C7- FLUORO SUBSTI TUTED TETRACYCLI NE COVPOUNDS RELATED APPLI CATI ON Thi s
application clains the benefit of U S. Provisional Application No.

61/ 188, 30wp 2bidads7on August 8, 2008. The entire teachi ngeTafs2alesaboye
appllqggigﬂ7gme incorporated herein by reference. BACKGROUND OF THE

| NVENT The tetracyclines are broad spectrum anti-mcrobial agents
t hat are mndely used in human and veterinary nedicine, The total production
of tetracyclines by fernentation or senm -synthesis is neasured in the

t housands of netric tons per year, 10The;w despread use of tetracyclines
for therapeutic purposes has led to the energence of resistance to these
anti biotics, even anong highly susceptible bacterial species. Therefore,
there is need for new tetracycline anal ogs with inproved anti bacteri al
activities and efficaci es against other tetracycline responsive di seases or
di sorders. 15 SUMVARY.GQEbie SOWENTUSMD TETRACKI IRE@SAMbOTIENT T ON i S
directed to a conpound represented by Structural Formula (A): OHOHORO
O(A), or a pharmaceutically acceptable salt thereof, wherein: 20X is

sel ected fron1hyﬂnﬁgﬁhAPmaC£1@3NalkyI carbocyclyl, aryl and heteroaryl;

Y is selected from hydrogen, (O C??alkyl carbocycll
-(O -C4)al kyl ene- N )s@ﬂ)_‘[rcgtlon claims the benefit of U.S. Provisional pphcaﬂon No.

Sohalky 10 dbove weaticl RA) (R13
WB010/ Darayorel e bh A Sl b b bl Bt ot Y Bbtcaidhl KA (RL3).

N( RF) - C( 0) - [C( RD) (REpIag RAy{ RABYsrencp( RF) - C( 0) - N( RA) (RB),
N(RF)-C(0)-(Cl-C6)al kyl, -N(RF)-C(0)-heterocyclyk -N(RP)-C(0)-heteroaryl,
- N(RF) - C( 0) - earhocyGRpUND O REEINCER)I@ Yl , - N(RF)- S(0)6,-(C
-C4) al kyl ene- N(RA) (RB), 5-N(R1)-S(0)r"-(Cl-C4)al kyl ene-carbocycl yl, and
-N(RF)-S(0)"-(C -CAyat ieyh@bi'meaary bioadtpebteasintionerodfal deamchaYart 8idaigt hydr ogen;
each RA and RB ar e |nde rseAecte 0 7) al kyl ,
-0-(C1- C:7)a|ky|1JSC %ﬁ?ﬁﬂﬁ l% Y 0cyeﬁ@%fm“%g%mgggﬁﬁﬁﬁﬁﬁﬁ ~aryl,
- (Co- Co) al kyl erfem’rwtaemmryahrys&mhec(]ﬁaﬂn@&)laki kythe heuhedserf oatr W‘rqm per year,
10- (Cl - C6) al| kyl ene- O car bocycl a K
4C1- C6)a|kyhﬁne 0- he 1%?%%“”ag“*”%f?&ﬂﬁhﬂeﬁ%‘%Xﬁb@éﬂaéﬁy tms?ﬂ&b@?,
-C() al kyl , - ( ConGAkadeky renenS(t0)Htse-aabbasys by imong(hGhhGol@piyd isner $( 0) aryl,
- ( Co- C4)a|ky|e S0 ey nd. - ) 0 het er oaryl ;
or 15RA and RHQ a C(g 4 r%{eh%lf%gﬁ 4%5 fo eg‘%feg ggde%% ag% fywtnmlﬁi\/]\qlﬁ(o %1& they are
bound form a hemehmwydmwﬁmmmaméﬁémwasmhﬁnwhbﬂammthe:MQK@m@nyﬁkES@w
het er oar yl optkﬁggqu conprises 1 to 4 additional heteroatons independently
selected from “and 0; each RD and each RB i s independently sel ected
from hydr ogen, Co6) al k carbocyclyl, aryl, heterocyclyl, heteroaryl,
or a naturally5§8%NV%%h %Hﬁﬁ@V§8TH¥§|de 70chai n moiety, or Rl) and RB
taken together with Ehe carbon atomto which they are Wﬁgng forﬂ1a 3-7
menber ed car bocycl yi™e BFSeR RYHURERERTEY ‘htBRRGEY PP RASY 8 he
het er ocycl yl fqmm&dapw R1) and RI': optionally conprises one to two
addi tional heteroatons independently selected From N, S and 0; 25RF is
sel ected from hydrogen, (CI-C7kaIk¥d (bq@¢%ﬁyl aryl and heteroaryl; and
mis 1 or 2, wherein: eagh c .rbﬂcyqﬁyi ar%I, het er ocycl yl or
heteroaryl is optionally and i 3 ubsPituted with one or nore
substituents independently seg -(CA-C4)al kyl, -OH =0,
-0-(Cl-C4)al kyl, -(Cl-C4)a 4) Nk Nb@substltuted
-(G-A)al kyl, hal o- substi futed - O- G -lcH -(G-A)al kyl,
-C(0)-(fluoro-substituted-(Cl- @érjaleyHO H@O) n@(Cl -gApm kyl ,
-NI(Rer)(R('), and CN,

ora pharmaceutica]iy acceptable salt thereof, wherein:

20 X 15 selected from hydrogen, -(Cy-Crjalkyl, carbocyclyl, aryl and heteroaryl;
Y is selected from hydrogen, -(Ci-Crlalkyl, carbocyclyl,
-(C1-Cyatkylene-NR™M(RY),
«(C-Cyalkylene-N(RY)-C(O)-[C(RPIRH) Joa-NRMNRE), -CH=N-OR”, -N(R"(RY),



WO 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 3 - each al kyl in the
group represented by RA, Rn, RD and RE is optionally and i ndependently
substi t utwo 2eiotti7499ne or nore substituents i ndependent!| yPseluseaedsimom hal o,
-(Cl- @)alkybgr -OH, -0-(Cl-C7)al kyl, -(C-C4)al kyl-0-(CLl-C4)al kyl,
fluoro-substituted-(Cl-Qal kyl, -S(0).1-(Cl-C4)al kyl, and -N(RG (Ru),
wherein 5each R hydrogen or (C -C4)al kyl, wherein each al kyl in the group
represented by Ris optionally and indepéndently substituted with one or
nore substituents independently selected from-(Cl-C4)al kyk

C3-C6 | | Kyl e =&H, .+ 0= (Cl ~ g A(Ch- C, | | ky1l-0- (G
SC4) al L;YC o8 )%gﬁé{{f?g} )]é‘ﬁbNglgi)%Gﬁ%ﬁ@y*:h@%g&e_i(gn)f i nz/gnt iyon [ g
directed to a cdifoud)-A0repikes eRREHC Y -tSteragpdyir (R Bar(Githaerpddyl, or a

phar maceuti cal | cent abl al t.4hergof ., wherein: R and R2 are
each i ndependenﬁ@SQ%%?bé)gy%?’o%\m(ﬁggg@g% l," (a-d7)al kyl, (C3-C6)cycloal kyl
(Q -c4)al kyl, -NA)-SCTpal -Kox(I@e- R 4Ry 1,

| S( C3- 0B) cycl oalke: | -eA)yal kyl.. (G3-Ch)cyel.oakk YA
aryl (Gl -CA) &l ky'I‘@2%@8%%@9’%%‘?1‘&@9@’y"?{% h&%()c?,(b&%({é‘?ﬁ”‘;yl%‘? S uf |
aryl sutfonyl (G - C4) allkayl one @l an@Y (1010t @ffedeky| , or tel and R2 taken
together with the nj g t om ' . Al f OF nonocyclic
or bicyclic het eroa!r?{?lafR g?dg %@g@e\éﬁn@pg%}%g%é%ﬁe}geﬁé?@ ‘]b%) dg’d 20hi cyclic
or spiro bicycl-PdChétlekocyEl-6¢)altHerceiarbotsoly | hetersirdiividne-aryl. het er ocycl e
optional Iy contgins,, ) didi© he ms 1 ndependent |y
sel ected from N@Btgﬁ%%%Q%g%xgﬁwﬁg e vﬁ%?}!gs ﬂ@ég@gﬁ%, kyl, cycl oal kyl, al koxy
and cycl oal Woxy((ndisgdlyleng OrtrebogradbupsCirlepilledentedyby R1 and R2 and each
het erocycle r epf(ﬁ%%ﬁl&%n@b-%&%d&ﬁ&@ﬂc@%ﬂ?g%&?@-hg@ogw?pt' onal |y substituted

e se

(

with one or nore substituents i nhdepend ected " fromthe group
consi sting of (BIWeHyatadky]. -Hato)alkvire-S(@r<cabyaickbxy, (Cl- C4)al kyl t hi o,
(Cl - C4)al kyl sul_fd.ny, sEh) al Ky ks ut £ 9nYdhe sl Cl-C4)al kyl, and
“N(R3) (RL) - andﬁ%a‘zka{%g‘?‘ 8@%% ﬁér?ﬁsﬁ%%%%%%@ﬂ%%ﬁ Jf}?)éﬁ{‘(?om 4 -
each aryl, aryl-Gxy dpiepe-AiQp-haesprstibiyl and aryl sul fonyl noiety in the
groups represented Ry _arH]RretQ@n%%ﬁl@p@MG Qi%‘rEa?JnQ@JnWo JHRAESe R Py NRIR2
taken together is optionally substituted with one or noré substituents
i ndependent | y $@PectEiod slymrtrecgybupeennsd etarergclopr feGreacd palidkylly, hal o,
-0H, (G -CG4) _al kOXiises Sl {ddliion PAMBL Y Ins intiéfef;’&e%_(l}c‘gem'c@d 'fr))%ll‘lﬁﬂland (),CI
-C4) al koxy(G -C4.) alkyl, -N(R3)00> -CN, hal o(G-C4)alkyl, and
hal o( Cl - C. 1) al K&y’ A gach R™is mggpendgprly sslegiedramdrdogmeertdiitt y sel ect ed
from the group 8astSt bRY hobrovdlandieldai, Gt ) abddlly oMbEHELRInb Agd & - C4) al Kyl
repr esent ed by and le is optionally substituted with one or nore
substi tuent®d i FEREHBAGENTT y sel ected fromthe group 10consisting of
(CI-C4)al kyl, hal 0, R? @l Riker LBk KOMYihe @Rshn (ot GANRINRNEGousefhah Ky -
Val ues for X and Rl are as described above for Structural Formula (A),
Anot her enbodi ABnt "HRCFHEAPPESEhto! p AV helegrydd ey nha conpound
represented by hStiobgiur@hedsy Rub@ Koptionally 88mRisPtae RRG8UliiGal Y accept abl e
salt thereof, \{\/nerei n: . R'1 and R2 are each independently sel ected
from hydr ogen, "gieicaiers gdrgpndentlyselecesd o Sl Syl (a1l - c4)al kyl, (C-C7)al
koxy(Gi - CA)yal kyl, (&3 cayeyatoaahkeyl, G - CAIR)Lktbocyc 6B -0 heetaakkyl , aryl,
aryl (Cl-C4)al kyl, 20ary, loxy(G-C4)alkyl, arylthio(Cl-C4)al kyl,
aryl sul finyl (Cfgcb4) al kyl , and aryl sul fonyl (Cl -C4)al kyl, or R and R2
t aken toget her w t hmtiheodd thegen atomto which they are bonded form a
nmonocyclic or bicyclic heteroaryl, or nocyclic, fused bicyclic, bridged
bi cyclic or Spiro bigy ey He: "ié%’llo}?:eg}?f‘ljcé(? y{kﬁg?@ Oty ﬁé’pﬁ‘é‘@@F Ydryi or
he]t er ocgc:c e 250@1@%@8&1& yulGontedinis ofNe ﬁdﬁlidbbm?@ks ﬁh@b@fdaﬂty?@bét&mendent |y
sel ecte romN n , . a the r i nde t. varj.a are as
descri bed égovgmf}’dﬁs(?‘?@?tlﬂgg{r ‘“éo‘Pﬁ@f’?mﬂy{ —(81-C4)aﬁ'yl~8~(&,1»a)gﬁyl,

halo-substituted -(C,-Cy)alkyl, halo-substituted -O-(C,-Cy)alkyl, -C(0)-(C-Cy)alkyl,

-C(O)-(fluoro-substituted-(C;-Cyalkyl), -S(O0)m-(C-Ca)alkyl, -NRTYR™), and CN;



WD 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 5 - Anot her

enbodi nent of the present invention is directed to a pharmaceuti cal

conposi t iw 200mpPr478i ng a pharnaceuti cally accept abl e carcirars2aw/osithuent and
a conmpoundivepr esented by Structural Formula (A), (11) or (lI) or a
pharmaceutically acceptable salt thereof. The pharmaceutical conposition is
used in therapy, such as treating an infection in a subject. Anot her
enbodi ment of the present invention is a’method of treating an infection in
a subject conprising adm nistering to the subj ect an effective anount of a
har maceut | cal 1y acSeBtbl B TEA P HERBO b ARo et Bnbot et Bt ¢ he
present invent |1tmpersiemlyrmbdnoadoﬁlthpmevenmm a@sazmmtme@mcmmtm Rrlcated ftbpect

conpri sing adm r to bj e G iy n of a conpound
represented by ]§{ 8 tggf{ Fodr ZH gﬁg{w r‘} é55”‘(‘/1) @ﬁwﬁﬁar maceutical ly
accept abl e sal tflubhemimftutcdﬁﬁbimmlqbFﬂj@ﬁi,l -fa it jabdy 1, me\QRé)SIemwhcmnenu on is the
o 2P LRSS B SRR Ol (B BT) or () or @
medi cament for repreattidgy Rhisionfieely on uidepadgullyjselstituted with onAmotdrer enbodl ment
of the present r y Structural
Formula (A, !%YI%B% ?)%edeﬁd&ngﬁeger%%gg%ﬁ |ca¢$aglggggze%@a@f0%ﬁgg§‘g 't thereof
for the manuf ac@ﬁzeoéﬁx @) atedlisgdtfert:) dloi-OpCeventkylng an i nfection in a
ommound r epr esent ed By o POeraral T BRI e phgph e use of @
phar maceut i @al IrgpresectepbiablhwtusaFormukefleof for therapy, such as treating or
preventing an infection in a subject. 25 DI%:I; LED SCRI PTI ON OF THE

| NVENTI ON The present inventipn iy dire nqd 8 a conpound represent ed
by Structural Forrmula (A) or a phar mace t}Ilcallﬁy.aCC@H abl e salt thereof.

Val ues and al ternative v&l uesg) forgthe : i uctural Formula (A
are defined as the follow ngy X i ydr& n, -(G-C7)alkyl,
carbocyclyl, aryl and_he ary” s il et 2X_is hydrogen. In
an alternative enbodinent, Xig -( yO Al tlernatively, .Xis

-(Gi -C4)al kyl . I'n another enbogiFne i $10V810/ 817470PCT/ US2009/ 053142
4142 1017001 - 6 - carbocyclyl. In anot her al ternative errtg iment, Xis
aryl or heter oanrybharﬂnmceaMmtlhecrcemﬁcesmhatuewév&aﬂamdl ment, X is phenyl. Y

is selected from hy ocyclyl, —~
- (Cl- C4) al kyl ene- N( %{A) are gam m% Bendenﬁy 5elec§3dt%r nyhydy%en, (Ci-Cyalkyl,

5- (el- C4) alky 1@69@1\)5@10)114@((01%@@1@%4 RE))l]kGﬁzQQ;I\IC%MLe) , - CHEN- ORA,
LS N R U R oK - nm (0

NR 0
- N( )RF)C( c% o§ hetdQﬂ(Dfaf(yFC4)&11NQ Rmmc(co)c@ad«rvbw@ﬁw (C-ONfRE).- C(0) - ar yl

10 N )50y UG PEELTe Ty o

-N(kr)-S(0)- (G -C4) & WI%m@ieawggétherp’nﬂ)\lhmd@d@n aﬂoelaswh@hélesaﬁw)siom;hd Y is not
hyd t | - C7) al kyl ,
%/C;_O%Zel;]al Ik;l ggﬁmﬁ%&% %%)@tor biXyg §h§8h§9l S“rda &&%@}e‘ﬂﬂ&s‘%@@i’éychc b%dge% ) al ky

(Ci - C4) al kyd0end:dX¢IRFY sIE(cOHEE RNREmecy dle N(IR&I( RBJsterNif IRAN ftdioyycle

- N( RF 0 N |

- NE ng g((og h(e é(oﬁlgy) fﬁn?ﬁmu&l{i@mg%%B&\F?ek%eg?%gﬁ%ﬁmp ‘KI(‘ E&l)y 8?‘63(1 féoé)r bocycl yt,
-N(R5) - C(0) - ar YW, O anNSRanyd- S(0) , , - (CI - C4) al kyl ene- N(RA) ( 10,
N(RF)-S(0)L11-(C1- |

-§\|( Y sg og ((Cl m%)é?émiuécﬁcq pwg“ﬁ%é‘?{‘é?ﬁg?*?‘%%kﬁ‘y RRUGF RS v i s not
hydrogen. In orﬁ@f@ﬁlﬁ@f-ﬂﬁ)%rﬁmd R%/aﬂdseaweémtedefqumdxv@@?eﬁ“ takeh@pge®P) al kyl ,

-(C1-C/i)alkyle NG N(ﬁ‘@s&b%%ﬁt E{E)th one,o I r%&,ubstﬁ: ents ?Rggndem se ectta?rom

(C1-4) al kyl ene-
-N(RA) (RB), - NGW%“)“PGP@)‘&“!!@(’ )Q(l yh ai@l -REIRA): (RBYkoxw. KRl N( RA) (RH)

-N(RI) - ¢(0) - (C%CC@))QMQ/J]&]MQ% )i g&ﬂrokﬁt(@( @%M(c DR s 0) - heteroaryl,
-N(RF)-C(0) - car oc¥

25- N(RF) - S(0) . @4))@ kyI ene N(RA) (R5),

-N(R1)-S(0) 11- (Cl C4al kyl ene- car bocycl yl, and

-N(R)-S(0)4C1-C, Cal kyl ene-aryl. In anot her enbodi ment, Y is selected from
hydrogen, -(Cl-Cr)al kyl, -(Cl-C4)allcylene-N(10(e),

-(G -C4)alkyl ene-NH C(0)-(C1-12)0_1-N(RA) (R,



N(RA) (R13), -NFI-C(0)-carbocyclyl, -NE-C(0)-aryl, -NH C(0)-heterocyclyl,
30-NH C(0) - heteroaryl, -NHC(0)-1\1(RA)(RA), -NHC(0)-C(RD ) (R) -NRA) (RO)
and - NH S§0)2010/01Gi70C4) al kyl ene- N(RA) (e). Al ternati vel y, PCmaS2¢o@0s337) al kyl
represem ed7yl Y described above is a -(C-C4)alkyl. In yet another

enbodi ment, Vis selected from-NRA) (R11), WO

2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 7 - -N(H)-C(0)-carbocycl yl,
-N(El)-C(0)-aryl, -N(H)-C(0)-heterocycle4-and -N(H)-C(0)-heteroaryl.
Alternatively, Yis -NH-C(() CH2- N(RA)(le) Mor e specifically, Re and le in

-N11-C(0)-C, F12- N( ar e Ri ctr and le are
i ndependent |y sel ecf%é Pr-Sh %?/d%gé?‘l Y S&ny%‘ﬁ) MT%B}/ ”&’ie EA%(}VPQ

- (C0- Co) al kyl errBrﬁedoﬁibdDmC&]CanR, and(e@dﬂ%)@id{yémmtatrw NR'R? taken together is

E g?_ gg g: ty: gzgjngecg; %S%mtg Ath or(e %Imc&%u%i,tklye]ne ﬁ%dege%%&rﬂ?%é Xctéd from the
(C1-05)al kyI en%r@»phemmnogyﬁ(lcylcﬁ)a&(/ Cﬁ.&l@@ﬁ)ﬁl rcyrcené«)@y h%}((érF(o@aﬂy/Il

10° (Go- o al ky SRRSO TRR & Y SITRT G RARETET I A Wby eay1. ane

(Co-d)al kyl eneCS( Dlo(C+-betlbyloarhklo(@rC 4Moamdm&?| t aken toget her with the

nitrogen atomto whie cycl ,heteroaryl,

wherein the heteroc;l/{c edtl{o‘n(raay et@rnggjgrp%ndp}emd%dﬂ?%%eo”r%%u C\&MS%IH f)tetHe

addi ti onal het enoét dﬁamHyrhdzéqwndtentqqﬁ@éidye@pedmferiomﬁ\land@ancptlorlalIyn I 50ne

enbodi nent, ea ted fro nmet hyI | e

is select ed fr%%bshﬁdbrd(s)'wehnrbq’g%%gg%dg tl??/r}% l%g‘“(p%g-' %Jag]emxgé%g?c c cly

- (C1- C6) al ki erversimp of (Cf Ay PHENE- Hetabwosaryd , - S(0) " 1- (Cl- CG)aI kyI,
Y (8] @D}a@@baf PHNE- Hetadogarayd

(C0-4) al kyl enerS 0, / ¥ =S(0) 0 -aryl,

-(Cl1-A4) al | <yﬁgngq§ g\?’(ﬁ @%ﬁkcyc é&gﬁrﬂ’ﬂ%%%%%%é‘%“é%%y- het er oaryl ;
or RA 20and R tWketnrat byewhkét)with the nitrogen atomto forma heterocycle,
wherein the heteroc Ik N(RG (R(1).
I n anot her enbodi rre>r§&t9 iy Eﬁlb%ﬁ%@r& gh hsm%ﬁngzR&It?M{j gsqhe t&ed(ﬁ:lrto eag ?qua
(Cl-C4)al k2, /1 fera‘?tdm@?m@wmw}@fml Dand | e taken together to form4-7
menber ed het erocyclic ring. Each R and each d S i @d@pendent ly sel ected
from hydrogen, (Cl-Wal kyl, 25 carbdtyclyl, aryl, rh\eterocycl yl, heteroaryl,
or a naturally occurring am no acid| side df'rar nf:horety % R and RE t aken
together with the carbgg atgmto x F Qrma 3-7 menbered
carbocyclyl, or a 4-7 menbered h. the heterocyclyl
formed by R and R ¢ Nse 4 [
selected fromN, S a 0. In and 30le are both-H,

RI' is selegted from hydrogen, (Cl-g§H) a@yIHocaﬁg@cycl(yl and
heteroaryl. In one enbodinent, le is hydrogen I n another e odrnent, le is
sel ected from lydpogencu(@ly @?ymfmk%dal”@rwf vaadinhet eroaryl . 1 n anot her

embodi nent, FE 1 sgl solied: MGROLOLOLIATORCL) H&%@g&é&ﬁiﬁ%‘% filge- 1017001 - 8

- from hydrogen éCI Cr) al I'n another~e i's
sel ected from HSd d@éh)&k(/@ oa;amyr (ahdowh@hw)ﬂ”\y] is seI ect ed from

(Cl-Ce)al kyl, gar @8?6%'&&5;&)/(@{& ame&e@ﬁw&amh%}ﬁ 3%%Clcy1?rkyﬁnd a naturally

occurring am no acl enh together 5with
t he carbon3@toﬁ$@%®%ﬁdoh”ﬁhe%Y%WéCbbdﬂdﬂf@Yhﬂé@@ﬁﬁ(hﬁﬁﬁbwed carbocyclyl, or
a 4-7 menber ed ReLBEANC/ Y aikyWBerei n the heterocyclyl formed by RE-r and RE
optional ly conprises, one . to Fmo addi ti onal heteroatons independently
selected fromN, S Bnend®” takgn o’ﬁ@“errbﬂid‘imrmm%enmntawdlchﬁefdﬁgnﬂdeéget her with
the carbon at om0, Waideh &Bem%rer@&%@ bof MRl E3 f&@ﬁ%&?&@% Jay&r 10mis |
or 2. In one enbodi nent, Each earbocycly ary

het er ocycl yl oP“ﬁéﬂéFé%hVﬂ“d%%@%?%édeaﬁd#@l@ehﬁmomYH”@ﬁ@O@KBUps repr esent ed
by Y, RA RS, RBiionRiiXcfishsRH add?no@ﬂthb@r‘?)@ﬂohﬁﬁn&B%d&rﬂ@@@l@ﬂg@ﬂ%dl)(J suhstituted
with one or nore substituents independently selected from hal o,

S(Cl-C Qal kyl, S e the mainderofte cajahiek e 25 d5cmpsH shye By Sivgvadorpds - c4) al kyl |
hal o- substltuted -0-(d-cA)alkyl, -C(0)-(C1l-C4)al kyl,

-C(0)-(fluoro- substltuted (G - C4)a|ky|) -N(RG (R(), and CN. In one
enbodi nent, each carbocyclyl, heterocyclyl or heteroaryl is optionally and
independently substituted mﬁth one or nore substituents independently
selected fromhalo, -(Cl-C4)al kyl, halo-substituted -(Cl-C4)al kyl,
-0-(Cl-)alkyl, and -N(RNR(3). 70 In another enbodi nent, each carbocyclyl,
aryl, heteroaryl, or heterocycle is optionally and independently
substituted with one or nore substituents independently selected from -CH3,
fluoro, and - N(CH3) 2. Each al kyl descri bed above (e.g., in the groups
represented by Y, RA, RHL RD, RD., RD, Rl' and Rr) is optionally and
|ndependently substrtuted mnth one or nore substrtuents i ndependent |y

T 1 L~ N\




and -N(R6) (R6). In one enbodi nent, each al kyl group (e.g., in the group
represented by Y or R) is optionally and i ndependently substituted with
one or nowe 28uhEr4i7buent s i ndependently sel ected from halPeT/GS@M9/0831d2

- N(RerdéR@1.7080Each . Rc' is hydrogen or (Cl-C, Gal kyl, wherein each alkyl in
the group represented by Rd is optionally and independently substituted
with one or nore substituents independently selected from-(Cl-C4)al kyl,
(C3-C6) cycl oal kyl, halo, -0OH., -0-(Cl-C4fal kyl, and

(G -Cd)al kyl-0- (0 C4) al kyl . In one enbodi nent, each WD
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represented byis Op'%l Ot%alelm%odlmam of 188reﬁ %mvian%o clslrtelgtf:d o ptmmﬁgeug)c#

(C3- CB)cycIoaIKwhmoaUmlammw8MQQQQHMﬁmEmmbwmh$nbEAmamdemeak@m,together
with the nitro en atom.to the r het er.ocycl yl or
het er oaryl , thg: @?erégm£ﬁwﬂ%% LY l%@O%Fmﬁggggpégéﬁké%a%ﬂmaﬁﬂ%ﬁ%’can

i ncl ude a r|ngesy$QQRWMhabmhh§hapmmmemmambmmadymn@mWwdonbhannwthmgen atom
to which RA an K exanple, -NRAle can be, but is not
limted to, @ d“ell‘a%s?aa mf@g%n% 4:(B{/stems NN NN nreid* Simlarly, when RD
and RE or RD and REﬁmahamnbo@eEMstanhunhEMGanbnnn@mahdMEﬁmgmm|ch they are
bound forma h L o ] €ra. Il ystem t hat
has a heteroatghggﬁgge%kﬁm&ngﬁngﬁg&@g%&gM%ﬁgﬁ%Sgﬂgkﬁggﬁggﬁﬁgggﬁg? RI'Y and
RE are bound. acompofidecyesegehty $trwerd Fomulad Adi(Heot(Bdr ¢ phaameempeilnd

repr esent ed byzé&%Hﬁquﬁb Egrmula (1) or (LI) or a pharmaceutically
acceptabl e salt ereof Values and 15alternative val ues for the variabl es
in Structurdl For nulAaothgnengpdipeptyol fie@redent inverdions a hehddalf pevariting an Rl
is selected fr ( al kyl,

& e et %me%a Qgg@]ec& gng%@ A aﬁgtf ﬁ(x% ?ng@:bé%%z if@e@f Velefdouftbt

( C3- C6) cycl oal kmomlvawqﬁlrepr@pw(l@l &tmmrakﬁwmubzr(w cﬁb{wmommﬂnwuma

aryl thio(Cl- M)aeécégzalo,e sAf wbso finyl (G- 20C4)al kyl,

aryl sul fonyl (Cl - and -0-(Cl-C7)al kyl. Each alk cycl oal kyl,

al kox-y, cycIoaIkoxﬁﬂm£WWﬁm0@ﬁVWé&VwpéﬁwmﬂWW@mnéﬁVN§ap¥¢ﬁwm0de

aryl sul f ony}s nMob&Ldnbkdnt é’tﬁw&'&ﬂ@@ﬁuﬂiﬁ@\r qaf&t % R¥hdRh LAl 2B benal |y
substituted with one or nore independéentiy sel ected substituents defined
above for StructlthgreoiHgr thamanyfacure af 4 aedamenidpiireaRig dngnfeeionéted from
hydrogen, (G -Gaalikyl, 25(C3-C6) cycloal kyl (C, - C4)al kyl,

(G -C7)al koxy(Gi - C4)a|k I, (C3-C6)cycloal koxy(C - C4) al ky

(C3- C6) cycl oal kyl , A&pgther eaxbwv(nert OOAY ATCRSPE INVERYigh HXY( 63 ot:) eiognd

aryl thio(d - m%@dr&%ﬁted W@’ll@%ﬁ] ROy, Qﬂ) &l (k¥ a@l‘%’maceuﬂcd Iy acceptab
aryIsquonyI(CI- y In anot her alternative, -FI, (d-C7)al k-yl,
or -0-(C - 4 )éﬁlkgh?feofi A R BepbEc T plerAehqapent f?fé)ffr‘@mqa aérmff@ﬂﬂ @®alky |. In
anot her alternative, R' 30is -H nethyl or ethyl. In yet another
alternative, R is -OCH3 or -0C(C113).-3. WXR010/017470PCT/ US2009/ 053142
4142, 1017001 - 10 - Atother emppdimgnt gEihg pregy nraRehipdioyent » ereer) al kyl |

(C3- C6) cycloal Kwré@kmcﬁéb) ahidilal F&oatCA) AT kaxy 6k p%@delﬁﬁfdam accuptdb

(C3- CB)cycIoaIkox %alk yl, (C3-CQcycloalkyl, aryl, s@% Cl C4) al kyl
aryl oxy(Cl- CA)é?ké@%Odpy ?%@b@ﬁ?€%§%PQ%WW”%?VU§&Pﬁ6ﬁVPTEW‘ yal kyl and
-0-(A-Cr)al kyl. Each al kyl, cycloal kyl, 5al koxy, cycl oal koxy, aryl, and
aryl oxy nnkétyIMﬁDMhEDgHﬁmBﬁﬂHQNHmSEHEéMVbMTﬁQﬂcan be optionally
substituted with one or nore independently sel ected substituents defined
above for Structuraﬂhﬂ@ﬁﬁmmaeemyﬂbﬁmﬂ@dmaaﬁmghwwfﬁzﬂwyc@éi@umedﬂfrom

hydr ogen, (C1- ,

(Cl- C7) al koxy( Cél%) %&%%) or %{%&6%@ QQ&{ %:X bﬁ(eg)%ﬁ %ﬁe%lf \g' 1?:12 %?d alternative
(C3[CE)C¥E£OéL$yTiS@rvb\wa@v$@C@M@w%hﬁkmhm(&D@@?ﬂbx@@ﬂh@ﬁﬂ?wmkyl

arylthio al Ky, I

aryl sul f onyl ( Cl- C4) g( ‘i%w’jew%’ ‘fé‘rhgg‘louée\?e @%?é | Scagt{;& SOt FPORETB 7y al kyl |
(C3- C6)cycf@alRWPW%Wm£MW@Pk§ISh%k%EIWWaFR@%W%WﬂmﬂxﬁaWWYWJSdhenyl

phenyl ( O1- O4) alckydiy) (G081 Gy o 0alckl a0 il e Gl vk, wherein each
al kyl, al koxy and cycl oal kyl " noiety i'n the groups represented by R2 is
optlonally 15substituted with one or nore substituents independently

sel ected fromthe group consisting of (Cl-C4)al kyl and hal o; and each
phenyl noiety in the groups represented by R2 is optionally substituted
with one or nore substituents independently selected fromthe group
consisting of (Cl -C4)al kyl, halo, (Cl-C4)alkoxy,

(A -C4)al koxy(d -Cc4)al kyl, -CN, halo(C -C4)al kyl, and 20hal o( G - C4) al koxy.
In another alternative, R2 is selected fromthe group consisting of

cycl opropyl, cyclobutyl, c, Tclopentyl, cyclopropyl nethyl, cycl obutyl nmethyl,
phenyl , benzyl (C112)2 0- CH3, (CH2)3 0C1[3 CXC}B)S - CH( CH3) 2,

NI NN PN A N\ N NI NN 17 N WS\ N Y ——. W\ M N IS -



250ptional ly substituted with one or nore substituents independently

sel ected fromthe group consisting of (G -C4)al kyl, halo, (Cl-C4)alkoxy,
(C-C4) alwoxy(o@i7424) al kyl , -CN, hal o(C -C4)al kyl, and haCo(uSkeo@@aiiknxy. | n
anot hen4saldieomnati ve, R2 is a phenyl or benzyl group optionally substituted
Wi th one or nore substituents independently selected fromthe group
consisting of (C-C,i)al kyl, halo, (Cl-C4)alkoxy,

30(Cl - C4) al koxy(Cl-C4)al kyl, -CN, hal o(Ct=C4)al kyl, and hal o( C1- C4) al koxy.
In another alternative, R2 is unsubstituted phenyl or benzyl i n anot her

yclobutyl - cyciBRERYI T oTBr oY 5B 686 BES RIS L0 17001

cyclohexyl, - { GHRNR4@<OMRime: @ XCisph8)y8, - 0- 1(0-13)2, - CH2- CF3, - CH2CH( CH3) 2,

and -C1-1, (1H3. [ en together with the
ni trogen atom to whi cﬁ%%%d%a& hygo%ﬂ]égk %D@kﬁécaﬁfb‘é}%la nmonocyclic or
bi cyclic heter oéfhyfwallqﬁenal\mﬁﬁdt clic, 5fused bicyclic, bridged bicyclic or

spiro bicycldc t t er
optionally c'*ontg@n@ o e %ﬁ‘“?%ﬁbgw gf&r ﬁ\g{@fﬁz‘toms]\]rﬁ%epg en?)l y
sel ected from NNI)&IQ-ERAE - N(%ri(lt(h -NHE)- N((é)tMﬁ M@ Wwhi ch Rl and R2 are

bonded. The het ti tuted with
one or nore i nd§|§92§§bﬁv E g‘]‘ gct e @?ﬁe&gﬁgﬂ ? (%) gé{g@%&/e for
Structural For rri)ll(&)(tl@l C@@Nd}érﬁéﬁl)\%ﬁywt he het er oaryl or heterocycle

contai ns one addjti ek q@@g&r@ Rt ed fromN, 0 and S. Alternatively,
R1 and R2 taken t(oé%@ (b % Q{ek ogen atomto which they are bonded

forma het eflocydi’ )ééfl))@dﬂ eél 0# #ﬂﬁﬁetcﬁé’o ling oW& st Ong (f Capditi bl
pyrrolidine, ngyphQli:nRast 9&69)@54 Al I‘l%ei’s nQG&bkxd th&«)é%'m‘BQ@ﬂltc@t[ Gh L0k

i soi ndoline, and azabicyclo[3.1 O hexane, wherein the heterocycle is
optional |y subsitan bdeni-tCh-Gilkybr(Crbpelkslgps MR W8t s | ndependent ly sel ected

fromthe group | P\ ay ou-NIRd n R k&) koxy,
(C1-C1 )alk Itlgﬁﬁg@hﬁ@&gwﬁl)kc@)% rggj (i ﬂ %y%&al f(?Elg/{IGﬂ{

(G -C4)al koxy( C[\Kéd)(é@kgﬂ( +NRISK 4WRPF§((&) E%I{s)pem fic enbodi nent,
these het er pcyches)ane- led&n@j LN(joJ@ga)u,tegé;&gdw NIROAGORhetERL@, Substi t uent s
i ndependently 20selected fromthe rou consi sting of hal ogen,

(G - C4) al koxy, —P/@}BS&@ ca@acwé}ﬂzrw SXQravl ca) al kyl and -N(R3) (R1). In

anot her al t er nakiwe sembqd Ry letde het erocycl es are optionally
substituted wnttr;IK ﬁ‘»@(‘i‘ij!@ ybst )( ?s i ndepend sel ected fromthe

group consi sti né’(%ﬁ qﬁ%)hldﬁéﬁl)qlhﬂ%W?OCW&rﬁ‘B%}\(Rrﬁe?(ﬁém ifetdiylenany!

di rnet hyl am no. pl({N de@ran@z&st M@on,x q'RH Yﬁ@ﬁot'ﬁ?d&é&ﬁe% &@%ﬂbb@ﬁuw vy 25tRe nitrogen
atomto which t are bond ng selected f rom pyrrolidinyl,

nor phol i nyI70 azfé}t”? ]ﬁidﬁygf'“ i ﬁe}“”‘éﬂ n()%‘ C%@t"é‘l"ﬁ/ﬁg%é()%l opent a[ ¢] pyrrol yl,
i soi ndolinyl, ., ~C oal kyidnmﬁmi(m L(RW(ﬁ'Z}W WR’ )‘(RB') aml:NLoRamd(mf“‘ﬁRF)azol yl,

wh h h
CoCuRi oh trey ahgt Lq"‘éé@cb%sxsF;ﬂM 1§ st D A iRy on,  0oo™ atom
(G - C4)al koxy, N‘YF@'")—QX@) NBO(@y, mazaj K@xcmg)@ﬂﬁl k\yk*mw) h&dért?&f)c(vm) Mor e

specifically, ng. fornme with the nitrogen
atomto which t”h§§ 1“3) ’ &Rd&(ggﬁ%{ﬁzﬁc gug\gﬁl (%?% ith fluoro, -OH,
-0OCH3, or N(sCH3N)J)- SMQ@QCQ&JK%Z&PW“%ZOOQI 053142 4142 1017001 - 12 -

5 0, o R0 WIASREIeDi i SShecLR) 5 SO e B gum £Argl st of

optionally subsh lanﬁdﬂlteeédeIirherm,mem@éledmirf&nsmblsdgieﬁ ugnics)dkptdependent |y sel ect ed

5( Q- 04 al Koy (G RO RN AT a7 S R SOBG ot hy I n

anot her al t er natNig(R"RINHAU OR4aras @ clbo tNH-CROJ- 21y ly etH-anot esrogtltler nat i ve, R3

abooi mont 1 ne Lanbaur ot it GER R o vsors ok ol ed by

Structural FormiHaC ((]))( ROHERDIY(R IR anp ersaeguyCi- Ca}hlkyle@en(ézm(aﬁl e salt

(& ) ek el Bisu iy B T G i e Z;ﬁ?m ST, o

phenyl, phenylGE&m@h&hahk&bmnﬁmﬁvGﬁ&mMai@@hHﬂmgKR han(C}+CA)aIkyI

mherein each al kyl, al koxy or cycloal kyl noiety in the groups 15represented
by R2 is optionally substituted with one or nore substituents independently
selected fromthe group consisting of (Cl -C, Gal kyl and hal o; and each
phenyl noiety in the groups represented by R2 is optionally substituted
with one or nore substituents independently selected fromthe group
consisting of (CG-C4)alkyl, halo, (C-Cl)alk.oxy, (Cl-C4al koxy(Cl -C4)alkyl,
-CN, hal o(G -C4)al kyl, and



20hal o(Cl - C4) al koxy. Alternatively, R2 is selected fromthe group
consi sting of cyclopropyl, cyclobutyl, cyclopentyl, cycl opropyl nethyl,
cycl obut Wweoebtwdi747phenyl , benzyl, -(042)2-0-CH3, -(CH2) BCOTBI®9/05334L113) 3,
- Cl. 1(€044.8)12¢01- al 2C( C143) 3, 12C1-1(0-13)2, -C 2-CF3, -(CH2)2-CH2F, and
-(CH2)CH3, wherein nis 0, 1, 2, 3, 4, 5 or 6; and wherein the phenyl or
benzyl group represented by R2 i's optlonally 25 substituted with one or
nore substituents independently sel ected’fromthe group consisting of
(Ca-c4)al kyl, halo, (Ci1- CA)aIkoxy, (G -C4)al koxy(G -Cdl al kyl, -CN,

hal o( C1- C4) al k | ¢ h h |
e N
al ternative, R2N(4)-6¢))eeteadnt.r dmrecyicblppf opyH; C(@véﬂbm(ﬁp){(ﬂt frettoyd |

cyclobittyl, el o ( 0- ( CH( CH3) 2,

-C112- CF3, - cn%%ﬁi?%%t’ ﬁz aﬁgk W&Q))"(ﬁ %%@B ‘\/%z%dk rgﬂg‘)“%y

2010/ 017470PCT/ US200:8¢hJ R 44 RdepOLFOD electdBirom hydrogen) (§:-47skglond

alternative @nb%d(lén%n)ta“"rﬂg’ e lér%d&ﬁgo@*%i Sgd"'t(%]al i ctural Fornula (1)
an

or (I1), R 1s hydr ‘Val‘ugs and ‘al ternative val ues
for RR are as dé@t@a)ébbdbiﬂ&ﬁ@@@cmﬁﬁ {GeCddllyémeabtespnht i ve enbodi nent. In a

third alt t ted by St t |
SFormura (1) or (i ﬁem“wﬁb‘%?‘%‘aéﬁm%mﬁ@iG‘F“’%Fegre-o (CL-Chyal kyl ; R
is selected frof 1(@1811(3’?:)“81069&@“0((}/@31 a6) Eylelkplghdk Pt! 1&@99&@4) al kyl ,

(CL-C7)al kOXY(C%((‘[;ﬂ)(@I lﬁé&lt\ylpgﬁﬁz!)axkg(l&éx DmC&éﬁJo%@c Jeyl, and

fluoro(C - béalk ken togeth With the nitrogen atomto

whi ch they n@é@lﬁ@ﬁmg)mréifﬁg(@e@%E%@CTSKQMPBW%‘F] ldbAyl, mor phol i nyl,
azetidinyl, pi p@@)l dj) Mlmc%ﬁh%%ﬂ%%xcd openta[ c] pyrrolyl, isoindolinyl,
10i ndazol yI i m dazo pyr azol yl,” triazolyl, and tet razol I , Wherein the
ring formed by Mmsirﬁ?d tﬁzn FOARIBRT ithg e HErseRIOR o HEICRitey sigdRutiBrm ¢ 0 whi ch
they are bonde%c'&&oc?@%l'n?ﬂ@flﬂjoé[ fs%&tnhttw%@@rdé&&@orfﬂe%gfaryl oﬁaﬂn alhyOCL- 13, or
N(0. 13)7. More specifical g%ldﬂ % drogen, nethy , _met hoxy or

y

tert-butoxy. | rFoﬁlpf‘t?BHtt‘h‘* té’iﬂﬁ[é‘ﬁe% OBFHBERHEHLLY 5¢ %Fﬁedcfﬁ’r‘?b&%ﬁ@ QG dpresent ed
by Structurg J&Egﬁq%ﬂuﬂurﬁle)adpﬂi l(sllﬂdlepenﬁgent Bél@l:liéa%m hyrdfﬁ{g@y hnd Rihy@IRPY |, R2 i's

sel ected frommethyl, ethy U‘E i sop n- buty,
2, 2-di met hyl pr dp§Accteg ﬁlsmwr%?rs&% %m nCCpeﬁwiaﬁylwt e%b@sylwym oal kyl ,
(C3-05) cycl oal KYdot@(t)eh'Wlene-@%/tl h@s,;c%§am<\9lme-aa@lro%~vrf Lseoym(ottqltyidxk\pr RL and R2

taken together with t are bonded forma ring

sel ected from aﬁ%r?*éﬂ“ﬁ%m Sﬁ)@rmrcﬁ{bio@":Hﬁﬁl <Co&4b'%<§iea? AYPm-af¥dt r azol yl, or

20oct ahydrocycl @@,emt)@[qun@)stmlné{erocw@iaﬁah@:r e:mh z@ymeﬁ;(@g hfe@rdmi bR and R2
takentogether wWith the nitrog natomto V\:hl?? rcz gndedls
optionally squsfflfitRuttaé‘ﬁ“ KRH‘WTW“ Friirogen atom tq {proy ath‘FIEOﬁ § PEFRAL Ve

enbodi ment, f orheGRNPOUNRASERPY asaRtiedwhly=GhidcldfaksFar suthas (A), when X is

g)édz g?_e&) L L;% 83%2@%?_ (l’ g] rb) Eglr grgdeR% is seﬁec%e_d%zna(%lf-%!@)’alkyl, and -S(0),-CHs;

- (C4- 4) al kyl eng=RN@ERIER® @&Qbmé&?{eR{o)m(nRﬁA%e@rbN(eRﬁétérBB))c ic rigH N- ORA,

TNCRR) () et er ot FEIN SURERE e FHE b S gT o Rl of i bocyc y1

- mg E;g gg 8% 2‘?—-1’ %’darbB%Zg% :%kﬁ)l lﬁ(e@)cyo ylé @Lm@lé&iladrlﬁ)hb@fwy B dAYrle bhino acid side

- a gne-gar boe .. ,

- N( RF) - S(0) §v/ rigken R LoV @E1- 08) al kyl |
car bocycl yl, arty;lumd ﬂ’(bﬁh@BOf&ﬁgﬂxberdﬂQhﬁb@GMC biyd 4-7anehbaret atttroalclyy wheeiar ri ng

am no acid si dehcpal n rm fet% V\ﬁQlO/O 7470PCT/ US2009/ 0 314 4142
1017001 - 14 - theheteroggly boried bYRE g ke APOBY T REP TS IF PRE ERFBBA at om t o
which they are H@Mdmfs@ﬂid?ép@d&ﬂ@ sateret@d NCRnbDe Y Bl ok pmbsdiraend - F° menber ed

het er ocycl y vyger ein N tge lieterocyclyl formed by R and Rh optionally
conpri ses one t %d itional hetero atons independently selected from N,
S and 0; and 5RI "' RS ISSSEICQG(t@dﬂde}mL(IQET C@hmv}kyirbocgaylbmymﬁy¢t¢r<>aay yI and
het eroaryl . Valfues a grmatl e val ues Iz‘ r}%a té)lt

variabl es are a$ O?i“e‘scrl Bn‘“cﬁll Ii‘oéen é?dm&eh?nélfo ifmnrm & s@&f” A(I)rf]er nati vely,
R is selected fiyonmeéCic 1%))@1kylkyllrylanrdhqndmmyl Iaathtitehemb@iradnndeis sofectthe

vari abl es are as described above in the fifth alternative enbodi nent. 10In
a sixth alternative enbodi ment, for conpounds represented by Structural
Formula (A), X is selected from hydrogen, nethyl, ethyl and phenyl; and Y
is selected from hydrogen, -(Cl-C4 alkyl), -(Cl-C4)alkylene-N(R) (R8),
-(C1l-C 1 )al kyl ene-NFI - C(0)-[ C1-12] 0_1-N(RA) (R5), -N(RA) (R5),

-NH C(0) - carbocyclyl, -NHC(0)-aryl, -NH C(0)-heterocyclyl,

15-Ni -C(0)-heteroaryl, -NH C(0)-N(RA)(RA), -N(le )-C(0)-Cf 12-1N ( RA) (10,
-NE[ C(O) C(RI-Y)(Rl) N(RA)(R) and Nl 1 S(O) (Cl C |)aI kyl ene- N(RA) (R5) ;

o - .



each RA is independently selected from hydrogen and nethyl; 20R5 is

sel ected from hydrogen, (C -C7)al kyl, -(C(-C6)alkyl ene-carbocyclyl,

- (Co- Co) awhyhswvmagmmyl , - (C(-C6) al kyl ene- het eroaryl, -S(0rm/use@osayal kyl ,

- (Co- A)al kybmne- S(0) 111- ear bocyclyl, -(Co-C4)al kyl ene-S(0), 1-aryl,

-(Co-4) al kyl ene-S(0),, -heterocycl e and - (Co-C4) al kyl ene-S(0), , -heteroaryl;
O RA and R13 when bound to a comon nitrogen atom are taken together with
25the nitrogen atomto forma heterocyct&; wherein the heterocycle is
optionally substituted with =0 and - N(RG (R6); RP and RI-- are taken

together with the r bon i.ch the

(C3- C7) cycl oal K mf’v ‘%ﬁe?n(?’sg? gsﬁa\é\é]plga\él i%%gglf‘b%’gvng %efbé’? 885l yl or

het eroaryl is (fmrmmmaigjey (and.elbdepepideyit | y substituted with one or nore
substituents indepe de | ect.e m 1-

hal o-substituted - g (“/f‘;% é%‘)m € %) 3 hbﬂ“k“y}fl (ﬁ\g }ﬁgm)%ﬁé}cy“ Mo

2010/ 017470PCT /ahl$2@ﬁlgr/a0‘s‘5&’b4ﬁmgmm]aﬁﬂli’l(aé)dham rih&ety or R“ an@d & hakah togétheportl on in

t he group repre Y _or RBls op i on ependent
substituted wth ﬁm’ew?‘ dtOmmVmbstﬂlletyuen Oéln(?r?cfépen rhy S8 Cgfﬂé%o?rom hal o,

-011, and - N( Ro! 4{ Rénberwhieredayc! Rﬁ\wh@elhy}cér}mtgem@yl f@@e@i@ﬂﬁalaﬁww and wherein
each al kyl in t(%ﬁ?x%gQ%p@xrsgspr gﬁer\y{o%gdl%n eteroa%om 1¥1c§eg$n€ X/salggted dependent 'y

substituted wt variabl es are as
descri bed abovey, |Srnntilfi)eﬁfcmfetetmba1um@nn§‘i andeR eaﬂhaodrgmmwh the carbdnmfoal ®event h

alternative e”%!'%"?{}tm %}o%éd 909%99”95r9{;>{%ﬁ1k?§em ed by Structural Formula

(A, Xis selecte rogen and and 10Yis selected from
-N(RA) (RB) , 10- N( H) - C{0} ! @1612 blo ey énptiodimeNy, Iﬂ@is@( 0) - ai yI

-N(11) - C(0) - heter OC%%I}%&_P%?QM m&%@%%xg%‘l ﬁ&&ﬁir%\ d’esc?xgec?%bmd: (glgt P}Iyl and Y

is - NH C(0)-CL12- N 15K RN is
sel ected from @@fﬁ@)rm%ﬁmnd nd. R'SRO)R, BY hwnd BF) Mp‘cm@lliﬂﬂd mdgkederttloget her to

form 4-7 nenbesrLlﬁ%zt &l GhiP (frbé%l hire sb&gtue%%]ﬁﬁgdgpdcﬁﬁ& Qle%%é%ﬁ%q yl aryl,

het er oat yl terocycle 1s o&lona ndependent | y Substituted with
one or nore suffstf t)ﬂ’éht OH, ndepettdéntallkyl sEl-€ekkal- @K@nﬂ)a ©HB, fluor, and

-N(CH) 2. 20{5n ?aloeéugﬁiuﬁ’!a@(@eéﬁﬁkdl%loesfm&ﬂ!é@@(Cl LOJakgprfﬂ@ggSc ngRjesented by

Structural O I'NN orrma(A) wherein rin ts”a 4-7

menber ed het er6€9kifiaro- 5&%“@“(% §4)h¥(ﬂlﬁ 0gEhntfF1-(- 0}1&5426)\& RER"), avhCles and
al ternative vahugsedididtde e'ic%%'bgé;’@lrvi Qéte%mw\(gﬁ e?e%a%ﬁ 15@%@01@1% dgscri bed

above for Structural Formula (A). Mre specifically,” ring is sel ect ed
from the groupt&onsiati W@ﬁf‘@ﬁed&lé{qﬂﬁpmﬁpm S%ﬁ‘wmmﬂd@m@ﬁhﬂy Wiep@d frdinnyl , or

oct ahydr ocycl apent@l-e) )i ehybubs@aed-ef-.cyhiah.d. R tituted
Wi th one or_nore S(U{)S%)I tfjtent su ftndepen emﬂ 4 f(ect édgfr%dmﬁ(ﬁgwg

consi sting f Ranrgher cpbadioztagagygarbopetyé- @dﬁ@twqwle@hct@ecm)la| kyI
-CF. ), - 0- (C - GhligdaKy hnd i98e fperl\cyeﬂﬁﬂ%gﬁ@ted Wﬂ%n%'cpmgn% s@os‘tﬁ}crmygﬁ%ﬁc{én@}r (Cl1-

C4) alkyl. Even nore specifically, rin describ above 1s optionally
substituted 3CWiEtHE! Gord -Gl fiere il IS V\02010/017470PCT/ uszoog/ 053142 4142

1017001 Each alkyl described above (e.g., in the groups represented by Y, R®, R®, R",
RY, RY, R and R™) is optionally and independently substituted with one or more
25 substituents independently selected from halo, -(C-Ca)alkyl, -OH, -O-(Ci-Crjalkyl,
-Ca)alkyl-O-(C;-Cy)alkyl, fluoro-substituted-(Cy-Cy)alkyl, -S(O)p-(Cy-Cylalkyl,
and -N(R")(RY). In one embodiment, each alkyl group (e.g., in the group
represented by Y or R") is optionally and independently substituted with one or
more substituents independently selected from halo, -OH, and -N(R%)(R").

30 Each R is hydrogen or (C,-Cy)alkyl, wherein each alkyl in the group
represented by R is optionally and independently substituted with one or more
substituents independently selected from -(C;-Cy)alkyl, (C5-Cs)eycloalkyl, halo,
-OH, -O-(C;-Cyqlalkyl, and (C;-Cy)alkyl-O-(C;-Cy)alkyl. In one embodiment, each



- 16 - In a ninth alternative enbodi nent, for conpounds represented
by Structural Forrmula (A), Yis -NHC(0)-heteroaryl. Values and alternative
val ues fowothw/mesrai nder of the variables are as descri pet/usbavnsiiaz
StructanaloFosmmul a (A). More specifically, the heteroaryl in
-NH-C(0)-heteroaryl is selected fromthe group 5consisting of thienyl,
pyridinyl, pyrrolyl, oxazolyl, pyrazolyl and thiazolyl, each of which is
optionally substituted with one or nore-8ubstituents independently sel ected
from-(Cl-C4)al kyl, halo substituted (G-C4)alkyl (e.g.,

-CF3),-0-(C1-4 126 d
050 (S gl a0 NSO P ety bR I YT aPL N6t i onal I y
substituted w t; a(m@wy group on the N atom 10in the ring. In a

tenth alternative enbo pres Structural
Formula (A), Yis %Itzt- g‘%emh ean a\’7a| ugs atnoéeaffr t'%gléetrilt\l}(e%%ggf) L%% for the
remai nder of t heushahéyadod BSmé.fc@m&Sthd@&‘&Ydljd@dhﬁhO\[ﬁl ﬁlehetsmmt;tmral For mul a
(A). Mre specifjcall heqyhpi N S
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- al ky s..nydrogen or al kyl .
Mor e speci fi cal 0 8RB (ﬁe[ny% fheﬁ?l%f”%é?d %’heé“ﬁw is optionaly substituted
wi th one or rmre t|tute ndepgﬁdently ected from-CF3, -0Cl113 and

-N(CH) 2. 20In a élevefith al\ er atlv ent conpounds represent ed
by Structural For (A, repr ted o \VAREY, P)2-(Cl-C6) al ky1,
-NHS( 0), 2- phe‘f}ﬂ, - N1- 0)2 h roaryIWaI uesard alternative val ues
for the renmai nder of the variabl es are as described above for Structural

Formula (A). Mre sﬁemlaﬂy odleh R, apchR” ptithyd, R’héteelt(@athwmdxrtheadamoh inthe
group repr eﬁent %m Q) xgw tﬁ?ZS c}uh?[%dmfﬂ%et%rlil)tc)ysc yl, tHe he uouyu c%n mcRJde fror €

substituents in epen

hal o- substi t ut em(SﬁtGM)wakyhetéreatgn adja€l) tp the@btbor Qe @ widh BY kyd R* @nd
-N(RG) (RG), wheye] 0 iR o Jusghydrogen or (C -C4)al kyl . In a twelfth
alternative enbodl ment, kfor conpounds represented by Structural Formul a
(A), Y is represent @&tk ltryscnﬂ\léﬁﬁt)u(nRi@)c;uWWea ginmpoRAl mpreseREL by Bng0edch

i ndependent | 'y %%fﬁﬁ%ﬂ/ﬁ‘?mf(hﬁ{‘?t ﬂ%‘q{(‘%?g%%ig%%?&@ﬂ% lshyttlereo I( Qjﬂ'uggn | kyl -

(C3- C6)cyc|oa|ky erei ‘ I's optionally substituted with
-N(R6) (R6) , ISwhetensivREalues thytde ogiebleon S@mw@éﬂﬁwﬂnky[l) oMl uxesieﬁmd agfht er nati ve
val ues for the geminder of the variables are as described above for

Structural Forrru a A). WD 2010/ 017470PCT/ US2009/ 053142 4142,1017001 - 1 7
In a thirt Benttedddomnktdagen. éfbGdille niC; Cfbrcl®d<ryﬁéuhdsky epresent ed

by Structural Fer. g’ﬁu@o{y{’épc ally3 (e )&%%?&%%(ﬁ)/% ')Qﬂcytl(t W%&%]\wf wherein R

and Rn are each endent 'y “sel ect

( C3- 06) cycl oal l@yﬂ] ang(C oA adkevl ﬂRﬁW@kén)ﬁt@b@Wh@@(@w@tﬁ Whedtﬂutftﬂdg(en at omto
whi ch they qre Y6l Ve n kyl

represent edﬁb CE&H@Q %&hﬁﬂdbﬂ?@r&tgﬁ gh a(?t(cmznﬁh Ejmhﬂ Qp%yu%%tk?{ uted with
-N(ROQ) (e), whera&iow RS aékwdr&ég@ﬁmm aryithio. @)l landawésutfw (gietydn 1) al kyl
represented by qRUbGs %tés%@ildy l%mtdptlwaﬁgsd@s&tnted Rith Y& g%, @nd al ternative

val ues for the remai ndér of the variables are as descri bed above for
Structural For mifegendgyly Sileqt‘?ﬂ b BIgRE defteh allve & ratitvel lwbddilrent , for

conpounds repre@emaﬁ@eww §tse@&t@fmthfa%agyl(@] LAMkylY 1S represent ed by

- CH2- N1- 1- C(SO) é %1 wherein le and RH are each
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-(G-&)al kyl (EBeGB)krY&boAt Ky dal <>>(3(|dt@§ %&Ql@t ta%fﬁ %%Hdcv%t)\é@cwes for the
remai nder of the variables are as descri for Structural Formnul a
(A). 15The conpbima(ofCidte’ gpdbiert:- 94Weht%é%ﬂfl"§1(6x€dﬁ]<‘ﬂfai“ed by the
conpounds showarjiigiftRecTabgvbeh ¢ Q‘{Mﬁ@f @ndhaer lmageutacqfd JadyRecentiabl e salt
t her eof and corrpounds descri bed Exanpl e bel ow of 'a

phar maceut i cal I¢ y “Q‘étzébf‘%]i’eéaléeérl‘ ‘t“"‘f ﬁerSerOft@\iP@JNﬂ) Ka@notheyaitrneine. RSTRUCTURE
11 H H3CN H3C is'-H-mefhd:Borkddicl. Nin Ghidn et BiedcMve M12: -OCH; or -0C(CIHL ),
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R is selected from hydrogen, (C-Crlalkyl, (Ca-Ce)eycloalkyl(C-Ca)alkyl,
(Ci-Cr)alkoxy(Ci-Cyalkyl, (Cs-Cs)eyceloalkoxy(Cr-Cylalkyl, (Cs-Cs)eycloalkyl,
arvl, aryl(Cy-Cyalkyl, aryloxy(Ci-Cylalkyl, arylthio{Ci-Cpalkyl, arylsulfinyl{(Cy -
Cyalkyl, arylsulfonyl(Ci-Cy)alkyl and -O-(C-Cy)alkyl. Each alkyl, cycloalkyl,

5 alkoxy, cycloalkoxy, aryl, and aryloxy moiety in the groups represented by R* can
be optionally substituted with one or more independently selected substituents
defined above for Structural Formula (). Alternatively, R” is selected from
hydrogen, (Cy-Cy)alkyl, (C5-Co)eycloalkyl(Ci-Cyalkyl, (Cy-Cr)alkoxy(Cy-Cy)alkyl,
(Cs-Cy)eycloalkoxy(C-Cy)alkyl, (Cs-Ce)eycloalkyl, aryl, aryl(C;-Cq)alkyl,

10 aryloxy(Cy-Cy)alkyl, arylthio(C,-Cy)alkyl, arylsulfinyl{C,-Cy)alky! and
arylsulfonyl(Ci-Ca)alkyl. Alternatively, R is selected from (C,-Cr)alkyl,
(Cs-Co)eycloalkyl(Cr-Ca)alkyl, (Ci-Coalkoxy(Ci-Cyalkyl, phenyl,
phenyl(C-Cyalkyl, (Cs-Ce)cycloalkyl and halo(Cy-Caalkyl, wherein each alkyl,
alkoxy and cycloalkyl moiety in the groups represented by R” is optionally

15 substituted with one or more substituents independently selected from the group
consisting of (C;-Cylalkyl and halo; and each phenyl moiety in the groups
represented by R” is optionally substituted with one or more substituents
independently selected from the group consisting of (C;-Cy)alkyl, halo,
(C1-Cylalkoxy, (Ci-Cy)alkoxy (C;-Cy)alkyl, -CN, halo(C;-Cy)alkyl, and

20 halo(Cy-Cy)alkoxy. In another alternative, R is selected from the group consisting
of cyclopropyl, cyclobutyl, cyclopentyl, cyclopropylmethyl, cyclobutylmethyl,
phenyl, benzyl, -(CHy),-O-CHs, -(CH;)3-OCH;, -C(CHa)s, -CH(CHa),,
-CH,C(CH3)a, -CH,CH(CHa)y, -CH,-CFs, ~(CHy),-CHLF, and -(CH;),CHs, wherein
nis 0, 1,2 3, 4,5 or 6; and wherein the pheny! or benzyl group represented by R” is

25 optionally substituted with one or more substituents independently selected from the
group consisting of (Cy-Cy)alkyl, halo, (C;-Caalkoxy, (Ci-Cy)alkoxy(C;-Cy)alkyl,
-CN, halo(Ci-Cy)alkyl, and halo(C;-Cyalkoxy. In another alternative, R” is a phenyl
or benzyl group optionally substituted with one or more substituents independently
selected from the group consisting of (C-Cy)alkyl, halo, (Cy-Cy)alkoxy,

30 (Ci-Cylalkoxy(Ci-Cyalkyl, -CN, halo(C,-Cyyalkyl, and halo(C-C4)alkoxy. In
another alternative, R” is unsubstituted phenyl or benzyl. In another alternative, R>

1s selected from cyclopropyl, cyclopropyimethyl, cyclobutyl, cyclopentyl,
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cyclohexyl, -(CH;)»-O-CHs, -C(CHs)s, -CH(CHj),, -CH»-CFs, -CH,CH(CH3;),, -CH;
and -CH,CHs.

Alternatively, R' and R* taken together with the nitrogen atom to which they
are bonded can also form a monocyclic or bicyclic heteroaryl, or a monocyclic,
fused bicyclic, bridged bicyclic or spiro bicyclic heterocycle, wherein the heteroaryl
or heterocycle optionally contains one or two additional heteroatoms independently
selected from N, O and S in addition to the N atom to which Ry and Ry are bonded.
The heteroary] or heterocvcle can be optionally substituted with one or more
independently selected substituents described above for Structural Formula ().
Alternatively, the heteroary! or heterocycle contains one additional heteroatom
selected from N, O and S. Altematively, R’ and R* taken together with the nitrogen
atom to which they are bonded form a heterocycle selected from the group
consisting of azetidine, pyrrolidine, morpholine, piperidine,
octahydrocyclopenta[c]pyrrol, 1soindoline, and azabicyclo[3.1 Olhexane, wherein the
heterocycle is optionally substituted with one or more substituents independently
selected from the group consisting of (C-Cq)alkyl, halogen, -OH, (C;-Cy)alkoxy,
(C1-Cyalkylthio, (C;-Cylalkylsulfinyl, (C-Cy)alkylsulfonyl,
(C1-Coalkoxy(C-Cyyalkyl, and -NRHMRY). In a more specific embodiment, these
heterocycles are optionally substituted with one or more substituents independently
selected from the group consisting of halogen, (Cy-Cy)alkoxy, hydroxy,
(Ci-Cpalkoxy(C-Cyalkyl and -N(R')RY). In another alternative embodiment,
these heterocycles are optionally substituted with one or more substituents
independently selected from the group consisting of halogen, methoxy, hydroxy,
methoxymethyl and dimethylamino. Alternatively, R' and R? taken together with
the nitrogen atom to which they are bonded form a ring selected from pyrrolidinyl,
morpholinyl, azetidinyl, piperidinyl, octahydrocyclopentalclpyrrolyl, 1soindolinyl,
indazolyl, imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, wherein the ring formed by
R' and R* taken together with the nitrogen atom to which they are bonded is
optionally substituted with halogen, (C,-C4)alkoxy, hydroxy,
(C1-Cy)alkoxy(Ci-Cy)alkyl and -N(R*)RY). More specifically, the ring formed by
R’ and R? taken together with the nitrogen atom to which they are bonded is
optionally substituted with fluoro, -OH, -OCHj5, or N(CHz),.

H3C, N
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R* and R* are each independently selected from the group consisting of -H
and (C;-Cy)alkyl, wherein the (C-Cq)alkyl represented by R* and R* is optionally
substituted with one or more substituents independently selected from the group
consisting of (C1-Cy)alkyl, halo, -OH, (C;-Cy)alkoxy, and
5 (Ci-Cyalkoxy(Ci-Cayalkyl Alternatively, R* and R* are both methyl, In another
alternative, R® and R* are both -H. In yet another alternative, R? and R* are each
unsubstituted {C-Ca)alkyl.
In a first alternative embodiment, the compound of the present invention is
represented by Structural Formula (T) or (I1), or a pharmaceutically acceptable salt
10 thereof, wherein:
R'is -H or (C1-C7)alkyl; and
R? is selected from (Ci-Crialkyl, (C3-Co)eycloalkyl(Ci-Ca)alkyl,
(C1-Cylalkoxy (Cy-Cyalkyl, phenyl, phenyl(C;-Cas)alkyl, (Ci-Ce)eycloalkyl and
halo(C;-Cy)alkyl, wherein each alkyl, alkoxy or cycloalkyl moiety in the groups
15 represented by R” is optionally substituted with one or more substituents
independently selected from the group consisting of (Ci-Cy)alkyl and halo; and each
phenyl motety in the groups represented by R* is optionally substituted with one or
more substituents independently selected from the group consisting of (Ci-Cg)alkyl,
halo, (C1-Cy)alkoxy, (C;-Cylalkoxy(Ci-Cylalkyl, -CN, halo(C;-Cy)alkyl, and
20 halo(Ci-Cyalkoxy. Alternatively, R is selected from the group consisting of
cyclopropyl, cyclobutyl, cyclopentyl, cyclopropylmethyl, cyclobutylmethyl, phenyl,
benzyl, -(CHy),-0O-CHs, -(CH,)3-OCH;3, -C(CHs)s, -CH{CH;),, -CH,C(CHa)s,
-CH,CH(CH;)z, -CH»-CF;5, -(CH,)o-CHF, and -«(CH,),CHs, whereinnis 0, 1, 2, 3,
4,5 or 6; and wherein the phenyl or benzyl group represented by R” is optionally
25 substituted with one or more substituents independently selected from the group
consisting of (C1-Cy)alkyl, halo, (Ci-Caalkoxy, (C;-Cy)alkoxy{Ci-Cyalkyl, -CN,
halo(C-Ca)alkyl, and halo(C;-Cy)alkoxy. In another alternative, the phenyl or
benzyl group represented by R” is unsubstituted. In yet another alternative, R” is
selected from cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl, cyclohexyl,
30 (CHy)r-O-CHs, -C(CHs)s, -CH(CHy )y, -CHa-CFy, -CHL,CH(CHj),, -CH; and
-CH,CHG,
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In a second alternative embodiment, for compounds represented by
Structural Formula (I) or (I1), R' is hydrogen, methyl or ethyl; and values and
alternative values for R” are as described above for the first alternative embodiment.
In a third alternative embodiment, for compounds represented by Structural
5 Formula () or (IN), R is hydrogen, (C;-Cq)alkyl or -0-(C1-Cyalkyl; R? is selected
from (C;-Cyalkyl, (Cs-Co)eycloalkyl(Ci-Coalkyl, (Ci-Colalkoxy(Ci-Cyalkyl,
phenyl, (C3-Co)cycloalkyl, and fluoro(C-Caalkyl; or R! and R? taken together with
the nitrogen atom to which they are bonded form a ring selected from pyrrolidinyl,
morpholinyl, azetidinyl, piperidinyl, octahydrocyclopenta]c]pyrrolyl, isoindolinyl,
10 indazolyl, imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, wherein the ring formed by
R' and R’ taken together with the nitrogen atom to which they are bonded is
optionally substituted with fluoro, -OH, -OCH;, or N(CHy),. More specifically, R’
is hydrogen, methyl, ethyl, methoxy or tert-butoxy.
In a fourth alternative embodiment, for compounds represented by Structural
15 Formula (1) or (ID), R" hydrogen, methyl, or ethyl; R? is selected from methyl, ethyl,
n-propyl, isopropyl, n-butyl, 2,2-dimethylpropyl, t-butyl, isobutyl, n-pentyl,
(Cs-Co)eyeloalkyl, (Cs-Cs)eycloalkylmethyl, methoxyethyl, and 2-fluoroethyl: or R!
and R* taken together with the nitrogen atom to which they are bonded form a ring
selected from azetidinyl, pyrrolidinyl, piperidinyl, tetrazolyl, or
20 octahydrocyclopenta[c]pyrrolyl, and wherein the ring formed by R' and R” taken
together with the nitrogen atom to which they are bonded is optionally substituted
with fluoro.
In a fifth alternative embodiment, for compounds represented by Structural
Formula (A), when X is hydrogen, Y is selected from hydrogen, -(C-Cy)alkyl,
25 -(C1-Cy)alkylene-N(R*)(RP),
«(C-Cy)alkylene-N(R)-C(O)-[C(R")(R") Jp--N(RM(R®), -CH=N-OR", -N(R™}(R"),
NRD-COF[CRPYRH]4-NRMH(R), -NH-C(O)-C(R”YRT)-NRNRP),
“N(RD-C(O)-NRM(R?Y), -NRH-C(0)-(C-Colalkyl, -N(RM)-C(0)-heterocyclyl,
-N(R")-C(0)-heteroaryl, -N(R")-C(O)-carbocyclyl, -N(RM)-C(O)-aryl
30 -N(R-8(0)m-(Ci-Coalkylene-NR R,
N(R")-$(0)-(C1-Cpralkylene-carboeyelyl, -N(R")-8(0)u-(C1-Cyalkylene-aryl;
R" is selected from (C,-Co)alkyl, carboeyelyl, aryl, heteroaryl, heterocyclyl,

and a naturally occurring amino acid side chain moiety, or
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R”" and R¥ taken together with the carbon atom to which they are bound
form a 3-7 membered carbocyelyl, or a 4-7 membered heterocyclyl, wherein the
heterocyelyl formed by R” and R® optionally comprises one to two additional
heteroatoms independently selected from N, § and O; and

R" is selected from (Ci-Cralkyl, carbocyclyl, aryl and heteroaryl,

Values and alternative values for the remainder of the variables are as described
above for Structural Formula (A). Alternatively, R" is selected from (C;-Cy)alkyl
and phenyl and the remainder of the variables are as described above in the fifth
alternative embodiment.

In a sixth alternative embodiment, for compounds represented by Structural
Formula (A), X is selected from hydrogen, methyl, ethyl and phenyl: and Y is
selected from hydrogen, -(C1-Cy alkyl), -(C,-Ca)alkylene-N(R™)(RP),
~(C1-Cyalkylene-NH-C(O)-[CHaJo1-N(R™M(R®), -NR™M(R),
~NH-C(O)-carbocyclyl, -NH-C(O)-aryl, -NH-C(O)-heterocyclyl,
-NH-C(0)-heteroaryl, -NH-C(O)-N(R™M(R™Y), -N(R" }-C(0)-CH-N(R*Y(R"),
NH-C(0)-C(R”HRH)-NRMHR®) and -NH-S(0)-(C,-Cy)alkylene-N(RYRP); or

X 1is selected from methyl, ethy! and phenyl; and Y 15
-NH-C(0)-CH,-N(R*)(R®), wherein:

each R™ is independently selected from hydrogen and methyl;

R is selected from hydrogen, (C1-Cr)alkyl, -(Co-Co)alkylene-carbocyclyl,
“(Cy-Cyalkylene-aryl, -(Co-Cqlalkylene-heteroaryl, -S(0),,-(Cy-Colalkyl,
-(Co-Cy)alkylene-S(O)y-carbocyclyl, -(Cy-Cy)alkylene-S(O)-aryl,
-(Cp-Cylalkylene-S(O)y-heterocycle and -(Cy-Cy)alkylene-S(O)y-heteroaryl; or

R* and R® when bound to a common nitrogen atom are taken together with
the nitrogen atom to form a heterocycle, wherein the heterocycle is optionally
substituted with =0 and -N{R%)(R");

R" and R" are taken together with the carbon atom to which they are bound
form a (C5-Cy)eycloalkyl; and

mis 1 or2;

each carbocyclyl, aryl, heterocyclyl or heteroaryl is optionally and
independently substituted with one or more substituents independently selected from
halo, -(Cy-Cyalkyl, halo-substituted -(C-Cy)alkyl, -O-(Ci-Cylalkyl, and
-NR(R);
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each alkyl portion in the group represented by Y or R” is optionally and
independently substituted with one or more substituents independently selected from
halo, -OH, and -N(R“)}R®), wherein

RY is hydrogen or (C;-Cy)alkyl, and wherein each alkyl in the group
represented by R” is optionally and independently substituted with (C3-Cs)
cycloalkyl. The remainder of the variables are as described above in the fifth
alternative embodiment,

In a seventh alternative embodiment, for compounds represented by
Structural Formula (A), X is selected from hydrogen and methyl; and

Y is selected from -N(R™)(R®), -N(H)-C(O)-carbocyclyl, -N(H)-C(O)-aryl,
-N{H)-C(O)-heterocycle, and -N(H)-C(O)-hetercaryl; or

X is methyl; and

Y is -NH-C(O)-CH-NRMHRP),
wherein:

R” is hydrogen; and

R® is selected from (C1-Cy)alkyl, and -S(0Q).-CHs; or R and R” taken
together to form 4-7 membered heterocyclic ring;, wherein each carbocyclyl, aryl,
heteroaryl, or heterocycle is optionally and independently substituted with one or
more substituents independently selected from ~CHs, fluoro, and -N(CHs),.

In a eighth alternative embodiment, for compounds represented by Structural

o R
#y o N
H A
Formula (A), Y is , wherein ring A represents a 4-7 membered

heterocyelyl; and R’ is hydrogen or (Ci-Co)alkyl. Values and alternative values for
the remainder of the variables are as described above for Structural Formula (A).
More specifically, ring A 1s selected from the group consisting of azetidinyl,
pyrrolidinyl, piperidinyl, or octahydrocyclopentalc|pyrrolyl, each of which is
optionally substituted with one or more substitutents independently selected from
the group consisting of halo, -(C-Cy)alkyl, halo-substituted-(C,-Cy)alkyl (e g,
-CF3), -OH, -0-(C;-Cyjalkyl, or -N(RY(R), wherein R is hydrogen or (C;-
Cy)alkyl Even more specifically, ring A described above is optionally substituted

with one or more fluoro,

H3C "CH3 7 iiiidah OH 011110, 11111PNH2 OH
00H 00 45wO0 2pIB@1M7€H3 HH - | pso. OHN H2 OH OOH OHOO 46 PCHIG2M9QFE4HH -



"Al kyl" nmeans a saturated aliphatic branched or straight-chain nonoval ent
hydr ocar bon radi cal having the specified nunber of carbon atons. Thus,
"(Cl- C Ayval2kyloi74mans a radi cal haying from 1-7 car bonPafrarsgooomsa4t i near
or branched7&arrangenment. " (G -C7)al kyl" includes nethyl, ethyl, propyl,
butyl, pentyl, hexyl WO 2010/017470PCT/ U82009/ 053142 4142 1017001 - 23 -
and heptyl. Suitable substitutions for a "substituted al kyl - include, but
are not limted to, -halogen, -OH (G -Chral kyl, (Cl-C4)alkoxy,

(C1l-C1l)al kylthio, (C-C4)al kylsulfinyl, (CI1- Calkylsulfonyl

(CL- o al koxy (01~ O kb a0t NS o SIBLEW RGN L AUGE |
hydr ocar bon r acHoraalhid h‘?a)v‘r{nsg—l‘ﬂhé((s)memdaryédwﬂuafsbed algfnacey Mrcrs arows.
(C3-C6) cycl oal k udes, ¢ 0 ¥glo ent.y and
cycl ohexyl . Sw%‘/ e su %nt%lgs ?P CPX“MQ(‘; me(%%?% cmrﬁ%:f%ﬁ%g%ql\g_ IWore ncl ude
hal ogen, - OH, (s@mfﬁaug aﬂel«h;ztegoa(ycm- Eﬁ)@d@@xygoa(yMSmywlfKWﬁlhg@pp

10 NCRY (R oY LA g A B IR <l (71, ane
-Heterocycl e" ndadss eptipndR snipiverdedthpar vi abrk yusiisattunapedicoty sattd at ed
from N0 or S UREH og e Brosp Sk G FHSLER! W%L??fﬁﬁg oo
di - oxygenat ed (ad eV(RVERD) whaein RE(s)y2topen <'TrH§1 -Retliylodeet f@e@ﬁfrfzﬂb,ehermnocycl ic,
fused bicyclic, {

nmonocyclic het &\ gé];}/lg e%lvr}]lcﬁ% Ap'mSna 12%@{%{09{\%%% HVF gtl(gﬂg&é%%@{ rolidine,
pi periclinell piipéearizne, hexahydropyrl m di ne, tet rahydrof uran,

tetr ahydr Opyr an, rm[n%"t@ﬁth Ql?@lndttlbé ?rﬂl%]o(ah%g) lf(gl Q&na&dﬂﬂ?@%&t{@h 'opgtn!lctur"l}dg' OXI de

tetrahydro 211-1, 2-thiazine, tet dro-2 hi azine 1,1-
i sot hi azol i di ndor2gr &bt Kile2 bl fﬂ?)m@ﬂm’l Nedticpicdterative valugs foued bi cycl i ¢

het erocycl e hast R4t bﬂg§xa\{‘@5 EJ'HrQéch%sén‘B@d é?o@!b@i%?%uddrﬂ%ﬁﬁ&%)' Rogommon.  The
first ring is a nmonocyclic eteroc%(ﬁ)ée and the second ring is cycloal kyl,

partial | y unsatsbicataldy. dwmberyel-8H-QRbmyiny! Kepternabr spbstiredvifomseycl i c

het erocycl e F%ﬂor@%ﬁﬁ&ﬁht@ms ﬂqﬁ&)e§c%ﬁﬁ’5nglé’cﬂeagohls(@ (i;%ﬂ yp%ﬁ)aféb{&ln%@édkﬁ such as
25cycl opropyl, cl obuty %/)cl o] ent and cycl p rnati vel y, the

second ring is (p fdpyfe.g E$<5’19rp Mﬁ"blaé@é‘r(ﬁc Jﬁe)tédﬂ%?}‘}'@ &s includes, but
not limted tonyidg!drie-chs nd@w Eoificai3 16l JAven G ik 6 kA ism dazol e,

2, 3- di hydr obenzo[ L,oxazo J) Q} Eydr obgnzoﬁ[ad?]g hi azol (Sﬂ%ﬂ r@

oct ahydr obenzo[°8] &% zSé}bSéﬂutﬁtsic%wl @bmquéﬁtz@p@}ndﬁw%%v gelected from

oct ahydr obenzo[.d}t hh@zol.e-N@@agt ahydr ocycl opent af c] pyrrol e,

3-azabi cycl o[ 3. 1, 0] hexane, and 3- azabi cycl o[ 3. 2. OThept ane. A spiro
bi cyclic heéder ocycl & Ty etthe! ‘er“il%‘*se‘md%?nhzﬁ‘?}é%ﬁ?% DY bat om i n common
The first ring duSctaraBIOEMEAI & DRLREGEY el\ﬁnﬂoﬂ'@@] sggend ri ng is a
W02010/ 017470PCT/ US2009/ 0 3142 4142 1017001 24 - cycloal k partially
unsat ur at ed carbEcyO)e e laNroHBeyet Ei“l?“ﬂei‘%‘f‘%?c?%ﬁ%“%” \éﬁk‘&ﬁ% ® t he second

ring is a (C3- Gohsyset @fah&ydmab@@mlc@s@be@%{f@r@b@w@rucpomﬂ@(mcm}ee
i ncl udes, but not I|mted to azaspl ro[ 4. 4] nonane, 7- azaspiro[4 4lnonane,

azaspri 0[4 5] dePeeiifally. ghephond Srtegpy! eak &@ﬁ%@ erep apeieRia( BY Bjundecane,
g_ azalslol r g[% Slognsenangsaned Rit@oh AZRsPIBDRNE WHHLFRERNE selected fronA bri dged
I CyCll1C e ero

cle h rin ave [ jacent ring
atoms in comont 'IGHE‘IT’??@P“SPI?SHE)“?%S(CV\,@ R—‘dQ?&I |®heq r8&§0§§ dhe ot her
ring is a cycl oBlKyR( swehinas’ i AréLhoyal @alakyl. ), partially unsaturated

carbocycl e or a non eteroc | es of bridged bicyclic
het er ocycl es 10i ncl &)‘ “”e@ﬁt‘in%[‘rméwﬁ(%‘%/g?q?ﬂ‘f“ﬁ e@nF%“m&’% (BTESE . 3. 1] nonanc,
3-azabi cycl of 3. S@ruat]um)nﬁmel,a (az anL fb)é&k@l&d%y ljecy@ng wherein R* and R” are

222@?2;38'[3%[ 3 eg‘fég & emb bﬁjf%% %l‘%ti %eﬁ é] %%F]ffﬁaQEV\ﬁgﬁk¥lhe het erocycl e

contains a N at(fjm;gt;h(mlkyha/hertaxhaqer(ct Cogén iadoiondlle swhiickedRlithand R2 are

bonded, the N a tuted with H I 5¢cycl oa

cycl oal kyl al ky%agb@ﬁ ?WW ;{* |‘ dr ‘F%PS%&%P%‘{Y%%?% %ﬁﬁ%f‘%wwé’éch of

whi ch can be optitnalhiydswbgt lvhrmbledamat testrdded gene fdnypdraxyl, Foahioky),

hal oal kyl , etc. The heterocycle can be optionally substituted wth an oxo
group (C=0) and oxo substituted heterocyclic rings include, but are not
limted to, thionorpho line 1- oxide, thionorpholine 1,1-dioxide,
tetrahydro-2H 1, 2-thi azi ne 1, 1-di oxi de, and



20i sot hi azol i di nepyrroli din-2-one, piperidin-2-one, piperazin-2-one, and
nor phol i n-2-one. O her optional substituents for a heterocycl e include

(Cl- 4) alwgl2p1omarap - OH, (Cl- C4) al koxy, (G -C4)al kyl t hi ®CT/US2009/053142

(G -Copad kybswl finyl, -C4)al kylsul ronyi, (C -C4)al koxy(C.,-NR3)(R1),

hal o( C, 1- C4) al kyl , and hal o(Cl - C4) al koxy. 25"Heteroaryl" neans a 5-12
nmenber ed nonoval ent heteroaromaii ¢ nonocyclic or bicylic one radical. A
herteroaryl contains |, 2 or 3 heteroatois i ndependently selected from N,
0O, and S. fleteroaryls include, but are not limted to pyrrole, imdazole,
pyrazol e, oxazol e, %soxazo{e, t hi azol e, iso hiazolea 1,2 3- triazole,

1,2, 4-triazol e, 1,3/ Gx4eRIErBEtvacnhogineg) Jicqpuuads o eBe{ B adi azole | -
300xi de, | , 2, Egutélbm@qiirfacmlaglﬂ,ﬂis ipeosbriel by -CH3NR YR acihbazat eandgyri di ge,
pyrazine, pyrimdine, ridazi ne , 2, 4-triazi 1,3, 5-triazine, an

Pt razol e, Bl oyt 1 AT ITE L TP be Bt St Ted to.

bi cycl o[ 4. 4. 0] (and;)bjctytily 0pAR Sadd R fiuise hepihagvigysd BMBeea ueim @svhichdeali zi ne,

i ndol e, i soindol i ndazaol e, benzim dazole, . 010/ 017470PCT/ |J52009/ 053142
4195, 1017007 - erosh RS BnfuwBr et skt R Cahnr R P Gor k.

ci nnol i ne, pht hatiazineyd igdiperaizalyi skt togd wioxakRHER ), yBranaphishydrogihne, and
pteri di ne. " Car bocycl e" . 4-12 ered saturated or unsaturated
al i phatic cycIf%(%égvg%gTlgﬁw#?ﬁgﬁagﬁKW%ggﬁaﬂﬁggﬁgm%ﬁ“%ﬁ?ﬁ&mgg§icaI
attached t hr oughthah. bdygaend dlienkiingvahteofor the Ankapodg! ofclanvaablde dbeasdepi ct ed as
-0-al kyl . For exanpl - - al. koxy . c al so depicted as -0-(Cl-C4)al kyl .
"(Cl-C4)-aIkoxfé“gﬁ%ﬁﬁﬂg%Oﬁéﬁ%%&@%og%ﬁﬁgg, propoxy, and butoxy. "Alkylthio"
means an al Kyl radi bed foatdeathbanithe ongdliaers ubfaompbindkiengsatedy 10

"Al kyl thi o" cang,al so,- depi,cte ool Ky R xanl e, na

"(Cl - ca)al kyl t %‘%m“g‘%ﬁﬁg‘ﬁg@%}@? sty ( i 8@3&1‘%@%‘%% &0 a1 kyl t hi 0"
i ncl ude net hyl titieoin &t il hirogaclpimdpphdenilioseieadd butply i@, (Ci-Cralkyl,
aroup. A | kyt U R PG R Lo lE, SRl Phl A6t MRl @ Ryt M
15" ( C1- C4) al ky Tsutfinifssl are sakschbedddpicbesinasial S60)u(@)- C4) al kyl . ’
"(G-C4)al kyl sul finyl. incl inyl ... finyl,
propylsulfi%yl and %%%@P@gI#ﬁﬁgﬂs$£x%ﬁﬂbﬁkﬁﬁyvgﬁﬁp%géthneans an al kyl
radi cal att achedmpdimdughwain B¢ 0jbe beldvndi angagracapcelly Abdeylablakflighyrbdt can be

depicted as -S = Aok 120" (G- C4) sulfinyl" can be
depi cted as -S%g%§¥ é¥¥%negﬁE?ﬁﬁ%g?%ﬁﬁéneﬁ%E§V§§F?%ﬁéFﬁH%ﬂkP%ﬁ%dﬁg

met hyl sul f onyl salethlygdisul f onyl , propyl sul fonyl and butyl sul fonyl,

. Hal oal kyl and—tatocyctoatkyt—rnctude mono;—poty,—and pertatoatky] groups
wher e each hallogesmpsuindependent |y seliestied kreocfuweri ne, chlor|ne, and
brom ne. 25Hal|oal kyl and hal ocycl oal kyl can also be referred as
hal o- substi t utjed aﬂ%@l and hal o-substituted cycl oal kyl, respectively.
"Cycl oal komeanS a Ccycl oal Kyl radical attached through an oxygen 1] nking
atom "Cycl oallkoxy"iran al{so be depicted as _-0-cychgal lkoyh. For exanpl e,
"(C3-C6)cycl odl koxy" can he depicted as -0- CS-C@)cgc#oaggyl. "(CB-

3006) cycl oal kgxy" incl udeg cycl opr}()j"vl axy, @ggq 7 'cycl opent yl oxy

and cycl ohexylioxy. - 26 - HsC Qﬂﬂ\ qnuj'crn@nocyc ic or

pol ycyclic (e.|g. bicyclic |or trigyclic) Harooc |l i coHl ngisystem | n one
enbodi nent, "aryl" is a 6-|12 nenbe nnno@ﬁ i&’d#)bi%yc?ic systens. Aryl
syst ens i ncl ude;but—mot—tinmted—to—phenyt—maphtthatenyt—fuvorenyl ,

i ndenyl, azul gnyl, @nd ant/hracenyl. " Ayl oxy' deans, an aryl| noi ety
attached throuygh an oxygen linking atom "Arfyl oxy; Gah be al so depicted as
-0-aryl. Arylaxy includes,| but not I%nibed S Of yI t hmelans an
aryl noiety atjtached throdgh a sulfug | inki m | " | thio can be
al so depicted|as -S-aryl. Awyl@ﬁf%\fnéfﬁr s, S m @&y

10phenyl t hi o. "Aryl qul finyl" means an @tyP nBirlePy & tached through a
-S(0)- linking group. “Arytrsutrfinyl ™ can be also depictedas =S(0)-aryl.
Aryl sul finyl includes, but not limted to, phenylsulfinyl. "Arylsul fonyl"
means an aryl noiety attached through a -S(0)2- |inking 15group,
"Aryl sul fonyl"” "can be al so depicted as -S(0)2-aryl, Aryisulfonyl includes,
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5Such a pharnmaceutically acceptable salt may he made with a base which

af fords a pharnmaceutically acceptabl e cation,
salts (eswoecoaldiy478odi um and pot assi um,
(espeaciial ot 7e@l ci um and magnesi unm),

wel |

trimet hyl am ne,

10nor phol i ne, pyridine,

whi ch i ncl udes al kal

al kal i ne eart hpogttakoabiig?2
al um num salts and ammoni um salts,
as salts made from physiol ogically acceptabl e organi c bases such as
triethyl am ne,

nmet al

as

pi peri di ne,

ni cotine, dicycl ohexyl amine, N, N -di benzlyl-et hyl enedi am ne,

2- hydr oxyet hyl am ne, bi s-(2-hydroxyethyl)arnine, tri-(2-hydroxyethyl)am ne,
procai ne, di bgazypiperi-dire;—dehydreabietyam-ne;
N,N'-bisdehydroableEylarnlne gl ucam ne, N-nethyl glucamne, collidine,
qui ni ne, quindline, “and basi c ami no aci ds such a$;I¥$Nne and argi ni ne.
15The inventiagn al so incl udes varlous I §OMers @5 thereof. Certain
of the conmpounds of the priesent qm;;mp @%us

stereoi sonerig fornms. Sterjeoi soners” are ¢p ' 1 ffer only in
their spatial |arrangenent.| Enanti oners are paire o@HsDer@0|soners whose
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asymmetrical | y
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20substi t ut

ralUdeIE Mmost
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configuration |of substituents around one or n@He025éﬁlﬁhICbarbon At oNns.
Wien a chiral [center s not defined as R or 5, either a pure enanti oner or
a mxture of hoth cenfigurjations is present. H,cRagegat e" or |racemc
m xture" neang a conpound [of c,.,quinmolar q antltue${5f two enant|oners,
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the plane of polarized light. 3@fhe, out | emH,on may be
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W0O2010/ 017470RCT/ US2009/ 053142 4142 1017001 - 294 rcryst |1ization and
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separati on and reno®%&l of {the chiral aUX|I|§;y) or:Grggdkvi ng an | sonmeric
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provi des a netfhod of treat|ing or preventiHng Bwigh a
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30nal ari a, senescence, diabetes, vascul ar stroke, neurodegenerative
dlsorders cardlac dlsease juvenlle dlabetes acute and chronlc

" 4
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embodi ment, t heéetcetydicyok rmeaines pensi Metedicgeaselepmddityorldeed fren 8. bone mass
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I n anot her sesangiaaﬁ@gy cweou&ﬁtay@l@y&tw%Jyeemglm\{en@lhw% s@ondiigorder I's
acute lung injury. Acute %1 uries that can be treated using the
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fibrosis, chronrb@mebsThdrating iPihomoady hebsearand GeRRbnd Ands enphysema. I n a
further enbodinent, the acute and/or chronic lung disorders that can be
treated using the conpounds of the invention or a pharnaceutically
acceptabl e salt thereof include those described in U S. Patents No.
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stroke, or ischemc stroke. In a further enbodinent, the tetracycline
conpounds of the |nvent|on or a 15 pharnaceutlcally acceptable salt

Y o .y " ~



and/or gellatinolytic activity of 1VIMPs. In a further enbodinent, the
tetracycline conpound of the invention or a pharmaceutically acceptable
salt therwof2oiogiagmi ni stered to the surface of the ski nPCe&uUsgoog/oszpt cally).
In a furi hgrognbodi nent, the tetracycline conpound of the invention or a
pharmaceutically acceptable salt 30thereof is used to treat a skin wound,
and ot her such disorders as described in, for exanple, U S. Patent Nos.
5,827, 840; 4,704, 383; 4,935,412; 5, 258,-3At; 5, 308, 839, 5, 459, 135;

5,532, 227; and 6, 015, 804; each of which is incorporated herein by reference
inits entirety. \%% 2010 017470P / US2009/ 053142 4142 1017001 - 39 -

In yet another @R6Y H@HF'3PW@WF@¥F5 Fleng e PRREEHYE ™ Wy ded<E or di sorder
is an aortic Orex¥iasle thddec e YsSCk- mw;a;&glklyacxetmﬁ@mpm bigychitibj ect (e.g., a
subj ect havi ng ,or at rISk of havin n aorti r vascul ar aneurysm etc.).
The tetracycllH%m58ﬁﬁ%ﬁﬁHdﬁrmﬁ“ﬁﬁ@%ﬁ&&bﬁ?ﬂ@ﬁﬁfﬁmﬁE@e table salt thereof may
be effective tazigdfee]dohecsizapriofdlsde-bme vvagaypliaps ameseysm or it nmay be

adm nistered to the or t he onset t he v r aneurysm
SHCh that THe. SHEUPY S PO DAt | SR bo i HEREToLs B SReRur ar  ¢1 Ssue
is an artery, e.(g., Atthdgaidridyalic %e:r@c;cltmemdﬂdmgmw}adh laoafﬁhm obmo@ further
enbodi nent , thedtetgac cline cong qf t he invent. nare usig‘to treat

di sorders descri'Bsd i tP™E" CPLTRRK ﬁogs 8L 543N VEYC ﬁ OGSl
10|ncorporatedcMexengmbyyﬂ@m@memﬂemmﬁgt@@mbmepmumemwyumwunmndThe conmpounds

of the invention, or ar mac utl a t the an be used
alone or in coﬁﬁmﬁCC%ﬁﬁaﬁpPﬂn Hﬂwgwwﬁﬁ?ggfﬁg%éﬁlﬁgé H ﬁﬁﬂo?ﬁéqnethods
of the inverti oncldicslolt asedt: Ihereditn azabhgclblaiglragence, 3auﬁmg@ﬂbﬂnamhmm wth"

anot her therapeuti af ment ncl u tration of the

I es
tetracycline conp&ﬁnaggpggﬁﬂFh ?? b ﬂzg§kﬁ@‘ n%m § nﬂoa?mtr at nent as
either a S|ngIeaﬂmnbbﬁaINOﬂmdoeagbwi@wmﬂ@kmamenult|pIe separ ate dosage
forms, admi nistrati 1 0 nd fir follomed by the
ot her therapeutic awelﬁ?ghe%mgméycie C%g%% dg toqrr?qﬁ?rs I%ei nétfl%é PR ot her
t her apeutic ageﬂvdtﬁ=md8§wnbmuhﬁnh@mawWGWtmmmHMbwedheiﬂeﬂhacycl|ne conpound
20The ot her,4h ey b t 0 the art to
treat preveﬁt %Rﬁ&ﬁ§g gdggﬁg&é hpleﬁg%g%’%%%§¥ya@9% ?ﬁ%ﬁﬂéﬁgbﬁg|ve di sease
or disorder. Theidhon b@omibneélddhttstiuun?dlwiiﬁlhelpa@ehbtdr@cyaegM(}&)oaiksl baged upon
the particul ar et LNe e treat ed.
Such choi ce |st&igﬁ?ﬁM&oéb (mhﬁyﬁﬂﬁﬁﬂggg£?@%§SWﬁ nghagﬁgug B?%1‘{ugrgtherm)re
the other ther apestbsiguadbeitrommlc b@szﬁmdy bag@ﬂnot@fnllbet@eﬂumnmotﬂhe pati ent
when admi ni st erggh.i 5005 0ati0 3 i f etracycline
conmpound. 81uige %rgln ﬂo%&;gﬂgﬂﬁn) 1233%5%%%ﬁ§m§d%%ﬁ% al in need
of treatneﬁﬂ’oﬂ“ﬁﬁé@b@ﬁﬁbhdm@dLQW”Odbn%an¢@mmahnﬁnmsrmeﬂgmélﬁeg@d cats, and
the Iike), far %o@ﬂoﬂﬁlz%ng e()@xev %)919%sub9['1t9§1t%3 peﬂ?e‘?éoc z?lly??n%f?lde goats and the

| i ke) and | aboratory ani nal % ul nea s and the
like). Typi cal I(G-COmlsy sk, ot ( boma i G e a0 o ﬂhhlksgégmfu ed
treat nent. rel e iy treatnment:" refers
t o obtai ni ng deglégﬂgﬁﬁgpﬁgcg olhkb%(gnggyk}pﬁiglg?oglcaI effect. The
effect can i nclhal@& a{@%mm@hm( 28k9¥017470PCT/ US2009/ 053142 4 42.1017001
- 40 - partisally or «gUESLAPLEALL ¥5-1 OREmAedRERy AL hBEhOhhQW ng resul ts:
partially or totally reduCing the extent of the disease, disorder or
syndrome; anel iNaLicHyOYCYT rpPOWHIAY- é*@ﬂ@ﬁ@h%ﬁ”@?ﬁﬁﬂbﬁﬁéﬁwWW§Wéator
associ ated wit hncieb@ldgit@/(%lg@@d fr(%l\aw c[}11918 'Hnt%}ogfytlsl chgud%r bAGET glaﬁx'n{bg the
|Ike|lh00d of the progre55|on of di sease, "di sorder or syndrone. As used
her ei n, preveﬁ?P%@“aSWdw@k@ﬁ@ﬁ@Fbﬁmﬂﬁeféﬁ§okthéﬂ®@@ﬁ@vﬁﬁ 43kel i hood of
the onset or dQM«ebgpnmima%le i &@%%gogllwﬂ%ela% SYHQRBzole |

"Effective anDunt neans t hat ampunt of active conpound agent ‘that elicits
the desired’bi OFEgilcalHaspepdd-digrds. sibjldtazolemadecentsdenent, t he
effective amount igfdid, ;ﬁ@ﬂmx&w@zqume 1%@&&1@%&1%&@@}&@%& 0,01

ng/ kg/ cl ay to 10about 1000 / day, from about /da to about 100
my/ kg/ day, or fhfﬂamaabwe&“@@e@?%@ﬂﬁévn%%w éohavréﬁwelagf %he i nvention
further includeset he greEesEhhEOMINMBKENGIdH 0 HANPASiakdOMLMNRE Ng M Xi ng
one or nore of the present conpounds and an optional pharmaceutically
acceptabl e carrier; and includes those conpositions resulting from 15such a
process, which process includes conventional pharnmaceutical techniques.
The conpositions of the invention include ocular, oral, nasal,
transderrnal, topical wth or w thout occlusion, intravenous (both bol us
and infusion), inhalable, and injection (intraperitoneally, subcutaneously,
intranuscularly, intratunmorally, or parenterally) fornulations. The
conp05|t|on may be |n a dosage unlt such as a 20tab|et piII, capsul e,

o o, - o o oy o



75parenterall?,,, or rectally, or by inhalation or insufflation.
Conpositions of the invention suitable for oral adm nistration include
solid forwe2swah7418 pills, tablets, caplets, capsul es (@athiscevolosaisng

i mrediqate|gebgase, tinmed rel ease, and sustained rel ease formnul ations),
granul es and powders, and, liquid fornms such as sol utions, syrups, elixirs,
emul si ons, and suspensions. Fornms 30 useful for ocular adm nistration

i nclude sterile solutions or ocul ar del-asery devices. Fornms useful for
parenteral adninistration i nclude sterile solutions, enulsions and
suspensi ons. - The. CP osi tions of the i nvention be

S i st er ed | kil RHfiTE BTG o ORI Rk Npegphthgrigias. e 9@
adnln|stratlonCWE@kd@x&ﬁpk@hmﬂnhmn&gthMemsaIt of the active conpound may

be adapted to provid ot ratjon, for tranusc i njection
(e.g., a decarioate ?@%75 m?ﬁ %EZUFﬂ ﬂﬁiﬁ%YﬁT‘%H“?%?m%tﬁﬂ%ﬁﬁlnlc

adm ni strati on.cyclic hydrodd¥eondsage form containing the conp05|t|on of the

i nvention c%ntalns g effectlve QL‘Qf“énf active in ne edi ent necessary
to provide a therapettfs é‘fef“é"‘ina e A Erd PRSI ¥ SRR RS £9Bm about
5,000 ng to aboumhﬁy5umgm6péamemﬂhby3deombab@mmeM(Q@Q)ﬂgmb@mﬂhaut 0.5 ny)

of a conpound of th ventl 0 al.t fornll t her egf and may be
constituted i nt'SP'SH a%g)§1(l ﬂ%@léa EPEWﬁ%B s&f 8%?@8 §%8@“§Wﬁ?ﬁistration
The conposi ti orndrytobe admi ni stered about 1 to about 5 tines per day. Daily
adm ni stration or post-periodic dosing may be e nployed For oral

adm ni stration, the &nposimgapnan akypragfcalraghthpd thrpu@hésw or ot domabl et or

capsul e confli nlf\mgnm% gan,as%@gdwct&aé -Gl G0 ATEmPk t(be(ﬂﬁfq} W& cgmpound.
Dosages wi I | 15vary dependin actors associ a the particul ar

patient being ﬁﬁé@ﬁéﬁjﬁeséclgéﬁé’ WE@éhﬁkyﬂﬁ%ﬂncﬂﬁﬁnﬁmﬁ%mdﬁwtn@

adm ni st rati on)yopk Bo 9QVRAITK. Of the condition being treated, the conpound
bei ng enpl oyed, the node of administration, and the strength of the
preparation. The oraA<d@ﬂﬁmsimammmlskpnﬂmﬁrahﬂdeanmhaS@ﬂ lagking honpbgeneous
20conposi tion, where ctl e r.edi ersed evenly throughout
the mxture, wiieh ﬁgﬂV%m”V? gem? Slvfgagdkﬁtg @3 & units containing
equal anounitss 0ﬂhd¥¢dmmm0mgl@hwkhﬂpmmveﬂﬁXQWHQRmﬁm@rabIy, t he conpositions
are prepared by nyent i.on I mac utically
accept abl e salt“?Le qg”?f&fﬂmuﬂﬂgn“Eysa%@/etv“u”w/ K@?E@ SRt & arnaceutica
carriers (suchbaglsalfisylarch, sugar, diluent, granul ating agent, |ubricant,
glidant, binding agent, and disinte ratlng a?ent one or nore optlonally
present inert pharnﬁ@éﬁﬁ#@éﬂ»éﬁ@ﬁﬁﬂé%f SR egh a-§{Qednking oi | s,

al cohol's, fl averiupg: m@aﬁ&myxprcmrd\s@we&@s&s@%@pp me: &@8pES. and syrup), one
or nore optlonally nt conventional eting ingredients such as corn

starch, |actose(C 2?%%%“m§bﬁﬂlWﬁ#ﬂcﬁéﬁkf“%bé%#? algdi'd, 30magnesi um

stearate, di eal‘mWdﬂ@@%@&%‘leﬁnd@d@%c@@%uﬂénﬂ MRsLBdny, 9Iop9m),y1 280d an
optional dil uent g ch as water). Bi'nder agents i nclude starch,
HéﬁWE (e.qg.

gel ati n, nat ur &HY gl ucose and beta-lactose), corn sweeteners

and natural and syn Q... acacia an

AROLl 017470PCT U %ﬁ%ﬂ@g@%@@ cidodion RER5 B §Ey . ang PEgEi RiuPs
Ejsintegratingwm@g@ww§mwgwhud@msmamdh;dmﬁﬁﬁwhlmEMhuhMS&m:aghmmnmmd
bentonite. Tabl S t, t s oral dosage
uni t forn1:§abﬁhMM&2%§H§M3§%b%% %§ &ggéﬁ%ﬁgdgéqﬁgﬁéﬁﬁuﬁgfgﬁdard

t echni ques. TabweﬁﬁmnﬁyﬁEaﬁ@w«beﬁmgamém or ot herwi se conpounded to provide
a prol onged, control-release therapeutlc effect. The dosage form may
conprise an inner dds&laxaRd A EPA §%Eé'€ﬁﬁﬁﬁﬁéﬂ%ma%ﬁ@&@in t he outer

conponent is i mntikeahAr e elodRxenUehiops: @ @fedtabe) b@r&&ypm&aﬁpk The two
conponents may further be separated whi ch resists di si ntegration

b
in the stomach @éd&ﬁ”ﬂ%“%ﬁweﬁﬁépd8°ﬂ%§§ ?(thdﬁﬁWH#WE ‘the 10i nner conponent
to pass int@act J;py@odibey duaden upsl@io@ioka)etlo MiIeH, delpysyiety sust ai ns
rel ease. A varle of enteric and non-enteric |ayer or coating materials
(such as ponnéYﬁ%w§€?8é shel | acs, acetyl alcohol, and cellul ose acetate
or conbi nations thereof) may be used. Compounds of the invention may al so
be adm nistered via a slow release 15 conposition; wherein the conposition
i ncl udes a compound of the invention and a bi odegradabl e sl ow rel ease
carrier (e.g., a polymeric carrier) or a pharmaceutically acceptable
non- bi odegradabl e sl ow rel ease carrier (e.g., an ion exchange carrier).
Bi odegr adabl e and non- bi odegradabl e sl ow rel ease carriers are well known in
the art. Biodegradable carriers are used to formparticles or matrices
whi ch retain 20an active agent(s) and which slowy degrade/dissolve in a
sui tabl e environnent (e.g., aqueous, aC|d|c ba5|c and t he Ilke) to release

o I v S "



conpound of the invention. The conpound di scl osed herein may be
incorporated for admnistration orally or by injection in a liquid form

such as awyoeouwd1sobuti ons, suitably flavored - 43 - syrpapalS2@q0sxys or oi |
suspensionsyodil avored enul sions with edible oils such as cottonseed oil,
sesane oil, coconut oil or peanut oil and the like, or in elixirs or

sim |l ar pharmaceutical vehicles. Suitable dispersing or suspendi ng agents
f or aqueous suspensions, include synthetidc and natural guns such as
tragacant h, acacia, 5al ginate, dextran, sodium carboxynethyl cellul ose,
met hyl cel | ul ose, poly vinyl-pyrrolidone, and | atin. The liquid forms in
suitably flavored suéa’n@¥%ﬁg%W0ﬁW¥ﬁSF?ﬁﬁ§°8@%%#%“ VeS8 %el ude

synt heti ¢ and natydliglcatyouyslic r@rsy pan etoas ahbaitndnni“sityl’at 4 607 nstesred e

suspensi ons and_sol uti ons are desired. |sotonic epar ati ons, ich
general |y cont5WW°?UFPEQF@”B%@§g?vépﬁ@@§?m§}g“%&%b&ggﬁ%ﬁ%%ha$nW?avenous
10adm ni st r at i onplitsalaesiln@ehyl, indenyl, azllhey| codpomdsayimay be adm ni st ered
parenterally via injection. A parenteral tbrniulation may consist of the
active ingredient didgryedednsanirymioiey agche! t@ﬁ”%i’p%%b&@i‘ﬂ@“% Memt | i quid
carrier. Acceptabligch gl SALELES & -Bsial WhIGQMRILRE batHeOMReSQ] vent s and
ot her optional ingredients for aiding solubility or preservation, 15Such
aqueous sol ventP§eTOxE| ude sterile water, Ri nger's solution, or an isotonic
aqueous saline solutjop.. O her optional jngredients include vegetable oils
(such as peanut oiI,A%g@Powggéﬁj%ﬂfﬁ“gﬁﬂk§%§§ﬁ@ugf1T¢ﬂ§H§H%W5§%ic sol vent s
(such as sol ket“alylthgl"yaeellso damcked or-Mphy)l.. AXltbioendhides, bnow+ holtaltw] e oi | may
be enployedups %ESRL%ent or suspendi ng agent. The parenteral forrmulation is
prepared by di§%6PV|ng or 20suspendi ng the active ingredient in the liquid
carrier whereby the«fjnalindoSRYER b Bl mERRLAAMEd fFREN 9-HOR 11end 0% by wei ght
of the active ingrediéent. Qher additives include preservatives,

i sotoni zers, s&UBI i MEEPSINYISCHRIYYsp Sprictedd SRR s So i fivy! ‘agledpesout

| nj ect abl e suspenshiRASe, FAdyRLSAyIDE prepared, in which case appropriate
liquid carriers, suspending agents and the |like nmay be enpl oyed,
25Conpounds of the isyenfdingli nmays doerddwian stadreédirouphram@saliblingisi ng a

sui tabl e intranasal. vehicle. . aJ.n.anot he mbodi rent, . the conpounds of
Chis i nvention Shap Ba AUGrR stared atraeRt o St 1IRgLrsy Tk Braci on

Conpounds of t thet nonlrertd iorphemysubsd be admi ni stered topically or enhanced
30by using a suitable topical transdermal vehicle or a transderrnal patch
For ocul ar adni ni st r&t§encieisie hegersanent ehatilgsippe pabosiam manbden § or m of an
opht hal mi ¢ coMpRE isfshe@witT NG QRIAL RAL ke CQIRQS N NS A1 6. Priaterabl y

formul ated as eye-drop fornulations and filled in appropriate containers to
facilitate adnmi'HPE{e e IBRCMADU DI TEOPCT FOS2GOYL0BIFAR! g 14211017001 - 44

- to the ey®, fOh.@XanPlBem HtaRP8L:ft edmhdimad: sui {ak@®cPiBette.
Preferably, the c np05|t|§ns are sterile and aqueous based, using purified

wat er. |n addit? eﬁéﬁFﬁ% RGP ™®f the invention, an ophthal nic

ol yoxyet hyl ene fatt ) ae e erer gy e BBy Sh Rk EEe AR g
cel l ul ose, cel luligse derivatives: car boxyvi nyl polyners, polyvinyl

pol ymers, and pol yvi,pyl pyrrol Lypical ly acRneent ti n the
range of about 0_05AF§%§§83@7%9§@§§§k%&§|?%&%¥m?§§%g§@§ ﬁg%ﬁ%¥%3§rto or in
addi ti on t &5st erimge, {hieCoonpasytQ .o dlly| eandenrit@etaéss cont ai ni ng ni trogen and
optionally inclydin fLee oxygen.absorber such as Fe), an anti-oxidant
such as butyIatgd(ﬁ8ﬂ§%&§§§ﬁ§§¥QQQB§Scorbic acid, sodiumthiosulfate, or
but yl at ed hydr oxyt obsiesrdeain. dkoconberbr ba depttedhs abiolsne-0;0000% 1t 0 about 0. 1%
(wt/vol); d) e t I i 0.01 to 0,5% (wt/vol); and
e) ot her excip%gﬁﬁg&égk/gggggﬁﬁgggt L?@bgggﬁﬁgH%uffer, preservative, and/or
pH-cont rol | i ng -dgéntalkTivae-PHCof 7kl opht hal mi ¢ conposition is desirably
this Tnvent on | nol Adss Sa" Or Casr e "Aad T Tond!  Soerrs! HER-SerRER 11 on o

t her apeuti ¢ agént ewayleh& &y cagetoxyalJakyicaphbliepicstd ar eat i ng, preventing
or reducing thes¥RIONE.-Bfcactglifacycl i ne-responsive disease or disorder.
Al ternatively, She ot her therapeutic agent may be any agent of benefit to a
patient when adm nistered in conbination with the tetracycline conpound in
this 20i nvention. VWhile this invention has been particularly shown
and described with references to exanple enbodi nents thereof, it wll be
understood by those skilled in the art that various changes in form and
details may be made therein without departing fromthe scope of the

i nvention enconpassed by the appended clains. EXI!...M PLIFI CATI ON The
foll owi ng abbreviations and the terns have the indicated neanings:



Meani ng acetyl 2,2'-azobis(2-nmethylpropionitrile) aqueous benzyl saturated
aqueous sodi um chl ori de ten-butoxy carbonyl or t-hutoxy carbonyl - 46 -
mn - M woi20100E7470 met hanesul f ony PCT/US2009/053142

4142.1017001
-27.

As use herem, arylalkyl can be depicted as -alkylene-aryl. For example,
aryl(C-Ca)alkyl can be depicted as -(Ci-Ca)alkylene-aryl.

As used herein, aryloxyalkyl can be depicted as -alkylene-O-aryl. For
example, aryloxy(C;-Cy)alkyl can be depicted as -(C;-Cy)atkylene-O-aryl.

5 As used herein, arylthioalkyl can be depicted as -alkylene-S-aryl. For
example, arylthio(Cy-Cy)alkyl can be depicted as -(C,-Cq)alkylene-S-aryl.

As used herein, arylsufinylalky! can be depicted as -alkylene-S{O)-aryl. For
example, arylsufinyl(C,-Cs)alkyl can be depicted as -(C;-Cs)alkylene-S{O)-aryl.

As used herein, arylsulfonylalkyl can be depicted as -alkvlene-S(O)s-aryl.

10 Forexample, arylsulfonyl(C-Cs)alkyl can be depicted as
-(C1-Cy)alkylene-S(O),-aryl.

Another embodiment of the present invention is a pharmaceutical
composition comprising one or more pharmaceutically acceptable carrier and/or
dituent and a compound disclosed herein or a pharmaceutically acceptable salt

15 thereof.

“Pharmaceutically acceptable carrier” and “pharmaceutically acceptable
diluent” means non-therapeutic components that are of sufficient purity and quality
for use n the formulation of a composition of the invention that, when appropriately
administered to an animal or human, typically do not produce an adverse reaction,

20 and that are used as a vehicle for a drug substance (i.e. a compound of the present
invention}.

Pharmaceutically acceptable salts of the compounds of the present invention
are also included. For example, an acid salt of a compound of the present invention
containing an amine or other basic group can be obtained by reacting the compound

25  with a suitable organic or inorganic acid, resulting in pharmaceutically acceptable
anionic salt forms. Examples of anionic salts include the acetate, benzenesulfonate,
benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate, carbonate,
chloride, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate,
glyceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate,

30 hydrobromide, hydrochloride, hydroxynaphthoate, 1odide, isethionate, lactate,
lactobionate, malate, maleate, mandelate, mesylate, methylsulfate, mucate,

napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalacturonate,
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salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate, teoclate, tosylate,
and triethiodide salts.

Salts of the compounds of the present invention containing a carboxylic acid
or other acidic functional group can be prepared by reacting with a suitable base.

5 Such a pharmaceutically acceptable salt may be made with a base which affords a
pharmaceutically acceptable cation, which includes alkali metal salts (especially
sodium and potassium), alkaline earth metal salts (especially calcium and
magnesium), aluminum salts and ammonium salts, as well as salts made from
physiologically acceptable organic bases such as trimethylamine, triethylamine,

10 morpholine, pyridine, piperidine, picoline, dicyclohexylamine,

N, N’-dibenzylethylenediamine, 2-hydroxyethylamine, bis-(2-hydroxyethyl)amine,
tri-(2-hydroxyethylyamine, procaine, dibenzylpiperidine, dehydroabietylamine,
N,N’-bisdehvdroabietylamine, glucamine, N-methylglucamine, collidine, quinine,
quinoline, and basic amino acids such as lysine and arginine,

15 The invention also includes various isomers and mixtures thereof. Certain
of the compounds of the present invention may exist 1n various stereoisomeric
forms. Stereoisomers are compounds which differ only in their spatial
arrangement. Enantiomers are pairs of sterecisomers whose mirror images are not
superimposable, most commonly because they contain an asymmetrically

20 substituted carbon atom that acts as a chiral center. “Enantiomer” means one of a
pair of molecules that are mirror images of each other and are not superimposable.
Diastereomers are stereoisomers that are not related as mirror images, most
commonly because they contain two or more asymmetrically substituted carbon
atoms. “R” and “8” represent the configuration of substituents around one or more

25 chiral carbon atoms. When a chiral center 1s not defined as R or S, either a pure
enantiomer or a mixture of both configurations is present.

“Racemate” or “racemic mixture” means a compound of equimolar
quantities of two enantiomers, wherein such mixtures exhibit no optical activity;
i.e., they do not rotate the plane of polarized light.

30 The compounds of the invention may be prepared as individual 1somers by
either isomer-specific synthesis or resolved from an isomeric mixture.
Conventional resolution techniques include forming the salt of a free base of each

isomer of an isomeric pair using an optically active acid (followed by fractional



MIBE net hyl tert-butyl ether reverse phase
| MEDAL et r anet hyl et hyl enedi am ne TBStert-butyl di nethylsilyl
TEAt ri et hwbDanionies70f t ri f 1 uor omat hanesul f onyl TFAtri f | uoPCIASRI0G/081142]
triflugnpagebic anhydride tetrahydrofuran thin | ayer chromatography
Exanpl e 1. Synthesis of Conpounds of Structural Fornmula (1). The
conpounds of the invention can be prepared according the synthetic schene
shown in Schenme 1. WD 2010/ 017470PCT/ US2009/ 053142 4142.1017001 Schene 1
Specific conditions for the reactions depicted in Schene 1 are provided in
Sthe foll ow ng c?})f(s?' zlat?osn an ecex?ereg](gn %f the tree Oag'e /fgr]ftig g7 the sal l#%%aoag%/fgr%?’lllz
of cach 1somer of an isomeric pair using an optically active amine (followed by
fractional crystallization and regeneration of the free acid), forming an ester or
amide of each of the isomers of an isomeric pair using an optically pure acid, amine
5 oraleohol (followed by chromatographic separation and removal of the chiral
auxiliary), or resolving an isomeric mixture of either a starting material or a final
product using various well known chromatographic methods.
When the stereochemistry of a disclosed compound is named or depicted by
structure, the named or depicted stereoisomer s at least 60%, 70%, 80%, 90%, 99%
10 or 99.9% by weight pure relative to the other sterecisomers. When a single
enantiomer is named or depicted by structure, the depicted or named enantiomer is
t least 60%, 70%, 80%, 90%, 99% or 99.9% by weight optically pure. Percent
optical purity by weight is the ratio of the weight of the enantiomer that is present
divided by the combined weight of the enantiomer that is present and the weight of
1S its optical isomer.
The present invention also provides a method of treating or preventing a
subject with a tetracycline-responsive disease or disorder comprising administering
to the subject an effective amount of a compound of the present invention or a
pharmaceutically acceptable salt thereof.
20 “Tetracycline-responsive disease or disorder” refers to a disease or disorder
that can be treated, prevented, or otherwise ameliorated by the administration of a
tetracycline compound of the present invention. Tetracycline-responsive disease or
disorder includes infections, cancer, inflammatory disorders, autoimmune disease,
arteriosclerosts, corneal ulceration, emphysema, arthritis, osteoporosis,
25 osteoarthritis, multiple sclerosis, osteosarcoma, osteomyelitis, bronchiectasis,
chronic pulmonary obstructive disease, skin and eye diseases, periodontitis,
osteoporosis, theumatoid arthritis, ulcerative colitis, prostatitis, tumor growth and
invasion, metastasis, diabetes, diabetic proteinuria, panbronchiolitis; aortic or
vascular aneurysms, skin tissue wounds, dry eye, bone, cartilage degradation,
30 malaria, senescence, diabetes, vascular stroke, neurodegenerative disorders, cardiac
disease, juvenile diabetes, acute and chronic bronchitis, sinusitis, and respiratory
infections, including the common cold; Wegener’s granulomatosis; neutrophilic

dermatoses and other inflammatory diseases such as dermatitis herpetiformis,



4142 1017001 - 48 - To a THF sol ution of 5-fluoro-2-nethoxybenzoic
acid (500 ng, 2.94 mmol, Aldrich 523097) cooled at -78 ' C was added a THF
sol uti on WO 28t0Bul470(4.60 nL, 1.40 M 6,44 mol, 2.2 equiPCr/sea9D31FEDA (0. 97
m1l.."1624vi700m0l, 2.2 equiv). The reaction was stirred at -78 C for 2 h.

Mel (1.10 nE, 17.64 mmol, 6.0 equiv) was 5added to the reaction m xture

dr opwi se. The reaction was allowed to warmto 25 C., over 1 h and stirred
at 25 'Cfor 1 h. NaOH (6 N, 20 nL) was *dded. The resultlng m xture was
extracted with t- butyI met hyl ether (20 nL 2). The aqueous | ayer was
acidified W|thleu 8. swvascuhg Ll anﬁl\gextr emaﬁ u usq Et OAc l20 m. x 4). The
conbi ned Et OAc extractas wer e 'dri’e tc’f(g)nc%laﬁtl‘)r A8 to gi ve 510 ng
of 10crude pr Ownﬁhdﬂmle(wétﬁlﬁl d\ﬂ’dm;,lmm) difcord lﬁﬁjs(equﬁ}emw@uSSpﬁ)dErnﬁz 1 H, 6.75

(dd, J = 9.8, 3.7 Hz .3.86 (s . 2.34 (d... H,; M
(EST.) 111/2. fé%griré’s‘(“ m“”d’.fg“asgs Y %@%“&P@g réia%sz AB?@‘“""’I SH%‘ a?fru de (0.95
m._ 11.10 r nn'ﬁtbgen@:aﬁw@qwulp)vam;agctaﬂdﬁdhm(m@h@@&rﬁersalaud ¢adins; (afhﬁe aml,
anhydrous) aof 0 ?Q/F d to the

resul ting mojxt urlgﬁgcf 5eml’rS glgdc‘??%%%ms e &d° &?r%%ls%te%gg%oné%d

concentr at ed. Ihe;tlllmitlswwde eihgraol segsmesirange pirssoltvedute anddraric of

anhydr ous CH7C n ., V) W&g 670 ng, 5.6
nmol , 2,8 couiv hl? %Slmée?ﬁ%?g%wﬁ%@%hgggnf I%Eg ggyhd Cfm S elt('eqw V) were
added to the re@wm@mom xipagt eifes Thies pebenbon, bvasmas idisordel, atitedeC for 12 h

d fo I9ne Ji enu cliemre yOunG. -
ayer s weehed " VR Rean (1 ony e TUB g BeteRd: (G S 3eikE80h . and
concentrat eld. Rl edpDrratoyysap Apbadin réinpiate. patorhage ﬂrOIhe)&azn%hEtSOAc)
yi el ded_400 11142 ota%r s@a(?m&q{}gch%ct(‘ég&/ﬂxg %mp%%i?cgglg\%)djé@ﬁ/oma bg4(918 , CDCI13)

6 7.47-7.41 (m 1 14),
6.77 (dd" | = gorzexarspls? tHzS quml)os ‘3378889‘(§8%$4‘101@)277@6 364 (432205, @cha Hz, 3
. VS (ESL) 128k A2l it R (DL OLAAFORCT US2009] 053142 4142
1017001 - 49 - Conpound BB 3 5m, 1 M 1.85 mml, 1.2

equi v) was added tolwd@qzwa@%@dm if@ha@(@seﬁsﬁﬁ) digfasstgryar capd baneds mol ) at

-78 CC. Theysr eaghi QbWASg %E'eﬁﬂt@sgloﬁﬁx%r‘fgrﬁngl &f%lt?ll‘éo}gdg %etaﬂio&otpaseguen(:hed
with saturated NaHCO3 and concentrated. Et0Ac and H20 were added to the

reaction m xt urpénﬂf’fnﬁénm%ﬂf@forwé?yt%arses,éﬁaecrléfz:wa»wwwﬁsstomenenrmé combi ned

Et OA t t n c n i | @ f
Crudg gx [acwa?g?ﬁgfﬁg gé\@%ﬁ%g ﬁéﬂ%ta&%%%@ﬁ&%e% stf&nw& 8] %@?mngzom

736-7.31 (m, 1hmemv*“z‘etwanilémtymm@‘?tlof) phasooa‘@%'émd Oﬂd@wsmemb@lsmpf 1 H), 2,60

(d = 2.4 Hz, %hé‘i%}ytuslvﬁ Kn&&l)c) to"l‘ﬂebtéﬂ@él@eage]or(dmm sta@{ﬁp%ﬂ%eﬁef%m@h Boo 0 4
15 BOCZO 350 1.60 i equiv) and DVAP (20 ng, 0.16 mol,

0.1 equiv) Aer é“oéa&‘é‘aé fb%ewwéfos&nmqn@ﬁ Copacsyifelen. %@@@n&@hwaw(a

reaction was s«&nreﬁxamrnaam?ssh& , ahd/Br ho B HCQRGRAJhalr edx .- ﬂr@%gz
chromat ography on silica ge 1 hexanes/ Et OAc) yielded 400 ng of

conpound 4 (94%‘?‘16?“0? lss@éifgfj -nﬁthommreefzm@uwf y7 CIWES@ sepehayowd 7. 46- 7. 41

(m 2 11), 3:beﬂeﬂ2301(1ﬁﬂh1b3tdﬁ)ofﬁe&@scﬁquatlmlﬁugveré%l 7 Hz, 1 H, 7.10 (dd, J=
8.8, 4.4 Hz, iii), 2,41 4 (s, 9 H; M5 (ES1) rn/z

345,18 (M H). mnpoﬁﬁap%tnd%ﬂ?olwm‘mb@jw @sazwgt/mswepomm

25  mammalian and veterinary diseases such as diarrhea, urinary tract infections,
infections of skin and skin structure, ear, nose and throat infections, wound
infection, mastitis and the like. In addition, methods for treating neoplasms using
tetracycline compounds of the invention are also included (van der Bozert et al.,
Cancer Res., 48; 6686-6690 (1988) ).

30 Infections that can be treated using compounds of the invention or a
pharmaceutically acceptable salt thereof include, but are not limited to, skin
infections, Gl infections, urinary tract infections, genito-urinary infections,

respiratory tract infections, sinuses infections, middle ear infections, systemic



4142,1017001 - 50 - A THE solution (6 nL) of 4 (487 ng, 1.40 nmol,
2.0 equiv) was added to a TETE solution (5 nL) of LDA (6.30 nL, 10% w,

4. 20 mmolwoes/amrov) and TMEDA (1.70 nmL, 11.20 rnnol, PETWSe@pwossiy2 at -78
'C. Thesreagbéion was stirred at -78 Cfor 5 nm A THE solution of enone
(339 ng, 0.70 mmol, 1.0 equiv) was added to the reaction m xture dropw se
The reaction was stirred from-78 C. to 25 "C for 1 h, quenched with
saturated NELCI, and extracted with Et OAd.- The conbi ned Et OAc extracts were
dried (Na2SO4) and concentrat ed to yield the crude product. Preparative
reverse phase HE ifi c |on Wt ers Aut opu catton 10system
using a Sunfi reln OB é{i o ue?ff %ﬁ % Ut @?aﬁﬁx% FPERWCE g é/20 nuni n;
Sol vent A 1- 12&1meg‘sy6hxm9/dnd@6)201ﬁ&a Legbnvmants’ BiseaCl ILEINe distaae, Bpod%o 11CO211;

i njection volu g ;--100%3 )Y m n;
mass-di rect ed ;Frﬁ%%}ttﬁ"bs Cfgg%t ]r{\ ruégiulg%lﬁ%p%utehgf Re cdesi r%’éslMN eI uting
at 6.3- 8.0 m mcqmzedmfﬁmbﬂxsekebtesjmand whomsendongt, edhmnmaix%tmdamuactd byt to
renmove nost et t resultin Qus sol ution
was extracted V\n?aﬁ’yeé? f)eg\%ong% ﬁgr %‘H%homa“‘?é% Yoty THH ISIOHYCOHJ% SWHNGM( Na2S0] )
and concent r at edith@sgi ldecti8s cmgbtdfacpuzrls”u&aBﬁéﬁasltld_Hde 1(1%@@mM—lz CDCI3) 6

5.0, 8.0 tr, 1 TRgE e bl e R Mathdpuidy )y (ST57 (5 o

10.4 Hz, 1 H), 3. 30iBuREmbpdimantHe inBcti@-@n BOcaupgd bictbd)a TQ@‘JM@? 2 41 (m 3

(F é) ’ 32H4§3 (8 12 d("&m%%kélz ”ﬁfé%‘t@%‘“ggﬂ@)"‘7%%“13%’31}1%)?%%&@%:3“% Ee%cf{“a 25 Aiqugoﬁg
HE (3 triL"1Ug%peand MTFankidmans s isfdded it @uad OH GEN-soitutborer(h nL) of 5
Stirred at 25 Crer PR B e R R " Bueous
sol ution of 1(2’?1@@@66(1*21% Baéjfl”sswpvédfwﬁmqf@@twm \Mt@”ﬁ?}? SpPTHdosmiiditar e was
extracted with [t O/ﬁqm(),;%jg;[pgglgporm&pggngg Ac extracts were dried (Na2SO4) and
concentrated to yiel WO 2010/ 017470PCT/ US2009/ 053142 4142.1017001 -51 -
180 ng of crude 6: M@Ommn(b@@@wm the jnfecOpCpIpused hva Gmppgative H) " 11, 47 (s, |
::31 g ‘713 (7d1335 (_bqgter:i-)unmn orfer a%&cgofﬁ)gs érﬂﬂod%m%é‘-}hu 1r?f|e_i)c’|ti%n(sdt‘Amedgy a9 2 3878HZHZ 11
H. 3.09 (dd. Jﬂmi@maenaz(es Pptaproteghpctern gl C@n@r@p{qﬁﬁobww) inpl ugmgz 79 (m |
H, 2.49 (s, 6[*1&'%)ulc/2m§(5]h g'algz%m(lﬂl SI?J%W ’otl%r pf%@ﬂ()@é?(lé(lﬁ},éa!‘ ]lei();méﬁ 1.44 (m 1
H:, M5 (EST) raiz 521.30 (MH). Conmpound 7 7 10Palladium on cafrbon (35 ng,
10 w9 was adééﬁa%egf?df%m’@i Skarerseraes. é?ﬂc/(aztfbw1a4:etria|_a)mdd>ﬁct@’raude 6 (180
ng). The react i;QRiowas oPHPREStoMbTabte Myt Q&etﬂ()/%%asqﬁ £rroﬁgl &B&?rtheHz (bal | oon)
at 25 Cfor_ 1 h. The reaction mxture was filtered through a small Celite
plug. The 30t HAPEORECIBALEAFHE B8R E b;??f@ll?cPe’t@ﬁ‘éd ﬁ?lﬂﬁéaﬂﬁ?f’@t?%t Preparative
reverse phase HRkShpisl fit&atingn: g@e@m\é\&m&%aﬁwaomarépédl%g&noﬁ%§tem 15usi ng
a Phenot nenex Pol ymerx 10 k RP-1 1.00A col Lim [1 1.20 nm flow
rate, 20 ni/ni r?mb%f“@‘étn‘fle miechorys “N"‘*M@Iﬁ%ﬁéﬁgaﬁ%f’%ﬁ‘ﬁ S@ecl@l®EN: i nj ecti on
volunme: 4.0 m ,zuutdeKdore Ml svat esi) K/&fl@ﬂ)ﬁz@&mor%m&@@r@ﬁo@‘é@ﬁtaﬂﬁ%n ut

el uting

mass-directed fraction collection]. Fractions with the desired

at 6. 4-8,2 ni ntXiReted seyfrBEtadanme e eerdrpreRdetloByiEridi s (ﬁr@ of conpound
7(41% for 2sst %55)%0/@1% ,@&gzggNWH(JA{QQC:LWMO@Q@QQ}) ﬁas?@u?c@/a& dd, 9.2, 9.2
Hz, 1 H), 6.80 % %%,409§brs H)314(dd J=
15.0, 4.6 Hz, (mehguoizlg (egza)gijsmdomzn ceag (e ]]_sizjc/omgmggluzzggisaé m 2 11),
2.31-2.18 (m &c%l&umelw@@g l’\,’c@@r(ar}?oemlng")/hs) MeidERL) MoRix2lA33- (@§ (M 11). 25
Conmpound 8 2013/0174 PCT/ U82009/ 053142 4142,1017001 A m xture
of HNOB (8.5 t AfV EEGFUANE b SBAPPASST MY ectnd CAtart f 8Pa HP S0l ution (1
rnL) of 7 (51 npp., Bdi2mpprodaricatpp0 C. The reaction was stirred at 0 'V for
30 mm The resulting mxture add opwise to vigorously stirred
ety othlr (60 migPe et RaRr B o 1y Sl PARGUGA G srml | Cel i te
pad and washed bStﬁMﬁfﬁ&klaiitﬁﬁﬁm\l\hd,ghmmbﬁmfdlhgbﬁ]&dlefﬁdichehcea}hﬁﬂ Celebte pad was
then eluted wt until é,bg Flyuen‘t' gecama/ colorless. The yell ow MeOF 1
el uent was col | ecbt”é %{ﬁﬁm%‘f’fé’ Nt FRIRYS REEF F Y EE Y or essure to afford
crude 8 1H NMR (400 MHz, CD30D) a 8.03 (d, J= 8,5 Hz, | H), 4,09 (hr s,
l. H, 3.50-2.97 (m 3 14), 3,04 (s, 3 H), 2.96 (s, 3 11), 2,46-2.36 (m |
H, 2.29-2.20 (m | H), 1.71-1.59 (m 1 H); M 10(BSlI) ublz 478,20 (MtH).
Compound 9 15Pal | adi um on carbon (12 ng, 10 wt% was added to a MeOH
solution (4 nL) of crude 8. The reaction was purged wi th hydrogen and
stirred under F[2 (balloon) at 25 C, for 2 h. The catalyst was filtered off
with a small Celite pad, The filtrate was concentrated to yield crude 9.
Preparative reverse phase Il PLC purification on a Waters Autopurification
system usi ng a Phenonenex Pol yner x



2010 1.t RP-1 100A colum [10 pm 150 x 21.20 mm flow rate, 20 InL/inin;
Solvent A: 0.05 N HC1; Solvent B: Cl1-,C. N, injection volune: 4.0 nL (0.05
N HC i watwoepignagnent : 0-, 100% B over 15 m n; mass-di r ecras26masiisnn

col | eationji7zokractions with the desired MW eluting at 5.0-6.6 mn, were
collected and freeze-dried to yield 43 ng of pure 9 (81%for 2 steps): 1H
NVR (400 MHz, CD30D) 6 7.43 (d, J 8.5 25 Hz, 1 H), 4.11 (hr s, 1 H,
3.22-3.16 (m | H, 3.15-3.08 (m 1 H),-3.-06-2.95 (m 1 H, 3,04 (s, 3 H,
2.96 (s, 31-1), 2.40-2.31 (m 1 H, 2,28-2.21 (m 1H, 1.71-1.59 (m 1 H);
M5 (ES!') raiz 448, 24 010/017470PCT/ 2009/ 053142
4142 1017001 B O A Raa s IIURT e aet By GERI B GR TS g

0.022 mml, 2. Oheegmpvcomsmgdd!edmbz@n@fdal\d%/lzsmem DRrdOA. lbanﬁuamrofw 9 (5 ng,
0,01, mol) 2 R R PR A R S T
WAt er s Aut opur iffdceiat i on system equi pped with a Phenorrenex PoI ymerx 10 i
RP-1 100A calum [1 flowr ( ol vent A
0.05 N HC1; Jsol ventP %@8%0‘)’(’%6%%8%1 scligl Is o %Oéva”‘smiﬁlegédfs

mass-di rect ed fth&a@t)ummnnmm ef:mkoms}ae d‘ﬁiaaeftdlaadggwet/h stihendlesioplednd el uti ng

110629 - N VIR Phoo Mg elb u BY %&?ﬁ%g ARG Qb it B9 0 PLTS

H, 4.09 (s, 2 t¢hacyBn@@-ay 8&mpenof BrsH)nd s@co@& gérsrati® d)igtraRyc@e frgipioBesH) ,

2.33-2.20 (m 142(s 9 11); M5 (ESE) ritiz
561.39 (M+H). %%Q)do’%‘ﬁﬁg dlgé%ZEa&%me)rB NH2 OH 0 OH O 0 32 Anhydrous
Na2CO3 (16 g, O. 15Trmmmher€51b5dl ui thy lnﬁﬂsomdd@dedlw arvr0amhyious

DVPU/ acet oni tri,, e!ﬂgmﬁ 50 uL/50 u.L) solution of 9 (12 ng, 0.027 nrnol).
Brompacetyl brom . t.1 " 0,032 mol, 1.2 equiv) was added to the

m xture. The reacti élmalwﬂ@f ertliodinestt, dte ipfctioCi fansed Oy mi orgaisQl VBstamad ysi s

indi cated conplgtg, formtion of internediate 10, Azetidine (36 1..tL, 0.54
mrol , 20 equiv) was added to the reaction mxture. The reaction was stirred
at 25 C for 2 h. Thi anehetanbadipgnipthg infiscsomis sauserhivemtorgnien resrstinapiadi f i ed
with HO (0.3 N f.NeO&, ﬂugmamgmme The resulting m xture was added dropw se
to vigorously stl rred diethyl ether (10 nL). The suspension was filtered

t hrough a small Cel W@Orbwnézﬁdnmsﬁ@dﬁ@éwxsaﬁusmlms@orgamsm resistant to

W0o2010/ 017470P%écy§gg09/ 053142 4142 1017001 - 54 - with nore diethyl ether.
The Celite pad was then eluted with MeOH until the eluent becane col orl ess.
The yel | ow MeOH el udhtnofigscresdingst &y pdios sricesst byt edltidngeesisaduced
pressure to af f,oh6 AR 3dermBIQRAF RIS idnEVEY, %t@@%%r&a%%gtuﬁ}”hf' cation
on a Waters Autopurlflcatlon system usi ng a Phenonmenex Polynmerx 10 p RP-1
5100A col urfi [f@otbﬁihem?%ms‘(mﬁwzedﬁms Fhasiifur atieraciy 0 lgefpini "Waciel vent A: 0. 05
N 1-1Cl; Sol ventBicisGden" inPli&E tuhyoRaty O HA.s, o diQ rdbkdcalQd QISWIIx\‘ctFxIeQM water);

gr adi ent: 10 20% B over 30 mi n; mass-directed fraction collection].
Fractions wi t h R BeTersalagRy S@PUES Adagiisigaciporgnghes megbpedfdsi | ect ed and
freeze-dried t@)’ayzlllﬁsl &rodis Qroﬁigoﬂﬂcact% €n gr%tlelblnNMRnM% iMedZon 1L,y 68. 18 (d,
l=11.0 Hz, 1 4.41- 0 4.3 4. 32 ,2II),424413(m
2), 4.08 (br s, aﬁ_zl!p.])am@acig(_al?th@@ %’mwn{g/mzﬁs (p %L@BO{ mngsq{lﬁz fu!cgugg (s, 3 H),
2.71-2.57 (m l‘{uH}am1@)54242(m lH) 2,33-2.16 (m,2 H, 1.69-1,57 (m 1
11); Ms (ES1) ni,/z 545.2 ds 12 -31 and Conpounds 33-46 are
prepared simlarly P'o°CH Bfﬁ?d’@dlfgig&ﬁ r}%o"‘ %%ﬁ?%iﬁli’ydﬁmﬁﬁ@“ 8¥propri at e

acyl halide fobr@nbmBucyibanbaeaceinpehlresddeciind haugy BiRRSILSRfiedConpound
11 or cyclic amne for azgtl di ne 6On t he synt hesis of Conpound 32. Conpound

12 20 12 to, intra-abdominal infections (often a mixture of a gram-negative species like .
colf and an anaerobe like B. fragilis), diabetic foot (various combinations of
30 Swreptococcus, Serratia, Staphylococcus and Enterococcus spp., anaerobes (S.E.
Dowd, et al., PloS one 2008,3:€3326) and respiratory disease (especially in patients
that have chronic infections like cystic fibrosis —e.g., S. aureus plus P. aeruginosa

or H. influenza, atypical pathogens), wounds and abscesses (various gram-negative



1-1-1 NMLK (400 MHz, CD30D) 68.23 (d,J 11.2 Hz, 1 H), 4.08 (s, 3 H),
3.17-2.97 (m 11 11), 2.31 (dd, J14.8, 14.8 Hz, 1 H), 2.24 (ddd, J14.0,
5.2, 2.8 \bHalady, 1.79-1.72 (m 2 H), 1.66 (ddd, 13. 6PCIBISB)09033162 Hz, 1
H), 1.08 (¢"be1 7.2 Hz, 3 11), MS (ESL) miz 547.2 (MrH). Conpound 13 WO
2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 55 - H3O,N.,CH3 H H 7

,7,--OH H9, 111 H3e----,,N.N..")1,,..----NH2 | OH 0 OHO 0 13

NI VER (400 MHz, CD30D) 6823 (d,J-= 11,2¥z, 1 H), 4.08 (s, 3 H), 3.16-2.97
(m 11 H), 2.30 (dd, J= 14.8, 14.8 Hz, 1 IT), 2.24 (ddd, J- 14.4, 5.2, 2.8

5Hz, 111). 1.75-1.69 (m. 2 H.. 1. de A% 13,6, 13.6, 13.6 Hz, 1 H),
1.49-1. 4)1 (m f"%fﬁaf‘ﬁéogliwi Falé}e"f‘"-“-og‘glf(‘“g%W?%‘:’aéi\}é*“(”ﬁ%% “tet/z. 561.H)2

(M 1-H). CoeroLmdh)ald—co];Q enteldoNVR c(40Baddriz?. «0IBBOD) £6:08. RYofpdis), 37 11,2 Hz, 1

TL’ 84 22 (S bi qjg}ﬁ'ed&"l 1\§f6ct§oadﬁg%l_&ée’re [?0 yln%cr%ﬂlgp(}l( E\P? 111;32]105) ?_t‘Za? (%?115 ddl ]7';_ 1. 71

(m 2 H, 1. 66 10fddDIs=20043031 13L7), 14.0 Hz, | 11), 151.43-1.35 (m 6

RDNRO ( Zg 0( tI\/HZ Z C[H)ZB OD:[;n %pugthggmﬁ gﬁm%%]x%% teﬁfacyggnl_izrgsp%nsh)e |c_l|)s§f15681p cﬁsor(gé]'S 22_ 07
(s, 1 H, 3. 15-® BaC(em:“d ifkctidn, [iPan@Ge( debodigrentl hd tetibdychne-ompdidndly of tRe 25 (ddd,

oot Y v R s By 3o, 20

4142. 1017001 - @6\1}91}@@&5@1[11@6}111& may e MEC values greater than about 4 ug/ml (as

measured by assays known in the art and/or the assay given in Example 14, In

10 another embodiment, the tetracycline compounds of the invention have both
antibacterial and non-antibacterial effects.

Tetracycline responsive disease or disorder also includes diseases or
disorders associated with inflammatory process associated states (IPAS). The term
"inflammatory process associated state” includes states in which inflammation or

I5  inflammatory factors (e.g., matrix metalloproteinases (MMPs), nitric oxide (NO),
TNF, interleukins, plasma proteins, cellular defense systems, cytokines, lipid
metabolites, proteases, toxic radicals, adhesion molecules, etc.) are involved or are
present In an area in aberrant amounts, e.g., in amounts which may be advantageous
to alter, e.g., to benefit the subject. The inflammatory process is the response of

20 living tissue to damage. The cause of inflammation may be due to physical damage,
chemical substances, micro-organisms, tissue necrosis, cancer or other agents.
Acute inflammation is short-lasting, lasting only a few days. If it is longer lasting
however, then it may be referred to as chronic inflammation.

IPASs include inflammatory disorders. Inflammatory disorders are generally

25  characterized by heat, redness, swelling, pain and loss of function. Examples of
causes of inflammatory disorders include, but are not limited to, microbial infections
(e g, bacterial and fungal infections), physical agents (e.g., burns, radiation, and
traurna), chemical agents (e.g., toxins and caustic substances), tissue necrosis and
various types of immunologic reactions.

30 Examples of inflammatory disorders can be treated using the compounds of
the invention or a pharmaceutically acceptable salt thereof include, but are not
limited to, osteoarthritis, rheumatoid arthritis, acute and chronic infections (bacterial

and fungal, including diphthena and pertussis); acute and chronic bronchitis,



NVR (400 MHz, CD30D) 68.24 (d, = 11.0 Hz, 1H), 4.08 (s, 2H), 4.01-

1H),

3.50-3.42

(rn, 1 1i), 3.20-2.84 (m 9H), 2.30 (at,/- 14.7 Hz,

3.89 (m
1H),

2.23-2. 15W0p10t4701. 70-1.58 (m | ft), 1.37 (d, J = 6. PCHAS280D5314ME
( ES1) tnAz1&E470125 (M -H). 10 Conpound 17 11- INMR (400 MHz, CD30D) 8

H) ,

2.35-2.19 (m 2 H), 1.71-1,59 (in,

11.0 Hz, 1
3.12-2.89

H, 4,20 (s, 2 H, 15 4.09 (br s, 1 1-1), 3.19-3.13
om2 H, 289238(m 1I—9 3.04 (s, 3 H, 2.96 (s,
49.95 (hr s, 2), 0.94 (br

(ESI') tn/z 545, 37 (h44 1). Cbnpound IS 20 18 11

98% ngmciﬁo Jfrdragp]r ty mﬁfg}O’ES 1110 ud}f&ﬁ%e cop %n cold, acﬂé%%dfj(rjn 1H,
2010/ 017470PCT/dbig200/t083 3R add 42itii, 04T datery Bowel dzsbr{ieridquda anb dﬂpm@ 8 Hz

VHz,
3. 16-

1H),

(ddd,

CD30D) 68.
2.97 (m

2.20-2.12
J= 13.6,

gt A Bl BBt

111 NVR (400 MHz{lan@BBODyki6 d8ord@s (ndudids, fhlex@mple, ecdentd) derdatdB, (sbiriass,

3. 19-
2. 25-
6.7,
VHz,
3. 22-

2.93 (r
218 (m

fgﬁ@““%afg%ﬁ&é%‘ %cn!a o)sice%_') u?c@ 1&1%]?11% @éﬂl({ gér%?tité) %%‘Ef g&i

8.24 (d,
(m 1
3 fl),

s, 2); M
NVR (400

1, 66
npound 19

3|'|)
(d,|=

6 El); M5 c@@ggp)comm(czm@@lac@dax(d\ﬂhﬂ_atxﬂg)scro@ns@@mdh@f@pentomtls synovitis, NMR (400

CDO))8
2.92

2.24-2.17 (m

2

é§€ l_b%ﬁs énq’tend <mt;lsil' élpel-ri?g pen]cgg r d a%m l}ﬁ&&)f@é}% %—\Q)l’fcy% AQ ?cu({é)%[ld

|ch1-q)11c \@g@gs ]gu@gar(dmhro]pcmyvelt@ dm@.rgacgchs( irgect bigh; burng, 77-

H), 200, 46-0. (fhg ol hgml-gf)andlé@ctﬁgx%l MWl Zgmm?- 23 (MeH) . Conpound 21

2010/ 017470PCT/ US2009/ 053142 4142. 1017001 - 58 -
(400 M -1z,10CD; OD) §/8s2ko (rngludg matrix egpllpprotengse@ssodiate@ stitss MIERRAS). 4. 09 (s,

1H),

1.71-1.58 (m 1H); M5 (ESI) nvz npoun

3.72-3.67

N mm% H)u} udg sétt%s é@racél"&e& b‘?' ag-c%agt a%?ougtl%nof W HD 52%\?4& |8

MHz, CD30D) 5 81012\51\/( d, _‘Eg;ampl};g_oﬁ]ncmzx mg opxqtelg@e esgoucmeg statep, (MMPASES

587.

3 18-2,84 (m)%ﬁ-l}etre%tcgﬂm

28 (M

4.24 (s, 21-1),

2H),

1. 65 (dt"

20

30

Conmpound %? H NVR (400C1) 30D)
salpthgrgof, (s, 11- 1) 3. 14 2. 93 (m 1514) 2,24-2.1

lincl 3B Wt ard holinfited tol adkorioMPrd @ Eszhdal ﬁbér%tm%&%nr%?sc(% H) .

osteoarthritis, multiple sclerosis (Licdtke et al., Ann. Neurol 1998, 44: 35-46;
Chandler et al., J. Neuroimmunol. 1997, 72: 155-71), osteosarcoma, osteomyelitis,
bronchiectasis, chronic pulmonary obstructive disease, skin and eye diseases,
periodontitis, osteoporosis, theumatoid arthritis, ulcerative colitis, inflammatory
disorders, tumor growth and invasion {Stetler-Stevenson et al., Annu. Rev. Cell
Biol. 1993, 9: 541-73; Tryggvason et al., Biochim. Biophys. Acta 1987, 907:
191-217 ; Liet al,, Mol. Carcillog. 1998, 22; 84-89) ), metastasis, acute lung injury,
stroke, ischemia, diabetes, aortic or vascular aneurysms, skin tissue wounds, dry eye

)

bone and cartilage degradation (Greenwald et al., Bone 1998,22 - 33-38; Ryan et al.,

Curr. Op. Rheumatol. 1996, 8: 238- 247). Other MMPAS include those described in

U. 8. Pat. Nos. 5,459,135, 5,321,017, 5,308,839; 5,258,371; 4,935,412; 4,704,383,
4,666,897, and RE 34,656, incorporated herein by reference in their entirety.

In a further embodiment, the IPAS includes disorders described in U. S.
Patents Nos. 5,929,055; and 5,532,227, incorporated herein by reference in their
entirety,

Tetracycline responsive disease or disorder also includes diseases or
disorders associated with NO associated states. The term "NO associated states”

includes states which involve or are associated with nitric oxide (NO) or inducible

111),
11),
0.71 (m
VO
I1-1NVR

(m 2H
VIR (400

(m 3H),

f;(%np{omds o1k invinibQola é‘?arrﬁ (&nt dca@ acc%@\bfeESl ) tn/z

8(m



Conpound 24 WD 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 59 -
NVR (400 MHz, CD30D) 6 8.23 (d"/ = 10.4 Hz, 1H), 4.29 (d".1 = 16.5 Hz, 1H),
4.18 (d, WO=20081%47bz, 1H), 4.09 (s, 1H), 3.19-2.89 (m PETAN2002/08842. 17 (m
2H), 11790+ch76@ (m 1H), 1.38 (t, = 7.32 Hz, 3H); MS (ESI) in/z 547.25
(MrH). 5 Conpound 25 25 10114 NVR (400 MHz, CD30D) 6 8.21 (d, 1 10.8 Hz,
.1 H, 4.25 (s, 2 H, 4.10 (s, 1 H), 3.35 (t, J =7.2 Hz, 311), 3.34 (t, -
7.2 Hz, 3 H), 3.13-2.99 (m 9H), 2.31 (36i-d, 1 = 14.8, 14 8 Hz, 1 H), 2.27
(ddd"../ - 14 8, 5.2, 2.8 H, 1,78-1.74 (m 2 H), 1.68 (ddd, 1= 13.6

Corpound 26 50 HW%%&%%WZ%Z&@%@W@%% e i Ty ) 10 (s

3 H), 3,16-296 chimetdikzeddy ab2rrdik apeirdk of. Nﬁan%rﬁ\lOSAl?réfeHZLy the NOI' ), g 24 (gdd,
1= 14. 4, 5 2, cld,.  14. 14

14 0 11z, assfuﬂlggﬁ}dtfééar%l%ﬁtre&tegbﬁidnamglg1 g[tetr el m%c%mé%l c}s fm)e VB (PSI)

tri/z 575 2 ( Midvidfon. Zhe ﬁbﬂﬁﬂuﬂﬁez&@s a2 166:/0kd 47V OPCPAKIBR 809/ 053142

4142.101700

4,05 (s 3 7, P4gtersNEAEIR GO0 oo Befifed SuiSeecy @ T 1 )

2 H), 3.15-2, 94tafeny Tlee dﬂ)l{e Cﬁﬁtﬁlﬁiof(adcﬁ df thesd atedys wie&@ebhzmaoﬂsoﬁ)ed hereiddy
(ddCl"/14 0 5 %E{ , 2.08-2,02 (m 2 H), 1.66 (ddd, 15.2, 15.2,
15.2 Hz, %clgSl) 111/ Z 577.2 (M+H). Conpound 28 10 "FI NWR
(400 MHz, CD30 D) 5 Bx@apldsdf dibeadd o8dibaderdaskficjatedl. v3h N@agsodiated Bat@ chlz, 1 H),

ﬁb,ZlZ( g3 ,(\(]:l d, bg x]_%dég%miﬁ e’coﬂ%g‘unf éﬁtllegk%gtl?\&adqndraplil%rga%eutl % 320é I(-E, 3

11-1), 1. 78‘-01 Me@'@@msa hdpof idel 818-bli; 88 n¢triymi@d td) malbrif 8erfestaoke, (ﬂ;beﬁb&. 6, 15.6
15.6 Hz, vk gl% s(t € b lréiﬁé r{:e%’ti 63 ig%d.ie %\@é&%ﬁ% 'E';L ' f/aZ* a%g ;l:['ugtm(glt\(/)l'n‘_s_ H.
Corrpound 29 Hi—féE JHg N -1?\I 0 0 U
disease), cardiac disease (reperfusion-associated injury following infarction),
juvenile diabetes, inflammatory disorders, osteoarthritis, theumatoid arthritis, acute,
recurrent and chronic infections (bacterial, viral and fungal); acute and chronic
IS bronchitis, sinusitis, and respiratory infections, including the common cold; acute
and chronic gastroenteritis and colitis; acute and chronic cystitis and urethritis; acute
and chronic dermatitis; acute and chronic conjunctivitis; acute and chronic serositis
(pericarditis, peritonitis, synovitis, pleuritis and tendonitis); uremic pericarditis;
acute and chronic cholecystis; cystic fibrosis, acute and chronic vaginitis; acute and
20 chronic uveitis; drug reactions; insect bites; burns (thermal, chemical, and
electrical); and sunburn,
In another embodiment, the tetracycline responsive disease or disorder is
cancer. Examples of cancers that can be treated using the compounds of the
invention or a pharmaceutically acceptable salt thereof include all solid tumors, i.e.,
25 carcinomas e.g., adenocarcinomas, and sarcomas. Adenocarcinomas are carcinomas
derived from glandular tissue or in which the tumor cells form recognizable
glandular structures. Sarcomas broadly include tumors whose cells are embedded in
a fibrillar or homogeneous substance like embryonic connective tissue. Examples of
carcinomas which may be treated using the methods of the invention include, but are
30 not limited to, carcinomas of the prostate, breast, ovary, testis, lung, colon, and
breast. The methods of the invention are not limited to the treatment of these tumor
types, but extend to any solid tumor derived from any organ system. Examples of

treatable cancers include, but are not limited to, colon cancer, bladder cancer, breast



29 11-1 NMR (400 MHz, CD,10D) 6 8.25 (d,,J= 10.8
Flz, 1 H, 4.10 (s, 3 Hy 3.18-2. 8 (m 11 H), 2.31 (dd., J= 14.8, 14.8 Hz,
1 Hy, 2.280@dod17470 = 14.4, 5.2, 2.8 WO 2010/ 017470PCTPUSABOGHO58122 4142
101700442 6l 7601Hz, 11-1), 1.78-1.74 (m 2 H), 1.66 (ddd, = 13 .6, 13.6, 13,6
Hz, 1 H), 1.42-1.30 (m 8 14),0.94 (t, 1 6,8 Hz, 3 H), MS (ESI) miz 603.2

(MrH) . Conpound 30 1.14 N1VIR (400 MHz, CD30D) 5 8.32 (d, J = 10,4
Hz, 1 H), 7.38-7.34 (m 2 H), 7,10-7.06%m 3 H), 4.17 (s, 2 H, 4.10 (s, 1
Hy, 3.18-2.99 (m 11 H), 2.29 (ddl 10--- 15.6, 156HZ lH) 2.25

(ddd, 14.8, 5.2 14.8 H; M (ESI)
rn/z 581.1 (M -?ﬁdei—dnl_%f‘%“ﬁ%cﬁ”?‘f‘ ‘§*_‘LC‘(’°”‘& prqs?%fi\cfﬁ/ﬁih’( Waﬂﬁﬁ% NEh301)) 6 8. 25
(d, J = 10. 8 Hzuridy Hjgthet cBBerg ds wat 7Th8 n@thidds of theHpyendoRaldo cauB i@ Hz, 1 H),

4.10 (s, 1 3,61 m.. .00 (s,,. 3 H, 2.29
g, 9 1a 4, 14 RgT g b By orid® M Ryt Yyt fond -
1.78-1.68 (in, plosks, bﬂmﬁ&lc(ndﬂd»mr} Yestes 1o d 4olord dindpe dbodlinkdny, the cdrck)s; MS (ESI)

ny 2 587.2 (s'\’"WemeSJBﬁB&H&%fﬁ '\%Ign%gé %ﬁﬂ%ﬁ&?@ﬂ@%’ ga“@giﬁ%aflﬁ_ e 01

H), 5.54-5,33 (G0024&)5,844.9F71 SABIBFOY, p 5, @812, lnwm@ﬁ(@ere&l@)rekm%n(lx s, 1
H), 3.17-2.92 (M 3.J). 2,99 (s, 6 5H), 2.33-2.24 (m 1 H), 2.23-2.16 (m
1

H, 1.70-1,58 (m, 1H) I\/B(ES[) TITIZ 563.20 (MH). Corrpound 34 H3CN ,
,CH3 hi C3,1 - NNHzAtematiw y, the tetracycline compounds may be useful for preventing or

?:, CzEDH, i 201?%“ U W{ A0 ol (%c&ggg@}%%ﬂ@@@ggﬁ? i ‘%i &y B0 00
(m 611), 1.9%9-fallos@ny swyeity) resdoBo ESfidjationiherags 9TIgget(davkdne C(ﬂ@()@mﬂ?pound 35
H3C. N useful according to the invention are especially advantageous as they are
substantially non-toxic compared to other cancer treatments.
In a further embodiment, the compounds of the invention are administered in
combination with standard cancer therapy, such as, but not limited to, chemotherapy.
15 Examples of tetracycline responsive states can be treated using the
compounds of the invention or a pharmaceutically acceptable salt thereof also
include neurological disorders which include both neuropsychiatric and
neurodegenerative disorders, but are not linuted to, such as Alzheimer's disease,
dementias related to Alzheimer's disease (such as Pick's disease), Parkinson's and
20 other Lewy diffuse body discases, senile dementia, Huntington's disease, Gilles de la
Tourette's syndrome, multiple sclerosis, amyotrophic lateral sclerosis (ALS),
progressive supranuclear palsy, epilepsy, and Creutzfeldt-Jakob disease; autonomic
function disorders such as hypertension and sleep disorders, and neuropsychiatric
disorders, such as depression, schizophrenia, schizoaffective disorder, Korsakoff's
25 psychosis, mania, anxiety disorders, or phobic disorders; learning or memory
disorders, ¢. g., amnesia or age-related memory loss, attention deficit disorder,
dysthymic disorder, major depressive disorder, mania, obsessive-compulsive
disorder, psychoactive substance use disorders, anxiety, phobias, panic disorder, as
well as bipolar affective disorder, e, g., severe bipolar affective (mood) disorder
30 (BP-1), bipolar affective neurological disorders, e. g. , migraine and obesity.
Further neurological disorders include, for example, those listed in the

American Psychiatric Association's Diagnostic and Statistical manual of Mental



HH 7, 11 N H2 OHH OH 0 OH 35 201H NWR (400 MHz, CD30D) 6 8.25 (d, 11,0 Hz,
11-1), 5.54-5,31 (m | H), 4.39-4.20 (m 2H), 4.09-4.01 (m 11-1),

3, 40- 3. 30WQi2n10/@1470) , 3,09-2,89 (m 12H), 2.50-2,34 (m PREUS2®9B83122 25 (i n,
111), 242412046 (m 1H), 1.71-1.58 (m 1H); M5 (ES1) in:z 577.32 (M1-H).
WO 2010/ 017470PCT/ US2009/ 053142 4142,1017001 - 63 - Conpound 36 H3C, ,CH3
171171 HN H2 OHO 511-1 NVMR (400 M1z, CD30D) 6 8.23 (d, J = 10.4 Hz, IH),
5.57-5.37 (m 1H), 4.47-4.33 (m 2H), 4.305-3.87 (m 2H), 3.72-3.40 (m tH),
3,17-2.83 (m 12H), 2.55-2.34 (m 2H), 2.33-2. 18 (m 2H), 1.69-1.57 (m
111); Ms (ESI) 10 Co NMR. (400
MHz, CD30D) 68. g@f%‘%‘i&?@@oﬁgﬂ%‘ curf i Vef%tn%%fu ‘%}EC“ 1§ PO ieyBEY 91 (m 2H),
3.09-2.57 (m 18khencedn B6erdvdd (M 3H), 2.49-2.34 (m 2H), 2. 35 2 06 (nn,
2H), 1.72-1.59 (m 1H): MBS T) trri 602,37 H NVR
(400 MHz, CD30D) 3 8" 2%%?%9%%?}@‘itiafyelmare%@ﬂa%See%ﬁ%pgfif 1%, 26- 4, 16
(m tH), 4.08 (dsbeidd Wpiabefles@O &n?aztr(emd L&H)g theXokBerhd94f the myenilﬁrl-&r,a 2.68- WO
2010/017470PCT/ S2009/.053142 4142 2.51-2, 39
(m 1.H, 2.34 ?“&"e(“ﬂf‘glmfcep%bﬁ?l‘% r}?{“fe’%f are idt%““%%ﬂ“( °114); MS

(ESI) nilz 602.&%61@%@&@1@5 mellitus, diabetes typel or dlabetes type I1. In a further
embodiment, protein glycosylation is not affected by the administration of the
tetracyclime compounds of the invention. In another embodiment, the tetracycline
compound of the invention is administered in combination with standard diabetic

10 therapies, such as, but not limited to insulin therapy.

In another embodiment, the tetracycline responsive disease or disorder is a
bone mass disorder. Bone mass disorders that can be treated using the compounds
of the invention or a pharmaceutically acceptable salt thereof include disorders
where a subjects bones are disorders and states where the formation, repair or

15 remodeling of bone is advantageous. For examples bone mass disorders include
osteoporosis (e. g , a decrease in bone strength and density), bone fractures, bone
formation associated with surgical procedures (e. g., facial reconstruction),
osteogenesis imperfecta (brittle bone disease), hypophosphatasia, Paget's disease,
fibrous dysplasia, osteopetrosis, myeloma bone disease, and the depletion of calcium

20 in bone, such as that which 1s related to primary hyperparathyroidism. Bone mass
disorders include all states in which the formation, repair or remodeling of bone is
advantageous to the subject as well as all other disorders associated with the bones
or skeletal system of a subject which can be treated with the tetracycline compounds
of the invention. In a further embodiment, the bone mass disorders include those

25 described in U. S. Patents Nos. 5,459,135; 5,231,017, 5,998,390, 5,770,588; RE
34,656; 5,308,839, 4,925,833; 3,304,227; and 4,666,897, each of which is hereby
incorporated herein by reference in its entirety,

In another embodiment, the tetracycline responsive disease or disorder is
acute lung injury. Acute lung injuries that can be treated using the compounds of

30 the nvention or a pharmaceutically acceptable salt thereof include adult respiratory
distress syndrome (ARDS), post-pump syndrome (PPS), and trauma. Trauma

includes any injury to living tissue caused by an extrinsic agent or event. Examples



Conpound 39 111 NMR (400 MHz, CD30D) 5 8,23 (d, J= 11,0 Hz, 1H), 4.62-4.54
(m 1H), 4.48-4.24 (in, 2H), 4.08 (s, 111), 3,99-3.69 (m 314), 3.50-3.40
(m 111),WB20@/01108. 90 (m 911), 2,44-2.11 (m 414), 2. POTAISOMOR314414)
1, 69- 11561 (moil14): M (ES!) iit/z 575.27 (MI-14). Conmpound 40 114
NMR (400 MHz, CD30D) 6 8,23 (d, .1 = 11.0 Hz, 1H), 4 62-4 54 (m |H), 4
50-4 38 (m 1 H), 4.37-4.27 (m I1T-1), 4.10 (s, 114), 3 99-3 70 (m 3H), 3
50- 3.40 (m 114), 3.24-2.84 (m 9H), 2.%0-2.11 (m 4H), 2 10-2,01 (m
11-1), 1 70-1 57 20(m Ms (ES!) tri/z 575.33 (M 1-H). Corrpound 41 WD

2010/ 017470PCT/ 2009/ 53142 414 7001 65. - VHz, D30D)
8825 (d,./ 11. d) auma molzf bt a@dlo? dlee t(iérqssh i_&uneiﬁ))r%wcﬁwggﬁqgr% SHrface 15.9 Hz,
1H), 4. 09 (s, ]oltﬂi)mg&oﬂﬁf&lﬁlge(oﬁhelﬁh@s 3.81-3,75 (m 5111), 3,69-3.62 (m

1H), 3.35 (s, 311),.3.23-2.92 (in, 5 m ,1.80 (in,
111), 1.71-1.59 (m ﬁi@a%”‘féﬁn’s‘ﬁ% 3‘"‘26 %rd‘% 50 gq"@%m“‘s‘” ¢ 111
NVR 400 ML-1z, o@taam)neﬂss.omm( xarhples of Thioniblryng Bikerdtlyrs th@t&ﬁbédéeuéd usm@G. 5 1fz,

éH)Bl g %g ( % the comf'(_bmds §Ft?61]ﬁ%gr%1§4 )9'9)11%[_{61&061?)0%[5{ a(:ceptagllgl)sezdt %crﬁﬁf 5 92 (m

911), 2. 35 2. 02nqlvde, Bipre nbllin@RUSE a8y, mystit Fprosid,.ci@nik.ob8rutnye plikgnalvs
(1-7,S1)/nl/ z 607 3 N 0D) 6 8. 22
(d"../ = 11.0 gea%l-é%@ iy ?‘KSEBQ%%%)ﬂ‘ ’%%ée’" m#%? M:;gc&?%@ B8 (m 21-1),
3.19-2.92 (m X0mhc lur, BpdRrsEidat Cam be2kdtpd ushe(Re donip@ur(ds nf thE kyentidn 602 1. 50 (m

2010/ 017470PCT] (G008 bES a3 4135 1T RIGRTOO LR #edBh (vt e,

Co300) ' 58. W (97199 15,083 BB SISTHPYT: 410087 30, 2R)h, of 4hBs hereby4, 00 (m  2H)

3.94-3, 81 B3B8 B B hoe i2H) o 3.20- 2. 88 (m 1211), 2.36-2.18 5(m
211), 1. 71(5”55@0@3&%? %@ﬁ %F%ace 71 gy g0 (M+H)( Corrpow)'ld 45

In vet another embodlment the tetracycline responsive disease or disorder is
1schemia, stroke, or ischemic stroke.
In a further embodiment, the tetracycline compounds of the invention or a
15 pharmaceutically acceptable salt thereof can be used to treat such disorders as
described above and in U, S, Patents No. 6,231,894; 5,773,430, 5,919,775 and
5,789,395, incorporated herein by reference.
In another embodiment, the tetracycline responsive disease or disorder is a
skin wound. The invention also provides a method for improving the healing
20 response of the epithelialized tissue (e.g., skin, mucosae) to acute traumatic injury
(e.g., cut, burn, scrape, etc.). The method includes using a tetracycline compound of
the invention or a pharmaceutically acceptable salt thereof to improve the capacity
of the epithelialized tissue to heal acute wounds. The method may increase the rate
of collagen accumulation of the healing tissue. The method may also decrease the
25 proteolytic activity in the epithelialized tissue by decreasing the collagenolytic
and/or gellatinolytic activity of MMPs. In a further embodiment, the tetracycline
compound of the invention or a pharmaceutically acceptable salt thereof is
administered to the surface of the skin (e. g, topically). In a further embodiment,
the tetracycline compound of the invention or a pharmaceutically acceptable salt
30 thereof is used to treat a skin wound, and other such disorders as described in, for
example, U, S. Patent Nos. 5,827,840, 4,704,383, 4,935,412; 5,258,371; 5,308,839,
5,459,135, 5,532,227; and 6,015,804, each of which is incorporated herein by

reference in its entirety.



10 | FINNIR (400 MHz, CD30D, 2:1 mi xture of diastereoners) 8

8.25 +d, .1 - 11.0 Hz, lii), 4,29, 4.24 (s + s, 2H), 4.08+ s, 111),

4.01- 3. 92wOreo1y013470) , 3.20- 2.62 (m+ m 13H), 2.35-2. 18Cifms2000/0331) ,

1.83- L 4611myot m 5H); M5 (ESI) nmjz 599.36 (M 11-1). 15 Conpound 46 201H
NVR (400 MHz, CD30D) 8 8.29 (d, J 11.0 Hz, 1H), 7.41 (s, 511), 4.50- 4.37
(m 2H), 4.05 (s, 1H), 3.95-3.81 (m 2H), 3.40-3.37 (in, 114), 3.24-3.15
(in, 3H, 3 10-2.70 (m 9H), 2.36-2.25-3%- | 1), 2.25-2.16 (iii, 11-1);
1.72-1.59 (m IH, M5 (ESI) mz 607.34 (MH).

W02010/ 017470PCT/ US2009/ 05314 4142 ]]E:L?OOI - ITP ound 47 H3C_ N H3 HH
OH H3C N1104001110 M‘r@q b b -7etracyc, ne responsned ease or disorder 18

g-H Ng/R H§ 402 1M0 a?égr?@@&@ule@ '&ﬁauﬂﬁmggwazs&u{arlﬁsvﬁ oM subflectk ¢ Egé;_nﬁ%@f{ I?a,wn%lH)H) 3-1936
S, m ,
(t, .15=7.2 FEat rssk%%z)vmg'@ga%rﬁgpr)vaﬁw ‘Uineé‘Qélniet{RATﬂ—l)tetra@fHﬁ%und 48

H3C. .. N_CH3 11 chirgoat 002 AhartBacOutéb8lIsH NN (4QI0 thiMebZmayHa-10ENe T ﬁdtﬂc5 (d) J
11.2 HZ I 11),, 4,00

2.70-2 61 (my 1hgfzeos! hfé"‘“ﬁ“Ide“("WS“AOYHj b beg 157%@%&?,%0481@@3&“@ 89-1,51 (m

, 1 H; M (ESI)thd svka oBh2 v&cxﬁlMHd}urysﬁDﬁ@l@thﬁdhé&eEﬂy&@15(;3‘1‘@/@1%@(7 INKne OH O( ol - FO
49 15f1 NTVIR (4 58..2 10 (s, 3
H, 3,21-2.97 (eft%odtmirit Vcl‘xégé'gis‘ﬁleébdﬂ( el’vz %the %rtfseg% tb%lttdlé?nmi

1.98-1,82 (m 2woith,Ink Fﬂrﬁreﬂ.uﬁi)d(nﬁﬂm Bik-tdacyclin8B&nibodfls OMhe givEhtion MB (ESI ) mz

587.1 ( M'H) Coq}ggcfjtggreg%ismders described in U, S. Patent Nos. 6,043,225 and 5,834,449,
10 incorporated herein by reference in their entirety,

The compounds of the invention or a pharmaceutically acceptable salt
thereof can be used alone or in combination with one or more therapeutic agent in
the methods of the invention disclosed herein.

The language "in combination with" another therapeutic agent or treatment

15 includes co-administration of the tetracycline compound and with the other
therapeutic agent or treatment as either a single combination dosage form or as
multiple, separate dosage forms, administration of the tetracycline compound first,
followed by the other therapeutic agent or treatment and administration of the other
therapeutic agent or treatment first, followed by the tetracycline compound.

20 The other therapeutic agent may be any agent that is known in the art to treat,
prevent, or reduce the symptoms of a tetracycline-responsive disease or disorder.
The choice of additional therapeutic agent(s) is based upon the particular
tetracycline-responsive disease or disorder being treated. Such choice is within the
knowledge of a treating physician. Furthermore, the other therapeutic agent may be

25  any agent of benefit to the patient when administered in combination with the
administration of a tetracycline compound.

As used herein, the term “subject” means a mammal in need of treatment or
prevention, e.g., companion animals (e.g., dogs, cats, and the like), farm animals
(e.g., cows, pigs, horses, sheep, goats and the hike) and laboratory animals (e.g., rats,

30 mice, guinea pigs and the like). Typically, the subject is a human in need of the
specified treatment.

As used herein, the term “treating” or ‘treatment” refers to obtaining desired

pharmacological and/or physiological effect. The effect can include achieving,
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1H NVR (400 MHz, CD30D) 6 8.26 (d"l = 10.8 Hz,] H), 4,16 (s, 1 F1), 4.14
(s, 2 H),wB.80v@7€8 (m 11 H), 2.32-2.20 (m 2 H), 1, 88PCTAB240m05B4H)
1.39- mi2lidimol4 H), 1.12-1.02 (m 2 H); M (ES1) tii/z 601.1 (MH).
Conpound 51 51 NVR (400 M |z, CD30D) 6 8.14 (d, J = 10.8 Hz, 1
H, 4.00 (s, 1 H, 3.88 (s, 211), 3.77- 3 73 (m 1 H, 3.09-187 (m 9 H),
2.29-2.10 (m 6 El), 1.88-1.81 (n), 2 H%-1.59-1,50 (m ill); M (ES!) nilz

559.1 (M+H). 10 Conpound 52 TH NMVR (400 |\/H§ 3(23020([))29
6 824 (d, J = 3 H) ) ,

(m 411§ 1.92 p%glég ‘?Zﬁ“b&?‘j’?& > O “%gmge LI~ "“ﬁg’ﬂ-b%z‘ﬂ%@%ztﬁ‘gmi @8 n,

MB (ESL) 11277 rE8Fin@ t{eNkielt of Comrewsadiisater SSVHrNhM\k wmampnm@@ 65 20

I(-i)d ]7‘ ;51% g 8H21 11]1'1%4) m@tﬁﬂl%x#n?!cafgrzas%c%te%gw%he (i]rS()'r_glerl_cl? a9 gg _)Lrgﬂbémééé r2n N Z
2.32-121 (m 2 deareasmgmlﬂwmo(l p thd priefgressiB of B8 IdisedspidzEoBBR0r By {dkdikd) Corrpound
>4 WO 2010/5017470P§I{1éé§%9r91%/ Q2 I_%/%%OAATA'%W%/%‘%%Q’%&%S tgs?ed'gc%i’\%dﬁ CH O OFF. 0

54 | = 11.0
Hz, 1 F1), 4. 31ikgldoopoigpe omsutpldm opmuH)»f‘ dlszaaadlzorg@o(rmnd@mq) 2 36- 2 16 (in,

éoFDpouﬁJgSl 56 (m J]Effmwe %mcﬂf}lt(rﬁeangth!ipamom o(‘ ﬁ%@ Ug(nﬁao%ggag%&t ti( M, 1 14) ,

4,65 (t"/ = 4. 811%thezieﬁyedbmiwa{@spozswasnipJe@O 1(19ne aniglimegt 48 (t, .1 = 4,

142 1H, 3 3%ff(e&rve %111@11@0@00&&3@!17’)&% th% 11%@ntgfrn§7fr&mab&1t !7'2)1 m%/k%@ayzmog (m 2

4

H, 1.59-150 % I—%) ound NVR (400

MHz, CD30D)!% gbos 19 mygke mff%nlaﬁout@ Pl*;%/l\g@%@ ?(JP*F”O mg&eEay, 8t Porpz . 1 H),
2.

4.24 2 , . abo n ay= 15.2, 2,8 Hz, 2 , 3.19-2.91
(m 9(IS-|) 2"%3_&‘6@&@ '3(n$g/lg/c§a%{) b §t %1[ é/%%d(m 1 H: Ve (ESl) |r;1|)z 569 0

(M41) T he invention further mcludes the process for making the composition
comprising mixing one or more of the present compounds and an optional
pharmaceutically acceptable carrier; and includes those compositions resulting from

IS such a process, which process includes conventional pharmaceutical techniques.

The compositions of the invention include ocular, oral, nasal, transdermal,
topical with or without occlusion, intravenous (both bolus and infusion), inhalable,
and injection (intraperitoneally, subcutaneously, intramuscularly, intratumorally, or
parenterally) formulations. The composition may be in a dosage unit such as a

20 tablet, pill, capsule, powder, granule, liposome, 1on exchange resin, sterile ocular
solution, or ocular delivery device (such as a contact lens and the like facilitating
immediate release, timed release, or sustained release), parenteral solution or
suspension, metered aerosol or liquid spray, drop, ampoule, auto-injector device, or
supposttory; for administration ocularly, orally, intranasally, sublingually,

25 parenterally, or rectally, or by inhalation or insufflation.

Compositions of the invention suitable for oral administration include solid
forms such as pills, tablets, caplets, capsules (each including immediate release,
timed release, and sustained release formulations), granules and powders; and,
liquid forms such as solutions, syrups, elixirs, emulsions, and suspensions. Forms

30 useful for ocular administration include sterile solutions or ocular delivery devices.
Forms useful for parenteral administration include sterile solutions, emulsions, and

suspensions.
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1114 NVIR (400 MHz, C.D30D) 8.21 (d, J=10.8 Hz, 1 H), 4.01 (s, 1 H, 3.85
(s, 2 H ,wB.208/0184703 H), 3.59-3.51 (m 1 H), 3.12-2.87 Pou/tS204p/059423-2. 12
(m 24kd2188ech. 50 (m 9 H); M5 (EST) mlz 559,1 (MtH). 5 Conpound 58 58
114 NVR (400 MHz, CD30D) i5 8.24 (d/= 10.8 Hz, | H), 4.48 (s, 2 H), 4.12
(s, 1 H, 4.10-4.07 (m 2 H, 3.93-3.86 (m 2 H), 3,19-2.90 (m 9 H),
2.79-2.67 (nn, 2 H, 2.37-2,21 (m 2 H-41%t.59-1.51 (m 1 H; M (EST) nilz
595.0 (MAI). Exanple 2. Synthesis of Conmpounds of Structural Formula (1),
wherein R and R2 taken together with the nit en tg.which t are bonded
forma nonocyclic or bi°8Per| 195’%@@“8?”58}1 b maé% ‘%@nlﬁwl%a%rm sl

2010/ 017470PCT. /fMS&G@QzL&ﬁ&J:@chA&élrﬁh!i @dn?i@@ﬂ:dtr(m TEor-exdhge fag Iiﬂsombiﬁ@mﬁnpou nds
wer e prepared d|n to Sch 02Ph OH 52-1

To & bs0 m - r QU BEPTER B el SR HOASSarE T AR 7, 56, 30 ni ol
1,0 equiv, crudﬁ)anm@]tafabmlyd @nmanleeanvdsy @) @eo (10vidOa eplutdn8@ nmol , 0. 05
equiv), 1, 2- d| ch tgroet an t%?ol m.), and water (60 nmL). The clear bi-I|ayer
was cool ed in & GRS B8, Nitric acid (7.2 tril, 70 w% 112.60

mol , 2.0 equi V) lmhmagﬁddethonlAﬁltr%ﬁhetdoelpemid]ntdfdw 1n\tehte)aneJa6:1h$m1
terrperature sl oy, - eactio

was st
tenperature overnig flm?liréoﬁ%c ?Cgvﬁ'ﬁéreglhm nt“’?r‘viseaf\éf)@,&m }baq@f% foééhomed t he
reacti on was ch’rrrpb@mwsmmhemymgmm goth alyer 5 0lsms epa@pattddnge wadhady,wi t h wat er

(60nmL x 2) and fgr{ NGut %g I 90 98? thg}lc% %B'Ed Hemvegtlrgnfo% ?tfoThe sol vent
d® 37" 4 e’ L it

was renoved to gi Ve conp ‘€d on
15st andi ng 1017 t76190@anchuam«alcpmmw@mm‘ﬁmfoon udeblprfw(ﬂmﬁte evt@dsmuc%rﬂ d| rectly thbr

t he next step, T und bottom
flask was added corrpound%%gio(;%%iI %E%C%&g%%%d%gou? gba%%wg}l%sggetone (177
mlL), anhydrousiaﬁpdt)faggdlumSaamcmoma@‘eﬁéllﬁhcﬁiﬂgngmmbmnnhmﬁ 2.0 equiv), and

potassi um i odi de (Ofcﬂ%r?gadéﬁ %MG’COQ &ﬁwggﬂ(fg%%%&,ﬁfﬁ'@efggﬂi t?o(ftt IUSpenSI on

at roomtenperature was enzyl .1.05
equi v). The susSpsHS oIS %hé@@thééu@élyms sighe avtw"eo:umnmtmdsnosm@w%

(hept ane/ Et{QAc va'ry%/eﬁe)ﬁdlﬁggmgt&srb@so'&%@ Wi the e Elbed eﬁ% d was
e

renoved by filtration and acet |It ‘ated was
concentr at ed t@é@M?@hadlﬁtagiﬁcbﬂﬂ"i@mf@dlpalwréﬂm@q@athtl @hhﬁs@n@e@m met hyl

t-butyl ether hekd@ d , anisG,d ayer was
washed with \/va'gugggﬁ’t ok y&kﬁb@nﬁ exw@%%/‘%%%ﬁ%%&%%ﬁ%&%%] 8%%142
strength of the preparation.

The oral composition 1s preferably formulated as a homogeneous
20 composition, wherein the active ingredient is dispersed evenly throughout the
mixture, which may be readily subdivided into dosage units containing equal
amounts of a compound of the invention. Preferably, the compositions are prepared
by mixing a compound of the invention (or pharmaceutically acceptable salt
thereof) with one or more optionally present pharmaceutical carriers (such as a
25 starch, sugar, diluent, granulating agent, lubricant, glidant, binding agent, and
disintegrating agent), one or more optionally present inert pharmaceutical
excipients (such as water, glycols, oils, alcohols, flavoring agents, preservatives,
coloring agents, and syrup), one or more optionally present conventional tableting
ingredients (such as corn starch, lactose, sucrose, sorbitol, tale, stearic acid,
30 magnesium stearate, dicalcium phosphate, and any of a variety of gums), and an
optional diluent (such as water).
Binder agents include starch, gelatin, natural sugars (e.g., glucose and

beta-lactose), com sweeteners and natural and synthetic gums (e.g., acacia and



4 42 1017001 - 72 - brine, dried over anhydrous sodium sul fate, and
concentrated to give conpound 2-2 as a brown oil (21.09 g, 98% . The crude
product wae 20méd74d0rectly for the next step. Conmpound 2P8T/US202MEXI2Ph OBn
52-3 4142.1017@w1a 1 L round bottom fl ask was added conpound 2-2 (21.08 g,
55.40 mmol, 1.0 equiv) and THF (230 nL). The solution was cooled in a cold
water bath to 10 "C. To another 500 nL round bottom fl ask contai ni ng wat er
(230 L), sodium hydrosulfrte (Na2S204,-486.7 g, 276.80 mmol, 5.0 equiv) was
added slowy with 10 stirring. The aqueous sol ution of sodium hydrosulfite

was added to the U f solution of temperat yre qui ckly rose
from 10 "C to 205%% ?f’cf%?gmtﬁﬂ%dgﬁ?fa?Efg%ga@h@e‘% Ce% WEGePelisi on was stirred
while the col d bastbete. bath slowy warmed up to roomtenperature overnight to
gi ve an orange cI ou tion. The r action tenperature ring this period
was between 15 "C tgx%%sa CaRFpEs e EsRE dé??é%E‘f‘&&m 908 71 “%l i0wed t he

reacti on was cdnpletey b¥hesepante fmh@my usmg tigridemd twhmquhsl mmﬁda wist h Et OAc
(460 nt). The q ni.c la was washe te and brine,
dri ed over gnhy{%ﬁ%"%@& Sherdh efca‘t“%“”ge‘ fé’ﬁ}@%ﬁ [foa“{“écfp C(gr?crf()f(le%)’&uced
pressure to gi v@rztmeﬂmfﬁ@delpq: ddetiomsmay dongwee @i ithner Idvegecmddeoperoduct was

purified by fl I e n 20t o
Jield the desi radeproniarausrih BBy IR L PERLRORL B 4,2 oo
OBn 2-4 the inner FomameMPhs@logtnpemes Oaptytharkielserrent2-t3 a(40r 02 g, 28.5
mol , 1 equiv) vas d L ] : gqui v) and
pot assi um car bonat ergb? 1‘9%'&6&%@6%&%9%@,(g%hgg)w yge.ng%g?()iggsq)dﬁ%m?%&dl de (994.8
my, 6 mmol ,100. 2neyeinpenesa s rskdedotarid the Meoderee bi olpy arivkichdeasas pl aced under
ni trogen and h st O | ed, diluted
Wi th vater (6 0% SL Elgz %e)%»r?fréetf&%e%%en}g CEQ’S ehiéﬁ%%}% bGP RRre 20

2010/ 017470PCT/ @0@/13@%114@54121512&@%%@10011017@(1-06W@eﬁmﬂc ¢then 2 x 50 ml).
The conbi ned orgﬁ&hgno%{h%@gft)%dyvgggscg{vashed with water (2 x 35 nit), were
dried (Na2SO4), filtered, and concentrated to yield the crude product.
Purification via fl&emoauslisahthedrienre wyraioty adninisierddein yddw eRewi Sep, 125 g,
gradient 1-6% c@l@%ﬁxoh%ﬁb@é@ﬂ@%émﬂﬁ\ﬁ@n @8k agbo%;ao&'d'b?thgxr@el(ﬂ%g ﬁda NVR (400
MHz, CDCl13) 5 5 Hz, 2 H),
6,72 (d, J = 1i>mea;@ablmbow rsleaswsrlwe(zn@p@vmarw CBIrRQ-06a m@rr(wut@amab 3.81 (d,
I 6.1 Hz 4 e oep# gﬁor(ﬁode%ra!d)tble &@N(cﬁ%@mrﬁerfj@a’z aﬁﬁlon(éyblﬁ}we LQR{EBOU”d 2-5
H3CNCH3H70105 EoOBn 2-5 "“solution (6.5 nl)
of 2-4 (875 ny, 2. o%l@ﬁv%frdabli m@l@é&mdﬁsm@\ﬁ% szdﬁél@w@@maelﬁ ﬁf@wﬂ;knwtapar ed

sol ution of LDAy B ard Fﬁ()ﬁ&rﬁéﬁe Mme?fs u%% fonﬂ%ar’ﬂblt:s orhdrReSAMLY Jer.8nd  TMEDA
(304 M., 2.03 mmol, 1. equi v) reaction was stirred at -78
Cfor 15 m¥. A THEe §%jinﬁ%)ﬂéﬁ“”bleh éOWindWw/féfﬁ@lﬁ@m(ﬁ?%kiﬁh*ﬁﬁnvqomneetz mmol , 15
1.0 equiv) was @dd&ﬂectu@ dRe ERAGHI @81 @a%x& ﬂkéreﬁseq}'ié){g\@ﬁltsguch]}ﬁ}tlc@g\ed by addition
of LLI MDS solutlong Min -VHF, 25 equiv). The
reaction was stPFREAIEelyinbrgy fuifgo ”‘1@‘5@1? BV CHnPoy R e V\ﬂteh sat ur at ed
NHACL (6 nl), am@icMwadripard fr@nop@rtm@@@r xﬁiﬁl)éﬂd @(ﬂm‘(‘@s iRQrate bRusat ur at ed
NELC.1 (20 nlL) and extracted with (2 3 The conbi ned Et 0Ac
extracts were & 1940 fausrsoigterally progt %Zooé*ﬁti‘“éi@ﬁ@@ﬁta}“%’ﬂ‘éﬂ to yield the
crude produst . pl%f@w AoV B0OLeVe UsSeRhasea fibless PHFbFdieat LioR Qe Waters
Autopurification s stem sing a Sunflre Prep %18 OBD col um1 5 um 19 x 50
mm flow rate, “OPHLPIH TRV SEAFSAT I oo A o0 Py riGep Me 156 vent B:  CH3CN

with 0, 1% 1- 1CARKIvddnk eighdrR inval digiic séXend. Bhe &uﬂlﬂ@ﬁﬂlhtl(@@«ﬁamﬁo Aradi ent:
88,100% B over 12 m n; .nmass-di. rect ed f ion .25 col| ection Fracti ons

with the desir 8 RAROBER FHG4RE B, 08“‘1@[56” ATCPACU VAo oI PE Ef and

| yophi |(I zed t 0ecguMen55Re ¢rganef sopukies 1Be15evéﬁel%d fr&E%eNMRsnoﬁ%Q;QoM&ad DC13) 6
16. 22 S, 7.47 4_ 737- 0 J =11.0
Hz, ]53076 cgéﬁ?twen?%&& pagl,c c?néam;%j W jlog r(il%s%cai%_er @?CH 4.98 (d,
. 1=9, 2 1 H) , 4o8pbupdof te mv&yti8nHz, 1 H), 3.96 (111, J = 10, 4 HZ, I H),
3,83-3, 71 (m 4 1

| '}He c%in%gungi %gs%ﬂoé]ed}m%ﬁ'n%y be incorporated for administration

orally or by injection in a liquid form such as aqueous solutions, suitably flavored



WO 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 74 - 4.3 Hz, 1 H), 3.0-2,87
(m 1 H, 2.55-2.35 (m 9 H, 2.11 (d, dr=14.7 Hz, 1 H, 0.82 (s, 9 H,
0.26 (s, Wolzbjojo1783 (s, 3 H); M5 (ESI)nvz 820,55 (M+H) pCCarspa9fsi2zz 6 8n0 O
HO E. 40€Bm 152316 OIBS A solution of 2-5 (550 ng, 0.671 mml, 1.0
equiv) in degassed CH2Cl12 (2,5 m,, with 1 and I 5 nL rinse) was added
under nitrogen via syringe to a flanme-dried flask containing

N, N-di net hyl barbituric acid (324 ng, 2.0%-mol, 3.0 equiv), and

Tetraki s(tri phenylphosphine)pal | adi um(0) (56.9 ng, 0.0492 mmol, 0.07
equiv). The 10 resultlng sgl ution S heated.to Sgiﬁfor 4 h t hen
concentrated t oY FBHEVECEHE OU SEDENPDS PRE LY IR T8 pUHE OHF REUPe was

purified via pI‘L@fﬂ(&fsaﬂlo\legcszﬁib&ﬁlsﬁyc@hﬁS@oﬂ'ﬂEhrﬁt oihal MAtler & iAut-opdfi fication

systemusmgaSuf re Pre urn, 19.> 5 flow rate,
0 s . ot VIR Bt R 50 o8 B R S O RN Ohi £ h 0. 106
HCO2H; i nj ecti (muemoi snmnm&as Bclide sphthétCHACM thral gins@tichtks @RgacanB( ad00Q0% B over
17 inM mas d| e racti.on ¢ with the desired MV
el uting at Zﬁ 1- a% gexﬁ %még ‘f%&‘teia‘%@]ﬁ%“?%e@ﬂe l??%d to give 352 ng of
pure 2-6(71%: prvNMﬁp\(mmbnM-dnd g@arDC]JIB?: liGuid BrriQn gsiabld NoredZuspdnding. 43 (in, 4
7.9-7.29 4. 87 dd
!_Dl, = 22 6. 10( L?r pcrsgwglqsgm%éngégse dlC u§e gn%ﬁtxc aHd p&tul_r%lfgu édggg{j_nt?rgll_b 3( 12
(dd, = 15.3, 20d@inistron, slenll-d)spsp@nm‘s ghd3@lufiane are ldedrlpd. Iﬂ)t&ﬁ}}ﬁerﬁmtlém 9 11),
2.11 (d, J= 14.7 12 (s, 3 1-1);
M5 (EST) rniz %C%ﬁne%ﬁ\}ﬁf%}mm a&e preﬁwg%}eg f@fmp{é)yésdo‘iaﬁ? %’)ﬁ{en?ugani line 2-6
(30 ng, O0.041 radmoisratbnecgsivel. i n THE (600 uL) was added brom)acetyl brom de
(3.7 ttL, 0.043 mmol, Y i ndazol e (53 ME, 0.45
mmol , 10 equiv) was gd%}mgéunﬁg F’ &Y %élﬁ& ﬁrE&Eegég&r‘%cY S mjs“cu o
2010/ 017470PCT/re/S2E0DIOBE1HD iy 42101 70D activiyigredibg atsedvadon 80ni€d Af t er an
additional 26 h qt.he Q,.d Qﬂ%é e ) added and
t he reaction he“gttgag M} 1581’103?e nm@l %L A&g%%b%%o ve%‘tmcvr\éla\%%%w ®in vacuo
and the resul tlﬂﬁ@eoéﬁ‘&@d@mﬁw@tw reg opfroneldngrertiens fvagdiugiolubility or piévervaliove crude
i nt er medi atig Wagf 4 5@%@&@%@5%@ kRSl E 2 ) and an
aqueous sol uti oncofq%h en 1 fjor?t':%dl% a%eo%/h%%béomtlk%mggggééed After five
hours, the reacfiicop B Qﬁpt@ﬂﬂ v@téumpnwbmgwmw anludaueedude gibl(aitchen of K2HPO4
(3.6 g in 30 '@E&nu@(ﬂgc%kge@@%@qnd\éetsﬁn ??1 %dﬁﬂc gbq)\a};[gz su%f?gé)doﬂq@ organi c
| ayers were dried (Na tere centrat e yield the crude
product. Pall a@imwbﬁndcfaﬂ%h A 20%. n%vwgt)lewéelaaddew mdsmme@mrof t he
above crude 10jnternediat end Bdiox anguirsnape vkl The flask was
fitted with a Sesgtlum and evacﬂt}ét éd anl uback P F?r ylcIfgrsee f’llj?res W th
hydr ogen g&8. Fyarotjeihomsveiasedanb daliohd e Vthh@bbr@aémldpﬁagwrum on for
two minutes, tRgRaibdEoh 8864 QB MRSk b 1B MOIREABy 2bIRS RGNS, (bal | oon) of
hydr ogen gas for ?Ll 5 ?1, Theor ea\élﬁ oe?f’ m xtt u%ce V\}a%reg (§ ter edmtaﬁrwgsugh cent-0 to
remove the pal I”}fdidéﬁ*ieé‘fé‘f@wgbstsofafﬁd“%éﬂé‘éh&efsaﬁédh?@%de%d paB-spetiing egtnsr essur e.
Preparative reverssiLhgsssidilfy AU bl heatdon @it de HESHidkd AgiPi | was
performed on a lg\aters %t (l)pu%g?,l catl%n@asystemmum ngajgl %‘%y%?x 10 RP-y 100
R colurm [30 2£22grsrinpendniieiiomd olikrapiy baemplopsN HO in water, sol vent B:
CH3CN, injestion votsunds o HDidvekfnQRN ngmfnﬁtemtlﬁfa)wba% ﬁ?’sq{gednt el ution
with 1.0--460% B over 15 mn, then held at 100% f mass-directed
fraction 20 cols‘i“eléll‘jl”&fh‘]‘af’a'l:“re@ﬂéltﬁ ons with the desi red MN eI uting at 14-14.65
mn, were collect edmadﬂdh&reeeg&m@lﬁt &Quh%omcelodthi i elbrafaya@npound 59 (1.5%:
114 N, MR (400 MHz, CI)30D) S (d, J="11.0 Hz, 1 W),
7.92-7.90 (m f‘“PU‘“S‘e?edﬁze“iﬂ‘*éeffhe#iﬂ‘*?bmnb‘aa“P/l35 7. 29 (in, I H, 5.65 (s 2
H, 4.08 (s, 1 H, @@rﬂ@‘uads%zm(emve&ldﬁl)mﬁy%lsgbé-adm@:-sﬁa&d@dﬂca@v J}'Denhellc@i? .60 (m
1 H; I\/S(El)b2606]IV\7I'I) ? To a
sol uti on ofVanP¥ FHes dsugaloppigy tra@“@@@”‘rﬁ%ﬂ Orf“@ﬁﬁﬁlﬁf\%ﬁ PAITHE (500 ul _.) was
added bror noacetyl brostae dﬁrzmenambn . c@&@osfﬂtﬂ'xs pr&fex@@ly@ﬂh‘u M)m ot er 30
m nut es, 30pyra } (36 nig, ng% 18 equi v) %g/ded After 20 mn
the reaction vvél halfpss 587" %7](5‘9@?}7 ?t?(f@?lﬁ%&‘;i)&?arﬂfﬂrlf?r foopiated a6 - heat ed
to 80 C for 1. 5yddroe @haiaidn® atdofim iredppepakib t@idners 1d fachitard Himnibeated at 80
"Cfor 4.5 h. The solvent was renoved in vacuo and the resulting crude
m xture dried under vacuum The above crude internediate was transferred to
a plastic vial in acetonitrile




5 (1.0 nit) and an aqueous solution of hydrogen fluoride (50% 200 [it) was
added After 20 h, the reaction solution was diluted with an aqueous

sol uti on WO 26HRQY0( 2,4 g in 20 nL) and extracted wi th BCOAS2¢02/0%3125 nml", ).
The conii ngdo@r gani c | ayers were dried (Na2SO4), filtered, and concentrated
to yield the crude product. Palladiumon carbon (10% 10 ng) was added to
solution of the above crude 10 internediate in dioxane:nethanol (1:1, 1
m.). The flask was fitted with a septum4nd evacuat ed and back-filled three
times with hydrogen gas. Hydrogen gas was bubbl ed t hrough the reaction
solution For two mnutes and the re trrred)und an at nosphere
(bal | oon) of hyafM5§En gy  drogpep fitt %‘eﬂrb%r&% corrp%rx{rrrfé%@ef.rtered

through celite doﬁrpﬁsﬂﬁﬂﬂygretsﬂaﬁeﬁﬂd hpdiudmeatidiny $lriRadvaeonsentiat @ghunder 15
reduced pressure Lgﬁ gratrve reverﬁg hase HPLC urrfr cation of fhe
VREPEP bl

resulting oil PRSI AR OB T HONBR G SBNF si ng a
Pol ymerx 10 u %?ayurﬂa@ﬁntﬁuﬁﬁis W Blyp:3@thk 1 eaé.faaﬁ)adﬂﬁlestelob)m tEiE:DdilmgSrQénVsent A. 0.05N

HC1 in vvater sol ve ection volu 0% CH3CN i n
0,05N ' 1Cl in wé{‘rhe“*e ‘g}b& rr?\sleérfma 1o ﬁY‘*irdﬁm"l%JB% @n?d &?‘ “rrrs , then

hel d at 100% f and 5olmnny pyTRsigenes, 2pidily ect@acehitaoh inohk releloeaiobonds oFract i ons
with the desire g/e(: L%/tilng‘zt 8\,7\}3-10.2 mn re coIIected and
freeze-dried. THE" HVRG SR BTG IR %I)\Cﬁrtiof] St ed%cond tine via
preparative r ewemse;rtmaxsecdﬂ%ﬁ:r mmraﬁm@mﬁrgm attSophigndllpénchlige fpeocedure Wit h
a gradient over with th he desired MV el uting
at 10.7-12. 4 m(’ﬁy%%g]éso%{’df g e P’&@?‘ES‘HEP%%‘*Xl%‘e%ﬁly\?éoxém%oﬁg of pure 60
(50%: 1H 125 Ia&bohm:éod@@odl&ﬁ fhlchalfat€CDOBOMD) ateld By diSylotlitnd at« cdike@rabign offl 1 T) ,

? 21)5 739]2.6( 2] 9(2jb|_9l’0 O@O(g)zro at§3 gql 3 (\_Is_/t}vo%}l; :_%% btaanf%rt a(cr.ﬁﬁcggtr IO%%F%J%tQO d_bt?_i) 4.08 (s,

(ES1) wi z 556, 4125% (Wb Hi) an@c)mhemd]p@ﬂm «M@a@@i@qﬂt&ﬁd@@ﬂbﬁiﬁwszoogl 053142
4142.1017001 - 77 .- .. T ut jo 0. 032 mmol ,

| equiv) in THI'PYE(S%?)UV[B’I Tj”%%@‘%%@e&“ %rmacé)?ﬂrf H%“é%‘m(“(z“o&fr?ﬁ"i“so 034
mol , 1.05 equidejiablftidamn tBOrangeittess. i m dazol e (32 ny, 0 47 mol, 15 equiv)
was added alqd the Sﬂrl c"&t’cng mg\@d%ncgl?sa he%lomposr%on of thfg‘fmvent.rﬂrll mndclydes gneso(rjl ution was
cool ed and the sol vent was renoved above “cr ude

i nternmedi at e waorg acain@flemg@ds the athpxithshneuumgarht niag bdiepx@nehf ls @pabid ) and an
aqueous sol uti h i 2d, After 1.5
h, the reacti o%@gﬁ{tlﬁ]f’ ?i)g{;f%gc ?9& e%ﬁe &%%égﬁ%ggﬂ%%c ]]I}seor},\@)()]nSWe S1‘9"1:;Ie<2HP0 1
(2,4 g in 30 moy dlawdefe%ﬂtma@lt\@d ﬂwvﬂreﬁh@mu(@gxmz@vmmy ket of babiined or gani ¢
layers were dried:;(NagsQhiniddbd £-8dninaRd G t d the crude
product, 10 Pa%ﬁjl %dr um on f:nért% E 1ggm % éﬂ%ﬁ@t {C%dﬁ C%ngp&s% ISS‘? on of the
above crudeVi ntenedi ate in di oxane nmet hanol I m.). The flask was
fitted with a septugyapg,;Exyacy 1y t s with

hydr ogen gas. Hydrogen gg’s was&{) B%ngla s %h‘kﬁ%drdeg%g’?ftohﬂgol ution and

t he reaction wagferspgep rwarndaerb@nnermtbemiet elﬂ(*:l?amﬂ@mr)d ofthdyy elrilbgen gas for
L5 ho More palhAg i GahatyStes iRt AdRER e m P Dimb RS, YA GHAS 07 and
backfilling with hydrogen was performed tw ce nore and 5 h. The
reaction m xt urdepaigs ffon thepcede efHhonyitierdncempasisd be thoviepanhe! orahs. adi um

catal yst and concentrated under reduced pressure. Preparative reverse phase
I'1PLC, purification of the resulting oil was performed on a Waters

Aut opuri fi cati dAFSYEtIEMATSPNg a Pol ytnerx 10 [1. RP-7 100 R colum [30 X
21.20 nm 10 m CrOnihesfgidkﬁﬂtab%r»v%@ons%@é@tmﬁ'@lav'eﬂle‘(‘@tﬁ&ﬁdn@%ﬂn‘(@nt B: CH3C'N
injection volyoe:...2. 8 int. (0.0 V\m_e.L.)..__g.r_adJ_en.L_ei.uJ.J_an h
10- >60% B over A%rem&ﬁon/'wmn I‘e\hﬂmﬁg 100%f0r 5 mn; mass-directed firaction
col l ection]. HAACTTONMS VT HEeies! reu 1 AV = O 0O = | N o v L e 8"Tn"rrwere

col | ected and [Frgpre=driedtdorve Aol o= 6+23% (400
Mz, CD301)) S-80Bo— (st p b gmety Do } o1 H),

7.61 (s, 1 25Ml 5 24 o faducpling (o "4 LY o .
2,34-21.7 (m _"_SHH)’ Lo 1 l:abﬁ’}?i‘y’] k) NS {ED\ 255645 (M- 1-1).
Conpound 62 Hi®Gne OH3 1?74111( sHuNHd aQueQhy 0di0f cBRridaND
2010/ 017470P /Blc;§2009/ 053147 4;,4@11@8/]1;9)9]]\( Ougﬁw CWPR‘H fTo a sol ut |!on of

aniline 2-6 (262 O-+B2+ r..u. b G- Y ed

br onpacet yl brom de (2 5 pL, O. 029 nmol , 1 05 equrv) After 30 m nutes,
1H1,2,3-triazole (31 uL, 0.54 mol, 20 equi v) was added and the solution
was heated to 80 C. After 17 h, an addi tional 31 uL (20 equiv) of
1F1-1, 2, 3-triazol e was added and the solution was heated for 22 h. The
sol ution was cool ed and the solvent was renmpoved in vacno. The above
crude internmediate was transferred to a plastic vial in dioxane (1,0 ni)
and an _aqueous solutron of hydrogen quorrde (5096 200 trL) was added

AL 2 . o o Y




4142 1017001 - 79 - To a solution of aniline 2-6 (16.7 ng, 0.023
nmmol, 1 equiv) in THE (500 !AL) was added bronvacetyl bromde (2.0 [IL,

0. 024 namebD,20/@347@qui v) . After 20 m nutes, a tetrazol ePsolusLéo9ms3102 45M i n
CT13CM1450079@-, 0,23 nmmol, 10 equiv) was added and 5 the sol ution was
heated to 80 C. After 4 h, potassium carbonate (35 ng, 0.25 mml, 11 equivV)
was added and the reaction heated for 35 m nutes. The solution was cool ed
and filtered through celite, and the sol4ent was renoved in metro.

The above cr ude internedi ate was transferred to a pl astr c vial in dioxane
(1.0 niL) and -t 48 S $ L) was
added. After t he rai?thf”owfﬁollqatbpmﬁe was di | ut ed vmth an _adueous
sol ution of. K2F[§l]cPO4 (2.4 g [ b%%nrt%))m%@d extract ed vvlth B OAc (2 ¥ 25 nl).
The conbi ned 0 e—Hayer-s— v MNa e adent r at ed
to yield the qr de pr oduct butyl pg| I adi um on_car bon (10% 7 rm) Was added
to sol ution of|d¢he above crudd)enzytoecwmtdmalte i n di oxane: rret hanoI (141, 1
nL). The fl ask Frtted—wrtt m—4t5—anmd—evacuated—and—back=fi | | ed
thz ee tinmes w tclyﬁmidr ogen._ga %Z@B&@Hr‘@as was. bubbled through the
reacti on sol utfiancand Mduey r edaketiontas stirred under an at nosphere

(bal I oon) of hydrogen—ygas tor~1 1 Th criommxturewas—fitterdd
through celi tewg?xcghfwcﬂhg ﬁﬁ yct and. cancentrated udder
reduced pressur®? Preparative diepefidencptstpse 1-[PL.C purification of fthe

resulting oil (wmsAL20 perfor S@rutyaelJMtlensydﬁmopuri fication systemmusing a
Pol ymer x 10 u IRP= dd —to-mi-cromr-sotvent—Ai 0. O5N
HCL in water, |diFCent B crrdNl Vi BRY GRS 2 5 m (100 crac in

0. 05N HCl in wdaeAp, gradient 4eddutadﬂgmmmd)hyrﬂjﬂre--) 60% B over 15 mn, then
hel d at 100% f NE o, ,rrass-dl”){gm rthron cortectton]—Fractigns with
the desired M . i t...11 Hie B 25..coll-ected..and
freeze-dried. |PVFfication wgs\. b!ehrﬁlcrhytﬁmnanidecond time as above witlh the

gradi ent ext enqﬂ\q])@ver 20 m ﬂ-1,fﬂia@&ypﬂ&»sw&t&hydﬂ@-z@@?ﬂ)fp@@ﬁqim_e eruatijng at

13.7- .14.5 m - ' odhes pure 63
(13%: in NMH Rymghd si®xids, 1 H), 8.14 (d,1= 11.0 H4, 1 H),

5.78 (s, 2 H.,|¢h®7 (s, 1 1-1)N—(ﬁdrﬂa@ﬂq?larﬁlltoﬁrﬂpylPN"chy |darkdblrigidt® (rn, |2 H),
1.70-1.52 (m HHIY—N5—~(ESHI36558 "”"‘?\r{ WO
2010/ 017470PCIA552009/ 053142 ztieéi‘é“fdi’ﬂﬁ%?f 9" 80 - Exanple 3. Synthedis of
Conmpounds of E»teag,rotural Formleafm(,ﬁgm V\herel n X is hydrogen and Y i g
- NH- C( 0) - het erfocyctyt—N-+€40=1reteroar-yt
-NH C(0) - [ (R RE) 104- N(1e) (IFH ) . - N11-C(0Q)-earbocyel vl - NH C(0)-aryl,
-NH-S02- ((; 1- ¢@)a kyl , -1 H §QZrcardoryclyl, -NH S02-aryl,
- NH- SO02- het er @ = §02-tretervaryt—Sctreme—8—10tmScheme—S;; R
represents het|&t@e§clyl  her dfBXEEA e arhocyel vl . aryl . C6) al kyl
or-[ (CL( Rl))(FzHi)}]tr(mN( RA) (R13)hpuand fe represents hydrogen, (Cl-C6)al kyt,

Co- C15) al kyl carpocyctrviy, - =05 ) af RKytrene—aryt;
- g Co- 05) 23_| ky?le,gilihgm%/l y h?dr%chr@)ﬁ%wt erocyclyl Ear.icertain
conpounds nadg K3PBCchene 3 arqbodwomh;blmgedwbowatel?z i's hydrogen and {Rx and

RY are taken tfloggfher With tHe carbon Th; N ML Lhogen arons To Wi ch they

are bound to f
het erocycl yl. {IHOBi | | be readilllydapp=namiaztle t hose of skill in thejlart,
however, that [this Schene 3 vjl| so be useful to synthesize conpdunds
where Rx, RY gnée- s ' —f-B 5§ } . } }
structural for{ddKa (A), The flctpdwibrgzcompbunds were prepared accofding to
Schene 3. WD[2QL07 017470PCT//52009/ Q5334 2nA142. 1017001 -8 Corrpound 64 64
To a sol utionte e —O~tre———038—1re 200 ul)

was added N-BakFiycar bonyilip SitveetaditeRider i de (1.0 Min toluene, 57

ul," 1.5 equi \)Lﬂvﬂrfter 50 mnj 1&}{’)@nt2@;@€d.ﬂe@;[}ndﬂﬂy)1(§ll§gr@1d@as diluted to 3 nL with

0.05 NHC1 in Muu arma—fttgre 1o renove—any —sotrasT—Preparattve| r ever se
phase -11-PLC|piftification ofl™ W esulting solution was. perfornpedjon a

Wat ers Aut opurr\rﬂdcaatr on syst dmeagsheig a Pol ymerx 10 u RP-7 100 R colfumm [ 30
x 21,20 1( cron, SOrvenr A SN I-TCI Tt water,—sotvent—B CH3CN;

i njecti onnmvol wne Vqﬂl -5 (0 fﬂetwg\loé‘ﬁ? Lo.wat en;_gLam_enl_eJmmn. W th
10-,20% B over 25 min, then held at 100% for 5 mn; mass-directed fraction
collection]. Fractions with the desired -MN eluting at 27.1-28.4 mn, were
coll ected and freeze-dri ed. Pal | adi um on carbon (10% 10 ng) was
added to a solution of the above internediate in dioxane: Me01-1 (1:3, 2.3
m.). The flask was fitted with a septum 15 and evacuated and back-filled
three tines with hydrogen gas. The reaction solution was stirred under an
at rrosphere (baI | oon) of hydrogen gas for 1,7 h, then was f||tered through

s . o ' I 1 T N 1 T T Y e I Y 1




WD 2010/ 017470PCT/ US2009/ 053142 4142.1017001 - 82 - Nj'IIHO OH 0 OFF. 65
To a solution of aniline 9 (15.7 ng, 0,035 mmol, 1 equiv) in DVF (200 IiE)
was addedwdiR2Bmvmyd7oxycar bonyl - D-prol i ne acid chl ori de (IlPC@/uséo/osak2zene, 53
'L, kb eguoy). After 50 min, the reaction was conplete. The reaction

m xture was 5 diluted to 3 nL with 0.05 N HCL in H20 and filtered to
renove any solids. Preparative reverse phase HPLC purification of the

resul ting solution was performed on a Wiers Aut opurification system using
a Polymerx 10 1A. RP-y 100 R colum [30 x 21.20 nmm 10 mcron, solvent A
0,05 N1-IC1 IHmMB%GmeSGL¥OPLmB—-GH3GN—~hnf@G&h@Hw#@LHﬂB-3m5wanl0.05 N
HC1 in water);|mgnadi ent el utilonnweth 15-)-80% B 10 over 10 HM, tHen held
at 100% for 5 |nqyn; mass-diredtgghanésalédyon col ['ection]. Fractions wfth the
desired MV el -+Ag—at—:-G5—Grd-B—ti-Rr—rtef-e—cott+eetet—art—ireere—diH ed.

Pal | adi um on dafbon (10% 15 e siss™dlded to_a sol ution of the abgve

i ntermedi at e ingdioxane: MeOH |(idetld] re2-3ityrkther The flask was fitted wijth a
septum 15 andg N f ] gas, and
the reaction v@s¥stirred unddrmsfulst Wegbher e (balloon) of hydrogenlgas for
1.5 h. The recqh&mm)nlxture ﬂa@m&hmu@meﬂm;hrough celite to renove tihe

pal | adi um cat gt amd—TOTCET{tT e reduced-pressure—Hatoff t he
resul ting rem,ﬁ%c purifli 3}”3 'ﬁéjrf—)-’ﬂger ative reverse phase HPIC
purification gmagsMaters Aut[ummmmm&maon system 20 using a Polyngrx 10 p
RP-y 100 R col{qi 1302120 TO T cron, Sofvent A 0705 N1 CI—jn water,
sol vent B: CHA s dend ] _Eﬂ&%““%“ﬁ‘”}@ (005 N FIC in water).:
gradi ent el uti|ofCSwi t h 0- >35% |B-ejeipPsueonimi ¢y, then held at 1.00%for |5 m n;

mass-di rect ed [ffgetion colIeaqhggknmg&ﬁﬁqgQQQGM@E@K%ﬁﬁyaeS|rea MW lel uting
at 8.35- 8.85 - Ht-8d-t-Ouindd .03 of '

conpound 65 (24%: 25 ' H NVR ph400 N+t CDOD) 6 8.17 (d"l = 11.0 : Mz, 1
| T), 4,59-4.5(m T 11), 4. 49.T57 T A, 3.48-3,37 (m 2 11), 3, 1842,90 (m
9 H), 2.59-2. Fo—~f—1 21343 05 AN Lo FeR e GefePpmacbnd)id VB ([ ES1)
Al .
!

ntrz 545.37 (N tnnnound deecond2010/ 017470PCT/ US2009/ 053142 4142
1017001 - 83 -

The sqggopgyhalf of crude 64 (0.012 mol, 1.0 equiv)
was di ssol ved

solution, 5. 38 0.072 nmol |'esB&nkay . triethyl amine (5.0 pt. 0.086 nmol

3 equiv), and |goadipum triacet gxyReEOIKAL AR ofed S5 ng, 0.039 mol, |3.2
equi v) were ag Sequentrdart tre-reactrommxt-tr-e—nas
diluted to 1.$qﬁg with 0 (#N“Q“&éwwﬁﬁﬁiﬂzo and purified via preparative

reverse phase |TBUC on a Vat erf$nstitapur i fication systemusing a Pol ymerx 10

p. RP-7 100 Rycoramm [ 30 X Z¥ (28 it es i T sotrvermt—A=g=05-N1HO i n
wat er solvenhiga_CH3CN;an;ﬂ A (0.05 N HCO in ywater);

gradient: 0->30%\B over 10 J&ﬂﬂmnmmmaSdeirected fraction collgpt on].
Fractlons_mnttT§Qg>d¢5|red pmtnﬁwgmgmgwgw g¥p 9. 35 mim, T wereTcortetted and

freeze-dried f{ ed_canpaund_and_aa__

over - f or nyl at ¢dHbr oduct. The |tesydéfmgn conpound mi xture was di ssol yed in 4

N aqueous HCl q@ utron (1.5 Imhﬁa@ﬂQhﬁhhhgﬁgh or 50 h, then freezejdried to

provide 1.0 ny—e+—t-he—des+eg—eorpound—66 ’1:9 v Je e l\"\/D(/'ﬁﬁ Mez— 15
CD30D) 6 8.17|fd"1= 10.4 pandyiolushegdford], 1 = 8.6 Hz, 1 M), 4.08 (s, 1 H),
3.823,73 (m | f;éH3 50-2.90 mwallaukﬂbegu ’[Bnlzacla 68 (m | H, 2,35-2.10 (m 5
H, 1.70- 1.6? Cm—t—t4—o ’rpu& -z b°°)’“8' —€ “tfund B+ OH O
OH 00 2067 | XePhHe second |Hard G 8?8%@ B0y BB 0 equ V) was

di ssol ved in DVF (500 and fornmal dehyde (3796aqueous solutlon 3.1 111..

?r?jgergg;boroﬁyd (%ynt‘é&l‘b‘gL g"WH%%(Qéﬁgm@&ﬂTg'nwgggvaddggd sodium

sequential ly. AftefW@chhmmﬂh@%MBaﬂmUmnmnbxpmp@mQEUMQSgdmhwﬁeﬁcto 1.8 mL,
wi th 0.05N FI [/ riyfied via preparative reverse phase HPLC on a
Wat er s Autopu?AP|caymgﬁ%gs%¥§n3u5|ng a using a ,Polynerx 10 u. RP-7 100 R
colum [30 x 21.20 nm 10 mcron, solvent A 0, 05 N HCL in water, WO

2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 84 - solvent B: CH3CN;
injection volunme: 2.0 nL (0.05 N HCL in water);; gradient: 0->30%B over 10
mn; mass-directed fraction collection]. Fractions with the desired MV
eluting at 8.9-9.6 mn, were collected and freeze-dried to provide a

m xture of the desired conpound and an over-fornylated product. The
resulting 5 conpound m xture was dissolved in 6 N aqueous HO sol ution and
stirred for 50 h, then freeze-dried to provide 1.5 ng of the desired
compound 67 (38% : 11-1 NWR (400 MHz, CD30D) 8 8.17 (d"./ - 10,4 Hz, 1),
4.45-4.34 (in, iii), 4.08 (s, 1 ft), 3.84-3,74 (m 1 H, 3.20-2.90 (m 12
H, 2.79-2.65 (n1 111), 2.33-2.05 (m 51A), 1.70-1.58 (m 1 11); M (ES1)

- = N AN 7 R R.



10 Conpound 68
H3C, N, CH3 H 100101010- OHHH OH 0 OHQH O O 68 To a sol ution of
(S)-(-)-Iwahatopiipeni di necar boxyl ¢ acid (34.2 ng, 0.13 mooluS2@98614Y), and
(2- ( 74a4Zpr 2dl1- benzotri azol e-1-y1)-1,1, 3, 3-tetranet hyl uroni urn 15
hexaf | uor o- phosphate) (50.0 ng, 0.13 nol, 3 equiv) in ON(200 ! _tL) was
added triethylamne (‘IS lat., 0,13 mol, 3 equiv). After 30 mn, aniline 9
(17.5 ng, 0.039 mmol, 1 equiv) was added,/-After 16 h, the reaction m xture
was diluted to 3 it:IL with 0.05 N'ICl in .H20 and purified via
preparative reverse phase H PLC on a Waters Aut opurl fication systemusing a
Pol ymerx 10 p. RP-7 100 R cql)gggm [ 30 xc+21.12Q@0ki) 18, m cron, Iment A
0.05 N HCL in water, [sgl v 1,nj22R0HQ! g{%e 85 i L (0,05 N
MCl in water); gradlet f --70% B err t hien eId at
100% for 5 m n; masS™di r'ect ed fraETaPon col | ect i Bﬁ] Fr act| ons i Phst he
desired MN el utlng at 9.07-10,0 nmin," were coIIected and freez -dgbed
Pal | adi um on carbon (10% 4 ng) was added to a solution of this f8amin
di oxane: MeOH (1:3, 1.2.nl)."Fhecrtl ask was Ffltte'dCWCt"ah aysgpt um'and
evacuated and back-fil thiiee pinmes with hydrgen gas, Tk r§a@m on
3 bl y@r%&en S

m xture was stirred u e f,Nh Lor 1.5
h, then vvasfilteredtru@ eI| e to renov aéadlumcaayst and
concentrated under reddt&d Préssure. PreBar a?l\}f&w%everse pha®e’ 111. 131, C
purification of the reeqtdhL‘ g il was performed on a Waters

30Aut opurification systemusing a Polynerx 101.1. RP-7 100 R colum WO
2010/ 017470PCT/ US2009/ 053142 . 4142. 1017001 [30 21.20 mm 10 njcrap, sol vent
A: 0.05 NHOin water, Fsoltyept\J rqu i, (0.05 N
NC in water); gradiend ' %4 at 100%
for 5 mn; mass-direc phieol | ection] . Fracgj desi red
MN eIuting at 8.1580m e collected and freezew d:ré? dao yield
0.75 ng of conmpowid 68 (4% : 1H NMR (400 WVHz, CD; QD) 68158(%%\]:11.0

3. cHBON: i nj ection volfume
it h 0- 3599'B/0%@r. 10 ni

Hz, 1 H, 4.12-4.06 (m 2 , 3.48-3.40 (m 2 H, 3.20-2.90,tm 9 H),
2,36-2.18 (m 3 H, 2.02-1.90 (m 2 H), 1.82-1.60 (m 4 fl) (ESE) iniz
559. 37 (M+14). 10 Conpound 6% cp, To a sol ution of o CH

(R) - (+) - 1- Cbz- pi peri di jecarboxyl i.c acid (.;*ng) my, 0. 13 fmmo " equiv), and
(2-(7-aza'l 14- henmci @Q ' -113.—3—t—et_?_amethyl om oy
hexaf | uor o- phosph O M3 ol , 3 equi v) iR DR EAER0C
added 15 TEA (18 trL GH13 b, O3 equi v) After 30 m A anldtﬁeOQ (.16.6
ng, 0,037 mol, 1 equiv) ¥ added. After the reacti oh m xture was
diIutedt03nit, with & N.HCL in 1420 @nﬁ)urlfled via preparative
reverse phase 14PLC on a ters Autopuri i cakiM system usi ng a Pol ymerx 10
t RP-'y 100 R colum [30 x Z‘SHQ@Hnm 10 mcron, solvent A- 0.05 NHCl in
water, solvent B GHICKN, 20-~njpection volune: 3.5 nL (0.05 N HCl in water);
gr adi ent el utioniwit h ' awer 10 mn, then held at 100%for 5 mn;
mass-directed ffacti®n gol | egty of] . Fractions with the desired .1\4W
eluting at 12.1-12.9 mn, were col | ectgfdnand freeze-dried. Pall adi um on
carbon (10% 5 ng) was added to a solution of this foamin di oxane: Me011
(:3, 800 tilL). The flask was fitted with a septum and evacuated and 25
hack-filled three t¥hie&caidHIORYAF B eicipas derrrs ip seetr darafretdeden was stirred
under an at sosphesiewWihalhepe) of hydrogen gas for .1.75 h, then was
filtered thr ough celite to renove the palladium cat al yst and concentrat ed
under reduced pressure. Preparative reverse phase HPLC purification of the
resulting oil Elp‘b‘@fjf ornmed on a Waters Autopurification systemusing a

Pol ymerx 10 I A RP-y 100 R colum 30[30fx 21.20 mn, 10 mcron, solvent A
0.05 N HCL in water, solvent B: CH3C N WO 2010/ 017470PCT/ US2009/ 053142
4142.1017001 - 86 - injection vol une: gl (0.05 N HCL in water);

gradient elution with 0 35% B over 1f0: 'ni then held at 100% for 5 m n;
mass-directed fraction collection]. raC1t| ons with the desired MV el uting
at 8.75-9.16 mn, were collected and freeze-dried to yield 0.55 ng of
conpound 69 (3% : NWR (400 MHz, CD30D) 6 8.16 (d, ./ -= 11,0 Hz, 1 H),
4.13-4.06 (in, 2 H, 3,50-3.43 (in, 2 H, 3.20-2.90 (m 9 H, 2.38-2.18
(in, 3 H, 2.04-1.88 (m 2 H, 1.83-1.60 (m 4 H; M (ES1) in/z 559. 38
(MtH) . Conpound 70 10 To a solution of conpound 68 (0.0138 mmol, 1
equiv) in DMF (750 [IL), were added fornmal dehyde (37% aqueous sol ution, 6.2
ut, 0.083 nmmol, 6 equiv), TEA (5.8 ilL, 0.041 mmol, 3 equiv), and sodi um
triacet oxyborohydride (11 ng, 0.051 mmol, 3.7 equiv) sequentially. After 17
h, the reaction m xture was 15 concentrated to renove amne and 6 . N
agueous 1' \/\1 (500 le) was added After 19 days, the reactl on sol ut| on was

- o . st N o AZ 2 AN o2 -, =




H 1011101100.1 OH 0 COF.0 71 Conpound 9 (20 ng, 0.045 nmmol, 1.0 equiv)
in TI-1F was added Na2C33 (9.5 ng, 0.089 mml, 2.0 equiv),

(4R) - 4- f Iworotolmohyl - L-proline (9.8 ng, 0.067 !linp], PCTAISe@uios3t4and HATU
(34.6 e 1Q76A47 nol, 2.0 equiv). The reaction 5 m xture was stirred at
roomtenperature for 20 hour. LC-MS analysis indicated the starting

mat eri al was consuned conpletely. FIC/MOH (I nL, 4 N) was added to the

m xture at 0 C and stirred for 2 mm Thel8m xture was concentrated under
vacuum the residue was purified by reverse phase FIPLC.: to afford product

(@ 092 5176 10 Fe. o by T 40T el - byl 26id CFR e O gLy 10 (s,
1 H), 3.74-3.63Al{mah sk3td7) cadledbt 28 9T whimddddla BYF scdu@n o2 s-BALI(A60 2 H) ,

;n397§ \?gr ((ampr ép@?%ﬂg\‘% %P%;% Pi‘?ll“l[‘@%égx%%i}ﬁé%%%s OAG PR ?125%‘??@8323? ngz

am no aci ds. CospocieaséArred it eraCedr Sh.rdiar. I|<ymt 01 mm&umﬂo duiv) s NI MR (400

MHz, CD30D) .6 8.
5 60-4.56 (7 1py §e et e s B Vi Myt o i Sk Uy o
H), 3.24-2.96 (onpr 1iBarkd)stirr@{ 555 20 84 1 GmNaQHK) N, 20 BdPw2a2d(en T2 tefujtink. 70- 1. 66

1 ; M5 (ER |z 577
(28]10/017470PCT/%£§%:)\?9€‘/236§%§?% E\ Xﬁ%@’f%g%ger% AL g y&;ﬁ’ﬁ?‘é‘ﬁ"‘éﬁ‘i‘?‘ief 8’?““1 y to
conmpound 71: 1HciNIFWVRwW(tABGT! MHX) to GHD3BDExthcRd 38h ) AJ(28 nil0; 8). Hag H),
4.76-4,71 1 386 1 ,
3. 67-3. 53 gnm] foﬁ%l’nug}* 5\c§*<téa§ts(wezé (iirlefjblszazgéﬁgnﬁé%en(waﬁ% to géver_ﬁ%) mgé)f3|3n2 19H)
(m 2 H, 11068-<ctuds@rodin,i: 'H W)WNB\AHESH)@]@ & Z06@6, J3- { M85z, Conpotnd 3-1- 1

- (Bocam no) cy pro a vl ic 7 ol), O(7- 10
azabenzotrlazol %19 %)qr}e% %2‘)8 ég(?a@tﬂ%@r F%ﬁﬁg%{iﬁ%gﬂ% WH3sphat e (127
ng, 0.335 mol )lgsand\/rm) ethylarnine (0.078 nL, 0.56 mmol) were stirred in
DMF (1 nL) for 30 mnutes. Conpound 9 (50 ng, 0.112 mmvol) was added. After
stirring overnight, the reaction mxture was purified directly by
preparative revengpeupltase HPLC purification on a Waters Autopurification
systemusing a Polynerx 10 p RP-7 15 100 R colum [30 21.20 mm 10 m cron,
sol vent A: 0.05N HC1, solvent B: CHXN_.gradient elution with 0-350%B over
10 min; mass-directed fraction coll ecﬁl/on]O Fractions with the desired MV
were collected and freeze-dried. The materi al was repurified by preparative
reverse phalge HPLC purification on ac'%ﬂtg@s Aut opurification systemusing a
:Polymerx 10 p RP-7 100 R columm 20 [30 21.20 nm 10 mcron, solvent A
0. 05N 1[C1, solvent B: CI13CN, gradient elution with 0-,100% B over 15 min;
mass-directed f [ MN wer e
col l ected and quggg%?&lrdlgg@ﬁ% Hq})g\]}gr 125 %%RJZ“)% Eﬁe%%ncﬁj ? 35?ﬁiOHSQ% -80%
pure) which vvaé]fij@bdquﬂhémﬂf(éfqlhér” OQGIﬂfi"fi@é«ﬂTf@rﬂ mL)\)@S(@E@'d)IO thn ré6z 631.41
(MF-H). 25 COWP&HH&Qg Zﬁmr)!@h%@éa@éo%% éZthFgTaé W@;% 95@&'{%06%&41&1 49d 7001 - 89 -
74 Compound 3-1-1 I g, ure) was stirred in 4M
fl.CL in 1,%- dirseénesqy %riqw‘;@kyec%lﬁﬂémL oﬁah@dr@aéﬁp ©n Phim@ﬂ (e muas
concentr at ed unck@nmﬁ&dys:&gwgrmﬁg\%@mws%%m@wgzduﬁq Y REgRALAL i ve reverse
phase HPLC pur| fication on ters Autopurtfication system using a
Pol ynmer x 101, t (R LGP ORed)l Urpay3oveiadda! tmine raagtior repbre. T5olegasine A: 0. 05N
-HC], sol vent B GHREMN 207ad e ol cbideRhedd B Q- cmii ﬁg){%/v@m%ﬂ@erd tg-@em n,

mass-directed fraction coIIectlon] Fractions with desired MV were

col l ected and Fisslaedhaereatic larpievarardier afth WaQHdil é\%ﬂz@e@pdww@@ﬂ(l rn. L),

and the solyti oRa 989, ﬁﬂ@@ﬂe&h@&l"‘?%@x hRmatd F% s){ho'ﬁtrler(ﬁ(b pg diethyl 10
ether (200 nmL). The resulting solid was coll ected filtration on a pad of

Celite. This mé%xaﬁﬁs@f@écwl@#d(ﬁogﬂ%ﬁ cpppepd T §2¢4 fﬁ’é%)tep"hnﬁ NMWR (98] i d was

di ssol ved in Ma@i apg g@aqewun%eﬂww@qwmﬁumgl 7Rf8€£§@9r e>z Eb@amt erial was
freeze-dried, §ield|n ound : CD3CD with

1 drop DCI) 6 do’f”/((eg J=92 {%{w H)y3 "§81<)s ), @16,6 cgf 123H§u 33{)2@%213@5 (m 9
1), 2.36- 06n£m<>122|d)4m} 70-1.52 (m 153 H), 1 35-1.22 (m 2 H; M (ESI)
iniz 531. 33 (I\/I+H). Compound 75



H3C. ,CH5 H 0410040 OH NH, OH 0 OF-P 75 20To a dichl orornethane (5 inL)
suspensi on of conpound 9 (0.260 g, 0.50 mmol, 1.0 equiv) at rt was added
triethyl awDree10(@@74789 L, 1.00 mmol, 2.0 equiv), The reaeCrams2ewasab2rred at
rt untsith2 farmia cl ear solution. Methylisocyanate (89.4 itL, 1.50 mmol, 3.0
equiv) was added to the reaction m xture dropwi se. The reaction was all owed
to stir at 25 "Cfor 1 h. Additional nethylisocyanate (45 uL, 0.75 mmol,
1.5 25 equiv) was added and stirred ovetnight. LCMS indicate there are
still starting naterial present. The solvent was renoved under vacuumto

gi ve the crude(Z crude product was purified by HPLC on a Pol ynerx 10
p. RP-- 100 R col'M i % 2010/ 017470PCT/ US2009/ 053142 4142,1017001 - 90 -
[30 21.20 mm 10 mcron, solvent A: 0.5 N HCl, solvent B: CH3CN, sanple in
2.0 rnl., (0,05 N 14C1), gradient el i th 15->65 % B over 15 min
mass-directed fraction collection] t |l.akrt he desired product 75 as a
yellow solid (80 rrw, 31.7 %9: 1H NWR rﬂd@ MHz, C1)30D) 5 8.12 (d, J 11.4
Hz, 1 11), 4.07 (s, 1 H, 3.04 (s, 3 El)} 2.96 (s, 3 H, 3.13 -2.93 (in, 3
H, 2.77 (s, 3 H), 2.27-2;15 (m 2 H), 1.69-1,57 (m 1 14); Ms (ESI) tn/z
505.41 (M 141i). Conpound 76 1076 Conpound 9 (20 ng, 0,045 nmol, 1.0
equiv) in TEIF was &8dddSNa2COBL (955 npl1 ToquivDy@ssideriole,C1RCD selquinv) and 0.1
m- penzoyt ohl Qklus opoLMb bem Soful b 1B ok it realidiw DG fIPLs <42 D3 equiv),

The reaction mxture was st roomtenperature Lc M5

anal ysi s |nd|cé@e@f@meEﬂm@%hWQMﬁHﬁ@ﬁW§ﬂﬁﬁE§hE@i@m#@uﬂ@@IéﬁhQWé&ely

HQ /MeOH (1 rrif,o wée Mdewsh@gd%gthpvmrh&h%étegﬂ Al ol é«%&ﬂﬁt' rred for 2
mn. The m xture was concentrated under vacuum the residue was purified by
reverse phase HPPEetidhe spplopa fﬁ@éé@\ﬁtaﬁ?ﬁ‘fe(@f@d%SOQEmNWR‘H(MI@@YOM—IZ C. D30D)
58.23 (d, = 1.9y &%ﬁ 7L 6 (m 3 FD
TR O ;,@@z %Sfér'!)nqles }?%&d(z@%@;ﬂ%{?,zﬁm?lz)o%)ﬂ( ﬁﬂ %(775%6 A
M5 (ES[) 20k | f(z1 5512 7136(W/§H)(m [ H), 7.26€b hplouAds, 7§ (dd, /839. V\elr%Hzprébar ed
simlarly to c neL 76 pyUsi 8 acid chlorides. 25
Conmpound 77 V@?%g¥0¢b%7£go @gp%§§8335%5§%2391§32 1017001 - 91 -

111 NWR (400 MHz, CD3O.D) 6 8,25 (s, 1 H), 8.21 (d"I - 80 Hz, 1 H, 814
(d, 1 10.4 Hz, @%%?Rm@QQZ (d, J=8.0 Hz, 1 H, 7.76 (t"/- 8.0 Hz, 1 H),
4.08 (s, 1 H), 1-2.89 (m 9 H, 2.35-2.22 (m 2 H, 1.71-1.61 (m 114);
MS (EST) nilz 620 1 (M-14), Conpound 78 78

| H NVR (400 MHz, CD:30D) 6 8.10 (d, =108 Hz, 1 H), 7,41-7.33 (n-t, 3 H),

7.09-7.07 (m 1 H), 4.00 (s, 1 H), 3. oPg H), 3.12-2.86 (m 9 H),
2.23-2.13 10(m 2 H), 1.60-1.50 (m locbl);ol\/B (ESE) n-Cz 582.1 (M+H).
Conpound 79 79 1H NVR (400 MHz, CD30D) 8 8,12 (d, |

= 10,8 Hz, 5 H), 7, 89 (d, .1 =3.215liz, 1 H, 7.78 (d, J = 4.8 11z, 1
11), 7.22 (t, J = 8, 3| H, 4,10 (s, 1 H, 3.20- 2.98 (m 9 H),
2.36-2.20 (m 2 H), Biﬁ“@é- 30 158, G Mol eV RIIDMAF 22658, Ul MpeHO-! Conpound
80 equiv) were added to a CH,Cl, solution of crude 3 (360 mg), The reaction was

stirred at 25 °C for 1.5 h and concentrated. Flash chromatography on silica gel (35:1

hexanes/EtOAc) yielded 400 mg of compound 4 (94% for 2 steps): 'H NMR (400

20 MHz, CDCl) 6 7.46-7.41 (m, 2 H), 7.31-7.23 (m, 3 H) 7.18 (dd, /= 8.8, 8.7 Hz, 1
H), 7.10 (dd, J= 8.8, 4.4 Hz, | H), 2.41 (d,/ = 2.3 Hz, 3 H), 1.44 (s, 9 H); MS (ESI)
m/z 345,18 (M-H).

Compound 5




20111 NWR (400 MHz, CD30D) 5 9.34 (s, 1 11), 9.04-9.00 (m 2 H), 8.20-8.15
(m 2 H, 407 (s, 1 H, 3.27-2.94 (m 911), 2.34-2 18 (m 2 H), 1.68-1.59
(m 1 11)WONBIH®ESTY nv z 553.1 (Mh H) Conmpound 8.1 WOPCT/US2009/053142

2010/ 04 747ORGTY US2009/ 053142 4142.1017001 - 92 -

IH NMR (400 MHz, CD30D) 6 8.13-8,06 (m 2 H), 7.98 (d" =7.6 Hz, 1 H),
7.77 (d, J= 7.2 Hz, 1 H), 7.67 (t, 1 =8.0 Hz, 1 14- ), 4.01 (s, 1 H, 3.26
(s, 6 H, 3.14-2,83 (m 911), 2.27-2.13{¥m 211), 1.64-1.52 (m 1 H); M
(ES1) in/z 595.1 (MtH). Compound 82 CH382

111 NMR (400 MHz, CD30D) 6 8,08 (d, I -=10,8 Hz, 1 H), 7,98 (d, 1 = 8.4
10FL, 2 H, 7.49 (d, =8.4 Hz, 2 H, 4.02 (s, 1 fl), 3.19 (s, 614),
3.12-2.88 (rn, 9H ) A THRMRiold & 1) ofd (HH7 md.. 16(0nflm<5,12«jmunl)\¢d); addedvﬁsa( ESI) ni/z

595,1 (k1-1-H), 9 8 14 2
H, 8, (()5 (d, . ¥ T@%‘F&z‘“%‘“ﬁd H@}%%WR%L}? ‘1%011399385)) 7807 G | (m
H,.4.12 (s, 11311941:1)3(320@ 11620Hhuyo 131 @A e@ing 6t (817 C. ThbfyeactRnddbs ﬂl;r% a(m 2 11),
1.72-1.59 1

3016) 01 3a7onCT (o ber SE5 b T4 Rgt vhmt M50 g Og&moP‘%éSm‘“ﬁaﬁd 9 (20 my,
0. 045 mmol, 1. udégub e réaatidiHFxwasdragded TRLEATE dabstingd fr@mG%"GmDI 2.0
equiv) and 2- thJSQE']?Pﬁg'é 1%n%§éﬁlw1glnla§1¥ate%g\llg %? agd &gr’actgd 1?17 Et%l he 1 > equ' V).

The reaction mixXture mté erature LC- M
anal ysi s i ndi caiom@medhét(sﬁtwtrwﬂgwqmﬂmdl(blh>f>®a)9n¢mm@dmcoyrpitiéteezhgde HCl / MeOH

( 1 m, 4N Wa gtegreégatfvg?ev@sé(g eeHﬁTt(t“ g%ﬁcg‘tﬁg % tgrg Afu%ﬂlrl%tecg? Cgly The

m xture was co centr at under “vacuu resi reverse
phase HPLC tlo abfton dsiconpobnd’rdC (208D I)lmﬂlHMNMQ %ﬁD@nll\/ﬂw r'@m@D) 6 7.75

I(-lg,d '1 ? (%19 %L/gu%ﬁgxelﬁ‘zf\l%%@ﬂ?th%il %g(‘ Al%"?ogfe% IJ_%‘H %NH%@ 2 (d J= 10,4
2.30- 2. 18 (m  21EY:I0 i68sidn Bhuriarny. 0l (1H: pm md(qgsswaw BBgsrlgn@M (11).
Conpounds 85 - fﬁﬁ wc%d@{? ARAIE Sﬂecﬁé{lﬂﬂ QC%]L)XS L &Q%QWMI@@ %% ihe

correspondi ng s und 8 (400 MHz,
CD30D) 67.44 (& quun, wgr@ collaeed and qq)rcenttat@_cbor(esRota_Vclﬁ)at 13 2pope 9Okt ethvhe 12 H),

éo ?T;)loﬁ o (2;] 2 8 (6f . a%el!)’gnznlel TR re;ult%]g rﬁd sﬂK (i'ueJJ_le ’Sol%n(dzé%){%eﬁ:wd Zim4%0 Ac. (T% 11). 20
combmed EtOAc extracts were dried (Na;SOy) and wncwtra&d to glve 185 mg of

pure 5 (35%): 'H NMR (400 MHz, CDClx) § 15.67 (s, 1 H), 7.51-7.46 (m, 2 H),
739-7.29 (m, 3 1), 7.21 (dd, J = 8.9, 8.9 Hz, 1 H), 7.03 (dd, J= 8.9, 4.0 Hz, 1 H),
5.34 (s, 2 H), 3.93 (d, J= 10.4 Hz, | F), 3.30-3.21 (m, 1 F), 3.10-3.00 (m, | H),

20 257-241(m, 3 H), 2.48 (s, 6 H), 2.17-2.12 (m, 1 H), 1.53 (s, 9 H), 0.82 (s, 9 H),
0.26 (s, 3 H), 0.12 (s, 3 H); MS (EST) m/z 735.45 (M+H).

Compound 6
HaC. ~CH

OH O OH ©  OBn

25
Aqueocus HF (3 mL, 48%) and TFA (4 uL.) were added to a CH;CN solution (7 mL.)
of 3(210 mg, 0.29 mmol) in a polypropylene tube at 25 °C. The reaction was stirred
at 25 °C for 18 h. The resulting mixture was poured into an aqueous solution of
KHPO, (21 g, dissolved in 150 mL water). The mixture was extracted with EtOAc.
30 The combined EtOAc extracts were dried (NazSOy) and concentrated to yield



NVR (400 MHz, CD30D) 5 7.82 (d, .1 7,6 Hz, 2 11), 7.58-7.46 (m 4 H), 4.07
(s, 1 H, 3.10-2.92 (in, 9 11), 2 35-125 (in, 2 H), 1.65-1.55 (m 1 H; M
(ES1) talwo2bQ/747M - H). Conpound 87 WD 2010/ 017470PCTPOSAB0@NO581A2 4142
101700142 184001 87 114 NMt (400 MHz, CD30D) 6
7.72 (1,1 = 5.6 Hz 1 H, 7.62 (d, | = 7.6 Hz, 1 H, 7.50 (d, | = 8.4 Hz, |
H, 7.41-738 (m 2 H), 3.97 (s, 1 H, 3.03-2.82 (m 9 H), 52.19-2.06 (m 2
11), 1.53-1.50 (m 1 H; M (ESl)iiilz 622.1 (MH). Exanple 4. Synthesis of
Compounds of Structural Fornula (1), wherein X is hydrogen and Y is

R Neoupl i ng. PO KR gt R S e epd ATET: B o ERY H Eno 0 Ho

= 0 4-10TBS | depreat@ctinm whemn @R3is, Al4Eot/ect b,isg g oup, 6.77 (dd, /= In

Formula (A). FOr: dattal N catgotils’ Rate by Sinbhs 4 4k ddecr 1Bl bel ow, 1 ¢

i s hydrogen and He3.and oR¥nar &), b ak-ervotiogethero w, t i) the-Trzr fpon Frdosi t r ogen

Cubsti Lot ed - 7 FmL B >S90 0/ b1 fORCR 0eoBbT 083142 4142, 1017001 - 95

- saturated heterocyclyl. It will be readily apparent to those of skill in
the art, howeve(rO ,)w[ t.this Schene 4 wll also be useful to synthesize
conpounds where I’%t and le are .le, RI) and Rn, respectively, as defined

in structural forrmula (A). The fol{ ow ngCepfpounds were prepared according
to Scheme 4. 5 Conpound 88 H G

10 Palladium on carbon (35 mg, 10 wt%) was added to a MeQH/dioxane
solution (4 mL/4 mL) of crude 6 (180 mg). The reaction was purged with hydrogen
and stirred under H; (balloon) at 25 °C for 1 h, The reaction mixture was filtered
through a small Celite plug. The filtrate was concentrated to yield the crude product.
Preparative reverse phase HPLC purification on a Waters Autopurification system

15 using a Phenomenex Polymerx 10 uw RP-1 100A column [10 pum, 150 x 21.20 mm;
flow rate, 20 mL/min; Solvent A: 0.05 N HCl/water; Solvent B; CH;CN; injection
volume: 4.0 mL (0.05 N HCl/water); gradient: 0—100% B over 15 min; mass-
directed fraction collection]. Fractions with the desired MW, eluting at 6.4-8.2 min,
were collected and freeze-dried to yield 51 mg of compound 7 (41% for 2 steps): 'H

20 NMR (400 MHz, CDs0D) 8 7.26 (dd, /J=92,92 Hz, 1 H),6.80 (dd, /=92, 43
Hz, 1 H), 4.09 (brs, 1 H), 3.14 (dd, J = 15.0, 4.6 Hz, 1 H), 3.04 (s, 3 H), 2.96 (s, 3
H), 3.09-2.91 (m, 2 H), 2.31-2.18 (m, 2 H), 1.68-1.56 (m, 1 H); MS (ESL) m/z
433.28 (M+H).

25  Compound 8

0

HaC~. -CHs
1 H H N
5/\? o OH
008
P 0 e NHo
’ Tz
O2N \[ T/OH ﬂ/
OH OH 0 O
8



88 To a suspension of 1-Fnoc-L-azetidine-2-carboxylic acid (135 nyg,
0.42 mmol, 2.9 equiv), and
(2-(7-azawOHotanzoori azol e-1-y1)-.1, 1, 3, 3-t et ranet hyl ur eairarsedd/053142

hexaf lsugr oy phosphate) (164 ng, 0.43 nol, 3 equiv) in "VHF (1.5 nit) was
added triethylarnine (60 tut, 0.43 mmmol, 3 equiv). After 30 mn, aniline
2-6 (106 ng, 0.14 mmol, 1 equiv) was added. After 18 h, the reaction

m xture was concentrated under reduced -pfessure. Preparative reverse phase
H PLC of the resulting oil was perforned on a Waters Autopurification

systemusing a Sunfire Pre D 15 m, .19 x flow rate,
20 nillmn; Solvent* A@“@ﬁﬁﬁﬁﬁ%ﬁ(g?f@ﬁ¢k§ﬁ$#ﬂn%L&%gﬁﬂé“@tT¥ag@N with 0.1%
HCO21-T; i nj ecti.00, ¥0ltiorer mB) of 745 Dmm ¢12(1MN}L1:,0 qr. adé eadtion 88s sﬂ?r]:@@t% B over
15 mn; mass-direc ti on, col ractions deS|red MV
eluting at 10, é)s% ftﬁ‘ g“?ﬁ“ai:“ Weralteg “}“&%Efteévd" %Hiad ?YPB%%“’dP‘%"EH‘hIt S“’b“r ovi de 131 ngy
of a yellow powﬁlﬁ}ryl etB€ (60 mL). ThosiBpeibitvaofilteefd thldeshadxmag (el @ridedi ate i n

CHZClZ(Zm ( ridine ) ter 30 m t he reaction
ol ut L on-vas poliv B Trs B LB R B prEce B 6r R G 9HEe ed i t b
Et OAc (3 x 20 rMgOH The ﬂn;@:hiamrhechn(er@anm T}awelﬂc&'mﬂﬂ lrehtechs (N&2S0. 4) ,
filtered and C%‘%%@E&%egu el sauced, g %Hl%le% T wd‘omt'on of the
resultlng crudé’ ol Mash “CoOI U Chr ofa on"Sit |cag I
(Silicycle, 5 ¢D:0D)6 B3t JE®, inHG% Et)@(msl rH)hemraewgﬁ,auH)em); (sps ovi ded

47,6 nmg of the  in A ove nediate (24
ng) was dissolJ@diﬁapggQ?% P8 {202 éﬁhﬁ%nan aqg} ékgdﬁ Ution of HF
(50% 200 uto) wESUaﬂﬂEﬁzoAMPH 18. 5 h, the reaction

W02010/ 017470PCT/ US2009/ 053142 4142.1017001 - 96 - solution was poured into
an aqueous .K2HPO4 solution (2,5 g in 20 nit) and extracted with Et0OAc (2 x
25 nit). The cdibipned %rganic | ayers were dried (Na2SO4), filtered, and
concentrated under reduced pressure. 5Pahj@d ym on carbon (10% 12.5 ng)
was added to a solution of the abové |nperm@éiate in dioxane: MeOH (1:1, 1
nit). The flask was fitted with a gep eVacuat ed and back-filled
three tines with hydrogen gas. b? vasNbBubbl ed t hrough the
reaction solution for three mnu OH ' gaction m xture was stirred
under an at nosphere (ball oon) of hydrogeﬂ gas for 4.5 h. The reaction

m xture was 10 filtered through celite to renove the pall adi um cat al yst
and concentrated under reduced pressure. Preparative reverse phase

11-111.: C puri fi cat Pondiafh chkerbsresaied Owob)wisasdepes £ eOHdoQM WAt er s

Aut opurificati stem ysing a _.Pol yrmerx 10 1 colu [30 x 21.20
nm 10 nicron,?QS?%%ﬁ?&k%~BW%%N“Hb *Hm%ﬁggwha§§¥$%ﬁ9 %”méﬁg% %n i nj ection
vol unme: 3. 0 ni tballGorQaNHCIfof hh maeﬁtalystgmammofwﬁ h ©fall (leﬁte\l}zlaﬂ hrh@- >- 30% B
over 10 mn, t 0% irecte tion

col l ection]. F?zt{: Cf‘88?155003\%(3%69?%3yﬁéﬂs"lnfdgg R}War ﬁvﬁréc }iasbmgt 1.25 mn, were
col | ected and mnekmemdm1eﬂmmﬁh%mmmsﬂ&momg@mmmumgaphmﬂﬁ@mﬁﬂﬁypﬂb&fied Vi a

preparative,re t P bov adl | ution

15- >, 50%8%18ve\r{8 gﬁhfﬂ%at g mHi?E ﬁﬁﬁggmB%P%@F fractlon
col | ection. FradsinoRAs!]; 8bltvbnttBher! gtesnmadon2&mwvztehﬂu00r®g NeHICIBwderB, 0 M n, were
collected and fr eeze dri o vyjel of. co 8 11 NNW
(400 Mz, CDsog it %““’288“9 @"?veﬁs%‘”omﬁé dF‘%Ct‘iQ)ffac% %C“?% Eré‘@“o&“z 14.11 (m
1 H, 4.09 (s, tl d@lredZMWQe @it § M6.clinHygre 218QeRari@rebm drikd H)yiel@. 33-2. 19 (m

§5H2ﬁe3h§? 1 5§é§¢ﬁﬁﬁgk%(%§§§%§ %%mg@ﬂﬁﬁh6§ﬂ§§NaD¢En§g43@%&55%%S|On of

L-azeti di ne}52 car baxylliigbraci ), (62908, gm, 2H8 7. mmb&(ml]eqw 061299 nlVeOH. (3. 6

m.), was added ueous, fo | de e SO ut| 37W 5 mol , equi v)
and pal | adi um 5’3%@ Bk ?[gg/é 3/@){% gy : 24‘[1 R 1”? - #Jédl %Bbs% th a.
septum and eva@ma[Hﬂh&hdﬁbﬁﬁkAiamMEﬂfﬂhree tlnes mnth hydr ogen gas. The
reaction was stirred under an atnosphere (balloon) of hydrogen gas for 19
h, and was filtered through celite to renove the palladiumcatal yst. The
resul ting sol utivenound®i 2010/ 017470PCT/ US2009/ 053142 4142.1017001 - 97 - was
concentr at under reduced pressure, concentrated fromtoluene three tines
and dried under vacuumto afford N-nethyl-L-azetidine-2-carboxilic acid:
1HNMR (400 MHz, CD30D) 5 4.50 (t, J= 9.5 Hz, | H), 3.96 (dt, ./ 4.3, 9,8
Hz, 1 H, 3.81 (q,/ =9.8 Hz, iii), 2.86 (s, 3 11), 2.71-2,60 (m 1 H),
2,50-2.38 (m 1 1-1), 5 Conpound 4-1-1 To a suspension of aniline 2-6
(302 ng, 0.408 mmol, 1 equiv) and N-nethyl L-azetidine-2-carboxilic acid
(148 ng, 1.28 mmol, 3.1 equiv) in CHC, 12 (6 nL) was 10 added
O-(Benzotriazol -1-y1)-N, IN, N, N-tetramethyl uroni umtetrafl uoroborate (395
ng, 1, 23 nnDI 3 eqU|v) and DlEA (285 pi:, 1 64 nnDI 4 eqU|v) After 16.5

1 ‘.l__ I 1 T N 1 N Y 1 o




WO 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 98 - To a sol ution of
4-1-1 (147 ng, 0.175 mmol, 1 equiv) in dioxane (3.5 nL) was added an
aqueous swbuvioom7afh HF (50% 750 4). After 4 h, the reaeCiras2@olosditbn was
pour edijiknt@7en aqueous K2HPO. 1 solution (9 g in 90 nL) and extracted with
Et0Ac (2 x 50 nml.). The conbi ned organic | ayers were dried (Na2SO4),
filtered, and concentrated under reduced pressure to provide 128.4 ng of a
crude yel |l ow foam The HF depr ot ectBi-on product (144 ngy, 0.199 mol, 1
equi v) was dissolved in dioxane: MeOH (1:1,4 nL), and pall adi um on carbon
(10% 43.5 ng) was added. The flask was fitted with a septum and evacuated
and back-filled three times with 10 hydi ogen gas. Hydrogen gas was bubbl ed
t hrough the reaction solution for@éfr N RYTE d the reaction mxture
was stirred under an atnnsphex%/ﬁ gdq ) @n gas for 3.25 h. The
reaction mxture was filtereécthrough celilte e renove the pall adi um

catal yst and concentrated under reduced pressure. Preparative reverse phase
HPLC of this oil was performed on a Waters Autopurification systemusing a
15 Polynerx 10t RP-7 100 R colum [30 x 21,20 nmm 10 m cron, solvent A
0.05 N HCl in wat er 2-rdokwantoaB:tylGloriBGMrocijreet(4. d mev@bitmenol22 ke@ud nl (0. 05

N HC in water).; . i enti re- 0= % O, m,n; ~dirgcted fraction
col | ection], Fr%%g?%%éogm M%: ngﬁjggnd@éi %@dﬁ}m\; " I%{ﬁllrr}amg?g%.sl%@%%4o m n and
6,9-9. 4 nin,S r espeot vuetiyed o25 8adh 3p umy. Therecivombknedyas Theedutof 01 he
solution at O L H 7. j ise. addition
of 0.5 M aqu_eOl_JcI;“sH@?“ffl%g)sag?{ijn?l %%gqttégg;%%?ﬁ%? A @c%roﬁ%%&@eﬂkuﬁ?ﬁ?g} ul

moni t ori ng wi t Phamneheckalonire | pHREEL EPA cFhendbfuends? s@l 4P mon flwasatext r act ed
with CH2C12 (3 m k) .and. phengambined, gr ganhe Jl.ayers wehepdsied
(NitSO4.), fil tiérlgg‘,“maﬁé”é‘é%cé?? e ?@?ﬁéﬁ%%?teésﬁﬁ%@é’vﬁrr ovi de
79.7 nmg of conmpdund, B88s-dsectdddratucmechasen](0adibts wooths d#899 MW kiusny sl | ow 25
solid was dj.ssal i: 0] kL)L , , ; | I, 2
cqui v) ves Saaad iR Gk bk R b e e R e o,

dri ed under vadudR4@ndBEdeoer drizédd, f/r-ormiwéd, ét)tl Igboyvil db, 4055y of 89 as

t he di nesyl ate tn oL : 0 e ) ., 6. ( - 0 Hz, 1 H),
5 16 (t, J = 8, %‘?“218@}30'\'%%%%4? W(giﬁ?%%rﬁ'%'g?éé‘?ﬁ@zi'?%}%E H)
3.17-2.85 (m 16y, H), 121288 9(I$); M6 (EBL) mesy 39 aMeHB01- 1), 2.64-2.59 (in, 1 H),
2.34-2,15 (in, 2 H, 1.70-1.58 (in, 1 H:; M (ESlI) ailz 545,18 (MtH),
CGeneral Propcedures for the Preparation of Conpounds 90 - 94 - 99 -

To a solutilon dforgnidd3e 2-6 (1 equiv) in THF (0,05-0.09M was added an
acid chloride (3 equiv). The reaction solution was filtered through celite
and concentrated under reduced pressure. The resulting oil was dissolved in
di oxane (1 mL) and an aqueous sol ution of HEC(50% 200 [..t.L) was added.
Upon conpl etion, the reaction was poured-in 8-anocaqueous K211 P0.1 sol ution
| @ 25 mL). The comnbi ned
organic layers were dried (Na2SOf), Nfifltgrédsjand concentrated under
reduced pressure. Palladi umon carbon O(“Jjg%o s ddded to a solution of this
crude oil in dioxane: Me011 (1:1, 1 nL). The 10 flask was fitted with a
septum and evacuated and back-filled three tinmes with hydrogen gas, and
then the solution edhwth., i.ng ‘ n. 2 mnutes, The
reaction was sti rr%ﬁﬁggﬁgﬁﬁﬁ)@ﬁ’ﬁg&ghj{@ﬁ‘ngg{l]%g%? dﬁgg}oczjaélen gas for 2 h,
The reacti 0¥ maghyire:s WP/ rdetosrteld (tSHnddfghilo edlittiom of & (Y2enmwe2f heopal | adi um
catal yst and cqpcentrated un ed pressure. Th rude products were
ar 11 ed 130y ranaras e HRES L RHEE R CERE S s Bef i G RGN o
*NW CH 0 OF- PO The 8 cRmeparadday 2 atibise | ganef aiMprrosed urdeawt témlére f ol | ow ng

reagents: aniline 2-6 20 (21.1 Q.02 .1 equiv), picoljnoyl
Chior i de. hydr odIBHT e (5 gt Db 0RaL 8 hquy frroiip K pRS RYRR ne (11,7
pL, 0.084 mmvl  thadre@auh M)xturaNtheli@daifidw4s stided QY °C poraw. dadracthude oi | .

Preparative reverse phase It PLC of the cr rodyct S rformed on a
Wat ers Aut opur i U4t |35ﬁ°%cﬁgtfaé%aﬁgf‘%@%%de‘ﬁ§1 @ﬂgﬁog L\Y@Lﬁe%ﬁ%vﬁﬁb&%ﬁ col urm [ 30
21.20 mm 10 miresubing nsalneent adied OroPbistoRHGlordulywatrer dietsoktento B1.). 25 CFLCN;

injection volune: 2.5 m (0, N HCl in water), gradient: 10 60% B over 20
e rmes- o r ocrea PRIEe O Bor] Beprbi i n R 1 B3 e M
eluting at 14.8-16.4 mn, were collected and freeze-dried to provide 5.8 ny
of the desired conmpound 90 (37%: Il NWR (400 MHz, CD30D) 6 8.73-8.69 (m |
H, 858-8.52 (m 1E), 827-8.21 (m | Fl), 8.08-8.00 (m 1 H, 7.66-7.60
(m 1 H, 4.09 (s, 1 H, W 2010/017470PCT/ US2009/ 053142 4142.1017001 -
100- 3.29-2.92 (in, 9 H, 2.38-2.18 (m 2 H), 1.72-1.60 (m | H; M (EST)
in/z 553.27 Conmpound 91 H,3C'CH3 "N HH , H3C

(2.6 gin 30 rtil) and extracted with B



OHO OHO 0 91 Prepared by above general procedure with the follow ng
reagents: aniline 2-6 (31.0 ng, 0.042 mml, 1 equiv),

1- net hyl pyoroiog12470ar bonyl chloride (22 ng, 0.15 mml, ®Ceqiseap/osanzl 10%
Pd- C (412 mg)7001Pr epar ati ve reverse phase [-[ PLC of the crude product was
perforned on a Waters Autopurification systemusing a Polynmerx 1010 u.
RP-'y 100 R colum [30 x 21,20 mm 10 mcron, solvent A- 0.05 NHCl in
water, solvent B: CL13CN, injection volulfe: 2.0 mL (0.05 N NCI in water);
gradient B over 20 mn; mass-directed fraction coIIectlon]
Fractions with [ ect I

repurified via v%% mg’g%]c hgpetw% (%lhtggﬁc! Wi tﬁe e‘?‘uq%d w@ug\?lz(gg té%oeveex'genho mion,
Fractions mnthlmh@mﬂEBKM%dWMMml@WMkDH@h&nwmﬁc@&mﬁd@ﬁhﬁnmmnmwéwemcolIected

NNR (400 Mz, coib) RES: SGputel & R RRRLIRG RTPRECOuIR ki (0 )
6.17-6, 10 (m bnk-Wiers AuBBuifsatidn $tem BsiBda vmozsumygn&migozl,ml(m 9 14) ’
2.33-2.18 (g 2 8 m E 5 (M-H) . 20
Conpound 92n§l IOHACH”mngK gﬁéaﬁéé% ge#é 6§o§eém 1V“§§‘ ﬁ%Nfollomnng
reagents: anlldﬂé &ﬂ&m(Bichhguu@mamﬁamnmd]le(@QﬁwamMamﬂ gradient;

5- et hyl i soxazaol.e;-3z car bony qui v), and
10% Pd- C (10 ngo ;§/2%8Y%Ilgglrever?gﬂééaﬁmnﬁgfewmi %Hgﬁgm%fﬁﬁe pr oduct
was performed chsigdWater stindut opei.f ncatiesrolystiend Ugizagdrial Peleydmer x 10 u

et or . sol vent B Vepbeg 3% ot SRR P, RbO8 e RO B s MR Y Kt er )

gradi ent: M[)Zﬂmﬂﬁﬂl?glﬁpGgﬂWBZQQQﬁ@53&42twmnﬁrﬂmiﬂﬁﬂm:}&MQi3{l 10-,60% B

over 20 mn; d|r C f i 1, -Fra t he desired
MA el uting at 1 (§ 1 %gﬂﬁ {ﬁﬁgﬁgquqpeg%g&ggﬁamﬁ gké drl%%a@bgprovide
4.0 mg of the d@siﬁ%dsaonﬂdmnuﬁgﬂs(kﬂ@&wzmmwmﬂm (400 MHz, CD301)) 8 8.32
(d, J=11 .0Hz, 1 H), 6.59 (s, I H, 4.09 (s, 1 H, 3.19-2.90 (n), 9 H,
2.52 (s, 3 H), 2.34- 52,18 (m 2 H), 1.71-1.58 (in, 1 H; M (EST) m/z.
557.26 (M 1-H) .Ct@m)podmu ~93a1ﬁr@<pwteddb§3 Hooy pregenierralariproCedpsedn t h t he

t bl 1 ow ng reagent (

1-nethy|-1F§py§g£§F2%n$car %%t%n rmga&ahg%@i@”pﬁémggnﬁb%ﬁ%ﬁﬂH§g°HU|v) and
10% Pd- C (20 ngbawﬁm@waﬂéhnu@quVEmsecphamefbﬁtﬁmbﬂAmﬂ@sﬁﬁb@@oproduct was
performed on a N\ BE Aytopurification systemusing a :Polymerx 10 u. RP-7
100 R colum [30 Z1. 6 mm 10 mcron, solvent A 0.05 NI HCl1 in water,
solvent B: CH3CN;, injection volune: 3,2 rriL (0.05 NHCL in water); 15
gradient: 10-43Q% B over 20 min; mass-directed fraction collection].
Fractions with the desired MN elutlng at 12.5-14.5 mm were collected and
freeze-dried to provide 11.2 ng of the desired conpound 93 (49%: H NWR
(400 MHz, CD30D) 5 8.38 (d, - 11.0 Hz, | Huc7.68 (s, 1 Fp, 6.82-6.76 (m
1 F1), 4.09 (s, 1 H, 3.99 (s, 3 H), 3 6- 2H90H‘n] 9 .17.1), 2.31-2.16 (m
2 H, 1.70-1.56 (m 1 H; M (EST) . “200'A, 1+H).\ Conpound 94
Prepared by above general p ‘ g reagents: aniline
2-6 25(30.0 ng, 0.041 mmol, 1 eqU|v)**103- .@- 2-carbonyl chloride
(17.8 nmg, 0.12 mmal, 3 equiv) and 1. 0%"Pd-C (15 ng,). Preparative reverse
phase HPLC of the crude product was perforned on a Waters Autopurification
systemusing a Polyperx - 102 - 10 p. RP-y 100 R colum [30 x 21_20

.M 11, 10 micron, sdf VMt a0 Mylzo6DNPIRIS CB (dn/ wak 2Hz, 1stdl *@éﬁfs BH),CH3C. N,
|nject|on vol ung ! i r) 9 o B over 20
m n; mMass- d|recte&g%rggt#gggcg??ggf§%g e %ég{on%9@F? éépagg??;d MN
eIutlng at 204, Sulmiolﬁ9ﬁ72ﬁmr%fﬁdhﬂﬁd®hd =dAd, f%@éiéiurlHﬁlﬂb(@JGV|de 5. 4 5
ng of the deS|r ,,,,, Fl,NVR (400 MHz, CD30OD) 6 8.38 (d".

11.0 He, 6?@?@%@?{“%%%%%(%#% 7.95 (d, = 2.4 H, 1 H), 4 06
(s, 1 H, 3 20 2.90 (in, 9 H, 2.34-2.17 (m 2 H, 1.70-1.56 (m 1 H; M
(EST) m z 559. %%n&N%Mhs 10Exanpl e 5. Synthesis of Conpounds of Structura
Formula (A), wherein Y is or -NI1-S02-(Cl-12)2-N(RA)(RB). Schene 5 - 10,
In Schenme 5, R represents -(Cl-Co)alkyl, -(Co-05)alkylene-carbocyclyl,
- (Co-05) al kyl ene-aryl, -(Co-05)al kyl ene-heterocyclyl,
- (Co-05) al kyl ene-heteroaryl, -(Cl-C3)al kylene-N(RA)(e); Ar represents an
aryl or a heteroaryl group; and RL and Rv are RA and Rn, repectively, as
defined in Structural Fornula (B). The foll owi ng conpounds were prepared
according to Schenme 5. Conpound 5-1-1




Compound 2-6 (150 ng, 0.203 mol, 1,0 equiv) was dissolved in 1,2- 10

di chl oroethane (3 m.). 110Ac (58,1 pl1 ,, 1.01 nmmol, 5 equiv.) and

i soval er avoehida74782. 9 ul .. " 0,304 maol, 1.5 equiv) wePeTaAdd@d/053The

m xt ursesnes 7edi rred for 1 h. Na(OAc)313H (129 ng, 0.609 minol, 3.0 equiv)
was added and the resulting m xture was stirred for another hour. The

m xture was washed with H20 (10 nL) and concentrated to give crude 5-1-1
(250 ny), which was used for the next st®p wi thout 15further purification:
.MS (ES1) ni/z 81 0.59 (M+11). Conpound 95 1111111111101101 H3C,N,CH3 H 7
O—l OH 0 01-PO 95 Aqueous HF (0.3 nmL, 48-50% Mas. gdded to a CHSCN sol ution
(1.5 mM.) of 20 5-1-1 (250 ny crude) infa pLas;ch‘c vial at 25 'C. The
reaction was stirred at 25 "C for 18ohrg?s #¥i ng mixture was poured
into an aqueous sol ution (1@col) o6f Kk _£2-9)* The sol ution was
extracted with EtOAc (3 x 15 nmlL). TheHcopgpbi fHEt QAC extracts were dried
over sodium sul fate and concentrated to give the crude internediate ('1 55
ng), 7510% Pd-C (20 ng) was added to a di oxanet MeOH solution (4 inL, 1:11)
of the above crude internediate. fiC/MOH (0.5 mM _, 0.5 N was al so added.
The reaction m xtur éHwaﬂ{stivr}edCDﬁd[eyo 442(d(bal 1 oon)1 &y, 428 (5, VHhor 2 hrs and

pad of Gl I Le. “THE 11117 Lk AL orncarh (5t 66 08 07V 6%k EPbd2: bhoduct 144

ng. The crude mgpdu);umassmmrifH)edémdd-ll?Iszmao Wol@mrm 10iou KRm7 100 R

colum 130 < 21,20 0, m,cron, vent A . 05 N HC1, solvent B: sanple
in2.0nL (0.0 "i?#@a)‘:"[”g?‘g}a{%ég@ é\ﬁﬁﬁé ’w"?lhz@é"g 100% B over 15 min, 5
mass-directed fraction collection] to yield the desired product 95 as a

yel | ow SO|Id ( ng d71§t% 2 steps): 1H NWR (400 MHz, CD30D) 6 7.44 (d, =
9.2 He, CIPOPE 1y, 3.42-3.37 (m 2 H), 3.05 (s, 3 H), 2.97 (s, 3
H) , 3,21 2 97 (m 3 H, 2.39-2,30 (m 1 H, 2,29-2.22 (m 1 H, 1.79-1.59
(n, 411), 0.98 (d, J=6.4 HZ, 6 H; M (ESL) tm/ 218.43 (M. 14).

Compounds 96 - 101 were prepared simlarl toHcoprﬁound 95 using the

correspondi ng al dehydes in the red ve on-Step. Conpound 96
151 H NVR (400 MHz, CD30D) H@:J/\S}}%ﬂf EL NA.10 (s, 1 H), 3.34
(t, 1 =7.8 H, 2 H, 3.04 (s, 3 ,2@6

s 3 21 -2.95 (m 3 H),
2.35 (t, = @3.7 Hz, 1 H), 2.27-2. 20 (m & H), 1,82-1.72 (m 2 H), 1.71-1.60
(m 1 H), 1.05 (t, | =7.,4 Hz, 3 14): MS (ESI) in/z 490.32 (MAI). 20
Conpound 97 97 1,1, 1NMR (40( MHz, CD301)) 8 7.34 (d, 1= 9.21 H), 4.10
(s, 1 H, 3. 34 (t *H NMR @OSMLEAHDDIB)G 8.3. (ﬁM{sLZHzH)I;I)ZO@Gs (8), 3 H), 3.24

-2.95 (in, " 7 (
22101 o8 (m g2t aobein ity ¥y sty 557 é%%‘édd“ﬂé% vE
(ESI) nt/z 504.146, §ReH) Hz CONPOUTRATI98), 2 H), 1.66 (ddd, J = 14.0, 14.0, 14.0 Hz, | H),

15 1.43-1.35 (m, 6 H),0.93 (t, J = 7.2 Hz, 3 H); MS (ESD) m/z 589 2 (M~H)

Compound 15

HaCw, -CH
F 3 N 3

20
"H NMR (400 MHz, CD»OD)S 8.23 (d,J = 10.8 Hz, 1 H), 4.09 (s, ZH)

14.4,5.2, 2.8 Hz, 1H), 1.66 (ddd, J=13.2,132, 132 Hz, | H), 110 (s, 9 H); MS
(EST) m/z 575.2 (M+H).
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11-1 N.M.R (400 MHz, CD2,0D) 87.43 (d, J= 8,7 Hz, 1 H), 4,10 (s, 1 H),
3.34 (t"Iwe210@1Hz) 2 H), 3.04 (s, H), 2,96 (s, 31-1), BCRAS2@905314tn, 11
H, 2444z 213d1(m 1 11), 127-2,20 (m 1 H), 2.11-1.98 (m 1 H), 1.72-1.60
(m, 1 H, 1.20-1,1 1 (in, 1 5H), 0.74-0.68 (m 2 H), 0.43-0.38 (m 2 1-1);
MS (ESI)tn/z 502.40 (NH1-1). Conpound 99 H,C'CH3 H7 N OH CrN OH 0 Ol -P%
0 99 1HNVR (400 MHz, CD30D) 6 6.97-6.89

1 H), 4.07 (s, 1 H, 3.34 (t, 1= 107.8 Hz, 2 H), 3.03 (s, 3 H), 2.95
s, 3 H, 3.14-2.92 (m 11 1-1), 2.30-2.15 (in, 2 H), 1.89-1.59 (m 7 H),
1.38-1.20 (m 3 H), 1.11-1.00 (m 2 11); M (ESI) tii/z 544.50 (M H).
Compound 100  CompodEl6NVR (400 MHz, CD30D) 8 6.83 (d, .1 10,5 Hz, 1 H),
4.06 (s, 1 H, 3.34 (t"/ - 7.8 Hz, 2 H, 3,03 (s, 3 E), 2.95 (s, 3 H),
3.11 -2.93 (m 5 H.), 2.27-2.14 (m 2 H), 1,67-1.57 (m | H), 1.04 (s, 9
H; Ms (EST) 112/Z 518.48 (M+H). 20 Cor}’poundH&q,lCHa
2010/ 017470PCT/ US2009/ 053142 4142. 1017001 - 186 - on 11-1
NVR (400 Mz, CD30D)874674Q( (s 1H, 3.33 (s, 6 H,
3.04 (s, 3 14), 2.96 (s, 3 13 [0 442,34 (m 1 H), 2
29-2 22 (m 1 H), 1,71-1.60 (irf*1 )Orﬁ/z47629(M+H) 5
Conpound 102 H3C CH 3H OH 0 01-P HBC>i 05102 Prepared simlarly to 95
usi ng t BuN( Gbz) CH2CH @MRLMMT\/NMRCD@D)&\HM@CDQ@D))HG 16{)74208:(5111)01(}-12 1 H),

395 (5, 3 1) U B3 ey PHRTGT I O e B AN T 07 5L (i

1 FT), 1.38 (s 2.9-H)s5 (nVBHY, EST)1. ‘iSrim/ i2), 547 (H1=6MiH) cHCop@sna, 103 Conpound
103 was al so |sglzag {a\q 1J_‘Urlomthe preparation of 102 IR NVR (400 15 MHz,
(D30.1)) 6 6.71 ilOHz 1 H, 407 (s, 1 H, 3.47 (t"/ = 6.0 Hz, 2
FIX317(t .J = 6.0 'Hz, 2H) 3.03 (s, 3 H, 2 5(s 3 H, 3.13-2.92
(nn, 23:2 12 2IT) .1.66-1.54 (m 1 H); M5 (EST) in/z 491.42
(M 1- 14) d%)) % c?ogldgm A vessel containing aniline 2-6 (18.2 ng,

0. 024 mol , 1 eqw v), Pd2dba3 (3.0 ng, 0.0033 ntnol, 0,13 equiv), Xanphos
(3.4 ny, 0.0059 nmmol, 0.25 equiv), K3PO4 (4Q.g..0. 188 nmmol, 7.8 equiv) and
4, 6-di chl oropyrimdine (6.5 ng, O. 044 IH . 8 egw V) was evacuat ed and
back-filled with nitrogen gas three tj

N * e NHo
(VAR ol T

NN

"H NMR (400 MHz, CD;0D) § 8.24 (d,J = 11.0 Hz, 1 1), 4.20 (s, 2 H),
4.09 (brs, 1 H), 3.19-3.13 (m, | H), 3.12-2.89 (m, 2 H), 2.89-2.38 (m, 1 H), 3.04 (s,
3 H), 2.96 (s, 3 H), 2.35-2.19 (m, 2 H), 1.71-1.59 (m, 1 H), 0.95 (brs, 2), 0.94 (brs,
2); MS (EST) m/z 545.37 (M+H),

—
4]

Compound 18
20

"H NMR (400 MHz, CD;0D) & 8.23 (d, /= 10.8 Hz, 1 H), 4.09 (s, 3 H),
3.68-3.61 (m, 1 H), 3.16-2.97 (m, 9 H). 2.29 (dd, J = 14.4, 14.4 Hz, 1 H), 2.25 (ddd,



25(500 uL) was added, and the reaction m xture stirred vigorously and
heated at 80 T WO2010/017470PCT/ US2009/ 053142 4142 1017001 - 107 - for 4.5
h. The resotommim7at ure was filtered through celite andPcorusesmwiosilezl under
reducedspressure. Preparative reverse phase HPLC of the resulting yell ow
oil was perforned on a Waters Autopurification systemusing a Sunfire Prep
Cl8 ON colum [5 p.m 19 x 50 nm flowrate, 20 niL/mn; Solvent A 1120
with 0, 1% 5 HCO2H, Sol vent B: CFLCN wiX’h 0. 1% HCO2H. ; injection vol une:
1.8 niL (CH3CN); gradient: 80-4100% B over 15 min; mass-directed fraction

col | ection]. Fr t 9 8 mn, were
coll ected and fr gg§@§r¥gkpt p%%gﬁééﬁ?zggﬁﬁ%%ﬁgﬁgﬁbgbﬁd’é LM 3709 . 11
NVR (400 MHz, GDCL3) (d3d V5= X6, (3.6, 18.6H)z 1 81)44S (BSI) b zMp3.18v83). (d, 1=5.5 Hz, 1
H), 7,52-7.46 (m 21:1), 7,40-7.28 10 (m 8 H), 7,07 (s, | H, 6.11 (s, |
H, 5.34 (s, 2 H, 4.97 (d., J=11.6 Hz, 1 HO, 4.88 (d, .J = 11.0 Hz, 1 H),
3.95 (d, = 10. 4khmpmﬁimn, 3.28-3.19 (m 14), 3.09-2,98 (m 1 H, 2.61-2.54
(m 1 H, 2,:54-2, 39 (m 8H, 2,16 (d*/ 14.6 Hz, 1 H, 0.83 (s, 9 H, 0.28
(s, 3 H, 014 (s, 3 H; M (PSI) tri/lz 852.57 (1\41-41), 15 Conpound 104
H3C, N...CH3 H 10010010401 OHO OFf 0 104 - HC~ -CF@ a sol ution of 5-3-1
(7.5 ng, 0.0088 mmol, 1 equiv) in diox T 4" iinlyn was added an aqueous
solution of HE (50% 200 pL) ﬁW_TjiJ. rre%gtron sol uti on was
poured into an aqueous K2HP@ﬂfltﬂ ' Ag 20 nil,) and 20 extracted
with Et0Ac (2 x 20 nL). The conbined orﬁ?n?cc1a?er% were dried (Na2SO4),
filtered, and concentrated under reduced pressure. .Palladiumon carbon
(10% 10 ng) was added to a solution of this oil in dioxane: MeOH (1:1, 1
m.). The flask was f e va ck- | ed three
times wth hydrogen ggéﬁgﬁ§%$@6%ﬁébgéyaggggﬁgblggﬁé rJﬁb%oP e r%gitron

sol ution for tbhriee. %5(nm‘5rn01”es4 sa.nﬂ)tzr% (r edal LoR-2mexur &) ek - zstgr(rrr ed under

11 fored tnough tTPCE Ro! Plnbyarthe pal T adl i Latal st Sl Sonbent rated

under reduced poessviell). Preparative reverse phase HPLC purification of the
resulting oil was perfornmed on a Waters Autopurification systemusing a
Pol ymerx 10 p RP-7 100 R columm 30[30 > 2120 mm 10 m cron, solvent A: 0.05
N El C1 i n wat erfConpolndgit B: C1-13C 1\1; WD 2010/ 017470PCT/ US2009/ 053142
4142 1017001 - 108 - injection volunme: 2.0 nL (0,05 NHO in water);
gradient elution with 10-,50% B over 10 mn, then held at 100%for 5 m n;
mass-directed fraction collection]. Fractron@ﬁw(Wh the desired MW eIutrng
at 6.90-7.80 mn, were collected and f oo provide 2.2 ng of 104
(48% . ill NIVIR (400 MHz, En 8.37-8.25 (m 1 H),
8.18-8.05 (m 1 H), 7.30- 7.20 1. 105 S\Wi] , 3.20-2,90 (m 9
1), 2.40- 29 (m 1 H, 2 27- 19 (nrog A Y”*P 72-1. 58 (m 1 FD VB (EST)
nvi 526. 31 (N%FD Conpound 105 to a solution of aniline 2-6 (30.0
ng, 0,041 rnnol, 1 equiv) in 1,2- dichloroethane (500 uL) was added
pyridine (16.3 W" ) hl gr u nyl chl oride
(21 RL, 0.20 mol, gig%ﬁn%MKQ%eéggg f?ggﬂeegsg éﬁ qqﬁ gg %ﬁg heated to
45 C. After onerhmmn 1ﬂhé:meaﬁ1noﬁFMaeBas§dDrm9yel3Hmu@el24amdrm5 anot her

500 pL I, 2-di chl.grpetha d e n he reaction
was sealed andhhgé?ggnrg?ng%fﬁgﬁ%IEQB g;ﬂh?§rro i@?%gg é%QPE 0. 82 mol
20 equiv) was addedilgng? theVig dadi monsheaiMediit o 45 C for 2 5 hours. The

sol ution was poured into aqueous pH 7 phosphate buffer (8 nlL) and extracted
with EtOAc (2 x 25 nf...). The conbined organic |ayers were dried (Na2SO4),
filtered, and 2@rmponmdetrated under reduced pressure. To a solution of this
crude oil in CELCN (1.8 m,) was added an aqueous solution of .HF (50%
300 itt.). After 15 h, the reaction solution was poured into an aqueous
K2111304 sol ution (3. 6 gin 30 nL) and extracﬁé%&ﬁ@%l1 Et 0Ac (3 x 15 nl).

The conbi ned organic | ayers were dr|§d Ng2SO4)", ~fickt ered, and concentr at ed
under reduced pressure. Pal]adiunmjon | - 4 ng) was added to a
solution of this oil in di oxafe: Ve -0 (1T I a4 27mly. The flask was
fitted with a septum and evacuated and @%b? fPTI%d three times with

hydr ogen gas, and the reaction m xture was stirred under an atnosphere
(bal I oon) of hydrogen gas for 1.5 h. Another 10 ng pall adi um cat al yst was
added and the reaction was evacuated and back-filled with hydrogen gas as
before. After 6 h, the 30reaction mxture was filtered through celite to
renove the palladiumcatal yst and WX2010/017470PCT/ US2009/ 053142
4142,1017001 - 109 -




concentrated under reduced pressure. Preparative reverse phase 1-[PLC
purification of the resulting oil was performed on a Waters
Aut opur i fwoanican749st em usi ng a Polynmerx 10 ji RP-7 100PRTaskenmsi13n x
21, 20 muno1%6m cron, solvent A: 0.05 N 11Cl1 in water, solvent B: CH3CN
injection volunme: 3.5 niL (0,05 NHC1 in water); 5 gradient elution with
0->100% B over 10 mn, then held at 100%for 5 mn; mass-directed fraction
collection]. Two sets of fractions with ¥he desired MN eluting at 6.3-7.1
mmand 8.7-9.3 mn, were collected separately and freeze-dried to provide
9.7 ng of crude conmpounds 105. Purification via preparative reverse phase
HPLC with gradient elution with 20.-470% B over 20 m n; mass-directed
fraction 10 col | ectii 8nVR @oovirgedpIIP énfgzio(tl puneo ﬂi95 H) 189 (s, 21FF;T4 (NLVIR (400
MHz, CD30D) 6744(d",) (2 132 379 65(m 4 H),
3.63-3.56 (m 25H ‘37~138672(”9é5%ﬁ1431313‘f1 i)‘”é’ 35. b“) U 1&pH) 2. 26-2. 10
(m 3 H) 2 10-11719654 (M, 18); WIS (Eb1)69=z 16353 (vmmH) ; M5 (EST) a/ 7'z 609. 36
(MH+1) . Qorrpound 106 Compound 106 (1.7 ng, 7% was al so isol ated
fromthe preparation of conmpound 105:1H NM_ (400 WMHz, CD30D) 5 6.71 (d, ./
= 11.0 Hz, 1 HGonfpo@fifs, 1 H), 3.67-3.60 (m 2 H), 338333(m 4 H),
3.09-2.90 (in, 9 H, 2.24-2.13 (m 2 H, 201.95-1.91 (m 5 H), 1.90-1.85
(111, 1 H, 1.68-1.55 (m | FT); M5 (EST) nilz 609.36 (M41), Exanple 6.
Synt hesi s of Conpounds 107 and 108 Schente 6&25\] -CH; 110 - a) LDA TMEDA b)
enone H3C, N . CHSOHO—lHBCNllOO | oPH O Hoe 0 107 H3C, N.O
H3 HH 1111010 OH NH2 CH3 O—| 0] @ he} foI I oW ng conpounds were
prepared according to Schene™6 V'

OH O OH

10 "H NMR (400 MHz, CD;0D) 6 8.25 (d, /= 11.0 Hz, 1H), 4.22 (s, 2H), 4.14-
4.05 (m, 3H), 3.18-2.84 (m, 911), 2.34-2.17 (m, 2H), 1.70-1.57 (m, TH); MS (ESI)
m/z 587.28 (M+H).

Compound 23
1S

'"H NMR (400 MHz, CD;0D) § 8.24 (d, /= 11.0 Hz, 1H), 4.24 (s, 2H), 4.09
(s, 1H), 3.14-2.93 (m, 15H), 2.24-2.18 (m, 2H), 1.65 (dt, /= 13.4, 11.6 Hz, 1H); MS
20 (ESD) m/z 533.17 (M+H).

Compound 24

HMsC. .CH
3 N 3

S OH
HaC o N /ﬁ\ /[m#\;( NH,
oo

oH ©
24



OH 6-1 Conpound 2-3 (5.0 g, 14.25 mnol, 1.0 equiv) in MeO1l-1 (20
trtL) was added a aqueous solution of WHO (2.3 g, 37% 28.50 mmol, 2.0
equi v) amsopaldadizam On carbon (0.5 g, 10 w9 . The reaeCirars2ea9534z ged

wi th hydrogemiand stirred under H2 10(ball oon) at roomtenperature for 2
hours. The reaction m xture was filtered through celite and concentrated to
afford 1.3 g crude conpound 6-1 as a yellow solid. Conpound 6-2 WO

2010/ 017470PCT/ US2009/ 053142 4142101700!59CGH3 H3CNCO2 Ph Boe 0 Boc 6-2

To compound 6-1 (0.9 g, 3.27 mvol, 1.0 equiv) in DCM was added Boc20 (2.14
g, 9.81 mol, 3.0 equiv) dropwi se. DVAP (135 ng, 15 % was added to the
m xture and the reaction was stirred at roomtenperature for 1 hour. Then
the 5 reaction mi xtfm\am\asolmm:ed oo) 3 et WJMMthD{;M 20Tfe/ +eact i on

m xture was conecentrat conpo S [ | um

chr omat ogr aphy é ggd g’ell%leg;:P gﬁ) \ﬁnog%zj 3\& g?){ﬁ“ @1638219{‘8 yi el d
conpound 6- (321{1;61@1783@491@4) asssat, lk=gise H&QBHDWQ@B[)@WW?NW*(HOO VHz,
DVISO 5 7.60 (d, .J= 10,0 Hz, 1 H, 7.53-7.44 (m 2 H), 7.36-7.31 (m 1
H, 7.28-7. 52 (m 2 H, 3.06 (s, 3 H, 2.33 10= 2.0 Hz, 3 11), 1.38 (s, 9
H, 1.34 (s, 9 ddnpod (5EST) in/z 476.2 (MrH). Conpound 6-3 To

dii sopropylamne (0,28 nL, 3.2 mol, 10.0 equiy) in THE at -78 C was 15
added nBuLi (0.8 m., 2.50 M hexane, 3.2 mmol, 10.0 equiv) and TMEDA (0, 40
m., 5.0 nmmol, 10.0 equiv) at -78 C dropw se. HFhecH:eaction was stirred at
-78 C for 40 min. Conpound 6-2,4480 ng 1 0 i ,03 0 equiv) in THE was
added to the reaction mxture drop -78 |C. | The resulting deep-red
solution was stirred at -78 C°s0" hfé\a/\[f’\ 160"y 0.33 mmol, -1.0
equiv) in THF was added to the 20 m xt LPfHeOdr@pvﬁ s€ at -78 C. The deep-red
sol ution was gradually warned up with st®rring from-78 Cto -20 C over a
period of 1 h. The resulti ng orange sol ution was brought to 0C and

guenched w th aqueo i h] or.i d. )...The

yel | ow gr eely mxturgf\@@g I\zgfm%#%bg&g V\@E{f{ ls%'ﬁh?é Q’O?rr{ili)med Et OAc
extracts were drioge 1(&@@2$O&)J and Iontemn yat ed- 1 :@nyu ehHy 3t1be wrmdenpr oduct .
25Fl ash col um n si | i | wit % 9 %, Et. 0Ac/ hexane
sequentially ylzéndg }tﬁ% 8r1§ﬁ p‘%&?:?t<9%‘aé" %g ‘yblg v@géol id (42
my, 14.8%. (NVR HﬁOQ&SMHZcL JEDGBIB)3.d, 156 70, ( H), msm) J 71827650, 1% 2 H),
742733(m J=8.4 Hz, 1 14), 5.37 (s, 2 H, 3.95 (d"./ =
10. 8 Hz, %%@?@g(wﬁ) - 112 - 1 H), 3.14 (s, 3 H), 3.10-3.05 (m 1
H)y, 2.58- 2147 (m 9H, 2.16 (d'1 =14.0 Hz, 1 H, 1.53 (s, 9 H, 1.42 (s,
9 H), 089(3,( Hé 29 (s, 3H), 0.15 (s, 3 H.., M5 (EST) 111/2" 864.43
(M FH). Conpound™87°% 0 HO HO 0 107 Conpound 6-3 (120 gy, O.14
nmml ) was dissolved in TI-1F (5 nL) and aqueous HE (40% 2 nL) was added
dropwi se. The yellow solution was stirred at roam fenperature over ni ght .

The resulting deep-red solution was sl owfy ache Ynto 10 an aqueous K2F1PO4
solution with stirring. The pH of 51 m ; aaj*usted by aqueous
K2E1PO4 sol ution to about ~The.y & tracted with EtOAc
two times. The combi ned Et 0Ac extract sHWQ;rHeodr ﬁ (Ma2S™4) and concentrated
to yield the crude product. The above crade conpound (120 ng, crude, -0.14
mmol, 1.0 equiv) was 15dissolved in | H PLC grade Me014(10 nL) and 10% Pd-C

(25 ng, 0.03 nmmol, 0.2 equiv) were added. The m xture was purged with
hydr ogen by20bubbl i nbl hw@g@mvh{rbuﬁgh)a/ﬁzﬂdgeml BHgtliHYy #n@ (s ©FH),5 m' n, The

reaction was t tirre n l]o

tenperature fop éég( ?:Pﬁgé ﬂaﬁ]{/ |g4lﬂng1 ﬁi)tggp?dgicjjtl §14 ggn% eted. The
cat al yst was fitl4 ered 78)4‘1f71a11nd2 tthe 48 ®ddre 1wa)514:@n¢emvr atigd,45208t(me resi due
was purified by V, r e I aff desi red conpound 107 (50
my, 78% as a yel by €5 ?ﬁ 21, Jklw&E%A M(R‘g%éom 6 7.462 (d, .1 = 8.4
Hz, 1 H, 4.14 (s, 1H) 3.21-193 (m 9 H), 3,10 (s, 3 Ft), 2.38-2.25 (in,

2 H), 11.68- 3(70%0‘([{@271 111); M5 (ESI)ni/z 462.2 (,MHH). 25 Conpound 108




61-13 OH 0 HOO 108 WO 2010/ 017470PCT/ US2009/ 053142 4142.1017001 - 113 -
Compound 107 ( I .5 ng, 0.033 mmol, 1.0 equiv) in TT-1F (2 nL) was added
Wi th pyrrw0Di2diomnib479! - acetic acid (10.2 ng, 0.066 mmol, PCO/USQe0MF314Na2CO3
(10. 2 4192 1®7066 nmol, 2.0 equiv) and HATU (25.5 ng, 0.066 nrnol, 2.0
equiv). The reaction m xture was stirred at roomtenperature for 48 hours.
LC-Ms anal ysis indicated the reaction conpleted, The reaction m xture was
concentrat ed under vacuum the crude product was purified by reverse phase
HPLC to afford the desired conpound 108 (2.1 ng) as a yeI | ow solid. 1H NWR
(400 MHz, CD30D) 6 7.44-7,40 (m 1 H), 4023% (E“ 3.83-3.76 (in,
114), 3.60-3.58 (m 2 H), 3.15 (d"/ 6.4 Hz, 3, ?fD 'f? 83(m 11 171),
2.31-2.13 (m 2 11), 2.03-1.85 (m 4 7 R B S e ‘?H(m 101H) M5 (ESL)
171/ Z 572.9 (M+H), ExarrpHg\ 7o_Synkih ~.of : H;09 112 Schene 7
aniline 9 Na(0Ac)3BH U Taz0mm ! 756709/ InCl 3 Na(0Ac) 3BH

7-7 - 114 - The follow ng conpounds werge prepared accor di ng to Schenme 7.
Conmpound 7-2 00 BnOOCH3 | ?1Boc.2 7-2 5To Boc-L-glutam c acid-1 -benzyl
ester (7-1) (3.00 g, 8.89 mop , 1.0 eq) in DMF (20 nit) at rt was added
pot assi um car bonat e 1({]:1?»84(4@0?«1]1&, 8B.ompd § 24d5s eq) s andi nethyls sed) de (0. 67

nil, 10.74 mmol, 1.2 e8)p, TNe MELYr g was i Luted wilh BLOAC o
S 2.32(dd, J=15.2, 152 Hz, | H), 2.24 (ddd, J = 14.0, 5.2, 2.8 Hz, 1H), 2.08-2.02
(m, 2 H), 1.66 (ddd, /=152, 15.2, 15.2 Hz 1 H); MS (EST) mz 577.2 (M+H),

Compound 28

HCw, ~CHs
o

10

"H NMR (400 MHz, CD;0D) 8,24 (d, /= 10.8 Hz, 1 H), 432 (d,J = 8.0
Hz, 1 H), 421 (d,/=8.0Hz | H), 4.10 (s, 1 H), 3.18-2.99 (m, 9 H), 3.01 (s, 3 H),
233(dd, /=148, 148 Hz, 1 H), 2.29 (ddd, /= 15.2, 5.2, 2.8 Hz, 1H), 1.78-1 74
15 (m, 2 H), 1.88-1.81 (m, 2 H), 1.68 (ddd, /= 15.6, 15.6, 15.6 Hz, | H), 1 08 (t, J =
7.2 Hz, 3 H); MS (ESI) m/z 561.2 (M+H).

Compound 29

20

"H NMR (400 MHz, CD;0D) 6 8.25 (d,./= 10.8 Hz, 1 H), 4.10 (s, 3 H),
3.18-2.98 (m, 11 H), 2.31 (dd, /= 14.8, 14.8 Fz, 1 H), 2.26 (ddd, J = 14.4, 52, 2.8



(200 nL), washed with water (200 rnL), saturated aqueous sodi um bi carbonate
(100 x 2), and brine (100 nL x ). The Et0Ac solution was dried over sodium
sul f at e MWeandicganoentrated in vacuo: Rf 0.33 (20% Et OAcPOEASB2@Y/053142

Boc20 42 2t 7gnr 13.33 nmmol, 1.5 eq), DVAT (54 ng, 0.44 nmol, 0.05 eq), and
D EA (3.10 nL, 17.80 mmol, 2 eq) were added to the above internediate in
acetonitrile (20 m.). The solution was stirred at it for 60 hrs, added with
sat urat ed aqueous sodi um bi carbonate (100-nL), and extracted with EtOAc
(100 m. x 1, 50 15 m, x 2) The FtO0Ac extracts were conbi ned, dried over

o um sl ot e TR TORTEI PeL T L gRgR, 53, ARG SRS eymotuct 72

(400 MHz, CDCLl3)HB.H (25--70.88z,3ml); MGI-(IJ:SI)Ez/zl@DJ 24M-P1).1- . 1), 4 95 (dd"I = 4,9,
9,8 Elz, 1 H, 3,65 (s, 3 H, 2.43-2.52 (m 1 H, 2.37242 (m 2 11),
2.15-2.25 (m | H), 1.42 (s, 18 14); M5 (ESI) tri/z 452.3 (M1+1). 70
Conmpound 7-3 0 (Bm@kuNBoc7 7-3 To compound 7-2 (8.89 mml, 1 eq) in
anhydrous di.ethyl ether (40 nL) at - 78 was added DI BAL-H (12.33 nt" 1
I\/!hexane, 12.33 mmol, 1.25 eq) 25 dropwi se, The reaction was stirred at
-78 'V for 2 hrs. Additional DI BAL-H (%.20 rf't vE"NI / hexane, 1.20 mmol) was
added. The reaction was sti rred at -78 cH amot her 1 hr and quenched
with HOAc (2.80 nL) at -78 'C 'IlF\’pgﬁre' vvaggedtort and added with
10% aqueous sodi um car bonat e@S L)Y Thel mxidir el was stirred for 1 5 nmin
and extracted with nmethyl ene~¢hloride €209 M X 1S 50 nL x 302). The

nmet hyl ene chl ori de extracts were conbined, dried over sodiumsul fate, and
WO 2010/ 017470PCT/ US2009/ 053142 4142.1017001 - 115 - concentrated in vacuo

to yield the desire -3 tlve Rf 0.40 (20%
Et OX\C/ hexane) ; NIVR %Mé N’éﬁ(ﬁéqﬂgﬂb{‘ £725“1( S, 9L4 L), §§g7 S36m(Im 5 H),
5.14 (s, 2 H), “87(}_409811 (3rm), 411‘7-%,22{) 4502, 65{)(m8 ;39«)-%1 2 Hy 2> R,3& /(M 1 H) ,

L e (o o R (Enml.send (i o capmaune Jip e N 68 o G

salt, | eq) in iashydsBus IMMS(BShly): wag (addgd al dehyde 7-3 (101 irla, 0.24
nirnol, 11.2 eq), triethylamne (0.028 nL, 10 0.20 nmol, 1 eq), and

Na( OAc)3BH (64 ng, 0,30 nmml, 1,5 eq), The solution was stirred at rt for 1
hr and added sltwpyuridstio di et hyl ether (50 nmL) with rapid stirring. The

yel l ow solid was col |l ected, washed with nore diethyl ether (5 raL x 3), and
dried under vacuumto afford the internediate 7-4 Internediate 7-4 was

di ssol ved in dioxarie/methanol (5 nl1" 1:4 ving- IH.containing 0,1 N FICL).
10% Pd-C (85 ng, 0.04 mml, 0.2 eq) was_add HETh@meture was purged with
hydrogen and stirred under 1 atm'h drog | 1 hr. The catal yst was
filtered with a snall C‘ellte/“atfJ F%anol (2 mb x 3). The
filtrate was concentrated |n\vécuo héH cp ude product was purified by
reverse phadse preparative .171PLC usi ng ¥rethanol and 0.05 N HO /water as
nobi | e 20 phases. Free-drylng yi el ded nostly the Boc-deprotected product as

i th Boc2o (11, 6P e ST T i FoMoe i 5482 ol - 5

eq) in TIMwat etz ( 8),m2l (4% 6 Wy, 1at), £10 fsor HY, 3hsr8 3<ﬁqﬂcermt)rzartstm ,el ded the

e S ek S RSB S A (B Dl ! Bwa?.?ét.““”h -

Conpound 7-26 \¥0 2010/R174ATPCH), US2Q08 0531421441424 HOL7TAQMS (ESI) m/A40 a
suspensi on of u[nﬂ 7-5 (0,044 mmol, 1 eq) and sodi um carbonate (7 ny,
0.066 nmol , ;k )THE at rt was added HATU (20 mgy, 0.053 mmol, 1.2
eq), The m xture was rapidly stirred at rt for 2 hrs. Methanol (5 nL) was
added. The 5sol Jogs wer.e filtered off. The filtrate was concentrated under
reduced pressure P yireld crude 7-6 as a yellow solid: M5 (ES1)645.1

(M 144), Conpound 109




10Conpound 7- (0.044 mmol) was treated with 4 N HCl/di oxane (5 nit) at rt
for overnight and concentrated in yacuo. The residue was re-dissolved in
met hanol wo 2noyo1247d added dropw se into diethyl ether (BOTAB290p/03418D rapi d
stirrigg 10ihepiyel | ow preci pitates were col |l ected, washed with nore diethyl
ether (5 rnL x 3), and dried under vacuo to afford crude 109 as a brown
solid. 150ne fifth of the above crude product was purified by reverse phase
HPLC to yield pure 109 as a yellow solid2(-1.5 ng, 31%: 1H N v1iR (400 MHz,
CD30D) 6 7,36 (d, 9.2 Hz, 1 H, 4.09-4,15 (ni, 1 11), 4.08 (s, | H),
3.70-3.80 (m 111), 3.58-3.68 (m 1 H, 2. 9%? SC% (m 12 H), 2.30-2.45 (m
2 P), 2.10-2.25 (m 3 H), 1.95-2,10 (m 1_H° 58-1.70 (m 1 H); M
(ESI) frii/z 545.1 (M41l), 2G nmpoungd-3A0+ Gk OON H3C, - To 2/5
of crude 109 (0.018 mmol, eq) T A was ~added aqueous formnal dehyde
(0.007 mL" 36.5% water, 0 094 mol , 5 ed) o I .30(0 4 ng, 0.002 WO

2010/ 017470PCT/ US2009/ 053142 4142 101700& 117 - mmol, 0.1 eq), and
Na(OAc)3H (15 ng, 0.071 nmmol, 4 eq). The reaction was stirred at rt for 2
hrs and quenched with 0.5 N T-ICl/ met hanol (1 M.). The solution was added
dropwi se into diet hyth Netheno (M@ o) wistZo (8.ap di.8Hzr r BENG. S4TE @t eci pi t at es

were coll ected with more diethyl ether (2 ) 4 a purified by
reverse 5 phasekl)\ll\-@ﬁgggg(r&f }’6'456%23{95%% r&dr@oéﬁg’hfigma%}%%;gl(? 8w solid
(1.8 g, 18% ; Hl4. %Nsz((%QQ WH2,23CDB0G). BHY. 17@45€ dm I 1/, Sl mk H), 4.37

(dd, J = 6.1, 131620@r . 4.09 (s, 1 H), 3.60-3.75 (in, 2 H, 2.92-3.50
(m 15 H), 2. 8840 4 ) 210 2.50 (m 6 H), 1.60-1.72 (m 1 H: M (ESI)
trtiz 573, 3 (l\/H—l) 10Conmpound ill To 2/5 of crude 109 (0.018 mml, 1 eq)

in DM (1L) was added cycl opr opanecar boxal dehyde (1.4 111" 0.018 mml 1
eq), 1nC3 (0. 4% Y02 mol, 0,1 eq), and Na(OAc):313H (6 ng, 0.028
mmol, 1.5 cq). The reaction was 15 stirred at rt for overnight and
guenched with 0.5 N HCUrnethanol (1 .nmlL). Tp sg;1 ution was added dropw se
into diethyl ether (100 nit) with raple stqrrHlﬁhg The precipitates were
col |l ected, washed with nore d@ e/% % 4), and purified by
reverse phase H PLC to afford:th g Hl1ll as a yellow solid
(1.3 mg, 12%; NVR (400 MHz, CD30D) 7H3 9.2 Hz, | Ft), 4.22 (dd,
1- 206.1, 1.6 Hz, | H), 4.09 (d, 1 H, 2.85-3.50 (m
12 H, 2.00-2.50 (m 6 H), 160-1.72 (m 1H) 10120(|n 1 H,
0.70-0.75 (m 2 F1), 0,40-0.50 (m 2 H); Ms (EST) infz 5994(M+H).
Conpound 112 H3C. NIN&Hia(mb-rthzDG:mJ(ﬁl)]blfozwdCH NH2 HEH 1D, 4400(s 218, 4.1

D al kyl at ed pr r of conmpound
111(1.0 ny, yel?ggésggﬁ% 5’%3{&?\%?%%(9 %ﬁ%@%@?ég&?@ 5?68 9.2 Hz,
VD 2010/0174709@/%@1]9;:51@531442(\48}4)2 1017001 18 - 4.70-4. 80 (m 1 H),
4.09 (s, 1I—SI) 3.55-3.80 (m 3 H), 295350(m13H),210250(m6H),
1.55-1.75 (m H) 1.20-1.30 (m 2 H), 0.68-0.90 (m 4 H), 0.38-0,58 (m 4
H; M (ES!) nidezmp6s@.33 (MH).

m/‘\
oo:
\‘I
oo
—~~
3
N
\-__5

20 "H NMR (400 MHz, CD;OD) § 8.25 (d,./= 1.0 Hz, 1H), 5.54-5.31 (m,
[H), 4.39-4.20 (m, 2H), 4.09-4.01 (m, 1H), 3.40-3.30 (m, 2H), 3.09-2.89 (m, 12H),
2.50-2.34 (m, 2H), 2.34-2.25 (m, 1H), 2.24-2.16 (m, 1H), 1.71-1.58 (m, 1H): MS
(ESI) m/z 577.32 (M+H).



5Exanpl e 8. Synthesis of Conpounds of Structrual Formula (A), wherein Y is
-(G -C4)al kylene-N(RA) (11B), or -(Cl-C4)al kylene-IN (R

c) - C(0) - MORD)((REY700- 4- Scheme 8 1-*i C N Cl-13 1:1U= RPNTAB289053162 CHOHO
0 108-4342.1017001l n Schenme 8, Rand R is RH and .RA respectively, as defined
Formula (A) and R' represents 4C(RlI))(RE)11]..4-N(RA)(R13). The foll ow ng
conpounds were prepared according to Schene 8. 15Conpound 113 H3C, N, CH3
H1:1 H2N 11004040 OH 0 HO HO 0 113 -63Benzyl N- (hydroxynet hyl ) car bamat e
(92 nmg, 0.51 mmol, 2.0 equiv) was added to a TFAICH3SO3H (1 m |l nml)

sol ution of cor’goound}dY%( HO ng, WD 2010/ 017470PCT/ US2009/ 053142 4142
1017001 - 119 - 095 nmol) at 25 C. The reaction was stirred at 25 C for 30
m n. Prepar ative reverse phase 11PLE purification on a Waters

Aut opurification system using a Phenonenex Pglymggrx 10 la RP-1 100A col um
[10 pm 150 x 21.20 mm flow rate, 20 ril/mim; HSvaent A 0.05 N NC ;

Sol vent B: CH3CN; injection voljuire: 4 = \T N Ha/ wat er); gradlent:
0-60% B over 20 min; nmass-dife d/ﬁ\ NHon] . Fractions with the
desired MW were col I ected and freezeHdrdHe@ t OV elord 23 ng of pure 113: 111

N-MR (400 MHz, CD30D) 8 7.47(d, ./ = 9.2Hz, | H), 4.16 (s, 2 H), 4.13 (s ,
1 H), 3.21-2.94 (m 3 /1), 3.06 (s, 3 H, 2.97 (s. 3), 2.37-222 (m 2 H,
1.70-1.58 (m | H); MS (EST) z 462.26 (MrH). | () Conpoound 114 Et 3N

(2 pl" 0 0136 nrnol HEM{@QQIMHL GRsOR)IdREH o/ aldn Keurtd, ©§7-113(n¢,.3 ny, O. 0065

nr nol ) and pi v e u 0O1mnm.
TE"ot) oo P YRLHROKAE (h Ol b D8 06 ] égl’é*ﬁ*%f(mrﬁ%”hwﬁa%Wm c) 3 (3
ng, 0,013 nmol )2. "éFQ:BKII-(@A@H(,ZGﬁ,ZLI)S (magHadded. 57 ont BE; MESESI) g 7R Xt ure. The
reacti on was st @\g at 25 Cfor I h. Preparative reverse phase HPLC
purification o ters Autopurification systemusing a Phenonenex

Pol ymerx 10 p RP-l 100A colum [10 1.t.m 150 x 21.20 mm flow rate, 20

m 1 mn, Solvent- A 109“4%5 N HO, Solvent B: 20 CI-13CN, injection volune: 4.0
niL (0.05 l\f HCl T wat er ) gradient: 0-*100% B over 15 mn; nass-directed
fraction collection]. Fractions with the desired MNwere col |l ected and
freeze-dried to yield 1 ng of 114: 1fl NWR (40Q Migz, CD30D) c¢3 7,52 (d, J =
9.1 Hz, 1 H, 4.30 (s, 2 H, 409 (s, 1'H, @&3“293(m 5 H), 304(s 3
H, 2,95 (s, 3||)2402a39(Q2cH),. TT*;(%H),lOS(s 9 H; M
(EST) tti/z 25532.27 (M 141) ' ; N8 were prepared
simlarly to conpound 114 usi‘ ng the correspon P | dehydes. 30 Conpound
115 WD 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 120 -

"H NMR (400 MHz, CD:0D) 5 8.28 (d, J = 10.7 Hz, 1H), 4.08 (s, 1H), 4.00-
15 3.91 (m, 2H), 3.09-2.57 (m, 18H), 3.26-3.18 (m, 3H), 2.49-2.34 (m, 2H), 2.35-2.06
(m, 2H), 1.72-1.59 (m, [F): MS (EST) m'z 602,37 (M+H).

Conpound 38

20

"H NMR (400 MHz, CD;0D) & 8.24 (d,J = 11.0 Hz, 11), 4.46-4.32 (m,
2H), 4.26-4.16 (m, 1H), 4.08 (s, 2H), 4.00-3.72 (m, 2H), 3.18-2.91 (m, 16H), 2 68-



116 14-1 NVR (400 MHz, CD30D) 6 7.51 (d, .1 = 8,8 Hz, 1 H),
4.25 (s, 2 H), 4.10 (s, 1 14), 3.25-2.90 (m 5 H), 3.05 (s, 3 H), 2.96 (s,
3 H), 2, 480280/1m702 11), 1.901.60 (m 7 H), 1.42-0.95 EOI/B20905314M5 ( EST)
Ntz 558481016MiH). 5 Conpound 116 H3C,N'CH3 H I MVD OH 0 HO OHO 116

1-HNVR, (400 MHz, CD30D) 8 7.50(d, J= 9.0 Hz, 1 H), 4.24(s, 2 H), 4,09 (s,

1 H), 3,25-2.90 (m 5 H), 3.07 (s, 3 H, 2.94 (s, 3 H, 2,40-2.21 (m 2 H),
1.82- 101.58 (m 3 H), 1.01 (1, J= 6.7 H#- 3 H), M5 (ESI)ndz 504. 22
(M+1-1). Conpound 117 HH3C,,,,"CH3 H V H3C T, N 110. 4ML1 . OH NH2 OH CH3COH 0
HO O 0 117 400 _ 7 1 -= 8.9 H, 1 4. 23
H00.0 117 " i M40y D00 6 oL, (3, ) 5,8 Sk, 11
2.40-2,19 (m ZoH)H), MSIESL6060m7 (l+H), 1.40 (d, J= 7.0 Hz, 6 14); M5 (ES1)

ng 504,23 (MrH), Conpound 118 CHO HOO 118 201H NWVR (400 MHz, CD30D) 6
7.54 (d, = 9.1 H, 1 H), 4,37 (s, 2 H, 4.10 (s, 1 H, 3.20-285 (in, 3 H),
3.05 (s, 3 H, Qn®Pdufd3s 3 H, 2.91 (s, 3 H, 2.90 (s, 3 H, 2.42-2,20 (m 2
H, 1.72-1.60 (m 1 H; M5 (ESI) nilz 490,19 (MA-H). WO

2010/ 017470PCT/ US2009/ 053142 4142,1017001 - 121 - Conpound 119 Prepared
from conmpound 114 by reductive al kyI ation u5|HérngCm mal dehyde 5 under
simlar conditions: tH NNW (400 , y 6 71, 54, (d"./ 9.1 Hz, H),
461(d J=12.8 Hz, 1 H), Qoziqlz/ﬁl—ll .8, 6.4/Hz, 1 H), 410(s L),
3.25-2.90 (m 5), 3.03 (s. 3 H repb(s, 3 H), 2.42-2.33
(m 1H), 2.29-2.20 (m 1 H), 1721610@@ PHHY, 4.10 (d"," =6 Hz, 9 H).
M5 (EST) ntz 546,30 (M 111). 10 Conpound®120 OH CH7 H3C H3C NNH2 OH 0 HOOH
00

"H NMR (400 MHz, CD;0D) 8 8.23 (d,.J = 11.0 Hz, 1H), 4.62-4.54 (m,
1H), 4.48-4.24 (m, 2H), 4.08 (s, 1H), 3.99-3.69 (m, 3H), 3.50-3.40 (m, 1), 3.17-
10 2.90 (m, 9H), 2.44-2.11 (m, 4H), 2.10-2.00 (m, 1H), 1.69-1.56 (m, 1H); MS (ESI)
m’z 575.27 (M+H).

Compound 40

HsGw CHg
. 8
HoWb

-Gt OO,

OH O OH O ©
15 40

"H NMR (400 MHz, CD;0D) 8 8,23 (d,.J = 11.0 Hz, [H), 4.62-4.54 (m,
IH), 4.50-4.38 (m, 1H), 4.37-4.27 (m, 1H), 4.10 (s, 1H), 3.99-3.70 (m 3H), 3.50-
3.40 (m, 1H), 3.24-2.84 (m, 9H), 2.40-2.11 (m, 4H), 2.10-2.01 (m, 1H), 1.70-1.57
20 (m, 1H); MS (ESI) m/z 575.33 (M+H).

Compound 41




120 Prepared simlarly to 114 by reductive al kylation of 113 with
t-Bu-N(Cbz)- Cl1-12CHO foll owed by hydrogenation: 11-1 NMR (400 .MH, CD301 )
6 7,59 (dwpO20er0/B740Hz, 1 11), 4.38 (s, 2 11), 4.09 (s, PCHUS209883122 95 (m
7 11) 413.087¢®, 3 H), 2.96 (s, 3 15H), 2.41-2.30 (m IT-1), 2.28-2,20 (m 1
F1), 1.72-1.60 (m 1 H), 1.44 (s, 9 H; M5 (ES1l) nilz 561.31 (MH).
Conmpound 121 2024- Butyl am noacetyl chl ori de hydrochl ori de (5 8 ny, 0.031
mmol , 1.2 equiv) was added to a . DMLY solPution (0.2 mL) of' 113 (12 nm,
0.026 mmol) at 25 'C. The reactlon was stirred at 25 C for 30 min. The
reaction mxture was diluted vvith 0.05 N 11C1 (2 m.) and injected into a
Wat ers Autopurification system equi pped with a Phenonenex Pol ynerx 10 p.
RP-1 100A colum [10 um 150 / 21. 20 nm flow rate,

W02010/ 017470PCT/ US N | vent A:
0.05 N HC1l; Sol vent 2@%@%%[ é n)tO gpp(f'()é% égg\‘}aer Lgu i ] rlrggs di rected

fraction coll edis, d)H] 4 2B 0t= ldr%{zmlﬂh 4100 s, cﬂ.H}sBr9éd.8!‘i/k(vny\m)e3.ebti.l7ecmed and

(8eze-cr| o 1o, eLh 0,18 o g 2 o B0 e, OO0 6720

52.92 (m 3 H) 18)(61311(1)3,1’73—1|—3)9(mZLLQG'WQS(ESBnH)t303ZSEIQH~E).18 (m 2 F1),

1.69-1.60 (m 1 H), 1,38 (s, 9 H; M (ESl1) tiv'z 575,30 (M+H). Conpound
122 N ,CH3 SOO. OH NH2 OHHO 00 122 10Prepared simlarly to conmpound 121: IH
N1VIR (400 MHz,Co@D80&)42 6 7.33 (d, | - 9.9 Hz, | 11), 4.46 (s, 2 H), 4.08
(s, 1 H, 400 (s, 2 H, 3.23-2.912 (m 3), 3.04 (s, 3 F1), 2,97 (s, 3 F1),
2,95 (s, 6 H, 2.32-2.18 (m 2 H), 1.70-1.58 (in, 1 H, M (EST) in/z
547.23 (M 144) 15 Conpound 123 FPrepa’r‘aéql, Qkmlarly to 121 using

n- propyl isocyanate: IH NWVR (40 M—Iz, 6E7. 244 (d". / 9 8 Hz, 1H), 4.31
(s, 2 H, 408 (s, 1 H, 3.18-29 (u% 67Hz 2 ED,
3.03 (s, 3 H, 296(5 3 H)ye 2432- 2,’;’,L8( N, 1 915820(|n 1 H,
1.55-1.46 (] 2 H, 0.92 (t". /o= 6.7 Hzm'*sol—l)OH S5 PES!) 111/7. 584.01 (MH
Exampl e 9. nt hesi s of Conpounds of striictural Formil a (A), wherein Y is
-(Cl12)3-N(RA) (R11) . Scheme 9 - 123 - CH3 CO2Ph OH 3  CH3 Bner/ K2CO3

C2Ph OH "H NMR (400 MHz, CD;OD) & 8.24 (d,.J = 11.0 Hz, 1H), 4.55 (d,J = 16.5
Hz, 1H), 427 (d, J=16.5 Hz, 1H), 4.10 (s, 1H), 3.95-3.82 (m, 2H), 3.81-3 75 (m,
LH), 3.70-3.63 (m, 1H), 3.38 (s, 3H), 3.20-2.92 (m, 9H), 2.35-2.02 (m, 6H), 1.92-
15 1.80 (m, 1H), 1.70-1.58 (m, 1H); MS (ESI) m/z 603.41 (M+H),

V

Compound 43

20
"H NMR (400 MHz, CD;0D) 6 8.22 (d, /= 11.0 Hz, LH), 4.19 (s, 2H), 4.09
(s, 1H), 3.65-3.58 (m, 2H), 3.19-2.92 (m, 10H), 2.34-2.18 (m, 2H), 2.02-1.79 (m,
6H), 1.69-1.50 (m, 2H); MS (ESI) m/z 573.35 (M-+H).

25 Compound 44



9-1 CH3 Allyl-OIBS Pd cat. eo2phOO2Pti OBnOTBSOBn 9-29-3 a) LDAI TMEDA b)

enone In Schene 9, Rand R are R and 11.13 respectively, as
defi ned iwoSorumrernal Fornula (A). The foll owi ng conpoumrd3/usesmensanepar ed
accor diimgldieo@chenme 9. Conpound 9-1 CH3 CO2Ph OH 9-1 Br2 (2.7 nt"

52.0 mmol, 1.2 equiv) was added to a solution of 3 (10,6 g, 43.3 nmmol) in
acetic aC|d (100 tut) at 25 cC. The reaction was stirred at 25 C, for 1012
h. The resulting mixture was added dropwWi®-se to ice-water (400 rriL). The
m xture WO 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 124 - was al | owed
to warmto 25 C over | h. The resulting suspensign was filtered through a
pad of Celite. The solid was washed of f mnphPEﬁOAc The conbi ned organic

| ayer was dried (Na2SO4) and @”hceatr e”™4 g of crude 9-1 5
Conmpound 9-2 CH3 CO2Ph CE3n 942t mponate (8.9 g, 64.5
mmol, 1.5 equiv) and benzyl bronldeH(l o 3 Mgy mol , 2.25 equiv) were
added to an acetone solution (100 nL) of4crude 9 1 (14 g, 43 mol) at 25 C
The reaction was stirred at 25 C for 12 h and 10 concentrated. The
resulting mxture was partitioned between E120 and Et 0Ac, The aqueous | ayer
was extracted with B OAR (4ThallbofbiGdb Ezmcfexwa{wsmmmsmmedm( Na2S04)

and concentr at rude chro ca ge
(100:1 to 30: 1%?% ahellél)f E‘ééig')f? iﬂ?)d’e%{fgﬁ% m ﬂ{o)f Erg%?n%éunapéé‘?% 3(%847i’ofor 2
steps). 15 Gonpoubid), 9-781.57 (m, uﬂpmeE&92ufﬂ237ﬁg¢Hn 0O mml, 0.2 equiv) and
P(0-Tol)3 (462 ng, 1.5 mol, 0.3 euiqv) were added to a DVF solution (10
m) of 9-2 (2.1 g, 5.06 nmmol ). The reaction was purged with N2 for 5 mn.
Et 3N (3.5 nlL, Z®ogowmwodS, 5 equiv) and 20 al |yl oxy-t-butyklinmethylsilane
(2.2 m, 10,1 mol, 2 equiv) were added to the reaction. The reaction was
heated to 88 C and stirred at 88 'V for 5 h. The reaction was allowed to
cool to 25 C and quenched with 1-120. TFhe re@ﬁhﬁ@hg m xture was extracted
with Et OAc. The conbi ned EtOﬁggfxtract. erte H~k§dw(hb28CA) and

concentrated to give crude 9 aphy on silica gel (100:0

to 100: 1 25hexanes/ Et 0Ac) yiel ded™ 1.9 g ot copp O d 9-3 (47% . Conpound 9-4
45
10
"H NMR (400 MHz, CD:0D, 2:1 mixture of diastereomers) 6 8.25 (d+d,.J
------ = 11.0 Hz, 1H), 4.29, 424 (s +s, 2H), 4.08 (s + 5, 1H), 4.01-3.92 (m + m, 3H), 3.20-
2.62 (m -+ m, 13H), 2.35-2.16 (m + m, 3H), 1.83-1.46 (m + m, SH); MS (ESI) m/z
599,36 (M+H).
15
Compound 46
20 'H NMR (400 MHz, CD;0D) 8 8.29 (d, /= 11.0 Hz, 1H), 7.41 (s, 5H), 4.50-

4.37 (m, 2H), 4.05 (s, 1H), 3.95-3.81 (m, 2H), 3.40-3.37 (m, 1H), 3.24-3.15 (m, 3H),
3.10-2.70 (m, 9H), 2.36-2.25 (m, 1H), 2.25-2.16 (m, 1H), 1.72-1.59 (m, 1H): MS
(ESI) m/z 607.34 (M+H).



WO 2010/ 017470PCT/ US2009/ 053142 4142 1017001 - 125 - HqC'CH,1 N 77 TBSO N
an 0 HO _ 00Bn aTBS 9-4 n-BuLi (1.3 n-1L, 2.07 mmol, 5.5 equiv)
was addedwOeow/0IHED sol ution (5 nL) of diisopropyl am nePCO/UB2000/05A4D7 ol ,
5,5 equinv)oiabol0 C. The reaction was stirred at 0 Cfor 30 mn and cooled to
-78 "C. TNNLEDA (0.8 M., 5.64 mmol, 15 5 equiv) was added to the m xture.
To the resulting solution was added a THE solution (5 nL) of 9-3 (475 nyg,
0.94 mol, 2.5 equiv). The reaction was ®tirred at -78 C. for -10 nin. A
THE solution (5 nmL) of enone (181 ny, 0.376 mmol ) was added to the reaction
at -78 C. The r(eact|o4was stirred at -78 'C. fbr 30 mn and allowed to
warmto 25C over Y H, quenched with saturated NILO and extracted with
EtOAc. 10 The conbined Et OAc extracts mer e ’ﬁ‘f’*uéﬁ@ (Na2SO4) and concentrated
to yield the crude product. Preparalivexte fer3a _phase HPLC purification on
a Waters Autopurification system Riep C18 OBD colum [5 pm
19 x 50 mm flow rate, 20 ni/m n; SO|HV€ SA L th 0.1% FI COA Sol vent
13: CH3CN with 0 1%HCOZH i njection voazme 4.0 L (CH3CN); gradient:

100, 100% B over rac Fractions
with the desi red \ﬁméﬁggg%m(c%@&@%fg cgnmgﬂédﬂ]ﬁng(gb ap at 25 C
to renobve nost 303‘9(% ReDat et-087 {1 6), The2 1 2Gu2tH)ND SWOST [y, 1alqye9(ue Lol ution
was extracted w t > Et 0OAc extracts were dried (Na2SO4)
and concent r%at ed” 1525‘ %ggﬁrﬂ’z?ug@{e?%%. 20 Compound 9-5 H 3C'NCH3 HH
7, .-0 sN BnO 0 HO 00Bn aTBS TEA (0.5 nL) was added to a THET120
(2 rrL/O 5n) s(ol u'g){n%n of 9-4 at 25 '"C. The reaction was stirred at 25 C
for 1 h. The react’dn vvas guenched with sat. NaHCO3 sol ution. The reaction
was extracted with Et0Ac. The corrbl ned Et OAct“-g&"extracts were dried
(Na2S™4) and concentrated to ve cprudeAd Brepar ati ve reverse phase HPLC
i usl,ng a Sunfire Prep Cl 8

£ An;, Solvent 1-120 with WO
2010/ 017470PCT/ US2009/ 053142 4142. 1017005 - 0. 1% HCO2H; Sol vent 13:

CH3CN with 0. 1% (I%ﬂ., . .\Q r ent:
80-4100% B over 15 Mﬂ%@@%ﬁ%@e@%? i“on t%fifec}ﬂ\%m% }a:ﬁ ctions with
t he desired0 VBEWeRe)chbd-281T @l 1any, Tonzentt, atyd: on2.as Retavapoat 725 C to
remove nost of (ltthLeHiq%pin‘g td‘nl hen; I\IQ?EE{I)%%?S% pgvl%st | y aqueous sol ution was

Compound 49

15 '"H NMR (400 MHz, CD;0D) 3 8.26 (d, /= 10.8 Hz, 1 H), 4.10 (s, 3 H),
3.21-2.97 (m, 11 H), 2.35-2.20 (m, 2 F), 2.15-2.05 (m, 1 H), 1.98-1 82 (m, 2 H),
1.77-1.61 (m, S H), 1.35-1.26 (m, 2 H); MS (ESI) m/z 587.1 (M+H).

Compound 50

. HeCy -CHg

20



S5extracted with EtOAc. The conbi ned Et OAc extracts were dried (Na2SO4) and
concentrated to give 80 ng of 9-5 (46% Conpound 9-6 10Dess-Martin

peri odi nawme 20®1myy 0. 043 mmol, 1.2 equiv) was added toPaT@R2@2A5Hat uti on
(1 rnl)4ofor9ed (28 nmg, 0.036 mmol ) at 25 'C. The reaction was stirred at 25
"Cfor 30 mn and diluted with H20. The resulting m xture was extracted
with Cl[2Cl12. The conbi ned CH2C12 extracts were dried (Na2SO™4) and
concentrated to give crude 9-6. 15 Conpd¥nd 9-7-1 H3C. -CHs HBnO 0 HO 7 O
OrBs 9-7-1 Pyrrolidine (15 uL, 0.18 mmol, 5 equiv) was added to a

dichl o oetnane, 5ol Utk ud BobShl P SOUEE,%s (G 208, P, 1 B3, C T
NaBI t1(0Ac) 3 §154 s, 20H)?720 -0O®m, 12 r@qmm zmﬁef@gdesiltsoﬁhgseﬁy ?ﬁgﬂiézgn TEhe
reacti on m xture stir guenched w e
resul ting m xt LfP‘e 't($ gé{) §ﬁ4{9-(ﬁéf§1 ]%eHl:onbl ned CH2Cl12 extracts
were dried (Na2804) and concentrated to give crude 9-7- 1. Preparative
reverse phase I—AP f| cation on a Waters Autopurification system 25
using a sunfi r & PP8 i '8 0BD column [5 jtm 19 x 50 min; flowrate, 20
nimn; Solvent A 1120 with 0. 1% HCO2H, SOHWQ\p@HaB CH3CN wi th 0. 1% HCO2H,
i nj ection volunme: 4.0 niL (CH3CN); gradie £ .. Y0 >300% B over 15 nin; mass-
WO 2010/ 017470PCT/ US2009/ 053142 41 @‘l 2 s directed fraction

collection]. Fractions with tI@’des%e W VerE ol 1 ected and concentrat ed
on a RotaVap at 25 C to renove nost of the ace oﬂltrlle The resulting

tl | with EtO0A Th nbi d Et OA
ottt e ver e ar b ed t Ragely Tk CBuTRa ok L6 prv e BT M cof oo 7o1° ( 20%
for 2 steps). 5@@@@@7&243 (drl&@?\lz 062 188 (rH ML kb0 16 OHB1Qs-1 81
Aqueous HF (0.3 CH3CN solution (2 nL) of 9-7-1 (6

my, 0.007 mmol )} %hg e ﬁ?ﬁlﬁ‘pyl’@ﬁé%%é’”ﬁé S95(¢H e reaction was stirred
at 10 25 C foor 18 h. The resulting m xture was poured into an aqueous

sol ution of K2 2“% dissolved in 15 nL water). The m xture was
extracted with @P@ﬂl he combi ned Et0Ac extracts were dried (Na2SO4) and
concentrated to yield crude desilyl pr Qduct HCLS5Pal | adi um on carbon (2 ng,

10 wt% was added to a I1C /M eOEL sol L (D:5Ny 2 ME) of the crude
desilyl product. The reaction wa§ purg bdr,pgen and stirred under FE
(balloon) at 25 Cfor 4 h. T eacti}'o H‘;r as filtered through a
small Celite plug. The filtrateé was conc—,entrated °t o yield the crude

product. Preparativ re%se phase HI PLC purification on a Water
Aut opurification syst 8mMoGOUGRRGCRPBheioreRei” Bot Hrerk: ’lJIl”N:S iHZOOA col um

[10 um 150 21320. Jmn(mf b@l\;vzr@tzeo@(zpmm-l/mngs (§9|2\I~9nt73°~1 69(n0§fh|
.f-{Cl/water, Solve ectlon vol une: 4. (0,05 N

110 U\/vater)“S gréj'alle%ﬂ‘t(m 65{3 Mg@iﬁ%’@ﬂ%%@ (53 n, 50- ,100% over 3 mn, and
100% over 5 min; mass-directed fraction coIIection]. Fractions with t he
desired MN el ting gt_,, 6.4-8.2 mn, were collected and freeze-dried to
yield 25 1.5 oBFOE! r?fiound 124: H NMR (400 MHz, CD30D) 67.28 (d, J 9.7
Hz, 1 H, 4.08 (s, 1 H), 371363(mF2FDHc83r2-295(m 7 H, 3.04 (s, 3
H, 2.96 (s, 3H),281273(m2H) ._,8o@m8kb,170159(m1
H:; M5 (ESI) nilz 544.18 (M I’% T X Compoupds 125 - 127 vere
prepared simlarly to c( rnpou Nusi ni v correspondl ng amnes in

t he reductive am nation step 2010/0@; CT/US2009/ 053142 4142. 1017001
- 128 - Conpound 125

I NMR (400 MHz, CD;0D) 8 8.20 (d,.J=11.2 Hz, 1 H), 8.16 (d, J = 2.4

20 Hz 1 H), 806 (d,J=52Hz 1 H), 7.85-7.78 (m, 2 H), 427 (s, 2 H), 4.11 (s, | H),
3.18-2.98 (m, 9 M), 2.32-2.21 (m, 2 H), 1.70-1.60 (m, 1 H); MS (ESI) m/z 582.2
(M+H)

Compound 54



OH 0 HOO 0 125 11- INVR (400 MHz, CD30D) 6 7.28
(d"l = 9.7 Hz, 1 H, 4.08 (s, 11), 3,2552.94 (m S H, 3.04 (s, 3 11),
2.96 (s, wolpro/@a749 (s, 6 H), 2.80-2.70 (m 2 11), 2.3PCTAISX@9(0M3142 H),
2.10- 2.001(imo12 H, 1.70-1,58 (m 1 H; M5 (ESI)mz 518.26 (M| 1I).
Conpound 126 OH H3CN 40 1l NH2 CH3CH 0 HO 126 10hl1 NWR (400 MHz, CD30D)
67.27 (d, ./ - 9.6 Hz, 1 H), 4.08 (s, Il), 3.20- 2293 (m 5 H), 3.04 (s, 3
1), 2,96 (s, 3 H, 2.82-2,72 (m 2 H),-®-33-2.19 (m 2 H), 2.04-1.94 (m 2
H, 1.70-1.58 (m 2 H), 1.37 (s, 9 H; M (ES1l)nlz 546. 20 (I\/Hr14). Conpound
127 OH 0 HOO 0 127 NVR (400 MHz, CIQ%Olé) 6 7,28 (d"/ 9.7 Hz, 1
H, 4.09 (s, 1 H, 4.04 (q"/ =9,0 Hz, i |'|)H ?MQ 2 95 (m 5H, 3,04 (s, 3
H, 2.97 (s, 3 H, 2.84-2.75 (ram; ;2 2 ‘ 2 H, 2.13-2.03 (m 2
H. 1.70-1.58 (in, | 1-1);: éE@th . H) Conpound 128 WO
2010/ 017470PCT/ US2009/ 053142 4142. 101700 ) 128 Conmpound 128
was prepared from conpound 9-5 by I-1F t¥eat nent foll owi ng by hydrogenation
under simlar condl tH @uma{ (:&)EJNHWLQMM%M-M (dCD?rCE)o dz, 7. Qi 4, ( s 2 H)9 87 Hz,

1 H), 4.07 (s, n}{ a: I% (s, 3 H)
2,96 (s, 3 H), 42115 ’2%@2%8826%8 )2”3522%(@7"(%1@ ﬁ(mll )913*24?899(m 2 H),
1,70- 1.57 (m . Hk,EW 28 Gdar w2z, 1 H; M (ES1)//ilz 491.18 (M-1-.H)
Exanpl e 10. Synthesis of Conpound 129 Scheme 10 The fol | owi ng conpounds

wer e preparéd according to Schenme 10. 15Conpound 10-1 CH3 H3CLCO2Ph OBn

10-1 I ProMafebuddis€l (0.68 nL, 1.2 M 0. 82 rrrml 2 equiv) was added to
a THF solution (5 nL) of 9-2 (170 ny, 0.41 EP@ at 0 'C. The reaction was
stirred at 0 Cfor 30 mn. Ml (0.2 nL,F 1.6 Wﬁmr 4 equiv) was added to
the reaction m xture. WD 2010/0174 OWBMZ 4142.1017001 - 130 -
NN NN + NHz
Hodh o ot §

55
"H NMR (400 MHz, CD;0D) 8 8.15 (d, /= 10.8 Hz, 1 H), 4.65 (t, /= 4.8
Hz 2 H), 4.08 (s, 2 H), 4.00 (s, 1 H), 3.45 (t, J = 4.4 Hz, IH) 338 (1, /=5.6Hz I
10 H),3.20-2.87 (m, 9 H), 2.25-2.09 (m, 2 H), 1.59-1.50 (m, 1 H); MS (EST) m/z 551.0
(M),

Compound 56

5 "H NMR (400 MHz, CD;0D) § 8.25 (d, /= 11.2 Hz, 1 H), 6.39 (tt, J = 53.6,
3.2Hz 1H), 424 (s, 2H), 4.13 (s, 1 F), 3.71 (td, /=152, 2.8 Hz, 2 H ), 3.19-2.91
(m, 9 H), 2.33-2.24 (m, 2 H), 1.70-1.60 (m, 1 H); MS (ESI) m’z 569.0 (M+H).

Compound 87

20



The reaction was stirred at OC for 30 mn and allowed to warmto 25C over 1
h. The reaction was quenched with NITICL solution and extracted with EtOAc.
The conbiweaoti@AToextracts were dried (Na2SO4) and coneemtusatoemdsiig2 gi ve
crude 4482 lo176d1ash chr omat ography on silica gel (30:1 hexanes/Ft0Ac) vyi el ded
31 nmg of conpound 10-1 (22%, Conpound 10-2 H3C.N,C H3 BnO 0 HO OaBn O
10-2 TBS A THE solution (1 nm.) of 10-1 (31 ng, 0.088 nmmmol, 1.7 equiv) was
add to a 10 THE solution (1 nL) of LDA-(®-13 M, 1.3 M 0,176 mvol, 3.3
equiv) and TMEDA (39 tit, 0.26 mmol, 4.9 equiv). The reaction was stirred

3/;5- ;gdgdf '?(r) tlgemr Qgéwﬁgﬁ%%t %?O[%‘)rfe%ee@c} gﬁg%és(é¥45?ésd?5‘3537g nCC)Jl 120r

30I mn and aljl oveds, R arMst DHRS 56-30M &, %Hbl,o gbmgegegngn -sptwrated N114Cl
solution, an t ec i ned Et0Ac extracts were
dried (Na2804)%§ Lg%gﬁggﬂtgrlg%&%(gggﬁ%ﬁﬁ i(NeTer ude 10-2. Preparative
reverse phase HPLC purification on a Waters Autopurification systemusing a
Sur& re Prep OBD colum [5 um 19 ¢ 50 aim flowrate, 20 intl./mn;

Sol vent A: 1120 PRI SPop HOGRFE Sol vent B: CEI 3CN wi th 0. 19 HOGRH
injection volune: 4,0 ME (CH3CN); gr aleent F&GN&E&OO% 13 over 15 20 m n;
mass-di rected fraction coIIecti ]..Fr 2 tch the desired MWV were
coll ected and concentrated onF @3@0 t@,renove nost of the
acetonitrile. The resulting nostly aé{ue ug it i lon was extracted with

Et OAc. The conbined Et OAc extracts were s@ri e Na2804) and concentrated to

give 10 ng of 10-2 ( 1 0/017470PCT/ US2009/ 053142 4142
1017001 131 - iaﬁ%ﬁgéj&é&(g”é)[?mg 24@0)6:%%“&11'(1%4%(% ZBH3CN sol uti on
(2 m) of 10-24(16 sy, 1-1)04®@8ovrrmlz)m 99§-3BQK1MPIIQPY|I@J2@)O‘{M@HPQ’7356@ The
reacti on was sti r%%g ﬁg ! ture was poured
into an aqueous™s t”gnz%lf(“k% 64”(‘2519(”“ @%ﬁ\%ﬂ’?iﬁ%%o(w B water). The
m xt ure wasjoextracted with Et0Ac. 5' The conbi ned Et OAc extracts were dried
(Na2S™4) and cqncen rat epl to %/I egoqd cr uﬂe 10- 3, Compound 129 H3C, NCH3 H H
H3C SW OH 0 apple 2. Synthesis pl{rppaug s @éﬁ%ﬂl'(ﬂfﬂh’g‘ulﬂ(@ s whoindhs added to
a fi Cl/ MeOH SO|aHUIR5ﬁ1Ke@t@Mhe2wntﬁhﬂe frogdnQo ¢hitdehdQnrdbonl@ f5r@ACt | ON was
purged with hydr n.and st ed under 112 (balloon) at 25 C for 4 h. The
reaction m xtur"é"'\%&?ff"l bigycl bl ?‘ﬁ""GW h asmall Celite plug. The filtrate was
concentrated tdciiel2d the crude product. Preparative reverse phase |1 PLC
purificati olg on a Waters Autopurification system 15 using a Phenomenex
Poly merx 10 u RP—l 100A colum [10 um 150 x 21.20 mn, flow rate,
mLl min; Solvent fA: 0.05 N HCl./vater; Sol vent Bf CH3CN, i njectifon voI urre
i

4.0 nriL (0.05 wat gy, gr adivefit: 0%, CH’i ngaﬁrg,yo 70, over 3
&Lhed"‘f“r‘mrh gdons

mn, and 100% o e T, RS S
with the desireddW wer e col [ected arid freeze- dgi eél to yi eI bed Ny
conpound 129: 2® LH NM: (400 Kz, CD3O.D) 6 7249 (d, - 9.7 .#1z,

4.07 (s, 1 H, 3.20-2.93 (m 3 11), 3.03 (s, 3 H) 2,96 (g W%ﬁ%ﬁ, 131 2 17
(m 2 .H, 2.22 (s, 3 H, 1.69-1.58 (m 1 H); (EST) trzkzo&d7.23 (M41).
Exarrple 11. Synthesis of Conmpounds 130-132 25Schenme 11 - 132

sBuLi f TVEDA b) RsCH2Br 5fc RECH21 CO2HOC2H 00436@% 11-1 "

0 ) LDA/TMEDA CHs

a)

Y/
: : { ey CO.Ph
BIO O HO:O OB oo s, J B0 O HOZIo OBn s omn
26 OTBS nelyNory 2.5  OTBS b&enogs: 24
Pd(PPh), e
1) BrCH,COBr LoAg
2) 'RZRNH A28 oen
o188

1y ag HF
2) Hy/Pd-C R’
e i




i boc20 In Scheme 11, R6, R9, and R9' is X, RB, and RA, respectively,
as defined in Structural Formula (A). Conmpounds 130 - 132 were

pr epar ed wocorodiinmgot o Schenme 11 Conpound 130 H3OCH3 H =@ATIUR0DS4HO 130
Conpoundb i3%o@s,* OH Et H H3C'CH3 H H2 OH 0 HOO 131 Compound 132 132
Exanpl e 12. Synthesis of Conpounds 133-135 Schene 12 CH3F CH3F CH3F CH3 a)
LDA/ TMEDA Br 1) BBr3Br Br2/ HOAcb) C213r2Cl4 ,2) Boc20 ...-

02PhBr CO2PhCO2PhBr CO2Ph OBoc 12-3 (PrepAred according to Scheme 11 using
Et-1 in the first step) a) LDAfTVMEDA b) enone Boo 0 HO O OBn 6 12-4TBS
In Schenme 12, RP andis RB, and RA, respectively, as defined in Structural
Formula (A). Conmpounds 133 - 135 were prepared according to Schene
12. Conmpound 133w following compounds were prepared according to Scheme 2.

Compound 2-1

To a 250 mL round bottom flask was added compound 3 (14.47g, 56.30

mmol, 1.0 equiv, crude), tetrabutylammonium bromide (0.90 g, 2.80 mmol, 0.05
equiv), 1,2-dichloroethane (60 mL), and water (60 mlL). The clear bi-layer was
cooled in a 20 °C water bath. Nitric acid (7.2 mL, 70 wt%, 112.60 mmol, 2.0 equiv)

10 was added. After the addition, the reaction temperature slowly rose to 26 °C. The
reaction was stirred at room temperature overnight (19 hrs). TLC (heptane/EtOAc =
9.5/0.5) showed the reaction was complete. The organic layer was separated, washed

with water (60mL x 2) and brine, and dried over anhydrous sodium sulfate. The
solvent was removed to give compound 2-1 as a brown oil, which solidified on

15 standing (17.71 g, quantitative). The crude product was used directly for the next

step.

Compound 2-2

F
CHy
O:N COPh
OBn
22
20 To a 250 mL round bottom flask was added compound 2-1 (17.7 g, 56.30

mmol 1.0 equiv), acetone (177 mL.), anhydrous potassium carbonate (15.6 g, 113.00
mmol, 2.0 equiv), and potassium iodide (0.47 g, 2.80 mmol, 0.05 equiv). To the
stirred suspension at room temperature was added benzyl bromide (7.03 mL, 59.10
mmol, 1.05 equiv). The suspension was then heated to 56 °C for 4 hrs, TLC
25  (heptane/EtOAc = 9/1) showed the reaction was complete. The solid was removed
by filtration and washed with acetone (30 mL). The filtrated was concentrated to
give a paste. The paste was partitioned between methyl t-butyl ether (MTBE, 120

mlL) and water (80 mL). The organic layer was washed with water (80 mL) and



15 133 Conpound 134 WD 2010/ 017470PCT/ US2009/ 053142 4142.1017001 -134-

Conmpound 135 5135 Exanple 13 The anti bacterial activities for the
conpoundswof2otoia747ovent i on were studi ed accordi ng to thecralShanionsy42
pr ot ocoks10120M ni mum | nhi bitory Concentration Assay Frozen

bacterial strains were thawed and subcul tured onto Mieller H nton Broth
(MHB) or other appropriate nmedia (Streptococcus requires bl ood and
Haenophi | us requires hernin and NAD). Fold-owi ng i ncubation overnight, the
strains were subcultured onto Mieller Hinton Agar and again i ncubat ed

overni ght. 15 Ion wer.e ery ) hol,ogy and
| ack of contanlﬁg |oﬁdP§%ﬁ%W9’ %8W’%¥h§é%8“‘mf% CHO “@¥Ve aB%Qa starting

|noculun1eqU|va&emuwmama200%&E%%@ﬂham@dsmamda%ﬁxm&hﬁm&habtmmgmnmqmulun1mas
diluted 1. 125 using M-LB for further use. Test conpounds were prepared by
dilution in sterile water to a final concentration of 5.128ng/ nL.

Anti biotics (stamedufdbIen, thawed 20and used within 3 hours of thaw ng)
and conpounds were further diluted to tbe desi red worki ng concentrations.
The assays were run as follows. Fifty pis of MHL3 was added to wells 2 - 12
of a 96-well plate. One hundred 1.1L o $ropr|ately diluted antibiotics
was added to well |. Fifty 'IL of artibiiot7td was renoved fromwell 1 and
added to weld 2 and the 25contents of MQE] 2 m xed by pipetting up and down

five tinmes. Fifty [|L of the renoved and added to
well 3 and mixed as EBgJé“méﬁpﬁ%P 6?‘ﬁ?@gﬁgcﬁ@P%ma8ﬁﬁ?hﬁgdSsﬁoﬁﬁ? sane

manner through wvebduivd2ad Eﬂft(yzwml,) was sslaeawed chslamnwedoid desk Rat al |

cont ai ned 501. L ki ng i nocul then added to
a1 test wel 1 s CATHBIEH 8t 3 el pr e paE B A0 B SO0BE. of -
135 - wor ki ng imaokltwmn @as,60 sal g9f7’7b‘§ﬂ)|m1ﬂ(3 5.0 @ivel vddwel dowlRehpl at es
were then |qubate t 37 C oyernh? gﬁ qf fro t he b fagator and each
wel | was read oA™REpl g8 PEREIHg Sthl‘B’F] YA IS WES ¢ dt%ﬁ) APRFNER (M ©) of
t est conpound tohabmpminﬂ mz adlett&t@cgmwvtqum rbdeefrdiaco eCita 20as’Cr geonded.
Exanple: 1 2 Sdémon Fhe yc low suspension was stirred while the cold water bath slowly
warmed up 1o room temperature overnight to give an orange cloudy solution. The
reaction temperature during this period was between 15 °C to 19 °C. TLC
15 (heptane/EtOAc = 9/1) showed the reaction was complete. The orange cloudy
solution was diluted with EtOAc (460 mL). The organic layer was washed with
water (150 mL x 2) and brine, dried over anhydrous sodium sulfats, and
concentrated under reduced pressure to give the crude product as a brown oil. The

crude product was purified by flash silica gel column eluted with heptane/EtQOAc 9/1
20 toyield the desired product 2-3 (15.83 g, 80%, 3 steps).

Compound 2-4

CHs

Ny COPh

g OBn
2-4

To an NMP solution (50 mL) aniline 2-3 (10.02 g, 28.5 mmol, 1 equiv) was

25  added allyl bromide (7.65 mL, 85.5 mmol, 3 equiv) and potagsium carbonate (11.79
g, 85.5 mmol, 3 equiv). Potassium iodide (994.8 mg, 6 mmol, 0.2 equiv) was added

and the reaction mixture was placed under nitrogen and heated to 100 °C. After 16

h, the reaction was cooled, diluted with water (60 mL), and extracted with EtOAc



10 11 12 | _Ahli 32 16 8 ' 2 1 0.5 0.25 0.125 0.06 0.03 0.015 grow - - - - -
+ --F++ + + - [abti =c couct,ntration in alk:, well Gow = bacterial grow
h (cl oudiwe=ssjo/din7er pretation: MC - 2 pg/m, 10 ProtoceCTfuseoo@esyanni ni ng

| noculaum @onoe@ntrati on (Viable Count) Ninety 1liL of sterile 0.9%
NaCl was pipetted into wells 2-6 of a 96-well moc,rotiter plate. Fifty
50111 of the inoculumwas pipetted into well 1. Ten 1t1 , was renoved from
well 1 and added it to well 2 followed % -m xi ng. Ten uL was 15renoved from
well two and mixed with the contents of well 3 and so on creating serial

dilutions thro g | 6. i[e Il was renpved From each well .and spotted
onto an approptj(ig P&F{%}a‘é‘rxs gﬁg.ﬁlfﬁ%lq’lﬁip%ﬁé%sexg?césc‘@‘a6iwﬁ%h(gd FEB Wcubat or
over ni ght. The X iahj, @sreidfesat SO ), Hititred,and ainderthiaet kndéld delcadk esduer e
counted. Viabl e, count was, ¢al cul at ed | tiplying,t nunber of col onies
by the aituti o PRELs e EsBi B Rl Mol AR I o

1-6% EtOAc in hexanes) gave 10.97 g of pure 2-4 (89%): '"H NMR (400 MHz,

5 CDCL) 8 7.42-7.30 (m, 7 H), 7.42-7.20 (m, 1 H), 7.00 (d, J = 8.5 Hz, 2 H), 6.72 (d,
J=11L0HZ, | H),5.77-5.70 (m, 2 H), 5.20-5.12 (m, 6 H), 3.81 (d, /= 6.1 Hz, 4 H),

2.26 (s, 3 H); MS (ESI) m/z 432.34 (M+H).

Compound 2-5

s BNO O HOIo  OBn
10 25  OTBS

A THF solution (6.5 mL) of 2-4 (875 mg, 2.03 mmol, 1.25 equiv) was added

to a freshly-prepared solution of LDA in THF (0.051 M, 2.03 mmol, 40 ml, 1.25
equiv) and TMEDA (304 pL, 2.03 mmol, 1.25 equiv) at -78 °C. The reaction was
stirred at -78 °C for 15 mun. A THF solution (6.5 mL) of enone (784 mg, 1.62 mmol,

15 1.0 equiv) was added to the reaction mixture dropwise, followed by addition of
LHMDS solution (1.0 M in THF, 2.03 mL, 2.03 mmol, 1.25 equiv). The reaction

was stirred from -78 °C to -10 °C for 1 h, quenched with saturated NH,C1 (6 mL),

and warmed to 25 °C. The solution was poured into saturated NH4Cl (20 mL) and
extracted with EtOAc (2 x 75 mL). The combined EtQAc extracts were dried

20 (NaxS0.), filtered, and concentrated to yield the crude product. Preparative reverse
phase HPLC purification on a Waters Autopurification system using a Sunfire Prep

C18 OBD column [5 um, 19 = 50 mm; flow rate, 20 mL/min; Solvent A: H,O with

0.1% HCOzH; Solvent B: CH3;CN with 0.1% HCO.H; injection volume: 4x 3.6-

4.2 mL (CH;CN), gradient: 88-—100% B over 12 min; mass-directed fraction

25  collection]. Fractions with the desired MW, eluting at 6.6-10.6 min, were collected
and lyophilized to give 552 mg of pure 2-5 (41%): '"H NMR {400 MHz, CDCL) &

16.22 (s, 1 H), 7.49-7.47 (m, 4 H), 7.37-7.31 (m, 6 H), 6.80 (d, J = 11.0 Hz, 1 H),
5.76-5.64 (m, 2 H), 5.35 (s, 2 H), 5.17-5.11 (m, 4 H), 4.98 (d, /= 9.2, 1 H), 4.87 (d,
J=98Hz 1 H),3.96 (m, J =104 Hz, 1 H), 3.83-3,71 (m, 4 H), 3.14 (dd, / = 14.7,



23456 Dlution Factor 2 1 0 103 104 1 1 0. | 06 107 Bacterial Strains
Fifteen bacterial strains, |isted below, were examned in m ninmum

i nhi hi t otwocoraamati on (M C) assays. |ID, O gani sm SecrTasS2@e9saANCe
Comment s GiamiRx SA 1 00 S aureus ATCC 13709 MSSA Smith strain (aninmal
nodel ) positive SA101 S aureu.s ATCC 29213 MSSA control positive SA158

=74 -

43 Hz, | H), 3.0-2.87 (m, 1 H), 2.55-2.35 (m, 9 H), 2.11 (d, /= 14.7 Hz, 1 H), 0.82
(s, 9 H), 0.26 (s, 3 H), 0.13 (s, 3 H); MS (ESI) nm/z 820.55 (M+H).

Compound 2-6

HeCn .CHs
F
K

B0 O HO L O
5 2.6 OTBS

A solution of 2-8 (550 mg, 0.671 mmol, 1.0 equiv) in degassed CHxCl, (2.5

mL, with 1 and |.5 mL rinse) was added under nitrogen via syringe to a flame-dried

flask containing N,N-dimethylbarbituric acid (324 mg, 2.07 mmol, 3.0 equiv), and

Tetrakis(triphenylphosphine)palladium(0) (56.9 mg, 0.0492 mmol, 0.07 equiv). The

10 resulting solution was heated to 35 °C for 4 h, then concentrated to remove the

solvent. The resulting crude mixture was purified via preparative reverse phase

HPLC on a Waters Autopurification system using a Sunfire Prep C18 OBD column

[Sum, 19 < 50 mm; flow rate, 20 mL/min; Solvent A: H,O with 0.1% HCO-H;

Solvent B: CHiCN with 0.1% HCO:H, injection volume: 3x 3.1 mL (CH;CN),

15 gradient: 80—100% B over 17 min; mass-directed fraction collection]. Fractions

with the desired MW, eluting at 6.1-10.1 min, were collected and freeze-dried to

give 352 mg of pure 2-6 (71%): "H NMR (400 MHz, CDCL) 616,10 (s, 1 H), 7.51-

743 (m, 4 H), 7.9-7.29 (m, 6 H), 6.61 (d, J=9.8 Hz, 1 H), 5.35 (s, 2 H), 4.87 (dd, .

=226,104 Hz, 2 H), 396 (d, /=104 Hz, 1 H), 3.91 (s, 2 H), 3.12 (dd, /= 15.3,

20 101 Hz 1 H), 3.04-2.92 (m, | H), 2.55-2.31 (m, 9 H), 2.11 (d, J = 14.7 Hz, | H),
0.82 (s, 9 H), 0.27 (s, 3 H), 0.12 (s, 3 H): MS (ESI) mvz 740.44 (M-+H),

Compound 59

25 To a solution of aniline 2-6 (30 mg, 0.041 mmol, 1 equiv) in THF (600 uL)
was added bromoacetylbromide (3.7 uL, 0.043 mmol, 1.05 equiv). After 15 minutes,

indazole (53 mg, 0.45 mmol, 10 equiv) was added. After 15 h the reaction was



S. aureus MR, SK75 tet resistant: MK (efflux) positive SA161 S. aureus

M cronyx, LLC tet resistant:tet(M ribosomal protection positive EF103 E
faecati s wOCmo2AA242 | et control positive - 136 - I nPPeTrasdicansdinesi st ant
- mecham syt speci fied EF | 59 E. ,faccalis MR DS160 tot
resistant:tetM (rib protect) cip-R ery-I positive SPI 06 5. pneunoni ae

ATCC 49619
=75 -

heated to 80 °C. After an additional 26 h, another 20 mg indazole (0.17 mmol, 4
equiv) was added and the reaction heated at 80 °C. After 20 h, the solvent was
removed in vacuo and the resulting crude mixture dried under vacuum.
The above crude intermediate was transferred to a plastic vial in dioxane (1.2
5 mkL) and an aqueous solution of hydrogen fluoride (50%, 300 ul.) was added. After
five hours, the reaction solution was diluted with an aqueous solution of K;HPQO,
(3.6 g in 30 mL) and extracted with EtOAc (2 x 30 mL). The combined organic
layers were dried (NapSQy), filtered, and concentrated to yield the crude product.
Palladium on carbon (10%, 10 mg) was added to solution of the above crude
10 intermediate in dioxane:methanol (1:1, 1 mL). The flask was fitted with a septum
and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was
bubbled through the reaction solution for two minutes, then the reaction was stirred
under an atmosphere (balloon) of hydrogen gas for 1.5 h, The reaction mixture was
filtered through celite to remove the palladium catalyst and concentrated under
15 reduced pressure. Preparative reverse phase HPLC purification of the resulting oil
was performed on a Waters Autopurification system using a Polymerx 10
RP-y 100 R column [30 x 21.20 mm, 10 micron, solvent A: 0.05N HCI in water,
solvent B: CHCN; injection volume: 4.8 mL (0.05N HCI in water); gradient elution
with 10-—60% B over 15 min, then held at 100% for 5 min; mass-directed fraction
20 collection]. Fractions with the desired MW, eluting at 14-14.65 min, were collected
and freeze-dried to yield 3.6 mg of compound 59 (15%): 'H NMR (400 MHz,
CD:0D) & 8.71 (s, 1 H), 819 (d,J=11.0 Hz, | H), 7.92-7.90 (m, 1 H), 7.72-7.57
(m, 2 H), 7/35-7.29 (m, | H), 5.65 (s, 2 FI), 4.08 (s, 1 H), 3.16-2.92 (m, 9 H), 2.31-
2.18 (m, 2 H), 1.67-1.60 (m, 1 H): MS (ESI) m/z 606.41 (M+10).

Compound 60

To a solution of aniline 2-6 (22 mg, 0.030 mmol, 1 equiv) in THF (500 pL)
was added bromoacetylbromide (2.7 uL, 0.031 mmol, 1.05 equiv). After 30 minutes,

30 pyrazole (36 mg, 0.53 mmol, 18 equiv) was added. After 20 min the reaction was



wt control positive SP160 S pneunoniae MR, 54 tet resistant:tet M(rib
protect) pen-R ery-R positive EC[ 07 E. coli ATCC 25922 wt control
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heated to 80 °C for 1.5 h, cooled to room temperature for 15 h, then heated at 80 °C
for 4.5 h. The solvent was removed in vacuo and the resulting crude mixture dried
under vacuum.
The above crude intermediate was transferred to a plastic vial in acetonitrile
5 (1.0 mL) and an aqueous solution of hydrogen fluoride (50%, 200 ul) was added.
After 20 h, the reaction solution was diluted with an aqueous solution of K;HPO,
(2.4 g in 20 mL) and extracted with EtOAc (2 x 25 mL). The combined organic
layers were dried (Na;SO,), filtered, and concentrated to yield the crude product.
Palladium on carbon (10%, 10 mg) was added to solution of the above crude
10 mtermediate in dioxane:methanol (1.1, 1 mL). The flask was fitted with a septum
and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was
bubbled through the reaction solution for two minutes and the reaction was stirred
under an atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction mixture was
filtered through celite to remove the palladium catalyst and concentrated under
15 reduced pressure. Preparative reverse phase HPLC purification of the resulting oil
was performed on a Waters Autopurification system using a Polymerx 10y
RP-y 100 R column [30 ~ 21.20 mm, 10 micron, solvent A: 0.05N HCI in water,
solvent B: CH;CN; injection volume: 3.0 mL (10% CH;CN in 0.05N HCI in water);
gradient elution with 10—60% B over 10 min, then held at 100% for 5 min; mass-
20 directed fraction collection]. Fractions with the desired MW, eluting at 8.8-10.2 min
were collected and freeze-dried. The resulting yellow solid was purified a second
time via preparative reverse phase HPLC purification using the above procedure
with a gradient over 20 minutes, with the fractions with the desired MW eluting at
10.7-12.4 min were collected and freeze-dried to give 8.2 mg of pure 60 (50%): 'H
25  NMR (400 MHz, CD;0D) 6 819 (d, /= 11.0 Hz, | H), 8.05-7.92 (m, 2 H), 6.62-
6.57 (m, 1 H), 533 (d,J=4.9 Hz, 2 H), 4.08 (s, 1 H), 3.16-2,90 (m, 9 H), 2.31-2.17
(m, 2 H), 1.69-1.55 (m, 1 H); MS (ESI) m/z 556.42 (M+H).

Compound 61

HgC\ /CH;5
PP

30 81
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To a solution of aniline 2-6 (23 mg, 0.032 mmol, 1 equiv) in THF (500 uL)
was added bromoacetylbromide (2.9 ul., 0.034 mmol, 1.05 equiv). After 30 minutes,
midazole (32 mg, 0.47 mmol, 15 equiv) was added and the solution was heated to
80 °C. After 2 h, the solution was cooled and the solvent was removed in vacuo.

5 The above crude intermediate was transferred to a plastic vial in dioxane (1.2
mL) and an aqueous solution of hydrogen fluoride (50%, 200 ul) was added. After
1.5 h, the reaction solution was diluted with an aqueous solution of K;HPO, (2.4 g
in 30 mL) and extracted with EtOAc (2 x 25 mL). The combined organic layers
were dried (Na;SOy), filtered, and concentrated to yield the crude product.

10 Palladium on carbon (10%, & mg) was added to solution of the above crude
intermediate in dioxane:methanol (1:1, T mL). The flask was fitted with a septum
and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was
bubbled through the reaction solution and the reaction was stirred under an
atmosphere (balloon) of hydrogen gas for 1.5 h. More palladium catalyst was added

15 and the evacuation and backfilling with hydrogen was performed twice more at 1.5 h
and 5 h. The reaction mixture was filtered through celite to remove the palladium
catalyst and concentrated under reduced pressure. Preparative reverse phase HPLC
purification of the resulting o1l was performed on a Waters Autopurification system
using a Polymerx 10 p RP-y 100 R column [30 x 21.20 mm, 10 micron, solvent A:

20 0.05N HCI in water, solvent B: CHzCN; injection volume: 2.8 mL (0.05N HCI in
water), gradient elution with 10—60% B over 15 min, then held at 100% for 5 min;
mass-directed fraction collection]. Fractions with the desired MW, eluting at 7.0-7.8
min were collected and freeze-dried to give 4.1 mg of pure 61 (23%): 'H NMR (400
MHz, CD30D) 6 9.02 (s, 1 H), 817(d, J=11.0Hz, 1 H), 7.67 (s, | H), 7.61 (s, 1

25 H), 534 (s, 2 H), 4.09 (s, 1 H), 3.18-2.90 (m, 9 H), 2.34-21.7 (m, 2 H), 1.71-1.56
(m, 1 H); MS (ESI) m/z 556,45 (M+H).

Compound 62
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To a solution of aniline 2-6 (20.2 mg, 0.027 mmol, | equiv) in THF (500 ul)
was added bromoacetylbromide (2.5 L, 0.029 mmol, 1,05 equiv). After 30 minutes,
1H-1,2,3-triazole (31 ul, 0.54 mmol, 20 equiv) was added and the solution was
heated to 80 °C. After 17 h, an additional 31 ulL (20 equiv) of 1H-12 3-triazole was

5 added and the solution was heated for 22 h. The solution was cooled and the solvent
was removed in vacuo,

The above crude intermediate was transferred to a plastic vial in dioxane (1.0
mL} and an aqueous solution of hydrogen fluotide (50%, 200 ul) was added. After
17 h, the reaction solution was diluted with an aqueous solution of KoHPO4 (2.4 g in

10 20 mL) and extracted with EtOAc (2 x 25 mL). The combined organic layers were
dried (Na;SOu), filtered, and concentrated to yield the crude product.

Palladium on carbon (10%, 7 mg) was added to solution of the above crude
intermediate in dioxane:methanol (1:1, 1 mL). The flask was fitted with a septum
and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was

15 bubbled through the reaction solution and the reaction was stirred under an
atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction mixture was filtered
through celite to remove the palladium catalyst and concentrated under reduced
pressure. Preparative reverse phase HPLC purification of the resulting oil was
performed on a Waters Autopurification system using a Polymerx 10 u RP-y 100 R

20 column [30 x 21.20 mm, 10 micron, solvent A: 0.05N HCI in water, solvent B:
CH:CN; injection volume: 2.5 mL. (0.05N HCI in water); gradient elution with
10—60% B over 15 mun, then held at 100% for 5 min; mass-directed fraction
collection]. Fractions with the desired MW, eluting at 9.25-10.5 mm were collected
and freeze-dried. Purification was performed a second time as above and the

25 fractions with the desired MW, eluting at 9.75-10.25 min were collected and freeze-
dried to give 1.5 mg of pure 62 (10%): "H NMR (400 MHz, CD;0D) 5 8.24 (s, 1 H),
8.17(d,/=11.0Hz, 1 H), 8.00 (s, I H), 5.57 (s, 2 H), 4.09 (s, 1 H), 3.16-2.92 (m, 9
H), 2.34-2.16 (m, 2H), 1.71-1.67 (m, 1 H); MS (ESI) m/z 557 44 (M+H).

30 Compound 63
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To a solution of aniline 2-6 (16.7 mg, 0.023 mmeol, 1 equiv) in THF (500 uL)
was added bromoacetylbromide (2.0 uL, 0.024 mmol, 1.05 equiv). After 20 minutes,
a tetrazole solution (0.45M in CH;CN, 500 pl., 0.23 mmol, 10 equiv) was added and
the solution was heated to 80 °C. After 4 h, potassium carbonate (35 mg, 0.25 mmol,
11 equiv) was added and the reaction heated for 35 minutes. The solution was
cooled and filtered through celite, and the solvent was removed in vacuo.

The above crude intermediate was transferred to a plastic vial in dioxane (1.0
mL}) and an agueous solution of hydrogen fluoride (50%, 200 uL) was added. After
18 h, the reaction solution was diluted with an aqueous solution of KoHPO, (2.4 g in
20 mL) and extracted with EtOAc (2 x 25 mL). The combined organic layers were
dried (Na,SOy), filtered, and concentrated to yield the crude product.

Palladium on carbon (10%, 7 mg) was added to solution of the above crude
intermediate in dioxane:methanol (1:1, | mL). The flask was fitted with a septum
and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was
bubbled through the reaction solution and the reaction was stired under an
atmosphere (balloon) of hydrogen gas for 1 h. The reaction mixture was filtered
through celite to remove the palladium catalyst and concentrated under reduced
pressure. Preparative reverse phase HPLC purification of the resulting oil was
performed on a Waters Autopurification system using a Polymerx 10 y RP-y 100 R
column [30 = 21.20 mm, 10 micron, solvent A: 0.05N HCl in water, solvent B:
CH:CN; mjection volume: 2.5 mL (10% CH;CN in 0.05N HCI in water); gradient
elution with 10—60% B over 15 min, then held at 100% for 5 min; mass-directed
fraction collection]. Fractions with the desired MW, eluting at 11.2-12.1 min were
collected and freeze-dried. Purification was performed a second time as above with
the gradient extended over 20 min. Fractions with the desired MW, eluting at 13.7-
14.5 min were collected and freeze-dried to give 1.6 mg of pure 63 (13%); 'H NMR
(400 MHz, CD;0D)88.78 (s, 1 H), 8.14 (d, J=11.0 Hz, 1 H), 5.78 (s, 2 H), 4.07 (s,
1 H), 3.17-2.81 (m, 9 H), 2.36-2.16 (m, 2 H), 1.70-1.52 (m, 1 H); MS (ESI) m=z
558.43 (M+H).
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Example 3.  Synthesis of Compounds of Structural Formula {A), wherein X is
hydrogen and Y is -NH-C(O)-heterocyclyl, -NH-C(O)-heteroaryl
-NH-C(0)-[C(R")R")[o.-N(RY(RP), -NH-C(O)-carbocyclyl, -NH-C(O)-aryl,

5 =NH-S0:-(Ci-Cg)alkyl, -NH-SO,-carboeyelyl, -NH-SO,-aryl,
-NH-80O;-heterocyclyl or -NH-SO,-heteroaryl.
Scheme 3

. H;ﬁ\N,CHb
=z e OH
Ray : NH,
H 44 0 o OB & (R=RCO, RNHCO, or R'S0)
3-1
R'COCH/coupling reagent
or RCOCH
or RNCO
or RSO.CI X
HaC. CHy CbZ'NVﬁOH HCw CH:
I H HN OH R | D
M\/\i/ HATU/ELN R N
2 A NH A
HoN 4 X En S _E:ﬁ\ > N%N B
OH O HO 70 © o e O

?RCHO
Na(OAG)sBH

10 In Scheme 3, R’ represents heterocyclyl, heteroaryl, carboceyelyl, aryl, (C;-
Ceyalkyl, or -[(C(RP)RM o -NRM(R?); and R? represents hydrogen, (C1-Cy)alkyl,
-(Co-Cs)alkylene-carbocyclyl, (Co-Cs)alkylene-aryl, -(Co-Cs)alkylene-heteroaryl, or
-(Co-Cs)alkylene-heterocyclyl. For certain compounds made by Scheme 3 and
described below, R” is hydrogen and R™ and RY are taken together with the carbon

5  and mtrogen atoms to which they are bound to form an optionally substituted 4-7
membered saturated heterocyclyl. Tt will be readily apparent to those of skill in the
art, however, that this Scheme 3 will also be useful to synthesize compounds where
R* RY and R” are R®, R” and R¥, respectively, as defined 1n structural formula (A).

The following compounds were prepared according to Scheme 3.



0. 125 50. 0156 50. 0156 50. 0156 50.0156 25 0.125 0.125 0.125 0.0313 50. 0156
0. 0625 50.0156 <0.0156 26 1 1 1 1 0.25 0.5 50,0156 50.0156 27 2 2 4 16 2 4
0.125 0. 5w@dot/@7201 1 1 0.125 PCT/US2009/053142

4142 1017001

- 81 -

Compound 64

To a solution of aniline 9 (17.0 mg, 0.038 mmol, 1 equiv) in DMF (200 pL)
was added N-Benzyloxycarbonyl-L-proline acid chloride (1.0 M in toluene, 57 ul.,
5 1.5 equiv). After 50 min the reaction mixture was diluted to 3 mL with 0.05 N HCI
in H2O and filtered to remove any solids. Preparative reverse phase HPLC
purification of the resulting solution was performed on a Waters Autopurification
system using a Polymerx 10 p RP-y 100 R column [30 x 21,20 mm, 10 micron,
solvent A: 0.05N HCI in water, solvent B: CH;CN; mjection volume: 3.5 mL (0.05N
10 HCI in water); gradient elution with 10—20% B over 25 min, then held at 100% for
5 min; mass-directed fraction collection]. Fractions with the desired MW, eluting at

27.1-28.4 min, were collected and freeze-dried.
Palladium on carbon (10%, 10 mg) was added to a solution of the above
intermediate in dioxane:MeOH (1:3, 2.3 mL). The flask was fitted with a septum
15 and evacuated and back-filled three times with hydrogen gas. The reaction solution
was stirred under an atmosphere (balloon) of hydrogen gas for 1.7 h, then was
filtered through celite to remove the palladium catalyst and concentrated under
reduced pressure. Half of the resulting residue was purified via preparative reverse
phase HPLC purification on a Waters Autopurification system using a Polymerx
200 10 RP-y 100 R column [30 x 21.20 mm, 10 micron, solvent A: 0.05N HCI in
water, solvent B: CH;CN; mnjection volume: 1.8 mL (0.05 N HCl in water); gradient
elution with 0—35% B over 10 mm, then held at 100% for 5 min; mass-directed
fraction collection]. Fractions with the desired MW, eluting at 7.8-8.5 min, were
collected and freeze-dried to yield 1.9 mg of compound 64 (30%): 'H NMR (400
25  MHz, CDsOD) 8 8.16 (d,J = 11.0 Hz, 1 H), 4.59-4.56 (m, 1 H), 4.10 (s, 1 1), 3.48-
3.33 (m, 2 H), 3.18-2.95 (m, 9 ), 2.59-2.50 (m, 1 H), 2.34-2.05 (m, 5 H), 1.70-1.60

(m, 1 H); MS (ESI) m/z 545.38 (M+H).

Compound 65
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To a solution of aniline 9 (15.7 mg, 0.035 mmol, 1 equiv) m DMF (200 uL)
was added N-Benzyloxycarbonyl-D-proline acid chloride (1.0 M in toluene, 33 ul,
1.5 equiv). After 50 min, the reaction was complete. The reaction mixture was
5  diluted to 3 mL with 0.05 N HCl in H,O and filtered to remove any solids.
Preparative reverse phase HPLC purification of the resulting solution was performed
on a Waters Autopurification system using a Polymerx 10 u RP-y 100 R column
[30 x 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CHi;CN,;
ijection volume: 3.5 mL (0.05 N HCl in water); gradient elution with 15—80% B
[0 over 10 min, then held at 100% for 5 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 6,95-8,10 min, were collected and freeze-
dried.

Palladium on carbon (10%, 15 mg) was added to a solution of the above
intermediate in dioxane:MeOH (1:3, 2.3 mL). The flask was fitted with a septum
15  and evacuated and back-filled three times with hydrogen gas, and the reaction was
stirred under an atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction
mixture was filtered through celite to remove the palladium catalyst and
concentrated under reduced pressure. Half of the resulting residue was purified via
preparative reverse phase HPLC purification on a Waters Autopurification system
20 using a Polymerx 10 u RP-v 100 R column {30 x 21.20 mm, 10 micron, solvent A:
0.05 N HCl in water, solvent B: CH;CN; injection volume: 1.8 mL (0.05 N HCl in
water); gradient elution with 0—35% B over 10 min, then held at 100% for 5 min;
mass-directed fraction collection]. Fractions with the desired MW, eluting at 8.35-
8.85 min, were collected and freeze-dried to yield 0.93 mg of compound 65 (24%):
25 'H NMR (400 MHz, CDs0D) 8 8.17 (d, /= 11.0 Hz, 1 H), 4.59-4.53 (m, 1 H), 4.09
(s, 1 H), 3.48-3.37 (m, 2 H), 3.18-2,90 (m, 9 H), 2.59-2.50 (m, | H), 2.34-2.05 (m, 5

H), 1.70-1.59 (m, 1 H); MS (ESI) m/z 545.37 (M+H).

Compound 66
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The second half of crude 64 (0.012 mmol, 1.0 equiv) was dissolved in DMF
(500 L), and formaldehyde (37% aqueous solution, 5.3 pl, 0.072 mmol, 6 equiv),
triethylamine (5.0 pL, 0.036 mmol, 3 equiv), and sodium triacetoxyborohydride (8.4
5 mg, 0.039 mmol, 3.2 equiv) were added sequentially. After 2 h, the reaction mixture
was diluted to 1.8 mlL with 0.0SN HCl in H2O and purified via preparative reverse
phase HPLC on a Waters Autopurification system using a Polymerx 10 p RP-y 100
R column {30 x 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B:
CH;CN, injection volume: 1.8 mL (0.05 N HCI in water); gradient: 0—30% B over
10 10 min; mass-directed fraction collection]. Fractions with the desired MW, eluting at
8.6-9.35 min, were collected and freeze-dried to provide a mixture of the desired
compound and an over-formylated product. The resulting compound mixture was
dissolved m 4 N aqueous HCI solution (1.5 mL) and stirred for 50 h, then freeze-
dried to provide 1.0 mg of the desired compound 66 (15%) : '"H NMR (400 MHz,
15 CD:;0D)68.17(d, /=104 Hz, 1 H), 436 (t,/ = 8.6 Hz, | H), 4.08 (5, | H), 3.82-
3.73 (m, 1 H), 3.20-2.90 (m, 12 H), 2.73-2.68 (m, 1 H), 2.35-2.10 (m, 5 H), 1.70-

1.60 (m, 1 H); MS (EST) #/z 559.38 (M-+H),

Compound 67

20
The second half of crude 65 (0.007 mmol, 1.0 equiv) was dissolved in DMF

(500 L), and formaldehyde (37% aqueous solution, 3.1 pl., 0.042 mmol, 6 equiv)
and TEA (3.0 pl., 0.021 mmol, 3 equiv), and sodium triacetoxyborohydride (4 mg,
0.026 mmol, 2.6 equiv) were added sequentially. After 2.2 h, the reaction mixture
25 was diluted to 1.8 mL with 0.05N HCI in H,O and purified via preparative reverse
phase HPLC on a Waters Autopurification system using a using a Polymerx 10 u

RP-y 100 R column [30 x 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water,
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solvent B: CHiCN; injection volume: 2.0 mL (0.05 N HCl in water);, gradient:
0—30% B over 10 min; mass-directed fraction collection]. Fractions with the
desired MW, eluting at 8 9-9.6 min, were collected and freeze-dried to provide a
mixture of the desired compound and an over-formylated product. The resulting
5 compound mixture was dissolved in 6 N aqueous HCI solution and stirred for 50 h,
then freeze-dried to provide 1.5 mg of the desired compound 67 (38%) : 'H NMR
(400 MHz, CD;OD) 6 8.17 (d, /=104 Hz, | H), 4.45-434 (m, 1 H), 4.08 (s, 1 H),
3.84-3.74 (m, 1 H), 3.20-2.90 (m, 12 H), 2.79-2.65 (m, 1 T, 2.33-2.05 (m, 5 H),
1.70-1.58 (m, 1 H); MS (ESI) m/z 559.40 (M+H).
10
Compound 68

To a solution of (8)-(-)-1-Cbz-piperidinecarboxylic acid (34.2 mg, 0.13

mmol, 3 equiv), and (2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium

15 hexafluoro-phosphate) (50.0 mg, 0.13 mol, 3 equiv) in DMF (200 ul) was added
triethylamine (18 uL, 0.13 mmol, 3 equiv). After 30 min, aniline 9 (17.5 mg, 0.039
mmol, 1 equiv) was added. After 16 h, the reaction mixture was diluted to 3 mL with

0.05 N HCI in H2O and purified via preparative reverse phase HPLC on a Waters
Autopurification  system using a Polymerx 10p RP-y100 R column

20 30 = 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CH:CN;
mjection volume: 3.5 mL (0.05 N HCI in water); gradient elution with 15—70% B

over 10 min, then held at 100% for 5§ min, mass-directed fraction collection].
Fractions with the desired MW, eluting at 9.07-10,0 min, were collected and freeze-
dried. Palladium on carbon (10%, 4 mg) was added to a solution of this foam in

25  dioxane:MeOH (1:3, 1.2 mL). The flask was fitted with a septum and evacuated and
back-filled three times with hydrogen gas. The reaction mixture was stirred under an
atmosphere (balloon) of hydrogen gas for 1.5 h, then was filtered through celite to
remove the palladium catalyst and concentrated under reduced pressure. Preparative
reverse phase HPLC purification of the resulting oil was performed on a Waters

30 Autopurification  system using a Polymerx 10p RP-y100 R columm
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[30 % 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CH:CN;
mjection volume: 2.0 mL (0.05 N HCI in water); gradient elution with 0-+35% B
over 10 min, then held at 100% for 5 mun; mass-directed fraction collection].
Fractions with the desired MW, eluting at 8.15-8.58 min, were collected and freeze-

5 dried to yield 0.75 mg of compound 68 (4%): 'H NMR (400 MHz, CD:0D) § 8.15
(d, J=11.0 Hz, 1 H), 4.12-4.06 (m, 2 H), 3.48-3.40 (m, 2 H), 3.20-2.90 (m, 9 H),
2.36-2.18 (m, 3 H), 2.02-1.90 (m, 2 H), 1.82-1.60 (m, 4 H); MS (ESI) m/z 559.37
(M+H),

10 Compound 69

HaCw. LCH
oy Hs

To a solution of (R)-(+)-1-Cbz-piperidinecarboxylic acid (35.0 mg, 0.13
mmol, 3 equiv), and (2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluoro-phosphate) (50.0 mg, 0.13 mol, 3 equiv) in DMF (200 ) was added

15 TEA (18 uL, 0.13 mmol, 3 equiv). After 30 min, aniline 9 (16.6 mg, 0.037 mmol, 1
equiv) was added. After 16 h, the reaction mixture was diluted to 3 mL with 0. 05 N
HCl in HxO and purified via preparative reverse phase HPLC on a Waters
Autopurification  system using a Polymerx 10p RP-y 100 R column
[30 % 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B; CHsCN:
20 injection volume: 3.5 mL (0.05 N HCI in water); gradient elution with 10—50% B
over 10 min, then held at 100% for 5 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 12.1-12.9 min, were collected and freeze-
dried. Palladium on carbon (10%, 5 mg) was added to a solution of this foam in
dioxane:MeOH (1:3, 800 uL). The flask was fitted with a septum and evacuated and
25 back-filled three times with hydrogen gas. The reaction mixture was stirred under an
atmosphere (balloon) of hydrogen gas for 1.75 h, then was filtered through celite to
remove the palladium catalyst and concentrated under reduced pressure, Preparative
reverse phase HPLC purification of the resulting oil was performed on a Waters
Autopurification  system using a Polymerx 10p RP-y 100 R column

30 [30 = 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CH;CN;
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injection volume: 2.0 mL (0.05 N HCI in water); gradient elution with 0—35% B
over 10 mun, then held at 100% for 5 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 8.75-9.16 min, were collected and freeze-
dried to yield 0.55 mg of compound 69 (3%): '"H NMR (400 MHz, CD;0D) & 8.16

5 (d,/=11.0Hz 1 H), 413-4.06 (m, 2 H), 3.50-3.43 (m, 2 H), 3.20-2.90 (m, 9 ),
2.38-2.18 (m, 3 H), 2.04-1.88 (m, 2 H), 1.83-1.60 (m, 4 H); MS (ESI) m/z 559.38
(M+H).

Compound 76

10
To a solution of compound 68 (0.0138 mmol, 1 equiv) in DMF (750 uL),

were added formaldehyde (37% aqueous solution, 6.2 uL, 0.083 mmol, 6 equiv),
TEA (5.8 uL, 0.041 mmol, 3 equiv), and sodium triacetoxyborohydride (11 mg,
0.051 mmol, 3.7 equiv) sequentially. After 17 h, the reaction mixture was
15 concentrated to remove amine and 6 N aqueous HCI (500 ulL) was added. After 19
days, the reaction solution was purified via preparative reverse phase HPLC on a
Waters  Autopurification system using a Polymerx 101 RP-y 100 R column
[30 % 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CHsCN:
injection volume: 2.5 mL (0.05 N HCI in water),gradient: 15-+50% B over 15 min;
20 mass-directed fraction collection]. Fractions with the desired MW, eluting at 5.75-
6.2 min, were collected and freeze-dried to provide 2.4 mg of the desired compound
70 (31%): "H NMR (400 MHz, CD;0D) 5 8.16 (d, /= 11.0 Hz, | H), 4.08-4.04 (m,
1 H), 3.59-3.53 (m, 1 H), 3.20-3.10 (m, 5 H), 3.06-2.96 (m, 5 H), 2.90m (s, 3 H),
2.36-2.25 (m, 2 H), 2.11-2.05 (m, 1 H), 2.02-1.94 (m, 2 H), 1.90-1.74 (m, 2 H),
25 1.71-1.58 (m, 2 H); MS (ESI) m/z 573.33 (M-+H),

Compound 71
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HiC, ~CH3
g

Compound 9 (20 mg, 0.045 mmol, 1.0 equiv) in THF was added Na,CO;

(9.5 mg, 0.089 mmol, 2.0 equiv), (4R)-4-fluoro-1-methyl-L-proline (9.8 mg, 0.067

mmol, 1.5 equiv) and HATU (34.6 mg, 0.047 mmol, 2.0 equiv). The reaction

5 mixture was stirred at room temperature for 20 hour. LC-MS analysis indicated the

starting material was consumed completely, HClI/MeOH (1 mL, 4 N) was added to

the mixture at 0 °C and stirred for 2 min. The mixture was concentrated under

vacuum, the residue was purified by reverse phase HPLC to afford product 71 (6.1

mg): "H NMR (400 MHz, CD:0D) & 8.18 (d, J = 10.8 Hz, 1 H), 5.51 (d, /= 51.6

10 Hz, 1 H),476-4.72 (m, 1 H), 422-4.16 (m, | H), 4.10 (s, 1 H), 3.74-3.63 (m, | H),

3.21-297 (m, 14 H), 2.35-2.21 (m, 2 H), 1.69-1.60 (m, 1 H); MS (ESI) m/z 577.1
(NLHHD).

Compounds 72 and 73 were prepared similarly to compound 71 using the

5  corresponding amino acids.

Compound 72
HyCuy -CHs

=
H o H: o
ng O T Y
\ oH o oft 8
) 72

Prepared similarly to compound 71: "H NMR (400 MHz, CD:0D) & 8.16 (d,
200 J=108Hz 1 H), 548 (d,/=51.2Hz1 H), 460-4.56 (m, 1 H), 4.11 (s, 1 H), 4.05-
3.98 (m, | H), 3.67-3.54 (m, 1 H), 3.24-2.96 (m, 13 H), 2.55-2.44 (m, 1 H), 2.34-
2.22 (m, 2 H), 1.70-1.66 (m, 1 H); MS (ESI) mz S77.1 (M+H),

Compound 73
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Prepared similarly to compound 71: "H NMR (400 MHz, CD;0D) & 8.18 (d,
J =108 Hz, 1 H), 4.76-471 (m, 1 H), 4.17-4.12 (m, 1 H), 4.09 (s, 1 H), 3.96-3.86
(m, 1 H),3.67-3.53 (m, 1 H), 3.55-3.53 (m, I H), 3.25-2.73 (m, 12 H), 2.33-2.19 (m,
5 2H), 1.68-1.59 (m, 1 H); MS (ESI) m/z 5953 (M+H).

Compound 3-1-1

HMsCw . CHa
gy

o

OoH O OI‘P
3-1-1

L-(Bocamino)eyclopropanecarboxylic acid (67.4 mg, 0.335 mmol), O-(7-
10 azabenzotnazol-1-y)-N, N, N' N'-tetramethyluronium hexafluorophosphate (127 mg,
0.335 mmol), and triethylamine (0.078 mL, 0.56 mmol) were stirred in DMF (1 mL)
for 30 minutes. Compound 9 (50 mg, 0.112 mmol) was added After stirring
overnight, the reaction mixture was purified directly by preparative reverse phase
HPL.C purification on a Waters Autopurification system using a Polymerx 10 p RP-y
15 100 R column [30 x21.20 mm, 10 micron, solvent A: 0.05N HCl, solvent B:
CH3CN, gradient elution with 0—-50% B over 10 min, mass-directed fraction
collection] Fractions with the desired MW were collected and freeze-dried. The
material was repurified by preparative reverse phase HPLC purification on a Waters
Autopurification system wusing a Polymerx 10pu RP-y 100 R column
20 [30 = 21.20 mm, 10 micron, solvent A: 0.05N HCI, solvent B: CH;CN, gradient
elution with 0--100% B over 15 min; mass-directed fraction collection]. Fractions
with the desired MW were collected and freeze-dried. This gave 42 mg of
compound 3-1-1 (59%, ~80% pure) which was used without further purification.:
MS (ESL) m/z 631,41 (M+H).
25
Compound 74
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Compound 3-1-1 (42 mg, 0.067 mmol, ~80% pure) was stirred in 4M HCI in
1,4-dioxane (5 mL) overnight. The reaction mixture was concentrated under reduced
pressure and was purified by preparative reverse phase HPLC purification on a

5 Waters Autopurification system using a Polymerx 10y RP-y 100 R column
[30 x 21.20 mm, 10 micron, solvent A: 0.05N HCI, solvent B: CH;CN, gradient
elution with 0—50% B over 10 min; mass-directed fraction collection]. Fractions
with the desired MW were collected and freeze-dried. The material was dissolved in
MeOH (1 mL), and the solution was added dropwise to vigorously stirring diethyl

10 ether (200 mL). The resulting solid was collected by filtration on a pad of Celite.
This was washed with dicthyl ether (3 times), and the solid was dissolved in MeOH
and concentrated under reduced pressure. The material was freeze-dried, yielding
25.8 mg of compound 74; 'H NMR (400 MHz, CD;0D with 1 drop DCI) 8 8.00 (d,
J=70Hz, | H),4.05(s, 1 H), 3.20-2.85 (m, 9 H), 2.36-2.06 (m, 2 H), 1.70-1.52 (m,
15 3 H), [.35-1.22 (m, 2 H); MS (EST) vz 531.33 (M+H).

Compound 75

HsCx, ~ChHs

20 To a dichloromethane (5 mL) suspension of compound 9 (0.260 g, 0.50
mmol, 1.0 equiv) at rt was added triethylamine (0.139 mL, 1.00 mmol, 2.0 equiv).
The reaction wasg stirred at rt until form a clear solution. Methylisocyanate (89.4 uL,
1.50 mmol, 3.0 equiv) was added to the reaction mixture dropwise. The reaction was
allowed to stir at 25 °C for 1 h. Additional methylisocyanate (45 ul., 0.75 mmol, 1.5
25 equiv) was added and stured overmight. LCMS indicate there are still starting
material present. The solvent was removed under vacuum to give the crude 75. The

crude product was purified by HPLC on a Polymerx 10 p RP-y 100 R column
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[30 % 21.20 mm, 10 micron, solvent A; 0.05 N HCL solvent B: CH;CN, sample in
2.0 mbL (0,05 N HCD, gradient elution with 15—65 % B over 15 min, mass-directed
fraction collection] to yield the desired product 75 as a yellow solid (80 mg, 31.7
%): "H NMR (400 MHz, CD:0D) 8 8.12 (d, J=11.4 Hz, 1 H), 4.07 (s, 1 H), 3.04 (s,

5 3H),296 (s, 3 H),3.13 -2.93 (m, 3 H), 2.77 (s, 3 H), 2.27-2.15 (m, 2 H), 1.69-1.57
(m, 1 Hj; MS (ESD) m/z 505.41 (M+H).

Compound 76

10
Compound 9 (20 mg, 0.045 mmol, 1.0 equiv) in THF was added Na,CO;

(9.5 mg, 0.089 mmol, 2.0 equiv) and 0.1 mL benzoyl chloride solution (54 UL in 1

mL THF, 0.047 mmel, 1.05 equiv). The reaction mixture was stirred at room

temperature for 1 hour. LC-MS analysis indicated the starting material was
15 consumed completely. HCI/MeOH (1 mL, 4 N) was added to the mixture at 0 °C and

stirred for 2 mmn. The mixture was concentrated under vacuum, the residue was

purified by reverse phase HPLC to afford product 76 (5.5 mg): 'H NMR (400 MHz,

CD;0D) 5823 (d, /=108 Hz, | H), 7.97(d, J= 7.6 Hz, 2 H), 7.66-7.54 (m, 3 H),

4.11 (s, 1 1), 3.21-2.90 (m, 9 H), 2.37-2.24 (m, 2 H), 1.72-1 66 (m, 1 H); MS (ESI)
20 m/z 552.1 (M+H).

Compounds 77 — 83 were prepared similarly to compound 76 using the

corresponding acid chlorides.

25 Compound 77
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"1 NMR (400 MHz, CDs0D) 6 8.25 (s, 1 H), 8.21 (d, /= 8.0 Hz, 1 H), 8.14
(d,.J =104 Hz, 1 H), 7.92 (d, /= 8.0 Hz, 1 H), 7.76 (t, /= 8.0 Hz, | H), 4.08 (s, |
H), 3.21-2.89 (m, 9 H), 2.35-2.22 (m, 2 H), 1.71-1.61 (m, 1 H): MS (ESI) m/z 620 1
(M+H).

Compound 78

'"H NMR (400 MHz, CD:0D) 8 8.10 (d, .J = 10.8 Hz, 1 H), 7.41-7.33 (m, 3
H), 7.09-7.07 (m, 1 H), 4.00 (s, 1 H), 3.78 (s, 3 H), 3.12-2.86 (m, 9 H), 2.23-2.13
10 (m, 2 H), 1.60-1.50 (m, 1 H); MS (ESI) m/z 582.1 (M+H),

Compound 79

HaCu, .CHy

"H NMR (400 MHz, CD;0D) § 8.12(d, J = 10.8 Hz, 1 H), 7.89 (d,.J = 3.2
IS Hz, 1H), 778 (d, /=48 Hz, 1 H), 722 (t, /= 8.8 Hz, 1 ), 4.10 (s, 1 H), 3.20-
2,98 (m, 9 H), 2.36-2.20 (m, 2 H), 1.68-1.61 (m, 1 H); MS (ESI) m/z 558.1 (M+H).

Compound 80

HzCs -CHz

20 "H NMR (400 MHz, CD;0D) 8 9.34 (s, 1 H), 9.04-9.00 (m, 2 H), 8.20-8.15
(m, 2 H), 4.07 (s, 1 H), 3.27-2.94 (m, 9 H), 2.34-2.18 (m, 2 H), 1.68-1.59 (m, | H);
MS (EST) m/z 553.1 (M+H).

Compound 81
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'"H NMR (400 MHz, CD:0D) & 8.13-8.06 (m, 2 H), 7.98 (d, /= 7.6 Hz,  H
), 7.77(d, J=72Hz, 1 H), 7.67 (1, J=8.0 Hz, 1 H), 4.01 (s, 1 H), 3.26 (s, 6 ),
3.14-2.83 (m, 9 H), 2.27-2.13 (m, 2 H), 1.64-1.52 (m, 1 H); MS (ESI) m/z 595.1
5 (M+H).

Compound 82

'"H NMR (400 MHz, CD;0D) & 8.08 (d,.J = 10.8 Hz, 1 H), 7.98 (d, J = 8.4
10 Hz 2H),749(d,J=84Hz 2H), 402 (s, 1 H), 3.19 (s, 6 H), 3.12-2.88 (m, 9 H ),
2.24-2.13 (m, 2 H), 1.60-1.51 (m, | H); MS (ESI) m/z 595.1 (M+H).

Compound 83

15 "H NMR (400 MHz, CDs0D) & 8.19-8.14 (m, 2 H), 8.05 (d,.J=8.4 Hz, 1 H),
7.91-7.89 (m, 1 H), 7.76-7.74 (m, 1 H),.4.12 (5, 1 T1), 3.32 (s, 6 H), 3 21-2.96 (m. 9
H), 2.41-1,98 (m, 2 H), 1.72-1.59 (m, 1 H): MS (EST) m/z 595.0 (M+H),

Compound 84

20 84

>32
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Compound 9 (20 mg, 0.045 mmol, 1.0 equiv) in THF was added DIEA (11.5

mg, 0.089 mmol, 2.0 equiv) and 2-thiophenesulfonyl chloride (12.2 mg, 0.067
mmol, 1.5 equiv). The reaction mixture was stirred at room temperature for 20 hour,
LC-MS analysis indicated the starting material was consumed completely.

5 HCUYMeOH (1 mL, 4 N) was added to the mixture at 0°C and stirred for 2 min, The
mixture was concentrated under vacuum, the residue was purified by reverse phase
HPLC to afford compound 84 (2.0 mg): 'H NMR (400 MHz, CD;0D) & 7.75 (dd, J
=52 12Hz, 1 H), 7.59(d,/=28Hz, 1 H), 752 (d,J=104 Hz, 1 H), 709 (t, J=

44 Hz, | Hy, 4.07 (s, 1 H), 3.11-2.92 (m, 9 H), 2.30-2.18 (m, 2 H), 1.68-1.58 (m, ]

10 H); MS (ESH mz 593.9 (M+H),

Compounds 85 — 87 were prepared similarly to compound 84 using the

corresponding sulfonyl chlorides.

15 Compound 85

"H NMR (400 MHz, CD0D) § 7.44 (d, /= 10.0 Hz, 1 H), 4.10 (s, 1 H),
3.21-2.90 (m, 12 H), 2.34-2.22 (m, 2 H), 1.67-1.61 (m, 1 H); MS (EST) m/z 526.1

(M-+H).
20
Compound 86
"H NMR (400 MHz, CD;0D) 8 7.82 (d, J = 7.6 Hz, 2 H), 7.58-7.46 (m, 4
H), 4.07 (s, 1 H), 3.10-2.92 (m, 9 H), 2.35-2.25 (m, 2 H), 1.65-1.55 (m, 1 H): MS
25 (ESI)mz 552.1 (M+H).

Compound 87
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"H NMR (400 MHz, CDs0D) 8 7.72 (t, /= 5.6 Hz 1 H), 7.62 (d, J = 7.6 Hz,
1 H), 7.50 (d, ./ = 8.4 Hz, 1 H), 7.41-7.38 (m, 2 H), 3.97 (s, 1 H), 3.03-2.82 (m, 9 H),
5 2.19-2.06 (m, 2 H), 1.53-1.50 (m, 1 H): MS (ESD m/z 622.1 (M+H).

Example 4. Synthesis of Compounds of Structural Formula (1), wherein X is
hydrogen and Y is -NH-C(O)-heterocycly or -NH-C(O)-heteroaryl

Scheme 4

10
CHs
R coupling
O OH 4 ¢
‘ !‘N R?ﬁ; reagent
HaN :
: or: R* 0
BrO © HO IO  OBn N
2-6 OTBS rY Rz
depreotection when
RCOCI R is a protecting

group

o O HOZo  OBn
44 OTBS

1ag HF
2) H,/Pd-C

HiCs | -CHa
0

In Scheme 4, R represents heteroaryl and R* is R* as defined in Structural
Formula (A). For certain compounds made by Scheme 4 and described below, R” is
hydrogen and R and R are taken together with the carbon and nitrogen atoms to

15 which they are respectively bound to form an optionally substituted 4-7 membered
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saturated heterocyclyl. It will be readily apparent to those of skill in the art,
however, that this Scheme 4 will also be useful to synthesize compounds where R,
RY and R” are R”, R” and RY, respectively, as defined in structural formula (A).

The following compounds were prepared according to Scheme 4.

Compound 88

o]
H H

To a suspension of 1-Fmoc-L-azetidine-2-carboxylic acid (135 mg, 0.42

OH O O?—P V)
ge

mmol, 2.9 equiv), and (2-(7-aza-1H-benzotriazole-1-y1)-1,1,3,3-tetramethyluronium
hexafluoro-phosphate) (164 mg, 0.43 mol, 3 equiv) in THF (1.5 mL) was added
triethylamine (60 pL, 0.43 mmol, 3 equiv). After 30 min, aniline 2-6 (106 mg, 0.14
mmol, 1 equiv) was added. After 18 h, the reaction mixture was concentrated under
reduced pressure. Preparative reverse phase HPLC of the resulting oil was
performed on a Waters Autopurification system using a Sunfire Prep C18 OBD
column [5 um, 19 x 50 mm; flow rate, 20 mL/min; Solvent A H,O with 0.1%
HCO:H; Solvent B: CH:CN with 0.1% HCO,H; injection volume: 3 x 2.0 mL
(CH:CN); gradient: 80-->100% B over 15 min; mass-directed fraction collection].
Fractions with the desired MW, eluting at 10.35-12.0 min, were collected and

freeze-dried to provide 131 mg of a yellow powder.

To a solution of the above intermediate in CH,Cl, (2 mL) was added
piperidine (500 pL). After 30 min, the reaction solution was poured into aqueous pH
7 phosphate buffer and extracted with EtOAc (3 x 20 mL.). The combined organic
layers were dried (NazSOq), filtered, and concentrated under reduced pressure.
Purnification of the resulting crude oil via flash column chromatography on silica gel
(Silicycle, 5 g, 0 to 5 to 10 to 50 % EtOAc in hexane gradient) provided 47.6 mg of

the intermediate.

Half of the above intermediate (24 mg) was dissolved in acetonitrile (1 mL),

and an aqueous solution of HF (50%, 200 pL) was added. After 18.5 h, the reaction

PCT/US2009/053142
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solution was poured into an aqueous K,HPO, solution (2.5 ¢ in 20 mL) and
extracted with EtOA¢ (2 x 25 ml). The combined organic layers were dried

(NaxSQy), filtered, and concentrated under reduced pressure.

5 Palladium on carbon (10%, 12.5 mg) was added to a solution of the above
intermediate in dioxane:MeOH (1:1, 1 mL). The flask was fitted with a septum and
evacuated and back-filled three times with hydrogen gas. Hydrogen gas was bubbled
through the reaction solution for three muinutes, and the reaction mixture was stirred
under an atmosphere (balloon) of hydrogen gas for 4.5 h. The reaction mixture was

10 filtered through celite to remove the palladium catalyst and concentrated under
reduced pressure. Preparative reverse phase HPLC punfication of the resulting oil
was performed on a Waters Autopurification system using a Polymerx 10 u
RP-y 100 R column [30 x 21.20 mm, 10 micron, solvent A: 0.05N HCl in water,
solvent B: CHaCN; injection volume: 3.0 mL (0,05N HCI in water); gradient elution

15 with 0—30% B over 10 min, then held at 100% for 5 min; mass-directed fraction
collection]. Fractions with the desired MW, eluting at 9.8-11.25 min, were collected
and freeze-dried. The resulting impure powder was purified via preparative reverse
phase HPLC as above with gradient elution with 15—50% B over 12 min, then held
at 100% for 3 min; mass-directed fraction collection. Fractions with the desired

20 MW, cluting at 6.5-8.0 min, were collected and freeze-dried to vyield 2.0 mg of
compound 88 (5%): "H NMR (400 MHz, CD;0D) & 8.25 (d, J = 11.0 Hz, 1 H),
5.29-524 (m, 1 H), 420-4.11 (m, 1 H), 4.09(s, 1 H), 3.19-2.89 (m, 10 H), 2.69-2.56
(m, 1 H), 2.33-2.19 (m, 2 H), 1.68-1.56 (m, | H); MS (ESD) m/z 531.30 (M+H),

25 N-methyl-L-azetidine-2-carboxilic acid

HaC,
MOH
H

To a suspension of L-azetidine-2-carboxylic acid (290 mg, 2.87 mmol, 1
equiv) in MeOH (3.6 mL), was added aqueous formaldehyde solution (37%, 235 ul,
315 mmol, 1.1 equiv) and palladium on carbon (10%, 76 mg). The flask was fitted
30 with a septum and evacuated and back-filled three times with hydrogen gas. The
reaction was stirred under an atmosphere (balloon) of hydrogen gas for 19 h, and

was filtered through celite to remove the palladium catalyst. The resulting solution
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was concentrated under reduced pressure, concentrated from toluene three fimes and
dried under vacuum to afford N-methyl-L-azetidine-2-carboxilic acid: "H NMR (400
MHz, CD;0D)54.50 (1,./=9.5Hz, 1 H),3.96 (dt,./=4.3,9.8 Hz, | H),3.81 (q,/
= 9.8 Hz, 1 H), 2.86 (s, 3 H), 2.71-2.60 (m, 1 H), 2.50-2.38 (m, 1 H).

Compound 4-1-1

To a suspension of aniline 2-6 (302 mg, 0.408 mmol, 1 equiv) and N-methyl-
L-azetidine-2-carboxilic acid (148 mg, 1.28 mmol, 3.1 equiv) in CH,Cl; (6 mL) was
added O-(Benzotrnazol-1-y)-N,N,N' N'-tetramethyluronium tetrafluoroborate (395
mg, 1.23 mmol, 3 equiv) and DIEA (285 uL, 1.64 mmol, 4 equiv). After 16.5 h, the
resulting orange solution was concentrated under reduced pressure and purified via
preparative reverse phase HPLC on a Waters Autopurification system using a
Sunfire Prep C18 OBD column [5 pum, 19 x 50 mm; flow rate, 20 mL/min; Solvent
A: H;O with 0.1% HCO;H; Solvent B: CH;CN with 0.1% HCO,H; injection
volume: 4 x 2.5-3.0 mL (CH;CN); gradient: 50—90% B over 15 min; mass-directed
fraction collection]. Two sets of fractions with the desired MW, eluting at 4.6-
6.5 min and 6.5-9.4 min, were collected separately and freeze-dried to provide 147

mg of 4-1-1 (43%): "H NMR (400 MHz, CDCL) 8 16.04 (s, 1 H), 10.10 (s, 1 H),

499(d,J=98Hz 1 H),490(d,/=98Hz, 1 H),396(d,./=10.4Hz | H), 3.54
{(t, /=79 Hz | H), 3.39-334 (m, 1 H), 3.25-3.19 (m, | H), 3.05-2.92 (m, 2 H),
2.58-2.36 (m, 10 H), 2.23-2.06 (m, 4 H), 0.81 (s, 9 H), 0.28 (s, 3 H), 0.11 (s, 3 H);
MS (ESY) m/z 837.37 (M+H).

Compound 89

PCT/US2009/053142
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To a solution of 4-1-1 (147 mg, 0.175 mmol, 1 equiv) in dioxane (3.5 ml)
was added an aqueous solution of HF (50%, 750 uL). After 4 h, the reaction solution
was poured mto an aqueous K;HPO, solution (9 g in 90 mL) and extracted with
EtOAc (2 x 50 mL.). The combined organic layers were dried (Na;SOy), filtered, and

5  concentrated under reduced pressure to provide 128.4 mg of a crude yellow foam.

The HF deprotection product (144 mg, 0.199 mmol, 1 equiv) was dissolved

in dioxane:MeOH (1.1, 4 mL), and palladium on carbon (10%, 43.5 mg) was added.

The flask was fitted with a septum and evacuated and back-filled three times with

10 hydrogen gas. Hydrogen gas was bubbled through the reaction solution for three

minutes, and the reaction mixture was stirred under an atmosphere (balloon) of

hydrogen gas for 3.25 h. The reaction mixture was filtered through celite to remove

the palladium catalyst and concentrated under reduced pressure. Preparative reverse

phase HPLC of this o1l was performed on a Waters Autopurification system using a

15  Polymerx 10 u RP~y 100 R column [30 x 21.20 mm, 10 micron, solvent A: 0.05 N

HCI in water, solvent B: CH;CN; injection volume: 2 x 3.2 mL (0.05 N HCI in

water); gradient: 10—35% B over 20 min; mass-directed fraction collection].

Fractions with the desired MW, eluting at 6.10-8.40 min and 6.9-9.4 min,

respectively for each run, were combined. The pH of the solution at 0 °C was

20 adjusted (pH 1.8 to pH 7.4) via dropwise addition of 0.5 M aqueous NaOH solution

(approximately 7.8 mL) and careful monitoring with an electronic pH meter. The

aqueous solution was extracted with CH,Cl; (3 x 60 mL) and the combined organic

layers were dried (Na;SOy), filtered, and concentrated under reduced pressure to

provide 79.7 mg of compound 89 as the free base (0.146 mmol, 73%). This yellow

25 solid was dissolved in MeOH (3 mL), and MeSO;H (19 pl, 0.292 mmol, 2 equiv)

was added. The solution was concentrated under reduced pressure, dried under

vacuum, and freeze-dried from water to provide 105 mg of 89 as the dimesylate salt.

"H NMR (400 MHz, CD;0D) §8.22 (d, J=11.0 Hz, 1 H), 516 (t, J=86Hz 1 H),

4.21-4.12 (m, 1 H), 4.09-4.02 (m, 2 H), 3.17-2.85 (m, 10 H), 2.68 (s, 6 H, mesylate

30 H), 2.64-2.59 (m, 1 H), 2.34-2.15 (m, 2 H), 1.70-1.58 (m, 1 H), MS (ESI) m/z
545,18 (M+H),

General Propcedures for the Preparation of Compounds 90 - 94
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To a solution of aniline 2-6 (1 equiv) m THF (0.05-0.09M) was added an
acid chloride (3 equiv). The reaction solution was filtered through celite and
concentrated under reduced pressure. The resulting oil was dissolved in dioxane (1
mL) and an aqueous solution of HF (50%, 200 uL) was added. Upon completion, the
reaction was poured into an aqueous K,;HPO; solution (2.6 g in 30 mL) and
extracted with EtOAc (2 x 25 mL). The combined organic layers were dried
(Na,S0y), filtered, and concentrated under reduced pressure. Palladium on carbon
(10%) was added to a solution of this crude oil in dioxane:MeOH (1:1, 1 mL). The
flask was fitted with a septum and evacuated and back-filled three times with
hydrogen gas, and then the solution was degassed with bubbling hydrogen for 2
minutes. The reaction was stirred under an atmosphere (balloon) of hydrogen gas for
2 h. The reaction mixture was filtered through celite to remove the palladium
catalyst and concentrated under reduced pressure. The crude products were purified

by preparative reverse phase HPLC.

Compound 90

Prepared by above general procedure with the following reagents: aniline 2-6
(21.1 mg, 0.028 mmol, 1 equiv), picolinoyl chloride hydrochloride (15.8 mg, 0.088,
3 equiv), with triethylamine (11.7 pL, 0.084 mmol, 3 equiv), and 10% Pd-C (10
mg), provided a crude oil. Preparative reverse phase HPLC of the crude product was
performed on a Waters Autopurification system using a Polymerx 10 u RP-y 100 R
column {30 » 21.20 mm, 10 mucron, solvent A: 0.05 N HCI in water, solvent B:
CH:CN; mjection volume: 2.5 mL (0.05 N HCI in water); gradient: 10—60% B over
20 min; mass-directed fraction collection]. Fractions with the desired MW, eluting at
14.8-16.4 min, were collected and freeze-dried to provide 5.8 mg of the desired
compound 90 (37%): "H NMR (400 MHz, CD;0D) 6 8.73-869 (m, 1 H), 8,58-8.52
(m, 1 H), 827-8.21 (m, 1 H), 8.08-8.00 (m, 1 H), 7.66-7.60 (m, 1 H), 4.09 (s, | H),

PCT/US2009/053142
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3.29-2.92 (m, 9 H), 2.38-2.18 (m, 2 H), 1.72-1.60 (m, 1 H); MS (ESI) m/z 553.27
(M),

Compound 91

Prepared by above general procedure with the following reagents: aniline 2-6
(31.0 mg, 0.042 mmol, 1 equiv), I-methylpyrrole-2-carbonyl chloride (22 mg, 0.15
mmol, 3 equiv), and 10% Pd-C (10 mg). Preparative reverse phase HPLC of the
crude product was performed on a Waters Autopurification system using a Polymerx
10w RP-y 100 R column [30 x 21,20 mm, 10 micron, solvent A: 0.05 N HCl in

water, solvent B: CHzCN; injection volume: 2.0 mL (0.05 N HCl in water), gradient:

desired MW were collected and freeze-dried and repurified via the same system with
the gradient: 10—60% B over 20 mun, Fractions with the desired MW, eluting at
15.5-16.5 mun, were collected and freeze-dried to provide 2.5 mg of the desired
compound 91 (11%): '"H NMR (400 MHz, CD;0D) 8 8.20 (d, /=116 Hz, 1 H),
6.98-6.86 (m, 2 H), 6.17-6.10 (m, 1 H), 4.08 (s, 1 H), 3.94 (s, 3 F), 3.19-2.90 (m, 9
H), 2.33-2.18 (m, 2 H), 1.80-1.56 (m, | H); MS (ESI) m/z 555.32 (M+H).

Compound 92

HaC

Prepared by above general procedure with the following reagents: aniline 2-6

(31.0 mg, 0.042 mmol, 1 equiv), 5-methylisoxazole-3-carbony! chloride (19.0 mg,
0.13 mmol, 3 equiv), and 10% Pd-C (10 mg), Preparative reverse phase HPLC of the
crude product was performed on a Waters Autopurification system using a Polymerx
10 u RP-y 100 R column [30 = 21.20 mm, 10 micron, solvent A: 0.05 N HCl in

water, solvent B: CHzCN; injection volume: 2.8 mL (0.05 N HCI in water); gradient:

PCT/US2009/053142
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10—60% B over 20 nun; mass-directed fraction collection]. Fractions with the
desired MW, eluting at 14.5-15.5 min, were collected and freeze-dried to provide 4.0
mg of the desired compound 92 (17%): "H NMR (400 MHz, CD:0D) 8 8.32 (d, /=
11.0Hz, | H), 659 (s, 1 H), 4.09 (5, 1 H), 3.19-2.90 (m, 9 H), 2.52 (s, 3 H), 2.34-
2,18 (m, 2 H), 1.71-1.58 (m, 1 H); MS (ESI) m/z 557.26 (M+H).

Compound 93

Prepared by above general procedure with the following reagents: aniline 2-6
(30.0 mg, 0,041 mmol, 1 equiv), 1-methyl-1H-pyrazole-3-carbonyl chloride (16.8
mg, 0.12 mmol, 3 equiv), and 10% Pd-C (20 mg). Preparative reverse phase HPLC
of the crude product was performed on a Waters Autopurification system using a
Polymerx 10 u RP-y 100 R column [30 = 21.20 mm, 10 micron, solvent A: 0.05 N
HCI in water, solvent B: CH3CN; injection volume: 3.2 mL (0.05 N HCI in water);
gradient: 10—60% B over 20 min; mass-directed fraction collection]. Fractions with
the desired MW, eluting at 12.5-14.5 min, were collected and freeze-dried to provide
11.2 mg of the desired compound 93 (49%): 'H NMR (400 MHz, CD:0D) & 8.38 (d,
J=11.0Hz 1 H), 768 (s, | H), 6.82-6.76 (m, 1 H), 4.09 (s, 1 H), 3.99 (s, 3 H),
3.16-2.90 (m, 9 H), 2.31-2.16 (m, 2 H), 1.70-1.56 (m, 1 H); MS (ESI) m'z 556.31
(M-+H).\

Compound 94

Prepared by above general procedure with the following reagents: aniline 2-6
(30.0 mg, 0.041 mmol, 1 equv), 1,3-thiazole-2-carbonyl chloride (17.8 mg, 0.12
mmol, 3 equiv), and 10% Pd-C (15 mg). Preparative reverse phase HPLC of the

crude product was performed on a Waters Autopurification system using a Polymerx

PCT/US2009/053142

4444



| d 1l 444 H/1 44 11) SA100 13709 4 444 .4 la 444 0'0UE E
El El 4 ' Eli6Z. 101 VS 4 4 4 44 4 d

WO 2010/017470 PCT/US2009/053142
41421017001

- 102 -

10 1 RP-y 100 R column [30 x 21.20 mm, 10 micron, solvent A: 0.05 N HCl in
water, solvent B: CH;CN; injection volume: 3.2 mL (0.05 N HCI in water); gradient:
10—-60% B over 20 min; mass-directed fraction collection]. Fractions with the
desired MW, eluting at 14.6-17.0 min, were collected and freeze-dried to provide 5.4

S mg of the desired compound 94 (23%): "H NMR (400 MHz, CD;0D) 8 8.38 (d, J =
[1.0Hz 1 H),802(d,J=30Hz 1 H),795(d,J=24Hz 1H), 409 (s, | H),
3.20-2.90 (m, 9 H), 2.34-2.17 (m, 2 H), 1.70-1.56 (m, | H); MS (ESI) m/z 559.23
(M),

10 Example 5. Synthesis of Compounds of Structural Formula (A), wherein Y is
-N(RM(RP), or -NH-SO,-(CH,),-N(RY)(R),

Scheme 5

HsCu., ,~-CHs

1) aq HF
2} Hy/Pd-C

RCHO/MOAc
Na({OAc):BH
F H3C~N,CHJ o e HgC\N,CHg
H H = il H T
B X ‘\\VlSIxC[ z
N O

HaN : s
BhO © HO Z ¢  ©OBn
26 OTBS
Ar-X U
Fd cat. RVRVNL
HaCu CHy l HsCo, .CHg
F o r;s F b

R “Hendo O Hoio OBn

5.6 oTBS
1) agq HF 1) aq HF
2) Ho/Pd-C 2) HofPd-C
E y Hga.. N,CHg
z Z OH
Ar\ﬁ é NH»
OH O HO lFb O

54



MOV Mc...)
81 L OT, --, r,

1-11: TI WORe10311470

4142, 1017001

10

15

20

") M2y ..y 44d4E (3Cmd Il 11t (L
1 1Li re?, r, 1ttZ. tr., ¢1,Jd...- C1Si Li tt1

- 103 -

In Scheme 5§, R represents -(C1-Cy)alkyl, -(Co-Cs)alkylene-carbocyclyl,
-(Co-Cs)alkylene-aryl, -(Co-Cs)alkylene-heterocyclyl, -(Co-Cs)alkylene-heteroaryl,
-(C1-C3)alkylene-N(R™(RP); Ar represents an aryl or a heteroary] group; and R" and
R are R" and R”, repectively, as defined in Structural Formula (B).

The following compounds were prepared according to Scheme 5.

Compound 5-1-1

Compound 2-6 (150 mg, 0.203 mmol, 1.0 equiv) was dissolved in 1,2-
dichloroethane (3 mL). HOAc¢ (58.1 uL, 1.01 mmol, 5 equiv.) and isovaleraldehyde
(32.9 ul, 0304 mmol, 1.5 equiv) were added The mixture was stirred for | h.
Na(OAc):BH (129 mg, 0.609 mumol, 3.0 equiv) was added and the resulting mixture
was stired for another hour. The mixture was washed with H,O (10 mL) and
concentrated to give crude 5-1-1 (250 mg), which was used for the next step without

further purification: MS (ESI) »/z 810.59 (M+H).

Compound 95

HzCo, ~-CH
RN

Aqueous HF (0.3 mL, 48-50%) was added to a CH;CN solution (1.5 mL) of
§-1-1 (250 mg crude) i a plastic vial at 25 °C. The reaction was stirred at 25 °C for
18 hrs. The resulting mixture was poured into an aqueous solution (10 mL) of
KoHPO, (2 g). The solution was extracted with EtOAc¢ (3 x 15 mL). The combined
EtOAc extracts were dried over sodium sulfate and concentrated to give the crude
intermediate (155 mg).

10% Pd-C (20 mg) was added to a dioxane/MeOH solution (4 mL, 1:1) of
the above crude intermediate. HCI/MeOH (0.5 mL, 0.5 N) was also added. The

reaction muxture was stirred under Hy (balloon) at 25 °C for 2 hrs and filtered

PCT/US2009/053142
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through a pad of Celite. The filtrate was concentrated to give the crude product 144
mg. The crude product was purified by HPLC on a Polymerx 10 u RP-y 100 R
column [30 x 2120 mm, 10 micron, solvent A: 0.05 N HCI, solvent B: CH;CN,
sample in 2.0 mL (0.05 N HCD, gradient elution with 10—100% B over 15 min,

mass-directed fraction collection] to yield the desired product 95 as a yellow solid

412 (s, 1 H), 3.42-3.37 (m, 2 H), 3.05 (s, 3 H), 2.97 (5, 3 H), 3.21 -2.97 (m, 3 H),
2.39-230 (m, | H), 2.29-2.22 (m, 1 H), 1.79-1.59 (m, 4 H), 098 (d, /=64 Hz, 6
H); MS (EST) m/z 518.43 (M+H).

Compounds 96 — 101 were prepared simularly to compound 95 using the

corresponding aldehydes in the reductive alkylation step.

Compound 96

"H NMR (400 MHz, CD;0D) § 7.39 (d,.J= 9.2 Hz, 1 H), 4.10 (s, 1 H), 3.34
(t,J=7.8 Hz, 2 H), 3.04 (s, 3 H), 2.96 (s, 3 H), 3.21 -2.95 (m, 3 H), 2.35 (t, /= 13.7
Hz, | H), 2.27-2.20 (m, | H), 1.82-1.72 (m, 2 1), 1.71-1.60 (m, 1 H), 1.05 (t, /= 7.4
Hz, 3 H); MS (ESI) m/z 490.32 (M+H).

Compound 97

HsC

137 Hz, 1 H), 2.27-2.20 (m, 1 H), 2.11-1.98 (m, 1 H), 1.71-1.60 (m, 1 H), 1.08 (d, /
= 6.9 Hz, 6 H); MS (EST) m/z 504.46 (M=),

Compound 98

C) C)
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"H NMR (400 MHz, CD;0D) 8 7.43 (d, J= 8.7 Hz, 1 H), 4.10 (s, 1 1), 3.34
(t,J=78Hz 2 H),3.04 (s, 3 H), 2.96 (s, 3 H), 3.28 -2.95 (m, 11 H), 2.41-2.31 (m,
1 H), 2.27-2.20 (m, 1 H), 2.11-1.98 (m, 1 H), 1.72-1.60 (m, 1 H), 1.20-1.11 (m, 1

5 H), 0.74-0.68 {m, 2 H), 0.43-0.38 (m, 2 H): MS (EST) m/z 502.40 (M+H),

Compound 99

"H NMR (400 MHz, CD;0D) 6 6.97-6.89 (m, 1 H), 4.07 (s, 1 H), 3.34 (t, J =

10 7.8 Hz, 2 H), 3.03 (s, 3 M), 2.95 (s, 3 H), 3.14-2.92 (m, 11 H), 2.30-2.15 (m, 2 H),

1.89-1.59 (m, 7 H), 1.38-1.20 (m, 3 H), 1.11-1.00 (m, 2 H); MS (ESI) m’z 544.50
(M+H),

Compound 100

O
Ha CH,

15
"I NMR (400 MHz, CD;0D) 6 6.83 (d, J = 10,5 Hz, 1 H), 4.06 (s, 1 H),
3.34 (t,J= 7.8 Hz, 2 H), 3.03 (s, 3 H), 2.95 (s, 3 H), 3.11 -2.93 (m, 5 H), 2.27-2. 14

(m, 2 H), 1.67-1.57 (m, 1 H), 1.04 (s, 9 H); MS (EST) m/z 518.48 (M+H).

20 Compound 101
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'"H NMR (400 MHz, CD;0D) 8 7.46-7.42 (m, 1 H), 4.15 (s, 1 H), 3.33 (s, 6
H), 3.04 (s, 3 H), 2.96 (s, 3 H), 3.17 -2.95 (m, 3 H), 2.44-2.34 (m, 1 H), 2.29-2.22
(m, 1 H), 1.71-1.60 (m, 1 H); MS (ESI) m/z 476.29 (M+H).

Compound 102

Prepared similarly to 95 using tBuN(Cbz)CH,CHO: 'H NMR (400 MHz,
CD;0D) 6 6.72 (d, / = 11.0 Hz, 1 H), 407 (s, 1 H), 3.54-3.46 (m, 2 H), 3.26-3.19
(m, 2 H), 3.03 (s, 3 H), 2.95 (s, 3 H), 3.14-2.92 (m, 3 H), 2.23-2.14 (m, 2 H), 1.67-
1.55 (m, 1 H), 1.38 (s, 9 H); MS (ESI) m’z 547.51 (M+H).

Compound 103

Compound 103 was also isolated from the preparation of 102: "H NMR (400
MHz, CD:0D) § 6.71 (d, /= 11.0 Hz, | H), 4.07 (s, | H), 3.47 (t, J = 6.0 Hz, 2 H),
317 (t,J= 6.0 Hz, 2 H), 3.03 (s, 3 H), 2.95 (s, 3 H), 3.13-2.92 (m, 3 H), 2.23-2.12
(m, 2 H), 1.66-1.54 (m, 1 FD); MS (EST) m/z 491 42 (V+H).

Compound 5-3-1

A vessel containing aniline 2-6 (18.2 mg, 0.024 mmol, 1 equiv), Pddbas (3.0
mg, 0.0033 mmol, 0.13 equiv), Xantphos (3.4 mg, 0.0059 mmol, 0.25 equiv), Kz;POq
(40 mg, 0.188 mmol, 7.8 equiv) and 4,6-dichloropyrimidine (6.5 mg, 0.044 mmol,
1.8 equiv) was evacuated and back-filled with nitrogen gas three times. Dioxane

(500 ulL) was added, and the reaction mixture stirred vigorously and heated at 80 °C

PCT/US2009/053142
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for 4.5 h. The reaction mixture was filtered through celite and concentrated under
reduced pressure. Preparative reverse phase HPLC of the resulting yellow oil was
performed on a Waters Autopurification system using a Sunfire Prep C18 OBD
column [5 um, 19 x 530 mm; flow rate, 20 mL/min; Solvent A: H,O with 0.1%
HCOH, Solvent B: CH3CN with 0.1% HCOH; injection volume: 1.8 mil
(CH;CN); gradient: 80—100% B over 15 min, mass-directed fraction collection].
Fractions with the desired MW, eluting at 9.2-9.8 min, were collected and freeze-
dried to provide 7.5 mg of compound 5-3-1 (37%). "H NMR (400 MHz, CDCl;) §
1597 (s, 1 H), 8.48 (s, 1 H), 833 (d, /= 5.5 Hz, 1 H), 7.52-7.46 (m, 2 H), 7.40-7.28
(m, 8 H), 7.07 (s, 1 H), 6.11 (s, 1 H), 5.34 (s, 2 H), 4.97 (d, /= 11.6 Hz, | HO, 4.88
(d, /=110 Hz, 1 H), 3.95 (d, /= 10.4 Hz, 1 H), 3.28-3.19 (m, 1 H), 3.09-2,98 (m, 1
H), 2.61-2.54 (m, 1 H), 2.54-2.39 (m, 8 M), 2.16 (d,J = 14.6 Hz, | H), 0.83 (s, 9 H),
0.28 (s, 3 H), 0.14 (s, 3 H); MS (ESI) m/z 852.57 (M+H),

Compound 104

To a solution of §-3-1 (7.5 mg, 0.0088 mmol, 1 equiv) in dioxane (1.4 mL)
was added an aqueous solution of HF (50%, 200 uL). After 15.5 h, the reaction
solution was poured into an aqueous K HPOs solution (24 g in 20 mL) and
extracted with EtOAc (2 x 20 mL). The combined organic layers were dried
(Na;SOy), filtered, and concentrated under reduced pressure. Palladium on carbon
(10%, 10 mg) was added to a solution of this oil in dioxane:MeOH (1:1, 1 mL). The
flask was fitted with a septum and evacuated and back-filled three times with
hydrogen gas. Hydrogen gas was bubbled through the reaction solution for three
minutes, and the reaction mixture was stirred under an atmosphere (balloon) of
hydrogen gas for 2.5 h, The reaction mixture was filtered through celite to remove
the palladium catalyst and concentrated under reduced pressure. Preparative reverse
phase HPLC purification of the resulting oil was performed on a Waters
Autopurification system using a Polymerx 10pu RP-y100 R column

[30 = 21.20 mm, 10 micron, solvent A: 0.05 N HCI in water, solvent B: CHiCN:

9
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mjection volume: 2.0 mL (0.05 N HCI m water); gradient elution with 10—50% B
over 10 min, then held at 100% for 5 min. mass-directed fraction collection].
Fractions with the desired MW, eluting at 6.90-7.80 min, were collected and freeze-
dried to provide 2.2 mg of 104 (48%). '"H NMR (400 MHz, CD;0D) 6 8.83 (s, 1 H),
8.37-8.25 (m, 1 H}, 8.18-8.05 (m, | H), 7.30-7.20 (m, 1 H), 4.10 (s, 1 H), 3.20-2.90
(m, 9 H), 2.40-2.29 (m, 1 H), 2.27-2.19 (m, 1 H), 1.72-1.58 (m, 1 H): MS (ESI) m/z
52631 (M+H).

Compound 105

To a solution of aniline 2-6 (30.0 mg, 0.041 mmol, 1 equiv) in 1,2-
dichlorocthane (500 pL) was added pyridine (16.3 uL, 0.20 mmol, 5 equiv) and 2-
chloroethanesulfonyl chloride (21 pl., 0.20 mmol, 5 equiv). The reaction vessel was
sealed and heated to 45 °C. After one hour, the reaction was a solid yellow gel, and
another 500 pL [,2-dichloroethane was added to form a suspension and the reaction
was sealed and heated to 45 °C. After 18.5 h pyrrolidine (68 uL, 0.82 mmol, 20
equiv) was added and the reaction heated to 45 °C for 2.5 hours. The solution was
poured into aqueous pH 7 phosphate buffer (8 mL) and extracted with EtOA¢ (2 x
25 mL). The combined organic layers were dried (NaxSOj), filtered, and
concentrated under reduced pressure. To a solution of this crude oil in CH;CN (1.8
mL) was added an aqueous solution of HF (50%, 300 pl.). After 15 h, the reaction
solution was poured into an aqueous KoHPO, solution (3.6 g in 30 mL) and
extracted with EtOAc¢ (3 x 15 mL). The combined organic layers were dried
(N2a,S0y), filtered, and concentrated under reduced pressure. Palladium on carbon
(10%, 8.4 mg) was added to a solution of this oil in dioxane:MeOH (1:1, 1.2 mL).
The flask was fitted with a septum and evacuated and back-filled three times with
hydrogen gas, and the reaction mixture was stirred under an atmosphere (balloon) of
hydrogen gas for 1.5 h. Another 10 mg palladium catalyst was added and the
reaction was evacuated and back-filled with hydrogen gas as before. After 6 h, the

reaction mixture was filtered through celite to remove the palladium catalyst and

PCT/US2009/053142
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concentrated under reduced pressure. Preparative reverse phase HPLC purification
of the resulting oil was performed on a Waters Autopurification system using a
Polymerx 10 w RP-y 100 R column [30 x 21,20 mm, 10 micron, solvent A: 0.05 N
HCI in water, solvent B: CH;CN; injection volume: 3.5 mL (0.05 N HCI in water);
gradient elution with 0—100% B over 10 min, then held at 100% for 5 min; mass-
directed fraction collection]. Two sets of fractions with the desired MW, eluting at
6.3-7.1 min and 8.7-9.3 min, were collected separately and freeze-dried to provide
9.7 mg of crude compounds 105. Purification via preparative reverse phase HPLC
with gradient elution with 20—-70% B over 20 min; mass-directed fraction
collection] provided 3.3 mg of pure 105 (13%): 'H NMR (400 MHz, CD;0D) § 7.44
(d,.J=9.8 Hz, 1 H), 4.09 (s, 1 H), 3.79-3.65 (m, 4 H), 3.63-3.56 (m, 2 H), 3.18-2.90
(m, 11 H), 2.35-2.26 (m, 1 H), 2.26-2.10 (m, 3 H), 2.10-1.96 (m, 2 H), 1.69-1.59 (m,
| H); MS (EST) m/z 609.36 (M+).

Compound 106

ch-.N,CHg

Compound 106 (1.7 mg, 7%) was also isolated from the preparation of
compound 105: "H NMR (400 MHz, CDs0D) 8 6.71 (d, /= 11.0 Hz, 1 H), 4.06 (s, |
H), 3.67-3.60 (m, 2 H), 3.38-3.33 (m, 4 H), 3.09-2.90 (m, 9 H), 2.24-2.13 (m, 2 H),
1.95-1.91 (m, 5 H), 1.90-1.85 (m, 1 H), 1.68-1.55 (m, 1 H); MS (EST) m/z 609,36
{(M-+H),

Example 6.  Synthesis of Compounds 107 and 108

Scheme 6

22
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N A

s OH 0 HO OB ©
108

The following compounds were prepared according to Scheme 6.

5  Compound 6-1

F’
CH,
HsC.
€ E{ COPh
OH
61

Compound 2-3 (5.0 g, 14.25 mmol, 1.0 equiv) in MeOH (20 mL) was added

a aqueous solution of HCHO (2.3 g, 37%, 28.50 mmol, 2.0 equiv) and palladium on
carbon (0.5 g, 10 wt%). The reaction was purged with hydrogen and stirred under H,

L0 (balloon) at room temperature for 2 hours, The reaction mixture was filtered through

celite and concentrated to afford 1.3 g crude compound 6-1 as a yellow solid.

Compound 6-2
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F
CHyg
HeCapy CO,Ph
Boc CBoc
6-2

To compound 6-1 (0.9 g, 3.27 mmol, 1.0 equiv) in DCM was added Boc.O
(2.14 g, .81 mmol, 3.0 equiv) dropwise. DMAP (135 mg, 15 wt%) was added to the
mixture and the reaction was stirred at room temperature for 1 hour. Then the
reaction mixture was heated to reflux for 1 hour. The reaction mixture was
concentrated. The crude compound was purified by column chromatography on
silica gel eluted with (PE:EA= 200:1—100:1} to vield compound 6-2 (1.16 g,
73.4%) as a light yellow solid. "H NMR (400 MHz, DMS0) & 7.60 (d, /= 10.0 Hz,
L H), 7.53-7.44 (m, 2 H), 7.36-7.31 (m, 1 H), 7.28-7.22 (m, 2 H), 3.06 (s, 3 H), 2.33
(d,J=2.0Hz, 3 H), 1.38 (s, 9 H), 1.34 (s, 9 H); MS (EST) m/z 476.2 (M+H).

Compound 6-3
HsC., .CHs

E A
e} OBn

| =
HO =
OTBS

)
Boc O., O H
Bocg

To diisopropylamine (0.28 ml., 3.2 mmol, 10.0 equiv) in THF at -78 °C was
added nBuLi (0.8 mL, 2.50 M/hexane, 3.2 mmol, 10.0 equiv) and TMEDA (0.40
ml, 5.0 mmol, 10.0 equiv) at -78 C dropwise. The reaction was stirred at -78 C for
40 min, Compound 6-2 (480 mg, 1.0 mmol, 3.0 equiv) in THF was added to the
reaction mixture dropwise at -78 C. The resulting deep-red solution was stirred at
-78 °C 60 min, the enone (160 mg 0.33 mmol, 1.0 equiv) in THF was added to the
mixture dropwise at -78 C. The deep-red solution was gradually warmed up with
stirring from -78 C to -20 °C over a period of 1 h. The resulting orange solution was
brought to 0°C, and quenched with aqueous saturated ammonium chloride (100
mlL). The vellow-green mixture was extracted with EtOAc two times. The combined
EtOAc extracts were dried (Na:SQ4) and concentrated to yield the crude product.
Flash column chromatography on silica gel with 0%, 5%, 10%, EtOAc/hexane
sequentially yielded the desired product 6-3 as a light-yellow solid (42 mg, 14.8%).
"H NMR (400 MHz, CDCl;) 8 15.70 (s, 1 H), 7.52-7.50 (m, 2 H), 7.42-7.33 (ny, 3

H), 7.16 (d, /= 8.4 Hz, 1 H), 5.37 (s, 2 H), 3.95 (d, /= 10.8 Hz, 1 H), 3.28-3.23 (m,

El



C.) na 22 22 02 22 22 22 22 PC 22 CC a 22 CC CC EIT103 29212 22 22 22 1

CO 22 CC 22 02 <:C 22 IETI ,< @Q@ 22 22 22 22 22 22 22
WO 2010/017470 PCT/US2009/053142

41421017001
-112-

1 H), 3.14 (s, 3 H), 3.10-3.05 (m, | 1), 2.58-2.47 (m, 9 H), 2.16 (d, J = 14.0 Hz, |
H), 1.53 (s, 9 H), 1.42 (s, 9 H), 0.89 (s, 9 H), 0.29 (s, 3 H), 0.15 (s, 3 H): MS (ESI)
m/z 864,43 (M),

5 Compound 107

HsCu .CHs
Hoow

Compound 6-3 (120 mg, 0.14 mmol) was dissolved in THF (5 mL) and
aqueous HF (40%, 2 mL) was added dropwise. The yellow solution was stirred at
room temperature overnight. The resulting deep-red solution was slowly added into

10 an aqueous KoHPO, solution with stirring. The pH of the mixture was adjusted by
aqueous KoHPO, solution to about 8. The vellow mixture was extracted with EtOAc
two times. The combined EtOAc extracts were dried (Na;SQ4) and concentrated to

vield the crude product.

The above crude compound (120 mg, crude, ~0.14 mmol, 1.0 equiv) was

5 dissolved in HPLC grade MeOH(10 mL) and 10% Pd-C (25 mg, 0.03 mmol, 0.2
equiv) were added. The mixture was purged with hydrogen by bubbling hydrogen
through with gentle stirring for 5 min. The reaction was then vigorously stirred
under hydrogen balloon at room temperature for 2 hr. LC-MS analysis indicated the
reaction completed. The catalyst was filtered off and the mixture was concentrated,

20 the residue was purified by reverse phase HPLC to afford the desired compound 107
(50 mg, 78%) as a yellow solid. "H NMR (400 MHz, CD:OD) § 7462 (d,.J = 8.4
Hz, L H), 4.14 (s, 1 H), 321-2.93 (m, 9 H), 3.10 (s, 3 H), 2.38-2.25 (m, 2 H), 1.68-
1.62 (m, 1 F); MS (ESI) m/z 462.2 (M+H),

25 Compound 108




22 t=2 @2 PP CC 22 02 cc 22 22 2CSCTVS C 0 22 22 22 0 C2 PP 22 22 P2 22

22 P2 C) 02 22 CC P2 22 C2 22 0 C) C) El 22 22
WO 2010/017470 PCT/US2009/053142

41421017001
-113-

Compound 107 (15 mg, 0.033 mmol, 1.0 equiv) in THF (2 mL) was added
with pyrrolidin-1-yl-acetic acid (10.2 mg, 0.066 mmol, 2.0 equiv), NayCO; (10.2
mg, 0.066 mmol, 2.0 equiv) and HATU (25.5 mg, 0.066 mmol, 2.0 equv). The
reaction mixture was stirred at room temperature for 48 hours. LC-MS analysis
5 indicated the reaction completed. The reaction mixture was concentrated under
vacuum, the crude product was purified by reverse phase HPLC to afford the desired
compound 108 (2.1 mg) as a yellow solid. "H NMR (400 MHz, CD:0D) 6 7.44-7.40
(m, 1 H), 402-3.97 (m, 2 H), 3.83-3.76 (m, | H), 3.60-3.58 (m, 2 H), 3.15(d, /=64
Hz, 3 H), 3.03-2.83 (m, 11 H), 2.31-2.13 (m, 2 H), 2.03-1.85 (m, 4 H), 1.61-1.52 (m,
10 1 H); MS (ESI) m'z 572.9 (M+H).
Example 7. Synthesis of Compounds 109-112

Scheme 7

o) o 1) CHal/KoCOs o) o o o
2) Boc,O/DMAP DIBAL-H AN
BHOWOH ————— BnOJ\;‘/\/U\OCHg T B0 Y H
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71 72 7-3
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o : OH
BnO™ N z HH:
B H OHl
NHBoc CH O HO O O
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HaCoy -CHo

Na{OAC)BH

R’CHO/InCI3l
c
H
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The following compounds were prepared according to Scheme 7.

Compound 7-2

o o
snowowa
NBoc,
72
5 To Boc-L-glutamic acid-1-benzyl ester (7-1) (3.00 g, 8.89 mmol, 1.0 eq) in

DMEF (20 mL) at rt was added potassium carbonate (1.84 g, 13.33 mmol, 1.5 eq) and

methyl iodide (0.67 mL, 10.74 mmol, 1.2 eq). The mixture was diluted with EtOA¢

(200 mL), washed with water (200 mL), saturated aqueous sodium bicarbonate (100

mL x 2), and brine (100 mL x 1). The EtOAc solution was dried over sodium sulfate
10 and concentrated in vacuo: Re0.33 (20% EtOAc/hexane).

Boc:O (2.91 g, 13.33 mmol, 1.5 eq), DMAP (54 mg, 0.44 mmol, 0.05 eq),
and DIEA (3.10 mL, 17.80 mmol, 2 eq) were added to the above intermediate in
acetonitrile (20 ml.). The solution was stirred at rt for 60 hrs, added with saturated
aqueous sodium bicarbonate (100 mL), and extracted with EtOAc (100 mL x 1, 50

15 mlL x 2). The EtOAc extracts were combined, dried over sodium sulfate, and
concentrated in vacuo to yield the desired product 7-2 as a pale liquid (quantitative):
Ry 0.45 (20% EtOAc/hexane); 'H NMR (400 MHz, CDCL) § 7.25-7.35 (m, 5 H),
5.14 (s, 2 H), 4.95 (dd, /= 4.9, 9.8 Hz, | H), 3.65 (s, 3 H), 2.43-2.52 (m, 1 H), 2.37-
2,42 (m, 2 H), 2.15-2.25 (m, 1 H), 1.42 (s, 18 H); MS (EST) m/z 452 3 (M+H).

Compound 7-3

o
Bno)l \;/\/[LH
NBoc,
73

To compound 7-2 (8.89 mmol, 1 eq) in anhydrous diethyl ether (40 mL) at -

78 °C was added DIBAL-H (1233 mL, 1 M/hexane, 12.33 mmol, 1.25 eq)

25 dropwise. The reaction was stirred at -78 °C for 2 hrs. Additional DIBAL-H (1.20
mL, 1 M/hexane, 1.20 mmol) was added. The reaction was stirred at -78 °C for
another 1 hr and quenched with HOAc (2.80 mL) at —-78 °C. The reaction was
warmed to rt and added with 10% aqueous sodium carbonate (75 mL). The mixture

was stirred for 15 min and extracted with methylene chloride (200 mL x 1, 50 mL x

30 2). The methylene chloride extracts were combined, dried over sodium sulfate, and
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concentrated mn vacuo to yield the desired product 7-3 (quantitative): Re 0.40 (20%
EtOAchexane); "H NMR (400 MHz, CDCls) 8 9.75 (s, 1 H), 7.25-7.35 (m, 5 H),
514 (s, 2 H), 4.87-492 (m, 1 H), 2.45-2.65 (m, 3 H), 2.12-2.22 (m, 1 H), 1.42 (5, 18
H): MS (ESI) m/z 422.3 (M+H),

Compound 7-5

i\:JHBoc

To aniline 9 (90 mg, 0.20 mmol, bis-HCl salt, 1 eq) in anhydrous DMF (2
mL) was added aldehyde 7-3 (101 mg, 0.24 mmol, 1.2 eq), triethylamine (0.028 mL,
0.20 mmol, 1 eq), and Na(OAc);BH (64 mg, 0.30 mmol, 1.5 eq). The solution was
stirred at rt for 1 hr and added slowly into diethyl ether (50 mL) with rapid stirring.
The yellow solid was collected, washed with more diethyl ether (5 mL x 3), and
dried under vacuum to afford the intermediate 7-4.

Intermediate 7-4 was dissolved in dioxane/methanol (5 mL, 1:4 v/v,
containing 0.1 N HCI). 10% Pd-C (85 mg, 0.04 mmol, 0.2 eq) was added, The
mixture was purged with hydrogen and stirred under 1 atm hydrogen at rt for 1 hr.
The catalyst was filtered with a small Celite pad and washed with methanol (2 mL x
3). The filtrate was concentrated in vacuo. The crude product was purified by
reverse phase preparative HPLC using methanol and 0.05 N HCl/water as mobile
phases. Free-drying yielded mostly the Boc-deprotected product as a brown solid
(25 mg, 22%, 2 steps), which was re-protected by treatment with Boc,O (11 mg,
0.050 mmol, 1.1 eq) and DIEA (0.039 ml.,, 0.22 mmol, 5 eq) in THF/water (5 mL,
1:1 v/vy at rt for 1 hr. Concentration yielded the desired product 7-5 as a yellow
solid: MS (ESI) m/z 663.2 (M+H), which was used directly in the subsequent steps

without further purification.

Compound 7-6

4TI 262

PCT/US2009/053142
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O - k3
HN,, .
Bocl . N éH
CH © HO " O O

76

To a suspension of compound 7-5 (0.044 mmol, 1 eq) and sodium carbonate

(7 mg, 0.066 mmol, 1.5 eq) in THF at rt was added HATU (20 mg, 0.053 mmol, 1.2

eq). The mixture was rapidly stirred at rt for 2 hrs. Methanol (5 mL) was added. The

5 solids were filtered off. The filtrate was concentrated under reduced pressure to yield

crude 7-6 as a yellow solid: MS (ESI) m/z 645.1 (M+H),

Compound 109

109
10 Compound 7-6 (0.044 mmol) was treated with 4 N HCl/dioxane (5 mL) at rt

for overnight and concentrated in vacuo. The residue was re-dissolved in methanol
(1 mL) and added dropwise into diethyl ether (50 ml) with rapid stirring. The
yellow precipitates were collected, washed with more diethyl ether (5 mL x 3), and
dried under vacuo to afford crude 109 as a brown solid.

15 One fifth of the above crude product was purified by reverse phase HPLC to
yield pure 109 as a vellow solid (1.5 mg, 31%): "H NMR (400 MHz, CD;0D) 8 7.36
(d,9.2 Hz, 1 H), 4.09-4.15 (m, 1 H), 4.08 (s, 1 H), 3.70-3.80 (m, 1 H), 3.58-3.68 (m,
1 H), 2.90-3.50 (m, 12 H), 2.30-2.45 (m, 2 H), 2.10-2.25 (m, 3 H), 1.95-2.10 (m, |
H), 1.58-1.70 (m, 1 H); MS (ESI) m/z 545.1 (M+H),

20
Compound 110

HiC. -CHs

OH O HO O O
110

To 2/5 of crude 109 (0.018 mmol, 1 eq) in DMF (1 mL) was added aqueous
formaldehyde (0.007 mlL, 36.5%/water, 0.094 mmol, 5 eq), InCl; (0.4 mg, 0.002
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mmol, 0.1 eq), and Na(OAc):BH (15 mg, 0.071 mmol, 4 e¢). The reaction was
stirred at rt for 2 hrs and quenched with 0.5 N HCl/methanol (I mL). The solution
was added dropwise into diethyl ether (100 mL) with rapid stirring. The precipitates
were collected, washed with more diethyl ether (2 mL x 4), and purified by reverse
phase HPLC to afford the desired compound 110 as a yellow solid (1.8 mg, 18%):
"H NMR (400 MHz, CD;0D) & 7.7.44 (d, J = 9.1 Hz, 1 H), 437 (dd, /= 6.1, 116
Hz, 1 H), 4.09 (s, 1 1), 3.60-3.75 (m, 2 ), 2.92-3.50 (m, 15 ), 2.86 (s, 3 H), 2.10-
2.50 (m, 6 H), 1.60-1.72 (m, 1 H); MS (ESI) m/z 573.3 (M+H).

Compound 111

oM o HO o o
111

To 2/5 of crude 109 (0.018 mmol, 1 eq) in DMF (1 mL) was added
cyclopropanecarboxaldehyde (1.4 ul, 0.018 mmol, 1 eq), InCl; (0.4 mg, 0.002
mmol, 0.1 eq), and Na(OAck:BH (6 mg, 0.028 mmol, 1.5 eq). The reaction was
stirred at rt for overnight and quenched with 0.5 N HCl/methanol (1 mL). The
solution was added dropwise into diethyl ether (100 mL) with rapid stirring, The
precipitates were collected, washed with more diethyl ether (2 mL x 4), and purified
by reverse phase HPLC to afford the desired compound 111 as a yellow solid (1.3
mg, 12%): "H NMR (400 MHz, CDs0D) & 7.38 (d, J = 9.2 Hz, 1 H), 422 (dd, J =
6.1, 11.6 Hz, 1 H), 4.09 (d, 1 H), 3.60-3.78 (m, 2 H), 2.85-3.50 (m, 12 H), 2.00-2.50
(m, 6 H), 1.60-1.72 (m, 1 H), 1.10-1.20 (m, 1 H), 0.70-0.75 (m, 2 H), 0.40-0.50 (m,
2 H); MS (EST) m/z 599.4 (M+H),

Compound 112

H3C‘N,CH3

112
Dialkylated product 112 was also isolated from the preparation of compound

111 (1.0 mg, yellow solid, 9%): '"H NMR (400 MHz, CD;0D) 8 7.42 (d, /= 9.2 Hz,

—)

cJ
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1 H), 4.70-4.80 (m, 1 H), 4.09 (s, 1 H), 3.55-3.80 (m, 3 H), 2.95-3.50 (m, 13 H),
2.10-2.50 (m, 6 H), 1.55-1.75 (m, 1 H), 1.20-1.30 (m, 2 H), 0.68-0.90 (m, 4 H),
0.38-0.58 (m, 4 H); MS (ESI) m/z 653.3 (M+H).

5 Example8. Synthesis of Compounds of Structrual Formula (A), wherein Y is
-(Ci-Cyjatkylene-N(R*)(R"), or -(C;-Cyalkylene-N(R)-C(O)-|CR"HR™) o4
NR)R?),

Scheme 8

HsCw., ~CHz - 5C., ~CHs
e 5C N CHz £ HQCHJ N H
(or Rb)h‘ z Ot
4 N : NH,
o
o4 0 HO " O O OH O HO O
7 81
CHgSOgH ] RCHO
HOCHQNCOQBH . HSC*-NICHB NE(OAC)gBH
U
RCOCI NCO
F ’ I'lgiC!\N,CHg, F,: y Hgﬁ«.m,-cHa
3 : OH : : CH
H H H
R‘%rN NH r-N~ N O‘,‘ NH
Q OoH © HO O oH O HO OHO C
8-3 8.2

In Scheme 8, R and R is R® and R®, respectively, as defined in Structural
Formula (A) and R represents -[C(R”)R™)], o-N(R*)(R®).

The following compounds were prepared according to Scheme 8.

15 Compound 113

Benzyl N-(hydroxymethyl)carbamate (92 mg, 0.51 mmol, 2.0 equiv) was

added to a TFA/CH;SO:;H (1 mL/1 mL) solution of compound 7 (110 mg,
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0.25 mmol) ’at 25 °C. The reaction was stirred at 25 °C for 30 min. Preparative
reverse phase HPLC purification on a Waters Autopurification system using a
Phenomenex Polymerx 10 L RP-1 100A column [10 um, 150 x 21.20 mm; flow rate,
20 ml/min; Solvent A: 0.05 N HCI; Solvent B: CH;CN; injection volume: 4.0 mL

5 (0.05 N HCl/water); gradient: 0—30% B over 20 min;, mass-directed fraction
collection]. Fractions with the desired MW were collected and freeze-dried to yield
23 mg of pure 113: "H NMR (400 MHz, CD;0D) 8 7.47 (d, /= 9.2 Hz, | H), 4.16
(s, 2 H), 4.13 (s, 1 H), 3.21-2.94 (m, 3 H), 3.06 (s, 3 H), 2.97 (s, 3), 2.37-2.22 (m, 2
H), 1.70-1.58 (m, 1 F); MS (EST) m/z 462.26 (M+H).

10

Compoound 114

CHs

HaC
HaC

o 6 o 9t 0o
114

Et:N (2 ul., 0.0136 mmol, 2.0 equiv) was added to a mixture of 113 (3 mg,
0.0065 mmol) and pivaldehyde (0.8 pL., 0.00715 mmol, 1.1 equiv) in DMF (0.1 mL)
15 at 25°C. The reaction was stirred at 25 °C for 15 min. NaBH(OAc); (3 mg,
0.013 mmol) and HOAc (2 pL) was added to the resulting mixture. The reaction was
stirred at 25 °C for 1 h. Preparative reverse phase HPLC purification on a Waters
Autopurification system using a Phenomenex Polymerx 10 p RP-1 100A column [10
wmy, 150 « 21.20 mm; flow rate, 20 mL/muin; Solvent A: 0.05 N HCl: Solveni B:
20 CH;CN; injection volume: 4.0 mL (0.05 N HCl/water); gradient: 0—100% B over
15 min, mass-directed fraction collection]. Fractions with the desired MW were
collected and freeze-dried to yield 1 mg of 114; "H NMR (400 MHz, CD;0D) § 7.52
(d,J=91Hz 1H), 430 (s, 2H), 409 (s, | H), 3.23-2.93 (m, 5 1), 3.04 (s, 3 H),
2.95 (s, 3 H), 2.40-2.19 {m, 2 H), 1.71-1.60 (m, 1 1), 1.05 (s, 9 H); MS (ESI) m/z

25 53227 (M+H).

Compounds 115 - 118 were prepared similarly to compound 114 using the

corresponding aldehydes.

30 Compound 115
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HSG‘“N ~CHg

'H NMR (400 MHz, CDs0D) 8 7.51 (d, /= 8.8 Hz, 1 H), 4.25 (s, 2 H), 4.10
(s, 1 H), 3.25-2.90 (m. 5 H), 3.05 (s, 3 H), 2.96 (s, 3 H), 2.40-2.21 (m, 2 H), 1.90-
1.60 (m, 7H), 1.42-0.95 (m, 5 H); MS (EST) m/z 558 31 (M+H).

Compound 116

'H NMR (400 MHz, CD;0D) 8 7.50 (d, /= 9.0 Hz, 1 H), 4.24 (s, 2 H), 4.09
(s, 1 H), 3.25-2.90 (m, 5 H), 3.07 (s, 3 H), 2.94 (s, 3 H), 2.40-2.21 (m, 2 H), 1.82-
10 1.58 (m, 3 H), 1.01 (t,J=6.7 Hz, 3 H); MS (ESI) m/z 504.22 (M+T1).

Compound §17

'H NMR (400 MHz, CD;0D) 8 7.51 (d, /= 8.9 Hz, 1 H), 4.23 (s, 2 H), 4.09
15 (s, 1 H),3.25-2.92 (im, 4), 3.02 (s, 3 H), 2.95 (s, 3 H), 2.40-2.19 (m, 2 H), 1.71-1.60
(m, 1 H), 1.40 (d, J = 7.0 Hz, 6 H); MS (ESI) m/z 504.23 (M-+H).

Compound 118

N . NH,
HiC :
) CH © Ho 6 5
118
20 '"H NMR (400 MHz, CDsOD) 6 7.54 (d, /=9.1 Hz, 1 H), 437 (s, 2 H), 4.10

(s, 1 H),3.20-2.85 (m, 3 H), 3.05 (s, 3 H), 2.97 (s, 3 H), 2.91 (s, 3 H), 2.90 (s, 3 H),
2.42-2.20 (m, 2 H), 1.72-1.60 (m, 1 H), MS (EST) m/z 490,19 (M+11).
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Compound 119

3C.  CHy
HaC N 3

Prepared from compound 114 by reductive alkylation using formaldehyde
5 under similar conditions: 'H NMR (400 MHz, CDs0D) & 7.57 (d, .7 = 9.1 Hz, 1 H),
461 (d,J=128Hz | H),427(dd, J=12.8,6.4 Hz, 1 H), 4.10 (s, 1 H), 3.25-2.90
(m, 5),3.03 (s, 3 H), 2.96 (s, 3 H), 2.95 (s, 3 H), 2.42-2.33 (m, 1 H), 2.29-2.20 (m, |
H), 1.72-1.61 (m, 1 H), 1.10 (d, /= 6 Hz, 9 H); MS (ESI) m/z 546,30 (M+H).

10 Compound 120

H;A,C\N,CHQ,

Prepared similarly to 114 by reductive alkylation of 113 with t-Bu-N(Cbz)-

CH,CHO followed by hydrogenation; "H NMR (400 MHz, CD;0D) 8 759 (d, J =

8.6 Hz, | H), 4.38 (s, 2 H), 4.09 (s, 1 H), 3.60-2.95 (m, 7 H), 3.03 (s, 3 H), 2.96 (5, 3

15 H), 2.41-2.30 (m, 1 H), 2.28-2.20 (m, 1 H), [.72-1.60 (m, 1 H), 1.44 (s, 9 H); MS
(ESI) m/z 561.31 (M+H).

Compound 121

HaC

20 2-1-Butylaminoacetylchloride hydrochloride (5.8 mg, 0.031 mmol, 1.2 equiv)
was added to a DMF solution (0.2 mL) of 113 (12 mg, 0.026 mmol) at 25 °C. The
reaction was stirred at 25 °C for 30 min. The reaction mixture was diluted with 0.05
N HCI (2 mL) and injected into a Waters Autopurification system equipped with a

Phenomenex Polymerx 10 1 RP-1 100A column [10 um, 150 » 21.20 mm; flow rate,
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20 ml/min; Solvent A: 0.05 N HCI, Solvent B: CHCN; gradient: 0—100% B over
15 min; mass-directed fraction collection]. Fractions with the desired MW were
collected and freeze-dried to yield 3.0 mg of pure 121: 'H NMR (400 MHz,
CD:OD) 6 734 (d, J=96Hz, 1 H), 446 (s, 2 H), 4.08 (s, 1 H), 3.81 (s, 2 H), 3.18-

52,92 (m, 3 H), 3.03 (s, 3 H), 2.96 (s, 3 H), 2.32-2.18 (m, 2 H), 1.69-1.60 (m, 1 H),
1.38 (s, 9 H): MS (ESI) m/z 575.30 (M-+H),

Compound 122

10 Prepared similarly to compound 121: "H NMR (400 MHz, CD:0D) & 7.33
(d,J=9.9Hz | H),4.46 (s, 2 H), 4.08 (s, | H), 4.00 (s, 2 H), 3.23-2.91 (m, 3), 3.04
(s, 3 H), 2.97 (s, 3 H), 2.95 (s, 6 H), 2.32-2.18 (m, 2 H), 1.70-1.58 (m, 1 H); MS
(FST) m/z 547.23 (M+H).

15 Compound 123
HaCx, CHs

O OH ©C HO " O O
123

Prepared similarly to 121 using n-propyl isocyanate: 'H NMR (400 MHz,
CD:0OD) 6 7.24 (d, /=98 Hz, | H), 431 (s, 2 H), 4.08 (s, | H), 3.18-2.93 (m, 3 H),

20 (m, 1 H), 1.55-1.46 (m, 2 H), 0.92 (t, J = 6.7 Hz, 3 H): MS (ESI) m/z 584.01 (M+H1),

Example 9. Synthesis of Compounds of Structural Formula (A), wherein Y is
<(CH)3-N(RM(RP).
Scheme 9

25
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Allyl-OTBS
Bro/HOAC BnBrK,C04 Pd cat,
@COyPh /@CO;Ph r/©\/COQPh \ COgPh
OBn DTBS
9.2 3
a) LDA/TMEDA
b) encne

aq TFA
P A

RR'NH/MHOAC
Na({OAC)zBH
R R )

1) aq HF
2y Ho/Pd-C
E HsC N CHg
B, OH
R,N & NHy

OH O HO O%) )
98

In Scheme 9, R and R are R* and R” respectively, as defined in Structural
Formula (A).

The following compounds werer prepared according to Scheme 9.

Compound 9-1

F
R~ CHs

|
B N Co.ph
OH
9-1
Bry (2.7 mL, 52.0 mmol, 1.2 equiv) was added to a solution of 3 (10.6 g,
3.3 mmol) in acetic acid (100 mL) at 25 °C. The reaction was stirred at 25 °C for

10 12 h. The resulting mixture was added dropwise to ice-water (400 mL). The mixture

C.)
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was allowed to warm to 25 °C over 1| h. The resulting suspension was filtered
through a pad of Celite. The solid was washed off with EtOAc. The combined

organic layer was dried (Nap;SO4) and concentrated to give 14 g of crude 9-1.

5  Compound 9-2

F
CHa
Br COPh
OBn
9-2

Potassium carbonate (8.9 g, 64.5 mmol, 1.5equiv) and benzyl bromide

(11.5 mL, 96.8 mmol, 2.25 equiv) were added to an acetone solution (100 mL) of

crude 9-1 (14 g, 43 mmol) at 25 °C. The reaction was stirred at 25 °C for 12 h and

10 concentrated. The resulting mixture was partitioned between H,O and EtOAc¢, The

aqueous layer was extracted with EtOAc. The combined EtQAc extracts were dried

(Naz504) and concentrated to yield crude 9-2. Flash chromatography on silica gel
(100:1 to 30:1 hexanes/EtOAc) yielded 15.4 g of compound 9-2 (87% for 2 steps).

15 Compound 9-3

CHg

TBSO._ o

OBn
93

Pd(OAc), (227 mg, 1.0 mmol, 0.2 equiv) and P(O-Tol); (462 mg, 1.5 mmol,
0.3 euiqv) were added to a DMF solution (10 mL) of 9-2 (2.1 g, 5.06 mmol). The
reaction was purged with N, for 5 min. EtsN (3.5 mL, 25.3 mmol, 5 equiv) and
20 allyloxy-t-butyldimethylsilane (2.2 mL, 10.1 mmol, 2 equiv) were added to the
reaction. The reaction was heated to 88 °C and stirred at 88 °C for 5 h. The reaction
was allowed to cool to 25 °C and quenched with H,O. The resulting mixture was
extracted with EtOAc. The combined EtOAc extracts were dried (Na;SQ4) and
concentrated to give crude 9-3. Flash chromatography on silica gel (100:0 to 100:1

25 hexanes/EtOAc) yielded 1.2 g of compound 9-3 (47%).

Compound 9-4
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20

n-BuLi (1.3 mL, 2.07 mmol, 5.5 equiv) was added to a THF solution (5 mL)
of diisopropylamine (0.3 mL, 2.07 mmol, 55 equiv) at 0°C. The reaction was
stirred at 0 °C for 30 min and cooled to -78 °C. TMEDA (0.8 mL, 5.64 mmol, 15
equiv) was added to the mixture. To the resulting solution was added a THF solution
(5 mL) of 9-3 (475 mg, 0.94 mmol, 2.5 equiv). The reaction was stirred at -78 °C for
10 min. A THF solution (5 mL) of enone (181 mg, 0.376 mmol) was added to the
reaction at -78 °C. The reaction was stirred at -78 °C for 30 min and allowed to
warm to 25 °C over 1 h, quenched with saturated NH;Cl, and extracted with EtOAc.
The combined EtOAc extracts were dried (Na,SO4) and concentrated to yield the

crude product. Preparative reverse phase HPLC purification on a Waters

Autopurification system using a Sunfire Prep C18 OBD column [5 pm, 19 % 50 mm;
flow rate, 20 mL/min; Solvent A: H>O with 0.1% HCO-H: Solvent B: CH;CN with
0.1% HCO:H; injection volume: 4,0 mL (CH;CN); gradient: 100—100% B over 15
min; mass-directed fraction collection]. Fractions with the desired MW were
collected and concentrated on a RotaVap at 25 °C to remove most of the acetonitrile.
The resulting mostly aqueous solution was extracted with EtOAc. The combined

EtOAc extracts were dried (Na;SO,) and concentrated to give 200 mg of 9-4 (59%).

Compound 9-5

BRO O HO IO
o5  OTBS

TFA (0.5 mL) was added to a THF/H,O (2 mL/0.5 mL) solution of 9-4 at
25 °C. The reaction was stirred at 25 °C for | h. The reaction was quenched with sat.
NaHCO; solution. The reaction was extracted with EtOAc. The combined EtOAc
extracts were dried (Na,SOy) and concentrated to give crude 9-5. Preparative reverse
phase HPLC purification on a Waters Autopurification system using a Sunfire Prep

C18 OBD column [5 um, 19 = 50 mm; flow rate, 20 mL/min; Solvent A: H,O with

1 Nlal

PCT/US2009/053142
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0.1% HCO,H; Solvent B: CH;CN with 0.1% HCO,H; injection volume: 4.0 mL
{(CHaCNy; gradient: 80—100% B over 15 min; mass-directed fraction collection].
Fractions with the desired MW were collected and concentrated on a RotaVap at
25 °C to remove most of the acetonitrile. The resulting mostly aqueous solution was

5 extracted with EtOAc. The combined EtOAc extracts were dried (Na;SQ4) and
concentrated to give 80 mg of 9-5 (46%).

Compound 9-6

0\_ S :
BRO O HO EO  OBn
oTBS
96
10 Dess-Martin periodinane (18 mg, 0.043 mmol, 1.2 equiv) was added to a

CHxCl, solution (1 mL) of 9-5 (28 mg, 0.036 mmol) at 25 °C. The reaction was
stirred at 25 °C for 30 mm and diluted with H;O. The resulting mixture was
extracted with CHyCl. The combined CH,Cly extracts were dried (Na;SQOy4) and

concentrated to give crude 9-6.
15

Compound 9-7-1

Pyrrolidine (15 ul, 0.18 mmol, 5 equiv) was added to a dichloroethane

solution (1 mL) of crude 9-6 (0.036 mmol) at 25 °C. The reaction was stirred at

20 25°C for 10 mun. HOAc (15 pl.) and NaBH(OAc); (15 mg, 0.072 mmol, 2 equiv)
were added to the reaction. The reaction mixture was stirred at 25 °C for 1 h and
quenched with H;O. The resulting mixture was extracted with CH,Cl.. The
combined CH,Cl, extracts were dried (Na,SO4) and concentrated to give crude 9-7-

1. Preparative reverse phase HPLC purification on a Waters Autopurification system

25 using a Sunfire Prep C18 OBD column [5 pm, 19 x 50 mm; flow rate, 20 mL/min;
Solvent A: HO with 0.1% HCO.H; Solvent B: CHiaCN with 0.1% HCO,H:

injection volume: 40 mL (CH;CN); gradient: 0-—100% B over 15 min; mass-
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directed fraction collection]. Fractions with the desired MW were collected and
concentrated on a RotaVap at 25 °C to remove most of the acetonitrile. The resulting
mostly aqueous solution was extracted with EtOAc. The combined EtOAc extracts

were dried (Na;S04) and concentrated to give 6 mg of 9-7-1 (20% for 2 steps).

Compound 124

Aqueous HF (0.3 mL, 48%) was added to a CH3CN solution (2 mL) of 9-7-1

(6 mg, 0.007 mmol) m a polypropylene tube at 25 °C. The reaction was stired at

10 25°C for 18 h. The resulting mixture was poured into an aqueous solution of
KoHPO, (2 g, dissolved m 15 mL water). The mixture was extracted with EtOAc.

The combined EtOAc extracts were dried (Na;SQO4) and concentrated to yield crude

desilyl product.

15 Palladium on carbon (2 mg, 10 wt%) was added to a HCI/MeOH solution
(0.5N, 2 mL) of the crude desilyl product. The reaction was purged with hydrogen
and stirred under Hy (balloon) at 25 °C for 4 h. The reaction mixture was filtered
through a small Celite plug. The filtrate was concentrated to yield the crude product.
Preparative reverse phase HPL.C purification on a Waters Autopurification system

20 using a Phenomenex Polymerx 10 i RP-1 100A column [10 um, 150 x 21.20 mm;
flow rate, 20 mL/min; Solvent A: 0.05 N HCl/water; Solvent B: CH;CN; injection
volume: 4.0 mL (0,05 N HCl/water); gradient: 0—50% B over 7 min, 50—100%
over 3 min, and 100% over 5 min; mass-directed fraction collection]. Fractions with
the desired MW, eluting at 6.4-8.2 min, were collected and freeze-dried to yield

25 1.5 mg of compound 124: '"H NMR (400 MHz, CD;0D) & 7.28 (d, J=97Hz | H),
4.08 (s, 1 H), 3.71-3.63 (m, 2 H), 3.32-2.95 (m, 7 H), 3.04 (s, 3 F), 2.96 (5, 3 H),
2.81-2.73 (m, 2 H), 2.32-1.98 (m, 8 H), 1.70-1.59 (m, 1 H); MS (ESI) m/z 544.18
(M-+H).

Compounds 125 — 127 were prepared similarly to compound 124 using the

30 corresponding amines in the reductive amination step.
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Compound 125
"H NMR (400 MHz, CD;0D) 8 7.28 (d, J = 9.7 Hz, 1 H), 4.08 (s, | H), 3.25-
5

2.94 (m, 5 H), 3.04 (s, 3 H), 2.96 (s, 3 H), 2.89 (s, 6 H), 2.80-2.70 (m, 2 H), 2.32-
2.18 (m, 2 H), 2.10-2.00 (m, 2 H), 1.70-1.58 (m, 1 H): MS (ESI) m/z 518.26 (M+11).

Compound 126

F HzC~ ~CHs

10 "H NMR (400 MHz, CD;0D) & 7.27 (d, J = 9.6 Hz, 1 H), 4.08 (s, | H), 3.20-

2.93 (m, S H), 3.04 (s, 3 H), 2.96 (s, 3 H), 2.82-2.72 (m, 2 H), 2.33-2.19 (m, 2 H),
2.04-1.94 (m, 2 H), 1.70-1.58 (m, 2 H), 1.37 (s, 9 H); MS (ESI) m/z 546.20 (M+H).

Compound 127

E H:;C\N/CH3
LoHoHE
R : z
y l
F3CVN P

NH,
oH o HO b ©
15 127

"H NMR (400 MHz, CD;0D) § 7.28 (d, J = 9.7 Hz, 1 H), 4.09 (s, 1 H), 4.04
(a,J=9.0 Hz, 2 H), 3.25-2.95 (m, 5 H), 3.04 (s, 3 H), 2.97 (s, 3 H), 2.84-2.75 (m, 2

H), 2.32-2.20 (m, 2 H), 2.13-2.03 (m, 2 H), 1.70-1.58 (m, 1 H): MS (ESI) m’z
572.22 (M+H).

20

Compound 128

la 4 C) Li
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Compound 128 was prepared from compound 9-5 by HF treatment following

by hydrogenation under similar conditions: "H NMR (400 MHz, CD:0D) 8 7.21 (d,

J =987 Hz, 1 H), 4.07 (s, 1 H), 3.63-3.57 (m, 2 H), 3.20-2.90 (m, 5 H), 3.04 (s, 3

5 H),2.96 (s, 3 H), 2.75-2.68 (m, 2 H), 2.32-2.17 (m, 2 H), 1.89-1.79 (m, 2 F1), 1.70-
1.57 (m, L H), 1.25 (d, J= 7.2 Hz, | H), MS (ESI) m/z 491.18 (M+H)

Example 10. Synthesis of Compound 129
Scheme 10

CHy a) iPrMgCI-LiCI ) LDA/TMEDA
b CHal b) enone
CO4Ph COZPh
8.2 10-1

BnO O HO o  OBn
1020788

laq HF

The following compounds were prepared according to Scheme 10.

15 Compound 10-1
F

HsC™ ¥ TCO.Ph

oBn

10-1
1PrMgCleLiCl (0.68 mL, 1.2 M, 0.82 mmol, 2 equiv) was added to a THF
solution (5 mL) of 9-2 {170 mg, 0.41 mmol) at 0 °C. The reaction was stirred at 0 °C

for 30 min. Mel (0.2 mL, 1.64 mmol, 4 equiv) was added to the reaction mixture.

0
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The reaction was stirred at 0 °C for 30 min and allowed to warm to 25 °C over 1 h.

The reaction was quenched with NHyCl solution and extracted with EtQAc. The

combined EtOAc extracts were dried (Na;SO4) and concentrated to give crude 10-1.

Flash chromatography on silica gel (30:1 hexanes/EtOAc) yielded 31 mg of
5  compound 10-1 (22%).

Compound 10-2

. HsCu, -CHs

BhO O HO o  OBn
100 OTBS

A THF solution (1 mL) of 10-1 (31 mg, 0.088 mmol, 1.7 equiv) was add to a

10 THF solution (1 mL) of LDA (0.13mL, 13 M, 0.176 mmol, 3.3 equiv) and
TMEDA (39 uL, 0.26 mmol, 4.9 equiv). The reaction was stirred at -78 °C for

10 min. A THF solution (1 mL) of enone (26 mg, 0.053 mmol) was added to the
reaction at -78 °C. The reaction was stirred at -78 °C for 30 min and allowed to
warm to 25 °C over | h, quenched with saturated NH,C1 solution, and extracted with

15 EtOAc. The combined EtOAc extracts were dried (NaxSO4) and concentrated to
yield the crude 10-2. Preparative reverse phase HPLC purification on a Waters
Autopurification system using a Sunfire Prep C18 OBD column [5 pm, 19 x 50 mm;

flow rate, 20 mL/min; Solvent A: H,O with 0.1% HCO.H; Solvent B: CH;CN with

0.1% HCO,H; mjection volume: 4.0 mL (CH;CN); gradient: 80—100% B over 15

20 min; mass-directed fraction collection]. Fractions with the desired MW were
collected and concentrated on a RotaVap at 25 °C to remove most of the acetonitrile.

The resulting mostly aqueous solution was extracted with EtOAc. The combined

EtOAc extracts were dried (Na;SO4) and concentrated to give 10 mg of 10-2 (26%).

25  Compound 10-3
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Aqueous HF (0.3 mL, 48%) was added to a CH;CN solution (2 mL) of 10-2
(6 mg, 0.008 mmol) in a polypropylene tube at 25 °C. The reaction was stirred at
25 °C for 18 h, The resulting mixture was poured into an aqueous solution of
KoHPO, (2 g, dissolved in 15 mL water). The mixture was extracted with EtOAc.
The combined EtOAc extracts were dried (Na,SOy4) and concentrated to yield crude
10-3.

Compound 129

HaCw, -CHz

oo oM G
129

Palladium on carbon (2 mg, 10 wt%) was added to a HCI/MeOH solution
(0.5N, 2 mL) of the crude 10-3. The reaction was purged with hydrogen and stirred
under H, (balloon) at 25 °C for 4 h. The reaction mixture was filtered through a
small Celite plug. The filtrate was concentrated to yield the crude product.
Preparative reverse phase HPLC purification on a Waters Autopurification system
using a Phenomenex Polymerx 10 u RP-1 100A column [10 pm, 150 = 21.20 mm;
flow rate, 20 mL/min; Solvent A: 0.05 N HCl/water; Solvent B: CH;CN; injection
volume: 4.0 mL (0.05 N HCl/water);, gradient: 0—70% B over 7 min, 70—100%
over 3 min, and 100% over 5 min; mass-directed fraction collection]. Fractions with
the desired MW were collected and freeze-dried to yield 1.5 mg of compound 129:
"H NMR (400 MHz, CD;0D) 8 7.19 (d, J = 9.7 Hz, 1 H), 4.07 (s, 1 H), 3.20-2.93
(m,3H),3.03(s,3H),296(s,3 H),231-217(m, 2 H), 2.22 (s, 3 H), 1.69-1.58 (m,
1 H); MS (ESI) m’z 447.23 (M+H).

Example 11. Synthesis of Compounds 130-132
Scheme 11

PCT/US2009/053142
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F F RE F RS F R®
a) sBULi/TMEDA a) (COCl) )
b) RSCH.Br or RECH- b) PhOH/DMAP O BBry
COLH COLH CO,Ph CO,Ph
OCH; OCH; OCH, OH
114 112 113
Boe,0
F RS
1) aq HF a) LDA/TMEDA
b) Hy/Pd-C b) encne
B
CO,Ph
OBoc
114
1) HNO;
2) Ha/Pd-C

1) BrCH,COBr
2) R%RYNH
s ——————

In Scheme 11, R®, R’ and R” is X, R®, and R*, respectively, as defined in
Structural Formula (A).

5
Compounds 130 — 132 were prepared according to Scheme 11.
Compound 130
10
Compound 131
15

Compound 132

ou
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Example 12. Synthesis of Compounds 133-135
Scheme 12

5
F CH F  CHs
a) LDATMEDA Br 1) BBra Br
Bro/HOAc c gBr 5Cl ) CoBroCly BomO
COZPh CO,Ph Br COZPh Br CO.Ph
OCHa OCH, OCH;4 OBoc
11-2-1 121 12.2 12-3
{Prepared according to Scheme 11
using Et-| in the first step) ay LDA/TMEDA
b) enone
HiC.  .CH,
1) aq HF fHC "yl
2) Hy/Pd-C N
——
1) BrCH,COBr
2) RORINH RT O
ER"N\)J\N
H &1 omlo o
12-5 126
1 Q o7 . A . .
In Scheme 12, R” and R” is R®, and R, respectively, as defined in Structural

Formula (A).

10
Compounds 133 — 135 were prepared according to Scheme 12.
fd

Compound 133

15

Compound 134
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Compound 135

Example 13
The antibacterial activities for the compounds of the invention were studied
according to the following protocols,

10 Minimum Inhibitory Concentration Assay

Frozen bactenal strains were thawed and subcultured onto Mueller Hinton
Broth (MHB) or other appropriate media (Streptococcus requires blood and
Haemophilus requires hermin and NAD). Following incubation overnight, the strains
were subcultured onto Mueller Hinton Agar and again incubated overnight.

15 Colonies were observed for appropriate colony morphology and lack of
contamination, Isolated colonies were selected to prepare a starting inoculum
equivalent to a 0.5 McFarland standard. The starting inoculum was diluted 1:125
using MHB for further use. Test compounds were prepared by dilution in sterile
water to a final concentration of 5.128mg/mlL.. Antibiotics {stored frozen, thawed

20 and used within 3 hours of thawing) and compounds were further diluted o the
desired working concentrations,

The assays were run as follows. Fifty ul. of MHB was added to wells 2 - 12
of a 96-well plate. One hundred L of appropriately diluted antibiotics was added to
well 1. Fifty pL. of antibiotics was removed from well 1 and added to well 2 and the

25 contents of well 2 mixed by pipetting up and down five times. Fifty pL of the
mixture in well 2 was removed and added to well 3 and mixed as above. Serial
dilutions were continued in the same manner through well 12. Fifty uL was removed
from well 12 so that all contained 50 pl.. Fifty L. of the working inoculum was

then added to all test wells. A growth control well was prepared by adding 50 pl. of
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working inoculum and 50 uL of MHB to an empty well. The plates were then
incubated at 37 °C overnight, removed from the incubator and each well was read on
a plate reading mirror. The lowest concentration (MIC) of test compound that
inhibited the growth of the bacteria was recorded.

Example:

1 2 3 4 5 6 7 8 9 10 i1 12

[Abt] 32 16 g 4 2 1 05 1025101251006 00310015
grow | - - -1 -1 -1 +1 71+ + + i
[abt] = antibiotic concentration m the well Grow = bacterial growth (cloudiness)

Interpretation: MIC = 2 ug/mL

Protocol for Determining Inoculum Concentration (Viable Count)

Ninety pL of sterile 0.9% NaCl was pipetted into wells 2-6 of a 96-well
microtiter plate. Fifty 50ul of the moculum was pipetted into well 1. Ten ul. was
removed from well 1 and added it to well 2 followed by mixing. Ten uL was
removed from well two and mixed with the contents of well 3 and so on creating
serial dilutions through well 6. Ten pL. was removed from each well and spotted
onto an appropriate agar plate. The plate was placed into a CO; incubator overnight.
The colonies in spots that contain distinct colonies were counted. Viable count was

calculated by multiplying the number of colonies by the dilution factor.

Spot from
Vel | 2 3 4 5 6
Difution 10° 10° 10° 10° 10° 107
Factor

Bacterial Strains

Fifteen bacterial strains, listed below, were examined in minimum inhibitory

concentration (MIC) assays.

1D Organism Source Resistance Comments | Gram Rx
Smith strain
(animal
SAL00| 8 aurens [ATCC 13709 MSSA modely positive
SAT0L| S awreus |ATCC 29213 MSSA control positive
tet resistant: tetl "
SA158| 8 aureus | MR, SK75 (efflux) positive
Micromyx, | tet resistant:tet(M) .
SAL61] S aureus LLC ribosomal protection positive
EF103| E faecalis |ATCC 29212 tet control positive

1

I'N
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intermediate/resistant
- mechanism not
specified
tet resistant:tetM (rib positive
EF159| E jfaecalis | MR, DS160 protect) cip-R, ery-l
SP106|S. preumoniae| ATCC 49619 wit control positive
tet resistant:tet M "
SP160(S. preumoniae| MR, 54 (rib protect) pen-R, ery-R positive
EC107 E coli ATCC 25922 wt control negative
tet resistant;tetA negative
BEC155 E. coli MR, 10 (efflux)
K ‘
KP109| pnewmoniae |ATCC 13883 wt negative
K tet resistant: tetA negative
KP153| preumoniae MR, 1 (efflux) cip-R, gen-R
EC108] E cloacae |ATCC 13047 wit negative
ABL10l A baumanii |ATCC 19606 wit negative
PATLLP aeruginosa | ATCC 27853 wit control negative

MSSA =methicillin susceptible S. aureus

wt = wild type

ATCC = American Type Culture Collection
MR = Marilyn Roberis, University of Washington

tet = {etracyceline
cip = ciprofloxacin
R = resistant

gen = gentamicin
ery = erythromycin
pen = penicillin

Results

Values of minimum inhibition concentration (MIC) for the compounds of the

invention are provided in Tables 1a, 1b, 2a , 2b and 3.

Compound MICs (ug/mL)

D 5A101 | SA100 | sAtet | SA158 | EF103 | EF159 | SP106 | spieo
K 0125 | 025 025 | cos25 | 00825 | 0125 | <0.0156 | <0.0156
12 <0.0156 | 00156 | 0125 05 | 500156 | 00825 | 00156 | <0.0156
13 <0.0156 | 00156 | 00625 | 025 | 200156 | 00625 | 00156 | <0.0156
14 05 0.25 05 0.25 0.125 0.25 0.03 0125

15 05 05 05 0.25 05 05 0.018 0.018

16 0.125 0.25 0.25 08 00626 | 00626 | <0.0156 | =0.0156
17 0.25 05 1 2 025 1 0.0825 | 0.0625
18 0.0625 | 00156 | 0.0625 | 0125 | <0.0156 | 00313 | <00156 | <0.0156
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19 0.126 0.25 0.25 025 | 00156 | 0125 | <0.0158 | <0.0156
20 <0.0156 | 025 0.25 05 | =0.0156 | 00825 | <0.0156 | =0.0156
21 0.25 0.25 05 4 0.125 1 <0.0156 | 00625
22 1 1 2 4 2 4 D5 1
23 £00186 | 05 0125 025 | <00156 | 0.0313 | <0.0156 | <0.0156
24 0.25 0.25 0125 | 0125 | 200156 | <0.0156 | <0.0156 | <0.0156
25 0125 | 0125 | 0125 | 00313 | 00156 | 00625 | <0.0156 | <0.0156
26 1 1 1 1 0.25 05 | 00156 | <0.0156
27 2 2 4 16 2 4 0125 05
28 1 2 2 1 1 1 0125 | 00825
29 4 4 4 2 2 2 1 1
30 2 1 4 2 2 2 2 4
31 1 2 2 1 05 1 0.25 0.25
Table 1a
Compound MICs (ug/mL)
D
EC107 | EC155 | AB110 | PA111 | EC108 | KP109 | KP153
11 0.25 2 05 16 1 1 2
12 0.25 8 1 16 1 1
13 0.125 4 025 16 1 05 2
14 0.5 4 0.25 18 2 1 2
15 1 4 0.125 18 4 2 4
16 0.5 8 1 16 1 1 4
17 2 32 0.5 a2 8 4 a2
18 0.125 4 025 16 05 05 4
19 0.25 4 0.25 16 2 1 4
20 0.25 8 1 8 1 1 4
21 1 16 2 16 4 2 8
22 16 »32 2 32 >32 32 >32
23 0.125 8 0.125 8 1 05 8
24 05 3 0.0313 16 2 1 8
25 05 8 0.125 32 2 2 8
26 05 4 0.25 16 2 2 4
27 4 32 18 »32 16 8 32
28 2 16 05 32 8 4 16
29 8 8 8 >32 3 8 8
30 32 >32 8 >32 >32 32 532
31 2 8 05 32 8 4 8
Table 1b

| a
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Compound MICs (ug/mL)
D sat01 | smtoo | satst | satss | EFi03 | EF159 | sP1os | sp1eo
32 0.125 0.5 0.25 05 0.0825 | 0125 | <0.0156 | <0.0156
33 0.25 05 1 2 0.25 1 <0.0156 | 0.125
34 <0.0156 | 00825 | 00825 | 0125 | <00156 | <0.0156 | <0.0156 | <0.0156
35 025 0.25 05 0.5 0.125 0.25 0016 | 0016
36 0.25 05 05 1 0.25 025 | <0.0156 | <0.0156
37 8 8 232 »32 16 16 2 4
38 8 8 16 32 8 15 2 8
38 2 2 2 16 2 2 0.25 05
40 1 1 1 16 1 1 0.0625 05
41 1 1 2 1 1 2 0125 | 0125
42 05 1 2 1 05 1 0125 | 00625
43 05 05 1 05 0.25 05 | <00156 | =0.0156
44 4 4 8 8 8 8 05 1
45 05 05 1 05 0.25 05 0.125 0.06
46 0.25 0.25 05 0.25 0.25 05 0125 | 0125
Table 2a

Compound MICs {(ug/mL)

iD

EC107 | EC155 | AB110 | PAt11 | EC108 | KP10g | KP153

32 0.25 8 2 8 1 1 4

33 2 32 4 >32 16 4 32

34 025 2 0.125 16 1 05 2

35 1 16 0.25 >32 3 4 8

36 2 32 0.125 >32 4 4 32

37 >32 >32 >32 >32 32 32 32

8 >32 >32 »32 32 >32 32 >32

3¢ 4 >32 a2 »32 16 16 >32

40 4 32 8 7] 4 8 2

41 4 16 05 >32 16 8 16

42 4 16 05 >32 16 3 16

43 1 4 0.125 a2 4 2 4

44 k) 32 8 32 >32 32 >32

45 1 2 0.06 >32 4 2 4

46 2 4 0.125 >32 32 4 32

Table 2b
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20Met abolic stability A stock solution of the test conpounds were
prepared by dissolving the conmpound in DMSO to a final concentration of 1.0
The anal ywe=o0savid747nt er nal standard were diluted and i nf eeedszomosithe LC/ MS
systéi tid7¢d8t ermi ne optimal ionization, polarity and , MS/MS fragnentation
for 75selection of specific MRM (nultiple reaction nonitoring) transitions.
CGeneric chromat ographi ¢ conditions re developed with a less than 5 m nute
cycle tine. Pool ed hunman m"&%%‘soma assays were conducted at 0,2
ng/m, protein with an NADPH generating cofactor system (1.3MLVI NADP+,
3.3nmM gl ucose- 6- phosphate, 0.4U mll., gl ucose-6-phosphate dehydrogenase,

and 3. 3nM magnesi um 30chl ori de) Test coppound re diluted from
DVBSO stocks| f:0. 1 tM %eajcti on concentriatijony. | Ti g pai nt's were femved at 0
and 60 m nutgsz [AFter|d~pr Ot e 1 asty™| WO 20 LQF DL 7470 PCTIUSZ0097 (053142
4142. 101700 145 -t wiith acetoni-tirl el 1saml asl are lanalyzied by 1L ¢/ M5/ VS,
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EDso IV study
Compounds of the present invention were evaluated for efficacy in a mouse
systemic infection model against a susceptible S. aureus isolate, ATCC 13709,

5 Mice were infected via intraperitoneal injection with a bacterial load that would
result in 0% survival within 48 hours after infection. Mice received the test
compounds 60 minutes post infection via intravenous injection. Infection control
groups did not receive treatment. Survival was assessed over a 48 hour period.

Percent survival was calculated and PDs values determined using Probit analysis.

10
Tet-R sepsis study
The protocol for tetracycline-resistance sepsis study was similar to the
protocol for EVsy IV study described above except the infection model used 8
aureus SA161, a tetracycline-resistant strain.
IN

GN sepsis
The protocol for GN sepsis study was similar to the protocol for EVso TV

study described above except the infection model used £, coli ATCC 25922,

20 Metabolic stability

A stock solution of the test compounds were prepared by dissolving the
compound in DMSO to a final concentration of 1.0 mg/ml..
The analytes and internal standard were diluted and infused nto the LC/MS
system to determine optimal 1omization, polarity and MS/MS fragmentation for
25  selection of specific MRM (multiple reaction monitoring) transitions. Generic
chromatographic conditions were developed with a less than 5 minute cycle time.
Pooled human microsome assays were conducted at 0.2 mg/mL protein with
an NADPH generating cofactor system (1.3mM NADP+, 3.3mM glucose-6-
phosphate, 0.4U/ml. glucose-6-phosphate dehydrogenase, and 3.3mM magnesium
30 chloride).
Test compounds were diluted from DMSO stocks to | uM reaction

concentrations. Time points were removed at 0 and 60 minutes. After a protein crash
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with acetonitrile, samples are analyzed by LC/MS/MS. Peak areas are compared to
the time 0 sample, and the percent analyte remaining is calculated. A reaction
containing no cofactor was used to control for analyte loss due to non-specific

binding, thermal degradation and solubility.

SA MIC90

Twenty randomly selected clinical isolates of S. aureus were used to
determine the minimal inhibitory concentration (MIC) of test compounds for 90% of
the isolates (M1Cog). MICs were performed by microtiter broth dilution in a 96-well

10 format according to Clinical Laboratory Standards Institute (CLSI) guidelines, as

described above.

Viable counts were determined by 10-fold serial dilution. Dilutions were
prepared in sterile 0.9% NaCl. Ten microliters of the inoculum and of each of §
dilutions were plated onto blood or Mueller Hinton agar plates, incubated overnight

15 at37°C with 5% CO,, and counted.

TetR MIC90
Ten 1solates selected based on resistance to tetracycline were used to

determine the MICqy as described above.

EC MIC90
Twenty randomly selected clinical isolates of /2. coli were used to determine

the MICq as described above.

25  Protein binding
Test compounds were prepared as 1.0 mg/ml stock solutions in DMSQO. The
analytes and internal standard were diluted and infused into the LC/MS system to
determine optimal ionization, polarity and MS/MS fragmentation for selection of
specific MRM (multiple reaction monitoring) transitions. Generic chromatographic

30 conditions were developed with a less than 5 minute cycle time.
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The DMSO stocks were diluted to | and 10 pg/mL in human plasma and
incubated in RED devices for 4 hours at 37 °C. The time point was removed at the
end of the mcubation period. After a protein crash with acetonitrile, the samples
were analyzed by LC/MS/MS., Peak areas for the buffer (receiver) and sample

5 (donor) chambers were compared and the protein bound fraction 1s calculated.

Analysis was conducted in duplicate.

Thigh burden
Female CD-1 mice were pre-treated with cyclophosphamide to render the
10 mice neutropenic. Mice were infected with S. aureus ATCC 13709 via injection
mnto the right thigh muscle of 0.1 ml per mouse. One and a half hours post infection
mice were treated IV with test compounds in doses ranging from 0.3 to 30 mg/kg or
0.3 to 20 mg/kg. Four mice were treated with each drug concentration. Twenty-four
hours post treatment, mice were euthanized by CO; inhalation. The right thighs of
15 the mice were aseptically removed, weighed, homogenized, serially diluted, and
plated on TSA medium. The plates were incubated overnight at 37 °C in 5% COx.
Colony forming units per gram of thigh was calculated by enumerating the plated

colonies then adjusting for serial dilutions and the weight of the thigh.

20 The results for the biological activity studies described above are listed in

Table 4.
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While this invention has been particularly shown and described with
references to example embodiments thereof, it will be understood by those skilled in
5 the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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CLAIMS
What is claimed is:
1. A compound represented by Sturctural Formula (A):
E X 3H N 3
e OH
. NH
Y 5 ?
CH O H O O
OH (A).
3 or a pharmaceutically acceptable salt thereof, wherein:

X is selected from hydrogen, -(Ci-Cr)alkyl, carbocyclyl, aryl and
heteroaryl;

Y 1s selected from hydrogen, -(C-Cy)alkyl, carbocyelyl,
«(C1-Cyalkylene-N(R*}RP),

10 «(C;-Cy)alkylene-N(RM)-C(0)-[C(RPIRH) os-NRM(RP), -CH=N-OR™,
NRMRY), -NR)-C(O)-[CRHRY) 1-NRM(RY),
-N(R")-C(0)-NRM)(R?), -N(R")-C(0)-(C1-Co)alkyl,
N(RH-C(0)-heterocyclyl, -N(RF)-C(0)-heteroaryl,
“N(RM)-C(O)-carbocyclyl, -N(R)-C(O)-aryl,

15 “N(RY)-$(0)~(C1-Ca)alkylene-N(R*HRP),
“N(RM)-8(0)m-(C1-Cy)alkylene-carbocyclyl, and
N(RM-8(0)u-(C1-Cy)alkylene-aryl wherein:

at least one of X and Y is not hydrogen,
each R* and R® are independently selected from hydrogen,

20 (Ci-Crpyalkyl, -O-(C-Cryalkyl, -(Co-Co)alkylene-carbocyelyl,
-(Cy-Cy)alkylene-aryl, -(Co-Colalkylene-heterocyclyl,
~(Co-Co)alkylene-hetercaryl, -(Cy-Cg)alkylene-O-carboeyclyl,
-(C1-Cg)alkylene-O-aryl, -(C;-Co)alkylene-O-heterocyelyl,
~(Ci-Coalkylene-O-heteroaryl, -S(O)n-(Ci-Co)alkyl,

25 -(Co-Cy)alkylene-8S(O)m-carbocyclyl, -(Cy-Cylalkylene-S(O)y-aryl,



-0 --""rij p,,.;" "44) ":.57..4.. vl -= r:Et" e IlIti c,""i Pcp 4 ", --
COl-14 7.7:t. 'di H.:1=1 al:: HQ; F-: kr: - 149 - Wile this invention
has been wanpiur4nl y shown and descri bed wi th referencesTius2e@rasyhe
enbodisment@m 7dhereof, it will be understood by those skilled in 5the art

t hat various changes in formand details may be made therein w thout
departing fromthe scope of the invention enconpassed by the appended
claims. WD 2010/ 017470PCT/ US2009/ 05314254142, 1017001 - 150 CLAI M5 Wat is
clainmed is: 50r a pharnmaceutically accept abl e salt thereof, wherein:

X | ected f d 7

netoroal yir oy RECRR Dl o G Ry pe RIS BB bocy et yi
T e i i, e (29

al kyl ene-

-N(RF) - (0 RD) (1e)] 1" 4™ e‘“"i{‘llﬁl BTN gy e

- mg g:; C(z(gz); ( LQC: CG; g_bqi?n]y Itqrmajlheﬂe(“c?%icﬂﬂ@@ Be)terhsylfawbcj(g(;ltk; hegerocycle or 3/

- et er oa - - -C clyl. -C()-aryl,

15- N( 10- S( 0) 1- (Cl- C&%%Fi@ﬁ%ﬁéqﬁ&y%r%g&%% adé(lhona'[ ﬁ&@@m%&ée@%&iy

-N(RP) - S(0) m ( C1- CA)<dcledlimmeN caanlddétycl yl, and

- NCRF) - S(0) m ( CL- O4) al kY g Ak W0SE fllicn it E481e4 05 MRligkynd ¥ i's not

hydrogen; each RA and RI™ "are I ndependently sel ect e &‘fo en,
20(C1-C7)al ky , -0- ((Cif*(,@‘i%}é,lcaﬂbywc yk, @Gb-hasioaicl Mweteewed,cmabamry&w

- (C0-Co) al kyl ene- ar g@% egocyclyl,
- (Cu-C6) al kyl ene- he%{(éf:}lglél %m %Sﬁ%o%ﬂﬁﬁagtgh% O car bocycl I, -(C-C(;
)al kyl ene- Glaryl , - C6) al&yalléﬁei@ﬂh@g@h@c*y@:ilﬂw carbon atom to which they are

- (C1-CB) al kyl ene- O het ergaryi » Qd% |acl‘§3é1k7 bered heteroeyclyl
25- ( Co- C4) alkyl ene- g&(%]) 1&ca%r/ ogmﬁfj % ((a 11~ CA ) al k‘?f“éneé‘?‘ etuwc%r yl,

W02010/ 017470PCT/ US%@%@@?@@%@ﬂZOIP@QV®6ﬁ and 115‘2[3110%113/ comprises one to

- (Co- C4alkyl ene- S( 0),. ) - het eroaryl,;
or and RB \tca dlgfn%ﬁ)gg&%k%&s ﬁﬁ%en%@n%ﬁ ng?g;mlﬁ? g whi ch they are

bound form a heterocycl vt ioildsad dpodwiiogenereidid rabpetkt eayaide or
Sheteroarylsopti onalliy.&OM4d ses 1 to 4 additional heteroatons

i ndependent |y
mis 1 or 2, wherein:

each carbocyclyl, aryl, heterocyclyl or heteroaryl is optionally and

independently substituted with one or more substituents independcnt]y

20 -(C;-Cy)al ky]-O-(C1~C4)zll {yl, halo-substituted —(Cl - ./Ll)alkyl, halo-
substituted ~-O-(C;-Cyyalkyl, -C(O)-(C-Cy)alkyl,
-C(O)-(fluoro-substituted-(C;-Cyalkyl), -S(0)n-(Ci-Cy)alkyl, -N(R“YRY),
and CN;

each alkyl in the group represented by R*, R”, R” and R" is

25 optionally and independently substituted with one or more substituents
idependently selected from halo, -(C,-Cylalkyl, -OH, -O-(C-Crlalkyl,
-(C1-Cyq)alkyl-O-(Cy-Cy)alkyl, fluoro-substituted-(C;-Cy)alkyl,
-8(0)-(C1-C alkyl, and -N(RERT), wherein

each RY is hydrogen or (C;-Cy)alkyl, wherein each alkyl in the group

30 represented by RY is optionally and independently substituted with one or
more substituents independently selected from -(C,-Cyalkyl, (Cs-
Ce)eycloalkyl, halo, -OH, -O-(C,-Cyalkyl, and (C;-Cq)alkyl-O-(C,-Cylalkyl



selected fromN, S and O; each RI') and each RE is independently

sel ected from hydrogen, (Cl-C6)al kyl, carbocyclyl, aryl, heterocyclyl,
het er owyIwoanioz01mgdur al | y occurring am no aci d si de chaiPeTrasz@vps3lez OR
and RE142 tcak@n together with the carbon atomto which they are bound form a
3-7 nmenbered carbocyclyl, or a 4-7 nmenbered heterocyclyl, wherein the

het erocyclyl formed by RI) and RE optionally conprises one to two

addi tional heteroatons independently sel&ted fromN, S and 0; RE is

sel ected from hydrogen, (G -C7)al kyl, carbocyclyl, aryl and 15hoteroaryl;
and mis 1 or 2, wherein: each carbocyclyl, aryl, heterocyclyl or
heteroaryl is optionally and i ndependently substituted with one or nDre
substituents independently selected from hal o, (CI-C4)aIkyI - OH,

-0-(C1-A4)al kyl,, 20; I ) al I ed - (CL
_C4)al kyl, hal & suglg |°P’"p902“{% }(;l'a @f}‘ '}4"@(‘,‘(‘6% %pé‘%g‘%g‘%y t‘*@k
-C(0) - (fl uoro-subst ilutred-SeuCura M)nmlzkyl ), - N( RG) (RG, and CN, each al kyl in
the group represented by RA, RB, RI) and Rﬁé @ Egptionally and
i ndependent |y substituted w th onepor qpng gﬂsm énts independently
-- ( €7)a |,

A bp’ and -N(RG (R(i),

i n ﬁ?fh al kyi in the
, 2y substituted with
m - (C1- CA)aIkyI (C3-

selected from hal o, (CI-C4)aIkyI
f1 uoro-substituted- (Ct-QR)jal ky
wherein each RGis hydrggﬁﬂgﬂb
group 30represented b% -
one or nore substituents indep nde tly

C8) cycl oai kyl, halo, -OH -0- (% SIEARS e4) al kyg (Cl- C4) al kyl .
WO 2010/017470PCT/U82009/05314 4142 1017001 -152- 2. The hpound of Claim
1. wherein the conmpeunghatBact@pilBSetdheblchyt hheoff ohdréi ng St uct ural Fornul a:

Rl 0 R2 41011111110010)_, FOHOHOHO 5R(11), or
a pharmaceutically acced%éﬁ?g §3Ffmf%%W@8W“yﬁﬂg?%“ﬁmﬁwmogm11e and R 2- are

each i ndependently sﬁhﬁﬁﬂ@d(f{OnvhyﬁMﬁgen;oiﬁﬂ(CYF@hkmth,C4 kyl,

(S ) o e B il SR B DO e o
10ary|oxy(0b—C4)aIkmmmxa[yknhmpxQWHmmjaKKmmyl&wﬁh@uﬂtmﬁhbmw,C4)a|ky

aryl sul fonyl (Cl - C4)a| ﬁagﬁﬂgtgﬂﬂbﬁ %ﬁ'@ﬁ%ahéMLw ar Rl and R2 taken

together with the nft't bonded form a nonocyclic
or bicyclic heteroaryl, IdMnaanh@uw@Mmcwnmﬂsedm@mc@@hunwmdhmdged bi cyclic

or Spiro bicyclic hgtndué)‘%}{: monocyel LS b;cyalc heteroaryl, or a monocyclic, fused

bicyclic, bridged bicyclic or spiro bicyclic heterocycle, wherein the

15 heteroaryl or heterocycle optionally contains one or two additional
hetercatoms independently selected from N, O and S; and
wherein each alkyl, cycloalkyl, alkoxy and cycloalkoxy moiety in the
groups represented by R and R? and each heterocycle represented by NR'R?
taken together is optionally substituted with one or more substituents
20 independently selected from the group consisting of (C1-Cy)alkyl, halo, -OH,
(C-Cyalkoxy, (Ci-Cyalkylthio, (C;-Cy)alkylsulfinyl, (C;-Cy)alkylsulfonyl,
(C1-Cyyalkoxy(C-Cy)alkyl, and -N(R')(R"); and
each aryl, arvloxy, arylthio, arylsufinyl and arylsulfonyl moiety in the
groups represented by R' and R* and each heteroaryl represented by NR'R
25 taken together is optionally substituted with one or more substituents
independently selected from the group consisting of (Cy-Cy)alkyl, halo, -OH,
(C1-Cyalkoxy, -8-(Ci-Cyalkyl, -S(OYCi-Cyalkyl, -S(O)(C1-Cy)alkyl,



15het eroaryl or heterocycle optionally contains one or two additional

het eroat ons i ndependently selected fromN, 0 and S; and Wherei n each
al kyl , cywbaalokyb470al koxy and cycl oal koxy noi ety in thePgraspaonspnesent ed
by R sanpgR2o@nd each heterocycle represented by NRLR2 taken together is
optionally substituted with one or nore substituents 20 independently

sel ected fromthe group consisting of (Cl-C4)alkyl, halo, -OH (C

1- C4) al koxy, (Cl-C4)alkylthio, (Cl-C4)allkytsul finyl, (Cl-C4)alkyl sulfonyl,
(Cl-4) alkoxy(Cl-4) al ky1, and - N( R3)(R4); and each aryl, aryl oxy,

7 and Roand cach it e Byt AprLSERTEI by 1t do GRORT sebERHEr s

optional |y substitutCedikwst h;ndpne or nore substituents independently sel ected
fromthe group consisti of (Cl-C4).al kyl., hal ©; - OR .y

( Cl- C4) al koxy, - S(0) ( CL- gz)a&ﬁﬁ\/ﬁm Wé(@f%eﬁ%”éﬁ”t&?aif%wo““@\éow consisting

2010/ 017470PCT/ US2008/H053142C Ad42, A3l (€,- L33k represented by R” and R

(Cl-4) al koxy(C -C4) al

Oy 2l Koy, g bR BRI %sehw%ai%ewawﬁg?e%%w %ei‘aw?‘r om t he
group consisting of fraiﬂimmm@ﬁm@m)ngkm “Coaher eile, -Obie(( Cyald)alaky |
represented by R3 an(d i @td H\a}ly substituted with one or nore
substituents i ndepe erﬂ)af 2 é)ta d fromthe group consi sting of

(G -A)al kyl, halo, -OCH, (Cl C4) al koxy, and (Cl C4) al koxy(CG 3. The
conmpound of Cajim 2,.-wherein 2sen ted byt 10f ol | owi ng
Structural For rarglul a. Ihf i?m%ound Oﬂﬁ mﬁ%@ ertefncfizlﬁ ?Of‘p ce Eeﬁrﬁiseén%giypﬁﬁ her eof ,
"therein. R¢ and R2f<moe/ug§m1uctunakj%mmndent |y sel ected from hydrogen,

(Cl-C7)al kyl, (C3-C6)eycloal kyl (Cl -C4)al k (O’ -, C7) al koxy(C -C4) al kyl ,

i S(('3-C6)cycl oal koxy(Cl-C4)al kylg (C3-C6 3y|, aryl, aryl (C

-C4)al kyl, aryl oxy(Cl-C4)al kyl, arylthi bl(Cl »L’D’I )aldﬁl :
arylstlflnyI(CI-C4)aIk3R1 a@yls 1 G A~ or Rl and R2

t aken together with thel nitjfoge hey are bonded form a

ed 20 bicyclic,

nmonocyclic or bi cycré r y
brickzed bicyclic ortspiro bIHyC| bherein the heteroar yl or
het er ocycl e optionally contains v hal het er oat ons

i ndependently selected fromN, O and S. 4. The conpound } daim 3, wherein
R is hydrogen or ao(ﬁ;rdﬁm,cél)tﬂhlK/yalccupﬂiﬁle@altﬂ?ﬁ@o&@ﬁﬂb@lﬂnd of Clainms 3 or 4,

wherein R2 is selected f C3-.C6 IkIClC4aIkI
(Gi - C7) al koxy(Cl - C4) al ky' %%e?-fwa%b%gﬁi?ﬂ%@ Seay iy ((@%’”(CG) cycl) oal iyl
Zggzh%% (c):é C4) zimISZy Gi- (VVbEﬂElt“yQI(O -€36RkIoa 201041 @114?06@6%98210@9{1@53142

- noi e n r oups
represent ed” by R & aeﬁ‘?‘x%‘ﬁ?l)vgsﬁﬁg%y E%bég rﬁ[kbln%[yo?‘%/%]r gd)ggﬁgti tgents

i ndependent |y sel ecteihx§(Con, e, gyougCconsikst kgulafyl(CCE)@ylal kyl and hal o;
and each phenyl noiety in ps represented by R2 is optionally
substituted with on%y%}’lf%&g %a?}gﬁfﬂ ‘uent s i ndependent|y selected fromthe
group consisting of (G -ICAnaRkyken thadter w(tmeGAx)o@dad@mowm which they are
(G -CA)al koxy(G-C4)a

The conpound’ of anyg’c(’)nﬁ1 C}/%Dfmélm"h(r)fﬁ(a% ‘(g(gl {emyiﬁ’é M%”@%‘P%g gﬁ‘
10hydr ogen,20net hyl &gkhettniyibed b?cycﬂ?rm smcmmquhdhmlo@lclaj wheGein thber ei n R2 i's

sel ected fromthe grou |§t|n p cyc utyl, cycl opentyl,
cycl opr opyl met hyl , %‘3’%{?0@ yTHEPH IOp ’?ﬂ?e%c‘?n a"f?egﬁ%yrl 15 f‘gﬁon 2-0- CHB,

- (CE12) 3-0C113, 15- B EChig) 85 meie(ﬁbi(c@flﬁyl@pe&,ed £r®n12~C((mEﬂB)3 CHZCl{(Cle)Z,
-CH2-CF, -(Cf12)2-CH2F, and -(Cl42)CH. 3; nis O, 1, 2, 3, 4, 5 or 6; and
wherein the phenyl or benzyl group represented by R2 i's opt| onal |y
substituted wi tth on&horonpumdsdibsin t uentsn Rhdépéngant hyCis@ddiogt.ed fromthe
group consigting of (Cl -C4)al kyl, halogen, (Cl-C4)alkoxy,

(G-C1)al koxy(Cl C4) al kyl, -CN, 20hal o(Cl-C4) aI kyl , and hal o(Cl - C4) al koxy.

The compound of Claims 3 or 4, wherein R” is selected from (C;-Cy)alkyl,

)aI koxy. 6.

(Ca-Co)eycloalkyl(C-Cy)alkyl, (Ci-Co)alkoxy(Cy-Cy)alkyl, phenyl,
phenyl(C;-Cqlalkyl, (Cg—(le)cydoalkyl and halo(C;~Cy)alkyl, wherein each



The conpound of Claim7, wherein R2 is selected from cycl opropyl,

cycl opropyl net hyl, cycl obutyl, cyclopentyl, cyclohexyl, -(CH2)2-0-013,

- C( CH3) 3,wolhi(0aH3y78, - C 2- CF3, -CH2CH(Cl113)2, -CH 3 andPcTrHaaM3/0537%2 9. The
conpoungk of17@hai m 3, wherein RL and R2 taken together with the nitrogen
atomto which they are bonded form a nonocyclic or bicyclic heteroalyl, or
a nonocycl .ic, fused bicyclic, bridged bicyclic or spiro bicyclic

het erocycl e, wherein the heteroaryl or -Héterocycle optionally contains one
30addi ti onal hetcroatom selected fromN, O and S; and the heterocycle is

optionally substitut th o npr e substituents ind dent |y sel ected
from the group con5|§?lﬁ%’%ﬁm%@Tﬁﬁﬁydp%?V”lﬁé#@?m”@H§GW€$8t§’élkoxy VO
2010/017470PCT/USZOﬁﬂkﬁagmﬂﬁmﬂﬁﬁﬁmﬂﬂi@Bemomsmﬁﬁmmﬂéﬁaqﬁh&%aﬁkykﬁblo
(CI-CA)aIkyIsquiny - CA S alko 4) al kyl, and
-N(R3) (1R1); and theoﬁéwzrgl‘P“ in 8 ‘Oxéaﬁy&?SS i PdeEEan &f IhE 8%§'or nor e
subst it uent s i ndependéntibypssgiresettetbyf R omvptheal grsobprueangiisht ngnat

S o 200 O at eyt Ut E kB el P TG ey

hal o( C1- C4) al kyl , aﬁdihaﬂbﬂﬁmbcm)ahkﬂm%z(Qﬁﬁgﬂhﬁéﬁbﬁhbﬂwd -OF, daim 9,
wherein R' and R2 ¥ k C)a eth%H]pn ”ﬁ nitrogen atomto which they are
bonded form a heterocy e4seVé€{ d/{ Mt he 10group consi sting of
azetidine, pyrrolidine, morpholine, plperldlne

oct ahydr ocycl opent a . . S0 i 0 hexane
wher elyn i hg he'?)gr OC[ngjf ée)(%gpogrld Of&l%y &1{3%?% du%B % e%dqag %%e‘fec%g%rgp ]
substltuentg)|ndepehﬁhwmhynghﬂemi®MMfron1the group consi sting of

(Cl-c4)al kyl, hal ogen, -OK (Cl1-C4)al koxy, -S- (G -C4)al kyl;

15-S(0) (G - C4)a|ky| -S(0)2(Q C4)al kyl, (Cl-C4)al koxy(C1- CA)aIkyI and 11.
The conpound of7. CIaﬂh@&@mmwhbﬁénmn@hehmguﬁfGG#QE@HHSH@p%m@nawkyﬁsubst|tuted
12, The conpound of 81 B e BRb S LKPRL e BB ol RER Y 2" s 1P
cyclopropyl; b) Rl Fﬁﬂﬁvﬂhm@@hphanbbﬁgyis@Bﬁ&H@ﬁﬁb,9¢Hﬂt@CF% i s hydrogen,
and R 1S uS! obutylacRoR)cons, TRl iy 20d: R DYk atuL Y o) R TS
cyclobutylnethyl 9)(CR:A(LIhydd dGER, Cland 1sR2 1i%s 3 e nzy$:;andhvhéren hedr ogen, and
gd'r gggﬁt hgﬁépgplylspheﬁw b&K | o DHE-0080 bamsa%m@yrgﬁmﬂ@m Fw&m Jj) Ris
2010/ 017470PCT/ USZO@@M%ZEMCM‘MQ@PE@@W ect’ei%@mhe]g)rmm Cpnal‘émizlyﬁr ogen, and

R2 is t-butyl; n) R Ngc. @f) I8, i.sxhydrogen, and
R2 is ethyl; o) R'(rﬁtqugggﬁ «‘QﬁngQY(é Hggﬂxaaiq)hﬁblséﬁydrogen and

R2 is butyl20 (. 1) F$MW§ ﬁ@d%ﬂgéﬁhdéﬁa(R?mﬂ§Ypentyl r) RL
i s hydrogen, and R2 is hexyl;
8. The compound of Claim 7, wherein R? is selected from cyclopropyl,
cyclopropylmethyl, cyclobutyl, eyclopentyl, cyclohexyl, -(CHz),-O-CHs,
-C(CHz)s, -CH(CHas)y, -CH,-CF, -CHzCH(CHs),, -CHs; and -CH,CH;.

25
9. The compound of Claim 3, wherein R' and R? taken together with the
nitrogen atom to which they are bonded form a monocyelic or bicyclic
heteroaryl, or a monocyclic, fused bicyclic, bridged bicyclic or spiro bicyclic
heterocycle, wherein the heteroaryl or heterocycle optionally contains one
30 additional heteroatom selected from N, O and 8; and the heterocycle is

optionally substituted with one or more substituents independently selected

from the group consisting of (C-Cy)alkyl, halo, -OH, (C;-Cy)alkoxy,



s) R is hydrogen, and R2 is heptyl; t) Rl is nmethyl, and
R2 is nethyl; 10u) Rl is hydrogen, and R2 is isopropyl; v) R is hydrogen,
and R2 i swoatditmeohyl propyl, w) Rl is hydrogen, and R2PC3/useémloszier oet hyl ;
X) Rl 418 hydomgen, and R2 is 2-nmethylpropyl; y) R is hydrogen, and R2 is
3-fluoropropyl, 15z) Rl is ethyl, and R2 is ethyl; al) R is nethyl, and R2
is methyl; H R is hydrogen, and R2 is hydrogen; cl) "Rl is hydrogen, and
R2 is cyclopentyl, dl ) R is nethyl, add@R2 is cyclopentyl; or 20el) Rl is
methyl, and R2 is propyl, or a pharnmaceutically acceptable salt of any of

the foregoing. 13, Th oound, of d R2 taken together
with the (8ﬁ¢&$§§BW gﬂ&ﬁ%& kdﬂfgh&?ﬁévkﬁpgkﬂ%gded forma group
sel ect ed fron1_25a)(®zC£meW®HKMMMyIbmﬂaqﬁhudy@miﬁéhaMﬁmm1smkmn£m
e e B R
W02010/ 017470P,CT/ Usgmems&h@f@%)ﬁmmm OH,16+/£Cralkgxy3-S-(Ci-Cy)all kyl,

e am oD gk Gl K 0 L £ 00 JRL Ry ol -

i soi ndol i n-2-yl, andN@QxB)aZHbmmMCIOBa&ﬂO&hemmﬁhauymwxmr a pharnmaceutically
acceptabl e salt of any of the foregoing. 14. The conpound of claim 3,

wherein 10R is hydrogen or a (G -C4)al kyl; and R2 is selected from
(C1-C7)al kyl, (l@3- CTmzwmoanfﬂ@n-‘)O&beaélky and(FCltake Yok thenoyi (hQtie CI 4) aI kyl ,

phenyl, phenyl (Ai- %Q) nka¥om t0 ﬁcl&ﬁ% lgq%géchynl“ntl g Hegerlc‘)]? cPe(SQectg(:ﬁ i)r

mhereln each al kyl, oxy an ps represented
by R2 is opHionaIIygwubsmwsmueﬁammﬂmeQmeoohmmmmmhdﬁsubS$Mnments

| ndependent| y sel ecbed LLOMANSLOLONP, EONTISL 8.0 Phhaliyl and hal o

and each phenyl noiety " f epres ented b ptionally
substituted with oneh@mnduﬂewsub@¢BK@Em@Eyﬂmdemehdem@kynsehected fromthe

group consi sting of ; Al A

( 1- C4) al koxy/( Cl- m‘%bg”iéﬂé h‘}e?:%‘\t‘{ax‘kla‘/ Jg%gd fé]}? %(%ﬁcg‘%?fyﬁ%’fo(o G 1)al koxy:
200r Rl and R@dﬂak@ﬁ’&dg@mhéﬂfWLt Oﬂh@ﬂnﬁ%@ogenwaton1to whi ch t hey
are bonded fsorm a ”nﬂgﬁﬁckUﬁkﬂrS@bFKﬁkhﬁ«P?@? ?MX&VCOQ4ﬁﬂ necyclic, fused

bi cyclic, bridged bi clic’or’ spiro blcy eroc ereln t he

het eroaryl or heter be%)optlonally contai ns one additional heteroatorn
selected fromN, 0 and S; and the heterocycle is optionally substituted
with one or nore substituents |ndependentl% sel ected fromthe group

consi sting of (I&1- Ciyagorppundipd Chum| Opyheteatthchasrpalckoxgptiotadd sayaieky| t hi o,

with halogen, methoxy, hydroxy, methoxymethy! or dimethylamino group.
20
12, The compound of Claim 3, wherein:
a) R' is methyl, and R” is cyclopropyl;
by R' is hydrogen, and R? is cyclopropyl:
¢) R is hydrogen, and R* is cyclobutyl;
25 d) R' is methyl, and R* is cyclobutyl;
e) R'is hydrogen, and R is cyclopropylmethyl;
f) R' is hydrogen, and R? is cyclobutylmethyl;
) R' is hydrogen, and R* is benzyl;
h) R' is hydrogen, and R* is methoxypropyl;
30 i) R' is hydrogen, and R* is methoxyethyl;
) R is hydrogen, and R” is phenyl;
k) R' is methyl, and R? is t-butyl;



(C1-C. 1) al koxy(Cl-C4)al kyl, and N(R)(R4); and the heteroaryl is
optionally substituted with one or nore 30substituents independently

sel ect ed woamwtes7gr oup consi sting of (Cl-C4)al kyl, hal ®@CTABR)09/053142

(C1- C4) o kaxyai S(0)2(C -C4)al kyl, (G -C4)al koxy(G -C4)al kyl,
-N(R3)(1le), -CN, WD 2010/017470PCT/ US2009/ 053142 4142.1017001 - 158 -
halo(Cl - 4)al kyl, and hal o( Cl- C4) al koxy. 15. The conpound of C aim 2,
wherein Rl is hydrogen, nethyl, ethyl, -Adéthoxy or tert-butoxy;, 5R2 is
selected from (Cl-C7)al kyl, (C3-C(, )cyel oaI kyI (C1 -A4)al kyl,

(C1-C7) al koxy(C1-4) al ky  phe IoaI kyl, and

fluoro(CLC4)al kyl; or R %§§?8 "%ﬁt éﬂf oget her with the nitrogen atom
to which they are bondedm‘[dnnh;airdgbmgm&ﬁ S@ﬂe&ﬁ}l from pyrrolidinyl,

nmor phol i nyl , azetidi nyl, . 10pi inyl... 0C hydr ocycl opent a[ c] pyrroiyl,

i soi ndol i nyl, indazolyl ,n)% RIBELS, r}ér %‘ triazolyl, and tetrazolyl,
wherein the ring forned cby{ thyamgenR&dt}ake;ﬁro;bﬁget her with the nitrogen atom
to which thqy are bonde Rs %E |oqal Idszs §t| tuted with fluor, -OH, -001.3,
or N(C1-13)2. 1516, The ci rrpou 8")6? wher ein: R hydrogen, nethyl,

or ethyl R2 is sel@® adhyfoom, amTchy% pcnefﬂ hyl, n-propyl, isopropyl,
n-butyl, 2,2- dinethyl pr, o2k tyl, n-pentyl,
(C4-C6) cycl oal kyl , (C3- ghﬁm%eln % |Rnés'§ﬁ§)flf nmet hoxyet hyI and

2-fluoroethyk or 20RI amiiRR hp@kgsm etn@ig@tsheptthh the nitrogen atomto which
they are bonded forma rd RO zetidinyl, pyrrolidinyl,

pi peridinyl, tetrazolyl, %rlsglg{hﬁﬁgndﬁgc cmhﬁent a[c] pyrrolyl, and wher ein the
ring forrredlUby Rl and Rm)ﬂékélmdmg@ewﬂd}zw\mmomhe nitrogen atomto which
:)Eg)r/rrg(r:gu??(r:]gledcg?rpgglt It Sp%h é)cf)l%%%?% I ?Q%dem%ﬁgpégl I ZSal:C(?apf\abl e carrier
or diluent and a conpound Rifis o @nend)lk letla]unmemylm or a salt thereof.

a2 subj ect compr | si ng. adnyh S S Re HE N B RS O Cot fve amount of &
conmpound WD 2010/01747@?@7&58@@@91@@3&4@ ﬂ&oftﬂormMYOOI - 159 - of any one
of daims L4516 or a salt, khg f Thepethod of Claiml 8, wherein the
infection is caused by a (g)o%?dgilgve&orgam sm 20. The nmethod of C aim 19,
wherein the Gram positi \ﬂé)%rlgalﬁihslrmnds[{ seledyled from the group consisting of
Ent er scoccus. spp. - Bact 11 L apn P e OF T m app. . Nocar di & Spp.
Clostridiumspp., ActinchbRtie X%O@r}pmd Randvedsieetla spp. 10 The net hod of

G ai m 18, wherein the infiegti Qﬁthklsa&ﬁ@-?@@cﬁ% 1&@am negative organism

22. The net hod of Cdaim2l, wherein the Gam negatl ve organismis sel ected
el)R is methyl, and R” is propyl,

or a pharmaceutically acceptable salt of any of the foregoing,

13, The compound of Claim 3, wherein R' and R” taken together with the
nitrogen atom to which they are bonded form a group selected from:
25 ay azetidin-1-yl;
b) 3-fluoroazetidin-1-yl;
¢) 3-methylazetidin-1-yl;
d) 3-methoxyazetidin-1-yl,
e) pyrrolidin-1-yl,
30 f) morpholin-4-yl,
g} 3-fluoropyrrotidin-1-yl;
h) 3-hydroxypyrrolidin-1-yl;



15form the group consisting of Enterobactericeae, Bacteroidaccac,

Vi bri onaccae, Pasteurell ae, Pseudononadaceac, Ncisseriaccae, Rieke iae,

Mor axel | awoaelo/amyrospeci es of Protecae, Aeine tobacter ®pp/Us2deloseha spp.,
and (‘sampiovbebact er spp. 2023. The net hod of O aim 18, wherein the infection
is caused by an organism selected fromthe group consisting of rickettsiae,
chl anydi ae, Legionella spp, Mycoplastna spp., and any other intracellular
pat hogens. 24. The nmethod of Clain 18, -Wherein the infection is caused by
nore than one 25organism 25. The nethod of Claim 18, wherein the nfis
caused by an organismresjstant to. one or re antibiotics. 3026. The net hod
of Caim25, wherein thé)iﬁﬂggPﬁgﬁka§¥%rﬂggﬁﬁﬁs an organi smresistant to
tetracycline or any nenber-nefhokinisitylandligecond generation of WO
2010/017470PCT/U82009/03%142.4141W017001 - 160 - tetracycline antibiotics
27.The nethod of O ai m 23PPFi&7 &% the infection is caused by an organi sm
resistant to nethicillin)athadycabediopieli2zryit he 13-1actain class. 5 28.
The net hod qof C ai m 25, w@erqjghgh? infection is caused by an organi sm
resistant to yancornyci A S9N éfhod of O ai m 25 wherein the infection
i s caused by an organi sm)lOresiysibpnt Olbexa@3-qUi nol one or fl uoroqui nol one.

30, The nethod of d c")a‘ri anghgx?ma\éggiléeﬁiynacée%%.blierslglgoqlainfgfdlesfoge%gi%gd by an organism

resistant to tigecycli‘ne.
14, The compound of claim 3, wherein
10 R' is hydrogen or a (C;-Cy)alkyl; and

R* is selected from (C1-Cy)alkyl, (Cs-Co)eycloalkyl(Cr-Ca)alkyl,
(C-Cr)alkoxy(Ci-Cy)alkyl, phenyl, phenyl(C,-Cy)alkyl, (Cs5-Cs)cycloalkyl
and halo(C,-Cy)alkyl, wherein each alkyl, alkoxy and cycloalkyl moiety in
the groups represented by R” is optionally substituted with one or more

15 substituents independently selected from the group consisting of (C;-C4)alky]
and halo; and each phenyl moiety in the groups represented by R* is
optionally substituted with one or more substituents independently selected
from the group consisting of (C;-Ca)alkyl, halo, (C;-Cs)alkoxy,
(C1-Cy)alkoxy(Ci-Cqalkyl, -CN, halo(C-Cy)alkyl, and halo(C,-Cy)alkoxy;

20 or

R' and R” taken together with the nitrogen atom to which they are
bonded form a monocyclic or bicyclic heteroaryl, or a monocyclic, fused
bicyclic, bridged bicyclic or spiro bicyclic heterocycle, wherein the
heteroaryl or heterocycle optionally contains one additional heteroatom

25 selected from N, O and S; and the heterocycle 15 optionally substituted with
one or more substituents independently selected from the group consisting of
(Ci-Cy)alkyl, halo, -OH, (C,-Cyalkoxy, (Ci-Cy)alkylthio,
(Ci-Coalkylsultinyl, (Cy-Cyalkylsulfonyl, (C-Cyalkoxy(C,-Cylalkyl, and
-N(RY)(RY; and the heteroaryl is optionally substituted with one or more

30 substituents independently selected from the group consisting of
(C,-Cyalkyl, halo, -OH, (C,-Cyalkoxy, -S-(Cy-Cylalkyl, -S(O)(C;-Cy)alkyl,
-S(0)2(Ci-Caalkyl, (Ci-Cyalkoxy(Cr-Cy)alkyl, -N(R*RY), -CN,



WO 2010/017470 PCT/US2009/053142
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halo(C,-Cy)alkyl, and halo(C;-Cj)alkoxy.

15 The compound of Claim 2, wherein
R' is hydrogen, methyl, ethyl, methoxy or tert-butoxy;
5 R? is selected from (C-Coyalkyl, (Cs~Co)eycloalkyl(C, -Cy)alkyl,

(Cy-Crlalkoxy(Cy-Cyalkyl, phenyl, (C5-Ce)eyeloalkyl, and fluoro(C;-
Cslalkyl; or

R! and R? taken together with the nitrogen atom to which they are
bonded form a ring selected from pyrrolidinyl, morpholinyl, azetidinyl,

10 piperidinyl, octahydrocyclopenta[clpyrrolyl, isoindolinyl, indazolyl,

imidazolyl, pyrazolyl, triazolyl, and tetrazolyl, wherein the ring formed by
R' and R* taken together with the nitrogen atom to which they are bonded is
optionally substituted with fluoro, ~OH, -OCHj;, or N(CHx),.

15 16, The compound of Claim 3, wherein:
R' hydrogen, methyl, or ethyl
R’ is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, 2,2-
dimethylpropyl, t-butyl, isobutyl, n-pentyl, (C4-Cs)cycloalkyl, (Cs-
Cs)eycloalkylmethyl, methoxyethyl, and 2-fluoroethyl; or
20 R' and R* taken together with the nitrogen atom to which they are
bonded form a ring selected from azetidinyl, pyrrolidinyl, piperidinyl,
tetrazolyl, or octahydrocyclopenta[c]pyrrolyl, and wherein the ring formed
by R' and R” taken together with the nitrogen atom to which they are bonded

is optionally substituted with fluoro.

25
17. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier or diluent and a compound of any one of Claims 1-16 or a salt
thereof.
30 18 A method for treating or preventing an infection or colonization in a subject

comprising administering to the subject an effective amount of a compound
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of any one of Claims 1-16 or a salt thereof.

19. The method of Claim 18, wherein the infection 1s caused by a Gram-positive

organismn.

20.  The method of Claim 19, wherein the Gram-positive organism 1s selected
from the group consisting of Staphylococcus spp.. Streptococcus spp.,
Propionibacierium spp., Enterococcus spp., Bacillus spp., Corynebacterium
spp., Nocardia spp,, Clostridium spp., Actinobacteria spp., and Lisieria spp.

10
21. The method of Claim 18, wherein the infection 1s caused by a Gram-negative

organism,

22 The method of Claim 21, wherein the Gram-negative organisim is selected
15 form the group consisting of Enferobacterviceae, Bactervidaceae,
Vibrionaceae, Pasteurellae, Pseudomonadaceae, Neisseriaceae, Ricketisiae,
Moraxellaceae, any species of Proteeae, Acinetobacter spp., Helicobacter

spp., and Campylobacter spp.

selected from the group consisting of rickettsiae, chlamydiae, Legionella spp.

Mycoplasma spp., and any other intracellular pathogens.

24 The method of Claim 18, wherein the infection 1s caused by more than one

25 organism.

25 The method of Claim 18, wherein the infection is caused by an organism

resistant to one or more antibiotics.

30 26, The method of Claim 25, wheremn the infection 1s caused by an organism

resistant to tetracycline or any member of first and second generation of
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- 160 -
tetracychine antibiotics .
27 The method of Claim 25, wherein the infection 1s caused by an organism

resistant to methicillin or any antibiotic in the p-lactam class.

5
28, The method of Claim 25, wherein the infection is caused by an organism
resistant to vancomyein,
29.  The method of Claim 25 wherein the infection 1s caused by an organism
10 resistant to a quinolone or fluoroquinolone.
30.  The method of Claim 25 wherein the infection is caused by an organism

resistant to tigecycline.



