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DBESCRIPTION

LIPOPHILIC ANALOGS OF CJ-16264, METHODBS OF USE, AND SYNTHESIS
THEREQF

This apphcation claims the beoefit of United States Provisional Application No. 62/266,438,
filed on December 11, 2015, the entirety of which 18 incorporated by reference herein
This invention was made with federal government support from the National Institutes of

Health Grant No. 7RO1AI0554735. The government has certain rights 1n the invention.

BACKGROUND

1. Field
This disclosure relates to the ficlds of medicine, pharmacology, chemistry, antimicrobial
activity, and oncology. In particular, new compounds, compositions, methods of treatment, and methods

of synthesis relating to antibiotic CJ-16,264 and derivatives thereof are disclosed.

2. Related Axt

Infectious diseases are corrently the second leading canse of death worldwide and the thurd
leading cause of death in economically advanced countries despite the development of antibiotics
(Nathan, 2004). Furthermore, the threatening emergence of bacterial resistance (US Department of
Health and Human Services, Center of Disease Control and Prevention, Antibiotic Resistance Threals
in the United States, 2013, www.cde gov/drugresistance/threat-report-2013/pdf/ar-threats-2013-
508.pdf) to many antibiotics presents a serious challenge for their clinical use. Efforts to discover new
and cffective antibacterial agents which are effective in the treatment of bacterial strains which are
resistant 1o a number of antibiotics. Forthese dmg-resistant bacterial strains, development of antibiotics
which possess different mechanisms of action from common antibitoics are particularly useful for this
purpose. Antibiotic CI-16,264 is a relatively new but rare compound, possessing high potency against
a number of bacteria including many drug resistant bacteria (Nicolaou ef o/, 2015). While CJ~16,264
is an attractive new candidate for control of a number of bacteria, the preparation of the compound is
difficult owing to the nine stereocenters within the molecule. Therefore, the development of compounnds
which are simapler to prepare, but retain the high activity of the base compound, is of considerable

interest.
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SUMMARY

Thus, the present disclosure provides compounds of the formula:

wherein:

W

R is alkylcoq. cycloalkylcos. allienyleoy, arvlcos, heteroarvlicas, or a substituted version

of any of these groaps; or ~A~Rs, whercin:

A 18 alkasedivicos, coycloalkanedivicow,.  alkensedivicos,  arenedivicaw,
heteroarencdivlicas, heterocycloalkanediylicas, or a substituted version of

any of these groups; and

10 Rs 15 alkylcwa, ovcloalkylicas, alkenyleos, beteroarylccr, heterocycloalkylcan,
J A ) J 4 ) { ) { ) R
alkylamino<ay, diatkylaminocas, atkoxy o, alkenyloxy oo, arvlosy caos,
heteroaryloxycway, 0r a substituted version of any of these groups; or a
CUEAN s
~O-steroid or —~O-steroid derivative;
R, 15 amioo, hvdroxy, or
15 alkoxywan, cycloalkoxycas, alkenvioxywas, cycloalkenyloxyicas, arvioxyean,
aralkoxyca,  alkvlaminowos), diallylaminoe<s. cycloalkylaminoc<ws,
dicycloalkylaminowos, alkenvlaminow<s, diatkenviaminowws, or a
substituted version of any of these groups; or
R, is taken together with Ry and is —O— or -NR,—, wherein:
20 R, is hydrogen, alkvlices, or substituted alkylew);
Ra1s absent, hydrogen, hydroxy, or is taken together with R as described above; provided that
when Rs 1s absent that the atom to which is bound is a part of a double bond; and
provided that when the atom to which R is bound is a part of a double bond then Ra 15

absent;

o
[

Ry 1s amino, hvdroxy, or

atkoxycan, alkylaminoeqay, dialkylaminoc«o, or a substituted version of any of these

=72

ZIGUPS; Of

~ORy or ~NR:R;, wherein:
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Ry 15 3 hydroxyl protecting group;

R, is a monovalent amine protecting group or 1s taken together with Ry and is

a divalent amine protecting group,; and

Ryis hydrogen, a monovalent amine protecting group, or is taken together with

5 R and is a divalemt amine protecting group;

Rs is absent, hyvdrogen, or hydroxy; provided that when Rs is absent then the atom {o which is
bound is part of a double bond; and provide that when the atom to which Rs is bound
ig part of a double bond then Rs is absent; and

Ky, Xo, and X5 are 3, 5, or NE,, wherein:

10 R is bydeogen, alkvlews;. or substituted alkylew,
or a pharmaceutically accoptable salf thereof. In some embodiments, the compounds further defined
as:
whercin:
15 Ry is alkylcon, cyvcloalky lcos. alkenylieos, arvlcos. heteroarylicos, or a substituted version
of any of these groups; or —~A-Rs, wherein:

A 18 alkasedivicos, coycloalkanedivicow,.  alkensedivicos,  arenedivicaw,
heteroarencdivlcwq, beterocvcloalkanedivlews, or a substituted version of
any of these groups; and

20 Rs 18 alkyi(cgzg,\, cydoa]ky 1((:534), a]keny 1((?:’24% heteroar Y 1((?512% heterocyciabal,k}/'i<cg]2\,,
alkylamino<ay, diatkylaminocas, atkoxy o, alkenyloxy oo, arvlosy caos,
heteroarvloxycwg, 01 & substituted version of any of these groups; or a
~O-steroid or —~O-steroid derivative;

R, 15 amioo, hvdroxy, or

25 alkoxywan, cycloalkoxycas, alkenvioxywas, cycloalkenyloxyicas, arvioxyean,

aralkoxyca,  alkvlaminowos), diallylaminoe<s. cycloalkylaminoc<ws,
dicycloalkylamigowos, alkenylaminowes. dialkenylaminowos, or a

substituted version of any of these groups; or

R, is taken together with Ry and is —O— or -NR,—, wherein:

3
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R, is hvdrogen, alkylce, or substituted alkylcs):

R is absent, hvdrogen, hydroxy, or is taken together with R, as described above; provided that
when Ra is absent that the atom to which is bound is a part of a double bond; and

provided that when the atom 1o which R; is bound is a part of a double bond then Rs 1s

(]

absent;
P4 1s amino, hydroxy, or
alkoxy e, alkylaming <o, diatkylaminocar, or a substituted version of any of these
groups; or
~(Rs or ~NR Ry, wherein:
10 Ry 18 a hydroxyl protecting group;
R. is a monovalent amine protecting group or is taken together with Ry and is
a divalent amine protecting group; and
Ry is hydrogen, a monovalent amine protecting group. or is taken together with

15 Rs is absent, hydrogen, or hydroxy; provided that when R is absent then the atom to which is
bound is part of a double bond; and provide that when the atom to which Rs is bound

is part of a double bond then R is absent;

or a pharmaceutically acceptable salt thereof. In some embodiments, the compounds are further defined

as:

20
wherein:

Ry is alkvlcaq, cveloalkvicaq, alkenvlicas), arvlcas, heteroarylcow, or a substituted version

of any of these groups; or —A—R;, wherein:

A is  alkancdivlicos,  cvcloalkancdivlecw,  alkonedivicos,  arenedivicecs,
25 heteroarenedivlicws, heterocvcloalkanedivicos, or a substituted version of

any of these groups; and

Rs 18 alkylicas, cvcloalkyleas, alkenvlcas. beteroarvie«s, heterocvcloalkylicas,

alkylaninoean), diatkviaminoca, alkoxycaou, alkenyloxy caw, arvioxycas,
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heteroaryloxyicws,. 01 a substituted version of any of these groups, or a
—O—steroid or —~O—steroid derivative;

R2 is anyino, hydroxy, or

alkoxyieos, cycloalkoxycos, alkenyioxyvieos, cycloalkenvioxycos,  arvioxyican,

aralkoxy <), alkviaminocoa, diatkylaminocog, cycloalkviaminowa,

(]

dicycloalkylaminowwd, alkenyvlaminoeos, dialkenylaminocos, or a substituted
version of any of these groups; or
R is taken together with Ry and is —O— or -NR,—, wherein;

Ry is hydmogen, alkyliews,. o substituted alkylicw):

10 R 15 absent, hydrogen, hydroxy, or is taken together with Ro as described above; provided that
when Rs is absent that the atomn to which is bound is a part of a double bond; and
provided that when the atom to which Rs is bound is a part of a douvble bond then R is
absent; and

Rs is absent, hydrogen, or hydroxy; provided that when R;s is absent then the atoox to which is

15 bound is part of a double bond; and provide that when the atom to which Rs is bound

is part of a double bond then Rs 15 absent;

or a pharmaceutically acceptable salt thereof. 1o some embodiments, the compounds are forther defined

as;

20 wherein:
R is alkylcoq. cycloalkylcos. allienyleoy, arvlcos, heteroarvlicas, or a substituted version
of any of these groups; or ~A-Rs, wherein:
A 1s  alkaoediviews,  cycloalkanedivlcos,  alkenedivicos.,  arenedivicos,
heteroarencdivlcas, heterocycloalkanediyliewy), or a substituted version of
25 any of these groups; and
Rs 1s alkylewa, ovcloalkylcas, alkenylecns, beteroarylcas,. heterocycloalkyloan,
alky laminoc<y, diatkylarminocqas, atkoxycos, alkenyioxy oo, anviloxycou,
heteroaryloxycog. 01 a substituted version of any of thesc groups, or a

~O-steroid or —~O-steroid derivative;
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R2 is taken together with Rs and is —O— or —NR,—, wherein:
R, is hydrogen, alkyvlicss), or substituted alkylics). and
Rs is hydrogen or hydroxy;

or a pharmaceutically acceptable salt thereof. 1n some embodiments, the compounds are further defined

as’

wherein:

R is alkylcos, cycloalkylcon, alkenylicoy), arvicos, heteroarylicou, or a substitiuted version

of any of these groups; or —A—R, wherein:

A 1s  alkaoediviews,  cycloalkanedivlcos,  alkenedivicos.,  arenedivicos,
heteroarenediviicas, heterocyeloalkanedivlicasy, or a substituted version of

any of these groups; and

Rs 15 allyliews, ovcloalkvlicws, alkenylccs, heteroarylcar,. heterocycloatkylican,
alky laminoc<y, diatkylarminocqas, atkoxycos, alkenyioxy oo, anviloxycou,
heteroaryiloxycos. 01 a substituted version of any of these groups;, or a

—(J—steroid or —O—steroid derivative; and
R; is amigo, hydroxy, or

alkoxyeosn, cycloatkoxyviews, alkenyvioxycas,  ovcloalkenvioxy o,  arvioxycan,
aralkoxy <), alkylaminocos, diatkyvlaminowos, cycloalkylaminowcas,
dicycloalkylaminowwd, alkenylaminowws, dialkenylaminocos, or a substituied

version of any of these groups;
or a pharmaccutically acceptablke salt thereodf.,

In some embodiments, By is alkylcow or substituted alkylcws,. In some embodiments, By is
alkykes-ze) such as octyl, sonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, or octadecyl Inother embodiments, R, is substituted alkylcsaq such as 1 E-diffucrooctyl,
L E-diffuorononyl, 1 I-difluorodecyl, 1,1-difluoroundecyl, 1 i-diffuorododecyl, 1.1-difhuorotrdecyl,
1, i-diftuorotetradecyl, 1, i-difluoropentadecyl, 1,1-diftaorchexadecyl. 1.1-difluoroheptadecyl, or 1,1~
diffuorcoctadecyl. In other cmmbodiments, Ry is alkenylcos or sobstitded alkenvlcos. In some
embodiments, By i1s alkenylcw.ae such as 2,6-dimethyl-hept-S-enyl, 2.6-dimethyl-hept-1,S-dienyl,

2,6, 10-tnmethy l-undec-1,5,9-trieayl, 2.6,10, 14-tetramethyl-pentadec-1,5,9, 13-etraenyl, or heptadec-

6
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8-cnyvl.  Ton other cmbodiments, R, is substituted alkenylews. In some cmbodiments, R, is
cycloalkylicwa or substituted cvcloalkvleay. In some embodiments, R; is cycloalkylesy such as
cyclohexyl. In other embodiments, Ry 18 arylews or substituied arvic<q,. In some embodiments, R, 18
arylcsoq, such as phenyl, In some embodiments, Ry is ~A-Rs, wherein:

A s alkanedivlcos, cycloalkanedivlicos, alkenediviows, arenedivlcas, hetercarenedivicoq,.

heterocy cloatkanedivicos, or a substituted version of any of these groups: and

Re is  alkvlices, cycloalkvlcos. alkenyleow, beteroarvlccn, heterocycloalkylc«n,
alkviaminog«y, dialkylaminoccn. atkoxyvieos. alkenvioxyeos,. aryloxyeoa,
heteroary loxy e, or a substituted version of any of these groups; or a ~O—stercid or

~O-steroid denvative.

Io some embodiments, A is alkavedivicos or substituted alkaoedivlcos. Io some
cmbodiments, A is alkanedivicas such as ~CH.CHy—. Inother embodiments, A is atkenediylcas or
substituied alkenediviieas. In some embodiments, A is alkenadivlcs.g such as 2 6-dimethyb-non-1,5-
diendivl or 2,6, 10-trimethyl-tridec-1,5 94ricndivl.  In other embodiments, A s arenedivlcos or
substituled arenedivicos. In some embodiments, A is arenedivlcos such as benzenedivl. In other
crabodiments, A is heleroarenedivliews or substituied heteroarenedivlicws. In some embodiments, A
is heteroarenedivlcos) such as thiazoldiyl

In some embodiments, R is alkenylcwos or substituted alkenvlcos. Insome embodiments, R
is alkenylcwq such as 2, 6-dimethyi-non~1 S-dienyl, 3,7, 11-trimethyvi-dodec-2,6, 10-trienyl, or 2,6,10~
trimethyl-tridec-1,5,9-trenyl.  In other embodiments, Rs is heterocvcloalkyleqn or substituted
heterocycloalkyleqy. In some embodiments, Re is heterocycloalkyle<i; such as piperadiny! or 4~
methyipiperazinyl. In other embodiments, R is dialkylaminoc<» or substituted dialkylaminoc<». n
some crabodiments, Re is diatkvlaminocey such as diethylamioo. In other embodiments, Rs is
alkenvioxycgs) or substituted alkenyloxycos. Insome embodimments, Ry is alkenyloxyegs such as 6-
dimethyi-oon-1,5-dienyloxy, 3,7.11-trimethyl-dodec-2.6.10-trienvloxy, or 2,6,10-trimethyli-tridec-
1,5.9-trienvoxy. In other embodiments, Re is heteroaryloxy cw; or substituted heteroaryloxycay. In
some cmbodiments, Re is heteroaryloxycay such as 4-methylthiazolyloxy. In some embodiments, Re
18 a —O-steroid or —O-steroid derivative.  In some cmbodiments, Rg is —O-sieroid such as
~{~cholesterol. In some cmbodiments, Rg 18

\{O

Me
Me

{n some ermbodiments, Rq s taken together with R; and is ~0O~. In other cmbodiments, R: s
takien together with Rs and 1s —~NH-. In other embodimenis, R, is dialkylaminoeos or substituted

diatkylaminocos,. In some embodiments, R, is dialkylamingcay or substitited dialkylaminocar. 1o
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some cmbodiments, R, is dialkylaminocqy such as dimethylamine., In other embodiments, R, is
alkoxycay or suobstituted alkoxyve<s. In some cmbodiments, Ry is alkoxyeqr or substituted
alkoxycay. In some embodiments, Ry is alkoxy <y such as methoxy. In other embodirents, R, is
alkenyloxy o, or substituted alkenyloxycas. Inother embodiments, R, is aralkoxy <) 0F substituted
5 aralkoxycan. In some embodiments, R, is aralkoxycqr such as beazvlexy. Io other embodunents,
R is amino.
In some embodiments, Rs 15 absent. In other crmbodiments, Rs is taken together with R, and is
-0~ In other cmbodiments, R 1s taken together with Ro and is ~NH~. In some embodiments. Rz is
hydrogen.
10 In some embodiments, Ry is hydroxy. In other embodiments, By is —OR;, wherein: Ry is a
hydroxyl protecting group. In some embodiments, Rs 15 absent. [n other embodiments, R is hydrogen.
In some embodiments, X, is 0. In some embodiments, X5 1s O. In some embodiments, X5 is O.
Insome embodiments, carbon atom 1 is in the (R) configuration. In other cmbodiments, catbon
atom 1 is inthe () configuration. In some embodiments, carbon atom 2 is in the (R) configuration. Tn
15 other cobodiments, carbon atom 2 is in the (5) configuration. In some embodiments, carbon atom 3 is
in the (R) configuration. In other embodiments, carbon atom 5 is in the (8) configuration. In some
embodiments, carbon atom 6 is in the (R) configuration. In other ecmbodiments, carbon atom 6 is inthe
(8) configuration. In some cmbodiments, the carbon atom 1 is in the (R) configuration and carbon
atoms 2, 5, and 6 arc in the (5) configuration. In other embodiments, the carbon atom | 15 in the (5)
26 configuration and carbon atoms 2. 5, and 6 are in the (R) configomtion. In some embodiments, the

compounds arce further defined as:

Me Me Me . Me Me
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HO,

H‘%O

‘ = i\v'ie
Oy N 2
Me Me L OF
HO,
= N\T?O
R (%
HUTN <]¢O
o070 |
™ Oy = Ny Me
S Me Me Me

or a pharmaceutically acceptable salt thereof,

10
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In another aspect. the present disclosure provides compounds of the formula:

- SERTR 0 |
: H: A Me ;

Me :_: BMe Me™ :é:‘/ iMe Me® TN e e TE Me
Me , Me , Me , Me

or a pharmaccutically acceptablke salt thereodf.,

In still yet another aspect, the present disclosure provides pharmaceutical compositions

comprising:
(a) a compound described herein; and
() a pharmaceutically acceptable carrier.

In some embodiments, the pharmaceutical composition is formulated for administration: orally,
intraadiposally, intraarterially, intraarticularly, intracranially, intradermally, intralesionally,
intramuscularly, intranasally, intraocularly, intrapericardially, intraperitoneally, intrapleurally,
intraprostatically, intrarectally, intrathecally, intratracheally, intratumorally, intraumbilically,
intravaginally, intravenously, intravesicularlly, intravitreallv, liposomally, locally, mucosally,
parcnterally, rectally, subcomjunctival, subcutancously, sublingually, topically, transbuccally,
transdermally, vaginally, 18 créres, in lipid compositions, via a catheter, via a lavage, via contionous
infusion, via infusion, via ishalation, via injection, via local debivery, or via localized perfusion. In
some crabodiments, the pharmaceutical composition is formulated with a second therapeutic agent. In
some embodiments, the second therapeutic agent is an antibiotic. In other embodiments, the second
therapeutic agent is a chemotherapeutic compound.  In some cmbodiments, the pharmaceutical
composition is formudated as a ouit dosc.

In sull yet another aspoct, the present disclosure provides methods of treating a disease or
disorder in a paticnt in need thereof comprising administering to the patient a therapeutically effective
amount of a compound or composition described herein. In some embodiments, the disease or disorder
is an infection caused by a bacterium. In some embodiments, the bacteriim is a Gram-positive

bacteriunt. In soroe embodiments, the Grany-positive bacterium is Bacillus subtilis 168, Staphyiecoccus
) ( > LAY

ii
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aureus 131, Enteroccocus faecalis S613, and Enferoccocus faecium 105, In other embodiments, the
bacterium is a Gram-~negative bacterium.  In some embodiments, the bacterium is resistant 0 ong or
more antibictics. In sonw cmbodiments, bacterium is resistant to a B-lactam antibioctic such as a
bacteriuoy that is resistant to methicilin or a bactertum that is resistant to a cepbalosporin. In some
crabodiments, the bacteritnm is a methicillin-resistant Staphyiococcus awrens 131, In some
crabodiments, the methods further comprise administering a second antibiotic compound. In some
crabodiments, the second antibiotic compound 1S an antibiotic aminoglycoside, an ansamycin, a
carbacephem, a cartbapenem, a cephalosporin, an antibiotic ghycopeptide, a lincosamide, an antibiotic
fipopeptide, an antibiotic macrolide, a monobactam, an antibiotic nitrofuran, an oxarolidinone, a
penicillin, an antibiotic polypeptide, an antibiotic quinolone or fluoroquinolone, an antibiotic
sulfonamide, or a tetracycline.

In other embodiments, the disease or disorder is cancer. In some embodiments, the canceris a
carcinoma, sarcoma, lymphoma, lcukemia, melanoma, mesothelioma, multiple myecloma, or seminoma.
In some embodiments, the cancer is of the bladder, blood, bone, brain, breast, central nervous svstem,
cervix, colon, endometrium, esophagus, gall bladder, gastrointestinal tract, genitalia, genitourinary
tract, head, kidoey, laryieg, liver, fung, mmscle tissue, neck, oral or nasal mucosa, ovary, pancroas,
prostate, skin, spleen, small intestine, large intestine, stomach, testicle, or thyveoid. In some
embodiments, the methods further comprise administering one or mote additional anti-cancer therapies.
In some embodiments, the anti-cancer therapy is a second chemotherapeutic agent, a radiotherapy, an
immanotherapy, or sargery.

In some embodiments, the method comprises adminisicring the compound once. In some
embodiments, the method comprises administering the compound two or more times. In some
embodiments, the patient is 2 marmal such as a human.

In vet another aspect, the present disclosure provides methods of preparing a compound of the

formula:

wherein:

Ri 18 alkyvliowa, cycloalkyliowa, alkenylcas, arvhiows, beteroarylccou,., or a substituted version

of any of these groups; or —A-Rs, wherein:
A is  atkanedivlcos, cycloalkanedivlcws, alkenedivlcas,  arenedivicos,
heteroarenediyvleos, heterocycloalkanedivicas, 01 a subsituted version of

any of these groups; and
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Re 15 alkyloos, cvcloalkvlcas, alkenvieas, hefercarylcar, beterocycloalkyleay,
alkvlaminocay, dialkylaminoc<, alkoxy e, alkenvioxy o, arvioxy o,
hetercaryloxycas, 01 & substituted version of any of these groups, or a

~O-steroid or ~O—stercid derivative;
R: is anyino, hydroxy, or

alkoxycas, cycloalkoxycos, alkenyloxyieas. cvcloalkenvioxycoy, amvlonycan,
aralkoxycan, alkviaminocos, dialkylaminocos, cycloalkviaminocou,
dicvcloalkvlaminow<s.,  alkenylaminowos, dialkenviaminow<s, or 2

substituted version of anv of these groups; or
Rz 15 taken together with Rs and is —O— or —-NR,—, wherein:
R, is hydrogen, alkylcss, or substituted alkylic);

R is absent, hydrogen, hydroxy, or is takien together with R as described above; provided that
when Rs is absent that the alom to which is bound is a part of a dooble bond; and
provided that when the atom to which Rs is bound is a part of a douvble bond then R is

absent;
Ry is amigo, hydroxy, or

alkoxyca, alkviamingcay, diatkylamino <y, ot a substituted version of any of these

groups; of
~ORp or —NR R4, whereine
Ry is a hydroxy! protecting group;

R is a monovalent amine protecting group or is taken together with Ry and 1s

a divalent amine protecting group; and

Rq1s hydrogen, a monovalent amine protecting group, or is taken together with

K. and is a divalent amine protecting group;

Rs is absent, hydrogen, or hydroxy; provided that when R is absent then the atom to which is
bound is part of a doubk bond; and provide that when the atom to which Rs is bound

is part of a dooble bond then Rs is absent; and
X5 and Xs are each independently O, 3, or NE., wherein:
R 1s hydrogen, alkylce, or substituted alkyles),

Y is amine, hydroxy, mercapto, alkylaminocx, substituted alkylaminowss, —ORs, —NRRq,

or —SR. wherein;
Ry 18 a hydroxyl protecting group;

i3
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R, is a monovalent aming protecting group or is taken together with Ry and is a divalent

anuine protecting group;

R4 is hvdrogen, a monovalent amine protecting group, or is taken together with R. and

is a divalent aming protecting group; and
R, is a thiol protecting group;

or a salt thereof cormprising reacting a compound of the formula:

(VI
wherein:
R 15 amino, hydroxy, or

atkoxyeos, cycloalkoxvcos, alkenvionywes, cyvcloalkkenyloxycws, aryloxyecn,
aralkoxycgn, alkvlaminoges, dialkylaminocos, cycloalkylaminocas,
dicycloalkylaminocos, alkenviaminoess, dialkenylaminocos, of a

substituted version of any of these groups; or
Ry is taken together with Rs and 1s -0 or ~NR,—, whercin:
R, is hydrogen, alkylc<, or substituted alkylcw

Rj is absent, hvdrogen, hydroxy, or is taken together with R, as described above; provided that
when Rs is absent that the atom to which is bound is a part of a double bond; and
provided that when the atom to which R; is bound 15 a part of a double bond then Rs 18

absent;
R4 1s anyino, hydroxy, or

alkoxycay, altkviaminocan

gl

dialliylaminoca), or a substituted version of any of these

groups; or
~0OR; or ~NR Ry, wherein:
Ry 15 a hydroxy] protecting group:

R. is a monovalent amine protecting groop or is taken together with Rq and is

a divalent amine protecting group; and

Ra is hydrogen, a monovalent amine protecting group, or is taken together with

R and is a divalent amine protecting group;
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Rs is absent, hydrogen, or hydroxy; provided that when Rs s absernt then the atom to which is
bound is part of a double bond; and provide that when the atom to which Rs is bound

is part of a double bond then R is absent;

X5 and 2G are cach independently O, 5, or NR., whereiny

5 R is hydrogen, alkyvlicss), or substituted alkylics). and
Y» 18 an activated group;
with a compound of the formula:
X2
R v
whercin:
10 Ry is alkvlcan, eveloalkvlcos, alkenylcow, arvlcos. heteroarylicos, or a substituted version
of aay of these groups; or —A-Rs, wherein:

A is  alkancdivlicos,  cvcloalkancdivlecw,  alkonedivicos,  arenedivicecs,
beteroarenedivlcaa, beterocycloalkanedivlicga, or a substitoted version of
any of these groups; and

5 Rs is alkylcos, ovcloalkylieas, alkenylices, heteroarylcc, heterocycloalkylican,
alkylamino<ay, diatkylaminocas, atkoxy o, alkenyloxy oo, arvlosy caos,
heteroarvloxycwg, 01 & substituted version of any of these groups; or a
~(-steroid or —~O-steroid derivative;

Xy 18 O, 5, or NR,, whercin:

20 Re is hydrogen, alkylcss, or substituied alkylcss);
in the presence of a Lewis acid.

In some cmbodiments, the Lewis acid is a metal, a boron compoond, or an aluminum
compound. In some embodiments, the Lewis acid is a boron corpound such as trnicthylboron. Insome
cembodiments, the methods comprise adding an amount of the boron compound from about 0.1

25 eguivalents to about 10 cquivalents relative to the compound of formula VI In some embodiments,

the amount of the Lewis acid is from about 0.5 cquivalents to about 2.5 equivalents. In some
embodiments, the amount of the Lewis acid is about 1.0 equivalents.

In some embodiments, the methods comprise adding an amount of the compound of formula

VII from about 0.1 equivalent to about 10 equivalents relative to the compound of formula VIIL In

30 some embodiments, the amount of the compound of formula VITis from about 1.0 to about 5 equivalents

relative to the compound of fornwla VIH. In some embodiments, the amount of the compound of

i5
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formula VI is about 2.5 equivalents. In some embodiments, the amount of the compound of formula
VI is from about 0.1 to about 1 equivalents relative 1o the compound of formula VI, In some
crabodiments, the amount of the compounnd of formula VI 1s about 0.25 equivalents.

1o some embediments, the methods further comprise reacting the compound of formula VH and
the compound of forowla VI 1o an organic solvent. In some embodiments, the organic solvent is a
pon-polar sobvent. In some embodirments, the organic solvent is a hydrocatbon sclvent. In some
crabodiments, the organic solvent is an arencc<n) such as toluene.

In some embodiments, the methods further comprise reacting the compound of formuda VH and
the compound of formula VI at a temperature from about —100 °C to about —10 °C. In some
embodiments, the temperatare is from about —90 °C to about —30 °C such as about =78 °C. Insome
embodiments, the methods further comprise reacting the compound of formula VI and the compound
of formula VIII for a time period from about 10 minutes to about § hours. In some embodiments, the
time period is from about 1 hour to about 4 hours. In some embodiments, the time peried is about 2
hours.

In some embodiments, Y is a halo, mesylate, toslvate, or triflate. In some embodiments, Y, is
halo.

In some embodiments, the methods further comprise reacting the compound of formula VIIE
with an oxidizing agent to form a compound of fornwla I In soime embodiments, the oxidizing agent
1s a hypervalent iodide compound such as Dess-Martin peniodinane.

In some embodiments, the methods comprise adding an amount from about | equivalent to
about 3 equivalents of the oxidizing agent wclative o the compound of formula VI In some
embodiments, the amount of the oxidizing agent is from about I equivalent to about 2 equivalents. In
some embodiments, the amount of the oxidizing agent is from about 1.4 cquivalents to about 1.8
equivalents. In some embodiments, the methods further comprise an organic solvent.

In some embodiments, the methods further comprise reacting the compound of formula VIII
with an oxidizing agent at a temperature from about —30 °C to about 30 °C. In some embodiments, the
methods further comprise reacting the compound of formmla VHI with an oxidizing agent for a time
period from about 5 minutes to about 2 howrs.

In still vet another aspect, the present disclosure provides owethods of preparing a compound of

the formula:

wherein:

R2 1s amino, hydroxy, or
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alkoxvicas, cvcloalkoxycos, alkonyloxyvieas, cvcloalkenvioxycos, avloxycan,
aralkoxy g2, alkyvlaminowos, dialkylaminocos, cycloalkylaminocoa,
dicvcloalkvlaminocos.  alkenviaminowos, dialkenvlaminocos., of a

substitoted version of any of these groups; or
R is taken together with Rz and 1s —O— or -NR,—, wherein:
R, is hvdrogen, alkylics), or substitited alkylicws):
R is hvdroxy or is taken together with Ro as described above;
Ry is amigo, hydroxy, or

alkoxyca, alkviamingcay, diatkylamino <y, ot a substituted version of any of these

groups; or
—0OR; or —NR Ry, whercin
Ry is a hydroxy! protecting group;

R, is a monovalent amine protecting group or is taken together with Ry and is

a divalent amine protecting group; and

Rq1s hydrogen, a monovalent amine protecting group, or is taken together with

B, and is a divalent amine protecting group;
Rs 18 halo;
Xy and Xs are cach independently O, S, or NR., whereint
R is hydrogen, alkyvlces, or substituted alkyles:

or a salt thereof comprising:

@ reacting a compound of the formula:
[0
4
| N
Ry
O {iX)

wherein:

Ry is an alkyisilyliean or a substituted alkyistiylcan;

e
)

/

with a compound of the formula;

17
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wherien:
Rg is a chiral auxaliary;

in the presence of an energy source and followed by the addition of a proton source and then

an alkylsilvlhalide compoundc<ir or a substituted alkylisilylhalide compoundic«r and a base

5 to form a compound of the formula:
o
O
wherein:
Rg is as defined above; and
Ry is alkyisilvlc<s or substitnted alkyisilvlc<ny;
10 & reacting the compound of formmla X1 with a base to obtain a compound of the formula:
O
)
Ly
ORq
ONon e
wharein
Ry is as defined above; and
) reacting the compound of formula X with a halogen to form a compound of formula L
13 In some embodiments, Ry is trimethyisilyl In some embodiments, the energy source is light.

In some embodiments, the base is imidazole. In some embodiments, the silylating agenticqy) is #~
butyldimethylsilyl chlonide. In some embodiments, the base of step (b) is lithium hydroxide. In some
embodiments, the halogen is an clemental halogen. In some embodiments, the halogen is T,

1o still vet another aspect, the present disclosure provides methods of prepanng a compound

20 of the formula:

wherein:

18
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R: is anyino, hydroxy, or

alkoxycas, cycloalkoxycos, alkenyloxyieas. cvcloalkenvioxycoy, amvlonycan,
aralkoxyvcan, alkvlaminoweos, dialkylaminowos, cycloalkviaminocou,
dicvcloalkvlaminow<s.,  alkenylaminowos, dialkenviaminow<s, or 2

substituted version of anv of these groups; or
R is taken together with Ry and is —O— or —~NR,—, wherein;
Ry is hydmogen, alkyliews,. o substituted alkylicw):
R is hvdroxy or is taken together with Ro as described above;
Ry 15 amioo, hvdroxy, or

atkoxycan, alkylaninowg), dialkylaminoc<s), ot a substituted version of any of these

groups; or
—ORy or —NR Ry, wherein:
Ry is a hydroxyl protecting group;

R. is a monovalent amine protecting group or is taken together with Ry and 18

a divalent amine protecting group; and

Rq1s hydrogen, a monovalent amine protecting group, or is taken together with

B, and is a divalent amine protecting group;
R:1s halo;
X5 and 2G are cach independently O, 5, or NR., whereiny
R 1s hydrogen, alkylkcss), or substituted alkykcse):

o1 a salt thereof comprising:

@ reacting a compound of the formula:
O
o
O ¢am
wherein:

Ry is an alkvisilvlic«n or a substituted alkylsilykean;

with a compound of the formula:
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Rg

NH, (XTV)
wherein:
Rg is a chiral auxaliary;

followed by the addition of a silvlating agentie<r) and a base to form a compound of the

5 formula:

wherein:
Ry is as defined above; and
Ry is alkyisilylica or substituted alkylsilylc<n;

10 & reacting the compound of formmla X1 with a base to obtain a compound of the formula:

wherein
Ry is as defined above; and
{c) reacting the compound of formula X3 with a halogen to form a compound of formula L

15 In some aspects, the present disclosure provides methods of preparing a compound of the

formula:

wherein:

Ra 15 amigo, hvdroxy, or
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alkoxvicas, cvcloalkoxycos, alkonyloxyvieas, cvcloalkenvioxycos, avloxycan,
aralkoxy g2, alkyvlaminowos, dialkylaminocos, cycloalkylaminocoa,
dicycloalkvlaminows.  alkenylaminowws, dialkenviamincc<s., of 2

substitoted version of any of these groups; or
R is taken together with Rz and 1s —O— or -NR,—, wherein:
R, is hvdrogen, alkylics), or substitited alkylicws):
R is hvdroxy or is taken together with Ro as described above;
Ry is amigo, hydroxy, or

alkoxyca, alkviamingcay, diatkylamino <y, ot a substituted version of any of these

groups; or
—0OR; or —NR Ry, whercin
Ry is a hydroxy! protecting group;

R, is a monovalent amine protecting group or is taken together with Ry and is

a divalent amine protecting group; and

Rq1s hydrogen, a monovalent amine protecting group, or is taken together with

B, and is a divalent amine protecting group;
Rs 18 halo;
Xy and Xs are cach independently O, S, or NR., whereint
R is hydrogen, alkyvlces, or substituted alkyles:
or a salt thereof comprising reacting a compound of the formula:

0

wherein:
Ry is a chiral auxillary; and
Ry is alkyisilvlc<s or substitnted alkyisilvlc<ny;
with 2 haloninm reagent to obtain a compound of fornmla L

in some embodiments, Rz is a chiral N-heterocycloalkylecny or substituted N-

heteroeycloalkylicas such as a chiral unsubstitited or substituted N-pyrrolidinvlc<ny,.  In one
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N 3., oMe

crabodiment, Ry is e . In some embodiments, the balopiom reagent is an
iodonium reagent such as I(sym-collidine},Cl0s.  As described herin, the owthods may fusther
comprise a base. In some embodiments, the basc 1s a nitrogenons base such as 2.4.6-collidine.

In some cmbodiments, one or more steps of the reaction further comprise purifying the reaction
in a purification step. In som crbodiments, the purification method is chromatography. [n some
embodiments, the purification method is column chromatography or high performance liquid
chromatography.

It is contemplated that any method or composition described herein can be implemented with
respoct to any other method or composition described herein. For example, an aldehvde synthesized by
one method may be used in the preparation of a final corapound according to a different method.

The use of the word “a” or “an” when used in congunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning of “one or
more,” “at least one,” and “one or more than one.” The word “about” neans plus or mimas 3% of the
stated mumber.

Other objects, features and advasntages of the present disclosure will become apparent from the
following detailed description. 1t should be understood, however, that the detailed descnption and the
specific exarples, while indicating specific embodiments of the disclosore, are given by way of
itlustration only. since vanous changes and modifications within the spirit and scope of the disclosure

will become apparent to those skilled in the art from this detailed description.

[N
-]
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

1o some aspects, the present discloswre provides lipophilic analogs of antibiotic CJ-16,264
which show increased activity in anti-microbial assays. These compounds show decreased complexity
in the attached lipophilic group by reducing the oumber of chiral ceaters while increasing activity.

5 These compounds may be used in the treatment of bactenal infections or as anti-tumor agents.

I Compounds and Formulations Thereof

A, Compounds

{0 one aspect, the present disclosure provides corapounds of the fonuula:

10

wherein:

Ry is alkylcwoa, cycloalkylcwoa, alkenylicas, arvlcws, beteroarylicau,, or a substifuted version

of any of these groups; or —A—Rs, wherein:

A is  alkanedivleos.  cvcloalkanedivlicws, alkenediylieas,  arenedivicos,
15 heteroarenediviicas, heterocycloalkanedivlicqy, or a substituted version of
any of these groups; and
Rs 15 allylieow, cvcloalkvlews, alkenvicon, heteroarylcar. heterocycloalkylieas,,
alkviaminocay, dialkylaminocar, alkoxy o, alkenvioxy cos, arvioxy cou,
heteroaryloxyicos. o1 a substituted version of any of these groups, or a
20 —(—steroid or —O—steroid derivative;
R 1s amino, hydroxy, or
alkoxycog, cycloatkoxycws, alkenyloxyews, cvcloalkenvioxycos, atvioxyc<r,
aralkoxycan, alkvlaminowos, dialkylaminowes, cycloalkylaminocos,
dicvcloalkylaminowos, alkenylaminowos, dialkenyvlaminowos, or a
25 substituted version of any of these groups; or
R, is taken together with Rs and is ~O~— or ~NR,—, wherein;
Ry is hydmogen, alkyliews,. o substituted alkylicw):
R 15 absent, hydrogen, hydroxy, or is taken together with Ro as described above; provided that

when Rs is absent that the atomn to which is bound is a part of a double bond; and
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provided that when the atom 1o which R; is bound is a part of a double bond then Rs 1s

absent;
R4 1s anyino, hydroxy, or

alkoxycay, atkviaminocar, dialkylamino <, or a substituted version of any of these

5 groups; or
~(Rs or ~NR Ry, wherein:
Ry 1s a hydroxy] protecting group;
R. is a monovalent amine protecting groop or is taken together with Rq and is
a divalent amine protecting group; and
§4] Ry is hydrogen, a monovalent amine protecting group. or is taken together with
R, and is a divalent amine protecting group;

Rs is absent, hvdrogen, or hvdroxy; provided that when R is absent then the atont to which is
bound is part of a double bond; and provide that when the atom to which Rs is bound
is part of a double bond then Rs is absent; and

15 X1, Xy, and X5 are O, 8, or NR,, wherein:

Re 18 hydrogen, alkylces;, or substituted allyles;
or a pharmaceutically acceptable salt thereof.

Additionally, the compounds provided by the preseat disclosure are shown, for example, above

in the sununary section and in the examples and claims below. They may be made using the methods

20 outlined in the Exarmples section. The CJ-16,264 derivatives can be syathesized according to the
methods described, for example. in the Examples section below. These methods can be further modified

and oplimized using the principles and techniques of organic chemistry as applied by a person skilled

in the art.  Such principles and techniques are taught, for example, in March’s Advanced Organic

Chemistry: Reactions, Mechanisms, and Structure (2007), which is incorporated by reference hercin

o
[

The CJ-16,264 dernivatives of the disclosure may contain one or more asymmetrically-
substituted carbon or mitrogen atoms, and may be isolated in optically active or racemic form. Thus, all
chiral, diastercomeric, racemic form, epimeric form, and all geometric isomeric forms of a chemical
formula are intended, unless the specific stercochemistry or isomeric form is specifically indicated.
Compounds may occur as racemates and racemic mixtures, single cnantiomers, diastercomeric mixiures
30 and individual diastereomers. Tn some embodiments, a single diastercomer is obtained. The chiral
centers of the compounds of the present disclosure can have the (8) or the (R) configuration.

Chemical formulas used to represent the (J-16,264 denvatives of the present disclosure will

typically only show one of possibly several different tantomers. For example, many types of ketone
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groups are known to exist in equilibrium with corresponding enol groups. Similarly, many types of
iming groups exist in equilibrium with enamine groups. Regardless of which tautomer is depicted for
a given compound, and regardless of which one is most prevalent, all tantomers of a given chemical
formula are intended.

The CJ-16,264 derivatives of the present disclosure may also have the advantage that they may
be more efficacious than, be less toxic than, be longer acting thap, be more potent than, produce fewer
side effects than, be more easily absorbed than, and/or have a better pharmacokinetic profile {e.g.,
higher oral bicavailability and/or lower clearance) than, and/or have other usefd pharmacological,
physical, or chemical properties over, compounds known in the prior art, whether for use in the
indications stated herein or otherwise.

In addition, atoms malking up the CJ-16,264 derivatives of the present disclosure are intended
to include all isotopic forms of such atoms. Isotopes, as used herein, inclhude those atoms having the
same atomic number but different mass numbers. By way of general example and without limitation,
isotopes of hydrogen inchude tritium and deuterinm, and isotopes of carbon inchude °C and C.

The CJ-16,264 derivatives of the present disclosure may also exist in prodmg form. Since
prodrugs are kpnown 0 ¢ohance numerous desirable qualities of pharmacenticals (e.g., sohibility,
binavailability, manufacturing, efc.), the compounds ermploved in sooxe methods of the disclosure may,
if desired, be debivered in prodrag forrm. Thus, the disclosure contermplates prodrugs of compounds of
the present disclosure as well as methods of debivering prodrugs. Prodrugs of the CI-16,264 derivatives
emploved in the disclosure may be prepared by modifying functional groups present in the compound
1 such a way that the modifications are cleaved. either in routine manipulation or in vive, to the parent
compound. Accordingly, prodrugs include, for example, compounds described herein in which a
hydroxy, amino, or carboxy group is bonded to any group that, when the prodmg is administered to a
subject, cleaves to form a hydroxy, amino, or carboxylic acid, respectively.

1t should be recognized that the particular anion or cation forming a part of any salt form of a
compound provided herein is not critical, so fong as the salt, as a whole, is pharmacologically
acceptable. Additional examples of pharmacentically acceptable salts and their methods of preparation
and use arc presented in Handbool of Pharmaceutical Salts: Properties, and Use (2002), which is
incorporated herein by reference.

Those skilled 1o the ant of organic chemistry will appreciate that reany organic compounds can
form complexes with solvents in which they are wacted or from which they are precipitated or
crystallized. These complexes are known as “solvates.” For example, a complex with water is known
as a “hvdrate.” Solvates of the CJ-16,264 denvatives provided herein are within the scope of the
disclosure. It will also be appreciated by those skilled in organic chemistry that many orgauic
compounds can exist in more than one crystalline form. For example, crystalline form may vary from
solvate to solvate. Thus, all crystalline forms of the CJ-16,264 derivatives or the pharmaccutically

acceptable solvates thereof are within the scope of the present disclosure.

25
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B. Formulations

in some embodiments of the present disclosure, the compounds are included within a
pharmaccutical formulation. Materials for use in the preparation of microspheres agd/or picrocapsules
are, e.g.. biodegradable/biocrodible polymers such as polygalacting poly(iscbutyl cyancaciviaie),
poly(Z-hydroxyethy-L-glutamine) and. pely (Jactic acid). Biocoupatible carriers that may be used when
formulating a controlled relcase parcnteral formulation are carbohydrates (e g., dextrans), proteins (e.g.,
albuming. lipoproteins, or antibodies. Materials for use in implants can be non-bicdegradable (e.g.,
polvdimethyl siloxane) or biodegradable (e.g.. poly(caprolactone), poly (lactic acid), poly{glvcolic acid)
or poly{ortho esters) or combinations thereof).

Formulations for oral use include tablets containing the active ingredient(s) (e.g., the CJ-16.264
derivatives) in a mixture with non-toxic pharmaceutically acceptable excipients. Such formulations are
known to the skilled artisan. Excipients may be, for example, inert diluents or fillers (e.g., sucrose,
sotbitol, sugar, mannitol, microcrvstalline cellulose, starches including potato starch, calcium
carbonate, sodium chloride, lactose, calcium phosphate, calcium sulfate, or sodium phosphate);
granulating and disintegrating agents {e.g., cellulose derivatives including microcrystaliine cellulose,
starches including potato starch, croscarmellose sodium, alginates, or alginic acid); binding agents (e.g.,
sucrose, glucose, sorbitol, acacia, alginic acid, sodium alginate, gelatin, starch, pregelatinized starch,
microcrystalline  cellulose, magnesivme  alumioum  silicate, carboxymethyleellulose  sodium,
methylcellidose, hydroxypropyl methy feelhdose, ethylcellulose, polyvinvipyvrrolidone, or polycthyiene
glveol); and lubricating agents, glidants, and antiadhesives {e.g., magnesium stearate, zinc stearale,
stearic acid, silicas, hyvdrogenated vegetable oils, or talc). Other pharmaccotically acceptable excipients
can be colorants, flavoring agents, plasticizers, humectants, buffering agents, and the like.

The tablets may be uncoated or they may be coated by known technigues, optionally to delay
disintegration and absorption in the gastrointestinal tract and thereby providing a sustained action over
a Jonger period. The coating mav be adapted to release the active drug in a predetermined patiern {e.g.,
in order to achieve a controlled release formulation) or 1t may be adapted not 1o release the active drug
until after passage of the stomach (enteric coating). The coating may be a sugar coating, a film coating
(e.g., based on hvdroxypropyl methylcellulose, methylcellulose, methyl hvdroxyethvicellulose,
hydroxypropylcethulose, carboxymethylcelhulose, acrviate copolymers, polyvethylene glycols and/or
polyvinylpyrrolidone), or an enteric coating {e.g., based on methacrylic acid copolymer, cellulose
acetate phthalate, hydroxypropyl methylcellulose phthalate, hydroxypropyl methyleellnlose acetate
succinate, polyvinyl acctate phthalate, shellac, and/or ethylcelhulose). Fuorthermore, a time delay

material, such as, e.g., glyceryl monosicarate or glyceryl distearate may be employed.

L Bacterial Infections
In some aspects of the present disclosure, the compounds disclosed herein may be used to treat

a bacterial infection. While humans contain nurnerons different bacteria on and inside their bodies, an

]
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imbalance in bacterial levels or the introduction of pathogenic bacteda can causc a sympiomatic
bacterial infection. Pathogenic bacteria cause a variety of different diseases including but not limited
to nomerous foodborne dliness, typhoid fever, tuberculosis, preumonia, svphilis, and leprosy.

Additionally, different bactena have a wide rmange of interactions with body and those
interactions can modulate ability of the bactena to canse an infection. For example, bactena can be
conditionally pathogenic sach that they ondy cause an indfection under specific conditions. For example,
Staphviococcus and Streptococcus bacteria exist in the normal hurnan bacterial biome, bt these bacteria
when they are allowed to colonize other parts of the body causing a skin infection, puevrnonia, or sepsis.
Other bacteria are known as opportunistic pathogens and only cause discases in a patient with a
weakened immune system or another disease or disorder.

Bacteria can also be intracellular pathogens which can grow and reproduce within the cells of
the host organism. Such bacteria can be divided into two major categorics as cither obligate infracellular
parasites or facultative intracellular parasites. Obligate intracellular parasites require the host coll in
order to reproduce and include such bacteria as but are not limited to Chlamydophila, Rickettsia, and
Fhrlichia which are known {0 canse pneumonia, urinatry tract infections, tvphus, and Rocky Mountain
spotted fover. Facultative intracellular parasites can reproduce cither intracellular or extraceliuiar.
some nop-limiting examples of faculiative intracelivlar parasites include Salmonella, Listeria,
Legionella, Mycobacterium, and Brucella which are known to cause food poisoning, typhoid fover,
sepsis, meningitis, Legionnaire’s discase. tuberculosis, leprosy . and bruceliosis.

The compounds described berein may be uvsed for the treatment of bactenal infections,
cluding those caused by Staphyloccocous aurens. S. aureus is a major human pathogen, cansing a
wide variety of illnesses ranging {rom mild skin and soft tissue infections and food poisoning to life-
threatening illnesses such as deep post-surgical infections, septicacmia, endocarditis, necrotizing
pneumonia, and toxic shock syndrome. These organisms have a remarkable ability to accumulate
additional antibiotic resistance determinants, resulting in the formation of multiply-drog-resistant
strains.

Methicillin, being the first semi-synthetic penicillin to be developed, was introduced in 1959 to
overcome the problem of ponicillin-resistant S qureus due to B-lactamase (penicillinase) production
{Livermore, 2000). However, methicithn-resistant 8. qureus (MRSA) strains were identified soon afier
the introduction of methicillin (Barber, 1961; Jovons, 1961). The compounds described hercin may be
psed in the treatrueat of MRS A bacterial strains.

Additionally . the compounds of the present disclosure may be used to treat a Steprococcus
preymonive infection.  Streptococcus pneumoniae i a Gram-positive, alpha-hemolytic, bile solable
acrotolerant anaerobe and a member of the genus Strepfococcus. A significant human pathogenic
bacterium, S. preumoniae was recognized as a major cause of pneumonia in the late 19th century and

is the subject of many humoral immunity studics.
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Despite the name, the organism causes many types of pneumococcal infection other than
prenmonia, including acute sinusitis, otitis media, meningitis, bacteremia, sepsis, osteomyelitis, septic
arthritis, endocarditis, peritonitis, pencarditis, cellulitis, and brain abscess. S, preumoniae s the most
comunon cause of bacterial meningitis 1o adults and children, and s one of the top two 1solates found in
car infection, otitis media. Pnoumococcal pnecumonia is more common in the very young and the very
old.

S, pneumoniae can be differentiated from 5. viridans, some of which are also afpha hemolytic,
psing an optochin lest, as S. prewnoniae 1s optochin sensitive. S, prenmonice can also be distnguished
based on 1ts sensitivity to ysis by bile. The encapsulated, Gram-positive coceoid bacteria have a
distinctive morphology on Gram stain, the so~called, “lancet shape.” It has a polysaccharide capsule
that acts as a virulence factor for the organism; more than 90 different serotypes are known, and these
types ditfer in virulence, prevalence, and extent of drug resistance.

S. preumoniae is part of the normal upper respiratory tract flora but as with many natural flora,
it can become pathogenic under the right conditions (e.g., if the immune svstem of the host is
suppressed). Imvasins such as Pneumclysin, an anti-phagocytic capsule, vavous adhesins and
mmmunogenic cell wall components are all major viralence factors.

Finally, bactenial infections could be targeted 1o a specific location in or on the body. For
example, bactena could be harmiless if only exposed to the specific organs, but when it comes in contact

with a specific organ or tissug, the bacteria can begin replicating and cansc a bacterial infection.

A, Gram-Positive Bacteria

{n some aspects of the present disclosure. the compounds disclosed herein may be vsed to treat
a bacterial infection by a Gram-positive bacteria. Gram-positive bacteria contain a thick peptidoglycan
laver within the cell wall which prevents the bacteria from releasing the stain when dyved with crvstal
viplet. Without being bound by theory, the Gram-positive bacteria are often more susceptible to
antibiotics. Generally, Gram-positive bacteria. in addition to the thick peptidoglycan laver, also
comprise a lipid monolayer and contain teicheic acids which react with lipids to form lipoteichoic acids
that can act as a chelating agent.  Additionally, in Gram-positive bacteria, the peptidoglycan layer is
outer surface of the bactenia. Many Gram-positive bacteria have been known to cause discase including,
but are not lmited to, Strepfococcus, Straphviococcus, Corynebacteriyvm, Enterococcus, Listeria,

Bacillus, Clostridium, Rathvbacter, Leifsonia, and Clavibacter.

B. Gram-Negative Bacteria

In some aspects of the present disclosure, the compounds disclosed herein may be used to treat
a bacterial infection by a Gram-negative bacteria.  Gram-negative bacteria do not wetain the crystal
violet stain after washing with alcohol. Gram-negative bacteria, on the other hand, have a thin

peptidoglycan laver with an outer membrane of lipopolysaccharides and phospholipids as well as a
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space between the peptidoglyvean and the outer cell membrane called the periplasmic space. Gram-
negative bacterial generally do not have teichoic acids or lipoteichoic acids in their outer coating.
Generally, Gram-negative bacteria also release some endotoxin and contain prions which act as
molecular trassport vnits for specific corpounds. Most bacteria are Gram-negative. Some non-
Iimiting examples of Gram-negative bacteria include Bordetella, Borrelia, Burcelia, Campylobacteria,
Escherichia, Francisella, Haemophilus, Helicobacter, ILegionella, Leptospira, Neisseria,

Pseudomonas, Rickettsia, Salmonella, Shigella, Treponema, Vibrio, and Yersinia.

C. Gram-Indeterminate Bacteria

In some aspects of the present disclosure, the compounds disclosed herein may be used to freat
a bacterial infection by a Gram-~indeterminate bacteria. Gram-indeterminate bacteria do not full stain
or partially stain when exposed to crystal violet, Withowut being bound by theory, a Gram-indeteriminate
bacteria may exhibit some of the propertics of the Gram-positive and Gram-negative bacteria. A non-
limiting cxample of a Gram-indeterminate bacteria include Mycobactferium  tuberculosis or

Mycobacterium leprae.

il Hyperproliferative Diseases

A. Cancer and Other Hyperproliferative Disease

While hyperproliferative diseases can be associated with any discase which causes a cell to
begin to reproduce uncontrollably, the prototypical example is cancer. Omne of the key clements of
cancer is that the cell’s normal apoptotic cycle is interrupted and thus agents that interrupt the growth
of the cells are important as therapeuotic agents for treating these diseases. In this disclosure, the CJ-
16,264 derivatives may be used to lead to decreased cell counts and as such can potentially be used to
treat a variety of types of cancer lines. In some aspects, it is anticipated that the CJ-16,264 derivatives
of the present disclosure may be used to treat virtually any malignancy.

Cancer cells that may be treated with the compounds of the present disclosure include but are
not limited to cells from the bladder, blood, bone, bone marmow, brain, breast, colon, esophagus,
gastrointestine, gum, head, kidney, liver, lung, nasopharynx, seck, ovary, prostate, skin, stomach,
pancreas, testis, tongue, cerviy, or uterus, In addition, the cancer may specifically be of the following
histological type, though it is not himited 1o these: peoplasm, malignant, Carcinema; Carcingima,
undifferentiated; giant and spindle cell carcinoma; small cell carcinoma; papiliary carcinoma; squamous
cell carcinoma; lymphocepithelial carcinoma; basal cell carcinoma; pilomatrix carcinoma; transitional
cell carcinoma; papillary transitional cell caicinoma;, adenocarcinoma; gastrinorma, malignand;
cholangiocarcinoma, hepatocelfular  carcinoma; combined  hepatocethdar  carcinoma  and
cholangiocarcinoma, trabecolar adenocarcinoma; adenoid c¢ystic carcinoma; adenocarcinoma in
adenomatous polyp, adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid tumor,

malignant; branchiolo-alveolar adenocarcinoma; papillary adenocarcinoma; chromophobe carcinoma,
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acidophil carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell adenocarcinoma;
granular coll carcinoma; follicular adenocarcinoma; papillary and follicular adenocarcinoma;
nonencapsulating sclerosing carcinoma; adrenal cortical carcinoma; endometroid carcinoma; skin
appendage carcinoma, apocring  adenccarcinoma, schaceous  adenocarcinoma;  Ceruminous
adenocarcinoma, mucoepidermoid carcinoma; cystadenocarcinoma; papillary cystadenocarcinoma,
papillary sercus cystadenocarcinoma; mucinous cystadenocarcinoma; mucinous adenocarcinoma;
signet ring cell carcinoma; infiltrating duct carcinoma; medullary carcinoma; lobular carcinoma;
inflammatory carcinoma; Paget's disease, mammary; acinar cell carcinoma; adenosquarmous carcinoma;
adenocarcinoma w/squamous metaplasia; thymoma, malignant; ovarian stromal tumor, malignant,
thecoma, malignant; granulosa cell tumor, malignant; androblastoma, malignant; sertoli cell carcinoma;
leydig cell tumor, malignant; lipid cell tumor, malignant; paraganglioma, malignant; extra~mammary
paraganglioma, malignant; pheochromocytoma; glomangiosarcoma; malignant melanoma; amelanotic
melanoma; superficial spreading rclanoma; malignant melanoma in giant pigmented nevus; epithelioid
cell melanoma; blue nevus, malignant; sarcoma; fibrosarcoma; fibrous histiocvioma, malignant;
mysosarcora; liposarcoma; leiomyosarcoma; rhabdomyosarcoma; embryonal rhabdomyosarcoma;
alveolar rhabdomyosarcoma; stromal sarcoma; mixed tumor, malignant, Mullerian mixed tumor,
nephroblastoma;, hepatoblastoma; carcinosarcoma; mesenchymoma, malignant, Breonner tomor,
malignant, phyllodes tumor, malignant; synovial sarcoma; mescthelioma, malignant; dysgerminoma;
embryonal carcinoma, toratoma, malignant; struma  ovari, mabignant;  choriocarcinoma;,
mesonephroma, malignant; hemangiosarcoma; hemangioendothelioma, malignant; Kapost's sarcoma;
hernangiopericytorea, malignant; lymphangiosarcoma; ostecsarcoma, justacortical osteosarcoma;
chondrosarcoma; chondroblastoma, malignant, mesenchymal chondrosarcoma; giant cell tumor of
bone; Ewing's sarcoma; odontogenic tumor, malignant; ameloblastic odontosarcoma; amcloblastoma,
malignant; ameloblastic fibrosarcoma; pinealoma, malignant; chordoma; glioma, malignant;
ependymoma; astrocytoma; protoplasmic astrocytoma; fibrillary  astrocytoma;  astroblastoma;
glioblastoma; oligodendroglioma; oligodendroblastoma; primitive neuroectodermal;  cerebellar
sarcoma; ganghioncuroblastoma, neuroblastoma; retinoblastoma; olfactory  neurogenic  tumor;
meningioma, malignant, newrofibrosarcoma; neurilermemoma, malignant, gramular cell tumor,
malignaot; malignaot lymphoma, Hodgkin's discase; paragraouloma; malignant lyrophoma, small
Ivmphocytic; malignant lvmphoma, large cell, difuse; malignant lymphoma, follicular, owcosis
fungoides; other specified non-Hodgkin's ly mphomas; maligoant histiocytosis; multiple myeloma; mast
cell sarcoma; immunoproliferative small intestinal disease; lenkemia; lymphoid leukeria; plasma cell
feukennia; ervthroleukema; lymphosarcoma cell leukemia, myeloid leukeria; basophilic lenkemia;
cosinophilic leukernia;, monocytic leukenda; mast cell leokerma; megakaryoblastic leukemia; myeloid
sarcoma; and hairy cell leukemia. In certain aspects, the tumor may comprise an osteosarcoma,
angiosarcoma, rhabdosarcoma, leiomyosarcoma, Ewing sarcoma, glioblastoma, neuroblastoma, or

leukenna.
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v, Therapies

A, Pharmaceuntical Formulations and Routes of Administration

Where chinical applications are contemplated, it will be necessary to prepare pharmaceutical
compositions in a form appropriate for the intended apphication. In some cmbodiments, such
formulation with the compouads of the present disclosure 1s contemplated. Generally, this will entail
preparing compositions that are essentially free of pyrogens, as well as other impurities that could be
harmfud to hurnans or animals.

One will generally desire {o employ appropriate salis and buffers to render delivery vectors
stable and atlow for uptake by target cells. Buffers also will be emploved when recombinant cells are
introduced into a patient. Agueous compositions of the present disclosure comprise an effective amount
of the vector fo cells, dissolved or dispersed in a pharmacentically acceptable carrier or agueous
medium.  Such compositions also are referred to as inocula. The phrase “pharmaccutically or
pharmacologically acceptable™ refers to molecular entities and compositions that do not produce
adverse, allergic, or other untoward reactions when administered to an animal or a human.  As used
herein, “pharmaccutically acceptable carrier” includes any and all solvents, dispersion media, coatings,
antibacterial and antifongal agents, isotonic and absorption delaying ageots and the ke, The use of
such media and agents for pharmaceutically active substances 1 well known in the art. Except insofar
as any conventional media or agent is incompatible with the vectors or cells of the present disclosure,
its use 1n therapeutic compositions is contemplaied.  Supplementary active ingrediends also can be
mcorporated into the compositions.

The active compositions of the present disclosure may inchide classic pharmaceutical
preparations.  Administration of these compositions according to the present disclosure will be via any
common route so long as the target tissue is available via that route.  Such routes include oral, nasal,
buccal, rectal, vaginal or topical route. Alternatively, administration may be by orthotopic, intradermal,
subcutancous, intrammscular, intratumoral, intraperitoneal, or intravenous injection. Such compositions
would normally be administered as pharmaceutically acceptable compositions, described supra.

The active compounds may also be administered parenterally or intraperitoneally. Solutions of
the active compounds as free base or pharmacologically acceptable salts can be prepared in water
suitably mixed with a surfactant, sach as hydroxypropvlceltulose. Dispersions can also be prepared in
glycerol, hiquid polyethylene giveols, and mixtures thereof and in oils. Usder ordinary conditions of
storage and use, these preparations contain a preservative 1o prevent the growth of microorganisms.

The pharmaccutical forms suitable for injectable use nclude sierile agueons solutions or
dispersions and sterile powders for the extemporancous preparation of sterile injectable solutions or
dispersions. In all cases, the form must be stenle and must be fluid to the extend that casy syringability
exists. It must be stable under the conditions of manufacture and storage and must be proserved against
the contaminating action of microorganisms, such as bacteria and fungi. The carrier can be a solvent

or dispersion medium containing, for example, water, ethanol, polyol (for example, glvcerol, propvlene

3i



10

20

[9N]
()]

WO 2017/100514 PCT/US2016/065732

giycol, and liquid polyethylene glycol, and the like), suitable mixturcs thereof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the vse of surfactants. The
prevention of the action of microorganisms can be brought about by various antibacterial and antifungal
agents, for cxample, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In maay
cases, it will be preferable to include isotonic agents, for example, sugars or sodinm chioride. Prolonged
absorption of the injectable compositions can be brought about by the use in the compositions of agents
delayving absorption, for example, aluminum monostearate and gelatin.

Sterile injectable sohutions are prepared by incorporating the active compounds in the required
amount in the appropriate solvent with several of the other ingredients enumerated above, as required,
followed by filtered sterilization. Generally, dispersions are prepared by incorporating the various
sterilized active ingredients into a sterile vehicle which contains the basic dispersion medivm and the
required other ingredicnts from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are vacunm-drying and
freeze-drying techniques which yvield a powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered solution thereof.

As used herein, “pharmaceutically acceptable carrier” includes any and all solvents, dispersion
media, coatings, antibactenal and antifungal agents, isctonic and absorption delaying agents and the
like. The use of sach media and agents for pharmacewtical active substances 1s well known in the art.
Except insofar as any conventional media or agent 15 incompatible with the active ingredient, its us¢ in
the therapoutic compositions is confemplated.  Supplementary active ingredients can also be
incorporated into the compositions.

For oral administration, the CJ-16,264 denvatives of the present disclosure may be incorporated
with excipients and used in the form of non-ingestible mouthwashes and dentifrices. A mouthwash
may be prepared incorporating the active ingredient in the required amount in an appropriate solvent,
such as a sodium borate solution (Dobell’s Solution).  Alternatively, the active ingredient may be
incorporated into an antiseptic wash containing sodium borate, glvcerin and potassium bicarbonate,
The active ingredient may also be dispersed in dentifrices, including: gels, pastes, powders and shurrics.
The active ingredicnt may be added in a therapewtically effective amount ¢ a paste dentifrice that may
include water, binders, abrasives, flavoring agents, foarsing agents, and humectants.

The compositions of the present disclosure may be formulated in a neutral or salt form.
Pharmaceutically-acceptable salts include the acid addition salts apd which are formed with igorganic
acids such as, for example, hydrochioric or phosphoric acids, or such organic acids as acetic, oxalic,
tartaric, mandelic, and the ike. Salts formed with the free catboxyl groups can also be derived from
inorganic bases such as, for example, sodivm, potassiurm, ammonium, calcium, or ferric hydroxides,

and such organic bases as isopropylamine, trimethylamine, histidine, procaine, and the like.
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Upon fornwlation, solutions will be administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically effective. The formulations are easily adninistered
in a varicty of dosage forms such as injectable solutions, drug release capsules and the like. For
parenteral admigistration in an aqueous solution, for example, the solution should be suitably buffered
if necessary and the liquid diluent fust rendered isotonic with sufficient saline or glucose. These
particalar aqueous solutions are especially snitable for intravenous, wtramuscular, subcutancous and
intraperitoneal administration. In this connection, sterile agueous media which can be employed will
be known to those of skill in the art in light of the present disclosure. For example, one dosage could
be dissolved in 1 ml of isotonic Na(l solution and either added to 1000 mi of hypodermoclysis fluid or
injected at the proposed site of infusion, (sce for example, “Remington's Pharmaceutical Sciences,”
15th Edition, pages 1035-1038 and 1570-1580). Some variation in dosage will necessarily occur
depending on the condition of the subject being treated. The person responsible for admimstration will,
in any ¢vent, determine the appropriate dose for the individual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, general safety and purity standards as
required by FDA’s Division of Biological Standards and Quality Control of the Office of Compliance

and Biologics Quality.

B. Methods of Treatment

In particular, the compositions that may be used in treating microbial infections and cancer in
asubject (e.g.. a human subject) arc disclosed herein. The compositions described above arc preferably
administered to a mammal (e.g., rodent, human, non-human primates, canine, bovine, ovine, cquine,
feline, etc.) in an effective amount, that is, an amount capable of producing a desirable result in a treated
subject {e.g., causing apoptosis of cancerous cells or killing bacterial cells). Toxicity and therapeutic
efficacy of the compositions utilized in methods of the disclosure can be determined by standard
pharmaceutical procedures. As is well known in the medical and vetennary arts, dosage for any one
animal depends on many factors, including the subject's size, body surface arca, body weight, age, the
particular composition to be adrministered, time and roote of admmstration, gencral health, the clinical
svimptoms of the infection or cancer and other drugs being administerad concurrently. A composition
as descrbed herein is typically administered at a dosage that inhibits the growth or proliferation of a
bacterial cell, inhibils the growth of a biofilm, or induces death of cancerous cells (e.g.. nduces
apoptosis of a cancer cell), as assayed by identifying a reduction in hematological parameters (Complete
blood count - CBC), or cancer cell growth or proliferation. In some embodiments, amounts of the CJ-
16,264 derivatives used to inhibit bacterial growth or induce apoptosis of the cancer cells is calculated
to be from about 0.01 mg to about 10,000 mg/day. In some embodiments, the amount is from about |
mg to about 1,000 mg/day. In some embodiments, these dosings may be reduced or increased based
upon the biological factors of a particular patient such as increased or decreased metabolic breakdown

of the drug or decreased uptake by the digestive tract if admimstered orally, Addtionally, the CJ-16,264
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derivatives may be more efficacious and thus a smaller dose s required to achieve a similar effect. Such
a dose is typically administored once a day for a few weeks or until sufficient reducing in cancer cells
has been achieved.

The therapeutic methods of the disclosure (which inclade prophylactic treatment) in general
include administeation of a therapeutically effective amount of the compositions described herein to a
subject in need thereof, inchuding a mammal, particalarly a buman. Such treatment will be suitably
administered to subjects, particularly humans, soffering from, having, sosceptible to, or at risk for a
discase, disorder, or symptom thereof. Determination of those sabjects “at risk” can be made by any
objective or subjective determination by a diagnostic test or opinion of a subject or health care provider
{e.g., genetic test, enzyme or protein marker, marker (as defined herein), family history, and the bike).

In one embodiment, the disclosure provides a method of monitoring treatment progress. The
method inclhudes the stop of determuning a level of changes in hematological parameters and/or cancer
stem cell (CSC) analysis with cell surface proteins as diagnostic markers (which can include, for
cxample, but arc not limited to CD34, CD38, CDY0, and CD117) or diagnostic measurement {e.9.,
screery, assay) in a subject suffering from or susceptible to a disorder or symptoms thereof associated
with cancer (e.g.. leukemia) in which the subject has been administered a therapentic amount of a
composition as described berein. The level of marker determined in the method can be compared to
known levels of marker either in healthy normal controls or in other afflicted patients to establish the
subject's disease status. In preferred embodiments, a second level of marker in the subject is determined
at a time point later than the determination of the first level, and the two levels are comparad to monitor
the counrse of disease or the efficacy of the therapy. In certain preferred embodiments, a pre-treatment
level of marker in the subject is determined prior to beginning treatment according to the methods
deseribed herein; this pre-treatment level of marker can then be compared to the level of marker in the

subject after the treatment commences, to determine the efficacy of the treatment.

C. Combination Therapies

it is envisioned that the CJ-16,264 derivatives may be used in combination therapies with an
additional antimicrobial agent such as an antibictic or a compound which mitigates one or more of the
side effects experienced by the patient.

Furthermore, it is very comumon in the ficld of cancer therapy to combine therapeutic modalitics.
The following is a general discussion of therapies that may be used in conjunction with the therapies of
the present disclosure.

To treat cancers using the methods and compositions of the present disclosure, one would
generally contact a tumor cell or subject with a compound and at least one other therapy., These
therapics would be provided in a combined amount effective to achieve a reduction in one or more
disease parameter(s). This process mayv involve contacting the cells/subjects with both agents/therapies

at the same time, e.g2., using a single composition or pharmacological formulation that inchudes both
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agents, or by contacting the cell/subject with two distinct compositions or formulations, at the same
time, wherein one composition includes the compound and the other includes the other agent.

Alternatively, the CI-16,264 denvatives may precede ar follow the other treatoent by intervals
ranging from minutes to weeks. One would generally ensure that a sigoificant period of time did not
cxpire between the tine of cach debivery, such that the therapies would still be able to exert an
advantageously combined effect on the cell/sabject. In such instances, it is contemplated that one wounld
contact the cell with both modalitics within about 1224 howurs of cach other, within about 6-12 hours
of cach other, or with a delay e of only about 12 hours. In some situations, it may be desirable to
extend the time period for treatment significantly; however, where several days (2, 3, 4, 5, 6 or 7) to
several weeks (1, 2, 3, 4, 5, 6, 7 or 8) fapse between the respective administrations.

1t also is conceivable that more than one administration of either the compound or the other
therapy will be desired. Various combinations mayv be emploved, where a compound of the present

disclosure is “A.” and the other therapy is “B,” as exemplified below:

A/B/A B/A/B BB/A A/AB B/A/A A/B/B B/B/B/A BB/ARB
A/ABB AB/AB AB/MB/A BB/AIA B/ABIA B/A/A/B B/B/B/A
A/AIAR B/AAIA  AB/A/A AIABIA A/B/BMB B/ABB B/B/AK

Agents or factors suitable for use in a combined therapy with agents according to the present disclosure
against an infectious discase inchude antibiotics such as penicilling, cephalosponns, carbapeneimns,
macrolides, aminoglycosides, quinolones (including flucroquinolones), sulfonamides and tetracylcines.
Other combinations arc contemplated.  The following 15 a goneral discussion of antibiotic, antiviral, and

cancer therapies that may be nsed combination with the compounds of the present disclosure.

i, Antibiotics

The term “antibiotics” arc drugs which may be used to ireat a bacterial infoction through either
inhibiting the growth of bacteria or killing bacteria. Without being bound by theorv, it is believed that
antibiotics can be classified into two major classes: bactericidal agents that kill bacteria or bacteriostatic
agents that slow down or prevent the growth of bacteria.

The first commerically available antibiotic was released in the 1930°s. Since then, maay
different antibiotics have been developed and widely prescabed. 10 2010, on average, 410 5 Americans
are prescribed antibiotics annually. Given the prevalence of antibiotics, bacteria have started to develop
resistance to specific antibintics and antibiotic mechanisms. Without being bound by theory, the use of
antibiotics in combination with another antibiotic may modulate resistance apd enhance the efficacy of
oue or both agents.

In some embodiments, antibiotics can fall into a wide range of classes. In some embodiments,
the compounds of the present disciosure may be used in conjunction with another antibiotic. In some
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embodiments, the compounds may be used in conjunction with a narrow spectrom antibiotic which
targets a specific bacteria type. In some non-limiting cxamples of bactericidal antibiotics include
peoicillin, cephalosporin, polymyxin, rifamycin, Gpiarmycin, quinclones, and sulfonamides. 1o some
non-limiting examples of bacteriostatic aptibiotics include maceolides, lincosanides, or tetracyclines.
5  In some cmbodiments, the antibictic is an aminoglycoside such as kanamycin and streptomyein, an
ansamycin such as rifaximin and geldanamy cin, a carbacepher such as loracarbef, a carbapenem such
as ertapencmn, imipencrn, a cephalosporin such as cephalexin, cefixime, cefepime, and cefiobiprole, a
glycopeptide such as vancomycin or teicoplanin, a lncosamide such as lincomycin and clindamycin, a
fipopeptide such as daptomycin, a macrolide such as clarithromycin, spiramycin, azithromyvein, and
10 relithromycin, a monobactam such as aztreonam, a nitrofuran such as furazolidone and nitrofurantoin,
an oxazolidonones such as linerolid, a pemicillin such as ameoxicillin, azlocillin, flucloxaciilin, and
penicillin G, an antibiotic polypeptide such as bacitracin, polymyxin B, and colistin, a quinolone such
as ciprofloxacin, levofloxacin, and gatifloxacin, a sulfonamide such as sifver sulfadiazine, mefenide,
sulfadimethoxine, or sulfasalazine, or a tetracvcline such as demeclocycling, doxyeycline, minocycline,
15 oxytetracvcline, or tetracycline. Tn some crabodiments, the compounds could be combined with a drug
which acts against mycobacteria such as cycloserine, capreomycin, ethionamide, rifampicin, rifabutin,
rifapentine, and streptoraycin. Other antibiotics that arc conteraplated for comnbination therapies may
include arsphenamine, cbloramphenicol, fosfomycin, fusidic acid, metronidazole, mapirocin,
platensimycin. gquinupristin, dalfopnstin, thiamphenicol, tigecychine, tintdazole, or tumethopnm.
26
2. Chemotherapy

The term “chemotherapy ™ refers to the use of drugs to treat cancer. A “chemotherapeutic agent”
is used to connote a compound or composition that is administered in the treatment of cancer. These
agents or drugs are categorized by their mode of activity within a cell, for example, whether and at what

25 stage they affect the cell cycle. Alternatively, an agent may be characterized based on its ability to
directly cross-link DNA, 1o intercalate into DMNA, or to induce chromosomal and mitotic aberrations by
affecting mucleic acid synthesis. Most chemotherapeutic agents fall into the following categories:
alkylating agents, antimetabolites, antitumor antibiotics, mitotic inhibitors, and nifrosourcas.

Examples of chemotherapeutic agents include alkvlating agents such as thictepa and

30 cyclosphosphamide; atkyl sulfonates such as busulfan, improsulfan and piposutfan; aziridines such as
benzodopa, carboquone, meturedopa, and wredopa; cthylenimines and methvlamelamines inchiding
altretamine, tricthvienemclamine, trietylenephosphoramide, tricthiviencthiophosphoramide  and
trimethylolomelamine; acetogenins (especially beollatacin and bullatacinone); a camptothecin
(including the synthetic analogue topotecan); bryostating callystatin; CC~1063 (including its adozelesin,

35  carselesin and bizelesin synthetic analogues); cryptophycins (particularly cryptophycin 1 and

cryptophycin 8); dolastatin, duocarmycin (including the synthetic analogues, KW-2189 and CB1-
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T™1), elcutherobin, pancratistating a sarcodictyin, spongistatin, nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide, estranmstine, ifosfamide, mechlorcthamine,
mechlorethamine oxide hydrochlodde, melpbalan, novembichin, phenesterine, prednimustioe,
trofosfamide, vracil mustard; piirosureas such as carmustine, chlorozotocin, fotemustine, lomusting,
nimustine, and ranimoustine; aotibiotics such as the cnediyne antibiotics (e.g., calichcamicin, especially
calicheamicin v and calichcamicin % dvnemicin, including dynemicin A uncialamycin and
derivatives thereof, bisphosphonates, such as clodronate; an esperamicin; as well as neocarzinostatin
chromophore and related chromoprotein cnedivne  antibiotic chromophores, aclacinomysins,
actinomycin, authrarnycin, azaserine, bleomyeins, cactinomycin, carabicin, carminomycin,
carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-0xo-L-noreucine,
doxorubicin  (including mormpholino-doxorabicin, cyanomorpholino-doxorubicin,  2-pyrrolino-
doxorubicin and deoxydoxorubicing, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycing
such as mitomycin C, mycophenolic acid, nogalarnycin, olivomycins, peplomycin, potfitomycin,
puromvcein, quelamycin, rodorubicin, streptonigan, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti-metabolites such as methotrexate and S-fluorouract (5-FUY; folic acid analognes such
as denoptenn, methotrexate, pleropterin, trimotrexate, purine analogs such as fludarabine, 6-
mercaptopurine, thiamiprine, thioguanine, pvrmidine analogs such as ancitabine, azacitidine, 6-
azawridine, carmofur, cytarabine, dideoxyuridine, doxiflundine, ¢nocitabine, floxuridine, androgens
such as calusterone, dromostanclone propionate, epitiostanol, mepitiostane, testolactone, anti-adrenals
such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as folinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid; cniluracil, amsacnne; bestrabucil; bisantrenc;
edatraxate; defofamine; demecolcine; diaziquone, clformithine; elliptimium acetate; an cpothilone;
ctoghicid; gallium nitrate; hydroxyurca; lentinan; lomdainine; maytansinoids such as maytansine and
ansamitocing; mitoguazone, mitoxantrone; mopidanmol; nifraerine; pentostatin, phenamet; pirarubicin,
losoxantrone, podophvilinic acid: 2-cthylihydrazide; procarbazine, PSK polvsaccharide complex);
razoxane, rhizoxin, sizofiran, spirogermanium, tenuazonic  acid, triaziquone;, 2,2°.2"-
trichiorotricthylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and anguidine);
urethan, vindesine, dacarbazine, mannomustine; mitobronitol, mitolactol; pipobroman; gacytosing;
arabinoside (“Ara-C”); cyclophosphamide; thiotepa; taxoids, eg., paclitaxel and docetaxcl,
chlorambuct, gomcitabine; 6-thioguanine, wmercaptopurine, methotrexate; platioum coordination
complexes such as cisplatin, oxaliplatin and carboplatin; virblastine; platinum, ctoposide (VP-16);
ifosfamide; mitoxantrone, vincristine, vinorelbine, novantrone; teniposide; edatrexate; daymnomycin,
aminoptering xeloda; thandronate; irinotecan {e.g., CPT-11); topoisomerase inbibitor RFS 2000,
diffoorometthylornithine (DMFO); retinoids such as retinoic acid; capecitabine, cisplatin (CDDP),
carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin, fosfamide, melphalan,
chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin, bleomyvcin, plicomycin,

mitomycin, ctoposide (VP16), tamoxifen, raloxifene, estrogen receptor binding agents, taxol, paclitaxei,
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docetaxel, gemcitabicn, navelbine, famesyi-protein tansferase inhibitors, transplatinum, S-fluorouraci],
vincristin, vinblastin and methotrexate and pharmaccutically acceptable salts, acids or derivatives of any

of the above.
3. Radiotherapy

Radiotherapy, also called radiation therapy, s the treatment of cancer and other diseases with
onizing radiation. Ionizing radiation deposits energy that injures or destroys cells in the area being
treated by damaging their genetic malerial, making it impossible for these cells to continue to grow.
Although radiation damages both cancer cells and normal cells, the latter are able to repair themselves
and function properly.

Radiation therapy used according to the present disclosure may inchide, but is not limited to,
the use of y-rays, X-ravs, and/or the directed delivery of radioisotopes to tamor celis. Other forms of
DNA damaging factors are also contemplated such as microwaves and UV-irradiation. It 1s most likely
that all of these factors induce a broad range of damage on DNA, oo the precursors of DNA, on the
replication and repair of DNA, and on the assembly and maintenance of chromosomes. Dosage ranges
for X-rays range from daily doses of 12.9 to 51.6 mC/kg for prolonged pedods of tiune (3 to 4 wk), to
single doses of 0.516 o 1.55 C/kg. Dosage ranges for radicisotopes vary widely, and depend on the
half-life of the isotope, the strength and type of radiation emitied, and the vptake by the neoplastic cells.

Radiotherapy may comprise the use of radiolabeled antibodies to deliver doses of radiation
directly fo the cancer site (radioimmunotherapy). Antibodices are highly specific proteins that are made
by the body in response to the presence of antigens (substances recognized as forcign by the immune
system). Some tumor cells contain spocific antigens that trigger the production of tumor-specific
antibodies. Large quantitics of these antibodies can be made in the laboratory and attached to radicactive
substances (a process known as radiolabeling). Once ingected into the body, the antibodies actively
seck out the cancer cells, which are destroved by the cell-killing (cviotoxic) action of the radiation. This
approach can miniguze the risk of radiation damage to normal cells.

Conformal radiotherapy uses the sare tadiotherapy rachine, a linear accelerator, as the normal
radiotherapy treatrnent but metal blocks are placed in the path of the X-rav beam to alter its shape to
match that of the cancer. This ensures that a higher radiation dose s given fo the tumor. Normal
surrounding cells and nearby structures receive a lower dose of radiation, so the possibility of side
effects 18 reduced. A device called a muldti-leaf collimaior has been developed and may be used as an
alternative to the metal blocks. The multi-leaf collimator consists of a number of metal sheets which
are fixed to the lincar accelerator. Each laver can be adjusted so that the radiotherapy beams can be
shaped to the treatment area without the need for metal blocks. Precise positioning of the radiotherapy
machine is very important for conformal radiotherapy treatment and a special scanning machine mav

be used to check the position of internal organs at the beginning of each treatment.
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High-resolution intensity modulated radiotherapy also nses a multi-leaf collimator. During this
treatment the lavers of the multi-leaf collimator are moved while the treatment is being given. This
method is likely to achieve even more precise shaping of the treatment beams and allows the dose of
radictherapy to be constant over the whole treatment arca.

5 Although rescarch studies have shown that conformal madiotherapy and intensity modulated
radiotherapy may reduce the side cffects of radiotherapy treatment, it is possible that shaping the
treatmeni area so preciscly could stop microscopic cancer ¢ells just outside the treatiment arca being
destroved. This means that the risk of the cancer coming back in the foture may be higher with these
specialized radiotherapy technigues.

10 Scientists also are looking for ways to increase the effectiveness of radiation therapy. Two types
of investigational drugs are being studied for their effect on cells undergoing radiation. Radiosensitizers
make the tumor cells more likely to be damaged, and radioprotectors protect normal tissues from the
cffects of radiation. Hyperthermia, the use of heat, is alse being studied for its cffectiveness in

scnsitizing tissue 1o radiation.

[
(v

4. Immunotherapy

In the context of cancer treatment, immunotherapeutics, gencrally, rely on the use of immune
effector cells and molecules to target and destroy cancer cells. Trastuzumab (Herceptin™) is such an
example. The immune effector may be, for example, an antibody specific for some marker on the
surface of a tumor cell. The antibody alone may serve as an effector of therapy or it may recruit other

20 cells to actually affect cell killing. The amtibody also mayv be conjugated to a drug or foxin
{chemotherapeutic, radionuchide, ricin A chain, cholera toxin, pertussis toxin, ere. ) and serve mercly as
a targeting agent. Alternatively, the effector may be a Ivmphocyie carrying a surface molecule that
interacts, either directly or indirectly, with a tomor cell target. Various effector cells inchude cyvtotoxic

T cells and NK celis. The combination of therapeutic modalities, 7.e., direct cytotoxic activity and

o
[

inhibition or reduction of ErbB2Z would provide therapeutic benefit in the treatment of ErbB2
oVerexpressing cancers.

In one aspect of immunotherapy, the tumor cell must bear some marker that is amenable to
targeting, /.., is not present on the majornity of other cells. Many tumor markers exist and any of these
may be suitable for targeting in the context of the present disclosure. Comimon tumor markers include
30 carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fetal antigen,
tyrosinase (p97). gpos, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP, estrogen
receptor, laminin receptor, erb B and pi55.  An altemative aspect of mmmunotherapy is to combine
anticancer effects with imowne stimoulatory effects. Trmmune stimwlating molecules alse exist including

cytokines such as 1L-2, 1L-4, TL-12, GM-CSF, v-IFN, chemokines such as MIP-1, MCP-1, [L-8 and

[9N]
()]

growth factors such as FL'T3 ligand. Combining immune stimulating molecules, cither as proteins or

using gene defivery in combination with a tumor suppressor has been shown to enhance anti-turmor
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effects (Ju ef al., 2000). Moreover, antibodies against any of these compounds may be nsed to target
the anti-~cancer agents discussed herein,

Exarples of tmmusotherapies corrently under investigation or in use are immune adjuvanots
e.g., Myvcobacterium bovis, Plasmodium falciparum, dinitrochlorobenzene and aromatic compounds
{U.S. Patents 5,801,005 and 5,739,169, Hui and Hashimoto, 1998, Christodonlides ef af., 1998),
cytokine therapy, e.g., interferons o, B. and v; IL-1, GM-CSF and TNF (Bukowski ef o/, 1998; Davidson
et al., 1998; Hellstrand ef /., 1998) gene therapy, e.g., TNF, IL~1, IL-2, p53 (Qin ef /., 1998; Austin-
Ward and Villaseca, 1998; U 3. Patents 5,830,830 and 5,846,945 and monoclonal antibodies, e.g., anti-
ganglioside GM2, anti-HER-2, anti-pl85 (Pietras ef ol., 1998; Hanibuchi er o/, 1998, U.S. Patent
5,824,311} It is contemplated that one or more anti-cancer therapics mav be employved with the gene
silencing therapics described herein

In active immunctherapy, an antigenic peptide, polvpeptide or protein, or an autologous or
allogenic tumor cell composition or “vaccine” is administered, generally with a distinct bacterial
adjuvant (Ravindranath and Morton, 1991, Morton ef o/, 1992, Mitchell er o/, 1990, Mitchell of /.,
1993).

1o adoptive imuounotherapy, the patient’s circulating lymphocytes, or tumor-iofiltrated
Iymphocytes, are isolated in vitro, activated by lymphokines such as 1L-2 or transduced with genes for

tumor necrosis, and readministered (Rosenberg ef ¢f., 1988, 1989),

5. Surgerv

Approximately 60% of persons with cancer will andergo surgery of some type, which includes
preventative, diagnostic or staging, curative, and palliative surgery. Curafive surgery iS a cancer
treatment that may be used in conjunction with other therapies, such as the treatment of the present
disclosure, chemotherapy, radiotherapy, hormonal therapy, gene therapy, immunctherapy and/or
alternative therapies.

Cuarative surgery includes resection in which all or part of cancerous tissue is physically
removed, excised, and/or destroved. Tumor resection refers to physical removal of at least part of 2
fumor.  In addition to tumor resection, treatment by surgery includes laser surgery, crvosurgery,
clectrosurgery, and microscopically controlled surgery (Mohs™ surgery). Tt is further comtemplated that
the present disclosure may be used in conjunction with removal of superficial cancers, precancers, or
incidental amounts of normal tissue,

Upon excision of part or all of cancerous cells, tissue, or tumor, a cavity may be foroed in the
body. Treatment may be accomplished by perfusion, divect injection or local application of the area
with an addittonal anti-cancer therapy. Such treatment may be epeated, for example, every 1,2, 3, 4,
5.6, or 7 days, orevery 1, 2, 3, 4, and 5 weeks orevery 1,2, 3,4, 5,6, 7. 8, 9, 16, 11, or 12 months.

These treatments may be of varying dosages as well.
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In some particular embodiments, after removal of the tumor, an adjuvant treatment with a
compound of the present disclosure is believed to be particularly efficacious in reducing the reoccurance
of the tumor. Additionally, the compounds of the present disclosure can also be used in a neoadjuvant
sctting,

1t also should be pointed cut that any of the foregoing therapics may prove useful by themselves

in treating cancer.

V. Synthetic Methods

In some aspects, the compounds of this disclosure can be synthesized using the methods of
orgaric chemistry as described in this application. These methods can be further modified and
optimized vsing the prnciples and techniques of organic chemistry as applied by a person skilled in the
art. Such priociples and techniques are tanght, for example, in March’s Advanced Organic Chemistry:

Reactions, Mechanisms, and Structure (2007), which is incorporated by reference herein

A, Process Scale-Up

The syuathetic methods described herein can be further modified and optimized for preparative,
pilot- or large-scale production, either batch of contimious, using the principles and technigoes of
process chemistry as apphied by a person skilled 1 the art. Such principles and technigques are taught,
for example, in Practical Process Research & Development (2000), which is incorporated by reference
heremn. The synthetic method described herein may be used to produce preparative scale amounts of

the CJ-16,264 derivatives.

B. Chemical Definttions

When used in the context of a chemical group: “hydrogen” means —H; “hydroxy” means —OH;
“ox0” means =0; “carbonyl” means —C(=0)—; “carboxy” means —C(=0)YOH (also written as ~COOH
or —CO,H); “halo™ means independently —F, —Cl, —Br or —I; “amino” means —NH»; “hvdroxyamine”
means —NHOH; “nitro” means —NO;; imino means =NH; “cyano” means —CN; “isocyanate” means
~-N=C=(; “azido” means —Ni; in a monovalent context “phosphate” means —OP(O}OH). or a
deprotonated form thereof; in a divalent context “phosphate”™ means —OP(OYOH)O— or a deprotonated
form thereof, “mercapto” means —SH; and “thio” means =8; “sulfato” means ~SO;H, “sulfamido”
means ~S(OpNH,, “sulfonyl” means —S(0O)—; and “sulfinyl” means —S(O)—.

Inthe context of chemical formulas, the symbol “” means a single bond, “=" means a double
bond, and “=” means triple bond. The symbol * -~--" represents an optional bond, which if present is

either single or double. The symbol “====” represents a single bond or a double bond. Thus, for

example, the formula C includes O O ‘ @ and ‘ And it is understood

that go one such ring atom forms part of more than one double bond. Pusthermore, it is noted that the
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covalent bond symbol “—7, when connecting one or two stercogenic atoms, does not indicate any

preferred stereochemistry. Instead, it covers all stercoisomers as well as mixtures thereof. The symbol
“vwwn ”when drawn perpendicularly across a bouod {e.g., %—CH3 for methyl) indicates a point of

attachment of the group. It is noted that the point of attachment is typically only identified in this
manner for larger groups in order to assist the reader inunambiguously identifving a point of attachment,
The symbol © =8 means a single bond where the group attached to the thick end of the wedge is “out
of the page.” The symbol “ 1™ means a single bond where the group attached to the thick end of the
wedge is “into the page”. The symbol “ VW™ means a single bond where the geometry around a
double bond (e.g., ecither F or Z) is undefined. Both options, as well as combinations thercof are
therefore infended. Anv undefined valency on an atom of a structure shown in this application implicitly
represenis a hydrogen atom bonded to that atom. A bold dot on a carbon atom indicates that the
hydrogen attached to that carbon is oriented ot of the plane of the paper.

When a group “R” is depicted as a “floating group” on a ring svstem, for example, in the

formula:

then R may replace any hydrogen atom attached to any of the ring atoms, inchuding a depicted, implied,
or expressly defined hydrogen, so long as a stable structure is formed. When a group “R” is depicted

as a “floating group” on a fused ring system, as for example o the foramila:

Ry e

ﬂ X

then R may replace any hydrogen attached to any of the ring atoms of either of the fused rings unless
specificd otherwise. Replaceable hydrogens include depicted hydrogens (e.g., the hydrogen attached
to the nitrogen in the formula above), implicd hydrogons {e.g., a hvdrogen of the formula above that is
not shown but understood to be present), expressly defined hyvdrogens, and optional hydrogens whose
presence depends on the identity of a ring atom (e.g., a hvdrogen atiached to group X, when X oquals
—{CH-), so long as a stable structure is formed. In the example depicted, R may reside on cither the 3-
menbered or the 6-membered dog of the fused ring system. In the formula above, the subscopt letter
*v” immediately following the group “R” enclosed in parentheses, represents a pumeric variable.
Unless specified otherwise, this variable canbe 0, 1, 2, or agy integer greater than 2, only limited by
the maximum number of replaceable hvdrogen atorns of the ring or ring system.

For the groups and classes below, the following parenthetical subscripts further define the
group/class as follows: “(Cn)” defines the exact numaber (u) of carbon atoms in the group/class. “(C<n)”

defines the maximum number (n) of carbon atoms that can be in the group/class, with the minimum
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number as small as possible for the group in question, e.g., it is understood that the minimwum number
of carbon atoms in the group “alkenylcwy” or the class “alkenccr” is two. Forexample, “alkoxycan”
designates those alkoxy groups having from 1 to 10 carbon atoms. (Ca-n') defines both the minimum
{1 and maximum oumber (o)) of carbon atoms 1n the group. Similarly, “alkykeoae” designates those
alkyl groups having from 2 to 10 carbon atoms.

The term “saturated” as used herein means the compound or group so modified has po carbon-
carbon double and no carbon-carbon tripie bonds, except as noted below. In the case of substituted
versions of saturated groups, one or more carbon oxvgen double bond or a carbon nitrogen double bond
may be present. And when such a bond is present, then carbon-carbon double bonds that may occur as
part of keto-enol tautomerism or imine/enamine tautomerism are not prechuded.

23

The term “aliphatic” when used without the “substituted” modifier signifies that the
compound/group so modified is anacyclic or cyclic, but non-aromatic hvdrocarbon compound or group.
In aliphatic compounds/groups, the carbon atoms can be joined together in straight chains, branched
chains, or non-aromatic rings (alicychic). Aliphatic compounds/groups can be saturated, that is joined
by single bonds (alkanes/alkyl). or unsaturated, with one or more double bonds (atkenes/atkenyl) or
with one or more triple bonds (alkynes/alkyayt).

The term “alkyl” when used without the “substitated” modifier refers to a monovalent saturated
aliphatic group with a catbon atom as the point of attachment, a lincar or branched acyclic structure,
and 0o atoms other than carbon and hydrogen. The groaps ~CH; (Me), ~CHLCH; (B, ~CHCHLCH;
(n-Pr or propyl), —CH(CHas}, (i-Pr, 'Pr or isopropyl), —CH.CH,CH:CH; (n-Bu), ~CH{CH)CH.CH;
{(sec-butyl), ~CH,CH(CH;): (isobutyl), —C(CH;); (fert-butyl, Fbutyl, 1-Bu or ‘Bu), and “CH,C{CH;)
{(nec-pentyl) are non-limiting examples of alkyl groups. The term “alkanediyvl” when used without the
“substituted” modificr refers to a divalent saturated aliphatic group, with one or two saturated carbon
atom(s) as the point(s) of attachment, a lincar or branched acvclic structure, no carbon-carbon double
or triple bonds, and no atoms other than carbon and hydrogen. The groups, —CH,— (methviene),
—CH,CHy—, ~CHC{CH;»CHy—, and —CH.CH.CH»—, are non-limiting cxamples of alkanediy] groups.
The terme “alkylidene” when used without the “substituted” modifier refers to the divalent group =CRR’
10 which R and R’ are independently bydrogen or alkyl. Non-limiting examples of alkylidene groups
include: =CH,, =CH{CH,(CH:)}, and =C(CHz),. An “alkane” refers (o the compound H-R, whereig R
1s alkyl as this term is defined above. When any of these terms s used with the “substituted” modifier
one or more hydrogen atom has been independently replaced by ~OH, —F, ~Cl, —By, —L, —~NH,, ~NQO,,
~C(H, ~COCH;, —CN, —8H, ~OCH;, ~OCHyCHs, ~C(O)CH;, ~NHCH;, ~NHCH,CHs, ~N(CHs)a,
~C{ONH,, ~OC(OYCH;, or —S(O)NH;.  The following groups are non-limiting examples of
substituted alleyl groups: —CHOH, —-CH.CL, —CF;, —CHL.ON, —CHLO)OH, —CHC(OYOCH;,
~CH,C(O)NH,, —CH,C(O)CHs, —CH,OCH;, —-CH,O0C(O)CHs, —CH:NH,;, —CH>N(CH3), and
—CH2CH2C1. The term “haloalkyl” is a subset of substituted alkyl, in which one or more hydrogen

atoms has been substituted with a halo group and no other atoms aside from carbon, hydrogen and

43



10

30

WO 2017/100514

PCT/US2016/065732

halogen are present.  The group, —CHu(1 is a non-limiting cxample of a haloalkyl The term
“fluoroalkyl” is a subset of substituted alkyl, in which one or more hydrogen has been substituted with
a fluoro group and no other atoms aside from catbon, hydrogen and fluorine are present. The groups,
~CHLE, ~(CFs, and ~CH,CF; are non-limiting examples of fhuoroalky! groups.

The term “cycloalky]” when vsed without the “substituted” modifier refers to a mopovalent
saturated aliphatic group with a carbon atom on the saturated aliphatic group as the point of attachmendt,
said carbon atom forms part of one or more either aliphatic or aromatic ring structures, a cyclo or cyclic
strocture, no carbon-catbon double or triple bonds other than those from the aryl groups presen, and
no atoms other than carbon and hydrogen. As used herein, the term does not preclude the presence of
one or more atkyl groups (carbon mumber himitation permitting) or aryl groups, either fused to one or
more aliphatic rings or attached in a pendant fashion to any ring present.  Non-limiting examples of
cvcloalkyl  groups  includer —CH(CH:)  (cvclopropvl), cyclobutyl, cvclopentyl, 1,234~
tetrahy dronaphthalene, or cyclohexyvl. The term “cycloalkanedivl” when used without the “substituted”™
maodificr refers to a divalent saturated aliphatic group with one or two carbon atom as the point(s) of
attachment, said carbon atom(s) forms part of one or more non-aromatic ting structures, a cvclo or

cyclic structure, no carbon-carbon double or trple bonds other thaa those from the aryl groups present,

and no atoms other than carbon and hydrogen g—! \}\ , % , Of

\ﬁ—j are non-limiting examples of cvcloalkanedivl groups. A “cycloalkane™ refers 1o the compound
H-R, wherein R is cycloalkyl as this term is defined above. When any of these terms 1s used with the
“substituted” modifier one or more hydrogen atoo has been independently eplaced by ~OH, —F, (],
~Br, ~1, ~NHg, ~NGy, ~N;, ~COoH, ~CG,CHs, ~ON, ~SH, ~OCH;, ~OCHCH;, ~C{OYCH,, ~NHCH;,
~NHCH,CH;, —N{CH;:), ~C{O)NH,, ~OC(OYCH;, or —S(O)pNH.. The following groups are non-
limiting  cxamples of substituted  cycloalkyl  groups: —C(OH}CH:),,  6-methoxy-1,2,3.4-

CN o

\/ﬂ NH,
tetrabydropaphthalene, , OF - .

The term “alkeny!” when psed without the “substituted” modifier refers to a monovalent
unsaturated aliphatic group with a carbon atom as the point of attachment. a hinear or branched, acyclic
structore, at least one nonaromatic carbon-carbon double bond, no carbon-carbon triple bonds, and no
atoms other than cartbon and hyvdrogen. Non-fimiting examples of alkenyl groups include: —~CH=CH,
(viny}, —CH=CHCH;, -CH=CHCH,CH;, -CH,CH=CH, ({allyl), —-CH:CH=CHCH;, and
—~CH=CHCH=CH,. The term “allkencdivl” when used without the “substituted” modifier refers to a

divalent unsaturated aliphatic group, with two carbon atoms as points of attachment, a linear or
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branched, cyclo, cvclic or acyclic structure, at least one nonaromatic carbon-carbon double bond, no
carthbon-carbon tripie bonds, and no atoms other than carbon and hydrogen. The groups, -CH=CH-,
~CH=C(CH:)CHy-, and ~CH=CHCH,—, are non-limiting examples of alkenedivl groups. It is noted
that while the alkencdiy] group is aliphatic, once connected at both ends, this group is ot precluded
from foroning part of an arcratic structure. The terows “alkene” and refer to a compound haviag the
formala H-R, wherein R is alkenyl as this term is defined above. A “terminal alkene” refers to an
alkene having just one carbon-catbon double bond, wherein that bond forms a vinyl group at one end
of the molecule. When any of these terms arc used with the “substituted” modifier one or more
hydrogen atom has been independently replaced by —OH, —F, —Cl, —Br, —I, =NH3, —NG», —Ns, —CO:H,
—-CO,CHs, —CN, —SH, -OCH;, -0OCH,CH;, —-C(O)CH;, —-NHCH;, —-NHCH;CH;, —N(CHaj,
—C{OWH,, ~OC(OYCHa, or —=S{O»NH,. The groups, ~CH=CHF, ~CH=CH{1 and —CH=CHBr, are
non-limiting examples of substituted alkenyl groups.

The term “alkynyl” when used without the “substituted” modifier refers to a monovalent
unsaturated aliphatic group with a carbon atom as the point of attachment, a lincar or branched, acyclic
structure, at Jeast one carbon-carbon triple bond, and no atoms other than carbon and hydrogen. As
used berein, the term alkynvl does not prechude the presence of one or more non-aromatic cartbon-carbon
double bonds. The groups, ~C=CH, —C=CCH;, asd ~CHC=CCH;, are non-limiting examples of
alkynyl groups. An “alkyne” refers to the compound H-R, wherein R is alkyoyl. Whea any of these
terms are used with the “substituted” modifier one or more hydrogen atom has been independently
replaced by —OH, —F, —Cl, =By, -1, -NH,, ~-NO,, —N;, ~CO:H, ~CO,(CH;, ~CN, —-SH, —~OCH;,
~QCHLCH;, ~C(OYCHa, ~NHCH;, ~NHCHCH;, ~N{CHjs)e, ~C(OINH,, ~OC(O)CH;, or ~S{O):NH.:.

The term “arvl” when used without the “substituted” modifier refers to a monovalent
unsaturated aromatic group with an aromatic carbon atom as the point of attachment, said carbon atom
forming part of a one or more six~-membered aromatic ring stmcture, wherein the ring atoms are all
carbon, and wherein the group consists of no atoms other than carbon and hydrogen. If more than one
ring is present, the rings may be fused or unfused. As used herein, the termy does not preclude the
presence of one or more alkyvl or aralkyl groups (catbon number limitation pernutting) attached to the
first aromatic ring or any additional aromatic ring present. Non-limiting examples of aryl groups
include pheoyi (Ph), methylpheayl, (dimethyhphenyl, —CsHyCH,CH: (cthylphenyl), naphthyl, and a
monovalent group derived from biphenyl. The term “arenedivl” when vsed without the “substituted”
modifier refers to a divalent aromatic group with two arorsatic carbon atoms as points of attachment,
said carbon atormns forming part of one or more six-membered aromatic ring structore!{s) wherein the
ring atoms are all carbon, and whercin the monovalent group consists of no atoms other than carbon
and hydrogen. As used berein, the term does not preclude the presence of one or more allyl, aryl or
aratkyl groups (carbon mumber limitation permitting) attached to the first aromatic ring or any additional

aromatic ring present.  If more than one ring is present, the rings may be fused or unfused. Unfused
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rings may be connected via one or more of the following: a covalent bond, alkanedivl, or alkencdiyl

roups (carbon sumber limitaiton permitiing). Non-limiting examples of arenedivl groups include:
K O o o i

O 045 TS OO

5 An"arene” refers to the compound H-R, wherein R is aryl as that term is defined above. Benzene and
tofuene arc non-limiting examples of arencs. When any of these terms are used with the “substituted”
modifier one or more hydrogen atom has been independently replaced by —OH, —F, —Cl, —Br, -1, -NH,,
—NOy, —Ni, —COuH, —~CO:CH;, —CN, —SH, —~0CH;, ~OCHCH;, ~C(O)CHs, ~NHCH;, -NHCH.CH;,
—N{CH ), —~C(ONH,, —“OCO)CH, or —5{OnNH..

10 The term “aralkyl” when used without the “substituted” modifier refers to the monovalent
group —atkanedivl-arvl, in which the terms alkanedivl and aryl are each used in a manner consistent
with the definitions provided above. Non-limiting examples of aralkyls are: phenyvimethyl (benzyl, Bn)
and 2-phenyl-cthyl. When the term aralkyl is used with the “substituted” modifier one or more
hydrogen atom from the alkanedivl and/or the arvl group has been independenily replaced by —OH, ~F,

15 -CL ~Br, -1, ~NH,, ~NG,, -Ns, ~CO:H, ~C0,CHa, ~CN, ~8H, ~OCH;, ~OCH.CH;, ~C(O)CH,,
~NHCH;, ~NHCH.CHs, ~N{CHs),, ~C{O}NH,, ~OC(O)CH;, or —~5(0):NH,. Non-limiting cxamples
of substituted aralkyls are: (3-chlorophenyi)-methyl, and 2-chloro-2-phenyl-eth-1-y1

The term “heteroaryl” when used without the “substituted” modifier refers to a monovalent
aromatic group with an arormatic carbon atom or nitrogen atom as the point of attachment, said carthon

20 atom or nitrogen atom forming part of one or more aromatic ring structures wherein at least one of the
ring atorns is nitrogen, oxygen or sulfur, and wherein the heteroaryl group consists of no atoms other
than carbon, hvdrogen, aromatic nitrogen, aromatic oxvgen and aromatic sulfur. If more than one ring
is present, the rings may be fused or unfused. As used bherein, the term does not prechude the presence
of one or muore alkyl, arvl, and/or aralkyl groups (carbon number limitation permitting) attached to the

25  aromatic ring or aromatic ring sysiem. Non-limiting examples of hetercaryl groups include furanyl,
imidazolyl, indolyl, mdazolyl, isoxazolyl, methylpyadinyl. oxazolvl, phenvlpyridinyl, pyvadinyl
pyvrrolyl, pyrimidinyl, pyrazinyl, quinolyl, guinazolyl, quinoxalinyl, tnazinyl tetrazolyl, thiazolyl
thienyl, and triazolyl. The term “N-heteroary!” refers (o a heteroaryl group with a nitrogen atom as the
point of attachment. The term “hetercarenedivl” when used without the “substitited” modifier refers

30 1o an divalent aromatic group, with two aromatic carbon atoms, two aromatic mirogen atoms, or one
aromatic carbon atom and one aromatic nitrogen atom as the two points of attachment, said atoms

forming part of onc or more aromatic ring structure(s) wherein at least one of the ring atoms is nitrogen,
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aromatic nitrogen, aromatic oxy gen and aromatic sulfur. If more than one ring is present, the rings may
be fused or unfused. Unfused rings may be connected via one or more of the following: a covalent
bord, alkanedivl, or alkenediy] groups (carbon number limitation permitting). As used herein, the ferm
does not preclude the presence of one or more alkyl, aryl, and/or araltkyl groups (carbon mumber
5 hmitation permitting) attached to the aromatic ring or aromatic tng system. Non-limiting examples of

heteroarencdiyi groups include:

EY
=N, ¢ ] N=

A “heteroarene” refers to the compound H-R, whereig R is heteroaryl. Pyridine and quincline are non-

,and

limiting examples of heteroarcnes. When these terras are used with the “substitted” modifier one or
16 more hydrogen atom has been independently replaced by ~OH, ~F, ~ClL ~Br, ~f, ~NH,. ~NG;, ~Ns,
~COH, ~CO.CH;, ~CN, —8H, ~OCH;, ~OCH,CH,, ~C(O)CHs, ~NHCH;, ~NHCH,CH;, ~N(CH;),
~C{O)NH,, ~OC(0YCH;, or —S(0)NH,.
The term “heteroaralky!” when used without the “substituted” modifier refers to the monovalent
group —alkanedivi-heteroaryl, in which the terms alkanediyl and heteroarvl are each used in a manner
13 consistent with the defimtions provided above. Nonlimiting examples of heterocaralkyls are: 2-
pyridyimethy! and Z-indazolyl-cthyl When the term heteroaratkyl is used with the “substituted”
modifier one or more hydrogen atom from the alkanediyl and/or the heteroarvl group has been
independently replaced by —OH, —F, (1, —Br, -1, —-NH,, —Ns, -NO,, -COH, ~CO,CH,, —CN, —SH,
~(CH:, ~OCHCH;, ~C(O)CHs, ~NHCH:, ~NHCH:CH,, ~N{CHs), ~C(O)NH,, ~OCO)CHs, or
20 ~8{0),NH,. Noun-limiting examples of substituted heteroaralkyls are: (3-chloroquinolyl-methyl, and
2-chloro-2-thienyl-eth-t-v1.
The term “heterocycloalkyl” when used withowt the “substitnted” mwodifier refers to a
monovalent non-aromatic group with a carbon atom or nitrogen atom as the point of attachment, said

carbon atom or nitrogen atom forming part of one or more non-arcmatic ring structures wherein at least

N
(4

one of the ring atorns s nitrogen, oxy gen or sulfur, and wherein the heterocycloalkyl group counsists of
no atoms other than carbon, hydrogen, nitrogen, oxygen and sulfur. If more than one ring is present,
the nings may be fused or unfused. As used herein, the term does not preclude the presence of one or
more alkyl groups (carbon number limitation permitting) attached to the ring or ring system. Also, the
term does not preclude the presence of one or more double bonds in the ring or ring system, provided
3G that the resulting group remains non-aromatic. Non-limiting examples of heterocycloalkyl groups
include aziridinyl, azetidinvl, pvrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiormorpholinvl,
tetraby drofuranyl, tetrabyvdrothiofuranyl, tetrahydropyranyl, pyranvl, oxiranyl, and oxetanyl. The term
“N-heterocycloalkyl” refers to a beterocyclealkyl group with a nitrogen aton as the point of attachment.
The term “heterocycloalkanediyl” when used without the “substitoted” modificr refers to an divalent

33 cyelic groop, with two carbon alorus, two pitrogen atoms, or one carbon atom and one nitrogen atom as
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the two points of attachment, said atoms forming part of onc or more ring struchure(s) whercin at least
omne of the ring atoms is nifrogen, oxvgen or sulfur, and wherein the divalent group consists of no atoms
other than carbon, hyvdrogen, sitrogen, oxygen and sulfur. If more than one ring is present, the rings
may be fused or uofused. Unfused rings may be connected via one or more of the following: a covalent
5  bond, alkanedivl, or alkenediy! groups (carbon number limitation perouitting). As used herein, the term
does not preclude the presence of one or more alkyl groups (carbon mumber himitation permitting)
attached to the ring or ring systern. Also, the term does not prechude the presence of once or more double
bonds in the ring or ring svstem, provided that the resulting group remains non-aromatic. Non-limiting

cxamples of heterocycloalkanediyl groups include:

NH O/\] HN-,
HE Ay o

When these terms are used with the “substituted” modifier one or more hydrogen atom has been
independently replaced by —OH, —F, (1, —Br, I, —NH,, —NO,, —N3, -CO:H, ~CO:CH;, —CN, —SH,
—OCH,, —OCH,CH;, —C(O)CHs, —NHCH;, —NHCH:CHs, —N(CHz),, —C(O)NH:, —OC(O)CHa,
=S(ORNH,, or —C(OYOC(CH;): (fert-butvioxycarbonyl, BOC).

10

15 The term “acyl” when used without the “substitoted” modificr refers to the group ~C(OIR, in
which R is a bydrogen, alkyl, cycloalkyl, aryl, aralkyl] or beteroaryl, as thase terms are defined above.
The groups, ~CHO, ~C(OYCH; (acetyl, Ag), ~C{OYCHLCH;, —~C{OYCHLCHCH;, —~C{OYCH(CHs),,
~COYCH{CHy), ~COYCsHs, —C(OYCHWCHG, ~COOYCHCeH s, —C(O)(inuidazalyl) are nop-limiting
examples of acyl groups. A “thioacyl” is defined in an analogous manner, except that the oxygen atom

24 of the group ~C(OYR has been replaced with a subfur atom, ~C{3)R. The term “aldebyde” corresponds
to an alkane, as defined above, whercin at least one of the hydrogen atoms has been replaced with a
—CHO group. When any of these terms are used with the “substituted” modifier one or more hydrogen
atom (including a hvdrogen atom directly attached the carbonyi or thiocarbonyl group, if anv) has been
independently replaced by —OH, —F, —CL —Br, —I, =NH,, =NO», =Nz, ~CO.H, ~CO,CH3, —CN, —SH,

25 -OCH;, —OCH.CHs, —C(O)YCHa, —NHCH;, —NHCH>CH;, —N(CH3s), —C(OWNH,, —OC{O)CH;, or
—5((}),NH.. The groups, —COHCH,CF,, —COH  (carboxyl), —COCH; (methyicarboxyl),
—CCH.CH,, —C{OYNH: (cartbamoyl), and —CON{CHs),. are non-limiting examples of substituted
acvl groups.

The term “alkylamine” when used withowt the “substituted” modifier refers o the group ~NHR,
3G in which R is an alkyl, as that term is defined above. Non-limiting exampies of alkylamino groups
mclode: ~NHCH; and ~-NHCHCH;. The term “dialkylamine” when ased without the “substitoted”
modifier refers to the group ~NRR', in which R and R’ can cach independently be the same or different
alkyl groups, or R and R’ can be taken together to represent an alkanedivl Non-limiting examples of
diatkylamino groups include: —~N{CH:), —N{CH:;(CH.CHs), and Nepyrrolidingl,  The terms

33 “alkoxyanuno”, “cycloalkylaming”, “alkenvlaming”, “cycloalkenyiamine”, “atkyvnyviamine”,
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“arylanyine”, “aralkylamino”, “heteroarylamino”, “heterocyvcloalkylamine” and “alkylsulfonylamino”
when used without the “substituted” modificr, refers to groups, defined as —NHR, in which R is alkoxy,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl. arvl, aralkyl, heteroaryvl, heterocycloatkyl, and alkylsuifonyl,
respectively. A non-limiting example of an arylamioo group is ~NHC:Hs. The teom “anudo”
(acylamingc), when used without the “substituted” modificr, refers to the group ~NHR, in which R is
acyl, as that term is defined above. A non-liruting example of an amido gronp is ~-NEBC(O)CH;. The
term “alkylimino” when ased withouot the “sobstituted” modifier refers to the divalent group =NR, in
which R is an alkyl, as that terin is defined above. The term “alkylaminodivl” refers to the divalent
group —NH—alkanediyl—, ~NH-alkanediyl-NH—, or —alkanediyl-NH-alkanedivli— When any of these
terms is used with the “substituted” modifier one or more hydrogen atom has been independently
replaced by —OH, —F, —Cl, —Br, —I, —NH,, -NQO,, —N3, =COH, ~CO,CH;, —CN, —S8H, —0OCH;,
—(OCH,CH;, —C(O3CH;, -NHCH;, -NHCH:CH;, —N(CHap, —C{O3NH,, —OC(OYCH;, or —5(0):NH,.
The groups ~NHC(OYOCH; and —NHC(O)NHCH; are non-limiting examples of substituted anudo
ZIoups.

The term “alkoxy™ when used without the “substituted” medifier refers to the group —OR, in
which R is an alkyl, as that teron is defined above. Nop-limiting cxamples include: ~OCH; (methoxy),
~OUCHCH (ethoxy), ~OCHCHCH,, ~OCH(CH: ) (isopropoxy), and —OC(CH:)s (tert-butoxy). The
terms  “cycloalkoxy”, “alkenyloxy”, “alkymvloxy”, “aryloxy”, “aralkoxy”, “heteroaryloxy”,
“heterocycloatkoxy”, and “acyloxy”, when used withowt the “substtuted” modifier, refers to groups,
defined as —OR, in which R is cycloalkyl atkenyl, alkyayl, arvl, aralkyl, hetercaryl, heterocycloalkyl,
and acyl, respectively.,  The term “alkoxydivl” refers (o the divalent group —O-alkanediyl-,
~O-alkanediyl-0O—, or —alkanediyl-O—alkanedivl~. The term “alkyithic” and “acylthio” when used
without the “substituted” modifier refers to the group —5R, inwhich R is an alkyl and acyl, respectively.
The term “alcohol” corresponds to an alkane, as defined above, whercin at least one of the hvdrogen
atoms has been replaced with a hydroxy group. The term “cther” corresponds 1o an alkane or
cycloalkane, as defined above, wherein at least one of the hvdrogen atoms has been replaced with an
alkoxy or cvcloalkoxy group. When anv of these terms is used with the “substituted” modificr one or
more hydrogen atom has been independently replaced by —OH, —F, —Cl, —Br, —I, -NH,, —NG», —Na,
~COH, ~CO,CHs, ~CN, ~SH, ~OCH,, ~OCHCH,, ~C(O)YCH,, ~NHCH,, ~NHCHLCH;, ~N(CH;),,
~C{ONH,, ~OCO)CHs, or ~S(0ORNH..

The term “alkylsilyl” when used without the “substituted” modifier refers to the groups —SiRa,
respectively, i which each R is an alkyl, as that term is defised above. The terms “alkenylsilyl”,
“alkyvnylsilyl”, “arvisilyl”, “aralkyisilyl”, “hetcroarylsilyl”, and “heterocycloatkyisilyvl” are defined in
an analogons manner. When any of these terms {5 used with the “substitoted” modifier one or more
hydrogen atom has been independently replaced by ~OH, ~F. ~Cl, -8y, -1, ~NH,, ~NO,, -M;, —CO:H,
~CO,CHs, —CN, —SH, —OCH;, —-OCH)CH;, —({O)CH;, —NHCH;, —NHCH;CHs, —N{CHa),,
~C(OINH:, ~OC(O)CHs, or —S(O):NHs.
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As used herein, a “chiral auxiliary” refers 1o 2 removable chiral group that is capable of
influencing the stercoselectivity of a reaction. Persons of skill in the art are familiar with such
compounds, and many are comnercially available.

A “base” 1p the context of this application is a compound which has a Jone pair of electron that
can accept a proton. Non-limiting examples of a base can inclode tnethvlamine, a metal hydroxide, a
metal alkoxide, a metal hydnde, or a metal alkance. An alkyUithivm or organolithiom is a compound of
the formula alkykegn-Li. A nitrogenous base s an alkylamine, dialloylamine, trialkylamine, nitrogen
containing heterocycloalkane or heteroarene wherein the base can accept a proton to form a posttively
charged specics. For example, but not limuted to, a nitrogenous base could be 4,4-dimethyipyridine,
pyridine, 1,8-diazabicyclo]5.4.0}undec-7-ene, diisopropylethylamine, or triethylamine. A metal
alkoxide is an alkoxy group wherein the oxygen atom, which was the point of connectivity, has an extra
clectron and thus a negative charge which is charged balanced by the metal ion. For example, a metal
alkoxide could be a sodium fert-butoxide or potassinm methoxide.

A “halomum reagent” in the context of this application is a hypervalent halogen atom
containing compound such as I(sym-collidine),C10, which may be used to introduce a halogen atom o
the compound. In one particelar embodiment, an todonium reageat is a halooium reagent wherein the
halogen atom is an iodine. Some non-limiting exarmple of ah halonium reagent inclode I(sym-
collidineClGy, PRI(OTsYOH, or CLIPh

An “oxidizing agent” in the context of this application is a compound which causes the
oxidation of a compound by accepling an clectron. Some non-limiting examples of oxidizing agent are
oxygen gas, a hypervalent iodide compound such as the Dess—-Martin periodinate, peroxides, chiorite,
hypochlerite, or a chromium compound such as pyridinium chlorochromate or hydrochromic acid.

A “Lewis acid” is a atom or functional group which can accept a pair of clectrons. In some
embodiments, the Lewis acid is a metal atorn.  Without being bound by any theory, the Lewis acid
increases the reactivity of one or more group to which 1t attached by increasing the polarization of a
bond.

A “silylating agent” in the context of this application is a reagent which contains an alkylsilyl,
arvisilvl, or aralkvisilyl group bound to a halogen, mesylate, tosviate or other leaving group. Some
non-limiting examples of silylating agents are #-butyldimehtyisilyl chloride (TBSCI) or trimethylsilyl
chloride (TMSCT) which can be used to produce hydroxyl groups protected with the f-butyldimethylsilyi
(TBS) or trimcthy Isilyl (TMS) group.

An “amine prolecting group” is well understood in the art. An amine protecting gronp is a
group which prevents the reactivily of the amine group during a reaction which modifies some other
portion of the molecule and can be easily removed (o generate the desired amine. Amine protecting
groups can be found at least in Greene and Wuts, 1999, which is incorporated hercin by reference.
Some non-limiting examples of amino protecting groups include formyl, acetyl, propionvi, pivaloyl, ¢~

butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, o-nitrophenoxyacetyl, a-
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chlorobutvryl, benzovl, 4-chlorobenzovl, 4-bromobenzoyl, 4-nitrobenzov], and the like; sulfonyi
groups such as benzenesulfonyl, p-tolucnesulfony! and the like; alkoxy- or arvloxycarbony! groups
(which form wethanes with the protected amine) such as benzvlexycartbonyl (Cbz), p-
chlorobenzyloxycathonyl, p-methoxybenzyloxycarbonyl, p-nittobenzy loxycarbonyl, 2-
nitrobenzyloxycarbonyl,  p-bromobenzyloxycathonyl,  34-dimethoxybenzyloxycatbooyl,  3.,5-
dimethoxybenzyloxycatbonyl, 2.4-dimethoxybenzyloxycarbornyl, 4-methoxybenzyloxycarbonyl, 2-
nitro-4, 5-dimethoxyvbenzy loxyecathonyl, 3,4, 5-trimethoxybenzyloxycarbonyl,  [-(p-biphenylyi)-1-
methylethoxycarbonyl, a.o-dimethy (-3, 5-dimethoxybenzyloxycatbonyl. beazbydrvloxycarbonyl, ¢-
butvloxycarbonyl (Boc), diisopropyimethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl,
methoxycarbonyl, allvloxvcarhonyl {Alloc), 2,2, 2-trichioroethoxycarbonyl, 2-
trimethy Isilylethviloxycarbonyl (Teoc), phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9-
methoxycarbonyl (Fmoc), cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxyearbonyl,
phenylthiocarbony! and the like; aralkyl groups such as benzyl, triphenyimethyl, benzyloxymethy! and
the like, and silvl groups such as trimethylsilvl and the like. Additionally, the “amine protecting group”
can be a divalent protecting group such that both hydrogen atoms on a primary amine are replaced with
a single protecting group. In such a situation the amine protecting group can be phthalimide (phth) or
a substituted derivative thereof wherein the term “substituted” is as defined above. In some
embadiments, the balogepated phthalimide derivative may be tetrachlorophthalimide (TCphth).

A “hydroxyl protecting group” is well understood in the art. A hydroxy! protecting group is a
group which prevents the reactivity of the hydroxyl group during a reaction which modifies some other
portion of the molecule and can be easily removed 0 generate the desired hydroxyl  Hydroxyl
protecting groups can be found at least in Greene and Wuts, 1999, which 1s incorporated hercin by
reference. Some non-limiting examples of hvdroxyl protecting groups include acyi groups such as
formvl, acetyl, propionvl, pivaloyl, #butylacetyl, 2-chloreacetyl, 2-bromoacetyl, tnfluorcacetyl,
trichloroacetyl, o-nitrophenoxyacetyl, e~chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-bromobenzovl, 4-
nitrobenzoyl, and the like; sulfonyl groups such as benzenesulfonyl, p-toluencsulfonyi and the like;
acyloxy groups such as  benzvloxycarbonyl (Cbz),  p-chlorobenzyloxvcatbonyl, p-
methoxyberzyloxycarbonyl, p-nittobenzy loxycarbonyl, 2-pitrobenzyloxycarbonyl, p-
bromobenzyloxycarbonyvl, 3.4-dimethoxybenzyloxycatbounyl, 3.5-dimethoxybenzyloxycarbonyl, 2.4-
dimethoxybenzyloxyeatbonyl, 4-methoxybenzyloxycarbonyl, 2-pitro-4,5-
dimethoxybenzyloxycathonyl, 3,4, 5-trimethoxybenzyloxycarbonyl, I-(p-biphenylyi)-1-
methylethoxycarbonyl, a.o-dimethy (-3, 5-dimethoxybenzyloxycatbonyl. beazbydrvloxycarbonyl, ¢-
butyloxycarbonyl  (Boc), diisopropyvlincthoxyecatbonyl,  isopropyloxycarbonyl, cthoxyvearbonyl,
methoxyearbonyl, allyloxycatbonyi {Alloc), 2.2 2-trichioroethoxycarbonyl, 2-
trimethy Isilylethviloxycarbonyl (Teoc), phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9-

methoxycarbonyl (Fmoc), cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxyearbonyl,
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phenvithiocarbonyl and the like; aralky! groups such as benzyl, triphenyimethvl, benzvioxymethvl and
the like; and silvl groups such as trimethvisilvl and the like.

A “thiol protecting group” is well understood in the art. A thiol protecting group is a group
which prevents the reactivity of the reercapto group during a reaction which modifies some other portion
of the molecule and can be easily removed to generate the desired mercapto group. Thiol protecting
groups can be found at least in Greene and Wuds, 1999, which is incorporated hercin by reference.
Some non-limiting examples of thiol protecting groups inclode acyl groups such as formyl, acetyl,
propionyl, pivaloyl, rbutvlacetyl, 2-chioroacetyl, 2-bromoacetyl, trifluorcacetyl, trichioroacetyl, o-
nitrophenoxyacetyl, a-chlorobutyivl, benzoyl, 4~chlorobenzoyl, 4-bromobenzovl, 4-nitrobenzoyl, and
the like; sulfonyl groups such as benzencsulfonyl, p-toluenesulionyl and the like; acvloxy groups such
as  benzyloxycarbonyl (Chz), p-chlomobenzyloxyvearbonyvl, p-methoxybenzyloxyeabonvl, p-
nitrobenzyloxy carbonyl, 2-pitrobenzyloxycarbonyl, p-bromobenzyloxy carbonyl, 3,4~

dimethoxybenzyloxvearbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2 4-dimethoxybenzyloxycarbonyl,

4-methoxybenzy loxycarbonyl, 2-mitro-4,5-dimethoxybenzyloxycarbonyl, 34,5~
trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl}--methyiethoxycarbonyl, aa-dimethyi-3,5-
dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl. t-butyloxycarbonyl (Bocy,
diisopropymethoxycarbonyl, isopropyloxycatbonyl, ethoxycarbonyl, methoxycarbonyl,

allyloxycarbonyl (Alloc), 2.2.2-trichloroethoxycathonyl, 2-trimethylsidylethyloxyearbonyl (Tenc),
phepoxycarbonyl, 4-nitrophenoxycarbonyl, fluoreny-9-methoxycarbonyl {Fraoc),
cyclopentyloxycarbenyl, adamantyloxycarbonyl, cyvclohexyloxycarbonyl, phenyvithiocarbonyl and the
like; aralioyl groups such as benzyl, triphenyimethyvl, benzyvioxymethyl and the like; and sityl groups
such as trimethyisilyl and the Jike.

A “stereoisomer” or “optical isomer” is an isomer of a given compound in which the same
atoms are bonded to the same other atoms, but where the configaration of those atoms in thrce
dimensions differs. “Enantiomers” arc stereoisomers of a given compound that are mirror images of
cach other, like left and right hands. “Dhastereomers™ arc sterecisomers of a given compound that arc
not cnantiomers.  Chiral molecules contain a chiral center, also refered to as a sicrcocenier or
storeogenic center, which is any point, though not necessarily an atom, in a moelecule bearing groups
such that an interchanging of any two groups leads to a stereoisomer. In organic compounds, the chiral
center is typically a carbon, phosphoros or sulfur atom, though it s also possible for other atoms 10 be
stereocenters in organic and 1porganic compounds. A molecuole can bave multiple stereocenters, giviag
it many stercoisomers. In compounds whose slercoisomerism is duc to tetrahedral stereogenic centers
{e.g., tetrahedrally substitnted catbon atoms), the total mumber of hypothetically possible siercoisomers
will not exceed 27, where n is the mumber of tetrahedral stereccenters. Molecules with sy mmetry
frequently have fewer than the maximum possible number of stereoisomers. A 50:50 mixture of
enantiomers is referred fo as a racemic mixture. Alternatively, a mixture of enantiomers can be

enantiomerically enriched so that one enantiomer is present in an amount greater than 50%. Typically,
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cnantiomers and/or diastercomers can be resolved or separated using techniques known in the art. Ttis
conteraplated that that for anv stercocenter or axis of chirality for which stercochemistry has not been
defined, that stercocenier or axis of chirality can be present in its (R) form, (S) form, or as a mixture of
the (R) and (S) form, including racemic and oon-racemic mixtures,  As used herein, the phrase

“substantially fice from other stereoisomers” means that the composition contains < 15%, more

preferably < 10%, even more preferably < 5%, or most preferably < 1% of another stercoisomer(s).

VI Examples

The following examples are included to demonstrate preferred embodiments of the disclosure.
1t should be appreciated by those of skill in the art that the techniques disclosed in the examples which
follow represent techniques discovered by the inventor to function well in the practice of the disclosure,
and thus can be considered to constitute preferred modes for its practice. However, those of skill in the
art should, in light of the present disclosure, appreciate that many changes can be made in the specific
crabodiments which are disclosed and stii obtain a like or similar result without departing from the

spirit and scope of the disclosure.
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EXAMPLE 1 - Synthesis of CJ-16,264 Analogs

Scheme 1: Reaction of Compounds 2b-2f to ebtain final analegs 4b-4f

B30
~ TBsG

N0 RCHO

oo
0‘4&0& ! BEL,, tcl:sgne,

.
-7

1 {racemic})

{quantitative yisid)

+}-3b {z}-3¢ {=)3d {=}-3e {4)-3F
{79% vield) {66% yield} {866% visld) {88% yield)

{2)-4s {a}-2e {+)-ddl (+)-40 {=}af
(63% yield, dr ~1:1} {48% yield, 71% brsm) {63% yisid) {61% vield) {43% yield)

As shown in Scheme 1, the Reformatsky-type coupling in the presence of a tnalkyiboron
compound with protected pyrrolizine 1 and the apporpirate aldehyde leads to the protected byvdroxy
compounds 2b~-2f. After deprotection in the presence of a fiuoride source to obtain hydroxy compounds
3b-34, the hydroxy group was oxidized to the corresponding carbonyl in the presence of an oxidizing

agent, such as Dess—Martin periodinane, to obtain the final products 4h—4f.



10

20

WO 2017/100514 PCT/US2016/065732

Scheme 2: Preparation of Compound 6

B3

28 5 (B6% yield) § {33% yield)

Simifarty, 10 Scheme 2, the hydroxy compound 2a can be oxidized and then deprotected to
obtaio compound 6. Finally, as shown in Scheme 3, the protected pyreolizine 1 can also be deprotected

1o obtain the appropriate iodopy rolizine 7.

Scheme 3¢ Preparation of Compound 7
O, HO A
.._ﬁ%itc TASE, THF, 0 °C NogzO
et e 1
A AN ; .
[eXgie s} 3 i
H o0y
(£} (=)7
{35% visid)
Scheme 4: Stereospecific Preparation of Compound 7°
€O, g/ OME
e \/[»;} 7
H Tasc Fi a0 TESG, TESC
% , LRI Y o 0
G O“'{p:\fc Lamven & Danisteteky, 20060 ﬁjo 2 EDQI, r« ~N~( ,{\‘I 5. Iisym-colliding; .10, , M@
== Figeriredo, of of, 2007 1. 2% % (3598 e Eac I
8 rac9 MeC i {437

99%se

“Reagents and conditions: {a) rac-9 (1.0 equiv), EDCI (1.3 equv), HOAtL (1.0 equiv), 2 (0.3 equiv), i-
ProNEt 3.0 equivy, CHoCl, 0 — 25°C, 48 b, 72%; (b) Ksym-colbidine,Cl3s (5.0 cquivy, 2.4.6-
collidine (5.0 equiv), CH,CLMeOHH,O, 72h 44% (65% brsmy, HOAtL = I-hydroxy-7-
azabenzotriazole.

Scheme 4 supumarizes the asymmetric synthesis of iodolactone (+)-7 starting {rom
commercially available acid 8. The later was converted to TES cther rac-9 following a known protocol
(Lambert and Danishefsky, 2006; Figerivedo, ¢f of., 2007). Amide bond formation between rac-9 and
amine 18 was carried out using EDCVHOAL to produce the diastercomerically pore amide 11 in 72%
vield, which was converted to desired iodolactone (+)-7 in 449% vield using excess I{sym-
collidine),C10y (Lemicux and Morgan, 1965).

EXAMPLE 2 - General Methods and Materials

Unless otherwise noted, all reactions were performed in flame-dried or oven-dried glassware
under nitrogen atmosphere. Non-agucous reagents were transferred using svinge techmigues under
nitrogen atmosphere. Tetrahydrofuran (THF), toluene, dichloromethane (CH.Ch), tricthylamine (EtN),
and pyadine were obtained anbydeous by degassing with argon and then passing theough activated
alumina columns to remave water and oxygen (Pangbom, ef ¢/, 1996) Bulk grade hexanes, pentane,

dicthylether and cthyl acetate for chromatography were used without further treatinent. Commercial

35
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reagents were obtained at the highest commercial guality and nsed without further purification unless
otherwise stated. Yields refer to chromatographically and spectroscopically ('H-NMR) homogeneous

materials, unless otherwise stated.
Reactions were moniiored by standard thin-laver chromatography (TLC) technigues using
5 EMD silica gel 60F, pre-coated plates (0.25 mm thickness). Following the run, TLC plates were
visualized under UV light and/or by appropriate stains {p-anisaldehyde or cerric ammonium nitrate or
potassium permanganate). Flash column chromatography (Still et al,, 1978) was performed using Silica
Gel (60, particle size 0.035-0.07 mm) obtained from Acros Organics. Preparative thinclayer
chromatography (PTLC) scparations were cawded out on 0.25 or 0.50 mm E. Merck silica gel

106 plates (60F2s4).

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance [ HD 600
MHz wstrament equipped with a 5 mun DCH cryoprobe and calibrated vsing residual undevterated
solvent for 'H NMR {8 7.26 (CDCL), 7.20 (CsDy), and 2.05 (acetone-ds) ppm] and ’C deuterated
solvent for C NMR |5 77.16 (CDCL), 128.0 (CeDs), and 206.2 (acetone-dq) ppm] as an intemal

[
(v

reference at 298 K. The following abbreviations were vsed to explain the multiplicities: s, singlet; d,
doublet; t, triplet; g, goartet; m, multiplet. NMR coupling constants and signal patterns are reporied as
J valoes in Hz and & valies in parts per million {ppm). High resolution mass measurements (HRMS)
were obtained on Thermo Electron Corporation MAT 95XP (EI/CI) or Agilent 1200 HPLC-6130 MSD
(ESD. IR spectra were recorded on a Perkin-Elmer Spectrum 100 FT-IR spectrometer and are reported
20 in terms of frequency of absorption (cor V). Optical rotations (Jejo. given in deg-ml- g -dm™) were
measured on the Schmidi+Haensch Polartronic M100 polarimeter at 389.44 i using 106 num cells and

the solvent and concentration {g/100 mL) indicated.

EXAMPLE 3 — Compound Characterization

25 Scheme 4: General procedure for BES mediated Reformatsky-type coupling between aldehydes
and pyrrolizidinone iodide 1

TBSQ

=0 RCHG

BEt,, toluene,

P
oF0 Zr8ec

1 {racemic)

{racemic or diastersomaric mixiure)
Procedure A; To a stired solution of aldehvde (1.0 cquiv) and racemic iodide 1 (Lambert
and Danishefsky, 2006} (2.5 equiv) in diy toluene {~ 0.05 M) at ~-78 °C was added BEH (1.6 M in
30 cxanes, 2.5 equiv) dropwise and the resulting reaction mixture was stirred for 2 h at the same

teraperature before it was quenched with HhO (~2 ml) at cold. The reaction mixture was exteacted

(]
[
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with Et,O (3 » 10 ml) and the combined organic layers were dried over MgS50, and concentrated
in vacuo. The crude mixture was purified by flash column chromatography (silica, gradient from
100% hexanes—»20% EtOAc in hexanes) providing pure alcohol 2 as a colorless oil.

Procedure B: To a stirred solution of aldehvde (~3.0-5.0 equiv) and racemic iodide 1
{Lambert and Danishefsky, 2006} (1.0 equiv) in dry toluene (~ 0.05 M) at —78 °C was added BEt; (1.0
M in hexanes, 1.0 equiv) dropwise and the resulting reaction mixture was stirred for 2 h at the same
temperature before it was quenched with HyO (-2 mL) at cold. The reaction mixture was extracted
with Et,O (3 » 10 ml) and the combined organic layers were dried over MgS50, and concentrated

in vacuo. The crude mixture was porfied by flash colump chromatography (silica, gradient from

100% hexanes—»20% EtOAc in hexanes) providing pure alcohol 2 as a colorless oil.

TBS cther 2a;

Prepared according to Procedure A. (Nicolaou et al., 2013) Ry = 0.63 (silica, EtOAC hexanes,
14); [elp™ = +10.0 (¢ = 0.25, CHCL); IR (Blm) vy 2952, 2930, 1794, 1703, 1374, 1138, 83% cm™;
pp. = 175-178 °C; 'H NMR (600 MHz, CDCL) 5= 5.03 (s, 1H), 4.76 (d. /= 4.0 Hz, 1H), 431 (br
s, 1H), 3.91 - 385 (m, 1H), 3.60 (d, .7 = 3.1 Hz, 1H), 3.36 - 326 (m, 2H), 3.10 {(dd. /= 8.6, 24 Hz,
1H), 2.64 ~2.31 (m, 2H), 2.46 (brs, 1H), 2.13(dt, /= 144, 72 Hz, 1H), 2.00 (dd, J= 132, 3.2 Hz,
1H), 176 ¢s, 3H), 1.63(d, J= 117 Hx, 1H), 1.39(d, /=126 Hz, 1H), 1.52 (d, J= 132 Hx, 1H}, 1.45
— 136 (m, 1H}, 134 — 1.27 (my, 1H), 1.20 (d, /=75 Hz, 3H), 0.99 (s, 3H), 090 (s, 9H}, 0.87 -
0.82 {m, 1H), 081 (d.J=635]} 3H), 073 (ddd, J= 155, 13.4, 3.4 Hz, 1H), 0.18 (g, 3H), 0.16 s,
3H), BC NMR (151 MHz, CDCE) § = 176.3. 174.8, 136.1, 131.0, 1009, 82.9, 704, 50.9, 49.7,
49.4,42.5,41.0,38.9,38.0,37.0,359,31.7,298,29.1,25.8,256,229,22.4, 180, 158, -3.1, 3.4,
HEMS caled for CopoHasNOsS™ [MAHTT 5183296 found 518.3300,
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TBS ether 2b;

dr ~1:4

Prepared accordiog to Procedwre B using (f)-citronellal (33 mg, 0.213 mmol, 3.0 equiv) and
iodide 1 {30 mg, 0.071 mmol, 1.0 equiv) to provide TBS ether 2b (26 mg, 0.058 mmol, 81% yield, ca
1:1 dr) as a colorless oil. R = 0.55 (silica, EtQGAchexanes, 1:4); IR (film) v, 3503, 2056, 2930,
2859, 1793, 1702, 1376, 1304, 1141, 839 cm™'; 'H NMR (600 MHz, CDCh, ca 1:1 dr, *Indicates
inclusion of signals of both diastercomersy & = 5,13 — 5.08% (m, 2H), 4.73* (d. /= 4.0 Hz, 2H), 4. 19*
(d, /=83 Hz, 2H), 4.13 - 4.06* (m, 2H), 3.85 - 3.76* (m, 2H), 3.33 = 3.26* {(m, 2H), 3.07* (dt, /=
8.1,2.3Hz, 2H), 2.95-2.90% {m, 2H), 2.64 - 2.53% (m, 4H), 2.08 - 1.81* (m. 6H), 1.67* (5, 6H), 1.60%
10 (s, 6H), 157 1533 (m 1HD), 1.50 (tdd, J=11.4, 7.8, 47 Hz IH), 1.44% (. 7= 6.6 Hz, 2H), 135 - 1.18%*
(m, 3HD, 1I3 - 105 (mm, 1HD, 097 (4, /=67 Hz, 3H), 0.93 (4, /= 6.6 Hz, 3H), 0.89 (s, 9H}, .89 (5,
9H), 0.15 (s, 3H), 0.15 (s, 3H), 0.14 (s, 6H), “C NMR (151 MHz, CDBCl, ca 111 dr, *Indicates signals
corresponding to the other diastercomer) & = 17721, 177.20%, 1749, 174.8% 131.4, 131.3%, 125,04,
124.98% 101.0, 100.9%, 82.1, 82.0% 667, 66.4% 527, 52.6% 4947, 49.406% 42,4, 42.2. 41.8% 385,

13 357% 291, 288, 284% 259 258, 256, 255% 209, 187, 18.0, 17.9* -3 1, -3.5; HRMS caled for
CoaHaNG:SiNa™ [M+Na™| 4742046 found 474.2644.

(]

TBS ether 2¢;

Me Me
(=)

Prepared according to Procedure B using frans.frans-famesal (62.3 mg, 0.283 mmal, 3.0 equiv)

20 aod iodide 1 (40 mg, 0.095 mmol, 1.0 equiv) 1o provide TBS ether 2¢ (47 mg, 0.091 mmol, 96% vield)
as a colorless oil. Ry = 0.23 (silica, EtOAc:hexanes, 1:4); IR {film) vy 3490, 2933, 2929, 2838, 1791,

1703, 1375, 1300, 1138, 837 cm™; 'H NMR (600 MHz, CDCL) 8 = 5.16 (4, J = 8.7 Hz, 1H), 5.08

{ddd, /=8.1,6.8 35 Hz 2H), 474 ({, /=94 Hz, 1H), 456 (d, /=39 Hz, 1H), 4.25 (s, 1H), 3.79
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(@, J=11.8 83 Hz, 1H), 332 -3.25 (m, 1H), 3.03 (ddd. J = 10.5, 7.9, 4.5 Hz, 2H), 2.58 (dd, J =
12.7, 5.9 Hz, 2H), 2.17 - 2.00 (m, 6H), 1.97 — 191 (m, 2H), 1.75 (4, J = 0.8 Hz, 3H), 1.67 (s, 3H).
1.59 (s, 3H), 1.59 (s, 3H), 0.88 (s, T, 0.15 (s, 3H). 0.13 (s. 3H), “C NMR (151 Mz, CDCL) § =
176.9, 174.9, 1429, 135.6, 131.6, 124.4, 123.9, 122.6, 100.8, 82.3, 65.7, 52.3, 49 4, 42.4, 40.1, 40.0,

5 290,270,264, 259 255, 17.92, 17.88, 17.2. 16.2, —3.2, ~3.6; HRMS caled for CaoflysNOsSiNa™
[M+Na'] 340.3116 found 540.3097.

TBS ether 24
TBSO

(£}

Prepared according to Procedure B using cyvclohexane carboxaldehyde (54 L, .45 mmol, 3.0

10 equivy and iodide 1 (40 mg, 0.095 mmol, 1.0 cquiv) to provide TBS ether 2d (38 mg, 0.095 mruol,

guantitative yicld) as a colorless oil. Bf = 0.50 (silica, EtOAc: hexancs, 1:4); IR (film) v, 3502, 2928,

2836, 1792, 1701, 1374, 1306, 1140, 1110, 893 cm™; 'H NMR (600 MHz, CDCL)Y 8 = 4.73 (d, J =

39 Hz iH), 402 ¢brs, 1H), 3.88(d, /=906 Hz, 1H}, 3.82 - 375 (g, 1H), 3.31 - 325 {(m, IH), 3.15

(dd, J =197, 3.8 Hz, 1H), 3.06 (dd, /= 8.4, 2.1 Hz, 1H), 2.65 - 2.52 (m, 2H), 1.83 (d, /= 12.0 Hz,

15 1D, 177¢d, J=125Hz 1H), 167, J=11.6 Hz, 1H), 1.62 — 1 43 {m, 3H), 1.38 (ddd, J= 152,

10.4, 3.8 Hz, 1H), 1.26 — 1.11 (m, 4H), 0.89 (s, 9H), 0.16 (s, 3H), 0.14 (s, 3H); “C NMR (151 MHz,

CRCELY 8 = 1777, 175.0, 1010, 82.0, 718, 49.5, 492, 42,4, 40.1, 30.0, 29.1, 26.7, 26.61, 26.56,
255,253, 17.9, =3.2, 3.5, HRMS caled for CoH3sNOsSiNa™ [M+Na™] 432.2177 found 432.2169.

TBS ether 2¢:
TBS

20 {=}
Prepared according to Procedure B using benzaldehyde (22 pL., 0.21 owonol, 3.0 equivy and jedide
1 (30 mg, 0.071 mmol, 1.0 equiv) to provide TBS ether 2e (29 mg, 0.071 mmol, quantitative vield) as a
colorless oil. Ry = 0.33 (silica, EtQAchexanes, 1:4); IR (film) vuex 3476, 2954, 2901, 2930, 2858,
1790, 1699, 1376, 1301, 1141, 1066, 897, 770 con™ "H NMR (660 MHz, CBCL)Y 6=7.50 (1.7 =723
25 Hez 2H), 739 (,J=74Hz 2H), 734, J=73Hz, 1H), 505 (. J=99Hz, 1H)}, 472 (5, 1H), 428
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(d,./=3.8Hrz 1H), 3.84 (dt, /= 11.8, 8.3 Hz 1H), 3.26 — 3.29 (my, 1H), 3.24 (dd, /= 9.9, 3.7 Hz, 1H),
3.02 - 2.97 (on, TH), 2.64 — 2.57 (on, 2H), 0.83 (s, 9H), 0.10 (s, 3H), 0.10 s, 3H): °C NMR (151 MHz,
CDCL) & = 1763, 174.8, 140.1, 128.9, 1286, 1269, 100.8, 81.9, 71.1, 54.0, 493, 42.3, 29.1, 25 5,
17.9, —3.2, —3.5; HRMS calcd for CpHpNOsSiNa™ [M+MNa™l 426.1707 found 426. 1698,

5 TBS ether 2f

Prepared according to Procedure B using acetaldehyde (20 ul, 0.36 mumol, 5.0 equiv) and iodide
1 (30 mg, 0.071 mumol, 1.0 equiv) to provide TBS ether 2€ (20 mg, 0.059 rmmol, 83% vield) as a colorless
oth. R = 0.26 (silica, EtOAc:hexanes, 1:4); IR (film) vmax 34935, 2955, 2931, 2858, 1789, 1700, 1371,
10 1304, 1250, 1102, 1057, 893, 778 cm™; 'H NMR (600 MHz, CDCL) 6=4.74 (d, /= 4.0 Hz, 1H), 4.24
(s, 1H}, 4. 16 —4.09 (s, 1H), 3.81 (ddd, /= 11.8, 9.1, 73 Hz, 1H) 333 -3.26 (m, 1H), 3.11 -3.03 (m,
1H). 2.90(dd, J=94 4 0Hz 1H) 266252 (m, 2H), 1.30{d,./= 6.1 Hz, 3H), 0.89 (s, 9H), (.16 (s,
3H), 0.14 (s, 3H), PC NMR (151 MHz, CDCL)Y § = 176.9, 174.9, 101.1,82.1, 65.0, 53.4, 494, 42 5,
29.1, 25.5, 20.5, 17.9, =3.1, —3.5; HRMS caled for CigH»NOsSINa™ [M+Na™] 364.1551 found
I3 364.1562.
Scheme 5: General procedure for conversion of TBS ethers 2 {6 1,3-dicarbonyl analogs 4

TBSQ

Dol 3. To a stirred solution of TBS cther 2 (1.0 equiv) in THF {~ 0.05 M) at 0 °C was

added TASF (1.8 equiv) and the resulting mixture was stirred for 35 minutes at the same temperature

20 before it was guenched with HO (2 ml). The reaction mixture was extracted with EtOAc (3 «
5 ml) and the combined organic lavers were dried over MgSQy and concentrated in vacuo. The
resulting crude prodact was purified by flash column chromatography (silica, gradient from 10%

FtOAc in hexanes—50% EtOAc in hexanes) providing pure diol 3 as a colotdess oil.

1.3-Carbonyl derivative 4: To a stirred solution of diol 3 (1.0 cqoiv) in degassed CH.Ch
25 (001 M) atd °C was added DMP (0.1 M solution in CHCE, 1 4-1.8 equiv) and the resulting mixture

was stirred for 30 minutes at the same termperature before it was diluted with EO (5 mbL) and passed

through a plug of Celite®. The resulting crade product was purified by passing through a short plog
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of silica (gradient from 10% EtOAc in hexanes—30% EtOAc in hexanesy furnishing pure 1,3-
dicarbonvl derivative 4 as a colorless oil.

Dieol 3b:

{=}
dr ~1:1

5 Prepared according to general procedure using TBS ether 2b (16 mg, 0.035 mmol, 1.0 equiv) o
provide diol 3b (8 mg, 0.024 mmol, 68% yicld, ca 1:1 dr) as a coloriess oil. Rf = 0.20 (silica,
EtOAchexanes, 111y IR (film) vie 3363, 2960, 2923, 2854, 1789, 1689, 1379, 1332, 1305, 1672, 1059
o 'H NMR (600 MHz, CDCh, ca 1:1 dr, *Indicates inclusion of signals of both diastercomers) § =
5.10% (d, J = 6.5 Hz, 2H), 4.84% (s, 2H), 4.30* (d, J = 20.7 Hz, 2H), 4.11% (t, J = 9.5 Hz, 2H), 4.07* (br

10 s, 2H}, 3.81% (brs, 2H), 3.35% (br s, 2H), 3.18% (d, J = 9.0 Hz, 2H), 3.04* (¢, J = 9.7 Hz, 2H), 2.69% {di,
J=15.5, 8.8 Hz, 2H). 2.56% (1. .J = 9.0 Hz, 2H), 2.07 — 1.94% (m, 3H), 1.91 (dd, J = 15.0, 8.0 Hz. 1H),
1.86 — 1.81* (m, 2H), 1.68* (5. 6H), 1.57* (s, 6H), 1.58 — 1.50 (m, 1H), 1.52 — 1.34* (m, 2H), 1.34 —
1.16% (m, 4H). 1.13 — 1.03 (m, 1H), 0.96 (&, /= 6.7 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H); C NMR (151
MHz, CDCL, ca 11 dr, *Indicates signals corresponding to the other diastercomer) § = 176.79,

15 176.76%, 174.94, 174.85% 131.51, 131.46%, 124.92. 124.86%, 99.88, 99.84* 81.21, 81.17*, 66.9, 66.6*,
52,45, 52.42% 48.37. 48.36%, 42.2. 421, 41.7%, 38.4, 35.7%, 29.2, 28.8, 28.4%, 259, 25.7, 25.4% 20.8,
18.7%, 17.9; HRMS caled for CieHyyNOsNa™ [M+Na'} 360.1781 found 360.1789.

2

1,3-dicarbony! derivative 4b:

{=)
dr ~1:1

20 Prepared according to general procedure using diol 3b (4.0 mg, 0.012 nunol, 1.0 equiv) to
provide 1.3-dicarbonyi derivative 4b (2.5 mg, 0.007 mmol, 63% yield, ca 1:1 dr) as a colotless oil. Ry =
0.43 (silica, FtOAchexanes, 1:1); IR (Flo0 vime 3420, 2962, 2924, 2854, 1794, 1696, 1455, 1377,
1163, 1024 cm™ 'H NMR (600 MHz, CDCL, ca 1:1 dr, *Indicates inclusion of signals of both
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diastercomers) & = 5.07* (m, 2H), 4.82 (s, 1H, diastercomer A), 4 81 (5, 1H, diastercomer B), 4.59% (br
s, 2H), 4.04 (s, 1H, diastereomer A), 4.03 (s, 1H, diastercomer B), 3.83* (ddd, /= 12.0, 9.5, 5.5 Hz,
2H), 3.34% (ddd, J=12.1,9.9, 53 Hz, 2H), 327 (dd, /=94, 1.9 Hz, 2H), 2.87(dd,J=17.7, 6.1 Hz,
1H, diastercomer A), 2.80 - 2.65% (m, 4H), 2.62 — 2.52% (m, 3H), 2.09 — 1.90* (m, 6H), 1.69 (s, 3H,
diastercomer A), 1.68 (s, 3H, diastercomer B}, 1.61 (s, 3H, diastercomer A), 1.59 (s, 3H, diastercomer
B), 138 — 1.30 (m, 1H, diastereomer A), 1.30 - 1.17% (m, 3H), 0.97 (d, /= 6.7 Hz, 3H, diastercomer
A), 0.90(d. J= 6.7 Hz, 3H | diastercomer BY; PC NMR (151 MHz, CDCl, ca 1:1 dr, *Indicates signals
corresponding to the other diastercomery 6 = 206.8, 1749, 167 14, 167.06%, 13221, 132.18%, 124 1,
101.2, 80,4, 652, 31.3, 51.0% 480, 42.0, 369, 36.7*, 302, 28 4, 28.3*% 2593 2592% 236, 255%
19.9, 19.6% 17.91, 17.88*; HRMS caled for CisHasNOsNa™ [M+NaT} 358.1625 found 358.1631.
Biol 3¢

Me e
{=}

Prepared according to general procedure using TBS ether Z¢ (23 mg, 0.044 mmol, 1.0 equiv) to
provide diol 3¢ (14 mg, 0.035 mmol, 79% yicld) as a colordess oil. Ry = 0.23 ({silica, BtOA¢ hexanes,
1:1); IR (film) vas 3298, 2964, 2922, 2855, 1792, 1697, 1385, 1304, 1303, 1064 cm™; 'H NMR (600
MHz, CDCls) 6 =15.14 — 5.05 (m, 3H), 476 (1, J = 9.5 Hz, 1H), 466 (d, / = 3.8 Hz, 1H), 4.60 (brs,
1H), 4.57 (s, 1H), 3.80 (ddd. /=114, 9.3, 6.8 Hz, 1H), 3.35 -3.28 (m, 1H), 3.20 (dd, /= 9.7, 3.6 Hz,
iH), 312 (d, /=81 Hz, 1H), 2.68 (ddd. /= 19.0, 12.6, 8.0 Hz, 1H), 2.58 - 2.50 (m, 1H), 2.15-2.09
(m, 2H), 2.08 - 2.01 (m, 4H), 1.97 (1, /= 7.6 Hz, 2H), 1.76 (5, 3H). 1.68 (5, 3H), 1.60 (5, 6H); PC NMR
(151 MHz, CDCLY 8 = 1763, 1731 1438, 1338, 1317, 124 4, 1237, 1221, 997, 81.5, 66.0, 52.0,
48.3,41.9,40.1,40.0,29.2,26.9,26.6,259,17.9, 17.2, 16.3; HRMS calcd for CosHasNOsNa™ [M-+Na'}
426.2251 found 426.2235,

1,3-dicarbonyl derivative 4¢;
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Prepared according to general procedure using diol 3¢ (11 mg, 0.027 nuneol, 1.0 equiv) to provide
1.3-dicarbonyl derivative 4¢ (5.0 mg, 0.007 mmol, 46% yicld, 71% brsmy as a colorless ol Ry = 0.30
(silica, BtOAchexanes, 1:1); IR (fili) v 3426, 2964, 2921, 2834, 1792, 1717, 1665, 1603, 1419,
1274, 1116, 1024 cm™; 'H NMR (600 MHz, CDCL) §=6.42 (d, /= 0.8 Hz, 1H), 5.10 - 5.05 (m, 2H),

5 5.01(s, 1HD, 4.87 (s, 1H), 4.02 (s, 1}), 3.82 (ddd, 7= 12.0, 9.4, 5.6 Hz, 1H), 3.33 (ddd, J=12.0. 9.8,
52 Hz, 1H), 3.26(dd, /=94, 1.9 Hz, 1H), 277 - 2.69 (m, 1H), 2.58 - 2.52 (m, 1H), 232 - 2.25 (m,
2H), 2.24 -~ 2,19 (m, 2H), 2.22 (s, 3H), 2.06 (dd. J = 14.6, 7.1 Hz, 2H), 2.01 - 1.96 (m, 2H). 1.68 (s,
3H), 1.61 (s, 3H), 1.60 (s, 3H); PC NMR (151 MHz, CDCL) & = 194.0, 1753, 169.1, 1681, 137.1,
1317, 1243, 1225, 122.0, 1011, 810,658, 48.0,42.1, 41.8,39.8,30.2, 26,9, 263,259, 21.0, 179,
10 16.3; HRMS caled for CoHa NOsNa™ [M+Na"} 424.2094 found 424 2085,
Dieol 34d:

> >

Prepared according to general procedure using TBS ether 2d (40 g, 0.098 mmol, 1.0 equiv) o
provide diol 34 (19 myg, 0.064 mmol, 66% vield) as a colorless oil. B = 0.18 (silica, EtOAc:hexancs,
15 11 IR (Film) v 3383, 2926, 2854, 1788, 1692, 1391, 1332, 1105, 1056 con™; 'H NMR (600 Mz,
acetone-ds} & = 6.19 (s, 1H), 4,98 (d, /= 3.9 Hz, 1H), 4.23 (s, 1H), 378 - 3.67 (m, 2H), 3.32 - 3.23
{m, 3H), 2.73 - 2.64 (o, 1H), 247 - 238 (o, 1H), 183 172 {rn, 2H), 1.72 ~ 161 {m, 2H}, 1.56 - 1.46
(m, 3H), 1.39 - 1.23 (m, 3H), 1.15 (ddt. /= 25.6, 12.8, 3.5 Hz, 1H); PC NMR (151 MHz, acctone-is)
5= 1778, 176.0, 100.5, 81.9, 72.5, 49.5, 49.0, 42.0, 40.9, 30.9, 297, 274, 273, 27.0, 25.7, HRMS
20 caled for CisHnNOsNa™ [M+Na'} 318.1312 found 318.1300.

1,3-dicarbonyl derivative 44

{£)

Prepared according to general procedure using diol 3d (8.0 mg, 0.027 mmol, 1.0 equiv) to

o

provide 1,3-dicarboryl dedvative 44 (5.0 mg, 0.017 mmol, 63% yield) as a colodess oil. Ry = 0.45
25 (silica, EtOAchexanes, 1:1); IR (film) vmsx 3442, 2931, 2856, 1790, 1687, 1334, 1310, 1162, 1114,
1025 ey 'H NMR (600 MHz, CDClL) 6 =4.75 (5, 1H), 4.20 (s, 1H). 3.83 {ddd, /= 12.0. 9.5, 5.6 Hz,
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1H), 3.34 (ddd, /= 12.0, 9.8, 53 Hz, 1H}, 3.26 (dd, /=94, 1.9 Hz, 1H), 2.79 - 2.68 (m, 2H), 2.59 -
251 (m, 1H),202(d./=122Hz 1H), 1.95(d. /=13 1Hz IH), 1.86 - 1.75 (m, 2H), 1.74 - 1.66 {m,
1H), 1.45 — 1.16 (m, 6H), “C NMR (151 MHz, CDCL) & = 209.8, 174.9, 167.3, 101.1, 80.8, 62.9,
51.5,47.9,41.9,30.2,28.5, 27.1,25.8, 257, 25,1, HRMS calcd for CisHsNQG:Na" [M+Na'} 316.11553
found 316.1162.

Piol 3e:

Prepared according to general procedure using TBS cther 2e (30 mg, 8.074 nmunol, 1.0 equiv) to
provide diol 3e (12 mg, 0.041 mmol, 56% yield) as a colorless oil. By = 0.11 (silica, EtOAc: hexanes,
1:1): IR (film) vinx 3388, 2965, 2004, 1788, 1694, 1394, 1332, 1304, 1162, 1064 cm™, 'H NMR (600
MHz, acetone-ds) 6 = 7.48 (d, /= 7.2 Hz, 2H), 7.39 (1, /=73 Hz, 2H), 7.33(t, /= 7.3 Hz, 1H), 6.17
(s, 1H), 4.95 (s, 1H), 4.94 (1, J = 3.0 Hz, 1H), 439 (d, /=37 Hz, 1H), 3.78(ddd, /= 11.5, 94,6.7
Hz, 1H),3.42(dd, /=98,3.6Hz 1H),333(d, /= 108,43 Hz, 1H),3.25(d./=89Hz, 1H),2.74 -
2.63 (m, 1H), 2.51 — 2.40 (m, 1H); PC NMR (151 MHz, acetone-de) 5 = 176.4, 175.8, 142.1, 1292,
128.8, 127.6, 1002, 81.9, 71.7, 71.6, 34.2, 489, 41.9; HRMS calcd for CysHsNOsNa™ [M+Na'}
312.0842 found 312.0837,

1,3-dicarbonyl derivative 4¢

Prepared according to general procedure using diol 3e (5.0 mg, 0.017 mmol, 1.0 equiv) to
provide 1,3-dicarbonyl denvative 4e (3.0 mg, 0.010 mmol, 61% yield) as a colorless oil. Rf = €.33
(silica, BtOAc:hexanes, 3:2); IR (film) viax 3455, 2631, 1789, 1715, 1663, 129¢, 1020 cm™ 'H NMR
600 MHz, CDCLY =818, /=73 He, 2H), 770 (t, /=7 4 Hz, 1H), 7.57 (4, J= 7.9 Hz, 2H), 5.03
(s, 1H), 4.98 (s, 1H), 4.86 {5, 1H), 3.88 (ddd, J=12.1, 9.4, 5.6 Hz, 1H), 3.40 - 3.28 (m, 2H), 2.78 {1dd,
J=152,97,56Hz, 1H), 2.65-2.33 (m, 1H);, "C NMR (151 MHz, CDCl) § = 1954, 175.1, 167.3,
135.6,134.7,130.3, 129 .4, 161.1, 81.5,61.0, 48.1, 42.0, 30.2; HRMS caled for CisHiNGsNa™ [M+Na'j
310.0686 found 310.0691.
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Diol 31

=)

Prepared according to general procedure using TBS ether 2f (17 mg, 0.030 sumol, 1.0 equiv) to

provide diol 3f (12 mg, 0.044 nunol, 88% yield) as a colorless oil. Ry = 0.20 (silica, EtOAc hexanes,
5 32y IR (film) vmax 3406, 2926, 1781, 1682, 1378, 1332, 1303, 1167, 1095, 1033 cm™; "H NMR (600
MHz, MeOD} 8 =490 (4, /=39 Hz, 1H),4.05(dq,J=91,63 Hz, 1H), 3.73(ddd, /=117, 94,64
Hz, 1H), 3.30 - 3.26 (m, 1H), 321 (dd, /= 9.1, 1.6 Hz, 1H),3.10(dd, /=9.0, 3.9 Hz 1H), 2.71 - 2.61
(m, 1H), 2.46 - 2.39 (m, 1H), 1.29¢d, /= 6.3 Hz, 3H); "C NMR (151 MHz, MeOD) § = 177.3,177.2,
100.6, 83.0, 66.0,54.2,49.4, 42.2, 29.8, 20.9. HRMS calcd for CroHNOsNa" [M+Na™} 250.0686 found

10 230.0678.

1,3-dicarbony! derivative 4§

Prepared according to general procedure ustng dicl 3£ (6.0 mg, 0.026 mmol, 1.0 equiv) to provide
1. 3-dicarbony! derivative 4f (2.5 mg, 0.010 munol, 43% yicld) as a colorless oil. By = 0.25 (silica,
153 EtOAchexanes, 1:1); IR (film) via 3443, 2964, 1791, 1703, 1415, 1305, 1202, 1148, 1115, 1047 cm’™;
'H NMR (600 MHz, CDCL) 8= 512 (s, 1H), 4.77 (5, 1H), 3.90 - 3.82 (1, 1H), 3.58 (brs, 1H), 3.40 -
3.29 (m, 2H), 2.72 - 2.63 (m, 1H), 2.51 (s, 3H), 2.49 — 2.40 (m, 1H); PC NMR (151 MHz, CDCL) § =
218.6,174.3, 1692, 98.1, 87.1, 81.8, 48.9, 42.3, 281, 27.1; HRMS caled for CioHNOsNa™ [M+Na™}
248.0529 found 248.0528,
20 Scheme 6:

7'-Hydroxy TBS ether (3} To a stirred solution of TBS cther 2a (16 mg, 0.031 ool 1.0
equiv) i CHCh (1.6 mb) at 0 °C was added DMP (40 mg, 0.093 mmol, 3 equiv) and the resulting
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mixture was stirred for 45 minutes at 25 °C before it was diluted with ELO (5 mill) and passed through
a plug of Celite®. The resulting crude product was purified by passing through a short plug of silica
eradient from 10% EtOAc in hexancs—50% EtQOAc in hexanes) furnishing pure 7' -hydroxy TBS ether
5 (10 mg, 0.019 mmol, 61%, ca dr 1:1) as a colosless oil. R = 0.27 (silica, BtOAc:hexanes, 1:4); IR
(flm) vy 3378, 2951, 2927, 2859, 1795, 1722, 1462, 1376, 1331, 1253, 1134, 840 cm™; '"H NMR_ (600
MHz, Celbe, ca 1:1 dr)) &= 516 (s, 1H, diastecreomer A), S.11 (5, 1H, diastereomer B), 4.89 (s, IH,
diastercomer A), 447 (dd, 7 = 6.9, 2.2 Hz, 1H, duiastercomer A), 3.97 (s, 1H, diastercomer B), 3.83
(ddd, /= 12.1, 9.8, 5.4 Hz, 1H, diastercomer A), 3.70 (s, 1H, diastercomer B), 3.30 (ddd, /= 12.1, 9.5,
6.0 Hz, 1H, diastereomer B), 3.21 (dt. J = 14.2, 7.0 Hz, 1H, diastereomer A), 2.90 — 2.84 (m, 1H,
diastercomer B), 2.84 — 2.74 (m, 2H, diastereomer A), 2.71 (dd, /= 9.5, 1.9 Hz, 1H, diastercomer A),
2.56 — 2.46 (m, 2H, diastercomer B), 2.41 (dd, /=93, 1.7 Hz, 1H, diastercomer B), 2.12 — 1.98 {m,
3H, diastercomer A + diastercomer B), 1.92 — 1.79 (m, 3H, diastercomer A + diastereomer B), 1.76 (s,
3H, diastercomer A), 1.71 (s, 3H, diastercomer B), 1.71 — 1.64 (m, 2H, diastercomer A + diastercomer
B), 1.63 — 1.42 (m, 4H, diastercomer A + diastercomer B), 1.49 (s, 3H, diastercomer A), 140 (d. J =
7.5 Hz, 3H, diastercomer A), 1.28 (d, J = 7.3 Hz, 3H, diastercomer B), 1.21 (5, 3H, diastereomer B),
1.16 — 0.90 (m, #H, diastereomer A + diastereomer B), 1.00 (s, 9H, diastercomer A), 0.96 (s, SH,
diastereomer B), 0.92 (4, ./ = 6.7 Hz, 3H, diastercomer A), .91 (4, ./ = 8.0 Hz, 3H, diastereomer B),
0.19 (s, 3H, diastercomer A), 0.09 (s, 3H, diastereomer B), 0.07 (s, 3H, diastercomer A), 0.04 (s, 3H,
diastereomer B); "C NMR (151 MHz, Csldg, ca 1:1 dr, *Indicates signals for the other diastereomer) &
= 2083, 205.9% 1739, 173.6% 171.9, 170.4% 1355, 135.1* 131.2, 130.9% 101.8 99.6* 855, 858,
84.6% 82.5% 3073, 50.69%, 50.3, 49.3% 485, 44.9% 431,429 42 5% 41.6% 37.6,37.4% 339, 35.8%
344, 34.1% 318, 31.2% 299 298% 294 279% 260, 26.0% 258 257 229 228% 226 22.2%
18.24, 18.22% 169, 16.8*%, 3.4, -3.5*% -37 -3.9% HRMS calcd for CpHasNU6SiNa™ [M+Na}|
554.2908 found 554.2920.

7'-Hydroxy dicarbonyl devivative (6): To a stirred solution of 7'-hydroxy TBS ether §
(4.0 mg, 7.30 pmol, 1.0 eguiv) i THF (0.5 mbL) at 25°C was added a drop of DMF and TASF (21 mg,
0.078 mmol, 10 equiv) and the resulting mixture was stirred for 30 minutes at the same temperature
before it was quenched with HyQO (2 mL). The reaction mixture was extracted with EtOAc (3 x
5 ml) and the combined organic lavers were dried over MgSO, and councentrated in vacwo. The
resulting crude prodoct was punfied by flash coluwmn chromatograpby (silica, gradient from 10%
EtOAc in hexanes—50% EtOAc in hexanes) providing pure 7-Hydroxy-1,3~carbonyl derivative 6
(1.0 mg, 2.6 pmol, 33% vicld) as a coloriess oil. Ry = 0.14 (silica, EtDAc:hexanes, 1:1); fedp™ = -0.1
(¢ = 0.1, CeDe); PR (film) vam 3381, 2924, 1800, 1721, 1377, 1033 cm™; TH NMR (600 MHz, CsDe) 8
=303¢s 1H) 481 (brs, 1H}. 3.95¢(dd, /=71, 2.0 Hz, 1H), 3.62 (g, 1H},3.29-3.21 (m, 1H), 3.12 -
304 (m 1H), 263 -2.57 (m, 1H), 2.38 - 2.29 (mn, 2H), 1.89 — 1.65 (1, 3H), 1.64 (g, 3H), 149 - 1.43
(m, 2H), 1.37 (s, 3H), 1.33(d, /= 7.5 Hz, 3H), 1.05 - 0.85 (m, 3H). 0.82 (d, /= 6.5 Hz, 3H); “C NMR

60



WO 2017/100514 PCT/US2016/065732

131 MiHz, CeDg) 6 = 207.6, 173.3, 169.4, 135.0, 131.0, 100.6, 84.8, 83.9, 50.7, 47 8, 46.8, 41.7, 41.2,

375,359,338, 31.7, 29.8, 20.3, 25.9, 22.8, 22.6, 16,7, HRMS caled for CrHuNONa" [M+Na'}
418.2224 found 4318.2209.

o

Pyrrolizidinone iodide 7:

5 (=)

To astirred solation of iodide 1 (20 mg, 0.047 mmol, 1.0 equiv) in THF (0.5 mL) at 0 °C was
added TASF (23 mg, 0.085 mmol, 1.8 equiv) and the resulting mixture was stirred for 15 mimutes at
the same temperature before it was quenched with H)O {2 ml). The reaction mixture was extracted
with FtOAc (3 x 5 mL) and the combined organic lavers were dded over MgSQOy and concentrated

10 imvacuo. The resulting crude product was purified by flash column chromatography (silica, gradient
from 10% EtOAc in hexanes—50% EtOAc in hexancs) providing pure pyrrolizidinone iodide 7
(5.0 mg, 8.016 mmol, 35% yield) as a colorless oil. Ry = 0.18 (silica, BtOQAchexanes, 1:1); IR (film)
Ve 2928, 1792, 1706, 1378, 1329, 1156, 100%, 838 cor™; 'H NMR (600 MHz, CDCL) § = 5.12 (5,
1H), 441 (s, 1H). 391 (ddd, /= 122,94, 59 Hz, 1H) 3.41 (ddd, J=12.1, 9.8, 3.2 Hz, 1H), 3.25 (dd,

15 J=93,1.9Hz 1H), 2.94 (brs, 1H), 2.76 - 2.67 (m, 1H), 2.62 — 2.54 (m, 1H), "C NMR (151 MHz,
CDCL) & = 1736, 172.1, 101.2, 84.8, 48.9, 42.7, 25.8, 14.0; HRMS calcd for CeHoNOa[" [M+HT
309 9571 found 309.9578.

Me0y TBSQ

v

=

MeC 1
Amide 11: To a stirred solution of carboxylic acid rac-9 (Lambert and Damshefsky,
20 2006, Figueiredo, er al., 20073 (179 g, 6.00 mmol, 1.0 equiv) in CHzClz (20 mL) at 0°C was
added EDCI (1.72g, 90 mmol, 15equiv) and l-hyvdroxy-7-azabenzotriazole (121 g,
5.00 mmol, 1.5 equivy. After stirrmng for 20 min at this temperature, amine 18 {480 mg,
3.00 mmol, 0.5 equiv) followed by i-PrNET (3.05 mL, 18 0 mmol, 3.0 equiv) was added. After
stirring the resulting solution for an additional 48 h at 25 °C, the rcaction mixture was then
25 quenched with sat. ag. NHaCl-solution (30 mL} and diluted with CH2CL (50 mL). The phases
were separated, the aqueous layer was extracted with CHaCh (2 < 150 mL). The combined
organic extracts were washed with sat. ag. NaHCGO; (50 md}, brine (30 mL), dried {(Na:SQ4),

filtered, and concentrated under reduced presswre. Punfication by  flash  colummn
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chromatography (510:, gradient from 40% hexanes in Et(Ac—100% EtOAc) gave pure title
compound (11, 946 mg, 2.16 mmol, 72% yield) as a colorless o}, 11: Ry=0.40 (silicagel,
EtOAc); [ald =426 (c=1.0 in CeHe): IR (film): vmax= 2954, 2892, 2858, 1718, 1638, 1423,
1322, 1251, 1112, 1073, 834, 810, 778 con'!; 'H NMR (600 MHz, CDCL) 8 6.76 (d, J =357
Hz, 1H), 6.00(d, /J=57Hz, 1H), 411 =408 (m, 1H), 406401 (m, 1H),376(dt, /=107,
86Hz 1H}, 343{dd, /=92, 3.0Hz, 1H),340-335{m, 5H),332{(dd, /=94, 7.0 Hz, 1H},
329322 {m, 5H), 261 (dtd, /=128, 88, 73 Hz, 1H), 223 - 212 (m, 2H), 1.97 - 1. 87 {m,
2H). 1.86 - 1.81 (m, 1H), 0.86 (s, 9H), 0.07 s, 3H)., 0.01 (5, 3H) ppm: PC-NMR (151 MHz,
CBClay 6 174.72, 170,97, 147.30, 12871, 101,49, 7529, 71.21, 59.09, 59.03, 57.82, 57.16,
50.54,42.57,33.67,27.51,25.73,25.61, 1792 -3 37, -3 98 ppm.

Iodolactone 7; To a stirred solution of amide 11 (946 mg, 2.16 mmol, 1.0 equivy in
CHxClaMeOHH:O (1:1:0.05,75 mbl) at 25°C was added 2.4.6-collidine (143 mi,
10.8 mmol, 3.0 equiv) and Hsym-collidine > Cl04 (5.64 g, 10.8 mmol, 5.0 equiv}). After stirring
i the dark for 72 h at 25°C, the reaction mixture was diluted with CH>Clh (100 mL). The
reaction mixture was washed sequentially with sat. ag. HCI1(0.5 M, 2 x 30 mL}, sat. ag. Na:zS:03
{2 x 30mbL), and brine (30 mL}. The orgamic laver was dried (NaxSO4), filtered, and
concentrated. Purification by flash column chromatography (810, hexanes: EtQAc, 4:1} gave
pure title compound [{+3-7, 402 mg, 0.95 mmol, 44 % yield] as a light yellow solid and amide
11 (340 mg, 0.76 mmol) was recovered. (+)-7: Ry=0.50 (hexanes: FtOAc, 2: 1):falf =+24
{c=0.4 in CHCEL): IR (film): vaex= 3007, 2954, 2887, 2859, 1794, 1718, 1472, 1361, 1237,
1164, 1137, 1012, 889, 840, 780 cm ™, "H-NMR (600 MHz, CDCl) & 4.97 (s, 1H). 4.44 (s,
1H),396-391 (m, 1H),334-329(m, 1H}, 3.12(dd, /=94, 24 Hz, 1H), 2.69 - 254 (m,
2H), 0.95 (s, 911, 0.24 (s, 3HD, 0.22 ¢s, 3H) ppm; “C-NMR (151 MHz, CDCls) & 174.26,
172.39, 102.15, 86.16, 49,42, 42,98, 30.06, 25.63, 18.04, 12.68, ~3.19, ~3.26 ppm.
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The mintmal iohibitory concendration (MIC) of the compounds is shown in Table 1

Table 1: MIC valaes of CJ3-16,264 and Analogs Thereof
Methiciilin-
8. subtillis E. faccalis i
resistant 5. E. faecium
Compound 168 5613
, aureus 131 105 (ug/ml)
(rg/ml)} {(pg/mi)
(ng/mi;}
0.5 2 3 2
2 4 16 4
i 2 i6 4
1 2 16 4
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Methiciilin-
E. subtiliis E. faecalis
resistant 5. E. faecium
Compound 168 5613
aurens 131 105 (ug/mi)
{(ng/ml) {(pg/mL)
(ng/mi)
1 2 8 4
1 4 16 4
16 ] 32 32
16 16 32 64
2 4 16 i
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Methiciilin-
E. subtiliis E. faecalis
resistant 5. E. faecium
Compound 168 5613
aurens 131 105 (ug/mi)
{(ng/ml) {(pg/mL)
(ug/ml)
>G4 >G4 64 >64
HO,
[ % N0
H s:jr* - wH >64 >64 >G4 >64
o !
Q70 g
32 64 i6 8
¢.5 1 2 4

XX XAETXEITITRRE LR

All of the compositions and/or methods disclosed and claimed herein can be made and exccuted
without undue experimentation in light of the present disclosure. Whale the compositions and methods
of this disclosure have been described in torms of preferred embodiments, it will be apparent to those
of skill in the art that variations mav be applicd to the compositions and/or methods and in the steps or
in the sequence of steps of the method described herein without departing from the concept, spirit and
scope of the disclosure. More specifically, it will be apparent that certaig ageots which are both
chemically and physiclogically related may be substituted for the agents described bercin while the
same or sinnlar results would be achieved. All such similar substitutes and modifications apparent to
those skilled 1n the art are deemed to be within the spirit, scope and concept of the disclosure as defined

by the appended claims.
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CLAIMS

WHAT IS CLAIMED IS:

i. A compound of the formula:

X2

wherein:

R is alkylcas, cycloalkylcas, alkenvkewa, arylca, hetercarykews, 01 a substiuted

version of any of these groups; or ~A—Rs, wherein:

A is alkanedivlcas. cvcloalkancdivicos, alkenedivlcas, arenedivlcca,
heteroarencdivlicws, heterocycloalkanedivicws, of a3 substituted

version of any of these groups; and

Rs i8 aik‘y] {C<d, C}’Ck}&ik}ﬂ((:g 24}, alkeny i(cggq\,, hete maryi(cg 23s
heterocycloalkylicas, atkvlaminoe<,, dialkylaminow<,
atkoxycas, alkenyloxycos, arvioxviews, heteroarvlosycasn, 01 @
substitited version of any of these groups. or a —O-steroid or

~{J—steroid derivative;
Ry is amino, hydroxy, or

alkoxy oy,  cvcloalkoxycos,  alkenvioxyieos,  cycloalkenyioxyiccs,
arvlioxy <, aralkoxyw<n, alkvlaminoeos, dialkylaminoc<s,
cycloalkviaminoos, dicvcloalkylaninocos. alkenylaminoc<s,
diatkenylaminoe<s, or a substituted version of any of these groups;

or
R, is taken together with Rs and is ~0— or —NR,—, wherein:
K. is hvdrogen, alkyvlices, or substituted alkylices;

Rs is absent, hvdiogen, hydroxy, or is taken together with Ry as described above;
provided that when R is absent that the atom to which is bound is apart of a
double bond; and provided that when the atom to which Rs is bound is a part

of g double bond then R; is absent;

Ry is amino, hydroxy, or
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alkoxy can, alkviaminoccy). dialkyiamino o<y, or a substituted version of any

of these groups; or
—ORy or —NERg, wherein:
Ry 15 a hvdroxyl protecting group;

R. is a monovalent amine protecting group or is taken together with Ry

and is a divalent amine protecting group; and

Ryq 1s hydrogen, a mopovalent amine protecting group, or is taken

together with R and 15 a divalent amine protecting group,

Rs is absent, hydrogen, or hydroxy,; provided that when R: is absent then the atom to
which is bound is part of a double bood; and provide that when the atom to

which Rs 15 bound is part of a double bond then Rs is absent; and
Ky, Ka, and X5 are 3, S, or NR,, wherein:
R. is hydrogen, alkykews). or substitated alkylee;
or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, further defined as:

wherein;

Ry 1s alkvlicoq, cvcloalkvleoy, alkenvicos, arylicad, heteroaryleos, or a substituted

version of any of these groups; or —A—R,, wherein

A is alkanedivliicow, cvcloalkancdivicos, alkenedivlcos, arenediyliccs,
heteroarenediylie<s,  heterocycloalkancdivlews, or a substituted

version of any of these groups; and

Re i alkylccou,. cycloalkyliewa, alkeny Loy, heteroarylc<,.
heterocycloalkylicqn, atkylaminowea, dialkylaminowa,
ail€OX}7(cgz4), 311{611‘}]10){}/((1524), 3?}’i0)@’(ggzg), h@tﬁil‘@?ﬂylﬂfx’y(cgm, 0r a
substituted version of any of these groups: or a —O-steroid or

—-steroid derivative;

R, is amino, hydroxy, or
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alkoxviean,  ovcloalkoxyiewa.  alkenvioxycow,  cvcloalkenvioxycos,
avloxyean, aralkoxyeqar.  alkylaminoeas, dialkylaminocou,
cycloalkylaminow<s, dicycloalkylaminog, alkenylaminogoa,
diatkenylamioncoay. or a substituted version of any of these groups;
or

R 15 taken fogether with Ry and 15 —0— or —NR,—, wherein:
R, 15 hydrogen, alkylcw, or substituted alkylces):

R is absent, hydrogen, hydroxy, or is taken together with R, as described above;
provided that when Ra is absent that the atom to whichis bound is a part of a
double bond; and provided that when the atom to which Rs is bound is a part

of a double bond then R is absent;
R4 18 amino, hydroxy, or

alkoxy cary. alkylamincear), dialky laminocayr, or a substituted version of any

of these groups; or
~(ORy or ~NR R4, wherein:
Ry 1s a bydroxyl peotecting group;

R. is 2 monovalent amine protecting group or is taken together with Ry

g is hydrogen, a monovalent amine protecting group, or is taken

together with R, and is a divalent anune protecting group; and

Rs is absent, hydrogen, or hydroxy; provided that when Rs is absent then the atom to
which is bound is part of a double bond; and provide that when the atom to

which Rs is bound is part of a double bond then Rs is absent;
or a pharmaceutically acceptable salt thereof.

3. The compound of either claim 1 or claim 2, further defined as:

wherein;

Ry 1s alkvlicoq, cvcloalkvleoy, alkenvicos, arylicad, heteroaryleos, or a substituted

version of any of these groups; or —A—R,, wherein
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A is alkanedivlc<s, cvcloalkanediviccs,. alkenedivicos, arencdivicos,
heteroarencdivica, heterocycloalkanedivlews, or a substituted

version of any of these groups; and

Re is :ﬂkyi((gzq 3 cyc]oalky (£<24), aikel‘xyl(cgy,\ﬁ het@l‘@al'}'l(cgz,\ﬁ
heterocycloallylica, alkylaminoeca, dialkvlaminocan,
alkoxvcaq), alkenvioxyeas, arvloxyeos,. heteroarvioxycos, o a
substituted version of any of these groups, or a —O-sieroid or
~O-steroid detivative;

R is andno, hvdroxy, or

alkoxyicas, cvcloalkoxycos, alkonyloxvieqw, cvcloalkenvioxycos, avloxywcan,
aralkoxy g2, alkyvlaminowos, dialkylaminocos, cycloalkylaminocoa,
dicvcloalkvlaminow<s.,  alkenylaminowos, dialkenviaminow<s, or 2

substitoted version of any of these groups; or
Ra is taken together with Rs and is —O— or -NR,—, wherein;
R, is hvdrogen, alkylcs), or substituted alkylicss);

R; is absent, hydrogen, hvdroxy, or is taken together with R, as described above;
provided that when Ra is absent that the atom to whichis bound is a part of a
double bond; and provided that when the atom to which R s bound 1s a parnt

of a double bond then R; 1s absent; and

R is absent. hydrogen, or hydroxy; provided thal when Rs is absent then the atom o
which is bound 1s part of a double bond; and provide that when the atom (o

which Rs 1s bound 1s part of a double bond then R is absent;
or a pharmacentically acceptable salt thereof.

4. The compound according to any one of claims 1-3, further defined as;
£ 3 )

wherein:

Ry is alkylcos. cycloalkylcos. alkenvlcoy, arylcos. heteroarykeos, 01 a substituted

version of any of these groups; or ~A~Re, wherein:
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A is alkanedivlc<s, cvcloalkanediviccs,. alkenedivicos, arencdivicos,
heteroarencdivica, heterocycloalkanediylews, or a substituted
version of any of these groups; and

Be s alkvleou, cycloalkvlc<a, atkenyLicoq, heteroarvicas,
heterocycloallylica, alkylaminoeca, dialkvlaminocan,
alkoxvcaq), alkenvioxyeas, arvloxyeos,. heteroarvioxycos, o a
substituted version of any of these groups, or a —O-sieroid or
~O-steroid detivative;

R is taken together with Rz and 1s “O— or -NR,—, wherein:

Ra is hvdrogen, alkylicss), or substitited alkvlcss), and

Rs is hydrogen or hydroxy;

or a pharmacentically acceptable salt thereof.

5. The compound according to any one of claims 1-3 further defined as:
HG ~
(e
H"T“ e
-~ 0
0% R,
Ri vy
wherein:

Ry is alkylcos. cycloalkylcos. alkenvlcoy, arylcos. heteroarykeos, 01 a substituted

version of any of these groups; or ~A~Re, wherein:

A is alkanedivicos. cvcloalkanedivicos, alkenedivice<s, arenedivicas,
beteroarenedivicos, heterocycloatkanedivkews, or a substituted
version of any of these groups; and

R 18 alkylicaow, cyeloalkylcau, alkenylcaoq, hetercarylcan,
heterocycloalkybioas,, alkylaminoec, dialkylaminowc<,
atkoxycosn, alkenyloxycos. arvioxy o, heteroarvloxycas, or a
sobstituted version of any of these groups;, or a —0O-steroid or
~J-steroid derivative; and

R, is amino, hydroxy, or

alkoxycon, cycloalkoxyews, alkenyioxyeas, cycloalkenyloxycas, ayvloxye«ar,

aralkoxy <,  alkvlaminoeos, dialkylaminoces, cycloalkylaminocas,
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0.

~¥

14.

20.

2L

dicvcloalkvlaminow<s.,  alkenylaminowos, dialkenviaminow<s, or 2

substituted version of any of these groups;
or a pharmaccutically acceptable salt thereof.

The compound according to any one of claims 1-5, wherein R, is alkylcos or substituted
aﬂ{yi(cgz:;y

The compound of claim 6, wherein By is alkylcang.

The compound of claim 7, wherein R, is octyl, ponyl, decvl, undecyl, dodecyl, tridecyl,
tetradecy, pentadecyl, hexadecyl, heptadecyl, or octadecyl

The compound of claim 6, whercin R, is subsittuied alkvlceos,

The compound of claim 9, wherein R, is 1, 1-difluorooctyl, 1.1-difluorononyl 1,1-
difluorodecyl,  1,1-difluoroundecyl, 1L I-difluorododecyl, 1 1-difluorotridecyl, L.1-
diftuorotetradecyl, 1, 1-diflucropentadecyl, 1,1-difluowohexadecyl, 1, 1-diflnoroheptadecyl, or

1, 1-diffucrooctadecyl.

The compound according to any one of claims 1-5, wherein R, is alkenylc<s o7 substituted

atkeny oo,
The compound of claim 11, wherein R1 is alkenvlcszg).

The compound of claim 12, wherein R, 1s 2,6-dimethyl-hept-5-enyl, 2,6-dimethyl-hept-1,5-
dienyl, 2,6, 10-tnmethyi-undec-1,5,9-trienyl, 2,6,10, 14-tetramethy l~pentadec-1,5,9,13~

tetraenyl, or heptadec-8-enyl.
The compound of claim 11, wherein By is substitited alkenyvleos.

The compound according to any one of claims 1-5, wherein R is cycloalkylieaqy or substituted

cycloaltiykea,.
The compound of ¢laim 13, wherein Ry is cycloalkylician.
The compound of claim 16, wherein Ry is cyclohexyl.

The compound according to any one of claims 1-5, wherein Ry is arvlcos or substituted

aryleay.
The compound of claim 18, wherein Ry 1s arylice.os.
The compound of claim 19, wherein Ry 1s phenyl.

The compound according to any one of claims 1-5, wherein Ry 1s ~A-Re, wherein:
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N2

[S)
L3

7S]
R

38.

39.

A 15 alkanedivicws., cvcloalkanedivie<ws,.  alkencdivicws,  arencdivicos,
heteroarencdivicaa, heterocycloalkanedivlcoq. or a substituted version of

any of these groups; and

Re 18 alkylcos, cycloalkvkeos, alkenylewa,. heteroarvicas, heterocycloatkvlcan,
altkviaminowc<i, diatkviaminoan, alkoxycou, atkenvioxycou,
arvioxycwa, heteroarvionycos, or a substituted version of any of these
groups; or a ~O-steroid or ~O-steroid derivative,

The compound of claim 21, wherein A is alkanedivlcq) or substituted alkancedivicoa,.
The compound of claim 22, wherein A is alkanediylcos.

The compound of claim 23, wherein A 18 ~CH,CH—.

The compound of claim 21, wherein A is alkesedivlos or substituted alkenedivlcos.

The compound of claim 25, wherein A is alkenedivlcsas.

The compound of claim 26, wherein A is 2,6-dimethyl-oon-1,5-diendiyl or 2,6,10-trimethyl-

tridec~1,3,9-triendivl.

The compound of claim 21, wherein A is arenediylcas, or substituted arenediviccos,.
The compound of claim 28, wherein A is arenediylcoa,.

The compound of claim 29, wherein A is benzenedivl.

The compound of claim 21, wherein A is hetercarenedivicws or substituted

hetercarenedivica.
The compound of claim 31, wherein A is heteroarenedivico;.
The compound of claim 32, wherein A is thiazoldiyl.

The compound according to any one of claims 21-33, wherein Re is alkeny i or substituted

alkenchgm.
The compound of claim 34, wherein Re 15 alkenykeoay.

The compound of claim 35, wherein Ry is 2.6-dimethyl-son-1,5-dienyl, 3,7,11-trimethyl-

dodec-2,6,10-trienyl, or 2,6, 10-trimethyl-tridec-1,5,9-tnieny L.

The compound according to any one of clatmas 21-33, wherein Rs is beterocyclaalkylieqn ot

substituted heterocycloaliykean.
The compound of claim 37, wherein Rs is heterocvcloalkylican),.

The compound of claim 38, wherein Rs is piperadinyl or 4-methyvipiperazinyl.
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40.

41

42,

43.

44

48.

49.

53.

54.

The compound according to any one of claims 21-33, wherein Re is diafkylaminoe<y or

substituted dialkylaminowcan,.
The compound of claim 40, wherein Rs is dialkylaminocc.
The compound of claim 41, wherein Rs 1s diethylamino.

The compound according lo any one of claims 21-33, wherein Ry 1s atkenyloxyeay or

substitoted alkenyioxy e,
The compound of claim 43, wherein Re is alkenyloxy o,

The compounnd of claim 44, wherein Rs is 6-dimethyl-non-1,5-dienyloxy, 3,7,1 1-trimethyl-

dodec-2.6,10-trienyloxy, or 2,6, 10-tunmethyl-tadec-1,5 9-trienyoxy.

The compound according to any onc of claims 21-33, wherein Rs is heterocaryloxyvicay or

substituted heteroarvioxycan.
The compound of claim 46, wherein Rs is heteroarvioxyca.
The compound of claim 47, wherein Rs is 4-methylthiazolyloxy.

The compound according (o any one of claims 21-33, wherein Re 1s a ~O-steroid or ~O-steroid

dertvative.

The compound of claun 49, wherein Ry is ~O—steroid.
The compound of claum 50, wherein Rs is ~O—cholesterol.
The compound of claim 51, wherein Rs is:

\{O

Me
Me

The compound according to any one of claims [-4 and 6-52, wherein R; is taken together with
R;and is ~O—.

The compound according to any one of claims -4 and 6-52. wherein R, is taken together with

R and is —NH—.

The compound according to any one of clatres 1-3 and 5-52, wherin R; is dialkylaminoweas)

or substituied dialkyviaminocwa.
The compound of claim 35, wherein R, is dialkviaminoc<y or substituted diatkylaminocen.
The compound of claim 56, wherein R, is dialkylaminoiccn.

The compound of claim 57, wherein R; is dimethylamino.
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64.

70.

80.

The compound according to anv onc of claims 1-3 and 5-32, wherein R» is alkoxycoa or

substituted alkoxvicas,.

The compound of claim 59, wherein R, is alkoxy <) or substituted alkoxy e,
The compound of claim 60, wherein Ry 1s alkoxy ).

The compound of claim 61, wherein R; is methoxy.

The compound according to any one of claims 1-3 and 5-52, wherein R, is alkenvloxy o4, ot

substituted alkenyioxy o,

The compound according to any one of claims 1-3 and 5-52, whercin R is araltkoxye<) ot

substituted aralkoxy <.

The compound of claim 64, wherein R, is araltkoxvican,.

The compound of claim 65, wherein R, 18 benzyloxy.

The compound according to any one of claires 1-3 and 5-52, wherein R, is amino.
The compound according to any one of clatras 1-3 and 6-67, whetein R; is absent.

The compound according to any ooe of clatros 1-4 and 6-67, wherein Rs is taken together with

R, and is ~O-.

The compound according to any one of claiins 1-4 and 6-67, wherein Rs is taken together with

Rz apd 1s ~NH-.
The compound according to any one of clairns 1-3 and 6-67, wherein R is hydrogen.
The compound according to any one of claims 1, 2, and 6-67, wherein Ry is hydroxy.

The compound according to any one of claims |, 2, and 6-67, wherein Ry 1s ~ORy, wherein: Ry

1s 3 hyvdroxyl protecting group.

The compound according to any one of claims 1-4 and 6-67, wheretn Rs is absent.
The compound accordiog to any one of claims -4 and 6-67, wherein R;s is hydrogen.
The compound according to any one of claims 1 and 6-75, wherein X is O.

The compound according to any one of claims 1 and 6-76, wherein X is O.

The compound according to any one of clatmas 1 and 6-77, wherein X5 15 O.

The compound according to any one of claims {-78, wherein catbon atom 1 s 1n the (R)

configuration.

7
/

The compound according to anyv one of claums 1-78, wherein carbon atom 1 is in the (S)

configuration.
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36.

a8.

&9,

The compound according to

confignration.
The compound according to
confignration.
The compound according to
configuration.
The compound according to
configuration.
The compounnd according to
configuration.

The compound acconding to

configuration.

any one of claims

any onc of claims

any one of claims

one of claims

any

any one of claims

any onc of claims

PCT/US2016/065732

1-80, wherein carbon atom 2 is in the (R)

1-80, wherein carbon atom 2 is in the ()

1-82, wherein carbon atom 5 is in the (R)

1-82, wherein carbon atom 3 is mn the (5)

1-84, wherein carbon atorn 6 15 in the (R)

1-84, wherein cathon atom 6 is 1n the (S)

The compound according to any one of clazms 1-86, wherein the carbon atom 1 is in the (R)

configuration and carbon atoms 2, 5, and 6 arc in the (5) configuration.

The compound according to any one of claums 1-86, wherein the catbon atom 1 1s 1o the (8)

configuration and carbon atoms 2, 5, and 6 aic in the (R) configuration.

The compound according to any one of claims 1-3, wherein the compound is further defined

as!
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HO,

H‘%O

‘ = i\v'ie
=
G N SN Mea
Me Me L OF
HO

Me

S Me Me Me

or a pharmaceutically acceptable salt thereof.
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90. A compound of the formuda:

x“

or a pharmaceutically acceptable salt thereof.

91. A pharmaceutical composition comprising:
(a) a compound according to anv one of claims 1-90; and
(b} a pharmaccutically acceptable carrier.
92. The pharmaceuntical composition of claim 91, wherein the pharmaceotical composition is

formulated for administration: orally, intraadiposally, intraarterially, intraarticudardy,
intracranially, intradermally, intralesionally. intranmscudarly. intrapasally, intraoculatdy,
intrapericardially,  intraperitoncally,  intrapleurally,  intraprostatically,  intrarectally,
intrathecally, intratracheally, intratumomally, intraumbilically, intravaginally, intravenously,
intravesicularlly, intravitreally, liposomally, locally, mmcosally, parenterally, rectally,
subconjunctival, subcutancously, sublingually, topically, transbuccally, transdermally,
vaginally, in crémes, in lipid compositions, via a catheter, via a lavage, via continuous infusion,

via infusion, via inhalation, via injection, via local delivery, or via localized perfusion.

a3, The pharmaceutical composition of either claim 91 or claim 92, wherein the pharmaceutical

composition is formulated with a second therapeutic agent.

94, The pharmaceutical composition of claim 93, wherein the second therapeutic agent is an
antibiotic.
as. The pharmaceutical composition of claim 93, wherein the second therapeutic agent 1s a

chemotherapentic compound.

36



WO 2017/100514 PCT/US2016/065732

96.

98.

99.

160

101

102,

108.

109,

110,

111

The pharmaceutical conmposition according to any one of clams 91-95, wherein the

pharmaceutical composition is formulated as a unit dose.

A method of treating a discase or disorder in a patient in need thercof comprising administering
to the patient a therapeutically effective amount of a compound or composition according to

any one of claims {-96.
The method of claim 97, whercin the diseasc or disorder is an infection caused by a bacterium.
The method of claim 98, wherein the bacterium is a Gram-positive bactenum.

The method of claim 99, whercin the Gram-positive bacterivm 1S Bacillus subiilis 168,

Staphylococcus aureus 131, Enferoccocus faecalis S613, and Frteroccocus faecium 105
The method of clair 92, wherein the bacterium is a Gram-pegative bacteriun,

The method according to any one of claims 98-101, wherein the bacterium is resistant 1o one

o1 more antibiotics.

The method of claim 102, wherein the bacterium is resistant to a B-lactam antibiotic.
The method of claim 103, wherein the bacterium is resistant to methiciiling

The method of claim 103, wherein the bacterium is resisiant to a cephalosporin,

The method according to any one of claims 98-100 and 102-105, wherein the bacteriom is a

methicillin-resistant Staphiyiococous aurens 131,

The method according to any one of claims 98-106 farther comprising administering a second

antibiotic compound.

The method of claim 107, wherein the sccond antibiotic compound is an antibiotic
aminoglycoside, an ansamycig, a catbacephent, a catbapenem, a cephalosporin, an antibiotic
glycopeptide, a lincosamide, an antibiotic lipopeptide, an antibiotic macrolide, a monobactam,
an antibiotic nitrofiran, an oxazolidinone, a penicillin, an antibiotic polypeptide. an antibictic

quinolone or flnoroquinolone, an antibiotic sulfonamide, or a tetracycling.
The method of claim 97, wherein the disease or disorder is cancer.

The method of claim 109, wherein the cancer is a carcinoma, sarcoma, lymphoma, leukemia,

melanoma, mesothelioma, multiple myeloma, or seminoma.

The method of claim 109, wherein the cancer is of the bladder, blood, bone, brain, breast,
central nervous system, cervix, colon, endometrium, esophagus, gall bladder, gastrointestinal
tract, gendtalia, genitourinary tract, head, kidney, larynx, liver, lung, muscle tissue, neck, oral
or nasal mucosa, ovary, pancreas, prostate, skin, sploen, small intestine, large intestine,

stommach, testicle, or thyroid.
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112, The method according to any one of claims 109-111, wherein the method further comprises

administering one or more additional anti-cancer therapies.

113, The method of claim 112, wherein the anti-cancer therapy is a second chemotherapeutic agent,

a radiotherapy, an immunotherapy, or surgery.

114, The method according to any one of claims 97-113, wherein the method comprises

administering the compound once.

115, The method according to any one of claims 97-113, wherein the method comprises

administering the compound two or more fimes.
116, The method according to any one of clairns 97-115, wherein the patient is 2 mammal.
117.  The method of claim 116, wherein the patient is a burnaa.

118. A method of preparing a commpound of the formula:

wherein:

R is alkylcas, cycloalkylcas, alkenvkewa, arylca, hetercarykews, 01 a substiuted

version of any of these groups; or —~A—Rs, wherein:

A s alkanedivlcas, cvcloaltkanedivicos, alkenedivicas. arenedivlicas,
heteroarencdivlicws, heterocycloalkanedivicws, of a3 substituted

version of any of these groups; and

Rs i8 aik‘y] {C<d, C}’Ck}&ik}ﬂ((:g 24}, alkeny i(cggq\,, hete maryi(cg 23s
heterocycloaliybioas, alkylaminoesin, dialkylaminowcar,
atkoxycas, alkenyloxycos, arvioxviews, heteroarvlosycasn, 01 @
substitited version of any of these groups. or a —O-steroid or

~J-steroid derivative;
R, is amino, hydroxy, or

alkoxy oy,  cvcloalkoxycos,  alkenvioxyieos,  cycloalkenyioxyiccas,
arvlioxy <, aralkoxyw<n, alkvlaminoeos, dialkylaminoc<s,
cycloatbvlaminoeog, dicycloalkviaminocas, alkenylaminocas,
diatkenylaminoe«s, or a substituied version of any of these groups;

or
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R is taken together with Ry and is —0O— or -NR,—, wherein;
R, is hvdrogen, alkylcs), or substituted alkylicss);

R; is absent, hydrogen, hvdroxy, or is taken together with R, as described above;

provided that when Ra is absent that the atom to whichis bound is a part of a
double bond; and provided that when the atom to which R is bound is a part

of a double bond then R; is absent;
Ry is amino, hydroxy, or

alkoxy cary. alkylamincear), dialky laminocayr, or a substituted version of any

of these groups; or
~(ORy or ~NR R4, wherein:
Ry 1s a bydroxyi protecting group;

R. is 2 monovalent amine protecting group or is taken together with Ry

g is hydrogen, a monovalent amine protecting group, or is taken

fogether with R, and is a divalent amine protecting group,

R; is absent, hydrogen, or hydroxy; provided that when Rs is absent then the atom to
which is bound is part of a double bond; and provide that when the atom to

which Rs is bound is part of a double bond then R; is absent; and
Xy and Xs are each independently O, S, or NR., wherein:
R. is hydrogen, alkylc<, or substituted alkylcw)

Y. is amino, hydroxy, mercapto, alkylaminowss), substituted alkylaminocss, —ORs,

~NR Ry, or -8R, wherein:
Ry 15 3 hydroxyl protecting group;

R, is a monovalent amine protecting group or 1s taken together with Ry and is

a divalent amine protecting group,;

Ry s hydrogen, a monovalent amine protecting group, or is taken together with

R and is a divalent amine protecting group; and

R is a thiol protecting group;
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or a salt thercof comprising reacting a compound of the formula:

(Vih
wherein:
Ry is amino, hydroxy, or

alkoxyicas, covcloalkoxywcos,  alkenvioxyvieas,  cycloalkenyioxyicos,
arvlioxy <, aralkoxyw<n, alkvlaminoeos, dialkylaminoc<s,
cycloalkviaminoos, dicvcloalkylaninocos. alkenylaminoc<s,
diafkenylanminoe<y, or a substituied version of any of these groups;

or
R, is taken together with Rs and is ~0— or —NR,—, wherein:
K. is hvdrogen, alkyvlices, or substituted alkylices;

Rs is absent, hyvdrogen. hydroxy. or is taken together with R, as described above;
provided that when R is absent that the atom to which is bound is a part of a
double bond; and provided that when the atom to which R; is bound is a part

of a double bond then R; is absent;
Ry is amino, hydroxy, or

alkoxyean, alkylaminoc«y), dialkylaminoar, or a substituted version of any

of these groups; or
~0ORy ar ~NRRq4, wherein:
Ry is a hydroxyl protecting group;

R. is a monovalent amine protecting group or is taken together with Ry

and is a divalent amine protecting group,; and

R4 is hydrogen, a monovalent amine protecting group, or is taken

together with R, and 1s a divalent amine protecting group,

R is absent. hydrogen, or hydroxy; provided thal when Rs is absent then the atom o
which is bound is part of a double bond; and provide that when the atom to

which Rs 1s bound 1s part of a double bond then R is absent;
Xy and X; are cach independently O, S, or NR., wherein:

R, is hydrogen, alkylews, o substituted alkylew, and

S0
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119

123.

Y, is an activated group;
with a compound of the formula:
Xy
H Ry v
wherein

R is alkyvlicas, cycloalkyvleos, alkenvlcog, arylicwy, heteroarvleoy, o1 a substituted

version of any of these groups; or —A—Re, wherein:

A s alkanedivlicos. cycloalkanedivicos, alkencdivicos. arencdivlicos,
heterparenedivlicos, heterocycloatkanedivkeos, or a substituted

version of any of these groups; and

Rs i atkyvlcoq, cycloalkylcos,. atkenylcog, heteroarylican,
beterocycloaliogbica, alloylarinoc<n, dialkylaminocan,
atkoxycos, alkenvioxvics, aryloxywos, heteroarvionycoy, 01 4
substitited version of anv of these groups; or a —U-—steroid or

——steroid derivative;
X180, 8, or NR,, wherein:
R. is hydmogen, alkyliews,. o substituted alkylicw):
in the presence of a Lewis acid.

The method of claim 118, wherein the Lewis acid is a metal, a boron compound, or an

aliunum compound.
The method of claim 119, wherein the Leowis acid is a boron compound.
The method of claim 120, wherein the Lewis acid is triethyviboron,

The method according to any one of claims 118-121, wherein the method comprises adding an
amount of the boron compound from about 0.1 equivalents to about 10 equivalents relative to

the compound of formula VIL

The method of claim 122, wherein the amound of the Lewis acid is from about 0.5 equivalents

to about 2.5 equivalents.
The method of clain 123, wherein the amount of the Lewis acid is about 1.0 equivalents.

The method according to any one of claims 118-121, wherein the method comprises adding an
amonnt of the compound of formula VI from about 0.1 equivalent 1o about 10 equivalents

relative to the compound of formula VIHL
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126.

128.

129.

130.

131

138.

139.

140.

141

144

The method of claim 123, wherein the amount of the compound of formula VI is from about

1.0 to about 5 equivalents relative o the compound of formula VIIL

The method of claim 126, wherein the amount of the compound of formmula VII is about 2.5

equivalents.

The method of claim 1235, wherein the amount of the compound of formula V11 is from about

0.1 to about 1 equivalents relative to the compound of formula VIIL

The method of claim 126, whercin the amount of the compound of formula VII is about 0.25

equivalonts.

The method according to any onc of claims 118-129, wherein the method further comprises

reacling the compound of formula VI and the compound of formula VIH in an organic solvent.
The method of clairn 130, wherein the organic solvent is 3 non-polar solvent,

The method of clairm 131, whercin the organic solvent is 3 hydrocarbon solvent,

The method of claim 132, wherein the organic solvent is an arenec<iny.

The method of claim 133, wherein the organic solvent is toluene.

The method according to any one of claims 118-134, wherein the method further comprises
reacting the compound of formula VI and the compound of formda VI at a teraperature from

about —1006 °C to about —10 °C.
The method of claim 135, wherein the temperature is from about —90 °C to about 50 °C.
The method of clain 136, wherein the termperature is about ~78 °C.

The method according to any one of claims 118-137, wherein the method further comprises
reacting the compound of formula VI and the compound of formula VII for a tirne pericd

from about 10 minutes to about 8 howrs,
The method of claim 138, wherein the time period is from about 1 hour to about 4 hours,
The method of claim 139, wherein the time period is about 2 hours,

The method according to any one of claims 118-140, wherein Y is a halo, mesylate, toslvate,

or triflate.
The method of claim 141, wherein Y5 is halo.

The method according o any on¢ of claims 118-141, wherein the method forther comprises
reacting the compound of formula VI with an oxidizing ageat to form a compound of fornwla

L

The method of clairn 143, wherein the oxidizing agent is a hypervalent icdide compound.
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145

149.

150

The method of claim 144, wherein the oxidizing agent is Dess—Martin periodinane.

The method according to any one of claims 143-145, wherein the method comprises adding an
amount from about 1 equivalent to about 3 cquivalents of the oxidizing agent relative to the

compound of formmula VIIL

The method of claim 146, wherein the amount of the oxidizing agent is from about 1 equivalent
to about 2 cquivalents.

The method of claim 147, wherein the amount of the oxidizing agent is from about 1.4
equivalents to about 1.8 equuvalents.

The method according to any one of claims 143-148, whercin the method further comprises an
organic solvent.

The method according to any one of claims 143-149, wherein the method furtber comprises

reacting the compound of formula VHI with an oxidizing agent at a temperature from about

=30 °C to about 30 °C.

The method according to any one of claims 143-149, wherein the method furtber comprises
reacting the compound of forowla VI with an oxidizing agent for a tioe peried from about 5

mimes to about 2 hours.

A method of preparing a corpound of the formula:

wherein:
R, is amino, hydroxy, or

alloxycos, cvcloalkoxycos, alkenyloxyvews, cycloalkenyloxycca,
arvlioxy <, aralkoxyw<n, alkvlaminoeos, dialkylaminoc<s,
cycloalkviaminoos, dicvcloalkylaninocos. alkenylaminoc<s,
diafkenylanminoe<y, or a substituied version of any of these groups;

or
R, is taken together with Rs and is ~0— or —NR,—, wherein:
R. is hyvdrogen, alkylcee), or substituted alkylcesy;
Rs s hydroxy or is taken together with B as described above;

Ra is anuino, hydroxy, or
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alkoxy can, alkviaminoccy). dialkyiamino o<y, or a substituted version of any

of these groups; or
—ORy or —NERg, wherein:
Ry 15 a hvdroxyl protecting group;

R. is a monovalent amine protecting group or is taken together with Ry

and is a divalent amine protecting group; and

Ryq 1s hydrogen, a mopovalent amine protecting group, or is taken

together with R and 15 a divalent amine protecting group,
Rs is halo;
Xy and Xz are each independently O, S, or NR,, wherein:
Re is hydrogen, alkylc<s), or substituted alkylics);
or a sall thereof comprising:

(a) reacting a compound of the formula:

wherein:
Ry is an alkylsilykeay or a substituted altkvisilvlc<in,
with a compound of the formula:

O

(o
T

Ry is a chiral auxiliary;

wherien:

in the presence of an energy source and followed by the addition of a proton source and
then an alkylsilvlhalide compoundic«n, or a substitoted alkylsilylhalide compoundicar

and a base to form a compound of the formula;

G4
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Re o)
wherein:
Rs is as defined above; and
Ro ts alkyIsilyican or substitited alkylsilylegr,

(b) reacting the coopound of forowla XTI with a base to obtain a compound of the formula:

wherein:
Ro is as defined above; and
(9 reacting the compound of formula XIf with a halogen to form a compound of formula
L
153, The method of claim 152, wherein R is trinwthylsilyL
154, The method of claim 152, wherein the energy source is light,
155, The method of claim 152, wherein the base is imidazole.
156, The method of claim 152, wherein the silylating agentcao 18 #~butyldimethyisiivl chloride.
137, The method of claira 152, whercin the base of step (b) is lithivrm hydroxide.
158.  The method of claim 152, wherein the halogen is an clemental halogen.
159.  The method of claim 158, wherein the halogen is .

160. A method of preparing a compound of the formula:

wherein:

R: is amino, hydroxy, or
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alkoxviean,  ovcloalkoxyiewa.  alkenvioxycow,  cvcloalkenvioxycos,
atyloxyvean, aralkoxyear, alkylaminoeew, dialkylaminogcoa,
cycloalkylaminow<s, dicycloalkylaminog, alkenylaminogoa,
diatkenylamioncoay. or a substituted version of any of these groups;

or
R is taken together with Ry and is —0O— or -NR,—, wherein;
R, 15 hydrogen, alkylcw, or substituted alkylces):
Rs is hydroxy or is taken together with Ry as described above;
Ry is amino, hydroxy, or

alkoxy . alkylaminocan), dialkyviamingccy, or a substituted version of any

of these groups; or
~(ORp or —NR R4, wherein:
Ry 1s a bydroxyi protecting group;

K. is a monovalent amine protecting group or is taken together with Ry

and 1s a divalent amine protecting group; and

Fq is hydrogen, a monovalent amine protecting group, or is taken

fogether with R, and is a divalent amine protecting group,
Rs is halo;
X, and X are each independently O, S, or NR., wherein:
Re is hvdrogen, alkylc, or substituted alkylcs):

or a salt thereof comprising:

(a) reacting a compound of the formula:
O
'EJ<0
O am
wheretn:

R is an alkvisilykcan or a substituted atkylsilvliean,

with a compound of the formula:
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Rg

NH, (XTV)
wherein:
Ry is a chiral auxiliary;

followed by the addition of a silylating agentc<ir) and a base to form a compound of

the formula:

wherein:
Ry is as defined above; and
Ry 15 alkylsilylicciy or substituted alkylsilylean;

(&) reacting the compound of fornmia X1 with a base to obtain a compound of the formmula:

wherein:
Ry is as defined above; and

reacting the compound of formula X with a halogen to form a compound of formula

L

o~
<
S

161, A method of preparing a compound of the forowla;
RA

pard

X Rer, TE

wherein;

R, is amino, hydroxy, or
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alkoxviean,  ovcloalkoxyiewa.  alkenvioxycow,  cvcloalkenvioxycos,
atyloxyvean, aralkoxyear, alkylaminoeew, dialkylaminogcoa,
cycloalkylaminow<s, dicycloalkylaminog, alkenylaminogoa,
diatkenylaminocos. or a substitated version of any of these groups,

or
R is taken together with Ry and is —0O— or -NR,—, wherein;
R, 15 hydrogen, alkylcw, or substituted alkylces):
Rs is hydroxy or is taken together with Ry as described above;
Ry is amino, hydroxy, or

alkoxy . alkylaminocan), dialkyviamingccy, or a substituted version of any

of these groups; or
~(ORp or —NR R4, wherein:
Ry 1s a bydroxyi protecting group;

K. is a monovalent amine protecting group or is taken together with Ry

and 1s a divalent amine protecting group; and

Fq is hydrogen, a monovalent amine protecting group, or is taken

fogether with R, and is a divalent amine protecting group,
Rs is halo;
X, and X are each independently O, S, or NR., wherein:
Re is hvdrogen, alkylc, or substituted alkylcs):

or a salt thereof comprising reacting a compound of the fornula:

O
N
1
ORq
O,’—

Re  (xp)
wherein:
Rg is a chiral auxillary; and
Ry is atkylsilvic<y, or substituted alkvlsilyleqn

with a halonium reagent to obtain a compound of fornwia L
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163.

164.

166.

167.

168.

169.

The method of claim 161, wherein Rg is a chiral N-heterocycloaliylcay, or substituted N-

heterocycloalkylicas.

The method of claim 162, wherein Ry is a chiral unsubsiituied or substituted M-

pyeolidinyleay.

M
The method of claim 161, wherein Ry is e

The method according to any one of claims 161-164, wherein the halonium reagent is an

1odontam reagent.
The method of claim 165, wherein the iodonium reagent is I{sym-colidingClOq.

The method according to any one of claims 161-166, wherein the method further comprises a

base.
The method of claim 167, wherein the base is a nitrogenous base.

The method of claim 168, wherein the base is 2,4,6-collidine.
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