1 HV INTEGRASE | NH Bl TORS: CYCLI C PYRI M DI NONE
COVPOUNDS CROSS REFERENCE TO RELATED APPLI CATI ONS 5
This application clains the benefit of U S.

provi sional application nunber 60/570,348 filed May
12, 2004. BACKGROUND OF THE | NVENTI ON 10 Human

i mmunodeficiency virus (H'V) has peen identified as
the etiological agent responsible for acquired i mmune

deficien [ .di
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to close to 6 mllion newinfections in that year
alone. In the sane year there were approxinmately 2.5

mllion deaths assocparegGrROtTRDMEVTERINSMENSIORO There
are currently a nunber of antiviral drugs available to

conbat the infection. These drugs can be divided into
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substrate mmcs to halt viral nt hesi s
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3385 8&b3cRQ) e nucleoside 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,



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
is caused by the energence of viral resistance. Viral
resistance in turn is caused by the rapid turnover of
H'V-1 during the course of infe ion combined with a

hi gh v ion. rate. es rcynst.ances
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25  acid compounds prevented viral integration and inhibited HIV-1 replication in cells
(Hazuda et al. Science 2000, 287, 646). And recently, HIV integrase inhibitors have
been accepted into clinical trials for treating AIDS and HIV infection (Neamati
Expert. Opin. Ther. Patents 2002, 12, 709,_ Pais and Burke Drugs Fut. 2002, 27,
1101}
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i nvention al so enconpasses internedi ates useful for
meki ng the pyrim done conpounds. Additionally,

phar maceuti cal conpositions and nmethods for treating
those infected with H'V are enconpassed. 10 One aspect

of the invention is a conmpound of Formula I 10O CH
R-"1,, O RN N YZXY IV\,here 15 Rl is
Cl-6(Ar )alkyl; R2 is hydrogen, 6al kyl, or OR6; 20

R3 is hydrogen hal o, I

C3_7cycl oal Cl. GM%%N %yéaﬁ'gﬁam&’;gﬂdw

C _6al kyl thi o Cl 6hal oal koxy CC]\I( R6) (R6), SORT,

S2R7, SX2N(R6)(R), or Are; SkOcksldro en, hal o,

hydroxy, cy&#da¥ E%%chpass‘aa if Rinogp spBRguRgy which
or 251rﬁb1@1‘la/| mgllsgew thtrebypréal Qe hteghitibe mt&mdﬁmmA This
cyano, C, bal kyl, G 6al kox Cl 6hal oalﬁ%‘?

Cl. éhaﬁfd'apwz?kgs %%P"FWUP‘%* W“Erl fop iFatige HEY | tmaﬂd AID§7 The

i s C - fakiidhalsGén aﬁgs infeaedidie0akine for ﬂfaﬁm@ﬂ%@;@mldone
CH2CH2CH2, CH2CH2 CH2CH2CH2CH2 CH2,

cmwmm@@dqzmwm@r@awwm@om@% for treating
CH2 OCHE AL el ithi2 (2 Ed Encofabladdt 2 CH2 CH2,
CH2CH2OCH2CH2CH2, N( R6) CH2CH2, CH2N( R) CH2,

N( Ry CH2 CH2 Gl s CF&&QN&B@V%%CJ}K SR CH2,

CH2N( R) CH2CH2 CH2CHZ2N( R6

N( R6) CH2CH2CH2CH2CH2, CH2N(R)CH2CH2CH2CH2 or 10

CH2CH2N( R6) CH2CH2CHZ; O OH

RLN - 0
R? Ny N,
\( 7
X-nr'

I

where:
15

R'is Cp¢(Ar)alkyl;
R’is hydrogen, C,.salkyl, or ORS;

20 R’is hydrogen, halo, hydroxy, cyano, C, salkyl, Cs.rcycloalkyl, Cishaloalkyl,
C.salkoxy, Cialkylthio, Cy.ghaloalkoxy, CON(R®XR®), SOR’, SO,R’,

SONROHR®), or Ar;

R'is hydrogen, halo, hydroxy, cyano, Cj.galkyl, C,.salkoxy, Ci.ghaloalkyl, or
25  C,ghaloalkoxy;

R’ is hydrogen, halo, hydroxy, cyano, Cysalkyl, C alkoxy, C;haloalkyl, or
C,.shaloalkoxy;

30 R%is hydrogen or Cygalkyl;



R3 R4- "I L~ Ar' is R5 Are is tetrazolyl, triazolyl,
i m dazol yl, pyrazolyl, pyrrolyl, or dioxothiazinyl,
and is 15 substituted with 0-2 substituents sel ected
fromthe group consisting of am no, oxo, halo, cyano,
and Cl-6alkyl; and X-Y-Z is C(RS)(R9) CH2CH2,

C(R8) (R9) CH2CH2CH2, C(R8) (R9) CH2CH2CH2CH2,

C(R8) (R9) OCH2, C(RS) (R9) OCH2CH2, br

C(RS) (R9) CH2CH2; 20 or a pharnmaceutically

accept Boisérsdllt or sol vate thereof. Another aspect of
the invention is a conpound of Forrmula | where X-Y-Z

G ey { RO el S ot B R EHgHGHECH:

i nvent Cﬂgcnxmmgmpam%mcﬂfmﬁ?cm @QHQCHi UHz(D@HE he
followi ng structures. YN- O

Ri i NO HaGhlz, ¢Hy %Q@zﬁﬁﬂ@ﬁﬂzcﬁacwaﬂé}hs RS
RO R Rc MHZ@BMH@‘ CHECH HACH,EBCHORoUNd

f F R8 OCH2
O oy L o S e R R ME eHBCHEEH
aspect CﬁﬁN{ﬂ‘fﬁ:Hﬁ’tﬁ W(R%@Hzéﬂﬂiﬁz@mw Rﬁcﬁgo:mdrﬁ I
a_ccordl n % structures OOHO
2

O OH
"l @W(R)ﬂfvngmN( @lzzcwz\crﬁtzﬂmqrizﬁgt‘mplkqmzcrlzcrh or
10 CH;CH;N(R YCH.CH>CH3;

\"‘a
£

1. g
Ar'is R :

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

halo, ¢yano, and Cj.¢alkyl; and

X-Y-Z is C(R})R’)CH,CH,, C(RY)R*)CH,CH,CH,, C(R®)(R’YCH,CH,CH,CHa,
CR¥)(R*OCH,, C(R¥R*YOCH,CH,, or C(R*)RYOCH,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
CRYR’)CH,CH,, CR}R*)CH2CH2CH,, or C(R¥(R®)CH,CH;CH,CH,.
25

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

following structures.



J 8RY1l J> RO RO ORe 0 10 Another aspect of the
invention is a conmpound of Formula | where R8 and R9
taken together are CH2CH2CH2, CH2CH2CH2CH2,
CH2CH2QCl - H2CH2, CH2N( R6) CH2CH2, or CH2CH2N( R) CH2CH2.
15 Anot her aspect of the invention is a conpound of
Formula | where R is (Ar')methyl. Another aspect of
the invention is a conmpound of Fornula I mhere R2 is

20 hydrogen. Anot he Eect of Fhe$nventi [ Ha
OeRIEi‘& / Ry
. 25gAn aspget Jof
w

conpound of For

met hyl, CON(R) (R) RZOTN A

invention is a conpound o Fornula ere

hydrogen, fluoro, chirs or netR Anotfh ect
of the invention is a Eonpound of %ornula I ﬁﬁere R5
is hydrogen. Another aspect of the |nvent|on |s a
conmpound of Forrmula | where At,. is R3 4

conpound of ARsheraspgetof thejyventionis E&Pmmundmf Fomﬂa mhcre RX-Y-zis
RS,  R6 Y. ,Rg)%fc%f@ktksﬁﬁ?)b@m@ﬂ; QPEIFGRAHCUHLCKLOHZ can
be used i ndepen Wi th any scope of any ot her
subdtituent. 10 Amother aspect of the invention is a

conpound of A fgfdreliRed df the if<mtibn isBCofmpblind/ dNFormula I according to the

following structures.

N N Rz Nao N
ig; R;J: ;:}
R® RS ©

10
Another aspect of the invention is a compound of Formula I where R® and R’
taken together are CH,CH,CH, CH,CH;CH,CH,, CHgCHgC}IéCHgCHg,
CH,CH>CH,CH,CH,CH, CH;OCH;CH,, CH,CH,0CH,CH,, CHaN(R®)CH,CH,, or
CH,CH;N(R®)CH,CHa.
15

Another aspect of the invention is a compound of Formula I where R'is
(Ar')methyl.

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

20 hydrogen.

Another aspect of the invention is a compound of Formula I where Ris

fluoro, chloro, methyl, CON(R®}R®), or AF.

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

hydrogen, fluoro, chloro, or methyl.



"(Z X-Y Il 15 where R6a is hydrogen, C, _6al kyl,

C .6(Ar")alkyl, Arg. , CG(COn-C
c.6-0C-6-0C,.6, G.6-0CL.6-Ar, C(Ar)?2.3,
CQO(Cl.6)1a,orCOAr; and 20 P is hydrogen, nesyl, tosyl,
allyl, benzyl, fluorenylnethyl, allyloxycarbonyl,
benzyl oxycar bonyl, fl uorenyl net hoxycarbonyl,

tri(C, _6alkyl)silyl, G .6alkyl, Qﬁ_GaIkyIcarbonyI, or
"0 C. b Rt mieeighinieniah e otmpiar G Fomulgipere K s

or C(Anydlogen. 25 Anot her aspect of the invention is a
conmpound of Formula Il where R6a is hydrogen,

C -6alkyl, or ClL.6(Ar")alkyl; and P is hydrogen,

mesyl, tosyAnotBérlayiect dTelziVentién isfd déRipeimd dT¥oMthla I where Ar' is

al Iyl oxycarbonyl., benzyl oxycarbonyl,

fl uorenyl nmet ho cq;bonyl, tri(C l1l4al kyl)silyl C1

al kyl, C1 {al ¢akbonyl , or C I4al koxycarbonyl. Sone
conmpounds of invention are 5

N-[ §4-f1 uor Bphéfyl ) net hyl ] - 7', 8' - di hydr o- 3' - hydr oxy- 4'

- OX0-

spiro[cyclopentane-l,g'(6'FD-[4Fﬂpyrido[1,2-ajerinidi

nej - 2' - car bBorarbapound of Formula I, any scope of R, RL R R R’ RS, R, R*and
N 1 (4 b ot or Bl LY SRR bhegEnadhus ShiTNEY 85 ofmy oter
spi r o] eystimpant ane-1, 9' (6' H) - [ 4H] pyri do[ 1, 2-a] pyri m di
ne%GZ'-carboxanide; N[[2-(1

H172,4-triazol -1-yl)phenyl ] nmethyl]-7",8" -di hydro-3'-h

ydr oxy-4' - oXfiother aspect of the invention is a compound of Formula IL

spiro[cycl opentane-1,9" (6" H)-[4H] pyrido[ 1, 2-a] pyri m di
nej-2'-carboxam de; 15
N-[[4-f|uoro-2-(1FL1,2,4-triazob-lin)phenyl]nethyl]-?

', 8" -di hydro-3'-

hydroxy-4‘-oxo-spiro[cyclopéﬁ% n ) ({6'FD-[4Fﬂpyrido
[1,2-a] pyrimdinej-2'- carboxam dg; Rt[[5-fluoro-2-(1
H1,2,4-triazol- | -yI)phenyI]netHﬁf]?T,

8' -di hydro-3'- 20 X~y |

hydroxy-4‘-oxo-spiro[cyclopentangil,g'(6'FD-[4Fﬂpyrido
[1,2-a%£yrin1dine]-2'- car boxam de

N- 1§ 4- pheror o- 2- (2H-1, 2, 3-tri azol - 2-yl ) phenyl jnmethyl ] -7
', 8" -di hydro-3'-

hydr oxy- 4' - oxo- spi ro[ cycl opentane-1,9' (6" H)-[ 4H] pyri do
[~ 1, 2- Bf*pyhyidegen.r@alkyl; CRBAC sallybxdrt.o(C=C)n-C,

C1.6-0-C16-0-Cy6, C16-0-C5-Ar, C(Ar)2.3, CO{Cy.6)1.3, or COAr; and

20 P is hydrogen, mesyl, tosyl, allyl, benzyl, fluorenylmethyl, allyloxycarbonyli,
benzyloxycarbonyl, fluorenylmethoxycarbonyl, tri(C,galkyl)silyl, C,salkyl,
Cisalkylcarbonyl, or C)salkoxycarbonyl, ArCs, C-(C=C)n-C, C;4-0-Cy.6-0-Ci6,
C16-0-Cs-Ar, CO(Cy6h1-3, COAr, or C(Ar)z.

25 Another aspect of the invention is a compound of Formula II where R%is

hydrogen, C,.salkyl, or Cl.f,(Ar')alkyl; and P is hydrogen, mesyl, tosyl, allyl, benzyl,



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

-yl ) phenyl ] methyl]-7", 8" -di hydro-3' - hydroxy-4'-
oxo-spiro[ cycl opentane-1,9' (6" H)-[4H] pyri do[ 1, 2-a] pyri
m di ne] - 2' - car boxam de; 30

N-[[2-(tetrahydro-1, 1-di oxi do- 2H 1, 2-t hi azi n- 2-yl ) phen
yl]methyl]-7",8

dlhydro 3 hydroxy 4' - oxo- splro[éQCIopentane 1,9 (6'H)
-[ 4H] pyrido car,box
A ietpamsty, kR BTt dgparbony.
2-yl ) ph@@yda]kmaill'}fyb]_aalkyl C.alkylcarbonyl, or C;.salkoxycarbonyl.
7 , 8" -di hydro- 3' - hydr oxy- 4' - oxo- splro[cyclopentane 1,9
"(6'H) -[4H pyrido[ 1,2- a] pyrimdine]-2" carboxam de;
5 Some compounds of the invention are
hk[gz [ (di met hyl am no) sul fonyl ] -4-fl uorophenyl ] net hyl ]
7' 8" -di hydro-3' - hydroxy-4'-oxo-spiro[cycl opentane-

| , 9' (6" H) -Ni4¢ll miordphienylmbthd ]l BYdihytré3 A8roXy=4"-oxo-
carboxam

N-[ [ 4- %Hlfeg%loeen(%ﬁleﬂ r%ﬂﬁ mﬁ%mwé%ammﬁﬁ@ﬁm -carboxgmidg;
hydr o- 3' - hydr oxy-4' -

0Xx0-spi ro[ cycl opent ane- i do[.1 ri
mi di ng] 2[ M g@thyiphenyl)methy[l] 'JHJSlehyd ro- -hydro:!yp -0X0-

N-[d 3-§ Slo (alakl'l:b’ 814 &[1,2- dine]-2'-carboxamide;
[-yl) phﬂgﬁ%] rr%etnhy : HZ{ Fg!pﬂ?/ r[o- gipyrimidine}

hydr oxy- 4' - oxo- splro[cyclopentane 1,9 (6'H)-[4H pyri do

[ 1, 2-a] pyrypodi A2 £ irtazQIoy- ﬁiﬁ% [fffethyl 7" 8"-dihydro-3'-hydroxy-4'-oxo-
N-(phenyl met E}Q/q iaél 9 ? h C?J‘P a/ l 3-(orgo s}blr?xg oxe
[ cycl o:ﬁ)ypg:ﬁ@lopentane 1 9’(6H) [4 pyndo{l 2-a)pyrimidine]-2'-carboxamide;

1,9'(6'H)-[4H] pyri do[ 1, 2-a] pyri m di ne] -2' - car boxam de;
N— (4- et hyl phenyl ) et hyl ] - 7', 8' -di hydr o- 3' - hydr oxy- 4'
-ok» 20 ~F[4 ﬂuoro-Z-(lH—l 2,4-triazol- 1-yDphenyl|methyl]-7,8'-dihydro-3'-

spirof [ I 1 "
o _@%@)@;@n@& gp&{&cx%ﬁeafane Py h Affyfiadh Bl ApyrinThb 2
N-[ (4- W@Mhmxybhenyl)nethyl] 7' ,8' -di hydro-3'-hydroxy-4

' oxo- spirof[cycl obutane- 1,9'(6‘%0-[4Fﬂpyrido[

1, 2-a] pyrimdine]-2'-carboxam de; 25

N-[ (4- chl or’6Hhdlptordrelithy.R1i-trazodl -ydipheryt ety L+ 8 rddbopleos 3

1 032?? al 40-)5)94 %ﬁr%ic?’glgp%m%eil O(El)fi)[[éﬁgp%i&é[g a[a}pynmldme] -2

N[ (4- @ﬁhmmm@henyl)nethyl] 7', 8" -di hydro-3'-hydroxy-4'
0XO0 spiro[cyclobutane-l,g'(6'FD-[4Fﬂpyrido[

1, 2-a] pyri mdine]-2"-carboxam de; 30
N-[(3-f|uoﬂ@ﬁhéhmh»mﬁnhyEB4ﬁma$2ﬁmmhydﬂnmﬂwﬂhymnﬁmwﬂﬂy-

- 0X0- .S |ro obu

1, 2-a] 4d¥:ﬁ Tpn? c_y& 3?%&%5&?%0(50}0%‘%}5%%&0[9 g-a]pynmldme] 2'-

25 carboxamnde

N-[[4-fluoro-2~(1 H-imidazol-1-yl)phenyl]methyl]-7',8'-dihydro-3'-hydroxy-4'-
oxo-spiro{cyclopentane-1,9'(6'H)-[4H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;

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



N-[(2-fluorophenyl)nethyl]-7",8" -di hydro-3'-hydroxy-4'
-0x0 spiro[cycl obutane-1,9' (6" H)-[4H] pyri do[

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

N-[ (3, 4-di net hyl phenyl )nmet hyl ] -7, 8" -di hydro-3' - hydr ox
y-4'-0xo0- 5

spi ro[ cycl obutane-1,9' (6' H) -[ 4H| pgri do[ 1, 2-a] pyrim din
e] - 2' - car boxam de;

I\I-[(34d|cl henyl ) nethyl ] -7 .8 - di hydr o- 3' -hydr
oo WP Lt ey Mgy Minedy)
&I— [2( g] W}@(‘j klmyﬂioﬁﬁhy(ﬁ‘ox)cfﬁie-&ﬁimi[f‘ﬁ:%opegﬁned1,?]'(6(;H)-{4§1]p)gidg[l,2-
I.me n thyl]-7",8 -di hydro-3"-hydro
BlPéﬁ"E‘b“f"i‘“g &E %%ﬁ'%cg%e 1,9' (6 H)-[4H] pyrido[
1 2 a] pyri m di ne] -2' - car boxam de;

%E iyf |4u OE&CSI_% IZ% %{F@B@r{] | ! ﬂ—x ltﬂuoropﬁglylh%let?i);g rTPS'-dlhyr(}ro-f% -

1,9 ( 6h}iﬂro£y4¢‘ﬂoﬂy-%ﬁlfﬁléyclopentane-l 9(6H) 4H]pyrido[1,2-a]pyrimidine}-2'-
rimdine]-2"-carboxam de;

1, 2-3]
N-[(3 %’m‘% met hyl phenyl ) met hyIJ 7' ,8' -di hydro-3'-h
ydroxy 4' -0x0- spiro [cycl obutane 1 9 (6 H) - [ 4H] pyri do
[ 1,2-a]pyrjmdine]- ' ’
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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;



25 and salts and sol vates of these conmpounds. "Al kyl,
"al koxy," "haloal kyl," and related terns for other
hydrocarbon and substituted hydrocarbon substituents
i ncl ude straight and branched isoneric 30
configurations. Atermsuch as "Cl- 6(R)a|ky|" nmeans a
strai ght or branched al kyl group, 0 to 6 carbons
substituted with the substituent i? Fbloalkyl and

el o Rl SRR e

to per Bl'aﬂydﬁixkéﬁl-oxo-sﬁiryHH -peans, 9'erH ppyemitio[, Ird]fighlexegineR2 -
and i ncl carbocyclic and heterocyclic systens.
Some sﬁﬁg nts are divalent, for exanple, X-Y-Z

Di val ent substituents which are asynnetric can be

att ched to nt Iec e in of .the

con i gur at |"25|tlilrs‘1 ﬂ‘{;‘m’ﬁﬂe“@n&[ﬁl‘]@ 8't°ﬁ1d822?'*1§r ‘ﬁ‘@’é’ﬁ?’%ﬁe“?‘ Heethyl]-

i n?/en]tc 2,0J3,6,0, ]?'thﬁﬂ@dﬁi X3 -hp&agmc@aﬁtspﬁqhyypml lprmbj-@ﬁmido[z,l-

salt for of .t nds. Pharmaceutically

acceptﬂﬁn%h§5WF§ d?é’gﬁﬁé& in which the counter ions

do not contribute significantly to the physiol ogi ca

activity or toxicity of the compounds 10 ag, suc

Flncti on adBRAlRRGr it ot o e > Hmees oL

Calm be2 nBdes, 7aR sy D-hi@rok -sPIr QA AL AL O RS 8imido[2,1-
onlng commercial ly avail able reagents. Sone

anlonlé[ HorazrqnsiAecarioxiides acetate, acistrate

besylate, brom de, <chloride, citrate, fumarate,
robr om de, hydrochl or

gl ucouronate, o
hydr oi odi de?- {[4rflv}HFQj%'(m?‘hﬂf’l&foeyl)ﬂhﬁllléh‘[‘eéh)’l}r%éé{6&&' &-hexahydro-3'-
ni trat gyyrPRPILEspiRFPH3H2,9 (ﬁ'g!? ﬁmﬁfd%[Z B #oRazinkP-2"-

tartrate, tosylate, and Xi nof o Sone cationic salt
folfrs ¢aseq eanmoni um alunlnun1 benzat hi ne,
bi snut h, cal cium choline, diethylan ne,

di et hanol am ne, lithium magnesium neglum ne,
4- phenyl cdeﬂHélwthm@yinbwg)mﬂwHe’l 3 ﬁéﬁa%élpwdmé'-hydmxy-‘*-

o o R AP Pl L St

particularly hydrates. Solvates do not contribute

s 9{5” fi Cant!lf{(%tct-dntngtﬁo%(gﬂygkng&ggEﬁg%f"ﬁ%‘ 'J\“hE 8&0—3'-hydmxy-4’-oxo-

toxicity of e Co funct

phar maspidobbi-pyrkn-¢ iy th:ﬁnmdo[z 18d[ vHoeginahy -chboraniide;
stoichionetric amounts or may form from adventitious
solvent or a conbination of both. One type of solvate

i s hydr at e, N-f{2d(dmerbyliayitho pukchyl |et-fleor@henytirhatbid]-2,3,5.6,6',7-
mnOhyﬁlexgﬁydi'o-El‘% drhox @(t):%-spiro&[fj pylyndx e{fH)—pymmdo[Z 1-

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

N-[(3,4-dimethylphenyl)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-(5-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;



The invention includes all tautoneric forns of the
conpounds. An exanple of a tautoneric pair is shown
below 18 '0'I OHOO/rO R~NOR. "10 R N N R2
NEN1 Z1Z x-Y x-Y Sonme of the conpounds of the

i nvention exist in stereoisoneric fornms. The

i nvention includes all stereoisoneric fornms of the
compounds i ncl udi ng enanti oners and di astereroners.

An exanpl e gf. .enant i rs .| . bel Met.ho '
maki ng and }g"é%é ‘5’{?’%'3 'ﬁegqugi@g?nﬁﬁ elr' ‘g‘%ﬂ‘&m?ﬁﬁ%‘ﬂ‘éﬁﬁﬁ’“'
art. OhéxShidD-BhydrdRy-4-odo-spiro RpPai4, IRE Hy-pidinidold, M RZ

N N g%ﬁ} 10 Synt heti c. Met hods The conpounds of this

i nvent fbH R ISE2 RO 80%r i ous net hods known in  the

art including those of the follow ng schenes and in

t he_speci fi odi ectiaon., The vari s ..sh ,
in the schel @‘n}?‘fo "ggﬁg’ﬁ'ﬁ’%?‘afel%j,’l)pg‘ﬁw lﬁ’i‘eﬂﬁ’?ﬁé 3 é?)‘&“%%'
15 f r ohydanny-&orortspirajeicidbatans NHWSHEpihidoRlec] bkl b2 -
in the clains, or the rest of the specification. The

vari abfBR%Midehe schenes are meant only to illustrate
how t o nake sonme of the conpounds of this invention.

contai et RAGGORAR DB A P Toapony ieo-
i ned udqyiﬂ[hyalﬁﬁﬁtﬁiéti,%)-ﬂ}ﬁﬂﬁ&ﬂthggé Qﬁ&dﬂﬂne]ﬁ'—@ﬁxbbﬂﬁlide;

mat eri al s can be made using meth nown in the art.
20 19 Schene 1. Et0O C CO2Et CNt Base CN 1. NH

OH/ Na2CO3J 104’2 (thethylsulfonyl)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]methyi]-6',7'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4' H)-pyrimido[2,1-¢][1,4]oxazine]-2'-

carboxamide;

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

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

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

carboxamide;

30

N-[[4-fluoro-2-(methylsulfonyl)pheny!]methyl]-7',8'-dihydro-3"-hydroxy-4'-
oxo-spiro[cyclobutane-1,10'(4'H)-[6H]pyrimido[2,1-c][1,4]oxazepine]-2'-

carboxamide;




EtOH/H20 CO2EI / ~~C X' KpC NX2. I n2 E®RC
- C02Et 1 + X NN nY1l n X-~LU/1/1n ICHO OH
Solvent EtGaC /yo RN- 0O N, NR N N heat n) X
Scheme 2. 0 11 HO'l " ~nOH PQ TMSCN CN~CH TsOH C6H6

5
n
Cat. Zn12 X '1/n Reflux OH HN O CO2Et EtCRC/ O X Y
Solvent 1. NHZOH/EtOHVRO H N- NH OH 2. Et02C - CO2Et
0 CO2Et >130C X~I~1" - OHO'n nlts 0 OH Et02C- O R

_IEI;] O_ ~1N rl\)/g -I{étll-zﬁusol?loplhellxyi)lﬂnew'xyﬁ%'-&iﬁy&?‘cu%’-hylégoc):((yl—g ’-(%t(o(—}l ©

spiro[cyclobutane-1,10'(4'H)-[6H]pyrimido[2,1-c]{1,4]oxazepine]-2'-carboxamide;

N-[{4-flucro-2-(1H-1,2 4-triazol-1-yl)phenylimethyl}-7',8'-dihydro-3'-
5  hydroxy-4'-oxo-spiro[eyclobutane-1,10'(4'H)-{6H]pyrimido[2,1-c]f1,4]oxazepine]-2'-

carboxamide;

N-[{2-[(dimethylamino)sulfonyl]-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'-

10  carboxamide;

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

15 N-[{4-fluoro-2-(methylsulfonyl)phenylmethyl]-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),%'(4'H)-pyrimidof2,1-c][1,4]oxazine}-2'"-

20  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;

25

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
30  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

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




20 Schenme 3. 0 NaCNKZHPO4 r , HO O CN C LX H20 X
OH ZnCl 2160-80C X O)n d HO C r><0 /'Cl TMSCN CN
TsOH/ C6H6 X O~ .cu cat~ XI-On Reeux \+ n Et02C+~+ "

CO2Et 1. NH OH/ Na2CB/ O --\ Et02C ~CN d E~t OH H20
1IN CO2Et N~ N X* On 2. EtQzC - CO2Et 0)) n + JO~ n
O 0 OH Et02CY/ ORANO Solveq N+ RNH2 HN N
>1300 NI 0'\)nO)n 5 Schenme 4. HN O OP G NG NH3 NH +
F1 02c. GTRbie ing Bpligtygticqbsins, Sk uperiapls e gt gor example,
'Y . NX-K\A NDiyalent ubstifupnts 2hich Breodspgmeic chebdmrcisheliao the parent
eval uat eli nl-vi t.{o ‘gﬁf‘l Vi Eé agai nst H V-integrase, 5
prol e SPERYIEIT HEFLY hesPnhEy A% at ¢ DNA was bound to
100 Itg of Streptavidin coated PVT SPA beads 5
(Amer sham Phar maci a Bi ot ech). Reconbi nant i ntegrase
(0.26 ng) was incubated wtH the beads for 90 m n at
37 C. Unbound enzyne was regdived by washing the
5 “Dioxothiazinyl” means G2

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

sodium, tromethamine, and zinc.

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
include monchydrate, hemihydrate, ahd dihydrate.

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

of a tautomeric pair is shown below.




conpl ex foll owed by addition of inhibitors and 0.1
frol of P33 | abeled target DNA. The reaction was

st opped by adding EDTA to a final concentration of 10
nM  Sanpl es were counted in TopCount NXT (Packard) and
the CPM was used as a 10 neasure of integration. The
reaction condition was as described in Engel man, A
and Craigie, R J. Virol. 1995, 189, 5908. The
sequences of substrateoan target DNA e (glescri bed
in Nucleic Acid Reggarfch ing this
assay, the conpouhds” oft i nvent i OnN und to
have an 1C50 from | egs Wha 0.1 pM (seer? Takl & 1). 15
Table 1. HV Inte ase Inhkbifion Exanple 1Cho Z1 A 2
A 3A 4A 5A 6A 7AY8B 9A 10 A TrYa 12 A
13 A 14 A 15 A 16 A 17 A 18 A 19B 20 A 21 A

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

making and separating sterecisomers are known in the art.

O OH 0 OH
1 1
N I
1 i
rR? Nj/\Nj R?Z Na N
0 ' o—
10 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

15  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.

20



22 B 23 B 22 Exanple 1C50 24 B 25 B 26 B 27 A 28
A 29 A 30B 31 B 32 A 33 A 34 A 3B 36 A 37
A 38 A 39 A 40A 41 A 42 A 43 B 44 A 45 A 46
B 47 B 48 A 49 A 50 A 51 A

19
Scheme 1.
E10,C CO,E!
CN 1. NH,OH/Na2COy/ 0‘\’\ E0C~{
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X 2. ,/\ﬁ:\m X N 2 EtO,C—==—CO,Et ’ :}J + M
X n e n
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R Q
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_Elf_e_ﬂ__-_ Na N —_— - R Na. N
heat ] I I |)
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3  Scheme 2.
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B amsammmamee e x R
X TsOHICeHs 0 )n cat. Znl, X o )n
Reflux
OH
HN
_0._CO:Et Et0,C. A0
1. NH,OH/EtOH/H,0 N \E Solvent
— N NH OH
2. El0,C—==—CO,Et ~ 0 COEt  >130C j: ,(r
%%OH X o )n

OMs 0 OH
R 0
Et0,C 0 *NW
1. MsCIEtN j/’kf H
oy

+ RNH, —— N N
2. K,CO4/ELOH "I\ N 2 I )
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X n X

n



52 A 53 A 54 A 55 A 56 B 57 A 58B 59 A 60 A
61 B 62 A 63 B 64B 65A 66 A 67 A 68 B 69 A
23 Exanmple IC50 70 A 71 B 72 A 73 A 74 B 75 B
76 A 77T A 78 A 79 A 80 A 81 A

20

Scheme 3.

0 ci cl
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e
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5 Scheme 4.
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82 A 83 B 84 A 8 A 86 B 87 A 8B 89 A 90 B
91 A Activity. A 0.001-0.01 M B: 0.01-0.1 M

Phar maceuti cal Conposition and Met hods of Use 5 The
conpounds of this invention inhibit HV integrase. HV
integrase inhibitors have been reported to prevent
viral integration and inhibited HV-1 replication in
cells (Hazuda et at. Science 2006 287, 646).

Recently, HV integrase ito e been accepted
into clinical trials for tplglgijlg}?ﬁhif%g‘yand Y,
infection (Neamati Expert. Opin. Ther. Patents 2002,

12, 709, Pais and Burke Drugs Fut. 10 2002, 27, 1101),
Accor di ngl yTe %lﬁbﬁﬁé’#-vwﬂ*émﬁmfgmﬂé‘ﬂvnmtaﬁ% § Pmgleof biotin labeled

met h OqubQ&até Qﬁ% \!v:%%om'l&/to l'gﬂ tug%tfs t:i\ndlﬁ c@ﬁéd B SPA beads

conprising adm nistering era uti cal effective
anolint (mﬁerslmnnﬁmpnamujBinecBo rﬂmd:rablhant ontegnase (0.26 ng) was incubated

phar mac a cep |t or solvate ther
Do ¢ i R P) o o RS e 58 8) vasing the
Anot heéomaeﬁuo@éd B)fhﬂdltmi @Ninhibitotsand 0 1dinbDaf P30 labeled target DNA.

treati H V. infection,in rising.

adni ni {Beenstign 3ap ﬁgmﬁé’wﬁ@af g@*@rﬂ? adprlpancentiation o610 M.
CONMPOUB&nplef wdr® Eétated ih Toﬁ@o@tmmmmwﬁdnﬂ #d OPM was used as a
accept able s It or_.solvate there

hé? apEEtsies |"g}egé$tf°ect waalfﬂ&fﬁ?fﬂe?n s %Séaacflb%'a Epet{man. A and

agent uRite, RO, FiF&121998 9, 99085 ThE Rﬁu@{ceﬂ;f\éubﬂxfa%%d @ifget DNA
Sonme suitable a(ﬁents are nucl eoside H V rever

t r ans cVPSEsKEbsdiRiNIclesAcid Resparat 19940 &4 aQIHM?lqgé% s, th

trans Cédn%o%ﬁ& drithé Dividion weld MundtodhfAHACK Jﬁ’dn@ 1esOthEn 0.1 pM (see
H V fusion inhibitors, HV attachnment inhibitors, E

i nhi bi TeMe1). CXCR4 i nhibitors, H V buddi ng or
mag4ration inhibitors, and H'V integrase inhibitors.

Table 1. HIV Integrase Inhibition
Example ICsg

eefe-llgrgiclighgighgihgiegigigidigleclEgi-gpgdigidighg

DI I D [ I |t [t |yt | ot [ ot | i | sk | gt (it | porens
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10 Anot her aspect of the invention is a conposition
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Solid conpositions are normally fornmul ated i n dosage
units and conpositions providing fromabout I to 1000
ng of the active ingredient per dose are preferred. 15
Sonme exanpl es of dosages are 1 ng, 10 ny, 100 ng, 250
ng, 500 ng, and 1000 ng. Generally, other
antiretroviral agents wll be prggent in aunit range
simlar to agents of that class“used clinically.
Typically, this is i Gt
conmpositions are us -
Cenerally, the liqui Hn a
unit dosage range 1 g of
dosages are | ng/nml—10 mé#rd 25 ng/m A50 ngift, and
100 mg/ mL. Cenerallly, ot Adr_antifetrovidal agent s
will be present inla unit?ange sinilar Bo agenfs of
that class used clijnicall¥? Typically, this is [I-100
ng/ nL. 25 The inverjtion e#&onpassies all &onvent| ona
nodes of administrgtion; @al and parenteral nethods
are preferred. CGengrally, 78he dosling rechnen wi|l be
simlar to other gntiret7oviral jagents Aised
clinically. Typicaljly, theodaily Jdose wAl be 1;100
ng/ kg body wei ght daily. generallly, noresconpoupd is
required orally and TeSs gparenterally. Alhe spetific
dosi ng regi me, howdver, wgiT De determ rgd by a
physician 30 usi ng soundgjredi cal juagnqgt The
i nvention al so enc MpaSSeRs TTEt hrods Wnerg\I hre—conpound
is given in conbi rfatTomggrer apy: That B llle
conmpound can be usdgd—mn CR] tcton—w I.IAUI.IIUI 6
agents useful in treating . ABS—andH-Vv+Hifect+on. Sone
of these agents ingtude %{q’ & € fi

CCR5 inhibitors, C{cR4&—n bbit
inhibitors, HYV integraseQ'nhi ; YA
reverse transcri pt ase i nh9}m tors. HL\. r‘ﬁ*\n n
reverse transcri pt adetivigiA - fYra01 pMyByf. Bi@ds‘tM
inhibitors, 5 budding and maturation inhibitors,
innunonndulators, and anti-infectives. In these
conbi nati on net hods, the conpound will generally be
given in a daily q‘ﬁﬁ'ﬁm@‘uﬂgﬁl FQBhpotilbdEhddeitodiel 81
daily in conjunction with other agents. The other
agents generally will be given in the anpbunts used

therapeutically. The speci.fic.dos e

w11 b et Dhsbineshngs SRS isverusnbiE Hry Sdfiie. (R iGHase

j udgreihibitod ma\?éabb:eregoﬂtéd?b gmsamnrﬁgﬁﬁgﬁumaﬁ liﬁhlblﬁad HIV-1

treating, Al.DS, an ec r uit

For -t hieBicpioiscpela s arudar Saferdrge Apis 7 6%6). Recendy HiV inegrase
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).

rl 2N
+—HnAh tprs,

s on
epsi de
| eosi de

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.



DRUG NAME MANUFACTURER | NDI CATION 097 HI V infection,

Al DS, (non-nucl eoside reverse Hoechst/Bayer ARC
transcriptase inhibitor) Anmprenavir 141 W4 d axo
Well cone HIV infection, AIDS, GW 141 ARC (protease

i nhi bitor) Abacavir (1592U89) HV infection, AIDS, GW
1592 d axo Vel | come ARC (RT inhihi tor) Acemannan
Carrington Labs ARC (lIrving, TX)2 H V infection, AlDS,

Acycl ovir Burrou | | come ARC, onbi nat |

AZT AD- 439 "F%?%'&%E dhedpyenfipRAs; aﬁ’F‘&t‘i" fga °%‘%>§PV ‘“%Pé&"“ ma
AD- 519p, QEE&B@@@H@H@%%F a&ﬁﬁfstdﬂhé'a ictitkepeiitically effdciie anﬁRGt of a compound
Adef ovi [_di pjvoxil Gl ead ﬁfl enc(‘e%F HYV i nf ect W@

AL- 721°8{9Tmya @ phampogically argep er3alt O 01K g

Al pha - tHefapetRAIR) effdciive dindbfdTiaDRAst Ofk &&mged{\e}.ddmatment of
Kaposi's _sarconmp W Retrovitr 27 DRUG

MANDF AGTRIREIH T\ infosian- remesuitable agsats afedwic'égmd%ﬁ's Ay
(Dubl i fanst¥Pra®ihibitoM, A neldoaiae BV (evleAl traisdripthsE)inhibitors, HIV

protease inhibitors, HIV fusion inhibitors, HIV attachment inhibitors, CCR5
inhibitors, CXCR4 inhibitors, HIV 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 sait

or solvate thereof, with a pharmaceutically acceptable carrier.

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 ioad,
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.



Anti body whi ch Advanced Bi ot herapy Neutralizes pH
Concepts AIDS, ARC Labile al pha aberrant (Rockville,
MD) Interferon ARL177 Aronex Pharm H V infection,

Al DS, ARC Beta-fluoro-ddA Nat'|l Cancer Institute

Al DS- associ at ed di seases BMs-232623 Bristol - Mers

Squi bb/ HIV infection, ADS, ( -73547) Novartis ARC
(protease inhibitor) BMS-234475 i stol - Myers Squi bb/

H V infectiqn, Al DS - 61755) Novartis ARC .

(protease | ﬂﬁ’i °Bf”t"8‘F‘d&P£ ‘%t?i%"%%gé? gfnsTAllY gfvepypg pharmaceutical

I nf ect tempositioadfompriseddflaakedapbaiieilg effédiVe ambuntbf 4 Sompound of

her pes a illomayvirus Curdl an sulfate [, Phar ISA

T S FeERia o SRS ol AL AT ALS At ceptable

CW 1 etdrfiérlané ma@ybmMe 0envorivrakexipigid. A theapétihlly effective amount is

Ganci cl,ovi r. CW riphergl, CW retinitis .

Del i fHebvRgh Bissdsd 14 pro 8%%%&% Rapen pensfit. Phapgaceutically

(RT i nﬁﬂcb{btfl?é éarﬁagalle'@lid tﬁg E&d’i%r;tﬂﬁ&lk R kndWinQardef3Gavib ¥cceptable safety

Dextran Su te Ind. Ltd. a, Japan sitive . ]

asynpt ewgl%-cgmaa@tmf T aﬁzaerﬁgwm?@'di) a0f gy ggms including

Al DS, kil tablts, BediRe A sideldlay wel hERqUi® Suspesios, syrups, elixers,

Di deoxg/dr?gsne Bri st g??I\A/erswé(}qui bb ARC, c%n‘oi ationw.th

AZT/ d48nd solutions. Compositidns are made using common formulation techniques, and
10  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.
15  Some examples of dosages are 1 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
20  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.

25 The invention encompasses all conventional modes of administration; oral
and parenteral methods are preferred. Generally, the dosing regimen wiil 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

30  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



DMP- 450 AVID HI'V infection, AIDS, rot ease inhibitor)
(Canmden, NJ) ARC 28 DRUG NAVE MANUFACTURER | NDI CATI ON

Ef avirenz (DWMP 266) (-)6-Chloro-4-(9S)-

cycl opropyl et hynyl 4(S)-trifluoro- DuPont Merck HV
infection, AIDS, nethyl-I,4-dihydro- ARC

2H 3, 1- benzoxazi n 2-one, STOCRI NE (non-nucl eoside RT

i nhi bitor) ELIO Elan Corp, PLC HR¥ infection

(Gainesville, GA) Fanticiovir Smih Kline hF pes )

zost er 22eREPFEY 1n briine ADS padhEY \nfedtioac feBs0 tﬁ?ses,gems include HIV

(1 ever gxchrhéi Sihibitdfs26 € RE MM Bitokl) CKRERS thMbilddrs, HIV cell fusion
i nhi bitor 840 HIV infectiagn, AIDS, (reverse.

r) GS 84 : ) .
t r ansclbjpitas Y ntegesombibitars; BTV cjeosidpryerve ipnsetipiqse inhibitors,

Ver i ongHY Nod-AicRobid® Foverdé ilmscriftile Rt OFV Potéa8d hibfors,
Roussel ARC transcri tasei nhibitor) S%Eer|0|n VI MRX

Phat m byddipgiand maturasien inkityisgrs, inapano - Apfhantispfegtives. In these
Tri t oncBiashibR Hﬁ%dﬁ%m?@tﬂ%h%eﬁ@ﬂ iveh#t £ 84i8/ d¥Be of 1-100
Beta (Al neda, CA) ARC Interferon alfa-n3 Interferon
Sci enceg/kaikedy weighg daily in conjunction with other agents. The other agents
generally will be given in the amounts used therapeutically. The specific dosing
regime, however, will be determined by a physician using sound medical judgment.
10
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 AHngfectlon, AIDS,
transcriptase inhibitor)
Amprenavir
141 W94 Glaxo Wellcome HIV infection, AIDS,
GW 141 ax ARC
(protease inhibitor)
Abacavir (1592U89) . .
GW 1592 Glaxo Wellcome | FLV infection, AIDS,
(RT inhibitor)
Carrington Labs
Acemannan (irving, TX) ARC
HIV infection, AIDS,
Acyclovir Burroughs Wellcome ARC, in combination
with AZT
AD-439 Tanox Biosystems HIV infection, AIDS,
ARC
. HIV infection, AIDS,
AD-519 Tanox Biosystems ARC
Adefovir dipivoxil Glle;:fh?;;nces HIV infection, ARC,
AL-721 (Los Angeles, CA) PGL HIV positive, AIDS
Alpha Interferon
HIV in combination Glaxo Wellcome Kaposi's sarcoma
w/Retrovir




H V i nfection, AlDS, I ndi navi r

Merck positive,

ARC, asynptomatic HV
also in conbination with AZT/ddl/ddC
SIS 2922 | SIS Pharmaceuticals CW retinitis KN -272

Nat'| Cancer Institute H V-associ ated di seases
Lam vudi ne, 3TC HV infection, ADS, (reverse
transcriptase G axo Wl lconme ARC__also with AZT

i nhi bitor) Lobucavir Bristol- P Squi bb QW
i nf ect Nelfinavir Agouron '—" M inf-ectign—ALRS
(pr ote DRUG(NANLE\ D ' VI, api—he TION
Boeher| nger H V inf ectifon, Anyrigaborpmries nhilbi t or)
| ngl ehpi m ARGaNyeipr en [Novaf €péini@Hs . | nq. \Y}
inhibitor (BM®T, OH [29 DROGawawE MANURACTURER
| NDI CATI ON Peptl de T Peni nsuPfamferd<Chct apgpt i de
(Bel mopt, Asybody #ifch Seqluem Tri %éﬁ um Astjra Pharm
CW refi nlﬂbﬁmlﬂs\ﬂ—l Phosp &'izi;l T#oddct [gﬁ Jﬁ-ﬁ&
i nf ect | onabile alleMnt iinf ecti @&L 14069 PRatxci a
Upj ohn] HI V imné@&ba on, Al DS, (R‘(‘:ESY‘H BL i nHi bi tor) ARC
Probucpl " Vyrex HrvTnrgcrion, ArDS  RBC Clg$fNefbddal AIDS
Med. H V infdd&l7én, AlDS, Thworex Pogst on, | TR ARC&" ’
iRInLioBia oro-BlA T TG rPPancht fastitutel PT| RID3SKsociated diseases
~232623 Bristol-Myers Squibb/ | HIV infection, AIDS,
(CGP‘73547) Novartis ARC
{protease inhibitor)
BMS-234475 Bristol-Myers Squibb/ | HIV infection, AIDS,
(CGP-61755) Novartis ARC
{protease inhibitor)
Cl-1012 ‘Warner-Lambert HiV-1 infection
Cidofovir Gilead Science CM.V retlm-tls, herpes,
papillomavirus
Curdlan sulfate AlJl Pharma USA HIV infection
Cytomegalovirus e
Immune globin MedImmune CMV retinitis
Cytovene Syntex Sight threatening
g CMV peripheral, CMV
Ganciclovir A
retinitis
Delaviridine . . HIV infection, AIDS,
(RT inhibitor) Pharmacia-Upjohn |  p e
Ueno Fine Chem.
Dextran Sulfate Ind. Ld. (Osska, | ADS ARG HIV
Japan) P ymp
ddC HIV infection, AIDS,
Dideoxycytidine Hoffiman-La Roche ARC
ddl HIV infection, AIDS,
Dideoxyinosi Bristol-Myers Squibb ARC; combinationwith
0XyInosine 1 AZT/AT
DMP-450 AVID HEV infection, AIDS,
(protease inhibitor) (Camden, NJ) ARC




Saqui navir Hof fmann- HV infection, ADS, (protease
i nhi bitor) LaRoche ARC Stavudi ne; d4T H 'V infection,
Al DS, Di dehydrodeoxy- Bristol-Mers Squi bb ARC

thym dine Valaciclovir daxo Wellcone Genital HSV &
CWi nfections Virazole Viratek/1CN asynptomatic H V-
Ribavirin (Costa Mesa, CA) p03|t|ve LAS, ARC VX-478
Vertex H 'V infection, AIDS, ARC %al CI t abi ne

Hof frn Roche HI\ infectior DS, ARC’ with AZT
HV in JGNAME 7 oW CRIER oo veNaGATION
ARC, posi Esfa%réf‘%orm i n conbi nati on w tlh ot her
t her apj es I di sloproxi |, fumarate galt
(Vi r ead( r§0-Chlorad(SH v | nfection, AIDS (reverse
transci PYAEORVIBIkor)) Conbivir (rever|se
transcyi pt ASEUERIRGH v i inf ect gt Klell | nhi|BIYdpipction, AIDS,
abacavj r@ﬂ’dkiﬁa’!@d{%r Zi agen) GSK HI'V i nflédtGon, Al DS
(reverse2Hr3ah§%leP i nhibitor) ReyataZ(r)
Bri st o] - MyenesSEiu B)‘BE HI V infection, AIDS |(atazanavir)
Fuzeon| REGeMnTiepsiga®E HI V i nf ect i on, Al DS,
( Enf uvjirt i denhiffitgh) vj rlal flljs?l og | r;JTCbi tor
an Corp, . .
EL10 (Gainesville, GA) HIV infection
Famciclovir Smith Kline h-erpes zoster, herpes
simplex
FTC . .
(reverse transcriptase Emory University Egémfectlon, AIDS,
inhibitor)
GS 840 . HIV infection, AIDS,
(reverse transcriptase Gilead ARC
inhibitor)
HBY097 Hoechst Marion HIV infection, AIDS,
(non-nucleoside reverse Roussel ARC
transcriptaseinhibitor)
Hypericin VIMRx Pharm. g%‘“f“’t“’“’ AIDS,
Recombinant Human Triton Biosciences AIDS, Kaposi's sarcoma,
Interferon Beta (Almeda, CA) ARC
Interferon alfa-n3 Interferon Sciences ARC, AIDS
HIV infection, AIDS,
ARC, asymptomatic HIV
Indinavir Merck positive, also in
combination with
AZT/ddl/ddC
ISIS 2922 ISIS Pharmaceuticals CMV retinitis
KNI-272 - Nat'l Cancer Institute HIV-associated diseases
Lamivudine, 3TC HIV infection, AIDS,
(reveree transcriptase Glaxo Wellcome 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 Nov?féf:n?aot;,) Inc. HIV inhibitor
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Hiyriafection, AIDS,
ARC

Zidovudine; AZT

Glaxo Wellcome

Probucol Vyrex HIV infection, AIDS
Sheffield Med. HIV infection, AIDS,
RBC-CD4 Tech (Houston, TX) ARC
Ritonavir HIV infection, AIDS,
(protease inhibitor) Abbott ARC
Saquinavir Hoffimann- HIV infection, AIDS,
(protease inhibitor) LaRoche ARC
Stavudine; d4T . .
Didehydrodeoxy- Bristol-Myers Squibb HIV infection, AIDS,
s 4 _ ARC
thymidine
. . Genital HSV &
Valaciclovir Glaxo Wellcome CMVinfections
Virazole Viratek/ICN asymptomatic HIV-
Ribavirin {Costa Mesa, CA) positive, LAS, ARC
HIV infection, AIDS,
VX-478 Vertex ARC
e u HIV infection, AIDS,
Zalcitabine Hoffmann-LaRoche ARC, with AZT
HIV infection, AIDS,

ARC, Kaposi's sarcoma,
in combination with other
therapies

Tenofovir disoproxil,
fumarate salt (Viread®)
(reverse transcriptase
inhibitor)

Gilead

HIV infection, AIDS

Combivir®
{reverse transcriptase
inhibitor)

GSK

HIV infection, AIDS

abacavir succinate
(or Ziagen®)
(reverse transcriptase
inhibitor)

GSK

HIV infection, AIDS

Reyataz”®
{atazanavir)

Bristol-Myers Squibb

HIV infection, AIDS

Fuzeon
(Enfuvirtide, T-20)

Roche/Trimeris

HIV infection, AIDS,
viral fusion inhibitor

®

Trizivir

HIV infection, AIDS




IL-2 AIDS, in conbination Interleukin-2 Cetus w AZT
| L-2 Hof f man- LaRoche AIDS, ARC, H'V, in Interleukin-2
| mmunex conbi nation W AZT [L-2 AIDS, increase in CD4
Interl eukin-2 Chiron cell counts (aldeslukin) |Imune
G obulin Cutter Biological Pediatric AIDS, in

ntravenous (Berkeley, CA) conbination w AZT (human)

MREG- 1 Integ AIDS, Kaposi's saré8ma, (New Orleans,

|
|
LA) ARC
(

PG LNREG- 2. lnreg ALDS. K ! sarcons
New (FLeaBRUGNAMERC |pg MMUM%JPRE&E_A@NUE@}MWN
| NDI CATI ON fuidi ol Difet hyl Magbgwx | nst i |[tHEVdnfeptiss, AIDS,
ARC Dithio Carbhamate Allpha-2 Schering Pla Kaposi's
sarcoma Interferon w AZT, AIDS Methionine- TNI
Phar maceutical Al DS, ARC; E@h@@p@ ﬁLA—@Rgago L)
MI'P- P Mur anyl - Tr i DeDtI ba lj|qv Cor aposi's
sar confa_AlDRUG Mahbiu| oclyt eMANIEACTURBRDI fat | o INRJORTTON
Col ony] Stinmul ati ng Factlor Renune | mune Response
| mrunot her ap8&ti%  Corp.  r Chaetketysmi nant ent ech
ChA
Al DS, Ecroplnmme '~ Pharmacia Upjohn Advanced AIDS
Carrington Labs, Inc.
Acemannan (Irving, TX) AIDS, ARC
American Cyanamid .
CL246,738 Lederle Labs AIDS, Kaposi's sarcoma
Eian Corp, PLC . \
EL10 (Gainesville, GA) HIV infection
. Blocks HIV fusion with
FP-21399 Fuki ImmunoPharm CD4+ cells
ARC, in combination
Gamma Interferon Genentech w/TNF (turmor necrosis
factor)
Granulocyte . .
Macrophage Colony Geneg:rsl;g;ntute AIDS
Stimulating Factor
Granulocyte
Macrophage Colony Hoechst-Roussel AIDS
. . Immunex
Stimulating Factor
Granulocyte ..
Macrophage Colony Schering-Plough AIDS, combination
. . wiAZT
Stimulating Factor
HIV Core P article Rorer Seropositive HIV
Immunostimulant
IL-2 Cetus AIDS, in ecombination
Interleukin-2 i wiAZLT
IL-2 Hoffman-LaRoche AIDS, ARC, HIV, in
Interleukin-2 Immunex combination w/AZT
IL-2 . .
Interleukin-2 Chiron AIDS, increase In (D4
{(aldeslukin)
Inllllzllzf:vgllg::lin Cutter Biological Pediatric AIDS, in
(Berkeley, CA) combination W/AZT
(human)
Imreg AIDS, Kaposi's sarcoma,
IMREG-1 (New Orleans, LA) ARC, PGL
MRE Imreg AIDS, Kaposi's sarcoma,
I G-2 (New Orleans, LA) ARC, PGL




rCb4-1gG AIDS, ARC hybrids Reconbi nant Bi ogen Al DS,
ARC Sol uble Human C4 Interferon Hof f man- La Roche
Kaposi's sarcoma, AIDS, Alfa 2a in conbination w AZT
ARC SK&F106528 Smith Kline HYV infection Soluble T4

I mmunobi ol ogy Thynopentin Research Institute HV

i nfection Annandale, NJ Tunpr Necrosis Genentech ARC,
in conbination Factor; TNF w aﬁﬁl a Interferon

» ilnaqt ,II}I,]QICA'HON
Fi uconazoIII@‘Jl'inoll P@rm YPit OCOReAbuB&itAgi T i S’AIDS ARC
candi dj antthm@a&hammee Squi bb Corp. Preventli on of _oral
N statjn Pasflpbrd candildi as Séhen% Biotiyh Mer|rfeappsiDestcqnep
Ef | oni {t hi ne lpterferami di nel Lypholed™ PCP™t r eat|AZT, AIDS
| set hijonat évi¢thighige{ V) ( Ros@Ntharmmytlfﬁll MHL PR kR
Ant i baict er i Bikept®dinnet hopr i nm §chi¢ago.ARd i bactler i af
Piritriexi m BATPdlighs W4l | cone PCP treatmerft 32 DRUG
;\IAI\/EF NYAGTURIERe N Cé‘cl;lpqy rlgl ne 'I@a%w"s Q8 8a AIDS,
or Fisons Ziiamp.mym.l on pr OR e X! in combination w/AZT
Colony Stimulating
Factor
Remune Immune Response Immunotherapeutic
Corp. A
rCD4
Recombinant Genentech AIDS, ARC
Soluble Human CD4
rCD4-IgG
hybrids AIDS, ARC
Recombinant .
Soluble Human CD4 Biogen AIDS, ARC
Interferon Hoffman-La Roche Kaposi's sarcoma, AIDS,
Alfa 2a in combination w/AZT | ARC
SK&F106528 . . . .
Soluble T4 Smith Kline HIV infection
Immunobioclogy
Thymopentin Research Institute HIV infection
{Annandale, NJ)
Tumor Necrosis Genentech ARC, in combination
Factor; TNF nen w/gamma Interferon
ANTI-INFECTIVES
PDRUG NAME MANUFACTURER INDICATION
Clindamycin with . .
Primaquine Pharmacia Upjohn PCP
Fluconazole Pfizer Cryp.t ot oc-:cal meningitis,
candidiasis
Pastille Squibb Co Prevention of oral
Nystatin Pastille q p- candidiasis
Ormnidyl ,
Eflornithine Merrell Dow PCP
Pentamidine LyphoMed
Iscthionate (IM & IV) (Rosemont, IL) PCP treatment
Trimethoprim Antibacterial
Trimethoprim/sulfa Antibacterial
Piritrexim Burroughs Wellcome PCP treatment




I nhal ati on Spiramnmyci n Rhone- Poul enc Cryptospori di al

di arrhea |Intraconazol e- Janssen Pharm H st opl asnosi s;
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DESCRIPTION OF SPECIFIC EMBODIMENTS

5 Intermediate 1

CN
R

1-(3-chiorapropyl)cyclopentanecarbonitrile. To a stirred solution of
cyclopentanecarbonitrite (1.04 mL, 10 mmol) in THF (20 mL) at -78 °C was added
10  LiHMDS (1M 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 (MgSOQ,), filtered and concentrated to give
intermediate 1 as yellow oil which was used in the next step without further

15  purification.




OEt0O OO M To a stirred mxture of internediate 1
from previous experinent and 5 hydroxyl am ne
hydrochloride (1.39 g, 20 mmol) in 1.1 EtOH water (30
m.) was added sodi um carbonate (1.6 g, 15 mmol) over
5 mn. Then, the reaction mxture was stirred to 80 C
for 15 h and concentrated to drygﬁ The resul ting
white residue was re-dissolved to 1:1 EtOH wat er
(30 m.) and diethyl acetylenedic ylate (2.4 ni,
15 mmol ) was added. After Ihri AtERK }agoiétl on mxture 10
was diluted with water (50 nL) and extracted with

Et OAc (3 X 50 nmL). The conbined Et @& extracts dried
(Na2SO™4), filtered and concentrpgt 0 give brown

oi | . Flash chromat ography usgg h, %1 and 7:1
Hexanes/ Et OAc m xtures afforded |n ernedi ate 2 as
pale yellow oil (1.03 g, 30%. (500 MHz, CDC13)
8: 4.34- 4.11 (4H, m, 3.50-3.4 n, 3.38-3.34
(1H, m, 3.31 (1H, d, J = 16.2 2.91 15 (1H, 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 (T stived niixtﬁtb—qfilﬁ&n(eﬂiate Infrom pleniBug dipkimentland

]|c g{ %r %&F%?{Yia%gm l&g%ﬁhﬂb Et %Joqﬂaﬂ n@?Tglglzéta}Wer (30 mL) was

sol ut i adiedtodivrh earbarchies(ll 6 g21% ﬁ:n(bl)g;vexzs b Thenlthe feact®dp mixture

4-di chl orof ol ue was heat at 2 Cfor 15.
 CThones s FEBERG R 131 Ed B eenhaRn Gt et alhecrer ngaphice
vacuu W}@,Elde tvblﬁrerd%bldétﬁmﬂﬂsl BtﬂHMa&ﬂ (GonIDraa0 diettiyl ve

HPLC usi n? cont ai ni ng

G aci D e GieT b 52t -l BAD e M o e reacion mixture

Pr gluClya¥\@liffed Wit WARGE0 Ai1Y afPEGRRED MR @tdwc @1t 60 ghi). The
internmedi ate 3 as a dark paste (0.8639 28. 6%

NVR ( 5eamiped E@peesiact drigd @apop; ﬁ%fire‘%i)n ‘cgnegnirgted fo give brown

J = 7. Qi Hehsh chﬂon%égﬂﬂy ubing 9:174:2 afMl W)—Iex&e&ét@\@ﬂxx&&% afforded
m, 1.99-1.93 (4H 7971 64 (6H, m) . 2 (3

D )t irmedinty 2 as PR owah (163120 B0% b HOMRAS bRz, CDCl) 3 4.34-
293. 15013 (4124893 50-3.46 (1H, m), 3.38-3.34 (1H, m), 3.31 (1H, d, ] = 16.2 Hz), 2.91
15 (IH,d,J =162 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
Ci17H27N205: 339.1920; found: 339.1923.

Intermediate 3

O OH

0
E10 =

NN
) R

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



293.1513. Internediate 4 CN CN 10

Tet rahydr o- 2H pyran-4-carbonitrile. A solution of

t et rahydr o- 4H pyran-4- one (25 g, 250 mmol) and

t ol uenesul fonyl net hyl cyanide (53.7 g, 275 mol)

di ssolved in ethylene glycol dinmethylether (1 L) was
cooled to 0 C. Added dropw se oyer 30 mn was a

sol ution of potassiun1t-butoxide 556 g, 500 nnDI) 15

ai ot g O Rt ity Pl AR ity Flpsl g were

m Xt ur eorilsified3nt cadceritenned tb affprd inlemhdaydte Paswodark ﬂaste)(om g

aueoudt KBS th ER e ITIC B0 Y8 TIE bt} B Pll8sBa 0 o

and COROS(HH,ateds, S_FEE ABST, @W@H/vaﬁ 91 b3 (e ndl 1. 3591@4(6}{ m),

e title conpound as _a _colorle

5 s Urb et o8 s RS isb e S PO A unc
6 3 9;93’31533 (2H, m, 3.61-3.54 (2H, m, 2.89-2.80

m, 1.97-1.78 (4H, m. Internmediate 5 O NC O
25 35
4- (3-chl oropropyl ) -tetrahydr rap-4-carbonitrile.
To a stirred solution of 1 q ??R%%y gs m., 25 nmmol)
in THE (10 nL) at -78 C was added dropmnse a solution
of intermediate 4 (2.23 g, 20 nma ) in THE (15 nl)

over 10 m nutes. After 40 mn, I-chloro-3-iodopropane
(2.7 m., 25 nmmol) was added at [onde, stirred at -78 5
Cfor 1 h and 4 h roomtenpera . Then the reaction

mxture was diluted with ether (100 nL), washed with
wager (20 nL) and brine (20 niL), dried (thSCﬂ)

filtered a e ated to Il ow oi S

Lot 11 ok oyt O ket ot it e e G10-Ab pyrans-
Et OAlcl bllsaqaﬁl glszsmmaélﬁ g{diomb&smmﬁuﬁéthyl Bjrﬁ[déﬁ{ﬁ:i agezﬁ mrAsl)

a COol orl| ess |

CDC13) digsolvpd gwﬂgzémw ghepo! Gln@dlﬂetfﬁ(lsw ‘3asr01112§ t0 0y Added
( 235_ t gmgvlnsé‘ ove? 38 mift wis §dtution-oF %ot(@sh!im fbutdxide @63, $80)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 phése was washed with saturated aqueous NaHCO;. The organic phase
was dried {Na;SQ;,) 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, CDCls) 8: 3.91-3.83 (2H, m), 3.61-3.54 (2H, m), 2.89-2.80 (1H, m), 1.97-1.78

(4H, m).

Intermediaie 5

ci
NC

25




(2H, m, 1.88 (2H, dd, J = 13.4, 1.8 Hz), 1.77-1.74
(2H, m, 1.65-1.59 (2H, m. Internediate 6 Ot O EtO
OO NN O 15 A nmxture of internediate 5 (1.83 g,
9.75 mmol ) and Nal (3.0 g, 20 mmol) was stirred at
anbi ent tenperature for Ih. To this reaction m xture
was added 50% aqueous hydr oxyl arjlgne (1 m, 10.87 mol
mml ) and stirred for three-days arrbl ent

tenperature this eth
acet yl enedi £ g%wég[y){)rggé? ?eiragvcﬁﬂé T 4-%1:8%:#1[;3 To a stirred solution
stirredff BILiHMDS @3aiL., %hm&l?ﬁﬂnﬂlo(wnimtalﬂ F78 °Gagas added dropwise a

di | ut ed vath Et OAc (100 L) was ' er .

mL), bFeipienof intpmediaig 4 (243 @u%Pzgmﬁ H{FM@L) %\Wz(ﬂ%) minutes. After
concentg g€ d -hRr&BIRIopRIphR2 FirhL, 25nafidl) Ghy 21a8d APhad) Birred at -78
usi ng 10-50% Et OAc/ Hexanes afforded the desired

i nt &r nedfotldh d4d reamdenyreratrgy Shen theyregetipngnixture was diluted with
180/, Oé&i@r(lbd’ln%aﬁég%lmter ﬁ} arﬁbrmkl?ﬁnﬁm{?d (Na,SO0y),

calcd for found.

CDC13) filterediargironcepatedia give vellaw pif which wag purified by fiashisglumn
23263( %1'163'0 1tg|graé3y us;!n% 19. 3%%7E clHe%m?& rt[?t’lfﬁg'd Qh%'b'rodn:t mtennedlate 5
JAS = 262 @lades liquid(3. 7@1@, 99%) JHMRIMHz)CDQbD&sSwE(QH dd, J

(4 RETER g%}ﬁzﬁﬁ ééh‘gﬁ 5# 1519“%) 281 %EhZJ;QG.s Hz) 3.05-1.98

I nt er n(e:tl{ at)el . g8 (24, ﬂ]l-,lJ =H301, 8 H), B7B(.7A(EHImjt 1.65+16F (2H, m).
internediate 6 (1.0 g, 2.955 nmol) in

cycl ohexyl benzene (25 nl) was heated at 200 C for 15

h. Then, the reaction mxturg p@&dg%bcentrat ed under
vacuum and the resi due was puri y preparative

HPLC using McOH/ water 10 containing 0.1% TFA (gradi ent
elution). The fractions containing td product were

conbi ned and concentrated to affordws nternediate 7 as
an of f-white solid (0.1263 ggo o °
]

No N

%

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

was stirred at ambient temperature for 1h. To this reaction mixture was added 50%

15

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 mixfure was diluted with EtOAc (100
mL) washed with water (50 mL), brine (10 mL), dried (Na;SOy), 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) 5:. HRMS (M+H) caled for Ci7HpNz0s:;

25  found. 'H NMR (500 MHz, CDCls) 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,




23%9. '"H NWR (500 MHz, CDO 3) 8: 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, nm), 2.35-2.29 (2H,
n, 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 C151-1n14204:
309 1451; found: 309.1463. Inter gedi ate 8 \-O0 HN
Op NHJ O OHO 20

i noot)) i 0B A dhe 86 M 9 GPER yr - S6 3RS SO ERY b m. 1.6

m xtur esef(zrwﬁjl DB@-HISQI’[TM,Qn)?HBW(ﬁm,Q, kév.alﬂz),(lm @8, gJ = 7.0 Hz).
100 mmol ) and Znl 2 (45 ng, catalytic) was placed in
water bath and to this was added trimsthylsilyl
cyanide (13.35 niL, 100 nmol) {VI a ‘T%% | nge over 10 m n.
37 After 16 h, EtCH (100 nl) neRsied by 50% aqueous
hydr oxyl ami ne (6.43 nL, 100 nmol) was added and
stirred at 80 C for 2 h. Then, dheowneaction m xture
was cooled in ice-water bath d_di yl
acetyl enedi carboxyl ate (16 ri® 1 ) was added
over 5 mn. Then, cooled bath rer @ stirred for 4 h
¢ 0

at room tenperature and 5 concep to give
internediate 8 as a dark-brown loi | |Wl ch was used in
thesnext step without purifi catvon. LRVS (M+H) cal cd
for Cl6H27N207: 359. 2 found: 359.2. Internediate 9 O
HO EO0 ~, 3

5- Hydr oxy- zAr‘@'uw ?fmwa&%% £EP7 AN Bryf ahpxyibenzene (25

yl J- 6- g9 whs ReatediahYoly <@PRF i $1h. drm, the SRt HNMixtuze ﬁrﬁd amcentrated
ethyl ester. A xylenes_ (200 m)_sol ution of

Cr
i nt er niefleryasugm eidthe feisiup %gmrfgétbw@mflﬁ HRECH 1“8!“8 MeOH/water
h, 1600L&#hifRgE0.1% 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) 8: 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 CisHzN,O4: 309.1451; found: 309.1463.

Intermediate 8

20 (E)-2-{f1-(2-Hydroxyethoxyjcyclopentanecarboximidoyl]-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 trimethylsilyl cyanide (13.35 mL, 100 mmol) via syringe over 10 min.



concentrated. The resulting dark-residue was stirred
wth 0.5 M Na2CO3 (150 nL) 15 for 30 mn and extracted
with EtOAc (3 X 50 nL). The conbi ned organi c phases
were re-extracted with 0.5 M Na2CO3 (50 nL) and Et OAc
extracts di scarded. The conbined aqueous | ayers was
carefully acidified with conc. (20 n.) and
extracted with CH2C12 (4 X 50 nLy’ The conbi ned CH2C12

| ayers ,dri /act yated c 3y £oa | tere
concenﬁ?‘ﬁ’i ﬁ%‘?ﬁagig’?%%ﬁ" ﬁq?yd% ‘l‘“&‘ﬁo‘%(]j’y{hf’ﬂlﬁ?’é'f’ é(?me 100
W th eidiel) waxthdldd dn@k@ted 2 30 PC @@ H. ke, MReieadtion 911ﬂﬁreavas cooled
i ght brown powder 11.81 gl 389 Thi's rraterla [

cont anirise-datepatnand ticthyl peesy sl?ed&ﬁrbpwéﬁﬁﬂrﬁ Bk OPﬁlﬁml? ygs added
whose Bl smid9 511614—%:[(%“%{!16@4{10 glirfed TOWM %perature and
313,32; found: 313 . 38 Internediate_ 10

a Lo C@f@tf?ledft@gwmsuc@ed% 805 a darkrhreviy il WP}CB r‘waaflsed in the next
crude Ll QiAHA Bﬁ&ﬁcaﬁm{ IlRig {191)+H') BatddHor f:;lsﬂ%mb) 389, 25fo§nd 359.2.
C was added Ms 112. 4 mmol ) fol lowed by E

(15.8 nL, 112.5 mml) The resulting turbid reactlon

m xture was stirred for 4 h while allowing it to warm

to roomtenperature. Then di ME@ediRieh £t oac (200 ni),
washed with water (2 X 50 nmL), brine (50 nL), dried
(Na2S™4), filtered and concenpratgd to give viscous

yellow oil. This oil was re-dilssg veg i n anhydr ous

Et OH (100 L) and 10 stirr &P w ﬁ c03 (4.15 g, 30
mmol ). After 4 It, the viscous 8 %as diluted wth
Et CAc (150 nl) and conti nued st r| n for additional 1
h. Then, the reaction m xtur Itered and
concentrated to give white soli WhICh was triturated

WI\MQ ether, and filtered to afford internedi ate 10 as
|tefluff solid (8.284 g, 64%. "H NWR (500 MHz,
CDC13) 8: 4. ﬂHyzﬂr@Hf 2-43-(Bhydraxy@thdxyytetrah@Boflutin: 3-H)-6-0308.3-

5-3 g' 3. ib@&&g&}%ﬁ%&g 4%% L{%%}?'%qmd etiafﬁ 9.5'96?’7 A%@r%%ﬂzom solution of
(M-H)  crallciiteimedi@s 8 DN wagidted @6 fluf fowAd h, cooled and
373. 10?{%1cent Ee%r g Ire%ltllgng c}ark rcmqﬁ'c was stirred with 0.5 M Nap,CO; (150 mL)
15  for 30 min and extracted with EtOAc (3 X 50 mL). The combined organic phases
were re-extracted with 0.5 M Na,COj3; (50 mL) and EtOAc extracts discarded. The
combined aqueous layers was carefully acidified with conc. HCI (20 mL) and
extracted with CHCl; (4 X 50 mL). The combined CH,Cl, layers dried
{Na,SOQy/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) caled for C;4H2N2Og: 313.32; found:
313.27.



E10do) 20 To a stirred suspension of internediate 10
(0.6861 g, 1.84 mmol) in THE (50 nl) was added 1M
EtONa/ EtOH (10 nlL). After | h, the resulting yellow
solution was concentrated, acidified with 1 Maq. HC
(20 nmL), extracted with CH2ClI 2 (3 X 39 35 nL). The
conbi ned organic |ayers dried (Nsés filtered and
concentrated to gi ve internedi a 11 as a brown solid
(0.4668 g, 86%. 'H NWR (SOOIWMCDSIQB 8: 10.49 (!
H s), 4.44 (211, q, J = 3°33-3.97 (4H, m),
2.28-2.22 (2H, m, 2.06-2.01 (2H m, 1.93-1.81 (4H,
n, 1.42 (3H, t, J =7.0 HZ). HRVB (g+H) calcd 5 for
Cl4H19N2C5: 295.1294; found: 295.12%%° Internediate
12 0 10 Di hydrofuran-3(2H) on A'm Xture of
3-hydroxyfuran (24 g, 272 PEMPO (0.86 g,
5.5 mol) in CH2Cl 2 (175 rrL) and KBr (7 141 g, 60
mml) in water was vigorously sti and cooled in
an ice-water bath. The pH of Na ormerm al grade
bl each, 600 nlL, 806 nmpl) was a t®d to 9.5 by

di ssolving NaHCO3 (8.632 g, 102.75 nmol) imrediately
bef ore use. This NaOCl sol ution was 15 added over 40
mn while kﬁezpithgdsﬁetidwqf@mdaﬁntcrmwphwét(mt 67 ef in{Th# (100 mL) at

ar coni She et MG MR ERE flog G S Pk Eg g s a2

\z;lmq ::J ﬁ 0 %US%Z %ﬂgg%wﬁgdmﬁﬂ m%f?ﬁs %ﬁg g;x &E??ﬂ%ﬁ:%‘]mng it to
WA, [OQI, teperatyre. yte 0 ) \§ w1th water

:&?S( \fgggx Sglﬂﬁ) 1ol mommaaf ldf &%S),lﬁtgreﬂzahd co'ﬁ?aaatﬁte@a@g@e

o ve. | HESEREARR A TRl sasse BB DR BIOT (90 el and

?5 (1) (87%t1rifbh wGih KVE®); 16 BT, \M)tnhﬂm mrufu, &ﬁtvlisﬁ&ls shirtyNWMB diluted with
(2H 2/5%@ G4 @imdtcontanued ?“@“&I%‘)’ il b g g geacion

0' ~  ~Rixdire Wadflterdd ghd cZnEEﬁir&t&ﬁ@ Ne‘l{rlﬂte‘%ﬁ@ﬂﬁiﬁﬁ waﬁtnturated with

m xture of internediate 12 183, orn 1

et hyl eﬁbcrgﬂfwﬁqm(li%afforﬁtnwrs@@a% |a§aafhae E‘aﬁfy S@é@#&t& 64%). 'H

(100 nEMR (300 MHz, CDCL) 8: 4.43 (2H, q, ] = 7.0 Hz), 3.99 (4H, s), 3.53 (3H, 5), 2.33-
15 2.28 (2H, m), 2.09-2.05 (2H, m), 1.93-1.82 (4H, m), 1.40 (3H, t, J = 7.0 Hz). HRMS

(M+H) caled for CysH21N2058: 373.1069; found: 373.1053.

Intermediate 11

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

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



benzene (100 nmL) was heated at reflux using Dean-Stark
trap. After 17 h, the reaction m xture was cool ed,
diluted with ether (150 nmL), washed with sat. Na2CO3 5
and brine (50 nL each), dried (Na2SO4), filtered and
concentrated to give yellow liquid. Distillation
under reduced pressure afforded internediate 13 as a
yeIIow liquid (19.13 g, 809%. ' BPNMR (500 MHz, CDGCi 3)

4 =7.0 3, 94- 3.90. (4H, 3.68
2 H 35’5 S o8hqsopibined ongantc Whissigipd OY/SP A izl eshspiraed to
0 Oirrnddia 192s Dbk solid (0.4668 g, 86%). 'H NMR (500 MHZ, CDCls)
[3 (92 Hydr o et hoxy){tetrah dr of uran-3-carb
oy | 25 OBy b 2B e Tenil 0T Al ch- G gD, i s O m,

Prepar 8@¢aG1 Qﬁﬂ' r@ﬁ 1F99-1td”1§4ﬁf19? qdid’(SH/ ©F =¥ Hz). HRMS (M-+H) caled
i nternedi ate % viscous yell ow paste.

NW(5M%9N@@P§)I2%4, found72951283. o, J = 7.6 Hz),
5.59 (IH, br s), 5.38 (1H, s), 4.37-4.27 (2H, m,
4.20-4.13 (2H, n), 4.03-3.87 (4H m, 3.79-3.75 (2H,

M, 3.53-3.45 (2H, ), 1.60 f{ulddnelibed?, 1.38-1.23
(6H, m. HRVB (MrH) calcd for CL5SH25N208: 361.1611;

found: 361.1620. 20 Internediate 15 OOCH EtOx ON
QI 0 41 Prepared according to jfhe procedure for
internmediate 11. Yield: 29% bro@?ol id. "HNW (500
MHz, CDCI3) 6: 10.63 (IH, br s), 44 (2H, q, J =7.0
Hz), 4.18-4.11 (4H, m, 4.08-4.01 (4H, nm, 2.66-2.60
(IH, m, 2.35-2.30 (IH, m, 1.41

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 NaOClI
(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 NaOCl solution was

15 added over 40 min while keeping the internal temperature of the reaction mixture
between 00 °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% ag. Na,COj; (2 X 150 mL). The organic layer dried

20 (Na2SO04), filtered and concentrated to give intermediate 12 as a pale yellow liquid
(15.79 g, 67%) which was used without purification. 'HNMR (500 MHz, CDCl) &:
4.24 (2H, t,J = 7.3 Hz), 3.86 (2H, s), 2.49 (2H, t, ] = 7.3 Hz).

Intermediate 13

o]

(—B—o

235 o



(3H, t, J =7.0 Hz). HRVS (MtH) cal cd for C13HL17N206:

297.1087; found: 5 297.1071. Internediate 16 /-\ 0 O
O 10 1,4,8-Trioxa-spiro[4.5Jdecane. A m xture of

t et rahydro-4-pyranone (10 g, 99.9 mmol), ethyl ene

gl ycol (20 nL, 150 mmol) and catal ytic tol uene

sul fonic acid was refluxed in benzene (120 nmL) for 5
h. After cooling to roomtenp, t A benzene | ayer was

decanted fr t.he dar n e bott e fl
and was conggk FQEEgr O[ﬁ“iofé"'?“@%dpt"?‘ﬁtb"e& Imt%?‘g’f’i‘ﬂ}ér{?izg g 183.5
i n et k) eh Cﬁg;h@gly&e(m%ﬁ bl @kindINardl o%suaoam{cy(mﬁ mg) in

funnel . The er was decanted fromth

i nsol ub¢ngens; (100 mh}swewexeé a{ rgflwy usinglacappiterk fep- aft%%r i/, the
give t F@cddﬂtrﬁ&fﬁ%‘j‘bﬁc%olw cﬁﬁte@ viilefhe ?le BI)! Oshishédl%ltlﬁgat Na,CO5

g, 81% yiel dg MR (3
s), 33. (¢ mL ;&chg dgeqi.@)laﬁ@;)@@lter@qqd cpncegtratgi tp gst)yellow

go N:-In gl/iﬂ&dobg%ﬁah]az under ?edu&d]ﬂ}lzssnge Wfford€d inkrm&iste 13Xas a yellow

(E) - 2- [i{llxid (13- 1Byl BBRY HISMR) (500 Mikry GPEby H:a3-2. 4 (h tHoxT-fiHz), 3.94-
doyl ] - et hyl ester.

Pr epare %yg géj 23_? )?E%Q[Sr o’g’e%ﬁ?g“%r 25

i nt er medi ate S Y| eld: 60% vyellowoil. "H NWR (300

MHz, CDC13) 8: 5.72 (1H, d, 42 J= 22.7 Hz), 5.50 (1H,

bs)¢ 5.29 (11-1, bs), 4.33-4lnpgmedigtedd ), 4. 19-4. 04

(21-1, nm, 3.95-3.87 (1H, m, 3.79-3.63 (61-1, m,
3.43-3.39 (214, m, 2.15-1.74 (4H, m), 1.35- 1.19 (6H,

m. LCVMS [MH]' cal cd for Cl6H2 : 375.17; found:

375.19. 5 Internediate 18 OHNO-|

0O
I
NH

0 Ofﬁ

HO

(E)-2-{{3-(2-Hydroxy-ethoxyjletrahydrofuran-3-carboximidoyl |-
aminooxy}but-2-enedioic acid diethyl ester. Prepared according to the procedure for
1S intermediate 8. Yield: 38%; viscous yellow paste. "H NMR (500 MHz, CDCls) &:
5.78 (1H, d, J = 7.6 Hz), 5.59 (1H, brs), 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,sHzsN204: 361.1611; found:
361.1620.
20

Intermediate 15
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5- Hydr oxy- 2-[ 4- ( 2- hydr oxyet hoxy) t et r ahydr opyr an- 4

y1] - 6- oxo- 1, 6 di hydropyri m di ne-4-carboxylic acid

ethyl ester. A solution of an internmediate 17 10 (9.3

g, 25 mmol) in xylenes (150 m.) was refluxed for 18 h.

After cooling to room tenp, the m xture was shaken

with 0.2 M Na2C33. The aqueous pAhse was washed Wi th

Et OAc, made_aci dj ¢ mnth conc' ciiﬁ? and extracted. w r%

CH2CI 2. TheTBRagErACEordin S the Reosedyrq fopinfamedipia 1. aNi#ld: 29%; brown

concengdial & NMR esomal{& tae, YL $0. Qyﬁ}w@?s)t 414 EEHaquﬁE 7.0 Hz),
w th ether toiglve he i nternedi ate as a

soI i d $68-47 1 g4H. Tohd PR-H 4 k), wrzrﬁmw 1) 3chdck 30 AHgm), 1.41
-, L0 o ivis Qi) LG Y Aok 3071687 founa:

329 15. Tnternediate 19 0 20 A
soI%tl%WVEmllnternedlate 18 (0.86 g, 2.6 nmmol) in THE
(10 m.) was cooled to O C. Added to this was

met hanesul fonyl chloride (0.613 nL, 7.9 mmol) foll owed
43 Dby slow addition of triefhadhege(1l.07 nm, 7.9
nmol ). The m xture stirred for 4 h while gradually
warmng to roomtenp. before diluting with Et QAc. The
m xture was washed with water ana brine and dried
(Na2SO4) before concentrating t Pve a dark oil

This was dissolved in EtOH (20 frL)Jand THE (10 nlL) and
added 5 potassi um carbonate (0. , 4.04 mol). The
m xture was stirred at roomtenp for 18 h, diluted
with EtOQAc (200 nL) and the solids were renoved by
filGrati on.; A8 @riofucdpirof QI dvRse CAMGRIE Ai@Ehpdisl4tpytanone (10 g,

he. | noed feDetiled dicotlohim IS mRY e cxal: tobgnoglitonc i

" H NVRvAs300utizn benﬁ!ﬁ@lﬁ% L) fér dh. AREL 00611117ng r30112te ) 'Ehe benzene

4.03-3.98 (4H, &)3388 82 ZH%'R
J= 11. lgy d@ frgrﬂ thestja:k ol Mhﬁ( oanf theJﬂasli sndlwaszpogcentrated
Hz) , 1Th%@esﬁ.1mﬂg ofl.wad TakéB uin methylene chloride and shaken in a separatory
15  funnel. The CH,Cl; layer was decanted from the insoluble cil. The CH,Cl; layer
was concentrated to give the intermediate 16 as a pale yellow oil (11.62 g, 81%
yield). '"H-NMR (300 MHz, CDCl;) 8: 3.91 (4H, s), 3.71 (4H, t, J = 5.5 Hz), 1.68
(4H,t,J=5.7 Hz).

20 Intermediate 17

o

<

7N

O
o

~

HO

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

25  intermediate 8. Yield: 60%; yellow oil. 'H-NMR (300 MHz, CDCL3) &: 5.72(1H, d,



Hz), 1.38 (3H, t, J= 7.1 Hz). LCMS [M+H] + cal cd for C
5Hz, N2O$S3: 389. 10; found: 389.13. Internediate 20
CN 15 1 OH 1-Hydroxycycl obutanecarbonitrile. To a
flask containing cyclobutanone (13.41 g, 191 nmol)
was added a sol ution of potassi um phosphate nonobasic
(29.10 g, 214 mol) in water (50.n.), followed by a
sol uti on of sodi um cyani de (10. 3§29, 20 210 nunol) in

hour s, T Nt Rt G2 e Ba B A 0 it o ads en m,

(100 nb)osarg ($Hi Y, 8cr9f3063 (@81, i), IBUAIEK39 szen@ezom-ntfedm m), 1.35-

e coNP b o LS MR Gl rsorttiut B Tafrob 75

The oil was dissolved in dichloronethane, dried
(sodium sulfate), filtered, and concentrated to give
an anber oil (15.10 g), whi cnteartiaic18d 25

approxi mately 15% of internmediate 20. The internedi ate

was used without further purific ifon or treatnent.
"H NWR (500 MHz, CDCI3) S: 3. (LH, br s), 2.60 -
2.68 (2H, m, 2.29 - 2.38 ) ~¥.89 - 2.03 (2H

m. 44 Internmediate 21 CN U\ gl Ikn oH

1- (2- Chl or oet hoxy) cycl obut anecar b ni rile. Zinc
chloride (36.03 g, 264 5 mmol) sed using a
propane torch whil e under vac f%e nol ten zi nc was
cool ed and the evacuated flask was flushed with
nitrogen. The flask was | oaded with internediate 2

(15. 10OI g,) ﬁ-ﬂ@ﬁr@xﬁ—DV@KDG)}J&&*}?&O@&%&%@@:@?&?hmbéoxa-ﬂﬂﬁ‘
stirre t atin or ours e.reacti

i xt ur QAP G fﬁ)é(f@fef?é i) Soluieg oL Plegpediate 17
W 10 efdyk, BGahalh th Xyllenks QS@nfﬂ) wa§re)ﬂujt&0foﬂ19 h Kﬂﬁ' cooling to room
conbi ned organic 10 | ayers

sul T at By, s shiker b Fyidiaafi0s 1% alihus phase was washed

| n- vacygh EtbAe, xﬁddadadiaﬁaadl%hc W] R éxfiacred Whm@u NThe organic
dlstlllatlon b. to give internediate

(5. 00gPphasq was | azﬁ@h%d&%@nmed sthegespitgg r%?lder:gg? triturated

| |1qg| gml_té;étm \@QQe ﬁ{tﬁﬁnedlm&) a lﬁowﬁ 5(7151 © %Hg, 0% yleld) and

) 15 2. gnpure produst (2(2343 g)mLcMs g\frH] a]g@fctrﬂqﬂzrwgoy 1@% 13! found:
329.15.

Intermediate 19

0
B
O

guj
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

20



Internediate 22 Ot 0 EEOO O JO A solution of
internmediate 21 (2.64 g, 16.5 mmol) in ethanol (10 nlL)
was 20 treated with a 50 wei ght - percent aqueous

sol ution of hydroxylamne (3.34 g, 50 nmmol), and
stirred with heating (60 C) for 16 hours. The sol vent
was renmoved in vacuo, and the regldue was dried from
et hanol -water (1:1, 10 ni) tMAce to give as an oily

solid. This S us t he )

tep. sstox sgion Pnedaming O B hgs Poimmolho s hefife simed or

sol i d iwhileprlaaidlly wabmiiil Yo RBAL tmp eforel dilutiby Wi EtOAEaTIRmixture

i 52 AR i sl S50ty RS S Koo o gve

vvas st darked. TR v@s Bissied $n Etdre (nmmmd THF (10 D) and added
erature, and stirred for Gours The reaction wa

di | 5t edoRSR cparampte (P h0mmall che mirdire yastirred at ogm temp for
acet at @8 b 3ibuted QithlBIOAL ROGRANNING b BHAS Wit FerdfveCbPfilu@Fon. The

(sodiumsulfate), filtered, and concentrated in_ vacug

The cr SRIBIGRES saRcentAted and e Tesiglusgvasyriquraledvith methanof dyiltration
col UM g & RIHNBIARKRR Y9 astl WiliteRBlIN (.13 gl 0364)0 ’ﬁmﬁgiml MHz,

acetate in hexanes. Product fractions were pool e

concen?péfﬂaéé 4.4 Qe 00/ T B2 §12het 03 hO%(4Hk 8121 88-2:82 (21, 51, 3 74 (2HL,
| . : -
0; 16520, 22 gl 4 Sl by 2 G B PRESLS IEHYGERL U, S D 159

| nt er nméld). 438 (3}& t, .b= @Pcl Hp). EEMSIM+H]] saledl fooCostbdlaOgs: 389.10;
i nter npgi, £§9ﬁ§ (2.51 g, 7.7 mol) in 1,2,4-trimnethyl
ne ? )

benze was heated at refl ux (180 C for 3
hours, then cooled to roomtenperature. The sol vent
was renoved in vacuo, and the crude was dissolved in
ethyl acetate (75 nl) and eltsrmedia@20i t h a sat urat ed
aqueous sol ution of sodium bicarbonate (4 x 75 nlL).
The conbined extracts were brought,to pH 1-2 using 6N
hydrochl oric acid, and 20 the rili_ggnt solid was
exttacted with ethyl acetate (4 x| The conbi ned

1-Hydroxycyclobutanecarbonitrile. To a flask containing cyclobutanone

(13.41 g, 191 mmol) was added a solution of potassium phosphate monobasic (29.10
g, 214 mmol) in water (50 mL), followed by a solution of sodium cyanide (10.39 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. 'HNMR (500 MHz, CDCl3) 8: 3.15 (1H, brs), 2.60 - 2.68
(2H, m), 2.29 - 2.38 (2H, m), 1.89 - 2.03 (2H, m).



extract was dried (sodiumsulfate), filtered, and
concentrated in vacuo to give internediate 23 (0.235
g, 5.2% over two steps) as a brown solid. 1H NWMR (500
MHz, CDC13) 8: 10.54 (1 H, 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"1=12.4, 9.9, 7.3 Hz), 2 9- 2.19 (1H, m,
1.97 - 2.06 (1H, m, 25144(3H ,.)L--7.2 Hz).

LC MS [MHH] ' = 281.11. Alter iV reparation of

i ntermedi ate 23 from cycl obu?rﬁ?m}?g*?gig | nt er medi at e
24 O~) &0 5,8-Dioxa-spiro[3.4Joctane. A solution of
cycl obut anone (7.7 g, 0.11 nol)gn 5 et hyl ene gl ycol
(6.82 g, 0.11 nol) and p-tolu | fgpi c aci d nono
hydrate (200 ng, 1 nmol) in benzéne/ (200 nl) was
heated at reflux with a Dean-Stark trap for 14 hrs.
After cooli n%b the m xture was washed wi_th agueous

sodi um bi catbbRbloredsripickhbutapecgrhoniriteq Zinczhioride (36 g, 264
Wi th bring @adudluside ﬁgﬁ@&%ﬁbf&%ﬂg Bﬁ&e? Vaculin! r&E &HitENEnc was

concentrated to obt a| n (82% of internediate 24

as a cevded anddhe dvaevated ﬂaﬂ; ‘Mmu_ﬁbed(\@mmgogﬂso @he/fpsk vags dpaded with

? 5 I8-|7 éfi‘!flzmédlagi?(i 5. lgﬁil%d(ftﬁlmkeﬂﬁm 8%3’% 21 %07) 1) ahd @t?rrcd with

S: 109 hemmg O Chfer 3Fhque-Zhhe r%t@smlx(h@bm!s dlltmeddf\zlﬁ( wy (200 mL)
I nterned 2 (
2" 1] - b ety by AveE (D S0 RET L Hig0 i The cpmbined organic

oxy)) butaygrs mwﬂmﬂ Qsodam chifdie} tfipted comt eonceifteated toiam pilirevacuo. The

Cri mot PR PgYet spapietisd s Yoty SGto P BT QUi ipimedicte

cat al ygi ¢s. @Jgpym nﬂ{ol Zml4.’% &R tveDstépB) ad achéar Gigeill. WANSIR (500 MHz,
bat h of xture stirred at

t enper SD1R 5 H75 @H /S5 5 512 6t (RH1 075 @Hra?z 52-2.61(2H, m), 2.31-

1-(2- t@;@gﬂlﬂ)ﬂﬁsqb@nyb@{h%fs oxy) cycl obut anecarbonitrile
as a nobile oil: 13, 500 MHz) S: 3.75 (2H,

t, 13 =5 Hz, OCHR), 355(2H t,

Intermediate 22

OEt

0
Eto 0 ©
\
N\ N]
go

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 reroved 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.



J =5 Hz, OCH2), 2.51-2.56 (2H, m CH2), 2.30-2.37
(2H m CH2), 1.91-1.98 (2H m CH2), 0.124 (9H, s,
Si CH3); 13C NMWR (CDC13, 125.77 Hz) Sppm 120.43 (CN),
72.05 47 (C, 67.71 (CH2), 61.49 (CH2), 34.02 (CH2),
12.91 (CH2), -0.29 (CH3). LOMS mz 142 (M+H Si Me3).
A sol ution of

1-(2-trimet hyI si I anyl oxyet hoxy) cf#¢l obut anecar boni tril e

(3.5 g, 5 and 50 % aqueous_ hydr oxyl am ne
(1.08 g, 16A4°1H1%i’§) Sioh‘“Ell eftbe alpvaPily sefiddn ¢ exymf-handyater (10
oi | bap, Gﬁ@&&%dﬂhﬂﬁ?&lﬁt&h of diethhl a%e@[bqe&&h%x?ﬁfél(ﬁdz 025 mmol)

roomterrperature To a solution was ad

di et hyin ethaseh(S@mlai The tgastiph avae stirreddar 5 @mu!p? thelwmm)‘:d fqroom
an ic efeh%‘:ﬁtu?@ dnd Rﬁ'remf&tﬂL orsS tThE FéakicH wisQRMed with water (50 mL)
re or |

te er at S mxture was concentrate

acensl extradiest withetBylagetgfe 63 x 50 arldd Ehaxpasbined igxtgicts wage dried

01", BT oA 330 o 6

H m pwildbydlgsh sdlide gekgohsnm@u@n@&r@mmmg @tlalal@toﬁé% ethyl

(21 i ooy 503 oot G o give

CI 5H2 5iedmediats 22 6538 g, (8% ds BydtlotaA4ig whith wam tissd imuhiediately in the

5- hydroxyw%g#p?lgcf%ﬁi%@]e?%oxy“) cycl obutyl] - 6- oxo- I

6- di hydro- pyri m di ne-4-carboxylic acid ethyl ester.
solution of a crude internediate 25 éS 9 20 g) in

xyl enes (30 nlL) was heated alnter®ediate23C for 20 h. The
m xture was concentrated in vacuo and the residue
re-dissolved in EtOAc (30 nL) was gxtracted with | M

aq. sodi um carbonate sol ution W). The aqueous
extracts were acidified w tdoTaget addi tion of
concentrated HCl, and this m xtung extracted wth
CH2A 2 (2x20 m ). The combi ned org extracts were
dried (Na2SO4), filtered 25 and LNntrated to obtain
internmediate 26 (1.19 g, 24%over—three steps) as
brownish oil: LG MS niz 299 (MtH). 48 Internedi ate 27

0 fnes A 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,
CDCl;) 6: 10.54 (1H, 5), 4.46 (2H, q, J=7.1 Hz), 3.95 - 4.00 (4H, m), 2.67 - 2.74 (2H,
m}, 2.30 (2H, ddd, /~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.



NMs a O ~~Ovs 5 Ethyl

1- (et hyl sul fonyl ) - 5- (et hyl sul f onyl oxy) - 2- (1- ( 2-

(et hyl sul f onyl oxy) et hoxy) cycl obut yl ) - 6- oxo- 1, 6- di hydr
opyri m di ne-4-carboxylate (27): A cold (0C solution
of internediate 26 (7.23 g, 25 mmol ) in anhydrous
tetrahydrofuran was treated with

nmet hanesul f onyl chl ori de (Aldricthby dr opwi se

addi tion. The sol ution was rmed.to_roomtenperature
and stirred for 4 his. The 15EElRC3A was
concentrated i n-vacuo, and the crude product was

di ssolved in ethyl acetate (7%-1) and washed with
saturated sodi um bi carbonate sol ution. The organic

sol ution was dried (sodium:uyﬁbt%), filtered to
renove solids, and concentrated in vacuo to give
internediate 27 as a brown oil. This was used in the
subsequent 3, 8-Eaodsispiroffi 4/baaerie. Ausolhon oficycidbuadredin.? g, #111 mol),

3. 55 acageneyoatio e 3t i el proflggesilpng ot bfydare 200 me.

s), 3. 6amdlfin bedene (BP0 mL3 wad hehiteditat feBllx with,a DRkafStadk Oap for 14 hrs.
3H, s 2.74-2.82 (1H, .60-2. 67 (2H.,. )
(2. 41- 2‘?“‘5‘3 copling, tgymi T.f%%a@(v?agedt‘?“%@u?? S%&ymfﬁbm?@m solution

( MtH) : (sh@2ad4 15 Dy, ehiciivdthctirie 38 di2d (PhafXslumBEuEatd Ofilterdd and

gbggl ﬂ%@%&ﬁ&ﬂb%ﬁ%@%@(ﬁ%ﬁo g%wa'ﬁﬁe%esd FPRYE oloRess Tiquid: 'H NMR
teto ahmas,mamﬁzé%pﬁm.m,@gdﬁgb, anhysl, eUs- 9AEASH)UNG7 (2H, qt,
carbonate 25 (3.46 g, 25 nnngg, and the reaction was _ _

SCi 16U ik CHeh PCMREEBI TS 6457501755 109 G800 SHBT(BEL), 35.58

r enovegh R- nd the crude product was dissol ved

in matgthfggaxgH%hL) and extracted with ethyl acetate

(2 x 100 nL). The aqueous | ayer was nmade acidic (pH

-- 1-2) using 6.0 N hydrochloric acid, and the

resulting solid was extract ebitergdipiedbhy| acetate (2 x

75 nmL). The conbi ned extract was dried (sodium

sulfate), filtered to renove solids, and concentrated

to give internedi ate 28 (lxso g, 61% as a 5 light

brown solid. 1H NMR (500 CDA 3) S: 10.57 (IH, s),

4.46 (2H, q, J= 7.2 Hz), ;397 (4H s), 2.67-2.73 (2H

m, 2.27-2.33 (2H m, 2.10-Z 184(1k, n), 1.98-2.06

SR e

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 (CDCls, 500 MHz) &: 3.75 (2H, t, J = 5 Hz, OCHy), 3.55 (2H, t,
J =5 Hz, OCHy), 2.51-2.56 2H, m, CHy), 2.30-2.37 (2H, m, CHjy), 1.91-1.98 (2H, m,
CHy), 0.124 (9H, s, SiCH3); *C NMR (CDCls, 125.77 Hz) dppm 120.43 (CN), 72.05




(1H, m, 1.44 (3H, t, J=7.2 Hz). 13C NWMR (126 MHz,
CDC13) S: 169.56, 157.68, 150.41, 148.19, 125. 24,
79.09, 62.63, 58.52, 42.66, 34.72, 14.18, 13.87; LC M
(MrH): 281.13. 10 Internediate 29 o~ d- O
Internmedi ate 29 was prepared (50%yield) according to
the procedure for 15 internedi ate 24 IH NMR (500
MHz, C6D6) S: 3.49 (4H, t, J=5.5%%), 2.23 (4H t,

o). e PrabCHe i o AT A -

Intermmll alre3veas prepared (52%yield) according to
the procedure for internediate 25. '"H NWVR (500 MHz,

C6D6) S: 3.54 (2H, t,.F=6.1 Hz), 3.45 (2H, t, .F6.1

TZ%S (22|C_)| 6 ztﬁ&%eﬂsgor( é’fl“l,-(zrmmet’hy@ﬂar(yi’dibyetﬂ )s&c&bﬂmﬁ’ecﬁrbblrdnle G5e,
1.3% (168 ﬂ%oi) mdH§ % gm:eoga) hydpopylpmine L g, 16 @51910@0:1 g@pH (16 mL)

I nt er megi §ired3an & bﬁh&'&d%@@ for 2.5 his dalllthen cooled to room

Intermediate 31 was prepared (69%yield) according t
t he pr teomdratue.f By a saluticaryas gildeddragwise memc@mm@boxylate (2.93

I(-:|ZD§:1 3% g, 8t7 f’r&%@?(ugﬁl 1c§1-bgﬂ1§m€|tzls'é@1§tu% s%ﬁet%gt?gm% iemp]e%nﬁe for 5 hrs.

2 29 Tﬂls mxl(l@]wa;s cO nu'a_tecBlg vacup. t9 gbtgml-é 16rg of ajcrgiz brownish oil
(3H 45 .(3 ) N
(D yhaifihy wimc*g@% A MR engt 1o e Hym 172
32 O Q86 (2 H, m)2.06-2.24 (2 H, m) 2.29-2.49 (2 H, m) 3.26-3.38 (2 H, m) 3.65-3.76 (2
H, m)4.11-4.19 (2 H, m) 4.24-4.38 (2 H, m) 5.67 (0.25 H, 5) 5.85 (0.5 H, 5). HRMS
(M+H) caled for CysHy5sN>07 345.1662, found 345.1648.

Intermediate 26

S-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
g) in xylenes (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 aqueocus extracts were
acidified with careful addition of concentrated HCI, and this mixture was extracted
with CH,Cl; (2x20 ml). The combined organic extracts were dried (Na;SOy), filtered
and concentrated to obtain intermediate 26 (1.19 g, 24% over three steﬁs) as
brownish oil: LC/MS m/z 299 (M+H).




Et0O/ ON O0(0-) Acold (0C solution of internediate
31 (3.0 g, 9.6 mol) in tetrahydrofuran 15 (25 L) was
treated with nethanesul fony chloride (3.30 g, 29 mol)
followed by dropwi se addition of triethylamne (4.7
m., 33.6 nmol). The reaction was stirred for 16 hours
at roomtenperature. The solvent was renoved in vacuo
and the mxture was dissolved i #ethanol (50 nL) and
di met hyl formam de (25 nL). To_the slurr was added
pot assi um carbonate (1.36 g, dtemedgie27and t he
reaction was stirred at 20 roomtenperature for 16
hours, followed by heating (80 C) for 3 hours. The

sol vent was renoved in vacuo. Thé&™rude product was
diluted with ethyl acetat Ad washed with IN
hydrochloric acid (2 x 50 nL), ed wth ethyl
acetate (2 x 25 nmL) then brine n.). The sol ution
was then dried (sodium sulfate), f1tereodmsand
concentrated to give internedi at 2 (0.534 g, 19% as
a brown solid. "HNWR 51 (500 MHz, CDC13) 8: 10.64
(1H, br s), 4.45 (2H, q,.F--7.0 Hz), 4.38 (2H, br),
3.94 (2H, Ethyldi<(methylsaifonyd-58(netidlulfbbloxy)2-@6¢2- 2. 44

g_ 2H 67 n}nj_et}péss &gﬂlﬂ%ﬂ%?hﬂ%y}%b?g@ ) %i—osxc% j,érélﬁ%g}gr%glalﬂm 4 carboxylate
| nt er negh. a!\%ld:i@“cg@ﬂu% & Meﬁ\édlahha@bdzkl 35 mhnoly 111]anhyd.rous

4- Fl uoro-2- (] H 4-triazol yl ) benzonitrile

and 4- tetrphyglrofuan wias eagad with IyPt)m@SlflfﬂublP@B'é‘#Pz@Mﬂﬁil) pedropwise
To a sldifdnO %nglgtl(él vddsf\\!'aH?é@lQeil?\QMp%fahﬁe SrJdOstlﬂ‘ed of 4 hrs The

nmmol ) 10 dissolved I n THE and
added meaction vas cencenteatesdinivaguo wudw%t Baﬂgdlssv ed in ethyl

”Tm' ) g%gitet (b § nmg )éltl&%gsh\@@ &EEW ok d[g glcg'bt)ﬁ’a{te é}hﬂltgm The organic

filter and ncentrate e was adsor
ont o ssqhinm vgpe ldriech@odiumistlfate), fljerdd ta s¢movsisplidsaandgragehiyated in

el uting, g "/&Je%ﬁaq Q‘F%s%\br? SR Pis E@s %ng th  the %l%scquent

|nternE§|ate ess needl es
and i nteemmdwﬁma iﬁdhewgmﬁﬁaum nENs® (éO@\MineCEGbD 84.49%2H, q,J

(0,4 45?g§’1zé§1§54t %&{]{zﬁr ;Hf%ﬁrgo@ﬁ mg')a’% 6780 M% 653,65 211, m),
3.44-3.46 (3H, ), 3.05-3.07 (3H, 5), 2.74-2.82 (1H, m), 2.60-2.67 (2H, m), 2.41-2.49
(2H, m), 1.43 3H, t, J= 7.0 Hz). LCMS (M-+H): 532.94.

Intermediate 28
20

0

s

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



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, nm). LOVB (M+H) calcd for
COH6N4AF: 189.05; found: 189.13. 20 Internediate 34: 'H
NVR (500 MHz, CDCI3) S: 8.66 (IH s), 8.15 (IH, s),

7.79 (IH, dd, J= 8.5, 6.7 Hz), 7.69 (I H dd, J= 9.5,

1.8 Hz), 7.65-7.63 (1H n). LCMS (MH) cal cd for
COH6NAF: 189. 05; found: 189. 13 4% Interrredl ate 35

NIN NH2 F /x%g Fl uoro-2-(1 2,4-trjiazo

yl ) phemj) ks ﬁmléewcncaew(%r ilomLy Naetw?%w layer was made

(2.46 31 N By descBlovie deitl hnd He r8d blid Wadextracted
m) . Agcd‘é%ﬁi’sﬁ ihg 03 HyN) was added fol lu% et

10% Pdph cthglrorigiE. (5 FA& mh)x The eonpleined cxtragt v G‘i‘n‘ﬂ’e(ﬁ"qllﬂ“ aylfate),

55 psi fftQkd 6 Bmovd olid€ &ﬁﬁcoﬁc\!e%&a@& td dife RRdnediate 28 (4.30 g, 61%) as a
concentrated. The residu partitioned between

Et GAc Light benesolid. méNaﬂy@@@w%g:@&lMsm SO H £ 4-46/(3H 9,/ =7.2

PGS E S AR ED Gyt i 209 i AR B iy Lon20s

s), 7.8%,dH.400H, 47 -81.5Hzpb. &NMR(I%G&I:( OBClod; 16956, 157.68,

(2 01t 1424 2000 Cip Brndrge A ol 1597 Loms

found (vod).26i.13.nternmediate 36 F NH2 NH 15 N
luoro-2-(1H1,2,4-triazol -1 yl)phenyl)nmet hanam ne
hy& ochloride. Internediate 36 was prepared (79%
yield) followi ng the procedure for internediate 35
using internediate 34. 1H hMﬁh@ﬁﬂmmwﬂﬁ, Ch3CD) S: 9.25
(IH, s), 846 (IH s), 20
7.80(1H dd, J=8.6,5.8Hz), 7. 64(1H, dd, J=8. 8, 2. 4Hz), 7. 44( |
H td,J=8.3, 2.6 Hz), 4.17 (2bl, §). LCMS (MtH) cal cd
for CO9H ONAF: 193.08; found: 53 Internediate
37

Intermediate 29 was prepared (50% yield) according to the procedure for
15  intermediate 24. 'H NMR (500 MHz, C¢De) 8: 3.49 (4H, t, J=5.5 Hz), 2.23 (4H, t,
J=8 Hz), 1.63 (2H, qt, J=8 Hz), 1.24 (2H, qt, J=5.5 Hz).

Intermediate 30

0 B
0
o b R
0~ /r/\OH
0 Ciﬁ
\] 0

20
Intermediate 30 was prepared (52% yield) according to the procedure for

intermediate 25. 'H NMR (500 MHz, C¢Dg) &: 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




NH2 HCI F S~ 4-Fl uoro-2-nethyl sul fanyl - benzyl am ne.

4- Fl uor o- 2- (et hyl t hi o) benzonitrile 5 (prepared as in
Anthony, N. J. et al. PCT Appl. WO 02/30931, 2002)

(1.67 g, 0.1 nol) was dissolved in 20 nL THE and

under N2 treated with 10 nL 2M BH3. Me2S. Thi s was
heated at 60 C for 2 his. Heati n% was di scontinued and
Sm. MeCH was cautiously added, 81 | oved by the

cautious addition of 4 nL 6N HCl. Then 20 nL nore H20
added and Et OAc and the |layers were separated. The
aqueous | ayer was 10 nade baTitgnnvvi 1Iae3]1N NaCH and
extracted with CH2Cl 2. The extracts Were dried

(MS™), filtered, concentrated and dried in vacuumto
give internediate 37 (1.3g, o6%ims a solid. 1H NWR

(500 MHz, CDC13) 8: 7. 20/\7% m 6.90 (1 H,

dd, J=2.4 Hz) 6.75 - 6.86 91 K 3.86 (2 H s) 2.47
(3 H s). LM (MrH): 172. 15VNkptNtnediate 38 0 \

NxQ \ H F S~ N-t-Butoxycarbonyl-0(4~_-0H
fluoro-2-(nmethylthio)phenyl)nmetthnam ne. A stirred
solution of internediate 37 (5.1g, 0.03 nol) and 3. 3g
triethylamne in 100nL CH2Cl 2 under N2 was treated

Wit di-t- betethediie 31 RANFEParéd (689 yifld hd3SordM) Yo the procedure for
portionwi se and 20 stirred at roomtenperature for 30
mi n. THémmedipte 26 o BME(SA9 MHzs €D 51l &40 Hp)y3.84 (2H. t,
HCl ang.- : r i 1G5l [~} i V. , _
i1 tor o ang > L L B3 My B P o S p r e 5ae b 189
i nt er mb@P & n®g1.82 - h9¢ (Fhm)ol A3 GHALMWROFEDA .3 1MHz41 (1H, m).

CDC13) 1 81 P , m 6.89 (1 H dd, J=9.61,
2 20 1 M MAEE ARG T DS (11 5 4la (2
H 1@, J=5.49 Hz) 2.47 (3 H, s) 1.44 (9 H s). LCM 25
(MtH): 272. 54 Internediate 39 NH2 HCI F O

(4- Fl uor o- 2- (net hyl sul f onyl ) BremgdiptedRhanani ne
hydrochl ori de. A solution

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 1IN 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 selid. 'H NMR



5 of internediate 38 (8.1 g, 0.03 nol) in 100nL

acetone and 50niL water was treated with oxone (18.5g,

0.03 nol) and stirred for 10 mn. Then an additiona

18. 5g oxone was added and the m xture was warned at

60 Cfor 1.5 hrs. This was cooled, concentrated to

renove acetone and extracted with CH2Cl 2. This was
concentrated to an oil, dissolvéd in 20 nL ethano

and treated with 10 nL 6N HCl and warnmed at 10

for 2h(50RMHz &DCH) SsH)- Qﬂe(ﬁﬁsbrgea,\MSa(wumﬁW&Hhﬂefss (2H br), 3.91
Cryst apl £9ds. étﬁa%j’b%‘l;t%ﬂ%) H%6 -9 %zk%?fi!@d'ly?ﬁ%) 1.82-1.86

(2. cg) asd’cr ueous a er was nm basic
with Qo ll,ﬁﬂ-hlylﬁr(dkibmé, 1a4f3c{38xbﬂ%1?32 Ha)-further with
CH2C12 and concentration of the extracts gave a gum
which was treated with HCl in ethanol to give an
additional 0.9g of inter iRaihRlgiesd3 and34NVR (500 MHz,
DVMSO-D6) S: 8.54 (3 H s) 7.89 (1 H dd, 15
J=8.54,5.19Hz) 7. 67-7. 85(2H, m) 4. 40( 2H, s) 3. 41(3H s).

L Ms (MEH) = 204. Inﬂbrnedlate 40 Fjg~Of -N ~O 20
5- Fl uor o- 2, N,,N—trlne N benzenesul f onam --CNTo a
solution of 5- quoro 2- thyI benzenes

chloride (4.18 g, M THE ( vfs added
drop- wse in 15 n1n [ ution of .ﬁbthylan1ne in
THE (2M 25 ni, 50 frmo under nitrogen and the

m xture stirred for 5 mn. The insoluble materials
formed were 25 filtered and the filtrate concentrated.
The resi duet-RasroptfiH-i,ed-toiyzad-dbenzoritrile (&) and &Pt 1, 2, 4-triazol-1-

g il 3 ’ l? éO/ ot %erggn:gq!éllzg%? go&ltron Q?é%l\f&lllcqg%%r necjtnﬁ%%(&ﬁ%Q mmol)

S 1@. S&Sioﬁzetﬂm "BHF 220841, &1d-DMF)(4Qm$2 wasadded $)2 45Gazole sodium
7.12-7.18(1 7281Hdd,

H dd, dgwgtl\?l?ﬁ 38 ”,’_%glmo )Laegl mg nclm wasﬁ_igeés at Frf%rg%glaglétered and

41  Brconbenktrale® TR regdue'Swas adsorbed onto Silica gel and purified by flash

2- Brompnet hyl - 5f | uor o- N hyl - benzenesul f onami de

A i xt thremgpgraphy eluting w1t'h 0%-} 0%-30 % EtOAc/hexanes to give itermediate 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;) 3: 8.89 (1H, 5), 8.19 (1H, 5),
7.85(1H,dd, /=8.7,5.6 .Hz), 7.60 (1H, dd, J = 8.8, 2.4 Hz), 7.28-7.24 (1H, m).
LCMS (M-+H) calcd for CoHgN,F: 189.05; found: 189.13.

20

Intermediate 34: 'H NMR (500 MHz, CDCl;) 3: 8.66 (1H, 5), 8.15 (1H, 5),
7.79 (1H, dd, J= 8.5, 6.7 Hz), 7.69 (1H, dd, J = 9.5, 1.8 Hz), 7.65-7.63 (1H, m).
LCMS (M+H) calcd for CoHgN4F: 189.05; found: 189.13.



internmedi ate 40 (435 ng, 2.0 nmol) and

N- bronmosuccinimde (391 ng, 2.2 mmol) in CCl4 (20 nl)

was stirred in an oil bath heated at 80-90 C under
nitrogen for 5 mn. 10 To this m xture was added

2,2' -azobi si sobutyronitrile (AIBN, 100 ng) and the

m xture continued to heat at 80- Cfor 30 mn. After
cooling, the insoluble precipitates were filtered and
the filtrate concentrated an i by col um

chromat ogr aphy (Si @2, CH2Cl 2?’“ %&gba%eggn I nternedi ate

41 (440 ng, 74 %9. 'HNVMR (500 MHz, CDCl13) 8: 2.87 (6

H s) 4.86 (2 H s) 7.28 (1 H'NdSL j'--8.55, 2.75 Hz)

7.61 15 - 7.65 (2 H, m. LU I\/C(& H)y: 296/ 298.
Internmediate 42 N3 F 1 cO -Nj20 2 Azidonethyl-5
fluoro-N, N-di net hyl - benzenesul |, A mxture of
internedi ate 41 (880 ng, 2.97 ) and sodi um azi de

(200 ng, 3 nmmol) in DW (4 )nas stirred under

nitrogen in an oil bath heated at 55-60 C for 30 mn

and the solvent was renoved in vacuo. The residue was
partiti onedbehuRen(IEH? Cldrianil 1-\Wph&hi) maihbndnite BidBRRioBide.
phase mas_mgshed mﬁgh wat er, d[ﬁ%@ ?kéZSCM), filtered
and>56 NEdERHAA0 & EH1 Bmebves disselvedripber ethancl(35Q why Aqueous
Ny, 87 Hd éps‘ mBSING Wi lalquy femdwed‘v;lwbﬂ Pdi6 @iboMrg?. ThPfbdire was
8: 2.84 H s) 4.78 (2 H SL .29 - 7.34 (1 H, .
7.59 - stakgmugder Hy at 55pst fgr 4 hy Bleredipyr sclitgandgapespirpted. FTks residue
-N\C M%ﬂ:ﬂmw&ﬁ PtOAc and water. The aqueous phase was lyophilized to
fluoro-N, d|nethylbenzenesulfonan1de‘bédgochlorl e.

To a séivgtintermediniei 3tas o whife apwder£2.9680%4), B NyR{AI0MER CD:0OD)

THEL(1Q. & ( A _
trghedy T ShiEot S8 RGP 2 e WL LR A9, 108 (g 8,24
sti rr edzyTd@r(1H; tty.bg 84, 2.6 Hz)l 420 (IHs) THEMBM-d)apled farddH oNJF:
in vac ixture of the residue and 6N HCl (3

) 'nqﬁ%@ﬂﬁT%ng¢J%as heated in an oil bath at 80 C

for 20 h. This was washed wth CH2Cl 2, and the

aqueous phase basified with dilute
Intermediate 36

15 N

(4-Fluoroe-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;OD) 8: 9.25 (1H, s), 8.46 (1H, s),
20  7.80(1H,dd,J=8.6,5.8 Hz), 7.64 (1H, dd, /= 8.8, 2.4 Hz), 7.44 (1H, td, /= 8.3,
2.6 Hz), 4.17 (2H, 5). LCMS (M+H) caled for CoHgN4F: 193.08; found: 193.16.




NHACH and extracted with CH2Cl 2. The organi c extract
was dried (Na2SO4), filtered 15 and concentrated to
obtain free amne 43 (210 ng, 35 % as an oil. IH NWR
(500 MHz, CDC13)8:2.84(6H,s)4.10(2H,s)7.23-7.29(1 H,
m 7.53-7.60(2 H m; LM (MH): 233.

Al'ternatively, a solution of |ntermsd| ate 42 (23.6 g,
91.37 m®OIl) in EECH 20 (100 i) S4nd 5M aq. HCO (22
nm.) was degassed by bubbling N2 throygh it for 5 mn.
and 109%°d/ carbon (2.0 g) was!™ ‘Hﬂ‘éﬁda‘#ﬁl S mxture was
evacuated and vented to H2 (repeated three tines) and

| eft on Parr shaker for 20 h ungde M?_ 0 psi)
at nosphere. The reaction m'x vvas *iTtered,
concentrated and resultingrre d 8~ was taken up in

water (200 nL). This was extracted with EtOAc (3 X 50

m.). The 25 organic | ayer di scarded and aqueous | aye
freeze dri ettFusra@msiiolsalfanylberayigmingcdf 1‘@50‘2'&8?‘33’“*“0)*’3"20’1‘“‘16

yel kow, las iPAnthbdy. R TRehapEr f&?%lo&\@mﬂd@l NZO(}ml 679, 0.1

To a soldtion of Intefnedi ate 28

i n anhywhoves deselveden B9 mloTIﬁﬁmmdemNm«aateaa‘ggndgg@d gTNTIDéIEI -Me;5.
anhydr 9Hi§ B@a%&i' lt‘@?z 9@83%?‘1@ %&g@gﬁ%@ oi]mrf’u d aﬁﬂé@ﬁi MeOH was

and benzy rom
react i cautinagy sdded,rfeltbweid tbly thdtamﬁom gdditieh <E£)4 mb ENIECIh dhes 20 mL

o Mo AT FREB0R- g 1 s8 S RL o v
M0 anchadé lsmrw»lntt( BN NaQH and' hﬁracedmuluﬂﬂgﬁ)&s The Extragt webOdried

O for r fter V\,h . ndi cated. reacti an

whs coeRtu P tebonliled tnd S Py Bk FREbee Y 1.3
tb he ¢ L 7658)ap aa@limgmmk (ﬂ%&ﬁeﬂﬁveﬂm;;ﬂ? \/vazt()e-r?.:(l_-(4l®l, i) )6. 98t H, dd,
rought to -2 _Usin c c ]

ot oduct-WAERLeTs e beu Himy 3a e Sheal R L JotinayBan: 172
dried (Na2SO4), filtered and concentrated to give

0.13 g (100% of internmediate 44 as an oil which

solipdi fi ed upon standing. Theerinadiek38di ate vvas used

in the follow ng reaction wthout further

purification: 'H NVR (500 I\/Hz CDCl13) S 7. 54 (2H, d,

J=7.3 Hz), 7.30 - 7.38 (3H, i , s), 3.95 -
4.01 (4H m, 2.67-274( 2.41 (2H,

m, 2.06 -

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 HC1 and water. The organic layer was dried over MgSQy, filtered and
concentrated to 1e£we 8.1g (100%) of intermediate 38 as a clear oit. '"HNMR (500
MHz, CDCl;) 8: 7.22 - 7.29 (1 H, m) 6.89 (1 H, dd, /=9.61, 2.29 Hz) 6.75 - 6.83 (1
H, m)4.93 (1 H,s)4.31 (2 H, d, J=5.49 Hz) 2.47 (3 H, s) 1.44 (9 H, 5). LC/MS

25  (M+H):272.



2.14 (2H, m. Internmediate 45 HON- OOCBn NO F I
/ HNt N 20 JO) To a solution of internediate 44
(obt ai ned above) in dinethylformam de (3 nlL) was
added O (7-azabenzotriazol-1-yl)-N

N, N ,N -tetranet hyl uronium hexafl uorophosphate (HATU,
0.167 g, 0.44 mmol) and the m xture was stirred for 20
58 mnutes. To this was added

2- (am nonet hyl ) - 5-f 1 uor o- N- net hyl henzam de

hydr ochl ori de (prepared accgﬁfﬁr%‘ﬁ‘gi‘tﬁ% Egbertson et
al PCT Appl. WD 03077850 ) and

N, N- di net hyl ami nopyri di ne (0,088 9 (qep Mol ) and the
reaction was stirred for Gﬁ? he sol vent was
renoved in vacuo and the cg uct in ethyl 5

acetate (25 nL) was washed with 1 0 N hydrochl oric
acid (25 nL), then dried (Na2sO4), filtered, and

o < e P o P A st

el Ul i NgF ileinieddRIA8 (e 18000 Rinblylin 10086 sk®dné tnd FOKANeater Wi treated

0 Ve, 3 SEbOELTE5b s bl il |5 e oon

45 (0. Xladded AAMOMBEurt Was &Iuﬁﬁa)at ﬁS"(&fo\‘\ﬁﬂ iath@s llmlsgm&wed,
solid: "H NWR (500 MHz, CDCl3) S: 8.62 1Hl t
2

Hz) , 7congenjrated tq gmove metonq a:zipx?raggd T’QFIC ﬂu‘i g.raf q_qqcentrated to
dd, J=§ (%l d%scﬂv&ﬁﬁ 20 ErLQa%xaﬁal"&ld @Eated] Wﬁh 26} m% 6N H@ and warmed at
6.49-6.58 (1 n, 8 (2 s), H d, J=6.4

Hz30 36®MY- tor @m Rmmvalrpf soigeng&a@r@ ngm dvh.l gry}@;hzed from ethanol to

2, 7122%117{951{%?‘3"‘%} 9 Fz @%gr’agcrg%%sﬁm% Lé 6%"%‘ %?s%?%delb'ikm with

| ni er nmmammnm@dmme aiM RtractddONirth@0vith CH,Cl, and concentration of the
2- (] H ‘ i
o f1 uo%xct) atts gJe r?.a%%lg‘l Yﬂicﬁ%@&%ﬂﬁﬁ%&x I—IIéIQP og ?&&Ué&%&dﬁfonal 0.9¢g
1,2, 4- (bﬂlntaﬁﬁﬂdﬁlteSIMIlHrNMRr(ﬁﬂl(EMH(ZZDmSQl-Da'B b Hyw 79 (1 H, dd,
SULTed g d) 519 Hz)7.67-7.85 (2 H, m) 4.40 2 H, 5) 341 3 H, 5). LC/MS (M+H) =
204,
Intermediate 40
O
F s%
\
20

5-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 (SiO2, 5 % Et;0 in CH;Cl,) to obtain intermediate 40 (4.3 g, 90 %}
as a clear oil. 'HNMR (500 MHz, CDCl3) 8: 2.57 (3 H,5) 2.82 (3H,5) 282 (3 H, 5)




THE (7 nmL) and DMF (14 nmL) at 95 C for 18 It. After
cooling and concentrating, the product was
crystallized fromhot CH2Cl 2/ hexane (1:1) to give the
title conpound as a white solid (4.25 g, 100%vyield).
"H- NWVR (300 MHz, CDC13) S: 8.74 (1H, s), 25 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. LCVS [M+H' ¢3l cd for COH7NA:

171. 06 o] v 171, I nt e di 4 IN

52 (14 SRR @ Hon R PO e 52 £,
hydr ochdaue gag+Hh.2ugr nedi ate 46 (4.25 g, 25 nmmol) was
di ssolved in EtCH (50 nL) and IN HO (25 nL). Added
Pd/C (1 g) and mi xture was shaken under H2 for 2 h at
50 psi. After filtration ove and
concentration, the residue \/\k%"inF‘il?tﬁ?ét ed with diethyl
ether and the title conpound was collected as a white
solid (3.94 g, 75%yield). 'H NVR (&0 MHz, 10 CD30D)
S: 9.01 (1H, s), 8.32 (1H, s), 2 787.64 (4H m), 4.15
(2H, s). LCMs [M+H' calcd fo H11N4: 175. 09;
found: 175.17. Internediate 4 N9, NNCN 15 F
4-Fluoro-2(2H 1, 2,3-triazol -2 yl ) bgnZonitrile: To a
solsution of I1H1,2,3- triazole (3.5.g, 50.7 mmol) in
THE (10 nL) and DMF (20 nl) was added portionw se,

NaH (1.3 g, 51 nmol, 95% . The m xture was stirred at
room t enp f%ﬁrommg@ylnq ﬂuorAM@tmghﬂWp@em{ﬁ)mmde A mixture of

2, 4- di fileHRERhe iz ans hig 2.6 n(rz Cﬁmger-gﬁart]imigér%nu\?mﬁiiét(ﬁeﬂ%g, 2.2 mmol) in

mxture was stirred at

m xt ur€Claé2) mbheesstirrad @@n@pﬂdmﬁmehﬂed 8iBORP °G yngennitrogen for 3 min.

IEHOMRL L L 1 B O D

yi el d) mixhh‘b. Dfin (<I00 hédtiat 30SHCT3Mor 80 min. WRfter c@dtingsthe insoluble

Cal cd ey onetestond o e oprhracrbRSR pIEHY cotumn

chromatography (Si0,, CHxCl;) to obtain intermediate 41 (440 mg, 74 %). '"HNMR
(500 MHz, CDC;) 6: 2.87 (6 H,s) 4.86 (2 H, 5) 7.28 (1 H, dd, /~=8.55, 2.75 Hz) 7.61
15 -7.65(2H, m). LC/MC (M+H): 296/298.

Intermediate 42

20 2-Azidomethyl-5-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,SOy), filtered and



Internmediate 49 n NNNNH2 HO F 5

4-Fl uoro-2-(2H 1, 2, 3-triazol -2 yl) phenyl ) net hanam ne
hydrochl oride: Internediate 48 (0.34 g, 1.8 mml) was
di ssolved in EtCH (50 nL). Added to this solution was
IN HCl (10 nL) and catalytic Pd/C The m xture was
shaken under H2 at 55 psi for 4 filtered over
celite and concentrated to give ?ﬂe title conpound as

ﬁl/l—|zye| | ow soI [ d%s‘g%lg?él gl)%lte“f(g%%) %1’{’)-?'}'-“‘&&5’6 5001 EINMR

4.9, 2(5@0'1#91@ cbcigzj a(iskkﬁ ﬂog)4373fzﬂ ;%7229 -&.34) H, 31)3'459(1764 (2H,
H td, , 4.35 (2H, s). LCVS [ MtH] +

cal cd F’@rr C9H| ON4F: 193 08; found: 193.16.
Internediate 50 1sSO 11 0O CN | 1~1 15 2

-(1, 1-dioxo-LZ6-[1, 2]thiazinan-2 yl)benonitrile: Added
to @ solution of 1,1- dioxol fhtethtdibtaagnane (3.37 g, 25
mmol) in DM (35 nL) was sodi um hydride (0.675 g, 25
mol , 95% and the m xture was_stirred at roomtenp
for 15 mn. 2 20 Fl uorobenzo Rl eNBC37 ., 31.3
nmol ) was added and t he m xtu s,sostirred at 80 C
for 18 h. The mixture was &ooled.; & | uted with water
and extracted with EtOAc. The oP\ganl c phase was
washed with water and brine, dried (Na2S®»4) and
concentrated. The residue was purified by flash

chr omat ogr aptiynieimehyiics ﬂﬂ&h-MM—%neﬂﬁMhMbMMdmchIoﬁde.

Thelslatdso al i,z

i onc! R ARl G ) Br 2 hreD R L weter @

whit e milyshsidiled diphényiphosihtaey 74l relg,.2.8 timblyRing Je0mixMriz stirred

CDC13)'770 1,.d 64-.7.53 (2

m, emlr-rr’g%é%ffa e 115 o' éfa%orﬁgg n@wﬂz&n{imﬂxw‘e ofthe

3.5 Hzaemdﬁe and 6([\211‘81 (13 mI_J)-m ﬁde@l—f‘@)mL)Zwa(éQleﬁecﬁﬁ ab dllbatiat 80 °C for

2. 05- 1 97 2H E I—{| cal cd for CL1HI2N202S:

237. 06, 0k.g awa%gmhi(b\wth H,CI;, and the aqueous phase basified with dilute
NH4OH and extracted with CH,Cl,. The organic extract was dried (Na;SO4), filtered

15  and concentrated to obtain free amine 43 (210 mg, 35 %) as an oil. "HNMR (500

MHz, CDCl3) 8: 2.84 (6 H, 5)4.10 (2 H, §) 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 mmol) in EtOH
20 (100 mL) and 5M aq. HC1 (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. |



Internediate 51 5 cJ O NH2 HC

2-(1,1-dioxo-1d6-[1, 2]thiazinan-2 yl)benzyl am ne
hydrochl oride: Internediate 50 (2.63 g, 11.14 muol)
was di ssolved in EtOH (150 nmL) and IN HC 10 (13 ni).
Added to this was Pd/C (0.5 g) and the m xture was
shaken under H2 at 55 psi for 24_h. Filtration over
celite and concentration gave thé’title compound as a
white solid (2.93 g, 95%yi eI d). 'H-NI\/R (300 VHz,
CD30D) 8: 7.61-7.47 (4H, m, Intgrmeg e o 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. LGYS pbhkH ' calcd for

Cl 1 HL7N2SQ2: 241.10; found: 241410 15 Intermedi ate
52 0, / ' ON'r CN F | 2@'01%@0- 2- (1,

| -dioxo-1 A6-[1, 2]thiazinan-2 yl) nitrile: To a
solution of 1,1-dioxo[1l,2]thiazinane J(8.84 g, 65.4
mmol) in DM (20 nL) and THE (10 Owas added
portion-w se sodi um hydride (1.65 g, 65.5 nmmol, 95%.
After stirring for 30 mn, 2,4-difluorobenzonitrile
(10.0 g, 72Temedlytionet immeéﬁat;rié (@13 &i036F munelhin anhydrous

if)lncentrat ﬁdﬁn%&?%g%n@% V\g&rg‘sﬁ”% 'é‘ﬁ%g‘l?g‘?ﬂ‘a h%g’ 147

c hr omamoapllpquid ypemylibromide (D 0711 @,%ma)m Mieargaztion was stirred with

give h und as white needles 37

yi el d) helipg H{\()R%() 50 B pepr vdsefipegnA pER. 5 Pfﬁ&é‘ﬁ Aixture vas

J= 8. 8added &ithiiz hydto:xdQe (0]034 gdﬂi92 ﬂmmo&i) &ateQ(Séinﬁla)ld ethanol (5 mL).

7.15-7 111, .33

(211, il' l1ic @Sct@nivaﬂft)trredé&i )thogé h((lE& fﬁewmgl?ﬁ%%c ted reaction

(218, vl cortfi® TidtGlventGRdsGendwea :ﬂakbﬂ%hl@&@%ﬁ.de aﬁﬁuaﬁvas

found: 255.19. 5 Internediate 53
dissolved in water (~10 mL) and brought to pH 1-2 using 6 N hydrochloric acid. The
product was extracted with ethyl acetate (3 x 30 mL), dried (Na:SO,), filtered and
concentrated to give 0.13 g (100%) of intermediate 44 as an oil which solidified upon
standing. The intermediate was used in the following reaction without further

15 purification: "H NMR (500 MHz, CDCL) &: 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 (ZH, m), 2.06 -

2.14 (2H, m).
Intermediate 45
0N
~ 0 OBn
Na N

F DIJ
20
To a solution of intermediate 44 (obtained above) in dimethylformamide (3

mL) was added O-(7-azabenzotriazol-1-y1)-N, N, N, N -tetramethyluronium
hexafluorophosphate (HATU, 0.167 g, 0.44 mmol) and the mixture was stirred for 20



OS'N NH2 Ha 4-Fl uoro-

2-(1,1-dioxo-1A6-[J, 2]thiazinan-2 yl)benzyl am ne
hydrochl oride: 10 Follow ng the procedure for
Internmediate 51 using Internediate 52 (1.37 g, 5.4
nmol ) gave the title conpound as a white solid (1.58
g, 100 %yield). "HNWR (300 Mz, CD30OD) 8: 7.61 (1
H dd, J= 8.4, 6.2 FE) 7.38 (1H 584d, J= 9. 3, 2.7 Hz),

1377 ronpmie. o s yas goed 2y %m@ézlig-fﬁl‘%ﬁ"(g%‘{ethy nZamide

2. 40- 2 hdodhickle (ikparell d06ordind o M2 Bgbeikon dtQMCT Mbbll WO 03077850)

ot g?nf@gc{ N lé*&t%wmw @1998%303 S1A a0 Fhegpaciion was stirred

1- (2 cmrqs%ﬁ@yﬂ&%ﬁlemtraﬁwwmub bnd Be trhdSH@duds inethyl
prepared according.to Bur k et

Het ér 0 &SPt Mg yvas yashed yeth | %demhlwld &agﬂau*a@udfied
ol s g, H00) FRHrEE aR bnbdhGra®@ kd BilOdh Hasze HREWH ﬁih&d mStv&als

ammoni a. The reaction bottle was seal ed and war

90C wi Pifigdibyflapysikicaeebeplyn chrpaptographys ﬂgti%thm@% to &% ethyl

react i gidOiniHeLand@ o GRER &S’loﬂ’&@'oﬁ ot vt @athﬁfu?ated with diethyl ether
evaporat ed under vacuum LC/ "H NMR

(500 vepd drichin-33cug o giveiptepmediate 1%) 1011%)1@ 54% oxey tyo pigps) as a white

2 I Q?XQ g/ .
goljr%tl gﬁa Sgggﬁoﬁ HWWP@%M& oxyf8 6%@&90x}_fl%ulrl\fi{aér:)a.]—94 751 GH,
[ prepamad’. 2% bBﬁ (36‘& myT. bk{l Hetdhy=8.82. éHe), G,’DSQILH,git, Jr831%7 Hz),
| {
caul var et R R 3R BT e o, & 06 il M Rog. AR, ). 298 G,
dr ops EIBHW)SI TI-2.79 (H, gy 2.20236 G3H.inm), 2@4#Q4Eﬂfl}m)4va@4-2.ll
added hﬁéﬁggé%%37ﬂf mL EtOH and with stirring
_ 0715 . .

60% Na was added portionw se.
Thils was stl rred for 10 3 h at rt and concentr at ed.
The residue was dissolved in 2 eém\%% washed with
wat er. The CH2Cl 2 | ayer was d ver "MySO4, filtered
and concentrated. Chromat ography on silica and
elution with 9:1 CH2Cl 2: Et 20 ga\(lg_\GOOrrg of the title

73\
¢
"

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;) &: 8.74 (1H, s),

25 8.16(1H,s), 7.82 (1H, dd, /= 4.9,1.3 Hz), 7.77-7.25 2H, m), 7.57-7.51 (1H, m).
LCMS [M+I—I]+ calcd for CoH7N,4: 171.06; found: 171.12.



compound 55 (Yield = 19%. LCOM (MHH): 369. 'H NWR
(500 MHz, CDC1.3) S: 1.29 (3H, t, J=7.2 Hz), 1.56
(11-1, s), 1.68-1.80 (3H, m, 1.85-1.96 (11-1, m,
2.04 15 2.17 (314, m, 4.03-4.08 (11-1, m, 4.03-4.10
(2H, m, 4.22 (111, q, J=7.0 Hz) 432 (1H, q, J=7.0
Hz), 4.63 (11-1, s), 5.24 (2H, s), 7.28-7.40 (31-1,

m, 7.47 (2H, d, J= 6.7 Hz). | nP8r nedi ate 56 20 0 OH
O N N64 Internediate 55 \NZI_? dl%SO|Ved in 15 nL TFA
and stirred at rt for 16h. Th Trenoved and the
crude chromat ographed on C 18 using 10% CH3CN H20
initially as eluant. Product eluted with 20% CH3CN.
Pure fractions were concentriat®d and extracted wth
CH2Cl 2. Evaporation of the so weht 1eft 300 ng 5
(Yield = 51% of the title conjound 56. LC/ M5 (M+H):
279. "H NWR (300 MHz, CDd 3) 1. 8HBH, t, J= 7.1
Hz), 1.65-1.79 (4H, m, 1.84-Y4.97 (2H m, 2. 002 12
(4H, m, 3.98-4.08 (2H, m, 4.44 (2H, q, J = 7.0 Hz),
10.78 (1 H s). Internediate 57 10ro NOSOI \ O

To g sol ut 'PPHP? 214 tﬂfaéHI())S@pﬁerf?féﬂéﬁbﬁ&[zﬁe e ﬂx@crﬁ‘lediate 46

g, 70 mol) and trie

i et by (CEb2S 5wlmgs disovedinO (60 i3 sl 5 mD). Added
dr opw pgrct (9 %)(de“rfﬁixﬁfri]é A& hddnunder I-?zjfom!it)mg)gﬁ %e\‘ ﬁpcra'tlﬂn over

CH2Cl12. The"resu suspension was stirr
te n‘pe r eglity @dsomemamwmmg ree@uq\mm@weti with dxeﬁwhetb%rgnd the title

the il RARE WEBLER LORER 0 FRT50 G, 1R oo v

" HIONVRCD30D) 3H2,01 COG) s3)8. 8 (17, §17.7R 64 YH, I, 8.19 (3)s). LCMS

7.28 (ﬁkhgflf@r%f%cog% 173@3?@&?‘&?’17%?17. 3.11 (4K, t, J=

5.8 Hz

Intermediate 48

i\
N

Jﬁw
is 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, CDCls) &: 7.92

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



20t, J=5.8 Hz). LCVM5 (MtH) cal cd for Cl4H20NO4S:
298.11; found: 298.16. Internediate 58 0 HN OO0 NH
J O\ NOOO~) HOG65 To a stirred solution of
zinc iodide (2.05 g, 6.26 mmol) and Internediate 57
(9.3 g, 31.3 mol ) in dichloronethane (10 nL) was
added trinethylsilylcyanide (4.29 nL, 31.3 mmol) with
wat er bath cooling. The resultin@onixture was stirred
at roomtenp for 2 h and congentrated. The anber oi
was used in the next step mﬁtﬁ@ﬁ?aggeﬂarification. To
sol ution of above crude in EtOH (60 nlL) was added
hydroxylamne (2.1 niL, 31.3 , 50wt % i n water) and
the resulting m xture was sti&fe at room

tenperature. After 18 h diethylncetyl enedi carboxyl ate
(6.0 nmL, 37.5 mml) was 10 added_and stirred for
addi ti onal 3 days and concent Jd. Mied'Y esi due was
purified by flash chromatograpky el uting with

0% 25% 501/ o Et CAc/ Hexane to give the Internedi ate 58
as a yellow foam (11.72 g, 71%. 'H NVR (300 Mz,
CDGL3) 8: 4 (2PH-Y 2 3)Fiadul-B- At ide:
8.2 2.0 H) flﬁéozzgﬂ({lf'ﬁlf J”é’ﬁ'?“’% Sphen ity e, yd rotloride _
4. 19- Ain@emédiag 4840.343, 8 B8mel wag dissobyed iR EEOH $040l) Added to this

1% >0y g Uy ety o e
2. 05- 13t89 pgidpt 4 h.ifiliered bvgelite and ¢@eentrgjed to givstheNaipicompound as a

calcd far 4 1o 02284 207 %ﬁ%ﬂ ‘ A3 A s 2H
ool o Ly SRS E R A g . Bromr o 2.3
10 7.87(1H,dd,/=4.9,2.6Hz),7.73 (1H, dd, J=4.9, 2.6 Hz), 7.34 (1H, td, /= 8.2,
2.7 Hz), 4.35 (2H, 5). LCMS [M+H]" caled for CoH oN4F: 193.08; found: 193.16.

Intermediate 50

K
>
15

2 -(1,1-dioxo-1A6-{1,2]thiazinan-2-yl)benonitrile: Added to a solution of 1,1-
dioxo[1,2]thiazinane (3.37 g, 25 mmol) 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;SO4) 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;) 8: 7.70 (1H, dd, J=7.7,1.1 Hz), 7.64-7.53 (2H, m), 7.41 (1H, td, J =



0SO 1, 2, 4-trimet hyl benzene (100 nlL) was added to
Internmediate 58 (11.7 g, 22 mol) and the m xture was
stirred at 140 C for 3 h. The m xture was cooled to

25 room tenp and concentrated. Residue dissolved in
CH2C12 and insoluble solids renoved by filtration and
di scarded. Concentration gave the Internediate 59 as a
brown foam (5.02 g, 47%yield). 6&vs (MtH) cal cd for

50 0 19 E19.07 (@b e 5N Ry PG s ARGEP IR G m

| nt er @Aty (31, (. [OCS [161-+B1] haadd)forrDQH|,N@iSh g3 A0; ficund: 237.10.
(2.5 nm, 18.7 mol) in CH2CI2 (8 nmL) was cooled to O
C. To this was added to nethanesul fonyl ehl oride (0.47
m_) 6.3 mmol ) and the result ijggmddiatesle was stirred
ge gradually warmng to roomtenperature for 18 h.
The’m xture was washed with water and the organic
phase was dried (Na2SO4) to gi a brown foamthat was
10 purified by flash chronat%@?gEhy el uting with
10% 50% Et OAc/ hexane to gi ve 4 hs Intermedi ate 60 as a

yel l ow foam (0.477 g, 14%yi gl NVR (300 MHz,
CDC13) S: 7.63 (2H d, J= 8. WHgl (2H d, J=
8.0 Hz), 4.41 (2H, g, J=7.3 : 3. 92- 389(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 Hg)i- d:lvxtﬁ9l& ﬁﬂ]tﬂzazmbn 27yﬂbehﬂ/)amtke@ﬁrociz@nde
(MtH) cal cd for 09S2: 542.12;

nd:
| nt er nEWgrmedialg 50 (%G%g,fll létr@lolbww,dlf;@olved in EtOH (150 mL) and IN HCI
10 (13 mL). Added to this was Pd/C (0.5 g) and the mixture was shaken under Hj at 55

psi for 24 h. Filtration over celite and concentration gave the title compound as a
white solid (2.93 g, 95% yield). 'H-NMR (300 MHz, CD;0D) 8: 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]" caled for Cy1H7N2S0;: 241.10; found: 241.10.

15
Intermediate 52
2]
a
o
F
20 4-Fluoro- 2-(1,1-dioxo-116-f1,2]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)



HN 20 To a stirred solution of Internmediate 60 (0.411
g, 0.76 mol) in THE (10 nL) at cooled to -78 C was
added dropwi se a freshly prepared m xture of sodi um
(0.42 g, 20 mmol) dissolved in Naphthaline (2.56 g,
20 mol) and THE (20 nL) until the 67 blue col or
persisted. The resulting m xture stirred an additi onal
1 h and was quenched with I N HCP2 The aqueous Iayer
was washed with Et CAc and freeze drie

wer e pér 71‘70@(1{ 8¢, L7 8 8at-AHHz)d-H0kLid ‘(dYWC%%ﬁEﬁ)eHS 712 (1H, m),
CDS- A X, J59§f‘ﬂz),"§b3@"&h'2t0]f 3110/?15':@)1@-2%9 (ﬂl;\h‘%) 5106.2.01 2H,

Interrredl té 61 as white so

yi el d) m). L@MS([WH] ed¢dlar f:uHumH@@cmgﬁ fg_md ?M

found: 310.10. Internmediate 62 NN N NH2 HC FlO
(4fuoro-2-(5-nmethyl-1H1,2,4-triazol-1

yl )phenyl ) met hanami ne  hydr ochitermiediate 33nt er nedi ate 62
was prepared according to procedure for internediate
35. LCMS (MHH): 207.2. 15 Internmediate 63 N N, N NH2

HCl  F (4fluoro-2-(3-nethyl- (é* ,4-triazol -1
yl ) phenyl ) net hanani ne 20 hy NsQC oride: Intermediate

63 was prepared according todrtcedure for
internedi ate 35. LCMS (MtH): 2 ~28. 185
I ntermediate 64 and 65 fi- N 2

F

4-Fluoro- 2-(1,1-dioxo-1A6-[1,2Jthiazinan-2-yl)benzylamine hydrochioride:
10  Following the procedure for Intermediate 51 using Intermediaté 52(1.37g,54
mmol) gave the title compound as a white solid (1.58 g, 100 % yield). 'H-NMR (300
MHz, CD;0D) 8: 7.61 (1H, dd, J=84, 6.2 Hz), 7.38 (1H, dd, /=9.3, 2.7 Hz), 7.28
(1H, td, J = 8.2, 2.7 Hz), 7.26 (2H, 44, J = 21.4, 13.7 Hz), 3.93-3.84 (1H, m), 3.50-
3.41 (3H, m), 2.40-2.31 (2H, m), 2.04-1.96 (2H, m). LCMS [M+H]" calcd for
15 CiuH;eNFO,S: 259.09; found: 259.24.

Intermediate 54
HN

Otm

To a solution of 1-(2-chloroethyl)cyclopentanecarbonitrile (1.38g, 8.73 mmol;
prepared according to R. M. Burk et al Heterocycles 1993, 35, 205) in 40 mL MeOH

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

20

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, CDCls) 8: 1.50-2.33 (10H, m), 3.53-3.78 (2H, m).



NNNN CNCN F F 5
4-Fluoro-2-(3-nethyl-1H1,2,4-triazol -1

yl )benzonitrile and 4-fl wuoro-2-(5- nethyl-
H1,2,4-triazol-1 yl)benzonitrile. A solution of
2,4-difluorobenzonitrile (7.07 g, 50.8 nmol) and
3-nethyl- I H 1,2,4-triazole (4.22 g, 50.8 mol) in
N, N- dimethyl formanide (45 m) w43 treated with
powder ed anhydrous potassium _carbonate (10 g) and the
resulting mixture was stirredRempdiate$Sor 181L The
solid 10 was then filtered and the filtrate was
concentrated in vacuo. The residue was diluted wth

et hyl acetate, washed with water and ne, dried over
anhydr ous magnesi um sulfate and con rated. The
m xture containing the 2 and 4-triazol yl -benzonitriles

was purified by a conbination of ghrgnaatography on
silica gel ( elution gradient of jethyl pcetate in
hexane) and on reversed phase/ED [ to give 1.86
g (18 %yield) 15 of Internedi atengd mnd 0.526 g (5 %
yi el d) of Internedi ate 65.
4-Fluoro-2-(3-nethyl-1H1,2,4-tria
yl)benzonitrile. white crystals (ethy acetate -
hexane) ; np 117 - 118 C. ' HNWVR 400 MHz (CDC13) 8 (ppm
: 2.54 (3H, s, CH3), 7.24 (1 H m CH), 7.62 (1 H,

dd,5J = 2. Srédschibndf dethyll2 (enzflbly)-3/hydfbxffuntdratePrepared from

Anal . CtPRaRY G e e (TSl i g gl b g1 moD) with

Fo ]9 nd: axﬁeq!iﬂla[%ﬁt ankd;uat H30dibn%hgdBde in 40 mL THF and 2 drops EtOH by stirring
4-f uor H-1,2

y1) be [ 020 ST b Etgklcwg;sapqu;in%é{?%m S4.ig, 19w BOH and with

hexanea 0b2 BaH (360 Ob'w\'ﬁo %M&dﬁ&@@ﬂﬁﬁs BIHiPw stirred f
2. 56 tlrn}'xg% 255 CH3 30 (1H, _dd 5 andsm >

Ty rt aré_ﬁonccpt,ts@d( D“F reﬂflu@ﬁs d13;s0@gd r(nlql]i-IzCéFda.nd washed with

= szaﬁld The TR ngr wdshdrieSofle Mghth, fHiterdddhd c&{tahtrated
| cd for G OH7FNA: 59.40, H_3.49, N 27.71; Fou

59. 3Ghromatperaghy ep silicazpd ehyjomwith Prit(Hathakitef? G EO0RE i he it
H2  Ernfholhs3s (Yield = 19%). LC/MS (M+H): 369. 'H NMR (500 MHz, CDCl3) &:

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 GH, m), 4.03-4.08 (1H, m), 4.03-4.10 (2H, m), 4.22 (1H, ¢, J= 7.0 Hz), 4.32
(1H, q,J = 7.0 Hz), 4.63 (1H, s), 5.24 (21, 5), 7.28-7.40 (3H, m), 7.47 (2H, d, /= 6.7
Hz).

(@ IS

ZOQ

Intermediate 56

/\Ow\fo

Na. N

X

20



5 (4-Fluoro-2-(3-nmethyl-111-1, 2, 4-tri azol -

yl ) phenyl ) met hanam ne hydrochl oride salt.

Hydr ogenati on of
4-fluoro-2-(3-nmethyl-1H1,2,4-triazol -1 -
yl)benzonitrile (0.680 g, 3.36 nmol) gave 0.720 g (88
%yield) of the title hydrochloride salt as a white
sol

id. 'HNVR 400 M4z (DVBO-d6) 8%tppm) : 2.40 (3H, s,

4. 028&2 H edfie %PY'%? dissélvgg pé ﬁm@m%%ﬁﬁ%q%n(téﬁ 6h. The

J = 6( IFfoIzNaalfdimee&mgi tgae tiade Eimatd e(:ll)n|ﬂ‘,18$1sm§3|ﬂ)°a CH;CN/ H,0
HR NB ESt .cal cul at or, C.0H 207. 1046
; o niutial 12657"1%1175’0‘11‘%@?%@03 aﬁ@s WEE F

& . HCl corledntiated Qh@ exdraced mmﬂzclngﬂza&rékmhrdf #&@blvdnt left 300 mg

yl ) phen nmet hanam ne hydrochlorldﬁdsal i

Hyd ? 095%51)9 =¥ Yp)rof the tifle compound 56. LC/MS (M+H): 279. 'H NMR (300 MHz,
4- 11 UOCBC%? §5r. ﬂ?%?hyk g, ﬂk@),ﬁsfl'@?(;?h - ), 184 1. 970(2H t(n) 2000~2 12

yl)benzonitrile ave 0.

%u yi el4d mif 3.5t 8(2&@)2@44152&{ achr il lé)aﬁst(leS)a

white solid. 1HNVR 400 MHz (DMSO-d6) 8 (ppm : 2.42

(3H, s, CH3), 3.78 (2H, m NCH2), 7.58 (111, in, CH),

7.67 (11-1, dd, J = 2.8 Hz anintgmediate 57

=9;¢Hz, CH), 7. 90(1H dd, J=6. OHzandJ=8. 6Hz, CH) , 8. 22( 1H, s,
. HRVB (ESI) cal cul ated for CloHL2FN4 [ MEH +] :

207.1046; found : 207.1041. 70/ Bxanple | 1O C~ OH

~HO F/ HNV A mxture of est S (0.146 g, .499

mol ), 4-fluorobenzyl am ne (0.[56}g, 5 1.25 nmmol, and

triethylamne (0.14 L, 1 mmol~jn 1.1 DM/ EtOH (2 L)
was heated at 110 C forl.5 h.g_lhen, the reaction

m xture was cool ed and purlfledu arative HPLC
usi ng McOH wat er containing O. 1°F (gradi ent

elution). The fractions containing thé product were
conbi ned and evaporated to afforded the product as a

shite <ol (0, G20, S22 1y, 500
m) , 7. lthiyBidind (20 his 18 ﬁmba)m dléths}féﬂa(eem nd,) cdoled to@P°4 was added
1drggfw12s&¥qsylﬁ:iﬂonie gg S gg mmol) dlssolved n ((,HZCI; r!Phre resulting
suspension was stirred at room temperature 5 h. and washed with saturated aqueous
NaHCO;, water and dried (Na;SO4). Concentration gave the Intermediate 57 as a
white solid (20.20 g, 97%). 'H-NMR (300 MHz, CDCls) §: 7.61 (2H, d, J=8.0 Hz),
7.28 (2H, d, J= 8.0 Hz), 3.86 (4H, s), 3.11 (4H, t, J= 5.8 Hz), 2.40 (3H, 5), 1.75 (4H,
20  t,J=5.8 Hz). LCMS (M+H) calcd for C;4H3oNO,S: 298.11; found: 298.16.

Intermediate 58

{«
o
HO




(8H m. FIRMS (MtH) cal cd for C20H23FN3Q3: 372.1724,
found: 371.1714. Anal cald for C20HLFN303: C, 64.67;
H 5.97; N, 11.31. Found: C, 64.58; H, 6.24; N,

11.11. 15 O her exanples made by simlar methods using
amne (2-10 equiv), Et3N (2- 10 equiv.) and
appropriate ester in DM, DMF/ EtQ4, or other sol vent
syst em at 60 C-140 C are listed it Table 3. 20 Table

?éDGE):;) gt v ur eq%sg@hgqpf Zdlgﬂj 14(1)3 éidfﬂ( QI %%6%? {))19 Iv':izl'ntermedlatf: 57

7 15 7 (99 g( Zi m@olyin GichBfohidttiand Fl& I 7yashd bhl(tAinethy it cylanide

2 = / |q1 i? T]:' %’2 gnw’l)(v?@:w%eﬁ bagh %gluig S’ﬁiegr%qlﬂn%rﬂixt%ielvz& stirred at
1. 83- 1 .16m {eBif for'd h dndJoncdnltele Thérdibet ail 6as fid irGBe next step without
142 FN303: 386.188; found: 386.1875. Anal cald for

APRBBONIO3 H20. 0. 05 CH2C12: C, 64.79; H, 6.24;
N 1o 77; found: C, 64.71; H 6.31; N 10.71. 71 Ex.

Structure Data Yield 65% IH NVR (500 MHz 8: .
N-~ 11.82 (1psolufonof a%‘t)’eﬂﬂe ifg EtOH ((*_596“@ Wﬁdm@wlﬁnm @1

N O OHufIlbl.35dmol8s0basin Wate?))and?he%gsu(tﬁé mlﬂﬂu'e v}as-sn?rc@at room
151HZ),752 44 (2H 1 H

3 No 131123&[:1&1):6 Aﬁgng(th.lpthﬂacegyleneélcqrgpwdte (blgL(?ﬂ.f mfnol)was

J 10l P alded ahilf dtirred- f&%dam%?ral(ﬂ‘lys :{ﬂicoﬂoegga‘téd e cddilue Was purified by
1.79-1.66 (6H, m. HRVS ( MrH) d for C22H25N6CRB:

421. 198gsh grappy etz@eamthﬁéa 259@39"& EtgAcHesageingics the
C 62 %endédlaé 58%5 a yfl dow'l i1 fif’%“ﬁ%)c H-@%Aﬁ%oomﬁz CDCls) 5:
5.68; N, 20.03 70% 13)
8- 7.62 (2H, 1, J = 77Hz) 730 (2H,t, /=82, 20Hz),527(1H s), 434-423 (2H, m),
4.19-4.05 (2H, m), 3.68-3.66 (2H, m), 3.54-3.49 (2H, m), 3.34-3.28 (2H, m), 2.72
15 (1H,dt,J= 114, 2.5 Hz), 2.66-2.57 (1H, m), 2.40 (3H, d, J = 1.6 Hz), 2.05-1.89 (4H,
m), 1.35-1.22 (6H, m). LCMS (M+H) caled for C53H34N306S: 528.20; found:

528.13.

Intermediate 59
20

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 5% as a
brown foam (5.02 g, 47% yield). LCMS (M+H) calcd for C;;HzsN304S: 482.16;
found: 482.11.



11.76 (0.6H, s), 11.69 (0.4H s), 8.77 (0.6H t, J =
6.4 HZ), 8.68 (0.4H, t, J = 6.4 Hz), 8.44 NN (0.6H,
s), 8.39 (0.4H, s), 8.16 (0.6H, s), 8.15 N O OH
(0.4H s), 7.73 (OH dd, J =86, 6.1H), 7.43 Il |
(0.4H, dd, J = 8.6, 2.8 Hz), 7.34 (0.4H, dd, J = N~z N
o 8.5, 49Hz)721(06H td, J =82, 2.4 H), | H
N~ N 7.15(0. 4H, td, J=8. 5, 3. OHz) 76€L1(06Hdd FJ =
8.6 2.4 Hz), 4.45 (0.6H, d, J.= 6.7 Hz), 4.43 (0.4H,
d, J = 7.0 Hz), 4.04-3. 08 (2HIntggmedigte$. 5> 25 (oH ny,
1.98-1.91 (4H n), 1.81-1.66 (6H n). HRVE (M+H)
calcd for C22H24FN6(C3: 439.1894; found:_ 439.1887.
Anal cald for C221-1 FN603: C, 60. 26; ﬁLOS.ZS; N
19.16; found: C, 60.10; H 5.42; N 185. Yield:
71% |H NVMR (500 MHz, CDCl13) 8: 1377 (006H, s),

11.70 (0.4H, s), 8.80 (0.6H t, B0 = Hz), 8.70
(0.4H, t, J = 6.4 Hz), 8.44 (06H 8)., N8, 39 (0. 4H,
s), 8.16 (O.6H, s), 8.15 4H, s (O 6H, dd,
J =8.5 6.1 H), 7.43 NO 0. 4H, = 8.6, 2.8
Hz), 7.34 (0.4H, dd, J - 8 ), 7.21 (0. 6H,
td,J=82 2.7 Hz) , 5H/716  4H, td, J = 8.6,
2.8 Hz), 1 (0.6H, dd, N J8.4,2.6 Hz), 2J26,7.4.43
F (0..4H, d, J =66.7 .7 H), 4 4.01.01--33.998 (2H,
T))s ,12 é zaYs&quozl o?ﬁ;télﬂiddl(afl\lz_sl?l) (“"’%Fﬁﬁ“?%“ ézid,;xl‘_lghylamglg (2.5mL,
cal C Qr 4F
S35, 15t miatin CHhGh (LaEs wingieledaa PACt 3p tigs: %:

C, 60. %@lharlésu]gm?l%hlof&ie bA7HRL), 65 MG add thERsifing lixture was stirred
5. 38; Lx. Structure Data
wﬁlle gradually warmmg to room temperature for 18 h. The mixture 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% vield). "H-NMR (300 MHz, CDCls)

8: 7.63 (2H,d,/=8.4 Hz), 7.31 2H, d, /= 8.0 Hz), 4.41 (2H, q, /= 7.3 Hz), 3.92-

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

2.43-2.41 (4H, m), 1.94-1.90 (2H, d, /= 13.5 Hz), 1.39 3H, t, /= 7.1 Hz). LCMS
15 (M+H) calcd for CyHjsN300S;: 542.12; found: 542.03.

Intermediate 61

O
&to =
N Nj
(jFo
HN

To a stirred solution of Intermediate 60 {0.411 g, 0.76 mmol) in THF (10 mL)

20

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



Yield: 73% 'H NWVR (500 MHz, CDC13) 8:
11.87(1H,s),8.91(1H,t,J=6.7Hz),7.91 NN N o OH (2H,

s), 7.69 (1H, dd, J = 8.5, 5.8 Hz), 7.63 (1H, o dd, J
=9.3, 2.6 Hz), 7.13 (1 H, td, J =8.2, 2.6 H

Hz), 4. 64(2H,d, J=7.0Hz),3.99(2H,t,J= 6 F N N 6.4 Hz),
2.23-2.17 (2H, m, 1.97-1.85 (4H, m), 1.78-1.63 (6H,

m. HRVS (MtH) calcd for CTj C PH2MFNGCB: 439. 1894

found: 439.1912. Anal cald for C22H23FN6Q3; C, 60.26;

H, 5. 2Blue cqlor pesistest. Ting geralting mixjyregtirred pn agddgignalyy anid was

19. 03. guehtladvithoi3¢IC]. l-tﬂ}! e(o'é@ﬁ M%svﬁagd%msﬁtowu and freeze dried.
13. OZ(%H brs),8.82(1H,s), 7. 98( .t = Ooff 5.2

Hz) 7Tb@sorxdwere xmﬁﬂij by premwn(vqﬁ’PLQ)(YM;C Gombiprep ODS-A, 30mm x
(H;)H t dﬁdnﬂ?l ﬁ[eoﬂ{éﬁ’ad?'é)l% 17FA1)3to(glveHhe ﬂnter&aediatz 63 ai\bkvhité é'bl;d (0.024
\ N6. &Mlﬂelﬂ) 11631%51%(42%14&% s@: @40(12+ﬁ0% 310'F0

Y 1.86-1.67 (84, m. HRMS (M+H) calcd for v~ J

C23H25FN5(8: 438.1941; found: 438.1954. Anal cald for
C23H24FN5(CB. 0. 3 Et OAc: C,  50imgrmedijate$237. N, 10. 84;
found: C, 50.59; H 4.14; N, 10.95. Yield: 77% 'H

NVR (500 MHz, CDCI3) S: 11.90 (IH s), 8.22-8.20 (IH,

m, 7.47-7.43 (2H, n), 7.36-773% (2H m), 4.98 (1H

dd, J = So 14.3, 8.5 Hz), 4.48.(4H, dd, J = 14.3, 4.0
Hz), N o HO0 3.99 (2H, td, J F 6.2, 1.8 Hz),
3.90-3.85 (1 H, 8 n), 3.44-3. ~NHC! 3. 25- 3. 22

(2H, m, 2.44- QIA*0 2.30 (2 , 2.23-2.15 (2H, m,
1.97-1.89 (4H, NYN ), 1.8%°1.80 (2H, m), 1.73-1.58

(6h M. HRVB (MrH) cal cd for C24H31N405S: 487.2015;

found: 487.2030. Anal cald for
(4-fluoro-2-(5-methyl-1H-1, 2, 4-triazol-1-yl)phenyl)methanamine

hydrochioride: 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 hydrochioride: Intermediate 63 was prepared according to procedure for
intermediate 35. LCMS (M+H): 267.2.

25



C24H30N4AOBS: C, 59.24; H 6.21; N, 11.51; found: C
58.94; H, 6.47; N, 11.43. Yield: 70% 'H NWVR (500 Mz,
CDC13) S 11.85 (1H, s), 8.22-8.19 (1H, m, 7.46 (1H
dd, J=8.6,6.4Hz),7.16(1H, dd, J=9. 2, 2. 5Hz),
7.06(1H td, J=8.2,2. 8Hz), 4. 95(1H,dd,J= N 0 0 OH
14.3,8.9 Hz), 4.39 (IH dd, J = 14.3,4.09 HI t o
Hz),3.99 (2H, td, J = 6.4, 1.8 H%, 3.86-3.81 1 | (1H
M), 3.43-3.39 (1H, ), 3.25-3.23 (2H cip F NYN
2.44-2.30 (2H, n), 2.22-2. Iﬂf“{‘%ﬂ“‘-‘ 598-1.90 (4H,
n, 1.85-1.80 (2H, 1.74-1.58 (6H, m). HRVB (M+H)
cal ed for C24H30FN405%:-y 505 1921 f ound: ,‘,—90)5 1942.
Anal cald for C24H2QFN305S: C, 57.13; HN.B3Z9; N,

11.10; found: C, 57.0%; H, 5.98; N 11.02) 73 Ex.
Structure Data Yiel d: 66%N111 NVR (500 edc13) s:

0 11.65 (1 H, br s), D (1H t, J =6 ), 7.69

EN S-0 0 OH (1H, dd,BE84, 5. 4Hz), 7. 49( 1K dd”J=8. 4, 0

2.6 Hz), 7.28-7.24 (1 H ), 4.81 (2H, d, J = 6.7 10

/ \ N HZ) F{ifﬁ:-z— -mbTyfgléJ:{?ffr%ZI)-y rﬁb%nz?g%lg %n%li fBdro-2-(3-

( 6 H n)m:hymz(zwraazaum}beﬁwmrmz KrsBNGGB 6f 2,4-difioberkenitrile

c. 53, 67 0°08 ol Eobgy B ieale U e oo

3. 50; Nmeﬁ@ltﬁﬂnarm&’e &Bdlﬂ) w&ea’teﬂl willipovaeed MigydroGDEhtassium
0 o (1%‘1'554 %Tl%ii%"é%%uﬁt%ﬁﬂ%mﬂgﬁ Sirg f22oclor'f8h. Thsolid

10  was then filtered and the filtrate was concentrated in vacuo. The residue was diluted

with ethyl acetate, washed with water and brine, dried over anhydrous magnesium

sulfate and concentrated. The mixture containing the 2 and 4-triazolyl-benzonitriles

was purified by a combination of chromatography on silica gel { elution gradient of

ethy] 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 (CDCL) & (ppm) : 2.54 (3H,
s, CH3), 7.24 (1H, m, CH), 7.62 (1H, dd, J = 2.5 Hz and J = 9.1 Hz, CH), 7.84 (1H,
20 dd,J=5.6 Hz and J = 8.6 Hz, CH), 8.82 (1H, s, CH). Anal. Calcd for CoH7FNs: C
59.40, H 3.49, N 27.71; Found: C 59.25, H3.32, 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;) 3 (ppm) : 2.56 (3H, s,
25 CHy), 7.30(1H, dd, J = 2.5 Hz and J = 8.1 Hz, CH), 7.39 (1H, m, CH), 7.91 (1H, dd,
J=5.5Hz and J = 8.6 Hz, CH), 8.06 (1H, s, CH). Anal. Calcd for C;¢H7FN4: C
59.40, H 3.49, N 27.71; Found: C 59.35, H 3.70, N 27.77.

30



5.2 Hz), 7.33 (1H, td, J =8.1, 2.8 Hz), 4.83 (2H, |
Il / NYNl d, J =7.0 Hz), 3.97 (2H, t, J = 6.4 Hz),
3.16 H/ F (3H, s), 2.20-2.15 (2H, nm, 1.96-1.91 (4H,
m, 1.76-1.62 (6H m. HRVS (MtH) cal cd for
C21H25FN3C$S: 450. 1499; found: 450.1479. Anal cald
for C21H24FN305S: C, 56.11; H, 5. 38; N, 9.34; found:
C, 55.89; H 5.39; N 9.19. Yi el 66% 'H NI\/R(500
MHz, CDCl13) S 11.73 (1H, s)[ e&& (6]6 , 6.4
Hz), 8.45 (N N O OH (1H, d, J=1rierm 5"818(1H s),
7.51 (1H, d, J =7.6 Hz), 7.48-7.43 (1 H m,
7.27-7.23(1 H N m, 4.43 ( d J=6.7 H), 3.99
(2H, t, J =6.4 12 1 // H5)1.8131.74(411, Hz),
2.28-2.22 m, 1.72 1.67 (2H, (nm¥. HRVMB (M+H) cal cd for
C22H24FN6(O3: 439.1894; found: >~4883. Anal cald for
C22H23FN6(C3: C, 60.26; H, 5. 16; found: C,
60.06; H 5.22; N, 19.009. Wel : 59%3* H NMR (500
l\/Hz CDClS) S 0 OH 11.90 (1H, s) 7.93 (1H, br t),

(210 & 3 Pebybro- e 15500 a7y pgcithe

3 90 Bhﬁﬁocfiﬂdﬂ;derr)zk HirtirbgeNatGorGdf 4¢Ridro- E{B-meﬂlj!l OH-112,&triazol-1-

APORT, éﬁ"“%ﬂﬁh“?{é‘]’“q gS%}?Q"?PF’\)&a""JO 1 g e 1“"@?’9“‘?&5“?

HRVE ( Mydicitaridedalt &5a wﬁ%Qdeme 4(0BBAHL FRBISOLQRYB (Bpm) : 2.40

386. 1499. Anal [ OH22FEN3X4. 0.0 . TFA:
0 s 0L 5 L3, B8R, i CHES, TS0 s g 5 1 H0id, £ 2% Hz and
6.38; No3lQ, 6H), 744 B, dSLr46Y Wzen®PRES MILICH), 98061H, 5 CH).

NMVR (500 MHz 13) S
( HRMS (ESI) calcul%tted For C1oH12FN, [M+H *] : 207.1046 ; found : 207.1047.

Intermediate 67

o
F HCI

(4-Fluoro-2-(5-methyl-1H-1,2,4-triazol- 1 -yl) phenyl) methanamine
hydrochloride salt. Hydrogenation of 4-fluoro-2-(5-methyl-1H-1,2,4-triazol-1-
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-d¢) 8 (ppm) : 2.42
(3H, s, CH3), 3.78 (2H, m, NCH), 7.58 (1H, m, CH), 7.67 (1H, dd, J=2.8 Hzand J
=9.3 Hz, CH), 7.90 (1H, dd, J = 6.0 Hz and J = 8.6 Hz, CH), 8.22 (1H, s, CH).
HRMS (ESI™) calculated for CoHoFNg [M-+H 1] : 207.1046 ; found : 207.1041.

15




12.01 (1H, s), 7.78 (1H, br t), 7.39-7.30 (5H, /
, 4.63 (2H, d, J = 6.4 Hz), 4.03-3.96 (4H, m, 14
N2 16-2.04 (4H, m, 1.86-1.79 (4H m. HRVME j ~ J
(MrH) cal cd for CL9H22N3O4: 356.1610; found: 356. 1616.
Anal cald for C19H21N304: C, 64.21; OMH 5.95; N
11.82; found: C, 63.98; H, 5.81; N, 11.71. Yield:
85% 'H NWMR (500 MHz, CDCl13) S: 60—|11 92 (1H, s),
7.75 (1H, br t), 730(2H dd {aﬂmlepSS 55Hz)
7.04 (2H t, J = 8.5 Hz), 458 H/ d J =64
Hz), 4.02-3.95 (4H, m 2. 15 2.04 1 5 F/ NYN (4H

0 OH
O m
H N

m, 1.88-1.79 (4H, . HRI\/IS (I\/H—I) O/V| J cal cd for
C19H21FN304: 374. 1516 oun cald for
Ct 9H20FN304. 0. 15 H2O c N ' 01: F,
5.72; found: C, 59.87; . F, 5.53.

Ol OHYield: 67% 'HNI\/R(500I\/HZ (313 S Xo
11.95 (1 H, s), 7.72 (1 H br t), 7K1 H d J =
H 7/ 7.0 Hz), 7.11-7.08 (1 H, n), 6798(1Ht,J=9.0
1°1 16 F NN Hz), 4.54 (2H, d, J = 6.4 Hz), 4.03-3.95

(4H Jl ma nﬂxt%?e df3tter 3300148 g1 392 md1)( AJﬂuomenzylamine (0.156 g,
1.88-1.79 v cal cd

ool 3 R8 ol g TSR (i mbelmmel 6 11 JNF OB (3 Lpwas

{\“VR ( ?Q%té}r‘hﬂ l_é;@@?ﬁ@l) 5B TheQ e readeiHom kit wad coofed 48d pilrditied
(,1H s) p@pqstewmﬂgaé mx@%p@ﬁ&wtqrﬂsn@n@gﬂ 1F| TR4y gradjenplution). The

t ﬂ'actﬂ)lz ccﬁﬁzg%ﬂgihé ﬁl‘l’ﬁéct v]aél'éoéx(ﬂjjﬂéd agﬁi evapgra{éd% aﬁi}r&edgthe

4 2.6 17 F '
3. 94 (mdumawmze?sozdmoqsza 5159%). ZHOGMR. (500 ¥1Pk, CDC13)5 11.70

(\ [y =~ . -gal -
o9tkab 28841 o735 7 g b ol POT G D 6P 4 Vg .9
C21 H2 1 6XIG0A, 4.(N, (2HOt, 08:6.432)42.868-2.11 (2H, m), 1.99-1.94 (2H, m), 1.82-1.65
(8H, m). HRMS (M+H) caled for CaoH23FN305: 372.1724; found: 371.1714. Anal
cald for Cy0HFN305: 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), EN (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,J = 6.1

j@/\gkﬁkYO Hz), 4.01 (2H, t, ] = 6.4 Hz), 2.28 (3H, 5), 2.17-
.. N N_ | 2.12 (2H, m), 1.99-1.94 (2H, m), 1.83-1.65 (8H,
m). HRMS (M+H) caled for Cp HpsFN3Os:
d/\) 386.188; found: 386.1875. Anal cald for
C21H34FN;30300.03 Hy000.05 CH,Cly: C, 64.79;

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




found: N, 19.37; F, 4.56. Yield: 77% 'H NVR (500 Mz,
CDCI3) 8 OOH 11.84 (1H, s), 8.08 (1H, t, J = 5.2
Hz), 7.30 Jj J o (1H, dd, J=8.4,6.0Hz), 6. 95(1 H, dd, J=9. 5,
N/ 2.7 Hz), 6.83 (1 H td J =82 2.8 H), 460
(2H, Ndo Nd, J = 6.4 H), 4.01-3.94 (4H, nm), 2.51

1.88-1.82 (4H m. HRVB cd for
209

(3H, s), 18F3220214(2H rrh 2.08-2.03 (2H, m,
/I')

c)/'\

C20H2QEE.I\ f'VIC 42(\ 12072 383

-

Anal ca Al A
) AT 4u

for OHA2FNS04S— C,

4.52; foun: C, 57.27; H 5

Ex. Struc% Data Yield: 83
1

Cl;) &:
843
3 15

6: o |CH NO4 (1Hp sSoH7. 74

= 07.19 Hz) L 7,18 M2H) d.0J

H = 6.|B H O3 5 ¥4H, 3931(23}1‘ I
2.15-2 03 . ¢
MrH) d é%)calcdfor
Anal C : 01. Anal
11 37 E?H 5.75;N,
75%  tH-NIVR (500 A 2) 8. N, 20.03.
7.76(1 H| t, J = 5.4 H), 7. Cl;) &:
7.26 (2H| d, J = 7.9 H), HU S)a 1.69(048 ) 8 (OeH. o]
4.03-3.94 (4H m, 20 a NYN 2‘5& 54 H25)

1.89- 1. 79 (4,,”\ . HRVB J ( »ﬂ% s) .16 (0.6H, s)815
Ct 9H2ICLNBOA™ 01223 ngou 9b7j?é (@1, %érscﬁalﬁd Hz), 7.43

for GlgHdoC1N}04: 0.4H, dd, =8.6, 2.8 Hz), 7.34 (0.4H, dd, J =
ss 4.9 Hz),7.21 (0.6H, td, J = 8.2, 2.4 Hz),
N\ & | 7.15(0.4H,td, 1=8.5,3.0 Hz), 7.11 (0.6H, dd,

I=8.624Hz),445(0.6H,d,]1=6.7 Hz), 443
(0.4H, d, J = 7.0 Hz), 4.04-3.98 (2H, m), 2.27-
2.22 (2H, m), 1.98-1.91 (4H, m), 1.81-1.66 (6H,
m). HRMS (M+H) calcd for C2;Hz24FNgO3:
439.1894; found: 439.1887. Anal caid for
C22H23FN603: C, 60.26; H, 528, N, 19.16;
found: C, 60.10; H, 5.42; N, 19.25.

Yield: 71%. "H NMR (500 MHz, CDCl;) 3:
11.77 (0.6H, s), 11.70 (0.4H, s), 8.80 (0.6H, t, J
= 6.7 Hz), 8.70 (0.4H, t, ] = 6.4 Hz), 8.44
(0.6H, 5), 8.39 (0.4H, 5), 8.16 (0.6H, s), 8.15

EWN (0.4H, s), 7.73 (0.6H, dd, ] = 8.5, 6.1 Hz), 7.43
N’ 0 OH (0.4H, dd, J = 8.6, 2.8 Hz), 7.34 (0.4H, dd, J =
o | 89,4.9Hz),7.21 (0.6H, td, J = 8.2, 2.7 Hz),
5 N Y 7.15 (0.4H, 1, J = 8.6, 2.8 Hz), 7.11 (0.6H, dd,
Ny N I =8.4,2.6 Hz), 4.45 (0.6H, d, J = 6.7 Hz), 4.43
! O\L) (0.4H, d, ] = 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 CaH24FNgOs:
439.1894; found: 439.1875. Anal cald for
CxHasFNgO;s: C, 60.26; H, 5.28; N, 19.16;

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



C 58.54; H 5.17; N, 10.77;

5.24; N, 10.59. OOH Yield: 73%

found: C, 58.34; H,
1H NVR (500 MHz,

CDC13) 5: CL NI f
11.81(1H,s), 7. 79(1H,t, J=5.4Hz),7.43 11 | H
(iH d,J=8.2Hz), 7.41(1H d, J=1.5Hz), N~ 21 CN 7.17 (IH,
dd, J = 8.2,1. 5 Hz), 4.57 (2H, d = 6.4 Hz),
4.03-3.96 (4H, n), 2.17-2.05 (4H7?m, do) 1.90-1.81
(4H, m RMS /'\MS;'L calcd for C19!—'20C12!\BO/'.
424. 083EJ'.K, found: 44(:2":0811. |Ytz.‘e1 DCh) o:
MHz, CDC13) G0 OH 12.06 (1+%1 g 2 701
' ;ﬁ ’gz) 7.63 (1H,
A, ] =82,2.6
g9151(2}1 t,J=
b. 4H, m),
1. cd for
. . \gd. Vi ¢l‘@ IA912.
CDC13) | 5:| o OH 12.04 (1H, s Py H, 5.28;
(2H, dl—J-=—0-8. 6 Hz) 690 L lP-16% found: & o, 19.03,
(2H, d J =64Hz) 4.0'3%6/H R (506, H@ $PCL) 3:
s), 23 o M5-2.03 (4H, Mi301(EEbISKS ﬂlillls 8(1H,t,J =
HRVS M+ td fog, 4N§G5HZ)3¥3@’-1$162 ABuAl (1H, ), 7.3
JO 38p. 16 Anal cgl d R d¢; 7. NZ0560 - SH2CP T, ch 7.3
61. 19; H, 0 ~eA~F O, 489 CHol. 46 5§ Ha)p3 88 (2H, t, T =
N, 10. 557 st uchur & Dafd Ha)ed- 1p-2 ¥ 62H, ), NRAR1.94 (2H, m),
(500 MHz, E;DQ 3) 8: 1.86-1.67 (8H, m). HRMS (M+H) calcd for
11. 89({LH, ), 7. 88(1Ht 7 Lot & NsOg 43811941; found: 438.1954.
(i H td] J=7. 61. 2Hz) 47 728 ( Disainpld7ton GasHi FNgO (081 BtOAC: C,
J=7.6Hz),[7. 09(i Ht J 9. 3Hz), 45662; H,4.37; N, 10.84; found: C, 50.59; H,

4.14; N, 10.95.

Yield: 77%. 'H NMR {500 MHz, CDCl;) &:
11.90 (1H, s), 8.22-8.20 (1H, m), 7.47-7.43
(2H, m), 7.36-7.32 (2H, m), 4.98 (1H, dd, J =
14.3, 8.5 Hz), 446 (1H, dd, J = 14.3, 4.0 Hz),
399 (2H, td, J=6.2, 1.8 Hz), 3.90-3.85 (1H,
m), 3.44-3.39 (1H, m), 3.25-3.22 (2H, m), 2.44-
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).
HRMS (M+H} calcd for Cz4H3;N40sS:
487.2015; found: 487.2030. Anal cald for
CyH3oN40O58: C, 59.24; H, 6.21; N, 11.51;
found: C, 58.94; H, 6.47; N, 11.43.

Yield: 70%. "H NMR (500 MHz, CDCls) 3:
11.85 (1H, s), 8.22-8.19 (1H, m), 7.46 (1H, dd,
J=8.6,64Hz), 7.16 (1H, dd, J=9.2, 2.5 Hz),
7.06 (1H,td,J=8.2,2.8 Hz),4.95(1H,dd,J =
14.3, 8.9 Hz), 4.39 (1H,dd, ] =143, 4.0
Hz),3.99 2H, td, ] = 6.4, 1.8 Hz), 3.86-3.81
(1H, m), 3.43-3.39 (1H, m), 3.25-3.23 (2H, m),
2.44-2.30 (2H, m), 2.22-2.14 (2H, m), 1.98-1.90
(4H, m), 1.85-1.80 (2H, m), 1.74-1.58 (6H, m).
HRMS (M+H) calcd for CaqHigFN,OsS:
505.1921; found: 505.1942. Anal cald for
C24HzoFN4Os8: C, 57.13; H, 5.79; N, 11.10;
found: C, 57.01; H, 5.98; N, 11.02.




N(2H d, J =6.4 Hz), 4.03-3.95 (4H, m, 2.19 24 F N
N 2.13 (2H, m, 2.09-2.04 (2H, m, 1.89-1.83 (4H,
JO m. HRVS (M+tH) cal ed for CL9H21FN304: p 374.1516;

found: 374.1532. Anal
Et 20 0. 05 CH2Cl 2: C,
C, 60.58;

60. 63;
5.33; N, 11.03
0 OH 12.10 (

Hl

cald for

Ct 9H2OFN304. 0. 05

H 5.45; N, 11.02; found:
. Yield: 88% 'H NWR (500
I H, § 8.06 (1H, t, J

T Opa 2 ’
; @ﬁ@%%ﬂé%;m 5
0 (18 £1= ), 7.69
4,5% H2) 74 e A5 T =3.4,
. b 481 QH.d.J=6.7
H‘)ﬁ I (F( 5), 2.22-

@, Jp-1.61 (6H,
r 2

40552

ip?é 3 Anal cald for
%@m; H, 5.85; N,
: 50: N, 10.98.

") XL
_ NMB, (509 MHz, CDCL) 8:
304: . uni! 1-37aHy 50856 (L £, J=f.4 Hey 774
304. 0FToCH2 (1B dd. 1= 1,35 Ha), 7.7h gLy dd, T = 8.6,
found:| C| 6 B398 | 1B Hau 733ViH, e ] 58142.8 He), 4.83 (2H,
NMR (509 d) & phoH4T=7.0H2),3.97 (2H,1,7=6.4 Hz), 3.16
11. 93(|1H|H” 7776( 1H, briYy, 7 AGHHs) 2-36-2.16 (3L, m), 1.96-1.91 (4H, m),
7. 9Hz)|, 6.199( 1H, d, J=7. B, P {6-H64 (GH, ). NIRMS (M H) caled for
Hz), 4.57 (2H d, J =64 Hz)CaldsBN:BSodp0ntAY; found: 43f.1479.
2.26 (|3H/| s), 2.17-2.05 (4H, | 4walcald §g.CogLgN:0s8$0C.04H1; H, 5.38;
m. HRVB|(M+H) calcd for N, 9.34; found: C, 55.89; H, 5.39; N, 9.19.

Yield: 66%. 'HNMR (560 MHz, CDCl;) &:

13

N—y 11.73 (1H, s), 8.71 (1H, t, ] = 6.4 Hz), 8.45
4 N (1H, d, J = 3.4 Hz), 8.18 (1H, 5), 7.51 (1H, d, J
o O OH | —76Hz),748-7.43 (1H, m}, 7.27-7.23 (1H,
F N/U\')\fo m), 443 (2H, d, ] = 6.7 Hz), 3.99 (2H, t, ] = 6.4
12 H o Na N | H2),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
d;) (M+H) caled for CoHaaFNGOs: 439.1894;
found: 439.1883. Anal cald for CxaHysFNgOs:
C, 60.26; H, 5.28; N, 19.16; found: C, 60.06; H,
5.22; N, 19.09.
Yield: 59%. 'H NMR (500 MHz, CDCl,) &:
O OH 11.90 (1H, s), 7.93 (1H, br t), 7.34-7.32 (2H,
o|m), 7.05 (2H,t, ] =8.5 Hz),4.60 2H, d, ] = 6.4
/©/\ T Hz), 3.99 (2H, t, ] = 6.4 Hz), 3.90-3.90 (2H, m),
- N N [3.65(2H, dt=11.9, 1.5 Hz), 2.38 (2H, dt, I =

13.5, 3.7 Hz), 2.03-1.94 (4H, m), 1.52 (2H, d,J
=13.7 Hz). HRMS (M-H) calcd for
Cong;FN304: 386.1516; found: 386.1499.
Anal cald for ConzzFN;O:;’0.0"- H2000.2 TFA:
C, 64.79; H, 6.24; N, 10.77; found: C, 64.71; H,

6.31; N, 10.71.




C20OH23FN3™4: 388. 1673;
CZOH22FN304: C, 62.00; H, 5.72;
61.73; H 7.72; N, 10.66. 77 Ex. Structure Data

found: 388. 1665.

Anal cald for
N, 10.84:; found: C,

Yield: 44% 'H NVR (500 MHz, CDCI3) S: 0 11.80 (IH,
br s), 8.61 (1 H t, J =6.7 H), 7.68 if 0O (1H dd,J=
8.6, 5.2 Hz), 7.48 (1H, dd, J = .6 Hz),
7.28-7.24 (1 H ), 4.80 (2H, d NIYYi 0 Hz),
4.00- 3,94 {4H.-m - 2 ?annu Daﬁ,u .TN do
N (2H FmM;—2-06=2-00(2H; DC13)5
HRMS (JM+H) cal cd fgr 62.1H26 (5H,
481. 15561.‘ Anal cal 532 6 4H, m), |
caHw0:| @, 20N HY5. W3:
. . ) HRMS
H o 4.7 0. b1. : 5 1010, founet:
cbc(3)| S| 11.84 (1 3 10w C. 6421
8.39 N'N O OH (1H, . : 34581
= 8.4,| 2./0_ +z) 7.3%(1H dd) o> 278" ‘i
(IH ti¢—420NOIJ =281 28 1'"_1\- 4 244
6.7 Ha), |4.02 / H N 4‘1##1‘ 5%2) QM%}%@ Clé)ds}
2.10-2. 09 (2H, . pLL =
cal cd [f or ( n)il: ; &215&;‘%; Hz), 4.38 (2H,
441, 1§97. Aﬁ@g& f Qb CR1HAREDE! b Hm), 2.15-2.04
4.80: || A998 found: YC 7(4£*7m)443&r1é%(4fhm) é{Fé#SW*H)
Yield:| 8% 'H NVR ( | ated foy CaHuFN100 374 1346
7.41(H, {br t), 7.20-YA7 (2H741506. Apalicald rcmeFN -015
7.03-7.0q (2H m, 4.01-3.99 201,C.16p 093H.9%37; N, 91.81;d% 5.72;
(2H, m.s 68 (2H. 9. J =6.7 dC258§7,(I?,|§24 N0 19.90; Fps.53.
"NEFFft, 19 = 6.7 Hz)Q 2996- 1] wld: 676. " NMR §00IMBe, QDAL) 8:
(2H, m, OFIF&HIHNB)H}H(IH bre), 7.14(1H, d, J =
' ﬁjﬁg 7.0 Hz), 7.11-7.08 (1H, m), 6.98 (1H, t, ] =9.0
16 Nx Ny | Hz), 4.54 2H, d, T = 6.4 Hz), 4.03-3.95 (4H,
] m), 2.27 (3H, s), 2.16-2.03 (4H, m), 1.88-1.79
6 (4H, m). HRMS (M+H) calcd for
C0H23FN;O4: 388.1673; found: 388.1661.
Yield: 51%. 'H NMR (500 MHz, CDCL) 8:
o on |11.90(1H,s),8.76 (1H,t, ] = 6.4 Hz), 8.44
ol (1H, 5), 8.13 (1H, 5), 7.70 (1H, dd, ] = 8.5, 6.1
/@(\g = Hz), 7.21 (1H, td, ] = 8.2, 2.4 Hz), 7.11 (1H, dd,
7. WA NN | 7=84,2.6 Ha), 4.44 (2H, d, = 6.7 Hz), 4.01-
\ N j 3.94 (4H, m), 2.27-2.21 (2H, m), 2.09-2.04 (2H,
N=/ o | m), 1.93-1.88 (4H, m). HRMS (M+H) caled for |
CaiHnFNgOy: 441.1687; found: 441.1691.
Anat cald for CoyHy FNgO4: N, 19.08; F, 4.31;
found: N, 19.37; F, 4.56.
Yield: 77%. 'H NMR (500 MHz, CDCl;) &:
o ou |11.84(1H,s),8.08 (1H,t,J =52 Hz), 7.30
ol (1H, dd, 7=8.4, 6.0 Hz), 6.95 (1H, dd, J= 9.5,
/@\/\u = 2.7 Hz), 6.83 (1H, td, J = 8.2, 2.8 Hz), 4.60 (2H,
. o~ NN |d,7=6.4Hz), 4.013.94 (4H, m), 2.51 (H, 5),
18 j 2.20-2.14 (2H, m), 2.08-2.03 (2H, m), 1.88-1.82
o~ | (4H, m). HRMS (M+H) calcd for
CaoHasFN304S: 420.1393; found: 420.1383.
Anal cald for C30HaFN30,4S: 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.




0) calcd for C20H23FN304: 388.1673; found: 388.1680.

Anal cald for C20H22FN304.0.8 H2O C, 60.05; H, 5.90;

N, 10.50; found: C, 60.14; H 5.60; N, 10.51. Yield:

80% 'H NWR (500 MHz, CDCI3) S: Ooff 12.03 (1H, s),

7.44 (1H, br t), 7.16-7.13 (2H, o n), 699-6.95(2H,

nm, 4.03-4.01 (2H, m, 3.98- 39%(2H , 344(2H
By = 7.6 Hz)

q,J:67Hz)26831FNYNI
2.18- 286 (4.,, ge) 1.97 60—

cal cd fForT—Cz21iH2
Anal cpl dj for 021H24£NSQ4 C
10. 46; | f ound: __C, 62 6; LH, ,;5

, CDCl) &:
22 (2H, d,J =

Structlre Deff 2 € 2 J 33,4 8 (2H, d, J
12 10(1{? (1Ht H @H; m}, 245 (3H, s),

' ' 87-1.79 4H m). HRMS
(1H,s) 68(1H dd, J=8,6]6. 1H '{h 0( 767 RMS

8.6,2.8 Hz), 7.08 (1 2d, C, 65.02;
(2H, d. J = 6.7 Hz), #702-4. 7 und %r911_,1-&644N
3.96-3.94 (2H, m, 2. 52 (3H, )

W) ('\0 ’) ('\/1 (2D m * I/II_I
(= O \LII, LES

cd for H?&LFI\@QM \ SQOMH":,C‘DC!;)S:
), 76 Hz), 7.34
15 4T oyt (2@&9%‘12%%%3’@3'4 575 o),

% M avR 30 2y 4-9313.86(4H, m),

8954-8. 79 (1H, ¥, 2442 BgHay), L3P (é ). HRMS
(1H, dd, J= & (B calefor G CINGB: 3901221
7.33 (IH, dd, L 7. gfound §90 -1216. Anal cald forC|gH20C1N3O4

¢, 58.54; H, 5.17; N, 10.77; found: C, 58.34; H,
5.24; N, 10.59.
0 OH | Yield: 73%. 'H NMR (500 MHz, CDCl3) §:
11.81 (1H, s), 7.79 (1H, t, ] = 5.4 Hz), 7.43
N \ | 0H,d,7=82Hz), 741 (1H, d, ] = L5 Hz),
X 7.17(1H,dd,J=8.2,1.5Hz),4.57(2H,d, J =
j 6.4 Hz), 4.03-3.96 (4H, m), 2.17-2.05 (4H, m),
1.90-1.81 (4H, m). HRMS (M+H) calcd for
C19H20C12N304: 424.083 l; found: 424.0811.

Yield: 85%. "H NMR (500 MHz, CDCL) &:
O OH 12.06 (1H, s), 7.74 (14, brt), 7.13 (1H,d, J =
0 7.6 Hz), 7.09 (1H, s), 7.05 (1H, d, J = 7.6 Hz),
N\ Y 14.56(2H,d,J = 6.1 Hz), 4.03-3.95 (4H, m),
2.26 (6H, s), 2.16-2.03 (4H, m), 1.87-1.80 (4H,
d: j m). HRMS (M+H) calcd for Cy HaslN304:
384.1923; found: 384.1937. Anal cald for
C2|H25N304: 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;) &:
o OH 12.04 (1H, s), 7.71 (1H, brt), 7.26 (2H, d, J =
0 8.6 Hz), 6.90 (2H, d, ] = 8.6 Hz), 4.55 (2H, d, J
N . | =64Hz),4.03-3.95 (4H, m), 3.81 3H, s),
2.15-2.03 (4H, m), 1.87-1.79 (4H, m). HRMS
& j (M+H) calcd for CpoHo4N;30s5: 386.1716; found:
386.1697. Anal cald for C20H23N305.0.1 1
CHClL: C, 61.19; H, 5.93; N, 10.64; found: C,
60.86; H, 5.98; N,10.55 .

\




NN N Hz), 4.44 (2H, d, J= 7.0 Hz), 3.99-3.92 (4H 1
n, 2.27-2.18 (2H, n), 2.08-2.00 (2H, m, 1.92- J 1.85
(4H, mM. HRVS [M+H]' caled for 0 C21 H23N6O4:
423.1781; found: 423.1773. Yield: 59%yield. 'H NW\R
(300 MHz, CDC13) 8: 11.83 (1H, br s) 8.26-8.22 (1H,
nm, 7.43 (1H dd, J= 8.8, 6,2 Hég .15 (1H, dd, J= 0
9.1,2.6 Hz), 7.04 (1H, dt, J= 8 26Hz) 4.91 NS
Q_|(1 =1 143 —37-Hz)
9- 3| H o T
3 &93/02
2y Sk
g}ég QBUH, t, J = 9.3 Hz), 4.66
#12),4.033.95. (43, m), 2.19-
7 ﬁ%% 4% -1.83 (4H,
) ;04
: 12.08 |(1H, s), . . 9“%5 . ol for
. 7.85-[7.32 (2H, m, 4. Ol {&§ Bl C,
E?z), 4 49 (1 H( ddn?lzl ‘{ £&ynd: C, 60.58; H,
4. 00-3.9 (')I—I m 3.03-3 8 -L 03‘2 86-3.81 N
(1H, n), [3.44-3.36 (1H ), 3*@2& §8%g "HINMR (300 MHg, ¢DCL) 8:
H' 2.41-2. 28 (2H, rr) 2.@(- 2| 121QAH, s} $-06 flHH 3. 7= §6 He), 720
Nl (4H, n), 1.84- (lﬂﬂm\gﬁw,ﬁ%/(\}ﬂ\dj 2.4 Hz),
cal cd [for] C2 N4(ﬁbs 28% 18045 (HhdaAdF= 82604 Hep4.51 2H,d,J =
Anal cladsd & SNAES SN 6.45%), 341-3.95 @Hy gy, 35 (3H, 5), 3.80
11. 47;| fdupd: C, B6. 63~JH, :|C3(3&78s),34201?1143‘3'H mp 2.09-2.04 (2H, m),
o~ | 1.91-1.83 (4H, m). HRMS (M+H) caled for
C21H6N;304: 416.1822; found: 416.1837. Anal
' cald for C;;H25N304: 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, CDCLy) 5:
o OH 11.89 (1H, s), 7.80 (1H, brt), 7.34 (1H, g, J =
o | 76Hz),7.10(1H, d,J = 7.6 Hz), 7.03-6.98
Q/\ ﬁ’uﬁg\( (2H, m), 4.62 (2H, d, ] = 6.4 Hz), 4.04-3.96
26 Nx N (4H, m), 2.17-2.05 (4H, m), 1.88-1.81 (4H, m).
j HRMS (M-+H) caled for CyoHzFN;Oy:
F o 374.1516; found: 374.1504. Anal cald for
CszoFN:;O:;'O.l CHzClz: 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;) 5:
9 OH 11.93 (1H, s), 7.76 (1H, br t), 7.17 (IH, t, J =
F NJ\%YO 7.9 Hz), 6.99 (1H, d,J = 7.9 Hz), 6.97 (1H, d, J
:@/\H d n_ |=104Hz),4.57 2H,d,J=6.4 Hz), 4.03-3.96
27 (4H, m), 2.26 (3H, 5), 2.17-2.05 (4H, m), 1.88-
6 j 1.80 (4H, m). HRMS (M+H) calcd for
0" | C20HzFN;04: 388.1673; found: 388.1665.
Anal cald for ConzzFN304: C, 62.00; H, 5.72;
N, 10.84; found: C, 61.73; H, 7.72; N, 10.66.
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(N%FD cal ed for
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Structure Data Yield: 65%
H 12.10 (1H, s),

7.74 (
8.5, 5.2 Hz), 7.04 (

HI1YIN\ ~1IN (2H,
(1H m, 36 F 263
| 8HLOFN305:

I\I

IH NVR (500 MHz, CDO 3)
1H, br t), 7.30 (2H, dd,
2H, t, J = 8.5 Hz),

m, 4.14-3.99 (8H m,
6 2.31 (1H, m). HRVS

fomgd Anal cald for O

f ound:

57— OR
e

V4 l—f\f\

11 19; F, 5.06;
10.-95:

68%
7.71 (
J = 8.
m, 2.

(3H, s).

F

390. 14
C19H20
f ound:
52% '
8.92 (
7.69 (
(1H td

Nt
1H,
8 H
51-

C,
H N
1H,

'|_

(500
br t), 7.14-7.08 (2}
7), | 4057-4. 49 (2H, 1

2/44‘9(\34 mp, 2486- 2
HRVEBA MeK) _dlal

Ene

dd, J 8.5 5.8
2 2 Akz) 7. 10(1H d

—A3Yiela:
_IYlé‘l \ﬂ
11,

DCL) &:
EAHZ) 7.68
r)( (%% d, 1 =84,
2! (2H,d,J=7.0
: B (6H, 5), 2.24-2.18
3 12092 ' m) ), 1.96:1.80 (4H, m).
(MEH) Galed fot %.H N,OqS:

7 h%clél é d for

5.03; 15!,~10 }_h § oy

found .’ 50.06; H,
Sl N2 4 biz)

4.51-4

N 2. 59

( M-H)
443. 14
4.32;
19. 01;

35
2.5
cal fc
D5.

Ng 11

2H n)’426397
2.36- 2.

a cat&n;%gTﬁ
N\ N

oufr

OHI

79,-125
g/ sﬁ/ 'HPMR (500 Mja\ CDCly) &:
31184 (1H, ), 8.6716NE t, K- 5.8 H2, 8.39
sl,ﬁlg} & dHoAAK1H, dd, T =8.4,2.9
bizNG 3b(1H, dd, J528.704.2 Hz), 7.16 (1H, d,
\di= 801, 2.8542) 2642 QH, d, 126.7 {2), 4.02-
3.96 (4H, m), 2.28-2.22 (2H, m), 2.10-2.05 (2H,
m), 1.94-1.88 (4H, m). HRMS (M+H) calcd for
Ca1HzFNgOy: 441.1687; found: 441.1697.
Anal cald for C21H21m504: C, 57.26; H, 4.80;
N, 19.08; found: C, 57.27; H, 4.85; N, 19.07.

30

F
@\/\ L
Y
H
N Nj
d[o

Yield: 87%. "H NMR (500 MHz, CDCl;) 3:
11.92 (14, 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, ] = 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)
caled for CgongFN304: 388.1673; found:
388.1680. Anal cald for ConngN304-0.8
H,0: C, 60.05; H, 5.90; N, 10.50; found: C,
60.14; H, 5.60; N, 10,51.

31

Yield: 80%. 'H NMR (500 MHz, CDCl;) 8:
12.03 (1H, s), 7.44 (1H, brt), 7.16-7.13 (2H,

o | m), 6.99-6.95 (2H, m), 4.03-4.01 (2H, m), 3.98-

3.96 (2H, m), 3.44 (2H, q, J = 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
C21H25sFN304: 402.1829; found: 402.1840.
Anal cald for Cz‘HuFN;;O.;Z C, 62.83; H, 6.02;

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




Yield: 63% 'H NWR (500 MHz, CDC13) 8: oll OH 12.01
(1H, s), 8.03 (1H, br t), 7.30-7.24 (1H NO m,
6.99-6.94 (1H, m, 6.87-6.81 (1H, m, 4.64- / HIYN -~
~11N 4.59 (2H, m, 4.14-3.99 (8H m, 2.55-2.51 (1 H,
39 Fi 1 m,+2 .51 (3H, s), 2.38-2.31(1H, m. HRMS \/
o (MH) calcd for CI9H21FN3O5S: @&1186 0 found:
422. 1165 Anal cald for C19H21F C 54.14; H,

: .

4. 78 ‘E Q 97- f aonynd- C 54 N () ()f\ 80
Kl l’ |\Sﬁll [ (] lan ) ‘.

e 044 L1 A h.l

Ex. St iucture Data Yreltd—289%: 1R

S 0 pH12.q7 1Hs)781(IHi1Y11§-.3'bé 2o

J=8.5 55’6@ 706(2H te '— g ) 014188 17 (11,
(2H, d| J 4;’ é050H4 01 f 2 : b

J= 11. 4, Hot | 0 e

rs), 2.23-2.16
m). 1.88-1.83 (4H, m).

%éz -
e

2.30 (P 3’
13.7 H%)H

390. 14p53] found 39 6

Ct 9H20N305F: G, :

CaHpENGO
71 TN6O4:
found:| C,| 58.70; H : 04 ?;Z‘ ca:‘;fg
30% ' H NVR (500

11, 86( i b b 42¢ it CDC”L M@ws N,lw

8.3 9(1 H';'“é\, 7.6 8 (1 H 1 'ek!} 10%g , CDCl3) &:
Hz), 721 f\kf  dto Iy 2.1 18 (1}1,31,1334879(%:11 .41 (1H,9),
8.4, ,12.0 Hz)) 5..4% gtﬂHsdaj"'cﬁ?(lljddé"ﬁW)OHﬂ
41 F N33M N2 3.560-424PH, |l 7-33£1H,ddg/ =73, 1.8
4.6 Hz), |! .79 ( i), #. 3H SIS FA. @33?-392(4!{
J= 13.1, 0 4. 13:2742.18 2H 0).42.08,3.00 (im0, 1.92-

85 (4H,'m). HRMS [M+H]" calcd for
C21H3NgOy: 423.1781: found: 423.1773.
Yield: 59% yield. "H-NMR (300 MHz, CDCl3)
5: 11.83 (1H, br s), 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, J = 8.2, 2.6 Hz), 4.91
N 6 on | (1H,dd,J=14.1,9.0 Hz), 434 (1H, dd, J =

o o| 143, 3.7 H2), 3.99-3.89 (4H, m), 3.86-3.77
34 N" Y (1H, m), 3.44-3.36 (1H, m), 3.23-3.19 (2H, m),
F

Nao 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 caled for CosHogNgO6FS: 507.1714; found:

507.1735. Anal cald for C;3HyN4O6FS: 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% vield. 'H-NMR (300 MHz, CDCl;)
5: 12.08 (1H, s), 8.27-8.23 (1H, m), 7.46-7.41
(\"0 (2H, m), 7.35-7.32 (2H, m), 4.93 (1H, dd, J =

s 14.1, 9.0 Hz), 4.40 (1H, dd, J= 14.1, 3.5 Hz),

NS O oH 4.00-3.96 (2H, m), 3.93-3.88 (2H, m), 3.86-3.81

35 NN~ zC | (1H, m), 3.44-3.36 (1H, m), 3.22-3.18 (2H, m),
HoLo& 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]"
j caled for C23H29N40551 439,1808; found:
o 489.1801. Anal cald for C23HagN405S: C,
56.54: H, 5.78: N, 11.47; found: C, 56.63; H,
5.48:N, 11.37.




p (MtH) calcd for C21H22N6O6F: 457. 16358;
457.1639. Anal
4.63; N, 18.41; F, 4.16;

cald for

18.38; F, 4.08. Yield: 53%

C21H2i N6CsF:
found: C,
"H NVR (500 MHz, CDO 3) 6:

f ound:
C, 55.26; H
54.99; H 4.54; N

12.12 (1H, s), 8.25-8.23 (IH, m, 7.48 (IH q, J =
8.5 6.1 Hz), 7.21 (1H, dd, J= 9.0, 2.6 Hz), O
7.08(1H, dt,J=8.2,2.5Hz), 4. 90(1H,d4,J N 11 O OH 14.2,
8.4 Hz) AAQ(1I—| dd 'I—1Aﬂ AQH7\ AN n 4 .01
{Ex. 386 Y -Sﬁ'u‘:t}’fﬁl_l -3 N AC A A0 " - N
(4H, S o1 a1 5{?4| bCl S
M. 3.82 [(1H dt. J=ol3cp 4 % Hjizi _
NN (JH| m, 2-229 4k Ho®): 1 (2H, dd, J =
: 704 4.62-4.53
J 1,72 (2K, 5) H y
Cstzsggg?g 3. 1663418 99 2. (1H, m),
for CAIATNGOIFS 0.5 : é fg)gnd M+ ﬁ;’f‘c“f"’
10.54:| F,| 3.57: S, 6.03:Nef0 gfl ;f"mﬂ
10.28!{ F.| 3.62: S, 6001. 81 8 PE 7&?% t“gc%léNH”F
Yiel d:| 65% H NVR (300 Mz, §?‘¥15'r Yebpf-9; N, 10.95 F
8.28- 2 (1I—|, nr), 7 46-7 43 7..35-7 32
(2H, ), |4.89 (1H, 14 "glelw (NMRQSOQ , CDCl) 3:
4.45 (Il H, dd, J: 14. 4%4 2133(19175),67 G brd), 7 14:7.08 (2H, m),
3.89-3. 65 23 $8He), 4. 7-449(2H m),
3.33-93. 16 ‘5 - 2824 h+-|39 Hrn)9%51-2sls(mmm236231
(2H, 37 [1F 7371, 65 (2 njgdl-@ﬂsﬁ{) (3H, 9 HRMS$ GyI+H) calcd for
C23HedN4d7S: 505. 175% yrdt CEHEEY:Qs7 8301463 afouedi|380.1451.
for C23H4SN4O7S: C, 4. 75; Apgl cgld 5@ Cipll20AN:050€, 58,60; H, 5.17;
6.35; |[foynd: C, 55.03; H, 5| 8ot0.79; F14.80doung; C5581@; H, 5.36; N,
Yiel d:| 70% ' H NVR (300 MHz,| Gt 5)4.95.
Yield: 52%. 'H NMR (500 MHz, CDCL) &:
o OH 11.908 (1H, s), 8.92 (1H, br t), 8.43 (1H, s),
o 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, ] = 8.5,
18 N\ N | 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
(ﬂ: (M+H) caled for CyoHaoFNgOs: 443.1479;
found: 443.1495. Anal cald for CygH 9FNgOs:
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%. "H NMR (500 MHz, CDCls) &:
o OH 12.01 (1H, s), 8.03 (1H, br t), 7.30-7.24 (1H,
N)H)YO m), 6.99-6.94 (1H, m), 6.87-6.81 (1H, m), 4.64-
Ho N N | 459 (2H, m), 4.14-3.99 (8H, m), 2.55-2.51 (1H,
39 j m), 2.51 (3H, s), 2.38-2.31 (1H, m). HRMS
(i[ o | (M+H) caled for CisHxFN;O5S: 422.1186;
o found: 422.1165. Anat cald for CyoH,;FN3OsS:
C, 54.14; H, 4.78; N, 9.97; found: C, 54.22; H,
5.07: N, 9.90.




11.80 (1 H, s), 8.50 (IH, t,J=6.6 Hz), 7.74 0 (I H, dd
J=8.1,2.9 Hz), 7.65 (IH dd, J=8.6, \So Ol H5.3
Hz), 7.31 (1H, dt, J=8.0, 3.2 H, 4.82 (2H N O d,
J= 6.9 Hz), 3.99 (4H, s), 3.84 (2H, dd, J= HW N
11.5, 4.9 Hz), 3.74 (2H td, J= 11.6, 1.3 Hz), 44 F )
3.18 (3H, s), 2.31 (2H, td, J= 13,2, 5.5 Hz), J 1.74
(2H, d, J= 13.2 Hz). HRvS [M+H +800 O calcd for
C20H23 EQ¥07SF: ARRSMLZéﬁ found: 4681237 A'“-ﬁ!, cal-d—+or
C2oH22 NSl SF—c 38, 898 6—86
4.06; fouphd: C, 51.25 H 4. 1S (?_ ’z,lgﬁc;ggzs
4.18. b OH Yield: 19% 'dek NM )7§ t)J o
12.08 (1H s),.7.75 {l1H sd 'P _414H
(2H M, 63@/5"” = ' 7(2Ht
d, J = %’z 4.00 ( ! ‘b{’ 52P(I
2.32-2 2H, ), 2.26(3H @3( 2),
S [M+H]
(2H, d| JE13.5 Hz). R | (M? 14g53: found:
C20H23N3CBF:  404. 1622~40ound: ! §0 %ﬁ/&m
"H NVR (3p0 MHz, cpc13) s 039-H951 And ﬁhg 8r
(1 H t, p= 6.0 Hz), 7.19 }|46CH.2171 ound: C,
Hz), 6/48L6 41 (2H. oy 4 50|R8-74L 5\1 10130F,-
Hz), 3] 99| (3H s), 3.88 (3H, |Fjeld: 38%. HWMSWMHLCDCIs)B
3.86-3| 71| (4H, ), 3.78 (4H, |4]-86 @H). PAp(1H.4, /35 6Hz), 8.46
13,0, 5.6 Hz), 1.76 Q2HOH, J SR 839y TH. ). 7rs 1 782,61
cal cd for| C2LHRENIO o7 ¥E), 7124 4 Hd;: dta28.2.72¢ Hzpdd 0 (1H,
cal d fpr | C2flH2HN3G 98. tlédﬂ%sﬁ.mﬂzwﬂl@(mddwf 6.7 Hz),
found: | 4O 58 ,N'Hb\ 5N j\l 492 §4H, s 3.90§3H SIds JictliBed-6 Ha),
Dat a 3.79 QH, t, J= 11.7 Hz), 2.44 (2H, dt, J = 13.1,
ﬂi 4.9 Hz), 1.80 (2H, d, J= 13.4 Hz). HRMS
(M+H) calcd for Co HaoNgQOsF: 457.16358;
found: 457.1639. Anal cald for CaHNgOsF:
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, CDCl;) &:
12.12 (1H, s), 8.25-8.23 (IH, 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 on  |142,84Hz),443 (1H,dd,J=14.0,43 H),
ol 4.01 (44, 5), 3.86-3.71 (4H, m), 3.45-3.42 (1H,
42 b/\ﬁ)v\f m), 3.32 (1H, dt, J= 13.2, 4.4 Hz), 3.28-3.22
. NSNS | (I, 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" for Cp3HzsNsO7FS: 523.1663; found: 523.1666.
Anal cald for C;_;HnNsO‘;FS. 0.5 HzO: C,
$1.97; 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; §,
6.01.




Yield: 44% ' H NVR (300 MHz, CDC13) S:

s), 8.52 (IH t,J= 6.6 Hz), 7.63 N)s--ogéa'gl (hn
(1 H,dd, J=8. 4, 5. 5Hz) , 7. 47( 1H,dd, J=8.4, 0 2.9 Hz)
7.27-7.22 (1 H, m), 4.81 (2H d, J = 6.9 N Hz), 3.98
(4H, s), 3.85-3.70 (4H, n), 2.90 (6H, 47 HN ~ N s)
2.31 (2H, td, J=13.0, 5.2 Hz), 1,73 (2H, d, J F =13 *

5 Hz). HRVB [ M+H| + cal cd for c§!LH26N407Fs 49 ;
f ound: 497 1497. O_Anal cald Pnr C21HRENADTZES: 21506

J

50.80; | 84| 5. Q7 Skpetureq _2g- o
172,99 N 1101 oY 'P&cbcmdmp

50.59: | H

54% ' H N 00 MHz, CDO 3) b 746.7.43 1,
(1H, t] JE ’/‘?—|z), 7.14- OH =243,
d, J=.6 NQU(ZH i 397
(4H, 1H, m),
s '§') 1.96-1.88
(6H, d [M+H]
[ MH] + ) v found:
400. 18 2hleQe: C.
N, 10. . C, 62 %%\le‘% d:C,
5132%8 '(—I-NVR (300 MHz, CDC13) &503 Y, 590: N,

.80(IA, §),8.83(1H, t, J=6. 2Hz)¥el HINMRO MHz, £DCl) &:
(1H, dfi, b=8.6 (6.0 Hz) 7.£01 9?7(}211/58 50 (\H g%ﬂ ﬁl§ 7.74
8.6, 2 dd J=8.8, 3.9 ¥iz), 3.63 (P, dd, /= 8.6,
(2H, d! sss)krz)a?-slr(l T =Aef>\3- 341, 4.82 2H,
dd, J=| ([ 217-6.9 5293994k 3), 33 G dd. 7 =

N 2. 4! 44{ _ _ HI1.5p}.9 He), 2e74(PH, tdg/ = yL.& 1.3 Ha),
J] 13.57HpF” HRVB [ MrHL+ caDcd! 8(BHOS) (2 PH2ENg 2132, 5.5 Ha),
471.1792; ifound: 471.(17 1.74 (2H, 4, J= 13.2 Hz). HR.MS [M+H]

o} caled for CaoHa3N307SF: 468.1241; found:
468.1237. Anal cald for C2oHzoN304SF: C,
51.38; H, 4.74; N, 8.98; S, 6.86; F, 4.06; found:
C,5125;H,4.62;N,881;8,6.82; F,4.18.

o OH Yield: 19%. 'H-NMR (300 MHz, CDCl3) &:
J\(JYO 12.08 (1H, s), 7.75 (1H, 5,/ = 5.8 Hz), 7.15-
Ij\u 7 7.08 (2H. m), 6.96 (1H, t, J=9.0 Hz), 451 (2H,
E Na N | d,J=6.2 Hz), 4.00 (4H, s), 3.85-3.70 (4H, m),
j 2.32-2.22 (2H, m), 2.26 (3H, d, /= 1.8 Hz),
(dio 1.76 2H, d, J = 13.5 Hz). HRMS [M+H]"
calcd for CaoHzsN3OsF: 404.1622; found:
404.1615.

45

Yield: 39%. 'H-NMR (300 MHz, CDCl;) &:
o 12.18 (iH, s), 8.12 (1H, t, J= 6.0 Hz), 7.19
o | (1H, d,J=8.0 Hz), 6.48-6.41 (2H, m), 4.50
@Aﬁu\f (2H, d, J= 6.2 Hz), 3.99 (3H, 5), 3.88 (3H, 5),
~o «_N_ | 3.86-3.71 (4H, m), 3.78 (4H, s), 2.27 (2H, td, J
j = 13.0,5.6 H2), 1.76 QH, 4, J = 12.8 Hz).
6 O HRMS [M'l‘H] caled for CyHazsN307:
432.1771; found: 432.1771. Anal cald for

CyHysN3O7: C, 58.46; H, 5.84; N, 9.74; found:
C, 58.22; H, 5.89; N, 9.69.

46




0O Anal cald for C22H23N6OBF: C, 56.16; H, 4.92; N,
17.86; F, 4.03; found: C, 55.88; H 5.02;: N 17.74;

F, 3.79. Yield: 35% 1H NWR (300 MHz, CDC13) S: >-N
12.11 (1H, s), 8.78 (1 H, t, J=7.3 Hz), 8.28 N (IH,
s), 7.66 (1H, dd, J= 8.6, 60Hz 7.14 NO OH (IH,

td, J= 8.2, 2.7 Hz), 7.06 (1 %J:SA, HO 2.6
e), 4.45 (24 d, I 9;6,,,.., 3.95 (4H 5), SO
3.82-3 Bk | LT IV geudmedd (OFh [O), 2. 992727 (pakh F ' N
N m, [T /b (ZHd, J=T14.3 HZYcl e FIR 3@)%&?;?.%03)5
C22H24N6OGF: | 471. 1792; found:| |Q ¢P(fif; ]g m Gggall;g 7.63
for C2PH2f 435 0. 2 H2Q) c( édzldr:?g,; ” Hdd_] 84,
17.73; | F, 4 01“0f , 58. 33;7 é, (uJNm H /=69
F, 3.8 3 38§~ 990 6H,
MHz 039,1 i 12*@1 1H, s),z.q ¢
: 5),2:3 L1 13 173 (2H, d, J
(Hi)H ;336!1;(1H ), 7. E '56;,{ '
S . S ~
497.
td, J={8.R, 2.6 Hz),o 0(11, 2%‘ ;7507
Hz), 4{47[(2H d, J= 6.7 Hz) |3 b1 50.50; H,
s), 2.67-R.75 (2H, n), 2. 32-2.4 :
(1H, 08— (tH—m—HRN5 “' )| 5 b’ 5
C20H2oNGOUF: 427. 1530  found:Y. 2 @r tQJ 31)4
7 9 )

NVR (5p0 MHz, CDCI 3)0S: oul2.
m, 7.B82 [2H _.dd__ OlloH)9, &

4.61 (RH | d, YN3: 4H’}_5 Z), 'm), 3_33
2.60-2? "N- N %lz %&11?% ?%Hil?u 11.4
(1H m*® 1 90-1.99 gi 2. L J=58

),454

Hz), 1. 78 (2H,d, J= 13, 4 Hz). HRMS [M+H]"
caled for CziHzgN3Os: 400.1872; found:
400.1869. Anal cald for C21H25N305 C, 6314;
H, 6.30; N, 10.52; found: C, 62.39; H, 6.01; N,
10.23.
Yield: 59%. "H-NMR (300 MHz, CDCl;) &:
N 11.80 (1H, s), 8.83 (1H, t, J= 6.2 Hz) 8.20 (1H,
R S s), 7.63 (1H, dd, J = 8.6, 6.0 Hz), 7.20 (1H, dd,
N O  OH J=18.6,2.4 Hz), 6.99 (1H, dd, J 8.4, 2.6 Hz),

N,'H)\r/o 427 (2H, d, J = 6.6 Hz), 3.99 (4H, s), 3.87 (2H,
N dd, J=11.3, 4.4 Hz), 3.76 (2H, 1, J = 11.7 Hz),

¥l Nx N\ 1245 (3H, s), 2.48-2.38 (2H, m), 1.78 (2H, d, J=
//\:|\i :I 13.5 Hz). HRMS [M+H]" calcd for
(8]
O

CHayNgOsF: 471.1792; found: 471.1786.
Anal cald for CpHysNOsF: C, 56.16; H, 4.92;
N, 17.86; F, 4.03; found: C, 55.88; H, 5.02; N,
17.74; F, 3.79.
Yield: 35%. 'H-NMR (300 MHz, CDCl;) :
}N 12.11 (1H, s), 8.78 (1H, t, /= 7.3 Hz), 8.28

\ (1H, s), 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,

/_©/\N 20| 2.6 Hz), 4.45 (2H, d, J = 6.6 Hz), 3.99 (4H, s),
50 H 3.82-3.71 (4H, m), 2.59 (3H, s), 2.39-2.29 (2H,
j m), 1.75 2H, d, J= 14.3 Hz). HRMS (M+H)

caled for CoaHpgNgOsF: 471.1792; found:
0 0" 1471.1812. Anal cald for CHyNeOsF » 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.




52 HN,~ N (IH n). 13C NMR (126 MHz, CDCI3) S F )
168.39, 163.46, 161.50, 157.66, 150.60, 146.85, p
133.20, 133.17, 129.42, 129.36, 125.40, 116.02,
115.84, 78.73, 58.62, 42.53, 34.74, 14.13. HRVB (M+H)

calcd for C,8HI9NSOAF: 360.1360; found: 360.1350.
Yield: 43% 'H NWR (500 Mz, §$ S: 11.81 (1H, s),
8.68 (1H, t, J—7Hz) 7.71-7.77 o:s—OOOHHz)
3.93-3 E%,E (4H, "/rSt ctarc_l_s {SH, S), (2‘. 622~ GSDatJ« 2+t ||y,
2.29-213g (2 ny, 2. 13-2719 R (}ﬁMl'-rzZCﬁélg)a
(1H n). [I3CNMR (126 Mz F )846
163. 16, 161.44,n8157.70, 150 dd“, 8.6, 6.1
140. 72, 135.3% 135.%5 OHg 1 712(1H
42.53, A 3 4.84, \13.459. 8 232,240(2}1
C, 9H21[FN3065:~438. 1135, YT oun HRMS
Structiureg Data Yield: 1 ngg'%l 30-
11.91 (1H s), 8.73 (14, 1, PgT T Tty 20
J= 8. 453+ F49{++H 26— -
7.25-7,29 (1H, m, 4.83 (2H 300 MHg, CDCL) 5:
(4H, s), [2.90 (6H, s), 2.64- BT 81y 32 G 00
; ’ ’ ’ BL{ZH, d, 6 Hz),
2.28-2/35 (2H, m, 1221 ;
) -3,66 (2H, m),
(IH ny. [13 H.C JL%;ﬁﬁng ! fﬁ 00189
162. 72, _1l60. 15%.7 Z50. b @ LUIH, m), 1.90-1.
125. 73}, 38¢ 5. 31, NapN5 1G5 7). | §INMR (126 8K{z6DCls) 3:
120. 40, 1120. 23, 116. 86 116. BECS- 163446, 1615505357 66 150,60, 146.85,
40. 34,1 37. 61, 34.81, oy | 133.20,133.17, 129.42, 12936 125.40, 116.02,.
115.84, 78.73, 58.62, 42.53, 34.74, 14.13.
HRMS (M+H) calcd for CigHoN3O4F:
360.1360; found: 360.1350.
Yield: 43%. 'HNMR (500 MHz, CDCl;) &:
11.81 (1H, s), 8.68 (1H, t, /=7 Hz), 7.71-7.77
(2H, m), 7.35 (1H, td, 8, 3 Hz), 4.84 (2H, d, 7
o=t=0 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),
s3 JW 2.01-2.08 (1H, m). *C NMR (126 MHz,
Na N CDCly) 5: 168.22, 163.16, 161.14, 157.70,
&: j 150.86, 146.63, 140.77, 140.72, 135.31, 135.25,
0 132.83, 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) caled for
CioH2 FN3Q6S: 438.1135, found 438.1149.




HRVS (M+H) cal cd for C20H24N406FS 467. 1401, found
467.1418. Anal. calcd for C20H23N406FS: C 51.49, H
4.97, N 12.01, F 4.07, S 6.87; found: C 51.27, H
4.98, N 12.17, F 4.11, S 6.86. Yield: 73% 1H NWR
(500 Mz, CDCI3) 8: 12.16 (1 H s), 8.33-8.39 (1 H,
m, 7.49 (IH dd, J=8.7, 6.3 Hz), 7.17 (1H dd, J=

9.0, 2.6 Hz), 7.07 (1H, td, J= 82 2.6 Hz), 4.97

(1H, dg—d—14.0.-8 9 Hz) 4 40 (1} 4.3, 3.7

). o 3o02-3. 08 T M. 3. BL. 3, A TR
dt, J912.6, 3.6 Hz), 3.23-3|25( 2)7371
ol aji 2.70 (2H, m, 2.32-2( %% | =84
(2H [0 ™, 1.98:2.06 (2H n] i1 AT

8270 on,
-2.21 (1H, m), 1.99-

N kégl_ . CDCl;3) 3:
' 49, 1 460, 7 7, 146.59

. 4 ! ] i " bl ] L]
38.53,]534.5 54 D 82]19, Ve %0, 13067,

cal cd |f or| €22 6N4CBF A ] .

Anal . |calicd for (g ERI25¢735 12 23 %11666 78.74,
11.38, F| 3.86, S 6 5 npe8-33 44.56,40. 4R|1 13.58.
3.55 S 6.42. 85 EKHR%%{ #i‘?é‘ﬂ@&FS

MR (500 MHz, CDCI 3)]|4p7-149), foupdpis7. %/H'ﬂ gpled for
2-(8.40 (IH, m, 7.47-|G2HaNeQeHS: 5149, H4.97, ) §2.01, F

(e}
(e))
X
=
T
=21

4 47 (1H__dd_ 1= 1MF4115&865) '3 92.3 93

13
(1H, M), |7.33-7.39 (2H, n,| 4058 q8%ifound: C 31284 $98, N 12.17,
)
)

. 13.84 ;0 3.92 (1H, n)YieBl73%3 "H NMR (300Hz, CDCL) 5:
3.22-3.28 (2H, 12.16 (1H, s), 8.33-8.39 (1H, m), 7.49 (1H, dd,
J=87,63 Hz), 7.17 (1H, dd, J = 9.0, 2.6 Hz),
7.07 (1H, td, J = 8.2, 2.6 Hz), 4.97 (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 (1H,
¥ dt,J=12.6, 3.6 Hz), 3.23-3.28 (2H, m), 2.64-
N"Ng © OH |270(2H, m),2.32-2.42 (2H, m), 2.20-2.29 (2H,
N)H//,‘Y m), 1.98-2.06 (2H, m), 1.88-1.98 (2H, m). °C
55 Ho T " | NMR (126 MHz, CDCL) 5: 168.28, 163.49,
F X 161.50, 157.79, 150.47, 146.69, 139.89, 139.82,
5: j 133.17, 132.16, 132.08, 125.81, 116.64, 116.47,
07 | 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 Cp;HaeN4OGFS
493,1557; found 493.1549. Anal. calcd for
CyHisN4OGFS: C 53.65, HS.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.




NO O OH m),

2. 31-
(2H,
MHz,

2.64-2.71 (2H,
2.37 (1H, m,
56 H' | Om,
N 0)

2.19-2.29 c2H m,
1.89-1.98 (2H,
NCDCI 3) 8: 168.26, 157.82, 150.40, 146. 68,

2.37-2.46 (1H, m,
1.98-2.06
1 C NWR (126

m,
m .

138.82, 137.01, 130.80, 129.46, 129.32, 127.72,

125.90, 79.15, 58.58, 54.15, 51.Qp,
34.58, 34.51, 25.05, 24.34, 14.0
C2

for

')l_ll2'7l\l/lf\RQ 475 1651 -

42.53, 39.17,
HRVS (M+H) cal cd

flnnrl /|7l: 1665 I\nal

A A A4 TAT .

for (ESHPeNACES T E5—6a-

. 6 oo_ O CDCly) 8:
found:| C|55.53, H 5.36, N 11 gaﬂfi’fg{ . 7 47-
1H NMR (500 MHz, CDCl 3) 8: Dy 17}33739(2[{
br), 7,98 (IH s), 7.70 (IH e Hz), 447 (1H
7.22-7 26 (1H .02 (1H 2, 3.84
4.32 (pH, 7 Hz) ?ﬁ"'(m)"‘

4T3 2-3.28 (2H,
(2H, ddd. 9. z? L
5.36 (PH 1 g‘&g 352486 506 OH
(11 M2 v
coc13)| % )045, . 2
153. 70, 15n#2, P24 ¥50.40, 146.68,
133.57, 133.50, 130-89, 30 2‘1 46, 129.32, 127.72,
117. 45, 114.43, 114.229778. %P 13%1 ) 42.53,
38.82,| J4.75, 15.29, 13.83, 9@ &l‘écﬁ
for CJLHA2NGO4F: 441.1687; fpHRMS(
43% 1H NMR (500 MHz, CDC13) | #75-16p1; @ g(‘ﬂﬁ 166? alﬁalcdfm‘
8.62 ([LtH|t, 6.7 Hz), 7.74 ([EetH@40s3<L 1.81,5
7.71 (0lHldd_J1=8 6 5 2 |—|2676'/f0m741 ﬁ15|5|53dH53$szlﬂ7 S 6.61.
2.6 Hz), |4.83 (2H, d, Yield: 55%. 'H NMR (500 MHz, CDCL) &:
11.93 (1H, s), 8.61 (1H, br), 7.98 (1H, 5), 7.70
(1H, dd, J= 8.5, 5.8 Hz), 7.22-7.26 (1H, m),
7.02 (1H, dd, J= 8.4, 2.6 Hz), 4.32 (2H, d, J =
N 6.7 Hz), 3.94-3.97 (4H, m), 2.72 (2H, ddd, J =
N. o OH 12.7,9.2, 5.5 Hz), 2.48 (3H, 5), 2.36 (2H, ddd, J
o | =125,10.1,7.3 Hz), 2.15-2.23 (1H, m), 2.05-
57 /©/\ N“ Y 2.14 (1H, m). "C NMR (126 MHz, CDCL) &:
. Nao 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)
caled for Ca1HoNgO4F: 441.1687; found:
441.1692.
Yield: 43%. 'H NMR (500 MHz, CDCl3) 5
11.90 (1H, brs), 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,
osdio 0 om |J/=67Hz),436(H, br), 389 QH,t,J=57
o |H2.,3.17 3H, ), 2.69-2.79 (2H, br), 2.37-2.46
o8 /©/\ ﬁ’u\f‘\]” (2H., m), 1.85-1.94 (1H, m), 1.79- .85 (2H, m),
e Na N 1.63-1.73 (1H, m). “C NMR (125.77 MHz,
& ) CDCl3) 8: 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
CooHa3FN;O6S: 452.1292, found 452.1299.




0=S=0 O OH J= 6.7 Hz), 4.36 (2H, br), 3.89 (2H, t, J=
5.7 OHz), 3.17 (3H, s), 2.69-2.79 (2H, br),
2.37-2.46 58 ~H' (2H, m), 1.85-1.94 (3H, m), 1.79-.85
(2H, M), F' N' Y.ON 1.63-1.73 (1H, . C NWR (125.77
MHz, Jx~ CDCI3) 8: 168.34, 163.12, 161.11, 158.52, v
* 151.12, 147.55, 140.72, 140.67, 135.12, 135.05,
132.86, 132.83, 124.42, 121.66, ¥91.49, 117.61,

117. 41’5} 232 51'3 1'&3 4517 +40-86—40-25; 3202
28. 59,12 79"

cﬁHz CDCl;,) 5

452.1292,| found 452.1299. 86
Yiel d:| 5% 1H NVR (500 Mz,
7.82 (IH| br t), 7.31 (2H d

(2H 1, J= 8.5 Hz), @ 5DH2H
(2H, br) 3.9

br), 2.38-2. 2HHn) 1 89

Hz) , 1.% - &-87 1.) (]f[g.@)
13C NNR (|12 |sz 3 .
8: 168?\'48 16613 46, 161. 49 4 -xso 3 13315 133.12, 129.45, 129.39,
150. 94|, 147. 73, 133. 15, 133. 12 1 83, 8@%%{@59 42.49,

115.99, 115.83, 82.11, 64. 59 S (M+H)
40.81,[31./88, 28. 67, 12.85. HR '9Hé'§¥“é‘a4 pEt-1516; found:
Cl19H21EN304: 374, 1516; found R1R Yield. -18%

N

'H NMR (500 MHz, CDCl3) S: Yleldiés"m H AJ(SOQMPJZ’ Cly) 8:

H t, {J 3 6.4 Hz), 8.46 (1H 210 (181, 9)39- ), 8.46
(1H, dd, [J= 8.5, 5.8 c-N Hz)}( legﬂ-l 4773411, dil, /= 8.5, 5.8
2.7 Hz), [7.1%IH, N dd, J= 52)4722 Ly = 2.8 Kiphi7.11 (1N,
d, J=17.0 HZDLN) dd, J= 8.4, 2.6 Hz), 4.45 (2H, d, J= 7.0 Hz),

O OH 438 (2H, br), 3.89 (2H, t, J= 5.6 Hz), 2.82
NJW (2H, br), 2.41-2.48 (2H, m), 1.87-1.95 (1H, m),
60 H N N_ | 1.83(2H, ddd, /=108, 5.6, 5.5 Hz), 1.69-1.78
(1H, m). *C NMR (126 MHz, CDCl3) 3:
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
ClezzFN504: 441.1687, found: 441.1695.

Yield: 33%. 'H NMR (500 MHz, CDCl;) &:
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, /= 8.2,
2.7 Hz), 7.24-7.29 (1H, m), 4.82 (2H, d, /= 6.7
Hz), 4.36 (2H, br), 3.88 (2H, t, J= 5.5 Hz), 2.89
~NT (6H, s), 2.74 (2H, m), 2.37-2.44 (2H, m), 1.85-
0=8=0 © OH 1.92 (1H, m), 1.82 2H, dt, J=11.0, 5.5 Hz),

JWO 1.65-1.74 (1H, m). “C NMR (126 MHz,
61 D/\ N" Y CDCly) 8: 168.21, 162.69, 160.68, 158.54,

F Ny N 150.96, 147.55, 138.56, 138.50, 135.15, 135.09,
& ) 132.72, 132.69, 124.57, 120.38, 120.22, 116.84,
0 116.64, 82.37, 64.39, 40.71, 40.22, 37.58,

32.09, 28.59, 12.77. HRMS (M-+H) calcd for
C,1HaFN,OGFS 481.1557, found 481.1555.
Anal. calcd for C21H25N406FS: C 52.49, H 5.24,

N 11.66, F 3.95, S 6.67; found: C52.22, H
5.09,N 11.43, F 3.93, S 6.60.




NO OH 4.
0 (2H,
60 | , H
Hz) ,

1. 69-

38 (2H, br), 3.89 (2H t, J= 5.6 Hz), 2.82 Nx
br), 2.41-2.48 (2H, n), 1.87-1.95 (1H, m,
iIN-J" r 1.83 (2H, ddd, J= 10.8, 5.6, 5.5
1.78 F (1H, m). 13C NMR (126 MHz, CDCL3) 6:

O 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, ti6.98, 112.38,
112, 1982356446 40711391132 40;,—28-61
12. 71. FARVE (W~ car cd—for Chy) 5
found:| 44{1. 1695. gl elgli 33% %30(51{
s: 12} 02 (1H br 8. )173_' 64
(IR, dd, @\M 71'1(%8
Hz), 7ledt (TH, .82
(2H bk),| 3788 (2H .1 J55. % i‘r ;001661
2.74 (H,| M, 2.37- H, o H
(1H, n), .82 (2H, dtli= 11. f
(1H, n—f-3C—NVRA-126—MHz 6
6: 168. 21, [162. 69, 160. 68, 158. 54 %ﬁ'}g "f 13)?
138.56, 188.50, 135.[5, 1135, ( =
7, 120! 38, ~N G }§7 2(2HdJ
40. 71, é&).@.ﬂ\sé, . Sglof 5359 .% 62—2‘56
calcd f C2TH26 FNA OB 481,
Anal . calcd for C21H2 6FS] )ﬁl 2 NN3O3 3541818
11. 66, F B.95, S 6.67~f ound] fund:854782 694 fag CaoHzsN;05: C
11.43,|F B.93, S 6.60. 87 E 67%?#%&%%’ Ha%%fﬂnnéi% 67.81; H,
82% ' MR (500 M4z CDC13) AN 941 00 (1H <)
8.03 ([{LH|br t), 7.40-7.30 (')F‘f‘el@) 76%. 'HNMR (500 MHz, CDCly) &
m, 4. 67(2H, d, J=6. 4Hz)Q 3. ®6( 2iH11.93 H61.4), 7.96 (1M, t,  =5.2 Hz), 7.29
| JH/'\T/’ (2H, d, J = 8.5 Hz), 6.90 (2H, d, ] = 8.5 Hz),
/©/\ 4.59 (2H, d,J = 6.6 Hz), 3.96 (2H, , J= 6.4
64 Hz), 3.81 (3H, 5) 2.62-2.56 (2H, m), 2.07-1.90
&) (8H, m). HRMS (M+H) calcd for CzoH24N304:
370.1767; found: 370.1780. Anal cald for
CaoHpN304: C, 65.02; H, 6.27; N, 11.37;
found: C, 64.94; H, 6.53; N, 11.46.
Yield: 74%. "H NMR (500 MHz, CDCl) &:
O  OH |11.79(1H, s), 8.02 (1H, brt), 7.34 (2H, d, J =
NJJ\‘/J\fo 8.6 Hz), 7.29 (2H, d, J = 8.6 Hz), 4.63 (2H, d,J
D/\H = 6.4 Hz), 3.96 (2H, 1, ] = 6.4 Hz), 2.63-2.57
65 | ¢ NN | (H, m), 2.08-1.91 (8H, m). HRMS (M+H)
5:) caled for CoHzCIN3Os: 374.1271; found:
374.1287. Anal cald for C19H20C1N303: 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, CDCh) &:
O OH 11.83 (14, s), 8.01 (1H, br1),7.34 (2H, dd, J =
PN A0 | 86,52 Hz), 7.06 (2H, 1, ] =8.6 Hz), 4.62 (2H,
/@f\n d,J =6.4 Hz), 3.96 (2H, t, ] = 6.3 Hz), 2.62-
66 | ¢ Nx NS | 2.56 (2H, m), 2.08-1.91 (8H, m). HRMS

(M+H) caled for CigH>1 FN303: 358.1567;
found: 358.1551. Anal cald for C1oHzoFN3;0s:
C, 63.85; H, 5.64; N, 11.75; found: C, 63.72; H,

5.52; N, 11.63.




62 HNN Hz), 2.63-2.57 (2H, m, 2.07-1.91 (8H m. Y
1 FIRMS (MrH) cal cd for C19H22N3(C3: 340.1661; found:
340. 1652. Anal cald for Ct9H21N303: C, 67.24; H,
6.23; N, 12.38; found: C, 66.85; H 6.14; N, 12.31.
0 OH 11.93

Yield: 78% 'H NWR (500 MHz, CDC13) 8:
(IH, s), 7.99 (1H, br t), 7.25 (%E: d,
7.18 (2H, d, J = 7.6 Hz), 4.62 ( d
3.96 (RHT+ J—n'zu—,\’ 2;:')‘_
2.35 (BATS)I—207-1. 90 (8H;

for C2PHZ2AN303: 354.1818; f()lII

Ci3) 5:
31041,
,d, J=
. 4.66 (2H,

£ ’gh%? 2?’235? mtz"H m)“f%ﬁﬁz -

cal 10 1567;
ﬁé%% 33 19H20FN30Os:
3 ’11716 r% 63.86; H,

- RE ﬂ’)

MHz, CDCIB
11. 93([169, &
Hz), 6} 90| (
4. 59( 2H, d|, J%6.
(3H, s) 2/ 62-2.56 (2

. FI RI\/IS (M+H) cal cd for c2
370. 17 /\hﬁl f‘ﬁl r*l ‘F or c20

for C2PH2BN303: C o 675,97; H F 1@7
C 67 BL:| H 6 84] Nj 11,94] et
- ]

6. 27 N, 1137, Tound: G 6 Yed: 75 é"H 0o MiTz£DCL)
Yiel d:| 74% 1H NVR (500 Mz, | €8 =8)316(’GH"“)’740(1H td, J =
11. 79(jLH, |s) , 8. , bty | 7. 382112 §lzy 23298 Mz‘m)‘?lééiﬂ td, J
(2H, d J ; 24?7&;‘9@—7@(41{ =340dg8.2 Hz),
(2H, t}|egd B4 70 LA | = RN APS QL 1T =64
2.08-1f 91 ( H] Hzk 21653 P d2Hamb 2991 9G8H; m).

)
374.1271:| found: 3 287 NHERMSGMt¥egled for CigHaFN;Os:
6

C19H20/CIN303: C, ~047 H, BH3Hot56§; foynd: 338.1568 Agal cald for
61.05;| H| 5.41;N, 11.10. CisHyoFN305: C, 63.85; H, 5.64; N, 11.75;

found: C, 63.75; H, 5.55; N, 11.70.

Yield: 71%. 'H NMR (500 MHz, CDCL) 5:
O OH 11.95 (1H, s), 7.99 (1H, brt), 7.14 (1H, d, J =

NJH%‘\?O 7.6 Hz),7.13 (1H, 5), 7.09 (1H, d, = 7.6 Hz),
j©/\H 459 (2H, d, ] = 6.4 Hz), 3.96 (2H, 1, J = 6.4

69 N N | H2), 2.62-2.57 (2H, m), 2.27 (3H, s), 2.26 (3H,
D\E) s), 2.07-1.90 (8H, m). HRMS (M+H) calcd for
C21H25N303: 368.1974; found: 368.1960. Anal
cald for C21H25N303: C, 68.64; H, 6.85; N,
11.43; found: C, 67.93; H, 5.93; N, 11.27.
Yield: 91%. 'H NMR (560 MHz, CDCl;) &:
o on |11.70(1H,5),8.05(1H,t,J =55 Hz), 7.44
o d (1H, ), 743 (1H, d,J = 5.5 Hz), 721 (1H, dd, J
NJ\Z\( =8.1, 1.7 Hz), 4.61 (2H, d, ] = 6.4 Hz), 3.97
0] g No _N_ | @H, t,J = 6.4 Hz), 2.64-2.58 (2H, m), 2.09-

1.91 (8H, m). HRMS (M+H) caled for
CszoClzNgOg: 408.0382; found: 408.0871.
Anal cald for C19H19C12N303: C, 55.39; H,

4.69; N, 10.29; found: C, 55.65; H, 4.51; N,
10.26.




Yield: 72%
s),

(111,

5.2 Hz),
6.4 Hz),
2.56 (2H,

for
for

C19H21FN303: 358. 1567,
C19H20FN303:

2

'H NMR (500 Mz,
8.01(1 H, br t), 7.
7.06 (2H, t, J =
3.96 (2H t,
m, 2.08-1.91 (811,

H 5 G52 N 11 63-

8.6 Hz),
J =6.3 H),

f oun
C, 63.85 H, 5%84

CDCI3) 8: 0 OH 11.83
34 (2H, dd, J = 8.
4,62 (2H, d,
2.62 66 p | NYN
FIRVG (M+H) cal cd
358. 1551. Anal cald
N, 11.75; found

0 6,
H J =
n .

QQ Ev Struect iy

_'%O}c A ptctute L 7oL
: o — HINVR(S00—VHz;

1H,

.0 Hz)\,o7 0641 d d

Rpe e ”'%”\ﬁ@“
3. 97 H

.’;
FN303: 358. 1567
FN303: C, 63. 8

A3 uu.tu.

br t), 7.36-7.31 (

18

5.64; N, 1150 Y

Ry -éﬁ@w i

1’_)(:13) 5

. 7.23(1H,
2), 6.46
& I=64

3 693(( H, s), 3.80

), 2, 1 9,8H, m)
st 400.1872;
21H25N305

d,J=8.

0121

EM3GE 358 N§6W: |
9HPOFN303: C, 63.85;
5;| H 5.55; N, {1790

S:  11.78 (1H s)
w4

3) S

dsz 99; H,
1d: 74 %o 'H ‘(gq.g M Kz CDCL;) &:
1.86 (1H, s),7(99 (1H,t, J =49 Hz), 7.17
gma dgJ = 30D+ L -7 12 (1H, m) 6 99
gg{,,t , 375 89 Hevd S8 (Al d. d =

3p EH. 255" ‘iéé‘@ 24329 57C(§H@|m), 2. 23
(3H; dgl= 1§ Hz),2.0851.91 m): H
Q& }ealcA fior Caokles KNFO¥ 6h! 723
found: 372.1737. Anal cald for CygHzFIN30s:
C, 64.67; H, 5.97; N, 11.31; found: C, 64.73; H,
6.20; N, 11.30.

73

Yield: 73%. 'H NMR (500 MHz, CDCl3) 8:
11.82 (1H, s), 8.02 (1H, br 1), 7.17 (1H, 1, ] =
7.8 Hz), 7.02 (1H, d, J = 8.6 Hz), 7.00 (1H, d, )
=10.7 Hz), 4.61 (2H, d, J = 6.1 Hz), 3.96 (2H,
t,J=6.4 Hz), 2.63-2.57 (2H, m), 2.26 (3H, s),
2.08-1.91 (8H, m). HRMS (M-+H) caled for
CaoH3FN30;: 372.1723; found: 372.1714.
Anal cald for CygHxFN3Os: C, 64.67; H, 5.97;
N, 11.31; found: C, 64.56; H, 6.08; N, 11.41.

74

O OH
e a
H N N
F J)

Yield: 73%. 'H NMR (500 MHz, CDCl;) 8:
11.78 (1H, s), 7.91 (1H, d, I = 7.6 Hz), 7.36-
7.33 (2H, m), 7.06 (2H, td, ] = 8.6, 1.2 Hz),
5.25-5.19 (H, m), 3.96 (2H, t, J = 6.4 Hz), 2.64-
2.56 (2H, m), 2.11-1.91 (8H, m), 1.62 (3H, d, J
=17.0 Hz). HRMS (M+H) calcd for
CaoHx3FN3O3: 372.1723; found: 372.1708.
Anal cald for CyoHp¥FN2Os: C, 64.67; H, 5.97;
N, 11.31; found: C, 63.20; H, 6.22; N, 10.74.

75

F (0] OH
o
H
Na. N
F C;;)

Yield: 79%. "H NMR (500 MHz, CDCL) &:
11.67 (1H, s), 8.13 (1H, br1), 7.11-7.03 (2H,
m), 6.99-6.94 (1H, m), 4.68 (2H, d, J = 6.4 Hz),
3.96 (2H, t, J = 6.4 Hz), 2.65-2.59 (2H, m),
2.10-1.91 (8H, m). HRMS (M+H) calcd for
CmHzonN}Ojl 376.1473; found: 376.1483.
Anal cald for C19H|9F2N303: C, 60.79; H, 510;

N, 11.19; found: C, 60.60; H, 5.21; N, 11.17.




0 OH 11.95(11-1,s),7.99(11-1,brt),7.14(1H d,J= 0

7.6Hz), 7. 13(1H, s), 7. 09( 1H, d, J=7. 6Hz), H /

4.59(2H, d, J=6. 4Hz) , 3. 96(2H, t, J=6. 4 69 NYN Hz),

2.62-2.57 (2H, m), 2.27 (3H s), 2.26 (3H, s),

2.07-1.90 (8H, m. HRVS (M+H) caled for C21H26N3(033:

368.1974; found: 368.1960. Anal cald for C21H25N303:

C, 68.64; H, 6.85 N, 11.43; fodfd: C, 67.93; H,

5. 93 N 1127 V| e! d: 91 Ot H NMR /Rﬂﬂ |\/l—|7 CDC1 Q\

S 0 Q70+ NS 05 HH T 'Hz,_ébm =

s), 7.63(1H d, J = 5.5 Hz (300 MH £ 3)

8.1, 17 |Hz), 4.61,(2H, d, A ¥ He HZ)

N~N2H & J =8 ) ,_

1.91 (I8H,| ¢ B W Ra o §29(H‘”

408. oglgz- d: M08y Q8% 1. "o o 2:66-2.60 (31,

C OHI9CIANGTB: C, 55. 89; H, L 5y. +18) caled for

55.65:| H| 4S61; N, 26 i E : 408.0879.

Yield:| 80% 'H NVR (500 Mz : 30y 5%9H

8.35 (WH| t, J = 5.5 Hz, 7.2 pfopns: &, 5 561%

Hz) | 6.~481(1H dJ-=21 0. 45l

8.2, 2.1 |H), 4.55 (2H, d, J|¥id:41%. rH) E(@ﬂpl\(@ﬂc@cb)ﬁ

J = 6.4 HZN\3.88 (3H s), 3|Bb74@H, ﬁhi?i(mm Hz),'8.41
N 0. 8hs), 1=85,2.8

A6 (RIS 4k
Hz), B At Db HE TS CUFL

}3 111— 815, 2.8 Hy)-4.4 (2Hod 7 6.7 Hz), 3.94

(Hy t45 6.4Ha), 8:7524%,(2HHm), 2.16-
H1.90 (8H, m). HRMS (M+H) caled for

b €2172:FW60;: 425.1737; found: 425.1735.
Anal cald for C3Hz FNgOs: C, 59.42; H, 4.98;
N, 19.80; found: C, 59.20; H, 4.88; N, 19.51.

78

Yield: 59%. "H NMR (500 MHz, CDCl3) 8:
11.81 (1H, s), 9.07 (1H, t, J = 6.4 Hz), 8.46
(1H, s), 8.18 (1H, 5), 7.73 (1H, dd, ] = 8.4, 6.0
Hz), 7.22 (1H,td, J= 8.2, 2.4 Hz), 7.12 (1H, dd,
J=8.6,24Hz),448 (2H,d, ] =6.7 Hz), 3.94
(2H, t, J = 6.4 Hz), 2.75-2.6% (2H, m), 2.17-
1.89 (8H, m). HRMS (M+H) calcd for
Co1HoFNgO3: 425.1737; found: 425.1727.
Anal cald for Co Hz FNgOg: C, 59.42; H, 4.98;
N, 19.80; found: C, 59.35; H, 4.69; N, 19.85.

79

Yield: 53%. '"HNMR (500 MHz, CDCly) &:
11.96(1H, s), 8.42 (1H, brt), 749 (1H, dd, ¥ =
85,64 Hz),7.18 (1H, dd, 3= 9.2, 2.4 Hz), 7.08
(1H,td, J=8.2,2.4 Hz), 499 (1H, dd, J = 144,
8.5Hz),4.42 (1H, dd, J=14.4, 3.7 Hz), 3.99-
3.83 (3H, m), 3.45 (1H, dt, ] = 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)
caled for ngstFN4OsS! 491.1764; found:
491.1776. Anal cald for Cp3H;FN4OsS: C,
56.31; H, 5.54; N, 11.41; found: C, 56.07; H,

5.60; N, 11.25.




0 (1H,
(IH t,
3.96 (
1 (3H,

d
J
2

, J=
=8.
H
d,

cal cd for

Anal cald for

11. 31;

found: C, 64.73; H,

OHz)
H) , 4.
, J =

J =15

7
9
t

C20H22FN3GB:

5-7.12(1H, m, 6.99 N

7.1
58( 2H, d, J=6.
6. 4

4Hz), 72 F1 /| HN~ N

.4 Hz), 2.63-2.57 (2H, m), 2.28 AY
Hz), 2.08-1.91 (8H m. HRVE (MrH)
C2OH23FN3CB: 372.1723; found: 372.1737.

C 6467 H 5.97; N
6. 201N, 11. 30. Yleld

S0 OH11.82 (1H

73% '

H_NVR

NI Data '

8.02 ( %%, | 0 CDCl3) 6
471' STZ} ,?J 9 1%(8 ‘}N%Z) 8345
Hz), 2 8,17 (15, 23,12
M. HR H, t4; g ,7.47 (1H, td,
foimd: g,IOHz),
H 5.9 : | o8 %?g éﬁh%g nf)“
ﬂ: ‘7%' | 9@?@ S HIRMS (N4 g}alcdzi}ov(:g%n - 407.1832;
m, 7.06 (2H td, J&/86, 1. %0'#%) ﬁ’n‘h’%@i?%% zz?g‘oﬁ:C,
, 3.96 [2H, t, J = 6.4 Hz), F CoA1.86; H,
3, 2. 11-1.91 (8H 1), L@g) 3148; 5‘20190 1l =70 Hz)
HRVS (M+H cal cd for C20I—I23FI\I1§'@‘33Gl 3% "HAIMR (500, Mz, CDCL) :
372. 17D8. A:Laf? cal d for C20HBPEREEE ), 8,784k a7] =p4 Ha), 7.76
5.97; o4 3 (HD-ddp] = 52@4}1@ 7478 (i, dd, ] = 8.6,
Yi el d; WP S2AB31535 QH, . h=@13. 2.8 Hgy, 4.86 (2H,
(1H, s .14, 7= 38 H23.9302Hy t. ] = 6.4 Hz), 3.19
6.99-6 (3H, 5] 2:6862.62 @}y m), 2765-1.88{8H, m).
3.96 (RH, 5 EIRMS, QM H)taled)for CuRNFN3055:
2.10-1}{ 91} (8H, M. ( Mi+H) 4@ 343; found:#36.1325. Anal cald for
Ct 9H20F2N303: 376. 1473; found] CaHaFN4OR: C, 55.16; H, 5.0%; N, 9.65;

found: C, 55.00; H, 4.93; N, 9.45.

82

Yield: 64%. 'HNMR (500 MHz, CDCl;) 3:
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, 1 = 8.2,
2.1 Hz), 7.29 (1H, dd, ) = 8.2, 2.4 Hz), 4.85
(2H, d, J=7.0Hz), 3.94 (2H, t, ] = 6.4 Hz),
291 (6H, s), 2.69-2.64 (2H, m), 2.15-1.89 (8H,
m). HRMS (M+H) caled for Ca HagFNLO;S:
465.1608; found: 465.1593. Anal cald for
C21H35sFN405S5+0.44 CF;COH: C, 51.06; H,
4,98:; N, 10.89; found: C, 51.41; H, 5.18; N,
10.50.

23

Yield: 48%. "H NMR (500 MHz, CDCl;) 5:
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), 449 (1H, dd, J
= 14.3, 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 Co3HaoN4O5S: 473.1859;
found: 473.1866, Anal cald for
C23H23N405S’0.12 C2H50H00.3 HzOI C, 57.73;
H, 6.11; N, 11.39; found: C, 57.48; H, 5.67; N,
11.47.




Anal cald for Cl19Ht 9F2N303: C, 60.79; H, 5.10; N,
11.19; found: C, 60.60; H 5.21; N, 11.17. 90 Ex.
structure Data Yield: 75% 1H NWR (500 MHz, CDO 3) S
11.62(1 H, s), 8.30(1 H t, J =58 Hz), 7.41 cl o
off (1 H d, J =25MH), 7.34 (1 H d, J =8.6 H), O
7.25 (1 H dd, J =8.2, 2.4 , 4.69 (211, d, J = 76
H6.7 H), 3.96 (2H, t, J = %), 2.66-2.60 (2H,
NYN M) e 31104 82—3—)-—r-FH-RVB—{-MrH)—eaf ce—For —et——
O OH2 et ANB 03— 408 0582 5T UG S A0 B Sieyeey

for CI9HI9CL2N303; 7Hz),4i)3

: »
found:j C| 5 , y
NVR (500 M—Jﬁg % ~ 3 ’t HZ):SZO2
t, J 38.[FHz), 8.4 H b 4§£M
H dd,J|=8.5 2.8 ? 10,0 381367

fo"

8.5,4.19 Hz), 7.15 (1 FyAd, %X

J=8.5,[2. Fl 7) , 4. 46( 2FI , d, J=6 Eﬁ‘i?é’?éﬁ” 77 | H (2H, t,
J =

6.4 Hz), 2.75-2.69 ORH, nYield> $8+NYH NMR 8500 Mk, CDCly) 5:
o E;gjg/ﬁ gM* 1:44-1.38 GRAHRAR F96001 (4 H, m), 2.07 (2

Mad J gl f 15 GRls), ¥ONEH, t, /=7
Qs H2 ' A2 H), 48298 H, AN = 10 HH),7.32(1 H, dd, J =
found:| ‘G| 59.20; H 4. A8 18, BhHz), Yi62l7eh8 (590m), 855 (1 H, 1, J

NVR (500 Mz, 1179 141187 (8 H, s)9 - HRMS (M+H) caicd
(11-1,4t,| J = 6. l\roNc 058: 436.1342; found 436.1341.
(1H s)L818(1H s) (1H, 50 Hz), 7 22 (1
H td,] J|= 8.2, 2. ) OH7. 12Y !E1=F-I15'H’d HWB&O%MBIZ CDCly) &:
2.4 HZ), |4. 482 M 1.79 61 Hm), 2e8612:021(4nep), 2.07 2
(211, |t. |9 5 7€ 2| B, 427-He), 386 (63, 57 4.00 (28, 1,/ = 7
(811, |rgy.| fFt RVE sM;rH) k Jr). 4.80 2 1, d, J= 6.6 Hz), 7.19-7.30 (1 H,
| m), 7.50 (1 H, dd, = 8.4, 2.6 Hz), 7.66 (1 H, dd,
HiMez J=86,53 Hz), 8.54 (1 H, t, J= 6.8 Hz), 12.00

(1 H, s). HRMS (M+H) calcd for
CaiH6FN4OsS: 465.1608; found 465.1626.
Yield = 13%. 'HNMR (300 MHz, CDCl) &:

O OH | 164-1.83 (4 H, m), 1.87-2.05 (4 H, m), 1.87-
NJH)\(O 2.05 (4 H, m), 209 (2 H, t, /=7 Hz), 401 2 H,
/©\/\H Ne N | t/=7Hz),444 2 H,d,J=6.6Hz), 7.08 (1H,
N dd, J=84,25Hz), 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
C21H2FN¢Os: 425.1737; found 425.1741.
0 OH Yield: 27%. 'H-NMR (300 Mz,

NJWO CDCls/MeOD) &: 7.31-7.27 (2H, m), 7.00 (2H,
/©/\H I 1 |1J=86H2),453(H,5),3.98 (4H,s), 2.98-
F 3 2.84 (4H, m), 2.14 (2H, td, J=10.3, 5.4 Hz),
] 1.84 (2H, dd, J= 12.8, 1.1 Hz). HRMS (M+H)
HN 0" | calcd for CigH2N4O4F: 389.1625; found:
389.1610.

87 | F

88




C211-122FN603: 425.1737; found: 425.1727. Anal cald
for C21H21FN606: C, 59.42; H, 4.98; N, 19.80; found:
C, 59.35; H 4.69; N, 19.85. Yield: 53% 1H NWR (500
MHz, CDC13) S 11.96 (111, s), 8.42 (114, br t), 7.49
(11-1, dd, J = nio

8.5,6.4Hz)718(1Hde9224 ,7.08 N % o off
(1H,td, J=8. 2, 2. 4Hz), 4. 99( 1H, de 4 08.5 Hz) ,

4.42 (1H, dd, J = 14.4, 3.7
3.83(311, m), 3. 45( 1H, dt, J=12. 5 Hﬁﬁ%laﬁgg 79 F 1/ HIN ~

Nl 3.28-3.25 (2H, nj, 2.70-2.61 (2H n), 2.45-2.31
(2H, m), 2.03-1.9 (101-1, m). FIRVB (MHH) calcd for
C23H28FN40O5S: 491.1764; found: ~ 491, 1476,.0Anal cal d
for C23H27FNACBES: C, 56. 3 N'547 Nf 11. 41; found:
C, 56.07; H 5.60; N, 1l C ExNxShryuct ure Dat a

Yield: 66% 'H NVR (500 Mz, €DC33) A& j

11.87(1H,s), 9. 11(1H, t, J=6. 4Hz), 8. 4 6" H s), 8.17

(1H s), 7273 (1 H dd, J =7.3, 1.2 N 0 OH Hz),

7.51 (1H, td, J = 7.3, 1.2 Hz), 7.47 (1H td, J = 7.6,

}1 ngZ)zH 7. dﬁﬁl&&&é,ofdgample s (752@ng(é 194 Hﬂo? anégld#dA I\ﬁm 2 mg, 0.372
Hz) 3 zmmsﬂ)znh TbiCh pyas ggnedgt mpmltelgger@g;q ford h. ’Ihqn, coneengrated and
HRVB ( E iR Beanth89'862 me. 2197 le solid.
oy 1 e B3 pfébaraliie fPEC [Faliif Hanth (39]( m(%fs rfasapmpesm
5. 45 N NMR 6509 Mide 6DCIs3,5: BL6BEH, H,ssg(u{gumwzgms (1H,dd,J

fL0, R RO g SR Ay 025 a1

(1H, ddd,llz86 2 H2), 4%@)3 J4 (ABI( thh,3dlab, (3HB:)S2.2 102.56 i), 2.06-390 (2H, m)
( 1'1_{9 t ?94‘1 82 (?H ) %’“?ME%R/H‘H) Cﬁ(}d &)1‘ HonnFN;;OGS 452. 1292 found:

452.1286.

Example 90

0 OH

A N N
-~ o
F o,,s\\o j
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, CDCI;)
3: 11.82 (1H, bs), 8.57 (1H, t, T = 5.8 Hz), 7.75 (1H, dd, = 8.0, 2. 6 Hz), 7.69 (1H,
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 (3H, s), 2.61-2.56 (1H, m), 2.34-2.29 (1H, m). HRMS (M+H) calcd for
C1oH31 FN30O;S: 454.1084; found: 454.1096.

15



NYNIl d, J =7.0 Hz), 3.93 (2H, t, J = 6.4 Hz), 3.19 81
H/ F (3H s), 2.68-2.62 (2H, m), 2.15-1.88 (8H, n).
v~\/J HRVMS (M+H) cal cd for C20H23FN3CBES: 436.1342;
found: 436.1325. Anal cald for C20H22FN305S: C,
55.16; H, 5.09; N, 9.65; found: C, 55.00; H 4.93; N,
9.45. Yield: 64% 'H NWR (500 I\/H;) CDCI 3) 8 0 11.48
(1 H br s), 8.82(1H t 4 He JIN, n

(IH, dd, J = 8.2, 5.5 Hz), H 8.2, S0
0 OH 2.1 Hz), 7.29 (1H, dd, J%f"%]]i'-‘"z4Hz) 4.85 N
0 (2H d, J'=7.0H), 3.94 (2H, t, J = 6.4 Hz), 82 H
NNN 2.91 (6H, s), 2.69-2.64 (2H, n), 2.15-1.89 (8H, F
m. HRMS (M+H) cal cd for NAg@bS:ionq 465. 1608;
found: 465.1593. Anal cald f N4§5S0. 44
CF3002H C, 51.06; H, 4.9 1. 88 Yound: C

51.41; H, 5.18; N, 10.5¢-i#ld: 4 NVR (500
MHz, CDCI3) 8: 12.01 (1H, s), 8.43- IH m,
7.50-7.48 (IH n), 7.46-7.45 (IH, @.35-7.35 (2H,

m, ~s 0 5.02 (1H, dd, J = 14.3, 8.6 Hz), 4.49 (1H,
dd, J N 110 0 OH = 14.3, 4.0 Hz), 3.96-3.87 (3H m,

?2I4-| 6- ﬁ) 42 N lg §$l|11“m mmter’f’ueaélégﬁ?(? Obgﬁl 190, mlaolg i cgcl‘ﬁéromethane G

m.3 HRVES) rpd\rifinpriopcetia peid (Y oE) wmﬂﬁuﬂiwummdmgolvem was
(i AR i ) 1RO AL Hit s e
57. 48; Of—PS"/sethml Mnd solitls vere c@llectbby filtratisntiogive DRG0 a1 %) as a
Yield g e7 g{)olid a.'ﬁler vacun.l(n? pump drying%ﬂl( (§OO MHz, DMSO-Dg) 8: 12.19
(1H, s),9.37 (1H, t, /= 6.4 Hz), 8.56 - 8.61 (1H, m), 7.44 (1H, dd, /= 8.5, 5.8 Hz),
10 7.36 (1H, dd, J=9.3, 2.6 Hz), 7.31 {1H, td, /= 8.5, 2.6 Hz), 4.58 (2H, d, /= 6.7 Hz),
392 (2H,t,J=5.3Hz),3.80 2H, t, /= 5.2 Hz), 2.79 (3H, d, /= 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-Dy) 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,
15  40.33, 33.95, 26.06, 13.08. HRMS (M-+H) calc’d for CypHx»N4OsF: 417.1574; found:
417.1589.




0 1.65-2.02 (8 H m), 2.07 (2 H t, J=7 Hz), 4.03 H
(2 H t, J=7 H), 4.55 (2 H d, .x=6.2 Hz), 7.02 84 F
(2 H t, J=8.6 Hz), 7.29 (2 H, dd, J= 8.6, 5.3 Hz),

5.

7.90 (1 H brs), 12.09 (1 H s). FIRMS (MtH)calcd for
C19H21FN303: 358.1567; found: 358.1578. 0 pH Yield =
54% H NMR (300 MHz, CDC13) S: 0 1.64 1.78 (4 H, m,
1.87-2.01 (4 H m, 2.07 (2 85 P5SpH\ NH, t, J=7
Hz), 3.15 (3H, s), 4.01 (2 H t, J=7 aj H),4.82(2
H, dJ=7. OHz), 7.32(1H dd,J= 7. &$LAIME ) 7 627 7
H m, 855 (1H t, J =7.0H), 11.87 (1 H, s).
FIRVG (MtH) calcd for C20H23FN3C6S: 436. 1342; found
436. 134¢1ai¥ OH Yield = 15% 'H NVR (300 MHz, CDO 3) 5:
AN p 1.62-1.79 (4 H n), 1.86-2.02 (4 H nm), 2.07 (2
r\ 1 H t, J=7 H), 2.86 (6 H s), 4.00 (2H, t, J=7
86 F / IH N Aoqmpeynd of Fgomylpl 1 ¢, ' J = 6.6 Hz),
7.19-7.30 (1 H NMNnM, 7.50 (1 H dd, = 8.4, 2.6
Hz), 7.66 (1 H, dd, J= 8.6, 5.3 m 8.54 (1 H t, J=

C

O

8 (2

6.8 Hz), 12.00 (1 H, s). FIRVMSY al cd for
C21H26FNACBS: 465. 1608;  f ound™ Yield = 13%
'H NMR (300 MHz, CDC13) St | Q: Q4 1y64-1.83 (4 H m,
1.87-2.05 (4 H nm), 1.87- Nip 2.05(4'H, nm, 2.09 (2
H t, J=7 Hz), 4.01 (2 H HTN Nty J= 7 Hz), 4.44
(2 H d, J=6.6 H), 7.08 (1 H, 87 F\ Y dd, J=
8.4, 2.5 Hz), 7.19(1 H, dt, J= 8.4, 2.5 NyN Hz), 7.67
(1 H dd, J=8.4, 5.9 Hz), 8.15 (1 H, s), 8.42 (1 H,
S) o8- 77 (1 H t, J=6.8 Hz), 12.02 (1 H, s). FIRMS
(M419|) 4 I((':Eaj‘for

R'is Crg(Arhalkyl;

R’is hydrogen, C;galkyl, or ORS;

15 |
Riis hydrogen, halo, hydroxy, cyano, Ci.salkyi, Cs.scycloalkyl, Cy.ghaloalkyl,
C-alkoxy, Cy.salkylthio, Cghaloalkoxy, CON(R®XR®), SOR, SO,R’,
SON(R®)R®), or Ar%;

20 RYis hydrogen, halo, hydroxy, cyano, C;galkyl, Ci.¢alkoxy, Cishaloalkyl, or
C-ghaloalkoxy;

R’is hydrogen, halo, hydroxy, cyano, Cigalkyl, C;.galkoxy, Ci.ghaloalkyl, or
C,.ghaloalkoxy;

25
Réis hydrogen or Calkyl;

R’ is Cgalkyl;



C21H22FN6CB: 425.1737; found 425.1741. 0 OH Yiel d:
27% H NVR (300 MHz, O CDCI 3/ MeOD) S: 7.31-7.27 (2H,
m, 7.00 (2H H/ t, J= 8.6 Hz), 4.53 (2H, s), 3.98
(4H, s), 2.98- gg F 1 / NN 2.84 (4H, m, 2.14 (2H
td, J=10.3, 5.4 Hz), 1.84 (2H dd, J= 12.8,1.1 Hz).
FIRVS (MrH)  HN O cal cd for Ct9Hz2NAOAF: 389. 1625,
found: 389.1610. 93 Exarrple 89" OH HO H JO 0>\o

(64, 2 Ry 588 eiet e CRoCHBEFbCUASR Tl iy o,

t enper @HCH,CHCIHECH, CRIeH,CHOREEHIC @dHH, CH0CH] ed

R e R SN R

11 69 cnchg)CHz&fﬁ@(CHﬁHzCHchz—erg GHJGOH,CTLCH,(HH, dd,

) 55 Ceprcligonitiuel Mabdthedenhrebibnagtrblq,

Hz) BCHNR T, CHENERY) CH3CASCH, 85, CH,N(RSCH;CHLU8L ( 2H,

iy 8&%%5)%%&&&8@15&3@%@1% R CrCH, or

452 12@@12(:@}@([(@@2@1&2@2 Il H/ / NN NO OOCO O
15 Exanple 90 was prepared according to the procedure

for exanple 89 using exanple 39 to afford product in
38% as a purﬁie S’B.lld "H NWVR (500 MHz, CDCI 3)

R4 [/;
10 Arlis R ;
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 Csalkyl; and

15
X-Y-Z is C(RH(RYCH.CH,, C(RY(R®)CH;CH,CH,, C(R*YR®)CH,CH,CH,CH,,
CR¥R*YOCH:, C(RYR*YOCH,CH,, or CR¥)(R*)OCH,CH,CH;
or a pharmaceutically acceptable salt or solvate thereof.

20

2. A compound of claim 1 where X-Y-Z is C(R®)R*)CH,CH,,
CRYR*CH,CH,CH,, or C(R*)(R*)CH,CHoCH,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,OCH;CH, CH;NR®)CH;CH; or CH,CHaN(R$)CH;CH.

4. A compound of claim 2 selected from the group consisting of



8: 11.82 (11-1, 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, 5.0
Hz), 7.33 (1H, td, J =7.9, 2.4 Hz), 4.87-4.74 (2H
m, 4.20-3.98 (8H, 20 n), 3.18 (3H, s), 2.61-2.56 (1H,
m, 2.34-2.29 (1H, m. HRVMS (M+H) cal ed for
Cl19H21FN307S: 454.1084; found: 454.1096. 94 Exanple
91 HON-OOH NO rN F 1 H®Y A solution of

i nternedi ate 45 (0.

di chl or ometaelyesop snymeﬂaﬂaﬁg Ak Ja%ﬁo*yéaxw “Frd (5
) m?l&[dyﬁlﬁﬁ&t{n@ﬁ 9&5’0913415};,3@5{1 LR rin0diME T -c¥BSxamide;

renoved i n-vacuo to give a yellow oil. The oil was
triturated with a mniml volunme of 95% ethanol, and

SO' i ds wer QQ-C[@Lﬂ&FJ-%eﬁmﬂhbhilfn?&lhﬂPTt80dlﬁjrdl-8-3 dedkyPBxo-
71 9% as white solid after vacuum i ng

7 SRy RPN B Ry oL 1S SR e

H t, J =6.4 H), 856 - 861 (IH m, 7.44 (1 H, dd,

J= 8.5, 5.

7.36( 1H, dd, M—HQ)@HQ »BHsriazql- Byphenylmethsd]- 8,85 digydry-3'-lydgery-4'-oxo-
2H,  dgpird(c : ' 3 Ly l

(201 Sl o B0t 5 ciniidolt sus i

(2H, n),219225(2Hn)212-218(1H m,

1.§8-1.96 ( . 6) g8t iro.
T 68, 161#% ﬂq’?gégls% N%?G&%@ Ll %"9,%‘41;4[;1%@271’,8 %'hydm ’
137. 24hydicp-4-oxo-spimicyelopanme I (- 4H|pytidel | 227]pyring dipe]-2*-
116, T0uydnfify 114.70, 77,99, 57.88, 4196, 15 40.33

33. 95, 13.08. HRVS (MrH) calc'd for
C20H22N4AOBF: 417.1574; found: 417.1589. 95 CLAIMS |

claim 5 1.y fsGRERONAGP5 4FRhB G npnSiylStyn & Mhydko -
15 hydroxy-4'-oxo-spirofcyclopentane-1,9'(6'H)-[4 H]pyrido[ 1,2-a]pyrimidine]-2'-

carboxamide;

N-[[4-fluoro-2-(2H-1,2,3-triazol-2-yl)phenyl]methyl]-7',8'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclopentane-1,9'(6' H)-[4 H]pyrido{ ] ,2-a]pyrimidine]-2'-

20  carboxamide;

N-{[4-fluoro-2-(1 H-imidazol-1-yl)phenyl]methyl]-7',8'-dihydro-3"-hydroxy-4'-
oxo-spiro[cyclopentane-1,9'(6'H)-[4H]pyrido[ 1 ,2-a]pyrimidine]-2'-carboxamide;

25 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-

alpyrimidine]-2'-carboxamide;

N-[[4-fluoro-2-(tetrahydro-1,1-dioxido-2 H-1,2-thiazin-2-yl)phenylJmethyl]-
30  7.8-dihydro-3"-hydroxy-4'-oxo-spiro[cyclopentane-1,9'(6'H)-[4H]pyrido[1,2-

a]pyrimidine]-2'-carboxamide;



R2 N

INZ x-Y I 10 wherein: R is Cl-6(Ar")alkyl;

RZ is hydrogen, C-Ckyl, or OR6; 15 R3 is hydrogen,

hal o,

hydr oxy, cyano, ( 4al kyl, C3 7cycl oal kyl ,

Cl. 6hal oal kyl, Ct-6al koxy, Gi 4al kyhhi o,
Ci 4hal oal koxy, CON(R6) (R), SOR7, SO2R , S02N(R6) (R6),

or Arz:

20 R4 is hydrogen, hal o, hydroxy cyano,

Cl. 6al kyl, Gi.6al koxy, Giahal oal R§I, or

G - 6hal oal kox RS is hydrwgf hal o, hydr ox % c7yqno, .
G . 4al kyl, Eﬁdﬂlwssbylame@ anﬂhﬂﬁwrﬁpb?ﬂyllef ylJ-7.8-dihydro-3*
hal oal Kﬁﬁ(yxy-«a@xgﬁpﬁ'(ﬂ C#%Eﬁgﬁenl o6 fD- hlﬂﬂ)}‘ﬁﬂbﬁl 2- yCﬂii_%idine]'z"

G - 6al kyl ;
CH2 CH2 €hox

t aken toge her are
CH2CHZ CH2CH2CH2CH2CH2,

CH2CH2CH2CH2CH2CH2, OCH2CH2, CH2OCH2, OCH2CH2CHZ2,
CH2OCH2CH2, OCH2CH2CH2CH2, CH2OCH2CH2CH?,
cmtmocmamw-mmmmwmmmw ‘@dibpgro-35hydroxy-4'-

) ot 1
N(R) Q‘%%g%%ﬁ% W@p%’?é%%mﬁlm 2' carboxam de;
CH2N( R5CH2CH2CH2, CH2CH2N( R6) CH2CH2,
N(R6)CH2 :
CH2CH2IN( Re)%z@ S BT B PR GhyI2F 8 dibydro-3
t et r azbydpoxy-4' wxa-gmrq[d:yclqpm@aazby'gﬂ H)-{84fipyzidpf)12-alpyrimidine]-2'-
pyZdjO' élﬂ{,ox%tn fioxothiazinyl, and is substituted with

uen

am no,

15

20

25

30

ts selected fromthe group consi sting of
0XO0,

N-(phenyimethyl)-7',8'-dihydro-3'-hydroxy-4'-oxo-spiro{cyclobutane-
1,9'(6'H)-[4 H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;

N-{(4-fluorophenyl)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;

N-[(4-fluoro-3-methylphenyl)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-fluoro-2-(1H-1,2,4-triazol-1-yl)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-fluoro-2-(methylthio)phenyl)methyl]4,5,6',7'-tetrahydro-3'-hydroxy-4'-
oxo-spiroffuran-3(2H),9'(4'H)-pyrimido[2,1-c][ 1,4]oxazine]-2'-carboxamide;

N-[(4-ﬂuorophenyl)methyl]-2,3,S,6,6‘,7'—hcxahydro—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)phenylJmethyl]-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;



hal o, cyano, and Ct4al kyl; and 15 X-Y-Z is
C(Re) (R9) CH2CH2, C(R8) (R9) CH2CH2CH2,

C(R8) (R9) CH2CH2CH2CH2, C( R8) (R9) OCH2,
C(R8) (R9) OCH2CH2, or C(R8)(R9) CCH2CH2CH2; or a
pharmaceutically acceptable salt or solvate thereof.
20 2. A conpound of claim1l V\,here X-Y-Z is

C(R) (R CH2CH2, C(R8)(R9)CH2CH2 , or

R ahd Ro o t&%ﬁﬁ%%%mmmi’%éﬁﬁ%-tErem?z-sYi%ﬁenmmethyu-
CH2CH2 G348 7

Qo2 )
w%@%@? ox npound of claim2 sel ected

fromthe group consisting of 97

N-[(4-fl uorophenyl) net hy IJ ' -di hydro- 3’ hydroﬁ\l/

- ox® spir o[ ¥yl dgord.l ‘@“1?‘624{01 %WWV%F“YU[M yiJ-

1, 2- a] pyIsi 6 Flnehhydro-©HyBR%PA1-SM&-spiro[4 H-pyran-4,9'(4'H)- do[2,1-
N-[(4 f’l\zuoro 3- et hyol- phen I met hySI ]!mg DB di h)(/dlri)opynnnho[
ydr oxy¢ cli1.419%qzined-2-carboxamide

Spi ro[ cycl opentane 1,9 (6 H) [ 4H] pyri do[ 1, 2-a] pyri m di

ne] - 2' - carboxan d .
N-[[2-(1H 1N~.£[4z1ﬂltorq akwethylsyifonpbehepymethli p.p,576.6' 3 heyphygiro-3"-
dr 96 3' hyEHyQAbx6:spiffF-pyran-4,9'(4' ido[2,1-c](1,4 2
spirof cycl gg‘gn?aﬁ% I, 'pimm 9( 4|—|]pyﬂm:ll 0[[ ~cl{14joxazine]

1, 2- a] pAFkaxginiflehe] - 2' - car boxam de; 10

N-[[4 fluoro-2-(I1H1,2,4-triazol-1-yl)phenyl]nmethyl]-7

', 8" -di hydro-3' -

hydr oxy 4' -Mk@-tyera-Dinsthylrbpesiimatied 112,85 66V, Fyhekalpiygyd - hydroxy-4*-

N 1 [ 5 PSBL G- R45y APpRRRRIS ) dioyesine] 2 catorgmide
, 815 di hydro-3' - 15
hyd 4'
[ ?/ rzog oyt |1?n r n@#&@&%ﬁ&&@%&%ﬁ? +5.3.6{ A R anly d1PKY dr68-4r-ox0-
N- [8[ 4dfﬂrl]mg*fbpgﬂ(-ﬂmmpﬁamm[dzleﬂ[124]9*6)1!11%@’»*1&111@&@:11151&] 7
', 8 -di ro-3'-
hydr OoXy- Zf - 0X0-spi ro[ cycl opentane-1,9' (6" H)-[ 4H] pyri do
, 2-al pyr |MC{[d{-{(’th}letﬂylmnﬁlﬁ)suﬁ'm@d)])@ﬁuﬁephenyl]methyl] -2,3,5,6,6',7'-

m dazol
N b AR T BB tpens gt
oxo S pél{ 4]pxazinepPenibaramide 9' (6' H) - [ 4H] pyri do[
1, 2-a] pyrimdine]-2'-carboxam de; 25
N-[[2-(tetrahydro-1, 1-di oxi do- 2H 1, 2-t hi azi n- 2-yl ) phen
yl ] met hyl ] -A- ‘{(3§-d1methylphenyl)methyl]-2 3,5,6,6',7-hexahydro-3'-hydroxy-4"-oxo-

I
e S /AbeRA bt

N-[{4-fluoro-2-(5-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]f1,4]oxazine]-2"-carboxamide;

30 N-[[4-fluoro-2-(3-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]Joxazine]-2'-carboxamide;



a] pyrimdine] -2'-carbo xam de;
N-[[4-fluoro-2-(tetrahydro- 1, 1 -dioxido-2H

, 2-thiazin-2-yl)phenyl ] nmethyl]- 30
7', 8" -di hydro-3'-hydroxy-4'-oxo-spiro[cycl opentane-1,9
"(6'H)-[4H] pyrido[ 1, 2- a]pyrimdine] -2'-carboxam de;
98

N-[[2-[ (di met hyl am no) sul fonyl ] - 450G | uor ophenyl ] net hyl ]
-T, 8 -di hyd
nydr oxy- 4 - BRE-&P e duireahkyDehsey meyl}415-Biw s
[ 1, 2- aj@yky-didtoRplko[eyclobutnhb0quH)9irifkido[2,1-c][1,4]oxazine]-2"-
N-[[4-fluoro (rrethylsulfonyl)phenyl]rrethyl] 7', 8 -di
hydr o- S“’gWEF y-4' - oxo-spiro[ cycl opent ane-
1,91(6' H) - [4H]pyr|do [
12a]pyr|md|ne] 2' -carboxam de; [3-fluoro-2-(1
H 152, 4- t r i NAG-fuqrophepylimethil]- ?r’r’efhhwfp 3Th¥3‘ir°’5¥“f’1)?6?o 3'
hydr oxx ifb[cyRloBuid- [ 9g4sm):b,qﬂﬁas nec]ﬂl,,ﬁm(aémbwwdbﬂa&mu&o
I])pyrl m di ne] 10 car boxam
N-(phenyl nmet hyl )-7', 8" -di hydro- 3' - hydr oxy-4' - oxo-spiro
[ cycl obut ang: [dﬂ&:r&@ (H)efhg&ﬁﬂf&by E’éﬂ&ri methyl]-6',7"-dihydro-3"-hydroxy-4'-
1,2-a]pyrim |ne oxam
N- [ (4- PROrsRieniye !“)“PPE’( DA H-pyrmnide[2.3 <1 loxapipeal B-carboxappide;
r ojg- 4' - oxo- splro[furan 3(2H) 9'(4'H)-pyrimdo[ 2, 1-c]
[ 1, 4] oxazi neb‘ - car boxam de .
N- [ (4- f | uor N-[B-idimethylaminn)sulfeaxihfuomphengtlopthy [, 7 glikydro-3'-
r O- 3 1At R
spi ro[fhuc?a%XB %o sﬁ%‘&[cycloﬁ)utagt; r1|9 r(ri“él% Enmzdoﬁz 1-c}[1,4]oxazine]-2
1, 4] ox &bewamide; - car boxam de; 20 N-[[4-fl uoro-2- (|
H-l 2,4-tri azoI
yI)phenyI]rrethyI] 4,5,6',7 -tetrahydro-3
hy oxy-4' Uirg- feu 3 006 1 gnyljmethyl |-
dp - i p-ypire-3{( aliyde [-2+djoxdd MY—ﬂbthw i-yliphenyl jmethyl]

C | I ' t

TR s i S L T e A
t rahydrlit S]Mtgudﬂd xgarbbxamide;

oxo-spiro[furan-3(2H), 9" (4' H) -pyrimdo[2, 1-c][

1, 4] oxazi ne] - 2' - car boxami de;

N- [ (4- 1 1 uor Silitetepiahyvize-ylhdiexdd@2 ;162 Bizeiti-2-higpthylinab]-6.7-
2 )F; ?? 8 E( %)h?% b%ﬁgdi?@ﬁ‘ﬂmgiﬁyﬁcmbatgrxﬁ’1 ,f'_(égﬁi)-fayrimido [2,1-c][1,4]oxazine]-

1, 4] ox@zdartekardide,car boxam de; 30 N-[[4-fl uoro-2- (|
H1,2,4-triazol-1-yl)phenyl]nethyl]-2,3,5,6,6",7" -hexa
hydr o-

3" - hydr oxy - H:[f4oftprs-Ri{5-alediyit-DHF 19214 4rid2ok Hyhphepylimeth b7 -dihydro-
1-c] ! S'ﬂ Xo?é—h e)lo-spuo[cyaogut;(nae-nll &(%‘H)—pymmdop 1-c][1,4]oxazine}-2'-

25  carboxamide;

N-[{4-fluoro-2-(methylsuifonyl)phenyl]methyl}-7',8'-dihydro-3'-hydroxy-4'-
oxo-spiro[cyclobutane-1,16'(4'H)-[6H]pyrimido[2,1-c][1,4]Joxazepine]-2'-
carboxamide;

30 A

N-[(4-fluorophenyl)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-[[4-fluoro-2-(tetrahydro-1, 1-di oxi do-2H 1, 2-t hi azi n-

2-yl ) pheny I]msthyl]

2,3,5,6,6', 7" -hexahydro-3'-hydroxy-4'-oxo-spiro[4H pyr

an4, 9' (4' H)- pyr| mdo[2,1- c] [ |

, 4] oxazi ne] - 2' - car boxam de; 5

N-[[2-(tetrahydro-1, 1-di oxi do- 2I—|idl1 2-thi azi n-2-yl) phen

yl ] met hyI ]

§h3’4%6 - [B;h &oﬁ{?’dﬁ% 1% 4-@{ 0 Yo phen Qe Lk Y -

1, 4] ox hyd:mq{l-4'2>xe4sptrdj@cmbuﬁe¢ 1,10%(4'H)-[6H]pyrimido[2,1-c][1,4]oxazepine]-2'-
N-[[4-flporo- gl?thyl sul fonyl ) phenyl ] et hyl ] -2, 3, 5, 6,

6',7" - %ﬁ?’é‘ﬁ

hydr oxy- 4 - 0X0-spiro[4H-pyran-4,9' (4'H) -pyrimdo[2,]-c

111 4] oxazi ay box

(bl i L AP ———
hydr o- Bydréwyydd' @xy-sgiro]cyclobutane-1,10'(4' H)-[6 H]pyrimido[2,1-c]{ 1,4Joxazepine}-2'-
OXO0-spir 4H-.c%¥r an-4,9' (4" H-pyrimdo[2,1-c] [

1, 4] ox car boxam de; 15

N-[ (2, 4- di met hoxyphenyl ) nethyl]-2,3,5,6,6,7 -hexahydr
0-3"-h Xy oX
[ 4H py ’a‘iﬁﬁ‘"@"‘?ﬂ“"ﬁﬁ Fl?‘i’ﬁﬁﬁ?h[ozfqu@f thereof.

1, 4 oxazi ne] - 2' - car boxam de;

N[ 2- g(dl met hyl am no) sul fonyl ] -4-f] uorg P
-2. 3,556, 6' Apompeynd of claim 1 where'X-Y-Z is C(R") R)O

hexahydfm‘) %”)d%mj\/m@a{%@?@@w@b@ﬁgpyf an-4,9'(4'H-p

yrimdo[ 2,1- c][1, 4] oxazine - car boxam de
N-[ (3, 4-di met hyl phenyl )nmret hyl ] -2, 3,5,6,6", 7' - hexahydro

-3 - hygr oxya 4omf8id of claim 5 where R® and R" taken together are CH,CH,CH,,

i ro[ 4H pyr an rimdo[?2
',Oiz] E)ggﬁﬁ@m@m @&LQH;%H, CHo & ;CH2CH2CH20H2CH; CH,OCH,CH;,

6 henyl
NEE le ?hg@l[lﬁ)é)ﬂ @{J@izﬁﬁfk‘)b#éﬁﬂxﬂcﬁz@}ﬁﬂa{ jextRPheny! ]

hexahydr o- 3' hydroxy 4' - oxo-spiro[4H-pyran-4,9' (4'H)-p
yrimde[2, 1g ]
N-[]4- ?I uor oﬁéémﬁ%ﬂgﬁ?ﬁé%%d fchmtgﬁ;ll g@gﬁ@?&éﬁ} ?f?lenyl ]
nethyl]-2,3,5,6,6",7"-
heyghydr o- Y, i &) H -p
yr| m do[ 2, EN{@ rﬁéitﬂﬁ%’l?eﬂ&lgz n%l |922{ %gzﬂ:oo’yngﬁ}cé’g %é
N-[]4- $n1m[31ygloﬁut@fp 1,9'(6'H)-[4 H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;
H1,2,4-triazol-1-yl)phenyl]nethyl]-6",7" -di hydro-3'
hydr oxy- 4' - oxo- spi ro[ cycl obut ane-1,9' (4' H)-pyri mdo[ 2,
1-c] [ 1, 4]M—{((azhethi}x-yﬁhenyk)methﬂ}-am'-dmydﬁ—B‘-hydroxyA'-oxo-
N-[(4f|u ny| =6 .. 7 -di 5N 4'
Soxo- wRaRROSMEt TR it i hnel 2 %&?@m’
1, 23 oxazi ne] - 2' - car boxam de;
N-[(4-chlorophenyl)methy!]-7',8'-dihydro-3'-hydroxy-4'-oxo-
spiro{cyclobutane-1,9'(6'H)-[4 H]pyrido[ 1,2-a]pyrimidine]-2'-carboxamide;

I]rrethyl]

N-[(4-fluorophenyl)methyl]-7',8"-dihydro-3'-hydroxy-4'-oxo-
30  spiro[cyclobutane-1,9'(6'H)-{4 H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;

N-[(3-fluoropheny!)methyl]-7',8'-dihydro-3'-hydroxy-4"-oxo-
spiro[cyclobutane-1,9'(6'H)-[4 H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;




N-[[4-fluoro-2-(nethyl sul fonyl)phenyl]nethyl]-6",7" -di
hydr o- 3' - hydr oxy-4' oxo-spiro[cycl obutane-1,9' (4
H)-pyrimdo [2,1-c] [ 1,4] oxazine] -2'-carboxam de;
10

N-[[2-[(di met hyl am no) sul fonyl ] -4-fl uorophenyl ] net hyl ]
-6',7' -di hydro-3'-

hydroxy 4' - oxo- splro[cyclobutaneu¥ 9'(4'H)-pyrimdo[ 2,
1-c][ 1,4]oxazine]-2'- ca g

N 13- 11 uor b Rotarbers el T ey frory £ PR az -

1) pﬂﬁi@yd LHB&tHﬂQ—ﬂ 9'(6‘H) [4H]pyr1do{1 2-alpyrimidine]-2'-carboxamide;
7 hy roxy-4"-oxo- splro[cyclobutane 1,9

"H) - pyr|n1d0[2 1- c][1 ,4] oxazine]-2'-carboxam de;
[ 2- f] tet rﬁlmgamé%l}rpﬂe@nhﬁawﬁﬁ 8 -dihydrd-22iyarogyWl-ophen

i hyd ﬁéﬁl{ {leybvteesyl (6 {4 tdnyridel] &yelPyidingls2 cadogamidg:.
i
[

= <

m do[ 2, 1-c] [ 1, 4] oxazi ne] - 2'-car boxam de;
4-fluoro-2-(5-nmethyl-1 )

"o, 4t 11 NEGH-dichjprppiesHympthl-7y8 Jlibgdros byl rxo-
ydg ]ﬂl)ét’c obRXR- ﬁ@(@‘ﬂ Ygﬂt laH[tl@nﬂp}mgld{ré] ) caft¥kAiiaelo
- C] , 4] oxazi ne] - car boxam de;

4- fluoro 2- (et hyl sul fonyl ) phenyl ] net hyl ]-7", 8" -di
gg 0- 3' hy19| 1(?)ﬁydiﬁ’xeﬂloxylnhcrgl)(neﬂlyl]-'i' 8'- I_(ﬂlhydro-?"-h droxy-4"-o 0-[

o-spiro[c obut ane rrm 27 1-

1, 4] oxsoiolsylobutaie-LOGHHA A idel] Zoapytmidine] 2 sorboxamide:
N—[(4 fl uor ophenyl ) met hyl]-7", 8" -di hydro-3' - hydr oxy- 4’
- OXO0- spiro[cyclobutane-l,lO'(4‘FD-

[ 6H] pyri ni dé${@-fuooi-3-mettylphamd)pietio]}- 7,8-dhydsorR almideey-41-010-

N-[[4-L); Bt Thds 7. 188195 glpyrimidine]-2" ide:
1yt e BB LB AT opyrinidine]-2-<arboxamide;
hy#¥ oxy- 4' - oxo- splro[cyclobutane 1,10 (&4 FD [6Fﬂpyrim
do[ 2, 1-c] [ X aZ e P
N-[[2-] (di n’%{élfré’ﬁ‘] ERiCBS enljmetly h?ﬁgar*g e 3 e
-7,8' smilo['cydbmtﬁﬁe-l 9'(6'H)-[4H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;
hydroxy-4'-oxo-spiro[cyclobutane-l,lO'(4'FD-[GFﬂpyrim
do [2,1-c] [ 1,4]oxazepine]-2'- carboxam de; or a

phar mac eut i Z-gl-(4yflasaphphydjettgljskB tdilydre8thydtoxy4hexoe of .

é? é) (B %ﬁg\ﬂd 9 g Fﬁd%)é%% cﬁpynmidmc]-z -carboxamide;

C(Rs) ( R9) GZHZCHZCHZ
N-[(2,5-difluorophenyl)methyl}-7',8'<dihydre-3'-hydroxy-4'-oxo-
spiro{cyclobutane-1,9'(6'H)-[4 H]pyrido[ 1 ,2-a]pyrimidine]-2'-carboxamide;
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FZZ 223
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25 N-[(2,5-dichlorophenyl)methyl]-7',8'-dihydro-3'"-hydroxy-4'-oxo-
spiro[cyclobutane-1,9'(6'H)-[4 H]pyrido[1,2-a]pyrimidine]-2'-carboxamide;

N-[[5-fluoro-2-(1H-1,2,4-triazol-1-yl)phenyl]methyi}-7',8'-dihydro-3'-
hydroxy-4'-oxo-spiro[cyclobutane-1,9'(6'H)-[4 H]pyrido[1,2-a]pyrimidine]-2'-

30  carboxamide;



6. A conpound of claim5 where R8 and R9 taken

toget her are CH2CH2CH2, 15 CH2CH2CH2CHZ,
CH2CH20OCH2CH2, CH2N(R) CH2CH2, or CH2CH2N( R6) CH2CH2. 7.
A conpound of claim5 selected fromthe group
consisting of 20

N-[ (4- net hyl phenyl ) et hyl ]-7", 8’ 1G5 hydr o- 3' - hydr oxy- 4'

_1?)2(?;1] 25? :r %ifﬁn@m&& ?ﬂé—ﬂf}&gﬁﬂgryl p%xgﬂnﬁf’meﬂly?f:i:3'-dlhydm-3'-

N- [ (4- Api-bigxa pReBYito[RIcbMahe-T,9(BH)-ti HIpgHidof B2-ulpy diiikie] 4 -
- 0XO0- )

spi r o] BTeP3Mifeane- 1, 9' (6' H) - [ 4H pyri do[ |, 2-a] pyri mi di n
e] -2' -carboxam de; 25

N-[(4-chlorophenyl ) et hyl ] -7 i h Q- 3' -.hy

Soxd- spi r P PEE Sy s bigyidonl b igap2 Y phns Hmethy )
1, 2- a] pywr-hifkydtb NehydeoxyCAIRENFNG[SRIobutane-1,9'(6'H)-[4 do[1,2-
T e ar S S e
-oxo 3@lpyrimidine]-2 carboxamnde

spiro[ cycl obutane-1,9' (6" H) -[4H pyrido[ 1, 2-a] pyrimdin
e] - 2' - car boxam de;

N- [ (3- f | uorbpRehEtlyhitringol 1-yhphgnylimethyll-8 .85 dihygrarirhydraxy-4'-oxo-
- 0X@®- amo[c%lsm%lgje?vé %%H?pﬁlﬁom:%g&ﬂmeﬂ 19{carboxamide;

1, 2-a] pyrimdi oxam de;
N-[(2-fluorophenyl)nethyl]-7",8" -di hydro-3'-hydroxy-4'

spi rof cycl otk ansi. S8 B PApER I A oy fyrony-4-
e] - 2' - exndpiriet¢lolutane-1,9'(6'H)-[4 Hpyrido{ 1,2-a]pyrimidine}- 2'—carboxam1de
N-[(3,4-di mst hyl phenyl ) met hyl ]-7", 8" - di hydr o- 3' - hydr ox
y-4'-oxo-

spi¥ o[ cycl dbﬁﬂd(@nithﬂmﬁw)d)lLf@mﬂ]]—ﬁﬂnwmd[enymna}iﬂ}ﬂ L&hdihiydro-3'-

e]-2' ' o
1 (o, SRR S iy R Spinel7
y-4' - osapboxgpidep [ cycl obut ane ,9' (6" H)- [4H] pyri do[

1,2-a]l pyrimdine]-2'-car boxam' de; 10

N-[ (2, 4-di met hoxyphenyl )net hyl]-7', 8" -di hydro-3' -hydro
Xy-4' - oxo spB'rdifyeys s clydtoapa-dxBON{E-tdtrahviddh{1yirdicaflo-2H-1,2-thiazin-
1, 2- rJ m xam gde; . .
7 o PR B R SR PR i e erige i rplpyegmidipel 2-
ydr oxyeafboxaniite; spi r o[ cycl obut ane-1, 9' (6' H) - [ 4H] pyri do]

1, 2-a] pyrimdine]-2'-carboxam de; 15

N-[ (3-fluoro-4-nethyl phenyl )nmethyl]-7",8" -di hydro-3'-h

ydr OXYy- 4" - (Wf#4-fluorophenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-

:iOI 20[%9&853%& 8,@?-1? P OlLﬁl_ﬂ g]){))’ll'mq%[lm] LA AANY edI n

1-ts4-fl uorophenyl )ethyl]-7', 8" -di hydro-3' - hydroxy-4'-o0
20
é& r o[ cycl dblit=fleror2-gethylsyfopyiimhsyyInesshyd]-8.7diBydep rir-brdgoxy-4*

e] - 2' - sathayREIsRntane-1,8'(4' olo[1,2-a]pyrimidine]-2'-carboxamide;
N-[(2,5- grh uorg%henw’) e b 3y r o
y-4' - oxo- ‘
N-{[2-[(dimethylamino)sulfonyi]-4-fluorophenyi]methyl]-6',7'-dihydro-3'-
30  hydroxy-4'-oxo-spiro[cyclopentane-1,8'(4'H)-pyrrolo[1,2-a]pyrimidine]-2'-

carboxamide;



spiro[ cycl obutane-1,9' (6' H) -[ 4H] pyri do[

1, 2-a] pyri mdine]-2'-carboxam de; 25

N-[ (2, 5-di chl orophenyl )met hyl]-7", 8" -di hydro- 3" - hydr ox
y-4' -oxo- spiro[cycl obutane-1,9' (6'R)-[4H] pyri do[
1,2-a]pyrimdine]-2'-carboxamde; N [[5-fluoro-2-(1
H1, 2, 4-triazol- | -yl)phenyl]

methyl ]-7', 8 -di hydro- 3 104

D by PR S ST e 2 45

N-[[4- flﬂ(d#&(y%’-%xé ifd{dycBpdmidel B @ H)-gyrrolo[1,2-a]pyrimidine]-2-
-yl) phen%] hyII]) 8' -di hydro-3

hydr ox 2 spi ro[é:ycl obutane-1,9' (6" H) - [ 4H] pyri do]
1,2-a] pyrimdine]-2'- carboxamde; 5

N-[ 4f|uor02 tetrahdolld i do-2H- 1, 2-t hi azi n-
2-y )phenyl pheny. )methyl] -2,3,5 6 7 8’-hexahydx0-3 -hydroxy-4'-oxo-
7, 8 ula A11- 9yr§n-4 bs(siﬂmﬂ] d%fpz-i}y]vﬁﬂidiﬂé]lzﬁéﬁ&ﬁ@ﬁnde;
(6'H)- [ pyrido[1,2-" a]pyrimdine car boxam de;
N-T[2-(I

H1,2,4-tr 'Wenﬁﬁ@ﬁ@ﬂﬂxﬂyﬁﬁﬁf’ﬂyhr&y#eoxod Jﬁﬁéfﬂé)@togemshe-
ydr oxy- 4| oxo- 10 sprro[cycl obut ane-

- [ 4H] pY-P(4i3)- nyrgmaqlagqulmmmqmlzi’ﬂce@pmém de;

N-j¢ 4-fl uoro-2-(nethyl sul fonyl )phenyl]methyl]-7",8" -di

hydr o- 3' - hydro
0XO0- Spi r o[ M‘*dﬁwr@h@wi)n@th(yﬁ =Gy =qilaydr gy rhydesxy-420%0-pyr i m

di ne 7y
N[5, SgfcBbpaNAR IRy byrimidof2, el dloxazine]-2-sarboxamide;
-7',8" -di hydro- 3

hydr oxy- 4' exa: fﬁ.]%}or gﬁgﬁg&ﬁ%&}@ 7(8hfdrs bAdRNE £18ko-

1,2-a]pyrim

7' 18" - shiefegtelopetanknt (H($T-pAtimishof2, Ne][ . 2lokazine]-2hgadroxarhide:
di oxi do- 2H 1, 2-t hi azin- 20

2-yl ) phenyl ] net hyl ] - spi ro[ cycl obut ane-1, 9(6' H) - [ 4H] pyr
ido[1], 2-a] ﬁy{[ﬂrﬂmrmﬂlmlamm@rhpﬁmyl]methyl] -6',7'-dihydro-3'-
N;)E(g‘" lfllpluo%%ocggtp- Iu)o cloéerliang 1, 94(4'[]6 1m1 [5’ -cﬂYQf xa%fne‘} 2'-
1, 2- a] @ybaxamitiene] - 2 - car boxam de;

N-L[4-fl uor o- 2- (rrethyl sul fonyl)phenyl ]methyl]-6",7" -di
hydr o- 3' - hydr oxy- 4'

0X0- Sp 1j rof Wdﬁﬁfﬁ—ﬁ-&ﬁetﬁy!&c()ﬂh&@rl—]xﬁmm}lﬁw-dihy&ro&ﬂ'-hydroxy—4'-ox0
pyrim din car

R 2 Pl vepepaara i EhPRAP 2 e GRSt

-6', 7' -di hydro-3' 30
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25  spiro[cyclopentane-1,9'(4'H)- pynm1d0[2,1 -¢][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<]{ 1,4]oxazine}-2'-carboxamide;

30 N-[(3,4-dichlorophenyl)methyl]-6',7'-dihydro-3'-hydroxy-4'-oxo-
spirofcyclopentane-1,9'(4'H)-pyrimido{2,1-c][1,4]oxazine]-2'-carboxamide;



N-[[4-fluoro-2-(lI

H1, 2,4-triazol-1-yl)phenyl]nethyl]-6",7" -di hydro-3'
hydr oxy- 4' - oxo- Spi ro[ cycl opentane-1, 8" (4' H)-pyrrol o[ 1,
2-a] pyrimdine]-2'- carboxanide; 5

N-[ (4-fluorophenyl)nethyl]-2,3,5,6,7 ,8" -hexahydro-3'
hydr oxy- 4' - oxo- spi ro[4H—pyran 4,9 (6 H) - [ 4H] pyri do]
1, 2-a] pyrim di ne] - 2' - car boxam dem

N- ( phenyl ne dr03 droxy-4' - -

spi ro[ cycl o%gh%ﬂ’é“ef‘y@ %e%}@%%grc%%_—gﬂmxyA ~0X0-

|, 4] oxagitdlejc mﬁ&ﬂb@eﬂﬂ{ﬂl@ﬁmldﬂﬂl-c][h ,4Joxazine]-2"-carboxamide;

N-[ (4-fl uorophenyl) net hyl ] ydr o- 3' - hydr oxy- 4
- 0XO-

sp i r g[ cycl g@ana:aﬁﬁo-k -BydedkytI-{@Yihéthd:gphehy bmednlfl-4dbaxazi

ne car boxam d

N-[ £ 4- FPERbeYSlopentanerh T GiBryrimidal i1 dloxazing}irgarbexamide;

ydroxy-4'-oxo 15

spiro[ cycl opent ane- &y m do[ 2 c][1, 4] oxazi

ne]-2' -car b iQnﬂWPheNdP‘E%hl‘fl] réihydre4 “ﬁyd“’xy“‘ -0X0-

H1,2, Qp n‘taﬂe 1 9(4'H) pgmmdo[2 l-c][l ,4]oxazine]-2'-carboxamide;
-yl) phenyl ] ma hy

hydroxy 4' - 0X0- spl ro[cycl opentane-1,9' (4'H)-pyrimdo[ 2

1161 [ 1,449 3 g "
N-[[4-f1 ) dorNagh H‘m"gi'pﬁ’.eg? "Eéﬁmﬁ 'ﬂ%}f’ AR
0-3' hymrod};wlogem:m@d, ‘(4'H)- pynmldo[ 1)1 4]oxazme] -2'-carboxamide;
spiro[cycl opentane-1,9' (4" H)-pyrimdo[2,1-c][1, 4] oxazi
nej] - 2' - car boxam de;

6', 7' - di hy dNdG3fluchepherstimenhyllc 6.7 hdibyro-5 Nesrdpoxyridoke | - 4'
-0X0 2
Spi rof 1ro[c clo ttanatanné: 119(31-1() A)yf_xsmdo 2,1 rﬂ[ {c%(az_tneé] ‘ia:l‘bt]xgl)l(lédzer

nefs 2' car boxam de

N-[ (4- cuor tmﬁl 1oy -4
0X0- Sspir o?@?@l opent ane- )Jip}’gwlﬁnﬁ@lggd’rﬁﬁhgdgf?qﬁgﬁ[ﬁ OX0
1, 4] ox spiof@flogentana+ 1A R yipstamidd2, 1 <]{1,4]oxazine]-2"-carboxamide;
N-[ (3, 4-di chl or ophenyl ) met hyl ]-6"', 7' -di hydr o- 3' - hydr ox
y-4' -o0xo0-

spir g[ cycl gmnmgmefhyﬁmﬁm)dﬂ]fem} -j-finclopRenimbthii] 6] Bxditmidro-3"-
nekx rnoxam de;
N- %‘Z 3, iRt R PRI cﬁ%ﬁﬁ’ltﬂg‘/‘r‘] TEEDPyrigHeRied SId 41%%?‘8%

y-4' - oxdb@qamidef cycl opentane-1,9' (4'H)-pyrimdo [2, 1-c]

[ 1,4]oxazine]-2'-carboxam de;

6', 7' -di hydro-3'-hydroxy- N[ (4-nmethoxyphenyl)nethyl]-4
'-0X0- 5  N-{[5-fluoro-2-(1H-1, 2 4-triazol- l-y!)phenyl]methyl] -6',7'-dihydro-3'-

o O B R A aolesopemade: Py eludacts et ahdd -
N- b£ 2- Edrbtsxampieeny! ) met hyl ]-6', 7' - di hydr o- 3' - hydr oxy- 4'

- oxo- spiro[cycl opentane-1, 9" (4' H) -pyrimdo[ 2,
-c][1, 4] oxazi ne] -2' -cazboxani de; 10

N;][ é 2, 4- dhmmﬂm@wﬁmﬁ&nw Ir=ihydfo-3cHyavoks & -exo-
yar o;(p){ro[cyc?lopentane-l ,9'(4'H)-pyrimidof2,1-c][1,4Joxazine]-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;



spiro[cycl opentane-1,9" (4" H)-pyrimdo [2,1-c] |

1, 4] oxazi ne] - 2' - car boxam de;

N-[ (3-fluoropheny])nmethyl]-6", 7 -di hydro-3' - hydroxy-4'

- OXO-

spiro[ cycl opentane-1,9' (4'H)-pyrimdo[2,1-c][1, 4] oxaz

ne] - 2' - car boxam de; 15

N-[ (3-f I uor o- 4- et hyl phenyl ) et h#%9 - 6' , 7' - di hydro-3' -h

ydroxy- 4' -

spi ro[ cycl oﬁgm fporo-2-(Grmespoilyt ol 2.ipiagg)- Lryhphepylimethyl]-6', 7 dihydro-

[ 1, 4] o¥akidnely-2-ox&-spifofeyalspeltine-1,9'(4'H)-pyrimido[2, 1-¢]{1,4]oxazine]-2'-

N—[[(2 %_IHE %ylanino)sulfonyl]-4-fluorophenyl)nEthyI]
g?f?’t'ﬂ’ 3" 20

hydroxy 4' - oxo-spiro[cycl opentane-1,9' (4" H) -pyrimdo[2

111,4]o0 arb xam
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7 - dispiydliéy@iopentane-1,9'(4'H)-pyrimido[2,1-c]{1,4]oxazine]-2'-carboxamide;
hydroxy-4‘-oxo-spiro[cyclopentane-1,9'(4'FD-pyrinido[Z
,1-c][1, 4] oxazine]-2'- 25 carboxam de;
N-[2-(4-Tl UNI[PDHW—DXQW&U-S1d?omdii—iﬂ-dﬁ%ﬁzm@ﬂjph&ﬁ@iﬂnethyl]-
1_ Zi( 8;(§§ —Iﬂéﬁrh@y"ql g:g;;%?ﬂ?{aépim[%lo@entgne-l 9’(4'H)[-p}}n%t_1i8 [B 1-
N6 (et bsmsamhoniaami | (6° 7 - di hydr o- 3 - hydr oxy-
4' -oxo spiro[cycl opentane-1,9' (4 H) - pyri mdo[ 2, 1-c] [
1, 4] oxazi ne] - 2' - cazboxam de; 106

N-[[4-fl uor@ﬂmﬁ r@-’@tmﬂlroﬂﬁ/ﬂ‘-%x@z’vg[g -(tet?ez@amlr uhlbﬂhsnﬂ 1,2-thiazin-
yd

nmet hyl ydro 3 r oxy - OX0- S

[ cycl o%@/ﬁpm Limethyiiapirgleysiapentarsol. %(ﬂﬂ)crfyr{mldop 1-c](1,4]oxazine]-2"-
1, 4]oxa§hﬁ§km% - carboxam de; 5

6', 7' -di hydro-3' - hydroxy-4'-oxo-N-[[2-(l

H-i 2,4-triazol -1-yl)phenyl ] et hyl]-

spiro[cycl ON§ t-fm)?o h@n}%n{eﬁlyw-ﬁ' ﬁyﬁlhfﬂrg-g{-l?ydrdxyﬁ' [)xo—splro[pzpendme-

[
|, 4] oxazi ne] - car boxa

N-[ [ 4- #PUd pzlr(llde{t2r1aﬁ{/ldﬂgxa;1nﬂ-arceshoumlﬂelr 1, 2-t hi azi n-
2-yl ) phenyl ] et hyl ]

6 , 7' -di hydr o- 3' - hydr oxy- 4' - oxo- spi ro[ cycl opentane-1, 9

4' H) - pyr i Nilbeflgord-2-(hethylsulfonyl)phenyljmethyl]-6',7-dihydro- 3’-hydroxy-4’

"

c] 4 r
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di oxi do-2H 1, 2-t hi azi n-
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N-[ (4 ﬁifdmxyeﬁmwﬂniﬂiﬁmlﬂ@ﬂﬁ9'(4ﬂ}n¥nhwb[m&][4149@@&!91-34’

- 0X0- sg @f |ne- 4,9 (4 H-pyrimdo[2, | -c] |

1, 4] oxaz E%%F’ ar boxam de

N- 2§ 4-f 1 uoro- 2- (et hyl sul fonyl ) phenyl ] nethyl]-6", 7' -di

hydro- 3" - Ny gl 0% soto-2- [(methylamino)carbonyl]phenyljmethyl]-6',7'-dibydro-3™-
hydroxy-4'-oxo-spiro[cyclobutane-1,9'(4'H)-pyrimido{2,!-c}{1,4]oxazine]-2'-

carboxamide;
30 or apharmaceutically acceptable salt or solvate thereof.

8. A composition comprising a therapeutic amount of a compound of Claim 1

and a pharmaceutically acceptable carrier.
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oxo-spirof[cycl opentane-1,9" (4" H-pyrimdo[2,1-c][1,4]0
xazi ne] - 2' - car boxam de;

N-[[4 fl uoro-2-(methyl sul fonyl ) phenyl ] nmethyl]-4,5,6",7
'-tetrahydro-3' -

hydr oxy- 4' - oxo- spi ro[ f uran- 3(2H) ,197(4' H) - pyri ni do[ 2, 1-
c][ 1, 4] oxazi ne]-2' - carboxani de; and 25

N—[[4-f| uor o- 2- I{(msth yl am no)carbonyl“)henyl ]methyl]-6
, 7' - dPhydr bsgo acornpound as claimed in claiim I for the manufacture ofa

hydrOX{n Yo SRR ShEEshOanpage 1. 9 («' F-pyri mi do[ 2

oxaz car box 30 or a
phar maceutical ly acceptable salt or solvate thereof.
8. Ac 0S|t e e
compound of Utk S RTRLAGA Mhifhed REGAREHfk frodfiBiiflcndt oft,
carfi e medibﬁﬁﬁent%r inkibitm PHVM@BMMnmgrwbmmMm BNaAi m
1 for the manufacture of a nedicanment for inhibiting
H 'V integrase. 10. Use of a conmpound as clained in
cl ai m 11f or Usherf d'ﬁ&imﬁoaﬁd o cﬁaimbdﬁaclﬁrmbdi aophemnicettivally acceptable
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phar magguddopal | y acceptable salt or sol vate thereof,

for the manufacture of a nedi canent for the treatnent

of MV infection. 10 12. The use of claim 11, further

conpri §4ng gnl ARrARRHH 1 §3hiter %Brﬁl?ﬁﬁhé’ £thRAPHcally eff@Afe amount of
or nore other HIV treatnent agen sel ected fromthe

group oumer monemgneoﬂmmmpm@@tg seleqies fiom ghegroyn apnsisting of HIV
nucl eo S%S <PV non-

ne] cobldst FHBE, HIVRRILRE 38 HbbpRLomufEh sV non

i nhi bi hoclegsiddirsversetteagscaiptasd mhibitnispHTVbestry inhibitors, HIV integrase

| nqgno%dlg’llo%st ?1{1:§1hnomoc?ula%c(>)rgj%lrg%glln i} 'icl)']netixgrg f.



