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were approximately 2.5 mllion deaths associated with
bl V and Ahki 1rr£rﬁm3¢kt@i&x@no@ﬁ@u£@ﬂ¥/}?hﬁsIbyenada’mtiﬁbiears tiof etiological

antiviral ava bl e t ombat. t.he c e
Thed&™Y ’feﬁlﬁ’gmglgﬁor@%q”dr e@f“&%‘ﬁm %ﬁél’: GThie gmn]cés S e5§ {)%%2 %’S%%rg]e
t he ddaricaémpj'm@lstmcublhdyhft lamgat syarech anf dierinaygetogfeht off life
act Itl?rgatemng 5rhn?sHL ﬁ'xrfea;g&%q sz&ﬁt llartl’stxds r(‘\g'f\lﬂﬂyﬁ Report on the

ritonav renavir are conpetitive
i nthbwﬁabesV/éfDS ﬁsdas:p&epwbepm%ba@hcamw asgay %93 leon

%' doy ?I : g%@gddu‘iél 991?&@@ with bRHEL e radch@?(m ¥ ‘dfc" 1&He number of

I ne an bacavir are nucl eos%ae re

t r aﬁ%"é‘flﬁ‘ﬁsaﬁéféaqyﬁ?ff"ﬁ?db e yrpyeaptingehiovRreat Rsipates ‘f“é%%
M Mgest fo®iddddats Milkicl ne®Bi¥berdydih RS i@ alddee ln the same year there

non- nucl eosi de . r NScri. i b
oS S Pl e S SEP T B H BB b
synthesis of viral cDNA via a non-conpetitive (or

HCOMPEL if L Vg Hg%&%a H?a%gvx?ell ARGs LAASE 1‘3 at e

effective In re vira I on. ect is
onl yinfedivpoi basy dlalgs @ahée gividag lr@cothlree amsr-‘yb@@véll tbfp‘érai protein

resid ANGE h@indh noliH OB RAY8Npticulde ey Bavir, qgm‘ivﬁa&ﬂoﬁﬂxr
proven very effective at both reduci ng

t her aﬁ_y %

vi r us!TaRgr %ﬁﬁﬁ’%g‘iihﬁe f‘ﬁ’é?e%‘l‘fé’r”ﬁlé‘?ﬂf’és Jihe dﬁ@g%rtfa‘ﬁ%sé in

a Nuip@EseOby PAL.I BBSGdink mxdah@xxiéfstav%taé Garﬁ@tﬁmﬂenﬁdldxﬁﬁhne and

r avai | abl e, m&l

g T e

Del aniyicsio hANG 20670 6iTtedis. PUR/ 1d&20616¢s0l4 4826« tr anécrlpt&se
inhibitors, nevaripine, delavirdine and efavirenz inhibit the synthesis of viral cDNA
via a non-competitive (or uncompetitive) mechanism. Used alone these drugs are
effective in reducing viral replication. The effect is only temporary as the virus

30 readily develops resistance to all known agents. However, combination therapy has
proven very effective at bath reducing virus and suppressing the emergence of
resistance in a number of patients, In the US, where combination therapy is widely
available, the number of HIV-related deaths has declined (Palella, F. 1.; Delany, K.
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this 5 therapy. In fact, approxi mtely 30-50% of
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which'is a critical step in_the viral life cycle HI V
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Qpin. Ther. Patents 2002 12, 709, Pais and Burke

bx UQSHR" Xprzegg)e% thr%e enzym S, )reve§se transcriptase, an aspartyl protease, and
integrase. All three are targets for treating AIDS and HIV infection. HIV integrase
catalyzes insertion of the viral cDNA into the host cell genome, which is a critical
step in the viral life cycle. HIV integrase inhibitors belonging to a class of diketo
acid compounds prevented viral integration and inhibited HIV-1 replication in cells
(Hazuda et al. Science 2000, 287, 646). And recently, HIV integrase inhibitors have
been accepted into clinical trials for treating AIDS and HIV infection (Neamati
Expert. Opin. Ther. Patents 2002, 12, 709, Pais and Burke Drugs Fut. 2002, 27,
1101).
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WO 2007/ 061714 PCT/ US2006/ 044320 DESCRI PTI ON COF THE
I NVENTI ON The i nventi on enconpasses conpounds of

wao-eoomoberid , i ncl udi ng pharmaceuti cal |y accept Bil/@52006/044320

salts, their pharmaceutical conpositions, and their
use in 5 inhibiting HV integrase and treating those
infected with H'V or AIDS. One aspect of the invention
are conmpounds of Formulal OOHR~-NO RZNNMN Z
X--y 10 I  wherein: R is (Ar')alkyl,

(Ar') (CON(R$) (R9))al kyl, (Ar')(CO2R14)al kyl

e oo oS bR o g KB N GRy L ogen,

hal o, hydroxy, cyano, alkyl, cycloal kyl,

C5_7c | oal ken |, hal oal kyl, 20Q al koxy, al kyl t hi o,
hal oa ‘BWC“ RIQYMPaREEEPmpQUREY shbermulal.ABS
PHaBOL EEMREL Q&QB?ableCmé Rh u%%‘ﬁ

Aaraay R$)}(, 5% e mﬁ&%@%\/ S%Q%,Fgld their use in
ighibifingy! I‘é@mrasswpw;r(mpse m@cmsyvzt or AIDS.

C2. 4(R12) al kynyl, R13, Ar2, or Ar3; 25 R4 is hydrogen,

hal o, hydroxy, cyano, alKkyl, -al koxy, hal oalkyl,

halQue aepsst,of glhe inNEREI( %R@)com?@unés ofyierogdm] hal o,
hydr oxy, cyano, al kyl, al koxy, hal oal kyl, hal oal koxy,

or N(R6)(R6); 30 3 WD 2007/ 061714 PCT/ US2006/ 044320

R6 i s hydrogen, alkyl, or cykl o8Hkyl ;
1
R\r:l NGO

R?  Na N
A

X~y

wherein:

R'is (Arhalkyl, (Ar')(CON(R®)(R®))alkyl, (Ar')}(CO,R "alkyl, (ArDhydroxyalkyl,
or (Ar')oxyalkyl;

R? is hydrogen, aikyl, hydroxy or alkoxy;

R? is hydrogen, halo, hydroxy, cyano, alkyl, cycloalkyl, Cs.;cycloalkenyl, haloalkyl,
alkoxy, alkylthio, haloalkoxy, N(R¥*)(R®), NHAr?, N(R®)SO,R’, N(R)COR’,
N(R®)CO.R’, OCOR’, OCO,R’, OCON(R®)(R®), OCH,CO,R’, OCH,CON(R®)(R?),
COR®, CO.R®, CON(R®)(R?), SOR’, S(=N)R’, SO,R7, SONRE)(R®), PO(OR®),,
Cr4(R'®alkynyl, R'3, AP, or Ar’;

R*is hydrogen, halo, hydroxy, cyano, alkyl, alkoxy, haloalkyl, haloalkoxy, or
NRR;

R’ is hydrogen, halo, hydroxy, cyano, alkyl, alkoxy, haloalkyl, haloalkoxy, or
NRHR®;
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R7 is al kyl or cycloalkyl; 5 R8 is hydrogen, alkyl,
hydr oxyal kyl , al koxyal kyl or dial kyl am noal kyl; R9 is

whgarogen al kyl, hydroxyal kyl, al koxyal kyl orPCT/US2006/044320

di al kyl am noal kyl; or N(R8)(R9) taken together is
azetidinyl, pyrrolidinyl, (Rl)-piperidinyl, 10
N- (R11) - pi perazi nyl, norpholinyl, thionorpholinyl, or
di oxot hiazinyl; R10 is hydrogen, alkyl, hydroxy, or
hydr oxyal kyl ; R11 is hydrogen, alkyl, cyclolkyl, CORE
or CO2R6; 15 R12 is hydrogen, hydroxy, N(R6)(R6),

7 0os02 or di oxothiazinyl; R 3 is azetidinonyl,
[&}F Yot Yl oyeyeadkdct anyl , caprol act anyl ,
mal ei m do, oxazolidi nonyl, |n1dazolidinonyl
triazol onyl, dloxothlazolldlnyl or dloxoth|a2|nyl 20
Ririgialkyl epgealealliyled with 0-2 substituents sel ected from
the group consisting of alkyl, hydroxyal kyl,
Qaloalk yl, al koxyal kyl, and am noal kyl; R14 is
Rayigl hw@@gemalbylkwdrozsalbﬂ alkoxrikylcondisdkplamggealk ar e
CH2CH2, CH2CH2CH2, CH2CH2CH2CH2, CH2CH2CH2CH2CHZ,
CH2CH2CH2CH2CH2CH2, OCH2CH2, CH20CH2, OCH2CH2CHZ,
FCHE GUHDEER, 2107 BGHRRY YL alkokpy D@l kglaminoalkyl; or
CH2CH2OCH2CH2, OCH2CH2CH2CH2CH2, CH2OCH2CH2CH2CH2,
CHQCHQOCHQCHQCHQ N( R6) CH2CH2, CH2N( R6) CH2,

INERSRC)REER Ehith3Gs M@)W&yl%}ﬁp&@ﬂﬂ(ﬂﬂ CH2,

| W§W%W%@%MW%W

CH2CH2N( R6) CH2CH2CH2, provided that the two Rl14's are

I%Ibtach d to a compn car bon atlﬁan 4 WD 2007/061714
088 GaP3 ey drey. REhyrpxgrlkay1 1, S RS RS O- O

' is hydrogen, alkyl, cyclolkyl, COR®, or CO.RS;
R" is hydrogen, hydroxy, N(R®)(R®), SO,R”, OSO,R’, or dioxothiazinyl;

R" is azetidinonyl, pyrrolidinonyl, valerolactamyl, caprolactamyl, maleimido,
oxazolidinonyl, imidazolidinonyl, triazolonyl, dioxothiazolidinyl or dioxothiazinyl,
and is substituted with 0-2 substituents selected from the group consisting of alkyl,
hydroxyalkyl, haloalkyl, alkoxyalkyl, and aminoalkyl;

R is hydrogen or alkyl;

or two R'*’s taken together are CH,CH2, CH,CH,CH,, CH2CH,CH,CH;,
CH,CH,CH,CH,CH, CH,CH,CH,CH,CH,CH, OCH,CH, CH,OCH,,
OCH>CH,CH,, CH,OCH,CH,, OCH,CH,CH>CH,, CH,0CH,CH,CH,,
CH,CH,OCH,CH,, OCH,CH,CH,CH,CH, CH,OCH,CH,CH,CH,,
CH,CH,OCH,CH,CH,, N(R®)CH,CH,, CH,N(R®)CH, N(R®)CH,CH,CH,
CH,N(R®)CH,CH, N(R%CH,CH,CH;CH,, CH,N(R®)CH,CH,CH,,
CH,CH,;N(R®)CH,CH,, N(R®)CH,CH,CH,CH,CH, CH,;N(R®CH,CH,CH,CH,, or
CH2CH2N(R6)CHZCH20H2, provided that the two R'"’s are attached to a common

carbon atom;
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CORI4 NI ~~p NI ~~\ ~~~ R4 4 0ORS 02 or
02 5 Are is tetrazolyl, triazolyl, oxadiazolyl,

wo bioadserzol yl , pyrazolyl, imdazolyl, oxazolyl PCT/US2006/044320

t hi azol yl, isoxazolyl, isothiazolyl, furanyl, thienyl,
pyrrolyl, pyrimdinyl, pyrazinyl, pyridinyl,

hydr oxypyri di nyl, quinolinyl, isoquinolinyl, or
indolyl, and is substituted wth 0-2 substituents

sel ected fromthe group consisting of halo, cyano,
benzyl, al kyl, al koxy, N(R8)(R9), CON(R$)(R9), CO2R6,
CONHSOZN(RG)(RG 10 CONHSO2N( R6) (phenyl), and
CCNHBCEN(RB)(h Qgﬁlnyl) Ar3 is phenyl substituted
with OR sub§t| §s sel ected fromthe group

consigtg™ cyano, hydr y, | kyl,
~al ko>\‘<\/ , hallge ly| "Dak @g R
AFON( R6 R6) and

an 15 X-Y-Z Is C(R14)’2C( R14) 20C( R14)2

%14) 2C(R1 )2%@@% % or
ﬁa}%@ gl cal I/% agcept ﬁ)l e; sal %@(; m}é

ct” of jthe ®Rhvention ar®*conmpoundss™ orr;mloa I O,or
HRNO R2ZNNZ " X~Y | 5 WO 2007/061714
{@@06/ 044320
g
O,

.
E

Ar? is tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, imidazolyl, oxazolyl,
thiazolyl, isoxazolyl, isothiazolyl, furanyl, thienyl, pyrrolyl, pyrimidinyl, pyrazinyl,
pyridinyl, hydroxypyridinyl, quinoliny}, isoquinolinyl, or indolyl, and is substituted
with 0-2 substituents selected from the group consisting of halo, cyano, benzyl, alkyl,
alkoxy, N(R®(R®), CONRZ}(R®), CO,R®, CONHSO,N(R(R?),
CONHSO;N(R®)(phenyl), and CONHSO,N(R®)(halophenyl);

Ar® is phenyl substituted with 0-2 substituents selected from the group consisting of
halo, cyano, hydroxy, alkyl, alkoxy, alkoxymethyl, haloalkyl, haloalkoxy, N(R®)(R?),

CON(R®(R®), and CHN(R®)(R?), or is dioxolanylphenyl; and

X-Y-Z is CR'"),CR')0CR Y, CR',CR'),0CR),CR M), or
CR"),CR")0CR",LCRMYCR),;

or a pharmaceutically acceptable salt thereof.

Another aspect of the invention are compounds of Formula I
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wherein: R is (Ar')alkyl, (Ar')(CON(R$)(R9))al kyl,
(Ar') (CO2R14) al kyl , (Ar')hydroxyal kyl, or
w@ 2007)peryal Kyl ; 5 R2 is hydrogen, al kyl, hydr oORgT/082006/044320
al koxy; R3 is hydrogen, hal o, hydroxy, cyano, alKkyl,
cycl oal kyl, C5_7cycl oal kenyl , hal oal kyl, al koxy,
al kyl t hi o, hal oal koxy, N(R8)(R9), NHAr2, N(R6)S02R7,
N(R) COR7, 10 N(R) CO2R7, OCOR7, 0002R7, OCON(R%) (R),
OCH2CO2R7, OCH2CON(R) (R), CORP. CO2R6, CON(R$) (R9),
SOR 7, S(=N)R7, S02R7, SC2N(R6) (R6), PQ(OR6)2, C2-4(R
12) al kynyl R13, Are, or Ara; R4 is hydrogen, hal o,
#18xy, cyano, al kyl, al koxy, hal oal kyl, hal oal koxy,
or 15 N(R6) (R6); R5 is hydr ogen, hal o, hydroxy, cyan,

kyI al kox haloalk hal oal r N(R6)(R); 20
Rigs {47 wm) RH ORI RSB GRS Tatcrls i NgHirayalky,
o YA&L984 j; R$ i s hydrogen, alkyl, hydroxyalkyl,
al koxyd >or dial kylanmi noal kyl; 25 R9 is hydrogen,

al kyl , hydroxyalkyl, al koxyal kyl or di al kyl am noal kyl ;

T R A S A

nmor phol i nyl, thionorpholinyl, or di oxot hi azi nyl; 30

S eI M Rk ———

aResXz, kY Riib, HQEAIMSQQ,Q@(RJ?W&Q\IHR& NESGHRIgRR*)COR’,

WS R oS0ATiePRIR RS, alaPE b SR contih e,

cotan? atcasn‘a mﬂN(K?vdRé), ISORY, S(SXFY S@Rﬁwozmﬁ)mﬁ , PO(OR%),,

I oxpt hi azi nyls, IS, substituted with O-
é%%@- Qk ﬂ eﬁgppééuﬁron1 5 the group conS|st|ng of
hydroxynethyl acet oxynet hyl , and am nonet hyl ;

R? is hydrogen, halo, hydroxy, cyano, alkyl, alkoxy, haloalky] haloalkoxy, or
NERIR?;,

R’ is hydrogen, halo, hydroxy, cyano, alkyl, alkoxy, haloalkyl, haloalkoxy, or
NRHR®;

R® is hydrogen, alkyl, or cycloalkyl;

R’ is alkyl or cycloalkyl;

R? is hydrogen, alkyl, hydroxyalkyl, alkoxyalkyl or dialkylaminoalkyl;
R® is hydrogen, alkyl, hydroxyalkyl, alkoxyalkyl or dialkylaminoalkyl; or

NR®)(R’) taken together is azetidinyl, pyrrolidinyl, (R'%)-piperidiny},
N-(R'"-piperazinyl, morpholinyl, thiomorpholinyl, or dioxothiazinyl;

R'is hydrogen; alkyl, or hydroxyalkyl;

't is hydrogen, alkyl, cyclolkyl, CORS, or CO,R®:
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R14 is hydrogen or alkyl; or two R14's taken together
are CH2CH2, CH2CH2CH2, CH2CH2CH2CH2, 10

WERRTBRCHP CH2CH2, CH2CH2CH2CH2CH2CH2, OCH2CH2, PCHRSX0bE2(44320

CH2CH2OCH2CH2CH2, N( R6) CH2CH2, CH2N( R6) CH2,

N(R) CH2CH2CH2,  CH2N( R6) CH2CH2, N( R6) CH2CH2CH2CH,
CH2N( R6) CH2CH2CH2, 15 CH2CH2N( R6) CH2CH2,

N( R6) CH2CH2 CH2 CH2CH2, CH2N(R6)CH2CHZCH2CH2 or

RE e hpateet et PSS, GRR], U idfudiiindi 47

I'Y'551isRR, >aaa ArCORyaNI~~ONI~~
3s,aO 0 RCI3 20 RS 'J

RiEisasidippryh probipprvioTERRSIYT, SURPIAIRTaY Prlcimido,

oRYZIKI8 %fll or H{quﬂﬁg)nﬁﬂ'l arm(ﬁ%ﬁi)éﬂtutedtvhﬂﬂﬁm Jlibstituents selected from
I soxazo I sot hi azo furanyl, thjenyl pyrrollyl ,

theygrionp aongzstmganlazirmmeth%aﬁegmsanﬁw and aminomethy

hydroxypyridinyl, quinolinyl, isoquinolinyl, or

i ndolyl, and is substituted with 0-2 substituents
lééisaqtcbdgefﬂmlkﬂe group consisting of halo, cyano,

benzyl, alkyl, 7 WO 2007/061714 PCT/ US2006/ 044320
or two R'¥’s taken together are CH,CH; CH2CH,CHz, CH,CH,CH,CH;,
CH,CH,CH,CH,CH, CH,CH,CH,CH,;CH,CH; OCH,CH,, CH,OCH,,
OCH,CH,CH;, CH,OCH,CH,, OCH,CH,CH,CH;, CH;OCH,CH,CH,,
CH,CH,OCH,CH, OCH,CH,CH,CH>CH,, CH;OCH,CH>CH2CH>,
CH,CH,0CH,CH,CH,, N(R)CH,CH,, CH;N(R®)CH;, N(R*)CH,CH,CH;,
CH,N(R)CH,CH,, N(R®)CH,CH,CH,CH,, CHoN(R*)CH,CH,CH,
CHchzN(Rﬁ)CHzc.:Hz, N(RG)CH2CH2CH2CH20H2 CHQN(Rs)CHz(:HzCHzCHZ or
CH,CH,N(R®)CH,CH,CHj,, provided that the two R!*s are attached to a common

carbon atom;

R3 l\,\_l_g
R* ‘T\ & 7 | S O = © %
. s p | -+
Arl 1S RS/ \\R5’<OD§9< l 7 g E Z s
Ny S
o R4 | +% o | ot S
Cl\**g /E N~ /|\§ l/——§
O & N R14 . R14 . S “ R 02 ,or
2
S | /—§

Ar? is tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, imidazolyl, oxazolyl,
thiazolyl, isoxazolyl, isothiazolyl, furanyl, thienyl, pyrrolyl, pyrimidinyl, pyrazinyl,
pyridinyl, hydroxypyridinyl, quinolinyl, isoquinolinyl, or indolyl, and is substituted
with 0-2 substituents selected from the group consisting of halo, cyano, benzyl, alkyl,
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al koxy, N(R8)(R9), CON(R8)(R9), CO2Re6,
CONHSO2N( R6) (R6), CONHSO2N( R6) ( phenyl ), and

WEONASZIN( R6) ( hal ophenyl); Ar3 is phenyl substPCTUSTNNG/044320

with 0-2 substituents selected fromthe group

consi sting of 5 halo, cyano, hydroxy, alkyl, alkoxy,
al koxyal kyl , hal oal kyl, hal oal koxy, N(R8)(R9),

CON(R6) (R6), and CH2N(R8) (R9), or is dioxol anyl phenyl
and X-Y-Z is C(R14)2C(R 4) 20C(R 4) 2,

C(R 4)2C(R14) 20C( R14) 2C( R14) 2, or

RO G ONGR BUED Er AL A O B e

aenags O (RH@heRYE, Hnd QWO NSISO SARPREpidnyBor nul a |
where R1 ( (]-')@(Ariwl al kyl . 15 Anot her aspélcp of the

|nvent|on is "a conmpound of Formula | where R is R3

R# &},hemtsnssma%%&h )iy éd%@m!u@{t@ @He%cll'fﬁnﬁ ufeogggg @gésq;ung of

Formila 1 where 41

haloggyaae: hmﬁxmmg@ko@y, aﬂmxaalkyhélamkséslgﬁé@alk@xy, R(R?),
64,1 | F e.r R2 IS
hygrfog%(ﬁ ), aﬁdAnozﬁ;{Rr ag) gg%s d}{){&h@l#}l%@ﬁt@on is a

conmpound of Formula | vvhere R3 is N(R3)(R9),

g(cg m ?qgg% P%@:st %&5 (Cg?‘)?%‘geﬁg%g?éa&?ﬁal714

PRI MSIR CMZI(AK&BC( QGQRF‘)Zaspect of the invention is
a conmpound of Forrmula I where R3 is R13

or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a compound of Formula I where R! is
(Arhalkyl.

Another aspect of the invention is a compound of Formula I where R' is

\
R4 r r‘yV
k/

Another aspect of the invention is a compound of Formula I where R} is

R4.__'. o~ ‘Jf

and R? is other than hydrogen or halo.

Another aspect of the invention is a compound of Formula I where R?is

hydrogen.

Another aspect of the invention is a compound of Formula I where R?® is
NR®R’), N(R9)COR’, OCONR®)(R?), CON(RE)(R?), SOR”, SO.R, SO,NRE(RS),
PO(OR®%),, R, or Ar*.



Anot her aspect of the invention is a.conmpound of
Formula | where R3 is Ar2. 5 Another aspect of the
WO pvesi7oh i s a conpound of Fornula | where ArPCT/BS2006/044320
tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
pyrazol yl, im dazolyl, oxazolyl, thiazolyl,
i soxazol yl, isothiazolyl, furanyl, thienyl, or
pyrrolyl, and is substituted'with 0-2 substituents
sel ected fromthe group consisting of halo and al kyl .
10 Anot her aspect of the invention is a conmpound of

For mu V\,here ) RS4) 2CH2
oy Rt Seleasises oF thy inveion ) o pbopPOt peEprly, b pbere R is R,

aspect of the |nvent|on is a conpound of Formula I
where X-Y-Z is 4) 2CH20OCH2, 4) 2CH2OCH2CH2, or,
( R14)°*?€F]E®®F&‘€F12%1}2 nyERoRisa F@mpszsn phierma hwhere R is Ar”.
hydr ogen. Anot her aspect of the invention is a
conpound of Formula I according to one of the )

5 fol | ofimetheseprpst of te in@ntiand Dep®porhd §f ENNOIRI @here Ar is

t@@ra%R? J}h Dk oI Nh%l%l}'{\ll g?ﬂf%lgilqnven?lﬁlo&azg 1,

or O Anot aspec I’on"1' s

@m@dnﬁowoﬂ:ﬂr mt@mlsécﬁlwml,rtglmgl on@yrrofyltdnd is subsututed "with

02 O Rp S SRS g R ST A s 25
R4 R14 Oor R4 0, and R4 is other than hydrogen.
10 Another aspect of the invention is a compound of Formula I where X-Y-Z is

C(R"),CH,OCH,, C(R'*),CH,0CH,CH,, or C(R"*),CH,OCH,CH,CH,.

Another aspect of the invention is a compound of Formula I where X-Y-Z is
C(R"),CH;0CH;, C(R"),CH,0CH,CH, or C(R'*),CH,OCH,CH,CH,, and R is
15 other than hydrogen.

Another aspect of the invention is a compound of Formula I according to one

of the following structures.

1 R1
R\N)K‘)YO R1 )W
]
R2 N\ 2 N\ N R2 Nx N
I“ R14
R14

20 R™ >

Another aspect of the invention is a compound of Formula I according to one

of the following structures.

14 1 .
25 R™ . R C L or , and R is other

than hydrogen.
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9 WO 2007/061714 PCT/ US2006/ 044320 Anot her aspect of
the invention is a conpound of Formula | according to

woe@7/06f714 he followi ng structures. O OH O OH QPCHUSIRR6/044320

~ORI I* RAO N NN NNR2ZNNNR NNR~ Rla
Rio ORl4 Rla R14 R14 Oor O 1,andRi4is 5 nethyl.
Anot her aspect of the invention is a conpound of
Forrmula | according to one of the follow ng
structures. O OGHOOHOOH R1%I 1 0 RI\N, O RNN2~~
O N2NNR2N\ NRNN 1 Rla R14OR14R1410R14

O wher e Ihe t wo R14' t oget her
e chiselier aiestRbmDTY Gistp e fomROII Of BORDRS SRR to one

o} OH (o) OH O OH

. 1
er},/lWO R /U\(/kf R
R? N \
(3 {}
and R is

methyl.

Another aspect of the invention is a compound of Formula I according to one

of the following structures.

O OH

O OH O OH
4
RLN/U\%YO RL /U\I)YO R \[:J/Lk‘/‘\(o
H
R2 N\ N Ny N
14
R14 O R?
, or 0" | and where the two

R'*g taken together are CH,CH,, CH,CH,CH,, CH,CH,CH,CH;,
CH,CH>CH>CH>CH,, CH,CH,CH,CH,CH,CH>, CH;OCH,CH, CH,OCH,CH,CH,,
CH>CH,OCH>CHz, CH,OCH,CH,;CH,;CH,, CH,CH,OCH,CH,CH,,
CHCH,NHCH,CH,, or CH,CH,;N(CH3)CH,CH,.

For a compound of Formula I, any scope of R', R%, R®, R*, R, R, R7, R®, R®
R R'", RZ, RP, R, Ar', A%, Ar®, or X-Y-Z can be used independently with any

scope of any other substituent. Each instance of a variable substituent is independent

2

of any other instance.

Unless specified otherwise, these terms have the following meanings.
“Alkyl” means a straight or branched alkyl group composed of 1 to 6 carbons.
“Alkenyl” means a straight or branched alkyl group composed of 2 to 6 carbons with
at least one double bond. *“Alkynyl” means a straight or branched alkyl group
composed of 2 to 6 carbons with at least one triple bond. “Cycloalkyl” means a

monocyclic ring system composed of 3 to 7 carbons. “Haloalkyl” and “haloalkoxy”

10
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" "Al ke
inchaL balopoa S pmER BRI RIS b

CH2CH2NHCH2CH2, or CH2CH2N( CH3) CH2CH2. 15 For a
conpound of Formula |, any scope of R, R2, R3, R4,

weR0786171R7, R8, R9, R10, R L, Rl12, R13, R14PCHWS2006/044320

Ar2, Ar3, or X-Y-Z can be used independently with any
scope of any other substituent. Each instance of a
vari abl e substituent is independent of any other

i nstance. 20 Unl ess specified otherw se, these terns
have the foll owi ng neanings. "Al kyl" means a straight
or branched al kyl group conposed of 1 to 6 carbons.

means, a straj ght or anChelg%\ gﬁ‘ég{ﬁ'gt Eal e

gaf&arboﬁl KoM (e. g@ﬂd&xz/?lrﬁﬂd@ @l gh® and baumehadisainkey for the
roup 25 conposed carbons with at |east

one
hydtqyp@)opmwjtlon (y@{yé in,@%ldes sarhesydlic m&;'eﬁcélcrair%atlc

kR ia@dndyd to @Bfy bondi
Bﬁéﬁgﬁtioxygﬁﬁ%&)\%ﬁ\o@% e AbOAEm: 1R BBl Lo ety bonding

rélatibushépsatiol thsel @hqdanéhe a0 Fer sxanplf HisHOPHrk g R)alkyl) means
erhal le r mRaRLLEeiNR (€. 9.
ﬁ%‘@ﬁ?ys?‘b?th %rréglﬁ%t egnvgﬁ%r}%nchggfhl sonmers for the

hydr ocar bon port| on. "Aryl" includes carbocyclic and

het er, lic Qnat i $ nt hetic and
mul ti p(éry’éﬁ{%aé%’l eearn'rgrvsAra?Seﬁctl{aﬁ:%1 ngt[etgetog% arify bonding
5 relationships to those skilled in the art. For
exanple, a termsuch as ({R) alkyl) nmeans an al kyl
substituent further subs 6@ th the substituent
ttached at the

R. "( 1’3
oxygeﬁ!’) &‘\81%% D| 0X0 anyphenyl nmeans 0 substituent
0SOz C N "Dioxothiazolidinyl" nmeans N

Isubstituent

N\
/S0,
N

. . q: \
“Dijoxothiazolidinyl” means  ~"

S
0O,

_“Dioxothiazinyl” means

The invention includes all pharmaceutically acceptable salt forms of the
compounds. Pharmaceutically acceptable salts are those in which the counter ions do
not contribute significantly to the physiological activity or toxicity of the compounds
and as such function as pharmacological equivalents. These salts can be made
according to common organic techniques employing commercially available
reagents. Some anionic salt forms include acetate, acistrate, besylate, bromide,
chloride, citrate, fumarate, glucouronate, hydrobromide, hydrochloride, hydroiodide,
iodide, lactate, maleate, mesylate, nitrate, pamoate, phosphate, succinate, sulfate,
tartrate, tosylate, and xinofoate. Some cationic salt forms include ammonium,
aluminum, benzathine, bismuth, calcium, choline, diethylamine, diethanolamine,
lithium, magnesium, meglumine, 4-phenylcyclohexylamine, piperazine, potassium,

sodium, tromethamine, and zinc.

11
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"Di oxot hi azinyl" means 2 15 The invention includes
all pharmaceutically acceptable salt forns of the

weoeowposrtds. Phar maceutical ly acceptabl e sal ts BePUSTV0OG@44320

in which the counter ions do not contribute
significantly to the physiological activity or
toxicity of the conpounds and as such function as
phar macol ogi cal equi val ents. These salts can be nade
20 according to conmon organi c techni ques enpl oyi ng
commercial |y available reagents. Some anionic salt
aci strate, besylate, brom de,

forrrs ncI acetate
chl or | ‘Z:flqg? sP@Popngeline invgntien e¥ishissiereoisomeric forms. The
Ryt 66 efpheties allysire63bRe}id Gorntysiind Q%Q&nds lﬂéihﬁﬁg enantiomers

%tate mal eate, nesylate, nitrate,
dispisFeaomerie AR srampls affeaprtiomers i rnt $lm\@ betlgwy IM¢tbods of

Mlﬁg el s%g&%tmé%{@e&% Hlafe Ritn IR NC ude

ammoni um 25 al Um num enzat snuth cal ci um
chol i ne, diethyl am ne, diethanol am ne, i th| um
magnesi um -nmegl u. tnige, &y phenyl cyclphegyl am ne,

pi perazine, potagsiu sod;) Jf onet ham ntg and
zinc. 11 WD 2007/ 0§17 US2 gﬁqéo( ome of the

conpounds of the iR¥e Xi st u# SN soneric
forns. Theinventionlnlu all sterepi soNeric forns
of the conpounds i ncMedi nant i omems™ N\ang

di astereroners. An exanple of enantioners is shown
bel ow. Met hods of making and separating stereoi soners

are kq%%\bé?ltlbﬂ%nﬁﬁaes all Qufdthdrd s ?F&g ﬁﬁﬁlﬁhds Aﬁzexample

N~ O O The invention in
Pﬁ&f%‘ﬁ%ﬂ?@ﬁ@ﬂﬁsswrtmowonpounds An exanple of a
tautonmeric pair is shown below 10 OOH OO

*HYJH*r

X\Y X--Y

Synthetic Methods

The compounds of this invention can be made by various methods known in
the art including those of the following schemes and in the specific embodiments
section. The structure numbering and variable numbering shown in the synthetic
schemes are distinct from, and should not be confused with, the structure or variable
numbering in the claims or the rest of the specification. The variables in the schemes

are meant only to illustrate how to make some of the compounds of this invention.

Standard amide coupling reagents can be used to effect the formation of the
amide bond (see Scheme I). When R, is a lower alkyl group, R, can be removed
under ester hydrolysis conditions, such as treatment with NaOH, LiOH, or KOH to

deliver the corresponding carboxylic acid. Alternatively, R, can be removed by

12
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R,, NYI pRl1% NO R2NNI R N-,, NY Z XY XY
Synthetic Methods 15 The conpounds of this invention

wa@an7bel7made by various net hods known in the BET/US2006/044320

including those of the follow ng schenes and in the
specific enbodi nents section. The structure nunbering
and vari abl e nunbering shown in the synthetic schenes
are distinct from and should not be confused wth,
the structure or variable nunbering in the clains or
the rest of the specification. The variables in the

schenes, 20 are neant only il lustrate how

aygleonbilie displasrmentiginedy & ﬁ?@ }%é% e andsi“i’ﬁag’?@e"enzﬂ Ra

S BlerepRE 'b@glyﬁﬁ’c%ﬁm isC Qﬂtehﬁe&hﬁ&g c%@ béf:&:)Lﬁiﬂéd hﬂﬁg arnlde bond
see _Schene

formati on of "the

fogming ragenta sysh %&@HpDQQ‘a 13%&(%1 B BrepnRyéiep h?ﬁa%trlaéglﬁelr-yloxy—

E%%Mﬁhﬁc&ﬁ&?h%hﬁ%‘? he:SHRBr oEﬁ%ﬁﬂ'ﬂT@"(@Q? NeShbnzotriazol-1-
25 del

Iver the correspondin

vRNDI N ING -taisamdethplureninat hwﬂyorqahomtq) &r Pa%mew (see
2 7 /

el e ameateeh SRS Pl R BRIOP RO Wiy & Sons,
leblwsYDtk)t énitlhaéi’dlyme HQrepre:santsb@mMuggrm such as benzyl, which

d n S | .nterne |at acan be coupl ed using
8%/&%%9“5‘6 oééﬁf%ﬁﬁe QupY % B8ich as BOP DCC, EDOI |
PyBrop, PyBop benzotri azoI e- 1-yl oxy-
hk#%ﬁ‘¥;rolldlno phosphoni um hexaf | uor ophosphat e) ,

g (7-azabenzotriazol-1 5
yl)-N, N N, N 5t g-Pranet hyl gr ogh umHrggaf | uor ophosphat e)
or ot her me%ghTyafbseemngﬂig%afj Ad¢anced, Or &?%?ﬁé;
Cheni stry, FOUfihLEdition 1Q92 Johr—ViHey &NSon&, ¥ New
York). In the SEﬁeﬁe P repreé/éegzts a prot ectlFﬁg gr%p,
such as benzyl, Whi ch can be rennved after the x~¥
coupl i ng reacti &h. 10 Schene 1° 0 a, PH, 0 HRL, NH
OOHR > O HRa|Qi. ..QHRa O- J~iOR2 -3) N NYN Z
N~NZ R2 N N l
JPH2 Ry

27 L3 o o™
HO” NP~ RhN/”\r/,‘\fo
N*(N Ry NYN\Z

X~y X~¥

I-5

{P = protecting group)
Ra = alkyl, aryl, benzyl

In Scheme II the syntheses of nitrile intermediates used for the synthesis of the
templates are described. In this scheme L, can be a leaving group such as halide, O-
tosyl or O-mesyl and X is a heteroatom such as O, N or S. Deprotonation of the alkyl
nitrile, II-1 with an appropriate base, such as lithium diisopropylamide, lithium
hexamethyldisilylazide or other bases commonly used in the art, followed by a
nucleophilic substitution reaction with electrophiles II-2 or II-5 provides II-3 and II-5
respectively. Intermediate I1-6 can be combined with an appropriate nucleophile (1I-
6), to provide 1I-3 using reaction conditions known by those in the art. Alternatively
nucleophile II-6 can be combined with acrylonitrile to provide an intermediate 11-7,

which can be further functionalized to provide II-3.

13
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Xy 1-4 -Y 1-1 1-2 PHa O o0 PH2 RI'NH (1-3) QQ HO
I ro R, NO NYNz R3 NYN~ X-Y Z XY 1-51-6 (P =

w@e@ue6t7isng group) Ra = al kyl, aryl, benzyl | nPSrnsI086/044320

Il the syntheses of nitrile internedi ates used for the
synthesis of the tenplates are described. In this
schene Ln can be a | eaving group such as halide, 0- 15
tosyl or O-nesyl and' X is a heteroatom such as 0, N or
S. Deprotonation of the alkyl nitrile, 11-1 with an
appropriate base, such as lithiumdiisopropyl am de,
l'ithium hexanet hyl di silyl azi de or other bases commonly
el the art, foll owed by a nucl eophilic

substitution reaction wﬁth el ectrophiles 11-2 or 11-5
r §Vi des x arge 1%:. 5" respectively. Internediate
B -Becan cbnbi ned ht&n'appropriate nucl eophile

(I'|'20 6) to provide 11' 3 using reaction conditions
kngwn by those idy the art. Alternatkvely nucl eophi | e

11K canLbELenpine aceybom,ri ke to provide an
% 7 V\MEan be f:a}ft’h&'/L

|hwﬁmmMe1ﬁ‘
fuficti onal i zed to provi 4& 11-3. 13 WD D07/ 061714

Rel/ US2006/ 044320 Schenme Il CN L1~X 1 L2 Base Ry X
FZi\ *EI.P&@.(;J/\RZ 11- Z‘F:Q/R/Z Il Roebise + Llfh Base - <, L5 +HX
Base Rt (2 *Rl\)\ub(lt%\Lz

U-6 -7
-3

The synthesis of the pyrimidinone templates, shown in Scheme III follows

procedures previously disclosed in the art.

Scheme 111

CO,Et o
H i Heat EtO = Base
HN N., —_—

CN
\}\/ W\L _NHOH 07 GOt N ~NH
2 Ry H‘q/\/x
R W\Lz

X

L.

Rz~ T/);\ 2
o oP

Q
I i )J\HY WO
£t0
Eto)j\léKf Base/P1L3 T New LN
N

T {3 L

R

A method for synthesizing ortho-triazole benzylamides is illustrated in schemes IV
and V. In addition, the synthesis of some ortho-triazolone benzylamines is

demonstrated in Scheme V1.

Scheme IV
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11-1 11-4 R2 11-5 11-6 11-3 NC CN + HX Rl L6/ base ~Lz
--~ 1 X~CNn\~t nLZ RL7/ base ~~ LZ 11-6 11 -7

wW®m2001061316 The synthesis of the pyrim di none tROPUS1086044320

shown in Schenme 111 follows procedures previously

di sclosed in the art. Schene Il 0 OH CO2Et O CN H
Heat ELO / Base Ri-j' x NH2OH HNNO CO Et N Y~ NH R2 n
2R XL2 R. j XRRnRI InL2 0OH0OPt 0 OP5 O
F{Q/ OFtO0O / O Base/P5L3 EtO/ -OHNN Ft5 RR5 S\d
t )n Rz On X ~n R2 x 10 F1, A nethod for

synthesi zing ortho-triazol e benzylam des is

Sche¢met¥ at ed i n schenes IV and V. In additi on, the

hegi s of sonme gt hg a b
d?ﬂr at e8uSh_ n@ 'ﬁ%een o nesdv;as
7y | S
= A =

Scheme V1
o) COOH
O oM HN

R, / R / R /S

N N N
ko N{N)§O kao
& — G
F F F
Biological Methods

HIV-Integrase Inhibition Activity. To evaluate in-vitro activity against HIV-
integrase, 5 pmole of biotin labeled substrate DNA was bound to 100 pg of
Streptavidin coated PVT SPA beads (Amersham Pharmacia Biotech). Recombinant
integrase (0.26 ng) was incubated with the beads for 90 min at 37 °C. Unbound
enzyme was removed by washing the complex followed by addition of inhibitors and
0.1 fimol of P33 labeled target DNA. The reaction was stopped by adding EDTA to a
final concentration of 10 mM. Samples were counted in TopCountNXT (Packard)
and the CPM was used as a measure of integration. The reaction condition was as
described in A. Engelman and R. Craigie , J. Virol. 69, 5908-5911 (1995). The
sequences of substrate and target DNA were described in Nucleic Acid Research
22,1121-1122 (1994).
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NH2 H NMe2 o1l Br Br .» ~~lI Br ~Iy"N~~/ | Ff [/
N. Ny N-~. F/ N N> F NHNHz 11 "J--- ON 14 WO

wQoB70061714 PCT/ US2006/ 044320 Schene V | Sr PCTUSN06/044320

CNNH2 / Pd-C( N ----------- FNNFNFN Schene Vi
NHONCOH~N HN20 2?2 OHHNRNNp N NONBr R
Br Br C(NNHZ FFF FR/ R/ R--N NNLp NN “cp
N, N"" -OBr I CN~1 j NHZ F 5 F F Biological

Met hods HI V-1 ntegrase I nhibition Activity. To eval uate
in-vitro activity against H V- 10 integrase, 5 pnole

of biotin | abel ed substra s bound to 100 pg of
Streptavidin coated PVT S@WQ%@(Anersham Phar nmaci a

Bi otech). Reconbinant integrase (0.26 ng) was
i ncubated with the beads for 90 m Lt 37 C. Unbound

enzyne was renoved by mashing tie onpbex fol | owed by
addition of inhibitors

NS

N

HIV-Integrase binding assay. In this assay competitive binding experiments
with test compounds and a radiolabeled integrase inhibitor (compound I) are
performed against purified integrase. SPA bead/DNA/enzyme complexes were
prepared as for the integrase inhibition assay except, to each well, 0.69 ul of integrase
enzyme (0.42 mg/ul) was used per 2 pul of LTR DNA-attached scintillation proximity
beads (stock 50 mg/ml). Binding reactions were carried out in 96-well white
polystyrene assay plates (Coming; #3600). The following was added sequentially to
each well: 20 pl of water or 20 pl of human serum (Cellgro Cat# 35-060-CL), 5 pl of
serially diluted compound (in 50% DMSO/50% integrase SPA buffer), 5 pl of [3H]-
compound I (6,000cpm/pl in SPA buffer) and 20 pl of bead/DNA/enzyme complex.
The plates were shaken for 2 hours and then allowed to sit at room temperature
without shaking overnight. The [3H] -compound I binding was measured using a
Topcount scintillation counter. | Cheng and Prusoff equations were used to convert
the inhibition of compound 1 binding into the cotresponding Ki value. Results are
shown in the Table 1. Activity equal to A refers to a compound having Ki = 0.001 to
0.003 pM while B and C denote compounds having Ki = 0.003 t00.05 uM and Ki 2

0.050 uM respectively.
Table 1.
in vitro
Bxample | 4o
1 B
2 B
3 B
4 B
5 B
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of P33 | abel ed target DNA. The reaction was
st opped by addi ng EDTA to a 15 final
waoomvb178anpl es were counted in TopCount NXT ( PRCRERZING6/044320
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reacti on condition was as
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sequences of substrate and target DNA were descri bed

in Nucleic Acid Research 22,1121-1122 (1994).
WO 2007/ 061714 PCT/ US2006/ 044320 Conpound |

20 15
OOH ~H

",- O NNFY 5 N 02—S 5 HVlIntegrase binding
assay. In this assay cprmgpietiye B ¥iiPng |experi ment s
with test conpounds [and a radi ol abiBHEY | gt egr ase
i nhi bitor (conpound |l) arf petfornmBd agdinst purified
i nt egrase. SPA bead/|DNA/ ehzyne| conpbexes |wer e
prepared as for the jinted ase inhi bAtionjassay except,
to each well, 0.69 tjl of 9ntegfase Aenzyrne (0.42
ng/ R1) was used per {2 Rl 10f LTR DNAaAatt aghed
scintillation proximty 3§ bea¢ls (sigock 30 ng/nl).
Bi ndi ng reacti ons wgre cgpriedjout xn 96-well white
pol ystyrene assay pljaresgCormjmng;, £3600);. The
follow ng was added [sequggtiatfy to, eact] well: 20 R
of water or 20 Rl of hum:is Sbl'l’,lﬂl(— Hgrq Cat# -
35-060-CL), 5| of (sertatty—dituteg—eorpound (in 50%
DMSQ' 50% i nt egr ase JRAbBYEFer—5—RE—e+—H3H - conpound
I (6,000cpm R in SH L f
bead/ DNA/ enzyne co 18 ler e shaken
for 2 hours and theriT_jl 1 d@ed to sitBat rdom
temperature without lshaki?flg overnight The
[ 3H] - conpound | bi ndj indg a Topcount
scintillation counter. CR&ng amd PrBsoff |equations
were used to convert 23 A

24 B

25 B

26 B

27 B

28 B

29

30

31 B _

32 B

33 B

34 A

35 B

36 B

37 B

38 B

39 B

40 B

41 B

42 A

Inhibition of HIV replication. A recombinant NL-Rluc virus was constructed
in which a section of the nef gene from NL4-3 was replaced with the Renilla
Luciferase gene. The NL-RLuc virus was prepared by co-transfection of two
plasmids, pNLRLuc and pVSVenv. The pNLRLuc contains the NL-Rluc DNA
cloned into pUC18 at the Pvull site, while the pVSVenv contains the gene for VSV

17
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the inhibition of compound 1 binding into the
correspondi ng Ki value. Results are shown in the

waaeetzi4 Activity equal to Arefers to a conpROMUS2006/044320

having Ki = 0.001 to 20 0.003 p.Mwhile B and C denote
conmpounds having Ki = 0.003 t00.05 AMand Ki > 0.050
RM respectively. Table 1. Exanple in vitro binding 1
B 2B 3B 4B 5B 16 W 2007/061714 .

PCT/ US2006/ 044320 Exanple in vitro binding 6 B 7 A
8A 9A 10A 11 B 12 A 13 A 14 A 15 A 16 A 17

% pr:lb%eirl? linl%gd E) an LTR promoter. Transfections were performed at a 1:3 ratio of
pNLRLuc to pVSVenv on 293T cells using the Lipofect AMINE PLUS kit from
Invitrogen (Carlsbad, CA) according to manufactures instruction, and the pseudotype

virus generated was titered in MT-2 cells.

Susceptibility of viruses to compounds was determined by incubation in the
presence of serial dilutions of the compound. The 50% effective concentration
(ECso) was calculated by using the exponential form of the median effect equation
where (Fa) = 1/[1+ (EDso/drug conc.)™@] (Johnson VA, Byington RT. Infectivity
Assay. In Techniques in HIV Research. ed. Aldovini A, Walker BD. 71-76.

New York: Stockton Press.1990). The anti-viral activity of compounds was
evaluated under three serum conditions, 10% FBS, 15mg/ml human serum
albumin/10% FBS or 40% human serum/5% FBS, and the results from at least 2
experiments were used to calculate the ECsg values. Results are shown in the Table
2. Activity equal to A refers to a compound having ECs¢ = 0.001 to 0.010 uM while
B and C denote compounds with ECsy =..0.010 to0.050 pM and ECsg 2_0.05 uM

respectively.

Table 2.

Example antiviral actitively

gl gh g gighgigigigiog lnipgielighdhgie)

A B NS R E B NN
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29 30 31 B 32B 3B 34 A 3B 36 B 37 B 388B

wW@0B06wd4 B 41 B 42 A Inhibition of HV repl PCRUSZNG/044320

A reconbi nant NL-R uc virus was constructed in which
a section of the nef gene from NL4-3 was replaced wth
the Renilla Luciferase gene. The NL-RLuc virus was
prepared by co-transfection of two 5 plasm ds, pNLRLuc
and pVSVenv. The pNLRLuc contains the NL-R uc DNA
cloned into pUC 18 at the Pvull site, while the
pVSVenv contains the gene f VSV 17 WD 2007/061714
PCT/ US2006/ 044320 Example antiviral actitively :

19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

gl lolkdigrgigiolty

il b gbgdivikgbgigrglele:

See US 20050250256109 and US 20050267105 for some other compounds

demonstrating HIV integrase activity.

Pharmaceutical Composition and Methods of Use

The compounds of this invention inhibit HIV integrase. HIV integrase
inhibitors belonging to a class of diketo acid compounds prevented viral integration
and inhibited HIV-1 replication in cells (Hazuda et al. Science 2000, 287, 646).
Recently, HIV integrase inhibitors have been accepted into clinical trials for treating

AIDS and HIV infection (Neamati Expert. Opin. Ther. Patents 2002, 12, 709, Pais
and Burke Drugs Fut. 2002, 27, 1101).

Accordingly, another aspect of the invention is a method for treating HIV

infection in a human patient comprising administering a therapeutically effective
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G protein linked to an LTR pronoter. Transfections
were perforned at a 1:3 ratio of pNLRLuc to pVSVenv

woro0208i71cel | s usi ng the Lipofect AM NE PLUS ki PCT/I8I006/044320

I nvitrogen (Carl sbad, CA) according to manufactures
instruction, and the pseudotype virus generated was
titered in MI-2 cells. 5 Susceptibility of viruses to
conmpounds was determ ned by incubation in the
presence of serial dilutions of the conmpound. The 50%
effective concentration (EC50) was cal cul ?t ed by

e
g%'gﬁ%q i TR eoranuly { ora phersucaRsCHRseqiAple slt thereot,

\e{éeutﬁ‘ﬁu?/g Sptdble cdfibectivity 10 Assay. In
Techm ques in H 'V Research. ed. Aldovini A Wl ker BD.

71-76. New York: Stockton Press. 1990). The

anti - Wﬂo@her%béé{'otfﬁ%v&%oﬂ%qgggﬁet@ f(}rﬁ’&h HaEaY MAYSHN in a

three serum conditions n serum
Ahmanipafiat wenERSing th4 @mmlmfmﬁ?@eﬁtﬁiﬁﬂywﬁﬁwaamount of

s hsed PP %6 G EHREEL BERL S GBI R i

M}Euti&ﬂly&effé\:ﬁmemﬁgune qﬂaﬂ leztsm ofe bEh‘ee agertt Guséd foenatiicht of

ST R A0 o s e ST By v
ghhscripeqse dithibibis, na'x&hhﬁeé’sldﬂqmla&r%&hﬂ/slchﬁ{ase 1nh1b1tors HIV
%\%téj_%leﬁ %)for'& EIVquswn mhAbltors, HI\L73 attachmé/_r\lt 1nh1b1tor§ CCR%
inhibitors, CXCR4 inhibitors, HIV budding or maturation inhibitors, and HIV

integrase inhibitors.

Another éspect of the invention is a method wherein the agent is a nucleoside

HIV reverse transcriptase inhibitor.

Another aspect of the invention is a method wherein the nucleoside HIV
reverse transcriptase inhibitor is selected from the group consisting of abacavir,
didanosine, emtricitabine, lamivudine, stavudine, tenofovir, zalcitabine, and

zidovudine, or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a method wherein the agent is a non-

nucleoside HIV reverse transcriptase inhibitor.

- Another aspect of the invention is a method wherein the non-nucleoside HIV
reverse transcriptase inhibitor is selected from the group consisting of delavirdine,

efavirenz, and nevirapine, or a pharmaceutically acceptable thereof.

Another aspect of the invention is a method wherein the agent is an HIV

protease inhibitor.

Another aspect of the invention is a method wherein the HIV protease

inhibitor is selected from the group consisting of amprenavir, atazanavir, indinavir,
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12 A 13 A 14 A 15 A 16 - A17 A 18 A 18 WO
2007/ 061714 PCT/ US2006/ 044320 Exanpl e anti viral

waearneveldy 19 A 20 C 21 A 22 A 23 A 24 APCRESID06/044320

26 B 27 A 28 A 2930 31 C 32B 33A 34 A 35A
36 A 37 B 38 A

lopinavir, nelfinavir, ritonavir, saquinavir and fosamprenavir, or a pharmaceutically

acceptable salt thereof.

Another aspect of the invention is a method wherein the agent is an HIV
fusion inhibitor.

Another aspect of the invention is a method wherein the HIV fusion inhibitor

is enfuvirtide or T-1249, or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a method wherein the agent is an HIV
attachment inhibitor.

Another aspect of the invention is a method wherein the agent is a CCR5
inhibitor.

Another aspect of the invention is a method wherein the CCRS inhibitor is
selected from the group consisting of Sch-C, Sch-D, TAK-220, PRO-140, and UK-
427,857, or a pharmaceutically acceptable salt thgreof.

Another aspect of the invention is a method wherein the agent is a CXCR4
inhibitor.

Another aspect of the invention is a method wherein the CXCR4 inhibitor is
AMD-3100, or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a method wherein the agent is an HIV

budding or maturation inhibitor.

Another aspect of the invention is a method wherein the budding or

maturation inhibitor is PA-457, or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a method wherein the agent is an HIV
integrase inhibitor.
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39 A 40 A 41 B 42 A See US 20050250256109 and US
20050267105 for sone ot her conpounds denonstrating

woikdd7ioat7egr ase activity. 5 Pharnmaceuti cal ConpPGT/UBIING/044320

and Met hods of Use The conpounds of this invention
inhibit HV integrase. H'V integrase inhibitors

bel onging to a class of di keto acid conpounds
prevented viral integration and inhibited H V-1
replication in cells (Hazuda et at. Science 2000, 287,
646). 10 Recently, H'V integrase inhibitors have been

accepted into clinical trjals for treating AIDS and
HV i Afetier GFPeGF\BgW&tIPV%Pﬁé‘rIE a phgimacetiggl Compogifion comprising a

#eabeutidall 7&%@15’@ 'aﬁlouﬁﬂgf ﬁ%rkﬁo@fdm dettula BQP2 phdvmaceutically
1101@ Accor di ng ,. anot her aspect of the i nvent| on is
ax!

opaftdhereph atifthef 1ppsy ong gthenpgentjuged far tegatrnentof AIDS or
i
R e M O SO L B S RERAY es
ranssriptasp hibitess. mor-pudleoside BEV ae\mmmmeupnasamh;mtors HIV
I uti.cal |y
BRAGRE THIGIE Ty MG bl BBy PRSHIRRE MG R G
mmwtdrsn,dZX6R4tmhbitorsg }Hw\budﬂf@cdn maturztnma 1ﬁhﬁbu6w,1 and HIV
L1 en r|S|ng %lhe ad tratltog a
Fﬁeérapeu icar £ WV& ?CCS? lﬁcéﬁrr‘ﬁfound of
Forrmula I, or a pharnmaceuti cal |y acceptable salt

t her eqf vvith tically effective, ampunt of
at | eASOHsH é‘s%"‘tCES{EH’& ?nl%’c%‘éﬁl COTRRQSHqRewhetgm thppgent is a

fiiclbbidd HiCeéveas ﬁﬁiseﬁpﬁde fdnandeche group consisting of
nucl eosi de H V reverse transcri ptase inhibitors,
non- nucl eosi de H V reverse transcriptase inhibitors,

H'V  WhoRied a§isze of tHel iRl dfion is Hle\ed)
HV att gchrreﬁft%%l ghl bllt ors, CIZ%:RCC |nﬁﬁ%sgﬁdo\?§ér€i&ﬁé§mc}e°$de

BN trnserintaseiplibifon i sedpcind femhe eranp donbisting of shacavid,
Hld¥Ynodifd, @eHtASERaHiAL) 'lQhI\QIrd éﬁ%(‘ﬂﬁé t@ﬁ@l%gfr Qilcﬁtaﬁﬁne, and

invention. is a net efernt
mderedise.qu ap!@rmmpumevléy seceptabivselt tpt:lagé | nh| bi t or .

Another aspect of the invention is the composition wherein the agent is a non-

nucleoside HIV reverse transcriptase inhibitor.

Another aspect of the invention is the composition wherein the non-
nucleoside HIV reverse transcriptase inhibitor is selected from the group consisting

of delavirdine, efavirenz, and nevirapine, or a pharmaceutically acceptable salt
thereof.

Another aspect of the invention is the composition wherein the agent is an
HIV protease inhibitor.

Another aspect of the invention is the composition wherein the HIV protease
inhibitor is selected from the group consisting of amprenavir, atazanavir, indinavir,

lopinavir, nelfinavir, ritonavir, saquinavir and fosamprenavit, or a pharmaceutically
acceptable salt thereof.
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Anot her aspect of the invention is a nethod wherein

the nucleoside H'V reverse transcriptase inhibitor is
waelgoteds from t he group consi sting of abacavi PCT/US2006/044320

di danosi ne, entricitabine, |amvudine, stavudine,

tenofovir, zalcitabine, and 20 zi dovudi ne, or a

phar maceutically acceptable salt thereof. Another

aspect of the invention is a nmethod wherein the agent

is a non- nucleoside H YV reverse transcriptase

i nhi bitor. 25 Another aspect of the invention is a

nmet hod rein th on nucl epsjde H V. .reverse X

(T anach PR RASPRHATUDS BverSor b CaiPPHERE PiBer O Sipeentis an

HINsfsidnnighiditogdel avi rdi ne, efavirenz, and nevirapine,

or a pharmaceutically acceptable thereof. Another

aspect of the invention is a nmethod wherein the agent

is an Ahdthe3RpREIARS ﬁnﬂeﬂhbxbisttﬁé coxﬁgeslti% nRSREEWh&kin the HIV

the invention is a nethod wherein the H'V protease
ifhFipR inhibiterds safuvirtidg of rTo F4%er g pben@m@h%%iky aegersfble salt
ghavir, atazanavir, indinavir, 20 WO 2007/061714
PCI/ U52006/ 044320 | opi navir, nel fi navi r, ritonavir,
" saquinavir and fosanprenavir, or a pharmaceutically

acc eptﬁg&ﬁel’c‘ﬂg‘é (l}ﬁhg %Iv\‘j'?lelﬁgg srlﬁ% cgr% Sg %108 whtepeelﬁflv agoent 1S an

i nvent’i on

fHIV attechnienbirthdbitorAnot her aspect of the invention is a
met hod wherein the HV fusion inhibitor 1is
enfuvirtide or T-1249, or a pharmaceutically

accept ahbthesadpect dfthe divenfion Anit bempasifies twieteih & agent is a
éﬁ@@t'oﬁ is a nmethod wherein the agent is an HV

a FHEREC% nhi bitor. Another aspect of the invention

is a nethod wherein the agent is a CCR5 inhibitor. 15
Anot her aspect géggpg invention is a nethod wherein

the OMEHAIRC ¢ Invelige isge cPERPEiHEn drhsegin the CCRS
qm;tgi isn@leRfedFebinGhe Sfipleondi é‘ﬁng’—@@Sc}PBOséﬁ‘g) T80€-295; PRO-140,

857, or a pharnmacéutically acceptable s
tawér(@éf‘*ﬂzf@?/\ﬁb{i pbRmargsuticallyraceemtahlavalhtheseesi s a
nmet hod wherein the agent is a CXCR4

Another aspect of the invention is a method wherein the agent is a CXCR4
inhibitor.

Another aspect of the invention is a method wherein the CXCR4 inhibitor is
AMD-3100 or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is the composition wherein the agent is an

HIV budding or maturation inhibitor.

Another aspect of the invention is the composition wherein the budding or

maturation inhibitor is PA-457, or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is the composition wherein the agent is an

HIV integrase inhibitor.
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i nhi bitor. Another aspect of the invention is a nethod
wherein the CXCR4 inhibitor is AMD-3 100, or a

w@ba@vosoeut i cal |y acceptable salt thereof. 25 PemURENG6/044320

aspect of the invention is a nethod wherein the agent
is an H'V budding or maturation inhibitor. Another
aspect of the invention is a nethod wherein the
buddi ng or 30 maturation inhibitor is PA-457, or a
pharmaceutically acceptable salt thereof. Another
aspect of the invention is a nethod wherein the agent

IS an. Ny ase .Jnhipitor, .21 WO 2007/ 061714 .
PCT/ us?&@%%ﬁ% “ ﬁ&‘ﬁ‘é&a‘é%‘bec?“&m{iﬁ‘e o Aippiap jprng referring
do MMOE%Ti?m bf fa?ﬁmpsiuhd' ofNF &ow4 g SithCatdeast orée al}ti-HIV agent

t her ica effective amount. of a conpound o .
AT e SGPPdnSHs B AT AT i R B PUral dekapy or highly
tabgvesitirettbvifal dherb SR S AATRED)Us iR RERIA bH51@skifiers in the field of
treatnment _of AIDS or HV infection sel'ected fromthe
@W%Yé’fff:?%o‘bf nucl eoside HIV reverse 5

transcri ptase inhibitors, non-nucl eoside HV reverse
Itranscriptase -inhibitors, H'V protease inhibitors,

H v f udibsrpengalin effestivel means the amennt pHiagept reguired @QRGSvide a
BBl oA QDL |

mat ur agtﬁig opr?1 "nhi bi tﬂ o?&;hf?%etﬁﬁbéﬂ P/ll_%l}ér?? ggﬁ%‘ggn %ﬁwfli%lfito g‘r%DS and
dHY mfgshianndie gondreh the/getcefiretinentzae suppressich dfatahrad,
FSRESE ' i | . C sition wherein t

ag eﬁ%tl?lggg& B %&%ﬁégglﬁ d gﬂﬂ {rﬂgglecr se t??natrl%l N gé%hty e, and
iredhichion of HINasldted naspidiay aod nidralitywventi on is the

conposi tion wherein the nucl eoside H YV transcriptase
inhibitor is selected fromthe group consisting of
abacaviPatierit3 nthatia ageivof, infotediveit i HIBS virﬂ%ﬁ@ﬁiiﬁ&e for therapy
st avuydi ne, .tenofqvir, .zal cL.t abi nd, __zi dovudi ne, or

3 JHeeR5u sy s it B s hr@ e ao i By Sikeemer

aspect of the invention is the conposition wherein the
agent s % non- nucl eqgside H 'V reverse transcriptase

72 4%,

i nhi bi t167aMMSBEL AnGereY. aspaistenet “Hiteinfertian | YhRCS tAIDS” and
¢EIERAIbrn Olte B & BndeRRoSPBY practitioners in the field of AIDS and HIV

infection.

The compounds of this invention are generally given as pharmaceutical
compositions comprised of a therapeutically effective amount of a compound of
Formula I er its pharmaceutically acceptable salt and a pharmaceutically acceptable
carrier and may contain conventional excipients. A therapeutically effective amount
is that which is needed to provide a meaningful patient benefit. Pharmaceutically
acceptable carriers are those conventionally known carriers having acceptable safety
profiles. Compositions encompass all common solid and liquid forms including
capsules, tablets, losenges, and powders as well as liquid suspensions, syrups, elixers,
and solutions. Compositions are made using common formulation techniques, and
conventional excipients (such as binding and wetting agents) and vehicles (such as

water and alcohols) are generally used for compositions.

Solid compositions are normally formulated in dosage units and compositions

providing from about 1 to 1000 mg of the active ingredient per dose are preferred.
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nucl eoside H 'V reverse transcriptase inhibitor is
sel ected fromthe group consisting of delavirdine,

webt@vioseme, and nevirapi ne, or a pharnaceuti caPCTUS2006/044320

acceptable salt thereof. 25 Another aspect of the
invention is the conposition wherein the agent is an
H V protease inhibitor. Another aspect of the
invention is the conmposition wherein the H 'V protease
30 inhibitor is selected fromthe group consisting of
anprenavir, atazanavir, indinavir, [opinavir,

nel finavir, ritonavir, saquinavir and_fosa navi r
Someexsiwplenetdospges ary 1 ragckbingpil @0 51 259 g Fi» 809 T nd@Poo me.

@&%ZAIB}S %Z}ile? aﬁﬁ%rg§ﬁ'910% ﬁﬁﬁﬁpbv%é%%nﬁ% 2 38Re5hzefimilBLto agents

nven Si1tion rein the agent is an
diithatfclissis ased elimibiltyo rTypﬂmityh his asp3e+108p magianit.nvent i on

is the conposition method wherein the HV 5 fusion
inhibitor is enfuvirtide or T-1249, or a

phar nBirmid canpdsitiascee ualkly madosaget llmt woges. Apenanally, the liquid

Synog! WS Y G ORabRe o RIS Glthuhlor
&fsﬁg&t ar@fl thenli, 0anf/ineb, RSSmtghﬁLpﬁﬂrp@mu amd Wﬁamgr’mLt Generally,

S i S S e P ALt RBR 5l bl f i o

ﬁsréhiclﬁhwan '?yﬁ&'a Kottﬁc& i 1010 g/raLoup consi sting of
Sch-C, 220, PRO 14 and UK-427,857, or a
phar maceutl cal I y acceptable salt thereof. Another

aspecir,@finJdifioh BMEHhpRBed A1 SorfRhNESh Wh&Tes Iof aﬂlhﬁuﬂgﬁmn oral
is a CXCR4 1nhibitor. 20 Another aspect of

U paTEnisFRl intehodtetre e Foesh L ANerRLY. GROAESIP Fﬁ%‘i“FB wijl be similar
ﬁ'\@;\gro %nqget%vxpal BRAERSRHUt Ay Pfisly2efa99! dose will be 1-100

mg/kg body weight daily. Generally, more compound is required orally and less
parenterally. The specific dosing regime, however, will be determined by a physician

using sound medical judgement.

The invention also encompasses methods where the compound is given in
combination therapy. That is, the compound can be used in conjunction with, but
separately from, other agents useful in treating AIDS and HIV infection. Some of
these agents include HIV attachment inhibitors, CCRS5 inhibitors, CXCR4 inhibitors,
HIV cell fusion inhibitors, HIV integrase inhibitors, HIV nucleoside reverse
transcriptase inhibitors, HIV non-nucleoside reverse transcriptase inhibitors, HIV
protease inhibitors, budding and maturation inhibitors, immunomodulators, and anti-
infectives. In these combination methods, the compound of Formula I will generally
be given in a daily dose of 1-100 mg/kg body weight daily in conjunction with other
agents. The other agents generally will be given in the amounts used therapeutically.
The specific dosing regime, however, will be determined by a physician using sound

medical judgement.

Table 4 lists some agents useful in treating AIDS and HIV infection which are

suitable for this invention.
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Novaf eron Labs, Inc. Novapren Akron, OH) H V inhibitor
Peptide T Cctapeptide Peninsula Labs AIDS (Bel nont,
CA) Sequence Trisodium Astra Pharm CW retinitis,

H vV Phosphonof ormate Products, Inc. infection, other
CW infections PNU 140690 Pharnmaci a Upj ohn H'V

i nfection, A:]_?[E)FCS$ %{prot ease inhibitor) ARC Probucol
Wrex HV i nfEe¢BE TINNEY HEec die DPEVENWSI. H v
infection, AIDS, Tech (Houston, TX) ARC Ritonavir
Abbott HIV infection, AIDS, (protease inhibitor) ARC
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thym dine Valaciclovir @@axo Wl lcone Genital HSV &
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®

(4-Fluoronaphthalen-1-yl)methanamine hydrochloride. A solution of 1-

cyano-4-fluoronapthalene (1.05 g, 6.12 mmol) and 1.5 mL of HCl (aq.) in absolute
ethanol (50 mL) was stirred under a hydrogen atmosphere (balloon) with 10%
palladium on carbon (0.20 g) for 16 hours. The catalyst was removed by filtration
through Celite®, and the filtrate concentrated under vacuum. The resulting solid was
triturated with ether and collected by filtration to give the title compound (0.575 g,
44% yield) as an off white solid.

Intermediate 2

NH;

Methyl 2-(aminomethyl)-5-fluorobenzoate trifluoroacetic acid salt. Methyl 2-
((tert-butoxycarbonyl)methyl)-5-fluorobenzoate, prepared according to literature
methods, was treated with trifluoroacetic acid to provide the title compound. Yield
100%; "H NMR (300 MHz, DMSO0-d6) 6 ppm: 3.89 (3H, s) 4.32 (2H, q, J=5.61 Hz)
7.51-7.71 (2H, m) 7.78 (1H, dd, /=9.33, 2.38 Hz) 8.13 (2H, brs); LC/MS m/z 184
(M+H).
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di soproxil, fumarate salt (Viread(r)) Glead HV
infection, AIDS (reverse transcriptase inhibitor)
Conmbivir(r) .(reverse transcriptase GSK H V infection,
Al DS inhibitor) abacavirldemesdisied (or Zi agen(r)) GSK
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Reyataz(r) Bristol-Mers Squibb HV infection, AlIDS
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inhibitor Trizivir HV inf o, AIDS Kaletra(r)
Abbott HIV infection, AIDS NHp

2-Aminomethyl-5-fluoro-N-methyl-benzamide trifluoroacetic acid salt. To a
solution of zerz-butyl 4-fluoro-2-(methylcarbamoyl)benzylcarbamate (7.70 g 27.3
mmol), prepared from 2-bromo-5-fluorobenzoic acid using literature methods in
CH)Cl, (100 mL) was added CF3CO,H (25 mL) and the mixture stirred at room
temperature for 15 min. This was concentrated in vacuo and the residue triturated
with diethyl ether to obtain 8.0 g (Yield 99%) of the title compound as a white
powder. 'H NMR (300 MHz, D,0) & ppm: 2.93 (3 H, s) 4.20 (2 H, s). 7.35(1 H, dt,
J=8.5,3 Hz) 7.42 (1 H, dd, J=9.0, 2.7 Hz) 7.57 (1 H, dd, ]=8.4, 5.5 Hz); LC/MS m/z
183 (M+H).

Intermediate 4

H
N O
\vl

NH,

2-(Aminomethyl)-N-cyclopropyl-5-fluorobenzamide trifluoroacetic acid salt.
A solution of zerz-butyl 2-(cyclopropylcarbamoyl)-4-fluorobenzylcarbamate (130 mg,
0.42 mmol), prepared according to literature methods, in CH,Cl, G mL). was stirred
with trifluoroacetic acid (3 mL) at room temperature for 10 min, then concentrated in
vacuo to give 140 mg (Yield 100%) of the title compound as a foam: "H NMR
(DMSO-ds, 300 MHz) 8 ppm: 0.62 (2H, m, CHs), 0.73 (2H, m, CHy), 2.86 (1H, m,
CH), 4.02-4.07 (2H, ABq, NCH),), 7.46 (2H, m, Ar-Hs), 7.58 (1H, m, Ar-H), 8.11
(3H, br, NH3), 8.81 (1H, d, J = 4.4 Hz, NH); LC/MS m/z 209 (M--H).
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conbi nation Stinulating h'\ag r_w/ AZT H'V Core
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Cetus AIDS, in conbination O

F

(5-Fluoro-2-methylphenyl)(morpholino)methanone. To a solution of
morpholine (870 mg, 10 mmol) and triethylamine (1.1 g, 10.8 mmol) in CH,Cl, (15
mL) was added a solution of 5-fluoro-2-methylbenzoyl chloride (1.72 g, 10 mmol) in
CH,Cl, (5 mL), dropwise, and the mixture stirred for 15 min. The mixture was then
washed with water, and the organic fraction dried (MgSO,), filtered, and
concentrated to obtain 2.19 g (Yield 98%) of the title compound as a solid: 'H NMR
(500 MHz, CDCl3) 6 ppm: 2.27 (3H, s) 3.24 (2H, d, J=4 Hz) 3.58 (2H, s) 3.79 (4 H,

" dd, J=18, 3.8 Hz) 6.88 (1H, dd, J=8.2, 2.8 Hz) 6.92-7.05 (1 H, m) 7.18 (1 H, dd,

J=8.4, 5.3 Hz).

Intermediate 6

Br

(2-(Bromomethyl)-5-fluorophenyl) (morpholino)methanone. A mixture of 5-
fluoro-2-methylphenyl)(morpholino)methanone (2.1 g, 9.5mmol) and N-
bromosuccinimide (2.0 g, 11 mmol) in CCly (30 mL) was heated at reflux. To this
mixture was added benzoylperoxide (242 mg, 1 mmol).and the mixture heated at
reflux for 2hrs. After cooling, the insoluble materials were filtered and the filtrate
purified by column chromatography (SiO-, 0-10% ether in CH,Cl,) to give 1.1 g
(Yield 38%) of the title compound as a clear oil: '"H NMR (300 MHz, CDCl3) 6 ppm:
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L ' 0P, k31, Chi) CBOMS Inb/z 302 (M+H).
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ARC Sol ubl e Human CD4 rCD4-19gG AIDS, ARC hybrids

@&

O

(2-(Azidomethyl)-5-fluorophenyl) (morpholino)methanone. To a solution of 2-
(bromomethyl)-5-fluorophenyl)(morpholino)methanone (1.0 g, 3.32 mmol) in
dimethylformamide (10 mL) was added sodium azide (230 mg, 3.5 mmol) and the
mixture stirred under a nitrogen atmosphere for 1 h. The solvent was evaporated in
vacuo, and the residue dissolved in CH,Cly, then washed with water. The organic
phase was dried (Na;SOy), filtered, concentrated, and the residue purified by column
chromatography (SiO,, CH,Cl,) to provide 770 mg (Yield 88%) of the title
compound as an oil: '"H NMR (300 MHZ, CDCl3) 8 ppm: 3.27 (2H, s) 3.51-3.65 (2H,
m) 3.66-3.97 (4H, m) 4.38 (2H, brs) 6.92 (1H, dd, J=8.2, 2.7 Hz) 7.07 (1H, dt, ]=8.5,
3 Hz) 7.34 (1 H, dd, J=8.4, 5.5 Hz); LC/MS m/z 265 (M+H).

Intermediate 8

NH;

k2—(Aminomethyl)—5—ﬂuorophenyl)(morpholino)methanone hydrochloride. To
a solution of 2-(azidomethyl)-5-fluorophenyl)(morpholino)methanone (770 mg, 2.92
mmol,) in ethanol (20 mL) was added 4N HCI (1 mL) and 10% Pd-C (100 mg), and '
the mixture hydrogenated at 1 atm of H; for 3 hrs. The catalyst was removed by
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DRUG NAME MANUFACTURER | NDI CATI ON  Tunor Necrosis ARC,
in conmbination Factor; TNF CGenentech w ammia
Interferon ANTI-INFECTI VES DRUG NAME MANUFACTURER

I NDI CATI ON CLi ndamycin wi th Pharnaci a Upj oth

fiktratinn and &rerilats conspatrated ; dhe epsydieoresdiay %ﬁ’éﬁi G8 tverse

élsfiicagleﬁcolﬁ’ﬁﬁtchkdrﬁaté FIpRY (P OIS Q8% cggcmﬁgb)ado obtain

statin Pasti | ecanlglasns Omi dyl Merrell
HPmepidd 4l Qféh@bﬂ'é sewngoned, K&ﬁmw@bd)ﬁr eat nent

ﬁiﬁﬁ)% T 1
gn(?r%gact eri ahM $ &1%0 ri %hf%cg%c%la%g%@% mer HNMR
(@00 MERX DMBD/AC) S Hpsn:\04ch (RFLRER 3t TR@Fireri=s Hz), 7.32 (1 H, dd,
PepLagine 7.35-7.44 (1H, 1, J=8.5, 3 Hz), 7.75 (1H, dd, J=8.8, 5.5 Hz); LC/MS
m/z 239 (M-+H).

Intermediate 9

5-Fluoro-2,N,N-trimethyl-benzenesulfonamide. To a solution of 5-fluoro-2-
methyl-benzenesulfonyl chloride (4.18 g, 20 mmol) in tetrahydrofuran (25 mL) was
added, dropwise, a solution of dimethylamine in tetrahydrofuran (2M, 25 mL, 50
mmol) over 15 min. and the mixture stirred for 5 min. The insoluble materials were
filtered and the filtrate concentrated. The residue was purified by column
chromatography (Si0,, 5% ether in CH>Cl,) to provide 4.3 g (Yield 90%) of the title
compound as a clear oil: '"H NMR (500 MHz, CDCl;) d ppm: 2.57 (3 H,s)2.82 (3 H,
s)2.82 (3 H,s) 7.12-7.18 (1 H, m) 7.28 (1 H, dd, J=8.2, 5.5 Hz) 7.59 (1 H, dd, J=8.2,
2.1 Hz); LC/MC m/z 218 (M+H).

Intermediate 10
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Intermediate 11

2-Azidomethyl-5-fluoro-N,N-dimethyl-benzenesulfonamide. A mixture of 2-
bromomethyl-5-fluoro-N,N-dimethyl-benzenesulfonamide (880 mg, 2.97 mmol) and
sodium azide (200 mg, 3 mmol) in dimethylformamide (4 mL) was stirred at 55-60
°C for 30 min after which the solvent was removed in vacuo. The residue was
partitioned between CH,Cl, and water, and the organic fraction was washed with
water, dried (Na;SOy), filtered and concentrated to provide 670 mg (Yield 87%) of
the title compound as a yellow oil; 'H NMR (500 MHz, CDCl;) 6 ppm: 2.84 (6 H, 5)
4.78 (2 H, s) 7.29-7.34 (1 H, m) 7.59-7.64 2 H, m).

Intermediate 12
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triturated wwth ether and collected by filtration to
give the title conpound (0.575 g, 44%yield) as an

wobtdo7mbi7i€ solid. 15 Internediate 2 0 + NH2 PCT/U82006/044320

Met hyl 2- (am nonmet hyl ) - 5f | uorobenzoate tr uoroacetic

acid salt. Methyl 2- 20

((tert-but oxycarbonyl)nethyl)-5-fl uorobenzoat e,

prepared according to literature nethods, was treated

with trifluoroacetic acid to provide the title

conmpound. Yield 100% 'H NWR (300 I\/Hz DMSO-d6) S

ppm 3.89 (3H s) 4.32 (2H, g, J=5. Hz 7.51-7.71

(2H, Q)(Ayrzzvgmgtjfzyg Sﬂgorq}Ng’V-g'gnetoléeigzeﬂg.’ub@ng@lc(@ |£[‘ o a solution of

.
LA donbhES e R il 120 Al 200L AT 2.6 mumol) in
Bty d‘@ﬁiﬂanﬂ 0 &lf) andrwatpt (Panhy wvap eﬁ@q}ﬁr@@enylphosphme (740 mg,

Zr 21 ;10% k I?I%ﬁtﬁress%ried Ll?)engrg@g Iggérglg%fgtgﬁeet%&%l@&é{fumn was

BVa;&ratmlrm )/acqmmai mdixthireorfitBe tnsaimaﬁddeJHm lﬁb ndgiic MeOH (5

o retfherny D 2ol T8 borPec it ¢ Hac kil paueous

pRARGhadd bRid mthlﬁlufe NH,OH theMaStr SREL e/mar@mguz | The aafic

and the residue triturated 10 with diethyl ?

ghtragtvas dsied (NepdPe, §dfeped spd cpreqnizafed tem\sl a Qgiga@ 91 mmol,
0 O NWIR m,l

3 é4%§0ﬂpﬂﬁ95tltle%oy¥8uﬁ% E'I o ( iz I—ﬁ ?gm(§8u(6H s)

4. 100@, HJS)97 253 72297(1|H)m)775$ 7(QO£2Her1) IJGQVIE 2§3+@M+H)

LOMS mlz 183 (MtH). 15 Internedi ate 4

Intermediate 13

5-Fluoro-2,N-dimethyl-benzenesulfonamide. To a solution of 5-fluoro-2-
methyl-benzenesulfonyl chloride (4.18 g, 20 mmol) in acetone (20 mL) was added a
40% aqueous solution of methylamine (4.5 mL, 60 mmol) under nitrogen and the
mixture stirred for 5 min. Acetone was removed in vacuo and the aqueous residue
extracted with CH,Cl;. The CHCl; extract was dried (Na;SOy), filtered,
concentrated and the residue purified by column chromatography (SiO,, 10% ether in
CH,Cl,) to provide 3.9 g (19.2 mmol, Yield 96%) of the title compound as a white
solid; "TH NMR (500 MHz, CDCl3) & ppm: 2.59 (3H, s), 2.67 (3H, d, ]=5.5 Hz), 4.41
(1H, brs), 7.13-7.20 (1H, m), 7.29 (1H, dd, J=8.2, 5.5 Hz), 7.69 (1H, J=8.6, 2.1 Hz);
LC/MS m/z 204 (M-+H).
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H IV-7-" NOI NH2 F
2- (Am nonet hyl ) - N-cycl opropyl -5 fl uorobenzam de

wo edaosoacet i c acid salt. 20 A solution of tePCFD81096/044320

10

15

20

2- (cycl opr opyl car banoyl ) - 4-f | uor obenzyl car bamate (130
ng, 0.42 mmol), prepared according to literature

met hods, in CH2C12 (5. nL) was stirred wth
trifluoroacetic acid (3 nL) at roomtenperature for 10
mn, then concentrated in vacuo to give 140 ng (Yield
100%9 of the title conmpound as a foam |H NWVR

(DMSO- d6, 300 MHz) 8 ppm 0.62 (2H, in, CH2), 0.73
(2H, m CH2), 2.86 (1 H, Ipermediatedt 4 02-4.07 (2H,
ABg, NCH2), 7.46 (2H, m Ar-Hs), 7.58 (1H, m Ar-H),
8.11 (3H, br, NH3), 8.81 (1 H, d, J = 4.4 Hz, NH);

L MS mz 209 (M+H). 33 V\DWOOW 061714

PCT/ US2006/ 044320 Interredi8e 5 0 NO F 5

(5- Fl uor o- 2- met hyl phenyl ) ( nps %p)nethanone To a
solution of norpholine (8 mol ) and
triethylamne (1.1 g, 10.8 in CH2C12 (15 nl)
was added a sol ution of 5-fluoro-2-nethyl benzoyl
chloride (1.72 g, 10 mml) in CHC12 (5 nl),

dr Opwzsﬁmn%?eth S ﬁw}ddfvem§ Lb&RehRn1ARaiide: 'TINEMR (500 MHz,

m xture was th washed wat er, and the organlc
0Dl ®dppudr 2.6d (6 Vh SO4F5- 119|H7t)e1r%1d(1 Hnd, JF8-GfoHekhPB 42 B s) 7.26-

tain Yield 9 f _ .
PR Toklpd B T r T SRR B
282/4842H, d, J=4 Hz) 3.58 (2H, s) 379(4H d,

J=18, 3.8 Hz) 6.88 (1H, dd, J=8.2, 2.8 Hz) 6. 92-7. 05
(1H m 7.18 (1 H, dd, J=8.4, 5.3 Hz). 15
Internediate 6 0 N O Intermediate 15

2-Azidomethyl-5-fluoro-N-methyl-benzenesulfonamide. "H NMR (500 MHz,
CDCl) & ppm: 2.65 (3 H, d, J=5.19 Hz) 4.81 (2 H, 5) 4.86 (1 H, d, J=4.6 Hz) 7.27-
7.33 (1 H, m) 7.49 (1 H, d4, J=8.2, 5.2 Hz) 7.76 (1 H, dd, J=8.2, 2.8 Hz).

Intermediate 16

2-(Aminomethyl)-5-fluoro~-N-methylbenzenesulfonamide hydrochloride. To a
solution of 2—azidomethy1—5—ﬂuoro-N-methyI-benzenesulfonamide (560 mg, 2.3
mmol) in ethanol (10 mL) was added 6N HCI (1 mL) and 10% Pd-C (100 mg) and
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Br Ft ~ (2-(Brononethyl)-5
f1 uorophenyl) (nor phol i no) met hanone. A m xture of 5- 20

wo baaoer724 met hyl phenyl ) ( nor phol i no) net hanone (PCT/US§2006/044320

9. 5nunol) and N- bronosuccinimde (2.0 g, 11 mol) in

CCl14 (30 nmL) was heated at reflux. To this mxture

was added benzoyl peroxide (242 ng, 1 mmol)and the

m xture heated at reflux for 2hrs. After cooling, the
insoluble materials were filtered and the filtrate
purified by colum chromatography (Si02, 0- 10% ether

in CH2Cl2) to give 1.1 g 25 (Yield 38:%&of the title
thonpvtmeihydrogenateshwithil| atm ¢f r 14dws. Vibe catalygtzyasyemoved by

f?prgglmh ﬁéﬂ% %Q@t%?@%i?%g £inedt g@ﬁ@%ﬁ%%ﬁ“%%@cu&t&ﬂro@?dé 1630 mg

(hélﬂ8> 180%)0fHte tidg cﬁnﬁ@ur(dl. HH NMR (svsawm, DMYQ- -IPE) & ppm: 4.36

Gikes. S 2 el &Ly A7 (L 1 B B B 1, 8049 1y 8.4

(?ZH(ﬁzLd;mstmwng(MJerr ophenyl ) ( nor phol i no) net hanone.
o a solution of 2-

(bromonet hyl ) - 5- f | uor ophenyl ) ( mor phol i no) met hanone
(1.0 g, 3.32 mmol) in 101gtermédixtef1gr mam de (10 nli) was
added sodium azide (230 ng, 3.5 mmol) and the m xture
stirred under a nitrogen atnosphere for 1 h. The
solvent was evaporated in mwacuo, and the residue

di ssol ved in CH2Cl12, then masﬁ%h with water. The
organi ¢ phase was dried ( filtered,

concentrated, and the residug rified by col um
chromat ography (Si 02, CH2GZ)~¥0 provide 770 ng (Yield
88% of the title 15 conpound as an oil: "H NWR (300

MHz, CDC13) S ppm 3.27 (2H, s) 3.51-3.65 (2H, m

3. 66- S-BIZoféLbLmé'ﬂz l%@ﬁeﬁa’&b"forﬁrﬁz}ieGTﬁ% dohitiondsf, 5-ﬂ38t022—methyl-
2.7 Hz) 07 (1H, dt, J=8.5,

benpenchutfooy| o aciAAS Br 30 Dieol) IR LR PRIoMY a4 dldgd, cropwise

concentrated NH;OH (3 mL) and the resulting mixture stirred for 5 min. Acetone
was removed in vaéuo and the precipitates were filtered, washed thoroughly with
water and dried in vacuo to provide 3.7 g (Yield 98%) of the title compound as a
white solid; "TH NMR (500 MHz, DMSO-D6) & ppm: 2.55 (3 H, s) 7.33-7.40 (1 H, m)
7.40-7.46 (1 H,m) 7.54 (2 H, s) 7.59 (1 H, dd, J=9.2, 2.7 Hz); LC/MS m/z-190
(M+H).

Intermediate 18

Br

2-Bromomethyl-5-fluoro-benzenesulfonamide. "H NMR (500 MHz, CDCL) §
ppm: 5.01 (2 H, 5) 5.16 (2 H, brs) 7.25-7.31 (1 H, m) 7.53 (1 H, dd, J=8.5, 5.2 Hz)
7.80 (1 H, dd, J=8.5, 2.7 Hz). LC/MS m/z 268/270 (M+H).
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20 0 ~-NONH F
(2- (Am nonet hyl ) - 5f | uor ophenyl ) ( nor phol i no) net hanone

whyavoctthori de. To a sol ution of PCT/US2006/044320

2- (azi donet hyl ) - 5-f | uor ophenyl ) ( nor phol i no) net hanone
(770 nmy, 2.92 25 mmol,) in ethanol (20 nL) was added
AN HO (1 nmL) and 10% Pd-C (100 ng), and the m xture
hydrogenated at 1 atmof H2 for 3 hrs. The catal yst
was renmoved by 35 WD 2007/061714 PCT/ US2006/ 044320
filtration and the filtrate concentrated. The residue
was purified by Cl8 reverse phase silica gel colum
chr omat ogr aphy (YMC ODS, lotesmediatC\) H20) to obtain
350 ng (Yield 44% of the title conpound,

(2- (am nonet hyl ) --5-

f1 uorophenyl) (nor phol i no) Hzr?htsla’anone hydrochl oride as a
white powder: "H NVMR 5 (300 DMSO- d6) S ppm
3.0-4.0 (8H, m, 3.78 (2H, Ng), 7.32 (1 H, dd,
J=8.8, 2.6 Hz), 7.35-7.44 t, J=8.5, 3 Hz), 7.75
(1H, dd, J=8.8, 5.5 Hz); AU mz 239 (MH).
Internediate 9 10 SO2 | \ F

5- Fl u%r % N, %?ri et hyl - benzenesul f onam de. To a

sol ut | a??’ PSR- dduer o N-meti bensenouthiesarideayil NMR (300 MHz,
: ’ . ‘ ¢

%i@&) 8gpht 3-38& @H29 SWQ)%'O%? 78 Qaig%’qug of 44 @%gﬁ r{g&)“ 5.5 Hz)

s 15 added, dropw se, i fret I'h
7 SO ARYdib I Tt 4n2 62). RE/MIS, m&R2 53 Napver 15 nin. and
the m xture stirred for 5 min. The insoluble materials
were filtered and the filtrate concentrated. The
resi due was purified by dotemmadiatht®mat ography (Si 02,
5% ether in CH2Cl2) to provide 4.3 g (Yield 90% of
the title

H2N ~

2-(Aminomethyl)-5-fluorobenzenesulfonamide hydrochloride. "H NMR (500
MHz, DMSO-D6) 6 ppm: 4.05 (2 H, s) 5.05 (3 H, br) 7.44 (14H,dt, J=8.5, 3 Hz) 7.58
(1 H, dd, J=9.2, 2.7 Hz) 7.66 (1 H, dd, J=8.5, 5.5 Hz). LC/MS m/z 205 (M+H).

Intermediate 21
Br
N
FQ(’ ‘N—
N= N’
3-(2-Bromo-5-fluoro-phenyl)-2-methyl-2H-tetrazole: A mixture of 5-(2-
bromo-5-fluoro-phenyl)-1H-tetrazole (1.0 g, 4.12 mmol; Butt Park Itd.), methyl
iodide (1.12 g, 10 mmol) and potassium carbonate (1.5 g) in DMF (5 mL) was stirred

at room temperature for 16 hrs, and the mixture concentrated in vacuo. The resulting

residue was purified by column chromatography (8i0;, CH,Cl) to provide 650 mg
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conmpound as a clear oil: '"H NWVR (500 MHz, CDC13) 6
ppm 2.57 (3 H s) 2.82 (3 H 20 s) 2.82 (3 H s)

wO@2020617i8 (1 H, m 7.28 (1 H, dd, J=8.2, 5.5 P&i/UF208Q044320

(1 H dd, J=8.2, 2.1 Hz); LOMC nlz 218 (M+H).
Internediate 10 N.S02 Br 25 36 WD 2007/061714
PCT/ US2006/ 044320 2- Br ononet hyl -

fluoro-N, N-di net hyl - benzenesul f onam de. Under

nitrogen, a mxture of

5 fI uoro 2, N, N-trimethyl -benzenesul fonam de (435 ng,
N br onmosucci ni m

(2@3@@1141 (Yz‘ﬂd ﬁL)%MEﬂwt}er@aﬂwnges éoﬂete qwgag%fﬁ”ﬂ%o#@g 2-Me
kb EEURe IRECRIARS B M LSO LU BN AS (21, ) 7.03 -

Stirring conti nued at’ 80-90 C f.or
BOL (i H, m)f7t & (Icdodilnkr8.9. el Hm)salsam &1, dds &3 94 $.4¢E9; "CNMR

ey S‘Féé’o&‘éﬁsa 39518, Haad @g?&%ﬁg?{? S}Ig?tﬁ%@@dg (¢, =25 Ho)

pJ(pw gﬁJA@@ 1) 135,78 di, 7494 1) 1eher4t(dt ye247c@mm63153 (sH, LC/MS
00 MHz, CDCI3) S ppm 2.87 (6 H, s) 4.86 (2 H,
@52 BEHY1 H  dd, J=8.55, 2.75 Hz) 7.61-7.65 (2 H,
n; LC/I\/C n z 296/298 (MtH). 10 Internmediate 11 S02
N3, F 15 2 .
Azi donet hyl - 5-f | uor o- N, I\II%FP%?%?P?-Benzenesul f onam de.
A m xture of 2-
br omonet hyl - 5-f | uor o- N, N- di et hyl - benzenesul f onam de
(880 ng, 2.97 nmol) and so\eu,_u,m azide (200 ng, 3 mmol)
in di nethylformamde (4 ni) way,stirred at 55-60 C
for 30 mn after which the soyvent was renoved in
vacuo. The residue was partitlongsh between CH2O 2 and
water, and the organic frac was washed with 20
water, dried (Na2SO4), fil.te and concentrated to
provide 670 ng (Yield 87/@': of the title conpound as a
yellow oil; "H NWR (500 MHz, CDCl13) S ppm 2.84 (6 H,

2 4-Fluoro-2-(2-methyl-2H-tetrazol-5-yl)-benzonitrile. A mixture of 5-(2-
bromo-5-flucro-phenyl)-2-methyl-2H-tetrazole (650 mg, 2.53 mmol) and CuCN (224
mg, 2.5 mmol) in dimethylformamide (4 mL) was placed in a sealed tube and heated

at 100-110 °C for 20 hrs. After cooling, the insoluble material was filtered, and the

filtrate concentrated in vacuo. The residue was dissolved in CH»Cl,, washed with aq.
4N HCI and dil. NH,OH, then dried (MgSOy), filtered, and t;onccntrated. The
residual solid was purified by column chromatography (SiO2, CHzCly) to obtain 375
mg (Yield 73%) of the title compound as an off-white solid; TH NMR (500 MHz,
CDCls) 8 ppm: 4.48 (3 H, s) 7.29 (1 H, dd, J=7.6, 2.8 Hz) 7.85 (1 H, dd, J=8.6, 5.2
Hz) 8.00 (1 H, dd, J=9.0, 2.6 Hz); LC/MS m/z 204.

Intermediate 23

NH,
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4.78 (2 H s) 7.29-7.34 (1 H n) 7.59-7.64 (2 H, .
Internediate 12 25 S02 NH2 F 37 WD 2007/ 061714

wEON0&2006/ 044320 2- (Ami nonet hyl ) -5 fl uor o- NP@I/US2006/044320

di met hyl benzenesul f onam de. To a sol ution of

2-azi domet hyl - 5-f | uor o- N, N- di net hyl - benzenesul f onam de

(660 nmg, 2.6 mmol ) in tetrahydrofuran (10 nlL) and

water (2 mL) was added tri phenyl phosphi ne (740 ng,

2.8 mmol ), and the m xture stirred under nitrogen for

1 hr. The tetrahydrofuran was 5 evaporated in vacuo

and agnxture of the residue and 6N HC1(3 nlL) in MeOH
~Ffuer one-Se wertanl-Bd-tetrqzgi-5 wnﬁﬁgvl)ffrwenmsze\mdr@dzlonde.

\Mé&u@b@@& 3 - - 8.

O e R P2 e S DR el e 162

&xpph de ethagoldil b eel) Waesixyd with IGNeHEY (hrd.) @oddépt PAi@ 200 mg)

e b P B TR s B SRRl D L At
19NQqVing theocathlysy) the, Higak @8 ¢dlcbhtrf([jt)ad;ﬁ1 B2ub .t6 Prévidd360 mg

|
NIRRT NN T LTS
EMBO-DA) dpph: f4[4.'2002(1-l,2d Jnatﬂs%ﬂiz)kgg?% Emﬁssd 1.28¥1.56 (1 H, m) 7.78 (1
il &&i&aﬁeﬁﬁi@ Tortes . 36 Iﬂ@tfhﬁS e o A4 B/ 208,

60 nmol ) under nitrogen and the mxture stirred for 5
m n. Acetone was renoved in vacuo and the aqueous
residue 20 extracted witHntppedate he CH2C12 extract
was dried (Na2SO4), filtiered, concentrated and the
residue purified by colum chrorrat ography (Si 02, 10%

ether in

Br

5-(2-Bromo-5-fluoro-phenyl)-1-methyl-2H-tetrazole. A mixture of 5-(2-
bromo-5-fluoro-phenyl)-1H-tetrazole (1.0 g, 4.12 mmol), iodomethane (1.12 g, 10
mmol) and potassium carbonate (1.5 g) in dimethylformamide (5 mL) was stirred at
room temperature for 16 hrs, then concentrated in vacuo. The residue was purified
by column chromatography (SiO,, CH,CL,) to provide 350 mg (Yield 33%) of the
title compound as white crystals. '"H NMR (500 MHz, CDCls) 6 ppm: 4.00 (3 H, s)
7.18-7.25 (2 H, m) 7.72 (1 H, dd, J=8.4, 5.0 Hz); *C NMR (126 MHz, CDCl;) &

ppm: 34.59, 117.73, 119.58, 120.43, 127.57, 135.11, 153.43, 161.69. LC/MS m/z
257/259.

Intermediate 25

CN
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CH2C12) to provide 3.9 g (19.2 mmol, Yield 96% of the
title conpound as a white solid; "H NWVR (500 MHz,

weDOr8y178t ppm 2.59 (3H, s), 2.67 (3H, d, J=5.BCHE$2006/044320

4.41 (1 H brs), 7.13-7.20 (1 H m), 7.29 (1 H, dd,
J=8.2, 5.5 Hz), 7.69 (1 H, J=8.6, 2.1 Hz); 25 LC(MB
mz 204 (MrH). 38 WD 2007/ 061714 PCT/ US2006/ 044320
Intermediate 14 H N, SO2 Br F 5 2-Brononet hyl -
fluoro-. N nethyl -benzenesul fonam de. 'H NVR (500 MHz,
CDd 3) 6ppm264(3Hd\]519Hz)i|91(%g|4d1
J=3. 66 7.26 30 (1

H dd? rG“Z"% '27611"&'5-2’?) -tpyagoy- %vahfnzw%d@nl 00 MHz,

CBOR) Sbhm 01 054, 01O/ ) 7385 o1 I f%%%nb@%@ /2 204
MR (500 Mz, 15 CDC13) 8 ppm 2.65 (3 H, d,

J=5.19 Hz) 4.81 (2 H, s) 4.86 (1 H d, J=4.6 Hz) 7.27-

7.33 (1 H m 7.49 (1 H, dd, J=8.2, 5.2 Hz) 7.76 (1 H,

dd, J=8.2, 2.8 Hz). Interimsdimetaid®s H SO 2 NH2 F 20

N=N
—N_

>~

NH,

(4-Fluoro-2-(1-methyl-2H-tetrazol-5-pl)phenyl)methanamine hydrochloride.
'"H NMR (500 MHz, DMSO0-D6) & ppm: 4.05 (2 H, 5) 4.09 (3 H, s) 7.58-7.67 (1 H,
m) 7.77 (1 H, dd, J=9.3, 2.6 Hz) 7.87 (1 H, dd, J=8.7, 5.7 Hz) 8.38 (3 H, s); LC/MS
m/z 208.

Intermediate 27

N
\ CF.
\ 3

3-m-Tolyl-3-trifluoromethyl-3H-diazirine. To a cold stirring solution of 3-m-
tolyl-3-trifluoromethyl-diaziridine (2.0 g, 10 mmol. prepared using the methods
described in Doucet-Personeni C. et al., J. Med. Chem., 2001, 44, 3203 and Nassal,
M. Liebigs Ann. Chem. 1983, 1510-1523 or in Stromgaard, K et al., J. Med. Chem.,
2002, 45, 4038-46) in ethanol (20 mL) was added triethylamine (1.5 g, 15 mmol). To
this was added tert-butyl hypochlorite (3.25 g, 30 mmol), and the mixture stirred for
5 min. This mixture was poured into 10% aqueous sodium sulfite (100 mL), and
extracted with ether. The ether extract was washed with brine, dried (MgS0y),

filtered and concentrated. The residue was purified by column chromatography
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2- (Am nonet hyl ) - 5f l uor o N- et hyl benzenesuf onam de
hydrochl oride. To a solution of

wQ@2@ziogionet hyl - 5- f | uor o- N- et hyl - benzenesul f onBOT/U82006/044320

(560 ng, 2.3 mml) in ethanol (10 nL) was added 6N

HC1(1 nmL) and 10% Pd-C (100 ng) and 39 WD 2007/061714
PCT/ US2006/ 044320 the m xture hydrogenated with 1 atm

of H2 for 14 hrs. The catal yst was renoved by

filtration through Celite(r) and the filtrate
concentrated in vacuo to provide 630 ng (Yield >100%

of the title conpound. 1H NVR (500 MHz, DI\/ISOD6) 6

(P pentane) to provide 1.9-s5(Yield80%) @347 tivle compepnd)'H NMR (300

gLy ‘Béf’??? P08 frgoir btz i e

10 5- Fl uoro- 2- net hyl - benzenesul f onam de.
a.sol ution of 5-fluoro- 2I peth %)gﬁnzenesulfonyl
chloride (4.18 g, 20 nmol' M e e (20 m.) was
added, dropwi se, concentrated NHAOH (3 nL) and the
resulting mxture stirred for 5 mn. Acetone was
renmoved in vacua and the p pit&es were filtered,
washed thoroughly with 15 Wwaier and dried in vacuo to
provide 3.7 g (Yield 98% of|{the title conpound as a
white solid; 1H NVR (500 M&Z,~dWBO D6) S ppm 2.55 (3
H s) 733740(1H m N40-7.46 (1 H m 7.54 (2
H, s) 759(1H dd, J=9.2,2.7 Hz); LCMS nlz -190

SRR s oo, o o
gf‘rﬂ?ollyﬂgétn?@agg&ﬁl [X|1 -2R. di%m@iélbb Iﬁé 31%5(1 é@l;{(% IE% was
d(&gl jprp{noglépcnyngdq;@ 1mg.Hz) mql@‘,; mcm@ll%@/f@i@ water) and the
&M&ﬁ mifHre heated at 85 °C. To this was added AIBN (50 mg) and the mixture
heated at reflux for an additional 2.5 hrs. After cooling, the mixture was purified by
column chromatography (SiO;, pentane) to provide 150 mg (Yield 54%) of the title
compound as a clear oil. '"H NMR (300 MHz, CDCIls) 8 ppm: 4.42 (2 H, s) 7.10-7.17

(2 H, m) 7.31-7.45 (2 H, m).

Intermediate 29

2-[3-(3-Trifluoromethyl-diaziridin-3-yl)-benzyl]-isoindole-1, 3-dione. A
mixture of 3-(3 -bromomethyl-phenyl)-3-trifluoromethyl-3H-diazirine, (140 mg, 0.5
mmol) and potassium phthalimide (95 mg, 0.5 mmol) in dimethylformamide (1.5
mL) was stirred at room temperature for 3 hrs. Dimethylformamide was removed in
vacuo. The residue was extracted with CH,Cl,, washed with water, then dried
(Na;S0a), filtered, and concentrated. The resulting residue was purified by column

chromatography (SiO,, 1:1 CH,Cly/pentane) to provide 140 mg (Yield 82%) of the
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30

WD 2007/ 061714 PCT/ US2006/ 044320 Internediate 19 H2N,
S02 1 Na F 5 2 Azidonethyl-S

wo baoaoer7Nk met hyl - benzenesu fonam de. 1H NVR ( 3BOT/WE06/044320

CDC13) 8 ppm 4.82 (2 H, s) 5.18 (2 H, s) 7.27 (1 H

m 7.45 (1 H, dd, J=8.4, 5.5 Hz) 7.79 (1 H dd,

J=8.4, 2.6 Hz). LOMS nmlz 253 (MtNa). Internedi ate 20

10 H2N,s02 NH2 F ~ 2-(Am nomethyl)-5

fl uor obenzenesul f onam de hydrochl oride. 1H NVR (500

MHz, DMSO-D6) 6 ppm 4.05 (2 H, s) 5.05 (3 H br) 7.44
(1 H dt, J=8.5 3 Hz) 7.58 15 (1 H dd, J=9.2, 2.7

tighy comsBing Bs [, solid; ‘1 2EVIB, (380 311, CDLh) Rppmr:A SO & H, 5) 7.09-

e WPETRL A 1o bn B et g 1 1735

@ Him);d OMSa¢2 340 (bd5- f | uor o- phenyl ) - 1H-tetrazol e
(1.0 g, 4.12 mmol ; Butt Park Ltd.), nethyl iodide
(1.12 g, 10-mmol) and potassium carbonate (1.5 g) in
DMF (5 nL) 'was stirred &itermaiiate80perature for 16
hrs, and the m xture concentrated in vacuo. The
resulting 25 residue was purified by colum

chromat ography (Si 2, CH2 o NROvide 650 nig 41
WO 2007/ 061714 PCT/ US2006 320

(3-(3-(Trifluoromethyl)diaziridin-3-yl)phenyl)methanamine. A stirred
solution of 2-[3-(3-trifluoromethyl-diaziridin-3-yl)-benzyl]-isoindole-1,3-dione, (150
mg, 0.43 mmol) in ethanol (2 mL) was treated with hydrazine hydrate (0.4 mL) at
room temperature and the solution stirred for 3.5 hrs. After removing ethanol in
vacuo, the residue was partitioned between CH,Cl, and water. The aqueous phase
was acidified with dilute HCI, and washed with CH,Cl,. The aqueous phase was
basified with diiute NaOH, and extracted with CH,Cl,. The organic extract was dried
(MgS0Qy), filtered, and concentrated to obtain 50 mg (Yield 54%) of (3-(3-
(trifluoromethyl)diaziridin-3-yl)phenyl)methanamine and (3-(3-(trifluoromethyl)-3H-
diazirin-3-yl)phenyl)methanamine as a 1:1 mixture; '"H NMR (300 MHz, CDCl;3) &
ppm: 3.85 (2 H, s) 3.88 (2 H, s) 7.08 (2 H, s) 7.31-7.40 (4 H, m) 7.43-7.50 (1 H, m,
J=6.2 Hz) 7.54 (1 H, s); LC/MS m/z 216 (M+H for diazirine) and 218 (M+H for

diaziridine).
Intermediates 31-32

4-Fluoro-2-(1H-1,2,4-triazol-1-yl)benzonitrile and 4-(1H-1,2,4-triazol-1-yl)-
2-fluorobenzonitrile. To a solution of 2,4-difluorobenzonitrile (10 g, 72 mmol)
dissolved in tetrahydrofuran (20 mL), and dimethylformamide (40 mL) was added
the sodium salt of 1,2,4-triazole (6.3 g, 70 mmol) and the mixture was stirred at 90
°C for 3 h, filtered and concentrated. The residue was adsorbed onto Silica gel and

purified by flash chromatography eluting with 0%-10%-30% ethylacetate/hexanes to
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(2.53 mol, yield 61 % of the title conpound as a
white powder (fast-noving 2-Me isoner): TLC, Rf 0.7

wo 2042 4 ' H NVR (500 MHz, CDCl13) 6: 4.45 (3 PCT/B¥2006/044320

7.03 - 7.11 (1 H m 7.63 (1 H dd, J=8.9, 3.1 Hz)

7.69 (1 H dd, J 8.9, 5.5 Hz); 13C NV\R (126 Mz,

CDC13) b: 39.86 (s) 116.28 (s) 118.66 (d, J=22 Hz)

118.76 (d, J=25 Hz) 5 130.13 (d, J=8.6 Hz) 135.73

(d,.14.6 Hz) 161.74 (d, J=247.6 Hz) 163.53 (s); LC M5

mz 257/ 259. Internediate 22 NN | % Nt, N,1;zz

CN 10 F 4 Fluoro-2-(2-nethyl-2Htetrazol -5

givs Anfnorend o Hil11e2,4-Ariggottluylgbaskzosityile-as colorless needles (2.46 g, 18%)
- = 7o =T |_.. C 1 Q 0,

S I B3Rl SRR B s Bove)

di met hyl formam de (4 nL) was placed in a seal ed tube

and heated 15 at 100-110.C for .Zoeﬁi s. After cooling,

the insol ubl e materi al mé%efrfl?‘%lgtre , and the filtrate

concentrated in vacuo. The residue was dissolved in

CH2Cl12, washed with ag. 4N HCl and dil. NH4OH, then

dried (MyS4), filtered, ang; cdncentrated. The

residual solid was purified u"%ol um chr omat ogr aphy

(Si@2, CH2C12) to obtain 375 fng {yield 73% of the

title conpound as an of f - whi sol1d; "H NVR (500 MHz,

20 CDC13) 6 ppm 4.48 (3 .29 (1 H dd, J=7.6,

2.8 Hz) 7.85 (1 H dd, J=8.6, 5.2 Hz) 8.00 (1 H dd,

J=9.0, 2.6 Hz); LCMs mz 204. Internediate 23 NN |

NN 4- IIL\JIZ%—Z-F(I%?L3,%—triazol~1-yl)benzonitrile. Colorless needles (2.46 g,

18% yield) '"H NMR (500 MHz, CDCl3) &: 8.89 (1H, s), 8.19 (1H, 5), 7.85 (1H, dd, J

=8.7,5.6 Hz), 7.60 (1H, dd, /= 8.8, 2.4 Hz), 7.28-7.24 (1H, m). LCMS (M+H) calcd

for CoHgN4F: 189.05; found: 189.13.

Intermediate 32

F

Jijm

" 4-(1H-1,2,4-Triazol-1-yl)-2-fluorobenzonitrile. White solid (0.746 g, 6%
yield) '"H NMR (500 MHz, CDCl) &: 8.66 (1H, s), 8.15 (1H, 5), 7.79 (1H, dd, J =
8.5, 6.7 Hz), 7.69 (14, dd, J=9.5, 1.8 Hz), 7.65-7.63 (1H, m). LCMS (M-+H) calcd
for CoHgN4F: 189.05; found: 189.13.

NJ
v N
<
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WD 2007/ 061714 PCT/ US2006/ 044320
(4- Fl uoro-2-(2-nethyl-2Htetrazol -5

w@ kjoploerryd ) i net hanam ne hydrochl ori de. A sol ut POTYUS$006/044320

4-fluoro-2-(2-nmethyl-2Htetrazol -5-yl)-benzonitrile,
(330 ng, 1.62 mol) in ethanol (15 nL) was m xed wth
6N HC (1 nmL) and 10% Pd-C (200 ng) under nitrogen.
The m xture was then stirred under hydrogen (1 atm
for 3 hrs. After 5 renoving the catalyst, the filtrate
was concentrated in vacuo to provide 360 ng (Yield
91% of the title conpound as an off-white solid; 1H
NVR (500 MHz, DMSO D6) @t‘ﬁmﬁdla&'aé (2 H d, J=2.75
Hz) 4.49 (3 H s) 7.48-7.56 (1 H m 7.78 (1 H, dd,
J=8.7, 5.7 Hz) 7.86 (1 H dd, J=9.8, 2.8 Hz) 8.45 (3
H s); LCOMS mz 208. 10 Ipté&nediate 24 N= N-N N

I'Il Sr F 5-(2-Bronp-5 N’N

fl uor ophenyl)-1-nethyl -2Htatrazole. A m xture of
5-(2- 15 brono-5-fluoro-p -Thhj etrazole (1.0 g,
4.12 mmol ), iodonethane ( g, 10 mmol) and

pot assi um car bonate (1.5 g) T n di nmet hyl formani de (5

m.) was stirred at roomtenperature for 16 hrs, then
concentrated in vacuo. The residue was purified by

col unt¥-Eluared-GHfl-dphd-ti(igiodd -y Ipveasmethgngnig @éf@@é@rﬁ&l 4-

A Gk e e st iAot
HotkeBhaho? 51 {@mE). Mp this Tas@dded 1NHCES mL) folpwed) by 1¥ePd-C
0 43755 5 AR e ' S (i gl e
Bhdled Wer Dolin@ead thecoRent 2mdvsllunteteditedyresiutie: The Rsulting
residue was partitioned between ethyl acetate and water. The aqueous phase was
separated and lyophilized to afford the title compound as a white powder (296 g,
99% yield). 'H NMR (500 MHz, CD3;0D) 3 ppm: 9.51 (1H, s), 8.63 (1H, s), 7.85
(1H, dd, J= 8.5, 5.8 Hz), 7.68 (1H, dd, J = 8.8, 2.4 Hz), 7.49 (1H, td, /= 8.3,2.4
Hz), 4.20 (2H, s). LCMS (M~+H) calcd for CoH;oNgF: 193.08; found: 193.16.

Intermediate 34

F

/©/\NH2
Ny

o

(2-Fluoro-4-(1H-1,2,4-triazol-1-yl)phenyl)methanamine hydrochloride. This
compound was prepared (79% yield) following the procedure for (4-fluoro-2-(1H-
1,2,4-triazol-1-yl)phenyl)methanamine hydrochloride using (2-fluoro-4-(1H-1,2,4-
triazol-1-yl)benzonitrile. 'H NMR (500 MHz, CD;0D) &: 9.25 (1H, s), 8.46 (1H, s),
7.80 (1H, dd, J = 8.6, 5.8 Hz), 7.64 (1H, dd, J= 8.8, 2.4 Hz), 7.44 (1H, td, J= 8.3,
2.6 Hz), 4.17 (2H, 5). LCMS (M+H) calcd for CoH,oN,F: 193.08; found: 193.16.
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4- Fl uoro-2-(l-nethyl -2Htetrazol -5 yl)-benzonitrile.

WO BDORWR 7800 MHz, CDC13) S ppm 4.13 (3 H, s) FCBESH06844320

(2 H mM 7.86-7.97 (1 H mM; LMSnlz 204 (M+H). 5
Intermediate 26 N=N N ~NI NH2 F

(4- Fl uoro-2-(1-nethyl-2Htetrazol -5

yl ) phenyl ) met hananmi ne hydrochloride. 10 'H NMR (500
MHz, DMSO-D6) S ppm 4.05 (2 H, s) 4.09 (3 H, s)
7.58-7.67 (1 H, n) 7.77 (1 H, dd, J=9.3, 2.6 Hz) 7.87
(1 H dd, J=8.7, 5.7 Hz) 38(3 H s); LOCMS mz
208. Intermediate 27 15 Wﬂl@@lae?'

3-m Tol yl -3-trfuoromet hyl -3Hdiazirine. To a cold
stirring solution of 3-n}

tolyl-3-trifluorornethyl - idine (2.0 g, 10 mmol .
prepared using the nethods jkscribed in

Doucet - Personeni C. et al. Med. Chem, 20.01, 44,
3203 and Nassal, M Lleblgs cNChem 1983,

1510- 1523 or in Strongaard, I@ al., J. Med. Chem,
2002, 45, 4038-46) in ethanat 0 mL.) was added
triethylamne (1.5 g, 15 mmol). To this was added
tert-butyl hypochlorite (3 25 g, 30 mmol ), and the

ot o RS DT SO0 M RCRTS o 55

e rRic re03 9y 6.8 Iehhes7l (THetdeUkes. 1 £X B IHRL 6‘651117'Ilaéd11,eﬁ= 11.0,2.4

%ﬂ@évﬁﬁé IaLGHATT A o Har DB R o

mmgmz@pﬁgm RGIALISN0. 044320 (Si 02, pentane) to
provide 1.6 g (Yield 80% of the title conpound. 'H

NVR (300 Mz, CDC13) S ppm 2.33 (3 H, s) 6.90-7.03
(2 H n) 7.15-7.31 (2 H, flermbafues3@di ate 28

F

o
)
oS

4-Morpholino-2-fluorobenzonitrile. "H NMR (500 MHz, CDCly) 3 ppm: 7.42
(1H, dd, J= 8.8, 7.6 Hz), 6.63 (1H, dd, J = 8.8, 2.4 Hz), 6.56 (1H, dd, /= 12.8,2.4

Hz), 3.84 (4H, t, J= 4.9 Hz), 3.28 (4H, t, J= 4.9 Hz). LCMS (M+H) caled for
C}\szNzoF: 20709, found: 207.19.

Intermediate 37
)
N

F
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5Br , CF3 N
3-(3-Brononet hyl phenyl )-3-trifl uoronethyl-3Hdiazirine

WO 2000/0617301 ut i on of PCT/US2006/044320

3-mtolyl-3-trifluoronethyl-3Hdiazirine (200 ng, 1
mol) in CC14 (4 nmL) was 10 added N-bronopsucci ni m de
(200 ng, 1.1 mmol, re-crystallized fromwater), and
the stirred mxture heated at 85 C. To this was added
AIBN (50 ng) and the mixture heated at reflux for an
additional 2.5 hrs. After cooling, the m xture was

purified by colum chromatography (Si 02,6);éen; anggI to
pr ovi GeFlspoRgnonheligopieyy!otethaneming inulrogldaryden o AR (500

ST g iS00 7 5 D, 240420, 705

.02 €I Hpah) 4. 28 2EH, s)) 3.88 (4HDbs)N3.0ERBH Ns)2DCMS (M+H) caled for

- [ 3-(3=Jr4.f.l.uoromet -qi aziridin-3

épé[‘ib‘&%%% jlr@ofﬂﬂ‘tﬂtgﬂ :dione. A mixture of

3- (3- brononet hyl - phenyl )-3-trifluoronethyl-3Hdiazirin
e, (140 ng, 0.5 mmol) and potassi.ym phthalim de (95
ng, 0.5 mol) in di met hy|1?f8?ﬁﬁﬁ‘ﬁ?f8é%(1.5 n) was
stirred at roomtenperature for 3 hrs.

Di et hyl f or mam de was renoved in 25 vacuo. The residue
was extracted wth CH2A 2, washed with water, then
dried (Na2S04), filtered, fpLrated. The
resulting residue was purifig col umm

chromat ography (Si 02, "1 |l / pentane) to provide
140 ng (Yield 82% of b@45 WO 2007/ 061714

PCT/ US2006/ 044320 title conmpound as a solid; '"H NWR
(300 MHz, CDCI3) 5 ppm 4.80 (2 H, s) 7.09-

(2-Fluoro-4-morpholinophenyl)methanamine hydrochloride. 'H NMR (500
MHz, CD3;0D) & ppm: 7.73 (1H, t, J=8.2 Hz), 7.62 (1H, d, /= 7.6 Hz), 7.58 (1H, d,
J=8.2 Hz), 4.26 (2H, 5), 4.11 (4H, t, /= 4.4 Hz), 3.65 (4H, t, J= 4.4 Hz). LCMS
(M-+H) calcd for C; HigN>OF: 211.12; found: 211.23.

- Intermediate 39

0

&y
jon
F
4-Fluoro-2-(1,1-dioxo-1A°-[1,2] thiazinan-2-yl)benzonitrile. To a mixture of

2,4-difluorobenzonitrile (10.0 g, 72 mmol) and 1,1-dioxo-1A6-[1,2]thiazin-2-ane
(8.84 g, 65.4 mmol) in 1:1 tetrahydrofuran/dimethylformamide (40 mL) was added
potassium carbonate (9.0 g, 65.4 mrhol). The mixture was stirred at 90 °C for 18 h
then filtered and concentrated. The residue was purified by flash chromatography
(Si0,) eluting with 10%-50% ethyl acetate/hexanes followed by recrystallization

from hot ethyl acetate/hexane to give the title compound as white needles (0.537 g,
3% yield). "H NMR (500 MHz, CD;0D) & ppm: 7.70 (1H, dd, J = 8.8, 5.8 Hz), 7.30
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7.21 (2 H m 7.32 (1 H t, J=7.9 Hz) 7.41-7.49 (2 H,
m 7.66-7.71 (2 H n) 7.81-7.85 (2 H m; LCM mz

we4@70647H) . 5 Internediate 30 | NH2 N ;. CF3PQI/US2006/044320

(3-(3-(Trifluoronethyl)diaziridin-3

yl ) phenyl ) met hanam ne. A stirred 10 sol ution of
2-[3-(3-trifluoronethyl-diaziridin-3-yl)-benzyl]-isoin
dol e-1, 3-dione, (150 ng, 0.43 mmol) in ethanol (2 nl)
was treated with hydrazine hydrate (0.4 nL) at room
tenperature and the solution stirred for 3 5 hrs

Ol 8, 1 SR DRifooh orpdiast SRS @R ohe Sebaes i v

Rhass, 2Me<. @s:(zi{ frh)2.08-2.01 @HUQQ HEMs emdm@aiaa%mt hII(,NzoF
é%g%ﬁg%‘ﬂﬂg ous phase was 15 basified wth

g ct ed wth CH2Cl2. The organic extract
was dried (I\/gSO4) filtered, and concentrated to
obtain 50 ng (Yield 54% of (3 (3-
(trifluoromethyl)diaziri &tergediptedieny| ) net hanani ne
and (3-(3-(trifluoronethyl)-3HH
di azirin-3-yl)phenyl)nethanamne as a 1:1 mxture; 'H
NVR (300 MHz, CDCI3) 6 p .85 (2 H, s) 3.88 (2 H
s) 7.08 (2 H s) 7.31-7. (4Hn)743 .50 (1 H m
20 J=6.2 Hz) 7.54 (1 H &f; NC MS iz 216 (N%H for

di azirine) and 218 (M+H for h i di ne)
I nternedi ates 31-32 25 4- '@ - 2- E'iH—l 2 4-triazol -
yl )benzonitrile and 4- (1= 4tr|azolly1) 2

fluorobenzonitrile. To a solution of
2, 4-di fl uorobenzonitrile (10 g, 72 mmol) dissolved in

t et r apyovRfuran, (-2l Ac- ﬁnﬁtﬂbﬁ%}w $19 )ﬁ&hsﬁ}ﬁnme)

was added the sodium salt trTazo

halraefdbyidend-Rierord- th,LHdeoxmk?& s[ll Zhladzlaan-geyl)lﬁntmmﬂe .37 g,
I ent ue was ,ad

LA REB B SIS 011505550 FHE BBV o)

oy poatblygic aphmnebﬂl(i% gwct rl"tﬁ%xﬁcﬁ%b 3eHoshaken under hydrogen at 55

I%t&% nggg% ﬁﬁ égme) glehte% avi\% ggn%ﬁggég %cfr give the title compound
ék'\ﬁ/hiﬂ@é&ll@(l(%% hO@%yie[d)amlNﬂ}[aRy{mb%mncmbtﬁ Sbm: 7.61 (1H,

col orl ess ne

d4d, VT8 H, 5,24He) 738 Hi, g J =2.3.12 Hebeh2® (i H.rtd] J a8.2 2.7 Ha),
b (BHS 4, P=09:4748.7%12)0%093-3.84 (1H, m), 3.50-3.41 (3H, m), 2.40-2.31

(2H, m), 2.04-1.96 (2H, m). LCMS [M+I—I] caled for Ci1H;sN>OgFS: 259.087;
found: 259.24. i

Intermediates 41-42

To a solution of 1H-1,2,3-triazole (3.5 g, 50.7 mmol) in tetrahydrofuran (10
mL) and dimethylformamide (20 mL) was added, portionwise, NaH (1.3 g, 51 mmol,
95%). The mixture was stirred at room temp for 30 min. 2,4-Difluorobenzonitrile
(7.6 g, 55 mmol) was added and the mixture stirred at 85° C for 3 h. The white
mixture was concentrated and purified by flash chromatography eluting with 0% to

10% ethyl acetate/hexanes to give intermediates 41 and 42.
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Internediate 31 5 N,NL CN F
4-Fluoro-2-(]H1,2,4-triazol-1 yl)benzonitrile.
w@elanbess needl es (2.46 g, 18%yield) 1H NVRPCBE082006/044320
MHz, CDC13) S: 8.89 (1H, s), 8.19 (1H, s), 7.85 (1H
dd, J 10 =8.7, 5.6 Hz), 7.60 (1H, dd, J= 8.8, 2.4
Hz), 7.28-7.24 (1H, m. LCVM5 (MtH) calcd for COHENAF
189. 05; found: 189.13. Internediate 32 F CN NON I /
15 N 4-(I1H1,2,4-Triazol -1 yl)-2 fluorobenzonitrile.
Waite solid (0.746 g, 6% vyield) 1H NVR (500 MHz,
CDC13) b: 8.66 (1H, s), 8.15 (1H, s), 7.79 (1H dd J=
8.5 6.7 Hz), 7.69 (111, Iermegtiatg 43 1.8 Hz),
7.65-7.63 (1H, m. LCVS (M+H) calcd 20 for COHENAF:
189. 05; found: 189.13. 47 WO 2007/ 061714
PCT/ US2006/ 044320 Internedffate 33 N N~ | NH2 F ~ 5
(4-Fluoro-2-(]H1,2,4-tri ai\bl,\,f?ﬂ yl ) phenyl ) net hanam ne
hydrochl ori de). 4- ~
Fluor02(1l-|-124tr|azol DeNzonitrile, (2.46 g,
13. 13 mmol ) was di ssol ved ot ethanol (150 nL). To
this was added IN HO (15 nL) fol | owed by 10% Pd- C
(200 ng) The m xture was treated with H2 at 55 psi

for 4 h_in a _Parr shaker en d ov I (

5 and ¢ HoPkBrodnh o ebede-shieroriili QY e S5ellpe DA€ 8% vield)
FBSNMR (800 MHz, CDCl3) & ppm: 7.92 (2H, s), 7.88-7.79 (2H, m), 7.19-7.12 (1H,
m). LCMS [M+H1+ calcd for CoHgN4F: 189.05; found: 189.12.

Intermediate 42

>
o
N
-
=N

2-Fluoro-4-1,2,3-triazol-2-yl-benzonitrile. White solid (0.097 g, 1% yield).
'H-NMR (300 MHz, CDCls) 8 ppm: 8.03-7.95 (2H, m), 7.86 (2H, ), 7.74-7.69 (1H,
15 m).

10

Intermediate 43

/A

N
N
/Cr\ NHy
F

4-Fluoro-2-1,2,3-triazol-2-yl-benzylamine hydrochloride. 4-Fluoro-2-1,2,3-

20

triazol-2-yl-benzonitrile, (0.34 g, 1.8 mmol) was dissolved in ethanol (50 mL). IN
HCI1 (10 mL)was added along with a catalytic amount of 10%-Pd-C. The mixture
was shaken under H, at 55 psi for 4 h after which it was filtered through Celite® and
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10 residue was partitioned between ethyl acetate and
wat er. The aqueous phase was separated and

wo yaplhsi7ized to afford the title conpound as aP@hUB®06/044320

powder (2.96 g, 99%yield). 'H NWVR (500 MHz, CD30OD) b
ppm 9.51 (1 H s), 863 (1 H s), 7.85 (1H, dd, J=
8.5, 5.8 Hz), 7.68 (1H, dd, J= 8.8, 2.4 Hz), 7.49 (1H,
td, J=8.3, 2.4 Hz), 4.20 (2H, s). LCvs (MtH) cal ed
for COH, ONAF: 193.08; found: 193.16. 15 Internedi ate
34 F H2 N-NN 20 (2-Fluoro-4-(1H1,2 4-triazol -

LSRRI TR
(ﬁ‘hgﬁ o RS ﬁelﬁb ""H NI\ZRA(S?GS WQ'cég,dﬁgz Sfﬂ)gﬂav ) TR R ML ST(IH,

oride usin [ uor o- 4-
dd Vaz4Ps 26 H2)hbA3 (ﬁth dd, | = 4! 9H2m)( 560 (Vi 19,dnR8R) 24 Ha),

£330k Sl fyB dea Becyrf i (¥ogdtbunde 193 6. 5. 8

8.3, 25 2.6 Hz), 4.17 (2H, s) LCIVS(MH-I) calcdfor
COH, oNdF: 193. 08; found: ¢ ﬁ8 WO 2007/ 061714
PCT/ US2006/ 044320 | nter Emé‘iéaéﬁ CD) N ,LCN F5
4 Fl uor o- 2- nor phol i nobenzonitrile 1H NVR (500 MHz,
CDC13) 8 ppm 7.55 (1H, dd, J= 8.5, 6.4 Hz), 6.71
(IH, td, J= 8.1, 2.3 Hz), 6.6y (1H, dd, J= 11.0, 2.4
Hz), 3.88 (4H t, J= 4.6 H H t, J= 4.6 Hz).
LCMS (MrH) calcd for c I | OF: 207.09; found:
207.19. 10 Internedi at %/3*6;1
=N

(2-Fluoro-4-(2H-1,2, 3-triazol-2-yl)phenyl)methanamine. 'H-NMR (300 MHz,
CD;0D) & ppm: 8.05-7.96 (2H,m), 8.00 (2H, s), 7.68 (1H, t, /= 8.2 Hz), 4.26 (2H,
s). LCMS [M-+H]" calcd for CoH)oNsF: 193.08; found: 193.14.

Intermediates 45-48

A solution of 2,4-difluorobenzonitrile (7.07 g, 50.8 mmol) and 3-methyl-1H-
1,2,4-triazole (4.22 g, 50.8 mmol) in N,N-dimethylformamide (45 ml) was treated
with powdered anhydrous potassium carbonate (10 g) and the resulting mixture
stirred at 22 °C for 18h. The solid was then filtered and the filtrate concentrated in
vacuo. The residue was diluted with ethyl acetate, washed with water and brine, then
dried over anhydrous magnesium sulfate and concentrated. The resulting mixture
was purified by a combination of chromatography on silica gel (elution gradient of

ethyl acetate in hexane) and reversed phase silica gel to yield intermediates 45-48.
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LCNN O 4-Mrpholino-2 , luorobenzonitrile. '"H NWR
(500 MHz, CDC13) 8 ppm 7.42 15 (1 H, dd, J= 8.8, 7.6

woi2907/061768 (1 H, dd, J::-- 8.8, 2.4 Hz), 6.56 PA1/HS20d6044320

J=12.8, 2.4 Hz), 3.84 (4H, t, J= 4.9 Hz), 3.28 (4H,
t, J= 4.9 Hz). LCVM5 (MtH) calcd for C 11 H, 2N2CF:
207.09; found: 207.19. Internediate 37 20 N ~ NH2
Fit 49 WD 2007/061714 PCT/ US2006/ 044320

(4- Fl uor o- 2- nor phol i nophenyl ) met hanami ne

hydrochl oride. '"H NVR (500 MHz, CDCl13) 8 ppm 7.54
(1H, t, J=7.3 Hz), 7.20 (1 H, dd, J=10.5, 2.0 Hz),
7.05- 7.02 (IH, m, 4.28IaeHnedipte 4 93 (4H, bs), 3.03
(4H, bs). LCM5 (MtH) calcd for C 1, H 6N2OF: 211.12;
found: 211.23. 5 Internediate 38 F \ NH2 (N 10

(2- Fl uor o- 4- nor phol i nopheny t hanam ne
hydrochl oride. "H NMR (500 , CD3OD) S ppm 7.73
(1H, t, J=8.2 Hz), 7.62 (1HNO, J= 7.6 Hz), 7.58 (1H,

d, J=8.2 Hz), 4.26 (2H, s) 4. KN (4H t, J= 4.4 Hz),
3.65 (4H, t, J=4.4 Hz). L M+H) cal cd for
CFj H, 6N20F: 211.12; foundg #23. 15 Internedi ate 39

OS\N CN

4Fluoro-2-(3-methyl-1H-1,2,4-triazol-1-yl)benzonitrile. White crystals (cthyl
acetate-hexané); mp 117-118 °C. 'HNMR 400 MHz (CDCl3) 6 ppm: 2.54 (3H, s,
CHs), 7.24 (1H, m, CH), 7.62 (1H, dd, J = 2.5 Hz and ] = 9.1 Hz, CH), 7.84 (1H, dd,
J=5.6 Hz and J = 8.6 Hz, CH), 8.82 (1H, s, CH). Anal. Calcd for C;oH,FN,: C
59.40, H 3.49, N 27.71; Found: C 59.25, H 3.32, N 27.81.

Intermediate 46

N
N”\“)\

N

jon
F

4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)benzonitrile. White crystals
(ethyl acetate-hexane); mp 120-121 °C. '"HNMR 400 MHz(CDCls) & ppm: 2.56 (3H,
s, CHz), 7.30 (IH, dd, J=2.5 Hzand J = 8.1 Hz, CH), 7.39 (1H, m, CH), 7.91 (1H,
dd, J=5.5 Hz and J = 8.6 Hz, CH), 8.06 (1H, s, CH). Anal. Calcc} for C1gH;FN4: C
59.40, H 3.49, N 27.71; Found: C 59.35, H 3.70, N 27.77.

Intermediate 47
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F 4-Fluoro-2-(1, 1-di oxo-1 L6-[1, 2] thi azi nan-2
yl )benzonitrile. To am xture of 20

W@ 20706 f7hauor obenzonitrile (10.0 g, 72 mmol) anBCT/US2006/044320

1,1-dioxo-12 6-[1, 2]thiazin-2-ane (8.84 g, 65.4 mvl)
in 1:1 tetrahydrofuran/dinethylformamde (40 nL) was
added potassium carbonate (9.0 g, 65.4 mmol). The

m xture was stirred at 90 "C for 18 h then filtered
and concentrated. The residue was purified by flash
chromat ography (Si02) eluting with 10% 50% et hyl

acet at e/ hexanes foll owed by recrystallizati on 25 from

hot e@Hkorgct Emarhi{dhd. 4 Girguipd I areemg e o MR yeials

%&g&%&ﬁnéf@%ﬁgm 3{‘3"" h 8 400 Mg%)ﬁég%g{b% 2.52 3H,

MOR)HO760G1H 1dd, BGT2 W@@mﬂ@ CHJ,I—'P 6’66{1,H,ﬁd =g Hzand J =

O LT

Ohlcd MBS, (HYFN): (capm@ H03.49:mme7|\12ﬂf5und 255928, HfBOZmdN 28.41.
255.19. 5 Internmediate 40 o0~1 SO 12 NI NH F
(4-Fluoro-2-(1,1-dioxo-1 ,3.6-[1, 2]thiazinan-2

yl ) phenyl ) nmet hanam ne 10 Ihyghedibtears de.

4- Fl uoro- 2- (1, 1- di oxo- 17

6-[ 1, 2] t hi azi nan-2-yl)benzonitrile (1. 37 g, 5.4
nol ) was dissolved in ethanol 120 nlL). To this was
added IN HO (20 nL) and a capal yohne anmount of 10%
Pd-C. The m xture was shaken r hydrogen at 55 psi
for 4 h then filtered thr Q ite9 and concentrated
to give the title conpodﬁv_ as white solid (1.58 g,
100% yi el d). ' H NMR (300 M—‘\z' CDBOD) 6 ppm 7. 61 (IH,
15 dd, J= 8.4, 6.2 Hz), 7.38 (1H, dd J=9.3, 2.7 Hz),

1125 Gl o B SRy . Yy g
LthPr aeile-hédde); m}, 88-904C, 'HBII\(IRHOOIMHZL(CWIB)I\&pﬁm 2.69 (3H, s,
S 18 aicséézﬁ%m e Cht, 733 VB o, 1 28K 520525 5 3, cm, .00
(1H, s, CH). Anal. Caled for CoH7FN4: C 59.40, H 3.49, N 27.71; Found: C 59.17, H
3.22, N 28.01.

Intermediate 49

(4-Fluoro-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)methanamine
hydrochloride salt. Hydrogenation of 4-fluoro-2-(3-methyl-1H-1,2 4-triazol-1-
yl)benzonitrile (0.680 g, 3.36 mmol) gave 0.720 g (88% yield) of the title
hydrochloride salt as a white solid. "HNMR 400 MHz (DMSO-d¢) 8 ppm: 2.40 (3H,
s, CH3), 4.02 (2H, m, NCHy), 7.50 (1H, m, CH), 7.62 (1H,dd, J =2.8 Hzand J=9.3

35



To a solution of 1H1,2,3-triazole (3.5 g, 50.7 nmol)

in tetrahydrofuran (10 nL) and di net hyl f or mam de (20
workgo7mes1edded, portionwi se, NaH (1.3 g, 51 nmBCT/US2006/044320

95% . The m xture was stirred at roomtenp for 30 mn.

2,4-Difluorobenzonitrile 25 (7.6 g, 55 mmvl) was added

and the mxture stirred at 85 C for 3 h. The white

m xture was concentrated and purified by flash

chromat ography eluting with 0% to 10% et hyl

acet ate/ hexanes to give internedi ates 41 and 42. 51 VO

2007/ 061714 PCT/ US2006/ 044320 Internediate 41 /

i, NGHD, 7184-(1EL,Nd, §=55. h Hz|apdrio= 9-11H 2, GHY.S-Q,dH. 5, CH) "HRMS

e [
R e Hﬂ%w%%z%@)fﬂ%@amw%%“ B e LMo 2 1
(2H, m, 7.19-7.12 (1H, . LCI\/IS[I\/H-I—|]+ cal cd for
COH6N4F: 189. 05; found: ia(%r&berrredl ate 42 10 F
" NNN 2-Fluoro-4-1, 2, - r azol-2 yl-benzonitrile.

5 Wite solid (0.097 g, 1%yie|d). "H NVR (300 MHz,
CDC13) S ppm 8.03-7.95 (2H, '\m 7.86 (2H, s),
7.74-7.69 (1H, 15 m. Intl{r‘ diate 43 N, NN N1 NH2
F N

F

(4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)methanamine
hydrochloride salt. Hydrogenation of 4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-
10  yl)benzonitrile, (0.244 g, 1.20 mmol) gave 0.290 g (100% yield) of the title
hydrochloride salt as a white solid. '"HNMR 400 MHz (DMSO0-ds) 8 ppm: 2.42 (3H,
s, CHa), 3.78 (2H, m, NCH,), 7.58 (1H, m, CH), 7.67 (1H, dd, ) =2.8 Hzand J = 9.3
Hz, CH), 7.90 (1H, dd, J = 6.0 Hz and J = 8.6 Hz, CH), 8.22 (1H, s, CH). HRMS
(ESI") calculated for Ci;gH2FN4 [M+H+]: 207.1046; found: 207.1041.

15
Intermediate S1
F
NN
7
20 (2-Fluoro-4-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)methanamine

hydrochloride salt. Hydrogenation of 2-fluoro-4-(3-methyl-1H-1,2,4-triazol-1-

yl)benzonitrile, (0.220 g, 1.09 mmol) gave 0.260 g (98% yield) of the title

hydrochloride salt as a white solid. "HNMR 400 MHz (DMSO-ds) & ppm: 2.38 (3H,

s, CH3), 4.09 (2H, m, NCHy), 7.75-7.8 (2H, m, 2 xCH), 7.83 (1H,dd, ¥ =2 Hz and J
25 =9 Hz, CH), 9.29 (1H, s, CH). MS (EST") m/e 207 [M+H"].
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20 4-Fluoro-2-1, 2,3-triazol -2 yl-benzyl am ne
hydr ochl ori de. 4-Fluoro-2-1, 2, 3-

wo pooanel7dL- yl - benzonitrile, (0.34 g, 1.8 nmol)P@EES2006/044320

di ssolved in ethanol (50 niL). IN HA (10 nL)was added
along with a catal ytic amount of 10% Pd-C. The m xture
was shaken under H2 at 55 psi for 4 h after which it

was filtered through Celite(r) and 52 WO 2007/061714
PCT/ US2006/ 044320 concentrated to give the title
conmpound as the corresponding HC1 salt. Yell ow soI [ d
(0.402 g, 98%yield). 1H NVR (500 MHz, CD3OD

8n 2Berhatiye Br)ace%xrs for{ theyprepgention of igtegmediatg 5&1)6 Prqvlf}%d palow.
H dd, J =4.9, 2.6 Hz), 7.34 (1 H td, J =28.2, 2.7
Hz), 4.35 (2H, s). LCMS [M+H] + cal cd for COHloMNF:
193.08; found: 193.16. SlitetresdigdiSdte 44 F \ NH2 N\N
~ N 10 (2 Fluoro-4-(2H1,2,3-triazol -

yl') phenyl ) rnet hanam ne. 'H NWVR (300 MHz, CD30D) S
ppm 8.05-7.96 (2H,nm, 8. OQNQGH s), 7.68 (1 H t, J=

8.2 Hz), 4.26 (2H, s). LCMB | |—|]B+ cal cd for COHIOMNAF:
193. 08; found: 193. 14. I nt At es 45-48 15 A

sol ution of 2,4-difluorobe rile (7.07 g, 50.8
nmol ) andSrrethyI-IH- 1f4tr|azole(4 22 g, 50.8
mml) in N N-dinmethylformanmde (45 nl) was treated

wi th powder ed anhydrous potassi um car bonat e an
the r&@remayfastearhery8iveredet T %SESWBFK’M% 9 '%%R!“ <.

ﬁabﬂ 8pﬁ%§1)tﬂaﬂ9az!‘mé hﬁ!r%em%ﬁae tzble fo 17 ﬁﬁﬁfp@pﬁ@@ fifof - Bdomo-5-

vacuo he resi due was

ﬂgertoaméme\basth@ thephaddesgribed raﬂds @959@9 @ﬁé’ ) Pﬁ%r ol g8} in

AR 0L s 0 i
Sdﬂutmmtwnag bagiby Tha GHAG1e lygetvag sdpatateshangt Bigiagneousfportion was
?%rﬂgelr g?l%gcltt%i gfrlt!rl};bdlltig(?g 4()5312.2 TRy %Bﬁx%ﬂ]eanﬂé&lé bkirsds Gle dried

(MgSOy), filtered, and concentrated to obtain 33 g (0.16 mol) of the title compound
as an off-white powder: HPLC: 0.89 min (AP 97% at 220nm); '"H NMR (CDCl,,
500 MHz) & ppm 3.62 (2H, s, NH»), 5.75 (1H, s, NH), 6.37 (1H, m, 5-CH), 6.87 (1H,
dd, J=11, 3 Hz, 3-CH), 7.31 (1H, dd, J]=8.6, 5.8 Hz, 6-CH); ’C NMR (CDCl;, 125.8
Hz) Sppm 100.0 (d, /=29 Hz, 3-CH), 101.4 (d, J/=2.9 Hz, 1-C), 106.1 (d, /=23 Hz, 5-
CH), 133.1 (d, J=9.6 Hz, 6-CH), 149.1 (d, J=10.6 Hz, 2-C), 163.5 (d, /=244 Hz, 4-
CF); LC/MS m/z 205/207 (M+H).

Intermediate 53

O

I

N-((dimethylamino)methylene)acetamide. To a suspension of acetamide (11.8
g, 200 mmol; Aldrich) in 1,4-dioxane (100 mL, 2 M, Sure Seal; Aldrich) was added
dimethylformamide dimethyl acetal (37 mL, or 33.3 g, 0.28 mol; Aldrich or Alfa)
and the mixture was placed in a water bath heated at 45-50°C under slightly reduced

pressure (~150 mmHg, rotary evaporator) to remove methanol (bp 65°C) formed
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53 WD 2007/ 061714 PCT/ US2006/ 044320 |nternediate 45
1I/-N NN CN F, 5

wdRaosoiL- (3-nmethyl -1H 1, 2, 4-triazol -1 PCT/US2006/044320

yl )benzonitrile. Wite crystals (ethyl

acet at e-hexane); np 117-118 C. ' HNWR 400 Mz (CDC13) S
ppm 2.54 (3H, s, CH3), 7.24 (1 H m CH, 7.62 (1 H,
dd,J:25HzandJ:9.1Hz, CH, 7.84 (1 H dd, J
= 5.6 Hz and J 8.6 Hz, CH), 8.82 (1H, s, CH). Anal.

Cal cd for Q'OH7FN4 C 59.40, H 3.49, N 27.71; Found

C 59.25, H.3.32, N 27.81. 10 | nternedi ate 46
g the rqaeﬂpn ,:A{tgr near complete disappearance of acetamlde (2- Jﬂx

rf]if)ﬂg&%a %Xl HIY | ek M&Eérﬁ?a@é@ ih vacuo at <40°C to obtain

enzo ite crystals
zaaaega(ﬂ@é mudn%s% yn@dl@mt@ztmle@dmd@@ clgdz colopies e @ amber

oreg oil \ggxgzg &psstzﬁ’l}zcggls rz itmﬁhg%o{f é_sl:l fee(ga? t{)lpr 153 g%ﬂ qg@(mg
while Bryskalsa IHPLC RT&) 85 Hzin (8H) 100860 6.0/M8, még; 1 CGHM-+EhalE NMR
S50 MY AP BT SpbGHvel ALyt T 7 SVOHRY 3.12 G,
NNNsdCHs), 8.39 (IH, s, 3-CH); '*C NMR (CDCls, 125.8 MHz) & ppm 27.1 (1-
CH3), 35.2 (4- or 5-NCHa), 41.3 (4- or 5-NCHs), 160.0 (3-CH), 184.8 (2-C=0);
LRMS (ESI) m/z 115 (M+H).

Intermediate 54

1-(2-Bromo-5-fluorophenyl)-5-methyl-1H-1,2,4-triazole. A procedure similar
to that described in J. Org. Chem., 1979, 44, 4160 was followed. To a solution of (2-
bromo-5-fluoro-phenyl)-hydrazine (28 g, 136 mmol) in acetic acid (125 mL) was
added a solution of N-((dimethylamino)methylene)acetamide (16.3 g, 143 mmol) in
acetic acid (35 mL), and the mixture was stirred in an oil bath heated at 90°C under
nitrogen for 30 min. After cooling, the mixture was concentrated in vacuo to remove
acetic acid, and the residue was partitioned between CH,Cl, and an aqueous solution
of K>CO3;. The organic layer was separated, dried (Mg,SO,), filtered, and
concentrated in vacuo to provide 35 g of an oil containing some solid impurities.
This was re-dissolved in Et,O and filtered to remove the insoluble by-products (~2
g). The filtrate was concentrated and the residue was purified by column
chromatography (Si0,, 1-2% MeQOH/ CH;Cly) to obtain 8.8 g (34.4 mmol, 25%
yield) of the title compound as an off-white crystalline solid after trituration with
ether:: TLC: Rf 0.25 (10% EtOAc-CH,ClLy); Rf 0.45 (10% MeOH-CH,Cly); HPLC:
1.68 min (AP 100% at 254nm); LC/MS m/z 256/258 (M-+H); 'H NMR (CDCl;, 300
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WD 2007/ 061714 PCT/ US2006/ 044320
2-Fluoro-4-(3-nethyl-1H1,2,4-triazol-1

wa@ kjoeeeni trile. White crystals (ethyl PCT/US2006/044320

acet at e- hexane); np 133-134 C. ' HNWR 400 MHz (CDC13) 8
ppm 2.52 (3H, s, CH3), 7.61 (1H, dd, J = 2 Hz and J
=9.1 Hz, CH), 7.67 (1H, dd, J =2 Hz and J = 9.6 Hz,
CH, 7.79 (1H, dd, J = 6.5 Hz and J = 8.6 Hz, CH),
8.56 (1H, s, CH). Anal. 5 Calcd for C1OH/FN4: C 59. 40,
H 3.49, N 27.71; Found: C 59.42, H 3.24, N 28.41.

BB 85 bl 5o 205, bRl 3550, 767772 5,

CHPE! i ki s emWhite crystals (ethyl

acet at e-hexane); np 89-90 C,' HNMR 400 MHz (CDC13) 8
ppm 2.69 (3H, s, CH3), 7.49-7.55 (2H, m 2 x CH),
7.83 (1H, dd, J = 6.8 Hz = Hz, CH), 8.00
(111, s, CH). Anal. Cal cd@%‘rﬁé{lﬂ{#m: C 59.40, H
3.49, N 27.71; Found: C 59.17, H 15 3.22, N28.01.
Internmediate 49 ~-N N N _N F/ 20

(4- Fl uoro- 2-(3-net hyl - | H-f‘g,%#tri azol -1

yl) phenyl ) net hanar ni ne hy-m.%chl oride salt.

Hydr ogenati on of |
4-fluoro-2-(3-nethyl-1H1, 2,4\1-‘NIH' azol -1 -
yl')benzonitrile (0.680 g, 3.36.qnmps) gave 0.720 g (88%
yield) of the title hydrochl fle salt as a white
solid. "HNVR 400 MHz (DVMSO-@8)~& ppm 2.40 (3H, 25 s,
CH3), 4.02 (2H, m NCH2), 7.50 (1H m CH), 7.62 (1H,
dd, 3 =2.8 Hz and J = 9.3 55 WD 2007/061714

PCT/ U%%Q—Q@/(%@gr%mod-ﬂuorophenyl)hydrazono)methyl)acetamide. Toa
solution of (2-bromo-5-fluoro-phenyl)-hydrazine hydrochloride (1.21 g, 5 mmol) in

pyridine (3 mL) was added a solution of N-((dimethylamino)methylene)acetamide

(600 mg, 5.26 mmol) in pyridine A(2 mL} and the mixture stirred at room temperature
under nitrogen for 1h. The precipitate formed was collected, washed with CH,Cl,
and then with ether to obtain 1.15 g (3.16 mmol, 63% yield ) of the title compound
which was contaminated with 1 mole of dimethylamine hydrochlc;ride as a white
crystalline powder: HPLC: 2.22 min (AP 84% at 220nm); LC/MS m/z 274/276
(M+H); '"H NMR (DMSO-d6, 500 MHz) 6 ppm 2.00 (3H, s, 9-Me), 2.51 (6H, s, 2 N-
CHs3), 6.45 (1H, dt, /=8.5, 3 Hz, 5-CH), 6.89 (1H, dd, J=12, 3 Hz, 3-CH), 7.43 (1H,
dd, J=8.5, 6 Hz, 6-CH), 8.68 (1H, d, /=9.5 Hz, 7-CH), 8.88 (2H, br.s, NH,"), 9.24
(1H, s, 7-NH), 10.54 (14, d, J=9.5 Hz, 2-NH); No signals from the rotational isomer
were observed; >C NMR (CDCls, 125.8 Hz) Sppm 22.6 (9-CHj), 33.9 (2 NCHy),
99.6 (d, J=28 Hz, 3-CH), 99.7 (1-C), 105.0 (d, J=24 Hz, 5-CH), 133.5 (d, J=10.6 Hz,
6-CH), 137.1 (7-CH), 144.9 (d, J=11.6 Hz, 2-C), 162.4 (d, J=244 Hz, 4-CF), 168.5
(8-C=0). No signals from the rotational isomer were observed; Anal. calcd for
CoHgBrFN;0.Me,NH.HCL.1/2H,0: C36.24, H4.99, N15.37, found C35.88, H4.87,
N15.23. An analytical sample of the title compound without contamination of
dimethylamine hydrochloride was obtained by column purification (SiO;, 16-1 5%
EtOAc-CH,Cly): TLC Rf 0.55 (20% EtOAc-CH,Cly); HPLC: 2.17 min (AP 88% at
220nm); LC/MS m/z 274/276 (M+H); 'H NMR (DMSO-d6, 500 MHz) & ppm 1.99

59



10

15

20

25

Hz, CH), 7.84 (1H, dd, J = 6.1 Hz and J = 9.1 Hz, CH),
9.00 (1H, s, CH). HRMs (ESI+) calculated for

WEIOAHEFNA [ MtH+] ¢ 207. 1046; found: 207.1047. PCT/US2006/044320

Internediate 50 5 rI-N NN NH2 F
(4-Fluoro-2-(5-nmethyl-1H1, 2, 4-tri azol -

yl ) phenyl ) met hanam ne hydrochl oride salt.

Hydr ogenati on of

4-fluoro-2-(5-methyl-1H1,2,4-triazol-1 10

yl )benzonitrile, (0.244 g, 1.20 nmmol) gave 0.290 g
(1009@§6¢Id) of the title hydrochlorlde salt as

G, 590600 8:45 (HRIVRLA68- Pt % BVED) f5§8 Sipptf, /71473 7@@1—? -CH),
ﬁﬁ?ﬂg dd f—§8 @gﬁﬁ @{%:Whﬂ @ 589 %1111& 7- @H‘}Cé‘% 517;-165 7-NH),

Hli52 IJIH, & SO Han2-NH): Adost H% @]*ptatxgnggsc(rmquwassalsmserved as

Sorf o aiEot pesia H SpRRTEN SO, RO AR WBHL i1 1. 5 Mo

6\lbig any dtNJ#S\IS 2017_(,3 -CH), 7.10 (1H, dd, J=11. 6 3 Hz, 3’- CH),729 (1H, d,

Fl uoro-4 | -1H 1 4-fria ,

ﬁ%ﬁ)ﬁ%yi anané‘d fﬁd? &tcﬁlzoéréag &35 (1H, s, 2°-NH), 10.70 (1H,
I n _ ]

e

O G i, 10D, HEUD G TE2081zmadhiD g @, F619.6He, 6-CHD,

RFIOACHE 26 G-I i 2R vt e s -

§c m:ta% (DM9-d62 rfas.ﬁmz)mﬁ% 22D. (?5:;11{38, 1@y (dngl—z H@cm) ),

[oFdhithas gt o 0,008 Al PR 5B, k¥ g0 2583 3 -,

E’@Z’ L\ S2B9612044,32 CCF AN 6 86 1(B1-020) y HRM S ¢BEDroalckidfor Chid0BrFN;0
oS BR 2! 301 Found 374 0004 75 $4 % porm); Ara). cafed B8 COMSBIFN, O:

C39.43, H3.31, N29.15, found C39.67, H2.99, N29.09.

Alternatively, to a mixture of (2-bromo-5-fluoro-phenyl)-hydrazine hydrochloride
(5.9 g, 28.8 mmol) and N-((dimethylamino)methylene)acetamide (3.30 g, 28.8 mmol)
in THF (30 mL) was added 5 drops of HOAC, and the mixture stirred at room
temperature under nitrogen for 15 min. The mixture was concentrated in vacuo, and
the residue suspended in a mixture of ether (50 mL) and hexanes (50 mL) and the
resulting precipitate collected and air-dried to provide 5.7 g of the title compound as

an off-white powder. A second crop gave an additional 0.3 g.

Intermediate 54

N
AN

b
Jﬁj )
F

1-(2-bromo-5-fluorophenyl)-5-methyl-1H-1,2,4-triazole. A solution of 1-(2-
bromo-5-fluoro-phenyl)-2-(N-acetylformamidinyl)hydrazine (987 mg, 2.71 mmol;
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Internediate 52 H2ZN,NH t Br F 5
(2- Brono- 5f | uor ophenyl ) - hydrazi ne. To a suspensi on of
W@ 20006174 5- f 1 uor o- phenyl ) - hydr azi ne hydr ochl peT/U82006/144320
g, 0.17 nol; prepared from 2-brono-5- fluoroaniline by
t he nmet hod described in US 3959309 (1976) p-23, and
p-48) in 10 water (300 nL) and CH2CI 2 (200 nlL) was
added I N-NaOH (200 L) until the solution was basic.
The CH2Cl12 | ayer was separated and the aqueous portion
was further extracted with CH2C12 (150 m_) The
conbi ned .organic extracts were dried

chitairang dne mode ebMeelit-HCand 8. Sciada?fﬁ”%tsﬂ@ﬂéo)yrél%| )
f 1 ;
hgzd.écglﬂ?or}de ((ZQS gr%}? ngé ol? lﬁhhzfu{ I\ﬁ%‘ﬂdﬁl@ @igﬂi\{é s&)@%&&g)&n oil

batlpara03Caddeé2hitragen I‘ﬂbﬂ;?;h STHeom{xkuitd, was, comppntrzﬁe@m YarMp, and the

st aatoned o on ol bt b e bl inbyfibig dteriats

5 'ﬁfb‘l&'ﬂgﬂﬁllg th{ét? wds washd With BN G, thked bwigh brine, HeRdINezS$Os),

=23 Hz, 5- CH)__133. . J=9.6. .
féuw; andyqerceipated i Yoo oo w0 Tigef afighy Big Yo il fpicn was
by ddYR Rt dm#9 a%ﬁﬁ (SMEF&% MROHICEL OB it@pmvid: 232 mg

N-(g di net hyl am no yl ene) acet ai ni_de.

@t%lrféml,o%%ma@épémed%ﬂ? ‘ﬂn%o as?dc?“%hfﬂ““ﬁ‘ﬁ? fch)

in 1,4-dioxane (100 nL, 2 M Sure Seal ; Al dr| ch) vvas
. added di met hyl f or mar ni de di net hy| acet al ? ,
10 33.3 éltemazse p solnfigniof B -@rbrampa)-flugryph W)n?-@ur e

éﬂi%?yé : ex'éxglgﬁam%ﬁ{e (BD0', ?? @trﬁﬂlr%?-r}_?gb‘!ﬁnaggy WOIRE method) and

pressure
pytafioe hy@oyhlpude € BT engyeltl ramsl; wpwam)mmeﬁommas heated

2007/1Pﬁ%1§ 85‘;“1‘)% nggérgﬁég 26(1)1 fogj 551!1 n@‘hé Hﬁx&?@%% g?%ciée’ntrated in

fance” of "acetam d
{Ro! Micethe Bysidirt Whonédlﬁetmem QiR OlpemndcO¥ EEOIt rEiteautgamic extract

15 Yv%(s: l\'I:v(gxshed w1tlc1) %rme c?rxetcfjl b\rflgSO‘;), filtered and concentrated in vacuo to obtain
6.0 g of an oily solid which was dissolved in diethyl ether (40 mL)and filtered to
remove insoluble material. After removal of the solvent, the residue was crystallized
from Et,O-hexanes to provide 2.21 g (8.63 mmol, 39% yield) of the title compound
as a white crystalline solid. The mother liquor can be purified by column

20 chromatography (SiO,, 2% MeOH/CH,Cl), followed by crystallization from Et;O-

hexanes to give additional amount of the title compound 7.

Intermediate 46

25
4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)benzonitrile. To a solution of 1-

(2-bromo-5-fluorophenyl)-5-methyl-1H-1,2,4-triazole (4.1 g, 16 mumol) in N-
methylpyrrolidone (NMP, 30 mL) was added copper (I) cyanide, CuCN (1.72 g, 19.2
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22.4 g (196 mmol, 98%yield) of the title conmpound as
a clear colorless to an anber colored oil which

wa@eysel7hid zed on standing or in the freezer toP@EI/US00€044320

soft-looking 5 white crystals: HPLC RT 0.25 mn (AP
100%; LC/MS mz 115 (M+H); 1H NWVR (CDC13, 500 MHz) 8
ppm 2.19 (3H, s, 1-CH3), 3.07 (3H, s, 4- or 5-NCH3),
3.12 (3H, s, 4- or 5-NCH3), 8.39 (IH, s, 3-CH; 13C
NVR (CDO 3, 125.8 MHz) b ppm 27.1 (1- CH3), 35.2 (4~
or 5-NCH3), 41.3 (4- or 5-NCH3), 160.0 (3-CH), 184.8
2- C:R)gﬁ;k‘LRNB (tESI ) mz 115 (MrH) . 10 Internedi ate 54
mel; Adgrich) apd the mipstupsy wapstitad inangyiheatl hyatsd at140415¢°C under
b . . . .
(uasottn AbPIRFOIE 5 K e G54l He by wh lBbed in vacuo and
the nesidag mixed gltb@l%g@lmﬁs%mw,zwater (50 mL), and conc-NH4OH (50 mL).
=D - - | e (;2 136, o [
The Rt 4P bR B0 AR Bl prE A PR iherdl through
Nelited®.nEhdrgduecin 6] gt lnals entheted hgaih seth CH,GlLg Tht4dmbined

P o S S S s

fidtere@iCindi concelfttagyd wWaOHArRGolid MeridH WhdrRurdasl v(sj/ith dieéhyl ether to
ic acid, and the

onceptrated.in vacuo o renpve . acet ) h
BV FAE TS oo PPaad s it whdo Ao amoust (750
&) W itientitl OE orlPSUhA. wH6bt@Iea Foen HRKBShEEB R R iGHn

filtered, and concentrated in vacuo

dri ed SOL).
b °%i%éz$%>3§l@z’o‘%% & BiGH ol lAWeg by srragisn with ELO. Total

iy 35 £11.6 hlthsl, wa%; yigtd)i APLLY e Dol HinfiadDend, _
fil teredgfo nmove theili r?sjol ubl e by- plrnc%uct%%(-t%%rgn s LO/MS

§YZ 293 €M EISM\YIMQ@M%QQ M2 pomal 2t303He sj Hsdle)pd 25 (1H,
e t Pathorh

LR, 2% 1Y, LRI 10 MR Ihobcin’ Zus8iun af 4 s 6

Ol 8.00dhosiHCED; 46 WMR w_briatcjej oéfny.s&gis)la'(%n/s ol7 doaltgno7.2 d

t ratli.o t L her:: ; . %

E%JE)%’LCJZ-’ Lol E‘}N? (Ezr‘:l‘g) 236(21 éf%fﬁéaﬁl@oﬁz‘“éik)l;l7ﬁFdec:T=231H585-CH),

136 1 (47/-100%4,3-CEYANM.5 (&9=YE 1, 2-8 65238 oldii) 153 918-C), 164.9

nggpglz§4_C3ng 58 WD 2007/ 061714 @FFCT/ us%oocs/ &4320

>

Intermediate 50

N
.
AN

N

F

(4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)methanamine
hydrochloride. A solution of 4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)benzonitrile
(2.9 g, 14 mmol) in EtOH (100 mL) was mixed with IN-HC1 (15 mL) and 10% Pd-C
(0.7 g, Aldrich). This mixture was hydrogenated in a Parr shaker at 45-55 psi of
hydrogen for 20 h. The catalyst was filtered over Celite®, and washed with EtOH.
The filtrate was concentrated, and the residue triturated with EtOH-Et;0 to obtain
3.17 g (13 mmol, 91% yield) of the title compound as an off-white powder: HPLC
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MHz) 6 ppm2.39 (3H, s, 9-Me), 7.13 - 7.18 (2H, in,
3,5-CH), 7.67 - 7.72 (1H, in, 6- CH), 8.00 (1H, s,
w@20Hp617it ernmediate 55 5 HN N, NH Br F PCT/US2006/044320

(E)-N-((2-(2-brono-5fl uorophenyl ) hydrazono) net hyl ) acet

am de. To a solution of

(2- brono-5-fl uor o- phenyl ) - hydrazi ne hydrochl ori de

(1.21 g, 5rnnol) in 10 pyridine (3 nL) was added a
solution of N ((dinmethylam no)nethyl ene)acetani de (600

ng, 5.26 nmmol) in pyridine (2 nL) and the m xture

stirred at roomtenperature under nitr or .
Crto P g0 & FGriroul GL4S ol 0d O B IMF R 0-ds, 300

t t £§ 1%2 1H, m

NHErE Rpaf R PR s D, ST L & LBt NCR A2 12 (L, )
m(ﬁmdmvel MR I6HHA), FBT71HE t dfFﬁdit)yBelﬁ‘l(hH, o .47 7 (3H, brs, NH").
hydrochl oride as a white 15 crystalline powder: HPLC
2.22 min (AP 84% at 220nm; LC/ Ms mlz 274/276 (MH);

1H NVR (DVMSO- d6, 500 MHz)nt&mpgeat2 560 (3H, s, 9-Me),

2.51 (6H, s, 2 N CH3), 6.45 (1H, dt, J=8.5, 3 Hz,

5-CH), 6.89 (1H, dd, J=12, 3 Hz, 3-CH), 7.43 (1H, dd,
=8.5, 6 Hz, 6-CH), 8.68 1—@ d, J=9.5 Hz, 7-CH), 8.88
2H, br.s, NH2"), 9.2 HNS, 7-NH), 10.54 (1H, d,
=9.5 Hz, 2-NH); No signal § fromthe rotational isoner
0 were observed 13C NWR Hlfe 8 Hz) $ppm 22.6
(9-CH3), 339(2NCH3) J=28 Hz, 3-CH), 99.7
(1-¢, 105.0 (d, J=24 H, B“CH), 133.5 (d, J=10.6 Hz,
6-CH), 137.1 (7-CH), 144.9 (d, J=11.6 Hz, 2-C), 162.4
(d, J=244 Hz, 4-CF), 168.5 (8-C=0. No signals from
the r mamduﬁ -3 erriauen-d -yib 9 giuoedphekplinetizamdnd or

COHO FNSO

Eloen e M o 3 Bs l 3. T B 3 102

&{ ﬁ?%oltﬂilzeﬂygmmmsh @ht{jﬁﬂﬂ9 H@p%?mmwmqﬁl 2 H)775 7.91
di ne am ne ori de was _oO aln

goriF3-satizoh }my b (s, 163594 (PR ér%ﬁ%r% ﬁ%% M *30s5

(20% Et OAc- CH2C12); HPLC: 2.17 min (AP 88%at 220nm);

LCMS mz 274/ 276 (MHH); ' H NVR (DMSO-d6, 500 MHz) 6
ppm 1.99 59 Intermediate 57

(4-Fluoro-2-(5-phenyl-1H-1,2,4-triazol-1-yl)phenyl)methanamine
hydrochloride. "H NMR (300 MHz, DMSO-D6) 8 ppm 3.84 (s, 2 H) 7.24 - 7.64 (m,
4 H)7.79 - 7.94 (m, 2 H) 7.87 (m, 1 H) 8.39 (s, 1 H) 8.48 (bs, 3 H) ); LC/MS m/z
269 (M + H).
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WD 2007/ 061714 PCT/ US2006/ 044320 (3H, s, 9-Me), 6.45
(1H, dt, J=8.5, 3 Hz, S-CH), 6.88 (1H dd, J=12, 3 Hz,

wW@20Ap61714. 43 (1H, dd, J 9, 6 Hz, 6-CH), 8.69 PAFUSTN6/044320

J=9.5 Hz, 7-CH), 9.23 (1H, s, 7-NH), 10.52 (1H, d,
==9.5 Hz, 2-NH); About 16% of rotational isonmer was
al so observed as a set of mnor peaks: 'H NWR
(DVMBSO-d6, 500 MHz) 8 ppm 2.11 (3H, s, 9'-Me), 5 6.58
(111, dt, J=8.5, 3 Hz, 5 -CH), 7.10 (1H, dd, J 11.6, 3
Hz,3-CH),729(1H d, 324Hz 7' -CH), 7.50 (1H,
dd, J=8.7, 6 Hz, € 35[1H32NH) 10. 70
(1H, s, 7'-NH); 13C NI\/R f #¥6,58125. 8 Hz) Sppm 22.6
(9-CH3), 99.7 (d, J29Hz 3- CH), 99.8 (d, J--3 Hz,
1-C, 105.0 (d, J=24 Hz, 5-CH), 133.6 (d, J=10.6 Hz,
6-CH), 137.1 (7-CH), 144,9 d, J 11.6 Hz, 2-C), 162.5
(d, J--241 Hz, 4-CF), 168 8-C=0); 10 13C NWR
(DMSO-d6, 125.8 Hz) 8 ppm 22/9 9'-CH3), 100.7 (d, J=3
Hz, 1'-C, 101.6 (d,.J29 HN -CH), 106.8 (d, J=24
Hz, 5'-CH), 133.6 (d, J=9. 6% 6onCH) ., 162.4 (d,
J=242 Hz, 4'-CF), 168.6 (8" - ;. HRMS (ESI) calcd for
C9HlaBr FN3O (M+H) 273.999 nd 274.0004 (S +4.6
ppm; Anal. calcd for COHOBr FN3O  C39.43, H3.31, |
N29. 15, found C39.67, H2. 99 N29. 09. 15 Alternatively,
L; d? o '{)%160 %5‘? rg e }J 9 4-trt%z§j;y} ):ait))\égj;lﬂzézcr)c? methyl
B zA. drc aebhxyioamfnmétmalt mnez;&»)txamﬂamaadac(@laa@(zg?g, 285 gamol) in

e tyifoharhiae (70 Fir) oagﬁ]dggcgc}%g%ﬂ%ﬁ?dg%ﬁgm‘és%, 9%7 mmot)

Bhd BHROA Kt widbstiftddl foll Be nith X Akled v@athic oas emt- ﬁlefbblenzylmtnle
vacuo, and 20 thﬁ1 resi due sus endeg in a

(2 750 med e perE s mpaore et oot Tert dor g f g The

BRiRRIr®Wad dautal WiRE mckr@ﬁd fmefedotblre@how Pl i m sﬁahﬁmgl was
of the title conmpound as an off-white powder,

suwanied witrethehasette anstthe osgamic gyer yas T éﬁa@r £3X’s) and

%1131 gl tEEn df Ed (N aZSO4) and concentrated. The resultln%re&due was punﬁed by
l'uor ophenyl)-5-nmethyl -1 H1 triaz
/ﬂag}@ pmomﬁﬁogﬁpl]y ($02) eluting with 30% tetrahydrofman/ZO% CHZCIZ/SO%

g aiOh G JisIN ez MR
nesz%gegtg %gg&ggygéﬁ F}guna a5 Wniesteuhico (amaidi ¢/ yibs!

(300 MHz, CDCls) 8 ppm: 8.92 (1H, s), 7.85 (1H, dd, J = 8.8, 5.5 Hz), 7.67 (1H, dd,
J=8.8, 2,6 Hz), 7.34-7.27 (1H, m), 40.3 (3H, s). LCMS [M+H]" calcd for
C11HgN4yFO,: 247.06; found: 247.11.

Intermediate 59

Methyl 1-(2-(aminomethyl)-5-fluorophenyl)-1H-1,2,4-triazole-3-carboxylate.

The title compound can be prepared from intermediate 58, 1-(2-cyano-5-fluoro-
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60 WD 2007/061714 PCT/ US2006/ 044320 contai ni ng one

nmol e of Me2NH HCI and 0.5 nol of water) and pyridine
whyavo6ctthori de (208 ng, 1.8 mmol; Al drich) in PYT/USi00€044320

(4 m.) was heated in an oil bath at 90C under

nitrogen for 23h. The m xture was concentrated in

vacuo, and the residue partitioned between CH2Cl 2 and

water, filtering off any insoluble materials. 5 The

organi c extract was washed with IN HCl, then with

brine, dried (thSCﬂ) filtered and concentrated in

vacuo to obtain 480 of a light brown pil

plien)-td-Tog-4ctbirata- RUCNOV Apthygiegysr IéengR &o'ii,
%1949 (PHOQ/)I 4R0438, B, 7 £8. 89% QTPI%B 7. iﬁffﬁﬂr &l =83,

of theée t|tIe conpound as an’ anber cdl ored oil.
Rl6 Brn A146v@ | K, tdd 38124 RitoHzh #.19 (2H, s), 4.03 (3H, s). LCMS [M+HY"

f
é@%&??#ggﬁﬁhréﬁhyﬁﬁﬂggﬁbz?Agﬁ(éﬁzo g, 21.9 mmol ;
obt ai ned by HOAc nethod) and pyridi ne hydrochl oride
(1.27 nmg, 11 mol; Aldrich) in ridine (60 nm) was
heated in an oil bath atclngfﬁ{“fggé%(ﬂder nitrogen for
23h. The m xture was concentrated in vacuo, and the
residue partitioned between A2 and IN HCl . The
organi ¢ extract 15 was wasHhyggw @ brine, dried
(MS™), filtered and conc ﬁhtegﬁén vacuo to obtain
6.0 g of an oily solid whichfwas di$sol ved in diethyl
ether (40 nL)and filtered i nsol ubl e
material. After renoval of sol vent, the residue
was crystallized from Ef20-hexanes to provide 2.21 g
(8.63 mmol, 39@6yie|d) of the title conpound as a
white c&¥stalllne solid. The mother |iquor ca

pur i 1 i (G 2tfdmiBeey Do -Eremoriedir Ak 2¢grtszol- Sopmethanol
W%WW)L—(Z‘ Ui AR 1l £8P NS tic acid

héxanes to %lve di tional anDunt OF he tit
aaviplaster 13.3ent fmserihves dgsolned j ‘EOI@N THF av(ld zsated with 26.8mL

%f E%Jg ?1a31 %1 'i‘ r[ﬁB \Xrlisel uﬁfiier% hAr B@Ja@@afdrated (aq.) NapSQ4 was

nzonitri 0 a sol ution
caummacsieﬁl amdrtbp haxiprg was ptired/overpight © decomipesobxcess rcagent

URNNTICPNER M TSy i i
was dissolved in 50mL abs ethanol and treated with 3mL 6N HCI and concentrated.
Trituration with Et,0/ CH3CN gave a total of 3.4g (80%) of the alcohol
hydrochloride as an amorphous solid. 'H NMR (300 MHz, DMSO-D6) § ppm 4.00
(d, J=5.49 Hz, 2 H) 4.56 (s, 2 H) 7.40 - 7.90 (m, 3 H) 8.54 (bs, 3 H) 9.03 (s, 1 H);
LC/MS m/z 223 (M + H).

Intermediate 61
jod
F N’N
D=

1-(2-Bromo-3-fluorophenyl)-3,5-dimethyl-1H-1,2,4-triazole. A mixture of I-
(2-bromo-5-fluoro-phenyl)-hydrazine hydrochloride. (24.15 g, 100 mmol) and

65



10

15

20

25

30

WO 2007/ 061714 PCT/ US2006/ 044320 nmmol ; Al drich) and

the m xture was stirred in an oil bath heated at
wa4@7060€C under a nitrogen atnosphere for 3 hPCEUBENG6/044320

cooling, the solvent was renoved in vacuo and the

residue mxed with CH2A2 (50 nL), water (50 niL), and

conc-NH4OH (50 nL). The m xture was stirred for 30

mn, and the insoluble material was filtered through 5

Celite(r). The aqueous filtrate was extracted again

with CH2A 2. The conmbined CH2CI2 filtrate and

dg‘(’ééﬁégg (1\/\(?{ E{ ﬁi‘gﬁg}%gﬂ%ﬁé‘yﬂé Qﬁ?ylélé}g‘{sg?y%% Oggl}lﬁgwas stirred
M’Fﬁ SE b‘ﬁ(ﬁf'h ahdd 47195 g‘ﬂbtdhd€+ ﬁﬁ:@gkn €ER. BGter Gbcyl‘ihglthé ixture

e title conpound as an off-white solid.
vad diohCantatedainianto (om@nessg ;m«bthetrnsdw dilated mm%@o ml)

R R T GBS ORI s

fliterédiid cohidenvcdted & ﬂ@amm 2z (99. Behnh,ol ¥iedd 9% of tige title

cemn7%?2¥1§§gd)€mﬂﬁ;}%gﬁﬁﬁ}é¥%§éﬁ 98% /%tﬁg;gzofnﬁéj” e/ms miz

2%0@72((%}1% ‘HllQMYbIc:Da;Soo MHz) agpmkso (s, Blee), 2 39 (3H, s,

1)- %127 1¢- 7@|5|)(2H8n'g% s(-gqu) 2 674 d, J[%é MﬁS%&MR
(f:%%}ls g@l g E’@%%zﬁ §91@}ﬂ§/?)1,3 81§i7)421 Féqml%g;ﬂ H%; 10, 1172,

@dj=24-13, HEH)51 B (d, 1128 Hz, sdcm, 113(9,7_@ I58 6z 61@§)5137 8 (d,
oz ey el 99 ER BB b e

C(and:fd#QIISH %Bfﬁﬂmhﬂ) 2760042, ﬂ)uhd 240.6048 (3 +2.2 ppm).
) phenyl ) met hanam ne roc r|d A SO
Yois ririsis a5 Pe PrER ek T EabriSor Bifoanem-
}Hy(ﬁ*amgé h{dro@hridd 4nd i ﬁ-tﬂlﬂleﬁiyﬂsl-tﬁéﬁﬁe b refdngibeadin EtOH.
10 (15 nL) and 10% Pd-C (0.7 g, Aldrich).
Th| s mxture was hydrogenated in a Parr-shaker at

45-55 psi of hydrogen f gpiefgledlate @de catal yst was
filtered over Celite(r), and washed with EtOH.  The
filtrate was concentrated, and the residue triturated
with EEOHEt20to obtain 317 gy(13 mmol, 91%vyi el d)

of the title conpound as- -white pO\NEjer: HPLC
F )N;N\>_,
=N

4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)benzonitrile. The title compound
was prepared in 64% yield as a tan crystalline powder (HPLC: 1.31 min, AP 95% at
220nm) from 1-(2-bromo-5-fiuorophenyl)-3,5-dimethyl-1H-1,2,4-triazole and CuCN
in DMF at 125-130°C for 7 h by the method used for the preparation of 4-fluoro-2-
pyrazol-1-yl-benzonitrile. An analytical sample was obtained by column purification
(8i0;, 20% EtOAc/ CH,Cly), followed by trituration with Et;0. LC/MS m/z 217
(M+H). 'H NMR (CDCl;, 500 MHz) & ppm 2.45 (3H, s, 11-Me), 2.49 (3H, s, 10-
Me), 7.25 (1H, dd, J=8.5, 2.5 Hz, 3-CH), 7.31 (1H, dt, /=8.5, 2.5 Hz, 5-CH), 7.87
(1H, d4, J=8.7; 5.6 Hz, 6-CH). >C NMR (CDCl;, 125.8 Hz) & ppm 12.7 (10-Me),
13.8 (11-Me), 107.1 (d, /=3.8 Hz, 1-C), 114.8 (7-CN), 116.2, (d, /=25 Hz, 3-CH),
117.6 (d, J=22 Hz, 5-CH), 136.0 (d, /=10 Hz, 6-CH), 141.6 (d, /=10 Hz, 2-C), 153.9
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62 WD 2007/ 061714 PCT/ US2006/ 044320 0.47 min (AP 100%
at 254nm); LOMS mz 207 (M+H); '"H NWVR (DVSO d6, 300
wortny/o817ppm 2. 40 (3H, s, CH3), 3.77 (2H, d, J=BCBHUB®N6/044320
NCH2), 7.52 - 7.62 (1H, m, 7.66 (1H, dd, J=9.2,2.6
Hz), 7.87 (1H, t, J 7 Hz), 8.14 (1H, s), 8.47 (3H
brs, NH3+). 5 Internmediate 56 N '~ N  (L(-NH2 HC
F (2-(5Ethyl -JH1,2,4-triazol -
yl) - 4f uor ophenyl ) net hanam ne 10 hydrochl oride 'H NWR
(300 MHz, DMSO-D6) 6 ppm 1.21 (t, J= 7 50 Hz 3 H) 2. 69
(q,J=7.50Hz, 2H) 3. 64-3.81 (m J=5.49
(-6 WP (O-C)) 195.9%d, J=260 Hz, ¢ F ) TRMES CﬁzSD <Fal¢-‘l} f°8 CIVHIOFN‘*

M2 0880 Tl 27 G705 43 MR ﬁ%l&%?CWHQFM C61.10,

H. 19192 2.9( Sphad 360l 18, H393}N26.0520! -

yl ) phenyl ) met hanam ne hydrochl ori de. "H NWR (300 VHz,
DMSO-D6) 8 ppm 3.84 (s, 2 H 7.24 - 7.64 (m 20 4 H
7.79 - 7.94 (m 2 H) 7. 8khtéiMediatél38.39 (s, 1 H) 8.48

(bs, 3 H ); LOMS mz 269 (M+ H. 63 WD 2007/ 061714
PCT/ US2006/ 044320 Intermediate 58 0. O

4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)benzylamine di-hydrochloride.
The title compound was prepared in quantitative yield as a white powder (HPLC:
0.52 min, AP 84% at 220nm) from 4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-
yl)benzonitrile by the hydrogenation method used for the preparation of 4-fluoro-2-
pyrazol-1-yl-benzylamine hydrochloride. An analytical sample was obtained by
reverse phase C-18 column purification (2 mM HCI-H>0) LC/MS m/z 221 (M+H).
'H NMR (CD;0D, 500 MHz) 8 ppm 2.67 (3H, s, 11-Me), 2.77 (3H, s, 10-Me), 4.16
(2H, s, 7-CH>), 7.61 (1H, dt, J=8.5, 2.5 Hz, 5-CH), 7.67 (1H, dd, /=8.5, 2.4 Hz, 3-
CH), 7.93 (1H, d4, J=8.8, 5.7 Hz, 6-CH). 3H NMR (CD;0D, 125.8 MHz) 3 ppm
10.5, 10.7 (10,11-Me), 38.2 (7-CHy), 115.1, (d, /=26 Hz, 3-CH), 119.3 (4, /=21 Hz,
5-CH), 126.9 (d, /=3.8 Hz, 1-C),134.5 (d, J=9.6 Hz, 6-CH), 135.3 (d, /~10.6 Hz, 2-
C), 154.1, 154.4 (8,9-C), 163.1 (d, 1=251 Hz, 4-CF). HRMS (ESI) calcd for
CiH14FN4 (M-+H) 221.1202, found 221.1204 (8 -0.7 ppm); UV (MeOH) A max 232
nm (& 8.74x10%); Anal calcd for CyH3FN,.2.2HCL.0.6H,0: C42.47, H5.25, N18.01,
C125.07, H,03.48; found: 42.95, H4.80, N18.41, C124.56, H,03.00 (KF).

Intermediate 64

N
>

o
E
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1N NN j(: CNF 5 1-(2-Cyano-5 fluoro phenyl)-IH
1,2,4-triazol e-3-carboxylic acid nethyl ester. To a

waodoansom of met hyl 1H 1, 2, 4-tri azol e- 3- car boxpdBUS2006/044320

(279, 215 mmol) in dinmethylformam de (170 nL) was
added sodi um hydride (5.53 g, 95% 217 mmol) and the
m xture was stirred for 30 mn. Added to this was
2,4-difluorobenzylnitrile (30 g, 217 rnnol) and the
resulting mxture stirred at roomtenp for 60 h. The
10 m xture was diluted with water and filtered to

rermv oI|d . The i on wa extracted with ethyl
acet a 'é?f&' ’%}z@fz I'd z }’F’g%‘r’r ’%a %@HOW"{ HHWQ?%‘P (445 g,
6534<nﬁhol§ﬁhdtetﬁh¥ﬂ1%ﬁntah €50 SN Qdd Glﬂa&ﬁ%nﬁmlde (10 énL) was added

concentr at ed he resulting residue was purif g
PQtassHIG FAGRERISSP &5ty 7¢ 9111@213 apfl the mixtire wa%ﬂ%ed for 30 min at

o8k R s Hﬁ@Wag Q%M&?’l@ﬁ c{Ber%%ﬁgﬂfe el 1(%% /oVﬂ rBFxg ) and the

title compound as whité nee
VRIS (2890 °MHor 3@DEEB kt ®oppiempBiod 2 c(ayH Th¢ mn?tu&Swas

é}%{lrbd %g% 59 nfeﬂl}tat(efﬁngn;ﬂzgezgug V‘(ﬁéﬁ“rlgbegqﬂ}'cﬁ(%h %ﬁ_«ﬁ‘natography
@SaD@)chlﬁtmIg With 26SNEF-T% el aO&tateltemank to?dive e title compound as

hS hESe T B e e, M50 el e i) S bk 7.04 111, 9),

7 mepditerys& );ﬂl bHsle) 4: §7T(IIPIZ@|JE: 8-c3rdayy deay, Thﬁz 1.4 Hz),

|'e conpound ared from i nternediate
iz?ﬁuéyta 15'-11‘}[{@0787674 HBpk LG8 $IM+H]" caled for C10H7N3F
F@Siﬁ%@@:ﬁi 348320

phenyl) 1H1,2,4-triazol e-3-carboxylic acid nethyl
ester ' H NVR (300 MHz,

Intermediate 65
N
/A
{3
F

(4-Fluoro-2-(1H-imidazo-1-yl)phenyl)methanamine) hydrochloride. The title
compound can be prepared from 4-fluoro-2-imidazol-1-yl-benzonitrile. Yellow solid,
'H-NMR (500 MHz, CDsOD) & ppm: 9.39 (1H, s), 7.98 (1H, d, /= 1.5 Hz), 7.92-
7.89 (2H, m), 7.63-7.59 (2H, m), 4.11 (2H, s). LCMS [M+H]" calcd for CjoH; N3F:
192.09; found: 192.15.

Intermediate 66
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CD3OD) S ppm 9.15 (1H, s), 7.80 (1H, dd, J= 8.8, 5.9
Hz), 7.71 (1H, dd, J= 8.8, 2.6 Hz), 7.46 (1 H, td J=

w@2@)y7/021764 Hz) , 4.19 (2H, s), 4.03 (3H, s). LCMCT/WB1dp§/044320

cal cd for C1,H 2N402: 251.09; found: 251.17. 5

Internediate 60 N--OH NONHCl | ~ NH2 F 10

(1-(2-(Am nonet hyl )-5 fluorophenyl)-1H 1,2, 4-triazol -3

yl ) met hanol hydrochl ori de.

1- (2-cyano-5-fluoro-phenyl)-1H1, 2, 4-tri azol e- 3- car box

ylic acid nethyl ester (3.3g, 13.4mmol) was di ssol ved

in 40nL THE and treated with 26.8nL of 1M LAH in THE

dr opwiss&luore2eld , frdigro- I/ Io2] t@atlba&tZeﬂ)é(@qar)ztrNaZS% solution of
o\ . d_ an tur s st

kB hibaddet, ] dfe & 48503t it Efahydrofuran (8

mtsxmmsdmmhmrﬁmhﬁw €Il kkas Qﬂhéd ﬁ&dmaﬁdnaai@o 33 g, 5%, 14.4

f||t conc resi due i ssol ve

§ the m %Tff’é 2‘5 mnsiTethis wasgddedR, %ﬁ@uorobenzomtrlle
D0GE N4 HMahRd] Er hé OE'P
Sot ggF of 3. 4g) a(nSOt% H}gﬁdtrﬁgdgé%%hd? @ﬁor?%c or 1 e a8 o
RATtHIoBRS hetvecen sthyl acatrie]avr waen morgwscphw w8s ppshed with

4va@e9 anﬁd:rmé'tﬁerﬂgorléé%tr%b h'b Tﬁ% §<?1(§ i?'efuﬁb '&aséﬁdﬁ%eﬁew ﬁ}c@l ethyl

ant@Mexamg to give thertitlhi corap®@hd aBra palé BroMn, soli (02 g, 13% yield).

i op%y]ﬁﬁﬁcycd?)ngwr 74845 () £,33-3-3642H, m), 4.08-4.02
1ML 51 (1, 027 briamy 57 Hoy: Apbail, s 82iner (11, m), 2.44-

JO072 B0 52RO Ao 1k, ) LOVS e catd or

C11H12N2FO;8: 255.28; found: 255.13.

Intermediate 67

3-Fluoro-2-(1, 1-dioxo-1A6-[1,2] thiazinan-2-yl)benzylamine hydrochloride.
The title compound can be prepared from 3-fluoro-2-(1,1-dioxo-1A6-[1,2]thiazinan-
2-yl)benzonitrile. White solid, 'H-NMR (500 MHz, CD30D) 8 ppm: 7.56-7.52 (1H,
m), 7.40-7.34 (2H, m), 4.31 (2H, s), 3.98-3.93 (1H, m), 3.68-3.64 (1H, m), 3.42-3.39
(2H, m), 2.42-2.37 (2H, m), 2.03-1.92 (2H, m). LCMS [M-+H]" calcd for
C11H16N20,FS: 259.09; found: 259.18.
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di acetam de (10.1 g, 100 nmmol; Al drich) in anhydrous
pyridine (100 nL) was stirred in an oil bath heated

w@002a6t7180C under nitrogen for 2 h. After coobPCTyS100&044320

m xture was concentrated in vacuo to dryness, and the
residue diluted with EtOAc (100 nL) was washed wth
water (50 nL), and then with brine (30 nlL), dried
(Na2SO™4), 5 filtered and concentrated to obtain 24.2 g
(90.3 mmol, yield 90% of the title conpound as a
light brown oil: HPLC 1. 59 mn (AP 94% at 220 an);
LOMS mz 270/272 (MH); HNI\/R(CDC13 500 MHz) S
ppm 2.30 (3H, s, 9-M), Jntsymedipte6& | 0-Me), 7.10 -
7.15 (2H, in, 3,5-CH), 7.67 (1H, dd, J 8.5, 5.5 Hz,
6-H); 13C NVR (CDC13, 125.8 Hz) Sppm 12. 4 (9-CH3),

13.8 (10-Me), 116.5 (d J=4 Fz 117 2, 10 (d,
J=24 Hz, 3-CH), 118.9 (d, JNZ'%)HZ , 134.7 (d,
J=8.5 Hz, 6-CH), 137.8 (d,_ Jt10 ke, 2 C) 153. 9

(7-C), 160.9 (8-C), 161.8 Hz, 4-CF); HRVS

(ESI) calcd for CioH oBrF H) 270. 0042, found
270.0048 (S +2.2 ppm. This triazole was al so prepared
in 62%yield from 1-(2-brono-5-fl uoro-phenyl)-

by r o GhoR e TR Serbenif ATRR B2 ' TR

Iéifh(brobenzylmtrlle (2.27 g, 16.3 mmol) and triazole sodium salt (1.33 g, 14 8

b 38 B S Tb (o B A P BRrmak OR DT % dhekea at 85

ngfoﬁ ﬂ-)hfS t Afidsd ddBcarmtion, thePesidud wad piified Wﬂgﬁ‘%t&bmato graphy
un rom, .

is BRERe-v5th 26r YR ey pecats/hrang. nThe splatedpradyqtives

%@y ABNiz6H Fm hdt VT adbtateARxhddfo £RE uYe fitldVorhPur®ishoRlte

used for the 4&@6 ara§| on of 4-fl uoro-2-

ppedes(Ll.51 gJ 5496 ryredeb HrNMR £500aM1 2y CRGL) Sppipt 8.503H, d, J=2.4

c I 2
Hoc 33 URlpr el D Ui b P s e b neFRY b g for
:ﬂ;HsN@M}&le HoutdR18ZDE13, 500 MHz) S ppm 2.45 (3H, s,
11-Me), 2.49 (3H, s, 10- Me), 7.25 (1H, dd, J 8.5, 2.5
Hz, 3-CH), 7.31 (1H, dt, J=8.5, 2.5 Hz, 5-CH), 7.87
(1H, dd, J=8.7, 5.6 Hz, OmtddmedbdeNVR (CDC13, 125.8
Hz) S ppm 12.7 (10-Me), 13.8 (11-Me), 107.1 (d, J=3.8
Hz, 1-C), 114.8 (7-CN) 116.2, (d, r--25 Hz, 3-CH), 30
117.6 (d, J=22 Hz, 5- 5z@»wo(d J--lOHz 6- CH),

1

141.6 (d, J-10 Hz, 2- C)
F\©/\NH2

(3-Fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl)methanamine. The title compound
can be prepared from 3-fluoro-2-1,2,4-triazol-1-yl-benzonitrile. 'H-NMR (500 MHz,
CDsOD) 3 ppm: 9.61 (1H, d, J=2.9 Hz), 8.79 (1H, s), 7.82-7.74 (1H, m), 7.67-7.57
(2H, m), 4.14-4.13 (2H, m). LCMS [M+H]" calcd for.CoH;oN4F: 193.08; found:
193.16.
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66 WD 2007/ 061714 PCT/ US2006/ 044320 (8-C), 161.0
(9-C), 165.0 (d, 3=260 Hz, 4-CF). HRVS (ESI) calcd for

WClbHIePNG  (M+H) 217.0889, found 271.0879 (8- BCBURING/044320

Anal . calcd for Cl11HOFN4: C61.10, H4.19, N25.91;
found C60.78, H3.93, N26.05. 5 Internediate 63
NH2-HCI F ( N..N HCf 4

Fl uoro-2-(5-methyl-1H1,2,4-triazol -1 yl)benzyl am ne
di - hydrochl oride. 10 The title conpound was prepared
in quantitative yield as a white powder (HPLC. 0.52
mn, AP 84% at 220nm) fro

4-f| uor o- 2- (5- net hyl - Ifmémfd’(a\t‘?zgol

yl ) benzonitrile by the hydr ogenati on nethod used for
the preparation of 4-fluorQ-2-

pyrazol - 1-yl - benzyl ami ne hydRochl ori de. An anal yti cal
sanpl e was obtained by rewrgrse phase C 18 col umm
purification (2 mM HQA -H20) ILCMp mz 221 (M+H). 15 1H
NVR (CD30D, 500 MHz) 8 pp (3H, s, 11-Me), 2.77
(3H, s, 10-Me), 4.16 (21%.% 7-CH2), 7.61 (111, dt,
J 8.5, 2.5 Hz, 5-CH), 7.67 (1H, dd, J8.5, 2.4 Hz, 3-
CH, 7.93 (1H, dd, J 8.8, 5.7 Hz, 6-CH). 13H NWR
(CD30OD, 125.8 I\/Hz) Sppm 10.5, 10.7 (10 11- I\/b) 38.2

( " CI_?)Fi 1182 %{JH 1 J..,é-tlg HZ—J_.LI)%nCz:E%z 1%1 Aasus egs%n géz |§|Z

éﬂ@z%enﬂ&ﬁuﬁe (415 J3936 nﬁiﬁol) ZmaQ ﬂwuliﬁﬂe dodidinkalt (3.6 g, 40
( 8 163, J=251 %ESI cal cd
ﬁmﬂm@npme @an&)zwzs heaitihat By h.gTheyreaction

ré %(tw%le%%ﬁt I@Qé(dlg (23)o7rﬁ§%,Q3ashed\a@dh Wake@ X 30

Iﬁu snd BringPHBmAY; thew dndd (M&S@a) filtered andnencgntrated to give a

3R RIS B 05 1

31:4 Eltlfwd raoetdte/Hextaes to dffyid-the tilo npmppiied (2798 g, 486 (vigld)as a white
Stwael B35R (G0 ud coct) &: 8.70 (1H, 5), 8.18 (1H, 5), 7.76 (1H, dd, I =

9.0, 4.8 Hz), 7.55 (1H, dd, ] = 7.3, 2.8 Hz), 7.51-7.47 (1H, m). LCMS (M-+H) calcd

for CoHsFNy: 189.17; found: 189.10.

Intermediate 71

A\
/
AN,N

NH

(5-Fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl)methanamine hydrochloride. A
solution of 5-fluoro-2-(1H-1,2,4-triazol-1-yl)benzonitrile (2.94 g, 15.59 mmol) in
ethanol (100 mL) and 1N HCI (50 mL) was degassed by bubbling N,. Then,
10%Pd/C was added, the flask evacuated and vented to Hj three times and lefton a
Parr shaker under a H; atmosphere (40 psi). After 6 h, the reaction mixture was

filtered, concentrated and the aqueous solution lyophilized to afford the title
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65.4 mmol ) in tetrahydrofuran (30 nL) and
di net hyl formam de (10 nL) was added potassium

wa@aboseri€ (9.95 g, 72 mmol) and the m xture WAST/US2006/044320

stirred for 30 mn at roomtenp. To this was added
2,4-difluorobenzonitrile (10.0 g, 72 mvol) and the 5
m xture stirred at 90 C for 3 h then at roomtenp for
2 days. The m xture was filtered and concentrated and
the residue was purified by flash chronmatography
(Si@2) eluting mﬁth 20% to 70% et hyl acetate/ hexane to

ive the title ite needl e l.1.9,.9%
%P@Paynde MW W&ﬂte@s& S5- @M%r&*ﬁbéa@ﬁw Coff10FNa:
Zg@@ -&Hnddﬁg3ﬂ§ 8 7, 5.6 Hz), 7.37 (1H, t, J="8.7,

), 7.37 (1H t, J= 1 4 Hz), 10 7.29 (1H, t, J=

1.1 Hz), 7.27-7.21 (2H, . LCM5 [ MtH] + cal cd for
C1OH7N3F: 188.058; f oundg; nt er nedi ate 65

NH2 15 F (4- Fi uor o- 2-(](3131t fatrte 72
yl ) phenyl ) net hanam ne) hydrochl oride. The title
conpound can be prepared fr,
4-fluoro-2-imdazol-1-yl-b -Ekpitrile. Yel | ow solid,
"H NVR (500 MHz, CD30OD) S p 9.39 (1H, s), 7.98 (1H
d, J= 1.5 Hz), 7.92 20 7.89 M, 7.63-7.59 (2H,

m, 4.11 (2H, s). LCMS [ M+ caIHd for CLOHL1N3F:
192.09; found: 192.15. Int diate 66 N F CN 25
68 WD 2007/061714 PCT/ US2006/ 044320
3-Fluoro-2-(1, 1-di oxo-126-[1, 2]t hi azi nan-2
y|') benz G-y, ¥-dridkol-#-yEbentdnamilef Al supaisipooofI2fluorobenzylnitrile

- [.1, 2Lt hi azi n-.2- 1..90 14.4 d | ved
Ra0rs, 2o amisp Dty TS ot g By AR D Yo apSd in
StranQdi i) Ayd ainﬁi&hﬁl@or?r@;ﬂde ePen1 b4t 9s ama} 18 ANA frer

the m xture stirred for 20 mn. To this was add

zogligg pnd epnsisataidng. the prodgctwagerystallized framphyt GHzCltz/ihexane (1:1)
t 5

et e S b SO0 ot 2512  DOALHER BN 0 M,

cﬁ‘l@@hb 5ppha§e74/\£i§{ mw(m,ts), 7. 82 (1H, dd, J=4.9,1.3 Hz), 7.77-7.25

(2H, m), 7.57-7.51 (1H, m). LCMS [M+H]" calcd for CoH7N4: 171.06; found:

171.12.

Intermediate 73

g
N/

(2-(1H-1,2,4-Triazol-1-yl)phenyl)methanamine hydrochloride. 2-(1H-1,2,4-
Triazol-1-yl)benzonitrile (4.25 g, 25 mmol) was dissolved in ethanol (50 mL) and 1N
HCl1 (25 mL). 10% Pd-C (1 g) was added and the mixture shaken under H, for 2 h at
50 psi. After filtration through Celite® and concentration, the residue was triturated
with diethyl ether and the title compound was collected as a white solid. (3.94 g, 75%
yield). 'H-NMR (300 MHz, CD;0D) & ppm: 9.01 (1H, s), 8.32 (1H, s), 7.78-7.64
(4H, m), 4.15 (2H, s). LCMS [M+H]" caled for CoH;1Ny4: 175.09; found: 175.17.
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wat er and brine then concentrated. The solid residue
was triturated with 1:1 ethyl acetate/hexane to give
wo b@7st7hie€ conpound as a pale brown solid (0. 4FCTUSH86/644320
yield). "HNWR (500 MHz, CDC13) 8 ppm 7.47-7.45 (1H,
n, 7.32-7.36 (2H, m, 4.08-4.02 10 (1H, m, 3.57 (1H
td, J=13.0, 3,7 Hz), 3.40-3.34 (1H m, 3.32-3.27
(1H, m, 2.44- 2.32 (2HF, m, 2.04-1.97 (2H, m,
1.90-1.84 (1H, m. LCVS [ MH + cal cd for
C11H12N2FQ2S: 255. 28; found: 255.13. Internedi ate 67
15 O N NH2 3-Fl uoro- 2-(]T 1-di xo-,} 6-[1, 2] t hi azi nan-2
yl ) benzyl am ne hydrochl or'f® Bfe/titl e compound can
be prepared from 3-fluoro-2-(1, 1-di oxo-12
6-[1, 2] thiazi nan 20 2- yI)benz nitrile. Wiite solid,
"H NVR (500 MHz, CD3OD) 6 p /.56-7.52 (1H, ),
7.40-7.34 (2H, n), 4.31 ( Fp R 3.98-3.93 (1H, m,

3.68-3.64 (1H, m, 3.42-3. (2H m, 2.42-2.37 (2H
nm, 2.03-1.92 (2H, m. LCNB hpalcd for
Cl1H16N2Q2FS: 259. 09; found: .18. 69 WD 2007/061714

PCT/ US2006/ 044320 Intermediate 68 n-N N,, N F ~ CN
5 3-F‘Iuoro 2-1,2,4-triazol -1 yl-benzonitrile.

o ) B 1 Broxg St benzy P gt 3&4215%3%%@1%0 675 g,
St hiy, 3504 d)%@hdd@d d-h s8RMiofiorat lhbﬂofx@[lmﬂhdﬁnﬂﬂé)O@

was stirre or 4 h. After. concentration,

TP R %va%thwm%@ew mlagndthe BsREF AL re@mdgpperamre
gbHt s Hﬂn . Fﬁo?&éé@nﬁrﬁ% Ry 373RE! Bt RS Vs adB&] and tr1]1§ Imxxture

i sol at ed Qro uct was 10 recrystallized from hot et
stizedebdhekdorcld b dheenixhue was ceolednpibuiedi with watet and extracted

%gi%gktgﬂséc% a?%' 'glae éﬁgié‘h)? @lagé Wag' %a% &JEQQva'}@Zand%%%eﬁ dried
(Na;SO4) and concentrated. The residue was purified by flash chromatography
(8i0») eluting with 10%-100% ethyl acetate/hexane. The isolated solid was
recrystallized from hot ethyl acetate/hexane (2:1) to give the title coﬁpomd as white
crystals (4.15 g, 70% yield). '"H-NMR (300 MHz, CDCl3) & ppm: 7.70 (1H, dd, J =
7.7,1.1 Hz), 7.64-7.53 (2H, m), 7.41 (1H, td, J=7.3, 1.6 Hz), 3.72 (2H,t,J=5.5
Hz), 3.32 (2H, t, J = 6.0 Hz), 2.40-2.32 (2H, m), 2.05-1.97 (2H, m). LCMS [M+H]*
calcd for C; }H;2N>0,8S: 237.06; found: 237.10.

Intermediate 75

' "N
o

2-(1,1-Dioxo-12°-[1,2] thiazinan-2-yl)benzylamine hydrochloride. 2-(1,1-
Dioxo-1A%-[1 ,2]thiazinan-2-yl)benzonitrile, (2.63 g, 11.14 mmol) was dissolved in
ethanol (150 mL) and 1N HCI (13 mL). 10% Pd-C (0.5 g) was added and the
mixture shaken under H; at 55 psi for 24 h. Filtration through Celite® followed by
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Hz), 825 (1 H, s), 7.69-7.67 (1 H m, 7.60-7.57 (2H,
m. LCVMS [ (MH] + calcd for COHEMNAF: 189.16; found:

wasazadr714d5 Internediate 69 \\ N N N | F NHZPCT/US2006/044320

(3-Fluoro-2-(]H1,2,4-triazol -1-yl ) phenyl ) net hanam ne.
The title conpound 20 can be prepared from
3-fluoro-2-1,2,4-triazol -1-yl -benzonitrile. 1H NWR
(500 MHz, CD3OD) S ppm 9.61 (1 H d, J = 2.9 Hz),
8.79 (1 H s), 7.82-7.74 (1 H m, 7.67-7.57 (2H, m,
4.14-4.13 (2H, m). LCMS [M+H] + cal cd for. COHLOMNAF:
193.08; found: 193.16. 70 WD 2007/061714

POTIUBL0EADE dBAT1e Gompaundds s whirpsqlid @93 & %% vield). 'H-NMR

(gb(gi{&ﬁz J(gbigpém“g‘eﬂ 929 af, W) E’%B%Qﬁl(érfjl 93. 7AHZ)33 96-3.87

PENsi on urobenio itrile
(VED b)), 3,49-313 R (34, tm), 2z411-2.33 (@HUmM)s206-1(% @Hy mnaLCMﬁdiMm]

oL, ya ( heated at 80 C for 15
el G e B ol Fei 218, oo ed, diluted with
CH2C1 2 (200 nL), washed with water (3 X 30 nL) and
brine (30 nmL), then dried Na28042? filtered and
concentrated to give a 1BHRIHEEOi d which was
purified by flash colum chromat ography (Si Q2) using
1:1 to 3:1 ethyl acetate/Hexanes to afford the title

conpound (2.98 g, 49% yi el d) as a white powder. '"H
NMR (500 MHz, CDC13) S: 8. @XH\ Nﬁ% 8.18 (1H, s),
7.16 (IH, dd, J = 9.0, 4. ;Iﬁg 7.55 (1H, dd, J =
7.3, 2.8 Hz), 7.51-7.47 K1H . LCVs (M+tH) calcd for
COH6FN4: 189.17; found: 189.10. 15 Internediate 71

(3,5-Difluoropyridin-2-yl)methanamine hydrochloride. A mixture of 3,5-
difluoropicolinonitrile (1.4 g, 10 mmol), conc. HCI (12 ml) and 10% Pd-C (200 mg)
in 1:1 ethanol/tetrahydrofuran was shaken under a hydrogen atmosphere (50 psi) for
5h. The reaction mixture was filtered and the ethanol removed in vacuo. The
remaining solution was lyophilized to afford an off-white solid (2.16 g, 100% yield).
LCMS (M+H) calcd for C¢H7F,N3: 145.06; found: 145.12. ’

Intermediate 77

(5-Chloropyridin-2-yl)methanamine. A solution of 5-chloropicolinonitrile
(3.8 g, 27.43 mmol), conc. HCI (3 mL) and 10% Pd-C (1.0 g) in ethanol (100 mL)
was shaken under a hydrogen atmosphere (40 psi) for 2h. The reacfion mixture was
filtered, concent:rated and the resulting residue taken up in satd NaHCOQOj3 (50 mL) and
extracted with CH,Cl, (4 X 25 mL). The combined CH,Cl, layers were dried
(Na;S0y), filtered and concentrated to give the title compound as a yellow oil (2.0 g,
51% yield). LCMS (M+H) calcd for CsHgCIN,: 143.04; found: 143.07. "HNMR (500
MHz, CDCl;) § ppm: 8.56-8.51 (1H, br d), 7.66-7.60 (1H, m), 7.28-7.14 (1H, m),
3.97 (2H, s), 1.72 (2H, s).
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", N'" N2 F 20 (5-Fluoro-2-(I1H1,2,4-triazol -
yl ) phenyl ) met hanam ne hydrochl oride. A solution of

wa200706r704 2- (1H 1, 2, 4-triazol - 1-yl ) benzoni tri | BC/RSBH6/044320

g, 15.59 mmol) in ethanol (100 nL) and 1IN HCI (50 ni)
was degassed by bubbling N2. Then, 10%’dJC was added,
the flask evacuated and vented to H2 three tines and
left on a Parr shaker under a H2 at nosphere (40 psi).
After 6 h, the reaction mxture was 25 filtered,
concentrated and the aqueous solution |yophilized to
afford the title 71 WO 2007/0617 PCT/ US2006/ 044320
conpound (4.07 g, 98% adP%S"REHEE Bowder. LOMS (MrH)
cal cd for COHIOFN4: 193.09; found: 193.15.

Internediate 72 5 N N N -(]H1,2,4-Triazol -1
yl )benzonitrile. A suspensi Bf | uor obenzylnitrile
(3.0 g, 25 nmol) and 1, 2, g:i\le sodiumsalt (2.4

n 10 t

g, 27 mml) were stirred rahydrofuran (7 ni)
and di et hyl f or mam de (14 m) at 95 C for 18 h. After

cool i and con t| n t he uct was

cryst (qrfg’d”'fﬁ’ % %’H’ fag\g"(af .ppysed;throggh) @ mpirfure of 5-
tflhb&@zgﬁgmgmeﬂz@ﬁt%%gm 513%321' 1i Iﬂn{oci) ABY (4119080 zazechﬂbox) and

" H NMVR 74 (1H, s)

AdBN @5 gy1gmmalyyin G ls 85545 4“18) fpr éOIfEI)“ aﬂfﬁf whwiﬂ t@s rea(cfzpp was
meatea a’c517eﬂ11x5f$r Q:hH Amr stelﬂ@ll\@ &t%bﬂn"‘teﬁ?@ﬁaﬁu@ %e@{lﬁ Nhe reactlon
06; found I'nt er nedi a )
mlxture was filtered and the ﬁlter cake washed with CCL (500 mL). The combmed
filtrate was evaporated to give a yellow oil. Flash chromatography (Si0;) using 5-
25% ethyl acetate/Hexanes as eluent afforded the title compound (29.74 g, 66%
yield) as a pale yellow oil. '"H NMR (500 MHz, CDCl3) 8: 7.55 (1H, dd, J = 8.6, 5.2

Hz), 7.37 (1H, dd, J = 7.9, 2.8 Hz), 7.32-7.28 (1H, m), 4.61 (2H, s).

Intermediate 79

2-((1,3-Dioxoisoindolin-2~yl)methyl)-5-fluorobenzonitrile. To a stirred
solution of intermediate 104, 2-(bromomethyl)-5-fluorobenzonitrile (29.72 g, 139
mmol) and phthalimide (32.69 g, 222 mmol) in dimethylformamide (300 mL) was
added Cs,CO3 (67.87 g, 208 mmol). After stirring vigoroﬁsly for 1 h, the reaction
mixture was poured into water (1.2 L). The precipitated product was filtered, washed
with water (600 mL) and methanol (150 mL) to give a white solid. The solid was
taken up into 1L of water/methanol (2:1) to which was added K2CO; (12 g) and the
mixture stirred at 40 °C. After 30 min., the mixture was cooled and filtered. The
filter cake was washed with water (500 mL) ,and dried under vacuum to afford the
title compound (38.91 g, 94% yield) as a white powder. "H NMR (500 MHz, CDCls)
5: 7.89 (2H, dd, J = 5.5, 3.1 HZ), 7.76 (5.5, 3.1 Hz), 7.41 (1H, dd, J = 8.6, 5.2 Hz),
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(2-(]H1,2,4-Triazol -1 yl)phenyl ) nmet hanam ne
hydrochl oride. 2-(1H 1,2,4- Triazol-1-yl)benzonitrile

W@ 20025614 25 nmol ) was di ssol ved i n et hanol (5BCTI¥20861044320

IN HA (25 nmL). 10% Pd-C (1 g) was added and the

m xture shaken under H2 for 2 h at 50 psi. After
filtration through Celite(r) and concentration, the
residue was triturated 25 with diethyl ether and the
title conpound was collected as a white solid. (3.94

g, 75% yi eld). "H NWR (300 MHz, CD30D) 6 ppm 9.01

(1H, s), 32 (1H, s), 78-7. 64 £4H I—% 4,15 (21-1
538 (LIEME, Pﬁﬂ@#@éﬂzﬂdm&(lﬁs}ﬂliﬁ@ 128 H; 5-PB 2, 5)- LCMS

(1:}‘% Perfdatod for W, AOGNRB1 70 RATLAPAG/5044320

ate
-(1, 1-Di oxo-12, 6-[ 1, 2] t hi azi nan- 2 yl )benzonitrile.
Sodi um hydride (0.675 g, gﬁ“ g099%) was added to a
solution of 1, 1-dioxo[1, BT I azl nane (3.37 g, 25

mol ) in di rrethylforrram de (35 m_) and the m xture

stirred at roomtenpera 5 mn.

2- Fl uorobenzonitrile (3 3 nL 3 3 nnDI) was added
and the m xture stirre 18 h. The m xture
was cooled, diluted wt er an racted 10 with

et hyl acetate. The orBaniC phase vvas washed with water
and brine, then dried (Na2SOQ4) and concentrated. The
residue was purified by flash chromatography. (Si 0%8

el uti F-RHOR 210we oy erhenzy kesbarern &%ﬁeenﬂ%(’ 2-((1,3-

HRIbAbA ;ioﬁﬂ.ﬂ-ﬁ)e?@alfw SHARRhLbA RS G npms{dgyoun

acet at e/ hexane to give e tlt e CO

dimathylfameside €24 ml)gvay wagwdpingil é)wasidissglred éfmthwas added

o gg%?g@&rx[@ e he Seeprb el if alusd gl (70 5) ol bath.

Hyﬁfaz(r%HnoﬁohyBr&te Svds added to fBu&”:éhd(tﬂHreatctloﬂ stified fdﬂz& h. The

2- ( Ha ] 2 0 - .
Eiat D g i DA g58 3 Tpiehb eTsghte ySght 10 fhis slurry was
had&y diReitdutyldivarbhald (6055 g, 30 mmol) and the mixture stirred for 6 h at
room temperature. The reaction mixture was diluted with ether (100 mL), filtered
and the filtrate treated with activated carbon at 40 °C. Afier filtration and

concentration the crude product was purified by flash chromatography, using 20-30%
ethyl acetate/Hexanes as eluent, to provide the title compound (2.88 g, 58% yield) as

a light yellow powder. "H NMR (500 MHz, CDCl) &: 9.46 (1H, brs), 7.61 (1H, dd, J
=7.9,2.1 Hz), 7.34 (1H, dd, I =8.2, 4.6 Hz), 7.22 (1H, td, ] = 8.6, 2.4 Hz), 4.71 (2H,
s), 1.59 (9H, s). LCMS (M+H) calcd for C3H;6FN202: 251.12; found: 251.22.

Intermediate 81

CN
F

2-(Aminomethyl)-5-fluorobenzonitrile trifluoroacetic acid salt. A round-

bottom flask was charged with tert-butyl 2-cyano-4-fluorobenzylcarbamate, (1.9 g,
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NH2 2-(1, 1 Dioxo-1 %-[1,2]thiazinan-2 yl)benzylam ne
hydr ochl oride. 2-(1,1-

wor@ro617X4 6- [ 1, 2] t hi azi nan-2-yl ) benzonitril e, PCT/6S2096/044320

11.14 mol ) was dissolved in 25 ethanol (150 nL) and
INHA (13 nL). 10% Pd-C (0.5 g) was added and the

m xture shaken under H2 at 55 psi for 24 h. Filtration
through Celite(r) followed by 73 WO 2007/061714

PCT/ US2006/ 044320 concentrati on gave the title
conpound as a white solid (2.93 g, 95%yield). 'H NWR

(7%@3 %13&%@%(?&2@5%@&% gp‘%l&‘égb T@ % régx%qglh%l;}r%mre
Z\fds@ 1%, e feaétiomnixtBredFad c@efiied 09 gwb@l\x@llpﬁwcbﬂ} which was
alc for H17 S02: 24 o
AR e B SHEN T oo i 1S40 8 FolPoptd 2 91 &, 100%
yie)ldh)adswnaayﬂeo\hydﬁ@dm:m @e+rHAcatcd forr@GHWFNS; 551.07; found:
3i;lg$ropicolinonitrile (1.4 g, 10 mmol ), conc. HO
22081 ) and 10% Pd-C (200 ng) in 1:1
et hanol / t et rahydr of uran was shaken under a hydrogen
at nrosphere (50 psi) for 5h. The reaction m xture was
filtered and the ethanol Mmrd¢diats $2 vacuo. The

remai ni ng solution was |yophilized to afford an
off-white solid (2.16 g, 100%yield). 15 LCV5S (M-H)

cal cd for C6H7F2N2: | 45%% WH145. 12.

Internediate 77 NH2 N Zoéag;zﬁfgﬁopyridin-z

yl') met hanam ne. A sol uti ofi o™ 5-&hl oropicolinonitrile
(3.8 g, 27.43 mol), conc. HAO (3 nL) and 10% Pd-C

(1.0 g) in ethanol (100 nL) was shaken under a

hydr ogérf-Rilmompkefleofatthens))nethanaine. Fheolnder of 2A-dibromo-4-

piL Scx:;r%hj %z%‘gﬁx%epfﬁﬁg %,[ f%%ﬂ%?gﬁ%&dﬁgvas%%g{ed 09 sealed
tube at 100 °C for 2 h. The reaction mixture was cooled and concentrated to give a
white solid which was dissolved in CH,Cl, and treated with Et;N (1 mL) then
concentrated. The resulting residue was triturated with ethyl acetate (25 mL), filtered
and concentrated to give the title compound (0.291 g) as a pale yellow oil. HRMS
{(M-+H) calcd for CtH7BroFN: 283.94; found: 283.93.

Intermediate 83

NH2
F

2-(Aminomethyl)-5-fluorobenzenamine hydrochloride. 2-Amino-4-
fluorobenzonitrile (Fritz Hunziker ef al. Eur. J. Med. Chem. 1981, 16, 391) (0.300 g,
1.68 mmol), was dissolved in acetic anhydride (5 mL) and the solution was stirred at
23 °C for 18 h. An additional portion of acetic anhydride (3 mL) was added to
dissolve the N-(2-cyano-5-fluorophenyl)acetamide. Then palladium (10% on
charcoal) (25 mg) was added and the mixture was agitated under Hj (34 psi) for 72 h.

The Pd-C was removed by filtration on Celite® and the filtrate concentrated in vacuo
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25 extracted wwth CH2C12 (4 X 25 nL). The conbi ned
CH2C12 | ayers were dried (Na2SO4), filtered and

waoencentmat ed to give the title conmpound as a PET/ISW06/044320

oil (2.0 g, 51 %yield). LCVMS (M-H) cal cd for
C6HBCLIN2: 143.04; found: 143.07. 1HNWR (500 MHz,
CDC13) 6 ppm 8.56-8.51 (1H, br d), 7.66-7.60 (1H, m,
7.28-7.14 (1H, m, 3.97 (2H, s), 1.72 (2H, s). 74 WO
2007/ 061714 PCT/ US2006/ 044320 Intermediate 78 F CN 5
2- (Brononet hyl ) - 5f | uor obenzonitri le. N2 was passed

hr hamxtur | ugr,o- 2- net hyl benzonitrile
E‘&%@%*% is-prqtapidy: ;iCl\@sf}’{ Zg2252 B8P reatrd at veflmy with
(“12315(6&, 1051]1])"[@1: 30 infin CGhé a@ﬁi‘l@ame)méﬂ:ﬂ u]a@eﬂ"@eﬁu@efdt ﬁ‘r%ssure to give

ch the reaction was heated at reflux for

Aﬁ?léﬁi whichwpheryaallized fram MepHrether twéﬁorfi gmtltlet mpound (0.120

BRI HAMIE B M 8k 03 G . B B8t m. 420

(&3, Yvaporated to give a yellow oil. Flash

chromat ography (Si 02) using 5- 25% et hyl

acet at e/ Hexanes as eluent afforded the title conpound

(29.74 g, 66% vyield) as Iatgpalediage®4 ow oil. 'H NVR

(500 MHz, CDC13) & 7.55 (1H, dd, J = 8.6, 5.2 Hz),

7.37 (1H, dd, J =7.9, 2.8 Hz), 7.32-7.28 (1H, m,

4.61 (2H, s). 15 Internediat® ¥9 CNO NF O 2-.

((1, 3-Di oxoi soi ndol i n-2 yb 1)-S

fl uorobenzonitrile. To a stiryed 2 sol ution of

internmedi ate 104, 2-(bronong 25-fl uorobenzonitrile

(29.72 g, 139 mmol) and p m de (32.69 g, 222

mrol ) in dinmethylformani dé” (300 nL) was added Cs2CO3

(67.87 g, 208 nmol ). After stirring vigorously for 1

h, the reaction mxture was poured into water (1.2

L) . THeFpwoseilplrauoprofidiuéyNeszonitriler AdiS mbgimessure vessel
§

Al Bl Mo Br FER L0000 o0 by 2 B Bitnone 0.46

v, & 0 Gremneih T s2C2s (3.28 @, R mmmh@maeummeg 5(-12 g)

%ﬁgcthh y V\gﬂ&%@ %%)gatnlthéél%g %%tg a%)_]’lﬁ‘ﬁ tg?() 48 mmoﬂ ih dloxane (6 mL) |

was degassed with argon for 15 min. Pd,dba; was introduced and the reaction

mixture heated at 105 °C for 48 h. The mixture was cooled, diluted with ethyl
acetate or dioxane, and then filtered through Celite®. The resulting mixture was
concentrated in vacuo and subjected to column chromatography on silica gel with
hexanes:ethyl acetate (3:7) gradient as the eluent to afford the title compound as a
white solid (0.887 g, 87% yield): "H NMR (400 MHz, CDCl;) & ppm: 7.69 (1H, dd, J
=5.8,8.6 Hz), 7.22 (1H, dd, J = 2.5, 9.6 Hz), 7.07 (1H, ddd, J = 2.5, 7.6, 8.6 Hz),
3.96 (2H, t,. J = 7.0 Hz), 2.62 (2H, t, ] = 8.1 Hz), 2.30-2.22 (2H, m); LCMS (" ESL,
M+H") m/z 205.
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filter cake was washed with water (500 niL) and dried
under vacuumto afford the title conpound (38.91 g,

wO4edrwoEh4d) as a white powder. 'H NVR (500 MHzPCTZDEH8§/044320

10

15

20

8: 7.89 (2H, dd, J =5.5, 3.1 H?), 7.76 (5.5, 3.1 Hz),
7.41 (IH dd, J = 8.6, 5.2 Hz), 75 WD 2007/061714

PCT/ US2006/ 044320 7.38 (1H, dd, J= 7.9, 2.8 Hz), 7.24
(1H, td, J =8.2, 2.8 Hz), 5.06 (2H, s). LCM5S (MtH)
cal cd for Cl6H, oFN202: 281.07; found: 281.15.
Internmediate 80 5 CNO J~~~fff HO F tert-Butyl
3_?¥??g_4 fIuorobenzylcarP%g%kduuesguspenS|on of

di oxoi soi ndol i n-2-yl ) et hyl )-5-fl uor obenzonitrile,
(5.6 g, 20 mol) in 10 di nethyl formam de (20 nL) was
warmed until it was dissol vgd. Yo this was added
tetrahydrofuran (100 nL) a m xture placed in a
pre-heated (70 C) oil batf  Yydrazjne nonohydrate was
added to this and the reacti fred for 8 h. The

B added

resulting white slurry was | at anbi ent tenperature
overnight. To this slurryrfa
di -tert-butyl di carbonate (6.55 g, 30 mmol ) and the
m xture stirred for 6 h at 15 roomtenperature. The

r eact IMM@%T-ME-OW @zdizutﬁﬁl)mﬁzbnmke MHMR (IZLOQMHZ CDCL) &
filtered and t trate treated with acti vate

PR’ bl Iiodctl ﬂ? t7 BT 7 ét‘f’o@ﬁ gt mk JREdE: é‘fir i1 2.4, 9.0 Hz),

thes errude prgemg,m ot {1i-ed 30y, bashy .95 (4H, m); LCMS (" ESI,
chro%gto ra ngng(go 30% etH?f acetaté/kﬁ?gnes as(F

éﬂﬁ@hinﬂ¥alg{OV|de the title conpound (2.88 g, 58%
yield) as a light yellow powder. 1H NWVR (500 MHz,
CDC13) 6: 9.46 (1H, br s), 7.61 (1H, dd, J 20 = 7.9,
2.1 Hz), 7.34 (1 H dd, Jintegocliata86 Hz), 7.22 (1H,
td, J = 8.6, 2.4 Hz), 4.71 (2H, s), 1.59 (9H s).
LCVMS (M+H) cal cd for C, 3H 6FN202: 251.12; found:

251.22. Internediate 81 CSgTH?>
N
F

4-Fluoro-2-(2-oxoazepan-1-yl)benzonitrile. '"H NMR (400 MHz, CDCl) &
ppm: 7.68 (1H, dd, J=5.8, 8.6 Hz), 7.08 (1H, ddd, J =2.5, 7.6, 8.6 Hz), 7.01 (1H, dd,
J=2.5,9.0 Hz), 3.77-3.76 (2H, m), 2.75-2.72 (2H, m), 1.91-1.86 (6H, m); LCMS (*
ESI, M+H") m/z 233.

Intermediate 87
O)\ N s

joud
F
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F& 25 2- (Am nonet hyl ) -5-fl uorobenzonitrile

truoroacetic acid salt. A round- bottomflask was
webargediw th tert-butyl PCT/US2006/044320

2- cyano- 4-fl uorobenzyl carbamate, (1.9 g, 76 WO

2007/ 061714 PCT/ US2006/ 044320 7.591 mmol ) then

treated with trifluoroacetic acid (20 m) at room

tenperature. After 1 h, the reaction m xture was

concentrated to give a yellow oil. which was

di ssolved in CHC13 and re-concentrated to afford the

LLHSI&Z%E%?'“ tficaplim PO eaisarimide, " FMR o M

B bt emeadvgt(ﬁﬂ%) 1352 hiH2 (151 ﬁl) 740- 2707 (1, m), 3.42 (0.6H,
2 5 Di bro fluoroph yl ) met hanam ne. utio
&mé %ﬁ%(%f%l, 2. 2f32lﬁ9r@!5aeb¥2)y 1.9 r@its); (WW@SIJMhHJD m/z 193;
thi@de # s heated in a sealed tube at 100 C
for 2 'h. The reaction mxture was cool ed and
5 concentrated to give a white solid which was
di ssolved in CH2C12 and t 9 ﬁ”#éq Et3N (1 nL) then
15 concentrated. The resu g P&sTue was triturated
with ethyl acetate (25 nL), filtered and concentrated
to give the title conpound (0,291 g) as a pale yellow
oil. HRMS (MtH) cal cd fo@ Br 2FN:. 283. 94; found:
283.93. Internediate 83 20 NHR, F ~
2- (Arni nonet hyl )-S fl uorobe Ane hydrochl ori de.
2- Ami no-4- fluorobenzonitri Fritz Hunzi ker et a
Eur. J. Med. Chem 1981, 16,~391) (0.300 g, 25 1. 68
nmol ), was di ssolved in acetic anhydride (5 nL) and
the solution was stirred at
10 2-(2-Oxoazetidin-1-yl)benzonitrile. '"H NMR (400 MHz, DMSO0-dg) 8 ppm:

8.02 (1H, d, J=8.4 Hz), 7.76 (1H, dd, J = 1.5, 7.8 Hz), 7.69-7.65 (1H, m), 7.23 (1H,
5), 4.04 (2H, t, ] = 4.8 Hz), 3.16 (2H, t, J = 4.8 Hz). LCMS ('ESI, M+H") m/z 173.

Intermediate 89
O
AP
f //, N

2-(2-Oxooxazolidin-3-yl)benzonitrile. '"H NMR (40.0 MHz, CDCl3) & ppm:
7.71 (1H, dd, J = 1.5, 7.6 Hz), 7.68-7.63 (1H, m), 7.58 (1H, d, T =17.6 Hz), 7.38 (1H,
20 dt,J=1.3,7.6 Hz), 4.57 (2H, t, ] = 7.8 Hz), 4.21 (2H, t, J = 7.8 Hz); LCMS (* ESL,
M+H") m/z 189.

15
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23 Cfor 18 h. An additional portion of acetic

anhydride (3 nL) was added to dissolve the
WOR{2/06aho- 5- f | uor ophenyl ) acet am de. Then pal PEmUSIMG6/044320

(10% on charcoal) (25 ng) was added and the m xture

was agitated under H2 (34 psi) for 72 h. The Pd-C was

renmoved by filtration on Celite(r) and the filtrate

concentrated in vacuo 77 WD 2007/061714

PCT/ US2006/ 044320 to afford a bis-acetam de: LCMS

(MtH) + mlz 225. This was heated at reflux with HC

(6N, 10 nL) for 30 mn. s renoved under
reduced pressure to giveﬁﬂﬁngﬁkg%ﬁghlch was

crystallized from MO+ ether to afford the title
conpound (0.120 g, 51 %yield). ' H NVR (400 Mz,
MeOD) S ppm 7.51 (1 H m,/6.96(2H, m, 4.20 5 (2H
s). Internmediate 84 o 4 ONN0JC5_ ~~ F 10

4- Fl uor o- 2- (2- oxopyrrolidin-1yl nzonitrile. A 48 nL
pressure vessel containing
2- br ono- 4- fluorobenzonltré .00 g, 5.00 nmol),

2-pyrrolidinone (0.46 ni, 6.00 nmmol), Cs2CO3 (2.28 g,
7.0 mmol ) and 9, 9-di net hyl - 4, 5-

s DI s(aLpheny! phosphi no) kant hepe LxantRn o5 ksl 3o vessl

SS@ARinp@- blb%aumuo?daahaalm&s(l iootg, acnmamcana dsmohdone (0.390

Bt et e Bl End seRpho QAL D 49 mmoD in

8ioR%:3@0 ADPwhE aagafslséd ﬁitﬁ@rgdiﬂwgb nfial Pagibe) go meg 0.15 mmol)
resul ti ng m Xture was concentrated in vacuo

wabjrdraduded epdiBEn the CREIMIGHHENYS knted 470 %@r 1§k nTbe
10 pee&%\%t,Méd Akl Sith %1(7)9%9 rﬁﬁ' tﬁ&ji ﬁﬁ&eﬁ Qﬁroﬁbﬂ @Hlté@’ The

’I'e conpound as a te solid (0.
gasuﬁmg)mnxehrd was' delnma(cem@z Wiz amwlayctsl bpmlumnﬁg

;;ér)omago gp‘]ltyl_ ssigg% ge tﬁ%):jéane&}%éxyﬁ éd‘é tHg 1‘} t%(32%)5 élareﬁt as the

tluenthtoafford tdztitle é’olﬁﬁodrﬁ:l-hs 4 while solg! . 4@9 2, BB QLeZd)ZZ-I NMR
i4odM'Hz CD%I\igs)épp 273 Md iz €% Hz), 7.43 (1K, dd, 1 =2.5, 9.6

15 Hz),7.11 (1H, ddd, 1 =2.5, 7.5, 8.7 Hz), 4.60 (2H, t, ] = 7.1 Hz), 4.29 (2H, , T = 7.1
HJz); LCMS (" ESI, M+H") m/z 207.

Intermediate 91
(3
N0
F

3-(2-(Aminomethyl)-5-fluorophenyl)oxazolidin-2-one hydrochloride. 'H NMR
(400 MHz, MeOD) & ppm: 7.73 (1H, dd, J =6.0, 8.6 Hz), 7.43 (1H, dd, J =2.5, 9.5
Hz), 7.11 (1H, ddd, J = 2.5, 7.5, 8.6 Hz), 4.64 (2H, t,J = 7.7 Hz), 4.17°(2H, 1,1 = 7.7
25 Hz), 4.14 (2H, s); LCMS ( ESL, M+H") m/z 211.

20
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78 WD 2007/ 061714 PCT/ US2006/ 044320 Internediate 85 ~
ONN J6_'~~F 5

wWd 2007061704 2- ( 2- oxopi peri di n-1-yl ) benzonitril e. PCHUNNMRG/044320

(400 MHz, CDC13) 8 ppm 7.71 (1H, dd, J =5.7, 8.7
Hz), 7.14-7.06 (1H, m, 7.08 (1H, dd, J = 2.4, 9.0
Hz), 3.65 (2H, t,. J =5.7 Hz), 2.60 (2H, t, J = 6.3
Hz), 2.05-1.95 (4H, n); LCM5 ("ESI, MtH+) nmlz 219. 10
Internmediate 86 O rN F 4-Fluoro-2-(2-oxoazepan-1
yl)benzonitrile. 'H NNR (400 MHz, CDClS) 8 15 ppm
7.68 (1 H dd, J = %} 08 (I H, ddd, J =
2.5, 7.6, 8.6 Hz), 7 01 ?&teﬁm gte92) =" 2.5 9.0 Hz),
77-3.76 (2H, m), 2.75-2.72 (2H, m), 1.91-1.86 (6H,
LCVMS (} ESI, MHH ) mz 233. Internediate 87 20
~NN j( ~F 79 WO 200 614 PCT/ US2006/ 044320
Cyano- 5-f | uor ophenyl) - hphethylacetan1de "H NMR

2-
(400 MHz, CDC13) 6 ppm. 7.79 (1H, n), 7.32-7.19
(1H, m, 7.10-7.07 (1H m), 2 UeH

F

4-Fluoro-2-(2-oxoazetidin-1-yl)benzonitrile. '"H NMR (400 MHz, CDCls) &
ppm: 8.06 (1H, dd, J = 10.7, 2.6 Hz), 7.58 (1H, dd, J = 8.6, 6.3 Hz), 7.87 (1H, td, T =
8.6, 2.5 Hz), 4.25 (2H, t,J = 5.0 Hz), 3.26 (2H, t, ] = 5.0 Hz); LCMS (* ESI, M+H")
m/z 191.

Intermediate 93

=0

N

F

1-(2-(Aminomethyl)-5-fluorophenyl)azetidin-2-one hydrochloride. '"H NMR
(400 MHz, DMSO/D20) & ppm: 7.54 (1H, dd, (t), J = 8.6 Hz), 7.25 (1H, dd, J = 10.8
2.5 Hz), 7.17 (1H, td, = 8.6, 2.5 Hz), 4.12 (2H, 5), 3.79 (2H, t, J = 4.6 Hz), 3.09
(2H, t, ] = 4.6 Hz); LCMS (" ESI, M+H") m/z 195.

s

Intermediate 94

/ é
Oﬁ(j"r//O-S\
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brs), 3.30 (2.4H, s), 2.32 (0.6H, brs), 1.91 (2.4H
s); LCMS (+ESI, MrH+) nmfz 193; HPLC 94% (220 nm. 5
wo pdoeioedi ate 88 o==<'~ N N 10 PCT/US2006/044320
2-(2- Oxoazetidin-1-yl)benzonitrile. "H NVR (400 MHz,
DMSO-d6) S ppm 8.02 (1H, d, J = 8.4 Hz), 7.76 (1H
dd, J = 1.5, 7.8 Hz), 7.69-7.65 (1H, m, 7.23 (1H
s), 4.04 (2H, t, J = 4.8 Hz), 3.16 (2H, t, J = 4.8
Hz). LCMS ("' ESI, MrH+) nmiz 173. Internediate 89 15
23 N 2-(2-Oxooxazolidin-3 yl)benzonitrile. "H NWR

400 : 3) S, ppm L1 (1H, w J =1.5. .76

oy Ybg- G R Rt ey ool 150 4o

{létbkobiﬁzﬁﬁt{glé_i iIENISiR (196 é‘%’i cﬂ%}\gﬁ%ﬁ% |68 éuf/,}F <I¥_<?k, )8 = n;.s, 8.8

4 , = 7. : + : z

bb 7. 80 Clip Sb3 77 5619 HRCH LS00/ b.an Ao96-1 4R 44 HetiDiad 85C2H,
q ) iy b i Y-

IR SR TR R 2 S B on iy 0 o

5 D.08r(3Ho SH 904 BoshE6ME (| FSL MBD /2 150 mol ).

2- oxazol idone (0.390 g, 4.50 mmol ), K2C03 (0.970 g,

7.0 mol ) and xantphos (0.231 g, 0.40 nmol) in

di oxane (10 nL) was degadstedmediate @ gon for 15 min.

Pd2dba3 (0.140 g, 0.15 mmol) was introduced and then
the reaction m xture was heated at 70 C for 18 h. The

10 m xture was cool ed, di ed with ¢f oxane, and then
filtered through Celitgd). O-8
N
F

(S)-2-(2-((tert-Butyldimethylsilyloxy)methyl)-5-oxopyrrolidin-1-yl)-4-
Sluorobenzonitrile. 'H NMR (400 MHz, CDCl3) 6 ppm: 7.68 (1H, dd, J=5.8, 8.6
Hz), 7.19 (1H, dd, 1 = 2.5, 9.4 Hz), 7.11-7.07 (1H, m), 4.46-4.43 (1H, m), 3.55(2H, d,
J=3.3 Hz), 2.72-2.52 (2H, m), 2.43-2.33 (1H, m), 2.09-2.01 (1H, m), 0.81 (9H, s), -
15 0.04 3H, s), -0.07 (3H, s); LCMS (" ESI, M+H") m/z 349.

10

Intermediate 96

20

4-Fluoro-2-(thiazol-2-ylamino)benzonitrile. '"H NMR (400 MHz, DMSO-dg)
8 ppm: 9.21 (1H, s), 8.39-8.35 (1H, m), 7.97 (1H, d, J = 5.0 Hz), 7.23-7.13 (3H, m);
LCMS (" ESI, M+H") m/z 220.
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resulting m xture was concentrated in vacuo and
subjected to columm chromatography on silica gel with
wheotanesi€t hyl acetate (1:1) to (3:7) gradi ent P@EUS1066/044320
eluent to afford the title conpound as a white solid
(0.460 g, 50%vyield): 1H NVR (400 MHz, CDC13) S ppm
7.73 (1H, dd, J =5.8, 8.6 Hz), 7.43 (1 H dd, J =
2.5, 9.6 15 Hz), 7.11 (1H, ddd, 3 = 2.5, 7.5, 8.7 Hz),
4.60 (2H, t, J =7.1 Hz), 4.29 (2H, t, J =7.1 HIz);
LCVS (' ESI, MtHt+) mz 207. Internediate 91 c,0 NHz
20 F I 3-(2-(Anm nonet hyl ) -5 .
f | uor ophenyl ) oxazol i di n- 2PERESHPEYchl ori de. 1H NMVR
(400 MHz, MeOD) S ppm 7.73 (1H, dd, J =6.0, 8.6 Hz),
7.43 (1H, dd, J 2.5, 9.5 Hz), 7.11 (1H, ddd, J = 2.5,
7.5, 8.6 Hz), 4.64 (2H, tUNJN: 7.7 Hz), 4.17-(2H, t, J
= 7.7 25 Hz), 4.14 (2H, s)N (" ESI, MtH+) niz
211. 81 WO 2007/ 061714 PCT/ USRH06/ 044320
Internediate 92 <*"~' o N it F 5
4- Fl uor o- 2- ( 2- oxoazeti di n- 1- enzonitrile. "H NWR
(400 MHz, CDC13) b ppm 8. H dd, J = 10.7, 2.6
Hz), 7.58 (1 H dd, J =8.6, 6.3 Hz), 7.87 (1 H, td, J
= 8.6, 2.5 Hz), 4.25 (2H, t, J = 5.0 Hz), 3.26 (2H,
t, J FH-Bluordi2)(5-mek-{ SEShiadiddt)2-ylomano)Bdnzokftrile. 'H NMR (400

j at 3 ' ~= N it NH2 F
S IO B NP 5P B SR O, AP 25K 1Bhe), 7.26-7.19 (21,
mpde saliBal sde.cms (N, M+HY m/z 235.

Intermediate 98

1-(2-(Aminomethyl)-5-fluorophenyl)piperidin-2-one hydrochloride salt. To a
stirred solution of 4-fluoro-2-(2-oxopiperidin-1-yl)benzonitrile (150 mg, 0.69 mmol)
in H0 (10 mL) was added ethanol (10 mL) 10% palladium on charcoal (50 mg) and
IN HCI (2.1 mL, 20.6 mmol). The reaction was shaken in a Parr system under H,
(40 psi) for 1h. Then the Pd/C catalyst was removed by filtration on Celite® and the
filtrate was concentrated in vacuo to yield a solid. Toluene (2 X 50 mL) was added

to the solid and the solution was evaporated ir vacuo. LCMS (M+H)" m/z 170.

Intermediate 99
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15 (400 MHz, DMBO'D20) 6 ppm 7.54 (1 H, dd, (t), J =
8.6 Hz), 7.25 (1H, dd, J = 10.8, 2.5 Hz), 7.17 (1 H,

WO dgo7d6718. 6, 2.5 Hz), 4.12 (2H, s), 3.79 (211PCT/US2D067044320

4.6 Hz), 3.09 (2H, t, J = 4.6 Hz); LCVS (+ESI, MtH)
mz 195. Internediate 94 20 Osi Nb--"~/N F 82 W
2007/ 061714 PCT/ US2006/ 044320

(R -2-(2-((tert-Butyl di methyl silyl oxy)nethyl)-5-oxopyr
rolidin-1 yl)-4 fluorobenzonitrile. "H NVR (400 MHz,
CDClS) Sppm 768(1H dd J=5.8, 8.8 Hz), 7.19
(1H, 7.11-7.07 (1H n?

4. 46- 4! ﬁ@%%ﬂrﬂwo-zynswme"ae”e Joa §11’3mez? 2-propmo$- 5

(ﬂ%Hro;ﬂ%nol?(lé% 8% g%aﬂ z;n;&i)losl%ngtgag% €H>131 :J.g %H78 mmga) %1

mmpt}w?ﬁnznm@e (KON Bl puensadded potaéﬁlgm cagpquaty @9 9~g,r\]' 2 mgol) and
G A Y TR TR S
COELBIL) 8ng priracted Fithitherd 80 nilx3)5 The cambinadzxiragts yeere washed

. = 4 7 11 .
(B Pyt bl gy e

©btdin M 3 2oABbEBF4(flkbror-methdX9benAhe b bh amper €ol8ikd oil.

(9H, s), 15 0.04 (3H, s), -0.07 (3H, s); LCws (+ESI,

MrH+) mlz 349. Internediate 96 //,~-N S NH F
Intermediate 100

o
F o~

4-Fluoro-2-methoxybenzonitrile. To a solution of 1-bromo-4-fluoro-2-
methoxybenzene (9.0 g) in N-methylpyrrolidone (100 mL, Sure Seal; Aldrich) was
added CuCN (6.6 g, 73.7 mmol, 1.8 eq.; Aldrich), and the mixture stirred at 180 °C
under anhydrous nitrogen for 5.5 hrs. After cooling, 14% aqueous NH4;OH (330 mL)
was added and stirring continued for 45 min at room temperature. The mixture was
extracted with ether (100 mL x 3), and the combined extracts washed sequentially
with dilute aqueous NH40H, dilute HCI and brine, then dried (MgSO4), and
concentrated to provide the title compound (5.2 g, Yield 85% in 2 steps) as a white
solid: "H NMR (CDCls, 500 MHz) & ppm: 3.91 (3H, s, OMe), 6.69 (1H, dd, T=2.3
Hz, J = 10.5 Hz, Ar-H), 6.72 (1H, dt, J= 2.5 Hz, ] =J = 8.0 Hz, Ar-H), 7.55 (1H, dd,
J =6.5 Hz, J = 8.5 Hz, Ar-H); >C NMR (CDCl,, 125.8 Hz) & ppm: 56.49, 98.16,
100.06, 100.27, 108.31, 108.50, 115.83 135.37, 135.46, 163.25, 163.34 165.47,
167.50. An analytical sample was obtained by trituration with ether: Anal. calcd for
CsHgFNO: C 63.57, H 4.00, N 9.26; found: C 63.36, H 3.91, N 9.16.

Intermediate 101

F O

/
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20 4-Fl uoro-2-(thiazol -2 ylam no)benzonitrile. '"H NWR
(400 MHz, DMSO-d6) 6 ppm 9.21 (1H, s), 8.39-8.35

WO 2d7/068714 7. 97 (1H, d, J = 5.0 Hz), 7.23-7.13 PCHUSIP6/044320

LCVMS (+ ESI, MrH+) mfz 220. 83 WD 2007/061714

PCT/ US2006/ 044320 Internediate 97 NN S~-NH N F 5

4- Fl uoro-2-(5-nethyl -1, 3, 4-t hi adi azol -2

-yl am no) benzonitrile. '"H NVR (400 M1z, DMSO d6) S
ppm 8.30 (1H, dd, J = 6.5, 8.8 Hz), 7.96 (1H, s),
7.26-7.19 (2H, m, 264(3H s) LCIVB(+ESI MtH) il z
235. Internedi ate 98

1-(2- 6%#@’("}{1%‘[’%@9@’96#4}’(@166 ﬁgﬁmeﬁ{grﬁgr % 3 mgxtygra-of 4-flunoro-2-

H:)éﬁ{o%iaé@iohﬁﬁles 2800 mgos 9 mﬁ%l)rdnﬁq:o‘ﬁ@ ettt (153GhL, 6.36 mmol 1.2
| udro- 2- (2- oxopi perid X\dﬂéenzomtrl | e

m }391 ethenol ( Qaﬂr)ﬁvaqzédeq éO%LF 109 e erichh é‘rlid (tkieomlxture
f;ﬁ:&: %%"/%é@ b @W%&G%&hﬁmgqlm Q@t%oﬂgaenﬁﬁgatﬁﬂg hd this?mixture was

eacti on was sh in a Parr
@@@tdem afiditéonabizmopa®fipony. HQr(1 mh) antht9PotlideCrgP@me) and the
C al &6 01¥ 3# ?\X}@(? td c%H&‘AGQ f&' ohle% ﬁgtﬂrg nho m%tluh; @’Sg FH@I@Q through
& MRS CoNncentra I'n vacuo
€ehte® afldthediltraie2 odcHBrandd) invesua tiel dgmesso Thcaesudhc waa trdturated

tygtgx_ esﬂ%ld%}) :??‘2‘{‘&%@]33{ %por at ed dI (@95’ %E:gl',l q{iella%)(a'\sm- al_‘gvhi{fe {H)\%?der: 'H
NMR (CDClj, 500 MHz) & ppm: 3.84 (3H, s, OMe), 3.91 2H, d, J =5.5 Hz, N-
CHp), 6.81 (1H, dt, J=2.5 Hz, I =J = 8.5 Hz, Ar-H), 6.99 (1H,dd, J =25 Hz,J =
11.3 Hz, Ar-H), 7.47 (1H, dd, J =7 Hz, J = 8.5 Hz, Ar-H); BC NMR (CDCl3, 125.8
Hz) & ppm: 36.76, 56.03, 99.30, 99.51 106.28, 106.45, 117.93, 117.95, 131.60,
131.69, 158.56, 158.64, 162.28, 164.22. HRMS (ESI) calcd for CgH FNO (M+H)
156.0825, found 156.0830.

Intermediate 102

10
F oM

4-Fluoro-2-hydroxybenzonitrile. A mixture of 4-fluoro-2-
methoxybenzonitrile, (4.53 g, 30 mmol;) and AlCI; (5.0 g, 37.6 mmol; Aldrich) in
anhydrous toluene (30 mL) was stirred at approximately 130 °C for 18 hrs. After
cooling, ice water (~50 mL)was added and the resulting mixture extracted with ether
(20 mL x 2). The combined extracts were washed sequentially with water and brine,
then dried (MgSQy), and concentrated in vacuo to provide the title compound (3.90 g,
28.5 mmol, Yield 95%) as a white solid: 'H NMR (DMS0-d6, 300 MHz) 8 ppm:
6.74-6.84 (2H, m, Ar-Hs), 7.71 (1H, dd, Y= 7 Hz, I = 8.5 Hz, Ar-H), 11.64 (1H, s,
OH); *C NMR (DMSO0-d6, 75.5 Hz) & ppm: 95.13 102.45, 102.78, 106.53, 106.83
115.53, 134.68, 134.84, 161.41, 161.58, 163.00, 166.35.HRMS (ESI-) calcd for
C7H3;NOF (M-H) 136.0199, found 136.0199.
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C 84 WO 2007/061714 PCT/ US2006/ 044320 1-Brono-4
fluoro-2-net hoxybenzene. To a m xture of 2-brono-5

wo baaoepinenol (10 g, 50.8 mmol ) and i odonet haneCT/11$2086/044320

g, 78.7 mml) in dinethylformam de (100 nlL) was added
pot assi um carbonate (10.9 g, 79 mmvol) and the m xture
stirred at roomtenperature for 3 hrs. The m xture was
diluted with water 5 (100 nL) and extracted with ether
(50 mM.x3). The conbi ned extracts were washed wth
brine, dried over anhydrous magnesi um sul fate, and

concentrated in vacuo to. obtajn 3 g of |
- br ono- 4- f | uor o- 2- net hox{fﬁ%"ﬂ}%‘?éeié3an amber col ored

oil. Internediate 100 10 CN i Iw F O

4- Fl uor o- 2- met hoxybenzonitrile, To a solution of
1-brono-4-fluoro-2- neth ne (9.0 g) in

N- net hyl pyrrol i done (100 Sur e al; Aldrich) was

15 added CuCN (6.6 g, ¥3. , T.8@q.; Adrich),
and the mxture stirred at 18 N er anhydrous
nitrogen for 5.5 hrs. After cooéi ng, 14% aqueous NHACH

(330 nL) was added and stirring continued for 45 mn
at room tenperature. The m xture was extracted with

th h d hed
Sequedtapr 2 GriyrriP e e S SRRy MRiate G £ pdofin of 4
ﬂudrdaz-lhlydromybemlaiumdaaj (68@?@45 ,trgﬂﬁlj i _aniahyggﬁﬁaaﬁlgd (8 &L, Sure
B RO 5 B ) o,
M1ﬂu&ktlh&ﬂl fos5 n%hdelﬁan@ﬂlh&&rdﬂs rﬁit(ilo oh éfm%s;%eré"zT o ﬂ‘us was
J_ H2 E 1H dt, J= 5 Hz, 8.
P_Q edﬁf ({%hlo?o%:g y(l e (990 mg; 555 pgnolg 14 @ gﬁ\wado Orgamcs),

%% b%rémk%gghlgg%d %ggé% ]’_cex;l @a&ré‘?&rlz?SﬁggnT]%geéc?mn%]c&gnched by

sar3fu) gddifipn of et (39 ml. DST@FS@OHgMXBﬁaNW|eéﬁactghwﬁhé?HzClz
@m@&?iﬁ'@ﬁg c&iﬁbfﬂeﬁ%ﬁ%ﬁg‘h& %%Bé’\o‘ovﬁ%egt\ggﬂ blf‘l Iedgﬁ'@éé ’and
pprentratesy g hegesidue was triturated to obtain 1.10 g (4 17 mmol, Yield 83%) of
the title compound as a white solid: 'H NMR (CDCls, 500 MHz) 8 ppm: 3.63 (2H, t,
J =4 Hz, NCH), 3.67 (1H, m, OCH), 3.72 (1H, m, OCH), 4.86 (2H, s, OCH,), 6.80-
6.86 (2H, m, Ar-Hs), 7.61 (1H, dd, J = 8.5 Hz, 6.1 Hz, Ar-H); *C NMR (CDCl,
125.77 Hz) & ppm: 42.63, 46.04, 66.80, 68.33, 98.45, 98.47, 101.57, 101.79, 109.56,
109.74, 115.42, 135.48, 135.57, 161.26, 161.35, 114.79, 165.23, 167.28. HRMS

caled for C 3H4N2O3F (M+H) 265.0988, found 265.0998.

Intermediate 104

2-(2-(Aminomethyl)-5-fluorophenoxy)- 1-morpholinoethanone hydrochloride.
A solution of 4-fluoro-2-(2-morpholino-2-oxoethoxy)benzonitrile, (500 mg, 1.89

mmol) in warm ethanol (30 mL) and ethyl acetate (30 mL) was mixed with conc.HCl

87



10

15

20

25

Internmediate 101 jJCCNH2 F O30/ 85 WD 2007/061714
PCT/ US2006/ 044320 4- Fl uor o- 2- net hoxybenzyl ar ni ne

whyavoctthori de. To a m xture of 4-fluoro-2 PCT/US2006/044320

nmet hoxybenzonitrile, (800 ng, 5.3 mml) and conc. HC1
(0.53 nL, 6.36 mol, 1.2 eq.) in ethanol (20 nL) was
added 10% Pd-C (100 ng; Aldrich), and the m xture
hydrogenated at 1 atm hydrogen for 15 hrs at room
tenperature. To this m xture was 5 added an additiona
amount of conc.HC1 (1 nL) and 10% Pd-C (200 ng) and

Wi et b £ Db ot b PR {190 e Afgfict),

ftihd tnbahe W IeRNb gaiaed dtl’l AMACH Ty deo gIBESS hrsTdt@osgtdperature.
was friturated th ether to provide the title

dOrBEURE S g@sr?&ﬁmedzaa pddigigng! agaount Rh 1% Prfd@P me)gnd stirring

NN&&Q@%Qm&Q& 'Mﬂ%) "I%egﬁmturg 3% f18¥bd %o@}@@eh’é@%d the filtrate
(2H, d, J = 5.5 Hz, N 10 CH2), 6.81 (1 H, dt,

igencentrated ia vgczgp fzdrypessHjThegesidug WawrltggpteQ]wﬁhgttyl agetate, then

A sgtngt el s ablp 1§ mep i3580 i e i
56“@13: HSNNIR (‘993(511) 506 Mi3z) A Pim4 355121, §3,= 1 Hz, & H;), 3.62
138 0= B ol B ¢ ey im0 F g oo Bk 30 =S RE ocmy),
314_5B7| Q&Irig Nﬁghb JB.E7 gfﬁJ SiUEHﬁI)|26 SQNIHF?QH—ZI)S 8.5 Hz, Ar-H), 7.05
T 0% S5 YA AR RSt (il s E 65755 6 Apn So NMR

q&@bgéhﬁllas (75 }@z)qs pﬁﬁ 9. mmiz adhAdrdcBk.11N66.28 fW@'S@ U1$)1 38,

tol uene é‘ vas stirred atzg%PrOXIHHt%ﬁég 'C for
1819510 f‘@elro TodIBAG; 13%83.We2er2, 1588 3n1) Goftled 65.83,
S DAl ¥ B G O T 20 3D etound 7 Mo
MAth wat er and brine, 25 then dried (MgSON), and
concentrated in vacuo tolg&g%m§%efa%tltle compound
(3.90 g,

Dimethyl-carbamic acid 2-cyano-5-fluoro-phenyl ester. Under N,, a stirred
solution of 4-fluoro-2-hydroxybenzonitrile (685 mg, 5.00 mmol), dimethylcarbamoy!
chloride, and triethylamine (606 mg, 6 mmol) in dichloromethane (10 mL) was
heated at reflux for 20 hrs. The cooled mixture was diluted with dichloromethane (10
mL) washed with water, and brine. The organic layer was separated, dried (Na;SO,),
concentrated, and the residue purified by column chromatography (SiO;, 5% ethyl
acetate-CH,Cl,) to provide 700 mg (Yield 67%) of the title compound as a white
crystalline solid: '"H NMR (CDCls, 500 MHz) § ppm: 3.03 (3H, s, NMe), 3.15 (3H, s,
NMe), 6.99 (1H, dt, J = 2.5 Hz, 8.5 Hz, Ar-H), 7.23 (1H, dd, J = 2.5 Hz, 9.5 Hz, Ar-
H), 7.61 (1H, dd, } = 9 Hz, 6 Hz, Ar-H); *C NMR (CDCls, 125.77 Hz) & ppm: 36.76,
37.06, 102.84, 102.86, 111.59, 111.79, 113.24, 113.42, 114.99, 134.36, 134.45,
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28.5 mmol, Yield 95%9 as a white solid: '"H NWR
(DMSO-d6, 300 MHz) 8 ppm 6. 74-6. 84 (2H, in, Ar-Hs),

wQ202/0671H, dd, J =7 Hz, J = 8.5 Hz, -H), 1RCBHUSL10h6A)44320

s. OH: i3C NVR (DMBO-d6. 75.5 Hz) 8 ppm 95.13

102. 45, 102.78, 106.53, 106:83 115.53, 134. 68,
134.84, 161.41, 161.58, 163.00, 166.35. HRVS (ESI-)
calcd for 30 C7TH3NOF (M H) 136.0199, found 136.0199.
86 WD 2007/ 061714 PCT/ US2006/ 044320 | nternediate 103
CN FO(O ~-NO 5

r L no oxoet hoxy) benzonitril e.
EX eSS ﬁﬁ 45508, RoR b otes il af bdled fqré:ml(Iﬁ»B%OzF M+
ag9052ﬂnbhﬂd2mpghm@thylfornanlde (8 nL, Sure Sea
Al drich) was added NaH (200 ng, 5 mmol; 60% oi
di spersion; Aldrich), and the mxture stirred for 5
m n under an anhydrous nigj tgtﬁPsphere. To this
was added 4- (2 chl oroacetyl ) norpholine (900 ng, 5.5
mmol, 1.1 eq.; Avocado Organics), 10 and stirring

continued at roomtenperaturg for 21 hrs. The reaction
was quenched by caref ul a| onNB® wat er (30 ).
The resulting m xture wag-e agied with CH2Cl 2 (25

m.x2) . The conbi ned extracts werle washed with brine,

dried (MgSO4) and concentrat%ﬂ ®he residue was

triturated to obtain 1.10 g (4.17 mol, Yield 83% of

the title conpound as a mhite SO|Id 'H NVR ( CDC13,

500 NCH2), 3. 67
(1H, %’ 6‘%11? @a’a"“’féc (’i’%fz P Ay ’Eﬁt’i’?ﬁ”’ﬂzﬁ @60'(02112{1%'1 em—izadrochlorid&
El"o&ﬂsohﬁmﬁﬁ)f(cﬁxlﬂctmﬁ-céﬂbahﬁ%g%g ?%635,3:&[%,? %lggro- enyﬁes'ienj'léélo mg,

3 S mrioRan sifi! agstats (2o s SmARaogharon Cibmiy. waoaddedt conc.HCI (0.4

i1l).ahQ, 10%)9@1533(1 00188) Al tht IRixfide h%@fbfélgatﬁldé %{:’Ba Pdrr Shaker at 55psi

1. 35 114.79, 165.23
Pg]}Y%QE o1 ARG ](‘MqarftlQ’G 91169‘8'8""313 bltpred1bRugh %llt@, and the
filtkRE BBtcAirfted ¢4 vade %’ve an oil which was partitioned between ethyl
acetate (10 mL) and water (10 mL). After separation, the aqueous phase was washed
with additional ethyl acetate (5 mL). The combined extracts were concentrated in
vacuo to dryness. The residual oil was triturated with ether to provide 145 mg (Yield
38%) of the title compound, as a tan powder: '"H NMR (CD;0D, 500 MHz) 8 ppm:
3.06 (3H, s, NMe), 3.21 (3H, s, NMe), 4.11 (2H, s, NCHy), 7.13 (2H, m, Ar-Hs), 7.60
(1H, m, Ar-H); °C NMR (CD30D, 125.77 Hz) 6 ppm: 36.03, 36.25 37.58, 110.79,
110.99, 113.26, 113.43, 122.32, 132.18, 132.25, 151.55, 154.72, 162.69, 164.67.
HRMS (EST) calcd for CioH3N,0,F (M+H) 213.1039, found 213.1039.

Intermediate 107
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FO(0O~N O 25
2-(2- (Am nonet hyl ) - 5f | uor ophenoxy) - 1- nor phol i noet hanon

we20wasoehl ori de. A sol ution of PCT/US2006/044320

4-f | uoro-2-(2-nor phol i no- 2- oxoet hoxy) benzonitril e,
(500 ng, 1.89 mol) in warm ethanol (30 nL) and et hyl
acetate (30 nL) was m xed with conc. HO 87 WO

2007/ 061714 PCT/ US2006/ 044320 (0.32 niL, 3.78 mol, 2
eq.). To this was added 10% Pd-C (100 ng; Al drich),
and the m xture was hydrogenated at 1 atm of hydrogen

for 2 S t ro te er at ur.e. t Xt ure was

L Sea Zabeaney St EHe. 1 Borpd clbohell L fphL clad mol) was
sloiw1y bdded Mtirfﬁdlﬁb@sﬁ@fsm%r&tmﬁﬂ (I5% 2.86 EN@1Finthel) & WhSene (200
filtered through Celite and the filtrate 5

Bnc reomtenperAtuge c A ex éo mlyn%ésdlﬂtm@bﬁwn&uée &S} & 110 mmol;
AnddisHyabfchdded Qll &t Byde ﬁ‘ﬁlesttﬁltlﬁ% csﬁﬁﬂxeld‘é&vte %ﬁtr{i‘@ R). k@ter this, the

obtain the title conpound
efactigh pusture Big sfashe Mwa(t@t@@D 5500) emdzbm@ ®Bp rml) 3T55 organic

55 o o RRL o) Bl e G gy i v
Elmtem@)hexamﬁzs?ﬁd(fmdrectto ikl \the 6tld Cothpeiindsas «0EMRY solid
iy hag) & iy oy okl 985 41D .34
3515411611, 6412545-«29[-’01 (22@@%19((%?392&3%254%51%%76 %ﬂ?@ DMSO-d6) S ppm:
T3658 ok, 10356 108 i 034 145 05 12166, 198,58, 128.94,

138.043134.88, 83.54636872, 116353 83.65.266862.29. HERMS &4t for
cal cd for C13H, 8N203F 8M+H) 269. 1301, found 269. 1301.

S FNQr2dB s g5 2280 F O N-4- 0 Di et hyl - car bami c

acid 2-cyano-5 fluoro phenyl ester. Under N2, a
stirred 20 solution of 4-fluoro-2-hydroxybenzonitrile
(685 ng, 5.00 mmol), di mEataynedisted®yl chloride, and
triethylamne (606 ng, 6 nrnol) in dichloronethane (10
m.) was heated at reflux for 20 hrs. The cool ed

m xture was diluted with di onef,hane (10 nl)
washed with water, and bri J@l he organic | ayer was
separated, dried (Na2S04f, OH

2-Hydroxy-4-fluoro-benzylamine hydrochloride. A solution 2-(benzyloxy)-4-
fluorobenzonitrile, (9.03 g, 39.7 mmol) in ethanol (100 mL) and ethyl acetate (100
mL) was stirred with 10% palladium on carbon (1.67 g,) and concentrated
hydrochloric acid (12 mL, 144 mmol) under a hydrogen atmosphere (60 psi) for four
days. The catalyst was removed by filtration through Celite®, and the filtrate was
concentrated. The crude product was triturated with ether and the resulting solid
collected by ﬁltration to give the title compound (5.24 g, 74% yield) as a pale orange
solid. "H NMR (500 MHz, DMSO-D6) 6 ppm: 10.81 (1 H, 5), 8.18 (3 H, s), 7.36 (1
H, t, 3=7.3 Hz), 6.79 (1 H, dd, J=10.8, 2.6 Hz), 6.66 (1 H, dt, J=8.5, 2.3 Hz), 3.90 (2
H, d, J=5.2 Hz).
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concentrated, and the residue purified by colum
chromat ography (Si 02, 5% ethyl 25 acetate-CH2O 2) to

w@e@viodg1#00 ng (Yield 679 of the title conmpoRPCMUSE0E044320

white crystalline solid: '"H NWVR (CDC13, 500 MHz) 8
ppm 3.03 (3H, s, Nwe), 3.15 (3H, s, Nw), 6.99 (1 H,
dt, J = 2.5 Hz, 85 Hz, Ar-H), 7.23 (111, dd, J = 2.5
Hz, 9.5 Hz, Ar- H), 7.61 (1H, dd, J = 9 Hz, 6 Hz,
Ar-H);'3C NWR (CDC13, 125.77 Hz) 8 ppm 36.76, 37.06,
102. 84, 102.86, 111.59, 111.79, 113.24, 113.42,

114.99, 134.36, 134.45, . 061714

PCT/ US2006/ 044320 152. %?n%.{%%gg,ygl%. 16, 164. 26,
166.31. HRMS (ESI-) cal cd for CLOHLON202F ( M+H)

209. 0726, found 209.0722._ Internediate 106 5 NH2 F
O Di net hyl - car bam ¢ ac- am nonet hyl - 5f | uoro phenyl
ester hydrochloride. Yoz i -of

di met hyl - carbam ¢ aci d 2-cyano-5-fl uoro-phenyl ester,
(340 ng, 10 1.63 mmol ) in eth acetate (20 nlL) and

et hanol (20 nL), was added cohc.HCL (0.4 nL) and 10%
Pd-C (100 ng) and the m xture hydrogenated in a Parr
Shaker at 55psi of hydrogen for 20 hrs. The reaction
m xt u6262-\l>hsthf>w€tﬂ@ﬂ,h@-f?brf)ﬂdéwecén iethepe) (SO4RE) yhgdissolved sodium

‘%},Iatlg {, fg:i ? gﬁ %?%fdcl i]I\)ﬂﬁ BedRnHhi&Q (@rl AL 6%{1%1) was

ween et acetate (10
sk Br addta wf‘ﬂ)m séfution, &predbybmmbm@qmaﬁlqﬁhﬂg@t%ﬁg 50

T N YA T -
gheN Bogforattl en veciodital the rds,émasrwamatvam W@ 109 méb abd
Sipstr e (100 Bhe it g Vi i atasdy, °°
&&Hent?azteﬁ"&#)zacz% ahll ;{u@iﬁed?ay dilMilatmﬁ td lifﬁ)?d-l;hesl,tleklﬁlﬂ@)onnd (13.48
R oseIan SRV (108 Ybin COS 105 pEss: 3454068, 110 59, 7.16-
i@ﬁé@ %@ §%%i§gt " g‘ﬁ%g 3188( ,1132 7308Hz)1§255?(§H q,J=7.0
Hmﬁlw\@?ﬁ CoREp 124)32.38%3H, 9o ihﬁ& (Q§l 11)(5?@ 0 HZ) LCMS (M+H)"
rrgz 54{1? = at&mlg; CN

Intermediate 110
N
s
7-Methylbenzo[b]thiophene. To a solution of (2,2-diethoxyethyl)(o-

tolyl)sulfane (0.58 g, 2.41 mmol) in chlorobenzene (20 mL) was added
polyphosphoric acid. The reaction mixture was stirred at reflux for 18 h. Water (100
mL) was then added and the organic material was extracted with CHxCl, (2 X 50
mL). The organic solution was dried (MgSO4) and concentrated ir vacuo to afford
335 mg (94% yield) of the title compound: 'H NMR (400 MHz, CDCls) &: 7.68 (1H,

d,1=7.8Hz), 743 (1H,d,J=5.4 Hz), 7.36 (1H, d, T=5.4 Hz), 7.30 (1H, dd, J =
7.8,7.1 Hz), 7.14 (1H, d, J = 7.1 Hz), 2.58 (3H, s); LCMS (M+H)" m/z 148.
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2- (Benzyl oxy)-4 fluorobenzonitrile. Benzyl alcohol (13

workgo702614mol ) was slowly added to a stirred SPEPEREN@0M4320

of NaH (95% 2.86 g, 113 nmol) in toluene (200 nL) at
roomtenperature. After 30 mn,

2,4-di fl uorobenzonitrile (15.3 g, 110 mmol; Al drich)
was added all at once and stirring continued overni ght
(18 h). After this, the 5 reaction m xture was washed
with water (2 X 25 nL) and brine (25 m). The organic
| ayer was dried (Na2SO4) f||t q nd concentrated to
give a white slurry V\hicﬁr\ﬁﬁge ddrated with hexanes
and filtered to afford the t|tIe conpound as a white
solid (20.34 g, 81%yield). 'H NI\/R (500 MHz, CDC13):
7.59-7.55 (1H, m, 7.45-7.3 n, 675671(2H
m; 5.19 (2H, s); '3C NWR ) I\/Hz, DVMSO-d6) S ppm
10 71.16,98.75, 101.54, 101.75, 108.66, 108. 84,

115.83, 127.16, 128.58, 128.94g, 135.03, 135. 44,
135.54, 162.22, 162.31, 165.26, 167.29. LCVS calcd for
C 14H 11FNO 228.2; found: 228.0. Internediate 108 15
() ~" NH2(Borieth 7 fhidpHeRs. OTB@L%éMith’f@

hydroch oride. solution_ 2-(benz

fetbylspraetblthiophene (1(he(RS5 gumaly iry @%«V mh) wenagdsd benzoyl
(pbEkidd 1. B 24 YA ol RERTRYR l{y]&%lo@\glsma)id%ﬁ otNE$ ed15g, 6.5

Wi th 10/opallad| um on carbonﬁ%1 %_
dBmebnlhgreastiopdnizéwre stirred gkr uecmhl n‘ra@mmnmﬂ) a g5y ¥Y lamp.
) h f
R I BT MR o P IR ok 3. Pl ol Ao Al filtered
and theheolydntevaparatedsn vaont ebhe mbidde Wik sulgiecidd to coldunt
r t
I%%t%)%%ﬁ@i gﬂ m&%e?%&tlg§&?%se£$%é gl?lg{ltlt tg%%%)%&) (k)lheﬁt Cfle compound

((a 528 gg33%Afieid) S FINMR (aO(pMIez c@m@gysészase Qalldd lek NR/RI 7 Hz),

(75599 aleat gD'\?ﬂ?HD?)ﬁo 7R {fél-? g 45 & @H, &), TSNy v 200,

2.6 Hz), 6.66 (1 H dt, J=8.5, 2.3 Hz), 390(2 H d,
J=5.2 Hz). |

Intermediate 112

N
s

NH,

Benzo[b]thiophen-7-ylmethanamine hydrochloride. To 7-
(bromomethyl)benzo[b]thiophene (0.20g, 0.96 mmol) was added a methanolic
solution saturated with ammonia (30 mL). The reaction mixture was heated in a steel
bomb at 70 °C for 18 h. The solvent was evaporated in vacuo and the residue was
dissolved in MeOH (10 mL). HCI (1M in ethanol, 1mL) was added to the solution
and the solvents were removed in vacuo to afford the title compound (0.177 g, 99%
yield); LCMS (M+H)" m/z 164.
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O 5 (2,2-D ethoxyethyl)(o-tolyl)sul fane. I n ethano

w@ 3@70k)71as di ssol ved sodium netal (1.6 g, 6BCTIIBL0P6/044320

at 23 C. 2-Met hyl benzenethiol (8.1 nL, 68 mmol) was
slowy added to this solution, followed by

br onbacet al dehyde di et hyl acetal (9.50 nlL, 63 mmol).
The reaction mixture was stirred at reflux for 18 h.
The sol vent was then evaporated in vacuo and the
resi due was washed wth H20 (100 nL) and 10 extracted
with ether (100 nL). The_aqrganj.c gution was dried
(MgS™), concentrated i o %ﬁwﬁﬁg purified by
distillatlon to afford the title conpound (13.48 g,
82%yield): "H NVR (400 MHz, CIKHC) ppm 7.33 (1H,
d J=7.9 H), 7.16-
7.08(3H, mM,4.65(1H,t,J=5.6
2H, q, J =7.0 Hz), 3.09
(3H, s), 1.20 (6H, t, J = Hz). LCMS (MtH)} 15 m z
241 (t = 2.65mn.). Inte ate 110 20

7- Met hyl benzo[ b] t hi ophene. To a sol uti on of

(2, 2-di ethoxyethyl ) (o- tolyl)sulfane (0.58 g, 2.41

ol ) A fp-ehBRIRRSHTRE, Tﬁﬁ&@ll)ﬁ}%‘dﬂ&&)&@’@@%czd Toa solutlon of (2-

gflyphosp oric acid. e reaction mxture was stirr

orpe S+ fisorppheny®hgdragied2. 15190 0- maihand sncenialed Hamdl 2mlL)
tuli" @va%rQWh&)Ws%{dh@h g tyﬁétaafaq{ﬁ?atw(f 06 Pé%m{lagXTﬁQ

he organi c sol ufion was dried
a:eﬁwétmg mazttw Was spiednt reomftemperatizg Sorn?gh { h%vgﬁcm@}e trat

ﬁi]nﬁ\éd &L@c(ﬁfé%alﬂg'dﬁltraﬁoﬁm@agh%gQ)Vlmate% Riebat reabd pressure
do affFrcBiHe Yitle caBipolind a8 2 JeHpw)sold 3611, 88 YeFickdly ) HANBIR (400

M ossd iy ey 257 0 e W5 Qi 7lesid e, 7580 e

DER/AJISZ0AE), 0443201, dd)Uen MadB 8t z)) 67381 Hird, J=8.5, 3.0 Hz); LCMS ("
ESI, M+H") m/z 261-263.

e 66(2Hq J=7.0Hz), 3. 55(
B, J =56 H), 2.38

Intermediate 114

COOH

HN’N=<

@Br
F

2-(2-(2-Bromo-5-fluorophenyl)hydrazono)propanoic acid: 'H NMR (400
MHz, DMSO-D6) 6 ppm 12.48 (1 H, brs), 8.51 (1 H, 5), 7.53 - 7.65 (2 H, m), , 6.70 -
6.81 (1 H, m), 2.13 (3 H, s); LCMS (" ESI, M+H") m/z 275-277.
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5 7-(Brononet hyl ) benzo[ b] t hi ophene. To a sol ution of
7- met hyl benzo[ b] t hi ophene (1.0 g, 6.5 mol) in CCl4
wQ 2@ 7nk)71mvas added benzoyl peroxide (1.1g, 4.BdT/URING/044320
foll owed by portionw se addition of NBS (1.15g, 6.5
nmmol ). The reaction m xture stirred at reflux while
irradiating wwth a 250 Wlanp. The reaction m xture
was stirred at reflux for 3 h. The solution was
cooled, filtered 10 and the sol vent evaporated in
vacuo. The residue was subjected to colum
chromat ography on silica_gel w.th_hexanes as the
eluent to afford the titpé%Qﬂ§%§EﬁﬁH§ (0.570 g, 33%
yield): "H NWR (400 MHz, CDCl 3) 8: 7.80 (1H, dd, J =
7.8, 1.7 Hz), 7.49 (1H, d, J = 5.4 Hz), 7.40-7.33
(3H, m, 4.78 (2H, s). LCVs WRH) + mz 209. 15
Internediate 112 S NH2 )&t
Benzo[ b] t hi ophen- 7- ylnethanan1ne gwdrochloride. To 7
20 (brononet hyl ) benzo[ b] t hi e (0.20g, 0.96 mmol)
was added a nethanolic so saturated with
ammonia (30 nL). The reaction m xture was heated in a
steel bonmb at 70 C for 18 h. The sol vent was

evaporated in va i ssol.ved

5 Meor (L ‘1~ gt moﬁ@?ua(ﬁ?#ﬁ"afbeffﬁ a(n%f’ mr’m@( 'oﬁﬁfdjga %md
s ehGilbHdf 20(2-@Mskoides FRb¥GINE By LY c&azcmmcedc aad\(aas @, 10.2
to afford the title co ound %g_177 i ﬁp ldgﬁd
pepeD @Mviglpens 89 bl wansddsg tiey)agEDg h4 famol)

Re Qe MRk qZVE ﬁﬁmtd'il&hﬁlol)l 3rheebliitiNndik ke WE£ slowly
5 2-8 (2-Bronp-5 f uorophe ) hydrazono) aceti c aci
Peatgd o reflyxoismprratgre apd dhgor e‘?ﬁ‘?‘l"ﬁﬁfr@ﬁ‘ﬁ ﬁqyénhazﬂ}?éﬂear orange

10 Qghﬂéng%aés]cqyo%d%l the J{"‘E&Jr‘%@ %ﬁﬁﬁfd /@taﬁgedﬂ@:k(éHz(lm}hL)' r’The basic
wat er was a l'ic acid hydrate (1.
gxtraqt \saaﬁmdlﬁedmé 1y me@mamﬁ@traw& Héle T\kaa@r@mlﬁt%alahfomed was
tteg g??‘flé&t%ne, \Jagﬁedzwﬂh \J&ﬂgr "Rfdecfr elal' att?écﬁlcte@ ﬁ}essure to afford the
title compound as a yellow solid (1.75 g, 67 % yield ): '"H NMR (400 MHz, DMSO-
D6) & ppm 11.87 (1 H, s), 8.10- 8.08 (1 H, m), 7.83 (1 H, dd, /=8.8, 5.8 Hz), 7.50 (1
15  H,dd, /=9.1, 3.0 Hz), 7.34 (1 H, td, J/=8.6, 3.0 Hz); LCMS (" ESI, M+H") m/z 258-

260.

Intermediate 116

T
N\

N (®]
J@B'
F

1-(2-Bromo-5-fluorophenyl)-3-methyl-1H-1,2, 4-triazol-5(4H)-one: "H NMR
(400 MHz, CDCl3) 8 ppm 11.74 (1 H, brs), 7.70 (1 H, dd, /=9.0, 5.4 Hz), 7.26(1 H,
dd, J=8.5,2.9 Hz), 7.10 (1 H, td, /= 8.6,2.9 Hz), 2.31 (3 H, s); LCMS (" ES],
25  M+H) m/z 272-274.

20
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formed was collected by filtration, washed with water
and dried at reduced pressure 10 to afford the title
wa@eovposnTds as a yellow solid (2.67 g, 98 % yi el BOT/US106/044320

NVR (400 MHz, DVMBO-D6) S ppm 12.57 (1 H, s), 10.65 (1

H s), 7.65 (1 H s), 7.56 (1 H dd, J8.7, 5.9 Hz),

7.31 (1 H dd, J=11.4, 3.0 Hz), 6.73 (1 H td, J=8.5,

3.0 Hz); LCM5 EST, MtHt+) m z 261-263. 15 Internediate
114 COOH HN'NK Br F

2- (2-(2-Brono-5fl uor ophenyl ) hydrazono) propanoi ¢ aci d:

"H NMR (400 20 MHz, DWVBO. S.. 2.48 (1 H, brs),
8.51 (1 H s), 7.53 - é@e% dﬁ@ﬁ}ll' 6.70 - 6.81 (1
H nm, 2.13 (3 H s); LCI\/B CESlI, MtH+) nfz 275-277. 93
WO 2007/ 061714 PCT/ US2006/ 044320 Internedi ate 115 co
Br F5 1-(2-Bronpb-5

fluorophenyl)-1H 1,2, 4-tri az,q[{\—-/'gm—b-one: To a stirred
suspensi on of NT O

2-(2-(2-brono-5-fl uorophenyl ) AydrBzono) acetic acid
(2.65 g, 10.2 mol) in tol u(80 nm.) was added
triethylamne (1.42 nm, 10r Dl ) and

di phenyl phosphoryl azide (2.2 nL, 10.2 mml). The
resulting mxture was slowly heated to reflux

5t ermerzamsecm ﬂmopﬁérwxzx WeShTBHIHALY 3, £88ai A5 (dHNond B0 a
cl. ear or an | ut |}Tg was cool ed and then poured

SHired fewnen 888 §° Tvdsiste kDl 24-grf ae{k Ve disesesipn dr mypggal oil,

30l EPin(IDME {5 ML) e aA8ED4 Eﬁhﬁgn BEY.(2 Hismo-s fluorophenyl) 1H-
precipitate that fornmed was ol lected by filtration,

frédazgl 4 roee (&AdS ar3-8H nanola éel AR (HPdat PEC: JThe resulting
?ﬁfl&ﬁfrg vJaQ %txrrTeH t4'5 %&OJTE’S’&H Qerﬂﬁer%ﬁ%g k&lﬁ)\@geﬁ%ﬁ e Qi%_dﬂ?lg)]}gif 1

6 % vyield 400 Mz
10 jipdagyethane) 228m@8 3 6_5 1Bmot) | Th, B Vs s@mredat 8o@n tgny@erature for

?ﬁx ngzhép%&&zé}%npd@gﬂ'?tc‘é%ﬁ&e%}%ﬁg%p Tl‘fégéd&cjt w'_és exgracted with

EtOAc, washed with water (3x), brine, dried over Na;SO, and filtered. The residue
was purified with a Biotage column chromatography system on silica gel with
hexanes:ethyl acetate (3:7) gradient as the eluent to afford the title compound as a

15  white solid (0.508 g, 66 % yield): 'H NMR (400 MHz, CDCL) § 7.65 (1 H, dd,
J=9.0, 5.4 Hz), 7.56 (1 H, s), 7.20 (1 H, dd, J=8.6, 3.0 Hz), 7.04 (1 H, ddd, J=8.9,
7.6, 2.9 Hz), 3.39 (3 H, s); LCMS (" ESI, M+H") m/z 272-274.

Intermediate 118
20

/

7 N
N\N\A\O
)ﬁj h
F

2-(3,4-Dimethyl-5-ox0-4, 5-dihydro-1H-1,2,4-triazol-1-yl)-4-
fluorobenzonitrile: '"H NMR (400 MHz, CDCl3) & 7.76 (1 H, dd, J=8.6, 5.8 Hz), 7.72
25 (1H,dd,J=9.9, 2.5 Hz), 7.09 (1 H, ddd, /=8.7, 7.5, 2.5 Hz), 3.34 (3 H, 5), 2.36 3 H,
s); LCMS (" ESI, M+H") m/z 233.
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260. Internediate 116 ~--NH NN Br 20 FRJC
1-(2-Brono-5 fluorophenyl)-3-nethyl-1 H1, 2,

wdz2dawioered - 5(4H) -one: "H NVR (400 MHz, CDCL13)PSI/pprone/044320

11.74 (1 H, brs), 7.70 (1 H, dd, J---9.0, 5.4 Hz),
7.26(1 H dd, J=8.5, 2.9 Hz), 7.10 (1 H, td, J= 8.6,
2.9 Hz ), 2.31 (3 H s); LCMs (+ ESI, 25 IVl +H+) rn/z
272-274. 94 WD 2007/061714 PCT/ US2006/ 044320
Internmediate 117 co Fl Br 5 ]-(2-Brono-5

fl uorophenyl)-4-nmethyl -JH 1, 2, 4-triazol -5(4H)-one: To
a stirred suspension ofI ?odlgn} h]\é1 |de (0.124 g of a
60 % di spersion in m ner 4rePgeFate 3709 nmmol) in DMF (5
nm.) was added a sol ution of

1- (2- brono-5-fl uorophenyl)- 1
1,2,4-triazol -5(4H) -one (0. 7¢5 §H22C81 mmol) in DMF (5
m.) at 0 C. The resul ting~ 4 dre was stirred 45 mn

at roomtenperature followed by the addition of 10
i odonet hane (0.23 nL, 3.65 rmol) The m xture was

stirr r om re 2 t
ont o ‘gg? W 8ied cf’zgem & %\fgﬁfﬁ%j & %r@ 8?21@5%& tho enzonitrile
(@xetpamzi adnmﬂthon)EtN)qc et me@mppltwomzﬁn93 B2002P(1.6Eg, 0.1

D s BRI 57 18 2R Byt Goler L AL T8 M

@Hﬁig | THds 9@k h‘éhtfeﬁ ah 8y a0es: WY | HakRal& dikohlinued and SmL
radient as_the eluent to afford the title conpound a

eOfEwihrautious)yi added. Hijgwgd bgahosantions pdditipn R rak G HCL
Mfgm 2)@9@]1%&%?(?_' ,gédéd'-aﬂ'& E@é}c arkd- &eq§ye'i_’s é&leggg?aﬁt d'éﬂe
q;glegus layerg,wa@mgdﬂbysxc Srital ¥ Na@H 8id extevBq WEEIC}HMHThe
&ilack 6 Gfied I(Mgdﬂ?,dﬁﬁérgd,%ﬁcer&gted and dried in vacuum to give the
title compound (1.3g, 76%)as a solid. '"H NMR (500 MHz, CDCl,) o: 7.20.-7.31 (1
H, m) 6.90 (1 H, dd, /=2.4 Hz) 6.75 - 6.86 (1 H, m) 3.86 (2 H, s) 2.47 (3 H, s).
LC/MS (M+H): 172.

Intermediate 120

N-t-Butoxycarbonyl- (4-fluoro-2-(methylthio)phenyl)methanamine. A stirred
solution of 4-fluoro-2-methylsulfanyl-benzylamine (5.1g, 0.03 mol) and 3.3g
triethylamine in 100mL CH;Cl, under N2 was treated with di-t-butyl dicarbonate
(7.2g, 0.033 mol) portionwise and stirred at room temperature for 30 min. The
reaction mixture was then washed with dilute (aqueous) HC] and water. The organic
layer was dried over MgSOj, filtered and concentrated to leave 8.1g (100% yield) of
the title compound as a clear oil. 'H NMR (500 MHz, CDCls) &: 7.22 - 7.29 (1 H, m)
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N NJ N~--O CN j:: F 2-(3,
4- Di met hyl - 5- oxo0-4, 5-di hydro-1 H 1, 2, 4-triazol-1

W@ kgo74617i4 uor obenzonitrile: "H NVR (400 MHz, QBX/B¥2086/044320

7.76 (1 H dd, J 8.6, 5.8 Hz), 7.72 25 (1 H, dd,
J=9.9, 2.5 Hz), 7.09 (1 H, ddd, JJ8.7, 7.5, 2.5 Hz),
3.34 (3 H s), 2.36 (3 H s); LCM5 (+ESI, MtH+) nifz
233. 95 WD 2007/ 061714 PCT/ US2006/ 044320 Intermnedi ate
119 NHZ HO F ' s 5

4- Fl uor o- 2- et hyI sul fanyl - benzyl am ne.

4- Fl uagr o- 2- ( t hi o) benzonitrile (prepared as in
AP dch 61 A 2h M b o Hiono2. 3D6aH, spoapy2 H, d,

035 89 1) 207 31@17&)14/\@?; i 9sql W ?% THE (under
N2) and)trea ed V)Vlt 0 m_g?s @&St @B Thi s was
heated at 60 C for 2 hrs. Heating was di sconti nued and

5m. MeOH was cautiously ed. owed by the
cautious addition of 4 &‘ﬁ%‘%i%at“% Then 20 niL nore
H20O added and Et OAc and the | ayers were separated. The

aqueous | ayer was nmade basj ith N NaOH and
extracted with CH2Al 2. T xt riitz 8Chere dri ed
(MgS04), filtered, con .-and dried in vacuumto

give the title compound (1.8G,Y%/6%as a solid. 1H NWR
(500 MHz, CDC13) S: 7.20.- 7.31 (1 H, m 6.90 (1
Hdd,J 2.4 Hz) 6.75 - 6.86 (1L H, n) 3.86 (2 H, s) 2.47

(3 H, (&Fluéb@-)—ﬁt&% Wyl)p%zgyl)rhémgﬁd}ﬁﬂb WEroAridd. A solution

N J~ ut oxycar b

PfH&WtQKX%&QMTMr%B%ﬁ&WyW hla pomethagainine(.1 g, 0.03
ﬁ@l)uitn' IQ)@HQ'_, a<,4e'tc§rlel%9fd05 @nﬂ%&e@éﬁj widl tfRd whE %ﬂqléam 8¢, 0.03 mol)

and stm‘ed for 10 mm Then an addltlonal 18.5g oxone was added and the mixture
was warmed at 60 °C for 1.5 hrs. This was cooled, concentrated to remove acetone
and extracted with CH,Cl,. This was concentrated to an oil, dissolved in 20 mL
ethanol and treated with 10 mL 6N HCl and warmed at 60 °C for 2h. Removal of the
solvent gave a gum which was crystallized from ethanol to the title compound (2.0g)
as crystals. Additional material was obtained by neutralizing the aqueous solution
and extracting the free base with CH>Cl,. '"H NMR (500 MHz, DMSO-Dg) 3: 8.54 (3

H, s) 7.89 (1 H, dd, J=8.54, 5.19 Hz) 7.67 - 7.85 (2 H, m)440(2H s)3.41 (3 H, s).
LC/MS (M+H) = 204.

Intermediate 122

N3

jon
F

2-Azido-1-bromo-4-fluorobenzene: 2-Bromo-5-fluoro aniline (2.00 g, 10.53
mmol) was dissolved in concentrated HCI (10 mL) and water (10 mL) and cooled to
0 ‘Cc. Aqueous NaNO; solution (1.090 g, 15.8 mmol of NaNO; in 10 mL of water)
was added dropwise at such a rate that the temperature did not exceed 5 °C. This
mixture was stirred at 0 °C for 1.5 h. A solution of NaN5 (1.027 g, 15.8 mmol) and
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triethylamne in 100nL CH2C 2 under N2 was treated
wth di-t-butyl dicarbonate (7.2g, 0.033 nol)

w@eoorioerm se and stirred at room tenperature fBCT/BS2006/044320

m n. The 25 reaction m xture was then washed with

di lute (aqueous) HC1 and water. The organic |ayer was
dried over MpSH4, filtered and concentrated to | eave
8.1 g (100%vyield) of the title conmpound as a clear
oil. 1H NWR (500 MHz, CDA3) S: 7.22 - 7.29 (1 H m
96 WD 2007/061714 PCT/ US2006/ 044320 6.89 (1 H, dd,

J08l285% 18 uforf e e 8 i Gt oS o b e
mtﬁﬂ!}@ \(I&&I-&(ﬁrredzmi an Bdfﬂle]fmddi:lmtﬁhm 2Wmpatg Tho mlm&s% |
fraelsdi B EHRAE Y R rorBhod BRERES 1R BIRE% prine and dried
év%égwalégmm la‘hé Tty Ivtdmco)x@s?m;ayéd) toriffoad #m tide ¢Bnfound as a tan
1Pl BE ot ‘wa&&fgq%é‘ﬁég @Sé%‘qﬁné%%ﬁaygé (9 g, £=8.8, 5.6

i'iQ),'@ oy ngHeHd ap-gafldig Honal 7%@ R9ddK 0ug.8/a%, agdasg). and

he mxture was warnmed at Cfor 1.5 hrs. This was
cool ed, concentrated to renpve acetone and extracted

with CH2C12. This was cofjggtdaaited280 an oil,

di ssolved in 20 nL ethanol and treated with 10 nL 6N
HC1 and warmed at 60 C for 2h. Renoval of the 15

sol vent gave a gum which ywgg crystallized from et hanol
to the title conpound (2.09) crystals. Additional
materi al was obtained by neutrahi zi ng the aqueous
solution and extracting the ®fee base with CH2C12. 'H

NMVR (500 MHz, DVBO-D6) S i@ﬁr H s) 7.89 (1

H,dd,J 8.54, 5.19 Hz) 7.67 - 5(2H m 4.40 (2 H,

s) 3.41 (3 H s). LOM ( = 204. 20 Internedi ate

122 N3 Br F
1-(2-Bromo-5-fluorophenyl)-4-(trimethylsilyl)-1H-1,2,3-triazole: A mixture

of 2-azido-1-bromo-4-fluorobenzene (1.05 g, 4.85 mmol) and trimethylsilylacetylene

(2.01 mL, 14.54 mmol) in toluene (5 mL) was heated in a pressure vessel at 110 °c

for 21.5 h. The reaction mixture was concentrated iz vacuo and the residue was

purified with a Biotage column chromatography system on silica gel with

hexanes:ethyl acetate (9:1) gradient as the eluent to afford the title compound as a

colorless ail (1.45 g, 95% yield): l.H NMR (400 MHz, CDCl3) &: 7.97 (1 H, s), 7.74

(1 H, dd, J=9.0, 5.4 Hz), 7.37 (1 H, dd, J=8.5, 2.9 Hz), 7.16 (1 H, ddd, J=8.8, 7.6, 3.0

Hz), 0.40 (9 H, 5), LCMS (" ESI, M+H") m/z 314/316.

Intermediate 124
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25 2- Azido-|I -brono-4 fluorobenzene: 2-Bronp-5-fluoro

aniline (2.00 g, 10.53 mol) was dissolved in
waeoengeatnat ed HCL (10 nL) and water (10 nli) aneCT/OS1086044320

to 0 C Aqueous NaNO2 solution (1.090 g, 15.8 mmol of

NaNO2 in 10 nL of water) was added dropwi se at such a

rate that the tenperature did not exceed 5 C This

m xture was stirred at 0 Cfor 1.5 h. A solution of

NaN3 (1.027 g, 15.8 mmol) and 97 WD 2007/ 061714

PCT/ US2006/ 044320 NaOAc (12.95 g, 158 nmol) in water

(50

SO r e B oS o )P A it e A F ot
fIh%é ?12??;&&@%112&&2?@ V\:%&cﬁrcﬁhé}kga@mﬁhl?ﬁe?sq}?%dﬂwprowded for
ex

Ao h o eRy 0 e M B iapete: MR (400

Nﬂ% %E@i@gwl‘)%&@ CD&EH%? BH- f7016((§H1%§ 9;22%?41 ) g l39) (o, s);

C@\dSIG*zESIMw*Im/wz 430.J= 8 8 2 8 Hz) 6.79 (1 H,
ddd, J=8.8, 7.6, 2.8 Hz). Internediate 123 TMS N N Br
10 FI 1-(2-Brono-S
fl uor ophenyl ) -4- (tri met hhtsithgdiate 1351, 2, 3-tri azole: A
m xture of 2-azi do-1-brono-4-fl uorobenzene (1.05 g,
4.85 mmol ) and trinethyl sil yI acetylene (2.01 nm,

14.54 mmol ) in toluene (5 nb s heated in a pressure
vessel at 110 C 15 for 21.5 whe reaction m xture

was concentrated in vacuo NrHe resi due was

purified with a Bi otage col u chgpmat ogr aphy system
on silica gel with hexanes: acetate (9:1)
gradient as the eluent to the title conpound as

a colorless oil (1.45 g, 95%yield): 'H NNR (400 NPE
CDC13)&797 (1 H s), 7.74 (1 H, dd, J=9.0,

0 e il S gl
Mbhitp))unﬂ xval piéted acdondiag esh anadoddi prodddure plovided for 1- (2-
bromo-5-fluorophenyl)-4-(trimethylsilyl)-1H-1,2,3-triazole. 'H NMR (400 MHz,
CDCl) & 7.71 (1 H, dd, /=8.8, 5.3 Hz), 7.12 - 7.20 (2 H, m), 2.34 (3 H, 5), 2.12 (3
H, s), LCMS (* ESI, M+H") m/z 270/272.

Intermediate 126
0
N

Jijm
F

1-(2-Bromo-5-fluorophenyl)-1H-1,2,3-triazole: 1-(2-Bromo-5-fluorophenyl)-
4-(trimethylsilyl)-1H-1,2 3-triazole (0.800 g, 2.55 mmol) was dissolved in THF (10
mL) and tetrabutylammonium fluoride (2.8 mL, 2.80 mmol, 1.0 M in THF) was
added dropwise and the reaction mixture was stirred at 25 °C for 4h. The resulting
mixture was concentrated in vacuo and the residue was purified with a Biotage

column chromatography system on silica gel with a hexanes:ethyl acetate (8:2 to 7:3)
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NBr FI1 / 25 98 WO 2007/ 061714 PCT/ US2006/ 044320
1-(2-Brono-5 ,

wo baaoepinenyl ) - 5-met hyl - 4- (trimethyl silyl)-1 HQAT/RS2006/044320
3-triazole: The title conmpound was prepared according
to an anal ogous procedure provided for
1-(2-brono-5-fluorophenyl)-4-(trimethylsilyl)-1H1,2,3
-triazole. kH NWR (400 Mz, CDCl13) S: 7.73-7.69 (1H,
n, 7.20-7.16 (2H, m, 2.22 (3H, s), 0.39 (9H, s); 5
LCVMS ( ESI, MrHt+) miz 328/330. Internediate 125 N
j:: Br F 10 1-(2-brono-5 ; fluoragphenyl)-4,.

giadientas Hyd eluend to afferd thetitjepasproungias arWhifesold (R0 P87

y‘Seﬁ%L ngg@ﬁgfao?ﬁ?%{z‘? el P5: A0 NPHOG0KS PHRT.EH &1 1, d, J<1.3
Ha)oNw6 Bt H, ddy sph8ny.B)HZ); 1.89i( i, liyt] £+8.51 3.8 H17.29 §1 £ iddd,

B G0 ST BLATEOW P a1 o) 2. 1203 15

H, s), LCM5 (+ ESI, MtH) mz 270/ 272. Internedi ate
126 CNNN Nj:tr Br

F 20,. 7
1- (2- Br omo- 5f | uor opheny'efmediat 27 1 470 e
1- (2- Brono- 5-f | uor ophenyl) -
4-(trimethylsilyl)-1H1,2 3-trjazole (0.800 g, 2.55
mmol ) was di ssol ved in TH%E,“'\I

o
F

1-(2-Bromo-5-fluorophenyl)-5-methyl-1H-1,2,3-triazole. The title compound
was prepared according to an analogous procedure provided for 1-(2-bromo-5-
fluorophenyl)-1H-1,2,3-triazole. 'H NMR (400 MHz, CDCl3) &: 7.76 (1 H, dd,
J=9.1, 5.3 Hz), 7.62 (1 H, 5), 7.19 - 7.26 (2 H, m), 2.25 (3 H, 5), LCMS ("ESI,
M+H" m/z 256/258. '

Intermediate 128

r

N
jop
3

4-Fluoro-2-(1H-1,2,3-triazol-1-yl)benzonitrile: A mixture of 1-(2-bromo-5-
fluorophenyl)-1H-1,2,3-triazole (0.603 g, 2.49 mmol), CuCN (0.245 g, 2.74 mmol),
in 15 mL of NMP was subjected to microwave irradiation at 150 °C for 0.5 h. The
brown mixture was filtered over Celite® and washed with DMF. This solution was
treated with 10% aqueous NH,OH (28-30% solution) and extracted with EtOAc. The
organic fractions were combined and successively washed with 10% eiqueous
NH40H (28-30% solution), saturated aqueous NH4Cl, water, brine and dried over

A
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m.) and tetrabutylamoniumfluoride (2.8 nL, 2.80
mol, 1.0 Min THF) was added dropw se and the

WO e@cb oM m Xxture was stirred at 25 C for 4h. HEPUS2006/044320

resulting 25 m xture was concentrated in vacuo and the
residue was purified with a Biotage colum

chr omat ography systemon silica gel with a

hexanes: et hyl acetate (8:2 to 7:3) 99 WD 2007/061714
PCT/ US2006/ 044320 gradient as the eluent to afford
the title conpound as a white solid (0.36 g, 58%

N0, Ty Heetlind (301 oo Congostharia yicchojaha dhe feyidug g

phrFiedayith & Hﬁ&agacdﬂunﬂcbhrdm&o%rapﬁy&yﬁém on/silifa £di With

5 Sens et iapiafe i i Gk EAigsont R g epfRt 1uftioRe gt compound

ab-a [ZzHBRRNBW 20fid Wﬁ@?ﬁe@b*%)ylédﬁﬂ}ﬂmt\m tob My, OD@%P6:%8.40 (1

The title co u was ared according to an
|Jod&§2bﬂ%e@dﬂes)p? Bh(bl ddod=8.6 26 B0 7% (1 H, dd, J=8.7, 2.4

1kh1, 2, 3-t I "H NVR (400 MHz,
%Bg?g?pgﬁWI)H H, ddrl?zg(le 53Hz)( 7.62 (1 H,

s), 7.19 - 7.26 (2 H m, 225(3H s) LCVS ( ESI,

MH—H) m z 256/ 258. 15 Inltgrrre? ﬁ,zgl " N I\I(]\IN~
J(t'")-- CN F 20 4-Fluoro B4 3-triazol -

yl )benzonitrile: A m xture of 1-(2-brono-5-

fluorophenyl)-1H1, 2, 3-triazole (0.603 g, 2.49 nmol),

CuCN (0. 245 g, 2.74 rmol) /i
/(I;,N

o
F

4-Fluoro-2-(5-methyl-1H-1,2,3-triazol-1-yl)benzonitrile. The title compound
was prepared according to an analogous procedure provided for 4-fluoro-2-(1H-
1,2,3-triazol-1-y)benzonitrile. 'H NMR (400 MHz, CDCl3) &: 7.93 (1 H, dd, J=8.7,
5.4 Hz), 7.67 (1 H, s), 7.44 (1 H, ddd, J=8.6, 7.6, 2.5 Hz), 7.35 (1 H, dd, J=8.1, 2.5
Hz), 2.39 (3 H, 5), LCMS (" ESI, M+H") m/z 203.

Intermediate 130

N
/\(,“N

N
jon
F

2-(4,5-dimethyl-1H-1,2,3-triazol- 1-yl)-4-fluorobenzonitrile. The title
compound was prepared according to an analogous procedure provided for 4-fluoro-
2-(1H-1,2,3-triazol-1-yl)benzonitrile. 'H NMR (400 MHz, CDCl;) : 7.88 (1 H, dd,
J=8.7, 5.4 Hz), 7.38 (1 H, ddd, J=8.7, 7.5, 2.5 Hz), 7.29 (1 H, dd, J=8.1, 2.5 Hz),
2.37 (3 H, s), 2.26 (3 H, 5), LCMS (' BESI, M+H") m/z 217.
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in 15 nL of NMP was subjected to m crowave irradiation
at 150 C for 0.5 h. The brown mxture was filtered

wor@r/0&ghite(r) and washed with DVF. This sol upP€DDOSWa6044320

treated with 10% aqueous NH4OH (28-30% sol ution) and
extracted wth Et CQAc. The 25 organic fractions were
conbi ned and successively washed with 10% aqueous
NHACH (28-30% sol uti on), saturated aqueous NH4CL,
water, brine and dried over 100 WD 2007/061714

PCT/ US2006/ 044320 Na2SO4. The resulting m xture was
concentrated in vacuo anfrl,ét he [e5|g e was purified
with a Biotage colum ch bysystemon silica
gel with hexanes: ethyl acetate (7:3 to 6:4) gradient
as the eluent to afford the title conpound as a |ight
yellow solid (0.285 g, 61 )}Xel d): 1H NWVR (400 WMHz,
CDA 3) b: 8.40 (1 5 H, d, NOoHz), 7.96 (1 H, s),
7.91 (1 H dd, J 8.6, 5.6 Hz), 7.77 (1 H dd, J 8.7,
2.4 Hz), 7.31 - 7.39 (1 . "Nmgeciedi ate 129 N N
L CN 10 F 4-Fluoro-2-(5- yl-1H1,2,3-triazol-1
yl)benzonitrile. The tifle Conpound was prepared
according to an anal ogous procedure provided for
4-fluoro-2-(14 1,2, 3-triazol -1 -yI}benzonltrl le, 1H
NVR ( 480 hpeo-2-Ca33, 3srlav019f3y{)ah44y)mft apagrine hydsoehlgride. *

E@IR (%()@gvng{% IE:Msg%JDé} 7(3](5’7‘}7, fgdy 0]1-?}% §5(’)7(3fi«1 Ws)28.07 (1 H,

dCREL .0 +23) 7. 9M€HH) d:tﬁl—&w 9 Hn) £1. ﬁéﬂl & dd1.59.2.N. 7@?!) 260 (1 H,
F‘? *tor f)%enzon tF A gﬁtl‘% }}S%f{ej i%&ﬁgimhggﬂp ‘é’é%%%%

according to an anal ogous procedure provided for
4-fluoro- 2-(1H1,2,3-tri azol d%%Ill%genzomtrlle "H
NVR (400 MHz, CDCI3) S: gned

(4-Fluoro-2-(5-methyl-1H-1,2,3-triazol-1 -J;I)phenyl)methanamine
hydrochloride: "H NMR (400 MHz, DMSO-D6) 8: 8.61 (2 H, s), 7.98 (1 H, dd,
J=9.5, 6.2 Hz), 7.80 (1 H, s), 7.61 - 7.67 (2 H, m), 3.66 (2 H, q, J/=5.7 Hz), 2.26 3 H,
s), LCMS (" ESI, M+H") m/z 206.

Intermediate 133

NH, HCl
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25 J=8.7, 5.4 Hz), 7.38 (1 H, ddd, J=8. 7, 7.5, 2.5
Hz), 7.29 (1 H dd, J8.1, 2.5 Hz), 2.37 (3 H s),

wQ@28/0631H, s), LCMS (+ESI, MrH+) nmfz 217. 101P&WDUS2006/044320

2007/ 061714 PCT/ US2006/ 044320 Internediate 131 N N
NI "~ N2, HJd F ~5 (4-Fluoro-2-(1H1,2,3-triazol-1
yl ) phenyl ) met hanam ne hydrochloride- "H NWR (400 MHz,
DMSO-D6) 8. 8.73 (1 H, d, J1.0 Hz), 8.53 (3 H, brs),
8.07 (1 H d, J 1.0 Hz), 7.91 (1 H, dd, J 8.7, 5.9
Hz), 7.66 (1 H dd, J=9.2, 2.7 Hz), 7.60 (1 H, td,
J=8.5, 2. ), 3.92 H q, J=5.6 Hz), L } ES|,
Vi i) - 3-8t TGS L e 2D vorgp ey meshtine
hydrokBioFide O -AMEE (AT NI DRSO 3-8:18.5% @ Hls), 7.96 (1 H, dd,
y? henyl ) met hanam ne 15 hydrochl ori de: ~H NVR (400

-/, DREB)DE66:7.6 G1H( 121),@{4@) 2.52.@d1(m),3.343 H, 921§ G H, 5),

7 , V61 - 7.67 (2 H, , 3.66 (2
P tmal s fbnid 28 00 LT PLEZ T e M
mz 206. Internediate 133 20/ N N N NH2, HC1 F -~

Intermediate 134

o
F

1-(Azidomethyl)-4-fluoro-2-iodobenzene: A solution of 1-(bromomethyl)-4-
fluoro-2-iodobenzene (M. Protiva et al., Collect. Czech. Chem. Comm., 44, 1979,
2108 —-2123) (17.9 g, 56.8 mmol) in N,N-dimethylformamide (35 fnl) was treated
with sodium azide (5.0 g, 76.7 mmol) and the resulting mixture was heated to 50 °C
for 4h. The cooled mixture was filtered, the filtrate was concentrated in vacuo and
the residue was chromatographed on silica gel (elution hexane) to give 15.7 g (97 %
yield) of the title azide as a clear oil. 'HNMR 400 MHz (DMSO-ds) &: 4.53 (2H, s),

- 7.32 (1H, m), 7.54 (1H, dd, J = 6.0, 8.6 Hz), 7.83 (1H, dd, J = 3.0, 8.0 Hz).

Intermediate 135

F

(4-Fluoro-2-iodophenyl)methanamine: A solution of 1-(azidomethyl)-4-
fluoro-2-iodobenzene (15.2 g, 54.8 mmol) in DMF (35 ml) at 0 °C was treated with
triphenylphosphine (21.6 g, 81.2 mmol) and then stirred for 1 h. The reaction
mixture was then treated with water (5 ml) and heated at 55 °C for 1h. The DMF was
concentrated in vacuo and the residue was diluted with ethyl acetate (200ml). The

organic phase was extracted with 0.5 N hydrochloric acid (140 ml) and the aqueous
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102 WD 2007/ 061714 PCT/ US2006/ 044320 (2-(4,
5-dinethyl-1 H1, 2, 3-triazol-1yl)-4

wo baaoeinenyl ) met hanam ne hydrochl oride. ' H NMRCT/A8106/044320

MHz, DMSO-D6) 8: 8.58 (2 H, s), 7.96 (1 H, dd, J=8.7,

5.9 Hz), 7.56 - 7.65 (2 H m, 2.46 - 2.52 (2 H m,

2.30 (3 H s), 2.18 (3 H, s), LCM (' ES 1, MH4) niz

221. 5 Internediate 134 (L(N3 F 10

1- (Azi donet hyl ) - 4-fl uor o- 2-i odobenzene: A sol ution of

1- (brononet hyl) - 4- fluoro 2- iodobenzene (M Protiva et

at,, Collect. Czech 979, 108

SFyast “(af?"@fhad g ?%hﬁ]n%ﬂe atg. 5’9 sHb? ST adusted to pH 9
Writh WABLIOK ahe extriéted \Aﬁﬂxdét}#iﬂ a@éﬂa&e(z(ﬁz@) £hl). 7Bhe/cdmiBihed organic
and the resulting m xture was heated to 50 C for 4h.
Phascsore drifd RV el W@W.W%@ewm auliete 70 Foncentpaled. The residue

GRRCRIEBNER eltdr Ym&l)a @iﬂelje'é dnl@ ohESHtAMRL. VBRtillation of the residue
chromat ographed on silica ge el ution hexane) to give

18 vacyy g7 882 gi(@d % yietd)toh éhet 111 ¢ %mam age dearpik bpds °C / 0.35 torr

il 4 MHz_. 1
‘(’diﬂb tﬁ)'é}'}'%'}_hgtgfi’?tm alég%\{ﬁ?é e)8 %ﬁpé% 'Z'ogi%gz ((II)IF\(f‘&a o) 8 3.64
J2H, 8, 0,27810, ki) 7.5Br(t B, aedi =ase) 8¥OHZzY0.83 (WH ddfT €4.0, 8.0 Hz).
FIuoro-2-iodophenyl)nethananine: A sol ution of
1- (azi donet hyl )-4- fluoro-2-iodobenzene (15.2 g, 54.8
nmmol) in DM (35 m) at Qniermediaterissted with 25
tri phenyl phosphine (21.6 g, 81.2 mml) and then
stirred for 1 h. The reaction m xture was then treated
with water (5 m) and heated at 5 C for Ih. The DWF

was concentrated in vacug and thé resfdue was diluted
with ethyl acetate (200 heN orYami ¢ phase was
extracted with 0.5 N hy Iorlc acid (140 m) and
the aqueous 103 WO 2007/061714 PCT/ US2006/ 044320

tert-Butyl 4-fluoro-2-iodobenzylcarbamate: A solution of (4-fluoro-2-
iodophenyl)methanamine (21.4 g, 85.2 mmol) in dichloromethane (350 ml) was
treated at 0 °C with di-tert-butyl dicarbonate (20.5 g, 93.8 mmol) followed by
triethylamine added drop wise over 30 min. The resulting mixture was then allowed
to warm up to 25 °C and stirred for 18 h. The reaction mixture was then washed with
water, brine, dried over anhydrous magnesium and concentrated. Chromatography of
the residue on silica gel (elution gradient of ethyl acetate 5 — 20 % in hexane) gave
28.37 g (95 % yield) of the title carbamate as a clear oil. '"HNMR 400 MHz (CDCl3)
8: 1.47 (H, s), 4.32 (2H, d, J = 6.0 Hz), 5.04 (1H, broad), 7.07 (1H, m), 7.35 (1H,
m), 7.56 (1H, dd, J = 2.8, 8.0 Hz).

Intermediate 137
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extract was washed with ethyl acetate. The aqueous

phase was then adjusted to pH9 wth 1 N LiCH and
weziwactied with ethyl acetate (2 x 200 nl). ThBCT/US2006/044320

conmbi ned organi c phases were dried over anhydrous

magnesi um sul fate and concentrated. The residue was

diluted with ether (200 m), filtered and

concentrated. Distillation of the residue 5 in vacuo

gave 8.52 g (62 %yield) of the title am ne as a clear

oil: bp 8 C/ 0.35torr (bulb to bulb distillation

?IZIr—I bt%z%ziﬁ% ?J(%%Mo%%phoyy% )4%?[ B’?e&%{ﬁ?fy%&é A%cﬁﬁon of
teht-Batyl ﬂlrﬂum‘d 2- 1bdob812®1028bzﬁna’dz X5.001g &4.34 dumob, dmsethﬂmh@sphlte
(%ﬁégr g&% aéxﬁlg\t'%\? §P%%P ng]t)%leth/xlam1 e ? (9) r1]‘111(,)?6.8_mmol) in methanol
(8 rrlilb wag ﬂg&meﬁ: witlo mﬁﬁ“ﬁ“?g‘“gaﬁ“ mth(tﬁjfhm)gphc&@hme (0.5 g) and

) I C e was tre
relggiencly Socinte Con 31 ARCsRR e B s sl L prff hodted a
1Rl dopRd Rr. Thé 8561%4 28chien cidafe WaBRoMbehBaRMEh vabuo, diluted
mn. The resulting m xture was then allowed to warm

with etybacetterashed miduwaise, brinepdriqhaver@abydions magnesigm and
\%E Jﬂﬁ&l V@%ﬁﬁt&%&ﬁhgnmg Iresidiid &?sﬂlgé %ﬁld(eﬁl‘ﬁ%h gradlent of

rous magnesi d concentrat ed romat ogr aphy
awbtonﬂtnée metithlomrasthaic) igeve 38 g @86 YeLibe élﬁlte Péipsphona’fe as

lﬁ%{eﬁ” Wgoq Pf}?zé(%fg%g%xi '2;9)(9 ¥)CI3§8§r(%§I ?)73%1“%% s):
44@9) MELZ% gGD&DHz), 55;/ (114 Brdadh], 7]+24} (IH B8P N€H- 7d, (2H, m)6 . HRMS
(f%%ca&%l#f}qu CfEtborl B, 3 aede Rubdr ao4dh1 76
O Gp- 6- 0~/ Nko\ F & 104

Intermediate 138

F

CF3CO,H

Dimethyl 2-(aminomethyl)-5-fluorophenylphosphonate trifluoroacetic acid
salt: A solution of tert-butyl 2-(dimethoxyphosphoryl)-4-fluorobenzylcarbamate
(0.140 g, 0.42 mmol) in dichloromethane (5 ml) was treated with trifluoroacetic acid
(5 ml) and the resulting mixture was stirred at 25 °C for 1 h. The solvent was then

evaporated in vacuo to give the title amine salt as an amorphous white solid. MS
(BST") m/z 234 [M+H"].
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WO 2007/ 061714 PCT/ US2006/ 044320 tert-Butyl
2- (di nmet hoxyphosphoryl)-4 fluorobenzyl carbamate: A

waeloansom of tert-butyl 4-fluoro-2-iodobenzyl ceebarBn€044320

(5.00 g, 14.24 mol ), dinmethyl phosphite (4.70 g,
42.7 rnnol) and N, N-diisopropylethylamne (9.9 m,
56.8 mol) in nethanol (75 m) was flushed with argon
and then treated with tri phenyi phosphine (0.5 g) and 5
pal | adi um(11) acetate (0.75 g). The resulting m xture
was then seal ed and heated at 100 C for 1 hour. The
cool ed reaction m xturelnesrm%gﬂl&:e{gagat ed in vacuo,
diluted wth ethyl acetaté, h with water, brine,
dried over anhydrous magnesi um and concentr at ed.

Chr omat ogr aphy of the residue on silica gel (elution
gradient of acetonitrile i ryl—-dilchl or onet hane) gave
3.24 g (68 %yield) of the mlt,l);goohosphonate as 10 a
clear oil. 'HNWR 400 MHz (CDCN3) 8:1.44 (9H, s), 3.81
(3H, s), 3.84 (3H, s), 4.49RHCN, J =6.0 Hz), 5.7
(1H, broad), 7.24 (IH m, 1] - 7.7 (2H, rn). HRMS
(EST}) cal culated for Cl4 KO5P [ M+H }] @ 334.1220 ;
found : 334.1217. Internediate 138 150 O ' ,' NH2
F & CF3CO2H Di net hyl

2- ( ani¢nohetd ! (M-béthyiaT-ophe briishdsphBnaL &-triazol-1-yl)benzonitrile:
rifluoroacetjc aci sal.t: ol uti f £t -

Bt A eroseno) chiepy p St D b4t -one

(@4844@(]'9,78 Q;ﬁﬁal) ;anlabN (o4 g/8.96 _ﬁgﬁ@lbl,gdiﬁ g fiU’ddDNN@SNas subjected

treated with frifluqrogcetic. a ) .and t

PRTPAYC HadizHan 20 ibr a4 glthf‘égg&mrfafxﬂfe PfYaSrTlﬁfeefed over

eelie@ hndaasidaanith EMARO MatsadLitin/esdRedted Bithe 084 aqueous

title amne salt as an anorphous white solid. M

NEBOH (29-30%aselytignprand exmarteqvith Fid 7hhe combined organic
Badli RO/ Q843 d06ly! vMsBeaRAIAL 4 hdRedts MNP (28-30% solution),

saturated aqueous NH,4Cl, water, brine and dried over Na;SO4. The resulting mixture

was concentrated in vacuo and the residue was purified with a Biotage column
chromatography system on silica gel with hexanes:ethyl acetate (3:7 to 2:8) gradient
as the eluent to afford the title compound as a pink solid (0.305 g, 79% yield): 'H
NMR (400 MHz, CDCls) 8 7.76 (1 H, dd, J=8.8, 5.8 Hz), 7.72 (1 H, dd, J=5.6, 2.5
Hz), 7.64 (1 H, s), 7.10 (1 H, ddd, J=8.7, 7.4, 2.7 Hz), 3.40 (3 H, s); LCMS ("ESI,
M+H") m/z 219.

Intermediate 140

/")'1
N.,

N (o]
ﬁ‘“
F

4-Fluoro-2-(3-methyl-5-oxo-4, 5-dihydro-1H-1,2,4-triazol-1-y)benzonitrile:
'TH NMR (400 MHz, CDCl3) § 11.24 (1 H, brs), 7.80 (1 H, J=8.8, 5.8 Hz), 7.63 (1H,
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CN F 5 4-Fl uoro-2-(4-nethyl-5-o0xo0-4,
5-di hydro-JH -1, 2, 4-triazol-1-yl) benzon itrile: A

wWorRoor s 1of PCT/US2006/044320

1- (2- brono-5-fluorophenyl)-4-nmethyl-1H1,2,4-triazol -5
(4H) -one (0.484 g, 1.78 mml), CuCN (0.319 g, 3.56
mmol ), and 8 nL of NMP was subjected to mcrowave
irradiation at 120 C for 3 h. The brown mi xture was
filtered over Celite(r) and washed with DMF. This
solution was treated wth 10% aqueous 10 NH4OH (28-30%

GO ) B SEL RG] B L P Then oI Do st

Qs NHAOH (28-30% sol ution), saturated aqueous

% él wat er, brine and dried over Na2SO4. The

resultl ng mxture was concentrated in vacuo and the

residue was purified w col um

chr omat ogr aphy system oﬁﬁgﬁ}j‘?gg&ggﬁ wi t h hexanes: et hyl

acetate (3:7 to 2:8) gradient 15 as the eluent to

afford the title corrpound as a,pink solid (0.305 g,

79% vyield): 1H NWR (400 3) S7.76 (1 H, dd,

J=8.8, 5.8 Hz), 7.72 (1 H, S\:]9 , 2.5 Hz), 7.64

(1 H s), 7.10 (1 H, ddd, J-- C74 2.7 Hz), 3.40

(3 H s); LOMS (+ESI, M-HH M19. 20 Internediate

140 co F CN 1 4-Fluoro- nmet hyl - 5- oxo- 4,

5-di hydro-1 H 1, 2, 4-trifzol-1 yl)benzonitrile: 25

"H NWVR (400 MHz, CDC13) S 11.24 (1 H, brs), 7.80 (1 H,

J=8.8, 5.8 Hz), 7.63 (IH, 106 WD 2007/061714

PCT/ USZB61002-48 2 6ioxit 5-methylal, 2é-fétqqeéldln?»?-z@bwowt”{fdcf\hlgh
8. 7,..1. . - 4 , 1.2
%suéél)?ac?o é?sr%rg aelng,% S%HEONQ)@u&%zgﬁbﬂe (OB ), 1.25

mmol), 2-(methyl)-1,2,5- thiadiazolidine 1,1-dioxide (0.204 g, 1.5 mmol), K2CO;

(0.242 g, 1.4 mmol) and xantphos (0.058 g, 0.1 mmol) in dioxane (6 mL) was
degassed with argon for 15 min. Pd.dba; (0.034 g, 0.08 mmol) was introduced and

the reaction mixture was heated at 100 °C for 9 h. The mixture was cooled, diluted

with dioxane, and then filtered through Celite®. The resulting mixture was
concentrated in vacuo and the residue was purified with a Biotage column
chromatography system on silica gel with hexanes:ethyl acetate (7:3) gradient as the
cluent to afford the title compound as a white solid (0.152 g, 48 %): '"H NMR (400

MHz, CDCl) § 7.69 (2 H, dd, J=8.6, 5.8 Hz), 7.52 (2 H, dd, /=9.5, 2.4 Hz), 7.09 (2
H, ddd, =8.7, 7.4, 2.4 Hz), 4.06 (3 H, t, J=6.4 Hz), 3.56 (3 H, t, J=6.6 Hz), 2.90 (3
H, s); LCMS (" ESI, M+H") m/z 256.

Intermediate 142

N/
S

CN
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" % 4p CN F 4
Fl uoro-2-(1, 1-di oxo-5-nethyl -1, 2, 5-thi azol i din-2
wQ@ kgobeazoni tril e: Ahigh pressure reaction vesBEl/US2006/044320

cont ai ni ng 2-brono-4-fluorobenzonitrile (0.250 g, 1.25

10 mmol ), 2-(methyl)-1,2,5-thi adi azolidine 1, 1-dioxide

(0.204 g, 1.5 mmol ), K2C03 (0.242 g, 1.4 mmol) and

xant phos (0.058 g, 0.1 nmol) in dioxane (6 nL) was

degassed with argon for 15 m n. Pd2dba3 (0.034 g, 0.08

mol ) was i ntroduced and the reaction nixture was

heated at 100 C for h. The m xture was cool ed,

di | ut Eduakprh %m%aﬁe?-ommw{qﬁehdmrl-y@b%ww%glﬂ NMR (400
0 txiire onRC r

L 8 T3 (L3 d, o8 A BT B SR PERE P33, 696

Hodiidlﬂ=85h?énaﬁd@z)a|ét@8 @ﬁi;dﬂqﬂaﬁ 7s6I9dz), 15 (BiH hdd, J—8 7,

t 7 die I tt
SPRRLSEELAYS RN IR TS C By R 2
5 48 %: iH NWR (400 N+h CDC13) 8 7.69 (2 H, dd, J8.6,
5.8 Hz), 7.52 (2 H, dd, H ) 7.09 (2 H
ddd, J=8.7, 7.4, 2.4 Hz) “‘emélat%l T--6.4 H),
3.56 (3 H t, J=6.6 Hz), 2.90 (3 20 H s); LCMB (+
ESI, MtH '-) mz 256. Interq;dlate 142 cc OCN 25 107
WD 2007/ 061714 PCT/USZOO6 {4320
4- Fl uor o- 2- ( 3- net hyl - xél zolidin-1
yl)benzonitrile: 'H NNR (480 wih CDC13) 8 7.65 (1 H
dd, J=8.7, 5.9 Hz), 7.45 l_SthO 4, 2.5 Hz),
6.96 (1 H, ddd, J=8.7, : 4.08 (2 H, dd,
J=8.7, 6.9 Hz), 3.55 (2=‘ dd, J=8. 6.0Hz), 2.93 -
2.93 (3 H s), 1.55 - 1.61 (4 H, n) "LCVB (ESI, MH)
mz 220. 5 Internediate 143
10 1-(2-(Aminomethyl)-5-fluorophenyl)-4-methyl-1H-1,2,4-triazol-5(4H)-one

hydrochloride: "H NMR (400 MHz, DMSO-D6) & 8.36 (2 H, brs), 8.30 (1 H, s), 7.70
-7.77 (1 H, m), 7.36 - 7.41 (2 H, m), 4.02 (2 H, ), 3.27 (3 H, s); LCMS (" ES],
M+H" m/z 223.

i5 Intermediate 144

7 N
NL X0
©/\NH2 HCl
F

1-(2-(Aminomethyl)-5-fluorophenyl)-3,4-dimethyl-1H-1,2,4-triazol-5(4H)-one
20  hydrochloride: "H NMR (400 MHz, DMSO-D6) 0 8.32 (2 H, brs), 7.72 (1 H, dd,

J=8.6, 6.6 Hz), 7.33 - 7.40 (2 H, m), 4.03 (2 H, 5), 3.24 (3 H, s), 2.30 (3 H, s); LCMS
("ESI, M+H") m/z 237.
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fi- NNCN ~-- OHCL F &NH2 10 1-(2-(Am nonethyl)-5
fluorophenyl)-4-nmethyl-1H 1,2, 4-triazol -5(4H)-one

woyavoctthori de: 'H NVR (400 MHz, DMSO D6) S 8. BOI/(R2005/044320

brs), 830 (1 H s), 7.70 - 7.77 (1 H m, 7.36 -
7.41 (2 H m, 4.02 (2 H s), 3.27 (3 H s); LCM
(+ESI, MH) mlz 223. 15 Internediate 144 / NN
N,~----OHCl F &N\H2 1-(2-(Am nonethyl)-5

fl uorophenyl)-3,4-dinmethyl-1H1,2,4-triazol -5(4H)-one
20 hydrochloride: 'H NMR (400 MHz, DI\/SODG) b 8.32 (2
H brs), 7.72 (1 H, dd, 8 6 6 gs 7.33 - 7.40
(2 H m, 4.03 (2 H, s), Hespedigfelas "5 3073 4 o)
LCVMs (° ESI, MtH+) nifz 237 108 V\D2007/061714

PCT/ US2006/ 044320 Interrredla}e 145 10 j! r NH2 HC1
F 5 2-Methyl-5-(2-(am no d-SquorophenyI) 1,2,5
t hi adi azolidine 1,1- dioxi{degydrochloride: 'H NWR
(400 MHz, DVBO-D6) 6 8.49 (WH ©brs), 7.73 (1 H, dd,

6.3 Hz), 7.50 (1 H, dd, 7.39 (1 H
td, ) 5 2. 8(Hz), 4. 1'53”%’5'52) 91 (2I(—|
t,./"-6.4 H), 3.50 (2 B Y2 J=6.3 Hz), 2.74 (3 H, s):

LCMS (F ESI, MtH') mz 260. 10

2-Methyl-5-(2-(aminomethyl)-5-fluorophenyl)-1,2,5 thiadiazolidine 1,1-

dioxide hydrochloride: "H NMR (400 MHz, DMSO-D6) 8 8.49 (2H, brs), 7.73 (1 H,

dd, J=8.8, 6.3 Hz), 7.50 (1 H, dd, J=10.0, 2.7 Hz), 7.39 (1 H, td, /=8.5, 2.8 Hz), 4.14
(2 H, brs), 3.91 (2 H, t, J/=6.4 Hz), 3.50 (2 H, t,J=6.3 Hz), 2.74 (3 H, s); LCMS ("
ESI, M+H") mv/z 260.

Intermediate 146

N/
(o

NH, HCI

1-(2-(Aminomethyl)-5-fluorophenyl)-3-methylimidazolidin-2-one
hydrochloride: 'H NMR (400 MHz, DMSO0-D6) 6 8.28 (2 H, brs), 7.65 (1 H, d4,
J=8.6, 6.6 Hz), 7.35 (1 H, dd, J=10.5, 2.5 Hz), 7.22 (1 H, td, /=8.6, 2.5 Hz), 3.92-
3.80 (4 H, m), 3.50 (2 H, m), 2.78 (3 H, s). LCMS (" ESI, M+H") m/z 224.

Intermediate 147

OaNH>
Br
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Internmediate 146 N Cj: r NH2 HC F 15
1-(2- (Am nonet hyl ) -5

wo baaoeinenyl ) - 3- met hyl i m dazol i di n-2- one PCT/US2006/044320
hydrochl oride: 'H NWMR (400 MHz, DMSO-D6) S 8.28 (2 H,
brs), 7.65 (1 H dd, J=8.6, 6.6 Hz), 7.35 (1 H, dd,
J--10.5, 2.5 Hz), 7.22 (1 H td, J=8.6, 2.5 Hz), 3.92-
3.80 (4 H m, 3.50(2H mM, 2.78 (3 H s). LCM5 (+
ESI, MtH+) miz 224. 20 Internmediate 147 O NH2 LBr F
| 109 WD 2007/ 061714 PCT/ US2006/ 044320 2- Brono- 5

fl uor obenzanm de. A | ut f -5-f|
aci d {-Boowor)/Tug; 0@6’?71%1'%?1!7 ORrF%éH L"ﬁ‘l Y ‘3{” Otl‘teﬁgéﬁic;:acld
(3?%) 3é 458 1 %Qilgmlgf&getgﬂ 100 &D' Wi té&técﬁat@SrﬁC with oxalyl

dhlduidti (O, Pbﬁrmmo& biigned D aciipe ok Yrrdimgthypgrapmidg, The
regﬂl{l{xg gl%lgcgﬁ‘l e $ral theh i glfﬁﬁ@fh AHL BKRB ind SRV HeapitBvdre

evapo n vacuo an e residual oil was dissol ilgglo b
m

Wapbﬂ'terchimy\cacoo and the(regidoalril yas dissolserdiupretrahydrafucan,
%@ﬁfl ?% ggl%ul#é ap teQr g&)rgr ratlxé ZY)?tn%r), GhR0 (fdd mith nd

anmoni um
@R uhtritad ammdnive hydsoxuﬂreﬁ 1@ nilpr dihe rasultztm mlxtgre was fhen stirred

%@P%%Dﬂxn ﬁqxﬁgét?ca}mﬁz)gldlr \%se glh#k:% P%%ts ga%é@{@%shed with
&uﬁf aﬂ&ﬁd]fwt@% @ﬂ?qeclmsrmamsmm gllﬂﬁe gndsaorg;e(mgﬁd 10 ge 9.51 g (96
|1 e
e tlgle(alﬁé easa arln ?tg%ghg %R A@JIDC}%&IZ (@% ) Q gppm)
9056 gl(b'ﬁ Bhodl RIBSY, IS5 (ﬁ-I 42, drbihatiey] 7 4d GH3d3, Hz 3aHzdnd J =

omat i c dd, =51 Hz d J
8300, srbratiohn i (0, dee hoL 9L o v e S,

Intermediate 148

Nx-N<

2-Bromo-N-((dimethylamino)methylene)-5-fluorobenzamide. A mixture of 2-
bromo-5-fluorobenzamide ( 9.50 g, 43.57 mmol ) and N,N-dimethylformamide
dimethyl acetal (20 ml) was heated under argon at 120 °C for 1.5 h. The methanol
formed during the reaction was collected through a reflux condenser. The reaction
mixture was allowed to cool and the excess N,N-dimethylformamide dimethyl acetal
was removed under reduced pressure. The residual oil was crystallized from a
mixture of ether ( 75 ml ) and hexane ( 50 ml ) to give 8.55 g (72 % yield ) of the
title material as white crystals. 'HNMR 400 MHz (CDCl3') S (ppm) : 3.21 (3H, s,
CHs), 3.24 (3H, s, CH3), 7.0 (1H, m, aromatic), 7.58 (1H, dd, J = 50Hzand J=38.5
Hz, aromatic), 7.64 (1H, dd, T = 3.0 Hz and J = 9.1 Hz, aromatic), 8.64 (1H, s,-CH).
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F 2-Brono- N- ((di net hyl am no) net hyl ene) -5
fl uorobenzam de. A m xture of 2-

wohe@moeB14 | uor obenzam de ( 9.50 g, 43.57 nmol ) PE@nUS2006/044320

N, N- di net hyl f ormam de 20 di net hyl acetal (20 m) was
heat ed under argon at 120 C for 1.5 h. The net hanol
formed during the reaction was collected through a
reflux condenser. The reaction mxture was allowed to
cool and the excess N, N-di net hyl f or mam de di net hyt
acetal was renoved under reduced pressure. The
residual oil was crystall zed%J.ro\Tg m xture of ether
( 75 m) and hexane (50 ﬁ’l‘tf“{‘ igeé%8. 55 g (72 %

yi eld) of the 25 title material as white crystals.
"HNVR 400 MHz (CDC13) 5 (PPM: 3.21 (3H, s, CH3),
3.24 (3H, s, CH3), 7.0 (1 H, "h_r\arormtlc) 7.58 (1 H,

dd, J = 5.0 Hz and J = 8.5 MgzNaromatic), 7.64 (1H,
dd, J = 3.0 Hz and J = 9.1 Hz,| argmatic), 8.64 (1H,
s,:CH. 110 WD 2007/061714 2006/ 044320
Internmedi ate 149 N=~ ~N r F' 55(2 Brorno-5

fl uorophenyl) - 1- et hyl - JH—'i 2,4-triazole. A solution
of 2-

22, 90 BB G T prI R BIET & ™ Faeeai /- feton be2-
:brhéelabéﬂ-((dlmhthyﬁrhwob‘tyl?m?EhBBS (ﬂfr&dgi}zzrgﬁk (szg% 863§8¥dmm01 ) in
bce?ﬁlggés Q n?al% SRS &, gr“é‘ﬁ'é GFIWE‘X?E%BG 5% E@E mimol) and then

fheéﬂed 4webo OC lforvm . dﬂ‘He%%nMﬁ&e;@kEWﬂeaQ&ﬁR@ér@ théﬁ%ifﬁﬁ&ated in
rine, drie

wWth s rate sodi um bi car bonat e,
L0 Bith Yo ERICHAITER D PR e o BB Wit geturated
@@hmmbi@&mﬂateosﬁﬁ@ iwleafovghﬁﬂya%&%g&siuﬁ&@té X

el ( gradient of ethyl acetate 0 - 40 % in tol uene)

@80@111@%‘0 %olwm@wagmphwfmferesmw pn silisagehisgradient of
Vgﬂﬁ)tl %cx)&gﬂe'dj— 40 ";NMBt 4219% g‘g,za ALEG %%?5 (ypgﬁlcp ?%thg %_‘Q %IHaZOIC asa

tics
d?dutqlsoﬂ:ldS HNMRaﬂao MHz (CDCH) 5 (ppoira8ise)(3H5 s 02H{)1 H 155, 7.22

](gggl';%g I\{fscgijﬁs}() ll—gé{gf gg%??—lzfa%rd chglﬁBﬂ:Iz arox[nlvé{-c) 8]02 (1H, s,

CH). HRMS (ESI*) calculated for CoHgBrFN; [M-+H *] : 255.9886 ; found :
255.9896.

Intermediate 150

N=\

—N__.N

CN

4-Fluoro-2-(1-methyl-1H-1,2,4-triazol-5-yl)benzonitrile. A solution of 5-(2-
bromo-5-fluorophenyl)-1-methyl-1H-1,2,4-triazole ( 1.85 g, 7.22 mmol ) in N,N-
dimethylformamide ( 10 ml ) was treated with copper (I) cyanide ( 0.71 g, 7.95
mmol). The mixture was then maintained under vacuum for a few minutes, flushed

with argon and heated at 100 °C for 16 h. The solvent was then evapbrated in vacuo
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Intermediate 150 N=1 .-N.4 NCN 20 F
4-Fluoro-2-(1-nmethyl-1H 1, 2, 4-tri azol -5

W@ kgobeazoni trile. A solution of 5-(2- PCT/US2006/044320

brono- 5-fl uorophenyl)-1-nmethyl-iH 1,2, 4-triazole (
1.85 g, 7.22 mmol) in N N dinethylformam de (10 m)
was treated with copper (1) cyanide ( 0.71 g, 7.95 25
nmol ). The m xture was then mai ntai ned under vacuum
for a few mnutes, flushed wth argon and heated at
100 C for 16 h. The solvent was then evaporated in

vAd U@ resithal\Wil wROA{1ORA Wlith HEVT 4deg@OM L4329 wx"tmg s&llﬁﬁo% of 10 %

resi dyal oil was dlluted with ethyl acetate and washe

fmererau dydraxide Erllovedhy Yhiormmeniiyel cleride it wiafeswdtic organic
acEéh Yus BERRIANKES i) Bn‘ilx?e 'dﬁea‘@('@zr anh;gl% g;%'eﬁum sulfate and

fraction was then washed bri ne
SARSFAbaIEY. l%@mgucbmrg@ﬂog@pby aﬁ the residee ot siice el Ehitiomgradient

chiyPaRd 80 Hap o/Ofn troiﬂ?eneés%gy? Z?%rk) f’}é J’/C%He%:} f(tga gilg Nikrile as

gradient 5 et acet at
whiie cgys(tals?ﬁn%l)}#é(ld)etmfﬂ atdtate t- ihekameli t'HINMRAO0O Mipizt (e:D013) 3

TRt 288 (s, iy £ 870 (BB romapies, 750 4FE 06, 1499.0 Haz

@A) =8. GHZQBﬂirmdtﬁ:),,S @s @ﬁ-{(slh:l;H)ddL\nai Caled @oﬂ@ H@PR‘ ~ 5940, H
tic Ana Cfa ?
%f@kgzﬁ&ﬂ%m 59H?2 é*&@g N22776871 Found C 59. 22, H

3.28, N 27.68. 10 Intermediate 151 N==\ N i N CH2NH2
.2 HCI 141 15 . .
(4- Fl uor 0- 2- (1- et hyl - i Hintenmegiatgilg¥ ol - 5yl ) phenyl ) met h
anam ne bis hydrochloride. A solution _
of 4-fluoro-2-(1-nmethyl-iH 1,2, 4-triazol -5-yl)benzonitr
ile N=\

—N__N

CH,NH,
.2 HCl

(4-Fluoro-2-(1-methyl-1H-1,2,4-triazol-5-yl)phenyl)methanamine bis
hydrochloride. A solution of 4-fluoro-2-(1-methyl-1H-1,2,4-triazol-5-yl)benzonitrile
(3.56 g, 17.61 mmol ) in acetic acid ( 180 ml) was hydrogenated at 25 °C over 10 %
palladium on activated carbon ( 2 g ), under 45 psi of hydrogen for 6 h. The catalyst
was removed by filtration. The solvent was evaporated in vacuo and the last traces of
acetic acid were removed by co-evaporation with toluene. The residue was diluted
with dichloromethane and washed with 25 % aqueous sodium hydroxide (20ml)
and brine. The organic fraction was dried over anhydrous magnesium sulfate and
concentrated to give 3.56 g of the free base as a clear oil. The oil was diluted with
anhydrous ethanol ( 25 ml ) and treated with concentrated hydrochloric acid ( 8 ml ).
The solvent was then concentrated in vacuo and the residue was co-evaporated with
anhydrous ethanol to-give a white solid. Trituration with anhydrous ethanol (~50
ml) gave 4.07 g ( 83 % yield ) of the title amine bis-hydrochloride salt as a white
solid. 'HNMR 400 MHz (DMSO-dg)  (ppm) : 3.90 (3H, s, CHs), 4.01 (2H, m,
CHy), 7.55 (1H, m, aromatic), 7.69 (1H, dd, J=2.6 Hzand J = 9.5 Hz, aromatic),
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( 3.56 g, 17.61 mmol) in acetic acid ( 180 m) was
hydr ogenated at 25 C over 10 % palladiumon activated

wa@asos 72 g ), under 45 psi of hydrogen for 6POT/UTI06/044320

catal yst was renoved by filtration. The solvent was
evaporated in vacuo and the last traces of 20 acetic
acid were renoved by co-evaporation with toluene. The
resi due was diluted w th dichloromethane and washed
with 25 % aqueous sodi um hydroxide (20 m ) and

brine. The organic fraction was dried over anhydrous

| trat 3,56
TREPIHLT PS4 A = SROEE LRSS, b tagbtch LD A, rond
aNH)drAne. €ilba el C (B, FN,) 2a80dl: [T £R0201 WdIN 20.07; Found: C

rochloric acid ( 8 m ). 25 The
ﬁg%eﬁimtlﬁe(% concentrated in vacuo and the residue

was co-evaporated with anhydrous ethanol to -give a
white solid. Trituration w th anhydrous ethanol (- 50
m) gave 4.07 g ( 83 % ylwprmediptetldd title anine
bi s-hydrochl oride salt as a white solid. 1HNMR 400
MHz (DMSO-d6) 5 (PPM: 3.90 (3H, s CH3), 4.01 (2H, m
CH2), 7.55 (1H, m aromatlca, 69 (1H, dd, J = 2.6 Hz
and J = 9.5 Hz, aromatic), : 2007/ 061714
PCT/ US2006/ 044320 7.84 gdH, J =55 H and J =
8.6 Hz, aromatic), 8.18 (1 CH), 8.56 (3H, broad
, NH. "Anal. Calcd for C10 . 2 HC: C43.02, H
4.69, N 20.07; Found: C 43.29, H4.82, N 19.98. 5
Internediate 152 O Br \ SIT F
2- Brom | deae) - . .
1 vor obgﬁgjzrg(;r#\ggﬁ fm)tnpﬂ't!vmzﬂ@e?ﬁﬁb{%hg ﬁﬁ)to;_bbenzamzde. A mixture of
2-bypeieod-dluprabspaieide 419 ke (4 08B mnggl )48d 88 Nndiniethacktamide

I ' I et al,n( )s
e (G P P e DA xR0 oL 2T methanol
formasweneclissicddbrough airefug homielneéd BheaemdionarixturElveas allowed

| I e _excess
Wﬁfcg and t f%a‘%éf 311% I)(&Cﬁ?plg%é thg‘laag {agm é%rnoved under
metbieed plraslwrce d‘hp lrm&mi enl wWinccriyetailidted Frogd 4 mi@ire of ether (d30 ml)

i et her
AR BB Gl R0 B\ 6T B y BRIt Mg ghriivg v

tivistats. 1al4oaSMHIz I(Cchg)y& 2 3. H\Mﬂ %OQHW%; 16 (34, s,

3 03.1
Ix%j}% % 19 (Sﬁps NCH3) 6. 90( 6.97 (iH m, e)iromatlc) 46 (IH dd, T=3.1 Hz
and J = 9.1 Hz, aromatic), 7.53 (1H, dd, J=5.1 Hzand J=9.1 Hz, aromatic). MS

(ESI") m/e 287 [M+H *].

..

Intermediate 153

N

—N.__N

Br

5-(2-Bromo-5-fluorophenyl)-1,3-dimethyl-1H-1,2,4-triazole. A solution of 2-
bromo-N-(1-(dimethylamino)ethylidene)-5-fluorobenzamide ( 4.98 g, 17.34 mmol )
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NCH3), 3.19 (3H, s, NCH3)

, 6.90 - 6.97 (1H m
aromatic), 7.46 (1H, dd, J = 3.

1 H and J = 9.1 Hz,

w@e@mmsi7zed , 7.53 (1 H, dd, J = 5.1 Hz and J = BC/UE®N6/044320

aromatic). Ms (ESI+) me 287 [ MtH 20 Internedlate 153
NNAN LBr F 25 5-(2-Bronp-5 fluorophenyl)-1, 3-dim
ethyl-1H1,2,4-triazole. A solution of 2-

br ono- N- (1- (di net hyl am no) et hyl i dene) - 5-f | uor obenzani d
e (4.98 g, 17.34 mol ) 113 WO 2007/061714

PCT/ US2006/ 044320 in acetic acid (35 m) was treated

ISR 75190 Bl o e g e

ﬂmndlebmelrat O0fpofoadd The sohddhit and Bl dsh ecalgest wietdlthéi dvaporated in

was dilute et h ce shed with saturated
Yo e S Pt o0 ik et Bieh st pes atentipdiguith saturated
mﬂnﬁstblumbwhtfea&m@aﬁeé 0% F»chﬁfs@ﬂa @Qihﬁmufate and
chromat o é%@ of the residual oil on silica gel

f

gPRasmEste pRyhremaearaphy of fedgridpakpil en silipe ggl (@edient of

0 {
e@%’l S&Qﬂteqa hEQﬁlggéév@ vi%p. %E@k %% gﬁel@) ?gﬂlte%tlestcké(?e a%a%’vghlte
e aliql. SHNWOO M'HZ](I3DC17) &@P(ﬂﬂ ‘B 43Ry 968 H).03.73 @H,QS NCHa),

T 798 L B Yydnbfo 209 TA S0 8.£51 BERER) 9.6 g,

(ESTULH, cldl £ed St &tk dndrJ -10.1C1a Ht6BafidY3 HRWER (EST) calculated for

ol E OV 270 00 i (BB 200 5 T

yl)-4 fluorobenzonitrile. 5-(2-Brono-5-

Intermediate 154

N=(

—N_2N
CN

2-(1,3-Dimethyl-1H-1,2,4-triazol-5-yl)-4-fluorobenzonitrile. 5-(2-Bromo-5-
fluorophenyl)-1,3-dimethyl-1H-1,2,4-triazole ( 2.72 g, 10.07 mmol ) was treated with
copper (I) cyanide to give 1.90 g (87 % yield) of the title material as a white solid.
'"HNMR 400 MHz (CDCl3) & (ppm) : 2.48 (3H, s, CH3), 3.89 (3H, s, NCH3), 7.34 —
7.42 (2H, m, aromatics), 7.88 (1H, dd, J = 5.0 Hz and J = 8.6 Hz, aromatic). HRMS
(ESI") calculated for C,H,oFN4 [M+H *] : 217.0889 ; found : 217.0893.

Intermediate 155

=

—N__.N

CH,NH,
.2 HCl
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fl uorophenyl)-1,3-dinmethyl-1H1,2,4-triazole (2.72 g,
10.07 mmol ) was treated with copper (1) cyanide to

w@ae/ 081790 g (87 % yield) of the title nateri aPCEHESH06/044320

white solid. 'HNWMR 400 Mz (CDC13) b (ppm : 2.48
(3H, s, CH3), 3.89 (3H, s, NCH3), 7.34 20 7.42 (2H,
m aromatics), 7.88 (1H, dd, J = 5.0 Hz and J = 8.6
Hz, aromatic). HRMS (ESI+) calculated for d 1HlLoFN4
[MrH +] : 217.0889 ; found : 217.0893. Internedi ate
155 N=-~ --N, NCH2NH2 .2 HC1 25 F 114 WO

2007/ 432

(2-( 1?% %17D|} Lbl{rh /[lyy%ég?%? 2’ cleg? gzy&f -~ gluﬁrs)plffnyl)methanamme bis

hydrociipriday E)(m-bz’txmamyhﬂ{bi 3, 4htyidrslesry)r4-fl@orobenzonitrile ( 7.80 g,
- 1 t 1H | -5-yl).-4-1l h [ .

364 irioh) Ha* BYeroggnaedicoriy® b Bkl g e F Bicoentoride

Sl Lwhile s éhwmkfmotmﬁ&qmg%%% pr 1.> de (maé ICH»),

as a white solid. ' HNVR 400 s ’P
3.8943H31 NSHapAH9 (251, 70.60H)3R51 4! Hl\K‘)rlaljom?.f.’waB 6DEHHd, T =2.7

ﬁ'i!?agﬁ 7=93 I(Iz'.l 'dxoﬁhué‘)f ‘?@t(!l dd, 7J 5% 7(ﬁlz'an&’@' 836 HzZal%mauc), 8.56

63 hroad BNBI)HZIRMS éEﬁF ) ea)lculatese‘or @3H14Eiﬂoﬁ‘d+Hl\'fl}l) 22 Hpem ;
it | ated for CL1H14FN4 [ M+H +] @ 221.1202 ;

fﬁndbﬁ?ﬁ?%zm 10 Internmediate 156 N=~ HN i N N.

Br FIB 5-(2-Bronp-5 _

LL ugrgghenyl) 3- net hyl - ]fl'terme lat‘tarlgg\zol e. A solution

brono- N- (1- (di et hyl am no) et hyl i dene) - 5-fl uor obenzam d

e ( 4.50 g, 15.6 nrnol tic acid ( 35 m) was

treated with hydrazi ne m)nohyqdfg 0.86 g, 17.2

mol ) and then heated at ch;mor 2 h. The sol vent

and excess reagent were then
Br

5-(2-Bromo-5-fluorophenyl)-3-methyl-1H-1,2,4-triazole. A solution of 2-
bromo-N-(1-(dimethylamino)ethylidene)-5-fluorobenzamide ( 4.50 g, 15.6 mmol ) in
acetic acid ( 35 ml) was treated with hydrazine monohydrate ( 0.86 g, 17.2 mmol)
and then heated at 90 °C for 2 h. The solvent and excess reagent were then
evaporated in vacuo and crystallization of the residue from a mixture of ethyl acetate
and ether gave 1.90 g (47 % yield ) of the title triazole as a tan solid. '"HNMR 400
MHz (CDCl3) é (ppm) : 2.55 (3H, s, CH3), 7.01 — 7.06 (1H, m, aromatic), 7.65 (1H,
dd, J=5.1 Hz and J = 9.1 Hz, aromatic), 7.73 (1H, dd, J = 3.2 Hz and = 9.1 Hz,
aromatic). HRMS (ESI") calculated for CoHgBrFN; [M+H *] : 255.9886 ; found :
255.9880.
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evaporated in vacuo and crystallization of the residue
froma m xture of ethyl acetate and ether gave 1.90 ¢

wQ a7 yilel d) of the title triazole as a tan sBCT/US2006/044320

"HNVR 400 20 Mz (CDC13) S (ppm : 2.55 (3H, s, CH3),
7.01 - 7.06 (1H, m aromatic), 7.65 (1H, dd, J = 5.1
Hz and J = 9.1 Hz, aromatic), 7.73 (1H, dd, J = 3.2 Hz
and J = 9.1 Hz, aromatic). HRVS (ESI+) cal cul ated for
COH$Br FN3 [ MtH +] : 255.9886 ; found : 255.9880. 115
WD 2007/ 061714 PCT/ US2006/ 044320 |Internediate 157 N

“HN, NCN Nzzz F 5 Intermediate 157

4-Fl uoro-2-(3-nmethyl -JH1,2,4-triazol -5yl )benzonitrile

. 5-(2-Brono-5- fluorophenyl)-3 -nethyl- | H

1,2,4-triazole ( 4.00 g, 15.6 ) was treated with

copper (I) cyanide as descril in the procedure for

internedi ate 150 to give O (26 %yield) of the

title material as a white solijd. 'HNVR 400 Miz ( CDC13)

6 (ppm : 2.66 (3H, s, CH3) - 7.25 (1 H m

aromatic), 7.84 (1 H dd, J 6 Hz 10 and J 8.6

Hz, aromatic), 8.10 (1H, dd, = 2.8 H and J = 9.3

Hz, aromatic). HRVMS (ESI+) cal culated for CloH3FN4

[MtH +] : 203.0733 ; found : 203.0743. Internedi ate

158 -Flpkp2- Grey hd B, 25 -1Eiazol-5-yl)benzonitrile. 5-(2-Bromo-5-
- - t I haz .

g‘lﬂl)ogchi‘eﬁ%{/l?? ée é‘x}%gﬁ %@%gﬂé{gﬁzéle;(ggd) g,a fgt.ﬁﬁnmol ) was treated with

Loppard Doy2nide-agwiesgribedlin thedprocedura farl inGrypkedisteniAdrtiotgivd 0.83 g

0. 80 4.1 1). d '
(26 O IRED s Pl Taiekia) ASE e PHS bR GERGE E ) 5
:(ﬁ;ln_ﬁz 82.%3(%/%1 ii)o%m)gmjl td Eéaca*)q,i 18, Zﬁ@h%ﬁ&ﬁl?tészggl }?,Sdgjir 65,6 Hz
sol,i.d. ' ] Lz, , S,
ahdy L ot mamatic), Gy H a6 d~ 28 ikt 508 Fiey aromagi). HRMS
(BB dalculatedTob CloHFNTMPH +] 8203.6133 atanat 2o3.0743.66
(1H, "dd, J = 2.8 Hz and J = 10.3 Hz,

Intermediate 158

n—(
HN__N
CH,NH,
. AcOH

(4-Fluoro-2-(3-methyl-1H-1,2,4-triazol-5-yl)phenyl)methanamine acetic acid
salt. 4-Fluoro-2-(3-methyl-1H-1,2 4-triazol-5-yl)benzonitrile ( 0.803 g, 4.1 mmol )
was hydrogenated as described in the procedure for intermediate 151 to give 0.796 g
(73 % yield) the title acetic acid salt as a white solid. '"HNMR 400 MHz (DMSO-dg)
O (ppm) : 2.41 (3H, 5, CH3), 3.97 (2H, s, CH,), 7.24 (1H, m, aromatic), 7.55 (1H, dd,
J=6.1 Hz and J = 8.1 Hz, aromatic), 7.66 (1H, dd, J =2.8 Hz and J = 10.3 Hz,
aromatic). HRMS (ESI") calculated for C;oH ,FN, [M+H *] : 207.1046 ; found :
207.1049.
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aromatic). HRMS (ESI+) calculated for C1 off 12FN4
[ MFH +] : 207.1046 ; found : 207.1049. 25 116 WD

wQoed7/0861414 PCT/ US2006/ 044320 | nternedi ate 1BOT/HBR006/044320

rCO2Et O /-. ~N~ CO2Et HO~/-O H 5 Di et hyl

2- (3-(2- hydr oxyet hoxy) propani m dam dooxy) but - 2- enedi oa
te. Treatnent of 3-(2-hydroxyethoxy)propanenitrile
(9.00 g, 78.1 mml) with 50 % aqueous hydroxyl am ne
(5.16 g, 78.1 mmol) followed by reaction with diethyl
acetyl enedi car boxyl ate (13 30 g, 78. 1 mol ) gave 21.53
g (86 %yield) of the ti terl as a light

yel low oi | after chromat %@ate'l PRVR 400 MHz ( CDC13)
S 10 (ppm : (mxture of E/Z isoners ratio - 3:1) 1.25
- 1.4 (6H, 4 x t), 2.42 - 2.49 (2H, n} é§ 60 - 3.79
(6H, m, 4.16 - 4.21 (2H, m HM4. 33 / -9 (2H m, 5.3
and 5.65 (2H, two broad s), 3 (1 H 2x

S |
s). Ms (ESI) me 3 ATer |ate 0 15 O OH
0"0 N NH ~O - SCH ;'E’\hy% ngpl

S- hydr oxy- 2- (2- ( 2- hydroxyethoxy)ethyl) 6 oxo- |, 6-di hyd

ropyri rbo |ate. Inter

67.5 r{%ﬁy’ e IR o r@ﬁw@w # 4% %41?‘)"%@
floeatmeht oﬂ'?kez-&glﬁx\b&péthwﬂﬁ)pt-&]ﬁﬂeﬁl‘(ﬁléQD @ogg 78N mpwan 30 %
t he re used as such for the next

RS aparaeng (5 16 7Rl ammeD) Tellewed by Tesdtin with alethyl
acetylenedicarboxylate (13.30 g, 78.1 mmol) gave 21.53 g (86 % yield) of the title
material as a light yellow oil after chromatography. 'HNMR 400 MHz (CDCl3) &
(ppm) : ( mixture of E/Z isomers ratio ~ 3:1) 1.25 — 1.4 (6H, 4 x t), 2.42 — 2.49 (2H,
m), 3.60 — 3.79 (6H, m), 4.16 — 4.21 (2H, m), 4.33 — 4.38 (2H, m), 5.3 and 5.65 (2H,
two broad s), 5.77 and 5.83 (1H, 2 x s). MS (ESI") m/e 319 [M+H *].

Intermediate 160

\L/O\/\OH

Ethyl 5-hydroxy-2-(2-(2-hydroxyethoxy)ethyl)-6-oxo-1,6-dihydropyrimidine-
4-carboxylate. Intermediate 159 (21.5 g, 67.5 mmol) was heated at 150 °C in xylene
(400 ml) for 6 h. The solvent was then evaporated in vacuo and the residual oil was
used as such for the next step. MS (ESI") m/e 273 [M-+H *].

Intermediate 161
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30

0"0 N-~, N 25 O 117 WO 2007/061714
PCT/ US2006/ 044320 Et hyl 3-hydroxy-4-o0x0-6, 7,

W@ 2000614 ahydr o- 4H pyrim do[ 1, 2 PCT/US2006/044320

dJ[ 1, 4Joxazepi ne- 2-carboxyl ate. Internediate 160 (67.5
mol ) was di ssolved in tetrahydrofuran (200 m),
cooled to 0 - 5 C and treated with net hanesul f onyl
chloride (23.0 g, 0.20 nol) followed by triethylam ne
(28.0 m, 0.20nol) added drop 5 wise over 1 h. The
cool i ng bath was then renoved and the nixture was

stirr t I e at ed
in va%’éﬁgﬁg@ﬁg%%glogyu F‘Iof,lgtr\f\l/g}é rgl tpé/(f é\‘ﬁ’ﬁh} et hyl
db[dt‘ﬁpeqzena&hédamﬁovcﬂamﬂmmthﬂatb rli60d67 G meadl)ovar dissolved in

an sium. .S t e t ed. unde

g P U e R
ahl)ohde €210 gf 6120ahyll fslfowearby &RhyThhirdy (@8 RY, & T#sol) added drop
ethanollleh g%;%é tregted with 10 anhydrous, potassium

(

¥ILBIFA clingpath vas @)&naﬁmzsew%ﬂimﬁ&yg waggtirred at

0% RCYHE3 hWeEheGORGANVRRE R OMIEE In VAHCHRM thE ?e%ﬁiﬁ%?o@%s diluted
the residue was diluted with cold water m )

Féthrthylagetate. srashediith wasercadtbrinee dripg awcthwdnoys maesmm
JiCat& b d Ub kB atedMHEACHRL Mt Lt PYhe ?e%tptﬁ.lgf]gii Wl%lg dlsB8ved in a

organl c &hase was extracted three tines

tretpbydiefirar d0cohisind eahpdone clrnel308 nviteated with
&gﬁ}&gu@ﬁ&ta&%rﬂ'cafb%g Wichk %én& QREEILY 35 & 6d A gg%fsﬂ L%Ci{e' Hixture

aci'd. Thi s aqueous ase S satur
viab spnekatrated under redties mv&wahnd theessidiig vas diluted with cold water

T T I L .

sxtlré@t(bWéthcbthyicanemmtandtthﬂ otgad;ir pl{]asdme;éx@ms@ufr& times with 1 N
50 % of the title

i Gl aThe ponhilied bide Suractt Hyte el ackiifiegein

4dafehtiatedBdidhl@ic24tid. PPRk a qudot hHaddwal satdrated7w£¥h kBdium

;'1de &né gxér%qed aevel\']a(l}lzn%es ]}Vlﬂi dlcmr@)%%ﬂwﬁéé Tklg] ppmh‘)éled organic

Exi2dcts Were/ @a:ﬁlibd*ﬂvxtlﬁbrug'%rle&\%@lar anlfé@k&ﬁ rh&nebral AithleOmd
C 51.97, H 5.55, (52 Found 51.76,” H5.29, N

i@lcgetra‘emwéﬁw@ép%ﬂdsﬁzwrez@ LVRBEH1 g (50 % yield) of the title material
as white crystals: mp 189 — 190 °C (ethyl acetate). 'HNMR 400 MHz (CDCl,) 8

(ppm) : 1.47 (3H, t, J = 7.1 Hz, CH3), 3.23 (2H, m, CH,), 3.85 - 3.93 (4H, m, 2 x
CHy), 4.53 (2H, q, ] =7.1 Hz, OCHy), 4.53 (2H, m, CH,), 10.72 (1H, s, OH). Anal.
Calcd for C;1H4N2Os: C 51.97, H 5.55, N 11.02; Found: C 51.76, H 5.29, N 10.86.

Intermediate 162

OgNHZ
O
Tetrahydro-2H-pyran-4-carboxamide: A mixture of methyl tetrahydro-2H-

pyran-4-carboxylate (7.0 g, 48.6 mmol) and concentrated ammonia (20 ml) was

stirred at 22 °C for 18 h. The excess ammonia was then removed under reduced
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O Tetrahydro- 2H pyr an- 4- car boxam de: A m xture of
nmet hyl tetrahydro-2H pyran-4-carboxylate (7.0 g, 48.6

wonelpeemd concentrated ammonia (20 mM) was 30PGI/UR1086/044320

at 22 C for 18 h. The excess anmoni a was then renoved
under reduced 118 WO 2007/061714 PCT/ US2006/ 044320
pressure and the residue was crystallized from et hanol
to give 4.94 g (78 %yield) of the title anm de as
white crystals: nmp 179 - 181 C. 'HNWR 400 MHz (CDC13)
8 (ppm : 1.81 (4H m 2 x CH2), 2.42 (1 H m CH),

I T e
ﬁ&iﬂit@dﬂhadﬂfde-ag Tﬁiwamt'érscmpgcmu 181 . Aglglmnmgi Mmzc(tzlnc13) 5

t et - - .

(FPrBL L Bh e A7 s SOa L o il ¥ (G0 5 By ol 2H, m,
@'Cp};z) 538Gnt 368 (ERUHL bRGdINKLY)re was stirred at reflux

for hours. The cooled m xture was poured onto ice

and basified with 50 % pot assi um hydroxi de. The
aqueous fraction was sat yhatediiwetigzsalt and extracted
with ethyl acetiate. The 15 organic faracti on was then
dried over anhydrous magnesi um sul fate and
concentrated. Distillation ungger reduced pressure
gave 3.80 g (90 %yield) of the title nitrile as a
clear oil: bp 80 - 90 C/ 15¢tonr (bulb to bulb
distillation, air bath tenpe re). "HNVR 400 Mz
(CDC13) 8 (PPM: 1.91 (4H, m x CH2), 2.89 (1H, m
cH, 3.62 (2H, m OCH2), 3.92 (2H, m OCH2). 20

(TG G R A T g PP SRR B P PR pyran-
i4t-Edrb@xiardids ¢4.90ig0B7.9G¢hmol) in benzene (10 ml) was treated with thionyl

(Sl adroy bt an dcarbon (L LE (3.8l £ RollI®!rhe cooled
mixture was poured onto ice and basified with 50 % potassium hydroxide. The
aqueous fraction was saturated with salt and extracted with ethyl acetate. The
organic fraction was then dried over anhydrous magnesium sulfate and concentrated.
Distillation under reduced pressure gave 3.80 g (90 % yield) of the title nitrile as a
clear oil: bp 80 — 90 °C / 15 torr (bulb to bulb distillation, air bath temperature).
"HNMR 400 MHz (CDCl) & (ppm) : 1.91 (4H, m, 2 x CH)), 2.89 (1H, m, CH), 3.62
(2H, m, OCHy), 3.92 (2H, m, OCHb).

Intermediate 164

chf o~

O

4-((2-Chloroethoxy)methyl)tetrahydro-2H-pyran-4-carbonitrile: A solution
of tetrahydro-2H-pyran-4-carbonitrile (3.80 g, 34.2 mmol) in tetrahydrofuran (10 ml)
was added dropwise over 5 min to a cold (-78 °C) solution of lithium
diisopropylamine (37.5 mmol) in tetrahydrofuran (50 ml). After 30 min, a solution
of 2-chloroethyl chloromethyl ether (5.00 g, 38.7 mmol) in tetrahydrofuran (10 ml)
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was added dropwi se over 5 minto a cold (-78 O
solution of lithiumdiisopropylamne (37.5 mmol) in

wo edorabyds of uran (50 m ). After 30 min, a sol uP€DNS2008/044320

2-chl oroet hyl chloronmethyl ether (5.00 g, 38.7 nmol)

in tetrahydrofuran (10 m) 119 WO 2007/061714

PCT/ US2006/ 044320 was added dropwi se over 5 mn and

the m xture stirred for 30 min. The cooling bath was
then renoved and the solution was all owed to warm up

to 25 Cthen stirred for 1.5 h. The reaction m xture

was quenched with saturated amoni um chl ori de and )
wodtadded deppriishoearymimend teanixiuie sered i Ormae t Theapbigs bath
dri ] j 0 ;
B B P Mol AR RO B 8h BpA5 5, e stored for
A& hutTheeactiohueinéire vetshypknehedtwitlesaujedf ashingniayn pyloride and

di st L.l at.i ' 6..33 i h
Saplsanii ARyl detde P Bint S dioll @ bynsglrode®

bt daining sllBitbasld sbrdeharbiedn Filaration bithe residpeomsilice el (elution
QM P Bl i iy Sk o B
%iitél;e Ghéhgg% dda &1t35rt oifithp 9b =180 3C 10. Hora(daIblto-bul® dibtiHation, air

2 , . J =56 H ), 4.0 m
wlzﬁ)mpemw*ér #%HM&“%%’IHN%@ (pmg): N%@Homlgﬂz)’ 1.92
é&i, (-&H})08 BRUBAXY) BRI ¥l - My dr-ox pties Iy 94 21, dt, 5 =2.3

yran-4-“car boxi mdam'de: Reaction of

Hz @@ J chl of et Rdk),) 183 BHL)t BESahiar eHah ) (2dh-m. OCH:).
carbonitrile (10.78 g, 52.9 mmol) w th hydroxyl am ne
gave 10.59 g (84 %yield) of the title material as a
white solid. "HNVR 400 Msterg@d@tg8)65 (ppn) : 1.60 (2H,
m 20 CH2), 2.04 (2H, m CH2), 3.52 (2H, s, CH2), 3.55
- 3.8 (84 m 4 x CH2), 5.01 (2H, broad s). M
(ESI+) me 237 [ MtH +]. I nternediat e 466 HN rCO2Et O

O
CI\AO/I%\N
H

(@)

4-((2-Chloroethoxy)methyl)-N-hydroxytetrahydro-2H-pyran-4-
carboximidamide: Reaction of 4-((2-chloroethoxy)methyltetrahydro-2H-pyran-4-
carbonitrile (10.78 g, 52.9 mmol) with hydroxylamine gave 10.59 g (84 % yield) of
the title material as a white solid. 'HNMR 400 MHz (CDCl) 8 (ppm) : 1.60 (2H, m,
CH,), 2.04 (2H, m, CHy), 3.52 (2H, s, CHy), 3.55 - 3.85 (8H, m, 4 x CHy), 5.01 (2H,
broad s). MS (ESI) m/e 237 [M+H *].

Intermediate 166
cl\/\oﬁ N “COEt
H

O
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C4~/~O 1 COREt 25 O 120 WD 2007/061714
PCT/ US2006/ 044320 Di et hyl

W@2{04/061724 chl or oet hoxy) met hyl ) t et r ahydr o- 2H pyPemnug2006/044320
car boxi m dam dooxy) but - 2- enedi oat e. Reacti on of
4- ((2-chl oroet hoxy) net hyl ) - N-
hydr oxyt et r ahydr o- 2H pyr an- 4- car boxi m dam de (10. 50g,
44.36 mmol ) with diethyl acetyl enedicarboxyl ate gave
15.25 g (84 %yield) of title material as |ight yellow
oil 5 after chromatography. 'HNVR 400 Mz (CDA 3) 8

{PEMY Qi) KA R-Syorpeligh AU el Bt 2 s om
ne)nbg&_nﬁgai@gddpxy)bm-Z&nEdlo@ﬂeH R&Etloﬁ oB58-(€2- &l8@e€wy)mmyl)-N—
@¥%‘86“§ f“‘@féé%ﬂanb‘} -5, °§5fmd5m649 44 9#9%5?‘? 3%“’?’8"1@ ¥ith diethyl

séetylbﬁedl&.%bdﬁylﬁﬂe (gagé) 15. Zgll‘éﬁ(@g""/}f gllelaﬁoit i EMaRPALIIR Gellow oil

3 %ﬁ?rzﬁh(?@afeﬁraahwetfﬂ?&%ﬁ} 20 Mz (ePCh ;ﬁc(pgmi Ho prisfwreiof E/Z isomers
Mt o3hydraexyt @ G(GHXQuQrtet oft%l]etsg 1.6 (2H, m?i 2.05 (2H, m), 3.52 (1H,

6- di hydr opyri m di né-"4- car bo

BB bl a), 8.60663 83XSH5), 4.3% —448231fﬂiﬂ)m};s¥ s ard1@d, i), 5.33
1
L1 508 30Tl R 9 B0NC0L I e a0

[w&ﬁed| ate 168 OOH O0O0 Ethyl 3
10  -hydroxy-4'-oxo-2, 3, 4, 5 6, 6, 7,9
' -oct ahydrospiro[ pyran-4, 10' - 25
pyri m do[ 1, 2-d] [ 1, 4] oxazBpérmeddiate 16Rr boxyl at e.
Cyclization of the crude 121

15 Ethyl 2-(4-((2-chloroethoxy)methyl)tetrahydro-2 H-pyran-4 -yl)-5-hydroxy-6-
oxo-1,6-dikydropyrimidine-4-carboxylate. Heating of intermediate 166 (15.25g,
37.48 mmol) as described in the preparation of intermediate 160 gave the title
compound as a syrup. MS (ESI) m/e 407 [M+H *].

20 Intermediate 168

Ethyl 3'-hydroxy-4'-ox0-2,3,4',5,6,6',7',9"-octahydrospiro[pyran-4,10'-
25  pyrimido[l,2-d][1,4]oxazepine]-2'-carboxylate. Cyclization of the crude
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WD 2007/ 061714 PCT/ US2006/ 044320 internedi ate 167
(37.48 mmol ) gave the title conpound as a syrup. M

wQ@ BiBrAy17md e 325 [MHH Internediate 169 5 O O PO UBR006/@4320

Et hyl 3 '-(benzyl oxy)-4'-o0ox0-2, 3, 4, 5, 6, 6 ; 7,
9' -octahydrosp iro[ pyran-4,]0'-

pyrimdo[ 1, 2-d][1, 4] oxazepi neJ-2' - car boxyl at e.
Benzyl ati on of the crude 10 internedi ate 168 (37.48
nmol ) foll owed by chronmat ography on silica gel gave
5,06 g (33 %yield for three steps) of the title

C u up. .~ HNVR 400, VHz 13) 8 ( :
REBRHIR TR 9718 Yo g gt g g Asan BES (EST) e
GRRIM+H3p (2H, broad m CH2), 3.6 - 4.0 (10H, broad

m 5 x CH), 4.35 (2H, q, J = 7.0 Hz, OCH2), 5.27

(2H, s, OCH2), 7.38 (3H, m aromatics), 7.50 (2H, m
aromatics). HRVS (ESI+) #hiegrddistbaked for C22H27N206

[ MPFH +] : 415.1869 ; found : 415.1882. Internedi ate

170i OOHO'O N~ N O 20 122 WO 2007/061714

PCT/ US2006/ 044320 3 ' -(Benzyl ox 4' -oxo0-2, 3, 4 ; 5,

6, 6, 7, 9 -octahydro spiro[pyr , 10

pyrimdo[ 1, 2-dJ[ 1, 4] oxazepi neJ- 2" >¢gar boxyl i c aci d.

VWhite crystals (91 %yield). '"HNMR 400 Mz (CDC13) b
(ppm: 1.6 - 2.1 (2H, broad ), 2.2 - 2.4 (211,
broad m CH2), 3.5 - 4.2 m 5 x CH2),

5.49 (2H, s, OCH2), 7.34 - 7.44 5 43H, m aromatics),

7.52 - 7.55 (2H, m aromatics), (ESI +) cal cul at ed

for

Ethyl 3'-(benzyloxy)-4'-ox0-2,3,4,5,6,6', 7" 9"-octahydrospiro[pyran-4,10'-
pyrimido[1,2-d][1,4] oxazepine]-2'-carboxylate. Benzylation of the crude
intermediate 168 (37.48 mmol) followed by chromatography on silica gel gave 5.06 g
(33 % yield for three steps) of the title compound as a syrup. '"HNMR 400 MHz
(CDCl;) 6 (ppm): 3.25 (3H, t, J = 7.0 Hz, CH3), 1.8 (2H, broad m, CHy), 2.35 (2H,
broad m, CHy), 3.6 — 4.0 (10H, broad m, 5 x CHy), 4.35 (2H, q, ] = 7.0 Hz, OCH.),
5.27 (2H, s, OCHy), 7.38 (3H, m, aromatics), 7.50 (2H, m, aromatics). HRMS (EST")
calculated for Cy2Ha7N,0O¢ [M+H +] : 415.1869 ; found : 415.1882.

Intermediate 170
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25

C20H23N206 [ M+rH +] : 387.1556 ; found : 387.1563.
Internediate 171 OO COQ NI I ONN FOO 10 3

WO 2qoBearyd oxy) - N- (4f | uor obenzyl ) - 4' - oxo- 2, 3, 4, BCBUS2006/044320

7,9 - octahydrospiro[ pyran-4, 10

pyri mdo[ 1, 2-d][1, 4] oxazepi neJ-2' - car boxam de. A
solution of internediate 170 (0.200 g, 0.518 mmol) and
4-fl uorobenzylam ne (0.10 g, 15 0.80 mml ) in
acetonitrile (15 mM) was treated at 25 Cwth
triethylarrine(o 20 m, 1.43 mmol) foll owed by

D B e b TSl 4.10-

eeladdd ., ﬁﬂﬁlpgbkmpmeﬂﬂ-@&rb%:gzlhﬂ&ﬁz&., Wihiee &@aatsl(gn % yield).
mxture was diluted Wth d%/ 8acetate
e

Hé\@é%é}ﬂ@eb’lﬁz\/a@ﬁlabﬁ ﬁpnmh;l HI G, dread wy Céla} dréat &t (2H,
rRpoNat r 820

e P o OB LB, 5 X B o CHoyocH 952 7.1

(3B sew promatics), Ini o JrS&BH, of, ardreaticsy IRMSOES ) dateulaged for
[ 4t § [ ent I i 50% in tol uene)

?&%@’??&?@g{mﬁgﬁ gatqﬁgr?}éff%fng)%@m xture of ethyl

acetate and hexane 0.197 g (77 %y| eld) of the title

am de as white crystals; rap{gl -..162 C. "HNVR 400

Mz (CDC13) b (ppnm) : 1. éntermediated?l p.naq m oH),

2.2 - 2.4 (211, broad m 25 CH2), 3.6 - 4.1 (10H,

broad m 5 x CH2), 4.53 (2H, d, J = 6.1 Hz, NCH2),

5.31 (2H, s, OCH2), 7.02 (2H, m a ics), 7.23 -

7.27 (2H, m aromatics), 7.33 - 7.3&¢311, m 123 WO

2007/ 061714 PCT/ US2006/ 044320 aromatjcs), 7.45 - 7.48

(2H, m aromatics), 7.64 (1H, brpadof, NH). HRVS

(ESI+) calculated for C2ZHz2S8 5 +] : 494, 2091

; found : 494.2122. Int pdi 5

F &}

3'-(Benzyloxy)-N-(4-fluorobenzyl)-4'-ox0-2,3,4',5,6,6". 7', 9"
octahydrospiro[pyran-4,10'-pyrimido[1,2-d] [1,4]oxazepine]-2'-carboxamide. A
solution of intermediate 170 (0.200 g, 0.518 mmol) and 4-fluorobenzylamine (0.10 g,
0.80 mmol) in acetonitrile (15 ml) was treated at 25 °C with triethylamine (0.20 ml,
1.43 mmol) followed by benzotriazole-1-yl-oxy-tris-(dimethylamino)- -
phosphoniumhexafluorophosphate (0.26 g, 0.59 mmol) added in one portion. After 3
hours, the reaction mixture was diluted with ethyl acetate, washed successively with
0.1 N hydrochloric acid, saturated sodium bicarbonate and brine, dried over
anhydrous magnesium sulfate and concentrated under reduced pressure.
Chromatography of the residue on silica gel (elution gradient ethyl acetate 20 — 50%
in toluene) gave after recrystallization from a mixture of ethyl acetate and hexane
0.197 g (77 % yield) of the title amide as white crystals; mp 161 - 162 °C. '"HNMR
400 MHz (CDCl3) 8 (ppm) : 1.6 — 2.1 (2H, broad m, CH,), 2.2 — 2.4 (2H, broad m,
CH3y), 3.6 — 4.1 (10H, broad m, 5 x CHy), 4.53 (2H, d, J = 6.1 Hz, NCH>), 5.31 (2H, s,
OCHy), 7.02 (2H, m, aromatics), 7.23 — 7.27 (2H, m, aromatics), 7.33 —~7.38 (3H, m,
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HONOOHO F/ NN OO 3 -(Benzyloxy)-N(4
fluoro-2-(nmethy 1carbanoyl)benzyl)-4'-oxo Z 3, 4'p 5,

W®2006/0p1774 , 9' - oct ahydrospi ro[ pyran-4, 10' pyri PETOR06/044320

2-d] [1, 4]oxazepine]-2" 10 carboxam de. Wite solid

(100 %yield). "HNWR 400 MHz (CDC13) S (ppm: 1.7 -

2.0 (2H, broad m CH2), 2.2 - 2.5 (2H, broad m CH2),
3.00 (3H, d, J =4.8 Hz, NCH3), 3.5 - 4.0. (1 OH,

broad m 5 x CH2) 4 56 (2H, d, J = 6.4 Hz, NCH2),

5.31 (2H, s, 6. 39 (1H, broad g, NH), 7.09 -

7.17 cs), 30 -7, (3H,

T CON ! %@"&# oo, 7-& D iceg & NS 85T
Rarathtdd foid,,HIGRNSO( B@HH) *1:X19aaooul; abed f494.2122.
C29H32FN406 [ M+H +] : 551.2306 ; found : 551.2308.
Internediate 173 N N, NOOHO F/ O 20 124 WO

2007/ 061714 PCT/ US2006/ oq&gg,gedigte 172

- (Benzyl oxy) - N- (4fluoro-2-(1H1,2,4-triazol -

yl) benzyl)-4..0x0 2, 3, 4.5, 6, 6; 7,
9'-octahydrosp|ro[ pyran-4, | O pyrism
4] oxazepi neJ-2' - carboxam de. Wite
yield). "HNVR 400 MHz (CDC13) 8 (ppm

o[1, 2-dJ[I,
stals (86 %
1.6 - 2.1 (2H,

broad m CH2), 2.2 -- %5 K}ZH br oad C112), 3.6 -
4.0 (10H, broad m 5 x 5JCHY) 449(2H, d, J = 6.5
Hz, NCH2), 532(2H S, AORLNNNT ¢, dd,J:2.6
Hz and J = 8.5 Hz, arohat) c),H7.20 (4H m aromatic),
7.30 - 7. 33 (3H m aFo ics), . 7.51 (2H, m
aromatics), 7.78 (111, dd, J = 70 %dJ:S.S Hz,

aronmatic), 0

3'-(Benzyloxy)-N-(4-fluoro-2- (methylcarbamoyl)benzyl)-4'-oxo-
2,3,4,5,6,6', 7', 9"~ octahydrospiro[pyran-4,10"-pyrimido[1,2-d] [1,4] oxazepine]-2 -
carboxamide. White solid (100 % yield). '"HNMR 400 MHz (CDCl3) o (ppm): 1.7 —
2.0 (2H, broad m, CH>), 2.2 — 2.5 (2H, broad m, CH>), 3.00 (3H, d,J=48 Hz,
NCHj3), 3.5 —4.0.(10H, broad m, 5 x CHy), 4.56 (2H, d, J = 6.4 Hz, NCH,), 5.31 (2H,
s, OCHy), 6.39 (1H, broad q, NH), 7.09 - 7.17 (2H, m, aromatics), 7.30 — 7.35 (3H,
m, aromatics), 7.49 — 7.53 (3H, m, aromatics), 8.66 (1H, broad t, NH). HRMS (ESI')
calculated for C,0H3,FN4O¢ [M+H +] : 551.2306 ; found : 551.2308.

Intermediate 173

/—N

Lass
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8.07 (1H, s, CH), 8.42 (1H, s, CH), 8.52 (1H, broad t,
NH). HRVS (ES1) cal cul ated for C29H3DFN6O5 [ MtH +]

woeh7AR6G24 ;. found : 561.2241. 10 Internedi ate R(?‘H/Usmuszo

OOl &HO0F/ NN OO15 3 -(Benzyl oxy)-N(4
fluoro-2-(3-nethyl-1 H1, 2, 4-triazol-

yl )benzyl)-4'"-oxo0- 2, 3, 4, 5, 6, 6.7

; 9' -oct ahydrospi ro[ pyran-4, 10" pyrimdo[l , 2-dJ[I ,
4Joxazepi neJ-2' - carboxam de. Wiite crystals (82 %
yield); np 162 C. ' HNMR 400 Mz (CDC13) 8 (ppm:

6 - 2 2 b d - 2. H
5 é) }gﬂ/)-l{fp(%-fa%j)g:%{)%l 22 -z-tréaz(oiéa(_fbe&z_ﬁ - é39x<m
)2 3@'125)6 6’47’4780(:t3hjydr®spliv‘0@yﬁar84ﬂﬂ PjMW[ 1 5—6821 ellcbl;azqqme] 2%
7
af'mfime While gf(yftqlf gﬁﬂ g ?‘SﬁR Mz @%ﬁé (ppm): 1.6
mz ﬁ(mrb&ﬁﬁx cﬁz§l2z 2 72 égzﬁ%#oaarm mp)m scsa 0 (170ﬂ3oroad m, 5 x

dd, 6.1 ar omat i C

ﬁzbi 44,4 (%H)d 5 68 req NCHD: 533 @H, N§CHaR109 G T=2.6Hz

1 SR gl 9T, o

PGB/ B30 (BHOM mmatian), &k Tedlithtdd, 17%.0 Hz wd-INF ®5N3, argmatic),

B3, %é‘?e“%g,ﬁ%‘,, %Ldﬁ)( 8,52 (1H, braad £, NE). HRMS (ESI") calculated

o)) BehizoRN 04" [Mobed ] 2561322!65 fon6d : 361.2241.

9' - oct ahydr ospi ro[ pyran-4, 10" pyrim do[l, 2-d][1,

4] oxazepi nej-2' - car boxarri de. White crystals (87 %
yield). '"HNWVR 400 MHz (Chedheddategpd): 1.6 - 2.0 (2H,
broad m CH2), 2.1 - 2.5 (2H, broad m CH2), 2.48 (3H,
s, CH3), 3.6 - 4.0 (I OH, broad m 5 x CH2), 4.27
(2H, d, J = 6.3 Hz, NCH2), 5.33 (2H OCH2), 7.00

"y

O

3'-(Benzyloxy)-N-(4-fluoro-2-(3-methyl-1 H-1,2,4-triazol-1-yl)benzyl)-4'-oxo-
2,3,4',5,6,6'7,9"octahydrospiro[pyran-4,10"-pyrimidof1,2-d] [ 1,4] oxazepine]-2'-
carboxamide. White crystals (82 % yield); mp 162 °C . 'HNMR 400 MHz (CDCls) &
(ppm): 1.6 — 2.0 (2H, broad m, CHy), 2.2 ~ 2.5 (2H, broad m, CH;), 2.48 (3H, s,
CHs), 3.6 — 4.0 (10H, broad m, 5 x CHy), 4.48 (2H, d, J = 6.3 Hz, NCHy), 5.32 (2H, s,
OCH3,), 7.08 (1H, dd, J = 2.5 Hz and J = 8.6 Hz, aromatic), 7.18 (1H, m, aromatic),
7.25 —7.30 (3H, m, aromatics), 7.42 — 7.45 (2H, m, aromatics), 7.73 (1H, dd, J = 6.1
Hz and J = 8.6 Hz, aromatic), 8.29 (1H, s, CH), 8.35 (1H, broad t, NH). Anal. Calcd
for C3oH3;FNgOs: C 62.70, H 5.43, N 14.62; Found: C 62.61, H 5.45, N 14.46.
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10 (1 H, dd, J = 2.8 Hz and J = 8.5 Hz, aromatic),
7.22 (1 H m aromatic), 7.31 - 7.36 (3H m

w@e@mmsizes), 7.48 - 7.51 (2H, m aromatics), 7P@BUSH06A)44320

dd, J = 6.0 Hz and J = 8.5 Hz, aromatic), 7.93 (1H,
s, CH, 828 (1 H broad t, NH. HRMS (EST+)
cal culated for C30H32FN6O5 [ MH +] : 575.2418 ; found
: 575.2419. 15 Internmediate 176 N NONO OF/ NOO

- (Benzyl oxy)-N- (4
fluoro-2-(5-nethyl-1H1,2,3-triazol -
yl ) benzyl)-4'"-oxo- 20 2,3,4:5,6,.6;
7,9' -oct ahydr ospi ro[ pyra tfifhleéi 1dte 175
pyrimdo[ 1, 2-dJ[ 1, 4] oxazepi neJ-2' - carboxam de. Wiite
crystals (90 %yield). "I NWVR 400 (CDC13) 8 (ppm:
1.6 126 WD 2007/061714 PCT/ US2006/ 044330 - 2.1 (2H,
broad m CH2), 2.2 - 2.6 (,2H, broad CH2), 2.31 (3H,
s, CH3), 3.6 - 4.0 (1(H wroad m 5 x CH2), 4.21 (2H,
d, J =6.3 Hz, NCH2), 5'R H os, @CH2), 7.00 (1H,
dd, J = 2.5 Hz and J = 8 JW@) 7.26 (1H, m
aromatic); 7.3 - 7.36 (@ mHar tlcs) 7.53 - 7.55 .
(2H, m aromatics), 77 (1H, dd, J
:6.05HzandJ:85Hz aro ' ;30(1H broad
t, NH). HRVS (EST) cal cul ated f 2FN6O5 [ MHH +]
: 575.2418; found : 575. 2418. In nmedi ate 177 N coo9
x5)Lr1*0 F 10 O~ - (Benzyl oxy)-N- (4

fluoro-2-(3-ne -2 oxoi m dazol i di n-1 yl)benzy
OX(LJJ 2 3'4B ngyloxg) X/'6(4 Jguor?-Z -(5- methyl-]H—] 2, )’ tr)zazol- -yl)benzyl) 4'-0x0-

9 3,90, élaydm%ew@& %ﬁfﬁ[ﬁv&;@«i mqn ,2- éd]zdgamzepme] 2

oxam de e SO|I

[ oxazepi n%vm -car
y:aeﬁoaf)?mldq—l ita ooy sty (Chaishd): P@W% 400,MVB1z GEDG1) & (ppm): 1.6
(. __ 6 d CHB:8%.6_4
( %}) (gﬁo%gﬂx\%% %% H?z@ ,(QH, bioafim, ER3d2 Hs (§i~‘1',2§, cH;)83.6 40
(10H, broad m, 5 x CH>), 4.27 (2H, d, J = 6.3 Hz, NCH>), 5.33 (2H, 5, OCH>), 7.00
(1H, dd, J = 2.8 Hz and J = 8.5 Hz, aromatic), 7.22 (1H, m, aromatic), 7.31 —7.36
(3H, m, aromatics), 7.48 — 7.51 (2H, m, aromatics), 7.73 (1H, dd, ] = 6.0 Hz and J =
8.5 Hz, aromatic), 7.93 (1H, s, CH), 8.28 (1H, broad t, NH). HRMS (ESI") calculated
for C3oHa2FNOs [M+H *]: 575.2418 ; found : 575.2419.

Intermediate 176

n %

oYk

3'-(Benzyloxy)-N-(4-fluoro-2~(5-methyl-1H- 1,2, 3-triazol-1-yl)benzyl)-4"-oxo-
2,3,4',5,6,6", 7", 9"-octahydrospiro[pyran-4, 10'-pyrimido[1,2-d] [ 1,4] oxazepine]-2'-
carboxamide. White crystals (90 % yield). '"HNMR 400 MHz (CDCl) 8 (ppm): 1.6
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J =7.9 H, CH), 3.6 - 4.0 (1 OH, broad m 5 x CH2),
3.79 (2H, t, J = 7.9 Hz, Cl112), 4.52 (2H, broad d,

wWOBM2D61784 34 (2H, s, OCH2), 6.89 (1H, dd, J = PCHUBM06/044320

and J = 9.8 Hz, aromatic), 6.94 (1H m aromatic),
7.3 - 7.4 (3H m aromatics), 7.5 - 7.6 (3H m
aromatics), 8.49 (1H, broad t, NH). HRVS (ESI +)
cal cul ated for C31H35FN506 [ MPFH 20 +] :592. 2571

found : 592.2579. 127 WD 2007/ 061714 PCT/ US2006/ 044320
Internmediate 178 TL NO N F O O _jS)Liko 053

A PR b M3 doU0s O B (Sl BRuemE BY il 3 £ a0

eiowairamdmﬁgﬂzp[wr@ﬁ@ 19:63’sz mcsm[)ls 32(2H, s, OCHz) 7.00
:é 4]ox$iﬁﬁé;@%-Z'-carboxan1de Wi t e crystals 9
? 148 R I k> Hecesemsyics T 3pthH. m, gomatioy (32H7 36 GH,
B, Q8¢ 88 53 22.85 (2 rﬁz{r&*ﬂt 0fds HQ‘,@H 3.0 (1Hdd, 1=6.0
10H, br%ﬁﬁﬂn] 5 X E}ﬁ al&? Ql % (
L 8§2H@24qon@nc)@@@) (1 H @r@ugNmmRMs gEsf)walqulated for
b (:1474, nd J = 8.3 Hz,
ﬂéo}rlrsa%cé)s [M@bl ]dfﬁﬁ?ns gcr)%nrgét:ﬁ?%l 31 - 7.36 (3H,
m aronatlcs) 7.47 - 7.52 (2H, m aromatics), 7.73
(1 H dd, J =6.0 Hz and = 8. aromatic), 8.07
(1H s, O, 819 (1H mn‘gd‘%teHﬁﬁ) VS (EST -) nie
593 [MtH 15 Internediate 179 N~ ~N~-NOOHOF NN,
N OOS3
' - (Benzyl oxy) - N—(4f|uoro 2- (1 met hy 1,2,4-triazol -
S yl ) benzyl)-4"-oxo-
, 3

2,3,4,5,6,6,7, 9'-octahy rggplro[pyran 4,10
pyrimdo[1, 2-d][1, 4] oxaz pln rboxan1de VWi te
solid (50 %yield). 'HN ) 6 (ppm: 1.6
) N\N

O

3'"-(Benzyloxy)-N-(4-fluoro-2-(3-methyl-2-oxoimidazolidin-1-yl) benzyl)-4'-
0x0-2,3,4',5,6,6',7',9"-octahydrospiro[pyran-4,10'-pyrimido[1,2-d] [1,4] oxazepine] -
2'-carboxamide. White solid (81 % yield). '"HNMR 400 MHz (CDCL) o (ppm): 1.6 —
2.1 (2H, broad m, CH3), 2.2 — 2.6 (2H, broad m, CHy), 2.87 (3H, s, CH,), 3.53 (2H, t,
J=1.9 Hz, CH3), 3.6 — 4.0 (10H, broad m, 5 x CH3), 3.79 (2H, t, ] = 7.9 Hz, CHy),
4.52 (2H, broad d, NCHz), 5.34 (2H, s, OCH), 6.89 (1H, dd, J=2.5 Hzand J=9.8
Hz, aromatic), 6.94 (1H, m, aromatic), 7.3 — 7.4 (3H, m, aromatics), 7.5 — 7.6 (3H, m,
aromatics), 8.49 (1H, broad t, NH). HRMS (EST") calculated for C31H35FN506 [M-+H

1:592.2571 ; found : 592.2579.
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128 WD 2007/ 061714 PCT/ US2006/ 044320 2.1 (2H, broad
m CH2), 2.2 - 2.7 (2H, broad in, CH), 3.5 - 4.0 (1

wakho7losoad m 5 x CH2), 3.95 (3H, s, CH3), 4.HGEr/(2006/044320

d, J =6.6 Hz, NCH2), 5.32 (211, s, OCH2), 7.11 (1H
dd, J = 2.5 Hz and J = 8.6 Hz, aromatic), 7.22 (1 H
m aromatic), 7.28 - 7.34 (3H m aromatics), 7.50 -
7.54 (2H, in, aromatics), 7.76 (1H, dd, J = 5.8 Hz and
J =586 Hz, aromatic), 7.92 (1H, s, CH), 8.88 (1H,
broad t, NH). HRVS (ESI+) cal culated for C30H32FN6Cb
[ MtH +] : 575. 2418 ; 19. Internedi ate
180 9 NNGOORT Nz Rgphé

- (Benzyl oxy)-N-(2-(1,3-dinethyl-1H1,2,4-triazol -5yl
)-4 fl uor obenzyl)-4'- oxo-2, 3,4, 56,6, 7, 9 '-0
ctahydrosp iro[pyran-4, 10 ' pyrim L, 2-dJ[1, 4]
oxazepi ne] - 2'-carbox . Wiite sgFld (60 %yield).
"HNVR 400 MHz (CDCL13) gp%pgg)F 1.6 -} 15 2.1 (2H
broad m CH2), 2.1 - 2 BQ(ZH oa®m Cl-12), 2.41

(3H, s, CH3), 3.5 - 5 x CH2), 3.85
(3H, s, CH3), 4.46 (2H . NCH2), 5. 33
(2H, s, OCH2), 7.09 M . and J = 8.6

Hz, aromatic), 7.20 (1H |n ) 7.27 - 7.31
(3H m aronatlcs) 7.44 - 7. Gn, aromatics),
7.71 (1H, dd, 3 = 2.5 Hz and J ¥ 8. 6 Hz, aromatic),

8.62 (1H, broad t NH). HRVS (ESI+) 20 calculated for

5 vé-Goarlosnmi*dsrr o Aok sinmS D H Lerds i - pensy)-
Y dx0-tM 4" B £5'Q", 9o &ahydrospiro[pyran-4,10'-pyrimido[ 1, 2-
d][1,4]oxazepine]-2'-carboxamide. White crystals (69 % yield). THNMR 400 MHz
(CDCl) & (ppm): 1.6 — 2.1 (2H, broad m, CHby), 2.2 — 2.6 (2H, broad m, CHy), 3.6 —
4.0 (10H, broad m, 5 x CHy), 4.27 (2H, d, J = 6.3 Hz, NCH3), 5.32 (2H, s, OCHy),
5.42 (2H, d, = 47.7 Hz, CH,F), 7.15 (1H, dd, 1 = 2.5 Hz and J = 8.3 Hz, aromatic),
7.26 (1H, m, aromatic), 7.31 — 7.36 (3H, m, aromatics), 7.47 — 7.52 (2H, m,
aromatics), 7.73 (1 H, dd, J = 6.0 Hz and J = 8.7 Hz, aromatic), 8.07 (1H, s, CH), 8.19
(1H, broad t, NH). MS (ESI") m/e 593 [M-+H *}. '

Intermediate 179

/N 2N

oA

O O

3"-(Benzyloxy)-N-(4-fluoro-2-(1-methyl-1H-1,2,4-triazol-5-yl) benzyl)-4"-0x0-
2,3,4'5,6,6", 7" 9'-octahydrospiro[pyran-4,10'-pyrimido[1,2-d] [1,4] oxazepine]-2"-
carboxamide. White solid (50 % yield). .'HNMR 400 MHz (CDCl3) & (ppm): 1.6 —
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w200 pbeme yl ) - 4' - oxo- 2, 3, 4

FNNOOS53

- (Benzyl oxy) - N- (4fl uoro-2-(3-nethyl-JH 1, 2,4-triazol -

7 5,6,6'p Ty 9 PCT/US2006/044320
"-octahydrospiro[ pyran-4, 10 ' pyrimdo[l, 2-dJ[],
41loxazepi ne]-2'- carboxam de. Wiite solid (46 %

yield). 'HNWR 400 MHz (CDC13) 6 (ppm: 1.7 - 1.9 (2H
broad m CH2), 2.3 - 2.6 (2H, broad m CH2), 2.51 (3H,

s, CH3), 3.6 - 4.0 (I OH broad m 5 x CH2), 4.67

(2H, d, J = 6.6 Hz, NCH2), 5 25 (2H, s, 7.07 10

QCH2)
4, Byt TS 123 Tyt 9 OM68) g g5

(Elzlz)aEGJSJ(BH 8, GHiz 4.43r(GRRat) 1:3= 6.6 HEONCHH), TR (P, DEHP7.11

it e Pl g S Soniginz Ryl A fftindyo Vs - 7.34

(575 nﬂ‘hic&naﬂcfs@,uhm (AR, ardmaticd)e¥. MO i HL éd,0825.8\Hz and J =

# ISJB% af%n%tg)’rﬂa?#ﬁ 1§15s &g%) 3 8% G?ﬁgm%il ﬁﬁ),’ﬁgﬁ\ﬂs (EST") calculated

f&,rmms;pmd)s M1 Yl )58 s}féundomsaﬁm "5,

. 5, p 9 -octahydrosplro[pyran 4,10 :
pyri m do[ 1 2 d][1, 4]oxazepine]-2'-carboxam de: To a
sol ution of 3 -(benzyl OXiterthed @6P180L30 WO 2007/ 061714
PCT/ US2006/ 044320 2,3,4',5,6,6"',7',9' -octahydrospiro
[ pyran-4, 10" -pyrimdo[1,2-d] [ 1, 4]oxazepine]-2'- :
carboxylic acid (0.095 g, 0.246 mmo in CH3CN (15 nl)
was added 1-(2-

(am nonet hyl ) - 5f|uoroqhhet{yl) 4- met -1
H1,2,4-triazol - 5(4H -NggN O. O70g, 271nmol ),

di i sopropyl et hyl am ne (0} 171 S OQ384 mmol) and O (7
5 azabenzotriazol e- 1yl LN M Ny Ret hyl ur oni um
(0.103 g, 0.271 mmol). rdactyonnm xture was
stirred at 23C for 18 hodrs. HCL(1N~ 50, nL) was added
and the organic material was egtragted with Et CAc (3
X 50 nL). The conbi ned organic O sePwer e washed
wth HO (50 nL), brine (50nL), dried over MJSO4 and
concentrated in vacuo. The crude material was purified

on Si |3i'-?§erzg9)oxf)9 ~2-(1,3-dimethyl-1H-1,2,4-triazol-5-yl)-4-fluorobenzyl)-4'-
0x0-2,3,4',5,6,6',7',9"-octahydrospiro[pyran-4,10"-pyrimido[1,2-d][1,4] oxazepine]-

"_carboxamide. White solid (60 % yield). 'HNMR 400 MHz (CDCls) & (ppm): 1.6 —.
2.1 (2H, broad m, CHy), 2.1 — 2.5 (2H, broad m, CHy), 2.41 (3H, s, CHa), 3.5 - 4.0
(10H, broad m, 5 x CHy), 3.85 (3H, s, CH3), 4.46 (2H, d, J = 6.0 Hz, NCH;_), 5.33
(2H, s, OCHy), 7.09 (1H, dd, J = 5.5 Hz and J = 8.6 Hz, aromatic), 7.20 (1H, m,
aromatic), 7.27 — 7.31 (3H, m, aromatics), 7.44 — 7.48 (2H, m, aromatics), 7.71 (1H,
dd, J=2.5 Hz and J = 8.6 Hz, aromatic), 8.62 (1H, broad t, NH). HRMS (ESI")
calculated for Cs3,H34FNgOs [M+H +] : 589.2575 ; found : 589.2551.
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10 (BiotageTM, eluted with Et OAc: Hex(l :1) to EtOAc
100%to afford the title conpound as a white solid

W@ 00018617g4 77 %: 'H NVR (400 MHz, CDC13) 6 8.BaT/{1$208i5/044320

brs), 7.67 (1 H dd, J 8.7, 6.2 Hz), 7.52 (2 H m,
7.45 (1 H, s), 7.27 - 7.36 (3 H m, 7.22 (1 H, dd,
J=9.3, 2.5 Hz), 7.08 (1 H td, J=8.2, 2.5 Hz), 5.31 (2
H s), 4.54 (2 H d, J=6.3 Hz), 4.1-3.6 (10 H, m,
3.3 6 (3 H s), 224-2.2 (1 H brm, 2.1-1.6 (2 H 15
brs). LCMS (+ESI, MtH1) mz 591. Internedi ate 183
>-NN N 000 xSriyrg, EdNg, 20

3'--(Benzyl oxy)-N(2-(3,

4- di met hyl - 5- oxo- 4, 5-di hydro-1H1, 2, 4-triazol -1 yl)- 4
fl uorobenzyl)-4'-ox0-2, 3, 4, 5 6, 6; 7 ;

9' -octahydrosp iro[ pyran-4, 10" pyri o[ 1, ’ 2-
d] [ 1, 4] oxazepi neJ-2' -ca bz%am de: ' (400 MHz,
CDC13) S 8.59 (1 H, br 7.66 (1 H|dd, J=8.6, 6.3

M), 7.49 (2 H m), 7 3043
J=9.3, 2.5 25 Hz), 7.06 {
(2 H s), 4.55 (2 H, d,.3 YT 4.0-3.6(10 H,
brnm), 3.29 (3 H, s), 242 3 (2 HN 2.28 (3 H,
s), 2.1-1.6 (2 H, brm: LCMB (+ , H+) m z 605.
131 WD 2007/061714 PCT/ US2006/ 044320~—Ent er medi ate 184
O NOOF XorkrrO NN OOS5 (Benzyl oxy)-N- (4
fl uoro- 2- (2- oxooxazol i di n- 3-yl ) benzyl ) - 4' - oxo

H @, ¢720 (1 H dd,
t Jx8. 2.5 Hz), 5.31

3"-(Benzyloxy)-N-(4-fluoro-2-(3-methyl-1H-1,2,4-triazol-5-yl)benzyl)-4"-oxo-
2,3,4',5,6,6",7',9"-octahydrospiro[pyran-4,10'-pyrimido[1,2-d] [1,4] oxazepine] -2'-
carboxamide. White solid (46 % yield). 'HNMR 400 MHz (CDCls) 8 (ppm): 1.7 -
1.9 (2H, broad m, CH), 2.3 — 2.6 (2H, broad m, CHy), 2.51 (3H, s, CH3), 3.6 — 4.0
(10H, broad m, 5 x CH>), 4.67 (2H, d, J = 6.6 Hz, NCH,), 5.25 (2H, s, OCHy), 7.07
(1H, m, aromatic), 7.3 — 7.35 (3H, m, aromatics), 7.48 — 7.55 (2H, m, aromatics),
7.58 (1H, dd, J = 5.8 Hz and J = 8.6 Hz, aromatic), 7.76 (1H, dd, J =2.8 Hz and J =
9.8 Hz, aromatic), 9.30 (1H, broad t, NH). HRMS (ESI") calculated for C3oH3,FNgOs
[M+H *] : 575.2418 ; found : 575.2390.

Intermediate 182

3'-(Benzyloxy)-N-(4-fluoro-2-(4-methyl-5-oxo-4, 5-dihydro-1H-1,2,4-triazol-1-
yl)benzyl)-4"-0x0-2,3,4',5,6,6", 7", 9"-octahydrospiro[pyran-4,10"-pyrimido[ 1, 2-

dj[1,4]oxazepine]-2'-carboxamide: To a solution of 3'-(benzyloxy)-4'-oxo-
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2, 3, 4,5 6, 6, 7, 9 -0 ctahydrospiro[pyran-4, 10
pyrimido[l, 2-d][1l, 4]oxazep ine]-2'- carboxam de: 'H

WORR704004 MHz, CDC13) 8 8.23 (1 H, brs), 7.50 PCTUSB0¢/@44320

H m, 7.31- 7.41(4H m, 6.95- 7.06 (2 H m,
5.34 (2 H s), 455 (4 H m, 4.05 (2 H t, J=7.8
Hz), 3.9-3.6 (10 H, brn), 2.4-2.3 (2 H, brs), 2.1-1.6
(2 H brm; LCVMS (+ESI, 10 MtH+) m z 579.
Intermadiate 185 ~-N.~-O9 N pOOHpP FO 153

- (Benzyl oxy) - N- (4fl uoro- 2- (1, 1- di oxo-5-net hyl -1, 2, 5-t

Zhi 3'25315 I6d47 M < %cta\l'lgfig)%?ﬁg [lp}(ra% %‘Pf"‘}ifrlm%’o&fh’l <ﬁ[164]@xazeZ)1rfé] 9.

~olt’ahydiospi r
cdﬁoxyﬁ? @walz(@m%@ OpassamobriaGHEN (15 V('ascﬁyldwa -(2-

ooty fybrbphilty s iyl 8 burikaolgs it Hng 86 g70g
07273151116131)2ﬂu&d)prﬁ@yletﬁy[hilm(xé.((}-ll7Idﬂ},L 0ERA3nmid] andA)- (77 01

5ok ErelE- BUFUEI ok Fsipasishpopiing 10 108 20 27 Al ne

rdadtion: Iﬁlx(h;l{% \bhs shi'rf&l at 3343 fdr2 8|'1101.Irs IJI-'Eﬁ (INHB0 mId.wak added and
tl(}?’H S) 15 H brs

H brm. :
c:ngaeuespterm Mray emr%ct@izwlthl Pé«crﬁécPF épénl(ih 6Th65°&gmed organic
phiab & GBI B0 Qi) riZo 256! HL?t BRADGRRANCLLA bl & MESORand

uti on
qmgerrtrat@d inacagd e.csmmytpnnl ws p@nf(‘xgd vn §1ho@ gelcolppm

bl YR sansse s 2EDA e SR i,
@nipbund|as a whB®sdlidT(eE 30as 7438k d HINGYIRI (60 Mz @EClg) 58.54 (1
H, brs), 7.67 (1 H, dd, J=8.7, 6.2 Hz), 7.52 (2 H, m), 7.45 (1 H, 5), 7.27 - 7.36 (3 H,
m), 7.22 (1 H, dd, J=9.3, 2.5 Hz), 7.08 (1 H, td, /=8.2, 2.5 Hz), 5.31 (2 H, 5), 4.54 (2
H, d, J=6.3 Hz), 4.1-3.6 (10 H, m), 3.36 (3 H, s), 2422 (1 H, brm) 2.1-1.6 2 H,

brs). LCMS (Y ESI, M+H") m/z 591.

Intermediate 183

1;?

3'-(Benzyloxy)-N-(2-(3,4-dimethyl-5-oxo-4,5-dihydro-1H-1,2,4-triazol-1-yl)-
4-fluorobenzyl)-4'-ox0-2,3,4',5,6,6', 7' 9"-octahydrospiro[pyran-4,10'-pyrimido[1,2-
d][1,4] oxazepine]-2'-carboxamide: '"H NMR (400 MHz, CDCl;) 6 8.59 (1 H, brs),
7.66 (1 H, dd, J=8.6, 6.3 Hz), 7.49 (2 H, m), 7.31 (3 H, m), 7.20 (1 H, dd, J=9.3, 2.5
Hz), 7.06 (1 H, td, J=8.3, 2.5 Hz), 5.31 2 H, s), 4.55 (2 H, d, J=6.3 Hz), 4.0-3.6(10
H, brm), 3.29 (3 H, s), 2.4-2.3 (2 H, brm), 2.28 (3 H, 5),2.1-1.6 C H, brm): LCMS (
ESI, M+H") m/z 605.
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tenperature was allowed to gradually rise to room
tenperature and the reaction mxture stirred for 5 h.

waheos/oeers4 treated with 200nk of water and Et 2CPeandS1t00e044320

| ayers separated. The aqueous |ayer was extracted
further with Et20. The conbi ned 15 organic extracts
were washed with brine, dried over Na2SO4, filtered
and concentrated to | eave 23g of crude product as a
yellow oil. This was purified by silica gel

chr omat ogr aphy using 9:1 hexanes/CH2CI 2 to 4:1
hexanes/ CH2Cl 2 as el uent[§ierdhBdisteyis ded 7.4 g (32%
of the title conmpound as an oil. 1H NVR (300 MHz,
CDC13) S: 1.33 (s, 6H), 3.43 (s, 2H), 3.61 (t, J=5.7
Hz, 2H), 3.77 (t, J=5.9 Hz, 20 2H). M5 (M+H) . 162.
Internmediate 187 H HNrOH 25

3- (2- Chl or oet hoxy)-N-Hy y 2,

2-di net hyl pr opanam di ne

Chl or oet hoxy) - 2, 2- di met hi propan nlprile (6.1 g, 37.7
mol ) was pl aced togeth ous

hydr oxyl amine (3.1 g, [ 6 nm. Et OH and
warmed at  75-80 C wifh Stll‘l‘lng o h. The
solution was concentrated and t zeotroped 30 with
EtOH to provide (9.4 g, -80% pu e title
compound as a gum 'H NVR 133 WD 2007/ 061714

PCT/ US2006/ 044320 (300 I\/Hz CDC13) 6:1.17 (s, 6H),

T e R o I

Q2HLS, H%Vh?'l—odal@&#é@nkﬁjbpfaﬂe{ Weppyaidof1,2-d] [ 1, 4]oxazepzne] 2
55519 gfatg%y' PR R LR TH2CENNY s €23 U E 23! §502 7.58 2 1, m),
37 312 qmlqmqetmws)s L\hmﬁqlzmnﬁ 52341(1rﬂt lathsamqam dj. @se(z H, t,

70 _Et OH a nL H2O wa
tHa& ga) \% 24 Qj{lé)ﬂﬂy‘prm) D423 H brs), ) 1 i (2 H, brm); ‘TeMs ("ESL,
M+H") m/z 579.

Intermediate185

3'-(Benzyloxy)-N-(4-fluoro-2-(1,1-dioxo-5-methyl-1,2, 5-thiazolidin-2-
yl)benzyl)-4'-ox0-2,3,4',5,6,6", 7', 9'-octahydrospiro[pyran-4, 10" -pyrimido[1,2-
d][1,4]oxazepine]-2'-carboxamide: "H NMR (400 MHz, CDCl;) & 8.02 (1 H, t,
=6.4 Hz), 7.56 (1 H, dd, J=8.7, 6.2 Hz), 7.45 (2 H, dd, J=7.5, 1.9 Hz), 7.21 - 7.35 (3
H,m),7.11 (1 H, dd, J=9.3, 2.5 Hz), 7.01 (1 H, td, /=8.2, 2.5 Hz), 5.25 (2 H, s), 4.65
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30

acetyl enedi carboxylate (6.4 g, 37.7 nunol). This was

stirred for 1 h at room tenperature and concentrated.
wab@7nesidue was di ssol ved in Et OAc and washedP@i/UR2006/044320

wat er and then brine. The Et OAc solution was dried

over Na2SO4, filtered and concentrated to |eave 14 ¢

of a yellow oil. This was purified by chromatography
on 15 silica gel using 3:1 hexanes/EtQAc to give 5 ¢
(36%vyield) of the title conpound as a clear oil. '"H

NVR (300 MHz, CDC13) 8:1.15 (s, 6H), 1.16 - 1.39 (m
(?*101 ﬁ.{é% K{%}is 92ﬁls§1§ I-ﬁ%rmh)% Zi(i Pﬂ t41él)5,4 ﬁzpé 7 ﬁ)}iZQ), 2.4-2.15

3. 1rgk 1.95H) .5 (B PBbrm}5LC‘2MS( ﬁE%m+%)wZ@ '5H) . Lo B
(MtH): 365. 20 Internediatel89 OOHO EtO/ N NH
O N~ C Ethyl 2-(1-(2-chl oroethoxy)-2-nethyl propan-2
yl ) -5- hydr oxy- 6- oxo- 1, 6 Iatermediate 186

di hydr opyri m di ne- 4- carboxyl ate. Internedi ate 188 was
di ssolved in 150 nL 1,2,4- trinethyl benzene and
stirred at 155-160 C for @N5 hrs under N2. The sol vent
was 134 WO 2007/061714 P&T/ [ 044320 evapor at ed
at reduced pressure and the resi dué7 was di ssolved in
Et OAc and extracted 2x W|th dil NaHCO3. The aqueous

Op 8O- b eba 1 St e oppr i o 6 SoTtiqn e A (0.14
Aot GPTE®RAL Taest 50 °cparméf @l@ v&d@%dt(aea ts%bﬁ@mﬁu&)g 3 g90 14 mol)

g, 43% as a white solid. '
m 4)mE SHE idyopwisa oven 20ming Aften20 @i, a sghusipnaf 1- «ziﬂpro-%

%ﬁg@o&%}iﬁ*% %07% mogglg %6 r%“”glr-lﬁg\l)é?safded%é él%&lawwe and the
©rhpefatufet @as allowed to gradually rise to room temperature and the reaction
mixture stirred for 5 h. This was treated with 200mL of water and Et,O and the
layers separated. The aqueous layer was extracted further with Et;0. The combined
organic extracts were washed with brine, dried over Na,SO, filtered and
concentrated to leave 23g of crude product as a yellow oil. This was purified by
silica gel chromatography using 9:1 hexanes/CH,Cl; to 4:1 hexanes/CH,Cl, as
eluents. This yielded 7.4 g (32%) of the title compound as an oil. 'H NMR (300
MHz, CDCI;;) O: 1.33 (s, 6H), 3.43 (s, 2H), 3.61 (t, J=5.7 Hz, 2H), 3.77 (t, J=5.9 Hz,
2H). LC/MS (M+H): 162.

Intermediate 187

H
HN N
OH
O\/\
Cli

3-(2-Chloroethoxy)-N-Hydroxy-2, 2-dimethylpropanamidine: 3-(2-
Chloroethoxy)-2,2-dimethylpropanenitrile (6.1 g, 37.7 mmol) was placed together
with 50% aqueous hydroxylamine (3.1 g, 37.7 mmol) in 60mL EtOH and warmed at
75-80 °C with stirring for 18 h. The solution was concentrated and then azeotroped
with EtOH to provide (9.4 g, ~80% pure) of the title compound as a gum. 'H NMR
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N~ N 10 Ethyl 3-hydroxy-10, 10-di net hyl -4-o0xo0-6, 7,
9,10-tetrahydro-4H pyri mdo[ 1, 2-

waldjor/odi7oxazepi ne- 2- car boxyl ate. | nternedi at e EGRUSDOFTB44320

10

15

20
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g, 5.49 mmol) was dissolved in 30nL DVF under N2 and
treated with K2C03 (2.27 g, 16.5 nmmol ). This was 15
warnmed to 70-80 Cwth stirring for 16 h. The DMF was
evaporated at reduced pressure and the residue was

di ssolved in water and washed with Et20. The aqueous

| ayer was acidified with dilute HC and extracted with

(DD MG RS s Bl A7 B e 538 20 516 (&, 28

e Ri-HER 1\915th 1:1 Et20 hexanes gave the title
conpound (1.2 g, 77%yield) as a white solid. "H NWR
20 (300 MHz, CDC13) S 1.35 - 1.45 (m 9H), 3.58 (s,
2H), 3.60 - 4.10 (M 1Hpydafbiddissd 6.95 Hz, 2H),
4.30 - 4.82 (m 2H), 10.42 (s, 1H. LCO M (MtH): 283.
135 WD 2007/ 061714 PCT/ US2006/ 044320 Intermedi ate 191

00 Eto~o N~ N5 Ethyl COE

3- (benzyl oxy) - 10, 10- dlnethyl o-6, 7,9,1
O-tetrahydro-4H HN

pyrimdo[ 1, 2-dJ[ 1, 4] oxazep ne02 caPBoxyI at e.

I ntermedi ate 190 (790 ny et ) ci and benzyl

brom de (580 ng, 3.4 muol) ver e pl aced together in 10
mL DVF under N2 and treated with K2C03 (512 ng, 4

mmol ) . Af t n t -
was r 6 Z‘? Lfé%rg ch (028 ﬁtg'gﬁ’% zésdsl%F g@%élgar?géﬁl%rﬁgo%but ?
@h.«l&ﬁgbz\éeﬁ édlutgfrl?(ﬁidﬁ(21&laf&ﬂvmmeﬁhydtdxg%dxrﬁwbymsmmMme
ol ution was ari 0] red.an

Lot ety 5 Timh LR T R R85 i distng
%@et@l%@ﬂic@rboxw(aw@ 4 80%7.7 Mulgol) me\}laé:stlrﬂedebr (lth, at}jogm3
2eppepize a{l@l co:gceyltrgtemz Ta;lg Ir&m&grc was dlsgrgﬁgg? W% aé@vilgwd with
( i‘hg’ﬁ R sdhition wasiied oveft Nat S0, Fitered and
ﬁﬁt@m %%ne tént eS r mslg Pat%s 1192 ’

concentrated to leave 14 g of a yellow oil. This was purified by chromatography on
silica gel using 3:1 hexanes/EtOAc to give 5 g (36% yield) of the title compound as a
clear oil. 'H NMR (300 MHz, CDCl;) &: 1.15 (s, 6H), 1.16 - 1.39 (m, 6H), 3.41 (s,
2H), 3.56 - 3.77 (m, 4H), 4.05 - 4.20 (m, 2H), 4.21 - 4.37 (m, 2H), 5.30 — 5.45 (m,

1H), 5.62 (s, .5H), 5.64 - 5.75 (m, 1H), 5.77 (s, .5H). LC/MS (M+H): 365.

Intermediate189

Ethyl 2-(1-(2-chloroethoxy)-2-methylpropan-2-yl)-5-hydroxy- 6-oxo-1,6-
dihydropyrimidine-4-carboxylate. Intermediate 188 was dissolved in 150 mL 1,2,4-
trimethylbenzene and stirred at 155-160 °C for 2.5 hrs under No. The solvent was
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0 O HO Ne N 20 3-(Benzyl oxy)-10,1 O-di net hyl - 4- oxo- 6,
7, 9,10-tetrahydro-4H pyri mdo[1l, 2-

walkjor/odiyoxazepi ne- 2- car boxyl i ¢ aci d. | nter nedi BEBUIDN6/044320

(920 ng, 2.5 nmol) was 136 WO 2007/061714

PCT/ US2006/ 044320 dissolved in 5nL of THE and to it
was added with stirring LiOH (120 ng, 5 mml) and 5nL
water. After 30m n, the THE was evaporated and the
aqueous layer was acidified with dil HC. This was
extracted with CH2Cl 2, dried (MgSO4), filtered and

ﬁ&%ceﬁ%‘rés‘éﬁt@tg{n@ Mhd FRBuEWAS ARGRvddia BtOWcaand extracted
oun % as a 5 solid: 1H NVMR (300 MHz,

maﬂlla\laﬂ-l@@;;( Jhe@apeos egba¢ts we,'gﬁ)imdgiqggwuh (@j@n(i ,ﬁctracted

V(ila)l Cé-}_;l)ﬂ}lz gfﬁ%orggglcgg}e(r%ws ﬂ_&d‘t&%%) Zf'?\t/ﬁrez 28 conc%nﬂ‘gted to

proviee tidiide eorhdund (L. DeCHSk) as-a whute@ohm N—IE{Mﬁ (300 MHz,

@Ppiéﬁ%aﬁéﬁ&,,gﬁﬁﬁc@g&gn@f 38,354 (s, 2H), 3.63 - 3.72 (m, 2H), 3.75

Py g3 Endohy, 42421% lr—4']3mazm) MedAMS (verHpsybate. ' H NMR
(300 MHz, .42 15 (t, J= 7.0 Hz, 3H),.-1.78 -
2.27 (m 4H), 257-275(m 2H), 3.59 - 3.79 (m

2H), 3.82 (s, 2H), 4.27 midmd@ideio@H), 4.43 (q, J=
7.0 Hz, 2H), 10.50 (s, 1H. LCOMS (M+tH) mz 295.
Intermediate 194 20 OOH O EtO N~ N

o OH

(o}
EtO =

A

Ethyl 3-hydroxy-10,10-dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[1, 2-
d][1,4] oxazepine-2-carboxylate. Intermediate 189 (1.75 g, 5.49 mmol) was dissolved
in 30mL DMF under N; and treated with K,CO3 (2.27 g, 16.5 mmol). This was
warmed to 70-80 °C with stirring for 16 h. The DMF was evaporated at reduced
pressure and the residue was dissolved in water and washed with Et,0. T he aqueous
layer was acidified with dilute HCI and extracted with CH,Cl,. The organic extract
was dried (MgSOy), filtered and concentrated to provide a solid. Trituration with 1:1
Et,O/hexanes gave the title compound (1.2 g, 77% yield) as a Whi‘te solid. '"H NMR
(300 MHz, CDCl;) &: 1.35 - 1.45 (m, 9H), 3.58 (s, 2H), 3.60 — 4.10 (m, 1H), 4.41 (q,
J=6.95 Hz, 2H), 4.30 - 4.82 (m, 2H), 10.42 (s, 1H). LC/MS (M+H): 283.
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Et hyl 3'-hydroxy-4'-oxo0-4 , 61, 71.9
'-tetrahydrospiro[cycl opentane-1, 10

w@eansded 1, 2- d] [ 1, 4] oxazepi nej - 2' - car boxyl at ePCT/HS20MR044320
(300 MHz, CDC13) 6: 1.41 25 (t, J =7.0 Hz, 3H), 1.59
- 1.53 (m 8H), 2.12 - 2.29 (m 2H), 3.55 (s,"'2H)
3.61 - 3.69 137 WD 2007/061714 PCT/ US2006/ 044320 (m
2H), 3.72 - 3.80 (m 2H), 4.41 (q, J= 7.0 Hz, 2H)
10.67 (s, 1H). L MS (MtH) nmfz 309. Exanple 1 5 O OH
HF) N ((4-Fluorophenyl)nethyl)-3-hydroxy- 10,
10- di met hyl - 4- ox0- 6, 7, 9, Intékmediate191
t et rahydr o-4H pyri mdo[ 1, 2-dJ] -,
4] oxazepi ne- 2- car boxani de. Internediate 190 10 (30ny,
.I'nmmol) was conbined with pnls:orobenzylanine (37ng,

0.3mmol ) and triethylam ne lng, Immol) in I nl DWF
in a sealed flask with stirridl@ and was warned in an
oil bath at 100 - 110 C for 3hrs. The DVF was renoved
at reduced pressure and thg rédulting residue was
purified by reverse phasg um
chr omat ogr aphy el uted w R 2586 CN H20 + 0. 1% TFA.
The fractions 15 containing th uct were
concentrated and extracted w CH2¢12. Evaporation of
the solvent and trituration w4 h-hexanes gave the
title conpound as a white solid (Yield= 25%. 1H NWR
(300 MHz, CDC13) 8:1.35 (s, 6H), 3.56 (s, 2H), 3.60 -
5 3.91 Empi 324Benzfod)- 0, FO-8hndthmi-RbYa-64, BB0{tetrakydr &4 21

Hz, 2 6.90 - 7.14 2H), 7.13 - 7.41
p)_/r;'@icli_obf 1254 (LA ozﬁquz’n(f?—%zl%)@flatfw§pteﬁﬁ%ate'(\ﬁ% (%g'é gy 2-8 mmol)
HR0 by ChRITRUENSEN ng36 2 think) wheuslsked62eth&0. 10khE DMF under

foll ow ng exanpl es are prepared_accordi ng .to _an

Mraind grsatedpyide KdGOs (517 meedapppb. Alter yrpine f2-0B £789-70 °C
?}%waﬁz&g?{‘e%é;e%%nd@ %&k@d Eressure. The residue was dissolved in CH,Cl,

10  and washed With H,0. The CH,Cl, solution was dried over MgSOsy, filtered and
concentrated to give the title compound (940 mg, 90%) as a solid. '"H NMR (300
MHz, CDClL) &: 1.27 (t, J=7.3 Hz, 3H), 1.54 (s, 6H), 3.59 (s, 2H), 3.65 - 3.95 (m,
2H), 4.30 (q, J=7.3 Hz, 2H), 4.40 — 4.80 (m, 2H), 5.19 (s, 2H), 7.29 —7.34 (m, 3H),
7.39 - 7.49 (m, 2H). LC/MS (M-+H): 373.

15
Intermediate 192
0 O
H O/IWO
Nao N3
\;Z;—o
20 3-(Benzyloxy)-10,10-dimethyl-4-ox0-6,7.,9, 10-tetrahydro-4H-pyrimido[1,2-

d] [1,4] oxazepine-2-carboxylic acid. Intermediate 191 (920 mg, 2.5 mmol) was
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25

N N NOOH N~~\ T | O HFQO) 5
N-((4-Fluoro-2-(1 HJ, 2, 4-triazol-1

wQ kgoploertyd ) net hyl ) - 3- hydr oxy- 10, 10- di net hyl - APORUSBIN6/044320

7,9,10-tetrahydro-4H pyri m do[ 1, 2-dJ[], 4] oxazepi ne- 2-
carboxam de. Yield: 48% white crystals. '"H NVR (300
MHz, CDC13) 6: 1.42 (s, 6H), 3.57 (s, 2H), 3.62 -

3.94 (m 2H), 4.10 - 4.70 (m 2H), 4.42 (d, J= 7.0 Hz,
2H) 7.02 - 7.23 (m 2H), 7.69 (dd, J = 8.6, 6.0 Hz,
1H, 810 (s, 1 H, 8.46 (s, 1 H, 8.80 10 8.87 (rn,

ohurseRant CngF ihe T8 DR 1iipe 0M (120 e gymonoD

amd 5105 &raldd. Afted 30khiny thie THE Wag Svaporated and the aqueous layer was
(4= Fl. | sul f hyl <
G5 A T AR S it nd
dambeﬁttzdétl - TRtugatidn, fré;hcﬁﬂa@wa thtitbaedopamdd@9o0 Yag 9d%) as a
i bty BB, S & o0, TRE 220248 o5 am. 20,
@'rb é‘@@@n 214) %Qu(% 21%?)7, 2§l 821,2((911 3413 7 4@ sts gﬁDZH) LC/MS

@\aer% 11 72 (s, 1H). HRI\/S (M+H) cal cd for
C19H23FN306S: 440.1292; found: 440.1297. 139 WO
2007/ 061714 PCT/ US2006/ 044320

Intermediate 193

O OH
/\O)WO
A

Ethyl 3'-hydroxy-4'-oxo-4',6", 7", 9'-tetrahydrospiro[cyclobutane-1,10'-
pyrimido[1,2-d][1,4] oxazepine]-2'-carboxylate. 'H NMR (300 MHz, CDCL) &: 1.42
(t,J=7.0 Hz, 3H), 1.78 - 2.27 (m, 4H), 2.57 - 2.75 (m, 2H), 3.59 - 3.79 (m, 2H), 3.82

(s, 2H), 4.27 - 4.36 (m, 2H), 4.43 (q, J = 7.0 Hz, 2H), 10.50 (s, 1H). LC/MS (M+H)
m/z 295.

Intermediate 194

OH

O
(0]
Nas N\>
o

Ethyl 3'-hydroxy-4'-oxo-4',6',7',9"-tetrahydrospirofcyclopentane-1,10'-
pyrimido[1,2-d][1,4] oxazepine]-2'-carboxylate. '"H NMR (300 MHz, CDCl;) &: 1.41
(t,J = 7.0 Hz, 3H), 1.59 - 1.83 (m, 8H), 2.12 - 2.29 (m, 2H), 3.55 (s, 2H), 3.61 - 3.69
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Exanple 4 fi- NO OH X5T0 5
N-((4-Fluoro-2-(5-nmethyl-iH1,2,4-triazol-1

W@ kgoploertyd ) net hyl ) - 3- hydr oxy- 10, 10-di net hyl - APORUSBIN6/044320

7,9,1 O-tetrahydro-4H pyrimdo[ 1, 2-d][1,

4] oxazepi ne- 2- carboxam de. Yield: 60% white solid.

"H NWR (300 MHz, CDC13) 8:1.42 (s, 6H), 2.47 (s, 3H),
3.57 (s, 2H), 3.60-3.90 (m 2H), 4.26 (d, J= 7.0 Hz,

2H), 4.30-4.80 (m 2H) 6.99 (dd, J = 8.4, 2.5 6 Hz,
1H, 7.13 - 7.3 2 (m 1 H), 767(dd J =8.6, 6.0

G 59000 0085 1 A S SIS0 . L68B

mAB0843; found 443.1838. Exanple 5 ~--N N~ N O OH
F X5SNFrO NN 15 N-((2-(3,5-dinethyl-1H 1,2, 4-tri azol -
yl)-4 fluorophenyl)nethyl)-3-hydroxy-

10, 10- di et hyl - 4- oxo- 6, 7,Example 1

9, 10-tetrahydro-4Hpyrimdo[l, 2-di[1, 4]oxazepine-2-
carboxam de. Yield: 43% glassy solid. "H NVR (300
MHz, CDCl13) S: 1.45 (s, 6H) 2002. 3H (s, 6H), 3.56 (s,

2H), 3.60 - 3.85 (m 2 WGHZ 2H)
4.35 - 4.80 (m 2H), g (d} 84, 2.6 Hz, 1 H),
7.11 - 7.28 (m 1 Hg (dd, JN\ 5.9 Hz, 1H),
8.12 - 8.45 (m 1H), 11.96(s (M+H) calcd
for C22H26FN604: 457. 2000; found 02017. 140 WO
2007/ 061714 PCT/ US2006/ 044320 Exanpl e 6 N N
N-((4-Fluorophenyl)methyl)-3-hydroxy-10, 1 0-dimethyl-4-oxo0-6,7,9,10-
tetrahydro-4H-pyrimido[1,2-d][1,4] oxazepine-2-carboxamide. Intermediate 190
(30mg, .1mmol) was combined with p-fluorobenzylamine (37mg, 0.3mmol) and
triethylamine (101mg, 1mmol) in ImL DMF in a sealed flask with stirring and was
warmed in an oil bath at 100 — 110 °C for 3hrs. The DMF was removed at reduced
pressure and the resulting residue was purified by reverse phase (C18 ) column
chromatography eluted with 25% CH3;CN/ H,O + 0.1% TFA. The fractions
containing the product were concentrated and extracted with CH,Cl,. Evaporation of

the solvent and trituration with hexanes gave the title compound as a white solid

" (Yield=25%). 'H NMR (300 MHz, CDCls) &: 1.35 (s, 6H), 3.56 (s, 2H), 3.60 — 3.91

(m, 2H), 4.40 — 4.85 (m, 2H), 4.56 (d, J = 6.2 Hz, 2H), 6.90 - 7.14 (m, 2H), 7.13 -
7.41 (m, 2H), 7.70 — 7.83 (m, 1H), 11.86 (s, 1H). HRMS (M+H) calcd. for
C1sH2 FN3O4: 362.1516; found: 362.1509.

The following examples are prepared according to an analogous procedure for

example 1.
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NO OH HO F5N((4
fluoro-2-(3-nethyl-1H1,2,4-triazol-1

W@ kgoploertyd ) net hyl ) - 3- hydr oxy- 10, 10-di net hyl - APORUSBIN6/044320

7, 9,10-tetrahydro-4H pyrimdo[1l, 2-d][1,

4] oxazepi ne-2- carboxam de. Yield: 62% white
crystals. "H NWR (300 MHz, CDC13) 8: 1.40 (s, 6H),
2.48 (s, 3H), 3.56 (s, 2H), 3.60 - 3.90(m 2H), 4.46
(d, J= 6.6 Hz, 2H), 4.50- 4.85 (m 2H), 6.91 - 7.28
(m 2H), 7.68 (dd, J= 8.6, 6.0 Hz, | H, 8.30 (s, |
H, 850 10 8.70 (m 1 H)Exal:?plQ§ (s, 1 H. HRVS (MH)
calcd. for C2 | H24FN604: 443.1843; found: 443. 1840.
Exanple 7 OOH \ HO F'\% NN 15 N-((4

f1 uorophenyl ) met hyl ) - 3' =RQydr oxy-4' - oxo- 6,

7' -di hydro-4'H spi YOL\,@9| obut ane-1, 10’

pyrimdo[ 1, 2-dJ[ 1, 4] oxawépi neJ<@' - car boxami de. Yi el d:
70% white crystals. 'HWNVR (3 , @DC13) 8: 1.74 -
2.69 (m 6H), 3.55 - 2omm [)F3.78 (s, 2H),
4.25 - 4.38 (m 2H) 8F (d, J=MNs2NHg, 2H), 6.91 -
7.11 (m 2H), 7.18 - 7.40 (m 2 7&%-7.96(m I
H, 11.99 (s, | H. HRVMS (M+H) cal gfor C 19 H21
FN3 04: 374.1516; found: 374.1504. 141 WD 2007/061714
PCT/ US2006/ 044320 Exanmple 8 O -S=O00 OH \ HN "O N~

11 uor e MY it s il il gt 1040
dipgthgl-4-oxo=6,7,9,10-tetrahydro-4H-pyrimido[1,2-d] [1,4] oxazepine-2-
carboxamide. Yield: 48%, white crystals. '"H NMR (300 MHz, CDCl;) §: 1.42 (s,
6H), 3.57 (s, 2H), 3.62 - 3.94 (m, 2H), 4.10 — 4.70 (m, 2H), 4.42 (d, J= 7.0 Hz, 2H),
7.02 - 7.23 (m, 2H), 7.69 (dd, J=8.6, 6.0 Hz, 1H), 8.10 (s, 1H), 8.46 (s, 1H), 8.80 —
8.87 (m, 1H), 11.90 (s, 1H). HRMS (M+H) calcd. for C20H22FNgO4: 429.1687;
found: 429.1668.

Example 3

o
1
—S=0

O OH :
Y
H Na N
F )
Ko
N-((4-Fluoro-2-(methylsulfonylphenyl)methyl)-3-hydroxy-10, 10-dimethyl-4-
0x0-6,7,9,10-tetrahydro-4H-pyrimido[1,2-d] [1,4]oxazepine-2-carboxamide. Yield:
23%, white solid. 'H NMR (300 MHz, CDCls) : 1.40 (s, 6H), 3.17 (s, 3H), 3.57 (s,
2H), 3.60 — 4.00 (m, 2H), 4.00 — 4.50 (m, 2H), 4.82 (d, /= 7.0 Hz, 2H), 7.30 - 7.40

(m, 1H), 7.64 - 7.82 (m, 2H), 8.49 - 8.72 (m, 1H), 11.72 (s, 1H). HRMS (M+H)
calcd. for CoH23FN306S: 440.1292; found: 440.1297.
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di hydr o-4' H spi ro[ cycl obut ane-], 10°
pyrimdo[ 1, 2-d][1, 4] oxazepi ne] -2' - carboxam de. Yield:

wW®oedy/06dTi4 e crystals. 'H NVR (300 MHz, CDCl3) BCT/UF206/044320

2.73 (m 6H, 3.15 (s, 3H), 3.59 - 3.71 (m 2H), 3.77
(s, 2H), 4.22 - 4.38 (m 2H), 4.80 (d, J= 7.0 Hz,
2H), 7.24 - 7.48 (m 1H), 7.59 - 7.87 (m 2H), 8.50 -
8.72 (m 1H), 11.80 10 (s, 1H) ). HRVS (M+H) cal cd.
for C20H23FN306S: 452.1292; found: 452.1278. Exanple
9N N> NIO OHO Ny~ Il \ H F~ 15 N((4
fluoro-2-(1H 1, 2, 4-tri azolgxhmple 4

yl ) phenyl ) net hyl ) - 3' - hydr oxy-4' - oxo-6, 7' -

di hydro-4' H spi ro[ cycl obut ane-1, 10" pyrimdo[ 1, 2-d][1,4
] oxazepi ne] - 2" - CarbOXf’LIIN Yi el d: 30% white
crystals. '"H NI\/R(BOONK/I—@\CDClS) 6: 1.80 - 2.81 (m

6H), 3.61 - 3.79 (m 2FN, 380 SOHH) 4.23 - 4.36
(m 2H), 4.43 (d, J = 2 @.01 - 7.33 (m
2H), 7.69 (dd, J = 8.6 0 H¥, 8.12 (s, 1 H),
8.43 (s, 1 H, 8.7 7 (m INs)N31.99 (s, 1 H)
). HRMS (MtH) cal cd. for QlWZF%;Ml. 1687,

found: 441.1667. 142 WD 2007/ 0617 / US2006/ 044320

Exanple 10 NIOCC OOH N ~y~1 I O ic HFNN O 5
N-((4 fluoro-2-(5-nethyl-1H1,2,4-triazol-1

Y1) Phemyd-FRE-BYA. §5-Rret Y FER XY Atriazol-1-yl)phenyl)methyl)-3-hydroxy-
10,10-dimethyl-4-0x0-6,7,9, 1 O-tetrahydro-4 H-pyrimido[1,2-d] [1,4] oxazepine-2-
carboxamide. Yield: 60%, white solid. 'H NMR (300 MHz, CDCl;) &: 1.42 (s, 6H),
2.47 (s, 3H), 3.57 (s, 2H), 3.60-3.90 (m, 2H), 4.26 (d, /= 7.0 Hz, 2H), 4.30-4.80 (m,
2H), 6.99 (dd, J= 8.4, 2.56 Hz, 1H), 7.13 - 7.32 (m, 1H), 7.67 (dd, /= 8.6, 6.0 Hz,
1H), 7.95 (s, 1H), 8.50- 8.79 (m, 1H), 11.85 (s, 1H). HRMS (M+H) calcd. for
C21H24FNgO4: 443.1843; found 443.1838.

Example 5

F A

N-((2-(3,5-dimethyl-1H-1,2,4-triazol-1-yl)-4-fluorophenyl)methyl)-3-hydroxy-
10,10-dimethyl-4-ox0-6,7,9, 1 0-tetrahydro-4H-pyrimidof1,2-d] [1,4] oxazepine-2-
carboxamide. Yield: 43%, glassy solid. 'H NMR (300 MHz, CDCl) &: 1.45 (s, 6H),
2.39 (s, 6H), 3.56 (s, 2H), 3.60 — 3.85 (m, 2H), 4.30 (d, J = 6.6 Hz, 2H), 4.35 — 4.80
(m, 2H), 6.96 (dd, J= 8.4, 2.6 Hz, 1H), 7.11 - 7.28 (m, 1H), 7.65 (dd, /= 8.8, 5.9 Hz,
1H), 8.12 - 8.45 (m, 1H), 11.96 (s, 1H). HRMS (M+H) calcd. for CopH6FNgOa4:
457.2000; found: 457.2017.
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0X0-6, 7 -di hydro-4' H spi ro[ cycl obut ane-1, 10’
pyrimdo[ 1, 2-d][1, 4] oxazepi neJ-2' - carboxam de. Yield:

wd B%y/0ef7i4 white crystals. 1H NVR (300 MHz, CDQPGI/UK006/044320

1.81 - 2.29 (m 4H), 2.46 (s, 3H), 2.52 - 2.84 (m
2H), 3.35 - 3.75 (m 2H), 3.80 (s, 2H), 4.02 - 4.3 8
(m 4H), 6.90 - 7.30 (m 2H), 7.66 (dd, J = 8.8, 5.9
Hz, 1 H, 7.93 (s, 1 H, 10 8.60 - 8.75 (m IH), 11.95
(s, 1H) ). HRVS (M+H) cal cd. for C22H24FN604:
455.1843; found: 455.1854. Exanple 11 N NN O OH
N~y~~ 0 FI H 15 Example 6
N-((2-(3,5-dirnethyl-1H1, 2, 4- trlazol 1yl)-4

fl uorophenyl ) net hyl)-3' - hydroxy-4'-oxo-6,

-di hydro-4' H spi ro[ cycl obut ane- 1, 10" pyri m do[ 1, 2-

d] [ 1, 4] oxazepi ne] -2' -carbhxam de. Yield: 32% white

crystals. "H NWR (300 20 ClgCls S 1.77 - 2.29
6Hj, 2783 - 2.74 (m 2H),

(m 4H), 2.38 (d, J=4
3.61 - 3.74 (m 2H), (d, J= 6.6 Hz,
4H), 6.88 - 7.27 (m .68 (dd_ JE 8.6, 6.0 Hz, |

H, 8.43 -8.65 (m IFE) 212 08 (s. ¥ 1) ). HRVS ( MiH)
calcd. for C23H26FN604: 469.2000;>ound: 469. 2006.

143 WD 2007/ 061714 PCT/ US2006/ 044380—FXxanpl e 12 O CH
NO i HF N~ N5 N-((4

fI uor z(ef dr oxy-4' - oxo-
I%E (f/‘ﬂ”ﬁz" Wéyld -bgehitriarel-1 mhenyomemyz) 3-hydroxy-
sw f]UMzﬁz@Eh}’l-z &\J)Lélw | RAPYIRIAE. il ?ﬁéﬁf‘@&g}ﬁkﬂegme- 5.

23% off-white cryst al s.

garpoxamidep Yixdd( $3%5. 8hite ciy/sgls. (¥ NMR (300 MHz, CDCls) 8: 1.40 (s,
6H), 2.48 (s, 3H), 3.56 (s, 2H), 3.60 — 3.90(m, 2H), 4.46 (d, J = 6.6 Hz, 2H), 4.50-
4.85 (m, 2H), 6.91 - 7.28 (m, 2H), 7.68 (dd, J = 8.6, 6.0 Hz, 1H), 8.30 (s, 1H), 8.50 -

8.70 (m, 1H), 12.03 (s, 1H). HRMS (M+H) calcd. for C3;H24FNgOQ4: 443.1843;
found: 443.1840.

Example 7

N-((4-fluorophenyl)methyl)-3'-hydroxy-4'-oxo-6", "-dihydro-4'H-
spirofcyclobutane-1,10" -pyrimidof1,2-d] [1,4] oxazepine]-2'-carboxamide. Yield:
70%, white crystals. '"H NMR (300 MHz, CDCL) &: 1.74 - 2.69 (m, 6H), 3.55 - 3.88
(m, 2H), 3.78 (s, 2H), 4.25 - 4.38 (m, 2H), 4.57 (d, /= 6.2 Hz, 2H), 6.91 - 7.11 (i,
2H), 7.18 - 7.40 (m, 2H), 7.72 - 7.96 (m, 1H), 11.99 (s, 1H). HRMS (M+H) calcd.
for C1oH21FN304: 374.1516; found: 374.1504.
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2H), 3.64 - 3.88 (m 2H), 4.56- 4.80 (m 4H), 6.93 -
7.12 (m 2H), 7.16 - 7.41 (m 2H), 7.67 - 7.91 (m |

wo2007041780 (s, | H). HRVE (MtH) cal cd. for C20PCBERB06/044320

10

15

20

10 388.1673; found: 388.1664. Exanple 13 0 11 -S=0O
IO OH \ Nmay | | O HF 15 N((4
fluoro-2-(nethyl sul fonyl) phenyl) nethyl)-3'-hydroxy-4'-
oxo-b , 7'- dihydro-4'H spiro[cycl opentane-1, 10’
pyrimdo[ 1, 2-dJ[ 1, 4] oxazepine] -2 ' - carboxamn de.

Yield: 60% white crystals. 'H NVR (300 MHz, CDC13) S:
1.49 - 2.35 (m 8H), 3. 15pt&mpRH), 3.51 (s, 2H), 3.62
- 3.84 (m 2H), 4.40 - 4.65 (m 2H), 4.64 20 4.89 (m
2H), 7.25 - 7.39 (m 1H), 7.60 - 7.82 (m 2H), 8.50-
8.75 (m 1H), 11.72 (s, p 1H). HRVS (MtH) cal cd. for
C21H25FN306S: 466. 1448.- 'f_qynd 666 di429. 144 WO

2007/ 061714 PCT/ US2006/ 44320 Ie o4 N NON O O—I
o HN~ NO1 5|\|—( 0- 24tr|azol

yl ) phenyl ) net hyl ) - 3' - xy - ONQ-
di hydro-4'H spi ro[ cy'cl opent ane- 1,,10
pyrimdo[l,2-dJ[1, 4Joxazepinel- cay oxam de.
Yield: 15% off-white crystals. '"H NWR (300 VHz,
CDC13) 8: 1.44 - 2.51 (m 8H), 3.52 (s, 2H), 361-

3.94 SV ((42 oro% ﬁnet&&sul}lonybpgenl}l%}met@l) 3" hﬁag’oxy 4~ oxo -6',7'-
dihydro- 4’H-spzr0[cyclobutane—] 10"-pyrimido[1,2-d][1,4] oxazepine]-2'-
carboxamide. Y1eld 50%, white crystals. 'H NMR (300 MHz, CDCl3) &: 1.74 - 2.73
(m, 6H), 3.15 (s, 3H), 3.59 - 3.71 (m, 2H), 3.77 (s, 2H), 4.22 - 4.38 (m, 2H), 4.80 (d,
J=7.0 Hz, 2H), 7.24 - 7.48 (m, 1H), 7.59 - 7.87 (m, 2H), 8.50 - 8.72 (m, 1H), 11.80
(s, 1H)). HRMS (M+H) caled. for CoH23FN3O06S: 452.1292; found: 452.1278.

Example 9

N

/©/\ N\N

O

N-((4-fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-4"-ox0-6",7"-
dihydro-4'H-spiro[cyclobutane-1,10"-pyrimido[1,2-d] [1,4] oxazepine]-2'-
carboxamide. Yield: 30%, white crystals. "H NMR (300 MHz, CDCl;) &: 1.80 - 2.81
(m, 6H), 3.61 - 3.79 (m, 2H), 3.80 (s, 2H), 4.23 - 4.36 (m, 2H), 4.43 (d, /= 6.6 Hz,
2H), 7.01 - 7.33 (m, 2H), 7.69 (dd, J = 8.6, 6.0 Hz, 1H), 8.12 (s, 1H), 8.43 (s, 1H),
8.76 - 9.07 (m, 1H), 11.99 (s, 1H) ). HRMS (M+H) calcd. for C1HzFNgO4:
441.1687; found: 441.1667.
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(m 2H), 6.94 - 7.29 (m 2H), 7.69 (dd, J = 8.6, 6.0
Hz, 1 H, 8.12 (s, | H, 8.43 (s, 10 1 H, 8.81- 8.99

W(Qno07m6ﬂ)4 11.93 (s, 1 H. HRVE (M+H) cal cd. fBET/US2006/044320

C22H24FN604:  455. 1843, found 455.1826. Exanple 15
NNN-NO IOH I / N-, N F 15 N((4
fluoro-2-(2-nethyl-2Htetrazol -S
yl ) phenyl ) net hyl ) - 3' - hydr oxy- 4' - oxo- 6;

-di hydro-4' H spiro[ cycl opent ane-1, 10’
pyrimdo[ 1, 2-d][1, 4] oxazepi neJ-2 '- carboxam de.
Yield: 15% off-white cryst lelb'| NVR (300 Hz,
CDC13) S: 1.49 20 2.43 (m , 3.48 (s, 3H), 3.59
-3.89 (m 2H), 444(s 2H) , 39-468(m 2H) ,
4.72 (d, J= 7.0 Hz, 2H), .97 - 7.24 (m | H), 7.54 -

7.87 (m 2H), 8.99 - 9,{;?1\? 1H), 12.04 (s, 1 H).
HRVES (M+H) cal cd. for FN7©4: &70.1952; found:

470.1935. 145 WO 2007/ 081714 PW 044320
Exanple 16 ON 0 OH O “ TNl NPNTF H5 N((4
fluoro-2-(2-oxo-1 o
pyrrolidinyl)phenyl)nethyl)-3-hy y @ 10-

di net hyl - 4-oxo0-6, 7,9,1 O-tet rah& pyri m do[ 1,

2-d][1, 4] oxazepine-2- carboxam de. Internediate 192
(86rrg, .25mmol ) and O (7-azabenzotriazol -1-yl)-

N NN- i ﬂz@trbmwkhywhwmdnembl-wphmgpmw -3"-hydroxy-4'-

CODNECTM S AR TR M e

carboxamzde. Yield: 48%, off-white crystals. "H NMR (300 MHz, CDCls) &: 1.81 -
2.29 (m, 4H), 2.46 (s, 3H), 2.52 - 2.84 (m, 2H), 3.35 - 3.75 (m, 2H), 3.80 (s, 2H),
4.02 - 4.38 (m, 4H), 6.90 - 7.30 (m, 2H), 7.66 (dd, J = 8.8, 5.9 Hz, 1H), 7.93 (s, 1H),
8.60 - 8.75 (m, 1H), 11.95 (s, 1H) ). HRMS (M+H) calcd. for C2;H24FNgOa:
455.1843; found: 455.1854.

Example 11

F Nao N\>
&o
N-((2-(3,5-dimethyl-1H-1,2,4-triazol-1 —)‘)l)-4—ﬂuorophenyl)methyl)—3 -
hydroxy-4'-0x0-6', 7'-dihydro-4'H-spiro[cyclobutane-1,10"-pyrimido[1,2-
d][1,4]oxazepine]-2'-carboxamide. Yield: 32%, white crystals. 'H NMR (300 MHz,
CDCl3) &: 1.77 - 2.29 (m, 4H), 2.38 (d, J = 4.4 Hz, 6H), 2.53 - 2.74 (m, 2H), 3.61 -
3.74 (m, 2H), 3.78 (s, 2H), 4.30 (d, J=6.6 Hz, 4H), 6.88 - 7.27 (m, 2H), 7.65 (dd, J =

8.6, 6.0 Hz, 1H), 8.43 -8.65 (m, 1H), 12.08 (s, 1H) ). HRMS (M+H) calcd. for
C23H25FN604: 469.2000; found: 469.2006.

143



10

15

20

10 fl uorophenyl)pyrrolidin-2-one-HCL1(73ng, .3mol) and
4-di (met hyl am no) pyridine (125ng, |Immol) in 2nL DVF

woweog/oedded and the resulting m xture was stirPemURZING/144320

h and then concentrated. The residue was dissolved in
CH2A 2 and washed with dilute HCl. After separation
of the layers, the CH2Q 2 | ayer was dried (MgS04),
filtered and concentrated to give a yellow gum This
was purified by colum 15 chromat ography (silica gel)
eluting with 1:2 CH2CI 2/ Et CAc to give 95ng of the
benzyl - protected internedighgpidige. This material was
di ssolved in 20 nL of a 1:1 solution of EtOH and Et OAc
under N2 and 100ng 10% Pd/ C added. The N2 at nosphere
was replaced with H2 (1 20 atrg arg,the resulting

m xture stirred for 4 h, The mijkturle was filtered and
concentrated. The res 0 r{§5| s dissolved in
CH3CN and diluted wt i g ate
crystallization. Crystals (45rTg,
coll ected and vacuumdried. 11 0 MHz, CDC13)
6137(5 6H), 2.10 - 2.36 (m , 2.58 (t, J=18.1
Hz 3.54 (s, 2H), 3.70 - 3.95 (m 4H), 442(d

’ 25 6.74
zﬁ{;z((;%’ua'?@&aaﬂ)'ﬂew)@ R s Rl G e
J?O[Ejkloﬁenl‘ﬂ)ne-] 18'-PBithsiof L B)d] J‘%aééﬁbb‘&] Z’&ﬂa@ﬂoxaﬁmﬂe Yield:

2HOG6FNA05: 445, 1887: found: 445

P67 iEe it USHOWMIR 9 H zrﬁ‘@%ﬁ M%gZéﬁa{%ﬁ& 3.50 s,
Y5,8. ﬁ e@@@%@h éﬁw §5 rw squaanwbﬁgel@ CSH{ @@%wa 7f4)lr(m

exa .

2H), r%h— 7.04 m ﬂ; {@0 (s, lH) HRMS (M+H) calcd. for C20H23FN304

% %Jp(g-g- ﬁo‘(&( ’(%I§8I])5@50xy 10, 10- di et hyl - 4- oxo0- 6, 7, 9, 10
rahy

pyrim do[ 1, 2-dJ[ 1, 4] oxazepi n- 2-yl ) car bonyl ) am no) net hy

| ) phenyl)- 10 phosphonate Yield..32% off-white

| d) were

crystals. 'H NVR (300 Mz, 31381 39 (s,
9
—8=0 0 OH

N-((4-fluoro-2-(methylsulfonyl)phenyl)methyl)-3'-hydroxy-4'-oxo-6',7'-
dihydro-4'H-spiro[cyclopentane-1,10'-pyrimido[1,2-d] [1,4]oxazepine]-2'-
carboxamide. Yield: 60%, white crystals. '"H NMR (300 MHz, CDCl3) : 1.49 -2.35
(m, 8H), 3.15 (s, 3H), 3.51 (s, 2H), 3.62 - 3.84 (m, 2H), 4.40 - 4.65 (m, 2H), 4.64 -
4.89 (m, 2H), 7.25 - 7.39 (m, 1H), 7.60 - 7.82 (m, 2H), 8.50- 8.75 (m, 1H), 11.72 (s,
1H). HRMS (M+H) calcd. for C;;Hy5sFN3O¢S: 466.1448; found: 466.1429.
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6H), 3.54 (s, 2H), 3.66 - 3.95 (m 2H), 3.75 (s, 3H),
3.80 (s, 3H), 4.20 - 4.90 (m 2H), 4.73 (d, J= 7.0

woi200786)714 7. 13 - 7.29 (m 1H), 7.32 - 7.68 (m PCHIS2006/044320

8.76 - 8.96 (m 1H), 12.01 (s, 1H. HRVS (MtH) cal cd.
for C20H26FN307P: 470.1492; found: 470.1505. 15
Exanple 18 ~ NNO OH HO FN-,, NO 20
N-(2-(4,SDinethyl-1H1,2,3-triazol-1yl)-4

fl uorobenzyl) - 3- hydr oxy- 10, 10- di net hyl - 4- oxo-6, 7,

9, 10-tetrahydro-4Hpyrimdo[ 1, 2-d][1, 4] oxazepi ne-2-
carboxam de. 'H NVMR (400 iz, 3) 8 11 87 (1 H s),
8.50 (1 H t, J=6.6 Hz), 7. ?ﬁpgﬁ H, J=18.7, 5.9
Hz), 7.28 (1 H, td, J= 8.3, 2.7 Hz), 7 01 (1 H dd, J=
147 WD 2007/ 061714 PCT;_U§2006/ 044320 8.3, 2.5 Hz),
4.63 (2 H br s), 4.2% (gH d, J=6.6 Hz), 3.81 (2 H,
br s), 3.62 (2 H, s), "R’40 (3<H syg 2.23 (3 H s),
1.49 (6 H s). LCMS (+ 57 Exanpl e 19
5N NNOOHHO F

fluoro-2-(5-nethyl - 3 tr|a 3 )benzyl) 3- hyd
roxy-10, 10- di et hyl - 4- 0X0- 6, 7
9, 10-t et rahydro- 4H pyri m do[ 1, 4]oxazep|ne 2

10 carboxam de. ' HNMR 400 MHz CDCIS) 8 11.84 (1 H,
s), 850 (1 H brs), 7.75 (1 H, dd, J= 8.6, 5.8 Hz),

7 69 Aﬂ(g&*ﬂué)a-z J1891,2, 4L BB ok }- )Jl}phmyon?eti?y”i) 6Lluflirodfle do-61 7"
dzhydro-4 'H-spiro[cyclopentane-1,10"-pyrimido[1,2-d] [1,4]oxazepine]-2'-
carboxamide. Yield: 15%, off-white crystals. 'H NMR (300 MHz, CDCl;) 8: 1.44 -
2.51 (m, 8H), 3.52 (s, 2H), 3.61 - 3.94 (m, 2H), 4.42 (d, J= 7.0 Hz, 2H), 4.40 -4.71
(m, 2H), 6.94 - 7.29 (m, 2H), 7.69 (dd, /= 8.6, 6.0 Hz, 1H), 8.12 (s, 1H), 8.43 (s,
1H), 8.81 —8.99 (m, 1H), 11.93 (s, 1H). HRMS (M+H) calcd. for C;pH;4FNgO4:
455.1843, found 455.1826.

Example 15

O OH

N\N

N-((4-fluoro-2-(2-methyl-2H-tetrazol-5-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
6', 7"-dihydro-4’H-spiro[cyclopentane-1,10"-pyrimido[1,2-d] [1,4]oxazepine]-2'-
carboxamide. Yield: 15%, off-white crystals. 'H NMR (300 MHz, CDCl) &: 1.49 -
2.43 (m, 8H), 3.48 (s, 3H), 3.59 -3.89 (i, 2H), 4.44 (s, 2H), 4.39 — 4.68 (m, 2H),
4.72 (d, J= 7.0 Hz, 2H), 6.97 - 7.24 (m, 1H), 7.54 - 7.87 (m, 2H), 8.99 —9.29 (m,
1H), 12.04 (s, 1H). HRMS (M+H) calcd. for CoH25FN7O4: 470.1952; found:
470.1935.
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25

2
waEz@mpobe1£0 N--~ NN O OH

), 3.76 (2 H m, 3.63 (2

(2 H, ), 1.50 (6H, s). 15
H/ O F I N ((4 PCT/US2006/044320

fluoro-2-(Sphenyl-1H1,2, 4-triazol-1

yl) phenyl ) net hyl ) - 3- hydr oxy- 20

10, 10- di net hyl - 4- oxo-6, 7,9, 10-tetrahydro-4H

pyrimdo[1l,2-dJ[|, 4Joxazepi ne-2- carboxam de. (Yield =

76% as white crystals), "H NVR (300 MHz, CHLOROFORM D)

b ppm1.40 (s, 6 H 3.55 (s, 2 H 3.61 - 3.96 (m 2 H)

4.01 - 148 WD 2007/ 061714 lRed{nisS2e06/ 044320 5. 10

(m 2H) 4. 43(d,J 6.59 Hz, 2H)6.76(dd,J 8.42, 2.56

Hz, 1H)7.10-7.49 (m 6 H) 7.69 (dd, J=8.78, 5.86 Hz, 1

H 8.09 (s, 1 H 84%659!—& 1 H 11.81 (s, 1

H; HRMS (M+tH) cal c 6H25F, N604: 505. 2000;

fo nd: 505.2004. 5 amjl e 21 N x5ruYO F N N

DO N-((4 fluoro-2-(3-n " i azol -

yl) phenyl ) net hyl ) -3' - xy-#'- 10 0- 6;

7' -di hydro-4"Hspiroft opent ane-

yrimdo[ 1, 2-d][1, 4] oxazepi nelJ-2'car bgxam de. 1H NWR

300 MHz, CHLOROFORMD) 5 ppm 1.5 038 (m 8 H)

2.50 (s, 3 H 3.50 (s, 2 H 3.68 - 383

(m 2H) 4. 45(d, J=7. 14Hz,2H)4.49-4.68 (m 2 H) 6.97 -

7. 22 NAf(4gludyo-2- ﬁgoxodﬂpydvﬁdﬁﬂl)pﬁe'ﬁ@nmhy&31»‘9}'0’80.)@91 q, £0-

St geas g S o st b i st

rdopheid2?2 Intermediate 192 (86mg, .25mmol) and O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate (HATU) (190mg, .S5mmol) were

Hz), 4.27 (2 H d, J= 6.8 H
H s), 2233 (3 H s), 1.6

/\‘c

combined in 2mL DMF under N; and stirred for 10min. 1-(2-(aminomethyl)-S-
fluorophenyl)pyrrolidin-2-one-HCI (73mg, .3mmol) and 4-di(methylamino)pyridine
(125mg, 1mmol) in 2mL DMF were added and the resulting mixture was stirred for 1
h and then concentrated. The residue was dissolved in CH,Cl; and washed with
dilute HCI. After separation of the layers, the CH,Cl, layer was dried (MgSO.),
filtered and concentrated to give a yellow gum. This was purified by column
chromatography (silica gel) eluting with 1:2 CH,CIl/EtOAc to give 95mg of the

benzyl-protected intermediate amide.

This material was dissolved in 20 mL of a 1:1 solution of EtOH and EtOAc
under N3 and 100mg 10% Pd/C added. The N, atmosphere was replaced with Hj (1
atm) and the resulting mixture stirred for 4 h. The mixture was filtered and
concentrated. The resulting residue was dissolved in CH3CN and diluted with H,O to
initiate crystallization. Crystals (45mg, 57% y'ield) were collected and vacuum dried.
'H NMR (300 MHz, CDCl3) 6: 1.37 (s, 6H), 2.10 - 2.36 (m, 2H), 2.58 (t, /= 8.1 Hz,
2H), 3.54 (s, 2H), 3.70 — 3.95 (m, 4H), 4.42 (d, /= 6.2 Hz, 2H), 4.45 - 4.85 (m, 2
\H), 6.74 - 7.09 (m, 2H), 7.47 (dd, J = 8.4, 6.2 Hz, 1H), 8.50 (t, /= 6.2 Hz, 1H),
12.08 (s, 1H). HRMS (M+H) calcd. for CpHp¢FN4Os: 445.1887; found: 445.1834.
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NNOOHF&NO0O N-,, N C) O 20
N-((2-(5-ethyl-1H1,2,4-triazol -1
W@ kgosefhiaior ophenyl ) net hyl ) - 3' - hydr oxy-4' - 0XOPGT/US2006/044320
-di hydro-4' H spiro[ cycl opent ane-1, 10’
pyrimdo[], 2-d][1, 4] oxazepi neJ-2' - carboxam de.' H N\R
(300 MHz, CHLOROFORMD) S ppm 1.29 (t, J=7.68 Hz, 3
H 1.46 - 2.41
(m8H)2.74(q, J=7.56Hz, 2H) 3. 52(s, 2H) 3. 60-3.85 (m 2H)
149 WD 2007/ 061714 PCT/ US2006/ 044320 4.24 (d, J=6.95
Hz,
o 21“}@ foﬂo&%g efar%;gg)leé Were%a Egargd ggco(r@ﬁilg tf\% a§ gﬂ%loggusslg(ocedure
fmzexamnlglﬁ 95 (s, 1 H) 8.48 - 8.62 (m 1 H 11.89 (s,
1 H; HRVMS (MtH) cal cd for C24H27FN604: 483. 2156;
found: 483.2145. 5 Exanple 23 NNO OH I~ *rO F ~ NN
~Do N ((4 fluoro-2-(5-nmeErgdpleH7, 2, 4-tri azol -1
yI ) phenyl ) nmet hyl )-3 ' -hydroxy-4'" 10 oxo-6",
-di hydro-4' Hspiro cycl opent ane- 1, 10 pyrimdo[l,
2 dJ[ 1, 4Joxazepi ne] -2 el boxam de "H NWR (300 I\/Hz
CHLOROFORM D) 8 pprma’bds{): =0 2. 390(m01$ H 2.50 (s, 3

H 3.52 (s, 2 H 3.63 - 3.8 ( 4o 26 (d, J=6.95
Hz, 2 H 4.55 -4.77 ( H N (dd, J=8.42, 2.56
Hz, 1 H 7.12 - 7.30 H) 6'? ~J 8.60, 6.04
Hz, 1 H 7.94 (s, 1'|:—|)845 866 1\H) 11.89 (s, 1
H; HRVMS (M+H) calcd for 15 C23H2 4: 469. 2000,

found: 469.2018. Exanmple 24 N NOOCHH/ O

Dimethyl (5-fluoro-2-((((3-hydroxy-10, 10-dimethyl-4-0x0-6,7,9,10-
. tetrahydro-4H-pyrimido[1,2-d][1,4]oxazepin-2-yl)carbonyl)amino)methyl)phenyl)-
10  phosphonate. Yield: 32%. off-white crystals. '"H NMR (300 MHz, CDCl;) &: 1.39 (s,
6H), 3.54 (s, 2H), 3.66 - 3.95 (m, 2H), 3.75 (s, 3H), 3.80 (s, 3H), 4.20—4.90 (m, 2H),
4.73 (d, J="17.0 Hz, 2H), 7.13 - 7.29 (m, 1H), 7.32 - 7.68 (m, 2H), 8.76 — 8.96 (i,
1H), 12.01 (s, 1H). HRMS (M+H) calcd. for C3pH6FN30O-P: 470.1492; found:
470.1505.
15
Example 18

N
/,‘N
N

J\H\(o
Na N 3
A,
20 N-(2-(4,5-Dimethyl-1H-1,2,3-triazol-1-yl)-4-fluorobenzyl)-3-hydroxy-10, 1 0-
dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[1,2-d] [ 1,4] oxazepine-2-

carboxamide. 'H NMR (400 MHz, CDCL) &: 11.87 (1 H, s), 8.50 (1 H, t, J=6.6
Hz),7.73 (1 H, dd, J=8.7, 5.9 Hz), 7.28 (1 H, td, J= 8.3, 2.7 Hz), 7.01 (1 H, dd, J =
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F/ NN 20 N((2-(3,5-dinethyl-1H1,2,4-triazol-1
yl)-4 fluorophenyl)nethyl)-3 - hydroxy-4'-o0xo0-6;

w@ 200diobyds o- 4' H-spi ro[ cycl opent ane-1, 10° pyri nPdDU$2086/044320
d] [ 1, 4] oxazepi ne] - 2' - car boxam de. 1H NVR (300 MHz,
CHLOROFORMD) 6 ppm 1.50 - 2.29 (m 8 H) 2.35 (s, 3

2.48 (s, 3 H 3.50 (s, 2 H 3.62 - 3.87 (m 2 H
4.30 150 WO 2007/061714 PCT/ US2006/ 044320 (d, J=6.95
Hz, 2 H 4.41 - 4.74 (m 2 H 6.96 (dd, J=8.42, 2.56
Hz, 1 H 7.11 - 7.31 (m 1 H 7.66 (dd, J 8.60, 6.04
5.2, ) ,gr 4 2',,139-. §.| {, 3. ,
S{gwiﬂc%’l Per . B AT @I 558 %%%) stélf%igﬂzl vAYS 62 R, )
%43(PHeT), 22363 dlyi) el 48 (6 K soH-CMIS| (C ESRNMI DI mp{z-45(7. | O
~NO N((4
fluoro-2-(3-(hydroxynethyl)-1H 1, 2,4-triazol -1
yl ) phenyl)rnet hyl)-3"- 10 Bxpohpdxi® 4' - oxo- 2, 3, 5, 6, 6;

5 7' - hexahydr o- 4Hspiro[ pyran-4, 10" - pyri m dof |, 2-
dJ[ 1, 4Joxazepi neJ-2' -carboxam de. ' H NWVR (500 MHz,
CHLOROFORMD) S ppm 3.56 - 4.14 (m 12 H 4.39 - 4.62
(m 4H 4.84 (s, 2H 7.06 - 7.36 (m 2 H 7.69 (dd,
J 8.55, 5.80 Hz, 1 H/;8¥43 (s, 1 H 849 - 8.70 (m 1
H 12.03 (s, 1 H); HNBN (MrH), cgpd for C23H25FNGC6:
501. 1898; found: 501.1898. 15[ Ex n’pl8 26 N-- (™ Owe

NNOOCHTr", 0 F Oa N =
Ho Na N3
e

F
N-(4-fluoro-2-(5-methyl-1H-1,2, 3-triazol-1-yl)benzyl)-3-hydroxy-10,10-
dimethyl-4-0x0-6,7,9, 10-tetrahydro-4H-pyrimido[1,2-d][1,4] oxazepine-2-

10  carboxamide. 'HNMR 400 MHz (CDCl) 8: 11.84 (1 H, s), 8.50 (1 H,brs), 7.75 (1
H, dd, /= 8.6, 5.8 Hz), 7.69 (1 H, 5), 7.29 - 7.33 (1 H, m), 7.04 (1 H, dd, J=8.3, 2.5
Hz),4.27 (2 H, d, J= 6.8 Hz), 3.76 (2 H, m), 3.63 (2 H, s), 2.33 (3 H, 5), 1.62 (2 H,
s), 1.50 (6H, s).

15 Example 20

N
N
J@m*%ﬁ’
H
: F N N\)
S
N-((4-fluoro-2-(5-phenyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3-hydroxy-
20  10,10-dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[1,2-d] [1,4] oxazepine-2-

carboxamide. (Yield = 76% as white crystals), 'H NMR (300 MHz,
CHLOROFORM-D) § ppm 1.40 (s, 6 H) 3.55 (s, 2 H) 3.61 - 3.96 (m, 2 H) 4.01 -
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20 N-((4
fluoro-2-(3-((meth)lloxy)nmethyl)-1H1,2,4-triazol -1

W@ kgoploertyd ) net hyl ) - 3' - hydr oxy-4'-ox0-2, 3, 5, PGI/US2006/044320
7' - hexahydr o-4' H spi ro[ pyran-4, 10" pyri m do[ 1, 2-
d] [ 1, 4] oxazepi ne] - 2' - car boxam de.
N-((4-fluoro-2-(3-(hydroxynethyl)-1 H1,2,4- triazol-
| -yl)phenyl)nethyl)-3"-hydroxy-4'-oxo-2, 3,
5,6,6",7 -hexahydro-4'"H 151 WO 2007/ 061714
PCT/ US2006/ 044320

5500 (R] @H)am:ﬂ(dlg’ 639 rHzYi20kg] 6.78{d<]1 [JE84 D 26z, neH) 7. 100€7.49

(@D S04 KB 13 46 St DI B EHCa b Ao ST My haD 1181

%:’ﬂz We R 1016 (NBSIE) Gz{lb@fdrCG%HQMGOQ SOBTEO0YP; fauna: 5015.2004

Ci2. This was stirred for 30 min and then washed
with dilute HCL The crude product was 5 purified by
5 colum chromatography on $iyanffe2¢l uted with EtOAc to
give 170nmg. of a clear gum This was dissolved in 30nL
MeOH and heated at 70 Cin a sealed flask for 18hrs
and then concentr at ed The residue was stirred with
5mL TFA for 30 min c{: concentrated. The residue gave
45mg of white crystals

i Dm 95® Et (Yield =34% 1
H NVR (500 MHz, CHLOROFORM D 3,60 (s, 3 H 3.55
- 4.13 10 (m 14 H) 4f6 (d.NJ=5 80Hz 2 H 4.63 (s,

2 H 7.06 - 7.28 (m R 769( 855 5.80 Hz,
1 H 836 (t, J6.87 Hz, 12.10 (s, 1
H:; HRVS (M+H) cal cd for CZ4 0515 2054:

found: 515.2032. Exanple 27 15 N NON OO OH dCrkrrO
FNN Op. N (4-Fluoro-2-(4-nethyl-5-o0xo0-4,

ﬁ S' hwim ﬂudﬂoh_(ﬁmeﬂw—qmz Q|4 &rzaeb)-zl;e}pz;yh})z)raezhyz) -3"-hydroxy-4'-
r OX - 0X0-2
10 gxo-écf aﬂﬁﬁdrgsf,ﬁ-s@[uﬁy%agpniar@-] 6% I‘I’Jfffrﬂ’(ﬁlfil 24] éb{éﬁ)(fliepme] -2
§ar (7 gﬁzg’y o M{f@)@(}f&uo %Ldﬁoﬁoﬁ&h%} §Bpff 1.50 - 2.38 (m, 8 H)
azsm(e; BgD)- 35503@241)5& 68 h9 BBdut, 2 H) 4.45 (d, J=7.14 Hz, 2 H) 4.49 - 4.68

a3l bh 2 Gt 2R0 Tl b a0 RS, fin BB Q) 1 H s - 871

lmZi d) [0.32 (% aZEpi HRMS (M &) welcarfod €,/ s 469.2000; found:
15 469.2018.

Example 22

AR\
i/

ShES

N-((2-(5-ethyl-1H-1,2,4-triazol-1-yl)-4-fluorophenyl)methyl)-3"-hydroxy-4'-
oxo-6', 7'-dihydro-4'H-spiro[cyclopentane-1,10"-pyrimido[1,2-d] [ 1,4] oxazepine]- -2'-
carboxamide. "H NMR (300 MHz, CHLOROFORM-D) & ppm 1.29 (t, J/=7.68 Hz, 3
H) 1.46 - 2.41 (m, 8 H) 2.74 (q, J=7.56 Hz, 2 H) 3.52 (s, 2 H) 3.60 - 3.85 (m, 2 H)

20
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0.174 mmol) in ethyl acetate (5 nL) was added
pal | adi um on activated carbon (10% (0.050 g) and the

wo emalosi7mg m xture all owed to react under one PCT/US2006/044320

at nrosphere of 25 hydrogen for 6 hours. The catal yst
was renoved by filtration and the filtrate was
evapor at ed under reduce pressure to give a white
solid. Recrystallization' from hot ethanol afforded
the title conpound as a white solid (0.053 g, 68 %
yield): "HNWR (400 MHz, CDClS) 8 12.28 (1 H, s),
; t , -
%‘9%(()}3?7/6?651%1%42 IF%'ZI}IA%ngOG/ 04432) O ég%d J_§ & 5252)6 H%EIZH) R
129 fan, 4 D66 (dd, /28801604 Hrz.,iil)(@%i,(s,t )§3’r§ 622(r8, 1 H) 11.89

4. H 4 .
G gy RSO ) oo e A 2 S Ban 83 s
(} ESI, MtH) nlz 501. 5 Exanple 28 /-N N .N-O O OH
X5rr0 FN-N OO le 2
N-(2- (3, 4-di net hyl - 5- oxo- P’?W%y%ro JH1,2,4-triazol -
1 yl)-4 fluorobenzyl)- 10 3 '-hydroxy- 4'-oxo 2, 3, 4 ;
5,6, 6, 7 ; 9 -oct ahyh(ilrospl ro[ pyran-4, 10
pyrimdo[1, 2- d][1, 4] gxagepi neJ- 2’ - car boxani de: ' H
NVR (400 MHz, CDC13) OBrs), 9.01 (1 H,
brs), 764(1H dd, J= Q17 (1 H, dd,
J=9. 3, 28Hz)709( ,2.8Hz),4.53
(2 H brs), 4.0-3.5 (I0OTAH brm, 3 H s), 2.5 -
2.3 (2 H m, 2.36 (3 H s), 3 1.5(2 H, brm;
LCMS (}ESI, M+rH) mz 515. 15 Exarfpl &2 coo OH F/ N
N OO 20 N-(4 | uor o- 2- (2- oxooxazol i di n-3
yI)benzyI) - hydroxy-4'-oxo 2, 3,4 ; 5, 6,

- ocf\éf(?d?mma«(ﬁ[ wyitahl B0 4-1pigeohd w&phenmnm{w -3"hydroxy-4'-

)1 -%?%-ecghycgk-t?’fﬁspzro[ cyclopentane-1,10'-pyrimido[1,2-dj[1,4] oxazepine]-2'-
carboxamide. "H NMR (300 MHz, CHLOROFORM-D) 8 ppm 1.50 - 2.39 (m, 8 H)
2.50 (s, 3 H) 3.52 (s, 2 H) 3.63 - 3.87 (m, 2 H) 4.26 (d, J=6.95 Hz, 2 H) 4.55 -4.77
(m, 2 H) 6.99 (dd, J/=8.42,2.56 Hz, 1 H) 7.12 - 7.30 (m, 1 H) 7.67 (dd, J=8.60, 6.04
Hz, 1 H) 7.94 (s, 1 H) 8.45 -8.66 (m, 1 H) 11.89 (s, 1 H); HRMS (M+H) calcd for
Ca3HosFNgO4: 469.2000; found: 469.2018.

Example 24
Bat
aY O OH

N-((2-(3,5-dimethyl-1H-1,2,4-triazol-1-yl)-4-fluorophenyl)methyl)-3 -
hydroxy-4'-oxo-6", 7'-dihydro-4'H-spiro[cyclopentane-1,10"-pyrimido[1,2-
d][1,4] oxazepine]-2'-carboxamide. 'H NMR (300 MHz, CHLOROFORM-D) 3 ppm
1.50 - 2.29 (m, 8 H) 2.35 (s, 3 H) 2.48 (s, 3 H) 3.50 (5, 2 H) 3.62 - 3.87 (m, 2 H) 4.30
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car boxam de: 'H NWR (400 MHz, CDC13) S 12.18 (1 H,

brs), 8.63 (1 H brt, J=6.3 Hz), 7.60 (1 H dd, J
wW@2@7/061784 Hz), 7.08 (1 H, td, J=8.2, 2.5 Hz), BCP8S10026/044320
H dd, JJ9.2, 153 WO 2007/061714 PCT/ US2006/ 044320

.5 Hz), 4.53 - 4.63 (4 H nm, 4.05 - 4.15 (2 H, t,
=7.3 H ), 3.9 - 3.6 (10 H nm, 2.4- 2.3 (2 H, brs),
.1-1.6 (2 H brm; LCMS (CSI, M:H+) nfz 489. Exanple
0 5 ~N ,ON- OO HHOF~N OON(4

or o- 2- (1 1-di oxo-5-net hyl -1, 2, 5-thi azolidin-2

| uo
| gy Hh)zﬂ)dwnrawmzmy@%(dcw-s42155@3162,,1m)711 7.31

RO T T T T

@P@{f&a@ﬁ&dﬁHQ%Némsm 218565201(1111 W83 P163=6.7 Hz),
67 (1 H dd 7.08 - 7.17 (2 H m,

4.70(2H d, J=6.6 Hz), 390- 3.60 (12 H, n), 3.53
(2 H t, J=6.4 Hz), 2.85 @aHpiSds 2.5 - 2.1 (2 H,
brs), 2.00 - 1.60 (2 H, brs); LCV5 CESI, MtH+) mz
538. 15 Exanple 31 OO—I ~~ HON-N FO N((4

fl uorophenyl ) net hyl)-3-h - 4- 0x0-6, 7,

9, 10-tetrahydro-4H 20 "%dk%x"}/

pyrimdo[1, 2-d][1, 4] OXLa@'é\bl ne-@- czmlpoxam de. Wite

(

OBG_"OOI\J‘—II\)

crystals (70 %yield): 97 |- (et hyl
acetate). 1HNWMR 400 ) ( %: 3.13 (2H, m
CH2), 3.85 - 3.89 2 X 2 (2H, m
CH2), 4.59 (2H, d, 6.4 Hz, 08 (2H, m

aromatics), 7.34 (2H, m aronalics
t, NH), 12.08 (1H,

90 (1H, broad

N-((4-fluoro-2-(3-(hydroxymethyl)-1H-1,2,4-triazol-1-yl phenyl)methyl)-3'-
10  hydroxy-4'-0x0-2,3,5,6,6',7"-hexahydro-4'H-spiro[pyran-4,10 "-pyrimido[1,2-
d][1,4]oxazepine]-2-carboxamide. 'H NMR (500 MHz, CHLOROFORM-D) 6 ppm
3.56 - 4.14 (m, 12 H) 4.39 - 4.62 (m, 4 H) 4.84 (s, 2 H) 7.06 - 7.36 (m, 2 H) 7.69 (dd,
J=8.55, 5.80 Hz, 1 H) 8.43 (s, 1 H) 8.49 - 8.70 (m, 1 H) 12.03 (s, 1 H); HRMS
(M+H) calcd for Ca3Hz5FNgOg: 501.1898; found: 501.1898.

15
Example 26

N—(\OMe

O

20 N-((4-fluoro-2-(3~((methyloxy)methyl)-1H-1,2,4-triazol-1-yl)phenyl)methyl)-
3"hydroxy-4'-0x0-2,3,5,6,6',7'-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[1,2-
d] [1,4] oxazepine]-2'-carboxamide. N-((4-fluoro-2-(3 -(hydroxymethyl)-1H-1,2,4-
triazol-1-yl)phenyl)methyl)-3'-hydroxy-4'-ox0-2,3,5,6,6',7 -hexahydro-4'H-
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s, OH). Anal. Calcd for CL6H16FN304: C 57.65, H 4.83,
N 12.60; Found: C 57.38, H 25 4.58, N 12.47. 154 WD

wQoB70061714 PCT/ US2006/ 044320 Exanpl e 32 O COMSI/US2006/044320

I HO Fj( D~09C 5 N((4

fl uorophenyl ) net hyl)-3' - hydroxy-4'-oxo0-2,3,5,6,6,7"-he
xahydro-4'H spiro[pyran-4,10

pyrimdo[1l, 2-d][1, 4] oxazepi ne] -2' - car boxam de. A
solution of internmediate 171 (0.240 g, 0.486 nmmol) in
a mxture of ethyl acetate (125 nl) and ethanol (25

ac%?[v&ra%% o %?m'ﬁ%{)loﬁ% tﬂ@x&éﬁfne}u@’ c/araa&ahﬁmet(maﬁg,

at ed ‘carbo under one at nosphere
Ayidnogeh) was |d18}_80h’69 Al 3ﬂ¢h @hamﬁgt Np#gnd frgated %&b

Eﬁ%ﬂg gﬂél?%go?&g/ght g Jléév)ﬁ&ﬁz,ﬁgﬁq@%n% @p@@mqn AT, CH2C12 This
Res istigtd fér 30aminmnd ﬂmmvashgd withatiteHE Ay #he cnuie nyodued was

S S B s Sy U Ll e om o

RIecaa guinn, THEHZ hs dﬁs@ved ih EOI(IZHMe(DHQﬁﬂl HdﬁtedGitIZI) °C3m41 sealed flask
10—| broad in,

4.0
Ff@r’ 1 d then fgn((ez)ﬁate,dﬂ Tlgrrgﬁxgp? ng sthe@ ’Wlihz{lrll, ﬁL;FAigor 30 min

ah@ @Bﬁéeﬁn&)atedg THE rbdilthe BARAS g ofNhite LAystls frdin 9@%-@)—1 (Yield
HRI\/IS gESI +) cal cul ated for OH23FN3

7622 H NMRI6W0 Mity CHIZQROEQIRM-B) §$’P£ﬂ-ﬂ©0r(g‘ 3 Hp35H - 4.13
K, '14 ) 45PE AsNoMiz, 3 1) 4.63 (s, 2 H) 7.06 - 7.28 (m, 2 H) 7.69 (dd,
=8.55, 5.80 Hz, 1 H) 8.36 (t, J=6.87 Hz, 1 H) 8.40 (s, 1 H) 12.10 (s, 1 H); HRMS
(M-+1) caled for CasHayFN6Og: 515.2054; found: 515.2032.

Example 27

/
/—N

VI

N-(4-Fluoro-2-(4-methyl-5-oxo0-4,5-dihydro-1H-1,2,4-triazol-1-yl) benzyl)-3'-
hydroxy-4'-ox0-2,3,4',5,6,6', 7", 9'~octahydrospiro[pyran-4,10"-pyrimido[ 1, 2-
d][1,4]oxazepine]-2'-carboxamide: To a solution of 3'-(benzyloxy)-N-(4-fluoro-2-
(4-methyl-5-0x0-4,5-dihydro-1H-1,2 4-triazol-1-yl)benzyl)-4'-ox0-2,3,4',5,6,6',7",9'-
octahydrospiro[pyran-4,10'-pyrimido[1,2-d]}[1,4]oxazepine]-2'-carboxamide (0.093 g,
0.174 mmol) in ethyl acetate (5 mL) was added palladium on activated carbon (10%)
(0.050 g) and the resulting mixture allowed to react under one atmosphere of
hydrogen for 6 hours. The catalyst was removed by filtration and the filtrate was
evaporated under reduce pressure to give a white solid. Recrystallizati(;n'from hot
ethanol afforded the title compound as a white solid (0.053 g, 68 % yield): 'H NMR
(400 MHz, CDCl;3) 8 12.28 (1 H, s), 8.95 (1 H, brt), 7.66 (1 H, dd, J=8.6, 6.1 Hé),
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20 N-((4

i uor o- 2- ((met hyl am no) car bonyl ) phenyl ) net hyl ) - 3' - hydro
woyed/oeoxo- 2, 2A5, 6,6 ; 7'-h PCT/US2006/044320

exahydro-4' H spiro[ pyran-4,10" pyrimido[l, 2-d] [1,

41 oxazepi nel -2'- carboxam de. White crystals (93 %

yield). "HNVR 400 MHz (CDC13) 8 (ppm: 155 WO

2007/ 061714 PCT/ US2006/ 044320 1.7 - 2.0 (2H, broad m

CH2), 2.2 - 2.6 (2H, broad m CH2), 3.02 (3H, d, J =

4.8 Hz, NCH3), 3.4 - 4.0 (104, broad m 5 x CH2),

2 — (t4Hr=g Ppr
M%f}{ 5547%2#}{ %2129 =413, 2, 28908) 7. 1934, ti!l = (,’ﬁ} ?@%9‘1,453 QH,

tics

tas)o At 4 3P0 (B0 Hl o1 $43 (bﬁaéﬁ 2.2-20H2 H;L&rrq)71(51240 (% H, bp);
d for C22H2fi FNAG6 [MtH +] 5
Lﬂ%é%g’%ﬁﬁg’%%g& 1849. Exanple 34 ft- N N, N> O
HI&HO F/ OO 10 N((4
fluoro-2-(1Fl-1,2,4-triaz e
yl ) pheny! ) net hyl ) - 3 hydr%&?"ﬁ‘ ¢5%o- 2,3,5,86,6;
7' - hexahydr o-4' H spi ro[ pyran-4, 10’
pyrimdo[l,2-d][1,4]o0 aze i neJ-2'- carboxam de. Wite
crystals (90 % vyield). / MR 400 MHz (DVBO-d6) S
(ppm: 1.5 - 1.9 (2HNDr 8mCH2)21-25(2H
broad m CH2), 3.5 - 3.9 (1C]—|00rcmdm 15 5 x CH2),

4.46 (2H, d, J = 6.4 - Wdﬁ m
aromatic) 7.57 - 7.62 Wy alondtics), 8.33 (1 H,
s, CH, 9.02 (1 H bFoa X

H)
12. 02(1H s, OH). HRI\/IS(ESI4
C22H24FN60O5 [ MkH +] : 471.1792
Exanple 35 ~-N N,N O CH 5)Lro

. 8‘ 1 H’ S! CI—')’
| cul ated for
. 471.1802. 20

&)

N-(2-(3,4-dimethyl-5-oxo0-4,5-dihydro-1H-1,2,4-triazol-1-yl)-4-fluorobenzyl)-
3"hydroxy-4'-ox0-2,3,4',5,6,6',7',9"-octahydrospiro[pyran-4,10"-pyrimido[1,2-
dj[1,4] oxazepine]-2'-carboxamide: '"H NMR (400 MHz, CDCl3) 8 12.36 (1 H, brs),
9.01 (1 H, brs), 7.64 (1 H, dd, J=8.6, 6.1 Hz), 7.17 (1 H, dd, J=9.3, 2.8 Hz), 7.09 (1
H, td, J¥8.1, 2.8 Hz), 4.53 (2 H, brs), 4.0-3.5 (10 H, brm), 3.33 3 H, s), 2.5-2.3 (2
H, m), 2.36 (3 H, s), 2.07-1.5 (2 H, brm); LCMS (" ESI, M+H") m/z 515.

Example 29

N-(4 ﬂuoro-Z-(2-oxooxazolzdzn-3-yl)benzyl) -3'"-hydroxy-4'-oxo-
2,3,4',5,6,6' 7', 9"-octahydrospiro[pyran-4,10'-pyrimido[1,2-d] [ 1,4] oxazepine]-2'-
carboxamide: "H NMR (400 MHz, CDCl3) & 12.18 (1 H, brs), 8.63 (1 H, brt, /=6.3
Hz), 7.60 (.1 H, dd, /=8.6, 6.3 Hz), 7.08 (1 H, td, J/=8.2, 2.5 Hz), 6.98 (1 H, dd, J=9.2,
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FN Od 156 WO 2007/061714 PCT/US2006/ 044320 N-((4
fluoro-2-(3-nethyl-1H1,2,4-triazol-1

wQ kgoploertyd ) net hyl ) -3 ' - hydr oxy-4' oxo-2, 3,5, 6PGI/S2006/044320

- hexahydro-4' H spiro[ pyran-4,10' pyrimdo[l, 2-d][1,
4Joxazepiried- 2'-carboxam de. Waite crystals (79 %
yield). "HNVR 400 Mz (CDC13) S (ppm: 1.6 - 2.0 (2H,
broad m CH2), 2.1 - 2.5 (2H, broad m CH2), 2.55 (3H,
S, CHS), 3.5 54.0 (104, broad m 5 x CH2), 4.52 (2H,
d J =6.6 Hz, NCH2), 7.12 (1H, dd, J = 2.6 Hz and J

2 8HE),HL53 amma(tmq,)m) %4.09- 41, (2mH, tayﬂrthz:) ,3 5 i%((l@fﬂ m), 2.4-

35 AF7 om 2 TGl By baws LM 2R MBh s 489Gy

HRVS (ESI +) cal cul ated for C23H26FN605 [ MtH +]
485.1949 ; found : 485.1927. 10 Exanple 36 fl- N N, N
OH f\ H~11 O F/ OEeamplg3p
fluoro-2-(5-methyl-1H1,2,4-triazol -

yl ) phenyl ) net hyl )-3 ' -hydroxy-4'- 15 oxo-2, 3, 5, 6, 6
, 7' -hexahydro-4'Hspirao ran-4, 10" pyrimdo[ 1,
2-d][1, 4] oxazepine]- Z'nggboxanide Wiite crystals

(78 %yield). '"HNVR 400 C(CD@iB)oE (ppm : .6 -
2.1 (2H, broad m CH2), ,_®road m CH2) ,
2.52 (3H, s, CH3), 3.5 O (ﬂoH “bréad m 5 x CH2),
4.32 (2H, d, J = 6.6 gz, ), 7Nes R4y, J =27

Hz and J = 8.5 Hz, aromatic), 7.2 1H, Ym aromatic),

7.71 (1H, dd, J = 5.8 Hz and J Q % Hz, aromatic),

800(1H s, CH), 8.58 (1H, broad t, NH), 12.03 (1H,
HRVS (ESI +) cal cul ated for C23H26FN605 [I\/HrH

P CT / Ug?gg’éé?ug 19 gzéofl Eg .Tl I§'l gt%z? iﬁ' 5- t/;zL 65127'01\%1% 9]17/e91z6 /)- -hydroxy—
4'-ox0-2,3,4'5,6,6"7’, octahydrospzro[pyran-4 10"-pyrimido[1,2-

d][1,4] oxazepine]-2'-carboxamide: '"H NMR (400 MHz, CDCl;) o 12.18 (1 H, s),
8.32 (1 H, t, J=6.7 Hz), 7.67 (1 H, dd, J=8.6, 6.3 Hz), 7.08 - 7.17 (2 H, m), 4.70 2 H,
d, J=6.6 Hz), 3.90 - 3.60 (12 H, m), 3.53 (2 H, t, J=6.4 Hz), 2.85 3 H, 5), 2.5-2.1 (2
H, brs), 2.00 - 1.60 (2 H, brs); LCMS (" ESI, M+H") m/z 538.

Example 31

O OH

Y
Ao 5

N-(1 (4-ﬂuorophenyl)methyl)-3-hydroxy—4—oxo—5, 7,9,10-tetrahydro-4H-
pyrimido[1,2-d][1,4]oxazepine-2-carboxamide. White crystals (70 % yield): mp 197
— 199 °C (ethyl acetate). '"HNMR 400 MHz (CDCl3) & (ppm): 3.13 (ZH, m, CHy),
3.85—3.89 (4H, m, 2 x CH}), 4.52 (2H, m, CHy), 4.59 (2H, d, J = 6.4 Hz, NCH,),
7.08 (2H, m, aromatics), 7.34 (2H, m, aromatics), 7.90 (lH; broad t, NH), 12.08 (1H,

s, OH). Anal. Calcd for C;gH;¢FN304: C 57.65, H 4.83, N 12.60; Found: C 57.38, H
4.58, N 12.47.
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NONO OHI&HOF/ NN ~f3) 5 N ((4
fluoro-2-(5-nmethyl-JH 1, 2,3-triazol-1

W@ kgoploertyd ) net hyl ) - 3' - hydr oxy-4' oxo-2, 3,5, 6, PEI/IS2006/044320

7' - hexahydro-4'"H spiro[ pyran-4, 10" pyrimido[1,
2-dill, 4Joxazepine]- 2'-carboxam de. Wiite crystals
(76 %yield). '"HNVR 400 MHz (CDC13) 8 (ppm: 1.6 --
2.1 (2H, broad m CH2), 2.2 - 2.6 (2H, broad m CH2),
2.35 (3H, s, CH3), 3.4 - 4.0 (10H, broad m 5 x CH2),
4.25 (2H, d, J = 6.1 Hz, NCH2), 7.03 (1 H dd, J = 2.6
10 Hz and J = 8.5 Hz, aro 31 (1H, m
aromatic), 7.68 (1H s, C@W%%ZHH dd, J = 5.8 Hz
and J = 8.5 Hz, aromatlc) 8. 5% (1Hy br oad t, NH,
11.95 (1H, s, G—I). HRVS (ESI +)}| cal culated for
C23H26FNGO5 [ M¥H "] @ §8% S’U\(/G‘U? : 485. 1961.
Exanple 38 15 f N NQOJOHM WHO_F/ N~ N O
N- ( (4 F

fl uoro-2-(3-nethyl -2-oxo-1-i m dazol '}yl)phenyl)rrethy
[)-3" -hydroxy- 4'-oxo-2, 3, 5, ;

7' - hexahydr o- 4' H spi r o[ pyr an- 4, 10' pyrl mdo[l, 2 20
d] [ 1, 4] oxazepi neJ-2' - car boxam de. Wiite cryst aI s (89 %

Vi el AN- (iR Ry Wiz thy) DAy 0s5-4 'apn) 2, 3,5, 567 bedakydig-4'H-
?p%gg[gytgn-%g-py%néipf( %49 [ { % }_I éjcagerp(%r?% -ﬂzca%i%%gé solution of
ﬁzt&n{eh@altb WI Q@Q4mg 9.486 ﬁhﬁc)l) ir8a 88x tur@ bif ethyl deetatd (125HR]) and

F&laa?ild?-é m.l) a‘i%% Q\ﬂagg'(ﬁngg&#fé opﬁf@é@%@fiwggﬁch@%gﬁcarbon
55%4 gf %ﬁ@ﬁﬁ(@r’on@ a%ﬁoéplaefé ofRydsguBor @ hours. Sthe(chtdtlyst Gehs

, aronmatic 03 (1H, broad

romoudsl by Blteagiop B tbfs ﬁl@a}e wmp@mc)t)méemre@rcstpéeﬁsmﬂo givea
white solid. Recrystallization from ethyl acetate gave 0.143 g (73 % yield) of the
title compound as white crystals. YHNMR 400 MHz (DMSO-dg) & (ppm) : 1.5-2.0
(2H, broad m, CH,), 2.2 — 2.5 (2H, broad m, CHy), 3.4 — 4.0 (10H, broad m, 5 x
CHy), 4.50 (2H, d, J = 6.5 Hz, NCHy), 7.18 (2H, m, aromatics), 7.37 (2H, m,
aromatics), 9.07 (1H, broad t, NH), 12.29 (1H, s, OH). HRMS (ESI+) calculated for
CooHxFN;3O5 [M+H ¥ : 404.1622 ; found : 404.1624.

Example 33

~ O OH
N-((4-fluoro-2-((methylamino)carbonyl)phenyl)methyl)-3 -hydroxy-4'-oxo-

2,3,5,6,6', 7"-hexahydro-4"H-spiro[pyran-4,10"-pyrimido[1,2-d] [1,4] oxazepine]-2'-
carboxamide. White crystals (93 % yield). 'HNMR 400 MHz (CDCl) & (ppm):
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C24H29FN506 [ M-H +] : 502.2102 ; found : 502.2109. 5
Exanple 39 rl-N NNOOHHOF 3:) ON((4

wo baoaoer724 (5- (fl uoronet hyl )-1H 1, 2, 4-tri azol - IPCT/US2006/044320

yl ) phenyl ) net hyl )-3" 10 hydroxy-4'-oxo0-2, 3, 5, 6, 6 ,

' - hexahydro-4'Hsp iro[ pyran-4,10' pyrimdo[1l, 2-

dJ[ 1, 4] oxazepi ne] - 2' -carboxam de. Wite crystals (83 %
yield). "HNWR 400 MHz (CDC13) S (ppm: 1.6 - 2.1 (2H,
broad m CH2), 2.1- 2.5 (2H, broad m CH2), 3.5 - 4.0

(10H, broad m 5 x CH2), 4.33 (2H, d, 3 = 6.6 Hz,

NCH2P,0 &HL bro@din, €H,, 2=2 4D, 5(2m2bro£&BFX:HJ e 4i%) (éHHi J=4.8 Hz,

%9“%%3 34 ongtcnéjﬁ gmﬁé Ucaifﬂ Cﬁ'@ 452 %1355 %—iz- éﬁdia(Ncgz)y 6.14 (1H,

6
H‘Jioacﬂg%ﬂ%% %14 87211 2(Hllfh a%om@'ﬂs) ﬁs&éngé%%l\c}%a%f d.11 (1H,

@%% &g 1&.&2 (flu.H'&a-’ XFalagated doniB, HaosFN4Os [M+H *]

ZQ@?/@@@?Mun%CTAéﬁ?Q@G/ 044320 N-((4
fluoro-2-(1-nethyl-1H1,2,4-triazol -5-yl)phenyl)nethyl

" )-3 hydroxy-4' oxo-2, 3, 5 6, 6,

7' - hexahydro-4' Hspiro[ pyr pyrimdo[l, 2-d][1,
4] oxazepitie]- 2'-car boxam% mp(lf%"fe crystals (93 %
yield). "HNWVR 400 Mz (CDC13) 6 (ppm: 1.4 - 2.1 (2H,
broad m CH2), 2.2 - 2.7 H broad m CH2), 3.5 - 4.0
(1 OH, broad m 5 5 x ) 4.01 (3H, s, CH3), 4.45
(2H, d, J = 6.6 Hz, 7.17 1HpHdd, J = 2.5 Hz
and J = 8.6 Hz, aromatl 7 26 1 oaromatlc)

7.72 (1H, dd, J = 5 8 , aromatic),

d
7.99 (1H, s, CH, broad 5 12.18 (1H,
s, OH).

N-((4-fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5,6,6',7"-hexahydro-4'H-spiro[pyran-4,10"-pyrimido[1,2-d][ 1,4]oxazepine]-2'-
carboxamide. White crystals (90 % yield). '"HNMR 400 MHz (DMSO-dg) 8 (ppm):
1.5-1.9 (2H, broad m, CHy), 2.1 —~ 2.5 (2H, broad m, CHy), 3.5 - 3.9 (10H, broad m,
5 x CH2), 4.46 (2H, d, J = 6.4 Hz, NCH,), 7.42 (1H, m, aromatic), 7.57 — 7.62 (2H,
m, aromatics), 8.33 (1H, s, CH), 9.02 (1H, broad t, NH), 9.08 (1H, s, CH), 12.02 (1H,

s, OH). HRMS (ESI+) calculated for C2,H4FNgOs [M+H +] :471.1792 ; found :
471.1802.

Example 35
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HRVS (EST' -) cal cul ated for C23H26FN6O5 [ M+tH +] :
485.1949 ; found : 485.1960. 10 Exanple 41 N--~ -N

WEI®7/080704 OH H' 0 F NN 0 N ((2-(1, 3-di m et gT/US2006/044320

IH1,2,4-triazol-5 yl)-4 fluorophenyl)nmethyl)-3" - 15
hydr oxy-4'-o0x0-2,3,5,6,6"1

7' - hexahydro-4' Hspi ro[ pyran-4, 10" pyrimdo[1, 2-

d] [ 1, 4] oxazepi ne] -2' - carboxam de. Wiite crystals (67 %
yield). "HNVR 400 MHz (CDC13) S (ppm: 1.5 - 2.1 (2H,
broad m CH2), 2.1 - 2.6 (2H, broad m CH2), 2.46

b G 4 G A B
()14742 .ﬂéj,é 4, 7-hgxc31yd|zo aﬁiﬂsplra{pﬁr@ ¥ (' pyréwrbdof £, d] ] 1 Z}bxazepme]-
g -t \HRRE CSbtaid (D e i, SRS MR 3 Gopm:

e ape oA CXLpa bube e, fﬂf%%@v%ﬁ%%ow SogRcHy), 3.5 -
800 5 5 300 4 A 2d R 56 ity NCBGH 2 G, dd, 7=2.6

XopJnlir 0= ©.4338, Mofrlafic), 7.20 1H, 7.71 (1
flugro 2- (3- rret%?;l-f)l—l-l ( ﬂ.agc%rgat_l(g (1H,dd,7=6.1 Hzand J

& TPy 4§1Hm&%®x§54 (1HoRenag t, NH)512.82 (1, s, OH).
HRVSX@EY Iraichidted Rir QL RY.FRI0S WI‘LQH PYr4d8 Apkl, (fggmg'%gls 1927.

4] oxazepl neJ- 2'-carboxam de. te cerystals
yi el d). HNI\/R4OOI\/Hz (DI\/ISOdG) 6 (ppm: 1.4 -

(2H, broad m CH2) : %,ﬁm()% ¢ broad m CH2) 2.48
(3H, s, CH3), 34 40( road m 5 x CH2), 4.77
(2H, d, J = 6.0 Hz, 7.26 (1H, 10 m aronmatic),
7.51 (1 H, dd, = ‘and J = 8.6 Hz, aromatic),
7.79 (1 H dd =

. , , }—%\g_r:dJ :106Hz aronmatic),
9.25 (1H, broad t, NH) ﬂ.l (bH OH G—I) 14.03

QN\TS

N-((4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1 -yl)phenyl)methyl)—j “hydroxy-4'-
0x0-2,3,5,6,6',7"-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[1,2-d] [1,4] oxazepine]-
2'-carboxamide. White crystals (78 % yield). 1HN'MR 400 MHz (CDCls) d (ppm):
1.6 —2.1 (2H, broad m, CHy), 2.1 — 2.5 (2H, broad m, CH,), 2.52 (3H, s, CH3), 3.5 —
4.0 (10H, broad m, 5 x CHy), 4.32 (2H, d, J = 6.6 Hz, NCH>), 7.05 (1H, dd, J=2.7
Hz and J = 8.5 Hz, aromatic), 7.27 (1H, m, aromatic), 7.71 (1H,dd, J=5.8 Hzand J
= 8.5 Hz, aromatic), 8.00 (1H, s, CH), 8.58 (1H, broad t, NH), 12.03 (1H, s, OH).
HRMS (ESIH calculated for C23Hz6FNgOs [M+H ™7 : 485.1949 ; found : 485.1930.
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(1H, s, NH). HRM5S (ES1+) cal cul ated for C23H26FN605

[ MPFH+] @ 485.1949 ; found : 485.1947. 161 WD
wQe@7/0861414 PCT/ US2006/ 044320 CLAIMS W cl ap@T1/US2006/044320

A compound of Formula | 10 OH R\Ny I I O R2 N\~

X--Y | 10 wherein: R is (Ar')alkyl,

(Ar')(CON(R8) (R))al kyl, (Ar')(CO2R14)al kyl,

(Ar' ) hydroxyal kyl, or (Ar')oxyalkyl; 15 R2 is

hydr ogen, al kyl, hydroxy or al koxy; R3 is hydrogen,

hal o, hydroxy, cyano, alkyl, cycloal kyl,

C5. 7cycl oal kenyl , hal oal ky ,mﬂég xy, al kyl thi o,

hal oal koxy, N(R8)(R9), NHAr2, "N(R6) SO2R7, N(R) COR7,

N( R6) CO2R7, OCOR7, 0002R7, OCON(R$) (R9), OCH2CO2RY,

OCH2CON(RS) (R9), 20 Q)2R6 CON(R8) (R9), SOR7,
S(=N) R7, S02R7, SOZN( Fﬁ')( , PO OR6) 2,

C2- 4(R12) al kynyl , , r @raOH4 i s hydrogen,
hal o, hydr oxy, cyano IoaIkyI

hal oal koxy, or N R6)( 25HR5 I's drogen hal 0,

hydroxy, cyano, al kyk; oxy, , hal oal koxy,
or N(R(R); R6 is hydrogen, al or xycloal kyl; 30
162 WO 2007/ 061714 PCT/ US2006/ @«
N-((4-fluoro-2-(5-methyl-1H-1,2, 3-triazol-I-yl)phenyl)methyl)-3'"-hydroxy-4'-
0x0-2,3,5,6,6'.7'-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[1,2-d] [ 1,4] oxazepine]-
"-carboxamide. White crystals (76 % yield). '"HNMR 400 MHz (CDCl,) 8 (ppm):
1.6 -2.1 (2H, broad m, CH,), 2.2 — 2.6 (2H, broad m, CH;), 2.35 (3H, s, CH3), 3.4 —
4.0 (10H, broad m, 5 x CH3), 4.25 (2H, d, J = 6.1 Hz, NCH,), 7.03 (1H, dd, ] =2.6
Hz and J = 8.5 Hz, aromatic), 7.31 (1H, m, aromatic), 7.68 (1H, s, CH), 7.76 (1H, dd,
J=5.8 Hz and J = 8.5 Hz, aromatic), 8.59 (1H, broad t, NH), 11.95 (1H, s, OH).
HRMS (ESI") calculated for Cp3HaFNgOs [M+H '] : 485.1949 ; found : 485.1961.

Example 38
/

O

N0 o oH

/@AN/U\%YO
H
E Na N

o O

N-((4-fluoro-2-(3-methyl-2-oxo-1-imidazolidinyl)phenyl)methyl)-3"-hydroxy-
4"-0x0-2,3,5,6,6', 7'-hexahydro-4'H-spiro[pyran-4, 1 0'-pyrimido[ 1, 2-
d][1,4] oxazepine]-2'-carboxamide. White crystals (89 % yield). "HNMR 400 MHz
(CDCl3) 6 (ppm): 1.6 — 2.1 (2H, broad m, CHy), 2.2 — 2.6 (2H, broad m, CH,), 2.91
(3H, s, CHj), 3.57 (2H, t, I = 7.9 Hz, CH,), 3.6 — 4.0 (10H, broad m, 5 x CHj), 3.83
(2H, t,J =7.9 Hz, CH,), 4.51 (2H, broad d, NCHy), 6.89 (1H,dd, J=28 Hzand J =
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R is alkyl or cycloalkyl; R8 is hydrogen, alkyl,
hydr oxyal kyl , al koxyal kyl or dial kyl am noal kyl; 5 R9

wo soonwerregen, al kyl, hydroxyal kyl, al koxyal kyl POT/US2006/044320
di al kyl am noal kyl; or N(R8)(R9) taken together is
azetidinyl, pyrrolidinyl, (RLO)-piperidinyl, N(R
1) - pi perazi nyl, norpholinyl, thionorpholinyl, or
di oxot hi azinyl; 10 R10 is hydrogen, alkyl, hydroxy, or
hydroxyal kyl; R 1 is hydrogen, alkyl, cyclolkyl,
COR6, or COZR6; R12 is hydrogen, hydroxy, N(R6)(R6),
023!« o%%f% 933(1Hj'rﬁxﬁbﬁiaﬁé) 739 (1 AdRY3 6. zlmz and J =8.6 Hz,

azetl i non g yrrolidi nonyl’, valerolac ta
ax«atpam)aEiOér@H, mﬂéa NH012.43 K20, D SRS (ESI ) calculated for

R T R

substituents sel ect ed fromthe group consisting of

al kyl, hydroxyal kyl, hal gﬁ‘l k bwé ?al koxyal kyl , and

am noal kyl; -20 R14 is hy 3%’ al kyl; or two R14's
taken together are CH2CH2, CH2CH2CH2, CH2CH2CH2CHZ2,

25 OCH2CH2CH2, CH2 OFH2CH2CH2CH2,
CH2OoCH2CH2CH2CH2,  CHR NgR6) CH2CH2,
CH2N( R6) CH2, N(R6) CH2 : CH2CH2,

N( R6) CH2CH2 CH2 CHY, ) ol

CH2CH2N( R6) CH2CH2a N( R6) CH2CH2 ,

CH2N( R6) CH2CH2CH2CH2, ; or 30 ) CH2CH2CH2,
provi ded that the two R14's ar tached to a comon

carbon atom 163 WD 2007/061714 PCT/ US2006/ 044320 R4

R3 Ark1is RS RO CORoONO
N-((4-fluaro-2-(5-(fluoromethyl)-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-

hydroxy-4'-ox0-2,3,5,6,6',7'-hexahydro-4'H-spiro[pyran-4, [ 0'-pyrimido[ 1, 2-
d][1,4]oxazepine]-2'-carboxamide. White crystals (83 % yield). '"HNMR 400 MHz
(CDCl3) 8 (ppm): 1.6 — 2.1 (2H, broad m, CH,), 2.1 — 2.5 (2H, broad m, CHy), 3.5 —
4.0 (10H, broad m, 5 x CHy), 4.33 (2H, d, J = 6.6 Hz, NCH2), 5.47 (2H, d, J =47.5
Hz, CH,F), 7.21 (1H, dd, J = 2.5 Hz and J = 8.4 Hz, aromatic), 7.31 (1H, m,
aromatic), 7.73 (1H, dd, J = 5.9 Hz and J = 8.7 Hz, aromatic), 8.16 (1H, s, CH), 8.42
(1H, broad t, NH), 11.98 (1H, s, OH). MS (ESI") m/e 503 [M+H *].

Example 40
N=\
—N__N
¢ O OH
NJ\('YO
H

159



o RoRoSI / 02or 5 A2is tetrazolyl,
triazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl,
wo pdodagohdy/l , oxazolyl, thiazolyl, isoxazolyl, PCT/US2006/044320
i sot hiazolyl, furanyl, thienyl, pyrrolyl, pyrimdinyl,
pyrazinyl, pyridinyl, hydroxypyridinyl, quinolinyl,
i soqui nolinyl, or indolyl, and is substituted wth
0-2 substituents selected fromthe group consisting of
hal o, cyano, benzyl, alkyl, alkoxy, N(R8)(R9),
CON(Rg) (R9), CO2Re, C(]\IHSOZN R6) (R6), 10

“ﬁﬁ%ﬁé&@?w&’aﬂ”ﬁ?l‘%”?s%%‘ﬂéuen DLy

a‘xbeﬂn? tihfeG o -depalpdnsi Hispigo fyran+ial Qj-pyvyada{ 1, Aaq]f i o gxazepine]-

%ﬁgﬁ;q alzbe M%l)ckox lma.{ﬂ%) Y‘lﬁl}ﬁl( %3\1%51061 S)pq% (lfﬁé¥3) O (ppm):

dawspi | agawl, . d2152<7‘(2ﬁ biad m, CH;;,),B 5 — 4.0 (10H, broad m,

C(RL 20 R14) 2C( R14 2 R14) 2
*@%)R&Cﬁ} ﬂ',])({i?\s:%’si R ,) IF )621(13% %35, 7@7&(&3@5}1 2.5 Hz
ahmt Wﬁzeﬁs&a&)‘h'z% ('mdh&)%&naf@ 792179t b&djrﬂgm{%ndr
or a pharnmaceuti cal a table salt
8 BT arenatey, RO 6o chod 201 UbkbrotieNeDoEL 48 (1, 5, OH).

( )
B ) e s A R N i B e found 4951960
Cl_6(Ar')oxyal kyl; 164 WO 2007/061714
PCT/ U82006/ 044320 R2 is Iﬁ/qug gny, CL 6al kyl, or OR14;
R3 i s hydrogen, hal o, hydroxy,” cyan, C -6alkyl,
C3_7cycl oal kyl, C5_7cycl oal kenyl, C1. 6hal oal kyl
Cl_6al koxy, C1.6al kylthio,, Cl. 6hal oal koxy, N(R) (R),
NHAr 2, 5 N(R6) S02R7, N COR7, N(R6) CO2R7, OCORY,
0002R7, OCO\I(RS)(RQ),NOQ:QCOZR? OCH2CON( R8) (R9) ,
COR6, C02R6, CON(R8) (R9)| SCR? O5(IgHk7, S02R7,
SO2N( R6) (R6), PQ( OR6) 2 P, R13, Are, or
Ara; R4 is hydrogen, hd hydlro «_§yano, Cl - 6al kyl
Cl_6al koxy, CL_6hal ok

o 0]

N-((2-(1,3-dimethyl-1H-1,2,4-triazol-5-yl)-4-fluorophenyl)methyl)-3'-
hydroxy-4'-ox0-2,3,5,6,6', 7'-hexahydro-4'H-spiro[pyran-4,10"-pyrimidof1,2-
d][1,4] oxazepine]-2'-carboxamide. White crystals (67 % yield). 'HNMR 400 MHz
(CDCl3) 3 (ppm): 1.5 —2.1 (2H, broad m, CHz), 2.1 — 2.6 (2H, broad m, CH3), 2.46
(3H, s, CH3), 3.5~ 4.0 (10H, broad m, 5 x CH>), 3.90 (3H, s, CH3), 449 (2H, 4, ) =
6.6 Hz, NCH,), 7.14 (1H, dd, J = 2.5 Hz and J = 8.6 Hz, aromatic), 7.24 (1H, m,
aromatic), 7.69 (1H, dd, J = 5.6 Hz and J = 8.6 Hz, aromatic), 8.93 (1H, broad t, NH),
12.35 (1H, s, OH). HRMS (ESI+) calculated for Cp4HosFNgOs [M+H *]: 499.2105 ;
found : 499.2109.
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10

10 C1. 6hal oal koxy, or N(R6)(R6); R5 is hydrogen, halo,
hydr oxy, cyano, Cl-6al kyl, Cl1 _6al koxy, Cl1_6hal oal kyl

w@2d78berioal koxy, or N(R6)(R6); 15 R6 i s hydr oBenysS2006/044320

Cl -6al kyl, or C3.7cycloal kyl; R7 is Cl.6alkyl or

C3. 7cycl oal kyl ; R8 is hydrogen, C 1.6alkyl, C

1 6hydr oxyal kyI C 1.6(C 1. 6al koxy)al kyl or 20 C
1.6(C 1-6dial kyI am no) al kyl; RO is hydrogen,

QG -6al kyl, Cl_6hydroxyal kyl, Cl1_6(Cl. 6al koxy)al kyl or
Cl-6(C1 d| al kyl am no) al kyl ; or 25 N(R8) (R9) taken
together is azetidinyl, pmag{ idynyl

(R10) - pi peri di nyl, N-(Rll) p| per azi nyI nor phol i nyl ,
t hi onor phol i nyl, or dioxothiazinyl; Rl is hydrogen,
C 1. 6al kyl, or C 1. 6hyd al kyI 30 RI1 is hydrogen,
Cl -6alkyl, C3_7cycl ol k),N‘{y or Q02R6; R12 is

hydr ogen, hydroxy, N('Rg , OS02R7, or
di oxot hi azi nyl; 165 WO 2007/ 0 71 I-‘D / US2006/ 044320

R13 is azetidi nonyl UNTIO | erol act anyl ,
caprol actanyl, malei mA ox*dzoINd , or

di oxot hi azi nyI , and T's substitut with 0-1
substituents selected from thd gr onsi sting of
hydr oxynet hyl , acet oxynet hyl , m nonet hyl ; 5 Rl14

i s independently hydrogen or Cl_6al kyl; or two R14's
taken together are CH2CH2, CH2CH2CH2, CH2CH2CH2CHZ2,

CH2 CHRIGHZ Pt kedri2 - (3GHEABYR QHIICEA G2k &2 5 -y DphGHyiitn et K32 Il oxy-4'-

- ErOHO oLk o, BRI LBCRAD oripCee et thegi=epinel-

W %@%&b@&%@%@%mz (DMSO -dg &46
@RERG | BH22AACHR broadHpCHHEDY, RE) broad m, CHy), 2.48 (3H, s,

O 19/ NCH)), 7.26 (1H
W%%%n provi %I}gd t hgﬁztg‘r;% t VVOH&[4' S 2)air e (H,
at, reonh ) D5 h (tdnddyd = 1.8 Raabh=& @ Mz, &pmatic), 7.79 (1H, dd, J =
2.5 Hz and J = 10.6 Hz, aromatic), 9.25 (1H, broad t, NH), 12.21 (1H, s, OH), 14.03
(1H, s, NH). HRMS (ESI+) calculated for Co3Hz6FNgOs [M+H +] : 485.1949 ; found :
485.1947.
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RBRAr\\ / p0O RRREaA isRI40Il ol CxJ O0R14
R14 02 or 02 20 Ar2 is tetrazolyl, triazolyl,

woz@dioewed yl , thiadi azolyl, pyrazolyl, im dazoP@t/1S2006/044320

oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
furanyl, thienyl, pyrrolyl, pyrimdinyl, pyrazinyl,
pyridi nyl, hydroxypyridinyl, quinolinyl,

i soqui nolinyl, or indolyl, and is substituted wth
0-2 substituents selected fromthe group consisting of
hal o, cyano, benzyl, alkyl, 25 al koxy, N(R8)(R9),
CON(R) (R9), C02R6, CONHSCRNREMES) . ,
CONHSO2N( R6) ( phenyl ), and CONHSO2N( R6) ( hal ophenyl ) ;
166 WD 2007/ 061714 PCT/ US2006/ 044320 Ara is phenyl
StQgdiktuted with 0-2 substituents selected fromthe
group consisting of halo, cyano, hydroxy, alkyl,

al koxy, al koxyal kyl, hal oal kyl, hal oal koxy, N(Rs)(R),

BRI o L5 o ol an e

C(R14) 2C(R14) 20C(R14) 2C(R 4) 2, or C(R14)2C(R
4) 20C(R14) 2C(R 14) 2C(R14) 2; Pr oghded t hat when each

R14 is hydrogen, R3 is nqt ngr?geq)or halo, 10 or a
pharmaceutical ly accept abt ereof. 3. A
conpound of claim | where R i W' )alkyl. R3 Ra
r\~ ss 4. A conpound of claimi ><V\/ne;l’re R is RB R3

~Y

I

wherein:

R!is (Arhalkyl, (Ar' )Y(CON(RE) R Dalkyl, (Ar'YCO.RMalkyl, (Ar")hydroxyalkyl,
or (ArYoxyalkyl;

R’is hydrogen, alkyl, hydroxy or alkoxy;

R? is hydrogen, halo, hydroxy, cyano, alkyl, cycloalkyl, Cs;cycloalkenyl, haloalkyl,
alkoxy, alkylthio, haloalkoxy, N(R*}R®), NHAr?, N(R®SO.R’, N(R®)COR’,
N(R®CO,R’, OCOR’, OCO,R?, OCON(R])(R?), OCH,CO,R’, OCH,CONR®HR?),
CORS, CO;R®, CON(R®)(R®), SOR", S(=N)R’, SO.R7, SO.NRHR®), PO(OR®),,

Ca4(RMalkynyl, R, Ar?, or Ar’;

R%is hydrogen, halo, hydroxy, cyano, alkyl, alkoxy, haloalkyl, haloalkoxy, or
NR)R;

R’ is hydrogen, halo, hydroxy, cyano, alkyl, alkoxy, haloalkyl, haloalkoxy, or
NER)R®);

RS is hydrogen, alkyl, or cycloalkyl;
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4 ~  sr ~ 15 5. A conpound of claiml where R is R
~ and R3 is other than hydrogen or halo. 6. A

wae eovposrtds of claim5 where R3 is N(Rs)(R), N RrCDBF2006/044320

OCON(Rs) (R9), CON(Rs)(R), SOR7, SO02R7, SO2N(R) (R,
PO(OR6)2, RI3, or Are 20 7. A conmpound of claimb5
where R3 is R13. 8. A conpound of claim5 where R3 is

tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
pyrazol yl, im dazolyl, oxazolyl, thiazolyl,
I soxazol yl, isothiazolyl, 25 furanyl, thienyl, or

RY1i§ Syl or @REballigy1sUbstituted with 0-2 substituents
selectéd fromthe group consisting of halo and al kyl .
9. A conpound of claim1l where R2 is hydrogen. 167 WO

OS0BS5O B0l Gty
or dC( R14) 2CH2OCH2CH2CH2 and R14 i's other than ’

B BB sl EPPRREH, SNl o R pHAS A, B
R1~-N'O R N4OOR2 NON\ R2 NN R2 N ZI ] Ryzﬁ RyahOnRya
NV e iy PRl s Al HoPeaaiyl GreraPridin

MR )-pipetsxidyd, mArsilipgl nhioaforphainyl, ok dibrestisiatingl;t he
R14's taken together are CH2CHZ2,

RYis hydrogen, alkyl, hydroxy, or hydroxyalkyl;
R'! is hydrogen, alkyl, cyclolkyl, CORS, or CO.RS;
R'? is hydrogen, hydroxy, N(R®}(R®), SO,R’, OSO,R’, or dioxothiazinyl;

R is azetidinonyl, pyrrolidinonyl, valerolactamyl, caprolactamyl, maleimido,
oxazolidinonyl, imidazolidinonyl, triazolonyl, dioxothiazolidinyl or dioxothiazinyl,
and is substituted with 0-2 substituents selected from the group consisting of alkyl,
hydroxyalkyl, haloalkyl, alkoxyalkyl, and aminoalkyl;

R'* is hydrogen or alkyl;

or two R'*’s taken together are CH,CH, CH,CH,CH,, CH,CH;CH,CH,,
CH,CH,CH>CH,CH,, CH,CH,CH,CH,CH,CH,, OCH,CH,, CH,OCH,,
OCH,CH,CH, CH,OCH,CH,, OCH,CH,CH,CH,, CH,OCH,CH,CH,,
CH,CH,OCH,CH, OCH,CH,CH,CH,CH, CH,OCH,CH,CH,CH,,
CH>CH,OCH,CH,CH;, N(R®)CH,CH,, CH,N(R®)CH,, N(R®)CH,CH,CH,,
CH,N(R®)CH,CH,, N(R®CH,>CH,CH,CH,, CH,N(R®)CH,CH,CHj,
CH,CH,N(R%)CH,CH,, N(R®)CH,CH,CH,CH,CH,, CH,N(R®*)CH,CH,CH,CH, -or
CH,CH,N(R®)CH,CH,CHj, provided that the two R!*'s are attached to a common

carbon atom;
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WERRTROCH2CH2, CH2OCH2CH2CH2CH2,  CH2CH2 OCH2 CP212HR2006/044320
CH2CH2NHCH2CH2, or CH2CH2N( CH3) CH2CH2. 15 14. A
conpound of claim1l selected fromthe group consisting
of
N- ((4- Fl uor ophenyl ) net hyl ) - 3- hydr oxy- 10, 10- di et hyl - 4-
0X0-6, 7,9, 10-tetrahydro- 4H pyrimdo[ 1, 2-d]

[ 1, 4] oxazepi ne- 2-car boxam de; 20 N-((4-Fluoro-2-(1
H1,2,4-triazolgl-yl)phenyl)methyl)-3
- hydr oxy- 10, 10- Kxet hyl - 4-
oxo0- 6, s 10nte yadr o- 4H- pyrim do[ 1, 2-d] é
X

1, 4] qeaiepilne- 2-tAr bpxanide: 0
I\L((4-F|'\/jz];-2-( - Is@@%pr(eh 1) -1B- ydr ox
Xr'4Q, 1@ di net hyl - 4- g Z 0 , O ,
6,7,9, 10-t et rahydr Oit\4H- py%? d] [ 1, 4] oxazepi ne-2
- cag boxam dejs (40H ugrot Z9( 5-net hyl -1 ~ X
1,3@ i g{zmaeﬁyl | - >% 0, hO)—E
ripeado ,

N
i -0x0-H,7,9, 10-tek(4ahydr 0- 4
1,2d] [ 1,4] Bxazep ine-2R carboxani de; 168 -
2007/R61714 PCT/ US2006/ 044320 N-((2-(3,5-di nethyl -1
éé{l@—% riazol - |
-$0) ~f I uor ophenyl ) net hyl ) - 3- hydr oxy- 10, 10-
dir fret hyl -4- 0ox0-6, 7, 9, 10- t et r ahydr o- 4H pyri mi do[ 1, 2-d]
[1, 4] oxazepi ne-2- carboxam de; 5
N-{(4-f| uoro-2-(3-nmethyl-1H1,2 4-triazol-1-yl) phenlyl )
A ﬁyptfa@lﬂygraggl)yl,m,ag;@zolyl, thiadiazolyl, pyrazolyl, imidazolyl, oxazolyl,
ﬁhﬁ%&%k@ﬁéﬂﬂ; ﬁgﬁxi&o - highs AN Byl plnsaldidy2pgtbzinyl,
, Xazepl he-2- carboxamde; ] i ]
dyidigiyt, Ihydraxyperidiny auinaliny B isaquinadinyl, 4 indedyleand is substituted
7'.-di hydy q-.4! ' C - .1, 30! . J
rr’ltixfj%? St]f)%’ltﬁ I{(_}%( gézi%cg?% i %eh_g(%gé\ggg%nﬁ?sgxg’é ol’ Qal'oP ¥§ﬂrﬁ§‘, gg{zyl, alkyl,

b0 NIRRT 2CONER YR SUCORS GRNESONBENRN) - 3' - hydr o
SRR R CORGIT IE oloplmsy 4

oxazepi ne] - 2' - car boxam de; 15 :
-k_ré] %%P é}l%séw&elcg‘tvﬁb %—24 AR AU PARASUSIVIY. grrx%tulﬂ%lo}xéigting of
sty Gy hbtiaRi] ko afiokyf ARexyindiays pyloblyt] OpickliRng] NRY)(®R),
%c?ﬂr?ﬁ(%(zﬁ‘g,' Qn%] (_IPZI;}:J(R%?(rRQ?,Xo?rig gieo;xolanylphenyl; and

, or

X-Y-Z is CR*)CR),0CR),, CR\RCR)HOCRHRCR),, or
CR™,LCR™)20CR")CR™)CR)z;

provided that when each R* is hydrogen, R? is not hydrogen or halo,
or a pharmaceutically acceptable salt thereof.

2. A compc;und of claim 1 where

R!is C.¢(Arh)alkyl, Cyg(Ar' Y CONRHR)alkyl, C,¢(Ar')(CORMalkyl,
Cr.s(ArY)hydroxyalkyl, or C1.s(Ar)oxyalkyl;
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N-((4-fluoro-2-(5-nmethyl- 1 H1,2,4-triazol -
-yl ) phenyl ) net hyl ) - 3' - hydr oxy-4' - oxo- 20

W®2007/06diihydr o- 4' H spi ro[ cycl obut ane- 1, 10" - pyr Pai/d8006/044320

1,2-d] [ 1, 4] oxazepine]-2'- carboxam de;
N-((2-(3,5-dinethyl -
H1,2,4-triazol-1-yl)-4-fluorophenyl)nethyl)-3"-hydrox
y-4'-

0x0-6', 7' -di hydro-4' Hspiro[cycl obutane-1, 10" - pyri m do
[1,2-d] [ 1, 4]oxazepine]-2'- 25 carboxam de;
Ni(s(r@dfdgeﬁrcpgmnyu >ORN1 ) - 3' - hydr oxy- 4' - 0x0- 6'

7' -di hydro-4'Hspiro[cycl opentane- 1, 10" -pyrim do[
1,2-d] [ 1,4] oxazepine]-2'-carboxam de; 30

IN is(xf&dﬁdgéﬁf ﬁa13 ﬁiﬂi‘bﬁy | @Hﬁ(ﬁ QDHYGIa)l@JD anycyalhikyl, )Cs3cydiyaikenyl,

Xy- - 0XO0- ro-4

Siteisodad Gpéﬂlﬁ@?yedl/ salusyuwf Critipbpalisony. HRDE®),NHAL,

0 1 7 B g
UEBSEEI RSO o LU 2000 RSB )

OCH LR ; OEELCONGR) B GOR métPeR” ; C@NGMBOWQB SR,

Sogt AN, OOR AR SBRa  A% aie  co

N-((4-fluoro-2- (2 rrethyl 2H-tetrazo| 5-yl ) phenyl ) et hy

gl) @8’({] dr oﬁyﬂ Xt?l%xg,l cyano, ah%alliyl 8; salkoxymcd,glﬁloaék}g], [

¢, faodken, mN(RG}(RE)ar boxam de; N-((4-fl uoro-2-(2-oxo-
|

-pyrrolidinyl)phenyl)nethyl)-3-hydroxy-10, 10- di net hyl -

1’ islRydasgerd thoQ hi8rox§] ¢y ACQAkYIPEN atkaiof, Cl sRaladliyl,
1,4 oxazep| ne- 2- garpoxam de;  Di net hyl

C<halopfkexy O(rflf(@f?»)(ﬁyﬁroxy 10, 10- di net hyl - 4- oxo-6, 7,9, 1
O-tetrahydro-4H pyrimdo[ 1,2-d] [ 1, 4]

azepi n-2-yl ) carbonyl )am no rreth I henyl hosphonat
B)é 1qg}F')drogen,%1)6alkyl oryC3)7cycloa}( yhyp yh)-p P

N-(2-(4,5-Dinethyl-1H1,2,3-triazol - - 1- yl)-4-fl uorobenz
yl) - 3- hydr oxy- 10, 10-

&7ne(3hy«11k341®@nc@y€71091k1’0 tetrahydro- 4H pyrimdo[ 1, 2-d]
[ 1, 4] oxazepi ne-2- carboxam de;

N-(4 fluoro-2-(5-nethyl-1

R31s Rydroger, ﬁmallwiy@wbwdm)m@l K1k xeplkaxy)dkydiaret hy| -
g%éé@{*?‘,‘@‘,‘%ﬂ%@?‘éﬁ’(ydr o- 4t pyri i do[ 1, 2- d] [ 1, 4] oxazepi

ne 2 car boxam de; N-((4-fluoro-2-(5- phegyl
10, 10-
e Pigronsn & 6l o ) Fred Greb P o 27 )

[C, (8] «xRFRBpiinE)abkylcar boxam de;

N(R¥)(R?) taken together is azetidinyl, pyrrolidinyl, (R'®)-piperidinyl,
N-(R! l)-piperazinyi, morpholinyl, thiomorpholinyl, or dioxothiazinyl;

RYis hydrogen, C,.¢alkyl, or C;¢hydroxyalkyl;
R'! is hydrogen, C,.salkyl, Cyscyclolkyl, COR®, or CO,RS,;

R'? is hydrogen, hydroxy, N(R®}(R®), SO,R’, OSO,R’, or dioxothiazinyl;
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25 N-((4-fluoro-2-(3 -nethyl -
H1,2,4-triazol-1-yl)phenyl)nethyl)-3" -hydroxy-4'-oxo-

W®2007/06diihydr o- 4' H spi ro[ cycl opent ane-1, 10" - pyPCTVUSZING/044320

1,2-d] [ 1, 4]oxazepine]-2' - carboxam de; 30

N-((2-(5-ethyl-1H1,2,4-triazol-1-yl)-4-fluorophnnyl)m

et hyl ) -3' - hydr oxy-4'-oxo0-6"',7" -

di hydro-4' H spi ro[ cycl opentane-1, 10' - pyri m do[ 1, 2-d]
1, 4] oxazepine]-2'- carboxam de; 170 WO 2007/ 061714

PCT/ US2006/ 044320 N-((4-fluoro-2-(5-nethyl -

Aol R P i

Joxazalldojnyll od}liDK@ﬂapzlnglj, aid is substixoiednd dlie 0- Bsubstituents selected from

| =1 .
hd i Lo ”E‘f’@xﬂf)”%??ﬁh% PEPREA P ARG PRiBomedk: o
y-4'-
I 1,10 - d
i dgendentyh Sasenohe)- ?aﬁﬁ%CCZPEEiZ”mede v
N-((4-fluoro-2-(3- (hydroxymsthyl

?rltwszzsf‘ Sindogethin dth titopl Gila hgﬁg G B0 - p
zbf?id:ﬁ ngz é‘PBC?EbHE%? ﬁad‘:ﬁ NG,

Iuoro | oxy) e

F@é fHE(EHR QiﬁaqHﬂf)Ip ﬁ&ﬂdqfiﬁﬁmﬂz GHQOCHZCHZCHQ
f‘@‘ﬁ% QOéHz@ﬁz I?Cfﬁiélélqigzcﬁzcﬁ ERWH e ROl Py T an

yrirm do

cql[leHqQ&Hz@Hn(aH} NROYH A GFIN(R) CH,, N(R®)CH,CH,CH,

PR, MRy R ARy e,

r@nﬂﬁm@ﬁ)@umﬂg, (Rﬁ)GHz(BHﬁIH;CHzCHz CHZN(R )CHZCHZCHZCHZ or

oX a% ep%%df(gﬁﬁlg%gy an\éléét} g@t Etlgfrg ]gg[s are attacq1]ed[to a common

,cartsbinreéiy | - 5- oxo- 4, 5-di hydro-1

H1,2,4-triazol -1 -yI ) -4-fl uorobenzyl)-3'-

hydr oxy-4' -oxo0-2,3,4',5,6,6',7",9" -octahydrospiro[ pyra
n-4, 10" -pyrimd 1,2 d] |

1, 4] oxaggpi ne]J - sqrboxan de; 25

N-(4f|u Q24 ( azolldln 3y|)benzy|) 3 - hydr oxy
-4-on0—@34 5§67 A g( l "

octahydr |ro[pyr X ' @ o[ 12—][[]:)
1A jox aBepi ne] » 2" - carBox & o

CD RM_(/tijéoj(j“/}g/ S /-l\—é

|
N
! -+ =
R14 S | % %

Ar’is tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl, pyrazolyl, imid.;lzolyl, oxazolyl,
thiazolyl, isoxazolyl, isothiazolyl, furanyl, thienyl, pyrrolyl, pyrimidinyl, pyrazinyl,
pyridinyl, hydroxypyridinyl, quinolinyl, isoquinolinyl, or indolyl, and is substituted
with 0-2 substituents selected from the group consisting of halo, cyano, benzyl, alkyl,
alkoxy, N(R®)(R”), CONR®*)(R®), CO,R®, CONHSO,N(R®)(R®),
CONHSOZN(R6)(phenyl), and CONHSOZN(RG)(halophenyl);
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N-(4-fluoro-2-(1, 1-di oxo-5-nethyl -1, 2, 5-thi azol i di n-2-
yl ) benzyl ) -3' - hydr oxy- 4- oxo-

WQ@2®74617%4 6, 6' , 7', 9' - oct ahydr ospi r o[ pyr an- 4, 10P€PyYs2006/044320

10

15

20

25

o[ 1,2-d] [ 1,4]oxazepine]-2" 30 carboxam de;

N- ((4-fluorophenyl)nethyl)-3-hydroxy-4-o0x0-6,7,9, 10-te
trahydro-4Hpyrimdo[ 1,2- d] [ 1,4] oxazep

i ne-2-carboxam de; 171 WD 2007/061714

PCT/ US2006/ 044320

N- ((4-fluorophenyl)nethyl)-3"-hydroxy-4'-oxo-2, 3,5,

(i\u6 is dﬁ?he[nIS}Péiﬁa@MQﬁéH #ithro-2 Bh‘tﬁs@it%@&'lé’otécpfroﬂythé @hﬂ@[ consisting of

4] oxazepi ne] - 2" - car boxam de;

ma(o(, 4yariay bydroxy( dliveh n&lqoam alispevalidnialogliveh Wpﬁ&wm NRH®R),
SR, R CRINRARS), ors discolypylphenytiand, g

[ 1,2-d] [ 1,4] oxazepine]-2'- carboxam de;

[ T 14
%&a@%ﬂ@%ﬁ@%@hy&{# e L
YOBRACERIDIER B0 - pyr i mi dof 1, 2. ] [ 1, 4]
oxazepi ne] - 2' - car boxam de; 10 )
N-((4-fluoro-2-(3-nmethyl-1
Z@r%vigedétﬁat wligfleadh RIM) io heyayd geieR hisl not Bydidgeli oxkald, - 0xo0-

. 6", 7" -hexahydro-4' H spiro[ pyran-4, 10 pyrlmdo[ 1, 2-d]

[orh pHan8¥eA8B AP hcoprablddiOkardotle; 15
N-((4-fluoro-2-(5-nmethyl-1H1,2,4-triazol -1 -yI)phenyI)

nmet hyl ) - 3" - hydr oxy-4' - oxo-
3.3, 5'§'c@mp%un@%¥éﬁﬁﬁrlowﬁeﬂé' 10k (AEMEAN- 4, 10" - pyri mi do
[ 1,2-d] 1, 4] oxazepi ne] -2' - ‘car boxam de;
N-((4- fluoro 2 (5- et hyl -
H1, 2, 3-triazol-1- yI)phenyI)mst hyIF)a-S hydr oxy- 4' - oxo-
20
2,3,5,6,6',7 hexahydro 4' H spi.rRf 'g/\lfflo -pyrimdo
[1, 2-d] 1 4] oxazeﬁ’l@ghéy 2'- ca rbox de;
Nk ( 4- Pl aggrnsupd whzteo&om -’ dazol i di nyl ) pheny!
)met hyl ) - 3' - hydr oxy-4' - oxo- 2, R3
3,5,6,6',7" -hexahydro-4'H spiro[ pyra -4, 10 - pyrimdo[
1,2-d] [ 1,4] oxazepl ne-2' 25 carlio ;

((4- I 1%11 y) 1~
tﬁl, 2,4 (i%?]irlpﬁléfi(o? yal Ulgen;é/[{ee)lla hyl ) -3’ hydracr)ldy}{ is other than
Ahydragern2ordalbo.6, 6' , 7' - hexahydro- 4" H-spiro[ pyran-4, 10" -p

yrimdo[ 1,2-d] [ 1,4]oxazepine]- 2'-carboxam de;

6. A compound of claim 5 where R? is N(R®)(R®), N(R®)COR’, OCONR®)(R?),
CONR¥)(R®), SOR’, SO:R, SO;NRH(RS), PO(OR®),, R, or Ar’.

7. A compound of claim 5 where R? is RS,

8. A compound of claim 5 where R? is tetrazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, pyrazolyl, imidazolyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
furanyl, thienyl, or pyrrolyl, and is substituted with 0-2 substituents selected from the

group consisting of halo and alkyl.

9. A compound of claim 1 where R? is hydrogen.
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30 N-((4-fluoro-2-(1-nethyl-
H1,2,4-triazol -5-yl)phenyl)nethyl)-3" -hydroxy-4'-oxo-

WQ2®756616' , 7' - hexahydr o-4' H spi ro[ pyr an- 4, 10' PEY/USI006®44320

[ 1,2-d] [ 1,4] oxazepine] -2'- carboxam de; 172 WO
2007/ 061714 PCT/ US2006/ 044320 N-((2-(1, 3-di nethyl -

H 1,6 2,4-triazol -5-yl)-4-fluorophenyl)nethyl)-3"-hydrox
y-4' -

0xo-2,3,5,6,6", 7" -hexahydro-4' H spiro[ pyran-4, 10" - pyri
mdo[ | ,2-d] [ 1, 4]oxazepine]-2'- carboxam de; and 5

( ( 4 f do oﬁmé &%mﬂﬁtl%m%& 352 i$ drRM9xS ey ) phenyl )

ecRé4ﬁcazecmcmemaa@d?)acng%c&b@yra@dw is other than hydrogen.
10" -pyrimdo[ | ,2-d] [ 1,4] oxazepine]-2'-
car boxam de; or a phar rraceutl cally acceptable salt

tiher eaf compdind®f chivongeondngio chaofithe felddeingetiutuoes
the group consisting of N ((4-Fluoro-2-(1

H 1,2, 4-triazol -1-yl ) phenyl ) net hyl ) - 3- hydr oxy- 10, 10- di

meth I-AGHoxo 6, 7(9 1 -tetrahydroO4H- rlmdo[ 1, 2-d]

hl | oxpzepj 99 ar ox

~0N(4- 0- 2- T onyI hen 1/) thyI) 3- hydr ox
k@,l di

y- thleZ‘r- - N
6, BJZO t rahydr%A py im do[l E

R .
I[\I-l(?4 Rl uor o- 2 (ZSCﬁet hyl - 101%r o » and where R™ is other

ﬁga;i,lg,dﬂﬁgehi, azol - 1-yl ) phenyl ) met hyl ) - 3- hydr oxy- 10, 10 20
di met'hyl - 4-oxo-6, 7,9, 10-tetrahydro-4H pyrimdo[ 1, 2-d] [
1, 4] oxazepi ne- 2- carboxam de; N-((2-(3,5-dimethyl -

‘r%_(l), ib&e&&b%ﬁi oflciin 1 fwiteHoR BB aRhyimet hyl ) - 3- hydr oxy

di net hyl - 4- oxo-6, 7,9, 10-t et rahydro-4H pyri m do[ 1, 2-d]
1,4 1 R4
ké,( ( 4] ,Af ?é@?g&g{]?&gﬁ%ﬁ%f %&1&%@% #R R¥’s taken together are CH.CH;,

IEHCHACH S, CH&GH?@WCWW&@@H@C}& ﬁWCHﬂ?Hz@H@HzCHz
iR MCa OGO, LeLERInact) eyibOlelnCriCh,

CH,CH,OCH,CH,CH>, CHZCHzNHCHzCHQ, or CHgCHzN(CH3)CHzCH2

14. A compound of claim 1 selected from the group consisting of

N-((4-Fluorophenyl)methyl)-3-hydroxy-10,10-dimethyl-4-0x0-6,7,9,1 0-tetrahydro-
4H-pyrimido[1,2-d}[1,4Joxazepine-2-carboxamide;

N-((4-Fluoro-2-(1H-1,2,4-triazol-1-yl)phenyDmethyl)-3-hydroxy- 1‘0,1 0-dimethyl-4-
0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][ 1,4]oxazepine-2-carboxamide;

N-((4-Fluoro-2-(methylsulfonyl)phenyl)methyl)-3-hydroxy-10,1 0-dimethyl-4-oxo-
6,7,9,10-tetrahydro-4H-pyrimido[1,2-d][ 1,4]oxazepine-2-carb oxamide;

N-((4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1 -yDphenyl)methyl)-3-hydroxy-10,10-

dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][1 ,4]oxazepine-2-

carboxamide;
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N- ((4-fluorophenyl)nethyl)-3"-hydroxy-4'-oxo0-6"',7" -dih
ydro-4'Hspiro [cycl obutane- 1,10 -pyrimdo[ 1,2-d] [

wda 2ebp/oewar epi ne] - 2' - car boxam de; 173 WO 2007/ 0BA7182006/044320

PCT/ US2006/ 044320

N-((4-fluoro-2-(nethyl sul fonyl)phenyl)nethyl)-3"-hydro
Xy-4'-0x0-6",7" -di hydro-4'H

spiro[ cycl obutane-1, 10" -pyrimdo[ 1,2-d] |

1, 4] oxazepi ne] - 2' - car boxam de; N-((4-fl uoro-2- (I
H1,2,4-triazol -1-yl)phenyl ) nethyl)-3'-hydroxy-4'-oxo-

G e L i sl Doy ety agrony-10,10-
[diméihyi-dzem-6.5]9, EO&etmlyme@Bﬂp;ermldo[l 2-d][1,4]oxazepine-2-
N-((4-fluoro-2-(5-nmethyl-1 H1,2,4-triazol- |
%91&3 ’) et hyl ) - 3' - hydr oxy- 4' - 0X0-
d| hydr o- 4' H spi ro[ cycl obut ane-1, 10" - pyri m do[
oxazep ne car boxam d

. ]@%@}l\aérolﬁg westhyl LH- 1|,.|2 i—tga@_l-tlrylagl&gnyl)plethyl) -3-hydroxy-10,10-

“dtfnkt mwe 0 0y et R b0 - EL oy b PXY - 14 -2-
0X0- é{h7 F, dro- Atf H Spi ro[g)ycl obu angﬁl :Boxazeplne

@arW@O[ 1 2-d] [ 1, 4] oxazepi ne] -2' - carboxami de; 15
N-((4 fl uor o- 2- (et hyl sul fonyl)phenyl)rret hyl)-3'-hydro
Xy-4'-oxo0-6",7 dlhi/dro "H sp Hﬁ% yclopentanel |

d" (%ﬂuﬂﬁmbﬁn)d)me@}' 3 hydiaxyad eporke]/-dihyden-B 'k spitaleyclobutane-

:i gé Azhygl tr | llf ‘{)I()s‘a%?gme )2 )I{"}r?]éj‘ei hydr oxy-4' - oxo-

6',7" 20

GRI gyﬂfl?ir% 4?8)( <y e}g%uﬁ e(}nyggﬁer]r@@nrng%%%li;lg&g?é{rrolx}m4d-%£(0-6',7'-dihydro-4'H-
Np(l@l?byﬂdbmm?} (@-pyerihidof R2Hdf[a{4]axadep e} l2)-piréoydmhite] hy

)-3" -hydroxy-4'-oxo0-6",7"-

di hydro-4' H spi ro[ cycl opentane-1, 10' - pyri m do[ 1, 2-d]

[N (A lueveaz-€ PHAE R 42{ria251- CLa)BRxa N mak&hyl)-3'-hydroxy-4'-oxo0-6',7'-

N-((4-f

%6&}1‘&4 Igl Wof@%iqﬁnt%} |1]9 I-Byrlgmdo[l 2-d][1,4]oxazepine]-2'-
-davsix@xidd;0, 10- di met hyl -

oxo- 6, 7, 9, 10- t et r ahydr o- 4H—pyr|mdo[ 1,2-d] |

1, 4] oxazepi ne- 2- car boxam de; 30 Di net hyI

(15 -({4- HQBR) g-(sirﬁétﬁyh:fﬁr P%}M tillgzéllol' ?I)Fﬁérﬁ'ﬂméthﬁ¥@ ﬁygrogy-lt -0X0-

0-tetrahydro-

16'4]- é&wéépﬂ'ﬁi-gplwﬂ;mdpb@tﬁw ﬂd@i—pmmﬁyﬂ)@ﬁbﬁwmmpﬁ
O Seamiddd WO 2007/ 061714 PCT/ US2006/ 044320

N-((2-(3,5-dimethyl-1H-1,2,4-triazol-1-yl)-4-fluorophenyl)methyl)-3'-hydroxy-4'-
oxo0-6',7'-dihydro-4'H-spiro[cyclobutane-1,10'-pyrimido[1,2-d][ 1,4]Joxazepine]-2'-

carboxamide;

N-((4-fluorophenyl)methyl)-3'-hydroxy-4'-ox0-6',7'-dihydro-4'H-spiro[cyclopentane-
1,10"-pyrimido[1,2-d][1,4]oxazepine]-2'-carboxamide;

N-((4-ﬂuoro-2—(methylsulfonyl)phenyl)methyl)—3‘-hydroxy-4'-oxo-6',7'-dihydro-4'H-
spiro[cyclopentane-1,10"-pyrimido[1,2-d][1,4]oxazepine]-2'-carboxamide;
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N(2-(4,5-Dinmethyl -1 H 1,2, 3-triazol - |
-yl)-4-fluorobenzyl)-3 -hydroxy-10, 10-

wal2ovwebyhi4 4- oxo- 6, 7, 9, 10-t et r ahydr o- 4H pyri m de¢T/LSR06H44320

[ 1, 4] oxazepi ne-2- carboxam de; 5
N-(4-fluoro-2-(5-nmethyl-1H1,2,3-triazol -1-yl)benzyl)-
3- hydroxy- 10, 10-di net hyl -
0X0-6, 7,9, 10-tetrahydro-4H pyrimdo[ 1,2-d] [
1, 4] oxazepi ne- 2- car boxami de;
N-((4-fluoro-2-(5-phenyl-1 H 1,2, 4- triazol-
N 4PieRyl r '
M hy A e s §el?$he%'89&gth VGO 906y -
[dl}gydgt]» 6)?&gglp<p[ﬁ§clgpgmyagg-ﬂ tj@x-amlmedo[l 2- d][l 4]oxazepme] 2'-
Uax(b()ﬁaﬁﬁdéor 0- 2- ( 3- net hyl -

L 4-ttiazol -1-yl) phenyl ) met hyl ) - 3" - hydr oxy- 4 - 0X0-
6 7 -di hydro-4' H spiro[ cycl opent ane-1, 10" - pyri m doJ

-&4%]1?% -]%-@-1%)( Z(:I‘E}P-%tha%'cﬂ- -y%pgeny %et?xyl)%5-hydroxy-4'-oxo 6', "7’
ity dPo-44 H—Bpm[cblelbpyxht}mél-lflbupmmy|2)d!]‘31 hydxhzébindlygr ox

)éf”ﬂﬂ 0x0: 6', 7'
?IBIdE‘ H-spl ro[cycl opentane-1, 10' -pyri mdo[ 1, 2-d]

[ 1, 4] oxazepine] -2' - car boxam de; 20
4f|uor02(5- |-1 H 1,2, 4-triazol- |
9w|1)p}grol}§y@fllj;tynm)mg§twl) 3-hydroxy-10,10-dimethyl-4-

@xoz 7.9 |1bytg&£hﬂir51‘4ﬁ-nb§19£rﬁd'c§[h Qp@jgf ,3];% % eﬂnQe-Q%%c&aﬂ%he,

1,2-d] [ 1, 4] oxazepi ne] - car
N-((2 (3, 5-di net hyl -

Iyrgi%,,egjygg.mez&bs(k(ﬂh&a%@.He{&eﬁ&&xﬁ&%&%,%,93‘o:t%¥r9ﬁy°c¥m-4n-
xdmedol 1:2-¢i[ hitdoxazdpin-pl)capeyd)ampenimetay Dpidiylpptidsphéhate;
o[ 1,2-d][ 1,4]oxazepine]-2'- carboxam de; i
(4-fluoro-2-(3-(hydroxynmethyl)-1

aql- 2-¢4, 3-Dimiettnydt FH-1y3, }-phazqtﬂ}ymﬂhﬂ'ﬂll_?_ro&nﬂmod}ﬂ&&mzy-llg 10-

a ran -
Sindiolod folio-buhspaitesd i Lgl B an L 10
tabodnRIBO7/ 061714 PCT/ US2006/ 044320 :
N-((4-fluoro-2-(3-((nmethyloxy)nmethyl)-1
H1,2,4-triazol-1-yl)phenyl)nethyl)-3"-

imyolw ﬂﬁ&ro@-(i%ﬁbtﬂyﬁlﬁ 162,6- tr%zoiﬂeiﬂ%]é{ﬁ&ﬁ PRy 1Y, Rk thyl-4-

8323 e@?ﬁé]tetzahyéé?ﬁ&gw@@io[gz d][1,4]Joxazepine-2-carboxamide;

N- (4- Fl uor o- 2- (4- net hyl - 5-oxo- 4, 5-di hydro-1H 1, 2, 4- tr|
azol -1-yl)benzyl)-3'-

N-((4-fluoro-2-(5-phenyl-1H-1,2 4-triazol-1 1-yDphenyl)methyl)-3-hydroxy-10,10-

dimethyl-4- -0X0-6,7,9,10-tetrahydro-4H-pyrimido[1,2-d][1,4]oxazepine-2-
carboxamide;

N-((4-fluoro-2-(3-methyl-1H-1,2,4-triazol-1 -yl)phenyl)methyl)-é) "-hydroxy-4'-oxo-
6',7'-dihydro-4'H-spiro[cyclopentane-1,1 0'-pyrimido[1,2-d][1,4]Joxazepine] 2
carboxamide;

N-((2-(5-ethyl-1H-1,2,4-triazol-1 -yD)-4-flucrophenyl)methyl)-3'-hydroxy-4'-oxo-6',7'-
dihydro-4'H-spiro[cyclopentane-1,1 0'-pyrimido[1,2-d][1,4]oxazepine]-2'-
carboxamide;
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hydr oxy-4'-o0xo0-2,3,4',5,6,6',7",9" -octahydrospiro[ pyra
n-4,10" -pyrimdo[ 1,2 d] [ 1,4] oxazepi ne]

wo 27per7ibxam de; PCT/US2006/044320

N-(2-(3, 4-dirnet hyl -5-o0xo-4, 5-di hydro-1

H1, 2, 4-triazol-1-yl)-4-fluorobenzyl)-3" 10

hydr oxy-4' -oxo0-2,3,4',5,6,6',7',9" -octahydrospiro[ pyra
n-4, 10" -pyrimdo[ 1, 2- d] |

1, 4] oxazepi ne] - 2' - car boxam de;

N- (4-fl uoro-2-(2-oxooxazolidin-3

) [-L:y Byt WA 1 diqxy-4'-0x0-
SRR R P e afg-a-ox
6XH~1ﬁkDydia]4r’H—spﬁa[dyo)®m1@ae- 1]1B)'-pyrimido[1,2-d]{1,4]Joxazepine]-2'-

4-fl upro-2-(1, 1-di oxo-5-nethyl -1, 2, 5-thi azol i di n- 2-
ﬁ"flr 8§‘i‘f2‘ % - 3' - hydr oxy- 4' - oxo-

6 6 , 7', 9" -octahydrospiro[ pyran-4, 10" - pyrim d

X pi.ne]-2" - r box
n{ ngz@fq A LR b N —
Q =4 1 -1,10'- do[1,2-d][1.4 ~2'-
N T A o R ST UR S SR
patbogam|de; ' 1. 4] oxazepi ne] -2’ - car boxani de:
N-((4 fluoro-2-(1H1,2,4-tri azol -I -yl)phenyl)rrethyl) 3

oxy-4'-oxo-2,3,5,6,6'
kéh%nre oAb Thgh e -1 2.t Dby Byl 3 hydroxsy-
L % L@ﬁaé%@o 92111 (%.h}/ret 5 ﬁst%rag -4,10-pyrimido[1,2-d][1 #Joxazepine]-

D-garpphanide) met hyl ) - 3' - hydr oxy- 4' - oxo-

2,3,5,6,6",7 -hexahydro-4' Hspiro[ pyran-4, 10" - pyri m do
[1,2-d][ | ,4]oxazepine]-2'- carboxam de; 30

(441 broc-B-Aidhytex yhetlyl)-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-

G b S S AOS IEA B  USLO
[d]fL, Zosthz e[plrﬂe]&}.emz)g@.mml 2' - carboxanide; 176 WO

2007/ 061714 PCT/ US2006/ 044320
N-((4-fluoro-2-(5-nethyl-

‘ %%4%1&&rz-§£ﬁletﬂy§d amlawhx}lsrasohyﬂ{)r& tH)(iB’lDPiyl')ﬂenz@l()%'

4' K Spiro[ pyran-4, 10" -
[hyi@r%ujl -qX0f2.314' éﬁaéé b9 rRsatydrospipRyKaTt 8" -Psﬂmm[l 20

&5&@3&12: CRvRLAYde; 2- 0X0- |
-| m azol i"di nyl ) phenyl ) net hyl ) - 3" - hydr oxy 4' - oxo-
2,3,5,6,6",7 -hexahydro-4' Hspiro[ pyran-4, 10" - pyri m do

[N-J(z?(zﬁldikxejchﬁ]5-8%&%1959&{}‘&1@2-'1H-1,2,4-triazo1-1-y1)-4-ﬂuombenzy1)-3'-
hydroxy-4"-ox0-2,3,4',5,6,6',7',9'-octahydrospiro[ pyran-4,10'-pyrimidof 1,2-

d][1,4]oxazepine}-2'-carboxamide;

N-(4-fluoro-2-(2-oxooxazolidin-3-yl)benzyl)-3"-hydroxy-4'-0x0-2,3,4',5,6,6',7',9'-
octahydrospiro[pyran-4,10'-pyrimido[1,2-d][1,4]Joxazepine]-2'-carboxamide;

N-(4-fluoro-2-(1,1-dioxo-~5-methyl-1,2,5-thiazolidin-2-yl)benzyl)-3'-hydroxy-4'-oxo-
2,3,4',5,6,6',7',9"-octahydrospiro[ pyran-4,10'-pyrimido[ 1,2-d][ 1,4]oxazepine]-2'-

carboxamide;

N-((4-fluorophenyl)methyl)-3-hydroxy-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[1,2-

d][1,4]oxazepine-2-carboxamide;
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car boxam de; N-((4-fluoro-2-(5-(fluoronethyl)-1
H 1, 2,4-triazol-1-yl)phenyl)nethyl)-3 -hydroxy- 10

wWd 200006724 3, 5, 6, 6' , 7' - hexahydr o- 4' H spi r o] pyr aPcHU$1H06/@44320

yrimdo[ 1, 2-d][1, 4] oxazepi ne]- 2'-carboxam de;
N-((4-fluoro-2-(1-nmethyl -
1,2,4-tri azoI -5-yl) phenyl ) net hyl ) - 3' - hydr oxy- 4" - oxo-
3,5,6,6", 7' -hexahydro-4'Hspiro[ pyran-4, 10" - pyri m do
,2-d] [ 1, 4] oxazepi ne]-2'- 15 carboxam de; N ((2-(1,
i met hyl -

H

2,

et

& iAZﬂéoropheny%méih%B )3 —hyérlog'clg—r Q—%)ch)-gyi ; rgeé, t)yilgxalgmydroy /_gf_lox
@pRo[pydarb4 3 06pyrimidE K akijfir, dlohatipimd [+ 0 caboramdde] 0' - pyr i

mdo [ 1,2-d] [ 1,4] oxazep| ne]-2'- carboxam de; and 20
N-((4-fluoro-2-(3-nethyl -

h’ﬁ—%@zﬂﬂoﬂbtz g@@éﬁé%?gcpg&gu@%hw[)mammm V4= SR

s4p|ro pyr.an agrlmdo '
2:358, Q7 -hexabapenc Fesnirpipyran-4, K mysknifelde-di 3, 43pxagepine]-2'-
RAAJXBARAL cal |y acceptable salt thereof. 16. A

conpound of claim1 selected fromthe group consisting

of 177 WD 2007/061714 PCT/ US2006/ 044320 N C/ N=\ N,

Mo Q0 B i et 250

"1exdhydriN4' H@piro[pyran-4,10"-pyrimido[ 1,2-d][ 1,4]oxazepine]-2'-carboxamide;

N-((4-fluoro-2-(3-methyl-1H-1,2,4-triazol- 1-yl)phenyl)methyl)-3'-hydrox y-4'-oxo-
2,3,5,6,6',7'-hexahydro-4'H-spiro[pyran-4,1¢'-pyrimido[ 1,2-d][ 1 ,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5,6,6',7-hexahydro-4'H-spiro[pyran-4,10-pyrimido[1,2-d][ 1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(5-methyl-1H-1,2,3-triazol-1-yl)phenyl)methyl)-3'-hydrox y-4'-oxo-
2,3,5,6,6',7"-hexahydro-4"H- sp1ro[pyran-4 10'-pyrimido[1,2-d][ 1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(3-methyl-2-oxo0-1-imidazolidinyl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5,6,6',7'-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[1,2-d][ 1 4]oxazep1ne] -2'-

carboxamide;

N-((4-fluoro-2-(5-(fluoromethyl)-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-
4'-0x0-2,3,5,6,6',7-hexahydro-4"H-spiro[pyran-4,10'-pyrimido[ 1,2-d][1,4]oxazepine]-
2'-carboxamide;

N-((4-fluoro-2-(1-methyl-1H-1,2,4-triazol-5-yl)phenyl)methyl)-3'-hydrox y-4'-oxo-
2,3,5,6,6',7'-hexahydro-4'H-spiro{pyran-4,10'-pyrimido[ 1,2-d][ 1,4]oxazepine]-2'-

carboxamide;
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/I NT NI / NN(/ H F) FFN OOOO-0 aaa O
HOOH ' 'NNOOHN N~0Od NONONL J.~O HNT-,,N
02007h0617H6N- NI/ HMNM NF N F OF Oo00 a a PCT/BBR00E)H44320
jOH~ NOOH NCOO OHNO\ NO&N O FHNENFN
HN. NFHN, N ~OOOOO\~ aaaand /--ONO
OH " H/ 11 O F/ N-, N5OQOor a

pharmaceutically acceptable salt thereof 17. A
conpound of claim1l selected fromthe group consisting
of 178 WD 2007/061714 PCT/ US2006/ 044320 NON 0 OH

~ * —_ n
M-I(l ,8 —cgﬁnle't\fiyl!\i I-gl,g:'&l-tr)l(aSzo X l—')[l)0-41ﬂ1}0r08'xenyﬁ%eﬂlfyd:-3I—h}'r\(lirexy-tl'—
0%0-2,3,5,6,6', 7"-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[1,2-d][1 ,4Joxazepine]-2'-

carboxamide; and

N-((4-fluoro-2-(3-methyl-1H-1,2,4-triazol-5-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5,6,6',7-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[ 1,2-d][1,4]oxazepine]-2'-

carboxamide;
or a pharmaceutically acceptable salt thereof.
15. A compound of claim 1 selected from the group consisting of

N-((4-Fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl)methyl)-3-hydroxy-10,10-dimethyl-4-
0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][1,4}joxazepine-2-carboxamide

N-((4-Fluoro-2-(methylsulfonyl)phenyl)methyl)-3-hydroxy-10,1 O-dimethyl-4-oxo—
6,7,9,10-tetrahydro~-4H-pyrimido[1,2-d][1,4]Joxazepine-2-carboxamide;

N-((4-Fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3-hydroxy-10,10-
dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][ 1,4]oxazepine-2-

carboxamide;

N-((2~(3,5-dimethyl-1H-1,2 4-triazol-1-yl)-4-fluorophenyl)methyl)-3-hydroxy-10,10-
dimethyl-4-0x0-6,7,9,1 O-tetrahydro-4H-pyrimido[1,2-d][1,4]oxazepine-2-
carboxamide;

N-((4-fluoro-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3-hydroxy-10,10-
dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d]{ 1,4]oxazepine-2-

carboxamide;

N-((4-fluorophenyi)methyl)-3'-hydroxy-4'-oxo-6',7'-dihydro-4'H-spiro[cyclobutane-
1,10-pyrimido[1,2-d][ 1,4]oxazepine]-2'-carboxamide;
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~[ ~/ NN 0) N/ NNONO OH NN~ OOH/NOOH&N O
[1~jr NON OHNN FI/ HNI~-NFH" OO0 ~ and

woR@70kH764H+ O F) 0 5 or a pharmaceutical | y acce@r/abioec/044320

salt thereof. 18. A conposition useful for treating
H V i nfections conprising a therapeutic anount of a
conpound of claim 1l and a pharmaceutically acceptable
carrier. 10 19. The conposition of claim 18 further
conprising a therapeutically effective anount at
Ieast one ot her agent used for treatnent of AIDS or

fect fr 0 e p l.stl
At B PSS HE P Bl BaCH I RER. She P Syaro-a-
rspubbxysloﬁbatﬁ-ile\l,t@wmdbflahﬂ@:[ﬂ;@bmmmb{zbcatrboxamidb,\/

protease inhibitors, HV fusion inhibitors, HYV
attachnent inhibitors, CCR5 inhibitors, CXCR4
|mN(4oﬂﬁwosz~(rHM 13- tb;dﬁﬁll-ngl)pheﬂWﬁthﬁjllb-GnhyMbcbw-@5(5-,6' 7'-
égg |V inte i nhi bj L and a har maceutically
pabilery [ utans-1, IR iAok 7 [ gHe¥argrmel2-

| qabsdabhfidle;conpri sing adm ni stering a therapeutically
ef fective amount of a compound of Claiml, or a

phar maceutically 20 acceptable salt thereof, to a

;@ﬂh olgh] 3? %tﬁpﬁfﬁoﬂc 2 4%?192(“@ - ﬁ@?éngpal mﬁ%& -3-h drox¥-4'-oxo-

USZOOG/ 44320 “The et
c@ﬂpﬁihyﬂr¢g4'§ﬁmlm[§y<épbm1tgn%tlxlﬁepmmq[&:él-dlﬂl 4]arfxae¢mmle2‘

W%gﬂfi .at | east one other agent used for treatnent

of Al or HHV infection selected fromthe group

consi sting of nucleoside HV reverse transcriptase
N-((2-(3,5-dimethyl-1H-1,2,4-triazol-1-yl)-4-fluorophenyl)methyl)-3'-hydroxy-4'-
oxo0-6',7'-dihydro-4'H-spiro[cyclobutane-1,10"-pyrimido[1,2-d]( 1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(methylsulfonyl)phenylymethyl)-3'-hydroxy-4'-oxo-6',7'-dihydro-4'H-
spirof cyclopentane-1,10"-pyrimido[1,2-d][1,4]oxazepine]-2'-carboxamide;

N-((4-fluoro-2-(1H-1,2,4-triazol-1 -yhphenyl)methyl)-3’-hydroxy-4'-oxo-6',7'-
dihydro~-4'H-spiro[cyclopentane-1,10'-pyrimido[1,2-d][1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(2-methyl-2H-tetrazol-5-y)phenylmethyl)-3'-hydroxy-4'-ox0-6',7'-
dihydro-4'H-spiro[cyclopentane-1,10"-pyrimido[ 1,2-d][ 1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(2-oxo-1~pyrrolidinyl)phenyl)methyl)-3-hydroxy-10,10-dimethyl-4-
0x0-6,7,9,10-tetrahydro-4H-pyrimido[1,2-d}[ 1,4 ]Joxazepine-2-cartboxamide;

Dimethyl (5-fluoro-2-((((3-hydroxy-10,10-dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-
pyrimido[1,2-d]{1,4]Joxazepin-2-yl)carbonyl)amino)methyl)phenyl)-phosphonate;
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i nhi bitors, non-nucleoside H 'V reverse transcriptase
inhibitors, HV protease 5 inhibitors, HV fusion

wo p7ost7ad s, H V attachnent i nhibitors, CCR5 PCT/US2006/044320

i nhibitors, CXCR4 inhibitors, HV budding or
maturation inhibitors, and H V integrase inhibitors.
10 180

N-(2-(4,5-Dimethyl-1H-1,2,3-triazol-1-yl)-4-fluorobenzyl)-3-hydroxy-10,10-
dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][ 1 ,4]Joxazepine-2-

carboxamide;

N-(4-fluoro-2-(5-methyl-1H-1,2,3-triazol-1-yl)benzyl)-3-hydroxy-10,10-dimethyl-4-
0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][ 1,4 Joxazepine-2-carboxamide;

N-((4-fluoro-2-(5-phenyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3-hydroxy-10,10-
dimethyl-4-0x0-6,7,9,10-tetrahydro-4H-pyrimido[ 1,2-d][ 1,4]oxazepine-2-

carboxamide;

N-((4-fluoro-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
6',7'-dihydro-4'H-spiro{cyclopentane-1,10"-pyrimido[1,2-d][1,4]oxazepine]-2'-

carboxamide;

N-((2-(5-ethyl-1H-1,2,4-triazol- 1-yl)-4-fluorophenyl)methyl)-3'-hydroxy-4'-ox0-6',7'-
dihydro-4'H-spiro[cyclopentane-1,10'-pyrimido[1,2-d][ 1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
6',7'-dihydro-4'H-spiro[cyclopentane-1,10'-pyrimido[1,2-d][1,4]oxazepine]-2'-

carboxamide;

N-((2-(3,5-dimethyl-1H-1,2,4-triazol-1-yl)-4-fluorophenyl)methyl)-3'-hydroxy-4'-
ox0-6',7'-dihydro-4'H-spiro[cyclopentane-1,10'-pyrimido[ 1,2-d][ 1,4]oxazepine]-2'-

carboxamide;
N-((4-fluoro-2-(3-(hydroxymethyl)-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydrox y-

4'-0x0-2,3,5,6,6',7'-hexahydro-4'H-spiro[ pyran-4,10'-pyrimido[ 1,2-d][ 1,4] oxazepine]-
2'-carboxamide;
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N-((4-fluoro-2-(3-((methyloxy)methyl)-1H-1,2 4-triazol-1-yl)phenyl)methyl)-3'-
hydroxy-4'-0x0-2,3,5,6,6',7-hexahydro-4'H-spiro[ pyran-4,10'-pyrimido[ 1,2~

dj[1,4] oxazepiné]-Z'—carboxamide;

N-(4-Fluoro-2-(4-methyl-5-oxo-4,5-dihydro-1H-1,2,4-triazol-1-yl)benzyl)-3'-
hydroxy-4'-0x0-2,3,4',5,6,6",7',9"-octahydrospiro[pyran-4,10'-pyrimido{ 1,2~

d}[1,4]oxazepine]-2'-carboxamide;

N-(2-(3,4-dimethyl-5-0x0-4,5-dihydro-1H-1,2 4-triazol-1-yl)-4-fluorobenzyl)-3'-
hydroxy-4'-ox0-2,3,4',5,6,6',7",9'-octahydrospiro[ pyran-4,10’-pyrimido[ 1,2-

d][1,4]oxazepine]-2'-carboxamide;

N-(4-fluoro-2-(2-oxooxazolidin-3-yl)benzyl)-3'-hydroxy-4'-0x0-2,3,4',5,6,6',7',.9'-
octahydrospiro[pyran-4,10'-pyrimido[1,2-d][ 1,4joxazepine]-2'-carboxamide;

N-(4-fluoro-2-(1,1-dioxo-5-methyl-1,2,5-thiazolidin-2-yl)benzyl)-3'-hydroxy-4'-oxo-
2,3,4'.5,6,6',7',9"-octahydrospiro[pyran-4,10'-pyrimido[ 1,2-d][ 1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-((methylamino)carbonyl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2.3.5,6,6',7"-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[ 1,2-d][ 1,4]oxazepine]}-2'-

carboxamide;

N-((4-fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-4'-ox0-2,3,5,6,6',7'-
hexahydro-4'H-spiro[pyran-4,10"-pyrimido[1,2-d][1,4]oxazepine]-2'-carboxamide;

N-((4-fluoro-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5.,6, 6',7‘-llexahydro-4'H-sp iro[pyran-4,10'-pyrimido[1,2-d][ 1,4}oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)methyl)-3"-hydroxy-4'-oxo-
2,3,5,6,6",7"-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[ 1,2-d][ 1,4]oxazepine]-2'-

carboxamide;
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N-((4-fluoro-2-(5-methyl-1H-1,2,3-triazol-1 -yDphenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5,6,6',7'-hexahydro-4'H-spiro[pyran-4,10'-pyrimido[ 1 ,2-d][1,4]oxazepine}-2'-

carboxamide;

N-((4-fluoro-2-(3-methyl-2-oxo-1 -imidazolidinyl)phenyl)methyl)-3 '-hydroxy;4'—oxo-
2,3,5,6,6',7'-hexahydro-4'H-spiro[ pyran-4,10'-pyrimido[ 1 ,2-d][1,4]oxazepine]-2'-

carboxamide;

N-((4-fluoro-2-(5-(fluoromethyl)-1H-1,2 4-triazol-1 -yDphenyl)methyl)-3'-hydroxy-
4'-0x0-2,3,5,6,6',7'-hexahydro-4'H-spiro[pyran-4, 1 0'-pyrimido[1,2-d][1,4]oxazepine]

2'-carboxamide;

N-((4-fluoro-2-(1-methyl-1H-1 .2,4-triazol-5-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5,6,6',7'-hexahydro-4"H-spiro{pyran-4,10'-pyrimido[ 1 ,2-d][1,4]oxazepine]-2'-

carboxamide;

N-((2-(1,3-dimethyl-1H-1 »2,4-triazol-5-yl)-4-fluorophenyl)methyl)-3'-hydroxy-4'-
0x0-2,3,5,6,6',7"-hexahydro-4'H-spiro{ pyran-4,10'-pyrimido [1,2-d][1,4]oxazepine]-2'-

carboxamide; and

N-((4-fluoro-2-(3-methyl-1H-1 ,2,4-triazol-5-yl)phenyl)methyl)-3'-hydroxy-4'-oxo-
2,3,5,6,6',7"-hexahydro-4'H-spiro[pyran-4,10™-pyrimido[1,2-d][ 1 ,4Joxazepine]-2'-

carboxamide;
or a pharmaceutically acceptable salt thereof,

16. A compound of claim 1 selected from the group consisting of
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17. A compound of claim 1 selected from the group consisting of

178



WO 2007/061714 PCT/US2006/044320

10

15

20

or a pharmaceutically acceptable salt thereof.

18. A composition useful for treating HIV infections comprising a therapeutic

amount of a compound of claim 1 and a pharmaceutically acceptable carrier.

19. The composition of claim 18 further comprising a therapeutically effective
amount at least one other agent used for treatment of AIDS or HIV infection selected
from the group consisting of nucleoside HIV reverse transcriptase inhibitors, non-
nucleoside HIV reverse transcriptase inhibitors, HIV protease inhibitors, HIV fusion
inhibitors, HIV attachment inhibitors, CCR5 inhibitors, CXCR4 inhibitors, HIV
budding or maturation inhibitors, and HIV integrase inhibitors, and a

pharmaceutically acceptable carrier.
20. A method for treating HIV infection comprising administering a

therapeutically effective amount of a compound of Claim 1, or a pharmaceutically

acceptable sait thereof, to a patient in need thereof.,
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21.  The method of claim 20 further comprising administering a therapeutically
effective amount of at least one other agent used for treatment of AIDS or HIV
infection selected from the group consisting of nucleoside HIV reverse transcriptase
inhibitors, non-ﬂucleoside HIV reverse transcriptase inhibitors, HIV protease
inhibitors, HIV fusion inhibitors, HIV attachment inhibitors, CCRS5 inhibitors,

CXCR4 inhibitors, HIV budding or maturation inhibitors, and HIV integrase
inhibitors.
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