BACE | NHI Bl TORS The present invention is in the field of treatnment of
Al zhei mer' s di sease and ot her di seases and di sorders involving anyloid P
(AP) peptwoeptizossar ot oxi ¢ and hi ghly 5aggregat ory pept iPde/Gseguomnto3of

anyl oid precursor protein (APP). Conplete or partial inhibition of
-secretase or -site anyloid precursor protein-cleaving enzyne (BACE) has
been shown to have a significant effecti-on plaque-rel ated and

pl aque- dependent pat hol ogi es i n nouse nodel s suggesting that even small
reductions in A levels mght result in long-termsignificant reduction in
pl aque burden and synaptic deficits, thus 10providing significant

t herapeutic benefits. Cur r BAUB/INJESBITORSd BACE i nhibitors are
peptidom netic transition state anal ogs, typically containing a

hydr oxyet hyl noiety. Al though many of these conpounds are potent inhibitors
of BACE, their ngmmnuhenﬁmamimmnghﬁédaﬂdmhnmunﬁAhhanerpémﬁsahkMﬁMy make

t hem poor dr.ug candi dates, See Par ournal of t nerican
Chent ot 155 eR 20 A SRy S hea i A9 Pk b hiruege abl Ry &
progr ess§ onMaghfe@fbhydfeffd 8@ @M ARbidGrdRtseEpbRE (APPH r@érhpl@f@bfi‘?dﬂuﬂs such as

a variety of hydroxyethylam ne scaffolds as well as heterocyc c- cont ai ni ng
scaf f ol ds. seigitiengf B-sexiterawr Britic SRepiaresurseuprpstclayingican By Di scovery

| ds h
been. descr | Bed a0 At TP BRERPE eSO B POHER ! AL P ITRE 153273, “and

WO 2008/ 133@mwlogies in moBR@Edch vinggicstogshat ladn saral rmﬂm AL lavels enielftf i caci ous
ar e neoesS ALYt LAY S fGRE IR hudiE oBeh L AL AL Al chgor dors, such

as Al zheiner’s rovi new po ent and
effi cacl(busprowhmgsigmﬁsarmfthe%éjﬁlcb‘Ehﬁitpr esent | nventl on provi des conpounds of

Formul a I|: er i.s 0 or mis 1, or 2;
pis 0 or rﬁbﬁen@e&ée@ﬁ%%‘ﬁﬁghlbgom a‘fd’eﬁi %ngmswasﬁ on E)tatFiaHig%%Snw ,
pyridinyl pmﬂbzai_ohwrmg_basltydmxgzaﬂylmdﬂsty halthowgh n@lﬁgbyihesmbn@a@idh yre

e o b el e ek n Rl R R el SRy
substi t ult edmﬂﬁettlril]edi’l pb®@ drypyahditiddésn\see Pgrk anNBdd, yozia?tbs)fihk Uk Clhznlh)@ll o,h f
pyrizinyl, or thiazoly armaceuti ca accept ab salt thereo
The pr oLent Stcisiy §<6Ja Lﬁ‘%% 16‘%&%?%@3 hetehasdacbi plt%%réaseqnﬁ@o a8ei mer' s

di sease in @ptldomlrﬂéﬁé S REUIEOORMLE hdGcad ks iihsh 8 Vhiidy bOhArdgbth@Rhiden need of
such treatnment an effective 25 amount of a conpound of the Ehesent

i nvent i on. scaffolds asTyedl as hetgrogyclicrrpriatningrcHpldsh oee pe-oPrdas 2ad rsphed: of

preventi ng &Wﬁ‘e;@wgﬁﬁﬁzﬁ Up Syl stcWeJ’yd& ‘B}gélbﬁrhéh? 9(63})?7'6“@%@066 (%r?alfhe' mer' s
di sease in a patient conprising adm nistering to a patient in need of such

treat ment afmiapthiging cemppybdirtavebees dessipestadBASFE tnh@ﬂplfse@&f@ 20074A83%n or a

phar macgpt i @) 063§ tg}al\@o%bg/li]ﬁ%eof 30The present invention further
provides a nethod o preventing the progression in a patient at risk for

devel opi ng Al zheBA@E lnblb@tplssé@@éeremmmnslmge ﬁmm@@anen@samt@rpﬂﬂ¢ ent in
need of Suctrr]ea me S frgleAﬁgLR%d%f I edcl:attedVCFSOI‘({TDSbFuCh as ﬁ?z ]fI'Iner O'dgedas%).hTﬁehe s%r esent

i nvention or a pharna ICAl A EEpta €0 FesBht
i nvention alhsatips providesnay paéntanl eficdcivok bihibitog BAAEH. N a pati ent

The present invention provides compounds of Formula I:

(R*)p

25



35 conprising admnistering to a manmmal in need of such treatnent an

ef fective anount of a conpound of the present invention or a

phar macewOcallopsmscept abl e salt thereof. The pr eserus20100ers4 on al so
provi des a nethod for inhibiting BACE-nedi ated cl eavage of anyloid
precursor protein conprising admnistering to a patient in need of -3-
such treatnent an effective anmobunt of &-conmpound of the present invention
or a pharmaceutically acceptable salt thereof The present invention
further provides a nethod for the inhibition of production of Al3 peptide
conprising admnistering to a patient in need of such treatnent an

ef f ecti ve 5anpbunthesfin:a conpound of the present invention or a
pharmaceutically acceptable salt thereof The present invention al so
provi des a phar masettH.cat—-@-or nul ati on conpri sing a conpound of the
invention or a pharmaceutically acceptable salt thereof, in conbination

w th a pharmaceutis 6al L,y acceptable carrier, diluent, or excipient. In a
particul ar 10enbodi nent, the forrulation further conprises one or nore

ot her therapeut ingisdgenire; Furthernore, this invention provides a
conpound of the invention or a pharmaceutically acceptable salt thereof for
use in therapy, pginopar p ke ofvatienths Oreat ment of Al zheinmer's di sease or
for theuprevention of the progression of mld cognitive inpairnent to

Al zhei mer’ s di sgdse-NEVOR,,ipyFilh@iyIRsyeidink NofiohdIyQ0bdtiale k@Y haesr fHagyluse of

15a conmpound of(bh@wmgwﬁﬁgﬁgﬁngﬁdanph@pmgggygycalIy acceptabl e salt thereof
for the manufacture of a nedicament for the treatnent of Al zheiner's

di sease. This inrentdign al so provides the use of a conpound of the
inventipn or a phar naceutical |y acceptable salt thereof for the manufacture

of a medi cament {3qy @r@ MKYEHRY, ¢ -d-ber, 6 Qg essd on of mld cognitive
i npai rnment to Al zheimer' s di sease. The invention al so provi des the use of

20a conpound of gshe j.nvient | Aal YRGS &R It thereof
for the manuf actsulgs%ucf)3 g 5§r 9%130 th&lBla Olg&%tﬁﬁ%my@n (g %ﬁé@ag
i nventi further prOV| es t use o a conbound of the invention or a

phar”aceUt'Call%ﬁ?%ﬁﬁﬁﬁ%ﬁb&ﬂﬁ%ﬁ%mﬁﬂﬁrgﬁﬁmﬂﬁf the manufacture of a

medi canent for e’rn uctron of Al3 peptide. Additionally,
this invention qvi de ceut ation.adapted.for .the 25
treatmont of A HEPe iR LRRER S A B Y B BN GBS B ol es o
phar maceut i gaikntfcompridieg a@nnmdamg ©c Ifat)entﬁrhmenbémmmnmemfanteffectwe ogressi on of
mld cognitive airme %'t ei.ner'.s disease. This invention al so
provi des’ a PHA" ‘ﬁ??8g}‘Vﬁ#ﬂ%?ﬁ??gﬁmﬂﬂbpted for the inhibition of BACE.
Fur t her nor e t he The @sRait idveneat fiGier provided € methof bAProRDENE the plogt@siomb@at i on
adapted 30for the. inhibition of BACE;nediated cleavage. of l.oi d precursor
protein. THEUHFEBERE RIS} @nAléheé‘Berp*r%Wﬁégaaa?ﬂ’?h? BUE g‘g?/ NYSFUl at i on
adapt ed f orotatpatidnt @oica® ot sueh tr@@ﬁiantah@ﬂ*e‘cnwsmbﬁﬂtaga EsppuBX 6BESprésent evel s of
Al3 peptide conprising a conpound he -4- invention or a
pharnaceut|%%Wﬁ@n8&%@%@%%?@“@5!ﬁ“?ﬁ@@%ﬁﬁ“$ﬁe@bnblnatlon with one or nore
phar macgyt i cal | yriapegat: a@bﬁl&mﬂt@r ﬁfbtvﬁbes Qﬁ{e{h'o§ 6§ re@ntiflé {hk'?mg%ssﬁlbﬁl AQener al
chem cal terns used in the fornul ae above have t ei r usual meani ngs. For
exanpl e, t hestiertahyisk figr daggloging digheimes’s gliseqe compraingAdmyrigapobiondetent & an
oxygen S5at ofRanfuefhelidedan BREHO Ymo ik BPXYomRRAPOHHe pRAL: S RABPLXY
However, "hal 0" refers | uoro and chl oro. ﬂ term "nitrogen
protectlng QWUWEEMK@HXakeﬁﬂﬂ®MW@hﬁﬂé nnlety that is stable to projected

reaction condt igag, A0 i ShydAYoRFREL SRl i BIRGASAOY i SageRt S and
reaction condition conpat|b Re regenerate Sar ne groups are
wel | kn¥wn cmwylsmbedrsimsltdrmg taF mamma.l larmdechcvfeu@etsaannetme@h effectiveanhduneofat ur e.
Eglei i gn? pound7oafqge O{hrese{s}vlrwen 1t0ne gr aphan G clg]ﬁ!tpcallyl( %Sg@%oqg Lot tf%{'eatfﬂgsl Zr mThI rd
"1 nhi Ibi ti f)n 011: mheqiméntMemtionAlqo@m\ndiae _ﬁlﬁaddé&enmb?nmm@]imemaam ng of in
vivo levels o in a mamrl e ef fective anmou

compound o AR we s ARTF pordpt s B te G G bR R pound o
the invention required to inhibit BACE sufficiently to decrease in vivo

| evel s of A peptide in a manmal M|l d cognitive inpairnment has been defined
as a potential prodromal phase of



denmenti a associated with Al zheinmer's di sease based on clinical presentation
and on 20progression of patients exhibiting mld cognitive inpairnment to

Al zhei nerwe 2davmest3sa over tine. (Mrris, et al., Arch. Rewusko10/05834 397- 405
(2001); Petersen, et al., Arch. Neurol., 56, 303-308 (1999)). The term
"prevention of the progression of mld cognitive inpairnent to A zheiner's
di sease" includes slow ng, arresting, - reversing the progression of mld
cognitive inmpairnment to Al zheiner's disease in a patient. 25The skilled
artisan will appreciate that conmpounds of the invention can exist in
tautoneric forns, as depicted in Figure (1). Wen any reference in this
appl i cat i orsutlotreatmergfan effectiyp empdrnt of 4 canpued of thé pictrat meentourds of t he

i nvention i LV bt to enconpass both tautoneric forns and
al | nixturé@mﬁﬁgggg?hyf?é%%gg%%ﬁﬁggg The skilled artisan will appreciate
t hat conpounds dmephﬁmﬁmnemmﬁnhmmﬂenwﬁhpan&éﬂdﬁﬁthnnhbﬁmhhﬂ@mmmmmmbﬁs at

| east two chiral. centers: S.NNH2 n Althou resent

i nvention c‘g‘ﬁP%‘ﬂF areddls adFWH?tW%JaF P&?ﬁi‘h ‘Bﬁ‘ééé)“c%e%? a‘égfq‘?ﬁue‘i ures of
the enand i offusit §fa aipduTRIRUIE SNt lﬂ@énu@h&glp}@ﬁmsﬁ@ﬁuy ddagptamRAUNds Wi th

t he absolute conflguratlon at the atons |abeled 1 and as illustrated in
Figure (2) %H#®°f10 preferred conpounds of the |nvent|on Addi tionally,
the skilled artijgapraéd: lmvaﬂmnea%qgtr@waelaatphﬁﬂﬂbéuh@ﬂ%mﬁlmlb@bo&m@@s may be
created in the conpounds of the invention by the selection of certain

vari abl es. Wowde@féhﬂ inyepjiem pf viphagprrceing|laeeeptable salitheroefdiigrmbimad oners or
di ast er eoney, s , BifirPel h‘ucaaﬁy TkbHbESalr, WG BPRL ARY £ Aicllast er eomer's of
sai d conpounds I ncl u§ Facehat es. The skilled artisan wll also

appr eci Ht e qophpdindng tl@aﬂqmulmgmlfdﬂlm e¢r@IgIS€R)n%1r njo®) othershagenstiicosssnttor al |
chiral centers ‘@uhher}@[]ey th‘%'s‘%%{h%ﬁ‘gm%%a oﬁh'&’é thd i iRB B tErNS of the
particul ar comnpoun e single tioner i astereoners may be
prepared begianmdcagically tccqhilhiad;altrthagﬁ‘ rforsusc)rn tbe;rapyf, emamtmlae ddritheetraarment
stereospeC|f S nthe i C Al ternativel si_n Ie enanti oners
or diaster eoflr/r%;l%hs mer Sease Or eatrtr%ftlaegpr Vregtln?nm f)%{'%?m%re%sl% Ofén "stahdar d chiral
chronatogramﬁnnmaﬁtaAM&ﬂabksﬂaﬁmanEﬁmdhﬂmquesthh1mmyUMQﬁvemmemhmpofnt in

t he synthesis of unds the inventi rs and

i st or onet SgruEERBEURGS B of harmrehise iR ecreifle SyERERHE B bodi ment o
t he i nvent i@inufathee cpedicuisnofor t}iaereaﬁeﬁtecrﬂmzmmtsldmmr &hRAiveEsSen and
accordingly react. with SaE%fof a nupber of.inorggnlc and or anic acids to

f or m phar met¥URPELTI e BECEHEUBIENGET ° Hyehtion oh 2 BRI Raccuprilly gecBbiccal | y

accept abl e @ahicSeotRg tikOfARIRciRS HROEREhOor Ik PRIEATIEY o&‘h@rﬁwg%@mwa known
inthe art. See, e.g., P. Stahl, et al. Handbook of Pharmaceutical Salts:

Properti es, MEEFEAIVE fMpaiEnopse Alzhgempysgiscase. Jopnvormp)lso groyidegthegisc ot al .

" Phar na@(ﬁutd&%l opfd &fSthe indQHIOAB} 2 HarRRALARAS icefi@ble S0 BEECHSTor HO! - 66, No. 1,
January 101977. Preferred pharnaceutlcally acceptabl e salts are those

formed wi t hmiRpdacsEnplor mediggmegt fonthe eilgjomefi BAFE-t Hiee isvipon Audieigiroyifes
i nvention %ﬁuéé%%falébmbmﬁh%&‘%h%ru%eﬁtflon%%ha&%éﬁbﬁlﬂc@@%ﬁ Qft (eATPRKNdS are

preferred. | owm ng par agraphs descri be such
the manufacture of a medicament for the inhibition of production of AB peptide.

Additionally, this invention provides a pharmaceutical formulation adapted for the
25  treatment of Alzheimer’s disease. Furthermore, this invention provides a pharmaceutical
formulation adapted for the prevention of the progression of mild cognitive impairment to
Alzheimer’s disease. This invention also provides a pharmaceutical formulation adapted
for the inhibition of BACE.
Furthermore the present invention provides a pharmaceutical formulation adapted
30  for the inhibition of BACE-mediated cleavage of amyloid precursor protein. The present
invention also provides a pharmaceutical formulation adapted for the treatment of

conditions resulting from excessive levels of AP peptide comprising a compound of the



preferred classes: 15a) n is O; b) nisi; ¢) mis 0; d mis 1;
e) mis 2; 20f) pis O0; g) pis 1, h) p nust be 0 when Xis -0-; 1) Xis
-0-; j) XWo=0r@eEz38 25k) Rl is -NHCOR4; 1) Rl is pyridi rgirjuseag10811036
pyridinyl optionally substituted with -C and -F;, n) RL is pyrimdinyl; o)
Rl is pyrimdinyl or pyridinyl optionally substituted with halo; 30p) Rl is
- NHCOR4, pyrimdinyl, or pyridinyl optiwnally substituted with -Cl1 and -7-
g) RL is -NHCOR4, phenyl optionally substituted with -G -C3 al koxy,
pyrimdinyl, or pyridinyl optionally substituted with -C and -F;, r) Rl is
- NHCOR4, phenyl optionally substituted with -G -C3 al koxy, or pyrimdinyl;
5s5) Rl is -iNHGORE oF plpymicrutgiaHy heeeptablReali therbdfump@nbingtioR3vitheone @1m@3 al koxy
or hydroxy; i Siie - 2 e OF oxY; w) R4 is phenyl 10x)
R4 is thi az%’l\%”i‘%g%‘i}}cg'%a‘i%&%b)}? %ﬁ%ﬁ%ﬁﬁ%n‘&d %eqlgSUbsti tuted with -d or -F,
pyri m di nyl opt iThagbheyal shdysitaltartne dsadiit the Hadnm]acaboypyhrav @ iholy usuak neddngs S

ridinyl tionally substi ed with h i mdinyl optionall
ubsti tut ed bbb BT it gt ® psuf bl SR G 5P 1
substi t ut edatwvhtatid Rédroto nyhdxy] d@hdky| propaxiypamall itoyprepdst Howtced, hatoh réfedk 0,
pyrizinyl, or thia ojBlyI ; bb) R4 is pyridinyl optionally substituted with
hal o or pyrﬁorﬁuaﬁorﬁ?ﬁc Bt% onal Iy substituted with halo; cc) R4 is pyridinyl;
20dd) R4 is pyriTdi Ry “@Rideengrbleytimubstp ivre tintchn HaloRiy ®8)is Rdole & pyri di nyl

optionally psrgjl?ecstgcil ;[ela{étieocril c\évrilc%itri]orfs larlilc(l) §§ ;may be selectively removed by reagents and
reaction conditions compatible with the regenerated amine. Such groups are well known

10 Dby the skilled artisan and are described in the literature. See, e.g., Greene and Wuts,
Protective Groups in Organic Synthesis, Third Edition, Chapter 7, John Wiley and Sons
Inc., (1999).

The term “inhibition of production of A} peptide” is taken to mean decreasing of
in vivo levels of AP peptide in a mammal.

15 The term “effective amount of a compound of Formula I is taken to mean the
dose or doses of a compound of the invention required to inhibit BACE sufficiently to
decrease in vivo levels of AP peptide in a mammal.

Mild cognitive impairment has been defined as a potential prodromal phase of
dementia associated with Alzheimer’s disease based on clinical presentation and on

20  progression of patients exhibiting mild cognitive impairment to Alzheimer’s dementia
over time. (Morris, et al., Arch. Neurol., 58, 397-405 (2001); Petersen, et al., Arch.
Neurol., 56, 303-308 (1999)). The term “prevention of the progression of mild cognitive
impairment to Alzheimer’s disease” includes slowing, arresting, or reversing the
progression of mild cognitive impairment to Alzheimer’s disease in a patient.

25 The skilled artisan will appreciate that compounds of the invention can exist in
tautomeric forms, as depicted in Figure (1). When any reference in this application to one
of the specific tautomers of the compounds of the invention is given, it is understood to

encompass both tautomeric forms and all mixtures therecof.



ff) The conpound of the invention has a cis configuration at the chiral
centers at the junction of the fused am nothi azine ring; gg) The conpound
of the irwennilonsids a free base; 25hh) The conpound of wPrh@/usementiodh is a
pharmaceutically acceptable salt; ii) The conpound of the invention is the
hydrochloride salt. jj) The conpound of the invention is the

di hydrochl ori de salt. kk) The conpound-f the invention is the

et hanesul fonate salt. 11) The conpound of the invention is the

p-tol uenesul fonate salt. 30A preferred enbodi nent of the conmpounds of the
present invention relates to corrpounds of the invention, wherein X is -CH2-
or -0-; nis 0 or 1; m g0, or 2; pis 0 or 1; st be 0 when X is
-0-;RL is -NHCOR4, pyriy 21° nyI or pyridinyl optional{y -8- substituted
with halo; R2 is fluorg, R js -G -C3 al koxy or droxy; R4 is pyridinyl
optionally substi t utle ith an pyrim di nyl of io al Iy substituted with
hal o, pyri zinyl, or a or a pharnmaceuti(cs bl e salt
thereof In said enbodi ﬁl hﬁﬁalﬁﬁﬁr fluor then is pyridinyl
or chloro when R4 is 'd| nyl. Furthernore, in d enbodinment, it is
preferred that the compoyhds possess a cis config on at the chiral
centers at the jumBtion~oK the fused am not hi aRine i \g; or a
pharmaceutical | y acceptaiRe,salt thereof Anot hqu)g]r ef erred enbodi nent

m

of the compounds of the present invention relates to conmpounds of Fornul a
|,V\:hel’ell’lXIS-CHZ or -0-; nISOF%uJ( mis O or 1; pis 1; P 10 nust
be 0 when X is -0-;RL is -NHCI)R4 phe yli o)ptlonally substituted with -G -C3
al koxy, pyrl m dﬂmyls];ﬂlext arpyanivdll agprecdqpt thenainippusdshd thetiosteatonmrt borhyadsod R2 i s
fl uoro; R4 is pyridinyl optionally

substi t ut ed0 Ctoﬁe]thaaIc8nt318§/?’t)i¥ﬁsptwr?ﬁ¥”%1 LYt?)rﬁal ly substituted with halo, or

t hi azolyl; or a pharnaceuti call 3(/ cceptable salt thereof In said

enbodi ment, halo is chloro or fl Fd Po when R4 is pyridinyl or pyrimdinyl;
150r a phar maceuti cal |y acceptabl e |t ereof Furthernore, in said
embodiment, it is preferred that the €onpopnds possess a cis configuration
at the chi raI centers at the junqgtionlliaf e fused am nothiazine ring; or a
pharmaceutical |y acceptable salt thgreofN NH; A nore preferred enbodi nent
of the compounds of the present investron relates to conmpounds of Fornul a
|, wherein Xis -CH2- or -0-; nis ( 1, mis O, 1, or 2; pis 0 20 or 1;
p nust be 0 when X is -0-;Rl is N 4\or yrlmdlnyl R2 is fluoro; R3 is
-C C3 al koxy or hydroxy; R4 is pyridinyl rtl onal |y substituted with hal o,
pyrimdinyl optionally substituted with (h pyrizinyl, or thiazolyl; or a
pharmaceutical |y acceptable salt thef %ﬁ)f 4 said enbodiment, halo is chloro
or fluoro when R4 is pyridinyl or pyr é I’'nyl ; or a pharmaceutically

accept abl e Ahlid:ugh herpmsént&yrehﬂrtmrdmmemplaws aBmde@Bermnh@dérmmWell kg 1S
preferred tha uoﬁ otunds ess a nf| uratl at thed chlhral
centers at TRe'f éli"’ CAB T S?I§§8IBP%% 1£§F Sm?‘iesn GCSPIP8““ S wit

phar maceut i mahtbsyslumﬁgﬁhﬂcm a$ fhletatond etk 1A1nﬂ Qarak hmstrammlgmm(tz) of the
corrpounf:{}s< of tt resen% iqﬁentl on relates to compounds of Formula I,
wher ei nl% i Reteggdeompoungs of the endorny . 9. mis 0 or 1; pis 0 or 1; 30 p nust
be 0 when X is Ali'ditB]aalll}S theNkm@Mﬁlsﬁlhﬁﬂ)ébpl@&ﬁﬂem@-hdc&n&lun&ﬁmltdéht@ﬁ iyt h - G- C3
al koxy, or pyrim d koxy or hydroxy; R4 is

pyri di nyl dstqreRe 111 916§961§@1mda 9%@6 WV?WIOH&Mhe Sﬁ&??ﬁlqﬁ Qf |Cﬁ‘§‘ﬂm zﬁstablﬁﬁ al ey

subst i t ut edychinit&kiOn cddnhAd WAL indiviAual @harkilB @A Qk Wlaste@bmérs PRIMBCEUt i cal |y
acceptabl e salt thereof In said enbodinent, halo is chloro or fluoro when
R4 is pyri dnpgureso tsyanptogieryand dpgieronmerof said pompoands iapHudiag mepmates t i s
preferregd that tfhe s&ﬁéﬂ)ﬁﬂﬁﬂ%ﬂ%é%ﬁe&a@{h& tﬁQ@EﬁIﬂfﬁ%@lﬁ'[‘?&OQER)tol??S)Ch' ral
centers at the junction of fused am not hi azi ne ring;

phar maceut i ¢eaighatioas toepll almraé C@éﬁr% wilheare ddpesingraon tlpﬂr%lb@wt@@ p@ﬁ%@ﬁ@frre nt of

the conpou ntﬂé p%}@%lﬂgroﬁiogﬁ%n tr']FhIE gﬁ{gg %f;}é?l?oﬁlgljs 3 & gstérgoﬁé}gﬂlgy ngrega{re(i: ormula I,

wherein X is must be
0 when X i sbegminBithschirhHGRRALs rb}pwrbcmelﬂctwlor stmowsmﬁb soontleetic R@hmsueso C3

al koxy or h u or
pyrim di nyl)(ﬁié’r | Onlgﬁﬁ%e sﬁ%%%{dnﬁo@&]& OPH%ﬁgﬁ%érgmﬁly Bé sot%a%i?%(r:n\é%{x?urpﬁat{y
accept abl e salt thereof In said 10enbodi nent, halo is chloro or quoro when
R4 is pyridinyl or pyrimdinyl; or a pharnaceutically accept abl e salt
thereof Furthernore, in said enbodinent, it is preferred that the conpounds
possess a cis configuration at the chiral centers at the junction of the
fused am nothiazine ring; or a pharmaceutically acceptable salt thereof
Anot her nost preferred enbodi nent of the conpounds of the present invention
15re|ates to conpounds of Fornula I, wherein Xis -CH2- or -0-; nis 0O or

- e - [— - 17NN A



20centers at the junction of the fused am nothiazine ring, or a

phar maceutical |y acceptable salt thereof An especially preferred
enbodi mrerwoabi1ttdes73sonpounds of the present invention relParas24i10/0emapounds
of Formula | wherein Xis -0-; nis 0; mis 1; pis 0; RLis -NHCOR4; R2 is
hal o; R4 is pyridinyl substituted with halo; or a pharmaceutically
25acceptabl e salt thereof In said enbodi-nent, it is preferred that R2 is
fluoro; or a pharnaceutically acceptable salt thereof Further, in said
enbodinment, it is preferred that the conpounds possess a cis configuration
at the chiral centers at the junction of the fused am nothiazine ring; or a
phar maceut i saidhy chrdebtoablographictor tiyerligdtion techniques at any dogvenieat p@stpeci al |y
preferred e i.nent -of the,c Q of .. r i: ti el ating
to corrpoundtgP %}"qlt or rorﬁﬁg)oerln I10u|§c'1ss Oqﬁj%dg%ﬁlﬁfn' ;Sl%‘%]gear%ﬁlﬁglgér}rg%%aﬁ I?S\éeg?q&f/e?goc{cept abl e
sal t t her ecdompwoidielf thespeaiial drya preé&ired catodmbodif fentveofiot he conpounds of
the present invention relati to conmpounds of Forrmula |. i.s NH2 .. or a

phar hmcedt | cal |y TaeoBprH o B8t R BTREPm SH i e pl dhaced FiFin 1 ar e

i nhi bi t s ol oBAGEmbckflordahie apd eseiit adidvvieMbinophasth&outitally hddestatde ad hod of

inhibiting BACE in a mmal that co i ses adm nister.i to.a manmal in
need of sai adfﬁ\tt%é‘lr‘]ﬁeﬁ%&laﬁﬂéﬁ‘ﬂﬁyﬁﬁ?%%[eﬁah%aﬁﬂ?“@f‘ “&t@gﬁﬁ@ﬁﬁap’é‘?ar#@r mula I.
I't is prefemigdretviatiknoti iNBERR! StDe be Pt Stal @l Byl i 3fPhdrngtdatiion of the
conpounds of Formula | is human. 10As inhibitors of BACE, the conpounds of
the presentS4/ sy B axeecirdetd Used Y Sl prise s (g 200 pAbdsess ¢/ of AL3
peptide, anephhecefiRigsaltOr dbeuloy BalRA.iRfI SHiesQs ABS1So6, RS U, UMaryf r om
excessive Al3 peptide |evels due to over-production and/ or reduced

cl ear ant® of97A1 Brefraysd ipharmageuticallyrpeseptahis salitrs thogst forrpd withelydrachloigent i on i s
the use of g;gonpound of Fornmula | for the manufacture of a medicanent for
treating a disease or 15 condition capable of being inproved or prevented
by i nhibition ofAlbaath allgfdhaeympounid of e iFgnian we pseiif enhitierserf B AClel i eved to
be useful i : ' ' zhel s dl Aedll: gnitive
o et CERRR TS Gy RLRK AR bR al SR OBy HARER ok

Ayl oi dosi sproferrehdas®est ch- Type, cerebral anyl oi d angi opat hy, ot her
degenerﬁgive de nﬁkqﬁ such as: denentias of m xed vascul ar and
degenerative orggin, 20denenti a associ ated with Parkinson's di sease,
denenti a associ & edisvist h progressi ve supranucl ear pal sy, denentia

associ ated corti aI.Q&sal degeneration, and diffuse Lewy body type of

Al zhei mer' s di séas@.® ™ The conpounds of the present invention,
or salts thereofd) mmayl;be prepared by a variety of procedures known in the
art, sonme of which are illustrated in the Schenes, Preparations, and
Exanpl es bel ow. “Th8 Specific synthetic steps for each of the routes

descri bagd may be)cpniined in different ways, or in conjunction with steps
fromdifferent 5schenes, to prepare conpounds of Fornula |, or salts
thereof The proddicR & lof each step in the schemes bel ow can be recovered by
conventi onal neq?q?&umm@@kﬁgh@gse®tfaction, evaporation, precipitation,
chromat ography, filtration, trituration, and crystallization. Certain
st ereochemni cal den¥Xér<OHave been left unspecified and certain substituents
have been elim nated igythe follow ng schemes for the sake of clarity and
are not intende 10 to limt the teaching of the schemes in any way.

Furt her¥ore, ind)vRdeaNHC R vers, enantioners, or diastereoners may be
separated at any CQngggﬁﬁ - point in the synthesis of conpounds of Formula
| by net hods suc% as iral’ chromat ography. Additionally, the internedi ates
described in thenfRl i owidigyloptienty substituteid with <¢liaioerF; of ni trogen protecting
groups. The vari e._nr tih.ng group may be the same or different in each
occurrence 15 dﬁg%n%5#§5@%1?he particul ar reaction conditions and the
particul ar transﬁoRhmpy@mEmbmon@mm3wfqﬁmndwsﬁhmnpaDWEMhﬂmn and deprotection

conditighs are I L1 kn the .skilled artjsan d are descrihed.in the
Creratie. e ek o "RERCf iRy o Pplih LafRudP e Bl Bu Rt e

Synt hesi s, supra. Jdhe abbreviations used herein are defined according to
Al drichimca Acta, Vol. 2017, No. 1, 1984. O her abbreviations are defined
as follows: "Prep" refers to preparation; "Ex" refers to exanple; "mn"
refers to mnute or mnutes; "ACN' refers to acetonitrile; "DI PEA" refers
to diisopropylethylamne; "DIC' refers to diisopropyl carbodiimde; "Et20"
refers to diethyl ether; "EtOAc" refers to ethyl acetate; "HATU' refers to
2- (1H7-azabenzotriazol -1-y1)--1,1, 3, 3-tetranet hyl uronium

hexaf | uor ophosphat e 25 net hanam ni um "HBTU"' refers to
0-benzotriazole-N, N, N , N -tetramet hyl - uroni urhexaf | uor o- phosphate; "HOAt"
refers to 1-hydroxy-7-azabenzotriazole; "iPrOH" refers to isopropanol;
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30 phosphate; "DWVAP' refers to 4-dinethyl am nopyridine; "PPh3" refers to
tri phenyl phosphine; "TFA" refers to trifluoroacetic acid; "THF" refers to
t et r ahydrwbunamos73gt OH' refers to ethyl al cohol or ethamelrjus28@xiimBefers to
strong cation exchange; "TR' -12- refers to retention tinme; "1C50" refers
to the concentration of an agent that produces 50% of the maxi nmal
i nhibitory response possible for that agent; "APP" refers to anyloid
precursor protein; "DVEM refers to Dul becco's Mdified Eagle' s Medi um
"F12" refers to Haml's F12 nedium "FBS' refers to Fetal Bovine Serum
"FRET" refers to 5 fluorescence resonance energy transfer; "HEK' refers to
human enbr yoni ¢ dki RnieyNHRORRRhendfoptignallp syistitueidetithd€h + Geadkaary | oi d precur sor
protein; and "RFU' refers to relati 0 ce unit . Ln the schenes
bel ow, all substit%%%%smﬁ%%@@gﬁ%VL$¥§P%§H?%§$§§Pgﬁ}wgfgdag’previously
defined. The reayeRtis -NHECQR apltehylgptiatally belsstusdeviternar@l diyoxyeadi | y
avail able to 10one_of . rdﬂnary skill in the art. O hers nmay be nade by
st andard techniqué@"%W'%Yganic and heterocyclic chem stry which are
anal ogous to the) syhis hasiEDRfor kn@widingt;r uct ur al | y-si mil ar conpounds and t he
procedures descrjbed in the Preparations and Exanpl es which foll ow
i ncl udi ng any ndvel B8¥8dures. Scheme | Schene | depicts the
acyl ation of an.apRfiepci-at gkewy dtdygerpound of fornmula (1) with an aryl
carboxylic acid of fornula &%ﬁito give a conpound of forrmula (1) after the
deprot ection of Wh® ®nP&Fmeti@ECTD) or hysloxy; s a protecting group devel oped
for the am no grpuR!isphah as carbamates and am des. Such protecting groups
are wel| known and 20appreciated in the art. A conpound of fornula (1) is
reacted!@ith a conposiizelylf ormul a (2) under coupling conditions. One
skilled in the antrWblirdiRAQPRsASR Eﬂﬁ&nkﬁ%ﬁﬁfﬁﬂ%rQﬁ%?ﬁﬁﬁ&g@%@ﬂﬁbﬂpds_a”d
reagents for am'de formation requtyng fromthe reaction of carboxylic
aci ds and ami nes Fobstéxtadrpite halpjws pyezetli on of an appropriate conpound of
formula (1) with,2%; : | I: $Qr 2 I presence of a
coupling reagen?)aggggw%gﬁ$2@ﬁIggg?ﬁgﬁgﬁﬂgg&gﬁgggﬁg#a%y%ﬂ?%gﬁgnine,\MII
gi ve a conpound of subgtrtwted with B3lo, @ehipdolylg r eagent s i ncl ude carbodii m des,
such as DCC, D | . . yolg: 1l zoupl . -13- . .reagen such as HOBt
and HOAE  Addi t%@n%%ﬁ?“ﬁ?ﬁr?ﬁ{ﬁom“qg g‘%ﬁ%@%%ﬁé’“ﬁﬁﬂgﬁ%oséf?“%ld{%‘? kY eophi | i c
ani ons, sych as HBﬁbmnﬁ@TWﬁhEmagﬁuﬁmmUoE&Bmﬂﬂ;can be used in place of the
e o B A R Sy B B AP e e o
acyl at ed usi ng subsbitituc€ditbhglozoyl chlorides in the presence of a base,
such as triethyl amne or .pyridine. The protecting group in
i nternedi ate (3Y%E NS B& 48 pved under acidic or basic conditions to give
the conppunds ofqdf Rt WBladifoptidiay deRfiQicaclihaalodf such conpounds is wel |
known and appreciated 1n the art. In an optional step, a pharmaceutically
acceptable_salt‘%*RdsEHWBBUﬁﬁnﬁpnﬁﬁﬁﬁﬁmﬁdrﬁ@ﬁymﬁén be formed by reaction of
an appropriate fieenddapod SFUMH RO hasW did Lo BRRINQP e @h@al centers at
pharmaceutical ly a%peptgfl%ﬂggigﬁln‘%ﬁﬁuytable sol vent under standard
condi tions. Additi'@haiFyon q FEUTOHABHC Hgeh sal ts can occur
si mul t aneously g%pﬁmg%gﬁg&ggkannggﬁglg%quggg;protecting group. The

C

formation of su salts is well known and appreciated in the art. 15Schene
I (R35()), NPdh) The compound of the invention is a pharmaceutically acceptable salt;

i1) The compound of the invention is the hydrochloride salt.
7)) The compound of the invention is the dihydrochloride salt.
kk) The compound of the invention is the ethanesulfonate salt.
1) The compound of the invention is the p-toluenesulfonate salt.
30 A preferred embodiment of the compounds of the present invention relates to
compounds of the invention, wherein X is -CHy— or —O—; nisQor 1; mis 0, 1, or 2; p is

0 or 1; p must be 0 when X is -O—R' is -NHCORy, pyrimidinyl, or pyridinyl optionally



(R)m (4) Schenme Il depicts the al kylation of an appropriate
conpound of fornmula (4) with an aryl boronic acid (5) to give a conpound of
fornul a Iwaf2bavoosspr ot ecti on of the 20i nternedi ate (6). PETIUS2010/041034
trifluoronethanesul fonyl or a hal ogen, such as Br or I. RI- is an aryl
group, such as phenyl, or a heteroaryl group, such as pyridinyl. For
exanpl e, an appropriate conpound of forgmula (4) is reacted with an
appropriate boronic acid (6) under Suzuki-M yaura cross coupling
conditions. The skilled artisan will recognize that there are a variety of
condi tions useful for facrlrtatrng 25such cross- couplrng reactions.

Accor di ngl ysubgtiteted W&bh@omﬁ ib adwrurﬁrlea@eﬁi alkeryl ardigdroxy; R* is pyridinyl

bi s(tri phenyl h I

tris(di benz%lﬂng%qs{gaﬂésg oé;dg lg}a %gll [ udrlrrlly 8&10ngﬁ%sﬁbsqtut§%lwg 3?(13911) ﬁl(%lsnglhi ne,

(1,1 -bis( dorphmt&jlpdwaq;hhﬂmmwtealt}meﬂma)bp@altalwr@rﬁ( Inl spid enibédineht, balb dke,

pal | adi um t et r aki tr| phosphi.ne al ladi u A suitable
Pase 1 nel udlora skt RAFDK R PorRRUE e s AR Pt bt PR e sonat e o
pot assi M platisqaitatiendnt, I1tb§§ﬂe&rrﬁﬂ)ﬂﬁhﬂﬁé ea@hgounds possess a cﬂ'b(ﬁlfighﬁh&lﬁ:itlthkg group can

be rermved nder acidic . or astlg @gn itions to.give b |. conpounds of
formula I. él FBISFSE B dmsHonet tag, Jhiagac i \RéFP "1{‘??6 Ut appr eci at ed
in the art.ac&gh@msaltkierdd ) p X NPG (R2)m (7) N, PG H2N R2)m (1)

Schene 111 depicts two variatjons to repare t he grr mary amne (1) starting
from 10an appr Oﬁqo&tegprgﬁeg;qe Bllngqﬁnagnt(ofg) © CPRPYRES iAhe pepeghinvention relates

azi do- dehalt@%ﬁ%un@@oﬂsorﬂaraﬁ%ﬁ@anmsLbﬁzﬁ&p@pﬁrsar&1awlhorar<prp de. f7) in
the presence of an azide source, such as sodi um azi de. Such

azi dodeHhl ogesiae P gfhen @a&t@oﬁs i G4, rranslwptigpallyappiistedt @-¢nCt he art.
Reduct i on Oilk&xgepfrﬁﬁsrhw ngpﬂi%u ?Polfn%)lalfy%usﬁm&r \lvfﬁ?-ﬁé{o aningudrdIrRMRYC e

ef fected by using a numb 5red ucrwg agents wel I’ known in the art such
as Li A1H4, NeiBrexy OPFPY\(BOXYOR wpe(rlﬁh}lmlr@gle b’lS@lPﬁtlt}m@dVIthlm}@pYMtdlra/ﬂe wel | known

and descri b(ﬁﬁ@iote snﬁstl‘aftéd w1él} halo or y 1a[t)zy y[‘%& biﬂﬁa{r%acetuﬁgall RPL 8“6%51? pr i mary

amne (1) c prepared rec reacting an ,ap rop late aryl brom de
(7) W th anthemwforn seidembaiimers, hakuic bhlaw dr fiuptondco RE éxt ramidue! orpytivedimylesence

of a Catﬁal yc?r &)hgrlﬁf:apeu%%%}?y()e[%@%qablle sqlt Ql)e’r3o? t Plﬁ-ﬁl%rrﬁ? '%1 Q (sjae}é elinRgZﬁmiIR E %SSI um

car bonat’e, ra
cycl ohex anqdeﬁmmmaﬁh@mnnm)andsr oS st @s ualiburktiov t}amﬂuaircpntens iagthed 1 n t he

or omp 1y pridpdPRaT By et RBRRTEkAkrLE 8 TRRORe ugun Rh Rarling) ™
procedures that Aamerewetferrédnombodiment of the compounds of the present invention relates
to compounds of Formula I, wherein X is —-CHy— or -O—; nisOor 1; mis 0, 1,0or2;pis 0
20  or I; p must be 0 when X is -O—R' is -NHCOR, or pyrimidinyl; R? is fluoro; R? is -C;-
C; alkoxy or hydroxy; R* is pyridinyl optionally substituted with halo, pyrimidinyl
optionally substituted with halo, pyrizinyl, or thiazolyl; or a pharmaceutically acceptable
salt thereof. In said embodiment, halo is chloro or fluoro when R* is pyridinyl or
pyrimidinyl; or a pharmaceutically acceptable salt thereof. Furthermore, in said
25  embodiment, it is preferred that the compounds possess a cis configuration at the chiral
centers at the junction of the fused aminothiazine ring; or a pharmaceutically acceptable
salt thereof.
A further embodiment of the compounds of the present invention relates to
compounds of Formula I, wherein X is -CHy,— or—O—; nisOor 1;misOor 1;pisOor 1;
30  p must be 0 when X is -O—R' is -NHCORy, phenyl optionally substituted with —C,—C3
alkoxy, or pyrimidinyl; R* is fluoro; R® is —C1-Cs alkoxy or hydroxy; R* is pyridinyl
optionally substituted with halo, pyrimidinyl optionally substituted with halo, pyrizinyl,



5and established in the art. As will be readily understood, the steps to
prepare the conpounds of fornula |I are dependent upon the particular
conpound Wei2ng/®y18hesi zed, the starting conpound, and Ph@/uUSediaioiwas
lability of the substituted noieties. Preparations and Exanples 10The

foll ow ng preparations and exanples further illustrate the invention.
The nanes for the conpounds of the present invention are provided by
ChenDraw0 U tra, version 10.0. The mass spectronetry data, unless

specified otherwise, is obtained via LCMS: Phenonmenex Gemni C18 (2.0 x 50
um 3.5nm colum at a tenperature of 50 C +/- 10 15 Cwith a flow rate of
1 nml/mn. Térehietolili on dysiaeenticallysacteptdbgat ACK 0N InGaitiidndoriorent fmlhydr oxi de

el ect r ospr a3 ot D5 BE4E5 O pAGHT oDl R, il OihcSe SURL Gbotd i
Fr agnent or ; is prefergaiting th8Gomhowshpbssdss « Theonfasration onhe dgragmyerdatia unl ess

speci fi ed ot her w i.s obtai ned. via GCT/ - 20 Agi,l ent chr.omat.ogr aph
PR En Co. gunons? s BB ety e niar R PR sl SRRECS! 2088 o
in 7.3 8 nutes thewosthpedferatenddin{enf @rthedhpoiindd to€ shegpided isRhtidn relatek @ Of
20:1. Preparation 1 tert-Butyl 2-(ally] ox cet.ate 25 )

Sot abut o] R ok b bR B o B Rig By RO ardumd 4

sol ution ofp madiby mMwhed roxide;R( & -GNIKGOR 166G yamlidingINR W Fl@brof R%isLy,-and t ol uene
(14 L) at 20 C. Ally' alcgohol (801.5 g, 13.8 npl) is added and the m xture
is stirred dOor b:f%@fy;ﬁh.ls PYRging %la?aglyisgbsé‘%?de‘ﬁlﬂt]@l% OBPYHRdIE t - but yI

2- br onacet g@ndIry s§GhinAQ BitRA); ok & pREFEuELMaYcBABRIS AbRbNAntAE i nt er nal

tenperature below 15 C. The reaction m xture is stirred at roomtenperature

for 16 H THebodimaniyhalojischierm gf Beorainthan Rats@yridingl arpyamidlingiaes (12 L) and
-16- the organhfeRiatfad-spnfPaiiah&thr. FRehAINEOMIiRRABE S i REEE Wi th

MIBE (5 L). The conbined organic phase is dried over nagnesium sul fate,
filtered, athel teosremnetnditpeshess caf dopfiguratinn of fhelcbird spera adthasnetvingthess oi |

(2.6 Kg, 100%;4..F . o : I -{ Al'l yl oxy) acetic
acid 0 HOD ﬁdtaﬂt%l‘%‘?%ﬁ’ ?’5?2%}% %%‘é?%?%@%%@lké’?t ey mol) is added to
di chl or onet hane Anbthet nostprdidlenibedidicokaiee ¢oimpoldsio$ thagdadntiimveoime porti on
and the,;sol ut.ion | tirr fOr h. The solvent i mved
under rleszluc%%lteg}Oeésozn&foghcgsr?gg?%larzgs‘ﬁ%grugl >?§S ‘2??1%8%@‘ enrlg\baogg’u%lsa &?10 m

t enrper at ur eis DPR aif FHE AReR T & fluerocR his puridingl dpRorét]y siB084ed vES/ WG, M e: 117

(M+1l). Preparation. 3 2-(Al lylo y]}f-N- t hoxy- N--net hyl acet.am de 0 NJ-0 O 15
Thi oyl - ont Bty i Chte R B a R R B R SR e st
2- (al I yl oxyywhaa®tis gyraiylt of 3 pRarkgeeudiGaly ab®ip)abienalt tetten eFuiBedhoy, in @id t he
m xture is hq?%t ed at .65 g uEgFr a nitrogen atnosphere far |tr{h 'Il'lhel m xture
is cooled t9" SB?ﬁnf’étrfﬁ_B‘iﬁ ahthg CPRPYRERLPt® %S SPUISBHOB! the chira
N, 0- di n&} hydehpebr0uilj@amtigeothiefedhdminbtdiRzin@ridg; $ga pRakmbcdibéally aBgphbiet hyl
20mor pholine, (6.5 L, 59.2 nol) in dichloronethane (19 L) at 5 C. The
reaction niRttdeEeofs
An especially preferred embodiment of the compounds of the present invention
relates to compounds of Formula I wherein X is -O—; nis O; mis 1; p is 0; R'is
~NHCORy; R? is halo; R* is pyridinyl substituted with halo; or a pharmaceutically
25  acceptable salt thereof. In said embodiment, it is preferred that R’ is fluoro; or a
pharmaceutically acceptable salt thereof. Further, in said embodiment, it is preferred that
the compounds possess a cis configuration at the chiral centers at the junction of the fused
aminothiazine ring; or a pharmaceutically acceptable salt thereof.

A further especially preferred embodiment of the compounds of the present

30  invention relating to compounds of Formula I is



stirred at 25 C for 16 h. Water is added, and the reaction mxture is
extracted with dichl oronet hane. The conbi ned organi c phase is collected and
washed wiwb 20110538 (6 L), dried over magnesi um sul f at e PamdISCanoerss at ed
under reduced pressure. The residue is purified by silica gel

chromat ography eluting with ethyl acetate in hexanes to afford the 25 title
conpound (1.49 Kg, 50% . ES/M5 nfe: 16Q0{M+l1l). Preparation 4

2- (Al'l yl oxy)-1-(5-brono-2-fl uorophenyl ) et hanone -17- To a stirred -72 C
sol ution of 4-brono-1-fluoro-2-iodobenzene (130.4 g, 433.5 muol) in
tetrahydrofuran (722 nL) is added 2.5 M butyl lithiumin hexane (173.4 ni,
433.5 mmol ) under a nitro osphere over 40 min. The reaction is
stirred for 30 5mnutes & 172|C and

2- (al Iyl oxy) - N- et hoxy- N- nef hyl aeet am de (57.5 g, 361 2 nmol) in
tetrahydrofuran (115 nL f[ded dropwi se for 35 mnutes. After 45 mn at
-72 C, the cooling bathvi enoved and m xture is warned to 25 C. The
reaction i s quenc Awidt h sat ur at ed aqueous NHACL (500 nl), diluted with
water (300 nlL) & tracted three tines with ethyl acetate. Organics are
conbi ned, dried over magnesium sul f:&f @ phFmpeeatiealy 2qesanblesrethsisplient is

removed under rediaRMPrEIRYErerrd EnBRFAGYES ths ciMiduhd&F th¥pr&lchd ca gel
chromat ography using a |inear gradient of 5%to 10% ethyl acetate in

hexanes to igvepgion Fdating {4 eonyorp i dormsda is 6499 . ES/MS mie (79Br/ 81Br)

273/ 275 (M+l). The follow ng conpounds in Table 1 are prepared
essentially as described in: preparati on of

2-(allyl oxy)-1-(5-brono- ZDm&phenyl ) et hanone. 15Table 1 Prep Chemi cal
nane NVR or ES/MS (nme) 4a 2-(A Myl oxy)-1-(3-bronophenyl ) et hanone NVR1 4b
2-(Al'lyl oxy)-1-(3-brono;5 or ophenyl ) et hanone (29Br/81Br) 271/273 (M1)

4c 2- (Al lyloxy)-1-(5-br , 4- di fl uorophenyl) et hanone2 (29Br/81Br)
291/ 293 (M+1) 42/@&»&(}/| oxy) - 1- ( 3- br ono- 4-
; or a pharmaceutically acceptable salt thereof.
5 The compounds of Formula I are inhibitors of BACE. Thus, the present invention
also provides a method of inhibiting BACE in a mammal that comprises administering to
a mammal in need of said treatment a BACE-inhibiting amount of a compound of
Formula I. It is preferred that the mammal to be treated by the administration of the
compounds of Formula I is human.

10 As inhibitors of BACE, the compounds of the present invention are useful for
suppressing the production of AP peptide, and therefore for the treatment of disorders
resulting from excessive AP peptide levels due to over-production and/or reduced
clearance of AP peptide. A further embodiment of the present invention is the use of a
compound of Formula I for the manufacture of a medicament for treating a disease or

15  condition capable of being improved or prevented by inhibition of BACE. The
compounds of Formula I are therefore believed to be useful in treating or preventing
Alzheimer’s disease, mild cognitive impairment, Down’s Syndrome, Hereditary Cerebral
Hemorrhage with Amyloidosis of the Dutch-Type, cerebral amyloid angiopathy, other
degenerative dementias such as: dementias of mixed vascular and degenerative origin,

20  dementia associated with Parkinson’s disease, dementia associated with progressive
supranuclear palsy, dementia associated cortical basal degeneration, and diffuse Lewy

body type of Alzheimer’s disease.



fl uor ophenyl ) et hanone; 2-(allyloxy)-1-(2-fluoro-5-iodophenyl)ethanone3

| soner 1: (29Br/81Br) 273/ 275 (Mtl); Isomer 2: 593 (Mtl) 1 1H NWR (400
MHz, CDCMP:208/06738t, J = 1.6 Hz, 1H), 7.86-7.84 (m 1HpPCTSZ010/0¥1088
(m1H), 7.34 (t, J =7.9 Hz, 1H), 5.98-5.91 (m 1H), 5.34-5.23 (m 2H), 4.69
(s, 2H), 4.14-4.11 (m 2H). 2 Diethyl ether is utilized instead of THF as
the reaction solvent. 203 3:1 Tol uene:hexane is utilized instead of THF as
the reaction solvent. Conpounds are recovered as a m xture Preparation 5

2- (Al lyl oxy)-1-(5-brono-2-fl uorophenyl ) et hanone oxine -18- OHN | 2./

F To a solution of 2-(allyloxy)-1-(5-brono-2-fluorophenyl)ethanone
(118 g, 432.1 mml) iThe edrpamods (ftheprespntiisveatoe dr $ujtdl thesepl, amybe phepdircdchl or i de

{eniti on | SHOUEY LpREARE ik APRRTREe bt e BB B b & T

sol vent i s Prepapateds, tandiExampéekumknkf ﬁﬂxe%wf&: syiﬂhetm@qjsdimre:aﬂsoﬂmsﬂoetds w th water
(1 L) and i t ract The
O o o Snedeati § B o biRe g MESmbie, Pt ek SRSt ARErT Lent i s
renoved ynd@hem@m@@am@ﬁ@mﬂs of Poroltad| or shltethtricdf Ghe tpfqdoumdf @sh &epni Xt ure

of two possi bl €. 120 g, 96O ES/ M5 .m 9 288,. 290 (M+l).
10The fol | ot ”E’ﬁlﬁg’sca’fl hgﬁeé‘(ﬁ‘feé d?YaFPBV%‘P%'BiPW%é‘ Essé‘lé? MgieKyaciongescr i bed
in the pr ep@ﬁpdram gémgm(ti@hl&k&myc)gﬁphgz5ﬁ1&atmﬁou£urﬁthdipmm%whz)aablhanone
oxime. Table 2 Prep Chem cal name ES/M5 (m e

5a
(E, 2)-2- (Al lyl 0)&?)1313} (ege%h%%ﬁgw%s}léy%%qg}pég qu?gied and certain substituents

have been eliminated in the following schemes for the sake of clarity and are not intended

10 to limit the teaching of the schemes in any way. Furthermore, individual isomers,
enantiomers, or diastereomers may be separated at any convenient point in the synthesis
of compounds of Formula I by methods such as chiral chromatography. Additionally, the
intermediates described in the following schemes contain a number of nitrogen protecting
groups. The variable protecting group may be the same or different in each occurrence

15  depending on the particular reaction conditions and the particular transformations to be
performed. The protection and deprotection conditions are well known to the skilled
artisan and are described in the literature. See. e.g., Greene and Wuts, Protective Groups
in Organic Synthesis, supra.

The abbreviations used herein are defined according to Aldrichimica Acta, Vol.

20  17,No. 1, 1984. Other abbreviations are defined as follows: “Prep” refers to preparation;
“Ex” refers to example; “min” refers to minute or minutes; “ACN” refers to acetonitrile;
“DIPEA” refers to diisopropylethylamine; “DIC” refers to diisopropylcarbodiimide;
“Et,O0” refers to diethyl ether; “EtOAc” refers to ethyl acetate; “HATU” refers to 2-(1H-
7-azabenzotriazol-1-yl)--1,1,3,3-tetramethyl uronium hexafluorophosphate

25  methanaminium “HBTU” refers to O-benzotriazole-N, N, N’, N -tetramethyl-uronium-
hexafluoro-phosphate; “HOAt” refers to 1-hydroxy-7-azabenzotriazole; “iPrOH” refers to
isopropanol; “MeOH” refers to methyl alcohol or methanol; “(OEt)” refers to ethoxide;
“PyBOP” refers to benzotriazol-1-yloxytripyrrolidino-phosphonium
hexafluorophosphate; “PyBrop” refers to bromo-tris-pyrrolidino phosphoniumhexafluoro

30  phosphate; “DMAP” refers to 4-dimethylaminopyridine; “PPh;” refers to
triphenylphosphine; “TFA” refers to trifluoroacetic acid; “THF” refers to tetrahydrofuran;

“EtOH” refers to ethyl alcohol or ethanol; “SCX” refers to strong cation exchange; “Tr”



(79 Br/81Br) 270/272 5b (E, 2)-2 -(A llyloxy)-1 -(3 -brono-5
-fl uorophenyl ) et hanone oxine (79Br/81Br) 288/ 290 Sc
(E, 2) - 2- (WDI29110005)381- ( 5- br ono- 2, 4- di f | uor ophenyl ) et hanomeTaxs2ome/04i03B8r / 81Br )
306/ 308 5d (E,2)-2 -(Allyloxy)-1 -(3 -brono-4-fluorophenyl)ethanone oxi ne;
(E, 2)-2- (Al yl oxy)-1-(2-fluoro-5-iodophenyl)ethanone oxi ne4 |soner 1:
(79Br/81Br) 288/290; I|somer 2: 336 4 Qonpounds are recovered as a m xture.
15Preparati on 6 Racem c
(3aSR, 6aSR) - 6a- ( 5- Brono- 2- f | uor ophenyl ) hexahydr of uro[ 3, 4-c] i soxazole -19-
Br A solution of 2-(allyloxy)-1-(5-brono-2-fluorophenyl)ethanone
oxi me (120 myferstd Fetentoh fimen“IKyd” eefers (@thk poricenthaian ethnsdgerdi4int Grodoges 6019, The
reaction is 0 nd .1 he Vv |81 T e ndgspr, gmr ssure to
gi ve a sol ioc}(.iﬁalllﬁ%q%lo lgla%i{g%ry%éélg?rg%%%%%/e fg%%{tl agﬁlﬁat‘ﬁﬁg)n r\%%#ﬁg :gloﬁexanes/ MTBE
t o gi ve t heprtdurdoepoanin tDMENIBEfgs tol2MpeccESMBifiet] &aglé B BilddBilnirF 1288 fer90
(Mm+1). he | om ng.ceupaunds_in Tabl e 3 ar, epared essentially as
Goscl i bed 8 HATE: pPEBRPUPT SHROPIPALERI BUMhe Sefin? FrBFERRGCE
( 3aSR, 6aSR) fiades¢cbreoomnet dnktgd hiapfan yHERereddty ttabian 0fmBryénic &]dnspxazol e.
10Table 3 F, rD%PPPQ‘}thS%Oa Il)latre]:ﬁ:ﬁerived amyloid precursor protein; and “RFU” refers to
relative fluorescence unit.
In the schemes below, all substituents unless otherwise indicated, arc as
previously defined. The reagents and starting materials are generally readily available to
10 one of ordinary skill in the art. Others may be made by standard techniques of organic
and heterocyclic chemistry which are analogous to the syntheses of known structurally-
similar compounds and the procedures described in the Preparations and Examples which

follow including any novel procedures.

Scheme 1

coupling R*
conditions

3) @

Scheme I depicts the acylation of an appropriate amine compound of formula (1)

15

with an aryl carboxylic acid of formula (2) to give a compound of formula (I) after the
deprotection of the intermediate (3). “PG” is a protecting group developed for the amino
group, such as carbamates and amides. Such protecting groups are well known and

20  appreciated in the art.

A compound of formula (1) is reacted with a compound of formula (2) under
coupling conditions. One skilled in the art will recognize that there are a number of
methods and reagents for amide formation resulting from the reaction of carboxylic acids
and amines. For example, the reaction of an appropriate compound of formula (1) with

25  an appropriate acid of formula (2) in the presence of a coupling reagent and an amine
base, such as DIPEA or triethylamine, will give a compound of formula (3). Coupling

reagents include carbodiimides, such as DCC, DIC, EDCI, and aromatic coupling



ES/M5 (me) (Mtl) 6a Racem c (3aSR, 6aSR) - 6a- ( 3-

Br onophenyl ) hexahydr of ur o[ 3, 4-c] i soxazol e (79Br/81Br) 270/272 6b Racem c

( 3aSR, 6aSRP-26u/00373Br onp- 5- f | uor ophenyl ) hexahydr of ur o[ 3 P¢Ta]Se&I0%08aW64
(79Br/81Br) 288/290 6¢ Racem ¢ (3aSR, 6aSR) - 6a- (5-Brono- 2, 4-

di f | uor ophenyl ) hexahydr of uro[ 3, 4-c] i soxazol e5 (79Br/81Br) 306/ 308 6d
Racem ¢ (3aSR, 6aSR) - 6a- ( 3- Br ono- 4- -13-

f I uor ophenyl ) hexahydr of uro[ 3, 4-c] i soxazol e; Racem c

(3aSR, 6aSR) - 6a- ( 2- Fl uor o-5- i odophenyl ) hexahydr of uro[ 3, 4-c] i soxazol e5' 6

| somer 1: (79Br/81Br) 288/290; Isomer 2: 336 5 This reaction is perforned
i n tol uene keegentiSsuhbay OBt aniF00&. | Additicmeldy, @tbnivnber, phespBonipousaltisofawa-

((or. asr n Rl i, JEEROAGH HiaFo, punor sp PRETE B gt iplce of
15yl ) met hantbt more-t2{ditional coupling reagents. Additives such as DMAP may be used to enhance
the reactions. Alternatively, a compound of formula (1) can be acylated using substituted

5 benzoyl chlorides in the presence of a base, such as triethylamine or pyridine.

The protecting group in intermediate (3) can be removed under acidic or basic
conditions to give the compounds of formula (1). The deprotection of such compounds is
well known and appreciated in the art.

In an optional step, a pharmaceutically acceptable salt of a compound of Formula

10 (I) can be formed by reaction of an appropriate free base of Formula (I) with an
appropriate pharmaceutically acceptable acid in a suitable solvent under standard
conditions. Additionally, the formation of such salts can occur simultaneously upon
deprotection of a nitrogen protecting group. The formation of such salts is well known

and appreciated in the art.

15 Scheme T
3
(R)p
X ~s
\ _ R1-B(OH),
( )ﬁ NJ\N,PG 5)
H
Y 2
(R
4 I

Scheme IT depicts the alkylation of an appropriate compound of formula (4) with

an aryl boronic acid (5) to give a compound of formula I after deprotection of the
20  intermediate (6). Y is trifluoromethanesulfonyl or a halogen, such as Bror I. R' is an
aryl group, such as phenyl, or a heteroaryl group, such as pyridinyl.

For example, an appropriate compound of formula (4) is reacted with an
appropriate boronic acid (6) under Suzuki-Miyaura cross coupling conditions. The
skilled artisan will recognize that there are a variety of conditions useful for facilitating

25  such cross-coupling reactions. Accordingly, a suitable palladium reagent includes
bis(triphenylphosphine)palladium(II) chloride, tris(dibenzylideneacetone)dipalladium (0)
with tricyclohexylphosphine, (1,1’-bis(diphenylphosphino)ferrocene)palladium(IT)



Zinc powder (190 g, 2.91 nol) is added to a m xture of racemc

(3aSR, 6aSR) - 6a( 5- br ono- 2-f | uor ophenyl ) hexahydr of uro[ 3, 4-c] i soxazole (84 g,
290 mmol )WOonouo®si38 acid (1.4 L) at a rate maintaini ng Pog/USeno@taBUr e

bel ow 30 C. The reaction is heated at 40 Cfor 5 h. The reaction is cool ed
to roomtenperature and is filtered through a pad of 5di atonmaceous earth,
washed with acetic acid and water (2001#ali). The solvent is renoved under
reduced pressure. Water (500 nlL) is added to the residue, and the pHis
adjusted to pH 10 with 2 M aqueous sodi um hydroxi de. The basi c agueous
suspension is extracted three tines with 15% i sopropyl al cohol in

di chl or omet dhdmsle(BHaB OO tettakistriphenydrhtphmedorgrfatiin(ll) agetate.i 4 suitablecbagy er
nmagnesi um s t . ressure to
gi \g/e t he tl {;lu& %esuﬁg C%ansa%a Vd\ﬁlf% calrl?o a?eng?t%sglu %ogétg/()olil%%%?s p
(798r/81Br)p@@;ﬂl,ateZEIQas(cMidn)ohydrate The foI I OWI ng corrpounds in TabI e 4 are

prepared essent |,@I I ﬁotagl described in t i?r at hon of .

((3R5, 45R) - 4- ani N6 PA (BB POHB 23 HBYG] H‘E a? & ﬁsycd?OWUPlésn‘ﬁgil Pket hanol .
15Tabl e % ergnoapemwaf fom@anie [ EShdBpowdcepn ()Ma&l) cohgpdiadsamivell known and
((3R5,45R) -4 91%3 br onophenyl ) t et r ahydr of ur an- 3-yl ) met hanol
(793r/ealEar)aI’?ffﬁ?@l 4“ aacem ¢ ((3R5, 45R) - 4- Ani no- 4- ( 3- br ono- 5-

fl uorophenyl)tetrahydrof uran-3-yl) medchanetin (79Br/ 81Br) 290/292 7c¢ Racem ¢
((3R5, 45R) - 4- Ami no- 4- ( 5- br ono- 2, 4-

di f 1 uorophenyl ) tetrahydrof ur an- 3- yl ) met hanol (79 S0y 8lBr) 308/ 310 7d Racem c
((3R5, 45R) - 4- Am no- 4- ( 3- br ono- 4-

fl uorophenyl )t et rahydrof uran-3-yl) net hanol ; rab )(\ IR5, 4

SR) - 4-am no-4-(2 -fluoro-5- iodophenyl)tetrahydt rah 3-yl) met hanol7

| somer 1: (79Br/81Br) 290/292; |somer 2: \
(Rp / Tk,
X g (®)
(L)

N/ N,PG .
n H
Br ) s

(R ) (R )p\

(7 { S
Q) N

H
H.N

’ (R

Scheme I1I depicts two variations to prepare the primary amine (1) starting from
10 an appropriate aryl bromide (7).

In one variation, azido-dehalogenation is performed on the appropriate aryl
bromide (7) in the presence of an azide source, such as sodium azide. Such azido-
dehalogenation reactions are well known and appreciated in the art. Reduction of the
resulting azide (8) to the primary amine (1) may be effected by using a number of

15  reducing agents well known in the art, such as LiAlH,4, NaBH,4, PPh;, or via
hydrogenation conditions that are well known and described in the art.

Alternatively, the appropriate primary amine (1) can be prepared directly by
reacting an appropriate aryl bromide (7) with an ammonia surrogate, such as

trifluoroacetamide in the presence of a catalyst, such as copper iodide, a base, such as



338 7 20 equivalents of zinc dust are used in 0.06 Macetic acid.

Conmpounds are recovered as a m xture. Preparation 8 Racem c
N ( ( 3SR, AMRB)208/00573Br ono- 2- f | uor opheny1) - 4- ( hydr oxymnet hy PrraiSe@iopdross ur an203
-yl car banot hi oyl ) benzam de -21- To a solution of racemc

((3R5, 45R) - 4- am no- 4- ( 5- brono-2- fl uorophenyl)tetrahydrofuran-3-yl)net hanol
(75 g, 259 mmol) in tetrahydrofuran (1.13- L) at 25 C under a nitrogen

at nosphere i s added dropw se 5bis(trinmethylsilyl)trifluoroacetam de (76.3
m., 259 mmol ) keeping the internal tenperature below 30 C. The reaction is
stirred at 25 C for 30 m nutes. Benzoyl isothiocyanate (38.4 nL, 284 nmol)
i s added ovmrasdimrparpobas akéeppang, suab ey (Ta) tremenp&T-dimettyl bt ow 35 C and t he
reaction is prred.at. 25 for.. 1 Do Jdhe r 1.on 1M . re . is diluted
win etnyl aSsPECalye s it L0 BRI AR § et 10 (s x
500 ni), foll owesh vyl beadadily sppaediatddn eompiduedssaflfortriutan(7) sandreipeemmlyer nmagnesi um

sul fate and the solvent,is .re ed under, reduced pressure, The .residue is
our i £ od byl SO eiOds xpleE OB dR TR ITLBY ProBSdines Meliivs TdeO8 o4« 0 2096
et hyl acet aind cktablhkadinelse 4r0 A will behedily thderse@aphu sdps(td p&pare A% . ES/ MS nl e
(79Br/81Br) 453, 45 M+1) . The follow conmpounds in Tabl e are prepared
essenti al | ycogg’oﬂlédéé)?f%‘é‘ﬂljéilﬁretJrq?BenfS‘ﬁr“QB‘éﬁ’gP%‘EB@ffcoﬁﬁ’8%‘?ﬂ '??“%%S(t‘ esized,

SR, 4R5) - 3- (fhc HEGIAR c@mpdu@r=208 the relative lability of the substituted moieties.

henyl) - 4- (hydr oxynet hyl ) t et r ahydr of ur an- 3-yl car banot hi oyl ) benzam de. Tabl e

5 Prep Chem cal name ES/M5 (me) (M+rl) 8a Racemc

N- ( (3SR, 4R5) - 3- (3- Bronopheny 1) piparations and Examples _
(hydr oxymat hyl )t et rahydr of ur an- 3- yl car banot hi oyl ) benzam de (" Br/81Br)

435/ 43718b Racerfilg falowine mrpapm)s Jude3applgnirberilygps shdnyenyion-
(hydr oxynet hyl ) t1gt L @RYdGPfhY el Gindd &ﬁﬁ%ﬁ@&hﬁh@éﬁm@%%@m&é@ b Br/81Br)
453/ 455 8c Racemc N ((3 SR 4F\’D5) -3-(5-Brono- 2, 4-di fl uor ophenyl) - 4-
( hydr oxy et GyamRrevRdirervstsianal®-3- y| car banot hi oyl ) benzani de
The mass spectrometry data, unless specified otherwise, is obtained via LC/MS:
Phenomenex Gemini Cyg (2.0 x 50 um, 3.5um) column at a temperature of 50 °C +/- 10
15  °C with a flow rate of 1 mL/min. The elution system is 5 to 100% ACN w/ 0.1%
ammonium hydroxide for 7.0 minutes then held at 100% ACN for 1.0 minute coupled
with electrospray ionization (100-800 amu scan range; 0.2 amu step; 80v Fragmentor; 1.0
gain; 80 threshold).
The gas chromatography data unless specified otherwise is obtained via GC/MS:
20  Agilent gas chromatography DB-5ms (0.25 mm x 15 m x 0.25 um) with a temperature
program of 60 - 280 °C in 7.3 minutes then held at 280 °C for 2.0 minutes and a split ratio
of 20:1.

Preparation 1

tert-Butyl 2-(allyloxy)acetate

ﬂ\oj\/o\/\

Tetrabutylammonium hydrogenosulfate (470 g, 1.40 mol) is added to a solution of
sodium hydroxide (6.6 Kg, 165 mol) in water (14 L) and toluene (14 L) at 20 °C. Allyl
alcohol (801.5 g, 13.8 mol) is added and the mixture is stirred at 20 °C for 1h. The

25

mixture is cooled to 5 °C, and tert-butyl 2-bromoacetate (4 Kg, 20.5 mol) is added slowly
30  maintaining the internal temperature below 15 °C. The reaction mixture is stirred at room

temperature for 16 h. The mixture is diluted with water (12 L) and hexanes (12 L) and



(79Br/81Br) 471/473 WD 2011/ 005738PCT/ US2010/ 041034 -22- 8 Conpounds are

recovered as a mxture. Preparation 9 Racem c

N- ( (4aSR wa2011/005738 PCT/US2010/041034

R) - 7a- (5- Brono- 2- f | uor ophenyl)-4a, 5,7, 7a-tetrahydro-4Hfuro[ 3,4-d][1, 3] thia
zi n-2- 5yl )benzam de To a 15 C m xture of racemc

N43SR, 4RS) - 3- ( 5- br onp- 2- f | uor opheny1l) -46-
(hydr oxymnet hyl ) t et r ahydr of ur an- 3- yl car banot hi oyl ) benzam de (110 g, 243
mol ) and triphenyl phosphine (76.4 g, 291 nmol) in tetrahydrofuran (970 nlL)
is added di-tert-butyl 10azodi carboxylate (67.1 g, 291 mmol) in 3 portions
over 10 m ntht egaikiephisng scprrgedialhetagnges phiase B chedooad With MMTBEf(f &0. Thee
.addl tion, t&?n 'ineea%;l 8{8 g!ls)étisu&r?edlo%ersélé rnr %&ngﬁlfa%eS ﬁgerL&ran cct}}%grqtf t-ﬁqg SO' vent
i s renmoved Under reguce pressure an the'residue s puri |ecfeby silica gel
chr omat ogr agffoyd ths itilg cempduné as codorbesi @h2.cof g, 140%:). OESBES retehi/13 (dtidd.at e in
hexanes to give the title conmpound (80 g, 76%9. ES/M5S nie (79Br/81Br) 435,
437 (M+l). 15The foll owi ng conpounds in Table 6 are prepared essentially as
described in the preparation of rad®agpdration2
N ((4aSR, 7aSR) - 7a- (5- br onp- 2- f | %g{jﬁ&?enﬁg -4a,5,7, 7at etrahydr o- 4H f ur o[ 3, 4-
d][1, 3]t hi azi n-2-yl ) benzani de. Ta BYPEPC e cal name ES/ VB (i e)
(M+1l) 9a Racem c N-((4aSR, 7aSR) - 7a- (@- Bronophenyl)-4a, 5,7, 7a- (79Br/81Br)
tetrahydro-4Hfuro[ 3, 4-d] [ 1, 3]t hi azih- 20yl yhenzam de 417/419 Racenic
N ((4aSR, 7aSR) - 7a- ( 3- Bronp- 5-f | qu'8pheny1) - " 9b

Tert-butyl 2-(allyloxy)acetate (2.6 Kg, 15.1 mol) is added to dichloromethane

(14 L). 4 M HCl in dioxane (14 L) is added in one portion and the solution is stirred at 25
10 °C for 16 h. The solvent is removed under reduced pressure and the residue is dried under
vacuum at room temperature to afford the title compound (2.2 Kg, 100%). ES/MS m/e:
117 (M+1).
Preparation 3

2-(Allyloxy)-N-methoxy-N-methylacetamide

15
Thionyl chloride (1.5 L) is added in one portion to a solution of 2-(allyloxy) acetic

acid (2.2 Kg, 18.9 mol) in toluene (3.0 L), and the mixture is heated at 65 °C under a
nitrogen atmosphere for lh. The mixture is cooled to room temperature and is added to a
solution of N,O-dimethylhydroxylamine hydrochloride (2.1 Kg, 21.5 mol) and N-methyl
20  morpholine (6.5 L, 59.2 mol) in dichloromethane (19 L) at 5 °C. The reaction mixture is
stirred at 25 °C for 16 h. Water is added, and the reaction mixture is extracted with
dichloromethane. The combined organic phase is collected and washed with 1 M HCl (6
L), dried over magnesium sulfate and concentrated under reduced pressure. The residue
is purified by silica gel chromatography eluting with ethyl acetate in hexanes to afford the
25  title compound (1.49 Kg, 50%). ES/MS m/e: 160 (M+1).

Preparation 4

2-(Allyloxy)-1-(5-bromo-2-fluorophenyl)ethanone



4a,5,7, 7a-tetrahydro-4H-furo[ 3,4-d][ 1, 3]thiazin-2- yl)benzam de (79Br/81Br)
435/ 437 WD 2011/ 005738PCT/ US2010/ 041034 -23- 9c Racem c

N ( (4aSR wasSm1/0ha7385- Br onp- 2, 4- di f | uor ophenyl) - PCT/US2010/041034

4a, 5,7, 7a-tetrahydro-4H-furo[ 3,4-d][ 1, 3]thiazin-2- yl)benzam de9
(79Br/81Br) 453/455 9d Racemi ¢ N-((4aSR, 7aSR) - 7a- ( 3- Br ono- 4- f | uor opheny1l) -
4a, 5,7, 7a-tetrahydro-4H-furo[ 3, 4-d] [ 1,3}t hi azi n-2- yl)benzam de; racemc

N ((4aSR, 7aSR) - 7a- ( 2- Fl uor o- 5-

i odophenyl)-4a,5,7, 7a-tetrahydro-4H-furo[ 3, 4-d][1, 3] thiazi n- 2-

yl ) benzam dem I soner 1: (79Br/81Br) 435/437; lsoner 2: 483 9 Purified by
radi al chromat ography eluting with 10%to 15% ethyl acetate in hexane. 10
Conpounds are recovered as a m Rtyre,tefacation 10 5N ((4aS,

7a5) - 7a- ( 5- Brono- 2-f | uor ophenyl) - 4 , 7, 7a-tetrahydro-4H-furo[ 3,4-d][1, 3]

t hi azi n-2-yl ) benzam de H Rac&me N-((4aSR, 7aSR) -

(7a(5- brono- 2- quoroph 1) - 5 7, 7a-tetr hydro 4Hf ur of dl[1, 3]thiazin-
2-yl ) benzani de (f@@tﬂegz’é b fipn pid- Ei?mof]i rBS;'IB?lﬂbF‘ézien?-éé@:“ g10Chi r al cel
QJ-H 8 x 234m mAbY iltetr@lydRSfiran 802 mi0 i MEDRBAK butyAGRTANH hédah@)1784at h 0. 2%
dlnethylethylanlne flow, 300 nL/mn at UV 254 nm_The second el uting

i somer is i@biaBednmel) yrdsyp arogsikatesiiercorerd0cain yhe restiaystited fe WYonpound
(420 05 40%hnuicE N WBhey AIBIABLBRS- 2 80nSerdMid)s7 5 ¢ 3612 moflp

fol l ow ng conpounds in Table 7 are prepared essentially as described in the
15pr epar at i Brctehydoiufapadls mL) is added dropwise for 35 minutes. After 45 min at -72 °C,

7as) - 7a- (5-f 95Blﬁng bith WAL QABAG MG hiifftreTs WarfiRat§84 RIVEHQadttbn is quenched

with saturated aqueous NH4Cl1 (500 mL), diluted with water (300 mL) and extracted three

times with ethyl acetate. Organics are combined, dried over magnesium sulfate, filtered,
10 and the solvent is removed under reduced pressure. The residue is purified by silica gel
chromatography using a linear gradient of 5% to 10% ethyl acetate in hexanes to give the
title compound (63 g, 64%). ES/MS m/e (Br/*'Br) 273/275 (M+1).
The following compounds in Table 1 are prepared essentially as described in the

preparation of 2-(allyloxy)-1-(5-bromo-2-fluorophenyl)ethanone.

15 Table 1
Prep Chemical name NMR or ES/MS (m/e)
4a 2-(Allyloxy)-1-(3-bromophenyl)ethanone NMR!
4b 2-(Allyloxy)-1-(3-bromo-5- (”Br/*'Br) 271/273
fluorophenyl)ethanone (M-1)
4c 2-(Allyloxy)-1-(5-bromo-2,4- (”Br/*'Br) 291/293
difluorophenyl)ethanone® (M+1)
T ST
2-(Allyloxy)-1-(3-bromo-4- 150;;;;217. 5( (131/1)]-30
4d fluorophenyl)ethanone; Isomer 2- ’
. 3 .
2-(allyloxy)-1-(2-fluoro-5-iodophenyl)ethanone 593 (M-+1)

1 "H NMR (400 MHz, CDClLs): 8.06 (t, J = 1.6 Hz, 1H), 7.86-7.84 (m, 1H), 7.71-
7.68 (m,1H), 7.34 (t, ] =7.9 Hz, 1H), 5.98-5.91 (m, 1H), 5.34-5.23 (m, 2H), 4.69
(s, 2H), 4.14-4.11 (m, 2H).
2 Diethyl ether is utilized instead of THF as the reaction solvent.
20 3 3:1 Toluene:hexane is utilized instead of THF as the reaction solvent.
Compounds are recovered as a mixture

Preparation 5

2-(Allyloxy)-1-(5-bromo-2-fluorophenyl)ethanone oxime



furo[3,4-d][1,3] thiazin-2-yl)benzam de. Table 7 Prep Chem cal name ES/ M5
(me) (M1l) 10a N-((4ab, 7a5)-7a-(3-Bronophenyl)-4a,5,7, 7a-tetrahydro-4H
furo[ 3, 4-wD[201135138azi n- 2-yl ) benzam de (79Br/ 81Br) 417/ 2C%/UB¢10/041034

N- ((4a5, 7a5) - 7a- ( 3- Brono- 5-f | uor ophenyl) - 4a, 5, 7, 7a-t et r ahydr o-

A4H furo[ 3, 4-d][1, 3]t hiazin-2-yl)benzam de (79Br/81Br) 435/437 WO

2011/ 005738PCT/ US2010/ 041034 - 24- -1810c

N44a5, 7a5) - 7a- ( 5- Brono- 2, 4-di f 1 uor ophenyl) -4a, 5, 7, 7at et r ahydr o- 4H f ur o[ 3, 4-
d][1, 3] thiazin-2-yl)benzam de (79Br/81Br) 453/ 455 Preparation 11

Racem c (4 aSR, 7 aSR)-7a-(5 -Brono-2-fluorophenyl)-4 a,5,7,7
a-tetrahydro-4H-furo [3 ,4- d][1, 3]thia@Hn-2-amne HH 5 5 N Aqueous
hydrochloric acid (158 L) is added toN|I\I-(7a-(5-bronD- 2-

fl uorophenyl)-4a, 5, 7, 7a- t et r ahy®mQ-a- 37 %:d] [ 1, 3] t hi azi n- 2-yl ) benzani d
e (16.35 g, 7.89 mol) and the m e is heated to 90 C. After 18 hours,
the mxture is allowed to F

To a solution of 2-(allyloxy)-1-(5-bromo-2-fluorophenyl)ethanone (118 g,
432.1 mmol) in ethanol (1.7 L) is added hydroxylamine hydrochloride (34.5 g, 496.9
mmol) and sodium ethanoate (40.8 g, 496.9 mmol) at 25 °C. The reaction is heated at
5 70°C for 1 hr. The reaction is cooled and the solvent is removed under reduced pressure.

The residue is washed with water (1 L) and is extracted three times with dichloromethane
(3 X 500 mL). The organic phase is dried over magnesium sulfate, filtered, and the
solvent is removed under reduced pressure, to obtain the title compound as a mixture of
two possible oximes (120 g, 96%). ES/MS m/e (”Br/*'Br) 288, 290 (M+1).

10 The following compounds in Table 2 are prepared essentially as described in the

preparation of 2-(allyloxy)-1-(5-bromo-2-fluorophenyl)ethanone oxime.

Table 2
) ES/MS
Prep Chemical name (m/e)
(M+1)
5a . (”Br/*'Br)
(E,Z)-2-(Allyloxy)-1-(3-bromophenyl)ethanone oxime 270/272
5b (E,Z)-2-(Allyloxy)-1-(3-bromo-5-fluorophenyl)ethanone (”Br/*'Br)
oxime 288/290
5¢ | (E,Z)-2-(Allyloxy)-1-(5-bromo-2,4-difluorophenyl)ethanone (”Br/*'Br)
oxime 306/308
(E,Z)-2-(Allyloxy)-1-(3-bromo-4-fluorophenyl)ethanone (gﬁoB?}Sf];r)
oxime; .
o (E,Z)-2-(Allyloxy)-1-(2-fluoro-5-iodophenyl)ethanone 288/290’_
oxime* Isomer 2:
336

4 Compounds are recovered as a mixture.

15 Preparation 6
Racemic (3aSR,6aSR)-6a-(5-Bromo-2-fluorophenyl)hexahydrofuro[3,4-c]isoxazole



cool to anmbient tenperature and washed wi th di chl oronet hane. The organic

| ayer is 10 extracted once with 5 N aqueous hydrochloric acid. The pH of

t he aqueow® 2bay®s738s adj usted to basic with 50% aqueous PsadiSconoloysoxi de
and is extracted twice with 10% i sopropyl al cohol : dichloronethane. The
organic layer is concentrated under reduced pressure. The resulting residue
is purified by radial chromatography ellating with 2% to 5% 7 N anmonia in
met hanol : di chl oronet hane to give the title conpound (2.23g, 47% . 15ES/ M5
me (79Br/81Br) 331, 333 (M+l). The foll owi ng conmpounds in Table 8
are prepared essentially by the nethod of racemc

(4aSR, 7aSR) - 7a- (5- bronp- 2-f | uoroiﬂrbnyl) 4a, 5,7, 7a-t et rahydro- 4H-furof 3, 4-

d][1, 3]thiazin-2-am ne Table 8 apeg ES/M5 (me) (Mrl) 11 a
Racem ¢ (4aSR, 7aSR) - 7a- ( 3- Brono }\,uoroph N 4a 57, 7a-

t etrahydro-4H-furo[ 3, 4-d] [ 1, 3] t hi_gHr= 2-am ngiHemcem ¢

(4aSR, 7aSR) - 7a- ( 2- Fl uor o- 5- |odo -4a,5 fa-tetrahydro- 4Hfuro
[3,4-d] [1,3 ]Jthiazin-2-am nekt omer 2:pr rer 1. (79Br/81Br) 331/333;
379 -25- Preparation 12 N-“4 asS, 7aS)-7 a-(5 - Am no-2-fl uorophenyl)-4 a,5
, 7, 7a- tetrahydre%mq-hlltfoart)é2{(&1 oKky)-di(p-brome riflagrophepy hethasepoarme 61202N  5To a 2
L round ot § GRS e 78 Fhmmm fAEkT an S Tbe dadd aigapheny 1) -
4a,5,7, 7a-tetrahydro-4Hfuro[ 3,4-d][ 1, 3] thiazin-2-yl)benzamde (35.0 g, 80
4 mml) t ryofveniop m@émd@ere@mdErQQS,urqwgl‘mﬂﬁO)ld Elpyolid (sl purifiedibyle (2. 66 g,

13 7 ), : te (21.5
g, D) |')“ﬁ9%w% g?%‘é‘(“%é‘%ﬁ%% ‘%%‘A’%thg“gée%ﬁ q‘“‘ﬁjgéﬁ%%ﬂ]dé%fa'fcgkﬂl?i Il ed
with nit rog(érBr/ ]Br)428$|, 2)9&19(11\@#1()731 m.) 10 (preV| ously degassed with

vacuum ni tr ogen) dded via cann N, N -.di.nethyl ns..(+/ -

L yel ohexanedig e (e Ry RRIE e s BproRa Ny sEafFA P dore RS o aced
ina pr eheaﬁrepilramoh obatémiat 3d8BhaSRand (Sbriomoedfhatrofthonyd e edipédotroiB&-f or 19 h.
The septum | ) regll aced by a reflux condenser and a m xture of nethanol (154
m.) and wat @ i s added through the condenser. The m xture is
stirredimt Ila(MbIJ for 3 5 h, cooled to 1522 C, and concentrated partially
under reduced pressure (to 0.6 L vo] une) . Aqueous anmmonilumshye@x) de (25%
154 nL) is addéd |and the mi xt ur Ehfmicakiamead for 10 ni n. The(m'+>1§ urelis

extracted thr%% rmes W th ridilic @eet 8dsR)(63-(X 500 nL) and {he/Sghvept is
renoved under recluced p{o%ﬁhgnc;l)h&aﬁﬁﬁ@)fq%@g%IQ)Qggyl@ed t hat Qﬁ)/;p;grif ed by
flash chrongtograpny w i, aid @Qﬁmﬁ(g%?pgr&ﬁ 030% t0o 75% ]@ry&uBg ate in

hexane to giyve the 20 {j ke GOHRQ AB53%-Gisoffle: ES/ VB M&nog72 (Mrl).
6¢c Racemic (3aSR,6aSR)-6a-(5-Bromo-2,4- (”Br/*'Br)
diﬂuorophenyl)hexahydrofuro[3,4—0]isoxazole5 306/308
Racemic (3aSR,6aSR)-6a-(3-Bromo-4- %%OBH}SfBI )
6d fluorophenyl)hexahydrofuro[3,4-c]isoxazole; Racemic (288r/29 OF)
(3aSR,6aSR)-6a-(2-Fluoro-5- 1 2’_
iodophenyl)hexahydrofuro[3,4-c]isoxazole™ ® SO??;E '

5 This reaction is performed in toluene for 18 hours at 150 °C in a sealed tube.
6 Compounds are recovered as a mixture.

Preparation 7

Racemic ((3RS,4SR)-4-Amino-4-(5-bromo-2-fluorophenyl)tetrahydrofuran-3-

15 yl)methanol
H H
$ "NH, NH,
F F

Br Br



Preparation 13

N- ((4ab, 7ab) - 7a- ( 3- Azi dophenyl)-4a, 5,7, 7a-tetrahydro-4Hfuro[ 3, 4-d][ 1, 3]thi
azi n-2- Wohenzmsidde E NN -26- A 0.66 M solution of LPasaseoioos®ssd is
prepared by dissolving L-ascorbic acid sodiumsalt (0.79 g, 2.0 nmmol) in
water (6 nmL). N-((4a5, 7a5)-7a-(3-bronophenyl)-

4a, 5,7, 7a-tetrahydro-4H-furo[ 3, 4-d] [ 1,3t hi azi n- 2-yl ) benzam de (1.40 g,
3.35 mml ) and 1, 2-cycl ohexanedi am ne, N,N -dinmethyl-, trans (+/-) (162 ny,
1.11 mmol) are dissolved 5 in ethanol (13.4 nlL). Sodium azide (0.661 g,
10.1 mmol ) is added. The 0.66 M aqueous L-ascorbic acid sodiumsalt (2.24
m.) and wat er (ZigSoawdpr @pPegatitledol) Frddedtaetmiintrd dfasdemic(3a$R. &R Wt h a

reflux cond i e, ] e v W T it rogen.
Copper (11 Catfhoaflkiflbah forl Br EIRRREG- SO0 4% ARIARES ikl L' PR
reaction fl@skl)iasa reameidtainingBiBe Cnpaatist balovedo f@r THe Badtion Theated acii°6n

m xture is copled.to roomte rature 10and ice ter,is ,added.. The
Toactton m SPobe e RabRRR BT, Rt EmAahf: o S AR abRef 8750 "conbi ned
or gani ¢ phadigtomscediid @gthovahedwih autis adid atdevaad200LE ofheanlventss feavosded under

reduced pressure to give a [.esi at 1s rified o ilica. gel wth 50%

Gyl - acet atier e ieers oVgRUA RL) ot Rl 00 Boet § 25y Fur s

el ution of fher fol gty FOiGuBIs Wbditin hO@UiaE hyhe G bgiBuydue)dsSionRIirddidd €

conmpound (0. 488 g, 41‘V%0. ESIMS nie: 15380 (Mtl). The _fol | ow ng

conmpounds i fires&Bice wah dp'e inpeipa} dephekiadiphiospmshang (3% a0 @lhofhegombined

N( (4a5, 7a5) sréaid By@3d dRRReMAmARuR sl fal@aniiehd RRWEH 9 rétdvbdtRicl Rdfced] [1, 3

Jthiazin-2 - yl)benzani de. Tab% e 9 Prep Chenical name ES/IM5 (me) (M+l) 13a

Raceni clN- (FrzasR o aisRihe isle canpoind ghhwAyayolid 4730 g, 8pge). ES/MS m/e

tetrahydr o- d4d By 0pgd, oAy 3] thi azin-2-yl ) benzam de 380 13b

N- ( (4aS, 7aS) - 7a- ( 3- azi do- 5-f)l uorophenyl)-4a, 5,7, 7a-

t et r ahydr o- 4H- f dhe[fdlogdel ompgpndsiimZliie 2 asgpydpered aprcateallg9gdespidbelriehar at i on 14

N- ((4a5, 7a5) - 7a={ 3- Ami.0o: 19,57, {ac ah - -d][1,3]thi

azin-2- yl %%agaat_{r%ﬁ 8@%‘%}&9 '@8%,@5}{3‘% a4, ?‘5 Bl%h{oai‘MQ&erh%hblStH&ﬁ@ﬁmﬁuﬂl
3-yDmethanol.

15 Table 4
ES/MS
Prep Chemical name (m/e)
(M+1)
7a Racemic ((3RS,4SR)-4-Amino-4-(3- (”Br/*'Br)
bromophenyl)tetrahydrofuran-3-yl)methanol 272/274
b Racemic ((3RS,4SR)-4-Amino-4-(3-bromo-5- (”Br/*'Br)
fluorophenyl)tetrahydrofuran-3-yl)methanol 290/292
7c Racemic ((3RS,4SR)-4-Amino-4-(5-bromo-2,4- (”Br/*'Br)
difluorophenyl)tetrahydrofuran-3-yl)methanol 308/310
Racemic ((3RS,4SR)-4-Amino-4-(3-bromo-4- 17%an’/§{]31 :
7d fluorophenyl)tetrahydrofuran-3-yl)methanol; racemic ( 29 ()r/2 92?)
((3RS,4SR)-4-amino-4-(2-fluoro-5- 1 2"
iodophenyl)tetrahydrofuran-3-yl)methanol’ sogrgzr '

7 20 equivalents of zinc dust are used in 0.06 M acetic acid. Compounds are
recovered as a mixture.

Preparation 8
Racemic N-((3SR,4RS)-3-(5-Bromo-2-fluorophenyl)-4-(hydroxymethyl)tetrahydrofuran-
20 3-ylcarbamothioyl)benzamide



-27-

N- ((4aS, 7aS) - 7a- ( 3- azi dophenyl)-4a, 5,7, 7a-tetrahydro-4Hfuro[ 3, 4-d][ 1, 3] thi
azi n- 2- Wohenzmsidde (0.62 g, 1.63 Mol ) is diluted w trCEtuUsa0olo41030 ni)
and Pd on carbon (10% wet, 0.062 g). The m xture is degassed and stirred
at room tenperature under hydrogen (30 psi) overnight. The m xture is
filtered through di atomaceous earth usi2mg 5ethanol as a rinse. The sol vent
is renoved under reduced pressure to give the title conmpound, (0.106 g,
18% . ES/MS nmle: 354 (Mtl). The foll ow ng compounds in Table 10 are
prepared essentially by the method of

N- ((4ab, 7a5) - 7a- ( 3- am noph )-4a,5,7, 7a-tet ydro-4H-furo[ 3,4-d][1, 3]thi
azin-2- yl)benzam de. 10 egl0 Prep Cheni al nayre &S/ M5 (me) (Mrl) 14a
Racem ¢ N-((4aSR, 7aSR) - Ga- n flophenyl) - ®g, %, 7 J7a-

tetrahydro-4H-furof 3, 4- 150N thi az 2-yl) be zm'He ‘ 14b

N-((4aS, 7aS)-7a-(3-Am n :
t et rahydr o-4H f ur o[ 3,s%
N-(3 -((4a5, 7ab)-2-Benzam do-4a,5 ,7, 7a-tetrahydro-4Hfuro [3,4-d] [1,3

]mt Q![ 3.$Ien0f7a y1) - Toa solulfllgrrlco) rggen ic )((3ES 4%1{5'1221%%0' Zi:(SC—)brlolmrol—a2r—n de A

N-((4a5, 7a@uo?@hé@mmanpdraﬁﬁdnumym&m1075zga,259 ol ih @thafrefuem4 HE un of 3, 4- d]
[1, 3]th|a2|n 2n’¥rﬁ ) benzam de ( 20. mmol ), 5-fluoropicolinic acid
(8.77 g, 6243 vcjerafltmmﬁwﬂ@ﬁrfd%%4da%640@wr§9drate (10.3 g, 67 4 nmol) and
1- (3- digret hytandinanfPRkbrodc@imive %rMlesmrﬂﬁn}EM&b RehhOnlefal (13.2 g, 67 4
nmmol) in a 20 m xture of dichl oronet hane (345 DMF (6.5 nL) is
stirred at tePpEaiuEbelyy 3 6. Thesecten léﬁtlr&fd 322M(%81§|39ﬁ‘i"ﬁ?‘€fr &enel (129.5 i,

259 mol ) i sohddedaRsk 4 he, %4'rﬁl'hb'j‘% dde PSRt wﬁsﬁﬁtefs%e %{glmeﬁlal The mixture is
separated and the aqueous phase IS extracted 5) twce with

di chl or orret thapratubEBOY $YC amttile rgrcgian iSc,Stlrra@/aatﬂSl"@ f@foWd@lﬁt A 4¢ edctipider
mixture is diluted with ethyl acetate (500 mL) and is washed three times with 1 N HCl

10 (3 X 500 mL), followed by water and brine. The solution is dried over magnesium sulfate
and the solvent is removed under reduced pressure. The residue is purified by silica gel
chromatography using a linear gradient of 25% to 50% ethyl acetate in hexanes to give
the title compound (110 g, 94%). ES/MS m/e (Br/*'Br) 453, 455 (M+1).

The following compounds in Table 5 are prepared essentially as described in the

15  preparation of racemic N-((3SR,4RS)-3-(5-bromo-2-fluorop

henyl)-4-(hydroxymethyl)tetrahydrofuran-3-ylcarbamothioyl)benzamide.

Table 5
. ES/MS
Prep Chemical name (m/e)
(M+1)
Racemic N-((3SR,4RS)-3-(3-Bromophenyl)-4- (°Br/*'Br)
8a | (hydroxymethyl)tetrahydrofuran-3-ylcarbamothioyl)benzamide 435/437
Racemic N-((3SR,4RS)-3-(3-Bromo-5-fluorophenyl)-4- (®Br/*'Br)
8b (hydroxymethyl)tetrahydrofuran-3-ylcarbamothioyl)benzamide 453/455
¢ Racemic N-((3SR,4RS)-3-(5-Bromo-2,4-difluorophenyl)-4- (”Br/*'Br)
(hydroxymethyl)tetrahydrofuran-3-ylcarbamothioyl)benzamide 471/473




reduced pressure and the residue is diluted with ethyl acetate (200 n).
The organic |layer is washed with cooled water (2 x 50 nm.), brine (50 n)
and filteweadotimssgh a short pad of silica using 100% erhylusacienatod+t o gi ve
title conpound (23.8 g, 79% . ES/M5 mle: 5495 (Mtl). The foll ow ng
conpounds in Table 11 are prepared essentially as described in the
preparation of N-(3 -((4ab5,7 aS)-2 -benzam do-4 a,5,7,7
a-tetrahydro-4Hfuro [ 3, 4- d]
[1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamde. Table 11 Prep
Chem cal name ES/MS (mle) (IMt1) 15a N-(3

- ((4aS, 7aS) - 2- Benzankaemday-§3 IR, ARS}-84(3-Bingroly-é-{Hibkophing ) 3t- 4 - Isomer 1:
d] [ 1, 3] t hi az]i n- 7a- y| ) pheny Bydbxfhobybpirdydiofam-de 477 15b |N(Br/*'Br)
-((4as, 7aS) - 2-8de] z apicaibardathbyPhchaarhide; rradeydle - BISRIARSO{3324- 453/455;
d] [ 1, 3] t hi azji n- 7a- Wlyor&5fibdopha@ghenthidrodyrhdthyditapihgdbfunand-de 49md&c Racem c
N- (3 -((4aSR, 7aSR) - 2- Benzani gadambthibylberza@hidahydr o- 4H 501
furo[ 3, 4-d] [ 1g3]ddmpaghdd-arareydveRbany hixtoref | uor opi col i nam de 477 10
Preparation 16 N-(3 -((4a5,7a5)-2 -Amno-4a,5 ,7, 7a-tetrahydro-4Hfuro
[3,4-d] [1,3 ]thiazin-7a-yl)-4- fll})(fFlb“HﬂE?fyg) 5- quorop ic o linami de 15A
sol ution of N (3 -((4a5,7a5)-2- b[@ﬂ;éﬁ[@]d_ A449R, 9aS/, 7a-tetrahydro- 4H—furo[3 4-
d][1, 3]thiazin-7a-yl)-4-fl uorophenyl | uor opi col i nam de ]( 40 8
mol ), o- et I RyarRppanitecnye b 7767? traralysino-aHguroBy b d ihd ﬂ)lazawa pyri di ne
(33.3 mMy in ethanol (735 nm) is h %&gzahgde'so Cfor 4 h. The mxture is
concentrated. The residue i s washe wce wth nethyl tert-butyl ether (2 X
250 nL) and poured into a_dh urat ed 20 aqueous sol ution of sodium

bi carbonate (453 nlL). Th¢ Suspgnspon is shg r B mn and extracted with
di chl oronethane (1 x 1 L 2J\x gzn er is washed with

water (0.5 L) dried over 223 ngsHum ate t is renoved under
-29- reduced pressure_t rd as d.
The solfds

|onaI s i s obtained from
t he aqueous phase by Pi It ation. e conbined and triturated

o h vater (300 o) 1B BRLAL SRR BRLLeT 20 me, T uspenst on T
conmpound ( Lhy&oGymectBAtrahizBbMean-gicarBlothiMiidenzamide (110 g, 243 mmol) and
triphenylphosphine (76.4 g, 291 mmol) in tetrahydrofuran (970 mL) is added di-terz-butyl
10 azodicarboxylate (67.1 g, 291 mmol) in 3 portions over 10 minutes keeping internal
temperature below 25 °C. After the addition, the reaction mixture is stirred at 25 °C for
1 hour. The solvent is removed under reduced pressure and the residue is purified by
silica gel chromatography using a linear gradient of 14% to 33% ethyl acetate in hexanes
to give the title compound (80 g, 76%). ES/MS m/e (”Br/*'Br) 435, 437 (M+1).
15 The following compounds in Table 6 are prepared essentially as described in the
preparation of racemic N-((4aSR,7aSR)-7a-(5-bromo-2-fluorophenyl)-4a,5,7,7a-
tetrahydro-4H-furo[3,4-d][ 1,3 Jthiazin-2-y])benzamide.

Table 6
Prep Chemical name E(ii/l\;[)s
(M+1)
9a Racemic N-((4aSR,7aSR)-7a-(3-Bromophenyl)-4a,5,7,7a- (79Br/ 81Br)
tetrahydro-4H-furo[3,4-d][ 1,3 Jthiazin-2-yl)benzamide 417/419
Racemic N-((4aSR,7aSR)-7a-(3-Bromo-5-fluorophenyl)- 1R81R
9b 4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3 ]thiazin-2- ("Br/" Br)
. 435/437
yl)benzamide




5 Preparation 17 1,5 -D i brono-2,4-difluorob enzene BrBr Iron powder
(16.49 g, 291 mmol) is added to 1-brono-2,4-difluorobenzene (110 10 nlL, 968
nmol ) i n Wp2edis138r oet hane (968 nlL) in a 3-neck flask aCTarsbiientlo34
tenperature under a streamof nitrogen. A solution of bromne (59.7 ni,
1.16 nmol) in 1, 2-dichl oroethane (968 nlL) is added dropw se over 1 hour and
the reaction mxture is stirred at anbi2ent tenperature for 18 h. The
reaction mxture is cooled to O C and a saturated aqueous sol ution of
sodiumbisulfite (1.11 L, 533 mml) is added portionwi se 15and the m xture
is separated. The aqueous phase is extracted with dichl oronethane. The
organi c | ayer is |wlsteedc Wi({4aSR,783R uTatSddroagtied dilusopmnybn (of 79§9gji3rm
bi car bonat e,| W&t er, anid, 5B TartetrahFtie-4H-G el &-d] By thidzm-2¥r i ed 0\5%3/2? ium
sul fate, and the|sol vent is renpvdibenmadade’r educed pressure to give a
resi due puriffi ed |W Racanipad(QiSRSIaRE2a-(BsBrvghodd-diidrypheayiner [t olsghsta:the title
conpound (229 g, |76%) .4abl, NNRrd40R-A-2uro[CRGHR) 3 fhiazin?® ( dd,| J=B4%'8r) 206. 8
Hz, 1H), 6.95-%. 92 (ymbeddabnidcPrae@aic ati(MSRIASR)-7a-(2-Fluoro-5- 435/437;
4- ( 3- Bronopheny! )| itopRdny tir4a:52tFapy @iy d - -fur8n 44 103 1@8%Em-2 |Stissm@d: - 78 C
sol ution of |1, 3-di bronobenzene ( Y9bduka@ideBl. 05 mol) in THF (1480 nl) is

added 1.6 M byt Yurikitd By Ml ShrORNEREpHy R (BE with: 1080 U595 BB hecdfi@int NE T eact i on
is stirred 10 mues. 4H Pyran-4-one, tetrahydro- (5.41 g, 54.04 mmol) is

added - 30- df@RWnRuARGrd R&VERAGE b RikihiS. Stirred at -78 C for 2 h. The
reaction is quenched by addition of saturated aqueous anmoni um chl oride (25
m) and is then diluted with m ni mplepspdeen 1@nd extracted with EtOAc. The
organic layer is dried over Na2504 and the solvent is renoved under reduced
pressure to AFHaSd7a) v &63-Birmna-Frilpotophagybited de agtrabiy ol feel3 g-411.3]

chromat ography eluting with a |iggah Qadhentiqof 5% to 100% Et OAc in
hexanes to give the title conmpound (11.18 g, 76%9. GC-Ms (me): (29Br/81Br)
256, 258 (M1). The fol | owi ng tonpounds in Table 12 are prepared
essentially as described in the Rﬁ%\

(4- (3-bronophenyl ) tetrahydro- 2H py¥ang

i of
31%}. Tapl e 12 Prep. No. Chem cal
nanme NVR or ES/M5 (me) 18a FH
4- (5- Brono- 2-f 1 uorophenyl )tetra 2H- pyramn=&-ol ("Br/"Br) 274/ 276
Racemic N-((4aSR,7aSR)- (7a(5-bromo-2-fluorophenyl)-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][1,3]thiazin-2-yl)benzamide (108 g, 248 mmol) is purified by chiral HPLC:
10 Chiralcel OJ-H 8 x 25 cm column; eluent: 90 : 10 (methanol : acetonitrile) with 0.2%

dimethylethylamine; flow: 300 mL/min at UV 254 nm. The second eluting isomer is
isolated to provide the enantiomerically enriched title compound (42.0 g, 40%). ES/MS
m/e (Br/*'Br) 434.9/436.9 (M+1).
The following compounds in Table 7 are prepared essentially as described in the
15  preparation of N-((4aS, 7aS)-7a-(5-bromo-2-fluorophenyl)-4a,5,7,7a-tetrahydro-4H-
furo[3,4-d][1,3] thiazin-2-yl)benzamide.

Table 7
Prep . ES/MS
Chemical name (m/e)
(M+1)
N-((4aS,7aS)-7a-(3-Bromophenyl)-4a,5,7,7a-tetrahydro-4H- (°Br/*'Br)
10a furo[3,4-d][1,3]thiazin-2-yl)benzamide 417/419
10b N-((4a$S,7aS)-7a-(3-Bromo-5-fluorophenyl)-4a,5,7,7a-tetrahydro- | (" Br/*'Br)
4H-furo[3,4-d][1,3]thiazin-2-yl)benzamide 435/437




cGC- M5) 18b 4-(3-Brono-4-fluorophenyl)tetrahydro-2H pyran-4-0112 (
OBr/81Br) 274/276 (GC-MS) 18c

4- ( 5- Br onwo2p /s f3Buor ophenyl ) t et rahydr o- 2H pyr an- 4- ol
(GC-M5) 18d 1-(3-Bronophenyl ) cycl ohexanol

1- (4- Fl uor o- 3- net hoxyphenyl ) cycl opent anol 192 (GC- Ms5) 18f
1- (3- Bronmophenyl ) cycl opent ano113 NVR14.241012 2:1 tol uene: hexanes is used as

the reaction solvent. 13 Diethyl ether is used as the reaction solvent.
1H NWVR (400 MHz, CDC13) 6 7.64 (t, J = 2.0 Hz, 1H), 7.40-7.31 (m 2H),

(t, J =7.9 H, 1H, 1.99-1.82 (m 8H). Preparation 19

154-(3-Bro

heny 1)\-@445: R 0B kkopd-difluBropher3D-4a/8, hifaxt ur ¢ ('OBr/" Br)

4-( 3- brom)phen\/l ) t ettetadhy dioeHRRr@$ faifl B hlazin Dy [Ikenggmidd 3 mo433/4had
p-tol uenesul foni ¢ acid nonohydrate (0.797 g, 4.13 mmol) in toluene (100 ni)
is heated to reflux for 30 m nutes u5|n loN]Tigan-Stark trap to renove water.

The reaction is diluted with water PERg"

CRIRISLALBIN3LI2/ 294
(29Br/ 81Br) 254/ 256 (GC-MS) 18e

14
7.19

OH and extracted with EtOAc.

The organi ¢ Raayeic (4@@m5&¢75@y3fonm250&omybhe 5g0lavteirdhy i1%-4refmy8d- under
reduced pressure to afford a resutilu? IS

10

15

20

thlazm 2-amine

5 N Aqueous hydrochloric acid (158 mL) is added to N-(7a-(5-bromo-2-
fluorophenyl)-4a,5,7,7a-tetrahydro-4H-furo[ 3,4-d][ 1,3 Jthiazin-2-yl)benzamide (16.35 g,
7.89 mmol) and the mixture is heated to 90 °C. After 18 hours, the mixture is allowed to
cool to ambient temperature and washed with dichloromethane. The organic layer is
extracted once with 5 N aqueous hydrochloric acid. The pH of the aqueous layer is
adjusted to basic with 50% aqueous sodium hydroxide and is extracted twice with 10%
isopropyl alcohol : dichloromethane. The organic layer is concentrated under reduced

pressure. The resulting residue is purified by radial chromatography eluting with 2% to

5% 7 N ammonia in methanol: dichloromethane to give the title compound (2.23g, 47%).

ES/MS m/e (“Br/*'Br) 331, 333 (M+1).

The following compounds in Table 8 are prepared essentially by the method of
racemic (4aSR,7aSR)-7a-(5-bromo-2-fluorophenyl)-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-
d][1,3]thiazin-2-amine.

Table 8
ES/MS
Prep Chemical name (m/e)
(M+1)
Racemic (4aSR,7aSR)-7a-(3-Bromo-4-fluorophenyl)-4a,5,7,7a- %%OBm/Sf];
11a tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-amine; racemic (3 3 1r/3 3 ;)
(4aSR,7aSR)-7a-(2-Fluoro-5-iodophenyl)-4a,5,7,7a-tetrahydro- 1 2"
4H-furo[3,4-d][1,3]thiazin-2-amine'" 50?7‘3 '

11 Compounds are recovered as a mixture.



purified on silica gel chromatography eluting with a |inear gradient of 5%
to 100% Et OAc in hexanes to give the title conpound (8.85 g, 90% . 1H NWR
(400 MHz,wODQUAWsB82.45-2.50 (m 2H), 3.92 (t, 2H, J = PCTWSkMp/4W381 ((,
2H, J = 3.07 Hz, J =5.71 Hz), 6.12-6.14 (m 1H), 7.19 (t, 1H, J = 7.91
Hz), 7.28-7.32 (m 1H), 7.36-7.39 (m 1H), 7.51 10(t, 1H, J = 1.76 Hz).

The follow ng conpounds in Table 13 ar@sprepared essentially as described
in the preparation of 4-(3-bronophenyl)- 3, 6-di hydro-2H pyran. Table 13 Prep
Chem cal name NMR or GC-M5 (me) 19a

4- (5- Brono- 2-fl uorophenyl) - 3, 6-di hydr o-2H pyran (79Br/81Br) 256/ 258 19b

4- (3- Brono- 4- f | uor opheny1l) - 3, 6- di hckperdtidngyr an (79Br/ 81Br) 256/ 258 19c

4- (5- Brono- 2, 4- n ) 274/ 276 19d
1- Br ono- 3- cycl éﬁg !leériis HQ @r%g 112076% ? IIQ%%YB 4%@77%§%13§1&3r%§{4 Rt -

4- Cycl opentenyl- 1- quoro 2- metdjdx3ithennedrel) k82 niié

1- Brono- 3- cycl opent enyl benzene NVR15, 15 1H NVR (400 WMHz, CDCl13) 6 7.55
(t, J =2.0 Hz, 1H, 7.35-7.31 (m - 157.14 (m 2H) 6.21-6.17 (m
1H), 2.73-2.68 (m 2H), 2.56-2. 500( 01 (quintet, J = 7.5 Hz, 2H).
Preparation 20 )b
H2
5 To a 2 L round bottom flask is added N-((4aS, 7aS)-7a-(5-bromo-2-fluorophenyl)-

4a,5,7,7a-tetrahydro-4H-furo[3,4-d][1,3] thiazin-2-yl)benzamide (35.0 g, 80.4 mmol),
trifluoroacetamide (16.2 g, 143 mmol), copper(I) iodide (2.66 g, 13.7 mmol), sodium
iodide (21.3 g, 141 mmol) and potassium carbonate (21.5 g, 153 mmol). The flask is
capped with a septum, vacuum and back filled with nitrogen. 1,4-dioxane (731 mL)

10 (previously degassed with vacuum-nitrogen) is added via cannula, and N, N'-dimethy]l-,
trans (+/-) 1,2-cyclohexanediamine (10.1 g, 70.8 mmol) is added. The mixture is placed
in a preheated oil bath at 100 °C and stirred at this temperature for 19 h. The septum is
replaced by a reflux condenser and a mixture of methanol (154 mL) and water (154 mL)
is added through the condenser. The mixture is stirred at 100 °C for 3.5 h, cooled to

15 22 °C, and concentrated partially under reduced pressure (to 0.6 L volume). Aqueous
ammonium hydroxide (25%, 154 mL) is added and the mixture is stirred for 10 min. The
mixture is extracted three times with ethyl acetate (3 X 500 mL) and the solvent is
removed under reduced pressure. A residue is obtained that is purified by flash
chromatography with a linear gradient of 50% to 75% ethyl acetate in hexane to give the

20 title compound (14.9 g, 47%). ES/MS m/e: 372 (M+1).

Preparation 13

N-((4a8S,7aS)-7a-(3-Azidophenyl)-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-d][ 1,3 ]thiazin-2-

yl)benzamide

25



(4- (3-Bronophenyl) - 3, 6-di hydr o- 2H- pyr an- 3-yl ) net hanol - 32- AO0C
sol ution of 4-(3-bronophenyl)-3, 6-di hydro-2H pyran (0.50 g, 2.09 nmmol) in
CH2C12 ( Msorrhi/aos738reat ed wi t h par af or nal dehyde (0.208 @cTaiS2@o0nmmB) and
stirred for 5 mnutes at 0 C A 1 Msolution of dinethylalum num chloride
in hexanes (3.03 nL, 53.03 nmol) is added drop-wise to the slurry. The
reaction is warnmed to roomtenperature2and stirred for 1 hour. The reaction
is cooled to O C and nore paraf ornmal dehyde (0.208 g, 2.20 nmol) and 1 M
solution of dinethylalum numchloride in hexanes (3.03 nL, 3.03 mml) is
added. The reaction is warnmed to roomtenperature and stirred overnight.
The reaction is Abéhdhedution ofbiséange peid & raepaicdely HihbIH@E LrdsxdrbicecidOand i s

extracted t t T e re dried
over NaZSOZlS%d g“?thso ven?ﬁlgAggﬁgggﬁﬁgﬁgvﬂﬁrédﬁ%ag(%Pﬁﬁé)Eml o afford a
resi due t hata,3,57puralyided4Biius]3,4-djl, g]ﬂi1amm2qﬂbhermg1maipmy4@g wtisgmel)tahd a | i near
gr adi ent o @6 100% Et O h ound (0. 315
o 52 TH- R R R ey - IHE me S 1 FOTRA g %

2.2, 7. % HZln eﬂl;iahol (13.20.7.. SodiraziddH)0,667 .g200. Lfpio)) id EddEd 9T]ré20 66.171) aquéoutl (t,

-
|2_|29 Hz, ]%-Gscgr acecﬁﬁod% saﬁgg %6?{@_5 anc}]waz.tgrz(gg% |§éL) aﬁ_q_ﬁddz,c? '@@ rf'ﬁaon_ ggskl 4 él 4

6.4 Hz 1H) is fitted with a Idmxf;@ﬂdem Elgi 6O MRALHE ﬁiﬁddgﬁbs&ﬁﬁ'd%vﬂc‘&at@di QitRheReated
essentlally as described in e aration

(4- ( 3- br onpHwRy/ Y sd wmnwym%te %QMHWC)%W&HM the geaptipn Rask s pr ep

Chem cal nagm@iMRETC Ldd-sW¥Red 19 € h( M }ea@@8h mixture is cooled to room temperature
(4- (5-Brono-2-fl uoraop henél%hS 6- di hydr o- 2H pyran-3-_yl ) nmet hanol (79Br/81Br)

286/ 2881020ban@4ce(\3atgrlwﬁ§ﬁ UBFHOR éwgfw)w%ewa@r%%ﬁedmm“ﬁt}are&wl getald. ) met hanol
NVR16 20c (’ﬁhe(c%m@ﬁﬁ%%rg%mé PRt EURARBDERY Ik Jubatd LMEE Q51 RYERSVd-

yl ) met hanol
under reduced pressure to give a residue that is purified on silica gel with 50% ethyl

acetate in hexanes to give the title compound (0.620 g, 49%). Further elution of the flash
column with 100% ethy] acetate yields more title compound (0.488 g, 41%). ES/MS m/e:
15 380 (M+1).
The following compounds in Table 9 are prepared essentially by the method of N-
((4aS,7aS)-7a-(3-azidophenyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-

yl)benzamide.
Table 9
ES/MS
Prep Chemical name (m/e)
(M+1)
13a Racemic N-((4aSR,7aSR)-7a-(3-Azidophenyl)-4a,5,7,7a- 380
tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yl)benzamide
13b N-((4aS,7aS)-7a-(3-azido-5-fluorophenyl)-4a,5,7,7a- 308
tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yl)benzamide

20
Preparation 14
N-((4aS,7aS)-7a-(3-Aminophenyl)-4a,5,7,7a-tetrahydro-4H-furo[ 3,4-d][1,3]thiazin-2-

yl)benzamide



20d (2- (3-Bronmophenyl)cycl ohex-2-enyl ) met hanol (79Br/81Br) 266/ 268 20e

(2- (4- Fl uor o- 3- met hoxyphenyl ) cycl opent - 2- enyl ) net hanol 222 WD

2011/ 005A86RCTI/0053810/ 041034 - 33- PCT/US2010/041034
20f ( 2- ( 3- Bromophenyl ) cycl opent - 2- enyl ) met hanol NVR18 16 1H NVR (400 MHz,
CDCl13) 6 7.52 (dd, J = 2.2, 6.6 Hz, 1H), 7.26-7 22 (m 1H), 7.06 (t, J =
8.4 Hz, 1H), 6.04 (t, J = 2.6 Hz, 1H),24.28-4.22 (m 3H), 3.73 (dd, J =
3.1, 11.4 Hz, 1H), 3.64-3.62 (m 2H), 2.63 (d, J = 1.3 Hz, 1H), 1.88 (s,
1H) . 17 1H NWR (400 MHz, CDC13) 6 7.41 (t, J = 7.7 Hz, 1H), 6.86 (dd, J =
8.4, 10.1 Hz, 51H), 5.96 (t, J = 2.6 Hz, 1H), 4.27-4.25 (m 1H), 4.15-4.06
(m 2H), 3.83 (dd((4d5,7aS37&(3-aAdaphbiny))-4eHS) 7,7Bte@hydeh-4 F-furol, BdJHz 3] tlmﬁt)in—

225728 (ol g T i Sy AP D PR i SR 50,2,

( dd J 3. (10%18et80.p2 2)1 Hhe nBxtbed i diebassdd andtidred 4tGo&m kempefdthre Bond®t ( dd J =

1.3, 2.6 1 . , 10 2.02 (m
Ty, b oparaeim ST RA oFm b os iy Sty blyabbse bRt Gfienat hy)

met hanesul f @nabEasQQinss. The solventQs Anldvéd emlktietird pfessure to give the title
(4-(3-bronophenyl) -3 6-di hydr ) met hanol 15(0.305 g, 1. 08 mmol )
in CH2C12 (‘%@PH%I}‘P ﬁ%l%r?eé%b ﬁ%@ﬁf‘% g?‘h&f‘% ne (0.218 g, 2.15 mml) and

t hen met hanesul thBYd)lloﬁvhlhg)d’dHQﬁuﬁdQ 1114801@10 areg&paf@@@seﬁm b them@AIiBN 1S
stirred at 0 tionis %water and extracted

di |
with cH2c12Y- (@ﬁ%%?r)d&r{? émil%yé?nyps“ac?ﬂ @dtetﬁ%}aﬁfq\fa&@e&aﬁé‘n@ bHE&E - gent i s
removed und@iberRdiiged pressure to afford the title conmpound (0.432 g, 97%.
1HN|\/R(400M—IZ CDC13) 6 7.51 (t, J = 1.8 20Hz, 1H), 7.44-7.41 (m 1H),
7.31-7.00 (Fablek ~ 7 5.7 21 (m 1H) 618 (t, 1 =2 6 H 1H) 4 33-4.31
(m 2H), 4.20 (dd, [J= 1.5, 11.6 Hz, 2H), 4.14-4.08 (m 1H)| 3EYMSB. 68 (m
1H), 3.01-P.9%cfm |1H), 2.95 (s, IHemicalname The fol | owi ng cdmpunds in
Tabl e 15 are prepaned essentially as described in the preparatioh of
(4- (3- br onppheny1) { 3 Récahib¥el(SRHapl - Zne33A minppiednii4aiet hanesul f onat €.
25Tabl e 15| Pr éfn Chem cettahpdroret ANVR[DA-JGC;3VBiagim 2y 1) HeMah)ide 354

N-((4a8S,7aS)-7a~(3-Amino-5-fluorophenyl)-4a,5,7,7a-

14D tetrahydro-4H-furo[3,4-d][ 1,3]thiazin-2-yl)benzamide

372

Preparation 15
N-(3-((4aS,7aS)-2-Benzamido-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-d][ 1,3 Jthiazin-7a-y1)-4-

fluorophenyl)-5-fluoropicolinamide

15 - 0
A mixture of N-((4aS,7aS)-7a-(5-amino-2-fluorophenyl)-4a,5,7,7a-tetrahydro-4H-
furo[3,4-d][1,3]thiazin-2-yl)benzamide (20.4 g, 51.8 mmol), S-fluoropicolinic acid (8.77
g, 62.2 mmol), 1-hydroxybenzotriazole hydrate (10.3 g, 67.4 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (13.2 g, 67.4 mmol) in a
20  mixture of dichloromethane (345 mL) and DMF (6.5 mL) is stirred at 22 °C for 80 min.
A solution of 2 M sodium hydroxide (129.5 mL, 259 mmol) is added and the stirring is

continued for 10 min. The mixture is separated and the aqueous phase is extracted with



21a (4-(5-Brono-2-fluorophenyl)- 3, 6-di hydro- 2H pyran- 3-yl ) net hyl

met hanesul f onate NVR19 21b

(4- ( 3- Br owo-2dt1fdosmsophenyl) - 3, 6- di hydr o- 2H- pyr an- 3- yl ) meCmgiS2010/041034

met hanesul fonate NVR2 WD 2011/ 005738PCT/ US2010/ 041034 -34- 21c
(4-(5-Bronp- 2, 4-di fl uor ophenyl) -3 , 6-di hydro-2H pyran-3 - yl)nethyl

met hanesul fonate NVR21 21d (2-( 3- BronopRenyl ) cycl ohex- 2-enyl ) net hyl

met hanesul f onate NVR22 21 e

(2- (4-Fl uoro- 3- met hoxyphenyl ) cycl opent - 2- enyl ) met hyl net hanesul f onate 300
21f (2- (3- Bromophenyl ) cycl opent - 2- enyl ) met hyl net hanesul f onat e23 NVR24 19 1H
NVR (400 MHz/iceGDOIBghl@omeBano(@¥dH00 BLx Biedrgapicdaycp isgobtentrdteff ynder 31 (dd, J =

2 6 6.6 Hz 0. ( = 2.6 Hz,
4 20- I'Xd%Ha re?su%_%n(iq}ge' rﬁéd% gg/%ttedlw%thizlfcé@a ?O@ggl?)m'[thiﬁggan% 10 (s,
1H) 2. 89 (]syeriﬁ*i)/ashaﬁwﬁli-bd\llldﬁ WA Q2 M3 mIGDEINB X SBmE) 5ﬁif(1®d:d tHrochIQa short6. 6 Hz,
1H), 7. 28 (d § 6.13
(t, J = TsﬂJl_%um%Glggﬁft@/daieﬁaﬁe !;z}%lvel[l_?efﬁm??undgh ﬁ_é /ﬂz E% I_% 19 (dd,
J= 1.3, 511 495|-(1M+11H) 4.10-4.06 (m 1H), 3.68 (ddd, J= 11.6, 2.9, 1.3 HZ
1H), 2.95 (s, 4H). 21 1H NWR (40 CDC13) 6 7.3 t ,
6.89 (dd, J= 8. ?Ehef@!oylﬁc,on?ﬂ)‘?‘fs r}gﬁ“( I'arg prep e%eflﬁﬁmlaﬁés deger ﬁ?ﬁdlf”éi (m
3H), 4.08- 4pr@p°ar%(ti@5h 02@(3 (Ba81aS-2lBenkamidd A1 k)7, 7adetBRy {184 Ade[3,42 1H NVR (400
MHz, CDC13) 7.42-7. %%%736339m1,718722(m2|—|)
6.08-6. 11 (CH{ % aZlWﬁoﬂJ-- groppynybytlucsopigelisanigle by g, 1H), 2.85 (s, 3H),
2.18-2.22 (Tﬁblezﬂ) 1.94-2.01 (m 1H), 1.78-1.88 (m 1H), 1.63-1.71 (m 2H).
23 DMAP and triethylamne is utilized inthis reaction 1524 1H NVR (400
MHz, CDC13) 6 7.53 (s, 1H), 7.37-7.29 (m 2H), 7.19 (t, J =|7ESMB |1H),
6.22 (s, 1HPrep4.26 (dd, J = 4.0, ChonicalgamelH) , 4.01 (dd, J F 7(ng¢) 9|7 Hz,
1H), 3.54-3.52|(m 1H), 2. 86 (s, 3H), 2.59-2.51 (m 2H), 2. 28-B*+® (m 1H),
2.04 (ddd,| 55 17N03-(RaB72S3-2Bdrizamillbipia, S Priepetraay drom Ao 3,4- 477
d][1,3]thiazin-7a-yl)phenyl)-5-fluoropicolinamide

N-(3-((4aS,7aS)-2-Benzamido-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-

d][1,3]thiazin-7a-yl)-5-fluorophenyl)-5-fluoropicolinamide
Racemic N-(3-((4aSR,7aSR)-2-Benzamido-4a,5,7,7a-tetrahydro-4H-

furo[3,4-d][1,3]thiazin-7a-yl)phenyl)-5-fluoropicolinamide

15b 495

15¢ 477

10
Preparation 16

N-(3-((4aS,7aS)-2-Amino-4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3 Jthiazin-7a-y1)-4-

fluorophenyl)-5-fluoropicolinamide

15 A solution of N-(3-((4aS,7aS)-2-benzamido-4a,5,7,7a-tetrahydro-4 H-furo[3,4-
d][1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamide (23.7 g 40.8 mmol),
o-methylhydroxylamine hydrochloride (34.4 g, 412 mmol) and pyridine (33.3 mL) in
ethanol (735 mL) is heated to 50 °C for 4 h. The mixture is concentrated. The residue is
washed twice with methyl fert-butyl ether (2 X 250 mL) and poured into a saturated

20 aqueous solution of sodium bicarbonate (453 mL). The suspension is shaken for 5 min
and extracted with dichloromethane (1 x 1 L and 2 x 0.5 L). The organic layer is washed

with water (0.5 L) dried over magnesium sulfate and the solvent is removed under



20( 4- ( 3- Bronophenyl) - 3, 6- di hydr o- 2H pyr an- 3-yl ) net hyl car bam m dot hi oat e
met hanesul fonate B Rss.,0, ONH H SANH2 A m xture of

(4- ( 3- br ovophep3)383, 6- di hydr o- 2H pyran- 3-yl ) net hyl net iramasadhonase (4. 82
g, 11.7 mml) and thiourea (1.78 g, 23 3 mml) in isopropyl 25al cohol (100
m.) is heated to reflux for 24 h. The reaction is cooled and the solvent is
renoved under reduced vacuumto give a2pesidue that is conbined with
acetonitrile (30 m.) and hexanes (10 nmL.). A solid crystallizes and the
slurry is cooled to O C. The slurry is filtered using 3 : 1 ACN : hexanes
as arinse (25 n) to give the title conpound as the nesylate salt (3.45 g,
70% . ES/ MBeduced pr}g@rd 8 28pid a3R1ld. Badti¢rekdolid is ghrined from the aqueous phase

2011/ 005738\5/%_/r%% c%[ ?ﬁgcggirecfoﬁl%me an trlturglgd Wﬁill Q%Q‘r %&wlfﬁpds in Table 16

are prepared essen y as escrl repar
(4- ( 3- br onoyhresoyiid baﬂ; for 80 hmdrﬂwzhbppymMS Bityried nﬁ‘I\hgshect‘anﬂowmemanthHdoat e

nethanesulfo ate able 16, Pre a / i ) 1) 22a

(4 (5 Br oo 9T aero By e s R o & MRADY ESRS R it

carbaninidothloate met hanesul f onat e (798 r/ 81Br) 345/347 22b

(4-(3-BronD-4-fIuorophenyl)-3,6-d|E¥dro ]%yran-S-yI)nethyl

car bami ni dot hi oat e met hanesul f onat &7{PA&819/ 1915y )
1,5-Dibromo-2,4-difluorobenzene

Br Br
o
Iron powder (16.49 g, 291 mmol) is added to 1-bromo-2,4-difluorobenzene (110

10 mL, 968 mmol) in 1,2-dichloroethane (968 mL) in a 3-neck flask at ambient temperature

under a stream of nitrogen. A solution of bromine (59.7 mL, 1.16 mol) in

1,2-dichloroethane (968 mL) is added dropwise over 1 hour and the reaction mixture is

stirred at ambient temperature for 18 h. The reaction mixture is cooled to 0 °C and a

saturated aqueous solution of sodium bisulfite (1.11 L, 533 mmol) is added portionwise
15  and the mixture is separated. The aqueous phase is extracted with dichloromethane. The

organic layer is washed with a saturated aqueous solution of sodium bicarbonate, water,

and brine. The organic layer is dried over sodium sulfate, and the solvent is removed

under reduced pressure to give a residue purified with a pad of silica using diethyl ether to

give the title compound (229 g, 76%). "H NMR (400 MHz, CDCls) & 7.70 (dd, J= 4.6,
20 6.8 Hz, 1H), 6.95-6.92 (m, 1H).

Preparation 18
4-(3-Bromophenyl)tetrahydro-2 H-pyran-4-ol,
Br

O
25 To a stirred -78 °C solution of 1,3-dibromobenzene (19.71 g, 81.05 mmol) in THF
(150 mL) is added 1.6 M butyl lithium in hexane (50.66 mL, §1.05 mmol) and the
reaction is stirred 10 minutes. 4H-Pyran-4-one, tetrahydro- (5.41 g, 54.04 mmol) is added



345/ 347 22c¢ (4-(5-Brono-2, 4-di fl uorophenyl) -3, 6-di hydr o-2H pyran-3- (79B
r/81Br) yl)nethyl carbam m dot hi oate nethanesul fonate 363/ 365 22d

(2- ( 3- Br owophawpb)38ycl ohex- 2- enyl ) met hyl car bam m dot hi ®aTra/S2010/041034

met hanesul fonate (79Br/81Br) 325/327 22 e (2 -(4-fluoro-3

- met hoxyphenyl )cyc | op ent-2- enyl)nmethyl carbam m dot hi oate

met hanesul fonate 281 22f (2-(3-bronophgoayl)cycl opent-2-enyl) net hyl

car bam m dot hi oat e net hanesul fonate (79Br/81Br) 311/313 5 Preparation 23
Racemic (4 aSR, 8 aSR)-8 a-(3 -Bronophenyl)-4,4 a,5 ,7, 8,

8a- hexahydropyrano [4,3 - d][1, 3]thiazin-2-am ne 10A m xture of

(4- ( 3- br onophienyd nd3hGeedition dy wir2iHapy B &0 L@, )hetrévgtiorcianbanehe Wot hi oat e
met hanesul f 1 n 5nm) is
heat ed at S%Q% O%é;aéu%%[egﬁl%m%seaac [ (1)1}nm F@O%T%é?gaﬁig}éj 85‘1{&%&@1 tegl“éﬁ wat er. The
m xture is winirdledtavatheditatet wathdt@he Pid aghnicsibgnl isndrich oberMabi@Hntiohcbasi c.

The basi c agueous | aye tracted t tate and the
organie | ayoienas e wiy BiBiShr¢ BBl TR’ St SR6EHS, Sauced
pressur e le@omaesgjhﬂuyregmhgwnﬁuembﬁ gtrardnetnmsfa&%d) wOP/JﬂEtOIA%Gﬂ,Bextaﬁesgb gethe title
racemc co ound Add| ct tai ne purification of
the filtrat@B®Bye ropy ng%é’h @Cﬁ)a%(gpgi)@ I(7ug|tE3f/ ﬁg%%?ﬁg (&Y ear

The following compounds in Table 12 are prepared essentially as described in the

preparation of (4-(3-bromophenyl)tetrahydro-2 H-pyran-4-ol.

Table 12
Prep NMR or
No ' Chemical name ES/MS
' (m/e)
(”Br/*'Br)
18a 4-(5-Bromo-2-fluorophenyl)tetrahydro-2 H-pyran-4-ol 274/276
(GC-MS)
(”Br/*'Br)
18b 4-(3-Bromo-4-fluorophenyl)tetrahydro-2H-pyran-4-ol'2 274/276
(GC-MS)
(”Br/*'Br)
18c 4-(5-Bromo-2,4-difluorophenyl)tetrahydro-2 H-pyran-4-ol 292/294
(GC-MS)
(”Br/*'Br)
18d 1-(3-Bromophenyl)cyclohexanol 254/256
(GC-MS)
18e 1-(4-Fluoro-3-methoxyphenyl)cyclopentanol ! 9i/[(S(§C_
18f 1-(3-Bromophenyl)cyclopentanol? NMR'
10 12 2:1 toluene:hexanes is used as the reaction solvent.

13 Diethyl ether is used as the reaction solvent.
14 "H NMR (400 MHz, CDCls) & 7.64 (t, ] = 2.0 Hz, 1H), 7.40-7.31 (m, 2H), 7.19 (4,
J=7.9 Hz, 1H), 1.99-1.82 (m, 8H).
Preparation 19
15 4-(3-Bromophenyl)-3,6-dihydro-2H-pyran
Br



WD 2011/ 005738PCT/ US2010/ 041034 -36- gradient of 1%to 10% 7 M NH3/ MeOH in
CH2C12 (1.99 g, 76%9. ES/Ms nfe (79Br/81Br) 327, 329 (M+l). The foll ow ng
conpoundsworrofialob817 are prepared essentially as descriPb@aSeononinm34
preparation of

(4aSR, 8aSR) - 8a- ( 3- bronophenyl) - 4, 4a, 5, 7, 8, 8a- hexahydr opyr ano[ 4, 3-

5d] [ 1, 3] thi azin-2-am ne Table 17 Prep Ghem cal name ES/M5 (me) (Mtl) 2 3a
Racem c¢ (4aSR, 8aSR) - 8a- ( 5- Brono- 2-f| uor opheny1l) -

4,4a,5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3]t hiazin-2-am ne25 (79Br/81Br) 345,
347 23b Racem ¢ (4aSR, 8aSR) - 8a- ( 3- Brono- 4-f | uor ophenyl) -

4, 4a, 5, 7, 8, 8a- hekaimpdr op§«(HhofrbpBend)fetrpigidrh dpyran2-aitl nERS - 29BndI31Br )

ST 541 22 g GRS AR AR R L EONRLR o,
363/ 365 23dheRad entefluX fa REnBafiR)usidg-a(BaBScnopdpeto ydmovéaydigro T ﬁ:aﬁ@n is _
rexavet o ST LN TR R S SROAT PR BaR 230 2 Fecem
4, 4a, 5, & 7, far Nexsahyall e yal apantadeld[uhdd ik dut@izprossdre &maffi@d a residue that is

purified on silica gel chromatography eluting with a linear gradient of 5% to 100%

EtOAc in hexanes to give the title compound (8.85 g, 90%). 'H NMR (400 MHz, CDCL;)

3 2.45-2.50 (m, 2H), 3.92 (t,2H, J = 5.71 Hz), 4.31 (q, 2H, J =3.07 Hz, ] = 5.71 Hz),

6.12-6.14 (m, 1H), 7.19 (t, 1H, ] =7.91 Hz), 7.28-7.32 (m, 1H), 7.36-7.39 (m, 1H), 7.51

10 (t, 1H,J=1.76 Hz).
The following compounds in Table 13 are prepared essentially as described in the

preparation of 4-(3-bromophenyl)-3,6-dihydro-2 H-pyran.

Table 13
NMR or
Prep Chemical name GC-MS
(m/e)
(”Br/*'Br)
19a 4-(5-Bromo-2-fluorophenyl)-3,6-dihydro-2H-pyran 256/258
(”Br/*'Br)
19b 4-(3-Bromo-4-fluorophenyl)-3,6-dihydro-2H-pyran 256/258
(”Br/*'Br)
19¢ 4-(5-Bromo-2,4-difluorophenyl)-3,6-dihydro-2 H-pyran 274/276
(”Br/*'Br)
19d 1-Bromo-3-cyclohexenylbenzene 236/238
19¢ 4-Cyclopentenyl-1-fluoro-2-methoxybenzene 192
19f 1-Bromo-3-cyclopentenylbenzene NMR"
15 "H NMR (400 MHz, CDCl;) & 7.55 (t, ] = 2.0 Hz, 1H), 7.35-7.31 (m, 1H), 7.18-
15 7.14 (m, 2H), 6.21-6.17 (m, 1H), 2.73-2.68 (m, 2H), 2.56-2.50 (m, 2H), 2.01

(quintet, J = 7.5 Hz, 2H).

Preparation 20

(4-(3-Bromophenyl)-3,6-dihydro-2 H-pyran-3-yl)methanol



281 23f Racem c (4aRS, 7aSR) - 7a- ( 3- Bronophenyl) -4, 4a, 5, 6, 7, 7a- hexahydrocyc
lop enta [d] [ 1,3 Jthiazin-2 -am ne nethanesul fonate28 (79Br/81Br) 3 1 1
/3 13 25WOhelwvmwassi on i s heated at 90 C overni ght. 26 Phe/use@ouwsd i s
heated at 50 C for 5 h. 27 The reaction is stirred at roomtenperature for
3 h. 1028 The reaction is stirred at roomtenperature for 17 h. Product
isolated as the salt. Preparation 24 Ragem c tert-Butyl (4aSR, 8 aS R)- 8
a- (3 -bronmophenyl)-4,4a,5,7, 8, 8 a- hexahydropyrano [4,3 -d] [ 1,3
]thiazin-2-ylcarbamate HitS 0O A NO- HH BrBr 15A mi xture of racemc

(4aSR, 8aSR) - 8a- ( 3- bronophenyl) -4, 4a, 5, 7, 8, 8a-

hexahydr opyrano[ 4, 3-d][1, 3] thi azi rBr2.em ne (2.08 g, 6.36 mmol) and di-t-
butyl di carbonate (2.77 g, 12 7 mmol) 1, 4-di oxane (60 nmiL) and saturated
aqueous NaHCO3 (60 mL) is stirred at nMoomtenperature for 8 h. The m xture
is diluted water and extracted three tige jth Et0Ac. The conbi ned organic
| ayers are dried over Na2504 -37- and tlhe solvent is renoved under reduced
pressure to afford material that is pwified by silica gel chromatography
eluting with a linear gradient of 5%to 100% Et OAc in hexanes to give the
title conmpound (#2084 sefutionod 4e4p-bremympeny-&6(ditypror BBy pn 4270 2.209 el ) . The
fol I owing commpedss ind) FaRh@d $8n PharRheRalRE BERENE bkl Pmddaned fped in
the Spreparation of racemc tert-butyl

(4aSR, 8aSR) s gl'gl.u(egab(? mné\{yq_lyﬁm qfal,irggthylglpgl'gmm chloride in hexanes (3.03 mL,
hexahy T ovE a0kt fidd ashLALAR ik fink). Gk RABRGR: whARLRo Kbl ep Chem cal

nane ES/

temperature and stirred for 1 hour. The reaction is cooled to 0 °C and more
paraformaldehyde (0.208 g, 2.20 mmol) and 1 M solution of dimethylaluminum chloride
in hexanes (3.03 mL, 3.03 mmol) is added. The reaction is warmed to room temperature
and stirred overnight. The reaction is quenched by pouring into an ice/1 N HCI mixture
10 and is extracted three times with EtOAc. The combined organic layers are dried over
Na,SO;, and the solvent is removed under reduced pressure to afford a residue that is
purified on silica gel chromatography eluting with a linear gradient of 5% to 100%
EtOAc in hexanes to give the title compound (0.315 g, 53%). 'H NMR (400 MHz,
CDCls) 6 7.50 (t, ] =2.0 Hz, 1H), 7.40 (dd, J =2.2, 7.9 Hz, 1H), 7.29-7.27 (m, 1H), 7.20
15 (t,J=7.9Hz, 1H), 6.11 (t, J=2.9 Hz, 1H), 4.32-4.29 (m, 2H), 4.28-4.25 (m, 1H), 3.76
(dd, J=3.1, 11.4 Hz, 1H), 3.70-3.64 (m, 2H), 2.70 (d, ] =2.2 Hz, 1H), 1.89 (dd, J = 4.6,
6.4 Hz, 1H).
The following compounds in Table 14 are prepared essentially as described in the

preparation of (4-(3-bromophenyl)-3,6-dihydro-2H-pyran-3-yl)methanol.

20  Table 14
NMR or
. GC-MS
Prep Chemical name (m/e)
(M+1)
20a (4-(5-Bromo-2-fluorophenyl)-3,6-dihydro-2H-pyran-3- (”Br/*'Br)
yl)methanol 286/288
20b (4-(3-Bromo-4-fluorophenyl)-3,6-dihydro-2H-pyran-3- NMR16
yl)methanol
20c (4-(5-Bromo-2,4-difluorophenyl)-3,6-dihydro-2 H-pyran-3- NMRY
yl)methanol
(”Br/*'Br)
20d (2-(3-Bromophenyl)cyclohex-2-enyl)methanol 266/268
20e (2-(4-Fluoro-3-methoxyphenyl)cyclopent-2-enyl)methanol 222




(M+l) 24a Racem c tert-Butyl (4aSR 8aSR)-8a-(5-brono-2-fluorophenyl)-

4,4a,5, 7, 8, 8a- hexahydropyrano[ 4, 3-d] [ 1, 3]t hi azi n-2-yl carbamate (79Br/81Br)

445/ 447 2D 2Re0®RI38 tert-Butyl (4aSR, 8aSR) - 8a- ( 3- br ono- cfriusesiopineay 1) -

4,4a,5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3]t hiazin-2-yl carbamate (79Br/81Br)

445/ 447 24 ¢ Racemic tert-Butyl

(4aSR, 8aSR) - 8a- (5- br onp- 2, 4-di f | uor ophapy1l) -

4,4a,5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3]t hi azi n-2-yl carbamate (79Br/81Br)

463/ 465 24d Racem c tert-Butyl

(4aRS, 8aSR) - 8a- ( 3- br onophenyl)-4a,5. 6.7, 8, 8a-

hexahydr o- 4H- benzo[ d] [ 123}-BrémaihenicydicanbarhyigndABr / 81Br mu%z*( 24e

Racemi ¢ tert -BUUINNIAIH®D ESRIDERT § 455 dao;sazdz A HIOXNPHBRY D (m, 1H)

4,4a,5,6,7, 7a- h%%ftqugw%%@gné €§J[12§ hi@ﬂ@g%zz ﬁ@@ﬁé} d&s@i 24f
54 4

Racemic tert- Butyy Ry 3@ CAEES

hexahydr ocycl qB> 19@/13 ( g;tcﬁl ggr%t ?%%%F(éﬁi %%/}f‘zl?’ 24 g
Racemi c fert- 53 éll% é {1 4‘1 %;3}83 (2d%

4a, 5,7, 7a-tetra Y Qlet d T d 3]s %é% o§ ( él§3 r/818r)
431/ 433 18 'H NMR (400 MHz, CDCls) 3 7.53 (s, 1H), 7.32 (t, J = 72Hz 2H) 7.15 (t, ] =

7.9 Hz, 1H), 6.19 (s, 1H), 3.67 (dd, J = 3.7, 10.8 Hz, 1H), 3.54 (dd, J = 6.4, 10.8
Hz, 1H), 3.31 (dd, J = 1.3, 2.6 Hz, 1H), 2.57-2.47 (m, 2H), 2.23-2.13 (m, 1H),
10 2.02-2.02 (m, 1H).
Preparation 21
(4-(3-Bromophenyl)-3,6-dihydro-2 H-pyran-3-yl)methyl methanesulfonate

Br-

O\\ //o
= o
o}
A 0 °C solution of (4-(3-bromophenyl)-3,6-dihydro-2H-pyran-3-yl)methanol
15  (0.305 g,1.08 mmol) in CH>Cl, (10 mL) is treated with triethylamine (0.218 g, 2.15
mmol) and then methanesulfonyl chloride (0.148 g, 1.29 mmol) and the reaction is stirred
at 0 °C for 30 min. The reaction is diluted with water and extracted with CH,Cl,. The
organic layer is dried over Na,SO, and the solvent is removed under reduced pressure to
afford the title compound (0.432 g, 97%). "H NMR (400 MHz, CDClz) § 7.51 (t, J=1.8
20  Hz, 1H), 7.44-7.41 (m, 1H), 7.31-7.29 (m, 1H), 7.25-7.21 (m, 1H), 6.18 (t,J = 2.6 Hz,
1H), 4.33-4.31 (m, 2H), 4.20 (dd, J = 1.5, 11.6 Hz, 2H), 4.14-4.08 (m, 1H), 3.72-3.68 (m,
1H), 3.01-2.98 (m, 1H), 2.95 (s, 3H).
The following compounds in Table 15 are prepared essentially as described in the

preparation of (4-(3-bromophenyl)-3,6-dihydro-2 H-pyran-3-yl)methyl methanesulfonate.

25 Table 15
NMR or
Prep Chemical name G((rjn—/l\e/;s
(M+1)

s1a (4-(5-Bromo-2-fluorophenyl)-3,6-dihydro-2 H-pyran-3-yl)methyl NMR
methanesulfonate

21b (4-(3-Bromo-4-fluorophenyl)-3,6-dihydro-2 H-pyran-3-yl)methyl NMRZ
methanesulfonate




Preparation 25 10tert-Butyl
(8a5) - 8a- ( 3- bronmophenyl) -4, 4a, 5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3] t hi azi n-
2-yl car bawat2e11/48518Br Racemi c tert - butyl PCT/US2010/041034
(4aSR, 8aSR) - 8a- ( 3- bronmophenyl) - 4, 4a, 5, 7, 8, 8a-

hexahydr opyrano[ 4, 3-d] [ 1, 3] t hi azi n-2-yl carbamate (2.80 g, 6.55 mmol)

purified by 15chiral HPLC. Columm: Chialcel QJ 8 x 35 cm eluent: 75 :
flow. 400 nL/mn at UV 260 nm The second el uting
WD 2011/ 005738PCT/ US2010/ 041034 - 38-

(et hanol

acetonitrile);
i somer is isolated to provide the

enantionerically enriched title conpound (1.31 g. 47% . ES/MS m e

(79Br/ 81Br)

4

2 ¢ 429 (4-(3H3omo-2,4-difluorophenyf)edl, 4-dihy drg-2¢bpypaoudds inN&ﬁﬁbie
bu

prepared essen

al ly as descri pedethyl nidtenpruépaatat i on of tert -

nY
L

S
25

19 are

Vs (i e)

n-

25b

(8ab) - 8a- ( 3- bmm phen@iBromopiaenl)ccbh8a kel opyiraacalfdna | NMR™
5d] [ 1, 3]t hi azi n- 2-yl caxr@armpdre-3-niahd:gpAdy Ry ppedi@-enGhai@henl ngme ES/ |
(M+1l) 25a ter r £l eBut yl (8ab) - 8a- ( 5- bicthanresdddateor ophenyl) - 4, 4a, 8, 73@®), 8¢
hexahydr opyr{a E
Lor et opY (3288 T v bromobhdHy By dlpencs SRONAIRY felintingstae |t
hexahydr opyr aﬁ%[ ] WH%;@ @Wh@%@bhﬁs ﬁ 3§K®gfjoa§nﬂt &4 (27(9%?’/%@8} 1 (&%31/7147 25c¢
tert-Butyl (8a5 6%%932(% Jqi §$.U8r! éﬁ%%o 1 2551 2 5 at
hexahydr opyr ano[1431:imd]3£‘ 3 AR g2 A0 bt 310 (s, TH), 2.89 (s, 3H)
20 "H'NMR (40 z, CDCl3) 6 7.56 (dd,J=2.2, 6.6 Hz, 1H), 7.28 (ddd, J = 8.6,
5 4.6,2.4 Hz, 1H), 7.11 (t, ] = 8.4 Hz, 1H), 6.13 (t, ] =2.9 Hz, 1H), 4.32-4.30 (m,
2H), 4.24 (t, ] =10.1 Hz, 1H), 4.19 (dd, J =1.3, 11.4 Hz, 1H), 4.10-4.06 (m, 1H),
3.68 (ddd, J=11.6, 2.9, 1.3 Hz, 1H), 2.95 (s, 4H).
21 'HNMR (400 MHz, CDClz) & 7.39 (t, ] = 7.7 Hz, 1H), 6.89 (dd, J=8.1, 10.3 Hz,
1H), 6.02 (t, ] =2.6 Hz, 1H), 4.20-4.31 (m, 3H), 4.08-4.02 (m, 2H), 3.81-3.75 (m,
10 1H), 2.92 (s, 4H).
22 "H NMR (400 MHz, CDCls) & 7.42-7.44 (m, 1H), 7.36-3.39 (m, 1H), 7.18-7.22
(m, 2H), 6.08-6.11 (m, 1H), 4.00-4.03 (m, 2H), 3.08-3.13 (brd, 1H), 2.85 (s, 3H),
2.18-2.22 (m, 2H), 1.94-2.01 (m, 1H), 1.78-1.88 (m, 1H), 1.63-1.71 (m, 2H).
23 DMAP and triethylamine is utilized in this reaction.
15 24 '"HNMR (400 MHz, CDCl3) & 7.53 (s, 1H), 7.37-7.29 (m, 2H), 7.19 (t, ] = 7.9 Hz,
1H), 6.22 (s, 1H), 4.26 (dd, ] =4.0, 10.1 Hz, 1H), 4.01 (dd, J=7.9, 9.7 Hz, 1H),
3.54-3.52 (m, 1H), 2.86 (s, 3H), 2.59-2.51 (m, 2H), 2.28-2.19 (m, 1H), 2.04 (ddd,
J=17.0,7.8, 3.8 Hz, 1H).
Preparation 22
20 (4-(3-Bromophenyl)-3,6-dihydro-2H-pyran-3-yl)methyl carbamimidothioate
methanesulfonate
Br 0]
[\ //O
S
Z SJ\NH
o
A mixture of (4-(3-bromophenyl)-3,6-dihydro-2H-pyran-3-yl)methyl
methanesulfonate (4.82 g, 11.7 mmol) and thiourea (1.78 g, 23.3 mmol) in isopropyl
25  alcohol (100 mL) is heated to reflux for 24 h. The reaction is cooled and the solvent is

removed under reduced vacuum to give a residue that is combined with acetonitrile (30

mL) and hexanes (10 mL). A solid crystallizes and the slurry is cooled to 0 °C. The

slurry is filtered using 3 : 1 ACN : hexanes as a rinse (25 mL) to give the title compound
as the mesylate salt (3.45 g, 70%). ES/MS m/e (“Br/*'Br) 327, 329 (M+1).



(79Br/81Br) 463/465 25d tert-Butyl

(8a5) - 8a- ( 3- bronmophenyl) -4a, 5, 6, 7, 8, 8a- hexahydr o- 4H-

benzo[ d] [WO3ptimioams8n- 2-yl car bamate (79Br/ 81Br) 425/ 427 PETAS@0041B64 vl
(7aS)-7a- (4-fluoro-3-net hoxyphenyl)-4,4a,5,6,7, 7a-

hexahydr ocycl opental[d] [ 1, 3]thi azi n-2-yl carbamate 381 25f tert-Butyl

(7a5) - 7a- ( 3- bronophenyl) -4, 4a, 5, 6, 7, 7a35-
hexahydrocycl openta[d][ 1, 3]thi azi n-2-yl carbamate (79Br/81Br) 411/413
Preparation 26 tert-Butyl

(8a5) - 8a- (3-azi dophenyl) -4, 4a,5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3] t hi azi n-2
- 10y|carbanateTmsﬂﬂkying¢GMJ©nmsinTmMeI@wﬁpﬁﬁwWﬁSSBuhﬂmns@ﬁmﬂmdpewcsulfate

is prepared II nt rate(lOg, 2.0
mol) in walt ara?’fg%ﬁkf‘) ﬂ%\ lﬁ&g%%fv? soldt)ljl%yl%gn o ﬁggsdgh%llgc acid is prepared by
di ssol vi ng dartasgoidothioasecmethawesdiliomtsal t (1.58 g, 4 O mmol ) in water (12

15m.) . a][:epg ]lr%)tl on of tert-butyl (8aS) 8a- ( 3- bronophenyl) -4, 4a, 5, 7, 8, 8a-
hexahydropy HoT4—3—dH1-3}hiazin

\l|r\f\r mmteo (O ENN o 1 20 mmm ) in
g9, I J |_ J o (J.LI LILI L y oAl U(J.IIIJ.I. C \U. [ AVAV) U, J..ESI/Mglu
et hanol (3.6 8% IS added sodi um |de 0 228 g, 3.50 mmol)|,
1, 2-cycl ohexlaH&di ami ne, -39- N, -, trans (+/-) ([0. g\%’/@ g/ 0.386
mol ), 0.66 Legus_l__asegm_c_am_d_sgm_um_salf (0772 M mmol ),

("BrD Bsg| M
G547 255 mol )

and wat er (0. 74, i
aqueous sol ution

H(§-CaREpriche finprephsnad $36-Ghyded Hyean- iy bmeilen (

of _coppercaiamimidgthioptemeihanesitionstat e (0 77

i s added and kg | (&6EBIase-#-duprephcan]) B¢-Goy oL ErpyIm-hyhmetinle ¢ SactBron i s
S5poured into_col d water tocagfamimglohidgiq aethanesubionatthat i s exit r¥eéd 1 hree
THe(oByant Z4-delperophenybrd e dihpder2 HNoy2803- t of @GRS cr ude

times with Et%&c.
mat erial whijlchis puri fiiDedthyycabdnigadogedate methamsdématehy el ut i¥6d/36kt h a

| i near gradi e% ( Of2-63BtanbBaYs Es dexi2renhbmeathglcatteminidethidae [t ('Hre Brpfmpound
(0.400 g, 88 . |[ESIMS me: 390 @idhbhesulfbieatd ol | owi ng conpound®5i3d7 Tabl e 20
are prepared essenti @-t4yflaso-dasaRdx pg@nync}&gerﬂgfngnegmeﬁ j on Jof Egelrt- put yl
(8a5) - 8a- ( 3-laztdopheny1) - daftnBmilothider Haxaydfoamyr anol 4, 3-

29f (2-(3-bromophenyl)cyclopent-2-enyl)methyl carbamimidothioate | ("’ Br/*'Br)
methanesulfonate 311/313

Preparation 23
Racemic (4aSR,8aSR)-8a-(3-Bromophenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3-
d][1,3]thiazin-2-amine

H

H
S

o) i s o
B /)\ ’ /)\
I N NH,

NH,

Br : Br

10 A mixture of (4-(3-bromophenyl)-3,6-dihydro-2H-pyran-3-yl)methyl
carbamimidothioate methanesulfonate (3.41 g, 8.05 mmol) in methanesulfonic acid (35
mL) is heated at 50 °C for 5 h. The reaction is cooled and added to ice water. The
mixture is diluted with EtOAc and the pH adjusted with 5 N NaOH to basic. The basic
aqueous layer is extracted three times with ethyl acetate and the organic layer is dried

15  over Na,SO4. The solvent is removed under reduced pressure. The resulting residue is
triturated with CH,Cl, to give the title racemic compound. Additional racemic product is

obtained by purification of the filtrate by silica gel chromatography eluting with a linear



d][1, 3]thiazin-2-ylcarbamate. Table 20 Prep Chemi cal name ES/M5 (me) (M+l)
26a tert-Butyl (8 aS)-8 a-(5-azido-2 -fluorophenyl)-4,4 a,5 ,7, 8, 8a-
hexahydr oporan®oz83 -d] [1,3 Jthiazin-2 -ylc arbamat e 203/1R6000er084 But yl
(8ab)-8a-(3 -azido-4-fluorophenyl)-4,4 a,5 ,7, 8, 8a- hexahydropyrano [4, 3
-d] [1,3 Jthiazin-2 -ylc arbamate 408 26c¢c tert-Butyl (8a5)-8a-(3

-azi dophenyl)-4 a,5 ,6,7, 8, 8 a-hexahgdro- 4H benzo [d] [1,3

]t hi azi n-2-yl carbamate 388 26d tert-Butyl (7a5)-7a-(3 -azidophenyl)-4,4 a,5
,6,7,7 a- hexahydrocyclopenta[d][1, 3]thiazin-2-yl carbamate 374 26e Racemnic
tert Butyl (4aSR, 7aSR)-7a-(5-azi do-2-fluorophenyl)- 4a,5,7,7

a- t et r ahydrgadieptohit% t§ 30%4Z-M]NP[3M®1]I it GHeGhb 0-P & 76%). aF et (394°'Br)
Preparatio 2%7 2195(5\)2 :)‘ Buty

(8a5)-8a-( -ah nophenyl) - 4 4a, 5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3] thiazin-2
- yl carbamat e HThe following o@nmoumdsnlerﬂel"Em‘Bpi‘Bphlyﬂ essentially as described in the

W car bamat S8 S08 bR S5SRR b  RAR By 35 G- CAPRBAATE by wel ght

(0.200 @ id[Eelgaril-26@dmenl) is purged with nitrogen then

Table 17
ES/MS
Prep Chemical name (m/e)
(M+1)
23a Racemic (4aSR,8aSR )-8a-(5-Bromo-2-fluorophenyl)- (”Br/*'Br)
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][1,3 Jthiazin-2-amine® 345, 347
23b Racemic (4aSR,8aSR )-8a-(3-Bromo-4-fluorophenyl)- (79Br/ 81Br)
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 ]thiazin-2-amine*® 345/347
23 Racemic (4aSR,8aSR)-8a-(5-Bromo-2,4-difluorophenyl)- (79Br/ 81Br)
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 ]thiazin-2-amine® 363/365
23d Racemic (4aRS,8aSR)-8a-(3-Bromophenyl)-4a,5,6,7,8,8a- (”Br/*'Br)
hexahydro-4H-benzo[d][ 1,3]thiazin-2-amine 325/327
23 Racemic (4aRS,7aSR)-7a-(4-Fluoro-3-methoxyphenyl)- 231
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin—2—amine27
23f Racemic (4aRS,7aSR)-7a-(3-Bromophenyl)-4,4a,5,6,7,7a- (”Br/*'Br)
hexahydrocyclopenta[d][ 1,3]thiazin-2-amine methanesulfonate®® 311/313

25 The reaction is heated at 90 °C overnight.
26 The reaction is heated at 50 °C for 5 h.
27 The reaction is stirred at room temperature for 3 h.
10 28 The reaction is stirred at room temperature for 17 h. Product isolated as the salt.

Preparation 24
Racemic fert-Butyl (4aSR,8aSR)-8a-(3-bromophenyl)-4,4a,5,7,8,8a-
hexahydropyrano [4,3-d][ 1,3]thiazin-2-ylcarbamate

G

15 A mixture of racemic (4aSR,8aSR)-8a-(3-bromophenyl)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][1,3]thiazin-2-amine (2.08 g, 6.36 mmol) and di-t-
butyldicarbonate (2.77 g, 12.7 mmol) in 1,4-dioxane (60 mL) and saturated aqueous
NaHCO; (60 mL) is stirred at room temperature for 8 h. The mixture is diluted water and

extracted three times with EtOAc. The combined organic layers are dried over Na,SOy



-40- hydrogen. The reaction is stirred at roomtenperature under hydrogen
(30 psi) for 2 h. Na2504 is added to the reaction mxture and it is
filtered wbroughstsat omaceous earth, using nethanol to PCmas2el0e4f034t er
cake. The solvent is renoved under reduced pressure to give the title
conpound (0.361 g, 97%. ES/M5s me: 364 (M+l). 5The foll owi ng conmpounds in
Tabl e 21 are prepared essentially as dagcribed in the preparation of
tert-butyl (8ab)-8a-(3-am nophenyl)-4,4a,5,7,8, 8a-hexahydropyrano[ 4, 3-
d][1, 3]thiazin-2-ylcarbamate. Table 21 Prep Chemi cal name ES/M5 (me) (M+l)
27a tert-Butyl (8ab)-8a-(5-am no-2-fluorophenyl)-4,4a,5,7,8, 8a-

hexahydr opyandriee JolveBt isl fenjobeBuijdet feidaceil pre@swrylogéiobmettzal 3@2isDAbfiedt - But vl

8a5) - 8a- ( 3. aNi.NG- 4- ny1).4,4 a, oBa- .
Laa a1 L T Aadnd b aRORIARE bn BifhelPulon: frsop iy B ADULIORILRLS
- am nophenyth)eivé th file, Gmppdd (881 lue YU rEs/MSH/b B  Bd |27, 429 (M+1).
1, 3] t hi azi n- 2- te 362 27d.tertsButyl . L
(7a0) - T o am MOBRURSTRE roparedidS Thegh S fEbinuad srgnioteps dspriberid b1, 5
] thiazi 2& Z%Il)fblﬁlrfafoﬁ oﬁfﬁairﬂicMBbﬁ?g(&;S%,&gSﬂt)Qaﬁ&ﬁtmﬁﬁh&#yl)(#a@lﬁ[ 3R8,433<]’:ISF%--:7% i’:l- (5
-am no- - uagr opnen - , . 0, a- ra ro- uro , 4- ,
Chimpin 2 B enaRaed bl i 2k eran’ 26 1 ert. Butyl
(8ab) - 8a- ( 3rdbr &hl or opi col i nam do) phenyl) -4, 4a, 5, 7, 8, 8a-

hexahydropyrand®d[ 4, 3-d][ I, 3]t hi azi n-2-yl car banat e ES/MS
Prep Chemical name (m/e)
(M+1)
244 Racemic tert-Butyl (4aSR,8aSR)-8a-(5-bromo-2-fluorophenyl)- (”Br/*'Br)
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 Jthiazin-2-ylcarbamate 445/447
24b Racemic tert-Butyl (4aSR,8aSR)-8a-(3-bromo-4-fluorophenyl)- (79Br/ 81Br)
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 Jthiazin-2-ylcarbamate 445/447
e Racemic tert-Butyl (4aSR,8aSR)-8a-(5-bromo-2,4-difluorophenyl)- (79Br/81Br)
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 Jthiazin-2-ylcarbamate 463/465
24d Racemic tert-Butyl (4aRS,8aSR)-8a-(3-bromophenyl)-4a,5,6,7,8,8a- (79Br/81Br)
hexahydro-4H-benzo[d][ 1,3]thiazin-2-ylcarbamate 425/427
e Racemic fert-Butyl (4aRS,7aSR)-7a-(4-fluoro-3-methoxyphenyl)- 381
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3]thiazin-2-ylcarbamate
24f Racemic fert-Butyl (4aRS,7aSR)-7a-(3-bromophenyl)-4,4a,5,6,7,7a- | ("Br/*'Br)
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate 411/413
24g Racemic tert-Butyl (4aSR,7aSR)-7a~(5-bromo-2-fluorophenyl)- (”Br/*'Br)
4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3 Jthiazin-2-ylcarbamate 431/433

Preparation 25
10 tert-Butyl (8aS)-8a-(3-bromophenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 Jthiazin-
2-ylcarbamate,
H

LA Ak
e

Racemic tert-butyl (4aSR,8aSR)-8a-(3-bromophenyl)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][ 1,3 ]thiazin-2-ylcarbamate (2.80 g, 6.55 mmol) is purified by
15 chiral HPLC: Column: Chiralcel OJ 8 x 35 cm; eluent: 75 : 25 (methanol : acetonitrile);

flow: 400 mL/min at UV 260 nm. The second eluting isomer is isolated to provide the



H To a mxture of tert-butyl (8ab)-8a-(3-am nophenyl)-4,4a,5,7,8, 8a-
15hexahydr opyrano[ 4, 3-d] [ 1, 3]t hi azi n-2-yl carbamate (0.15 g, 0.413 mol), 5-
chl or opyrwoiznet/@ssar boxylic acid (0.078 g, 0.495 mmol) &0QW/US2010/041034

1- hydr oxybenzotriazole (0.073 g, 0.536 mml) in CH2Cl12 (2.75 nmL) and DWF
(0.3 nL) is added 143- di net hyl am nopropyl)- 3-ethyl carbodii m de

hydrochl oride (0.103 g, 0.536 mol ). The-reaction is stirred overnight at
roomtenperature. The reaction mxture is diluted with -41- water, 5 N
NaOH (0.5 nL) and extracted three tinmes with CH2C12. The conbi ned organic
| ayer is dried over Na2SO4 and the crude product is purified by silica gel
chr onat ogr aquhyticaenicilhoenvichdd tisle cpmpamd g AHE.e4T06)0ESHIB toe (TBOIGHEL 484N
hexanes to 'VS the title conpound (0.176 g, 85 % . ES/Ms me: (35Cl/37Cl)
503, 505 ( 3 The foll owi ng compounds in Table 22 are prepared
essentially as daésdolideet ¢ompotsdspn Egde &2 aroprophred esstrthlly yd described in the

(8a5)-8a-(3-(5-chlo i.coli i.d hen -4, 44, 8, 8ahexahydr rano [ 4,3
R A F I B e D LR R SR R b 8 S AR
(M+l) 28 td@rt3]Bitsd-2-¢Babymda- (5- (5- chl or opi col i nam do) - 2-f | uor ophenyl) -
4,4a,5,7, 818% hegxahydr opyrano[ 4, 3-d] [ 1, 3] thi azi n-2-yl carbamat e (35C1/37Cl1)
521/ 523 28140 Byt yl (8ab)-8a-(2-fluoro-5-(5-fl uoropicolinam-dg)phenyl) -
4, 4a, 5, 7, 8, Bgp.nexahydropyrano[ 4, 3-d] [ 1, 3] t hi azi n- 2-yl car banat%s@b% P8c

tert-Butyl| agad) - 8a- (2-f1 uor o- 5- Fhefiisal gpias 2- (m/e)
car boxam do)phenyl)-4 4a 5 7 8 8a- hexahydropyrano[4 3- 79(M‘§11)
d] [ 1, 3] t hi pakp-|2- yletdrusdnsase-8a93bogip-3-Ereropiienyl)-4,4a,5,7,8,8a- ("Br/"'Br)
(8a5) - Ba- (R-t 1 ijor o- 5- ligshlydrapyempde) HhleH(iazin-2-yicarbamate 445/447
4,4a,5,7, 8| ?gb Hex alasteRusyly B dp43-Brat]of 4 {18 roplicayl) 4425y Ga- banet Bri$r) P8e
tert-Butyl ag) - 8a- (IBxadodvlysmoldysrdlih, Hilerip2-yetbamatai do) - 2- 445/447
25c tert-Butyl (8aS)-8a-(5-bromo-2.4-difluorophenyl)-4,4a,5,7.8.8a- | (“Br/*'Br)
hexahydropyrano[4,3-d][ 1,3 ]thiazin-2-ylcarbamate 463/465
254 tert-Butyl (8aS)-8a-(3-bromophenyl)-4a,5,6,7,8,8a-hexahydro-4H- | ("Br/*'Br)
benzo[d][1,3]thiazin-2-ylcarbamate 425/427
250 tert-Butyl (7aS)-7a-(4-fluoro-3-methoxyphenyl)-4,4a,5,6,7,7a- 381
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
25¢ tert-Butyl (7aS)-7a-(3-bromophenyl)-4,4a,5,6,7,7a- (”Br/*'Br)
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate 411/413

Preparation 26
tert-Butyl (8aS)-8a-(3-azidophenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3-d][1,3]thiazin-2-
10 ylcarbamate
H

LAk

A

A 0.33 M solution of copper sulfate is prepared by dissolving copper (II) sulfate
pentahydrate (1.0 g, 2.0 mmol) in water (12 mL). A 0.66 M solution of L-ascorbic acid is
prepared by dissolving L-ascorbic acid sodium salt (1.58 g, 4.0 mmol) in water (12

15 mL). To asolution of zerz-butyl (8aS)-8a-(3-bromophenyl)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][ 1,3 ]thiazin-2-ylcarbamate (0.500 g, 1.20 mmol) in ethanol (3.6
mL) is added sodium azide (0.228 g, 3.50 mmol), 1,2-cyclohexanediamine,



fl uorophenyl) -4, 4a,5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3] t hi azi n-

2-yl carbamate (35C1/37Cl) 522, 524 28f tert-Butyl

(8ab) - 8a-wO-2h1wos385- ( 5- f | uor opyri m di ne- 2- PCT/US2010/041034

car boxam do) phenyl) -4, 4a, 5, 7, 8, 8a- hexahydr opyr ano[ 4, 3-

d][1, 3] thiazin-2-ylcarbamate 506 28g tert-Butyl

(8ab) - 8a- (3-(5-chl oropi col i nam do) - 4- f3aor opheny1) -

4,4a,5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3] t hi azi n-2-yl carbamate (35Cl/ 37Cl1)
521, 523 28h tert-Butyl (8a5)-8a-(3-(5-chloropicolinam do)phenyl)-

4a, 5, 6, 7, 8, 8a- hexahydr o- 4H benzo[ d] [ 1, 3] t hi azi n- 2-yl car bamat e (35C1/ 37C1)
501, 503 28N M-dmictiBit trans(TapP0342 ¢.3-1303anélE StGord pijdo}phesppidic acidla, 5, 6, 7, 7a-
hexahydr ocycl.ope i aziN-.2- vyl ' rt - But vl

(7a5) 7o ¢ SPRRERN R 2 Y g R Pt b R Wty
hexahydr ocydtragpeniad]. 8 Mlaq8ddub saation-iZ-cyppeafl Danikitepehbdy d8ic (0.673 mBut yl

4 4.5, 6, 7, 2 NREh e BB RIPEHIRTEY s fr 2 pin Mhsaiion s 28m
tert-Butyl foted)inté@eld3Ivatddys affordi bRre 2nictarchbaandxttagtphingg imes with
4. 48,5, 6. 7. Za hepaly dr Qe Y St AR AR A Ko, LURZ: Drde M SRLRATANE iR

by silica gel chromatography eluting with a linear gradient of 5% to 100% EtOAc in

hexanes to give the title compound (0.400 g, 88 %). ES/MS m/e: 390 (M+1).

The following compounds in Table 20 are prepared essentially as described in the
10  preparation of fert-butyl (8aS)-8a-(3-azidophenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3-
d][1,3]thiazin-2-ylcarbamate.

Table 20
ES/MS
Prep Chemical name (m/e)
(M+1)
26a tert-Butyl (8aS)-8a-(5-azido-2-fluorophenyl)-4,4a,5,7,8,8a- 408
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate
26b tert-Butyl (8aS)-8a-(3-azido-4-fluorophenyl)-4,4a,5,7,8,8a- 408
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate
26c tert-Butyl (8aS)-8a-(3-azidophenyl)-4a,5,6,7,8,8a-hexahydro- 388
4H-benzo[d][1,3]thiazin-2-ylcarbamate
26d tert-Butyl (7aS)-7a-(3-azidophenyl)-4,4a,5,6,7,7a- 374
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
260 Racemic fert-Butyl (4aSR,7aSR)-7a-(5-azido-2-fluorophenyl)- 394
4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3]thiazin-2-ylcarbamate

Preparation 27
15  tert-Butyl (8aS)-8a-(3-aminophenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3-d][1,3]thiazin-2-
ylcarbamate
H
b g
: N/)\ J\OJ<

N
o
H,N

A mixture of tert-butyl (8aS)-8a-(3-azidophenyl)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate (0.398 g, 1.02 mmol) and palladium
20 on carbon -10% by weight (0.200 g) in ethanol (25 mL) is purged with nitrogen then



28n tert-Butyl (7aS)-7a-(3-benzam dophenyl)-4,4a,5,6,7,7a-
hexahydrocycl openta[d] [ 1, 3]thiazin-2-yl carbamate 452 WO

2011/ 005A86RCTI/00S3810/ 041034 -42- 28 p tert-Butyl PCT/US2010/041034
(7aS)-7a-(3-(pyri m di ne-4-carboxam do) phenyl) -

4,4a,5, 6,7, 7a- hexahydrocycl openta[d] [ 1, 3] thiazin-2-yl carbamate 454 28q
Racem c tert-Butyl (7aSR)-7a-(2-fluoro46-(5-

fl uoropi col i nam do) phenyl) -4a, 5, 7, 7a-t et rahydr o- 4H-f ur o[ 3, 4-

d][1, 3]thiazin-2-ylcarbamate 491 28r Racem c tert-Butyl

(7aSR) - 7a- ( 5- (5- chl or opi col i nam do) - 2-

f 1 uor ophenytydrogan STiE, i2ectiveisrséihydintgodtitdmpesi8e dadi] pkdr@jen 3 Gpsiorfo2 h.
z”?ggrR;) _ar;g‘ E ?I%?zsﬁﬁ %%ﬁd@? g{% ac](é)llgrg ﬁl}l{)%@ﬁ%nXJl it 1s filtered through diatomaceous earth,

2- car boxam wojgpheimnd) to4asSth filker-dalked. rﬂi@ydhmtdd—teﬁmvmlﬁl,dér reduced pressure to

((j]4<[51é \;,LES;" ?gj{l ?%‘ fﬁ!ﬁ‘g&%p%%n?éﬁqugz 7& Eﬁ%ﬂﬁdgﬁi@ie@;) Bz:[aylt') 7, 7Ta-tetrahydro

- 4H-furyo[ 3, 4- d]'[[hé,féi]otwhﬁg&ﬂirﬂpoﬁn@élnﬁ:ﬁﬂbaﬂﬁﬁrepi'épared esseifatiend desértbietl bt yl (4
aSR, 7 aSR) 2-flu orop |

32, 5.7 7o, LBEREGRPb AR (O S RO 4 D DAV BT Y 226 g
0. 460 mml ) d][1S3 1ibizi -2 -9 atBym &bl raI HPLC. 2.1 x 25 cmChiralcel OD-H, 5

m cron col urm 30% met hanol /CO2, flowrate: 70 mL/mn, WV: 230 nm The
second el ut & 3lso i i '

enriched title conpound (0.092 g, 41%. ES/M5 (nfe): ES/MS
Prep Chemical name (m/e)
(M+1)
27a tert-Butyl (8aS)-8a-(5-amino-2-fluorophenyl)-4,4a,5,7,8,8a- 380
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate
27b tert-Butyl (8aS)-8a-(3-amino-4-fluorophenyl)-4,4a,5,7,8,8a- 380
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate
27c tert-Butyl (8aS)-8a-(3-aminophenyl)-4a,5,6,7,8,8a-hexahydro- 362
4H-benzo[d][1,3]thiazin-2-ylcarbamate
27d tert-Butyl (7aS)-7a-(3-aminophenyl)-4,4a,5,6,7,7a- 348
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
e Racemic fert-Butyl (4aSR,7aSR)-7a-(5-amino-2-fluorophenyl)- 368
4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3 ]thiazin-2-ylcarbamate
10 Preparation 28

tert-Butyl (8aS)-8a-(3-(5-chloropicolinamido)phenyl)-4.,4a,5,7,8,8a-
hexahydropyrano[4,3-d][ 1,3]thiazin-2-ylcarbamate

H
(@] 1 S
LA Ak
: )
Cl

To a mixture of tert-butyl (8aS)-8a-(3-aminophenyl)-4,4a,5,7,8,8a-

15  hexahydropyrano[4,3-d][ 1,3 Jthiazin-2-ylcarbamate (0.15 g, 0.413 mmol), 5-
chloropyridine-2-carboxylic acid (0.078 g, 0.495 mmol) and 1-hydroxybenzotriazole
(0.073 g, 0.536 mmol) in CH,Cl, (2.75 mL) and DMF (0.3 mL) is added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.103 g, 0.536 mmol). The

reaction is stirred overnight at room temperature. The reaction mixture is diluted with



491 (Mr1).

essentially by the nethod of tert-butyl

The foll ow ng compounds in Table 23 are prepared

(4a5, 7ab)-7a-(2 -fl

uoro-5

-(5

-fl uor op Wo 2011dGoss81 do) phenyl)-4a,5,7,7 a-tetrahydro4H POT@Sp@OA4B4 [ 1, 3

]thiazin-2 -yl carbamate.

a tert-Butyl

4a, 5,7, 7a-tetrahydro-4H-furo[ 3, 4-d] [ 1,3]t hi azi n- 2-yl car bamat e 507

tert-Butyl (4a5,7 aS)-7a-(2-fluoro-5 -(5 -fluoropyrim di ne-
oxam do) phenyl)-4a,5,7,7 a-tetrahydro-4Hfuro [3, 4-492
d][1, 3]thiazin-2-ylcarbamate Preparation 30 tert-

15Tabl e 23 Prep Chem ca

nane ES/ M5 (me) (M1) 29

(4 aS,7 aS)-7 a-(5-(5-chloropic o linam do)-2-fluorophenyl)-

2 - 29bc

But yl

(8a5) - 8a- ( 2yaterdd N NPl {®BS (nhy pirchéxthiactebthrapel il enth JH-L14 The Bombiped, 8

aShexahydr
of tert-but

-43-

arb

o0& ée{nal‘plgyirﬁs Ficdlovlihy a%SJ)} DAz Buds Iyrgc?uc?{s %uﬁ‘ﬂ&t By dilica gel A mxture
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5.83 mmol ) and
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C. Pyrinidlne 5-boronic acid (0.655 g,

t henylpho
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20 m nutes. praﬁtwatroﬁ@cieymwl%gdswhgﬂ
rre

5.18 nnDI)
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c layer is over Na2504 an he crude

product
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¢ C for

hane (10 nli),
10heated to 97
cesiun1carbonate (1.90g,

S
%QP "
(5-6hildrupieslinamido) Jmﬁﬁy 44aRd gst racted with

0.129

S

ani
purified by‘%%D@E§Y@§P4éﬁ45hﬂﬂﬁﬁFh phifa8rE#teng 15 with a |inear gradient of
5% to 100% Erfcri n hexanes to give the title conpound (0.258 g, 86 9.

ES/M5S (mMe):[ 463T(M + 1). The folTow ng compound in Tapl g5Zfs af e
prepared essepthally as describedchgmgg%mggeparation of terf-hyby!
(8?5)-83iE2 4-di f|1 uor o- 5- (pyr|n1d|n 5- y )phenyl) 4, 4a 57,8, 8@Q@¥ph dr opyr a
no[ 4, 3- 1, 3jttm r y P anme
i S ST A I O
yl)phenyl) - da St a8 & il S oo ollmamlldo IhasHT yEearbarm e
racemc tert; Byl Ia,f!g}%%% ydrop anﬁ ?8{ P iazin-2-ylcarbamate 503
tert- Butyl (8aS)-8a-(2-fluoro-5-(thiazole-2-
28c carboxamido)phenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3- 493
d][1,3]thiazin-2-ylcarbamate
23d tert-Butyl (8aS)-8a-(2-fluoro-5-(picolinamido)phenyl)- 437
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate
tert-Butyl (8aS)-8a-(5-(5-chloropyrimidine-2-carboxamido)-2- Fafen
28e¢ | fluorophenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3-d][1,3 Jthiazin-
522,524
2-ylcarbamate
tert-Butyl (8aS)-8a-(2-fluoro-5-(5-fluoropyrimidine-2-
28f carboxamido)phenyl)-4,4a,5,7,8,8a-hexahydropyrano[4,3- 506
d][1,3]thiazin-2-ylcarbamate
280 tert-Butyl (8aS)-8a-(3-(5-chloropicolinamido)-4-fluorophenyl)- | (*°CI/'Cl)
4,4a,5,7,8,8a-hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate | 521, 523
23k tert-Butyl (8aS)-8a-(3-(5-chloropicolinamido)phenyl)- C°C1A'Cly
4a,5,6,7,8,8a-hexahydro-4H-benzo[d][1,3]thiazin-2-ylcarbamate | 501, 503
28i tert-Butyl (7aS)-7a-(3-(isonicotinamido)phenyl)-4,4a,5,6,7,7a- 453
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
28; tert-Butyl (7aS)-7a-(3-(picolinamido)phenyl)-4,4a,5,6,7,7a- 453
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate
23k tert-Butyl (7aS)-7a-(3-(pyrazine-2-carboxamido)phenyl)- 454
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-ylcarbamate
28m tert-Butyl (7aS)-7a-(3-(pyrimidine-2-carboxamido)phenyl)- 454
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-ylcarbamate
28 tert-Butyl (7aS)-7a-(3-benzamidophenyl)-4,4a,5,6,7,7a- 450
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate




(pyrimdin-5-yl)phenyl)-4a, 5,7, 7a-tetrahydro-4Hfuro[ 3, 4-

d][1, 3]thiazin-2-yl carbamate29 453 (M23) 29 Conpounds are recovered as a
m xt ure. wo20R20m373805738PCT/ US2010/ 041034 - 44- Pr epar at iPom/U3201Ra¢1®83 C
(4aSR, 7aSR) - 7a- (4- Fl uor o- 3- (pyri m di n- 5-yl ) phenyl)-4a, 5, 7, 7a- t et r ahydr o- 4H
furo[ 3,4-d][1, 3]thiazin-2-am ne and 5Raceni c

(4aSR, 7aSR) - 7a- ( 2- Fl uor o-5- (pyri m di n-82yl ) phenyl)-4a, 5, 7, 7a-t et rahydr o- 4H
furo[3,4-d][1,3]thiazin-2-amne FINFNN A solution of 4 M Hydrogen chloride
in dioxane (19.2 nL) is added to a m xture of racemc tert-butyl

(4aSR, 7aSR) - 7a- (4-fluoro-3- (pyrim din-5-yl)phenyl)-4a,5,7, 7a-

10t et r ahydr o- g__{f ur ef33dtydish, Bl paahidme-Watkoaapeednd racen c
tert-butyl (43 743@%)6 7,7a-hexah drocyclopenta[d][l 3] thlazm 2—ylcarbamate

7a- (2-fl uor o-5-(py =S¥ I PRER ui- 7a ranyuro-4i—i—fur0i3,4-d][
1, 3]t hi azi n2- ar ctjongys stirred
at roomterrpe?%(furglﬁg%b ). 3] er ﬁﬁ ueoﬁbslsl N HC1
and i s extractedw || dlu"‘ll (Ot PAR tsS mhydroxidelis
added to the ? chuk ef@?ﬁ%% ?I t(g\ gh;ro%ﬁ%magﬁrog% trac @i N ce
with 10% i sdp HBTO«? %’é') o 'o' ’ R noved under
reduced pre°°"r° tf‘ gye—a '°s1i H"y]‘ca{(m “"(:*'ﬂ s+Hea—gel "‘I ng

r adi al chronaégﬂgr % méqtﬁ’ft‘ 4R 87 1-Judrgoy él\ﬁ“&m’%ﬂ % et hanol

di chl or onet h ‘F’?él?oé‘f‘“f‘l‘eijl Rhgnyh); "}5173%1 eé?@%)fdﬁo 6§’|fH’@ ¥4di al chomat ogr aphy
el uting w th—10%.i cnnrnnvl ani Hel.31dp pr 60% hexane to give the
title conpounds as a 20 racemc t wo corrponent mxture (0.231 g, 73%. ES/ M5
me: 331 (M+l). Preparation 32 Preparation 29

(4a5, 7a5) - 7a- (4- Fl uor o- 3- (pyri m di n-5-yl ) phenyl) -4a, 5, 7, 7a-t et r ahydro-4H-f u
ro[ 3, 4- d] [ feraputtil @2, ﬁa82_7ar(r¥1ﬂ@0@rﬁj(5 ﬂuorop1col1nam1d0)phenyl) 4a,5,7,Ta-tetrahydro-

25(4a5, 7a5) - 7a- ( 2- Fl uor o- 54§W{o£ﬂ-9£g3ﬁmé&ﬁ-@%ﬁé&%)na%a 5,7, 7a-tetrahydro-4H

furo[3,4- d][1,3]thiazin-2-amn m xture of racemc

(4aSR, 7aSR) - 7a- (4- f | uor o- 3- (pyri mi di n- 55y ) pheny1) -
4a, 5, 7, 7a-t et rahydr o- 4Hf ur o[ 3, 4- d][JOS hﬁmi /k\m ne and racemc

(4aSR 7aSR) - 7a- ( 2-

Ot
Racemic tert-butyl (4aSR,7aSR)-7a-(2-fluoro-5-(5-fluoropicolinamido)phenyl)-
4a,5,7,7a-tetrahydro-4H-furo[ 3,4-d][ 1,3 ]thiazin-2-ylcarbamate (0.226 g, 0.460 mmol) is
purified by chiral HPLC: 2.1 x 25 cm Chiralcel OD-H, 5 micron column, 30%
methanol/CO,, flow rate: 70 mL/min, UV: 230 nm. The second eluting isomer is isolated
10 to provide the enantiomerically enriched title compound (0.092 g, 41%). ES/MS (m/e):
491 (M+1).
The following compounds in Table 23 are prepared essentially by the method of
tert-butyl (4aS,7aS)-7a-(2-fluoro-5-(5-fluoropicolinamido)phenyl)-4a,5,7,7a-tetrahydro-
4H-furo[3,4-d][ 1,3 ]thiazin-2-ylcarbamate.

15  Table 23
ES/MS
Prep Chemical name (m/e)
(M+1)
29a tert-Butyl (4aS,7aS)-7a-(5-(5-chloropicolinamido)-2-fluorophenyl)- 507
4a,5,7,7a-tetrahydro-4H-furo[ 3,4-d][1,3]thiazin-2-ylcarbamate




fluoro-5-(pyrimdin-5-yl)phenyl)-4a,5,7, 7a-tetrahydro-4H-furo[ 3,4-d][1,3]th
iazin-2- 5 amne (0.231 g, 0.697 mvol) are separated using a Chiral pak AD-H
3 x 25 crwoabumessButing with 3/2 EtOH : acetonitril e wWPCH/US2@96041034

di rethylethylamine at a flowrate of 30 nL/mn., 225 nMto give

(4aS, 7aS)-7a- (4-fluoro-3-(pyrimdin-5-yl)phenyl)-4a,5, 7, 7at et rahydr o- 4H-f ur
0[3,4-d][1,3]thiazin-2-amne (TR= 3.1243(0.032 g, 14%: ES/M5 me: 331
(M+1) and

(4ab, 7ab)-7a- (2-fluoro-5-(pyri mdin-5-yl)phenyl)-4a,5,7, 7a-tetrahydro-
104H-furo[ 3,4-d][1,3]thiazin-2-amne (TR= 4.479 )(0.058 g, 25% . ES/ M5 me:

331 (Mm1). tert-Butyl (4aS,7aS)-7a-(2-fluoro-Pr elapmpyromid 38-2-
(7ab) - 7a- ( 4- Btuar o- 3-caokonyipipbenyl))4ad, Yo iréhydrodder@y dr ocycl épentja[ d] [ 1
3] thiazi n152- anijne To adfboBithinnm-2tydearbalpiatey |

7a- (4-fl uoro-3-nmet hoxyphenyl) -4, 4a, 5, 6, 7, 7ahexahydr ocycl openta[d] [ 1, 3] thi az
in-2-ylcarbamate (1.04 g, 2.73 nmmol ) in CH2C12 (20 nmL) is added TFA (5 nlL)
and the reaction is stirred at roomte ture for 16 hr. The 20sol vent is
renmoved under reduced pressure to glfP&" g idue that is diluted with water
and SN NaCH. ThereaMieay8sas) Y2, 4ldsluerd- 5—€fgftrﬁﬂd1f113il=bﬂ)pﬂlbr[§$)54 w3, hgRLOAC. The
organic |layer is dried ove 2504 and the solvent is removed under reduced
pressure. The crude proBd@ Ly @”ﬁ%@‘#%QHIQFWﬁ”%21@35m§@% col um using 4: 1
CH2C12 : MeOH and then 2: 1 CH2C12 :H4 -46- 7 N NH3 in MeOH to elute the
product and give the title conpound™~¢0.656 @, 99% . ES/MS mle: 281 (Mtl).
Preparation 34 L /i(

547a5) - 2- Ami no- 4, 4a, 5, 6, 7, 7a- hexahydgo¥
fl uorophenol H CCS E NNH2
(7ab) - 7a- (4-f1 uoro- 3- net hoxypher ,5,6,7,
]thiazin-2-amne (0.717 g, 2. ® in CH2C12 (15 L) is added boron
tribromde 11.20 g, 7.67 mmol)."NThe reaction is warmed to 0 C and is
10stirred for 2 hr, The reaction is diluted with water and the pHis

adj usted to 7. ThRideEebisg-qubyl 833 a@p@d%mf@@mphwg 4w/ EDAC (some MeOH
I s added tqleag{ylardﬁy%@[u\seﬂgmlﬁm291@%%&1@@%@% X447arhbI9) 1,2-The or gani ¢

| ayer is dried over Sol vent is rempved under reduced

pressure. THECHPYEape JQuely): ?tban,sb& Phemdwia(es (AmiispuseX Ve Inifageudihg 4: 1
CH2C12 jo MeQbi.afsot *@@ﬂlmlén%%gpo%lc a07d (96% LRl M%gg cteQiuﬁll dienibe 15

product and give the title conpound me: 267 (M+ 1).
Prepar at i on(139gt &83 Irml)),qnd bls(trlphenylphosphme)palladlum 1) chlorlde (0.091g, 0.129

(7a5) - 7a- (4 {n'o N Lrada ds'ir%?ey@?t‘? ahli 11t r@iBn Bhlaté@at 97 °C for 20 minutgs. Th
hexahydrocycl o genta 1 é@?n 5 ﬁicér% na%e H or %PM§&O A H HO 20
reaction is cooled dlluted with water, and extracted with EtOAc. The organic layer is

opéntald][1, 3]thiazin-7a-yl)-2-
8 C solution of

dried over Na,SO, and the crude product is purified by silica gel chromatography eluting
15  with a linear gradient of 5% to 100% EtOAc in hexanes to give the title compound (0.258
g, 86 %). ES/MS (m/e): 463 (M + 1).
The following compound in Table 24 are prepared essentially as described in the
preparation of tert-butyl (8aS)-8a-(2,4-difluoro-5-(pyrimidin-5-yl)phenyl)-4,4a,5,7,8,8a-
hexahydropyrano[4,3-d][1,3]thiazin-2-ylcarbamate.

20 Table 24
Prep. . ES/MS
No. Chemical name (m/e)

Racemic fert-Butyl (4aSR,7aSR)-7a-(4-fluoro-3-(pyrimidin-5-

yl)phenyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3 ]thiazin-2-

30a ylcarbamate; racemic fert-Butyl (4aSR,7aSR)-7a-(2-fluoro-5-

(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-4 H-furo[3,4-
d][1,3]thiazin-2-ylcarbamate®

29 Compounds are recovered as a mixture.

453
(M+23)




To a m xture of

5-((4aR, 7a5) - 2- am no- 4, 4a, 5, 6, 7, 7ahexahydr ocycl openta[ d] [ 1, 3] t hi azi n-7a-y1l)
- 2-f 1 uor opbenaloo§gBs524 g, 1.97 mol) in 1,4- di oxane (2@0CrS2a&n04®a4 ur at ed
aqueous NaHCO3 (20 nmL) is added a solution of di-tert- -47-

butyl di carbonate (0.451 g, 2.07 mml) in 1,4-dioxane (2 nmL.). The m xture is
stirred at roomtenperature for 16 h. JFhe mxture is diluted water and
extracted three times with EtOAc. The organic layer is dried over Na2SO4
and the crude product is purified by silica gel chromatography eluting with
a linear gradient of 5%to 100% Et OAc i n hexanes to 5give the title
conpound (0.436 g, 61%. ES/M5 nme: 367 (M+1). Preparation 36

547a5) - 2- (tert-But oxycar bonyl am noi, af}% , 7, 7Ta-

hexahydrocycl openta[ d] [ 1, 3] t hi azi n- 7R -f 1 uor ophenyl

trifl uor oneRhamés masaﬂasm 7a-(HOFTgora- 3e(pﬁmmdm SHyBplahyl)-de, 5 7Battgtkahy dro-4H-

(4aR, 7aS) - 7a- (4-f |l uor o- 3- hydr o - .

4,4a,5, 6,7, 7a- hexahydr ocycl o%é@t?’g%i]?%g@?ﬂlfﬁ'%?ﬁ?% yl carbamate (0.428 g,
1.17 nmmdd ) Rlaébnﬁy(éiaSRﬁeSRp?al@BFlgoroﬁ @y rimiaid-3- yi)phed&l@hh,@ﬁpﬁmétfhﬂmﬁo(% m) is
added tri fl uoronet hanesul f oni & alg y@&cﬂ%&% 1.40 nmmol ). The reaction
is stirred at 0 C for 45 mn. "f it}- 'a‘Eﬂq uted with water and 1 N
HCL (4 nL) and is ext ract ed thrfee 15t| mes with QH2Cl2. The organic layer is

dried over Na25Q4—andsthe sol, s renoved sreduced gire to give
the title conpou 3'g, ?@J\N,J,ES/NB m ag&tlon 37 5
-B rono- 2, 4-di f Kob. en%al d e 0 20 i _of"but yl
Iithiumini@‘e 14 I) 7on of

{74- di Tl uor ohenizepe (41.3 g, N5 é yI— et her (290

1, 5-di br ono-

&
gtL Lot hygfsoé?og?fﬂowgﬁﬁwg@gg et dibgme (O ﬂ@@ﬂ@ﬁé@%?aﬁﬁ%h%nﬁﬁ (300

m), is dilstre@dnid ih- ba’ém@ztasmmsmﬂweatﬂm egpyirhiien-1-InpenyM-4d)5, eyl acetate.
The organic |ayer is ver sodium sul fate and the solvent is renoved

under r Hhucté&ﬂahpfﬁ@s%’ﬂﬁgoﬁ%‘ 4l lv@thearzua%ymrtb@?lwaﬁnd raa@snwf%'?uwls(“iﬁm d by

silica gel g DORESR M didst Aypesd 7 o-adh @Ifier §4).d D%oh2e12 in
hexanes overhgo m ngj‘tﬁgg tollﬂgsl}{;/l)epﬁe }Je t|’t’7e conlgjgaon d (20 4[ i %él% GC- M5

m e (79Br/ 8&Bcyrbapge (h8he, 008 pupelt Wﬁhma%@mwrw@mdﬁe}pmﬁ?r%t%f&rs -en-1

-ol OH To & S“Plllelﬂﬂxﬁﬂe Qfdllgft'e@(x@tm g2l dehydgd (& udet whp 6 mmol) in dry
di et hyl ether (200 m.) at er nltroggn at nosphere with stirring is

added al | ylmgwemﬁihmebrww S%Bmur@hydrml heddqdas the agicougBY@ tormeky
dr opwi sgs as Cf@%f' %&&a@@ &k%&?wh? 16%@’&@{@?&1&0%(19%%{0?&@&15&%UER over 1 hr

and is quenc e ad Ition o agueous sol ution e reaction
i s extract eslwentik reuinoryhdl ordenetzd reswas toaxivosd efidiprthates pudified dn elier gd odi um

sulface, 11 Lharely AN SRRGRILLANEHHRASE 16RIUE Bl BTN fun e o7 Ue

product is r oima 0%to 100%
di chl or onet dlelﬂeromathhum( éﬁhemamrmr is 5Gr11ﬁndrugam31smg rag;lnalr ehfoimetograplh}eelumrgmﬂnd as a
racemc 10% isopropylamine : 30% ethyl acetate : 60% hexane to give the title compounds as a

20  racemic two component mixture (0.231 g, 73%). ES/MS m/e: 331 (M+1).

Preparation 32
(4aS,7aS)-7a-(4-Fluoro-3-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-
d][1,3]thiazin-2-amine and
25 (4aS,7aS)-7a-(2-Fluoro-5-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-
d][1,3]thiazin-2-amine



15m xture (17.01 g, 88% . ES/MS me (79Br/81Br) 227, 229 (M1l). The
foll ow ng conpounds in Table 25 are prepared essentially as described in

t he prepawet2oomosf3sl - (3 -bronmophenyl)but-3 -en-1 -ol. TPablus205/0Pr08p

Chem cal nane M5 (me) 38a 1 -(3 -Brono-4-fluorophenyl)but-3 -en-1 -ol
ES/MS ("Br/"Br) 243/245 (M1) 38b 1 -(5-Brono-2, 4-difl uorophenyl)but-3
-en-1 -ol GC-MS (79Br/81Br) 262/264 (M#y- 20Preparation 39 (143

- Bronmophenyl ) but-3 -enyl oxy) (tert-butyl)di methylsilane -49- S A
sol ution of 1-(3-bromophenyl)but-3-en-I-ol (17.0 g, 74 9 mol ),

1H i m dazole (11.8 g, 172.2 mmol) and tert-butyl di met hyl chl orosilane (13.9
g, 89 8 mol) in DVF (40 nL) i's.stirred at roomtehperature for 2 hours.
The m xture is diluted mﬁth%S di c¢hl or onet hane s Qashed sequentially
with water and saturated a Ghl oride aqueous ﬁﬁ*Mgion. The organic

| ayer is dried over sodium ate, filtered, angXcopceritrated under
reduced pressure to giy due. The cr s ct is purified by silica
gel chromat ography el uthy Fth 5% et hyl acgtate 1n hexanes to give the
title conpound as racemc mxture (23.9 g, 94% . 1H NWR (400 MHz, CDCl13) 6
7.44 (s, 1H), 10%he3fxtaet,of Idemik¥4a5R743R)-7a(4-2dord-3L@pyfimidi2Elyl)phenyB- 5. 70 (m

o 005 (la it g Hgpfis- 01 St b anfi e Ficmic st iR it it e 26

are prepar eh®ss rirﬁhin%—?l%lféﬁ&ﬂ?ﬂé,Qe,dajtdi‘rahﬁﬂo-PHelﬁﬁ’de M 3Rhiazin-2-
(1- (3-bronophenyl ) but - 3- enyl oxy) (tert-butyl dJﬂEth¥|Sl ane. Table 26 Prep
Cheni cal’ natigin 31 g, 0.697 mimol) ar¢ separated using a Chiralpak AD-H 3 x 25 cm column

cluting with 3/2 EtOH : acetonitrile with 0.2% dimethylethylamine at a flow rate of 30
mL/min., 225 nM to give (4aS,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-
tetrahydro-4H-furo[3,4-d][ 1,3 Jthiazin-2-amine (Tg = 3.12 )(0.032 g, 14%): ES/MS m/e:
331 (M+1) and (4aS,7aS)-7a-(2-fluoro-5-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-

10 4H-furo[3,4-d][1,3]thiazin-2-amine (Tr = 4.479 )(0.058 g, 25%). ES/MS m/e: 331
(M+1).

Preparation 33
(7aS)-7a-(4-Fluoro-3-methoxyphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-

15 2-amine

To a solution tert-butyl 7a-(4-fluoro-3-methoxyphenyl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate (1.04 g, 2.73 mmol) in CH,Cl, (20
mL) is added TFA (5 mL) and the reaction is stirred at room temperature for 16 hr. The
20 solvent is removed under reduced pressure to give a residue that is diluted with water and
SN NaOH. The aqueous layer is extracted four times with EtOAc. The organic layer is
dried over Na,SO, and the solvent is removed under reduced pressure. The crude product

is purified with a 10 g SCX column using 4 : 1 CH,Cl, : MeOH and then 2 : 1 CH,Cl, :



39a 1-(3-Brono-4-fluorophenyl)but-3-en-1-ol NVR30 39b

(1-(5-Brono- 2, 4-di fl uorophenyl ) but - 3- enyl oxy) (tert- butyl)di nmethyl sil ane
NVR31 153WO02biINOR38400 MHz, CDCl3) 6 7.48-7.46 (m 1H), peTA%2010061084n 1H),
7.03 (t,1H, J = 8.5 Hz), 5.76-5.67 (m 1H), 5.02-4.96 (m 2H), 4.64-4.61
(m 1H), 2.43-2.31 (m 2H), 0.87 (s, 9H, 0.02 (s, 3H), -0.13 (s, 3H.

31 1H NWR (400 MHz, CDC13) 6 7.63 (t, d6= 7.7 Hz, 1H), 6.78 (dd, J = 8.4,
9.6 Hz, 1H), 5.76-5.68 (m 1H), 5.01-4.95 (m 3H), 2.36 (t, J= 6.5 Hz, 2H),
0.86 (s, 9H), 200.03 (s, 3H), -0.11 (s, 3H). Preparation 40

3- (3-Bronophenyl)-3-(tert-butyl di met hyl silyl oxy) propanal -50- A

sol ution of7 WINHyi8 Mdﬁfbmﬁ[htteﬂrylp)dﬁutt-a@d gonyhedile compound iU §4 3.9t hyl s i | ane
(23.9 g, 70r4 (@h Zromat hane (120 nL) is cooled to -78 C under
nitrogen atnosp ere is then bubbled through the solution until it

becones blue. The m xture is fl ushEdepEvdtioIn ditrogen. Triethylamne (14.2 g,

Lenper atur & and QLR PR YRR o YoUrerestharimwp by oo bR 48 20 ncer

reduced pressure. The cr ude pr oduct ﬂucirollihd;hblfl ed by silica gel
chromat ography eluting with a |inear adient of 0%to 8% ethyl acetate in

hexanes over 25 mnutes to give the tix conpound as a racem c mxture
(17.9 g, 74%: 1H NWR (400 MHz, 10 9.75-9.74 (m 1H), 7.48 (d, 1H,
J=1.8 Hz), 7.38-7.36 (m 1H), 7.25-Y% H,AH), 7.18 (t, 1H J= 7.7 Hz),

5.15 (dd, 1H J= 4.0, 7.9 Hz), 2.81 (dod, 1H® J= 15.9, 8.0, 2.5 Hz),
2.63-2.57 (m 1H), 0.84-0.83 (m 9H 02 0.02 (m 3H), -0.14 (s, 3H).
The foll owi ng compounds in Table 2% are prepared essentially as described
in the preparation of 3 (3 -brom)pherFyl) 3

-(tert-butyl di net hyI ‘1)%2 15Tabl e 27 Chem cal name NMWVR
40a 3- ( 3- Br ono- 44 r%ﬁ‘h‘é 1%%(?5?(7?& fluorgrrPethee WBS‘Hayﬁ O%y%pr opanal

NVR32 40b 31‘[66(51‘[})'31‘&5@0 nthf &l 1f 3 1@zephemnd ko .31 ¢, r5"6‘rnm01 in CH,Cl, (15 mL) is
but yl di net hyI Si yI o%(%) ropanal NVR33 32 1H (40 CDC13 9.74 (t,

1H, " J = 2. 0?ddgq borgn tsiprqugde 1 139 . 7.6 pmal). Bhegrepgiipn lwazgwfkwﬂ G#dilH), 7.06

(t, 1H, 1()] —st&e@fdﬁé)hr ’\1_’hé-1%ac(tgq 1s &Hted%lﬁ \f]atghanz the ngkzl)s acgastgtﬂ-to(ﬂ%e 1H, J =
16.1, 7. . 84 (s, 9H),

0.03 (s, 3H)<Luem@ lsmtre@ed @F@)e tlrr@@whﬂtpmom@@e%zs add@@mylp dissolyasqmsd, J =
1.9, 2.5 soh&é’ﬁurmg ﬂ@%x?rac@%nf, n@he%’r_gamc layer is dried over Na,SQO, and the solvent is
removed under reduced pressure. The crude product is purified with a 10 g SCX column
using 4 : 1 CH,Cl, : MeOH and then 2 : 1 CH,Cl, : 7 N NH; in MeOH to elute the
15  product and give the title compound (0.56 g, 82%). ES/MS m/e: 267 (M + 1).

Preparation 35
tert-Butyl (7aS)-7a-(4-fluoro-3-hydroxyphenyl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-ylcarbamate

H
T S O
LA Ak
B

20 F
To a mixture of 5-((4aR,7aS)-2-amino-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 ]thiazin-7a-y1)-2-fluorophenol (0.524 g, 1.97 mmol) in 1,4-
dioxane (20 mL) and saturated aqueous NaHCOs (20 mL) is added a solution of di-tert-



6.83 (dd, J =8.2, 9.7 Hz, 1H), 5.43 (ddd, J =7.9, 3.9, 0.5 Hz, 1H), 2.78
(ddd, J = 16.1, 7.9, 2.7 Hz, 1H), 2.62 (ddd, J = 16.1, 3.9, 1.7 Hz, 1H),
0.85 (s, wHRp11nosB8(s, 3H), -0.11 (s, 3H). 25Preparati omCEAIS2010/041034

1- (3-Bronmophenyl) - 1- (tert-butyl di net hyl silyl oxy) hex-5-en- 3-ol To a
0 C solution of 3-(3-bronophenyl)-3-(tert-butyldinethylsilyloxy)propanal
(17.9 g, 52 1 mmol) in dry diethyl ethar- (150 nL) is added 1 M

al I yl magnesi um brom de solution in ether (52.1 nL, 52.1 nmol). The
resulting mxture is warmed to room5 tenperature over 1 hour. The m xture
is diluted with dichloromethane and i s quenched by addition of saturated
aqueous sol tyldnarbénagrtfighi gra.¢hinowl)de | 4 Thexand @tmﬂp)e Ths mextrede stectdtehr ee ti nes
W th dICh|O 0 e i he bri ne,
i ed over SO CRedie Ia o e AR iRl bR G SRR EE Bl b §
pressure t OE@Ace Thherghnit layeicio dpalingr W8,S&4 laaxtﬁmcmddpmduce use[mmﬁed by siliodt ur e

(18 8 g, 84 1H NVR 400 34 (m
794" 76 e Ol oyl e o S o 10 sy ke ifiediiel 557 O (1
lH) 5. 00 (give thetifie Sonpound #)4364;, 8B4 WM(Srﬂl/e,lB‘BZ (M+B3-3.75 (m 2H),
2.23-2.15 (m 2H), 1.80-1.69 (m 2'1;? %d 9H, J= 6.6 Hz), 0.06- 0.04
(m 3H), -0.17 (d, J= 40.4 Hz, 3H)! epamt“’“?’ The fol | owi ng conpounds in
Tabl e 28 are prepared eqmg}z%}tmmy@mlaM)ima;m7 35preparati on of
1- (3- bromophenyl)-1-(tert-butyl di nethyl silyl oxy)hex-5-en-3-o0l. Table 28
Prep Chenic ape)ﬁg}ﬁgowﬁpp%ad 1[1,3]thiazin- 7a—yl) 2-fluoropheyl trifluoromethanesulfonate,

1- (3-Brono-4-fl uorophenyl)-1-(tert-bugyl di nethyl silyl oxy)hex-5- en-3-ol

NVR34 41b 1-(5-Brono-2, 4-di fl uor opheny 1- tert-butyl di net hyl silyl oxy) hex-
5-en-3-0l NVR35 34 1H NWR (400 MHz, 1}2 ;ﬂ\U{Q (dt, J =6.6, 2.0 Hz,
1H, 7.23-7.20 (m 1H), 7.05 (t, J = 5.82-5.76 (m 1H),
5.09-5.04 (m 1H), 4.98 (t, J —0503 1 : 4 88-4.82 (m 1H), 3.83-3.74

(m 2H), 3.05-2.22-2.15 (m 2% .71 (m 202H), 0.88-0.87 (m O9H),
0.05-0.04 (m 3H), -0.17 (d, & E 34. 4FHz 3H). 35 1H NMR (400 MHz, CDC13) 6
7.68-7.60 (m 1H), 6.83-6.78 (m 1H), 5.82-5.76 (m 1H), 5.28-5.24 (m
0-5H). o 13-5- 001u(w bl oBAnb ORI S) 24 1BrE2-FarkyfimygH) 2 96 (¢,
J =19 H, 0.5 1.83-1.73

(m 2H), 0.88.38/74 hwyérecmopeea dﬂléilﬁnaﬂe 2@608(@%16 @ﬁ)?S gol%% peD) 1 5H) . -
250. 11 (s, ahdPidine . 1R o $. 87 ;n 1n dlchﬁ)gom&ﬁﬁl@@ﬁﬁmpﬂ afded

1-(3-Br om)phenyl)hex 5- ene- 5To a sol ution of

1-( 3- bronop‘l‘i@ﬂ?@?wtilalﬁs‘élfqm%ﬁlwfdieﬁ%ﬁ?@/g §r40y111€%9)ﬁ]é€xmﬁméﬁls§ﬂ€?d 8@ g, 44 0
ol ) T 0t ek sl of B0 alha iy dethdl MHcla Ay Lyl AumRRiam L uor i de
solution in THF mmol ). The resulting mxture is stirred at
room t ehpertanesrvat @Hz@z Haxqrosganrpﬁevems@ed evdr Nagh Q. pne thowvantds hoveb et hane
and i s was o &£ ride
2aucous col TeoEARETb gL ot el Sl Pies! B R Ao PUE e

filtered, aMitldoncentrat ed under reduced pressure to give a residue. The
crude product is purified by sili c? % totﬁrﬁnatography eluting with a

| i near gradient of 20%to 40% et hy elate in hexanes over 26 minutes to
give the title conpound as raBesme?2didicesteormbdchgdem xture (11.8 g, 99% . 1H
NMR (400 Mz, CDC13) 6 7.52 (s, 1H), 7.38:/.36 (m 1H), 7.28-7.24 (m 1H),
7.22-7.17 (m 1H), 5.83-

B
' H

20 F F
A 1.6 M solution of butyl lithium in hexane (114 mL, 182 mmol) is added to a -78

°C solution of 1,5-dibromo-2,4-difluorobenzene (41.3 g, 152 mmol) in diethyl ether (290

mL). Dimethylformamide (14.4 g, 198 mmol) is added and the reaction is stirred at

-78 °C for 15 minutes. The reaction is quenched with 1 N HCI (300 mL), is diluted with
25  water, and extracted three times with ethyl acetate. The organic layer is dried over

sodium sulfate and the solvent is removed under reduced pressure to give crude material



155.75 (m 1H), 5.15-5.11 (m 2H), 5.03-4.89 (m 1H), 4.00-3.90 (m 1H),
2.32-2.21 (m 2H), 1.96-1.89 (m 2H). The foll owi ng conpounds in

Tabl e 29 woeorepmsed essentially as described in the preparsatioom odf

1- (3- bromophenyl ) hex-5-ene-1, 3-diol. .Table 29 Prep Chenical nanme NWVR 42a
1- (3-Brono- 4-f | uor ophenyl ) hex- 5-ene-1, 3-di ol NVR36

42b1- ( 5- Brono- 2, 4-di f | uor ophenyl ) hex- 54@ne- 1, 3-di ol NVR37 2036 1H NWMR (400
MHz, CDC1l3) 6 7.56 (dt, J = 6.6, 2.0 Hz, 1H), 7.26-7.22 (m 1H), 7.09-7.04
(m 1H), 5.82-5.76 (m 1H), 5.16-5.11 (m 2H), 5.05-4.89 (m 1H), 3.99-
3.93 (m 1H), 2.32-2.27 (m 2H), 1.89-1.78 (m 2H). 37 1H NWR (400 MHz,
CDC13) 6 7.that-igputBic( iy silieh gel 6hiBha®gim@hy with & Hpgar Sra8RnGof D60 (orp0%AEH;Cl5. 27- 5. 15

(m 3H, 4.07-4. 5-3. 0. 3. d = 255.4 Hz,
0.5H), 2. 46‘%8"&“9%0‘&%9 %@“5’?30 V?%%‘éﬂ%&%‘?“&i@%ﬁ’?%ﬁ”’g'zgg'ﬂ}f,gme. 94-1.88 (m
1H), 1.85- 1% @n 2201292, 1.69 (dt, J = 14.5, 10.2 Hz, 1H). Preparation 43
1- (3- Bronophenyl) - 3- hydr oxyhex- 5- eP- 1- oarole -853- A m xture of
1- ( 3- br onophenyl ) hex- 5- ene- 1, 3- di of "“®2"68"¢’® 9. 59 nmmml ) and manganese(l V)
oxide (%81 g, 95. 9 mol) i nl-3-BRhepiset)barseed-801 nL.) is heated and stirred
for 4 h under reflux. The reaction m'xtu(5|fr= is filtered through a pad of
5di at omaceous earth and the residue is washed twi ce with dichl oronet hane.
The filtrate is concentrated und : essure to afford the title
conmpound (2.12 g, 82% . 1H NWR (4000Mgz, CDC13) 6 8.05 (d, 1H, J = 1.8 Hz),
7.85 (d, 1H, J = 7.5 Hz), 7.69-7.52 (m 1H), 7.35-7.31 (m 1H), 5.91-5.82
(M 1M, 5. 18- 5742 {ftkioR b 3-brbmdBerkelBnyaeY 154D 55% Aol iy (thyRbher 2. 39- 2. 30
(m 2H). 10The foll owi ng conpounds in Table 30 are prepared éssentially as
descri bed i®0Q mé) prliarler wHogm amgspbese yith pteing 1)addedaliyhpreppawn 5- en- 1- one.
Tabl e 30 PrggmfdaeshGal in%ﬁﬁ?%@!ﬁnﬂ%ﬁ mmolE)) dropwise. The resulting mixture is
1- (3- Brono- 4-fl uorophenyl) - 3- hydroxyhex-5-en-1-one N

10 warmed to room temperature over 1 hr and is quenched by the addition of 1 N HCI

aqueous solution. The reaction is extracted with dichloromethane, washed with brine,
dried over sodium sulfate, filtered, and concentrated under reduced pressure. The crude
product is purified by silica gel chromatography eluting with 0% to 100%
dichloromethane in hexanes over 50 minutes to give the title compound as a racemic
15  mixture (17.01 g, 88%). ES/MS m/e (“Br/*'Br) 227, 229 (M+1).
The following compounds in Table 25 are prepared essentially as described in the
preparation of 1-(3-bromophenyl)but-3-en-1-ol.

Table 25
Prep Chemical name MS (m/e)
ES/MS
(PBr/*'Br)
243/245
(M-1)
GC-MS
(PBr/*'Br)
262/264
(M+)

38a 1-(3-Bromo-4-fluorophenyl)but-3-en-1-ol

38b 1-(5-Bromo-2,4-difluorophenyl)but-3-en-1-o0l

20 Preparation 39
(1-(3-Bromophenyl)but-3-enyloxy)(tert-butyl)dimethylsilane



43b 1-(5-Brono- 2, 4-di fl uorophenyl) - 3-hydr oxyhex- 5-en-1-one NVR39 38 1H
NVR (400 MHz, CDCl13) 6 8.16 (dd, J = 2.2, 6.6 Hz, 1H), 7.89 (ddd, J = 8.6,
4.7, 2.2 wWo200kp5738. 19 (t, J = 8.3 Hz, 1H), 5.91-5.83 (wCTANR(10H41034 5. 15
(m 2H), 154.31-4.30 (m 1H), 3.12-2.98 (m 2H), 2.39-2.36 (m 2H. 39 1H
NVR (400 MHz, CDC13) 6 8.11 (t, J = 7.7 Hz, 1H), 6.94 (dd, J = 8.0, 10.4
Hz, 1H), 5.88-5.79 (m 1H), 5.15-5.12 4m 2H), 4.29-4.26 (m 1H), 3.14-3.03
(m 2H), 2.79 (d, J = 3.5 Hz, 1H), 2.35-2.30 (m 2H). 20Preparation 44

1- (3-Bronmophenyl) - 3-(tert-butyl di net hyl silyl oxy)hex-5-en-1-one \ A mxture
of 1-(3-bronmophenyl)- 3- hydr oxyhex-5-en-1-one (9.08 g, 33 7 mol ),

1H i m dazole (5.34 g, 77.6 nmmol) andhtéart- but yl di net hyl chl orosi |l ane (6. 29
g, 40.5 25 mol) in DMF (40 nmL) is s red at roomtenperature for 2 h. The
mxture is diluted with dichl oronethané'and i s washed sequentially with
water and saturated ammonium -54. chlor]de aqueous solution. The organic

| ayer is dried over sodiumsulfatwe, eredy and concentrated under
reduced pressure. The crude producmed by silica gel

chromat ography eluting with a linear gradient of 0% to 5% ethyl acetate in
hexanes over 20 Mdllmﬂoa%fu%g'tdneaph&l@rl)bhttjaammpal(l)rgdms nénd1 B¢ ANihGdandlst ur e

(11.3 g, 880 5(79Br/ 81Br) .The follow ng
conpounds i G f@hg&lm&ﬁémﬁ Feé’pl?sﬂt-‘élé &@/ﬁﬁ%fqr%ﬂﬁv GEB s mawy i Ve 20
preparat | Oanf is stirred at room temperature for 2 hours. The mixture is diluted with

1-(3- brormphenyl) 3-(tert-butyl di nmet hI){IsH yl oxy) hex-5-en-1-one. Table 31
Prep Chehi cdigh Wgwﬁthmﬂ:\anQA%_washed sequentially with Wwater and saturated ammonium chloride

1- ( 3- Br ono- Eddé%m&enm)or nictigfel sRMbyY bebr ORE Y kb Xk RGX- S-en- 1-one
NVR4 44b 1-(5-Brono-2, 4-di f1uorophenyl)-3-(tert-

but yl di net fﬁﬂnéqu?ﬂeékweﬁé@@@d@ﬁﬁsiur@%@?%mil uQ The cdr o IWIﬁeé:DEB) 6
3_ }_8_ (7d§j_5 ‘(]srlrlllcazﬂj'a)llchrcﬁnaﬁ Oé?%phgjehptmg GrithSod Qﬁ]}q 1ace1ate 1nshe§ane§&) 13@ thg tl‘g}e d’ 3-H)_ 7.7
15.3 Hz, 1HpompRuighas r@mleJmﬂtllte 623 915 93%942 HTEMR (490 382 C@;@lz() ﬁﬂ 42+€§ 11, 88- 0. 78

(o0 3908 B 9 183 IO G990 Wt RS 5 Oy 42, (7 10

(d, J = 1. 24.6&(m,1H),2.45-D3! 60,CH)(037 GHH), 8.020s, 4HBH. 12y, 3H31H), 3. 12-2.99 (m
2H), 2.30-2.27 ("[% fozll_oDng compognds jfglble 96 are pﬁepareg Hs)séntlaﬂy as de(scribegl_lq the

Preparation 45
1- Benzy1- 6apré@uadioo b dh@ydmerBe(flfut-3 euglyxydizerebiny ) dindeshlybiynehexahydr o- 1H20cyc
| opental c]i 511)2)1%3162% e

Prep Chemical name NMR
39a 1-(3-Bromo-4-fluorophenyl)but-3-en-1-ol NMR™
30b (1-(5 —Bromo—2,4—d1ﬂu0¥0phenyl‘)but—3—enyloxy)(tert— NMRS!
butyl)dimethylsilane
15 30 "H NMR (400 MHz, CDCls) § 7.48-7.46 (m, 1H), 7.24-7.16 (m, 1H), 7.03 (t,1H,

J=8.5 Hz), 5.76-5.67 (m, 1H), 5.02-4.96 (m, 2H), 4.64-4.61 (m, 1H), 2.43-2.31
(m, 2H), 0.87 (s, 9H), 0.02 (s, 3H), -0.13 (s, 3H).
31 '"HNMR (400 MHz, CDCls) § 7.63 (t,J = 7.7 Hz, 1H), 6.78 (dd, ] = 8.4, 9.6 Hz,
1H), 5.76-5.68 (m, 1H), 5.01-4.95 (m, 3H), 2.36 (t, J= 6.5 Hz, 2H), 0.86 (s, 9H),
20 0.03 (s, 3H), -0.11 (s, 3H).

Preparation 40

3-(3-Bromophenyl)-3-(fert-butyldimethylsilyloxy)propanal



Br To a sol ution of

1- (3-bronophenyl)-3-(tert-butyl di nethyl silyl oxy)hex-5-en-1-one (6.84 g,

17. 8 mmolwoand/ist3enzyl hydr oxyl am ne (2.86 g, 23 2 mol PCIrUSTHB/O§B84 nl) i s
added Ti (CEt)4 (8.14 g, 35.7 mmmol ). The reaction mxture is heated to 70 C
in a sealed 25 tube. After 2 h, the tenperature is increased to 80 C and
stirring is continued for 3 days. The seaction m xture is cooled to room
tenperature. Water and ethyl acetate are added and the m xture is stirred
vigorously for 15 mnutes. The solids are allowed to settle and the organic
and aqueous | ayers are decanted through a pad of diatonmaceous earth. The
-55- layers are separated and the aquegous | ayer is extracted three tines
with ethyl acetate. The conbi ned or i ¢ |layers are washed with brine,
dried over sodiumsulfate, filtered, cogcentrated under reduced
pressure. The crude product is ptglfl ed py gilica gel chromatography
eluting with 0%to 20% et hyl aceta hexares gradi ent over 20 5m nutes
to give the title conpound as a dia eonmeric mxture (7.42 g, 85%. ES/ M5
me (29Br/81Br) 488, 490 (M+l). The foll ow ng conpounds in Table 32
are prepared essesdlitihnloy (88 ldeﬁlsﬂsﬁebﬁgbdt 8- dahl@xﬁ(t&p@ﬁ@t)ﬂm&t@isﬂane (23 9

1- benzyl- 6a- br onbphen ( ut [ ylsil I oxy) hexahydr olH cycl o
penta[ c] i so&gﬁ&r@no Ch*&éni@ﬂsﬂ?e iy %&%‘?’W@&w 2 %éﬁv@tw@%hﬁe) 45 a
6a-(3 -Br OWMQWﬁéH@IbBIe@EHrO@HNé él‘)'ld’ﬁ%h VLSt tLe)él)Iﬁé(SM)lue JIh'e(trﬁxtﬂre is flushed
di met hox 5ybenzyl hexa dro- 1H c%(cl opent af CJ)II s oxazol e42 (29Br/ 81Br)

%

548/ 550 U5pVEHLIErgLengy @ﬁ%lmmrmedé d8hEiAmmsD) iy 3dded o Spidiope f B MESTYG| oxy) -

1- (2, 4-di ”@%ﬁﬁéﬁ%'ﬂm% XARYIL s tidkblt foY ¢ home TR Gixndrs ls%@gegtrit@ﬁ
(29Br/81Br) 566, 568 45c cem c (3 aRS, 5RS, 6aSR) - 6a-

" Br ono- 2, 4-Wide1 radiceh prstye) e cryde éw@u%eﬁmﬂﬁeﬁéf RiiFasgal 91nrem9t)>granhy

2, 4- di met [ m 86 (79Br/8
B} a6 toc (DR BIE MR o P oA eg%%ﬁ&%&?%%%f RSOy - 1

- (4- et hoxgibethe {ily heseehypdiasos radgmie yattegé ht Apc)4%)s th %640@21/@{7( 20811Y)81Br )
10 & 9.75-9.74 (m, 1H), 7.48 (d, 1H, J= 1.8 Hz), 7.38-7.36 (m, 1H), 7.25-7.23 (m, 1H), 7.18
(t, 1H, J= 7.7 Hz), 5.15 (dd, 1H, J= 4.0, 7.9 Hz), 2.81 (ddd, 1H, J=15.9, 8.0, 2.5 Hz),
2.63-2.57 (m, 1H), 0.84-0.83 (m, 9H), 0.02-0.02 (m, 3H), -0.14 (s, 3H).

The following compounds in Table 27 are prepared essentially as described in the

preparation of 3-(3-bromophenyl)-3-(tert-butyldimethylsilyloxy)propanal.

15 Table 27
Prep Chemical name NMR
3-(3-Bromo-4-fluorophenyl)-3-(zert-
40a butyldimethylsilyloxy)propanal NMR*?
3-(5-Bromo-2,4-difluorophenyl)-3-(zert- 33
40b butyldimethylsilyloxy)propanal NMR

32 "TH NMR (400 MHz, CDCl3) 6 9.74 (t, 1H, J = 2.0 Hz), 7.52 (dd, 1H, J = 2.1, 6.6

Hz), 7.25-7.21 (m, 1H), 7.06 (t, 1H, ] = 8.4 Hz), 5.15 (dd, 1H, J = 4.3, 7.9 Hz),
2.81 (ddd, 1H, J = 16.1, 7.9, 2.4 Hz), 2.60 (ddd, 1H, J = 16.1, 4.3, 1.8 Hz), 0.84 (s,
9H), 0.03 (s, 3H), -0.14 (s, 3H).

20 33 'H NMR (400 MHz, CDCls) § 9.74 (dd, J = 1.9, 2.5 Hz, 1H), 7.68-7.64 (m, 1H),
6.83 (dd, J = 8.2, 9.7 Hz, 1H), 5.43 (ddd, J = 7.9, 3.9, 0.5 Hz, 1H), 2.78 (ddd, J =
16.1,7.9, 2.7 Hz, 1H), 2.62 (ddd, J = 16.1, 3.9, 1.7 Hz, 1H), 0.85 (s, 9H), 0.05 (s,
3H), -0.11 (s, 3H).

25 Preparation 41
1-(3-Bromophenyl)-1-(tert-butyldimethylsilyloxy)hex-5-en-3-ol



536, 538 42 N-(2, 4-di met hoxybenzyl ) hydroxyl am ne utilized instead of N
benzyl hydr oxyl am ne 43 N-(4-net hoxybenzyl ) hydroxyl am ne utilized instead of
N- benzyl hworoxiyloars8sne 15Preparati on 46 PCT/US2010/041034

1- Benzyl-5-(tert-butyl di nethylsilyloxy)-6a- (3" -nmethoxybi phenyl-3-yl)hexahyd
ro-1H cycl openta[c]isoxazol e -56- di met hoxyethane (30 nlL) is added 2 M
aqueous sol ution of sodium carbonate (32 8 nL, 45. 6 nmol),

3- met hoxyphenyl boronic acid (2.77 g, 18 2 mmol) and (1,1 -

bi s(di phenyl phosphi no) ferrocene) pal | adi un{I11) chloride (0.759 g, 0.911
mmol ). The reaction mxture is heated at 110 C for 7 hours. The reaction is
cooled, diluted with 5ethyl acetate,/and filtered. The resulting filtrate
is separated and the aqueous | ayer extracted three tinmes with ethyl
acetate. The conbi ned organic IayerS/%be ppshed with brine, dried over
sodi um sul fate, filtered, and cgncentrated under reduced pressure. The
crude product is purified by siliyga ygél romat ography eluting with 10%to
20% et hyl acetate in hexanes gradi over 20 mnutes to give the title
conmpound (7.59 g, 929% . 10 ES/M5s me: 516 (M+l). Preparation 47
(ﬁiAniPo-4-(tF;nbbﬁlyl?ﬂmﬁhh&B$3byh&my&wbéiGéﬁﬁﬁyh?mybhﬁbﬁnyin@mnm

yl)cycl open met hanol OH 1 A mxture o . :

1- benzy1- 5-¢1¥-8rgt S RARY lrgrjé‘ﬂh@%t&yh hep AP M %d%@fﬁé%e}kfm%ﬁ%wfr%mde

yl') hexahydr @tulich ay&h@pent al ¢h1. s axaa P 8e (Rulidg ehixtdre {EwhdRl o A3 pal | adi um on
carbon (0.400 g) in acetic acidg&lO.nL is . stirred at roomtenperature
under hydr ol§BRCTALFFYShEh@r( Bbe miftyre fsaliluted wighidloramehing gad isgiyeircded j | t er ed
through a pgadidafiiofioAlAIREEHS0RABREbN BN dNEN EhIbLG! 18RKSxhR washed with
met hanol three tinmes and the filtrate is concentrated under reduced
pressure. TH&Eaptedihmgdinies withglichlojeracthane dilbheemtipadiorganis laxorearppagdigf ust ed to
pH 12 by addiyf b @hcdSALURREH AR A M RIERE RARRTGucAMkshife RX T act ed
three times wth dichloronmethane. The conbined organic layers are dried
over sodi ungisuthf tleconpounéaseairacennel deeipemencamstira Nder s, BétucétiNMRessure to

Ve {0 Al CorRas S ety Db P e

i phenyl1- 3 -1H) §.845176 pent ), 6 80 5autoni By 15 )0éh Fa i dz, 1BA4S6HR0 (on 159,

) cycl opert Y1 et Heth 2 €524 5 25b PRS2 BRI PR Danar o

(3.49 g, 210.¥ amoH), -ON7T&F=@88 Hr, JH).s stirred for 1.5 hours at room

tenperature and.co ntrat ed under reduyced pressure.. The crude product is
bur 11 ed by of | {08 MBI TG B hBHIC oF t PRgoa Eneiry Rudbefeadl R “or ' oo
to 5% et hageparition df Clid-oroatmphdigne -@yebutidinmatintdigfoxy)hex-5-en-3-ol.

Table 28
Prep Chemical name NMR
1-(3-Bromo-4-fluorophenyl)- 1-(zert-butyldimethylsilyloxy)hex-5-
41a en-3-ol NMR*

A1b 1 —(5—Bromo—2,4—diﬂu0r0phen5yl€):;11 ;’(tsft—butyldimethylsilyloxy)hex— NMR
34 'HNMR (400 MHz, CDCly) 3 7.49 (dt, J = 6.6, 2.0 Hz, 1H), 7.23-7.20 (m, 1H),
7.05 (t, J = 8.4 Hz, 1H), 5.82-5.76 (m, 1H), 5.09-5.04 (m, 1H), 4.98 (t, ] = 5.3 Hz,
1H), 4.88-4.82 (m, 1H), 3.83-3.74 (m, 2H), 3.05-2.22-2.15 (m, 2H), 1.85-1.71 (m,
20 2H), 0.88-0.87 (m, 9H), 0.05-0.04 (m, 3H), -0.17 (d, J = 34.4 Hz, 3H).
35 'HNMR (400 MHz, CDCl3)  7.68-7.60 (m, 1H), 6.83-6.78 (m, 1H), 5.82-5.76
(m, 1H), 5.28-5.24 (m, 0.5H), 5.13-5.09 (m, 0.5H), 5.09-5.05 (m, 2H), 3.82-3.79
(m, 1H), 2.96 (d, J = 1.9 Hz, 0.5H), 2.59 (d, ] = 3.2 Hz, 0.5H), 2.22-2.19 (m, 2H),
1.83-1.73 (m, 2H), 0.88 (s, 4.5H), 0.87 (s, 4.5H), 0.06 (s, 1.5H), 0.06 (s, 1.5H), -
25 0.11 (s, 1.5H), -0.19 (s, 1.5H).




10to give the title conpound (9.61 g, 70%9. ES/M5 mle: 589 (M1).
Preparation 49 Racem c

N44aRS, 6RBO208RN5B8(t ert - But yl di met hyl si |l yl oxy) - 7a- ( 3' - merluszgoioptoany 1- 3-
yl)-4,4a,5, 6, 7, 7a- hexahydrocycl openta[d] [ 1, 3]t hi azi n-2-yl)benzam de 15A
solution of N (4-(tert-butyldinmethylsilyloxy)-2-(hydroxymethyl)-1-(3"-

met hoxybi pheny1- 3-yl ) cycl opent yl car bamsthi oyl ) benzam de (6.37 g, 8.41 mmol)
and triphenyl phosphine (4.41 g, 16 8 mol) in THF (30 nlL) is added to a
separate solution of di-tert-butyl azodicarboxylate (3.87 g, 16.8 muol) in
THF (15 nlL) at roomtenperature. The reaction is stirred for 30 m nutes and
is concentrated under reduced pressure. The 20crude product is purified by
silica gel chromatography eluting W;“et Iaraqiolni&ear gradient of 10%to 40%

et hyl acetate in hexanes over 26 m ndtes to give a crude di astereoneric
m xture (7.39 g, 100% . Thel3-Bromehesylhax-diched,3afeli n on silica gel

chromat ography to -58- separate the dpastgreonmers eluting with 15% et hyl
acetate in hexanes to give the éritle conmpqund as a racem c mxture (1.47 g,
24% . ES/IMS me: 573 (Mtl). The und in Table 33 is prepared
essentially as described in the p ration of racemc

N- ((4aRS, 6R5, 7aSR) - 6- (tert - butyl di net hyl si |yl oxy)-7a-(3'-

Snmet hoxydbi pheny Irodr yhkiod oft(Pb@mbpHeay haxaysiipaekionenioa] Mif-3.ea83tdi azi n- 2-
yl ) benzam de, Table 33 Prep Chenical nane ES/INS (me) (Mrl) 49 a

N (6- (tert-BRSy - fatn)) ia tstrahyiipgant e ma) is agdadiloMyerabHiyiynoniung 1) -

4, 4a, 5, 6, 7, fligdriexahvarif ¢¥e! (eRe rirabelb nlndolB The Rk@zhdm&tare W JiRenga@pdHde 573
Preparation 50 10Racemc N-((4 aRS, 6RS, 7 aS R)-6- Hydr oxy- 7a- (3 ' - met hoxyb

i pheny1- 3 -tymperaturpsfos? hggury The minwgeain ddyted yih displogmpcthapgpng iy washed hi azi n- 2
-yl') benzam de, dhially with wdt€r dSutitddOhnnidn@ERHi& aqueous solution, The organic

N- ((4aRS, 6R5, 7aSR)- 6- (tert-butyl di net hyl silyl oxg&- 7a(3' - met hoxybi phenyl- 3-y
1) - 4, 4al®, elayer Fedrivd waerypadiveyselfopdnteetd ddnd comlentigted-ingepredudsy pichareztani de (1. 47

g, 2.31 mméi)/e A RA6E tﬁ{y ch[cfle lp?od(lgt imft}riﬂea b?gﬁilg'g gé Qﬁl%ﬁ%fogﬁﬂﬁ}%’lﬁting with a
linear gradient of 20% to 40% ethyl acetate in hexanes over 26 minutes to give the title
compound as racemic diastereomeric mixture (11.8 g, 99%). "H NMR (400 MHz,
CDClz) 6 7.52 (s, 1H), 7.38-7.36 (m, 1H), 7.28-7.24 (m, 1H), 7.22-7.17 (m, 1H), 5.83-

15 5.75 (m, 1H), 5.15-5.11 (m, 2H), 5.03-4.89 (m, 1H), 4.00-3.90 (m, 1H), 2.32-2.21 (m,
2H), 1.96-1.89 (m, 2H).
The following compounds in Table 29 are prepared essentially as described in the

preparation of 1-(3-bromophenyl)hex-5-ene-1,3-diol.

.Table 29
Prep Chemical name NMR
42a 1-(3-Bromo-4-fluorophenylhex-5-ene-1,3-diol NMR™
42b 1-(5-Bromo-2,4-difluorophenyl)hex-5-ene-1,3-diol NMR’’
20 36 '"HNMR (400 MHz, CDCly) 3 7.56 (dt, J = 6.6, 2.0 Hz, 1H), 7.26-7.22 (m, 1H),

7.09-7.04 (m, 1H), 5.82-5.76 (m, 1H), 5.16-5.11 (m, 2H), 5.05-4.89 (m, 1H), 3.99-
3.93 (m, 1H), 2.32-2.27 (m, 2H), 1.89-1.78 (m, 2H).
37 'H NMR (400 MHz, CDCls) § 7.77-7.73 (m, 1H), 6.84-6.78 (m, 1H), 5.82-5.76
(m, 1H), 5.27-5.15 (m, 3H), 4.07-4.02 (m, 1H), 3.85-3.81 (m, 0.5H), 3.62 (d, J =
25 5.4 Hz, 0.5H), 2.46 (dd, J = 1.2, 2.9 Hz, 0.5H), 2.33-2.31 (m, 2.5H), 1.94-1.88 (m,
1H), 1.85-1.81 (m, -1H), 1.69 (dt, ] = 14.5, 10.2 Hz, 1H).

Preparation 43

1-(3-Bromophenyl)-3-hydroxyhex-5-en-1-one



fluorosilicic acid (2.82 g, 4.62 mvol) and the resulting m xture is stirred
at roomtenperature for 3 h. The reaction is diluted with ethyl acetate and
guenched wotzh1igms138at ed aqueous sodi um bi car bonat e. The PrirAtsee1e/oi®3nashed
with water and brine. The organic layer is dried over sodiumsulfate,
filtered, and concentrated under reduced 20pressure. The crude product is
purified by silica gel chromatography eButing with a |linear gradient of 10%
to 60% et hyl acetate in hexanes over 40 minutes to give the title conpound
as a racemc mxture (0.709 g, 64%. ES/M5 nle: 459 (M+l). -59-
Preparation 51

N- ((4aR, 6R, 7aS) - 6- Hydr oxy- 7a- ( 3' - net ho®ybidheny1-3-y1) -4, 4a,5, 6, 7, 7a-
hexahydr ocycl openta[ d] [ 1, 3]t hi aBr ide H 5Racenm c

N ((4aRS, 6RS, 7aSR) - 6- hydr oxy- 7a- ( t hoxybi pheny1- 3-y1) -

4,4a,5, 6,7, 7a- hexahydr ocycl opent a| 1 3]thiazin 2- yI)benzanide (0 689 g,

1.50 mmol) is purified HP. Chi.r

T oron 5s06 | PAREERE bl F o b A e (R AR SR o SRR B "y 1 g
i(sorrer is |1ﬁ§gah@d(wpoma\9|8d% 93(:9 rﬁﬁﬁmtﬂo(ﬁdfmcﬁrbmaﬂhhne (e(mmmtseldatbd tlde conmpound
0.242 g, . 10 Prepa

N- ((4aR, 6R SFE8Y f% &79‘%114855@%513‘? 47 %@W‘HFBH@W %‘Ok}%})a@f‘d&é 5,6,7, 7a-
hexahyd rSJCYdillt@ﬂ@d‘bbﬂﬁ[ @}th dnBiht Rdsaimb B-wasidd therrzam denldlomdfhanko Tae Giltkatdiis xt ur e of
N ((4aR, 6R, 7a5) - 6- hydr oxy- 7a- (3" - net hox phenyl- - o 1

4,4a,5,6,7 @&C%ﬁfaﬁywe&@%@é@éﬁﬁl&faﬁffpr ]hﬁﬁrlaswpozm%@ ben?3i-dé! (0. 086g,
0.169 mmol )de(w@ﬂ/@}&qgg@qué @m(rdomrﬁ£1 eeizfl 7(8.(@3H, 9~ 05 4597 BmIsh i n

di chl or onet hane (0 2 i s added M trinethy IS|I%%d|azonethane i n hexane

(0.101 m., @262 7rﬁ“§o”1 MpHED - %ﬁ%(@dﬂ)é 5402 &8, Al 3&426(mabhi nut es and
i's poured Iﬁ@@3@@hﬂﬁﬁbeg3@g@@QMSm§P|Uthﬂ of sodi um bi carbonate. The

m xture is diluted wat er and 1s extracted with dichl oronethane. The

or gani clQ ayer |éﬂméﬁh@ﬂmg%m@@nmhamdemﬁQﬁfﬂﬁ@@ﬁd@ﬁdﬁbﬂyn%w@ﬁﬁwﬂyr@?|ed over
sodi um sul f . 0} LS Hhen f ced pressure and the crude
product is %%é??¥g§f§?%ggﬂﬁyhgv)ﬁgg%gnggﬂfgﬁéﬁggraphy eluting with a

| i near gradT%miNbf 10% to 60% et hyl acetate in hexanes over 20 mnutes to
gi ve the title rnmnllnd (ﬂ 038 g 489 ESINS mMe: 473 (I\ 1) Drppara“ on

53 5N- ((4aPBR[7aS)-7 a- (3 ' . webhemigtlinameny1.3 - y1) - 6- (et hANRethoxy) - 4, 4
a, 5 ,6, 7, 7|_432 hexahy@riome-4-Byprentenylj-gHhydroxdiek1Stinalz pue 2 -leMBn mde H
To a stirried3w [C dabiBrpma-2gfdifluorophenyl)-3-hydroxyhex-5-en-1-one NMR™
N ((4aR, 6R, 7a5$ - B-NiVB¢00MPa; (BCLhes hokidbi pBEng.6Hz, 1H), 7.89 (ddd, J = 8.6,

3-y1)-4, 4a, 5, 6, A,77aHéxaHydriody ¢ FapeHe.AlH] §.1-3B8 hinatdins. 295115 her2tdni de
(0.087 gs 0. 190 4130 -h%p(n), 1HN, aithy o8 onH)) 289-2860eidtAne (0.6 L) is added

chl or onmet hoxy gt HaydR (S000@HzgG DOL: Y 9.1 hml ¥ 7.7, I Byyed4tiyd, J = 8.0, 10.4 Hz,
d||sopropylethynanyhﬁg6090#@}9,505SIQ@mﬂD{»42¢h@6mmsuM;Bng3KBXhuQH)|s
stirred at 0 C 2019 (@, lheoBis Hzand), 3er2.30gmparned to room tenperature over 24
h. The mixture is diluted wth dichloronethane, quenched by addition of
satur at ed aqueous sol ution of sodium bicarbonate, and is extracted three

ti mes with dichl or omet hane. The 15EEP3rH Eﬂ‘%rganlc | ayers are washed with
water and brine. The3m@aopien}dB8&FeritfutdinRthyRWPoxPAEH-sloh SWhtat e, filtered,
and concentrated under reduced pressure. The crude product is purified by
silica gel chromatography eluting with a I|n r gradient of 0% to 60% et hyl
acetate in hexanes over 26 mnutes to glve g title conpound (0.089, 93%.
ES/M5 me: 503 (M1). 0

Br\@)‘\M

A mixture of 1-(3-bromophenyl)-3-hydroxyhex-5-en-1-one (9.08 g, 33.7 mmol),
1H-imidazole (5.34 g, 77.6 mmol) and fert-butyldimethylchlorosilane (6.29 g, 40.5

25  mmol) in DMF (40 mL) is stirred at room temperature for 2 h. The mixture is diluted

with dichloromethane and is washed sequentially with water and saturated ammonium



20 Preparation 54 6-(tert-Butyl di methyls

ilyloxy)-7a-(3"-nethoxybi phenyl-3-y1l)-4,4a,5,6,7, 7a-

hexahydr ovpchopest3a[ d] [ 1, 3]t hi azi n-2-am ne -61- PATMAIS2410/0€1004
N-(6-(tert-butyldinethylsilyloxy)-7a-(3" -methoxybi phenyl-3-y1l)-

4,4a,5, 6,7, 7a- hexahydr ocycl openta[d] [ 1, 3]t hiazin-2-yl)benzam de (0.200 g,
0.349 mmol ) and hydrazine (0.559 g, 1.8%-nmmol) in ethanol (4 nL) is stirred
at 120 C over night. The 5 m xture is cooled, diluted with ethyl acetate
and is washed with water. The organic layer is dried over sodiumsulfate
and the solvent is renmoved under reduced pressure to give the title
conpound ( Ochl@#le gqued@O¥futioEST Monginas [ad@9s (iddloyver sodiepesuifete oitebsl, d@Racem ¢
(3aRS, 5RS, r r n

di et hoxybeéﬁlbgﬂg/%)n)tr %Qéﬁde?re% %5‘;3/5cl%g gl%’tcg’f ]I%rosdélgélgg}lrl%ed Hy Sf—]llcﬁgqlo a solution
of 6a-(3- br@maiegrhp]mrehmhgwh)a liﬁez(rtgm’dhenb()lﬁ(}?/ﬁchiﬁébihy] wetatel imkgrands-over

(2, 4-di net z ahydro- 1H- cIo enta i ( 4. 77
nmol) in TE@% {%(S.)yon% gpﬁ%lﬁbélﬂ”fn F@’fﬁﬁmﬁ?&%% grsgg%%éol ution in
THF (7. 16 nd_gBr/?lBlc}538”Bl,T@85)(M-Af)ter st| rr| ng at roomterrperature for 2 hours,
the reaction mxture is concent reduce ssure to afford a
residue that is Ifﬁ Oé,{"dng/ﬁoﬂTlPoﬂl? &Bﬁgfﬂﬁﬁ@pgﬁ Vggﬁﬁﬂa%ﬁqeﬁ?{l%ﬂ% ®and
brine. The @e@adiiod of a—}(ﬁbroinfbpﬂé’dygdb @ ebutsRthdmsylxafhex-sfanl t@feed, and the
filtrate is concentrated under reduced pressure to give a 20residue that is

purified by Lahlg 3 nel_c;hmeai_agLaﬁhy_eLuLLag_w_Lh_a_LmaaL_gLadJ_ent of 0%
to 10% net hanBiePiln_di chl or onet hanbhejissl meni nutes to give } hVMRt |

conpound as [a g dst-63-Brsmard-dupriophany-3¢rpBitgdinedndglyloThihes-n) xiyipeo i is
purified again on silica gel chronsteigh-aphy to separate the| di astereoners
eluting with ng lU near gr adi(&mrom$-200diflooreH sy WS (tert- NMR!
2011/ 005738PCT U$2010/ 0410BayldeRthydtlyipky heeband-ana _hexanes pver 815 i nutes
to give the ti#0!H NMREUNIHasCRCKpE &b cddnd x LUt 6.6(HY, 85R 769 (B10% = SES/ M5 ni e
(79Br/ 81WBr) 452,4.7484 H{AHH),.7.19-7.15 (nTHel) f5l0-082 g 1D poundS (m2Hiahle 34 are
prepared essent iy A% 1d83ts, il Hed.82rdd, e 406, apAarkad, il Hy) 26R-2. Fc@n2E),

(3aRS, 5RS, 6aSR) -0~ 2 (i, OrD-0404-0.0D(m@BNY 1) - 1- ( 2, 4-

5di et hoxybenay!'Hhewahiyel MHEHEDEE) dROMBA] ¢ini SOX 820ldd; D+ .10 Fahd,®.BézPr ep
Chem cal nanme ESHYS .¢3v6.e3 (i, M) 5.866(daJ = 1.2 Hz, 1H), 5.03-5.01 (m, 1H), 4.40-4.35 (m,

6a- ( 3- Brpnophenyl)-311A-294¢di 26t hoxybenayinhexaty drp0bBks, 3H), -0.07 (s,

cycl opentaf c]isagxgzol - 5- 0144

Preparation 45

1-Benzyl-6a-(3-bromophenyl)-5-(tert-butyldimethylsilyloxy)hexahydro-1H-

20 cyclopenta[c]lisoxazole
7'\ S'/
i
70 0

O
Br
To a solution of 1-(3-bromophenyl)-3-(tert-butyldimethylsilyloxy)hex-5-en-1-one
(6.84 g, 17.8 mmol) and N-benzylhydroxylamine (2.86 g, 23.2 mmol) in THF (60 mL) is
added Ti(OEt)4 (8.14 g, 35.7 mmol). The reaction mixture is heated to 70 °C in a scaled
25  tube. After 2 h, the temperature is increased to 80 °C and stirring is continued for 3 days.
The reaction mixture is cooled to room temperature. Water and ethyl acetate are added

and the mixture is stirred vigorously for 15 minutes. The solids are allowed to settle and

the organic and aqueous layers are decanted through a pad of diatomaceous earth. The



(79Br/81Br) 434/ 436 55b Racem c (3aRS, 5R5, 6aSR) - 6a- ( 3- Bronophenyl) - 1- (2, 4-
di met hoxybenzyl ) hexahydr o- 1H- cycl opent a[ c] i soxazol -5-0ol (79Br/81Br) 434/ 436
55¢c Racerwo 20B8#RS$/38R5, 6aSR) - 6a- ( 5- Brono- 2, 4- di f | uor ophe®gT)Us2010/041034

(2, 4-di nmet hoxybenzyl ) hexahydr o- 1H cycl opent a[ c] i soxazol -5-0l (79Br/81Br)
470/ 472 55d Racem c (3aRS, 5R5, 6aSR) - 6a- ( 3- Bronp- 4-f | uor ophenyl) - 1- ( 4-

met hoxybenzyl ) hexahydr o- 1H- cycl opent a[ 6Fi soxazol -5-ol (79Br/81Br) 422/ 424
44 |1sol ated as a racenm c mxture of diastereoners. 10Preparation 56 Racem c
(3aRS, 5RS, 6aSR) - 6a- ( 3- Bronophenyl) - 1- ( 2, 4- di net hoxybenzyl) - 5-

met hoxyhexahydro- | H cycl openta[ c]i soxazole HOH . / B Sodi um hydride (0.076
g, 1.89 muolkyjers gre agpdattdtand ghe@q@ouplaptriipextefted dhoertinges with ethyl acetate. The

Lo(Sere, P RS SABFPRRAgRY s b 2utod P e sy o 1

reacti on i sconemmrecd tunder mdmddmwat ﬁh@rﬁmprdfﬁleﬂE putifiesl byrsdich Igeln- cooled to O
C. Methyl iodid 0.246 g, 1 i d d the ti [ ti d
S room t erdbiter s s ndn ol SAR T Al e BuRheh SRR a0 o 0! Yoo
mrol ) and n@iniek td gidd e til©cchipdugd ash F2fer@natiowhixtuies 7 adgegboanEIME reacti on

is stirred at rqom.tenperat for 18 hours. The reaction is quenched with
wat er and er(agf/g]&r)\/fﬁghb@t(%ﬁ)'acet ate. The organic layer is dried over

sodi um sul fat e, ThiclféIRfeeL: @RhotNB 1S TABIERTE ark Hrop SR ¥RENtIANH 8! dds@thde atthpr essur e.

The resulting WD 2011/005738PCT/ US2010/ 041034 -63- |
préparation of 1-benzyl-6a-(3-bromophenyl)-5-(tert-butyldimethylsilyloxy)hexahydro-

1H-cyclopenta[c]lisoxazole.

10  Table 32
ES/MS
Prep Chemical name (m/e)
(M+1)
450 6a-(3-Bromophenyl)-5-(tert-butyldimethylsilyloxy)-1-(2,4- (”Br/*'Br)
dimethoxybenzyl)hexahydro- 1 H-cyclopenta[clisoxazole*” 548/550

4sp | 62-(3-Bromo-4-fluorophenyl)-5-(tert-butyldimethylsilyloxy)-1- (”Br/*'Br)

(2,4-dimethoxybenzyl)hexahydro- 1 H-cyclopenta[cJisoxazole™ 566, 568
Racemic (3aRS,5RS,6aSR)-6a-(5-Bromo-2,4-difluorophenyl)-5- (79Br /81Br)
45¢ | (tert-butyldimethylsilyloxy)-1-(2,4-dimethoxybenzyl)hexahydro-

. ht) 584, 586
1H-cyclopenta[cJisoxazole
454 | 62-(3-Bromo-4-fluorophenyl)-5-(terr-butyldimethylsilyloxy)-1-(4- (”Br/*'Br)
methoxybenzyl)hexahydro-1H-cyclopenta[clisoxazole 536, 538
42 N-(2,4-dimethoxybenzyl)hydroxylamine utilized instead of N-
benzylhydroxylamine.

43 N-(4-methoxybenzyl)hydroxylamine utilized instead of N-benzylhydroxylamine

15 Preparation 46
1-Benzyl-5-(fert-butyldimethylsilyloxy)-6a-(3'-methoxybiphenyl-3-yl)hexahydro- 1H-

cyclopenta[c]lisoxazole

To a stirred solution of 1-benzyl-6a-(3-bromophenyl)-5-(zert-
20 butyldimethylsilyloxy)hexahydro-1H-cyclopenta[clisoxazole (7.42 g, 15.2 mmol) in 1,2-



residue is purified by silica gel chromatography with 10% ethyl acetate in
CH2Cl12 to give the title conmpound (0.443 g, 63 %9. ES/M5S me (79Br/81Br)
448, 450 Wwdid)1/005738 The foll ow ng compounds in Tabl e BETArSe01p/0¢as ed
essentially by the nethod of racemc

(3aRS, 5RS, 6aSR) - 6a- ( 3- bronophenyl) - 1- (2, 4- di met hoxybenzy1l) - 5-

5met hoxyhexahydr o- 1H cycl opent a[ c] i soxagol e. Table 35 Prep Chem cal nane
ES/M5 (mMe) (M:l) 56a 6a-(3-Bronophenyl)-1-(2, 4-di net hoxybenzyl) - 5-

met hoxyhexahydr o- 1H cycl opent a[ c] i soxazol e45 (79Br/81Br) 448/ 450 56b
Racem c¢ (3aRS, 5RS, 6aSR) - 6a- ( 3- Brono- 4-f | uorophenyl) - 1- (2, 4-

di met hoxybedimpthpxysthant @@xWéxatdydBM .a.q*tleowoludpenf afchi eubeazto(22. § i¥Br / 81Br)

466/ 468 4 f 1980171% paration 57
10Racemi c (%SI E&%l%géﬁ%}% Y P%r?ﬁl 4@? rophe Qﬁ%@ ?sopr opoxy- 1-(4-
met hoxybenztyd;Qiiphmltghdspmnb&feng@hapﬁhﬂmhﬂl) chboratz@0.85%, 0.911 mmadlp Ehem xt ure of
et hoxybena) K RATIRY B/ oL A ey EGRORt AT S HEASBOBbPoEd 5ed ¥ 07 ol )
i n 15di chl ostiyratdraaand Alt&edJhe rSsuad@efﬂtrae Is\eepardted dlduby ojueduedayesidl f onat e
(2.62 g, 10 0 d dri 1. 50 : sol.ytion of
2- |odopropa‘?’|‘éram1&;’éeeélmei8’ 'YZ\UM?C)etafene'g‘F @Pﬁ%‘gﬁﬂé {?y?rég‘)@ﬁf’f_a)élqdé’“ ded to
the m xt ur eorgéedriclven sodiRSul b il RidCdn deoRdetir@ed Sndet fetllicRd patbsuid OMe
tenperature overnight. The mxture is diluted with dichl oronethane and is

filtered thipArgHodicH shuiedysilica eehehromossanhy shiting with dgved0% kil reduced

20pr essur e aR@ictif BedaBS FHatBent Svdpd0 infilnREl tBYive il tAR cBRbowRIN BB 0BPAPhY Wi th a
linear gradient of 0%to 10% ethyl acetate in dichloronethane over 15

m nut es!® o BV ise S1¢ tYEDeonpound (0.466 g, 25%. ES/MS nmie (79Br/81Br)
464, 466 (M+l). -64- Preparation 58

Preparation 47
(2-Amino-4-(tert-butyldimethylsilyloxy)-2-(3'-methoxybiphenyl-3-
yl)cyclopentyl)methanol

15
A mixture of 1-benzyl-5-(tert-butyldimethylsilyloxy)-6a-(3'-methoxybiphenyl-3-

yhhexahydro-1H-cyclopenta[clisoxazole (2.04 g, 3.76 mmol) and palladium on carbon
(0.400 g) in acetic acid (10 mL) is stirred at room temperature under hydrogen
atmosphere (50 psi) for 19 hours. The reaction is filtered through a pad of diatomaceous

20  carth and the filter cake is washed with methanol three times and the filtrate is
concentrated under reduced pressure. The residue is dissolved in dichloromethane, the
pH adjusted to pH 12 by addition of saturated aqueous sodium bicarbonate and is
extracted three times with dichloromethane. The combined organic layers are dried over
sodium sulfate, filtered, and concentrated under reduced pressure to give the title

25  compound. ES/MS m/e: 428 (M+1).



Racem ¢ (3 aRS, 5RS, 6aSR) - 6a- (3 - Brono-4-fl uorophenyl)hexahydro- 1H

cycl openta[c] isoxazol-5 -0l H 5A mxture of racemc

(3aRS, 5RSy628R)006m8 ( 3- br onp- 4- f | uor ophenyl) - 1- ( 2, 4- PCT/US2010/041034

di met hoxybenzyl ) hexahydr o- 1H cycl opent a[ c] i soxazol -5-0ol (0.852 g, 1.79
mmol ) and triethylsilane (0.624 g, 5.37 mol) in TFA (4 nL) is heated to 80
Cfor 3 h. The reaction is cooled to reemtenperature and concentrated
under reduced pressure to afford a residue that is purified on a SCX col umm
washi ng sequentially w th dichloronmethane, 10 nmethanol and 7 N NH3 in MeOH
to give the title conpound as racem c mxture (0.57 g, 100%. ES/M5 me
(79Br/81Br) 302, 304 (M+1). FPhepafagiongl®i ng conpounds in Table 36 are

prepared essen rihe i

(3aR5, SRS, asr)- Ll FRRe b S R AR P o BTN 2 ) 1 soxazo
| -5-0l. 15Table 36 Prep Chebrgddpengherbubitsybdneimidbk1l) 5 8a 6a- (3

- Bronophenyl ) hexahydro- 1H cycl openta[c] is oxazol -5 -0146
(729B8411/2818B6r) 5 8b Rac c /(3aRs, RS, 6aSR) - 6a- ( 5- Br ono- 2, 4-

di f | uor ophenyl ) hexahydro- 1H gy ||Ol eptag[ch i s oxazol-5 -ol (79Br/81Br)
320/ 322 58 ¢ Racenmic (3 aRS, 5RS, 8asR) r 6aj{( 3]|- Brono- 4-

fl uor ophenyl ) hexahydro- 1H cyc | op entpaN c[jis azol -5 -ol (79Br/81Br)
302/304 5 8d 6a-(3 -Bronpphenyl)-5 Phhoxyhexapydro- 1H

cycl opent a[ c] i soxazol e46 (798K18 98/ 300 58 e Racemc (3

aRS, 5RS, 6aSR) - 6a- (3 - Bronopheny - met hoxyhexahydro- 1H cycl opent af c]

i soxazol e

5 A solution of (2-amino-4-(tert-butyldimethylsilyloxy)-2-(3'-methoxybiphenyl-3-
yl)cyclopentyl)methanol (9.44 g, 22.1 mmol) and benzoyl isothiocyanate (3.49 g, 21.0
mmol) in THF (88 mL) is stirred for 1.5 hours at room temperature and concentrated
under reduced pressure. The crude product is purified by silica gel chromatography
eluting with a linear gradient of 0% to 5% methanol in dichloromethane over 27 minutes

10 to give the title compound (9.61 g, 70%). ES/MS m/e: 589 (M-1).
Preparation 49
Racemic N-((4aRS,6RS,7aSR)-6-(tert-Butyldimethylsilyloxy)-7a-(3'-methoxybiphenyl-3-
yl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide

15 A solution of N-(4-(tert-butyldimethylsilyloxy)-2-(hydroxymethyl)-1-(3'-
methoxybiphenyl-3-yl)cyclopentylcarbamothioyl)benzamide (6.37 g, 8.41 mmol) and
triphenylphosphine (4.41 g, 16.8 mmol) in THF (30 mL) is added to a separate solution of
di-fert-butyl azodicarboxylate (3.87 g, 16.8 mmol) in THF (15 mL) at room temperature.
The reaction is stirred for 30 minutes and is concentrated under reduced pressure. The

20 crude product is purified by silica gel chromatography eluting with a linear gradient of
10% to 40% ethyl acetate in hexanes over 26 minutes to give a crude diastereomeric

mixture (7.39 g, 100%). The mixture is purified again on silica gel chromatography to



(79Br/81Br) 298/300 5 8f Racem c (3 aRS, 5RS, 6aSR) - 6a- (3

- Brono- 4-f | uor ophenyl) - 5- net hoxyhexahydro- 1H cycl opental[c] isoxazole
(79Br/ 81BVD 281uA03B8 58 g Racem c (3 aRS, 5RS, 6aSR) - 6a- ( BCT/US2010/041034

- Brono- 4-fl uorophenyl) - 5- isopropoxyhexahydro- 1H cycl openta[c] isoxazole
(79Br/81Br) 344/346 46 lsolated as a m xture of diastereoners. -65-
Preparation 59 Racemc ( 1 RS, 3 SR 4R5583 -Am no-3 -(3

- brono- 4-fl uorophenyl)-4- (hydroxynet hyl)cycl opentanol H 5 A m xture of
racem c(3aRS, 5RS, 6aSR) - 6a- ( 3- br ono- 4-f | uor ophenyl ) hexahydr o-

1H cycl opent a[ c] i soxazol -5-0ol (0.57 g, 1.89 mml) and zinc (0.617 g, 9.43
mrol ) i n acepirete dei dastet@n@rydlytingsvitheldt edhylaca@e @ hemaes taging the dfen

at nosphere 3 r The. react ) I,&-C 0 enperat ure,
filtered, aJn0 pgléthgée%lrétrgcaefn égl%hxﬁlggfl'%ﬂ}e) uzé%’& %rg)é\gsglﬁ]yre'e S?Swarﬁ)afford a residue
that is purifiedhofolbwS{@conpoumhiniablei3agdgs wegueintscatidlly asidederitledcinltier onet hane,

met hanol and 7 N N in . t i i1l onmpound, a emc mXxture
R R S R R e e St L e
conpounds i meti@ybphdi1-aryd)-puenar7gd-hessembewldpyntasl][d8Rbiaribed in the
preparation Qf racem c (1RS, 3SR, 4R5) - 3- am no- 3- ( 3- br ono- 4-f | uor opheny1) - 4-
15( hydroxyrﬁé&ﬁ%a}lﬂ ¢l opentanol . Table 37 Prep Chenical name ES/ M5 (nie)
(Mr1) 59a  Table 33

ES/MS
Prep Chemical name (m/e)
(M+1)
N-(6-(tert-Butyldimethylsilyloxy)-7a-(3'-methoxybiphenyl-3-yl)-
49a 4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]Jthiazin-2- 573
yl)benzamide

Preparation 50
10 Racemic N-((4aRS,6RS,7aSR)-6-Hydroxy-7a-(3'-methoxybiphenyl-3-yl)-4.,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-yl)benzamide

T S O
o (T
| e H
o
To a solution of racemic N-((4aRS,6RS,7aSR)-6-(fert-butyldimethylsilyloxy)-7a-
(3'-methoxybiphenyl-3-yl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-

T

15  yl)benzamide (1.47 g, 2.31 mmol) in acetonitrile (6 mL) is added 20-25% aqueous
fluorosilicic acid (2.82 g, 4.62 mmol) and the resulting mixture is stirred at room
temperature for 3 h. The reaction is diluted with ethyl acetate and quenched with
saturated aqueous sodium bicarbonate. The mixture is washed with water and brine. The
organic layer is dried over sodium sulfate, filtered, and concentrated under reduced

20 pressure. The crude product is purified by silica gel chromatography eluting with a linear
gradient of 10% to 60% ethyl acetate in hexanes over 40 minutes to give the title

compound as a racemic mixture (0.709 g, 64%). ES/MS m/e: 459 (M+1).



3 -Am no-3 -(3 -bronophenyl)-4-(hydroxynet hyl)cycl opentanol47 ( 72 B8 611/
28 1 8B8r ) 5 9b Racemc (1RS,3 SR 4R5)-3 -Amno-3 -(5 -brono-2, 4-

di f1 uor opverrgtiyoodz3ghydr oxynet hyl ) cycl opent anol ( 79Br/ 81BCY/U32@082W359C

(2- Ami no- 2- (3 -bronophenyl) - 4- net hoxycycl opent yl ) met hano147
(7390B011/3810B2r) 5 9d Racenmic (( 1RS,2 S R 4RS)-2 -Am no-2 -(3

- bronmophenyl) - 4- net hoxycycl opentyl ) netshanol (79Br/81Br) 300/302 59 e
Racemc (( 1 RS ,2 SR 4R5)-2 -Am no-2 -(3 -brono-4-fluorophenyl)-4-

met hoxycycl opentyl ) met hanol (79Br/81Br) 318/ 320 5 9f Racemic (( 1 RS ,2
SR, 4R5)-2 -Am no-2 -(3 -brono-4-fluorophenyl)- 4-

i sopropoxycycl opentyl ) met hanol (79Brép8tBiopn 346/ 348 47 |solated as a

j fodi -6 Preparal | j S R 2RS, 4RS) -
123 B omo- a- 11 st ke s e R P RE R S48 F b et v o arb

anot hi oyl ) b enzam de SiEgalydso)aivpcota]dfl,F]hcent Lyl)benzamide
(1RS, 3SR, 4R5) - 3- am no- 3- ( 3- brono- 4-f | yor opheny1) - 4-
(hydr oxynet hyl ) cycl opent anol (0. 48 §8 erI) in THF (6.31 nL) is added
1)
NT 3N
H

benzoyl isothiocyanate (0.263 gHOL: nd the mxture is stirred at

roomtenperature for 1.5 h. The sol d under reduced pressure

€n g’s
and the crude product is puriTied by,
T
5 Racemic N-((4aRS,6RS,7aSR)-6-hydroxy-7a-(3"-methoxybiphenyl-3-yl)-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide (0.689 g, 1.50 mmol) is
purified by chiral HPLC: 2.1 x 25 cm Chiralpak AD-H, 5 micron, 35% IPA/CO,, flow

rate: 70 mL/min, UV: 225 nm. The first eluting isomer is isolated to provide the

enantiomerically enriched title compound (0.242 g, 35%). ES/MS m/e: 459 (M+1).

10
Preparation 52
N-((4aR,6R,7aS)-6-Methoxy-7a-(3'-methoxybiphenyl-3-yl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide
H
Seey.
(o1
é N/)\NJ\©
| e H
o
15

To a 0 °C mixture of N-((4aR,6R,7aS)-6-hydroxy-7a-(3'-methoxybiphenyl-3-yl)-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]Jthiazin-2-yl)benzamide (0.086g, 0.169 mmol)
and 48% aqueous fluoroboric acid (0.031 g, 0.169 mmol) in dichloromethane (0.6 mL) is
added 2 M trimethylsilyldiazomethane in hexane (0.101 mL, 0.202 mmol). The mixture

20 s stirred at 0 °C for 30 minutes and is poured into saturated aqueous solution of sodium
bicarbonate. The mixture is diluted with water and is extracted with dichloromethane.
The organic layer is washed sequentially with water and brine and is dried over sodium

sulfate. The solvent is removed under reduced pressure and the crude product is purified



silica gel chromatography, eluting wwth a linear gradient of 0% to 10%

nmet hanol in 10di chl oronet hane over 20 mnutes to give the title conpound as
racem c rweRorieofBs602 g, 76%. ES/M5 mfe (79Br/ 81Br) 4®CT/U$6@o(MB3) . The
foll ow ng conpounds in Table 38 are prepared essentially as described in
the preparation of racemc

N ( (I SR, 2RS, 4RS) - 1- ( 3- br ono- 4- f | uor oph&oy1) - 4- hydr oxy- 2-

(hydr oxynet hyl ) cycl opent yl car banot hi oyl ) benzam de. 15Table 38 Prep. No.
Chemi cal nane ES/MS (nmfe) 60a N (1-(3-Bronophenyl)-4-hydroxy-2-

(hydr oxynet hyl ) cycl opent yl car banot hi oyl ) benzam de48 (79Br/"Br) 449/ 451
(Mrl) 60b RacelmageNhfmaBiraRs, ehﬂﬁg with @3By graglicdt df- 104§ lo66P oqtind agetdte tr

hydr oxy- 2- ( ) Re z 49 / 81Br)
abs) 457 (IR0 YD B Etp SRR PO R o Y 1 BF, P el 245

met hoxycycl @pent yl car banot hi oyl) benzam de48 (79Br/ 8lBr) 463/ 465 (Mtl) 60d
Racem ¢ N-( (| SR, 2RS, 4RS)-1-(3-Bro Fhen tﬂ?ﬁé

(hydr oxymnet hyl ) - 4- net hoxycycl open'?g é’gF ) hi oyl) - benzam de (79Br/81Br)
463, 465 § M+1)N-((4aR,6R,7aS)-7a-(3'-Methoxybiphenyl-3-yl)-6-(methoxymethoxy)-4,4a,5,6,7,7a-

hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide

0° C(\)\ J\©
O O
To a stirred 0 °C solution of N-((4aR,6R,7aS)-6-hydroxy-7a-(3'-methoxybiphenyl-
3-y1)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide (0.087 g, 0.190
10 mmol) in anhydrous dichloromethane (0.6 mL) is added chloromethoxymethane (0.031 g,
0.379 mmol), followed by diisopropylethylamine (0.049 g, 0.379 mmol). The resulting
mixture is stirred at 0 °C for 1 hour, and then is warmed to room temperature over 24 h.
The mixture is diluted with dichloromethane, quenched by addition of saturated aqueous
solution of sodium bicarbonate, and is extracted three times with dichloromethane. The
15  combined organic layers are washed with water and brine. The organic layer is dried over
sodium sulfate, filtered, and concentrated under reduced pressure. The crude product is
purified by silica gel chromatography eluting with a linear gradient of 0% to 60% ethyl
acetate in hexanes over 26 minutes to give the title compound (0.089, 93%). ES/MS m/e:
503 (M+1).
20
Preparation 54
6-(tert-Butyldimethylsilyloxy)-7a-(3'-methoxybiphenyl-3-yl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-amine



60e Racem c N-((I| SR 2RS, 4RS) - 1- ( 3- Brono- 4-f | uor ophenyl) - 2-

(hydr oxynet hyl ) - 4- met hoxycycl opent yl car banot hi oyl ) benzam de (79Br/ 81Br)
479, 481 wbk0i1/008382011/ 005738PCT/ US2010/ 041034 - 67- 48PCIalsatien4rws4 a

m xture of diastereoners. Preparation 61 Racemc

N ((4aRS, 6R5, 7aSR) - 7a- ( 3- Br onp- 4- f | uor ophenyl) - 6- hydr oxy- 4, 4a, 5, 6, 7, 7a-
5hexahydrocycl openta[d][ 1, 3]thiazi n-2-yl)benzam de H F A sol ution of
racemc

N ((I SR, 2RS, 4RS) - 1- ( 3- br ono- 4-f | uor opheny1) - 4- hydr oxy2- ( hydr oxynet hyl ) cycl o
pent yl car banot hi oyl ) benzam de (1.21 g, 2.02 nmol) and tri phenyl phosphi ne
(0.690 ng, 2.63 nmol) in anhydrous THF (18 nL) is added to a l1l0Oseparate
solution of di-tert-butyl azodi aﬁg{)xyl 0 606 g, 2.63 mml) in THF (36
m.) at roomtenperature. The reactl @ {ture is stirred at room
tenperature for 1 hr and concentrated ,q)rgquced pressure to give a
residue that is purified by silica gel chxomatography eluting with a |inear
gradient of 0% to 40% et hyl acetate in | or onet hane over 15 mnutes to
give the title conpound as racem ure (0.557 g, 1561%. ES/Ms me
(79Br/ 81Br) 449, 451 (NH) he’ fol | owi ng corrpounds in Table 39 are

d tiall I. he.
R CCanrs, or5. 7ackrbul ps M BT binpt BebaBhaRes) = o SR yRRETE5: 7. 7a- hexan
ydrocycl opem@;{ d]7[75,1h3)}dh§idraé}lc[bp2nt¥[|d] b ngiazih deyl)béadahede30.260 gfo. meﬂmslal nanme

El-sé ?EaRgl SF\@ -}Méé)%meig) 55% 8%51?% f)ha%ollg Hl'Le)ksystlrred at 120 °C over night. The

4, 4a, 5, 6 7, faxnhexabyedd Qﬁ?ﬁ{@:h%’tﬁr&t}@[ gktaledand i WAAhaZWih Ratét. ) BRNZ@NI 8y er
(79Br/81Br). 431/433 6. |b Raceni

N- ((4aRS, 6RS! qggp)er s;o&hu(rgsﬁag:ﬁaﬁd ﬁle@ohfplft|1qj@p@i5%w$l) reduced pressure to give the
title compound (0.164 g, 100%). ES/MS m/e: 469 (M+1).

Preparation 55
10 Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-fluorophenyl)-1-(2,4-
dimethoxybenzyl)hexahydro-1H-cyclopenta[c]isoxazol-5-0l

Br 0

To a solution of 6a-(3-bromo-4-fluorophenyl)-5-(zert-butyldimethylsilyloxy)-1-
(2,4-dimethoxybenzyl)hexahydro-1H-cyclopenta[clisoxazole (3.00 g, 4.77 mmol) in THF
15 (10 mL)is added 1 N tetrabutylammonium fluoride solution in THF (7.15 mL, 7.15
mmol). After stirring at room temperature for 2 hours, the reaction mixture is
concentrated under reduced pressure to afford a residue that is diluted with
dichloromethane and washed with water and brine. The organic layer is dried over
sodium sulfate, filtered, and the filtrate is concentrated under reduced pressure to give a
20  residue that is purified by silica gel chromatography eluting with a linear gradient of 0%
to 10% methanol in dichloromethane over 20 minutes to give the title compound as a
diastereomeric mixture (2.26 g, 100%). This mixture is purified again on silica gel

chromatography to separate the diastereomers eluting with a linear gradient of 0% to 15%



6- hydr oxy-4, 4a, 5, 6, 7, 7a- hexahydr ocycl openta[d] [1,3 ]thiazin-2-

yl ) benzam de (79Br/ 81Br) 467/ 469 61 ¢ Racem c

N ( (4aRS, w2 nz8R)38 7a- ( 3- Br onophenyl) - 6- met hoxy- PCT/US2010/041034
4,4a,5, 6,7, 7a- hexahydr ocycl openta[d] [ 1, 3]t hiazin-2-yl)benzam de (79Br/ 81Br)
445/ 447 WO 2011/ 005738PCT/ US2010/ 041034 -68- 61d Racemi c

N- ((4aRS, 65R, 7aSR) - 7a- ( 3- Br onophenyl) - §2net hoxy-

4,4a,5, 6,7, 7a- hexahydr ocycl openta[d] [ 1, 3]t hiazin-2-yl)benzam de (79Br/ 81Br)
445/ 447 61e Racem ¢ N-((4aRS, 6R5, 7aSR) - 7a- ( 3- Brono- 4-f | uor ophenyl) - 6-

met hoxy- 4, 4a, 5, 6, 7, 7a- hexahydr ocycl openta[d] [ 1, 3] t hi azi n-2- yl)benzam de
(79Br/ 81Br )et]abﬁ@gte&ﬁ@irﬁ@karﬁagml@ minutes to give the title compound as a racemic mixture

N ((4aRs, 6 Aot
I sopr opoxyR@ §§§?76/7)7 éﬁME 4011%’:?;9 %ggﬁ{p{[@c}] [ 1, 3]t hi azi n- 2- yI ) benzam de
(79Br/81Br) 49 1/T419$0110Rr1@)amq10u1¢m il§2able 34 are prepared essentlally as described in the

O kot S TR TP A RS gR D B e i 42,2 6. 7. 7

5 dimethoxybenzyl)hexahydro-1H-cyclopenta[clisoxazol-5-ol.

Table 34
ES/MS
Prep Chemical name (m/e)
(M+1)
550 6a-(3-Bromophenyl)-1-(2,4-dimethoxybenzyl)hexahydro-1H- (”Br/*'Br)
cyclopenta[clisoxazol-5-ol** 434/436
5sh Racemic (3aRS,5RS,6aSR)-6a-(3-Bromophenyl)-1-(2,4- (”Br/*'Br)
dimethoxybenzyl)hexahydro-1H-cyclopenta[c]isoxazol-5-0l 434/436
55c Racemic (3aRS,5RS,6aSR)-6a-(5-Bromo-2,4-difluorophenyl)-1- | (”Br/*'Br)
(2,4-dimethoxybenzyl)hexahydro-1H-cyclopenta[clisoxazol-5-0l | 470/472
554 Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-fluorophenyl)-1-(4- | (“Br/*'Br)
methoxybenzyl)hexahydro-1H-cyclopenta[clisoxazol-5-ol 422/424

44 Tsolated as a racemic mixture of diastereomers.

10 Preparation 56
Racemic (3aRS,5RS,6aSR)-6a-(3-Bromophenyl)-1-(2,4-dimethoxybenzyl)-5-

methoxyhexahydro-1H-cyclopenta[clisoxazole

H
On--CE\,O
s
Br \

Sodium hydride (0.076 g, 1.89 mmol) is added to a 0 °C solution of racemic

15  (3aRS,5RS,6aSR)-6a-(3-bromophenyl)-1-(2,4-dimethoxybenzyl)hexahydro-1H-
cyclopenta[c]isoxazol-5-0l (0.684 g, 1.57 mmol) in DMF (7 mL ). The reaction is
warmed to room temperature for 10 minutes and then cooled to 0 °C. Methyl iodide
(0.246 g, 1.73 mmol) is added and the reaction is stirred at room temperature for 6 hours.
Additional sodium hydride (0.032 g, 0.790 mmol) and methyl iodide (0.112 g, 0.790

20  mmol) is added and the reaction is stirred at room temperature for 18 hours. The reaction
is quenched with water and extracted with ethyl acetate. The organic layer is dried over

sodium sulfate, filtered and the solvent is removed under reduced pressure. The resulting



Racem c

N44aRS, 6R5, 7aSR) - 7a- ( 3- br ono- 4-f | uor ophenyl) - 6- hydr oxy4, 4a, 5, 6, 7, 7a- hexahyd
rocycl opewoapd}joi738] t hi azi n- 2-yl) benzam de (0.492 g, 1. @eTrasedip/oew3purified
by chiral HPLC. Colum. Chiralcel OQJ-H 3 x 25 cm eluent: 75 : 25 (nethanol
: acetonitrile); flow 40 nL/mn at W 225 nm The second eluting isomer is
isolated to 10 provide the enantioneri@ally enriched title conmpound (0.171
g, 35%. ES/Ms me (79Br/81Br) 449, 451 (M1l). The foll ow ng
conpounds in Table 40 are prepared essentially as described in the
preparation of

N- ((4aR, 6R, a8)e iy purf{Bdiby oria 4elichwortigiephy ®)th 8 0%yethybraetats & T6(h, 17 givahexahydr

| t . t hi i D= 2- 39 i |
Dey Ve e kg oo IR A X AR PSR A CRIAR A R T O oy
4, 4a, 5, 6, 7, 7a- héba liylthwicy/@ingoemts ajh iﬂ}‘t{lé.,’)ﬁél‘elpre@mmes%entyilly be rieamtlide of
79Br/ 81B 463/ )
I(\l-((LfaR br) 483, PR S 3RE N6 SPGREAY L) AR S BER

4,4a,5, 6 7 ﬁah&@hmymmayﬁé}mp@anﬁ{[;ﬁﬂoﬁdzo&]t hi azi n-2- yl)benzam de
(79Br / 8lBr),Eai)%13( 493 -
N_((4aR 6R 57:: (4 l:|||nrn 3-—{(pvrim-din-5 \ll\nhnny’l\ 6 h"d. o\, ,/]a,5, 6,7

o) T SR A =

Vi)
, 7a- hexahydrocycl openta[d][1, 3]thiazin-2-yl)benzam de H HCH .ES/N[SkN A
sol ution of MNER {4aR, 6R, 7a5) - 7a- ( $IEMEADE | uor opheny1) - 6- hy -
54, 4a,5, 6, 1, Za- hm(ahyrir m‘yr‘l opent aldll1 ’21 thiazin-2-vl \ hpn7ar7r(M$1)(ﬂ 588 g,
1.31 mol ) |i gea|m xt ur- @fBromophenyhe {4y ﬁh@f@'b@rgty}}@, et hanoBr{ Bnirl) and
water (4 ml) i sl|purgedmashexyhaxahydigeld/-avetbpertalsiispxaele’o 97 | 448/450
Pyri m di ne-|5- bor &ﬂcm@dB@&@$Q@R@6aﬁ3 Bﬂormréiﬂ}loroeb@l}’l)fir@eﬂr bopEé % 56 g,

7.84 mol) |ak@ bi s(tri phemtiophmspi-he)cgrkyldby(d-15- chl ori d 4¢g, 0.261
mmol) is added iin a single portichpeatnad]isdxezaleacti on i s heatle C for
1030 m nut es. 43 Hlatebasta ointursofaliateegdmedi. | ut ed wit h wat er and i s extracted
twice with ethyl

Preparation 57
10 Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-fluorophenyl)-5-isopropoxy- 1-(4-
methoxybenzyl)hexahydro-1H-cyclopenta[clisoxazole

To a mixture of racemic (3aRS,5RS,6aSR)-6a-(3-bromo-4-fluorophenyl)-1-(4-

methoxybenzyl)hexahydro-1H-cyclopenta[c]isoxazol-5-ol (1.72 g, 4.07 mmol) in

15  dichloromethane (2.5 mL) is added silver trifluoromethanesulfonate (2.62 g, 10.2 mmol)
and powdered dried 4A sieves (1.50 g). A solution of 2-iodopropane (1.73 g, 10.2 mmol)
in dichloromethane (0.5mL) is added to the mixture over 15 minutes. The thick mixture
is stirred at room temperature overnight. The mixture is diluted with dichloromethane
and is filtered through diatomaceous earth. The solvent is removed under reduced

20  pressure and the residue is purified by silica gel chromatography with a linear gradient of
0% to 10% ethyl acetate in dichloromethane over 15 minutes to give the title compound

0.466 g, 25%). ES/MS m/e (”Br/*'Br) 464, 466 (M+1).
( g, ) ( ) 464, 466 (M+1)



acetate. The organic layer is dried over sodiumsulfate and the crude
product is purified by silica gel chromatography with a |inear gradient of
0% to 40%vethylooarset ate in di chl oromet hane over 20 n NUPET/USR01QI0VM34 he
title conpound (0.464 g, 79%. ES/M5 nmle: 449 (M+l). 15The fol |l owi ng
conpounds in Table 41 are prepared essentially as described in the
preparation of -64-

N ((4aR, 6R, 7a5) - 7a- (4-fl uor o- 3- (pyri m di n-5-yl ) phenyl) - 6- hydr oxy4, 4a, 5, 6, 7,
7a- hexahydrocycl openta[d][ 1, 3]thiazin-2-yl)benzam de. Table 41 Prep

Chem cal name ES/IM5S (me) (M+rl) 63 a N-((4aR 6R 7 aS)-7 a-(4-fluoro-3 -(5
-fluoropyridin-3 -yl)phenyl)- Preparation 58

1y benzan deas’ 4Be-gid BRERSMRENLARSRRE oyl St
-fluoropyridin-3 - yl)phenyl) - Gybhlpgensa{ylisdxakob5Hl , 6, 7, 7a-
hexahydrocycl openta[d][ 1, 3]thiazin-2-yl)henzam de 448 63 ¢ Racemc N ((4

aRS, 6RS, 7 aSR) - 6- hydroxy-7 a-(3 -(pyripgin-5- yl)phenyl)-4,4a,5,6,7,7
a- hexahydrocyc lop enta [d] [1,3 ]Hbi'--aé:;ﬁ/g@ yl )benzam de 431 -70- 63 d
Racem ¢ N ((4aRS, 6RS, 7aSR)-7a- (2, 4-di f g)rH)- 5 -(pyrimdin-5 -

yl ) phenyl) - 6- hydr oxy-4, 4a, 5, 6, 7, 7a-

hexahydr ocycl openta[d] [ 1, 3]t hi azi n- 2-yzam' de 467 63 e Racenic

N- ((4aRS, 6RS, 7aSR) - 6- met hoxy- 7a- (3- (Byrim di n-5- yl)phenyl)-4,4a,5,6,7,7
a- hexahydrocyc lop enta [d] [1,3 Jthiazih-2- yl)benzam de

5 A mixture of racemic (3aRS,5RS,6aSR)-6a-(3-bromo-4-fluorophenyl)-1-(2,4-
dimethoxybenzyl)hexahydro-1H-cyclopenta[clisoxazol-5-ol (0.852 g, 1.79 mmol) and
triethylsilane (0.624 g, 5.37 mmol) in TFA (4 mL) is heated to 80 °C for 3 h. The
reaction is cooled to room temperature and concentrated under reduced pressure to afford
a residue that is purified on a SCX column washing sequentially with dichloromethane,

10 methanol and 7 N NHj3 in MeOH to give the title compound as racemic mixture (0.57 g,
100%). ES/MS m/e (Br/*'Br) 302, 304 (M+1).
The following compounds in Table 36 are prepared essentially as described in the
preparation of racemic (3aRS,5RS,6aSR)-6a-(3-bromo-4-fluorophenyl)hexahydro-1H-

cyclopenta[c]isoxazol-5-ol.

15 Table 36
ES/MS
Prep Chemical name (m/e)
(M+1)
. 46 (79Br/81Br)
58a | 6a-(3-Bromophenyl)hexahydro-1H-cyclopenta[c]isoxazol-5-0l 284/2%6
S8 Racemic (3aRS,5RS,6aSR )-6a-(5-Bromo-2,4- ("Br/*'Br)
difluorophenyl)hexahydro-1H-cyclopenta[c]isoxazol-5-ol 320/322
sge Racemic (3aRS,5RS,6aSR )-6a-(3-Bromo-4- (”Br/*'Br)
fluorophenyl)hexahydro-1H-cyclopenta[clisoxazol-5-ol 302/304
534 6a-(3-Bromophenyl)-5 —methoxyhej%ahydro— 1H- (”Br/*'Br)
cyclopenta[c]isoxazole 298/300
586 Racemic (3aRS,5RS,6aSR)-6a-(3-Bromophenyl)-5- (”Br/*'Br)
methoxyhexahydro-1H-cyclopenta[clisoxazole 298/300
s3f Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-fluorophenyl)-5- ("Br/*'Br)
methoxyhexahydro-1H-cyclopenta[clisoxazole 316/318
58 Racemic (3aRS,5RS,6aSR)-6a-(3-Bromo-4-fluorophenyl)-5- ("Br/*'Br)
isopropoxyhexahydro-1H-cyclopenta[clisoxazole 344/346

46 Isolated as a mixture of diastereomers.



445 63 f Racem c N ((4aRS, 6RS, 7aSR)-7 a-(3-(5-fl uoropyridin-3-

yl ) phenyl) - 6- net hoxy-4, 4a, 5, 6, 7, 7a-

hexahydr ovpchopest3a[ d] [ 1, 3] t hi azi n- 2-yl ) benzam de 462 63BCH/URACIONH 134

N ((4aRS, 6SR, 7aSR) - 6- met hoxy- 7a- (3- (pyri m di n-5- yl)phenyl)-4,4a,5,6,7,7
a- hexahydrocyc lop enta [d] [1,3 Jthiazin-2- yl)benzam de 445 63 h

N ((6R, 7aS)-7a- (4-fluoro-3 -(pyrimdi n65-yl) phenyl)-6-

nmet hoxy- 4, 4a, 5, 6, 7, 7a- hexahydrocycl openta[d] [1,3 ]Jthiazin-2- yl)benzam de
463 63 i N-((4aR 6R, 7aS)-7a-(4-fluoro-3 -(pyrimdin-5 -yl)phenyl)- 6-

i sopropoxy-4, 4a,5, 6, 7, 7a- hexahydrocycl openta[d] [1,3 ]thiazin-
2-yl)benzam de 491 63 Racem ¢ N-((4aSR, 7aSR)-7a-(3 -(pyrimdin-5

-yl )phenyl)- 4 a,5,7,7 a-tetrahydrg-4H-furaq. 3,4-d] [1,3

]t hi azi n-2-yl ) benzam de 417 63k N?f%’é‘é#“&g)-? a- (3

- (pyri m di n- 5-yl ) pReseyil] (IRS, IBRARS )3-Ametorlaiiyidowe4Hidowpbedyd)-4-d] [1,3 ] thi
azin-2-yl)b enzam de 417 63 m Racem c

N- ( (4aSR, 7aSR) - 7a- (2, 4-di f | uor(lby?dgo-"(&?‘?hiyﬁfy&ilorﬁ’?%‘?“d

yl)phenyl)-4a,5,7, 7a-tetrahydro-4H-furoi 3,4-d] [1,3 ] thiazin-2-

yl ) benzam de 453 63n HO,,,<I\OH

: "NH,

AP

5 F
A mixture of racemic(3aRS,5RS,6aSR)-6a-(3-bromo-4-fluorophenyl)hexahydro-
1H-cyclopenta[c]isoxazol-5-0l (0.57 g, 1.89 mmol) and zinc (0.617 g, 9.43 mmol) in
acetic acid (12.6 mL) is heated to 42 °C under a nitrogen atmosphere for 3 hours. The
reaction is cooled to room temperature, filtered, and concentrated under reduced pressure
10 to afford a residue that is purified on a SCX column washing sequentially with
dichloromethane, methanol and 7 N NH3 in MeOH to give the title compound as racemic
mixture (0.53 g, 92%). ES/MS m/e (Br/*'Br) 304, 306 (M+1).
The following compounds in Table 37 are prepared essentially as described in the
preparation of racemic (1RS,3SR,4RS)-3-amino-3-(3-bromo-4-fluorophenyl)-4-
15  (hydroxymethyl)cyclopentanol.

Table 37
ES/MS
Prep Chemical name (m/e)
(M+1)
T, ST
59a 3-Amino-3-(3-bromophenyl)-4-(hydroxymethyl)cyclopentanol*’ (2532 g)
59b Racemic (1RS,3SR,4RS)-3-Amino-3-(5-bromo-2,4- (79Br/ 81Br)
difluorophenyl)-4-(hydroxymethyl)cyclopentanol 322/324
T v, 81
59¢ (2-Amino-2-(3-bromophenyl)-4-methoxycyclopentyl)methanol*’ ( 3(])333 (])32r)
504 Racemic ((1RS,2SR,4RS)-2-Amino-2-(3-bromophenyl)-4- (”Br/*'Br)
methoxycyclopentyl)methanol 300/302
500 Racemic ((1RS,2SR,4RS)-2-Amino-2-(3-bromo-4-fluorophenyl)-4- (79Br/ 81Br)
methoxycyclopentyl)methanol 318/320
5of Racemic ((1RS,2SR,4RS)-2-Amino-2-(3-bromo-4-fluorophenyl)-4- (79Br/ 81Br)
isopropoxycyclopentyl)methanol 346/348

47 TIsolated as a mixture of diastereomers.



N ((4aS, 7aS)-7a-(2, 4-di fl uoro-5-(pyri mdin-5-yl)phenyl)-

4a,5,7, 7a-tetrahydro-4H-furo [3,4-d] [1,3 Jthiazin-2-yl)benzam de 453 63 p
N ( (4aS, waptimoar3g2, 4 -di fluoro-5-(5 -fluoropyridi n-3 Pgr)yshenpios4
4a,5,7, 7a-tetrahydro-4H-furo [3,4-d] [1,3 ]Jthiazin-2-yl)benzam de 470 49
2 N sodi um carbonate solution is utilized instead of cesium carbonate.
Exanple 1 N-(3 -66-

-((4as, 7aS) - 2- Am no-4a, 5,7, 7a-tetrahydro-4Hfuro[ 3, 4-d] [ 1, 3]thiazin-7a-yl)-
4- 5fl uorophenyl)-5-fluoropicolinam de hydrochl ori de -71-
furo[3,4-d][1,3]thiazin-2-ylcarbamate (91 ng; 167.0 unol) and stirred at
anbi ent tenperature. After 2 days, Ptmratimdiﬂi on mxture is concentrat ed in
vacuo. The resid i t nmet hanol .

Et her and hexanquaféelﬁlg%@gs%#gé‘kr oduc p?‘l‘s0 prﬂggljlogﬁggﬁétgwg% Yhe salt which
is separated fromthe @mﬂﬂoeymd:thyd)mclomntﬂmtrrraﬂﬁobgﬁ)bnzamutmd pl aced under
vacuum to renove any solvent present tp give the title conpound (58 ny;
125unol ). LG-ES/MS mfe 391 (M#l); 1.675. Exanple |a To a
suspensi on of N (3 -((4aS, 7aS) - 3@@% 8a, ® 7, 7a-tetrahydro-4Hfuro[ 3, 4-
di[1,3]thiazin-7a-yl)-4-fl uoro ‘ou colinamde (17.3 g, 42.10
mml) in a 10 mxture of et hanol @. di chl or onet hane (420. 96
m.) is added a solution of 4 M hy n chI orv#&e in 1,4-dioxane (46.31 ni,
185.22 mmol ). The mixture is stig at 22 Cfor 1 h, concentrated and the
residue is triturated with EtOH (200Fn1_). The solid is filtered off and
washed with EtOH The solid is triturated with water and the suspension is
concent rat ed undera sobdliue efirapengis SIREISRIRS r eahilue -([B rand-édlubropacnydetdum

gggg?nEg}gémmrggy%ﬁﬁfm%n B3 hah b SRR TR BB & M3 Shnldh- 2 O

- (( 4a]§|, 7a5)1s&h168§alﬁéleﬂ(?f@ 1‘581111?&1; ﬂﬁlytgb’ Bixdhire isutiap@atdocth &&np%}a&mb il 7a-y1) -
4- 20f | uor 1)-5 uor opi col i nam de To a sus Sl 0

o T e e iR M B i S PErSReLl plfificd by

d] [ 1, 3] t hi aglidA-gérchydmatderhphy Ofiaptaaiinly iaf sr@ER i 0%l th Newsinttehaiydnochl ori de
(20 g, 47 mmol) in water i280 m.) at roomtenperature i s added an aqueous

sol uti ol odeQINPr§6‘61hﬁll?ﬁ WytirbRingtss forgiye @atlﬂwmiﬂm IHECHR % MiFeei(§O& &rred for
30 mi nut es. 76$)@eEgmg%p§{7€B}/8l]§r) 4@P 4b9 {Nrened and the solid is washed with
water (3 x 10 %1 The solid is dried under vacuumat 45 Cto glve t he
title conpound adeoligiitgecosmonels imheble &k er propgred etseriially apdpseriticdédn Yra the
follow ng t L4 nded in 240
m. of wat erﬁgpnagﬁaoﬁggﬁa%ngﬁszv((1%%1?%%1{%1‘IEI:ISrs?o I%ﬁg{}%}%}eg&ll 331 ?lg§ggded (1. 5eq,
31m). The @Vd@pwf@ethg)cmlamd’lqarbamt@wh]bﬁﬁza@mnd bath for 15 min at 22 C and
stlrreg{%at Z%abq:egé)r 3 h. The white solid is filtered, washed with water (3
II

x 100 dried—ma vacuumoven at—45 Covernight—to ylﬁ:g/g/[g.u title
conmpound ({1 o ). ES/IMS ml e 391( MEligmical ndi@e (m/e)
Tore /81
60a N-(1-(3-Bromophenyl)-4-hydroxy-2- ( 44Bgr; 4 5Blr)
(hydroxymethyl)cyclopentylcarbamothioyl)benzamide™® (M+1)
. . (”Br/*'Br)
Racemic N-((1SR,2RS,4RS)-1-(5-Bromo-2,4-difluorophenyl)-4-
60b . . 485/487
hydroxy-2-(hydroxymethyl)cyclopentylcarbamothioyl)benzamide (M+1)
N-(1-(3-Bromophenyl)-2-(hydroxymethyl)-4- (”Br/*'Br)
60c methoxycyclopentylcarbamothioyl)—benzamide48 463/465
79(M—§11 )
Racemic N-((1SR,2RS,4RS)-1-(3-Bromophenyl)-2- ("Br/” Br)
60d . . 463, 465
(hydroxymethyl)-4-methoxycyclopentylcarbamothioyl)-benzamide (M+1)
(”Br/*'Br)
60e Racemic N-((1SR,2RS,4RS)-1-(3-Bromo-4-fluorophenyl)-2- 479, 481
(hydroxymethyl)-4-methoxycyclopentylcarbamothioyl)benzamide (M-1)




Met hod B: The solid (3 g) is suspended in nethanol (40 nL) and heated
between 62 to 64 Cfor 15 h with seeding with seeds of the free base of

N ( 3- ((4a8p2aB)002738M noda, 5, 7, 7a-t et rahydr o- 4H- f ur o[ 3, 4PdT[UB2@piokicdzi n- 7a-y
1)-4-fluorophenyl)-5- fluoropicolinamde. The m xture is cooled to room
tenperature and the slurry is filtered. 5 The solid is washed w th net hanol
and dried in a vacuumoven at 50 C for-64- h to yield the title conpound (2.3
g). ESSM5S me 391 (M+l). Exanple 2 N (3

-((4ab, 7ab) - 2- Am no-4a, 5,7, 7a-tetrahydro-4Hfuro[ 3,4-d][1, 3]thiazin-7a-yl)-
5- 10f | uor ophenyl1) - 5-f| uor opi col i nam de di hydrochloride O N H

Pyridine (0.44nL, BacdBionillPR2B SaRSed-(3-Bremorxtuarophafy K- ( 3-|((Ba5 Bia
benzam do-Ya&db,|7, 7a-t et r ahydr o-(Bérbxymeftt81)44-d] [ 1, 3] t hi azi n- 7)a592,)503-

5) - 2-
f | uor oph
am ne

enyl)-5- f| uorqpi col i rnsupragpexycdclBpaylrimdttiiog)benamidd- met hyl hydrioxy
hydr ochl ori de48 9{datdb6 agnixbud6r dimyekdoniers. et hanol (15 mL). The resulting
m xture is stirred at 50 C for 6 h. The mxture is cooled to room
tenperature and stirring is continued for 3 days. The mixture is diluted
wi th di chl oronet hane and aqueous Opdephtdamtdiand is extracted five tines

wi th dichl ormﬁlm@ﬁ%ﬁ@&zs QIR TR 3 BWreasUGTRRDHENyIS6-BY droktyed4a b h, 74 0H to
make a honbgenous sol ution, dried over sodium sul fate, filtered, and the

J's renoved ZOUHHé?Yﬁeﬂﬂﬂﬁﬁnﬁ éé@@@ZWbZ§WW%ﬂﬁmﬁ%S|due that is
w th 5% et hamol in dichloronmethane to give the
title conpound as the freebase 80 s 5% . Hydrogen chloride is bubbled
t hrough the sol ution of H <f€fi?i\

N- ( 3- ((4a5, 7a5) - 2- ani no- 4a, 5, 7, 7at et 1 &hy uro[ 3,4-d][1,3]thiazin-7a-y
1) - 5-f | uor opheny1) - 5- quoroplcolln e ( , 0.279 mmol ) in nethano
for approximately 5 mn. The solﬁ] i's then concentrated 25under reduced
pressure and dried on high vacuu to yield the title conpound (0 128 g,

sol vent
purified on silica gel

51%9. ES/MS nmfe: 391 (M:l) WO 2011/ 005738PCT/ US2010/ 041034 -
The fol | owi ng cohibivdof ragenrigny- 61%13325?éRﬁkéﬁ%b@@Oe%QéWPP@wkﬂé@/d@éscr. bed
in the prepa

a-tet rahydr 0(}% lio}?ﬁm@tfl l?‘y@%per{tﬁl?ﬁ@aﬂotﬁ@l)t%nzaﬁﬁh&@ﬁ 22 92 fonfol) and

]thiazin 7a tylmymslphpapbme gheymy. 2303 migel m%@rpmﬁﬁﬂaél Sanhyigl pdsteR oz i de.
42 Ex qu & rat@%'lﬁtlon ofs(ﬁlrt%to Pazoﬁ@é%()ﬁm %@%3 ?hn%‘l)(ﬁ THF (36 mL)

44a5, 7a5 m no-4a, 5, 7, 7a- trahydro-4Hfuro 4-d] [ 1, 3]t hi azi n-
at room temperature "The reactlon mlxture is stirred at room temperature for 1 hr and

Tabl e

concentrated under reduced pressure to give a residue that is purified by silica gel
chromatography eluting with a linear gradient of 0% to 40% ethyl acetate in
dichloromethane over 15 minutes to give the title compound as racemic mixture (0.557 g,
61%). ES/MS m/e (“Br/*'Br) 449, 451 (M+1).

The following compounds in Table 39 are prepared essentially as described in the

15

preparation of racemic N-((4aRS,6RS,7aSR)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]Jthiazin-2-yl)benzamide.

Table 39
ES/MS
Prep Chemical name (m/e)
(M+1)
6la Racemic N-((4aRS,6RS,7aSR)-7a-(3-Bromophenyl)-6-hydroxy- (79Br/ 81Br)
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3]thiazin-2-yl)benzamide | 431/433
Racemic N-((4aRS,6RS,7aSR)-7a-(5-Bromo-2,4-difluorophenyl)- ("Br/*'Br)
61b 6-hydroxy-4.,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 thiazin-2- 467/ 469
yl)benzamide
61c Racemic N-((4aRS,6RS,7aSR)-7a-(3-Bromophenyl)-6-methoxy- | (“Br/*'Br)
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide | 445/447




7a-yl ) phenyl) - 5-fl uoropicolinam de hydrochloride FI1 Nlei S Ha 73 4

Racem ¢ N-(3 44aSR, 7aSR) - 2- Am no- 4a,5, 7, 7a-tetrahydro-4H-furo[ 3, 4-

d] [ 1, 3] t Wweazor/opar3gl ) phenyl) - 5- fl uoropi col i nam de hydr ecmiuseéido434 N el S
HCl 373 5 Exanple 5 N-(3

-((8a5)-2-Am no-4, 4a, 5,7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3] t hi azi n-8a-yl ) phen
y1l)-5- chl oropicol i nanm de di hydrochl orisde H OCrj E NNH2 10To a sol ution
of tert-butyl (8ab)-8a-(3-(5-chloropicolinam do)phenyl)- 4,4a,5,7, 8,

8a- hexahydropyrano [4,3-d] [1,3 ]thiazin-2-ylcarbamate (0.172 g, 0.342

mmol ) in CH2C12 (8 ml) is added TFA (4 nl) and the reaction is stirred at
room t enpey %5 éjr e Rhormid MH(4aR S, 6BRe7a8B)-Ve (- Brosnopbenyl)edmethdber | €SB gr essur e.
The residu pifd, §,0.8 T adiax by BiOcyldpeEXalcldfll Bithiazisi2ag) bénzainid8HP C1485/44ve QH
fol | oned by 2. 1 RatRMit -((4aR S REHBSRN-74-53VBEIh d-0-flabioplicahy ) {oe Iiﬁégmﬁgrrpound as
a freebase| 60c 127 mgtho9R a5 BTeTaf oratyaseydlGpeh@f], 3]thiazin2- | ¢ b B

: 463/465
yl)benzamide
Racemic N-((4aRS,6RS,7aSR)-7a-(3-Bromo-4-fluorophenyl)-6- (®Bt/*'Br)
61f isopropoxy-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 |thiazin-2- 491/493

yl)benzamide

Preparation 62
N-((4aR,6R,7aS)-7a-(3-Bromo-4-fluorophenyl)-6-hydroxy-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-yl)benzamide

o Cf 1 J\©
5 F
Racemic N-((4aRS,6RS,7aSR)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]Jthiazin-2-yl)benzamide (0.492 g, 1.09 mmol) is
purified by chiral HPLC: Column: Chiralcel OJ-H 3 x 25 cm; eluent: 75 : 25 (methanol :

T

acetonitrile); flow: 40 mL/min at UV 225 nm. The second eluting isomer is isolated to
10 provide the enantiomerically enriched title compound (0.171 g, 35%). ES/MS m/e
(PBr/*'Br) 449, 451 (M+1).
The following compounds in Table 40 are prepared essentially as described in the
preparation of N-((4aR,6R,7aS)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-yl)benzamide

15 Table 40
ES/MS
Prep Chemical name (m/e)
(M+1)
N-((6R,7aS)-7a-(3-Bromo-4-fluorophenyl)-6-methoxy- (°Br/*'Br)
62a 4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 Jthiazin-2- 463/465
yl)benzamide
N-((4aR,6R,7aS)-7a-(3-Bromo-4-fluorophenyl)-6-isopropoxy- (°Br/'Br)
62b 4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]Jthiazin-2- 491/493
yl)benzamide

Preparation 63



-74- 0.308 mmol) is dissolved in CH2C12 and treated with 1 MHCL in Et20
(0.65 nmL, 0.605 nmol) and the solvent is renpbved under reduced pressure to
af ford t wotntlvssenpound (0. 127 g, 78% . ES/ M5 m e (35@CTARTLY/04034 405
(MHL) . The foll owi ng compounds in Table 43 are prepared essentially
as described in the 5preparation of N (3

#8a5) - 2- am no- 4, 4a, 5, 7, 8, 8a- hexahydr opypano[ 4, 3-d] [ 1, 3] t hi azi n- 8a-

yl ) phenyl) - 5-chl oropi col i nam de di hydrochl ori de. Table 43 Ex Chem cal nane
Structure ES/IMs (me) (MFl) 6 N-(3 -((8ab)-2-Am no-4,4a,5,7,8, 8a-
hexahydr opyr anol 4, 3- d][1, 3] thiazin-8a-y1l)-4-

f 1 uor opheny 1) N5¢eRI6R; BS)-Gol4-Rlanmode (pyyidndichiybphag ) @-hy droxiN-4#a0063,72- NL NH F2

W HCG 537 (3 Cl/ CO 42}96Xahd3'/%fgoc3zclopenta[d][1,3]thiazin—2—yl)benzamide

H
7 S O
N NJ\©
3 H
N™ X

LJ F
N
A solution of N-((4aR,6R,7aS)-7a-(3-bromo-4-fluorophenyl)-6-hydroxy-

S5 4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2-yl)benzamide (0.588 g, 1.31 mmol)
in a mixture of 1,2-dimethoxyethane (8 mL), ethanol (4 mL) and water (4 mL) is purged
with nitrogen and is heated to 97 °C. Pyrimidine-5-boronic acid (0.810 g, 6.54 mmol),
cesium carbonate (2.56 g, 7.84 mmol) and bis(triphenylphosphine)palladium(IT) chloride
(0.184¢g, 0.261 mmol) is added in a single portion and the reaction is heated at 97 °C for

10 30 minutes. The reaction is cooled, diluted with water and is extracted twice with ethyl
acetate. The organic layer is dried over sodium sulfate and the crude product is purified
by silica gel chromatography with a linear gradient of 0% to 40% cthyl acetate in
dichloromethane over 20 minutes to give the title compound (0.464 g, 79%). ES/MS m/e:
449 (M+1).

15 The following compounds in Table 41 are prepared essentially as described in the
preparation of N-((4aR,6R,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-hydroxy-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]Jthiazin-2-yl)benzamide.

Table 41
ES/MS
Prep Chemical name (m/e)
(M+1)
N-((4aR,6R,7aS)-7a-(4-fluoro-3-(5-fluoropyridin-3-yl)phenyl)-
63a | 6-hydroxy-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2- 466
yl)benzamide®
Racemic N-((4aRS,6RS,7aSR)-7a-(3-(5-fluoropyridin-3-
63b yhphenyl)-6-hydroxy-4,4a,5,6,7,7a- 448
hexahydrocyclopenta[d][1,3]thiazin-2-yl)benzamide
Racemic N-((4aRS,6RS,7aSR)-6-hydroxy-7a-(3-(pyrimidin-5-
63c | yDphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2- 431
yl)benzamide




N-(3 -((8ab)-2-Am no-4, 4a,5,7,8,8a- hexahydropyrano[ 4, 3-
d][1, 3]thiazin-8a-yl)-4- fluorophenyl)-5-fluoropicolinam de di hydrochl ori de

F, | Nwoeas/005BSNNH2 F N W H 2 HCl 405 8 -((8ab) - 2- Rairrus2ei0441034 7, 8, 8a-
hexahydr opyrano[ 4, 3- d][1, 3]thiazin-8a-yl)-4- fluorophenyl)thiazol e-2-
car boxam de hydrochloride ?)N- (3 HS NNH F2 2 HCI

-70-

Racemic N-((4aRS,6RS,7aSR)-7a~(2,4-difluoro-5-(pyrimidin-5-
63d yhphenyl)-6-hydroxy-4,4a,5,6,7,7a- 467
hexahydrocyclopenta[d][1,3]thiazin-2-yl)benzamide
Racemic N-((4aRS,6RS,7aSR)-6-methoxy-7a-(3-(pyrimidin-5-

63¢ | yDphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]thiazin-2- 445
yl)benzamide
Racemic N-((4aRS,6RS,7aSR)-7a-(3-(5-fluoropyridin-3-
63f yl)phenyl)-6-methoxy-4,4a,5,6,7,7a- 462

hexahydrocyclopenta[d][1,3]thiazin-2-yl)benzamide
Racemic N-((4aRS,6SR,7aSR)-6-methoxy-7a-(3-(pyrimidin-5-
63g | yDphenyl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][1,3]thiazin-2- 445
yl)benzamide
N-((6R,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-
63h | methoxy-4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 Jthiazin-2- 463
yl)benzamide
N-((4aR,6R,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-6-
631 | isopropoxy-4,4a,5,6,7,7a-hexahydrocyclopenta[d][1,3]thiazin- 491
2-yl)benzamide
Racemic N-((4aSR,7aSR)-7a-(3-(pyrimidin-5-yl)phenyl)-

63] 4a,5,7,7a-tetrahydro-4H-furo[ 3,4-d][ 1,3 Jthiazin-2-yl)benzamide 417
63k N-((4aS,7aS)-7a~(3-(pyrimidin-5-yl)phenyl)-4a,5,7,7a- 417
tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yl)benzamide
Racemic N-((4aSR,7aSR)-7a-(2,4-difluoro-5-(pyrimidin-5-
63m | ylphenyl)-4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3 ]thiazin-2- 453
yl)benzamide
63n N-((4aS,7aS)-7a~(2,4-difluoro-5-(pyrimidin-5-yl)phenyl)- 453
4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3 ]Jthiazin-2-yl)benzamide
63p N-((4aS,7aS)-7a-(2,4-difluoro-5-(5-fluoropyridin-3-yl)phenyl)- 470

4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3 ]Jthiazin-2-yl)benzamide
49 2 N sodium carbonate solution is utilized instead of cesium carbonate.

Example 1
N-(3-((4aS,7aS)-2-Amino-4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3 Jthiazin-7a-y1)-4-
5 fluorophenyl)-5-fluoropicolinamide hydrochloride

— O HCI

A solution of 4M hydrogen chloride in dioxane (834.8 uL; 3.3 mmol) is added to
tert-butyl 7a-(5-(5-fluoropicolinamido)-2-fluorophenyl)-4a,5,7,7a-tetrahydro-4H-



393 9 N-(3 -((8a5)-2-Am no-4,4a,5,7,8,8a- hexahydropyrano[ 4, 3-

d][1, 3]thiazin-8a-yl)-4- fluorophenyl)picolinam de di hydrochloride ,
H 0S NNH2WORo0R/a8E138387 - 75- 10 N-(3 -((8aS)- 2- Ami no- 4, 2aTAISZ018/08134
hexahydr opyrano[ 4, 3- d][1, 3]thiazin-8a-yl)-4-

fl uorophenyl)-5-chl oropyri m di ne- 2-carboxam de hydrochloride cINI
Ca's ENF NH 2 -71-

furo[3,4-d][1,3]thiazin-2-ylcarbamate (91 mg; 167.0 umol) and stirred at ambient
temperature. After 2 days, the reaction mixture is concentrated in vacuo. The residue is
dissolved in minimal dichloromethane and methanol. Ether and hexane are added. The
product is precipitated as the salt which is separated from the mother liquor by
5 centrifugation and placed under vacuum to remove any solvent present to give the title
compound (58 mg; 125umol). LC-ES/MS m/e 391 (M+1); Tr = 1.675.
Example 1a
To a suspension of N-(3-((4aS,7aS)-2-amino-4a,5,7,7a-tetrahydro-4H-furo[3,4-
d][1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamide (17.3 g, 42.10 mmol) in a
10 mixture of ethanol (631.45 mL) and dichloromethane (420.96 mL) is added a solution of
4 M hydrogen chloride in 1,4-dioxane (46.31 mL, 185.22 mmol). The mixture is stirred
at 22 °C for 1 h, concentrated and the residue is triturated with EtOH (200 mL). The solid
is filtered off and washed with EtOH. The solid is triturated with water and the
suspension is concentrated under reduced pressure. The residue is dried in a vacuum
15  oven (18 h, 40 °C) to give the title compound as a white solid (17.1 g, 94%). ES/MS m/e:
391 (M+1).

Example 1b
N-(3-((4aS,7aS)-2-Amino-4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3 Jthiazin-7a-y1)-4-
20 fluorophenyl)-5-fluoropicolinamide
To a suspension of N-(3-((4aS,7aS)-2-Amino-4a,5,7,7a-tetrahydro-4H-furo[3,4-
d][1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamide hydrochloride (20 g, 47
mmol) in water (280 mL) at room temperature is added an aqueous solution of 2N sodium
hydroxide (1.2 eq, 27 mL). The mixture is stirred for 30 minutes. The suspension is
25  filtered and the solid is washed with water (3 x 100mL). The solid is dried under vacuum
at 45 °C to give the title compound as a white solid. The resulting solid is purified via the
following two methods:
Method A: The solid (16 g) is suspended in 240 mL of water and an aqueous
solution of 2N sodium hydroxide is added (1.5eq, 31mL). The mixture is placed in an
30  ultrasound bath for 15 min at 22 °C and stirred at 22 °C for 3 h. The white solid is
filtered, washed with water (3 x 100 mL), and dried in a vacuum oven at 45 °C overnight

to yield the title compound (14 g). ES/MS m/e 391(M+1).



HCl (350/370) 422, 424 11 N-(3 -((8aS)-2-Am no-4,4a,5,7, 8, 8a-

hexahydr opyrano[ 4, 3- d][1, 3]thiazin-8a-yl)-4-

f | uor ophewpptimosi3sor opyri m di ne- 2-carboxam de hydr ochlPeriuseo1oNoB4 N H
oa's _ ENNH2 O F HCI 406 12 hexahydropyrano[ 4, 3- d][1, 3]thiazin-8a-yl)-2-
fl uor ophenyl)-5-chl oropi col i nam de di hydrochl ori de

aN-(5-((8aS)-2-Anm no-4,4a,5,7,8,8a-0Cs-72¢l"'" 1 ,,, H E NNH2

Method B : The solid (3 g) is suspended in methanol (40 mL) and heated between
62 to 64 °C for 15 h with seeding with seeds of the free base of N-(3-((4aS,7aS)-2-Amino-
4a,5,7,7a-tetrahydro-4H-furo[3,4-d][ 1,3 ]thiazin-7a-yl)-4-fluorophenyl)-5-
fluoropicolinamide. The mixture is cooled to room temperature and the slurry is filtered.
5 The solid is washed with methanol and dried in a vacuum oven at 50 °C for 4 h to yield

the title compound (2.3 g). ES/MS m/e 391 (M+1).

Example 2
N-(3-((4aS,7aS)-2-Amino-4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3 Jthiazin-7a-y1)-5-
10 fluorophenyl)-5-fluoropicolinamide dihydrochloride

H

; S
L
g =
N)\NHZ
L
(T W F
N HClI
F

Pyridine (0.44mlL., 5.46 mmol) is added to a mixture of N-(3-((4aS,7aS)-2-
benzamido-4a,5,7,7a-tetrahydro-4H-furo[ 3,4-d][ 1,3 Jthiazin-7a-y1)-5-fluorophenyl)-5-
fluoropicolinamide (0.27g, 0.546 mmol) and O-methylhydroxylamine hydrochloride

15  (0.456 g, 5.46 mmol) in ethanol (15 mL). The resulting mixture is stirred at 50 °C for 6 h.
The mixture is cooled to room temperature and stirring is continued for 3 days. The
mixture is diluted with dichloromethane and aqueous 0.1 M NaOH and is extracted five
times with dichloromethane. The combined organic phase is diluted with MeOH to make
a homogenous solution, dried over sodium sulfate, filtered, and the solvent is removed

20 under reduced pressure to give a residue that is purified on silica gel with 5% methanol in
dichloromethane to give the title compound as the freebase (0.109 g, 51%). Hydrogen
chloride is bubbled through the solution of N-(3-((4aS,7aS)-2-amino-4a,5,7,7a-
tetrahydro-4H-furo[3,4-d][ 1,3 ]thiazin-7a-yl1)-5-fluorophenyl)-5-fluoropicolinamide (0.109
g, 0.279 mmol) in methanol for approximately 5 min. The solution is then concentrated

25  under reduced pressure and dried on high vacuum to yield the title compound (0.128 g,

51%). ES/MS m/e: 391 (M+1)



2 HCl (350/370) 421, 423 13 N-(3 -((8aS)-2-Am no-4a,5,6,7,8, 8a-
hexahydr o-4H benzo[d][ 1, 3]t hi azi n-8a-yl ) phenyl)- 5-chl oropicolinam de

di hydr ochworzodeo€138, | N HrrLs NNH2 N I. H 2 HCl (35CPC3IABR01401103403 14
N (3-((4aR, 7aS)-2- Am no- 4,4a,5,6,7, 7a- hexahydrocycl openta[d][1, 3]thiazin
- 7a-yl ) phenyl )i soni coti nam de di hydrochl ori de5 N 2 HCl 353

-73-

The following compounds in Table 42 are prepared essentially as described in the
preparation of N-(3-((4aS,7aS)-2-amino-4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3 ]thiazin-
7a-yl)-5-fluorophenyl)-5-fluoropicolinamide dihydrochloride.

Table 42
ES/MS
Ex Chemical name Structure (m/e)

(M+1)

H

s

N-(3-((4aS,7aS)-2-Amino-4a,5,7,7a- O/\:(\)\
3 tetrahydro-4H-furo[3,4-d][ 1,3 ]thiazin- NH, 373
HCI

A £
N
7a-yl)phenyl)-5-fluoropicolinamide Q /@
hydrochloride A N
| .y H
F ~
H

Racemic N-(3-((4aSR,7aSR)-2-Amino-
2

S
13
4 4a,5,7,7a-tetrahydro-4H-furo[ 3,4- : NN 373
d][1,3]thiazin-7a-yl)phenyl)-5- Q @
/L:jTJkN HCI
i VL

fluoropicolinamide hydrochloride

5
Example 5
N-(3-((8aS)-2-Amino-4,4a,5,7,8,8a-hexahydropyrano[4,3-d][1,3]thiazin-8a-yl)phenyl)-5-
chloropicolinamide dihydrochloride
H
Q@
N7 NH,
e
A N
oy A
cl & 2 HCI
10 To a solution of fert-butyl (8aS)-8a-(3-(5-chloropicolinamido)phenyl)-

4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 Jthiazin-2-ylcarbamate (0.172 g, 0.342 mmol)
in CH,Cl, (8 mL) is added TFA (4 mL) and the reaction is stirred at room temperature
for 1 hour. The solvent is removed under reduced pressure. The residue is purified on a
10 g SCX column using 4 : 1 CH,Cl, : MeOH followed by 2 : 1 CH,Cl, : 7 N NH3 in

15  MeOH to afford the title compound as a freebase (0.127 g, 92%). The freebase (0.124 g,



15 N-(3-((4aR, 7aS)-2- Am no- 4,4a,5,6,7, 7a-
hexahydrocycl openta[d][1, 3]thiazin -7a-yl)phenyl)picolinam de

di hydr ochworode®5138 N
-((7aS)-2-Amno-4,4a,5,6,7, 7a-
- 7a-yl ) phenyl ) pyrazi ne-2- carboxam de di hydrochl ori de5 |
354 17 N-(3 -((7aS)-2-Am no-4, 4a, 576, 7, 7a-

HCI

0 2 HCO 353

-76- 16 N-(3
hexahydr ocycl openta[d][1, 3]thiazin

PCT/US2010/041034

HHCa 41) NNH2 2

hexahydr ocycl openta[d][1, 3]thiazin -7a-yl)phenyl)pyrim di ne-2- carboxam de
di hydrochl ori de5 N |

0.308 mmol) is dissolved in CH,Cl, and treated with 1 M HCI in Et,O (0.65 mL, 0.605

mmol) and the solvent is removed under reduced pressure to afford the title compound
(0.127 g, 78%). ES/MS m/e (*°C1°'Cl) 403, 405 (M+1).
The following compounds in Table 43 are prepared essentially as described in the

5  preparation of N-(3-((8aS)-2-amino-4,4a,5,7,8,8a-hexahydropyrano[4,3-d][ 1,3 Jthiazin-8a-

yl)phenyl)-5-chloropicolinamide dihydrochloride.

Table 43
ES/MS
Ex Chemical name Structure (m/e)
(M+1)
H
N-(3-((8aS)-2-Amino-4,4a,5,7.8 8a- Cf 5
hexahydropyrano[4,3- : N NH, (35Cl/37C1)
6 d][1,3]thiazin-8a-yl)-4- 0 /@ﬁ 01 13
fluorophenyl)-5-chloropicolinamide /CHL ’
hydrochloride | N
o ~=N HCI
H
N-(3((8aS)-2-Amino-4,4a,5,7,8,8a- C(\ 5
hexahydropyrano[4,3- SNTNH,
7 d][1,3]thiazin-8a-y1)-4- o F 405
fluorophenyl)-5-fluoropicolinamide /G)LN /©/
dihydrochloride | H
N 2 HC
H
N-(3-((8aS)-2-Amino-4,4a,5,7,8,8a- <C]\/\ S
hexahydropyrano[4,3- : N/)\NHZ
8 d[1,3]thiazin-8a-yl)-4- o F 393
fluorophenyl)thiazole-2- Sj)k /©/
carboxamide hydrochloride i H
Q’N 2 HC
H
N-(3((8aS)-2-Amino-4,4a,5,7,8,8a- C]\/\)S\
hexahydropyrano[4,3- SN ONH
9 d[1,3]thiazin-8a-yl)-4- o ~NoF 7 387
fluorophenyl)picolinamide /©/
dihydrochloride N
=N 2 HCl




N 10 2 HC

0 lei

chl or opi col i nanm de;

354 18 N-(3 -((7aS)-2-Am no-4,4a,5,6,7, 7a-
hexahydrocycl openta[d][1, 3]thiazin -7a-yl)phenyl)benzam de hydrochl ori de50
HGVO2B2/0973B- (3 - ((7aS) - 2- Ami no-4, 4a, 5,6, 7, 7a-
hexahydrocycl openta[d][1, 3]thiazin -7a-yl)phenyl)pyrimdi ne-4- carboxam de
di hydrochl oride5 NJJ N 140/ 2 HC
4,4a,5,6,7, 7a-

PCT/US2010/041034

354 20 N-(3-((4aR 7aS)-2- Am no-

hexahydr ocycl opent a[ d] [-Z53] t hi azi n -7a-yl ) phenyl)-5-

hydrochl oride51 1 Cl*-----------

H
N-(3-((8aS)-2-Amino-4,4a,5,7.8 8a- 0@ 5
hexahydropyrano[4,3- N7 NH, (35Cl/37C1)
10 d][1,3]thiazin-8a-y1)-4- 0 /@/F 12 424
fluorophenyl)-5-chloropyrimidine- N%N ’
2-carboxamide hydrochloride /E/ H
e~z HCI
H
N-(3((8aS)-2-Amino-4,4a,5,7,8,8a- C(\ 5
hexahydropyrano[4,3- N NH,
11 d[1,3]thiazin-8a-yl)-4- 0 F 406
fluorophenyl)-5-fluoropyrimidine- N \W)kN /©/
2-carboxamide hydrochloride Jl/\/ H
N HCI
H
N-(5-((8aS)-2-Amino-4 4a,5.7.8.8a- ij\f 5
hexahydropyrano[4,3- SN NH, (35Cl/37C1)
12 d][1,3]thiazin-8a-y1)-2- o] 421 423
fluorophenyl)-5-chloropicolinamide /CHLN >
dihydrochloride | H
o ~N F 2Hal
H
N-(3-((8aS)-2-Amino-4a.5.6,7.8 8a- Er 5
hexahydro-4H- N7 NH, e lKe)
13 | benzo[d][1,3]thiazin-8a-yl)phenyl)- 0 /@ 401. 403
S-chloropicolinamide N ’
dihydrochloride /CHLH
o =N 2 HC
H
N-(3-((4aR,7aS)-2-Amino- <r $
4,4a,5,6,7,7a- : N/)\NH
14 | hexahydrocyclopenta[d][1,3]thiazin 0 ’ 353
-7a-yl)phenyl)isonicotinamide /©
dihydrochloride™ G)k N
N~ 2 HC
H
N-(3-((4aR,7aS)-2-Amino- q\ $
4,4a,5,6,7,7a- : N/)\NH
15 | hexahydrocyclopenta[d][1,3]thiazin o ’ 353
-7a-yl)phenyl)picolinamide N /©
dihydrochloride™ w N
Z 2HC




O el HHs NNH2 HCO 387 21 N-(3-((4aS, 7aS) - 2- Am no-

4a,5,7, 7a-tetrahydro-4H-furo[ 3,4- d][1, 3]thiazin-7a-yl)-4-

f | uor ophew@2ptiFostsBor opi col i nam de di hydrochl ori de5 \ aPC#IUS2610/0MBEL F 2
HCl 407 22 N-(3-((4aS, 7aS)-2-Am no- 4a,5,7, 7a-tetrahydro-4Hfuro[ 3, 4-
d][1, 3] thiazin-7a-yl)-4- fluorophenyl)-5-fluoropyrimdine- 2-carboxam de

di hydrochloride5 o \----; z O, H -76-
H
T S
N-(3-((7aS)-2-Amino-4,4a,5,6,7,7a- C(\/)\
16 hexahydrocyclopenta[d][ 1,3 ]thiazin : N NH, 354
-7a-yl)phenyl)pyrazine-2- Q /@
carboxamide dihydrochloride™ [N\j)LN
H
N7 2HC
H
7 S
N-(3-((7aS)-2-Amino-4,4a,5,6,7,7a- <:\|/\/)\
17 hexahydrocyclopenta[d][1,3 Jthiazin : N NH, 354
-7a-yl)phenyl)pyrimidine-2- Q /@
carboxamide dihydrochloride™ EN/\j)LN
H
N 2 HC
H
7 S
N-(3-((7aS)-2-Amino-4,4a,5,6,7,7a- <I\/)\
18 hexahydrocyclopenta[d][1,3]thiazin : N NH, 350
-7a-yl)phenyl)benzamide o /@
hydrochloride™ ©)LN
H
HCI
H
T S
N-(3-((7aS)-2-Amino-4,4a,5,6,7,7a- C(\/)\
19 hexahydrocyclopenta[d][1,3]thiazin : NNH, 354
-7a-yl)phenyl)pyrimidine-4- 9 /@
carboxamide dihydrochloride™ WN\ H
N A 2 HC
"
N-(3-((4aR,7aS)-2-Amino- N
4,4a,5,6,7,7a- L
20 hexahydrocyclopenta[d][1,3 ]Jthiazin NN 387
-7a-yl)phenyl)-5- m /@
chloropicolinamide; | NS N
.1 51
hydrochloride N Hel
N-(3-((4aS,7aS)-2-Amino- 4 .
4a,5,7,7a-tetrahydro-4H-furo[ 3,4- O<I\/)\
21 d][1,3]thiazin-7a-y1)-4- 0 $ N”NH, 407
fluorophenyl)-5-chloropicolinamide o N F
dihydrochloride™ C™\=N H 2 HCI
N-(3-((4aS,7aS)-2-Amino- H
4a,5,7,7a-tetrahydro-4H-furo[ 3,4- o(ﬁ\
22 d][1,3]thiazin-7a-yl)-4- NP $ N UNH, 392
fluorophenyl)-5-fluoropyrimidine- /(/MN/O’F
2-carboxamide dihydrochloride™ F"\=N H 2 Hel




*LNNH2 F 2 HO 392 -77- 50 4 NHCL in 1,4-dioxane is utilized for
deprotection instead of TFA to afford the HClL salt directly. 51 HCl1 gas in
di chl or orwOlaneosizet hyl ether is utilized for deprotectipom/isesiaad3of TFA
to afford the HC1 salt directly. 5 Exanple 23
(8aS)-8a-(2,4-Difluoro-5-(pyrimdin-5-yl)phenyl)-4,4a,5, 7,8, 8a- hexahydropyr
ano[ 4, 3- d][1, 3]thiazin-2-am ne di hydrgehloride QJS NH F2 N 2 HCl 10To a
solution of tert-butyl 8a-(2,4-difluoro-5-(pyrimdin-5-yl)phenyl)-

4,4a,5, 7, 8, 8a- hexahydr opyrano[ 4, 3-d] [ 1, 3] t hi azi n-2-yl carbamate (0. 258 g,
0.558 mml) in CH2C12 (8 nL) is added TFA (4 nL) and the reaction is
stirred at ro6M4Nehieaimat, dhdexreris dtilived for dEpretestadnviesi¢adiof TF Arp kol d tireder
reduced pressur dlGloalaflifartlg a residue that is diluted with water and 1 N
NaOH t o adj ustl tHd gaHntdichlGomdthaeabigied ethet ayelized Sorelkeproacti@dindtBadidir ee ti nes
wi th Et OAc. The TovAganiford thyHCI sadt dilectbd over Na2SO4 and the crude product is
purified by silica gel chromatography eluting with a |linear gradient of 1%
to 10% 7 N NH3/MeOH in CH2C12 to afford fgg title conpound as the freebase
(0.165 g, 68%. The freebase (0.1623*B448 mmvl) is dissolved in CH2C12
and treated Wa$hgoR,ADNULKLS-(pyrifidR-5G0)pAéhyiia, 445,94 8a- oy drapdadog3-sol vent
is renoved under reduced pressur o_affor O the title conpound (0.208 g,
86% . ES/MS nfe: 363 (|\/|+1|)O .(ﬁéxﬁwﬁqzél-zz inind dEhydrochiOfias w ( )
(4aR, 7ab)-7a- (3-(Pyrimdin-5-yl)phenyl)n4,4a,5, 6,7, 7a-

hexahydr ocycl opent a[ d] [ 1, 3] t hi azi n- 7 amhesdi hydrochl ori de -78- A
m xture of tert-butyl L. =

(4aR, 7aS) - 7a- ( 3- bronophenyl) - 4, 4a, 5, 6,"7;_Mape¥&hydrocycl openta[ d] [ 1, 3] t hi azi
n-2-yl carbamate (0.860 g, 2.09 mmol), i m di ne-5- boronic acid (0.423 g,
3.34 mml ), (1,1 -bis(diphenyl phg i) ferrocene) pal l adium(11) 5chloride
(0.171 g, 0.209 nmol) in 1,2-dingthgxyethane (10 nL) is heated to 100 C
under nitrogen atnosphere. AqueousN2 M so@iHén carbonate (3.14 nL, 6.27
mmol ) is added to the reaction mxture by syringe. The resulting m xture is
stirredlGt 110 @oragelwign af mijthay] SFred-ddleroropyrigidigséihed- ext ract ed three

times with dighh aromethons,anthl heyGanbaRd aXhbARKS0e o5 saduayar sodi um

sul fate, filtered, and Toncentra under reduced 10 pressure. The residue
is purifiedn§H€bl @aal)getddehT Bt ody aphipe reabtian ipgfiridtanrogm temperatuggr adi ent  of
met hanol i [ (o] ' ' title
conpound agf Ogi P Ir)1l!<lar'(a Fb[ggg&l%.{]gégn%\%d ﬁg&% ?é/dﬁée/dﬁggesﬁrgw %fﬂ& %Rﬁ%ﬂsth%lgﬁt he
sol uti on of dijukaRyithaBiterzad | N NapYHitoradjus #s-pj tpdBethd jqudoubdayst B,cXiracsed
hexahydyocygl nt al ]+hi azi n-2-am ne (0, 482.49, 1.55 | ) . i.n_met hanol
(2 ) TEYBLSREN Sl T AEh S AR RSB O spl ks ™ e
resul ti ng npuxifiad by kitica gel chromatography cluting with a linear gradient of 1% to 10% 7 N

NH3/MeOH in CH,Cl; to afford the title compound as the freebase (0.165 g, 68%). The

freebase (0.162 g, 0.448 mmol) is dissolved in CH,Cl; and treated with of 1 M HCI in

Et,0 (0.94 mL, 0.940 mmol) and the solvent is removed under reduced pressure to afford

20 the title compound (0.208 g, 86%). ES/MS m/e: 363 (M+1).

Example 24
(4aR,7aS)-7a-(3-(Pyrimidin-5-yl)phenyl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-amine dihydrochloride



stirred at roomtenperature for 1 hour and is concentrated under reduced
pressure to give the title conmpound (0.595 g, 100%. ES/M5S me: 311 (Mtl).
The fol | owOngrioospeund in Table 44 is prepared essenti alPCy/tsg01desmed bed in
the preparation of (4aR, 7a5)-7a-(3-(pyrimdin-5-yl)phenyl)-4,4a,5,6,7, 7a-
20hexahydr ocycl openta[ d] [ 1, 3] t hi azi n-2-am ne di hydrochl ori de. Table 44

ES/ M5 Ex Chenical nane Structure (me)-78- (M:l) WO

2011/ 005738PCT/ US2010/ 041034 -79- 25 (8aS)-8a-(3-(Pyrimdin-5-

yl ) phenyl)-4a, 5, 6, 7, 8, 8a- hexahydro- 4H- benzo[d][1, 3]t hiazin-2-am ne

di hydrochloride Hnj NNH2 101 N 12 HCl 325 Exanple 26

(7aS) - 7a- (4- Fl uoro-3- (pyrimdin-5-yl)phéhyl)-4,4a,5,6,7, 7a-

hexahydr ocycl openta[d] [ 1, 3]t hi azi n- 2- e ®li hydrochl ori de
W
N N
NTX
|/ C
kN 2 HCl

A mixture of tert-butyl (4aR,7aS)-7a-(3-bromophenyl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-ylcarbamate (0.860 g, 2.09 mmol), pyrimidine-5-
boronic acid (0.423 g, 3.34 mmol), (1,1'-bis(diphenylphosphino)ferrocene)palladium(II)

5 chloride (0.171 g, 0.209 mmol) in 1,2-dimethoxyethane (10 mL) is heated to 100 °C
under nitrogen atmosphere. Aqueous 2 M sodium carbonate (3.14 mL, 6.27 mmol) is
added to the reaction mixture by syringe. The resulting mixture is stirred at 110 °C for 20
minutes. The reaction is cooled and extracted three times with dichloromethane and the
combined extracts are dried over sodium sulfate, filtered, and concentrated under reduced

10 pressure. The residue is purified by silica gel chromatography, eluting with a linear
gradient of methanol in dichloromethane 0 to 20% over 30 minutes to give the title
compound as a freebase (0.482 g, 74%). ES/MS m/e: 311 (M+1).

To the solution of (4aR,7aS)-7a-(3-(pyrimidin-5-yl)phenyl)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-amine (0.482 g, 1.55 mmol) in methanol (2 mL) is

15 added 4 N HCl in 1,4-dioxane (2 mL) at room temperature. The resulting mixture is
stirred at room temperature for 1 hour and is concentrated under reduced pressure to give
the title compound (0.595 g, 100%). ES/MS m/e: 311 (M+1).

The following compound in Table 44 is prepared essentially as described in the
preparation of (4aR,7aS)-7a-(3-(pyrimidin-5-yl)phenyl)-4,4a,5,6,7,7a-

20 hexahydrocyclopenta[d][1,3]thiazin-2-amine dihydrochloride.

Table 44
ES/MS
Ex Chemical name Structure (m/e)
(M+1)




5 To a mxture of

5-((4aR, 7aS)-2- (tert-butoxycarbonyl am no)-4, 4a,5, 6,7, 7a-

hexahydr ovpchopest3a[ d] [ 1, 3] t hi azi n- 7a-y1) - 2- f | uor ophenyIPCT/US2010/041034
trifluoronethanesul fonate (0.630 g, 1.26 nmol), pyrimdin-5-ylboronic acid
(0.189 g, 1.53 mol ), tricycl ohexyl phosphine (0.035 g, 0.125 mml) and

10t ri s(di benzyl i deneacet one) di pal | adi wm{(0) (0.057 g, 0.0622 mmol) in

1, 4-dioxane (6 nL) is added 1.27 M aqueous potassi um phosphate, tri basic,
N-hydrate (1.76 nmL, 2.24 mol). The mxture is heated to 73 C and stirred
overnight. The reaction is cooled and diluted with water and Et 0Ac. The

organic layer |is dried over Na2SO4 and|evaporated to drynesis and t he crude
product is| punified by silica gel chromatogra relid@ing with a 15 |inear
gradi ent of 1% to (B09%3-R-HR¥HNNEOH | n CH2C12 3 er\ﬂ. the title copound
as the freebage/pBery®Hag,6,A8%-hebhedrbr pebase (0. LQ1 g, 0. 582 ) is

di ssol ved | i~ CH2GLRenao(d ][ B@bihad-2vantine of 1 M HCl Et 20 (1.16 , 1,16
mrol ) and [t he |sol vent dihgdroéhimided under | r eo ' sure to jafford the title
conmpound ([0.24 g, 47.5% . ES/ M5 nie: 329 (MH,. 20Expap! e 27

(4aR, 6R, 7ab) - 2- Ami no- 7a- (3' - net hoxybi pheny1MN3-y1)-4,4a,5,6,/7, 7a-

hexahydr ocycl openta[d] [ 1, 3]t hi azi n-6-ol hydr ochl ori de - 80- A
m xture of N ((4aR, 6R, 7a5) - 6- hydr ox f met hoxybi pheny1- 3-y1) -
4,4a,5, 6,7, 7a- hexahydr ocycl opent af d}l"f‘imB Ct ﬁl azi n-2-yl ) benzani de (0.061g,

0.133 nml ), o-net hylmqtngwmmona(ﬂwlﬂﬁmhLﬂfph@l@d)(zmalslama- 1.3 mmol) and
pyridine (0.105 g, 1.30 5nmmol) in _ethano i.s heated to 50 C for 15

h. The mixture is colﬁéétﬁidf%b’%lﬂpe@ﬁ&gﬂ?gléﬂ?é’e%alﬁfnéélglw’é”hl‘?ﬂ%ﬁ crude product is
purified by silica gel chronmatography ehuting with 0.5%to 10% NH3 (7 N
solution in nmethanol) in dichloronet g~ o¥er 30 mnutes to afford the
title conpound as a freebase (0.041 B7%. ES/M5 me: 355 (Mrl). A1 N
solution of HC1 in Et20 (0.139 niL, 0.139NmoO¥H, is added to a sol ution of
(4aR 6R 7aS) -

102- am no- 7a- ( 3' - met hoxybi pheny1- 4a, 5, 6, 7, 7a- hexahydr ocycl opent a[ d]
[1,3]thiazin- 6-ol (0.041g, 0.11 I)lin mniml dichloronethane and

met hanol, The solvent is renmoved wider T e@utskd pressure to give the title
conpound® (0.045 g, 86% . ES/MS me: 355 (Ml). The fol | owi ng

conmpounds i n Tabloe Mt ef i dgiarao2d gsehitoxacirponydangadct.44B07i/4r t he
g'igrR,eggf ‘;‘ta"sl%'ﬂ%hydrocr\_/lclo%enta%@ [1,3 thla}_zlm 7aby12)—%—eﬂr1]10rfpgeny Srlﬂﬁorz?mega%em}lf%ate
hexahydr ocy@®l68pent. 24 djfol), @jrinhiilimz-yib&ouvic abigd.b%%¢, dri3demolTabl e 45 Ex Cheni cal
ﬂgfﬁof;[):]g}fglﬁ Cio}§§é§§05é%egoé3g§%é ﬁmﬁggaﬁgtﬁr Zial gpg/ﬁt g?)c(l]y[ Ia3]( '?hl azi n- 2-
10 tris(dibenzylideneacetone)dipalladium (0) (0.057 g, 0.0622 mmol) in 1,4-dioxane (6 mL)
is added 1.27 M aqueous potassium phosphate, tribasic, N-hydrate (1.76 mL, 2.24
mmol). The mixture is heated to 73 °C and stirred overnight. The reaction is cooled and
diluted with water and EtOAc. The organic layer is dried over Na,SO, and evaporated to
dryness and the crude product is purified by silica gel chromatography eluting with a
15  linear gradient of 1% to 10% 7 N NH3/MeOH in CH,Cl, to afford the title compound as
the freebase (0.191 g, 46%). The freebase (0.191 g, 0.582 mmol) is dissolved in CH,Cl,
and treated with of 1 M HCl in Et,O (1.16 mL, 1.16 mmol) and the solvent is removed
under reduced pressure to afford the title compound (0.24 g, 47.5%). ES/MS m/e: 329
(M+1).
20 Example 27
(4aR,6R,7aS)-2-Amino-7a-(3'-methoxybiphenyl-3-yl1)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3 Jthiazin-6-ol hydrochloride



am ne hydrochloride \ 0 0 S Ha 369

-81- 29 (4aR 6R 7aS)-7a-(3'-

Met hoxybi phenyl-3-y1)-6- (nethoxynmethoxy)-4,4a,5,6,7,7a-

hexahydr ovpchopest3a[ d] [ 1, 3] t hi azi n-2- am ne hydr ochl ori @#€eTXUSRe10/00M34 .

HCl 399 30 (4aR 6R 7aS)- 2- Ani no- 7a- (4-fl uoro- 3-(pyri m di n-5-yl ) pheny1) -

4,4a,5,6,7, 7a- hexahydrocycl openta[d][1, 3]thiazin-6- ol
345

Ha". NI 0 S 2 HC

-80-

di hydr ochl ori de

A mixture of N-((4aR,6R,7aS)-6-hydroxy-7a-(3'-methoxybiphenyl-3-yl)-
4,4a,5,6,7,7a-hexahydrocyclopenta[d][ 1,3 ]Jthiazin-2-yl)benzamide (0.061g, 0.133 mmol),

o-methylhydroxylamine hydrochloride (0.111 g, 1.3 mmol) and pyridine (0.105 g, 1.30

5 mmol) in ethanol (5 mL) is heated to 50 °C for 15 h. The mixture is concentrated under

reduced pressure. The crude product is purified by silica gel chromatography eluting with

0.5% to 10% NH3 (7 N solution in methanol) in dichloromethane over 30 minutes to

afford the title compound as a freebase (0.041 g, 87%). ES/MS m/e: 355 (M+1). A1N

solution of HCI in Et,0O (0.139 mL, 0.139 mmol) is added to a solution of (4aR,6R,7aS)-
10 2-amino-7a-(3'-methoxybiphenyl-3-yl)-4,4a,5,6,7,7a-hexahydrocyclopenta[d][1,3]thiazin-

6-01 (0.041g, 0.116 mmol) in minimal dichloromethane and methanol. The solvent is

removed under reduced pressure to give the title compound (0.045 g, 86%). ES/MS m/e:

355 (M+1).

The following compounds in Table 45 are prepared essentially as described in the

15  preparation (4aR,6R,7aS)-2-amino-7a-(3'-methoxybiphenyl-3-yl)-4,4a,5,6,7,7a-

hexahydrocyclopenta[d][ 1,3 ]thiazin-6-0l hydrochloride.

Table 45
ES/MS
Ex Chemical name Structure (m/e)
(M+1)

28

(4aR,6R,7aS)-6-Methoxy-7a-(3'-
methoxybiphenyl-3-y1)-4,4a,5,6,7,7a-
hexahydrocyclopenta[d][1,3]thiazin-2-

amine hydrochloride

3 369
(D

00S



31 4aR, 6R, 7aS) - 2- Am no- 7a- (4-fl uoro-3- (5-fluoropyridin-3-yl)phenyl)-
4,4a,5,6,7, 7a- hexahydrocycl openta[d][1, 3]thiazin-6- ol dihydrochloride HO
l,.. N O W020H@O05B682 32 Racem c (4aRS, 6RS, 7aSR) - 2- Ami noPCT/US2010/041034

7a- (3-(pyrimdin-5-yl)phenyl)- 4,4a,5,6,7, 7a-

hexahydrocycl openta[d][1, 3]thiazin-6- ol dihydrochloride HO,.. NI 0 S 2
HCI 327 33 Racem ¢ (4aRS, 6RS, 7aSR) - 2--Am no-

7a- (2, 4-difluoro-5-(pyrimdin-5- yl)phenyl)-4,4a,5,6,7, 7a-

hexahydrocycl openta[d][1, 3]thiazin-6- ol dihydrochloride HO,.. NI E N
\O H
(4aR 6R,7aS)-Ta-(3'- _\o....<r j\
Methoxybiphenyl-3-yl)-6- ENIN NH,
29 (methoxymethoxy)-4,4a,5,6,7,7a- 3 399
hexahydrocyclopenta[d][ 1,3 ]thiazin-2- | O HC|

O
amine hydrochloride O

H
. T S
(4aR,6R,7aS)-2-Amino-7a-(4-fluoro- HO"--<I\/)\

3-(pyrimidin-5-yl)phenyl)- S'NT 'NH,
30 4,4a,5,6,7,7a- 345
hexahydrocyclopenta[d][ 1,3 ]thiazin-6-
ol dihydrochloride NS 2HCI

F
H
4aR,6R,7aS)-2-Amino-7a-(4-fluoro-3- 5 B

(5-fluoropyridin-3-yl)phenyl)-

31 4,4a,5,6,7,7a- 362
hexahydrocyclopenta[d][ 1,3 ]thiazin-6- NTX 2 HCI
ol dihydrochloride . J F
F
H
Racemic (4aRS,6RS,7aSR)-2-Amino- HO"--<I\/)S\
7a-(3-(pyrimidin-5-yl)phenyl)- SNT UNH,
32 4,4a,5,6,7,7a- 327
hexahydrocyclopenta[d][ 1,3 ]thiazin-6-
ol dihydrochloride N'k \ 2 HCI
N/
H
Racemic (4aRS,6RS,7aSR)-2-Amino- HO“--<I\/)S\
7a~(2,4-difluoro-5-(pyrimidin-5- N”_"NH,
33 yl)phenyl)-4,4a,5,6,7,7a- F 363
hexahydrocyclopenta[d][1,3]thiazin-6-
ol dihydrochloride N'k \ 2 HCI
J F




SS NH F2 2 HCI 363 -82- 34 Racem c (4aRS, 6RS, 7aSR) - 2- Ami no-

7a- (3-(5-fluoropyridin-3-yl)phenyl)- 4,4a,5,6,7, 7a-

hexahydr ospchopest3a] d] [ 1, 3]t hi azi n-6- ol di hydrochl ori deCHOS2018014684 S 2 HCl
344 35 Raceni c (4aRS, 6RS, 7aSR) - 6- Met hoxy-7a-(3-(pyri m di n-5-

yl ) phenyl) -4, 4a,5, 6,7, 7a- hexahydrocycl openta[d][1, 3]thiazin-2- amne CH /
NIl O S 341 36 Racem c (4aRS, 6SR, 7aSR)88- Met hoxy-7a-(3-(pyri m di n-5-

H
Racemic (4aRS,6RS,7aSR)-2-Amino- HO"-'<I\ j\
7a-(3-(5-fluoropyridin-3-yl)phenyl)- : N7 NH,
34 4,4a,5,6,7,7a- 344
hexahydrocyclopenta[d][ 1,3 ]thiazin-6- F
ol dihydrochloride B 2 HCI
N/
H
Racemic (4aRS,6RS,7aSR )-6- o“--q\ )S\
Methoxy-7a-(3-(pyrimidin-5- / : N7 NH,
35 yl)phenyl)-4,4a,5,6,7,7a- 341
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-
amine NI \
(P
H
Racemic (4aRS,6SR,7aSR)-6- o—q\j\
Methoxy-7a-(3-(pyrimidin-5- / : N7 NH,
36 yl)phenyl)-4,4a,5,6,7,7a- 341
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-
amine NI N
(P
H
Racemic (4aRS,6RS,7aSR )-7a-(3-(5- O"-<I\ j\
Fluoropyridin-3-yl)phenyl)-6- / : N” NH,
37 methoxy-4,4a,5,6,7,7a- 358
hexahydrocyclopenta[d][ 1,3 ]thiazin-2- F N
amine |
~
N
H
(4aRS,6RS,7aSR)-7a-(4-fluoro-3- O"--<:\r\ j\
(pyrimidin-5-yl)phenyl)-6-methoxy- / : N7 NH,
38 4,4a,5,6,7,7a- 359
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-
amine dihydrochloride le \/ ! > HCl
H
Racemic (4aSR,7aSR)-7a-(3- © : /)\
39 | (Pyrimidin-5-yDphenyl)-4a,5,7,7a- : N NH, 313
tetrahydro-4H-furo[3,4-d][ 1,3 ]thiazin-
2-amine dihydrochloride N
l _ 2 HCI
N




yl ) phenyl)-4,4a,5,6,7, 7a-

hexahydrocycl openta[d][1, 3]thiazin-2- am ne N

40 S 341 37 Racem ¢ (4aRS, 6RS, 7aSR) - 7a- (3- (5- Fl uoropyri di n-3-yl ) phenyl) - 6-

met hoxy- woapa/®578387a-

01..

hexahydr ocycl opent a[ d] [ 1, 3] t hi aziPQTAFS2@0I0MD34

/"N O S 358 38 (4aRS, 6RS, 7aSR) - 7a- (4-f | uor o- 3-

(pyrimdin-5-yl)phenyl)-6-net hoxy- 4,4a,5,6,7, 7a-
hexahydrocycl opental[d] [ 1, 3]thi azi n-2- &gl ne di hydrochloride O0... /
359 39 Racem c (4aSR, 7aSR) - 7a- ( 3-
(Pyrimdin-5-yl)phenyl)-4a,5,7, 7a-

S 2 HC

10

15

H
¢
(4aS,7aS)-7a-(3-(Pyrimidin-5- NS
40 yl)phenyl)-4a,5,7,7a-tetrahydro-4H- : N ONH, 313
furo[3,4-d][1,3]thiazin-2-amine
dihydrochloride N
|I\ _ 2 HCI
N
H
(4aR,6R,7aS)-7a~(4-Fluoro-3- O“--<I\/)S\
(pyrimidin-5-yl)phenyl)-6- —< N7 N,
41 isopropoxy-4,4a,5,6,7,7a- 387
hexahydrocyclopenta[d][ 1,3 ]thiazin-2-
amine dihydrochloride le \/ I > HCl
N

Example 42
(4aS,7aS)-7a-(2,4-Difluoro-5-(5-fluoropyridin-3-yl)phenyl)-4a,5,7,7a-tetrahydro-4H-
furo[3,4-d][1,3]thiazin-2-amine dihydrochloride

H
1 S
1
F - P
Sy N)\NH2
VA -
N=
F 2 HCI

5 N Aqueous hydrochloric acid (8.70 mL) is added to N-((4aS,7aS)-7a-(2,4-
difluoro-5-(5-fluoropyridin-3-yl)phenyl)-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-d][ 1,3 Jthiazin-
2-yl)benzamide (0.252 g, 0.435 mmol) in methanol (4 mL) and the mixture is heated to
90 °C. After 18 hours, the heat is removed and the pH of the reaction mixture is adjusted
to basic with 5 N aqueous sodium hydroxide. The mixture is extracted three times with
10% isopropyl alcohol in dichloromethane. The organic layer is concentrated under
reduced pressure and the resulting residue is purified by radial chromatography eluting
with 3% 2 M ammonia in methanol : dichloromethane to give the title compound as the
freebase. The free base is dissolved in minimal dichloromethane and 1 M hydrogen
chloride in ether is added in excess. Hexane (1 mL) is added and the solvent is removed
under reduced pressure to give the title compound (0.129 g, 67%). ES/MS m/e: 366
(M+1).

N |

101



tetrahydro-4H-furo[ 3,4-d][1, 3]thiazin-

HCl 313 WD 2011/ 005738PCT/ US2010/ 041034 -83- 40
(4aS, 7aS)Woae(1306Bgri m di n-5- yl) phenyl)-4a, 5, 7, 7a-t et r R0FAISEO 101641034

furo[ 3,4-d][1, 3]thiazin-2-am ne di hydrochloride N
(4aR 6R, 7aS) - 7a- (4- Fl uor o- 3-

| sopropoxy-4,4a,5,6,7, 7a-

(pyrimdin-5-yl)phenyl)-6-
387

oOxfli

2-am ne di hydrochloride NI 0 S 2

0 2 NO 313 41

hexahydr ocyclRepent a[d] [ 1, 3] t hi azi n-2- am ne
di hydrochloride - 0 S 2 NC

The following compounds in Table 46 are prepared essentially by the method of
(4a8S,7aS)-7a~(2,4-difluoro-5-(5-fluoropyridin-3-yl)phenyl)-4a,5,7,7a-tetrahydro-4 H-
furo[3,4-d][1,3]thiazin-2-amine dihydrochloride.

Table 46
MS
Ex Chemical name Structure (m/e)
(M+1)
H
Racemic (4aSR,7aSR)-7a-(2,4- i:’-f\s
Difluoro-5-(pyrimidin-5-yl)phenyl)- © < N//I\NH
43 4a,5,7,7a-tetrahydro-4H-furo[3,4- /N A \ 2 349
d][1,3]thiazin-2-amine <N m F
dihydrochloride F 2 HCI
H
(4a8S,7aS)-7a-(2,4-Difluoro-5- (I\S
(pyrimidin-5-yl)phenyl)-4a,5,7,7a- Oud A
44 tetrahydro-4H-furo[3,4- N A\ LN NA, 349
d][1,3]thiazin-2-amine <N D_Q F
dihydrochloride F 2 HCI
5
Example 45
(4a8S,7aS)-7a-(4-Fluoro-3-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-4H-furo[ 3,4-
d][1,3]thiazin-2-amine dihydrochloride
H
1 S
{1
: NékNHZ
N
N o
N
10 A solution of 1 M hydrogen chloride in diethyl ether is added in excess to
(4a8S,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-4 H-furo[ 3,4-
d][1,3]thiazin-2-amine (22 mg, 66.59 umol) in minimal dichloromethane. The solvent is
removed under reduced pressure to give the title compound (27mg, 100%). LC-ES/MS
m/e: 331 (M+1).
15 The following compounds in Table 47 are prepared essentially by the method of

(4aS,7aS)-7a-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-4a,5,7,7a-tetrahydro-4H-furo[ 3,4-
d][1,3]thiazin-2-amine dihydrochloride.



N | Exanpl e 42 (4aS, 7aS)-7a-(2,4-Di fluoro-5-(5-fluoropyridin-3

-yl )phenyl)-4a,5,7, 7a-tetrahydro-4H furo [3,4-d] [1,3 ]Jthiazin-2-am ne

di hydr ochwor2oden0538 NCl 5 N Aqueous hydrochl ori c a®cu/us201604198) i s
added to N-((4aS, 7aS)-7a-(2, 4-

di fl uoro-5-(5-fluoropyridin-3-yl)phenyl)-4a,5,7, 7a-tetrahydro-4H-furo[ 3, 4-d
101, 3]thiazin2-yl)benzam de (0.252 g, 85435 mol ) in nmethanol (4 nL) and
the m xture is heated to 90 C. After 18 hours, the heat is renoved and the
pH of the reaction mxture is adjusted 10 to basic with 5 N agueous sodi um
hydr oxi de. The m xture is extracted three tines with 10% i sopropyl al cohol

i n di chl or ohabldine. The organic layer is concentrated under reduced
pressure and the resulting residue is purified by radial dhromatography
eluting witth 3% 2 M ammoni a in nmethanol : dichloronethane [toVgive the title
conpound ag f*he freebddemictheanier ee base is di S§Btyied in mi|ni(med)
di chl oronetlhane and 1 M hydrogen 15chl oride in ether is addé€d+in|excess.
Hexane (1 m)—s—addedand-the solventlis renpved under rgduced pressure to
give the tiltl e[ compound (0.129 g, 67% | ES/ MBS m._& 366 (Mil). WD
2011/ 005738PCT[ US201:0/7/8310B32-El@te-5The f ol | ow cbnpgunds |in Tablle 46 are
prepar ed essent i(pringidipys-yhehemp-hodl7 38~ (4 NG

11%

as, 7aS) - 7a-|(4, 4- di ftetrgrydrc4H{-Burb3ufor opyr i 4 &5
, 7, 7Ta-t et r ghydr o- 4Hf udfhl pBhidzioR- [ 1, 3 ]t ydrochlfori de.
Tabl e 46 EX Chem calantisdihydiStiiloddeur e M5 em c

(4aSR, 7aSR)|- 7at (2, 4- Difluoro-5-(pyrim
4a,5, 7, 7Ta-tetrahydro-4H-Turo] 3,4- d][ 1, 3]thiazin-2Z-am ne

In vitro Assay Procedures:

For in vitro enzymatic and cellular assays, test compounds are prepared in DMSO
5 tomake up a 10 mM stock solution. The stock solution is serially diluted in DMSO to
obtain a ten-point dilution curve with final compound concentrations ranging from 10
mM to 1 nM in a 96-well round-bottom plate before conducting the in vitro enzymatic

and whole cell assays.

In vitro protease inhibition assays:

10 BACEI1 FRET Assay
Serial dilutions of test compounds are prepared as described above. Compounds

are further diluted 20X in KH,PO, buffer. Ten uL of each dilution is added to each well
on row A to H of a corresponding low protein binding black plate containing the reaction
mixture (25 pL of 50 mM KH,POy4, pH 4.6, 1 mM TRITON® X-100, 1 mg/mL Bovine

15  Serum Albumin, and 15 uM of FRET substrate) (See Yang, et. al., J. Neurochemistry,
91(6) 1249-59 (2004)). The content is mixed well on a plate shaker for 10 minutes.
Fifteen puL of two hundred pM human BACE1(1-460):Fc (See Vasser, et al., Science,
286, 735-741 (1999)) in the KH,PO, buffer is added to the plate containing substrate and
test compounds to initiate the reaction. The RFU of the mixture at time 0 is recorded at

20  excitation wavelength 355 nm and emission wavelength 460 nm, after brief mixing on a

plate shaker. The reaction plate is covered with aluminum foil and kept in a dark



di hydrochloride N\ N NN H2 F 2 HCl 349 i 44

(4a5, 7ab)-7a-(2,4-Di fluoro-5- (pyrimdin-5-yl)phenyl)-4a,5,7, 7a-

t et r ahydrwo4bkfoesBp3, 4- d][ 1, 3]t hi azi n-2-am ne di hydr ocRCoMISAE 0641054
411 F N2 F 2 HCl 349 5 Exanple 45 (4a5, 7a5)-7a-(4-F luoro-3
-(pyrimdin-5-yl)phenyl)-4 a,5 ,7,7a-tetrahydro-4Hfuro [3, 4-

d][1, 3]thiazin-2-am ne di hydrochl ori de-g86-

humidified oven at room temperature for 16 to 24 h. The RFU at the end of incubation is
recorded with the same excitation and emission settings used at time (. The difference of
the RFU at time 0 and the end of incubation is representative of the activity of BACEI
under the compound treatment. RFU differences are plotted versus inhibitor

5 concentration and a curve is fitted with a four-parameter logistic equation to obtain the
ECso and ICsq values. (See Sinha, et al., Nature, 402, 537-540 (2000)).

The compounds exemplified herein were tested essentially as described above and

exhibited an ICsy value for BACEI of lower than 1 uM. The following exemplified
compounds were tested essentially as described above and exhibited the following

10 activity for BACEI:

Table 48
EXAMPLE BACE1 IC5 (nM)
1 20.3
8 179
32 346
25 731

15
These data demonstrate that the compounds of Table 48 inhibit purified

recombinant BACE1 enzyme activity in vitro.

Expression of human BACEI
Human BACE]1 (accession number: AF190725) is cloned from total brain cDNA
20 by room temperature-PCR. The nucleotide sequences corresponding to amino acid
sequences #1 to 460 are inserted into the cDNA encoding human IgG; (Fc) polypeptide
(Vassar et al. 1999). This fusion protein of BACE1(1-460) and human Fc, named
huBACE]1:Fc, is constructed into the pJB02 vector. Human BACE1(1-460):Fc
(huBACEI:Fc) is transiently expressed in HEK293 cells. 250 ug cDNA of each
25  construct is mixed with Fugene 6 and added to 1 liter HEK293 cells. Four days after the

transfection, conditioned media are harvested for purification.

Purification of /uBACE]1:Fc.
huBACE]1:Fc is purified by Protein A chromatography. The enzyme is stored at



10A solution of 1 M hydrogen chloride in diethyl ether is added in excess
to (4 aS,7aS)-7a-(4-fluoro-3 -(pyrim din-5 -yl)phenyl)-4 a,5,7,7

a-t et rahywocotiof1380 [ 3,4- d][ 1, 3]thiazin-2-amne (22 nmpCTAG269/0W984 ) | n

m ni mal di chl oronmet hane. The sol vent is renoved under reduced pressure to
give the title conpound (27ng, 100% . LC-ES/MS nmfe: 331 (Mtl). 15The
foll owi ng conpounds in Table 47 are prgpared essentially by the nethod of
(4 aS,7aS)-7a-(4-fluoro-3 -(pyrimdin-5 -yl)phenyl)-4a,5,7,7
a-tetrahydro-4Hfuro [3,4- d][1, 3]thiazin-2-am ne di hydrochloride. WD
2011/ 005738PCT/ US2010/ 041034 -85- Table 47 Ex Chem cal nanme Structure M
(me) (M1)-36°¢ thaballabyuora- (2- Fl uoro-5- (pyri mdin-5-yl)phenyl)-4a,5,7, 7a-
tetrahydro-4Hfuro[3,4- d][1,3]thiazin-2- am nedi hydrochloride .-3 S N2 F

2 HCl 331 vitro Assay Procedures:..For..in vitro enzymatic and cel |l ul ar
assays, te 1 lias a % Iymea Urim d[Heleﬁibltl eta-Secreta; QtlxXt a 10 M stock
solution. The stock solution is serially diluted in DVMSO to obtain a
ten-point dilution curve w t hHEKnedSwowpols @l eesgent rati ons rangi ng from 10
mMMto 1 nMin a 96-well round-bottom plate before conducting the in vitro
enzymatic and whole cell assays. Ip vitro protease inhibition assays:
10BACE1 FRET As routine whole cell assay tor the measurement of inhibition of beta-secretase
S activity utilizes the human embryonic kidney cell line HEK293p (ATCC Accession No.

CRL-1573) stably expressing a human APP751 ¢cDNA containing the naturally occurring

double mutation Lys651Met652 to Asn651Leu652, commonly called the Swedish

mutation (noted HEK293/APP751sw) and shown to overproduce Abeta (Citron, et al.,

Nature, 360, 672-674 (1992)). In vitro Abeta reduction assays have been described in the

10 literature (See Dovey, et al., Journal of Neurochemistry, 76, 173-181 (2001); Seubert, et
al., Nature, 361, 260 (1993); and Johnson-Wood, et al., Proc. Natl. Acad. Sci. USA, 94,

1550-1555 (1997)).

Cells (HEK293/APP751sw at 3.5x10" cells/well, containing 200 pL culture

media, DMEM containing 10% FBS) are incubated at 37 °C for 4 to 24 h in the

15  presence/absence of inhibitors (diluted in DMSO) at the desired concentration. At the
end of the incubation, conditioned media are analyzed for evidence of beta-secretase
activity, for example, by analysis of Abeta peptides. Total Abeta peptides (Abeta 1-x) are
measured by a sandwich ELISA, using monoclonal 266 as a capture antibody and
biotinylated 3D6 as reporting antibody. Alternatively, Abeta 1-40 and Abeta 1-42

20 peptides are measured by a sandwich ELISA, using monoclonal 2G3 as a capture
antibody for Abeta 1-40, and monoclonal 21F12 as a capture antibody for Abeta 1-42.
Both Abeta 1-40 and Abeta 1-42 ELISAs use biotinylated 3D6 as the reporting antibody.
The concentration of Abeta released in the conditioned media following the compound
treatment corresponds to the activity of BACE1 under such conditions. The 10-point

25  inhibition curve is plotted and fitted with the four-parameter logistic equation to obtain
the ECsg and ICsq values for the Abeta-lowering effect. The following exemplified
compounds were tested essentially as described above and exhibited the following

activity for Abeta lowering effect:
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concentration. At the end of the incubation, conditioned media are analyzed for evidence

of beta-secretase activity, for example, by analysis of Abeta peptides. Total Abeta

peptides (Abeta 1-x) are measured by a sandwich ELISA, using monoclonal 266 as a

capture antibody and biotinylated 3D6 as reporting antibody. Alternatively, Abeta 1-40

20

and Abeta 1-42 peptides are measured by a sandwich ELISA, using monoclonal 2G3 as a

capture antibody for Abeta 1-40, and monoclonal 21F12 as a capture antibody for Abeta
1-42. Both Abeta 1-40 and Abeta 1-42 ELISAs use biotinylated 3D6 as the reporting

antibody. The concentration of Abeta released in the conditioned media following the

compound treatment corresponds to the activity of BACE1 under such conditions. The

25

10-point inhibition curve is plotted and fitted with the four-parameter logistic equation to

obtain the ECsg and 1Csg values for the Abeta-lowering effect. The following exemplified

compounds were tested essentially as described above and exhibited the following

activity for Abeta lowering effect:
Table 50



Whol e cel |l assays for neasuring the Inhibition of Beta-Secretase Activity
HEK293Swe Whol e Cell Assay The routine whole cell assay for the neasurenent
of i nhi biwpDan11af5138t a- secretase 5 activity utilizes thePhusr01eMpIgoONI C

ki dney cell 1ine HEK293p (ATCC Accession No. CRL-1573) stably expressing a
human APP751 cDNA containing the naturally occurring double nutation
Lys651Met 652 to Asn651Leu652, commonl y-8gal | ed the Swedi sh nutation (noted
HEK293/ APP751sw) and shown to overproduce Abeta (Citron, et al., Nature,
360, 672-674 (1992)). In vitro Abeta reduction assays have been descri bed
inthe 10 literature (See Dovey, et al., Journal of Neurochem stry, 76,
173-181 (2001);| Seubert, ¢t FDAPP Natreney- 361PDABD New®@B3A: jand Johnson- Wod,

et al., Proc. Na . |1Sci . US 1550; 15 NE Cells

( HEK293/ AR5 1 ENAMPEE: 05 ety Hé‘ﬁ'\)(eﬁﬁ?‘“cont B%ﬁ?ﬁéﬁ)ﬁg Ll cul ture medi a,
DMEM cont ai ni ng 10% FBS) are i n€gp@ved at 37 C @My o 24 h in the

15pr esence/ abserece—of—nhibitors %”i!uted A—DMSO—at—the—(desi red
concentration. |At the end|of thellzcubation, cong?%foned nedi a are anal yzed
for evidence of| betagsecre¢tase agbigvity, fpr example, by apal ysis of Abeta
pepti des. TotalAbeta peptides (Abeta 1-x)l are neasured byl a sandw ch

ELI SA, using nmonocl dRal 266 as a ©B&pture anti body3¥nd biot) nyl ated 3D6 as
reporting anti body. A termativel 3 Abeta 140 andg@peta 1-B2 20 peptides
are neasured by_a sandw ch ELISA, using nohoclonal 2G3 as @a capture

anti body for Abeta 1-40, and nonoclonal 21F12 as a capture antibody for
Abet a 1-42. Bot Whafzeht dbmbOstaredhAbiet @nipodiRls BET8As Sumbibginetiveny| at ed 3D6 as

t he reportiQ%%a%tiQQqﬁi]QlﬁifonCEnirgtion of Abeta released in the
condi ti oned™edi a forTow ng tRe“cofpdind treatment corresponds to the
activity of BACEl under such conditions. The 10-point 25inhibition curve is
plotted and fitted with the four-paraneter |ogistic equation to obtain the
EC50 and I C50 val ues for the Abeta-lowering effect. The foll ow ng

exenplified conmpounds were tested essentially as described above and
exhi bited the fol | owi ng acti%&%@%@ﬁﬁ—tﬁéﬁgﬁ% effect: WO

2011/ 005738PCT/ US2010/ 041034 -88- Tabl e 49 EXAMPLE HEK 293 Swe A- beta
(1-40) ELI SA | CoQyérMhinkdEknodd3 isify MSER, dulicdBle, Bbd, S hGRQy (MM bl 18.5
19.7 8 78.0 89.6 32 670 173 25 1360 1150

used to screen for inhibition of beta- secretase activity in vivo following compound

treatment. Animals used in this invention can be wild type, transgenic, or gene knockout
animals. For example, the PDAPP mouse model, prepared as described in Games et al.,,
Nature 373, 523-527 (1995), and other non-transgenic or gene knockout animals are

10 useful to analyze in vivo inhibition of Abeta and sAPPbeta production in the presence of
inhibitory compounds. Generally, 2 to 12 month old PDAPP mice, gene knockout mice
or non-transgenic animals are administered compound formulated in vehicles, such as
corn oil, cyclodextran, phosphate buffers, PHARMASOLVE®), or other suitable vehicles.
One to twenty-four hours following the administration of compound, animals are

15  sacrificed, and brains as well as cerebrospinal fluid and plasma are removed for analysis
of Abetas, C99, and sAPP fragments. (See Dovey, et al., Journal of Neurochemistry, 76,
173-181 (2001); and Johnson-Wood, et al., Proc. Natl. Acad. Sci. USA, 94, 1550-1555
(1997)).

For standard in vivo pharmacology studies, animals are dosed with various

20 concentrations of compound and compared to a vehicle-treated control group dosed at the

same time. For some time course studies, brain tissue, plasma, or cerebrospinal fluid is

obtained from selected animals, beginning at time 0 to establish a baseline. Compound is



These data denonstrate that the conpounds of Table 49 inhibit native
endogenous human BACELl in cells in vitro. PDAPP Primary Neuronal Assay 10A
conf i r mtwoyomwmobmsscel | assay is also run in primry neRCconskolooktoas es
generated from PDAPP transgenic enbryonic mce. Primary cortical neurons
are prepared from Enbryonic Day 16 PDAPP enbryos and cultured in 96 well
plates (15 x 104 cells/well in DVEM F120{(1:1) plus 10% FBS). After 4-6 days
invitro, culture nedia is replaced with serumfree DVEM F12 (1:1)

cont ai ni ng B27 suppl enent and neurons are incubated at 37 15C for 24 h in
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condi t i onedisg®dioR APP ltla@ipbiig adifvels GeRRUnalykdieat R B o@R bf BEPaR@sid o t he
activity of BACEl under such conditions. The 2510-point inhibition curve is

plotted andfques BYowingirorRenddisptsar anet er | ogi stic equation to obtain the

EC50 and | G50 vadiggls (b ARG ARehapl taneich@r 86 d-8&k genlhick PAddnBivk B~ d
exenplified conpounds were tested essenti all descri bed above and

exhi bi t KU tanenhipitqry aprippuad may idﬁlvonsaateﬁhﬁéﬁ@cr%mgfﬁxb?ga @fspERbeta Indlspia 50 WO
20117005 738RGC T YnaAbQ 041 83¢hina8 Auid EXNRLEaROABEA %ﬁ&'foﬁfblﬁl}e?ﬁt‘tﬁaiﬁ 1-40) ELISA
| C50 (nM) PDAPP Neuron A- beta (1-42) ELISA 1C50 (hM 1 10.7 9.23 8 32.8
41. 3 32 436ts38R apeonpapdggth vehicle-treated controls or time zero controls. For example, 3
hours after administration of 10 mg/kg subcutaneous dose of the compound of Example 1
to young female PDAPP mice, Abeta 1-x peptide, C99 and sAPPb levels are reduced
15  approximately 64%, 60%, and 44% in brain cortex, respectively, compared to vehicle-
treated mice. Similarly, 3 hours after administration of a 10 mg/kg oral dose of the
compound of Example 1 to young female PDAPP mice, Abeta 1-x peptide, C99 and
SAPPD levels are reduced approximately 54%, 34% and 42% in brain cortex, respectively,
compared to vehicle-treated mice. Consistent with changes in brain Abeta, C99 and
20  sAPPD, 3 hours after oral administration of a 10 mg/kg dose of the compound of Example
1, CSF Abeta 1-x and 1-42 levels are reduced by approximately 62% and 62%,
respectively. Consistent with a mechanism of BACE inhibition in vivo, CSF sAPPbeta

levels are reduced 22%, while CSF sAPPalpha levels are unchanged 3 hours after oral

administration of a 10 mg/kg dose of the compound of Example 1.

25 The compounds of the present invention are preferably formulated as
pharmaceutical compositions administered by a variety of routes. Most preferably, such
compounds are for oral administration. Such pharmaceutical compositions and processes
for preparing same are well known in the art. See, e.g., Remington: The Science and
Practice of Pharmacy (A. Gennaro, et. al., eds., 19" ed., Mack Publishing Co., 1995).

30 The compounds of Formula I are generally effective over a wide dosage range.

For example, dosages per day normally fall within the range of about 0.01 to about 30



These data denonstrate that the conpounds of Table 50 inhibit native,
endogenous nurine BACEL in cells in vitro. In vivo Inhibition of

Bet a- Secrwoasa/®Ssser al ani mal nodel s, incl udi ng nouse, Pgliuse@ o34 dog,
and nonkey, may be used to screen for inhibition of beta- secretase
activity in vivo follow ng conmpound treatnent. Animals used in this
invention can be wld type, transgeni c9l1or gene knockout animals. For
exanpl e, the PDAPP nouse nodel, prepared as described in Ganes et al.,

Nat ure 373, 523-527 (1995), and ot her non-transgenic or gene knockout
animals are 10 useful to analyze in vivo inhibition of Abeta and sAPPbeta
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renoved § orume@ioysthat B abe@it asthe COBpovmd dets ARRJhTiEigered il bd Geembedey, et

al ., Journal of Neurachemstiy, 76, 173-181 (2001);. and Johnson-\Wod, et
al., Proc. %WQS%EﬁdPg@ﬂkﬁ“ﬁ@%?egﬁ?“f§§ﬁﬁf@’ﬁ’W%é@?ﬁfﬁcﬁﬁlungﬁﬁard in

vi vo phar meghteadie Siddeh RSte cRBlMRlsSa@inethd @58l combbundai c@soudls concentrati ons
of conmpound and conpared to a vehicle-treated control group dosed at the

same tine. EEHNISETE e . Weightsenddepapwof thsrindividygl gatirat. 2pgd he severipy

cer ebr ospi ngthd padisl'sspmPBhai ned from sel ected ani mal's, beginning at time O
to establish a baseline. Conmpound is -90- adm nistered to other groups and
sacrifited at various times after dosing. Brain tissue, plasma, or
cerebrospinal fluid is obtained fromselected ani mals and anal yzed for the
presence of APP cl eavage products, including Abeta peptides, sAPPbeta, and
ot her APP fragnents, for exanple, by specific sandwi ch ELI SA assays. At the
end of the test 5period, animals are sacrificed and brain tissues, plasma,
or cerebrospinal fluid are analyzed for the presence of Abeta pepti des,

C99, and sAPPbeta, as appropriate. Brain tissues of APP transgenic aninals
are al so anal yzed for the anopunt of beta-anyl oid plaques follow ng conpound
treatnment. Animals (PDAPP or other APP transgenic or non-transgenic m ce)
adm ni stered 10 an inhibitory conpound may denonstrate the reduction of
Abeta or sAPPbeta in brain tissues, plasma or cerebrospinal fluids and
decrease of beta amyloid plaques in brain tissue, as conpared with
vehicle-treated controls or time zero controls. For exanple, 3 hours after
adm ni stration of 10 ng/ kg subcutaneous dose of the conpound of Exanple 1
to young fenmal e PDAPP m ce, Abeta 1-x peptide, C99 and sAPPb | evels are
reduced 15approximately 64% 60% and 44%in brain cortex, respectively,
conpared to vehicle- treated mce. Simlarly, 3 hours after adm nistration
of a 10 ng/ kg oral dose of the conpound of Exanple 1 to young fenal e PDAPP
m ce, Abeta 1-x peptide, C99 and sAPPb | evels are reduced approxi mately
54% 34% and 42% in brain cortex, respectively, conpared to vehicle-treated
m ce. Consistent with changes in brain Abeta, C99 and 20 sAPPb, 3 hours
after oral admnistration of a 10 ng/ kg dose of the conpound of Exanple 1,
CSF Abeta 1-x and 1-42 levels are reduced by approximately 62% and 62%
respectively. Consistent with a mechani sm of BACE inhibition in vivo, CSF
sAPPbeta | evel s are reduced 22% while CSF sAPPal pha | evel s are unchanged 3
hours after oral adm nistration of a 10 ng/ kg dose of the conpound of
Exanpl e 1. 25The conpounds of the present invention are preferably

formul ated as pharmaceutical conpositions adm nistered by a variety of
routes. Most preferably, such conpounds are for oral admi nistration. Such
pharmaceutical conpositions and processes for preparing sane are well known
inthe art. See, e.g., Remington: The Science and Practice of Pharmacy (A
Gennaro, et. al., eds., 19th ed., Mck Publishing Co., 1995). 30The
conpounds of Formula | are generally effective over a wi de dosage range.

For exanpl e, dosages per day normally fall within the range of about 0.01
to about 30 -91- ng/kg of body weight. In sone instances dosage | evels
below the lower limt of the aforesaid range may be nore than adequat e,
while in other cases still larger doses may be enpl oyed w t hout causi ng any
harnful side effect, and therefore the above dosage range is not intended
tolimt the scope of the invention in any way. It will be 5 understood
that the anount of the conmpound actually adnmi nistered will be determ ned by
a physician, in the light of the relevant circunstances, including the
condition to be



treated, the chosen route of adm nistration, the actual conmpound or
conpounds adm ni stered, the age, weight, and response of the individual
pati ent, woadothmwsseverity of the patient's synptons. 10PCTABR201M040BaI m 1.
A compound of Fornmula I: 5wherein: Xis -CH2- or -0-; nis O or 1; 10 mis
0O, 1, or 2; pis Oor 1; p nust be 0 when X is -0-; 15Rl is - NHCOR4,
pyrimdinyl, pyridinyl optionally subsvptuted with halo or phenyl
optionally nonosubstituted with -Cl-C3 al koxy; R2 is halo; 20R3 is -Cl-C3
al koxy, hydroxy, or -0-CH2-0-CH3; and R4 is phenyl, pyridinyl optionally
substituted with halo, pyrimdinyl optionally substituted with hal o,

pyri zinyl, WeGlhmazol yl; 25or a pharnaceutically acceptable salt thereof 2.
AcorrpoundofCIal r CH2- or -0-; nis Oor 1, mis 0 or 1,
Pis Oor 1; p r%us’fr’nc (BldOpré'ull?-O- Rl is -NHCOR4 or pyrimdinyl; R2is
fluoro; R3is -Cl1-C3 aI koxy or hydrox(ng3 R4 is pyridinyl optionally
substituted 30with hal o, or pyrimdi optionally substituted with hal o;
or a pharmaceutically acceptable salt thg{reof 3. A conmpound of any of
Clains 1 to 2 wherein X is -CH2- dr)et NHS 0 or 1; mis 0 or 1; pis O
Rl is -NHCOR4; R2 is fluoro; R4 is p) '|nyI optlonally 35substituted with
hal o; or a pharnaceutically accept ab sal t thereof -93- 4. A conpound of
any of Clainms 1 to 3 wherein X isRO-™N,.is 0; mis 1; pis 0; RLis
-NHCOR4; R2 is halo; R4 is pyridinyl sdﬁ%fmtuted with halo, or a
pharmaceutically acceptable salt thereof 5 5. A conmpound of Caim
4 wherein R2 is flwmdrein: or a pharmaceutically acceptable salt thereof

6. A conpound of any of Clains 1 to 5 wherein the conpound possesses a ci s
10confi guration atxtheghigrab-centers at the junction of the fused

am not hi azine ring, or a pharmaceutically acceptable salt thereof 7. A
compound N-(3 - ((4@is0a)-12-am no-4a, 5,7, 7a-tetrahydro-4Hfuro[3, 4-

d] [ 1, 3] i¢hi azi n-7a-yl)-4- f1 uor opheny1)-5-fl uoropi col i nami de: 15 NH,

mis0, 1, or2;

pis 0 or 1; p must be 0 when X is —O—;

15 R' is -NHCORy, pyrimidinyl, pyridinyl optionally substituted with halo or
phenyl optionally monosubstituted with —C,—C; alkoxy;
R? is halo;

20 R? is —C;-C; alkoxy, hydroxy, or —-O—CH,—O—CHj; and

R*is phenyl, pyridinyl optionally substituted with halo, pyrimidinyl optionally
substituted with halo, pyrizinyl, or thiazolyl;

25 or a pharmaceutically acceptable salt thereof.

2. A compound of Claim 1 wherein X is —-CHy— or—O—; nisOor I;mis O or 1; p
is 0 or 1; p must be 0 when X is -O—; R' is -NHCOR, or pyrimidinyl; R? is
fluoro; R* is —C;-C3 alkoxy or hydroxy; R*is pyridinyl optionally substituted

30 with halo, or pyrimidinyl optionally substituted with halo; or a

pharmaceutically acceptable salt thereof.

3. A compound of any of Claims 1 to 2 wherein X is -CHp— or -O—; nis 0 or 1;
mis 0 or 1; pis 0; R' is -NHCORy; R? is fluoro; R* is pyridinyl optionally

35 substituted with halo; or a pharmaceutically acceptable salt thereof.



or a pharmaceutically acceptable salt thereof 8. A compound of daim?7
wherein the conmpound is

N ( 3- ((4a8p2af)o0273am noda, 5, 7, 7a-t et rahydr o- 4H- f ur o[ 3, 4PdT[UB2@piokicdzi n- 7a-y
1) - 4-f |l uor ophenyl) - 5- 20f | uoropicolinam de: or a pharnmaceutically
acceptable salt thereof -94- 9. A pharmaceutical fornulation conprising a
conmpound of any of Clains 1 to 8, or ao9pharmaceutically acceptable salt
thereof, in conmbination with a pharmaceutically acceptable carrier,

di luent, or excipient. 510. A pharnmaceutical fornulation of Claim9 further
conpri sing one or mor e ot her therapeutic agents. 11. A method of
treating Al zheiner's disease by adm nistering an effective anount of a
conpound of any ,of 0 afn i call e |l e salt

t hereof 12. A cé %ugﬂ%b%d]ofany%C&IE]S%&?WW;%§%ES -G %Sa&r'%gggﬂﬁ géa)il |y

accept abl e sal't thlé]r1eeNHthDfR4aR7p1baalnalﬁ‘éslpymhhylfsmsmtﬂmm)rham oemy of CI ains 9
to 10, for use in thera f a conmpound of any of Clains 1
to 8, or a phar rrac%lﬁflflac‘?g%fcﬂﬂ%%cfg%t?%%fa(l:t%g%{f’&thereof, or a pharmaceuti cal
formul ats on of any of Clains 9 to 10, for the treatnent of Al zheinmer's

di sease. 2014. TheAusp@indaf Caipauidredf RTs @uo®, dr 4 ghaBnacOitically

phar maceutical ly acce bl salt thereof, for the manufacture of a

medi canment for the* %?Pgﬁ’??r%‘ﬁtt heggofAl zhei mer' s di sease.

6. A compound of any of Claims 1 to 5 wherein the compound possesses a cis
10 configuration at the chiral centers at the junction of the fused aminothiazine

ring, or a pharmaceutically acceptable salt thereof.

7. A compound N-(3-((4a,7a)-2-amino-4a,5,7,7a-tetrahydro-4H-furo[ 3,4-
d][1,3]thiazin-7a-yl)-4-fluorophenyl)-5-fluoropicolinamide:

F / /\ ©
15
or a pharmaceutically acceptable salt thereof.
8. A compound of Claim 7 wherein the compound is N-(3-((4aS,7aS)-2-amino-
4a,5,7,7a-tetrahydro-4 H-furo[3,4-d][ 1,3]thiazin-7a-yl)-4-fluorophenyl)-5-
20 fluoropicolinamide:

or a pharmaceutically acceptable salt thereof.
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10.

11.

12.

13.

14.

-94-

A pharmaceutical formulation comprising a compound of any of Claims 1 to
8, or a pharmaceutically acceptable salt thereof, in combination with a

pharmaceutically acceptable carrier, diluent, or excipient.

A pharmaceutical formulation of Claim 9 further comprising one or more

other therapeutic agents.

A method of treating Alzheimer’s disease by administering an effective
amount of a compound of any of Claims 1 to 8, or a pharmaceutically

acceptable salt thercof.

A compound of any of Claims 1 to 8, or a pharmaceutically acceptable salt
thereof, or a pharmaceutical formulation of any of Claims 9 to 10, for use in

therapy.

The use of a compound of any of Claims 1 to 8, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical formulation of any of Claims 9 to

10, for the treatment of Alzheimer’s disease.

The use of a compound of Claims 1 to 8, or a pharmaceutically acceptable salt
thereof, for the manufacture of a medicament for the treatment of Alzheimer’s

disease.



