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C7-HJJORO SlJBSTITUTED TETRACYCLINE COMPOUJ\DS 

RELATED APPLICATrON 

This application claims the benefit of US. Provisional Application No 

61/188,307, filed on August 8, 2008. The entire teachings of the above applic3t1on 

.'i are incorporated herem by rcfore:1ce 

lO 

BACKGROUND OF THE INVENTION 

The tetracyclines are broad spectrum anti-microbial agents that are widely 

used in human and veterinary medicine. The total production of tetracyclines by 

f'enne111ali01t or semi-synthesis is measured in the thousands of metric tons per year. 

The widespread use of tetracyclmes for therapeutic pmposes has led to the 

emergence of resistance to these antibiotics, even among highly susceptible bacterial 

species Therefore, there is need for new tetracycline analogs with improved 

:mtibacterial activities and efficacies against other tetracycline responsiw diseases or 

disorders. 

I 'i SUvf\1ARY OF THE INVENTION 

20 

The present invention JS directed to a compound represented by Structural 

Fom1ula (A): 

F 
H3C-..N_..CH3 

~ ~ OH 

y 

OH 0 0 
(A), 

or a pharmactJutically acceptable salt thereof, wherein: 

X JS selected from hydrogen, -(C1-C7)alkyl, carhocyclyl, myl and heteroaryi; 

Y is selected from hydrogen, -(C1-C7)alkyl, carbocyclyl, 

-(C 1-C4)al ky Jene-N(R1\)(Rll), 

-(C 1 -Ci)alkylene-N(R 1')-C(O)-[C(RD)(RE)]o.A-T\(R'~)(R 1\ -CH~N-OR'\. -N(R'\)(R1\ 
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-N(R")-C(O)-( C 1-C6)alky l, ->f(RF)-C(O)-heterocyclyl, -N(RF)-C(O)-heteroary I, 

)-C(O)-carbocyclyl, -N(RF)-C(O)-aryl, 

-N(R")-S(O)in·(C 1 -C1)alky'ene-'.J(RA)(R1
\ 

5 -N(Rr)-S(O)m·(C'. -C4)alkylene·c<lrbocyclyl, and -N(R')-S(O)rr·(C1-C4)alkylene-aryl; 

at one of X and Y 1s not hydrogen: 

each R" and are mdependently se:ected from (C1 

-0-( C1 -C7)alkyl, -( Co-C6)alkylene-carbocyclyl, -(Co-C6)alkylene-aryl, 

-(Co-C()alky lene-heterocyclyl, -( Co-C,,)al kylene-heteroary 1, 

! 0 -( c,.(<,)alkylene-0-carbocyclyl, -(C1-C;)al ky1ene-O-aryl, 

-Cci)alkylcnc-0-hctcrocycly I, -(Ci C,)all<ylcne-0-hctcroary 1, 

-S(O)m·(C1-C\)alkyl, -(Co-C)alkylene-S(O)m·carbocyclyl, 

-( C1-C4)alkyle:1e-S( O)m·myL -( Co-C1)al kylene-S( O)u:-heterocyclyl and 

-(C0-C4)alkylene-S(O)m·heteroaryl; or 

15 ){/''and Rn taken 1ogether with the nitrogen atom to which they are bound 

form a heterocyclyl or hcteroary 1, wherem the heterocycle or heteroaryl optionally 

comprises l to 4 additional heteroatoms independently selected from X S and O; 

each Rn and each R1
' is mdependently selected from hydrogen, (C 1-C\;)alkyl, 

carbocydyl, aryl, heterocyclyl, heteroaryl, or a naturally occurring amino acid 

20 moiety, or 

RD and RE taken together \Vith the carbon atom to which they are bound form 

a 3-7 membered carbocyclyl, or a 4- 7 membered heterocyclyl, wherein the 

heterocyclyl formed by and RE optionally comprises one to two additional 

heteroatoms independently selected from K, Sund O; 

2'.i RF is selected from hydrogen, (C1-C,)alkyL carbocyclyl, aryl and heteroaryl; 

and 

mis 1 or 2, wherein: 

each carlx•cyclyl, myl, heterocyclyl OI' heteroaiyl is optionally m:d 

mdependently substituted \,Vi th one or more SL1bstituents independently sekcted from 

halo-substituted -( C1 -C4)alkyl, halo-substituted -O-(C 1-C .. )alkyl, -C(O)-f C1 -C1)aikyl, 

-C(O}-(fluoro-substirnted-( C1 -C4)alkyl), -S(O)m-(C 1-C4)alkyl, -N(Rc}(R''), and CN; 
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each alkyl in the group reprnsented by R·\ R13
, RD and RE is optionally and 

independently substituted v.ith one or more substituents independently selected from 

halo, -(C 1-C1)alkyl, -OH, -O-(C\-C\)a1kyl, -(CrC1)alkyl-O-(C1-C1)alkyl, 

fluoro-substituted-(C1-C1)alkyl, -S(O)m·(C1-C:)alkyl, and -NRG)(Ru), wherein 

R'' is hydrogen or (C:-C4)alkyl, whereiu each alkyl in the group 

rci:;1reo;er:rea by R" is optionally and substituted with one or more 

substituents independently selected from-(C1-C4)alkyl, (C3-C<:)cycloalkyl, halo, 

-OH, -O-(C1-C1)a1kyl, and (C1-C:)a1kyl-0-(C1-C1)alky1. 

Another embodiment of the invention :s directed to a compound 

Structural Formula (II) 

(II), 

or a pharmaceutically acceptable salt thereof, wherein 

R1 and R1 are each independently hydrogen, (C -C1)alkyl, 

(C ,-(~)cycloalkyl(C -Ci)alkyl, (C1 ·C7)alkoxy(C,-C4)alkyl, 

l S <;)cycloalkoxy(C1 -C)alkyl, (C:;-C6)cycloalkyl, aryl(C-C4)alkyl, 

aryloxy(C1 -C.,)alkyl, arylthio(C1-C1 )alkyl, arylsuftnyl(C 1-C.1)alkyl, 

arylsulfonyl(C\-C4)alkyl, and -O-(C;-C7)alkyl, or 

<'Jl<l R2 taken together \vith the nitrogen atom to which they are bonded 

form a moIJocyc.ic or bicyclic heteroaryl, or a fused bicycl1c, bridged 

20 bicyclic or bicychc heterocycle, wherein the heteroaryl or heterocycle 

optionally contains one or two adclition11l heleroatoms selected from 

0 and S: and 

wherein each a1kyl, cycloalkyl, alko.\y and moiety ir: the grou::is 

by R 1 and R 2 a:1d each heterocycl e ,..,,.nr""'".., by raken together 

25 is optionally substituted with one or more substituents independently selected from 

the 13roup consisting of (C1-C4)alkyl, halo, -OH, (Ci ·C4)alkoxy, (C1-Cl)alkylthio, 

(C1-C4 )aJkylsulfinyl, (C1 ·C4)alkylsulfonyl, (C1 -C4)alkoxy(C;-C1)alkyl, and 

-N(R3)(R1): and 
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each aryl, aryloxy, arylthio, arylsufinyl and arylsulfonyl moiety in the grc>ups 

represented by R1 and R 2 a"ld each heteroaryl represected by 'IR
1
R 2 tak.;in is 

optionally substituted with one or more substituents independently selected from the 

group consisting of(C1-C4)alkyL halo. ··OB, (C1-C4)alkoxy -S-(C1-C:i)alkyl, 

5 -S(O)(C1-C1)alkyl, -S(0)2(C 1-C.1)alkyl, (C1-C1)alkoxy(C 1-C.4)2.lkyl, -\l(R
1
)(R1

); 

10 

l 5 

halo(C1-C4)alkyl, and halo(C\-C1)alkoxy, and 
" 4 R' and R are each independently from the group consisting of -H 

rnd -C1)alkyl, wherein the (C1-Ci)alkyl by R3 and R 1 is ly 

substituted with one or more substituents independently selected from the group 

of{C 1 -C~)alkyl, halo, -OH, (C1-C4)alkoxy, and 

(C1-C,)alkoxy(C1-Cdalkyl Values for X and are as described above for 

Structural Formula (A) 

Another ernbodim~nt of the pre~ent invention ;s directed to CJ compound 

represented by Structural Formula (I): 

F 

OH 

i dHJl 
OH 0 HO 0 0 

or a phannaceutically acceptable salt wherein 

R 1 and R2 are each independently from hydrogen, (C1-C7)alkyl, 

(C1-Co)cyc!oalkyl(C1 -C4)alkyl, (C1 -C7 )alkoxy(C1 -C.i)alky I, 

(C 3-C6)cycloalkoxy(Ci-C1)alkyl, (C:,-C(,)cycloalky1, ruyl, aryl(C1-C4)a1kyl, 

20 aryloxy(C1 -C1)alky I, aryllhio(C1 -Ci) alkyl, aryl:rnlfinyl(C 1-C4)alkyl, and 

arylsulfony\(C,-(4)alkyl, or 

form a monocycic er bicyclic heternaryl, or a monocyclic, fu,;ed bicycl ic, bridged 

or bicyclic heterocycle, wherein the heteroaiyl or hetcrocyclc 

25 optionally contains one additional heteroatom independently selected from 0 and 

S. and the remainder of the vanables are as described above for Structural f'ormula 

(H). 
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:\nothcr embodiment of the present invention is directed to a pharrnaceut:caJ 

composition comprising a pharmaceutically acceptable carrier or diluent and a 

compound by Structural Formula (TT) or (I) or a pharmaceutically 

acceptable salt thereof The pharmaceutical composition is used in such as 

treating an in a subject. 

/\nothcr embodiment of the invention is a method of trnating an 

infection in a subject comprising administering to the subject an a:nount of 

a compound rep.:·esented by Structural ·rormula (A), (II) or (I) or a pharmaceutically 

acceptable salt thereof 

10 Another embodiment !he invention is a method of preventing :m 

l 5 

infoct10n ma subject comprising odministcring to the subject an amoun: of 

a compound represented by Structural Formula (A), (IJ) or (l) or a pharmaceutically 

acceptable thereof 

Another embodiment of the present i;ivcmion : s th c use of a compound 

Structural Formula (A), (II) or or a pharmaceutically acceptable 

salt thereof for the manufacture of a medicament for treating an Ill a 

subject 

Anotber embodiment of the invention 1s the use o[ a compound 

represented by Structural Formula (A), (l.I) or (I) or a pharmaceutically acceptable 

20 sall thereof for the manufacture of a medicament for preventing an infection in a 

subject 

Another embodiment of the present invention is the use of a compound 

represented by Stmctura I Formula (A). (IT) or (I) or a pharnrnrnutically 

salt thereof for therapy, sud1 as treating or preventing an mfoc:1on m a sub.ieet 

25 DETAILED DESCRIPTION or THE INVENTIO'I 

Tho 

Formula 

invention is directed to a compound represented by Structural 

pharmaceutically acceptable salt thereof Values and alternative 

values for the van ables in Structural Formula (A) are defined as the following: 

X 1s from hydrogen, -(C1-C1)alkyl, carbocyclyl, aryl und 

30 fn one embodiment, Xi:; hydrogen. In an a1temat1ve embodiment, Xis -(C 1-

C1)alkyL Alternatively, Xis -(C1-C4)alkyl. ln another embodiment.Xis 
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In another alternative embodiment, X is aryl or heteroaryl Tn another 

alternative Xis phenyl. 

Y is selected from hydrogen, -(C-C1)alkyl, carbocyclyl, 

-(C1-C4)alkylene-J\i(RA)(RB), 

5 -(C1-C1)alkylene-N(R1')-C(O)-[C(Rll)(R")J0 ,,-N(R"')(R1
\ -CH=N-OR ", -N(RA)(RB), 

-f\(Rr)-C(O)-[C(RD)(RE)]1-4-N(RA)(R13
), -N(R1)-C(O)-N{R\)(Rn), 

-N(RF)-C(O)-heterocyclyl, -N(R1.)-C(O)-het~roaryl, 

)-C(O)-carbocyclyl, -N(Rr)-C(O)-aiyL 

-N(RF )-S(O):r,-(C 1-C4)alkylene-N(R')(R1
\ 

10 -N(R1 )-S(O)dC1-C.1)alky:ene-carbocyclyl, and -N(R')-S(O),,-(C1-C1)aJky!ene-aryl, 

provided at least one of X .:i.nd Y is not hydrogen In one Y is selected 

from -(C1-C7)alkyl, -(C1-C4)alkylene-K(R")(Rn), 

-(C1 -C.)alkylene-N(R1)-C(0)-[ C(Rn)(Rr)Jo.L-N(R'\)(R13
), -CH= N-OR·", -N(R \)(R"), 

-N( R1
' )-C(O)-[C(Rn)(R")l 1-4-N(RA)(R 8 ), -N(Rv)-C(O)-N(R\)(R11

), 

J :'i -N(RF)-C(0)-(Ci-C6)alkyl, -N(R")-C(O)-hererocyclyl, -N(R1)-C(O)-hcteroaryl, 

-N(R7)-C(O)-carbocyclyl, -N(Rr)-C(O)-arvl, 

20 

-C4)alky .ene-N (R\)(R1
\ 

-C1)alkylene-carbocyclyl, 'lml -N(R')-S(O)m-(C1-C\)alkylcnc-aryl, 

nrnu1"''" at least one of X and Y is not hydrngen In one embodiment, Y is selected 

""''"""·"' -(C1-C1 )alkyl, -(C 1-C1)alkylene-N(W\)(RB), 

-( Ci-C~Jalkylcne-N(Rr)-C (O)-[C(R0 )(RF)]o_4-N(R'\)(R 8 ), , -N(R:\)(R8
), 

i-4-N(RA)(R1
'), -NH-C(O)-C(RD')(Rr)-N(R:1)(R1

\ 

-N(RF)-C(O)-N(R"')(R8
), -N(Rr)-C(0)-(C1-C6)alkyl, -N(RF)-C(O)-heterocyclyl, 

-N(R'''J-C(O)-hetcroaryl, -N(R1')-C(O)-carbocyclyl, 

25 -N(Rr)-S(O)m-(C ~ -C4)alky lene-N(R'\')(R0
), 

-N(R'')-S(O)m·(C -C4)alky lcnc-carbocyclyl, ::me: -'l"(lt )-S(0),11-( C 1-C'4)aJky lcnc-aryL 

In another embodiment, Y is selected from hydrogen, -(C1 

-(C1 -C1 )alkylene-N(RA)(R1
'), -(C1-C1)alkylene-NH-C(O)-(CH2) 0_1 -N(W')(RB), 

-N(R\)(Rn), -NH-C(O)-carbocyclyl, -NH-C(O)-aryl, -NH-C(O'i-heterocyclyl, 

30 -NH-C(O)-heteromyl, -NH-C(O)-N(RA)(R'\), -N(RF)-C(O)-CH2-N(R4)(RB), 

-NH-C(O)-C(R1y.l(Rn)-N(R\)(Rn) and -:-JH-S(O)m·(C1-(\)alkylene-N(R'1)(Rn) . 

. the -(C1-C1)alkyl represented by Y described above is a -(C1-C4)a1kyl. 

ln yet anot:1er er:.1bodiment, Y is selected from -N(R"')(R8), 
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-1\(H)-C(O)-carbocyclyl, -N(l:l)-C(O)-aryl, -N(H)-C(O)-heterocycle, and 

-1\(H)-C(O)-hcteromyl. Alternatively, Y is -1'ti-C(O)-CH?.·N(R")(R8
) \fore 

specifically, K" and .Rn in -NH-C(O)-CH7->J(RA)(R3
) are R 1 and R 2

, 

Each and RB are independently selected from hydrogen, (C1-C 

kylene-carbocyclyl, -(Co-Ci)alkylene-aryl, 

-(Co-C1)alky lene-heteroaryl, 

, -(C1-C6)alkylene-O-aryl, 

-( C1 -C6)a!kyk:ne-O-heteroc...yclyl, -( C 1-C,)al kyl cnc-0-heteroary I, 

-S(O)m·(C1-Cr.)alkyl, -(Co-C.1)alkylene-S(O)m-carbocyclyl, 

0 -((:0-C1)alkylene-S(O)m-aryl, -(Cu-C)alkylc:ie-S(O}m·heterocyclyl and 

-(Co-C.1)alkylene-S(O)m·heterouryl, or 

mid together v,ith the nitrogen atom to which they are bound form a 

hctcrocycJyl or hcteroaryl, wherein the heterocycle or heteroaryl optionaLy 

l to 4 additional heteroatoms independently selected from N. Sand 0. In 

15 one each R' is independently selected from hydrogen and methyl 

i:; selected from hydrogen, (C1-C1)alkyl, -(Co-Cdalkylene-carbocyclyL 

-(C<1-C6)alkylene-heternary I, -S(0) 11i"(C1 -C6)alkyl, 

-( Cc-C! )alkyl ene-S( O):n-carbocycly I, -(C o-C )alkylene-S( Olm-ary I, 

-{ C0-C4)alkylene-S( O)m-heterocycle and -(C)-C.:)alky ene-S(O)rn·heternaryl; or 

20 and taken vv-itb the nitrogen atom to form a heterocycle, 

substituted with ~o and -N(l(')(R'\ In another 

the 

and RB is selected from and 

taken together to form 4-7 membered heterocyclic ring. 

Each rnd each RE is independently selected from nHr•rnrm 

cham moiety, or and taken together with the carbon atom to wh1cl1 they are 

bound wherein 

the"~·~"-~~"~ formed by I<.° and Rr: optionally one to two additional 

independently selected from N, S arid 0. In one embodiment, RD aad 

30 are both -H. 

R11 1s selected from hydrogen, (C1-C1)alkyl, carbocyclyl, aryl and hctcroaryl. 

In one embodiment, R" is hydrogen. In another embodiment I(' is selected from 

(C ·C7)alkyl, aryl and heteroaiyl Jn another embodiment, R1
' 1s selected 
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from hydrogen, (C1-C1)alkyl and ln another embodiment, RF is selected 

from hydrogen, (C1-C4)alk:yl and phenyl 

is selected from (C1-C6)alkyl, ca1hocyclyl, ary l, heteroaryl, heterncyclyl, 

and a naturally occurring amino acid side chlin moiety, or R0
' and mken together 

5 vvith the carbon atom to •Nh;ch they are bound form a 3-7 membered carbocyclyl, or 

a 4-7 membered heterocyc1yl, wherein the heterocyclyl formed by RrY and RE 

optionally comprises one to two additional heteroatoms independently selected from 

N, Sand 0 ln one emhodirnent, R1
Y and RE taken logether with the carbon atom to 

\vhich they are bound form a (C:-C1)cycloalkyL 

JO rn is I or 2 In one embodunent, mis 2. 

Each carbocyclyL aryl, heterocyclyl or hcteroaiyl described abff1e m 

the groups represented Y, R\ R8
, RJ, R0 and R1

') is optionally and independently 

substituted with one or more snbsti1uents independently selected from h~1lo, 

·(C1-C.1)alkyl, -OH, c-0, -O-(C1-C.)alkyl, -(C1-C,Jalkyl-O-(C1-C4)alkyl, 

l 5 halo-substituted -(C1-Ci)alkyL halo-substituted -O-(C1-C4)alkyl, -C(0)-(C1-C4)alkvL 

-C(O)-(tluoro-substituted-(C1-C.i)alkyl), -S(O)m-(C1-C1)alkyl, -1'\{RG)(~\ and CN 

In one embodiment each carbocyclyl, heterocyclyl or heteroaryl is optionally and 

mdependently substituted with one or more substituents independently selected 

halo, -(C1-C.i)alkyl, halo-substituted 1-C\)alkyl, -0-(Ci-C4)alkyL and-N(R8)(If\ 

20 In m10ther embodiment, each carbocydyl, aryl, or heterocycle 

optionally and independently substituted with one or more substituents independently 

selected from fiuoro, and 

Fach alkyl described above in the groups by Y, RA, , RD, 

u !)" E RF d lJF') . II d. d d l ' . . cl . h '", , R , . ;;m , , is opt1or:ia y an m epen cnt y suost1ture wit one or more 

25 substituents independently selected from ha.lo, -(Ci-C4)alkyl, -OH, -O-(C1-C1)alkyl, 

-( C1-C1)al kyl-0-(Ci -C1)alky I, fluoro-subsii tuled-(C 1-Ci)alky I, -S(O)in-(C1 -C4)alkyl, 

30 

and-N(R3)(RG). In one embodiment each alkyl group in the group 

by Y or Rn) is optionally and independently substituted with one or 

more substituents mdependently selected from halo, -OH, and -N(RG)(Rn) 

Each Rn is hydrogen or (C1-C4)alkyl, wherein each alkyl in the group 

represented by is optionally and independently ~ubslituled V1'ilh one or more 

substituents mdependently from -( C -C1)alkyl, (C.-Cri)cydoalkyl, halo, 

-OH, -O-(C1-C+)alkyl, and (C1-C1)alkyl-O-(C1-C)alkyl. In one embodic1ent, each 
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alkyl in the group represented by R<0 is op1ionally and mdepenciently substitued w11h 

(C-Co )cycloalkyl. 

As used herein. when R" and Ru taken \\1th the atom to 

\vhich they are bound form a a heterocyclyl or heteroaryJ, the heterocyclyl or 

5 heteroaryl by -NR1
\RH can include a ring system that has a heteroatom 

adjacent to the nitrogen atom to which I(' and RB are bound. !"'or example, -NR:\RIJ 

can but is not limited to, the following systerr:s: 

N N-?J \ Ii 
N I 

~ 

N~N 
\ II 
N-N 

~ 
Similarly, when and Re or Rn· and taken together with th<:l carbon 

l 0 Etom to which are bound form a heterocyclyL the heterocyclyl can include a 

ring sysi:em that has a heteroatom adjacent to the carbon atom to which RD and or 

Ru· and are bound. 

prese11( is di reeled tu a compound represented by Structural 

Formula (I) or (IT) or a pharmaceutically acceptable salt thereof. Values and 

ulternative values for the variables in Structural Formula (1) or i.ll) are defined as the 

following: 

R1 is selected from hvdrogen, (C1-C1Ja'kyl, (C0-C;)cvdoaJkyl(C1-C,)alkyl, 

(C1-C1 )alkoxy (C\-C1)alkyl, (C,-C(,)cycloalkoxy(C1 -C,)alkyl, (C3-C6)cy cloalkyl, 

aryl, aryl(C\-C4)alkyl, aryloxy(C1-C1)alkyl, arylthio(C1-C4)alkyl. arylsulfinyl(Ci-

20 Ci)alkyl, arylsulfonyl(C1-C4)alkyl and-0-(C 1-C7 )alkyl. alkyl, cycloalkyl, 

alkoxy cycloalkoxy, aryloxy, arylthio, aiylsulfinyl and arylsulfonyl moiety in 

the groups represented R1 can be optionally substiLtted w1th one or more 

independently selected substituents defmed above for Structural Formula (I). 

Alternatively, R 1 is selected from hydrogen, (C1-C7)alkyl, 

25 (C3-C0)cycloalkyl(C1-Co)alkyl, (C1-C7)alkoxy(C1 

(C3-C6)cycloalkoxy(C1 -C:1)alkyl, (C::-C6)cycloalkyl, aryl(C1-C4)alkyl, 

aryloxy(C 1-C4)alkyL arylthio(C;-C)alkyl, arylsulfinyl(C 1 and 

a:rylsulfonyl(C1-C4)alkyL ln another alternative, R 1 is -H, (C 1-C7)alkyl, or -0-(C1-

C1)ii:kyl. In another alternative, R 1 is-Hor (C1-Cr)aJkyl. Jn another alternative, R 1 

30 is -H, methyl or ethyl. In another alternarive, is -OCH3 or -OC(CH:ih 
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K2 is selected from hydrogen, (C 1-C1)alkyl, (C\-Cr.kycloalkyl(C1-C4)alkyl, 

(C1-C1)alkoxy(C1-C4)alkyl, (C~-C0)cycloalkoxy(C1-C1)alkyl, (C1-C0)cycloalJ.:yl, 

arvl, -C4)alkyl, aryloxy(C 1-C4)alkyl, arylthio(C 1-C1)alkyl, arylsulfinyl(C1-

arylsulfonyl(Ct-C4)aikyl and -O-(C1-C1)alkyL Each alkyl, 

cycloalkoxy, aryl, and aryloxy in the groups representec'. by R> can 

." •.• ,,.,, selected substituents be optmnally substituted >Aith one or more 

defined above for Stn:ctural Formula (I} Alternatively, R~ is selected from 

(C1-C7)alkyl, (C3-C6)cycloalky1 ( C1-C 1)alkyl, (Ci-C:)alkoxyt C1-C1)a1kyl, 

(C3-Cr;)cycloalko:..;:y(C1 .. C.1)alkyl, (C .. 1-C0)cycloalkyl, my!, aryl(C1.-C:)alkyl, 

l 0 aryloxy( C1-C1)alkyl, Hry lthio(C1-Ci)alkyl, arylsulfiny!(C1-C1)a1kyl and 

ary!sulfonyl(C!-CL)alkyl. Altcrnativdy, R2 is selectec from (C-C1)alkyl, 

(C,-C,)cycloalkyi(CI-C.i)a!k,-yl. (C1 -C7)alkoxy((\-C4)alkyl, phenyl, 

phenyl(C wherein each ;ii 

by R2 is optionally 

15 substil uted 1.vith one or more substitw~nts mdependently selected from ihe group 

of(C1-C4)alkyl aid halo; and each moiety ii; the groups 

represented by R" is optionally substituted with one or more substituents 

independently selected from rhe group consisting of (C1-C4)alkyl, halo. 

(C1·C)alkoxy, (C1-C.\)alkoxy(l\-C4)alkyl, halo(Ci-Ci)alkyL and 

20 halo(C1-C4)alkox.y. fo ano:her alternative, R2 is from the group consisting 

of 

phenyl, 

cyclobutyl, cyclopentyl, cyclopropylmethyL cyclobutylmcthyl, 

-CH(CH3)2, 

, and -(CH2)nCH:i, wherein 

n is 0, l, 2, 4, 5 or 6: and \vhcrcin the phenyl or bcn?yl group r;:;prcscnted by R2 is 

25 optionally subs:itured with one or ~nore subscituents indepcnder:tly selected from the 

group (C1-C1)alkoxy(C -C1)alkyl, 

halo(C1-C4)alkyl, and halo(C1-C1lalkoxy. In another alternative. R2 is a phenyl 

or benLy I group optionally substituted with one or more substirnents independently 

selected from the group consisting of !C 1-C1)aikyl, (Ci -C1)alkoxy, 

-C+)alkyL -CN, halo(C 1-C;)alkyl, and halo(C1-C.1)alko:xy. In 

another R2 is unsubstituted phenyl or Jn another alternative, R2 

is selected from cyclopropyl, cyclopropylmethyl, cyclobutyL cyclopentyl, 
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cyclohcxyl, -(CH1h-O-CH1, -C(CH,.).1, -CH(CH,h, -CH2-CF3, -CH2CH(CH,)2, -CH; 

and -CI-I:CHJ. 

Alternatively, Ri and R2 taken together with the nitrogen atom to which they 

are bonded can also form a monocyclic or bicyclic heteroaryl, or a monocyclic, 

5 fused bi::.:yclic, brdgcd bi cyclic or sp1ro bicyclic heterocycle, wherein 1hc beteroaryl 

or hctcrocyclc optionally contains one or two additional hctcroatoms mdcpcndcntly 

selected from '.'i, 0 and S in addition to the N atom to which R 1 and R2 are bonded. 

The heteroaryl or heterocycle can be optionally substirntcd with one or more 

independently selected substituents described abovc for Strucmral Formula (l). 

l 0 Alternatively, the heteroary 1 or hetcrocycle contains 011e additional hc~tcroatom 

selected from N, 0 mid S. Alternatively, R1 and R2 taken together with the nitrogen 

atom to which they are bonded form a heterocycle selected from the group 

consisting of azetidine, pyrrolidme, morpholine, piperidine, 

octahydrocyclopentaf c lpy1rnl, isoindoline, and azabicyclo[ 3 .1. O]hexane, wherein the 

I 'i heierocycle is optionally substituted wilh one or more substii uents independently 

selected from the group consisting of (C1-C4)alkyl, ha'.ogen, -OH, (C1-C)alkoxy, 

(C1-C1)alkylthio, (C 1-C1)alkylsulfinyl, (C1-C4)alkylsulfonyl, 

(C1-C1)alkoxy(C1-C1)alkyl, and -N(R')(R4
) In a more specific embodiment, these 

heterocycles are optionally substituted vvith one or more substituents independemly 

20 selecled from the gm Lip consisting of halogen, (C1-C4)alkoxy, hydroxy, 

(C1-C4)z.ikoxy(Ci-C4)alkyl and -N(R3)(R4
) In another alternative embodiment, 

these heterocycles are optionally substituted vvith one or more substituents 

independently scl.xted from the group consisting ofhalogen, rnethoxy, hydroxy, 

methoxyrnethyl and dirnethylamino. Alternatively, R 1 and R 2 taken together with 

25 the nitrogen atom to which they are oonded form a ring selected from pyrrolidinyl, 

morpholinyl, azetidinyl, piperidinyl, octahydrocyclopenta[c]pyrrolyl, 1soindolmyl, 

indazolyl, imiclazolyl, pyrazolyl, triazolyl, arrd tetrazolyl, wherein the ring formed by 

R 1 and R2 taken together with the nitrogen atom to which they are bond eel is 

optionally substituted with halogen, (C1-C4)alkoxy, hydroxy, 

30 (C 1 -C4 )a1koxy(C 1 -C~)alkyl and -N(R')(R~) More specifically, the ring formed by 

R 1 and R 2 taken together with the niuogen atcrn to which they are bonded 1s 

optionally substituted with fluoro, -OH, -OCH3, or N(CH:;)z. 
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R3 and R 1 are each independently selected from the group consisting of -H 

End \CI-C+)alkyl, wherein ;;he (Ct-C4)alkyl represented by R' and R4 is optionally 

substituted with one or mo·e suhs1ituents independently fron1 the group 

consisting of (C 1-C4)ulkyl, halo, -OH, (C1-C1)alkoxy, and 

5 (C1-C4)a1koxy(C1-C.1)alkyl. Alternatively, R; and R1 are both methyl, ln another 

rdtemative, R1 and R4 are both -H In yet another alternative, R1 and R4 am each 

unsubstittited (C1-C~)alkyl. 

Tn a first alternative embodiment, the compound of the present invention is 

represented Structural fommla (l) or (11), or a phnrmaceutically acceptable salt 

I 0 thereof, wherein. 

R1 is -II or (C1-C7)alkyl; and 

R2 is from (C1-C7)alkyt, (C3-Cr,)cycloalkyl(C:-C1)alkyl, 

(C'1-C7)Rlkoxy((\-C1)alkyl, phenyl, rhenyl(C -(\r)alkyl, (C3-C6)cycloalkyl and 

halo(C -C4)alkyl., wherein each alkyl. alkoxy or cycloalkyl moiety in the groups 

15 represented by R:' is oplionally substituted with one or more substitucnts 

independently selected from the group consisting of (C1 -C1)alkyl and halo: and each 

phenvl moiety in the groups represented by R' is substituted with one or 

more suJstiluents independently selecled from the group consisting of 

-C4)alkoxy(C 1-C4)alky 1, halo( C1 -C.1)alkyL and 

20 halo(C 1-C4)alkoxy. Alternatively, R7 is selected from the group consisting of 

cyclopropyl, cyclobutyl, cyclopentyl, cyclopropylmethyl, cyclobutylmethyl, 

bm1zyl, -(CH2)3-0CH3, -C(CH,):;, -Cfl(Clb h, -Cl l2C(CI-I.,)0, 

-Ct C:C'll(Cl-bb wherein n is 0, 1, 2, 3, 

4, 5 or 6; and whcrem the phenyl or bcnzyl group represented by R2 1s optionally 

25 subslitu1ed V\~th one or more substituents independently selected from the group 

of halo, (Ci-C)alkoxy, 

halo(C: and halo(C1-CJ)alkoxy. In another alternative, the or 

benzyl group represented by R2 is Ll!lsubstiluled In yet another al !S 

selected from cyclopropyl, cyclopropylmethyl, cydobutyl, cyclopentyl, cyclohcxyl, 

-(CH2)z-O-CH.;, -C(CH:i)c, -CH(CH3)2, and 

-Cfl2CH.~. 
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ln a second alternative embodiment, for compounds represented by 

Siruclural Formula (T) or (ll), R1 is hydrogen, methyl or ethyl; and values and 

alternative values for R2 are as described above for the first alternative embodiment 

In a third alternative embodiment, for compounds represented by Strnctcrnl 

5 Formula (I) or (U), R 1 
1s hydrogen, (C 1-C.i)alkyl or -O-(C1-C 4)alkyl; R2 is selected 

from (C1 -C 7)alkyl, (C3-C 6)cycloalkyl(Ci-C1)alkyl, (C1-C7 )alkoxy(C1 -C4)alkyl, 

phenyl, (CJ-C6)cycloalkyl, and 11uoro(C1-C 1)alkyl; or R1 and R2 laken together wilh 

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, tri2.zolyL and tetrazolyl, vvberein the ring formed by 

R1 and R7 taken together with the nitrogen atom to which they are bonded is 

op11onall y subs I ituted with fluoro, -OH, -OCI l.1, or N(Clh)2 lvfore spec1 f'ically, R 1 

is hydrogen, methyL ethyL me1hoxy or tert-buroxy 

In a fourth alternative embodiment, for compounds represented by Structural 

1 S Formula (I) or (11), R1 hydrogen, methyl, or ethyl; R2 is selected from methyl. ethyl, 

n-propy!, isopropyl, n-butyl, 2,2-dirnethy1propyl, t-butvl, isobutyJ, n-pentyl. 

(C.-C,;)cycloalkyl, (C1-C5)cycloalkylmclhy1, methoxyelhyl, and 2-fluoroethyl; or R1 

and R2 taken together with the rntrogen atom to \.vluch they are bonded form a ring 

selected from azetidinyl, pyrrolidinyl, p1peridinyl, tetrazolyL or 

20 octahydrocyclopcnta[c]pyrrolyl, and wherein the ring formed by R1 and R2 taken 

together with the nitrogen atom to which they are bonded is optionally substituted 

with Jl uoro 

In a fifth alternative embodiment, for compounds represented by Structural 

Formula (A), when X is hydrogen, Y is selected from hydrogen, -(C ;-C1 )alkyl, 

25 -(Ct -C:)<11ky1ene-N(RA)(RB), 

(Cr C4)ulkyll:ne N(R") C(O)--[C(Rll)(RE)]0•4-N(R\)(RB), -CH-N--OR\ --N(R'\)(RB), 

-N(Ri )-C( 0)-[ C(R1 ))(RE) ]i -1- N(RA)(RB), -NH-C(O)-C(Rn)(R' )-"J(R1)(RH), 

-N(RF)-C(O)-N(RA)(R\ -N(R1)-C(O)-(C 1-C6)alkyl, -N(RF)-C(O)-heterocyclyl, 

-N(R'')-C(O)-heteroaiyl, -N(RF)-C(O)-carbocyclyl, -K(RF)-C( 0 )-ary l 

10 -N(RF)-S(O)m-(C 1 -C1)alkylene-N(RA)(RB), 

-N(RF)-S(Olm-(C 1-C4)aikylene-carbocycly1, -N(Ri:)-S(0)0,-{C 1-C4)alkylene-aryl: 

RD' is selected from (C1-C6)alkyl, carbocyclyJ, aryJ, heteroaryl, heterocyclyl, 

and a naturally occurnng amino acid side chain moiety, or 
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D' C R and R · taken together with the carbon atom to whtch they arc bound 

form a J-7 membered carbocyclyl, or a 4-7 membered heterocyclyl, wherein the 

hctcrocyclyl formed by RD' and RE optionally cornpnses one to two additional 

heteroatoms inde;:iendently selected from N, S and O; and 

RF' is selected from (C: -C7)alkyl, carbocyclyl, aryl and heteroaryl. 

Values and alternative values for the rcrnamder of lhe variables am as dcscnbed 

above for Structural Formula (A). Alternatively, RF. is selected from (C1 -C4 )alkyl 

and phenyl <md the remainder of the variables are as described above in the fifth 

G!ternative embodiment. 

l 0 ln a sixth alllirnalive embodiment, for cornpollf1ds represented by Structural 

formula (A), X ts selected from hydrogen, methyl, clhyl and phenyl; and Y is 

selected from hydrogen, -(C: 1-C.i alkyl), -(C1 -C4)alkylene-N(R\)(R8
), 

-(C1 -Ci )alkyicne-NH-C( 0)-[CTh] 0_1-N(RA)(Rn), -"J (RA)(Rn), 

-NH-C(O)-carbocyclyl, -NH-C(O)-aryl, -1\H-C(O)-heterocyclyl, 

15 -NH-C(O)-heteroaryl, -NH-C(O)-i\(RA)(R°'), -N(R1.)-C(O)-CllrN(RA)(Rn), 

-Nll-C(O)-C(R0 'l(Rc)-N(R\)(Rn) and -Nll-S(O)m-(C:-C1)alkylcne-N(I~: 1)(Rn); or 

Xis selected from methyl, ethyl and phenyl; and Y is 

-NH-C(O)-Clh-N(Rl\)(Rn), wherein: 

each RA is independently selected from hydrogen and methyl: 

20 Rn is selected from hydrogen, (C1-C7)alkyl, -(C0-C6)alkylene-carbocyclyl, 

-( C11-C;)alkyl ene-aryl, -( Cu-Cr,)alkylene-heteroaryl, -S(O )rn·(C 1-C,)alky1, 

-(Co-C")alkylene-S(O)m·Carbocyclyl, -(Ci-C)alkylene-S(O)m-aryl, 

-(Co-C4)al kylene-S( O)m-heterocycl e an cl -(C0-C;)al ky I ene-S(O)m-heteroary 1, or 

1</' and RH when bound to a common 111trogen atom arc taken together with 

25 the nitrogen atom to form a heterocycle, wherein the heterocycle is optionally 

substJtuted with =0 and -l\(RG)(R0
); 

RD' and RE are ta.ken together Vvith the carbon atom to which they are bound 

form a (C1-C7)cycloalkyl; and 

mis l or 2; 

30 each carbocyclyl, aryL heterocyclyl or heteroaryl is optionally and 

independently substituted vvith one or more substituents independently selected from 

halo, -(C 1-C,1)alkyl, halo-substituted -(C 1-C4)alkyl, -O-(C 1-C4)alkyl, and 

-N(R0 )(Ru); 
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each portion in the group by Y or R13 is optionally and 

independently substituted with one or more substituents mdependently selected from 

haJo, -OH, and -N(Rn)(RG,t, wherein 

R" is hydrogen or (C1-(\:)alkyl, and wherein each alkyl in the group 

represented by is optionally and 1 ndependently substiluted with ( C;-C\,) 

cycloalkyL The remainder cf the variables are as described above in the fifth 

alternative embodiment 

Jn a seventh altcrnati ve embodiment, for compounds 

Structural Formula (A), Xis selected from hydrogen and methyl; and 

10 Y JS selected from -K(RA)(R1
\ -N(H)-CIO)-carhocyclyl, -N(H)-C(O)-Aryl, 

15 

20 

·N(H) C(O) heterocycle, and -N(HJ-C(O)-heteroaryl; or 

Xis rne1hyl; and 

Y is -NH-C(O)-CI lrN(RA)(Rn), 

>vherern 

Ri\ and 

RB is se:ected from (C:-C4}aJkyL and -S(Oh-CH1; or R'' and taken 

t,>gether to form 4-7 membered heterocyclic wherein each carbocyclyl, ary 

lmteroaryl, or is optionally and independently substituted with one or 

more substituents independently selected -Cl{i, fluoro, and 

Jn a alternative embodiment, for compounds represented Structural 

0 R3' 

H . A 
/NA8N 

Formula (A), Y is , vvherein A represents a 4-7 me11Jbered 

heterocyclyl; and is hydrogen or (C1 Values and alrernativc values for 

the remainder or vafiables are as described above for Structural Formula (A) 

More sp0c1fically, ring A IS selected from the group consisting of 

oyrrol idinyl 

the grouo 

or octahydrocyclopenta[c]pyrrolyl, each of which is 

of halo. -(Ci-C4)alkyl, halo-subsuutcd-(C1-Ci)alkyl (c.g, 

-C1)alkyl, vr -N(Rc;)(R"), wherein R" is hydrogen or 

C)aJkyl Even more specifically, ring A above is optionally 1'ubsl!tured 

30 with one or more fluoro. 
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In a ninth alternative embodiment, for compounds represented by Structura1 

Formula (A), Y is -NH-C(O)-heteroaryl. Values and alternative values for the 

remainder of the vanables are as described <tbove for Structural Formula (A). More 

specifically, the heteroaryl in -NH-C(O)-heteroaryl is selected from the group 

5 consisting of tlueny 1, pyridinyl, pyrrolyl, oxazolyl, pyrazoly 1 and thiazolyl, each of 

vvhich i~ optionally substirnted with one or more substitucnts independc.:ntly selected 

from -(C 1-C1)alkyl, halo-substituted-(C1-C4)alkyl (e g, -CF3), -OH, -O-(C1-C1)alkyl, 

and -'J(R0 )(R0
), wherein RG is hydrogen or (C1-C4)alkyl. More specifically, the 

pyrrolyl and pyrazolyl are optionally substituted with a methyl group on the N atom 

10 i11the1in!.\ 

In a tenth altemati vc embodiment, for compounds represented by Structural 

Formula (A), Y is -NH-C(O)-phenyl. Values and alternative values for the 

remainder of the vanables are as described above for Structural Formula (A). More 

specifically, the phenyl in -NH-C(Ol-phenyl is optionally substituted with one or 

15 more substitutents independently selected from -(C1-C4)alkyl, halo-subs!ituted-(C1-

C+)alkyl (e.g. -CF,), -OH, -O-(C1-C1)alkyl, and-N(R0 )(Rc\ wherein Re is 

hydrogen or (C1-C1)alkyl. More specifically, the phe1:yl in -Nl!.f-C(O)-phenyl 1s 

oplionaly substituted with one or more subst:tutents independeict]y selected from 

-CF3, -OCH, and -N(CH112. 

20 In a elevenlh alternative embochment, for compounds represented by 

Structural Formula (A), Y 1s represented by -NH-S(O),-(C1-Cc)alkyl, 

-NH-S(O),-phenyl, -NH-S(0)2-heteroaryL Values and alternative values for the 

remainder of the variables are as described above for Stmctural Formula (A). More 

specifically, the phenyl, heteroaryl or alkyl in the group represented by Y 1s 

25 oplionaJly substituted with one or more substituents independently selected from 

-( C- ··C~)alkyl, halo-substituted-( C 1-C1)alky J (e.g .. -Cf\), -OH, -O-(C1 -C4)al kyl, and 

-N(RG)(RG), vvherein Re; is hydrogen or (C1-C1)alkyl. 

Tn a twel /'th alterrnitive embodiment, for compounds represented hy 

Structural Formuln (A), Y is represented by -N(R1.)(R1
\ wherein RA and RB are 

30 each independently selected from hydrogen, (C1-C7)alkyl, -(C 1-C1)alkyl­

(C3-C0)cycloalkyl, wherein the (C 1-C7)alkyl ts optionaJly substituted with 

-N(Rc')(Rc), wherein R(' is hydrogen or (C\-C1)alkyl. Values and alternative values 

for the remainder of the variables are as described above for Structural Formula ( 1~ ). 
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In a thirteenth alternative embodiment, for conpounds represented hy 

StrucLffal Formula (A), Y is represented 

are each independently selected from 

(C3·C,)cycloalky., or R'\ and Rn taken 

-CH2-N(R')(R3
), wherein R" and 

(Ci-C~)alkyl, -(C1-C1)alkyl­

with the nitrogen arorn to which 

5 are bound form a heterocycJyl, wherein the (C1-C7)alkyl represented by RA or RI:! is 

10 

15 

opt1011a.lly and independently substituted with -'J(R0 )(R0
), wherein RG 1s 

or (Cr-Ci)al~yl, and the (C 1-C4)alkyl by RG is optionally substituted 

\\ith -F. Values and alternative values for the remainder of the variables are as 

described above for Strucrnral Formula (A). 

In a fourteenth alternative embodiment, for compounds represented by 

Structural Formula (A} Y is rep1ese11ted -Clh-NH-C(O)-(CETJ)(,_1-N(R'-'){Rn), 

R" and RB are each independently from hydrogen, (C1-C1)alkyl, 

-(C1-C4)alkyl-(CJ-C6)cydoalkyl. Value;,; anc alternative values for the remainder of 

the variables are as described above for Structural Formula (A). 

The compound of the presem invention is exemplified by the 

compounds shmvn in the Table below or a phanmH~eutically acceptable salt thereof 

compounds described m Exe.mplcs I 12 below or a pharmaceuticaily acceptable 

salt 

COl\.1POUND 

NO. 

J I 

l2 

CHEMICAL STRUCTURE 

0 
~ ! 

HC~ ~N 
3 H 
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monovalent 

the spec:fied number of carbon atoms. Thus, "(C'.i-

C 7)alkyl" means a radicaJ having from 1-7 carbon al oms in a I in ear or brandied 

5 "(C1-C1)nlkyl" includes methyl ethyl, butyl, pcntyl, hexyl 
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and hepty L Suitable substitution~ for a "~ubstituted alkyl" include, but are not 

limited to. -halogen, -OH, (C1-C4)alkyl, (C1-C1)alkoxy, (C1-C1)alkylthio, 

(C 1 -CL )alkylsul finyl, (C 1 -C4)alky lsul fonyl, (C1-C.i)alkoxy(C 1-C\)alkyl, and 

-N(R')(R'1), whcrcm R3 and R4 arc as described above. 

5 '·Cycloalkyl'' means a saturated aliphatic cyclic hydrocarbon radical having 

the speci~ed number of carbon atoms. (C3-C6)cycloalkyl includes cyclopropyl, 

cvclobutyl, cyclopentyl, and cyclobexyl Suitable substituents for a "substituted 

cycloalkyl" include h<ilogen, -OH, (C 1-C4)<1lkyl, (C1-C4)alkoxy, (C 1-C4)alkylthio, 

(C1-C4)alkylsultlnyl, (C1 -C4)alkylsulfonyl, ( C1-C,)alkoxy(C1-C4)alkyl, and 

I 0 -N(R-')(R4
), wherem R' and R4 are as described above 

"Heterocycle'' means a 4-12 membered partially unsaturated or saturated 

heterocyclic ring containing I, 2, or 3 heteroatoms independently selected from '\J, 

0 or S When one: heteroa10m is S, 11 can be opt1onally mono- or di-oxyeena(ed 

(i.e -S(O)- or -S(O)r). The heterocycle can be mono:yclic, fused bicyclic, bridged 

15 bicyclic, or spiro bi cyclic. 

Examples ofrnonncyclic hcierocycle include, bu1 noi limited to, azetidine. 

pyrrolidine, piperidmc, piperazinc, hexahydropyrimidme, tetrnhydrofuran, 

tetrahydropyran, morphol ine, thiomorpholine, thiomorpholine J,] -dioxide, 

tetrahydro-2H-1,2-thiazine, tetrahydro-2H- l .2-thiazine l, I-dioxide, isothiazolidine. 

20 isothiazolidinc I, I -dioxide. 

A fused bicyclic heterocycle has two rings which have two adjacent ring 

atoms in common. The first ring is a monocyclic hetcrocyclc and the second ring is 

a cycloalkyl, partially Lll1saturated carbocycle, phenyl, heteroaryl or a monocyclic 

heterocycle. For example, the second ring is a (C3-C6)cycloalkyl, such as 

25 cyclopropyl, cyclobutyl, cyclopentyl and cyclobexyl. Alternatively, the second ring 

is phenyl Example of fused bicyclic heterocycles includes, but nol limited 10, 

indolme, isoindoline, 2,3-dihydro- ll-l-benzo[ d]imidazolc, 2,3-

dihydro benzo[ d]oxazole, 2,3-dihydrobenzo [ d]thiazole, octahydrobenzo [ d]oxazole, 

ocrnhydro-1 H-benzo[ d]imidazole, octahydrobenzo[ d] thiazole, 

30 ocrnhydrocyclopentaf clpyTTole, 3-azabicyclo[3.1.0lhexane, and 3-

a,-;abicyclolJ 2 0 Jhepl ane 

A spiro bi cyclic hctcrocyclc has two rings which have only one ring atom in 

common The first ring is a monocyclic heterocycle and the second ring is a 
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cvcloalkvl 
.-' ' ',., J 

trnxaturnted carbocycle or a monocyclic heterocyde For 

of sptro bicyciic 

'"""'""'"'" but not limited to, azaspiro[ 4.4 ]nonane, 7-

azaspiro[4.4lnonane, azasprio[45]d~cane, 

.;; azaspiro[S.5 Jundecane, 3-azaspiro[5. S]undecane and 3. 9-diazaspiro[ 5. 5 ]undecane. 

A bi cyclic hcterocycle has two which have 1hree or more 

adJaccnt atoms in common. The first ring is a monocyclic heterocycle and the 

otl:er is a cycloalkyl (such as (C\-C6)cycloalkyl), partially unsaturated 

carbocycle or a monocycli c heterocycle of 1ridged hi cyclic hetemcycles 

10 include, but are not limited to, azabicyclor3 3 l lnonane, 3-azabicyclo[3 3.1 ]nonane, 

3-a.zabicyclo[3.2. l]oclane, 6-awbicydo[3.2. l ]octane and 

azabicyclof 2.2. 2 ]octanc, 2-azab1cyclo[ 2.2.2 ]octane. 

When the l:eterocycle contains a N atom other than the mtrogen atom to 

\vfoch R1 and are bonded., tl1e N atom can be substituted with H, alkyl, 

l 5 c:ycloalkyl, cycloalkylalkyl, aryL arylalkyl, heteroarvl. heteroaiylalkyl, each of 

which can be optionally substituted with halogen, hydroxy, alkoxy, haloalkyl, alky I, 

etc. Tbe hctcrocyclc can be optionally subE>1ituted \Nith an oxo group (C=O) and 

oxo substituted heterocyclic rings include, but are not limited to, thiomorpholine 1-

oxide, l, I-dioxide, tetrahydro-2H-I I, 1-dioxide, and 

20 isothiazolidine I, I -dioxide, pyrrolidm-2-one, piperidin-2-one, piperazin-2-one, and 

morpholin-2-one. Olher uptional su'Jstituents for a heterocyclc include 

25 

(C~-C1)iilkyl, -OH, (C1-C4)alkoxy, (C1-C.)aJkylthio, (C1-C)alkylsulfinyl, 

(C1-Ci)alkylsulfonyl, (C 1-Ct)alkoxy( C1 -C4)alkyl, -N(R')(R\ -CN, 

lialo(C 1-C4)alky l, a11d haio(C1-(\jalkoxy. 

''Heteroary !" means a 5- 12 r.1embcrcd monovalent heteroaromatic 

monocycl ic or bicylic ring radical. A herteroaryl contains 1, 2 or 3 heteroatoms 

independently 

to pyrrole, 

lriazole, l 

from N, 0, and S. lieteroaryls ::iut are not limitec 

pyrazole, oxazole, isoxnzole, 1hiazole, 1,2,J~ 

1,3,4-oxadiawle, l ,2,5-thiadiawle, 1,2,5-tbadiazole 1-

JO cxid0, l 

pymnidine, 

I J-d1ox1dc, l,3 ,4-thiadiazolc, pyrazme, 

1,2,4-trrnzine, 1,3,5-triazine, and tetrazok. Bicyclic 

hctcroaryl nngs include, but are not limited to, bicyclo[440J and bicyclo[43.0] 

fused ricg systems such as indolizine, indok isoindole, benzimidazolc, 
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benzthiazole, pcmne, quinuline, isoquinoline, cinnoline, phthalazine, qainazoline. 

quinoxalmc, .• ,8-naphthyridine, and ptendine. 

means 4-12 membered saturated or unsaturated aliphatic 

hydrocarbon 

5 mem1s an alkyl radical attached through an o;,-ygen linking atom. 

"Alkoxy" can also be depicted as -0-Hlkyl For example. (C1-C4)-alkoxy can also 

depicted as -O-(C1-C4)al ~yl. "(C1 -C1)-alkoxy'" mcludes methoxy, ethoxy, propoi..yr, 

and buioxy. 

''Alkylth10" means an alkyl radical attached through a sulfur !irking atom. 

10 "Alkylthio·' can also be cted as -S-alkyL For "(Ci-C4)alkylthio" can 

be depicted as -S-(C1-C1)alkyl "(C1-C1)alkylthio" include rnethylthio, ethylthio, 

propvlthio and butylthio. 

(lnyl" nu::ans an alkyl radical attached through a -S(O)- linking 

group. ";\lky!sulfinyl" can be depicted as -S(O)-aJkyl. For example, 

15 "(C1-C,/alkylsulfinyl'' can be depicted as -S(O)-(C1-C4)alkyl. 

"(C1-Ci)alkylsulfinyl" include methylsulfinyl, ethylsulfinyL propylsulfinyl and 

butylsulfinyl. 

"Alkylsulfonyl'' mem1s an alkyl radical attached through a -S(0)2- hnking 

group. ''Alkylsulfonyl" can be depicted as S(Oh·alkyl. For example, 

20 ·'(C1-C4)tdkylsulfinyl" can be depicted as -S(O)r(C1-C4)alkyL 

"(C1-C include methylsulfonyl, ethylsulfonyl, propylsul'l:myl and 

butylsu1fonyl. 

Haloalkyl and halccycloalkyi include mono, poly, and perbaloalkyl groups 

where each halogen is independently selected from fluorine, chlorine, mid bromine. 

2:'i Halo~dky! aud halocydoalkyl can abo be referred as halo-substitt1ted alkyl and 

halo-substituted respectively 

"CycloalkoA.-y" means a cycloalkyl radical attached through an oxygen 

linking atom. can also be depicted as -0-cycloalkyl. For ex.ample, 

'(C1-C6)cycloalkoxy" can be depicted as -0-(CrC,)cycloalkyl. 

30 C,5)cycloalhJxy" ir:cludes cyc!opropyloxy, cydobutyloxy, cyclopentylox.y :md 

cyclohexyloxy. 
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"Aryl" means an aromatic monocyclic or polycyclic (e.g. bicyclic or 

tricyclic) carbocyclic ring system. In one embodiment, "aryl'' is a 6-12 membered 

monocylic or bicycl1c systems Ary! systems include, but not limited to, phenyL 

naphthalcnyL fluorcnyL indcnyl, azulenyl. and anthracenyl 

5 '·Aryloxy" means an aryl moiety attached through an oxygen linking atom. 

"Aryloxy" can be also depicted as -0-aryl. Arylox'Y mcludes, but not lnnited to, 

phenoxy. 

"Arylthio" means an aryl moiety attached through a sulfur linking atom. 

''Arylthio'' can be also depicted as -S-aryl. Arylthio includes, but not limited to, 

I 0 phenylthio. 

"ArylsuJfinyl" means an aryl moiety attached through a -S(O)- linking 

group. ''Arylsulfinyl" can be also depicted as -S(O)-aryl. Arylsulfinyl includes, but 

noi limited to, phcnylsulfinyl. 

"Arylsulfonyl" means an aryl moiety attached throL1gh a -S(Oh- linking 

15 group. "Arylsulfonyl"" can be also depicted as -S(O):-aryL Arylsulfonyl includes, 

but not limited to, phenylsulfonyl. 

"Hetero" refers to the replacement of at I east one carbon atom member 111 a 

ring sysiem with at least one heteroatom selected from N, S, and 0. "Hetero" also 

refers to the replacement of at least one carbon atom member in a acyclic systen~. 

20 A hetero nng system or a hctcro acyclic system may have 1, 2, or 3 carbon atom 

members replaced by a heteroatom. 

"Ualogen"or "halo'' used he:-cm refers to fluorine, chlorine, bromine, or 

iodine. 

As used hernin, cyc:loalkylalkyl can be depicted as -alkylene-cydoalkyl. Fur 

25 cxampb, (C,-Co)cycloalkyl(C1-C4)aikyl can be depicted as 

-( C1 -C4)alkylcne-(C 0-C6)cycloalkyL 

As use herem, alkoxyalkyl can be depicted as -alkylene-0-alkyl. For 

example, (C1 -C7 )alkoxy(C1-C4)alkyl can be depicted as 

-(C1-C4)alkylene-O-(C1 -C7)alkyl 

30 As use herein, cycloalko:xyalkyl can be depicted as -alkylcne-0-cycloalkyl 

For example, (C3-C6)cycloalkoxy(C1 -C4)alkyl can be depicted as 

-(Ci -C4)alkylene-O-( C3-C5 )alkyl 
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As use herein, arylalkyl can be depicted as -alkylene-aryl. For example\ 

aryl(C1-C4)alkyl can be dcp1c1.ed as -(C1-C<1.)alkylcnc-aryl. 

As used herein, aryloxyalkyl can be depicted as -alkylene-0-aryl. For 

example, aiyloxy(C1-C4)alkyl can be depicted as -(C1-C4)alkylene-O-aryl 

As used herein, arylthioalkyl can be depicted as -alkylenc-S-aryl. For 

example, arylth1o(C 1-C1)alkyl can be depicted as -(C1-C4)alkylene-S-aryl. 

As used hcrem, arylsufinylalkyl can be depicted as -alkylcn:)-S(O)-aryL For 

example, arylsufinyl(C1-C4)alkyl can be depicted as -(C 1-C4)alkylene-S(O)-aryl. 

As used herein, arylsulfonylalkyl can be depicted as -alkylene-S(O)~-aryL 

l 0 For ex2mple, arylsulfonyl(C1-C4)alkyl can be depicted as 

-(C1 -C1)alkylene-S(0)2-aryL 

Another embodiment oftl1c present mvcntion is a pharmaceutical 

composition comprising one or more pharmaceutically acceptable carrier and/or 

dilucmt and a compound disclosed herein or a pharmaceutically acceptable salt 

15 thereof 

''Phannaceutically acceptable carrier'' and "pharmacr:utically acccp1ablc 

dilmmf' means non-tbcrapcullc components that arc of sufficient purity and quality 

for use i'l the formulation of a composi1ion 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). 

Pharmaceut1cally acceptable salts of the compounds of the present invention 

are also included. For example, an acid salt of a compound of the prese'.Jt inventi;m 

containing an amine or olhcr basic group can :Je obiarned by reactrng 1he cornpo~md 

25 \Ntth a suitable organic or inorganic acid, resuiting in phannaceut1cally <:.cceptablc 

anionic salt forms. Examples of anionic salts include the acetate, benzenesulfonate, 

bcnzrnue, bicarbonate, bitarirate, bromide, calcium edetate, camsylate, carbonate, 

chloride, citrate, clihydrocl1loride, edetate, eclisylate, estolate, esylate, fumarate, 

glycep!a!e, glucona!e, glulamale, glycollylarsanilaie, hexylresorcina1.e, 

30 hydrobromidc. hydrochloride, hyclroxynaphthoatc, iodide. isethionatc, lactate, 

lactobionate, malate, maleate, mande!ate, mesylate, methylsuJfate, mucate, 

napsylate, nitrate, pamoate. pantothcnatc, phosphatc!diphosphate, polygalacturonate, 
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stearat~, succmate, teoclate, tosylaie, 

and triethiodidc 

Salts oftbe compounds invention containing a carboxylic acid 

or other acidic funct10nal group can be by reacting with a smtablc base. 

5 Such a pharmaceutically salt may be made with a base which affords a 

pharmaceutically a.cceptable which includes alkali metal salts (especially 

sodium and potassium), alkaline earth metal salts ( especiaJly calcium and 

magnesium), aluminum salts and ammonium as \vell as salts made from 

physiolog1cally orgamc bases such as tnmd1ylamine, lnethylamrne, 

I 0 morpholine, p1peridine, picoline, dicyclohexylamine, 

f\:,N'-dibenzylethylenediamine, 2-hydroxyethylamme, bis-(2-hydroxyethyl)arnine, 

15 

tri-(2-hydroxyethyl)amine, dibenzv]piperidine, dehydroabietylamine, 

N,N' -bisdehydroabietylamine, glucamine, N-methylglucamine, colliJine, quinine, 

qwnoline, and basi.c amino acids such as lysine and arginine. 

The invention also includes various isomers and mixtures thereof. Certain 

of !he compounds of the 1 n w:ntion may exist in various siereoi someric 

forms. Stereo1somers am compounds whi.ch differ only in their spatial 

arrange1m.~nt Enamiomers are pairs stereoisomers whose mirror images are not 

supernnposable, most because they contain an asymmetrically 

20 substitu:ed carbon atom that acts as a chiral center. "'Enamiom.er" means one of a 

pair of molecules that are mirror images of each 01l1er anc: are nor supcrimposable 

Dmstcrcomcrs are stcrcoisomers that are not related as mirror images, most 

commonly because contain two or more asymmetrically substtiured carbon 

atoms. ''R" and S" the configuration of sub.stituents around one or more 

25 carbon atoms. When a chiral center is not defined as R or S, either a pure 

enant1omer or a mixture uf both configuiations is present. 

"Racemate" or mixture" means a compound of cquimolar 

of nvo wherein such m.ixtures exhibit no optical activity: 

i.e... do not mtaJe the plane of polarized light 

30 The compounds of the invention may be prepared as individual isomers 

either · or resolved from an isomene mix.lure 

Conventional resolution techniques incl udc forming the salt of a free base of each 

isomer of an isomeric using an optically active acid (followed by fractional 
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crystalli/ation and 

of each tsomcr of an 

of the: free base), forming the :,alt of the acid form 

pair using an optically active ammo (follov,d by 

fract;onal crystallization and regene:·ation of the free acid), forming an ester or 

anude of each of the isomers of an isomeric pair using an optically pure acid, am me 

5 or alcohol (followed by chromatogrnphic separation and removal of the chiral 

auxiliary), or an isomeric mixture of either a material or a final 

product using various well kno>vn chromatographic methods. 

\Vhen the stereochemistry of a disclosed compound is named or depicted by 

90'%, (J9% 

10 or 99.9% by weight pure re:<~tive to the other sternoisomers When a single 

enm1tiomer is named or depicted by s!ruclure, tlte dep;cled or narned ennrtliomer is 

at least 60%, 700.·;), 80%, 90~/~, 99~'o or 99.9% by weight optically pure. Percent 

optical purity by weight is the ratio of the weight of the enantiomer that is present 

div1deC. by the combined of the enantiorner that is present and the weight of 

l 5 its optical isomer 

The present rnvention also provides a method of treating or preventing a 

subject w;th a tctracyclinc-rcspon5ive disease or disorder compnsing administering 

to the subject an amount ofa compound of1he present invention or a 

pharmaceutically salt thereof 

20 "Tetracycline· responsive disease or disorder" refers to a disease or disorder 

that c<1n be !rna(ed, or othenvi~e ameliorated the administration ofa 

tetracycline compound of the present mvent10n. Tetracyclme-responsive disea5e or 

disorder includes infections, cancer, inflammatory disorders, autoimmune disease, 

arteriosclerosis, corneal ulceration, emphysema, arthritis, 

25 osteoarthritis, multiple osteosarcoma, oswor:1yclitis, bronchiecrnsis, 

chro11ic pulmonary obstrm.:tive disease, skin and eye diseases, pcriodontitis, 

osteoporosis, rheumatoid arthritis, ulcerative colitis, prostatitis, tumor growth and 

invasion, metastasis, diabetic proteinuria, panbronchiolitis; aortic or 

vasculnr aneurysr1s, skin tissue wotmds, dr)'· eye, bmw, carti degradation, 

30 malaria, senescence, diabetes, vascular stroke, ncurodcgcnerat1ve disorders, cardiac 

juvenile acute and chronic bronchitis, and respirato1y 

infections, includmg the common cold; Wegener's neutrophi I ic 

dermatoses and other inflammatory di~:eases such as d:!m1atitis herpet1fonnis, 



WO 2010/017470 
4142 1017001 

PCT/US2009!053142 

- 30 -

lcukocytoclastic vasculitis, bullous lupus crythcmatosus, pusti.;lar psoriasis, 

erythC\ma elevatum diutilrnm; vitiligo; discoid lupus erythematosus; pycderma 

gangrenosum: pustular psoriasis; blepharitis, or meibomianitis; Alzheimer's disease; 

maculopathy: acute and chronic gastroecteritis and acute and 

5 chronic cystitis and urethrit:s; acute and chronic dermatitis; acute and chronic 

10 

conjuncTivitis; acute and chronic uremic pencard1tis; ao1te and chronic 

cholecystis; cystic fibrosis, acute and chronic vaginitis; acute aJJd chronic 

reactions; insect bums and suI1bum, bone ma<;s disorder, acute lung 

injury, chronic 1 ung disorders, ischemia. stroke or isd:emic skm wound. 

~ortic or aneurysm, diabetic relinopathy, hernorrhagi<.: stroke, 

nnd other states for which tctracyclmc compounds have been found to be active 

for U. S. Patent Nos. 5, 789,395; 

of which 1s expressly incorporated herein 

6,277,061 and 

reference) 

each 

In addition. a method to treat any disease or disease state that could benefit 

t 5 from modulating the expression and/or function of nitric oxide, metalloproteases, 

proinflammatory mediators and c:rtokines, reactive oxygen species, components of 

the imnnme response, including chemotaxis, lymphocyte transformatior,, delayed 

hypersensitivity, antibody production, phagocytosis, and oxidative metabolism of 

phagocytes. A rnethod to treat any disease or disease state that could benefit from 

20 

30 

modulating the expression function of protein, signaling pathways 

FAK signaling pathway), and/or augment the expression of COX-2 and PGE2 

production is covered. A method to treat any disease or disease state that could 

benefit from inhibition ofneovascul arization is covered. 

Compounds of the invention can be usod to prevent or treat important 

mammalian and veterinary diseases such as urinary tract 

infections of skin and skin structure, ear. nose and throat infections, wound 

infection, mastitis and the like. ln addition, methods for neoplasms 

terracycline comprn111(1s of the invemion are also included (vmi der Bozert et al., 

Cancer 48: 6686-6690 (1988} ). 

Infections that can be treated compounds of the invention or a 

pharmaceuucally acceptable salt thereof incl nde, but are not limited to, skin 

infections, GI infections, urina1y tract infections, mfections, 

tract infections, sinuses infections, middle ear infoctions, syslemic 
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mfections, cho.lera, influe;1za, bronchitis, acne, malaria, sexually transmitted disease 

including syphilis and gonorrhea, Legionnaires' disease, Lyme disease, Rocky 

Mountam fever, Q feveL typhus, bubomc gas gangrene, hospital 

acquired infections, leptospirosis, whooping anthrax and infections caused 

the responsible for lymphograrmloma venereum, inclusion conjunctivitis, or 

(including 

Infections can be bactenal, filllgaL 

which are resistant to other 

and v:ral infections 

compounds). 

Jn one embodiment, the infection can be causec bacteria Tn another 

embodiment, the infection is caused by a Gram-positive bacteria. In a specific 

l 0 aspect of this embodiment, the infection is caused by a Grnm-positi ve bact·crium 

20 

selected Staphylococcus spp .. Srrcpfococcus spp., l'ropionibacterium spp., 

l:.'.r1terococc11s spp., Bacillus spp., Cm)'nebacteriwn spp .. 1Vocc1rdia spp,. Clos1ndium 

spp., Aumobacteria spp .. and l.isteria spp .. 

In another embodiment, the infection is caused by a Grum-negative 

bacterium In one aspect of this embodiment the is caused by a 

proteobacteria Betaproteobacteria and Gammaproteobacreria), includ:ng 

Escherichia Salmonella, Shigella., other Enterobctcleriaccae, Pseudomonas. 

Afaraxella, Hclicohacfer, S1enolrophomo11as, BdelloF1brio, acetic acid bacteria, 

Legwnetia or alpha-proteobacteria such as Wo/bachia In m10ther aspect, the 

by a Grnm-negative bacteria from cvanobacteria , ' 

spirochaetes, green sulfur or green non-sulfur bacteria. In a specific aspect of this 

embodiment, the mfection is caused by a Gram-negative bacteria selected from 

Jc'ntemhactericeae ff coli. Klebs·ief/a pneumonia including those containing 

extended-spectrum ~-lactamascs and/or carbapenemases). Bacreroid1.1ce~1e (e g., 

25 Bacteroidesfragilis).. Vibrionaceae (Vihrio choferae), Pas1eurellae (e.g., 

30 

llaemophi/us i!!flucnza ), I'seudomonadaueae Pseudomonas aeruginusa), 

Neisseriaceae Neisseria meningitidis), Rickertsiiw, Mim1xel!accac (e g, 

!'vforaxella 1:marrhalis), m1y speciL"S of Prureeae. Acinerobacli:'r spp., Jlclicobacter 

spp . and Campylobacter spp. 

[n a embodiment, the infection is caused Gram-negative 

bacterium selected from the group consisting of Enterobactericeae (e.g., E.coli, 

Klebsielta pnewnoniae), Pseudomonas, and Acinetobacter S/JJJ 
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In another embodiment, the mfection is cause<l by an orgm1ism selected from 

the group of K pncumoniae, Safmone!la, }.',' hirae. A hawnanii, NI 

H in{/ucnzae, T'. at:ruginosa, E R coli, S aureus, and E 

In embodiment, the infection is caused by an organism selected from 

the group of rickettsiae, chlamydiae, spp. and Mycoplasma 

spp. In another embodiment, the infection 1s caused by an organism resistm1t co 

tetracycline or any member of first and second or tetrncycline antibiotics 

(e.g., doxycycline or minocycline). 

In another embodiment, tl1e infection is caused by an organism resistant :o 

mcthicillm. 

In another embodiment, the infection is caused an organism resistant to 

vancomycm. 

an organism r.;;sistant to a 

15 quinolone or fluoroquinolone. 

20 

In another embodiment, the infection is by an organism resistani to 

t gecycline 

In another ernbrn:li111enl, lhe infection is caused by a multidrng-resistant 

pathogen (having intermediate or full resistance to any two or more antibiotics) !n 

another the mfection is a Bacillus amhracis infection "Bae: illus 

from exposure or exposure to Bacillus or another member of the 

lfacillus (:ereus group of b~cc1eria fo another embodiment, the infoction is caused by 

lfaciflus anthracis (anthrax), Yen·inia pestis (plague), or i'TW1ci.1·efla lu!arcnsis 

25 (tularemia) 

In another embodiment, the infeclion can caused by more than one 

organism described above. Examples of such infections but are not limit~d 

lo, iniia-abdornina] i nfettions (often a mixture of a species Eke E. 

coli and an anaerobe hke B ji'agiiis), diabetic foot (various combinations of 

30 Stn7itococc11.1', Staphylococcm' and l\nterocvccus spp., anaerobes (S.E 

Dowd, et al., PloS one 2008) :e3326) 311d respiratoiy ly in patiel'!s 

that chronic infections like cystic fibrosis e.g., S. aureus plus P aeruginosa 

or fl atypical pa'.hogens), wounds and abscesses (various gram-negative 
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and gram-positive notably !'vlSSA/MRSA, coaguiasc-ncgat1vc 

staphylococci, enterococ6 A1.:i11eiobaucr, P. aeruginosa, E eofi, B. fragilis), ar:d 

bloodstream infecTions (: 3% were poly1111croaial (IL Wisplinghoff, et al, Clin. 

Dis. 11-31 

In a fur1her embodiment the tetracycline responsive disease or I"' 

not a bacterial infection In anoth..;:r embodiment. the tetracycline compounds of the 

invention are essentially r1on-antibacterial. For example, non-antibacterial 

compounds of the invention may have IVIIC values than about 4 

measured by assays 

another 

in the at1 and/or the assay given in Example 14. tn 

the lelracycline compounds of the invention have both 

antibactorial and non-antibacterial effects. 

Tetracyc! ine disease or disorder also includes diseases or 

''int1ammarory process associated state" includes states in which inf1am:mition or 

15 inflammatory factors (e g, matrix rnetalloprotemases (MJ\1Ps), nitric oxide (NO), 

20 

25 

30 

fNF, mterleukins, plasma proteins, cellular d·~fonsc systems, cytokines, lipid 

proteases, toxic radica~s., adhes[on molecui.es, etc.) are involved or are 

''w""'~'1 t· 111 an area in aberrant amounts, e.g., in amounts which may be advantageous 

to e.g., to benefit the The inffammatory process is the response of 

tissue lo damage The cause of inflammation may be due to physical 

chemical substances, micro-organisms, tissue cancer or other 

Acute inflammati.:::in is short-lasting, lasting only a few days. If it is 

charactcnzed by heat, 

caus~s inflammatory 

swelling, pair: and loss of function. Examples of 

include, but are not limited to, microbial 

, bacterial and fungal infections 1, physic'.tl agents bua1s, radia.~ion, 

trnuma), chemical cigen rs , toxins and caustic substances), tissue necrosis and 

vnrious types of immunologic reactions. 

Examples of inflammatory disorders can be treated using the con~pow1ds of 

the invention or a pharmaceutically acceptable salt thereof include, but am not 

to, osteoarthritis, rheumatoid arthritis, acute and chronic infections (bacte~ial 

and , mcluding diphtheria rn1d pertussis): acute and dironic lnonchitis, 
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sinusil and upper respirato1y infections, including the common cold; acute and 

chronic gastroentc~ritis and colitis; inflammatory bowel acute and chron_c 

cystitis and urethritis; vascuJi1is; nephritrs; pancreatitis: hepatitis; lupus; 

inflammatory skin disorders including, fur example, eczema, dermatitis, psorias1s, 

gangrenosum, acne rosacea, and acute and chronic dermati1is, acute cmd 

chronic conjunctivitis; acute and chronic serositis (pcricarditis. pcntonitis, 

pleuri"is and tendmitis); uremic pericarditis: acme and chronic cholecystls; acute and 

chronic vagm1tis; acute and chronic uveitis; drug reactions; insect bites; bums 

(tl1Nmal, chemicaJ, and electrical); and sunburn. 

IPASs also include matrix rnetalloproieinase associated stales (1vf!V1P AS). 

M\1P/\S include states characterized by aberrant amounts of MMYs or Mt\1P 

activity Examples of matrix metalloproteinase associated states ("MMPAS's") 

can be treated using compounds of the rnvention or a pharmaceutically acceptable 

thereof, 

15 rnclude, but are not limited ro. arteriosclerosis, corneal ulceration, emphysema, 

osteoarthntis, multiple sclerosis (Liedtke ct aL, Ann. Neurol. 1998, 44: 

Chandler e~ al., J. Neuroimmunol 1997, 72: 155-71), osteosarcoma, osteomyelitis, 

bronchiectasis, chronic pulmonary obstructive disease, skin and eye diseases, 

periodontitis, osteoporosis, rheumatoid arthritis, ulcerative colitis, inflammatory 

20 disorders, tumor growth and invasion (Stetlcr-Stevem;on et al, Annu. Rev. Cell 

30 

Biol. 1 9 54l-73; et al, Biochim B1ophys Acta I 907: 

191-2 l 7 , Li et ::il., ]\fol Carcillog. 1998, 22: 84-89) ), metastasis, acute lung injury, 

stroke, ischemia, diabetes, aortic or vascular a11emysirs, skin tissue wm.nds, dry eye, 

bone and degradation (Greenwald et al, Bone ; 998,22 : et al, 

Curr. RheumatoL 1996, 8: 238- 247). Other JVIJ'v1PAS include those described in 

U. S Pat. Nos. 5,459,l 5,321,Cll7; 5,258J71; 4, 4,704,383, 

, and RE 34,656, incorporated herein by reference m their entirety. 

In a further embodiment, the IP.AS inc.ludes disorders described rn lJ. S. 

Patents Nos. 5,929,055; and 5,532,227, incorporated herein by reference in their 

lctrncydinc responsive disease or disorder also includes diseases or 

disorders associated with l\O associated states. The term "NO associated statos" 

includes states which invol vc or are associated vv1th nitric oxide (NO) or inducible 
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nitnc oxide synthase (iNOS). NO associated state includes states vvh1ch are 

characterized aberrant amounts of NO and.ior iNOS. Preferably, the I\O 

associated state cnn be treated by adminisrering tetracycline compounds of the 

invention. The disorders, diseases and states doscnbcd [n U S. Patents Nos 

1,894; 6,015,804; 5, 919, and 5,789,395 are also included as NO associated 

statccs. The contents of each of these patents are hereby incorporated herein by 

reference. 

Examples of diseases or disorders associated with NO associated states can 

be treated using the compounds of the present invention or a pharmaceutically 

10 acceptable salt thereof include, but are no1 lirnited to, malana, senescence, diabetes, 

vascular stroke, neurodegenerative disorders (Alzheimer's disease and Huntingl£m's 

disease), cardiac disease (reperfusion~associated injury following infarction), 

juvenile diabetes, inflammatory disorders, osteoarthritts, rheumatoid arthritis, 

recurrent and chronic infections (bacterial, viral and fuugal); acute and chronic 

15 bronchitis, sinusitis, and respiratory infections, including the common cold; acutJ 

and chronic gastroente1itis and colitis; acute and chronic and urethritis; acute 

and chronic dermatitis; acute and chronic conjunctivitis; acute and chronic serosit1s 

peritonitis, synovitis, pleuritis and tendonitis); uremic peri<.;ardit1s; 

acute and chronic cholecystis; cystic fibrosis, acute and chrome 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 1s 

cancer Examples of cancers that can be treated the compounds of :he 

invention or a pliarmaceut1ca11y acceptable salt thereof include all so!i cl tumors, i.e , 

25 carcinomas e.g, adenocarcinomas, ~md sarcomas. Adenocarcmomas arc carcinomas 

30 

den ved from glandular tissue or in which the tumor cells fonn recognizable 

glandular stmctures. Sarcomas broadly mclude tumors whose cells are embedded 111 

a fibrillar or homogeneous substance like emb1yonic connective tissue. Examples of 

carcinomas whic;1 may be treated using the methods of lhe invention include, but are 

not limited to, carcinomas of the prostate, breast, ovary, lung, colon, and 

breast The methods of the illventiou are not limited to the treatment of these tumor 

types, but extend to any sol; d tumor derived from any organ Examples of 

trea(able cancers inclltde, but are not limited to, colon cancer, bladder cancer, breast 
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cancer, melanoma, ovarian carcinoma, prostate carcmoma, lung cancer, and a 

of other cancers as we] L The methods of the invention also cause the 

inhibnion of cancer in adenocarcinornas, such as, for those of the 

,,.., .. ",.,,,., breast, kidney, ovary, testes. and colon. In or1e embodiment, the cancers 

5 treated by methods of the inven!Jon nclude tbo:;e described in Li S. Patent Nos. 

I ~) 

I 5 

20 

25 

6,J00,248; 5.843,925: or 5,668,122, incorporated herein by m 

their enti:·ety 

Alternatively, the tetracycline compounds may be useful for 

sureicStl resec\ion or radiation Lherapy. The teln1cycl 1ne compounds 

useful according to the mvcntion arc especially advantageous as they are 

substantially non-toxic compared to other cancer treatments. 

or 

ln a further embodiment, the compounds of the invention are administered in 

combination wnh standard cancer therapy, such ac;, but not limited to, chemotherapy. 

Examples of tetracycline responsive stat.;:s can treated using t'.ie 

compounds of the invention or a phannaceuticalJy acceptable salt thereof also 

include neurological disorders which include both neuropsychiatric and 

neurodegenerative disorders, but are not limited to, such as Al?.heimer's w"'"''"·>'-', 

dementias related to Alzheimer's disease (such as Pick's disease), Parkinson's and 

other diffuse body senile dementia, Huntington's disease, Gilles de la 

Tourette's syndrom0, rnu\fr.Jk sclerosis, amyotrophic lateral sclerosis (ALS), 

supra.nuclear palsy, epilepsy, and Creutzfeldt-Jakob disease; autonomic 

fJnction disorder~ sucll as hypertens1011 and sleep disorders, and neuropsychiatric: 

such as depression, schizophrenia, schizoaffcct1vc d1sorder, Korsakoffs 

c. g., amnesia or 

or phobic disorders: learning or memo1y 

memory loss, attention deficit dsorder, 

dysthymic disorder, major depressive disorder, mania, obsessive-compulsive 

disorder psychoactive substance 1Ne disorders, , phobias, parnt disorder, as 

well as bipolar affective disorder, e. g , severe bipolar affective (mood) disorder 

30 ), affective disorders, e. g. , and obes1ty. 

Further neurological disorders mclude, for example, those listed in the 

American Psychiatric Associ.alion's Diagnostic and Statisiical manual of Mental 
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Disorder·s (DSM). the rnos1 current version of which is incorpcnated herem 

rcty. reference m 

ln embodiment, the tetracycline responsive disease or disorder is 

diabetes. Diabetes that can be treated using :he compounds of the invention or 

5 pharmaceutically acceptable salt thereof include, but are not limited to, 

diabetes, diabetes diabetes type I, or diabetes type Tl. Jn a further 

embodimc11t, protein glycosylation is not affected by the administration of the 

tetracyciine compounds of the invention. In another embodiment, the tetracycline 

compow1d of the mvention s administered in combination ,,,~th standard 

l 0 therapies, as, but not limited to insulin therapy. 

In a11othe1 embodiment, the tetracycline responsive cksease or JS a 

bone mass disord:~r. Bone mass disorders th:it can be treated using the compounds 

of the invention or a pharmaceutically accep:able salt thereof include disorders 

where a subjects bones are disorders and states where the formation, repair or 

15 remodelmg JS advantageous. For examples bone mass disorders include 

a decreEse in bone strength and density), bone fractures, bone 

formation associated with surgical procodurcs (c. g., facial reconstruction), 

(brittle bone disease), hypophosphatasia, 

fibrous myeloma bone disease, and thc 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 1s 

advantageous to the as well as all other disorders associated with the bones 

or skeletal of a subject which can ·oe treated with the tetracycline compow1ds 

of the invention. In a further en:bodiment, the hone mass disorders include those 

25 described in U.S. Patents Nos. 5,459, 135: 5,231,017: 5,998,390: 5,770,588; RE 

34Ji56, · 3,304,227: and 4,666,897, each of whi<.:h is hereby 

incorporated herein by reference in its entirety. 

In another embodiment, the tetracycline responsive disease or ts 

aci:te lung injury Acute lung injuries that cw be treated using :he of 

30 the mvention or a phm·maceulically acceptable salt thereof include adult 

distress syndrome (ARDS), post-pump syndrome (PPS), and trauma. Trauma 

includes any to livmg tissue caused by an extrinsic agent or event. 
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of trauma include, but are not limited to, crush injuries, contact with a .hard surface, 

or cuttiEg or other darnage to the lungs. 

The tetracycline responsive disease or disorders of the invention also include 

chronic I ung disorders. es of chronic lung disorders that can be treated using 

5 the compounds of the invention or a pharmaceutically acceptable salt 6ereof 

10 

disease (COPD), and 

to asthma, cystic fibrosis, chronic obstructive pulmonary 

In a further embodiment, the acute and/or 

chrome lung chsorders that can be treated using the compounds of the invention ct a 

pharmaceutically acceptab:e salt thereof include those described in L S. Patents No. 

\977,(l9 l; 6,04.1,231; and 5,773,430, each of which is hereby 

mcorporated herein by reference m its entirety 

In yet another embodiment, the tetracycline responsive disease or disorde:- is 

ischemia, stroke, or ischen:ic stroke 

In a further embodiment the tetracycline compounds of the invention or a 

15 phannaceutically acceptable salt thereof can be usc:d to treat such disorders as 

described above rnd m L. S. Patents No. 6,231,894; 5,919,775 and 

5,789,395, incorporated herein by reference. 

In another ernhodi 

skm wound. The invention 

the tetr<icycline responsive disease or disorder is a 

provides a method for improving the hcalrng 

20 response of the epithelialized tissue skin, mucosa.e) to acute traumatic in.Jury 

cut, burn, scrape, e1c.) The method includes using a tt>t,, • .,""''1 

the invention or a pharmaceutically acceptable salt thereof to 

compound of 

the capacity 

of the epitheliali?:ed tissue to heal acute wouuds. The method :mty increase ther~te 

cf rnllagen accumuiat1on of tbe healing tissue. The method may also decrease the 

proteolytic activity in the epithelialized tissue by decreasing the collagenolytic 

am\/or gellatinolytic activity ofMMPs In a farther embodiment, the teiiacycline 

compou;:id of the invention or a pharrnaceutically acceptable salt 1s 

adnunislered to the swfac0 or lhe skm (e. g., topically'1. Jn a further embodiment, 

tbc tetracycline compound of the invention or a phannaceutically acceptable salt 

30 thereof is used to treat a skin wound, and other such disorders as described in, for 

4, 83; 4,935,412; I. 5,308,819, 

135; 5,532,227; and each oCwhich is incorporated herein by 

1t1 i!s enllrety. 
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ln yet <mother embodiment, the tetracycline responsive disea:,e or disor<le' is 

<m aortic or vascular aneurysm 111 vascular tissue of a subject ( e g., a sub_1cct: havrng 

or at nsk of having an aortic or vascular aneurysm, etc.). The tetracycline 

compound or a pharmaceutically salt thereof may be effective to reduce 

5 the size of the vccscular imemysm or it may be administered to the subject prior to 

the onset oCthe vasctilar aneurysm such that the aneurysm is prevented. ln one 

ombodm1e1lt, the vascular tissue is an e.g., the aorta, e.g., the abdominal 

aorta. In a further embodiment, the tetracycl.ine compounds of the invention are 

used to treat disorders described in U. S Patent 'Kos 6,043,225 and 5,834,449. 

l 0 incorporated herem by reference in their 

Tbe compounds of the inven:ion or a pharmacemically acceptab1 e salt 

thereof can be used alone or 111 combination with one or more therapeul:lc agent in 

the methods of the invention disclosed herein. 

The language "in combination with" another therapeutic agent o:· tieatmeiil 

J 5 includes co-admmistrarion of fae compound and with the other 

20 

25 

30 

therapeutic agent or treatment as either a combination dosage form or as 

multiple, separate dosage fom1.s, adminislrntmn of the tetracycline compound 

followed the other therapeutic or treatment and administration of the other 

agent or treatment first, followed by the 1e~racycline compound 

The other therapeL:tic agent c:1ay be any that is knovm m the art to treat 

prevont, or reduce the symptoms of a tetracycline-responsive disease or disorder. 

The choice of addmonal therapeutic ll.geni(s) is based upon the particular 

tetrncycline-responsive disease or disorder trea.ted. Such choice is within the 

knowlcdg(~ ol' a lreC1ting physician furihernore, the other therapeutic agent may be 

my of bcnc:fa to tbe patient wh:m admirnstcred m combination \'v'ith the 

administration of a tetracycline compound. 

As used herein, the tem1 "subject" means a mammal in need oftreatmenl or 

e.g., companion animals (e.g., cats, and the farm zinimals 

(e cows, horses, ::;heep .. goats and the:: like) and laboratory animals (e.g., :'ell~. 

and the Lke). Typically, the subject is a hun:rnn in need of the 

treatment 

As used herein, the Lerrn "treating" or "treatment" refers to obtaming desir:=d 

pliarmacological and/or physio1ogical effect TI1e effect can include achieving, 
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partially or substrntially, one or more of the follmving results: partially or totally 

the extent of lhe disorder or syndrome; ameliorating or improving 

a cJ.inical symptom or indicator asso:.:iated with the disorder; del in:1ibiting or 

the likelihood of the progression of the disease, disorder or syndrome. 

5 As used herein, or "prevention" refers to :he 

likelihood of the onset or development of disease, disorder or syndrome. 

''FITecti ve amount" means that amount of adive compound agenL lrrnL 

elicits the desired biological response in a subject In one embodiment. the 

effective amount of a compound of the invention is from about 0.01 mg1kg/day to 

10 about I 000 mg/kg/day, from about 0. J mg/kg/day to about l 00 mg/kg/day, or from 

about 5 mg/kg/day to about 50 

The mvention fu1ther mcludes tbe process for making the comrJosition 

one or more of the present compounds and an optioral 

pharmaceutically acceptable carrier; and includes those compositions resulting from 

l 5 such a process, which process includes conventional pharmaceutical techniques 

20 

25 

JO 

The compositions of the invention include ocuiac oral, nasal. transdcrmaL 

topical wilh or \'vithout occlusion, tntravenOLLc; (110th bolus and infuc;ion), inhalable, 

and (intraperitoncally, subcutaneously, intramuscularly, intratumorally, or 

formulations. I11e composition may be m a dosage unit such as a 

capsule, powder, granule, liposome, ion exchange 

or ocular delivery device as a contact !ens and the 

sterile ocular 

facilitating 

1111 release, timed release, or sustained release), parenteral solution or 

metered aerosol or liquid spray, drop, ampoule, auto-injector device, or 

suppository; for administration orally, intranasally, sublingually, 

or rectally, or by inhalation or i nsufllation. 

Compositions of the invention suitable fur oral administration mcludc solid 

forms such as pills, tablet~, caplets, c<tpsulcs (each mc:uding immediate release, 

timed and sustained release formulations), granules and and, 

liquid such as solutions, syrups, emulsions, and Forms 

useful for ocular adrninistration include sterile solution::: or oc111ar del devices 

Forms useful for parenteral adn11nistr1t1on include sterile solutions, and 
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The compositions of the invention may be administered in a form suitable 

for or once-monthly administration. Por example, an insoluble salt of 

the active compotE1d may be adapted to provide a depot preparation for 

intrnrnuscular tnJcction (e.g., a dccmwate or to provide a solut1011 for 

) ophthalmic administration. 

The form containing the composition of the invention contains an 

effective amount of the active ingredient necessary to provide a therapeutic effect. 

The rnay contain from about mg to about 0." mg (preferably, 

from about l ,000 mg to about 0. S rng) compound of the rnventlon er salt form 

10 thereof and may be constituted into any form suitable for the selected mode of 

adnnmstration. The composition may be adnrnustered about 1 to about 'i times per 

day Daily administration or post-periodic may be employee!. 

for oral Rdminish-ation, the compositio:i is preferably in the form of a tablet or 

capsule containing, c.g, 500 to 0.5 of the active compound. \.\ill 

15 vary depending on factors assoc1 med \vi tb the particular pallent being treatl:ld (e.g., 

age weight, diet, and time of admilllstratwn), the severi1y oflhe condiliLin being 

treated, the cornpound beng employed, the mode of administration, and the 

20 

25 

30 

-,1reng1h of the 

The oral 

mixture, which may be readily subdivided in·o units contai111ng equal 

arno1.mts of a compound of the invention. Preferably, the compositions arc prepared 

by mixing a compounu of the mventJon (or pharmaceutically acceptable salt 

thereof) with 0110 or more optionally ::>hannaceutical carriers (sucn as a 

starch, sugar, diluent, granulating agent, lubricant, glidant, binding and 

disintegrating one or more optionally present inert phrn maceutical 

cx.cipients (such as water glycols_ oils, alcohols, 11avormg agents, 

coloring ageHls, and syrup), one or more optionally present conventional tableting 

mgred1ents (such as corn starch, lactose, sucrose, sorbitol, talc, stearic 

magnesium stearate, dica.icmm phosphate, any of a vanety of gums), und an 

optional ciluent (such water). 

Binder mclude starch, natural sugars ( c.g , and 

beta-lactose), com sweeteners and natural and synthetic gums (e.g., <icacia and 
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tragacanth). Disintegrating agents incJudc starch, methyl cellulose, agar, and 

bentonite 

Tablets and capsules an advantageous oral unit form 

Tablets may be sugarcoated or filmcoated using standard techniques. Tablets may 

5 also be coated or othenvise compounded to provide a prolonged, control-release 

10 

therapeutic effect The dosage form rnay comprise an inner and an outer 

component, wnercin the outer component is in the form of an envelope O\·er 

the inner component. 111e two components may further be by a layer 

which resists dismtegration in the stomach (such as an enteric layer) m1d permits rk 

inntJr cornponenl to pass intact i.nto the dt1L}denum or a layer which or 

sw;tams A van cry of cntcric. and non-enieric layer or coating materials 

(such as polyrneri<.: acids, shellacs, 

cornbinations thereof) may he used. 

alcohol, and cellulose acetate or 

Compounds of the invention may also be administered via a slowrclcusc 

15 composition; wherein the compl)Sitkrn includes a compound of the invention and a 

20 

biodegr2,dable slow release earner a polymeric carrier) or a pharmaceutica.lly 

non-biodegradable slow release carrier (e.g., an ion carrier). 

and ;1011-biodegraclable slow selease carriers are well known 

in the arc. Brndegradable carriers are used to form pa1iicies or matrices which rctam 

an active anJ which slowly degrade/dissolve ma suitable environment 

aqueous, acidic, basic and the like) to release the agent Such 

in body fluids to release the active compound(s) therein. The 

paiticles are preferably nanoparticles or mmoemulsions ( e g, m the rang0 of about l 

to 500 nm in diameter, preferably about 50 200 nm in diameter, and most 

25 :ireferably about 100 nm in diameter} In a process for prepaiing a 

30 

composition, a slow release earner and a compound of the mvcmio11 are first 

dissolved or dispersed in an organic solvent. TI1e resulting mixture is added mto an 

aqneous solution containing an optional surface-active age11lls) to produce an 

emulsion. The organic solvent is from the emulsion to provide a 

colloidal of particles containing the slow release carrier and the 

eompound of the invention. 

The compound disclosed herem may be incorporated for administration 

orally orhy injection in a liquid form such as aqueous solutions, sL1itably flavored 
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syrups, aqueous or oil suspensions, flavored emulsions with edible oils such as 

cottonseed oil, sesame oil, coconut oil or peanut oil and the or in elixirs or 

similar pharmaceutical vehicles. Suitable dispersing or suspending agents for 

aqueous suspensions, mcbdc synthetic and natural gums such as tragacantn, acacia, 

5 alginate, dextran, sodium carboxymethylcellulose, methylcellulosc, 

polyvinyl-pyrrolidone, and 'l11e liquid in suitably flavored suspending 

or dispersing agents may also include synthetic and natural gums. For parenteral 

admini,,trati(m, sterile suspensions and utions are desi~ed. Isotonic preparations. 

which generally contain suitable preservatives, are employed when intravenous 

10 adminis1ration is desired. 

The compounds may be administered parenterally via injection A 

ll:irrnulation may consist cf active ingredient dissolved in or mixed 

with mi :ippropriRle inert liquid carrier Acceptable liqmd carriers usually comprise 

aqueous solvents and other optional ingredie:its for aiding solubility or preservation 

15 Such aqueous solvents include ~terile water, Rmger's solution, or an isotonic 

aqueous saline solution. Other optional ingredients rndude vegetable oils (such as 

peanut oil, cottonseed oil, nnd sesame oil), and organic solvents {such as solketaL 

20 

25 

glyceroL and formyl) A non-volatile oil may be employed as a so vent or 

suspendmg agenr. The parenteral formulation is prepared by dissolving or 

suspending the active ingredient in the liquid canier \vhereby the final 

contams from 0.005 to 10'~<) by weight of the active· Other addi1wcs 

include preservatives, isotonizers, solubilizcrs, stab11izers, and pam-socthmg agents. 

lnjectabk' suspensions may also be prepared, in viihich case appropriate iiquid 

earners, suspending and the like may be employed. 

Compounds invention may be administered intra.nasally using a 

swtable intranasal vehicle. 

in ooother embodiment, the compounds of this invention may be 

administered d'rectly to the lungs by inhalat1011. 

Compounds invention may also be adminis~cred topically or enhanced 

30 by using a suitabl.e topical transdennal vehicle or a transdennal patch 

For ocular adrrnnistrat:on, 1he composition is preferably m the form of an 

ophthalmic composition. The ophthalmic compositions are preferably t()rmulated as 

formulations and filled in appropriate contai11ers to facilitate administration 
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to the eye, for example a dropper w11h a suitable pipette. the 

are steriJ e and aqueous using pur:fied water. ln addition to the 

compound of the invention, an ophthalmic composition may contain one or more of: 

a) a surfactant such as a polyoxyethylene fatty acid es~er; b) a thickening agents 

5 such as cellulose, cellulose derivatives, carboxyvinyl polymers, polyvinyl polymers. 

and polyvinylpyrrolidones. typically at a concentration n the range of about 0.05 to 

abollt S.0'% (wt/vol); c) (as an alternative to or m addition to the 

composition in a container containing nitrogen and optionally including a free 

oxygen absorber such as Fe), an anti-oxidant such as butylated 

I 0 ascorbic sodium thiosulfate. or butylated hydroxytoluene at a conce1in-ation of 

15 

<lbuul 0.00005 tu aboul 0 1'% (',vi/vo ); d) ctha.:101 at a concentration of about O.OL to 

0.5'% (\\t/vo!)~ and e) oth;::r excipients such. as an isotonic agent. 

pres,.;rvative, and/or pH-controlling 

desirably Vvithin the range of 4 to 8 

The pH of the ophthalmic composit1011 is 

ln certain embodiments, the cornposirion of this invention includes one or 

more additional agents. The other therapeutic agent may be ay that is capable 

of or reducmg the symptoms of a te'.racycline-responsive disease 

c•r disorder Alternatively, the other therapeutic agent may be :my of benefit w 

a paticnl when administered rn combination with the lelracycline rnmpound in th:s 

20 invention. 

25 

While this invention has been particularly shown and described with 

reforences to example embodiments thereof, it will be understood by tbose skilled in 

the art that various change~ in form and detail::; may be made therein without 

depaniue, ['!om tbe scope oitbe invention ~ncornpassd by the appendcL~ claims. 

EXEVlPUFJCA TION 

The follovring abbreviations and the terms have the indicated mean 

Abbreviation/Te~ing 
Ac acetyl 

AJBN 2,2'-azob1s(2-methylpropionitrile) 
aq aqueous 
Bn benzyl 

brine saturated aqueous sodium chloride 

Hoc rcn-bt:toxy carhony' or t-butoxy carbonyl 



WO 2010/017470 

4142.1017001 

(Boc);O 

BBr1 

Bu 

Cbz 

CH,,Cl:, 

CH,C.'\i or MeCf\. 

Cy 

dba 

DlBAL-II 

DIEA 

DMAP 

Dl'vfE 

DMF 

DMPlJ 

DMSO 

EDC 

ESI 

I equt'' '. 

Et 

Et20 

EtOAc 

h, hr 

HCJ 

04 

HPLC 

HOBt 

i 

rnx 
LDA 

LHMDS 

LTMP 

Me 

MeOH 

:Viel 

PCT/lJS2009/053142 
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d1-tert-butyl dicarbonatc 

boron tribromide 

butyl 

benzyloxycarbonyl 

methylene chlonde 

acetonitril c 

tncyclohexyl phosphiM 

dibenzy lideneacetone 
diisobutylalurninum hydride 

iV,N-diisopropy lethylamine 

4-(dimcthy !ammo )pyridmc 

1,2-dimethoxyethane 

, l';-dimcthylformmnide 

l,3-dimethyl-3,1-5,6-tetrahydro-2( l HJ-pyrirn1done 

dimethyl sulfoxide 

N-(3-dimethylaminopropyl )-N '-ethy Jcarbod1innde 

electrosprny itmiLation 

equivalent 

ethyl 

ethyl ether 

ethyl acetate 

:1our 

hydrochloric acid 

potassrnm hydrogenphosphate 

high performance liquid chromatography 

1-hydroxybenzotriazole 

ISO 

2-todoxybem:oic acid 

lithium diisopropylamide 

lit hi um bis( trimethylsilyl )arrndc 

lil Iii urn 2,2,6,G-ktramelhy lpiperidide 

methyl 

me1hanol 

methyl iodid~ 
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mm 

Ms 

1\1S 

MTBE 

MW 
NaHC03 

NaOH 

Na2S04 

NBS 

NCS 

NMR 

Ph 

Pr 

~ 

I 

RP 

T:V1EDA 

TBS 

TEA 

If 

TFA 

TFAA 

THF 

TLC 

Ts 

TsOH 

x~mtphos 
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minute 

methancsulfonyl 

mass spectrum 

methyl tert-butyl ether 

molecular weight 

sodium bicarbonate 

sodium hydroxide 

sodium sulfate 

N-bromosuccinimide 

/\/-chlorosuccm1mi de 

nuclear m;::,gnetic resonance spectrometry 

phenyl 

prnpyl 

secondaiy 

tertiary 

reverse phase 
.. - ·--····" ·-

(etramelhylethylenediamine 

ten-butyldimethylsilyl 

~t'P 
a.thanesult!.rny l 

trill uoroacetic acid 

tnJuoroace:ic anhydndc 

tetrahydrofuran 

t11in layer chromatography 

para-to I uen esul fony l 

para-tol uenesulConic acid 

4 .5-bis( diphenylphosphino)-iJ, 9-dimethy lxanthene 

l. Synthesis of Compounds of Structural Formula (f). 

The compounds of the invention can be prepared according the synthetic 

scheme shown m Scheme L 
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F F 

=1 )~s""Bu=.l.::.:i -.:..... ¢ri~~H 
CHp 0 

1) (COCl}L ~CH3 
2) PhOH [I ] yyOPh 

CH30 0 

1 2 

F H H3~'N'CH3 

aq HF 'N 

. 
BocO O of-€ O OBn 

5 OTBS 

Scheme 1 

PCT/LS2009/053142 
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Specific conditions for the re(lc1ions depicted in Scheme l are provided in 

S the following examples 

Compound 1 
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To a Tiff solution ol" 5-lluoro-2-methoxybenzoic acid (500 mg, 2.94 rnrnoL 

Aldnch S230lJ7) cooled m -78 was added a UIF s0lu1ion ,1-HuLi (4.60 mL, 

1.40 6.44 mmol, 2.2 equiv) and TMEDA (0.97 mL, 6.47 2.2 equiv). The 

reaction wa'I stirred at -78 °C for 2 h. Mel ( l J 0 ml,, 17 64 mmoL 6. 0 equiv) was 

5 added to the reaction mixture The reaction was allovved to warm to 25 °C 

ov,~r l hand stirred al 25 "C frir 1 h. NaOH (6 "\J, 20 mL) \Vas added. T:ie rnsulting 

mixture was extracted \\ith t-butylmcthyl ether (20 mL 2). The aqueous layer was 

acidified with HCl (6 :'-J) to nH I and extracted with EtOAc (20 mL x The 

combmed EtOAc e:..1racts vvere dned (Na2SO~) and concentrated to give 510 mg of 

10 cmde l: 1H NMR (400 CDCh) o 7.06 J 9 8, 8.5 Hz. I 1-1). 6.75 

15 

J 3.7 Hz, J H), 3.86 (s, 3 H), 2.34 (d, J= 2.4 Hz, 3 MS (ESI) nn 

185.12(M1Il) 

Compound 2 

2 

Oxalyl chloride (0 95 rnL, ! I. I 0 mmol, 5.5 i:::quiv) was added Lu solution 

(15 m L, anhydrm,s) of J ( 5 I 0 mg, 2 00 mmo)) Dl\1F (0. l mL) '.Vas added to the 

r.:~sulting mix.tun: The reaction was stirred at 25 °C fo~ 1 hand concentrated. The 

20 solid was re-dissolved in 15 mL of anhydrous CH2Cb. Phenol mg, 

5.50 mmol, 2.8 DMAP mg, 5.6 :nmol, 2.8 equiv), and triethylac111ne 

(1.90 mL, 13.90 mmol, 7 0 equiv) were addeJ to 1he reac!iou mixlur~. The reaction 

1vas stirred at 25 "C for 12 h and concentrated. EtOAc and IbO vvcrc added to the 

residue. The organic layer was washed w[th NaOH (l N), H20, and brine, dried 

25 (Na.2S04), and concentrated. Flash ch:-omatography on silica gel ( 40: I 

3exanes/EtOAC) yielded 400 mg of compound 2 (52% for 2 steps): 1 H '{MR 

VIHz, o 7.47-7.41 (m, 2 H), 7. 31-7.24 (m, 3 H), 7.08 (dd, J 9.2 

ff), 6 77 (dd, J 3. 7 Hz, I H), 3 88 3 H), 216 (d, J - 2 '.i H.1., 3 MS (EST) 

m/z 261 12 (l\1+H). 

30 
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Comp0tmd 3 

3 

BBr, ( !85 mL, I .\f, I 85 rnmol, 1.2 cqmv) was added to a solution 

5 (8 mL) of 2 (400 mg, 1. 54 mmol) at -78 °C. The reaction was stirred from -78 'C to 

25 °C for 1.5 h, quenched with saturated NaHCO:i and concentrated. EtOAc and 

lhO were added to the reaction mixture. The aqueous layer was extracted with 

EtOAc The combined EtOAc extracts were dried (Na2S04) and to 

360mgofcrude3: 1HN:tv1R(400 o 10.66(s, 11 7.50-7.44 

lO (m, 2 H), 736-7.31 (m ,l H), 7.:26-7.18 (m, 3 Fl\ 686 (dd,.Jc 9.3, 4.9 l H), 

2.60 (d, .. !c 2.4 Hz, 3 H); MS (ESI) m/z 245.ll (M-H). 

15 

Compound 4 

4 

Boc20 (350 mg, l .60 mmol, J .l equiv) and DMAP (20 mg, 0 I mmol, 0. l 

equiv) were added to a ClhCh solution of crude 3 (360 mg). The reaction was 

at 25 °C for 1.5 hand concentrated. Flash chromatography on (3 5: I 

bt~x.anes/EtOAc) yielded 4DO mg of compound 4 (94%; for 2 steps) 1H NJ'v1R (400 

20 ~fHz, CDC],) 8 7.46-7.41(m,2 ll), 7 31-723 (m, 3 H) 7.18 (dd, J"" 8 8, 8.7 H/, 1 

7.10 (dd, J ~ 8.8, 4.4 I H), 2.4 l (cl, J = 2.3 3 H), 1.44 (s, 9 H); MS (ESI) 

m/z 34 5. I & (M-HI. 

Compound 5 
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A THF solution (6 mL) of4 (487 mg, 1.40 mmol, 2.0 equiv) was added to a 

THF solution (5 rnl.) of LDA mL !0% wl, 4 20 mmot 6 0 

TMEDA ( 170 11.20 16. 0 equiv) at -78 ''C. The reaction was at 

5 -78 °C for 5 min. A THF solution of en one (339 mg, 0. 70 mmol, I. 0 equiv) was 

added to the reaction mixture The reaction v,ras stirred from -78 °C to 

25 T for 1 h, 

corn bined EtOAc extracts were dried (Na2S04) and concentrated 10 yield Lhe crude 

product. Preparative reverse HFLC pur:fication on a Waters Autopurification 

I 0 ~ystem us mg a Sun fire C 18 OB D column [ '.i pm, 19 >. 50 mrn; flow rate, 20 

m.L/min: Sol vent A: 1110 with 0.1 %1 lC02I1; Solvent B: CI LCN w1th C. J % 

HC02H, injection 4. 0 mL (CH3Cl\); gradient: 80---> 100% B over t 5 

mass-directed fraction Frac1ions with the desirnd MW, eluting at 6.3-

8.0 min, were and concentrated on a Rota Yap at n to remove most of the 

15 acetonitnle. The result mg mostly aqueous solution was extracted \.Vith EtOAc. The 

20 

25 

combined EtOAc extracts were dried (l'\a~S0.1) and concentrated to 185 lllD of 

pure 5 tHNMR (400 MHz, ClJCL) o 15.67 (s, l H), 7.51-7.46 (m, 2 H). 

7.39-7.29 (m, 3 7.21 (dd, J 8.9 Hz, 1 H), 7.03 (dd, J:= 8.9, 4.0 

534(s,2H),3.93(d,J 10.4Hz, I H)3.30-3.21 (:n I H),3 J0-3.00(m, I 

2.57-2/11 (m, 3 HJ, 2.48 

0.26 (s, 3 H), 0.12 (s, 3 

Compound 6 

Aqueous HF (3 mL, 

6 H), 2 ; 7-2.12 (m, l H), 1.53 (s, 9 H), 0.82 9 H), 

MS (ESl) mz 735.45 (M+H). 

6 

and TFA (4 µL) were added to a CH,.C\.J solution (7 ml,) 

of5 (210 mg, 0.29 mmol) in a tube at 25 °C The reaction was stir:ed 

at 25 cc fhr 18 h. The resulting mixture was poured intu an aqueous solution of 

K2l IPO.j (2 l ;, dissolved m 150 mL water) The mixture \Vas extracted with EtOAc. 

30 The combined EtOAc l~xtracts were dried (Na2S04) and concentrated to yield 
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180 mg of crude 6. 1II N\ffi (400 l\11-lz, CDCl3) o 14.64 (s, l H),, 11.47 (s, I II), 

7.4().745 (m, 2 H), 7.39-7.32 (rn, 3 HJ, 7.14 (dd,J = 9.2, 8.8 Hz, l H), 6.77 (dd, J = 

9.2, 4 3 Hz, I H), 536 (s, 2 H), 3 68 (d, J = 3.7 Hz, l H), 3.09 (dd, J - L'i.6, 4 6 H7, 

l H), 3 02-2 92 (m, 1 H), 2.~4-2.79 (m, l H), 2.49 (s, 6 H), 2.34-2 22 (m, l H), 2.09-

5 2.02 (m, 1 H), 1.55-1.44 (m, I H); MS (EST) m/z 521 30 (M+H). 

Compound 7 

7 

10 Palladium on carbon (35 mg, IO wt~io) was added to a MeOH/dioxane 

solution (4 ml/4 ml,) of crude 6 (180 mg) The reaction was purged witb hydrogen 

and stirred under H 1 (balloon) at 25 °C for l h. The reaction mixture was filtered 

through a small Celite plug. The filtrate was ::oncentrated to yield 1he crude product. 

Preparative reverse phase lIPLC purification on a Waters Autopurification system 

1 S using aPhonomonex Polyrnerx J 0 µ RP-1 l OOA column [ lO µm, 150 x 21.20 mm; 

flow rate, 20 mL/;nin; Solvent A: 0.05 'l HO/water; Solvent B: CH3C'l; injection 

volume· 4 0 mL (0.05 N HCl/water), gradient O-. 1 OG% B over 15 min; mass­

directed fraction collection]. Fractions with the desired MW, eluting at 6.4-8.2 min, 

were cullccted and freeze-dried to yield 51 mg of compound 7 (41%i for 2 steps) 1H 

20 N MR (400 MHz, CD30D) o 7 26 (dd, .J = 9.2, 9.2 Hz, l H), 6.80 (dcl, .J ~ 9 2, 4 3 

Hz, i 1-l), 4.09 (br s. l H), 3.14 (dd,.J= 15.0, 4.6 Hz, l 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) mlz 

433 28(Ml11). 

2j Cornpmmd 8 
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A mixture oflf~O? (8 5 pL. G9'}i,,) and H2S()1 (0 5 mL) was added to a 

H 2.S04 solution (l mL) of7 (51mg,0.12 mmol) at 0 °C The reaction was stirred at 

0 '(' 30 min. The resulting mixture was added dropwise to vigorously stiJTed 

diethyl ether (60 mL) The suspension was through a small Celite pad and 

5 washed several times with more diethyl ether. The Celite pad was then eluted with 

MeOH until the eluent became colorless. The MeOH eluent was co11ccted 

and concentrated under reduced pre::sure to afford crude 8: 1H l\MR (400 MHz, 

8 8.03 (d, J= 8.5 Hz, l H), 4 09 (br s, I H), 3.50-2.97 (m, 3 H), 304 (s, 3 

H), 2.% 3 ll), 2.4<1-2.36 (n, l H), 229-2.20 (rn, l H), 1.7L-U9 (rn, l H); MS 

10 (EST) m!z 478.20 (M+H). 

Compound 9 

9 

15 Palladium on carbon (12 mg, I 0 wt~~)) was added to a MeOH solutio11 

(4 mL) of crude 8. The reaction was purged with and stirred u:ider 1--b 

(balloon) at 25 for 2 h. The catalyst was off vvith a small Celite pad. The 

f:ltrute v/a..S conceritrnted to yield crude 9. Preparative :·cvcrsc pha5c HPLC 

purification on a Waters Autopurification using a Phenomenex Polymerx 

20 10 µ RP-1 l OOA column 10 ~trn, I 50 21.20 mm; flow rate, 20 mL/nun; Solvent A: 

0. 05 N Solvent B: Cl injectmn 4. 0 mL (0 05 K HCl/watcr); 

gradient 0-+ l 00% B over 15 min; mass-directed fraction collection]. Fractions with 

the MW, eluting at .'i0-6 6 n.in, were and freez1;;-dried. to yield 

43 mg 9 (81% for 2 steps): 1ll NMR (400 MHz, CD;OD) o 7.43 (d, J 8.5 

25 Hz, l H). 4. l \ (br s, I H), 3.22-3. J 6 (m, I H), 3 l 5-3.(i8 (m, l l-:l), 3.06-2.95 (m. l 

H), 3 04 3 2.96 (s, 3 H), 2.40-2.31 (m, I H). 2.28-2.2.1 (m, l H), ~.71-1.59 

( m, l II); MS (ESI) nvz 448. 24 (.\1111). 

Con1pound H 

30 
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2-t-Butylammoacetylchlomfo hydrochloride mg, 0.022 mmoL 2.0 ecpiv) 

was added to a DVIF solution (0. 1 mL) of 9 (5 mg, 0.011 mmol) at 25 °C. The 

5 reaction was stirred at 25 °C for 30 min. The reaction mixture was diluted vv1th 0 05 

N HCl (2 mL) and injected into a Waters Autopurification equi.pped v,1tb a 

Phenomcnex Polymerx. 10 µ RP-1 l OOA column [ 10 pm, 150 21.20 mm; flow rate, 

20 mL/min; Solvent A. 0.05 N HCl, Solvent B 0--100% B over 

20 mm; mass-directed fraction collection]. Fractions \Vith the desired \ 11W, eluting at 

I 0 6.4-7.0 min, \Vere collected and freeze-dried to )'icld 3.9 mg of pure 1 l (62%) 1 H 

NMR ( 400 MHz, CD:DD) <) 8 2 :i (d, .T l l. 1) l H), 4 11 (br l Fl), 4 09 (s. 2 

H), 3.22-2.86 (m, 3 H). 3 05 (s, 3 HJ, 2.97 (s, 3 H), 2.33-2.20 (m, 2 H), 1.69-1.57 

(m, l H), 1.42 (s, 9 H); MS (ESL) m/z 561.39 (M+H) 

15 Compound 32 

32 

Anhydrous Na2C03 (16 mg, 015 mmol, 5 5 equiv) was added to an 

20 anhydrous DMPU/accton1tnle (150 ~1Ll50 µL) solution of9 (12 mg, 0.027 mmolL 

Bromoacetyl bromide (2 8 ~lL, 0.032 mmol, 1.2 eqmv) was to the mixture 

The reaction \vas stirred at 25 °C for 10 min. LC!MS analysis :ndicated 

formation ofiniennediate IO. Azetidine (36 µL, 0.54 mmol, 20 was added to 

the reaction mixture The rcactwn w·as stirred at 25 °C for 2 h. I11e reaction 

mixture was concentrated and acidified with HCI (0 5 ".\in \1eOH, 0 7 mL). The 

resulting mixture was added droJm~se to vigorously stirred diethyl ether (l 0 mL) 

The suspension \.Vas filtered through a small Celite pad m1d washed several times 
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\Vith more diethyl ether. The Celite pad was then eluted \.vltO :\1eOH until the eluent 

became colorless The yellow \rleOH eluent was collected and concentrated under 

reduced pressme to afford crude 32. Preparallve reverse phase HPLC purification 

on a Waters Autopurification system a Phenomenex Polymerx l 0 µ RP-1 

5 lOOA column [ 0 pm, 150 < 21.20 mm; rate, 20 ml/mm: Solvent A: 0.05 N 

IJCJ, Solvent B CH3CN; injection volum,=: 2.0 mL (0.05 N HC!!water); gradien:: 

l 0-20% B over JO min: mass-directed fraction collection]. Fractions with the 

desired .\1W, at 10.8-12.5 min. were collected and to 

2.0 mg of pure 32: 1H NMR(400 MHz, CD:iOD) 88.18 (d,J J 10 I 1Ir),4 41-

10 1L3 l (m 2 H), ·132 (s, 2 HI, 4.24-4 .. 3 (m, 4.08 (br s, l H), 3 18-2.86 (m, 3 H), 

103 (s, 3 H), 2.95 (s, 3 H), 2.7t-2.57(m, l H), 2.54-2.42 (m, I H), 2.33-2.16 (m ,2 

H), I 69- l ,57 (m, I H); MS (ESI) m/z 545.20 (M+H) 

Compounds 12 -31 and Compounds 33-46 are prepared similarly lo Conlf)O\mds 

5 11 or 32, substituting the appropriate acyl halide for 2-t-Butylammoace:ylchloride m 

20 

25 

the synth~sis of Compound U or cyclic amine for azetidine in the of 

Compound 32. 

Compound 12 

1HNMR 

3.17-2.97 l l 

12 

M.Hz, CD30D) 6 &.23 

2.31 (dd, )= 14.8, 14 8 

Hz, lHJ 1.79-1.72 (rn, 2 I[). 1.66 (ddd, .! 

7.2 Hz, 3 H); MS (ESl) m'z 547.2 (M+H) 

Compound B 

J=- 11.2 Hz, I H), 4.08 3 H), 

1 H). 2.24 (ddd, J 5.2, 2.8 

13.6, 13.6 Hz, l H), I O.~ (l, J~ 
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13 

1H Kl\:fR (400 MHz. CD30D) 8 23 (d, .J 1 J .2 Hz, l HJ, 4 08 (s, 3 H), 

3.16-2 97 (m, 11 II}. 2.30 (dd, J = 14.8 1 H), 2.24 (ddd, J = 14.4, 2.8 

1 75-1.69 (m, 2 H), 1.66 ( ddd, J l3 13 13.6 Hz, I H), L49-l.41 

2 J 01 (1, .I 7.2 Hz, 3 MS (ESI) 111/z 5612 (M+H). 

14 

H 9 
H~C~~-N,,j'-..r-, 

H 

1H NMR (400 MHz, CD\OD) o 8.21 (d, J 11.2 Hz, l H), 4.08 (s, l IT), 

4.06 2 H), 3.16-2 96 (m. 11 H), 2.28 (dd, J 14.8 Hz, 1 HI, 2.22 (ddd, J 

14 4, 2.8 H1:, 1H), 1.77-J 71 (m. 2 1.66 (ddd,J= 14.0, 14.0, 14.0 Hz, H), 

15 J .43-1.35 (m. 6 H),0.93 (t, .J = 7.2 Hz, 3 H); MS (ESl) m/z 589.2 (M-Hl. 

Compourid 15 

15 

20 

Nl\1R (400 I\1Hz, CD30D) o 8.23 (c, J l0.8 l H), 09 (s, 2 H), 

4.07 l H), ) 1'.i-295 (m. 11H),229 (dd, J 14 4, 14.4 Hz, l H), 2.25 (dcld, .! "" 

144, 2.8 lH),l.66(ddd,J Ll.2.l 13.2 1H).l.10(s.9H):MS 

(EST) m/z 575.2 (M+H). 
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Cotripound 16 

5 1H \.i1vtR(400 CD30D) o 8.24 (d,.J= 11.0 Hz, lH), 4.08 (s, 2H), 4.01-

3.89 (111, lH), 3 50-.142 (rn, H), 3.20-2.84 (rn, 9H), 2.30 J · l.4.7Hz, JH) 

2.23-2.15 (m, lm, l.70-1.58 (m, !H). l.37 (d, J 7'6.7 Hz, 6H); !VlS (ESl)m/z 

547.25 (M+H). 

10 Compound I 7 

15 

2U 

17 

1H KJVffi. (400 :rv'lHz, CD30D) 0 8.24 (d, .I= 11.CJ Hz, I H), 4.20 

4 09 (br s, !. HL 3.19-3.13 J H). 3.12-2.89 (m, 2 H), 2.89-2.38 (m, I 

3 H), 2.96 (s, 3 Ht, 2.35-2.19 2 H), l.71-1.59 (m, l H), 0.95 

2); MS (EST) m/z 545.37 (M~H). 

Compound 18 

19 

2H), 

3 04 (s. 

0.94 (br s, 

1H l\YIR ( 400 MHz, CD 30D) o 8.23 (d. J ,, 10.8 Hz, l H). 4 09 3 Hl. 

3.68-3.61(m,1 H), 3.16-2.97 (m, 9 H), 229 (dd, .I= 14.4, 14.4 I. H), 2 25 (ddd, 
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.!= 144, 2.8 Hz, IH), 2.20-2 12 (m, 2 H), I. 98-1 91 (m, 2 10, . 75-1. 68 (m, 4 

H), 1.66(ddd,J=13.6, 13 6, 13.6 Hz, l H): MS miz 573. l 

Compot:nd 19 

5 

19 

1fl J\VlR (400 MHz, CD:,OD) 8 826 (d, J I LO Hz, I H), 4 09 s, 3 H), 

3.19-2.93 (m, 5 fl), 3.04 (s, 3 H), 2.96 (s, 3 H), 2.35-2 26 1 H), 2.25-2.18 (m, I 

10 H), 2.ltl-2.02 (m ,1 H), 1.71-1.59 (m, I H), 1.07 (d, .J'"" 6.7, 6 H); .MS miz 

561.24 (M+H) 

J ~ 

Compound20 

1H NMR (400 MHz, CD;OD) o 8.24 (d, J = I l.O Uz, l 11), 4. l l 2 H), 

4.08 (br s, l H), 3.22-2.92 (m, 5 H), 3.03 (s, 3 HI, 2.95 (s, 3 HJ, 2.33-2.24 (m, I 

224-217(m, I H), !69-l.58(m,I H), l.l7-l.07(m, 1 H),0.77-0.71 (rn,2 

20 0.46-0.40 (m. 211); MS (ESI) rnz 559.23 (M+H). 

21 

21 
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1H N!V!R {400 Jv1Hz, CD,OD) 5 8.25 (d, J I J .0 Hz, lH}, 4.12 2H) . .:::..09 

3.72-3.67 (m, 3.43 (s, 3H), 3. J 9-2.92 (m, I! H), 2.35-2. l 8 2lf) 

1.71-1 58 !ff); MS m!z 563.23 (M+H). 

5 

Compound 22 

10 1 H NMR (LOO MHz. CD,QD)6 8.25 (d, J 11.0 Hz, IH), 4.22 (s, 4.14-

4.05 3H). 3 13-2.84 (m, 9H), 2.34-217 (m, 2H), L70-U7 (rn, IH); MS (ESIJ 

m/z 58728 (M-'-H) 

Compound 23 

15 

23 

.\'rvlR (400 ,\1Hz, CD,OD) o 8.24 (d, J 1 LO Hz, 4.24(~. 4 09 

3.14-2.93 (m, I 2.24-2.18 (m, 2H), 1.65 (dt J 134, I l.6 Hz, l H); tv1.S 

20 mrz 533.17 (M+H). 

Compound 24 

N 
H 

24 
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20 
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iH NMR f400 MHz. CD,OD) 8 8.23 (d . . 1 10.4 Hz. lH). 4.29 Id, J 16.5 

Hz, IH), 4. l 8 (d,J= 15 9 Hz, IH), 4 09 IH), 3 19-2.89 (m, !4H), 2.36-2.17 

2H), L70-1.58 (m. lH), 138 (t,./ = 7.32 3H); MS m 1z 547.25 (l\if+H) 

Compound 25 

25 

1H '1MR (400 MHz, CD,OD) i5 8.21 (d, J 10.8 J H), 4.25 2 H), 

4. l 0 (s, 1 H), 3.35 (t, J"" 7.2 Hz, 3 H), 3.34 (t, .!""' 7.2 Hz, 3 H) 3. 13-2.99 (n\ 9 l:I), 

2 3! (dd, ./= 14 8, 14 8 Hz, 1 H), 227 (ddd, J 14 8, 5 2, 28 lH), I 78-J 74 

(m, 2 H), 1.68 (:ldd. J J3.6, 13 6. 13.6 Hz. l H), l.38 (t, J 7.2 6 H); }.1S 

(ESl) m z 561.2 (:M+H). 

Compow1d 26 

26 

111 ~rvtR (400 Milz, CD30D) o 8.23(d,.!=l1.2 1H),4.10 (s, 3 H), 

16-2 96 11 H), 2.31 (cd, J = 144, 14 4 Hz, I H). 2 24 (ddd, .! 14.4, 2.8 

Hz, IH). l.78-1.71(m,2 H), 166(ddd,J=14.0, 14.0, 14.0 Hz, l H), 1.45-l.38 (m, 

4 H),0.98 (t J = 7.2 Hz, 3 H); MS (ESI) m;z 575.2 (JVl+H). 

25 Cornpoun d 27 
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27 

1H NMR (400 CD30D) 8 8.24 (d, J= J0.8 Hz, I H), 4 09 (s, 3 

3.59 (t J = 5.6 2 H), 3.40 (s ,J H), 3.23 (t, J = 5.6 2 H), 3.15-2 94 H), 

5 2.32 (de,./= 1 15.2 Hz, l H), 2.24 (ddd, .J ~' 14.0, 5 2.8 Hz, lH). 2.08-2 02 

(m, 2 H), ]6(1 (ddd, .I-' 15.2, 15.2, 152 Hz, 1 MS (ESI) m'z 577.2 (M+H). 

Compound 28 

IO 

NMR (400 CD,OD) 8 8.24 J = 10.8 Hz, 1 4 32 (d, .! 8 0 

l H), 4.21 (d, .I 8.0 Hz, l H), 4.10 (s. l HJ, 3.18-2.99 (m, 9 Hl, 3 01 (s. 3 H). 

2.33 (dci,J= 14.8, 14.8 Hz, 1H),2.29(<ldd,J= 15.2, 2.8 Hz, lH), 1.78-1.74 

15 (rn,2H).188-l.81 (m,2H),L68(ddd,.! I 15.6, 156Hz, I H), L08(t,.!= 

7.2 3 MS (ESl) miz 561.2 (:\1+H). 

Compound 29 

0 

20 29 

1111\MR (400 MHz, CD,OD) i) 8.25 .1=10.8 Hz, 1 H), 4.10 (s, 3 H), 

3.l8-2.98(m,ll 2.3l(dd,J=l 14.8Bz,lll),2.26(ddd,J=I 5.2,2.8 
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Hz, lH), l 78-1.74 (m, 2 H), 1.66fddcl,.J""13.6, 13.6, 13.6 I H.), 1.42-1.30 (m. 

8 H),0.94 (t, J""' 6.8 Hz, 3 H\ MS mi= 603.2 (M+H). 

Compound 30 

5 

?\1\.1R (400 :V!Hz, CD:10D) 5 8.32 (d, J = 10.4 Hz, I 7.38-7.34 (m, 2 

H),710-7.06(m,3H),4.17(s,2 4.10 lH),3.18-2.99(m,ll 2.29(dd,J 

10 1 156Hz:,1Il),2.25(ddd,J 5.2,2.8Hz,1H),166(ddd,J 148, 

14.8, 14 8 I H); MS (ESf) wz 581 l (M+H) 

Compound 31 

J s 31 

1H KMR (400 tv1Hz, CDcOD) o 8.25 (cl, .J:.:; 10.8 Hz, l H), 4.36 J:= 8.0 

Ilz, l Tl), 4.2 L J 8 0 IIz, 1 H), L. I 0 (s, 1 H), 3 68-3 61 (m, I H), 3 18-2. 98 (rn, 9 

H),3.00 3 2.29(dd,J=l 144 lH),2.20-2.lO(m,3 ll),1%-L8<J 

20 (m, 2 H), . 78-1.68 (m, 4 H), 166 (ddd, J 1.+.+, 144, 14.4 Hz, J H); MS (.ESI)n11z 

5872 (M+H). 

Compound 33 
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1H NMR (400 MHz, CD30D) o 8.20 (d, J= 11.0 Hz, J H), 5.54-5.33 (m, 2 

H), 4 71-4 37 (nt, 4 H), 4.40 2 H), 4.06 (br s, 1 H), 3. 17-2.92 (m, 3 H), 2.99 6 

5 H), 2.33·2.24 (w~ 1 H), 2 23-2.16 (m. l H), 1.70-'. 58 (m ,1 H); MS m/z 

563.20 (M+H). 

10 

15 

20 

Compound 34 

1H NMR(400 

(s, lH), 3.83-3 72 (m, 

IH); MS (ESI) 559.39 

Compound 35 

34 

& 8.22 (d,J= J LO Hz, LH), 4.JJ 2H), 4 10 

3 25-2.89 (m, 12H), 2.32-2.00 (m. 6H), 1.69-1.56 (m, 

&8.25(d,J= 11.0Hz, lH),5.54-5.31 (m, 

lH), 43911.20 

2 50-2.34 

2H), 4.09-4.0 I IH), 3.40 3.30 (m, 2HJ, 3.09-2.89 12H), 

234-2 25(m.l11), 2.24-2.16 (m, lH), 171-1.58 (m, IH); MS 

(ESI) 111/z 577.32 
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Compound36 

5 1H NMR (400 MHz, CD30D) 6 8 n (d, J ~ 10.4 Hz, lH), 5.57-5.37 (m, 

lH), 4.47-4.33 (m, 2H), 4.15-3.87 (m, 2H). 3.72-3.40 (n\ lH), 3.17-2 83 (m, 1 

2.55-2.34 (m 2H), 2.33-2.18 (m, 2H), 1.69-1.57 (m, 111): :\fS (ESl) m/z 577.37 

(M 1 II) 

I 0 Compound 37 

37 

l\MR (400 :VlHz, CD,OD) 8 8.28 (cl, J= ICU Hz, JH), 4.08 IH), 4 00-

15 3.91 (m, 2H), 3.09-2.57 (m, l 8H), 3.26-318 (rn, 3H), 2.49-2.34 (m, 2H), 235-2.06 

(m, 2H), l. 72- l. 59 (rn., MS (EST) m/z 602 3 7 (M+H). 

Compound 38 

20 

1H Nl\1R (400 l'vIHz, CD30D) & 8.24 (d,J = 110 Hz, I H), 4.46-4.32 

4.26-4.16 (m. lH), 4 08 (s, 2H), 4.00-3.72 (m, 2H), 3.18-2.91 (rn, 2.68-
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2.56 (m Ill), 2 5 l-2.39 (m, l ff), 2J4-2 24 (m, LH), 2.23-2.17 (m, JH), L70-1.57 

(rn, I H); .MS (ESl) m/z 602.3 7 (M+H). 

Compound 39 

HO" 

39 

1H 'JMR (400 MHz, CD30D) o 8.23 (d, J 1 l .0 Hz, 1H), 4.62-4.54 (m, 

l H), 4.48-4.24 (m 2H), 4 08 IH), 3.99-3.69 (m, 3H), 3.50-3.40 (m, :H), 3.17-

10 2.90 (m, 9H), 2.44·2.ll (m, 4H), 2.I0-2 00 (m, I H), 1.69-1.56 (m, lH); MS (ES[) 

rnlz 575.27 (M+H). 

15 

Compound 40 

40 

1II NMR (400 MHz, CD30D) o 8 21 (d, J 1 l 0 Hz, JH), 4.62-4.54 (m, 

JH). 4.50-4.38 (rn, lH), 4.37-4.27 (m, JH), 4.10 iH), 3 99-3 70 (m, 3H), 3.50-

3.40 (rn, 1 3.24-2.84 (m, 91-I), 2.40-2.ll (m, 4H), 2 '.0-2 0 (m, 1H), 1.70-l.57 

20 (m, Ill); MS (ESI) m.lz 575 33 (M+H) 

Compmmd 41 

41 
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CD30D) 8 8.25 (d, J = l l .O 

PCT/US2009/053142 

l H), 4.54 (d, J 16.5 

I H), 4.26 (d, J= 15.9 Hz. JH), 4.09 (s, JH), 3.95-3.81(m,2H), 3.81-3.75 (m, 

5 lH), 3.69-3.62 IH), 3.35 3H), 3.23-2.92 (m, 9H), 2.35-2.04 (m, 6H), 1.91-

1.80 (m, lH), 1.71-1.59 (m, 111); ).JS (EST) m/z 603.35 (M+H). 

Compound 42 

JO 42 

1HNMR MHz, CD:,OD) 8 8.24 (d, .! .~ I J .0 lH), 4.55 (d, J 16 5 

IH),427(d,J 16.5Hz, lH), lO(s, 1H).3.95-3.82(m,2H),3.81-375(m, 

IH), 3.70-3.63 (m, lll), JJ8 3 20-2.92 (m, 9H), 2.35-2.02 6H), 1.92-

15 I. 80 lH), 1. 70-1. 58 (m, llf); MS (ESI) mlz 603 .41 (M+H). 

Compound 43 

20 
1H J\MR (400 CD,OD) 8 8.22(d,J=l1 .0 Hz, 

lH), 3.65-3.53 (m, 2H), 3 19-2.92 (m, lOH), 2.34-2.18 

6H), I. 69-1.50 (m, 2H), MS m/z 5 73 .3 5 (M '·H). 

25 Cornpmmd 44 

4.19 (s, 2H), 4.09 

2H), 2 02-179 (m, 
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44 

1H NMR (400 MHz, CD,OD) 8 8.24 (d, J l 1.0 Hz, lH), 4.28 (s, 2H), 4.0J-

4. 00 (m, 2H), 3. 94-3. 81 (m, 3 <;8- 3 55 (m., 3 .20-2. 88 (m, I2H), 2.36-2. 18 

5 (m, 2H), l .71 1.57 (m, MS (ESI) m/z 575.37 (M+H) 

Cornpowd 45 

10 

1H NMR (400 lVniz, CD30D, 2. l mixture of drnstereomers) o 8.25 (d + d, J 

1 I 0 IH), 4.24 (s + s, 2H), 4 08 (s - s, I H), 4.01-3.92 (rn m, 3H), 3.20-

2. (m + rn, BH), 2.35-2. l 6 (m + m, 3H), 183- 146 (m + m, SH); MS (ESI) m/z 

599.36 (l\'FH). 

15 

Compound 46 

46 

20 1HNMR(400MHz,CD30D}o8.29 J 11.0Hz,l 7.41(s,5Fl),4.50-

4.37 (m, 2H), 4.05 (s, 3.95-3 81 3.40-3.37 (m, lH), 3.2'1-3.15 3H), 

3. 10-2.70 (m, 9H), 2.36-2.25 (m, 111), 2.25-2. 16 (m, 1.72- 59 (m IH). MS 

nvz 607.34 (M+H). 
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1H M\<1R (400 MHz, CD30D) 6 8.15 (d, J = J 0.8 Hz, I 

PCT/lJS2009/053142 

4.00 (s, 1 H), 

3.99(s,2H),3.10-2.87 11 H),232-2.12(m,2H), L59-L51(m,1 H), l.26(t,.f 

S 7.2 Hz, 3 H); MS (ES!) m/z 533.1 11 I} 

Compound 48 

1H NMR (400 Mllz, CD30D) o 8.15(d,J=11.2 4.00 (s, 1 H), 

10 J.96 2 H), 3 08-2 87 (m, 11HJ,2.70-2.61 (m, l H), 2.23-2.0 1
) 4 H), Ul7-l.75 

15 

20 

4 H), 1.59- i 5 ! (m ,1 H); MS (ESI) m/z 572.2 (M-H). 

Compound 49 

49 

1 H NMR (400 MHz, CD10D) () 8.26 (d, .I"" iO. 8 I H), 4. lO (s, 3 HJ, 

3.21-2.97 (m, 11H),2 .35-2.20 (m, 2 H), 2.15-2.05 (m, I H), l 98-1.82 (m, 2 H), 

I. 77-1 61 (m, 5 H), 1.35-1.26 (m, 2 HJ; :'vfS (ESI) m/z 587.1 (M+H). 

Compound 50 
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1H '\VfR 1.400 \·1ll:1. C030D) 8 8 26 (cl, .I 10.8 Hz .. 1H),416 (s, J H), 

4.14 2 H), 3.20-2.95 (m, l l H), 2.32-2.20 im, 2 H), 1.88-1.59 (m, 6 H), 1.39-1.21 

(m, 4 H), l.12-1 02 (m, 2 H): MS (ES!) mlz 6011 (.M+H). 

5 Compound 51 

10 

1 HNJ\t1R (400 MTTz, CD30D) 5 8.14 (d, J = 10.8 Hz, l 4.00 (s, 1 H), 

88 (s, 2 H). 3.77-1 Tl (m, l T-I), 3.09-2 87 (rn, 9 H), 2.29-2.10 (m, 6 H), 188-1.&l 

(m, 2 H), l .59- .50 (m, 1 H): iVIS (ESIJ m/z 559.1 (M 

Compound52 

1H 1'MR (400 CD30D) 8 8.24 (d, J =I 0 8 Hz, 1 H), 4. IO 3 H), 

3.17-2.97 (m, 9 2.32·2.09 (m, •1 1.92 J.85 (m, 2 H), 1.75-1.63 (m, 2 

15 143-l 26 (rn, 6 H); MS (ESI) m/z 58'72 (\f+H). 

Compound 53 

1 H Nl\lR (400 MHz. CD30D) 8 8.20 (d, .I= 11.2 l H), 8.16 (d, J 2 ·+ 

20 Hz, l IT), 8.06 (d, J-= 5.2 Hz, 1 H). 7 85-7.78 (rn, 2 H), 4 27 (s, 2 H), 4.1 I 1 H), 

3.18-2.98 (m, 9 H), 2.32-2.21 (m. 2 H), l.70-1.60 1 H); MS (ESI) m/z 582.2 

(\I+H) 

Compound 54 



WO 2010/017470 

4142.1017001 

PCT/U 82009/053142 

5 

- 69 

1H NMR (400 ,\iJHz, CD:;OD) 8 8.24 (d, J"" Il.O Hz, 1 H), 4.31 (s, 2 H), 

4.11 (s, J H). 3.22-2.88 (m, 9 H), 2J6-2.16 (m 2 

H); MS (ES[) m/z 5Tl.4 I (M+H). 

Compound 55 

l.70- 156 (m., 1 H), 144 (s, 9 

1H NMR (400 MHz, CD30D) 5 8.15 (cl, .J 10.8 1 H), 4.65 (t, J = 4. 8 

Hz,2H),4.08 2H),4.00(s,1H),3.45(t.J lH),338 J""5.6Hz,I 

10 H ), 3.20-2.87 (m, 9 H), 2.25-2.09 (m, 2 T-1), I 59-1 50 (m, I H); MS (EST) m/z 5510 

(1Vl+II). 

Compound 56 

66 

15 1H NMR (400 :v!Hz, CfJ,OD) o 8.25 .J 11.2 Hz. H), 6.39 (it, J = 53.6, 

3.2 1 H ).4.24 (s, 2 H), 4.13 (s, ! H), 3 71 (td, .J;:;:; 15.2, 2.8 2 H ), 3 19-2 91 

(m 9 H), 2.33-2.24 (m, 2 H)., 1.70-1.60 (m .. l ~f); MS (ESl) nvi 569.0 (M_,H). 

Compound 57 

20 
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\!Hh, CD_,OD) & 8 21(cl,.!~10.8 Hz, I 4 01 (s, l H), 

J.85 (s, 2 H), 3.73 (s, 3 H), 3.59-3.5 l (m, 1H),3.12-2.87 (rn, 9 H), 2.23-2.12 2 

H), l. 88-1.50 (rn, 9 H): MS m/z 559.] (\HH) 

5 Compound 58 

lO 

15 

1H ;-.,fMR (400 l'vfffz, CD30D) & 8.24 (d,J= 10.8 Hz, I H), 4.48 (s, 2 H), 

4.12 (s, l H), 4.I0-4.07 (m, 2 H), 3 93-3.86 (m, 2 H), J.19-2.90 (m, 9 ff), 2.79-2.67 

(m, 2 2.37-221(m,2 H), 159-l. Sl (m, l H); MS (ESI) m/z 595.0 (M 11). 

Example 2. Synthesis of Compom1ds of Structural Formula (l), wherein R 1 

and R2 taken together with the nitrogen to which they are bonded form a 

monocydic or bkydic heteroaryl. 

Scheme 2 

;""·(CH:0 

V'co?Ph 
OH 
3 

1

1) BrCH 2COBr 
2) 1R2RNH 

l 

~~~~I ;yCH3 
02f,yC02Ph 

OBn 
2-Z 

! 
2lly'brorride · 

K2CO:,IKI 
I 

' 

2-8 
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The following compounds were to Scheme 2. 

Compound 2-1 

2-1 

To a 250 mL round bottom flask w::is added compound 3 (14.47g, 5630 

mmol, 1.0 equiv, crude), tctrabuty!a11m1onium bron:ide (0. 90 g, 2. 80 nunoL 0 OS 

equiv), 1,2-dichloroethane (60 ml), and water (60 mL). The cl0ar bi-layer was 

cool·ed in a 20 °C water baih. I\itric acid 70wt%,l12.60 mmoL 2 0 equiv) 

J 0 vvas added After the addition, the reaction temperature slowly rose to 26 °C. The 

reaction was stirred at room temperature overnight (l 9 hrs). TLC (heptane1EtOAc ""~ 

9.5/0.SJ showed the reaction was complete. The layer was separated, wa.<;hcd 

with water (60mL x 2) and brine. and dried over anhydrous sodmm sulfata. Ihc 

~olvenl wac, removed to give compmmd 2-1 as a brovm oiL which solidified on 

15 standing ( 17.7 l g, quantitative). The crude product was used directly for the next 

step. 

Compound 2-2 

2-2 

20 To a 250 ml round bottom flask was added compmmd 2-1 (17 7 g, 56.30 

mmol LO equiv), acetone ( 177 mL), anhydrous potassium (l 5.6 11 00 

mmol, 2.0 equiv), and potassium iodide g, 2.80 rnrnol, 0.05 To ihe 

stirred suspension al room was added JJ3 mL 59.l 0 

mmol, 1.05 equiv). The suspension was then heated to 56 for 4 hrs. TLC 

25 (heptaneiEtOAc = 9/1) showed the reaction was complete 111e solid was removed 

by filtratmn and washed with acetone (30 nL). The filtrated was concentrated to 

give a pas1e. The paste was partitioned between methyl t-butyl ether 120 

nL) ar:d wa1er (80 m!,). The organic layer was waslted with waler (80 mL) and 
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brine, dried over an11ydrous sodium sulfate, and concentrated to give compound 2-2 

as a brown oil (2:. 09 g, 98%). The crude product was used directly for :he next 

Compound 2-3 

F 

~CH3 
IN 

H,,N~C02Ph 
OBn 
2-3 

To a I L round bottom flask was added compound 2-2 (21.08 g, 55.40 mmol, 

.I .CJ equiv) and THF (230 mL). The solution was cooled in a cold water ba1h to IO 

°C To another 500 mL round bottom flask contammg warer (230 mL), sodium 

hydrosul fite 56 7 g, 276.80 rrnml, 5.0 was added slowly with 

I 0 stirring. The aqueous solution of sodium hydrosulfite was added to the THF solution 

ot' compound 2-2. The temperature quickly rose from 10 to 20. 4 °C after the 

addition. yellow suspension was stirred while the cold water hath slo\vly 

warmed Llp to morn temperature overnight to give an orange cloudy solution. The 

reaction 

15 (heptane/EtOAc 

during this period vVas between 15 "C to 19 °C. ·n~C 

9/1) showed the reac11on was complete. The orange cloudy 

solution was diluted with EtOAc (460 mL). The layer was washed with 

water (150 mL x 2) and brine, dried over anhydrous sodium sulfate. and 

concentrated under reduced pressure to give the cruce product as a brown oil. The 

crude was purified by flash silica column with heptane/EtOA.: 911 

20 to v1dd the desired 2-3 ( 15.83 g, 80%, 3 

Co111pound 2-4 

To an NMP solution (50 mL) aniline 2-3 (10.02 g, 28.5 mmol, 1 equiv) was 

25 added allyl bromide &5.5 mrnol, 3 equiv) and carbonate (I 1 . 79 

g, 85.5 Potassium iodide 8 mg, 6 mmol, 0 2 equiv) wm; added 

and the reaction mixture was placed under nitrogen and heated to l 00 cc After 16 

h, the reaction was diluted \,\1th wm:er (60 mL), and extracted with E10Ac 
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then 2 x 50 mL). TI1e combined organic extracts were Vvashed \vith water (2 

x 35 m.L), were dried (Na:S04), filtered, and concentrated to yield the crude procuct. 

Pmificatmn via f1ash column chromatography on silica gel (Redi 125 g, gradient 

1-6% EtOAc in hexm:es) gave 10.97 g of pure 2-4 (89~'o): NMR (400 MHz, 

5 7.42-7 30 (m, 7 7.42-7.20 (m, l H), 700 J 8.5 J 2 H), 6.72 (d, 

J IH)5.77-'i.70 2H),5.20-S.12(m,6H),3.8 (d,./ 6.1Hz,4H), 

2.26 3 H.l: MS (ESI) m.'z 4:32.34 Uvl+H). 

Compound 2-5 

A TLIF solution (6.5 mL) of2-4 (875 mg, 2.03 mmol, l .25 equiv) wB.s added 

to a freshly-prepared solution of LDA in THF (0 051 M, 2.03 mmol, 40 mL, J .25 

equiv) nncl TMEDA (304 pL, 2.03 mmol, 1.25 equiv) at -78 °C. The reaction was 

at 78 °C for 15 min. A THF solut1on (6.5 mL) of enone (784 mg, 1.62 mmol, 

] 5 1 CJ was added to the reaction mixture dropi,~se, followed by addition of 

LTI\1DS solution (1.0 Mm 2 03 mL, 2.0i mmol, L25 equiv). The reaction 

was stirred from -78 cc to 10 °C for I h, quenched witb saturated NH 1Cl (6 mL), 

and warmed to 25 °C The solution was poured into saturated NH~CI (20 mL) and 

extracted with EtO.'\c (2 x 75 ml). The combined EtOAc extracts were dried 

20 (Na2SO"), filtered, and concentrated to yield the crude product Preparative reverse 

HPLC purification on a Waters Autoptrnficaticn a S unfire Prep 

Cl 8 OBD column [5 pm7 19 50 mm: flow rate, 20 mL/min; Solvent A lhO with 

0 l 019 HCO:H; Sol vent B with 0.1 % HC02H; volume: 4x 3.6-

4.2 mL (CH:CN); gradient: 88_,, I 00% B over 12 min; mass-directed fracti0n 

25 collection]. Fractions with the desirad MW, eluting at 6.6-10.6 mm. were co lected 

and Jyophi.lized to give 552 mg of pure 2-5 (41%): 1H N1\!IR (400 l\1Hz, CDCh) 8 

16.22 111), 7.49-7.47 (m. 4 H), 7:17-7.ll (rn, 6 H), (> 80 (d, J l l.O Hz, 1 H), 

5. 76-5.64 (m, 2 in, 5.J5 (s, 2 H), 5.17-5.11 (m, 4 H), 4.98 (d, J 

.I 9.8 Hz, 1H),3 96 (m, J ~ 10.4 I H). 3.83-3.71 (rn, 4 

i H), 4.87 (d, 

3.l4(dd,J""l47, 
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4.3 ITz, l H), 3.0-2.87 (m, J H), 2.55-2.35 (m, 9 H), 2.1 l (d, .I 14.7 Hz, l H), 0.82 

(s, 9 H), 0.26 3 H), 0. 13 3 H); MS (ES[) mlz 820.55 (M+H). 

Compound 2-6 

5 

A solution of2-5 (550 mg, 0 671 mmol, l.O equiv) in degass0d CH_eCh 5 

mL, with l and I 5 mL rinse) was added under via syringe to a flame-dried 

flask containmg N,N-dm1et~ylbarbitunc acid (324 og, 2.07 mmol, 3.0 equiv), and 

Tetraki s(tri phenylphosphine )palladi um(O) mg, 0.0492 mmol, 0.07 equiv). The 

I 0 resulting solution was heated to 5 °C for 4 h, then concentrated lo remove the 

solvent The resulting crnde mixture was purified via preparative reverse phase 

HPLC on a Water~ Autopurification system using a Sunfire Prep Cl 8 OBD column 

[5 .um, 19 x 50 mm; flow rate, 20 mL/min; Solvent A H20 with 0. 1% HC02H; 

Solvent B: CH,CN with 0.1% HCO::Il; injection volume: 3x 3. I mL (Cll1CN)~ 

15 gradient 80.....,. I R over 17 mass-directed fraction collectton]. Fractions 

with the; desired MW, at 6 1-10 I min, were collected and freeze-dried to 

352 mg of pure 2-6 (71%) 1l:I N:VIR M!Jz, CDCb) o 16.10 1H),7.51-

7 41(m,4 H), 7.9-7 29 (m, 6 H), 6.61 (d, J 9.8 Hz, I B), 5.35 2 fl), 4.87 (dd, J 

= 22.6, 10.4 2 H), 3.96 (d, J = 104 Ilz, l ll), 3.91 2 H), 3. 12 (dd, J 15.3, 

20 10.1IIz,1H),3.04-2.92 (rn, l 2.55-2.31(m,9JJ), 2.11(d,J=14. l H), 

0.82 9 H), 0 27 (s, 3 H), 0 12 (s, 3 H), MS (ESI) miz 740.44 ~\1+H). 

Compound 59 

To a solution of aniline 2-6 (30 mg, 0 04 l rnmol, 1 111 THF (600 

was added bromoacetylbromide (3.7 ~tL, O.Otl3 mmol, 105 eqmv). Aftec l 5 

(53 mg, 045 1mnol, 10 ec.1uiv) was added. After 15 h the reaction was 
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heated tn 80 °C After an addit1nncJ 26 h, another 20 mg mdazole (O. l 7 mmol, 4 

equiv} was and the reaction at 80 °C After 20 h, solvent was 

removed in vacuo and the resulting crude mixture dned under vacuum. 

The above crude mtermediate was transferred to a plastic in dioxane ( l 2 

5 mL) and an aqueous solution of hydrogen fluoride (50%, 300 fLL) was added. After 

five hours, reaction solution was diluted with an aqueous solution of KcH:::>04 

(3 6 g in 30 mL) and extracted '"1th EtOAc (2 x JO mL). The combined organic 

layers were (Na2S04), :filtered, and concentrated to yield the crude product. 

Pal Jadrnm on carbon {I 10 was added to solution of the above crude 

10 intermediate in dioxane:methanol C I, mL). The flask was with a septum 

] 5 

and evacuated ard hack-filled three Limes wi!h hydrogen gas. Hydrngen gas was 

bubbled through the reaction soluticn for t\vo minutes, then the reaction vvas stirred 

under an atmosphere (balloon) of hydrogen gas for i .5 h. The reaction mixture was 

filtered through celite to remove the palladium catalyst and concentrated under 

reduced pressure. Preparative reverse HPLC purification the resulting oil 

was performed on a Wa1ers Aulopurificalion system using a Polymerx 10 .u 
RP-y 100 R column l30 21.20mm, I01mcron, solvent A 0.05N lTCI in water, 

solventB: CH3CN; injection volume: 4.8 mL (O.OSN HCI in water); gradient elution 

with Hl·->60% B over 15 min, then held at 100~/o for 5 min; fraction 

20 collection]. Fractions Vvith the desired MW. eluting ar 14-14.65 mm, were collected 

and freeze-dried to yield 3 6 mg of compound 59 (l5%): 1H Nl\1R (400 MHz, 

CD,OD) 8 8.71 8.19 (d, J 11.0 Hz, 1 H), 7.92-7.90 (rn, 1 H), 7.72-7.57 

( 2 II) 7 11 "i 7 ?9 ( 1 u·) - 6·~ ( 7 4 ('8 ( l Tf) ~ 1 r; " 9" (. 9 rr) "' ., I m, .. , 1.1.- -· n1,, 11 ·' ). _, s, - . ) s.. r , -" 1,)-.:.. ·.., nl, - n, .::._1 -

2.18 (m, 2 H), 1.67-1.60 (m, l HJ; JV1S (ESI) mlz 606.41 Cvl+H). 

25 

Compound 60 

To a solution of aniline 2-6 mg, 0.030 mmol, l equiv} in THF (500 µL) 

was added bromoacetylbrnmide (2 7 µL, 0.031 mmol, 1 OS equiv) After .·rn minutes, 

30 oyr37"°le mg, 0. 53 mmol, 18 was added. ,'\ftcr 20 min tho reaction \\as 
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hated 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 dned 

u11der vacuum. 

The above crnde intermediate was transferred to a pl<istic vial i:l acetonitrilc 

(1.0 mL) and 'm aqueous solution of hydrogen fluoride 200 ~LL) was added 

After 20 h, the reaction solution was diluted with an aqueous solution of K2HPO~ 

(2.4 g in 20 mL) and extracted with EtOAc x 25 mL). ·n1e combined 

layers were dried (Na2SOc), filtered, and conce11Lrnted lo yield the crude product. 

PaHadium on carbon (I 0%, l 0 was added to solution of the above crude 

10 intermediate in d1ox:ane:methanol (l. L L mL). The flask was fitted \.vith a seprnm 

and evacuated and back-filled three times with hydrogen gas. Hydrogen gas was 

bubbled through :he reaction solut:on for two minutes and the reaction was stmed 

under an atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction mixture 'Nas 

through celitc to remove the palladium catalyst and concentrated under 

IS reduced pressure. Preparative reverse phase HPLC purification of the resulting oil 

\.Vas performed on a Wc..ters Autopurific.ation system a Polymerx 10 ~t 

RP-y I 00 R column [30 x 21.20 mm, l 0 micron, solvent A: 0.05N HCJ in water, 

solvent B CH3CN, injection volume 3.0 ml (10% in 0. 051\ IlCI in water); 

gradient elution with 10-·,60'% B over I 0 min, then held al I 00% for 5 min; mass-

20 directed traction collection]. Fractions with the desired .Vl\V, eluting at 8. 8-10.2 min 

The resulting yellow solid was purified a seco11d 

time via preparative reverse phase HPLC purification using the procedure 

v.rith a gradi1;;nt over 20 minutes, with tha fractions with the desired IVfW eluting at 

10.7-12.4 min were co1lected and freeze-dried 10 give 8.2 mg of pure 60 (50%): 1H 

25 "Nl\ifR iv!Hz, CD,OD) o 8. I 9 (d, J l LO Hz, 1 11), 8.05-7.92 (m, 2 Ff), 6 62-

657 (m, JH),5.33 J 4.9Hz,2H),4.08(s, 1 3.l6-2.90(m,9H),2Jl-2.l7 

2 H), l.69-1 (rn, 1 H); MS m/z 556.42 (M+I:I). 

Compound frl 

30 
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mg, 0.032 mmol, I eqmv) in TTIF (500 µL) 

was added bromoacetylbromide (2.9 uL, 0.034 mmol, 1.05 equ:v) After 30 minutes, 

im[dazo~e mg, 047 mmol, l 5 v>;as added and the solution was heated to 

above crude intermediate was transferred to a. plas~ic vial in dioxane ( 1.2 

rnLl and an aqueous solution of fluoride (50%, 200 pJ,) was added. After 

1.5 h, the reaction solution was diluted \Nlth an aqueous solution of K2HP04 (2 LI g 

in 30 mL) and extracted with EtOAc (2 x 25 ml,) The combined o;ganic l2.yers 

were dried \Na2S04), filtered, and concentrated to yield the crude product 

JO Palladium on carbon ( 10%, 8 was added to solution the above crude 

mtermediate in d:oxane:methanol (I .. I mL). The flask was vvith a sevum 

and evacuated and back-filled three with hydrogen gas. Hydrogen gas was 

bubbled through the re;iction solrnion and the reRc!ion wRs stirred LUH.ler an 

atmosphere (balloon) of hydrogen gas for 1 5 h. More palladnen catalyst was added 

I 5 and the evacuation and backfilling vvith hydrogen was performed twice more at l 5 h 

and S h. The reaction mixture was fil1ered through celite to remove the palladmrn 

catalyst and concentrated under reduced pressure. Preparative reverse phase HJlLC 

;1urification of the resulting oil was performed on a Waters Autopurification system 

using a Polymi::rx 10 IL RP-y LOO R column [30 21.20 mm, 10 micron, solvent t\ 

20 0.05N HCI in water, solvent B: CH3CN; injection volume: 2.8 mL (0.05.\' UCl in 

»Nater): elution with 10-60% B over 15 min, then held at 100% for 5 mm; 

mass-directed fract10n collection]. with the desired ~1W, el at 7 0-7.8 

mm were collected and freeze-dried to 4.1 mg of pure 61 1H NMR (400 

\Ulz, CD20D) 8 9 02 (s, 1 H} 8 17 (d, J l 1.0 Hz, 1 H), 7.67 (s, I H), 7.61 (s, l 

25 ll), 5.34 (s, 2 H), 4 09 (s, 1 H), 3.18-2.90 (m, 9 H), 2.34-21.7 (m, 2 H), 171-156 

Im I H)~ MS (ESl) m1z 5S6.45 tM+H). 

Compote1d 62 
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To a solution of aniline 2-6 2 mg, 0.027 mrnol, I equi,·) in TITF (500 fJL) 

was added bromoacety'.brornide µL, 0.029 mmol, 105 equiv). After 30 minutes, 

1H-L2,3-triazole (31 0.54 JIBno!, 20 equiv) was added and the solution was 

heated to 80 °C. After 17 h, an additional J 1 µL (20 equiv) of lH-U,3-triazole was 

5 added and the solution was heated for 22 h. The solution was cooled ar_d the solvent 

was removed in vc1c1w. 

The above crude intermediate was transferred to a plastic vial in d1oxanc (1.0 

and an aqueous soluticn of hydrogen fluoride (50%, 200 µL) was added. After 

l 7 h. the reaction solution was diluted \>v1th an aqueous solution of KJlP04 (24 gin 

IO 20 mL) and extracted with EtOAc (2 x 25 mL) The combined organic layers were 

cried (Na1S04), filtered, and concentrated to yield the crude product 

Palladmrn cm carbon (10%, 7 mg) was added to solution of th::: above crude 

i!lfennediate in dioxane:melhanol C: · l, 1 mL). The flask was fitted v-1th a septum 

and evacuated and back-filled three times \Nith hydrogen gas. Hydrogen gas was 

15 bubbled through the reaction solution and the reaction was under an 

atmosphere (balloon) of hydrogen gas for 1.5 h. The reaction was filtered 

through celite to remove the palladium catalyst and concentrated under reduced 

pressure. reverse phase HPLC purification of the resulting oil was 

performed on a Waters Autopurification system usin13 a Polymerx lO p. RP-y 100 R 

2C column [30 21.20 mm, l 0 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% D over 15 min, then at 100% for 5 mass-directed 

collection]. Fractions with the desired \1\V. eluting at 9.25-10.5 min were collected 

:1nd freeLe·dried. Purificmion was performed a second time as above and the 

25 fractions with the desired MW, eluting at 9.75-10.25 min \Vere collected and freeze­

:::lried to I 5 mg of pure 62 (lOo/,>) 1H i\'Y[R (400 VI CD30D) o t:.24 l H), 

8.17 (d, .J 11.0 Hz, 1 H), 8.00 1H),557 (s, 2 H), 4.09 (s, 1H).3 16-2.92 (m, 9 

HL 2 34-216 (m 2 H), l71-lG7 (rn, 1 H), MS (EST) m/z 557.44 (M+H) 

30 Compound 63 



WO 2010/017470 

4142.101700 

PCT/US2009/053142 

- 79 -

~~? ~~~H 
''f-~,t-.J""'N~NH2 

H OH 0 m?Ho 0 
63 

T a ~olution oC a11iline 2-6 (16 7 rng, 0.023 mmol, l equiv) m ]}JF (500 ~~L) 

was added brornoacc:ylbrornidc (2.G µL, 0.024 rnmo!, 105 equiv). After 20 

a tetrazole sol1:tion (0.45.Vi in CH3CN, 500 ~L, 0.23 mmol, 10 equiv) vvas added and 

5 the solution was heated to SO 0 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 tl1e solvent was rnmoved in vacuo. 

10 

15 

The above crude i11termediat·~ was transferred co a plastic vial in dioxa;ie i: ! • 0 

rnL) anc an aqueous solution of hydrogen fluoride 200 µL) was added After 

18 h. reaction solution was diluted with an aqueous solution ofJ{7.IIP04 (2.4 gin 

20 ml) and extracted with EtOAc (2 x 25 mL). The combined organic layers were 

dried (Na2S0,1), filtered, and concen';rateJ to yield the crude product. 

P~tllad1um on carbon ( 10%, 7 mg) was added to solution of the above crude 

intermediate in d oxane:methanol Ci• I, l mL). The flask was fitted "'ith a septum 

and evacuated and back-filled three times hydrogen gas. Hydrogen gas ·Nas 

bubbled through the reaction solution and the reaction was stirred under an 

atr:1osphere (balloon) of gas for l h. The reaction mixture was filtered 

celite to remove the pal ladi urn catalyst and concentrated under reduced 

pressure Preparative reverse phase H.PLC purification of the resulting oil was 

20 performed on a Waters Autopurification system using a Polymerx I 0 ~· RP-y l OJ R 

column [30 21.20 nun, 10 solvent A O.OSN H('J in water, solvent B 

CH;CN; injection volume• 2.5 mL (l 0% CH3C:N in O.OSN HCJ in water); gradient 

dution with I 0....--+60% B over l 5 min, then held Ht l 00% for 5 min; mass.directed 

collection]. Fractions with the desired !'vlW, eluting at I l.2-12. I min were 

25 cuilected and freeze-dried. Purification was performed a second time as above with 

the gradient extended over 20 min. Fractions with the des;red MW, 

14.5 mrn were collected and freeze-dried to give l .6 mg of pure 63 (l 

al 13 7-
1H l\Tv1R 

MHz, CD30D) o 8.78 (s, l H). 8.14 (d . .J 11.0 Hz, I H), 5. 78 (s, 2 H), 4.07 

H), 3.17-2.81 (m, 9 H), 2.36-2.16 1.70-152 (m, I H); :\1S (ESI) m/z 

30 558.43 
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Ex.ample 3. S:ynthesis of Compounds of StructumI Formula (A), wherein Xis 

hydmgen and Vis -NH-C(O)-heterocyd,I, -.NH-C(O)-heteroaryl 

-NH-C(O)-[C(RD)(RE)]o.1-N(RA)(Ru), -NH-C(O)-carbocyclyl, -~H-C(O)-aryl, 

5 -NH-S02-(C.-C6)alkyl, -NH-S02-carbocydyl, -NH-SOra1)'l, 

-NH-S02-heterocydyl or -NH-SOrheteroaryt 

10 

Scheme 3 

R 

(R R'CO, RNHCO. or R'S(~) 

RCOOH/couplmg reagent 
or R'COCI 
or RNCCJ 

In 3, R' represents heterocycly l, heteroary I, carbocyclyL ary l, ( C1 -

or -[(C(J{0)(~)J1wN(RA)(RB); and R2
' represents hydrogen, (C1-C<>)alkyl, 

-( Cc,-Cs)alkylene-carbocycly l, -( Co-C5)alkylene-ary1, -(C0-Cs)alkylene-heteroary l, or 

-(Cr,-C5)alkyiene-heterocyclyl For certain compounds made by Scheme 3 and 

described below, is hydrogen and Rx and RY arc taken together with the carbon 

15 d.nd nitrogen atoms to which they are bound to form an optrnnally substituted 4-7 

membered saturated heterocyclyL It will be readily apparent to those or skill in tte 

art that this Scheme 3 will also be useful to synthesize compo~mds where 
X·Y ·Z ·'1 D R, R and R are R', R and , respectively, as defined in structural formula (A). 

The following compounds were prepared according to Scheme 3. 

20 
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- &l -

To a solution of aniline 9 (L 70 mg, 0.038 mmol, l 

PCT/lJS2009/053142 

in DMF ( 200 ~1L) 

was :N-Benzyloxycarbonyl-L-proline acid chloride (LO Min toluene, 57 itL, 

5 1.S equiv). After 50 min the mixture was diluted to 3 mL with 0.05 N HCI 

in lbO and filtered to remove any solids Preparative reverse phase HPl C 

purification of the resulting solution was performed on a Waters Autopurification 

system using a Polymerx I 0 p RP-·r I 00 R column [30 x 21.20 mm, 10 micron, 

solvent A: 0.051'\ HCI in water, solvent B: CH,CN; m1ection volume 3. 5 mL (0 05N 

10 HCl in water); gndient elution with 0--+20% B over 25 min, then held al 100% for 

r~mss-direned fraction collection]. Fractions with the MW, eluting at 

27.1-28.4 min, were collected and fr:::czc-dricd. 

Palladium on carbon (1 10 mg) \'v'as added to a solution of the above 

intermediate in clioxane:MeOH (1 " 2.3 mr,). The l1ask was fi1ted with a septum 

15 and evacuated and back-filled three tirnes with hydrogen gas. Th;: reaction solu:ion 

was stined unde,- an atmosphere (balloon) of hydrogen gas fbr 1.7 h, then was 

filtered through cclitc to remove the palladium catalyst and under 

pressure. Half of the residue was pmified via preparative reverse 

HP! C purification on a \\Ta1ers Autopurifkation a Poiyff.erx 

20 I 0 p. RP·y I 00 R column 21.20 mm, 10 micron, solvent A: 0 05N HCJ in 

water, solvent B CH,CN; in1ection volume: 1.8 mL (0.05 N HCl in water); gradient 

elution v,·ith 0 • 3 5% B over IO min, then held at l DO% for 5 min; mass-directed 

collect1o:ij Fractions with the Nf\V. eluting at 7. 8-8. 5 were 

collected and freeze-dried to l 9 mg of compound 64 (30%): 1H NMR 

25 MHz, CD30D) o 8.16 (d, J - 11.0 4.59-4.56(m,1H),4.IO I H),3.48-

3.33 (m, 2 H), 3.!8-2.95 (m, 9 H), 2 59-2.50 (111, 1 H), 2.14-2.05 (rn 5 H), l.70-1.60 

(m, J Fl); \,1S (ES!) m/z 545.38 (l\h-H). 

Compound 65 
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To a solution ofarnline 9 (15.7 mg, 0.035 rrunol, l equiv) m D\1F (200 ftL) 

was added N-Benzyloxycarbonyl-D-proline acid chloride (l.O M in ro:uene, 53 µL, 

1.5 equiv) Ai'ler 50 rn 1he reaction vvas complek. Tie reaction mixture was 

5 diluted to 3 mL wi.th 0.05 N HCl in H20 and filtered to remove any solids. 

Preparative reverse HPLC purification of the solution was performed 

on a Waters Autopurification using a Polymerx I 0 p RP-y I 00 R column 

[JU 21.20 mm. l 0 m1cro:-i, solvent A: 0.05 I\ HCl 111 water. solvent B CH1CN; 

injection volume: 3.5 mL (0.05 N HCl in water)~ gradient elution with 15--+80% B 

l 0 over I 0 min, then held nt I 00'% for 5 min; mass-direc!cd fraction collection] 

Fractions with the desired M.W, eluting at 6. 95-8. l 0 min, were col lccted and frcczc­

clried 

Palladium on carbon ( l 15 mg) was added to a solution of the above 

intermediate in dioxane MeOH (1 2. 3 mL). Tho flask was fitted with a sep'Cum 

l 5 and evacuated and back-filled three :imes \vith hydrogen gas, and tl1e reaction was 

stined under an atmosphere (balloon) of hydrogen gas for l 5 h. The rcac:ion 

mixture was rillernd through L:ellte lo remove the palladium C'.atalyst and 

concentrated wider reduced pressure I lalf of the resulting residue was purified via 

preparative reverse phase Hl'LC purification on a Waters A.utopurification system 

20 using a Polyrnerx I 0 ~L 100 R column [30 x 21.20 mm, 10 micron, solvent A 

0.05 N UCL m water, solvent D Cf"b\N; injection volume 1 8 mL (0 05 N HCl in 

water); gradient elution vvith 0~>35% B over I 0 min, then held at 100% for 5 min; 

mass-di1ected fr:1clion coJeclion]. Fractions with the cfosired MW, eluting at 8"35-

8.85 mm, were collected and freeze-dried to yield 0.93 mg of compound 65 (24%): 

25 1 l-I N.MR (400 MHz, CD30D) o 8.17 (d, J = 11.0 Hz, 1 H), 4.5 53 (m, 1 H). 4.09 

l H), 3.48-3.37 (m, 2 ll), 3. l 8-2.90 (m, 9 H), 2.59-2.50 (m, .I H), 2.34-2.05 (rn, 5 

H), 1.70- l 59 (m, J JI); MS (ESl) rnz 54537 (M+ll) 

Compound 66 
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F H3C-N,C'i3 
I -i H ; 

H,q 0 ~"'<:: ~ ~ I OH 
'~NJN ~ ~ : . ~JH2 
\_J'H h OH 0 oJl ·' 0 

ee 

TI1e second l1alf of crude 64 (0 012 mmol, I 0 equiv) was dissolved in DMF 

(500 ~tL), and formaldehyde: (37% aqueous solution, 5.3 ~1L, OJJ72 mmol, 6 eqmv), 

triethylamine (5.0 ~LL, 0.036 mmol, 3 equiv), and sodium triacetm .. 1borohydride (8.4 

5 mg, 0.039 mmol, 3.2 equiv) were added seqc1entially. After 2 h, the reaction mixture 

was diluted w 1 8 mL vvifo 0.05N HCI in H20 and punfied via preparative reverse 

phase HPLC on a Waters Autopur[ficallon system a Polymerx 10 µ.RP-; J 00 

R column [JO 2120 mm, 10 micron. solvent A 0 oi; N HCl in water, solvent R: 

injection volume: 1.8 mL (0.05 N HCI in water); gradwnt 0 >30(~'0 B over 

I 0 I 0 min; mass-directed fraction collection]. Fractions with the desired rvlW, eluting at 

8.6-9.35 mm, were collec1ed and freeze-dried to provide a m:ix1ure of the desired 

compound and an over-formylated product The resultmg compound mixture was 

ved in 4 N aqueous HCI sohtion (1.5 mL) and stirred for 50 h, then freeze-

dried to provide 1.0 mg of the desired compound fl6 (15%>) 1.H .~MR ( 400 MHz, 

15 ClhOD) o 8.17 (d, J 10.4 Hz, 1H),4 36 J::.:: 8.6 Hz, 1H),4.08 (:;,I H), 3.82-

20 

:l.73 l H), 3.20-2.90 (m, 12 H), 2.73-2.68 (m, 2.35-2.10 (m, 5 H), 1 70-

l.60 (m, l H); MS (ESI) nvz 559.38 (M+H). 

Compound 67 

'T'i1e second half of crude 65 (0.007 mmol, 1.0 eqmv) was dissolved in DMF 

(500 ~tL), and formaldehyde aqueous solution, 3 1 µL, 0.042 mmol, 6 equiv) 

and TEA (3.0 ~tL, 0.021 mrnol, 3 eqrnv), and sodium triaceto)\;borohydride (4 ng, 

0.026 rnmol, 2.6 Gquiv) were added sequentially. Af'.er 2.2 h, the reaction mixture 

25 was dilLtcd to I. R mL wi;h 0 OSN HCl in H:O and purified via preparative reverse 

phase HPLC on a Waters Autopurification system a usmg a Polymer:-: I 0 p. 

100 R column [30' 21.20 mrn, 10 micron, solvent A: 0.05 N HCI in \Vater, 
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solvent B CH,CN; injection volume 2.0 mL (0 05 N HCJ in water);, gradient: 

0 >30% H over lO min: mass-directed fraction collcctionJ. Fractions with the 

desired Tvl\V, eluting a,t 8 9-9.6 min, were collected and freeze-dried to provide a 

mixime of the desired compound and an over-formylated The resulting 

5 compound mixture was in 6 N aqueous HCI solution and stirred for 50 h, 

then freeze-dried to provide l 5 mg of the desired compound 67 (38%) 1H NMR 

]() 

(400 Milz, CD,OD) i) 8.17 (d, J 10.4 Hz, l 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, I H). 2.33-2.05 (m. 5 H), 

1.70-1.58 (m, 1 H); MS (ES!) m/z 55940 (M+H) 

Compound 68 

To a soi lJtion of (5)-(-)-1-Cbz-piperidinec::1rboxylic acid (34 2 mg, 0.13 

rmnol, 3 eqmv), and (2-{7-aza-IH-bcnzotriazole-1-yl)- I ,l ,3,3-tetramethylurornum 

! 5 hexafluoro-phosphate) (50.0 mg, 0.13 mol, 3 equiv) in DMF µL) was added 

triethylamine (18 µL, 0.13 mmol, 3 equiv) After 30 min, aniline 9 (17.5 mg, C.039 

mmol, I equiv) was added. After 16 h, the reaction mixture was diluted to 3 mL with 

0 05 r\ in H20 and purified via preparative reverse phase .HPLC on a Waters 

Autopunficat1011 system usmg a Polymerx I 0 11 RP-1100 R column 

20 [30 21.20 mm, I 0 micron, solvent A 0.05 N HCi m water, solven1 B: CltCN; 

injection volume: 3.5 rnL (0.05 N BCI in 1,vater); gradient elution with 15->70% B 

over I() then held at l 00%1 for 5 mm; mass-directed fraction collection]. 

with the desired '\1W, 

dm~d. Palladium on carbo:1 (!.0%, 4 

at 9 07 IO 0 min, were collected and frcezc-

,.,.a0; added to a solution this foam in 

25 dioxane:MeOH ( l 3, 1.2 mL). The flask was fitted with a septum and evacuated and 

back-filled three times with 

(balloon) of 

gas. The reaction mixture wns stirred under an 

gas for 1 5 h, then was fil:ered through celite ro 

remove the palladium catalyst and concentrated under reduced pressure. Preparn:ivc 

reverse HPLC of' 1he resulting oil was performed on a Waters 

30 Autopurification system a Polyr:.1erx 100 R column 
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[30 :< 21.20 mm, l 0 micron, solvent A: 0.05 N HCI m water, solvcm 13: CH,CN; 

injection volume: 2.0 mL (0.05 N HCl in water); gradient elution wcth 0-•35% B 

over J 0 mm, then held at 100% for 5 min; mass-directed fraction collection]. 

Fractions with the desired \ 11W, eluting at 8.15-8.58 min, were collected and freeze-

5 dried to yield 0 75 mg of compound 68 (4%): 

(d, J 1.0 Hz, I. H), 4.12-4.06 (m, 2 H), 3.48-3.40 (m, 2 H), 3.20-290 (m 9 H), 

2.36-2. l 8 (m, 3 H), 2.02-1.90 (m 2 H), 1.82-1.60 (m, 4 H); MS (ESI) mtz 559.37 

(M+H) 

l 0 Compound 69 

To a solt:tion of (R)-(+)-1-Cbz-piperidinecarboxylic acid (35 0 mg, 0 13 

3 equiv), and (2-(7-aza-lll-benzotriazole- I-:v<)- U,3,3-tetramethyluronium 

hl;xafluoro-phosphate) (50.0 mg, 0.13 mol, 3 equiv) in DMF (200 ~LL) was added 

l5 TEA (18~lL,013 mmol, 3 equiv). After:lO min, aniline 9 (16 ()mg, C.037 rnrnol, J 

equiv) was added After 16 h, the reaction mixture was dillited to 3 mL with 0 05 N 

.HCl in n~o and purified preparati vc reverse phase HPLC on a Winers 

1\utopurification system using a Polyrnerx l 0 µ RP-'r' l 00 R column 

[30 x 2i20 mm, !Omicron, solven1 A: OJl5 N HCI in water, solvent B: CH3CN; 

20 injection volume: 3.5 rnL (0.05 N HCl in water); gradient elution with l0-->50% H 

over 10 min, then held a1 100% for 5 min: mass-directed J}aclion collection:. 

Fractions with the desired MW, eluting at l 2.1-12. 9 min, were collected and freeze-

dried. Palladium on carhnn (I 5 mg) was added to a solution of this foarn in 

d:ioxanc:\.1c0ll (1:3, 800 µL). The flask was fitted vvith septum and evacuated and 

25 bac.:k-filled three tnnes \.\1th hydrogen gas. ll1e reaction mixture was stirred under an 

a~mosphere (balloon) of hydrogen gas for l 75 h, was filtered ceJJte to 

remove the palladium catalyst and concentrated under reduced pressure Preparative 

reverse phase HPLC purif:cation of !he resulting oil was performed on a Waters 

Atrtopurification system uswg a Polymerx 10 ~l RP-y l 00 R column 

30 [30 21.20 mm 10 micror, solvent A 0.05 N HCI in water, solvent B: CI hCN; 
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injection volume 2 0 mL (0.05 '\I HCI in water); elution with 0->35% B 

over l 0 min, th<;:n held at J 00% for 5 min: mass-directed fraction collection]. 

fractions with the desired MW, eluting m 8.75-9.16 min, were collected and freeze­

dried to yield 0.55 mg of compound 69 (3%): 1H !\MR (400 MHz, CD,OD) o 8.16 

5 (d, J = l l.O Hz, 1 H), 413-4.06 (m, 2 H), 3.50-3.43 (m 2 HJ, 3.20-2 90 (m, 9 H), 

10 

2.3 8-2.18 3 H), 2.04- .88 (m, 2 H), 1.83-1.60 (m, 4 H); MS (ESl) m/z 559.38 

(l\HH). 

Compound 70 

To a solution of compound 68 (O.OJ 38 mmoL l equiv) in DMF (750 µ.L), 

were added formaldehyde (37~!(, aqueous solution, 6.2 ~LL, 0.083 mmol, 6 equiv), 

TEA (5 8 µL, 0.'.)41 mmol, 3 equiv), and sodium triacetoxyborohydride ( 11 mg, 

O.O:'i l mmol, 3. 7 equiv) sequentially. After 17 h. the reaction mixture was 

15 concentrated to remove amine and 6 ;\' aqueous HCl (500 ftL) was added. After 19 

days, the reaction solution was pur:fied via preparative reverse phase HPLC on a 

\Vaters Autopurification systerr:. using a Polymerx 10 µ RP-y 100 R column 

[30 > 21.20 mm, 10 micron, solvent A: 0.05 N HCl in water, solvent B CI-hCN; 

!n,Jcctwn volume: 2.5 mL N lICi m waier);grad:ent I B over 15 mm, 

20 mass-directed fraction collection]. Fractions with the desired ?vr\V, eluting at ~.75-

6.2 min, \.\ere collected and freeze-dried lo provide 24 mg of the desired compound 

70 (3 ! %): 1H N"vtR (400 MHz:, CD:,OD) 8 8 !6(d,./=J1.0 Hz, l H), 4 08-4 04 (rn, 

I H), 3 59-3.53 (rn, l 3 20-3 10 (m, 5 Fl), 3.06-2.96 (m, 5 H), 2.90m ts, 3 H). 

2.36-2.25 (m, 2 lf), 2.11-2.05 (m, l H), 2.02-1.94 (m, 2 H), l.90-174 (m, 2 H), 

25 I.Tl· 1.58 (m, 2 H); MS (ESI} mlz 573.33 (~1+H). 

Compound 71 
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NI I; 

Compound 9 (20 mg, 0.045 mmol, 1.0 equiv) in THF was added Na2C03 

(9.5 mg, 0.089 rrunol, 2 0 equiv), (4R)-4-L1uoro-l-methyl-L-proline (9 8 mg, 0.067 

mmol, I 5 equiv) and HA! U (34.6 mg, 0.047 mmol, 2 0 equiv). lhc reaction 

5 mixture was stirred at room temperature for 20 hour. LC-MS analysis indicated the 

staiiing material was consumed completely. l1Cl/M.eOII (1 mL, 4 N) was added to 

the mixture at 0 stirred for 2 min. The mixture was concentrated under 

vacuum, the residue was purified by reverse phase HP! .C to afford product 71 

mg): 1
H '\il\lfR ( 400 Miiz, CD30D) & 8.18 (d, .J = I0,8 

JO Hz, l H). 4.76-4.72 (m, l H), 422-4.16 (m, l H), 4.10 

3 21-2.91 (rn, 14 H), 2.35-2.21 (m, 2 H), 1.69-l.60 (m, I 

(M+H) 

l H), 5.51 (d, J "' 51 6 

l H), 3.74-3.63 (m. 1 H), 

.tvfS (EST) n11z 577.1 

Compounds 72 and 73 were t)repared similarly to compound 71 using the 

15 corresponding amino acids 

Compound 72 

H36<'' 0 N~~Ho 
H ",H 0 ~OH, ') . u. uH· u . 

F.: 72 

Prepared similarly to compound 71: 1H N:MR (400 MHz, CD10D) o 8. 16 (d, 

20 .l=108Hz, 1 H),548(d,.J 512H7,l H),460-456(111, 1 H),4.11 I H), 4 05-

3.98 (m, I HJ, 3.67-3 511 I H), 3.24-2.96 (m, UH). 2.55-2.44 (m. l H), 2.34-

2.22 (m, 2 H), I 70-1.66 (m. I H); MS (ESI) n11z 577. l (M+H). 

Compound 73 
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Prepared similarly to compound 71 · 1H NMR CD,OD) o 8.1& (d, 

J= 10.8 Hz, 1H),4.76-4.71 (m, l H), 4.17-4.12(m, 1H),4.09 (s, l H), 3.96-3.86 

(~I II), 3.67-3.53 (m, I H), 3.55-3.53 (m, I Tl), 3.25-2.73 

5 2H), 168-159(m, l H);MS(ESl)m'z5953(i\11H) 

12 2.33-2.19 (m, 

Compound 3-1-1 

0 
Bo::;HN~ _)l~J 

D. rj 

L-(Bocamino)cyclopropanecarboxylic acid (67.4 mg, 0.335 mmol), 0-(7-

l 0 azaher17otri azo 1-J -yl)-N, N. N 1
• N1-retrarnethylurnnium (J 27 mg, 

0.335 mmo]), and triethylarnine (0.078 ml, 0.56 mmol) were stirred in DlVfF (I mL) 

15 

for 30 minutes. Compound 9 (50 mg, 0 1l2 mmol) was added. 

overnight, the reaction mixture was purified by nrF•n,1·rn1"1 reverse phase 

HPLC purification on a Wat.;rs Auto.Jurification a Poiymerx lO p RP-y 

JOO R column [30" 21.20 mm, IO micron, solvent 0.05\. solvent B: 

Cf{,f'.N, gradient eh1tion with o-~50%1 B over 10 min, mass-directed fraction 

collection] Fractions with the desired :VfW were m1d freeze-dried. The 

material was repurified by preparative reverse 

Amopmification system using a Polymerx I 0 p 

on a Wa.ters 

l 00 R column 

20 "2120 mm, l 0 micron, solvent A: 0.05N llCl, solvent B: ClhC:'1, 

25 

elution with 0--+ 1 OO(~o D over 15 min; mass-directed fraction collection]. Fractions 

with the desired l'vfW were collected and freeze-dried Tim gave 42 mg of 

compound 3-l-l (59';,'.J, ~,80%, pure) \vhich was used without further 

\l.S (ESI} rnz 631.41 O'vI'-H). 

Compound 74 
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Compound 3-l-1 (42 mg, O 067 mmoJ, ~80% )ure) was stirred rn 4\t! HCl in 

1,4-dioxane (5 mL) overnight The reaction mixture was concentrated under reduced 

pressure m1d was purified by preparative reverse HPLC purification on a 

5 Waters Airtopuriftcation system using a Polymerx 10 µ RP-y l 00 R column 

[JO:< 21.20 mm, 0 micron, solvent A 0.05N HO, solvent fl CH3CN, gradienl 

elution with 0-·.+5(Y.% B over l 0 mass--directed fraction co Jlcction]. Frnct:ons 

with dc:sired MW were collected and freeze-dried. The material was dissolved in 

McOH i mLj, and the solution was added dropvvise to vigorously stirring diethyl 

1 O ether (2JO 111L). The resulting solid was cor ected by filtration on a pad of Celite. 

This was washed \1''ith diethyl 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 1 r\MR (400 N!Hz, CD,OD with I drop 15 8.00 (d, 

J 70 Hz, I H), 4.05 (s, l H), 3 20-2.85 9 H), 2 36-2.06 (m, 2 H), l 70-1.52 (m, 

15 3 H}, 135-1.22 (m, 2 H); \!1S (ES1) 111iz 53 l.33 (M+H). 

20 

Compound 75 

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, I. 00 mmo', 2 0 equiv). 

The reaction was stirred at rt until form a clear solutior.. Methylisocyanate (89.4 ~tL, 

1.50 mmol, 3.0 equiv) was added to the reaction mixture dropwise. The reaction was 

all owed to stir l'.t 25 °C fix l h. Additional methylisocyanate ( 4 S µL, 0. 75 mmol, 1.5 

25 equiv) was added and stirred overnight. LC:v!S indicate there are still s1ar1i11g 

material present. The solvent was removed under vacuum to give the ;:;rude 75. The 

crude product was purified by !{PLC on a Polymerx lO µ l 00 R column 
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[30 '21.20 mm, lO micro:1, solvent A: 0.05 N RC!, solvent B: CH:CN, sampl m 

2.0 mL (0.05 N HCl), gradient elution with 15-+65 % B over 15 nun, mass-directed 

fraction collect10n] to yield the desired product 75 as a yellow solid mg, 31.7 

%) NMR (400 Milz, CD:iOD) o 812 (d, J 11.4 Hz, l H), 4.07 1 H). 3.04 (s, 

5 3 H), 2 96 3 H), 3.13 -2.93 (m, 3 H), 2.77 (s, 3 H), 2.27-2. l 5 (m, 2 H), 1.69-l.57 

(m, 1 H); MS (ESI) mlz 505.41 (M+f[). 

10 

Compound 76 

ifON 

H 
A 

76 

Compound 9 (20 mg, 0.045 mmol, 1.0 equiv) in THF was added Na2C03 

(9.5 mg, 0.089 mmol, 2.0 equiv) and 0.1 mL benzoyl chloride solution (54 u L m 

mL TH.F, 0.047 mmoL I.05 equiv) The reaction mixture was strrred at room 

temperature for . LC-MS analysis indicale<l the starting material was 

15 consumed comp] etely HCJ/MeOH (1 mL, 4 N) was added to tbe mixture at 0 and 

stirred for 2 min. The mixture was concentrated under vacuum, the residue was 

purified reverse phase HPLC to afford product 76 5 mg): 1H NMR (400 :MHz, 

CD:,OD) 8 8.23 (d, J:=.10.8 Hz, l H), 7.97 (d, J 7.6 Hz, 2 H), 7.66-7.54 (m, 3 H), 

411 (s, I H), 3.2 -2.90 (m, 9 H), 2 .. 17-2.24 (m, 2 ll), 1.72-1.66 (m, l H); .\.1S 

20 m/z 552.l (tvFH). 

Cornpow1ds 77 - 83 \;,•ere prepared si milady lo compound 76 the 

corresponding acid chlorides. 

25 CompOLmd 77 
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1ll N\1R (400 M CD30D) i·i 8.25 J H), 8.21 (d,J 8.0111,, I H), 8.14 

(d, .J = 10.4 Hz, l H), 7.92 (d, J = 8.0 1H),776 (tJ ,, 8.0 Hz, l H), 4 08 (s, l 

H), 3 21-2.89 

(Mill) 

Compound 78 

9 H), 2.35-222 (m, 2 H), 1.71 l.61 (m, l H); J\1S (ES!) m/z 620 I 

F H3C,N~CH:; 

~ ~ ; OH 

I (f'.;H2 

J 0 

111 NxlR (400 MHz, CD30D) ii 8 10 (d, .! 10.8 117, I H}. 741-7.33 (rn, 3 

7.09-707 (ml H), 4.00 (s, I H), 3.78 (s, 3 H), 3.12-2.86 (m, 9 II), 2.23-2.13 

10 (m, 2 H), L60-UO (m, 1 H); MS (ESf) mz 5&2.1 (M--H). 

Compour:d 79 

1 
H NMR (400 i\tlliz. CD30DI <5 8.12 (d, .J I 0.8 Hz, '. H), 7.89 (d, .J = J.2 

15 Hz, I H), 7 78 (d, .! 4.8 Hz, 1 H), 7.22 (:, J 8.8 Hz, J Tl), 4.10 (s, l H), 3.20-

2.98 (m, 9 H). 2.36-2.20 (rn, 2 H), , .68-1.Ci I (m, l H); MS (ESI) m/z 558.1 (M+H) 

Compound SO 

20 11 ! NtvlR (400 MHz, CD:;OD) o 9.34 l H), 9 04-9.00 (m, 2 H), 8 20-8.15 

(m, 2 H), 4.07 (s,, H), 3.27-2 94 (rn_ 9 H), 2.34-2.18 (n\ 2 H), 168-1.59 l II); 

MS (ESl) rn/z 553.1 

Compotnd 81 
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MHz, CD:;OD) 8 8.13-8.06 2 IT), 7.98 (d, J = 7.6 Hz, I H 

1 H ), 7.67 (tJ = 8.0 Hz, l H ), 4.0 I (s, 1 H), 3 26 (s, 6 Ff), 

3. 14-2.83 (m, 9 H), 2.27-213 (m, 2 H), 1.64- .52 (m, I H); MS (ESI) 1n;z 595. I 

5 (M-H). 

Compolllld 82 

MHz, CD30D) 8 8 08 (d, J 10.8 Hz, I H), 7S8 (d, J = 8.4 

JO Hz. 2 H ), 7.49 (d, J 8.4 llz, 2 U ), 4 02 (s, 1 H), 3. l 9 6 H), 3. l 2-2 88 (m, 9 H ), 

2.24-2. l 3 (m, 2 H), l 60-1.51 (rn, l H); .VIS (ESI) m/z 595. J (':Vl+H). 

Compound 83 

15 1H NMR ('100 MHz, CD30D)<5 8 ! 9-8.14 (m, 2 8.05 (d, .1-~8.4 Hz, l H), 

7.91-7.89 (m, 1 .H), 7.76-7.74 (m, 1H),412 (s, I lI), 3.32 6 H), 3.21-2.96 (m. 9 

H),2.41-L.98(m, 2JI), 1.72-1.59(111, l II): rv!S(EST)m/zli91i.0(\1'H). 

Compound 84 

20 
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Compound 9 (20 ng, (J.(l45 mmol, 1 0 equiv) in THF was added DlFA (11.5 

mg, 0.089 mmoL 2.0 equiv) and 2-thioplmnesulfonyl chlcride (12.2 mg, 0.067 

mmoL 1.5 equiv). The reaction""""....,."''"' was stirred at room temperature for 20 hour. 

LC-"'v1S analysis indicated the material was consumed completely 

5 l:ICl~feOH ( l mL, 4 N) was added to the mixture at 0°C and stirred fur 2 min The 

mixture was concentrated under vacuum, the was purtfi ed by reverse phase 

HPLC to afford compound 84 0 1H NMR (400 MHz, CD10D) o 7.75 (dd, J 

= 5.2, 1 2 J 1 H). 7.59 (d,J 2.8 Hz, l H). 7.52 (d, J 10.4 Hz, l H), 7 09 (t, J== 

44 Hz, 1 H), 4 07 (s. I 3 l 1·2 92 (m. 9 H), 2.30-2.18 (m. 2 H), 1.68-1 58 (m, l 

JO H)~ !\18 (ESl) m/z 593.9 (\!l+H). 

Compounds 85 -- 87 were ~y,,~,,r.,n snnilarly to compo:.md 84 

corresponding sulfonyl chlorides. 

the 

15 Compound 85 

20 

1HNtv1R(400MJ:Iz,CD10D)o7.44(d.J lOOHz, 1H),4.lO(s,1 H), 

3 .21-2.90 (m 12 Tl). 2.34-2.22 (m, 2 H), l .67-1.6 l (m, l H), MS (EST) mlz 526. l 

(M+H) 

Compound 86 

1H 'J'\!fR (400 \!fHz, CD30D) & 7.82 (d, J 7.6 2 H), 7.58-7.46 (rn, 4 

II), 4.07 (s, l H), 3 10-2.92 tm, 9 II), 235-2.25 (m, 2 1.65-1.55 (m, 1 H); MS 

25 (ESl) mh 552.1 (M~-H). 

Compound 87 
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1H NMR (400 MHz, CD30D) 8 7.72 (t,J = 5.6 Hz l H), 7.62 (d, J = 7.6 Hz, 

750 (d, J ~c 8.4 Hz, 1 H), 7.41 7.38 (m, 2 H), 3.97 (s, H), 3.03-2.82 (m, 9 H), 

5 2.19-2.06 (m, 2 IT). I 53 l 50 l H); MS (ESl) m/z 622. l (M~H). 

10 

Example 4. Synthesis of Compounds of Stmdurnl Formuhl (I), "'herein X is 

hydro~en and Y is -NH-C(O)-heterocycly or -NH-C(O)-heteroat'YI 

Scheme 4 

1)aq HF 
2) H,JPd-C 

(or 

In Scheme 4, R represents heteroa1yl and R2 is RA as defined in Structural 

Formula (A). For certam compounds made hy Schem5 4 and described R:c i:'> 

x v 
hydrogen and R' and R' are taken with rhe carbon and nitrogen atoms to 

15 which are respectively bound to form an optionally Sl1b:"titut0d 4-7 membe1ed 
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saturated heterocyclyL Tt will be apparent to those of skill in the art, 

howeve", that this Scheme 4 wlll also be useful to synthesize compounds ·where Rx, 

RY and 1'.re R 15
, Rn and , re::pectively, as defined in structural formula (A). 

Tbe following compounds were prepared according to Scheme 4. 

Compound 88 

0 

HM-)lN 
CFH H 

To suspei:s1on of .-Fmoc-L-azetidine-2-ca.rboxylic (135 mg, 0 42 

mmol, 2.9 equiv), and I H-benzotriazole-I -yl)-1, 1,3,3-tetramethyluronium 

10 hexafluoro-phosphate) (I 64 mg, 0.43 mo!, 3 equiv) 111 TJIF (1 5 mL) was added 

trtethyl:m1ine (60 0.43 mmol, .3 equiv). After30 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 resultii:g oil was 

perfbrmed on a Waters Autopurification system using a Sunfire Prep C ! 8 OBD 

15 column [ 5 µm, l 9 >< 50 :111n; flow rate, 20 rnL/min: Sol vent A H20 w1lh Cl.l % 

HC02H; Solvent B: ClbCN with 0.1 % HC02H; injection volume 3 x 2.0 mL 

(CH:;CN), gradient 80· d 00% B uver 15 mass-directed fraction collection]. 

Fractions with the desired J\1W, at J0.3.'i-12.0 min, were collected and 

freeze-dned to provide 131 mg of a yellov..i powder. 

20 

To a solution of the above intermediate in Cfl;Ch (2 mL) was added 

piperidine (500 ~LL). 30 min, the reaction solution \Vas poured into aqueous pH 

7 phosphate buffer and extracted with EtOAc (3 x 20 mL) T1e combined orgm1ic 

layers were dried (Na2SCl;), filtered, and concentrated under reduced pressure. 

25 Purification of tl~e resulting crude oil via flash column chromatography on silica 

5 g, 0 to 5 to J 0 to 50 % EtOAc i:1 hexane gradient) provided 47.6 mg of 

the intermediate. 

Half of the above intermediate (24 was dissolved 111 acetonitnle (I mL), 

30 am: an aqueous solution ofilF (SOr;.\;, 200 pL) was added. After 18.5 h, the reaction 



WO 2010/017470 

4142.1017001 

PCT/US2009/053142 

- 96 -

so.lution was poured mto an aqueous K2HP04 solution S g m 20 mL) and 

extracted with EtOAc (2 x 25 mL). The combined orgarnc were dried 

liltcred, and concenuated under reduced pressure. 

5 Palladium on carbon ( l 0%, l 2 5 mg) was added to a. of the above 

intermediate in dioxane:MeOH (1 L l ml). The flask was fitted with a and 

evacuated and back-filled three times \Vith hydrogen gas. Hydrogen gas was bubbled 

through the reaciion solution for three minutes, and the reaction rnixture was stirred 

lmdcr an atmosphere (balloon) of hydrogen gas for 4.5 h. lbe was 

l 0 filtered cel.ite to remove the pal ladrnm catalyst and under 

pressure. Preparative reverse phase HPLC purification of the oil 

was performed on a Waters Autopurification system using a I 0 µ 

100 R column [30 21.20 mm, IO micron, solvent A 0.05N HCl in water, 

solvent B: CH.iCN, injection volume: 3.0 mL (0.05'\ HCI in dul1on 

15 with 0-30% B over 10 nm, then held at l 00% for 5 min; fraction 

Fractions with the desired MW, eluting at 9.8-11.25 mi11, were collected 

and The resulting impure powder was purified via preparative reverse 

IJPLC as above v.rith gradient elution with 15--->SO<~<i B over 12 then held 

at I 00<;1, for 3 min, rnass-directecl fhic1 ion collection. Fractions with the desired 

20 MW, eluting at 6.5·8.0 min, were collected and freeze-dried to yield 2.0 mg of 

c.ompound 88 (5%,): ;H NJVTR (400 :'VIHz, CD30D) o 8.25 (d, J 11.0 I HJ, 

5. 29-5 24 I H), 4 20-4.11 (m, 1 H), 4.00 (s, l H), 3. l 9-2.89 (m, 10 H), 2.69-2.56 

25 

l H), 2.33-2.19 (m, 2 l.68-J 56 (m, l H); MS (ESI) nvz 53L10 H). 

equiv) ir: 

3.15 mmol, 1 

acid 

fhCb<O 
N 'OH 

H 

of L-azct1dinc,2-carboxylic acid (290 mg, 2.87 mmol, I 

mL), was added aqueous formaldehyde solution (37%, 235 µL, 

and palladium on carbon (10%, 76 mg). The flask was fitted 

30 with a septum and evacuated imd back-filled three times 'Nith hydrogen gas. The 

reaction was stirred under an atmosphere (balloon) of hydrogen gas for 19 h, and 

was filtered celite to remove the palladium catalyst. The resulting solution 
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was ct>ncenlra!ecl under reducec1 pressure, concentrated from toluene three times and 

dried under vacucm to afford N-methyl-L-azetidine-2-carboxilic 

l\1Hz, CD30D) 8 4.50 (t, J 9 5 Hz, ! H), 3.96 (dt,.T= 4.3, 9 8 Hz, I H), 3.81 (q,J 

= 9.8 Hz, l ll), 2 86 3 2. 71-2.60 (m, I H), 2.50-2 38 (m, l H). 

Compocmd 4-1-1 

To a suspension of aniline 2-6 (302 mg, 0.408 mmol, 1 equiv) andJV-methyl­

L-azeticline-2-carboxilic acid ( 148 mg, 1.28 mmol, 3 .1 equiv) in ClbC]z (6 mL) was 

lO added 0-(Bcnzotnazol-1-yl)-N,"l,N'.N'-tetramethyluronium tetratluoroborate (395 

mg, 1.23 mmol, 3 equiv) and DIEA (285 µL, l.64 nunol, 4 equiv) After 16.5 h, the 

result orange solution was concentrated tmdcr rcdt1ced pressme and purified via 

:Jreparative reverse HPLC on a \Vaters Autopurification system using a 

Sunfire Prep Cl8 OBD co:umn [.'i µm, 19 x 50mm;11ow rate, 20 mL!min; Solvent 

15 :\ H:,O with 0. % HC02H; Solvent B: CH3CN with 0.1% HC02H; injection 

volume 4 x 2. 5-3.0 mL (CHJCN); gradient: 50_.90% B over 15 min; mass-directed 

fraction collection]. Two sets of fractions wiil1 the desired \1W, eluting at 4.6-

6. 5 mm and 6. 5-9. 4 min, were collected sept1ratcly and freeze-dried to provide : 47 

mg of4-1-1 1H N1\1R \lfHz, CDCb) B 1604 (s, I HJ, 10.10 (s, l H), 

20 8.48 (cl, .1 110 Hz, 1 HJ, 7.54-7.48 (m, 4 H), 7.40-7.32 (m, 5 H), 5.36 2 H), 

25 

499 J 9.8Hz,l 4.90(d,J=9.8 lII),3.96 J 104Hz .. l 3.54 

(t, J 7.9 Hz, I H), 3.39-3.34 (m, 1 H), 3.25-3.19 (m, I 3 05-2.92 (m, 2 H), 

2.58-2J6 (m, lO H), 2 23-2 06 (m, 4 H), 0.81 (s, 9 H), 0.28 (s, 3 

MS (ESI) m/z 837.37 (M+H). 

Compound 89 

0. 11 (s, 3 H), 
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To a so]u'.ion of4-1-1 (147 mg, 0.175 mmol, I equiv) in dioxane (.l5 mL) 

was an aqueous solution of HF (50%, 750 iiL). After 4 h, the reaction solution 

was poured mto an aqueous K2HP0.1 solution (9 g in 90 mL) and extracted with 

EtOAc (2 x 50 mL). The combmed organic layers were dried ("la2S04), filtered, and 

5 concentrated under reduced pressure to provide 128.4 mg of a cmde yellow foam. 

The HF deprotection product ( l 44 mg, 0 199 mmol, equiv) was dissolved 

in dioxane Me OH (ll, 4 mL ), and palladium on carbon 43. 5 1ng) was added. 

The ilask vw1s fitted ·with a septum and evacuated and back-filled three times with 

l 0 hydrogen gas. Hydrogen gas was J)libbled through the reaction solutio!l for :hree 

minutes. and the reaction mixture was stirred under an alrnospbere (balloon) of 

hydrogen gas for 3.25 h. reaction mixture \Vas filtered through cd ie to remove 

tne catalyst and concentrated under reduced pressure. Preparative reverse 

phase HPLC ofth:s oil was performed on a Waters Autopurification system using a 

15 Polymerx IO u. l 00 R column x 2 l .20 mm, l 0 micron. solvc;rt A: 0. 05 N 

HCJ m water, solvent B: CH:;Cl\; injection volume: 2 x 3.2 rnL (0 05 N HCI in 

water); gradient: 10_...35% n over 20 mass-directed fraction collection]. 

Fractions with 1he desired MW, eluting at 6.10-8.40 min and 6.9-9.4 min, 

respectively fo1 nm, were combined. The pH of the solution at 0 "C was 

20 a(~justed (pH 1. 8 to pH 7. 4) via dropwise addition of 0. 5 M aqueous J\aOH solution 

(approximately 7.8 mL) and careful monitoring ·with an electronic pH meter. The 

aqueous solution was extracted '""1th Cll.cCh (3 x 60 mL) and the combined organic 

layers \Vere dried (Ka2SO~). and concentrated under reduced pressure to 

;Jrnvide 79.7 mg ofcompomd 89 as the free base (0.14611111101, 73%). This 

solid was dissolved m MeOH (3 rnL), and MeS03H (19 pL, 0.292 mmol, 2 ecuiv) 

was added The solution \Vas concentrated under reduced pressure, dried under 

vacuum, and freeze-dried from water to provide l 05 mg of 89 as the dimesylate salt 
1H f\IVIR (400 MJLz, CD;OD) 8 8.22 (d, J~~ 110 Hz, l TT), 5.16 (t. J 8.6 J 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, ate 

.10 fl), 2 64-2.59 (m, I H), 2 34-2 15 (m, 2 H), 1.70-1.58 (m l H); MS (ESI) m1i 

545.18 (M+H). 

General Propcedurcs for the Preparation of Compounds 90 - 94 
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To a solution nf aniline 2-<i (1 equiv) in THF (0.05-0.09M) was added an 

acid chloride (3 equiv). The reaction solution was fi~tered through celite imd 

concentrated under reduced pressure. The resulting oil was dissolved in dioxane (I 

5 mL) and an aqueous solution ofIIF (50%, 200 µL) was added. Upon completion, the 

reaction was poured into an aqceous KJIP01 solution (2.6 g in 30 mL) and 

extracted \\1th EtOAc (2 x 25 mL) The combined orgarnc layers were dried 

(Na2S04), filtered. and concentrated under reduced pressure. Palladium on carbm 

(10'%) wa::; added to a solution of this crude oil in dioxane:YleOH (l:l, 1 mL). The 

I 0 flask was fitted VI.1th a septum and evacuated and back-filled three ti mes 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 eel 1te to remove the palladium 

catalyst and concentrated under reduc:ed pressure. The crude products were purified 

15 preparative reverse phase HPLC 

Compound 90 

Prepared by above general procedure v,ith the following reagents: anilrne 2-6 

20 (21.l mg, 0.028 mmol, I eouiv), picolinoyl chloride hydrochloride (15.8 mg. 0.088, 

3 eqmv), with triethy]amine (l l.7 pL, 0 084 mmol, 3 equiv), and 10% Pd-C (JO 

mg), prcvided a cmde oil Preparative reverse HPLC of the crude product was 

performed on a Waters Autopurification system using a Polymerx l 0 ~L 100 R 

column > 2120 mm, 10 micron, solvent A: 0.0~ K HCI in water, solvent B: 

25 CfhCN; injection volume 2.5 mL (0.05 \ HCl in water); gradient: I 0_,.60'% B over 

20 min; mass-directed fraction collection]. Fractions with the desired MW, elutmg at 

14.8-16.4 mm, were collected and freeze-dried to provide 5.8 mg of the desired 

:.:ompound 90 (Tl%): 1H NMR (400 CD30D) o 8. 73-8.69 (m, I H), 8. 58-8.52 

(m, I H), 8.27-8.21 (m l H), 8.08-8.00 (m, ! .66-7.60 (rr:, l H). 4.09 (s, I H), 
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3.29-2.92 (m, 9 H), 2.38-2.18 (m, 2 H), 1.72-1.60 (m, I H); \1S 

(M+H), 

Compound 91 

111JZ 553.27 

(31.0 rn~, 0.042 mrnol, l equiv), l-methylpyn-ole-2-carbonyl chloride (22 mg, 0 15 

mmol, 3 equiv), and I 0% Pd-C (10 mg) Preparative reverse phase HPLC of the 

crude product was perfo1ned on a \Valers Autopurification system using a Polymerx 

IO 10 µ RP-y JOO .R column [30 x 2l.20mm, IO micron, solvent A: 0.05 N HCl m 

water, solventB CfhCN; mjection volume: 2.0 mL (0.05 NHCI in water); graaient 

20-·»70% B over 20 mass-directed fraction collection], Fractions with the 

desired MW were collected and freeze-dried and repurified via the same \vith 

the gradient 10·--•60% B over 20 min. Fractions with the desired MW, eluting at 

15 15.5-16.5 min, were collected and freeze-dried to provide 2.5 mg of the des:red 

compound 91 (I!%): 1H NMR (400 MHz, CD:;OD) o 8.20 (d, J l 1.6 Hz, l H), 

6.98-6.86 (m, 2 H), 6. 17-6. !0 (m, I H), 4.08 (s, l H), 3. 94 3 HJ, 3. 19-2.90 (m, 9 

H), 2.33-2.18 (111, 2 H), I. 80-l 56 (m, I H): IVIS (ESI) mlz 555.32 (M+H). 

20 Compound 92 

Prepared by above general procedure wi6 the followrng reagents aniline 2-6 

(3 l 0 mg, 0.042 mmol, 1 equiv), 5-methylisoxazole-3-carbonyl chloride (19.0 mg, 

0.13 mmol, 3 equiv), and l 0% Pd-C (I 0 mg) Preparative reverse phase HPLC of the 

25 crude product was performed on a \Yaters Autopurification using a PoJymcrx 

IC ~1 100 R column [30 ;, 21.20 mm, JO micron, solvent A: 0.05 N HCI in 

water, solvent B· injection volume 2.8 mL (0,05 N HCJ in gradient 
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I 0__,60°10 B over 20 mm; mass-directed fraction collection] Fractions w1!11 the 

desired .\1W, eluting at 14.5-15.5 mm, were collected and freeze-dried to provicb 4.0 

mg of the desired compound 92 (J 7%) 1H 1\11\!lR (400 MHz, CD30D) 0 8 32 (d, .!= 

11.0 Hz, l H), 6.59 (s, l H), 4.09 (s, 1 H), 3.19-2. 90 (m, 9 H), 2.52 (s. 3 H), 2.34-

5 2.18(m,2H), 1.71-I.58(m, I H);MS(ESI)miz557.26(MHI) 

Compound 93 

Prepared by above general procedure with the fo.llowing reagents: aniline 2-6 

JO (30.0 mg, 0.041 mrnol, J equiv), l-methyl-IH-pyrazole-3-carbonyl chloride (168 

mg, 0 12 mmol, 3 equiv), and I 0% Pd-C (20 mg). Preparative reverse phase HPLC 

of the crude product was performed on a Waters Autopunfication system using a 

Polymerx j 0 µ RP-1 I 00 R column r3o I 2 L.20 mm, LO micron, solvent A: 0 05 N 

HCI in \Varer, solvent B: Cll:;CN; injection volume: 3 2 mL (0 05 N HCI in waler); 

15 gradient: I 0--->60% B over 20 min; mass-directed fraction colbct1on]. 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%) 1H NMR (400 MHz, CD30D) 8 8J8 (d, 

J - l l .O Hz, 1 H), 7.68 (s, I H), 6.82-6 76 (m, I H.~. 4.09 (s, l H), 3.99 (s, 3 H), 

3.16-2.90 (m, 9 H), 2.31-2.16 (m, 2 H), l.70-1.56 (m, l H); :vIS (EST) nvz 556.31 

20 (M+H) \ 

Compound 94 

Prepared by above general procedure with the following reagents: aniline 2-6 

25 (300 mg, 0.041 mmol,] equiv), 1)-thiazole-2-carbonyl chloride (17.8 mg, 0.12 

mmol, .1 equiv), and 1 O'Yo Pd-C (15 mg). Preparative reverse phase HPLC oC the 

crude product was performed on a Waters /\utopurification system using a Polymerx 
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JOµ RP-y 100 R column [30 21.20mm. JO micron, solvent A: 0.05 N HCI in 

waler, solvent B. injection volume 3.2 mL (0.05 N HCI in grndient: 

IO >6D% H over 20 min; mass-d rcctcd fraction co llcction J. with 1he 

desired M\V, eluting at 14.6-.17.0 min, were collected and freeze-dried to 5.4 

5 mg of the 94 (23~o): 1H NMR (400 MHz, CD;OD) 8 8.38 (d, J 

I LO Hz, l H), 8.02 (d, .! 3.0 1 II), 7.95 (d, J = 2.4 Hz;, l JI), 4 09 I H), 

3.20-2.90 (m, 9 H), 2.34-2.17 (m 2 rf), ]70-J.56 (rn, I H); MS (EST) twz 559.23 

(M'll). 

l 0 Example 5. Synthesis of Compountls of Structural Formula (A), wherein Y is 

-N(RA)(RD), or -N1Hm1-\CH2)2-N(RA)(R'\ 

Scheme 5 

5-4 

1\ aq HF 
2) H2/Pd-C 

1) aq ·lF 
2) H~JPd-C 

5-7 
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In 5, R represents -(C1-C,)alkyl, -(Co-C5)alkylene-carbocyclyl, 

-(C1-C s )a lkvl ene-a1yl, -( C'c-C5 )alkyl ~ne-heterocycly I, -(C11-Cs)alk y lene-heteroaryL 

-(C1-C3)alkylene-'-l{R 1')(RB), Ar an aryl or a group; and Rt: and 

R v are R' and , repecti vely, as defined in Structural Formula (B). 

5 The following compounds were prepared according to Scheme 5. 

Compound 5-1-1 

Compound 2-6 (]50 mg, 0.203 mmol, 1.0 eqwv) was dissolved in 1,2-

10 dichloroethane (3 mL). HOt\c 

(12 9 pl,, 0.304 mmol, 1. 

l pL, 1.01 mmol, 5 equiv.) and isoYnlcrnldehyde 

were added. The mixture was stirred for L h. 

Na(0Ac)3Bll (129 mg, 0.609 mmol, 3.0 equiv) \.VilS added and the re'>uHing rnixrnre 

was stirred for 2.nother hom. The mixture was washed \\<ith IhO (I 0 mL) and 

concentrated to give crude 5-l·l (250 mg), which \vas used for the next step without 

15 further purification: MS (ESl) twz 810.59 (Mi H} 

Compound 95 

A.queous HF (0.3 mL, 48-50'%) was added to a CH,CN solution (1.5 mL) of 

20 5-1-1 mg ('TUde) in a vial at 25 °C. The reaction was stirred at 25 °C for 

25 

18 hrs. The resulting mixture was pour0d into an aqueous solution (to mL) of 

K1HP0.1 (2 g). The solution was extracted ·with EtOAc (3 x 15 mL) The combined 

E10i\c extracts were dried owr sodium sulfate and concentrated to give the crude 

intennediete ( 155 mg) 

I 0% Pd-C (20 mg) was added to a dioxane/lVleOI-I solution ( 4 mL, J 1) of 

the above crude intermediate. HCl/~IeOfl (0. 5 mL, 0.5 N) was also added The 

reaction mixture was stirred under (balloon) at 25 <'C for 2 hrs tmd fi]t;)rcd 
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through a pad of Celite. The filtrate was concentrated to give the crude product 144 

mg The crude product vvas purified by HPLC on a Polymerx l 0 ~L RP-y l 00 R 

column [30 x 21 20 mm, 10 micron, solvent A: 0 05 N HCI, solvent B: ClhCN, 

sample in 2.0 mL (0.05 J\ HCl), gradient elution with 10---+100% B over 15 min, 

5 mass-directed fraction collection] to yield the desired product 95 as a yellow solid 

(82 mg, 78 %1, 2 steps): 1H N\1R (400 Milz, CD30D) 8 7.44 (d, .I= 9.2 llz, l H), 

4.12 (s, l H), 3.42-3.37 (ri!, 2 ti), 3.05 (s. 3 H), 2.97 (s, 3 HJ 3.21 -2.97 (m, 3 H), 

2J9-2,30 (m, I H), 2.29-2.22 (m, l H), l.79-1.59 (m, 4 H) .. 0 98 (d, J = 6.4 Hz, 6 

H); MS (ESI) m/z 518.43 (M IT). 

I 0 Compounds 96 -- lOJ were prepared similarly to compound 95 using the 

corresponding aJ dehydes 111 !he reductive alky lat ion step. 

Compound 96 

15 1H NMR (400 MHz, C0300) 8 7.39 (d, J= 9.2 Hz, I H), 4 l 0 (s, J H), 3.34 

(t, J= 7.8 Hz, 2 H), 3.04 (s, 3 II), 2.96 (s, 3 TI), 3.21 -2.95 (m, 3 II), 2.35(t,./=13.7 

Hz, l H),2.27-2.20(m, l HJ, 182-l.72(m,2H), l.7l-l.60(m, l H), J 05 (t,J-7.4 

Hz, 3 H); MS (RSI) m/z 490.32 (M.,-H). 

20 Compound 97 

1H Ni'vlR (400 MHz, CD30D) o 7.34 (d, Jc-c 9.2 Hz, I H), 4.10 (s, I H), 3 34 

(!, J ···· 78 Hz, 2 H), 3 04 (s, 3 H), 2.96 (s, 3 H), 3.24 -2.95 (m, 11 H), 2.33 (t, .I 

13.7 Hz, l H), 2.27-2.20 (m, l H), 2.11-1.98 (m, 1H),1.71-1.60 (m, l HJ, 1.08 (d, .J 

25 = 6 9 Hz, 6 H); MS (EST) 1wz 50446 (M+H). 

Compound 98 
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F 

VY~ 
98 

1H NMR (400 MHz, CD30D) 8 7.43 {d, .!= 8 7 l H), 4. 0 l II), 3.34 

(CJ~ 7 8 Hz, 2 H), 3.04 3 H), 2 96 (s, 3 H), 3.28 -2.95 (m, 11H),2.41-2.3 l (m, 

I H), 2.27-2.20 (m, l H} 2.ll-1.98 (m, l H), L.72-1.60 (m, l II), l.20-1.l I (rn, l 

5 H), 0.74-0.68 (m, 2 H), 0.43-0.38 (m, 2 H), ~vfS (ESI) m/z 502.40 (M+H). 

Compot.:nd 99 

1H N.MR (400 MHz, CD30D) 6 6.97-6.89 (m 1 H), 4 07 (s, I H), 3.34 (t, J 

10 7 8 Hz, 2 H), 3 ()j (s, 3 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-l.20 (m 3 H). 1.11-100 (m, 2 !fl; MS (ESI) m/z 544.50 

(M+H). 

Compound 100 

15 

\J\tR (400 MHz, CD30D) 8 6.83 .J = 10.5 Hz, 1 H), 4.06 l H), 

L34 (l, J= 7 8 Hz, 2 3 03 (s, 3 H), 2.95 (s, 3 H), 3.1 l -2.93 (m, 5 H), 2.27-2.14 

2 H), 1.67-1.57 (m, 1 H), 1.04 9 H); MS (ESI) m/z 518.48 (\1-'-H) 

20 Compound 10 I 
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106-

1H Ntvrn. (400 lVIHz, Cl)10D) o 7.46-742 (m, l H), 4.15 (s, l H), 3.33 (s, 6 

H), 3 04 (s, 3 H), 2.96 3 H), 3. 17 -2.95 (rn, 3 H), 2.44-2.34 (m, l H), 2.29-2 22 

(m, l H), l.71-l.60(m, 1 H);MS(1-:<ST)mli47629(M+H) 

5 Compound 102 

Prepared similarly to 95 using tBul\(Cbz)CLbCUO: 1H NNIR ( 400 1\ffiz, 

CD30Dj o 6.72 (d, J l 1.0 I H), 4.07 l H), 3.54-3.46 (m, 2 H), 3.26-3 .. 9 

(m, 2 H), 3.03 3 H), 2.95 (s, 3 H), 3.14-2.92 (m, 3 H), 2.23-2.14 2 HJ, 67-

10 l.55 (m, 1 H), 138 9 H); MS (ESI) mlz 547.51 (M+H) 

Compound 103 

F H3C,N~Cti~ 

~~+?;.DH 
H,N~N~~ rn~Nlb 

H OH O~ y~;g '.J 

103 

Compound 103 was also isolated from the preparation of 102 1H NMR (400 

15 MHz, CD::,OD) o 6 71 (d, J= 11.0 H), 4.07 (s, l H), 3.47 (t, J 6.0 Hz, 2 H), 

20 

3.17(t,J=6.0 2H),3.03 3H),295 JH),3.13-2.92 3H),2.23-2.J2 

(m, 2 H), 1.66-1.54 (m, l H); MS (EST) m/z 49142 (?v1+H). 

Compound 5-J-1 

F I H3~~~,(CH:i 

Cl~l'-J 
~~0~. 'N 

H 8n0 0 HO ~ 0 OBn 
5-3-1 OTBS 

A vessel containing aniline 2·6 18.2 mg, 0.024 mmol, 1 equiv), Pd2dba., (3.0 

mg, 0.0033 mmoI, 0.13 equiv), Xantphos (34 mg, 0.0059 mmol, 0.25 equiv), K3P04 

(40 mg, Cl.188 mmol, 7.8 equiv) and 4,6-dichloropyrimidine (6 5 mg, 0.044 rnmol, 

I. 8 equiv) wa:'i evacuated and back.filled v1tth gas three times. Dioxane 

25 pL) was added, and the reaction mixture stirred vigorously and heated at 80 "C 
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for 4. 5 h. The reaction mixture was filtered through celite concentrated under 

redaced pressure. Preparative reverse IIPLC of the resulting yellow oil was 

performed on a Waters Autoprnification usmg a Sunfire Prep CJ 8 OBD 

column [5 fll11, I 9 ;< 50 mm; flow rate, 20 mLimin; Solvec1 A: H20 with 0 l % 

5 HC02R Solvent B: CH1CN with 0. I% HCO:cH: injection volume 1.8 mL 

80-d 00% 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 75 mg of compound 5-3-1 (37%). 1H NlvfR (400 MHz, CDC];) o 
15.97(s, I H),848 1 H),833(d,.J 5.5 I H).7.52-7.46(m,2 7.40-7.28 

IO (rn, 8 H), 7.07 I TT), 6.11(s,1II).5.34 2 HJ, 4 97 (d,.T= l J 6 I HO, 4.88 

(d,.J= ll.OHz, I 3.95(d,.J= I0.4Hz, I H), 3.28-3.J9(m, I H),309-298(m. l 

H), 2 61-2 54 (m, I H), 2.54-219 (rn, 8 H), 2. l 6 (d, .J = 14.6 D.83 (s, 9 H), 

0.28 (s, 3 H), 0 14 3 H): MS (ESI) m:z 852.57 (M LI). 

1 5 Compound 104 

To a of5-3-l mg, 0.0088 mmol, I oquiv) in d1oxane (1.4 mLJ 

was added an aqueous so :ution of HF 200 µL ). After 15. 5 h, the reaction 

solution was poured into an aqueous K2IIP01 solution (2.4 g m 20 mL) and 

20 ex1racted with EtOAc (2 x 20 ml.} The combined organic were dried 

(~a2S04), filtered, and couc:::nmued under reduced pressure. Palladium on carbon 

(10%, JO mg) was added to a solution of this oil m cltoxane:MeOH (1:1, l mL). The 

flask \Vas fitted with a septum and evacuated and back-filled three times with 

hydrogen gas. Hydrogen gas 1,vas bubhled through tbe reaction soluiton for thee 

25 minutes, and the reaction mixture was under an atmosphere (balloon) of 

hydroge11 gm; l'or 2.5 h. The reaction rmxture was filtered through to remove 

the palladium and concentra1ed 

HPLC pmificatmn of the 

Autopunfication usrng a 

reduced pressure. Preparative reverse 

oil vvas performed on a Waters 

I 0 p RP-y 100 R column 

JO l30 ' 2 L20 m1r:, I 0 micron. solvent A 0.05 .'i I !Cl m water, solvent B. C:H,CN; 



WO 2010/017470 

4142.1017001 

PCT/LS2009/053142 

108 -

injection volume: 2.0 mL (0.05 N HCI m water), gradient elution with I 0-+50%, B 

over l 0 min. then at 100% 5 min: mass-directed fraction colJection]. 

Fractions with the desired MW, at 6.90-7.80 min, were collected 

dried to provide 2 2 mg of 104 1H NMR (400 MHz, CD"OD) 8 8.83 

5 8.37-8.25 (m, l H), 8. l 8-8.05 (m, 1 H), 7.30-7.20 (m I HJ, 4.10 (s, I H), 3.20-2.90 

(m, 9 H), 2.40-2.29 \m, l H), 2.27-2. l 9 (m, l H), . 72-1.58 (m, 1 H); MS (ESI) m!z 

52631 (\1+H). 

10 

Conpound 105 

To a solution of aniline 2-6 (30 0 mg. O.C41 mmol, I equiv) in 

dichlorocthane (500 µL) was added pyridine (16 3 11L, 0.20 mmoL 5 equiv) and 2-

chloroethanesulfonyl chloride (21 p.'L, 0.20 mrnol, 5 equiv) The reaction vessel was 

sealed and heated to 45 °C, After one hour, the reaction was a solid yellow and 

l 5 another 500 pL 1,2-dichloroethane was added to form a suspension and the reaction 

was sca:cd and heated to 45 °C. After 18.5 h pyrrolidine (68 µL, 0.32 mmol, 20 

equiv) was added and the reaction to 45 °C for 2.5 hours The solution wa::; 

pollrcd inlo aqueous pH 7 phosphate buffer (8 mL) and extracted with EtOAc (2 x 

25 mU. The combined 

20 concentrated under reduced pressure. To a solution of this crude oil in CH,CN ( 1.8 

mL) was added an aqueous solution Iff JOO p.L} After 15 h. the rea.crion 

solution was poured into an aqueous K2HP(J; solution (3.6 g in 30 mL) and 

L'x:ract:::d "vith HO.Ac p x 15 rnL) The combined organic layer;., ·.vere 

(Na2SOJ, filtered, ru1d concentrated under rnduced pressure. Palladmm on carbon 

25 (JO~'~'' 8.4 mg) was added to a solution ofthts oil in dioxaneMeOH (1 l, J.2 mL). 

The flask 'vas fitted with a septum and evacuated and back-filled three times \.vi1h 

hydrogen gas, and the reaction mixture was stirred under an atn1osphere (balloon) of 

hydrogeri gas fo,· l 5 h. Another l 0 mg palladium catalysl vvas added and the 

reaction was evacuated and back-filled with hydrogen gas as before. After 6 h, the 

30 reaction mixture was filtered throuJh celite to remove rhe palladium and 
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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 I 0 ~L RP-y 100 R column 2l.20 mm, JO micron, solvent A: 0 OS I\ 

HCI in water, solvent B: injection volume 3.5 mL (0.05 N HCJ in wa1er); 

5 gradient elution with o~ I CO'Yo B over 10 min, then held at JOO% for 5 min; mass­

directed fraction collection]. Two sets of fractions wi1h the desired .l'vlW, at 

6.3-7 l min and 8.7-9.3 nia, were collec1ed 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 

10 collec\ ion] provided 3 3 mg of pure 105 (l 3% ): 1H NMR ( 400 MHz, CD30D) 8 7.44 

(d, J ~- 9. 8 Hz, l II), 4.09 (s, I Il), 3 79-3.65 (m, 4 H), 3.63<l56 (m, 2 H), 3.18-2 90 

(rn, ll H), 2.35-2.26 (m, .l H), 2.26-2.10 (m, 3 IT), 2.10-1.96 (m. 2 H), i .69-1.59 (m, 

I H); MS (ES!) m1z 609.36 (M+H). 

15 Compound 106 

Compound I06 0 7 mg, 7%) was aso isolated from Li1e preparatirn1 of 

compound 105 1H NMR (400 MHz, CD.OD) 8 6. 71 (d, .! = l 1.0 ITz, l 4 06 (s, l 

H). 3.67-3.60 (m, 2 H), 3.3&-3.33 (m, 4 H), HJ9-2.90 (m, 9 H), 2.24-2. 13 (m, 2 H), 

20 l 95-191 (m, 5 H), l.90-1.85 (m, l H), L68-L55 (m. l H); MS (EST) m!z 609.36 

(VI :+l). 

Exam11le 6. Synthesis of Compounds 107 :md 108 

Sd1eme 6 

25 
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(1CH'.l 

H2N,,,~C02Ph 
OB11 
2..:l 

] JO -

HF 

PCT/U 82009/053142 

6-2 

a) LDfVTMEDAI 
b) enone 

F 
H3C, .,,CH:; 

H H ·~ 

H
7
C (;~;N -·"N~\ 

Boe Q,. o HCJ ~ o OBn 
t:loc 6-J C!TBS 

The following compounds were prepared according to Scheme 

5 Compound 6-1 

F 

H C /yCH3 
3 'NVc,o"Ph 

f.i OH -

6-1 

Compound 2-3 (5.0 g, 14.25 mmol, 1.0 equiv) in McOH l20 mLj was added 

a aqueous solution ofHCHO (23 g, 37%, 28.50 mmoL 2 0 eq~1iv) and palladium on 

carbon (0 5 g, I 0 The reaction was purged with hydrogen and stirred under 

I 0 1Jm:toon) at room temperature for 2 hours. The reaction mixture was filtered through 

celite and concentrated to afford l.3 g crude compound 6-1 as a yellow rnlid. 

Cornpouc1d 6-2 
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6-2 

.... ~ .. , ....... 6-1 (0.9 g, 3 27 1rnnol, 1.0 equiv) in DCM was added Buc20 

14 9.81mmol,3.0 equiv) dropwise. DMAP (135 mg, 15 Vit%) was added to the 

mixrure and the reaction was stirred at room temperature for l hour. Then the 

5 reaction mixture vvas heated to reflux for l hour. The reaction mi~iure was 

concentrated. The crude compound was purified by column chromatography on 

silica eluted with (PEFA= 2001_...,100:1) to yidd compound 6-2 (116 g, 

734%i) as a light yellow solid. 1H NlviR (4001\1Hz, DMSO) o 7.60 (c., J = 10 0 IIz, 

1 H), 7.53-7.44 (m, 2 H), 7.36-7.31 (m, l H), 7.28-7.22 (m. 2 H), 3 06 (s. 3 H), 233 

]() (d,J 2.0 3 H), 1 38 9 H). 1.34 (s, 9 H); MS m/z 476.2 (M+H). 

Compound 6-3 

To diisopropylamirce (0.28 mL, 3.2 mmol, I 0.) equiv) in THF at -78 °C was 

15 added nBuLi (0.8 2.50 \;fJbexane, 3.2 mmol, 100 equiv) and TMEDA (0.40 

mL, 5.0 10.0 at -78 c dropv.nse. ne was stirred at -78 C for 

40 min. Compourid 6-2 (480 mg, 1.0 mmol, 3.0 equiv) m THF was added to the 

reaction ::nixturo dropw1se at -78 C The res~.1lting solution was stirred at 

-78 °C 60 

20 mixture 

tl:e enone (l60 mg 0.33 rnn:ol, 1.0 equiv) in THF was added to the 

at -78( The deep-red solution was graclua1ly war:ned up with 

stirring from -78 C to -20 cc over a period of l h. The orange solution was 

brought to 

mL). 

and ([Uenched with aqueoLcs saturated ammonium chlonde (100 

'"""-"r""'11 m:xture was extractec with EtOAc hvo times. 111e comhned 

EtOAc extracts were dried (1'a2SO.t) and concentrated to the crude product. 

25 Flash column on silica gel with ElOAc1bexane 

sequentially the desired product 6-J as a low solid (42 mg, 14.8%). 
1H N::\1R (400 ~\1Hz, CDC!::) o 15.70 (s, l H), 7.52-'i.50 2 l:l), 7.42-733 (m, 3 

H),7.16(d,.! 84 IH),:"'.l7(s,2H),1.95(d,J 108 JH),3.28-3.21(m, 
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l H), 3. 14 3 H), 3. 10-3.05 I H), 2.58-2.47 (m, 9 H), 2. 16 (d, J 14.0 Hz, I 

11), 153 (s, 9 H), 1 .42 (s, 9 H), 0 89 9 H), 0.29 3 H), 0 15 (s, 3 H): MS (ESl) 

m/z 86443 ('\1+H). 

5 Compound 107 

Compound 6-3 (120 mg, 0 14 mmol) was dissolved in THF (5 mL) and 

aqLreous UF (40%, 2 mL) was added dropwise. The yellow sulution was stirred at 

room temperature overnight. The resulting deep-red solution was added nto 

l 0 an aqueo11s K:2HP04 solution with stirring. The pH of the mixture was adjusted by 

aqueous K2.HP04 so1ution to about b. The yellow mixture was extracted \vitb EtOAc 

two times. The combined EtOAc extracts v,ere dried (Na~sn+) and concentrated to 

yield the crude product 

The above crude compound (120 mg, crude, -0.14 mmoL LO equiv) was 

15 dissolved in HPLC grade MeOH(.O mL) and 10% Pd-C mg, O.C3 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 snred 

.mdcr hydrogen balloon at room temperature for 2 hr. LC-::VlS analysis indicated the 

reaction completed. TI1e catalyst was filtered off and the mixtrne vvas concentrated, 

20 the residue was purified by reverse phase HPLC 1o afford the des1Ted compound lOi 

mg, 78%) as a yellow solid. 1H N:\1f{ (400 MHz, CD,OD) o 7.462 (d, J 8.4 

~ H), 4.14 (s, l H), 3.21-2.93 (rn, 9 H), 3.JO (s, 3 H} 2.38-2 25 (m, 2 H), 1.68-

l.62 (m, I H): MS (EST) 111./z 462.2 lM-,H). 

25 Compound 108 
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Compound 107 (15 mg, 0.033 mmoL 1.0 equiv) in Tiff (2 mL) was acded 

with pyrroi1din-l-yl-acetic acid (10.2 mg, 0.066 mmol, 2.0 equiv), Na2C03 (102 

mg, 0 066 1111110 I, 2. 0 equiv) and HA TT J mg, 0 066 mrnol, 2.0 equiv) The 

reaction mixture was stirred at room temperature for 48 hours. LC-MS 

5 indicated the reaction completed. The reaction mixture was concentrated under 

vacuum, the crude product was purified reverse phase HPLC to affo:·d the 

compound l 08 (2. 1 mg) us a yellow 1H NMR ( 400 MHz, C 0 3 OD) 8 7. 44-7.40 

(m, 1HI,4.02-3.97 (m, 2 H). 3.83-3.76 (m, H), 3.60-3.58 (m, 2 H} 3.15 (d, J 6.4 

Hz, 3 11). 3.03-2.83 (m, 11 II), 2.31-2.13 (m, 2 2 03-185 (m, 4 H), l.61-1.52 (m, 

10 l H); lVIS (ESI) niz 572.9 (M+H). 

15 

EAam11le 7. Synthesis of Compoumls 109-112 

Scheme 7 

0 0 1) CH3liK2C03 
Ii II 2) Boc20/DM/\P 

BnO~~OH 
NH Bue 
7.1 

7.5 

0 0 

3no~""'vJloCH3 
N8oc2 
7-2 

DIBAL-H 

-78'.)C 

7-3 

ariiire sj 
Na(Ol\c)3ElH 

R'CHO/lnCI~ I 
Na(OAci,BH 

74 
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The compounds were according to Scheme 7. 

Compound 7-2 

7-2 

To Boc-L-glutamic acid-1-benzyl ester (7-1) (3.00 g, 8.89 mmol, LO eq) in 

DJ\1F (20 mL) at rt was added potassium carbonate (l.84 g, 13.33 mmol, 1.5 eq) and 

met11yl iodide (0.67 mL, lO 74 mmol, 12 The mixture was diluted with EtOAc 

(200 rnL), washed v.,ith water (200 mL), saturated aqueous sodium bicz:rbonate ( J 00 

mL x 2), and brine ( l 00 mL x: 1 ). The EtOAc solution was dried over sodium sulfate 

10 and concentrated in vacuo: Rr0.33 (20% EtOACihexane). 

Boc20 I g, 13.33 mmol, 1.5 eq), Dl'vLAP (54 mg, 0.44 mmol, 0.05 eq), 

and DJF<A (3 10 l 7. 80 rnmol, 2 eq) were added to the above intermediate in 

acetonirrile (20 mL). The solution was stirred at rt for 60 hrs, added VY1th saturated 

aqueous sodium b1carbonate (100 mL), and extracted with EtOAc (100 mL x l. SO 

15 mL x 2). The EtOAc extracts were combmed, dr:ed over sodium sul late, and 

concentrated in vacuo to yield the desired product 7-2 as a pale liquid (quantitative) 

20 

0.45 (20% EtOAc/hexane); 1H >fMR MHz, CDC]o) 8 7.25-7.35 (m, 5 H), 

5. 14 (s, 2 H). 4.95 (dd, J 4.9, 9.8 IT7, I H), 3.65 (s, l H), 2.43-2.52 I H), 2.37-

2.42 (m, 2 H), 2.15 .. 2.25 (m. l H), 1.42 (s, 18 H); MS (ESL) 1111z 452 3 (M+H) 

Compound 7-3 

7-3 

To compound 7-2 (8 89 mmol, l eq) 111 anhydrmts die1hyl ether (40 mL) at -

78 °C "vas added DIBAL-H (12.33 mL, I M/hexane, 1233 mmol. 1.25 cq) 

2 5 dropwise. The reaction was stirred at -78 for 2 hrs. Additional DIBAL-H ( 1.20 

mL l .\l!hexane, l .20 mmol) was added. The reaction was stirred at -78 for 

another l hr and quenched with HOAc 80 mL) at -78 ''C. The reaction was 

warmed to rt and added with l 0% aqueous sodium carbonate (75 mL) The mixture 

was stirred for 1 S min and extracted ,,,~th methylene chloride (200 mL x I. 50 mL x 

:rn 2) T11e methylene chloride t~xtracls were combined, dried over sodium and 
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concemrnted in vacuo to yield the desired product i-3 (quantitative): Rr 040 (20% 

EiOAc/l1exane); 1H NMR (400 MHz, COC]o) 8 9 75 (s 1 H) 7 25-7 35 (m, 5 H). 

5 14 2H), 4.87-4.92 (m, l H), 2.45-2.65 (m, 3 H), 2.12-2.22 (m, l H), 1.42 (s. 18 

H);MS mlz 422.3 (M+H). 

Compow1d 7-5 

To aniline 9 (90 r:.1g, 0.20 mmol, bis-HCl sah:, I eq) in anhycnms DiVIF (2 

mL) was added aldehyde 7-3 ( l 0 l mg 0.24 mmol, I .2 eq), triethylarnine (0.028 mL, 

10 0.20 mmoL I eq), and Na(OAchBH (64 mg, 030 mrnol, 1.5 eq) TI1e solution vvas 

stirred ar rt for 1 hr and added slowly into diethyl ether (50 n:L) \>.~th rapid 

The yellow solid was collected, washed with more dielhyl ether (5 m.L x J), and 

dried under vacuum to afford the intermediate 7-4. 

Intermediate 7-4 was dissolved ii; dioxane/methanol (S rnL, 1 4 

15 containing 0.1 N HCI). 10% Pd-C (85 mg, 0.04 mmol, CJ2 eq) was added. The 

:nixturn was with hydrogen and stirred under l atm hydrogen at 11 for I hr. 

The catalyst was filtered with a small Celite pad and washed wrth methanol (2 mL x 

3). The filtrate was concentrated in vacuo. ~l11e crude product was purified by 

reverse phase preparative HPl.C usmg methanol and 0.05 N HCl/wCJter as mobile 

20 f)[mses Free-drying yie:ded mostly the Boc-deprotected product as a hrovm solid 

(25 mg, 2 steps), wluch was re-protected by treatment with Boc20 (l l mg, 

0.050 rnmol, l.l eq) and DIEA (0.039 mL, 022 mmol, 5 eq) m THJl/water (5 mL. 

I: 1 at rt for ~ hr. Cor:centration yielded the desired product 7-5 as a yellow 

sol[d MS (EST) 1niz (i63 2 (M+H), ,,..,hich was used directly m the subsequent steps 

25 without funhcr punfication 
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F h3C,N,CHs 

L tt ti ~ OH 

0 f'"'YY'YI( 
BocHN,, ~N T'l(''YA~l(~'yNH2 

V OH 0 HO OHO 0 

7.f!i 

To a suspension of compound 7-5 (0. 044 rnmol, l eq) and sodmrn 

mg, 0.066 mmol, U eq) in THF at rt was added HAIU (20 mg, 0.053 mmol, L2 

eq). The mixture \Vas rapidly stirred at rt for 2 hrs. Methanol (S mL) was The 

5 solids were filtered off The filtrate was concentrated under reduced pressure to 

10 

crude 7-6 as a yellow solid: MS I) ml:: 645.1 (M+H). 

Compound 109 

ix
F H H:i~,~~CH~, 

0 'Yn,...OH 
Hl<,.,)lN 'f y~:(NH2 

LJ OH 0 hO Ol-jlj 0 

109 

Compmmd 7-6 (0.044 mmol) was treated vvith 4 N HCJ/dioxane (5 mL) at rt 

for overnight and concentrated in vacuo. The residue was re-dissolved in methanol 

(I mL) and added dropwise into diethyl ether mL) with rapid stirring The 

precipitates were collected, wac;hed with more diethyl ether (5 mL x 3), and 

dried under vacuo to afford crude 1U9 as a brovvn solid. 

15 One fifth ~)fthe abe>ve crude product was purified by reverse phase HPLC to 

20 

yield pure 109 as a yellow ,;u]id (l 5 mg, 31%): 1H NMR (400 MHz, CD10D) o 7.36 

(d, 9.2 Hz, 1 H), 4 09-4 I 5 (m, 1 H), 4 08 (s, I H), 3 70-3 80 (m, l H), 3.5&-3 68 (rn, 

IH. 7C)l-J--:' l...,H. 'l'n-24"( 2 210.'J'h( 'H ]( 1 '\~lU( l ), -· u .)ll '.nt ~ ), ~ .. 1v . ·' m, . --.-- m, .> ), .:;.-,!,, r:i, 

H), I.58-l 70(rn, 1 H); .\1IS(ESI)m/z545.l (M+H). 

110 

To 2iS of crude 109 (0 018 rnmol, I eq) in DMr (1 ml) was added aqueous 

formaldehyde 007 mL, 36.5%/water, 0.094 mmol, 5 eqJ, InCJ_, (04 mg, O.•J02 
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mmol, 0.1 eq), and Na(OAc).;BH (J 5 mg. 0.071 mmol, 4 eq). The reaction \-Vas 

stirred at rt for 2 hrs and quenched with 0.5 N HCJ/mcthanol (l niL) The solu1ion 

was dropwise mto diethyl ether (100 mL) with rapid stirring The precipitates 

vvere co lected, washed with more diethyl ether (2 mL x 4), and purified by reverse 

5 phase HPLC to afford the desired compound 110 as a yellow solid (1.8 mg, 1 

1H "\11\JR CD30D) 8 7.7.44 (d, J 9.1 Hz, l H), 4 37 (dd, J = 6 J, 11.6 

Hz, 1 4.09 I H), 3.60-3 75 (m. 2 H), 2 92-3.50 (m, 15 H), 2.% (s. 3 H), 210-

2.50 6 H), I 60-172 (m, 1 H); .Y1S (ESI) mtz 573.3 (M+H). 

l 0 Compound l 11 

111 

To crude 109 (0.018 1 eq) in D.\1F (l mL) was added 

cyclopropanecarboxaldehyde (1.4 pL, 0.018 rnmol, I eq), fnCI:; (0.4 mg, 0.002 

:-t1mol, 0.1 and 1\a(OAc)cBH (6 mg, 0.028 mmclL l.5 cq) The reaction was 

15 s:irred at rt for overnight and quenched with 0.5 N HCJ!mcthanol (I mL). The 

solutmn was added dropwise into diethyl ether ( J 00 mL) with rapid stirring The 

were collected, washed with more diethyl ether (2 mL x 4), and punfic<l 

HPLC to afford the desired compound 11 l as a ye!Jow soiid ( 1.3 

mg, I 111 N\1R (400 MHz, CD30D) 8 7.38 (d, .J 9.2 llz, J H), 4.22 .! 

20 6.1,ll.6 l H), 4.09 (d, I H), 3.60-3 78 (m, 2 2.85-3 50 (m, 12 H), 2.00-2.50 

611), l.60-1.72 (m, I H), 1.10-120 (m, l 0. 70-0. 75 (m, 2 H), 0.40-0. 50 (m, 

2 If): MS miz 599 4 (M+H). 

Compound 112 

25 112 

Dialkylated product 112 was also isolated the preparation of compound 

111 (l.O mg, solid, 9%): 1H NM.R (400 CD30D) .5 7.42 ( d, J = 9.2 



WO 2010/017470 

4142. 017001 

PCT/LS2009/053142 

- 118 -

J H), 4.70-4.80 (m, 1 H), 4.09 l H), 3.55-3.80 (m, 3 H). 2.95-3.50 (m, 13 H), 

2 I 0-2.50 (m, 6 H), l.55-1.75 (m, l lJ), 1 20-1.30 (m, 2 II), 0 68-0.90 4 II), 

0.38-0.58 (m, 4 H); MS (ESI) m/z 653.3 (M+H). 

S Example 8. Synthesis of Compounds of Structrual Formula (A), wherein Y is 

-(C1-C4)alkyfone-N(R\)(R11
), or -(C1-C4)alk)·hme-i'\J(R 11)-C(O)-[C(Rn)(R1')]o.4-

N(R")(Rn), 

,','cheme 8 

113 

' ~NCO 
'"... 

JO 8-2 

Ir: Scheme 8, R and R' and R'\ respectively, as defined in Structural 

Formula (Al and R" repr::serrts -[C(R1)(R1
)] 1.c:-N(R")(R11

) 

Tje followrng compounds w:.ire according to Scheme 8. 

15 Compound l l3 

Bcnzyl N-(hydroxymcthyl)carbamate (92 mg, 0.51 nunol, 2.0 equiv) was 

added to a TFA/CH,SQ,.H (l mL/1 ml) solution of compound 7 ( l I 0 mg, 
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was stirred at 25 °C for 30 min. Preparative 

reverse phase UPLC purification on a Waters Autopurification system ii 

Phe7lomenex Polyrnerx 10 ~L RP-1 1 ODA column [ l 0 µm, 150 21..20 mm; flow rate, 

20 mL;min; Solvent A: 0.05 N HCl; Solvent B: CH3CN; injection volume 4.0 mL 

5 (0.05 N HCl!water), gradient 0-+30% B over 20 min; mass-directed frac:ion 

10 

collectionl. Fractions with the desired l'vfW were colbctcd and freeze-dried to yield 

23 mg of pure 113: 1H J\!lv1R (400 CD30D) 5 7.47 (d, J= 9.2 Hz, t H), 4.16 

2 H), 4.13 (s, l 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-L58 (m, I H); MS (ESl) m/z 462.26 (M-H). 

Compoound 114 

Et.iN (2 fcL, O.Ol 36 mmol, was added to a mixture of 113 (3 mg, 

~l 006'i mrnol) and pivaldehyde (0.8 ~LL, 0 00715 mmol, J.l equiv) in DMF (O. l mL) 

15 at 25 °C. The reaction was stirred at 25 °C for 15 min. 'iaBH(OAc}3 (3 mg, 

D. 013 mrnol) and HO Ac (2 µL) was adckd to the resulting mixture. The reaction was 

stirred at 25 °C for I h. Preparative reverse phase HPLC purification on a Waters 

Autopur.fication system using a Phenomenex Polymerx 10 11 RP-1 lOOA column [I 0 

um, 150 21.20mm: flow 20 mLlmin, Solvent A: 0.05 N HCl; Solvent B 

20 injection volume: 4.0 mL (0.05 N HCl/water); 0~•100% B over 

15 min, mass-directed fraction collection]. Fractions with the desired 1\![W were 

collected and freeze-dned to yield I mg of 114 1H Ni\1R (400 rvIBz, CD30D) 8 7.52 

(d, J 9. L Hz, 1 H), 4.30 2 H), 4.09 (s, l 3.23-2.93 (m, 5 H), 3.04 ts 3 H). 

2.95 3 H), 2.40-2.19 (m, 2 H), 1 71-1.60 (m, 1 H), L05 (s, 9 H); MS (ESI) m/z 

25 532.27 (\HH) 

Compounds 115 - 118 were prepared similarly to compound 114 using the 

corresponding aJdehydes. 

30 Compound 115 
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1H NMR l. 400 NfHz, CD,OD) o 7. 51 ( d, J = 8 8 Hz, l 11), 4.25 (s. 2 H), 4.1 0 

(s, l 1-l), 3.25-2.90 (1n, 5 11) 1 3.05 .3 2.96 (s, 3 I-I)., 2.40-2 21 tru~ 2 J>I), i 90-

1 60 1m, 7 H), I .42-0.95 (m, 5 H); MS (EST) ltliZ 558 31 (\tf+H). 

5 

Compound l 16 

1H NJVlR (400 J\fr[z, CDYOD) 8 7.50 (d, J 9.0 Hz, l H), 4.24 2 H), 4.09 

(s, l H), .25-2.90 (rn, 5 H), 3.07 (s. 3 H), 2.94 (s, 3 H), 2.40-2.2·1 2 H), .82-

10 1.58 (m, 3 H), I .OJ (1, .! = 6.7 Hz, 3 H); MS (EST) m/z 504 22 (M+H). 

Compound i 17 

1H J\J\;1R (400 MHz, CD30D) 8 7.5 l (d, J 8.9 Hz, 1 HJ, 4.23 (s, 2 H), 4.09 

15 (s, 1 HJ, 3 25-2.92 (m, 4), 3.02 {s, 3 H), 2.95 (s, 3 H), 2.110-2.19 (m, 2 H}, l.71 l.60 

(m, l H), 140 (d, J 7.0 Hz, 6 H): MS (EST) m/z 504.23 (''vf+H} 

Compound 118 

20 1H Nl\'.1R (400 MHz, CD30D) 8 7.54 (d, .! 9.l Hz, l H), 4.37 (s, 2 4.10 

1H),3 20-2.85 (u~ 3 H). 3.05 (s, 3 H), 2.97 (s, 3 H), 2.91(s.3 H), 2.90 3 H), 

2.42-220 2 1.72-1.60 1H);MS(ESJ)m/z490.l9(M!HL 
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Prepared from compound 114 by reductive alkylation using formaldehyde 

5 under similar conditions NrvlR (400 MHz, CD:10D) 8 7.57 (d, J 9.1 Hz, l H), 

461(d,.1=128 l H),427(dd.J=l (i4Hr., I H),4.IO(s, l l·T),1.25-2.<JO 

(m, 5), 3.03 3 H), 2.96 (s, 3 HJ, 2.95 3 H), 2.42-2.33 (tn, J H), 2 29-2.20 (m, I 

H), l. 72- l. 6 l (m, 1 H), LIO ( d, J 6 Hz, 9 H); l'vfS (EST) m/z 546 30 (\I+H). 

10 Compound 120 

Prepared similarly to l 14 by reductive alkylation of 113 with t-Bu-N(Cbz)-

CH;:CHO followed by hydrogenation 1 H :'-fMR ( 400 CD30D) 8 7. 59 ( d, J 

8.6 Hz, I 11), 4.38 (s, 2 U), 4 09 1 H), 3 60-2.95 (m, 7 H), 3 03 3 2.96(s,3 

15 2.4l-2.30 (m, l H), 2.28-2.20 (m, 1H),1.72-16'.'l (m, 1H).1.44 9 H); l\1S 

m!z 561.31 

Compound 121 

20 2-t-Butylaminoacetylcbloride hydrochloride (5.8 mg, 0.031 mmoi, 1.2 equiv) 

was added lo a DMf solution (0 2 rnL) of 113 (12 mg, 0.026 mmol) at 25 °C. The 

reaction was stirred at 25 "C for 30 nun. The reaction mixture was diluted with 0.05 

'l HCl mL) and injected into a Waters Autopurification system equipped with a 

Phenomenex Polyrnerx ! 0 p. RP-J lOOA column ~un, 150 / 2 l .10 mm; flow rare, 
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20 mL/min; Solvent i\ 0.05 N Solvent B: CH,CN: gradient: 0-+ l 00% B over 

15 min; mass-directed Fractions with the desired Y.1W were 

collected and freeze-dried to yield 3.0 mg of pure 121: 1H Nl\1R (400 J\11Iz, 

C[J,QD) o 7.34 (d, J 9.6 1 H), 4.46 2 H), 4 08 (s, 1 H), 3.81 (s, 2 H), 3 18-

5 2.92 (m 3 H), 3 03 (s, 3 H} 2.96 3 H), 2.32-2.18 (m, 2 H), 1.69-1.60 (m, H), 

1.38 (s, 9 H): MS (FSI) m/z 575.30 (\iH-l:) 

Compound 122 

122 

10 Prepared similarly to compound 121: CD:;OD) o 7.33 

(d, J = 9. 9 Hz, I H), 4.46 (s, 2 H), 4 08 (s, l H), (s, 2 H), 3.23-2.9 I (m, 3), 3 .04 

(s, 3 Hl, 2.97 3 H), 2.95 (s, 6 2.32-2.18 (m, 2 II), 1.70-1.58 (:11 1 MS 

(EST) m/z 547.23 (M+H) 

!5 Compound 123 

123 

Prepared s1milarly to 121 n-propyl illviR (400 l\1Hz, 

CD,OD) i5 7.24 (d, J- 9.8 Hz, l H), 4.3 l (s, 2 H), 4 (J8 J Hl 3.1 g.:z.'B (m, 3 H), 

3.IO(t,J=(J.71lz,2fl) .. 3.03(s,3H),2.96 3 2.32-2. 8(m2H), 169-1.58 

20 (rn, l H), I 'i5-146(m,2H).0.92(LJ 67 J H); MS (EST) m 'i:-14.01 (Mill) 

25 

Example 9. Synthesis of Compounds of Strm:tuntl Formula (A), wherein Y is 

·( CH2)3-N(RA)(Rn). 

Scheme 9 
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F 

• Pd cat. o:' ci-c,., Ally OTBS 

/ ' Br I CO<Pr1 

RR'NHIHOAc 
N8(0Ac)cflH 
--~-·····_..... 

OBn 

9-2 9-3 

a) LDAJTVEDA I 
b) enone , 

1) aq HF 
2) H2IPd-C 

R -WF ~H ~3~'~,CH~-1 
' I 

R'N~ . "! b i (NH2 

Or1 0 HO i_; 0 

9-8 

In Scheme 9, Rand R' are R" and R13 respectively, as defined in Structural 

Formula (A). 

The follov1ing compounds werer prepared according to Scheme 9. 

Compound 9- l 

¢cF CH3 

Br/ . C02"'h 

CH 
9-1 

7 mL, 52.0 mmol, l .2 equiv) was addc~d to a solution of 3 (I 0.6 g, 

43. 3 in 3cetic acid ( l 00 mL) at 25 "'C The reaction was stirred at 25 °C for 

10 12 :1. Th~ resulting mlxture was added dropw1se to ice-water ( 400 mL). The mixture 
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was allowed to wann to 25 °C over I h. The resultmg 
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was filtered 

through a pad The solid was washed off with ElOAc. The combmed 

organic layer wa:, dried (Na2S04) and concentrated to give l 4 g of crude 9-1. 

5 Compound 9-2 

9,2 

Potassium carbonate (8.9 g, 64.5 mmol, 1.5 equiv) and bromide 

( 11.5 rn! ., %.8 mrnol, 2 25 equiv) were added lo an acetone solut[on (100 mL) of 

crnde 9-1 04 g, 4J mmol) at 25 °C. The reaction was stirred at 25 "C 12 h i;.nd 

l 0 concentrated. The resulting mixture was partitioned between H20 and EtOAc. The 

aqueous layer was extracted with EtOAc. The combined EtOAc extracts were dried 

(Na2SO,) and concentrated to yield crude 9-2. Fl~sh chromatography on silica gel 

Cl 00: J lo 10: I hexane:s/EtOAc) yielded 15.4 g of compound 9-2 (87% for 2 

1 5 CornpOL1nd 9-3 

9.3 

Pd(OAc)o mg, 1.0 mmol, 0.2 equiv) and P(O-Tolh (462 mg, 1.5 mmol, 

0.3 euiqv) were added to a DMF solution (10 mr ,) of 9-2 (2. I g, 5.C6 mmol). The 

reaction was with N 2 for 5 min. (3.5 mL, 25.3 mmol, 5 equiv) and 

20 allyloxy-t-butyldimethylsifane (22 mL, l 0 l mmol, 2 equiv) were added to 1he 

reaction The reaction was heated to 88 and stirred at 88 °C for 5 h. The r~action 

was allowed to cool to 25 "C and quenched with H20. The resulting mi,,,iure was 

extracted with ELOAc The combined EtOAc ext1acis were dried ("fa:2S01) and 

concemrated to crude 9-3. Flash chromatography on silica gel (100:0 to JOO I 

25 hexanes/EtOAc) yielded] .2 g of compound 9-3 (47%). 

Compound 9-4 
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n-BuLi (13 mL, 2.07 mrnol, :U equiv) was added to a THF solution (5 ml) 

of diiscpropy1amine (03 rnL, 2.07 mmol. 5 5 equiv) ar 0 "C. The reaction was 

stirred at 0°C for 30min and cooled to -78"C TIVJEDA (0.8mL, 5.64mmoL 15 

5 equiv) was added to the mixture. To the resulting solution was added a THF solution 

(S mL) of9-3 (475 mg, 0.94 mmol, 2.5 equiv). The reaction \vas stirred at -78 "C for 

10 n11n. A THF solution (5 mL) of enone, (181 mg, 0376 mmol) was added io the 

reaction at -78 (·c The reaction was stirred at -78 "C for 30 min and allowed to 

warm to 25 "C over I h, quenched vvith saturated NR1Cl, and e:xiracted with EtOAc. 

!O combined EtOAc exh1cts were dried (Na2S01) and io yield rhe 

crude product. .Preparative reverse phase HPLC purification on a Waters 

Autopuri fication system using a Sunfi re Prep Cl 8 OED column [ 5 µm, 19 "· 50 mm; 

tlow rate, 20 ml/mm; Solvent A: IhO vvith 0 I% I fCOJT; Solvent B CH3CI\~ \vith 

0.1% injection volume: 4.0 mL (CH3CN); gradient: l 00_,. l 0(% B over 15 

15 min; nnss-directed fraction collec1ion]. Fractions with the desired fvf\V were 

collected and concentrated on a nt 25 cc to remove most of the acetonitrile. 

The resulting m:istly aqueous solution was extracted \v'ith ErOAc. The combined 

ErOAc extracts were dried (Na2S04) and concentrated to give 200 mg of9-4 (59%,). 

20 Compound 9-5 

25 

TFA (0 5 mL) wa" added lo a THF/H:::O (2 rnL/O ') rnf.) solut:on of 9-4 at 

25 uc. The rnact1on was stirred at 25 °C for l h. The reaction was quenched with sat 

NaHC03 so.ution. The reaCiion was extracted with EtOAc. The combined EtOAc 

extracts were dried and concentrated to crude 9-5. reverse 

phase HPLC purification on a Waters Autopurification system Sunftre Prep 

Cl8 ODD co,urnn [5 pm, 19' 50 mm; flow rate, 20 mfJrnin, Solvent A: H~O with 
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Solvent B: CH.,CJ\ with OJ% HC02R injection volume: 4.0 mL 

so~ l 00% B over 15 min; mass-directed fraction collection]. 

Fractions with the desired \-'IW were collected and concentrated on a RotaVap at 

25 °C tc remove most of t1E~ acetomtrile. resulting mostly aqueous solution was 

5 extracled v.1th EtOAc. The combined EtOAc extracts \Vere dried (Na2S04) and 

10 

15 

concentrated to 80 mg of9-5 (46%) 

Compound 9-6 

Dcss-l\11artin periodinane ( l 8 mg, 0.043 mmol, 1.2 equiv) \Vas added to a 

CH2Ch ~olution (J mL) of 9-5 (28 me,. 0.036 mrnol) at 25 °C The re<lclion was 

stirred at 25 "C for 30 min and diluted with H70 'TI1e resulting mixiure was 

exLrncted with C!hCh. Th;; combined CH1Cb extracts were dried (\fa:SO.i) and 

concentrated to crude 9-6. 

Compound 9-7-1 

Pyrrolidine ( 15 µL, 0 18 mmol, S 0quiv) vv<is added to a dichloroethane 

solution (! mL) of crude 9-6 (0 036 rnmol) at 25 "C The reaction was at 

20 25 °C for 10 min HOAc (l 5 uL) and f\aBH(OAc)3 (15 mg, 0 072 mmol, 2 

were added to the reaction. The reaction mixture was stirred a1 25 "C for I h cine! 

quenched with J-!:20. The rnsul1ing mixture was extracted with CH:zCh The 

combined CH2Cl2 extracts were dried (Na1S04) and concentrated to give crude 9-7-

l. Preparative rcv0rse phas·~ HPLC purification on a \Vatcrs Autopunfication system 

25 using <L Sunfire Cl8 OBD column [5 µrn, 19 50rnm: flow rate, 20 

Solvent A: lbO with 0 1% HCCHI; Solvent B· CH:;CN with 0 1 % HCO::H 

mjection 40mL (CH3CN); gradient Q,,JOO% B over 15 min: mass-
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directed fraction collectionl Fractions with the desired MW were col lcctcd and 

concentrated on a Rota Yap at 25 °C to remove most of the acetonitrile. The resultmg 

mostly aqueous solution was extracted V\~th EtOAc. The 

vvere dried (Na2S04) and concentrated to 6mgof9-7-L 

Compound 124 

EtOAc extracts 

for 2 steps). 

Aqueous HF (0.3 mL, 48%) was added to a CH3CN solution (2 mL) of9-7-l 

(Ci mg, 0.007 rnmol) in a polypropylene tube at 25 °C. The reaction Vv8S stirred al 

l 0 25 °C for 18 h. The resulting mixture was poured into an aqueous solution of 

K 2lIP0,1 (2 g, dissolved in 15 mL water). The mixture was extracted 'Aith EtOAc. 

The combined EtOAc extracts were dried (:,;a2S04) and concentrated to crude 

desilyl product 

15 Palladium on carbon (2 mg, 10 >vt%) was added to a HCl/MeOH solution 

2 mL) of the crude desilyl product The react<on was Vvith "'"'rr""""' 

and sti1Ted under l-h (balloon) at 25 °C for 4 h. The reaction was 

through a small Celite plug The filtrate was concentrated to the crude product. 

reve.r,.;e phase HPLC purificalior; on a Waters Autupurifo:atiun system 

20 a Phenome:nex Polymerx 10 fL RP-! lOOA column [10 ~tm, 150 21.20 mm; 

flow rnte, 20 mUmm, Solvent/\: 0.05 N HClfwutcr .. Solven'. B: CH1CN, i:1Jcction 

volume: 4.0 mL (0.0" N HCJlwai:er); gradient: 0--•50% B over 7 min, 50~ 1 OO'Vo 

over 3 min, and 100~-ii over 5 min:. mass-dnected fract10n coll:::ctron]. Fractions with 

the desired TvlW, elutmg at 6.4-8.2 min, were collected and freeze-dried to yield 

25 1.5 mg ofcornpound 124: 1H N1v1R (400 IvfHz, CD30D) 8 7.28 (d, J 9.7 Hz, l H), 

4.08 ! H), 3./1-3.63 (r:1, 2 H), 3.32-2.95 (m, 7 H), 3.04 (s, 3 If), 2.96 H), 

2.81-2.73 (m, 2 JI), 2.32-1.98 (m 8 H), 170-1.59 (m, 1 H); MS (ESI) ml:: 544.18 

(M+H) 

Compounds 125 - 127 were prepared similarly to compound 124 using the 

30 corresponding amines in the reductive amination stcp. 
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Compound 125 

125 

1H NMR (400 MHz, CD30D) o 7.28 (d, J = 9.7 Hz, 1 HJ, 4 08 I H), 3.25-

5 2.94 SH), 3.04 (s, 3 HJ, 2.96 (s, 3 H), 2.89 (s, 6 2.80-2.70 (m, 2 H), 2.32-

2.18 (rr" 2 H), 2.10-2.00 (m. 2 H), 1.70-1.58 (m, 1 H); :MS (ESI) m.z 518.26 (M +l). 

Compour:d 126 

F H~C,N;CH3 

":">rN~,.,, 
H~C CH3 OH 0 r•O O 0 0 

126 

10 1II NMR (400 JV!Ilz, CD3(JD) 0 727 (d,.l 91) Hz, l H), 4 08 l H), 3.20-

2.93 (m, 5 l[), 3 04 3 2.96 (s, 3 H), 2 82-2.72 (m, 2 H), 2.33-2.19 (m, 2 H). 

2.04- .94 2 H), 1.70-1.58 (m, 2 H), 1.37 (s, 9 MS (ESI) m/z Stl6 20 (M+HJ. 

Compound 127 

15 

NMR (400 \JHz, CD30D) i) 7.28 (d, J= 9.7 l H), 4.09 (s, 1 H), 4.04 

(q, J = 9 0 2 H), 3.25-2.95 (rn, 5 II), J 04 (s, 3 H), 2. 97 (s, 3 H), 2 84-2 75 (m, 2 

2.32-2.20 (m, 2 H), 2.13-2.03 (m 2 H), 170-l.58 (m, HJ; MS (ESl) m/z 

572.22 (ivl+H) 

20 

Cornpom1d 128 
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12B 

Compound 128 was prepared from comp0und 9-5 by HF treatment following 

J = 9.87 

under similar conditions: 111 NMR I\lllz, CD.iOD) 8 7.21 

1 H) 4 -,.., . · 1 H' " ··3 ., <17 r ., ·1') '70 ·~ 9C .·· 'i 11' '04 , .U1 [s, J, .:>.t). -J... ,m,,,, '), J.- -,,,. J ~n1 _ .,), J. · 3 

5 If), 2.% 3 H), 2.75-2.68 (rn, 2 H), 2.32-2.17 (m. 2 H), I 89-1.79 (m, 2 H), 70-

10 

J.57(m, l H), l.25(d,J-7.2Hz, 1 H);MS(J:::Sl)miz49U8(M+H) 

Example 10. Synthesis of Compound 129 

Scheme JO 

*
F C!-'3 

' 

"' -l:;C CO< Ph 
OBr CBn 

10-1 

H2/Pd·C .... -~·-

129 

The compounds were prepared to Scheme IC 

15 Compo1md 10-1 

F 

oan 
10-1 

iPrMgCl•LiCI (0 68 1nL, 12 M, 0.82 mmol, 2 equiv) was added to a THF 

solution (5 mL) of9-2 ( 170 mg, 0.4 J mrnol) ut 0 The reaction was stirred at 0 ~c 

i:or 30 min Md mL, ] .64 mrnol, 4 equiv) was added to the reaction miA.'lure. 
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The reaction was stirred at U °C for 30 min and allmvcd to wa,.m to 25 'C over l h. 

The reaction was quenched with "lH1CI solution and exiracted with EtOAc. The 

combined EtOAc extracts were dried C'la2S0,1) and concentrated to give crude l0-1 

Flash chromatography on silica gel l hexanes.tEtOAc) yielded 3 l mg of 

5 i.;ompmmd 10-1 

Compound 10-2 

F H3C,N,CH3 

~o,, 
110Cyy~~' 

BnO 0 HO ~ O OB~ 
10-2 OTBS 

A THF solution(! mL) of IO~l (31 mg, 0.088 mmol, l 7 equiv) was add to a 

lO THF solution (I mL) of LDA 13 mL, J .3 M, 0.176 mmoI, 3 3 equiv) and 

15 

T:\1EDA (39 ~LL, 0.26 mmol, 4.9 equiv) The reaction was stirred at -78 for 

I 0 min. A THF solution (l mL) of enone (26 mg, 0.053 rnmol) was added to the 

reaction at -78 °C. The reaction was stirred at -78 cc for 3 0 mm and allowed 10 

warm to 25 "Cover l h, quenched with saturated NH4C sollltion, and extracted with 

EtOAc. The combined EtOAc extracts were drieC. and concentrated to 

yield the cnide 10-2. Preparative reverse phase HPLC punfica.t1on on a Waters 

A utopurification system a Sunfire Prep C18 OBD column [5 rim, 19 50 mm; 

flow race, 20 ml/min; Solvent A: lhO with 0.1% HC02H; Solvent B CH:;CN with 

0.1(% HC02H; mjection voIL1me: 4.0 mL (CH3CN); gradient: 80-•100'% B over 15 

20 min; mass-directed fraction collection] Fractions with the desired MW were 

collected and concentrated on a Ro1aVap at 25 "C to remove most of the acetonitrile. 

The resulting mostly aqueous solution was extracted with EtOAc. The combined 

EtOAc extracts were dned (Na2S<1i) and concentrated to give IQ mg of 10-2 (26%) 

25 Compound 10-3 

10-3 
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Aqueous HF (0.3 mL, 48%) was added to a solution mL) of 10-2 

(6 mg, O 008 mmol) in a polypropylene tube at 25 "C. The reaction was stirred at 

25 "C for 18 h. The resulting mixture v,ras poured into an aqueous solution of 

K2HP04 (2 g, dissolved in 15 mL water). The mixture was extracted vvith EtOAc 

5 The combined EtOAc extracts were dried (Na2S04) and concentrated to yield crude 

I 0 

10-3. 

Compound 129 

Pallad1 um on carbon (2 mg, 10 wt~lr,) was added lo a llCJ/MeOH solution 

(0 SN, 2 mL) of' the crude I0-3. The reaction was purged with hydrogen and stirred 

under H2 (halloon) at 25 °C for 4 h. The reaction mixture was filtered through a 

small C elite plug. The filtrate vvas concentrated to yicl.d the c:ude product 

Preparative reverse phase HPLC purification on a Waters Autopurification sys:e:n 

15 using a Pht:11ome1ex Polymerx l 0 p RP-1 I OOA column [JO p.m 150 21.20 rmn, 

flow rate, 20 ml/min; Solvent A D.05 N HCl/water; Solvent D: ; injection 

volume 4. 0 mL (0 05 N HCl/water); gradient: o-70% B over 7 min, 70.-+ I 00% 

over 3 mm, and I 00% over 5 min; mass-directed fraction Fractions 

the desired MW were collected and freeze-dried to 1.5 mg or compound 129: 

20 1H NIVIR (400 MHz, CD30D) o 7.19 (d, J = 9 7 4.07 (s, I 3.20-2.93 

1 H\ J OJ (s, .1 H), 2.% 1 l-1), 2.31-2 17 (m, 2 H), 2.22 3 H), I 69-l.58 (m, 

MS nz/z 447.23 ('Vf+H). 

Example 11. Synthesis of Compmrnds 130-132 

25 Scheme 11 
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IS 

- l32 -

LDNTMEDA 
cnone 

¢2~~ 
OH 
11-3 

j~o,o 

A;s 
Yco2 Ph 

OBoc 

11-4 

S I I 6 ') d "' . 8 d ·\ . I d f' d . In c icmc 11, { , R, an W 1s KR , an R, respective y, as c me m 
Structural 1-'ormula (A). 

Compounds 130 ~ I 32 were prepared according to Scheme 1 I 

Compound 130 

Compound 131 

~~H 
~NH·, 

OH ::J 110 Q, 0 c) 
n1 

Compound 132 
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Example 12. Synthesis of Compouuds 133-135 
Scheme 12 

5 
F CH3 6: Br2IHO.llc 

C02Ph 

OCH3 
11-2-1 

(Prepared according to Scheme 11 
usmg El-I in t.~e first step) 

PCT/US2009/053142 

f CHs 

Br~ 
·1 • 

orYco2Ph 
OBoc 
12-3 

a) LDNTMEDA.I 
b) enoro : 

i 

··~~.':"~., 
Br Yr(~ 

BocO 0 HO ~ o OBn 

'12-4 OTBS 

In Scheme 12, R9 and R9
' is 

Formula (A). 
, and R'\ respectively, as defined in Structi:rnl 

10 
Compounds l33 -135 were p·epare<laccording io Scheme 12. 

Compound 133 

15 

Compound 134 
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15 

- 134 -

134 

Compound 135 

1i:xample 13 

The antibacterial activities for the compounds of the mvention were studied 

to the follO\ving protocols. 

Frozen bacterial strains were thawed and subcultured onto Mucilcr Hinton 

Broth (Y1HB) or other appropriate media (Streptococcus blood and 

Haemop!tilus requtres hemm and NAD) fo[owmg in.::ubation ovem1ght, the strains 

were subcultured onto Mueller Hinton Agar and again mcubated overnight 

colony morphology and lack of 

contamination Isolated colonies were :;elected to prepare a moculum 

equivalerct to a 0.5 McFarland standard. The starting inoculum was diluted l: 125 

i'villB for further use. Test compmmds were prepared by dilution in sterile 

\Vater to a final concentration of 5. l28mg/mL. Antibiotics (stored frozen, thmved 

20 aud used within 3 hours of thav.~ng) and compounds were further diluted to the 

desired workmg concentrations. 

The assays were run as Fifty ~LL ofIVlHB was added to wells 2-- 12 

of a 96-well plate. One hundred pL t:f appropriately diluted antibiotics was added lo 

well I Fifty µL of antibiotics was rcrnov~d from well l and added to well 2 and the 

25 C<lnien(s of well 2 mixed by pipetting up and down five times. Fifty ~LL of the 

mixture in well 2 was removed and added to well 3 and mixed r:.s above. Serial 

dilutions were continued in the same manner through \Nell 12. Fifty µL was removed 

from wdl 12 so that all contained 50 

then added to all test wells. A 

Fifty rtf. of the inoculum wm.; 

control well was prepared by 50 pL of 
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working moculum and 50 fLL ofMHB to an empty well ·n1e plates were then 

incubated ar 37 °C overnight, removed from the incubator and each well was read o:l 

a plate re11dmg mirror. The lowest concentration (tvffC) of test compound that 

inhibited the growth of the bacteria was recorded. 

E.x:ample: 

l 2 4 5 6 7 8 9 
Abt 32 16 4 2 0.5 

grow 
~ :mbbioti.c conce:1'.:·ntion m the •vcH 

lnterprelaLion: .MIC ~ 2 ~Lg/mL 

Protocol for Determining lnoculum Concentration (Viable Cou:1t) 

12 
0 015 

I 

l"inety µL of sterile 0. 9% Na(] was pipetted into wells 2-6 of a 96-well 

microtiter plate. 50µ1 of the inoculum was pipe1ted into well J. Ten µL was 

removed from well 1 and added It to well 2 followed by mixing. Ten was 

15 removed from well two and mixed vvith the contents of well 3 and so on creating 

serial dilutions through well 6. Ten ~iL was removed from each well and spotted 

onto an appropriate agar plate The plate was placed mto a CCh incubator overnight. 

20 

The colonies in 

c<ilcul ated by 

Bacterial Strains 

tha.t contain distinct colonies were counted. Viable count was 

the number of colonies by the dilution factor. 

Fifteen bacterial strain-,, listed below, were examined in minmrnrn inhibitory 

concemrntion (MIC) assays. 

SA JOO S. aureus ATCC 13709 
SAlO. S. aurcus ATCC 29213 

SAl5R S. aureus MR, SK75 

SA161 S. a11reus 
-----··-

EF103 Efaeeaih' 

MSSA 
MSSA 

tet tctK 
efflux) 

tet resistant:tet(M) 

(animal 
model) 

control 

control 

positive 

ositive 

positive 

positive 
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SP 160 S. pneumoniae 
iEC l 07 E coli 

DS160 

54 
ATCC 25922 

- 136 -

intermediate/resistant 
- mechanism not 

specified 
tet resistant:tetM (rib 

protect) 

tet resistant:tet M 
(rib protect) 

vvt 

PCT/US2009/053142 

cip-R, e -I 
positive 

control positive 

en-R, er -R 
positive 

control 
r~- ·········-----·~c-----~-------t--------······-• 

5 

1 

iECl55 

iKP109 

iKPl 53 
ECJ08 
ABllOI 

E. coli 
K. 

neumoniae 
K. 

pnewnrmiae 
E c:luacae 

A. baumami 
PA I 11 P. acnwinosa 

MSSA co methicilhn 

wt = wild type 
ATCC =American 

tel - lctracyclinc 

cip = ciprofloxacin 
R = resistant 

gen= gentamicin 
cry= cryiluomycin 

pen = pc111cillin 

10 

ATCC 13883 

MR, l 
ATCC l3047 

tet rcsistant:tetA 
(efflux) 

W( 

tet resistant:tetA 
(efflux) 

\Vt 

wt 

of Washington 

negative 

negative 

control negative 

Values of minimum inhibi1ion concemration (MIC) for the compounds of the 

invention are provided in Tables lb, 2a, 2h and 3. 

I Compound MICs (ug/ml) 
ID 

EF159 SP1C6 SP160 
11 0.125 <'.0.0156 c'0.0153 

12 O.OE25 $0.0156 $0.:J153 

13 S:J015€ :':0.0156 0.0625 0.25 $0.0156 00625 $0.0156 ::0.0155 

14 J.5 C.25 0.5 0,25 c 125 02e 003 0 125 

15 0.5 0.5 D.5 0.25 0.5 0.5 0.016 0.0·16 

16 0125 0.25 0.25 0.5 0.0625 0.0625 ~0.0156 5,(10')56 

0.25 0.5 2 0.25 0.0625 0.0625 

18 0.0625 <:00156 c 0625 ~25 ·>O 0156 00313 $0.0156 ·;o 0156 
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19 0.125 

20 :S0.0156 

21 0.25 

22 1 

23 <;0.0156 

24 0.25 

25 0.125 

26 1 

27 2 

28 1 

29 4 

30 2 

31 1 

Compound 

ID 

0.25 

0.25 

0.25 

1 

0.5 

0.25 

0.125 

1 

2 

2 

4 

1 

2 

- 13 7 -

0.25 0 25 :S:0.0156 

0.25 0.5 0:::0.0156 

0.5 4 D.125 

2 4 2 

0125 025 0:::0.0156 

0.125 0.125 ,;o 0156 

0.125 0.0313 :S:0.0156 

1 1 0.25 

4 16 2 

2 1 1 

4 2 2 

4 2 ~ 

2 1 0.5 

Table la 

MICs (uglml) 

PCT/US2009/053142 

0.125 :S:0.0156 O:O.C156 

0.0625 0:::00156 :::0.0156 

1 S:0.0156 0.0625 

4 0.5 1 

0.0313 0::0.0156 O::O.C156 

:".0.0156 :::D.0156 S0.0156 
w --~---·-·-----

0.0625 :::0.0156 0:0.0'.56 

0.5 0:0.0156 $0.0156 

4 0.125 0.5 

1 0.125 0.0625 

2 1 1 

2 2 4 

1 0.25 0.25 

ECIO? EC155 AB1 :o PA111 EC108 KP109 KP153 
11 0.25 2 0.5 16 1 2 

------T2--· ,_,_,. ___ ,.,,,.,_ .. ,, .. 
··--·~·-"·"--"-·"--

___ ... ___ ~.,,~ ... ····-····--.. ··---- ·--.. - .... .,,... . .._...... ---·-·"·"-"""'-""'"" ·--~·----

G.25 8 16 4 

13 0.125 4 0.25 16 0.5 2 

14 0.5 4 0.25 16 2 2 

15 4 o.·125 16 4 2 4 

16 0.5 8 16 4 

17 2 32 0.5 32 8 4 32 

18 0.125 4 0.25 16 0.5 0"' . .J 4 

19 0.25 4 0.25 16 2 4 

20 0.25 8 8 4 

21 16 2 16 4 2 8 

22 16 >32 2 0>32 >32 32 >32 

23 0.125 8 0.125 8 0.5 8 

24 us 8 0_0313 16 2 8 

25 0.5 8 0.125 32 2 2 8 
·~-·-···-25---- ···~·· .. --... ·-··""""" ·-------

0.5 4 0.25 16 2 2 4 

27 4 32 16 >32 16 8 32 

28 2 16 0.5 >32 8 4 16 

29 8 8 8 :>32 8 8 8 

30 >32 >32 8 >32 >32 >32 >32 

31 2 8 0.5 >32 8 4 8 

Table lb 

5 
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I Compound 

ID 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

311.101 

0.125 

0,25 

I .s0.0156 

i 025 

025 

8 

8 

2 

1 

1 

Q,5 

0.5 

4 

C.5 

0.25 

Compound 

ID 

S~100 

0.5 

05 

[)0625 

025 

0.5 

8 

8 

2 

1 

I 

1 

0.5 

4 

D.5 

0.25 

- 138 -

MICs {uglml) 

SA.161 Stl158 EF'03 

025 0.5 0.0625 

1 2 0.25 

0 0625 <0.D156 

C.5 0.125 

0.5 1 0.25 

'-'32 >32 16 

16 32 8 

2 16 ~ 

" 
1 16 1 

2 1 1 

2 1 0.5 

I C.5 I D.25 
.. 

13 9 e 
1 C.5 

: 
0.25 

0.5 0.25 0.25 

Table 2a 

MICs (ug/ml) 

: 

PCT/US2009/053142 

EF159 SP~ 
0.12!: <O 0 .01:'6 

50.0156 0.125 

S:.'.l0156 S:0.0156 0::0.0156 

0.25 0016 0.016 

0.25 '.'.0~156 ~ 
16 

15 2 8 

2 0.25 0.5 

1 0.0625 0.5 

2 0125 0125 

1 0.125 0.0625 

0,5 o::O.D156 '.'.0.0156 
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EP1£LIV study 

Compounds of the present invention were evaluated for efficacy in a mouse 

systemic infection model against a susceptible S. a1Jreu,~ isolate, ATCC 13709. 

S \1ice \Vere infected via mtraperitoneal injection with a bacterial load that would 

result in 0% survival within 48 hours after infection lvfice received the test 

compounds 60 minutes po~t 111fect1on via intravenous injection. Infection control 

gro Ltps did not recmve treatment Survival was assessed over a 48 hour period. 

Percent survival was calculated and PD:oo va!Les determmed using Probit analysis. 

JO 

15 

Tet-R sepsis studv 

The protocol for tetracycline-resistance sepsis study was similar to the 

protocol for EV50 IV study described above except the infection model used S. 

aureus SA 161, a tctracyclme-resistant strain. 

GN sepsi3 

The protocol for GN sepsis study was similar to the protocol for EV ;o IV 

study described above excepi the infection model used E. coli ATCC 25922. 

20 Metabolic stabditv 

A stock solution of the test compounds were prepared hy di~solving the 

compound in DMSO to a final concentration of 1.0 mg/mL. 

The analytes and internal standard were diluted and infused into the LC/:ViS 

system to determine optimal ionization, polarity and MS/MS fragmentation for 

25 selection of specific f\.1RM (multiple reaction monitoring) transitions. G;)neric 

cbrnmatographic condiLions were developed wi Lh a less than 5 min ule cycle time. 

Pooled human microsomc assays were conducted at 0.2 mg/1111. protein with 

an NADPH generating cofactor system ( 1.3m\1 NADP+, 3.Jml\1 glucose-6-

phosphate, 0.4U/mL glucose-Ci-phosphate dehydrogenase, and .1.3m\1 rnagnesium 

30 chloride). 

Test compounds were diluted from DMSO stocks to I ~tM reaction 

conccntrrJions. Tnne points were removed at 0 and 60 minutes. After a protcm crash 
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with acetonitrile, samples are analyzed by LC/!VfS/MS. Peak areas are compared to 

the time 0 and the percent analyte remaining is calculated. A reaction 

containing no cofactor was used to control for analyte loss due to 

thermal degradation and soi ubility. 

SA IV1IC90 

nindomly selected clinical isolates of S aureuE were used to 

delerrmne the minimal inhibitory concentration (MIC) of test compounds for 90'/o of 

the isolates (J\11C9n). MICs were performed microtiter broth dilution in a 96-well 

I 0 format according to Clinical Laboratory Standards lnstitute (CLSI) guidelines, as 

described 

Viable counts were determined by J 0-fold serial dilution Dilutio~1s were 

prepared in sterile 0.9% NaCL Ten microliters of the inoculum and of each of 5 

dilutions were plated onto olood or Mueller Hinton agar plates, incubated overnight 

15 at 3 7 "C ~ith 5~/o C02, and counted. 

20 

Ten selected based on resistance to tetracycline were used to 

determine the MJC)(I as described above. 

Twenty rnndomly selected clinical isolates of F. <;o/i were used to detennme 

the as described above. 

Test compounds were preparnd as 1.0 mg/mL smck solutions in DMSO. The 

mialytcs and internal standard were diluted <md infused into the LC/MS system to 

c!etermine optimal ionization, polarity and MS/MS fragmentation for selection of 

MRM (multiple reaction monitoring·1 transitions. Generic chromatographic 

30 :::onditioas were developed \vith a less than 5 minute cycle time. 
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The DMSO stocks were diluted to 1 and 10 ~tg/mL in human plasma and 

incubated in RED devices for 4 hours at 3 7 °C. The bne point was removed at the 

end of the incuba~ion After a protein cn:L-;h with acetonitr:ile, the es 

were LC/MS/MS. Peak areas for the buffer (receiver) and 

5 (donor) were compared and the protein bound fraction is calc~1lated. 

Analysis \Vas conducted 111 duplicate. 

Fernale CD-1 mice were pre-treated with cyclophosphamide to render the 

10 1rnce neutropenic. Mice were infected \vi th S wuTus A TCC 13 709 via 1 nj ection 

mto the right muscle of 0 1 ml per mouse. One and a half hours post mfection 

mice were rv vvith ~est compounds in doses ranging from cu to 30 or 

O.J to 20 Four were treated \.\1th each clrug cnncentnition. Twenty-four 

hours post treatment, mice were cuthanized by CO;. inhalation, The right of 

l 'i the mice were aseptical.ly removed, 1.veighed, homogenized, serially diluted, 

plated on TSA medium The plates were incubated overnight flt 37 "C in 5% 

20 

Colony units per gram of thigh was calculated by enumerati.ng 

colonic::; then for serial dilutions and the weight of the thigh. 

The results for the biological activity 5tudies described above are listed in 

Table 4. 
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While this invention has been particularly shcnv11 and described v.~th 

references lo example embodiments thereof, it will be understood by !hose skilled i11 

5 the art that various changes in form and derails may be made therein Without 

departing from the scope of the invention encompassed by the appended claims. 
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Claims 

1. A compound represented by the following structural formula: 

H,C'-. /CH, 

i 
! OH 

OH 0 HO 0 

or a pharmaceutically acceptable salt thereof. 

2. A pharmaceutical composition comprising a compound as defined in Claim 1, or a 

pharmaceutically acceptable salt thereof, a pharmaceutically acceptable carrier or 

diluent, and optionally one or more additional therapeutic agents. 

3. A compound as defined in Claim 1, or a pharmaceutically acceptable salt thereof, for use 

in treating or preventing infections caused by bacteria. 

4. The use of a compound as defined in Claim 1, or a pharmaceutically acceptable salt 

thereof, for the manufacture of a medicament for the treatment or prevention of 

infections caused by bacteria. 

5. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

infection is caused by a Gram-positive bacterium selected from Staphylococcus spp., 

Streptococcus spp.. Propionibacterium spp., Enterococcus spp., Bacillus spp., 

Corynebacterium spp., Nocardia spp., Clostridium spp., Actinobacteria spp., and Usteria 

spp .. 

6. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

infection is caused by a Gram-negative bacteria selected from Enterobactericeae. 

Bacteroidaceae, Vibrionaceae, Pasteurel/ae, Pseudomonadaceae, Neisseriaceae, 
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Rickeltsiae, Moraxellaceae, any species of Proteeae, Acinetobacter spp., Helicobacter 

spp., and Campylobacter spp,, 

7. Use or compound for use according to Claim 6, wherein the Enterobactericeae bacteria 

is E. coli or Klebsiella pneumonia. 

8. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

infection is caused by K. pneumoniae, Salmonella, E. hirae, A. baumanii, M. catarrhalis, 

H. influenzae, P. aeroginosa, E. faecium, E. coli, S. aureus or E. faecalis. 

9. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

infection is caused by rickettsiae, chlamydiae, Legionella spp. or Mycoplasma spp .. 

1 o. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

infection is a skin infection, a respiratory tract infection or a hospital acquired infection. 

11. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

infection is an intra-abdominal infection. 

12. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

compound as defined in Claim 1, or a pharmaceutically acceptable salt thereof, is 

administered alone. 

13. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

compound as defined in Claim 1, or a pharmaceutically acceptable salt thereof, is 

administered in combination with one or more additional therapeutic agents. 

14. A process for making a composition as defined in Claim 2, which process comprises 

mixing the compound as defined in Claim 1, or a pharmaceutically acceptable salt 

thereof, and a pharmaceutically acceptable carrier or diluent. 

15. Compound for use according to Claim 3, or use according to Claim 4, wherein the 

infection is a urinary tract infection. 


