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application is incorporated herein by reference in its entirety.

BACKGROUND
15
Field
The present invention is directed to novel aminoglycoside compounds,

and methods for their preparation and use as therapeutic or prophylactic agents.

20  Description of the Related Art

A particular interest in modern drug discovery is the development of

novel low molecular weight drugs that work by binding to RNA. RNA, which serves as

a messenger between DNA and proteins, was thought to be an entirely flexible
molecule without significant structural complexity. Recent studies have revealed a

25 surprising intricacy in RNA structure. RNA has a structural complexity rivaling
proteins, rather than simple motifs like DNA. Genome sequencing reveals both the
sequences of the proteins and the mRNAs that encode them. Since proteins are
synthesized using an RNA template, such proteins can be inhibited by preventing their
production in the first place by interfering with the translation of the mRNA. Since

30 both proteins and the RNAs are potential drug targeting sites, the number of targets

revealed from genome sequencing efforts is effectively doubled. These observations



proteins, rather than sinple notifs |ike DNA. Genone sequencing reveal s
both the sequences of the proteins and the nRNAs that encode them Since
pr ot ei ns woeosyrivesi zed usi ng an RNA tenpl ate, such preceiussoioanobe

i nhibited by preventing their production in the first place by interfering
with the translation of the nRNA. Since 30 both proteins and the RNAs are
potential drug targeting sites, the nunber of targets reveal ed from genone
sequencing efforts is effectively doubled. These observations WO

2011/ 04450 LRebk WSRALNEAB 20 porihick i ﬂ@%ﬁdﬁ&%&&tl@ﬁl (AR Y Birkd SONA it he

pharmaceutical industry to target RNA w nol ecu

Cl assi cal ¢mal miblsadesery has focused on proteins as targets for

i ntervention. Protei Can b exit]'lremaly difficult to iso]ate and Purlfy in
S

the appropriate 5 forfi¥tel S%f§’§‘é}yshaﬁoifoc&ﬁ‘i&’g W PERRINRgS NBTF PSR ei ns
require po%ﬁteNeﬁﬂﬁ ap Jof caﬂfb@'e&'trg&% &Fﬁchp%{) as%:feﬁn%J p&léf[yjllﬂ ﬂ?eo J;Jrﬁt cel |

types under specitic co itions e| ns | ns Wth

hydr ophdbi domofesusenth kgaysofohidrig sereenigfargesy Wﬁfdw% rﬁﬁm%hﬁ)sﬁttﬁﬁs@dtﬁmal
Mul tiple subunits frequently form conpl exes, ich may be required for a
val i d dr ug nedifeations thehpeaye OplryOmeqpﬁ@ﬁg salhItypes iader &P@Clﬁé cenditianre dProfeins 10

mb t Th 1] ti nit of
prot e nt nag ' Pl donRiGFin PuBEhon e Rt e BRdsal e ert drmct i on
of renovi N@nahé kMR, Mﬁfi‘i@léﬂ'ﬁiﬂuﬁlté)fre&wnﬂy%rrﬁ c@&b&x@@%{lclﬁﬁﬁy%' Rguitdd i N a

drug screen is not practical, since only the intact protein nmay have the
appropri at éOGadV&inindmgnaire@ha@dembrandrprgtel'msndwayy mépw)r bt icorbedded in a

bi ol ogi II ctiv ins for screenin S a nmjor tatlon
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enzymatixc $ygh ﬂﬁsu@pﬁﬂckcreenmg. Quite often the limiting reagent in high throughput
screening efforts is a biologically active form of a protein which can also be quite
expensive.
For screening to discover compounds that bind RNA targets, the classic
approaches used for proteins can be superceded with new approaches. All RNAs are
20  essentially equivalent in their solubility, ease of synthesis or use in assays. The
physical properties of RNAs are independent of the protein they encode. They may be
readily prepared in large quantity through either chemical or enzymatic synthesis and
are not extensively modified in vivo. With RNA, the smallest practical unit for drug
binding is the functional subdomain. A functional subdomain in RNA is a fragment
25 that, when removed from the larger RNA and studied in isolation, retains its
biologically relevant shape and protein or RNA-binding properties. The size and
composition of RNA functional subdomains make them accessible by enzymatic or
chemical synthesis. The structural biology community has developed significant
experience in identification of functional RNA subdomains in order to facilitate

30 structural studies by techniques such as NMR spectroscopy. For example, small
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and guanosi ne, and the am nes of adenosine and cytidine. The rich
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created wt igh affinity and eci figi for their target..
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conprehensive, 20 significant progress has been nmadée in the | ast decade
(see, d5g. pxy@eawvatorns & yriddogaiahguahodihe, aGi ¢ aridmes of dRAFsIinOand dtidéhearithe
Wallis, MG Schroeder, R, Prog. Biophys. Mlec. Biol. 1997, 67, 141).
Despite t h&ch siactanal ang seapagee givepsity; of spgenstsdg s dipt Giganslscpp be sreatsdy gs

et Lo ek DR PHOUE) A g gee P hoger, are scarce, The
for novel 25 RNA bi ndgthsug owrusdedtantig@TRANA Structure and folding, as well as the
modes in which RNA is recognized by other ligands, is far from being comprehensive,
20 significant progress has been made in the last decade (see, e.g., Chow, C.S.; Bogdan,
FM., Chem. Rev., 1997, 97, 1489 and Wallis, M.G.; Schroeder, R., Prog. Biophys.
Molec. Biol. 1997, 67, 141). Despite the central role RNA plays in the replication of
bacteria, drugs that target these pivotal RNA sites of these pathogens are scarce. The
increasing problem of bacterial resistance to antibiotics makes the search for novel
25 RNA binders of crucial importance.
Certain small molecules can bind and block essential functions of RNA.
Examples of such molecules include the aminoglycoside antibiotics and drugs such as
erythromycin which binds to bacterial rRNA and releases peptidyl-tRNA and mRNA.
Aminoglycoside antibiotics have long been known to bind RNA. They exert their

30 antibacterial effects by binding to specific target sites in the bacterial ribosome. For the
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ribosome, one of the most ancient and conserved targets in bacteria. Since antibacterial

drugs are desired to be potent and have broad-spectrum activity, these ancient

processes, fundamental to all bacterial life, represent attractive targets. The closer we

get to ancient conserved functions the more likely we are to find broadly conserved

25 RNA shapes. It is important to also consider the shape of the equivalent structure in

humans, since bacteria were unlikely to have considered the therapeutic index of their
RNAs while evolving them.

A large number of natural antibiotics exist, these include the

aminoglycosides, such as, kirromycin, neomycin, paromomycin, thiostrepton, and many

30 others. They are very potent, bactericidal compounds that bind RNA of the small
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25  sensitivity and resistance is usually defined. Unfortunately, this spectrum of activity
can subsequently change to a remarkable degree, because microorganisms have evolved
the array of ingenious alterations discussed above that allow them to survive in the
presence of antibiotics. The mechanism of drug resistance varies from microorganism

to microorganism and from drug to drug.



BRI EF SUMVARY 15In brief, the present invention is directed to novel

am nogl ycosi de conpounds, having anti bacterial activity, including

st er eoi sowensil/gmimaceuti cal ly acceptabl e salts and predraggomwhsredf, and
the use of such conpounds in the treatnment of bacterial infections. In one
enbodi nent, conpounds having the follow ng structure (1) are 20 provided:
(I') or a stereoisoner, prodrug or pharmaceutically acceptable salt thereof,
wherein: 5Q is hydroxyl, a protected hydroxyl, am no or a protected am no

group; @ is: NH2 Odfhe development of resistance to antibiotics usually involves a stable

genetic change, inheritable from generation to generation. Any of the mechanisms that

result in alteration of bacterial genetic composition can operate. While mutation is

frequently the cause, resistance to antimicrobial agents may be acquired through

5 transfer of genetic material from one bacterium to another by transduction,
transformation or conjugation.

For the foregoing reasons, while progress has been made in this field,
there is a need for new chemical entities that possess antibacterial activity. Further, in
order to accelerate the drug discovery process, new methods for synthesizing

10 aminoglycoside antibiotics are needed to provide an array of compounds that are
potentially new drugs for the treatment of bacterial infections. The present invention

fulfills these needs and provides further related advantages.

BRIEF SUMMARY

15 In brief, the present invention is directed to novel aminoglycoside
compounds, having antibacterial activity, including stereoisomers, pharmaceutically
acceptable salts and prodrugs thereof, and the use of such compounds in the treatment
of bacterial infections.

In one embodiment, compounds having the following structure (I) are

20 provided:



OH, or 10 9 @ is hydroxyl, a protected hydroxyl, amno or a protected

am no group; each RL and R2 is, independently, hydrogen or an am no

prot ecti /yognougssobeach R3 is, independently, hydrogen ecTtashydrns2oys
protecting group; each R4 and R5 i s, independently, hydrogen or
Cl1-C6 al kyl optionally substituted with one or nore hal ogen, hydroxyl or
am no; each R6 is, independently, hydrogen, hal ogen, hydroxyl, am no or
Cl-C6 al kyl; 10or R4 and R5 together mn%h t he ggs to which they are
attached can forma heterocyclic ring haking from'4 to 6 ring atons, or R5
and one R6 together with the atons to whi hey are attached can forma
heterocyclic ring having from3 to GZJ' , or R4 and one R6 together
with the atons to which they are attache form g carbocyclic ring
having from3 to 6 ring atons; 15each n if, ndepenggztly, an integer from
0 to 4; and each Z1 and Z2 is, indepgndegntly, chydro rRQr - ORS3,

wherein (i) at |east one of Z and 72 ig H (i at/ | east one of R4 and R5

is substituted C1-C6 al kyl org i al ogen, hydroxyl or
ch Z1 and Z2 are
anot her emnbodi nent,

amno, and (iii) the two adjacent

R;0 OR;
@
or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,
wherein:

5 , Qq is hydroxyl, a protected hydroxyl, amino or a protected amino group;

Qy1s:
0

‘771

NH
OH 2

NH

OH , Or
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WO 2011/ 044501PCT/ US2010/ 052043 (1) or a stereoi somer, prodrug or

phar maceutically acceptable salt thereof, wherein: Q is hydroxyl,

pr ot ect edwbydriony3ol am no or a protected am no group; QPCraiSadikpb2043
optionally substituted with one or nore hal ogen, hydroxyl, am no,

optionally substituted cycl oal kyl

0OAO0 NHRS

10

15

20

NH
O Re Rs
zi ~NHRs
HO R,
Qs is hydroxyl, a protected hydroxyl, amino or a protected amino group;
each R; and R; is, independently, hydrogen or an amino protecting
group;

each Rj is, independently, hydrogen or a hydroxyl protecting group;

each R4 and Rs is, independently, hydrogen or C;-Cs alkyl optionally
substituted with one or more halogen, hydroxyl or amino;

each Rg is, independently, hydrogen, halogen, hydroxyl, amino or Ci-Cs
alkyl;

or R4 and Rs together with the atoms to which they are attached can form
a heterocyclic ring having from 4 to 6 ring atoms, or Rs and one R¢ together with the
atoms to which they are attached can form a heterocyclic ring having from 3 to 6 ring
atoms, or R4 and one R¢ together with the atoms to which they are attached can form a
carbocyclic ring having from 3 to 6 ring atoms;

each n is, independently, an integer from 0 to 4; and

each Z; and Z, is, independently, hydrogen or -OR3,

wherein (i) at least one of Z; and Z, is H, (ii) at least one of R4 and Rs is

substituted C;-Cs alkyl or at least one Rg is halogen, hydroxyl or amino, and (iii) the
two adjacent -CH- groups to which Z; and Z, are attached may optionally form a
double bond.

In another embodiment, compounds having the following structure (I)

are provided:

or optionally substituted heterocyclyl,

a
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Qs

R;0 OR,

@

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,

wherein:
5 Q1 is hydroxyl, a protected hydroxyl, amino or a protected amino group;
Q; is alkyl optionally substituted with one or more halogen, hydroxyl,

amino, optionally substituted cycloalkyl or optionally substituted heterocyclyl,

RG R6 NH

10



0O 9 or ck- 0 5@ is hydroxyl, a protected hydroxyl, am no or a protected
am no group; each RL and R2 is, independently, hydrogen or an am no

prot ecti ‘yogoougssoeach R3 is, independently, hydrogen oPCa/usgainozohs3
protecting group; each R4, Rs, R7 and R8 is, independently,
hydrogen or C -C6 al kyl 10 optionally substituted with one or nore hal ogen,
hydr oxyl or am no; each R6 is, independently, hydrogen, hal ogen, hydroxyl,
am no or Cl-C6 al kyl; or R4 and together with the atons to
which they are attached can for a Heterfecycljic ring having from4 to 6
ring atons, or R5 and one R6 tofet her, th thhe 15 atons to which they are
attached can forma heterocycl+rCin Vi om3 to 6 ring atons, or R4
and one R6 together with the& atonsNt o wiit¥h t heyNraRe attached can forma
carbocyclic ring having from3 to ring atons, or R7 and R8 together with
the atomto which they are attache®Hcan fRe m a heterocyclic ring having
from3 to 6 ring atons; each R9 is, independently, hydrogen, hydroxyl,

am no or Cl-C6 al kyl 20 optionally substituted with one or nore hal ogen,
hydroxyl or amino; each R10 is, indepgpdently, hydrogen, halogen, hydroxyl,
amno or Cl1-C6 al kyl; each Rii is, m%ﬁently, hydr ogen, hal ogen, am no

or G -C6 al kyl;
Y é;\

//\\

ka

//\\

~NHRs

NR,Rg
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WO 2011/ 044501PCT/ . US2010/ 052043 or RO and one R11 together with
the atons to which they are attached can forma heterocyclic ring having
from3 towb wimg4mtions, or R4 and one R11 together w thpChaSatioms204® whi ch
they are attached can forma carbocyclic ring having from3 to 6 ring
atons; 5each n is, independently, an integer fromO to 4; each p is,

i ndependently, an integer froml to 4; and each Zi and Z2 is,

i ndependently, hydrogen or -O0R3, wherein (i) at |east one of Z1
and Z2 is H, and (ii) the two adjacent -CH groups to which Z1 and Z2 are
attached may optionally forma doubIeFQpan11 10 I n anot her enbodi nent, a
phar maceuti cal conposition is provided copprising a conpound havi ng
structure (1), or a stereoisoner, eutically acceptable salt or
prodrug thereof, and a pharnaceuti a table carrier, diluent or

exci pient. In another enbodi ment, a method of using a conmpound having
structure 15 (I) in therapy is provigled. In particular, the present

i nvention provides a nethod of treatPng a bacterial infection in a mammual
conprising admnistering to a mammal in need tRereof an effective anount of
a conmpound having structure (1), or a stereoisoner, pharnmaceutically
acceptabl e salt or prodrug thereof. In addition, the present invention
provi des a nethod of treating a bact&rial imfection in a mamal conpri sing
20 adm nistering to a mammal in nee of an effective anmount of a
pharmaceutical conposition conprising aljiconpound having structure (), or a
st ereoi soner, pharmaceutically acceptablie salt or prodrug thereof, and a
phar maceutical |y acceptable carrier, diPuent;or excipient.

These and other aspects of the inventign w Il be apparent upon reference 25
to the ;}gl | owi ng det 5%@"458@ T?B’i"?% d *i%yk’l‘:aﬁuﬁEg P@?‘icﬁlér amino group; |
the foll ow ng descriptd rfai; 2y | £ O i rder
to provide a thorougEgﬁﬁggfggaﬁgf%gﬁggﬁégﬁﬁgggbg#%%gﬁggﬁf2&3§&g%§eaﬁgp

i nventi on. groi; 2011/ 044501PCT/ US2010/ 052043 However, one skilled in the art
wi || understand that the invention may be practiced w thout these details.

Unl ess the context r&¥lReis independently, hydiparng@icuydrowey! protecding gE9Wei £ i cat i on

and clains, the word_. Gompripse ar.j at i %Qﬁ[ c
“conprises" and "corrﬁer‘élhm ’gRS’a%{éaEF@ %% 1%3%%1%@“1&1 | ﬁelgfndr?%gn& ﬁg%%llky}e
sense, Ithabpiisnaliy substiehted ivittl,onb 0t mded hdlbgen BEdrbeyl.or amino;

har

each Rg is, independently, hydrogen, halogen, hydroxyl, amino or C;-Ce
alkyl;
or Ry and R; together with the atoms to which they are attached can form
a heterocyclic ring having from 4 to 6 ring atoms, or Rs and one Rg together with the
15 atoms to which they are attached can form a heterocyclic ring having from 3 to 6 ring
atoms, or R4 and one R together with the atoms to which they are attached can form a
carbocyclic ring having from 3 to 6 ring atoms, or R; and Rg together with the atom to
which they are attached can form a heterocyclic ring having from 3 to 6 ring atoms;
each Ry is, independently, hydrogen, hydroxyl, amino or C;-Cs alkyl
20  optionally substituted with one or more halogen, hydroxyl or amino;
each Ry is, independently, hydrogen, halogen, hydroxyl, amino or C;-Cs
alkyl;

each Ry, is, independently, hydrogen, halogen, amino or C;-Cs alkyl;

11



Ref erence throughout this specification to "one enbodi nent” or "an

enbodi nent" neans that a particular feature, structure or characteristic
descri bedworotimas@et i on with the enbodi nent i s incl udedPCm/uskoloesE3 one
enbodi nent of the present 10 invention. Thus, the appearances of the
phrases "in one enbodinent” or "in an enbodi nent” in various places

t hroughout this specification are not necessarily all referring to the sane
enbodi ment. Furthernore, the particular features, structures, or
characteristics may BﬁRgmﬂ}q@n it cRY wat th@mo@asnfa rw}ﬁéh {hRy @RCat@EhIIaR

enbodi nents. " Am no" ers to the -NH2 radical. 15"Cyano” refers to the

- CN r adi cafornt' a—fgxcicmnydhcmng Itaydrg:&mh 3 toef mmgatbmst ¢reR¢z£i’ld anadi ¢ &lgethet Wiitho

refers to the =NH su s uent . C%ﬁg ) refers 0 the T rad caI gx
refers to {ife?2gsde Rere gigAche 63 Forpiet &RLOEYFIICHIN 31
"ALkyl" retigh StohR: @ stralght or branched hydrocarbon chain radlcal
consisting s Ie y “of carbon and hydrogen atons, which is saturated or

unsaturated (i.e., cemman@gndﬂ&ndﬁnnpaﬁnﬁgpbE@nﬂmdiQr triple bonds), having
fromone to twel ve carbon atons éCl C12 al kyl), greferably one to eight
carbon atons (G -C8 aqtqh;nl)s léifleRS’ﬁ ently, gmmt%rérarrb o 4tadfs (Cl-C6 al kyl), and

which is attached to_th | e bond, e.qg.
nmet hyl , ethyl, n- proﬁ?ﬁ‘ H?Fggﬁ?ﬂg??%gwgggéypf%bﬁgbutyI n- pentyl
1, 1-di net hyl et hyl ('t whdfeyd Ql) ateaR LAY bhgxihd Z21snet il (g el ton{dﬁlﬁéBﬁ‘t' -CH-
prop-1-enyl, but-1 -enyl, pent-1 -enyl, penta-1,4-dienyl, ethynyl, _
propynyl , Bmupﬂpd whigh it ymj'llz ateextaehyed, mfampttomlbl’ fd(m a dgwbkskondt at ed ot her wi se

speci fi aIIy in the eci catlo an al k 30 may be optiona
substi t'fted. VO 201 1 Gt pehdimoo o sheRce tich COmP%Sgme e
"al kyl ene ghabfising &f %51%8%)&1@ hﬁ@/lh?e%mcnﬁ’é (B, a&CQes‘iiergbl\é&h&m h@iﬂﬁ&ﬁﬁéa@l‘?n

chain linking the rest he nD ul'e to“a radical group, consisting
sol ely of earbmhlessati onypdrdvge theraol ald d shesmbheausitaly arceptalslatcan@t,adluént. .
contai ns one .or nore double and/or triple bonds), and having from one to
twel ve car B%HPsors, e.g., 5 nethylene, ethylene, propylene, n-butylene,

ethenyl ene, propenyl FD Snothr SN G0y RIBYPUS RIS coiftithy AYiBR Sru @R L he

| i ke. The al kyl ene c alnis a e res ugh a

singl e 16r dgublteerbpnts adidea. tIBQ)aﬁQﬁllleﬁa{hegl.:h@Mt ifeatigh peoveddad methoddsiubl e
bond. The points of attachment of the al kylene chain to the rest of the
nol ecul e affgating ¢ Ibectﬁla@hla&lct@m dup BARMBL CQThptiah adminiteringo @)rmaem}}altmo

b t hi Un| t at ed th ficall th
cobons w0 e LR AL RN S8 R L D e
" A koxy" r %ﬁﬁhﬁc&ﬂlcﬁlw ﬁé’deﬁﬁbleogalttd?%ri)&ﬁg%@eofoﬁﬁ A0BRIOE, e ﬁr@seﬁ‘tnm%rman

radi cal as defined above containing one to twelve carbon atoms. Unless
st at ed ot heronvides gperitodcaf | tyedtingt hebapertl f indattioonin an radrkmely mpmsingay be

opti 0”‘3'0' yadministering to a mammal in need thereof an effective amount of a pharmaceutical
composition comprising a compound having structure (I), or a stereoisomer,
pharmaceutically acceptable salt or prodrug thereof, and a pharmaceutically acceptable
carrier, diluent or excipient.

These and other aspects of the invention will be apparent upon reference

25  to the following detailed description.
DETAILED DESCRIPTION

In the following description, certain specific details are set forth in order

to provide a thorough understanding of various embodiments of the invention.
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15 substi tut ed. "Al kyl am no" refers to a radical of the fornula
-NHRa or -NRaRa where each Ra is, independently, an alkyl radical as

defi ned aWwoweligamioai ni ng one to twel ve carbon atons. UnlPesaisstiatosmh43

ot herwi se specifically in the specification, an al kylam no group may be
optionally substituted. 20"Thioal kyl" refers to a radical of the formula
-SRa where Ra is an al kyl radical as defined above containing one to twelve
carbon atons. Unless stated otherw se specifically in the specification, a
thi oal kyl  gr,QupeM3¥e REiIRAT EQHélahywﬁPQE&e!rgt%cﬁglat tHY Wventi&f Ba§ BeOprdcticed

hydr ocarbon ring systemradical conprising hydrogen, 25 6 to 18 carbon
atons and afithbetatbéscalemilar omati c ri ng. For purposes of this invention, the
aryl radical may be a nonocyclic, bicyclic, tricycli tetr cycllc ring
system Whl ch may m@nﬁ‘éé fhigs eepnigxt hréawies oS @’V@?st‘gﬁ%ug Aty |t ‘?aBFeé%ﬂt

I ncl Ude é Cﬁrcgtant aﬁrﬁr yi V\a()l'gl “Cﬁ)%’lg)ﬂ%gl ge(f%xr‘i’a‘%%ng rt?lg?eggeglﬂﬁ’lhwl ene,

acenapht hy acep enan ene, ant Céne, ene, benzerie, chrysene,

fluor antshen@bm ris@@f ﬁme‘,coax%nglﬂg’as@rts be 3Onsiruel GRAEE Bfen, inttlane, seheed €aeis as
napht hal ene, E henal ene enant hrene, pl ei adene, pyrene, WO

2011/044501 u&ﬁb&ﬁ&@ﬁ@@n@uand triphenylene. Unless stated otherw se

speC|f|caIIy in the CIfIC t|o t he ter QOr th refix

(such as in "aral kyl ‘??w ngﬁwﬂ 5?§?Xﬁ%dP83W?%¥ﬁ5ngror an
optional |l ye&ﬁ@cﬁﬂeﬁ’t”t ﬁl‘éan fﬁﬁ@h@é&ﬁcu‘ia‘?‘cﬁéﬁré QtrcthRIbC Bharterishie dedérBldain- Rb- Re
where Rb is an 5 al kyl ene chain as defined above and Rc is one or nore aryl

radi cal s asowetiioredithlihy embédimesariptlededoimm féast digpérebydimentofl thepeesette

i ke. Unl ess stated _otherw se speC|f|caII in the s eC|f|catupn,‘an aralkyl
group iy BB onthusy U BRRGRFARFR Of the phirases Tin %‘5@@891{%“

‘carbocycl gyl ;Ffﬁf%ﬁo bRt ARl EnRA"aRY BRI BRAC Y6l heceggar@plancycllc

hydrocarbon radi c consi s g o) car ydrogen 10 atons,

whi ch may irdfedringd@o fthks s4n® émbbdhd@ﬁd Firtigeryed, e partievan feafuresnstrivteres t @
fifteen carbon atons, preferably having fromthree to ten carbon atons, and
which is sshapeiersicomaybsgpmbateddn amdmatab@dn@uwt B Qe iRy e epPOdimentto| ecul e

by a single bond. MogqQcyclic.r al for exanple, cyclopropyl,
cycl obutyl, cycl opent ln%y%ﬁ%%§Y§?j§§: gptyl and cycl ooctyl .

Pol ycycilsi ¢ radical s k@ﬁ&gﬂ@e&ﬁgbtﬁgagmﬂéamaadanantyI 15 norbornyl,
decal inyl, 7,7-dinmethyl-bicyclo[2.2.1] heptanyl, and the like. Unless

ot herwi se st at ed speCH&mmayTyrﬂnduth’ §n$ﬁﬂbaHDHnmh@ﬂcycloalkyI group may
be optionally substi Eﬂ}nef\lg ’ refers to the =NH substituent.
“Nitro” refers to the -NO, radical.
“Oxo” refers to the =O substituent.
20 “Thioxo” refers to the =S substituent.
“Alkyl” refers to a straight or branched hydrocarbon chain radical
consisting solely of carbon and hydrogen atoms, which is saturated or unsaturated (i.e.,
contains one or more double and/or triple bonds), having from one to twelve carbon
atoms (C;-Cy, alkyl), preferably one to eight carbon atoms (C;-Cs alkyl) or one to six
25 carbon atoms (C;-Cs alkyl), and which is attached to the rest of the molecule by a single
bond, e.g., methyl, ethyl, n-propyl, 1-methylethyl (iso-ptopyl), n-butyl, n-pentyl,
1,1-dimethylethyl (z-butyl), 3-methylhexyl, 2-methylhexyl, ethenyl, prop-1-enyl,
but-1-enyl, pent-l-enyl, penta-1,4-dienyl, ethynyl, propynyl, butynyl, pentynyl,
hexynyl, and the like. Unless stated otherwise specifically in the specification, an alkyl

30 group may be optionally substituted.
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"Cycl oal kyl al kyl"™ refers to a radical of the fornula -RbRd where Rd is an
al kyl ene chain as defined above and Rg is a cycl oal kyl radical as defined
above. Uwexsi1i2@4®tat ed ot herwi se specifically in the spetidscacansma a

cycl oal kyl al kyl group may be optionally substituted. "Fused"
refers to any ring structure described herein which is fused to an existing
ring structure in the conpounds of the invention. Wien the fused ring is a
het erocyclyl ring or a heteroaryl ring, any carbon atom on the existing
ring structure 25 whi‘skymac'dooesalpgete ciait’hefdrnsed sheight ochmhgiedrdivederdr t he

fused heteroaryl ring.nmay be replaced with nitraogen atom "Hal o" or
" hal ogen” Pesasben,cliin feking phesiest ofrthegralecyfe fogigdal group, consisting solely

"Hal oal kyl " . di i o] i
subst tut ed GO End BBl ekl A 7 LA §80KBruahiiThe cf more
trifl uoromedutyé ,andr triple bonds), and having from one to twelve carbon atoms, e.g,

di fluoronethyl,trichloronethyl, 2,2, 2-trifluoroethyl, 1, 2-difluoroethyl, WO
2011/ 04450mRtyias? othylas2 payknlr grinityletd, wheytepgy Propenyler. bi-brsBY8)S., and

the I'ike. Unless stated otherw ecifically in the specification,

hal oal kyl 8‘%08515‘?1%37 "b%quﬁ?%naﬁmf ﬁ“’:‘ﬁiﬁst ‘%%?alkﬁl?éne Chif s 0GR ot Src%y"cff1 y1"

or "het er ogkGhélecullé Moudtes Singlel? d@ubleadhe add td thelBdidRINGISNHS hr\h AsiAHMRL | C
ring radi cal which consists of two to twelve carbon atons 5 and fromone to

si x het er oat doeble dloedt ethef paintst dfeatgachmentc of shes slkplgneo fchaint toothe rrestoodythen and
sul fur. Unless stated otherw se specifically in the specification,.the

ot et ocy ol JIOCHHABHI iy s m G b hesvehazs CRbEn oF AL g FatbgRs Wwithin
tetracygl i g,ord s i i PG f . indg i it ens;
R R R -

opt i onal | ymaxibdiopgehallylsebstitittégen at om nmay be optionally 10 quaterni zed;

and the heterocyclyl radical nay be partially or fuIH%lsaturaLed. Exanpl es
of such heterocyclyl “plar¥areessie|aspdicabat ther formple QK waere Ry, is gnalisylany| |

t hienyl [ 1, it hi.amd . .d hydr oi. ui nol yl. im | i itmqdazoljdi nyl,
i sot hi azol ? i r?;lhd,s @%icl)qf%z%%i@aicnoy a,u%g r(f)l}?owrt\mﬂyeo%?%%ygr 0|S,r'1dolll?}§/1?é,fjé %{eq

oct ahydr oi sdiefided YpeciBicAIKORh PRk agpeRifi catidn, 0¥RPAIRGEY rdd ma qyeoa}mmluiydi nyl,
oxazol i di nyl, piperidinyl, 15 piperazinyl, 4-piperidonyl, pyrrolidinyl,

pyr azollddi pybstituggd. nucl i di nyl, thiazolidinyl, tetrahydrofuryl, trithianyl,

t et rahydropyranyl, thi rpholinyl, thi rphol i nyl . 1-0xo-thi r phol i nyl,
and ;,;-dipxo-thionnr%ﬁ%ﬁpﬁ9?.“%%F&%@r@ﬁ%ﬁ@@Hﬁfhgﬁﬂp§ﬁ}§§égfg@ggﬁwgmfn t he
speci fi cat o, Rqaisbﬁfd%ﬁé?ﬁ¥ﬁth)¥|ange[19§lga@i%?ﬂ Redkl ABad Yordhsk! drdlt8 dwelve
"N-heterocyclyl” refers to"a heterocyclyl radical as defined above 20

cont ai ni ngcabon etasts. dilessi stated) etheanide wheeifecatldn plod syfecidicatidrt, ao haflgdmiobd t he

het erocyclyl radical to the rest of the nolecule is through a nitrogen atom
in the het 8oyeyRanie qpiignally subsiuieds st at ed ot herwi se specifically in the

he_het oy | | _
Vet or G8ycl yial kyl - ReRsyt, gUier el BafTaY oP AR PRESRY v PSR | 2

an al kyl eneadidadial @sfindef iboed @@igingdnsheRe itwelde halrissmoayihsy| WaldisC atateds
defined above, and if the heterocyclyl is a nitro?en-containing

het er ocycl| gtherwibe speifieallyy dn ythe nepgcibisatian, ax Hbtpatky! tgreumimyy beagpienallit t he

nitrogen atqm. Unl ess stated otherw se specifically in the specification, a
heterocycl?ﬁphwyd

2 q'group may be optionally substituted. "Heteroaryl" refers
to a 5- to 14-nmenber efrit RGers¥S 5 BYUORAALSR ing system radical comprising hydrogen,

25 6 to 18 carbon atoms and at least one aromatic ring. For purposes of this invention, the
aryl radical may be a monocyclic, bicyclic, tricyclic or tetracyclic ring system, which
may include fused or bridged ring systems. Aryl radicals include, but are not limited to,
aryl radicals derived from aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulene, benzene, chrysene, fluoranthene, fluorene, as-indacene,

30 s-indacene, indane, indene, naphthalene, phenalene, phenanthrene, pleiadene, pyrene,
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30 conprising hydrogen atons, one to thirteen carbon atons, one to six

het er oat ons WO 2011/ 044501PCT/ US2010/ 052043 sel ected from the group

consi st i nyoabiwi4ssomgen, oxygen and sul fur, and at | east POmAISa0IONBIHE I i Ng.

For purposes of this invention, the heteroaryl radical nay be a nonocyclic,
bicyclic, tricyclic or tetracyclic ring system which may include fused or
bridged ring systens; and the nitrogen, carbon or sulfur atonms in the

het eroaryl radical 5 may be optionally oxidized; the nitrogen atom may be

opti onal | yamfl&iphenylzed. [Eﬂamta@d bthetwide ,spéuificadlyeinnibe spéaiﬁtae'nbnt the ampi nyl ,

acridi nyl ,“be zi mdazqlyl, benzothiazolyl . benzindol di oxol yl ,
benzof ur anydty b’éﬁ%ﬁfﬁgﬁgﬁvl (sugl Az Bt Faralkyl Y is, m??é‘ﬁi‘b{nﬁ%%@@;éﬁ‘ ?aS@é %8

[b][1, 4] di nzodi oxanyl, benzonapht hof uranyl, benzoxazolyl,
benzodioxo?éﬁgfgghg%tﬁggfnyl benzopyranyl 10 benzopyranonyl,

benzof uranyl, benzof umm@m’ylrefekgenz@t fudwaylof(the%ﬁhﬁlhommywmre Ry is an
benzotri azol yI benzo [4, 6] i m dazopyridinyl, carbazolyl, cinnolinyl,

di benzoPur alhylene dhaipms d@ﬁn@bﬂmﬂandfmrla@pﬁ Of TrEe @ml |radwaé$)@hd%fzr@riwbove
dazol yl d dol |
e SRR M Sl d AR o sl SOBRSP e RSl s

oxadi azol y{n thgsﬁ%ﬁi’e?aﬁﬂh %'atalﬁﬂag%%ﬁﬂna B opBeWMlly s&bstll@te@)(' dopyri d' nyI
1- oxi dopyri m di'nyl, 1-oxidopyrazinyl,” 1-oxXi dopyrl dazi nyl ,

1- phenyl- 1H- pyrrol yI “Cyﬁmﬂ@m nyl “cqnlbm:lyglud'urmgi’ nxelfers pﬂmeaoxtalzlﬁnybn—aromatlc

pht hal azin ri d| nyl, pyrrolyl, ridi

ot azi nyl - TsppBitiarnpnycisiaameael diraobRi o phkim s Hdtogen
qui nol i yI i i i , d tol ol yl,
hi adi ago| S PHED oM Hlude XA AR b RCRAY ?ﬁ%ﬂo%%%n@nﬂ%@?? _

t hi enyl) . tirbesstogisapreteratilip@aving €roapaeed foctah bgmbmm atohs srpbwhi‘chamatmateda
be optionally substituted N- het eroaryl "

het eroaryl grou
refers to & waagwag wnd atephedto the 1gek pinibg apeside by atsnale Rendat M0é18§¥°1’6ne

rest of t nECIRCIRRd RE Byl EEPRER Shelbbiel B RRRAY ER0pRRY 0ol

Unl ess st atadoh2ptyol b@d 51@o&ple<:|rfd1f@kha radlicil8EinsINEE for Caain®le, AaAmantyl,
N-heteroaryl group e opti onal substi t ut ed.

" Het er dar yhebryyt, ldé¢9ém§1 t @ 7a11mdl}’d:é2icygl‘0[2 B4 Jleptamyl, aandRobe  liker e WRHesss an

| kyl h def.i ned het di d
Above. | Lni BOERYES AR SRLPGH Qe nPRoMEITSATP 4 T Sey PG O sRtoTy "

het er oar yl glgeMiutQyr oup may be 30 optionally substituted. WD
2011/ 044501PCT/ US2010/ 052043
“Cycloalkylalkyl” refers to a radical of the formula -R,R4 where R4 is an

alkylene chain as defined above and Ry is a cycloalkyl radical as defined above. Unless
20 stated otherwise specifically in the specification, a cycloalkylalkyl group may be
optionally substituted.
“Fused” refers to any ring structure described herein which is fused to an
existing ring structure in the compounds of the invention. When the fused ring is a
heterocyclyl ring or a heteroaryl ring, any carbon atom on the existing ring structure
25 which becomes part of the fused heterocyclyl ring or the fused heteroaryl ring may be
replaced with a nitrogen atom.
“Halo” or “halogen” refers to bromo, chloro, fluoro or iodo.
“Haloalkyl” refers to an alkyl radical, as defined above, that is
substituted by one or more halo radicals, as defined above, e.g., trifluoromethyl,

30 difluoromethyl, trichloromethyl, 2,2, 2-trifluoroethyl, 1,2-difluoroethyl,
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The term "substituted" used herein nmeans any of the above groups (i.e.,

al kyl, al kyl ene, al koxy, al kyl am no, thioalkyl, aryl, aral kyl, cycloal kyl,
cycl oal kywel2kylo443val oal kyl , heterocyclyl, N-heterocycl yPCT/US2010/052043

het er ocycl yl al kyl, heteroaryl, N heteroaryl and/or heteroarylal kyl) wherein
at | east one hydrogen atomis replaced by a bond to a 5 non-hydrogen atons
such as, but not limted to: a halogen atomsuch as F, d, Br, and I; an
oxygen atomin groups such as hydroxyl groups, al koxy groups, and ester
groups; a Surémo-2aflestopropdl OUPHitgu@betdsl, t dtidokhegilikelps Unldss oatkd | othitrovikes,

sul fone groups, sulfonyl groups, and sul foxide groups; a nitrogen atomin
groups suchpesically frethe spetieasion 2 kalpalkylraseup ’@}?}igk gPégRaHE subsiityfedini nes,

al kyl aryl am nes, di atylam nes..., N- oxi des 0. imdes, .and enamn i ,a Silicon
atom in groups such sl CRIATRYI &M y PEGREVEIS TR USTERT yiosid YYATE otips®

al kyl di ar yh ginhéphbedédPrRSarofadc tringaadicsl Wiikh SbRURAS of aNEl tOTRETe babeH aRdkRNs i N
various other groups. "Substituted" also neans any of the above groups in
whi ch ofe end fromeonigytd sixgeterastoms seleeted Ephathe grinp enbisigreet mwirdgsn, byygen( e. g.

doubl e- tri.pl e-bond) t het t. h i I,
carboxy! . S sueRe PR Hated otheiire eV BGUR Tt rogE gien bechepoRas
oxi mes, hyggcega@(n}ﬁ% be@@ﬁx\ﬂﬁ}b&fdik?ﬁwﬁf&[ tﬁéﬁ%ﬁtetr'a\%y@&tﬁﬁgigy%egm,'mw@?a% any

of the above gr s in I ¢ch onhe or no rogen” atons dre replaced with

-NRgRh, - NRgide=fufed) RhbriddRd rifig(syeehBy R the MRyGEeR0 &R of BRGE dtoriRENRgRN,
-NRgS 02Rh, -0C (=0) NRgRn, - ogg SRy -SORy, - .S 02Rg, -0 S 0 2Ry - S 02 0
Rg, =NS 02hgferoswelyl Bsdirigie . ber qiiiosplly gridized] the HBogRHIMARYY bf oPHenallove

gr oups qipn i.ch.ane Yol i Cd= -
& 20%)100 B ARG e DR D e e T st A, g
Rg and Rh af esidhe IetdiBeyelyl dirhdiesientincdinid, i Balepaadent | imhydr age rdioxadldal,,
al koxy, al kyl am no, thioalkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl,
hal oal kyl , then@lcddithignyl, N- hé@C@hﬂg‘Y@lepomgt er aoydazglimilky | | inpidezalidaml |

N- het | df. t Yl al kyl . .25 "Substituted! .f f
the above SPUTRO R briEH2Bngl Homuoipd SeEhy ARbRE M SolgalRARH L vona
to an ami n%ox%}ff}a@fhzin?l/,drﬁfS)Y(i/pipé-rmiﬁW @-iokf)gyrrcﬂfﬂ%yl:[ hp026811diRgd, O piseriditt

1] 11’
al koxy, al kylam no, thioalkyl, aryl, aralkyl, cycloal kyl, cycl oal kylyal kyl ,

hal oal Kyl , plretazinyty étpiberidinplet pyrodidinyll pyreebBdiogly cquihadlidydy], teazalidany |

N- het eroaryl and/ or heteroaryl al kyl group. In_additjon, each of e

f or egoi ng g‘?ﬁ'@gi"?rf’ﬁléﬁ]t s thé( S otegélﬂgofa’g&yémaThP(i}n‘I%‘l?b‘%lﬂrWut )PP &Bﬁ’ or
ror e of € he oG SRS LORS. 11 YR, A0HAMERARET) LSA00L0R2D 4 dhR d er m

"protecting group er€in, refers to a’labile chemcal noiety
whi ch is kegswifidally itheapécifieutioh0d Bettrotgaglt drvep g bp spiicellydubgitwed.hout
limtation, hydroxyl and am no groups, against undesired reactions during
synt hetic procedur es. Niljgthrosyglylarreteanitpoa dretripeyolirli eadiqat asedefrpdnabevea

prot ectjyng qr.oup are referred to 5 herein as."protected. hydroxyl groups”
nd ~ ot esPURM e dedT Bl oekE ot SFeGLty Prime Bt Gy DY s e 1
used sel ectidi@ll Yo ML LS Bletrhdsanatd t)ir&u@hlarrﬁttr@%‘eh abdrh @8 tHéWetddGeycBAE4dicuns at
ot her reactive sites and can then be renoved to | eave the unprotected group

as is or aVaildsablatedfotherivisetsheqifieadlydnithmspecificati@s hiMbetgrospps] grougmaprbei n t he
art are described gbiqrtl.eraély in Geene and Wits, Protective Goups in
Organi ¢ SyAP#Y@lY stbghifuted.

“Heterocyclylalkyl” refers to a radical of the formula -RyR. where R; is
25 an alkylene chain as defined above and R is a heterocyclyl radical as defined above,
and if the heterocyclyl is a nitrogen-containing heterocyclyl, the heterocyclyl may be
attached to the alkyl radical at the nitrogen atom. Unless stated otherwise specifically

in the specification, a heterocyclylalkyl group may be optionally substituted.
“Heteroaryl” refers to a 5- to l4-membered ring system radical

30 comprising hydrogen atoms, one to thirteen carbon atoms, one to six heteroatoms
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10 edition, John Wley & Sons, New York (1999). G oups can be selectively

I ncorporated into am nogl ycosi des of the invention as precursors. For
exanpl e avoaniwa4gpnoup can be placed into a conmpound of PCmAISRoOARIMDN as an
azi do group that can be chemcally converted to the am no group at a
desired point in the synthesis. Generally, groups are protected or present
as a precursor that will be inert to reactions that nodify other areas 15
of the parent nolecule for conversion into their final groups at an
appropri at seledtee frolll tehgioup ephsistipt af nitegph 0degkh ngdosulfar, eandr stoleagyrangps ar e
di scussed in Agrawal , et al., Protocols for A igonucleotide COI’IJ ugat es,

Eds, Humanaropiads sFinguewt gfe Pympses1 b ghisvigiventyg, he I@Iergarytxm egiapfbe a

"hydr oxyl ' not t Y,
but oy el s e BRye i L M ERyertH Shl. whTh ek bk Uy g
chl or oet hokpdgidhng S}%teh{s* aRd el rSirdenetdi¥bn ops&lﬁir Qfd?ﬂshﬁﬂhé heteroaryl radical

2, 4-dini trophenyl, benzy 2,6-dic orobenzyl di phenyl net hyl ,

p-nit roﬁenzqab’ b¢ rwmiwmlw rr:emd1y¢d, thei mitdgylh sattblyll mayr bet hM[@IaHW quaternized.

t - but yl di t | di TBDP tr | sil.
bengozlfgrﬁ'é’[‘%plse %‘PB‘@E’ UH?I‘HPIO Bteté’fl ttP’I g?ﬁFIBP zatcaé‘tr | ’t ?Zfslh‘tﬁ%arZBIaYl:’et ate,

pi val oat e, pERAR &Ito?yl P- RBERYd nzoﬂ&r%odl%xt) OreGéﬂZHRfrﬁl\ﬁfll, Caﬁé}ﬁB@%&olyl

mesyl ate and tosylate. 25 Exanples o 0 protecting groups” include,
but are nobeﬂzxothlzizemyl; 0, benasthadiavelyl, pr bémt[b]lﬂg4blllmpmyl sud #-lxizodioxanyl,
2-trinmethylsilylet hoxycar bonyl (Teqc)

bi phenyl ypBeeRsRMhafuianyl ( begexazolyly u‘?“é‘%%ﬁ?‘@ﬁﬁype@@xm}%ﬂ 1BeNZORYERWhony |

(Al OC)lO benzopyranonyl, benzofuranyl, benzofuranonyl, benzothienyl (benzothiophenyl),
benzotriazolyl, benzo[4,6]imidazo[1,2-a]pyridinyl, carbazolyl, cinnolinyl,
dibenzofuranyl, dibenzothiophenyl, furanyl, furanonyl, isothiazolyl, imidazolyl,
indazolyl, indolyl, indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinolyl, indolizinyl,
isoxazolyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl, 1-

15 oxidopyridinyl, 1-oxidopyrimidinyl, 1-oxidopyrazinyl, 1-oxidopyridazinyl,
1-phenyl-1H-pyrrolyl, phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl,
pteridinyl, purinyl, pyrrolyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
quinazolinyl, quinoxalinyl, quinolinyl, quinuclidinyl, isoquinolinyl,
tetrahydroquinolinyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl, triazinyl, and

20 thiophenyl (i.e. thienyl). Unless stated otherwise specifically in the specification, a
heteroaryl group may be optionally substituted.

“N-heteroaryl” refers to a heteroaryl radical as defined above containing
at least one nitrogen and where the point of attachment of the heteroaryl radical to the
rest of the molecule is through a nitrogen atom in the heteroaryl radical. Unless stated

25 otherwise specifically in the specification, an N-heteroaryl group may be optionally
substituted.

“Heteroarylalkyl” refers to a radical of the formula -RyR¢ where R, is an
alkylene chain as defined above and Ry is a heteroaryl radical as defined above. Unless
stated otherwise specifically in the specification, a heteroarylalkyl group may be

30 optionally substituted.
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9-fl uorenyl met hyl oxycar bonyl (Fnoc), and benzyl oxycarbonyl (Cbz); am de
protecting groups, such as fornyl, acetyl, trihal oacetyl, benzoyl, and
ni t r ophernybaoatiosh501\WO 2011/ 044501PCT/ US2010/ 052043 sul f enardsdeopsmbect i ng
groups, such as 2-nitrobenzenesul fonyl; and imne and cyclic imde
protecting groups, such as phthalimdo and dithiasuccinoyl.
"Prodrug” is neant to indicate a conpound that nmay be converted under
physi ol ogi cal conditions or by solvolysis to a biologically active conpound
of the 5 invention. Thesrmt habitRuled” pseddicudn nidhensy bbthe avevapeups(i.e.,
precursor of a conmpound of the invention that is zharnaceutically

Y

accept abl ealknl, shotanggalkexy. sikylamiae; thivallyb rerddaiatiys teaeloglkyb cxcleglylabeyli n

dth f i t j i i d
Mevent i on. SERalYh PN Edelelol bR s b R o SETRN sty e
parent compRYBh@ErohRBalkyly WheledDat feldt oR¥ 3BIdEen A¥onh YFeplakad By larbdatiaed. The
10 prodrug conpound often of fers advantagés of solubility, tissue

a 0 rrp%te i Bi | ho?-hgclrogei atymd igﬁig;sabat nat ?algmdgmfadzlﬁdngeloragan iseeh af:ﬁaf,l, %uanl@hr 2 :

- sign of Prodrugs . pp.. 7-9, - sevi er, erdam).

di scussi on@PXHBAHAGIn '&%gouyﬁ shsttieshdiory GRS, alE(?%y goug> and ASIRL FOURY Anosi um
Series, Vo j i | sl ' [ Edifofdwar d

5. Roche, _Asr R 1R el 0TS AL, eBube oS bl Ao g SLORoS
The term " groogs,ugid self@dido grepel attitrogel uden amyerepsasueht dsyahomesleamdas,ri ers,
whi ch rel ease the active caonpound of the invention in vivo when_such
prodrug i sakylamnes: ediatkylaminespnprvianiags. sulkyleptamines g diggylagines. M0pB6Hd of

the i nvient i giyctray, becrapar g B apdifXi 0O LT iR0R! o OLOHPSSRICRbs 1 the

conmpound o € invention 20 in such a way the nmodification

cl eaved, eutdiglaryRilyi0 g&d@@, BNy Ay i lly D or@iipsl Mindi wibrylbidylt Bbupar aad @thérpound
of the invention. Prodrugs include conpounds of the invention wherein a
hydr oxy, ahttawatymsmipradpuoothengrpups ‘Bohstddteddalanmegnoany efithe abaysegionnse
prodrug of .the.conpound of .the invention is. admnistered t.o i an
o] ot Ccib g P Porire b TGEeRAGREAgre FPEGCD I o erer e APE AbEo or oup,
25 respect QYGIY- orENAENER) B a REQRHAT shdhClsUi§ gerP i 03, @arbBhyll tdFbd:84, 4,
acetate, formate and benzoate derivatives of “al cohol or am de derivatives

of am ré f estet gronpd; and mipseennn tgheupsauplo an daines, dxdumes, hydrazbngs, amtintthles. i ke.
herein is al so neant .to enconpass

;E:r Ing\égm kggp?a'ﬁé'eﬁii»?m@dz dredrcRnY ot Serahore rgéo‘)(ﬂs)mb‘@]i‘i%lone or more
2010 el bk g b SR, e 0B RO R EPL SR g o
nunber . Ex_aNRF@(&O)_DRih,S ONRIESE=NRANRGR) DR, $OMRPOrACED)NR,R,, ! RORY] sSRosed
conpounds i ncl ude |sot3§eslff_h drﬁgqg, c%{b%ga_gtf&g_eh,‘%ﬁ ggg&iabo
phosphor ousSORE ud2Re, -OSO2R,, -SO,0R,, =NSO2R,, 2NRgRp

20 means any of the above groups in which one or more hydrogen atoms are replaced with
-C(=O)Rg, -C(=0)ORg, -C(=0)NR R}, -CH2SOzR,, -CH2SO,NRgRy,. In the foregoing,

R, and Ry are the same or different and independently hydrogen, alkyl, alkoxy,
alkylamino, thioalkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, heterocyclyl,
N-heterocyclyl, heterocyclylalkyl, heteroaryl, N-heteroaryl and/or heteroarylalkyl.

25  “Substituted” further means any of the above groups in which one or more hydrogen
atoms are replaced by a bond to an amino, cyano, hydroxyl, imino, nitro, oxo, thioxo,
halo, alkyl, alkoxy, alkylamino, thioalkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl,
haloalkyl, heterocyclyl, N-heterocyclyl, heterocyclylalkyl, heteroaryl, N-heteroaryl

and/or heteroarylalkyl group. In addition, each of the foregoing substituents may also

30 be optionally substituted with one or more of the above substituents.
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chlorine, and iodine, such as 2H, 3H, 11C, 13C, 14C, 13N, 15N, 150, 170,
180, 31p, 32p, 35s, 18F, 36C1, 1231, and 1251, respectively. These

radi ol abeWbediicampounds coul d be useful to 5 hel p det er rCmaSes10emgsIr € t he
ef fectiveness of the conpounds, by characterizing, for exanple, the site or
node of action, or binding affinity to pharmacologically inportant site of
action. Certain isotopically-|abelled conpounds of structure (I), for
exanpl e, those incorporating a radioactive isotope, are useful in drug

and/ or substrate tisgue tdhstproleslingdgrospUdisaged hbein, actesactd Mbilé sidnopsls
tritium i.e. 3H _and carbon-14, i.e. 14C, 10 are particularly useful for
thi s pur pos®igty whichjis rownél the arde pestteqt meast po eupdHCEMiNg witlRpt Feration
detection.h droxvl.and .SubstitutLoq Wit h gfaviﬁr iéoioggst%ygh(%%d es

deut eri um PY9@XYIAR HRINOSTP YR a8uPtHIeP RS BRSTT TERG NP LSS PFEEH i ng
from great efydraxlyRRAN lafmisd éﬂiu#)b tWhicH BFotEX@IMRA, a bRAESAS Qgiimlgﬁ ael Neferhll fo- 1 i f e
or reduced dosage requirenents, and hence nmay be preferred 15 in sone

ci r cunstanbesin 8ulptoteated bypdrakylhgroops't amh “pritectédrgmirogopes’, rsspehtivdy.” C, 150
and 13N, can be useful in Posi rongﬁnisslon Togp ra h%H%EET studies for
exani ni ng STBEENEt FOMRL 85t BPICHLE e S§lectiedr apie |°rﬁ§9 ¥l I tds of
structure - [ar J i own to
Those ski 1 1S e e R s e st bed 1 n
t he Prepar gtduprs isodavkaxabip lfesfuathersebctivms. Pedtestingsdrogpsass kappaap theadre are

i sotopi cal ly-1abel ed reagent in place of the naon-|abel ed reagent previously
enpl oyed. ¥ETiPef, spnarally i Seaens ard Newtsi Profesting SBovasaAtOnganie nyamsaiss3idne i n

vivo mglhabli; %P.lrogg ‘Wéi?(%’ rr%fSOth el 59 gﬁé)gﬁ ?@?@1&8 g?n bbd cti&lr’eg/ﬂyg(}ré?m

result from "€, "t'hé oxi d i on, hy

am dat i on, 6 befihdglwatidedef @8dnidh€oh ak PreRlirsbite T EkAinpleeihCini®e
primarily due to enzymatic processes. Accordingly, the invention includes

conpounds Pt dlgedintby conmrovné o thomyentiimas atiadine granpithyf eencienghsomerllst t hi s
BERCIRECE. SR RN SRR ML S THCEUE S
protected or present as a precursor that will be inert to reactions that modify other areas

15 of the parent molecule for conversion into their final groups at an appropriate time.
Further representative protecting or precursor groups are discussed in Agrawal, et al.,
Protocols for Oligonucleotide Conjugates, Eds, Humana Press; New Jersey, 1994; Vol.

26 pp. 1-72. Examples of “hydroxyl protecting groups” include, but are not limited to,
t-butyl, t-butoxymethyl, methoxymethyl, tetrahydropyranyl, 1-ethoxyethyl, 1-(2-

20  chloroethoxy)ethyl, 2-trimethylsilylethyl, p-chlorophenyl, 2,4-dinitrophenyl, benzyl,
2,6-dichlorobenzyl, diphenylmethyl, p-nitrobenzyl, triphenylmethyl, trimethylsilyl,
triethylsilyl, t-butyldimethylsilyl, t-butyldiphenylsilyl (TBDPS), triphenylsilyl,
benzoylformate, acetate, chloroacetate, trichloroacetate, trifluoroacetate, pivaloate,
benzoate, p-phenylbenzoate, 9-fluorenylmethyl carbonate, mesylate and tosylate.

25 Examples of “amino protecting groups” include, but are not limited to, carbamate-
protecting groups, such as 2-trimethylsilylethoxycarbonyl (Teoc), 1-methyl-1-(4-
biphenylyl)ethoxycarbonyl (Bpoc), t-butoxycarbonyl (BOC), allyloxycarbonyl (Alloc),
9-fluorenylmethyloxycarbonyl (Fmoc), and benzyloxycarbonyl (Cbz); amide protecting

groups, such as formyl, acetyl, trihaloacetyl, benzoyl, and nitrophenylacetyl;
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30 radi ol abel | ed conpound of the invention in a detectable dose to an

ani mal, such as rat, WD 2011/044501PCT/US2010/ 052043 nouse, gui nea pig,
nonkey, owotoiimdwsm, allowi ng sufficient time for netabeciramsedio/osmasir, and
isolating its conversion products fromthe urine, blood or other biological
sanpl es. "Stable conpound"” and "stable structure" are neant to indicate a 5
conpound that is sufficiently robust to survive isolation to a useful
degree of purity froma reaction mxture, and fornulation into an

ef f i caci ousulfdremadieptoteetif@ @fdups, such as 2-nitrobéMdieslfony 1) @hd desnehandbogcliand
bot h donestic animal s such as Iaborat.oirgy ani mal s and househol d pets (e.qg.,
cats, dogsimiggipraectingtaroups, sisbapphigalimigdo gnddithinsugeisii-t s), and non- donestic
animal s such as wildlyfe and the like,. 10"Qptional: or " ' " ans
fhat the subsequent |y g0atr o iRtiete s FPebfRLieChey 85 bR el bnag®
occur, andphft#logibe EMARTINPLIroRY kHIGbHER S0l AHicbseAlBaIR Sqthsbuddestt ther
circunstance occurs and instances in which it does not. For exanple,

"opt i ondl | veuthwt. i Thitsetheaeynh “prodeugs refest tot hmetabylic predimser ofmgoropoundyofnot be
substituteqd and that the descript.i i ncl udes both. substituted aryl

i cal 5 il BVpIeRSRLG HEFGARIRAY HOBABEL | RUPURE Tay b ifscrve fihen

' Phar maceubiifhdidted 46 R o6 BRIob®Mtherbbd, UGALis HorS¥RP IR N 18 GoUgaRe

wi thout Iimtation any adjuvant, carrier, excipient, glidant, sweetening
agent, di | venpoundrefsbe inatntive,. Riyéiuge e gpically tapidly tentfamset iz §ur foaaeldnt |
wetting agent, dispersing agent, suspending agent, stahilizer, isotqnic
agent, sol (henpareqyy CmpRuails ¢le heyinveniiha Jop £84mple, deTYMﬁS%)}ntm%quniﬂ‘@d

St at es ;{oo ] t] [ b : j mans
or domilt | EroaRit AR SHER AR 20 L R IROA R BB AT
and base agdédst Oi a SrhSalianPh@biBmedéd, GndyardC Blg Md&iireotRiodraddil 983)npgal t "
refers to those salts 25 which retain the biol ogical effectiveness and

properti es7dk 21124 (Elssichadmsterdam)eh Andiscusstonpifairedivesiy progided imslignchs
indes 2b1 . 0 100 S BARGA 0 O SR RSBy el ibplL” ™
acid, Design, Ed. Edward B. Roche, American Pharmaceutical Association and Pergamon

15 Press, 1987.

The term “prodrug” is also meant to include any covalently bonded
carriers, which release the active compound of the invention iz vivo when such prodrug
is administered to a mammalian subject. Prodrugs of a compound of the invention may
be prepared by modifying functional groups present in the compound of the invention

20 in such a way that the modifications are cleaved, either in routine manipulation or in
vivo, to the parent compound of the invention. Prodrugs include compounds of the
invention wherein a hydroxy, amino or mercapto group is bonded to any group that,
when the prodrug of the compound of the invention is administered to a mammalian
subject, cleaves to form a free hydroxy, free amino or free mercapto group,

25 respectively. Examples of prodrugs include, but are not limited to, acetate, formate and
benzoate derivatives of alcohol or amide derivatives of amine functional groups in the
compounds of the invention and the like.

The invention disclosed herein is also meant to encompass all
pharmaceutically acceptable compounds of structure (I) being isotopically-labelled by

30 having one or more atoms replaced by an atom having a different atomic mass or mass
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phosphoric acid and the |ike, and organic acids such as, but not [imted
to, acetic acid, 2,2-dichloroacetic acid, adipic acid, alginic acid,

ascor bi c woi2di/asparti c acid, 30 benzenesul fonic acid, pemascaoasiods

4- acet am dobenzoi ¢ acid, canphoric acid, canphor-10-sulfonic acid, capric
acid, caproic acid, caprylic acid, carbonic acid, cinnamc acid, citric
acid, cyclamc acid, dodecylsulfuric acid, ethane-1, 2-disulfonic acid,

et hanesul foni ¢ acid, 2-hydroxyethanesulfonic acid, formc acid, fumaric
aci d, gal agh@beC Bgdnthle06Misb®bes Mai chn 1§ heohRRi@NInto dfi dscl@ed tofipousds d,
glucuronic acid, 5 glutamc acid, glutaric acid, 2-oxo-glutaric acid,

gl ycer ophosshusiei ésogatied, ofylhyduigen, seiben, hiifspeani coxaerrl, phewhatopsi dlugeing,

| actic acid,, l.actohi.oni ¢ acid, .|l auyiic. agi ds~mal.eisc acj d; | B, 83 Cbs

mal oni ¢ act HOT A1 PSS a?n}%’h oL o & oS G- ek co’n_?:)’d,P RS,

napht hal en&gl )%y AP35 Ul {10R] Cregdcllvel P 2ARERAA GBI GHE SRR URdEdd be useful to _
1- hydr oxy-2- naphthoic acid, nicotinic acid, oleic acid, orotic acid, oxalic
aci d, pal mhelpodetarinihe pampastira tiedeffebvaresy bbd theccommionndp yyodlatactamizonga ¢ord,
pyruvic acid, salicylic acid, 4-amnosalijcylj.c aciﬂj, sebogci c.acid, stearic

aci d, succF¥mPlgche site gy meds of agtjon, of hindmgzatiinityio phargagolegieallydmpogantc

acid, trif i C i-d, £l | j ke
" Phar naceu tg fltjég gf) ?gﬁ%lé c (e:glt%gg I 1%&{%2@%%@%@(%%@%@ HQ P %epg? 4sﬂll'tég(l)t’ hfgrs gxaétnaq 1%’5
whi ch r et akhivst hecdpparhog aadadbit@et IseRPes sreamdfidriapdrog i g/ fsubkteaté ntesueaci ds,

which are not 15 biologically or otherw se undesirable. These salts,are
prepared f disthtadian siusiesof Thenradinseidenisetopes Bitiwm. gire. oblgard earberd4t et He free

aci d. lts_derived, from,norgani ¢ bases ingl.ude, but.are not limited to,
Fhe sodCumire it f R R s R e BE e ens® RE iR ofilon dnflsbafy O
copper, mapganestietakigpl num salts and the like. Preferred inorganic salts

are the amoni um sodium potassium calcium and magnesiumsalts. 20 Salts
derived from organi c Sbbg#stiamwithytiegvidrisotapes snoh a4 deviteraun.tie, ‘Hahey agerd
primary, secondary, and tertiary am nes, substituted.am pes incl udi

ot ural |y SoEn droktpRliberiian e ectomy e heis THRTRadPE et A
exchange I &kdiSe H4G0h A1 AR Youcdd AR RIS, lihd READATHA Breferred

di et hyl am ne, tﬁ et hgT amfne, tfla%cr o%&?a%i ng, I etsﬁanol am neif}mét léen%rfeam ne,
deanol ,152- dh seehdwitcamsmetshanol , 25 2-di et hyl am noet hanol ,

di cycl ohexyl am ne, |ysine, arginine, histjdine, caffeine, progai 1@5,

hydr abami ne, chol i ne SubgtuianeVith iwstioasREIng sAPRehiHeD agt Kyl ehedPatfdne,
gl ucosam ne h | | .t hegbr Qi n trieth j ham ne,
purines, pi Fé?%%i %%?IS%?E@H F‘ﬁ‘é"? ﬁﬁ‘ésg{?% ﬁ?%o fépﬁl&n@,ﬂ_ ir}g:{{h@%s i yg%%“ﬁs and
the |ike. BastraUlceptyvr RcBhmint £dIREGanlG- BR3P camPoinsBPOORILENTNEL) can

di et hyl am ne, ethanol am ne, 30 trinethylam ne, dicycl ohexf/l am ne, choline
and caf f ei generaliybeoprendred hso0UPEHiISE Crbnig8eki®wn to those skilled @p therart or by

crystal]i zations prqgduce a solvate .of the c ound of e invention. As
used hetei RTOEHES laﬁﬁﬂg‘“‘?otpvtif’%e' g?séflg‘?ds “1 ﬁleaﬁr%_gﬁrﬁf}%@a?%f Eﬁﬂflplgﬁr?BrSFQ%t one
or more MobeeW §8in® fanlafpPSPRRN thoRipidali§ - 1A & da@BntWint ?la@@%f Qhe FBAFabERIGECUI €5
of solvent. The solfvent may be water, "in which case the solvate may be a
hydr at e. Sragtmrmeationsty ymploged.sol vent may be an organi ¢ sol vent. Thus, the

conpounds of the present inventjon nmay exi st as a hydrate, including a
monohydr at e, di hydr atl@¢ ipewiiy disstased Sereuisnslen meant tor snegppassethe m vivo

tetrahydr a%rf‘ett%gﬂlc ;Dp(?d clskép thg%is\ggcls%d %8m§§1%/c§,? ;%&ﬁ%p&%&? Hﬁg{rﬁﬁflﬁﬂo&o . The

conpound o vent1on nay rue er cases, the

conpourpd obxdrhgle) the @xidation,eiudi@hchydrolstie) amridientdstetifiuatioh) and@tier liler ofbe a
m xture of water plus sone adventitious solvent.. A
" phar maceuthecadmisisigred cempernd; ptigasily duetd enzymadici sacessesa Aenpsdongly. 8t t he

i nvention ?r{,d 3 rrediluq? gener all% acgureﬁzg d in_the art for tgémde!qtie{ery of
the bi ol ogi bAMTSP ALTHYE Comsdtify A i & PREES “HUMENE *SUER>E redi um
It Rcl uges abbmphaid"Be i iRhtivn 36 GCREARI® 1625 'Jefibd of Airth SRRk t8X4dIPiaent S
erefor.
metabolic product thereof. Such products are typically identified by administering a

30 radiolabelled compound of the invention in a detectable dose to an animal, such as rat,
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15"Effective amount” or "therapeutically effective anmount” refers to that
anount of a conpound of the invention which, when adm nistered to a nmamal ,
pr ef er ablwoaotwmresvy is sufficient to effect treatnent, asTasbimwesobzl ow, of
a bacterial infection in the mammual, preferably a human. The anobunt of a
conmpound of the invention which constitutes a "therapeutically effective
anmount” will vary depending on 20 the conpound, the condition and its
severity, the manner of administration, and the age of the mammual to be
treated, buiouwsangutcadsipemahisd of @blthiAghyalkywiageufifcient dinafor mdkabdlisimtot he
art having regard to his own know edge and to this disclosure. . )
"Treating” o6¢ury encbiplating itsonyersigntspducts Gomeths urive. bloedtarenier driolpgigal

di sease or conlditi on of interest in a mamual, preferably a human, having
the di seas&8P“25 condition of interest, and includes: (1)
preventing the di seasgule eORPbidd®Nadd ORaBRC Whidie” | &te SmBBATRI indidhte a
particul ar, when such mammal 1s predisposed to the condition but has not
yet beerd dicagpoweldthat ishsufficigntlyt robust to survive isqlation tonhiuséful degrehef gistyase or
condition, .i.e., arresting i tds devel oppent; _WD. .

2011/ 04450 {198r? (988AbmEEBE4and formulation into p pificacians BgTaREYAAER; sease or
condition, i.e., caushighgor RRIEN RinddCafll SEAFCaBhekRN b isulh s

(iv) relieving the synptons resulti ngl?romt e disease or condition, 1.e.,

relieving paboratovyt dronitlsagidlr Besehgdtfegs ngeichty) dogsdissdms ecatle, Ghergh igoam, As
used 5 herein, the terns "di sease" and "condition" may be used

i nt er chang®8Kes rehbitgh png gortdemesticranimals syl astwiddlfa prd Bgilke nal ady or

condi ti may not hawv ROWN . i.ve age ' ot
yet beel(r?nv\or ked out) gﬁﬁoﬁl ﬁg @ﬁ}eé?‘g@%r rge%%’ttﬂ%/te g%&%%gﬁ?ng‘é" ég‘éolg%edzh%grétgse
but only asfacunsiasdes 3RAE of ARE AdtOstcaF, mMNEAONR, desbrgstRinNindluded ehsBicdsess
specific set of synptoms have been identified by clinicians. 10The
conpounds otherehsaid ravent poaircwnstampsi eccptraanth dustanceslin whade epdegs| ®otsaFers may

contain one_or nore. as tri.c centers and. may thus give rise to

enant i omer Sf‘MHPlﬁst%orné’B%lgr §‘be!‘&% ] rm§?r_5rt¢5‘6‘i g’&f’éﬂ r@g’fcﬁf FRRY (R B Be
defined, | RubekiiBd @hd aksohb RsSHRIRORRRAES bbih s@Rtifudd adl rhdidals @hd &9l (D) -
or (L)- for am no acids. The present 1nvention is nmeant 'to 1 nclude all such

possi bl & i sohealshavarsg needubsasmtibei r 15 racem c and optically pure forns.
Optically active (+) and (-),. (R - and (S)-, .or (D - and (L)- j]soners may
be prepared using chi Farmageitically aseeriphle a‘Fa“‘r‘%ragq(éBF%t, OHr €XC ‘Eﬂtve‘&&?}g?sng
conventi onal: I . 0 ; We}

crystal |1 oot reEENBAHEE ooy 883 CH e SRR AR RREE AR Bbent o1
i ndi vi dual pessanvaiiesTRIye/cblocdntdaveh iehlddncry BlidiRsdns, WettRy agait] diggdrsingppémal |y
pure precursor or resolution of the racemate 20 (or the racemate of a salt
or deri vat isvspndisg ragent stabilizgnpisetonishpgeatt, bilyentppesmmlsfien which has been

chromatgr aph LQ) . e he conpo s descri.hed herein contai | efinic
doubl e Bon BP%P’&EF}@G U\Bl\ﬂ?cp §ta‘e8f§°g§’g‘g"ﬁ’§trﬁ¥“é ’S@Wlﬂ?&’fﬁ?’ﬁ? a&ﬁ)ﬁl%nﬂcg%f’sabg%g fi fi ed
ot herw se, ykd inl Kunkddk 8PE&HediRahihdsle conpounds include both E and Z geonetric
i soners. Likewise, all tautoneric forns are also intended to be included.

25A "st ereoi soner" réPharmatautimalty apeptatlenmtid inghudsk boleacdmed dasnaddifomded by
t he sane boads but having different three-di nensional structures, which are
not interch F?geabl e. The present invention contenpl ates various

stereoi soners and m byt a5 REROTANLHOGLUIERIGANANL AIBKSi il G ef er's
to two stereol soners ose nol ecul es are nonsuperi nposeapl e mrror 1| mges
of one Xnotwitdth retain the biological effectiveness and properties of the free bases, which are not
biologically or otherwise undesirable, and which are formed with inorganic acids such
as, but are not limited to, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, and organic acids such as, but not limited to, acetic acid,

2,2-dichloroacetic acid, adipic acid, alginic acid, ascorbic acid, aspartic acid,

30 Dbenzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid, camphoric acid,
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WO 2011/ 044501PCT/ US2010/ 052043 A "tautoner" refers to a proton
shift fromone atomof a nolecule to another atom of the sanme nol ecul e. The
present iwoentiamsoincl udes tautonmers of any said conpoulrd3/US2010/052043 As
not ed above, in one enbodi nent of the present invention, conmpounds 5 having
anti bacterial activity are provided, the conpounds having the foll ow ng
structure (I): (I) 10 or a stereoisoner, prodrug or pharmaceutically
acceptabl e salt thereof, wherein: Q is hydroxyl, a protected hydroxyl,

am no or acapipkioe¢dsalfauit %icgr@lgi}c 88d] saproicNEEd 12afHlic AMd, carbonic acid,
2011/ 044501PCT/ US2010/ 052043 , or
cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic
acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid,
5 glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, isobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesulfonic acid, mucic acid,
naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid, 1-hydroxy-2-naphthoic
acid, nicotinic acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid,
10  propionic acid, pyroglutamic acid, pyruvic acid, salicylic acid, 4-aminosalicylic acid,
sebacic acid, stearic acid, succinic acid, tartaric acid, thiocyanic acid, p-toluenesulfonic
acid, trifluoroacetic acid, undecylenic acid, and the like.
“Pharmaceutically acceptable base addition salt” refers to those salts
which retain the biological effectiveness and properties of the free acids, which are not
15 biologically or otherwise undesirable. These salts are prepared from addition of an
inorganic base or an organic base to the free acid. Salts derived from inorganic bases
include, but are not limited to, the sodium, potassium, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Preferred
inorganic salts are the ammonium, sodium, potassium, calcium, and magnesium salts.
20 Salts derived from organic bases include, but are not limited to, salts of primary,
secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as ammonia,
isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,
diethanolamine, ethanolamine, deanol, 2-dimethylaminoethanol,
25  2-diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine, caffeine,
procaine, hydrabamine, choline, betaine, benethamine, benzathine, ethylenediamine,
glucosamine, methylglucamine, theobromine, triethanolamine, tromethamine, purines,
piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like. Particularly
preferred organic bases are isopropylamine, diethylamine, ethanolamine,

30 trimethylamine, dicyclohexylamine, choline and caffeine.
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@@ is hydroxyl, a protected hydroxyl, amno or a protected am no group;
5each Rl and R2 is, independently, hydrogen or an am no protecting group;
each R3 iwpndag®ndent | y, hydrogen or a hydroxyl prote@Crng2quoosmi3

each R4 and R5 is, independently, hydrogen or Cl1-C6 al kyl optionally
substituted with one or nore hal ogen, hydroxyl or am no; 10each R6 is,

| ndependent |y, hydrogen, hal ogen, hydroxyl, amno or Cl-C6 al kyl;

or R4 and R5 together with the atons to which they are attached can forma

heterocyclic ring hagfg trRmIfkationsd prédifte 3k OfFvat®r ofRthea REdnPaEnRGoft @get her
with the atons to which they are attached can forma heterocyclic ring

havi ng from@ntion.6As usagl HeBeiat therggrmofsoRated rdfeonteo aRGggmgetettbat agmiphisesheneat ons

to which they are attached can for carbocyclic.ring having from3 to 6
et oms 0 Stk pl GRS G COwaned pF e RRte i R ot ppa mlfees e 2

and Z2 is, e r re.- Y | I t of Z1
and Z2 is ﬁ?lg?liﬂgo) lifg;[.?rglbigégtt H%)ége&g?a 6?1 énng\;ﬁ%gl }6\%%2%& gg Sg)ia%ﬁ ?}Eaty eg@%ﬁ}%%ﬁgl Kyl

or at | dastAlenatiRelyj shehsdlogemayhpelrapxotgatic saivienn, Thosl theidompoheds wbd the
adj acent -CH groups to which Z1 and Z2 are attached may optionally forma
doubl e bondTeS¢H fyeAt TBEboXisiedt @ hydial, Rncludings gd MRBORY atﬁyd?@ﬁ%ﬁ.e’ I n

further enﬁgﬂiﬂﬁ&t@ se%uiil@dx%{p, nt?lhydrate, tetrahydrate and the like, as well as the

corresponding solvated forms. The compound of the invention may be true solvates,
while in other cases, the compound of the invention may merely retain adventitious

10 water or be a mixture of water plus some adventitious solvent.

A “pharmaceutical composition” refers to a formulation of a compound
of the invention and a medium generally accepted in the art for the delivery of the
biologically active compound to mammals, e.g., humans. Such a medium includes all
pharmaceutically acceptable carriers, diluents or excipients therefor.

15 “Effective amount” or “therapeutically effective amount” refers to that
amount of a compound of the invention which, when administered to a mammal,
preferably a human, is sufficient to effect treatment, as defined below, of a bacterial
infection in the mammal, preferably a human. The amount of a compound of the
invention which constitutes a “therapeutically effective amount” will vary depending on

20  the compound, the condition and its severity, the manner of administration, and the age
of the mammal to be treated, but can be determined routinely by one of ordinary skill in
the art having regard to his own knowledge and to this disclosure.

“Treating” or “treatment” as used herein covers the treatment of the
disease or condition of interest in a mammal, preferably a human, having the disease or

25 condition of interest, and includes:

(1) preventing the disease or condition from occurring in a mammal,
in particular, when such mammal is predisposed to the condition but has not yet been
diagnosed as having it;

(i)  inhibiting the disease or condition, i.e., arresting its development;
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WO 2011/ 044501PCT/ US2010/ 052043 I n other further enbodinents, b is
hydroxyl. In further enbodinents, Q is amno. In other further

enbodi mrenwe,20Qio4®1hydr oxyl . I n further enbodi nents, ZlpamwsZAoasmwibot h
hydrogen. 5In other further enbodinments, Zi is hydroxyl and Z2 is hydrogen.
In other further enbodiments, Z1 is hydrogen and Z2 is hydroxyl. In further
enbodi nents, @ is: 10 wherein: R4 is hydrogen; R5 is hydrogen; at |east
one R6 is halogen; and nis an integer from1l to 4. For exanple, in nore

speci fic enbodi ment si@f tieBeVing @EOdREhse QR cbidition, i@}W@ausing regression of the
disease or condition; or
(iv)  relieving the symptoms resulting from the disease or condition,
i.e., relieving pain without addressing the underlying disease or condition. As used
5 herein, the terms “disease” and “condition” may be used interchangeably or may be
different in that the particular malady or condition may not have a known causative
agent (so that etiology has not yet been worked out) and it is therefore not yet
recognized as a disease but only as an undesirable condition or syndrome, wherein a
more or less specific set of symptoms have been identified by clinicians.

10 The compounds of the invention, or their pharmaceutically acceptable
salts may contain one or more asymmetric centers and may thus give rise to
enantiomers, diastereomers, and other stereoisomeric forms that may be defined, in
terms of absolute stereochemistry, as (R)- or (S)- or, as (D)- or (L)- for amino acids.
The present invention is meant to include all such possible isomers, as well as their

15  racemic and optically pure forms. Optically active (+) and (-), (R)- and (S)-, or (D)- and
(L)- isomers may be prepared using chiral synthons or chiral reagents, or resolved using
conventional techniques, for example, chromatography and fractional crystallization.
Conventional techniques for the preparation/isolation of individual enantiomers include
chiral synthesis from a suitable optically pure precursor or resolution of the racemate

20  (or the racemate of a salt or derivative) using, for example, chiral high pressure liquid
chromatography (HPLC). When the compounds described herein contain olefinic
double bonds or other centres of geometric asymmetry, and unless specified otherwise,
it is intended that the compounds include both E and Z geometric isomers. Likewise,
all tautomeric forms are also intended to be included.

25 A “stereoisomer” refers to a compound made up of the same atoms
bonded by the same bonds but having different three-dimensional structures, which are
not interchangeable. The present invention contemplates various stereoisomers and
mixtures thereof and includes “enantiomers”, which refers to two stereoisomers whose

molecules are nonsuperimposeable mirror images of one another.
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OHOH 150HOr OH wherein each R6 is hal ogen (such as, for exanple, fluoro).
In other further enbodinents, Q2 is: WD 2011/044501PCT/US2010/ 052043 0 HO
wher ei n: WO 206/My3d1ogen; R5 i s hydrogen; at | east one R®crasshyidos20yd ; and n
is an integer from1l to 4. For exanple, in nore specific enbodi nents of the
foregoing, @@ is: O0OHOOH 50HOHor OH

A “tautomer” refers to a proton shift from one atom of a molecule to
another atom of the same molecule. The present invention includes tautomers of any
said compounds.

As noted above, in one embodiment of the present invention, compounds

5 having antibacterial activity are provided, the compounds having the following

structure (I):

Qs

R;0 OR,

@

10  or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,

wherein:

Q is hydroxyl, a protected hydroxyl, amino or a protected amino group;

Qy is:
0

ks

NH
OH 2

15
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OH In other further enbodinments, @@ is: 10 wherein: R4 is hydrogen; R5 and
one R6 together with the atons to which they are attached form a

het er ocycWocori/magsomavi ng from 3 to 6 ring atons; at | ea®CTAs201RO51083

hal ogen; and n is an integer from1 to 4. In other further enbodi nents,
Is: 15 WO 2011/ 044501PCT/ US2010/ 052043 wherein: R4 and R5 together with
the atons to which they are attached forma heterocyclic ring having from4
to 6 ring atons; at |least one R6 ig halogen; and n is an integer from1l to
4. In other further enbodi nents, erein: R5 is hydrogen; R4 and
one R6 together with the atons to re attached forma
carbocyclic ring having from 3'4;\0 IH at | east one R6 is hal ogen;

and nis an integer froml to ther further enbodinents, Q@ is: O

OH , Or

Qs is hydroxyl, a protected hydroxyl, amino or a protected amino group;
5 each R; and R; is, independently, hydrogen or an amino protecting
group;
each Rj is, independently, hydrogen or a hydroxyl protecting group;
each R4 and Rs is, independently, hydrogen or C;-C¢ alkyl optionally
substituted with one or more halogen, hydroxyl or amino;
10 each Rg is, independently, hydrogen, halogen, hydroxyl, amino or C;-Ce
alkyl;
or R4 and R;s together with the atoms to which they are attached can form
a heterocyclic ring having from 4 to 6 ring atoms, or Rs and one Rg together with the
atoms to which they are attached can form a heterocyclic ring having from 3 to 6 ring
15 atoms, or R4 and one Rg together with the atoms to which they are attached can form a
carbocyclic ring having from 3 to 6 ring atoms;
each n is, independently, an integer from 0 to 4; and
each Z; and Z; is, independently, hydrogen or -OR3,
wherein (i) at least one of Z; and Z, is H, (ii) at least one of R4 and Rs is
20 substituted C;-Cq alkyl or at least one R¢ is halogen, hydroxyl or amino, and (iii) the
two adjacent -CH- groups to which Z; and Z, are attached may optionally form a
double bond.
In further embodiments, each Ry, R, and Rj are hydrogen.

In further embodiments, Qs is amino.
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NH2 OH In further enbodi nents, the foregoing conpounds of

structure (I) have the follow ng configuration: In further
enbodi mrenwe,20tihg430mo adj acent carbon atons to which Zi a&ou/ud201ans20as t ached
form a doubl e bond. In other further enbodinents, the two

adj acent carbon atons to which Z1 5 and Z2 are attached forma single bond.
As al so noted above, in another enbodi nent of the present invention,
conpounds having anti bacterial activity are provided, the conpounds having

the foll ow ng structqﬁgﬂkﬂﬁnﬂww&hggﬂééﬁg4§gg3§&h 2010/ 052043 (I) or a

st er eoi soner, prodru% or pharmaceutically acceptable salt thereof, wherein:
5QL is hydroxyl mﬁ@&mednhwhnmnlel@nmnDOOr a protected amino group;

@ is al kyl optional tu d with o halogen hydr oxyl ,
ani no, optionally subi?&?ﬁﬁ@%' Qﬁﬂnwyﬁ‘gkmE%GF%ﬁ |y substituted
heterocycl yl, In further embodlments, Z, and Z, are both hydrogen.
5 In other further embodiments, Z,; is hydroxyl and Z, is hydrogen.
In other further embodiments, Z; is hydrogen and Z; is hydroxyl.

In further embodiments, Q; is:

Q Re Rs
z% ~NHRs
HO R,

10 wherein: R4 is hydrogen; Rs is hydrogen; at least one R is halogen; and n is an integer

from 1 to 4. For example, in more specific embodiments of the foregoing, Q- is:

0] RB O RG Rs
'HL/”\)\/ NH, M NH
OH , OH
j RG 0 Re Rs
% NH, L&L)]\%NHZ
OH , OH

R
0 ® o Re Re
~N .bjs\
N NH N NH
N 2 N 2
OH or OH

wherein each Ry is halogen (such as, for example, fluoro).

15

In other further embodiments, Q; is:
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SSCn A NHR5 NH 5

WO 2011/044501 PCT/US2010/052043

LZQ ~NHRs

HO R,

wherein: Ry is hydrogen; Rs is hydrogen; at least one Rg is hydroxyl; and n is an integer

from 1 to 4. For example, in more specific embodiments of the foregoing, Q- is:

0 OH 0 OH
NH,
LZ?_L ‘??.L NH;
5 OH , OH or
OH
o)
;\N NH,
H
OH

In other further embodiments, Q; is:

HO R,

10  wherein: R4 is hydrogen; Rs and one Rg together with the atoms to which they are
attached form a heterocyclic ring having from 3 to 6 ring atoms; at least one Rg is
halogen; and n is an integer from 1 to 4.

In other further embodiments, Q, is:

15
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NR7RS 0, 0 WD 2011/ 044501PCT/ US2010/ 052043

WO 2011/044501 PCT/US2010/052043

wherein: Ry and Rs together with the atoms to which they are attached form a
heterocyclic ring having from 4 to 6 ring atoms; at least one Rs is halogen; and n is an
integer from 1 to 4.

In other further embodiments, Q; is:

Q Rs Res
*771 ~NHRs
HO R,

wherein: Rs is hydrogen; R4 and one Rg together with the atoms to which they are
attached form a carbocyclic ring having from 3 to 6 ring atoms; at least one Rg is
halogen; and n is an integer from 1 to 4.

10 In other further embodiments, Q; is:
O

In further embodiments, the foregoing compounds of structure (I) have

NH
OH z

the following configuration:

30



0 ccss 0 5 is hydroxyl, a protected hydroxyl, amno or a protected am no
group; each RL and R2 is, independently, hydrogen or an am no protecting
group; eawb2RB/44835011i ndependent |y, hydrogen or a hydr oxylPCprust@otsivgs gr oup;
each R4, R5, R7 and R8 is, independently, hydrogen or Cl-C6 al kyl 10
optionally substituted with one or nore hal ogen, hydroxyl or am no; each R6
i's, independently, hydrogen, hal ogen, hydroxyl, am no or Cl-C6 al kyl;

or R4 and R5 together with the atons to ich they are attached can form a
het erocyclic ring having from4 to 6 rin\g/g\2 t ony oR'R5 and one R6 t oget her
with the 15 atons to which they are attach n forma heterocyclic ring
having from3 to 6 ring atons, or R4 and ohe together with the atons to
which they are attached can forma carfbocyclic #ing having from3 to 6 ring
atons, or R7 and R8 together with the atom) ich tBey are attached can

forma heterocyclic ring having from3 to% r| atong; each R9 is,
i ndependent |y, hydrogen, hydroxyl, anﬁho r -G al byl optionally
substituted with one or nore halogen oxyI or—ar no; each R10 is,
i ndependent |y, hydrogen, hal og®f, r- anl 1-C6 al kyl ; each R11
i's, independently, hydrogen, halogen O | kyl ;
s @bR3R§§ N—R,
\ S /
Rz_N Q2
\Ilnn--- .-mnlN—R1
§ R,
R;0 OR;

In further embodiments, the two adjacent carbon atoms to which Z; and
Z, are attached form a double bond.
In other further embodiments, the two adjacent carbon atoms to which Z;
5 and Z, are attached form a single bond.
As also noted above, in another embodiment of the present invention,
compounds having antibacterial activity are provided, the compounds having the

following structure (I):
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WO 2011/ 044501PCT/ US2010/ 052043 or RO and one R11 together with
the atons to which they are attached can forma heterocyclic ring having
from3 towb wimg4mtions, or R4 and one R11 together w thpChaSatioms204® whi ch
they are attached can forma carbocyclic ring having from3 to 6 ring
atons; 5each n is, independently, an integer fromO to 4; each p is,

i ndependently, an integer froml to 4; and each Z1 and Z2 is,

i ndependently, hydrogen or -O0R3, m%erein i) at |least one of Z1 and Z2
is H and (ii) the two adjacent -CH gr fch Z1 and Z2 are attached
may optionally forma double bond. 10In f er enbodi mnents, each Rl, R2
and R3 are hydrogen. In further enbodi nefts, is amno. In other further
enbodi ments, @ is hydroxyl. In furtfrer ments, Q is amno. In other
further enbodinments, Q is hydroxyl. 15I t her effbodi nents, Z1 and Z2
are both hydrogen. In other further enb , Zlyjsghydroxyl and Z2 is
hydrogen. In other further enbodi nent's, Rydr ggen and Z2 i s hydroxyl .

I n other further enbodi nents, [
hydrogen; R8 is hydrogen; and®h i

enbodi nents, each R6 is hydrogen. r exanpl e, Dre specific enbodi nents
of the foregoing, @ is: WD 2011/0 052043
R1 OR3 R30 N—RI
|
R,—N 0 Q
1
R,
R;0 OR,
@
or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,
wherein:
5 Q) is hydroxyl, a protected hydroxyl, amino or a protected amino group;

Q; is alkyl optionally substituted with one or more halogen, hydroxyl,

amino, optionally substituted cycloalkyl or optionally substituted heterocyclyl,

O D /UH\
%§£//JL\:><<§>¥<§?N NR;Rq
HO R, ls

10
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ONH OH NH NH2 OH In other further enbodinents, at |east one R6 is

hal ogen. In other further enbodinents, Q2 is: wherein: R4 and one R6

t oget her wiDt2hivdaesoat ons to whi ch they are attached for mpaTasedooymis c ri ng
having from3 to 6 ring atons; R7 is hydrogen; R8 is hydrogen; and n is an
integer from1l1l to 4. For exanple, in nore specific enbodi nents of the
foregoing, @ 10is: NH HNH2

).]\ M )NJH\
L?71 NMT NR;Rg
OH Rs

Rs

r‘)j ~N MNHRE.

//\\

:‘\M)L

// \\ NR;Rg
5 Rs ,
Rs Re
;é ~OR,
0
Ri1 Ri
‘535 NHRg
o :
10
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NH In other further enbodi ments, at |east one R6 is halogen. In other
further enbodinents, Q2 is: ol 50H wherein R5 is hydrogen. In further
enbodi mrenwe,208aa50R6 | s hydrogen. For exanple, in nore epedaistéioosmvbddi ment s
of the foregoing, @ is: WD 2011/044501PCT/ US2010/ 052043

LZZ2 NH2( 2zNNH2

, or

o
5 Qs is hydroxyl, a protected hydroxyl, amino or a protected amino group;
each R; and R; is, independently, hydrogen or an amino protecting
group;
each Rj is, independently, hydrogen or a hydroxyl protecting group;
each R4, Rs, R; and Ry is, independently, hydrogen or C;-Cs alkyl
10  optionally substituted with one or more halogen, hydroxyl or amino;
each Rg is, independently, hydrogen, halogen, hydroxyl, amino or C;-Cs
alkyl;
or R4 and Rs together with the atoms to which they are attached can form
a heterocyclic ring having from 4 to 6 ring atoms, or Rs and one Rg together with the
15 atoms to which they are attached can form a heterocyclic ring having from 3 to 6 ring
atoms, or R4 and one R¢ together with the atoms to which they are attached can form a
carbocyclic ring having from 3 to 6 ring atoms, or R7 and Ry together with the atom to
which they are attached can form a heterocyclic ring having from 3 to 6 ring atoms;
each Ry is, independently, hydrogen, hydroxyl, amino or C;-Cs alkyl
20  optionally substituted with one or more halogen, hydroxyl or amino;
each Ry is, independently, hydrogen, halogen, hydroxyl, amino or C;-Cs
alkyl;
each Ry is, independently, hydrogen, halogen, amino or C;-Cg alkyl;
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OHOHor O NNNH2 OH In other further enbodinents, at |east one R6 is

hal ogen. 5In other further enbodinents, @ is: wherein: R7 is hydrogen; and
R8 i s hydwogen/o4k3vif urt her enbodi nents, each R6 is hydr egerus2Honsmuanpl e,
in nore specific enbodinents of the foregoing, Q is: NH O - SKN/ NNNH2
O1H In other further enbodi nents, at |east one R6 is hal ogen. In other
further enbodinents, @ is: WD 2011/044501PCT/ US2010/ 052043

or Rg and one R;; together with the atoms to which they are attached can
form a heterocyclic ring having from 3 to 6 ring atoms, or R4 and one R;; together with
the atoms to which they are attached can form a carbocyclic ring having from 3 to 6
ring atoms;
5 each n is, independently, an integer from 0 to 4;
each p is, independently, an integer from 1 to 4; and
each Z; and 7, is, independently, hydrogen or -OR3,
wherein (i) at least one of Z; and Z; is H, and (ii) the two adjacent -CH- groups
to which Z; and Z, are attached may optionally form a double bond.
10 In further embodiments, each R;, R, and Rj are hydrogen.
In further embodiments, Qs is amino.
In other further embodiments, Qs is hydroxyl.
In further embodiments, Q; is amino.
In other further embodiments, Q, is hydroxyl.
15 In further embodiments, Z; and Z, are both hydrogen.
In other further embodiments, Z; is hydroxyl and Z; is hydrogen.
In other further embodiments, Z; is hydrogen and Z; is hydroxyl.

In other further embodiments, Q, is:

n N NR,R
'%1 H 78

20
wherein: Ry is hydrogen; R; is hydrogen; Ry is hydrogen; and n is an integer from 1 to
4. In further embodiments, each Ry is hydrogen. For example, in more specific

embodiments of the foregoing, Q, is:
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wherein R5 is hydrogen. In further enbodi ments, each R6 is hydrogen. In

ot her further enbodinents, at |east one R6 is halogen. In other further
enbodi mrenwe,20QA4®1 wherein: R7 is hydrogen; and R8 is Irguarusgen/osions f urt her
enbodi nents, each R6 is hydrogen. In other further enbodi nents, at | east
one R6 is halogen. In other further enbodinents, @ is: 0 wherein R5 is
hydrogen. In further enbodi nents, each R6 is hydrogen. In other further
enbodi ments, at |east one R6 is halogen. In other further emﬁodi ments, Q@

1S: 0 wherein is hydrogen. In further enpodinents, ea Rii is
further enbodi nents, at |eagt one R11 Liﬂﬂifogen. WO

hydrogen. In oth
2011/ 044501Piz N NH;

N NH

H 2

OH NH OH or
NH
O )J\
Sy N NH,
H H
OH

In other further embodiments, at least one Rg is halogen.

In other further embodiments, Q, is:

O Yy )’\IH\
N NR;R
HO R,
wherein: R4 and one R¢ together with the atoms to which they are attached form a

carbocyclic ring having from 3 to 6 ring atoms; R is hydrogen; Rg is hydrogen; and n is

an integer from 1 to 4. For example, in more specific embodiments of the foregoing, Q,
10 is:
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In other further enbodinments, @ is: O wherein: R7 is hydrogen; and RS
is hydrogen. In further enbodi nents, each R10 is 5 hydrogen. In other
further ewbadiwmamios, at | east one R10 is hal ogen. I|n ot rer/usaomiosros3

enbodi nents, @@ is: O wherein R4 is hydrogen. In further enbodi nents,
each R11 is hydrogen. In other further 10 enbodi nents, at |east one Rl1 is
hal ogen. In other further enbodinents, @ is: O In other further

enbodi ments, @ is alkyl optionally substituted with one 15 or nore

hal ogen, hydroxyl, am no, optionally substituted cycloal kyl or optionally
substituted heterocyclylo. For exanple, in noge specific enbodi nents of the
foregoing, Q2 is unsubstjjituted or @ is subsftit d with one or nore

hal ogen, hydroxyl or i NH In f erbodi ents, the

f or egoi ng conpounds e il%i?av wi ng fonfiguration: 20
WO 2011/ 044501PCT/ US2010/ 052043 ™y ’ [in fu enmbodi nents, the
two adj acent carbon atons 8 whilth Z1'nand Z2 arce att ached §Q9r m a doubl e
bond.

NH,

N |
y

NH , NH,

OH

NH

NH "51 ’
z.c >’;NH ) OH
OH HoN HN\”/NH2

NH

H
N

8 A s T

OH OH

NH,

In other further embodiments, at least one Rg is halogen.

In other further embodiments, Q; is:

5 OH
wherein Rs is hydrogen. In further embodiments, each Re is hydrogen. For example, in

more specific embodiments of the foregoing, Q, is:
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In other further enbodi ments, the two adjacent carbon atons to which Zi 5
and Z2 are attached forma single bond. It is understood that
any enbodvoenti/aisothe conpounds of structure (1), as setrcrarstéooabmye, and
any specific substituent set forth herein for a QlL, @@, &, R, R2, R3, R4,
R5, R6, R7, R8, R9, R10, Z1 and Z2 group in the conpounds of structure (1),
as set forth above, may be independently conbined with other enbodi nents
and/ or 10 substituents of conpounds of structure (lI) to form enbodi nents of
the inventions not specifically set forth above. In addition, in the event
that a list of substitutents is listed for anyparticular Q, @, &b, Ri,
R2, R3, R4, R5, R6, R7, , RO, R19, Z1 andpfﬂl;: a particul ar enbodi nent
and/or claim it is undgfstood that eg¢ch indivjdual substituent may be

del eted fromthe par%& ul Neﬁﬁﬁdqpnf@%hd/ cl ai n t the remaining
list 15 of substituers will be considered%o be within the scope of the

i nventi on. For &he pur poses of adm ni gtration, the conpounds of
the present invention may be adm nistered as a rafcheni cal %r may be
formul ated as pharnmaceutical conpsitions. Pharmaceutical conpositions of
the present invention conprise a ¢onpound of structure (1) and a
pharmaceutical | y accept abl & tar i T uery

2011/ 044501PCT/ US2010/ 052043 ofy exci fi ent. The compBilind of structure (1) is
present in the conmposition in an annﬁpt which is effective to treat a
particul ar disease or condition of interest - that is, in an anount

suf fi ci ent. th Qe fneR eHBEYfIch®| ot ILPGAI Ris HARRY ef erabl y with acceptabl e
toxicity to the patient. & antibacterial ac Ivity of conpounds of
structur®e (1) can be Ibodet irthenesibbdinens, Okistl ed in the art, for exanple,
as described in the Exanpl es bel ow. Appropriate concentrations and dosages
can be readily determ ned by one skilled in the art. Conpounds
of the present invention posses$ antrRbackeri i activity against a w de
spectrum of gram positive and gnjam nejat, ve cteria, as well as

ent erobacteria 10 and anaerggzﬂ. epr| tati suscepti bl e organi sns

generally include those gra ositine a ram NneR®:i ve, aerobic and

anaer obi ¢ organi sns whose gr h cah be i Ahi bit ed by the conpounds of the

i nvention such as Staphyl ococcus, L&gtobacillus, Streptococcus, Sarcina,
Escherichia, Enterobacter, Klebsiella, Pseudononas, Acinetobacter,

Mycobact er iwhereilr By esdiydiCgemyimabRe tie hydiGgen. odaclugther dinbedimients, ¢4chBReds | | us,
Bact er oi deg, Peptogoccus, Clostridium Sal npnell Shigel.la, Serratia,
Haenophi | ui{ydﬁ}gﬁ’&'e PLEXAmPLE, &} I9Fq $pect ﬁteﬁ}bégfn%‘?ntsfgt}tg? Eﬂr%zg,m% Qed&bact eri um
Mor axel {@, Enterococcus, and other organisns. Admi nistration of the
conpounds of thednvention, or their pharmaceytically accepggble salts, in
pure formor in appropri ate pharnaceuti cal
carried out V{E/;EZlOf t he acq$pted des of

O conpositiof, can be
m ni strationlflof agents for
serving sim kar-uty i}(@E\\Jhe phﬁ%ng éut i C osTThons~ o\t he invention

can be prepared by cpnbi ni ng a coffpound of ¢ he in entiodﬁmﬁth 2
appropriate pharnmaceptically acceptable carrier, diluent or excipient, and
NH

may be formul ated i , OH
NH
/jix. //JL\\
jﬁL\N N///\\\V///\\\N NH,
H | H

OH

or

In other further embodiments, at least one Ry is halogen.
In other further embodiments, Q; is:
15
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preparations in solid, sem-solid, liquid or gaseous fornms, such as

tabl ets, capsules, 25 powders, granules, ointnents, solutions,

supposi t owpesil/dsmjoect i ons, inhal ants, gels, m crospherefCTasdIRAFMIDI] S.

Typi cal routes of adm nistering such pharnmaceutical conpositions include,
without Iimtation, oral, topical, transdermal, inhalation, parenteral
subl i ngual , buccal, rectal, vaginal, and intranasal. The term parenteral as
used herein includes subcutaneous injections, intravenous, intranuscul ar,
intrasternal 30 injection or infusion Bechf ques. Pharnaceuti cal
conpositions of the invention are 044501PCT/ US2010/ 052043

formul ated so as to allow the actége\l r efttend;s contai ned therein to be

bi oavai | abl e upon adm ni strati on of conposition to a patient.
Conpositions that will be adnlnlsteléd(so a subject or patient take the
formof one or nore dosage units, ere for exanple, a tablet may be a

si ngl e dosager¢iniRs,is Aydtogenc dntfaitherentfodan&siRachl, Bfhydhereb. iyt fidthet N
aerosol formmay hold a plurality of dosage units. Actual nethods of
preparing $ed H@@&béikéﬁﬂﬁegméiéﬂﬁﬁm; or will be apparent, to those
skilled in this art,Ifo e see l.ngt on: The Sci ence and Practice
of Pharmacy, 20th Edi T ?EﬁEfQHBW§HF§SEQF ege of Pharnmacy and Sci ence,
2000). The conposition to be admnistered will, in any event, contain a

t herapeutically effective anount of a 10 conpound of the |nvent|on or a
pharmaceutical ly acceptable salt th&re . r treatnent of a dlsease or
condition of interest in accor nce th teachlngs of this invention.

A phar maceuti cal conp05|t|on I n ~be in the formof a solid
or liquid. In one aspect, the cq&% er(§5Hare par |culate so that the
conpositions are, for exanple, bl et or powder form The carrier(s) may
be liquid, with the 15 conp05|t|ons bei ng, for exanple, an oral syrup,

i nj ect abl e WheggindRoris andmgemsaid, Ruhis ddiogems dhfurther, ebedimentspkash’ Rs is

i nhal atory m nis nd for oral

adni ni st r atV g’f?geﬁh&%h%retﬁftp%raqm@g%gﬁ ta|¥\Ee{‘}§t W&%H%E%P%?ent i nvention
typically are either iaQitiefninet bfibbdintctsm, wher e semi -sol id, semi-1iguid,
suspensi on and gel forms are included wihin the forns consi dered herein 20
as eithe} solid or liquid. As a solid conposition for oral

adm ni stration, the pharmaceutical conpgsitgons may be fornulated into a
powder, granule, conpressed tablet, pill apsul e, chewing gum wafer or
the like form Such a solid conpostion typically contain one or nore
inert diluents or edible carriers dit s one or nore of the 25
foll ow ng may be present: binders such as carboxynethylcellulose et hyl
cellulose, mcrocrystalline cellulosel|] gumtragacanth or gel ati n;

exci pients such as starch, |actose orOdextrins, disintegrating agents such
as alginic acid, sodiumalginate, Prinogel, corn starch and the |ike;

| ubricants such as magnesium stearate or Sterotex; glidants such as

col | oi dal gillerdoRsds bydrdgen. dndettiemientbodipenits eaticRy Bshydropens én othesActhbar i n;
a flavoring

embodiments, at least one Ry is halogen.
In other further embodiments, Q, is:

15
Rt Ry

éé ~NHRg

0]
wherein Ry is hydrogen. In further embodiments, each Ry; is hydrogen. In other further

embodiments, at least one Ry, is halogen.

39



30 agent such as peppermnt, nmethyl salicylate or orange flavoring; and a
coloring agent. WO 2011/044501PCT/ US2010/ 052043 When t he

phar macewocal/m@esoposition is in the formof a capsul e, PCorUSexanpioa; a
gelatin capsule, it may contain, in addition to materials of the above
type, a liquid carrier such as polyethylene glycol or oil. Pharnmaceuti cal
conpositions of the invention may be in the formof a 5 liquid, for

exanple, an elixir, syrup, solution, enulsion or suspension. The liquid may
be for oral adm nistnabitRpRthet OmbSEHieWaR! §, Ry injection, as two exanples.
When intended for oral adm nistration, pharmaceutical conpositions of the
invention typically contain, in addition to the present conpounds, one or
nore of a sweetening agent, preserﬁﬂ;iw@§, / col orant and fl avor

enhancer. In a conposition intendedy\o/be adim nistered by 10 injection, one
or nore of a surfactant, presgtvati g agent, dispersing agent,
suspendi ng agent, buffer, stabiN a i gent may be included.

Li qui d pharnaceuti cal conpositiong of ﬂhH invenPﬁ%ﬁ? whet her they be

sol utions, suspensions or other |jlke form nmay include one or nore of the
foll owi ng adjuvants: sterile dilu@nts such as water for injection, saline

sol ution, preferalgl 5.physi ol.ogi ca al i ne I nger’ olution,. isotonic
sodiun1ch|8$¥ﬁ%?'?7§%§y%§géL§H@h é§;bvﬁPﬁg¥igl rﬁwﬁﬁﬁﬁP?%%ﬁ?ggga&ﬁ?ch
may serve agdidgen SBI MBEH fuftherihRNAENE FRALWRe RAPIHRIdp¥hene gl ycol s,

gl ycerin, propyl ene glycol or other solvents; antibacterial agents such as
benzyl al cohol or netlthythepfrtieeambaditientsi Qamt s such as ascorbic acid or
sodium bisulfite; chelating agents such as ethyl enedi am netetraacetic acid;
buffers such as 20 acetates, citrates or phosphates and agents for the

adj ustment of tonicity such as sodi um cdhhorRde or dextrose. Parenteral
preparations can be enclosed in ampeul e \ sposabl e syringes or nultiple
dose vials made of gl ass or plast%ép ical saline is a preferred
adj uvant. An injectabl e pharmaceut’i ca osition is preferably sterile. A
|'i qui d pharmaceutical conposition of tlhe invention intended for either 25
parenteral or oral adm nistration shodd contain an anmount of a conpound of
the invention such that a suitable dosage will be obtained. Pharnmaceuti cal
conpositions of the invention may be intended for topical adm nistration,

in which c&dereinRasdshydregenndy futher aipbgdiswniss tach Ra1 idivdragsn, [eathesiugher
oi nt ment, or_gel,. base. The base,. for exanple, may conprise one or nore of 30
t he foI#%mfﬁgpdgg?ﬁ%ﬁﬁkﬁﬁfnfgﬁbﬁ#ﬂggﬁﬁlyethylene gl ycols, bee wax, minera

oi I, diluents VIO 2034 (04ARAMRETHHEARLA:06243

o)

In other further embodiments, Q; is alkyl optionally substituted with one
15 or more halogen, hydroxyl, amino, optionally substituted cycloalkyl or optionally
substituted heterocyclyl. For example, in more specific embodiments of the foregoing,
Q> is unsubstituted or Q;, is substituted with one or more halogen, hydroxyl or amino.
In further embodiments, the foregoing compounds of structure (I) have

the following configuration:

20
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such as water and al cohol, and enulsifiers and stabilizers. Thickening
agents nmay be present in a pharmaceutical conposition for topica

adm ni st r&Di20mn04k5011 nt ended for transdernal adm ni st rat iPom/USRéI6/06®APOSIi t i ON
may include a transdernmal patch or iontophoresis device. 5Pharmaceutica
conpositions of the invention may be intended for rectal admnistration, in
the form for exanple, of a suppository, which will nelt in the rectum and
rel ease the drug. Conpositions for rectal ,adm nistration nmay contain an

ol eagi nous base as a suitable nonirritatin pi ent. Such bases incl ude,
without Iimtation, lanolin, cocoa butter ol yet hyl ene gl ycol.

10Phar maceuti cal conpositions of the inve y include various
materials, which nodify the physical férmYyf a solid or liquid dosage unit.
For exanple, the conposition may include nmal 'als that forma coating
shel |l around the active ingredients. e materigl s thq&_&grn1the coating
shell are typically inert, and nay be éelqcted tom jor éxanple, sugar,
shel'l ac, and other enteric coatjng agents 15 Al terrdtively, the active

i ngredients may be encased in Q5ge ti | e. Phar maceuti ca
conposi tions of the invention in soliXd or I| ui d may i nclude an agent
that binds to the conpound of the inv n and thergby assists in the
delivery of the conpound. Suitable agents % ly ac¥ in this capacity

i ncl ude a nonocl onal or p&tycl onal aﬁtlbodﬁﬂgaR r ot ei H{a |'i posome.
20Phar maceut i cal conpgs ons of the invention may be@, prepared in dosage
units that can be adnlﬁlsb red s aR aerosol. The termaerosol is used to
denote a variety of systensnwa gi ng Fros-tRose of colloidal nature to
systens consisting of pressurized ckages. Delivery may be by a |liquefied
or conpressed gas or by a SU|tabIe unpt®system t hat di spenses the active

i ngredi ents. Aerosols of conmgmnds O00R25 the invention nmay be delivered in
si ngl e phase, bi-phasic, or tri-phasic systenms in order to deliver the
active ingredient (s).InDedther embodimdng thetwasadjadenctatbes atohs toededsar ynd
contai ner, activators, valves, subcontainers, and the |ike, which together
may form a Zeiage attaghedstorm)acdpuple hond. art, wi t hout undue experinentation nay
det ermine prefer red %E%%?bfn@ghnﬁg{%ﬁm& RS AiafTRERLE WS Bluihliez,

i nvention may be prepare Aown A
phar mac et izaalz, ard attabisd f@i&ﬁmh@e Borfdhar maceut i cal

It is understood that any embodiment of the compounds of structure (I),
as set forth above, and any specific substituent set forth herein for a Q;, Q2, Qs, Ri, Ry,
Rs, R4, Rs, R, Ry, Rg, Ro, Ryg, Z1 and Z, group in the compounds of structure (1), as set
forth above, may be independently combined with other embodiments and/or
10 substituents of compounds of structure (I) to form embodiments of the inventions not
specifically set forth above. In addition, in the event that a list of substitutents is listed
for any particular Q;, Q2, Qs, Ry, Ry, R3, R4, Rs, Rs, R7, Rg, Ro, Ryg, Z; and Z, in a
particular embodiment and/or claim, it is understood that each individual substituent
may be deleted from the particular embodment and/or claim and that the remaining list

15  of substituents will be considered to be within the scope of the invention.
For the purposes of administration, the compounds of the present
invention may be administered as a raw chemical or may be formulated as
pharmaceutical compositions. Pharmaceutical compositions of the present invention

comprise a compound of structure (I) and a pharmaceutically acceptable carrier, diluent

41



WD 2011/ 044501PCT/ US2010/ 052043 conposition intended to be adm ni stered by
i njection can be prepared by conbining a conpound of the invention with
sterile, woabildiesdiwater so as to forma sol ution. A supCadatsany/osmy3 be
added to facilitate the formati on of a honbgeneous sol uti on or suspensi on.
Surfactants are conpounds that non-covalently interact with the conmpound 5
of the invention so as to facilitate dissolution or honbgeneous suspension
of the compound in the aqueous delivery system The conpounds
of the i nveditexoipien0r Thd€brhpRhdrdraaatthicc@) isypraesenttBdtémpaitich indh&mount

adm ni stered in a therapeutically effective anmount, which will vary

dependi ng upaigh & olidtiesyio dfeaf agroiclaridseast ogcariiticnoef intergstof thatis, spaei fi c
conmpound enpl oyed; ..t he 10 tabolic. stahility and |.engt.h of actiaon .of the
onbound; - PRASHE SRR, bl baclesi Fre tnfadPreteselty difh feaftSbe gl
patient; the fRdgaRAd tTHE aaﬁb@e@énam'a%&irvﬁ&'&neoﬁlp&lfd@t@f fru@Ke’ @Y1 QR bd he
drug conbi nation; the severity of the particular disorder or condition; and
t he subj &ctdetamobéregdiynanet skélteaipiy. thCanpion agamplf, 4shdescribedrnihitbnExamples below.
pharmaceutical | y acceptabl e derivatives 15 thereof, may also he .

admi ni st er eﬁprgp%teﬂt% serssEatpngand dogagppean by readil,detemingd by pag tkaklsdon B¢ one
or nore othgr therapeutic agents. Such combination therapy includes

adm ni stration of a single pharmaceutical dosage formulation which contains
a conpound of the i nueshpaindaotithepeeserit iPdrtion PpabdebLandibacteridl\aetiAgeadatst as

wel | as adm njstration of the conpound of the invention and each active
agent in i tsWElgspo@ruse oh emmePiaveandegrainasgativeskasteriropiElh es enferobapteria

| fghe | ti the oth t b
ccm i o107 GBEBHRE, o UG P e B bt BB b e o
such as a thiigt HH GAMSHALIVE 2cGHHE 28 Uhherd B &ilgﬁﬁi%@dvﬂdﬁe PORhaLS B 2l

dosage fornul ations. Were separate dosage fornulations are used, the
conpounds dhhiblied bpvbatchmpoemtt afhtednventioe sidliasi Sagtlylaotéuse Lagebddillusan be

25 adm nistered at essentially_ the sane tine, i.e., ncygrreptly, or at
separ at el y BIRHIEres: ti%ﬁfé’ér}aﬂ .Fes.cge%%%enémﬁmb?‘ft%on%feﬁ%‘f* dn TifHApYnass
under st 00d AGndiBdHde #f coﬁ&?&ﬁrﬂ,e%ﬁgﬁﬂi' . Campylobacter, Cit%&babt%r,urlglge?fa?()d
that in the present description, conbinations of "substituents and/ or

vari abl €5 dactiiles.dBuctr@ded oPeptbaecas, eChatridien] Babmomndlla, | $higeltd) Séiratia,
contributiqgns result in stable compounds. WO 2011/044501PCT/ US2010/ 052043
It will al SEPeBOPAPEY: dipedliag Frapcisplin eAnfhiarise o ersinie. Heorapebactgapm;, Memgeella,

synt hetic i rein the functional groups of internediate
conpounds %ang&ﬁécgcgﬁ%%ﬁig{hﬁfgéggﬁg& by suitable protecting groups. Such

functional groups i ncAdfRidiudb®X%f @WE NEemPREIPLE aRd GAReRGXY| ik agdifl. As
descri bed above, suitable protecting groups 5 for hydroxy include
trial kyl si Ippemegcentically| accentalle |splts, (ihopure famploz, intanbappydptiate phtinickytical

t butyl di phenyl si.l.yl or trinmethylsilyl), tetrahydrqpyranyl enzyl ., and the
ke, ahl SIeRbEn o b bR b i et ot B APl oS ot ha!

i nclude t- . l-axy I: i :
protecti ng%&%ﬁ%ﬁ%@%@%@ﬁ%ﬁﬁk% Sgé%ﬁ%%c_e %ﬁq% &ﬁgp éégltllgﬁlsi O;fqgﬁg %{;Jle?tl%r} yl or
aryl al kyl ) ,cap-beeptepasedeby }ombining \d camngoirde of ithe invedtiGuiwisiblaa gppod@eite ng
groups for carboxylic acid include alkyl, aryl  or SI%I al kyl esters.

Pr ot ect i ng RyABEASSUially ecemialle camricr. ¢liygridon sxciieny authawy e feraplatrgaingp
t echni ques, i r. .0 e;.ski,l led in t r n e i, bed
ool n. TS arlin® i sSR0 R teRERLEN Ircfhtche Bind: Sucint, ABICLTRARUAS" |
and P. @M péiidess, Rirotiaes, | iatnkd®d) PSolitibrsy GappesitShied, ifdctofsl 998 lantd! Gekd. |
Wley. As one of skill in the art would appreciate, 15 the protecting group
may al so bénigrosphefeerandesérasadsichlypical Matey ofesiminifenng seci phanmageutical
2- chl orotrictﬁl-cpl orid aesi n limitai [t wil.l 1aI so be appr. ciated by
those ski | IQHPPHUPPe BFHAC. MGG nIRItish o 18k toRIFHy STANSECTBRLC & Wds of
this i nventjaamtdiy si¥lingRAS $E&R1 PRALMRGSINAY ah8| inf&ddii { Yh@RrRUsientdHEYs MBY
be administered to a manmal and thereafter netabolized in the body to

used herein includes subcutaneous injections, intravenous, intramuscular, intrasternal

30 injection or infusion techniques. Pharmaceutical compositions of the invention are
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20 form conpounds of the invention which are pharnacol ogically active. Such
derivatives may therefore be described as "prodrugs”. Al prodrugs of
conpoundswof2otii4gsoinvent i on are included wi thin the scopeTafS2e¢imsionyenti on.
Furt hernore, conpounds of the invention which exist in free base or acid
formcan be converted to their pharmaceutically acceptable salts by
treatnment with 25 the appropriate inorganic or organic base or acid by

nmet hods known to one skilled in the art. Salts of the conpounds of the

invention gathudRed 864e 1 @lowOht Retive iR&liBAS @oMhinde iteréiar 1 hty bivhedildBled
t echni ques. The follow ng Exanples illustrate various nethods

of maki ng ©pepadndsistedtionhps theneemppsition itoea patientpo@enpskitions tbatupal (te) : 30

WO 2011/ 044501PCT/ US2010{ 052043 .. R30 ( rein 1 . Rl, R2, R3,
77 and 72 APETOGER ASHRE A ﬁaﬁm@@%ﬁ%g{%&@%&%@wﬁ% he
art may befghh@mbR, TRt e &gﬂgela@@'a%e itShil 4 BontARENGIScRHpdiNd Bf the
conbi ni ng other metfhods knéwn to one skilled in the art. It is al so

under st dod irtveatioro ive aarod | fodnimay heldas tpluwelity dofbdosagd entto eke] methadssofimi | ar
manner as descr.i bed bel ow, ot her conpounds,  of structure (Ig, ngt .

speci f i cal PYEPAIINg schiogzeeferphamsknaemngr WHEbG Mgt ta thoss shilled pythivtbonent s
and nodi f yicng ! f i .
srarting soasRamie VBTGl o Sefrat 13 PrBReLEP Rt SRR RIton,
Lancast er @3tiladeiphia, Cbnege, oVBHaFh &L andvBdidnte SCOE0N | fTHe, coridpositésid to be

Fl uorochem USA, etc. or synthesized according to sources known to those
skil | ed i nagmmigered (widk, inf any evenfplcontaiy\iathesapeaiiepdlyi efferigi ameynt of a
et 90, RO L L LA PSR
foll owi ng BRaERERS or eHIRGISISInREest HackHMERG With de BRNINRS ofBfiEing&RRIndi Ng to
met hods using an internedi ate conpound having the foll ow ng structure
(INT-1): WO 2011/ 04450 PCa¢dusSed kon(®210i48 of the invention may be in the form of a

solid or liquid. In one aspect, the carrier(s) are particulate, so that the compositions are,

for example, in tablet or powder form. The carrier(s) may be liquid, with the

15 compositions being, for example, an oral syrup, injectable liquid or an aerosol, which is

useful in, for example, inhalatory administration.

When intended for oral administration, pharmaceutical compositions of
the present invention typically are either solid or liquid form, where semi-solid,
semi-liquid, suspension and gel forms are included within the forms considered herein

20  as either solid or liquid.

As a solid composition for oral administration, the pharmaceutical
compositions may be formulated into a powder, granule, compressed tablet, pill,
capsule, chewing gum, wafer or the like form. Such a solid composition will typically
contain one or more inert diluents or edible carriers. In addition, one or more of the

25 following may be present: binders such as carboxymethylcellulose, ethyl cellulose,
microcrystalline cellulose, gum tragacanth or gelatin; excipients such as starch, lactose
or dextrins, disintegrating agents such as alginic acid, sodium alginate, Primogel, corn
starch and the like; lubricants such as magnesium stearate or Sterotex; glidants such as

colloidal silicon dioxide; sweetening agents such as sucrose or saccharin; a flavoring

30 agent such as peppermint, methyl salicylate or orange flavoring; and a coloring agent.
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(I'NT-1) wherein: each R1L is, independently, an am no protecting group;
5each R3 is, independently, a hydroxyl protecting group; and

each A iswoizndapesvdent |y, phenyl, optionally substitut esCwmitshoions20es nore
hal ogen, hydroxyl, amno or Cl-C6 al kyl optionally substituted with one or
nor e hal ogen, hydroxyl or am no. In nore specific

enbodi nents of the foregoing, the internediate 10 conpound is, for exanple:
It has been found that internedi ate conpounds of structure (INT-1) are

useful for the sel ectywé fROpHaGA BBl FonPRSHNEAID ikl ehd ¥t ¥B8 capsuld)For
3'-position. 15The foll owm ng exanpl es are provided for purposes of

i || ustrati emamplet a gelatin atpsote, it EXAMPILES inGENERALIC BAFTHMET 0{0h8@hIENESPe.Schene
1 N1 Subgl 8 duch &8 polb abie AEQTAE L], Anal ogs
Pharmaceutical compositions of the invention may be in the form of a
5 liquid, for example, an elixir, syrup, solution, emulsion or suspension. The liquid may
be for oral administration or for delivery by injection, as two examples. When intended
for oral administration, pharmaceutical compositions of the invention typically contain,
in addition to the present compounds, one or more of a sweetening agent, preservatives,
dye/colorant and flavor enhancer. In a composition intended to be administered by
10 injection, one or more of a surfactant, preservative, wetting agent, dispersing agent,
suspending agent, buffer, stabilizer and isotonic agent may be included.

Liquid pharmaceutical compositions of the invention, whether they be
solutions, suspensions or other like form, may include one or more of the following
adjuvants: sterile diluents such as water for injection, saline solution, preferably

15 physiological saline, Ringer’s solution, isotonic sodium chloride, fixed oils such as
synthetic mono or diglycerides which may serve as the solvent or suspending medium,
polyethylene glycols, glycerin, propylene glycol or other solvents; antibacterial agents
such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as

20  acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium
chloride or dextrose. Parenteral preparations can be enclosed in ampoules, disposable
syringes or multiple dose vials made of glass or plastic. Physiological saline is a
preferred adjuvant. An injectable pharmaceutical composition is preferably sterile.

A liquid pharmaceutical composition of the invention intended for either

25 parenteral or oral administration should contain an amount of a compound of the
invention such that a suitable dosage will be obtained.

Pharmaceutical compositions of the invention may be intended for
topical administration, in which case the carrier may suitably comprise a solution,
emulsion, ointment or gel base. The base, for example, may comprise one or more of

30 the following: petrolatum, lanolin, polyethylene glycols, bee wax, mineral oil, diluents
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Scheme 2 N-1 Substituted 3'-deoxy Neonycin Anal ogs WO

2011/ 044501PCT/ US2010/ 052043 Schenme 3 N1 Substituted 4'-Deoxy Neonycin
Anal ogs W02B0104444501PCT/ US2010/ 052043 Exanpl e A N 1prAcpsatioosno43 Met hod
B: CbzHN Ph--(0 o( --NHCbz

such as water and alcohol, and emulsifiers and stabilizers. Thickening agents may be
present in a pharmaceutical composition for topical administration. If intended for
transdermal administration, the composition may include a transdermal patch or
iontophoresis device.

5 Pharmaceutical compositions of the invention may be intended for rectal
administration, in the form, for example, of a suppository, which will melt in the rectum
and release the drug. Compositions for rectal administration may contain an oleaginous
base as a suitable nonirritating excipient. Such bases include, without limitation,
lanolin, cocoa butter and polyethylene glycol.

10 Pharmaceutical compositions of the invention may include various
materials, which modify the physical form of a solid or liquid dosage unit. For
example, the composition may include materials that form a coating shell around the
active ingredients. The materials that form the coating shell are typically inert, and may
be selected from, for example, sugar, shellac, and other enteric coating agents.

15 Alternatively, the active ingredients may be encased in a gelatin capsule.

Pharmaceutical compositions of the invention in solid or liquid form
may include an agent that binds to the compound of the invention and thereby assists in
the delivery of the compound. Suitable agents that may act in this capacity include a
monoclonal or polyclonal antibody, a protein or a liposome.

20 Pharmaceutical compositions of the invention may be prepared in dosage
units that can be administered as an aerosol. The term aerosol is used to denote a
variety of systems ranging from those of colloidal nature to systems consisting of
pressurized packages. Delivery may be by a liquefied or compressed gas or by a
suitable pump system that dispenses the active ingredients. Aerosols of compounds of

25  the invention may be delivered in single phase, bi-phasic, or tri-phasic systems in order
to deliver the active ingredient(s). Delivery of the aerosol includes the necessary
container, activators, valves, subcontainers, and the like, which together may form a kit.
One skilled in the art, without undue experimentation may determine preferred aerosols.

The pharmaceutical compositions of the invention may be prepared by

30 methodology well known in the pharmaceutical art. For example, a pharmaceutical
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composition intended to be administered by injection can be prepared by combining a
compound of the invention with sterile, distilled water so as to form a solution. A
surfactant may be added to facilitate the formation of a homogeneous solution or
suspension. Surfactants are compounds that non-covalently interact with the compound

5 of the invention so as to facilitate dissolution or homogeneous suspension of the
compound in the aqueous delivery system.

The compounds of the invention, or their pharmaceutically acceptable
salts, are administered in a therapeutically effective amount, which will vary depending
upon a variety of factors including the activity of the specific compound employed; the

10 metabolic stability and length of action of the compound; the age, body weight, general
health, sex, and diet of the patient; the mode and time of administration; the rate of
excretion; the drug combination; the severity of the particular disorder or condition; and
the subject undergoing therapy.

Compounds of the invention, or pharmaceutically acceptable derivatives

15  thereof, may also be administered simultaneously with, prior to, or after administration
of one or more other therapeutic agents. Such combination therapy includes
administration of a single pharmaceutical dosage formulation which contains a
compound of the invention and one or more additional active agents, as well as
administration of the compound of the invention and each active agent in its own

20 separate pharmaceutical dosage formulation. For example, a compound of the
invention and the other active agent can be administered to the patient together in a
single oral dosage composition such as a tablet or capsule, or each agent administered
in separate oral dosage formulations. Where separate dosage formulations are used, the
compounds of the invention and one or more additional active agents can be

25 administered at essentially the same time, i.e., concurrently, or at separately staggered
times, ie., sequentially, combination therapy is understood to include all these
regimens.

It is understood that in the present description, combinations of
substituents and/or variables of the depicted formulae are permissible only if such

30 contributions result in stable compounds.
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It will also be appreciated by those skilled in the art that in the synthetic
processes described herein the functional groups of intermediate compounds may need
to be protected by suitable protecting groups. Such functional groups include hydroxy,
amino, mercapto and carboxylic acid. As described above, suitable protecting groups
for hydroxy include trialkylsilyl or diarylalkylsilyl (for example, #-butyldimethylsilyl, #-
butyldiphenylsilyl or trimethylsilyl), tetrahydropyranyl, benzyl, and the like, and
suitable protecting groups for amino, amidino and guanidino include z-butoxycarbonyl,
benzyloxycarbonyl, and the like. Suitable protecting groups for mercapto include
-C(O)-R” (where R” is alkyl, aryl or arylalkyl), p-methoxybenzyl, trityl and the like.
Suitable protecting groups for carboxylic acid include alkyl, aryl or arylalkyl esters.
Protecting groups may be added or removed in accordance with standard techniques,
which are known to one skilled in the art and as described herein. The use of protecting
groups is described in detail in Green, T.W. and P.G.M. Wutz, Protective Groups in
Organic Synthesis (1999), 3rd Ed., Wiley. As one of skill in the art would appreciate,
the protecting group may also be a polymer resin such as a Wang resin, Rink resin or a
2-chlorotrityl-chloride resin.

It will also be appreciated by those skilled in the art, although a protected
derivative of compounds of this invention may not possess pharmacological activity as
such, they may be administered to a mammal and thereafter metabolized in the body to
form compounds of the invention which are pharmacologically active. Such derivatives
may therefore be described as “prodrugs”. All prodrugs of compounds of this invention
are included within the scope of the invention.

Furthermore, compounds of the invention which exist in free base or
acid form can be converted to their pharmaceutically acceptable salts by treatment with
the appropriate inorganic or organic base or acid by methods known to one skilled in
the art. Salts of the compounds of the invention can be converted to their free base or
acid form by standard techniques.

The following Examples illustrate various methods of making

compounds of this invention, i.e., compound of structure (I):
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wherein Qj, Q2, Qs, Ry, Ry, R3, Z1 and Z, are as defined above. It is understood that one
skilled in the art may be able to make these compounds by similar methods or by
combining other methods known to one skilled in the art. It is also understood that one
skilled in the art would be able to make, in a similar manner as described below, other
compounds of structure (I) not specifically illustrated below by using the appropriate
starting components and modifying the parameters of the synthesis as needed. In
general, starting components may be obtained from sources such as Sigma Aldrich,
Lancaster Synthesis, Inc., Maybridge, Matrix Scientific, TCI, and Fluorochem USA,
etc. or synthesized according to sources known to those skilled in the art (see, for
example, Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 5th
edition (Wiley, December 2000)) or prepared as described herein.

As illustrated in the following Examples, compounds of the invention
may be made according to methods using an intermediate compound having the

following structure (INT-I):
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O /- NHBoc HO JNBoc 0 HO) . NHBoc OH WO 2011/ 044501PCT/ US2010/ 052043
GENERAL SYNTHETI C PROCEDURES Procedure 1: Reductive Am nation Method A: To
a stirrinyoxoluismm of the am nogl ycosi de derivative (O0PrPQ®/US20m005%043 N MeOH
(2 n.) was added the al dehyde (0.068 mmol ), silica supported

cyanobor ohydride (0.1 g, 1.0 mmol/g), and the reaction m xture was heated
by m crowave irradiation to 100C (100 watts power) for 15 m nutes. The
reaction was checked by Ms for conpleteness, and once conplete all solvent
was renoved by rotary evaporati oRN heR#@ @gzre5|due was di ssolved in
Et 0Ac (20 ml), and washed wi th A€ 59 % m), followed by brine
(5 nL). The organi c phase was thefl” ov r(NaZSO4, filtered and the

sol vent was renoved by rotary evap atkmg OR Met hod B: To a

sol ution of am noglycosi de derivative (0.0 1) in DM (1 m) were added
3A nol ecul ar sieves (15-20), followed by the a,dehyde (0.15 mmol) and the
reacti on was shaken for 2.5 hours. The reacti on checked by M5 for 15
conpl et eness and, if needed, nore al dehyde (®5 leq) was added. The reaction
m xture was then added dropwise to a stirring~sotadion of NaBHA (0.78 nmol)
in MOH (2 nL) at OC, and the reaction wasrst{iored for 1 hour. The reaction
was diluted with H20 (2 nL) and EtOAc (2 ml)., The organic | ayer was
separated and t he aqueous | ayer was extracteé\mjth Et0Ac (3 x 3 nL). The
conbi ned organic |ayers were dried oveéINRQ) Na2SO4, filtered and

concentrated to dryness.
wherein:

each R; is, independently, an amino protecting group;
5 each Rj is, independently, a hydroxyl protecting group; and
each A is, independently, phenyl, optionally substituted with one or
more halogen, hydroxyl, amino or C;-C¢ alkyl optionally substituted with one or more
halogen, hydroxyl or amino.
In more specific embodiments of the foregoing, the intermediate

10 compound is, for example:

CbZN CbzHN
NHCbz ~OTBDPS
Q
"Q

TBDPSO __.NHCbz
T
i““ ¥~ “OH

CbzN.__O

<

It has been found that intermediate compounds of structure (INT-I) are
useful for the selective modification of neomycin derivatives at the 3’-position.
15 The following examples are provided for purposes of illustration, not

limitation.
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Procedure 2: Boc deprotection (tert-butyl protecting group
is renoved under these conditions)

depr ot ectwonoa/saswpl e nmust be dried well
h. Method A: To a stirring solution of the Boc protected am nogl ycoside
(0.054 mmol) in DCM or MeOH (1 nmL) were added 3 A nol ecul ar sieves (4-6),
and trifluoroacetic acid (0.6 nL). The reaction was stirred at room
tenperature for 1 h, and checked for conpl eteness by MS. Upon conpl etion
the reaction mxture was diluted 30 pailypgtger (15 ni) to induce
precipitation. The vial was centrifuged and the supernatant WO

2011/ 044501PCT/ US2010/ 052043 was decanted. The precipitate was washed with
ether (2 x 15 nl), decanted and dried under vacuum Procedure 3: PyBOP
coupling 5To a stirring sol 5% S3@ s e derivative (0.078 mmol)
in DM (1 nL) at -40C was added the gg;g Q- 16 mol ), followed by PyBOP
(0.16 mvol ) and DI PEA (0.31 nmol) an action was stirred. The
reactiors m xture was di Nut 8abstiited Bt DADidedxyTNrom@ein Adlded mL), and the
aqueous | ayer was separated and extracted wth EtOAc (3 x 3 nL) The

conbi ned organic |layers were dried over 10 Na2804 filtered and

di met hyl silyl
| nportant: Before Boc
by punpi ng at PBThisghowszmuzim f or 3

concentrated too ynéﬁ FMacedure 4: EpOXId “ﬂN NACz - To a
stirring soluti d%gz nogl yens e, geri v % ?Q@ by 1n MeOH (2
m.) was added the 0. 07(nﬂﬂ©F@HtﬂC104 (0 15 ,oand the 15
reaction nlxturemMa§Whe @by IhGbawaVe. i rradi ati dh ﬂﬁcﬁ “For 90

m nutes. The reactign p fess was nonitored by MS. Joon c etion, the
sol vent was renoved by tary evaporatlon The resul tingo eS|dU@mmas

di ssolved in Et0Ac (20 niL Washed with H20 (2 x 5n) and r|ne (5 n),
dried over Na2SO4, flltere~ d concentrated to dryness. 20"
NH, OH CosHN  OH
O CbzHN NH, acylation Example A
o) ) )
1) TBSOTY o o "'OH epoxide opening ¢ rample B
2) NaH B sulfonylation
3) TBAF HO NHCbz WOH —————— Example C
- g reductive amination Example D
3 "’Q
HO :
@iNHCbz
(Y YoH
CbzHN  OH
CbzHN NR;Q
©—<O Q ‘ o 1) AczO, pyr N; CbzHN NR1Qz
2) AcOH/H,0 o
O nQ OH 3)TsCl g™ “OAC
4 0 4) NaNj d S
HO  NHCbz OH HChz OAc
o 5) MsCl an
4 o 6) NaOMe/MeOH .
HO H 7) AcyO, pyr (e}
CO;‘NHCE’Z AcO C(?:I:NHCbz
|© Y ToH 5 (Y Noac
CbzHN - OH CbHN  OAc
1) Nal
2) MsC
5 3) MeOH, 90°C

NHCbz
o]
"Q

HO :
T NoH

o

T ——
4) NaOMe/MeOH
5) Ho/Pd/C

|
NH,
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Procedure 5: Phthalim do deprotection To a stirring solution
of the phthalim do protected am nogl ycoside (0.064 mpl) in EtOH (3 nlL) was
added hydweznnen4§®132 mmol ), and the reaction m xture wasThsatiems10e3 r ef | ux
for 2 h. The reaction progress was nonitored by M5. 25 Upon cooling to room
tenperature, the cyclic by-product precipitated and was renoved by
filtration. The filtrate was concentrated to dryness to yield a residue,

whi ch was di ssolved in Et0OAc (20 nlL), washed with 5% NaHC®3 (2 x 5 nL) and
brine (5 nL), dried over Na2SO4, fil tesggeadnd concentrated to dryness. 30
WD 2011/ 044501PCT/ US2010/ 052043 Procedure 6: Sul fonyl ation To a
stirring solution of the Mnli Subgtitneas} eieok® Ne6myomoAnalogs DCM (3 L) was
added DI PEA (0.128 nol) and the sulfonyl chloride (0.07 nmol). The reaction

m xture was stirred at roomtenperature and its progress was nonitored by 5

M5. Once colpNete, 88l vent was ggppved by rotar savdfoP HRﬁnd t he

resi due wasudgdi'ssplored-i'pH et hyl acetate ¢20°E}, msm@m@v 5% daHCO3 (2 X

5 nmL) and brine , dried over RIS, SiLitered and/concentrated to
°Boc Prot eclkQRid0TO a stirring s ibnBf the

5
dryness. Procedué*g”?'
am ne (4.64 mol) inyFHE (10 nl) was addedem®hF NaOH (10 ni), Pol| owed by
I d tF -REOQr ess was chgged Sy MS. Once

Boc- anhydri de (5. 5/ ° ¢ o °
conpl ete, the THF was ¢endved by rotary evaporation and water @\'Pﬁfﬁ’z was
added. The aqueous phase separated and extracted with Et20{2~¥; 30 nl).
The aqueous phase weNafidified to pH 3 by the 15 addition aindidl ute HIPO4
and was t heQompbunadt ediwith Et0OAc (2 x 60 ml). The conb2ned organic |ayers
were washed w th H20 x 30 nL) and brine (30 nL), dried ove 254,

filtered and concentrated to dryness. Procedure 8. Syntheses Epoxi des
20To a stirring solution of the altk TN P) in chloroform (20 nl) at
0C was added m chl oroperbenzoic acig. ,QO\Wand the reaction mxture
was stirred for 30 mnutes at OC and S theq allowed to warmto room

tenperature. The reaction progress was fonitoreet by M5 and TLC, and

addi tional portions2of mPEPBA:were added as® eded. Upon conpletion, the
reaction mxture was diluted with 25 chlorg rnm? (50 nL) and washed with 10%
ag. Na2S03 (2 x 30 nmL), 10% aq. NaHCOB (2 X 5@&}"Hzand brine (50 nL). The
organic |ayer was dried over Na2SO4, filtered-anth,goncentrated to yield a
crude product, which was purified by flasR charamat ography (silica
gel/hexasnes: ethyl acetate 0-25%. 30
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WO 2011/ 044501PCT/ US2010/ 052043 Procedure 9: Ceneral Procedure for

Synt hesi s of a-hydroxy carboxylic acids Step # 1.

0- ( Tri metw9l2sitllogdyoicyanohydrines: A 50-ni fl ask equi ppe@Cwmitskoia/onmghet i c
stirring bar and drying tube was charged with the ketone or al dehyde (0.010
mmol ), followed by THF (50 nmL), trinethylsilyl cyanide (1.39 g, 14 mol),
and 5 zinc iodide (0.090 g, 0.28 mpl ), and the reaction m xture was
stirred at roomtenperature for 24 hr. Solvent evaporation gave a residue,
whi ch was dissolved in EtOAc (60 nl),guRshRed with 5% aq. NaHCO3 (2 x 30
m.), H20 (30 nL), and brine (30 nL), dried over Na2SO4, filtered and
concentrated to dryness tN-lySwstdtutedet’idenxyWhdoniycimmAnaags i ed t hrough to the
next step without further purification. 10Step # 2. Acid hydrolysis to

a- hydroxy carboxylic acid: AcOH (25 m) and conc. HCl (25 m) were added to

bz}gN.

the unpuri f jed et E'gén step #1 and the realti o§ m was refl uxed
for 2-3 hr.%ﬁ%ﬁ&;& m'xture wlddz?hen concentrdt edot oydicyness to give a
white solid, which#as carried thr@dghetic the next,sStiep, vkt hout further

purification. 15% ep'¥ 3~ -Bbc prot eaicon sliexa Stirring sohution of solid
fromstep #2 in 2 M NaOY+20 ni) aldoP BP0 (20 nL) at 0GWwas added Boc20
(6.6 g0 3 mol) in smab @M&ps, -angd—the—reacti on m xXt°Ur g-wasical | oned to

warmto roomtenperature pvér 4 h. i-PrCH was then evapor at OHand H20 (50
m.) was added, and the afugods phase was separated angl exiracted with Et20
(2 x 30 ml). The aqueot8~yayer was acidified to 20 pH 3 byJaddition of
dilute H3PO4 and was ext ted wwth Et0OAc (2 x 60 nl). Th onbi ned organic
| ayers were washed with (2 x 30 nL) and brine (30 nL), ™dried over
Na2504, filtered and concentrated to yield the desired N Bgg.a-hydroxy

carboxylic acids in 56-72%yi eN:dg DN gare 10: Prdi'edtdon @ Ai¥ ne by
Fnoc G oup _soylaton - gk ad St rr?ng\mni on of the a%@'--'(yo. 049 nol ) in
DCM (100 nL), waswagded DI PEA (1—l, 00099 nol) and thgfreactinpi xture
was cooled fo OC_ FrocCem(*t2. 8 ¢ 0V'8A9 wdl") was then added postion-wise
over several mi ndte5, ~ardhdche reaction pas al | oned T8 warm to room

t enper at ur e f ¥ pEe The or gani c | aye 1S VD MO AN aNHe
2011/ 044501PCT/ US2010/ 052043 washed withQwater (2 x 50 nl) and bki (50
m.), dried over Na2SO4, filtered and cg@‘c%nt?‘*at ed to dryness4t o;'qHyié.ela t he
Fnoc protected am ne (90-95%vyiel d. Progedure 11: Synt hesi s of Al dehydes
via TEMPQ Bl each Oxi dation 5To a vigor oé@y stirring solution of the

al cohol (1.54 nmol) in DCM (4 nlL) was added TEMPO (0.007 g, 0.045 mmol ,
0.03 mol 9% and a 2M aqueous KBr solution (75 nL, 0.15 muol, 10 nol % and
t he reac?ion m xture was cooled to -10C. In a separate flask NaHCO3 (0.5 g,
9.5 mol) was dissolved in bleach (25 nL, Chlorox 6.0% NaOCl) to yield a
0.78 M buffered NaOCl solution. This freshly prepared 0.78 M
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10 NaOCl solution (2.3 nL, 1.8 mol, 117 nol % was added to the reaction
m xture over 5 mn and the reaction was stirred for an additional 30 mn at
0C. The owganiio4pivase was separated and the aqueous | ay@CTws30iexs10ast ed

wi th dichloronethane (2 x 4 nL). The conbi ned organic | ayers were washed
with 10% ag. Na25203 (4 nlL), sat. aq. NaHCO3 (2 x 4 nmL), brine (5 nl),
dried over Na2SO4 and concentrated to dryness. 15 Procedure 12: Synthesis
of al cohols via Borane Reduction To a stirring solution of the
acid (1.5 mol) in THF (5 nL) at -10§ugs$iSAowW y added 1.0 M BH3-THF (2. 98
m., 2.98 mmol). The reaction m xture was stirred vigorously for an
additional 3 mn at -10C, and was t hHeéd Aadlagwed to warmto room 20
tenperature overni ght. The reaction was quenched by the dropw se addition
of a solution of HOAc/H20 (1:1 v/v, 2.0 nL) The THF was renoved by rotary
evapor ati on Mfff#d4at . ag. NaHCOB (15 nl) was added. The aqueous |ayer was
extracted with DCM 3 x 5n) and tQhe conbi ned or ganl c | ayers we¥€>washed

with sat. ag. o K5 ) (10 m.), echzd 4, filtered
and concentpr*‘éfoe ‘?Q,Od 1gss. 25 F*foo yre 13: EDz_é ( d,,Pi nni ck
oxi dation The s tratg olefin (0.5 to 05775 rrrml) é)IS ol ved in DCM (130

bl ue color persisted (3/to 5 nin), and the reaction was stirred for 1 hr.
Argon was then bubhig Q through to renove excess ozope-f or 153 nut es.
The reaction was1furthef uenched by WD 2011/ 044501PCT/ USZ01 82043 the
addi tion of dinethyl sglk s{10 equiv.), and was stirredf smn wth
warnmng to rt. The SHYeRi®swas reduced under vacuumto W*é‘l Pthe crude

al dehyde, which was dried under high-vacuumfor 10 mm and used w t hout
further purification. To a stirring solution of the aldehyde in THF, tBuCOH
and H20 (3:3:2, 10 nL), was added NaH2PO4 5 (4 equiv.) followed by

2-met hyl - 2- byt.@nes. (10 equiv.) and sodiumchlorite (2 equiv.), and the
reaction was stirred for 4 hr. The reaction m xture was then added to sat.
ag. NaCl (10 nm) a&%extrgct ed wi¢h PCM (3x). The conb,[,zn,ed owga\nj/(; Jayers

were dried Qys Ftere nglr educed ung,e{ guu crude,
whi ch was puri bie b:y a@h chr togaﬁphy (silica eI =00 5Hor 1%

MeOH DCM . 10 B %chdrg;?é tesd  NHeld ScHssr ring
e aerl vat |[M:eA

m.) and the r®&ct i'Nd?PZ\:\jésj g0l ed I 9 ohBGm ZoNne Wéi@obufbﬁ%}obtﬁ%ugh until a
3

sol ution of am nogl ycogil érﬁr 137 mmol) 1n DMFo(2 nL) at 0C was
added the acid (0.151 L, 1.1 eq), followed by PyBOP (0. f64% nmmol, 1.2 eq)
and DI PEA (0.411 m’rEﬂSO Sﬁ\)mémd t he reaction was stl r rrexd (]oé\NHCbz

OTBS OTBS
CszN OTBS CbZHN OTBS
5
Example B
N-1 Epoxide Opening
coz ¢
ChzHN NH, CbzHN No- L _ NHBoc
Ph—< ) , 1)0 NHBoc Ph—< . 5
e “OH >— 'no“ ‘OH
4 0 T — 4 o)
tesd  NHCbz OTBS LICIO,, MeOH t8sd  ‘NHCbz \OTBS
o I microwave 100°C o |
0 2) CbzOSu (]
TBSO : TBSO “_~NHCbz
1 OO:NHCbz 2 (O\
I otss Y Notss
CbzHN OTBS CbzHN OTBS
10
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15 h) with warmng to roomtenp until conplete (by LCG-MS). The reaction

m xture was diluted wwth AcOH (0 2 nL) and was | oaded directly onto an HPLC
col um ( MeOlotl/4&301 Fractions were coll ected, neutrali zedTwistérobsouNHLOH
and concentrated. The residue was extracted with Et0OAc (3 x 30 nL). The
conbi ned organic layers were dried over Na2SO4, filtered and reduced under
vacuumto yield the desired product. 20 Procedure 15: DCC coupling To a
stirring solution of the acid (0.15 nmol) and N-hydroxysuccinimde (0.15
mml) in EtOAc (1.5 nl) was added /Vghhmgieqycl ohexyl carbodiim de (0.15
mmol ) and the reaction mxture was stirred for 1 hr. The resulting white
suspensi on was 25 filtered throughNeloSulémylamghed with Et0Ac (3 x 5 nl),
and evaporated to dryness under vacuumto yield the activated ester. To a
stirring solution of the activated ester in THF (1.5 nL) was a%ded NaHCG3
(1 mol) follomed &yt he api nogl ycosi de (0.138 nnDI),c@md t hell ieacti on was

stirred for, Th cflon m xture was qugn thh .5§d—NMHCCB
and extracte th “of 30 PSS Qe gonbi ned @rga e ess 30 were
filter

dried over NaZS ed and reduced ungder vacuu o yield a crude
product, WO R921/ Ghﬂeso cqvawszolom%ms whi ch W&€ pdFT¥i e -B¥FScol um
chr onmat ography (silica® |, 0-100% Hexanes/ et hyl acetate oyef, 25 mm at 18
m./mn); fractions cQn |n‘Png the desired conpound wer gz |Hed and
concentrated in vacuo to iNI°®?he desired product. § Proce

Hydrogenol ysis in THF . OTBS To a stirring solution of gl ycosi de
(0.15 mol ) in THF (432%) 5raels added AcCH (108 pL, 1.8 na];mN) ofsel owed by
20 % Pd(OH) 2/ C (140 ng) and the reaction was stirred under a hydrogen
at mosphexe for 1 h. Then H20 (2 nL) was added and the reaction mixture was
stirred for 1 h. Additional water (2 x 2 nL) was added 10 and the reaction
was stirred under a hydrogen atnosphere overnight. The reaction was
filtered through a 0.45 pm PVDF filt diluted with water (50 nlL) and
| yophilized to yield the product as ggt%_m%?fate salt.

N-1 Reductive Amination

N
S OSING! ) v s
ot ! OH TBSO/\H/H o ""0“'~ ""OH
3 o 0
T ’/
Bsd  NHCbz OTBS 8BS0 NHCbz (OTBS

o) 2) NaBH,, MeOH d ]

“o 3) CbzOSu 5
T ,o

TBSO

o WNHCbz TBSO R NHCbz
1 B o\
YINTNOTBS

[z OTBS
CbzHN  OTBS CbzHN OTBS

10
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Procedure 17: Hydrogenolysis in AcOH/ H20 (4:1) 15To a stirring solution of
am nogl ycoside (0.2 mmol) in AcOH H20 (5 nmL, 4:1 v/v) was added 20 %

Pd( OH) 2/ GvO2001/0g301and t he reacti on was stirred under aPhydisegensmusrosphere
overnight. The reaction was filtered through a 0.45 Jtm PVDF filter, was
diluted with water (50 nlL) and |yophilized to yield the product as its
acetate salt. 20 Procedure 18: Sulfate salt swap To a solution
of the am nogl ycoside salt (0.074 nmol) in H20 (1 nL.) was added 1 M NRI OH
(- 400 pt) to adjust therpPRESENTATIVG Cowpdnby RIKBERSS4 (0.22 mml, 3
eq.). The resulting solution was filtered through a 0.45 tm PVDF filter, 25
and the filtrate was dripped into vigorously stirring MeOH (40 ni) After 20
mn the precipitate was col L€ ) z |on and dried for 1 h under
vacuum The solid was di sso+# ‘ eci pitated with MeOH
(40 nmL) a second tine. The resultlng preC|p|tate was col |l ected by
centrifugation,  dissolved 4n H0 (3 4ri) and |yophilized to yield the

product as its Bulfate sall. o0 GENERAL PURI FI CATION PROCE Hvet hod #1:
Purification*ﬁﬁiﬁiﬁh&ccdﬁdi fon MBI, Hegs: "8A T vater with MM NHACOH
B - Acetonitrile wth 10 mM ©H Col'ums: A: Wat er s>nKBsd dgcHRrep Shi el d
RP18 Col unmm 19x250 mm 5pin 10G adient: 20 mn at 0% then 0-20%in 200 mn
at a flow of 200m /mn o o o)
HO)H/\/NHBOC N.__NHBoc M~ HO
. Ho/l\(”\v/ b HO NHBoc HO
OH NBoc
NHBoc
(0] NBoc i OH
NBoc
NHBoc N HO
/H\T/[:J HO/l\(/\” NHBoc /l\t:L
NBoc OH NH
BocN=<
NHBoc

o 9 0 0 0
Ho/l\/”\OH Lo S OH no A _on g, N

O OH o o)
M o NHBoc HO NBoc HO NHBoc
HO -
N Boc o\)

NHCbz
o} o (0]
NPhth OBn OBn
' .OB: W
?>_/_/ HO HO ~0Bn HO i O:
W 4 OH
BnO F F
OBn OBn
OB
HO HO/%:[; HO n HO OBn
F- 1y
F F BnO" BnO
N; N; N; NHCbz
O 9] o)
Ho)k/ NHCbz HOJ\/\NHBOC H)k/OTBS
5 OH
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B: Waters-XBridge Prep Shield RP 18 Col um 50 x100 nm 5tnn G adient: 20
mn at 0% then 0-20%in 200 nmin at a flow of 20 mM/mn 15 Met hod #2:

Puri fi catworrotayo44sviidi ¢ Condi ti on Mobil e Phases: A - WAt eCTRIS2O10052093FFA B -
Acetonitrile with 0.1% TFA Col ums: 20A: Phenonenex Luna C18 21.4 x 250 mm
101.tm Gradient: 0-100% flow 25 m/mn B: Phenonenex Luna C18 50 x 250
mm 101.1, m25G adient: 0-100% flow 45 m/mn Method #3: Purification by
Acidic Condition Mbile Phases: A - Water with 0. 1%9FA 30B - Acetonitrile

with 0.1% TFA WO 2011/ 0445 ERM USZRIVHFePROGebumrss Vari an Dynamax 250
X 41.4 mm

Procedure 1: Reductive Amination

Method A: To a stirring solution of the aminoglycoside derivative (0.06

5 mmol) in MeOH (2 mL) was added the aldehyde (0.068 mmol), silica supported

cyanoborohydride (0.1 g, 1.0 mmol/g), and the reaction mixture was heated by

microwave irradiation to 100°C (100 watts power) for 15 minutes. The reaction was

checked by MS for completeness, and once complete all solvent was removed by rotary

evaporation. The resulting residue was dissolved in EtOAc (20 ml), and washed with

10 5% NaHCO; (2 x 5 mL), followed by brine (5 mL). The organic phase was then dried
over Na;SOy, filtered and the solvent was removed by rotary evaporation.

Method B: To a solution of aminoglycoside derivative (0.078 mmol) in

DMF (1 ml) were added 3A molecular sieves (15-20), followed by the aldehyde (0.15

mmol) and the reaction was shaken for 2.5 hours. The reaction was checked by MS for

15 completeness and, if needed, more aldehyde (0.5 eq) was added. The reaction mixture

was then added dropwise to a stirring solution of NaBHy4 (0.78 mmol) in MeOH (2 mL)

at 0°C, and the reaction was stirred for 1 hour. The reaction was diluted with H,O (2

mL) and EtOAc (2 ml). The organic layer was separated and the aqueous layer was

extracted with EtOAc (3 x 3 mL). The combined organic layers were dried over

20 NaySO,, filtered and concentrated to dryness.

Procedure 2: Boc deprotection (fert-butyl dimethyl silyl protecting group is removed

under these conditions)
Important: Before Boc deprotection a sample must be dried well by pumping at
25  high vacuum for 3 h.
Method A: To a stirring solution of the Boc protected aminoglycoside
(0.054 mmol) in DCM or MeOH (1 mL) were added 3 A molecular sieves (4-6), and
trifluoroacetic acid (0.6 mL). The reaction was stirred at room temperature for 1 h, and
checked for completeness by MS. Upon completion the reaction mixture was diluted

30  with ether (15 mL) to induce precipitation. The vial was centrifuged and the supernatant
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M crosorb 100-8 C18 Gradient: 30-100%B over 70 min, flow 50 m/mn W
detector 215 nm5 Method #4: Purification by Basic Condition Mpbile Phases:
A - Vat erwoizdh/@40% M NHAOH B - Acetonitrile with 0.25 PCHRUSH0L80a unn:
Phenonmenex Gemini-NX 150 x 21.2 mm 10)arn C18 110A G adient: 0% B over 20
mn, 0-10%B over 70 mn, flow 15 m/mn WV detector 215 nm 15Fracti ons
containing the desired conpound were conbi ned and | yophilized. To a
stirring solution of the am noglycoside (0.02 -0.05 mml) in H20 (0.5-1 )
was added lydv dé8§@d.d"1%@‘f’ﬁr&§pi'tﬂ'ﬂé Was Ridsiedlwith ethee (BR119trhigNdcb@sed bhd gned
through a 0.45 van PVDF filter and the filtrate was dripped into vigorously
stirring MVe@Her(@6ud0. ) (Et20 (10-15 nl) was added if needed to inprove
the quality of 20 thr precipitate). After 20 mn the solids were collected
by centrifugation and washed with MeOH - Et20 (1:1 v/v, 10 nL), followed by

Et 20 (10 mppocehiie 5:315@(515 @&%p?{n?ci pitate was collected by centrifugation to
yield the product as 1Tts sultate salt. WO 2011/ 044501PCT/ US2010/ 052043
REPRESENTATI VE | NTERNEDh AtinSng ¥oNtiohi of- &hitoglybysidy dedwativé - @8I ahintod) but yri c
aci d

DMF (1 mL) at -40°C was added the acid (0.16 mmol), followed by PyBOP (0.16

mmol) and DIPEA (0.31 mmol) and the reaction was stirred. The reaction mixture was

diluted with EtOAc (3 mL) and H,O (3 mL), and the aqueous layer was separated and

extracted with EtOAc (3 x 3 mL). The combined organic layers were dried over

10 NaySOy, filtered and concentrated to dryness.

Procedure 4: Epoxide Opening

To a stirring solution of the aminoglycoside derivative (0.06 mmol) in
MeOH (2 mL) was added the epoxide (0.07 mmol), LiClO4 (0.15 mmol), and the
15  reaction mixture was heated by microwave irradiation to 100°C for 90 minutes. The
reaction progress was monitored by MS. Upon completion, the solvent was removed by
rotary evaporation. The resulting residue was dissolved in EtOAc (20 mL), washed with
H,O (2 x 5 mL) and brine (5 mL), dried over Na,SQOy, filtered and concentrated to
dryness.
20

Procedure 5: Phthalimido deprotection

To a stirring solution of the phthalimido protected aminoglycoside

(0.064 mmol) in EtOH (3 mL) was added hydrazine (0.32 mmol), and the reaction
mixture was heated to reflux for 2 h. The reaction progress was monitored by MS.

25 Upon cooling to room temperature, the cyclic by-product precipitated and was removed
by filtration. The filtrate was concentrated to dryness to yield a residue, which was
dissolved in EtOAc (20 mL), washed with 5% NaHCOs; (2 x 5 mL) and brine (5 mL),

dried over Na,SOy, filtered and concentrated to dryness.

30
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CbzN- NHCbz HO _NHO _NNHCbz CHOHNCbz 5DI PEA, DMF, 80 C To a
stirring solution of 2(S)-hydroxy-4-am no-butyric acid (0.059 g, 0.50 nmol)
in DMVF (2wol2p1veassoadded / VAP- bi s(benzyl oxycar bonyl) - 1H pgrased18/4032043

car boxam di ne (0.26g, 0.70 nmmol) followed by D PEA (0.87 nmL, 4.99 mmuol) and
the reaction was heated to 80C and stirred overnight. The crude m xture was
purified on a 10 2-inch reverse-phase HPLC colum (Method 2) to yield

[V, N -bis-Cbz-2(S)-hydroxy-4- guanidino-butyric acid: Ms: mz (MH) cal cd.
430. 15, foungcA3R-6L- SBRMG Lo - (benzoyl oxyam no)ethyl carbamate H2ZNNHCbz
013z HN, NHCbz , , DCWR To a sol ution of

benzyl - N- ( 2- ami noet hyllo) € atitvagesdotutoinl afi thel @nssdglydotide O®6Agnmal)3a &M §3 i n
sat. ag. Na 4 dded 1 M (1 ) .and. the reaction_was

St 7red vi goroter padptmFEd fLiFaothangabe SERPRISATReCOHYbFTHE) oxTHo
(1.13 g, 4. Ao | L rred: | : ani c
| ayer was sr%%gr at e%ugﬁ a\%&?gﬂéﬁ%@m&{)ﬂﬂt}%‘@ﬁ%@ﬁ% Fg(g 1%:}2?&?%2%? };P)Flfttg %rd 26 and

concent rat edSt Onee coiplete, Gy sdivedSvadUiehioledl bo rotaryl evapolatiogvaidsthe phddee HPLC
colum (Method 2) to yield benzq\%- 2- (benzoyl oxyam noéeth | carbamate (2,

252 ny, 0. SesHipplvedm cbyl ackigte @i vmaphedayith S308aHE0s ¢ % 5 mhkagd brine

(5 mL), dried over Na,SOy, filtered and concentrated to dryness.

Procedure 7: N-Boc Protection

10 To a stirring solution of the amine (4.64 mmol) in THF (10 mL) was
added IN NaOH (10 mL), followed by Boc-anhydride (5.57 mmol) and the reaction
progress was checked by MS. Once complete, the THF was removed by rotary
evaporation and water (40 mL) was added. The aqueous phase was separated and
extracted with Et;O (2 x 30 ml). The aqueous phase was acidified to pH 3 by the

15 addition of dilute H;PO4 and was then extracted with EtOAc (2 x 60 ml). The
combined organic layers were washed with H,O (2 x 30 mL) and brine (30 mL), dried

over Na;SOy filtered and concentrated to dryness.

Procedure 8: Syntheses of Epoxides

20 To a stirring solution of the alkene (5.16 mmol) in chloroform (20 mL)
at 0°C was added m-chloroperbenzoic acid (8.0 mmol) and the reaction mixture was
stirred for 30 minutes at 0°C and was then allowed to warm to room temperature. The
reaction progress was monitored by MS and TLC, and additional portions of m-CPBA
were added as needed. Upon completion, the reaction mixture was diluted with

25  chloroform (50 mL) and washed with 10% aq. Na,SO; (2 x 30 mL), 10% aq. NaHCO;
(2 x 50 mL) and brine (50 mL). The organic layer was dried over Na,SO,, filtered and
concentrated to yield a crude product, which was purified by flash choromatography

(silica gel/hexanes: ethyl acetate 0-25%).

30
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25 Succi ni m dyl benzoyl oxy(2- Cbz-am noet hyl ) carbamate WO

2011/ 044501PCT/ US2010/ 052043 3 To a stirring solution of

di succi niwbDayl1/@asobonat e (525 ngy, 2.05 mml) in CH3CN ( PéTrdSpomwams2oazided
benzyl- 2- (benzoyl oxyam no) et hyl carbamate (2, 252 ng, 5 0.80 mmol) as a
solution in CH3CN (12 nL) over 4 hours, and the reaction was stirred
overni ght. Additional disuccinimdyl carbonate (251 ng, 0.98 nmol) was
added and the reaction was heated at 60C overnight. Solvent renoval gave a
crude, whi Phocsdsre9UGdneRll PRItedurd thNShtiAUITSEh RIFOSE cdTbbkrlfeQcidan ( Met hod 2)
to yield succinimdyl benzoyl oxy(2-Cbz-am noethyl)carbamate (3, 81 ng, 0.18
mol , 22.5%vyield). BepN BocOXTramethylplybpeyanohydrines:- AQMMHHL flaskaegutippadi ng
solution of .3-(Boc-am no)-1:-propanol (25 niL, 0.144 nol 51in e

satur ated B4 FAgd DG T Chsweyap: s gt Thgbe Boight o83ldghyeo)
and the re [ ] B, I : i t hgn

Gl utod wiFEOLPMnid 1?(“{".’1([)0%[), A Sﬁg‘ﬂ%’;&lg@gﬁ%{yﬁ Sgﬁg?é%?gségg ﬂ(@gl ’Agh)% in

80% NaHGO3 zind5diglei (0.0900 gl OHB0 mmdlhe anic akd ireaetioasmidturer wals stigred ctisogmf or 30

m nutes until two I%ers formed, the top | ayer was cleg,r. The reaction was
filtered t FRREFHVE 1oR&4phlec SPivent peBtipaLand Trduoowash strssdissyid ifas

extracted w ( )it (W r Ay . NaHCC3
(Lo by« iR TG hahaphviad o 4 98CEQ: B EPOBELSIED Hkitinetd
a clear oil30 Mg, drisdlever Nay&s,, dilesal ¥R chicehir®Ae ‘to Niy@Re o (yleld avtrade,l. 0 L)
and filtered through a short silica gel colum to yield the desired

N- Boc- 3- amhéchpivasamrigd thoopgh teythemexpgeprpitho@gugherypugfigytiont H NVR (400 MHz,
CDC13)

o) 21%63 (7,[7 ( ;’ Hl g;%wﬂ ’%gj &Sdr(g!gbgjﬁ’ Itc:)l' gé%é?%y%@box?ﬁlig géiﬁ:’ AAZCdI-ﬂ%z mﬁ’

and conc. HCI (25 ml) were added to the unpurified material from step #1 and the

reaction mixture was refluxed for 2-3 hr. The reaction mixture was then concentrated to
dryness to give a white solid, which was carried through to the next step without further
purification.

15 Step # 3. Boc protection: To a stirring solution of solid from step #2 in

2 M NaOH (20 mL) and i-PrOH (20 mL) at 0°C was added Boc,O (6.6 g, 3 mmol) in

small portions, and the reaction mixture was allowed to warm to room temperature over
4 h. i-PrOH was then evaporated, and HO (50 mL) was added, and the aqueous phase
was separated and extracted with Et;0 (2 x 30 ml). The aqueous layer was acidified to

20 pH 3 by addition of dilute H3PO4 and was extracted with EtOAc (2 x 60 ml). The
combined organic layers were washed with H,O (2 x 30 mL) and brine (30 mL), dried
over Na;SO,, filtered and concentrated to yield the desired N-Boc-a-hydroxy
carboxylic acids in 56-72% yield.

25 Procedure 10: Protection of Amine by Fmoc Group

To a stirring solution of the amine (0.049 mol) in DCM (100 mL), was
added DIPEA (16 mL, 0.099 mol) and the reaction mixture was cooled to 0°C. Fmoc-
Cl (12.8 g, 0.049 mol) was then added portion-wise over several minutes, and the

reaction was allowed to warm to room temperature for 2 hr. The organic layer was
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WO 2011/ 044501PCT/ US2010/ 052043 N-Boc- 1- oxa- 6-azaspi rol2. 51oct ane Boc

N- Boc- 4- Met hyl ene-pi peridine (0.222 g, 1.12 mmol) was submtted to
Procedur ew8 20m/4e30m t he desired N-Boc-1-oxa-6-azaspir o[ PCFlusetians204®. 215 g,
1.01 mmol, 90.2%yield): 111 NVR (250 MHz, DVMBO d6) 8 3.29-3.61 (m 6 H),
1.56-1.70 (m 2 H), 1.30-1.54(m 11 H). 2-(Pent-4-enyl)-isoindoline-1, 3
-di one 15To a stirring solution of 5-brono-pentene (6.0 g, 0.040 nol) in
DMF (30 nL) was added K2CO3 (4.7 g, 0.034 nol) and potassi um pht hal i m de
(6.21 g, O.WaBedmiih) wakdl (2 Res0 8AGtdndNbriHeX(50r BLY s iddedlee N80 Olferédbnd hr .
The reaction m xture was cooled to roomtenperature, and water (50 nL) was
added. The caperatatsditademessts vidié thedinocoprotedtediantine(iy9S%aceidt e (2 x 50 nl),
and the conbi ned organic |ayers were 20 washed with 5% aq. NaHCO3 (2 x 20
m.), brine (30 nL) and dried over Na2SO4. Filtration and sol vent

evapor at i OrprgaareAf) : MyntheMdl FTAINGR B ih TP OBIEA AT G Bt ogr aphy (silica
gel / hexanes: ethyl acetate U-35% to yield the desired 2-(pent-

4-enyl) -3 soi ndol i ne- I[Ba digonmishsstariag koldti6 oBthegalcdhoD2954mmbql) i2DEM/A4

yield): MS me
mL) was added TEMPO (0.007 g, 0.045 mmol, 0.03 mol %) and a 2M aqueous KBr

solution (75 mL, 0.15 mmol, 10 mol %) and the reaction mixture was cooled to -10°C.
In a separate flask NaHCO; (0.5 g, 9.5 mmol) was dissolved in bleach (25 mL, Chlorox
6.0% NaOCl) to yield a 0.78 M buffered NaOCI solution. This freshly prepared 0.78 M

10 NaOCl solution (2.3 mL, 1.8 mmol, 117 mol %) was added to the reaction mixture over
5 min and the reaction was stirred for an additional 30 min at 0°C. The organic phase
was separated and the aqueous layer was extracted with dichloromethane (2 x 4 mL).
The combined organic layers were washed with 10% aq. Na;S,0; (4 mL), sat. aq.
NaHCOs3 (2 x 4 mL), brine (5 mL), dried over Na,SO4 and concentrated to dryness.

15

Procedure 12: Synthesis of alcohols via Borane Reduction

To a stirring solution of the acid (1.5 mmol) in THF (5 mL) at -10°C was
slowly added 1.0 M BH;-THF (2.98 mL, 2.98 mmol). The reaction mixture was stirred
vigorously for an additional 3 min at -10°C, and was then allowed to warm to room

20 temperature overnight. The reaction was quenched by the dropwise addition of a
solution of HOA¢/H,O (1:1 v/v, 2.0 mL). The THF was removed by rotary evaporation
and sat. aq. NaHCO; (15 mL) was added. The aqueous layer was extracted with DCM
(3 x 5 mL) and the combined organic layers were washed with sat. aq. NaHCO3 (2 x 5
mL), brine (10 mL), dried over Na,SQy, filtered and concentrated to dryness.

25
Procedure 13: Ozonolysis and Pinnick oxidation

The substrate olefin (0.5 to 0.75 mmol) was dissolved in DCM (30 mL)

and the reaction was cooled to -78°C. Ozone was bubbled through until a blue color
persisted (3 to 5 min), and the reaction was stirred for 1 hr. Argon was then bubbled

30 through to remove excess ozone for 10 minutes. The reaction was further quenched by
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[ MPFH] + cal cd 216. 1, found 216.1; NWR (250 MHz, DMSO-d6) 8 7.79-7.95 (m 4

, WD 2011/ 044501PCT/ US2010/ 052043 5.70-5.91 (m 1 H), 4.90-5.11 (m 2

, 3.58 W0,200/(Hp5011. 98-2.10 (m 2 H), 1.59-1.78 (m 21PLT/US2010/052043
(3-(Oxiran-2-yl)-propyl)-isoindoline-1, 3-dione
(Pent-4-enyl)-isoindoline-1,3-dione (6.36 g, 0.029 nmol) was submitted to
ocedure 8 for epoxide formation to yield 2-(3-(oxiran-2-yl)-propyl- 10

i soi ndol i ne-1, 3-dione (5.8 g, 0.025 mml, 86.2%yield): Ms nlfe [ MH] + cal cd

352 (1, 20 g o hphrSMRubdo o NS oo R iadili )
H), 1.36- 1r8@h¢Bdlvénttyas rided ubd@tiadouid yidteihe chlie@ldehyde, which was dried

3-Buten-1-am ne (4.93 g, 0.069 nol) was submtted to Procedure 7 for Boc
pr ot ect i on Upderyhighwyaguum Jere 10 iaing lgndased oyvithope dumiier fugidiatiqy: ohead cFtaihy

il ] . ethyl - 309 i el d
(oS 2o AR RS P 1 G PIDAP 2Ly g s o,
N- Boc- 2-5 oxit regfirva- solibwed by 2-ArRitanBugene WP 204k, P4AAD SURGE/ diR2Ad 07 @qai043

and the reaction was stirred for 4 hr. The reaction mixture was then added to sat. aq.

2-
2-
Pr

NaCl (10 mL) and extracted with DCM (3x). The combined organic layers were dried
over Na,SOy filtered and reduced under vacuum to yield a crude, which was purified by
flash chromatography (silica gel, 0 — 0.5 or 1% MeOH/DCM).

10

Procedure 14: PyBOP coupling

To a stirring solution of aminoglycoside derivative (0.137 mmol) in
DMF (2 mL) at 0°C was added the acid (0.151 mmol, 1.1 eq), followed by PyBOP
(0.164 mmol, 1.2 eq) and DIPEA (0.411 mmol, 3 eq) and the reaction was stirred (1-3
15 h) with warming to room temp until complete (by LC-MS). The reaction mixture was
diluted with AcOH (0.2 mL) and was loaded directly onto an HPLC column (Method
#3). Fractions were collected, neutralized with 1 M NH4OH and concentrated. The
residue was extracted with EtOAc (3 x 30 mL). The combined organic layers were
dried over Na,SOy, filtered and reduced under vacuum to yield the desired product.
20

Procedure 15: DCC coupling

To a stirring solution of the acid (0.15 mmol) and N-hydroxysuccinimide

(0.15 mmol) in EtOAc (1.5 mL) was added N,N'-dicyclohexylcarbodiimide (0.15
mmol) and the reaction mixture was stirred for 1 hr. The resulting white suspension was

25 filtered through cotton, washed with EtOAc (3 x 5 mL), and evaporated to dryness
under vacuum to yield the activated ester. To a stirring solution of the activated ester in
THF (1.5 mL) was added NaHCO; (1 mmol) followed by the aminoglycoside (0.138
mmol), and the reaction was stirred for 24 hr. The reaction mixture was quenched with

sat. aq. NaHCO; and extracted with DCM (3 x 30 mL). The combined organic layers

30 were dried over Na,SQy, filtered and reduced under vacuum to yield a crude product,
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N- Boc- 1- am no-but-3-ene (6.47 g, 0.038 nmol) was submtted to Procedure 8
for epoxide formation to yield a crude, which was purified by flash 5

chr omat ogwephyi/oasioii ca gel / hexanes: ethyl acetate 0-45%pCraiSgeielos2043

N- Boc- 2- (oxiran-2- yl)-ethyl carbamate (6.0 g, 0.032 nol, 84.2 %yield): 1H
NVR (250 MHz, DMSO-d6) 8 2.98-3.09 (m 2 H), 2.83-2.92 (m 1 H), 2.65 (t, 1
H, 2.42 (dd, 1 H), 1.44-1.66 (m 2 H, 1.36 (s, 9 H (CH3)3). 10

3- Met hyl ene- 1- net hyl am no-cy clobutane To a stirring solution of

3- met hyl eneyflich C¥ANBusHEd BY UM (romBrogf %Qsﬂi@a r%él,) 04100%HHekARs/Hny1 at 0C
was slowy added 2M Li AIH4" (22 ni, 0.044 mFr)D ) and the reaction was all owed
to warm t o aceatn verper minune 18 Tlemivadtactmswamtdihiap thedesiteddcomypouhe veateli ti on
of sat. aq. NH4CL (10 nlL), and THF (10 nl) The organic |ayer was separated
and concent“r"érfbé‘EF]ataél]d&PS}?f’é‘g%t d”W‘éﬂOdoéflell‘%éiedgé‘fe‘{;WP‘é‘ths di ssol ved in
ethyl acetate (100 nmL). The organic |ayer was washed with 5% NaHCO3 (2 x 20
m.), brine 20 (20 nlL), dried over Na2SO4, filtered and concentrated to

yi el d the dusisdee: By nHydwbadlsigmtTyF an no- cycl obut ane as an oil, which was
carried through to the next step without further purification.

3- Met hyl ene- 1- N- Boc- nEt Rytistifiensnletjert ebamieglyzesidey®.15 mmol) in THF (4 mL),

3ot hy! eneveS e ATPIPIR o ol doordEm20 b BAHT U 30 e 15
m) and THhRe4clon ks, stivag uﬁ&@%@ﬁf__&g atffosphBre 8r 980 Tﬁerﬂﬁk@ (@R )t ddaagt i on

m xture was stirred overnight. was evaporated and the aqueous | ayer was
extract ed vinditheréngtiomouxtatewa stiretDfom]) h. Audittmabivated (Drgamilo wasyaslded wer e

washed with 5% NaHCO3 (2 x. 20 brine (20 nL dri ed. over., Na2SM4,

o or olb & et dh R, s S e S Sy e Bimpshert QHETiEN THe GRGURH PR | e

by flash ¢ [ : :

oY el 6t he. iRt QUABRIN0AS L SE09Ghler | SHE M b0 BT aBIRBHIAAG
0. 0096 nol ,to3Eldtbprodict)s itdddetdhdal250 MHz, DMBO d6) 8 6.88 (bs, 1 H), 4.72

(s, 2 H, 2.95-3.05 (m 2 H, 2.56- 2.71 (m 2 H, 2.21-2.40 (m 3 H), 1.20
(s, 9 H. N-Boc-1-oxaspirol2. 31hexan-5-yl - net hanam ne 15

Procedure 17: Hydrogenolysis in AcOH/H,O (4:1)

15 To a stirring solution of aminoglycoside (0.2 mmol) in AcOH: H;O (§
mL, 4:1 v/v) was added 20 % Pd(OH),/C (400 mg) and the reaction was stirred under a
hydrogen atmosphere overnight. The reaction was filtered through a 0.45 um PVDF
filter, was diluted with water (50 mL) and lyophilized to yield the product as its acetate
salt.

20

Procedure 18: Sulfate salt swap

To a solution of the aminoglycoside salt (0.074 mmol) in H,O (1 mL)
was added 1 M NH4OH (~ 400 pL) to adjust the pH to 7-8, followed by (NH4),SO4
(0.22 mmol, 3 eq.). The resulting solution was filtered through a 0.45 pm PVDF filter,

25 and the filtrate was dripped into vigorously stirring MeOH (40 mL). After 20 min the
precipitate was collected by centrifugation and dried for 1 h under vacuum. The solid
was dissolved in H,O (1 mL) and precipitated with MeOH (40 mL) a second time. The
resulting precipitate was collected by centrifugation, dissolved in H,O (3 mL) and
lyophilized to yield the product as its sulfate salt.

30
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3- Met hyl ene- 1- N- Boc- net hyl am no- cycl obutane (1.9 g, 0.0096 nol) was
submtted to Procedure 8 for epoxide formation to yield N Boc-1- 20

oxaspi r o[Ro2phieMasvi 5- yl - et hanam ne (1.34 g, 6.27 nol, @6TAS2W1piosdod): 1H
NVR (250 MHz, DVMSO-d6) 8 2.99-3.10 (m 2 H), 2.60-2.66 (m 2 H), 1.99-2.47
(m 5H, 1.40 (s, 9 H. WO 2011/044501PCT/ US2010/ 052043

N- Fnoc- 4- am no- but yr al dehyde di et hyl acet al

4- Am no- but yr al dehyde di ethyl acetal (8.0 g, 0.050 nol) was Fnoc protected
foll owi ng Procedure 10 t GENFERAINPURGSOAGAON PROCEDIEESO- but yr al dehyde

di ethyl acetal (22.08 g, M5 me [MtNaJ+ cal cd 406. 2, found 406.1), which
was carried through to the next step without further purification.

N- Fnoc- 4- anj no- hut yr al.dehyde 5To.a stirring solution of

N- Fnoc- 4- amobityraigehPaYel? 989y Fal (0.050 nml) in 1,4-dioxane
(100 m.) wagesdpshsag. HC1 (100 m, 1:1 v/v, H20 : conc. HCl) and the
reaction progress was nonitored by MS. Upon conpletion, the organic sol vent
was renmoy¥ed by rAtavsterewaldd aiMNEH,GIMd t he aqueous | ayer was extracted with
ethyl acetate (2_x 200 rrL]) The conbined organic |ayers were washed with 5%
20 NaHOOB (2 x 75~ dcptonirifeyath YEmMWNH@H ed over Na2SO4, filtered and
concentr at ed Etgmglryness to yield the desired N Fnoc-4-am no-butyral dehyde
(15. 35 g, 0.%1 nol, 90.0 %yield), which was carried through to the next
step without furAhavae{BrhidaiPrep Shivil RPES Chiua] + cal cd 332. 1, found 332.0.
WO 2011/ 044501PCT/ US2010/ 052043 3- Met hyl ene-cycl obut ane car boxylic acid
HR2Q Ti\\ 5 19x250 mm, Sum

10 Gradient: 20 min at 0%, then 0-20% in 200 min at a flow of 20 ml/min
B: Waters-XBridge Prep Shield RP18 Column

50 x100 mm, Spum
Gradient: 20 min at 0%, then 0-20% in 200 min at a flow of 20 ml/min

15 Method #2: Purification by Acidic Condition
Mobile Phases:
A - Water with 0.1%TFA
B - Acetonitrile with 0.1% TFA

Columns:
20 A: Phenomenex Luna C18
21.4 x 250 mm, 10pm
Gradient: 0-100%, flow 25 ml/min
B: Phenomenex Luna C18
50 x 250 mm, 10pum
25 Gradient: 0-100%, flow 45 ml/min

Method #3: Purification by Acidic Condition
Mobile Phases:
A - Water with 0.1%TFA
30 B - Acetonitrile with 0.1% TFA
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To a stirring solution of KOH (70.0 g, 1.25 nol) in EtOH H20 (500 nL, 1:1
v/v) was added 3-nethyl enecycl obutane carbonitrile (25.0 g, 0.26 nol) and

t he reactwonronvodtsone was refluxed for 6 h. The reacti onPprage@EssHsWAS
nonitored by TLC and, upon conpletion, the m xture was cooled and acidified
to pH 3-4 with HCl. The 10 et hanol was evaporated, and the renaining
aqueous | ayer was extracted with Et20 (200 nL). The organic | ayer was
washed with water (2 x 20 nL), brine (30 m), dried over Na2SO4, filtered
and concentr at eddl@nfld:y N§a8at Dydashd2 5 0Bt hyh@ne- cycl obut ane carboxylic
acid, which was carried throug h to the next step without further

purifi cation: 1H NWR (25Mim&zcrb0m183§3185 10.75 (bs, 1 H, 4.80 (s, 2 H),

2.85-3.26 (m 5 H. 15 N t obut 20To a stirring
sol ution of 3-methyl ene- ﬁ%‘f%‘ﬁu d%&eﬁﬁ&%%ﬂ@l% Owﬂmgngn 8.9 mmwl) in
THF (90 nL) was added NaWV&%er S3dnl nmol ), followed by tetrabutyl
anmoni um brom de (0.48 g, 1 and Zn(OT@2 (0.1 g, 0.3 mmol ), and the
reactiordb m xture was heated to 4OC Boc20 (2.1 g, 9.8 nmol) was then added
at once, and the reactl on was heat ed at 45C overnight. The reaction was

t hen cool ed”§ s ipcatigR by & QI h 10% ag. NaNO2 (180 ml). The THF
was evapor%@ﬂle?}% he V\D 2011/ 044501PCT/ US2010/ 052043 aqueous | ayer was
extracted w ¢ "(180 nL). The organic |ayer was washed with 5 % aq.
NaHCO3 (2 x 20 m,)wdwrlvﬁqmagm{oj{i ed over Na2sO4, filtered and
concentrated to dryness to yield a crude, which was purified by flash

chr omat ogr aphy (BsrAP@amgfelﬁ/Vh%?ﬁeMNéhﬂﬂ acetate: 0-90% to yield the

d d N-B 3 . 5 but Q.57 g, 3.1 mmol, 34.9%
e &? 1,50 i fiRpomesed S Raa B 0% b3t § 79 (be 1k
4.05-4 23(m lH), 2192m%ciEl g8 2 H, 2.50-2.65 (m 2 H, 1.44 (s, 9 H.

N- Boc- 1 oxaspi ro[ 2. 3] hexan-5-am ne 10
Gradient: 0% B over 20 min, 0-10% B over 70 min, flow 15 ml/min

UV detector 215 nm

15 Fractions containing the desired compound were combined and
lyophilized. To a stirring solution of the aminoglycoside (0.02 -0.05 mmol) in H,0O
(0.5-1 mL) was added 1 M H,SO4 dropwise until pH = 1-2. The solution was filtered
through a 0.45 pm PVDF filter and the filtrate was dripped into vigorously stirring
MeOH (25-30 mL). (Et;O (10-15 mL) was added if needed to improve the quality of

20  thr precipitate). After 20 min the solids were collected by centrifugation and washed
with MeOH - Et,0 (1:1 v/v, 10 mL), followed by Et;,O (10 mL). The resulting

precipitate was collected by centrifugation to yield the product as its sulfate salt.
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N- Boc- 3- net hyl ene- cycl obutanam ne (1.65 g, 9.0 mml) was submtted to
Procedure 8 for epoxide formation to yield

N- Boc- 1- owaxpiwwapsdl 3] hexan-5-amne 15 (1.46 g, 7.33 molpCTAB2&E 08623042 d) :
11-1 NWR (250 MHz, CDC13) 8 4.79 (bs, 1 H, 4.13- 4.31 (m 1 H), 2.66-2.83
(m 4H, 2.31-2.47 (m 2 H, 1.45 (s, 9 H.

N- Boc- 2, 2- di net hy1- 3- am no- pr opi onal dehyde 20

N- Boc- 3- am no- 2, 2-di net hyl propanol (0.415 g, 2.04 mmol) was submitted to
Procedure 11 to yield N BopgRrRESENTRITIVE BrEERMEIRATPEROnal dehyde WO

2011/ 044501PCT/ US2010/ 052043 (0.39 g, 1.94 mvol, 95.1 %yield): 1H NWR (250
MHz, CDC13) 8 9.42 (s, 1 H), 4.80 (bs, 1 H, 3.11 (d, 2 H), 1.39 (s, 9 H,

1.06 (s, 6 , N Boc-3- am no- 3-cycl opropyl propi.onal dehyde

N- Boc- 3- ani -3"-‘%’?2’?2}2‘%%@6?6%%‘ ‘(‘G’%ﬁb‘ﬁﬁ?g& 60 Mol ) was submitted to
Procedure 11 for oxidation to the correspondi ng N-Boc-3-am no-3- 10

cycl opropyl propional dehyde, whichsy@s carried through to the next step

wi thout further purification. Yy~ NHCbz

4(S)-tert-Butyl di net hyl shl Yl oxy; N-Beek pyrrol i dila- RR- caudpxal dehyde
4(S)-tert-Butyl di met hyi%i Eyl oxy- N- Boepyrrol ifdi nZ2(R) -lhet hanol (0.50 g,
1.50 n’m;%r) was submtted P% Pr oce%eoﬁlsojgr oxi §ati ol'Po the correspondi ng
4(S)- tert-butyl di methyl silyl oxy- oc- pyrfolidin-2(R)-carboxal dehyde,

whi ch was carri ed To a stirring solution of 2(S)-hydroxy-4-amino-butyric acid (0.059 g,

0.50 mmol) in DMF (2 ml) was added N,N'-bis(benzyloxycarbonyl)-1H-pyrazole-1-
carboxamidine (0.26g, 0.70 mmol) followed by DIPEA (0.87 mL, 4.99 mmol) and the

reaction was heated to 80°C and stirred overnight. The crude mixture was purified on a

10 2-inch reverse-phase HPLC column (Method 2) to yield N, N’-bis-Cbz-2(S)-hydroxy-4-
guanidino-butyric acid: MS: m/z (M+H)" caled. 430.15, found 430.1.
Benzyl-2-(benzoyloxyamino)ethyl carbamate

@)’LO/O\ /[ : QBZ
© HN~NHCbz

NaHCO3, NaOH, DCM

HaN~NHebz

15 1 2

To a solution of benzyl-N-(2-aminoethyl)carbamate chloride salt (1, 540
mg, 2.34 mmol) in sat. ag. NaHCO; (45 mL) was added 1 M NaOH (15 mL) and the
reaction was stirred vigorously. DCM (30 mlL) was added, followed by
benzoylperoxide (1.13 g, 4.68 mmol) and the reaction was stirred overnight. The

20 organic layer was separated and washed with brine, dried over MgSOs, filtered and
concentrated to a crude, which was purified on a 1-inch reverse-phase HPLC column
(Method 2) to yield benzyl-2-(benzoyloxyamino)ethyl carbamate (2, 252 mg, 0.80
mmol, 34.2%): MS: m/z (M+H)" calc. 315.13, obs. 315.0.

25  Succinimidyl benzoyloxy(2-Cbz-aminoethyl)carbamate
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20 through to the next step without further purification.

3-tert-Butyl di nethyl silyloxy-propanal WO 2011/ 044501PCT/ US2010/ 052043 \ sH
I \0 WO 2011/04484 t er t - But yl di met hyl si | yl oxy- propanol @EOTAG2@0/0220862 rmol )
was submtted to Procedure 11 for oxidation to the corresponding 3-tert- 5
but yl di net hyl si |l yl oxy-propanal, which was carried through to the next step
w t hout further purification. 2-Methyl-N Boc-2-am no-propanal 10

2- Met hyl - N- Boc- 2- ami no- propanol (0.83 g, 4.38 mmol) was submitted to
Procedure 11 for oxidation to the correspondi ng

2- et hyl - N- Boc- 2- ami no- propanal (8.706 go 3.77 mmol, 86.1 %yield): 11-1
NVMR (250 MHz, CDCl13) 6 9.40 (s, H) 1. 15(s, 1 H, 1.41 (s, 9 H, 1.30

(s, 6 H. N-Boc-1-am no%-zcycl obut.afeca? li¢ aci ngf ------------ NH, cO 0
Hrh\/\NHCbz 0 ¢ &O\H/N\/\NHCbz
2 0 °
3

To a stirring solution of disuccinimidyl carbonate (525 mg, 2.05 mmol)
in CH3CN (16 mL) was added benzyl-2-(benzoyloxyamino)ethyl carbamate (2, 252 mg,
5 0.80 mmol) as a solution in CH3CN (12 mL) over 4 hours, and the reaction was stirred
overnight. Additional disuccinimidyl carbonate (251 mg, 0.98 mmol) was added and
the reaction was heated at 60°C overnight. Solvent removal gave a crude, which was
purified on a 2-inch reverse-phase HPLC column (Method 2) to yield succinimidyl

benzoyloxy(2-Cbz-aminoethyl)carbamate (3, 81 mg, 0.18 mmol, 22.5% yield).

10

N-Boc-3-amino-propanal

S PUL

To a stirring solution of 3-(Boc-amino)-1-propanol (25 mL, 0.144 mol)
15 in water saturated DCM (1.0 L) was added Dess-Martin reagent (99.2 g, 233.9 mmol)
and the reaction mixture was stirred for 1 hour. The reaction was then diluted with
ether (1.0 L), followed by a solution of Na;S,0; (250 g) in 80% NaHCO; (450 g in 1.0
L H,0). The reaction was stirred vigorously for 30 minutes until two layers formed, the
top layer was clear. The reaction was filtered to remove the precipitated solids and the
20 aqueous layer was extracted with ether (1.0 L). The organic layer was washed with sat.
NaHCO; (1.0 L), H,O (1.0L), and brine (1L), dried over Na,SO4 and concentrated to a
clear oil. The crude oil was dissolved in EtOAc: hexanes (1:1 v/v, 1.0 L) and filtered
through a short silica gel column to yield the desired N-Boc-3-amino-propanal (21.7 g,
0.125 mol, 85.6% yield): 'H NMR (400 MHz, CDCls) § 9.77 (s, 1 H, CHO), 4.85 (bs, 1

25 H,NH), 3.36-3.42 (m, 2 H, CHy), 2.67 (t, 2 H, CH,), 1.39 (s, 9 H, (CHj3)3).
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20 1- Am no- cycl obut ane carboxylic acid ethyl ester (1.0 g, 6.28
nmol ) was dissolved in 1IN HC1 (10 nmlL) and the reaction was heated to a
reflux fowo20hiodu®1 The WO 2011/ 044501PCT/ US2010/ 05204 BCTABCt100620A3 Xt Ur €
was then concentrated to dryness to yield a crude which was subnmitted to
Procedure 7 for Boc protection to yield the desired

N- Boc- 1- Am no- cycl obut ane carboxylic acid. 5

N- Boc- 1- am no- cycl obut yl - met hanol N- Boc- 1 -am no-cycl obut ane
carboxylic acid (6.28 mmvl) was submitted 10 to Procedure 12 for reduction
to the correspondi ng N-Boc-1-Am no-cycl obutyl net hanol .

N- Boc- 1- anThBoe}cixatuazaspire Br-Hestandehyde

N- Boc- 1- am no-cycl obut yl - met hanol (0.25 g, 1.24 mmol) was submitted to
Procedure 11 to yield the correspondi,ng N Boc-I|-am no-cycl obut ane

car boxal dehyde (0.24 g, 1.20 nmmol, 9 %yield): 11-1 NWR (250 MHz, CDC13)
8 9.020 (s, 1 H, 4.912 (bs, 1 H, 3, (bs, 2 H, 1.71-2.20 (m 4 H), 1.42
(s, 9 H. N, NdiBoc-4(S)-am no-2(S)-nethanol -pyrrolidine WO

2011/ 044501PCT/ US2010/ 052043 N,

N- di Boc-4(S)-am no-pyrrolidine-2(S)-c¢ oxylic acid (1.03 g, 3.12 mml) was
submtted to Procedure 12 to yield thel correspondi ng N, N-di Boc-4(5)-

Boc

5
N-Boc-4-Methylene-piperidine (0.222 g, 1.12 mmol) was submitted to
Procedure 8 to form the desired N-Boc-1-oxa-6-azaspiro[2.5]octane (0.215 g, 1.01
mmol, 90.2% yield): '"H NMR (250 MHz, DMSO-dg) § 3.29-3.61 (m, 6 H), 1.56-1.70
(m, 2 H), 1.30-1.54 (m, 11 H).
10

2-(Pent-4-enyl)-isoindoline-1, 3 —dione

N
o _\1
15 To a stirring solution of 5-bromo-pentene (6.0 g, 0.040 mol) in DMF (30
mL) was added K,CO; (4.7 g, 0.034 mol) and potassium phthalimide (6.21 g, 0.033
mmol) and the reaction mixture was heated at 100°C for 1 hr. The reaction mixture was
cooled to room temperature, and water (50 mL) was added. The aqueous layer was
then extracted with ethyl acetate (2 x 50 mL), and the combined organic layers were
20  washed with 5% aq. NaHCO; (2 x 20 mL), brine (30 mL) and dried over Na,SOs.
Filtration and solvent evaporation gave an oil, which was purified by flash
chromatography (silica gel/ hexanes: ethyl acetate 0-35%) to yield the desired 2-(pent-

4-enyl)-isoindoline-1,3-dione as a solid (6.36 g, 0.029 mmol, 72.5 % yield): MS m/e
[M+H]" caled 216.1, found 216.1; NMR (250 MHz, DMSO-d¢) & 7.79-7.95 (m, 4 H),
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5 am no-2(S)-nethanol pyrrolidine (0.605 g, 1.91 mmol, 61.2 %yield), which
was carried through to the next step without further purification. N,

N- di Boc- 8)eami4mid pyrrol i di ne-2(S) - car bal dehyde 10 011PCT/US2010/052043 N,
N- di Boc- 4( S) - am no- 2(S) - net hanol pyrrolidine (0.486 g, 1.53 mml) was
submtted to Procedure 11 for oxidation to the correspondi ng N,

N- di Boc-4(S)- am no-pyrrolidine-2(5)-carbal dehyde, which was carried
through to the next step 15 without further purification.

N- Boc- 1- am gmgrediyin; @H)' 2ROV ¢ MHZ@&S (t,2 Y ?9@-@1@)4(4:5@111?}31/595?%%052043

N- Boc- | - ami nonet hyl - cycl opr opane car joxyl I ¢ aci d

submitted t2oHProcedure 12 to yield the correspondl ng

N- Boc- 1- am nonet hyl cycl opropyl - net hanol (0.99 g, MSs mie [MI-H calcd
202.1, found 202.1), which was carried through to the next step w thout

et Ff’%’n@f’*‘*ﬁ“% R AT 006 6775, 52 ol was

S,

2-(Pent-4-enyl)-isoindoline-1,3-dione (6.36 g, 0.029 mmol) was

submitted to Procedure 8 for epoxide formation to yield 2-(3-(oxiran-2-yl)-propyl-

10  isoindoline-1,3-dione (5.8 g, 0.025 mmol, 86.2% yield): MS m/e [M+H]" caled 232.1,

found 232.1; 'H NMR (250 MHz, DMSO-ds) § 7.75-7.90 (m, 4 H, Ar), 3.52 (t, 2 H,
CH,), 2.87-2.96 (m, 1 H, CH), 2.70 (t, 1 H), 2.30-2.45 (m, 1 H), 1.36-1.80 (m, 4 H).

N-Boc-1-amino-but-3-ene

15

3-Buten-1-amine (4.93 g, 0.069 mol) was submitted to Procedure 7 for

Boc protection to yield a crude, which was purified by flash chromatography (silica

20 gel/hexanes: ethyl acetate 0-30%) to yield N-Boc-1-amino-but-3-ene (6.47 g, 0.038
mol, 55.1 % yield).

N-Boc-2-(oxiran-2-yl)-ethyl carbamate
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submtted to Procedure 11 for oxidation to the correspondi ng

N- Boc- 1- am nonet hyl cycl opr opane car boxal dehyde, which was carried through
to the newO 28tig@4seiit hout further purification. 15 PCT/US2010/052043

N- Boc- 1- am no- cycl opr opyl - net hanol N- Boc- 1 -am no-cycl opr opane
carboxylic acid (0.25 g, 1.24 mmol) was 20 submtted to Procedure 12 to
yield the correspondi ng N-Boc-1-am no-cycl opropyl net hanol (0.051 g, 0.27
mmol, 21.8 %yield), which was carried hrough to the next step without

further purification. N Boc-1- carboxaldehyde 25 WO
2011/ 044501PCT/ US2010/ 052043 X@Y
N- Boc- | - am no- cycl opr opyl - met hano 051 g, O. 27 nmmol ) was submtted to

Procedure 11 for oxidation to the correspondi ng N-Boc-1-am no- 5
cycl opropane carboxal dehyde, which was carried through to the next step

Kﬁéggua(gfrgnfﬁopgzég ?%%Hqﬁn¥§ﬁﬁu {ﬁy ygb£99%§c 81eﬁ?gngm%?§§ carboxyl
ic acid 10 Procedure 8 for epoxide formation to y1eld a crude, which was purified by flash
5 chromatography (silica gel/hexanes: ethyl acetate 0-45%) to yield N-Boc-2-(oxiran-2-
yl)-ethyl carbamate (6.0 g, 0.032 mol, 84.2 % yield): 'H NMR (250 MHz, DMSO-d¢) &
2.98-3.09 (m, 2 H), 2.83-2.92 (m, 1 H), 2.65 (t, 1 H), 2.42 (dd, 1 H), 1.44-1.66 (m, 2 H),
1.36 (s, 9 H, (CHs)3).

10 3-Methylene-1-methylamino-cyclobutane

HaoN

To a stirring solution of 3-methylene-1-cyano-cyclobutane (2.5 g, 0.026

15 mol) in THF (35 ml) at 0°C was slowly added 2M LiAlH4 (22 mL, 0.044 mmol) and the
reaction was allowed to warm to room temperature. The reaction was then quenched by

the addition of sat. ag. NH4Cl (10 mL), and THF (10 mL). The organic layer was
separated and concentrated to dryness to yield a residue, which was dissolved in ethyl
acetate (100 mL). The organic layer was washed with 5% NaHCOj; (2 x 20 mL), brine

20 (20 mL), dried over Na;SOy, filtered and concentrated to yield the desired 3-methylene-
1-methylamino-cyclobutane as an oil, which was carried through to the next step

without further purification.

3-Methylene-1-N-Boc-methylamino-cyclobutane
25
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To a stirring solution of

N- Boc- 1( R) - am no- 2( S) - hydr oxy- cycl opent ane4(S)-carboxylic acid nethyl ester
(0.622 g,wo.240/0amdlt) in DCM (1.9 nmL) was added 15 i m darclraSe@obs04y, 2. 41
mol ), DVAP (0.047 g, 0.35 mmol) and TB SC1 (0.363 g, 2.40 mmpl) and the
reaction was stirred at roomtenperature for 18 hours, followed by heating
at 40C for 1 hour. The reaction m xture was cooled to roomtenperature, and
was quenched with H20 (3 nL) The organi,c, | ayer was separated and was
concentrated to dryness to yield a resigue, which was dissolved in

i sopropanol (6 nL) and 1M NaOH 20 (2. , and the reaction was heated at
60C for 1 hour. The reaction was ¢ ed to OC and slowy acidified to pH 3
with IMHCL (3 nlL). After adding chlo rm(18 m), the organic |ayer was
separated, dried over Na2SO4, and concentr d to dryness to yield the
desired acid (0.75 g, 2.09 nmmol, 87.1 %yi =I d. W

2011/ 044501PCT/ US2010/ 052043

N- Boc- 1( R) - ami no- 2(5)-tert-butyl di met hyl silyl oxy-4(S)-hydroxynet hyl cycl open
t ane N-B

oc-1(R-amno-2(S)-tert-butyld hy y nt.ane- - C xylic
acid (0.53 g, 1.47 nﬁ:ﬂ SHitne gﬁ% @F%}Wi%’fc’d B W%Fyélég‘%}é?‘? g#f
thecor r espgndignghh&9ar m%@{m(wnﬁf §idfrﬁrt(1btﬂﬁ1y)l JagBtied B§d bYGfOX%I @63 - 10
hydr oxynet hyl - cycl opent ane (0 g, 1.27 nmmol, 86.4 %yi el (250
MHz, CDGL3)m@) 4néghet r@a@tl()mmlj;tmﬁ wad. Qigred. cﬂs@n(lghlt 1THF, was ssa;(om;:;d 1m<ﬂ-|)the
ED,5213 431( gag]ug)qs')lang w c()grac@dﬁi],th éth&% a%egate 22%% Ié][g %hy)cbm%ineg o%gaSnll)’c (m 2
(';';ngg y ; I( g)e H%ég]g’el%( wishb& WithP$% W idB) fyk So!nfl PENRCHS! APE HrRESVA RS0,

20N- Boc- 1( Bjlteacd mad Zbﬁjeiltreﬂ’eﬂ tbulryhcdsis neet yiyldsa Icymctexyvmélﬁ)vabypinxﬁeylnm igbh

cycl opentane (0. 419%1 was submtted to Porocedu e 11 fo
oxi dati on tGHrQmpRSog m(ﬁlllqaog@ismmw usthipl apetse §460%) to yield the desired 3-

10 methylene-1-N-Boc-methylamino-cyclobutane (1.9 g, 0.0096 mol, 36.9 % yield): 'H
NMR (250 MHz, DMSO-d¢) 6 6.88 (bs, 1 H), 4.72 (s, 2 H), 2.95-3.05 (m, 2 H), 2.56-
2.71 (m, 2 H), 2.21-2.40 (m, 3 H), 1.20 (s, 9 H).

N-Boc-1-oxaspiro[2.3]hexan-5-yl-methanamine

e

15

I=

3-Methylene-1-N-Boc-methylamino-cyclobutane (1.9 g, 0.0096 mol)
was submitted to Procedure 8 for epoxide formation to yield N-Boc-1-
20  oxaspiro[2.3]hexan-5-yl-methanamine (1.34 g, 6.27 mol, 65.3 % yield): 'H NMR (250
MHz, DMSO-de) 6 2.99-3.10 (m, 2 H), 2.60-2.66 (m, 2 H), 1.99-2.47 (m, 5 H), 1.40 (s,
9 H).
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correspondi ng

N- Boc- 1(R) -am no-2(5)-tert-butyl di nethyl silyl oxy-cycl opent ane-4(S) -

car boxal debyda/o@o42 g, 1.22 mol, 96.1 %yield). PCT/US2010/052043
tert-Butyl-2-(N Boc-3-hydroxy-azetidin-3-yl)acetate 5 To a
stirring solution of N Boc-3-azetidinone (0.45 g, 2.64 muol) in THF (5 nl)
was slowy added a 0.5 M sol ution of 2-tert-butoxy-2-oxoethyl-zinc 10
chloride in Et20 (10 nL, 5.0 mml), and the reaction m xture was stirred
for 5 h. The reaction was then quenched with sat. ag. NH4Cl (10 nL), and

t he aqueous | ayer was separated and extracted with ethyl acetate (2 x 30
m.). The cd¥diimmeed-aminerbutyraldehydediethylasttall wi t h 5% ag. NaHCO3 (2 x 10
m.), brine (15 nL), dried over Na2SO4, filtered and concentrated to dryness
to yield tert-butyl-2-(NBoc-3-hydrgxy-azetidin-3- 15 yl)-acetate (MS me

[ MtH] + cal cd 288.2, found 287.7). 2{(N-Boc-3-hydroxy-azetidin-3-yl)-acetic
aci d \'I}OW ohuti o
tert-butyl -2- (N Boc- 3- hydrloxy- azet'i di n- 3-
in di oxane (18 nlL) was addoe\d>3M HC1 (5
70C for 1 h. The reaction m xture was t cooled to OCand it WO

2011/ 044501PCT/ US2010/ 052043 was basifiedmaith 2 M NaCOH (8 L), followed by
addition of BOC20 (1.0 g, 4.6 mml ). The reaction mxture was allowed to
warm t o 5roomterrperature for 2 h, and was then concentrated to half its

I I h . g ln (3
(12°m) “were t hen aadontingoYRETIRYEG it AEERRET G o oo Rt S e

acidified tpottled fMdwind Wrbkelurd N0 t87c8Nhe deditd NVFsod hamisepalaldtyddr i ed
over Na2SO4, and concentrated to dryness to %/l el d

2- (N- Boc- 3-dhﬁgtby1c@@9tahé2ét080@,d\dswg)[M+abéft taceVa?,(fowsb4ep. 12 whichiwed carded 0 %
yreld). N ough {ozthg%g{t%)t%'vgft}?c}ﬁlt )fﬁr?hze(ratp{lr%cnafti:c)’)hp |

10

atetate (0.86 g, 2.99 mmol)
and the m xture was heated at

N-Fmoc-4-amino-butyraldehyde

15 To a stirring solution of N-Fmoc-4-amino-butyraldehyde diethyl acetal
(0.050 mmol) in 1,4-dioxane (100 mL) was added aq. HCI (100 ml, 1:1 v/v, H>O : conc.
HCl) and the reaction progress was monitored by MS. Upon completion, the organic
solvent was removed by rotary evaporation, and the aqueous layer was extracted with
ethyl acetate (2 x 200 mL). The combined organic layers were washed with 5%

20 NaHCOs (2 x 75 mL), brine (75 mL), dried over Na;SQOy, filtered and concentrated to
dryness to yield the desired N-Fmoc-4-amino-butyraldehyde (15.35 g, 0.049 mol, 90.0
% yield), which was carried through to the next step without further purification: MS
m/e [M+Na]" caled 332.1, found 332.0.
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2- (N-Boc- 3- hydroxy-azetidin-3-yl)-acetic acid (0.44 g, 1.90 nmol) was

submtted to Procedure 12 for reduction to yield the correspondi ng

N- Boc- 3- (W0 206 /(dayzbn oxy- et hyl ) -azetidin-3-ol (0.29 g, 1.38Truos10/07H49 %

yi el d). N- Boc- 3- ( 2- hydroxy-ethyl)-azetidin-3-ol (0.29 g, 1.33

mmol ) was submitted to Procedure 11 for oxidation to the correspondi ng

2- (N- Boc- 3- hydroxyazeti di n-3-yl) - acet al dehyde, which was carried through to

the next step without further purification. WD

2011/ 04450@151(;&%@1_8/ 1)) 13- roxymet hyl - azeti di ne 5

N- Boc- azeti di ne-"3- carboxyl ?%%Pg%l%&&g 9.64 mol) was submitted to

Procedure 12 for reduction to the correspondi ng N Boc-3

- hydr oxynet hyl -azeti di ne, which was carried through to the next step

wi thout further purification. 10 N Boc-azeti di ne-3-carboxal dehyde

N- Boc- 3- hydr oxymet hyl - azeti di ne (9. 8% ) was submtted to 15 Procedure

11 for oxidation to the desired N-Boc-a:mne- 3- car boxal dehyde, whi ch was
f

carried through to the next step w thout rther purification. Synthesis of
(2R, 3R) - 4- azi do- 2- benzyl oxy- 3-fl uor obut anoixy aci d (5)

5

To a stirring solution of KOH (70.0 g, 1.25 mol) in EtOH/H,O (500 mL,

1:1 v/v) was added 3-methylenecyclobutane carbonitrile (25.0 g, 0.26 mol) and the
reaction mixture was refluxed for 6 h. The reaction progress was monitored by TLC

and, upon completion, the mixture was cooled and acidified to pH 3-4 with HCL. The

10  ethanol was evaporated, and the remaining aqueous layer was extracted with Et;O (200
mL). The organic layer was washed with water (2 x 20 mL), brine (30 ml), dried over
Na;SOy, filtered and concentrated to dryness to yield 3-methylene-cyclobutane
carboxylic acid, which was carried through to the next step without further purification:

'H NMR (250 MHz, CDCl3) 6 10.75 (bs, 1 H), 4.80 (s, 2 H), 2.85-3.26 (m, 5 H).

15
N-Boc-3-Methylene-cyclobutanamine
yo
HN
20 To a stirring solution of 3-methylene-cyclobutane carboxylic acid (1.0 g,

8.9 mmol) in THF (90 mL) was added NaNj; (2.0 g, 31.1 mmol), followed by tetrabutyl
ammonium bromide (0.48 g, 1.5 mmol) and Zn(OTf), (0.1 g, 0.3 mmol), and the
reaction mixture was heated to 40°C. Boc,O (2.1 g, 9.8 mmol) was then added at once,
and the reaction was heated at 45°C overnight. The reaction was then cooled to 0°C

25 and was quenched with 10% aq. NaNO, (180 mL). The THF was evaporated and the
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Mol ecul ar sieves (4 A, 4 g) were added to a round bottom flask, and were
activated by heating with a Bunsen burner under high vacuum DCM (100 ni)
WO 2011/ OWo20ULREIF0WS2010/ 052043 was t hen added and t he Pragls2emesmenl ed to
-35C with a cryocooler. Titaniumtetrai sopropoxide (1.75 nL, 5.95 mmol) and
(R R-(-)-diisopropyl tartrate (1.65 nL, 7.75 nmmol) were added and the
reaction was stirred for 30 min. Penta-1,4-dienol (5 g, 59.4 mmol) and
excess cunene hydroperoxide (80% 17 5 nlL) were added in snmall portions,
and stirri Bguedaslasenwvhddecrt widbadAr (148 nfiXr). ﬂfé%r%&ﬁ&la'y@ﬁwﬂ@&a%’é@ Rethed by
addition of sat. ag. Na2SO4 (5 nL) immediately folTowed by Et20 (50 nL) and
t he reacti 6n”wag SNaHG@A(Z or 20 mi)wbtite W30 g dtied raver THeSOeabltéred andxt ur e

filt dth h lite, hed with Et2Q I t I d
Vacuum wi  FOETFRET g PEsPoaad iAo ke haeappae i 1r shpEm Gty
sol ution. EXGESsIHMBNS: alSPheland. AJ‘Y&’r}@é?@rtlﬁlé;/digirc}’@'I\EBF)@-@%@cﬁY}léMe-f | ash

chromat ography (silica gel, 40% Et 20/ hex). "FI na sol vent renoval under
vacuum i t bypadbthaaiiing(0ys2h et nanel, 34 9%eyield)( BENMIRY250 MHz, CDCI3) & 4.83

1, 2- epoxy- 4- Benten-B-oI }b;)\ﬁ%l?f = 0.47, 1:1 EtO0Ac/ hex%‘nsand dj i sopro%yl
tartrate (& 2Hp439 (bufitbh?fast 256 § H.2h8-3dk(mse &D: %o HeAX (. drihd 44
purificatiogng o a stirring solution of epoxide (1) in THF (100 nL) under
an argon 15’ at n)bsphere was added tetrabutyl ammoniumiodide (2.2 g, 5.96
mmol ), followed by benzyl bromde (8.6 nL, 71.9 mmol) and the reaction was
cooled to -15C. Sodium hydride (60%in mneral oil, 2.65 g, 66.1 mml) was
added i n sPeBpc-poxaspine2ataexaneS-aming i on was stirred overnight with warm ng
to rt. ;Jhe reaction was quenched with MeOH, filtered through Celite, and
washed Wi th Et20. Sol vent renoval gave an oily 20 residue which was
purified by flash chromat ography (splica ge¥, 5 10% Et 20/ hex) to yield (2S,
3R) - 1, 2- epoxy- 3- benzyl oxy- 4- pent ene clear non-volatile liquid
(5.39, 47.6%yield): Rf = 0.69 (1:4 /hex); [a][3, =-36.7 (c 1.52,
CHC13); HRMS (ESI) (MtH)+ calc. fomyCl12111402 191.1067, obs. 191.1064; 11-1
NVR (CDC13, 300 MHz) 8 7.38-7.33 (m YH), 5.92-5.78 (m 1H), 5.41-5.39 (m
1H), 5.37-5.33 (m 1H), 4.66 (d, J 25|= 11.95 Hz, 1H), 4.49 (d, J = 11.96
Hz, 1H), 3.83 (dd, J = 7.34, 4.20 Hz, “4Hy~_3.10 (dt, J = 4.07, 4.06, 2.70
Hz, 1H), 2.79 (dd, J = 5.21, 4.00 Hz, 1H) .70 (dd, J = 5.23, 2.64 Hz,

1H). 13C NMR (CDC13, 100 MHz) 6 138.32, 134.67, 128.56 (2C), 127.87 (20,
127.82, 119.73, 79.54, 70.83, 53.41, 45.00. WO

2011/ 044501PCT/ US201 52043 0 OBn .OH I)\j!-I4C H20 .
g{-goc- -met%l?igne-cyc (l)\gutananmine (1.65 g, é.O mmol) was submitted

to Procedure 8 for epoxide formation to yield N-Boc-1-oxaspiro[2.3]hexan-5-amine
15 (1.46 g, 7.33 mmol, 81.5 % yield): '"H NMR (250 MHz, CDCl;) & 4.79 (bs, 1 H), 4.13-
4.31 (m, 1 H), 2.66-2.83 (m, 4 H), 2.31-2.47 (m, 2 H), 1.45 (s, 9 H).

N-Boc-2,2-dimethyl-3-amino-propionaldehyde

S

(o} u H

20

N-Boc-3-amino-2,2-dimethyl propanol (0.415 g, 2.04 mmol) was
submitted to Procedure 11 to yield N-Boc-2,2-dimethyl-3-amino-propionaldehyde
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23 NaN3 (3.38 g, 52 mml) and NH4Cl (2.78 g, 52 mmmol) in H20
(10 nm.) were heated until a clear solution was obtained. This sol ution was
t hen addewodnopmi®me to a sol ution of (2S, PCT/US2010/052043
3R) - 1, 2- epoxy- 3- benzyl oxy-4-pentene (2) (3.3 g, 17 4 nmol) in 5 MeOH (200
m.) and the reaction mxture was stirred for 4 days. The organi c sol vent
was renoved under vacuum and the aqueous | ayer was extracted with DCM (3
X). The conbi ned organic | ayers were dried over Na2SO4, filtered and
reduced undgs9 gawmmol %al % Aeldy: UENMI(Z30 N@sz, DB 6.4y (sf 11 &5 4.80
chr omat ogr aph cﬁ)SI l'ica 10 -> 20% Et 20/ hex) to yield
(2S, 3R) - 1- él:zsbﬁ 33%@;24 kQM(ge%HérL@&@WHQ) (2.66 g, 66%yield) 10 as a
non-vol atile clear liquid: Rf = 4.8 (1:4 EtO0OAc/hex); HRVS (ESI) (MtNa)+
calc. for G 2H15N302 256. 1056, obs 256.1057; [ab = -46.3 (c 1.50, CHC13);
111 NVR ( CROBe- 3mnmszey@opznﬁfr rFropfbraletR, 591576 (m 1K, 5. 46 (dd,
J =17.16, 1.42 Hz d, J =24700, 1.37 Hz, 1H), 4.65 (d, J =
11.67 H3, 1H), 4.39 (d, J = 11.67 Hz, 1H), 388380(m 2H), 3.44-3.40 (m
2H), 2.22 (d, J = 3.60 Hz, 1H); 13C NWR 1 CDC13, 100 MHz) 8 137. 88,
134.60, 128.66 (2C), 128.08 (2G . 05 1.40, 81.39, 72.61, 70.70,
53.0; FTIR (Nadl): 3435, 2870, 2 42, 1454, 1070 cm 1. OBnOBn DAST
OHbenzene, pyr 34 To a stirring s | uti bn of DAST (900 pt, 6.87 mmol) in
benzene (3.2 20 nL) and pyridine ?400“"&1}(? | astic container at -10C
4

was added (2S, 3R)-1-azi do-3- benzyl oxy- entefN2-o0l (3) (750 ng, 3.21
nmml) in small portions, and the reactiompbwas stirred at this tenperature
for 48 hr followed by 6 hr at rt. The reaction m xture was slowy added to
sat. agq. NaHCO3 (20 nmL) at OC and was stirred for 10 mm The resulting
aqueous mi xture was exhLAaet Vist 3 d c £ 25

| ayers were washed w®%6§§ﬁ%¥3 %ﬁ%dﬁg@p@g&g&m??l gg?eg@gﬁg{%%%ed
under submitted to Procedure 11 for oxidation to the corresponding N-Boc-3-amino-3-

10 cyclopropyl propionaldehyde, which was carried through to the next step without

further purification.

4(S)-tert-Butyldimethylsilyloxy-N-Boc-pyrrolidin-2(R)-carboxaldehyde

(¢

4(S)-tert-Butyldimethylsilyloxy-N-Boc-pyrrolidin-2(R)-methanol  (0.50

/ O/// ",

15

g, 1.50 mmol) was submitted to Procedure 11 for oxidation to the corresponding 4(S)-
tert-butyldimethylsilyloxy-N-Boc-pyrrolidin-2(R)-carboxaldehyde, which was carried
20  through to the next step without further purification.

3-tert-Butyldimethylsilyloxy-propanal
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vacuumto yield a crude, which was purified by flash chromatography (silica
gel, 1% WD 2011/ 044501PCT/ US2010/ 052043 Et 20/ hex) to yield

(3R, 4R) - Swaznda4s0fi| uor o- 3- benzyl oxy- pent - 1-ene (4) (12@cmgiS2di6/08%3i el d)
as a nonvolatile clear liquid: Rf = 0.63 (1:9 EtOAC/ Hex); [a][3, = -11.9 (c
1.50, CHC13); 1H NWR (CDC13, 400 MHz) 6 7.44-7.29 (m 5H), 4.63 (dddd, J =
47.64, 7.07, 4.99, 3.32 Hz, 1H), 5.49-5.42 (m 2H), 4.70 (d, J = 11.95 Hz,
1H), 4.57 (ddd, J =5 7.07, 4.99, 3.32 Hz, 1H) 4.44 (d, J = 11.90 Hz, 1H),

4.03 (ddd, J = 16.87, 7.57, 5 04 Hz\ %2 (m 1H), 3.45 (ddd, J =
27.45, 13.63, 3.27 Hz, 1H). Miz) -196.66 (dddd, J =
47.27, 27.08, 19.84, 16. 89 rz) CDC13 100 MHz) 6 137.80, 133.09
(d, J = 5.30 Hz), 128.70 (20, 09 (3c3 129. 04, 93.33 (d, J = 181.54

Hz), 79.08 (d, J = 20.39 Hz), 70 92 51.46 (d, J = 22.25

3-tert-Butyldimethylsilyloxy-propanol (0.50 g, 2.62 mmol) was

submitted to Procedure 11 for oxidation to the corresponding 3-fert-

5 butyldimethylsilyloxy-propanal, which was carried through to the next step without
further purification.

2-Methyl-N-Boc-2-amino-propanal

%
o

10 )
2-Methyl-N-Boc-2-amino-propanol (0.83 g, 4.38 mmol) was submitted
to Procedure 11 for oxidation to the corresponding 2-methyl-N-Boc-2-amino-propanal
(0.706 g, 3.77 mmol, 86.1 % yield): '"H NMR (250 MHz, CDCl;) & 9.40 (s, 1 H), 1.57

15 (s, 1H), 1.41 (s, 9 H), 1.30 (s, 6 H).

N-Boc-1-amino-cyclobutane carboxylic acid
N COH
O i

1-Amino-cyclobutane carboxylic acid ethyl ester (1.0 g, 6.28 mmol) was

20

dissolved in 1N HCI (10 mL) and the reaction was heated to a reflux for 2 hours. The

75



10 Hz).

1) 03,

FTIR (NaCl): 2930, 2104, 1643, 1454, 1281, 1115, 1069 cm . OBn
DCM OBn N3 F CH 5 2) NaH2PO4, NaCl02

(3R, 4R) - Swazndar4sofi| uor o- 3- benzyl oxy- pent - 1-ene (4) (12@cmgis2@0H8B43mol )
was submtted to Procedure 13, followed by recrystallization from hot
hexanes 15 (2 x) to yield (2R 3R)-4-azido- 2-benzyl oxy-3-fl uorobut anoic acid
(5 (120 ng, 9099 : [a]p = -56.9 (c 0.68, CHC13); HRMS (ESI negative node)
(MH calc. for C iH 2FN303 252.0790, obs. 252.0782; 1H NWR (CDC13, 400

MHz) .

6. 1Gedbioh nixthrd waythéf cdnceftrited tdidyness.t8 &16(1&161 dthde WliicH@adéhbmittad

4.91, 2.92 Hz %6’494@&(:1 J = 11.47 Hz, 1H), 4.55 (d, J = 11.51 Hz,
rpge

4 17 (dd Jo P
6 198 36 (%ﬁgﬁxyﬂca“ 6.28, 27.22, 24.46, 14.15 Hz); 13C NWR (CDC13, 100

e ‘D f@eBeg proteqpion 3o wield dhe dgsmedz]@ -Bap- B‘@xmmg-cgglobqtarge]

1H)

4.28, 13.20, 4.92 Hz, 1H); 19F NWR (CDC13, 376 M—IZ)

MHz) 6 174.63 (d, J = 4.21 Hz), 136.37, 129.15 (20), 129.07, 128.98 (20,

91.53 (d, J = 182.59 Hz), 76.40 (d, J = 19.90 Hz), 73.96 (s), 50.87 (d,

25. 13 HZ) ; NBoR-I-Maidbo)cychidbiyl-@e8Gnoll 753, 1407, 1283, 1112 cm1l. 25

AN
s

N-Boc-1-amino-cyclobutane carboxylic acid (6.28 mmol) was submitted
10 to Procedure 12 for reduction to the corresponding N-Boc-1-Amino-cyclobutyl-

methanol.

N-Boc-1-amino-cyclobutane carboxaldehyde

15
N-Boc-1-amino-cyclobutyl-methanol (0.25 g, 1.24 mmol) was submitted
to Procedure 11 to yield the corresponding N-Boc-1-amino-cyclobutane

carboxaldehyde (0.24 g, 1.20 mmol, 96.8 % yield): 'H NMR (250 MHz, CDCI3) & 9.0
20 (s,1H),4.91 (bs, 1 H), 3.74 (bs, 2 H), 1.71-2.20 (m, 4 H), 1.42 (s, 9 H).

N, N-diBoc-4(S5)-amino-2(S)-methanol-pyrrolidine

76
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Synthesis of ent-5 WD 2011/ 044501PCT/ US2010/ 052043 OH(S, S)-(+) -di i sopropyl
tartrate OHOBn BnBr, Bu4N NaN3 Ti (01PO4 Starting from
pent a- 1, w0i2enai4430% g, 59.4 mmol) and using (S, S)-(+)- @cramspeiopyiostartrate
under the same reaction conditions as descri bed above the enantioner ent-2
was obtained (4.9 g, 43%yield): [a]i) = +3570 (c 1.76, CHCl13). (2R 5

35) -1, 2- Epoxy- 3- benzyl oxy-4-pentene (ent-2, 3.9g, 20 5 mvol) was submtted
to the same reaction conditions descrlbed above to yield the enanti omner

(2R, 35)-1-azi do- 3- benzyl oxy-4 nt-*ﬁ 2.75 g, 57%yield): [a]D
= +4730 (c 1.30, CHC13). (2R,3;§1 |do c oxy-4-penten-2-ol (ent-3)
(500 ng, 2.14 mmol) was submt t oot he reactlons as descri bed above
to yield the enantionmer (3S,48)-5- 10 a2|do 4 fl uor o- 3- benzyl oxy- pent - 1- ene
(ent-4, 75.5 ng, 0.32 mmvol, 15%vyield, [a% =-s+10.7,c 1.50, CHC13), which
was submtted to the same reaction conditfons &s described above to yield
ent-5 (59 ng, 73%yield): [a]D= +58.6 (cC 0.73;§EHC13). Synt hesi s of
(R) - 4- Azi do- 3, 3-di f | uor o- 2- benzyl oxy- but anoi ¢ acid (3)

N, N-diBoc-4(S)-amino-pyrrolidine-2(S)-carboxylic acid (1.03 g, 3.12
mmol) was submitted to Procedure 12 to yield the corresponding N, N-diBoc-4(S)-
5 amino-2(S)-methanol pyrrolidine (0.605 g, 1.91 mmol, 61.2 % yield), which was

carried through to the next step without further purification.

N, N-diBoc-4(S)-amino-pyrrolidine-2(S)-carbaldehyde
>(o N
T
(o} N "
O)\}V
10

N, N-diBoc-4(S)-amino-2(S)-methanol pyrrolidine (0.486 g, 1.53 mmol)
was submitted to Procedure 11 for oxidation to the corresponding N, N-diBoc-4(S)-
amino-pyrrolidine-2(S)-carbaldehyde, which was carried through to the next step

15  without further purification.

N-Boc-1-aminomethyl-cyclopropyl-methanol

P =

20
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15 OBnOBn 1) Swern N3 OH2) DASTN3 F F 12 To a stirring solution of DWVSO
(690 pL, 9.65 mml) in DCM (25 nlL) at -78C was added oxalyl chloride (3.21
mL of a 2w0 2Migahastti on in DCM 6.43 mml ) and the react ipom/usasio®sions ed for
1 hr. A solution of (2S, 3R)-1-azido-3-benzyl oxy-4- 20 penten-2-ol (1) (750
ng, 3.21 nmol) in DCM (1 nmL) was added dropw se and the reaction m xture
was stirred for 1 hr at -78C. N-Methyl norpholine (1.41 nL, 12.9 mol) was
added dropwi se, and the reaction was stirred at -15C for 2 hr. The reacti on

WO 2011/ 044501PCT/ US2QBOL-Q52043mems - Eytesiabpthe Watboxpho aghal © dufdemn(od) 1
pH 6.0) and the aqueous |ayer was separated. The organic |ayer was washed

with the pmm@ﬁ%ﬁ%fq Ero¢eduxy 12450 miglb ke comegoading |N15@ﬁédalamﬁ}€§d’llrced

i ea over NyeseRe Paruatnrn g ahmh el gt PRI i

vacuum t o yh@led thid8g Efo%ﬁ@n&&tsfé?‘%mt%'t ﬁﬂth\éﬁﬁuﬂ'ic%ﬁthed in DCM (1 ) and vas
added to a stirring solution o m., 15 3 nmol) in DCM (3 nL) in a

plasticial at - 25C The reaction vvas allowed to slowy warmto rt and
was stirre$ or 48 hr. el reaction mxture was then slowy poured into
stirring sat?° -&-mmqa% Yy clopyopanesarboxpdehydest i rred for 10 nin. The
resul ti ng aqueous m xture was extracted with DCM 10 (3x), and the conbi ned
organic |l ayers were dried over filgtered and reduced under vacuumto
yield a crude, which was purified by flashichromatography (silica gel, 1%
Et 20/ hex) foll owed by preparati LA I (silica gel, 0.5 M 5%
Et 20/ hex) to yield (R)-5-azi do-4, o benzyl oxy-pent-1-ene (2, 193
ng, 0.76 mol, 24%yield), as a n volatile clear liquid: Rf = 0.72 (1:4
Et OAc/ hex); [alp = - 15 23.8 (c 1.52, CHC13); 1H NWR (CDC13, 300 MHz) 8
744731(m5H),589(dddd J = 16.88, 10.61, 7.11, 0.62 Hz, 1H),

o S 1 PRty s frodffgodt 487 2 £33l s 10,

(tg, J = 13ulfittedIo Proceiurb11 fdd odiatichliolBe Hérre%kﬁldmé%%m -4riloh3thy282
MHz) 8 -116.63 (dtd, J = 257.62, 13.91, 13.90 72 Hz), -111.27 (dtd J =
257.59, cyclopropane carboxaldehyde, which was carried through to the next step without

further purification.

15 N-Boc-1-amino-cyclopropyl-methanol

N-Boc-1-amino-cyclopropane carboxylic acid (0.25 g, 1.24 mmol) was
20  submitted to Procedure 12 to yield the corresponding N-Boc-1-amino-cyclopropyl-
methanol (0.051 g, 0.27 mmol, 21.8 % yield), which was carried through to the next

step without further purification.

N-Boc-1-amino-cyclopropane carboxaldehyde

25
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20 16.18, 16.16, 7.04 Hz); 13C NWR (CDC13, 75 MHz) 8 137.14, 130.33 (t, J =

3.06, 3.06

Hz), 128.71 (2C), 128.27, 128.20 (2C), 122.78, 120.69 (dd, J

249. 89, 2%6.288/Hzj1 78.87 (dd, J = 30.35, 25.35 Hz), 71P¢@/USdo10d52049. 48

Hz), 51.47
1091 cm 1.

(2, 193 ny,

(dd, J = 30.26, 25.92 Hz); FTIR (NaCl): 2928, 2108, 1455, 1292,
(R) -5-Azi do-4, 4-di f | uor o- 3- benzyl oxy- pent - 1- ene
0.76 mmol ) was submitted to Procedure 13, followed by washing

with cold hexanes (3x) at -20C tojyield (3) (139 ny, 67.6%yield): [alp =

-32.4 (c 0.
MHz) 6 7.46-7.32 (m 5H), 6.48u(s,

80, CHC13); HRMS (ESI WD 2011/ 044501PCT/ US2010/ 052043 negative

4 = 11.30 Hz, 1H), 4.67

mode) (MH) for GiH iF2N303 27010696, obs,0270. 06924; 1H NVR (CDCL3, 400
J

(d, J = 11.
14.67, 12.35 Hz, 2H); 19F NMR (CcDCL

2.28, 9.78Mz, 1H), 3.75 (dd, J =
—3760Mz) '6 -112.61 (qd, J = 260. 95,

30 Hz, 1H), 4.37 (dd, J

12.30, 12.29, 12.29 Hz), - 5 109.68 (dtd, J = 260.79, 14.75, 14.68, 9.94
Hz); 13C NWMR (CDC13, 100 MHz) 6 170.84, 135.48, 129.01, 128.94 (2C), 128.78
(20, 119.59 (t, J —I\I?-Bb0518amﬁl5lcy5ﬁ>pf®)yl méthab6l (@51)=,29.86, m&olR4whiz ) ,
74.34, 51.58 (dd, J = 28.94, 26.76 Hz). FTIR (NaCl): 3337, 2929, 2112,

1738, 1455,
(2R, 39) 51
subm tted
15 azi do-4

sulg_rgg‘gad gpzjlb'ocmg Ehifor oxidation to the correspondlng N Boc-1-amino-

enzyl o enten- 2- ol t 0 1
S8 RroBal S ieniiiBe S, Faf =GB Mong B BB Ytk o3
fArtebrfouaefiod- benzyl oxy- pent-1-ene (ent-2, 114 ng, 21%yi el d,

[a][3, = +27.9 (c 3.14, CHC13)). Ent-2 (75.5 ng, 0.32 mol) was subm’tted
to Procedure 13 to yield (5)-4-azido-2-benzyl oxy-3, 3-di f|l uorobutanoic acid

(ent-3, 34.
(2S, 39)-4-

10

15

20

SR ns e St ddbwiimeby binbiber e Sprexdiean angroeany > °

acid

1A

OH

To a stirring solution of N-Boc-1(R)-amino-2(S)-hydroxy-cyclopentane-
4(S)-carboxylic acid methyl ester (0.622 g, 2.40 mmol) in DCM (1.9 mL) was added
imidazole (0.164 g, 2.41 mmol), DMAP (0.047 g, 0.35 mmmol) and TBSCI (0.363 g,
2.40 mmol) and the reaction was stirred at room temperature for 18 hours, followed by
heating at 40°C for 1 hour. The reaction mixture was cooled to room temperature, and
was quenched with H,O (3 mL). The organic layer was separated and was concentrated
to dryness to yield a residue, which was dissolved in isopropanol (6 mL) and 1M NaOH
(2.9 mL), and the reaction was heated at 60°C for 1 hour. The reaction was cooled to
0°C and slowly acidified to pH 3 with 1M HCI (3 mL). After adding chloroform (18
mL), the organic layer was separated, dried over Na,SOy4, and concentrated to dryness

to yield the desired acid (0.75 g, 2.09 mmol, 87.1 % yield).
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OHBu4NI OBn 12 To a stirring solution of

(2S, 3R) - 1- azi do- 3- benzyl oxy-4-penten-2-ol (1) (250 lit, 1.07 nmol) in THF
(50 nmL) uwdentiadgiem was added tetrabutyl amoni um 25 i odipd@/US4@0m82048. 11
mmol ) followed by benzyl brom de (155 uL, 1.27 nmol) and the reaction was
cooled to OC. Sodium hydride (60%in mneral oil, 47 ng, 1.18 nmol) WO
2011/ 044501PCT/ US2010/ 052043 was added in snmall portions and the reaction
was stirred overnight with warmng to rt. The reaction was quenched with
MeOH, filtered through Celite, and washed with Et20. The organic sol vent
was renoved under vacuumto give an oily residue, which was purified by

fl ash chr oM BogrlaRRgmiso-L2{(S)aergdutyldim ehgBilhlexy-4($)-yydriosyh8RylS) - 5- azi do- 5
3, 4- bi sbenzyl oxy-pent-1-ene (2, 237 ny, 65%yield) as a clear non-volatile
liquid: Rf=<YBlopontame 4 EtoAc/hex); NI) = -6.1 (c 1.50, CHCL3); 1H NVR
(CDC13, 300 MHz) 8 7. 35 7.24 (m 10H), 5.81 (ddd J = 17.15, 10.58, 7.45

Hz, 1H), 5.37 (ddd, J = 5.70, 1,65, 0.86 Hz, 5.33 (ddd J = 12.07,
1.44, 0.81 Hz, 1H), 463(5 4.61 (d, J: .87 Hz, 4.35 (d, J =
11.78 Hz, 1H), 3.90 (tdd, J 7.37, 5.65, 0,29 79 Hz, 10 1H), 3.60 (ddd,
J = 6.39, 5.69, 3.64 Hz, 3043(dd JF o 93 6.42 Hz, 1H), 3.35 (dd,

J = 12.93, 3.60 Hz, 1H): 13CNI\/R \
128.60 (4C), 128.29 (2C), 128.02, /127.9
80.23, 73.33, 70.79, 51.69; FTIR (Nad)
1095, 1073. 15 OBn OBn 2 OBn 1) 03, DCM

5

8 138.25, 138.01, 135.43,
O, 127 87, 119.97, 80. 76,

N-Boc-1(R)-amino-2(S)-tert-butyldimethylsilyloxy-cyclopentane-4(S)-
carboxylic acid (0.53 g, 1.47 mmol) was submitted to Procedure 12 for reduction to
the corresponding N-Boc-1(R)-amino-2(S)-tert-butyldimethylsilyloxy-4(S)-

10 hydroxymethyl-cyclopentane (0.44 g, 1.27 mmol, 86.4 % yield):'H NMR (250 MHz,
CDCl;) 6 4.69-4.79 (m, 1 H), 4.08-4.13 (m, 1 H), 3.88 (bs, 1 H), 3.52-3.61 (m, 2 H),
2.16-2.30 (m, 2 H), 1.96-2.14 (m, 2 H), 1.48-1.53 (m, 2 H), 1.47 (s, 9 H), 0.91 (s, 9 H),
0.09 (s, 6 H).

15 N-Boc-1(R)-amino-2(S)-fert-butyldimethylsilyloxy-cyclopentane-4(S)-
carboxaldehyde

e
o

20 N-Boc-1(R)-amino-2(S)-tert-butyldimethylsilyloxy-4(S)-hydroxymethyl-

cyclopentane (0.44 g, 1.27 mmol) was submitted to Procedure 11 for oxidation to the
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2) NaH2PO4, NaC1020Bn OH
(3R, 48) - 5- azi do- 3, 4- bi s- benzyl oxy-pent-1-ene (2, 237 ng, 0.69 mmol) was
subni t t edwbaoRraewdure 13 to yield PCT/US2010/052043

(2S, 35) -4-azi do- 2, 3- bi s- benzyl oxybutanoic acid (3, 187.7 ng, 75%yield):
[cdp = -15.1 (c 1.05, CHC13); HRVMS (ESI negative node) (MH calc. for
C18H19N304 340. 1303, obs. 340.1296; 1H NMR (CDC13, 300 20 MHz) 67.24 (s,
1H), 7.38-7.33 (m 10H), 4.79 (d, J = 11.61 Hz, 1H), 4.66 (s, 2H), 4.56 (d,
J = 11.61 Hbrreﬂﬂdhdln@ 20-Bok- 1@?)-an‘ﬂinaé(ﬁztertlﬂd)yldﬁle@@flillydoxﬂcy%lcﬁaeﬁﬁneA(SSO
4.30 Hz, 1H), 3.58 (dd, J = 04, 6.62 Hz, 1H), 3.42 (dd, J = 13.04, 4.31
Hz, 1H); 13@%@@@@1@42251%21)%1 968 %7ieldR7. 92, 137.34. 129.44 (20,
129.36 (2C), 129.15, 129.04 (2C), 128.98 (20, 128.94, 79.71, 77.651,
74.04, 73.89, 51.65; FTIR (NaCl): 3000, 2918, 25 2103, 1722, 1455, 1284,
1110 cm 1. (SYBRgR-INGocBhydroxYQARAM. 94 HAORET/ US2010/ 052043

(2R, 35)-1-azid benzyl oxy-4-penten-2-ol (ent-1, 250 ng, 1.07 mmol) was
submitted to the sane reaction conditions as described above to yield
(3S,4R)-5- azido -3, 4-bis-benzyl oxy-pent-1-e e en -2, 322mg, 59%vyield):
[cdp = +7.9 (c 1.50, 5 CHCl13). Ent-2 (178 ) was submtted to
Procedure 13 to yield ent-3 (144 ny, 77% |eI ak0= +15.2 (c 0. 81,
CHC13). Synthesis of Conmpound 6 56[“_

Sy

To a stirring solution of N-Boc-3-azetidinone (0.45 g, 2.64 mmol) in

THF (5 mL) was slowly added a 0.5 M solution of 2-fert-butoxy-2-oxoethyl-zinc
10  chloride in Et,0 (10 mL, 5.0 mmol), and the reaction mixture was stirred for 5 h. The

reaction was then quenched with sat. ag. NH4Cl (10 mL), and the aqueous layer was

separated and extracted with ethyl acetate (2 x 30 mL). The combined organic layers

were washed with 5% aq. NaHCO; (2 x 10 mL), brine (15 mL), dried over Na;SOy,

filtered and concentrated to dryness to yield fert-butyl-2-(N-Boc-3-hydroxy-azetidin-3-
15 yl)-acetate (MS m/e [M+H]" calcd 288.2, found 287.7).

2-(N-Boc-3-hydroxy-azetidin-3-yl)-acetic acid
OH
l_ OH
XO\H/ N
0

To a stirring solution of tert-butyl-2-(N-Boc-3-hydroxy-azetidin-3-yl)-
acetate (0.86 g, 2.99 mmol) in dioxane (18 mL) was added 3M HCI (5 mL), and the

20

mixture was heated at 70°C for 1h. The reaction mixture was then cooled to 0°C and it
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10 Synthesis of Conpound 2 A 2-L three-necked round-bottoned fl ask equi pped
with a reflux condenser was charged with epoxide 1 (60 g, 315 mmol),

pht hal i mwe 206946509, 473 15 Mol ), pyridine (5.1 nL, 63PLTruseé1p/02M4301 %)
and I PA (600 nL) and the resulting solution was stirred at 80 - 82 C for 8
hrs. The reaction m xture was then cooled to anbi ent tenperature and
concentrated on a rotatory evaporator to dryness. The resi due was adsorbed
on silica gel (100 g), dried under high vacuum and then purified by flash
WO 2011/ 04 1 I t 0 -
40%)NWBE/h§%%a§esfgfggggé rﬁgﬁﬁéqgégpﬁéghgﬁgﬁgﬁ ngbggFgg%ggé%gﬁ%éié

al cohol 2 asmal)WiiHeaesiondnixfide g, all@@d%i ‘to driMR roGiGeRhpetafite Mtz h8 and
783782(m211)7717691( 7.32-7.31 (m 411), 7.28-7.25

1H), 5.91 (Wédhemeoncentrated tp alf its @tﬂﬂohmmyn the togy eYaporapr. Asppropangs (% d, J=

11 7 Hz, 5 11. 7 Hz 9 98s

12 oS bl anflrfofm 3 i Gpfoned Buaey 002 bl iR Sad® (1
Cormounds 3 stowdylacidifi@e td gHK® &vitho UMKt t[%%@gainh@ﬁalyelewus Iﬂﬂﬁcke}ﬁmh’&daﬂned
addition 10 funnel, an overhead nechanical stirrer, and a nitro

i nl et/ out | etvendie:¥hargédondentratad $o Hymessroafield | 2e@fBioc 3-lydgoxy- a@ggmn?nﬁl)) in

anhydrous tetrah r 840 e | ution was cooled to -10 to -15 C,
t hen Bu4NI£f§Q%%%g&9é%ggf fﬂg%l%%$wéglmas charged into the reactor

foll owed by benzyl bromde (29.6 ni, 249 nmmol). The resulting solution was
stirred for 20 mn, then sodiumhydride (9.2 g, 228 mol, 1.1 15 equiv, 60%
m ner al oi IN@#eege(Shpdoxyethyddaadidin-3tdle batch in portions such that the
bat ch tﬁ erature was naintained at -10 to -15 C. Once the addition of

sodi um @Eride was conplete, the reaction mxture was stirred for

addi tional 30 nm and then brought to anbie "t erature and further
stirred for 18 h. The reaction was quenghe it h 8dueous NaHCOB (280 ml)
while maintaining the reaction mxture at 5 to 0 C 20 (ice bath). The
reaction mxture was then dilu WTBE (1.4 L nL) and the phases
separated. The organic |ayer s| washed with water (2 x 210 nmL), brine (210
m), dried (MgSH), filtered, and corcentrated to obtain the crude product
as an oil. The crude product was purified by flash colum chronat ography on
silica gel (5 - 25% MIBE/ heptanes) to obtain the desired product 3 as a
sem solid (75.7 g, 8bfK-BobH-INVRZR Al 3y1)3RBtidVHEN (6.44-of 390 ddndlwagH)
7.67-7.66 (m 2H), 7. 3@67 21 (m %ﬁaﬁ 1%W)7 13 (n1(2FD£¥7 07-7. ngkn1
311), 5. 98 s@b@mte(dmo Prpcedurd A2 $or fddp ptlQ'n :&9 ¥i¢ld, thg —casregpondingz N-Bph-3-(2- 66
(dd, J

0,, 5.7 9 .0 4.44 (d, J= 11.8 Hz,
111), @dwy(%%%ﬁ%“ rswlz(%?-%l(%% )73*& % St (

2-(N-Boc-3-hydroxy-azetidin-3-yl)-acetaldehyde

| Ez}k
T

N-Boc-3-(2-hydroxy-ethyl)-azetidin-3-0ol (0.29 g, 1.33 mmol) was

20

submitted to Procedure 11 for oxidation to the corresponding 2-(N-Boc-3-hydroxy-
azetidin-3-yl)-acetaldehyde, which was carried through to the next step without further

purification.
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30 Synthesis of Al dehyde 4 and Carboxylic Acid 5 WO

2011/ 044501PCT/ US2010/ 052043 A solution of alkene 3 (30 g, 70.2
nol ) in D@20W/B4308 was sparged with ozone at <-70 C (dPgTiusesianstoane) for
1 mn using oxygen source to generate the ozone. Once the reaction was
deened conpete (TLC, 1:1 MIBE/ heptanes), the solution was sparged with
nitrogen for 35 mn to renove residual ozone. The reaction 5 was quenched
with dinmethyl sulfide (52 nL, 702 mmvol) while naintaining the reaction

m xture at <-70 C (dry ice-acetone). The cold bath was renoved and the

m xture was allowed to warmto anbient tenperature. The reaction m xture
was concentNdiozeB-hpdieoxymethydedetidiessur e and further dried under high vacuum
to obtain the crude al dehyde 4, as a thick oil (35.5 g, >99%. Rf = 0.38
(1: 1 MIBE/ heptanes). The reaction was 10 repeated at 30 g scale of 3 to
afford crude al dehyde 4 (33.4 g, >99% . The @t s of crude al dehyde were
conbi ned and subjected to the Pinnick oxi,c—jﬁi on without further
purification. The crude al dehyde 4 (30.1,9) was taken into a m xture of 15
tetrahydrofuran, tBuOH, and wat , 226 mL, 151 nmL, 3:3:2) along

w th NaH2PO4 (33.7 g, 281 nmol d 2-nethyl -2-butene (149 nL, 1.4 nol).
The solution was cooled (15 5 C, |watergbath). Sodiumchlorite (12.7 g, 140
nol ) was added to the batch and the resulting solution was stirred at

anbi ent 5errper ature for 4 hr. The conpletion of the reaction was confirned

by TLC analysis (1:1 E/ he S 0 5% The re ctlon was
t hen quenched with brII\\{I]r§°(36Z6£Z)(5 Cﬁﬁﬂf’?’ﬁ‘éab‘%g‘égtg g% H%%)QaquHP%rn Q3

602 ). TherQEd@R £2 K@Y RUSON ® Bl &rebphdt 9@(1\1 B@@gqg&if@tyﬁfét qgéudﬁ&duced
pressure to obtain the crude acid 5 as a thi oi | The
synt hesi s waich eaeasreidd tdimro3¢h tb the aealsepofithbut turthef mmﬁcratlunie aci d 5 (44.2 q,
>099% . The both lots of crude acids were conbined and purified by flash
colum 25 chronmat ography over silica (5 - 100% MIBE/ hept anes). Fractions
cont ai ni ng re, d concentrated under reduced pressure
to affo?@ alglq?c §§dﬁﬁ e solpggyfgg 19, 47%: R = 0.39 (5:95 MeOH DCV ;
1H NWVR (CDC13, 500 MHz) 8 7.76 (dd, J= 6.8, 3.7 Hz, 2H), 7.68 (dd, J= 5.5,
3.0 Hz, 2H), 7.35-7.34 (m 2H), 7.31-7.26 (m @8H), 7.18-7.16 (m 2H),
7.11-7.05 (m 3H), 4.75 (d, J= 11 Hz, 1H), 4.65 (d, J= 30 12.8, 2H), 4.59

(d, J= 11.9 Hz, 1H), 4.22 (d, J= 3.65, 1 T%,(m 1H), 4.08 (dd, J=
14.3, 6.8 Hz, 1H), 3.86 (dd,J= 14.3, 4.7 Hz,| 1H. WO
2011/ 044501PCT/ US2010/ 052043 Synt hesi s ofx-Eonpound 6 A round

bottoned fl ask equi pped with a magnePire(stirring bar, and a thernocouple
probe was charged with a solution |of phthalim de-protected amno acid 5 5
(29.0 g, 65.1 mml) in THF (350 n). To%he clear, yellow solution was
added dei oni zed water (175 nL) and the resulting m xture cooled to 5 C
Met hyl am ne solution in water (58 0 m., 40 wt % 665 nmol) was then added
to the batch, which WESBowad-hpdtokgmethbi-edetidine Me6at uwireol) 2ivas 28brajttedndo
stirred for_26 hours. Analéatls of an aliquot fromthe reaction m xture by

LOVB i néd cabiagede Hefut pxdntipastocbaplesirad Niipec-aptidigct-rashoraldehlide Whish t hen
concentrategd, | amea}ﬂﬂmdlégto n[eégv‘y?fﬁé,}h?utr due 80%{3?’\" ng all excess

met hyl am ne. e'resi and water (350 niL),
cooled to 0 - 5C and to the crude am no acid solution was added potassi um
car bonat e (45 g, 326 rrm)l) foll owed by benzyl chl oroformate (17.2 L, 114
mol ) . iy 2R tido-Rrlinzploxy Snifleorabutancinakid i reacti on al | owed
to proceed for 28 hours 15 Anal ysi s of an allquot at this tinme point by
LCMS i ndicated a conplete conversion of th Ham no acid to they,gcarbamate.

The reaction m xture wasreaneepbsyaiegd under: r eduggdspressure 10_renove nost
of THF, the aquetus~residue—was—dilute Mer—&é‘%& m.3>and the pH

adj usted with 2N HCL to @(EB ng pH 5 (pH pap€f strip). The crude

product was extracted wt 96" Chl or itde (3 x 500 nm), t%'ue extracts
washed pfth

Molecular sieves (4 A, 4 g) were added to a round bottom flask, and

were activated by heating with a Bunsen burner under high vacuum. DCM (100 mL)

&3



20 water (60 nmL), brine (60 nL), dried (MgSO4), and concentrated in vacuo
to a yellow oil (40.34 g) which was purified by flash col um chronmat ography
on silicavgeb11(d@d1g; elution with 0 - 5% MeOH i n CH2CLPLTiUuS2@0/06270d3
conpound 6 as a yellow oil (27.5 g, 92% yield over two steps). 1H NWR
(DVBO-d6, 500 MHz) 8 12.93 (s, 1H), 7.36 - 7.23 (m 16H), 5.01 (s, 2H),
4.63 (d, J= 11.8 Hz, 1H), 4.56 (dd, J= 22.9, 11.7 Hz, 2H), 4.45 25 (d, J=
11.7 Hz, 1H), 4.14 (d, J= 4.0 Hz, 1H), 3.81 (td, J= 7.3, 4.1 Hz, 1H),

3.31-3. 24 (was @kh.addyatdmasihe HhskCoRPpisBREd9to i-398BN w3 hHEyoctdler. H2@niul T
then CbzHN evaporate to renove amne OBn OH 89 Synthesis of Epox% Al cohol
Ent-2 A 3- ﬁ@tr;atsopfpnomc@r(lrﬁun@ Bl owead) AhddR Iﬁqdr%peﬁrcwk Hrgge avé htéhd

T e P SRS Sl S R L PR L PR G v
W . equi V) ,50f0 ke En P ¥x @ROVEROMS h?dr@ﬁér@ﬁl‘a@‘%gmn@7 (52m]1;) kvere @d @l 1}1 snldIE
resul ting suspension was cool ed to approxi mately - usi ng an
acet oni t¥ i IpeftC@R, dsdt dtirringeas contanied mt t3ECCaios P hopbhe mect(oamatﬂ_que@clidzﬁbml :
10 ol % madﬁlggro%esgt Iaizlt ?\Iatzg(% ?ﬁ)a thIP) m];rgé 1gt\é\edfo?lowg§ by) EtzO (50 mL) and the
reaction was stirred for 2 hr with warming to rt. The reaction mixture was filtered
through Celite, and washed with Et,O. Solvent removal under vacuum without heating
resulted in approximately 30 mL of a yellow solution. Excess cumene alcohol and
10 hydroperoxide were removed by flash chromatography (silica gel, 40% Et,O/hex).
Finally solvent removal under vacuum without heating yielded a mixture of (25, 3R)-
1,2-epoxy-4-penten-3-ol (1) (Rf = 0.47, 1:1 EtOAc/hex) and diisopropyl tartrate (Rf =
0.6), which was used in the next step without further purification.
To a stirring solution of epoxide (1) in THF (100 mL) under an argon
15 atmosphere was added tetrabutylammonium iodide (2.2 g, 5.96 mmol), followed by
benzyl bromide (8.6 mL, 71.9 mmol) and the reaction was cooled to -15°C. Sodium
hydride (60% in mineral oil, 2.65 g, 66.1 mmol) was added in small portions and the
reaction was stirred overnight with warming to rt. The reaction was quenched with
MeOH, filtered through Celite, and washed with Et,O. Solvent removal gave an oily
20 residue which was purified by flash chromatography (silica gel, 5 — 10% Et,0O/hex) to
yield (25, 3R)-1,2-epoxy-3-benzyloxy-4-pentene (2) as a clear non-volatile liquid (5.3g,
47.6% yield): Rf = 0.69 (1:4 EtOAc/hex); [a]p = -36.7° (¢ 1.52, CHCl;); HRMS (ESI)
(M+H)" calc. for C1oH 140, 191.1067, obs. 191.1064; '"H NMR (CDCls, 300 MHz) §
7.38-7.33 (m, 5H), 5.92-5.78 (m, 1H), 5.41-5.39 (m, 1H), 5.37-5.33 (m, 1H), 4.66 (d, J
25 =1195Hz, 1H), 4.49 (d,J = 11.96 Hz, 1H), 3.83 (dd, J = 7.34, 4.20 Hz, 1H), 3.10 (dt,
J=4.07,4.06,2.70 Hz, 1H), 2.79 (dd, J = 5.21, 4.00 Hz, 1H), 2.70 (dd, J = 5.23, 2.64
Hz, 1H). ®C NMR (CDCl;, 100 MHz) § 138.32, 134.67, 128.56 (2C), 127.87 (2C),

127.82, 119.73, 79.54, 70.83, 53.41, 45.00.
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diisopropyl tartrate (35 nL, 0.166 nol, 13.3 nol% . The reaction m xture
was stirred 10 for 30 mnutes, then divinyl alcohol 1 (105 g, 1.25 nol, 1.0
equi v) wasoadded4smrer 3 m nutes using an addition funnelpcirdseaw/os20as herm 2
C). Cunene hydroperoxide (370 nmL, 80%titer, 1.99 nol, 1.59 equiv) was then
added to the batch over 5 mnutes using an addition funnel (10 C exothern).
The reaction was allowed to proceed for 18 hours, holding the tenperature
between - 45 and - 30 C. Wen corrpl ete as 15 det erpi ned by TLC analysis (Rf
0.42 for divinyl alcohol, and 8°18 fonNapoxy al colf6l, 50% MIBE i n

Hept anes), the reaction was Whedrqu\%tghisatmféi/eﬁ/aqueous sodi um sul fate
(105 m., 1 vol), diluted vmth MI'BE 10 v@1) and the batch all owed
to WO 2011/ 044501PCT/ US2010/ 032043 warmto anbi 8nt tenperature, with
vigorous stirring. D atomaceous earth, Celite(r) (105 g, 1 w. equiv) was
added to the batch, WiNsH3u8s, 6Remél) hnchéﬁC1m2ﬁJg,rﬁ2anmatblblﬁlI@Q(hOe(lk) The

vacuo. Fﬁaéjw%? iweciv%fﬁ@rwﬁ%%rso Eflﬁf%ﬁ%&%% nh i Riselonrvapoer SRRV 1 or q
5
a 5 yel | owpry OMtﬁJﬁ ?‘ R Egt %&F}?f%-béﬁ%&g n@ngg% k3 b%]ﬂgﬂ mfbl) in

subjected to silica ca ge petrol eum

et her. The Me(aHt(QO@snIc)mmﬁaha ir¢agtidm eniprued was smeecbfarm d®st €he arpdncasobvent r at ed
to obtain a colorless oil (48.3 g). This material was then purified via

col unmm chr dﬁ’?étr@apé%wd@gwugns ianq? the agapousdagoyavFBiAied Wétlhégﬁ;Me@H@r Thg o

0 50 (11 irabisd Fafil bl bt SN RERE paRiRed Ui gaaaite T =
17.0, 10.5, 1eﬁd?a tude, 1{’dhlch5w§§;§ﬁﬂﬁed b5 ﬂa%h%hrém@togﬁphﬂ-}(&lhc@ gglf 10dt 2@)%—

10.5. 1.3 Pz, 1H) . 4. 36-4. 33 %310 (ddd, J= 3.8, 3.8, 3.0 Hz, 1 H),
2 81 (dd E::0/he tonyieldHRS,3 RM) -azizlord benseyloxa- 4 persern21ad (3)1(2}66 2, 6% (deldy= 3. 0

15 Synt he 1 0-g
scal e 0*0 al®2 i8R VPiﬂt‘ﬁ%@ﬁ{goqgﬂP‘}O%r‘g{‘ ng E[S&%e@%ﬂﬁ@?‘sc(%sa (ﬁ%{\%ﬂ] %ﬁ(’;é
74(15), 57%8;BL&10, z&s 2036, bem%tmw Q=L hGsk(env0, m@@bw 'YNMRECHen; cal
stirrer, a thermbcoupi e probe, and an addition funne
300 MHz) é 7.42-7.28 (m, SH), 5.91-5.76 (m, 1H), 5.46 (dd, J— 17.16, 1.42 Hz, 1H),
5.42 (dd, J = 24.00, 1.37 Hz, 1H), 4.65 (d, J = 11.67 Hz, 1H), 4.39 (d, J = 11.67 Hz,
1H), 3.88-3.80 (m, 2H), 3.44-3.40 (m, 2H), 2.22 (d, J = 3.60 Hz, 1H); °C NMR
15 (CDCls, 100 MHz) § 137.88, 134.60, 128.66 (2C), 128.08 (2C), 128.05, 121.40, 81.39,

72.61,70.70, 53.0; FTIR (NaCl): 3435, 2870, 2102, 1642, 1454, 1070 cm™.

OBn OBn
: DAST :
Ns Z Ny TN
OH benzene, pyr E
3 4

To a stirring solution of DAST (900 pL, 6.87 mmol) in benzene (3.2

20 mL) and pyridine (400 pL) in a plastic container at -10°C was added (2S,3R)-1-azido-3-
benzyloxy-4-penten-2-ol (3) (750 mg, 3.21 mmol) in small portions, and the reaction

was stirred at this temperature for 48 hr followed by 6 hr at rt. The reaction mixture was
slowly added to sat. aq. NaHCO3 (20 mL) at 0°C and was stirred for 10 min. The
resulting aqueous mixture was extracted with DCM (3 x) and the combined organic

25 layers were washed with 2 N HCI, dried over MgSQ,, filtered and reduced under

vacuum to yield a crude, which was purified by flash chromatography (silica gel, 1%
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was charged wth a solution of epoxy alcohol ent-2 [20 g, 200 nmol, 1
equiv] in 20 tetrahydrofuran (400 nL, 20 vol) along with Ph3P (105 g, 400
nmol , 2 ew0i2o)1/o4a3ed 4- nitrobenzoic acid (67 g, 400 mmolPCTAISe@uiosI4zinder a
ni trogen at nosphere. DI AD (81 g, 400 mmol, 2 equiv) was added to the
reaction m xture using an addition funnel while maintaining the reaction

m xture at O C (ice bath). Once the addition of DI AD was conplete, the cold
bat h was renoved and the reaction mxture was allowed to come to 25 anbi ent
tenper at ur &@8e) 1o Hi&dr ?ﬁFJlR)QS‘—aﬁiﬂ&huﬂlﬁ)rmsbe?ltzylﬁ)&?%eﬁtof efe %a*& (28! me,
starting material” cordsuned) and then quenched w th” aqueous CO3 solution
(100 M, 5 10d% yietd)laswashnbylatilees] e diiqtido R/ &f0.SATEED EIL(OAG/HM,) Bp vol ).9° The

%thl iwﬁ ”@@a“@ﬁ&%ﬁ“@i@ée@@bﬁh% ?33%"%@%8: %ﬂz‘ét%géqggcgvﬁgz%ﬁreng:
obtai n an o507 55 AL e THRaLR ChRGUGn & o e U (oadS

2011/ 0445017R£7]’/4l9@2930l}®;§21®¥934pl4t(g L ¥ Kg9o Hsi ng), MQQ%dMTBEM}&ntMESS 04The
crude solid (46 g) was then dissolved into MIBE (20 vol) and washed with
NaHCOB (3 % 1\}8;)36%5%@( A8, 3.490(ddd, Br+ 7d-452 12.63, @eﬁ HzgdHed T NyNBa) |

concentrat d .t tai n e e/ \as3
colid [ 20 §EDshson MG adbisE Yoo R da RN AR RRO R S °C WU P
(CDCl3, 100 MHz) 6 137.80, 133.09 (d, J = 5.30 Hz), 128.70 (2C), 128.09 (3C),
121.04, 93.33 (d, J = 181.54 Hz), 79.08 (d, J = 20.39 Hz), 70.92, 51.46 (d, J = 22.25
10 Hz). FTIR (NaCl): 2930, 2104, 1643, 1454, 1281, 1115, 1069 cm’.

OBn OBn
P 1) O3, DCM )
NN NS Y
E 2) NaH,POy, NaClO, FE  OH

4 A~ 5
(3R,4R)-5-azido-4-fluoro-3-benzyloxy-pent-1-ene (4) (128 mg, 0.543
mmol) was submitted to Procedure 13, followed by recrystallization from hot hexanes
15 (2 x) to yield (2R,3R)-4-azido-2-benzyloxy-3-fluorobutanoic acid (§) (120 mg, 90%):
[alp = -56.9° (¢ 0.68, CHCIl3); HRMS (ESI negative mode) (M-H) calc. for
C11H12FN303 252.0790, obs. 252.0782; 'H NMR (CDCls, 400 MHz) § 10.55 (s, 1H),
7.46-7.34 (m, 5H), 4.98 (dddd, J = 46.40, 7.57, 4.91, 2.92 Hz, 1H), 4.94 (d, J = 11.47
Hz, 1H), 4.55 (d, J = 11.51 Hz, 1H), 4.17 (dd, J = 27.26, 2.86 Hz, 1H), 3.77 (dt, J =
20 13.89, 13.66, 7.27 Hz, 1H), 3.42 (ddd, J = 24.28, 13.20, 4.92 Hz, 1H); "°F NMR
(CDCl;, 376 MHz) §-198.36 (dddd, J = 46.28, 27.22, 24.46, 14.15 Hz); °C NMR
(CDCl3, 100 MHz) 6 174.63 (d, J = 4.21 Hz), 136.37, 129.15 (2C), 129.07, 128.98
(2C), 91.53 (d, J = 182.59 Hz), 76.40 (d, J = 19.90 Hz), 73.96 (s), 50.87 (d, J = 25.13

Hz); FTIR (NaCl): 3151, 2098, 1753, 1407, 1283, 1112 cm™.

25

Svnthesis of ent-5
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56 8.35(d, J= 10.8 Hz, 2H), 8.25 (d, J= 10.8 Hz, 2H), 5.97 (ddd, J= 17.2,
10.6, 6.2 Hz, 1H), 5.48 (td, J=17.3, 1.2 Hz, 1H), 5.40 (td, J=10.7, 1.1
Hz, 1H), wo2di1fdaes01J= 5.0, 1.3 Hz, 1H), 3.31 (ddd, J= 6PET/U$2d10/022083 Hz,
1H), 2.93 (dd, J= 4.2, 4.2 Hz, 1H), 2.76 (dd, J= 4.8, 2.6 Hz, 1H). The
hydrol ysis of the benzoate ester was carried out follow ng the 10
literature procedure (J Org Chem 2009, 74(15), 5758-5761). Thus sol ution

of the ester (2% v) Ln methanol (340,4iL, 15 vol) was

treated with anJa edf@ (’§8‘Is‘i?f°i’y6tﬁ"’%‘f K2 (1388r, guNi10 /I, Inak, €QUI V, N
34 nL, 1.5 vol“water) at 10 - 15 C° TRe soluttom immegtat €ly |ntoa
thick slurry. The sl urioyn Joed at anbjfnent terrper\aﬁé‘gre ( aﬁ for 3 h
(starting material consune The react i YN xture 15 oncentrated on a
rotary evaporator (at anbient water bath tenperature) to -2 vol (45 nL).

The thick solution was then reslurried |n (454 nm, 20 vol). The slurry

was filtered and the soljd washed w 5 vol, 2 %8114 nl)
The conbi ned organi &f it étmlwm ,@mirﬁsja@entrat ed
to obtain a solid (31 F. Théeeruee mat eri al vesaHEAORNaquyr i f i edp byorcol um
chromat ography (silica et-3el, 10- 30% dABHE pet r ol et her) to&ﬁpgal n the
desired al cohol 3 as a clear oiI [9.24 g, quantltatlve yield, 0.31
(1:1 MIBE/ heptanes)]; 1H NMR (CDC13, 300 MHz) 6 5.94 (ddd, J= 16.2, 10.6,
5.5, 111) 5.40 (d, JSaripg3rem, pemrl 4511<2f6>1 ((é 8.J%9. Alameoll)izandlwng £56)-(0; 3=
5.3 Hz,

7-
2. 57 (br S dl’f%’mp%%fﬁ&e%gﬁieg ﬁ}e o{?ﬁ‘&mﬁl cohd1gi|6'1)1s as’ Z CTb?_(fl aliﬁ)ple%]tﬁgecked
round- bot t asBfkidrha@Sdnt2AWAPRRANY 1419 n4:&/d%émprpa]f]>bmn§ﬂ 7° @N. P/ eTHERy (2R,

mechanical stirrer, a nitrogen inlet/outlet,” was charged with al cohol 3
[9.24 g,598%- lr%ﬁpquﬂeqmy\k}xy-ftrpamtmyﬂ(emg Belg; apdmofaly amas (smlaeltmi to1tBe voI ).

5“‘35%5? fs‘fél%”nrsﬁ%c%'ﬁr%a%%m%éﬂm1cwl42§w§%%§‘l'u&@gr Bt ettt s The
1 L,
reactor folgy QX}bX \Bgﬁeﬁyj- olPfIE 97( g 3799, %ﬂ% n[;&gg; +d7.3 g&w ) CHAS).

resul ting solu I on S stirr dride (4.1 g, 1. 1 equi v,
60% mi ner al 28i3S)-di Axde §Lmn)zylmys4tﬁ&ﬁtenaz;ldled(eho3) heS(lﬂatm@, |2114aorrtm<ﬂmsmmch
that the batch terrperature was nmaintained at -10 t C. .Once t

addi ti on ofSubBfisdniosthe yame aractiers aodgsridbes abone to é,@?éci ﬂzs?rﬁrwp&?ra?re(%‘s?) ét. rred
f di h | d
or an |k ”zf"ﬂbli?{’ mrlggz‘}?o@ i e (O eCa, d%“%n‘g?% 3rz ?dlsaﬁ eﬁc?%gg) o e

m xt ure brought u errperature an ther |rred

reaction was|ooreenalsdd @HER) aGURAUSaNaiEEBitdd3 o the sém\éOfe)act\ivtﬁ lcendigbmy @k ni ng
the tenperature at -5 to 0 C (ice bath). The resulting solution was dil uted

wi th MIBE (desgited above tpoligld entr8 (59 ganitolyagie)y: [es 138 GasHe, wHFsmat er (2 x
18 m., 2 x 3 vol), brine (1 x 18 nm., 1 x 3 vol), dried (M504), filtered,
and concentrated under reduced pressure to obtai n crude product as an oi I .
The synt hes%%]r R e crude from
both the re et ' r omat ogr aphy
(silicalgyel columm, 2.5-10% MIBE/ hept anes) to obt ain the desired benzyl ated
product 4 as an oi | [13.96 g, 65%n Rf 115 = 0.61 (3BF MIBE/ heptanes)]; 1H
NVR (CDC13, 500 MHz) 6 7. 36 (32 (m 1H), 5.83 (ddd, J=
17.3, 10.5, 6.7, 1H), 5.36 (tzmml7 8pAST. 4 szjﬁ\i)& 5.31 (td, J= 10.5,
1.2 Hz, 1H), 4.63 (ABq, J= 12.0, Hz, 2H), 3.62 (d(}d J=, 1H), 3.11-3.08 (m
1H, 2.78 (t, J= 4.4 Hz, 1H), 2.60 (dd, J=5.0,72.7 Hz, 1H). 20 Synthesis
of Conpound 5 A 250-n1ao59Jmﬁg%idtmﬁﬂ4e@<(6@wm@%$MﬁmeM@smL)
condenser was charged wth alcohol 4 1 ‘equi v]

pht hal i m deat (18 (6weg acﬂﬁd&xahybbhloﬁdé(knlumt)of qo:g/O|M|snh1t1(>ﬁn$5)GM 6415)nﬁn<vﬁ1rol :

20 mol ¢ an | PA (100 nL, 10 vql)_ and the
" the reegctlon was stirred for)l hr. A solu’uon of (2S,3R)-1-azido-3-benzyloxy-4-

20  penten-2-ol (1) (750 mg, 3.21 mmol) in DCM (1 mL) was added dropwise and the

reaction mixture was stirred for 1 hr at -78°C. N-Methyl morpholine (1.41 mL, 12.9

mmol) was added dropwise, and the reaction was stirred at -15°C for 2 hr. The reaction
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resulting solution was stirred at 80 - 82 C for 8 hrs. The reaction m xture
was then 25 cooled to anbient tenperature and concentrated on a rotatory
evapor at owototiduyseess. The resi due was adsorbed on sili eaTgskoipasog), dried
under high vacuum and then purified by flash col um chromat ography on
silica gel (10 - 40% MIBE/ heptanes) to afford the desired phthalimde
protected am no alcohol 5 as a white tacky solid [15.85 g, 89%: Rf = 0.34
(1: 1 MIBE/ heptanes); 1H NVR (DVSO-d6, 500 MHz) 6 7.84-7.82 30 (m 4H),

Ty o 200 Slsheneli i sl BBy @SR LAEE Orand fnagidy® 1998 dad 7,

Hz, 1H), 4 sE@arzﬁtdd Ilh% drigaﬂlc HIZyer s, wdshé@ wich thk:phbiip&té-lbufférl@) x), dried oélehddd

J= 9.0, H, 3.86 (dd, J= 5.8, 4.6 Hz, 3.67 (dd, J=
13.7, 8. 9 %azS@H)ﬁltegeCB@d( @éucesm@gr yacugnyto give giyrows @«}‘ilﬂf‘h F deduecyAhound
6 fl

addition f lﬁlrllsr%gﬁe& 1r{‘E{ Br gﬁ%cgg&e%?\q Iﬁitle e?ttlhf Eg a coﬁ%&gﬁ%uwﬁquwdt&dgln

inlet/ oW ahacwas tccﬁardgtﬁel cFMdE lke@nd owmch%sqﬁssalv@@hobcm (LkIg ,ané4va5 adoad , 1
equi v] in anhydrous tetrahydrofuran (270 nL, 18 vol). The sol ution was

cool ed to 41de stigingl®lwontHdPABLARIMI, 115634mgf101)4m413CMrb3 mL) & a plasti¢ vl atvas

h d h L f ol b b d 9. mpl , 1.2
U v - TheSr et FREISLMAE IR STy SrPoP Bani THE Bodf i PYfir i de
(1.97 9, 1.rdacBOHimMxtufO¥dMRR SRwI m?)"gbul@ﬂ%’t%rsﬁkﬂ@ safaR, RAfed;i(Q0 LS fapch in

portions such that the batch te rature was maintai ned at -10 to -15 C,
Once the adddtwasrstiofed sfodil0rminy dihe desulvirg aprephehextutcheas esttddtahwithxplMe was

t d, f it 0 d 15 then b t nbi ent _ t t
ond 1 or KheiG0 ang die ¢ombingd Rrévmife a?z%racwrsmer%gsév%ﬁ%@%éﬁ Qliored s esstibecharioos
60 nL, 4
50,1 ol S S PTAAug  S
t he phases 1¢ei@hed). follevedr BRMrepdr@ier THAES puaSaeidn Wsilitavnadlen.5 Za, 4% nL, 2

x 3 vol), brine (1 x 45 n, 1 x 3 val), dried fl\/gSO4) filtered, and
concent r at &@/Bedoatield (R)thezide-d dedifheraci-bengyloxy-nsni-1- em%é%%& s i0s7Ghas

repeated o 7 e of alc C from
bo!tO h react :}%Iﬁsl ?é%’e @:)lq‘sl aeaorb Olfaﬂf cﬁeagg Hﬁq{dpﬁrg%t@éﬁg ‘5"/@%’5 foﬁPca gel
(5 - 25p% WB@E?DBQ“@WI})OII@NMRE/ 3,%@1\'71@1@ 9"7011U)CBIgBC pssmdda@ud
[15.1 g, 71% 1: 1 MIBE/ hept anes) 1IH NWR 300 MHz) 8

7 74 7.71 (=m6.884)10.64, 67117062,HZmIH2|—5)597557(mZIH7 iﬁﬁ(cBH) 1(774612 2H)71D17 (m

@58 b 10T s BT iy 25 Gl sd bin 3 1o Dy s T {5 7T
136, 5 2 TEY %“wéﬁm O 1 BB BB o SR ¢ s -
MHz) § -116.63 (dtd, J = 257.62, 13.91, 13.90, 8.72 Hz), -111.27 (dtd, J = 257.59,
20 16.18,16.16, 7.04 Hz); *C NMR (CDCls, 75 MHz) & 137.14, 130.33 (t, J = 3.06, 3.06
Hz), 128.71 (2C), 128.27, 128.20 (2C), 122.78, 120.69 (dd, J = 249.89, 246.83 Hz),
78.87 (dd, J = 30.35, 25.35 Hz), 71.48 (d, J = 0.48 Hz), 51.47 (dd, J = 30.26, 25.92

Hz); FTIR (NaCl): 2928, 2108, 1455, 1292, 1091 cm™.

OBn
oBn 1) 03, DCM o

N3W N3

fE 2) NaH,PO,, NaCIO, FF OH
25

(R)-5-Azido-4,4-difluoro-3-benzyloxy-pent-1-ene (2, 193 mg, 0.76

mmol) was submitted to Procedure 13, followed by washing with cold hexanes (3x) at

-20°C to yield (3) (139 mg, 67.6% yield): [o]p = -32.4° (c 0.80, CHCl3); HRMS (ESI
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WO 2011/ 044501PCT/ US2010/ 052043 A solution of alkene, 6 [1 g,
2.34 nmol] in DCM (60 nL, 60 vol) was sparged with ozone at <-70 C (dry

i ce-acet oneRoflo4% mi n usi ng house air as oxygen sour cecCrasgenesmtse t he
ozone. Once the reaction was deened conpete (TLC, 1:1 MIBE/ heptanes), the
sol ution was sparged with nitrogen for 20 mn to renove residual 5 ozone.
The reaction was quenched with dinmethyl sulfide (1.7 nmL, 23.4 nmmol, 10
equiv) while maintaining the reaction mxture at <-70 C (dry ice-acetone).
The col d baeBaRsmb&IRNVEM)EBACT BE, FTNXOLD 0. B85S, Bbd. 2B Db 4, VIey M0 (@pei;ent
tenperature. The reaction m xture was concentrated under reduced pressure
and furt her400rMHd) Orvcke-7.82 gin, SHeUUM8 (0 18Dt 4B4 (d.he=clrlifeHal éhydd @sJa t hi ck

il (1.12 cy :0.6 1:1 10 NTBE/ Th t
Pepest ed_all 159 Grctb 433108 THETnd Toks B 8radatal devyio ladidve ot ned
d subj ect! t hout t
The iruhica?fﬁme@%zﬁoﬁéﬁﬁ §iabio) ' Dot a4t TEB0DYEDD! 200 O -
t et r ahy di of 10068, (dtdBUCH60a19] 19t £14. 6&,@5)4rrrdz) 1U5NMR (FOCKL-10BM3A 6 120.8401 )

along with 15 NaH2PO4 515.6 130 mmol ui v) and 2-nethyl - 2- but ene
(34.4 i, 3224%b19.0hd &(le@é) 1?&€8§%¢)ﬂt1|1%ﬁ9%a5’ <Y 26158 Hy). 6 Hntdes

bat h). Sodi o} 1 batch
and the res‘}‘luln?rgr%é %’}oéfﬁggrﬁ\%asﬂg?% Egg)d #éﬁtg%qﬁ 7t‘))errper§\c]i 23;3 %ﬁﬁ

conpl eti on afi2t 1/B8r eAGt 129D, WAK), QM bfed by TLC analysis (1:1 MIBE hept anes
and 5% MeOH in DCM. The reaction was then 20 quenched with brine (280 ni,
20 vol) and the product extracted into DCM (3 x 280 nL, 3 x 20 vol). The
organic (Lay e dr| ed (MySH4), concentrated under reduced pressure to
obtain | s a thick oil. The crude acid was purified by flash
col uim chr omat ogr aphy over silica (5 - 100% MIBE/ hept anes fol |l owed by 5 -
20% MeOH DCV . Fr act bg,ns contai ning thg,acid were conbi ned ard, concentrat ed
under 25 reduce e Wovenfford. acl d. 8 as"& Wi t e soI 64 g, 18%
Rf = 0.33, 5:95 0 Dcrvp]z)D,;rgﬁer §Q%m30|§7 8 J=5.5 3.0
Hz, 2H), 7.70 (dd, L5, ? 7.29 (m
3H), 7.20-7.19 (m <Myl 7 14 7 11(#nt1_2H) 7.0057.05 (m 18t 476(d J=
11 Hz, 1H), 4.65 (dd, J = 10.9, 9.4 Hz, 2H), 4.5 (d J= 11.8 Hz, 4.13
(ddd, J= 6.2, 6.2, 3. QRS- 1Liidodb- aex(zglroxga Borflrk ol 3QerkH) 58098n¢, ddz 14 =
14.2, 6.2 Hz, 1H),389(dd J = .

2011/ 04450 ml)m@meebmthswmergmmcfcomm dqscgbed above to yield AS}-§und

bot t oned. f | as tharra ti t her o]
orobe vk CRRPeEd IRERS 2 PP ReE ik Gl Pl Bemd ara St el R 208 s s
[2.5 g, 5. gLiammicy). OEﬁaw(visuﬂ Riny) ﬁ%@bmvas Sdonked tmﬂrlfceaelrwmo glehfle) .
To the clear, yellow sol ution was added dei oni zed wat er m., 6 vol) and
t he resul tr(ﬁg4mzpdbbi2r -Berzgloked, 3-difbofobubdabivydcidri(emd-3 B4R mgr;14B% yratder[a](D5— 0 mi,
40 Wt % ]3 ol , 10 _equiv) was then added to the batch, which was warned
to anbi ent érf’ Qt&QrQH%Eﬁ 23 C) and stirred for 22.5 hours Anal ysi s of
an al i quot fromthe reaction mxture by LCVS 10 indicated the reaction was
conplete. The reaction m xture was then concentrated in vacua to a yellow
sol i d resi diathdsee\RNISRU{azRICES DidBEAMAATbAtnoid4cid € due was taken up in
THF (60 nL, 24 vol) and water (30 niL, 12 vol), cooled to O - 5 C and to
the crude am no acid sol ution was added pot assi um carbonate (3.9 g, 28.26
mmol, 5.0 equiv), followed by be¥¥ylchLoroformate 1.4 ni, 9 81 mmol, 1.75
equi v). The batch 15 was W&NW anbrent -t e and the reaction
allowed to proceed for 25.5 hours. Anabysis of amealiquot at this tine
point by LCMS indicated a conplgete conversion ofathe amno acid to the
carbanmate. The reaction m xture was concentrated under reduced pressure to
renmove nost of THF, tThea aguBRudlutRel SUEQSIRS- 1dazl1dd-ed>emrzyﬂdsxymipemteﬁaq)lr(n,) 12

vol ) and the@(gH adj usted with 2N HC1 to approximately pH 5 (pH paper
strip). Thd uéfsdeﬂ:? mmsﬂhet Tis(SOxmlaamder gigon vasl asided detrabuylamponivm | ¢ he

ULt SRR . Y Shth ) RGN SO SRR, 9T B

whi ch was neidtﬁ)heehsmbofehasm%oeamﬁl TRISE60D PR ofll U7 Gag,gel8 tifbiyt .
equiv; elution with 0 - 5% MeOH in C13) to afford 9 as a yeIIow oi |,

which partially solidified upon further drying under 25 high vacuum [2 22
g, 88.1%yield over two steps]. 1H NWR (DVSO, 500 MHz) 8 12.92 (s, 1H),
7.43 -7.23 (m 15H), 5.04 (s, 2H), 4.6%(d, J= 11.10 Hz, 1H), 4.58 (d, J =
11.10 Hz, 1H), 4.48 (d, J= 11.05 Hz, 1H), 4.42 (d, J = 11.05 Hz, 1H), 4.09
(d, J = 2.95 Hz, 1H), 3.96 (ddd, J = 6.30, 6.30, 3.15 Hz, 1H), 3.29 (dd, J
= 6.30, 6.30, 2H).




30 Synthesis of Cyclopropyl Amno Acids WD 2011/044501PCT/ US2010/ 052043

Et hyl -2- (tert-Butyl dinethylsilyloxy)acrylate (2) 5A solution of ester 1
(4.00 g, 8wO.241mzudoxy and triethylamne (4.79 nL, 34.4 nmpCx/useoianbzds ous

di chl oronet hane (170 nlL) was cooled to O C under nitrogen and
tert-butyldinmethylsilyltrifluoronethane sulfonate (8.31 nL, 36.2 nmol) was
added dropwi se. The resulting solution was stirred vigorously at reflux for
4 h. The solvent was then carefully evaporated, the residue was dissol ved

in Et20 (1485 Bdded iARMalRrddhsUndaR feaPH@S&a¥ey %rém?xq M With WRk@ng(t8 rX 50
mL) The organi c phase was dried (Na2SO4), filtered, and concentrated. The

resi due M/a§h@mactﬁoreWasthue$1clhadcmt@ Me@ilﬁ;ﬁitmt@@napghyceéitutandg’va&hdzchwﬁhf@%
di et hyl 51 r/hexan to afford 2 (4 89 g, 62% .as a clear oil: .1H NMR (500
MHz, CDC13) D% CEgasts § Venj ag pprovedypindes ygguy tngme gn @ilyresidyg, which g 5=

Z '?elr-itz Bu'lt_% 11%6_%1[1)&ﬁ%shlgﬁoérra?ogg%;[h%s(g%ca%qgﬁsél y? oxy cyc)?lglgﬁ §a‘§zb- 162%&d| carbo

xyl ate 63a3 artdsb%hiyléx)ﬂpeﬁtur &neql, B3iplg, 65% yield) as a clear non-volatile liquid: Rf =

2-(tert-butyl di met hyl | | at 2, 500 2.17 d Cu 2
C0 031 o BB REIACED: oo Lt (6 15, GiGh): Ul NM%KC@@%&@SHMH?Q/ acac)

2011/ 04450 BT RST IOk o3 ReLL &2?%22@?,% oot et 3%, SRR L
the reacti pB5n 86 WL 1MRS. pp@idath:qzr@pmMemr@i utp, 264 (s:qmgemtswaeﬂr The

residue was purified by silica gel chromafography eluting wi'th 0-10%
di et hyl et hbR7 xdhles4.8d (af f or Hl.BdHE, dHas? éﬁétmlerff 337¢6.6019.74, 078%z.and 3b

(02359 38993 & fa®F'- 85555 63% 64 TR (299 4T - XG53Y 48 1,273 43
(dd, J = 12.93, 3.60 Hz, 1H); *C NMR (CDCl;, 75 MHz) § 138.25, 138.01, 135.43,
128.60 (4C), 128.29 (2C), 128.02, 127.99 (2C), 127.87, 119.97, 80.76, 80.23, 73.33,
70.79, 51.69; FTIR (NaCl): 2867, 2100, 1606, 1454, 1286, 1095, 1073.

OBn OBn
1) O3, DCM . 0

OBn 2) NaH,POy, NaCIO, OBn OH

: I
(3R,45)-5-azido-3,4-bis-benzyloxy-pent-1-ene (2, 237 mg, 0.69 mmol)
was submitted to Procedure 13 to yield (28,35)-4-azido-2,3-bis-benzyloxybutanoic
acid (3, 187.7 mg, 75% yield): [a]p = -15.1 ° (¢ 1.05, CHCls); HRMS (ESI negative
mode) (M-H) calc. for C1gHoN3O4 340.1303, obs. 340.1296; '"H NMR (CDCls, 300
20 MHz) § 7.24 (s, 1H), 7.38-7.33 (m, 10H), 4.79 (d, J = 11.61 Hz, 1H), 4.66 (s, 2H), 4.56
(d,J=11.61 Hz, 1H), 4.20 (d, J = 4.24 Hz, 1H), 3.98 (td, J = 6.56, 4.30, 4.30 Hz, 1H),
3.58 (dd, J = 13.04, 6.62 Hz, 1H), 3.42 (dd, J = 13.04, 4.31 Hz, 1H); °C NMR (CDCl,
75 MHz) & 175.57, 137.92, 137.34, 129.44 (2C), 129.36 (2C), 129.15, 129.04 (2C),
128.98 (2C), 128.94, 79.71, 77.651, 74.04, 73.89, 51.65; FTIR (NaCl): 3000, 2918,

25 2103, 1722, 1455, 1284, 1110 cm™.

Synthesis of ent-3
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5 (m 2H), 2.28 (dd, J= 7.5, 2.0 Hz, 1H), 1.73 (dd, J= 7.5, 2.0 Hz, 1H),
1.59 (dd, J= 9.5, 4.0 Hz, 1H), 1.46 (s, 9H), 1.29 (t, J= 7.5 Hz, 3H), 0.90
(s, 9H), wobBi(m4503H), 0.12 (s, 3H); ESI M5 niz 367 [M PCHaiS2018l05202H NVR
(500 MHz, CDC13) 6 4.23 (dg, J= 11.0, 7.0 Hz, 1H), 4.13 (dq, J=11.0, 7.0
Hz, 1H), 2.11 (dd, J=10.0, 1.5 Hz, 1H), 1.85 (dd, J = 5.5, 2.5 Hz, 1H),
1.43 (s, 9H), 1.54 (dd, J-100 4.0 Hz, 1H), 1.28 (t, J= 7.5 Hz, 10 3H),
0.86 (s, 9H), 0.19 (s, 0.18 (s, 3H) ESI M5 m'z 367 [M + Na]

2-(tert-Butyldine mlyl )-2-(eth Fg/car bonyl bewcl opropane aroboxyl iC
Acid (4a and 4b)g e%}/——d e—'oLa—aﬁd—SLb—-( B/\S/Rfl 12 ol ,

1:2 ratio of 15 3a/@b), tridduor oace()n;nc aci 8 NepPANA[P) | andoa? el or omet hane
(0.5 L) was stirregghegvernight at ronéenpera . The sol igkg-3vere
filtered, and the flltrate was concentrated. The rresidue was purified by
silica gel chr omat ogr lutjin W|t 0- 100% t hyl er/ nes

afford both diastered 281%')3 %h Xféb/é’erﬁ?fﬂgz?g ‘(’é ]0% dng>gl4éfmél§°1

?LL WS” t%‘ SPds éﬁ%mlfﬂ'é%} toll_ﬁﬂ N%g(ré&%§)gll‘?nd1%§5} ({@Sﬁﬁb%ﬁaﬁ)&?‘to(ﬁéld%@S 3& -5- 2

(s, 9H, O. a2ﬂdo(-§481lsl)b;enﬁyld>8j pmt 13dﬂ)e (eEGR mnng 29289iddt falbl ++79b(c 1HONNR
(500 MHz CDC13%) g 1H) 21 (dd, J= 10,0, 1.

1.93 (dd® J2Helh Ez“@ {7 n:m)O 551115201Q ofees sybmetqd togPrpepgure; i3 fo y1$1d28"t(%

7.0 Hz, 3H), ( (s, 3H); ESII\/Sn12287[M-
25 Et hyl - <é"éﬁ%¥%"§y&eﬁﬁ%@ Ia%nsn%)((:% (tg?][dI ut yl di met hyl si | yl oxy)

cycl opropanecar boxyl ate (5b) Am xtureof 2-(tert-butyl di nethyl silyl oxy)-2-

(et hoxycar bonyl ) cycl opr opanecar boxylic acid (4b, 0.335 g, 1.16 muol) in

t ol uene (5 Symthesis of {compennd @gen was treated with Hinig's base (0.260 ni,
1.51 nmol ) and the m xture was cooled to O C. After this time, DPPA (0.324
m., 1.51 nmol) was adde WO 2011/ 044501PCT/ US2010/ 052043 and the m xture
was heated at 90 C f O min, followed by the addition of benzyl al cohol
(0.155 nm, 1. %k nmol ter 150h t hesami xture was cool®d, di%Puted with
acid (2 x 50

ethyl acetate~#5 ni), and vwash AP VETh 10% i
), water €50 niL), catafn@Ase&xur@?iL (50 THE ) The Ty
(6]

) A\ |anphase was
dried (MgS™), filtered, 5 a nEentrated. The resitd evvag purified by
silica gel chromatography eluting with 10% Et 0Ac/ hexanes to 100% Et OAc to
afford the t|tIe compound as a clear oil (0.146 g, 30%: 1H NWVR (300 MHz,
CDC13) 8 7. 34- ?&(;ﬁn SH), 5240-5.88 (M gl na,21- 5.00 (m 2H),
4.29-4.18 (m “16- 4. 09 W)) 1%5——1—41—@#; 211), 1.30 (t, J =
7.2 Hz, 3H), O. 88 (s, 9H), @ 0087 (m  EH)BuWUkpi mode (APCI+ESI) M5 iz
295[M+ 10 Ht Ethyl '

2- (Benzyl oxycar bonyl am no) - 1- hydr oxycycl o%panecar boxyl ate (6b)

0 OBn | CH;NH,, THF, H,0 then OBn
: Q evaporate to remove amine . o)
N CszN/W
OBn OH ii. CBzCl, K,CO;, THF, H,0 OBn OH
0
5 6
10
Synthesis of Compound 2

A 2-L three-necked round-bottomed flask equipped with a reflux

condenser was charged with epoxide 1 (60 g, 315 mmol), phthalimide (69.6 g, 473

15  mmol), pyridine (5.1 mL, 63.1 mmol, 20 mol %) and IPA (600 mL) and the resulting
solution was stirred at 80 — 82 °C for 8 hrs. The reaction mixture was then cooled to
ambient temperature and concentrated on a rotatory evaporator to dryness. The residue

was adsorbed on silica gel (100 g), dried under high vacuum and then purified by flash
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To a solution of ethyl

2- (benzyl oxycar bonyl am no) - 1- (tert but yl di et hyl si | yl oxy) cycl opr opanecar boxy
late (1. A50011346H1mMmol ) in THF (35 i) 15 under N2 was patdsdoibiessons di ne
(1.0 nL, 38 mml). The reaction mxture was stirred for 5 h. After this
tinme, additional HFpyridine (1.0 nL, 38 mmvl) was added and stirring was
continued for 19 h. The reaction m xture was then cooled to O C and dil uted

with Et20 ( The m xture.was then ful | uenched ur at ed
Bueous. KGRI PRAGEResy S itrree Ble d0% ar i) o oo e
was 20 sepajhafafithi@kolddRdr&1RS BicBRb12UE0NRItd Y798 69‘%5 agf R ¢DCE 20
(300 m.) The conbi ned organic | ayers were washed with brine (200 nL), dried

(Na2504), f500tMHep$ 7837 83r{oeRthat.@t-1.60 (rac2id), 7Hk7f3il dat, i4dh, H28<s7.2§ Ga, gel

chr omat ogr y ting, W % 50%.Et QAc/.h af h t|t

conmpound (3@@ égg%d‘é@%‘ 1%2‘ ilﬁﬁﬁ ?%0% 5&?@? 7{}@49%%@? %Z
5.11-4.83 (1M), 3k, (d4J2111(ﬂHzJ’fHZ, 329<,st 072¢ )1H>°: 895-%290 &m22H{,MB.8¢2(dd, J =
1.73-1.68 (m 1H), 27 3‘—!) 4-1.06 (m 111); ESI M5 mz
280 [M + Hrl4. 023(3|§én21ﬁ)o§’(§(1:é.¢ b’on?ISélﬁ db{)) 1- hydr oxycycl opr opanecar boxyl i ¢
acid (7b) To a 0 C solution of ethyl 2-(benzyl oxycarbonyl am no)-1- 30

hydr oxycycl opr opanecar boxyl ate (6b, 12.5 g, 44.7 mol) in THF (100 nmL) was
added K2COBypHesik o Cobfforthdnol ) as a solution in H20 (300 L) The reaction

was allowed WO 2011/044501PCT/US2010/052043 to warmto room tenperature
and stirred for 4 h ahd-bHbreeaegked sad-heptomedoasti gaumpsdadtiegn addithen

SUIT 1 gt ath a0 4] QB cab hiltichOQiRct SAEL b 118/ ERE Wa0 BnliBSd with o

concent rat t o renove nos I’TB.I niNng aqueous uti on was
washed wi t BoEtidf of 21c0h60D (M.}, 268 hthdl) exdam;tdmg tbtrzlﬂl@ﬂrctfﬁrapl—(%o neind Then

extracted with 5 EtOAc (5 x 200 nl). The conbin Et OAc | y were washed
with brineSp nr‘f@f cog],eéé@ (lﬂlé‘?S@l C, ttep Bl (7 ﬁ%gc%(h% agé&l‘ilrﬁ’)&/‘é{%o to

afford the chaﬁgk@ ifQe %Q& g R b>6%fé%r>gsbxawgaég & ém%ﬁlﬁaﬁonﬁe;- The

m xture was |turate to af sol1d as nost
maj or di astrawmms(ﬂutlo‘ﬂwas squeﬂfdwﬁiraaﬁ)t mvxasthmmnnrlardade &nd g Ren mmbh drlat ed

B ot £ it BRSSP0 % 1080 5 ST OB i B 8 ey
2H), 3. 23- 3aif t(eHiBerjah')re v;lasqgaiﬁ%edJat 81(59 to 61§ 4z, Ol thel ad@tibh of bodfm? Hz,
1H); Multinode (A + ESI) M5 mz 250 . M xture of D astereoners:

1H NVR ( 30(hyhNtie Wk 0DnpBte7 tlzae5react1cm I(nmtuliél-'b'a}s 511‘124 -for @dldnécmal 3P)minZngdshaén 15
(0001 e 1 BB oo R )b 2o o B
250 [M - Wwﬁl&dﬂeb@N&H@b_; @08 a1l AvHife maintfhing the reaction mixture at —5 to 0 °C
20 (ice bath). The reaction mixture was then diluted with MTBE (1.4 L mL) and the
phases separated. The organic layer was washed with water (2 x 210 mL), brine (210
mL), dried (MgSOy), filtered, and concentrated to obtain the crude product as an oil.
The crude product was purified by flash column chromatography on silica gel (5 — 25%
MTBE/heptanes) to obtain the desired product 3 as a semi solid (75.7 g, 85%): 'HNMR
25 (CDCl, 300 MHz) & 7.75-7.74 (m, 2H), 7.67-7.66 (m, 2H), 7.34-7.21 (m, 5H), 7.15-
7.13 (m, 2H), 7.07-7.02 (m, 3H), 5.98-5.91 (m, 1H), 5.43 (s, 1H), 539 (td, J= 5.9, 1
Hz, 1H), 4.66 (dd, J = 12.0, 5.7 Hz, 2H), 4.49 (d, J = 12.0 Hz, 1H), 444 (d, /= 11.8
Hz, 1H), 3.95-3.89 (m, 3H), 3.77-3.72 (m, 1H).

30 Synthesis of Aldehyde 4 and Carboxylic Acid 5
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20H CbzHN OH To a stirring solution of parononmycin sulfate 1 (76 g, 84
nmmol) in H0 (209 nL) and THF (1084 nlL) at OC was added an aqueous sol ution
of sodi unwoanhoaaioe (254 ni, 218 mmol, 0.86 M, foll oweacChystée/ngrepw se
addi ti on of benzyl chloroformate (120 nL, 840 mmol). NaHCO3 (70.6 g, 840
mml ) was then added and 25 the reaction was stirred for 3 hr. The organic
| ayer was separated and concentrated (to about 800 nlL), diluted with Et0Ac

d dri d i .h . )
000/ 044501 PCT) Uobos dy BuiBHeS oF alkats A0t dimokt is PEM61 ot wes pareed

filtrationyifh Yok dt 21PL ’icégfce%egm}l 1 mfiPdin ¥y ZofRk ¢8l obiRate the
C63H75N5024 (M+Na+) 1308. 48, "found 1308. 6. ZI%C chl oride (%9. 2 g, 434

mol ) was dizesol Vatei the beagtaind shay dieefnéd Ocomipeted BAUCriol M TBEfiepnes)y gl ow
sol ution, asl(r)]lcliltigrrx] Svas %Sacr:[gclac? Qvitm?trggteinrf{)re 95 ];n?rrl to5 rerrnr.lor{fe ré\sidual ozone. The reaction
5 was quenched with dimethyl sulfide (52 mL, 702 mmol) while maintaining the reaction
mixture at <-70 °C (dry ice-acetone). The cold bath was removed and the mixture was
allowed to warm to ambient temperature. The reaction mixture was concentrated under
reduced pressure and further dried under high vacuum to obtain the crude aldehyde 4,
as a thick oil (35.5 g, >99%). Ry = 0.38 (1:1 MTBE/heptanes). The reaction was
10  repeated at 30 g scale of 3 to afford crude aldehyde 4 (33.4 g, >99%). The two lots of
crude aldehyde were combined and subjected to the Pinnick oxidation without further

purification.

The crude aldehyde 4 (30.1 g) was taken into a mixture of

15 tetrahydrofuran, rfBuOH, and water (226 mL, 226 mL, 151 mL, 3:3:2) along with

NaH,PO4 (33.7 g, 281 mmol) and 2-methyl-2-butene (149 mL, 1.4 mol). The solution

was cooled (15 + 5 °C, water bath). Sodium chlorite (12.7 g, 140 mmol) was added to

the batch and the resulting solution was stirred at ambient temperature for 4 hr. The

completion of the reaction was confirmed by TLC analysis (1:1 MTBE/heptanes and

20 5% MeOH in DCM). The reaction was then quenched with brine (602 mL) and the

product extracted into DCM (3 x 602 mL). The organic layers were dried (MgSOs),

concentrated under reduced pressure to obtain the crude acid § as a thick oil (42.5 g,

>99%). The synthesis was repeated on 30.1 g scale of 4 to afford crude acid S (44.2 g,

>99%). The both lots of crude acids were combined and purified by flash column

25 chromatography over silica (5 — 100% MTBE/heptanes). Fractions containing the acid

were combined and concentrated under reduced pressure to afford acid 5 as a white

solid (29.1 g, 47%): R¢ = 0.39 (5:95 MeOH/DCM); '"H NMR (CDCl3, 500 MHz) § 7.76

(dd, J= 6.8, 3.7 Hz, 2H), 7.68 (dd, J = 5.5, 3.0 Hz, 2H), 7.35-7.34 (m, 2H), 7.31-7.26

(m, 3H), 7.18-7.16 (m, 2H), 7.11-7.05 (m, 3H), 4.75 (d, J = 11 Hz, 1H), 4.65 (d, J =

30 12.8,2H),4.59 (d, J=11.9 Hz, 1H), 4.22 (d, J = 3.65, 1H), 4.17 (m, 1H), 4.08 (dd, J =
14.3, 6.8 Hz, 1H), 3.86 (dd, J = 14.3, 4.7 Hz, 1H).
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10 solution of 2 (69.85 g, 54.3 muol ) in benzal dehyde (440 nmL) was then
added and the reaction was stirred for 7 hr. The reaction m xture was

di | uted wvohoBr@4n1(2 L) and washed with 0. 1M EDTA di sodcummss@abosmuhydr at e
(3 x 2L), 1120 (2 L), brine (2 1-,), dried over Na2SO4, concentrated (to
about 900mL) and dripped into Et20: hexane (1:1, 4 L). The resulting
precipitate was collected by filtration and dried under vacuumto 15 yield
3 (93.41g, 63.94 mmol 118: M5 mz calcd for C771183N5024 (M-Na+) 1484. 54,
found 1484.7. To a stirring suspension of sodiumhydride (dry 95% 9.64 g,
382 mml)u\%znmégls(ﬁ% mpourdf 6 - 100C was added a solution of 3 (93 g, 63.6
nmol ) in (500 5 nL) and the reaction was stirred for 4 hours. The
reacti on was quenched\ wpgmd b@féqlil%i aeslﬁec(mmwlthwdn@gmqmewm@g b30 amdriut es.

T e SR b RS SR WAL MRS MBS

and concent(eaneg 65313mm©l)| ﬁmbmomosaiU)d,To\AmeC&lewgs;enuw dol@tbnbwat laddéd
chromatogréghy (SI lica ﬁﬁo HDCM to yield 4 (30g, 22. 17 nmol 35% VS
10 m z cal cigiedcrarr s zleL) em\ﬁm) fesulfigy FnixEar@okd7e. 7. °C. Adsthxiapn

TBDPSI - Cl O)so u%ﬁ 119 V&t%ﬁ%LNﬁW %,CE&DB%AT)’ (Vg.s -ﬁﬁgpa%@d é\"t_]h%bgatch, which

was warmed to ambient temperature (21 — 23 °C) and stirred for 26 hours. Analysis of
an aliquot from the reaction mixture by LCMS indicated the reaction was complete. The
10 reaction mixture was then concentrated in vacuo to a yellow solid residue, removing all
excess methylamine. The residue was taken up in THF (700 mL) and water (350 mL),
cooled to 0 — 5 °C, and to the crude amino acid solution was added potassium carbonate
(45 g, 326 mmol), followed by benzylchloroformate (17.2 mL, 114 mmol). The batch
was warmed to ambient temperature and the reaction allowed to proceed for 28 hours.
15 Analysis of an aliquot at this time point by LCMS indicated a complete conversion of
the amino acid to the carbamate. The reaction mixture was concentrated under reduced
pressure to remove most of THF, the aqueous residue was diluted with water (320 mL)
and the pH adjusted with 2N HCI to approximately pH 5 (pH paper strip). The crude
product was extracted with methylene chloride (3 x 500 mL), the extracts washed with
20  water (60 mL), brine (60 mL), dried (MgSQOy), and concentrated in vacuo to a yellow oil
(40.34 g) which was purified by flash column chromatography on silica gel (400 g;
elution with 0 — 5% MeOH in CH,Cl,) to afford compound 6 as a yellow oil (27.5 g,
92% yield over two steps). 'H NMR (DMSO-d6, 500 MHz) 6 12.93 (s, 1H), 7.36 — 7.23
(m, 16H), 5.01 (s, 2H), 4.63 (d, J=11.8 Hz, 1H), 4.56 (dd, J = 22.9, 11.7 Hz, 2H), 4.45
25 (d,J=11.7Hz, 1H), 4.14 (d, /=4.0 Hz, 1H), 3.81 (td,J=17.3,4.1 Hz, 1H), 3.31-3.24
(m, 2H).

Svynthesis of Compound 9

94



CbzN O To a stirring solution of 4 (30 g, 22.15 nmol)
in pyridine (201 nm.) was 15 added DVAP (2.71 g, 22.15 mmol), foll owed by
TBDPS- O w6=20t/031501255 nmol ) and the reacti on was heat egCatuse@@osmn3 6 days.
The reaction m xture was dripped into WD 2011/ 044501PCT/ US2010/ 052043

Et 20: hexane (1:1, 9 L) and the resulting precipitate was coll ected by
filtration and redissolved in THF (130 nm.) and MeOH (40 nlL). This solution
was then dripped into Et20: hexane (1:1, 9 L) i%ﬂ'gﬂnl’t}%&o%%?dl,“ ng precipitate
was col | ected dy fi l&$-at-tiomomngradri ed un va‘cDLj [ j},gm\ﬁ?ﬁ]l te sdtid was

wa ’ c afy X

di ssol ved i I - .

500nL), brine 1( 00 OM@HCCB (2 x 500" m,),; brimge,MeOOrlo), dried over
Na2SO4, filtered and) concentided to yield 5 (36.458g, 19.93 mvol, 90%: M
mz calcd for ClO02H111Ne028S12 ( M+Na+) 1852.7, found 1852. 8. 10To a

stirring solution of 5 (5 g, 2.73 nmmol) in DVA (49 6 nL) was added 1

' -t hi ocar bontvghsi/ Riadlazol e (4,53 g, PrdBimde, PITO| ) d the r&¥cti ammmss.peat ed
at 40C for I8 Reurs. The [ eacti onw—ut ed h Ief\hMcet—at—Te—(—TﬁﬂrrL),
washed with IMcitric aciod (3x100nL), brine (3XFO0KL),0dri ed oVel Na2SO4,
filtered and concentrated to an orange foam which Wwas purified by flash
chromat ography (silica 15 gel/DCM MeOH) to yield conmpound 6 (4.5g, 2.32

mmol, 85%: MS nfz ca®d for CLO6HL i 3N7023Si 2 3b962. 7 (MeNa+) - found
1962. 8. molmwdpw%l@f%z 0 PO, NaClO,
OBn H THF, tBuOH, H,0

6 0 332

7 /\(’RT

0
OBn i. CH,NH,, THF, H,0, R,T then OBn
N /\/YO evaporate to remove amine Ch WO
S OBn OH ii. Cbz-Cl, K,CO;, THF, H,0, RT OBn OH
8 9

Synthesis of Epoxy Alcohol Ent-2
A 3-neck, 5 liter round bottomed flask equipped with an overhead
mechanical stirrer, a thermocouple probe and a nitrogen inlet/outlet was charged with
5 powdered, freshly activated molecular sieves (4 A, 84 g, 0.8 wt. equiv), followed by
anhydrous dichloromethane (2.1 L, 20 vol). The resulting suspension was cooled to
approximately — 42 °C using an acetonitrile/CO; bath, then titanium tetraisopropoxide
(37 mL, 0.125 mol, 10 mol%) was charged into the batch, followed by (S,S)-(+)-
diisopropyl tartrate (35 mL, 0.166 mol, 13.3 mol%). The reaction mixture was stirred
10 for 30 minutes, then divinyl alcohol 1 (105 g, 1.25 mol, 1.0 equiv) was added over 3
minutes using an addition funnel (minor exotherm, 2 °C). Cumene hydroperoxide
(370 mL, 80% titer, 1.99 mol, 1.59 equiv) was then added to the batch over 5 minutes
using an addition funnel (10 °C exotherm). The reaction was allowed to proceed for
18 hours, holding the temperature between — 45 and — 30 °C. When complete as
15 determined by TLC analysis (Rs 0.42 for divinyl alcohol, and 0.18 for epoxy alcohol,
50% MTBE in Heptanes), the reaction was quenched with saturated aqueous sodium

sulfate (105 mL, 1 vol), diluted with MTBE (1.05 L, 10 vol) and the batch allowed to
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To a stirring solution of 6 (1.85 g, 0.953 nmol) in dioxane (68 1 nL) was
added tris (trinethylsilyl)silane (0.882 nL, 2.86 mmol), followed by Al BN
(0.063 g,wO0.288104m30pl ) and the reaction was heated at 80EcTrars2@olsms. The
reaction was 5 diluted with ethyl acetate (50nL), washed with sat. ag.
NaHCO3 (50nmL), brine (50nmL), dried over Na2SO4, filtered and concentrated
to yield conpound 7 (3g, 0.953), which was carried through to the next step
wi t hout further purification. M5 niz calcd for CLO2HL |1 N5022Si 2 1836.7

(MNa+) ,  f o &88AbRnt diifebatil HG 4 151? ortls stlyﬁi%jzl)llégpa%&lg‘éﬁﬁbﬁ&ﬁb@ To a

stirring solution of 7 (3.911 ¢ inacetic acid (50 nL) was
slowly addéhOSig,islJtaqurv) (was'ﬁﬁéec(@ tB8 batah, wﬁch)@vamﬂMn)ﬁlmned/\EkE@Igh(EBprrrL) and

the reactia e t 50C f action was cooled to
0C and was é]ﬁl}& H@a ef ﬁa IWAW‘% e@%tm%?%lgﬁ%‘g eh élﬂéter@éﬁ‘?qtré‘wdm Xt ure

\t,)\?ls nte h ((3 2 0 é?gﬁ% M’H ‘39 a%&t%ﬂyeé\)a}fé)ra@)? qmﬁlewgt%p B heldR$ h@d %t"@) W8t ford L00ML)

5 yellow/browmsh oil. A portion of the crude product [311 g] was subjected to silica
plug (1 kg silica gel) using 0-60% MTBE/petroleum ether. The fractions containing
the product were collected and concentrated to obtain a colorless oil (48.3 g). This
material was then purified via column chromatography (300 g silica gel, 5-30%
MTBE/petroleum ether) to afford ent-2 as a clear liquid [22.6 g, 36% overall mass

10 recovery]: Ry = 0.59 (1:1 MTBE/petroleum ether); 'H NMR (CDCl;, 500 MHz) o
5.85 (ddd, J = 17.0, 10.5, 6.2 Hz, 1H), 5.40 (dt, J=17.3, 1.3 Hz, 1H), 5.27 (dt, J =
10.5, 1.3 Hz, 1H), 4.36-4.33 (m, 1H), 3.10 (ddd, J=3.8, 3.8, 3.0 Hz, 1 H), 2.81 (dd, J
=2.9,5.0Hz, 1H), 2.76 (dd, 4.1, 5.0 Hz, 1H), 2.07 (d, /= 3.0 Hz, 1H).

15  Synthesis of Compound 3
The reaction was carried out at 20-g scale of alcohol following a
literature procedure (J. Org. Chem. 2009, 74(15), 5758-5761). A 2-L round-bottomed
flask equipped with a mechanical stirrer, a thermocouple probe, and an addition funnel
was charged with a solution of epoxy alcohol ent-2 [20 g, 200 mmol, 1 equiv] in
20  tetrahydrofuran (400 mL, 20 vol) along with PhsP (105 g, 400 mmol, 2 equiv), and 4-
nitrobenzoic acid (67 g, 400 mmol, 2 equiv) under a nitrogen atmosphere. DIAD (81 g,
400 mmol, 2 equiv) was added to the reaction mixture using an addition funnel while
maintaining the reaction mixture at 0 °C (ice bath). Once the addition of DIAD was
complete, the cold bath was removed and the reaction mixture was allowed to come to
25 ambient temperature (23 °C). The reaction mixture was stirred for 1.5 h (all starting
material consumed) and then quenched with aqueous NaHCOj; solution (100 ml, 5 vol)
followed by the addition of MTBE (1000 mL, 50 vol). The resulting solution was
transferred into a separatory funnel. Brine (100 mL, 5 vol) was added to obtain phase
separation. The organic phase was washed with brine (2 x 20 vol), dried (MgSOy), and

30 concentrated under vacuum to obtain an o0il (296 g). The oil was passed through a silica
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aq. NaHCO3 (2x100mi), brine (100nL), dried over Na2SO4, filtered and
concentrated WO 2011/044501PCT/ US2010/ 052043 to a crude, which was
purified woa1124i59¢h reverse phase HPLC (Method 2) to yiperdseanopsaonsl 8 (19,
0.58 mml, 27%: Ms mlz calcd for C95HIO07N5022Si 2 1748.7 (M+Na+), found
1748. 8. To a stirring solution of 8 (1 g, 0.58 mmol ) in pyridine (19.3
m.) was added p-tol uenesul fonyl chloride (0.883 g, 4.64 mmpol) and the
reaction was stirred for 7 hours. The reaction mxture was diluted with

et hyl acet gt ({ 3 %sm/dwgﬁ/}é fbd I Tie @Gldsdl (4620 Wak thaediedolwedont) ,
bri ne (SOnE;%(sggyg&?g g%' bri ne 1% (ggnL dgledlofér

Na2S04, fi inte MIBRGD mih@mhwaﬂmédvxtlnNaHGQudfé x Sl watend2 piid vel),duing 2 2
2 Ao vSTaf, RRERGIELS, SO (L0 2) Lol oL, S (0,200, 297 ol
"ss 1. OH QERENbIRd [29 g, 59%: Ry = 0.56 (1:1 MTBE/heptanes)]; 'H NMR (CDCls, 500 MHz)
5 88.35(d,J=10.8 Hz, 2H), 8.25 (d, /= 10.8 Hz, 2H), 5.97 (ddd, J=17.2, 10.6, 6.2 Hz,
1H), 5.48 (td, J = 17.3, 1.2 Hz, 1H), 5.40 (td, J = 10.7, 1.1 Hz, 1H), 5.34 (dd, J = 5.0,
1.3 Hz, 1H), 3.31 (ddd, J = 6.5, 4.1, 2.6 Hz, 1H), 2.93 (dd, J = 4.2, 4.2 Hz, 1H), 2.76
(dd,J=4.8, 2.6 Hz, 1H).
The hydrolysis of the benzoate ester was carried out following the
10  literature procedure (J. Org. Chem. 2009, 74(15), 5758-5761). Thus solution of the
ester (22.7 g, 91 mmol, 1 equiv) in methanol (340 mL, 15 vol) was treated with an
aqueous solution of K,CO; (13.8 g, 100 mmol, 1.1 equiv, in 34 mL, 1.5 vol water) at 10
— 15 °C. The solution immediately turned into a thick slurry. The slurry was stirred at
ambient temperature (23 °C) for 3 h (starting material consumed). The reaction mixture
15 was concentrated on a rotary evaporator (at ambient water bath temperature) to ~2 vol
(45 mL). The thick solution was then reslurried in DCM (454 mL, 20 vol). The slurry
was filtered and the solids were washed with DCM (2 x 5 vol, 2 x 114 mL). The
combined organic filtrate was dried (MgSQy,), filtered, and concentrated to obtain a
solid (31 g). The crude material was then purified by column chromatography (silica
20 gel, 10—30% MTBE/petroleum ether) to obtain the desired alcohol 3 as a clear oil [9.24
g, quantitative yield, Ry = 0.31 (1:1 MTBE/heptanes)]; '"H NMR (CDCl;, 300 MHz) §
5.94 (ddd, J=16.2, 10.6, 5.5, 1H), 5.40 (d, /= 17.3 Hz, 1H), 5.26 (d, J = 10.6 Hz, 1H),
4.0 (t, J=5.3 Hz, 1H), 3.07 (m, 1 H), 2.84 (t, J= 4.8 Hz, 1H), 2.77-2.74 (m, 1H), 2.57
(br s, 1H).
25
Synthesis of Compound 4
A 1-L three-necked round-bottomed flask equipped with an addition
funnel, an overhead mechanical stirrer, a nitrogen inlet/outlet, was charged with alcohol
3 [9.24 g, 92.3 mmol, 1 equiv] in anhydrous tetrahydrofuran (166 mL, 18 vol). The
30 solution was cooled to —10 to —15 °C. The catalyst BuyNI (3.41 g, 9.23 mmol, 10 mol
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N3CbzHN 00 HO

g, 0.266 mvl) in DVWU (8 8 nL) was added sodi um azide (0.172 g, 2.658
nmol ) andwohelweEaimti on was heated at 70C for 3 WO PCT/US2010/052043

2011/ 044501PCT/ US2010/ 052043 hours.

The reaction was diluted with ethyl

acetate (50nmL), washed with brine:water (1:1, 50 nL), water(2 x 50niL),
brine(50 nL), dried over Na2SO4, filtered and concentrated to yield

conmpound 10 (0.480g, 0.266 nmol): Ms miz calcd for C951-1106N8021Si2 1773.7

(MtNa+) ,
(0.462 g,

f o)

n\daslggﬁ%ezi ink the reactor followed by Bzl Blohfifd (1]99 g' ) ﬁﬁn&f 120
0. 264 in THF (2.64 nL) was added TBAF (

and the rea@ivbn T\hagestlmmg etduiflm whs hstitned dbr 26 gmin. Sodlum hydrlde (4. 1 g 1.1

10

15

20

25

30

equiv, 60% mineral oil dispersion) was then added to the batch in portions such that the
batch temperature was maintained at —10 to —15 °C. Once the addition of sodium
hydride was complete, the reaction mixture was stirred for an additional 30 min and
then the cold bath was removed and reaction mixture brought up to ambient
temperature and further stirred for 18 h. The reaction was quenched with aqueous
NaHCO3 (37 mL, 4 vol) while maintaining the temperature at —5 to 0 °C (ice bath).
The resulting solution was diluted with MTBE (185 mL, 20 vol), the organic layer was
washed with water (2 x 18 mL, 2 x 3 vol), brine (1 x 18 mL, 1 x 3 vol), dried (MgSOy,),
filtered, and concentrated under reduced pressure to obtain crude product as an oil. The
synthesis was repeated on 1.98 g scale of alcohol 3. The crude from both the reactions
were combined and purified via column chromatography (silica gel column, 2.5—10%
MTBE/heptanes) to obtain the desired benzylated product 4 as an oil [13.96 g, 65%: R¢
= 0.61 (3:7 MTBE/heptanes)]; "H NMR (CDCl3, 500 MHz) § 7.36-7.32 (m, 4H), 7.29~
7.26 (m, 1H), 5.83 (ddd, /= 17.3, 10.5, 6.7, 1H), 5.36 (td, J = 17.3, 1.4 Hz, 1H), 5.31
(td, J=10.5, 1.2 Hz, 1H), 4.63 (ABq, J = 12.0 Hz, 2H), 3.62 (ddd, J =, 1H), 3.11-3.08
(m, 1 H),2.78 (t, J=4.4 Hz, 1H), 2.60 (dd, J = 5.0, 2.7 Hz, 1H).

Synthesis of Compound 5

A 250-mL round-bottomed flask equipped with a reflux condenser was
charged with alcohol 4 [10 g, 52.5 mmol, 1 equiv], phthalimide (11.6 g, 78.8 mmol, 1.5
equiv), pyridine (0.85 mL, 10.5 mmol, 20 mol %) and IPA (100 mL, 10 vol) and the
resulting solution was stirred at 80 — 82 °C for 8 hrs. The reaction mixture was then
cooled to ambient temperature and concentrated on a rotatory evaporator to dryness.
The residue was adsorbed on silica gel (20 g), dried under high vacuum and then
purified by flash column chromatography on silica gel (10 — 40% MTBE/heptanes) to
afford the desired phthalimide protected amino alcohol 5 as a white tacky solid [15.85
g, 89%]: Ry = 0.34 (1:1 MTBE/heptanes); 'H NMR (DMSO-ds, 500 MHz) § 7.84-7.82
(m, 4H), 7.36-7.31 (m, 4H), 7.28-7.25 (m, 1H), 5.93 (ddd, /= 17.5, 10.5, 10.1 Hz, 1H),
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10 tenperature, and at 40C for 5 hours. The reaction was diluted with ethyl
acetate (50 nL), washed with sat. aq. NaHCO3 (50 nlL), sat. ag. NH4Cl (50
m.), briwo@bly/mi3or dried over Na2SO4, filtered and coneemtusati®mdszoas a white
foam which was triturated with hexane (3 x 30 m) to yield conmpound 11
(0.371g, 0.264 mol ): MS mlz calcd for C62H72N8020 1271.5 (MtNa+), found
1271.5. 15 WD 2011/ 044501PCT/ US2010/ 052043 REPRESENTATI VE COVPOUNDS
Exanmple 1 H2NH NNH2CbzHNCbzHNNHCbz 00 HO ' OHHO'. "™ ' .' OH

To a stirriggs s0isuii o) 51@?@%58 ﬁyhh?tﬁsﬁéd ﬂ=291 9H20-1111§3,Q1.4U)&<§)141r1.¢420
(430 nL) was added a solution of K2CO3 mol e, 3.5 eqQ.) in H0
(700 nl) f Ofl,oMBd3 08§ (I, (= %46, 45, 4$p4ﬁl}i[251H) @oﬁﬁ)@suy%iBMéd{zbilH]),a%Gb

sol ution vva fm?g déﬁp 10 wi se over mn a solution of Cbz-succinimde
(292 g, y 8- HeptH)-e2e) Hde)J‘alr??d7 tretzeddt i on nmixture was stirred

for 18 hr The reacti on was quenched with the addition of

3-(di net hyl am no) - propyl am ne (148 nlL, 1.174 nole), and diluted with Et0Ac

(1 L) antl HRhthésidgf Coipourbet i on m'xture was partitioned between Et0Ac (1

L) and IMcitric acid (2 L)/brlneé The aqueous | ayer was diluted with
fo

brine (500 15 nL) andA elxbr tegeertclip tmdemtoe@@oﬂmk) eqm@%iowﬁhn@ua@ilg@zm c

| ayers wer hed c.acid 0 m_ The anlc
| ayer was (HEREOET pYab Ipﬁclgaakcafr GG fud Eaphest R lntRede st LAt
of f - gassi ngsoﬁﬁ@ﬁ%@alcxh@lé 34‘@erﬁﬁlopqréq'uw QR 8chydasE t&thﬂlyaf&aqah&’/mw was
washed with 1/2 sat. L), brine (2 L) "dried over

concent r at eld Yalp Blﬁ)sqlm:)onams mhoiqdpecHiOrto ol¥i*Gotten HuyNE(§.64 g,nfg4En1molZDO (5.5

) Theyq ULid, g BLec L ALR, Vel LB ek, W b Vagum L 2 ol
R i o ééﬁ*ﬁ?&rs%dlzummmdﬁ go7etore
benzal dehydegu{v2@®08 minerdl9oil dispkisiondSvaddiddd ad ule bath dhlportichs 180 that ghe 229
ol ) batch temperature was maintained at —10 to —15 °C. Once the addition of sodium
hydride was complete, the reaction mixture was stirred for an additional 30 min and
15 then brought to ambient temperature and further stirred for 18 h. The reaction was
quenched with aqueous NaHCO; (60 mL, 4 vol) while maintaining the reaction mixture
at =5 to 0 °C (ice bath). The reaction mixture was then diluted with MTBE (300 mL,
20 vol) and the phases separated. The organic layer was washed with water (2 x 45 mL,
2 x 3 vol), brine (1 x 45 mL, 1 x 3 vol), dried (MgSOy), filtered, and concentrated to
20  obtain the crude product as an oil. The synthesis was repeated on 1.75 g scale of
alcohol 5. The combined crude products from both reactions were purified by flash
column chromatography on silica gel (5 — 25% MTBE/heptanes) to obtain the desired
product 6 as a semi solid [15.1 g, 71%: Ry = 0.61 (1:1 MTBE/heptanes)]; '"H NMR
(CDCl3, 300 MHz) § 7.74-7.71 (m, 2H), 7.67-7.64 (m, 2H), 7.37-7.27 (m, 5H), 7.10-
25 7.07 (m, 2H), 6.98-6.93 (m, 3H), 5.97 (ddd, J = 17.5, 10.4, 10.0 Hz, 1H), 542 (d, J =
4.38 Hz, 1H), 5.38 (s, 1H), 4.68 (dd, /= 12.3, 12.3 Hz, 2H), 4.45 (d, J = 5.37 Hz, 1H),
4.41(d,J=5.58 Hz, 1H), 3.99-3.82 (m, 3H), 3.65 (dd, J = 13.6, 3.2 Hz, 1H).

Synthesis of Aldehyde 7 and Carboxylic Acid 8

99



5 and the reaction mxture turned fromyellow to dark orange wth an

I ncrease in the internal tenperature from?22C to 27C. After 45mn, the
reacti on woxbpure4ias poured into vigorously stirring i ceCTasS206&4 1: 1,
800 nL) and the off-white slurry was extracted with Et0OAc (800 mL) The
organic | ayer was washed with sat. aq. NH4Cl1 (800 nmi), O0.1M EDTA (400 ni),
brine (400 nm.), sat. agq. NaHCO3 (800 ni), brine 10 (400 ni), dried over
MySO4, filtered and concentrated (to about 2 L). The resulting benzal dehyde

sol ution was dripped ARbRitiBEAMEINEL 891 (22184 AB1Lih PON 880 MLEE0NE Waght .
The resulting fine white precipitate was coll ected by filtrafion, washed

wi t h hexanepaEe@ vithozbpe 2006710 (dydcatadetahe) hiotedS macusing housgiagl a$ &xygsat. 9 g,
0
1705, 4. 15 S0Sreelp, FFHALS thposgies o ek Teactgn- wis fasesrchfmpipp (L. 10

2011/ 04450 WrEBEER0 9%%%&10%5 Paged n@ﬂ rfrGich tbi 29 egﬁgﬁﬁ)we?es@& af0di UM

hydri de (4.68 g, was a cold s ution
of 3 (547 ogon82 Blemfmd:t)onl waDlferiched with dﬁﬂdhjzlhﬁﬂﬁ&act 7 anLwas.4sintol,eth at 0C
for 4 hours. AcOH (53.9 m, 942 mmpl) was then added and the reaction mas
allowed to e\ﬂawmlblermalatﬁerrlm et reaqtipgn magere) a8 T OXCUdEY Wegsasstage). khsdcold

0% (1000, uahed AR U505 B (b dRO0 iy el D (-

x 800 ni), brlne over
MySHA, fil tremdnaﬁisiuﬁ@mge dbRRh@sted DHGH r¥AKEY @késﬁms'aﬁh Gurbhel A2ied GndrHgtomol

100% yield): Ms mz calcd for C85H86N6024 (M+Na+) 1597.6, found 1597 4.
vacuum to obtain the crude aldehyde as a thick oil (1.12 g, >99%, Ry = 0.36, 1:1
10 MTBE/heptanes). The reaction was repeated at 13 g scale of 6. The two lots of crude
aldehyde were combined and subjected to the Pinnick oxidation without further
purification.

The crude aldehyde 7 [14.06 g], was taken into a mixture of
tetrahydrofuran, rfBuOH, and water (105 mL, 105 mL, 70 mL, 3:3:2, 20 vol) along with
15 NaHPO, (15.6 g, 130 mmol, 4 equiv) and 2-methyl-2-butene (34.4 mL, 324 mmol, 10
equiv). The solution was cooled (15 + 5 °C, water bath). Sodium chlorite (3.9 g, 43
mmol, 1.33 equiv) was added to the batch and the resulting solution was stirred at
ambient temperature for 4 hr. The completion of the reaction was confirmed by TLC
analysis (1:1 MTBE/heptanes and 5% MeOH in DCM). The reaction was then
20  quenched with brine (280 mL, 20 vol) and the product extracted into DCM (3 x 280
mkL, 3 x 20 vol). The organic layers were dried (MgSQOy), concentrated under reduced
pressure to obtain the crude acid as a thick oil. The crude acid was purified by flash
column chromatography over silica (5 — 100% MTBE/heptanes followed by 5 — 20%
MeOH/DCM). Fractions containing the acid were combined and concentrated under
25 reduced pressure to afford acid 8 as a white solid [2.64 g, 18%: Ry = 0.33, 5:95
MeOH/DCM)]; '"H NMR (CDCls, 500 MHz) & 7.78 (dd, J = 5.5, 3.0 Hz, 2H), 7.70 (dd,
J=135.5, 3.0 Hz, 2H), 7.43-7.40 (m, 2H), 7.37-7.29 (m, 3H), 7.20-7.19 (m, 2H), 7.14-
7.11 (m, 2H), 7.09-7.05 (m, 1H), 4.76 (d, J = 11 Hz, 1H), 4.65 (dd, J = 10.9, 9.4 Hz,
2H), 4.55 (d, J=11.8 Hz, 1H), 4.13 (ddd, J= 6.2, 6.2, 3.1 Hz, 1H), 4.1 (d, /= 3.0 Hz,

30 1H),3.98 (dd, J =14.2,6.2 Hz, 1H), 3.89 (dd, ] = 14.2, 6.2 Hz, 1H).
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10 To a stirring solution of 4 (51.2 g, 32.5 mmol) in dioxane
(600 M) was added a solution of TFA (16.02 m, 208 nmol) in water (200 m)
and t he rwaaviwn4was heated at 50C for 17 hours. The re@&CTiusR010i0x1043 € wWas
diluted with Et0Ac (800 nL) 15 and washed with sat. ag. NaHCO3 (2 x 800
m.), brine (400 nmL), dried over MgJSH, filtered and concentrated under
vacuumto yield 5 (49.9 g, 32.5 nmwol, 100 %yield): M5 miz calcd for
C78H82N6024 (MtNa+) 1509.5, found 1509.3. WD 2011/ 044501PCT/ US2010/ 052043
To a stirring solution of 5 (48.3 g, 32.5 mol) in pyridine (350 mM) was
added TBDPS-CA (83 ml, 325 nmol) foll owed by DVAP (3.97 g, 32.5 nmmol) and
the 5 reactS)mmqufKéanpdlmw 85C for 5 days. The reaction was all ovved to

cool to rt and was sl ow ed. into hexanes/EFt20 (1:1, 11 L
resul ting precipitaté® éldcé@tfcg‘eqdegaﬁyeqqlm AFB BRENSHSS THEE SRR T o

(51T cn gel 1o EBAm P ek el s A pl kS O OTERTS” Ve

mz cal cil f[ar5 €I5.610hinol, 810 dGE2HAGI PHE KASNaL) 111.985 b8lk obuentlgrh@85T6 thelflear, To a
stirring sol utlon of 6 (275 8 140 mol ) in toluene (2000 m) was added
TCD (59. 9 ¥§llowswlution| yasaeddet Hisiqnazedt watar (kbsmd+ ior Yl andy ﬁhezrealelygg AR UES
(3.78 15 | added fal.lo 3 nd

t he react %ﬁo%égo rsgpglﬁr MS@‘ ol uélonAlddv eréﬁélm 0\(\:{:'09 5%2‘3“%%191 gU%hgela was
added and tg theR&ddedNo the batch, which was warmed to amblent temperature (21 — 23 °C)

and stirred for 22.5 hours. Analysis of an aliquot from the reaction mixture by LCMS
10 indicated the reaction was complete. The reaction mixture was then concentrated in
vacuo to a yellow solid residue, removing all excess methylamine. The residue was
taken up in THF (60 mL, 24 vol) and water (30 mL, 12 vol), cooled to 0 — 5 °C, and to
the crude amino acid solution was added potassium carbonate (3.9 g, 28.26 mmol, 5.0
equiv), followed by benzylchloroformate (1.4 mL, 9.81 mmol, 1.75 equiv). The batch
15 was warmed to ambient temperature and the reaction allowed to proceed for 25.5 hours.
Analysis of an aliquot at this time point by LCMS indicated a complete conversion of
the amino acid to the carbamate. The reaction mixture was concentrated under reduced
pressure to remove most of THF, the aqueous residue was diluted with water (30 mL,
12 vol) and the pH adjusted with 2N HCI to approximately pH 5 (pH paper strip). The
20  crude product was extracted with chloroform (3 x 60 mL), the extracts washed with
water (1 x 60 mL) and with aqueous NaCl (1 x 60 mL), dried (MgSO,) and
concentrated in vacuo to a yellow, mobile oil (3.52 g) which was purified by flash
column chromatography on silica gel (50 wt. equiv; elution with 0 — 5% MeOH in
CHCl;) to afford 9 as a yellow oil, which partially solidified upon further drying under
25 high vacuum [2.22 g, 88.1% yield over two steps]. 'H NMR (DMSO, 500 MHz) &
12.92 (s, 1H), 7.43 — 7.23 (m, 15H), 5.04 (s, 2H), 4.67 (d, J=11.10 Hz, 1H), 4.58 (d, J
= 11.10 Hz, 1H), 4.48 (d, J= 11.05 Hz, 1H), 442 (d, J= 11.05 Hz, 1H), 4.09(d,J =
2.95 Hz, 1H), 3.96 (ddd, J = 6.30, 6.30, 3.15 Hz, 1H), 3.29 (dd, J = 6.30, 6.30, 2H).

30 Synthesis of Cyclopropyl Amino Acids
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was stirred overnight. The reaction m xture was washed with 1 Mcitric
acid: brine (4:1 WD 2011/ 044501PCT/ US2010/ 052043 v/v, 2 x 2000 L), brine
(1000 mbL)wodnied4zover MgSO4, filtered and concentrated troTdrsgmess2ud yiel d
7 (268 g), which was carried through to the next step w thout further
purification : MS mz calcd for G 14F1120N8024SSi 2 (M+Na+) 2095.8, found
2096. 4. TBDPSO 7. OH CbzN TBDPSONHCbz 81" _OH CbzN O 5 To a
stirring solution of 7 (134.6 g, 64.9 mmol) in 1, 4-dioxane (1300 nL) in a
2-L two-neck RBF was added 1,1, 1, 3, 3, 3- hexanet hy1- 2-

(trinmethylsilyd)trisil (48 149mm) Al BN ( 6. 49
mol ), 10 and)i\he reac%?gg_ﬁas_.s T]?ﬁ'oeﬁ” gatg&t%g%r%gea&teylo gso—‘[‘# Bt i on
was al | owed™ o B8t to rwem tenperatufe and vaicgy, k2 M) was cageed,
followed by TRA (7 5 nL, 97 mmol) and,the reaction was allowed {g,stir
overnight. The reaction m xture was baS|f|ed by the slow addition of
concentrated NHAOH (10 nlL) and was then concentrated under vacuumto a
sticky solid, which was dissolved in ethyl acetate (1300 nL) and washed 15
wi th saturated NaHCEB (1300 L), 5% NaHCO3 (1300 ni), brine (600 m.), dried

over My504 (1Q.9), filtered and concentrated under vacuu]}ﬁ'OTh sul ting
sol i ds vvere_dlssaLvedmg@ yP2Ha c eBRRA Sluigshase i) ?%% ed i a
vigorously stdH@ ng sol ut e@p: of hexanes. MIBE (3: 7 4 L). The
resulting precipitate was filtered and dried under | vacuum for 3 days

to provide 8 (111.8 g), vlith was carried through to the®next

O,
O e,
Pyridine-HF HO‘PMNH _KCOs HOAPM

THF CO,Et water, THF CO,H
6b 7b

Ethyl-2-(fert-Butyldimethylsilyloxy)acrylate (2)

5 A solution of ester 1 (4.00 g, 34.4 mmol) and triethylamine (4.79 mL,
34.4 mmol) in anhydrous dichloromethane (170 mL) was cooled to 0 °C under nitrogen
and tert-butyldimethylsilyltrifluoromethane sulfonate (8.31 mL, 36.2 mmol) was added
dropwise. The resulting solution was stirred vigorously at reflux for 4 h. The solvent
was then carefully evaporated, the residue was dissolved in Et;O (170 mL), and the

10  organic phase was washed with water (3 x 50 mL). The organic phase was dried
(NaySOQy), filtered, and concentrated. The residue was purified by silica gel
chromatography eluting with 0-20% diethyl ether/hexanes to afford 2 (4.89 g, 62%) as
a clear oil: "H NMR (500 MHz, CDCl;) & 5.50 (d, J=1.0 Hz, 1H), 4.85 (d, /= 1.0 Hz,
1H), 4.21 (q, J= 7.0 Hz, 2H), 1.31 (t, J= 7.0 Hz, 3H), 0.95 (s, 9H), 0.16 (s, 6H).

15
2-tert-Butyl-1-Ethyl-1-(tert-butyldimethylsilyloxy)cyclopropane-1,2-dicarboxylate
(3a and 3b)

A mixture of ethyl 2-(tert-butyldimethylsilyloxy)acrylate (2, 500 mg,
2.17 mmol) and Cu(acac), (0.011 g, 0.043 mmol) was heated at 80 °C. A solution of
20  tert-butyl diazoacetate (463 mg, 3.25 mmol) in benzene (5 mL) was added to the
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20 step without further purification. M5 mz calcd for C1L10H118N6023Si 2
(MtNa+) 1971.3, found 1971.3. WD 2011/ 044501PCT/ US2010/ 052043

To a stirwongligahkwti on of 8 (54.5 g, 28 mmol ) in DVF (296TmdSpomwas2oasided
TBAF (103 nmL, 75%in H20, 280 nmmol) followed by water (7.6 nmL., 420 5 mmol),
and the reaction was heated to 50C and stirred overnight. The reaction

m xture was diluted wth ethyl acetate (1250 nL), washed with 1IMcitric
acid (1000 nmL), brine (1000 nm.), sat. aq. NaHCO3 (1000 nL), brine (750 nL),
dri ed over TREEISEYMIKiUTE Vel ke efifiehtiiy tims. doyreagtion Bixiug) WascRleEo 1O ch

was di ssol | ' I Of: j
St rring sarpydufe i ARehehE | e Folo G PlrRg ) Hhigy it aBathn
preci pit at eelwag Wwitht(erleth diethytlretted/hexushes tdiaffords dcthudinsterepmeonsi 3ke (@1t wde

35.9 g), which ified by RP HPLC (Method 2) to vield 9 (15.5 10 7
§rrm| , g?z. 2%6!"/0(:)@\368 Oﬁébgi%a%w}r&mgbméég% NMOO&J%L %quﬂd‘}(wﬁ%ﬂg? 3.

CozNCOz H\NHig, 85 28 (dd7-07 3. M5, 19,9 .73 (dd, 7= 7.5, 2.0 Hz, 1H), 1.59 (dd, J = 9.5,
4.0 Hz, 1H), 1.46 (s, 9H), 1.29 (t, J = 7.5 Hz, 3H), 0.90 (s, 9H), 0.18 (s, 3H), 0.12 (s,
3H); ESI MS m/z 367 [M + Na]"; 3b: "H NMR (500 MHz, CDCls) § 4.23 (dg, J= 11.0,
7.0 Hz, 1H), 4.13 (dg, J = 11.0, 7.0 Hz, 1H), 2.11 (dd, J = 10.0, 1.5 Hz, 1H), 1.85 (dd, J
=5.5,2.5 Hz, 1H), 1.43 (s, 9H), 1.54 (dd, J = 10.0, 4.0 Hz, 1H), 1.28 (¢, J = 7.5 Hz,
10 3H), 0.86 (s, 9H), 0.19 (s, 3H), 0.18 (s, 3H); ESI MS m/z 367 [M + Na]".

2-(tert-Butyldimethylsilyloxy)-2-(ethoxycarbonyl)cyclopropanecarboxylic Acid (4a
and 4b)
A mixture of dicarboxylate 3a and 3b (0.385 g, 1.12 mmol, 1:2 ratio of
15 3a/3b), trifluoroacetic acid (0.43 mL), and dichloromethane (0.5 mL) was stirred
overnight at room temperature. The solids were filtered, and the filtrate was
concentrated. The residue was purified by silica gel chromatography eluting with 0—
100% diethyl ether/hexanes to afford both diastereomers 4a (0.050 g, 15%) and 4b
(0.078 g, 24%) as off-white solids. 4a: "H NMR (500 MHz, CDCls) & 4.25-4.17 (m,
20 2H),2.38(dd, J=7.5, 1.5 Hz, 1H), 1.81-1.76 (m, 2H), 1.30 (t, J = 7.0 Hz, 3H), 0.90 (s,
9H), 0.21 (s, 3H), 0.13 (s, 3H); ESI MS m/z 289 [M + H]"; 4b: '"H NMR (500 MHz,
CDCl3) 6 4.22 (q,J = 7.0 Hz, 1H), 2.21 (dd, J=10.0, 1.5 Hz, 1H), 1.93 (dd, J= 8.0, 2.0
Hz, 1H), 1.52 (dd, J = 6.0, 3.5 Hz, 1H), 1.28 (t, J = 7.0 Hz, 3H), 0.87 (s, 9H), 0.19 (s,
3H), 0.17 (s, 3H); ESIMS m/z 287 [M - HJ".
25
Ethyl-2-(Benzyloxycarbonylamino)-1-(fert-butyldimethylsilyloxy)
cyclopropanecarboxylate (Sb)
A mixture of 2-(tert-butyldimethylsilyloxy)-2-
(ethoxycarbonyl)cyclopropanecarboxylic acid (4b, 0.335 g, 1.16 mmol) in toluene (5
30 mL) under nitrogen was treated with Hiinig’s base (0.260 mL, 1.51 mmol) and the
mixture was cooled to 0 °C. After this time, DPPA (0.324 mL, 1.51 mmol) was added
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OH CbzN Compound 9 (200 ng, 0.138 mol) was treated with
(2S, 3R) - N-Cbz-2, 3-bisbenzyl oxy-4-am no-butyric acid follow ng Procedure 14
to yiel d worzpowmaso10 WO 2011/ 044501PCT/ US2010/ 052043 ( P8@/UsR01005H96 nol ,
69.6%: MS mz calcd for CLO3HL09N7027 (M+H) 1878.0, found 1878.0. BnO HO
10 CbzN OH

and the mixture was heated at 90 °C for 30 min, followed by the addition of benzyl
alcohol (0.155 mL, 1.51 mmol). After 15 h, the mixture was cooled, diluted with ethyl
acetate (75 mL), and washed sequentially with 10% citric acid (2 x 50 mL), water (50
mL), and saturated NaHCO; (50 mL). The organic phase was dried (MgSQOy), filtered,
5 and concentrated. The residue was purified by silica gel chromatography eluting with
10% EtOAc/hexanes to 100% EtOAc to afford the title compound as a clear oil (0.146
g, 30%): 'H NMR (300 MHz, CDCls) & 7.34-7.30 (m, 5H), 5.40-5.38 (m, 1H), 5.21—
5.00 (m, 2H), 4.29-4.18 (m, 2H), 4.16-4.09 (m, 1H), 1.50-1.47 (m, 2H), 1.30 (t,J= 7.2
Hz, 3H), 0.88 (s, 9H), 0.26-0.07 (m, 6H); Multimode (APCI+ESI) MS m/z 295 [M +
10 HY"

Ethyl 2-(Benzyloxycarbonylamino)-1-hydroxycyclopropanecarboxylate (6b)
To a solution of ethyl 2-(benzyloxycarbonylamino)-1-(fert-
butyldimethylsilyloxy)cyclopropanecarboxylate (1.45 g, 3.69 mmol) in THF (35 mL)
15  under N, was added HF+pyridine (1.0 mL, 38 mmol). The reaction mixture was stirred
for 5 h. After this time, additional HFspyridine (1.0 mL, 38 mmol) was added and
stirring was continued for 19 h. The reaction mixture was then cooled to 0 °C and
diluted with Et,0 (150 mL). The mixture was then carefully quenched with saturated
aqueous NaHCO; until gas evolution ceased. At this time, the organic layer was
20 separated and the remaining aqueous layer was extracted with Et;O (300 mL). The
combined organic layers were washed with brine (200 mL), dried (Na,SOs), filtered,
and concentrated in vacuo. Purification by silica gel chromatography eluting with
20%—-50% EtOAc/hexanes afforded the title compound (0.960 g, 93%): 'H NMR (300
MHz, CDCl3) & 7.34-7.30 (m, 5H), 5.11-4.83 (m, 3H), 4.21 (q, J = 7.2 Hz, 2H), 3.37-
25 3.25 (m, 2H), 1.73-1.68 (m, 1H), 1.27 (t, J= 7.2 Hz, 3H), 1.14-1.06 (m, 1H); ESI MS
m/z 280 [M + HJ".

2-(Benzyloxycarbonylamino)-1-hydroxycyclopropanecarboxylic acid (7b)
To a 0 °C solution of ethyl 2-(benzyloxycarbonylamino)-1-
30 hydroxycyclopropanecarboxylate (6b, 12.5 g, 44.7 mmol) in THF (100 mL) was added
K2COs (24.7 g, 179.0 mmol) as a solution in H,O (300 mL). The reaction was allowed
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5 Compound 10 (180 ng, 0.096 nmol) was submitted to

hydr ogenol ysis follow ng Procedure 16 to yield 11 as its acetate salt,

whi ch waswoanuentszd to its sulfate salt according to Precedise@odBRog83 ny,
0.082 mml, 85.4%: M5 nlz calcd for C27H53N7015 (MtH) 716.7, found 716. 3;
CLND 98.1 % 10 Exanple 2 0 OBn HO NHCbz OBn DI PEA, PyBOP, DWVF
15Conmpound 1 (200 ng, 0.138 mmol) was treated with (2S, 3S)-N Cbhz-2,

5 eyt SR L a1 L8O 0 FLRSSIN S B Lo
added. After stirring an additional 18 h at room temperature the reaction was
concentrated to remove most of the THF. The remaining aqueous solution was washed
with Et,O (2 x 500 mL), acidified with 2 N HCI to pH 2, and then extracted with

5 EtOAc (5 x 200 mL). The combined EtOAc layers were washed with brine (500 mL),
dried (Na,SQOy,), filtered and concentrated in vacuo to afford the title compounds (7.75
g, 69%) as a mixture of diastereomers. The mixture was triturated with Et,O to afford a
white solid as mostly the major diastereomers. The supernatant was concentrated and
then triturated with Et;O to afford a clean mixture of both diastereomers. Major
10  Diastereomer: '"H NMR (300 MHz, MeOD) & 7.50-7.14 (m, 5H), 5.22-4.96 (m, 2H),
3.23-3.10 (m, 1H), 1.60 (dd, J = 8.9, 6.3 Hz, 1H), 1.10 (t, J = 6.2 Hz, 1H); Multimode
(APCI + ESI) MS m/z 250 [M — H]". Mixture of Diastereomers: 'H NMR (300 MHz,
MeOD) 6 7.45-7.14 (m, 5H), 5.24-5.01 (m, 2H), 3.25-3.15 (m, 0.46H), 3.14-3.01 (m,
0.54H), 1.71-1.53 (m, 1H), 1.42 (dd, J = 9.1, 6.4 Hz, 0.54H), 1.12 (t, J = 6.2 Hz,

15 0.46H); Multimode (APCI + ESI) MS m/z 250 [M — HJ".

Svnthesis of Compound 11

HO CbZHN\Q,NHCbZ HO CbZHN\Q/NHCbZ
O (O]
W "/ Na,CO W s
1 ile) H 4 3 1 nQ OH
Hob © NaHCO; Hob

HO  NHChbz OH CbzC HO  NHCh <OH
Q THF :water Q
25xHS0s o Ho ©
(O:NHCbZ @:NHCbz
1 [ T OH 2 [ T OH
CbzHN OH CbzHN OH

20
To a stirring solution of paromomycin sulfate 1 (76 g, 84 mmol) in H,O
(209 mL) and THF (1084 mL) at 0°C was added an aqueous solution of sodium
carbonate (254 mL, 218 mmol, 0.86 M), followed by the dropwise addition of benzyl
chloroformate (120 mL, 840 mmol). NaHCOs (70.6 g, 840 mmol) was then added and
25  the reaction was stirred for 3 hr. The organic layer was separated and concentrated (to

about 800 mL), diluted with EtOAc (400 mL) and dripped into hexane (9 L). The
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(148 nmg, 0.079 nol, 57.2%: M5 mz calcd for CL03H109N7027 (M+H) 1878. 0,
found 1878. 7. HO 21\ OH CbzN Compound 2 (148 ngy, 0.079
nmol ) wasweubniitezed t o hydrogenol ysis foll ow ng ProcedureTiiB2t10/0yi083 d 3 as
its acetate salt, which was converted to its sulfate salt according to
Procedure 18 (27 mg, 0.027 mmol, 34.2%: MS nmlz calcd for C27H53N7015 ( MtH)

716.7, found 716.3; CLND 88.8 % 10 Exanple 3 15Compound 1 (200 ny,
0.138 mml) s treated with (2R, 3R)-2- benzyl oxy-3-fl uor o-4-azj de- yric
aci d fol | odFTYg e Byeealitte 1sepliegteq b@ﬁﬁtr@mﬁemdé (89.85¢, 5436 mmol, 35%1 RS

m/z caled for Cg3H75N5004 (M+Na") 1308.48, found 1308.6.

HO CbzHN NHCbz o CbzHN NHCbz
e Oy
HO "o OH Benzaldehyde o o' OH

. 0 4 0

HO  NHCbz OH ZnCl, HO  NHCbz WOH
o o

o 0

HO : HO :

o\/j;\NHCbz O;\NHCbz
2 “ Y YoH 3 VY oH
CbzHN OH CbzN___O

Zinc chloride (59.2 g, 434 mmol) was dissolved in benzaldehyde (440

mL, 4344 mmol) to give a yellow solution, and the reaction was stirred for 5 min. A

10  solution of 2 (69.85 g, 54.3 mmol) in benzaldehyde (440 mL) was then added and the
reaction was stirred for 7 hr. The reaction mixture was diluted with EtOAc (2 L) and
washed with 0.1M EDTA disodium salt dihydrate (3 x 2L), H,O (2 L), brine (2 L),
dried over Na,;SQOy, concentrated (to about 900mL) and dripped into Et;O: hexane (1:1,

4 L). The resulting precipitate was collected by filtration and dried under vacuum to
15 yield 3 (93.41g, 63.94 mmol 118: MS m/z calcd for C77HgsNsOaq (M+Na") 1484.54,
found 1484.7.
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WD 2011/ 044501PCT/ US2010/ 052043 (157 ng, 0.093 nol, 67.4%: MS niz cal cd
for C88HO94FN9024 (M+H) + 1681.7, found 1682. 1. Compound 2 (157
ng, 0. 093wonpiiyo4wms submitted to hydrogenol ysis foll owi RgTRSo@ems2083 16 t o
yield 3 as its acetate salt, which was purified by RP HPLC (Method 4) and
converted to its sulfate salt (35 ng, 0.035 muol, 37.6%: M5 mz calcd for
C27H52FN7014 (|\/H—|)+ 718. 7 found 718.4; CLND 98.5 % 10 Exarrpl e 4 CbzHNNH2

00 F F'"OH N3 NHCbZCB OD%%bHCW "NHCbz 10H CbzN WO
2011/ 044501P CbzHN
- b : e
Hd  NHcbz NaH Hd  NHCbz OH
o . DMA Q
/O 'IIO

HO :
W 4‘ \“\/j\
3 | Y OH " Y TOH

CbZN5 EO CbzN 6

To a stirring suspension of sodium hydride (dry 95%, 9.64 g, 382 mmol)
in DMA (501 mL) at -10°C was added a solution of 3 (93 g, 63.6 mmol) in DMA (500

5 mL) and the reaction was stirred for 4 hours. The reaction was quenched with acetic
acid (100mL) and stirred for 30 minutes. The reaction mixture was then diluted with
EtOAc (2 L), and washed with NaHCO; (2 x 2 L), H,O (2 x 2 L), brine (2 L), dried
over Na,SQOy, filtered and concentrated to a yellow-brown solid, which was purified by
flash chromatography (silica gel, MeOH/DCM) to yield 4 (30g, 22.17 mmol, 35%): MS

10 m/z caled for C7oH75sN5023 (M+Na+) 1376.5, found 1376.7.

O CbzHN 8 CbzHN
O~ g™ g
O QY ‘0 ;

TBDPSI-CI

" 0]
HO NHCbz “OH DMAP NHCbz ~OTBDPS
QO Pyr (0]
'/Q ’/Q
HO - 2

TBDPSO

o «NHCbz 0 wNHCbz
4 . .
v OH 5 |“ v "OH

CbzN._ O CbzN_ O

<

To a stirring solution of 4 (30 g, 22.15 mmol) in pyridine (201 mL) was
15 added DMAP (2.71 g, 22.15 mmol), followed by TBDPS-CI (65.4 mL, 255 mmol) and

the reaction was heated at 80°C for 6 days. The reaction mixture was dripped into

107



Compound 1 (47 nmg, 0.032 mmol) was treated with 2(R)-benzyl oxy-3, 3-

bi sfl uoro-4-azide-butyric acid follow ng Procedure 15 to yield conpound 2
(40 nmg, OWO2411mah50175% : MS mi z cal cd for C88HI3F2N9024 pCimidRo106SH4Y, found
1699. 2. 5 Compound 2 (40 ng, 0.024 nmmol) was subnmitted to
hydr ogenol ysis follow ng Procedure 16 to yield 3 as its acetate salt, which
was converted to its sul fate salt according to Procedure 18 (20 ng, 0.019

nol , 79.2%: C for H51F2N7014 ( M+H) + 736, found 736. 3;
CLND 97. 6 53 05555? (15? QC/\% 1P sas RO OB OB lested by Tlration andy

t .
Sul fur el 8‘&‘*?%2&83?.‘ STE M 30 WA SR SR 58

22. 94 mmol Etéhchexhee (lehc? |Io'rmrd/a&e sresiuitli@pn‘eorpltatehwas Toldectedaloy ifiltrativinxandr e was

dil uted t.h 50nmL H 2 0 nm), i 0 .nm
Q1 o over iBeqipdis o) ThES R ol henteared o sthel Samh S et a3
(1.78g, 50. Xith 'ITMJhtn@%c@d S. SU@rﬁLPalln‘r‘rf& EWOHQ%OW@%SB@O (rM':j\l%)ne

1850. 7, found 1850. To a stirring solution of g, 973 mol )
in DVF (18(500nrh) dnmovﬁeﬂ%a&@ f{ltegedrandrdopcenttraga twafselééc{ 645@591913 l(nmc{k68 g,

i Lt od i R YR T [l ek e ) 1883 aOfd AT e e T

X 75 mL), dried over Na2SO4, filtered and concentrated to a vvhlte solid,
whi ch was purified on a 2- |nch reverse phase HPLC 15 (Method 2) to vyi eId

conpound 3 62 OC®8 N 35%9: M5 mlz calcd dQr & 0238|
( MeNa+) 18@,—0@5@ = b %"
o ol
HO  'NHCbz ] OTBDPS TCDI NHCbz OTBDPS
’/Q N s '/Q

TBDPSO “__NHCbz TBDPSO A ~NHCbz
L .
Y Yon Y ToH

5 CbzN._0O 6 CbzN._O

< <

10 To a stirring solution of 5 (5 g, 2.73 mmol) in DMA (49.6 mL) was

*1

added 1’-thiocarbonyldiimidazole (4.53 g, 25.4 mmol) and the reaction was heated at
40°C for 18 hours. The reaction was diluted with ethyl acetate (100mL), washed with
IM citric acid (3x100mL), brine (3x100mL), dried over Na,SO,, filtered and
concentrated to an orange foam, which was purified by flash chromatography (silica

15  gel/DCM/MeOH) to yield compound 6 (4.5g, 2.32 mmol, 85%): MS m/z caled for
C106H113N7023Si; 1962.7 (M+Na"), found 1962.8.
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WO 2011/ 044501PCT/ US2010/ 052043 To a stirring solution of 3 (14.3 g,
7.81 mml) in pyridine (46 nL) was 5 added acetic anhydride (110 m ) and

t he reactwornonwas4dti rred for 2 days. Methanol (100 nl) was/usddedsioear ef ul
exotherm c reaction!), followed by EtOAc (1 L). The organic |ayer was
washed with 1 Mcitric acid (1 L), 5% NaHCO3 (2 x 1 L), brine : water (1:1,
1 L), brine (1 L), dried over Na2SO4, filtered and concentrated to dryness
to yield conpound 4 (8 2 g) WhICh was carried through to t he next step

wi t hout furt/her o MS mz calcd S|2(I\/Hr|\la+)
1936. 7, fouRd /1936, .0 erlng solutl °mol) in
AcOH (19 8 nl) vﬁs 1 a%lde a%A (1.8 (whashsia 3: T& ter oI ution), and
t he reacti on was at ‘Reboat 400€Bd‘pgr Addl ti onal ﬂFE:éz . 4&meoks of a

N loxane

3:1 TFA: wat er ol ution) s|] added an WO 2011/ 044501P US2010/ 052043
reacti on was Med for 1. 'ro The reactlon was then cool ed/tT6oroom

tenperature, dil uted Tebrsk tO C (i#gP L) and washed w F¥pPS@t. ;@QN@HCCB (3
2

x 200 nmL) and brine (200 nL)? he organi c | ayer was dried ovef? S,
filtered and concentrated to~drymess to yield conpound 5 (8.7 HA 3

mrol ), which was cargiedctdrpagh to the next 5 step wit hou€bzNyrQ her
purification. Ms mz calcd fior C99HL i N5025Si 2 (M+Na+) 1848. 7, found
1848. 3.

To a stirring solution of 6 (1.85 g, 0.953 mmol) in dioxane (68.1 mL)

was added tris (trimethylsilyl)silane (0.882 mL, 2.86 mmol), followed by AIBN (0.063

g, 0.381 mmol) and the reaction was heated at 80°C for 2 hours. The reaction was
5 diluted with ethyl acetate (50mL), washed with sat. ag. NaHCOj; (50mL), brine (50mL),
dried over Na,SO,, filtered and concentrated to yield compound 7 (3g, 0.953), which
was carried through to the next step without further purification. MS m/z calcd for

C102H11]N50228i2 1836.7 (M+Na+), found 1837.0.

CbzHN CbzHN
O ooty
TFA
‘NHCbz OTBDPS m ‘NHCbz OTBDPS
o 0

TBDPSO " .NHCbz TBDPSO ~_NHCbz
o o
[ Y YoH Y YoH

7 CbzN._O 8 CbzN.__O

: < <

To a stirring solution of 7 (3.911 g, 2.155 mmol) in acetic acid (50 mL)
was slowly added a solution of TFA (0.385 mL, 5.00 mmol) in water (6.94 mL) and the
reaction was heated at 50°C for 90 minutes. The reaction was cooled to 0°C and was
quenched with DIPEA (1.746 mL, 10.00 mmol). The reaction mixture was then

15 diluted with ethyl acetate (100mL), washed with water (100mL), brine (100mL), sat.
aq. NaHCOj; (2x100mL), brine (100mL), dried over Na,SQy, filtered and concentrated
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50Ac CbzN O 10To a stirring solution of 5 (8.7 g, 4.76 nmmol) in pyridine
(95 nL) was added p-tol uenesul fonyl chloride (5.45 g, 28.6 mmol) and the
react i on waosti4uioed for 2 hours. Additional p-tol uenesecfrasgéioobioasi de
(1.82 g, 9.52 mmol) was added and the reaction was stirred for another 7
hours at roomtenperature. The reaction was diluted wth ethyl acetate (900
m.) and washed with 0.5 Mcitric acid (2 x 1 L) , 5% NaHCO3 15 (1 L), brine

(500 nL), dried gver,.Na2504 and.concentr.ated under um,t roximately
80 i, i docrufy ok BRSA BEd St o e S ErS aeRe ERPE MuePaf P ST 51
hexanes: Etcdthpol® 8l g, 0138 Ringsli PI7v@t evisas /A ichic@r R Of:H,aNdOwBBhemhad t h
hexanes (200 nl), and dried under high vacuum overnight to provide a crude
(8.6 g), wWHMWNawxdowut 114884 by RP-HPLC (Method 2) to yield conpound 6 (4.5
g, 2.158 mml, 64%yield): 20 M5S mz calcd for CI O6HL i 7N5027SSi 2 ( MtNa+)
2002. 7, found 2002. 4. To a stirring solution of 6 (7.7g,
3.88 mmol ) in tohbjenem(zz,&} L) [pt room tenperature _ywas added a sol ution of
TCDI (5.4g, 30.3moDN)gin t eneo(78 mL) and®? § re Ton_pyas stirred
overni ght. The reacti onovasydid uted wi th Et OAs..and. vg “oMth 1IMcitric
acid (3 x 1 L), brinmezwatero (1:1 v,v, BTsci250 7/ dried over Na2SO4, and

concentrated to drynes’ﬂ*cf’zo;tbew&m?s (8.3 gy which Nigez ?K\@T@EPQ hrough to
d

the next step w thout furt ,,purificatf)on: MS mz cal for Cl icni

i 9N7027S2Si 2 ( M+Na+) ?E;]D%go fSund 2112.4. 10 To a shir®ing solution of
in

7 (8.1g, 3.87 mol) "% diooxaf¥Cz100 L) was ad®iBEC2, 2~ . NHebz
-azobi si sobutyronitrile (32’\\&}1174 mmol ) foll owed by “'O\OH
- |‘ -

0 6

8 Cbzf‘5 9 CbzN_ O
5 é

To a stirring solution of 8 (1 g, 0.58 mmol) in pyridine (19.3 mL) was

added p-toluenesulfonyl chloride (0.883 g, 4.64 mmol) and the reaction was stirred for

7 hours. The reaction mixture was diluted with ethyl acetate (S0mL), washed with 1M
citric acid (2 x 50mL), water (S0mL), brine (50mL), sat aqg. NaHCO3 (2 x 50mL), brine

10 (50mL), dried over NaySQy, filtered and concentrated to a crude, which was purified

on a 2-inch reverse phase HPLC column (Method 2) to yield 9 (0.558g, 0.297 mmol,
57%)2 MS m/z calcd for C102H113N5024SSi2 1902.7 (M+Na+), found 1902.8.

Teo-x  CbzHN i N CbzHN Y
3
0 L ] »o o) L ] =0
HO+ ---|o“‘ "0 HO" - -VIIO\‘\ "O
L O NaN3 o (@]
NHCbz .oTBDPS T NHCbz LOTBDPS
o o
I/Q '/Q

TBDPSO OO:NHCM TBDPSO O:NHCbz
Y oH Y Yo
9 Cszéj 10 Cbzg
15 To a stirring solution of 9 (0.5 g, 0.266 mmol) in DMPU (8.8 mL) was

added sodium azide (0.172 g, 2.658 mmol) and the reaction was heated at 70°C for 3
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15 tris(trinmethylsilyl)silane (34.3 uL, 7.67 mmol) and the reaction was
heated to an internal tenperature of 85C for one hour. The reaction was

al | oned twoconlo4ssmir oom tenperature, was diluted w th EroRwsedioloy2owmshed
with 0.5Mcitric acid (2 x 1 L), WD 2011/044501PCT/ US2010/ 052043 sat. aq.
NaHCO3 (1x1L), brine (500 nmL), dried over Na2SO4 and concentrated to
dryness to yield a crude, which was dissolved in Et0OAc (80 nlL) and dri pped

into a mxture of, vigorously stirrin exanes (1.1 L) .and .di et hyl ether
(0.125 ). fﬁurstrib? BrRCBPn e il W}tﬁ@ﬂm é&?tﬁtﬂé?@_fgrw%%haéamﬂb WE©B (6.6
9), which vas oy pigd J&erah 5@91L§, Bﬂﬁ%(@ﬁxﬁng BReMdvBOWa, KUY, t MBfered and
purification. Ms mz calcd for CLO6HL1/N5026SSi 2 ( M+H+) %96&.7, f ound

1964. 5. cbAd@tdtedt td [idld Bhptin@N10f @.489¢0 ohesl msoli Bl 42 BNYEY fop2 nl)
0.794 g 1 ol §

was added sodi um azi de (0. , 12.2 and the reaction was heated to

70 C. Aft erC2HheNs(, Sib hé73. @ Qelt-Neh). amddddB.dd to room tenperature, dil uted
with EtOAc (500 m), washed with water (2 x 800 nL), brine : water (1:1
viv, 1 L), brine (500nL), dried over Na2SO4 and concentrated to dryness to
yield 9 (2.85 g), which was calfrjlri ed through to 1%uiR ex,%H step wi thout

further purificat Mo\ _Js a for C991-T1N\0N3023 M+Na+) 1857. 7,
found 1857.6. WRiQ11/044: / US2010/ 0526043( ChztIN9~ “NHCbz
Q

TBAF

. 0] P
NHCbz OTBDPS NHCbz ~OH
of THF 0
o o
TBDPSO : HO -
O(j: NHCbz @:NHCbZ
YN 0H " Y TOH

10 Cbz'g; 11 Cbﬂg

To a stirring solution of 10 (0.462 g, 0.264 mmol) in THF (2.64 mL) was
added TBAF (2.64 mL, 2.64 mmol) and the reaction was stirred for 1 hour at room

10 temperature, and at 40°C for 5 hours. The reaction was diluted with ethyl acetate (50
mL), washed with sat. ag. NaHCO; (50 mL), sat. aq. NH4CI (50 mL), brine (50 mL),
dried over Na,SQy, filtered and concentrated to a white foam, which was triturated with
hexane (3 x 30 ml) to yield compound 11 (0.371g, 0.264 mmol): MS m/z calcd for
CeaH72NgOy 1271.5 (M+Na"), found 1271.5.

15
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0 HO,--"NHCbz , OH 10CbzN To a stirring solution of 9 (2.2 g,
1.20 mmol) in DVF (9 nL) was added water (0.19 nL) foll owed by TBAF (75%in
wat er, 3.W0 2170485058 mmol ) and the 5 reacti on was heat e@#Catusado@smeer ni ght .
Met hyl am ne (40%in water, 8.4 nL, 50 mml) was then added and the reaction
was stirred for 4 hours. The reaction was diluted with Et0Ac (500niL),
washed with 1 Mcitric acid (1 L), brine : water (1:5 v/v, 600 nl), sat.
aq. NaHCO3 (150mL), brine (300nm.), dried over Na2SO4 and concentrated to
provi de a crude, which was GQEgsgiyRdTAME: OViPENTDY and dripped into a

m xture of vigorously 10 stirring MIBE (250 nl) and hexanes (250 nL). The
resulting precipate was filtered, washed with hexanes (3 x 60 nL) and dried
under vacuumto provide a crude, whi wa urified by RP-HPLC (Met hod 2)
to yield 10 (0.582 g, 0.447 mmol, 52 : M5 mz calcd for C621172N8020
(MtNa+) 1271.5, found 1271.3. BnO c-NHCbz CbzHNH\ NOBn 00 "OH -,

NHCbz" OH HO HN HN NH, ChzHN CbzHN NHCbz
o L J o A,
HO" Q" ‘OH HO" e ‘OH
= Q P
HO  NH, OH Cbz-OSu HO  NHCbz \OH
Q
3H,S0, o) ()
HO O.\\\NHQ HO @:NHCbz
1 " o 2 Y ToH
H
5 nH, O NHCH2

To a stirring solution of neomycin sulfate (1, 120 g, 0.130 mole) in H,O

(430 mL) was added a solution of K,CO5 (63 g, 0.456 mole, 3.5 eq.) in H,O (700 mL)

followed by THF (1.46 L). To this vigorously stirred biphasic solution was added drop-

10 wise over 30 min a solution of Cbz-succinimide (292 g, 1.174 mole) in THF (820 mL),

and the reaction mixture was stirred for 18 hr. The reaction was quenched with the

addition of 3-(dimethylamino)-propylamine (148 mL, 1.174 mole), and diluted with

EtOAc (1 L) and H,O (1 L). The reaction mixture was partitioned between EtOAc (1

L) and 1M citric acid (2 L)/brine (1 L). The aqueous layer was diluted with brine (500

15 mL) and extracted with EtOAc (500 mL). The combined organic layers were washed

with 1 M citric acid (1 L), brine (500 mL). The organic layer was then stirred with

saturated NaHCOj3 (2 L) and H,0 (600 mL) until off-gassing ceased. The layers were

partitioned, and the organic layer was washed with %2 sat. NaHCO; (1 L), brine (2 L)

dried over Na,SOy, concentrated (to 660 mL) and dripped into vigorously stirring Et;,O

20 (5.5 L). The resulting precipitate was dried under high vacuum for 72 hours at 30°C to

yield 2 (172 g, 0.121 mmol, 93% yield) as a white solid: MS m/z caled for C7;Hg:NgOas
(M+H") 1418.5, found 1418.9.
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0 '"'" 11CbzN WD 2011/044501PCT/ US2010/ 052043 Conpound 10 (50
ng, 0.040 mmol) was treated with (2S, 3R)-N Cbhz- 2,

3- bi sbenaybaxy/d4smi no- butyric acid foll owi ng Procedur eptd/useoipiosiods
conmpound 11 (59 ng, 0.035 nol, 87.5%: M5 mlz calcd for C881-197N9025 ( M+H)

1681. 8, found 1682.0. BnO i NHCbz CbzHNH4 NOBn 010 -- NHCbz, OH HO cNH2
H2NH4 NOH
CbZN CbZHN NHCbZ
CbzHN CbzHN NHCbz
HO'" Q™ "“OH
o AlCly NCbz

HO  NHCkz OH
’ benzaldehyde
ol
ke NHCbz

~ ‘\\NI’CbZ
L R
aw 3

‘ 7 OH CbzN-_0
OH
NHCbz é

To a stirring solution of per-Cbz-neomycin B (2, 50 g, 35.2 mmol) in

benzaldehyde (2000 ml, 19.7 mol) was added aluminum chloride (30.5 g, 229 mmol)

5 and the reaction mixture turned from yellow to dark orange with an increase in the

internal temperature from 22°C to 27°C. After 45min, the reaction mixture was poured

into vigorously stirring ice/sat NH4Cl (1:1, 800 mL) and the off-white slurry was

extracted with EtOAc (800 mL). The organic layer was washed with sat. aq. NH4Cl

(800 mL), 0.1M EDTA (400 mL), brine (400 mL), sat. aq. NaHCO3 (800 mL), brine

10 (400 mL), dried over MgSOy, filtered and concentrated (to about 2 L). The resulting

benzaldehyde solution was dripped into hexanes/Et,O (2:1, 18 L) and stirred overnight.

The resulting fine white precipitate was collected by filtration, washed with

hexanes/Et;O (2:1, 1000 mL) and dried under vacuum to yield 3 (54.9 g, 32.6, 93%
yield): MS m/z calcd for C7;HgoNgO»s (M+Na™) 1705.6, found 1705.4.

CbzHN NHCbz CbzN—  CbzHN A
b X b Lo
ENCbz 3):’ NaH o NCbz

NHCbz \NHCbz

15

OH
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00 "' OH Hd -NH2."OH OH 11CbzN 1\s' OH 12NH2 OH Compound 11
(59 ng, 0.035 mml) was submtted to hydrogenol ysis follow ng Procedure 17
to yi el d wheotrua®iacetate salt (33 ng), which was puri fPcedsbyiobe20RP HPLC
(Method 4) to yield 12 as its sulfate salt (9 ng, 0.009 nol, 25.7 %9: M
mz calcd for C27H53N7015 (MtH) + 716.7, found 716.4; CLND 95.9 % Exanple
6

To a stirring suspension of sodium hydride (4.68 g, 195 mmol) in DMA

(400 ml) at 0°C was added a cold solution of 3 (54.7 g, 32.5 mmol) in DMA (400 ml)

and the reaction was stirred at 0°C for 4 hours. AcOH (53.9 ml, 942 mmol) was then

added and the reaction was allowed to warm to rt overnight. The reaction mixture was

5 diluted with EtOAc (1000 mL), washed with water/brine (1:1, 1000 mL), sat. aq.

NaHCO; (2 x 800 mL), water/brine (4:1, 2 x 1000 mL), brine (1 x 400 mL), dried over

MgSOs, filtered and concentrated under vacuum to yield 4 (52.1g, 195 mmol, 100%
yield): MS m/z calcd for CgsHggNgOo4 (M+Na+) 1597.6, found 1597.4.

CbzN CozHN CbzN CbzHN
@ WG @
'O
NCbz HO  NHCobz <OH
Q
0 ko)
o ?

O\NHCbz HO @:NHCbz
YINTN0oH

| T TOH 5 [
4 CbzN._O CbzN._0
10 é é

To a stirring solution of 4 (51.2 g, 32.5 mmol) in dioxane (600 ml) was
added a solution of TFA (16.02 ml, 208 mmol) in water (200 ml) and the reaction was
heated at 50°C for 17 hours. The reaction mixture was diluted with EtOAc (800 mL)

15 and washed with sat. aq. NaHCO; (2 x 800 mL), brine (400 mL), dried over MgSOsy,

filtered and concentrated under vacuum to yield 5 (49.9 g, 32.5 mmol, 100 % yield):
MS m/z caled for C7gHgoNeOo4 (M+Na+) 1509.5, found 1509.3.
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128 WO 2011/ 044501PCT/ US2010/ 052043 Conpound 1 (50 ng, 0.040
nmmol ) was treated with (2S, 3S)-N Cbz-2, 3- bisbenzyl oxy-4-am no-butyric
acid fol Iwoaizog/issmeedure 14 to yield conmpound 2 (52 ng, POTAB20W006204¥7 99 :
M5 mlz calcd for C881497N9025 (M+H) 1681.8, found 1682. 0.

Compound 2 (52 ng, 0.031 nmmol) was submitted to hydrogenol ysis foll ow ng
Procedure 17 to yield the crude acetate salt (38 ng), which was purified by
10 RP HPLC (I\/Ethod 4) toyield 3 as its sulfate salt (9 g, - 0. 009 nol ,

29%: M f Ofbz (015 (MrH) 716. 7 dhguRd 2N [ND 99. 4 %
Exanpl e 7 0 910/ 052043 Cdnppufd <50 fy,). Q7020 Mol )
was treated vmth -23 benzyloxy3f|uoro4<ﬁ| ebl9tyr|c aci d

fol l ow ng Procedurg 15,.,&,9 eLd;h conpoupms 2i (47 Qw32 Yo, 0 9%:
MB mlz calcd for C73H82FNIZ022 (MrH) ¥ 1485.5, found 51484 & lomiH

Q 0
HO <

A ~NHCbz TBDPSO “_oNHCbz
o
s L : X

| I OH Y oH
CbzN

Eé CszE Eé

To a stirring solution of 5 (48.3 g, 32.5 mmol) in pyridine (350 ml) was
added TBDPS-CI (83 ml, 325 mmol) followed by DMAP (3.97 g, 32.5 mmol) and the

5 reaction was heated at 85°C for 5 days. The reaction was allowed to cool to rt and was
slowly dripped into hexanes/Et,O (1:1, 11 L). The resulting precipitate was collected
by filtration and washed with hexanes/Et;O (1:1, 50 mL), followed by purification by
flash chromatography (silica gel/ EtOAc/hexanes) to yield 6 (17.6g, 8.05 mmol, 24.8%
yield): MS m/z caled for Cy10H;18Ns024S15 (M+Na+) 1985.8, found 1985.6.

: Csz_zizszN\Q, o )SL : Cszk;szNU o

7 N N7\
HO  NHCbz OTBDPS (N;/ L:r\? O>: NHCbz ~OTBDPS
o) S o)
., N .
0 ® 0

TBDPSO TBDPSO : NHCbz

- NHCbz N
o K @)
‘\\ : OH 7 I\ v OH

Csz; ;o CszE ;()

To a stirring solution of 6 (275 g, 140 mmol) in toluene (2000 ml) was

added TCDI (59.9 g, 336 mmol) and the reaction was stirred for 2 days. Water (3.78

15 mL, 210 mmol) was added, followed by DMAP (103 g, 840 mmol) and the reaction
was stirred for 6 hrs. Additional water (1.26 mL, 0.5 eq) was added and the reaction

10

was stirred overnight. The reaction mixture was washed with 1 M citric acid: brine (4:1
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Compound 2 (47 ng, 0.032 mmol) was submitted to hydrogenolysis 10 foll ow ng
Procedure 16 to yield the crude acetate salt (36 ng), which was purified by
RP HPLC (Wbt2hmah44301to yield 3 as its-sulfate salt (11 nmpCTQSedib/osmwH3 33. 7
%: M5 mz calcd for C27H52FN7014 (MtH) 718.7, found 718.4; CLND 96.7 %

WO 2011/ 044501PCT/ US2010/ 052043 Exanpl e 8 5Compound 1 (81 ng, 0.065 nmol)
was treated with 2(R)-benzyl oxy-3, 3- bisfluoro-4-azide-butyric acid

foll owi ng Procedure 14 to yield conmpound 2 (70 ng, 0.047mol, 72.3%: MS niz

calcd for Q73@%%N@)]19@% kfn%'ﬂldﬂ(}lﬁﬁﬁ Bried QHRAMESO3- Bltered and concentrated to
Compound 2 (70 nm, mol) was submtted t6 hydrogenolysis follow ng

Procedur e IXByness yo gletd 7 li2o& g);dréne}cmatarrlsdlthrogglﬁ tcmj)e nexhsieh wideup furthier ed by
RP HPLC (I\/Eth to y| eI 0. 005 ol cd for
Gt B2\ R TG M5 coled i 7l B0aSRD (b 3805 Bylhed Fafrbsent ot i ve

Conmpounds The foll ow ng representative conpounds nay be
prepared accordi ng to the ferO|ng procedures.

CbZN CbzN CbzHN
b U & DR U 8
NHCbz ~OTBDPS TMS;3SiH ‘NHCbz ~OTBDPS
>=S 0 o
N “ t
) 0 0
N : z

TBDPSO NHCbz TBDPSO A ~NHCbz
X @
7 I Y YoH 8 Y YoH

CbzN_ O CbzN_ _O

5 s <

To a stirring solution of 7 (134.6 g, 64.9 mmol) in 1,4-dioxane (1300
mlL) in a 2L two-neck RBF was added 1,1,1,3,3,3-hexamethyl-2-
(trimethylsilyl)trisilane (46 mL, 149 mmol) followed by AIBN (1.07 g, 6.49 mmol),

10  and the reaction was stirred for one hour at 100°C. The reaction was allowed to cool to
room temperature and water (90 mL) was added, followed by TFA (7.5 mL, 97 mmol)
and the reaction was allowed to stir overnight. The reaction mixture was basified by the
slow addition of concentrated NH4OH (10 mL) and was then concentrated under
vacuum to a sticky solid, which was dissolved in ethyl acetate (1300 mL) and washed

15 with saturated NaHCO; (1300 mL), 5% NaHCO; (1300 mL), brine (600 mL), dried
over MgS0;, (10 g), filtered and concentrated under vacuum. The resulting solids were
dissolved in ethyl acetate (370 mL) and dripped into a vigorously stirring solution of
hexanes: MTBE (3:1 v/v, 7.4 L). The resulting precipitate was filtered and dried under
high-vacuum for 3 days to provide 8 (111.8 g), which was carried through to the next

20  step without further purification. MS m/z calcd for C110H118N6023S1; (M+Na+) 1971.3,
found 1971.3.
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WD 2011/ 044501PCT/ US2010/ 052043 H2NH2N O 10\ : NH2 HO ' OH OH NH2 OH NH2

"0 -NH2 HO H
WO 2011/044501 PCT/US2010/052043

CbzN CbzHN CbzN CbzHN
SadRese atel (;r
NHCbz ~OTBDPS TBAF NHCbz
0 o
’/Q "/Q

TBDPSO : NHCbz HO

o(j,\\\ @:NHCbZ
8 [ YoH 9 Y oH

CbzN_ O CbzN_ O

< <

To a stirring solution of 8 (54.5 g, 28 mmol) in DMF (295 mlL) was
added TBAF (103 mL, 75% in H,0, 280 mmol) followed by water (7.6 mL, 420

5 mmol), and the reaction was heated to 50°C and stirred overnight. The reaction
mixture was diluted with ethyl acetate (1250 mL), washed with 1M citric acid (1000
mL), brine (1000 mL), sat. ag. NaHCO; (1000 mL), brine (750 mL), dried over Na,SO;4
(10g), concentrated to dryness to yield a crude, which was dissolved in ethyl acetate (90
mL) and dripped into a vigorously stirring solution of MTBE : hexanes (1:1 v/v, 1.8 L).

10 The resulting precipitate was filtered and dried under high-vacuum to provide a crude
(35.9 g), which was purified by RP HPLC (Method 2) to yield 9 (15.5 g, 10.7 mmol,
38.2%): MS m/z calcd for C77HgaNgO (M+H+) 1445.6, found 1445.3.

CbzN CbzHN o o ChzN CbzHN Te\(\
C " —Z:) HOJ\/\/NHCbz ©_< b

OBn

NHCbz

NHCbz NHCbz
o | DIPEA, PyBOP, DMF Q
o o
HO : HO :
CO:NHC[}Z (O:NHCDZ
9 [ Y YoH 10 [ Y oM
CbzN.__O CbzN.__0O

< <

Compound 9 (200 mg, 0.138 mmol) was treated with (2S,3R)-N-Cbz-2,

15

3-bisbenzyloxy-4-amino-butyric acid following Procedure 14 to yield compound 10
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HN,O0O "OH,sOH'OIiOHNH2 OH H ""CGs's R HOCH[ 11 "', OH,.0H4'0 0
_O—|NH20—|NH2

WO 2011/044501 PCT/US2010/052043

(180 mg, 0.096 mol, 69.6%): MS m/z calcd for Cjo3H109N7027 (M+H)" 1878.0, found
1878.0.

CDTRET g

HolPOHIC

NHCbZ
Q 0]
«/Q ’/Q
HO : :

: HO :
10 |\\“ B OH WIN OH

H [ :
Csz5 ;o NH, OH

5
Compound 10 (180 mg, 0.096 mmol) was submitted to hydrogenolysis
following Procedure 16 to yield 11 as its acetate salt, which was converted to its
sulfate salt according to Procedure 18 (83 mg, 0.082 mmol, 85.4%): MS m/z calcd for
C7Hs3N;0y5 (M+H)" 716.7, found 716.3; CLND 98.1 %.
10
Example 2
CbzN gszN NH; o oBn CbzN CbzHN Te\ﬁ bz
C "o“. g™ Ny O M/NHCbz <:> :
% Q OBn
NHCbz ~OH NHCbz
o DIPEA, PyBOP, DMF o
0 0
HO " .NHCbz HO ~_~NHCbz
O B O W
1 I\“lQ\OH 2 ;“"Q\OH
CDZESJ Cbzl\g
15 Compound 1 (200 mg, 0.138 mmol) was treated with (2S,3S)-N-Cbz-2,

3-bisbenzyloxy-4-amino-butyric acid following Procedure 14 to yield compound 2
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HO OH FNIOH OOH '0 0" | COH NH2 OH Fi2N HO''" ,\ HO

WO 2011/044501 PCT/US2010/052043

(148 mg, 0.079 mol, 57.2%): MS m/z calcd for Ci93H;goN7027 (M+H)Jr 1878.0, found
1878.7.

CREPRET ot

_ Ho/PA(OH)IC

NHCbZ
o) 0
’/Q ’/Q
HO ? HO '

2 Y ToH 3 " OH

CbzN_ O NH, 6H

<

5
Compound 2 (148 mg, 0.079 mmol) was submitted to hydrogenolysis
following Procedure 17 to yield 3 as its acetate salt, which was converted to its sulfate
salt according to Procedure 18 (27 mg, 0.027 mmol, 34.2%): MS m/z caled for
Co7Hs3N;015 (M+H)" 716.7, found 716.3; CLND 88.8 %.
10
Example 3
CbzN CbzHN CbzN CbzHN
< >—< 9 E < >—<
b ; ot b
‘NHCbz OBn "NHCbz
o I Dce o
ke ke
HO O(‘:,:r\mcnz HO OO:NHCbz
1 Y ToH 2 Y YoH
Cbzg CszEES)
15 Compound 1 (200 mg, 0.138 mmol) was treated with (2R,3R)-2-

benzyloxy-3-fluoro-4-azide-butyric acid following Procedure 15 to yield compound 2
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HX _NH2 bH NH '"OH ".0H "NH2 _OH NH26H H2N HO' HN ,,s s. NH2 HO H NH2 OH
"OH

WO 2011/044501 PCT/US2010/052043

(157 mg, 0.093 mol, 67.4%): MS m/z calced for CggHgsFNgO»4 (M+H)+ 1681.7, found
1682.1.

HO
CbzN CbzHN HoN H,N “WNHZ
< > < 0 L] Y F
Ho{ YoM N “OH
4 o
“NHCbz —_— NH, LOH
(@] Q
0 0

HO

| CO:NHCbZ O():NHZ
2 Y oH 3 WS oH
CszE Ec') NH, OH

Compound 2 (157 mg, 0.093 mmol) was submitted to hydrogenolysis
following Procedure 16 to yield 3 as its acetate salt, which was purified by RP HPLC
(Method 4) and converted to its sulfate salt (35 mg, 0.035 mmol, 37.6%): MS m/z calcd

for Co7Hs5,FN7014 (M+H)* 718.7, found 718.4; CLND 98.5 %.
10

Example 4

Qc_sz CbzHN NH, o CozN—~  CbzHN \Ke\(
: L OF
ob.,.‘o\‘“ "'OH HOMN:;

= 0 0
NHCbz <OH OBn ‘NHCbz

o Dce 0

0 0
HO - HO

O(j:NHCbz OO:NHCbz
1 YN oH

| H | z
CbZN; EO CbZN; O
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_OHNH2 OHH2NHO" HNO )'"'',0" -NH2 HO HOH ,OH ' OH "OH \' NH2
OHNH2 OHH2 NHO'' HN, s --NH2 HO H
WO 2011/044501 PCT/US2010/052043

Compound 1 (47 mg, 0.032 mmol) was treated with 2(R)-benzyloxy-3,3-
bisfluoro-4-azide-butyric acid following Procedure 15 to yield compound 2 (40 mg,
0.024 mol, 75%): MS m/z caled for CggHgsFaNoOzq (M+H)™ 1699.7, found 1699.2.

HO
H NH
CbzN CbzHN N HoN HoN NM
HO" --no“l ""OH
4 o]
‘NHCbz Hy/Pd(OH),/C NH, OH
o

,,,Q “o
HO ? HO R

O;\NHCbZ OO:NHCDZ
2 Y YoH WINANoH

: I
CbzN._0O NHy OH
5 E

Compound 2 (40 mg, 0.024 mmol) was submitted to hydrogenolysis
following Procedure 16 to yield 3 as its acetate salt, which was converted to its sulfate
salt according to Procedure 18 (20 mg, 0.019 mmol, 79.2%): MS m/z caled for

10 Cy7Hs51FoN;014 (M+H)™ 736.7, found 736.3; CLND 97.6 %.

Example 5

CbzHN CbzHN
o} 0
b *Q* - o 2:) ‘Q’ —
NHCbz OTBDPS TEA, DMSO NHCbz OTBDPS
o) o
,/Q '//Q

TBDPSO

: TBDPSO 7
OO:NHCbZ @:NHCbZ
1 R, 2 RO

| = z
CbzN_ O CbzN_ O

15
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HN,N---/---NH2 \\ 0 "OH"CH "NH2 r OH NH2 6 HO -NH2 HO
NH2 NH ' CH
WO 2011/044501 PCT/US2010/052043

To a stirring solution of 1 (2 g, 1.092 mmol) in DMSO (10.92 mL) was

added sulfur trioxide-pyridine (1.825 g, 11.47 mmol), followed by TEA (3.20 mL,

22.94 mmol) and the reaction was stirred for 2 hr.  The reaction mixture was diluted

with EtOAc (50mL), washed with NaHCO; (2 x 50 mL), brine (50 mL), dried over

5 NaySOy, filtered and concentrated under vacuum to yield 2 (1.78g, 0.974 mmol, 89%):
MS: m/z caled for C0oH19oN5023Si, (M+Na") 1850.7, found 1850.7.

CbzHN CbzHN
O~ 33 Q a b Q a
¢ NHCbz OTBDPS NaBH, HO  NHCbz OTBDPS
——
o o
5 MeOH/DMF
/Q e Q

TBDPSO O:NHCbZ TBDPSO @:NHCM
2 Y YoH 3 Y YoH
Cbzl\g/jo Csz<\SO
10 To a stirring solution of 2 (1.78 g, 0.973 mmol) in DMF (18.71 mL) and

methanol (18.71 mL) at 0°C was added NaBH, (0.368 g, 9.73 mmol) and the reaction
was stirred for 1 hr. The reaction mixture was diluted with EtOAc (75mL), washed
with water: brine (1:1, 75 mL), brine (3 x 75 mL), dried over Na,SOy, filtered and
concentrated to a white solid, which was purified on a 2-inch reverse phase HPLC

15 (Method 2) to yield compound 3 (0.62g, 0.339 mmol, 35%): MS m/z calcd for
Ci02H111N5023Si; (M+Na") 1852.7, found 1852.9.
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To a stirring solution of 3 (14.3 g, 7.81 mmol) in pyridine (46 mL) was

5 added acetic anhydride (110 ml) and the reaction was stirred for 2 days. Methanol (100
ml) was added (careful exothermic reaction!), followed by EtOAc (1 L). The organic
layer was washed with 1 M citric acid (1 L), 5% NaHCOs; (2 x 1 L), brine : water (1:1,
1 L), brine (1 L), dried over Na,SQ,, filtered and concentrated to dryness to yield
compound 4 (8.2 g), which was carried through to the next step without further

10 purification. MS m/z caled for Cjo6H11sN50,581; (M+Na") 1936.7, found 1936.4.

ChbzHN CbzHN
O3 IS Res s

2 TFA :
AcO  NHCbz OTBDPS —_— AcO  NHCbz OTBDPS
o) o)
I/Q ’/Q
TBDPSO __.NHCbz TBDPSO A ~NHCbz
oYy o]
4 S X

[\ ) OAC 5 |\ H OAC

CbzN._ O CbzN 0

< <

To a stirring solution of 4 (9.1 g, 4.76 mmol) in AcOH (19.8 mL) was
15 added TFA (1.8 mL of a 3:1 TFA: water solution), and the reaction was heated at 40 °C
for 45 min. Additional TFA (0.45 mL of a 3:1 TFA: water solution) was added and the
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reaction was heated for 1.5 hr. The reaction was then cooled to room temperature,
diluted with EtOAc (200 mL) and washed with sat. aq. NaHCOj3 (3 x 200 mL) and brine
(200 mL). The organic layer was dried over Na,SOy, filtered and concentrated to
dryness to yield compound 5 (8.7 g, 3.43 mmol), which was carried through to the next

5 step without further purification. MS m/z calcd for CooHy11N5025S1, (M+Na+) 1848.7,
found 1848.3.

CbzHN CbzHN
HO"
TsCl
: _ N
AcO NHCbz ~OTBDPS AcO NHCbz ~OTBDPS
o] (0]
”Q '/C_)

TBDPSO o __ .NHCbz TBDPSO  .NHCbz
“ T
5 |“"©\0Ac 6 ,““ v YOAc
Cbzg Cbzrg/)é
10 To a stirring solution of 5 (8.7 g, 4.76 mmol) in pyridine (95 mL) was

added p-toluenesulfonyl chloride (5.45 g, 28.6 mmol) and the reaction was stirred for 2
hours. Additional p-toluenesulfonyl chloride (1.82 g, 9.52 mmol) was added and the
reaction was stirred for another 7 hours at room temperature. The reaction was diluted
with ethyl acetate (900 mL) and washed with 0.5 M citric acid (2 x 1 L) , 5% NaHCO3
15 (1 L), brine (500 mL), dried over Na,SO; and concentrated under vacuum to
approximately 80 mL. This solution was dripped into a vigorously stirring mixture of
8:1 hexanes: Et,0 (900 mL). The precipitate was filtered off and washed with hexanes
(200 mL) and dried under high vacuum overnight to provide a crude (8.6 g), which was
purified by RP-HPLC (Method 2) to yield compound 6 (4.5 g, 2.158 mmol, 64% yield):
20 MS m/z caled for Cqo6H117N50,78Si; (M+Na") 2002.7, found 2002.4.
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To a stirring solution of 6 (7.7g, 3.88 mmol) in toluene (78 mL) at room

temperature was added a solution of TCDI (5.4g, 30.3mmol) in toluene (78 mL) and the

5 reaction was stirred overnight. The reaction was diluted with EtOAc and washed with
IM citric acid (3 x 1 L), brine:water (1:1 v,v, 3 x 250 mL), dried over Na;SO4, and
concentrated to dryness to yield 7 (8.3 g), which was carried through to the next step
without further purification: MS m/z caled for Cyj0H;19N7027S,S12 (M+Na+) 2112.7,
found 2112.4.
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To a stirring solution of 7 (8.1g, 3.87 mmol) in 1,4-dioxane (100 mL)

10

was added 2,2’-azobisisobutyronitrile (32 mg, 0.174 mmol) followed by
15 tris(trimethylsilyl)silane (34.3 uL, 7.67 mmol) and the reaction was heated to an
internal temperature of 85°C for one hour. The reaction was allowed to cool to room

temperature, was diluted with EtOAc (1 L) washed with 0.5M citric acid (2 x 1 L),
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sat.aq. NaHCO; (1x1L), brine (500 mL), dried over Na,SO4 and concentrated to
dryness to yield a crude, which was dissolved in EtOAc (80 mL) and dripped into a
mixture of vigorously stirring hexanes (1.125 L) and diethyl ether (0.125 L). Filtration
of the resulting precipitate provided compound 8 (6.6 g), which was carried through to

5 the next step without further purification. MS m/z caled for CiosH117N5026SS1, (M+H+)
1964.7, found 1964.5.

CbzHN CbzHN
b Q e b ‘Q‘ s
N N8N3 N
AcO NHCbz ~OTBDPS . AcO NHCbz ~OTBDPS
0] o]
,/Q '/Q
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8 Csz; ;6 9 Csz(ESC-)
10 To a stirring solution of 8 (3.0 g, 1.53 mmol) in DMPU (52 mL) was

added sodium azide (0.794 g, 12.21 mmol) and the reaction was heated to 70 °C. After
2 hours, the reaction was cooled to room temperature, diluted with EtOAc (500 mL),
washed with water (2 x 800 mL), brine : water (1:1 v/v, 1 L), brine (500mL), dried over
Na,SO4 and concentrated to dryness to yield 9 (2.85 g), which was carried through to

15  the next step without further purification. MS m/z calcd for CooH,10NgO23512 (M+Na+)
1857.7, found 1857.6.
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To a stirring solution of 9 (2.2 g, 1.20 mmol) in DMF (9 mL) was added

water (0.19 mL) followed by TBAF (75% in water, 3.14 mL, 8.58 mmol) and the

5 reaction was heated at 45 °C overnight. Methylamine (40% in water, 8.4 mL, 50 mmol)

was then added and the reaction was stirred for 4 hours. The reaction was diluted with

EtOAc (500mL), washed with 1 M citric acid (1 L), brine : water (1:5 v/v, 600 ml), sat.

aq. NaHCOj3 (150mL), brine (300mL), dried over Na,SO4 and concentrated to provide a

crude, which was dissolved in EtOAc (30 mL) and dripped into a mixture of vigorously

10  stirring MTBE (250 mL) and hexanes (250 mL). The resulting precipate was filtered,

washed with hexanes (3 x 60 mL) and dried under vacuum to provide a crude, which

was purified by RP-HPLC (Method 2) to yield 10 (0.582 g, 0.447 mmol, 52% yield):
MS m/z caled for CeaH7N3gOz9 (M+Na") 1271.5, found 1271.3.
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Compound 10 (50 mg, 0.040 mmol) was treated with (2S,3R)-N-Cbz-2,
3-bisbenzyloxy-4-amino-butyric acid following Procedure 14 to yield compound 11
(59 mg, 0.035 mol, 87.5%): MS m/z calcd for CggHo7NgOss (MJrH)Jr 1681.8, found
1682.0.

BnO. NHCbz NHz
H
N, CbzHN N—g_<0‘8n
o ‘ ' o]
QW “OH
R o}

_Ha/PA(OH),/C

Compound 11 (59 mg, 0.035 mmol) was submitted to hydrogenolysis

following Procedure 17 to yield the crude acetate salt (33 mg), which was purified by

10 RP HPLC (Method 4) to yield 12 as its sulfate salt (9 mg, 0.009 mol, 25.7 %): MS m/z
caled for C7Hs3N7O45 (M+H)+ 716.7, found 716.4; CLND 95.9 %.

Example 6
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Compound 1 (50 mg, 0.040 mmol) was treated with (25,3S5)-N-Cbz-2, 3-
bisbenzyloxy-4-amino-butyric acid following Procedure 14 to yield compound 2 (52
mg, 0.031 mol, 77 %): MS m/z caled for CggHorNoO,5 (M+H)" 1681.8, found 1682.0.
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bU b i;f
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Compound 2 (52 mg, 0.031 mmol) was submitted to hydrogenolysis

NH2

following Procedure 17 to yield the crude acetate salt (38 mg), which was purified by
10 RP HPLC (Method 4) to yield 3 as its sulfate salt (9 mg, 0.009 mol, 29%): MS m/z
caled for C,7Hs3N70;5 (M+H)™ 716.7, found 716.4; CLND 99.4 %.

Example 7

: é
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Compound 1 (50 mg, 0.040 mmol) was treated with (2R,3R)-2-
benzyloxy-3-fluoro-4-azide-butyric acid following Procedure 15 to yield compound 2

(47 mg, 0.032 mol, 80.0 %): MS m/z caled for C73HgrFN;110y (M+H)+ 1485.5, found

5 1484.8.
BnO N HG, NH,
H H
Ns CbzHN N F H,N HaN N F
o S 0 \ . ©
TN “/OH Sille)n “OH
S o N Q
HO  NHCbz WOH M HO  NH; “OH
o] o
"/o '/Q
HO R HO B
N NoH
| T OH |
2 CcoN_ D 3 NH, OH

Compound 2 (47 mg, 0.032 mmol) was submitted to hydrogenolysis

10  following Procedure 16 to yield the crude acetate salt (36 mg), which was purified by

RP HPLC (Method 4) to yield 3 as its sulfate salt (11 mg, 0.011 mol, 33.7 %): MS m/z
calced for Cp7H5,FN7O14 (M+H)+ 718.7, found 718.4; CLND 96.7 %.
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5 Compound 1 (81 mg, 0.065 mmol) was treated with 2(R)-benzyloxy-3,3-
bisfluoro-4-azide-butyric acid following Procedure 14 to yield compound 2 (70 mg,

0.047mol, 72.3%): MS m/z calcd for C73Hg FoN1;02 (M+H)" 1503.5, found 1503.0.
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10
Compound 2 (70 mg, 0.047 mmol) was submitted to hydrogenolysis
following Procedure 16 to yield the crude acetate salt (76 mg), which was purified by
RP HPLC (Method 4) to yield 3 (5 mg, 0.005 mol, 10.2%): MS m/z caled for
C7Hs1F2N;014 (M+H)" 736.7, found 736.3; CLND 99%.
15
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The following representative compounds may be prepared according to

the foegoing procedures.
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Minimum inhibitory concentrations (MIC) were determined by reference

Clinical and Laboratory Standards Institute (CLSI) broth microdilution methods per

M7-A7 [2006]. Quality control ranges utilizing E. coli ATCC 25922, P. aeruginosa
ATCC 27853 and S. aureus ATCC 29213, and interpretive criteria for comparator

agents were as published in CLSI M100-S17 [2007].

Briefly, serial two-fold dilutions

of the test compounds were prepared at 2X concentration in Mueller Hinton Broth. The
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15

20

compound dilutions were mixed in 96-well assay plates in a 1:1 ratio with bacterial
inoculum. The inoculum was prepared by suspension of a colony from an agar plate
that was prepared the previous day. Bacteria were suspended in sterile saline and added
to each assay plate to obtain a final concentration of 5105 CFU/mL. The plates were
incubated at 35C for 20 hours in ambient air. The MIC was determined to be the lowest
concentration of the test compound that resulted in no visible bacterial growth as

compared to untreated control.

Table 1

PCT/US2010/052043

Representative
Compound

Example # / Compound #

AECO001

APAE001

1/11

B

A

2/3

3/3

4/3

5/12

6/3

7/3

8/3

vslveRlvelive Rocl o Sl Mve

> > >

* AECO001 is ATCC25922 and APAE001 is ATCC27853.

** MIC Key:

MIC’s of 1.0 pg/mL or less = A

MIC’s of greater than 1.0 ug/mL to 16.0 ug/mL = B

MIC’s of greater than 16.0 pg/mL =C

All of the U.S. patents, U.S. patent application publications, U.S. patent

applications, foreign patents, foreign patent applications and non-patent publications
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773 B A8 3 BA * AECO001 is ATCC25922 and APAEOO1 is ATCC27853. ** MC
Key: MCs of 1.0 pig/nm. or less = A15MC s of greater than 1.0 pig/nL to
16. 0 j ag/wbh2611B4M0C s of greater than 16.0 pi g/ nL = C PCT/US2010/052043 Al l
of the U S. patents, U S. patent application publications, U S. patent 20
applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification are incorporated herein by
reference, in their entirety to the extent not inconsistent with the
present destefdarptlitonn this specification aferioenrpératetl dreegio by gefietened,lih thedr eqtipetedo at ed

that, altho gh sgeci fic enbodi ]gﬁaq)t@s of the invention have been descri bed
herein for % FRGEEROt gReopfiptgrl Wik (he pressni Aese ROy di f i cati ons may be nade
wi t hout deviating fr 8hS Pofdobindn iAPEe ApptddEad NERL | Ldipaly,
the invention is not i;rrnpt ed ex&%%}é‘? gts%ﬁy tG%e pgppencife]g cl a%?ﬁp%gAl I\I/S
embodiments of the invention have been described herein for purposes of illustration,
5 various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.
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What is clainmed is: 1. A conpound having the follow ng structure (1): (1)
or a stereoi soner, prodrug or pharmaceutically acceptable salt thereof,
wher ei n: VQ0 206l/y3dnoxyl , a protected hydroxyl, am no or paTISet1e®smd3 am no
group; @ is: NH2 OH , NHOH O 149

CLAIMS

What is claimed is:

1. A compound having the following structure (I):

Qs
I{1 0 OR3 R3O N— RI
|
R,—N 0 Q
T
R,
R0 OR;

D

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,

wherein:

Q, is hydroxyl, a protected hydroxyl, amino or a protected amino group;

Qz 1s:
0

‘2?1

NH
OH 2

NH

OH , Or
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@@ is hydroxyl, a protected hydroxyl, amno or a protected am no group;
each Rl and R2 is, independently, hydrogen or an am no protecting group;
each R3 iwpndag®ndent | y, hydrogen or a hydroxyl prote@Crng2quoosmi3

each R4 and R5 is, independently, hydrogen or G -C6 al kyl optionally
substituted with one or nore hal ogen, hydroxyl or am no; each R6 is,

i ndependent |y, hydrogen, hal ogen, hydroxyl, am no or Cl-C6 al kyl;

or R4 and R5 together with the atons to which they are attached can forma
heterocyclic ring having from4 to 6 ring atons, or R5 and one R6 together
with the atoms to which they are attachgd cgn forma heterocyclic ring
having from3 to 6 ring atons, or and\opie R6 together with the atons to
whi ch they are attached can form algarbgc ic ring having from3 to 6 ring
atoms; each n is, independentl ger'ff¥#m 0 to 4; and each Z1 and 72
i's, independently, hydrogen or R3, wherein (i) at |east one of Z1
and Z2 is H, (ii) at |least one of Rgoandk,R5 is substituted Cl-C6 al kyl or
at | east one R6 is hal ogen, hydroxyl or amno, ang (iii) the two adjacent
-CH groups to which Z1 and Z2 are attached may optionally forma double
bond. hydrogen. 2. AQovnhsliosylof protestash hyduhert sitine athpRtectqdanifng griar e 3.
A conmpound of claim 1l qr 2 epei.n i S am.nq. ,150 WO . .

D015 badmo1pcT) Uapor FEEBs ACRE S iebchally AAESRER o Amipe, A tEetine
wher ei n Qb giguphydr oxyl . 5. A conpound of any one of clains 1-4 wherein QL
i s am no.

each Rj is, independently, hydrogen or a hydroxy! protecting group;

each Ry and Rs is, independently, hydrogen or C;-C¢ alkyl optionally
substituted with one or more halogen, hydroxyl or amino;

each Rg is, independently, hydrogen, halogen, hydroxyl, amino or C;-Cs
alkyl;

or R4 and Rs together with the atoms to which they are attached can form
a heterocyclic ring having from 4 to 6 ring atoms, or Rs and one Rg together with the
atoms to which they are attached can form a heterocyclic ring having from 3 to 6 ring
atoms, or R4 and one Rg together with the atoms to which they are attached can form a
carbocyclic ring having from 3 to 6 ring atoms;

each n is, independently, an integer from 0 to 4; and

each Z; and Z; is, independently, hydrogen or -OR3,

wherein (i) at least one of Z; and Z, is H, (ii) at least one of R4 and Rs is

substituted C;-Cg alkyl or at least one Ry is halogen, hydroxyl or amino, and (iii) the
two adjacent -CH- groups to which Z; and Z, are attached may optionally form a

double bond.

2. A compound of claim 1 wherein each R;, R, and Rj3 are

hydrogen.

3. A compound of claim 1 or 2 wherein Qs is amino.
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6. A conpound of any one of clains 1-4 wherein Q is hydroxyl.
7. A conpound of any one of clains 1-6 wherein Zi and Z2 are both hydrogen.
8. A conpwondiigf4mmy one of clains 1-6 wherein Z1 is hyacosskolans2L? i s

hydr ogen. 9. A conpound of any one of clainms 1-6 wherein Zi is
hydrogen and Z2 is hydroxyl. 10. A compound of any one of
clains 1-9 wherein @ is: wherein: R4 is hydrogen; R5 is hydrogen; at

| east one R6 is halogen; and n is an integer from1l to 4. 11. A conpound of

claim10 wherein Q is: WORRHILAHIBAARCT bHDIRERIDOR ¥ droxyl.

5. A compound of any one of claims 1-4 wherein Q; is amino.
6. A compound of any one of claims 1-4 wherein Q; is hydroxyl.
7. A compound of any one of claims 1-6 wherein Z; and Z, are both
hydrogen.
8. A compound of any one of claims 1-6 wherein Z, is hydroxyl and
7, is hydrogen.
9. A compound of any one of claims 1-6 wherein Z; is hydrogen
and Z; is hydroxyl.
10. A compound of any one of claims 1-9 wherein Q, is:
Q Re Re
?i ~NHRs
HO R,
wherein:
R4 is hydrogen;
Rs is hydrogen;

at least one R is halogen; and

n is an integer from 1 to 4.

11. A compound of claim 10 wherein Q; is:
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OHOH OHOH wherein each R6 is hal ogen. 12. A conmpound of claim 11
wherein each R6 is fluoro. 13. A conmpound of any one of clains 1-9 wherein
@ is: wotzerigi4mso1R4 i s hydrogen; PCT/US2010/052043

K/lk)\/ e % hk

OH , OH ;
/T RB 0 R6 Re
LZ?_L NH, "Ls- NH,
OH , OH ,
R
0] ® 0 Rs  Rs
Jé\ 555\
N NH N NH
N 2 N 2
OH or OH ,

wherein each Rg is halogen.
12. A compound of claim 11 wherein each Ry is fluoro.

13. A compound of any one of claims 1-9 wherein Q, is:

Q Rs Re
'1% ~NHRs
HO R,

wherein:
R4 is hydrogen;
Rs is hydrogen;
at least one R is hydroxyl; and

n is an integer from 1 to 4.

14. A compound of claim 13 wherein Q; is:
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R5 is hydrogen; at |least one R6 is hydroxyl; and nis an integer from1l to

4. 14. A conpound of claim 13 wherein @ is: OHOOH NH2 (??7...NH2
CHOHOr OHVO 2011/044501 PCT/US2010/052043
0] OH 0 OH
NH,
‘% le NH2
OH ’ OH or
OH
O
5§§\N NH,
H
OH
15. A compound of any one of claims 1-9 wherein Q; is:

wherein:
R4 is hydrogen;
Rs and one R¢ together with the atoms to which they are attached form a
heterocyclic ring having from 3 to 6 ring atoms;
at least one Ry is halogen; and

n is an integer from 1 to 4.

16. A compound of any one of claims 1-9 wherein Q, is:

wherein:
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OH 15. A conpound of any one of clains 1-9 wherein @ is: wherein: R4 is
hydr ogen; R5 and one R6 together with the atons to which they
are attacweadofiomsoa heterocyclic ring having from 3 to @cCmiusgoiatsivs; at

| east one R6 is halogen; and n is an integer from1l to 4. 16. A conpound of
any one of clainms 1-9 wherein 2 1S: wherein: R4 and R5
together with the atons to which they are attached forma heterocyclic ring
having from4 to 6 ring atons; at |least one R6 is halogen; and n is an
integer from1l to 4. RyaAd Ranpgethel withahy awne wf whichi they kratdehe®iforn(B i s:

heterocyclic ring having from 4 to 6 ring atoms;
at least one Rg is halogen; and

n is an integer from 1 to 4.

17. A compound of any one of claims 1-9 wherein Q; is:

wherein:
Rs is hydrogen;
R4 and one R together with the atoms to which they are attached form a
carbocyclic ring having from 3 to 6 ring atoms;
at least one Ry is halogen; and

n is an integer from 1 to 4.

18. A compound of any one of claims 1-9 wherein Q; is:

)

%

NH
OH 2

19. A compound of any one of claims 1-18 having the configuration:

154



wherein: R5 is hydrogen; R4 and one R6 together with the atons
to which they are attached forma carbocyclic ring having from3 to 6 ring
at ons; atwbeasto4esde R6 i s hal ogen; and n is an integer Promsiomos243 18. A
conmpound of any one of clains 1-9 wherein @ is: NH OH 19. A conpound

of any one of clains 1-18 having the configuration: 20. A
conpound of any one of clains 1-14 wherein the two adjacent carbon atons to
which Z1 and Z2 are attached forma doubl ¢ bond. 21. A conpound

of any one of clains 1-14 wherein the two djac nt(%arbon atons to which Z1
and Z2 are attached form a single bond. 22. A conpound of claim
1, wherein the conpound is:

20. A compound of any one of claims 1-14 wherein the two adjacent

carbon atoms to which Z; and Z, are attached form a double bond.

21. A compound of any one of claims 1-14 wherein the two adjacent

carbon atoms to which Z; and Z, are attached form a single bond.

22. A compound of claim 1, wherein the compound is:

HO HO
H NH H NH
HaN HoN NW 2 H,N HoN NTQ\/\
e} O OH 0 0 OH
HO!- ~-1|O““ "IOH HO" ~vl|o\\\. 'IIOH
/ 4 0
NH, NH, .
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HO HONH2 H H2ZN N 010 Hd -NH2 , or a pharmaceutically acceptable salt
t hereof 23. A pharmaceutical conposition conprising a conpound of any one
of cl ai new@-281/04¢801a St er eoi soner, pharmaceutical |y accepralsb@ossious or
prodrug thereof, and a pharnaceutically acceptable carrier, diluent or
excipient. WD 2011/ 044501PCT/ US2010/ 052043

HO NH
H NH
HoN HoN NW 2 HoN HoN N OH
0 . g0 F 0 L0
HO" Nile ‘OH iTe N “OH
P 0 R 0
NH, ~OH HO NH, WOH
o) o)
o o
HO @‘\“NHZ HO OO:NHz
[ oH MY o
NH, OH NH, OH

HO NH,
H A
N‘g_/oj* H,N
OH

HO, NH,
H
H,N H,N N«Q_{
0 0 e}
SiTeNn “OH N
N 0 (o]
o 3):/"
0
o)

H,N
0
.ulo‘\
HO  NH, o
0
H T

S
W O

| ;
NH, OH NH, OH or

H

NH, OH , or a pharmaceutically acceptable salt thereof.

23. A pharmaceutical composition comprising a compound of any
one of claims 1-22, or a stereoisomer, pharmaceutically acceptable salt or prodrug

thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

156



24. A nethod of treating a bacterial infection in a mammal conpri sing
admnistering to a mammal in need therof an effective amount of a conpound
of any onwoabiigi4asons 1-22. 25. A nethod of tceatszoig/oseobact eri al
infection in a mammual conprising admnistering to a mammal i n need thereof
an effective amount of a pharmaceutical conposition of claim23.

26. A conpound having the following structure (l1): (1) or a stereoisoner,
prodrug or pharmaceutically acceptable salt thereof, wherein: Q is
hydroxyl, a protected2hydraxylethamafotreating @r baetetiad infadtinm g'noalpmagma'ls

al kyl optlonall substituted with one or. nore h | ogen, tg%/dro am no,
opti onal |y SRS, AEIESIENRE IQyA RAMIBR irbr?é?q)r <Ob2p ¢ Q’rn(’jc chyl

NH N'%zﬁﬁ)und of any one of claims 1-22.
25. A method of treating a bacterial infection in a mammal
comprising administering to a mammal in need thereof an effective amount of a

pharmaceutical composition of claim 23.

26. A compound having the following structure (I):

Qs
Rl 0 OR3 R3O N— R]
|
R,—N 0 Q
T
R,y
R,0 OR,

@D

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof,
wherein:
Q1 is hydroxyl, a protected hydroxyl, amino or a protected amino group;
Q: is alkyl optionally substituted with one or more halogen, hydroxyl,

amino, optionally substituted cycloalkyl or optionally substituted heterocyclyl,
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1

R5

, 0 O

WO 2011/044501

0 css5 0

O Dy //J[:\
%%Z//Jl\:>x<%>¥<§FN NR,Rg
HO Ry ls

o Rse Re
ﬁ?Z//“\\\N/L>%<%;NHR5

OH

P M I,

T
OH R5

Re

£ Y.

//\\

:&M)k

O// \\O

NR;Rg
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@@ is hydroxyl, a protected hydroxyl, amno or a protected am no group;
each Rl and R2 is, independently, hydrogen or an am no protecting group;
each R3 iwpndag®ndent | y, hydrogen or a hydroxyl prote@Crng2quoosmi3
each R4, R5, R7 and R8 is, independently, hydrogen or Cl-C6 al kyl
optionally substituted with one or nore hal ogen, hydroxyl or am no; each R6
i's, independently, hydrogen, hal ogen, hydroxyl, am no or Cl-C6 al kyl;
or R4 and R5 together with the atons to which they are attached can forma
heterocyclic ring having from4 to 6 ring atons, or R5 and one R6 together
with the atonms to which they are attaBhedRian forma heterocyclic ring
having from3 to 6 ring atons, or &4 a e R6 together with the atons to
whi ch they are attached can forn}'f)éi‘R i

th

i ing having from3 to 6 ring
atonms, or R7 and R8 together wt 8““%

ich they are attached can
forma heterocyclic ring having fromf@ to 6 ring atons; each RO
i's, independently, hydrogen, hydroxylo am no or Cl-C6 al kyl optionally
substituted with one or nore hal ogen, “hydroxyl or am no; each R10 is,
i ndependently, hydrogen, hal ogen, hydroxyl, am no or Cl-C6 al kyl; each Rll
i's, independently, hydrogen, hal ogen, q?ino Qy C -C6 al kyl; or
RO and one Rl11 together with the a '8 whjjch they are attached can form
a heterocyclic ring having fr 3t ring gtons, or R4 and one R11l
together with the atons to e hed can form a carbocyclic
ring having from3 to 6 ring atony; eachNn is, iINBpendently, an integer
fromO to 4; each p is, independeptly, an integer from1l to 4; and each Z1
and Z2 is, independently, hydroged or -O0R3, wherein (i) at |east one
of Z1 and Z2 is H, and (ii) the two adjacent -CH groups to which Z1 and Z2
are attached may optionally forma doubl e bond.

, or

o

Qs is hydroxyl, a protected hydroxyl, amino or a protected amino group;

each R; and R; is, independently, hydrogen or an amino protecting
group;

each R3 is, independently, hydrogen or a hydroxyl protecting group;

each R4, Rs, R; and Ry is, independently, hydrogen or C;-Cs alkyl
optionally substituted with one or more halogen, hydroxyl or amino;

each Ry is, independently, hydrogen, halogen, hydroxyl, amino or C;-Cg
alkyl;

or R4 and R;s together with the atoms to which they are attached can form

a heterocyclic ring having from 4 to 6 ring atoms, or Rs and one Rg together with the
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27. A conpound of claim 26 wherein each RI, R2 and R3 are hydrogen.

28. A conpound of claim26 or 27 wherein b is am no. 29. A
conpound WO 2011201415026 or 27 wherein b is hydroxyl. PCT/US201088204A
conpound of any one of clains 26-29 wherein Q is ani no. 31. A
conpound of any one of clains 26-29 wherein QL is hydroxyl. WO

2011/ 044501PCT/ US2010/ 052043 32. A conpound of any one of
clainms 26-31 wherein Z1 and Z2 are both hydrogen. 33. A
conmpound of atamy t@Meid they ate@tadhed3danvoem & ietérbeycdic it axilg ol & 6 sing

hydr ogen. 34. A conpound of any one of clainms 26-31 wherein Zi

i s hydr ogenatamg IR @ldk@mrfé@(tyget er with the atopas sswhishdbespargrittaciiednay fomea of
hydr ogen:  SHDRSPEC AR PYiEG PR P bt 3 At dobeh oo RS '
wher ei n eacihidh they Y i RUEN car3formA HeRFHKNE righ heliak Rodb3 ‘M‘@ kb Atows; I S:
each Ry is, independently, hydrogen, hydroxyl, amino or C;-C¢ alkyl
optionally substituted with one or more halogen, hydroxyl or amino;
each Ry is, independently, hydrogen, halogen, hydroxyl, amino or C;-Ce
alkyl;
each Ry is, independently, hydrogen, halogen, amino or C;-Cg alkyl;
or Rg and one Ry; together with the atoms to which they are attached can
form a heterocyclic ring having from 3 to 6 ring atoms, or R4 and one R;; together with
the atoms to which they are attached can form a carbocyclic ring having from 3 to 6
ring atoms;
each n is, independently, an integer from 0 to 4;
each p is, independently, an integer from 1 to 4; and
each Z; and Z, is, independently, hydrogen or -OR3,
wherein (i) at least one of Z; and Z, is H, and (ii) the two adjacent -CH- groups

to which Z; and Z; are attached may optionally form a double bond.

27. A compound of claim 26 wherein each R;, R, and Rj3 are

hydrogen.
28. A compound of claim 26 or 27 wherein Qs is amino.
29. A compound of claim 26 or 27 wherein Qs is hydroxyl.
30. A compound of any one of claims 26-29 wherein Q; is amino.

31. A compound of any one of claims 26-29 wherein Q; is hydroxyl.
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OONH OHNHOHor O
I s hal ogen.
wher ei n: W0 2011/044501

OH 38. A conmpound of claim 35 wherein at
39. A conpound of any one of clains 26-34 wherein @ is:
R4 and one R6 together with the acoms2ei0/08twzh they

| east one R6

are attached forma carbocyclic ring having from3 to 6 ring atons; R7 is

hydr ogen;
claim39 wherein Q is:

R8 is hydrogen;

and nis an integer from1l to 4. 40. A conpound of

32. A compound of any one of claims 26-31 wherein Z; and Z, are
both hydrogen.

33. A compound of any one of claims 26-31 wherein Z; is hydroxyl
and 7, is hydrogen.

34. A compound of any one of claims 26-31 wherein Z, is hydrogen
and 7, is hydroxyl.

35. A compound of any one of claims 26-34 wherein Q; is:

L??_L n ” NR7R8
HO R,
wherein:
Ry is hydrogen;
Ry is hydrogen;

Rg is hydrogen; and

n is an integer from 1 to 4.

36.

37.

OH

A compound of claim 35 wherein each Ry is hydrogen.

A compound of claim 36 wherein Q; is:

0O NH
N NH, //JL\\
e
NH , OH
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NH L2Za_)[ 1(N OH HNNH2 NH OH OH 41. A conpound of claim 39
wherein at | east one R6 is hal ogen.

WO 2011/044501 PCT/US2010/052043
NH
O /H\
Sy N NH,
H H
OH
38. A compound of claim 35 wherein at least one Ry is halogen.
39. A compound of any one of claims 26-34 wherein Q; is:
O Yy /HH\
N NR,R
MH 7'\8
HO R,
wherein:

R4 and one R¢ together with the atoms to which they are attached form a
carbocyclic ring having from 3 to 6 ring atoms;

Ry is hydrogen;

Rg is hydrogen; and

n is an integer from 1 to 4.

40. A compound of claim 39 wherein Q; is:
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42. A conpound of any one of clainms 26-34 wherein Q2 is: 43. O

NHRS OH

WO 2011/044501

o 0
%)]\A NH ‘sz
OH H NH, OH
0]
H NH,
EJ W
OH

O

0]
NH “Li
21 NH -
>—:: OH
OH HoN .

Lzz,

PCT/US2010/052043

NH

H

NH,

NH;

COH HN\<

NH

HN NH,

NH

H
o) o) N NH,
NH T
, or
ks )L kS NHo
N NH,
H
OH OH

41. A compound of claim 39 wherein at least one Rs is halogen.
42. A compound of any one of claims 26-34 wherein Q, is:
Q Rs Re

163



wherein R5 is hydrogen.
hydr ogen. 44. A conpound of claim43 wherein Q is:

43. A conpound of claim42 wherein each R6 is

00 NH2 1\1 OH1O0Hor

0

- 555NNNH2W 0o tis4481 conpound of cl ai m 42 wherei n at | eastcons236/06®4hal ogen.
46. A conpound of any one of clainms 26-34 wherein 2 is: wherein: R7 is
hydrogen; and R8 is hydrogen. 47. A conpound of claim46 wherein each R6 is
hydr ogen. 48. A conpound of claim47 wherein Q is:

wherein Rs is hydrogen.

43.

44,

%)J\T/\/ " wa/“\ "

A compound of claim 42 wherein each R is hydrogen.

A compound of claim 43 wherein Q; is:

T
OH , OH or

f\N)kN/\/\NHZ
i)

OH

45. A compound of claim 42 wherein at least one Rg is halogen.
46. A compound of any one of claims 26-34 wherein Q; is:
//jl\\ ) Re,//ﬁi\
'31 T n ” 7Rs
OH
wherein:

R7 is hydrogen; and

Rg is hydrogen.

47.

48.

A compound of claim 46 wherein each Rg is hydrogen.

A compound of claim 47 wherein Q; is:
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ONH O -SSS NNN NH2 OH 49. A conpound of claim46 wherein at |east one
i s halogen. 50. A conpound of any one of clains 26-34 wherein @ is:
wher ei n Ryoi2811mgaoogen. 51. A conpound of clai m 50 wher ecm/usSacio/ 0RH43 S
hydrogen. 52. A conpound of claim50 wherein at |east one R6 is hal ogen.

53. A conpound of any one of clains 26-34 wherein 2 is: R8 is hydrogen.

54. A conpound of claim53 wherein each R6 is hydrogen

f\)l\/\/\)J\

OH

or

49. A compound of claim 46 wherein at least one Ry is halogen.

50. A compound of any one of claims 26-34 wherein Q; is:

Rse Rs

5\8%;%&,

O// \\O

wherein Rs is hydrogen.
51. A compound of claim 50 wherein each Ry is hydrogen.
52. A compound of claim 50 wherein at least one Rg is halogen.

53. A compound of any one of claims 26-34 wherein Q; is:

s M

//\\

wherein;

R is hydrogen; and
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55. A conpound of claim53 wherein at |east one R6 is hal ogen. 56. A
conpound of any one of clains 26-34 wherein Q2 is: R6 OR 0O wherein R5 is
hydr ogen.wB2011A4esmmpound of cl ai m 56 wherei n each R6 i sPhydisogens2038. A
compound of claim56 wherein at |east one R6 is hal ogen. 59. A conmpound of
any one of clains 26-34 wherein Q2 is: O wherein RO is hydrogen. 60. A
conpound of claimb59 wherein each R11 is hydrogen. 61. A conpound of claim
59 wherein at | east one R11 is hal ogen. 166 WO

2011/ 044501PCT/ US20108 082943 gb- A conpound of any one of clains 26-34
wherein Q is:

54, A compound of claim 53 wherein each R is hydrogen.

55. A compound of claim 53 wherein at least one Rg is halogen.
56. A compound of any one of claims 26-34 wherein Q; is:
Rs Rs
; n ORs
0]

wherein Rs is hydrogen.

57. A compound of claim 56 wherein each Ry is hydrogen.

58. A compound of claim 56 wherein at least one Rg is halogen.

59. A compound of any one of claims 26-34 wherein Q; is:

wherein Ry is hydrogen.

60. A compound of claim 59 wherein each R;; is hydrogen.

61. A compound of claim 59 wherein at least one R;; is halogen.
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0 wherein: R7 is hydrogen; and R8 is hydrogen. 63. A conmpound of claim®62
wherein each R10 is hydrogen. 64. A conpound of claim62 wherein at |east
one R10 iwohaliogesv: 65. A conpound of any one of cl ai nsPR®AB40MI0E2083 N (R
is: RI1IR11 O wherein R4 is hydrogen. 66. A conmpound of claim®65 wherein
each R11 is hydrogen. 67. A conpound of claim 65 wherein at |east one Rl1l
i s halogen. 68. A conpound of any one of clains 26-34 wherein @ is: 0
69. A conpound of any one of clains 26-34 wherein @ is alkyl

62. A compound of any one of claims 26-34 wherein Q, is:

wherein:

Ry is hydrogen; and

Rg is hydrogen.
63. A compound of claim 62 wherein each Ry is hydrogen.
64. A compound of claim 62 wherein at least one R, is halogen.

65. A compound of any one of claims 26-34 wherein Q; is:

wherein Ry is hydrogen.

66. A compound of claim 65 wherein each Ry; is hydrogen.

67. A compound of claim 65 wherein at least one R;; is halogen.

68. A compound of any one of claims 26-34 wherein Q; is:
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optionally substituted with one or nore hal ogen, hydroxyl, am no,
optionally substituted cycl oal kyl or optionally substituted heterocyclyl.
70. A compound/mfisoel ai m 69 wherein @ is unsubstituted. PCT/US2010/052043 71. A
compound of claim®69 wherein 2 is substituted with one or nore hal ogen,
hydr oxyl or am no. 72. A conpound of any one of clains 26-71
havi ng the configuration: WD 2011/044501PCT/ US2010/ 052043 73.
A conpound of any one of clainms 26-72Z wherein the two adjacent carbon atons
to which Z1 and Z2 are attached forg% doupHe bond. 74. A
conpound of any one of clains 26-72%wh in the two adjacent carbon atons
to which Z1 and Z2 are attached forma ngl e bond. 75. A

phar maceuti cal conposition conprising alconpound of any one of clains
26-74, or a stereoisoner, pharnaceuticaF1y acceptabl e salt or prodrug

t hereof, and a pharnmaceutically acceptable carrier, diluent or excipient.
76. A method of treating a bacterial infection in a mammual conpri sing
adninistering to a nmggnal A BomMpeshd bekRY oAb off digadsi ¥e3armHEMina), & sleppound
of any one of clains 26-74. 77. A method of treating a

bact eri al iontieeallyosubstitutedrawital oronpr ingiraghaldgdmi Bydsexylg areing, rapteedllyi n

need t hereqf, an effective anount.of a pha ceuti.cal conposition of claim
7. G R oD RS WG REFPEWITG structare (INT-1):
R30, " NHRi , OH RIN yO A

70. A compound of claim 69 wherein Q, is unsubstituted.

71. A compound of claim 69 wherein Q, is substituted with one or

more halogen, hydroxyl or amino.

72. A compound of any one of claims 26-71 having the

configuration:
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(TNT-1) wherein: each RL is, independently, an am no protecting group;

each R3 is,

I ndependently, a hydroxyl protecting group; and

A is, independéatioy, phenyl, optionally substituted w tRCONS20/08DAE
hal ogen, hydroxyl, amno or Cl-C6 al kyl optionally substituted with one or
nore hal ogen, hydroxyl or am no. 79.A conpound of claim 78 wherein the
conpound i s:

73. A compound of any one of claims 26-72 wherein the two

adjacent carbon atoms to which Z; and 7, are attached form a double bond.

74. A compound of any one of claims 26-72 wherein the two

adjacent carbon atoms to which Z; and 7, are attached form a single bond.

75. A pharmaceutical composition comprising a compound of any
one of claims 26-74, or a stereoisomer, pharmaceutically acceptable salt or prodrug

thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

76. A method of treating a bacterial infection in a mammal
comprising administering to a mammal in need therof an effective amount of a

compound of any one of claims 26-74.

77. A method of treating a bacterial infection in a mammal
comprising administering to a mammal in need thereof an effective amount of a
pharmaceutical composition of claim 75.

78. A compound having the following structure (INT-I):

H
R1N R1HN N
A— 0 =0
W o
(o1l le)
0
HO OR;

NHR,

(o]
(" ToH
R1NYO
A
(INT-1)

wherein:

each R is, independently, an amino protecting group;
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each Rj is, independently, a hydroxyl protecting group; and
each A is, independently, phenyl, optionally substituted with one or
more halogen, hydroxyl, amino or C;-Cs alkyl optionally substituted with one or more

halogen, hydroxyl or amino.

79. A compound of claim 78 wherein the compound is:
CbzN CbzHN >:O
: llo‘

NHCbz ~OTBDPS
Q
’/Q

TBDPSO : NHCbz

WINTN0H

[
CbzN._0O
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