AMINODIHYDROTHIAZINE DERIVATIVES AS BACE INHIBITORS FOR THE TREATMENT OF
ALZHEIMER'S DISEASE The present invention is in the field of treatment of Alzheimer's disease
and other diseases and disorders involving amyloid (Af3) peptide, a neurotoxic and highly aggregatory
peptide segment of amyloid precursor protein (APP). Specifically provided are potent inhibitors of

il-secretase or O-site am Ioid,ﬁérecursorﬁrotein-cleavin%enz me é}RﬁCE . Comgplete or partial inhibition
of BACE hAM DU PIFEAH TGN RREINATIVES, |5§§£ LA QRSAQ Hthendent
pathologies in mouse model?gﬁéggé &t AN EME R a REIHASE A13 levels might result in

long-term significant reduction in plaque burden and synaptic deficits, thus providing significant
therapeutic benefits, Currently described RACE inhibitors are peptidomimctic transition state
analogs, typically comtaMFgamyaHeR e RIS BT TidmrBrahedicetmpbofies are potent
inhibitors of RAGEthel highithalecilarnwelghis mpdiowmmenbranepatmeatiy make them poor drug
candidates. There has been a progression from large peptidomimetic molecules to small molecules,
such as a vari%&%I i (%Pg%ga?h% nglrllﬁgsfl s?é“a’f;%%%r%{’g I\'/?/%I g%glﬁé?oséyc#%%éﬁ%érﬁﬁoéf 1(silf:[:}(i;?ffoIds. See e.g.,
Durham and Stepherdrigeitpenti@preistin D fugtDisudody & Development: 9817278791 (2006)).
Certain aminofhigzine eomiras pds:hay &6k AGSeHbed AsBAGR IRNIDIRrS 1RiWR:2007/049532.

RACE inhibitorg that are potent and more efficacious are necessary to provide treatments for Af3
peptide-mediatEe iedraRIEsTehEn 2 RUNSIATRIL L B4balofies Bradeif TRIER BRI des new potent
and efficgciou&énbﬂbiimipfd&@ﬁﬁs_ ﬁaAﬁwiaréigsh@pq&stﬁtmrmgtgmmﬁgﬁﬁﬁwmmpﬂwndnof Formula I .
where: 1 19 0, gl spximicndxcaaiov,eplisnalisabatiuled it shlogg o fluoro, or pyridinyl

optionally substituted with one’or two substituents -ach independently selected from chloro, fluoro, and
CI -C3 alkoxy; R2 is@E5Eh IRtdbrePih e SRHBEMR SRIderTBr ChIg g iR Halsaie02? is hydrogen or
Cl-Ca alkyl optipieally &ﬂ&ﬁﬁﬁlge&wiﬁxmﬁymyie@ndmdsgmym@gmmﬁbﬁﬁ@i&yh@r a .
pharmaceutically, gouepiahlc,palt erfal e 108 SRSUNTLARNSALINSIE B proided g pharmaceutical

formulation comprising a compound as defined above, or'a pharmaceutically accep a tf’e salt thereof,
in combinatiorf#ieiepRashiaee tardiiviaccdptable kestiepreRfasin dioaxgrgient. In a third aspect, there

is provided a gepiaowit-as dekinaek abaxaifonlseld theapy. varictor Hodrthyaspratinthere is provided
the use of a corgﬁglldnd as defined abolve ora harm%O utigallg 905%%ablgn gabdﬁ et ergof for the

manufacture of a medicament for lf%%f%r}é:ébton%gﬁt%% Afzheimers Gisease. The prés%r?tr disclosure
provides compatirs SiEerridIe Mikmerery £ Deiglanmensropt R §sT8Y ity ICpyemziny| optionally

substituted witheRigne-ak uprouatSya iy Rptiorally sulestitadwith ene sy supstituents each
independently BACE inhibitors that are potent and more efficacious are necessary to provide
treatments for Af} peptide-mediated disorders, such as Alzheimer’s disease. The present

invention provides new potent and efficacious inhibitors of BACE,



selected from chloro, fluoro, and C1-C3 alkoxy; R2 is at each instance independently selected
from chloro and fluoro; 10R3 is hydrogen or CI-C4,alkyl optionally substituted with hydroxy; and R4 is
hydrogen or C1-03 alkyl; or a pharmaceutically acceptable salt thereof. 15 The present disclosure
also provides a methdd: SFfrastist therhisipieidediseersedana piiemtdamprising administering to a
patient in need of such treatment an effective amount of a compound of Formula I. The present
disclosure further provides a method of preventing th3e proqression of 20mild cognitive impairment to
Alzheimer's disease in a patient comprising adminite(ingRo a patient in need of such treatment an
effective amount of a compound of Formula I. prfesent disclosure further provides a method of
preventing the progression in a patient at risk fo ng Alzheimer's disease comprising
administering to a patient in need of sUth-reets Fectiye amount of a compound of Formula 1.
25The present disclosure also provides a 0 'H3 ibiting BACE in a patient comprising
administering to a patient in need of such treapéent an effective amount of a compound of Formula I.
~ The present disclosure also provides a method fqﬁmﬂhibiting 13-secretase mediated cleavage of
amyloid precursor protein comprising administering to a patient in need of 30 such treatment an
effective amount of a compound of Formula |.  The present disclosure further provides a method for
the inhibition of production of Ap peptide comprising administering to a patient in need of such
treatment an effective amount of a compound of Formulal.  The present disclosure also provides a
. where; . . . . .
pharmaceutical formulation comprising a 35compound of Formula I, in combination with a
pharmaceutically acceptable carder, diluent, or excipient. WO 2009/134617PCT/US2009/040589 '.3-
Furthermore, this discl Qv f:Formula | for use.ip therapy, in particular for the
treatment of Alzheimer?s@g%géﬁaas%{gﬁdﬁhe p_rg\%r%l%ir%%F It%%t%fjlggr‘é’lssi%#& Wit EGgfiitive impairment
to Alzheimer's disease PYRIEIGEHY srst5sinad: one gstrofsatetmpoundiof Formula | for the
manufacture of a medidadaenidtarihelbirentaieohiofAlRbeiNens Ciseage, his disclosure further
provides the use of a ¢ @Q%yga%ho{nﬁgﬂrcne% 1 L%r Ihi minuf%%ture of a medicament for the prevention
of the progression of mild cOgRItive IMpairment (0 APKEITHEF RSB Phivgistlosure also provides

the use of a compoundPofiFbfogan dof tHe Hiehaftictnty shbstedicaimentderhainhibition of
R* is hydrogen or C;-Cs alkyl;

or & pharmacentically acceptable salt thereof
In a second aspect, there is provided a pharmaceutical formulation comprising 4

compound as defined above, or a pharmaceuticalty acceptable salt thereof, in combination with a

pharmaceutically acceptable carrier, diluent, or excipient.

In a third aspect, there is provided a compound as defined above for use in therapy.
In a fourth aspect, there is provided the use of a compound as defined above, or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the treatment

of Alzheimer’s disease.

The present disclosure provides compounds of Formula I:

where:



BACE. The disclosure further provides the use of a compound of Formula | for the 10manufacture of a
medicament for the inhibition of production of Af3 peptide. Additionally, this disclosure provides a
pharmaceutigabfaimmiatian adapted for the treatment of Alzheimer's dise%)sceT/Furthermore, this
disclosure provides a pharmaceutical formulation adapted for the prevention o?%ﬁ(@%%&rsgssion of mild
cognitive impairment to Alzheimer's disease. This disclosure also provides a pharmaceutical
formulation adapted 15for the inhibition of BACE. -2.Furthermore the present disclosure provides a
pharmaceutical formulation adapted for the inhibition of f3-secretase mediated cleavage of amyloid
precursor protein. The present disclosure also provides a pharmaceutical formulation adapted for the
treatment of conditions resulting from excessive levels of AP peptide comprising a compound of
20Formula | or a pharmageptically acceptable salt thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or diluents. The general chemical terms used in

the formulae above haves fheimisual ﬁgﬁ@iﬁm(é§tiE&El%ﬁﬁ&@@nemﬁ?éﬁ*ﬂo;S:iy'9@09{!kgﬂ" refers to methyl, .
ethyl, propyd, and isopropimyTheitesty ‘GktGhealkl’ sefersda mstiiesihy, hﬁﬁﬁ@;ﬂn&%ﬂﬁ@pyl’ butyl,
isobutyl, sec-butyl, 25&kditéri-atgiiomoifties, and C!Crailatey:optionally substituted with hydroxy" is a

CI-C4 alkyl group whergin one of the hydrogen atoms is replaced with a hydroxy moiety. The term

"C1-C3 alkoxy" is a CH-E36) §F50s rsisersd aefancsopere iicatoiricanghdefesssto methoxy, ethoxy,
propoxy, and iso-pro -4-  The term "nitrogen protecting group” is taken to mean a moiety that
is stable t?)ll?i)rojectedqr%)é%]t%dnm&ﬁaﬁldhé“%g}’@f’?ﬁﬁg%ﬁ‘%@&%ﬁ kdrevedisy reagents and reaction

conditions compatibleﬁwgtﬁl}l;ﬁl%égg&r@l[@;%ﬂ(%mine. Such groups are well-known by the skilled artisan
and are described in the literattre. See, e.g:, Greene and Wuts, 5 Protective Groups in Organic

Synthesis, Third Editiorns fHaapiesudealRBWilBY: anddRenssInc., (1999). The term "inhibition of
productiori ®f AP peptide" is taken to mean decreasing of in vivo levels of Af3 peptide in a patient to

normal, if excessive, bkRigsprdialdovelssasseguiretheliPhg tenmseliontive,amaunt.qf,a compound
of Formula I" isakan.to, the.dase: or of a compaund of Formula | required to inhibit BACE
sl Ut SPA 19%,5,?%(%& aedde Slf%)tﬁ?)tfﬁ?ﬁﬁ Bt Llisthermal levels.

sufficiently to decrease in vivo levels of Af3 peptide in a patien The
term "treatmentTSHIR A TTRERIE'T6WIRG br arresting the progression of the disease in a patient.

15Mild cognitive impritprBthasteendeiingdas:a-patanidhrigdromal phase of dementia associated
with Alzheliner s isease ased:an ¢l picalpeseniation and on progrescion of p
(0] |

_ atients exhibiting mild
cognitive impairment to Alzheimer's dementia over time, (MAH1S AP A2 BUHRIBS, 397-405
(2001); Peterséh 2 @tEm AR NS B5BIRes 2308 (dssinsihe fermuipreve siibsaikhe progression of

mild cognitive 20impairmeierReIngdisea3Es INGlHISSH! I%nga%_rﬁ%%‘” , or.reversing the
progression of m{ggngglgr%lg &gn@&grring%r&ge@épseﬁners disease in a patient. The sfff_ﬁéaaartlsan will
appreciate that Compounds of FOrmula I Gan exist (jcase comprising administering to a patient in

need of such treatment an effective amount of a compound of Formula I,

25 The present disclosure also provides a method of inhibiting BACE in 2 patient
comprising administering to a patient in need of such treatment an effective amount of a

compound of Formula L.

The present disclosure also provides a method for inhibiting B-secretase mediated
cleavage of amyloid precursor protein comprising administering to a patient in need of

30 such treatment an effective amount of a compound of Formula L

The present disclosure further provides a method for the inhibition of production of
AP peptide comprising administering to a patient in need of such treatment an effective

amount of a compound of Formula L

The present disciosure also provides a pharmaceutical formulation comprising a
35 compound of Formula L, in combination with a pharmaceutically acceptable carrier

dituent, or excipient.



tautomeric forms, as depicted in Figure (I). When any reference in this application to one of the
specific tautomers of the compounds of formula | is given, it is understood to 25encompass both
tautomeric fanmsm@masadi mixtures thereof. RSR4 N H NNH2 CH3 CH3 )n(R2pgs38sm40skie skilled
artisan will appreciate that compounds of Formula | are comprised of a core that contains at least one
chiral center: R3 NH2 CH3 (R')n Figure (2) 5Although the present invention contemplates all individual
enantiomers, as well as mixtures of the enantiomers-of said compounds including racemates, the
compounds with the absolute configuration at the atom labeled 1 as illustrated in Figure (2) are
preferred compounds of Formula I. NNH 2 CH3 ( R2 )n 10Figure (3)  Further, when appropriately

substituted, the compadreisomihibe; abselutecondiovsation.olbe-atam./aksled 2, asliystrated in

Figure (3), are preferred compounds of Formula I. Additionally, the skilled artisan will appreciate that
additional chiral’ C%aﬁ?g? rrf]cg)} e treatment of Alzheimer’s disease or for the prevention of the

progression of mild cognitive impairment to Alzheimer’s disease. This disclosure also

provides the use of a compound of Formula I for the manufacture of & medicament for the

5 treatment of Alzheimer’s disease. This disclosure further provides the use of a compound
of Formula I for the manufacture of 2 medicament for the prevention of the progression of
mild cognitive impairment to Alzheimer’s disease. The disclosure also provides the use of

& compound of Formula I for the manufacture of a medicament for the inhibition of

BACE. The disclosure further provides the use of a compound of Formula I for the
10 manufacture of @ medicament for the inhibition of production of AP peptide.
Additionally, this disclosure provides a pharmaceutical formulation adapted for the treatment
of Alzheimer’s disease, Furthermore, this disclosure provides a pharmaceutical
formulation adapted for the prevention of the progression of mild cognitive impairment to
Alzheimer’s disease. This disclosure also provides a pharmaceutical formulation adapted
15 for the inhibition of BACE.

Furthermore the present disclosure provides a pharmaceutical formulation adapted
for the inhibition of B-secretase mediated cleavage of amyloid precursor protein. The
present disclosure also provides a pharmaceutical formulation adapted for the treatment of
conditions resulting from excessive levels of Af peptide comprising a compound of

20  Formula I or a pharmaceutically acceptable salt thereof in combination with one or more

pharmaceutically acceptable excipients, carriers, or diluents,

The general chermical terms used in the formulae above have their usual meanings.
For example, the term “Cy-Cs alky!” refers to methyl, ethyl, propyl, and isopropyl. The
term “Cy-Cy alky!” refers to methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
25 and fert-butyl moieties,
“Ci-Cs alkyl optionally substituted with hydroxy” is & C;-Cy alkyl group wherein
one of the hydrogen atoms is replaced with a hydroxy moiety.
The term “C;-Cy alkoxy™ is a Cs-Cs alky! group bonded 10 an oxygen atom and

refers to methoxy, ethoxy, propoxy, and iso-propoxy.



15 be created in the compounds of the invention by the selection of certain variables. The present
invention contemplates all individual enantiomers or diastereomers, as well as mixtures of the
enantiomers and diastereomers of said compounds including racemates. _ The skilled artisan will

also apprecigfg fﬂ?ﬂ”tﬁ‘@éahn-lngold-Prelog (R) or (S) designations for alP EM 2R R il vary

depending upon the substitution patterns of 20 the particular compound. The single enantiomers or
diastereomers may be prepared beginning with chirgal reagents or by stereoselective or stereospecific
synthetic techniques. Alternatively, the single enantiomers or diastereomers may be isolated from
mixtures by -6- standard chiral chromatographic or crystallization techniques at any convenient point

in the synthesis of compounds of the invention. Single enantiomers and diastereomers of compounds
of the invention are a'pYeféRe HBAPOBIATSHEBRIAY IHVETEBIY THE cCOMPEURASIDTHRE Present invention

are amines, angrgieceidiaghyteasdivdiik Sanyoha, hureheriofiinergarichanchgrganid acids to form

pharmaceutically aecentaple. aqd addiion aalts, Etarmacsuticaly.acgeptable saity apg common

ITIDNS compa TOUPS Wil
methodology for preparing them are well known ift the art, See, e.g., B. aﬁT, et al. Handbook of
PharmaceuticaPs@itskibed geitrssind are dgesiaddntieliortisa A eiev eI o0 Weam. Berge, et al.,
"Pharmacegtical,Sadis.e desmahahRharmasrulicahecrness,(tep&ad, Nan Widanuaryoid1977.
Preferred pharq?l%czltb% lly acceptable salts are those formed with hydrochloric acid. Although all of
the compounds of 'Formtla Tare useful inhibitors of BACE, certain classes of compounds are
preferred. The followihig praragieinsdes crivbsisore prdferrtid lasislen 3adeR deigesirignidinyl; b) R3 is

pyrazinyl optionaly,subsiituied Wit Suuarenel R is-ayidinyLepugnelly sybaituied aner two times at

each instance independently selected from chioro, fluoro, or methoxy; d) Rl is pyridinyl optionally
substituted witH¥IBFE or methoxy; 20e) Rl is pyridinyl optionally substituted with fluoro; fyR2is
fluoro; g) R@ is chloroTi)teris @ffective)amif;c22jddmisyid of Formula I is taken to mean the

dose or doses of @ compound of Formula I required to inhibit BACE sufficiently to
decrease in vivo levels of AP peptide in a patient to normal or sub-normal levels.

The term *“treatment” is taken to include slowing or arresting the progression of
the disease in a patient.

15 Mild cognitive impairment has been defined as a potential prodromal phase of
dementia associated with Alzheimer’s disease based on clinical presentation and on
progression of patients exhibiting mild cognitive impairment to Alzheimer’s dementia
over time. {Morris, et al., Areh. Neurol., 58, 397-405 (2001); Petersen, et al., Arch.
Neurol., 56, 303-308 (1999)). The term “prevention of the progression of mild cognitive

20 impairment to Alzheimer’s disease” includes slowing, arresting, or reversing the
progression of mild cognitive impairment t0 Alzheimer’s disease in a patient.

The skilled artisan will appreciate that compounds of Formula 1 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 formula I is given, it is understood to

25 encompass both tautomeric forms and all mixtures thereof.

R R’ R R*
j\ S
1 1
" CHy T, == F CHQ/&NH
3
(R), (R* ),

Figure {1)



K) R3 is hydrogen; 1) R3 is methyl substituted with hydroxy-; m) R3 is methyl; n) R3 is isopropyl
substituted with hydroxy; 300) R4 is hydrogen; p) R4 is methyl; q) The compound of Formula | has an
absolute configuration of (S) at the chiral center adjacent to the nitrogen of the aminothiazine ring; r)
The compou‘?{g B2dfilia 1 is a free base; s) The compound of FOMUIE” ‘i)sgl%it%:ﬁ?armaceutically
acceptable salt; 5t) The compound of Formula | is the hydrochloride salt. u) The compound of Formula
| is the dihydrochloride salt. A preferred embodiment of the present invention relates to compounds of
Formula I, where RI is pyrimidinyl, pyridinyl optionally substituted one or two times at each instance
independently selected from chloro, fluoro, or methoxy, or pyrazinyl optionally 10substituted with
fluoro; R2 is chloro or fluor, R3 is hydrogen, methyl, methyl substituted with hydroxy, or iso-propyl
substituted with hydrd%y SRS RYEREgET Brrseaty e sarPRrps P BF omyed B &ARRRERYally acceptable
salt thereof In saidretidhodimanttikistprefeliatidhatrthe absolute configuration of the chiral center
adjacent to the nitrogen of the aminothiazine ring isé&); or.a pharmaceutically acceptable salt thereof
15Another preferred embodiment of the present inventign telates to compounds of Formula | where 12
is pyrimidinyl, pyridinyl optionally substituted one or es at each instance independently selected
from chloro, fluoro, or methoxy, or pyragjny! optioné[! substituted with fluoro; R2 is chloro or fluoro; R3
is hydrogen, methyl, methyl substituted wit ( fragxyl ON7SO- Byl substituted with hydroxy; R4 is
hydrogen; and n is 200, 1 or 2; or a pharmageuticall ﬁeceptable salt thereof. In said embodiment, it is
preferred that the absolute configuration of thé aaé center adjacent to the nitrogen of the
aminothiazine ring is (S); or a pharmaceutically acceptable salt thereof. A more preferred
embodiment of the present invention relates to qqgapggpds of Formulal where 12" is pyrimidinyl,
pyridinyl optionally substituted one or fwo times at 25each instance independently selected from chloro
or fluoro, or pyraBhiayEb B aNeR) B HRRSAGIR HiFs A BV iduah RS EIGo 5, €3 18 hydrogen, methyl;
R4 is hydrogennaramsisfGhelemnZpora phairacgutioddipdoteptablesall thereopolndsaidtiembodiment, it
s preferred thaj, g, aprolieaaioh iRt BHIBAN LA ANIRGAOLO e DiiagRROf the
aminothiazine ring is (S); or a pharmaceutically acceptable salt thereof 30A further embodiment of the
present inventiGAPRPAEEs s Bdlinds of Formula | where RI is pyrimidinyl, pyridinyl optionally
substituted with fluor or methoxy, or pyrazinyl optiongly s\;:@ﬁstituted with fluoro; R2 is fluoro; R3 is
hydrogen or methyl; R4 is N

R1

10 Figure (3)
Further, when appropriately substituted, the compounds with the absolute
configuration of the atom labeled 2, as illustrated in Figure (3), are preferred compounds
of Formula 1.
Additionally, the skilled artisan will appreciate that additional chiral centers may
15 be created in the compounds of the invention by the selection of certain variabies. The
present invention contemplates all individual enantiomers or diastereomers, as well as
mixtures of the enantiomers and diastereomers of said compounds including racemates.
The skilled artisan will also appreciate that the Cahn-Ingold-Prelog (R) or (S)
designations for all chiral centers will vary depending upon the substitution patterns of
20  the particular compound. The single enantiomers or diastereomers may be prepared
beginning with chiral reagents or by stereoselective or stercospecific synthetic techniques.

Alternatively, the single enantiomers or diastercomers may be isolated from mixtures by



-8- hydrogen; and n is 1 or 2; or a pharmaceutically acceptable salt thereof. In said embodiment, it is
preferred that the absolute configuration of the chiral center adjacent to the nitrogen of the
aminothiazine ring is (S); or a pharmaceutically acceptable salt thereof. 5A most preferred
embodiment‘gf)tf‘%gﬂ'i &ht invention relates to compounds of Formula | vﬂﬂjérr’gﬁ%%yﬁ{}?ﬁ%idinyl,
pyridinyl optionally substituted with fluor, or pyrazinyl optionally substituted with fluoro; R2 is fluoro; R3
is hydrogen or methyl; R4 is hydrogen; and n is 1 of2; or a pharmaceutically acceptable salt thereof.
In said embodiment, it is preferred that the absolute configuration of the chiral center adjacent to 10the
nitrogen of the aminothiazine ring is (S), or a pharmaceutically acceptable salt thereof. An
especially preferred embodiment of the present invention relates to compounds of Formula | where RI
is pyrimidinyl; REEHA 6k TORGEsEH anTeHRIGY SR AME ISR SrachisarRiaEdatically
acceptable salti#heraefcdin Gaishpoupadingatinitigipiefsimgd cdibhahtre absalute-oanfigifration of the
chiral center adjacent to the, nitrogen of the aminothiazine. ring.is,(S): ar a pharmaceutically acceptable
salt thereof. é%%%ﬁ%r%z%eelgﬁ%%ﬁ&%ﬁ ﬁr%%eégg}l?ﬁ%ﬂ?%]fgﬂﬁﬁei%re‘éca]rﬁltoﬁivention relating to
compounds of Formuleh¢ $$me¥8ds 6 BipprarpRAEEHEA Y atee)stanid sakieshorORHbther especially
preferred embogignemtehihe aresenkioventigadelaincdacarpRAtACEGEHoHTidRbIs 4l a
pharmaceutlcal.{ll\éI ?elltggneﬁ)atﬁsplghsalt thereglfI The comg%# ds of Formula Iha&e |nh|P|tors of. BACE. Thus,

the present invention also pro%ﬁ%;g%elglrgne%’hagaegftaln f’naél REE Igef)é'tlé}}lotg?ha?tr gcr)el%apnr%es

administering téham & patdRedwhaddeotsalertreatMdrit, BaC Edndlibifirg Braowrreofaicompound of

Formula I. -9- Itjgprefeseegbthatiihe patigntiobetigated by the apminisitatignofihe compounds of

Formula | is hugan. As inhihitors of BACE, compounds of the present invention are useful for
man.Asihibilors of BACE, ibe i ohhe presenty

suppressing the ProBUcTBISOP RT3 RRbHY AAE THETHISH 16 IRE et ntof di&BiHérs Sresulting from

excessive AP p&pitidiefents! disatocovieryaderrtidneaniti ora édscfidmed with hydrochloric
acid.

Although all of the compounds of Formula I are useful inhibitors of BACE,
certain classes of compounds are preferred. The following paragraphs describe such
preferred classes:

15 a) R'is pyrimidinyl;

b) R'is pyrazinyl optionally substituted with fluoro;

¢} R'is pyridinyl optionally substituted one or two times at each instance

independently selected from chloro, fluoro, or methoxy;

d) R'is pyridinyl optionally substituted with fluoro or methoxy:

20 ¢) R!is pyridinyl optionally substituted with fluoro;
f) R?is fluoro;
g} R?is chloro;
h) nis @
i) nisl;
25 i} nis2;

k) R%is hydrogen;

D R%is methy! substituted with hydroxy;

m) R’ is methyl;

n) R’ is isopropyl substituted with hydroxy;
30 o) R'is hydrogen;

p) R*is methyt;



clearance of AD peptide. A further embodiment of the present invention is the use of a compound of
Formula | for the manufacture of a medicament for treating a disease or condition capable of being

improved or prevented bzéinhibition of BACE. The compounds of Formula | are therefore believed to
be useful in ¥ELHHY B freventing 10 Alzheimer's disease, mild cognitive FRBAiRETHP4E58n'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, dementia associated with Parkinson's disease, dementia associated with progressive
supranuclear palsy, dementia associated cortical basal degeneration, and diffuse Lewy 15body type of

Alzheimer's disease. The compounds of the present invention may be prepared by a variety of
procedures known in $hel&pcyBprEng o iER B e strabecitis araseremed balshihaeitibe recognized

by one of skill in the art thatdheijadividuné stepgeiotiefolawing-aehemes may be varied to provide the
compounds of Formullr_? :I1~ The arti%%l%c%%ﬁg PISSJ?PeSt;Q required to produce the compounds of
t

. h: ; . .
Formula | is depende upgﬁot 0Srallrtlcular compouna béi?r?’g synthesized, the starting compound, and

the relative lability of the issttpesedpidietiaslatireaplsaness ot dldrspPla e schemes below can be

recovered Ry conventipnaldosihedsd igiuging exirastipnoeManaratien, precipitation, chromatography,
filtration, trituration, and Q/stallizati n. 5Ce|it in s}tler occperﬂlica cetpters have been left unspecified
h S FahsHRS

. . e commpound pf For, 15 orige salt, .
and certain substltueﬁas ave BN efntinated inthe I%wmg schiemes for the sake of clarity and are

not intended to limit tiePreteisihepbb dhiaest hethrazrdreainyvariipnFelathetvrroren dweiviefUuarizomers,

enantiomers, of diaslereUMSFMAY 108 S8R ISR ATARLEHIHRANIENERINTIRLhE Spthesis of
compounds of Formula | b}g methodi such, as chiral chromato rg%}y 30Additignaljgﬂftﬁ£ intermediates
(0]

described in th&FSHSRARGERHEME S %?Fﬁ%' oD SOHBeP BY itoge) Péé’*‘ﬁ’ﬁ%“&?’ e variable
protecting igroupubstinibé itk Bewmie Rt isdifferent neacR Gebudance. deendingprstheipadicular reaction

conditions and the, Ragticylas ransiormationsite heneriarmes: Thedsotpetianand.denrgtection

conditions are well known to the skilled artisan and are described in the literature. See. e.g., Greene

and Wuts, Prot8cliVe GrbtpRimsrh ity Sormiais X upra S itid SEHRMBLBeibly, all substituents,
unless otherwigedfdichted flarepretdousigdefined. tAschitth berappreciated, thonipaunds é formulae (1a)

to (le), (2), and (3).can.besea EM?{;G&%{%%E@&E@QM&%@ ggﬁ_l{ﬁlégg\ﬁ/n and established in the art,

including methods and procedures'similar to those described herein. The requisite starting materials
are either EbmmerciafyiaehRiBirsH aRrdegrefdbe st BEmHBAGAIR CoRRrBI Materials by
methods well kiromm kol this:gkillad priiaainSeheidiayl optionally substituted one or two times at

each instance independently selected from chloro, fluore, or methoxy, or pyrazinyl
optionally substituted with fluoro; R? is chloro or fluoro; R is hydrogen, methyl, methyl
substituted with hydroxy, or iso-propy1 substituted with hydroxy; R* is hydrogen; and n is

20 0, I or 2; orapharmaceutically acceptable salt thereof. In said embodiment, it is
preferred that the absolute configuration of the chiral center adjacent to the nitrogen of the
aminothiazine ring is (S); or a pharmaceutically acceptable salt thereof.

A more preferred embodiment of the present invention relates to compounds of

Formula I where R is pyrimidinyl, pyridiny! optionally substituted one or two times at

25  each instance independently selected from chlore or fluoro, or pyrazinyl optionally
substituted with fluoro; R? is chloro or fluoro; R is nydrogen, methyl; R* ig hydrogen;
and n is 0, 1 or 2; or a pharmaceutically acceptable salt thereof. In said embodiment, it is
preferred that the absolute configaration of the chiral center adjacent to the nitrogen of the
aminothiazine ring is (S); or a pharmaceutically acceptable salt thereof.

30 A further embodiment of the present invention relates to compounds of Formula |
where R' is pyrimidinyl, pyridinyl optionally substituted with fluoro or methoxy, or

pyrazinyl optionally substituted with fluoro; R* is fluoro; R” is hydrogen or methyl; R* is



Scheme | depicts the reaction of an appropriate compound of any of formulae (la) 15to (1e), where R5
IS a nitrogen protecting group, such as acetyl, benzoyl, or t- butoxycarbonyl, with an appropriate
compound of formula (2) or formula (3) to give a compound of Formula | after the deprotection of the
intermediate¥t#) 2R%¥bHPdund of any of formulae (la) to (1e) is reacted wiffF&/ ESHBAHASEFDT formula (2)
in a Suzuki coupling reaction using a suitable palladium reagent, such as
bis(triphenylphoshine)palladium(ll) chloride, palladi_lér_n tetrakistriphenylphosphine, PdC12, or
palladium(l) acetate, in the presence of a suitable base, such as cesium carbonate, sodium carbonate,
or potassium carbonate. Such reactions are carried out in a suitable solvent, such as
[,2-dimethoxyethane, water, ethanol, acetonitrile, 5dimethylformarnide, or dioxane, or mixtures thereof.
Alternatively, aBstiopeuisador ddyol:formlamaca)ins il ejdaeprdde et thitod demepbund of formula (3) in
a Stille couplingkpagtignUsing3sHiahle Palkasium keauaMisheNtRSchiral center adjacent to

bis(triphenylphoshineg all '%Jmlglg ({Qlor_ide, PdC12, or palladium te {akistri h ny hosphine, in the
thetngi‘ chg the am IazipgTing Is S35 504 rmaceitica Yjaess ab% .
presence of a suitable=additive, such as lithiufm chloride "10or cesium tludtride. Stch reactions are

carried out in atsefitable solvent, such as toluene or DMF, or mixtures thereof. In an optional step, a
pharmaceutically accapiakie.sali-af stomposnd At FrieMaJ.rambadermed hy.teacting an

appropriate free base of Formula | wjth an appropriate pharmaceutically ac¢eptable acid in a suitable
solvent under &&Hﬂ%ﬁ?ﬁl EV&ﬁEﬁﬁ’bﬁss.Sffgn&%‘a’.ﬁc%ﬂﬁW?r?é’%?ﬁ%%ﬁ&ﬁ%‘f“& c‘ﬁ%aﬁﬂ‘ég@aﬁroccur

simultaneously mpaindeprotedtonstianitroge iyorot&Ctinfugrolld. it hedfogmatiore by RcHssalts is well

known and appregigied Rdhesart: 2; oGomRRURdR QoY lia)sanbe Prenaigd by two variants.
Schemes Il and 11| depict the synthetic steps starting with an appropriate compound of formula (i) to

give a 20 compUBPRE SIS rihiATRESTA RAES RSO et ariangl Bidha Reuatiaseiftrogen
protecting lgrouiestichgas dckipimbendoyheoint butdxycadhenpicSchdipedieptaific) sBzNCS 7-'0H R

thereof.
An especially preferred embodiment of the present invention relates to compounds
of Formula I where R" is pyrimidinyl; R? is fluoro; R® is hydrogen; R” is hydrogen; and n
is 2; or a pharmaceutically acceptablie salt thereof. In said embodiment, it is preferred
15  that the absolute configuration of the chiral center adjacent to the nitrogen of the
aminothiazine ring is (S); or a pharmaceutically acceptable salt thereof.
A further especially preferred embodiment of the present invention relating to

compounds of Formula I is

N
Naw g
N NH,
CH,
F F ; or a pharmaceutically acceptable salt thereof.
20 Another especially preferred embodiment of the present invention relating to

compounds of Formula T is

; or a pharmaceutically acceptable salt thereof
The compounds of Formula T are inhibitors of BACE. Thus, the present invention
also provides a method of inhibiting BACE in a patient that comprises administering to a

25  patient in need of said treatment a BACE-inhibiting amount of a compound of Formula L



2.) H+ 3.) Protection (v)(R2), -12- In Scheme II, a compound of formula (i) is reacted with
2-methyl-propane-2- sulfinic acid amide in the presence of Ti(OEt)4 in a suitable solvent, such as THF,
to give a compound of formula (ii). A compound of formula (iii) is prepared by adding n-BuLi to
diisopropylaiiféft’a3éthtable solvent, such as THF. The appropriate acet&tBIMPSRT is added
followed by an excess of chlorotitanium triisopropoxide. A compound of formula (ii) is added to the
solution of a compound of formula (iii) to give a corujgound of formula (iv). The deprotection of the
amine is carried out by methods known in the art and is followed by the reduction of the ester to the
alcohol by methods well known in the art, for example by the use of lithium aluminum hydride or lithium
10borohydride. To the alcohol (v) is added benzoyl isothiocyanate. The intermediate compound is
treated with HC} torfséitetépiolts paipend sl oy B ddemisiaior thiberspngiadp, and then a
suitable nitrogerpratecting:graup is added to give a compound of the formula (la). Scheme HI 1) H+
2.) Protection 3.) Chlrﬁ!ﬁ, ﬁﬁ%%t%lgp B&F@,’ﬂ}g Sloar)lpounds of the present invention are useful for

suppressing the production of AP peptide, and therefore for the treatment of disorders

5 resulting from excessive AR peptide levels due to over-production and/or reduced

clearance of A peptide. A further embodiment of the present invention is the use of a

compound of Formula I for the manufacture of 2 medicament for treating a disease or

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

10 Alzheimer’s disease, mild cognitive impairment, Down’s Syndrome, Hereditary Cerebral

Hemorrhage with Amyloidosis of the Dutch-Type, cercbral amyloid angiopathy, other

degenerative dementias such as: dementias of mixed vascular and degenerative origin,

dementia associated with Parkinson’s disease, dementia associated with progressive

supranuclear palsy, dementia associated cortical basal degeneration, and diffuse Lewy

15  body type of Alzheimer’s disease.

The compounds of the present invention may be prepared by a variety of
procedures known in the art, some of which are illustrated in the Schemes below. It will
be recognized by one of skill in the art that the individual steps in the following schemes
may be varied to provide the compounds of Formula I The particular order of steps

20 required to produce the compounds of Formula I 1s dependent upon the particular
compound being synthesized, the starting compound, and the relative lability of the
substituted moieties. The products of each step in the schemes below can be recovered by
conventional methods, including extraction, evaporation, precipitation, chromatography,
filtration, trituration, and crystallization.

25 Certain stereochernical centers have been left unspecified and certain substituents
have been eliminated in the following schemes for the sake of clarity and are not intended
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.

30 Additionally, the intermediates described in the following schemes contain a

number of nitrogen protecting groups. The variable protecting group may be the same or



In Scheme IlI, an excess of vinylmagnesium bromide is added to a compound of formula (i) in a
suitable solvent, such as THF, to give a compound of formula (vi). The alcohol (vi) is treated with
thionyl chloride or PBr3 in a suitable solvent, such as hexane or ethanol, followed by the addition of
thiourea to giv@ HEHHSUnd of formula (vii). The 20compound of formulaP&HUEHHEAEE ith acid at an
elevated temperature to provide the racernic aminothiazine which is protected with a suitable nitrogen
protecting group and WO 2009/134617PCT/U520q3/040589 -13- subjected to purification conditions,
such as chiral chromatography or crystallization, to give a compound of formula (1a). Scheme IV
(n-Bu)3SnH Al BN (R)ri (1 b)(R ),(x) 5Scheme 1V depicts the synthetic steps starting with an
appropriate compound of formula (ii) to give a compound of formula (Ib). An excess of
2-methylallylmalifiesiym esloridarincidideendy s golriontstidetapouertdfisosmid i) in a suitable
solvent, such aﬁaﬂiﬁhﬂﬂ@iﬁﬁﬂ?ﬁﬁﬁezﬁQ@H@ﬁéﬁﬁiﬂﬁewﬂwﬁ%ﬁ%ﬁ ireaigdoiihona saltionsof HCl in a

suitable solvent, such as dioxa ane to gjve .a con pound oLformHIa V"a)mTh% amlne viii) 10is reacted
{Fl known to the $kalled artig are gescri 3 e )
with benzoyl isO |ocyana 8 i ‘a%SUitabI& SSIvant *sut 0 give'a comp of formula (ix).

Treatment of a@dﬁ%@uﬁd@d&%@&mﬁ@tgﬂaﬂ @X@%@dee in a suitable solvent, such as

dichloromethane, willigiie Ri%mRPRUSY, of (REmlae) inalhnAdditinnahdi-Rautviigshydride and
AIBN in a suitable solvent, §uch as toJuene, will g%l_? compound of;orm la %)&15 Scheme V- WO

2009/134617P A G5oTbh BB 8RR KBRS Ry g@@ (i 8t B2 yn(R2) (i )(Xii)

readily prepared by methods that are well-known and established in the art, including
methods and procedures similar to those described herein. The requisite starting
materials are either commercially avallable or may be prepared from commercially

10 available materials by methods well known to the skilled artisan.

Scheme |
R‘1
R R TSB(OH),
(2)
35
OR
5 R
Br N//I\N"R \Sn(nBu)a
(3)
(R2)n Pd-catalyst

(1a)-{1e}

Scheme T depicts the reaction of an appropriate compound of any of fornulae (1a)
15 to(le), where R’ is a nitrogen protecting group, such as acetyl, benzovl, or -
butoxycarbonyl, with an appropriate conipeund of formula (2) or formula (3) to give a
compound of Fornmala 1 after the deprotection of the intermediate (4).
A compound of any of formulae (1a) to (1e) is reacted with a compound of

formula (2) in a Suzuki coupling reaction using a suitable palladinum reagent, such as



R4 (R2), (xv) Scheme V depicts the synthetic steps to give a compound of formula (1c) starting with an
appropriate compound of formula (iv). X is bromo or chloro. R5 is a suitable nitrogen protecting group.

R6 is methyker gtk &ompound (xi) is prepared by reacting 5N, O-dimethpdhyckaxylamipe with an
excess of butyl lithium in a suitable solvent, such as THF. A compound of formula (iv) is added to a

solution of the compound (xi) to give a compound of formula (xii). An excess of the appropriate
magnesium halide (xiii) is added to a solution of a ddmpound of formula (xii) in a suitable solvent, such
as THF. The resulting ketone (xiv) is reduced to the alcohol (xv) by conditions well known and
10appreciate in the art, for example by sodium borohydride in a suitable solvent, such as methanol. To

the alcohol (ev)ipaddlegienza ispibionyRDale b Iteiie ale Saptagupd Bfeated with HCI and

then a suitable nitrogen protectirig group 1S added to give a compoun ormula (Ic). Scheme VI
-15- 1. leavingfgfde rortrsion(1D. ariifda Be Prossess oRediehéhbess shghe WidEpicts the synthetic
steps to give a.gameynsinkicamulakl dhancatempaund stiamulatielsaniagwithan appropriate
compound of formuta 0y, WhGIE RS 15 ASHIARIZNIrogen proteqtind group:
5 dimethylformamide, or dioxane, or mixtures thereof.
Alternatively, a compound of any of formulae (1a) to (le) is reacted with a
compound of formuia (3) in a Stille coupling reaction using a suitable palladium reagent,
such as bis(triphenylphoshine)palladium(IT) chloride, PdCly, or palladium
tetrakistriphenylphosphine, in the presence of a suitable additive, such as lithium chloride
10 orcestum fluoride. Such reactions are carried out in a suitable solvent, such as toluene or
DMF, or mixtures thereof,
| In an opticnal step, a pharmaceutically acceptable salt of a compound of Formula
T can be formed by reacting an appropriate free base of Formula I with an appropriate
pharmaceutically acceptable acid in a suitable solvent under standard conditions.
15  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,
Compounds of formula (1a) can be prepared by two variants. Schemes il and HI
depict the synthetic steps starting with an appropriate compound of formula (i) to give a
20 compound of formula (1a) in which R® is methyl or ethy} and R is a suitable nitrogen

protecting group, such as acetyl, benzoyl, or r-butoxycarbonyl.

Scheme I
~ ~L-
\l/ S (iPr-O)~Tig, /é.
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5A compound of formula (xvii) is prepared by first reacting (methyl)triphenylphosphonium bromide and
n-butyl lithium in a suitable solvent, such as THF. To this solution, a compound of formula (xvi) is
added slowiygfesgnsianee by an addition funnel or syringe pump. A compggng hie s (Xviii) is
prepared by the addition of ethyl glyoxalatc and ytterbium trifluoromethanesulfonate to a compound of
10formula (xvii) in a suitable solvent, such as acetonitrile. A compound of formula (xix) is prepared
via a three step process: first, the alcohol of a compéund of formula (xviii) is transformed to a leaving
group, for example by reaction with trifluoromethanesulfonic acid anhydride in the presence of an
appropriate amine base, such as 2,6-lutidine or diisopropylethyl amine in a suitable 15solvent such as

methylene chloride. 'ﬁ!b@%&%?ﬁoaf 5911‘?1%?}1 igﬂ%%w%%g&g@&m%am%mgg@e is added to an

excess of sulfuric acid. The resulting amino group of a compound of formula (xix) is protected with a
suitable nitrog8HprsRitATIgeSE FBYreEscsrétHbas wdladeRe sl tistitbad TR &t to give a
compound of fprampauaxds Thewraction ebacampsiraanaffoimidlargacaan belgarsiediaut in two

variants to yielt% giither a gmgound of fg{mufgeg%c ra xl:%pp%nd of foimulaﬁ%g)s. A compound of

A mifie t iaf
(1d) can be prepa}seO 1t())§}yt e reduéion of the ester 6 compoun(-:r'tﬁ,agg{)0 l)llar%g well known or

described in trrerappuiest iexddnpielan whizess Gt tithitfiekisoroiepore slisearspitatte dolvent, such as THF.
A compound afig).cah Bepirparedoy reacting &remPaund abiRnuia LRVt angxcess of

methylmagnesium chlgride in a suitable solvent, such.as THF. Preparations and Examples 10The
following prepﬁ?&?@ﬁgga??foég?ﬁﬁé S ﬁ?ﬁr%?‘iﬂ[ﬁ’&ﬂ%ié’ﬁ%@ VEhRtior ™ O’l‘h%'rli%ﬁ%gésfor the compounds
of the present inventiotharet pndvidetowe ChetmDedwy ddltixhvessior £6.6lcding abineéwidtions used
herein are defigegaccarding. Q. g Qaiﬂy&agﬁﬁk’;‘]uéé% mﬁid}h%a%ﬁl%%ﬁﬁa%foﬁhl%ﬁ}ﬂations are

defined as follows: "SCX" is strong cation 15exchange; "ca." is about or approximately; "EtOAc" is ethyl
acetate; "MeoherRhydatsards hoaorad Bichidrshisranbisothineyqaatet ARy HVSaRSREL20" is diethyl
ether; "(OEQ" iz@tboxides tegeivivith ¢iUivalesitiaitFRE Thiis dudsesesncentesananice erergy transfer;
"RFU" is relatiye fluagrescence, unit; ; "DMEM: is Dulbecco’'s Modifie le's Medjium; "F12" is Ham's
12 mecdm; ‘BEAT SR b o ST e R MO e g Snermise,
is obtained viacf baMgIlaridige CI8 (2.1 x 50 tim x 3.5um) column at a temperature of 50 C +/- 10 C
with a flow ratg@fami/min. The elution system is 5 to 100% ACN w/ 10 mM ammonium bicarbonate
(pH 10) 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 F agmentor; 1.0 gain; 2580 threshﬁ'a).

Br OH S” "NH
VinylMgBr Br S0C, Br I ?
g, == Thiourea CiH
o " o &, R?
{vii} (R,
1.3 H+
2.} Protection
3.) Chiral
Resolution

T
Br P N.R
. H
(R,
15 (1a)

In Scheme I, an excess of vinylmagnesium bromide is added to a compound of
formula (i) in a suitable solvent, such as THF, to give a compound of formuta (vi). The
alcohol (vi) is treated with thiony! chioride or PBr; in a suitable solvent, such as hexane
or ethanol, followed by the addition of thiourea to give a compound of formula (vit). The

20 compound of formula (vii) is treated with acid at an elevated temperature to provide the

racemic aminothiazine which is protected with a suitable nitrogen protecting group and



Certain compounds are purified via HPLC, method A: Xterrag RP18 (30 x 300 mm) column at ambient
temperature with a flow rate of 40 mL/min. The elution system is or consists of an isocratic gradient of
0:100 (acetepitrigistPsds P HC1 in 1-120)) for 1-5 minutes followed by a lingagiagigmtfEggn 0:100
(acetonitrile : (0.1 % HCL1 in H20)) to 3050:50 (acetonitrile : (0.1 % HC1 in H90)) over 20 minutes. Any
other HPLC conditions are otherwise specified. 1.7- Preparation 1 (R)-2-Methyl-propane-2-sulfinic
acid [1-(5-bromo-2,4-difluoro-phenye-ethylidene]- dmide 5To a solution of
1-(5-bromo-2,4-difluoro-phenyl)-ethanone (19 g, 64.7 mmoles, 1 equiv.) and
(R)-2-methyl-propane-2-sulfinic acid amide (10.2 g, 84.1 mmoles, 0.76 cquiv) in THF (0.3 M, 215 mL)
is added Ti(OE : 129 mmoles, 2.0 equiy) in a single paortion at ambient temperature. The
reaction is hea%gb %%%gén %%%F%‘i%*v&é’ &t%msnt?F ?Lu§¥h'c.1” gga:le%l(l: fg%ml r%%%ieocri ?g%mnﬁl &t téhperature, and
poured into wasi¢ TreEnPowekifdeigslaspension is filtered through a pad of diatomaceous earth and
washed with ettpdeagatate. The filtrate is collected and extracted with ethyl acetate. The organic layers
are combined, dried over sodium sulfate, filtered, and concentrated under reduced pressure to give a
residue. The residue is\,,.téurified by silica gel chromgtography, eluting with a linear gradient of hexane to
give.the 15title compouﬁﬁd\g

81% ygeld): MS (m/z): 338,
340 (M+1). H n ds in @- 1 are prépéred® ti Iy%bed in the
preparation of (R)- thyl-ﬁﬁdﬁane-Z-suIfiniq@@'@kﬂyﬁl-(S-bromo-Z,fmorg- 'hi?en thy
lidenekamide. 20Table ®WO 2009/134617PCIMS2009/040589 -18- Pré'b.)nlgf%. Chemical name
Physical data MS (m/z) la (R)-2-Methyl-propane-2-sulfinic acid [1-(3-bromo-4{

'2

: g0 : ]
hexane: ethyl acetat€t3; 1) qye/rﬂg(l)mpute& Q

fluoro-phenyl)-ethylideneEamide 320, 322 (M+1) Ib

2 2

[
Br\@wﬁ\;s\h‘ i M Br ﬁ{j_\\Ni@
H AIBN @ b
R (1b) R x)

5 . Scheme IV depicts the synthetic steps starting with an appropriate compound of
formula (i) to give a compound of formula (1b). An excess of 2-methylallylmagnesium
chloride is added to a solution of a compound of formula (if) in a suitable solvent, such
as dichioromethane. The resulting intermediate is treated with a solution of HCl in a
suitable solvent, such as dioxane, to give a compound of formula (viii). The amine (viii)

10 is reacted with benzoyl isothiocyanate in a sujtable solvent, such as THF, to give 2
compound of formula (ix). Treatment of a compound of formula (ix) with an excess of
iodine in a suitable solvent, such as dichloromethane, will give a compound of formula
{x). Finally, addition of tri-n-butyltin hydride and AIBN in a suitable solvent, such as
toluene, will give a compound of formula (Ib).

15  SchemeV



(R)-2-Methyl-propane-2-sulfinic acid [1-(5-bromo-2- fluoro-phenyl)-ethylidenekamide 320, 322 (M+1) Ic
(R)-N-(1-(3-bromophcnyflethylidene)-2- methylpropane-2-sulfinamide 302, 304 (M) Id
(R)-N-(1-(5-brarpsytr6hdorophenyl)ethylidene)-2- methylpropane-2-sulfina, ‘il g.%g /ﬁ +1)
Preparation 2 (S)-34(R)-2-Methyl-propane-2-sulfinylamino)-3-(5-bromo-2,4- d| uoro-phenye-buty c acid
methyl ester O'S'NIH 0 Br OMe 5 n-Butyl lithium (41.9 mL, 105 mmoles, 2 equiv) (2.5 M in Hexane) is
added to a - 78 C solution of diisopropylamine (10.6.¢, 105 mmoles, 2 equiv) in THE (262 mL). After
15 minutes, methyl acetate (7.7 g, 105 mmoles, 2 equiv) is added dropwise and the reaction is allowed
to stir for 30 minutes. To the reaction is added dropwise a solution of 10chlorotitanium triisopropoxide
(31.6 g, 115 mmoles, 2.2 equiv) in THE (50 mL). After stirring 60 minutes at -78 C , a solution of
2-methyl-propane-2- SH/[I’IIC acid [1 L(3 br(bmo phen 1)-ethylidene]-amide (12.2,9, 40.4 mmoles, 1
equiv) in THE (50 mL)gs added dropw se. The rea on is stirred for 3 hat-78 C. The reaction is
guenched with a sat@ra,t lution of mmonlumCC I H (1DO >§/\/armedcit§ asnnlment temperature,
and 15diluted with f;)M'FI“re—res'uItf?f fﬂfe1=ed-thﬁ$ “diatomaceous
earth and washed | acetate. The filtrate Iﬁated and extracted ethyl acetate. The
organic layers are corgdinéd and dried over sodium 575 te, filtered, and concenfﬁa%edxumder reduced
pressure to give a residue. The residue is

Reduction

Rt
ﬁi . ) BANCS S.
Br\@“‘ N/ INIR g; S:otection Br\@f’ﬂ\/\#

(R,
{ic) (xv)
Scheme V depicts the synthetic steps to give a compound of formula (1¢) starting
with an appropriate compound of formula (iv). X is bromo or chloro. R is a suitable
nitrogen protecting group. R® is methyl or ethyl. Compound (xi) is prepared by reacting
5 N.O-dimethylhydroxylamine with an excess of butyl lithfum in a suitable solvent, such as
THF. A compound of formula (iv) is added to a solution of the compound (xi) to give a
compound of formula (xii).. An excess of the appropriate magnesium halide (xiii) is
added to a solution of a compound of formula (xii) in a suitable solvent, such as THF,
The resulting ketone {xiv) is reduced to the alcohol (xv) by conditions well known and
10 appreciate in the art, for example by sodium borohydride in a suitable solvent |, such as
methanol. To the alcohol (xv) is added benzoyl isothiocyanate. The intermediate
compound 1s treated with HCI and then a suitable nitrogen protecting group is added to
give a compound of the formula (1¢).
Scheme VI



-19- purified by silica gel chromatography eluting with a linear gradient of hexane: ethyl acetate (5:1) to
hexane: ethyl acetate (10:7) over 20 minutes to give the title compound (72% yield): MS (m/z): 412,
414 (M+1). Wphedatiewing compounds in Table 2 are prepared essentiallyas/desaxipackin the
preparation of (S)-3-((R)-2-methyl-propane-2-sulfinylamino)-3-(5-bromo-2,4-difluorophenyl)-butyric
acid methyl ester. Table 2 Prep. No. Chemical name Physical data MS (m/z) 2a (S)-ethyl
3-(5-bromo-2,4-difluoropheny1)-34(R)-1,1- dimethyléthylsulfinamido)butanoate 426, 428 (M+1) 2b
(S)-34(R)-2-Methyl-propane-2-sulfinylamino)-3-(3- bromo-4-fluoro-phenyl)-butyric acid methyl ester
394, 396 (M+l) 2c S)-3-((R)-2-Methyl-propane-2-sulfinylamino)-3-(5- bromo-2-fluoro-phenyl)-butyric
acid methyl ester 394, 396 (M+1) 2d (S)-3-((R)-2-Methyl-propane-2-sulfinylamino)-3- phenyl-butyric

acid methyl esteBrr 376 3 (MJ‘%%‘)_WBBr N HJ\WO\/ . H o
n-Buli 2 Q
Yh{OTH},

(eviy (R, i (R, (R, (xvil)
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Scheme VI depicts the synthetic sieps to give a compound of formula (1d) and a
compound of formula (1e), starting with an appropriate compound of formula (xvi),
where R’ is a suitable nitrogen protecting group.

5 A compound of formula (xvii) is prepared by first reacting
(methyDtriphenylphosphonium bromide and »-butyl lithium in a suitable solvent, such as
THF. Te this solution, a compound of formula (xvi) is added slowly, for instance by an
addition funnel or syringe pump. A compound of formula (xviir) is prepared by the
addition of ethyl glyoxalate and ytterbium trifluoromethanesulfonate to a compound of
10 formula (xvii) in a suitable solvent, such as acetonitrile,

A compound of formula (xix) is prepared via a three step process: first, the
alcohol of a compound of formula (xviil) 1s transformed to a leaving group, for example
by reaction with trifluoromethanesulfonic acid anhydride in the presence of an
appropriate amine base, such as 2,6-lutidine or diisopropylethyl amine in a suitable

15 solvent such as methylene chloride. An excess of thicurea is added and then the resulting
intermediate is added to an excess of sulfuric acid. The resulting amino group of a

compound of formula (xix) is protected with a suitable nitrogen protecting group by



2e (S)-methyl 3-(5-bromo-2-chloropheny1)-34(R)-1,1- dimethylethylsulfinamido)butanoate 410, 412
(M+1) 10Preparation 3 (S)-methyl 3-amino-3-(2,4-difluorophenyl)-butanoate hydrochloride ClI H NH2
0 OMe FF Hoeeseintion of (S)-3-((R)-2-methyl-propane-2-sulfinylamino)-3pherybdutysigoacid methyl
ester (15.5 g; 37.6 mmoles; 1 equiv) and methanol (100 mL) is added 15hydrogen chloride (4M in
Dioxane) (100 mL, 400 mmol, 11 equiv) in a single portion. The reaction is stirred at room temperature
for lit The solvent removed under reduced pressuréfe give the title compound which is used without
further purification (>95% yield): MS (m/z): 306, 308 (M+1). WO 2009/134617PCT/US2009/040589
-20-  The following compounds in Table 3 are prepared essentially as described in the preparation

of (5)-methyl 3;amine-3:(Adtdiflupiorlenyi-RuiRnnateRxdreshiasids of aRig.3 Rrgp-hlo- Chemical
name Physical data MS (m/z) 3a éS)-meth | 3-amino-3-(3-bromo-4-fluorophenyl)- butanoate
hydrochloride reaction of a compound of formula (xx) can be carried out in two variants to'yield either a

compound of formula (1d) or a compound of formula (1¢).
A compound of {1d) can be prepared by the reduction of the ester of compound
5 (xx) by methods well known or described in the art, for example, an excess of lithium
borohydride in a suitable solvent, such as THF.
A compound of (1e) can be prepared by reacting 2 compound of formula (xx) with

an excess of methylmagnesiuom chloride in a suitable solvent, such as THF.

Preparations and Examples

10 The following preparations and examples further illustrate the invention.

The names for the compounds of the present invention are provided by
ChemDraw® Ultra, version 10.0.

The abbreviations used herein are defined according to Aldrichimica Acta, Vol
17, No. 1, 1984, Other abbreviations are defined as follows: “SCX” is strong cation

15 exchange; “ca.” is about or approximately; “BtOAc” is ethyl acetate; “MeOH” is
methanol; “DCM?” is dichloromethane; “THE™ is tetrahydrofuran; “Et,(0” is diethy! ether;
“(QFEt)” is ethoxide; “equiv” is equivalents; “FRET™ is fluorescence resonance energy
transfer; “RFU” is relative fluorescence unit; ; “DMEM” is Dulbecco’s Modified Eagle’s
Medium; “¥F12” is Ham’s F12 medium; “FBS™ is Fetal Bovine Sera.

20 The mass spectrometry data, unless specified otherwise, is obtained via LC/MS:
Xbridge CI18 (2.1 x 50 um x 3.5um) column at a temperature of 50 °C +/- 10 °C with a
flow rate of I mL/min. The elution system is 35 to 100% ACN w/ 10 mM ammonium
bicarbonate (pH 10) 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;

25 80 threshold).

Certain compounds are purified via HPLC, method A: Xterra® RP18 (30 x 300
mm) column at ambient temperature with a flow rate of 40 mI/mic. The elution system is
or consists of an isocratic gradient of 0:100 (acetonitrile: (0.1 % HCI in H,O)) for 1-5
minutes followed by a linear gradient from 0:100 (acetonitrile : (0.1 % HCI in H,(O)) to

30 50:50 (acetonitrile ; (0.1 % HCI in H,O)) over 20 minutes. Any other HPLC conditions

are otherwise specified.



290, 292 (M+1) 3b (S)-methyl 3-amino-3-(5-bromo-2-fluoropheny1)- butanoate hydrochloride 290, 292
(M+1) 3c (5)-methyl 3-amino-3-(4-fluorophcnyl)-butanoate hydrochloride 272, 274 (M +l) 3d (S)-methyl
3-amino-3-dpramasds ghlorophenyebutanoate hydrochloride 306, 308 (Maih38069/040580
(S)-Ethyl-3-amino-3-(2,4-difluorophenyl)-butanoate hydrochloride 322, 324 (M+1) Preparation 4
(S)-3-amino-3-(5-bromo-2,4-difluorophenyfibutan-1-ol  10To a 0 "C solution of
(S)-ethy1-3-amino-3-(2,4-difluorophenyl)-butanoaté’hydrochloride (40.2 g, 90.5 mmolcs, 1 cquiv) in
THF (180 mL) is added lithium aluminum hydride (I M in THE) (118 mL, 118 mmoles) over 45 minutes
while maintaining the internal reaction temperature below 15 C. The reaction mixture is allowed to
warm to ambient temperature and stir for 1.5 @r&ﬁh@iﬁ@&t{on is cooled to OC
(R}-2-Methyl-propane-2-sulfinic acid [ 1-(5-bromo-2,4-difluoro-phenyl)-ethylidene]-

amide

~L-

5 To a solution of I-(5-bromo-2 4-difluoro-phenyl)-ethanone (19 g, 64.7 mmoles, 1
equiv.) and (R}-2-methyi-propane-2-sulfinic acid amide (10.2 g, 84.1 mmoles, 0.76
equiv) in THF (0.3 M, 215 mL) is added Ti(OEt)s (29.5 g, 129 mmoles, 2.0 equiv) ina
single portion at ambient temperature. The reaction is heated to 70 °C and allowed to stir
18 h. The reaction is cooled to ambient temperature, and poured into water. The

10 resulting suspension is filiered through a pad of diatomacecus earth and washed with
ethyl acetate. The filtrate is collected and extracted with ethyl acetate. The organic layers
are combined, dried over sodium sulfate, filtered, and concentrated under reduced
pressure fo give a residue. The residue is purified by silica gel chromatography, eluting
with a linear gradient of hexane to hexane: ethy! acetate (3:1) over 20 minutes to give the

15 title compound (81% yield): MS (m/z): 33§, 340 (M+1),

The following compounds in Table 1 are prepared essentially as described in the
preparation of (R)-2-methyl-propane-2-sulfinic acid [1-(5-bromo-2,4-difluoro-phenyl})-
ethylidene]-amide.

20 Table 1



15 and quenched by the dropwise addition of water (4.5 mL), 2 M sodium hydroxide (4.5 mL), and
water (13.6 mL). The resulting solid is removed by filtration and rinsed with ethyl acetate. The filtrate is
dried over Mg$$&donangsfittered. The solvent is removed -21- under reduceg-pressidbciesgive the title
compound which is used without further purification (71% yield, 73% purity as determined by LCMS):
MS (m/z): 280, 282 To a 0 C solution of (5)-methyl 3-amino-3-(4-fluorophenyl)-butanoate
hydrochloride (14 g, 38.6 mmoles, 1 equiv]) in THF1@00 mL) is added lithium borohydride (1.67 g,
77.1 mmoles, 2 equiv) carefully. After 5 minutes, the reaction 10mixture is heated to 50 C and stirred.
Upon completion, the reaction is cooled in an ice bath and quenched by dropwise addition of water.

ho ceallitianic m

The reaction is acidifiecwith-t-N-HEHO6-mi-}-Afterstirringfor-th-the-s RS .aw basic with 5N
{ l & E U%
in

NaOH, and extrapies) with dichloromethaneEhg-arganic layers are combinet: SFiett 8ver sodium
sulfate, filtered, and conceéntrated under reduced pressure to give the title covifptuiat (94 yield): 15MS
(m/z): 244.0 and 246.0 (MR )-2-Nibi6,IONRWIRD COMBRURGS [T EaRifks aTe prepared essentially
according to the prefraration of (S)-3-Amino-3-(3-bromo- 5)hen 1)-butan-1-810.T2blev:-20| WO
2009/134617PGT/US2000/040589 13 PRERY g PR me Physical data MS (m]z) 5a
(S)-3-amino-3-(3-br%no -4-fRietaygbéniyhliptan-1-0dlfinic acid [1-(5-bromo-2-
fluoro-phenyl)-ethylidene]-amide
(R)-N-(1-(3-bromophenyliethylidene)-2-

lc ' ' ) 302, 304 (M+1)
methylpropane-2-sulfinamide

320, 322 (M+1)

(R)-N-(1-(5-bromo-2-chlorophenyl)ethylidene)-2-
ld : 336,338 (M+1)
methylpropane-2-sulfinamide

Preparation 2
(5)-3-((R)-2-Methyl-propane-2-sulfinylamino)-3-(5-bromo-2,4-difluoro-phenyl)-butyric

acid methyl ester

~-
o S'NH 0
Br OMe
5 F F

n-Buty] Iithium (41.9 mL, 105 mmoles, 2 equiv) (2.5 M in Hexane) is added to a -

78 °C solution of diisopropylamine (10.6 g, 105 mmoles, 2 equiv) in THF (262 mL),
After 15 minutes, methyl acetate (7.7 g, 105 mmoles, 2 equiv) is added dropwise and the
reaction is allowed to stir for 30 minutes. To the reaction is added dropwise a solution of

10 chlorotitanium triisopropoxide (31.6 g, 115 mmoles, 2.2 equiv) in THF (50 mL). After
stirring 60 minutes at -78 °C , a solution of 2-methyl-propane-2-sulfinic acid [1-(3-
bromo-phenyl)-ethylidene}-amide (12.2 g, 40.4 mmoles, 1 equiv) in THF (50 mL) is
added dropwise. The reaction is stirred for 3 hat -78 °C. The reaction is quenched with a
saturated solution of ammonium chloride (100 mL), warmed to ambient temperature, and

15 diluted with water (100mL). The resulting suspension is filtered through a pad of
diatomaceous earth and washed with ethyl acetate. The filtrate is collected and extracted
with ethyl acetate. The organic layers are combined and dried over sodium sulfate,

filtered, and concentrated under reduced pressure to give a residue. The residue is



262, 264 (M+1) 5b (S)-3-amino-3-(5-bromo-2-fluorophenyObutan-1-01 262, 264 (M+1) Sc
(S)-3-amino-3-(5-bromo-2-chlorophenyl)butan-1-01 278, 280 (M+ 1) Preparation 6
(S)-1-Benzayb-asddHraromo-2,4-difluoro-pheny1)-3-hydroxy-I-methyl-propyh-thiqusaaessd iLN H OH
FF 5To a solution of (S)-3-amino-3-(5-bromo-2,4-difluoro-phenyl)-buran-1-ol (9.5 g, 34 mmoles, 1
equiv) in THF (50 mL) is added bis(trimethylsilyl)trifluoroacetamide (8.7g, 34 mmo1l,1 equiv). After 21i,
benzoyl isothiocyanate (5.5 g, 34 mmoles, 1 equiv)li$-added dropwise. The reaction is stirred 18 11,
guenched with water, and extracted with ethyl acetate. The combined organic phases are extracted
with 1 N HC1 and saturated aqueous 10 NaCl. The organic phase is dried over sodium sulfate,

fitered, and cqpegna N}?@fem%gﬁ%g%%ﬁga{& [ e SAMRRYRS (2 88 vied, 80 % purity

as determlned y LC owing compounars in Table 5 are

prepared esseRFay Es!diesisnsael AP acEsiEHATAGGH 29 (51)‘1‘1@%%263?1?1@ #tle compound
-(5-bromo-2,4-githarerpheny hhn3shydroxyslcmethyl- propyfl-thiourea. Table 5 WO

2009/134617PCT/US2009/040589 -23- Prep. No.

5 The following compounds in Table 2 are prepared essentially as described in the
preparation of (S)-3-((R)-2-methyl-propane-2-sulfinylamino)-3-(5-bromo-2 4-difluoro-
phenyl)-butyric acid methyl ester.

Table 2

Physical data

Prep. No. Chemical name
MS (m/z)

(S)-ethyl 3-(5-bromo-2 4-difluorophenyl}-3-((R)-1,1-
2a ) ) 426, 428 (M+1)
dimethylethylsulfinamido)butanoate

_ (5)-3-((R)-2-Methyl-propane-2-sulfinylamino}-3-(3-
2b o 394, 396 (M+1)
bromo-4-fluoro-phenyD)-butyric acid methyl ester

S)-3-((R)-2-Methyl-propane-2-sulfinylamino)-3-(5-
2c _ ‘y » 394, 356 (M+1)
bromo-2-fluoro-phenyt)-butyric acid methyl ester

(S)-3-((R)-2-Methyl-propane-2-sulfinylamino)-3-
2d ¢ Y p p' Y ) 376 378 (M+1)
phenyl-butyric acid methyl ester

(S)-methyl 3-(5-bromo-2-chlorophenyD-3-((R)-1,1-
2e 5) y ( phenyl)-3-(R. 410, 412 (M+1)
dimethylethylsulfinamido)butanoate

10 Preparation 3

(S)-methyl 3-amino-3-(2,4-difluorophenyl)-butancate hydrochloride
CIH

To a solution of {S)-3-((R)-2-methyl-propanc-2-sulfinylamino)}-3 -phenyl-butyric
acid methy! ester (15.5 g; 37.6 mmoles; | equiv) and methanol (100 mL) is added
15 hydrogen chloride (4M in Dioxane) (100 mL, 400 mmol, 11 equiv) in a single
portion. The reaction is stirred at room temperature for 1h. The solvent removed under
reduced pressure to give the title compound which is used without further purification
(>95% vield): MS (m/z): 306, 308 (M+1).



Chemical name Physical data MS Oniz) 6a (S)-1-Benzoyl1-341-(3-bromo-4-fluoro-pheny1)-3-
hydroxy-l-methyl-propyThthiourea 425, 427 (M+1) 6b (S)-1-Benzoy1-341-(5-bromo-2-fluoro-pheny1)-3-
hydroxy-l-methybgropylisthiourea 425, 427 (M+1) 6¢ (S)-N-(2-(3-bromopheayhréddmozybutan-2-
ylcarbamothioyl)pivalamide 359, 361 (M+1) 6d (S)-N-(2-(5-bromo-2-chlorophenyl)-4-hydroxybutan-
2-ylcarbamothioyebenzamide 441, 443 ‘

20

The following compounds in Table 3 arc prepared essentially as described in the

preparation of (S)-methyl 3-amino-3-(2,4-difluorophenyl)-butanoate hydrochloride.

Table 3
5
Physical data
Prep. No. Chemical name
MS (m/z)
S)-methyi 3-amino-3-(3-bromo-4-fluoropheny!)-
3a (8)-methy ( Huorophenyl= g0, 202 (w1
butanoate hydrochloride
S)-methyl 3-amino-3-(5-bromo-2-fluorophenyl)-
3b ®) ! ‘ pheayl) 290, 292 (M+1)
butanoate hydrochloride
(S)-methyl 3-amino-3-{4-fluorophenyl)-butanoate
3c 272,274 (M+1)
hydrochloride
(S)-methyl 3-amino-3-(5-bromo-2- ‘
3d ) 306, 308 (M+1)
chlorophenyl)butanoate hydrochloride
S)-Ethyl-3-amino-3-(2,4-difluorophenyl}-butanoate
3e (B)-Fthy ) phenyl) 322, 324 (M+1)
hydrochloride
Preparation 4
(8)-3-amino-3-(5-bromo-2,4-difluorophenyljbutan-1-ol
. NH,
Brﬂ\/\OH
F F
10 To a0 °C solution of (S)-ethyl-3-amino-3-(2 4-difluorophenyl}-butanoate

hydrochloride (40,2 g, 90.5 mmoles, 1 equiv) in THF (180 mL} is added lithium

aluminum hydride (1 M in THF) (118 mL, 118 mmoles) over 45 minutes while

maintaining the internal reaction temperature below 135 °C. The reaction mixture is

allowed to warm to ambient temperature and stir for 1.5 h. The reaction is cooled to 0°C
15 and quenched by the dropwise addition of water (4.5 mL), 2 M sodium hydroxide

(4.5 mL), and water (13.6 mL). The resulting solid is removed by filtration and rinsed

with ethyl acetate. The filtrate is dried over MgSQ, and filtered. The solvent is removed



(M+1) Preparation 7 (S)-4-(5-bromo-2,4-difluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-amine
NH2 5To a solution of (S)-1-benzoy1-341-(5-bromo-2,4-diftuoro-pheny1)-3-hydroxy-I-

methyl-propylbthipsiea {41 g, 68 mmoles) in 1,4-dioxane (20 mL) is addegapasiignmzs9lution of
HC1 (5 N, 407 mL, 2.0 moles, 30 equiv). The resulting suspension is warmed to 100 C. After stirring

for 20 h, the reaction is concentrated under reduced pressure. The resulting mixture is treated with an
aqueous solution of HCI (5 N, 407 mL, 20 10molespand stirred at 100C for 18 h. The suspension is
cooled to 10C and the pH is adjusted to pH 10 with a 50% aqueous solution of NaOH. The resulting
agueous solution is extracted with ethyl acetate. The organic layers are combined, dried over sodium

sulfate, fitered, g cancentiated under fedsed pressire, The teside,s pyrified by silica gel flash
%}/ eI% %1 it o?l E %ép(ﬁ’ iﬂ

column chromatograp ting with a step gradie exane: acetone to hexane: acetone
(3:1) to give theiie P undE 734 yiatanesoiehuimip Py dieMiindPpERI8) 2R8S (miz): 321, 323
(M+1). WO 2009/134617PCT/US2009/040589 -24- The following compounds in Table 6 are
prepared essentially according to the preparatjon of (§)-4-(5-bromo-2,4-difluoroph
enyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin2-arr]1r|er?ea.r a{b?e 6 Prep. No. Chemical name Physical data
MS (rniz) 7a (S)-4-(3-Bromo-4-fluGrio3phvesingt 3-43 rorstig piB@)-butan-1-ol

ﬂr,‘l\[Hz

Br\d\/\ OH
To a0 °C solution of (S)-methyl 3-amino-3-(4-fluorophenyl)-butanoate
hydrochloride (14 g, 38.6 mmoles, 1 equiv]) in THF (200 mL) is added lithium
borohydride (1.67 g, 77.1 mmoles, 2 equiv) carefully. After 5 minutes, the reaction
10 mixture is heated to 50 °C and stirred. Upon completion, the reaction is cooled in an ice
bath and quenched by dropwise addition of water. The reaction is acidified with 1 N HCI
(100 mL). After stirring for Lh, the solution is made basic with 5N NaOH, and extracted
with dichloromethane. The organic layers are combined, dried over sodium sulfate,

filtered, and concentrated under reduced pressure to give the title compound (94 % vield):
15 MS (m/z): 244.0 and 246.0 (M+1),

The following compounds in Table 4 are prepared essentially according to the
preparation of (8)-3-Amino-3-(3-bromo-phenyl)-butan-1-ol.

Table 4
20



dihydro-4H-[1,3]thiazin-2-ylamine hydrochloride 303, 305 (M+1) 7b
(S)-4-(3-bromopheny1)-4-methyl-5,6-dihydro-4H-1,3- thiazin-2-amine hydrochloride 285, 287 (M+1) 7c
(S)-4-(5-broge=dmshlyaphenyl)-4-methyl-5,6- dihydro-4H-1,3-thiazin-2-gmifye 34&y,/@RdstM+1)
Preparation 8 (S)14-(5-Bromo-2-fluoro-phenyl)-4-methy1-5,6-dihydro-4H-[1,3]thiazin-2- ylkcarbamlc
acid tert-butyl ester 10A solution of (S )-1-benzoyl-3 -[
-(5-bromo-2-fluoro-pheny1)-3-hydroxy-1-methyl- prépyl]-thiourea (0.79 g, 1.8 mmoles) and aqueous
HCI (5 N, 25 mL, 71 mmoles) is warmed to 100 C. After stirring for 6 h, the reaction is cooled to
ambient temperature and allowed to stand overnight. The reaction is concentrated under reduced

pressure to giv
15hydrochloride

crude(S)4=(5-bromo=2-ftuorophenytj=4-methy1=56=dihypremdtiz} Sthiagin-2-amine
M. (Ma/2): 303, 305 (M+1)Fhemididugelution of Ylcatda
(S)-4-(5-bromo-2-fluoropheny1)-4-methy1-5,6-dihydro-4H-1,3- thiazin-2-afnin&Ryé¥éehloride in THF

(30 mL) and saturategl aq

Je@&ﬁsﬁﬁﬂﬂmqglﬁf&ﬁﬂﬁﬁ%ﬂ&%ﬁﬁédy@ﬁ%eﬂﬂl -t

mmO|CS). After 4 h fhc\ re
sulfate, filtered, and é’o CcO

A e PaAe ST CLcHe R LS 1 pePheo e

Biabylkaargongate (0.77 g, 3,5

ver sodium
silica gel flash

column chromat

ography eluf&)g3w1thna~ﬂF(ééargm@d?e@iﬂmbhm@@émmbaodme.zéﬂ;yBacmaté

(3:1) to give

the title compo

(VA aYaYaWi
MU ({o0I7o

H L\ AMNO L L\, A-O\D. ll el 4 W |
ICIU). WIS (IM7£). 405, 4US UVI"‘I)

Preparation 6

(8)-1-Benzoyi-3-[ 1-(5-bromo-2,4-difluoro-phenyl)-3-hydroxy-1-methyl-propyl]-thicurea

g O

()
Br §
et
F F

To a sobution of {S)-3-amino-3-(5-brome-2,4-difluoro-phenyl)-butan-1-0f (9.5 g,

34 mmoles, 1 equiv) in THF (50 mL) is added bis(trimethylsilyDtrifluoroacetamide (8.7g,
34 mmol,1 equiv). After 2 h, benzoyl isothiocyanate (5.5 g, 34 mmoles, 1 equiv) is added
dropwise. The reaction is stirred 18 h, quenched with water, and extracted with ethyl
acetate. The combined organic phases are extracted with 1 N HCl and saturated aqueous

10 NaCl. The organic phase i¢ dried over sodium sulfate, filtered, and concentrated under
reduced pressure to give the title compound (> 95% vield, 90 % purity as determined by
LCMS): MS (m/z); 443, 445 (M+1).

The following compounds in Table 5 are prepared essentially as described in the
15 preparation of (§)-1-benzoyl-3-[1-(5-bromo-2,4-difluoro-phenyl)-3-hydroxy-1-methyl-
propyl]-thiourea.
Table 5



-25- Preparation 9 (8)-tert-butyl 4-(5-bromo-2,4-d fluoropheny1)-4-methy1-5,6-dihydro-4H-1,3-thi
ylcarbamate Th\lc-LN 5 To a solution of (S)-4-(5-bromo-2,4-difluorophenyl)-4-methyl-5,6-dihydro-4H-
1,3-thiazin-Zvemine {143 g, 39 mmoles 1 equiv) in 1,4-dioxane (190 inL) is@addesd® sajsyated
aqueous solution of sodium bicarbonate (190 mL) and water (30 mL) at ambient temperature. The
suspension is stirred for 5 minutes followed by the addition of di-tert- 10butyldicarbonate (17 g, 78
mmoles, 2 equiv). After |h, the reaction is diluted with-water, extracted with ethyl acetate, dried over
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue is purified by silica
gel chromatography eluting with hexane: ethyl acetate (4:1) to give the title compound (78% yield): MS

(m/z): 421, 423
described in the

M+1)15

Preparati

4-(5-bromo-2,4-difluoroph

The-fottowingcompounds i Tabte 7arepr
DN of (S)-tert-butyChemical name

enyl)-4-methyl-5,6-dihydro-4H1,3-thiazin-2-ylca

rbafaterhbld

PHRERRE Al as

7 WO

2009/1 4617PC
(S)44-(3-Bromo
ester 403, 405 (|

US2009

-4-fl@dro-g
M+1) 9b

-4-meth

henyl)- ety dmethyorlfh 0p391 4&1(!% Sa]thlazm -2

/048389 &boyirep: t\go@rgrﬂgmﬂgbﬁa[m@lﬁmsmau data MS (rniz

y5canaMid b

9a
cid tert-butyl

(S)-1-Benzoyl-3-[1-(5-bromo-2-fluoro-phenyl)-3-

6b . 425, 427 (M+1)
hydroxy-1-methyl-propyl]-thiourea
{53)-N-(2-(3-bromophenyl)-4-hydroxybutan-2-
6c A P i y ) ’ . ! 359, 361 (M+1)
ylcarbamothioylpivalamide
S3¥-N-(2-(5-bromo-2-chlorophenyl}-4-hydroxybutan-
6d SN2 ' phentyl)4-hydroxy 441, 443 (M+1)

2-vicarbamothioyl)benzamide

Preparation 7

(8)-4-(5-bromo-2,4-difluorophenyl)-4-methyl-5,6-dihydro-4H-1,3 -thiazin-2-amine

DQ\
F F

To a solution of (S)-1-benzoyl-3-{1-(5-bromo-2,4-difluoro-phenyl)-3-hydroxy-1-

methyi-propyl]-thiourca (41 g, 68 mmoles) in 1,4-dioxane (20 mL) 15 added an aqueous

solution of HCI (3 N, 407 mL, 2.0 moles, 30 equiv). The resulting suspension is warmed

to 100 °C. After stirring for 20 h, the reaction is concentrated under reduced pressure.

The resulting mixture is treated with an aqueous solution of HCI(5 N, 407 mL, 2.0

10

moles) and stirred at 100 °C for 18 h. The suspension is cooled to 10 °C and the pH is

adjusted to pH 10 with 2 50 % aqueous solution of NaOH. The resulting aqueous

solution is extracted with ethyl acetate. The organic layers are combined, dried over

sodium sulfate, filtered, and concentrated under reduced pressure. The residue 18 purified

by silica gel flash column chromatography eluting with a step gradient of hexane: acetone

5

determined by LCMS): MS (m/z): 321, 323 (M+1).

{4:1} to hexane: acetone (3:1) to give the title compound (57% vield, 85% purity as



(S)-tert-butyl 4-(3-bromopheny1)-4-methy1-5,6- dihydro-4H-1,3-thiazin-2-ylcarbamate 385, 387 (M+1)
9c (S)-ten-butyl 4-(5-bromo-2-chlorophenyl)-4-methyl- 5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate
419,421 (Mwh »6repagation 10 2-Bromo-3-yl-but-3-en-2-o0l 5 To a sopdtionBhoe/n40589
3-bromoacetophenone (50 g, 250 mmoles; 1 equiv) in MTBE (375 mL) at 10 C, is added
vinylmagnesium bromide (0.7 M in THF, 250 mmoles; 360 mL, 1 equiv) dropwise. The reaction is
heated to reflux for 16 h. The reaction is cooled and4quenched with a saturated aqueous solution of
ammonium chloride. The mixture is 10diluted with water, extracted with ethyl acetate, dried over
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue is purified by silica
gel chromatooraphy eiig Wit esigh aiRdienh ol neanas: G AGEIRIE: é%r&é%manes ethyl
acetate (4:1) to give the title com ound% 42% yield): 1H NMR MHz C13):1.64 (s, 3H),
5.18 (d, J= 14 Wﬁ%’aiﬁyﬂso%k‘d‘ ! 41185‘%@@*5&@%@&% $SHBhY A3 fthipay Hz, 11-1),
7.36-7.40 (m, 2-k)ink.63 (S, 1H). -27- Preparation 11 2-[3-(3-Bromo-phenyl)-but-2-enyl]-isothiourea
hydrochloride NH SNH2 CI H 5To a OC solution of 2-bromo-3-yl-but-3-en-2-ol (11 g, 29 mmoles, 1

equiv) and
5 Table 6
Physical data
Prep. No. Chemical name
MS (m/z)
(8)-4-(3-Bromo-4-fluoro-phenyli-4-methyl-5,6-
7a S phenyl) y 303, 305 (M+1)
dihydro-4H-[1,3]thiazin-2-ylamine hydrochioride
S)-4-{3-bromophenyl)-4-methyl-5,6-dihydro-4H- 1,3~
7b -4 . p. 7 Y Y 285, 287 (M+1)
thiazin-2-amine hydrochloride
{S)-4-{5-bromo-2-chloropheny)-4-methyl-3,6-
7c Byt X p. .y) ) Y 319, 321 (M+1)
dihydro-4H-1,3-thiazin-2-amine
Preparation 8
(8)-[4-(5-Bromo-2-fluoro-phenyl)-4-methyl-5,6-dihydro-4H-[1,3]thiazin-2-yi]-carbamic
acid rerr-butyl ester
10 A solution of (8)-1-benzoyl-3-[1-(5-bromo-2-fluoro-phenyl)-3-hydroxy-1-methyl-

propyl]-thiourea (0.79 g, 1.8 mmoles) and aqueous HCI (5 N, 25 mL, 71 mmoles) is
warmed to 100 °C. After stirring for 6 h, the reaction is cooled to ambient temperature
and allowed to stand overnight. The reaction is concentrated under reduced pressure to
give crude (S)-4-(5-bromo-2-fluorophenyl)-4-methyl-3,6-dihydro-4H-1,3-thiazin-2-amine
15 hydrochloride IMS (m/z}: 303, 305 (M+1)].
To a solution of (8)-4-(5-bromo-2-fluorophenyl)-4-methyl-3,6-dihydro-4H-1,3-
thiazin-2-amine hydrochloride in THF (30 mL) and saturated agueous sodinm bicarbonate
(15 mL) is added di-r-butyldicarbonate (0.77 g, 3.5 mmoles). After 4 h, the reaction is
diluted with water, extracted with ethyl acetate, dried over sodium sulfate, filtered, and
20 concentrated under reduced pressure. The residue is purified by silica gel flash column
chromatography cluting with a linear gradient of hexane to hexane: ethyl acetate (3:1) to
give the title compound (69% vield): MS (m/z): 403, 405 (M+1).



hexane (20 mL) is added thionyl chloride (6.9 g, 58 mmoles, 2 equiv). The reaction is allowed to warm
to ambient temperature at which time gas vigorously evolves. The reaction is stirred at ambient
temperaturgyntilddesgas ceases to evolve and the solvent is removed ungegregdeaspigssure. The
resulting residue is dissolved in acetonitrile (100 10mL). Thiourea (2.2 g, 29 mmoles, | equiv) is added
and the reaction is heated to 50 C. After 2 h, the reaction is cooled to ambient temperature. The
resulting precipitate is collected by filtration and washed with acctonitrile to give the title compound (90
% yield): MS (nVz): 285.0, 287.0(M+1). 15Preparation 12
4-(3-Bromo-phenyl)-4-methyl-5,6-dihydro-4H41,3]thiazin-2-ylamine A suspension of
243-(3-bromo-phenyl)-but-2-enylkisothiourea hydrochloride (17 g, 52 mmoles) in 12 M HC1 (53 mL,
640 mmoles, 12 equiv) is heated to 100 C. After 24 20 h, the solution is cooled to ambient
temperature. The pH of the solution is adjuste8 & #HtE® &ith aqueous 2N NaOH and extracted with
ethyl acetate. Ti(@%gmkcyﬂaxersrmmn@%ﬂagd)wmemﬁwmwﬁuﬂme3ftﬁa&eﬂzand
concentrated under reduced pressure to give th t| e compound (70% vyield): MS (m/z): 285.0, 287.0
(M+1). -28- Preparation 13 N-(4-(3- bromopher?’yi‘ﬁ fme?hyl 5,6-dihydro-4H-1,3-thiazin-2-ypacetamide
5To a 0 C solution of 4-(3-bromo-pheny1)-4-me ro -4H-[1,3]thiazin- 2-ylamine (10 g, 35
mmoles, 1 equiv) and triethylamine (4.3 814 %@ iv) in dichloromethane (70 mL) is added
dropwise acetyl chloride (2.8 g, 35 mmoles guiv) over 5 minutes. The reaction is allowed to warm
to ambientstemperature. After 1 h, the redction is'diluted Wlth dichloromethane and extracted with

water. The organic |3N@£%@ﬁ%&0§[5(8§wﬁ{§1ﬂ;r&lﬂ&d OVEIBRGAGS M- Sitiates, Bltﬁﬁ?ﬁjmat}d concentrated
under reduced essure The resulting residu purified by sjlica ato hy eluting with
hexane: ethyl AEJ L @H %h% fifd l'c?c())rﬁspou g% yf!e?c’l‘f ‘%/I(égpml}@ I%ﬁ 2"9 (M+ 1).
15Preparation skE)dNgub¢ s Briwng- pﬁm&yﬂzykhmmﬂwkﬁ,% Yol oAt G}imézmt—@n;biﬁmacetamide

4-(3-bromo-pheny- et SRR Al SISARIR HAIBE{A Cu i el s purified by
HPLC chlral separation [Column: 8 x 32 cm chiralpak AD; Fluent: 20.60;40:0.2 (isopropyl alcohol :

heptanes! QimBNEATHERATRE) BIGW ERE ATV GFRED B feepfiends dUHaeNithga€omer is
isolated to providedihe enantiginecical|y dnrichke chitle compotand §85% eldinhMEérelr): 327, 329

(M+1) under reduced pressure. The residue is purified by silica gel chromatography eluting with
hexane: ethyl acetate (4:1) to give the title compound (78% yield): MS (m/z): 421, 423
(M+1).

15

The following compounds in Table 7 are prepared essentially as described in the
preparation of (S)-tert-butyl 4-(5-bromo-2,4-diflucrophenyl)-4-methyl-5,6-dihydro-4H-
1,3-thiazin-2-ylcarbamate.

Table 7



-29- Preparation 15
(S)44-(2,4-Difluoro-5-pyrimidin-5-yl-pheny1)-4-methy1-5,6-dihydro-411-[1,3]thiazin-2- ylkcarbamic acid
ten-butyl estes BHd¥NELR1,c 5To a 100C solution of (S)-4-(5-bromo-2,4-di uprephemsk)idspeethy1-5,6-
dihydro-4H-1,3-thiazin-2-amine (12.6 g, 29.9 mmol, 1 equiv) in 1,2-dimethoxyethane: water: ethanol
(15: 7: 5, 300 mL) is added a pyrimidine-5-boronic acid (25 g, 203 mmoles, 6.8 equiv) followed by
cesium carbonate (58 g, 180 mmoles, 6 cquiv) and%is(triphenylphosphine)palladium(ll) chloride (4.2
g, 6.0 moles, 0.2 equiv). After 40 10minutes, the reaction is cooled to ambient temperature, diluted
with water, and extracted with ethyl acetate. The organic phase is dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The residue is purified by silica gel

chromatograph
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(S)-tert-butyl 4-(3-bromophenyl}-4-methyl-5,6-
dihydro-4H-1,3-thiazin-2-ylcarbamate

385, 387 (M+1)

Q¢

(S)-tert-butyl 4-(5-bromo-2-chlorophenyl)-4-methyi-
3,6-dihvdro-4H-1,3-thiazin-2-ylcarbamate

419, 421 (M+1)

Preparation 14

2-Bromo-3-yl-but-3-en-2-0l

|
Br OH

To a solution of 3-bromoacetophenone (50 g, 250 mmoles; 1 equiv) in MTBE
(375 mL) at 10 °C, is added vinylmagnesium bromide (0.7 M in THF, 250 mmoles; 360

mi., T equiv) dropwise. The reaction is heated to reflux for 16 h. The reaction is cooled

and quenched with a saturated aqueous solution of ammonium chloride. The mixture is

10

diluted with water, extracted with ethyl acetate, dried over magnesium sulfate, filtered,

and concentrated under reduced pressure. The residue is purified by silica gel

chromatography eluting with a step gradient of hexanes: ethyl acetate (9:1) to hexanes:
ethyl acetate (4:1) to give the title compound (40 g, 42% yield): 'H NMR (400 MHz,
CDCL):1.64 (s, 3H), 5.18 (d, J= 14 Hz, 1H), 5.30 (d, J=23 Hz, 1H), 6.13 (dd, /= 14, 23

15

Hz, 1H), 7.21(t, J= 11 Hz, 1H), 7.36-7.40 (m, 2 H), 7.63 (s, 1H).



356 (M+1) 15b (S)-N-(4-(3-(5-chloro -2-flu oropyridin-3 -yl)pheny1)-4-
methyl-5,6-dihydro-4H-1,3-thiazin-2-yl)acetamide 378 (M+1) 15c
(S)44-(4-Flupeordepysidir-5-yl-phenyl)-4-methyl- 5,6-dihydro-4H-[1,31thiagirrdrsyiheashageic acid ten-
butyl ester 403 (M+1) 15d (S)44-(2-Fluoro-5-pynmidin-5-yl-pheny1)-4-methyl-
5,6-dihydro-4H-[1,3]thiazin-2-y1]-carbamic acid ten- butyl ester 403 (M+1) 15e
(S)-N44-Methyl-4-(3-pyrimidin-5-yl-pheny1)-S,6- diiydro-4H-[1,3]thiazin-2-y1]-acetamide 327 (M+1)
15f (5)- {4[4-Fluoro-3-(2-fluoro-pyridin-3 -y1)-phenyl11-4-
methyl-5,6-dihydro-4H-[1,3]thiazin-2-y1}-carbamic acid ten-butyl ester 420 (M+1) 15 g
(5)-{442,4-Difluoro-5-(2-fluoro-pyridin-3-y1)-

10

15

20

Preparation 11
2-[3-(3-Bromo-phenyl)-but-2-enyl]-isothiourea hydrochloride
NH
" | S’U\NH:2
r CIH
To a 0 °C solution of 2-bromo-3-yl-but-3-en-2-0l (11 g, 29 mmoles, 1 equiv) and
hexane (20 ml.) is added thionyl chloride (6.9 g, 58 mmoles, 2 equiv). The reaction is
allowed to warm to ambient temperature at which time gas vigorously evolves. The
reaction is stirred at ambient temperature until the gas ceases to evolve and the solvent is
removed under reduced pressure. The resulting residue is dissolved in acetonitrile (100
mL}, Thicurea (2.2 g, 29 mmoles, 1 equiv} is added and the reaction is heated to 50 °C.
Afier 2 b, the reaction is cooled (o ambient temperature. The resulting precipitate is
collected by filtration and washed with acetonitrile to give the title compound (90 %
yield): MS (m/z): 285.0, 287.0(M-+1).

Preparation 12

4-(3-Bromo-phenyl}-4-methyl-5,6-dihydro-4H-{1,3]thiazin-2-ylamine

X
Br NZ NH,

A suspension of 2-[3-(3-bromo-phenyl)-but-2-enyl]-isothicurea hydrochloride (17
g, 52 mmoles) in 12 M HCI (53 mL, 640 mmoles, 12 equiv) is heated to 100 °C. After 24
h, the solution is cocled to ambient temperature. The pH of the solution is adjusted to pH
10 with agueous 2N NaOH and extracted with ethyl acetate. The organic layers are
combined, dried over magnesium sulfate, filtered, and concentrated under reduced

pressure to give the title compound (70 % yield): MS (m/z): 285.0, 287.0 (M+1).



phenyl]-4-methyl-5,6-dihydro-4H-[1,3]thiazin-2-yfl - carbamic acid ten-butyl ester 438 (M+1) 15h
(S)-ten-butyl 4-(2,4-d fluoro-5-(5-fluoropyridin-3- yflpheny1)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-
ylcarbamatex4Bidisdg115i (S)-4-(2-chloro-5-(5-chloro-2-fluoropyridin-3-  pCT/US2009/040589
yflpheny1)-4-methy1-5,6-dihydro-4H-1,3-thiazin-2- amine' 370, 372 (M+1) 15j N-
{443-(5-Methoxy-pyridin-3-y1)-phenyl]-4-methyl- 5,6-dihydro-4H-[1,3]thiazin-2-yll-aceramide 356
(M+1) 15k (S)-N-(4-(3-(2-fluoropyridin-3-yflpheny1)24=methyl-
5,6-dihydro-4H-1,3-thiazin-2-yOacetamide 344 () The t-butoxycarbonyl group was cleaved under
reaction conditions. -31- Preparation 16
(S)-4-(3-(2-fluoropyridin-3-yepheny1)-4-methy1-5,6-dihydro-4H-1,3-thiazin-2-amine N F
Preparation 13

N-(4-(3-bromophenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-y{acetamide

3
Bf\@’&ANj\
H

5 To a0 °C solution of 4-(3-bromo-phenyl)-4-methyl-5,6-dihydro-4H-[1,3 thiazin-
2-ylamine (10 g, 35 mmoles, 1 equiv) and triethylamine (4.3 g, 42 mmoles, 1.2 equiv) in
dichloromethane (70 mL) is added dropwise acetyl chloride (2.8 g, 35 mmoles, 1 equiv)
over 5 minutes. The reaction is allowed to warm to ambient temperature. After 1 h, the
reaction is diluted with dichloromethane and extracted with water. The organic layers are

10 separated, dried over magnesium sulfate, filtered, and concentrated under reduced
pressure. The resulting residue is purified by silica gel chromatography eluting with
hexane: ethyl acetate (1:1) to give the title compound (87% vield): MS (m/z): 327, 329
(M+1).

15 Preparation 14
(S)-N-[4-(3-Bromo-phenyl)-4-methyl-5,6-dihydro-4H-[ 1,3 ]thiazin-2-yi]-
acetamide
4-(3-bromo-phenyh-4-methyl-5,6-dihydro-4H-[ 1,3 }thiazin-2-ylamine (20 g, 61
mmole) is purified by HPLC chiral separation [Column: 8 x 32 cm chiralpak AD; Eluent:
20 60:40:0.2 (isopropyl alcohol : heptancs: dimethylethylamine); Flow: 350 mIL/min at UV
260 nm}. The second eluting isomer is isolated to provide the enantiomerically enriched

title compound (35% Yield): MS (m/z): 327, 329 (M+1)



NH2 To a solution of (S)-N-(4-(3-(2-fluoropyridin-3-yepheny1)-4-methy1-5,6-dihydro-
54H-1,3-thiazin-2-ypacetamide (450mg, 1.3 mmoles) in methanol (40 mL) is added a solution of
K2CO3 (210rmepcdiBemoles) in methanol: water (2:1, 15mL). The reactiet Bisidr@dhatisssom
temperature for 6 h. The solvent is removed under reduced pressure and the residue is dissolved in
ethyl acetate. The ethyl acetate layer is washed with water and saturated aqueous NacCl, dried over
sodium sulfate, filtered and concentrated under 10r&uced pressure to give a residue. The residue is
purified by using SCX column chromatography to give the title compound (65% yield): MS (m/z): 302
(M+1). Preparation 17 (S)-4-(3-bromo-4-fluorophenyl)-4-methyl1-5,6-dihydro-4H-1,3-thiazin-2-amine
Br INNI 12 15 To a solution of (S)-tert-bugleparation 15
4-(3-bromo-4-flugrophenyl)-4-methy1-5,6-dihydro4H-1,3-thjazin-2-ylcarbamaic (1.1 ¢, 2.7 mmoles)
and methanol (104 A B A GHENR e KB O P P b hiraned to 60 .
After 15 h, the solvent is removed undell«eduecad prdssuriaityWeter is added to the resulting residue and
20the mixture is made basic with saturatag sodium bicarbonate. The basic aqueous phase- is extracted
with dichloromethane. The organic pha :i seari\tpetgidr d gver sodium sulfate, filtered, and the
solvent removed under reduced pressure fo gjvetHeNitiél cdimpound (62 % yield): MS (m/z): 303, 305
(M+1). Preparation 18 F F

(S)-N-(4-(3-bromo-4-fluor. -4-m I-5.6:dihydro-4H: 1. 3-thiazin-2-vf ide To a
solution o$ (S)-4-(3-bf8r%§)§-f ugér%)g %ﬁg%yf%‘?i%ﬁy%%d'mu r’gpﬁléﬂkii%ﬁﬁ?gﬁci%gmine (550 mg, 18
mmoles, 1.0 ediixdrindBtiahititefirra#iize (hl.§ i dubammeBl-cgyriding Zrematp odhaimoles, 5 equiv)
and acetic acid.arhyikigde! (3207mg 380N Mmelaged 4 padivinAftesbaimiagies dhmreaction is poured

into water and the aguegus mixture is extracted with dichloromgthane. The organic phase is separated
and washed Wi LT AR Satl StGl R O R v et Mg Bor R S, fitcrect and
concentrated Sus{derhregipbesh preysdieltongecha it ¢ cogn pOundo88. Yeyialdl) AAS 4h/z) 345, 347

(M1). Preﬂﬁra%ﬂﬁ%, the(ra&tt%ﬁ'glé%kd to ambient temperature, diluted with water, and extracted
4-(4-fluoro-3-(pyrazin-2-yfipheny1)-4-methyl-5,6-dihydro-4Hi3-thiazin102-ylearbamate
with ethyl acetate. The organic phase is dried over magnestum sulfate, filtered, and

concentrated under reduced pressure. The residue is purified by silica gel
chromatography eluting with a step gradient of hexanes: ethyl acetate (7:3) to hexanes:
ethyl acetate {1:1} to give the title compound (67% vield): MS (m/z): 421 (M+1).
15

The following compounds in Table & are prepared essentially as described in the
preparation of (8)-[4-(2,4-difluoro-S-pyrimidin-5-yl-phenyl)-4-methyl-5,6-dihydro-4H-
[1,3]thiazin-2-vl]-carbamic acid fert-butyl ester,

Table &



- s 0 NIeLNAO'S

A solution of

(S)44-(3-bromo-4-fluoro-pheny1)-4-methyl-5,6-dihydro-4H[1,3]thiazin-2-yfl-carbamic acid tert-butyl
ester (100 mg; 200 pates, 1 equiv), tetrakis(triphenylphosphine)palladiugic(ddmgeslidab@oumoles, 0.05
equiv) and 2- 15tributylstannylpyrazine (96 mg, 250 umoles, 1 equiv) in dioxane (3 mL) is irradiated in
a laboratory-grade microwave to a temperature of 130 C and held for 20 minutes. The solvent is
removed under reduced pressure and the residue i§$urified by silica gel chromatography eluting with
a linear gradient of hexane to hexane: ethyl acetate (1:4) ramp 20 min to give the title compound (14%
yield, 90% purity as determined by 20 LCMS): MS (m/z): 403 (M+1). Preparation 20

(S)-N-(4-(4-fluoro=3=(3-fiu
25To solution of {S)pNNE-
thiazin-2-yOacetamide (5

propyrazin-2-yephenyij-4-methyt=5;6-ditydro=4t
3-bromo-4-fluoropheni¢h)wkaeethyl-5,6-dihydro-4H
)0 mg, 1.5 mmoles, 1 equiv), 2-fluoro-3- (tributyl

:tarhﬁffﬁ%//%zm
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15d

(S)-[4-(2-Fluoro-5-pyrimidin-3-yi-phenyl)-4-methyl-
3,6-dihydro-4H-[1,3]thiazin-2-yl]-carbamic acid zerz-
butyl ester

403 (M+1)

15¢

(S)-N-[4-Methyl-4-(3-pyrimidin-5-yl-phenyi)-5,6-
dihydre-4H-{1,3 Jthiazin-2-yli-acetamide

327 (M+1)

15

{8)- {4-[4-Flucro-3-(2-fhioro-pyridin-3-yl}-phenylj-4-
methyl-5,6-dihydro-4H-11,3

acid fert-butyl ester

Jthiazin-2-yl}-carbamic

420 (M+1)

I3g

(S)-{4-[2,4-Diflucro-5-(2-fluoro-pyridin-3-yi)-
phenyl}-4-methyl-5,6-dihydro-4H-[1,3]thiazin-2-y1}-

carbamic acid ferr-butyl ester

438 (M+1)

15h

(S)-tert-butyl 4-(2,4-difluoro-3-(5-fluoropyridin-3-
yhphenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-

yicarbamate

438 (M+1)

15

(S)-4-(2-chloro-5-(5-chloro-2 -fluoropyridin-3-
yDphenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-

amine’

370, 372 (M+1)

15§

N-{4-[3-{5-Methoxy-pyridin-3-yl)-phenyl]-4-methyl- -

5,6-dilydro-4H-[1,3]thiazin-2-yl}-acetamide

356 (M+1)

15k

(S)-N-{4-(3-(2-fluoropyridin-3-yDphenyl}-4-methyl-
5,6-dihydro-4H-1,3-thiazin-2-yDacetamide

344 (M+1)

! The r-butoxycarbony! group was cleaved under reaction conditions.



4-methy1-5,6-dihydro-4H-1,3-thiazin-2-ypacetamide 381 (M-1) 10Preparation 21
(R)-N-((S)-2-(3-bromo-4-fluorophenyl)-4-methylpent-4-en-2-y1)-2-methylpropane-2- sulfinamide
KG2-E019G% 9 2is213&t9 a 0 C solution of (R,Z)-N-(1-(3-bromo-4-fluorophenyiieihiplidess)-2- rnethy
propane-2-sulfinamide (10 g, 31 mmoles, 1.0 equiv) in dichloromethane (100 mL) is slowly added
2-methylallylmagnesium chloride (0.5 M in THF, 250 nit, 125.92 mmoles, 4 equiv). After 2 h, the
reaction is quenched with saturated ammonium chidtide and extracted with ethyl acetate. The solvent
is removed under reduced pressure and the 20residue is purified by silica gel chromatography eluting
with a linear gradient of dichloromethane to 10% dichloromethane : ethyl acetate to give the title
compound (35 % yield): MS (m/z): 376, 378 (M+ Mrat?b‘h féreparatlon 22
(S)-2-(3-bromo-4-fluoropheny1)-4-methylpent-4-en-2-amine NH To a solution of
(R)-N4S)-2-(3-bromir{4-fruBroptRepg 1y Pehtalat-2 G dsrmtihlbibisaiet 2 BiRfinamide (1.8 g,
5.1 mmoles, 1 equiv) in 1,4-dioxane (6 mL)Lhs aded%ydl gen chloride (4.0 M in 1,4-dioxane, 15 mL).

The reaction is stirred for 5 minutes and the s@lvent ig reghioved under reduced pressure. To the
residue is added saturated aqueous sodium bicarban " al¥the mixture is extracted with ethyl
acetate. The combined organic phase is dried ovet sodium sulfate, filtered and concentrated under 10

etate. t the - : .66 (dd, | H,
S S T B e

J=13.2 H7), 2485} ‘421%21331@<§$Piﬁu Ef‘é‘{gl 233 HdcE l%ﬁft%?i
(S)-N-(2-(3-bramoudafbiataphey d)ad methyhpan-4- anaﬂ%gdﬂ:amban(@thlmyn)ben’ZMademMN HH

T oo R oo ropha AL R e G mmoles, 1.0

equiv) in THF g IS a enzoyl isothiocyanate (0.6
the 1eszdue is dlssolved in ethyl acetate. The ethyl acetate layer 1s washed with water and

saturated aqueous NaCl, dried over sodium sulfate, filtered and concentrated under
10 reduced pressure to give a residue. The residue is purified by using SCX column

chromatography to give the title compound (65% yield): MS (mv/z): 302 (M+1).

Preparation 17

(S)-4-(3-bromo-4-fluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-amine

S
Brj@““l\r‘})\NHz
15 F

To a solution of (S)-rfert-butyl 4-(3-bromo-4-flucrophenyl)-4-methyl-5,6-dihydro-

4H-1,3-thiazin-2-yicarbamate (1.1 g, 2.7 mmoles) and methanol (10 mL) is added

trifluoroacetic acid (10 mL). The reaction mixture is warmad to 60 °C. Afler 15 h, the

solvent is removed under reduced pressure. Water is added to the resulting residue and
20 the mixture i3 made basic with saturated sodium bicarbonate. The basic aqueous phasc is
extracted with dichloromethane, The organic phase is separated, dried over sodium
sulfate, filtered, and the solvent removed under reduced pressure to give the title
compound {62 % yield): MS (mv/z): 303, 305 (M+1).

b
h

Preparation 18
(S¥N-(4-(3-bromo-4-fluoropheny!)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-yl)acetamide
To a solution of (8)-4-(3-bromo-4-fluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-
thiazin-2-aminc (550 mg, 1.8 mmoles, 1.0 cquiv) in tetrahydrofuran (20 mL) is added



20mmoles, 1 equiv). The reaction is stirred at room temperature for 3 h. The solvent is removed under
reduced pressure and the residue is purified by silica gel chromatography eluting with a linear gradient
of 20% dichjarompinage;: hexanes to 50% dichloromethane : hexanes to givigdbadilgeeepound (84
% yield): MS (m/z): 457, 459 (M+23). 25 -35- Preparation 24
N44S)-4-(3-bromo-4-fluorophenyl)-6-(iodomethyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-
thiazin-2-y1)benzamide Br 5To a O C solution of -32-
(S)-N-(2-(3-bromo-4-fluoropheny1)-4-methylpent-4-en-2- ylcarbamothioyDbenzamide (1.3 g, 3.0
mmoles, 1.0 equiv) in dichloromethane (40 mL) is added iodine (1.5 g, 5.9 mmoles, 2.0 equiv). The
reaction is stirred: r | e ro reaction mixture is
cuenohed Wit A B e e
dichloromethahd.cTtie )1 delérhHiraiegdhtd Rt iraved Bler S6HRIhIsU RO R TRrdiraiid
((:onC(;ntrated %ﬁﬁﬁté@@ﬂﬁﬂﬁdﬁf&ﬁﬁh&tﬁaﬁ&bgm Ek}glaﬂﬂﬁpﬁﬁg@ ROepsl4Ba %ﬂ&d@!ﬂé}k’dll\&&h(gﬁlzﬁgﬁl, 563
M+1). Preparation 25 S)-N=(4:(3-bro 0-4-fluoropheny1)-4,6,6-min-tethyl-5,6-d ihydro-4H-1,3
it 2 1R & SO o T B RS e comethyi)4.6-
dimethyl-536-ditddroedirded Brapiazite- 2iyOhetitamitdeo (@A 3 Y/ 0y23dnME168/z1 BBGdiv) in toluene (1.5
mL) is added %@;@zo-bis-isobutyronitriIe (0.006 g, 0.03 mmoles, 0.15 20equiv) and tri-n-butyltin
hydride. The reaction mixture is stirred at room temperature for 3 h and concentrated under reduced
pressure. The solvent is removed under reduced pressure and the residue is purified by silica gel
chromatography eluting with a linear gradientfpaagihyt ficetate : hexanes to 20% ethyl acetate :

hexanes to givedne e cOmPONRA (33 AVSIA), MR YR 435, 37 (M A28 r 36rBlgparation 26

10 2-ylcarbamate
N
o | S 0O
E‘N jﬁ\mFN\/)\H JL O J<
F

A solution of (8)-[4-(3-bromo-4-fluoro-pheny!)}-4-methyl-5,6-dihydro-4H-
[1,3]thiazin-2-y1]-carbamic acid fert-butyl ester {100 mg, 250 ymoles, 1 equiv),

tetrakis(triphenylphosphine)palladiom (14mg, 12.40 umoles, 0.05 equiv) and 2-

15 tributylstannylpyrazine (96 mg, 250 pmoles, 1 equiv) in dioxane {3 mL) is irradiated in a
laboratory-grade microwave to a temperature of 130 °C and held for 20 minutes. The
solvent is removed under reduced pressure and the residue is purified by silica gel
chromatography eluting with a linear gradient of hexane to hexane: ethy! acetate (1:4)
ramp 20 min to give the title cormpound (14 % yield, 90% purity as determined by

20 LCMS) MS (m/z): 403 (M+1).

Preparation 20

(S)-N-(4-(4-fluoro-3-(3-fluoropyrazin-2-yiphenyl)-4-methyl-3,6-dihydro-4H-1,3-thiazin-

: 2-ylacetamide

25 ' To solution of (S)-N-(4-(3-bromo-4-fluorophenyl)-4-methyl-5,6-dihydro-4H-1,3-

thiazin-2-ylacetamide (500 mg, 1.5 mmoles, 1 equiv), 2-fluoro-3-
(tributylstannyDpyrazine (1.7 g, 4.3 mmoles, 3.0 equiv) in toluene (15 mL) is added
bis(triphenylphosphine)paliadium(IT) chloride (51 mg, 72 pmoles, 0.05 equiv) and
lithium chloride (92 mg, 2.2 mmoles, 1.5 equiv). The reaction is irradiated ina

30  laboratory-grade microwave to a temperature of 130 °C and held for 3 h. The solvent is



(S)-N-(4-(4-fluoro-3-(pyrimidin-5-yl)pheny1)-4,6, 6-trimethy1-5,6-dihydro-4H-1,3-thiazin-
2-yl)benzamide 5To a 97 C solution of (S)-N-(4-(3-bromo-4-fluorophenyl)-4,6,6-trimethy1-5,6-
dihydro-4H+y34kieziasz2ryl)benzamide (0.067 g, 0.15 mmoles, 1.0 equiv) ir-t8smwethasyethane (1.5
mL), ethanol (0.7 mL) and water (1.0 mL) is added pyrimidine-5- boronic acid (0.095 g, 0.77 mmoles,
5.0 equiv), cesium carbonate (0.301 g, 0.92 mmoles, 6.1 equiv) and bis(triphenylphoshine)palladium
(11) chloride (0.022 g, 0.03 mmoles, 0.2 10 equiv).-Fhe reaction mixture is stirred at 97 C for 20
minutes. After cooling to room temperature, the reaction mixture is poured into water and extracted
with ethyl acetate. The organic phase is dried over sodium sulfate, filtered, and concentrated under
reduced pressyig, 6, SN AL SRAURA IR GAHE R BIRRIWEAG 1D FesitliGigpRyrified by siica
gel flash column thomato]graphy eluting with a linear gradient of dichloromethane 15to 15% ethyl
acetate : dichlSfeRgtHEha ﬁeﬁf\%’%ﬁﬁlfiﬂé@éﬁb%%%%W’Pe‘?ﬁ‘)‘.aﬁﬂél'(H\?%’}!P%)S“WIfPl%We

Preparation 2 2{&)t8-¢3nipambephenyid)sN-wethoxy de3neathyl-3-(R)-(2-methyl-propane-2-
20sulfinylamino)-butyramide To a -78C solution of NO-dimethylhydroxylamine hydrochloride (12
g, 130 mmoles, 5.0 equiv) in THF (200 mL) is added n-butyl lithium (100 mL, 250 mmolcs, 10equiv)
(2.5 M in Blexanes) iledaRpitiag wepeadtion slsfricerdorrsbanpitinds apmgrdinstoligion of
(S)-34(R)-2-mejbylpreRanes RsulinyiamHne) S Reny rbuiysic Beicmethyasier (95 gira5 mmoles, 1.0
equiv) in THF 250 ml:f)fﬂjs addefggropwise. The reaction is warmed to -60 C, and maintained at that
temperature fof I h> THEPEAHSNTE G Snched -37- with saturated aqueous ammonium chloride,
diluted with watdnitdandl extracted with ethyl acetate. The organic phase is extracted with water,
saturated aquequs NacCl, dried over sodium sylfate, filtered and concentrated@usdel ¢educed pressure
to give the title ¢dRBoURd (60 % yield): MS (HIZHADEAO7 (M+1).  The follgwing/gompounds in
Table 10 are prepared essentially as described in the preparation of
(S)-3-(3-Bromo-pheﬂﬁl)-l\l-Fﬁéiﬁéﬁﬁ%imgm%q%@E‘E‘Qﬂéféalﬁ’ﬁ-%wﬁgﬁ@d?— sulfiny/pmino)-butyramide.
Table 10 Prep. No. Chemjcahnase Pysdicalaatsl M S frial)-2 Ad)acetamide

S)-3-(3-b flaaranbonnud) e 240N 11— dimaathulathuvlemfias mid o) Moraatho sz N
-o-(o-0Dromo-4a=tivotroprenyr)-o=(()=1, L=—aimetnyretnyisuiimaniao)=N=-metnoxy=nN-

10 Preparation 21
{R)-N-({8)-2-(3-bromo-4-fluoropheny])-4-methylpent-4-en-2-y1)-2-methylpropane-2-
sulfinamide

KG2-E01905-021-2

Yy,

Br

15 To a0 °C solution of (R,Z)-N-(1-(3-bromo-4-flucrophenylethylidene}-2-
methylpropane-2-sulfinamide (10 g, 31 mmoles, 1.0 equiv) in dichloromethane (100 mL)
is slowly added 2-methylallylmagnesiura chloride (0.5 M 1 THF, 250 mL, 125.92
mmoles, 4 equiv), After 2 h, the reaction is quenched with saturated ammonium chloride
and extracted with ethyl acetate. The solvent is removed under reduced pressure and the

20 residue is purified by silica gel chromatography eluting with a linear gradient of
dichloromethane to 10% dichloromethane : ethyl acetate to give the title compound (35 %
yieldy: MS (m/z): 376, 378 (M+1).



methylbutanamide 423, 425 (M+ ) 27b (S)-3-(5-bromo-2,4-difluoropheny1)-3-((R)-1,1-
dimethylethylsulfinamido)-N-methoxy-N- mcthylbutanamide 441, 443 (M+1) Preparation 28
(R)-2-Methyixprempanesgrsulfinic acid [(S)-l-(3-bromo-pheny1)-1-methy1-3m@%ﬁ§ogﬁg§éje 15To a
-78C solution of (S)-3-(3-bromo-pheny1)-N-methoxy-N-methy1-3-(R)-(2-
methyl-propane-2-sulfinylamino)-butyramide (1.5 g, 3.7 mmoles; 1.0 cquiv) in THF (53 mL) is added
methylmagnesium bromide (6.2 mL, 18 5 mmoles,-840 equiv) and the reaction is allowed to warmed to
ambient temperature. After 1 h, the reaction is cooled to -78 C and quenched with saturated aqueous
ammonium chloride. The mixture is diluted 20with water and extracted with ethyl acetate. The organic
phase is dried over sodium -38- sulfate, filter:?d and corg;fntrated under reduced pressure to give the
title compound (>95 % yield): MS (m/z) 360, 6@%1 311 The following compounds in Table 11 are
prepared essentially as deseriBed-iome-Sikepsepheion drRi et yinst apsne-2-sulfinic acid

[(S)-1-(3-bromo-pheny1)-1-methyl- 3-oxo-butylkamidarTable 11 Prep. No. Chemical name Physical
data MS (nth) - Brﬁ\i

F
To a solution of (R)—N~((S)~2—(3—brom0-4-ﬂuorophenyI)-4-metl}yipent«4ﬂen~2—yl)—
5 Z2-methylpropane-2-sulfinamide (1.8 g, 5.1 mmoles, 1 equiv) in 1,4-dioxane (6 mL) is
added hydrogen chloride (4.0 M in 1 ,4-dioxane, 15 mL). The reaction is stirred for §
minutes and the solvent is removed under reduced pressure. To the residue is added
saturated aqueous sodium bicarbonate and the mixture is extracted with ethyl acetate,
The combined organic phase is dried over sodium sulfate, filtered and concentrated under
10 reduced pressure to give the title compound (97 % yield): 'H NMR(CDCl;, 400MHz) &
7.66 (dd, 1H, J = 6.40, J = 2.80Hz), 7.37-7.33 (m, 1H), 7.02 (1, 1H, J = 8.40Hz), 4.83 (s,
1H), 4.62 (s, 1M}, 2.47 (d, 1H, J=13.2 Hz), 2.35 (d, 1H, J= 13.2 Hz), 1.44 (s, 3H), 1.36
(s, 3H).

15 Preparation 23
(S)-N~(2-(3-bromo-4-fluorophenyl)-4-methylpent-4-en-2-yicarbamothioylbenzamide

S O
Iﬁ“”@
H H
F

To a solution of (S)-2-(3-bromo-4-fluorophenyl)-4-methylpent-4-en-2-amine (1.3
g, 4.6 mmoles, 1.0 equiv) in THF (5 mL) is added benzoy! isothiocyanate (0.63 mL, 4.6
20 mmoles, I equiv). The reaction is stirred at room temperature for 3 h. The solvent is
removed under reduced pressure and the residue is purified by silica gel chromatography
eluting with a linear gradient of 20 % dichloromethane : hexanes to 50 %
dichloromethane : hexanes to give the title compound (84 % vield): MS (m/z): 457, 459
{(M+23),
25



28a (R)-N-((S)-2-(3-bromo-4-fluoropheny1)-4- oxopentan-2-y1)-2-methylpropane-2-sulfinamide 378,
380 (M+1) 28b (R)-N4S)-2-(5-bromo-2,4-difluoropheny1)-4-
oxopentan-Zyylhisdsmatiylpropane-2-sulfinamide 396, 398 (M+) PreparatQi42R:009/040589
10(R)-N4(25)-2-(3-bromopheny1)-4-hydroxypentan-2-y1)-2-methylpropane-2-sulfinamide
P06-E01647-028 To a solution of (R)-2-methyl-propane-2-sulfinic acid
[(5)-1-(3-bromo-pheny1)-1- methyl-3-oxo-butyl]-ashide (1.34 g, 3.5 mmoles, 1.0 equiv) in methanol
(20 mL) is added 15sodium tetrahydroborate (1.4 g, 35 mmoles, 10.0 equiv). The reaction is stirred at
ambient temperature overnight. The reaction is carefully quenched with water and extracted ethyl
acetate. The organic phase is dried over sodTl#‘[hg I;%e Qd the solvent is removed under reduced
pressure to give a mixture a diastereomers lastereomers are separated by chromatography on
silica gel (120 g)dldting-Withiangridiesropeqsiisoliobappyhct fatimpbxhié- oo 40y kihyl acetate:
hexane. The second eluting isomer is |sola1g@ﬁnﬂ§h@e§,ggﬁﬁﬁg removed under reduced pressure to
give the title compound as a single diastereomer, (45 % yield): MS (nt/z): 362, 364 (M+1). WO
2009/134617PCT/US2009/040589 -39- The folbwing compounds in Table 12 are prepared
essentially as described in the preparation® TN N%
(R)-N4(2S)-2-(3-bromopheny1)-4-hydroxype -2-y0t2 ylpropane2-sulfinamide. Table 12

5 To a (¢ °C sohution of (S)-N-(2-(3-bromo-4-fluorophenyl}-4-methylpent-4-en-2-
ylcarbamothioyl)benzamide (1.3 g, 3.0 mmoles, 1.0 equiv) in dichloromethane (40 mL) is
added iodine (1.5 g, 5.9 mmoles, 2.0 equiv). The reaction is stirred at 0 °C for I h and
gradually warmed to room temperature. The reaction mixture is quenched with saturated
agueous sodium thiosulfate, The aqueous layer is extracted with dichloromethane. The

10 combined organic phase is dried over sodium sulfate, filtered and concentrated under

reduced pressure to give the title compound (82 % yield): MS (m/z): 561, 563 (M+1).

Preparation 25
(S)-N-(4-(3-bromo-4-fluoropbenyl)-4,6,6-trimethyl-5,6-dihydro-4H-1,3-thiazin-2-
15 yhibenzamide

S 0O
B:: D\,ﬁ;}\ EJ\Q

To a solution of N-((45)-4-(3-bromo-4-fluoropheny)-6-(iodomethyl)-4,6-
dimethyl-5,6-dihydro-4H-1,3-thiazin-2-y1)benzamide (0.13 g, 0.23 mmoles, 1.0 equiv) in
toluene (1.5 mi.} is added 2-2"-azo-bis-isobutyronitrile (0.006 g, 0.03 mmoles, 0.15

20 equiv) and tri-n-butyltin hydride. The reaction mixture is stirred at room temperature for
3 h and concentrated under reduced pressure. The solvent is removed under reduced
pressure and the residue is purified by silica gel chromatography eluting with a linear
gradient of 5% ethyl acetate : hexanes to 20 % ethyl acetate : hexanes to give the title
compound (25 % yield): MS (m/z): 435, 437 (M+1).

25



Preparation 30 (S)-4-Amino-4-(3-brdmo-phenyl)-pentan-z-ol HCI NH2 OH 10A solution of hydrogen
chloride (5 mL; 13 equiv; 20 mmoles) (4 M in dioxane) and (R)-2-methyl-propane-2-sulfinic acid

[(5)-1-(3-broge-pkemat)3-hydroxy-1-methyl- butylkamide (570 mg, 1.6 MBS 408, EkY) as a single
diastercomer is stirred for 5 minutes. The solvent is removed under reduced pressure and the residue

is made basic with saturated aqueous sodium bicarbonate. The aqueous phase is extracted with
15dichloromethane. The organic phase is dried ovetssodium sulfate, filtered, and concentrated under
reduced pressure to give the title compound: MS (n/z): 358, 360 (M+1).  The following compounds
in Table 13 are prepared essentially as described in the 20preparation of
(S)-4-Amino-4-(3-bromo-phenyl)-pentan-2-ol. I]-r%blae ]h% 2009/134617PCT/US2009/040589 -40-
Prep. No. Chemical name Physical data MS (rad} 204 (14 -4-amino-4-(5-bromo-2,4-difluorophenyl)pet
tan 2-014 380, 882t ilatie-ditlevesHipoind wasyBol &b drarcthvhiktudthpiuidsterd dhirers:

2-ylYbenzamide

. s
N ~J\;©\\.»fN(/* N i@
H
F

5 To a 97 °C selution of (S)-N-(4-(3-bromo-4-fluorophenyli)-4,6,6-trimethyl-3,6-
dihydro-4H-1,3-thiazin-2-yl)benzamide (0.067 g, 0.15 mmoles, 1.0 equiv) in 1,2-
dimethoxyethane (1.5 mL), ethanol (0.7 mL) and water (1.0 mL) is added pyrimidine-5-
boronic acid (0.095 g, 0.77 mmoles, 5.0 equiv), cesium carbonate (0.301 g, 0.92 mmoles,
6.1 equiv) and bis(triphenylphoshine)palladium (II) chioride (0.022 g, 0.03 mmoles, 0.2

10 equiv). The reaction mixture is stirred at 97 °C for 20 minutes. After cooling to room
temperature, the reaction mixture is poured into water and extracted with ethyl acetate.
The organic phase is dried over sodium sulfate, filtered, and concentrated under reduced
pressure. The solvent is removed under reduced pressure and the residue is purified by
silica gel flash column chromatography eluting with a linear gradient of dichloromethane

15 to 15% ethyl acctate : dichloromethane to give the title compound (46 % vield): MS
(m/z): 435 (M+1).

Preparation 27
(5)-3-(3-Bromo-phenyl)-N-methoxy-N-methyl-3-(R)-(2-methyl-propane-2-

20 sulfinylamino)-butyramide
~-
o"‘j‘NH o
Br N©

To a -78 °C solution of N, O-dimethythydroxylamine hydrochloride (12 g, 130
mmoles, 5.0 equiv) in THF (200 mL) is added »n-butyl lithium (100 mL, 250 mmoles,
10equiv) (2.5 M in Hexanes) via cannula. The reaction is stirred for 15 minutes and a

25 solution of (8)-3-((R)-2-methyl-propane-2-sulfinylamino)-3-phenyl-butyric acid methyl
ester (9.5 g, 25 mimoles, 1.0 equiv) in THF (30 mL) is added dropwise. The reaction is

warmed to -60 °C, and maintained at that temperature for | h. The reaction is quenched



Preparation 31 Tert-b u ty 1 (4 S,6R )-4-(3 -bro moph eny1)-4 ,6- dimethy I-5,6-d ihy d ro -4H-1,3-thiaz
in-2- y Icarb amate 5 To a solution of (S)-4-amino-4-(3-bromo-phenyl)-pentan-2-ol (410 mg, 794
umoles) as wsingie digstereomer in THF (10 mL) is added bis(trimethylsilyptfifidesppsaiagide (204
mg, 0.79 rnmoles). After 1 h, benzoyl isothiocyanate (259 mg, 1.7 mmoles) is added dropwise. The
reaction is stirred for 1 h. 10The reaction mixture is concentrated under reduced pressure. To the
resulting residue is added 5 N hydrogen chloride (25/mL, 125 mmoles) and the reaction is heated to
100 C. After 48 h, the solvent is removed under reduced pressure and the residue is partitioned
between THF (20 mL) and saturated sodium bicarbonate (10 mL). To the mixture is added di-tert-butyl
dicarbonate (34{Mthd@amelee) AR NG EAGHAD Inid MRG0 AL Faction s diluted with
water and extracted with dichloromethanc. The organic phase is dried over sodium su Fate, filtered,
and concentrafSgitindEl ¢ eEREET PSS FreaTe Broduritiss purmekiepyesticiagel &ledngewith a linear
gradient of hexaartoshExanE et hacortabid) over 2ZAurinviesie givevth@ditie.compound (52%
Yield, 70% purity as determined N(:‘}%) (%E )..399, 401 (M+1). 20 Preparation 32
Tert-butyl-(4S,%%’3?2?&?@(%%]3’3 ! U(l’itf%p e%‘?;’ll\% 54 -zlfr%%t yI-5,6-dihydro-4H-1,3- thiazin-2-ylcarbamate
A solution df (R)-N42S)-2-(3-bromo-4-fluoropheny1)-4-hydroxypentan-2-y1)-2-
25methylpropane-2-suifinamidg.asapkiniixtyisieh iastereamers At QamuinLin dioxane -41-
(5mL) is added dropwise to solution of 4N hydrogen chloride in dioxane (20 mL, 80 mmoles) at O C.
The reaction idWRHAEE & 36 TeRipRFARAFEARY SRy of Bt &) @EENPRe e Roved under
reduced presssuHinylenthe résidueidemade basic with saturated aqueous sodium bicarbonate. The
aqueous phase ig gxtigcted with 5dichloromethane. The organic phase is dried over sodium sulfate,
filtered, and concepfgte underreduced pressure. The resulting residu isﬂﬁ?&jl"&a‘ﬂ'ai” THF (50 mL)
and cooled to 0|C. Benzoyl isothiocyanate Cheragallfulzanmoles) is added dropwise. Thelreactionis
stirred for 1 h. The P¥action mixture is concentrated under reduced press ure MhE¥&sidue is dissolved
in 10dioxane (5|mL) and fransf@redimathickinatgtghass reretign vessel. To the solution is added 5
N hydrogen chloride(75 mL, 375 mmal The reactiqn vessel is.capped gnd 0,100 C. After
24 h, the solvent is‘irédmm ed uncgglre@jﬁchs E ué%gggﬁ}% %28]%%@ }%ﬁdue is p?rﬁti%%geﬁ%timeen THF (20
mL) and saturated aqueous sodium bicarefate(agmiey. To the mixture is added di-terttbuty!

dicarbonate (1.7°g, 7.9 mmolgs) ARG d 2reaeiaidsrsHligd-fpk 2 - The Teaction mixtute is diluted
with water and extracted with _
27b dimethylethylsulfinamido)-N-methoxv-N- 441, 443 (M+1)

methylbutanamide

10
Preparation 28
(R)-2-Methyl-propane-2-sulfinic acid [(S)-1-(3-bromo-pbenyl)-1-methyl-3-oxo-butyl]-

amide

~-

O'NH O
Br

15 To a-78 °C solution of (S)-3-(3-bromo-phenyl)-N-methoxy-N-methyl-3-(R)-(2-
methyl-propane-2-sulfinylamino)-butyramide (1.5 g, 3.7 mmoles; 1.0 equiv) in THF (53
mL) is added methylmagoesium bromide (6.2 mb, 18.5 mmoles, 5.0 equiv) and the
reaction is allowed to warmed to ambient temperature, After 1 h, the reaction is cooled to
-78 °C and quenched with saturated aqueous ammonium chloride. The mixture is diluted

20 with water and extracted with ethyl acetate. The organic phase is dried over sodium



dichloromethane. The organic phase is dried over sodium sulfate, filtered, and concentrated under
reduced pressure. The residue is purified by column chromatography using silica gel (340 g) eluting
with a gradigrs efod?i30Q) Ethyl acetate: Hexane to (50: 50) Ethyl acetate: Fexaga@vgisp min. The
second eluting diastereomer is collected and 20 the solvent removed under reduced pressure to give
595 mg of a mixture: Preparation 32: the title compound,
ten-butyl-(4S,6R)-4-(3-bromo-4-fluoropheny1)-4,6--38&-
dimethy1-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate: MS (m/z): 417, 419 (M+1); and Preparation 32a:
N-R4S,6R)-4-(3-bromo-4-fluorophenyl)-4,6-dimethy1-5,6-dihydro4H-1,3-thiazin-2-ypbenzamide: MS
(m/z) 421, 423 (M+ r ' - -2.4- 'f% raph:

ey )26 dimat e L AR B AR U B s g 5
(4S)-4-amino-ﬂ/9(5‘-%‘|iéin§\észe,/ il 6ordphéhybentan-2-01 (1.3 g, 4.4 mmoles) as a mixture of
diastereomers in THF (50 mL) is added benzoyl isothiocyanate (1.4 g, 1.2 mmoles) dropwise and the
reaction is stirred for hf‘IIEe lrneacctign rqi tur Eilgic%centrated (limdertrqgucecg 2r s$urethThe residue is
dissolved in 5dioxang1?% M O)Warﬁj trahdferred td aethlc?g?v&’éﬁ%%egIggssgnrleaagt%n VeSSEt. o' the mixture is
added 5 Nhydpesgeratahlof (R1{7D1athy} I7@ mmdindiizindoidd(fedetiobrischediad hel 3108hE!- After 36 h, the
solvent is remavgd, wader segluced pressure and the residue is dissolved in water. The water mixture is
extracted with e% acetate. The aqueous phase is made basic with 5N NaOH and extracted with 3:1
chloroform:IPA. THdHlerotform: 10RA phase-is-dried-oversodium-sulfatefiltered-and-the solvent
removed under reguceg, Aressure to give the titie.gampound. The ethyl Ecelt)gf/eq]{&%ztfig@t ig dried over
sodium sulfate, filtered and the solvent removed under reduced pressure. ThéSésidiing yesidue is
passed throughjave0Hequitibr J@%ﬁ%%%&bﬂgﬁé&ng&&wiﬁ'd" uting with 2N
NH3 in 15 MeOHl (508mL). The NH3n MeOH wash is collected and thessglgemtvempyed under
reduced pressufe. The resid $&IREEBMBiEE WitH ThE tIacOHPOATI%on] the chloroform| IPA
extraction to give the title comgouag sisza fbkbite D (ERuBAGIRE) 1)-4-
(4S)-4-(5-broma2,42dHfluofophen 2-45-?}@&@1-5 6-dihydra-4H-1 3-th a¥if-298rMiiel) (64% vyield,
80% purity as determined by%&‘ﬁ% YRR (in7A ?gg?%dé’?%\“ﬁ%f%‘ feparation 34 tert-blityl
(4S,6R)-4-(5-bromo-2,4-difluoropheny0-4,6-dimethy1-5,6-dihydro-4H-1,3- thiazin-2-ylcarbarnate

Preparation 29

10 (R)-N-((28)-2-(3-bromophenyl)-4-hydroxypentan-2-yl)-2-methylpropane-2-sulfinamide
PG6-E01647-028

~-

oS'NH OH

Br\(j)\/K
To a solution of (R)-2-methyl-propane-2-suifinic acid {(S)-1-(3-bromo-phenyl)-1-

methyl-3-oxo-butyl]-amide (1.34 g, 3.5 mmoles, 1.0 equiv) in methanol (20 mL) is added
15 sodium tetrahydreborate (1.4 g, 35 mmoles, 10.0 equiv), The reaction is stirred at

ambient temperature overnight. The reaction is carefully quenched with water and

extracted ethyl acetate. The organic phase is dried over sodium sulfate and the solvent is

removed under reduced pressure to give a mixture a diastereomers. The diastereomers

are separated by chromatography on silica gel (120 g) eluting with a gradient of (50:50)
20 ethyl acetate: hexane to (100: 0) ethyl acetate: hexane. The second eluting isomer is

isolated and the solvent removed under reduced pressure to give the title compound as a
single diastercomer (45 % yield): MS (m/z): 362, 364 (M+1).



S 0 NNOX.. FF 25To a mixture of (6R and 6S) (4S)-4-(5-bromo-2,4-difluoropheny0-4,6-dimethyl-
5,6-dihydro-4H-1,3-thiazin-2-amine in THF (20 mL) and saturated aqueous sodium bicarbonate (10
mL) is addegygdi-igirautykdicarbonate (900 mg, 4.1 mmoles). After 2 h, th%&gggigorg%#uged with
water and extracted with dichloromethane. The organic phase is dried over sodium sulfate, filtered,
and concentrated under reduced pressure. The -43- product is purified by silica gel eluting with a
linear gradient of hexane to hexane: ethyl acetate (4¢l) over 5 minutes, The second eluting
diastereomer is collected and the solvent is removed under reduced pressure to give the title: (43%
yield): MS (mh): 435, 437 (M+1). 5 Preparation 35 [(4S,6R)-4,6-Di let
y1-4-(3-pyrimidin-5-yl-pheny1)-5,6-dihydro-4H- 3]ttﬁ1iazin-2-y1 - carbamic acid tert-butyl ester 10To
a 100C solution of tehgﬁl??%(z@%ﬁ?q g@%ﬁgﬁ%%ﬁé I A BEHhEt) 128 s described m the
dihydro-4H-1, 3:tkiasncn i Cardaniie Ir 3tivediopbthpRyetiydneypater: Bitiehold(3idrGiad), 12 mL1 is
added, in a single,partigne: pyrimidine-5-boronic acid (128mg, 5.9 mmoles, 2.5 equiv),
bis(triphenylpho%;;&in épalladium(ll) chloride (29mg, 41 moles, 0.1 equiv) and cesium carbonate (1.24
g, 1.24 mmoles,3 bﬁ'u.v'). After20-minutes;-the reaction-is-15..cooled to ambient temperature, diluted
with water, and exgggctes with dichloromethage, e, grganic phase is dried Y81 &ddititn sulfate,
filtered, and concentrated|under reduced pressure. The residue is purified| by sificangg! flash column
chromatography efuting withr a figge ent ol iexang to-hexaneethyt-geetate{5:2)-over 20 minutes
to give the title comgfaund (39%I()??i%(:}iErjd;é:(lfl\%jsE F}%/‘%&ggg I\?Ii?-]ﬂlfﬁfgyﬁﬁé followmm campaungds in Table 14
are prepared essentially as!té&FBeRtar thd) prepbaipserane-2-sulfinamide’
[(45,6R)-4,6-dimethy1-4-(B-pyrourin:s ybphenh)-2 S-dmydegndil-glthiazin-2-yikcarbamic acid
fertbuty ester. WG 004134017 CT/U52009/040509 4 Teble 14 Prepieioio e+
5 z The title compound was isolated and used as a mixture of diastereomers.

" The title compound was isolated and used as a 65:35 mixture of diastereomers.

Preparation 30
(S)-4-Amino-4-(3-bromo-phenyl)-pentan-2-ol

HCI
_NH, OH

BfUI\/\

10 A solution of hydrogen chloride (5 mL; 13 equiv; 20 mmoles) (4 M in dioxane)
and (R)-2-methyl-propane-2-sulfinic acid [(S)-1-(3-bromo-phenyl)-3-hydroxy-1 -methyl-
butyl]-amide (570 mg, 1.6 mmoles, 1.0 equiv) as a single diastereomer is stirred for 5
minutes. The solvent is removed under reduced pressure and the residue is made basic
with saturated aqueous sodium bicarbonate. The aqueous phase is extracted with

15 dichioromethane. The organic phase is dried over sodium sulfate, filtered, and

concentrated under reduced pressure to give the title compound: MS (m/z): 358, 360
(M+1).

The following compounds in Table 13 are prepared essentially as described in the
20 preparation of (S)-4-Amino-4-(3-bromo-phenyl}-pentan-2-ol.
Table 13



Chemical name Physical data MS (m/z) 35a tert-butyl (45,6R)-4-(4-fluoro-3-(pyrimidin-5-
yl)pheny1)-4,6-dimethyl-5,6-dihydro-4H-1,3- thiazin-2-ylcarbamate5 417 (M+1) 35b ter t-butyl
(4S,6R)-4-(2v4r dillblo59s Pr (Pyrimidin-5- yOpheny1)-4,6-dimethyl-5,6- dlhydrp&l—{ﬁ?g‘ngm 40589
thiazin-2-ylcarbamate 435 (M+1) Isolated as a mixture of titte compound and
N-((4S,6R)-4-(3-bromo-4-fluoropheny1l)- 4,6-dimethy1-5,6-dihydro-4H-1,3-thiazin-2-yObenzamide. MS
(m/z): 421 (M-t-1). Preparation 36 51-bromo-3-(propal-en-2-yObenzene

Methyltriphenylphosphonium bromide (35.7g, 97.9mmoles, 1.3 equiv) is suspended in tetrahydrofuran
(100 mL) and cooled to 0 C. N- ButyIIithium (2.5M in hexanes, 27.0 g, 97.7 mmoles, 39.2 mL, 1.3
equiv) is added stewty-to-the-mixture-via-an-10additionfunnrel—Theresulting °o!u::=c“ is-stirred for 1 h at
0 C. A solution ()ﬁasgpbmnlloacetophenone (5&hGeal Bedummoles, 10.0 mL, 1 8]&3 i‘vfli’ﬁ efrahydrofuran
(50mL) is added slowly via an addition funnel. The resulting mixture is warmel{fo(ngam temperature
and stirred for 3. The reaqggmsd&ggj_eg(gq}%mggqm?% T SRIET nmonium
chloride solution. Thealayers are partitioned in a sfﬂfaratory funnel and fri®@gdeduMs-phase is
extracted with hexanes. The combined organic se is dried over anhydrous sodium sulfate, filtered,
and allowed to stanhd leraightial reori derper atmiewThe arganiophase is decanted from a precipitate
and concentrated under reduced pressure. The resulting solid is diluted with hexanes and filtered. The
precipitate is washed with hexanes. The fiItratlerL%&%%g@{ated and the resulting mixture is purified

Tert-butyl (4S,6R)-4-(3-bromophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-

ylcarbamate

Br@‘,.{;igi&

To a solution of (S)-4-amino-4-(3-bromo-phenyl)-pentan-2-01 (410 mg, 794
pumoles) as a single diastereomer in THF (10 mL) is added
bis(trimethylsilyDtrifluoroacetamide (204 mg, 0.79 mmoles). After 1 h, benzoyl
isothiocyanate (259 mg, 1.7 mmoles) is added dropwise. The reaction is stirred for 1 h.

10 The reaction mixture is concentrated under reduced pressure. To the resulting residue is
added 5 N hydrogen chloride (25 mL, 125 mmoles) and the reaction is heated to
100 °C. After 48 h, the solvent is removed under reduced pressure and the residue is
partitioned between THF (20 mL) and saturated sodium bicarbonate (10 mL). To the
mixture is added di-fert-butyl dicarbonate (347 mg, 1.6 mmoles) and the reaction is

15 stirred for 48 h. The reaction is diluted with water and extracted with dichloromethance.
The organic phase is dried over sodium sulfate, filtered, and concentrated under reduced
pressure, The product is purified by silica gel eluting with a linear gradient of hexane to
hexane: ethyl acetate (5:2) over 20 minutes to give the title compound (52% Yield, 70%
purity as determined by LCMS): MS (m/z): 399, 401 (M+1).

20

Preparation 32
Tert-butyl-(4S,6R)-4-(3-bromo-4-fluorophenyl)-4,6-dimethy!-5,6-dihydro-4H-1,3-
thiazin-2-ylcarbamate
A solution of (R)-N-({25)-2-(3-bromo-4-flucrophenyl)-4-hydroxypentan-2-y1)-2-

25 methylpropane-2-sulfinamide as a 1:5 mixture of diastereomers (2 g,1.0 equiv) in dioxane



20 by silica gel flash column chromatography (hexanes) to give the title compound (83% yield):
IFINMR (CDC13, 400MHz) 6 7.59 (t, 1H, J=1.72 Hz), 7.40-7.36 (m, 2H), 7.18 (t, 1H, J= 8 Hz), 5.36 (s,
IH), 5.12-5.%&#EesHI)62-13-3.11 (m, 3H). WO 2009/134617PCT/US2009/04@588sAPe350 The
following compound in Table 15 is prepared essentially according to the preparation of
1-bromo-3-(prop-1-en-2-yObenzene. Table 15 Prep. No. Chemical name Physical data 36a
2-broo-1-fluoro-4-(prop-1-en-2-y1)benzene See betdw 5H NMR(CDC13, 400MHz): 8 7.61 (dd, IH, .1=
6.8, 2.2Hz), 7.36-7.32 (m, 1H), 7.05 (t, 1H, J= 8.4Hz), 5.29 (s, 1H), 5.09-5.07 (m, 1H), 2.10-2.09 (m,
3H) 10To a solution of 2-bromo-1-fluoro-4-(prop-1-en-2-yObenzene (12.3 g, 62.2 mmol, 1.0 equiv) in

acetonitrile (12(%%is%édké)ﬁésxﬂ%%ﬁﬁ%xh%%%%%ﬁém%riég Mo AL fmpIeg, 3 equiv) and

ytterbium trifluoromethan%sulfonate, hydrate (7.72 g, mmolcs, 0.2 equiv). The mixture is stirred
overnight at roBfciEmpdtaturd MY HEGHRRIEAEME i EpRPatERnsFiwE AdUEERDIRESSIBUHd diluted with
diethyl ether. Tine f@sultingrdbsalutioteisaasiigdesiecemithnataruchioenatganie kyer is dried over
anhydrous sodqi%rin sulfate, fiIterg%ma&g,roncgng%ted under {Educ%gtpr%sds%% The residue is purified

Ifa : >
via flash column gﬁr%éma%%gcélf%sb%y on-sifica IE;ae?( 59 TR tWe DAtches ljaglﬁg a gradient of 0-100% ethyl

acetate/hexanéslityiariie. tifleccompe mertay Josd ey spdivMRIpEDEE3eB MHz): 87.53 (t, 1H, J=
1.9 Hz), 7.41- 238 ditaibiInd-PR3%:aQ fitsshH), 7.18 (t, 1H, J = 207.6 Hz), 5.37 (s, 1H), 5.22 (s, 1H),

4.26-4.21 (m, 1H), 4 17-3.9 (m, 2!43 29@1(9(? J= %%(g(?gl-glé) 2 83;.@2 érrol ?H), 1.23 (t, 3HZ J=76
Hz).  The following &SMpEORETHH 1RBIEt8 Ygdp%lé ed e r?tr?glﬁ? Erét m% t§ & Preparation of
ethyl 4-(3-bronrofherypidt@chydrobypemaleene adds d\UGH RBOITDI 46 THRCTHUIBACDOI0N0589 -46-
The reaction mixture 18 concentraied under reduced pressure. The residue is dissolved in
10 dioxane (5 mL) and transferred to a thick-walled glass reaction vessel. To the solution is
added 5 N hydrogen chloride (75 mL., 375 mmoles). The reaction vessel is capped and
heated to 100 °C. After 24 h, the solvent is removed under reduced pressure and the
residue is partitioned between THF (20 mi.) and saturated agueous sodium bicarbonate
(10 mL). TFo the mixture is added di-ters-butyl dicarbonate (1.7 g, 7.9 mmoles) and the
15 reaction is stirred for 2 h, The reaction mixture is diluted with water and extracted with
dichloromethane., The organic phase is dried over sodium sulfate, filtered, and
concentrated under reduced pressure. The residue is purified by column chromatography
using silica gel (340 g) eluting with a gradient of (0:100) Ethyl acetate; Hexane to (50:
50) Ethy] acetate: Hexane over 25 min. The second eluting diastereomer is collected and
20 the solvent removed under reduced pressure to give 595 mg of a mixture:
Preparation 32: the title compound, tert-butyl-(45,6R)-4-(3-bromo-4-fluorophenyl)-4,6-
dimethyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate: MS (m/z): 417, 419 (M+1); and
Preparation 32a: N-((45,6R)-4-(3-bromo-4-fluorophenyl)-4,6-dimethyl-5,6-dihydro-
4H-1,3-thiazin-2-yl)benzamide: MS (m/z) 421, 423 (M+1)
25
Preparation 33
(45)-4~(5-bromo-2,4-difluorophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-amine

S
Brﬁ{:’*mg

F F



Table 16 Prep. No. Chemical name Physical data 37a ethyl
4-(3-bromo-4-fluorophenyl)-2-hydroxypent-4- enoate See below 7 H NMR(CDC13, 400MHz): 8

7.59-7.55(My dHef13%1%-27 (M, 1H), 7.08-7.03 (M, 1H), 5.33 (s, 1H), 5.20p(Sg/bhhed26:8920 (M, IH),
4.19-4.02 (m, 2H), 2.96 (dd, J= 14.8, 4.8Hz), 2.80-2.73 (m, 2H), 1.24 (t, 3H, J-' 7.6Hz) 5Preparation 38

Ethyl 2-amino-4-(3-bromopheny1)-4-methyl-5,6-dihydro-4H-1,3-thiazine-6-carboxylate To a solution of
ethyl 4-(3-bromopheny1)-2-hydroxypent-4-enoate {1 g, 17 mmoles) in acetonitrile (68 mL) is added
2,6-lutidine (2.19 g, 20.4 mmol, 1.2 equiv). The 10reaction is cooled to 0 C and
trifluoromethanesulfonic anhydride (3.30 mL, 19 6 mmol, 1.15 equiv) is added dropwise over

approximately 5 minutes The mixture.is stirred.at ( _&_@r 20 mjn gs. Thiourea (2.59 g, 34.0 mmol, 2
equiv) is added and t Oear%a?:tslgﬁl%lw)ar% d to room em]r|c())(1§nr%ltu’re‘.511 fer 2 g?‘?ﬁ Ste%n,t %mixture is

concentrated uhdes fetitsedepressgratorpehdissiripemascaddisrafgaloilsisddrerbeided via large pipette
to 15stirring sulfurieaeihEld.8 Mi 8 mkbRlyomiemaeratuacAfias 20-minutes, thg.mixture is added

dropwise to a vigorously stirring, 0 C solytion of K2CO3 (ca. 50 g) in 50 mL H20). Additional water is
adted 1o enablE SHAE A <BTEH TSRS e oLk e Ao N eAcal s collcted by
filtration. The sbiligkis &flowedntbtengfendhe filtbichapdedbylesteeatmnofeaiefol d thetaigive the title

compound as gixie;oh20diasieiRaTRrSIvhiEh issed aitouk iurhex Ruifigasion: MS (m/z): 357,
359 (M+1). The foIIowmg compound in Table 17 is prg?ared essentially as described in the

preparation of fiyf2-4 h- (B0 HRBIRETTAYRA T used BiFGHrD 2Ate Btidus i e6-carboxylate.
WO 2009/134Qisf R 8/d 9200904 @589 mixture is extracted with ethyl acetate, The aqueous phase

is made basic with SN NaOH and extracted with 3:1 chloroform:IPA. The chloroform:
10 IPA phase is dried over sodium sulfate, filtered and the solvent removed under reduced
pressure to give the title compound.

The ethyl acetate extract is dried over sodium sulfate, filtered and the solvent
removed under reduced pressure. The resulting residue is passed through a MeOH.-
equilibrated SCX column, washed with methanol, followed by eluting with 2N NH; in

15 MeOH (50 mL). The 2N NH; in MeOH wash is collected and the solvent removed under
reduced pressure. The residue is combined with the title compound from the chloroform:
IPA cxtraction to give the title compound as a mixture of {6R and 68) {481-4-(5-bromo-
2,4-difluorophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-amine. (64% yield, 80%
purity as determined by LCMS): MS (m/z): 335, 337 (M+1).

20

Preparation 34
tert-butyl (4S,0R)-4-(5-bromo-2 4-difluorophenyi)-4,6-dimethyl-5,6-dihydro-4H-1,3-

thiazin-2-ylcarbamate

S O
H
F F

25 To a mixture of (6R and 65) (45)-4-(5-bromo-2,4-difluorophenyl}-4,6-dimethyl-
3,6-dihydro-4H-1,3-thiazin-2-amine in THF (20 mL) and saturated aqueous sodium
bicarbonate (10 mL) is added di-fert-butyl dicarbonate (900 mg, 4.1 mmoles). After 2 h,
the reaction is diluted with water and extracted with dichloromethane. The orgamc phase

is dried over sodium sulfate, filtered, and concentrated under reduced pressure. The



Table 17 Prep. No. Chemical name Physical data MS (m/z) 38a ethyl
2-amino4-(3-bromo-4-fluorophenyl)-4- methy1-5,6-dihydro-4H-1,3-thiazine-6-carboxylate8 375, 377
(M+1) ' Ragepve@iasigreomers Preparation 39 Ethyl PCT/US2009/040589
4-(3-bromophenyl)-2-(tert-butoxycarbonylamino)-4-methyl-5,6-dihydro-4H-1,3-
5thiazine-6-carboxylate 00 To a suspension of ethyl
2-amino-4-(3-bromopheny1)-4-methy1-5,6-dihydro<H1,3-thiazine-6-carboxylate (6.1 g, 17 mmol) in
1,4-dioxane (35 mL), water (18 mL), and saturated aqueous sodium bicarbonate (18 mL) is added
di-t-butyldicarbonate (7.42 g, 1034.0 mmol, 2 cquiv). The mixture is stirred for ca. 60 h. The reaction is

diluted with walgyand.exiractad, lree Imaswil H3G e e AropRIclaVeriSaied auer Na2So4,

filtered, and concentrated under reduced pressure to give a brown oil. The oil is purified by flash

column chromatsgrah) GHesmica s 126 Premdihy Wdiaigraament 6¢ bered 6odshetY dietate/hexane
to give the titleicampaund.&s adipsiuseeidiasiereamens:(G4% LibMel A sSMS(rmz); 457, 459 (M+1)
The following % npound in Table 18 is prepared essentially according to the preparation of ethyl
4-(3-bromophenyl)-2-(tert-butoxycarbonylamino)-4-methyl-5,6- dihydro-4H-1,3-thiazine-6-carboxylate.
WO 2009/134617PCT/1152009/040589 -48- Table 18 Prep. No.

Preparation 35
[(45,6R)-4,6-Dimethyvi-4-(3-pyrimidin-5-yl-phenyl)-5,6-dihydro-4H-[ 1,3 thiazin-2-y1]-

carhamic acid ferr-butyl ester

- {Ls o)
Nv\k@ ok

10 To a 100 °C solution of tert-butyl (45,6R}-4-(3-bromophenyl}-4,6-dimethyl-5,6-
dihydro-4H-1,3-thiazin-2-vicarbamate in 1,2-dimethoxyethane: water: ethanol [{(3: 1.5:
1), 12 mL] s added, in a single portion, pyrimidine-5-boronic acid (128mg, 5.9 mmoles,
2.5 equiv), bis(triphenylphosphine)palladium(il) chloride (29mg, 41 pmoles, 0.1 equiv)
and cesium carbonate (1.24 g, 1.24 mmoles, 3 equiv). After 20 minutes, the reaction is

15 cooled to ambient temperature, diluted with water, and extracted with dichloromethane.
The organic phase is dried over sodium suifate, filtered, and concentrated under reduced
pressure. The residue is purified by silica gel flash column chromatography eluting with
a linear gradient of hexane to hexane: ethyl acetate (5:2) over 20 minutes to give the title
compound (39% yield): MS (mv/z): 399 (M+1).

20

The following compounds in Table 14 are prepared essentially as described in the

preparation of [(4S,6R)-4,6-dimethyl-4-(3-pyrimidin-5-yl-phenyl)-5,6-dihydro-4H-

[1,3]thiazin-2-yi]-carbamic acid rert-butyl ester.



Chemical name Physical data MS (m/z) 39a ethyl 4;(3-bromo-4-fluorophenyl)-z-(ten-
butoxycarbonylamino)-4-methyl-5,6-dihydro-4H-1,3 thiazine-6-carboxylate9 475, 477 (M+1) Racemic

diastereomeys; Reéepegation 40 (4S,6S)-Ethyl PCT/US2009/040589
4-(3-bromopheny1)-2-(ten-butoxycarbonylamino)-4-methy1-5,6-dihydro- 4H-1,3-thiazine-6-carboxylate
Ethyl

4-(3-bromopheny0-2-(tert-butoxycarbonylamino)-4-fethyl-5,6-dihydro4H-1,3-thiazine-6-carboxylate
(3.5 g, 7.7 mmol) is purified by chiral HPLC in two stages: (Column: Chiralcel OJ 8 x 32 cm; Eluent: 1:
3 (3A alcohol : heptane); Flow: 400 10 mL/min at UV 240 nm), providing cut 1 containing peaks 1 and
2 of 3; then peaks,l;ang 2 are further purified by additional chiral chromatography (Column: Chiralcel
OD 8 x 32 cm; Eltent I 9 (isopropyl alconol - heptane); FIow: 200 ML/MIN pfdiV=2451m), Isolation of
the second elutingfswniér. prpvides the title cOmpucrdaaiter concentration|of the fractions under
reduced pressure (14% yield). 15 Preparation 41 (+/-) Ten-butyl MS (mz)
(45,65)-4-(3-bromophenyl)-6-(hzyekpbxwﬁéﬂj§/]§)4ﬂ-me‘nhy}eﬁ36@ihydaimﬁl1-1 3-thiazin-2-ylcarbamate
OH N NIO k 20To a QG solurtionﬁ}f ﬁmy 44@&?5% %&&ﬁq pgltoxycagﬁgr;m ing)-4-
e- 0 g, 4

methyl-5,6-dihydro-4H-1,3-thiazi 6carboxylate .mmol) in tetrahydrofuran -49-
thiazin- 2—ylca1bamate

teri-butyl (45,6R)-4-(2,4-diflucro-5-{pyrimidin-5-
35b yhphenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3- 435 (M+1)

thiazin-2-ylcarbamate

* Isolated as a mixture of title compound and N-((4S,6R)-4-(3-bromo-4-fluorophenyl)-
4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-yDbenzamide. MS (m/z): 421 (M+1).
Preparation 36
5 I-bromo-3-(prop-1-en-2-ylibenzene

|

Br

Methyltriphenylphosphonium bromide (35.7g, 97.9mmoles, 1.3 equiv) is
suspended in tetrahydrofuran (100 mL) and cooled to 0 °C. N-Butyllithium (2.5M in
hexanes, 27.0 g, 97.7 mmoles, 39.2 mL, 1.3 equiv) is added slowly to the mixture via an

10 addition funnel. The resulting solution is stirred for  hat 0 °C. A solution of 3-
bromoacetophenone (15.0 g, 75.3 mmoles, 10.0 mL, 1.0 equiv) in tetrahydrofuran (50mL)
is added slowly via an addition funnel. The resulting mixture is warmed to room
temperature and stirred for 3 h. The reaction is cooled to 0°C and quenched with
saturated aqueous ammonium chloride solution. The layers are partitioned in a separatory

15  funnel and the aqueous phase is extracted with hexanes. The combined organic phase is
dried over anhydrous sodium sulfate, filtered, and allowed to stand overnight at room
temperature. The organic phase is decanted from a precipitate and concentrated under
reduced pressure. The resulting solid is difuted with hexanes and filtered. The precipitate
is washed with hexanes. The filtrate is concentrated and the resulting mixture is purified

20 by silica gel flash column chromatography (hexanes) to give the title compound (83%
vield): 'H NMR (CDCls, 400MHz) & 7.59 (t, 1H, J=1.72 Hz), 7.40-7.36 (m, 2H), 7.18 (1,
IH, J=8 Hz), 5.36 (s, 1H), 5.12-5.10 {m, 1H), 2.13-3.11 (m, 3H).



(87 mL) and ethanol (25 mL) is added lithium borohydride (289 mg, 13.1 mmol, 3 equiv). The reaction
is warmed to room temperature and stirred for 4 h. The reaction mixture is quenched with saturated
N1-14C1. Thelayersae separated and the aqueous layer is extracted witirethylqacet@atge The
combined organic layers are washed with saturated 5 aqueous NaCl and dried over Na2SO4. The
mixture is filtered and concentrated to give a light yellow oil. The oil is purified by column
chromatography on silica gel (120 g) using a gradietit of 0 to 100% ethyl acetate/hexane to give the
titte compound (29% yield): MS (miz): 415, 417 (M+1). 10Preparation 42 Ten-butyl (45,65 )-4-(3
-bromopheny1)-6-(hydroxymethyl)-4-methyl-5,6-d ihydro-4H-1,3- thiazin-2-ylcarbamate  (+/-)
Tert-butyl (4S,6S)-4-(3-bromopheny1)-6-(hydroxymethyl)-4-methyl-5,6-
dihydro-4H-1,3-thiazin-2-ylcarbamate (870 mg, 2.1 mmol) is purified by HPLC chiral 15 separation:
(Column: Chiralpak ABedollasipasapguithinE a1 80vsPar GerrErBIRSFORISR 1986 mL/min at UV
250 nm). The segandielutingisamarjsdpolated-10)pemaae the enantiomerically enriched title compound
(38.5% vyield): '\’%ré‘/ﬁs): 415, 417 (M+1). Preparation 43 20(+/-) Tert-butyl

(4S,6S)-6-(hydr DXYI it

st ,I\""’"”Ethyi"f*’(s’(f"()ﬂ]id%ﬂ E?-xéﬂghcnyl)%,ﬁ- Phvsical dak
dihydro-41/-1,3-th|a§|n-$)f lcarbamate_To.a 110 C solution. of (/=) tert-butyl e

(4S,6S)-4-(3-bramostienyi1)-6- 2Hyemsxyrieeryt-axieiethgi-S- BLEmyaRe-4H-1, 358sihgiond-y|carbamate
(150 mg, G:36 25MMENRTCH2rdistRaxyethanedd binb). €FianeLf 17580k 35300 waters.-3 mL) is
added pyrimidine{p-borgrig amid, €L 32(mnaif.90nInoles, 215 equiv)ycasivm)carbonate (353 mg, 1.08
mmol, 3 equiv), and bis(triphenylphosphine)palladium(ll) chloride (25 mg, 0.036 mmol, 0.1 equiv). The
reaction is stirred at 110 C. After 20 minutes, threpreatiordMixture is diluted with EtOAc and FLO. The
layers are separated and the a%‘?f)H%ﬁﬁ?o?ﬁopﬁc%iiﬁﬁf&%%éﬂﬂﬁE.Tc%’éc- The combined organic
layers are dried over sodium sulfate, filtered, and concentratéd under reduced pressure. The crude
residue is purified by column chromatogra@rhy on éilic]aeg)(S% MeOH/DCM) to give the title compound
(29% vyield): MS (m/z): 415 (M+1) The fo g Compound in Table 19 is prepared essentially
according to the preparation of (+/-) tert-butyl {4 ,6S)-6-
yOpheny1y-5,6-dihydrg-Atdrd3athiazins Ay satRamaie:fable 1, Brer.Mon Shgmisal pamme Physical

data MS (m/z) . . .
1.0 equiv) in acetonitrile (124 mL, 0.5 M) are added ethyl glyoxalate (38.1 g, 37 mL, 187

mmoles, 3 equiv) and ytterbium trifluoromethanesulfonate, hydrate (7.72 g, 12.4 mmoles,
0.2 equiv). The mixture is stirred overnight at room temperature. The mixture is
concentrated under reduced pressure and diluted with diethyl ether. The resulting

15 solution is washed twice with water. The organic layer is dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The residue 1s purified via flash
column chromatography on silica gel (330g) in two batches using a gradient of 0-100%
ethyl acetate/hexanes to yield the title compound (87% yield): "H NMR (CDCls, 400
MHz): 8 7.53 (t, 1H, J= 1.9 Hz), 7.41-7.37 (dt, 1H), 7.33-7.30 (dt, 1H), 7.18 (t, 1H, J=

20 7.6 Hz), 5.37 (s, 1H), 5.22 (s, 1H), 4.26-4.21 (m, 1), 4.17-3.99(m, 2H}, 2.99 {dd, J =
14.8, 4.8 Hz), 2.83-2.72 (m, 2H), 1.23 (t, 3H, J="7.6 Hz). '

The following compound in Table 16 is prepared essentially according to the

preparation of ethyl 4-(3-bromophenyl)-2-hydroxypent-4-enoate.



43a tert-butyl (45,6S)-4-(3-bromopheny1)-6- (hydroxymethyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-
2-ylcarbamate 415 (M+1) Preparation 44 (+/-) Tert-butyl
(4S,65)-4-(3:kyemophrey1)-6-(2-hydroxypropan-2-y1)-4-methy1-5,6-  pers2009/640589
dihydro-4H-1,3-thiazin-2-ylcarbamate OH 0j< 15To a 0 C solution of ethyl
2-amino-4-(3-bromopheny1)-4-methy1-5,6-dihydro-4H- 1,3-thiazine-6-carboxylate (250 mg, 0.55
mmol) in tetrahydrofuran (5.5 mL) is added methylm&gnesium chloride (0.58 mL, 1 75 mmol, 3.2
equiv). After 15 minutes, additional methylmagnesium chloride (0.38 mL, 1.2 mmol, 2 equiv) is added.
After 30 minutes, the reaction mixture is quenched with saturated aqueous NH4C1 and diluted with 20
ethyl acetate. Tl:i%d%yﬁ{s are separated and the aqueous layer is extracted with ethyl acetate. The
combined orga W NERRS washed with b%ﬂgﬁ{ﬁglﬁgﬁ{gUUb NaCi;dried Qs NEd 0% filtered, and
concentrated underreduced pressure. The crude residue is purified by column’chromatdgraphy on
silica gel (80 g) eluting with = hrd diéhbemeetd-flmronisoyh iy reeRiE fexan s 19, give the title
compound (26% yleld% MS (m/z) 443 445 (M+&.ﬂoate The foIIowmg compounds in Talle 20 are
prepared essenﬁ"?ﬁ\h gt \a%w’s of ‘1 e Y, 1), 7.087.03
(4S,6S)-4~(3-bro ?B?E‘ e ?‘:Y 19-4, H dd. /=
methy1-5,6-dihydiq &ih- q@g{at Ebf—’ (}\Qfomc%e) |caq aime Physical data
MS (m/z) 44a (HI- )tert butyl’ 4S, 6S)- - 3 bromo-4- uoropheny

5 Preparation 38

b

Ethyl 2-amino-4-(3-bromophenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazine-6-carboxylate

|/

OO

Br N,)\NHz

To a solution of ethyl 4-(3-bromophenyl)-2-hydroxypent-4-encate (5.1 g, 17
mmoles) in acetonitrile (68 mL) is added 2,6-lutidine (2.19 g, 20.4 mmol, 1.2 equiv). The
10 reaction 18 cooled to 0 °C and trifluoromethanesulfonic anhydride (3.30 mL, 19.6 mmol,
1.15 equiv) is added dropwise over approximately 5 minutes. The mixture is stirred at
0 °C for 20 minutes. Thiourea {2.59 g, 34.0 mmol, 2 equiv) is added and the reaction is
warmed to room temperature. After 45 minutes, the mixture is concentrated under
reduced pressure. The resulting viscous orange oil is then added via large pipette to
15 stirring sulfuric acid (17.8 M, 8 mL) at room temperature. After 20 minutes, the mixture
is added dropwisc to a vigorousiy stirring, 0 °C solution of K2CO; (ca. 50 g) in 50 mL
H.Q). Additional water is added to enable stirring upon solid formation during the
quench. The tan/orange solid is collected by filtration. The solid is allowed to dry on the
filter paper by a stream of air for 1 h to give the title compound as a mixture of

20 diastereomers which is used without further purification: MS (m/z): 357, 359 (M+1),

The following compound in Table 17 is prepared essentially as described in the
preparation of ethyl 2-amino-4-(3-bromophenyl)-4-methy!-5,6-dihydro-4H-1,3-thiazine-

6-carboxylate.



(2-hydroxypropan-2-y1)-4-methyl-5,6-dihydro-4H-1,3- thiazin-2-ylcarbamate 461, 463 (M+1) 44b
ten-butyl (4S,6S)-4-(3-bromopheny1)-6-(2- hydroxypropan-2-y0-4-methy1-5,6-dihydro-4H-1,3-
thiazin-2-ylgagbamata déd3, 445 (M+ 1) Preparation 45 10(+/-) Ted-butyl pcT/msz009/640589
(4S,6S)-4-(4-fluoro-3-(pyrimidin-5-yl)pheny1)-6-(2-hydroxypropan-2-y1)-
4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate To a 100C solution of ten-butyl
(4S,6S)-4-(3-bromo-4-fluoropheny1)-6-(2- -47-
hydroxypropan-2-y1)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (1.11 g, 2.41 15mmoles, 1.0
equiv) in 1,2-dimethoxyethane (22 mL) and water (7 mL) are added pyrimidine-5-boronic acid (1.2 g,
9.6 mmol, 4 equ%igaﬁ(trlphenylphosphlne)palladlum(lI) chloride (508 mg, 0.723 mmol, 0.3 equiv), and
cesium carbonate(2:36gy 7-2 mmot, 3 equiv)- After 2 ) n temperature
The reaction mixeuge. iScdiluted with EtOAc @hehpeuttiiimned between 20 EtOAc and water The aqueous
phase is extracted 3 times with EtOAc. The combined organic phase is dried*5VEP€ddium sulfate,
filtered, and concentrate und@hyeﬂuﬁﬁcb 45{2 -Wpsessumitedialaythe-crude product. The trude residue
is purified by colunﬁ%hromatj)%fag)e g gﬁ %@ mﬁutl }\évcl]t EtOAEXS Vi IPreparation 45:
the title compoul nd, (460 mg, vle ?[m SN RET reparation 45a: (+/-)
2-((4S,6S)-2-amiRecax(is- ﬂ@wsn(wnmldm 5-yl)pheny1)-4-
5methyl-5,6-dihydro-4H-1,3-thiazin-6-yl)propan-2-ol, (145 mg): MS (m/z): 361 (M+1). The following
compounds in Table 21 are prepared essentigly,aesqsding to the preparation of (+/-) tert-butyl
(4S,6S)-4-(4-flu roiS 5& yrimidi

hydroxypropan V Y ARERRYD nh?%%%% ¥%Zﬂ5ix&2-199|1 s dansiians 104 48Ie 51 Brep. No.

thiazine-6-carboxylate

0,0
S 0
Br A )LOJ<

To 2 suspension of ethyl Z-amino-4-(3-bromophenyh-4-methyl-5,6-dihydro-4H.-
1,3-thiazine-6-carboxylate (6.1 g, 17 mmol} in 1,4-dioxane (35 mL), water (18 mL), and
saturated aqueous sodium bicarbonate (18 mL) is added di-r-butyldicarbonate (7.42 g,

10 34.0 mmol, 2 equiv). The mixture is stirred for ca. 60 h. The reaction s diluted with
water and extracted three times with CH,Cl;. The organic layer is dried over NaySO,,
filtered, and concentrated under reduced pressure to give a brown oil. The oil is purified
by fiash column chromatography on silica gel (150 g) eluting with a gradient of 0 to
100% ethyl acetate/hexane to give the title compound as a mixture of diastercomers (64%

15 yield): MS (m/z): 457, 459 (M+1)

The following compound in Table 18 is prepared essentially according to the
preparation of cthyl 4-(3-bromopheny!)-2-(terr-butoxycarbonylamino)-4-methyl-5,6-
dihydro-4H-1,3-thiazine-6-carboxylate,



Chemical name Physical data MS (m/z) 45b (+/-) tert-butyl (4S,6S)-6-(2-hydroxypropan-2-yl)-4-
methy1-4-(3-(pyrimidin-5-y1)phenyl)-5,6-dihydro-4H-1,3- thiazin-2-ylcarbamatem 443 (M+1) 45c
tert-butyl (4&:63e6-Zd1ydroxypropan-2-y1)-4-methy1-4- PCT/US2009/040589
(3-(pyrimidin-5-yflpheny1)-5,6-dihydro-4H-1,3-thiazin-2- ylcarbamate 443 (M+1) Racemic compound
prepared and purified via chiral chromatography conditions described below in Preparation 45.
Preparation 46 Ten-butyl -48-
(4S,6S)-4-(4-fluoro-3-(pyrimidin-5-yepheny1)-6-(2-hydroxypropan-2-y1)-4-
15methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (+/-) Tert-butyl

(4S,6S)-4-(4-flugrey 1(@yrlmldln -5- yl)phenyl) -6-(2-
hydroxypropan-g-= -4H- razi @Wmol) is
purified by HPL ~Pe:dspraiuseparatlon (CqumnCﬁmr@zlpaimAD H21x25cm x5 20 1.1m; fluent: 20%
EtOH/CO2; Flow: 70 mL/min at UV 225 nm). The second eluting -53- isomer iMisgRted to provide the
enantiomerically enriched title comppuEli29%.);- Mozl B8L (M+1). EXAMPLES 5

39a butoxycarbonylamino)-4-methyl-5,6-dihydro-4H-1,3- | 475, 477 (M+1)

thiazine-6-carboxylate®

? Racemic diastereomers

Preparation 40
(45,65)-Ethyl 4-(3-bromophenyl)-2-(terr-butoxycarbonylamino)-4-methyl-5,6-dihydro-
5 4H-1,3-thiazine-6-carboxylate

0,0
Bi’@yﬁ’i N JOL OJ<
H

Ethyl 4-(3-bromophenyD)-2-(tert-butoxycarbonylamino)-4-methyi-3,6-dihydro-
4H-1,3-thiazine-6-carboxylate (3.5 g, 7.7 mmol} is purified by chiral HPLC in two stages:
(Column: Chiralcel OJ 8 x 32 cm; Eluent: 1: 3 (3A alcohol : heptane); Flow: 400

10 ml/min at UV 240 nm), providing cut 1 containing peaks 1 and 2 of 3; then peaks I and 2
are further purified by additional chiral chromatography (Column: Chiralcel OD 8 x 32
cm; Eluent 1 : 9 (isopropyl alcohol ; heptane); Flow: 400 mL/min at UV 240 nm),
Isolation of the second eluting isomer provides the title compound after concentration of
the fractions under reduced pressure {14% yield).

i3 '

Preparation 41
(+/-} Tert-butyl (45,68)-4-(3-bromophenyl)-6-(hydroxymethyl}-4-methyl-5,6-dihydro-
4H-1,3-thiazin-2-ylcarbamate
OH

RN
o

20 To a0 °C solution of ethyl 4-(3-bromopheny!)-2-{terr-butoxycarbonylaminoe)-4-
methyl-5,6-dihydro-4H-1,3-thiazine-6-carboxylate (2.0 g, 4.4 mmol) in tetrehydrofuran



Example 1 (S)4-(3-(2-fluoropyridin-3-yflpheny1)-4-methyl-5,6-dihydro-4H-1,34hiazin-2-amine
dihydrochloride salt N F Cs TN-- NH2 2HCI - 10To a solution of
(S)-4-(3-(2-fiyprapyrigig:3-yephenyl)-4-methyl-5,6-dihydro-4H- 1,3-thiazins2-gmingtlaormg. 0.531
mmoles) in THF (4 mL) is added a saturated solution of Hu in dioxanc (2 mL) at O C. The reaction
mixture is allowed to stir at room temperature for 4h. The solvent is removed under reduced pressure.
The resulting solid is washed repeatedly with anhydigous ether and dried under reduced pressure to
give title 15 compound (87% yield): MS (m/z): 302 (M+1). Example 2 (5)-443
-(5-Chloro-2-fluoro-pyridin-3 -y1)-phenyl]-4-methy1-5,6-dihydro-4H-[1,3 Jthiazin- 2-ylamine

dihydrochloride 2785443, PG6-E01268-074 C| .. .20.2HCI , A tion of (S )-N- (4-[3-(5-Chl oro-2-
fluo ro-py rid w?g?% nﬁapn gtr}lija/nl(flig)%nng’s‘ufﬁldgdgd gfﬁ?@ro?ﬁﬁl}[f@ﬁﬁ%giH]-gz-%§-%%’¥5r€1?§81@30 mg, 1.1
mmoles) in triflletcREcERE ‘AcTar(BE flryamimmstharnoi(é otmtd ferdtirethfor8frané@e Ehe solvent is

removed undegggduced pressrrd e cesituads.dissolvedin natemnang.asutialized with saturated
25bicarbonate and eﬁtracte%lmfith ethylﬂcetate. The organjc phase is dried over sodium sulfate,

ACRRIT P SRR HVE SYSiGa iR reliiated

filtered, and concenttrat“e”é]h hieftedlice
5 aqueous NaCl and dried over Na;SO4. The mixture is filtered and concentrated to give a

light yellow oil. The oil is purified by column chromatography on silica gel (120 g) using
a gradient of 0 to 100% ethyl acetate/hexane to give the title compound (29% yield): MS
(m/z): 415, 417 (M+1),

10 Preparation 42

Tert-butyl (48,65)-4-(3-bromophenyl)-6-(hydroxymethyl)-4-methyl-5,6-dihydro-4H-1,3-
thiazin-2-ylcarbamate
(+/-) Tert-butyl (48,68)-4-(3-bromopheny!)-6-(hydroxymethyl)-4-methyl-5,6-

dihydro-4H-1,3-thiazin-2-ylcarbamate (870 mg, 2.1 mmol) is purified by HPLC chiral

15 separation: (Column: Chiralpak AD & x 36 cm x 20 pm; Eluent: 100% 3A ethyl alcohol;
Flow: 400 mL/min at UV 250 nm). The second eluting isomer is isolated to provide the
enantiomerically cnriched title compound (38.5% yield): MS (m/z): 415, 417 (M+1).

Preparation 43
20 (+/-) Tert-butyl (48,68)-6-(hydroxymethy)-4-methyl-4-(3-(pyrimidin-5-ylphenyl)-35,6-
dihydro-44-1,3-thiazin-2-ylcarbamate

OH
o :

To a 110 °C solution of (+/-) ter-butyl (4S,6S)-4-{3-bromophenyl)-6-
(hydroxymethyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (150 mg, 0.36
25 mmol) in 1,2-dimethoxyethane (4.5 mL), ethanol (1.5 mL), and water (2.3 mL) is added
pyrimidine-5-boronic acid (112 mg, 0.90 mmoles, 2.5 equiv), cesium carbonate (353 mg,
1.08 mmol, 3 equiv), and bis(triphenylphosphinejpalladium(IT) chloride (25 mg, 0.036
mmol, 0.1 equiv). The reaction is stirred at 110 °C. Afier 20 minutes, the reaction

mixture i diluted with EtOAc and H20. The layers arc separated and the aqueous phase



purified by silica gel flash column chromatography eluting with ethyl acetate. The -54- resulting amine
is dissolved in dichloromethane and HC1 gas is bubbled through the solution for 30 seconds. The
solvent is regeyeshangder reduced pressure to give the title compound (5280% A4S )55336 (M+1).
5The following compounds in Table 22 are prepared essentially as described in the preparation of
(S)-443-(5-chloro-2-fluoro-pyridin-3-y1)-pheny1]-4-methy1-5,6-dihydro4H-[1,3]thiazin-2-ylamine
dihydrochloride. Table 22 Ex. No. Chemical name £fysical data MS (m/z)
(S)-4-(4-fluoro-3-(3-fluoropyrazin-2-yl)phenyl)-4-methyl- 5,6-dihydro-4H-1,3-thiazin-2-amine
hydrochloridell 321(M+1) 4 (S)-4-(2,4-difluoro-5-(3-fluoropyrazin-2-yepheny1l)-4-

methyl-5,6 dinydigs it Grifiaeinc2 ARG BYipHURTdRl PR (Wb R UfRgPIferse phase
preparative HPLC: method A 10Example 5

(S)-4-(2,4-DiflUdrySs: YA BAROIHERY Iolaced isyius: 6 Thp gard: s ve3fRaiad 2y lamine N NH2

column chromatography on silica gel (5% MeOH/DCM) o give the title compound (29%
vield): MS (m/z}. 415 (M+1)

5
The following compound in Table 19 is prepared essentially according to the
 preparation of (+/-) tert-butyl (4S,6S)—6—(hydr0xymethy1)—4—methy1—4—(3-(pyrimidi;i—S—
yhphenyl)-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate.
Table 19
Physical
Prep. No. Chemical name data
MS (m/z)
teri-butyl (45,68)-4-(3-bromophenyi)-6-
43a (hydroxymethyl)-4-methyl-3,6-dihydro-4H-1,3-thiazin- | 415 (M+1)
2-ylcarbamate
10
Preparation 44
(+/-) Tert-butyl (45,65)-4-(3-bromophenyl)-6-2-hydroxypropan-2-yl)-4-methyl-5,6-
dihydro-4H-1,3-thiazin-2-ylcarbamate
OH
s a
Oy Ao
15 To a 0 °C solution of ethyl 2-amino-4-(3-bromophenyl)-4-methyl-5,6-dihydro-4H-

1,3-thiazine-6-carboxylate (250 mg, 0.55 mmol) in tetrahydrofuran (5.5 mL) is added
methyimagnesium chloride (0.58 mL, 1.75 mmol, 3.2 equiv). After 15 minutes,
additional methylmagnesium chloride (0.38 mL, 1.2 mmoi, 2 equiv) is added. Afier 30
minutes, the reaction mixture is quenched with saturated aqueous NH4Cl and diluted with
20 ethy! acetate. The layers are separated and the aqueous layer is extracted with ethyl
acetate. The combined organic layers are washed with saturated aqueous NaCl, dried
over Na,SOy, filtered, and concentrated under reduced pressure. The crude residue is

purified by column chromatography on silica gel (80 g) eluting with a gradient of ¢ to



F.2HCI Into a solution of (S)44-(2,4-difluoro-5-pyrimidin-5-yl-pheny1)-4-methy1-5,6-
15dihydro-4H-[1,3]thiazin-2-y1Fearbamic acid ten-butyl ester (263 mg, 625 umoles) in
dichloromethanad¢d/psmk) at ambient temperature is bubbled HCI gas for Iprinusesdbheosgaction is
sealed with a septum and stirred 18 h. The solvent is removed under reduced pressure to give the title
compound (>95% Yield): MS (m/z): 321 (M+1). 20The following compounds in Table 23 are prepared
essentially according to the preparation of -51- '
(S)-4-(2,4-difluoro-5-pyrimidin-5-yl-pheny1)-4-methy1-5,6-dihydro-4H[1,3]thiazin-2-ylamine. Table 23
-55- Ex. No. Chemical name Physical data MS (raiz) 6 (S)-4-(4-Fluoro-3-pyrim
din-5-yl-phenyged;mgiylenerdibvdiasdhld hdliiaginsoYiamies, lji@bagmbleﬂ%ﬁ 303 4M+1) 7
(S)-4-(2-Fluoro-5-pyrimidin-5-yl-pheny1)-4-methyl- 5,6-dihydro-4H-[1,3]thiazin-2-ylamine
dihydrochlorid@ébé/'(Mﬂ) 8 (S)-4[4-Fluoro-3-(2-fluoro-pyridin-3-y1)-phenyl]-4-
methyl-5,6-dihydro-4H-[1,3]thiazin-2-ylamine

The following compounds in Table 26 are prepared essentially according to the
5 preparation of (+/-) tert-butyl (45,65)-4-(3-bromophenyl)-6-(2-hydroxypropan-2-yi}-4-
methyi-3,6-dihydro-4H-1,3-thiazin-2-ylcarbamate.
Table 20

Physical data

Prep. No. Chemical name
' MS (m/z)

(+/-) tert-butyl (4S,65)-4-(3-bromo-4-fluorophenyi)-6-
44a (2-hydroxypropan-2-yh-4-methyl-5,6-diydro-4/7-1,3- | 461, 463 (M+1)
thiazin-2-ylcarbamate
tert-butyl (45,65)-4-(3-bromophenyl)-6-(2-
44b hydroxypropan-2-y1)-4-methyl-5,6-dihydro-4£-1,3- | 443, 445 (M+1)

thiazin-2-ylcarbamate

Preparation 45
10 (/) Tert-butyl (48,68)-4-{(4-fluoro-3-(pyrimidin-S-ylphenyl)-6-(2-hvdroxypropan-2-yi)-
4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate

@Dfﬂu

To a 100 °C solution of zert-butyl (48,65)-4-(3-bromo-4-fluoropheny)-6-(2-
hydroxypropan-2-yl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (1.11 g, 2.41
15 mmoles, 1.0 equiv) in 1,2-dimethoxyethane (22 mL) and water (7 mL) are added
pyrimidine-5-boronic acid {1.2 g, 9.6 mmol, 4 equiv},
bis(triphenyiphosphine)palladium(Il) chloride (508 mg, 0.723 mmol, 0.3 equiv), and
cesium carbonate (2.36g, 7.2 mmol, 3 equiv). After 25 min, the mixture is cooled to
room temperature. The reaction mixture 18 diluted with EtOAc and partitioned between
20 FEtOAc and water. The aqueous phase is extracted 3 times with EtGAc. The combined

organic phase is dried over sodium sulfate, filtered, and concentrated under reduced



hydrochloriden 320 (M+1) 9 (S)-4-(2,4-difluoro-5-(2-fluoropyridin-3-yl)pheny1)-4-
methyl-5,6-dihydro-4H-1,3-thiazin-2-amine hydrochloride 13 338 (M+1) 10
(S)-4-(2-chlgya-mdhaidero-2-fluoroppidin-3- yflphenyl)-4-methyl-5,6-dihyslredtohedsibiggin-2- amine
hydrochloride14 370, 372 (M+1) 11 (S)-4-(2,4-difluoro-5-(5-fluoropyridin-3-yl)pheny1)-4-
methyl-5,6-dihydro-4H- | ,3-thiazin-2-amine dihydrochloride 338 (M+1) 12
(S)-4-(4-fluoro-3-(pyrazin-2-yl)pheny1)-4-methy1-58-dihydro-4H-1,3-thiazin-2-amine dihydrochloridel3
303 (M+1) 13 (+1-) ((4S,6S)-2-amino-4-methy1-4-(3-(pyrimidin-5-
yhphenyl)-5,6-dihydro-4H-1,3-thiazin-6-yl)methanol 315 (M+1) 14

pressure to yield the crude product. The crude residue is purified by column

chromatography on silica gel (80 g) eluting with EtOAc to yield:

Preparation 45: the title compound, (460 mg, 41% yield): MS (m/z): 461 (M+1); and

Preparation 45a: (+/-) 2-((48,68)-2-amino-4-(4-fluoro-3-(pyrimidin-5-yl)pheny1)-4-
5 methyl-5,6-dihydro-4#-1,3-thiazin-6-yDpropan-2-ol, (145 mg): MS (m/z): 361 (M+1).

The following compounds in Table 21 are prepared essentially according to the
preparation of (+/-) tert-butyl (45,65)-4-(4-fluoro-3-(pyrimidin-5-yDphenyl)-6-(2-
hydroxypropan-2-y[)-4-methyl-5,6-dihydro-44-1,3-thiazin-2-ylcarbamate.

10 Table 21
Physical
Prep. No. Chemical name data
MS (m/z)

(+/-) tert-butyl (48,65)-6-(2-hydroxypropan-2-y1)-4-
45Db methyl-4-(3~(pyrimidin-5-yliphenyl)-5,6-dihydro-4 H-1,3- | 443 (M+1)

thiazin-2-ylcarbamate™

tert-butyl (45,68)-6-(2-hydroxypropan-2-y1)-4-methyl-4-
45¢ (3-(pyrimidin-5-yhphenyl)-5,6-dihydro-44-1,3-thiazin-2- | 443 (M+1)

ylcarbamate

1% Racemic compound prepared and purified via chiral chromatography conditions
described below in Preparation 45.

Preparation 46
Tert-butyl (4S,68)-4-(4-fluoro-3-(pyrimidin-5-yDpheny!}-6-(2-hydroxypropan-2-y1)-4-

15 methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate
OH
s 0
9
SO @J\Ok

(+/-) Tert-butyl (4S,65)-4-{4-fluoro-3-(pyrimidin-5-y])phenyl -6 -(2-
hydroxypropan-2-yl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (455 mg, 0.99
mmol) is purified by HPLC chiral separation (Column: Chiralpak AD-H2.1 x25cm x 3

20 pmy; Eluent: 20% EtOH/CO,; Flow: 70 mL/min at UV 225 nm). The second cluting



((4S,6S)-2-amino-4-methy1-4-(3-(pyrimidin-5- y1)pheny1)-5,6-dihydro-4H-1,3-thiazin-6-yOmethanol
315 (M+1) 15 (4S,6R)-4,6-dimethy1-4-(3-(pyrimidin-5-yl)phenyl)- 5,6-dihydro-4H-1,3-thiazin-2-amine
dihydrochlogidei@«#22dM+1) WO 2009/134617PCT/US2009/040589 -56pd@/1:52069/040589
(4S,6R)-4-(2,4-difluoro-5-(pyrimidin-5-yOphenyl)- 4,6-dimethy1-5,6-dihydro-4H-1,3-thiazin-2-amine
dihydrochloridel3 335 (M+1) 17 (+1.-) 2-((4S,6S)-2-amino-4-(4-fluoro-3-(pyrimidin-5-
yOpheny1)-4-methyl-5,6-dihydro-4H-1,3-thiazin-6--4Bpropan-2-ol 361 (M+1) Purified by crystallization
from acetonitrile 13 Purified by reverse phase preparative HPLC, method A 14 IM HCI in ether used
instead of HCI (g) Example 18 5(S)-4-Methy1-4-(3-pyrimidin-5-yl-pheny1)-5,6-dihydro-4H-[1,3]thiaz
n-2-ylamine  jcomer is isolated to provide the enantiomerically enriched title compound (29%): MS

(m/z): 461 (M+1).
EXAMPLES

Example 1
(5)-4-(3-(2-fluoropyridin-3-yhphenyl)-4-methyl-5,6-dihydro-4 H-1,3-thiazin-2-amine
dihydrochloride salt

ELQ N
2HC|

10 To a solution of (S)-4-(3-(2-fluoropyridin-3-yl)phenyl)-4-methyl-5,6-dihydro-4H-
1,3-thiazin-2-amine(160mg, 0.531 mmoles) in THF {4 mL) is added a saturated solution
of HCI i dioxane (2 mL) at 0 °C. The reaction mixture is allowed to stir at room
temperature for 4h. The solvent is removed under reduced pressure. The resulting solid
is washed repeatedly with anhydrous ether and dried under reduced pressure to give title

15  compound (87% yield): MS (m/z): 302 (M+1).

Example 2
(8)-4-[3-(5-Chloro-2-fluoro-pyridin-3-yl)-phenyl}-4-methyl-5,6-dihydro-4 /-] 1,3 thiazin-
2-ylamine dihydrochloride
2785443, PG6-E01268-074

B fn

30 2HCI
A solution of (8)-N-{4-13-(5-Chloro-2-fluoro-pyridin-3-y1)-phenyi}-4-methyl-5,6-
dihydro-4H-[1,3]Jthtazin-2-yl} -acetamide (430 mg, 1.1 mmoles) in trifluoroacetic acid (50
mlL}) and methanol (50 mL) is stirred for 8 h at 60 °C. The solvent is removed under
reduced pressure. The residue is dissolved in water and neutralized with saturated
25  bicarbonate and extracted with ethy! acetate. The organic phase is dried over sodium
sulfate, filtered, and concentrated under reduced pressure to give a residue. The residue is

purified by silica gel flash column chromatography eluting with ethyl acetate, The



dihydrochloride A solution of (S)-N44-Methy1-4-(3-pyrimidin-5-yl-pheny1)-5,6-dihydro-4H-
,3]thiazin-2-ylkacetamide (2.7 g, 8.3 mmoles, 1.0 equiv) is stirred in 5N hydrogen chloride (50 mL, 250
mmoles, 30paguivpatde®d C for 2 h. The reaction is cooled and the 10 volaties arsmspmmensd under
reduced pressure. The resulting residue is dissolved in water and extracted with ethyl acetate. The
agueous phase is neutralized with saturated agueous sodium bicarbonate and extracted ethyl acetate.
The organic phase is dried over sodium sulfate, filtefed, and concentrated under reduced pressure to
give a residue. The residue is filtered through a silica gel plug and washed with ethyl acetate. The
silica gel plug is 15further washed with ethyl acetate containing ethyl acetate and 10 % isopropyl
amine. The 10:4IaRp1aRyL ARG ML FINMIASSIIRNAR 1S AYSRad ARAheAglyp il emoved under
reduced pressure. The resulting free amine is dissolved in a solution of 100 mL of water containing 14
mL of 1 N HO STHEoRLUIhspedlidtion R shiverd e e gRdetietterd esmmtuRdietbs Yiid): MS (miz):
285 (M+1). 20compbhigi fiatowinasomprunsdsvn ilable 24 are prepared essentially as described in the
preparation of (S)-4-methy1-4-(3-pyrimidin-5-yl-phenyl)-5,6-dihydro-4H-[1,31thiazin-2- ylamine
dihydrochloride. WO 2009/134617PCT/US2009/040589 -57- Table 24 Ex. No. Chemical name
Physical data MS (ml2y f81¢S)g-aanBumdétiiokgopy2iire Brynirphesaytialyraedasr i in the
dihydr0'4H411ﬁ%ﬂ'z\ﬁﬁﬂk31’){@miﬂﬁ(gi@mgfé’@mﬁﬂ%b%ﬁéiﬁ—ﬁ%rl'jlﬁh%f?vl}—4—methylm5,6~dihydr0»~
443-(5-Methox -]){riB(jli ,-3-,y_12)_-pheny11-4-methyl-5,6- dihydro-4H-[1,3]thiazin-2-ylamine dihydrogen

chloride 314 ( thiazin-2-ylamiiie dihydrochloride.
Table 22
Physical
Ex. No, Chemical name data
MS (m/z)

{8)-4-(4-fluoro-3-(3-fluoropyrazin-2-ylphenyl)-4-methyl- _
3 . o . o 321(M+1)
5.,6-dihydro-4H-1,3-thiazin-2-amine hydrochloride

(5)-4-(2 4-difluoro-5-3-fluoropyrazin-2-yl)phenyl)-4-
4 . o 339D
methyl-5,6-dihydro-44-1,3-thiazin-2-amine hydrochloride

M purified by reverse phase preparative HPLC: method A

10 Example §
($)-4-(2,4-Difluoro-5-pyrimidin-5-yl-phenyl)-4-methyl-3,6-dihydro-4H-[ 1,3 Jthiazin-2-

ylamine

N

7 F\S

Ns N/)\NHQ
F F 2HCl

into a solution of (8)-[4-(2 4-difluoro-5-pyrimidin-5-yl-phenyl}-4-methyl-3,6-

15 dihydro-4H-[1,3]thiazin-2~yl]-carbamic acid ferr-butyl ester (263 mg, 625 pmoles) in
dichioromethane (15 mL) at ambient temperature is bubbled HCI gas for | minute, The
reaction is sealed with a septum and stirred 18 h. The solvent is removed uader reduced

pressure to give the title compound (>95% Yield): MS (m/z): 321 (M+1).

20 The following compounds in Table 23 are prepared essentially according to the
preparation of (S)-4-(2,4-difluoro-5-pyrimidin-5-yl-phenyl)-4-methyl-5,6-dihydro-4H-
{1,3}thiazin-2-ylamine.

Table 23



21 (S)-4-(4-fluoro-3-(pyrimidin-5-yOpheny1)-4,6,6-trimethyl- 5,6-dihydro-4H-1,3-thiazin-2-aminel6 331
(M+1) Purified by crystallization of the crude HCI salt from 2-5 % methanol "ri acetonitrile 16 Purified
by HPLC, mgtheg kxample 22 5(4S,6R)-4-(4-fluoro-3-(pyr

‘clin-5-yl)pheny1)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiaz n- 2-amine dihydrochloride

mixture of tert-butyl (4S,6R)-4-(4-fluoro-3-(pyrimidin-5-yl)phenyl)-
4,6-dimethy1-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate and N-((4S,6R)-4-(3-bromo-4-
fluoropheny1)-4,6-dimethy1-5,6-dihydro-4H-1,3-thiazin-2-yl)benzamide (360 mg) in 10
dichloromethane (10 mL) at ambient temperature is bubbled HC1 gas for 1 minute. The reaction is
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(S)-4-(2,4-diflnoro-5-(2-fluoropyridin-3-yl)phenyi)-4-

5,6-dihydro-4H-1,3-thiazin-2-amine dihydrochloride™

9 methyl-5,6-dihydro-4H-1,3-thiazin-2-amine 338 (M+1)
hydrochloride ™
(5)-4-(2-chloro-5-(5-chloro-2-fluoropyridin-3-
10 yphenyl)-4-methyl-5,6-dihydro-4H-1,3-thiazin-2- | 370, 372 (M+1)
amine hydrochloride™
(S)-4-(2 ,4-diftuoro-5-(5-fluoropyridin-3-yl)phenyl)-4-
11 methyl-3,6-diydro-4H-1,3-thiazin-2-aming 338 M+
dihydrochloride
0 (S)j4—(4-ﬂu0r0~3~(p3fraiz:in~2wyi‘)phezllyl)-4-meth3'rl—5,6- 303 (M)
dihydro-4H-1,3-thiazin-2-amine dihydrochloride™
3 (+/-} ((4S,6S)—2?amin0—4—methyl—-4-(3—(pyrimidin—S— 315 (M+1)
vyhiphenyl)-5,6-dihydro-4H-1,3-thiazin-6-y)methanol
((4S,65)-2-amino-4-methyl-4-3-(pyrimidin-5-
14 yDphenyl)-5,6-dihydro-4H-1,3-thiazin-6-yl)methanol 315 (M+1)
s (48,6R)-4,6-dimethyl-4-(3-(pyrimidin-5-yl)phenyl)- 299 (V1)




Example 23 (+/-) 24(4S,6S)-2-amino-4-(4-fluoro-3-(pyrimidin-5-yl)pheny1)-4-methyl-5,6-dihydro- 4H-
1,3 -thiazin-6-yl)propan-2-ol Hydrogen chloride gas is bubbled through a solution of (+/-) tert-butyl
(4S,65)-6- HWpAdwgdmxypropan-2-y1)-4-methyl-4-(3-(pyrimidin-5-yl)pheny D ErsityygregdtH-1,3-
thiazin-2-ylcarbamate (33 mg, 0.075 mmol) in dichloromethane (5 mL) and the resulting mixture is
sealed and stirred for 16h at room temperature. The reaction mixture is concentrated under reduced
pressure and purified by passage through a MeOH-Séquilibrated SCX column, eluting with 7N NH3 in
MeOH. The resulting free base is 15dissolved in MeOH and IN HCI in Et20 (approx. 5equiv) is added.
The mixture is concentrated and co- evaporated with Et20 twice to yield the title compound (87% vyield):

MS (nt/z): 343 (M*1)Exanme2d B=(pyrmi-din=5-=yhph
enyl)-4-methy1-5,6-dih dr{)%ﬁ%y‘&éﬁ’g‘z}%%?%% fglrgl&g%wyg%%%on of ten-butyl

(4S,6S)-6-(2-hydro§<9prc paﬁ @%}gyﬂp}i}némg@v @41-{ 1 3-thiazin-2-amine 335 (M1
(pyrimidin-5-yl)phenyl)-b,6- dlhydro -4H- Jda@hfazm;ﬁdyl&arbamate (221 mg, 0.50 mmol) p5in

trifluoroacetic aeie-{2-frk-)+ L f m-tempetatd r-80-min—Themixture-is-added directly to a
MeOH-equilibrated SCX éJ\I?l/J nﬁﬁ%slc)b umn s \/\ngll% Oﬁtwmeaﬂn(f 00mL) and the product is eluted
with 7N NH3 in MeOH (100arhb)eTHedsuieitiphSis-dondentidtéd-tUnder-feduced prébbulre. The residue is
diluted with CH2CI2 and HCI (g) is -59- by@?}g&lm%gh for 5m|n The Jeactlon mixture|is
concentrated to}nl\/p the title r‘nmnmlnrl (67 5% vi ollowing

compound in Ta,bl%lﬂ E E{{ fratep ﬁﬁijﬁﬁ@lﬂgﬁ ribe e 5preparat|on of

2448, 65)-2-aminp- S EHLOFE S YA ATIET %%f )13¢ % yI 5,6-
dihydro-4H-1,3- thlazm WA propan 5 -0l Ex.No. Chemical name
Example 18

5 (8)-4-Methyl-4-(3-pyrimidin-5-yl-phenyl}-5,6-dihydro-4H-[ 1,3 Jthiazin-2-ylamine

dihydrochloride
A solution of (S)-N-{4-Methyl-4-(3-pyrimidin-5-yl-pheny!)-5,6-dihydro-4H-
[1,3]thiazin-2-yl]-acetamide (2.7 g, 8.3 mmoles, 1.0 equiv) is stirred in SN hydrogen
chloride (50 mL, 250 mmoles, 30 equiv) at 100 °C for 2 h. The reaction is cooled and the
10 volatiles are removed under reduced pressure. The resulting residue is dissolved in water
and extracted with ethyl acetate. The agueous phase is neutralized with saturated aqueous
sodium bicarbonate and extracted ethyl acetate. The organic phase is dried over sodium
sulfate, filtered, and concentrated under reduced pressure to give a residue. The residue is
filtered through a silica gel plug and washed with ethyl acetate. The silica gel plug is
15 further washed with ethyl acetate containing ethyl acetate and 10 % isopropy! amine. The
10 % isopropyl amine in ethyl acetate wash is collected and the solvent removed under
reduced pressure. The resulting free amine is dissolved in a solution of 100 mL of water
containing 14 mL of I N HCL The resulting solution is freeze dried to give the title
compound (81% yield): MS (m/z): 285 (M+1).
20
The following compounds in Table 24 are prepared essentially as described in the
preparation of {S)-4-methyi-4-(3-pyrimidin-5-yl-phenyl}-5,6-dihydro-4H-{1,3 Jthiazin-2-

vlamine dihydrochioride.



Physical data MS (m/z) 25 2445,6S)-2-amino-4-(4-fluoro-3-(pyrimidin-5-y1)phenyl)-
4-methyl-5,6-dihydro-4H-1,3-thiazin-6-yOpropan-2-ol 362 (M+1) In vitro Assay Procedures: 10For in
vitro enzymaticamghggllar assays, test compounds are prepared in DMS@tamalsugs 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 pM in a 96-well round-bottom plate before
conducting the in vitro enzymatic and whole cell as&ays. 15In vitro protease inhibition assays: BACE
Serial dilutions of test compounds are prepared as described above. Compounds are
further diluted 20X in KH2PO4 buffer. Ten viL of each dilution is added to each well on row A to H of a
corresponding lgw,prefein binding black plate containing the reaction 20 mixture (25 tiL of 50 mM
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plate shaker for
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Yang, e
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Example 22

2-amine dihydrochloride

Into a 1:1 mixture of teri-butyl (45,6R)-4-(4-fluoro-3-(pyrimidin-5-yDphenyl)-
4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate and N-((45,6R)-4-(3-bromo-4-
fluorophenyl)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-2-y)benzamide (360 mg) in

dichloromethane (10 mL) at ambient temperature is bubbled HCI gas for 1 minute. The

reaction is sealed with a septum and stirred 18h. The solvent 18 removed under reduced

pressure. The resulting residue is dissolved in water and extracted with ethyl acetate.

g exemplified

o fsie ssapitlig et sedaBoVE R A8 hivitabethen b i aarie eIty for BACE:

(45,6R)-4-(4-fluoro-3-(pyrimidin-5-ylphenyD)-4,6-dimethyl-5,6-dihydro-4H-1,3-thiazin-

15

20

The organic phase is dried over sodium sulfate, filtered, and concentrated under reduced
pressure to give N-((45,6R )-4-(3-bromo-4-fluorophenyl)-4,6-dimethyl-3,6-dihydro~-4 H-
1,3-thiazin-2-yl)benzamide as a residue. To the resulting residue is added 5 N HCI (5
mL.)} and the reaction is heated to 160 °C for 2 h, The solvent is removed under reduced
pressure to give crude title compound.

The aqueous phase from the initial ethy! acetate wash is neutralized with saturated
sodium bicarbonate and extracted with (3:1) CHCls: isopropyl alcohol. The organic
phase is dried over sodium sulfate, filtered, and concentrated under reduced pressure.
This material is combined with the crude product and is purified by preparative HPLC:
Xterra® RP 18 (30 x 300 mm) column at ambient ternperature and a flow of 40 mL/min.

The clution system consists of an isocratic gradient of 0:100 (acetonitrile : (0.1 % HCI in



RACE ICfm(nM) 5 239 19 42012 833 21 867 ISThese data demonstrate that the compounds of Table
26 inhibit purified recombinant BACE enzyme activity in vitro. Expression of human BACE. Human
(accession wymber1Asi1:90725) is cloned from total brain cDNA by room tempesaduresfER. The
nucleotide sequences corresponding to amino acid sequences #1 20 to 460 are inserted into the
cDNA encoding human IgGi (Fc) polypeptide (Vassar et al. 1999). This fusion protein of BACE(1-460)
and human Fe, named huBACE:Fc, is constructed-fito the p1B02 vector. Human BACE(1-460):Fc
(huBACE:Fc) is transiently expressed in HEK293 cells. 250 itg cDNA of each construct is mixed with
Eugene 6 and added to 1 liter HEK293 cells. Four days after the transfection, conditioned media are

25harvested f%@gﬂge}t@Qﬁn-_ﬁ&ro&wiﬁyatiﬁa@aa) RURAGEE G000 AUBARFG's PUrified, by Protein A

chromatogap%. e enzyme is stored at -80 Cin small aliquots.. Whole cell assays for measuring
the Inhibition of 5Bt&0SAcHbtaRsECAE ity EHEREIISHOU MR Blinaddgractiomdfoutine whole cell
assay for the rigasuedrmentcaténhibitionaf beteabaretasetagtivdiyiditidiz esripedhdisath embryonic kidney

cell line HEKZ%?&&SA%%@ZSC??@% 0. CRL-1573) stably expressing a human APP75 | cDNA
containing the naturally occurring double mutation Lys651Met652 to Asn651Leu652, commonly called

the Swedish 10 mutation (noted HEK293/APP751sw) and shown to overproduce Abeta (Citron, et al.,
Nature, 360, 672-674 (1992)). In vitro Ap reductigiassays have been described in the literature (See
Dov ey, et al., Jourpal of rochemistry,.76, 173-181.(20 E@ eu@ rt, et al., re, 361, 260 (1993);
and Johmson WRbU A R ALIAC Set GERMGA Tabg s o Bt
(HEK293/APP751sw at 3.5x104 cells/W&H] Sethigdnirigy20®prn-Eudfure media, DMEM containing 10%

PBS) are incubated at 37 C for 4 tg 24 h in the presence/absence of inhibitors (diluted in DMSO) at the
desired concentratiohVAT8:8 SHorde &S ihBoRed Rrdshdid s MEgTRE e 4re Amail 28 % vidence of

beta-secraiaseRhiidibyy fosraxample-tyiarialySispetiAbitaspapided) FatallAMdetapeptides (Abeta 1-x)
are thiazin-2-ylcarbamate (33 mg, 0.075 mmol) in dichloromethane (5 mL) and the resulting
mixture is sealed and stirred for 16h at room temperature. The reaction mixture s

concentrated under reduced pressure and purified by passage through a MeOH-
equilibrated SCX column, eluting with 7N NH; in MeOH. The resulting free base is

15 dissolved in MeOH and IN HCl in Et;0 {approx. Sequiv) is added. The mixture is
concentrated and co-evaporated with EO twice to yield the title compound (87% yield):

MS (my/z): 343 (M+1),

Example 24
20 2-((4S,65)-2-amino-4-(4-fluoro-3-(pyrimidin-5-yhphenyl)-4-methyl-5,6-dihydro-4H-1,3-
thiazin-6-ylipropan-2-ol

OH
N
] X
N TN N,
2HCI

A solution of rers-butyl (45,65)-6-(2-hydroxypropan-2-yi)-4-methyl-4-(3-
{pyrimidin-5-yl)phenyl}-5,6-dihydro-4H-1,3-thiazin-2-ylcarbamate (221 mg, 0.50 mmol)
25  mtrifluorcacetic acid (2 ml.) is stirred at room temperature for 80 min. The mixture is
added directly to a MeOH-equilibrated SCX column. The column is washed with MeOH
(100m1.) and the product is eluted with 7N NH; in MeOH (100mL,). The solution is

concentrated under reduced pressure. The residue is diluted with CH,Cl, and HCl (g) 1s



20 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 peptides are measured by a sandwich
ELISA, usingomngeienal 2G3 as a capture antibody for Abeta 1-40, and monoshonabfgsl2 as a
capture antibody for Abeta 1-42. Both Abeta 1-40 and Abeta 1-42 ELISAs use biotinylated 3D6 as the
reporting antibody. 25The concentration of Abeta released in the conditioned media following the
compound treatment corresponds to the activity of ACE under such conditions. The 10-point
inhibition curve is plotted and fitted with the four-parameter logistic equation to obtain the ECso and
ICso values for the Abeta-lowering effect. The following exemplified WO

2009/ 134617%@&&?&9&%’1@&9@%@%&%@9&9Hﬁﬁ%’ﬁ@&%@%@rﬁ&%%ﬁﬂ%@%ﬁ@sc”bed above and
exhibited the following aCtl\é:% for Abeta Iowerln% effect: Table 27 EXANEPLE HEK 293 Swe A-beta

(1-40) EL1SA feBRHMINGLER Yei)sVE Ay 242 ) B 1SA 1050 (nM) 5 303 299 19 335 480 12
1300 948 21

The following compound in Table 25 is prepared essentially as described in the
5 preparation of 2-((485,65)-2-amino-4-(4-fluoro-3-(pyrimidin-5-y)phenyl)-4-methyl-5,6-
dihydro-4H-1,3-thiazin-6-ylpropan-2-ol.

Table 25
Physical
Ex.No. Chemical name data
MS (m/z)

2-{(48,65)-2-amino-4-(4-fluoro-3-(pyrimidin-S-yiphenyl)-
5 ((48,65) ( (py yhphenyl) 362 (M+1)
4-methyl-5,6-dihydro-4H-1,3-thiazin-6-yl)propan-2-ol

In vitro Assay Procedures:

10 For in vitro enzymatic and cellular assays, test compounds are prepared in DMSO
to make 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 I pM in a 96-well round-bottom plate before conducting the in vitro enzymatic

and whole cell assays.

15 Invitro protease inhibition assavs:

BACE FRET Assay
Serial dilutions of test compounds are prepared as described above. Compounds

are further diluted 20X in KH,POu buffer. Ten nul of each dilution is added 10 each well

onrow A to H of a corresponding low protein binding black plate containing the reaction
20 mixture (25 ub of 50 mM KH,PO,, pH 4.6, 1 mM TRITON® X-100, Img/mL Bovine

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 pl of two hundred pM human BACE(1-460):Fc (See Vasser, ef al., Science, 286,

735-741 (1999)) in the KH,PO, buffer is added to the plate containing substrate and test



863 803 These data demonstrate that the compounds of Table 27 inhibit native endogenous
5human BACE in cells in vitro. PDAPP Primary Neuronal Assay A confirmatory whole cell assay is
also run in pricnmigmeisronal cultures generated from PDAPP transgenic grobryonis miess Primary
cortical neurons are prepared from Embryonic Day 16 PDAPP embryos and cultured in 96 well plates
(15 x 104 cells/well in 1L0DMEM/FI2 (1:1) plus 10% PBS). After 4-6 days in vitro, culture media is
replaced with serum free DMEM/F12 (1:1) containifigr B27 supplement and neurons are incubated at
37 C for 24 h in the 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 apalysis.af Absla.RaRtides JotatAReta daReptides (Ahslavkxkarapgasured by a

sandwich ELISA, using monoclonal 266 as a capture antibody and biotinylated 3D6 as reporting
antibody. AlteretiERy Hoeterslady 3R ROSTAITIAD FRitded 20 M 256 BHBY & Wsrithiich ELISA,
using monoclosiak2G3as dleapiatempitibodycfardibeta duinanddihendicipnal 24aR12 as a capture

antibody for A%ﬁbﬁ% 43 Bo ARSI 4 agg%ﬁbﬁé%%ﬁ. ELSAS MRS RIGNNYIRIEG, 308 gs the

reporting 20antibody. The concentration of Abeta released in the conditioned media following the
compound trea¢ReEIRdcBiteds sHle Bt BIBA CEinaddhs digkearrmi ditsR TRE!10- point
inhibition curveiis. platiethand iitadwiiviie fgusparamaiemogistinesusiion @epbiain the EC50 and
IC50 values for the A%a-lowe{;ig%%fge . The fa(l)IIovlviggdexer{lgali[iebdt WO frati d
2009/134617PCTNYES058/649 -65- gcr)eflﬁ%eguﬁed% were tested %sls%rnci?gﬁ?/nargl e<ciided above and
exhibited the folioattiitydfortib&tar ipwaine &ffiscic Tabieor 8 EMAMDPE E(RODAPE Netiren A-beta (1-40)
ELISA 105 OWsBDARR, Nenron.Arbeiga( 542451656050 (nM)

10 The compounds exemplified herein were tested essentially as described above and
exhibited an 1Cs; value for BACE of lower than I pM. The following exemplified
compounds were tested essentially as described above and exhibited the following

activity for BACE:

Table 26
EXAMPLE BACE ICsy(nM)
5 239
19 420
12 833
21 867
15 These data demonstrate that the compounds of Table 26 inhibit purified recombinant

BACE enzyme activity in vifro.

Expression of human BACE.,
Human (accession number; AF190725) is cloned from total brain cDNA by room

temperature-PCR. The nucleotide sequences corresponding to amino acid sequences #1
20 to 460 are inserted into the cDNA encoding human IgG; (Fe) polypeptide (Vassar ¢t al.

1999). This fusion protein of BACE(1-460) and human Fc, named huBACE:Fc, is

constructed into the pJB02 vector. Human BACE(1-460):Fc (AuBACE:Fc) is transiently

expressed in HEK293 cells. 250 ug cDNA of each construct is mixed with Fugene 6 and

added to 1 liter HEK293 cells. Four days after the transfection, conditioned media are

25  harvested for purification.



5102 94.7 19 288 214 12'658 648 21 355 429 These data demonstrate that the compounds of
Table 28 inhibit native, endogenous 5murine BACE in cells in vitro. In vivo Inhibition of Beta-Secretase
Several aniwal2vedelsi including mouse, guinea pig, dog, and monkey, neay s mseditasscreen for
inhibition of beta- secretase activity in vivo following compound treatment. Animals used in this
invention can be wild type, transgenic, or gene knockout 10animals. For example, the PDAPP mouse
model, prepared as described in Games et al., Natfite 373, 523-527 (1995), and other non-transgenic
or gene knockout animals are 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 administepgdezampounddaimuiated in vehicles, such as 15corn oll,
cyclodextran, phosphate buffers, PHARMASOLVE(Q, or other suitable vehicles. One to twenty-four
hours following the RNt SGiGHPBFEEHRS AUAE kR U e R fi LR KR DI HE A vell as
cerebrospinal 8tiidamehpldsitmase 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. Set USAvR4. 13501558 20998 e 1hBieir0cakd efficagy.siugias, animals are dosed with
various concentrations of compound and compared to a vehicle-treated control group dosed at the
same time, For -64- some time course ies, brain tissue, plasma or cerebrospinal fluid is obtained
from selected animals, beginning at tin@g%%g{%m?ﬁea%ﬁgﬁﬁ?ﬁ%. Compound is administered

The routine whole cell assay for the measurement of inhibition of beta-secretase

activity utilizes the human embryonic kidney cell line HEK293p (ATCC Accession No.
CRL-1573} stably expressing a human APP751 ¢DNA containing the naturally occurring
double mutation Lys651Met652 to Asn651Leu652, commonly calied the Swedish

10  mutation (noted HEK293/APP751sw) and shown to overproduce Abeta (Citron, ez al.,
Nature, 360, 672-674 (1992)). In vitro AR reduction assays have been described in the
literature (See Dovey, ef al., Journal of Neurochemistry, 76, 173-181 (2001); Seubert, ef
al., Nature, 361, 260 (1993); and Johnson-Wood, et al., Proc. Natl. Acad. Sci. USA, 94,
1550-1555 (1997)).

15 Cells (HEK293/APP75 1sw at 3.5x10* cells/well, containing 200 uL culture
media, DMEM containing 10% FBS) are incubated at 37 °C for 4 to 24 h in the
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

20  measured by a sandwich ELISA, using monocclonal 266 as a capture antibody and
biotinylated 3D6 as reporting antibody. Alternatively, Abeta 1-40 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.

25  The concentration of Abeta reieased in the conditioned media following the compound
treatment corresponds to the activity of BACE under such conditions. The 10-point
inhibition curve is plotted and fitted with the four-parameter logistic equation to obtain

the ECso and ICs0 values for the Abeta-lowering effect. The following exemplified



to other groups and sacrificed at various times after dosing. Brain tissue, plasma or cerebrospinal fluid
is obtained from selected animals and analyzed for the presence of 5 APP cleavage products,
including Alveteepreptiders, SAPPbeta and other APP fragments, for example; hysspecificssandwich
EL1SA assays. At the end of the test period, animals are sacrificed and brain tissues, plasma or
cerebrospinal fluid are analyzed for the presence of Abeta peptides, C99 and sAPPbeta. Brain tissues
of APP transgenic animals are also analyzed for th€2amount of beta-amyloid plaques following
compound treatment. 10Animals (PDAPP or other APP transgenic or non-transgenic mice)
administered an inhibitory compound may demonstrate the reduction of Abeta or sAPPbeta in brain
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These data demonstrate that the compounds of Table 27 inhibit native endogenous

5 human BACE in cells in vitro.

PDAPP Primary Neuronal Assay
A confirmatory whole cell assay is also run in primary neuronal cultures generated

from PDAPP transgenic embryonic mice. Primary cortical neurons are prepared from

Embryonic Day 16 PDAPP embryos and cultured in 96 well plates (15 x 10% cells/well in
10 DMEM/FI2 (1:1) plus 10% FBS). After 4-6 days in vitro, culture media is replaced with
serum free DMEM/F12 (1:1) containing B27 supplement and newrons are incubated at
37 °C for 24 11 in the 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
15 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 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
20 antibody. The concentration of Abeta released in the conditioned media following the
compound treatment corresponds to the activity of BACE under such conditions, The 10-
point inhibition curve is plotted and fitted with the four-parameter logistic equation fo

obtain the ECsq and 1Csq values for the Abeta-lowering effect. The following exemplified
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compounds were tested essentially as described above and exhibited the following

activity for Abeta lowering effect:

Table 28
PDAPP Neuron A-beta (1-40) | PDAPP Neuron A-beta (1-42)
EXAMPLE ELISA ELISA
FCs (nM) 1Csy {nM)
5 102 94.7
19 288 214
12 658 648
21 355 429

These data demonstrate that the compounds of Table 28 inhibit native, endogenous

murine BACE in cells in vitro.

In vivo Inhibition of Beta-Sceretase

Several animal models, including mouse, guinea pig, dog, and monkey, may be
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
useful to analyze in vivo whibition 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
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 Neurochemisiry, 76,
173-181 (2001); and Johnson-Wood, et al., Proc. Natl, Acad. Sci. US4, 94, 1550-1555
(1997)).

For standard efficacy studies, animals are dosed with various concentrations of

compound and compared to a vehicle-treated control group dosed at the same time, For
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some time course studies, brain tissue, plasma or cerebrospinal fluid is obtained from
selected animals, beginning at time 0 to ¢stablish a baseline. Compound is administered
to other groups and sacrificed at various times after dosing, Brain tissue, plasma or
cerebrospinal fluid is obtained from selected animals and analyzed for the presence of
APP cleavage products, including Abeta peptides, sAPPbeta and other APP fragments,
for example, by specific sandwich ELISA assays. At the end of the test period, animals
are sacrificed and brain tissues, plasma or cerebrospinal fluid are analyzed for the
presence of Abeta peptides, C99 and sAPPbeta, Brain tissues of APP transgenic animals

are also analyzed for the amount of beta-amyloid plagues following compound treatment.

Animals (PDAPP or other APP transgenic or non-transgenic mice) administered
an inhibitory compound may demonstrate the reduction of Abeta or sAPPbeta in brain
tissues, plasma or cerebrospinal fluids and decrease of beta amyloid plaques in brain
tissue, as compared with vehicle-treated controls or Time Zero controls. For example, 3
hours after administration of 100 mg/kg sub-cutaneous dose of the compound of example
19 10 young male PDAPP mice, Abeta 1-x peptide, C99 and sAPPD levels are reduced
approximately 30%, 50% and 20% in brain cortex, respectively, compared to vehicle-
treated mice. Similarly, 3 hours after administration of a 30 mg/kg sub-cutancous dose of
the compound of example 5 to young male PDAPP mice, Abeta 1-x peptide, C99 and
sAPPb levels are reduced approximately 50%, 45% and 30%, respectively, compared to
vehicle-treated mice. Consistent with changes in brain Abeta, C99 and sAPPb, 3 hours
after oral administration of a 10 mg/kg dose of the compound of example 5, plasma and

CSF Abeta 1-x levels are reduced by approximately 50% and 60%, respectively.
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A compound exemplified in WO 2007/049532 and its enantiomers were tested as
essentially described in the above assays and exhibit the following activities:
Table 29"

HEK HEK PDAPP | PDAPP
293 Swe | 293 Swe | Neuron | Neuron
Structure BACE | A-beta A-beta A-beta | A-beta

(1-40) (1-42) (1-40) {1-42)
ELISA | ELISA | ELISA | ELISA

116,000 | 21,400 35,300

O 28.000 | 13,200 | 16,400 7,820 10,400

HCI

>100,00

o 16,500 23,700 28,100 | 46,300

HCI

7 Al data in Table 29 are reported as ICse (nM).

5 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).



0 HO! 17 All data in Table 29 are reported as IC50 (nM). 5The compounds of the present
invention are preferably formulated as pharmaceutical compositions administered by a variety of
routes. Mosgpyelasablit;such compounds are for oral administration. Such-ghainacadtics!
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., 19th ed., Mack Publishing Co., 1995).
-66- The compounds of Formula | are generallycéffective over a wide dosage range. For example,
dosages per day normally fall within the range of about 0.01 to about 30 mg/kg of body weight. In
some instances dosage levels below the lower limit of the aforesaid range may be more than
adequate, while in ott[)h il | | Wi t [ y harmful side
effect, and therefore t % %%%?/%%J&gsf)aﬁ ﬁg%ﬁgze% %ﬁ%@ﬁi@éﬁ%ﬁ%ﬁ@sﬁgg% ?ﬁleg??lve ntion in any
way. It will be GREEFRSIR ﬁ?&t&%é’ﬁr&'@h‘?ﬂ%ﬁih@@bﬂﬁ%ﬂﬁ BegrhBethiHIdterebrwiihe determined
by a physiciannipthe fightyofdharalevant ciscuostansesidnalusting the 1eeedition dodae treated, the
chosen route of admipisrstion, {ne actual,compaund pr.compounds. Lopdminisicred the age, weight,
and response o%ofhe individuar patient, and the'séver Y of thie pactl”entss syrrﬁ)torﬁsse.S v

5 be employed without causing any harmful side effect, and therefore the above dosage

range is not intended to limit the scope of the invention in any way. It will be
understood that the amount of the compound actually administered will be determined
by a physician, in the light of the relevant circumstances, including the condition to be
treated, the chosen route of administration, the actual compound or compounds

10 administered, the age, weight, and response of the individual patient, and the severity

of the patient's symptoms.



-67- We Claim: 1. A compound of Formula I: 5 where: nis 0, 1, or 2; R1 is pyrimidinyl,
pyrazinyl optionally substituted with chloro or fluor, or 10pyridinyl optionally substituted with one or two
substituentsyeastdnsigpendently selected from chloro, fluoro, and C1-C3 BIRukY2080214858¢ each
instance independently selected from chloro or fluoro; R3 is hydrogen or CI-Ca alkyl optionally
substituted with hydroxy; and R4 is hydrogen or Ci-C3 alkyl; 150r a pharmaceutically acceptable salt
thereof. 2. A compound of Claim | wherein RI is py#itidinyl, pyridinyl optionally substituted one or two
times at each instance independently selected from chloro, fluoro, or methoxy, or pyrazinyl optionally
substituted with fluoro; R2 20 is chloro or fluoro; R3 is hydrogen, methyl, methyl substituted with
hydroxy, or isgsRrepysubstituted with hydroxy; R4 is hydrogen; and nis 0, 1 or 2; or a
pharmaceutically acceptable salt thereof 3. A compound of any of Claims 1 to 2 wherein Rl is
pyrimidinyl, pyridinyl 256508RaH) &ttt with fluoro, or pyrazinyl optionally substituted with fluoro;
R2 is fluoro; R3 is hydrogen or methyl; R4 is hydrogen; and n is 1 or 2; or a pharmaceutically
acceptable salt thereof. 68 4. A compound of any 3CIair%5 1 to 3 wherein Rl is pyrimidinyl, R2 is
fluoro, R3 is hydrogen, R4 is hydrogen, and n is 2, or'a pgharmaceutically acceptable salt thereof 5. A
compound of any of Claims 1 to 4 wherein the configufatign of the chiral center adjacent to the
nitrogen of the aminothiazine is (S), or gspharmaceu ica%ceptable salt thereof 106. A compound of
claim 1, wherein the compound is 4-(2,4-difjor N NH, _
(pyrimidin-5-yl)pheny1)-4-methyl-5,6-dinyd ,F4Rjazin-2-amine: or a pharmaceutically acceptable
salt thereof

where:

nisd, 1, or 2;

R! is pyrimidinyl, pyrazinyl optionally substituted with chloro or fluoro, or
16 pyridiny] optionally substituted with one or two substituents each

independently selected from chioro, fluoro, and C;-Cj alkoxy;

R? is at each instance independently selected from chloro or fluoro;

R? is hydrogen or C;-Cy alkyl optionally substituted with hydroxy; and

R* is hydrogen or C;-C; alkyl;

15 or & pharmaceutically acceptable salt thereof.

2. A compound of Claim 1 wherein R' is pyrimidinyl, pyridinyl optionally
substituted one or two times at each instance independently selected from
chloro, fluoro, or methoxy, or pyrazinyl optionally substituted with fluoro; R
20 is chioro or fluoro; R is hydrogen, methyl, methyl substituted with hydroxy,
or iso-propyl substituted with hydroxy; R* is hydrogen; and nis 0, 1 or 2; ora

pharmaceutically acceptable salt thereof.

3. A compound of any of Claims 1 to 2 wherein R is pyrimidinyl, pyridinyl
25 optionally substituted with fluoro, or pyrazinyl optionally substituted with
fiuoro; R? is fluoro; R*is hydrogen or methyl; R* is hydrogen; and n is 1 or 2;

or a pharmaceutically acceptable salt thereof.



15 7 A compound of Claim 1, wherein the compound is (S)-4-(2,4-difluoro-5-
(pyrlmidin-5-yl)phenyl)-4-methy|-5,6-dihydro-4H-f,§-thiazin-2-amine: 20or a pharmaceutically
acceptable salt thereof 8. A pharmaceutical formulation comprising a compound of any of Claims 1 to
7, ora pharmaceutically acceptable salt thereof, in combination with a pharmaceutically acceptable
carrier, diluent, or excipient. - 69 - 9. A compound of any of Claims ito 7 for use in therapy. 10. A
compoung o: :érlly_ of Claims 1 to 7 for use in the treatment of Alzheimer's disease. 11. The use of a
compound of Claims 1 to 7, or arm tically acce ;
medicament for the %5????8%%% ﬁ?fﬁéi??}i@%i |§eye{[§)g$ ShIRIR Rl STAIINIIIE Ramdciure of &
R® is hydrogen, R* is hydrogen, and n is 2, or a pharmaceuticaily acceptable

salt thereof.

5 5. A compound of any of Claims 1 to 4 wherein the configuration of the chiral
center adjacent to the nitrogen of the aminothiazine is (S), or a
pharmaceutically acceptable salt thereof.

10 6. A compound of claim 1, wherein the compound is 4-(2,4-difluore-5-
(pyrimidin-5-yl)phenyl}-4-methyl-5 ,6-dihydro-4H-1,3-thiazin-2-amine:
or a pharmaceutically acceptable salt thereof.

15

7. A compound of Claim 1, wherein the compound is (S)-4-(2,4-difluoro-5-
(pyrimidin-5-ylyphenyl)-4-methyl-5 6-dihydro-4H-1,3-thiazin-2-amine:

S
R -~
fm\*l\m2
CH,

F

20 or a pharmaceutically acceptable salt thereof.

8. A pharmaceutical formulation comprising a compound of any of Claims 1 to
7, or a pharmaceutically acceptable salt thereof, in combination with a

pharmaceutically acceptable carrier, diluent, or excipient.

25



- 69 -

9. A compound of any of Claims 1 to 7 for use in therapy.
10. A compound of any of Claims 1 to 7 for use in the treatment of Alzheimer’s disease.

11.  The use of a compound of Claims 1 to 7, or a pharmaceutically acceptable salt

thereof, for the manufacture of a medicament for the treatment of Alzheimer’s disease.



