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338, aB&3viB&@hucleoside reverse transcriptase inhibitors that behave as substrate
mimics to halt viral cDNA synthesis. And nevaripine, delavirdine and efavirenz are
non-nucleoside reverse transcriptase inhibitors, which inhibit the synthesis of viral
cDNA via a non-competitive (or uncompetitive) mechanism. When used alone these
drugs are effective in reducing viral replication. The effect, however, is only

30  temporary as the virus readily develops resistance to all known agents. Currently,
combination therapy has proven very effective at both 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,
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Unfortunately, not all patients are responsive and a

| arge nunber fail this 5 therapy. In fact,

approxi mately 30-50% of patients ultimtely fai

conmbi nation therapy. Treatnent failure in nost cases
i's caused by the energence of viral resistance. Viral
resistance in turn is caused by the rapid turnover of
HI V-1 during the course of inféction conbined with a
high viral nmutation rate. Under these cjircunstances
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conmpounds. Additionally, pharnmaceutical conpositions
and nethods for treating those infected with HV are
enconpassed. 10 One aspect of the invention is a
compound of Forrulal OOHR _"O R N\/N '~ 2Z
X-Y where: 15 R is Cl1L_6(Arl)alkyl; R2 is hydrogen.
Cl 6al kyl, or OR6; 20 R3 is hydrogen, hal o, hydroxy,
cyano, O -6alkyl, C3 7cycloal kyP, Cl1_6hal oal kyl, Ci1

al koxy, Cl al kylthi ) (R6),

SOR, SRR, SN &g;?ég@?@hf?@%fﬁéﬁw@%iﬁ ydr ogen,

hal o, hydroxy, cyano, O -6alkyl, Cl alkoxy,

Cl_6hal oa r 25 Cl1 6haloalk hydr ogen

a0, - hydr SRR sEEPaT RS SCR i pegompounds Shich
ClL. 6halhB:aHW hnteomz[se afd the@ebppreadnk o)l intdatkd iho hhb(ldﬁ DOBO This
or. CL. 6a|k 4 R7 is Cl- k

© Goerim mies tiseRpoiris e dppieating B isee e AIDS. The
mcmﬁmwpo@ﬁmmgﬂa,fomwe pﬁhﬂi%}h-&,

Ot ZOLP OISO LBl GUTERR e GEPOr e pehods for treating

CH2 OGSt debiGlrizh HIVCiole ehbteXphike2CH2, N( R6) CH2CH2,
CH2N( R6) CH2, N(R6) CH2CH2CH2, CH2N(R6) CH2CH2_

N( R6) CH2CH2CH2CH2, CH2N( R6) CH2CH, CH, ,

Qig2 CH2N( RonEhkehidf (i Reh RS2 6hp&did GFFormula |

CH2N( R6) CH2CH2CH2CH2_ or 10 CH, CH, N( R6) CH2CH2CH, ; R3
R4 Arl is R5

NS N
\( Z
X\Y’
where:
R'is Cr¢(Ar')alkyl;
R? is hydrogen, C,.alkyl, or OR®:
20 R’is hydrogen, halo, hydroxy, cyano, C;salkyl, C;.;cycloalkyl, C;haloalkyl,
Cialkoxy, Cyalkylthio, Cghaloalkoxy, CON(R®)(R®), SOR’, SO,R’,

SO,N(R®)(R®), or Ar;

R*is hydrogen, halo, hydroxy, cyano, C,salkyl, C,¢alkoxy, C,¢haloalkyl, or

NS
|9 ]]

C,¢haloalkoxy;

R’is hydrogen, halo, hydroxy, cyano, C,.salkyl, C .salkoxy, C,.¢haloalkyl, or

C¢haloalkoxy;

30 R®is hydrogen or C galkyl;



Ar 2 is tetrazolyl, triazolyl, imdazolyl, pyrazolyl,
pyrrolyl, or dioxothiazinyl, and is 15 substituted
with 0-2 substituents selected fromthe group

consi sting of am no, oxo, halo, cyano, and Cl_6al kyl;
and X-Y-Z is C(R8)(R9)CH2CH2, C(R8) (R9)CH2CH, CH2,
C(R8) (R9) CH2CH2CH2CH2, C( R8) (R9) OCH2,
C(R8) (R9) OCH, CH2, or C(R8) (R9) CtH2CH2CH2; 20 or a
pharﬁgcegti@ngy acceptable salt or solvate thereof.
Anot Rer® ¢t of the invention is a conpound of
Formula | where X-Y-Z is QQﬂﬂmcmdﬂ

R8). (sR9 .
g(not ?B(eran%%bffﬂ $e"i“1‘ié“’§%2§§r¥ )q%%%ﬁ%%%cﬁ?
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is a mmogvmz ﬁaﬁm&l{@mcag@mdr{ Rtéym,tre{,cif{pl | OWI ng
structures. OH Q OH N, N

1 | CF&zCﬁzNiR W’@ﬁ NNG§ )%‘*ﬂ*h?ﬂ&ﬁ*@%lcw(ﬁ >§H9Cf|ieCFH2§H2 or

Qo 1Q}ﬁ@@g§2#x§§p§gtH9f the invention is a conpound of
For mul a ere R8 and

Afis tetrazolyl, triazolyl, imidazolyl, pyrazolyl, pyrrolyl, or dioxothiazinyl, and is
15  substituted with 0-2 substituents selected from the group consisting of amino, oxo,

halo, cyano, and C.salkyl; and

X-Y-Z is C(RE(R®)CH,CH,, C(R*)(R®)CH,CH,CH,, C(R®)(R®)CH,CH,CH,CHa,
C(R*)R*)OCH;, C(R*)R*)OCH,CH,, or C(R*)(R*)OCH,CH,CH;;

20
or a pharmaceutically acceptable salt or solvate thereof.
Another aspect of the invention is a compound of Formula I where X-Y-Z is
C(RY(R®*)CH,CH,, C(R*)(R®)CH,CH,CH,, or C(R®)(R®)CH,CH,CH,CHs.
25

Another aspect of the invention is a compound of Formula [ according to the

following structures.



taken together are CH2CH2CH2. CH2CH2CH2CH2,

CH2CH2OCH, CH,, CH2N(R) CH2CH2, or CH, CHZN( R6) CHZCH2.
15 Anot her aspect of the invention is a conpound of
Formula | where R is (Arl )nmethyl. Another aspect of
the invention is a conpound of Forrmula | where R2 is
20 hydrogen. Another aspect of fhe invention is a
conmpound of Formula I _where R3 is fluoro, chloro,

Invention Is a'c

met hyl ,  CON( R6) Bt oAr 2. 125 Phot her 8spét of the
hydrogen, fluorogz chlomQ, orgzmefhyl. 6 fAnog h hef. aspect

of the invention is a_/égrrpound off Foymul'a [ WHerg R5
is hydrogen. Anothe¥7Taspect ofR° nvent RoR_i s/a
/

conpound of Formul a R°where Ar' R's R3 R4 IR®

For a

compound of Forrmula I, any scope of R, R, R3, R4
R5, R6, R7, R and R9 t aken together, and X-Y-Z
be used i AdeHETIRSSE PRIGINYENtQR s eamneuat OfaFrwmbl@He\fhere X-v-zis

Substc(Rgﬁg?ocwcﬁﬁ@(ﬁzﬁﬂcm@@s% @fé{g%ﬂ?@%@%@en is a

caompoun Formul a |l IOOP NYNI11

Z> X-Y Il 15 where R6a is hydrogen, C, -6alkyl,

C -6(Ar") ahkwtn asﬁé’cgaﬂtﬁe mQar{ugrr@ zpcoglpound of Formula I according to the
C-6-0C -6-0C C -6- C(Ar)2 3,

cQ( Cfelipping %ST“C@(%' and

10

20

Another aspect of the invention is a compound of Formula [ where R® and R’
taken together are CH,CH,CH, CH,CH,;CH,CH;, CHZCHQCH£CH2CH2_
CH,CH,CH>CH,CH,CH,, CH;OCH,CH,, CH;CH,OCH,CH,, CH,N(R®)CH,CH,, or
CH>CH>N(R®)CH,CH,.

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

(Ar')methyl.

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

hydrogen.

Another aspect of the invention is 2 compound of Formula I where R’ is

fluoro, chloro, methyl, CON(RG)(R6), or Ar’.

Another aspect of the invention is a compound of Formula [ where R* is

hydrogen, fluoro, chloro, or methyl.



20 P is hydrogen, nesyl, tosyl, allyl, benzyl,

fluorenyl nethyl, allyloxycarbonyl, benzyl oxycarbonyl,

fl uor enyl met hoxycarbonyl, tri(C, -6al kyl)silyl, C,

al kyl, C, -6al kyl carbonyl, or C, -6al koxycarbonyl, ArC,

, G(COn-C C-6-0C-6-0C -6, C -6-0CL. 6-Ar,
CO(C1.6)1.3, COAr, or C(Ar)2_3. 25 Another aspect of

the invention is a conpound of fornula Il where R6a is
E§g£ 8822: ﬁ%égg? al’lslé c|(5 ’§§/‘I?‘f£ 1&%11 6&1’A1£ B)éﬁllzé(ﬂ){ll’n(’i ?? podrmll:;lal [S;vhere R is

f | uortgadlgeret hyl , al | yl oxycar bonyl, benzyl oxycarbonyl ,

fl uor enyl met hoxycarbonyl, tri(CLl_6al kyl)silyl

G _bal kyl , C1. 6al kyl carbonyl, or C1.6al koxycar bonyl .

Sonme conpihBthsr Bbedk BEtht MveMidnQHa adBpoudd of Formula [ where Ar' is
N-[ (4-fluorophenyl)nmethyl]-7',8"-dihydro-3'-hydroxy-4'

- 0X0- spiro[cyclopentane-1,9' (6" H)-[4H] pyri do[

1, 2-a] pyri mdimef- 2' - car boxam de;

N-[(4-fluord met hyl phenyl )methyl ] -7', 8" -di hydro-3' -h

ydr oxy- 4' Rox0~10 .

spiro[cycl opentane-1,9' (6" H)-[4H] pyrido[ 1, 2-a] pyri m di
ne]-2' -carboxam de; N [[2-(1 H 1,2, 4-triazol- |

- y1) pheny Fpraetdmpolnd/of, i®'rmalia lyeay sedde oFiRYMEXB- B ,-RIXRY, R, R® and
spi rqfscycl opent anerJ,9-(6' H) - ri.dol 1. 2-a] _
PV | ﬁn{ 3%1\%3?(?5&@ rcg?db%ngrzn'(c e?g L.l%ékl\'kq#%%g ?'Tq{i'o“r”g’-afy ¢qope of any other
H- 1, ZpWstitienazol - |

-%! ) phenyl et hyl]-7", 8" - di hydro-3' -

hydr oxy- 4' - oxo-spi ro[ cycl opentane-1,9' (6" H)-[ 4H] pyri do

[ 1, 2- a] pynbtiercispee} e2he incaritidaxentdgiouid df Fordmliaor. o- 2- (|

H 1,2, 4-triazol - |

-yl) phenyl ] nethyl]-7",8" -di hydro-3'- 20

hydr oxy- 4' - oxo- spi ro[ cycl opent ane;.», 9" (6 H) - [ 4H] pyri do

[1,2-a] pyrimdine]-2'- carhox do;

N-[[4-fluoro-2-(2H 1, 2, 3-trrra2§,é§>ﬁ?) phenyl ] net hyl ]-7

', 8" -dihydro-3'- Na N,

hydr oxy- 4' - oxo-spi ro[ cycl opent ang(l,,é' (6'H-[4H pyri do

[ 1,2-a]pyrimdine]-2'- 25 car box&RY de;

N-[[4-fluoro-2-(1 Himdazol- Iy

-yl )phenyl ] methyl ]-7", 8" -di hydro-3' - hydr oxy-4'-

d o-é'g'\efeo[ cycl opentane-1, 9' (6' H)-[ 4H] pyri do[

1, 2-a] pyrimdine]-2'-carboxam de; 30

N-[[24(tetrahydro-1, 1-di oxj do-2H 1, 2-t hi azi n-2-yl ) phen
] et hxﬁpydrqge’ngCu,alkyl, C6(Ar)alkyl, ArC,¢, C-(C=C)n-C,

hy @.Q—@Cr{lwdi‘ QXY '1540-@%(%?@@&]3[39&@@1%@.@,%?@%&; shd( 6" H)

4H] pyrido|[ 1,2 '] -2

[

y

|
|
[

a] pyrimdine - carboxam de; 8
N-[[4-fluoro-2-(tetrahydro-1, 1-di oxi do-2H 1, 2-t hi azi n-
20y | PO ABRREYL, Josyl, allyl, benzyl, fluorenylmethyl, allyloxycarbonyl,

benzyloxycarbonyl, fluorenylmethoxycarbonyl, tri(C;salkyl)silyl, C,¢alkyl,
Cialkylcarbonyl, or C,salkoxycarbonyl, ArC, s, C-(C=C)n-C, C,4-0-C,4-0-C,,
C|.(,-O-C|.6-Ar, CO(C|.6)|_3, COAI‘, or C(Ar)z-j,.

25 Another aspect of the invention is a compound of Formula I where R®* is

hydrogen, C) ¢alkyl, or C1_6(Ar')alkyl; and P is hydrogen, mesyl, tosyl, allyl, benzyl,
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i hydr o-3' - hydr oxy-4' - oxo- Spi ro[ cycl opent ane- |
-[4H] pyrido[ 1, 2-

i di ne] -2' -carboxami de; 5

di

[

BN N T O
3.2

I:I

Eanke!

i met hyl am no) sul fonyl ] - 4-fl uor ophenyl ] met hyl ]
hydr o-3' -

- 0X0- Spi ro[cycl opent ane- 1 9'(6'H)-[4H] pyrido
] pyrl m di ne] -2' - car boxafr d

uaQr o- 2- t hyl sul f onyl ) phenyl ] et hyl ] 8' -di
nﬂgpat'hblx§mj®x_)¥zir§gn)l beXzy}oxycarlg n]yl ﬂuorenylmethoxycarbonyl

lcrgzii 19105 pinec LalRylc&bsyi [of ) prkdx§@drbonyl.
pyrll?ny)(ejll)ne] laﬁ-c:alr?)o?am de) IFM:%X?I uo(}ng 2-(1
,2,4-triazol - |
phenyg&rﬂ@@dﬁ&ﬂohnd% of the-ifkleRisH fe 3’
oXy-4'-oxo-spiro[cycl opentane-1,9" (6'R)-[4H] pyri do
,2-a]pyrimdine]-2" - carboxanm de; 15
phenyl tﬁﬂu&ro%enﬁ)me‘ﬂlﬁ)hy‘ﬂ@leﬁydrmf)dﬁﬁﬁ(é/xy‘]!t' 0R%0-spiro
cl obut ane- [

g}'W?)ICWPﬁ}t%] L,é(G _}@a{fl%bygﬁ@[d@-a]pynmldme] -2'-carboxamide;
(4 nethylphenyl)nethyl] 7', 8" -di hydro-3'-hydroxy-4'
0
irof cycwdﬁuﬂ%‘éﬂﬂ@hbﬂ@ewlw%h&]lwr& -dibydro3:-hydsgni-#icdbn
- 2, YRRY¥ETHEL 9'(6'H)-[4H]pyrido[ 1 2- -
N- [ (Zpl[r%r)g{ hoxyphenyls rre)t[h ]p])n ol a]%f'rwngllpg)] gcarr?%arng%/ 4
'-0x0- spiro[cycl obutane-1,9' (6 H) - [4H] pyri do[

1,2-a] pyr 5 3 _
NC [ ( 4- chllgm?d(:wgﬁgll Zﬁ%at&ﬁr p? P@r&’ gf’“ﬁgﬁm oy A roy# -oxo
- oxosp@ﬁypbp@ymedbﬁtma‘ﬁdé’ﬂ]pgh@ﬂ 1 Zyalpyrthigape - ijfirboxamlde
1, 2-a] pyrimdine]-2"-carboxam de;
N- [ (4-fl uorophenyl)methyl]-7",8"-di hydro-3'-hydroxy-4'
1ox0 spi r¥8{ldydoshet bifd 214 -Gtagd: Ihphdafllphyi b -dihydRe-8}
pyri 2- A
R (BEPar SRR Lo &0 pudel | 2-alpyrimidine]
- oxocarspiamidecycl obut ane- 1, 9' (6' H) - [4H] pyri dof
1,2-a]l pyrimdine]-2'-car boxam de; 9
N-[ (2-fl uorophenyl)nmethyl]-7",8" -di hydro-3' - hydr OXy- 4'
- 0x0 spi rig{lioytiosh et bid 21 -8tatd: IH)hphdifl mertiytle] . 8'-dihydro-3'-

2- X : ]
0 B e PR B ngmiysl 3
y- 4" capheamil
spirof cycl obut ane-1,9"' (6" H)-[4H] pyrido[ 1, 2-a] pyrimdin
e] - 2' - car boxam de;
N- [ ( 3, 4- dvV¢laHfbroopRrEhiyit Ridetrinyd! {2-yT)ph&iyd Jetiettyt)r 118 Aihyyal 6o X
y_ hoc%oxly J%Iacg E}Lejo\fcézc%bul}t%l% 9}&62’-@&@%&1 A[H]7pc)ipynm1hmv] 2'-
1&5 [ (é’aruoxdmmet hoxyphenyl ) nmet hyl ] -7', 8" -di hydro-3' - hydro
Xy-4'-o0xo0 spirof[cycl obutane-1, 9 (6' H) - [ 4H] pyri do]
1,2-a] pyrimdine]-2'-carboxam de;

N-[[4-fluoro-2-(1 H-imidazol-1-yl)phenyllmethyl]-7',8'-dihydro-3'-hydroxy-4'-

oxo-spiro[cyclopentane-1,9'(6'H)-[4H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;
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30 N-[[2-(tetrahydro-1,1-dioxido-2 H-1,2-thiazin-2-yl)phenyl jmethyl]-7',8'-
dihydro-3'-hydroxy-4'-oxo-spiro[cyclopentane-1,9'(6' H)-[4 H]pyrido[ 1 ,2-

a]'pyrimidine]-2'-carboxamide;



N-[ (4-fluoro-3-nethyl phenyl )nmethyl]-7",8" -di hydro-3'-h
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hydroxy-4'-oxo-spiro[cyclobutane-1,9'(6'H)-[4 H]pyrido[1,2-a]pyrimidine]-2'-

30  carboxamide;
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spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

30 N-[3-(4-fluorophenyl)propyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-
spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c]{1,4]oxazine]-2'-carboxamide;
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'10253 O)S(g'zr [7IO af5d ég,'r B¥)§{g)?]){—%l-eo(x§1g\/h?[_2-rz¥;l-i1[Ei,ép—t?iaLo?lll:l'j;lghellyl]methyl]-

N-T [ 4p1fd[t§@ldpeﬂal(ema9 i pyrfnainy(2)t phAMibaaRE Y Ichrbbxanide; di
hydr o- 3' - hydr oxy-4' - oxo-spiro[ cycl opent ane- |

9 (4" H-pyrimdo[2, | -c] |

1, 4] oxazi Nq[4-Ruore2r(bdaRydrele; 1 -dioxido-2H-1,2-thiazin- 7—yl)phenyl]methyl]-

N-[[gfiQHVGWb'ﬁ qﬁ;@ JSULQSQ%%% hen % gipgnnmopl-
(12H) A1 @ﬁ)xhﬁmqwtm&@hﬁdel -c] | 1 4] oxazine]-2'- 20

car boxam de; and
N-[[4 fl uoro-2-[ (et hyl am no) car bonyl ] phenyl ] net hyl ] -6
, 7' -di hy@'mdﬁydro -hydroxy 4'-ox0-N-[[2- (tetrah 'dro 1,1 dxoxldo 7H-l 7 thiazin-
hydrox - 0X0-spi ro[ cycl obut a
1 1 3 oy e Repiedeiepiic ki s el hosirie) 2
solva&ﬁ§vﬁmdghese conmpounds. "Al kyl," ™"al koxy, "
"hal oal kyl ," and related terns for ot her hydr ocar bon
and substltuted hydr ocar bon substituents include
strai ght mgh- hﬁ&mﬁ?)maﬁﬂyn 513 ﬁQetandrbg;uﬁ 6:908-0x 4
termsuch as_ " ans _a straight or
br an&MHEMfusANRI(PHD, %?‘&QMW@O% -3l 1 dapainel- sﬁ’&fé’{”r%‘{’f‘ed
Wth the substituent R "Haloal kyl" and related terns
for hal ogenat ed substituents include all permutations

of hal ogeNdt4-Brprofrmsihylpisnsbiaebul#yho’ Fdetpaéwﬁraraoam{w -4'-0x0-

26V Y kpirdTR@RS3 (21), R4 B yirienidd [P 9 - @p{aq@\l&.agdz Icfebudege; 17
carbocyclic and heterocyclic systens

substituents are divalent, for exanple, X-Y-Z

Di val ent  supsfiadsony 8-V Q{lfhzglr £yBSheIRhéhA] @@'3 ‘bq:‘etrahydro -3'-
attached to the parent ‘mol ecul @i n either of

conf hydipxt-#'wwe- splmbﬁlr@ 3@HYR Gt H)-prairmigo[2, 1rﬁé%h;f§0?f?zmel 2-

carboxamide;
25
N-[[4-fluoro-2-(methylthio)phenyl]methyl]-4,5,6',7"-tetrahydro-3'-hydroxy-4'-
oxo-spiro[furan-3(2H),9'(4'H)-pyrimido{2,1-c][1,4]oxazine]-2'-carboxamide;

N-[(4-fluorophenyl)methyl]-2,3,5,6,6',7'-hexahydro-3'-hydroxy-4'-oxo-
30  spiro[4H-pyran-4,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;



The invention includes all pharmaceutically acceptabl e
salt forns of the conpounds. Pharmaceutically
acceptable salts are those in which the counter ions
do not contribute significantly to the physiol ogi ca
activity or toxicity of the conpounds 10 and as such
function as pharmacol ogi cal equival ents. These salts
can be nade according to conmo organic t echni ques

enpl oyi ng rcially ai.l aple r o

an onr ¢ AT T HA ST arBEl Soeler gl ke g b7 hexahydro-
besy |3ahgiroXyr ok 6lepiro[Aipoiah- Ae; (4 '€l pk adnlo[ £, LERT @JoRazine]-2'-
glucouronats hydr obr om de, hydrochl ori de,

hydr SPBFARIE:  5di de, Iactate, maleate, nesylate,

nltrate pannate phosphat e, succinate, sulfate, 15

o me- i ne OB o e 2B TRy P ety

3! S nﬁtﬂb léeai -ﬁb;&dﬁ}fdlr@bﬁlh)ldﬂ&,y-ﬂbﬁi Epilopa- Bﬁarll -4,9'(4'H)-pyrimido[2,1-
i et hanol am.n | thi um magnesium neg um ne,

4- phéﬁ {QraTip é%ﬁFgﬁPW§k pi per azi ne, potassium

sodi um tromet ham ne, and zinc. 20 The invention al so
includes all_ solvated forns of the co

par ti cul aftH2-(eHpdYdpds! -diggde-tels?- iz YBB‘PFN‘J‘B?}PH]'
Si0gnizf3 £661 7 HeaRydrb\8 - IBAYSKy O -8H-§o [ BL b AU Y (P H)-pyrimido[2,1-
toxiclity of the conpounds and as such function as
pharﬁﬂéﬁWﬁ@FEﬁP @ﬁﬂ?@@ﬁ@nts Sol vates may formin

stoi chionetric anmobunts or may forn1fron1adventitious
solvent or a conbi nation of both pe of solvate

i s hydrat&; [Haﬂeprgarf@eﬁwlalaﬁqr@aplre@w\}@et251h2m @ff¢/-hexahydro-3'-
NDNORY &L A-8'-0XePIr b B At Hi4, m%dp?hma@i -c] [TQTox'aﬁM i on

i ncl udes all tautoneric for t he conpounds.
dRamgPEoxaFfidy taut omeric pair is shown below 18 O CH
OOR N_11 ORNO RNZN RNNZY ZXY XY
Some of the conpounds of the invention exist in

st er eoi soffdf4-Budred macthytphenyhmgtbit-2.813.6.0d -ipgaley dgg-p-hydroxy-4'-
ster %Qb §19F@“{—%yrfa9 '21"534@1{) pg hﬁld%?jmgjlﬂpg]%\é%l] gdéaﬂg)xamlde

enant i onmers astereroners. examnpl e of
enanti omers i s shown bel ow. Methods of maki ng and

s@par at i ng._ &t £EeQ 1WA ¢l g7t 3
sppar at g/[g,faﬁgyg&,se@eﬁyl%éhﬁﬁ ¥R 6l 671 RaiBkEo-3' Ryl {4'-oxo
spiro[4H-pyran-4,9'(4'H)-pyrimido[2,1-c][ I ,4]oxazine]-2'-carboxamide;

N-[[2-[(dimethylamino)sulfonyl]-4-fluorophenyl]methyl]-2,3,5.6,6',7'-
hexahydro-3'-hydroxy-4'-oxo-spiro[4 H-pyran-4,9'(4' H)-pyrimido[2,1-

25  c]{l,4]oxazine]-2'-carboxamide

N—[(3,4-dimethylphenyl)methyl]-2,3,5,6,6',7'-hexahydro—3'—hydroxy—4'-o>_;0-
‘spiro[4H-pyran-4,9'(4'H)-pyrimido[2,1-c]{1,4]oxazine]-2'-carboxamide;

30 N-{[4-fluoro-2-(5-methyl-1 H-1,2,4-triazol-1-yl)phenyl)methyl]-2,3,5,6,6',7'-
hexahydro-3'-hydroxy-4'-oxo-spiro[4 H-pyran-4,9'(4' H)-pyrimido[2,1-

c]{1,4]oxazine]-2'-carboxamide;



R2 INpNR2Z N-T O 10 Synthetic Methods The
conpounds of this invention can be made by vari ous
nmet hods known in the art including those of the

foll owi ng schenes and in the specific enbodi nents
section. The variables shown in the schenmes (for
exanple, X, n, and P) are separate 15 from and shoul d
not be confused with the variabPes in the clainms or

the rest of e gci ficatjon, The variables | h .
schemes a?éuir'rgléoﬁ?i' ﬁ’l"ﬁ/eﬂf}gﬁﬂ' ﬁgg'tt?agf)léyﬁgwef’%ﬁ'ﬁﬁtb@&s’g 6.7
of t hexahpdrpSithyiBoxgt4'toRo-SpirafdyEipltaa,9'(4K)-parichidofl, 1-
inCl%ﬂ?4ckk¥L§9@c§ﬁ%%%ﬂ§- whi ch may contain ether or

ami né Y UnCET onal T resm *pr may i nclude an appropriate
protecting group. Starting materials can be nmade using

t hods k in r .20 19 Schene E1Q. 2C
D2kt CNN%T%Q%%"%&?E‘?LWW 'ﬁ'éiﬂ?l‘%ﬂe@f]'bﬁ%ﬁ'g‘hy‘gelj’
Et OHhiiROx N4 ' @B Epirdficycldutade-1]9'(WHEpy ckmidlo] X1 -OR 4 fox AXNE] -2+

X)) BoXD OHO OHEtO02CL -ryo RN-O Solvent 1
heat SAPP*3®9%__~ RN X n x J~))5 Schene 2. 0 HO |7
OHONOH n/\ TMSCN TsOH C6H6 X1/0 ) n Cat. Znl2 X

n Refl HN
O e X (@ HorbMenyhmethyl]-6, 7'-dihydro-3hydroxy4"oxo-
10 spiro[cyclobutane-1,9'(4'H)-pyrimido[2,1-c]{1,4]Joxazine]-2'-carboxamide;

N-[[4-fluoro-2-(methylsulfonyl)phenylJmethyl]-6',7'-dihydro-3'-hydroxy-4'-

oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

15 N-[[2-[(dimethylamino)sulfonyl}-4-fluorophenyl]methyl]-6',7'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-

carboxamide;

N-[[4-fluoro-2-(tetrahydro-1,1-dioxido-2 H-1,2-thiazin-2-yl)phenylJmethyl]-
20 6',7'-dihydro-3'-hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido[2,1-

c][1,4]oxazine]-2'-carboxamide;

N-[[2-(tetrahydro-1,1-dioxido-2 H-1,2-thiazin-2-yl)phenyl]methyl]-6',7'-
dihydro-3'-hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido[2,1-c][ 1,4]oxazine]-

25  2'-carboxamide;

N-[[4-fluoro-2-(5-methyl-1H-1,2 4-triazol-1-yl)phenyl]methyl]-6',7'-dihydro-
3'-hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimidof2,1-c][1,4]oxazine]-2'-

carboxamide;

N-[[4-fluoro-2-(methylsulfonyl)phenyl]methyl]-7',8'-dihydro-3'-hydroxy-4'-
oxo-spiro[cyclobutane-1,10'(4'H)-[6H]pyrimido{2,1-c][1,4]Joxazepine]-2'-

carboxamide;



OCO2Et EEQRC O -~y 1. NH2ZOH Et O/ H20 X~H Y Sol vent N
NH OH 2. Et02C - CO2Et /\O CQO2Et >130 CtOH X jo i

)n

n O 0 OH EE02CORNO 1. MsCI/Et3N HN + RNH2
N N2 K2CO3/EtCH NY ~I 10110 ~ Itll n X 20

Scheme 3. O NaCN K2HPO4 /CNHOC CN O 1~ x
Znd 2/ 60- 80 CX" On "XHOXOCHII HOJd 0~ 1 TMSCN

CN C " cat. Znl2 X n l'f*‘sO—|/06|—|6XCI Ref | ux n

Eto C C@E&tﬁumﬁ%ny gﬁﬁ%{&%‘é&og‘)‘% oot (%e.

Et OH H20
Q02 Etspito[dydidbujané 1 :10(4'B)-[6H]pyrimido[2,1-c][1,4]oxazepine]-2'-carboxamide;

n

10

20

N-[[4-fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl]methyl]-7',8'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane-1,10'(4'H)-[6H]pyrimido[2,1-c][1,4]oxazepine]-2'-

carboxamide;

N-[[2-[(dimethylamino)sulfony!]-4-fluorophenyl]methyl]-7',8'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane- 1,10'(4'H)-[6 H]pyrimido[2,1-c][1,4]oxazepine]-2'-

carboxamide;

N-[(4-fluorophenyl)methyl}-6',7'-dihydro-3'-hydroxy-4'-oxo-spiro[ piperidine-
4,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide

N-[[4-fluoro-2-(methylsulfonyl)phenyl]methyl]-6',7'-dihydro-3'-hydroxy-4'-

oxo-spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

N-[[4-fluoro-2-(methylsulfonyl)phenyl)methyl]-4,5,6',7'-tetrahydro-3'-
hydroxy-4'-oxo-spiro[furan-3(2H),9'(4'H)-pyrimido(2,1-c][1,4]oxazine]-2'-

carboxamide; and

N-[[4-fluoro-2-[(methylamino)carbonyl]phenyl]methyl]-6',7'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido[2, 1 -c][1,4]oxazine]-2"-

carboxamide;
and salts and solvates of these compounds.

“Alkyl,” “alkoxy,” “haloalkyl,” and related terms for other hydrocarbon and
substituted hydrocarbon substituents include straight and branched isomeric
configurations. A term such as “C;.¢(R)alkyl” means a straight or branched alkyl
group of 1 to 6 carbons substituted with the substituent R. “Haloalkyl” and related
terms for halogenated substituents include all permutations of halogenation, from

monohaloalkyl to perhaloalkyl. “Aryl” means an aromatic ring system and includes



X ~\X~/ ~\ O 0O OHEt02C/ OR N O Solvent + RNH H
N2 >130 Cn x n X5 Schene 4. HN 1O 1 OP CG NH3 NH
11 / Cet EtOH X + EEOX An OH O EtONa OP OH 0 OH EtO
COEO2CO R NO 21Y + RNHZHN NNNNN N) n

n) n px x x 21 Biological Mthods To eval uate
in-vitro activity against H V-integrase, 5 pnol e of
biotin Iabeled substrate DNA WH% bound to 100 g of
Strept ated PVT SPA bga

Py RADPS BT BT oty P B oS HRSYPACT Balgninfy example,
was iXxryubabidlentdubliitiches vigatse ﬁs(?/i‘nrr]l&@nd‘ﬂaﬂ babtta%ﬂeclﬁo the parent
Unboun ved by washing the conplex

fol | 6mgy 5@5???@ﬁ gEEPWHP "tors and 0.1 fnol of P33

| abel ed target DNA. The reaction was stopped by

adding EDTA to a final concentration of 10 nM Sanpl es

were counted in TopCbuntNMT ckard) and the CPM was
used as a 10 neasure of g; tion. The reaction

cgndi ti on“MRKdRRzANS alehired | @2 Engel man, A and
Craigie, R J. Virol. 1995, 69, 5908. The sequences of

substrate and target DNA were described in Nucleic

Aci d Resegnh&ivd@idd 1nc%es@l%&nﬁ&b&&aﬂ?b&qﬁ%ﬁ@yzﬂt thids o(%lg:

conpounds of this invention were found to have an
f r omCPBRuUNdS aPnhagp%:ew:_wMIX aseptably ilts arp)those in which the counter ions do

not contribute significantly to the physiological activity or toxicity of the compounds

10 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,

15  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.

20 The invention also includes all solvated forms of the compounds, particularly
hydrates. Solvates do not contribute significantly to the physiological activity or
toxicity of the compounds and as such function as pharmacological equivalents.
Solvates may form in stoichiometric amounts or may form from adventitious solvent
or a combination of both. One type of solvate is hydrate, and some hydrated forms

25  include monohydrate, hemihydrate, and dihydrate.

The invention includes all tautomeric forms of the compounds. An example

of a tautomeric pair is shown below.



15 Table 1. HV Integrase Inhibition Exanple IC50 1
A 2A 3A 4A 5A 6A 7A 8B 9A 10A 11 A
12 A 13 A 14 A 15 A 16 A 17 A 18 A 19 B 20 A
21 A 22 B 23 B 22 Exanple IC50 24 B 25 B 26 B 27

A 28 A

w

10

15

18
O OH o o
1 1
R\NJH/‘YO R\“.‘J\/U\fo
R?  Na N_ RZ Ny N,
Y 7 R
X~y X~y

Some of the compounds of the invention exist in stereoisomeric forms. The
invention includes all stereoisomeric forms of the compounds including enantiomers
and diastereromers. An example of enantiomers is shown below. Methods of

making and separating stereoisomers are known in the art.

0 OH O OH
1 1
R )HZYO SN NP
1 ‘
o} o—
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 variables shown in the schemes (for example, X, n, and P) are separate
from and should not be confused with the variables 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. “X” and “n” include alkylene spacers
which may contain ether or amino functionalities. “P” may include an appropriate

protecting group. Starting materials can be made using methods known in the art.
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56 B 57 A 58 B 61 B
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Scheme 1.
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S N
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R. 0
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olven
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5 Scheme 2.
0
e oM o oN OH
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Reflux
OH
HN
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1. NH,OH/EtOH/H,0 N \E Solvent
X H e Na NH _OH
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%fOH X © )n
n
OMs O OH
R o
EtO,C o . ~ =
1. MSCI/Et;N %\f ﬁJ\l/‘\(
No N_* RNHy —— Ny N
2. K,CO4/EtOH I) I J
X © )n x O )“



62 A 63 B 64 B 65 A 66 A 67 A 68 B 69 A 23
Exanple 1C50 70 A 71 B 72 A 73 A 74 B 75 B 76 A
7T A 78 A 79 A 80A 81 A 82 A 83B 84 A 85 A
86 B 87 A 88 B 89 A 90 B 91 A Activity. A
0.001-0.01 M B: 0.01-0.1 M
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Scheme 3.
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Phar maceuti cal Conposition and Methods of Use 5 The
conpounds of this invention inhibit HV integrase.
integrase inhibitors have been reported to prevent
viral integration and inhibited HHV- | replication in
cells (Hazuda et al. Science 2000, 287, 646).

Recently, HIV integrase inhibitors have been accepted
into clinical trials for treatfﬂg Al DS and HV

H VvV

infection (Neamati EXDGBF- iq Ih r. Patents 2002,
12, 709, Pais and Burke DEJEEMMOS 2002, 27, 1101).
Accordi ngly, another aspect of the invention is a

met hod for treating HV infection in a patient
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H 'V infection. In
suppressi on of vi
preservation of
of life,
nortality.

"Patient”
H V virus and suitable for therapy
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the goals of treatnent are
restoration and
i mrunol ogi ¢ function,
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Pharmaceutical Composition and Methods of Use

The compounds of this invention inhibit HIV integrase. HIV integrase

inhibitors have been reported to prevent 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.
10 2002, 27,1101).
Accordingly, another aspect of the invention is a method for treating HIV
infection in a patient comprising administering a therapeutically effective amount of
a compound of Formula I, or a pharmaceutically acceptable salt or solvate thereof,

15 with a pharmaceutically acceptable carrier.



Acycl ovir Burroughs Wellconme ARC, in conbination wth
AZT AD- 439 Tanox Biosystens H V infection, AIDS ARC
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Adefovir dipivoxil Glead Sciences HV infection, ARC
AL-721 Ethigen PGL HV positive, A DS Los Angeles, CA)
Al pha Interferon HV in conbination daxo Wllcone
Kaposi's sarcoma W Retrovir 27°% DRUG NAVE

MANUFACTURER, | NDI CAT Adria.lLabo | es.
CBubl 1! R AREPect 1) Goir eisR ihpeed B ien e HY ARSI in a
Ant i lpaghat Mh;ﬁhnxﬁdl‘damﬁ}ﬁﬁéhrﬁl thh@;Be&ﬂyallN%EfEdftaE iaﬁlaﬁnt@)ﬂi compound
Conce % éé}? A Lab[lﬁ IphalP rrant ég{ |IIe

AT 2 RTPaFCAIBHE RC R ARIFFl 7 SPhvRiE diergr, With
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Al_DS- ed. dj seases - 232623 Bri stol - Myers
Squi bﬁfﬁ V?Yhfr fedtiong Omsz\ftrﬁg le agertgsive nughepyid N&R%W%%ARC

( pr ottRASEpiatd Thkibitérs )nomla&%iﬂvaev&;eqtané&@rase mfibiBR! HIV
H 'V infection, Al DS r ot ease |nh|b|tor)

v a P S by S BRb A 510 BV Saepent PPt o

inhibitors, CXCR4 inhibitors, HI'V budding or maturation inhibitors, and HIV
integrase inhibitors.
10
Another aspect of the invention is a composition comprising a therapeutically
effective amount of a compound of Formula I, or a pharmaceutically acceptable salt
or solvate thereof, with a pharmaceutically acceptable carrier.

I3 ¢

15 “Combination,” “coadministration,” “concurrent,” and similar terms referring
to the administration of compounds of Formula I with at least one anti-HIV agent
mean that the components are part of a combination antiretroviral therapy or highly
active antiretroviral therapy (HAART) as understood by practitioners in the field of
AIDS and HIV infection.

20

“Therapeutically effective” means the amount of agent required to provide a
meaningful patient benefit as understood by practitioners in the field of AIDS and
HIV infection. In general, the goals of treatment are suppression of viral load,

restoration and preservation of immunologic function, improved quality of life, and

25  reduction of HIV-related morbidity and mortality.

“Patient” means a person infected with the HIV virus and suitable for therapy

as understood by practitioners in the field of AIDS and HIV infection.

30 “Treatment,” “therapy,” “regimen,” “HIV infection,” “ARC,” “AIDS” and
related terms are used as understood by practitioners in the field of AIDS and HIV

infection.
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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.
Some examples of dosages are I mg, 10 mg, 100 mg, 250 mg, 500 mg, and 1000 mg.
Generally, other antiretroviral agents will be present in a unit range similar to agents

of that class used clinically. Typically, this is 0.25-1000 mg/unit.

Liquid compositions are usually in dosage unit ranges. Generally, the liquid
composition will be in a unit dosage range of 1-100 mg/mL. Some examples of
dosages are 1 mg/mL, 10 mg/mL, 25 mg/mL, 50 mg/mL, and 100 mg/mL.
Generally, other antiretroviral agents will be present in a unit range similar to agents

of that class used clinically. Typically, this is 1-100 mg/mL.

The invention encompasses all conventional modes of administration; oral
and parenteral methods are preferred. Generally, the dosing regimen will be similar
to other antiretroviral agents used clinically. Typically, the daily 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 judgment.

The invention also encompasses methods where the compound is given in

combination therapy. That is, the compound can be used in conjunction with other
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Table 2 lists some agents useful in treating AIDS and HIV infection which are

suitable for this method.

Table 2. ANTIVIRALS
DRUG NAME MANUFACTURER INDICATION
097 . .
(non-nucleoside reverse Hoechst/Bayer HIV infection, AIDS,

transcriptase inhibitor)

ARC

Amprenavir

141 W94 Glaxo Well HIV infection, AIDS,
GW 141 axo wellcome ARC
(protease inhibitor)
Abacavir (1592U89) . .
GW 1592 Glaxo Wellcome ig’c‘“f“”o“’ AIDS,
(RT inhibitor)
Carrington Labs
Acemannan (Irving, TX) ARC
HIV infection, AIDS,
Acyclovir Burroughs Wellcome ARC, in combination
with AZT
] HIV infection, AIDS,
AD-439 Tanox Biosystems ARC
AD-519 Tanox Biosystems HIV infection, AIDS,

ARC

Adefovir dipivoxil
AL-721

Gilead Sciences
Ethigen
(Los Angeles, CA)

HIV infection, ARC,
PGL HIV positive, AIDS

Alpha Interferon
HIV in combination

w/Retrovir

Glaxo Wellcome

Kaposi's sarcoma
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H Vi fifesex Pam Al DS, ;g ARC

Beta-fluoro-ddA

Nat'l Cancer Institute

AIDS-associated diseases

BMS-232623
(CGP-73547)
(protease inhibitor)

Bristol-Myers Squibb/
Novartis

HIV infection, AIDS,
ARC

BMS-234475

Bristol-Myers Squibb/

HIV infection, AIDS,

(CGP-61755) i
(protease inhibitor) Novartis ARC
CI-1012 Warner-Lambert HIV-1 infection
Cidofovir Gilead Science CMV retinitis, herpes,

papillomavirus

Curdlan sulfate

AJI Pharma USA

HIV infection

Cytomegalovirus

. MedImmune CMV retinitis
Immune globin
Cytovene Syntex Sight threatening
. . CMV peripheral, CMV
Ganciclovir

retinitis

Delaviridine

(RT inhibitor)

Pharmacia-Upjohn

HIV infection, AIDS,
ARC

Dextran Sulfate

Ueno Fine Chem.
Ind. Ltd. (Osaka,
Japan)

AIDS, ARC, HIV
positive asymptomatic

ddC HIV infection, AIDS,
Dideoxycytidine Hoffman-La Roche ARC
ddi . . HIV infectiqn, {\IDS_,
Dideoxyinosine Bristol-Myers Squibb ARC; combinationwith
AZT/d4T
DMP-450 AVID HIV infection, AIDS,

(protease inhibitor)

ARC

(Camden, NJ)
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Famciclovir

Smith Kline

herpes zoster, herpes
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FTC . . . HIV infection, AIDS,

(reverse transcriptase Emory University

ey ARC

inhibitor)

G5 840 . HIV infection, AIDS,
(reverse transcriptase Gilead ARC

inhibitor)

HBY097

(non-nucleoside reverse
transcriptaseinhibitor)

Hoechst Marion
Roussel

HIV infection, AIDS,
ARC

Hypericin

VIMRx Pharm.

HIV infection, AIDS,
ARC

Recombinant Human
Interferon Beta

Triton Biosciences
(Almeda, CA)

AIDS, Kaposi's sarcoma,
ARC

Interferon alfa-n3

Interferon Sciences

ARC, AIDS

HIV infection, AIDS,
ARC, asymptomatic HIV

Indinavir Merck positive, also in
combination with
AZT/ddl/ddC
[SIS 2922 ISIS Pharmaceuticals CMV retinitis
KNI-272 - Nat'l Cancer Institute HIV-associated diseases
(rs\?;z:l:gz:;}:ér?;gse Glaxo Wellcdme HIV infection, AIDS,
- ARC, also with AZT
inhibitor)
Lobucavir Bristol-Myers Squibb CMV infection
Nelfinavir Agouron HIV infection, AIDS,
(protease inhibitor) Pharmaceuticals ARC
Nevirapine Boeheringer HIV infection, AIDS,
(RT inhibitor) Ingleheim ARC
Novapren Novaferon Labs, Inc. HIV inhibitor

{Akron, OH)
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conbi nation Gamma Interferon Genentech w TNF (tunor
necrosis factor) G anul ocyte Macrophage Col ony
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(protease inhibitor) LaRoche ARC
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Didehydrodeoxy-
thymidine

Bristol-Myers Squibb
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Valaciclovir
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Genital HSV &
CMVinfections
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VX-478 Vertex ARC
Zalcitabine Hoffmann-LaRoche HLV infection, AIDS,

ARC, with AZT

Zidovudine: AZT

Glaxo Wellcome

HIV infection, AIDS,
ARC, Kaposi's sarcoma,
in combination with other
therapies

Tenofovir disoproxil,
fumarate salt (Viread®)

(reverse transcriptase Gilead HIV infection, AIDS
inhibitor)
Combivir®
(reverse transcriptase GSK HIV infection, AIDS
inhibitor)
abacavir succinate
(or Ziagen") GSK HIV infection, AIDS
(reverse transcriptase ’
inhibitor)
®
é:zy:;zi 0 Bristol-Myers Squibb | HIV infection, AIDS
Fuzeon Roche/Trimeris HIV infection, AIDS,
(Enfuvirtide, T-20) viral fusion inhibitor

Trizivir®

HIV infection, AIDS
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ARC, PGL
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Recombinant Genentech AIDS, ARC
Soluble Human CD4
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hybrids AIDS, ARC
Recombinant .
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Interferon Hoffman-La Roche Kaposi's sarcoma, AIDS,
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1-(3-chloropropyl)cyclopentanecarbonitrile. To a stirred solution of

cyclopentanecarbonitrile (1.04 mL, 10 mmol) in THF (20 mL) at -78 °C was added
LiHMDS (IM in THF, 11 mL) via syringe. After 30 min, 1-chloro-3-iodopropane

(1.6 mL, 15 mmol) was added at once and slowly warmed to room temperature.

After 20 h, the reaction mixture was quenched with saturated ammonium chloride (1

mL), diluted with EtOAc (100 mL), dried (MgSQ,), filtered and concentrated to give

intermediate 1 as yellow oil which was used in the next step without further

purification.



(2H, t, J =5.9 Hz), 1.54-1.48 (2H, m, 1.34-1.23 (8H,
m. HRVS (M+H) calcd for CL7H27N, 05: 339.1920; found:
339.1923. Internediate 3 1OCH EtO-y I | ON- N 20
A solution of internediate 2 (1.0 g, 2.955 nmol) in 3,
4-di chl orotol uene (10 nlL) was heated at 210 C for 15
h. Then, the reaction mxture was concentrated under
vacuum and the residue was puridied by preparative
HPLC using MeOH/ water 34 containing 0.1 % TFA
(gradient elution). The fraEW?@ﬁ@mégntaining t he
product were conbined and concentrated to afford
internediate 3 as a dark paste (0.8639 g, 28.6%. 'H
NVR (500 MHz, CDCI3) S: 10. 75<X1 br s), 4.43 (2H
q, J =7.0 Fh) 4.03 (2H, & 08 Hz), 2.25-2.20
(2H, m, 1.99-1.93 (4H, m, 9 7 ? 64 (6H, m, 5 1.42

(3H, t, J =7.0 Hz), . HRVB ( |l cd for
C 51-121N204: 293. 1501; found: 93,)1513. Internedi ate
4 CN O 10 Tetrahydro-2H pyr ~Carbonitrile. A

sol ution of tetrahydro-4H pyran-4- one (25 g, 250
nmol ) and tol uenesul fonyl net hyl cyanide (53.7 g, 275
mml ) di ysalstiee mixuet th&ﬂﬁec@dté’C Qiomqumdayk;&&mht a(nli

s cool ed ropwi.se over 30 mn
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(1H o) Fialn %orﬁatzgrap}(y%ng@.l, 48 ﬁ%x@ﬁe@/éOAc mixtures afforded
intermediate 2 as pale yellow oil (1.03 g, 30%). 'H NMR (500 MHz, CDCls) 6: 4.534-
4.11 (4H, m), 3.50-3.46 (1H, m), 3.38-3.34 (1H, m), 3.31 (1H, d J=16.2 Hz), 2.91

15 (IH,d,J=16.2 Hz), 2.23-2.13 (2H, m), 1.95-1.89 (2H, m), 1.74-1.69 (2H, m), 1.62
(2H,t,J =5.9 Hz), 1.54-1.48 (2H, m), 1.34-1.23 (8H, m). HRMS (M+H) calcd for

Ci7H27N»05: 339.1920; found: 339.1923.

Intermediate 3

(0] OH

0
EtO =

Ny N

A solution of intermediate 2 (1.0 g, 2.955 mmol) in 3, 4-dichlorotoluene (10
mL) was heated at 210 °C for 15 h. Then, the reaction mixture was concentrated

under vacuum and the residue was purified by preparative HPLC using MeOH/water



Cl NC O 25 35

4- (3-chl oropropyl ) -tetrahydro-2H pyran-4-carbonitrile.
To a stirred solution of I MLiHVDS (25 L, 25 mmol)
in THE (10 nL) at -78 C was added dropwi se a sol ution
of internediate 4 (2.23 g, 20 nmol) in THE (15 nl)
over 10 mnutes. After 40 mn, 1 chl or o- 3-i odopr opane
(2.7 nm., 25 mmol) was added at bnce stirred at -78 5

C for | ro te t Then the. reactipn
i apaii N TP Al e R TRERE, tHeTror i for Gk 38 g b vere
wat ercofnBedrhnd cnAcknhated & (fH0d ftermedisite Ads § Blak $aMd (0.8639 g,
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(2H, gt)gl_,b}h,— 12.2, 1.8 Hz), 3.61 (2H, t, J 6.3 Hz),
2.05-1.98 (2H, n), 1.88 (2H, dd, J = 13. 4, 1.8 Hz) ,
1.77-1.74 (2H, m, 1.65-1.59 (2H, m. Internediate 6
et DOO O 11 O NNO{/ CFArrixtureof
intermediate 5 (1.83 g, 9. 75'%®6{'§4nd Nat (3.0 g, 20
nmmol) was stirred at anbl ent tenperature for Ih. To
this reaction mxture was addedn50% aqueous

hydroxyl amine (I nL, 10.87 mmoJl Mol ) and stirred for
three-days at anbient tenperfatuye. To this was added
di ethyl acetyl enedi carboxyl ate (1.6 nL, 10 20 nmol )
and stirred for 1 h. Then, the reaction m xture was
diOI uted with EtOAc (100 nl) vvashed with water (50

brin m.), dried I\Ia?S iltered a
concent r a? ‘é‘ga];'ty‘gf"g%)f(/@” 9@14r°’6 °8f”f e ELH‘OEH Q?FF%H 35}%19%3“ 4-
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|nter gg%l ar.e 6 as g@!}(é 3l/n(lel I ov%l%}ghﬁégesgég&gﬁ%wc /QA/%ded H

C17H%7dm{é -over 30 min was a solution of potassium t-butoxide (56 g, 500 mmol)

15  dissolved in t-butanol (350 mL) and ethylene glycol dimethylether (150 mL). After
stirring the resulting mixture for 3 h at room temp, diethyl ether (1 L) was added and
the organic phase was washed with saturated aqueous NaHCO;. The organic phase
was dried (Na;SOy) and concentrated. The residue was distilled at 39 °C 1.7 mm Hg
to give the title compound as a colorless oil (10.87 g, 39% yield). 'H NMR (300

20 MHz, CDCl;) 6: 3.91-3.83 (2H, m), 3.61-3.54 (2H, m), 2.89-2.80 (1H, m), 1.97-1.78
(4H, m).

[ntermediate 5

Cl
NC



MHz, CDCl 3) 6:4.32-4.20 (2H, m,

25 found. 'H NWR (500
J =7.0 H), 3.86 (1 H td, J =11.0,
0 (3H,

4.14 (2H, q,
2.7 H), 3.79-3.7
8-3.34 (1 H 36

m, 3.52-3.46 (1 H m, 3.3

3.26 (1 H d, JAB = 16.2 Hz),

2.97 (1 H d, JAB = 16.2 Hz), 2.06-1.89 (4H n), 1.66-
1.66 (2H, m, 1.60-1.53 (2H, m, 1.30 (3H, t, J = 7.0
Hz), 1.24 (3H, t, J = 7.0 Hz). ¥nternediate 7 OOH
EtOONP 5 A solution of internediate 6 (1.0 g

mmol) in éy’é%lﬁéwmpef@ﬁ%md'(oz%” PYFEY- 4wg§b0néfa{ee&0atst"'z@fbsolu“on
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105 bRy Rox ) Bl obanz.an bR Heb ! Pyl T 6 3HAdA) 98
but - 22Hang diseiH,ad] D= 03 et Ny HzL $T7@N.74408  th), 1 8- 1159XRH! @).
of cycl opentanone et hyl ene ketal (12.82 g, 100 mmol)
and Znl12 (45 ng, catalytic) was placed in water bath
and to this was added tri tpxlﬁ%i‘l | cyanide (13.35
m., 100 mmol) via syringe o 37 After 16 h,
EtOH (100 nL) followed by 50% aqueous hydr oxyl am ne
(6.43 nL, 100 mmol) was added andostirred at 80 C for
2 h. Then, the reaction m xtufe cool ed

EtO le)
\

15
A mixture of intermediate 5 (1.83 g, 9.75 mmol) and Nal (3.0 g, 20 mmol)

was stirred at ambient temperature for lh. To this reaction mixture was added 50%
aqueous hydroxylamine (1 mL, 10.87 mmol mmol) and stirred for three-days at
ambient temperature. To this was added diethyl acetylenedicarboxylate (1.6 mL, 10

20  mmol) and stirred for 1 h. Then, the reaction mixture was diluted with EtOAc (100
mL) washed with water (50 mL), brine (10 mL), dried (Na;SQy), filtered and
concentrated to give yellow oil. Flash chromatography using 10-50%
EtOAc/Hexanes afforded the desired intermediate 6 as pale yellow oil (0.627 g,
18%%). 'H NMR (500 MHz, CDCl3) ;. HRMS (M+H) calcd for C;7H27N057;

25  found. '"HNMR (500 MHz, CDCl3) 8: 4.32-4.20 (2H, m), 4.14 (2H, q, J = 7.0 Hz),
3.86 (1H, td, J =11.0, 2.7 Hz), 3.79-3.70 (3H, m), 3.52-3.46 (1H, m), 3.38-3.34 (1H,



in ice-water bath and di ethyl acetyl enedi carboxyl ate
(16 n., 100 mmol) was added over 5 mn. Then, cool ed
bat h renoved, stirred for 4 h at roomtenperature and
5 concentrated to give internediate 8 as a dark-brown
oil which was used in the next step w thout

purification. LRV (MtH) cal cd for CL6H27N207: 359. 2;

f ound: 359. 2. Internmediate 9 G&QOH O EtO "-- NH OH /
10 S- drox 3 (2- hédroxz{ethoxy)telrahydrofur an-3
yl J- 82 X86i »@ﬁw&ﬁdf Py P Al Hela T Hidzy P-0e- L &i(#H, m), 1.66-

et hyl e&sbAl m Aeoyll 81, 030030, 89Lutd @D, Pha (3H, Wde- 7.0 Hz
|nterA§§Fate) (10%n%nnﬁ§ méghheated atﬂreflﬁx for 24 s
h, cooled and concentrated. The resulting

dar k-resi due was stirred wiih O. M Na2CO3 (150 niL) 15
for 30 min and extracted wi PFREEEE7(3 X 50 nL). The
conmbi ned organi c phases were re-extracted with 0.5 M
Na2CO3 (50 nl) and Et OAc extract ndi scarded. The

conmbi ned aqueous | ayers was careflully acidified with
conc. HO (20 ni) and ext E@Mh CH2Cl 2 (4 X 50
nm.). The conbi ned CH2Cl 2 | ayer NgrNed

(Na2SO4/ actvated charcoal), fi
to give brown solid which 20 ted with ether and
fisltered to afford internediaf as a light brown
powder (11.81 g, 38%. This nmaterial is contaninated

wi th about, 15% of _an identified _imnmpurity whose

295, LRNSA(SR/E’HY“ ebintemedigte E1LQsAPIgnmal) Bt %Eloh?’adﬁaleﬂe @5

313. ZL.) wa hedttld RDOBEE &3rQ 5 1O Then, the Bactibh i@ \\}af Q)nc@iNrated

red| and concentr at ed

To a stirred solution of crude internediate
g) i hmqq.qga%u]ggganﬁﬂ)e rggidue was purified by preparative HPLC u>m0 MeOH/water

10 containing 0.1% TFA (gradient elution). The fractions containing the product were
combined and concentrated to afford intermediate 7 as an off-white solid (0.1263 g,
23%). "H NMR (500 MHz, CDCl3) &: 10.35 (1H, br s), 4.45 (2H, q, J = 7.0 Hz), 4.09-
4.05 (2H, m), 4.01-3.99 (2H, m), 3.74-3.69 (2H, m), 2.35-2.29 (2H, m), 2.02-1.93
(4H, m), 1.59-1.54 (2H, m), 1.44 3H, t, J = 7.0 Hz). HRMS (M+H) calcd for

15 CysHyN2O4: 309.1451; found: 309.1463.

Intermediate 8

20 (E)-2-{[1-(2-Hydroxyethoxy)cyclopentanecarboximidoyl]-aminooxy}but-2-
enedioic acid diethyl ester. A stirred mixture of cyclopentanone ethylene ketal
(12.82 g, 100 mmol) and Znl;, (45 mg, catalytic) was placed in water bath and to this

was added trimethyisilyl cyanide (13.35 mL, 100 mmol) via syringe over 10 min.



55 C was added MsCG (8.7 nL, 112.4 mmol) foll owed by
Et3N (15.8 nL, 112.5 mmol). The resulting turbid
reaction mxture was stirred for 4 h while allowing it
to warmto roomtenperature. Then diluted with Et OAc
(200 nm.), washed with water (2 X 50 nL), brine (50
m.), dried (Na2SO4), filtered and concentrated to give
vi scous yellow oil. This oil wad re-dissolved in

anhydrous Etlﬁ%‘( 100 ntgland 10 stirred with K2CO3

(4.18\prish 0100 mfp Exllowedhby pva agiegeydrozylaming (@4 mL, 100
di | Utn?xgol?\’\v%paddgﬁ EXGstifrl PR Lok B, C%' Bk Sl idn! ikt Jrlcgwas cooled
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311 t, :7OHz HRVS (MtH) cal cd for
C15H21N207S 373. 1069 found: 373.1053. Internediate
11 O OH Et010 aN 20 To latesn¢digte® suspensi on of
internediate 10 (0.6861 g, 1.84 mml) in THE (50 nl)
was added 1 M Et ONa/ Et OH (1Q, MH After 1 h, the
resulting yell ow sol ution on entrated, acidified
with I Maqg. HC (ZOnL)Et@xt a’c WlthCH2CIZ(3X
39 35 nL). The conbi ned organic NHvayens dri ed
(Na2s™4), filtered and conceniyr te to give
internediate 11 as a brown s 4668 g, 86% . 1H
NI\/R(SOO MHz, CDCl13) S: 10. 1 H s), 4.44 (2H, q,
jo 0Hz)403397(4Hn)228222(2Hn)
06201(2H nm, 1.93-1.81 (4H, m, 1.42 (3H, t, J =
7.0 Hz). HRYBrocMEHS- (Mydrdx)semm)z@mmﬁﬂm-ylz%xw%;
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Thi s chiatiatd spbaiisitaBrswas carefully acidified with conc. HCI (20 mL) and
extracted with CH,Cl, (4 X 50 mL). The combined CH,Cl; layers dried
(NaxSOy/actvated charcoal), filtered and concentrated to give brown solid which

20  triturated with ether and filtered to afford intermediate 9 as a light brown powder
(11.81 g, 38%). This material is contaminated with about 15% of an identified
impurity whose M+1 = 295. LRMS (M+H) calcd for Cy4HN;04: 313.32; found:
-313.27.



15 added over 40 min while keeping the internal
tenperature of the reaction mxture between 0 C and 5
C. After 2 h, the greenish-yellow organi c phase was
separated and aqueous phase was saturated with NaCl
and extracted with CH2CI 2 (4 X 100 nlL). The conbi ned
organi c phases was washed with 10% HCl aq. (1 X 300
m.) containing KI (12 g) and 5% aq. Na2CO3 (2 X 150
mL). The organic |ayer dr| é{ SH), filtered and
concentrated to give inter as a pale yell ow
liquid (15.79 g, 67% which vvas used w t hout
purification. 1H NVMR (500 MHz, CDCi3) S: 4.24 (2H, t,
J =7.3 Hz), 3.86 (2H, s), 24982H J =7.3 H).
Internediate 13 oc O0f0 25 @0

1,4, 7-Trioxaspiro[4. 4] nonang QJr e of

internediate 12 (15.79 g, 183. , ethylene glycol
(16.7 nmL, 300 mml) and cat. Ts 3 (100 ng) in
benzene (100 nL) was heated at | Ux usi ng Dean- Stark

trap. After 17 h, the reacti %ture was cool ed,
diluted with ether (150 nmL), washed with sat. Na2CO3 5
and brine (50 nL each), dried (Na2SO»4), filtered and
concent r aled stirredgplpgoy efl dredg inteinpdiatk 9 Ol $F7ig) InaTHIHA00 mL) at

Vo o et T R Lo R SRS U D s Bhcdgs
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pr op S PEUT RIS 8 o o bt S el aighoup O T hL and
|1nt e ktiredli aitteK £°0; Y .e5 g, 3038%p1) v AREOUS, tiyeditcouws Past @as difdted with
1 H. d, =. 7.6 Hz),.

5 5993?@9#\@@ F\Lg)gl)% %)nggue(giffr)ﬁm £§r’ adﬂx_tngga_l 41127"[" hfl?'q’le rﬁ%c’tnon

4. 20mixth@ was filtered and concentrated to give white solid which was triturated with
ether, and filtered to afford intermediate 10 as a white fluffy solid (8.284 g, 64%). 'H
NMR (500 MHz, CDCls) 6: 4.43 (2H, q, J = 7.0 Hz), 3.99 (4H, s), 3.53 (3H, s), 2.33-

15 2.28 (2H, m), 2.09-2.05 (2H, m), 1.93-1.82 (4H, m), 1.40 (3H, t, ] = 7.0 Hz). HRMS
(M+H) caled for C;5sH;N,0,S: 373.1069; found: 373.1033.

Intermediate 11

Et0 =

20
To a stirred suspension of intermediate 10 (0.6861 g, 1.84 mmol) in THF (50

mL) was added IM EtONa/EtOH (10 mL). After 1h, the resulting yellow solution
was concentrated, acidified with | M aq. HCI (20 mL), extracted with CH,Cl, (3 X



(2H, m, 4.03-3.87 (4H, m, 3.79-3.75 (2H, m,

3.53-3.45 (2H, m, 1.60 (IH br s), 1.38-1.23 (6H,

m. HRMS (MtH) calcd for G ; H2; N, Og: 361.1611; found:
361.1620. 20 Internediate 15 OOH O EtO4N, N O

41 Prepared according to the procedure for

intermediate 11. Yield: 29% brown solid. 'H NVMR (500
MHz, CDC13) 6: 10.63 (1H, br s)3% 4.44 (2H, q, J = 7.0
Hz), . 4.18-4.11 (4H m, 4.08-4.01 £4H n% 2.66-2.60

(1 H.Jsrﬁl_;). ﬂ"_hgsqrgl_)lgfai qgan, layﬁrs’ drjed{NNa %%‘h; fi e’red\]ang cgnqgatrated to
Hz) . ohiRVRetMildte B1adsGQOrdval solrd ladu20 86948 971 Nk (500 SHRd CDCls)
5 297.1071. Internmediate 16 0 0 O 10

1, 4, 9 WOADUEL St A (U153 Hie d&HE), 203 97 (b ek 2.28-2.22 (2H, m),

tetr dy 3N 3 D c
o e elSor P 2080 U8 18R T 9, SRR e

sal f dei @ oNeDs: d@s12941 founde @93-i2%Benzene (120 nL) for 5
h. After cooling to roomtenp, the benzene |ayer was
decanted fromthe dark oil in the bottom of the flask
and was concentrated. The gesidlad@ oIl was taken up
in methylene chloride and shaken in a separatory 15
funnel. The CH2Cl 2 | ayer was decanted fromthe

insoluble oil. The CH2A 2 | ayer s concentrated to
give the internediate 16 as a pa yellow oil (11.62
g, 81% vyield). 'H NWR (300 Yo 13) S: 3.91 (4H,
s), 3.71 (4H, t, J=5.5 Hz), 1.68 (4H, t. J =5.7

Hz). 20 Internmediate 17 \-O OHN O\ O NH
10 Dihydrofuran-3(2H)-one . A mixture of 3-hydroxyfuran (24 g, 272 mmol)

and TEMPO (0.86 g, 5.5 mmol) in CH,Cl; (175 mL) and KBr (7.141 g, 60 mmol) in
water was vigorously stirred and cooled in an ice-water bath. The pH of NaOCl
(commercial grade bleach, 600 mL, 806 mmol) was adjusted to 9.5 by dissolving
NaHCO; (8.632 g, 102.75 mmol) immediately before use. This NaOC]I solution was

15 added over 40 min while keeping the internal temperature of the reaction mixture
between 0 °C and 5 °C. After 2 h, the greenish-yellow organic'phase was separated
and aqueous phase was saturated with NaCl and extracted with CH,Cl, (4 X 100
mL). The combined organic phases was washed with 10% HCl aq. (1 X 300 mL)
containing KI (12 g) and 10% aq. Na;CO; (2 X 150 mL). The organic layer dried

20  (Na2SO4), filtered and concentrated to give intermediate 12 as a pale yellow liquid
(15.79 g, 67%) which was used without purification. '"H NMR (500 MHz, CDCl5) &:
4.24 (2H,t,J =7.3 Hz), 3.86 (2H, s5), 2.49 (2H, t, ] = 7.3 Hz).

Intermediate 13



0010 O HO (E)-2-,

[4-(2-Hydroxyet hoxy)tetrahydropyran 4- car boxi m doyl |
am nooxy) but - 2-enedi oi ¢ acid diethyl ester. Prepared
according to the procedure for 25 internedi ate 8.
Yield: 60% vyellow oil. 1H NWR (300 MHz, CDCl 3) 6:
5.72 (1H, d, 42 J = 22.7 Hz), 50 (I H bs), 5.29 (1
H, bs) 433423(2H m 4194404(2H m

3 95- 3. 87 ( 3.79- 2H,

0% 15! (v e, e Rige i (T
Ca| Cank6N e%ﬁ@é%&% 240, 300 mfn@b)@gd 0337'5501raH25(100 mg) in
Intennedl ate 18 OOHO EtO"- NHOHN~ O J
5- Hy depsepe 80P mL)ovap henteshay sxflve osing Pernapipdy Eipy Mﬁtr lﬂ h, the
Y1J- Gedibn thiRare WabYHQDYiH Witn&nd~ £ RO) Wablﬁsd @mhqat Na,CO;
et hyl ester. A solution of an internedi ate 3

9,5 25ndREng (5P MLEAC N ded A8 ). filtgrsd av@fqnes@éretefia? ‘”I‘BY‘HIOW

Af t erllq(-i@OlDlﬂglaﬁ& RS Pl RBP pret & dfokded ife VR BKER yellow
wth 0.2 M Na2CGC3. The aqueous phase was washed w'th

Et mdlqumd%laalg@f%d vh{Nleé owe! l\éIHH@D(élﬁ@ eRt4r(@dt e d=vid Hz). 3.94-

e_ongan (Na2S™4) and
concent r aitqelg? %%g lﬁes ul't |§gm€25fj]rcguegwas triturated

with ether to give the internediate 18 as a brown

solid (0.87 g, 10%yield) and 15 i npure product (2.36
. LCMS [Ivf+H + cal cd fodntermpd 7: 329.13; found:

329.15. Internediate 19 0 11 OOOS'0 O EO0 "-

N/N
o
O
HN 0o 0O
RN
NH
D45 s
HO

(E)-2-{[3-(2-Hydroxy-ethoxy)tetrahydrofuran-3-carboximidoyl]-
aminooxy}but-2-enedioic acid diethyl ester. Prepared according to the procedure for
15  intermediate 8. Yield: 38%; viscous yellow paste. 'H NMR (500 MHz, CDCl;) o:
5.78 (1H,d, J = 7.6 Hz), 5.59 (1H, br s), 5.38 (1H, s), 4.37-4.27 (2H, m), 4.20-4.13
(2H, m), 4.03-3.87 (4H, m), 3.79-3.75 (2H, m), 3.53-3.45 (2H, m), 1.60 (1H, br s),
1.38-1.23 (6H, m). HRMS (M+H) calcd for C,5H,5N»QO3: 361.1611; found:
361.1620.
20

Intermediate 15

0 OH

O
Eto)j\’/kf

N N

.

0O



,alQl O 20 A solution of internmediate 18 (0.86 g,
6 mol) in THE (10 nL) was cooled to O C. Added to
i s was net hanesul fonyl chloride (0.613 nL, 7.9 mmol)
|l owed 43 by slow addition of triethylam ne (1.07
m., 7.9 mmol). The mxture stirred for 4 h while
gradually warmng to roomtenp. before diluting with
Et OAc. The mixture was washed Mith wat er and bri ne
and dried (Na2sO4) before congentrating
dark oil. "?H?rgdseﬁgr dineda repegse ‘Heéi é“ﬁ‘Fﬂ_‘)gi gﬁﬂd Tge; brown
(10 Tb)d. dacNedseh HrpotBes) siMoear eNAkE 444 (ﬁ@ ogJ -47 (0142)

mol ). The mxture was stirred at roomtenp
di | uttdd- "&Mlt(ﬂHE't“M@SC“ZQ)]O(“Hh)")M%ﬁ‘é(l%m)dsw%r’%(m m) .41
renoyad (by=§olHA RS M caRlHd, I%‘F”M@}% SPNRRM halLd
and the residue was triturated w th nethanol
FoI t RAT4¥H- gave the intermediate 19 as a white solid
(0.23 g, 23 %9. '"H NWR (300 MHz, CDO3) S 4.41 (2H,
q, J= 7.2 Hz), 4.03-3.98 (4H, n), 3.88-3.82 (2H n).
3.74 (2H, 10 t, J= 11.2 Hz)nterdedRBte(id H s), 2.44 (2H,
dt. J =13.1, 4.9 Hz), 1.76 (2H, d. J = 13.9 Hz),
1.38 (3H, t, J =7.1 Hz). LCM5 [MtH + cal cd for
C15H21N208S3: 389.10; found: {383 13. Internediate 20

CN LJ OH 15 [~ 1-Hydroxycj ,gﬁ‘ut anecarbonitrile. To

2.
t hi
fo

a flask containing cycl obutanéne ] (13.41 g, 191 mmol)
was added a sol ution of potass phosphat e nonobasi c
(29.10 g, 214 mmol) in water (50 nL), followed by a
sol ution of sodiumcyanide (10.39 g. 20 210 nmol) in
viat er (507 #i8)Tricrdpitdye. 5] deaotel @nmmse sf tierratlfydroﬁ@pyraﬁme (10g
hour

The re | on e th d|
o Sho P SB514 8 Bast LTS S DA Bl o
aqueeus rdﬂayerm\ba:&emﬁ(s h@d\L\)vfdrb hetAtferr ccﬁcﬂmg t(if&;emrrtx)ap thd6knzene
EI'E: aglrlerrbxlvng e:<(‘j:¢1en)t(€:tdr §1 %rlk il | Sildn ﬁxg 08 gﬁg s%rqng dvas concentrated
(sod |Tlhmessluh§ ait @)s tatanl upeh edthyknel clﬂﬁlﬁdbemtl sladked int aseprraery
ont al.ne 5.
3Bor SR e g A M B BP0 B0 Tl SbF bt
was N&@dodﬁbdlh@dtto gire tHa@ditermediate 16 as a pale yellow oil (11.62 g, 81%
yield). 'H-NMR (300 MHz, CDCl3) 8: 3.91 (4H, s), 3.71 (4H, t, J= 5.5 Hz), 1.68
(4H, t, J=5.7 Hz).

20 Intermediate 17

(E)-2-{[4-(2-Hydroxyethoxy)tetrahydropyran-4-carboximidoyl]-
aminooxy}but-2-enedioic acid diethyl ester. Prepared according to the procedure for

25 intermediate 8. Yield: 60%; yellow oil. 'H-NMR (300 MHz, CDCI;3) 6: 5.72 (1H, d,



purification or treatnment. IH NVR (500 MHz, CDC13) 3:
3.15 (1H, br s), 2.60 - 2.68 (2H, m, 2.29 - 2.38

(2H, m, 1.89 - 2.03 (2H, M. 44 Internediate 21 CN
E~ 0\ I 1 1-(2-Chloroethoxy)cyclobutanecarbonitrile.
Zinc chloride (36.03 g, 264 5 mml) was fused using a
propane torch while under vacuum The nolten zinc was
cool ed and the evacuated fIask Yas flushed with
nitrogen. The f dwth internmediate 2

(15. Y0 &-F Haha DQIHMbé} é@f’rﬁ&fﬁotrs) P72 2Homg rhiot-94 @hleim),
stirres ywiny, nsa; mgéﬁ aﬁil)m)fs%@@damnﬁ) 2.1h8. mmtmpn 1.35-
m xture was dil uted th water (20 ) and extract

wi t h lePHPH, mdek@Me [Mfﬂl il fﬁLthivaNz@ee?h*LB foupde375. 15.
conmbi ned organic 10 layers were dried (sodium

sulfate), filtered, and concentrated to an oi

i B-vacuo. The crude produdghtewas&didelfg fi ed by vacuum
distillation (b.p.12 85C) to give internediate 21
(5.00g, 31.3 mol, 16.4% over two steps) as a clear

liquid. 1H NVR (500 MHz, 3P"d: 3.75 (2H, t, J=5.5
FE) 3.65 (2H, t, J=5.6 Hgp:s 02.61 (2H, m, 2.31
- 2.43 (2H, m, 1.91 - 2.06 ( ok Internediate

22 OBt ODOO O NO A solU§fon of intermediate 21
(2.64 g, 16.5 mmol) in ethan O nm.) was 20 treated

with a 50 weight-percent aqugous %ol ution of
hydr oxyl ami ne (3.34 g"'50 mmol), and stirred with
heating (60 C) for 16 hours. The solvent was renoved

vacuo;- m%x}fl’eﬁl[@%Mﬁyevm}iy)@rtﬂaﬁﬂirgﬁ)ﬂm 4 yl ] 6 -0x0- 1 6—

ethan matemé;
sol i dfo PP yec&%bq’wﬁeafiléfféﬂmeﬁ "pReufe <rfaw%rmed'ate 17
SItOepé9 4%, 29mfRl)Ghn ﬁﬂer@; (SO' rHI) Vo3 r@fﬁux‘é@ﬁ)ﬂQQVﬁ\ﬁ@} ¢adbling to room
solid in ethanol (5 and wat er %%% E%? was treated
di

wi t h 'SPRSIUTTBYE BEs %lﬁ*eetnﬁwh et e BERIFIPREE was washed
(4. 22vifh EtdBc nmme)amdlc with conc’d HCI and extracted with CH,Cl,. The organic

phase was dried (Na>SOy4) and concentrated. The resulting residue was triturated
with ether to give the intermediate 18 as a brown solid (0.87 g, 10% yield) and

15 impure product (2.36 g). LCMS [M+H]+ calcd for C4H>1N2O7: 329.13; found:
329.15.

Intermediate 19

o)
i
o o7 ™

SO

N Nj
A solution of intermediate 18 (0.86 g, 2.6 mmol) in THF (10 mL) was cooled
to 0 °C. Added to this was methanesulfonyl chloride (0.613 mL, 7.9 mmol) followed

o



in ethanol (50 nL). The reaction was stirred for 5

m nutes, then warnmed to room tenperature, and stirred
for 2 hours. The reaction was diluted with water (50
m.) 5 and extracted with ethyl acetate (3 x 50 ni).
The conbi ned extracts were dried (sodiumsulfate),
filtered, and concentrated in vacuo. The crude was
partlally purlfled by flash si4di ca gel colum

chro wth 10%to 35% et hyl acetate
n bl siriBb ab ity Pl (e e e oo e Theiture St for 4 b

conceitile atzadaliytvatmaisQo tdbngtem@ befétt anum@ivatheEdAc( ThéMixture
g, 48% as a §||OMIOI| was used jmediately in.

t he mspv&;l}ee\ml gvaéqréﬂd bru@qgé d[‘ﬁﬁl—ﬂja?ﬁ@) betorecpncentratirig to give a
I nt erdagdiiiatMisAas d@smcﬁh @)Q»UZO mlﬁarﬂ B YD) Aaf added
internmediate 22 in 1,2, 4-trimethyl

benz AESSIY® safPW@)e %}é gh"e%‘i @emé)t Trhéf‘}"ﬁfkre(":las gtiregd 4t grongtemp for
hour 58 ht fiefedovia] B AQ20ERN) ARINREEAUYHEre renlbV@d $9iHBMbn. The
was rempved in vacuo, and the crude was dissolved in

et hy SOlHeR Weseopepgiratgd gndhe residus was wigraied Wit mstang! o Figation

aque Qe HOlnnneNaf19 808l vHIR L1ia0. PR  AHXNNVR (300-MHz,
The conbi ned extracts were brouggt to pH 1-2 using 6N

hydr §&HHDS 64331631'8 q, 4nd-2Ade)t he3-p 28 (dH. a'h)t 88Pi8d (dgm). 3.74 (2H,
9%t r aCtLph My gﬁ)%b'@’ﬂ{ 9‘079443(Su] { 47X 159 J"?-)-{z) Tg@ (ﬁQgH?J@eld

extract was dried dirum at e) tere
c onc & rlai8dati th/ vaYclule)t (LC@MS/E\/HHhtCelpdrﬁm iCatte 129380 3898 8);

, 585 rstwo steps) as a brown solid. 'H NMR (500
é%gﬁg 3S 10.54 (1 H, s), 4.46 (2H, q, J=7.1

FE) 3.95 - 4.00 (41-1, m, 2.67 - 2.74 (2H m, 2.30
(2H, ddd, J=12.4, 9.9, 7.3 Hz), 2.09 - 2.19 (1 H m,
1.97 - 2.06 (1 H m, 25 1lmgmedige 20 J=7.2 Hz). LC/ MBS
[MtH + = 281.11. Alternative preparation of
internedi ate 23 from cycl obutangpe. 46 Internediate
24 o\ UOJb5,8-Dioxa-spiro[3.4 ne. A solution of
g¥cl obutanone (7.7 g, 0.11 nol 5 ethylene glyco
(6.82 g, 0.11 nol) and p-tol uenesul fonic acid nono
hydrate (200 ng, 1 nmol) in benzene (200 nlL) was

heat ed at /+efiowcyepbiiarmcdéanir8e at ka flagpohteming4yHplutanone

e b D e e E T L S el
wi t h gb?li4memelh th wirterdd0 (i goldsiadrbysusblugivedf sofliuht eyaside AOG9 g.
20 210 mmol) in water (50 mL), and the reaction was stirred for 16 hours. The reaction
was treated with diethyl ether (100 mL) and stirred for 30 minutes. The separated
aqueous layer was washed with ether (2 x 100 mL), and the combined extracts were
concentrated to an oil. The oil was dissolved in dichloromethane, dried (sodium
sulfate), filtered, and concentrated to give an amber oil (15.10 g), which contained
25  approximately 15% of intermediate 20. The intermediate was used without further

purification or treatment. 'H NMR (500 MHz, CDCl;) &: 3.15 (1H, brs), 2.60 - 2.68
(2H, m), 2.29 - 2.38 (2H, m), 1.89 - 2.03 (2H, m).



concentrated to obtain 9.37 g (82% of internediate 24

as a colorless liquid: "HNW 10 (CDC13, 500 MHz) Sppm
3.87 (4H, s, CH2), 2.31 (4H, t, J = 8 Hz, CH2), 1.67

(2H, qt, J =8 Hz, CH2); 13C NWR (CDClI 3, 125.77 Hz)

5: 109.08 (C), 63.87 (CH2), 35.58 (CH2), 11.42 (CH2).
Intermediate 25 o O HNHOH O-NO HO 1 O 15 2-]
[1- (2- hydr oxyet hoxy) cycl obut anetfar boxi ni doyl J- ani nooxy
)but-2-enedioic acid diethyl ester. To a m xture of
intermediate 24 (5.70 g, SOMGAMNASH  trimethyl silyl
cyanide (5.05 g, 50 mmol) was added a catal yti c anpount

of Znl2 (12 20 ng) in a cool water bath of -10C and

the m xture stirred at roontifnpera&ure for 5 hrs to
obtain 10.7 g of _/

1-(2-trimethyl sil anyl oxyet hoxy) cycl obut anecarbonitrile

as a nmobile oil: "H NWR (CDCl 3, 500 MHz) 6: 3.75 (2H,

t, J =5 HA?2- C@g@g{hoxg)cg@ol(@qqecqrboni{yil& @nqﬂhlor@g}@Q.OS g, 264
iSSi'n%m(glg wgigmse(fnsmgo_lzéop)rgpage %Qéhzwlﬁl; |_llﬂlaés_rLvamung:l @e’moltén ﬁw&was
( CDchplqurgi theg eyagyatgifiask M@ﬂwsgeq @N} nitrpger) 5T'hg Flask @)s loaded with

b8 L el My s

1- ( 2-heatinggP0Py) &irl28 mymxym th@o(lyo)l o)lxtuteomstdamed: avith ovaker (2(]0 mL)

(el( gg'l%d g)ktlfé?eﬂ with e’.lb)n:[rgce aEta(%Z‘ %? 0{8 qqtuﬁ)% S t | %?(%(réblp% Cgoamc

aliol batehs waratiéal (add @0 €hlfand), the&dhmd @n@bntrhlemmoixled vbﬂto The
room t enperat ure. sol ution.was ad d

G ot I RER e s e ot e T @wdsi#&g st yemgdiate
an i @(badd) JaBdmﬁ(helGﬂ%bUé'rQWSEt'eﬁsi) @éla albar1R@@ 'H NMR (:.oo MHz,

tenperature for 5 hrs. m xture was concentr at ed

in vddifd: k33l %DP@H@ b?S QHef de o blzdwmiZs - i RHiw), 2.31 -
cont ai43i (g, mntuenmedsasg, Kp: 'H NMR (500 MHz. CDCI 3) S:
1.19-1.38 (6 H m) 1.72- 1.86 (2 H, m 2.06-2.24 (2 H,

P 2.29-2.49 (2 H n) 3.26-3.38 (2 H n) 3.65-3.76 (2

H om 4.11-4.19 (2 H ) 4.24-4.38 (2 H m 5.67 (0.25

H s) 5.85 (0.5 H s). HRvintermediate 22

A solution of intermediate 21 (2.64 g, 16.5 mmol) in ethanol (10 mL) was
20  treated with a 50 weight-percent aqueous solution of hydroxylamine (3.34 g, 50
mmol), and stirred with heating (60 °C) for 16 hours. The solvent was removed in
vacuo, and the residue was dried from ethanol-water (1:1, 10 mL) twice, to give as an

oily solid. This was used immediately in the following step.



(MrH) calcd for C ; H25NZO7 345. 1662, found 345.1648.

15 Internediate 26 O OH ONNHO'I-"-""CH

S- hydr oxy-2-[]-(2- hydroxy- et hoxy) - cycl obut yl J- 6- oxo- 1,

6- di hydi o- pyrirnidine-4-carboxylic acid ethyl ester.

A solution of a crude internmediate 25 (5.9 20 g) in

xyl enes (30 nL) was heated at 150-155 C for 20 h. The

m xture was concentrat ed in vdPuo and the residue

re-di ssolved jn Et OAc ?ﬂvvas extracted with 1 M

agq. sodi uﬁ‘lcelﬁjr(ﬁoﬁbfoé“t%loﬁ he ghoetly golid i ethrped (3 avke duwater (10
ext r aat)Svadeefted #ih d551LGsh Wdldihy¢ acfidtledREIHb Ly 1&8(402‘2 25 mmol)
concentrated HCl, and this m Xture was extracte W th
CH2c1rzetbfgs@h@0rw5) Thp ecagiinmpyasstiret 9animinudss hae vvgmwért@ room
dri e‘i’en(ﬂ@?a%ﬁ%d sifu'rf!dt f%lr 2oge ARe£N0E R dithRdyiAvRRL(36 L)

internmedi ate 26 (1 g, 24% over three steps) as
béomn%wtmqed wulaeml W%tez@g 50mp) The gombipgdeaxtracts were dpigd

sodlum Sulfat
o ny 15 (et k), AR, %“C(e ‘?rtéatt?ﬁdym;ﬁclufoog)}/] M A
(et By d%;lp 8i}eA el pdwpn Flerpmhiobaphy, )eluengnwah 10% to oa% ethyl
6- di QyaliOmHekiHedi Agadt ﬁaamweé %ole& a@con& ﬁgeéﬁ n(&?ao to give
solution of Internedi ate nl
anhy drgmsdiate@2 (2hY a,r@f’/e)raaﬁ y @li e‘dﬂ@d\wusw lmmedlately in the
et h@&]ﬁﬁ%ér JH'L@?}M@" gt Akely i £h) by dropwi se
addi tion he sol utlon s warmed to roomtenperature
and stirred for 4 hrs. The 10 reaction was
concentrated i n-vacuo, and the crude product was
di ssol ved in ethyl acetat&¢m5dige)23and washed with
saturated sodi um bi carbonate sol ution. The organic
solution was dried (sodiumsuwfagg), filtered to
renove solids, and concentratjed iln jacuo to give
internedi ate 27 as a brownEi [ 77Th¥s was used in the

subsequent reaction w thout fuurg purification. 'H
NVR (500 MHz, CDCI3) 5:4.49 (2H,|q, 9= 15 7.0 Hz),
4.35-4.38 (2H, m), 3.93-4.00 ( , 3.66-3.67 (3H,

s), 3.62-3.65 (2H n), 3.44-3.46 (3H, s), 3.05-3.07
(3H, s), 2.74-2.82 (1H, 1), 2.60-2.67 (2H ),
2541- 2. 494 solution of intermediate 22 (2.51 g, 7.7 mmol) in 1,2,4-trimethyl benzene

(25 mL) was heated at reflux (180 °C) for 3 hours, then cooled to room temperature.
The solvent was removed in vacuo, and the crude was dissolved in ethyl acetate (75
mL) and extracted with a saturated aqueous solution of sodium bicarbonate (4 x 75
mL). The combined extracts were brought to pH 1-2 using 6N hydrochloric acid, and

20  the resultant solid was extracted with ethyl acetate (4 x 50 mL). The combined
extract was dried (sodium sulfate), filtered, and concentrated in vacuo to give
intermediate 23 (0.235 g, 5.2% over two steps) as a brown solid. 'H NMR (500 MHz,
CDCl3) 6: 10.54 (1H, s), 4.46 (2H, q, J/=7.1 Hz), 3.95 - 4.00 (4H, m), 2.67 - 2.74 (2H,

m), 2.30 (2H, ddd, J=12.4,9.9, 7.3 Hz), 2.09 - 2.19 (1H, m), 1.97 - 2.06 (1H, m),
25 144 (3H, t,J=7.2 Hz). LC/MS [M+H]" = 281.11.

Alternative preparation of intermediate 23 from cyclobutanone.



(2H, m, 1.43 (3H, t, J 7.0 Hz). LCVS (MtH): 532.94.
Internmediate 28 20 0 OH EtO"--0 N OJI To a
solution of internediate 27 obtai ned above in absol ute
et hanol (50 nlL) and anhydrous tetrahydrofuran (75 ni)
was added anhydrous potassium carbonate 25 (3.46 g, 25
mol ), and the reaction was stirred with heating (65C)
for 20 hrs. Solvent was rennvé@ i n-vacuo and the
crude product was dissolveq ter (150 49 nlL) and
extracted with ethyl acetat@eT%’%“ﬁﬁb m.). The aqueous
| ayer was made acidic (pH 1-2) using 6.0 N
hydrochloric acid, and the reg u#%ing solid was
extracted wth ethyl acetate X 75 mL). The

conbi ned extract was dried ( |un1sulfate) filtered
to renove solids, and concentrated to give
internediate 28 (4.30 g, 61% as a 5 |ight brown
solid. " H)BNRoxBMrofdi]oca¥ 18 yolSionld¥.chpdlotfutanbine &)7, g,4.14Gnol),

1-1 J, =7 , 97, (4H, s),.2.67-2.73 1-

+ Btnghng By f6 £ o 0811 il o 8 itentolt 86a Fiog iy B0 me,
(1H, Imupol} indbbngediel (2000, mUJwad. h2atktr it. re&B{Ganl\R)éathﬁarM&Zp for 14 hrs.

9. 57.68 0,41, 148.19,.1

79. ngﬁe 039%’%"8%‘,“ 195 %%S‘E‘w%zt“bzquefas spgiumy C%hrmaﬁsé?wgon
( M'I-HXSatha’ﬁéd 13;9[3Qhémtvﬁﬁi BixeH agti Ggg@/(ngmlasuE@ sulfate), dﬁltered and
I nt i ate was, e % Vi e accor di
e BPEeRLE PR S £ PRI n rmedin® o by RS I SoB A NviR
@6D6Xc6c133304)9v1({4ﬂspph1,3 le@HSs kd,), 2%1213H(14!-IF 8tHz, cﬂr)81 67 (2H, qt,

Hz), 1.63 (2H l% 1,24 (2H at, J=5 ;
| nt ef mediaidhs0 Q@D@ NR5-77 HZ)S 109. 8(C) 6357 (CH»), 35.58

(CHy), 11.42 (CHy).

Intermediate 25

L

@]
H
o) _N_ _NH _OH
I ; i
(6]
\l o]
2-{[1-(2-hydroxyethoxy)cyclobutanecarboximidoyl ]-aminooxy}but-2-enedioic
acid diethyl ester. To a mixture of intermediate 24 (5.70 g, 50 mmol) and
trimethylsilyl cyanide (5.05 g, 50 mmol) was added a catalytic amount of Znl, (12
20 mg) in a cool water bath of ~10°C and the mixture stirred at room temperature for 5
hrs to obtain 10.7 g of 1-(2-trimethylsilanyloxyethoxy)cyclobutanecarbonitrile as a
mobile oil: 'H NMR (CDCl3, 500 MHz) 8: 3.75 (2H, t, J = 5 Hz, OCH,), 3.55 (2H, t,

J=5Hz, OCH,), 2.51-2.56 (2H, m, CH,), 2.30-2.37 (2H, m, CHy), 1.91-1.98 (2H, m,
CH,), 0.124 (9H, s, SiCH3); ">C NMR (CDCls, 125.77 Hz) ppm 120.43 (CN), 72.05



O ~OHO TO 20 Internediate 30 was prepared (52%
yield) according to the procedure for internediate
25. 1 H NWR (500 MHz, C6D6) 8: 3.54 (2H, t, J=6.1 Hz),
3.45 (2H, t, J=6.1 Hz), 2.06 - 2.12 (21-1, m), 1.87
(2H, dg, J=9. 2.6 Hz), 1.68 (2H, qt, J=6.1 Hz),
1.43 - 1.51 (1 H m, 1.26 - 134 (1 H m, 0.10 (9H,
s) LC/I\/IS [I\/H—|]+ = 359. 20 50 It ermediate 31 I1OF OH

O NNH O - [nternedi ate 31 was
pr epé%@(éé%{g)t @ ‘b%(%bef‘ﬁ? AgHYo! 2 He(Ghlob cR FUEETH- ok C/MS m/z
i nt ergeei@tesiRR;). 1 H NVR (500 MHz, CDC13) 8: 4.46 (2H,
q, J=7.0 Hz), 3.84 (2H t, J55Hz) 3.41 (21-1, t,
J=5.5 Hz), 2.51 - 2.58 (21-1, m, 2.29 - 2.38 (2H, m,
f;- 39 : Hi-) %%f(%'clsh off -(2- grm%:zhﬂsxl:!lnﬁ@xﬁ&@xﬁ;é@?oloblﬂaﬁéca(&'ﬁ'imlte (3.5¢
323. d8:4 mmol) ﬂ@@%@ﬂms h@m@lmm €08 grla6 4 NlWQ@I%OH (16 mL)
(00 \wobitddan aRbiy 'bsm el ab& B 253 ot ihch of IR dook
tetrahydrofuran 1 was treate
et hasrepegtironyo ehblgmrd‘eaS(a@d@mrgp -W2@ dmmil }cqisdédedmtuokyyate (2.93
dr Op\@ f“ﬁ,hﬂl%l) 1h ‘BIE‘ 6c%fbvﬁgh;4n§§lt¥+§[nr$sqm(eﬁ f%rOﬂm tempeé%lurre Of%r r% hrs.
t en‘p@ﬂl&tmuweue Firecosainvratad innasua ©obtagds. i g vhccrodalrdwhikieoit

TRl NS B ) s L o 12
pot adsS6uRrHG aY) DOB @t B (2 H, 36 202.9- 2497 (2rATah)) 3. 2038138 [PEH, m) 3.65-3.76 (2

nour £ Ao B iR (0~ “PH0 S ol £8 orh. 9. rirvs

sol vewit-H) valsd foe TpHRIN,Dn 30860, foiﬂitﬁgzﬁ[llﬁd& product was
diluted with ethyl acetate (50 nL) and washed with IN
hydrochloric acid (2 x 50 nL), extracted w th ethyl

etate (2 x 25 nL) then rlne m.). The sol ution
325 then dried (sodi um sul lfm} dgz‘it)'lis'qu;ter ed

3-hydroxy-2-[1-(2-hydroxy-ethoxy)-cyclobutyl]-6-oxo-1,6-dihydro-

pyrimidine-4-carboxylic acid ethyl ester. A solution of a crude intermediate 25 (5.9
20  g)inxylenes (30 mL) was heated at 150-155 °C for 20 h. The mixture was

concentrated in vacuo and the residue re-dissolved in EtOAc (30 mL) was extracted

with 1M aq. sodium carbonate solution (3x20 mL). The aqueous extracts were

acidified with careful addition of concentrated HCL, and this mixture was extracted

with CH,ClI; (2x20 ml). The combined organic extracts were dried (Na;S0,), filtered
25 and concentrated to obtain intermediate 26 (1.19 g, 24% over three stebs) as

brownish oil: LC/MS m/z 299 (M+H).



and concentrated to give internediate 32 (0.534 g,
1999 as a brown solid. "H NWVR 51 (500 MHz, CDO 3) S
10.64 (1 H, br s), 4.45 (2H, q, J=7.0 Hz), 4.38 (2H,
br), 3.91 (2H, t, J=5.0 Hz), 2.81 (2H, br), 2.36 -
2.44 (2H, m, 1.87 - 1.97 (1 H m), 1.82 - 1.86 (2H
m, 1.67 - 1.75 (1H, m, 1.43 (3H, t, J=7.2 Hz). 5
Intermediates 33 and 34 F NCHN N1\ CNNN F 1 /
N 4-Fluoro-2-(]H1,2,4-triazol-1 _yl)benzonitrile (33)
and 4- (1 H 1,2, 4-triazol -1- yinjermediptgdf obenzoni tril e.
To a solutlon of 2,4-difluorobenzonitrile (10 g, 72
nmmol ) 10 dissolved in THE (20 nmL), and DMF (40 ni) was
added 1,2, 4-triazol e sodi um QerP¥ative (6.3 g, 70
mol ) and the m xture was sk 090 C for 3 h,
filtered and concentrated. The, reg,due was adsorbed
onto Silica gel and purified by gssh chr omat ogr aphy
eluting with 0% 10% 30% Et QAc/ hes tomgi ve
internmediate 33 as colorless dles (2.46 g, 18%
and internmedi ate 34 was obtained as a white solid 15
(0.7455 g, 6% . Internmediate 33: '"H NWR (500 MHz,
CBC13) 6 E8h)$9 (l@éfhﬂsulﬁ)zyl) &(&Qhﬂﬂulﬁinﬂ&ay).?(l(% (l H,

( Hig ( 2 = 8.8,,2.4 Hz),
7 28- 7“%’“(%0"#("% X}Lce:ﬁ/eg’ "('1\141»121)0*% AP iR e bbb are
189. Q27): foehd0°¢BDldkidn o2 htdribBAERE (B2 Lo D4 mmébl) NMRh&&Q&L
I\/HzCDCI3)8866(1Hs)815(I'H s), 79 (1
H, dotetrz@yd.rog.lrg\ wis treategd )mth';megglnfs]}lfpp) cd'@ondg (Aldyc@ byIirtg)\use
Hz) , addfen. 7Tl§e%o(ulnoh'waﬂvanneld%o%ﬂer%le%dfs%ed for 4 hrs. The
COH6MN4F: 189.05; found: 189.13. 52 "Internediate 3: N

NOg Nepetiogwas concentrated in-vacuo, and the crude product was dissolved in ethyl
acetate (75 mL) and washed with saturated sodium bicarbonate solution. The organic
solution was dried (sodium sulfate), filtered to remove solids, and concentrated in
vacuo to give intermediate 27 as a brown oil. This was used in the subsequent
reaction without further purification. 'H NMR (500 MHz, CDCls) 5:4.49 (2H, q,J=

15 7.0 Hz), 4.35-4.38 (2H, m), 3.93-4.00 (1H, m), 3.66-3.67 (3H, s), 3.62-3.65 (2H, m),
3.44-3.46 (3H, s), 3.05-3.07 (3H, s), 2.74-2.82 (1H, m), 2.60-2.67 (2H, m), 2.41-2.49
(2ZH, m), 1.43 GH, t,J= 7.0 Hz). LCMS (M+H): 532.94.

Intermediate 28

To a solution of intermediate 27 obtained above in absolute ethanol (50 mL)
and anhydrous tetrahydrofuran (75 mL) was added anhydrous potassium carbonate
25  (3.46 g, 25 mmol), and the reaction was stirred with heating (65°C) for 20 hrs.

Solvent was removed in-vacuo and the crude product was dissolved in water (150



(4-Fluoro-2-(]H1,2,4-triazol -1 yl)phenyl)net hanam ne
hydrochloride. 5 Nitrite 33 (2.46 g, 13.13 nmmol) was

di ssol ved in hot ethanol (150 nmi). Aqueous HO (15

m., IN) was added fol |l owed by 10% Pd/ C (200 ng). The

m xture was shaken under H2 at 55 psi for 4 h.,

filtered over celite and concentrated. The residue

was partitioned betvveen Et OAc &%d wat er. The aqueous

phase was | yophili zed (};lvelntermsdiate 35 as a

whi t @@d\ﬂﬂ&)rtmwd%thgﬂhybg%a e (2p1 Wmlps dbe ppeeousipBopys made

S 59 a51]11c((§HH,1 §))usm8 65:(8N G}drbk:hl&)o_ac?d g&i t(zlézé'hllt_xgdsolra was extracted
( i H, W'Ehoe‘hYJ ace‘%e @ %L)—lzl)'he Camizr_aleq gfifacigyas d['ep\/soéwm)sulfate)

cal cdilfrl (RHONTids, aﬁ@ge&gntraﬁéauﬂdne 198 mlBiate 28 430g 61%)asa
Internediate 36 .F N, N NHZ N°J (4-Fluoro-2-(1°

Ho1, light brows polide] HNMR;&Q@%M%@W&%%@H s), 4.46 2H, q,/=7.2
hydr eghl 057 @R 5), 1.61-675psl 3182 3898520 £P 3169 0

yi el gg‘zwfol |(gWI sr%g t he procec?ure F\g?%llﬁt@?%ég alt(8 ?H/[g) 1.98-2.06
usi n@”ﬂm)eﬂ#é@fattefﬁlﬂ Hzp RORIVMBGRAWEZ. C ED) 189.58,.133.68,

(I H, ({hs< ( A
136 4l 4?.(??_"1 7})09 é?%, ggﬁ cfize;(s' g 1|3|8§t ldé/l\gs
8 IM+HZ. B 1H3) | 4 17 (2H, s). LCMS (I\/H—|) cal cd for
141 OMNAF: 193.08; found: 193.16. 53 Internediate 37
Hz HCIl F S 4-Fl uoro-2-nethyl sul fanyl - benzyl am ne.
4- Fl uor o- 2- (et hyl t hi o) benzoni tri le 5 (prepared as
in Anthony, N. J. et al. POTerygglate 29
W02/ 309')1,2002)(1.67 g, 0.1 nol) was dissolved in
20 nL THE and under N2 treatedwth 10 nL 2M BH3. Me2S.
This was heated at 60 C for 2 hrg. Heating was
di sconti nued and 5nL MeCH gautiously added,
foll owed by the cautious ad ion of 4 nL 6N HCl. Then
20 nL nore H20 added and Et QAc and the | ayers were

separ at ed The ous basjc w

NaO and ISTTEATEA RS BBt D ERpFiag T aristdine b
dsi ethtervbia@2), '[ﬁNmm(ﬂm MH@gc%ag)tlar am@gg%ﬂrﬂﬁg Zlﬂb (élH t
vacuyn 0, Y i ate as a Ssoll
e %%86@ C%c:?g)"‘)é“ﬁ’%l = 7%@(1 H m 6.90
(1 H dd, J=2.4 Hz) 6.75 - 6.86 (1 H, n) 3.86 (2 H,

S) 2.47 (3 H s). LM (MH: 172.

Intermediate 30

E

L

0
H
_N_ _NH
0 /’/\OH
0

Intermediate 30 was prepared (52% yield) according to the procedure for
intermediate 25. 'H NMR (500 MHz, C¢Ds) 8: 3.54 (2H, t, J=6.1 Hz), 3.45 (2H, t,
J=6.1 Hz), 2.06 - 2.12 (2H, m), 1.87 (2H, dq, J=9.7, 2.6 Hz), 1.68 (2H, qt, J=6.1 Hz),
1.43 - 1.51 (1H, m), 1.26 - 1.34 (1H, m), 0.10 (9H, s). LC/MS [M+H]" = 359.20



15 Internmediate 38 O \ -OX H F/ S~

N-t - But oxycar bonyl - (4

fl uoro-2-(nmeNryl thio)phenyl)net hanam ne. A stirred
solution of internediate 37 (5.1g, 0.03 nol) and 3. 3g
triethylamne in 100nmL CH2Cl 2 under N2 was treated
with di-t-butyl dicarbonate (7.2g, 0.033 nol)
portionw se and 20 stirred at r¥bmtenperature for 30
m n. Then, the reaction m xture was washed with dil
HCI and water. The organic |ayer was dried over MySO4,
filtered and concentrated to |leave 8.1g (100% of
intermediate 38 as a cl ear BEMeIGE R (500 Mz,
CDClI3) 6: 7.22 - 7.29 (1 H n 6.89 (1 H dd, J=9.61,
2.29 Hz) 6.75 - 6.83 (1 Homok 93 (1 H s) 4.31 (2
H d, J=5.49 Hz) 2.47 (3. HMls) 11.44 (9 H s). LOM 25
(MrH): 272. 54 Internédi & e B9 HO 1 ~F O'S-O
(4- Fl uor o- 2- (et hyl sul f onyl ) phen{# ) net hanam ne
hydrochl oride. A solution 5 of baternpdiate 38 (8.1
g, 0.03 nol) in | OO aceton d 50nL water was
treated wi th oxone (18.5g, 0.03 nol) and stirred for
10 m n. Then an additional 18.5g oxone was added and

the m xt UfRerhRaiald1 BN pRlpafl (6994 Pikldd ac ol 1o I R0 5 for

cooled, concentrated to renbve acetone and extracte
Wi t h ICEEErRte 26 NME (D9 MERGREISD: ¢ 46 (2h q0i/47.0 Hz), 3.84 (2H, t,

di sso [ t nd 5t bth,L

Hor - angoabed Gty g GENE BT RALE, 2ab Do E i mh -
gave lP9%dah mhildR -9 (@Hym),dI45i(Zdd, f77dhilgt hahel .41 61H, m).
gi ve [itRr [ 39, 0g) as crystals. The aqueous

I ayerL was (gnggéﬁ%gl [ c)\‘/ﬁ' % anmoni um hydr oxi de and
dftracted further with CH2C12 and concentration of the
extracts gave a gum which was treated with HCl in

et hanol to give an additi odaemmdgge 3%f | nt er medi at e
39. "H NWR (500 MHz, DMBO-D6) S: 8.54 (3 H, s) 7.89 (1
H dd, 15 J=8.54, 5.19 Hz) 7.7 o47.-85 (2 H m 4.40
(2 H s) 3.41 (3 H s). LT (MtH 5 204,
Internediate 40 F SAO EtO =

N

A cold (0°C) solution of intermediate 31 (3.0 g, 9.6 mmol) in tetrahydrofuran

15 (25 mL) was treated with methanesulfony chloride (3.30 g, 29 mmol) followed by
dropwise addition of triethylamine (4.7 mL, 33.6 mmol). The reaction was stirred for
16 hours at room temperature. The solvent was removed in vacuo and the mixture
was dissolved in ethanol (50 mL) and dimethylformamide (25 mL). To the slurry
was added potassium carbonate (1.36 g, 9.7 mmol) and the reaction was stirred at

20 room temperature for 16 hours, followed by heating (80 °C) for 3 hours. The solvent
was removed in vacuo. The crude product was diluted with ethyl acetate (50 mL)
and washed with IN hydrochloric acid (2 x 50 mL), extracted with ethyl acetate (2 x
25 mL) then brine ((50 mL). The solution was then dried (sodium sulfate), filtered

and concentrated to give intermediate 32 (0.534 g, 19%) as a brown solid. 'H NMR



-N 20 5-Fluoro-2,N, N-trinethyl-benzenesul fonam de. To

a solution of 5-fluoro-2- nethyl-benzenesul fonyl
chloride (4.18 g, 20 mml) in THE (25 nlL) was added
drop- wise in 15 mn a solution of dinethylamne in

THE (2M 25 nL, 50 mmol ) under nitrogen and the

m xture stirred for 5 mn. The insoluble materials
formed were 25 filtered and thelfiltrate concentrated.
The residue was purified by colum chromat ography

( Si 023008 Blg, EEIXChs )i n 1 B Qi )or $)o4-4b (.. Jﬂ(éﬂn)edp&(@{ 4), 3.91

o' POy 5 BT AL St VR, -

7 18(1&nh-l,1ﬁ7 77281P(1n)Hl AYBH,3=872H%. 5 Hz) 7.59 (1 H,
dd, J8.2, 2.1 Hz). LO M (M+H): 218. I nternedi ate 41

Br F/ sl-~-N 5\ 2-Brononethyl -

fkuoro-N,, N-di nmet hy! - A m xture of
|Eter medi ate 40 (435 ngflﬁ@ﬁgéﬂiéig angg
N-bronmosuccinimde (391 ng, 2.2 mmol) in CCl4 (20 ni)
was stirred in an oif—path heated at 80-90 C under
nitrogen for 5 mn. {1 To this mxture cadded

2, 2' -azobi si sobutyr onytri I e (AI BN, 100 and the
mxture conti nued t g-ReatNat 80- 90 NGy O min. After
cooling, the insol ul pr eci pi tat\e.yvvere filtered and
the filtrate concéntrated and purlf‘l ed by col um

chromat ography (Si 02, CH2CI2) to obtain internediate

41 (440 ng, 74 %. 'HNVR (500 MHz, CDCI3) 8: 2.87 (6

H, s) 4.86Furd2-(8)-10, @&za@az M) ldzondEi&. (39, and 41BHHZ), 4-triazol-1 -
[t e edlal e i Slsoliipn St b paSigeRife 6o & 72 mmon

fib uodzsdiyedd-inl ITHEY DY inLhand enes @ofntlinardsdddedA , 24 -xiads1e séfium

|nterrred|at 41 _( 880 97 mmol ) and sodi um azi de
rSt e o I D Il
nitr QQEtBnttdﬂedarThQ kdsidnatvas iRatbedomb SHifva GOl abd barifiedbytiabh

and the
chromatography eluting with 0%-10%-30% EtOAc/hexanes to give intermediate 33

as colorless needles (2.46 g, 18%) and intermediate 34 was obtained as a white solid

15 (0.7455 g, 6%).

Intermediate 33: '"H NMR (500 MHz, CDCl;) &: 8.89 (1H, s), 8.19 (1H, s),
7.85(1H,dd,J=8.7,5.6 .Hz), 7.60 (1H, dd, J= 8.8, 2.4 Hz), 7.28-7.24 (1H, m).
LCMS (M+H) caled for CoHgN4F: 189.05; found: 189.13.

20

Intermediate 34: '"H NMR (500 MHz, CDCl;) &: 8.66 (1H, s), 8.15 (1H, s),
7.79 (1H, dd, J= 8.5, 6.7 Hz), 7.69 (1H, dd, /= 9.5, 1.8 Hz), 7.65-7.63 (1H, m).
LCMS (M+H) calcd for CoHgN4F: 189.05; found: 189.13.



sol vent was renoved in vacuo. The residue was
partitioned between CH2Cl 2 and water, and the organic
phase was washed with water, dried (Na2S™), filtered
and 56 concentrated to obtain internediate 42 (670
ng, 87 % of as a yellowoil. 114NVR (500 MHz, CDd 3)
S: 2.84 (6 H s) 478 (2 H s) 7.29 - 7.34 (1 H m
7.59 - 7.64 (2 H n). 5intermdiate 43 XSNHZ HCO F
AO - N . -

2- (ani nonet hyl ) - 5f | zuor o- N,'NEERHA A benzenesul f onani d
e hydrochloride. To a solution of internediate 42
(660 ng, 2.6 Mol ) in THE (1Qx-L) and water (2 10 nl)
was added tri phenyl phosphi nel(740 ng, 2.8 mmol ), and
the m xture stirred under nitYogen for 1 h. The THE
was evaporated in vacuo and ] £ of the residue
and 6N HCl (3 nL) in McOH (5 was ‘heated in an oil
bath at 80 C for 20 h. Thk S washed with CH2Cl 2,
and the aqueous phase basified with dilute NHAOH and
extracted with CH2CI 2. The organic extract was dried
(Na2SQ4) , f FhbR) 201 F3 2008 CQNCAIME Bl 5 el g}dﬂo&ﬁcﬁﬁie.
amine 43 (210 ng, 35 % as an ol l. “H NVR (500 Mz,

CBAl ditrie 32846 g 3.1 mejolwasliss@lved indipt qtharel (159 ndg. Agueous

H My ik : G . 233 .

A t o Pyt A slatacd tsca s AQYRARIGH0 mED o e vas

91. 3hakeouider hl> Bt OHpsi 204 b Gilienstl pverredlits phdepnceaGaied 2 The Jesidue
was 0

oo BT g e g el Elch 2 sl fAPadodthosd vl fbon B
evac gittedutemmdiaeatitasd whito pd¢r(296 gt ¥¥e)t NHAEMRI(pSs) Han@D;0D)
laft <0 I Kk for or, H2 ' _
B PR f B85 E L S 80, 40958 8 3f§ﬁ%ér9‘§gl%m’ dd,/=8.8,24
concéir),r/aa9gqdHardd/ + @Syl B iHy), 4B HYUE. DEMSS {(Mkdcaltd fbinCoH oN4F:
wat er. ) ) 10-JfU S Was extracted with EtOQAc (3 X 50

m) . 1?%@&3%‘551&5%.@(3 | ayer di scarded and aqueous | ayer
freeze dried to afford 43 (16.3 g, 66% as pale

yell ow powder. 57 Internediate 44 O OBn HO -Y~ N~

NJO Intermediate 36
]
- =
¢
15 N=

(4-Fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl)methanamine hydrochloride.
Intermediate 36 was prepared (79% yield) following the procedure for intermediate
35 using intermediate 34. 'H NMR (500 MHz, CD;0D) &: 9.25 (1H, s), 8.46 (1H, s),
20 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, s). LCMS (M+H) calcd for CoHN4F: 193.08; found: 193.16.



To a solution of internediate 28 (0.103 g, 0.367 mmol)

i n anhydrous 5 di nethyl formam de (4 nL) was added

anhydr ous pot assi um carbonate (0.206 g, 1.47 mmol)

and benzyl bromide (0.071 g, 0.39 mml), and the

reaction was stirred with heating (60 C) for 18 hours
under nitrogen atnosphere. To the reaction mxture was
added |ithium hydroxide (0.024 ¥, 0.92 mol), water (5
m.) and ethanol (5 nmL). The reaction was stirred (60

C) for 2 hours, after whi cHMEPIEId] cat ed reaction 10
was conplete. The sol vent was renoved in vacuo, and

the crude product was di ssghkyed 'N Wet er (-10 nL) and
brought to pH 1-2 using 6 roc torfic acid. The
product was extracted w th e s7acetate (3 x 30 nl),
dried (Na2SO4), filtered and concentrated to give

0.13 g (1009% of internmediate 44 as an oil which

sol i di fi ed-flpoa-2-mebyigiliag!-bTrelaninee iridderat?e(medy lthioghgnzonitrile
it ' IO i At 5 o

o FTEeTon: T ARHRR 408 <l sty P QB0 300y ) 67 01
J=7. 3nalipvas dissgiyed in72038L [TBIH and pjder Bl froat¢dwith 0 mLEM BHs. Me:S.

4. 01 (4H,, op~ (R (&l 2.33 - 2 - )
AT Gadh 6 sl Bding Ths et Hep vas
H O chtNuslthHdb@) fo}ld@e@l’b}' the saitiogs addgtkoﬁ of hitrdreHCAt Thei20 mL
;ggégﬁor}g 9128 gg&’e%)ané Et(flAcnae}ltquf! lggerrmge%gpaga:%ed. r?h)e aC\{\L%%US layer was
Q0( 7 -neegla besie oith 1 I 2NOH angl ekerditdd, Wth CH;Qlet Tieretrid weéredried

m h 0 hosphat e Ty,. 0.167 0..44 ) a A
The RS OHERRER SPREMEued R dyef g Sy g BR3¢
was agegsh akoli@ MV (390 Mibz, TDany) 6- Neoret by (benzpewala H, dd,
hydrochl ori de_(prepared according to M Egibert son et

al Pd—fz.w) 67\:,\D6§§é17[7185@3)86 (?aﬁds)%!w (3 H, s). LC/MS (M+H): 172,

N- di net hyl am nopyridine (0.068 g, 0.55 nmol) and the
reaction was stirred for 16 hours. The sol vent was
rismoved i n vacuo and the crindenddiagcBsct in ethyl 5

acetate (25 nL) was washed with 1.0 N hydrochloric
acid (25 nL), then dried (Na2804)(j filtered, and

concentrated to give an orange-brmn $g id. This was

purified by flash silica otu mat ogr aphy,
eluting with 30%to 60% e P
F S

N-t-Butoxycarbonyl- (4-fluoro-2-(methylthio)phenyl)methanamine. A stirred
solution of intermediate 37 (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

20  stirred at room temperature for 30 min. Then, the reaction mixture was washed with
dil HCI and water. The organic layer was dried over MgSOy, filtered and
concentrated to leave 8.1g (100%) of inter_mediate 38 as a clear oil. 'H NMR (500
MHz, CDCl3) 8: 7.22 - 7.29 (1 H, m) 6.89 (1 H, dd, J=9.61, 2.29 Hz) 6.75 - 6.83 (1
H, m)4.93 (1 H,s)4.31 (2H,d, J=549 Hz) 2.47 3 H, s) 1.44 (9 H, s). LC/MS

25 (M+H): 272.



acetate in hexanes, to give a colorless oil. The oil
was triturated with diethyl ether and dried in-vacuo
to give internediate 45 (0.101 g, 54% over two steps)
as a white 10 glass}' solid: "H NWR (500 MHz, CDCl 3)

S: 8.62 (1H, L J=6.1 Hz). 7.44-7.51 (3H m,

7.27-7.33 (3H, m, 7.13 (1 H, dd, J=8.9, 2.7 Hz), 7.08
(1 H dt, J=8.2, 2.7 Hz), 6. 49%%. 58 (1 H m, 5. .28
(2H, s), 4.56 (2H, d, J=6.4 Hz), 3.90-4.00 (4H, m,
2.98 (3H, d, J=4.9 Hz), 2.mgmoedmeIHby ), 2.26-2.36
(2H, m, 2.14-2.24 (1 H, rr) 204211 (1H, m. LCO M

(MtH) 507.13. 15 Internedia Nhl 8|CN 20
2-(1H1,2,4-triazol-1 yl)bs |tr|1e A suspensi on of

2-fluorobenzylnitrile (30 ,&B/mml) and
1,2,4-triazole sodlumconplex?ZQg 27 mmol ) were
stirred in THE (7 rrL) and DMF (14 nlL) at 95 C for 18

2 r yéI falelr| § 8 ":"p 5 {Tﬁm?é@? r%@'{ggz%@a{%ﬁ% B)fcg %?qy ﬁesolutlon

t ist | &f GRérmediag 38@&1 V3 chél) BOIODAL (abetd®e Lhd >@Q.Q%ayfér@¢a§}reated

" H NWVR 300M—|Z,,CDC3 S; 8.74 (1H, SZ}_ 16 (1

S) -}&lélzneﬁ_e q_|8 Jg,OO 03Jmo agi s_Emgd IEE)IO n=ym7 hein azngad(h?lppa 30 oxone
7. 57'\&7asQAdCGthhemlxture%Mﬂttoe’@lfgldl gﬁfs @mMcooled
171.06; found: 171.12. 59 Internedi ate 47

HOl  Soneeptaieditogematerdegtonst an epiracsidernith Gl aﬂﬂ?ﬁ‘ @ﬁeconcemrated to

hydr 6 Rf10diksdfed ldoghedh %ncﬂ@eatéd%aﬁlcgmL%ﬁ III@PJn)i \\W?rﬁed at
di ssolved in EtOH (50 ni) and m) .

Ré/ COPI°Cdyr hnBempvel of olvsats Dsmfk@m wh@b m'aHerﬁt@lth@ ihorat:thanol to
50 ,
PShve lﬁgl_ttﬁé’dlaf[é % (5% %3: U)QSY A, T eogs @2% was tnhadta baqumIth

concentrati on, tira
et heranannhlmhbydrcmdesmd cmtmqymdrfdrthmmthémzéd}taedl case@ranhn béthe

I
SO I %6§§c g’%vga %Yrg g&h}g EQ%a%)ﬁ‘eate{kw Q%J\/Hftg give rac%%p Q%al 0.9g
(2H o£)ntertn€dh’Be 3p MEHNMR eﬂoodmmnmmetm;m 8]545(3(}9 s) 7.8 (IoEL, dd,
185 Llg AN RINEAIAt S A8, 1 1) 440 2 H, 5)3.41 G H, 5). LC/MS (M+H) =
204.

Intermediate 40

F/©\/S/O

Vel
—N 0o
\

20
S-Fluoro-2,N,N-trimethyl-benzenesulfonamide. To a solution of 5-fluoro-2-

methyl-benzenesulfonyl chloride (4.18 g, 20 mmol) in THF (25 mL) was added drop-
wise in 15 min a solution of dimethylamine in THF (2M, 25 mL, 50 mmol) under
nitrogen and the mixture stirred for 5 min. The insoluble materials formed were

25  filtered and the filtrate concentrated. The residue was purified by column
chromatography (Si0;, 5 % Et;0 in CH,Cl,) to obtain intermediate 40 (4.3 g, 90 %)
as a clear oil. '"HNMR (500 MHz, CDCl;) 8: 2.57 (3 H, ) 2.82 (3 H, 5) 2.82 (3 H, 5)



N, NN ~CN 15 F 4-Fluoro-2(2H1, 2, 3-triazol -2

yl )benzonitrile: To a solution of 1H1,2,3- triazole
(3.5 g, 50.7 nmmol) in THE (10 nL) and DMF (20 nlL) was
added portionwise, NaH (1.3 g, 51 mmol, 95%. The

m xture was stirred at roomtenp for 20 30 m n. Added
to this was 2, 4-difluorobenzonitrile (7.6 g, 55 mmmol)
and the nixture was stirred at>>85 C for 3 h. The

white m xture was concentrated and gurlfled fl ash

chr o&d@odr‘ééw’* BVUZR G FnAd =8 % B041z

096 £t bdd ibdre 1o

glveLtMQcth%g aonmpound as white needles (0.34 g, 3%

yleld)
7. 88-

300 MHz, CDC13) S: 7.92 (2H s),
7.79 (2H, n), 7.19-7.12 (1 H n). LCVS [ M-H] +

calcd for COHENAF: 25 189. 05; found: 189.12. 60
Intermediate 49 N N, N Nipejgsdiagdls
4-FIuoro-2-(2FL1,2,3-tr|azoI 2 yl) phenyl ) net hanam ne
hydrochl oride: Internediate 48 (&34 g, 1.8 mml) was
di ssolved in EtCH (50 nL). Added tlo this solution was
IN HO (10 nL) and catalytlc [ . The m xture was

shaken under H2 at 55 psi

LOfiltered over

celite and concentrated to glve Rpeotltle compound as
as yellow solid (0.4021 g, 98 Qbymeld) "H NMR (500
MHz, CD30OD) 6: 8.13 (2H, s), 10 7.87 (1 H dd, J =
4.97 2.6 Hz 7.73 (1 H dd, J 4 9, 2.6 Hz), 7.34 (1

H

td, J=2 rq_momqhy?—.)b@l)')ro , Aggm(egml bggzene@dﬁ;gar[zmkﬂ\-mlxture of

cal C%térﬁ{ed&m)gﬁ‘%f m%%%l/n%%}\)l agg Wé%mm%ﬁ%mglﬁmde (391 mg, 2.2 mmol) in

I nternedi ate

10

20

CCl4 (20 mL) was stirred in an oil bath heated at 80-90 °C under nitrogen for 5 min.
To this mixture was added 2,2’-azobisisobutyronitrile (AIBN, 100 mg) and the
mixture continued to heat at 80-90 °C for 30 min. After cooling, the insoluble
precipitates were filtered and the filtrate concentrated and purified by column
chromatography (SiO,, CH,Cl,) to obtain intermediate 41 (440 mg, 74 %). 'HNMR
(500 MHz, CDCl3) 6: 2.87 (6 H, s) 4.86 (2 H, s) 7.28 (1 H, dd, J/=8.55, 2.75 Hz) 7.61
-7.65 (2 H, m). LC/MC (M+H): 296/298.

Intermediate 42

Ny

/

O

<

—N 0
\

2-Azidomethyl-3-fluoro-N,N-dimethyl-benzenesulfonamide. A mixture of
intermediate 41 (880 mg, 2.97 mmol) and sodium azide (200 mg, 3 mmol) in DMF (4
mL) was stirred under nitrogen in an oil bath heated at 55-60 °C for 30 min and the
solvent was removed in vacuo. The residue was partitioned between CH>Cl, and

water, and the organic phase was washed with water, dried (Na,SQy), filtered and



15 2 -(1,1-dioxo-126-[1, 2]thiazinan-2 yl)benonitrile:
Added to a solution of 1,1- dioxo[l, 2]thiazinane (3.37
g, 25 mol) in DVF (35 nlL) was sodi um hydride (0.675
g, 25 mmol, 95% and the m xture was stirred at room
tenp for 15 min. 2 20 Fluorobenzonitrile (3.37 ni,
31.3 mol ) was added and the m cture was stirred at

80 C for 18 h. The rrixture was “Bool ed, diluted with

e e P S B RN S MR

conceob Mg EDA)S: 288 (EMes)wars (R, by 7. 8d 1034 (ilHasd) 7.59 - 7.64 2 H,
chromat ography eluting with 10% 100% Et OAc/ hexane.

The ol ated solid was recrystalized from hot

Et OAc/ hexane 25 (2:1) to give the title conpound as
white crystals (4.15 g, 70%vyield). IHNW (300 Mz,
GCl3) 6: 7.70 (1 H, dd, Jhwenhediatt43 Hz), 7.64-7.53
(21-1, m, 7.41 (1 H td, J =61 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, rr) fi.MeH] + cal cd for
C1l1H12N202S: 237. 06; foun ;ﬁ Intermediate 51 5
o~ SO // N O NHz HC 2(11(;‘:60;01, 6-[1,

2]t hi azi nan-2 yl ) benzyl am ne hydrochl ori de:

Internmediate 50 (2.63 g, 11.14 mmol) was dissolved in
Et OH (150 nL) and IN HCI 10 (13 nlL). Added to this

was Pd/ C {-@unBnagjethadied Lo, M{dm@hyﬁam’eskmkfeymnu&ajle/drddﬂlonde
at 5“?0 9%1 tflo%rof%ﬁexpded leu;zr(?%d a8 Ly mmoé ll"h? (ﬁp\/\%L and water (2

concentra 1 on e E’ ound as a

0| | B} Xao8ldgd tr%%y}'pmm)ne (744 mMz g ﬁaafal)Mﬂzi thm stated
7.61-7, A7

39 6uréfer8n/|tr%$ﬁr_1| for::g h. "élf'e ég%gvg%év(agﬁate%n vaxz‘u %1'%1 j\_m(ez?_{ the
m, refid@bant. OGHCRH, mIn)in MeOVR( rM'l:HIvals heak€h dn@il bath at 80 °C for
(5:%1 7h 02wes2 gﬁ]ﬁhecp w1tI1 %Wgrz, anﬁ lhe aqueous ghalsg %)aes fjllﬁ 1311 dilute

NH4OH and extracted with CH,Cl,. The organic extract was dried (Na,SQOy), filtered
15 and concentrated to obtain free amine 43 (210 mg, 35 %) as an oil. '"H NMR (500
MHz, CDCl3) 6: 2.84 (6 H, s)4.10 (2 H, s) 7.23 - 7.29 (1 H, m) 7.53 - 7.60 (2 H, m);

LC/MS (M+H): 233

Alternatively, a solution of intermediate 42 (23.6 g, 91.37 mmOI) in EtOH
20 (100 mL) and 5M aq. HCI (22 mL) was degassed by bubbling N2 through it for 5
min. and 10%Pd/carbon (2.0 g) was added. This mixture was evacuated and vented
to H; (repeated three times) and left on Parr shaker for 20 h under H2 (40 psi)
atmosphere. The reaction mixture was filtered, concentrated and resulting residue
was taken up in water (200 mL). This was extracted with EtOAc (3 X 50 mL). The
25  organic layer discarded and aqueous layer freeze dried to afford 43 (16.3 g, 66%) as

pale yellow powder.



F 20 4-Fluoro- 2-(1,1-dioxo-1 26-[1, 2]thiazinan-2
yl )benzonitrile: To a sol ution of
1,1-dioxo[1,2]thiazinane (8.84 g, 65.4 mol) in DW
(20 m.) and THE (10 nlL) was added portion-w se sodi um
hydride (1.65 g, 65.5 nmol, 95%. After stirring for
30 mn, 2,4- dlfluorobenzonltr|le (10.0 g, 72 mmol)
was added and the mixture was Ntirred at 90 C for 2.5
h. The m xture was cool ed and concentrated and the
residue 25 was purified by 'MPERi¥stHomat ogr aphy
eluting with 0% 10% Et OAc/ hexane to give the title
conpound as white needles (1.37 @g,8% yield). 1H NWMR
(500 MHz, CDCI3) 62 S: 7.70 (1 dd, J = 8.8, 5.8
Hz), 7.30 (1 H, dd, J = 8. 802, ), 7.15-7.12 (1 H
m, 3.72 (2H, t, J= 5.3 Hz), NI3N(2H, t, J= 6.1 Hz),
2.40-2.35 (2H, m, 2.05-2.01 (%ﬁjﬁ Eb. LCVS [ M+H] +
cal cd for Cl, HI2N2FQ2S: 255. 06;L_foand: 255.19. 5
Internediate 53 O~ SO ~N O NH2 HCI F 4-Fl uoro-
2-(1,1-dioxo-126-[1, 2]l hiazinan-2 yl)benzyl am ne

hydr ochl oild deelutidrOofFatinmediate? 8t (Bd 0p g AL HTummolf) @r anhydrous

| gt er . [

g drmgf\lﬁgh?rﬂg;{%d?ﬂ @g%%gstagiﬁi%gg gar%ués (?t{ssmm ‘ia%gnis‘iﬁ’s?a% g, 1.47
g, @gn@)a gndehedz)yl bmmm 07 8RO Jmmol)c@@@m) rectiodl Wed stfried with

7 > Sqlé?tllng@ Lba for l% hog)simzeé grqﬂzs atm?s%re( 2'[% tg%lgactlj)n mllt‘ure was

21. 4 added. l?hlh'li\)hydrB)(ﬁ@ €B0284, 0.92 bhmdt), watkr Gi)mLSa[ﬂﬂetl(aﬁbl (3 mL)

O o Gracics v gired QOB REIHGD BhowagTgovhiph HGC iptenosgbaction

l10t ervae dbmaplete SFhe ddNenGhay DiovedQn T&ud, HARE QR fodduct was
1- (2-chl or oet hyl ) cycl opent anecarbonitrile (1.38 8.73
ol dlss?jy@r}ap@é “déé‘?ldlaﬁ bioyelp to R 18} wsingey N Aydroc loric acid. The

Het eprrmelas el®Red ﬁ&,et@@@etdt@(g%m%% @ﬁo@@déﬁéa%m
u

mmol sodiumijodide and the sol uti on was sa

anm fiPreentagid to lgé’é@tl?’@r{l%ﬂ tfantgaredinieAddens 2 Al Whighrselidified upon
90C Wahdin@t THelihi@BnddRe WA Red MithEfollERRL irdBtion without further

15 purification: 'H NMR (500 MHz, CDCls) 8: 7.54 (2H, d, J=7.3 Hz), 7.30 - 7.38 (3H,
m), 5.49 (2H, s), 3.95 - 4.01 (4H, m), 2.67 - 2.74 (2H, m), 2.33 - 2.41 (2H, m), 2.06 -
2.14 (2H, m).

Intermediate 45

H

(@) N
~ 0] OBn

: £ N N]
20 C\
To a solution of intermediate 44 (obtained above) in dimethylformamide (3

mL) was added O-(7-azabenzotriazol-1-yl)-N,N,N’, N -tetramethyluronium
hexafluorophosphate (HATU, 0.167 g, 0.44 mmol) and the mixture was stirred for 20



25 the reaction bottle was opened and sol vents were
evapor at ed under vacuum LC/ M5 (MtH): 139. 'H NWR
(500 MHz, CDCI3) S 1.50-2.33 (10H, m, 3.53-3.78 (2H,

. 63 Internmediate 55 O OO N~ N5 To a solution of
di et hyl - 2- (benzyl oxy) - 3- hydr oxyfumarate [ prepared from
benzyl oxy et hyl acetate (2.91qg, ’O 015 nol) and
di et hyl oxal ate (2.19g, .015 rml) with an equival ent
anmount. of di um hy ride in 40 THE and 2 drops EtCH
by stPPiFhg'® rvass %Fﬁﬂasnwozxsthw el e pgtamide
I nt em@'&:@blﬂb@d&(ﬂrebﬂe@-&cmu@tw Hpllertdoh B al PLITTAPIPNIVOO%077850 )

&38&% O? was added portionwi se. This
e g Fiat O 04k d 3 SHESh PRl egactpn avas srred
r E‘S| doiel 6Viﬂﬁrsd r[“éé §ﬂlVeﬁ-’1d whilrefdldéd i vahsd a‘ﬂﬂﬂﬁ%@hd@'p&ﬁuct in ethyl
wat er. The @Ker was dried over filtered

and CETIUE F&Srfa'rb 5w ot bgNatpyochieris pei éa? Bl then dried

el ut ime,S0,}, Ritsted, abdi@sdeditiled (D8R8 OQEEHT&OQ'B s$lhf3 ﬁhhsi»baé

compound 55 (Y] eld = 199 . LGNS (Mt

(500 pm]& sl:gylllga gel 1olggn (:gqqmato rap_y,'pluzmg.mth )Q_%5@60% ethy!

(11- ]acet§t): in Hex8s,Jo 8Qe Q\%Blorlgs’oﬂl T8eoil v&%@trﬁ&ﬁed mm dl%thgﬂether

15 2.17 (3H, m, 403- 8 (1 H, 0 (2

n, &n(égne(dllpfvaaxo tg give u@ewshateg}agQ 1 l( [ H4°/q)veg&vo7stqps)}-@)a white
63, ! ) ¢ Y (

?0 (alésl soﬁa H5Nr3(ﬁ (ééd'%«tfgr (r:rlggbg?es 65725‘8112%?1:6 I'Ofgz) 7%773' G3H,

N~ Nn947 77 ﬂt3é|(4ﬂsdn)a? 43 681,Wds/<8i% 2 31N .08 1 H5dud=81%A.7 Hz),

and gtggr tta‘r,lhT F repm d .t

cr ud§4ghdr tﬁog ésp"h Hﬁ 61@%@1%96%3 Cﬁ%ﬁﬁ(ﬁiﬂﬁl)’ ESS (GH,
init |da}’=f4>9 Ho), 2 3AP (ZHDrrobIa@tS -2836U R dmnit 1M-22300 BHBEIR.04-2.11
Pure TZH LI DSisWRE &) spopgentrated and extracted with

vaporat| on’o tﬁe solvent left 300 ng 5
(1$’|eld = 51% of the title conmpound 56. LC/ M5 (M+H):

279. 1H NWR (300 I\/HZ CDCI 41 (3H, t, J=7.1
H). 1.65-1.79 (4H, m), b Mgt "2‘?3? . 2.00-2.12
(4H, m, 3.98-4.08 (2H n) 4.44 (2H qJ—7OHZ),
10.78 (I H s). N
(j\
-
20 2-(1H-1,2,4-triazol-1-yl)benzonitrile: A suspension of 2-fluorobenzylnitrile

(3.0 g, 25 mmol) and 1,2,4-triazole sodium complex (2.4 g, 27 mmol) were stirred in
THF (7 mL) and DMF (14 mL) at 95° C for 18 h. After cooling and concentrating,
the product was crystallized from hot CH,Cly/hexane (1:1) to give the title compound
as a white solid (4.25 g, 100% yield). 'H-NMR (300 MHz, CDCl;) 3: 8.74 (1H, s),
8.16 (1H, s), 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]" caled for CoHNy4: 171.06; found: 171.12.

[\
W



Internediate 57 10 00 N O-S O To a solution of

1, 4-di oxa- 8- azaspi ro[ 4, 5] decane (10.0 g, 70 mmol) and
triethylamne (20 nL, 142 nmol) in diethylether (50
m.) cooled to 0 C was added 15 dropw se tosyl chloride
(13.5 g, 71 mmol) dissolved in CH2CI 2. The resulting
suspensi on was stirred at roon1tenperature 5 h. and
washed with saturated aqueous NaHCOoBf water and dried
(Na2SO4) . Concentration gavq t he 'ntggnedlate 57 as a
white solid (20.20 g, 979% . T8 ®300 MHz, CDC13) 8:
7.61 (2H, d, J= 8.0 Hz), 7.28 (2H d, J= 8.0 Hz),
3.86 (4H, s), 3.11 (4H, t, 41 8 Hz), 2.40 (3H, s),
1.75 (4H, 20 t, J= 5.8 Hz) TéNS(MrH) cal cd for
Cl4H2ONOAS: 298. 11; found: éQB 16. Internmediate 58 o
O HNO\ O NH/ OS\ NO O-_HO 65 To a stirred
solution of zinc iodide (2. , 8¥28%mmol ) and
Internediate 57 (9.3 g, 31. ') in dichloronethane
(10 m.) was added trinethylsilylcyanide (4.29 ni,
31.3 mol) with water bath cooling. The resulting

msxt ure wagyginixy- ﬁﬂzz@lf-l -y[ﬁﬁr@f@l}rfemnfngfne Bydrodstide: Intermediate 46
concentrated. The anber oil was used in the next step

wi t héthe> e825gumel was diswolved TR QS (70irol aof 151&6@'4’2; m&deAﬁq*Pd
Et OH pa@®(11d) hnd\@sxr@rd sl st el ghe¥d afope h(aga()lpsx Mhfterdibtration over

nmol , 50 rg%/)Mn water) and the resulting m xture was
stir Icglbte apd qoa@qﬂtratlghﬁ@rrﬁ@,\eéwas Mitpafed pgthigiethyl ether and the title

di et RYhpGEHYIS RSPV alRid(§99 rds% ?aZm? mmhk FPMHz,

10 added and stirred for additiona
d@nc &dPR) éd.9-91nd Hy 85 8.auel Haaks 79817 64 (éH nmy 4 1f5l(&l§hS) LCMS

chr OO AR A 91 4.3 QG 25% PO% X OAC/ Hexane o

glve 't

Intermediate 48

7\

N

jon
15 F

4-Fluoro-2(2H-1,2,3-triazol-2-yl)benzonitrile: To a solution of 1H-1,2,3-

triazole (3.5 g, 50.7 mmol) in THF (10 mL) and DMF (20 mL) was added

portionwise, NaH (1.3 g, 51 mmol, 95%). The mixture was stirred at room temp for
20 30 min. Added to this was 2,4-difluorobenzonitrile (7.6 g, 55 mmol) and the mixture

was stirred at 85° C for 3 h. The white mixture was concentrated and purified by

flash chromatography eluting with 0%-5%-10% EtOAc/hexane to give the title

compound as white needles (0.34 g, 3% yield). 'H-NMR (300 MHz, CDCl3) &: 7.92

(2H, s); 7.88-7.79 (2H, m), 7.19-7.12 (1H, m). LCMS [M+H]" calcd for CoHgN4F:
25  189.05; found: 189.12.



Internediate 58 as a yellow foam (11.72 -,71%. 1
H NVR (300 MHz, CDCI3) S: 7.62 (2H, t, J= 7.7 Hz),
7.30 (2H, t, J=8.2, 2.0 Hz), 5.27 (1H, s), 4.34-4.23
(2H, m), 4.19-4.05 (2H, m), 3.68-3.66 (2H m,
3.54-3.49 (21-1, m), 3.34-3.28 (2H, m), 2.72 15 (1 H,
dt, J = 11.4, 2.5 Hz), 2.66-2.57 (1 H, n), 2.40 (')H,
d, J= 1.6 Hz), 2.054.89 .89 (419 n), 1.35-1.22 (6H,

J
m. LCMS (M+H) cal cd for C23H34N3098 528. 20; found:
528.13. Internediate 59 20 lofempqdigedd o0 N NH OH O f
-N 1,2,4-trinmethyl benzene (100 nL) was added to
Intermediate 58 (11.7 g, 22 mmol) and the m xture was
stirred at 140 Cfor 3 h. T , Xture was cooled to
25 room tenp and concentrat edn”Resi due di ssolved in
CH2A 2 and insoluble solids rgpoyed by filtrati on and
di scarded. Concentration ga @ e MNt'ernediate 59 as a
brown foam (5.02 g, 47%vyig LCMS (M+H) cal cd for
C21H28N308S: 482.16; found: 482.11. 66 Internedi ate
6000 00s 0 EO/ N/ J\V~SAO O 5A

S?' ution QfFllJo% GWH‘?'% ﬁm@gl i e ’l)rr@tlgmmlz )%cﬁggslorzde

triethylamne (2
cool| dtermgdpleds (Q‘g4 g,hi &mmyg) \a@diquol[vgi in EtOH (JO mL). Added to this

et nasigRH (RN G6] Q0 S ah cdldlyida/c O The TR vAOthakdfunder 1,
resulting mxture S stirre
at 55 psi for 4 h, filtered over celite and concentrated to give the title compound as a

yellow solid (0.4021 g, 98 % yield). '"H-NMR (500 MHz, CD;0D) &: 8.13 (2H, s),
10 7.87(1H,dd,J=49,2.6 Hz),7.73 (1H,dd,J=4.9,2.6 Hz), 7.34 (1H, td, /= 8.2,
2.7 Hz), 4.35 (2H, s). LCMS [M+H]" calcd for CoHgN4F: 193.08; found: 193.16.

Intermediate 50

o)
Cr”
15

2 -(1,1-dioxo-1A6-[1,2]thiazinan-2-yl)benonitrile: Added to a solution of 1,1-
dioxof1,2]thiazinane (3.37 g, 25 n;mol) in DMF (35 ml.) was sodium hydride (0.675
g, 25 mmol, 95%) and the mixture was stirred at room temp for 15 min. 2-

20  Fluorobenzonitrile (3.37 mL, 31.3 mmol) was added and the micture was stirred at
80° C for 18 h. The mixture was cooled, diluted with water and extracted with
EtOAc. The organic phase was washed with water and brine, dried (Na,S0O,) and
concentrated. The residue was purified by flash chromatography eluting with 10%-
100% EtOAc/hexane. The isolated solid was recrystalized from hot EtOAc/hexane

25  (2:1) to give the title compound as white crystals (4.15 g, 70% yield). 'H-NMR (300
MHz, CDCl;) &: 7.70 (1H, dd, J=7.7,1.1 Hz), 7.64-7.53 (2H, m), 7.41 (1H, td, J =



whil e gradually warm ng to roomtenperature for 18 h.
The m xture was washed w th water and the organic
phase was dried (Na2SO4) to give a brown foamthat was
10 purified by flash chromatography eluting with

| 0% 50% Et QAc/ hexane to give the Internediate 60 as a
yell ow foam (0.477 g, 14%yield). "H NVR (300 MHz,
CDCI3) 8: 7.63 (2H, d, J=8.4%2), 7.31 (2H, d, J=

0 Hz), 41, q,, J=_7.3.Hz). 3.92- H

. 3923’.’659%?7&1{-5%5?"3/19’-{@@ ?(2%%@ éoi"kz)(zl‘SQ'z-ﬁ%@H’m)’
2. 632054891 @H, my) LCMA. (4812 ddicd HC, M),N,D,9432.0800{r2H.237.10.
d, J=13.5 Hz), 1.39 (3H, t, J=7.1 Hz). LCMS 15 (MtH)
cal cd for C22H28N309S2: 542.12; found: 542.03.
Internediate 61 O OH O EtO hteBnedifde 80 To a stirred
sqlution of Internediate 60 (0.411 g, 0.76 mol) in
TPE (10 mL) at cooled to -78 C was added dropwi se a
freshly prepared mxture of um (0.42 g, 20 nmol)
di ssol ved i n Napht hal i ne (?\3;:3, 20 nmol ) and THE (20
m.) until the 67 blue colqy rsisted. The resulting

m xture stirred an additi onal and was quenched
with IN HCl. The aqueous |ay s NWafled wi t h Et OAc
and freeze dried. The solid re purified by

preparative HPLC (YMC Conbi prep ODS-A, 30mm x 50mm
McOHI H2O/ 0. 1% TFA), to give the Internediate 61 as a

whi t e sol pqr,(Qid¥34 15-/02]:AQ%nxH- ijlj’b@nzﬂ% @Mb!)hl&aiecd

for Cl4H20N305: 310.14: found: 310.10. Interne
62 NN P@)ep'tl\gfee 5 I-J\ 3 fOl l( Lfi mmol) was dissolved in EtOH (130 mL) and IN HCI

fll()UOV([B‘ it {. SAdRH Y thishids P @4 §)ia8d Mlendixture was shaken under H; at 5
net hanam ne hydrochl ori de: Internmedi ate 62

vvas ;9? aig‘*e‘a HHREee e olide Hidserearaiongave thefide pamppospdas a
35. LB s4iMithlbs 92658 Jieldd S H-RiVEE PREINMIE AP.OD) 5: 7.61-7.47 (4H, m),

4.30 (2H, q,J = 13.7 Hz), 3.96-3.87 (1H, m), 3.49-3.36 (3H, m), 2.40-2.31 (2H, m),
2.05-1.96 (2H, m). LCMS [M+H]" calcd for CyH7N,SO;: 241.10; found: 241.10.

15
Intermediate 52
'
//S\N
o)
o
F
20 4-Fluoro- 2-(1,1-dioxo-1A6-[1,2]thiazinan-2-yl)benzonitrile: To a solution of

1,1-dioxo[1,2]thiazinane (8.84 g, 65.4 mmol) in DMF (20 mL) and THF (10 mL) was
added portion-wise sodium hydride (1.65 g, 65.5 mmol, 95%). After stirring for 30
min, 2,4-difluorobenzonitrile (10.0 g, 72 mmol) was added and the mixture was
stirred at 90° C for 2.5 h. The mixture was cooled and concentrated and the residue
25  was purified by flash chromatography eluting with 0%-10% EtOAc/hexane to give
the title compound as white needles (1.37 g, 8% yield). '"H-NMR (500 MHz, CDCl;)



N N NNH2 HO F (4 fluoro-2-(3-nmethyl-1 H1, 2,
4-triazol -1 yl)phenyl) nmet hanam ne 20 hydrochl ori de:
Internmedi ate 63 was prepared according to procedure
for internmediate 35. LCVM5S (MHH): 207.2. 25 68
Internmediate 64 and 65 N N NNN) ~CNFG6CNF I / 5
4-Fl uoro-2-(3-nethyl-1H1,2,4-triazol-1
yI)benzonltrlle and 4 quoro 2‘%5 nethyl 1 H1, 2
4-triazal -1 benzoni tri | A _sol ution

2, 4- & f7r7l96|”6 12618t Pid| 189, ?706?1 gd- JST)8§>%°H18F>)7%& 12 (1H, m),

3- neshwl ot H; 1=3.3%44 r3 sz ole (A 2219), 25:@ 2835'YQH| ;)n) st 2H,
dlnethylfornan1dq F% vas treated wder ed

anhy #o k§MHIMER] &ﬁ'\Cd&i &hdﬂz@%i@%?%@%& éS 19.
resulting mxture was stirred at 22 C for 18h. The
solid 10 was then filtered and the filtrate was
céncentrated in vacuo. The rlasiekdiated® diluted with
ethyl acetate, washed with water and brine, dried over
anhydr ous magnesi um sulfate and concentrated. The

m xture containing the 2 an ri azol yl -benzonitriles
was purified by a conblnatldn\ chr omat ogr aphy on
silica gel ( elution gradi edft Nof ~ethyl acetate in
hexane) and on reversed phasg si ggl to give 1.86
g (18 %yield) 15 of Interngdi ate Gﬁ and 0.526 g (5 %
yield) of Internediate 65.F
4-Fluoro-2-(3-nethyl-1H1,2,4-triazol -

yI)benzonitriIe. white crystals (ethyl acetate -

hexane) ; 44fjuotd-2-¢l, 11di8X ol AGLHNNRRidk0nNHi) bek2bakidie Hpdrochloride:

(18 mFofl%wmg é'x %rqgllzeduzg(h Eor?ril_tlgg'r&dffte’_é u(seﬁ)lntepfnegﬁci't_%¥ (L)9§O§ i’

dd ol pgde He taladompsund aba khite S3M,(1.88 8210024 Kelds., 'HENMR (300

égﬁlnyfgalcg:boégg 96%@%“%? 42%2%&) At V2% Y na), 708
f | uOIH,2d, (5~ SIBAYHz), 28 (B4, 4l S + a28) 1317 b)) besﬂgtml(m ih3.50-

191 64T R0 Ve Q‘c‘zﬁ%ﬁ%oaée%@aﬁ)em?nlz@é%m gled for

15 C||H|6N2FOZS.2D9.09 found: 259.24.

Intermediate 34
HN

QCNH

To a solution of 1-(2-chloroethyl)cyclopentanecarbonitrile (1.38g, 8.73 mmol;

20

prepared according to R. M. Burk et al Heterocycles 1993, 33, 205) in 40 mL MeOH

was added 1 mmol sodium iodide and the solution was saturated with ammonia. The

reaction bottle was sealed and warmed at 90°C with stirring for 20 h. After cooling
25  the reaction bottle was opened and solvents were evaporated under vacuum. LC/MS

(M+H): 139. "H NMR (500 MHz, CDCL3) 8: 1.50-2.33 (10H, m), 3.53-3.78 (2H, m).



25 CH3), 7.30 (1 H dd, J = 2.5 Hz and J = 8.1 Hz,
cH, 7239 (1 H m CH, 7.92 (1 H dd, J =5.5 Hz and
J =86 H, CH, 806 (1H, s, CH. Anal. Calcd for

Ci OH7FN4: C 59.40, H 3.49, N 27.71; Found: C 59.35, H
3.70, N 27.77. 30 69 Internediate 66 ~-N N, N NH2
F. HO 5 (4-Fluoro-2-(3-nethyl-WH 1, 2,4-triazol -1

yl ) phenyl ) met hanani ne hydrochl®ri de salt.

Hydr ogenati on of 4-fluoro-2-(3-nethyl-I
H1,2,4-triazol- | - yI)benzIB‘ﬁ‘i“P“th‘eeD:(O. 680 g, 3.36
mol ) gave 0.720 g (88 %yield) of the title

hydrochl oride salt as a white solid. 'HNVR 400 Mz
(DVMBO-d6) S (ppm : 2.40 (33H, s, , 4.02 (2H, m
NCH2), 7.50 (1 H m CH, 7.62 (1 , J =2.8 Hz
and J 10 = 9.3 Hz, CH), 7.84 (1H, dd| J = 6.1 Hz and J
= 9.1 Hz, CH), 9.00 (1H, s, CHe Y (ESI)

cal cul ated for Cl CHL2FN4 [I\//Hﬂ +]_: 1207, 1046 ; found :
207.1047. Internediate 677fi 9" NN .15 F & . HCI
(4- Fluoro-2-(5-nethyl-111- 1, 2, Kj azol - |

yl ) phenyl ) met hanam ne hydrochl ori de sdlt.

Hydr ogenati on of 4-fl uoro-2-(5-
H1,2,4-triazol- | - yl)benzonitrxke (0.244 g, 1.20
mmol ) gave 0.290 g (100 %vyield) of the title 20
hydrochl oride salt as a white solid. 1HNVR 400 MHz

( MBSO d6) Téa fqpungn of d2thd/R2-(bklylosy)-3dkdyaxy BunmdBaté Rirtparad from

2?; ?igdzzl%'é; gth’&l;lzicelf'dﬁ_p.m?%%l 5(157}blgrzn<éﬁldetk|):/]logaqdé§ é ﬁzq?.gﬁ%rl;%l) with
= 8. 6n tpivalin) am@un2 af fodliuk, hyslyid€Gd)40 mIHRNB aESUrops EtOH by stirring
gg;c (%?&?nq?%rol 5&)%1;@%’]%{:pésédwﬂte%ediatg 9] inll%4rr§L Et(glg léllrrgéj with

stirring 60% NaH (300mg, 0.0075 mol) was added portionwise. This was stirred for

10 3 hat rt and concentrated. The residue was dissolved in CH,Cl, and washed with
water. The CH2CI2 layer was dried over MgSQy, filtered and concentrated.
Chromatography on silica and elution with 9:1 CH,Cl,:Et;O gave 600mg of the title
compound 55 (Yield = 19%). LC/MS (M+H): 369. '"H NMR (500 MHz, CDCIs) &:
1.29 3H, t,J=7.2 Hz), 1.56 (1H, s), 1.68-1.80 (3H, m), 1.85-1.96 (1H, m), 2.04-

15 2.17 (3H, m), 4.03-4.08 (1H, m), 4.03-4.10 (2H, m), 4.22 (1H, q, J= 7.0 Hz), 4.32
(1H, q,J=7.0 Hz), 4.63 (1H, s), 5.24 2H, s), 7.28-7.40 (3H, m), 7.47 (2H, d, J = 6.7
Hz).

Intermediate 56
20
(o] OH
0 N o
N _N

X



O HF/ NN N Amxture of ester 3 (0.146 g, .499
mol ), 4-fluorobenzylamne (0.156 g, 5 1.25 mol, and
triethylamne (0.14 ni, | mmol) in 1.1 DM/ EtOH (2 L)
was heated at 110 C forl.5 h. Then, the reaction

m xture was cool ed and puri fied preparative HPLC

usi ng MeOH water containing 0.1 F TFA (gradi ent

elution). The fractions cont aitdi ng the product vvere
conmbi ned and evaporated to afforded the product as

whi t e sol Herpgdigig55gvas dissaderd in L fymip A 4 FBistigeg at @01.@) The
d: 1 %l" FONS)“ élsgle_i(l&\}'cld afid the%nﬁ@ cﬁrl)H-atobfaSBf)d' on/C l%%s?n-ga%‘%( @Il'ﬂ;CN/ H,O
E?Z) injtigfly a(sgl.qantt Prq}iuci qutgp \Hzl) 20% CHaCH. ﬂre(fgqquomwere

1. 99'céﬂogﬂtrz(tgd'z‘md@brac1ed&atthﬁ@b (@5' ormion d’f'%ow&m& _)OO mg
cal cd for C20H23FN303: 372.1724 Foun al °

cal d (YisHd T2Uepoiithgtity: compogul %7 LqiMSSMﬁI) N9 IJU‘MR (300 MHz,
Foun 6 WHSL ]
mad e@Dy&js)lSmﬁg?JH b o7 gﬁf&ﬁn% l?rﬁ 61%[ ?é’?lig Egﬁfﬁf?‘ﬁgg‘ﬁw
(2- 19, empp\98)4Oér@lHappﬂdﬁl(ﬂat%Jeﬁ(bHZ)L 0. BMEH, BIMF/ Et OH,

or other solvent systemat 60 C140 C are listed in

Table 3. 20 Table 3. Ex. Structure Data Yield: 43%

'H NVR (500 MHz, CDCl13) S: [Qe@dditley?2 (1 H, s), 7.84
bH br t), 7.15-7.09 (2H Omnm, 6.99 (1 H t, J =
é9Hz) 4.55 (2H, d, J =6.1 NHz), 4.01 (2H, t, J =
6.4 Hz), 2.28 (3H, s) 2.17- 2 F HNN 2.12 (2H m,
1.99-1.94 (2H, n), 1.83-1.65° . HRVB (MtH) cal cd
for C2, H25FN303: 386.188; fgund: 386.1875. Anal cald
for C2, H24FN3C3. 0. 03 H20. 0. Cl2: C 64.79; H
6.24; N, 10.77; found: C, 64,71, H 6.31;, N, 10.71.

71 Ex. Structure Data ?\@\

To a solution of 1,4-dioxa-8-azaspiro[4,5]decane (10.0 g, 70 mmol) and

triethylamine (20 mL, 142 mmol) in diethylether (50 mL) cooled to 0° C was added
15 dropwise tosyl chloride (13.5 g, 71 mmol) dissolved in CH,Cl,. The resulting

suspensién was stirred at room temperature 5 h. and washed with saturated aqueous

NaHCO;, water and dried (Na;SOy4). Concentration gave the Intermediate 57 as a

white solid (20.20 g, 97%). 'H-NMR (300 MHz, CDC};) &: 7.61 (2H, d, J = 8.0 Hz),

7.28 (2H,d, J= 8.0 Hz), 3.86 (4H, s), 3.11 (4H, t, /= 5.8 Hz), 2.40 (3H, s), 1.75 (4H,
20 t,J=5.8 Hz). LCMS (M+H) calcd for C;4H20NO4S: 298.11; found: 298.16.

Intermediate 58

g

Qo



Yield: 65% tH NWMR (500 MHz, CDCI3) S NN 11.82 (1 H,

s), 880 (1 H t, J=6.1Hz), 843 N(1 H, s), 8.15

(1 H s), 773 (1 H dd, J =7.3, 1.5 N O OH Hz),
7.52-7.44 (2H, m, 7.36 (1 H dd, J =7.6, o0 1.2 Hz),
4.48 (2H, d, J =6.7 Hz), 3.99 (2H, t, J HN=6.4

Hz), 2.28-2.23 (2H, m, 1.99-1.91 (4H, m, 1.79-1.66

(6H, M. HRVB (M+H) calcd for @22H25N603 421.1988;

1;_'0 u 2 d 7 5: 42 ﬁ;o?ﬁos?!éecb@n ueHloB l?ﬁ allng @fd?d%éfzcéé Ezq%ill\flgr?r,le@ gnq\fn%err%e&late 57
20. 0393 gYB Eb ehimol)Yafradichidrd¥Mthdn2 01D mwamdgt}m@th) IsiiHcydnide

() (28l g3 A it i ek ofing; e il e urg s sieed
8 39 o6 4drhp ﬁ)Zhgn@-&)n@&tﬁiﬂd The aBbekDil waluédd-idte n%itastep without
773§JQH dd, =86, 6.1 H), 7.43 NO CH (O
dd’?”'%a“enzsm) 734(O4H dd, J:N085 49
HZ),721(O6H th 82 24HZ) HNN7.15

(0. 4H, J =.8.5 11 (0.6H, dd, F/

J=8. 62. 4H¥P solutiesy of aéwec?ﬂﬂdﬁen ?l%‘ (6. mB) wisqddgd hygroxglamine (2.1
7.0 |'rlZI). 314. rQlﬁolsb(ﬂ&‘%( 121H4atm and%heo—rzsulgnozl%m(lgé"wasr@u’rred at room
198191(4H 66 (6H, IVi-H)

cal cdewaﬁfatewﬁ@avwethyus@yls@gwarbpwﬁa (6 Qs@, 188 mmol) was
Anal 2adddachnfl %ncd@glzmaﬁhﬁg%a) de@ngegtratﬁi 'Ehe%’gsudlm 'was purified by
19.16; found: C, 60.10; H, N, 19.25. Yiel

71% flpgh Wfs&;@pwtmmhé’y -@% -59% B Ac(Hesrne tg)gne the

11.7 0/ =

T Qm(:.%eﬁblte §8)as a%e§§17§8m2(2'1 7%6 64,) er\ﬁ\gﬁ%oo %H}U_FDCI )8
s), 8’62621(10,61=|7 d)z), 83AGHNL UG- 8H,2.Ghl7), 7.2781H,6), 884-4428, (2H, m),

% SRl e IS T8 B 2

tlé JIH &, U= 1124,2.342), 2.66-R.5AH(TH,16), 280 4HY, dt d= 15 I'q-‘z)82 63-1.89 (4H,
2.8 i) 139133 G B LS (M+H) caled for CasHaN;04S: 528.20; found:
528.13.

Intermediate 59

20

' o

N _NH _OH

noU

1,2,4-trimethylbenzene (100 mL) was added to Intermediate 58 (11.7 g, 22
mmol) and the mixture was stirred at 140° C for 3 h. The mixture was cooled to
25  room temp and concentrated. Residue dissolved in CH,Cl, and insoluble solids
removed by filtration and discarded. Concentration gave the Intermediate 59 as a
brown foam (5.02 g, 47% yield). LCMS (M+H) calcd for C;;H23N305S: 482.16;
found: 482.11.



NNJ=28.4, 2.6 H), 4.45 (0.6H, d, J = 6.7 Hz), 4.43
F (0.4H, d, J = 6.7 Hz), 4.01-3.98 (2H, m, 2.27 2.22
(2H, m, 1.98-1.92 (4H, m, 1.80-1.66 (614, n). HRVS
(MtH) cal cd for C27H24FN6(O3: 439. 1894; found:

439. 1875. Anal cald for C22H23FN603: C, 60.26; H,
5.28; N, 19.16; found: C, 60.14; H 5.38; N, 19.25.
72 Ex. Structure Data Yield:73% 1H NI\/R(SOO VHz,
CDC13) S: N11.87 (1 H s), 8.91 (1 t, J = 6.7 He),
7.91, N O OH (2H s), 7.6dnEm '3‘660 J =185, 5.8
Hz), 7.63 (1 H o

de9326Hz)713(1thJ8226\HHz),4.64
(2H, d, J =7.0 H), 3.99 (2H t, J = B.& NN 6.4 Hz),
2.23-2.17 (2H, m, 1.97-1.85 (4Hon) oS4 1.78-1.63 (6H,
m. HRVS (MtH) calcd for C22H24F 439. 1894;

found: 439.1912. Anal cald fo&oC2 CB C, 60. 26;
H, 5.28; N, 19.16; found: C, 59. 9N EN_4.99; N,
19.03. Yield: 63% 'H NMR (500 3) S: N 13.02
(1 H br s), 882 (1H, s) 98 1 , = 0 CH
5.2 Hz), 7.60-7.57 (2H, , s). 733 N (1

H td, J =7.6, 1.8 Hz), 713c(/1<HdJ=73No
Hz), 4.39(2H, d, J=5. 8Hz) , 3. 99(2H,t,J= 7 & H N N 6. 4
Hz), 2.16-2.10 (2H, n), 1.99-1.94 (2H, m), F 1.86-1.67

(8H, m. HRMau()dv&f—mteﬁaécﬁde 59(3.0 £33HARMoN203 tried3BandifL; 5 mL,
foungl 438. 1954 cal d for C23H24FN5CB. 0. Et OAc:

8. 7gamolin GHAGh r{PL)masgaolefF%dC © thﬁovaégdqu

4. 14;mehandQI IchYorRle €0.47 479, 6. (15% rMﬁlﬁb mu@“é
11.90 (I It fgrgcs 22(é8420 ?1 Wa 7. 43 stirred

m, whilg gradyal (Ve qg)to r%)ngtgm@irawfe @518 b Ihe mlxture was washed

with water and the organic phase was dried (Na,;SOy) to give a brown foam that was
10 purified by flash chromatography eluting with 10%-50% EtOAc/hexane to give the

Intermediate 60 as a yellow foam (0.477 g, 14% yield). 'H-NMR (300 MHz, CDCl;)

&: 7.63 (2H, d, J=8.4 Hz), 7.31 (2H, d, J= 8.0 Hz), 4.41 (2H, q, J=7.3 Hz), 3.92-

3.89 (2H, m), 3.73-3.68 (1H, m), 3.49 (3H, s), 3.49-3.42 (1H, m), 2.63-2.48 (2H, m),

2.43-2.41 (4H, m), 1.94-1.90 (2H, d, J=13.5 Hz), 1.39 (3H, t,J=7.1 Hz). LCMS
15 (M+H) calcd for C2,H2sN306S,: 542.12; found: 542.03.

Intermediate 61

20
To a stirred solution of Intermediate 60 (0.411 g, 0.76 mmol) in THF (10 mL)
at cooled to -78° C was added dropwise a freshly prepared mixture of sodium (0.42 g,

20 mmol) dissolved in Naphthaline (2.56 g, 20 mmol) and THF (20 mL) until the



fI'S 14.3, 8.5 Hz), 4.46 (1 H, dd, J = 14.3, 4.0 Hz),
N\0 O OH3.99 (2H, td, J = 6.2, 1.8 Hz), 3.90-3.85 (1
H 8 N"-- 0n), 3.44-3.39 (1 It n), 3.25-3.22 (2H,

m, 2.44- ff 2.30 (2H, m), 2.23-2.15 (2H, M),

1.97-1.89 (4H, Nnm, 1.85-1.80 (2H, m, 1.73-1.58

(6H, m. HRMS (M+H) cal cd for C24H3, \ACES: 487. 2015;
ound: 487.2030. Anal cald for67C24HBON4CES C 59. 24;

It 6.21; N, 11.51; found: C, 58.94; H 6.47;

11. 43>1ue\q0tqr gersivigds ThereylRespturaired amaddionsf 1 h and g5

(61 ﬂ;&)chec&\ A9 I—ﬁg gﬂe A'c}uems laer d’@s \(é‘sh!?!l wﬂﬁi EtOA!c and&re@ze dried.
H, J he Jol*ds gvege lej_)lﬁsd p&yrepagatg@ I—(P:L(HYM@ o\gnbgpreg\pD'S@ﬂ( ¢0mm x
I(-)|Z_|) 1?0813 %Ae?)l—bllzlbO/O‘]i"/@QFAﬂ-'_& %-lqg the‘lr)nEmileﬁla?b 614asg \Qute sohd (0.024
(P He hﬁ% Y@IMSLQWI\(@)HalcﬁfOF Q4EheN®s2 31 llefOUn‘}‘ JIOFON

N 2.44-2.30 (2H, nm), 2.22-2.14 (2H, m, 1.98-1.90

(4H, n) 1.85-1.80 (2H, n) 1.74-1.58 (6H, n) FI RVB
(M+H) cal cd for C24H30FN4 OB $nteBomliatos2 - f ound:

505.1942. Anal cald for C24H29FN405S: C, 57.13; H,

5.79; N, 11.10; found: C 57.01; H 5.98; N, 11.02.

73 Ex. Structure Data Yieldyj §6% 'H NVR (500 MHz,
CDd 3) 8: 0 11.6 5 (1 H, brN .60 (1 H t, J =6.7
Hz), 7.69 ~N, B;o 0 OH (IH, = 8.4, 5.4 Hz),

7.49 (1H dd. J = 8.4, 0 2.6 g 7\u—|2|86|7 24 (1 H m,
4.81 (2H, d, J =6.7 10 H* ), .98 (2H, t, J =

6.4 Hz), 2.89 (6H, s), 2.2 / NN216 (2H n,
4096-1.91 (4H, m, 1.76-1.61 (6H, m. HR M5 ( MtH)

cal cd for C22H28FNACES:;
(4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-yl)phenyl)methanamine

hydrochloride: Intermediate 62 was prepared according to procedure for

intermediate 35. LCMS (M+H): 207.2.

15 Intermediate 63

(4-fluoro-2-(3-methyl-1H-1,2,4-triazol-1-yl)phenyl) methanamine
20 hydrochloride: Intermediate 63 was prepared according to procedure for

intermediate 35. LCMS (M+H): 207.2.

25



479.1764; found: 479.1788. Anal cald for C22H27FN405S
0.8 O C, 53.60; H, 5.85; N, 11.37; found: C,
53.48; H, 5.50; N, 10.98. Yield: 53% 1H NWR (500
Mz, CDCI3) 8: 0 11.54 (1 H s), 8.56 (1 H t, J=6.4
Hz), 7.74 s; 0 0 off (I H dd, J =8.1, 2.6 Hz), 7.71
(1 H dd, J =8.6, N/ 052Hz 7.33 (IH td, J =
8.1, 2.8 Hz), 4.83 (2H, H

d, J=7.0Hz) , 3. 97(2H, t, J=6, 4Hz) , 31611F/ N N (3H,
s), 2.20-2.15 (2H, m), 1lugmedigeodapdoyy 1. 76-1.62
(6H, m. HRVB (MrH)_ calcd for C2, H2; FN305S:

450. 1499; found: 450-3479. Anal cald fgr—
C21H24FN305S: C, 56N1$k H 5.38 N 9 .)\f\ound C,

55.89; H, 5.39; N, 9MO9. Yield: 66% 'HYNWR (500 Mz,
cDCI3) 8 N 11.73 CNs) | 8.71 (1 H, FN- 6.4
Hz), 8.45 NN o off H d, J =3.4 H, B.18 (1 H,
s), 7.51 (114, d,FI % 7.6 Hz), 7.48-%.4 (1L H m,

7.27-7.23 (1 H FNOM, 4.43 (2H d, J 6.7 Hz),

3599 (2H, ; 8 -

200- 1, 92"(‘%‘1371 % é b ELe. %” ‘;z_(%? ﬁ?be” ""Vé’%e a“&%{“ﬁif G

m . HRNB!-HENW- traablenyPhyn:O@ZﬂtHz&FN&ﬁw.n o33 dlﬁ&iMQbenzomtnle

f oun H23F 3 :
A e v e Sl P R

19 09imethydfodmara@eyq45' hl) MiwRréBG0wWHzqwdER@l aBhydBous pota€dlim

11. ggar%énaf%('llﬁ)o an7d;]tlci)§ regl}l%rll_'c'_i?*%urti% é|at 2 2'1_!81 T~hg| solid

Hﬂ) v&s g@n filtkied tir}d the ﬁltﬁtmddzz))nceﬁtrﬂ@d @ \9&10( 2[H'I,e rdSE)d,ue »\Es Hiluted

2 =11.9 1. 5

13 1398 fen Sy Sy S Yt g iy ot gl mipnsiom,

=l 3.sulfaHzand colRivBtr{thbd. Fﬁheoﬁilxmde Cfdhl’alrﬂn@@mﬁd:mwmyl benzonitriles

?:ggl—é‘%%‘-ﬁg 3 ydfoinglaéég%ﬂy&matoorapﬂy on m?lca gel ( elution gradient of
ethyl acetate in hexane) and on reversed phase silica gel to give 1.86 g (18 % yield)

15  of Intermediate 64 and 0.526 g (5 % yield) of Intermediate 65.

4-Fluoro-2-(3-methyl-1H-1,2,4-triazol-1-yl)benzonitrile. white crystals (ethyl
acetate — hexane) ; mp 117 - 118 °C. '"HNMR 400 MHz (CDCls) 6 (ppm) : 2.54 (GH,
s, CH3), 7.24 (1H, m, CH), 7.62 (1H, dd, J=2.5 Hzand J = 9.1 Hz, CH), 7.84 (1H,
20 dd,J=5.6HzandJ=8.6 Hz, CH), 8.82 (1H, s, CH). Anal. Calcd for C;oH;FN4: C
59.40, H 3.49, N 27.71; Found: C 59.25, H 3.32, N 27.81.

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 (CDCL) & (ppm) : 2.56 (GH, s,
25  CHs3),7.30 (1H, dd, J =2.5 Hz and J = 8.1 Hz, CH), 7.39 (1H, m, CH), 7.91 (1H, dd,
J=5.5Hzand J = 8.6 Hz, CH), 8.06 (1H, s, CH). Anal. Calcd for C;¢H;FN4: C
59.40, H 3.49, N 27.71; Found: C 59.35, H3.70, N 27.77.



C 64.79; H 6.24; N, 10.77; found: C, 64.71; H,

6.31; N 10.71. 74 Ex. Structure Data Yield: 79% 1H
NVR (500 MHz, CDC13) S 0 OH 12.01 (1 H, s), 7.78 (1
H br t), 7.39-7.30 (5H m, 4.63 (2H, d, J = 6.4
Hz), 4.03-3.96 (4H, m, 14 0 -... tLo HN N 2.16-2.04
(4H m, 1.86-1.79 (4H m. HRVS (MrH) calcd for
CLO9H22N3O4: 356. 1610: found: ﬁ(s 1616. Anal cald for
CLOH2IN3O4: C, 64.21; JO) H, 5. 95 @3 11.82; found: C,
63.98; H, 5.81; N, 11.71. %egi‘ed’?a‘% % 1H NVR (500
MHz, CDC13) 6: 0 OH 11.92 (1 H, s), 7.75 (1 H br t),
7.30 (2H dd, J = 0 8.5, 5. ), 7.04 (2H, t, J =
8.5 HzZ), 4.58 (2H, H N\ N.cL)\J 6.4 Hz), 4.02-3.95
(4H m, 2.15-2.04 icy-" 15 (4H m, 1.88-1.79 (4H,
m. HRMS (MtH) cal cd for Cl9#k 34 374. 1516;

found: O 374.1506. Anal cald C 9f—|20:N304 0. 15

H2O C, 60.09; H, 5.37; N, FI101; HcCi5 72: found: C,
59.87: H, 5.24: N, 10.90: F, 5.53. 0 OH Yield: 67% 1H

’7\"§/$2 ( 5(5(1)0 Hw‘%iuo%)?}g)ni%yl 1{9‘& 2.4 d’”"j’q I -y]l)ﬁ%ff\'fe’ )melﬁb@'{g

7 11h7dr@@zlérf[de}-.taltnj—[yd1@ &8tigri ofH4-floqro-2-(3-nktiy1-18- F2,4-tdiazol-1 -

AN @5%%‘( f’ Ik oflgae, 58 r‘l’ﬁ‘ﬂzga}‘r‘f 6‘72&%§§8%2?&11ﬁ6f *PEHTQ M

HRIVB hydetlori! saitlaf owhiG a3 ANSOE 10 BEBIZYBREO- fLQBmpbm) 2' 40

388 %ﬁlg,d £ )'H?og s Sﬁ)crﬂ'%ﬁs c%%&z%lf@ 2123 and J
(m H= %) Hz&:H.)3764(HH dﬁ)l 6.110: 4nd 1H,9. 0Bz, GH)79.80 BLH, 8, GH).
HRMS (ESI") calculated for CyoH ,FN,; [M+H ] : 207.1046 ; found : 207.1047.

Intermediate 67

/—N
N{N)\

15 F HCl

(4-Fluoro-2-(5-methyl-1H-1,2,4-triazol- | -yl) phenyl)methanamine
hydrochloride salt. Hydrogenation of 4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-
yl)benzonitrile (0.244 g, 1.20 mmol) gave 0.290 g (100 % yield) of the title

20  hydrochloride salt as a white solid. 'HNMR 400 MHz (DMSO-dg) & (ppm) : 2.42
(3H, s, CH3), 3.78 (2H, m, NCH,), 7.58 (1H, m, CH), 7.67 (1H,dd, J =2.8 Hz and 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 (EST") calculated for C,oH;FN, [M+H +] :207.1046 ; found : 207.1041.



JCCH" Hz), 7.21 (1 H, td, J =8.2, 2.4 Hz), 7.11 (1
H dd, 17 FN\\ N) J =8.4; 2.6 Hz), 4.44 (2H, d, J
= 6.7 Hz), 4.01 N~N 3.94 (4H, n), 2.27-2.21 (2H, m,
2.09-2.04 (2H, O n), 1.93-1.88 (4H, n). HRVB (M+H)
cal cd for C21H22FN604: 441.1687; found: 441.1691.
Anal cald for C21H21FN6O4: N, 19,08; F, 4.31; found:
N, 19.37; F, 4.56. Yield: 77% q—|NI\/R(500I\/Hz CDA 3)
S: 0 OH11.84(1 H s), 8.08(l H = 5.2 H), 7.30
dd, J =8.4, 6.0 Hz), “&gge 21 H dd, J = 9.5 N

0 (1 H
2.7 Hz), 6.83 (1 H td, J = 8.2, 2.8 Hz), 4.60 (2H,
~IHN Nd, J = 6.4 Hz), 4.01-3. 940 (4B m), 2.51 (3H,
s), 18F5220214(2H 2, 8- (2H, m,
1.88-1.82 0 (4H m. Mi-HY c cdfor
C20H23FN3O4S:  420. 1393,F d: 420.M38%.. Anal cald

for C20H22FN304S:. C, 57.26; H, 5.28+{ N,| 10.01; F,

4,.52; found: C, 57.27; H 5.31; N, 1. F, 4.49. 75
Ex. Structure Data Yield: 83% 1H (500 I\/Hz CDC13)
S 0OCH12.04 (1 H s) 7.74 (1 H, br t), 722(2Hd

J = 0 7 9AH¥1)x,turZ oﬂ-&te@gl(‘b 14?5 3499 n?m& Hzﬁuorébeﬁ%lz(r&hle ((ﬁb6 g,

% 03-3, 95 (4H, 35\ fotoo),
N ol gl igihylapyne @ lémlmwlml hPMEZRSQRE gl vas

( MtH)heG@l e 1hee f&q GHR AMRR4he I%Z(.Qro;]rzxﬁ%ure \QaHngled g\d purified
370.1778. Anal cald for C20H23N3 . 6. 27,

N, 11prgrprativeHRHE using §4eOFBwater co@taamm Nl F TM (g@dnem ahitign). The

;5 ;/06 f%lﬂ%{)l’gt§(§%§mg%0%@§9@ gxgbmgd g_cl er?fpo%Qeé t]o a'ﬂbrcf%)i the

product as a white solid (0.0955g, 51.5%). 'H NMR (500 MHz, CDCl;) &: 11.70

10 (1H,s), 7.86 (1H, brt), 7.32-7.29 (2H, m), 7.05 (2H, t, J = 8.6 Hz), 4.59 (2H,d, J =
6.4 Hz), 4.01 (2H, t, } = 6.4 Hz), 2.16-2.11 (2H, m), 1.99-1.94 (2H, m), 1.82-1.65
(8H, m). HRMS (M+H) calcd for CogHy3FN3O5: 372.1724; found: 371.1714. Anal
cald for CyoHpFN305: C, 64.67; H, 5.97; N, 11.31. Found: C, 64.58; H, 6.24; N,
11.11.

15
Other examples made by similar methods using amine (2-10 equiv), Et;N (2-
10 equiv.) and appropriate ester in DMF, DMF/EtOH, or other solvent system at
60 °C-140 °C are listed in Table 3.
20  Table 3.

Ex. Structure Data

Yield: 43%. 'H NMR (500 MHz, CDCL) &:
o  oH 11.72 (1H, s), 7.84 (1H, br t), 7.15-7.09 (2H,
m), 6.99 (1H, t, J = 8.9 Hz), 4.55 (2H, d, ] = 6.1

DA”)WO Hz), 4.01 (2H, t, ] = 6.4 Hz), 2.28 (3H, 5), 2.17-

2 |, Na N_ |2.12 (2H, m), 1.99-1.94 (2H, m), 1.83-1.65 (8H,
m). HRMS (M+H) caled for CyHpsFN303:

di) 386.188; found: 386.1875. Anal cald for
C21H24FN;0500.03 H,0#0.05 CH,Cly: C, 64.79;

H, 6.24; N, 10.77; found: C, 64.71; H, 6.31; N,
10.71.




N/ (2H, d, J =7.9 Hz) 7.26 (2H, d, J = 7.9 Hz), JI
HN4.59 (2H, d, J = 6.4 Hz), 4.03-3.96 (4H m, 20
ci 2.16-2.04 (4H, n), 1.89-1.79 (4H, nm. HRVB (MH)
cal cd for CI19H21CI N304: 3901221; O found: 390-1216.
Anal cald for C19H70CI N304: C, 58.54; H, 5.17; N,

10.77; found: C 58.34; H 5.24; N, 10.59. 0 O-|
Yield: 73% 1H NVR (500 MHz 3 6: c~ 11. 81 (1 H
S) 7EX7J (1 H, s’trllclu\"e =54 F43—HNA D";Ia(l 1 |,

4'),/41(IHGJIi T
Hdd[ 3B 2. 1 5h), 4 57( 20 i35 UZ Mﬁlbg%w%[ Zkiys
) mdd

(4H, | m| (247-2.05 (4H m, . %[f 7& r{éh&‘“h

(MrH) chlod for 0C19cb+I20C12I‘ q
424.p81h. L Yiel dJl 85k oH N _gg §[ 31) t,
12.033(13),£‘,7. 2 (1 H, |bf ,
] 0.6y 7.09 K s), ‘%)
HN N 4|56 (2H d, ﬂ@f; 73 alffni‘}r
2.26| (6H s), 2.16-2. (4H, 2

b .
ALl 05;, Hﬁﬁ - b

H 6|57 N 10.95; found: %OM 7, Cbcr) s:

10.8p. |vield: 84% 1H NWR 4H, S)p8.¢4 (0-6H, ¢, J
12.04 (L H, s), 7.71 (1 H, a6-‘3]H_,8-64 )
8.6 Hz)| 6,80\ (2H, d, J = § b8 15 (O.6H 9§15
\ N F 64 Py 4.0%3.85 (4 DA I 556, o), 743
2.15}2.D3 (4H m, Jiu.8 -10*% 3 Z),(Mﬁ_gA ,dd, J =
cal cf fpr ANBO5Y” 356. 171642 1 (0-pflddg) 7 8424 H),
Anal | ta) d_for C20H23N303.0, T-1P ol =85 .89 Ha, 7.1 (0.6H, dd,
5.93| N "10.64: found:| C ||60 %% GH’@LG‘%@HZ)MJ
76 < ?: j (0.4H, 04:3.98' 2H, m), 2.27-
2.22 (2H, m), 198 1.91 (4H, m), 1.81-1.66 (6H,

m). HRMS (M+H) calcd for Cy;H4FNgO;:
439.1894; found: 439.1887. Anal cald for
CHxFNgOs: C, 60.26; H, 5.28; N, 19.16;
found: C, 60.10; H, 5.42; N, 19.25.

Yield: 71%. '"H NMR (500 MHz, CDCL;) 8:
11.77 (0.6H, s), 11.70 (0.4H, s), 8.80 (0.6H, t, J
= 6.7 Hz), 8.70 (0.4H, t, J = 6.4 Hz), 8.44
(0.6H, s), 8.39 (0.4H, s), 8.16 (0.6H, s), 8.15

2_\\N (0.4H, s), 7.73 (0.6H, dd, ] = 8.5, 6.1 Hz), 7.43
N’ O OH (0.4H, dd, J = 8.6, 2.8 Hz), 7.34 (0.4H, dd, J =
o |8.9,4.9Hz),7.21 (0.6H, td,J =8.2, 2.7 Hz),
5 N" Y 7.15 (0.4H, td, ] = 8.6, 2.8 Hz), 7.11 (0.6H, dd,
Ny N J=84,2.6 Hz), 445 (0.6H, d, J = 6.7 Hz), 4.43
! d/\) (0.4H, d, J = 6.7 Hz), 4.01-3.98 (2H, m), 2.27-
2.22 (2H, m), 1.98-1.92 (4H, m), 1.80-1.66 (6H,

m). HRMS (M+H) calcd for CooHp4FNgO3:
439.1894; found: 439.1875. Anal cald for

C22H23FN6032 C, 60.26; H, 5.28; N, 19.16;

found: C, 60.14; H, 5.38; N, 19.25.




Ex. Structure Dat
S 11.89 (1 H, s
OH (1 H td,
(1 H t, J=
N (2H d, J
NJNZ2.1
nm. H

.03-3.95 (4H, m, '2.19 24 F H

. HRMS
f oungk
.0. 057
60. 58;
MHz,
5.6
= 2.
25 0
s),
m,

H26NBO6 416 1822;
C2, HX5NBO6: C, 60.71; H, 6.

60. 4fFi—1H—6-30+—N—9-9+—Yi

CDCIB) B 0 OH 11. 89(1HS)C\§'
~0 7 N10 (1 H d.
(2H,
N (4
HRVG
374.
60. O;
N, 1{.
11.9

Hgd ér b 9% &*J =
sﬁ-‘iz'cb@r\% {25 2 -184 (2H, m),
10%1567 @H 6’@ UgMS'_(Mﬁ{)g?glcd for
m OGO £58. 18H faund 513801964
Hinat gald fpr €7 6 N3 op 3 BOAc: C,
50.92; H, 4.37; N, 10.84; found: C, 50.59; H,
4.14; N, 10.95.

Yield: 77%. 'H NMR (500 MHz, CDCl5) &:
11.90 (1H, s), 8.22-8.20 (1H, m), 7.47-7.43

(\ o (2H, m), 7.36-7.32 2H, m), 4.98 (1H, dd, J =

& 14.3, 8.5 Hz), 4.46 (1H, dd, ] = 14.3, 4.0 Hz),

NS O OH 3.99 (2H, td, ] = 6.2, 1.8 Hz), 3.90-3.85 (1H,

g NJ\‘/Kfo m), 3.44-3.39 (1H, m), 3.25-3.22 (2H, m), 2.44-
Ho b N 2.30 (2H, m), 2.23-2.15 (2H, m), 1.97-1.89 (4H,

m), 1.85-1.80 (2H, m), 1.73-1.58 (6H, m).
d/\) HRMS (M+H) caled for Cy4H3 N4OsS:

487.2015; found: 487.2030. Anal cald for
C24H30N40582 C, 5924, H, 621, N, 1 151,
found: C, 58.94; H, 6.47; N, 11.43.
Yield: 70%. 'H NMR (500 MHz, CDCl;) &:
11.85(1H, s), 8.22-8.19 (1H, m), 7.46 (1H, dd,
,\A‘ o J=8.6,6.4Hz),7.16 (1H,dd,J=9.2,2.5 Hz),

/s’/ 7.06 (1H, td, J =8.2,2.8 Hz),4.95 (1H,dd, J =

N™ % o  OH 14.3, 8.9 Hz), 4.39 (1H, dd, J = 14.3, 4.0

O 2 2 3 b 2
N/Uﬁ/‘\fo Hz),3.99 (2H, td, J = 6.4, 1.8 Hz), 3.86-3.81
9 H (1H, m), 3.43-3.39 (1H, m), 3.25-3.23 (2H, m),

F 2.44-2.30 (2H, m), 2.22-2.14 (2H, m), 1.98-1.90
d;) (4H, m), 1.85-1.80 (2H, m), 1.74-1.58 (6H, m).
HRMS (M+H) caled for Co4H30FN4O5S:
505.1921; found: 505.1942. Anal cald for
Ca4H9FN4OsS: C, 57.13; H, 5.79; N, 11.10;

found: C, 57.01; H, 5.98; N, 11.02.




FO7.09
J

/ HN\ N = 10. 4
4.03-3.96 27 (4H, m,
1.88- 1.80 (4H,
C20H23FN3O4: 388. 1673;
C20H22FN304: C, 62.00: H, 5.72;

Hz), 6.99 (1 H d,
Hz), 4.
2. 26
m .

f oun

J
57 (2H, d,
(3H, s),

7.9 Hz), 6.97 (1 H, d,
J = 6.4 Hz),
2.17-2.05 (4H,

HRVS (M+H) calcd for O

Anal cald for
found: C,

d: 388. 1665.
N, 10. 84,

61.73; H 7.72; N, 10.66. 77 éQ Structure Data

E)n el dy, 44%  LH-HR-£500 Mz €DEH3) 563180 (114,

r sy, 86T (1T H t, J =6. ) of

(1H, dd, }=8165. 2Hz) | 7. 48( 1H, 45058 TFN%?(IQ (o C;3)7869

2.6 fiz)| 7N28-7.24 § 1Hp,m), 'g t%‘ >4 Qu. W =34

Hz), | 4. 90-3. 9 (anm 2. 98 VBH: 2R T ITLED ) = 84,

o) {and g g oz e LA P
ay/C or .

481. 1561 F Anal cald fo NBhgs 0" g:az ngl-s(.6H

0.1 C4HIOO C, 50. 2 5 i JETH ¢ g NaOs5:

50.06; H 4.70; N, '#6.51. |Yield - 5fts. ! %%6 585N,

w)z, CDI3) 6 11.84 (IH 31.33%%@ ?;L 1t ?

H d . ﬁelélﬁr%" &HNM (50 Mz, Ebéi's)o

Hz) , J13441H,5),8.56 lLE%‘JZI@t‘ZH)H

d, J é”éﬁddehH“ 6 HZ 278712(152“ 8.6,

(2H 5. 2yHgy 733 Gl 1y = 8. 2 83 (2H,

( MrH %610‘7!,@1391 @it ‘vaO‘Lﬁa‘leZ) 3.16

441 s bl g 56l 91 (4, m

4.80{ N, 19.08: fo , 577621762@1 m)sé{RW(MQ daled for

Yiel i 87% 1H NWVR ( M C2dBeiNes8:. 45 1499; Gund1430,1479.

s), 7.4L (1 H br t), 7.20-Anmecaldigr CaHauFN;OsS: C, 56.11; H, 5.38;

N, 9.34; found: C, 55.89; H, 5.39; N, 919

ﬁ%o

Yield: 66%. 'H NMR (500 MHz, CDCl5) 8:
11.73 (1H, s), 8.71 (1H, t, J = 6.4 Hz), 8.45
(1H,d,J=3.4Hz),8.18 (1H, s), 7.51 (1H, d, J
=17.6 Hz), 7.48-7.43 (1H, m), 7.27-7.23 (1H,
m),4.43 2H,d,J=6.7 Hz),3.99 2H,t,J =64
Hz), 2.28-2.22 (2H, m), 2.00-1.92 (4H, m),
1.81-1.74 (4H, m), 1.72-1.67 (2H, m). HRMS
(M+H) calcd for C2;Hy4FNgO3: 439.1894;
found: 439.1883. Anal cald for C;;H23FNgOs:
C, 60.26; H, 5.28; N, 19.16; found: C, 60.06; H,
5.22; N, 19.09. -

o

Yield: 59%. 'H NMR (500 MHz, CDCls) &:
11.90 (1H, s), 7.93 (1H, brt), 7.34-7.32 (2H,
m), 7.05 2H, t,J=8.5 Hz), 4.60 2H,d, ] =6.4
Hz), 3.99 (2H, t, ] = 6.4 Hz), 3.90-3.90 (2H, m),
3.65(2H,dt=11.9, 1.5 Hz), 2.38 (2H, dt, J =
13.5,3.7 Hz), 2.03-1.94 (4H, m), 1.52 2H, d,J
= 13.7 Hz). HRMS (M-H) calcd for
Cy0H21FN;3;04: 386.1516; found: 386.1499.

Anal cald for Cy0H3,FN30400.04 H;O0«0.2 TFA:
C, 64.79; H, 6.24; N, 10.77; found: C, 64.71; H,
6.31; N, 10.71.




OH

t
m,

C20H23FN3O4: 388. 1673;

3.

found: 388.1680. Anal

m, 7.03-7.00 (2H, nm, 4.01-3.99 (2H, m, 3.96-
94 (2H, m,3.68 (2H, g, J = 6.7 Hz), 2.89 (2H, H
J =6.7 Hz), 2.06-1.97 (4H, n), 1.88-1.80 30 (2H,
1.77-1.69 (2H m. HR-RM5S (MtH) N 0 calcd for

cald for

C20H22FN3™4. 0.8 H2O0. C, 60.05;_H, 5.90; N, 10.50;

found: C, 60.14: H, 5.60; N, 7d.51. Yield: 80% 1H
NVR (500 Mz, CDCL3)-S: 0 OH12.03 (1 H s 744 (1
E;‘.L - 4f~ UC»SU [ 1 n nr’ MDama |
H, br—t =71 (2H 0o ( i l)b
4.03L4.D1 (2H, o 398~ H ‘}ﬁs 3‘7%5
a. J|=Pp 7 He 68l | o3 | 2%3‘ T S o
He), | 2. 1@%{%%%{ 1. 98 gl PR RM"S‘)
(M-H) 1cpllegl for Coti 2 - ) o0 ‘;‘6]0 s
402. 184D. Anal ca)d fo el %’ c 6‘2";1
6.02] N, 10.46; { ; YAGY
78 EX. Structure aYieI f }—?@Na% @6 ’81
CDCl B) I\L1’)10{1H" t 1—RA
oy, [5.5O N N O RE 'Y’,l'e'f} 3@%“05 WRJéOOMPLZ gDE:) o
6.1 Hz) 7 17 (1 t 1182 61H,5) §7H2(L b th @ 3p{2H, dd, J =
ad, b = L8Z§7>§2ﬁ) T4 GHLt, §=8.581), 4.58 (2H,
4.02f4.D &HNN 4, be o4 ‘(7%9 9f§4H, m)p215-2.04
(3H | & 2 3- 2 16 MH m), h§8-3. 79441 ap) S(M+H)
1.88}1.B3 (4H n). #ﬁd@a%zf%o@z@m
0 45p. 1B43; found: 85()37%%96 éataUcatcbﬁorC@tlzdﬁztsm-Ob
FN6OW: €, 58.14; H 5.10; NH:@8C46.09; Hosad: N.c1.088F.0472;
H 4|98 N._18.53. N~ Yi el qfoupdok, SHETNNRS 2800 1M99; F, 5.53.
cDal B) b: 0 Yield: 67%. '"H NMR (500 MHz, CDCL) &:
o 11.95 (1H, s), 7.72 (1H, br ¢), 7.14 (14, d, J =
D/\ 7.0 Hz), 7.11-7.08 (1H, m), 6.98 (1H, t, ] = 9.0
16 NSNS | Hz), 4.54 H, d, J = 6.4 Hz), 4.03-3.95 (4H,
j m), 2.27 (3H, s), 2.16-2.03 (4H, m), 1.88-1.79
(4H, m). HRMS (M+H) calcd for
Ca0H23FN304: 388.1673; found: 388.1661.
Yield: 51%. '"H NMR (500 MHz, CDCls) 5:
o  oH 11.90 (1H, s), 8.76 (1H, t, ] = 6.4 Hz), 8.44
ol (1H,s), 8.13 (1H, s), 7.70 (1H, dd, J = 8.5, 6.1
N Hz), 7.21 (1H, d, J = 8.2, 2.4 Hz), 7.11 (1H, dd,
. W NN [ T=8.4,26 Hz), 4.44 (2H, d, 1= 6.7 Hz), 4.01-
N ' j 3.94 (4H, m), 2.27-2.21 (2H, m), 2.09-2.04 (2H,
o m), 1.93-1.88 (4H, m). HRMS (M+H) calcd for
Cy1H2FNgOy4: 441.1687; found: 441.1691.
Anal cald for C;;H; FNgO4: N, 19.08; F, 4.31;
found: N, 19.37; F, 4.56.
Yield: 77%. '"H NMR (500 MHz, CDCl;) &:
o  oH 11.84 (1H, s), 8.08 (1H, t, J = 5.2 Hz), 7.30
O (1H, dd, J =8.4, 6.0 Hz), 6.95 (1H, dd, J = 9.5,
/@C” 2.7 Hz), 6.83 (1H, td, = 8.2, 2.8 Hz), 4.60 (2H,
_ Ng_N_ |d,J=6.4Hz),4.01-3.94 (4H, m), 2.51 GH, s),
18 j 2.20-2.14 (2H, m), 2.08-2.03 (2H, m), 1.88-1.82
(4H, m). HRMS (M+H) calcd for
Ca0H23FN30,S: 420.1393; found: 420.1383.
Anal cald for ConzzFN3O4S C,57.26; H, 5.28;
N, 10.01; F, 4.52; found: C, 57.27;: H, 5.31; N,
10.01; F, 4.49.




N NOOH11.95 (1 H, s), 8.84-8.79 (1 H m), 8.41 (1
H s), 8.11 (1 H s), 7.68 (1 H dd, J =6.8, 2.0
Hz), 33 N~~ 11 0 7.51-7.42 (2H. n), 7.33 (1H, dd,J=
7.3, 1.8 Hao) NHz), 4.44 (2H, d, J = 7.0 Hz),
3.99-3.92 (4H, n), 2.27-2.18 (2H, n), 2.08-2.00 (2H,
m, 1.92- 1.85 (4H m. HRVS [MtH + calcd for C21
H23N6O4: 423.1781; found: 423.¥773. Yield: 59%yield.
' H NMR-(.300 M—I7 (‘I'Y‘LQ\ S:11.83 (1 I—l br Q\
8. 26| B2+ H Y 7 43 (4 qub B 6 Heheio s
7.15| (1| H dd, J 50 9yl 2. c?/ /"7 ﬁﬁ? H-(’;)JE’-_
EI.Zz, 2.6 He 491N Q));FP ?2 o
), | 4. 34 . > 2F 5‘:2??
(4H, ? )’ -0214- (8 ’ (4 %
> 5115 o ééﬁ o z ' %HOH 05704767 ounds
(4H, | M| HRVB [ M+H] Lal cd CaoElepp3Qy £465.02;
found: | 507.1735. Anal cal { ‘ NAIRES: 6693 1, 6444 N,
54. 54— 4H 5 37 N_11_086; S 8433 3. 75: found: C
54. 217 H 5.22: N, $Yigdd: 72 %#HNMR&OOMP@@DCMS
81% i el ' H NVR ({800 1P 1, 5), @76 {bH.gg! T 3-4Hki2) 5,34
8. 27} 8. 23 ( @ﬁ df | =39, 7.3 (2Hy dJ5= 7.981),
(2H, r(@l @ d \J ASQ(ZIM@JF@W@A@@?Q(%@)
J= 129 05”5 HZ) 0 246@@43455;:1&2@9 39, (4H, m). HRMS
3.93}3.188 (2H, (lM’fEBCq‘\FdCfO 21 N304: 3901221,
3.4413.86 (1H, u§12|490 Analcgld for-QrokpgCIN; Oy
(2H,| m| 2.21-2. 11 (2H rr) 34 H, 89 7N, (0471; fawpd: C, 58.34; H,
1.84L1 74 (4H,_n). HRVS | +§rr24 NA®I¥9d f or C23H29N406S:
489.[1808; found: 9. 801 Yiuhdil 73%al 'H NMR (SXBHMPBNADGE) 5:
C, p6.[59; A 71.8F lhe), 7C9 (B6,.t6R= SHHZ), 7.43
5.48; N, :‘5/\7 I 1| (1H,d,1=82Hz),7.41 (1H,d,J= 1.5 Hz),
21 N 7.17 (1H, dd, J =82, 1.5 Hz), 4.57 (2H, d, J =
j 6.4 Hz), 4.03-3.96 (4H, m), 2.17-2.05 (4H, m),
07 | 1.90-1.81 (4H, m). HRMS (M+H) calcd for
CioH20CN;O4: 424.0831; found: 424.0811.
Yield: 85%. 'H NMR (500 MHz, CDCls) 3:
o OH 12.06 (1H, s), 7.74 (1H, brt), 7.13 (1H, d, J =
NJ\%\(O 7.6 Hz), 7.09 (1H, s), 7.05 (1H, d, J = 7.6 Hz),
DAH N n_ | 456 (H,d,J=6.1Hz),4.03-395 (4H, m),
22 j 2.26 (6H, s), 2.16-2.03 (4H, m), 1.87-1.80 (4H,
& m). HRMS (M+H) calcd for C3;H6N304:
O | 384.1923; found: 384.1937. Anal cald for
C21HasN304: C, 65.78; H, 6.57; N, 10.95;
found: C, 65.58; H, 6.58; N, 10.89.
Yield: 84%. 'H NMR (500 MHz, CDCl;) &:
9  OH 12.04 (1H, s), 7.71 (1H, brt), 7.26 2H, d, J =
N/U\)YO 8.6 Hz), 6.90 (2H, d, J = 8.6 Hz), 4.55 (2H, d, J
/@A Ho I | =64Hz),4.03-3.95 (4H, m), 3.81 GH, ),
23 | o X 2.15-2.03 (4H, m), 1.87-1.79 (44, m). HRMS
| di j (M+H) caled for CoH,4N305: 386.1716; found:
O | 386.1697. Anal cald for CooH23N3050.11
CH,Cly: C, 61.19; H, 5.93; N, 10.64; found: C,
60.86; H, 5.98; N,10.55 .




79 Ex. Structure Data Yield: 65%

'H NMR (500 Mz,

CDC13) S: 0 oHL 12.10 (1 H, s), 7.74 (1 H br t), 7.30
(2H, dd, J = N~ 1 08.5 5.2 Hz), 7.04 (2H t, J =
8.5 Hz), 4.62-4.53 HN\ N (2H n), 4.14-3.99 (8H,
m, 2.51-2.45 (IH m, 36 F | 2.36-2.31 (1 H n). HRVS
(MtH) calcd for o C18H 9FN3O5:; found:. Anal cald for
CtgH18FNo 306: C, 57.59; H, 4.88% N, 11.19; F, 5.06;
found:—_C._ 57 95 H_ 4 96 N 10 Q'% F, 5.43. Yield:
68% [N RS mm b '> 130 4 )
7.71|(1|H br t), 7.14-7.08 |(5ld ﬁl MR 6790 MHy CICL) 3:
J = 8.8|Hz), 4.57-4.49 (2H,| B¢ MW&“MLSJ%) §H7J7
m, 2.51-2.44 (1 oy, 2. ﬂé_‘ L q) = §7HF7-I;I_{Z$_&H37 [(IH, m), 7.14
2.27](3H, RBEH()&? 1GH- % oF 7-0H7). 18 3 Hz), 4.66
390. 146%; undH 390. 1451. |d2Hnd) <Gf H2} §03-3.95 (4H, m), 2.19-
C, 9H2GEN3 58. . 5.41p QHy )12d?97§94 2H, m)glz89-1.83 (4H,
found: G 58, 62: g |\,m)-ﬂ)RW-(l\&H)&al%forﬁls&ichNsmi
52% |1H|[NMR (500 3) é‘SI@ fmd117491082(0 ng}j caldfor
8.92|(1(H br t), r, shi2F RO BR85S %QOHO 3 Hz¢126§
(1 H| dd, J = 8.5, 5 Gﬁ) 31H, $445; N,11192; fond: £, 60.58; H,
8.2, 124 Hz) 7 10 (1 H d 53PN, 8185. 38 F N\\ NN
2.4 Wz)| 4.51-4.35 (2H, m),| Yicl2688%.9'H N8R (36p MBIOTDCL) &:
2.5942.%3 (1 H, n),o02. 3a- 2.|32.10X1H 5)r8.06 VS J =05.¢ Nic}y.20
calcq for C2QH20FNGQ5: 1443, |X4HN, Jo §. DU 6.484B1. 114 95.2.4 Hz),
Anal caldﬁllg D 6335 B, @D =18.2,2.4322), N51 (2H,d, T =
18. 99, IF, 4 o oundis OV |35 HI6), 48] -38544KL, ), 339.(BH; 5), 3.80
F. 4]38] Vel d: S63% W‘(eﬂm,mzlmaﬁ,sm-zmm,m),
12.01 (1 H s), 8.0 7 BE91t).83 @H3 67 HRMS (M HH) didd-for
| o), [6.99-6.94 (1-H, n),| G:il%INRBAIE U82BY, fondd: 446.6857. Anal
' cald for C3H5N306: C, 60.71; H, 6.06; N,
10.11; found: C, 60.47; H, 6.10; N, 9.97.
Yield: 86%. 'H NMR (500 MHz, CDCl) &:
11.89 (1H, s), 7.80 (1H, br t), 7.34 (1H, g, J =
7.6 Hz), 7.10 (1H, d, J = 7.6 Hz), 7.03-6.98
(2H, m), 4.62 (2H, d, J = 6.4 Hz), 4.04-3.96
26 N\ N (4H, m), 2.17-2.05 (4H, m), 1.88-1.81 (4H, m).
HRMS (M+H) calcd for CgH; FN;Oy4:
374.1516; found: 374.1504. Anal cald for
C|9H20FN30400.1 CH2C12! C, 60.07; H, 5.33; N,
11.00; found: C, 60.06; H, 5.39; N, 10.94.
Yield: 65%. '"H NMR (500 MHz, CDCl;) &:
0 OH 11.93 (1H, s), 7.76 (1H, brt), 7.17 (1H, t, J =
F 0 7.9 Hz), 6.99 (1H, d, J = 7.9 Hz), 6.97 (1H, d, J
N 4 | =104 Hz),4.57 (2H,d, J = 6.4 Hz), 4.03-3.96
27 N (4H, m), 2.26 (3H, 5), 2.17-2.05 (4H, m), 1.88-
di j 1.80 (4H, m). HRMS (M-+H) calcd for
C20H23FN304: 388.1673; found: 388.1665.
Anal cald for CooH22FN304: C, 62.00; H, 5.72;
N, 10.84; found: C, 61.73; H, 7.72; N, 10.66.




/ HJIN N4.59 (2H, m,
39 FJS m,

(1 H

54.14; H, 4.78; N, 9.97,

4.14-3.99 (8H, nj), 2.55-2.51

2.51 (3H, s), 2.38-2.31 (1H, m.
HRVE o (M+H) cal cd for CL9H21FN3(CBS: 422.1186; o
found: 422.1165. Anal cald

for Cl9H21FN3OBS: C,

found: C, 54.22; H, 5.07; N,

9.90. 80 Ex. Structure Data Yield: 28% 'H NWMR (500

Mz, CDCI3) 6: OOH 12.07 (1 H’s), 7.81 (1 H t, J =
2

6.0 H)-— 7.3 0 (2H dd —s:zr: vRI—lﬂ 7.06 (2H_

BT o\ Strucyure i AN Dptanc 4t A
t, JF 87 NHz), 4 58 (2H; RYS
(4H,| /|HN. Nm, 3.84(" ; @76-8
(2H |t,|40lFo) = 11.3 Hz), g 212'84
Hz), | L.79°¢2H doJ en13. =70
Ccal ¢ or (l9HZ2 5F %C o o
Anal Sg hd @ 1%*2 ,S),2.24-2.18
10. 797" Fe 87, founé!:\ , go,(z.tH,m).
F, 4/99| Yield: 30% N . .65%6
(1 H s}, 9.12 (1 H E , joung: £
s), 8.39 (1 H s), 7768 (1 ﬁufazelFN@sS'%J%CF Q@ C4Hi00:
7.21[(1|H, dt, J =8.2, 2.1 O? ,13003(&1 Lp-ol; rfP‘em‘ J50:06; H,
8.4, 2.0 Hz) 4 45 (2H dd |43 ENGLGS oY~ 41 E 10 N
N N #.0P (4H, s), 3.90 (2H,| ¥ield: 3:%.1'H §MR4(580 Mtjz, CDCl;) 8:
Non -7 Hid) 3421H.4),8247, (16t 1, J 55.8162)18.39
0 4. 1BHL5) 12)3, (S HRNET.02 (164 1), J = 8.4, 2.9
calc 1183384 (1H.oldnb= 845%.2 HBR9.16 (1H, td,
Anal IC 8.52.987), H42 @F63; ] 16.7 Hz), 4.02-
18. 41; 5H699H, ), 2285422 (RH, 1. 2318-2.05 (2H,
F, 4|08 R )5 D118 (4ICDOL FRMGS (M) tdled for
(1 H s), 8.25-8 MG EME O 144, 1687; fdund: 441.1697.

Anal cald for C3;H3 FNgO4: C, 57.26; H, 4.80;
N, 19.08; found: C, 57.27; H, 4.85: N, 19.07.

30

Yield: 87%. 'H NMR (500 MHz, CDCl) &:
11.92 (1H, s), 7.41 (1H, br t), 7.20-7.17 (2H,
m), 7.03-7.00 (2H, m), 4.01-3.99 (2H, m), 3.96-
3.94 (2H, m),3.68 (2H, q, J = 6.7 Hz), 2.89 (2H,
t,J =6.7 Hz), 2.06-1.97 (4H, m), 1.88-1.80
(2H, m), 1.77-1.69 (2H, m). HRMS (M+H)
calcd for CyoH3FN304: 388.1673; found:
388.1680. Anatl cald for ConzzFN304'O.8
H,0: C, 60.05; H, 5.90; N, 10.50; found: C,
60.14; H, 5.60; N, 10.51.

Yield: 80%. 'H NMR (500 MHz, CDCl3) &:
12.03 (1H, s), 7.44 (1H, br t), 7.16-7.13 (2H,
m), 6.99-6.95 (2H, m), 4.03-4.01 (2H, m), 3.98-
3.96 (2H, m), 3.44 (2H, q, ] = 6.7 Hz), 2.68
(2H, t,J=7.6 Hz), 2.18-2.06 (4H, m), 1.97-
1.84 (6H, m). HRMS (M+H) calcd for
C21H25FN3042 4021829, found: 402.1840.
Anal cald for C2|H24FN304Z C, 62.83; H, 6.02;

N, 10.46; found: C, 62.46; H, 6.26; N, 10.52.




=8.5 6.1 H), 7.21 (1 H dd, J =9.0, 2.6 H), ©O
7.08 (1 H dt, J =8.2, 2.5 Hz), 4.90 (1 H dd, J =

N SOO OH 14.2, 8.4 Hz), 4.43 (I H dd, J = 14.0,
4.3 Hz), 0 4.01 (4H, s), 3.86-3.71 (4H, n), 3.45-3.42
(1H HmM, 3.32 (1 H dt, J= 13.2, 4.4 H),

3.28-3.22 42 FN. N (IH n), 2.47-2.29 (4H, m,
2.00-1.93 (2H, m, 1.72 (2H t78J= 15.2 Hz). HRMVB

[|\/|-|- | gxa alcd ﬂ[ {,Ziq C23H28NB0O7ES: 523 1663 LIf2(‘)lln(’i

523. 1666 Anat i or—G23HR7NBO S0 52440

51.9f; H 5,31 N, 10.54; F 0 EK@(SOO_ &Dfdjz)b
51.84: H S¥IHa L I g4 Hy), 829

CH, T}B- N 10.28: g .12d!
Stru¢tu A Yi eld: 6%
/1

-83,6 8—86 6.1 Hz), 7.17 (1H,
CDC13 Me QD) .28 T ), 7:98 g, d b= 8.6,2.8
8 . 7),4-02-4,00 (2H,
(12% 3;fc\|> \\‘(QHZ 37 p2 $1963 P4 ('aﬁ'gng%ﬁg (911305;32 23-2.16

.'gj gg.qs’ 2.194 (7§ 2% 1883583 (4H, m).

3.9
1H, 43 6- ~- - o I@és 22H24FNgO4:
(2.46-?74 (4H, ny), 1796-1. Es‘SﬂllF«ﬂ éfH"d 55. lgféfsA&alss‘dfor
(2H, |m | HRVB [M+H + calcd G o‘?‘s“ 5&)@1‘17@7‘9
f oun¢h—D 5051761, Anal cal Owﬂrcr@?f%
54.75; HNB®59; N, 11.10; s,Ylel.dsw,%f%HMR@.OOW&@,CL)&
H 5[20] YNIL 06 S, 6. 18.] IYOSIHL syhB4-8.19 MRV (1H. 5),
MHz. |CDC13) S 41. 8D (] H|38shl,(1H. S07-681(1H, dd. / J6.8 50 Bz),
Hz), |53 ¥ (inH, = §.7D1-24D(2Hz ). 73333 H( dd. H = 1y, 1.8
J =8.6 SO0 0 ONM 5.3 Hz) Hﬂ%(@m ¢/ 1.0 H1),3.99-192 (4H,
3.2 H),|4.82 (2H, ~JL | 2.3%20 8 Q2 uny), 298 990((AH, m), 1.92-
s), B.8#4 (2H, dd, N|18554Hmp HRMS [B+FY" ¢aed for
td, =11.6, 1. ), 44 [C231,18:Qs3423. 1B L fourgly 42321775.
td, = 13.2, 5.5 Hz), Yield: 59% yield. 'H-NMR (300 MHz, CDCl;)

5: 11.83 (1H, brs), 8.26-8.22 (1H, m), 7.43
(1H, dd,/=8.8,6,2 Hz), 7.15 (1H, dd, J =
0 9.1,2.6 Hz), 7.04 (1H, dt, /= 8.2, 2.6 Hz), 4.91
N’s\\ o) OH (1H,dd,J=14.1,9.0 Hz), 4.34 (1H, dd, J =
o o 14.3, 3.7 Hz), 3.99-3.89 (4H, m), 3.86-3.77
34 /@A”)W (1H, m), 3.44-3.36 (1H, m), 3.23-3.19 (2H, m),
N N 2.40-2.30 (2H, m), 2.21-2.10 (2H, m), 2.01-1.89
J (4H, m), 1.83-1.74 (4H, m). HRMS [M+H]"
o calcd for C3HasN4O6FS: 507.1714; found:
507.1735. Anal cald for C23H27N406FSI C,
54.54; H, 5.37; N, 11.06; S, 6.33; F, 3.75;

found: C, 54.27; H, 5.22; N, 11.01; S, 6.14; F,
3.81.

Yield: 81% yield. '"H-NMR (300 MHz, CDCl;)
3: 12.08 (1H, s), 8.27-8.23 (1H, m), 7.46-7.41
(2H, m), 7.35-7.32 (2H, m), 4.93 (1H, dd, J =
& 14.1,9.0 Hz), 4.40 (1H, dd, J = 14.1, 3.5 Hz),
NS @ oH 4.00-3.96 (2H, m), 3.93-3.88 (2H, m), 3.86-3.81
35 ”J\/Kfo (1H, m), 3.44-3.36 (1H, m), 3.22-3.18 (2H, m),
H 2.41-2.28 (2H, m), 2.21-2.11 (2H, m), 2.02-1.89
(4H, m), 1.84-1.74 (4H, m). HRMS [M+H]"
Q\r j caled for Cy3HoN4O46S: 489.1808; found:
o 489.1801. Anal cald for C23H,5N404S: C,

56.54; H, 5.78; N, 11.47; found: C, 56.63; H,
5.48; N, 11.37.




0 1.74 (2H, d,
C20H23N307SF: 468. 1241;
C20H22N307SF: C,
6.86; F, 4.06;

for

J= 13.2 Hz).

f ound:

6.82; F, 4.18. 0 OH Yield:

f ound:
51.38; H, 4.74: N, 8.98; S,
C, 51.25; H 4.62; N, 8.81; S,

HRVS [ MtH + O cal cd for
468.1237. Anal cald

19% ' H NVR (300 Mz,

CDA3) S "012.08 (1 H s), 7.75 (1 H s, J =5.8
Hz), 7.15 H7.08 (2H, m), 6.96701 H, t, J = 9.0 Hz),

4.51 (2H H NN d_J= 6.2 H). 4 00 (4H_s).

3. 853704+ 45 £ gl 0 35 o oo (2H,D‘1‘hf‘ 2 26
(3H,{d,|J=1.8 Hz) o O &y 76 gfz?lrg 6% JH Hz, £61:) 3: B
[MH + | calcd for JIC20H23N305+ _(%é)’fééémflad d:30 (2H,dd, J =
404. l615. d: MNI‘A&?&%@G{W“ ’ 2‘865H2)0467‘4 >3
OH 124 1B : S), h(l QT.. ,m) 514.3§9(§81;[|§21§d2-‘511294 @H m),
(1 H3%|FJ = 8.0 H) .z}é)& gNZ#H ﬁ*i- HRMs(MH)|cajed for
(2H,]d,|J= 6.2 Hz), (3. 3G 1sEREN:5 gfp ngl cald fog

H N N 3| 86-3.71 (4Ho0 3%8Ptﬂsosc> 327H( %NGHSF
= 13/ 0,[ 5.6 Hz), 1.76 (2H, |d:063feund (G5795; H.¢-94-Ne10.9

[ MrH-+ cal cd for C21H26N3QY 543432 1771, found:

432.1771. Anal cal g fqy, C2YieidNSH7: HAYMBYSAGMHa, CDCL) 5:
5.84; N 9.74; found: C OE>8222(1H45)§7891Her)97 557.08 2H, m),
Ex. [Btructy D3 /e1 4497 (hHHH, NivR 8 (80,0t M-#-49 (2H, m),
CDC1B) [S: 1 gl (A H~ s) 4.18-35% (BHL. ). 2t51-44(1¥, &), 2.36-2.31
Hz), | 68 p o (Qr (1Hidn), 2.2Z(¥1,4). BREISHM+H) calcd for
7.47] (1| H, dd, '3 = & 2 0 2ORHN;OF. 3991762 found: 190145 ).
4.81| (2H, d, J = 6. " Aralcald¥o081sH4FN:Qy C, 58.60; H, 5.17;
3.8513.[70 (4H, n), 2.90 (6HN, 1A79;F, HSR foard: K, §8.62;H,316; N,
(2H,{td, J = 13.0. 5.2 Hz)|1077F.436, d, J = 13.5

Hz) .| HRVB [MrH cal cd for | Yield: 52%. "H NMR (500 MHz, CDCl) 3:

(0] OH

O

N\N

&]

11.908 (1H, s), 8.92 (1H, br ©), 8.43 (1H, s),
8.26 (1H, s), 7.69 (1H, dd, J = 8.5, 5.8 Hz), 7.21
(1H, td, J = 8.2, 2.4 Hz), 7.10 (1H, dd, J = 8.5,
2.4 Hz), 4.51-4.35 (2H, m), 4.26-3.97 (8H, m),
2.59-2.53 (1H, m), 2.36-2.31 (1H, m). HRMS
(M+H) calcd for ConzoFNGC)s: 443, 1479;
found: 443.1495. Anal cald for C20H|9FN6052
C, 54.29; H, 4.32; N, 18.99; F, 4.29; found: C,
54.26; H,4.44; N, 19.01; F, 4.38.

Yield: 63%. 'HNMR (500 MHz, CDCl;) &:
12.01 (1H, s), 8.03 (1H, brt), 7.30-7.24 (1H,
m), 6.99-6.94 (1H, m), 6.87-6.81 (1H, m), 4.64-
4.59 (2H, m), 4.14-3.99 (8H, m), 2.55-2.51 (1H,
m), 2.51 (3H, s), 2.38-2.31 (1H, m). HRMS
(M+H) calcd for C1gH»FN3;0;S: 422.1186;
found: 422.1165. Anal cald for C1gH,FN3OsS:
C, 54.14; H,4.78; N, 9.97; found: C, 54.22; H,

5.07; N, 9.90.




p C21H26NAO/FS: 497. 1506;
C21H25N407FS: C, 50.80; H, 5.07,

for

f

ound: 497.1497. o Anal cald

N. 11.28; S,

6.45; F, 3.82; found: C 50.59; H 4.99; N, 11.01; S,
6.19; F, 4.03. Yield: 54% 'H-NI\/R (500 MHz, CDO 3) 6:
12.20 (1 H s), 7.76 (1 H t, J =5.3 Hz), 7.14- QoH
7.11 (2H, m, 7.08 (1 H d, J =7.6 Hz), 4.54 N~~ 1| |
o (2H, d, J= 6.1 Hz), 4044010( H m, 3.83 HN (2H,
dd, J=1211.4 5.0 Hz) 3 77 (2H t J= 11.4 48 Hz)
2. 321528 (2'r+, ?*'.,‘?‘ 526 6H—e—3 5r8-R L"W 1H.UCDCl
(2H, |d, [J = 13. 4 Hz). HR-I\/EERAQ ﬁ A, z 3)0
4 05: 812, L 6
A 1 é %éﬁ?@ t,J= 87
e 4.01 (4H,
a4 d—145) Kiz),3.79 (2H, 1,
TW§382-3 J%z_ghgj_t,—bjbszm)
.20 (1 H, ‘éf:21347ﬁ§}> é{f’é‘és{l‘i”m
C bosa 2 '&b f%%g@ 3Of;""Cd
3.99((4H, s), 3.87 (2H, 49-° nayc 1120050y
Hz) (3 !76 (2H, t, J = 11.7 [A°% HF’HNQOZ& .387; fopnd: C,
2.4842.88 (2H 178 IQHDSJ@ H, >%§Tﬁioﬂ0 7%99HRMR
[ MeH] + al cd for C22HR4NGOSFYield730%.79pNMR(398 MHz, CDCl3) 5:
471.1786. 0 Anal cald for |d3BeEBNERDH2 . 66 =15 Hp), 8.46
4.92]1 N, 17.86; FO 4. fl U e, 839 BH, 987.6841F5 dd2/ = Ri2, 6.1
17.74; F, 3 é!\?ﬂg o| Ha NN H3 0/ 182, 2.EDE).3) 1 (6(1H,
~N 12,11 s),H8 8 | dd, J38.472.6 Hay, 1.4542H add, M= 1 Hz),
H s)4 TF Add N 8 492 (BHOs)HES0 (1, dd, N DL .G H2),
H td, J = 8.2, \2/ . 1.|66/9(QHH, Jdd |.7H=:, BIURH, N, §= 13.1,
2.6 Hz) | 4.45 (2H &, [=96.6-94Y), 1.80 081, d4H:- 13 Hz). HRMS
(M+H) caled for Co H2aNgOsF: 457.16358;
found: 457.1639. Anal cald for C;H; NgOsF:
C,55.26; H,4.63; N, 18.41; F, 4.16; found: C,
54.99; H, 4.54; N, 18.38; F, 4.08.
Yield: 53%. 'H-NMR (500 MHz, CDCls) &:
12.12 (1H, s), 8.25-8.23 (1H, m), 7.48 (1H, q, J
=8.5, 6.1 Hz), 7.21 (1H, dd, J = 9.0, 2.6 Hz),
Lo 7.08 (1H, dt, J= 8.2, 2.5 Hz), 4.90 (1H, dd, J =
N} o OH 14.2, 8.4 Hz), 4.43 (1H, dd, J = 14.0, 4.3 Hz),
o| 4.01 (4H,s), 3.86-3.71 (4H, m), 3.45-3.42 (1H,
0 ,5‘/“\)\? m), 3.32 (1H, dt, J= 13.2, 4.4 Hz), 3.28-3.22
F NN | (1H, m), 2.47-2.29 (4H, m), 2.00-1.93 (2H, m),
j 1.72 (2H, t, J= 15.2 Hz). HRMS [M+H]" calcd
d:o for Cy3HsN¢O7FS: 523.1663; found: 523.1666.
Anal cald for C23H27N607FS° 0.5 HzOZ C,
51.97; H, 5.31; N, 10.54; F, 3.57; S, 6.03;
found: C,51.84; H, 4.96; N, 10.28; F, 3.62; S,
6.01.




50 H N 3.82-3.71 (4H, m),
.75 (2H, d,
C22H24NBO5F: 471. 1792;

Fm,

1

2.59 (3H, s), 2.39-2.29 (2H,

J =14.3 Hz). HRMS (M+H) calcd for

found: p o 471.1812. Anal cald

for C22H24N60O5F 0.2 H2O C, 55.74; H, 4.98; N,

17.73; F, 4.01;

found: C, 55.60; H 4.92; N, 17.85;

F, 3.84. 83 Ex. Structure Data Yield: 34% 'H NWVR

(500 MHz, CDC13) S: 12.01 (1 Hls), 8.95 (1 H t, J =
6.3 Hz). 8 .46 N'NO OH (Il H s) 8 7 73
(1 H-Ed—3=—8-87"6 4tz ) 1Z-24fH 2 e
Hz),|7.12 (1 H 51 HI | p.d¢ .655*(%7_ ,’Cﬁ?ldrop
(2H. | d, @2.7 H), Fi N 19RD: 8498 4p- %’_m;
(2H, |m | 2. 42%2. 40" (21,  m|™ 7~I)%'-7g L4, ?,‘4"’
(1 H m. YRE D (FH) cqicyPof: 0, 4.4 Hz), 3.97
427, 153p: - 0 It Fgde it m,
Mz, | &boll3) |s: H12loo k1 H, 322;" e Hhym), 1.96-1.88
7.32|(2h &, 9, B m 7.|82H7mpd- 78k RMSINt+H]
d, 6|Hz), 0 OH 3,874 ddcfal,cgéor ; 3% HarIoue:
(2H, [m] 5 H-J_I d’z.zg-%? o3 3 -C,
(1H, {m] 1.90-1.997N, N (1 ;7°hﬁz,- : &‘) Sgpipund: €
CDC13) & F jo) 168 39  163.265: Lﬁi'.%;v’liu.i%v;l'
150. 60, |146.85, 133.20, 133Yig: 70%g BDIMR Gi03gHz. CDCL) &:
125. 40, |116. 02, 115. 84, 78.|71)8058HeD), 30 GHgt, J30.GH2), 7.74
14.13. |HRWBZ MrH) cal gd T o1k dHisRdoaR Ho). 360 (Hedd. / = 86,
found: 360.1B50. YVipl d 439%5-3 HeNIR! (Bdoltmie8-0cpEliy)t-82 (CH,
S 11.81 (AIF NS d, ¢/ = Hel $.99 f4H, ), 7-8442H, dd, J =
(2H, [my,| 71851 H 3 1.9 He)gy 74 GH, i/ =416, §3H2),
O OH{Hz)[,F'3.93-3.95 (4K, np|3-B @EL 33! 2P,I,t<2_-/6=21322_,é§ Hz),
(2H, [m,| 2.29-2.36 (2H .| R14@H2db= (3.2 Hz). jIRMS [M+H]

' O

calcd for CyoHa3N;0;SF: 468.1241; found:
468.1237. Anal cald for C2oH»»N;0;SF: C,
51.38; H, 4.74; N, 8.98; S, 6.86; F, 4.06; found:
C,51.25;H, 4.62; N, 8.81;S, 6.82; F,4.18.

Yield: 19%. "H-NMR (300 MHz, CDCl) &:
12.08 (1H, s), 7.75 (1H, s, J=5.8 Hz), 7.15-
7.08 (2H, m), 6.96 (1H, t,J=9.0 Hz), 4.51 (2H,
d, J= 6.2 Hz), 4.00 (4H, s), 3.85-3.70 (4H, m),
2.32-2.22 (2H, m), 2.26 (3H, d, J= 1.8 Hz),
1.76 (2H, d, J = 13.5 Hz). HRMS [M+H]+
caled for Ca0Hy3N30sF: 404.1622; found:
404.1615.
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Yield: 39%. 'H-NMR (300 MHz, CDC}) &:
12.18 (IH, s), 8.12 (1H, t,J=6.0 Hz), 7.19
(1H, d, J = 8.0 Hz), 6.48-6.41 (2H, m), 4.50
(2H, d, J= 6.2 Hz), 3.99 (3H, 5), 3.88 (3H, s),
3.86-3.71 (4H, m), 3.78 (4H, s), 2.27 (2H, td, J
=13.0, 5.6 Hz), 1.76 (2H, d, J = 12.8 Hz).
HRMS [M+H]" calcd for C2H¢N307: '
432.1771; found: 432.1771. Anal cald for

C, HysN305: C, 58.46; H, 5.84; N, 9.74; found:

C, 5822; H,5.89; N, 9.69.




53 H~02.01-2.08 (1 H m. 13C NWR (126 MHz, i N N
CDCl 3) 5: 168.22, 163.16, 161.14, 157.70, F ) 150. 86,
146. 63, 140.77, 140.72, 135.31, 135.25, jo 132.83,
132.80, 125.57, 121.69, 121.53, 117.65,

117. 45, 78. 69, 58. 51, 45. 18, 42. 53, 40. 34, 34.84, 13.509.
HRVE (MrH) calcd for Cl9H21FN3Q6S: 438. 1135, found
438.1149. 84 Ex. Structure Dat Yi el d: 56% "H NI\/R

(500 [iHr—€DE-3)—S—— 4494 (+H, o, 87334 H—t
6.7 Ifiz) ’/./J.(J.[mHurcGG J— : HZQ Rl?f’(fb’ : Cl s
dd, J :8.11,ﬂ26|—|z) 7.25 % My éﬁfé
d, J|= 7.ONN Hz), 3.94 (4H, S
0 oalz. It A (1% 3 ﬂj%(m ddeJ 8649
kel SR s R Y g%
157. 75, | 15067, 146. 507 TN Y% 138 ba. 138" lcdlfo?(szJ
135. 31, |135. 25, 132¢ 70 1 2-7§ﬁ _ 97 o7,
120. 23, | 116. 86, 11666) 78.[74, 205853 " 07
37.61, B4.81, 13.58. HRMVB ( ek : i
467.1401, found 467.1418. "& . 1§-F
C20H{-43N4B6FS—E€-54-49,—HA 7 N AL g > —S
6.87] fpund: C 51.27, H 4.gglic ‘37 ‘N“ﬁz&? _,,§Cbc731)°
6,86 vield: 73% oH MR ( 035‘,9 ’ %1;‘8%’;1 6;62))’(4134'
glsst)B 338, 3 ’ m)°=7( hod,}— . 1’40474._ 4H, in, 3.83
A N\ (( Hydd, 7 2, 377 @Hgl, /= 11.4
3 Db I os Dit o 2016gh o s
Hz) 40(1 H dd g%-¥ 922 HM .
2 13k m ar ‘%% S e
2 3’2_2 :12 (2H, 2. 2’0 2 2940@ B09. Anal cald for 21H25N305 C 63.14;

H,'6.30; N, 10.52; found: C, 62.39; H, 6.01; N,
10.23.

Yield: 59%. 'H-NMR (300 MHz, CDCl5) &:
N 11.80 (1H, s), 8.83 (1H, t, J= 6.2 Hz) 8.20 (1H,
N/ N s), 7.63 (1H, dd, J = 8.6, 6.0 Hz), 7.20 (1H, dd,
N 0 OH J=8.6,2.4 Hz), 6.99 (1H, dd, J 8.4, 2.6 Hz),
427 (2H, d, J = 6.6 Hz), 3.99 (4H, s), 3.87 (2H,
_dd, J=11.3,4.4Hz),3.76 (2H, t, J=11.7 Hz),

2.45 (3H, 5), 2.48-2.38 (2H, m), 1.78 (2H, d, J =
j 13.5 Hz). HRMS [M+H]" caled for
C2H2aNGOsF: 471.1792; found: 471.1786.

Anal cald for Cy,H;3NgOsF: C, 56.16; H, 4.92;
N, 17.86; F, 4.03; found: C, 55.88; H, 5.02; N,
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17.74; F, 3.79.

Yield: 35%. 'H-NMR (300 MHz, CDCL;) 8:
\FN 12.11 (1H, 5), 8.78 (1H, t, J = 7.3 Hz), 8.28
N, (1H, 5), 7.66 (1H, dd, J = 8.6, 6.0 Hz), 7.14

N o OH (1H, td, J=8.2,2.7 Hz), 7.06 (1H, dd, /= 8.4,
_ NJWO 2.6 Hz), 4.45 (2H, d, J= 6.6 Hz), 3.99 (4H, s),
50 Ho L L [3.82-3.71 (4H, m), 2.59 3H, 5), 2.39-2.29 (2H,
F N m), 1.75 (2H, d, J = 14.3 Hz). HRMS (M+H)
j calcd for CpoHp4NgOsF: 471.1792; found:
o 471.1812. Anal cald for Cy5;HyyNgOsF ¢ 0.2

H,0: C, 55.74; H, 4.98; N, 17.73; F, 4.01;
found: C, 55.60; H, 4.92; N, 17.85; F, 3.84.




HOm,

1.98-2.06 (2H, m,
NVR (126 MHz, CDC13) S: 168.28, 163.49, F N
157.79, 150.47, 146.69, 139.89, 139.82,
132.16, 132.08, 125.81, 116.64, 116.47,
114.97, 79.12, 58.57, 54.17, 51.07,
34.58, 34.52, 24.97, 24.24, 14.00.

for C22H26N406FS 493. 1557;

1.88-1.98 (2H, 13C 55
161. 50,
J 133.17,
115. 15,
42.54, 38.53,
HRMS (M+H) cal cd

fouttl 493.1549. Anal .

m .

cal cg-for—C22HR5N406FS:—C-53-65,—H 512 N-11.38 F

X | A ” ¢ otructue Aa

3. 86, ST6- 51, found. €533, H 4,947

F3. 55, S6. 42485 Ex. StructurBe '§4X i )f
(500 | MHz, 2a3) 8 12.15- %h 5’ 6.1
(1 H, ! 92 @&iH, 'Y

7o Sl ﬁi@%‘;

2 84l 1 g. 4 f' 22.40 (2H,
(2H, | N|s~ 0 CH 4%?2 11@_ L ﬂﬂgN“
m, 2.31- 2.37 (1H ér iy ! 8

(2H, [56-HNN-"6—F)—1-89—1-08-PHL "e4. m&pﬁﬁﬁa_szr____
N N ¢DC13) 5: 168.26, 157, 82}6@55L£0 ¥R ©80 Mijz, CDCL;) 8
138. 137. 01, 130. 80, 120.126),0(112‘95)3728 “1.99( 'ﬁm)ﬁﬂ (2H, dd,
125. 90, |79. 15, ssgs(ﬁﬂl=9éﬁ%§0'é%@ﬁ éﬁlﬂ{d6ﬂﬂ
34.58, B4.5 W @5, dddHMvé €&(2H, m),
for C22H27 7 '16 1 ﬁ%%h%)ﬁ?%‘ﬂ@é% 1%& K”{@9b580199
for [€22 6S c KIH, mp “QINMR G126 Mz 6 Dre;) 8
found: € 55.53, H 5. ' 1|116839, 1§3666101.50)] F166; 1 509, 146.85,
1H N 500 MHz, )o : 1@129,313@1744295:152; 129.361 135140541 16.02,
br), 7.98 (1 H, s), 7.70 (|1N1p84.008;73)5&6R 48,53 54g4H4.13.

7.2247.26 (114, m,

HRMS (M+H) calcd for Cy1gH gN;O,4F:
360.1360; found: 360.1350.

Yield: 43%. '"H NMR (500 MHz, CDCls) &:
11.81 (1H, s), 8.68 (1H, t, J=7 Hz), 7.71-7.77
(2H, m), 7.35 (1H, td, 8, 3 Hz), 4.84 (2H, d, 7
Hz), 3.93-3.95 (4H, m), 3.18 (3H, s), 2.62-2.68
(2H, m), 2.29-2.36 (2H, m), 2.13-2.19 (1H, m),
2.01-2.08 (1H, m). '*C NMR (126 MHz,
CDCls) 8: 168.22, 163.16, 161.14, 157.70,
150.86, 146.63, 140.77, 140.72, 135.31, 135.25,
132.83, 132.80, 125.57, 121.69, 121.53, 117.65,
117.45, 78.69, 58.51, 45.18, 42.53, 40.34,
34.84, 13.59. HRMS (M+H) calcd for

Ci9H21FN30,S: 438.1135, found 438.1149.




7.02 (1 H dd, J =8.4, 2.6 Hz), 4.32 (2H, d, J = I #/ -

N 6.7 Hz), 3.94-3.97 (4H, m), 2.72 (2H, ddd, J= N NO

OH 12.7, 9.2, 5.5 Hz), 2.48 (3H, s), 2.36 (2H, ddd, J

O=12.5, 10.1, 7.3 Hz), 2.15-2.23 (1H, m), 2.05 57 &

N2 14 (1 H m. 13C NVR (126 Mz, CDCI3) S© F 1 HN
N 168.13, 163 04, 161.04, 15 7|4, 153 30, 151.42,

i50. 47, 146.83, 137.25, 137.17, 84133 57, 133.50, O
130. 130,86 125.58_ 117 61, 117 45 114 43

=IOy

L)
114 a 7878 Hructyse , 58—6 A5 AA aq qn Datag " oo

70, O0O. O4, JO0-. PR =5 3
15.29, 13.83, 12.68. HRVE ( 1‘ 1-3 EY (500 MHzZ,CDCL) &:
C21HR2NBOAF: 441.1687; fourld:- Al

67 %77]
"H NMR (500 MHz, CDCl3) S: cé?’% P
Hz)

(Hi tH g ! Hz“l/ 76745(% HHz) 39 ??gl g%{égg (7H
2.6 H) APB%O( oH, A, ts o@éﬁ?é é2 "P&E‘—ZF%“b(‘gzm) 1.99-
br), |3, 89 O 288 (1Hgm) 7 ;6 MHz, CDCl;) 3:
2.69{24 7 br'j 2 | 468" 0g,8167 7g|,_1q F\{ 7> 067 146.59,
1.85!1. 947 |: l3§.|5|§ D.) 1 5_) 35 D _)7 67,
(1H, | m 13 C,NMR( _i?ﬁ]_ 3 3 X !6667874
163. 12, {161. 11, 158. >>f9£zﬁéﬂhi& $5€f“aﬂ&ﬁbi3°&

140. 67, | 135. 12. 135. 05, 1 1 HRMS (i H) galed fpp £204NsOFS

121. 66. | 121. 49, 117.61. 11764140igfougg 4614183 Anakcaled for
40.80, $0.25, 32.02, 28.5c(bfbﬂ$é) FRFVEL Q- 98 Y £40L, F

for | C2DH23FN306S: 452. 1292 44798 4G Tutoand 597 25 B 498, N 12.17,
Struttufe Data Yield: 520 |Fif-NvB&800 Mt CDC13) 6

12.09 (L H s), 7.82 (1 H, |Bficld)73%. $INMR-{508Hz) CBCL;) &:

8.1,|5.6 Hz), 7.05 (2H, t. 32ﬂ6$115sm28; 4350 H, 29, 7.60 O, dd,
d 3|~ b1 H), 4,39 (2H )= 8.2, 6@PHER 17 (1H,3d=/ 599, 2.6 Hz),
M), [2.63-2. 71 (2H, br), 2.|387214etd(DHE 203.6 He). 897 (1H, dd, J =

14.0, 8.9 Hz), 4.40 (1H, dd, J = 14.3, 3.7 Hz),
O o 3.92-3.98 (4H, m), 3.81-3.88 (1H, m), 3.44 (LH,
s dt, J= 12.6, 3.6 Hz), 3.23-3.28 (2H, m), 2.64-
o 2.70 (2H, m), 2.32-2.42 (2H, m), 2.20-2.29 (2H,
JH)Y m), 1.98-2.06 (2H, m), 1.88-1.98 (2H, m). °C
55 I 1" | NMR (126 MHz, CDCI;) 5: 168.28, 163.49,
F N 161.50, 157.79, 150.47, 146.69, 139.89, 139.82,
ﬁi j 133.17, 132.16, 132.08, 125.81, 116.64, 116.47,
115.15, 114.97, 79.12, 58.57, 54.17, 51.07,
42.54, 38.53, 34.58, 34.52, 24.97, 24.24, 14.00,
HRMS (M+H) calcd for CpHaN,O6FS
493.1557; found 493.1549. Anal. calcd for
Cr2HasN4OGFS: C 53.65, H5.12, N 11.38, F
3.86, S 6.51; found: C 53.73, H 4.91, N 11.06,
F 3.55, S 6.42.




H- |

O (1H,

td, J= 10.0,

50 FNN1.60-1.69(1 H m.
8: 168.48, 163.46, 161.49, 158.45, O 150.94, 147.73,

133.15, 133.12, 129.45, 129. 39,

5.6 Hz), 1.82-1.87 (2H, m,
3C NVR (126 MHz, CDCL3)

124. 27, 115. 99,

115. 83, 82.11, 64.59, 42.49, 40.81, 31.88, 28.67,
12.85. HRMB (M+H) calcd for CL9H21FN304: 374. 1516;
found: 374.1515. Yield: 18% 18 NMR (500 MHz, CDCI 3)
a: 1290 {1 H s} 002 (1 H t =64z 8 46
f:_x‘ n\dn ’;S.lf.uffllfrc \ = kr« N
(1H, S8 13 (1H —s), 771 75
Hz),|7.21 (1 H td, J = 8.2 S0
dd, J =[8.4, 2.6 Hz), 4.45 ;;“2’9 "a
QOHS| 4. B8 (2H, br), 3.89 (2 lﬁdug" :
| 1 D (RH br), 2.41-2.48 ( o )(84
60 &H Nl N"1.,83 (2H, ddd, J= 332328 (1,
1. 69} 1. 7@’}21H, m. 13C N 3 (
168. 10, | 18829, 161.00, 158 29 42 (3H, m), 2.31-
147. 62, | 143 85 %0136 2tigm), 1.98-2.06 (2H,
128. B8 61,?112 “63, 1171.%41-8%1¢ ,& MR (126 MHz,
112. 19, | 82735, 64. ¥ .71, C%‘é‘s)l 16826, 1!6,7 ééb%i" 146.68,
12. 70. HRVB (M+H) %d forl I&54 ‘Hié’rt_ h?@f%b’é’?ﬁ 127.72,
founfl: #41.1695. elaf: 33)@2 QL I\)R;S?g BCIRI3,
a: [12.p2 (1 H, br s), 8.64317$438, 335 1432, 14089
(1 H di, J =8.5 5.5 Hz), §('(‘41*H|)+°al%f0r§zszlzé"4@6$
2.7 He)| 7.24-7.29 (1 H, m)| 4731630 found 445.1605- Agaly calcd for
Hz), | 4.B6 (2H, br), 3.88 (zﬁzzlilzsNd-lﬁSLsCsDﬁ& H 552891 N\81, S
(6H, s}l 274 (2H ), 2 37 69764fpund>|-¢5$r§J 5 36N DeBLB6.61.
0 OH1.02 (1 H m, 1.82 (FNieldt35%=HNMR (580 §1Hz L DCls) &:
61 01.p5-1.74 (1 H, . 13C1HWRIKLI1s2.68- NHZ H, 1), X818, 8. 7.70
168. 21, | 162. 69, 160.68, 15§.(64,ddr/ N8N, $801067.221426 %51, m),
138. 56, | 138. 50, 135.15, 135.70% (1H,dd,J=84,2.6 Hz), 4.32 2H, d,J=
//_';‘| 6.7 Hz), 3.94-3.97 (4H, m), 2.72 (2H, ddd, J =
N\N)\ o oH 12.7, 9.2, 5.5 Hz), 2.48 (3H, s), 2.36 (2H, ddd, J
o |~ 12.5, 10.1, 7.3 Hz), 2.15-2.23 (1H, m), 2.05-
57 /@ﬂg = 2.14 (1H, m). *C NMR (126 MHz, CDCl5) &:
. Na N | 168.13, 163.04, 161.04, 157.64, 153.70, 151.42,
j 150.47, 146.83, 137.25, 137.17, 133.57, 133.50,
0" | 130.89, 130.86, 125.58, 117.61, 117.45, 114.43,
114.24, 78.78, 65.84, 58.62, 42.44, 38.82,
34.75, 15.29, 13.83, 12.68. HRMS (M-+H)
calcd for Cy1HyaNgO4F: 441.1687; found:
441.1692.
Yield: 43%. 'H NMR (500 MHz, CDCl;) 5:
11.90 (1H, br s), 8.62 (1H, t, 6.7 Hz), 7.74 (1H,
dd,J=79,2.8 Hz), 7.71 (1H, dd, J= 8.6, 5.2
Hz), 7.34 (1H, dt, J = 8.0, 2.6 Hz), 4.83 (2H, d,
ot o on J=6.7 Hz), 4.36 (2H, br), 3.89 (H, t, J= 5.7
o | H2).3.17 3H, 5), 2.69-2.79 (2H, br), 2.37-2.46
sg /@/\”J\)\( (2H, m), 1.85-1.94 (1H, m), 1.79- .85 (2H, m),
. Ns N | 1.63-1.73 (1H, m). 3C NMR (125.77 MHz,
QT ) CDCls) &: 168.34, 163.12, 161.11, 158.52,
o 151.12, 147.55, 140.72, 140.67, 135.12, 135.05,
132.86, 132.83, 124.42, 121.66, 121.49, 117.61,
117.41, 82.32, 64.43, 45.17, 40.80, 40.25,
32.02, 28.59, 12.79. HRMS (M+H) calcd for
CaoHz3FN;04S: 452.1292, found 452.1299.




132.72, 132.69, 124.57, 120.38, 120.22, 116.84, O
116. 64, 82.-37,64.-)9, 40. 71, 40.22,-)7.58, 32.09, 28.59,
12.77. HRVMB (MtH) cal cd for C21H26FN4AO6FS 481. 1557,
found 481. 1555. Anal. calcd for C21H25N406FS: C
52.49, H5.24, N 11.66, F 3.95, S 6.67; found: C
52.22, H 5.09, N 11.43, F 3.93, S 6.60. 87 Ex.

Structure Data Yield: 82% 1H NMR (500 MHz, CDO 3) S:
0 OH11,90 (1 H s}y 803 (1 H brt) 7 40-7_30 (5H,

<
 EX~ by gStrucpdre o ) Y- Datg
IT) , 40 O, J——= 04 1T :

O ulfo HN Hz), 2.63-2.57 (
i.
D

HRVS| (MrH) cal cd for Cl9H22 T

340. 165P. Anal cald for Ci19 67.°24:°

6.23] N 12.38: foumd: 0@, 6 39 @2H j. 392 @1, 6. /=55
2874542, m), 1.89

Yiel §: V8% 5 Q
H, 7. 99f (1 H NW {;a 0.5. HZblé’-}%( H, m),
7. 12 E92—| FG@/EN; ﬁﬁl 4 16916 ”"Hm) NMR (j2h MHz,

= 6. )

7), 4.59 (2H,

n96|(2H t, J | B @) 146848 lé%flﬁ 16§-49.4584 5
(3H, |s)| 2.07-1.90 (B, ony.| IS0t gr 33d3t B 12eh29.45, 129.39,
C20HP4NBO3: 354.1818;  fourld24354113893! 1583682 Habh59.dR-49.
C20HP3NBO3: C, 67.97; H, €.49%1, N 8% 18.86: 1285, FRMZM+H)
67.81: H, 6.84: N, 11.94. |vplsfdor Crgsa PN\ leS@cﬁound
MHz, LCDC13) S 0 OH 11 93 1G74P1%) 7. 96 (1 H_t, J =
2 Hz)| 7.29 o (2H d, J a{-@dslw)'HHmaoQMHuCDﬂ#o
5 HzZ)| H4.59 (2H, d, J 7 168.16 (Hd)s), B206H( R¥= 64 HY), 8:46
4 64 -o N N Hz), 3.81 (|3IHLs)8.18 @B, 9, B! (12Kddw)= 8.5, 5.8
074 1. );dN(SH rr) HRVES HAMA)1 @HL oldJ £8r2, 2.7 Hz), 7.11 (1H,
0H74N304 N. dd, J=18.4,2.6 Hz), 4.45 (2H, d, J= 7.0 Hz),
4.38 (2H, br), 3.89 (2H, t, J= 5.6 Hz), 2.82
(2H, br), 2.41-2.48 (2H, m), 1.87-1.95 (1H, m),
1.83 (2H, ddd, J=10.8, 5.6, 5.5 Hz), 1.69-1.78
(IH, m). *C NMR (126 MHz, CDCl;) &:
168.10, 163.20, 161.20, 158.53, 152.73, 150.74,
147.62, 143.85, 136.97, 136.89, 134.46, 134.38,
128.65, 128.61, 124.63, 117.14, 116.98, 112.38,
112.19, 82.35, 64.46, 40.71, 39.11, 32.10,
28.61, 12.71. HRMS (M+H) calcd for
CH22FNgO4: 441.1687, found: 441.1695.
Yield: 33%. '"H NMR (500 MHz, CDCl;) 8:
12.02 (1H, br s), 8.64 (1H, t, J = 6.6 Hz), 7.69
(1H, dd, J=8.5, 5.5 Hz), 7.49 (1H, dd, J = 8.2,
2.7 Hz), 7.24-7.29 (1H, m), 4.82 2H, d, J= 6.7
Hz), 4.36 (2H, br), 3.88 (2H, t, J= 5.5 Hz), 2.89
SN (6H, s), 2.74 (2H, m), 2.37-2.44 (2H, m), 1.85-
0=-=0 o OH 1.92 (1H, m), 1.82 (2H, dt, J= 11.0, 5.5 Hz),
o | 1.65-1.74 (1H, m). “CNMR (126 MHz,
CDCl3) 8: 168.21, 162.69, 160.68, 158.54,
F Ny N 150.96, 147.55, 138.56, 138.50, 135.15, 135.09,
5\/ ) 132.72, 132.69, 124.57, 120.38, 120.22, 116.84,
o 116.64, 82.37, 64.39, 40.71, 40.22, 37.58,
32.09, 28.59, 12.77. HRMS (M+H) calcd for
C2|H26FN406FS 481.1557, found 481.1555.
Anal. calcd for C HysN4OgFS: C 52.49, H 5.24
N 11.66, F 3.95, S 6.67; found: C 52.22, H
5.09, N 11.43, F 3.93, S 6.60.
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370. 1767,
C 65.02; H 6.27;, N 11.37;
53; N, 11.46. Yield: 74%

6.

found: 370.1780. Anal

cald for C20H23N304:
found: C, 64.94; H,
"H NMR (500 MHz, CDO 3) S

0 OH11.79 (1 H s), 8.02 (1 H br t), 7.34 (2H, d, J
= N, 8.6 Hz), 7.29 (2H, d, J = 8.6 Hz), 4.63 (2H d,
J HN\ N=6.4 H), 3.96 (2H, J = 6.4 H),
2.63-2.57 65 C) (2H, m, 2.08- 18731 (8H, m. HRVB (M+H)
Cal Cc ‘EI OF C19H21;:~ !\‘L;JOS 3'4 1')71 'F f‘\lll"\f‘l ’27/| 1')Q7
Anal [calfd—for CI9HZ0CHN30 G
11.24; found: C &1.g5: ?5 %” CDC'”EI
72% |1H|NMR (500 CRe13 2?;[?3] ca
(1H Bri}), (24 -191 (8H -
= 8. G6rY 627 (21N . d Y6 401661
= 6.3 H2), 2.62- § On
HRVS| (M+H) cal cd ) 6'83 >
358.1551. Anal cal dfor @5“
5. 64 N—31+-75:—f-ound: ]
88 [x. |[Structure aOYl el dY'e@Oa/g/" I-H DC13)5
cod 3) 6 11.78 (fiH, B, 8?693(( “H?) b‘?%‘ bl'7037 2542H4d, J =
(1H | 0 ngfﬁ\%od HZ) 06(61Hpgd-§2(2H, d, I
=0 9/5. 43/@63%1 &, ﬂ( Hﬁz 43%@88,43.%’2.36
HNd®J) =% 4 H), 3.97 2I-Q,2Htm) J’(HS) 1.90 g3, e
/ N1 2{58 (20, m. 9.1 |HRMSIM; )Calﬂhﬁvscﬁz(hhﬁgpﬂ“sw
cal cdl for CLOH21FN3CBY 358.|1880H: 354 Hifdd AnglxgldifigrgaoHsN30;: C
Anal [cald for Cl9H2OFN3CB: 6&976§ @é5 Ny 11 596fundyC, 67.81; H,
11. 7%, ound C63.86;, H 684
Yield: 76%. ‘H NMR (500 MHz, CDCL) &:
o oH 11.93 (1H, s), 7.96 (1H, t, ] = 5.2 Hz), 7.29
. )Wo (2H,d, J = 8.5 Hz), 6.90 (2H, d, J = 8.5 Hz),
/©/\H 4.59 2H, d, ] = 6.6 Hz), 3.96 (2H, t, ] = 6.4
64 | o NN-NN | Hz), 3.81 (BH, 5) 2.62-2.56 (2H, m), 2.07-1.90
ﬁ;) (8H, m). HRMS (M+H) calcd for CoH24N304:
370.1767; found: 370.1780. Anal cald for
C20H23N3042 C, 65.02; H, 6.27; N, 1 1.37;
found: C, 64.94; H, 6.53; N, 11.46.
Yield: 74%. '"H NMR (500 MHz, CDCls) 5:
O  OH  |11.79 (1H,s), 8.02 (1H, brt), 7.34 (2H, d, J =
NJWO 8.6 Hz), 7.29 (2H, d, J = 8.6 Hz), 4.63 (2H., d, J
/@AH = 6.4 Hz), 3.96 (2H, t, J = 6.4 Hz), 2.63-2.57
65 | ci NN\ | (2H, m), 2.08-1.91 (8H, m). HRMS (M+H)
5:) calcd for Cy9H;CIN3O5: 374.1271; found:
374.1287. Anal cald for CoH2oCIN;O;: C,
61.04; H, 5.39; N, 11.24; found: C, 61.05; H,
5.41; N, 11.10.
Yield: 72%. 'H NMR (500 MHz, CDCl;) 8:
O OH 11.83 (1H, s), 8.01 (1H, br t), 7.34 (2H, dd, J =
NM\(O 8.6, 5.2 Hz), 7.06 (2H, t, J = 8.6 Hz), 4.62 (2H,
Q/\H d,J = 6.4 Hz),3.96 (2H, t, ] = 6.3 Hz), 2.62-
66 | £ NSNS 12.56 (2H, m), 2.08-1.91 (8H, m). HRMS
ﬁ;) (M+H) calcd for Ci9H; FN;0;3: 358.1567;
found: 358.1551. Anal cald for C19H39FN30s3:
C, 63.85; H, 5.64; N, 11.75; found: C, 63.72; H,
5.52; N, 11.63.




5.64; N, 11.50. Yield: 75% |H NVMR (500 MHz, CDC13) 6:
11.78 (IH, s), 8.14 (IH, br t), 7.40 (1 H td, J = 0
OH 7.5 1.2 Hz), 7.32-7.28 (1 H m, 7.14 (1 H td, J
0 =7.5 1.0 Hz), 7.09 (1 H, dd J =10.1, 8.2 Hz),
68 1 / CHNN4.70 (2H, d, J = 6.4 Hz), 3. 95 (2H, t, J
= 6.4 F Hz), 2.65-2.59 (2H, rr), 2.09-1.90 (8H m. J
HRVE (MtH) calcd for C 9H21IFN3@® 358. 1567; found:
358. 156 Anal cald for CI9HPOFN3(R3: C 63, 85: H
5. 64; E’N, 11.-75: Strugtyse ek C—163-75.H n 5 55- Dam 11
Yield: 71% |H NVR (500 NH, Y NA 13)5
H o s), 7.99 (1 H_br t), 7.1 i‘%s)oﬁoﬁl(“ﬂ bro‘)'?Jé S1(IH,
Hz), 7. 18 (I H, s) 7709 (1 Hin) j“iad7 z), 7.06 ({Hpd, J =
4.59 (28, 1400 IHdeMwn 466 (2H,
). | 2768 257 f2H) nr)N 2. 3% rﬁ‘*% ) 3.97 @81, .35 6.4 Hp), 264-
2.0741.90Y8H, . (I\/H &:@e@ﬂ&‘“?ﬁd“@%ﬁ
368.1974; found: 3 HH) Céla‘li&)rﬁoﬂzmﬂzs"wééém
C, 68.64; H 6.85; 11 43f°“f1doeﬁ§3|‘33é2 Aggl cglg:for{19H20FN;03:
5.93] N| 11.27. VYield: 91%C '6P48Fiuxlﬂe>(@@©’ MHZ3; f@[‘)@l@)6386H
S: 0lOH[11.70 (1 H_s) 8 rééﬂNHlléo J =55 Hz)
7.44|(1|H, s), 7. 43 (1 H d Ylgld'-755%5H—&IMROSOQMP(ACBCls)S
dd, J ¢i N =8.1, 1.7 Hz),| U.78I1KH2H] 8.1t (18, br th 740k, td, J =
3.97{70 H N N (2 tOHJ = E 15, M2)Hz) 21.5%47.28 681, pRH]. 1491 H, td, J
2-091 70 VB < M:H)0 da), 289 1t dd, J = 10.1, 8.2 Hz),
C19H:2g3| *408 08 fcuﬂn@(ﬂflo@ JG874 Hz), Aﬁél(2ftalld=64
for C19H ~' NSQB 9:H# 2.642.69(2H\m)1D0R0.90 (8H, m).
f ound: 3, 55. 65; N,HRMS.(M&H)&QccBorCSHﬁ.lENb(D.’(:e
Dat a 358.1567; found: 358.1569. Anal cald for
C|9H20FN303Z C, 6385, H, 564, N, 1 175,
found: C, 63.75; H, 5.55; N, 11.70.
Yield: 71%. "H NMR (500 MHz, CDCl) §:
O OH 11.95 (1H,'s), 7.99 (1H, br t), 7.14 (1H, d, J =
N)Wo 7.6 Hz),7.13 (1H, 5), 7.09 (1H, d, J = 7.6 Hz),
:©/\H 4.59 (2H,d, J=6.4 Hz), 3.96 (2H, t, ] = 6.4
69 Ny-N Hz), 2.62-2.57 (2H, m), 2.27 (3H, s), 2.26 (3H,
&) s), 2.07-1.90 (8H, m). HRMS (M+H) calcd for
C21H26N303: 368.1974; found: 368.1960. Anal
cald for C;;Hp5sN303: C, 68.64; H, 6.85; N,
11.43; found: C, 67.93; H, 5.93; N, 11.27.
Yield: 91%. "H NMR (500 MHz, CDCl;) &:
o oH 11.70 (1H, s), 8.05 (1H, t, J = 5.5 Hz), 7.44
o o (1H,5), 7.43 (1H,d, ] = 5.5 Hz), 7.21 (1H, dd, J
Dﬂuw =8.1, 1.7 Hz), 4.61 (2H, d, J = 6.4 Hz), 3.97
0| o Na _N_ | (2H, t, J = 6.4 Hz), 2.64-2.58 (2H, m), 2.09-
1.91 (8H, m). HRMS (M+H) calcd for
&) C19H20C12N3O31 408.0882; found: 408.0871.
Anal cald for C|9H|9C12N303Z C, 5589, H,
4.69; N, 10.29; found: C, 55.65; H, 4.51; N,
10.26.




Yield: 81% 1H NWMR (500 MHz, CDAI3) S: 11.99 (1 H,
s), 835 (1 H t, J=55H, 7.23(1LH O00OHd J
= 8.2 Hz), 6.49 (1 H d, J=21H), 6.46 N~~ 1 |
(1L H dd, J =8.2, 2.1 Hz), 4.55 (2H, d, J = 6.4 71 i
HNNHz), 3.94 (2H, t, J = 6.4 Hz), 3.88 (3H, s),
3.80 (3H, s), 2.65-2.59 (2H, m, 2.10-1.89 (8H n).
j HRMS (MtH) cal cd for C21H26N3 400. 1872; found
400. }884—~Anal—¢cald for C21H25N30 - 63 1/'
\E an -A ([UC[UI'C 1 ~ Ala AN L1 4n AN
6. 30 N 1052 tound—C, 62y 2o s lon ) 5:
Yield: 74% 1H NWR (500 Mz || (IIE’S' : Y ?E} 33(1H
H os), 7 99‘6<1H t0~10,=|49dﬁ’z17 . ﬁ:
7.0 )| 7.15 W é'_1,=Hd{
N 1 H, J . 4 I= 64
Hz) , |4 ‘)8 (2 d = Mo 39412 3%%0
= 6.47Hz) 0 2283- 2. 57 Y rr) 2 030 4 08 54’
3H 65-2. , 018 (
Hz), |2. 08- 1. 91 (8H, N 1872
C20H23FNB03: 372. 172 oun. Qf . f@ﬁ 8’f on e
C20HA2FN303: C, 64.67; H, 5 o8 AR éﬁ:‘, PO 21 s T0x
64.73; H 6.20; N, 11.30. |Vield ’1339/0 T PPRMRYRS 69 02-99; H.
Mz, HCBE-3)—8:—0—CH
11.82( 11, s), 8. 02(1 H, brt), 7. |1 ,‘MJ-“NMR(DWMP?LS?DC'J)O
Hz), {7.02 (1 H d, d =oB.6 I—HQ%(J!H Lg 42, 7.17
10. 7| Hz) , 4. &1 H)Jf\dv/Qf‘-oé 74 )57(1214‘2(*7‘3 m}6.99
t, J|= 6.4 N63 2. 57 (|4 32”2@;(‘3%42*% ,J=6.4Ha),
2.08{12 91 H S6:GH FREHE: m), 2.28
372. 172*3 found 372. af> Jcal %JIHFb?-O&QEﬂlIﬁ‘Fﬂ\JBbé‘IRMS
C, 64.67: H 5.97: ~3 MH)salid for €20t N5 332.1723;
6.08] N| 11.41. Yield: 739%found: lelséo@nﬂhqzld fmfj)zFNsOs
8: 0|{OH|11.78 (1 H, s), 7. 91C 6 Hp 9 Ne 143§ fppnd: C, 64.73; H,
7.364_ "0 733 (2H m . 7 0% NthDOJ =86, 1.2 Hz)
H5 25-%5.19 (H ), 3 96 ( 2R ield; 730 ="FENMRHAP0 MHBEDCL;) &:
11.82 (1H, s), 8.02 (1H, brt), 7.17 (1H, t, ] =
F N/U\(kfo 7.8 Hz), 7.02 (1H,d, J = 8.6 Hz), 7.00 (1H, d, J
;©/\H =10.7 Hz), 4.61 (2H, d, J = 6.1 Hz), 3.96 (2H,
73 NSNS | L T =6.4 Hz), 2.63-2.57 (2H, m), 2.26 (3H, s),
ﬁ/\) 2.08-1.91 (8H, m). HRMS (M+H) calcd for
C20H23FN303Z 3721723, fOUl’le 372.1714.
Anal cald for Cy9H2,FN3;05: C, 64.67; H, 5.97;
N, 11.31; found: C, 64.56; H, 6.08; N, 11.41.
Yield: 73%. 'H NMR (500 MHz, CDCls) &:
O OH 11.78 (1H, s), 7.91 (1H, d, ] = 7.6 Hz), 7.36-
@/LNWO 7.33 (2H, m), 7.06 (2H. td, J = 8.6, 1.2 Hz),
H 5.25-5.19 (H, m), 3.96 (2H, t, J = 6.4 Hz), 2.64-
74 | ¢ NSNS 12.56 2H, m), 2.11-1.91 (8H, m), 1.62 (3H, d, J
ﬁ/\) =7.0 Hz). HRMS (M+H) calcd for
C20H23FN;03: 372.1723; found: 372.1708.
Anal cald for C,0H2,FN50s5: C, 64.67; H, 5.97;
N, 11.31; found: C, 63.20; H, 6.22; N, 10.74.
Yield: 79%. 'H NMR (500 MHz, CDCL;) &:
F O  OH 11.67 (1H, s), 8.13 (1H, br t), 7.11-7.03 (2H,
NJ\/‘\(O m), 6.99-6.94 (1H, m), 4.68 (2H, d, J = 6.4 Hz),
75 weo T 3.96 (2H, t, J = 6.4 Hz), 2.65-2.59 (2H, m),
X 12.10-1.91 (8H, m). HRMS (M+H) calcd for
r 5/\) C1oH20F2N303: 376.1473; found: 376.1483.
Anal cald for C,sH9F;N305: C, 60.79; H, 5.10;
N, 11.19; found: C, 60.60; H, 5.21; N, 11.17.




74 F NN 2.56 (2H, m),
J =7.0 Hz).
372.1723; found: 372.1708.

C, 64.67; H, 5.97;

2.11-1.91 (8H,
HRMS (M+H) cal cd for

N, 11.31;

m, 1.62 (3H, d,
C20H23FN303:
cald for C20H22FN303:
found: C, 63.20; H,

Anal

6.22; N, 10.74. Yield: 79% 1H NMVR (500 MHz, CDCL13)
S FOOH11.67 (1 H s), 8.13 (1 H br t), 7.11-7.03
(2H, ~0 n), 6.99-6.94 (1 H m%4.68 (2H, d, J = 6.4

Hz), —75H/ 3.96 (2H t_ 1 = 6 4 Hz) 2 65.2 59 (2H,

n)’ ;'Exz G 1 3J-S’lla-l%l}l£f i’,i,) - ! H.—i\/r\ liii_vhlh ~al -] Qalaa-— J': Cl 8
N303: 376.1473; founff ?g/ 2§ @f&ﬁ’ »)
9gzr\|303 o QO 79| 4810 lji

/&%10(58’(7‘ £ & %Jx?ﬁd I=

T e Ay kX £ R Y 12,60 (2H,

) . 3\(1 H 1), 2711-1 ( fgacalcdfor
; ! d% zggz ; - 40%°0879.

. ,J=8. 2 ). 4 1 B O
3.96|(2H, t, J = 6.3 H), 2”6263?% ISR
2.1111.91 (8H, m). HRVB (w%ﬁ ;

OCi2N303:408.0882; fudd/ 408 0879 _Anal cald |

%? F10H19C 2N303: C, 55. 89; Yipld: 5126.641 NMR (560 djiz, CDCLy) 5:

found: CMN56. 66, H 4.83; N“7f(§”275) 8A7TelLH; t. 6 T 604 Ha), §41

NVR (500 '(1H, 98- 161(1H, 5)57-44 gHydd,Jr-§p,2.8

3) N-

m
N2 e
Z\8. By 4. ¢
H)Y 446
. 7§

7 = 6.
HRVE (M
125 1735

Hz), 7.35 (1H, dd, 1 =8.5, 4.9 Hz), 7.15 (1H, ud,
d &8, 28 Ho)g4 424l dr w7 Hz), 3.94
(RHyt, T 7 645212 73-2.69(2H, 7m), N16-
(1A4.(8H, my STMHH) calgd 64 H

G lBaF Nt 429173 fagid: 4250935

dknalcatD RS AEMEDROs: 4259- 47.3%,:4.98;
N, 19.80; found: C, 59.20; H, 4.88; N, 19.51.

N

L

"\

e
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Yield: 59%. 'H NMR (500 MHz, CDC};) 8:
11.81 (1H, s), 9.07 (1H, t, J = 6.4 Hz), 8.46
(1H, s), 8.18 (1H, s), 7.73 (1H, dd, J = 8.4, 6.0
Hz), 7.22 (1H, td, J = 8.2,2.4 Hz), 7.12 (1H, dd,
J=8.6,2.4Hz),448 (2H, d, ] = 6.7 Hz), 3.94
(2H, t,J =6.4 Hz), 2.75-2.69 (2H, m), 2.17-
1.89 (8H, m). HRMS (M+H) calcd for
Ca1HpaFNgO3: 425.1737; found: 425.1727.

Anal cald for Cy1H51FNgOg: C, 59.42; H, 4.98;
N, 19.80; found: C, 59.35; H, 4.69; N, 19.85.

79

Yield: 53%. '"H NMR (500 MHz, CDCI,) &:
11.96 (1H, s), 8.42 (1H, brt), 7.49 (1H,dd, J =
8.5,6.4Hz),7.18 (1H,dd, J =9.2, 2.4 Hz), 7.08
(1H,td,J=8.2,2.4 Hz), 499 (IH,dd, J= 14 4,
8.5 Hz), 4.42 (1H, dd, J = 14.4, 3.7 Hz), 3.99-
3.83 (3H, m), 3.45 (1H, dt, J = 12.5, 4.0 Hz),
3.28-3.25 (2H, m), 2.70-2.61 (2H, m), 2.45-2.31
(2H, m), 2.03-1.9 (10H, m). HRMS (M+H)
calcd for C33H3FN4Os5S: 491.1764; found:
491.1776. Anal cald for Cy3H;7FN4OsS: C,
56.31; H, 5.54; N, 11.41; found: C, 56.07; H,

5.60; N, 11.25.




Anal cald for C21 H21 FN606: C, 59.42: H, 4.98 N,
19.80; found: C, 59.20; H 4.88; N, 19.51. Yield:
59% 'H NVR (500 Mz, CDAI3) S 1 1.81 (1 H s), 9.07
(1H t, J=6.4H), 846 N NOOH(LH s), 818 (1
H s), 7273 (1 H dd, J =8.4, 6.0 0 Hz), 7.22 (1 H,
td, J = 8.2, 2.4 H), 7.12 (1 H,dd, 78\ HJ = 8.8,
2.4 Hz), 4.48 (2H, d, J =6.7 H), 3.94 F/ NN (2H,
t J =64 Hz 2 75.2 69 (2H. m 2 17- 189 (m-| rﬁ
; Ex o 1n ’S‘ru ure ~na |\n|—:\| r\{'s’ /I"\]— 4—14)9(3 £ A
HRVS CviFH)——catca—Tor—€2% - 63 N Cl B
425.1727. Anal cald for CJ @E ’%HS%-
4.98] NnN19.80; found: C igl ' 188), 0.7
Yiel §: 536 /ﬁlH NVR (500 MHZ E(é”s 377 E dyd=73,12
s), $.42 (f H b0 )97 49 ] H, i, l .)’ 47 (1H. W,
2}, 171 5—[2) dg X OHz)
(1 H % (ﬁ( (
00 8.5 ZL
20 H - p ,01071832
Hz), |/ N . . , gg‘jé r CZ'HZZNGO‘
2.45{2.81 F (2H, m, 2.03-{P*&(Hor |\§B“ Hy!-86; H,
cal c—f-br C23H28FENAOSS: 401 9.de 491 1776

. 1Geld: 3780 3 NMR GOBHFACDCE) &

13.6861H.n). 78 (3, & 5T 6.463k2), 7.76

(HNOR 8302 fH2), T3 ) ddsd = 8.6,
15,2 §2)=7.8 @ H-d, ] =8.23.8 Mg)(4.86 (2H,
@1 77 -0ddp), J9ECH, 8 1 =16.HHZR3 49

131, 5).2.68- 63 (2Hy m2. {5t1.B8 (8H, m).
P ;M +Hyjcalgd for (?206[;31:&‘;@:

' 4:6 342; found: 4369225 Apal gald for

pFNGPsS2C, 57-16: 85 BN, 9.65;
found, C,55.00; H, 4.93; N, 9.45.

Yield: 64%. '"H NMR (500 MHz, CDCl,) d:
11.48 (1H, brs), 8.82 (1H, t,J =6.4 Hz), 7.71
(1H,dd, J=8.2,5.5 Hz), 7.51 (1H, dd, ] = 8.2,
2.1 Hz), 729 (1H, dd, = 8.2, 2.4 Hz), 4.85
(2H,d,J=7.0Hz),3.94 2H, t,J =6.4 Hz),
2.91 (6H, s), 2.69-2.64 (2H, m), 2.15-1.89 (8H,
m). HRMS (M+H) calcd for CyHy6FN4O5S:
465.1608; found: 465.1593. Anal cald for
C2|H25FN405500.44 CF}COzHZ C, 5106, H,
4.98; N, 10.89; found: C, 51.41; H, 5.18; N,
10.50.

83

N \b o OH
NWO
H
N~ N

Yield: 48%. 'H NMR (500 MHz, CDCl5) é:
12.01 (1H, s), 8.43-8.41 (1H, m), 7.50-7.48
(1H, m), 7.46-7.45 (1H, m), 7.35-7.35 (2H, m),
5.02 (1H,dd, J=14.3, 8.6 Hz), 4.49 (1H, dd, J
=143, 4.0 Hz), 3.96-3.87 (3H, m), 3.46-3.42
(1H, m), 3.27-3.24 (2H, m), 2.71-2.61 (2H, m),
2.45-2.31 (2H, m), 2.02-1.84 (10H, m). HRMS
(M+H) calcd for Cy3HpgN4OsS: 473.1859;
found: 473.1866. Anal cald for
C23H23N4058‘O.12 C2H50H00.3 HzOZ C, 57.73;
H,6.11; N, 11.59; found: C, 57.48; H, 5.67; N,

11.47.




HRVE (M+H) cal cd for C21H23N6O3: 407.1832; found:
407.1833. Anal cald for C21H22N603: C, 62.05; H,
5.45; N, 20.67; found: C, 61.86; H 5.48; N, 20.90.
Yield: 57% 1H NVR (500 MHz, CDC|3) S 0 11.60 (1 H,
s), 8.78 (1 H t, 00 OH (I H

br s}, 8.82 (1 H,
dd, J =[8.2, 5.5 Hz)® a%
oH 2|1 W), 7.29 (1 H dd, |Jourdg3 D§4Hz)485|\|o

dd. J = 8.2, 2.4 :]:86 05 2
Hz), 7.35 (1 H t 4.86 (2H, 81 H
d, J =70 He) 3 03 (2H ¢ A Hz), 319 F (3H
85 p68-2- 62} ’(Sérpl_lctur : ; 3 D ﬁl—tzl\f&ﬁt
cal cfl fbr C20H23FN3O S | B %" L) &:
436. 1325. ca ' -Z“B 16, '
5.09] N 9o founei =y Zg Pp‘d : -
Yi el 484 65% 1H NVR (50 rs)g adh (T 1 >
fOl‘CLg_ gF@}O;S

(2H |d,[J = 7.0 Hz)o 30894 (|3kKkldt, 549 THANMIRREO0 MBE, EDNL) 5:
N 2. .91 (6H 640 Atd4 1M8.(4 1, 19; L8 BIof 8HH, mf; 2.07 2

m. HR-M 4l ot f of G234, 2670595 GHER 4AAQBH. 1, /=7
f oungys #65. soppalNgdid [fgra. si@%ﬁ%ﬁzﬁ?éﬂ(m dd, J =
CF3C2H C, 51.06; H, 879\ 748y 8062-7.981 855(1H,t,J
51.4Q; H 5.18; N, S0. —Y7 ehey, 148701 1. s ﬂ ) calcd
MHz, C13) 8: 12.0IM(1 H, f&)czoﬁnﬁﬁrﬁs%6 134 i‘,'fo 41:436.1341.
7.5047.48 (1H m 7 46-7 7.35-7 2H,

m, |5.02 (1 H ddo J eH 14, éflelé.—elﬁr& "H WM QMH,{Z §HCL) 5:
J N < )| ,1.62-198 (4 FB n)( B8¢42.0AY4 H, m), 2.07 (2

CDl

7

5

0p O 4 4
3. 464 3. 42@; . 3 278424 THe), 28 (6 H, 91400 @H, , /=7
(2H, | g3 | F 83 Nb,2. 4850N31 | H2d4.80)(2 Ho doD= 6.6¢HR)(LOH].30 (1 H,
m . HRVE v | 'm), 7.50 (1'H, dd, = 8.4, 2.6 Hz), 7.66 (1 H, dd,
J=8.6,53Hz),854 (1 H,t,J=6.8 Hz), 12.00
(1 H, s). HRMS (M+H) calcd for
CaiHa6FN,OsS: 465.1608; found 465.1626.

Yield = 13%. 'H NMR (300 MHz, CDCl;) &:
1.64-1.83 (4 H, m), 1.87-2.05 (4 H, m), 1.87-
N)H/Kfo 2.05 (4 H, m),2.09 2 H, t, /=7 Hz), 4.01 (2 H,
/@\/\H N N |tJ=7Hz),4.44 (2H,d,J=6.6Hz), 7.08 (1H,
F N dd,J=8.4,2.5 Hz), 7.19(1 H, dt, J= 8.4, 2.5
N/ Hz), 7.67 (1 H, dd, J= 8.4, 5.9 Hz), 8.15 (1 H,
s), 8.42 (1 H, s), 8.77 (1 H, t, J = 6.8 Hz), 12.02
(1 H, s). HRMS (M+H) calcd for
C21H22FN¢O5: 425.1737; found 425.1741.

87

O OH Yield: 27%. "H-NMR (300 MHz,
N)l\‘g\(o CDCly/MeOD) 8: 7.31-7.27 (2H, m), 7.00 (2H,
/©/\H t,J=8.6 Hz), 4.53 (2H, s), 3.98 (4H, 5), 2.98-
g8 | F 2.84 (4H, m), 2.14 (2H, td, J = 10.3, 5.4 Hz),
j 1.84 2H, dd, J = 12.8, 1.1 Hz). HRMS (M+H)
HN O | calcd for Ci9H2,N4O4F: 389.1625; found:
389.1610.




(MrH) cal cd for C23H29NACBS: 473.1859; found:
473.1866. Anal cald for C23H28N405S0.12 C2H50H0. 3
H2G C, 57.73; H, 6.11; N, 11.59; found: C, 57.48; H,
5.67; N, 11.47. 92 Ex. Structure Data O OH Yield =
47% 'H NVR (300 MHz, CDC13) 3: ~1LLO 1.65-2.02 (8 H,
m, 2.07 (2 H t, J=7H), 403 HN\ N (2 H t, J_
7 Hz), 4.55 (2 H, d, J6.2 Hz), %‘2 84 F/ (2 H t,
J=8.6 Hz), 7.29 (2 H dd, J = 5.3 Hz), 7.90 (1
H brs), 12.09 (1 H s). HRI\FB\“’(P 449 cal cd for

Ct 9H21FN303: 358.1567; found: 358.1578. o OH Yield =
54% 'H NMR (300 MHz, CDC 3) S: d) lo4 1.78 (4 H m,
1.87-2.01 (4 H m, 2.07

H,t,J=7Hz), 3. 15(3H, s), 4. Hm J 5 F SOZI\/E ,

4.82 (2 H d J=7.0 , (1N

2.7 Hz), 7.62-7.78 (2 K, m 0° ‘635

Hz), 11.87 (1 H s). HRVB (MrH) o or
4

C20H23FN305S: 436. 1342; found 436 1. O Yield =

15% 'H NMVR (300 MHz, CDAI3) S© 0 1.62-1.79 (4 H m,
%683 ZS;)ZA(I%IXHII‘C Q?exan%plQESQ% mg,l d_l’24tmmc;l?\land7mé§éAig4 Bho O 372
HS d,mpel) g GHiGEh was7stnm9d avt r@@n {etnpefaturi\fie 2 hnjThery c@@e(xt;atepd and
dd, , $

8 54 p&x%ﬁig_"d b)tzl?rgpalfgpve H?’L%q (ilngljgleB%Lgp[ ?_9 ﬁ'(i 47%2/%5 m:Bbe solid.
cal cdHfWR@MBIEJ\ﬂDSS)S 4@5913&13) 8f5n4L(|hId mﬁs 63626,7.75 (1H, dd, J

Yi el d ) 3 —

1 ol 5y, SO A8 U2 D0 5 95 03 g 41 o,

H md, J 2.60H2), H29-8.94 {4 D) 3.46 BH, 622 BI1-2.16 (2H, m), 2.06-2.00 (2H, m),

10 1.94-1.82 (4H, m). HRMS (M+H) caled for C2oHz3FN;06S: 452.1292; found:
452.1286.

Example 90

O OH
N)Wo
H N N
F O,/s\\/ N
o
o
o

Example 90 was prepared according to the procedure for example 89 using
example 39 to afford product in 38% as a purple solid. 'H NMR (500 MHz, CDCl;)
6:11.82 (1H, bs), 8.57 (1H, t, J =5.8 Hz), 7.75 (1H, dd, J = 8.0, 2. 6 Hz), 7.69 (1H,
dd, J=8.4,5.0Hz), 7.33 (1H, td, J=7.9, 2.4 Hz), 4.87-4.74 (2H. m), 4.20-3.98 (8H,

20 m),3.18 (3H, s), 2.61-2.36 (1H, m), 2.34-2.29 (1H, m). HRMS (M+H) calcd for
Ci9H21FN304S: 454.1084; found: 454.1096.



N, Nt;J=7Hz),444(2H,d,J=66Hz) 7.08 (1
H 87 N~Ndd, J =8.4, 2.5 Hz), 7.19(1 H, dt, J =
8 2.5 Hz), 7.67 (1 H, dd, J = 8.4, 5.9 Hz), 8.15 (1
H s), 842 (1 H s), 877 (L H t, J= 6.8 H), 12.02
(1 H s). HRVs (MtH) alcd for C21H22FN603 425.1737;
found 425.1741. 0 OH Yield: 27% 'H NWVR (300 MHz, N'O
CDC13/ MeOD) S: 7.31-7.27 (2H, rﬁ4, o (2H, Ht, J=
8.6 Hz), 4.53 (2H, s), 398 % .98 88 F Na |
2.84 (4H, m), 2.14 (2H td, b‘ 5.4 Hz), J 1.84

(2H, dd, J= 12.8, 1.1 Hz). HRNB (MtH H o calcd for
C1l9H22N4A04F: 389.1625; foundy 389.1610. 93 Exanple 89

OCOHH N11 1 O HF OS¢

%) N OoAéﬁmureofexmmle

18 (52 ng, 0.124 mmol) andinCPBA 64 §U, 0.372 5
mol) in CH2CI 2 was stirr atgoo erature for 4
NP Ur

h. Then, concentrated a

i et reparatlve

HPLC to afford exanple 89 (26.2 ny 7 as a purple
solid. 1 HNW (500 MHz, CDC 3) 769 (1 H, s)
8.54 (1 H t, J=6.4 Ft), 7.75 (1 H, dd = 8. 2,
2.7 FE) 7.70 (1 H dd, J =8.6, 5.2 Hz), 7 34 (1 H,

td,

3. 99-

J =7 %olu%og’omberme‘hlaaéﬂgg)'ﬂ% d@ 19b mmgl())z g‘%ﬁloromethane &)

3.94 (4H, m, 5), 22.21-2

2: 5|06-‘T24)@0d ("ZHOTOHYCUC 39.19 (im@lwis gared 4¢4 2 hpprs, Hﬂl\@r( M*H)ll was
1
gaﬁgTé%%%gﬁkﬁ\g%G%ﬁuéﬁﬁg ?‘%@ ol t»%ynguraéé &ﬂtﬁ%%mmal volume

10

15

of 95% ethanol, and solids were collected by filtration to give 91 (0.056 g, 71%) as a
white solid after vacuum pump drying: '"H NMR (500 MHz, DMSO-Dg) 6: 12.19
(1H,s), 9.37 (1H, t, /= 6.4 Hz), 8.56 - 8.61 (1H, m), 7.44 (1H, dd, J = 8.5, 5.8 Hz),
7.36 (1H,dd, J=9.3,2.6 Hz), 7.31 (1H, td, J=8.5, 2.6 Hz), 4.58 2H, d, J= 6.7 Hz),
3.92 2H,t,J=5.3 Hz), 3.80 2H, t, /= 5.2 Hz), 2.79 (3H, d, J = 4.6 Hz), 2.65-2.72
(2H, m), 2.19-2.25 (2H, m), 2.12 - 2.18 (1H, m), 1.88-1.96 (1H, m). “C NMR (126
MHz, DMSO-Dg) 8: 167.68, 161.68, 159.73, 156.73, 150.37, 145.81, 137.24, 137.19,
132.61, 131.33, 131.27, 125.22, 116.87, 116.70, 114.88, 114.70, 77.99, 57.88, 41.96,
40.33, 33.95, 26.06, 13.08. HRMS (M+H) calc’d for CyoH2,N4OsF: 417.1574; found:
417.1589.



15 Exanple 90 was prepared according to the procedure
for exanple 89 using exanple 39 to afford product in
38% as a purple solid. '"H NWR (500 MHz, CDC13) S:
11.82 (1 H, bs), 8.57 (1 H t, J =5.8 Hz), 7.75 (1 H,
dd, J =8.0, 2. 6 Hz), 7.69 (1 H dd, J =8.4, 5.0
Hz), 7.33 (1H, td, J =7.9, 2.4 Hz), 4.87-4.74 (2H.
m, 4.20-3.98 (8H, 20 m, 3.18 ?% H s), 2.61-2.56 (1
H m, 2.34-2.29 (1 H m. HR&/E E\%H) cal cd for
CLOH21FN307S: 454.1084; found--28431006. 94 Exanple
91 HONO O™ H I I O F N+, NO A solution of
intermedi ate 45 (0.096 g, 0.190 nmol) in

di chl of8®et hane (5 5 mL) and trifluoroacetic acid (5
m.) was stirred for 2 hours, and then solvent was
removed i n-vacuo éo ligﬂive a} yellow oil. The oil was

t 1 t ukat ed* Geereuad i FAmdle Lol une  of 95% et hanol, and
solids were collected by filtration to give 91 (0.056
g, 71% as a white solid after v guum punp drying: 'H
NMR (500 MHz, DMBO-D6) a: 12.19 (I H_.s), 9.37 (1 H,
t, J =6.4 H), 8.56 - 8.65I WA 7.44 (1 H dd, J
= 8.5, 5.8 Hz), 10 7.36 (1 kk N= 9.3, 2.6 Hz),
7.31 (1 H, td, J =8.5 2.6 Hz), %58 (2H, d, J= 6.7
Hz), 3.92 (2H, t, J=5.3 Hz), 3.80Y(2H, t, J=5.2
Hz), 2.79 (3H, d, J= 4.6 Hz), 2,65-2.72 (2H m,
2.19-2.25 (2H, m, 2.12 - 2.18 (1 H n), 1.88-1.96 (1
H n). 13C NWR (126 M1z, DMSO D6) 5: 167.68, 161.68,
1RP. "3merdipb- 73, 150. 37, 145.81, 137.24, 137.19,

132. 61, 131.33, 131.27, 125.22, 116.87, 116.70,
114.88, 114.707 77.99, 57.88, 41.96, 15 40.33, 33.95,
26. 06g! 13, O@.HARYS (MrH) calc'd for C20H22NAOSF:
417.1574; tound:”  417.1589. 95 CLAIM5S | claim 5 1.
A conpound of Fornula | OOH R\N~1 I O R2 N\ N,

Z R? is hydrogen, Cyalkyl, or OR®;
15
Rlis hydrogen, halo, hydroxy, cyano, Cy.salkyl, C;.scycloalkyl, Cghaloalkyl,
Cialkoxy, Cygalkylthio, C,ghaloalkoxy, CON(R®)(R®), SOR’, SO,R’,
SO;N(R)RY), or Ar?;

20 R'is hydrogen, halo, hydroxy, cyano, C,salkyl, C,galkoxy, C,ghaloalkyl, or
C,¢haloalkoxy;

R’is hydrogen, halo, hydroxy, cyano, C,galkyl, C;¢alkoxy, C,¢haloalkyl, or
C,¢haloalkoxy;

R® is hydrogen or C,.¢alkyl;

R’ is C¢alkyl;



X-Y | 10 wherein: R is Cl-6(Arl)alkyl; R2is

hydr ogen, Cl-6al kyl, or OR6; 15 R3 is hydrogen, hal o,
hydr oxy, cyano, Cl_6al kyl, C3_7cycl oal kyl

Cl- 6hal oal kyl, Ci1-6al koxy, Cl.6al kylthi o,

C1- 6hal oal koxy, CON(R6)(R6), SOR , SO02R7,

S2N(R6) (R6), or Ar2; 20 R4 is Qﬁ/drogen, hal o,

hydr oxy, cyano, Cl-6al kyl, Cl-6al koxy, Cl-6haloalkyl,

cyano Jﬁ?q{sg%ﬁ ngt&ir ?Eb d&@%@%g&ﬁ%&ﬁ%@yc

1. 6thHﬂ%@k&cH£&bR6m@hwﬂmabb,qmﬂmz,szgcm{? is

T

MWWCWHzMWCHzW
2C

SEeiaT Sl

CH2 CHRXBHREHGED,, NM%HWCWCHCHHNQM)@HEHzCHZ

o N R RS P M et b Tep Dot RGO et or

N( R6) GHITHNQRROHREBHCH, CH2N( R6) CH2CH2CH2CH2,  or
CH2CH2N( R6) CHZCH2CH2; R3 Ra r~\ 10 Ar' is R5 Ar2 is
tetrazolyl, triazolyl, imdazolyl, pyrazolyl,

pyrrolyl, o dquLothi azinyl, and is substituted with
0-2 subst%,,t s sel ected fromthe group consi sting of
am no | o, cyano, and Ci -6al kyl; and 15 X-Y-Z
i & C(%&%{ CHZCHZ C(R8) (R9) CH2CH2CH2,

C(R8) CH2CH2CH2CH2,  C( R8) ( R9) OCH2,

C(R8) (R9) OCH2CH2, , or C(R8) ( R9) OCH2CH2CHZ;

Ar’ is tetrazolyl, triazolyl, imidazolyl, pyrazolyl, pyrrolyl, or dioxothiazinyl, and is

substituted with 0-2 substituents selected from the group consisting of amino, oxo,

halo, cyano, and C,alkyl; and

15
X-Y-Z is C(R®)(R®)CH,CH, C(R®(R®)CH,CH,CH,, C(R*)(R*)CH,CH,CH,CH,,
C(R*)R*)OCH, C(R®)(R®)OCH,CH,, or C(R*)(R®)OCH,CH,CHj;
or a pharmaceutically acceptable salt or solvate thereof.

20

2. A compound of claim 1 where X-Y-Z is C(Rs)(Rg)CHzCHz,
C(R*)(R*)CH,CH,CHs, or C(R®)(R®)CH,CH>CH,CH,.

3. A compound of claim 2 where R® and R taken together are CH,CH,CH,,
25  CH,CH,CH,CH, CH,CH,CH,CH,CH,, CH,CH,CH,CH,CH,CH, CH,OCH,CH,

CH,CH,0CH,CH,, CH,N(R®)CH,CH, or CH,CH,N(R®)CH,CH,.

4. A compound of claim 2 selected from the group consisting of



or a pharmaceutically acceptable salt or solvate
thereof. 20 2. A conpound of claiml where X-Y-Z is
C(R8) (R9) CH2CH2, (C(R8)(R9)CH2CH2CH2, or
C(R8) (R9) CH2CHzCH2CH2. 3. A conpound of claim 2 where
R8 and R9 taken together are CH2CH2CH2, 25
CH2OCH2CH2, CH2CH20CH2CH2, CHZN( R6) CH2CH2, or
CH2 CH2N( R6) of claim2 sel ected
fromt he Igueraﬂlgqnglt)qnﬁtbylgg 89=7hh)dro 3'-hydroxy-4'-oxo-
N ( ‘EpfrJ)['dﬂﬂ&i@htﬁﬂé‘l b(@ﬁﬁﬂl‘ﬂ]p}%ldﬂﬁ -l 9qurd%'e§-2" k@Med
-0x0 spiro[cycl opentane-1,9' f4 Hl pyri do[
1, 2-a] pyrimdine]-2' -carboxanlde N-[(4-fluoro-3
émefjhﬁl Sh@\nb(‘h hﬁ@ﬂ'orBYllnlzthylﬁhenyl)methyl] 7',8'-dihydro-3'-hydroxy-4'-oxo-
[ ro-

Sﬁl r OQ‘PE%Y%%’@WF% 59 ﬁ_g/ id)- k%—l]m)n_dpuﬂ 'ﬁ]?ymatgirne] -2'-carboxamide;

, 2-a]l pyrimdine]-2 -carboxanlde N-[]2-(
}+1 2, 4tr|azol | -yl)phe
met hyI ]-7 N-[§2-(1d{- hgdrtgazg)l mehwymthyﬂﬂog dihydro-3"-hydroxy-4'-oxo-
Spl r Q ﬁé{@i'dpc%ﬁ‘tﬁﬁen?9 8619) M@I]@nd[)ﬁ"ﬂ H%E)xluqﬁiﬁne] -2'-carboxamide;

, 2-a] pyrimdine]-2"-carboxam deé; N
[[4 quoro 2-(IH1,2,4-triazol -1-yl)phenyl ] nethyl]-7",
§o- di hydr @[B4 fluoro-2-(1 H#-1,2 4-triazol-1-yl)phenyl hl78dhd -
hydr oxy- 4' J%§0”28|r%[cyc|gﬁgﬁta%3?e"bh?“ fpfho

[ 1, hyvdppyfrosodprelydopeniang-b8%aM- Bﬂéﬂpwqop@ ﬁ]mm@n@]@l-
H 1, Zadokdnhigzol -1 -yl ) phenyl ] met hyl ] - 7° -di hydro-3' -
15

hydroxy-4'-oxo spiro[cyclopentane 1,9 (6'H)-[4H pyri do
[ 1, 2- a] pyigsthapel . N

N-[[4-fl IR “(2H e (“?' 2 @?‘?49§‘E§P?>%‘%y¥ JBRen ! Fretbery 7
158" _hch'iqqyﬁﬁ(-px@ splro[cyclopentane 1,9'(6'H)-[4H]pyrido[ 1,2~ a]pyrlmldme] 2'-

hydrgé%oém“@;o spiro[ cycl opentane-1,9' (6'H)-[4H] pyri do
2-al pyrinidine]-2'- 20 carboxam de;

N—[[4 fluoro-2-(I Himdazol- | -yl)phenyl]

met hyl]-7 OX ]
0X0- splrofggcpopgﬁggﬁgqa g*%%9{304£ methyif -8 -dibydro-3
1, 2- &ygpry-#rixdispied[cRlopeatpirok 6 Het4 FAgyrido[ 1,2-a]pyrimidine]-2'-
[[%mggﬁy{%?ydro 1, 1- di oxi do- 2H 1, 2- t hi azi n- 2-yl ) phen
] me

hydr o- 3' hydroxy 4' - oxo- splro[cyclopentane 1,9 (6'H)

/1

[
4 ri ri n

Lot ubb oo 2 B Do S Yy 2o
2- y| ppirepixd[dyaipindne-1,80'H)- [4H]pyr1do[l ,2-a]pyrimidine]-2'-carboxamide;

7', 8" -di hydro-3' -hydroxy-4'-oxo-spiro[cycl opentane-1,9

"(6'H)-[4H] pyrido[ 1,2- a]pyrimdine]-2"-carboxam de;

28 N-[[2-(tetrahydro-1,1-dioxido-2 H-1,2-thiazin-2-yl)phenyl]methyl]-7',8'-

dihydro-3'-hydroxy-4'-oxo-spiro[cyclopentane-1,9'(6' H)-[4 H]pyrido[ 1 ,2-

'Q‘<

a)pyrimidine]-2'-carboxamide;

N-[[4-fluoro-2-(tetrahydro-1,1-dioxido-2 H-1,2-thiazin-2-yl)phenyl]Jmethyl]-
30  7',8'-dihydro-3'-hydroxy-4'-oxo-spiro[cyclopentane-1,9'(6'H)-[4H]pyrido{ 1 ,2-

a]pyrimidine]-2'-carboxamide;



N-[[2-[ (di met hyl am no) sul fonyl ] -4-fl uorophenyl ] net hyl ]
-7',8 -di hvdro-3

hydr oxy- 4' - oxo- Spi ro[ cycl opentane-1,9' (6" 11)-[ 411]
pyrido[ 1,2-a]pyrimdine]-2 - carboxam de; 5
N-[[4-fluoro-2-(nethyl sul fonyl)phenyl]nethyl]-7",8" -di
hydr o- 3' - hydr oxy-4' -

0Xo0- spiro[cyclopentane-l 9' (6 1%3 [ 4H] pyrido[ 1, 2-a]

Y DL AR A A ARl e
hyd r dwyim&ts -ABsem- slpbicm‘flemkwpé rP(a! lﬁﬁ{‘lﬁﬁ’b ﬁ@[LI)aJlMIH]@w]m-
o[ 1<§ﬂ%%m9 %lnidine]-Z'- 10 car boxami de; _

N- (phenyl et hyl )-7', 8" -di hydro- 3' - hydr oxy-4' - 0xo-spiro
[cyclobutane- 1,9 (6'H)-[4H pyrido]

1,52- al pyr f S . T
N[ (4-fi ué‘mégﬁg§%|z)z%eeﬁﬁlﬁ“f‘xﬂ%q‘%ﬂm%“e“}ye‘t7 B ydge-3rhdongy-4-
I oxy -o%o-spixa{ cycdqpientafie- U &rE B4ZHipyridfo[ 142- b[)pypmrdlmn]dbﬁaﬂpokam]de;

[ 1,4]oxazine]-2'-carboxam de;
N—[(4-f|uoro-3-nethy|phenyl)nethyl]-4,5,6',7'-tetrahyd
ro- 3' - hy dnNeff3~ldoro@x@ H-1,2 4-triazol-1-yl)phenyljmethyl}-7',8'-dihydro-3'-

spirqlfuran: 3(2 I
1" ] QARAd s Pl Pucienslen Y G fpiifl arpsiminet >
HOl, Zabokamidz,o0l - |

-yl )phenyl ] nmethyl]-4,5,6",7" -tetrahydro-3'-

hydr oxy-4' - oxo-spiro[furan-3(2H), 9" (4' H) - pyri m do[ 2, 1-
cl[ 1,4] OX\@@)hﬂ@f]m&hy‘l) T - bﬂlyﬁﬁiadﬁydr&@/ 4'-oxo-spiro[cyclobutane-

tN; ngldJJgH-g [gﬁﬁ’ g‘ﬁﬁ I;f!]éymn%zigg]e;] AN SR ;] -4,5,6", 7" -te

0xo-spi ro[ furan- 3(2FD 9 (4 H) - pyri mdo[ 2, 1-c] |
w4 oxazi ,
I ]( 4-f | ugf aﬁ‘bﬁé 3)%%%@ > 8- tgtrghydep-3 hadrar draxos: -
hy dr Gyiye[Airal X@H$,P(4'10)- hirkniiyls [@1-Af 14 ] obizirly - Dychibakaiaiie, |
-c][ 1, 4] oxazine]-2'-carboxam de; 30
N-[[ 4- quoro 2-(1 H1,2,4-triazol - |
-yl ) pheny N]-[r(fl’rﬂijo]r rﬂetﬁylﬁh&nyﬁmet_ﬁyl-]m@(@h}ﬂ@t’rﬂr} dro-3'-hydroxy-4'-oxo-

S R GRS b e AL 2012
No[ [ 4-fluoro-2-(tetrahydro- 1, 1 -dioxido-2H

1, 2-thi azin-2-yl ) pheny '

3, 5, 6, 6~ - A b 'ol *‘“"fﬂ?bl FRpheay lgsihyIdd;s 7 -tetrahydro-3'-
H- Dy 8idRy-4'-SokspirbfFurihy- B(zm) 994' H?pyﬂimrdopzll -8J[1,4]oxazine]-2"-

] oxazi ne] - 2' - car boxam de;

[ SabpsAmidtiydr o- 1, 1- dIOXIdO 2H 1, 2-t hi azi n- 2-yl ) phen

nmet hyl ] -

, 5,6, 6 hexah ydr oxy-4' - 0xo-spirof 4H pyr

4,9 ( 4N’|=[i4 ﬁyqarpﬁ-é@[lglthw)ggl}z{xyl]methyl] 4,5,6',7'-tetrahydro-3'-hydroxy-4'-

» 4] Q%8%piRshirsn-3(8AY, @@Pﬁ-@rﬂﬂﬁndop 1-c][1,4]oxazine]-2'-carboxamide;

PN
NN

w—r— N

I %‘N\i z

N-{(4-fluorophenyl)methyl}-2,3,5,6,6',7'-hexahydro-3'-hydroxy-4'-oxo-
spiro[4H-pyran-4,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

N-{{4-fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl]methyl]-2,3,5,6,6',7'-hexahydro-
3'-hydroxy-4'-oxo-spiro[4H-pyran-4,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-

carboxamide;



N-[[4-fluoro-2-(nethyl sul fonyl)phenyl]nmethyl]-2, 3,5, 6,

6', 7' -hexahydro-3'- 10

hydr oxy- 4' - oxo- spi ro[ 4H pyran-4.9' (4' H) - pyrim do[ 2, 1-¢c
111, 4] oxazi ne] -2' - car boxam de;

N-[ (4-fluoro-3-nethyl phenyl)nmethyl]-2,3,5,6,6",7" -hexa
hydr o- 3' - hydr oxy-4' -

0XO0-spiro[ 4H pyran-4,9' (4' H) - py??n1do[2 1-c] |

1, 4]oxa2|

N (2 4. 8RS AR ey Fpido-3 1 A hisminy 2 Neheaap -

0- 3' -13,6 66%¥-hdkah@de0-3'-hydroxy-4'-oxo-spiro[4 H-pyran-4,9'(4' H)-pyrimido[2, 1 -

i do[ 2, 1- 1,4
oz O SRR st Y dot = mel LA

N—[[2 [(d|nethylan1no)su|fony|] 4-f | uorophenyl ] net hyl ]
, 3,5, 6,
neahy dr o VU istbas:l-disksoggl 1 rueeipgraRbs el
yr |[ ?gmﬁ 8.6, -hexabydrb- Jlryﬂdrmgﬁmloiaeqsplgo[4n?y?amam4gﬁ pyrhlmado[') 1-
N- I met hyl, n et hy ,95,6,6', 7" -hexahydro
hci}[ﬁ i Zi QJJOWEO% ide;

sp|r0[4Fprran 4,9 (4 H) - pyrimdo[2,1-c] [
1, 4] oxazi n boxam de; 2 e o .
N-[[4-fl udr Es %“?fs' A enwsuffowﬁwtefmgz?er 2,646, 7-hexahydro-3"-

-yl ) piyanxy ]4'@0%“})[‘425—&&51-5 9'@4 HY Lpyrimidof2.1-c](1, ﬂoxazme
hexahydr o- 3' - hydr oxy- 4' - oxo- spi ro[ 4H pyr an (4 FD p

yrlnﬁaﬁPémﬁFec] [ 1, 4] oxazine]-2'-carboxanide; 30
N-[[4-fluoro-2-(3- nethyl-lkkl 2,4-triazol-1-yl)phenyl]
methyl]-2,3,5,6,6,7 - e . .
hexahydr o V3H4-HyerpIxyethylpbsay Desihy B 124264 s hexehyrrp-2'-gdrqxy-4'-
KI[ I[ P4dif@fs&gdr[gf1 r(ah Ao AU XA &2, 2:c1[¢ AT RaXAd Hearbh@Ride;

u

H31, 2, 4- triazol-I-yl)phenyl]nmethyl]-6",7" -di hydro-3'

hydr oxy 4N Wﬂdﬁﬁﬂtﬁd&&ﬁi@ﬁ& é’lhﬂ']‘-@ ,3,6,6' 7' -hexahydro-3'-hydroxy-4'-oxo-
,9'"(4'H rimd J oxa2|ne -2 -
car b éRlé?{-l Pyrag- -4,9'(4'H)-pyrimi o -c][l ,4]oxazine]- —carboxamlde

N-[ (4-fluorophenyl)nethyl]-6' 7 dlhydro 3 hydroxy 4'

- 0X0- spiro[cycl obutane-1,9' FR yrimdo[ 2, 1-¢c] |
1, 4] oxazi ﬁ/eé édu@mm@g}nyl] 4 uorophen)l]meth) 11-2,3,5,6.6',7-
Nol [ 41e14h9%0~;§¥(&95§w;6k§ lgblfnqwla;%w@]wym&qﬁ f. 7' -di

hydro 0x0- spi ro[ cycl dbut ane-
o' ( #lliygpprineliZdeqrboxpmide |
1 4]oxa2|ne] 2' -carboxanlde 10
N—[[2 [ (di net hyl am no) sul fonyl ] - 4-f1 uor ophenyl ] et hyl ]
-6', 7' - di it danethyighdndingetityl}-82 3-6Hi7 Fisikalydrobiydrsy-4toxo-

’ 2r k(gégﬁl'_grﬁgﬁ; l‘ﬁl—p@(&%{)]pyﬁlm(io[i ldc']/][]l qml alf-garboxamMe

NS[ [ 4-f 1 uor o- 2 (tetrahydro-1, 1- di oxi do- 2H 1, 2-t hi azi n-
2-yl) phe”)(/'-[][ﬂHBJ}X-'zl(S-methyl-1H-1,2,4-triazol-1-yl)phenyl]methyl]-2,3,5,6,6',7'-
hexahydro-3'-hydroxy-4'-oxo-spiro[4 H-pyran-4,9'(4' H)-pyrimido[2,1-

c][1,4]oxazine]-2'-carboxamide;

30 N-{[4-fluoro-2-(3-methyl-1 H-1,2,4-triazol-1-yl)phenyl]methyl]-2,3,5,6,6',7'-
hexahydro-3'-hydroxy-4'-oxo-spiro[4 H-pyran-4,9'(4' H)-pyrimido[2,1-

c][1,4}oxazine]-2'-carboxamide;



6', 7' -di hydro-3'-hydroxy-4'-oxo-spiro[cycl obutane- |
, 9 (4" H-pyrimdo[2,1 c] |
1, 4] oxazi ne] - 2' - car boxami de;

N-[[2-(tetrahydro-1, 1-di oxi do- 2H 1, 2-t hi azi n- 2-yl ) phen
yl'] methyl]-6",7" 20

di hydro- 3' - hydr oxy-4' - oxo- spirqbgyclobutane-l,Q'(4'FD-
pyrimdo[2,1-c] [ 1, 4] oxazine] - car boxam de;

) yl[ g 3hfe|n;$ﬁrﬁ?réf]§| I-.] %lhy£ é}]tn%ﬁoﬁ’l Bhen){]met?lyl] 6',7'-dihydro-3'-
3' - hyﬂdmxy44oxoespﬂeﬁp¢lolﬂ{tmydl QXbU{)aj’yﬁﬂﬂch’ (4][Hpjopyzihefi 2o
[2,1-¢c % 1 4]oxa2|ne] 2' 25 carboxam de; N |

[4-f CabP A8 et hyl sul fo ny |)phenyl] methyl] -7°

8' -d i hydro-3'-hydroxy-4'-

3
0X0-Spiro Iobutane 1, 2,1-c
1)84] 02 azeyeﬁ f“%“?heé‘é\?‘ﬂstﬁg'ﬂr% mhﬁhm - I%yéroxy S el |
N- [ ( 4pird[opl chiatraery [9)(aEl)-Pyiichidé[2, Bc}[duh)(ﬁﬂir&-]-a'-cai’b(ﬂﬁlﬂm*
- 0X0- spiro[cycl obutane-1,10' (4'H)-[6H]
pyrimdo[2,1-c] [ 1, 4]oxazep|ne] 2' -carboxam de; 101
N- [ L 4I f I B p4-Budrb-dbrdetBishifbiy LB ey Jareytly) JR@ndthyldro-3-hydroxy-4'™-
met
i ey seislExelebute b B AR et oraing | Pgppoxamide;

pori mdo[2,1-c] [ 1,4]oxazepine]-2'- carboxam de; and

5 : . e 3¢
N-[ [ 2- [ ( Pkt -Heimethviagyiesyl gl - tuoranhiepydimeeindr§ FediRydre-3-
-7 Slydﬂlxﬁ%dd)@ s%lro[cyclobutane 1,9'(4'H)- pyrlmldo 2,1-c}|1,4]oxazine]-2'-

hy drox% - 0XO0- splro[cyclobutane 1,10 { g [ 6H] pyrim
do[ 2,c¥befamide; 4] oxazepi ne] - 2' - car boxani de; or a
pharmaceutically acceptable salt or solvate thereof.
10 5. A conmpound of claiml where X-Y-Z i

é(JRS) ( R9) ﬁ&ﬂuor@@p@:}r@%@l@@gdo%ﬁ 1,2- th1a2m 2-yl)phenyljmethyl]-
A R8)df, RAUNHR S I Gy - 02D - B 109 W?le
and R9 taken %ggethér ar5$C£E9 (gkgﬁg [
CHz cidAbesppnHis” -cahprempds; - 12M HZCH2 CH200H2(:H2
CH2CH2 OCH2CH2, CH2N( R6) CH2CH2, or CH2CH2N( R6) CHZCHZ

7. A conpound of claim?5 selected fromthe gr
consi st i n@/ [§3-(tetrghyydro-1,1-dioxido-2 H-1,2-thiazin-2- yl)phenyl]methyl] 6'.7'-

Mol ( %l%?djylhpm%lay ) BtBbky Jobu&neﬁd&%%yﬁmndﬁ?ﬂf LY afbxazine]-
- 0X0- splr [ cycl obut ane- 1, %

1, 2- &Py ®he] - 2' - car boxam de; N-[ (4-net hoxyphenyl
ymethyl]-7",8" -d ihydro-3'-hydroxy-4'-oxo-
splro[cyclobutane 1,9 (6'H)-[4H p rldoﬁ

1, 2-a] pyr Nnﬁ[‘b‘ﬂH@P-ZE(D mﬁhbﬂdkhh?dénazol 1-yl)phenyl]methyl]-6',7'-dihydro-

3'-hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-

25  carboxamide:

N-[[4-fluoro-2-(methylsulfonyl)phenyljmethyl]-7',8'-dihydro-3'-hydroxy-4'-
oxo-spiro[cyclobutane-1,10'(4'H)-[6H]pyrimido[2,1-c][1,4]Joxazepine]-2'-

carboxamide;

N-[(4-fluorophenyl)methyl]-7',8'-dihydro-3'-hydroxy-4'-oxo-
spiro[cyclobutane-1,10'(4'H)-[6H]pyrimido[2,1-c][l,4]oxazepine]-2'-carboxamide;



25

N-[ (4-chl orophenyl ) et hyl ]-7', 8" -di hydro-3' - hydr oxy-4
- 0X0- spiro[cycl obutane-1,9" (6'H)-[4H pyrido[

1, 2-a] pyrimdine]-2'-carboxam de;

N-[ (4-fl uorophenyl)nethyl]-7",8" -di hydro-3'-hydroxy-4'
-oxo 30

splro[cyclobutane 1,9 (6" H)- [4ﬁpbyr|do[1 2-a] pyrimdin
e]-2 Cargﬂgg}'ﬂ (ko triazol-gryDghenylmethu] 718" dibydro-3i
N-[(3-f1 udf é‘ﬂ&f’r% kgftrigzol-dryDghenyHmgthatl- 78 @ihydie-3;

OXO hydixy-d[- d}ycipﬁlb[,d:t)aﬁlartade 1, @' (@SB H [phiith [ 2, 0O][ 1,4]oxazepine]-2'-

2L8¥r|n1d|n§ - car boxam de; 102
I\I-[( 08P8RIREAY 1 ) et hyl 1 -7, 8 - di hydr o- 3' - hydr oxy- 4’
-0x0 spiro[cycl obutane- | 9'(6'%0-[4FUpyrido[

1,2-a] pyri car boxanj.de,; Cor 1 .
TR T -
y- 4" -i3dRxy-&'-4v- st‘pﬂ{)[byablﬂbéﬂeanﬂ)’(lfg (€ B]p¥him{ddfd], PyY[1,4Rkazepine]-2'-
yr|n1d|ne] 2' - car boxam de;
N-[(I;“]a Oﬂ?ﬁﬂforophenyl)nethyl] 7', 8" -di hydro-3'-hydrox
- 0Xx0- spiro[cycl obutane-1,9' (6 FD [ 4H] pyri do]

1 2 i mdine car boxam d
N ( T&P[i?fﬁﬁf%i%lbwewfajﬂfféﬁ'ﬁgﬂﬁo?w thereqfi hydr o- 3' - hydr o
X0 4' - 0X0 splro[cyclobutane 9' (6" H)-[4H pyrido

, 2-a] pyrimdine]- car boxani d

N-[ (2: 1 ubr@mponpd Wl'%fﬁéﬁ%%%t%lli CER*)B)OGHay dr o- 3 - h
ydr OXy(RE(RHSOH,SHY, Bpttab’ﬁkﬁ)b@fﬁ@ﬂzd{u{? (6'H) -[4H pyrido[

1, 2-a] pyri mdine]-2'-carboxam de;
N-[ (3-fluoro-4- nethylphenyl)nethyl] 7 , 8" -di hydro-3'-h

ydr oxy- 4' %ﬁg)oﬁrﬂi m[&mlmwmzﬂw&l&@t&aam&ﬂﬂ@M{@r@@ﬁ{

52 S e o e it U IR RO G,

X0 2Q@H,CH,0OCH,CH,, CHZN(R )CH;C or CH,CH,N(R® )CH CH,.
spi ro[ cycl obut ane-1 f4 H pyrido[ 1,2 a]pyrlnldln
e] - 2' - car boxam de;

N- (2, 5- diaf doHo@RNTME %EIQMEJ frgm tl§: orgdpmég&&ma o'fhydr 0X

y-4' -o0x0- spiro[cycl obut ane- H| pyri do[
1, 2-a] pyrimdine]-2' carboxanlde 25

N_o[ (2, 5- divcld- R{e lbﬁ&wb)d&ﬁ{ynw}; cF‘léyd?o q{yB%Q Q &o hydr ox

- 0X0- spiro[cycl obut ane- H rido

y-4

1, 2- é])mlﬁmhquan@]lﬁﬁ Hé&fﬂaxraqﬂ[béa]pqu@ - QRE qxamide]
H1,2,4-triazol -1-yl)phenyl]nethyl]-7",8" -di hydro-3'
hydroxy-4'-oxo-spiro[cyclobutane-l,g'(6'FD-[4FUpyrido[
1, 2- a] pyr Mal(¢timedipxwhenyimethytlob.R adrhysieo-3 #o@roxy-4'-oxo-

N;II[ %er(%‘[yg)fl]rl %Plé 19 (é{{} g?[ﬂé?'rﬁ{foéﬁg gggynlmdme] -2'-carboxamide;
pdr oxy- 4' - 0x0- Splrp[cyclobutane 1,9 (6'H)-[4R] pyri do[
1,2-9] pyrWﬂklﬂ%b&n‘yl)methyl]-7',8'-dihydro-3'-hydroxy-4'-oxo-

spiro[cyclobutane-1,9'(6'H)-[4H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;

N-[(4-fluorophenyl)methyl]-7',8'-dihydro-3'-hydroxy-4'-oxo-
30  spiro[cyclobutane-1,9'(6'H)-[4H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;

N-[(3-fluorophenyl)methyl]-7',8'-dihydro-3'-hydroxy-4'-oxo-
spirofcyclobutane-1,9'(6' H)-[4H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;



oxam de; 5
4-fl uoro-2-(tetrahydro-1, 1-di oxi do-2H 1, 2-t hi azi n-
) phenvl ] net hyl ] -

(@)

a

v Z

rb
[[
-yl
', 8
6' H)
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r

Y
-di hydr o- 3' - hydr oxy-4' - oxo- spi ro[ cycl obut ane-1, 9'
-[4H] pyrido[ 1,2- a]pyrimdine]-2'-carboxam de;
2-(1 H1 2, 4- trlazoIJ

phenyl ] nethyl]-7",8' dlhde823 hydroxy 4' -oxo- 10

:2][ ngl nﬁ%ﬁﬁ‘%ﬁp l'%.’ny l&"&?tggi Ak E%Q’Xro -3 gg'droxy-él ‘_0X0-

[ 4pikrd{ il abuZn¢TUBYH-$4Tpordd( ) Pladsyindidive |-k drboxanide; di
ro-3' - hydroxy-4

-spiro[cycl obutane-1,9"' (6" H)-[ 4H] pyri do]

, 2- a] pyr MA(Tl#-didetiyphzayioethyll-d'e'-dihddro-3-hydroxy-4'-oxo-

N% [ épl %[g:ﬁ;!%t}lg%%ﬁy(g%—?h!ﬂfp?ﬁgg[],éf}zjgylrllflrx?(rilgaij—[:?rl)ix@?n&?eyl ]

hydr oxy-4' - oxo- spi ro[ cycl obutane-1, 9" (6' H) -[ 4H] pyri do[

1, 2-a] pyri 'gi r box

7', 8 -di h{diu? L\ﬁ){fmhsa@wthf xo‘gnﬁt'{dzoeflatdf%ﬁ FaPER-1, 1-
di oxispligo[@yHobudné-Mjoqa im{4 APyrido[1,2-a]pyrimidine]-2'-carboxamide;
2-y|)pheny|]nethy|]-spiro[cyclobutane-l,g'(6'FD-[4Fﬂpy
rido[l, 2-a] pyri mdine]-2'- carboxam de;

No[ (4-f1 UM[@DMPﬂétﬂd@ﬁﬂbﬂﬂ)m@h\lT 7"%“1‘;(%03‘-3 /drBMEN Y- 4
-0x0- spirolcyclop

R e AR AR G L S——
[4 fl uoro-2- (nethylsul fonyl)phenyl] met hyl ]

-6',7' -di hydro-3'-hy g

0X0-Spiro d%ﬂb%@ﬁtfﬁﬁéylﬁ %y@wewuﬂy&ﬂ&yé{o 3'-hydroxy-4'-oxo-
1,2-3 mbdt R&l 96 de, d

N B B P 12 iy pimidinel 2 cobgramides,
18", 7' -di hydro-3'" 30

hyd roxy- 4n: [@cﬂu&@l4trﬁ&®1§méﬂ9§mtﬁmﬂ18 ﬁm@dmti) hPHbk Rl Yxo-

] pyrim boxami d

N- [ &P‘f‘?[%ﬁ’j’“‘z“‘{}‘ SK6'H)- W&lprrrqoélz%ﬂaipyrlnuqu)]ﬁh@%mwlde

nmet hyl]-6", 7' dlhydro 3

hydr oxy- 4' " oxo0- spi ro[ cycl opent ane- 8 (4'H- pyrrolo[

150 20 oy Mk ey eyt Einadro 5y droxy-4-oxb:
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- OX0- spiro[cyclopentane-l,g'(4'Fb-pyrinido[z,l-c] [

254] oxazi Ne[2,2dichlardpbsrabingtiyl]-7.8"dihydro-3“hydroxy-4'-oxo-

spiro[cyclobutane-1,9'(6'H)-[4H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;
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N-[[5-fluoro-2-(1H-1,2,4-triazol-1 -yl)phenyl]methyl]-7',8'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane-1,9'(6'H)-[4 H}pyrido[1,2-a]pyrimidine]-2'-

30  carboxamide;



N-[ (4-fluoro-3-nethyl phenyl )nmethyl]-6",7" -di hydro-3'-h
ydr oxy-4'-oxo 15

spiro[cycl opentane-1,9' (4" H)-pyrimdo[2,1-c][1, 4] oxaz
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4 oxor MU D e sipns sy 4 Ears hatime-oxo-
-1@] fspito[d{otazinee Jo4&' depvldidine]-2'-carb d

N-[ (3, 4-di et hyl pheny ?ﬁg?ﬂﬁf¥16 ]?, d“ﬁ?dfgméomﬂ;éiox
y-4'-ox0 spiro [cyclopentane- | ,9" (4" H)-pyrimdo[2, I
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N-[[2-[(dimethylamino)sulfonyl]-4-fluorophenyl]methyl}-6',7'-dihydro-3'-
30  hydroxy-4'-oxo-spirofcyclopentane-1,8'(4'H)-pyrrolo[1,2-a]pyrimidine]-2'-

carboxamide;
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6',7'dihydro-3'-hydroxy-N-{(4-methylphenyl)methyl]-4"-oxo-
25  spiro[cyclopentane-1,9'(4'H)-pyrimido{2,1-c][1,4]oxazine]-2'-carboxamide;

N-[(4-chlorophenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-
spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine}-2'-carboxamide;

30 N-[(3,4-dichlorophenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-
spiro[cyclopentane-1,9'(4'H)-pyrimido(2,1-c][1,4]oxazine]-2'-carboxamide;
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N-[(3,4-dimethylphenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-

spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c](1,4]oxazine]-2'-carboxamide;

6',7'-dihydro-3'-hydroxy-N-[(4-methoxyphenyl)methyl]-4'-oxo-
spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4Joxazine]-2'-carboxamide;

N-[(2-fluorophenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-

spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

N-[(2,4-dimethoxyphenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-

spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

N-[(3-fluorophenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-
spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

N-[(3-fluoro-4-methylphenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-
spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-carboxamide;

N-[[(2-(dimethylamino)sulfonyl]-4-fluorophenyl)methyl]-6',7'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclopentane-1,9'(4'H)-pyrimido(2,1-c][1,4]oxazine]-2'-

carboxamide;

N-[[5-fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl]methyl]-6',7'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclopentane-1,9'(4' H)-pyrimido[2,1-c][ 1,4]oxazine]-2'-

carboxamide;

N-[2-(4-fluorophenyl)ethyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-

spiro[cyclopentane-1,9'(4'H)-pyrimido[2, 1-c][1,4]oxazine]-2'-carboxamide;

N-[3-(4-fluorophenyl)propyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-
spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][1,4Joxazine]-2'-carboxamide;
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N-[[4-fluoro-2-(5-methyl-1H-1,2 4-triazol-1-yl)phenyl]methyl]-6',7'-dihydro-
3'-hydroxy-4'-oxo-spiro[cyclopentane-1,9'(4' H)-pyrimido{2,1-c][ 1,4 ]oxazine]-2'-

carboxamide;

6',7'-dihydro-3'-hydroxy-4'-oxo-N-[[2-(1 H-1,2,4-triazol-1-yl)phenylmethyl]-
spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c][ 1,4]oxazine]-2'-carboxamide;

N-[[4-fluoro-2-(tetrahydro-1,1-dioxido-2 H-1,2-thiazin-2-yl)phenyl]methyl}-
6',7'-dihydro-3'-hydroxy-4'-oxo-spiro[cyclopentane-1,9'(4'H)-pyrimido{2, 1 -

c][1,4]oxazine]-2'-carboxamide;

6',7'-dihydro-3'-hydroxy-4'-oxo-N-[[2-(tetrahydro- 1,1 -dioxido-2 H-1,2-thiazin-
2-yl)phenyl}methyl}-spiro{cyclopentane-1,9'(4' H)-pyrimido[2,1-c][1,4]oxazine]-2'-

carboxamide;

N-[(4-fluorophenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-spiro[piperidine-
4,9'(4'H)-pyrimido[2,1-c]{1,4]oxazine]-2'-carboxamide

N-[[4-fluoro-2-(methylsulfonyl)phenyl]methyl]-6',7'-dihydro-3'-hydroxy-4'-

oxo-spiro[cyclopentane-1,9'(4'H)-pyrimido[2,1-c]{1,4]oxazine]-2'-carboxamide;

N-[[4-fluoro-2-(methylsulfonyl)phenyl)methyl]-4,5,6',7'-tetrahydro-3'-
hydroxy-4'-oxo-spiro{furan-3(2H),9'(4'H)-pyrimido[2,1-c][ 1,4Joxazine]-2'-

carboxamide; and

N-[[4-fluoro-2-[(methylamino)carbonyl]phenyl]methyl]-6',7'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido[2,1-c][1,4]oxazine]-2'-
carboxamide;

or a pharmaceutically acceptable salt or solvate thereof.

8. A composition comprising a therapeutic amount of a compound of Claim 1

and a pharmaceutically acceptable carrier.



