4.1 Hz, 1H), PRTAB200gi0Eb043I=I 2. 4.

4.5, 4.5 Hz,

| H, 2 50-2.65 (m 3H), 2.96-3,04 (m 1H), 3.47 (AB quartet,

tAti=13.6 Hz, At,A=39.0 Hz, 29), 4.21. 4.28 (rn, 19), 6.73-6.80 (m 3H),

6.85 (ddd, J=9.4. 2.2, 2,2 Hz, 19), 6,97 ¢ddd, J=T 9, 1.9, 0.9 Hz. 19),
(cldrld, 1=8. 4, 84, 2.5, 1,0 Hz, 19), 7.16 (br dcl, 1=8, 8 Hz, 1H), 7.
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organic layers were washed with saturated aqueous sodium chioride solution, dried
over magnesium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (Eluant: 50% ethyl acetate in
heptane) to provide the product as a viscous, colortess oil. Yield: 1.10 g, 2.95 mmol,
22% over two steps. 'H NMR (400 MHz, CDCL} 8 1.21 (d, J=6.6 Hz, 3H), 1.35 (dd,
J=14.4, 7.9 Hz, 1H), 1.78-1.88 (m, 2H), 2.06 (dd, J=14.3, 6.5 Hz, 1H}, 2.20 (br dd,
J=6, 8 Hz, 1H), 3.08-3.14 {m, 1H), 3.53 {br 5, 1H), 3.68 (dd, half of ABX system,
J=11.3, 4.9 Hz, 1H), 3.75 (dd, half of ABX system, J=11.3, 6.1 Hz, 1), 3.96-4.03 {(m,
1H), 4.15-4.24 (m, 1H), 513 (s, 2H), 6.39-6.44 (m, 2H), 6.52 (dddd, J=8.3, 8.3, 2.3,
0.9 Hz, 1H), 7.08 (ddd, J=8.3, 8.3, 6.8 Hz, 1H), 7.29-7.38 {m, 5H).

Step 3. Synthesis of benzyl (28 4R)-4-[(3-fluorophenyllamino}-4-formyl-2-
methylpiperidine-1-carboxyiate {(#C48). Cxalyl chloride {88%, 0.39 ml, 4.4 mmol}
was added drop-wise to a -78 °C solution of dimethyl sulfoxide (0.63 miL, 8.8 mmol)
in dichioromethane (5 ml). After 20 minutes, a solution of benzyl (28 4RM4-|{(3-
fluorophenylyamino]-4-(hydroxymethyl2-methylpiperidine- 1 -carboxylate (#C44)
{1.10 g, 2.85 mmol} in dichloromethane (5 mL} was slowly added. After an additional
20 minutes, triethylamine (89%, 1.66 mlL., 11.8 mmol} was added, and the reaction
mixture was allowed to warm {0 room temperature and stir for 18 hours. The reaction
was then diluted with water and extracted with ethyl acetate. The organic layer was
washed with saturated aqueous sodium chloride solution, dried over magnesium
sulfate, filtered and concentrated under reduced pressure to provide the product as
an oil. Yield: 800 mg, 1.62 mmol, 55%. "H NMR (400 MHz, CDCL) § 1.18 {d, J=B.7
Hz, 3H), 1.71 {ddd, J=13.7, 12.2, 8.0 Hz, 1H), 1.91 {dd, half of ABX system, J=14.2,
6.4 Hz, 1H}, 1.98 (dd, half of ABX system, J=14.2, 6.3 Hz, 1H), 2.44 (dad, J=14.0, 3,
3 Hz, 1H), 3.14 (ddd, J=14.2, 12.0, 4.2 Hz, 1H), 4.03-4.08 {m, 2H), 4.32-4.41 {(m, 1H),
514 (s, 2H}, 6.21 (ddd, J=11.2, 2.3, 2.3 Hz, 1H), 6.25 (br dd, J=8, 2 Hz, 1H), 6.46 (br



(ddci, d,--1.8, 1,9, 0.9 Hz, 1H), 6,98 (d, Jzz5.2 Hz, 1H), 7:07-7.12 (m
2H), 7.14 (dd. J-='8,3, 2.2 Hz. 1H, 7,33 (d, ,../--.5 2 Hz, 1H), 7.39
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1.87-1.95 (m, 1H), 1.92 (d, J=1.6 Hz, 3H), 2.61 (ddd, J=12.7, 11.0, 3.3 Hz, 1H), 2.66-
30 2.74 {m, 1H), 2.87 (ddd, J=12.8, 4.5, 4.5 Hz, 1H), 6.63 (q, J=1.5 Hz, 1H), 8.91 (ddd,



Activityl #Li PAC Nane Retention Time (mn) [HP LC nethod in footnotes] Mass
spectrum Qbserved ion mz (M-1) #101 r ** ( 5R 7S)-8-(3- i1sopropoxybenzyl
)-7- et hybD-2bromps33d | n-2-0- 1, 8- di azaspi ro[ 4. 5] dec- 3- enPR2TARE09/055043

(5RI'S) - 8- (3-i sopropoxybenzyl)-7- methyl-1-pyrid in -4-yl- 1,8 -

di azaspiro[ 4.5]dec-3-en-2-orie 2,48 2. 4*084?392, 2 392.3 #102 04 *, #1,
(5R, 75) - 1- (5-chl oropyri di n-2-y0-8-(3- isopropoxybenzyl)-7-nethyl-1 , 8-

di azaspiro[ 4. 51dec-3-en-2-one. trifluoroacetate salt 2 44 426. 2,

J=85, 2.2, 2.2 Hz, 1H), 6.97 {ddd, J=7.9, 1.8, 0.9 Hz, 1H), 7.10 {(dddd, J=8.4, 8.4,
25 09 Hz 1H), 7.38 (ddd, /=82, 8.1, 6.4 Hz, 1H).

Siep 8. Synthesis of  {(BR,7S)1-{3-flucrophenyl)-8-{4-hydroxy-3-
isopropoxybenzyl’-3,7-dimethyi-1,8-diazaspirol4 .5]dec-3-en-2-one, hydrochioride salt
{#98). The title product was prepared from (bR, 7 S)-1-(3-fuorophenvl}-3,7-dimethyl-
1,8-diazaspiro{4.5ldec-3-en-2-one (#C47) according to the general procedure for the

(81}

synthesis of (5R.7S8)-1-{3-flucrophenyl}-8-(4-hydroxy-3-isopropoxybenzyl)-7-methyl-
1,8-tlazaspiro[4.5]dec-3-en-2-one hydrochioride (87) in Example 87. The neutral
form of the product was oblained as an ofl. Yield: 12.4 mg, 0.0283 mmol, 38%.

10 LCMS n/z 439.6 (M+1). "H NMR (400 MMz, CDCl3) § 1.14 (d, J=6.8 Hz, 3M), 1.33 (2
d, J=6.0 Hz, 6H), 1.51-1.56 (m, 1H), 1.62-1.68 {m, 1H), 1.90-1.97 {m, 1H), 1.85 (d,
J=1.6 Hz, 3H), 2.07 (dd, J=13.3, 5.1 Mz, 1H), 2.38 (ddd, J=12.5, 5.7, 4.1 Hz, 1H),
2.82 {(ddd, J=12.5, 87, 3.1 Hz, 1H), 2.82-3.00 {m, 1H}, 3.44 (AB quariet, J,g=13.3
Hz, Avap=76.8 Hz, 2H), 4.52 (septet, J=6.0 Hz, 1H)}, 5.63 (br 5, 1H)}, 8.68 (dd, J=8.1,

15 1.9 Mz 1H), 6.77 (d, J=1.8 Mz, 1H), 8.81 (d, /=8.1 Hz, 1H}, 6.88 {ddd, J=95,22, 2.2
Hz, 1H}, 6.93 (ddd, J=7.9, 1.8, 0.8 Hz, 1H}, 7.00-7.02 (m, 1H), 7.11 (dddd, J=8.4, 8.4,
2.5, 0.8 Hz, 1H), 7.39 (ddd, J=8.1, 8.1, 6.4 Hz, 1H).

Treatment of the neutral form of the product with 1 M hydrogen chioride in
diethyl ether provided the hydrochioride salt #98 as a solid, 13.2 mg.

20 Biological data for Examples 87 - @98 is given in Table 6.

The structures of additional Examples are shown in Tables 2 and 3, which
also give physical data, preparative information and biclogical data for these
Examples.

Table 2 - Examples #200 - #212
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428.2 #105 , N,,,,, i \---,

.----k? ** (5R 7,S)-8-(3-isopropoxybenzyl)-7-

met hyl - 1- (5- nethylpyr|d|r|-2 y|) 1, 8- dlazasp|r0[4 5] dec- 3- en- 2- one,

trifitiorwacetoasesssalt 2. 13 406. 3 #106 , Y-

(5R, 7S) - 8- (3-i sopropoxybenzyl) - 7-

di azaspi ro[ 4. 51dec- 3-en-2 one,

(5R 7 S)-8-(3-i

triftuor
SO0 propoxybenzyl)-7- met

Pey - X PCT/IB2009/055043

met hyl - 1- pyrazi n-2-y1-1, 8-
cetate salt 2 393.3 #107
yl - 1- (6- nethylpyrldln 2-yi)-1, 8-

di azaspi ro[ 4. 51dec- 3-en-2-one 2.09 406.3 #108 .-,---

(5R, 7S) 8 (3-|sopropoxyhenzy1) 7- methyl-1-(4 - nmeth yi pyri d
n-211) - Hazasptpi4-5tdeo-—3en—2-—one2-12406-—3—#109—*=*
| wd ]
‘ ‘ ‘ 'HNBR (400 MHz, CDCL), 8 {ppo); Mass
B # A Method ABAQE‘ IUPAC spectrum: LCMS (uniess mth%rwise
otivity Name - - i
indicated), ubserved ion m/z
(BR7EA-
3~ 0.85 (d, 4~6.5 Hz, 3H), 0.86 {d. J=6.6 Hz.
flucrophenyl | 3H), 1.18{d, J=8.5 Hz, 3H), 1.7 {br dd,
FBS-  | J=14, 6 Hz, TH), 1.80-2.01 (m, 3H), 2.0 {gd,
. isobutyl-1,3- | J=136, 47 Mz, 1H), 2 40-2 46 (m, 1H), 2.42
L oxazobd- | (4, J=7.1 Hz, 2H). 2.66 (dud (=124, B5, 38
w00 |~ ‘\}\ N PP yimethyl] | Hz, TH), 2.94-3.02 (m, 1H), 3.46 (AB quartet,
P 7-methyl- Joa=14.0 Hz, Avaa=15.0 Hz, 2H), 6 21 (4,
Q4 1,8- J=6.0 Hz, 1H), 6.85 (ddd, /=94, 2.2, 2.2 Hz,
4 diazaspirofd | 1H), 6.91 {ddd, J=7.8, 1.8, 1.0 Hz, 1H), 7.08
Bldec-3-en- | {dddd, J=8.4, 84, 2.5, 0.9 H, tH), 7.32(d.
2-one, J=8.0 Hz, 1H), 7.36 {ddd. J=8.1, 8.1, 6.3 Hz,
hydrachionid 1y, 7.66 {s, 1ri}; 388.2 {MH}
& sait
, 1.14 {d, J=6.6 Hz, 3H), 1.81 (ddd, J=13 .5,
?gj;i 51, 1.6 Hz, 1H), 1.74-1.78 {m, 1H), 1.96
;1 Sroxvhen {ddd, J=13.0, 8.5, 4.0 Hz, 1H), 2.10 {dd,
Xquaan J=134, 5.0 Hz, 1H), 2.37 {ddd, J=12.5, 6.2,
mgmmmnw 4.1 Hz, 1H), 2.62 {ddd. J=12.5, 9.4, 3.3 Hz,
) Cl A% SV 1K), 2.01-2.98 (m, 1H), 3.43 (AB quartet,
#201 0 L Exgy | ] PTSIVE L S35 M, Avag®T5.4 Hz, 2H), 6.23 (d
g 1 & A ; Bvag . IR Q.
MO~ N dazaspiopd | <780 Hz, 1H), 8.86-6.90 (m, 1H), 6.88 (d,
Sidec-3-en. | 783 Hz 1H) 6.94 (ddd, J=7.9. 19, 1.0 Hz,
e one 1H), 7.00 (dd, J=8.3, 2.0 Hz, 1H), 7.12 {ddud,
hydrochiorig | /=84 84,25, 0.0 Hz, 1H), 748 {br 6, /=20
s salt Hz1H;?5Qw‘lb;HziH}?4?44Un
1H) APCE 401.0, 403.0 (M+1)
(BR75-1-
(3 114 (d, J=B.6 Hz, 3H), 1.60 {dod, J=13.4,
fluorophenyl 4.9, 1.6 Hz, TH), 1.70-1.78 (m, 1H), 1.97
-8-{{6- {ddd, J=13.1, 8.7, 4.0 Hz, tH), 2.10 {dg,
hydroxy-2- | J=13.2, 5.1 Hz, 1H), 2.14 (s, 3H), 2.42 (dod,
methylbiphe | J=124, 5.7, 4.2 Hz, 1H), 2.66 (ddd, /=12 5,
, nyl-3- 9.6, 3.1 Hz, 1H), 2.95-3.03 {m, 1H). 3.36 (d
#202 Ex87 | = viimethyll- | J=13.2 Hz, TH), 3.80 (d, J=13.3 Hz, 1H). 4.90
T-romthyl- fbrs 1), 6 22 {d, =80 Hz, 1H), 887-681
1,8- {m, 2H}, .95 (ddd, J=7.8, 1.8, 0.9 Hz, 1H},
diazaspirold £.99 {d, J=2.2 Mz, 1M}, 7.00- 7.4 {m, a4},
Sldec-3-en- | 7.20-7.22 (m. 1H), 7.28-7.34 {m, 3H), 7.38-
2-ona, 744 (m, 1H). 7.40 {d, J=6.0 Hz, 1H), 457.1
hydrochdori M)
& salf
BRTSI- | 086 ({ J=7 5 Hz, 3#) 336 {d J=6 7}z,
{3- 3}, 1.27 {d, J=B.2 Hz, 3H), 1.54-1.64 (m,
j Suorapheny 2H BTG (m, 2H), 1.98 {ddd, J=12.9,
, o }7emethyl- | 9.8, 4.1 Hz, 1H), 2.13 (dd, J=13.3, 5.1 Mz,
#0345 | Exer o B3R | 1H), 2.42 (ddd, J=12.5, 5.7, 4.2 Hz, 1H), 2.66
ji““% 1- (8dd, J=12.5, 9.8, 3.2 Hz, 1H), 2.97-3.05 {m,
& methyvioropy | TH}, 3.38 {d, J=13.5 Hz, 1H), 3.60 (¢, /=135
foxythenzyi | Mz, 1H), 4.22-4.29 (m, 1H), 6.23 (d, J=6.2
}-1,8- Hz, 1H), 6.73-6.81 {m, 3H), 5.89 {ddd, J=9.5,

* k%




(5R 7 S)-8-(3-iscpropoxybenzyl

di azaspi ro[ 4. 51dec- 3-en-2-one 1,66 406, 3 #111 .
(5R7S) - 8- (3-1 sopropoxybenzyl ) -7-
piro[ 4.5]deo-3-en-2 -one 1.81 3922 #112
(5R, 7S)-1-(3-fitioro-5-nethoxyphenyi

)-7-

rnet hyl

met nyl - 1- ( 6- rrethylpyr|d|n3yl) 1, 8-
di azaspiro[ 4, 51dec- 3-en-2-one 1,81 406,3 #110 1 .-;--""- - N
(5R, 7 S) -W80O(2810/058333 pr opoxybenzyl )-7- met hyl - 1- (2- net priPCﬂuImoM/ySBmsl a-

86 -
).

1-pyriclin-3-yll

Tk k*

- 8-(3-isopropoxybenzyl)-7-neth

* *

. 8- di

*
’

aza S

y1l-1, 8- diazaspiro[4.51dec-3-en-2-o0ne (5R 7_S) 8 (3-| sopropoxybenzyl) 7-

I\Ibf h\l’l ’Il—thr azo A \l’l\ ’l -
(5R,7S) 8 (I3-1 siepr opoxypenzyi) - 7- %ﬁf ( ngt &
di azaspi ro[{4. 5ldec- 3- enf 2-ong 2. 37 39 439. 2§1§G6} #114
hydmchtan-’*
& salf
(sR7Sy1. | 17 (6. J=87 Hz 3H). 121 (br d. J=6.5 Hz,
AL &H), 161 (ddd, J=13.4, 4.5 17 Hz, 1H),
ﬂwé;fh‘enw 1.70-1.76 {m, 1H), 1.98 (ddd, J=13.1, 8.8, 4.0
Ve Mz, 1H), 243 {dd. J=13.4, 5.1 Hz, 1H), 2.40
‘ hydrony-3- {ddd, J=12.5, 5.6, 4.2 Hz, 1H), 2.66 {ddd.
e obutvibe | 95125, 8.8, 3.1 Ha, 1H), 2.97-3.04 (m, 1H),
404 | A e . | ROYTY 3.49-3 8 {m, 1H), 3.50 (AR quartet, Jx=13.5
OF N TR | B 8T nEyi-7- . S e o i
1 methyi . | HZ Avss=50.9 Hz, 2H), 624 (d. J=6.0 Hz,
o diazaspirod M3, B.87-6.91 (m, 1H), 8.92 {d, J=8.4 Hz,
Sideca-en. | |H). B85 (ddd, J=7.6, 1.8, 0.9 Hz, 1H), 713
S one (ddad, J=8.3, 8.3, 2.6, 0.9 Hz, 1H), 7.35 (dd,
hydrochiorig | 4788 2.1 Hz, 1H). 7 42 (ddd, /.2, 6.2 6.3
o sait Hz1ﬁ)?42m.fﬁaHz1H;?aﬁm
J=2.0 Hz. 1H), 12.42 {s_1H); 436.9 (M+1)°
(ERTSMA-
ﬁuméz}mw D79 (2 d, J=6.5 and 8.7 Hz, 3H). 1.01 {d,
i J=6.6 Hz, 3H), 1.13 {2 d, S=8.6 Hz, 3H),
hydrony-3- 164-161 (m, 1H), 1.67-173 (m, 1H), 1.89-
ereny. | 198 (M, 1H), 189211 (m, 2H), 2.31-2.41
OO w11}, 2.56-2.65 (i, 1H), 2.88-2.98 {m,
‘ Al s b e ‘ 1H), 3.08 (v brs, 1H), 3.32(d. J=13.1 Hz,
0% e S| EXE ?ﬁmymfﬁy A1), 3.57 and 3,53 (24 Jo13.1 Hz, TH), 4 40
ey %§§i$é and 4.41 (2 o, J=7.1 Hz, 1H), 6.21 (d, J=8.0
diazanpiropd | T2 1H), 872-6.76 (m, 2H), 84688 (m,
Sdec.3-en. | H) 0.91-6.84 (m, 1H), 6.98-7.00 (m. 1)
e ?Da?zsﬁn1H;?3??44un2H;812m
hydrochiorid brs, 1HY 439 0 (M+1Y
g salt
(5R7S)-8-
[ 2"-chioro- 144 {d, J=5.7 Hz, 3H), 1.60 {dod, /~13.3,
8- 4.9, 1.6 Hz, 1H), 1.70-1.77 {m, 1H), 1.97
hydroxybiph {ddd, J=13.0, 8.6, 4.1 Hz, 1H), 2.10 {dd,
anyh-3- J=13.4, 5.0 Hz, 1H), 243 (odd, J=12.5, 5.9,
yimathyi}- 4.1 Hz, 1H), 2.67 {ddd, J=12.4 9.7, 3.3 Hz,
‘ 13- 1H), 2.05-3.03 (m, 1H), 3.4¢ (AR guariet,
#206 Ex 87 R fuorophenyl | Je=13.3 Mz, Avap84.1 Mz, 2H), 612 {brs,
F7-methvl- | 1H), 6.22 (d, J=6.0 Hz, 1H), 6.88 (d, J=8.3
1,8 Hz, 1H), 6.67-6.90 {m, 1H), 6 84 {ddd, J=7.9,
diazaspirofd | 1.8, 0.9 Hz, 1H), 7.05 (d, /=22 Hz, 1H)., 7.11
Sldec-3-en- Mmm\#8484-2599¥&1H)?15dd
Z-one, J=8.3, 2.2 Hz, TH), 7 31.7.43 (m, 5H), 7.50-
hydrochiorid 7.54 {m, 1H} 476.8, 479.0 (M+1Y
e salt




#115 --;., N--.--- ** (SRS)-8-( 3-i so propoxyben zyl )-7-

met hyl - 1- (3- net hyl pyridi n-2-y})-1, 8- diazaspiro[ 4. 5] dec-3-en-2-one 1.97
406.3 WWOQA(YBSB333PCT/ | B2009/ 055043 - 93 - #116 - .. PCT/IB2009/055043

(5R7S) - 1- (5-quoropyridin-3-yl -8-(3- isapropoxybenzyty7-nethyl-1, 8-

di azaspiro[ 4. 51 dec- 3-en-2-one 2.02 410.2, #117 --r.f "1-; -....1,4-.---"
***x (BR, 7S)-1-(5-chloropyridin-3-yl)-8-(3- isopropoxybenzyl)-7-nethy:1-1, 8-

di azaspi ro[ 4. 5i deo- 3-en-2-one 2.14 426 2 428,2 #118

(ER7S11-
{3- 118 {d, J=6.7 Hz, 3H), 1.81 (ddd, J=13.4,
fluorophenyl 4.8, 1.7 Hz, 1H), 1.70-1.76 {m, 1H)}, 198
)-7-methyl- {ddd, J=13 1, 9.7, 4.0 Hz, 1H), 2.12 (dg,
B-(5- Je13.4, 5.0 Hz, 1H), 2.56 (ddd. J=12.4, 5.8,
phenyi-1.3- | 4.2 Hz, 1H), 274 (ddd, /=124, 9.8 3.2 Hz.
207 Ex 87 oxazo-4~ 1H), 3.04-3.12 (m, 1H), 3.70 (AB quartet,
yiimethyi}- Jrg=13.6 Hz, Avap=T1.2 Hz, 2H), 8§22 {d,
18 J=6.2 Hz, TH), 6.86 (ddd, /=9.4, 2.2, 22 Hz,
diazaspirofd | 1H), 692 (ddd, J=78, 1.8 0.9 Hz, 1H), 712
Sldec-3-en- | (dddd, J=8.4, 8.4, 25, 0.9 Hz, 1H), 7.31-743
2-one, {nt, GH), 7.64-7.68 fm, 2M), 7.82 (s, 1H);
hydrochiarid 417.9 (MY
e sall
{(BR7S)8m
[{2-fuore-6-
hy“’"""‘;yg“’“ 116 (. J=6.6 Hz, 3H), 1.62 (br dd, J=13, &
Orrath Sp | Rz 1R 172078 (o m 1), 193-2.00 (.
. e ey 1H), 2.09 (dd, J=13.5, 4.9 Hz, 1H), 2.38-2.45
, S " b | TH), 263-2.70 (m, 1H), 2.94-3.01 fm,
#208 | Lo A f Ex 87 borop t;fr;}‘ 1H), 3.50 (AB quartel, Js™13.3 Ha,
ﬁoﬁ\y TSI 1 fne=83.3 Hz, 2H), 6.22 (d, J=6.0 Hz, 1H),
diazaspirofs | 5-85-6.90 (m 2H). 8.93 {brd, J=8 Hz, 1H),
Stion Aon. | 7:07-7.26 (m. §H). 7.33-7.42 ¢m, 4H); 4615
Sldec-3-an (MH}E
2-one,
hydrochiorid
e salt
ey
g;;%m}-aé 1,14 {d, J=6.7 Mz, 3H), 1.0 (ddd, J=13.4,
{é;&lgg;‘_}f 4.9, 1.5 Hz, 1H). 1.70-1.77 fm, 1H), 1.97
mothylophe | (€00 J=13.0, 86 4.0 Ha, 1H), 2.08 (5. 3H),
\ o 2.10 (dd, 4=133, 5.0 Hz, 1H), 2.41 (ddd,
e (n‘;ggm - J=12.4, 5.9, 4.1 Hz, 1H), 2.66 {ddd, J=12.4,
| j% y ) Ha}’ 9.5, 3.1 Hz, 1H). 2.94-3.02 {m, 1H), 3.46 (AB
#2001 A ek ‘ ‘ guartet, Ju=13.3 Hz, Avae=86 1 Hz, 2H),
Y Ex87 RUOTOPRENV! | ¢34 br s, 1H), B.22 (0, J=6.2 Hz, 1H). 6.86
o O J-methyl Y e !
| e e
£ . . tE, 1), DU~ (M, J AN { R X
d;‘?;jj%“gf 8.4, 2.8 Hz, 1H), 7.00-7.14 (m, 2H), 7.26 (dd,
o J=8.5, 5.8 Hz, 1H), 7.40 (d, J=B.1 Hz, 1H),
hvdrochior 741 (ddd. J=8.2, 8.2, 6.4 Mz, 1H) 474 9
varachiorid M1y
e salt v
(BR7S18- | 0.14-0.18 {m. 2Hy, 0.45-0.48 {m, aH), D.97-
{4 1.07 {m, 1), 1.18 (¢, J=6.7 Hz, 3H), 1.60
{cyclopropyl | (ddd, J=13.4 4.8, 1.7 Hz, 1H), 1.70-1.77 {m,
methyl}-1.3- | 1H), 1.97 {ddd, J=13.1, 9.6, 4.0 Hz, TH), 2.11
thimzol-5- | (dd, J=13.4, 5.0 Hz, 1H), 2.46 (ddd, =12 4,
AN vilmethyl- | 5.8 4.1 Mz, 1H), 260 (d, J=8.7 Hz, 2H). 2.68
< ™) (3 (ddd, J=12.5, 9.5, 3.2 Hz, 1H), 3.02-3.10 {m,
w210 Bbe?{ Ex87 fuorophenyl 1H), 3.87 (AB quartet, Je=14.2 Hz,
N & FT-mathyl- | Avep=82.5 Hz, 2H), 6.24 (d, J=6.0 Hz, 1H),
1.8 6.69 {ddd, J=0.3, 2.2, 2.2 Hz, 1H). 6.95 (ddd,
diazaspirof4 J=T9, 1.8, 0.0 He, 1H), 7.14 (dddd, J=8.4,
Bldec-3-en- | 84, 2.5 09Hz 1H), 7.38 {d, J=6.0 Hz, 1H),
2-0ne. 7.43 {ddd, J=8.1, 8.1, 6.3 Hz, 1H), 863 (s,
fvdroctdorid 1H) 411.9 (Me 1Y




ZO0 (.4P ,\ """)Y /] Cz ** " (5R 7S)-8-(3-isopropoxybenzyl)-7-

nmet hyl - 145- (tri fl uoronet hyl ) pyri di n- 3-

yl)-1, 8- cWwDa2asd)38338[ 4. 5) dec- 3- en-2-one (5R 7S) - 8- ( 3-i sopcoBxphessasd ) - 7-
met hyl - 1- 14- (tri fl uotometyl ) pyri di n-2-

yl']-1, 8-di azaspi ro[ 4. 5] dec- - 3- en- 2- one 58781(5R, 7S) - 8- (3-i sopropoxybenzyl
)-7- rnethyl-2-o0xo0-1, 8-di azaspiro[ 4. 51dec-.3- en-l-ylinicotinonitrile 2.34

2.79 2.1C 460.2 460.1 417.2 #119 #120 "H1" A, --N, -i N ----
@ salt
{BR7S)-6-
-
‘\Bé‘t';“’imff 117 (4. J=B.B Hz, 3H), 1.57-2.04 {m, GH),
“‘; 5’3‘; 3 2 41 (dd, J=13.5, 5.1 He, 1H), 2 46 (ddt,
REQ-D 1 pmiR4, 5.7, 4.2 Hz, 1H), 2.61-2.75 (m, 4H),
yiimeathyli-

3.02-3.10 {m, 1H), 3.68 (AR quartet,

: - - (3 Jre=14 2 Hz, Hvap=82.2 Hz, 2H), 6.24 {d
w2 >~>>£ Ex 87 ﬁf“’?‘omzﬁ’:‘(‘ J=5.1 Hz, 1H), 6.89 {ddd, J=04, 2.2, 22 Hz,
N & PN | AH), 6.95 (ddd, J=7.9, 1.8, 0.9 Hz, 1H), 7.14
e (ddad, J=8.4, 8.4, 2.5, 1.0 Hz, 1H), 7.4-7.45
ﬁ?jﬁ:{f*ﬁ;”gf m, 1), 7.41 (@, J=6.1 Hz, 1H), 8.59 (s, 1H);
i 4759 (M+1)
2-one, !
hycrochiornid
e sall
ORISH 1 {14 (d, J=6.7 Hz, 3H), .61 (ddd, J=13.4,
ﬂuorg‘;fheny{ 4.9, 1.3 Hz, 1H), 1.71-1.77 (m, 1H), 1.9
Ny (ddd, J=13.0, 9.5, 4.0 Hz, 1H), 2.06-2.1 {m,
s, | ) 211 (s, 3H), 2.41 {dd, J=12.5, 6.0, 4.1
p et | Hz 1H), 266 (dad, J=12.4, 9.5, 8.2 Hz, TH),
P %n‘ Ry 2.84-3.02 {ra, 1H), 3.47 (AR quartet,
BENZ | S | Ex 87 | e EIYIRSNE | =133 Mz, Auag=T6.3 Hz, 2H), 6.22 {d,
A me?hzyﬁlwn J=B.1 Hz, 1H), 6.81-6.84 {m, 1H), £.88 {ddd,

diazaspirof4

J=0.4, 2.2, 2.2 Hz, 1H), 6.92-8.95 (m, 1H),
£.95 {d, J=5.2 Hz, 1H}, 7.07-7.12 (m, 3H),

v\‘:}a e
PMEC-en | 729 (¢, J=5.1 Ha, 1H), 7.30 (ddd, J=8.1, 8.1,
v | 63 H2 1H), 740 (d, U6 1 Ha, 1H); 463.4
e salt (Me1)

TBAGE activity Cell Frae Assay 1Cse 1 niito 1 gl ™ 1 uM to 10 pl ™, 10 uM fo 10D phd™,

100 M o 300 pM?

P NMR and MS data obtained on free base, prior {o formation of hydrochioride salt.

Table 3 - Examples #213 - #217

R'm )
\EIR Y,
R “}*'{ RI8 R = i

«:,,X,N“B RE = CHy

«” \\ A = Zdisopropoxyphemyd

N ) =1
N R =2z 18 8 single bond

Ae{CHE)n

. BACE *H NMR (400 MHz, CDCL), & {ppm); Mass
Ex# A Method | Activity UPAC Names spectrum: LOMS (unless otherwvise

' indicated), observed ion m/z




L--- *** (5R 7S)-8-(3-isopropoxybenzyl)-7-

met hyl -1-(2-nethyl -1, 3-thi azol -. 4-y1)- 1, 8-di azaspirof4,5]ctec-3-en-2-one
2.10 412.woaepps8B3, , N -- e "-N --7.----1 ** PCT/TB2009/055043

(5R, 7S) - 8- ( 3-i sopropoxybenzyl )-7- nethyl-1-(1-m et hyt 1H pyrazol- 3- yI ) -

1, 8-di 8z8spiro[ 4. 51cl ec-3-en-2-one 1.93 395.2 #123 -;\ N-\ 1 - -- ",

N
(5R, 7S)-1-(1-ethyl -1H pyrazol -4-y1)-8- | |sopropoxybenzyl) 7- nethyl-l 8-
di azaspi ro[ 4. 51deo- 3-en-2-one 1.97 409.2 #124 - --=-

(5R, 7S) - 1- (5-fl uoropyri di n 2-y1)-8-(3- isopr opoxybenzyl) 7 rret hyI I , 8-
/I '|r-|ar- 2_Aan anQ +r|f|||nrnar- 12F
, f;uoéophanya}- A4, 143 (e, J76.5 Ha, 3»4; 1,641 bQ{m
81(5s0mumyt. | 1H) 1.66-1.72 {m, 1H), 1.85-1.85 {m, 2H),
\ | 202212 (m, 2H), 2 25 (ddd, J=12 8,88,
P Jmethyl] 7 4.6 Hz, 1H), ,¢4 2.47 {m, 1H), 242 (4,
#0213 Ve | Ex8g | et T B 4270 Hz, 2H), 2.53-2.63 (m, 3H}, 2.94-
o7 metmyh 1.0~ 3.01 {m, 1H), 3.40 (s, 2H). 6.81 (ddd,
=N df"{%p;@f**} J=0.4, 22, 2.9 Hz, 1H}, B.87 {ddd, J=7.9,
neéfgénag?c?é 1.8, 0.9 Hz, 1H), 7.05 {ddad, J=8.4, 8.4,
4 ot 2.5 0.9 Hz, w? 34 (ddd, J=8.2, 8.1, 6.3
Hz 1H), 7.68 (s, 1H) 4002 (M+1)
{H0(d, 8.0 Hz, aH). 157 (dad. J=13.Z.
4.0, 2.1 Hz, 1H), 1.84-1.70 (o, TH), 1.84
( {or ddd, J=13, 10, 4 Hz, 1H), 2.00 {dd,
ORISEE | 42132, 53 Hz, 1), 2.10 (br dad, J=125,
hydroxybenzy) 9.4. 9.4 Hz, 1H), 227 (ddd, J=12.6, 8.6,
L 42Kz, 1H), 2.38 (br add, J=124, 46,48
Sl o 5 fuorontany, | FE TH), 2.50-2.66 (m. 3H), 2.90-2.98 (m,
#1417 exas | e | DIOEUTVY 1H). 340 (AB quartet, Jx=13.4 Hz,
MOy N d@azasp?m{é 5 | Dvas=335 bz, 2H), 567 (vhrs, 1), 684
dean (ddd, J=0.4, 2.2, 2.2 Hz, 1H), 8.89 (¢,
hydrochioride | /793 He, 1H), 6.60 (ddd, J=7.9, 1.9, 1.0
it Mz, 1H), 7.01 {ud, J=8.3, 2.0 Hz, 1H), 7.10
(dadd, J=8.4, 84, 25, 0.9 Hz, 1H), 7.18
(6, J=2.0 Hz, 1H). 7.39 (dad, J=8.1, B.1,
6.3 Hz, 1H) 402.1,405.1 (M+1F
140 {d, 4=B.9 Mz, 3H, 1.67 {dad, J=13, 4,
. s 2 Mz, 1+, 164-1.70 (m, 1H), 1.81-1 89
éifrzfg;ﬂ;i {m, 1H), 2.00 (dd, J=13 0. 5.4 Hz, 1H),
8“?6“{51 ey 1 2.06-2.14 (m, 1H), 2.14 {5, 3H), 2.28 (did,
¢ 23{ Y J=12.6, 8.6, 4.2 Hz, 1H), 2.44 (br ddd,
PP methvibihenyl | V5128, 45, 4.8 Hz 1H), 250265 (m,
. R o , siyiipheny AH), 2.95-3.01 {m, 1H), 3.45 (br AB
BSOS Ex 88 S matVlT- | et dre=13 HE, Ave=4B Hz, 2H), 6.84
Teaie de{a};&:z;itgii_ﬁ} (ddd, J=9.4, 2.2, 2.2 Ha, 1H), 6.89 (g,
docari s - | J=B.3 Hz, 1H), 8.90 (ddd, Js7.9, 18, 0.9
hydrochionde | 2 1H), 898 (d, =22 Hz 1H), 7.06-7.14
ot (m, 2H), 7.20-7 22 {m, 1H), 7.26-7.34 {m,
3H), 7.38 (ddd, J=8.2, 8.1, 8.3 Hz, 1H);
459.1 IM+1Y
G.95 {1 J57.5 Mz, 3H), 1.1 (4, 4+6.9 1z,
3H), 1.26 (d, J+6.0 Hz, 3H), 1.54-1.78 {m,
(BRTEPA-(3- | 4H), 1.62-1.89 (m, 1H}, 2.02 {dd. J=13.1,
flucrophenyl}- | 5.5 Hz, 1H), 2.06-2.15 {m, 1H), 2.29 (add,
Femethyh8a(3- J=12.8, 8.6, 4.1 Hz, 1H), 2.43 (ddd,
§ HOIR1- J=12.4, 45, 4.5 Hz, TH), 2.50-2.65 (m,
4216 { ‘ Ex 88 s methyipropylio | M}, 2.96-3.04 {m, 1H}, 3.47 {AB quariet,
Y O X ‘ xyibenzyl-1.8- Jap=13.6 Hz, Avas=38.0 Hz, 2H), 4.21-
P diazaspirold 5] | 4.28 (m, 1H), 5.73-6.80 (m, 3H). 6.85
e dacan-2-one, fdad, J=0.4, 2.2 2.2 Hz, 1H), 6.91 (dud,
hydrochloride | J=7.9, 1.8, Q.8 Mz, 1H), 7.10 (dddd, 1=8.4,
sait 84,25 104z 1H), 716 {(hrdd, J=8, 8
Mz, 1H), 7 40 (dedd, J=8.2, 8.1, 6.3 Hz,
1HY: 4252 (M+1Y




** (5R 7S)-

8- (3-isopropoxybenzyl)-7- nmethyl-146-(trifluoronethyl)pyridin-

yl]-1, 8-di azaspiro[ 4. 6] cl ec-3-en-2-one, trifluoroacetate salt
(5R7S) - 8-wB-20mapB8Bpoxybenzyl ) - 7- net hyl - 1- ( 6- met hyl byr aPCmAR2004/p350438-

di azasbiro]
#126

mionma , 1 pM
Col um: Wat

4, 5i dec-3-en-2-one, trifluoroacetate salt 2.70 2.22 460.2 407.

BACE activity Cell 5Jé,ree Assay 1C:30: 1 nMto 1 pM
to 10 pM"", 10 pMto 100 prvi-, 100 piVI to 300 pM

ers Atlantis dCm 4,6x50nm 5 pm Mbile phase ,k 0.05% TFA in
wat er (viv);

I\/bb| | e phase B: 0.05% TFA 53Q0i Urm V\at ers XB Gradi ent:

m nut es 159
94 - -Heter
ones

(5R7S) - 7- n8
a nanner an

B MmNt eOE/BEﬂmnnfce am | ac #141

T u -RUt-es—oove

oar I-8-sub itu edt( R 78S)-7-net hwg}gg‘ @%ga;%zp‘;%ﬁ:%@i am} - en-

These conpolnds fwere py W%éfﬁrorm@emmlsfwz 1H), 2.06-2.15 {m

thyl- 2 oxo- 1} 8- d| azaspj {(fl& mﬁgﬂ e 18y eneis &Haarﬂb@fﬂwaztzé 5(2#C28)
i3 thienyhbonzyl- Hz, 1H), 2.50-2.65 (m, 3H), 2 04-3.02 {m,
#217 \“'\K'\k Exgs | o | GOV DA 1H). 345 (AB quartet, Jas=13.4 Hz,
W dia?aqp?fr ofd 5y | Avae=38 8 Hz, 2H), 6.84 (ddd, J=8.4, 22,
dééé;%i’@m; 2.2 Hz, 1H), 6.89 {d, J=8.3 Hz, 1H), 6.90
ydrochiorde | (930, 478, 1.9, 09 iz 1), 6,98 (0,
sait S5 2 Hz 1), F.07-7 42 {m, 2H), T
{dd, J=8.3, 2.2 Hz, 1H), 733 (d, Jwﬁ’?Hz
1H), 7.39 {(ddd, J=8.1, 8.1, 6.4 Ha, 1H)

10

15

TBACE activity Cell Free Assay ICsy 1 nM to 1 gM ** 1 uM 1o 10 gM **, 10 pm to 100 g™,
100 pM to 300 phd*
“ NMR and MS data obtained on free base, prior to formation of hydrochioride salt.
Examples #101 - $126

1-Heteroaryl-substituted {8R 7 5)-8-(3-isopropoxybenzyli-T-methyl-1.8-
diazaspirol4.Sldec-3-en-2-ones
& ,z?“‘fp ff?“_{/
£ 'zf, Ve aML
,:(j’” ,:‘;(‘;La !\/'\ &
; _— | —_— |
..N- "'~’r \“\Nz‘ ‘:.'!_ \T/ N,/j g,
‘,,J{}O O('%l‘sD <. E ’:‘\\Z,v/f.
,/{’,\\ "‘ ‘/"Q‘)(f‘j .
[%\ /] #O2S &\ &{/ HCH00 H#1D0H111

Siep 1. Synthesis of {-hetercaryl-substituted benzyl (5R7 3)-7-methyl-2-oxo-
1.8-diazaspiro{4.5ldec-3-ene-8-carboxylate (#C100). A solution of benzyt (BR75)-7-
methyl-2-oxo0-1,8-diazaspiro{4.5]dec-3-ene-8-carboxylate (#C28) (45 mg, 0.15 mmol}
and N N'-dimethylethylenediamine {5 equivalents) in dioxane (0.92 ml) was added to
a mixture of the heteroaryl iodide or bromide (3 equivalents), copper(l} iodide (4
equivalents) and either cesium carbonate or potassium phosphate (3 eguivalents) in
a {-dram vial. The resulling suspension was sealed and heated at 80-90 *C for 18-
66 hours. The reaction mixture was then cooled {o room temperature, diluted with
ethyl acetate, and flushed through an MCX cartridge containing a small amount of
Celite on top of the packing material. Additional ethyl acetate (5-10 mlL) was eluted
through the cartridge, and the combined filtrates were concentrated in vacuo {o afford
the product, which was taken directly into the next step.

2-

2

0

2-

in



5 preparation of Exanpl es #1014126, except that the 8-substituent was

I ntroduced via reductive amnation (see Exanples 1 - 87). Purification was
carried owD2bw/gssBpar ati ve HPLC usi ng the sanme systens ®#€TAB200Y0S50Gr
Exanpl es #101 - #126. See Table 5 for characterization data and bi ol ogi cal
activity. Table 5- Exanples #130 - #141 g?RTh 0 NE3 2 10 EXx # A B BACE i
Activity #UPAC Nane Retention Tine (mn) THPLC nethod in footnotes] Mass
spectrum GCbserved on tniz (M4-1) #130 !'\:.. .. ;; 2?2 .;---- **

Step 2. Synthesis  of  1-heteroaryl-substituted  (5R.783-8-(3-
isopropoxybenzyl)-7-methyl-1,8-diazaspiro{d Sjdec-3-en-2-ones (#101-#126}. The 1-
heteroaryb-substituted benzyl {8R,78)-7-methyl-2-oxo-1,8-diazaspiro[4 Sidec-3-ene-
B-carboxylate (#C100) from the previous step was dissolved in a freshly prepared

(81}

solution of frimethylsilyl iodide (0.3 M in acetondrile, 2 equivalents), and the resulling

solution was stirred at room temperature for 18 hours. Purification was carried out by

loading the reaction mixture directly onto an MCX column. The column was flushed

with dichloromethane (5 mbL), and the product was then eluted using a 2 M solution of

ammonia in methanol (& mbL). The eluant was concentrated in vacuo to afford the

10 deprotected intermediate. This material was mixed with acetonitrile (1 mbL) and

potassium carbonate (3 equivalents)  After addition of 1-(bromomethyl}-3-

isopropoxybenzene {2 equivalents}, the mixture was stirred at room temperature for

18 hours, then loaded onto an MCX cartridge containing a small amount of Celite on

top of the packing matenal. The carlridge was flushed with dichloromethane (& mbL),

15 and the fillered solids and Celite were manually removed from the cattridge. The

product was eluted using a 2 M solution of ammonia in methanol (5 mL), and the
filtrate was concentrated in vacuo.

Purification was carried by preparative HPLC using one of the following

systems: 1) Column: Waters XBridge Cis, 5 pm; Mobile phase A 0.03% NH,OH in

20  water {(vivy Mobile phase B: 0.03% NH.OM in acetonitrile (viv); Gradient: 5-30% B {o

100% B; or 2) Column: Waters Sunfire Cig, 5 um; Mobile phase A 0.05%

trifluoroacetic acid in water (v/v), Mobide phase B: 0.05% tnfluoroacetic acid in

acetonitrile {viv); Gradient: 10 or 15% to 100% B. See Table 4 for characterization

data and biological activity.

25
RJIE*},%T'% R‘ia‘ ﬁﬁ‘: = §
B R2 = CH,
g" \\ A = 3-isopropoxyphenyl
5\, n=1
N/ /RE

sz 18 A double bond



(5R7S)-6-1( 1-isopropyt-If-i-

I ndazol -6-yl)nmethyli-7-nethyl-1-

pyrazin-2-y}-1,8- diazaspiro[4.51dec-3-en-2-one 2 0 417.0

Het hyl - 1- pyrazi n-2-y1-1.8- d./sace. .5 ec-3-en-2-o0ne

(5R, 7S) - 8- (4- hydr oxy- 3-
dl azaspiro[ 4. 51dec- 3-en-2-one 2A7 1.95

I sopr opoxybenzyzllgfé?brrzggyg- ;Lt-13gyr azin-2-0-1, 8-

\/, :
* ok % WORRI0AGY338- 114- (cyci obutyl met hyly 1, 3-thi azol- BCyiiBoe/n3snd3- 7-

Retantion Mass
BACE Tirne {min}{| spectrum:
Ex# B Activity! IUPAC Name {HPLC | Observed
¥ method in | lonmvz
fooinotes] | {(Ms1)
Ny ) (8RR, 7 8)-8-{I-isopropoxybenzvi}-7-
#101 K ) ** | methyld-pyridine2eyi-1 8- 243 2922
ZF diazaspiro{4 Sldec-3-en-2-ona
~(,s‘ PN {BR 7 $)-8-{3-isopropoxybenayi}-7-
#102 | W * methyl-1-pyridin-3-vi-1,8- 240 3923
SN diazaspiroj4 Sldec-J-ern2-one
& N {587 31 -(5-chioropyridin-2-v-8-(3-
R e isopropaxybenzyl}y-7-methyl-1.8- 428.2,
#104 E 5;1\& a diazaspirold. 5jdec-3-en-2-one, 244 428.2
G triflucroacetate salt
{BR T S)rB-{3-isupropoxybenzyiy7-
& N 3 i { p p B y !
e AR, 3 T E RN
2105 f b - gjsethyi 15 rgeihyi%yr;dsn 2eyii-1,8- 213 4063
LA s'az,aspno{& Sidec-3-en-2-one,
trifluoroacetate salt
RS {67 8)-8-{J-isopropoxybenzyi)-7-
Fee PP '
il *k methyl-T-pyrazin-Z-yi-1,8- -\
#108 j diazaspiro[4 Sidec-3-en-2-one, 208 3933
N triffucroacetats salt
NN {5R 7 8)-8-{3-isopropoxybenzyi}-7-
#1097 | L *E | methyl-1-(6-methyipyridin-2-yi)-1,8- 2.09 4063
o diazaspiro[4 Sjdec-3-en-2-ane
é\éfm‘} ) {BR ¥ 5}-B-{3-isopropoxvbenzyi}-7-
#108 i ,;J AR methyl-1-(4-methyipyridin: 2-yi-1,8- 292 406.3
diazaspiro[4. Sdec-3-en-2-one
e {6R.7 8)-8-{3-isopropoxybenzyi)-7-
#09 | | J\ #* | methyia-6-methylpyridin-3-1)-1.8- 1.81 406.3
N diazaspirof4.5jdec-3-en-2-0ne
~ N {5R 7 8)-8-{3-isopropoxybenzyi}-7-
#i0 | ) bl methyl-1-(2-methyigyridin-d-yi)- 1,8 1.66 4063
SN gdiazaspircl4. Sldec-3-en-Z-one
™ g {587 8)-8-{3-isopropoxybenzvi}-7-
#1141 *x rnethyl-1-pyridin-3-y-1 8- 181 3927
=5 diazaspire{4. Sidec-3-en-Z-one
,,‘55 - F
By \E oy ke {5R T35 1-{3-Bunro-S-methoxyphenyt)-
#12 g 8-(3-isopropoxybenzyl)-7-methyi-1.8- 2.37 439.2
& diazaspire{4.Sidec-3-en-2-one
e, e {5R 7 8)-8-{I-isoprapoxvbenzyi-7-
#1113 :N\E N~ methyl-1-{1-methyl-1H-pyrazol-4-yi)- 1.87 3853
=N 1 B-diazaspirofs Sidec-3-en-2-one
A =y . {BR 7 5)-B-{3-isoprapoxybenzyiy-7-
#114 | 3 methyl-1-(5-methylpyridin-3-yi}-1,8- 1,88 406.2
N diazaspiro[4.5klec-3-en-2-cne
3 *i {5R 7 S)p8-{3-iIsoproporybenayviy-7-
#1151 & \j methyl-1-(3-methyloyidin-2-yh)-1 8- 1.97 4063
N diazaspirofd. bldec-3-en-Z-one




#1 #134 A N N. Ah

(5R 75) - 7- net hy1- 8- [ ( 1- pr opyl -
di azaspi rep4oBVo$sIs3 3- en- 2- one ,

., NNt "' ">

1 H pyrazol -5-y)nethyl]-
R, 75) - 7- met hyl - 1- pyr azi RC2AB2009/855043

-(2,2.2-trifluotoethyl)-11-1- pyrazol -5- Anet hyl 8-
di azaspi ro[ 4. 51dec- 3-en-2-one 2,02 130 39%2 1 407.0 #135 --,,--

* *

1- pyrazin-2-yl-1, 8-

g _— {5R.7 S} 1-{5-fluoropyridin-3-yi38-{3-
isopropoxybenzyl}-7-methyl-1,8- . .
LAKL i D-7-methyl-1,8 2.02 4102
g diazaspiro{4 Sidec-3-en-2-one
PN Ahdk {6R T8 1-(b-chioropyridin-3-v)-8-(3- 5
#1147 | j isopropoxybenzyl)-7-raetiyl-1,8- 2.14 122882
Y diszaspirol4.5idec-3-en-2-ona
~E o ACF " (5K 7 S)-8-{3-isopropoxybenzyi}-7-
#118 |7 | P raethyl-1-[S-{riflucromethylipyridin-3- 234 460 2
N yil-1.B-diazaspirol4 Bldee-3-en-2-one
¥y ~CFy * {GR 75)-8-{3-isoproporybenzyi}-7-
) methyl-1-[4-{rifuoromethyhpyridin-2- 8 0.
g o thyie1-4-{irif thyhpyridin.2 2.79 4601
N vi}-1,8-diazaspirol4.5lden-3-en-2-one
f AN % 5-HER. T 5)-8-{3-isopropoxyberzyi-7-
; methyl-2-oxo-1, 8-dizzaspirol4 . 5ldec-3- e 417,
#120 /‘ hyl-2 1,8-di iro[4.5dec-3 210 3172
Vil an-1-ylinicotinonitrile
«;if,,N e (SR T 5)18-{3-Isopropoxybenzyiy-7-
#21 T B methyl-1-(2-methyi-1, 3-thiazol-4-yi)- 2.10 412.1
g 1.8-diazaspirol4. Sldec-3-en-2-one
£ N " {67 8)-8-{J-isopropoxybenzyi)-7-
#122 ST N methyl-1-(1-methy-1H-pyrazol-3-yi)- 1.83 385.2
= 1. 8B-diazaspirold Sjdec-3-en-2-one
RN * {(5R 781 T-ethyi-1H-pyrazol-d4-yi}-8-
#123 ‘Y N {3-isppropoxyhenzyly-7-methyi-1, 8- 1.97 4092
N diazaspirold. Sidec-3-en-2-one
o N (SR Sy 14 5-fluoropyridin-2-yl-8-{3-
#4124 é"‘E ™ *H isopropoxybenzyl)-7-methyl-1.8- 208 4102
" 5;;»\ } giazaspiro]4.Sklec-3-en-2-0n1e, ’ ’
F triflucroacetate sall
P . (8RR, 7 8)-8-{I-isopropoxybenzvi}-7-
#1285 Tf\f‘N\ LRl methyl-1-B-{rfucromethyhpyridin.2- 270 4602
i\ (;r vi}-1,8-diazaspirof4. Sldec-3-en-2-one, ) )
= rifluorcacetate salt
N {6R, 78383 -isopropoxybenzyl}-7~
#4126 \*f"‘”” J/ ¥ methyi-1-{6-methyipvrazin-2-yi}-1,8- 992 4072
\‘ - diazaspirol4.5ldec-3-an-2-0ne, . .
N triflucroacetate saft

TRACE activity Cell Frem Assay 1Csy 1 nhd fo 1 phd »>, 1 uM fo 10 ght ***, 10 udl fo 100 phi™,
100 pM to 300 pid

Fo

5 *Cotumn; Waters XBr
Mobile phase B: 0.03% NHO

Column:

Waters Atiantis dCqy, 4.6x50mm, &
Mobile phase B: 0.05% TFA in acetonilrile (viv);, F

Gradient;

Q minuies 5% 8
4.0 mirues 5% B
&0 mintes a5% B

H in acetonitrile (viv); Flow rale: 2.0 miimin;
Gradient:
O minutes 16% B
4.0 minutes 5% B
5.0 mirutes 95% B
Examples #130 - #141

Hra Mobile phase A 0.08% TFA in water (v
ow rate: 2.0 mbimin;

idge Cyg, 4. 6x50mm, 5 pm; Mobile phase A: 0.03% NH,OH in waler {viv),



I 0 , * (5R 73)-8-(4-hydroxy-3- isopropoxybenzyl)-7- methyl -
(6-net hyI pyridin-2-yl1)-1,8- diazespiro[4.51ldec-3-en-2-one 2.10 422.2 WO
2010/ 058386RCVAsBBB09/ 055043 - 95 - #136 4----( / "...}PCTUAB2009/635043 -' *.j K
1 Z **** (5R7S)-844- hydroxy-3-(3- nethyl-2-thienyl)benzyl]-

**x ok
z,

met hy1l- 1- (6- net hyl pyridin-2-y1)- 1, 8-cl iga42aspi ro[4 51cl oc-3-en-2- one 2.48
460.1 #137 .-, 14\ --S T
1-Heteroaryl-8-substituted-(5R.78)-7-methyi-1.8-diazaspircid Sldec-3-en-2-
ones

These compourds were prepared from benzyl (B8R, 7SH7-methyl-2-0x0-1,8-
diazaspiroi4.Sldec-3-ena-§-carboxylate (#C28) in a manner analogous to the

5 preparation of Examples #101-$128, except that the B-substituent was introduced via
reductive amination {see Examples 1 - 87). Purification was carried out by
preparative HPLC using the same systems described for Examples #101 ~ #126.
See Table 5 for characterization data and biological activity.

Table § — Examples #130 - #141
R™ 0
RE””\L“’{ R‘Ea R‘Eb =H
£, N8 R? = CH,
{,4\; A
. wxxs 16 @ double bond
NTTR?
i
10 A,(CHE}a
Ratantion hMass
SACE Time {min}{ spechum:
Ex# A B Activity’ {UPAC Name {HPLC | Observed
Y methodin{| lonmiz
facinoles} | {Ai+1)
s C N {5R,78}-8-{{ 1-isopropyl-TH-
#130 ‘\M\ o 3‘&’ = e indazol-G-yhimethyl}-7-methyi-1- 230 4170
Mol i‘\No?‘ pyrazin-g-yi-1,8- - .
et dinzasnirol4 Sidec-3-en-2-one
{,ﬂ}“ LN (&R 7S 1-8-{[4-~{eyclobutylmethyt)-
T SYw wkk 1, 3-thiazol-5-yijmathyi}-7-
#131 At &N.J methyi-1-pyrazin-2-yl-1 8- 247 4o
N $ diazaspirols. Sidec-3-en-2-one
"‘\(’ f {BR, TS)-8-{4-hydroxy-3-
32 ENPENG 4 ‘”’] wxva | Sopropoxybenzyl-F-methyl-1- 195 4090
JX N pyrazin-2-yh-1 8- Y :
HQ)’A\ = diazaspirefd Sidec-3-en-2-one
y SN {5512;{78)-7-m?‘gwyii—a-[(‘!};pécqpyi-
. = " -pyrazob-a-yimethyll-1-
#133 N lg/\ j AN 202 | 3671
Wt N diazaspiro[4 Sldec-3-en-2-ane
F;.ic\T F N (ER 78} 7-methyl-1-pyrazin-2-yl-
' YR ® 8-111-(2,2 2-trifluproethyl)-1H- :
#134 N“N g \& s pyrazob-S-yiimethwil-1 8- 230 470
L N diazaspirold.Sidec-3-en-2-one
\r“" . {5R 75)-8-(4-hydroxy-3-
#1235 O (4Y R P isapropaxvbenzy)-7-methyl- 1. 710 429 3
VT L {B-methyipyridin-2-vi}-1 8 : :
MO N ~ diazaspirold Sldec-3-an-2-one




Z".; *** (5R 7S)-8-{[4-(cyd obutylnethyi)- 1,3-thiazol-5-ylimethyl}-7-
met hyl-1-(6-nethyl pyric.iin-211)- 1 :8-diazaspiro[4.5pec-3-en-2- one 2.53

423.2 \ WD/2010/058333 ** (5R, 7S)-7-nmetnyl-1-(6- PCT/IB2009/055043
met hyl pyrictin-2-y1)-8-[(1-propyi- 1H pyrazol-5-t8-1, 8-
di azaspiro[ 4, 5] deo-3-en-2-orie 2.05 0.2 #139 , N----""kt ,, i

(5R 73)-8-[(1-isopropyl-11-1- indazol -6-YyI) net hyll-7-net hyl - 1-
(6-net hyl pyridin-2-yi)-1, 8- dia.zaspiro(4,5jdec-3-en-2-one 2.41 430.2 #140
#141

P (BR.75)-8{4-hyrirony-3-(3-
7Y ‘ N methy-2-thienyhbenavil-7-
#136 | e ;&j%: TE O LY methyhd-(B-methyipyridin2yl)- | 2.48 460.1
Hov_l‘\;,; i 1 B-diazasgirol4 5idec-3-en-2-
ohe
{BR, 738 -8-{{4-{cyclobutyvimethyl)-
<>~\ ~E N 1, 3-thiazal-5-yijmethy}-7-
#137 }\\A ° 1 j/ FEE L methyi-1-(B-methyipyridin-2-vi)- 253 423.2
N .}S. o 1,8-diazaspirol4. Sidec-3-en-2-
N one
e oy 2y 8 {1 propy
, o Moy ok methyipyridin-2-yh-8-{(1-propy- . 7
#138 N,N?Q{ \&E\;J 1H-pyrazol-5-ylimetiyil-1,8- 205 380.2
W dizzaspiroj4.Sidec-3-en-2-one
~ RN ndezoL St 7 methyi-
e Ly Ry * indazol-8-yymethyi}-7-methyi-1- .
#139 Nﬁ\(’\&fz‘ '{E \5/,, {B-methyipyridin-2-vi)-1.8- 241 4302
N digzaspirofd Sldec-3-en-2-one
. {BR 78)-8-{3-chloro-4-
Sl ~& N hydroxyberayli-7-methyl-1- o
#140 \(\j A I K S ety 8 157 | e
HOT N diazaspirald Sldec-3-an-2-one, a
ammaonium salt
BR 78 8-(3-chioro-4~
Tl B 1~ N, hydroxybenzyl)-7-methyl-1-{6- ‘
#141 i \Ag ‘J/ *xk methylpyridin-2-y)-1.6- w2 | b

MO N F diazaspirol4.5ldec-3-en-2-one,
arnronium salt
TBACE activity Celt Free Assay 1Cse 1 oM to 1 1M = 1 ukd to 10 pM >, 10 uM fo 100 pii™,

100 JM to 300 pM*

Table & - Bivlogical Data for Examples **

S | e

88 b2 &
89 R R
90 -
91 *k
92 i

@93 :

@4 ¥

@ss *

@s7 -

P BACE activity Cell Free Assay Hss 1 ni o 1 M =% 1 i to 10 uM ***, 10 1M fo 100 ght*,
5 100 pdd to 300 ph



a. - H-=---C, , ,.., .." HO- N;) , , i s-:-"; **

(5R, 7S) - 8- (3-chl ot 0-4- hydroxybenzyl)-7-nethyl-1- pyrazin-2-0-1, 8-

di azaspi rep2oB}058I33 3- en- 2- one, anmoni um salt (5R, 7S} - 8- P8TAR2009/055443 hyd
roxybenzyl y7- et hyl - 1- (6- net hyl pyridi n-2-0)-1, 8-

di azawi r o[ 4. 5] cl eo- 3- en- 2-one, anmmoni umg%al t 1,57 1.62 385 0 , 386.9 398.1,
400 1 BACE activity Cell Free Assay 10511 nMto 1 tiM**** 1
tiMto 10 pM.4*, 10 pMto 100 WM': 100 pill to 300 pM Table 6 - Bi ol ogi cal
Data for Exanples **

Biological Assay
A synthetic APP substrate that can be cleaved by beta-secretase and having
N-terminal bictin is used to assay beta-secretase activity in the presence or absence
of the inhibitory compcounds. The substrate can contain either the wildtype sequence

(81}

around the BACE cleavage site or the Swedish mutation (Vassar, R., B. D. Bennett
et al. (1989). "beta-secretase cleavage of Alzheimer's amyloid precursor protein by
the transmembrane aspartic protease BACE." Science. 286(5440) 735-741). The
substrate and test compounds are added {o 384 well polypropylene plates. The
regction is initiated by the addition of soluble BACE enzyme to a final volume of 125
10 pl per well. The final assay conditions are: 0.001 - 300 yM compound inhibitor,
0.05M sodium acetats (pH 4.5), 3 uM substrate, soluble human BACE, and 2%
DMSO. Concentrated conditioned media from cells secreting human recombinant
soluble BACE was litrated to provide a source of BACE enzyme. The cell media can
be used as either a crude BACE prep or BACE can be purified using any number of
15 technigues, including immobilized BACE inhibitor purification columns. The assay
mixture is incubated for 1 hour at 37°C, and the reaction is quenched by the addition
of an equal volume of 0.1M Tris, pMH 8. Half of the quenched mix is incubated on
clear streptavidin coated 384 well polystyrene plates for 1 hour. An ELISA is then
performed using an in-house antibody that specifically recognizes the new C-
20  terminus created after cleavage by BACE. Two in-house aniibodies are available;
each is cleavage specific, but one is raised against the wildiype sequence (APP 581~
596} while the other is raised against the swedish mutation (APP 580-586}. (These
polyclonal antibodies were raised in rabbits by immunizing with antigen comprised of
six amine acid residues present at the carboxy terminus of the wild-type soluble
25 APPbela sequence (NHZ-ISEVKM-COQOH) or seven aming acid residues present af
the carboxy terminus of the Swedish mulation at the beta cleavage site (NH2-
EISEVNL-COOH) conjugated o keyhole limpet hemacyanin by methods known to
those skilled in the art) A secondary anti-species Horseradish Peroxidase (HRP)
conjugated antibody is then utilized. The readout, following assay development with
30  TMB substrate and quenching with 0.08M sulfuric acid, is absorbance at 450 nm.



Exanpl e Number BACE Actlyityl 87 **** 88 *** 89 Q0 **** * Q1 ** 92 ** @3

* @4 @5

@8 ** @7 *** D8 **** ee Assay ICs ,31 nMto 1 LIM**** 1

LINA k -wleoto/BsasBogi cal Assay A synt hetic APP edibaBroap/essodsat can
be cl eaved by beta-secretase and having Nterm nal biotin is used to assay
bet a- secretase activity in the presence sﬁr absence of the inhibitory

conpounds.

The substrate can contain eit

eér the wldtype sequence 5 around

t he BACE cl eavage site or the Swedish nmutation (Vassar, R, B. D. Bennett
et al. (1999). "beta-secretase cl eavage of Al zheinmer's anyioid precursor
protein by the transnenbrane aspartic ﬁrgéﬁase BACE. H Sci ence. 286(5440):

735-741).

The substrate and test conp

re added to 384 wel |

pol ypr opyl engeplaates. The reaction is initiated by the addition of soluble
BACE enzyne to a final, vol ume of ,12. fﬂ«,l 10 pL per well. The final assay
d

conditions are: 0.001 2 “SBePHh < &ipy
4.5), 3 pki
condi tioned nedia fromcells secfet
titrated to provide a source of BA

i nhi bitor, 0.05M sodium acetate (pH

substrate, soluble huqan BACE, @and 2% DMVSO, Concentrated

n reconbi nant sol ubl e BACE was
The cell nedia can be used as

ei ther a crude BACE prep or BACE can jbe pu i fi ed using any nunber of

10

15

20

wherein the sterecchemisiry shown in formula | at the carbon bonded to R® and at
the spirocyclic carbon is the absolute stereochemistry; B is alkyl, aryl, heleroarnyt,
cycloalkyl, ar heterocycloalkyl, wherein B is optionally substituted with zero to three
R® groups;

A is independently aryl, cycloalkyl, heteracycloatkyt or heteroaryl wherein said
any, cycloalkyl, heterocycioatkyl or heleroaryl is oplicnally substituted with one o
three R*:

when ITTITTT is a single bond, R™and R™ are each independently hydrogen,
alkyl, alkenyl, ~(CH;)-cvcloalkyl, -(CH;)-heterocycloalkyl, (CHgl-aryl, ~{CHp)
heteroaryl,  -{CHax-OR®,  -(CHONR,,  -NH-{CHz)-cycloalkyl,  -NH-{CHz)-
heterocycloatkyl, -NH-(CH.)-aryl, -NH-{CH.)}-hetercaryl, -(CH.}-COR® -(CH)-
SO.R®, or «{CH.-CO.R® whersin said alkyl, alkenyl, -(CH,)-cycloalkyl, ~(CHa-
heterocycloalkyl, -{(CHg)-aryvi, or -{CH;)-heteroaryt R or R substituent is optionally

suybstituted with one to three hydroxyl, aryl, heteroaryl, halogen, atkyl, cycloalkyl,
-SO.R” -NR'COR’, -CON(R), -COOR’, -C{OIR’, -CN, or -N{R"); wherein said aryl,
alkyil, cycloalkyl and heteroaryl substituent is optionally substituted with one to three

halogen, alkyl, hydroxyl, or ~O-alkyl; or R and R™ together with the carbon they are



15 techni ques, including imobilized BACE inhibitor purification colums.
The assay m xture is incubated for 1 hour at 37C, and the reaction is
guenched W9 20t0s833di ti on of an equal volune of 0.1M Iri #CTEBR@I/0FIF of the
guenched m x is incubated on clear streptavidin coated 384 well|l polystyrene
plates for 1 hour. An ELISA is then perfg%r med using an in-house anti body
that specifically recognizes the new G "20 term nus created after cleavage
by BACE. Two in-house anti bodies are avail able: each is cl eavage specific,
but one is raised against the wldtype sequence (APP 591- 596) Whl | e the
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ooy o R A e e kR s KT heiBlen BVRRGY. o bRIP. cycl oal Kyl and
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N (O cih aqy&%m“zehﬁ@?%mﬁéc%eyﬁa R oK R OENA. Ayl
- NH ( CH2) s h¢Rek 0anty | {CH{CERY):, aeREIn -daChi2)R %@W -GEH SRR kyﬁOOZ(Rﬁiia}t-
wher ei n sai | k en 12) , CF12 het [.0C al kyl,
G2y, S ar yierieioady NEHAERDo o TR SRR (R noPeE b e e
subst it ut ed asbtitued®ytonetiditreee bm:)paiyﬁ hﬁmgén (Bi“gtcepﬁmﬁyl hal ogen al kyl ,
cycl oal kyl, -S02R7, =7 COR/ 7) (R7) 2,
wherein said ar yleacgl Kyl cvg?ﬁ %B W&’"??@f’er%lﬂyl %ﬁﬂ‘s‘fycmﬁ‘m CH ;\I
30 heterocvcloalkyl, ~{CH2} ~aryl, or -(CHy)-heteroaryl; wherein said ~(CH;)-cvcloatkyl,
~(CHy)-heterocycloalkyl, -(CHa)-aryl, or -(CH:)-heteroaryl is optionally substituted
with one to three RS,



15is optionally substituted with one to three hal ogen, al kyl, hydroxyl, or

-0-al kyl : R2 is al kyl, cycloal kyl, or al kenyl wherein said al kyl,
cycl oal kywo 20ro/B3s@nyl i s optionally substituted wth omreTuB200¥pIse43hal ogen,
hydr oxyl, or cyano; each R 1 is independently hal ogen, al kyl, cyano,

hydroxyl, -0-a kyl, -0- cycloal kyl, -S02R7, -N(R7)2, -00R7, -CON(R7)2,
-(CHArcycl oal kyl, -(CH2)t- 20 heterocycloal kYl, -(CH2)t-aryl, or
-(CH2)t-heteroaryl wherein said R3 al kyl, -(CH2)tcycl oal kyl,

- (CHA- het erocycl oal kyl, -(CH2)t- aryl or - (CHA- heter oaryl is Opti onal |y

substituted with ong (% thrleﬂe(:ﬁ(%l{&y3 E&{%l %@2’ delpen| ent &%%%Qogen
cyano, - SO2NHR?, HONCR7)'2 ) =S 7) 2
- N( R7) SO02R7, (cr@qgﬁ?ﬂ” . SAZR7)-cychimiied, ngmy@émddymbaikyi( Gt@l—iﬂeér@lr Qﬁyc(_baajkyl

- (CHA- aryl Eg e reteroaryl , -(CH2)tN(R7),, or -(CH2)t-0OR5 wherein each R1
al kyl , - 23 8@%’ oal kyl, -(CHAheterocycloal kyl, -(CH-aryl, or
-( CHZ) sI Eelt er ﬁalr yachs FOpts oinaé;ia&ggn@gen@fmﬁ:&g&h% | ya sjagsiw;ﬁut @f::dayqone(cﬁ-g)g hr ee
cyan, a y a r - .’ i S indepe en
i Co RSB e Rt PG RRERaPL YT BT R T SHes i TaRts

-(CH2) t - het estiaainad to Weenmemitsageth athGHAeC yal dal thin together with the nitrogen te

cubst i LUt ea G TGHoREo S a5 ae Tadofth @ pefSfocstisak)bag Beg pl iiedbrsan 'yy

al gﬂzx hh%/dr sl .- alHprwodﬂ@ﬂ ,04€Hig)- neﬂamfzyc eél@ﬂZ}{W)aaﬁ of Qﬂzimecamé@al kyl ,
eterocycl oa eteroary

i ﬁldependent ﬁ/g g ﬁubsé «'—S\;:Fx)wth E}%’f_é& IBV(?I aglgal %{;\}ogen(@ﬁﬁ?] hy’dr%xyF or %R‘“

het er ocyiel oal kyI n xs(aﬁlﬂﬁégarsyie;:tedrfrm(Clﬂérrdﬁ:tae;doaryI or when two R7
substituents are at hed to the s nltroe mthe be t ken
Cogether with thEdiNt T dgeR LBISRT aif PRSP coap R R (& formand 2 0

het er ocycl oalhsyrhaseeiticailyeicyeptamd smﬂmeﬁhefmfsal d aI kyI (CHZ)t cycl oal kyl ,
-(CH2) t - heterocyc] oal kyl rhe areo |onaIIy
substituted with one t CPWP&%“ Piﬁymh |‘*“’5‘8 ?F@’ CSPa KA. 10
is an int egﬁet@eh&ﬂiaﬂd fah@ﬁn&ppﬁmﬂiﬁls&;st:mﬂéﬂ @mbné RF Sutmatuant eger

i ndependT%nt ly s har naceu‘

el.ected, fromO ce e salts
{her bof 52, A compbuna bF2RParH ' dufer WrAIE A il RERetadyr TS Bl ki
or het er ocy Ghaxglekyéntiyasiyl Anbipgemt ¢yana) HFOSHIBY i- C@B\QH W MR@@@N{?E?)COR

Ra s | ndepatieNT Y- al I ST bgen Oy ano. S0LCoNHRE AR o, ef—(%?%

- N(R) COR7, ?ﬁ@wﬁﬁaﬁ@s - NW‘)SWRUCWV%WW AOHERNBRYE! arl kiOH,), ORS

et eroor i, B A ey SR DS e IR YD .

- (CH2) t -2oet er@eycictabinyl is opliiERy indepyhdently sBHEHR bY ohetethesr giland satkyl,
optionally stituted by one to three cyano, alkyl, hal ogen,

en t| ?é(gb
-CF, or @aogp ‘?%'349;3’ onpound of claiml1 wherein Ais aryl,

het er oar yI cycl cal kylA epmipetyar ot ykroal kykreirardisAatys mmmwaldyy oamjalsmri tuted
wth two R4 sgbstl ereinAis

aryl or heteﬂ %{chgﬁ'ﬁg é&ﬁﬁ“ﬁ&p‘%‘aﬂ%%ﬁgg%%‘@ﬁ'?ﬁ’v‘gl n“!‘tuﬁx\ggogen, cyano,

- S2NHR7, - CON(R®.2, M R?r)\ﬁcwm(fzﬁh)e@@%?wherS@?.N(nﬁﬁby?Qr hdte g \GaaReach RORY,
-S2R7, . (CH)t-c I al kvl .. CHAhetero t

o) Aot drasrpren ekl oy, CRroL (B ok CIHBYel (B B SPR

- (CH2) t - cycl-8aLK§R )., - ( CHE FS@IFEr ocyuDRAl kySQﬁR( CFIH.-ageipbikyior  (CHa-

- (CH2) 1- het oar | . is opt) Ly in ted by t..4 hree
cyano, al ky:en 8@%033'#, 6¢&P-3 .“X’ -"&clj'g%" emgwy @?g(ﬁ{%c)ﬁrncf”of{ 2}5{1%5
wherein at lvetastin omhRR* | @k, ( CEHa-wclastief, m{‘@Hggt«haemeymmim e, eyt o
optionally S—F(Bﬁth'—r%e etrggrypx¥> a%ﬁgnatly mcjybgﬁdecn)(@ rs]gbst@tjztgg l)il qug kmoﬂ?ené cy%%e,- aq}%fﬁ

30 halogen, ~CFs, or ~OR®



7. A conpound of claim5 wherein each R4 is -0OR5. 58. A conmpound of claiml
wherein Ais aryl, heteroaryl, cycloal kyl or heterocycloal kyl, and Ais

opti onal Iwo=otms833at ed with three R4 substituents, PCT/1B20080%504800und of
claim8 wherein Ais aryl or heter oaryl and each R4 is independently al kyl,
hal ogen, cyano, -SO2NHR7, -CON(R7) 2, (@@ - N( R7) CORT,

-502N(R7) 2, - 1\ 1( R7) 502R7, - CORY, (CH- 2)t ¢l oal kyl,-(CK-jt-

het er ocycl oal kyl, -(CH)raryl, -(CH2)t-heteroaryl, -(CHA-N(R7)2, or
-(CF12), -0OR5 wherein each R4 al kyl, (CHZ)t cycl oaI kyl ,

-(CH2)t-heterocyc]| oal CH het ryl. i .
optionally indep dent’%/ %}‘5@8@3}312%?&!8&8 %\“/’h?fﬁ@ qtgea[sﬁ%)g%Rcysd—ﬁ{api?)égr@wﬁerﬁg ogen,
-C F3, or -QR5zerc and the adlis chticrenpeupdiugbd b ahaolihvdiery@na, @kl Swaaig)eh and is
substituted \ﬁ $ only 150ne to three R3 substituents,

conmpound of fm10 wherein Bis aryl and is substltuted W th onIy one R5

substi t uent V\/nere?i n R tempralnage giaim 5 wherein dabh H isogpdund of claim 1
wherein —------

v-

Rt h h.ind tl
nyar ogenSor 2l kyl® 2075 A EONNDARASSR LIPS tna i oAl FHRoFOge her
with the carimmmwmm igt, enboendegidrally oupetitutay eliotirdy Rendstimesty or a

het er acycl oal kyl e m) et . 14, 0 d of,clai nd R b
are each hydrogerf: ﬂ%‘ﬂﬁn‘@c '%Eﬁp\é'ﬁ?ﬁef &»Fe?fér]%rlﬁ-?@?fy 5“%85%11& & bond,
and Ribis am@hdezﬂﬁylﬁkgﬂ\ capenundaab, cb@INAR, WoEmRRM,, sam?}eommﬁ@d»%f

e as def | AR & bi MV o phar Bheout POARTy SaeasPa el « Bhbkoor .

17. A ccxmpo&m&hro&ydﬂaadym l(OMwmeyin -S4 -lenepayhd (@‘HZEM{RI»Ea :(rl HOH) DR

5corrpound hayi n ormula (I11) wher ei.n, A, ar e defined in
Clai m1; \%’[\ %ﬁr‘?ﬁ:ﬁzge{:}t Bg k );Géé)égﬁ%yé égﬁ%%%ﬁ@&ﬁmai "{Qﬁ Ld f or
the treat mentcmjn ?&etms:@fas&pﬂmnamgmﬂebemmlglsemwetﬁ bPoné ttethfte&ga:y@up alkyl,

consi sting neur and psychiatric disorders conprising

adm ni steri qugnt-ﬁ'!go mi&ﬁ an effective amount of conpound of claim1l or
pharmaceutical |y @ccept abhpowal ¢f didier ealherein BIO2r BnA ip bassnaed tith ainly
conposi t| on conpLi s und of claiml or a pharnmaceutically

accept abPe <A ttmg?ggfggsﬁ@j% Sphar maceuti cal ly acceptable carrier. 20.The
conposi tion of claim Wc@mpmdmofmrpmmm‘aarﬂ &t arpl arad is anbdtipsyc hahionly a

chol i nester ase s ubst'xtuent wherem ge R igé{ig NNDA receptor antagoni st,

12. A compound of claim 1 wherein TTTTT=2 is a single bond, and R and
R™ are each independently hydrogen or atkyl.
20 13. A compound of claim 12 wherein R'® and R together with the carbon
they are bonded ¢ form & cycloalkylene moiety of a heterocycloatkylens moisty.
14. A compound of claim 12 wherein R™ and R™ are sach hydrogen,

15. A compound of claim 1 wherein === is a double bond, and R™ is
absent.
25 18. A compound of claim 1 wherein said compound of Formula (D) is a
compound having Formula {11}



WO 2010/058333 PCT/IB2009/055043

- 10t -

wherein A, R™ R™ and R® are as defined in Claim 1; or a pharmaceutically
acceptable salf thereol
17. A compound of claim 1 wherein said compound of Formula (1) is a

5 compound having Formula (1)

i
wherein A, R*, and R® are as defined in Claim 1; or a pharmaceutically acceptable

sait thereof.
18. A method for the treatment of g disease or condition selected from the
10 group consisting of neurological and psychiatric disorders comprising administering
to the mammal an effective amount of compound of claim 1 or pharmaceutically
acceptable salt thereof.
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19. A pharmaceutical composition comprising a compound of claim 1 or a
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier,

20. The composition of claim 17 further comprising an  atypical
antipsychotic, a cholinesterase inhibitor, dimebon or NMDA receptor antagonist.

(81}



