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RADIOMITIGATING PHARMACEUTICAL FORMULATIONS

This application claims the beoefit of prierity to U8, Provisional Patent Application No,

61/820,447, filed May 7, 2013, which application is hereby incorporated by reference in its optirety,

Statement Resarding Federally Sponsored Rescarch or Development

This mvention was made with Government support under AI067769, awarded by

the National Institutes of Health, The Govermment has certain nghts in the invention,

Backeround

Radiomitigation

The tragic nuckear power plant acaidents m Fukushima, Japan caused severe leaks
of radioactive Jodine~ 131 and Cestam- 137 and a subsequent widespread exposure scare of
racdiation. In addition, the global use and storage of radicactivity 15 mercasing rapidly.
Milhons of radioactive sealed sources are ased avound the world for legitimate and
beneficial conumercial apphications such as cancer treatment, food and blood sterihization,
o1l exploration, remote eleciricity generation, radingraphy, and sciomtific rescarch. These
applications use isotopes such as Cestum- 137, Cobalt-60), Strontmm-90, Americium-241,
Iridiam- 192, Plutonnon-238, Platontem-23%, Curtio-244, Radiam-226, and Californnam-
232, Many of these radiological sowrces at sites around the world are no longer needed and
have been abandoned or orphaned; others are poorly guarded, making the risk of theft or
sabotage sigmificant, Currently, there are tens of thousands of eivilian focations worldwide
with radioactive material, aboot 5000 of which contain sources of 1000 curies or greater
{Oifice of Global Theeat Reduction (NA-21). GTRI Strategic Plan, release date Janaary
2007, 955 L'Enfant Plaza, Washington, DC 205883, Hhopulos, loanng et al. The Office of
Global Threat Reduction: reducing the global threat from radiological dispersal
devices. 2007, INMM Vohane 35 Issuc 3 PP 36-40). Bevond the public safety concerns are
the chinical smphications of radiation usc.

Outside the radiation therapy clinie there 1s also significant relevance (o wdentifying

and characterizing novel compounds that protect cells from radiation nduced cell death.
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Fundamental {o radiation exposore and mpury 16 DNA strand breaks, resulung in
genetic mstability and DNA deletions which are involved in cell death, cellular dysfunction,
as well as fong-torm conseguences such as birth defects and cancer,

Discovery of compounds that are capable of mitigating the process of normal tissue
damage from radiation during radiotherapy, accidents, or terronist attacks is of importance.
Most currently available treatments for radiation exposure are free radical scavengers that
reduce nitial radiation~induced DNA damage and work best if added just before or at the
time of radiation. Because of this, these compounds are not practical countermeasures i a
radiation incident. Tn that case, the search for radiomitigators - agents with robuast,
prolonged efficacy. broad specificity, and minimal foxicity that coald protect a large

population m the event of a radiological emergency is of importance.

Summary of the Invention

The present imvardion provides compininds having structures as disclosed hersin,
PFreforred compounds we radionutigating, and thus can be used m the prevention, mitigation
and treatment of radiation Injury, and other medical conditions related to exposwre (o
onizing vadiation.

The subject compounds are also uscful for freating or proventing mBlammatory
disease and for treating or preventing cancer or other yperprobiferatve conditions.

In one aspect, the invention provides compounds represented by general formela

ot @ pharmaceutically acceptable sali, ester, or prodrug thereof:

Formuda }
wherehn
A’ is a secondary or tertiary amine (i.c., thereby forming a sulfonamide), and
A% is a substituted or unsubstituted aryl or heteroary! group, preferably wherein the
aryl or heteroaryl group bears at least one substituent mncluding a nitro substitutent, e.g.,

disposed at a position distal to the sulfonyl.

2
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in certain embodiments, A7 is a heterocyclic anune, such as a piperidine, piperazing,
or morpholine ring, while in other embodiments, the amime is acyvehic and/or the mitrogen

. n  on . . . . . . . Lo 3
atom bound 1o the sulfonyl 1s not included in any ring that may be preseat i A7

3 In certam embodiments, the mvention provides compounds represented by general

formula I or a pharroaceuiically acceptable salt, ester or prodrug thereof:

Y'i Y.E
\\X./’

NO,
Formula I1
0 wherein:
Xis Nor <L{H)-, preferably N;
Y and Y are each independently lower atkytor Y and Y~ taken together with X

form a heterocyvelyl nng system, such as

s
L

B

i 1’
Rﬁ\/u\f R . /\G/ |
A -

| 1

s or WAL

wherein
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G is sefected from N or -C(H)-, preferably N

Z 15 absent or selected from substituted or ensubstituted atkyl, heteroalkvl, atkenyll
or alkyvayl; and

R*is hydrogen or selected from substituted or unsebstituted arvl (e g, phenyl) and
heteroarvl, and

R and R® are cach independently absent or lower atkyl,

In other embodiments, X, Y’ and Y takes together form a ring system

3
B
.X\
st
wherem X s -C{H}-, and

R* is selected from substituted or wnsubstituted aryl {e g, phenyl) and heteroaryl,

sach as a halogen-sabstibged phenyl group, e.g., 4-fluorophenyt or 3-chlorophenyl.
In certain ombodiments, ¥' and Y- are cach ethyl.
In certain preferred embodiments, Y and Y™ taken together form a piperazine ring.
in certain preferred embodiments, Z 1s absent.

In ceriain cmbodiments, the covapound of Formala I has a structure of vne of
compounds 1 - 7. However, in cortain preforred embodiments of the compounds,
compaositions, uses, and methods disclosed berein, compoands 1-12 {or even compounds 1~
12 and compounds P1, P2, and P3) are exchded.

in certain embodiments, compounds of the invention may be prodrogs of the
compounds of formmda Lor I ¢.g., wherein a hydroxyl in the parent compound is presented
as an ester or a carbonate, or carboxylic acid present in the parent compound is presented as
an gster. In certain such cmbodiments, the prodrug 1s metabolized to the active parent
compound i vive (e.g., the ester is hydrolyzed to the corresponding hydroxyl, or carboxylie
acids.

{n certain cabodiments, compounds of the invention: may be racomic, In certam
cobodimends, compounds of the invention may be enriched in one cnantiomer. For

example, a compound of the invention may have greater than 30% ec, 40% ee, 50% ee,
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B ee, 709 ee, 80% e, 90% ee, or even 95% or greater ee. In certmn embodiments,
compounds of the invention may have more than one stereocenter. In certain such
embodiments, compouands of the invention may be enriched i1 one or more diastercomer,
For example, a compound of the invention may have greater than 30% de, 40% de, 50% de,
60% de, 70% de, BU% de, 909 de, or even 95% or greater de.

in certain ebodiments, the present invention relates to methods of treatment with a
compound of formuila | or I, or a pharmaceutically accepiable salt thereof. In certamn
embodiments, the therapeutic preparation may be enriched to provide predominantly one

enantiomer of a compound (e.g., of formula 1 or I An enantiomerically enriched minaure
may comprise, for example, at feast 60 mol percent of one enantiomer, or mwore preferably
at least 75, 90, 95, or even 9% mol percent. In certain embodiments, the compound enriched
in one enantiomer 1s substantally free of the other enantiomer, wherein sebstanvally free
means that the substance v question makes up less thas H%, or fess than 5%, or loss than
4%, or less than 3%, or less than 2%, or less than 1% as compared to the amount of the
other cnantiomer, e.g., in the composition or compound nuxture. For example, ifa
composttion or compound mixfure contains 98 grams of & first cnantioner and 2 grams of a
secomgl enantiomer, i would be said to contain 98 mol percent of the first cnantiomer and
ondy 2% of the second enantiomer,

In certamn embodiments, the therapeutio preparation nxy be enriched to provide
predonunantly one diastereomer of a compound (e.g., of formuda Tor I, &
diastereomerically cnriched suxture may comprise, for example, af keast 60 wol percent of
one diastercomer, or more preferably at least 75, 90, 95, or even 99 mol pereent.

In certain embodiments, the present invention relates to methods of treatment with a
compound of formusda or H, or a pharmaceutically accepiable salt thereof. In cortain
embodiments, the therapeutic preparation may be enviched to provide predonunantly one
enantoner of a compound {e.g., of fornula T or i1}, An cnantiomerically enriched mixture
may comprise, for example, at least 60 mol percent of one enantiomer, or move preferably
at least 75, 90, 95, or even Y9 mol percent. b cortain embodiments, the compound enriched
in one cnantiomer is substantially free of the other caantiomer, wherein sebstantially free
means that the substance 1n question makes up less than 1%, or less than 5%, or less than
4%, or less than 3%, or less than 2%, or less than 1% as compared to the amount of the
other enantionier, e.g., in the composition or compound mixture. For example, ifa

composition or compound mixture containg 98 grams of & first enantiomer and 2 grams of a
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second enantiomer, 1 woald be sad to contam 98 mol percent of the first enantiomer and
ouly 2% of the second enantiomer.

In certain cmbodiments, the therapeutic preparation may be eanched to provide
predonunantly one diastereomer of a compound {e.g., of fornmda L or IT), A
diastereomericaltly enriched mixture may comprise, for example, at least 60 mol percent of
one diasieremmer, ot more preferably at least 78, 80, 93, or even 99 maol percent.

in cortatn embodiments, the present mvention provides g pharmaceutical preparation
switable for use i a human patient, comprising any of the compounds shown above (e.g, a
compound of the invention, such as a compound of formala 1 or I, and one or more
pharmaceutically acceptable exciptents. In cortain cmbodiments, the pharmaceutical
preparations may be for use i treating or preventing a condition or disease as described
herein. In certain embodiments, the pharmacentical preparations have a low enough
pyroges activity to be suitable for use in & woan patient.

Compounds of gny of the above structures may be used in the manufacture of
medicaments for the treatment of any diseases or conditions disclosed herem.

in cortain cmbodiments, the compounds of Forala 1 or i mitigate tissue damage
induced by exposure to jontzing radiation andfor mhibit inflammation.

In one aspect, the mvention provides a pharmaccutical composition comprising a
compownd as disclosed herewn and a pharmaceatically acceptable excipient or solvent. In
certaim embodiments, a pharmaceuntical composition may comprise a prodrug of a

compound as disclosed herem.

In another aspect. the invention provides a method of nutigating the effect of
tonizing radiation on a cell, organ, tissue, or organism by contacting the cell, organ, tissue,
or organism with at least one compound shown in Table 1. The cell, organ, tissue, ov
organism may be contacted with a compound shovwn i Table | before, duning, or after
exposure 1o lonzing radiation.

In some embodiments, the compound may be administered prophylactically. i.e,
before exposure to wonizing radiation, for example, prior to cancer radiation therapy or X-
ray. In some embodiments, the compound may be adnunistered during exposure, or upon
repeated exposure {0 jonizing radiation. In some embodiments, the compound may be
admimstered after exposure t©

iomzing rachation, or after the indnation of exposwre (o radiation.

&
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When adounistering a compound of Formuda T or 1 to an organism, the compound
may be adnunistered by any suitable means. In some embodiments, the compoands or
formuldations arc adounistered orally, In some cmbodiments, the compownds or
formulations are admimstered by mjection, e.g. subcutancous, parenteral, or intravenous,

3 imjections. In some embodiments, the compound may be adnunistered i combination with
other potential muitigators, I ceriain embodiments, compouads of Formula 1 or W are
adnunistered in conjunction with other therapies, such as radiation therapy, other anti-
nflammatory compounds, or other anticancer drugs.

In certain embodiments, a method of the invention may compnse contacting a cell

10 with a prodrug of a compound ag disclosed herem,

L n o n Nr

The terms "a,” "an,” "the" and similar referents used m the context of describing the
present invention are to be construed to cover hoth the smgular and the pheal, unless
otherwise indicated herem or clearly contradicted by context. All methods deseribed herein

15 can be performed it any suitable order unkess otherwise indicated herein or otherwisce
clearly contradicted by context. The use of any and all examples, or exemplary language
{e.g., "such as™) provided herein s intended merely to better dhuninate the present
imvention and dogcs not pose a Hmitation on the scope of the invention otherwise clatmed.
No language i the present specification should be constraed as indicating any anclaimed

20 element is essential fo the practice of the mvention.

The tem “acyl” is art-recognized and refers to a group represented by the general
formuda hedrocarbylC{O)-, preforably alkyIC(G)-,

The term “acylamine™ is artrecognized and refors to an amine group substituted
with an acyl group and mayv be represented, for example, by the formula

23 hydrocarbyvICEONH-.

The term “acvloxy™ is art-recognized and refers to a group represented by the
general formuda hydrocarbylCO)0-, preferably alkyC(O0-.

The term “alkoxy™ refers to an alkyl group, preferably a lower alkyl group, having
an oxygen attached thereto. Representative atkoxy groups include methoxy, ethoxy,

30 propoxy, tert-butoxy and the hke.

Iy

The term “alkoxyalkyl™ refers to an alkyl group subsbituted with an alkoxy group

bec

and may be represented by the general fornmda alkyl-Oraliovl.
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The term “alkenyl”, as used heren, refers to an aliphatic group containing at least
oue dowble bond and 1s intended o nclude both "unsubstituted alkenyls” and “substitated
atkenyls", the latter of which refers to alkenyl moicties having substituents replacing a
hydrogen on one or more carbons of the alkenyl group. Such substituents may occur on
one or more carbons that are included or not included in one or more dovble bonds.
Moreover, such substituents inchsde all those contemplated for alkyt groups, as discussed
below, except where stabiity is prohibitive, For example, substitution of alkeny! groups by
one or more alkyvl, carbocyelyl, aryl, heterocyelyl, or heteroaryl groups is conternplated.

An Talky!™ group or “alkane™ s a straight chained or branched non-aromatic
hvdrocarbon which s completely saturated. Typcally, a straight chamed or branched alkyl
group has from 1 to about 20 carbon atoms, preferably from 1 o about 10 unless otherwise
defined. Examples of siraight chained and branched alkyl groups inclade methyl, ethyl, n-
propyl, iso-propyl, n-butyl, sce-butvl, tert-butyl, peotyl, hexyl, pentyl and octyl. A G-Cy
straight chained or branched alky! group is also referred 10 as a "lower alkyl” group. An
alkvl group with two open valences is sometimes referred to as an alkylene group, such as
methylene, ethyvlene, propylenc and the ke

Morcover, the term "alkyl” {or Mower atkyl™) as used droughowt the specification,
examples, and claims 1z intended to include both "unsubstituted alkyls” and "substituted
atkyls", the fatter of which refers to alkyl moteties having substituents replacing a hydrogen
on one or move carbons of the hydrocarbon backbone. Such substituents, if not otherwise
specified, can nchale, for example, a balogen, a hydroxyvl, a carbonyl (such as a carboxyl,
an alkoxyearbonyl, a formyl, or an acyl}, a thiocarbony! (such as a thioester, a thioacetate,
or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a phosphinate, an
anune, an anudo, an anudine, an iming, 3 cyano, & niteo, an axido, a sulfhydryl, an
atkylthio, & sulfate, a sulfonate. a sulfamovl, a sulfonamido. a sulfonyl, a heterocvelvl, an
aratkyl, or an aromatic or heteroaromatic motety. It will be understood by those skilled i
the art that the moleties substitated on the hydrocarbon chain can themselves be substitated,
if appropriate. For instance, the substituents of a substituted alky! may include substituted
andd unsubstituted forms of amino, azido, wuno, avudo, phosphoryl (including phosphonate
and phosphinate), sulfonyl (including sulfate, sulfonamido, sulfamoy! and sulfonate), and
silel groups, as well as cthers, alkvithios, carbonyis (inclading ketones, aldehydes,

carboxylates, and esters), ~CFs, -UN and the like. Exemplaty substituted atkyls are
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deseribed below, Cycloatkyls can be further substituted with adkyls, atkenvls, alkoxys,
alkyhihios, aminoalkyls, carbonybsabstituted alkyls, -CFs, ~-ON, and the bke.

The term “C” when used in conjunction with a chesical motety, such as, acyl,
acyloxy, alkyl, atkenvl, alkynyl, or alkoxy is meant to mclude groups that contamn from x to
v cavhons i the chain. For example, the term “Cialkel” refers 1o substinged or
ansebsiituted saturated hydrocarbon groups, including straight-chain alky! and branched-
chain alkyl groups that contain from X to y carbons i the cham, including haloalkyl groups
such as trifluoromethyl and 22 2-trfluoroethyl, ete. Co alkyl mdicates a hydrogen where
the group s i a terminal positon, a bond iinternal. The terms “Chalkenyl™ and “Ca.
waltkvayl” refer to substituted or unsubstituted ansatarated aliphatic groups analogoas
length and possible substitution 1o the alkyls described above, but that contain at least one
double or triple bond respectively. As applied tw heteroalkyls, O indreates that the
group contains trom x to v carbons and heteroatoms in the chain. As applied to catbocyelic
structures, such as aryl and cyeloalkyl groups, “Ci.” mdicates that the ring conmprises X o y
carbon atoms. As applied to heteroeycelic structures, such as heteroaryl and heterocvelyl
groups, "Co mndicates that the ying contains from x to v carbons and heteroatoms. As
applhied to groups, such as aralkyl and heterocyelvlalkyl groups, that have both ring and
chain components, “Ue” indicates that the ring and the chain together contain fromx to v
carbon atonis and, as appropriate heteroatoms.

The term “atkylanuno®, as used herein, refers to an anuno group substituted with at
icast onc alkyl group.

The term “aliylthio”, as used herein, vefers 1o a thiol group substituted with an alkyl
group and may be represented by the general formula alkyiS~

The term “alkynyl”, as used herein, refers 1o an aliphatic group containing at {east
one triple bond and s inteaded to include both "unsubstituted alkyayls” and “substitoted
atkynyls”, the latter of which refers to alkynyl moieties having substituents replacing a
hydrogen on one or more carbons of the alkynyl group. Such substitaents may ocour on
onc of mave carbons that are included or not mcluded in one or more friple bouds.
Moreover, such substituents include all those condomplated for alkoyl groups, as discussed
ahove, except where stability 1s prohibitive. For example, substitution of alkynyl groups by
one or more alkyl, carbocyelyl, aryl, heterocyelyl, or heteroaryl groaps is contemplated.

The term "amide”, as used herein, refers {0 a groap

9
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wherein cach R™ independently represent a hydrogen or hydrocarhyl group, e two R™ are
taken fogether with the N atom to which they are attached complete a heterosyele having
from 4 to & atoms in the ring structure.

amine” and “wmine” are art-recognized and refer to both unsubstitated

\n.

The terms

and substituted anunes and salis thereof! e.g. & moiety that can be represented by

Rm Rm
/ L
[N NP R
R"P(} or R"P(}

wherein each R' independenty represents a hydrogen or a hydrocarby! group, or two R
are taken together with the N atom fo which they are attached comypleie a heterogyele
having from 4 @ 8 atoins 1 the ring structure.

The teom “aminoalkvl”, as used herein, refers to an alkyl group substituted with an
amino growp.

The term “aralkyl”, as used herein, refers to an alkyl group substinied with an aryl
grOUp.

The term “aryl™ as used herem include substituted or unsubstiteted single-ring
aromatic groups i which cach atom of the ring 1 carbon. Preferably the ning isa 5-10 7-
membered ring, more preferably a 6-membered ring. The term “aryl” also mcludes
polycyelic ring systems having two or more eyelic rings in which two or more carbons are
conunon to two adjoining rings wherein at least one of the rings is aromatic, e.g., the other
cvelic rings can be cyveloalkyvls, cycloatkenyis, cveloalkyvovls, aryls, heteroaryls, andior
heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene, phenol, amlineg,
and the like,

The tern “carbamate” 13 artrecognized and refers (o a group

3"5\ fl!\ R or jrf\ /U\ R\n
RQ RQ
wherein R” and R™ independently represent hivdrogen or a hydrocarbyl group, such as an
alky! group, or R” and R' taken together with the intervening atom{s) complete a

heterocyele having frome 4 o ¥ atoms i the ring stracture,

o
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The terms “carboeyele”, and “carboevelic”, as used heretn, refers to a satwated or
unsatwated ring in which each atom of the ning is carbon. The term carboeyele tncludes
both aromatic carboeycles and non-aromatic carboeycles. Nos-aromatic carbocyeles
include both cycloalkane rings, i which all carbon atoms are saturated, and cycloatkene
rings, which contain at least one doable bond. “Carbocyele™ inclhudes 5-7 membered
mwnocyelic and 8-12 membered bicyvebie vings. Each ring of 3 bicyclic carbocyele may be
selected from saturated, unsaturated and aromatic rings. Carbocyele includes bieyehic
molecules in which one, two or three or more atoms are shared between the two nings. The
term “fased carbocyele” refers 1o a bieyelic carbocyele in which each of the rings shares
two adjacent atoms with the other ring. Each ring of a fused carbocycle may be selected
from saturated, unsaturated and aromatic rings. In an exemplary embodiment, an aromatic
ring, ¢.g., phenvl, may be fused to a saturated or wnsatweated ning, e.g., cyvelohexane,
cyclopentane, or eyclohesene, Any combination of satwated, unsaturated and avomatic
bieyclie rings, as valence permats, s inchuded m the definition of carhoeyelic, Exemplary
“earbocyeles” include eyclopentane, eyclohexane, bievelo{2.2. Hheptane, 1,.5-
evelooctadione, 1,2,3 4-teteahvdronaphthalene, bicyvelo{4.2 Ooct-3-ene, naphthalene and
adamantanc, Exemplary fused carboeveles include decalin, naphthalene, 1,2.3,4-
tetrahvdronaphthalene, bicvelof4.2.Gloctane, 4,5,6. 7-tctrahvdro-~1 H-indene and

bicyclol4. Lilhept-3-ene. “Carbocyeles™ may be substituted at any one or more positions
capable of bearing a hydrogen atom,

A “eycloalkyl” group is a eyelic hydrocarbon which is comploicly saturated.
“Cyetoatkyl” includes monocychic and bievehe rings. Typically, a monocyelic eycloatkyl
group has from 3 to abowut 10 carbon atoms, more typically 3 to 8 carbon atoms anless
otherwise defined. The second ring of a bieyclic cycloalhyl may be selected from satwated,
unsaturated and aromatic rings. Cycloalkyl includes ieychic molecules in which one, two
or three or more atoms are shared between the two rings. The term “fused eycloatkyt” refers
to a bicyclic eycloatkyl in which each of the nings shares two adyacent atoms with the other
ving. The second ring of a fused bicvelic oveloatkyl may be sclected from saturated,
unsaturated and aromatic rings. A oveloalkenyl group is a oyclic hydrocarbon contabiing
one ot more double bonds.

The erm “carbooyelylalkyl”, as used hevein, refers to an alkyi group substitated

with a carbocycle group.
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The term “carbonate” is art-recogmized and refers to a group ~OC0-RY wherein
R™ represents a hydrocarby! group.

The term “carboxy™, as ysed herein, refors to a group represented by the
formula ~CORH.

The term “ester”, as used herein, vefers to a group —C{’O}O‘Rg ¥ wherein RY
represents a hydrocarbyl group.

The term “ether”, as used herein, refers to & hvdrocarby! group linked through an
oxygen to another hydrocarbyl group. Accordingly, an cther substituent of a hydrocarbyl
group may be hvdrocarbyl-0O- Ethers may be cither symmetrical or unsymmotrical.
Examples of ethers inchde, but are not fimited o, heterocyele-O-heterocvele and arvi-O-
heterocycle. Ethers include “alkoxyalkyl” groups, which may be represented by the general
formula atkyl-O~alkyl

The terms “hale™ and “halegen™ as used herem wcans halogen and ncludes chioro,
fluare, bramo, and iodo.

The terms “hetaralkyl” and “hetoroaralloy!”™, as used berein, refers to an alkyl @roup
sabstituted with a hetaryl group.

The term "heteroalkyi”, as used hevein, refers to a saturated or unsaturated chain of
carbon atoms and at least one heteroaton, wheremn noe two heteroatoms are adjacent. In
analogy with alkyl groups, beteroatkyl groups with two open valences are sometimes
referred to as heteroatkylene groups. Preferably, the heteroatoms in beteroatky! groups are
selected from O and N,

The terms “heteroaryt” and “hetarvl” include substitoted or unsubstituted aromatic
single ring stractares, preferably 5+ to 7-membered nings, more preferably §- to 6-
membered rings, whose ring structures include at least one heteroatom, preferably one to
four heteroatomss, more preferably ane or two heteroatoms. The terms “heteroaryl™ and
“hetaryl” also include polyeyclic ring systems having two or more ovelic rings inwhich two
or more carbons are common 0 two adjoining rings wherein at least one of the rings is
heteroaroniatic, €.¢., the other cyelic rings can be cycloatkyis, cyveloatkenyls, cyeloalkynyvls,
aryls, heteroaryls, andfor heterceyclyls, Heteroaryl groups inchade, for example, pyrrole,
furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pyridine, pyrazine, pyridazine, and
pyrinndine, and the like.

The term “heteroatom” as used horem means an atom of any clement other than

carbon or hydrogen. Preferred heteroatoms are mitrogen, oxygen, and sulfur.
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The terms “heterocyelyl”, “heteroeyele™, and “heterocyelic” refer to sabstituted or
unsubstituted non-aromatic ving structuves, preferably 3~ to 10-membered rings, more
preferably 3- 1o T-membered rings, whose ring structures mnclude at {east one heteroatom,
preferably one to four heteroatoms, more preferably one or two heteroatoms, The terms
“heteroovelvi” and “heterocyclic™ also include polyevehie ring systems having two or more
cyehie rings i which two or more carbons are common to two adjoining nags wherein at
least one of the rings 1s heterocyclic, €.g., the other cyclic rings can be cveloatkyls,
cycloatkenyls, cveloatkynyls, aryls, heteroaryls, andior heteroevelyvls. Heterocoyely! groups
include, for example, pipertdine, piperazine, pyrrolidine, morpholine, lactones, lactams, and
the ke,

The term “heteroevelylalkyl”, as used heredn, refers 1o an alkyl group substituted
with a heterocyele groap.

The term “bydrocarbyl”, as used herein, refers to 3 group that 1s bonded through a
carbon atom that does not have a =0 or =8 substituent, and typically has at least one
carbon-hydrogen bond and a primanty carbon backbone, but may optionally mnclude
heteroatoms. Thus, groups ke methyl, cthoxyethyl, 2-pyridyl, and srifluoromethy are
considered to be hvdrocarby! for the parposes of thus apphication, but sebstituents such as
acetyl {which has a =0 substifucnt on the inking carbon) and cthoxy {(which is linked
through oxygen, not carbon) are not. Hydrocarbyl groups inchude, but are not timited to
arvi, heteroarvl, carboeycle, heterocyelyl, alkyl, alkenyl, alkvnyl, and combinations thereof.

The term “hydroxyalkyvl”, as used berein, refers 1o an alkyl group substituted with a
fivdroxy group.

The e “lower” when used in conjanction with a chentical motety, such as, acvl,
acvioxy, alkyl, alkenyl, alkvayl, or atkoxy 15 meant to include groups where there are ten or
fewer non-hydrogen afoms in the substituent, preferably six or fewer. A "lower altkyl”, for
example, refors 1o an alky! group that contamns ten or fower carbon atoms, preferably six or
fewer. In certain embodiments, acvl, acvloxy, atkyl, atkenyl, alkvovl, or atkoxy
substituents defined herein are respectively fower acyl, lower acvloxy, lower alkyl, fower
atkenyl, lower alkyied, or lower alkoxy, whether they appear alone or in combination with
other substituents, such as 1 the recitations hydroxyalkyl and avalkyl (in which case, for
example, the atoms within the aryl group are not counted when counting the carbon atoms

in the atkyl substituent),

3
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The terms “polyeyebyl™, “polyovele™ and “polyeyehe” vefer to two or more rings
{e.g., cycloalkyls, cycloatkenvls, cveloalkynyls, aryls, heteroaryls, andfor heterocyelyis) in
which two or more atoms are commeon o two adjoimag rings, ¢.g., the rings are “fused
rings . Each of the nngs of the polveycle can be substituted or unsubstituted. In cortiin
embodiments, each ring of the polyeyele contains from 3 o Hi aforss in the ring, preferably
from 3t 7. When 3 polyeyelic sabstituent is attached through an aryl ot heteroaryl ting,
that substitucnt may be referred to herein as an aryl or beteroaryl group, while if the
polycyelic substituent is attached through a cycloalkyl or heterocyelyl group, that
substitient way be referved to herein as a eveloalkyvl or beteroovelvl group. By way of
cxample, a 12,3, 4-tetrahyvdronaphthalen- 1-vi group would be a cyveloalkyl group, whale a
1,23 d-tetrahydronaphthalen-3-yi group would be an aryl group.

The term “silvi” refors to a stheon moiety with three hydrocarbyl moieties attached
thereto.

The term “substituted” refers o mosctics having substituents replacing a hydrogen
on one or more carbons or heteroatoms of the moiety. It will be understood that
“substitution” or “substitged with™ moehedes the implicit proviso that such substitution s i
accordance with permitted valence of the substiteted atoen and the substituent, and that the
substifution results i a stable compound, e.g., which does not spontancously andergo
transformation such as by rearrangement, oyclization, olimination, ete. As used herem, the
term “substituted” s conterplated to include all permissible sabstituents of orgamc
campowds.

In a broad aspect, the pernussible substituents include aeyehe and cyclic, branched
and unbranched, carboeyclic and beterocyclic, aromatic and non-aromatic substituents of
organic compownds. The permissible substituends can be one of more and the same or
different for appropriate orgamic compounds. For purposes of this invention, the
heteroatoms such as mitrogen may have hydrogen substituents andfor any pernussible
substitaents of organic compounds described herein which satsfy the valences of the
heteroatoms. Substituenis can inchude any substitvents described hervein, for example, a
halogen, a hydroxvl, a carbonyl (such as a carboxyl, an atkoxycarbonyl, a fornyl, or an
acyl}, a thiocarbonyl {such as a tuoester, a thicacetate, or a thioformate), an alkoxyl, a
phosphoryl, a phosphate, a phosphonate, a phosphinate, an amine, an amido, an amidine, an
inine, & cyvano, a nitve, an azido, a sulfhivdryl, an atkylthio, a sulfate, a sulfonate, a

sulfamovl, a sulfonamido, a sulfonyl, a heterocyelyl, an aralkyl, or an aromatic or
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heteroaromatic morety. [twill be understood by those skilled 1o the art that substituents can
themsehves be substitwted, if appropriate. Unless specifically stated as “unsubstitated,”
references to chemical moteties herein are understood o include substituted varants. For
example, reference to an “aryl” group or moiety mnphicitly inchides both substituted and
3 unsebstitwted variants.

The term “sulfate™ i ari-recognized and refers to the group -OSORH, or a
pharmaceutically acceptable salt thercof.

The term “sulfonanude” 1s mrt-recogmized and refers o the group represented by the

general formulae

‘ 10 Ri(ﬁ
§ RY Osg
E—E"N‘ or EWN! 20
R .
) © RY

wherein R” and R' independently represents hvdrogen or hvdrocarby!, such as atkyl, or R
and R taken together with the intervening atom(s) complete a heterocyele having from 4
to § atorms in the ring structure.
The term “sulfoxide™ is art-recognized and refers to the group -S{ORR™, wherein
15 R™ represents a hydrocarbyl,
The term “sulfonate” is art-recogmized and refers to the group SOH, wra
pharmaceutically acceptable salt thereof
The term “sulfone” is art-recognized and refers to the group -S(O1-R*%, wherein R™
represents a lvdrocarbyll
20 The term “thioalkyl”, as used herein, refers 1 an alkyl group substiteled with a thiol
group.
The term “thicester”, as used herein, refers to a group -C{OISR™ or -SCOIRY
wherein R™ represents a hydrocarbyl.

The term “thivether”, as used herein, is cquvadent to an ether, wherein the oxygen is

3
RV (3

replaced with a sulfur.
The term “area”™ is art-recogmzed and may be represented by the geaeral formala
G

LA R
Sy
R‘B RSE
: 4 ; [ . . ] .
wherein R and R independently represent hyvdrogen or a hvdvocarbyl, such as alkyl, or
. . S ) [ (11 . : X ¢ o
gither ocvurrence of R” taken together with R and the intervening atomi{s) complete a

30 heterocycle having from 4 to ¥ atoms in the ring structure.

15



WO 2014/182789 PCT/US2014/037110

19

T3
By

30

“Protecting group” vefers to a group of atoms that, when attached 1o a veactive
functional group in & molecule, mask, reduce or prevent the reactivity of the functional
group. Typically, a protecting group may be selectively removed as destred during the
course of a synthesis. Examples of protecting groups can be found in Greene and Wats,
Protective Greups in Orgaric Chemister, 3% Ed., 1999, John Wiley & Sons, NY and
Harmmson et al, Compendium of Sywthedic Crganic Methads, Vols. 1-8, 1971-1896, John
Wiley & Sons, NY. Representative nitrogen protecting groups nclude, but are not hinuted
to, formyl, acetyl, rifluoroacetyl, benzyl, benzyloxyearbonyl (CUBZ7), tert-butoxycarbonyl
{("Boc™), trimethylsitel (TTMS™), 2-tnimethyisiivi-cthanesalfonsy (CTES™), trinvl and
substituted tritvl groups, allvloxyearbonvl, $-Huorenyvimethvloxyearbonyi ("FMOCT),
nttro-veratryloxycarbonyl ("NVOC”) and the like. Representative hydroxyiprotecting
groups include, but are not limited to, those where the hydroxyl group is esther acylated
{estertticd) or atkylated such as benzyl and writy] others, as well as atky! ethers,
tetrahydropyranyl cthers, trialiovlstiyl ethers (e.p, TMS or TIPS groups). glyeol ethers, such
as cthylene glyveol and propylene glveol devivatives and allyl cthers.

As used herein, a therapeutic that “prevents” a disorder or condition refers {0 a
compound that, in a statistical sample, reduces the ocawrence of the disorder or condition
in the treated sample relative 1o an untreated control sanple, or delays the onset or reduges
the severity of one or more symptoms of the disorder or conditon relative to the untreated
control sample.

The tenm “ireating” nclades prophylactc andfor therapeutic treatinents. The term
“prophylactic or therapeutic” treatment is art-recogmzed and includes adnunistration to the
host of one or more of the subject compositions. If it 1s adounistered prior to chnical
mari festation of the wiwanted condition (e g, disease or other unwanted state of the host
anumal) then the treatment is prophylactic (3., it protects the host against developing the
anwanted condition), whereas if it 1s administered after manifestation of the anwanted
condition, the weatment is therapeunic {Le., 1t is intended to dinunish, amebiorate, or
stabilize the existing wnwanted condition ot side effects thereof}.

The term “pradrug™ 15 intended to encorpass compounds which, under physiclogic
conditions, are converted into the therapeutically active agents of the present invention
{v.g., a compound of fornmda L or H). A conunon method for making a prodnsg 1s to include
one or more sclected moietics which are bydrolyzed under physiologic conditions o roveal

the desired molecule. In other embodiments, the prodrag is converted by an enzymatic
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activity of the host animal. For example, esters or carbonates {e.g., estors or carbonates of
alcohols or carboxylic acids) are preferred prodrags of the present invention. In certain
embodiments, some or all of the compounds of formula ¥ or H in a formulation represented
above can be replaced with the corresponding suitable prodrug, ¢.g., wherein a bydroxyl n
the parent compound s presented as an ester or & carbonate or carboxvhic acid present in the

parest compound is presented as an ester,

Pharmacentical Compositions

The composstions and methods of the present invention may be utilized to treat an
ndividual in need thereof. In cortain embodiments, the individual 1y 3 mammal such as a
hurnan, or a non-human manunal, When administered to an antmal, soch as a haman, the
composition or the compound is preferably admimstered as a pharmaceutical composition
comprising, for example, a compound of the investion and 2 pharmaceetically acceptable
carrier. Pharmaceutically acceptable carriers are well known in the art and melude, for
example, aqueous sohutions such as water or physiologically buffered saline or other
solvents or vehicles such as glycols, glycerol, oils sach as olive oil, or imjectable organic
esters. In a preferred embodiment, when such pharmaccutical compositions are for haman
administration, particudarly for invasive routes of administration (i.c.. routes, such as
igection ot implantation, that circamvent transport or diffusion through an epithelial
harrier}, the aqueous solution 15 pyrogen-free, or substantially pyrogen-free. The excipients
can be chosen, for cxample, to effect delayed release of an agent or to selectively target one
or more cells, tissues or orpans. The pharmaceutical eomposition can be in dosage unit
form such as tablet, capsale (inclading sprinkle capsule and gelatin capsude), gramsde,
fvophile for recomstigion, powder, solution, syrup, supposiory, injection ot the fike. The

compaisttion can also be present in a fransdermal delivery system, e.g., a skin patch.

A pharmacestcal composition disclosed herein may comprise a therapeutic
compound 1n an amount sufficient to allow customary administration to an individual. In
certain embodiments, a pharmaceutical composition disclosed herein may comprise, e.g., at
{east 5 my, at least 10 my, at feast 15 mg, at least 20 mg, at least 23 mg, at least 3 mg, at
feast 35 mg., at least 40 mg, at least 43 mg, af least 30 my, at least 55 my, at least 60 mg, at
least 65 mg, at least 70 mg, at least 75 mg, at least 80 myg, at least 83 mg, at least 90 mg, at
least 95 mg, or at least 100 mg of a therapeutic compound. In cortam embodiments, a

pharmaceutical composition disclosed herein may comprise, ¢.g.. at least 3 mg, at least 10

o
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myg, at feast 20 mg, at least 23 mg, at least SUmg, at least 75 mg, at feast 100 mg, at feast
20 mg, at feast 300 myg, at least 400 mg, at least 300 mg, at least 600 myg, at feast 7 myg,
at least 800 myg, at least 900 myg, at feast 1400 mg, at feast 1,100 mg, at least 1,200 mg, at
least 1,300 mg, at least 1,400 mg, or at least 1,500 mg of a therapeutic compound. In yet
other aspects of this embodiment, a phanmaceutical composition disclosed herein may
comprise 1 the range of, c.g.. abost § myg to abost 100 oy, about 10 my o about 100 my,
about SO myg to aboyt 150 mg, about 100 mg to about 250 mg, abowt 130 mg to about 350

mg, about 230 mg to about 560 mg, about 350 mg to about 600 myg, about 300 mg 1o about

7
h

S myg, about 600 myg to about 900 my, about 730 myg to about 1,008 mg, abowt 830 my o
about 1 200 myg, or abowt 1,000 mg to abowt 1,508 myg. In still certain embodiments, a
pharmacentical composition disclosed herein may comprise in the range of, ¢.g., about 10
mg to aboot 250 mg, about 10 my o about 300 mg, about 10 mg (o about 730 my, abowt 10
my to about 1000 myg, about 10 mg to about 1,500 mg, about 50 my to about 250 mg, ahout
S0 myg to about 500 mg, about 30 mg to about 750 my, about 30 mg 10 about 1,000 mg,
about 50 mg to about 1,500 myg, about 100 mg to about 250 me, about 100 mg to about 300
mg, aboat 100 my to about 73 myg, about 100 mg to about 1,000 myg, about 100 mg to
about 1,500 myg, about 200 mg fo about 500 myg, abowt 200 mg to about 750 myg, about 200
mg to about 1,000 mg, about 200 mg to about 1,500 myg, about 5 mg to about 1,300 mg,
about 5 mg to about 1,600 mg, or about 3 mg to about 250 mg.

A pharmacestcal composition disclosed herein may comprise a solvent, enmulsion
or other diluent in an ameunt sufficient fo dissolve a therapeaetic cmapound disclosed
herem. In cortain embodiments, a pharmaceutical composition disclosed herein may
comprise a solvent, enwlsion or a difeent in an amowit of, e.g., less than about 9056 (viv),
less than about 0% (v/v), less than about 76% {v/v), less than about 653% (viv), less than
about 60% {v/v), less than about 55% {0v), Tess than about S0% (v/v), less than about 45%
foivy, less than about 40% (v, less than about 35% {v/v), less than about 30% {v/V), less
than about 253%% (viv), less than about 20% (v/v), less than about 15% {¢/V), less than about
10% {v/v), Toss than about 3% {v/v), or less than about 1% (vl In certain embodiments, a
pharmacewtical composition disclosed herein may commprise a sobvent, conulstion or other
diluent m an anount in a range of, ¢.&., about 1% {v/v) to V0% (viv), about 1% {viv) o 70%
{viv), about 1% (v} to 60% (v}, about 1% (i) o 50% (uiv), aboat 19 (v/v) to 40%
{v/vy, about 1% (vwiv) 1o 30%; {viv), about 1% (viv) to 20% (v/v), about 1% {vv) to 10%

{viv), about 2% (vAv) 1o SO% {viv), about 2% (viv) to 40% (viv), sbout 2% (v/v) to 3094
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{vivy, about 2% (v/v) to 20% (v}, about 2% (we) to 105 (viv], about 4% (v/v) to 50%
{vivy, about 4% (v/v) to 46% (v}, about 4% (we) 1o 3005 (viv], about 4% (v/y) to 20%
{vivY), about 4% (v/v) to 0% {viv), about 6% (W) to S8 (v/v), about 6% (v/v) to 40%
(v}, about &% (v/Vv) 1o 30% {v/v}, about 6% (v/v) to 20% (v, about 6% (v 1o 10%
{v/vy, about 8% (vw/v) to 5895 (vivh about 3% (v/v) to 40% {viv), about 8% (vwiv) 1o 385
{viv), aboul 8% () to 2004 {v/vl, about 8% (v/v) to 18% (v}, or about 8% (vivi o 12%
{vivh

The final concentration of a therapeutic compound disclosed herein in g
pharmaccutical composition disclosed herein may be of any suitable concentration. In
certain embodiments, the final concentration of a therapeatic compound in 3 pharmaceutical
compasition may be a therapeutically effective amount. In certam embodiments, the final
concentration of a therapeutic compound in a pharmacentical composition may be, e.g., at
least 0.00001 mg/ml., at least 60001 mgiml, at least 0.001 mgfml., ai least 0.01 mpfol, at
least 0.1 mgfal, at least 1 mg/md., at least 10 mg/mi, at least 25 mg/ml, at least 50
mg/ml., at least 100 mg/ml, at least 200 mg/ml., at least 300 mg/ml., at feast 700 mg/ml.,
at least 1000 mpdml, or at least 1,200 mg/mi. In cortain embodiments, the concentration
of a therapeutic compound disclosed herein in the sohation may be, o.g., at most 1,000
me/mb., at most 1,100 me/ml., at most 1,200 me/ml., at most 1,300 mg/ml., at most 1,400
mg/ml., at most 1,500 mg/ml., at most 2,000 mg/mL., at most 2,000 mg/mL., or at most
3,600 mg/mL. In certain embodiments, the final concentration of a therapeutic compound in
a pharmaceutical composition may be o a range of, ¢.g., about $.00001 rog/mlL to about
3,000 mgfml, about 0.0001 mghnl to about 3,000 mgdmb, about (.01 mg/ml 1o about
3,00 mgiml., about 0.1 mg/ml to abowt 3,000 mgimL., about 1 mg/mi. o about 31510
mg/ml., abowut 250 mg/ml to about 3.000 mg/ml., about 300 mgimi. to about 3,000
mg/mli., about 750 mgfmi. to about 3,000 ma/ml.. about 100G mg/ml. 1o about 3,000
mg/ml., about 100 mgdml. © about 2 000 medml., about 250 me/mlb to about 2,000
mg/ml., about 300 mgfml. o about 2,000 me/mL, about 750 mg/mi. to about 2,006
my/ml, about 1,000 mgfiml to about 2,000 mg/mb., about 140 mg/ml. & about 1 560
gk, about 250 mg/mb to ahout 1,500 mg/ml., about 300 mg/mk to about 1,500
mg/ml., about 750 mg/ml. to about 1,500 mg/ml., about 1,000 mg/ml. to about 1,500
mgml, about 130 mg'mi. to aboat 1,200 mg/ml., about 250 mgfml. to about 1,200
mgmb., about 300 mg/ml to sbout 1,200 mg/mL, about 730 mg/mL to ahout 1,200

mgiml., about 1,000 mg/ml to abowt 1,206 mgiml., about 100 mg/ml. o about 1,000
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me/mi, about 250 mgfml to about 1 000 mg/ml., about 506 mafml. to about 1,000
mg/mL, about 758 mgfml 1o about 1 000 mg/md., aboat T mgfml. to about 750 mg/ml.,
aboat 250 mg‘mL o about 750 mg/ml., about S00 myg/ml. to about 750 mg/mb, about 100
mgiml. to about 500 mg/ml., about 230 mg/ml. to about 500 me/ml., about 0.00001]
mg/ml. to about GO0 mgdmL, about L.OGDT mg/ml to about 0.001 mg/ml., about
0.00001 mg/mb to abowt U.01 mg/mi., about 0.00081 mg/ml fo abeat 0.1 mgial, abowt
0.00001 myg/mb 1o about 1 mg/ml., about 0.001 mg/ml to about .01 mg/mL, about 0.001
mg/mL 1o about 0.1 mgdml., about 0.001 mz/mi. to about 1 mg/ml., about 0.001 mg/ml to
about 10 mgfmd., or about 0.0061 mg/ml. to about 100 mgfml..

In certain embodiments, 3 therapeutically effective amwount of a therapeatic
compound disclosed herein generally ss in the range of about (.00 mg/kg/day to about 104
mg/kgsday. In certain embodiments, an effective amount of a therapeotic compound
disclosed herein may be, ¢.g., at least 0.001 mgkgfday, at least .01 mgdhg/day. at least 0.1
myg/kgiday, at teast L0 mg/ke/day, at feast 5.0 mgdkgdday, at least 10 mg'kg/day, at least 15
mg'kg/day, at Teast 20 mgdkgiday, at least 23 mg'kg/day, at least 30 mg'kgd/day, at least 35
mg'kyiday, at feast 40 mg/kgdday, at least 45 mg'kgdday, or at feast 30 mg/kgiday. In
cevtain embodiments, an effective amount of a therapestic compound disclosed herein may
be in the range of, ¢.g.. about 0.001 mg'kgiday to about 10 my'kaiday, about 4.08]
mg'kg/day o about 15 mg'kg/day, abowt 0.001 mgkg/day to about 20 mg'kg/day, about
0.001 me'kg/day to about 25 medy/day, about 0.001 mg/ke/day to about 30 mgke/day,
about 0.001 mgfkgiday to abowt 35 mefkg/day, about 0.001 mgtkedday to about 40
mpdpday, about 0.001 me'ke/day to about 43 myky/day, about 0.001 mg/hkg/day 1o abowt
S mgdkgdday, about 8.007 medkg/day to abowut 75 medkgdday, or abowt 8.001 megky/day to
about 1M mgrkg/day. In vet other aspects of this cmbodiment, an effective amount of a
therapeutic compound disclosed herein may be in the range of, e.g.. about 0.01 mpke/day
to about 10 mg/ke/day, about 0.01 mg/ke/day to abouwt 15 mgkgdday, about .01 mg'kg/day
to about 20 me'kg/day, about 0.01 mg/ke/day to about 25 mg/kedday, abouwt B.01 mgkgday
to about 30 mg'kgiday, about .01 mg'kg/day 1o about 35 mgkg/day, about 8.01 mg'kg/day
to about 40 mpdkeiday, about Q.01 mykg/day 1o about 45 mg/kg/day., about .01 mgkg/day
to about 30 mg/kgdday, about 0.01 mp'kg/day to about 75 mg'kg/day, or about U.1H
mgke/day to about 100 mekgiday. In certain embodiments, an offective amownt of 3
therapeutic compound disclosed herein may be in the range of, e, about 0.1 mgkgiday to

about 10 mg'kg/day, about 0.1 mg'kg/day to about 15 mgdkg/day, about 0.1 mpdg/day to

20



WO 2014/182789 PCT/US2014/037110

19

T3
By

30

about 2 mgike/day, about 0.1 mgfkeday 1o about 25 mg'ke/day, about 0.1 mg/kgiday o
about 3 mgikg/day, abowut 0.1 mgikgiday to about 35 mgikg/day, about (.1 mg'kg/day o
about 40 mgikg/day, about (.1 mgfkgiday to aboat 45 mg'kgdday, about 8.1 my/kgiday t©
about 50 mg/kg/day, about 0.1 mg'kg/day to about 75 madkg/day, or about 0.1 mg'kg/day to
about 100 mg'ke/day.

in other aspects of this eatbodiment, an cffective amount of a therapeutic compound
disclosed herein may be in the range of, c.g., about | my'kg/day to about 10 mytkg/day,
about 1 mg'ke/day 10 about 15 mg/kg/day, about 1 mg/ke/day to about 20 mg'kedday, abowt
I mg'kg/day 1o about 23 mgkedday, about | mg'kgfday to abowt 30 makg/day, abowt 1
mg'ke/day to about 35 my'ke/day, about | mpkgdday to about 46 mg/kg/day, about |
mgkg/day o about 43 mgikg/day, about 1 mg'kedday to about 50 mg'kg/day, about |
mg'kg/day o about 75 mgikgfday, or about T mg'kg/day to aboat 100 mg'kg/day. In certamn
embodiments, an cffective amount of a therapewtic compound disclosed herein may be in
the range of, ¢.¢., about 3 mg'kg/day to about 10 me'kg/day, about § mg/kg/day to about 15
mgkgdday, about 3 mg'kgday to about 20 mg/kg/day, about 3 mgikgdday to about 23
mgke/day, about § mghedday to abowt 30 mg'kgday, about § mgrkg/day to about 38
mgke/day, about § mghe'day to abowt 40 mg'kgday, about § mgrkg/day to about 438
medkg/day, about 5 mg'ke/day to about 30 mp'kg/day, about & myskgiday to about 78
mg'kg/day, or about § mg'kg/day to about 100 mgkg/day.

In liquid and semi-solid formulations, a concentration of & therapeutic compound
disciosed herein typically may be between about 50 mg/nid. to abowt 1000 rag/mi. In
certain embodiments. a therapeutically effective amount of a therapeutic disclosed herein
may be from, e.g., about 50 mg'mid. to abowt 100 me/ml., about 30 mg/ml to about 200
mgfml, about 30 mgiml to gbost 300 mg/mi., about 50 mgfmb. {0 about 400 mg/ml., about
30 mg/ml. (o about 500 mg/mi.. about 50 mgfml. to about 600 mganl., abowt 50 mgiml. to
about 700 mg/ml., about 50 mg/ml. to about 800 mgdml., about 50 mg/mL to about 90
mg/ml., about 50 mg/ml. to about 1,000 mg/mL, abowt 100 mgiml to about 200 mg/iml,
about 100 mgfnl o about 300 mgiml., about Hi0 mgiml to sbout 400 mgfml., about 100
nydmads to about 306 mg/ml, ahout 100 mg/ml to about 600 mg/mk., about 108 mgiml o
about 700 mg/ml., about 100 mg/ml. to about 800 mg/ml, about H} g/l to about 904
mgiml, about 130 mg'mi to aboat 1,000 myg/ml., about 200 mgiml. to about 300 mg/ml.,
about 28 mgfml. o about 400 my/ml., about 200 mg/mb. to about 300 mag/ml., about 200

mgiml. to about 608 mg/mi., sbout 200 mg/ml. to about 700 my/ml., about 200 mg'ml to
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about 3t my/ml., about 200 mg/ml to aboat 900 mgiml., about 28 mg/ml. to about
1,006 mgfml., about 360 mg'mlL o aboat 400 mg'mi., aboet 300 mg/ml. to about 300
mg/ml, about 300 mg/ml 1o about 604 mgiml., about 300 mgiml to about 700 mygiml.,
about 300 mg/ml. to about 800 mg/ml., about 300 mg/ml. to about Y00 mg/ml., abowut 300
mgfml to about 100G mg/mL, about 400 mg/ml to aboat S04 mghml, about 400 mgml.
to about 600 rag‘mb. about 400 my'ml to about TO0 mp/mL, about 400 mg/mb to abowt
300 mg/mL, about 400 mg/mL to about 900 mg/mdl., about 400 mg/ml to about 1,000
mg/mb, about 500 mg/ml. to about 600 mg/ml., about 500 mg/ml. to about 700 mg/mi.,
about 300 my'ml. 1o abouwt 800 mg/mi., about 300 mgimib. o about 900 mg/ml., about 308
mg'mL toy ghout 000 mg/ml., about 600 my/ml. to abomst 700 mgfml, about 600 mg/mL
to about 800 mg/ml., about 600 mg/ml. o about H00 mg/ml., or about 600 mg/ml. to about

1,000 mefml.

Brief Description of the Figures

Figure 1 shows the ability of certain compounds of the invention to mitigate
radiation induced apoptosis in virro relative to control valaes.

Figure 2 shows the mitigation against whele body radiation lethality in vive by
gompound | (Figare 2A3, compound 2 (Figure 2B), compound 3 (Figure 20, compound 4
{Figwre 2D}, compound § {Figure 2E).

Figure 3 shows the dose response experiments for compounds 2 (3335512} and 3
{3346360) 1 CIH male mice and CF7BY6 fomale mice.

Figure 4 shows the dose response experiments for compounds 2 (5355512 and 3
{5346360) when increased to 25 myke (Figure 4A and 4B) and if dosing of compound 2
(335835312 was given affer 24 hours (D21}, 48 hours (D2}, and 72 hows (D3} (Figure 4CY,

Figure 5 shows the dose response when compounds 2 {5355512) and 3 (3346360)
are given orally by gavage.

Figure 6 shows the Probit analysis of the effect of varying the radiation dose with
compounds 2 {3355512), 3 (3346360), and 5 (516319

Figure 7 shows the mitigation agaimst whole body radiation lethality in wve by
analogs of Compound 2 (5355512}

Figure 8 shows the redaction m radiation induced apoptosis with the admmistration

of certain comnpounds of the mvention,
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Figure 9 shows flow eyvtometnic assay resudis demonstrating the abibity of active
compounds to mitigate radiation-indeced apoptosis relative to mactive compounds.

Figare 10 shovs that compoands 2 (5355512) and 3 {5346360) inhibit TNF-@
production when added to stimulated peritoneal macrophages | bour after LPS measuored by
ELISA (Figure 10A) and other compounds of the invention that were able to intubit TNF-»
prochection (Figure 108}

Figure 11 shows that compounds 2 (3353

12} and 3 (5346360 inhibii expression
of TNF-g mRNA, and other cytokines, when added 1o bone marrow-derived macrophages |
hour after LPS measwred by RT-PCR.

Figure 12 shows how compound 2 (53335512} induces perttoneal macrophages to
produce TNF-~ o in response to hpopolysaccharide (LPS).

Figure 13 shows that compound 2 {5353512) mercases the total endogenous CFUhin
spleens (Figore 13A) and average endogenous CFU per spleen (Figure 138) at 10 days
after various doses of whole body wradiation {WBI).

Figure 14 shows the resulis of the in wve assay with compound 2 {5355512)
C378B16 mice who were irradiated with 16 and 18 Gy abdominally.

Figure 15 shows the mitigation of radiation pnowmonitss and fibrosis after local
thoracic frradiation m C3H mice with pneumonitis {Figure 15A) and C37BL6 nuee with
fibvosis (Figure 13B) .

Figure 16 shows the effects of the certan compounds of the nvention on the

growth of funor ke cobortes in vive ard on radiation response,

Detailed Description

Compounds shown in Table 1 putigate the effects of lonizing radiation, inhibit
inflammanon, and are useful for teatng cancer and other hyperproliferative disorders,
Pharmaceutical formulations using compounds shown in Table 1 have potennal to improve
the outcorne of radation exposure, and thercfore they may be usefil 1o the cancer

radiotherapy, as well as w the situation of a radiological emergency.

Radiomitication
Without wishing to be bound by theory, the compounds shown in Table  may

protect against deleterious effects of tonizing radiation by promoting repair of DNA
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damage caused by exposure to radiation. The compoands also whibit inflarmmation as well
as protect bone marrow and other organs from radiation damage. As disclosed herein, after
in vigro screcning, the chosen compowds were applicd in mice 24 hours after TBI and
provided greatly elevated antmals” survival level, compared to a control group. They also
nutigated lethal nornsal gut and fung radiation damage, as well as having anti-temor activity
with and withot therapeatic doses of 1onizing radiation.

Embodiments of the invention include pharmacentical formulations having a
compound shown in Table 1, or pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acoeptable carrmer or dilvent.

Embadiments of the invention include methods of mitigating the effect of tonizing
rachation on a cell, organ, tissue, or organism by contacting the cell, organ, tissue, or
organisn with at least one compouond shown 1 Table 1

As ased herein, “mitigating” means reducing the negative effects caused by
exposure o tonizing radiation, relative to a cell, organ, tissue, or organism exposed to the
sane tevel of radiation for the same amount of time, but untreated.

In some embodiments, contacting the cell, organ, tissue, or organism with a
compound in Table I may comprise administening a therapestically effective amouant of the
gompound to a subject.

As ased herein, a “thevapeutically effective amount™ 1s an amount sufficient to
nutigate the effects of the jonizng radiation.

The subject may be any organisor that has been exposed to tomzing radiation, or
wlhich may be exposed to ionizmg radimtion. In one embodiment, the invention provides a
method wherein the subject is @ human, rat, mouase, cat, dog, horse, sheep, cow, monkey,
avian, or amphibian. In another embodiment, the cell is in vivo or in vitro, Typical subjects
to which compounds of the invention may be adounistered will be mammals, particularly
primates, especially humans. For veterinary applications, & wide variety of subjects will be
suitable, ¢. g hvestock such as catde, sheep, goats, cows, swine and the tike; poultry such
as chickens, ducks, geese, turkeys, and the like; and domesiicaicd aramals particularty pets
such as dogs and cats. For diagnostic or research applications, a wide varicty of manunals
will be sustable subjects meluding rodents {e.g. mice, rats, hansters}, rabbits, primates, and
swinte such as inbred pigs and the like, Additionally, for in vitro applications, sach as in
vifro diagnostic and research applications, body fluids and cell samples of the above

subjects will be suitable for use such as mammahan, particularly primate such as human,
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blood, urine or tissue samples, or blood urine or tissue samples of the animals mentioned
for veterinary applications,

The cell, organ, tissue, or organism may be contacted with a compound shown in
Table | before, during, or afier exposure to omzing radimtion. In some embodiments, the
compound may be adnunistered prophylactically, 1.¢. before exposure to iomzing radwation,
for example, prior o cancer radiation therapy or Xeray. In some embodiments, the
compound may be admimstered during exposure, or upon repeated exposure 1o onizing
radiation. In some embodiments, the compound may be adnunistered afier exposure (o
onizing radiation, or after the inttiation of exposure 1o radiation,

When administering to an orgamsin, the compound may be adnunistered by any
suitable means. In some embodiments, the compounds or formulations are adnunistered
orafly. In some embodiments, the compoands or formulations are administered by
mjection, ¢.g. subcotancous, parenteral, or intravenous, iyeciions. o some cmbediments
the compound may he adnunistered 1 combination with other potential mitigators ot with
other toxic agents such as chemotherapeutic drugs.

fonizing radiation may refer to radiation with a photon energy greater than 10 ¢V,
according to the U5, Federal Compmuatications Conunission, but for biological purposes
may be considered to be radiation having energy greater than the first ionization potential of
oxygen or the jontzation potential of hydrogen, and may bave other meanings according to

pracuitioners,

Inflammatory Diseases

Compounds of the corvent invention may also be used for the treatment or
prevention of inflammation and inflanvaatory discases,

Examples of mflammatory conditions, which may be treated or prevented by the
admimstration of a compound of the iyvention include, but are not timited to, nflammation
of the Tungs, jomnts, connective tissue, eyves, nose, bowel, kidney, fiver, skin, central nervouns
svstem, vascular system and heart. In certain embodiments, inflanunatory conditions which
may be treated by the current mvvention include inflammation due to the indilteation of
leukoeyvies or other munune effector cells into affccted tissue. Other relevant examples of
inflammatory conditions which may be treated by the present invention include
inflanmation caused by infectious agents, including, but not imited o, vinusces, bactena

tongs and parasites.

tud
1]
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Inflanmmatory hung conditions inchude, but are not {mited to, asthima, adult
respivatory distress syndrome, bronchitis, pulmonary inflammation, pulmonary fibrosis, and
cystic fibrosis {which may additionally or altematively mvolve the gastro-intestunal tract or
other tissue(s)). Inflammatory jomt conditions include rhewmatoid arthrits, rheumatoid
spondylitis, juventie rheumatond anthritis, osteoarthritis, gouty arthritis and other arthritic
conditions, Eve diseases with an wnflanumatory component imchude, but are not himited to,
wveitis (including irits), comjunctivits, sclenitis, keratoconjunctivitis sicca, and retinal
discases, including, but not imited to, diabetic retinopathy, retinopathy of prematursty,

retinitis plgmentosa, and dry and wet age-related macular degeneraton. Inflammatory

bowel conditions mchude Crohn's disecase, ulcerative colitis and distal proctitis.

Inflammatory skin diseases include, but are not limited to, condstions associated
with celt proliferation, such as psoriasis, eczema and devmatitis, (e.g., cozematous
dermatitides, topic and schorrbeic dermatitis, alfergie or ieritant contact dermatiis, cczcma
craquelee, photoallergic dermatitis, phototoxic dermatitis, phytophotodermatitis, radiation
dermatitis, and stasis dermatitis). Other inflammatory skin discases include, but are not
limited to, scleroderma, ulcers and crostons resulting from tramena, burmns, bullows disorders,
or ischemia of the skin or mucous membranes, several forms of ichthyases, epidermolvsis
bultasae, hyvpertrophic scars, keloids, cutaneous changes of intrinsic aging, photoaging,
frictonal blistering caused by mechamcal shearing of the skin and cutancous atrophy
resulting from the topical use of corticosteroids. Additional inflammatory skin conditions
include inflanusation of nucous mentbrancs, such as cheilitis, chapped lips, sasal antation,
macositis and vubvovaginitg.

Inflammatory disorders of the endocrine system include, but are not fimited to,
astoummune thyroiditis {(Hashimeto's disease}, Type I diabetes, and acute and chromic
mflammanion of the adrenal corfex. Inflanmmatory conditions of the cardiovascular system
include, but are not limited o, coronary infarct damage, peripheral vascelar disease,
myocarditis, vascabitis, revascolarization of stenosis, artherosclerosis, and vascular disease
associated with Type H diabetes,

Inflammatory condition of the kidaey include, but are not fimited i,
glomerulonephritis, mterstitial nephritis, lupus nephritis, nepbritis secondary to Wegener's
disease, acate renal failare sccondary to acule nephrits, Goodpasture's syndrome, post-
obstructive syndrome and tubular ischonda.

Inflanumatory conditions of the hver include, but are not timited to, hepatitis (anising
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from vival mfection, awtoimmune responses, drog treatments, toxins, eovivonmental agents,
or as a secondary consequence of a primary disorder), bihary atresia, primary biliary
cirhosts and primary selerosing cholangits,

Inflammatory conditions of the central nervous svstem include, but are not limited
to, multiple sclevosts and nearodegenerative diseases such as Alzheimer's disease,
Parkingon's disease, or dementia associated with HIV infection.

Other inflamniatory conditions include periodontal discase, tissue nocrosis in
chrome inflammation, endotoxin shock, smooth muscle proliferation disorders, graft versus
host disease, assue damage following ischomia seperfision npuy, and tissue rejection
fodlowing transplant surgery.

The present invention further provides a method of treating or proventing
inflammation associated with post-surgical wound healing in # pationt comprising
admirustering to said patient a compound of the invention.

it should be noted that compounds of the current mvention may be used o treat or
prevent any disease which has an imflammatory component, such as those discases cited
above. Futher, the inflammatory conditions cited above are meant 1o be exemplary rather
than exhaustive.

Those skitled 1 the art would recognize that additional inflanmmatory conditions
{e.g., systemic o Jocal impnue imbalance or dysfunction due o an injury, an insult,
infection, inherited disorder, or an envivonmental bfoxicant or pertwrbant to the sabject’s
physicdogy ) naay be freated or prevented by compounds of the current mnvention, Thas, the
methods of the current invention may be used to treat or prevent any disease which has an
inflammatory component, mclading, but not timited to, those discases cited above.

The present nvention also provides methods for treating or proventing artheigs,
inflammatory bowel discase, uveitis, ocular mflammation, asthma, pulmonary
inflammaton, cystic fibrosis, psonasts, arterial inflammabon, cardiovascular diseases,
nusfuple sclevosis, or newodegenerative discase by administering an effective amouont of a
compod of the inveniion,

The present invention also provides methods for treating ischenna by adminustening
an effeetive amount of a compound of the invention. In cortain embodiments, the ischenua
is cardiac ischemia, corchral ischemia, bowel ischemia {e.g., ischomic colitis or mesenteric

ischemial, or adancous 1schomia,



WO 2014/182789 PCT/US2014/037110

19

T3
By

30

Cancer

Compounds of the current invention may also be used for the treatment of caneer.
The actual symptoms associated with cancer are well known and can be determyined by a
person of ordinary skill in the art by taking into account ong or more factors, including.
without hinutation, the focation of the cancer, the cause of the cancer, the severity of the
cancer, and/or the tissae or organ affected by the cancer. Those of skill s the art will know
the gppropriate sympioms ot indicators assoctated with a spectfic type of cancer and will
know how to deterpune if an mdividual 1s a candidate for reatment as disclosed heremn.

Exemplary forms of cancer which may be treated by the subject methods include,
hast are nat limited to. leukeria, non-Hodghn™s lymphoma, prostate cancer, bladder cancer,
lung cancer (including either small cell or non~small cell cancer), colon cancer, kidney
cancer, hiver cancer, breast cancer, cervical cancer, endometrial or other uterine cancer,
ovarian cancer, skin cancer (c.g., nwlasoma), testicular cancer, cancer of the pents, cancer
of the vagina, cancer of the urethra, gall bladder cancer, esophageal cancer, or pancreatic
cancer. Additional exemplary forms of cancer which may be treated by the subject methods
mclude, bat are not lamited 1o, cancer of skeletal or smooth nuscle, stomach canger, cancer
of the small intestine, cancer of the salivary gland, anal cancer, rectal cancer, thvroid
canger, parathyroid cancer, piriaitary cancer, and nasopharyngeal cancer.

In certamn embodiments, a therapeutic compound disclosed herein reduces the size
of a twmor by, eg., at feast H%%, at feast 15%, at least 20% at least 25%, at least 3%, at
feast 35%%, at least 40%, at least 453%, at least 50%, at least 35%., at least 60%, at keast 65%,
at least 70%, at loast 75%, at least 0%, at feast 5%, at feast 90% or at least 953%. In yet
other aspects of this embodiment, a therapeutic compound disclosed herein reduces the size
of a tumor from, ez, about 3% to about 100%, about 10% to about 100% about 2005 to
about 100%, abowt 30% o about 100%, about 40% to about 10054, about 50% to about
100%0, abowt 60% to about 100%, about 70% to about 100%, aboat 80% to about 100%,
about 10% to about 90%, about 20%% to about 905, abowt 30% to about 90%, abowut 0% to
about 90%, gbout 30% to about 8%, about 60% o about 0%, about 70% to about 0%,
about 10% to about 0%, about 20% 1o about 83%, about 30% o about 8G%, about 40% to
about 80%%, about 50% to about 80%, or abont 60% to about 805, about 10% to about 70%,
about 209 to abowt 7%, about 30% to about 70%, about 40% to about 7%, or about 50%

10 about T%.
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in certain embodiments, a cancer therapoutic disclosed herein is capable of reducing
the number of cancer cells in an individual seffering from a cancer by, ez, at least 1%, at
loast 15%, at fcast 20%, at least 25%., at least 30%0, at least 35%, at least 409, at feast 45%,

at least S0%%, at feast 55%, at loast 60%, at least 65%, at least 705, at least 78%,, at feast
RO0%%, at least 85%%, at least Y95 or at feast 95% as compared (o a patient not recerving the
same treatment, In other aspects of this eatbodiment, a cancer therapeutic s capable of
reducing the number of cancer cells i an individual suffermg from a cancer by, ez, about
10%, to about 100%, about 20% 1o about 100%,, about 30% to about 100%, about 40% o
about 100%, about 30% to about 100%, about 60% to abowt 100%, abowt 70% to about
H%, about 80% to about 100%, about 10% fo about 90%. about 20% 1o abowut $0%, about
30% to about 90%, about 40% to about Y0%, about 50% 1o about 90%, abowt 60%% to about
Q0% about T0% to sbout 90%, about 16% 1o about 80%, about 20%: o about 56%, about
3% to about 80%%, about $0% 1o abowut B0%, about 30% to about 80%%, or abma 6% 1o
about 80%:, about 10% to about T0%,, about 20% to about 70%, about 30% 1o about 7%,
about 40% to about 70%,, or about 50% to about T0% as compared t A patient not recgiving
the same treatment.

In cortain embodiuments, a therapeutically effective amount of a cancer therapeutic
disclosed heremn reduces or mantains 2 cancer cell population and/or twnor cell size m an
individual by, e.g., at least 10%, at least 15%%, at feast 2004, at feast 23%, at least 30%, at
least 35%, at least 46005, at Jeast 45%, at Teast 50%, at least 553%, at least 60%, at least 65%
at least 70%, at least 73%, at least BO%, at lcast 85%, af least 90%, at least 953% or at least
HI%, In other aspects of this embodiment, a therapeutically effective anount of a cancer
therapeutic disclosed herein reduces or maintaing a cancer cell population andfor tamor cell
size i an individual by, e g, at most 10%. at most 15%, at most 209, at most 25%, at most
30%, at most 35%%, at most 40%, at most 45%, at most SO0%, at most 55%, at most 605, at
most 63%, at most 70%, at most 75%, at most S0%, at most 83%, at most 90%, at most
95% or at most 100%. In vet other aspects of this embodiment, a therapeutically effective
anount of a cancer therapeutic disclosed herein reduces or mainians a cancer cel
population and/or hunor cell size m an individual by, eg., about 10% to shout 100%:, abowt
10% to about 0%, about 10% to about 80%, about 10% to about 70%, about 1194 to about
60%, about 10% o about 50%%, about 1% to about 0%, aboat 204 to about 100%, ahowt
20% 1o about 8%, about 20% f about 80%, abowt 20%: 1o about 20%,, sbout 20% to about

60%, about 20% to about 50%, about 209 1o aboat 409, about 30% o about 100%, abowt
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34% to about Y%, about 30% w about 80%%, abowut 30% to about 70%, about 3% 1o about

6%, or about 30% w0 about 50

Compounds

The compounds herein deseribed may have one or more asymmeteic oemers or
planes, Compounds of the present invention coniaiuing an asynuneinically sabstituted atom
may be isolated w optically active or racomic forms, 1t s well known i the art how 1o
prepare optically active forms, such as by resolution of racenuce forms (racemates), by
asyvoametric synthesis, or by syathesis from optically active starting suaterials. Resolution
of the racemates can be gecomplished, for example, by conventional methods such as
crystailization m the presence of a resolving agent, or chromatography, using, for example a
chiral HPLC cohomn. Many geometric isomers of ofefing, CaN double bonds, and the ke
can also be present in the compounds described horein, and all such stable isomers are
contemplated m the present tnvention. Cis gnd trans geometric isomers of the compounds
of the present invention are deseribed and may be isolated as a mixture of isomers or as
separated isconeric forms. Al chiral (enantiomeric and diastercomeric), and racenic forms,
as well as all geometric isomeric forms of a struchwre arg inteaded, onless the specific

&

sterenchemistry or isomeric form 15 spectfically indicated.

The compounds hercin described may have one or more charged atoms. For
cxample, the compounds may be zwitterionic, but may be neuiral overall. Other
embodiments may have one or more charged groups, depending on the pH and other
factors. In these embodiments, the compound may be associated with a suitable counter-
ion, I is well known in the art how to prepare salis or exchange counter-tons. Generally,
such salts can be prepared by reacting free acid forms of these compounds with a
stoichiometric amount of the appropriate base (such as Na, Ca, Mg, or K hvdroxide,
carbonate, bicarbonate, or the like). or by reacting free base forms of these compounds with
a stoichiometric amount of the appropriate acid. Such rcactions are typically carried out in
water or in an orgame solvent, or in a mixtere of the two. Counter-tons may be changed,
for example, by ion-exchange techniques such as ton-exchange chromatography. All
zwitterions, salts and counter-ions are wiended, unless the counter-ion or salt is specifically
indwated. In cortain embodiments, the salt or counter-ion may be pharmaceutically
acceptable, for admirustration to a subject. Pharmacewtically acceptable salts are discussed

later.
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Pharmaceuucal compositions

Embodinents of the inventton include pharmaceetical compositions of compounds
shown in Table T and at least one pharmaceutically acceptable carrier or diluent. As used
herein, pharmaceutical compositions inclade compositions saitable for admimistration to a
subject or patieni. Ag such, compositions do sot include chenucal reaction sobgions or
solutions used for scrcening assays, as these are not suitable for admistration to a subject
or patient. In some embodiments the compositions may include one or more than one

gent, and may farther

=
ped

compound from Table 1, one or more other pharmaceutically active a
contain other suitable substances and excipients, twluding but not Himited to
physiotogically acceptable buffering agents, stabilizers (e.g. antoxidants), flavoring agents,

agents to effect the solubilization of the compound, and the like.

in other cmbodiments, the composition may be in any switable foro sech as a
solution, a suspension, an cowlsion, an infusion device, or a delivery device for
implantation or i may be presenied as a dry powder to be reconstituted with water or
another suitable vehicle before use. The composition may inclade suitable pharmraceatically
acceptable carviers andfor excipients,

in other embodiments, the compositions may comprise an effective amount of a
modulator andfor other pharmaceutically active agent in a physiologically-acceptable
carrier. The carrier may take a wide vanety of forms depending on the form of preparation
destred for a particelar route of adminisiration, Switable carriers and thew formoudation are
deseribed, for example, 1n Renungton's Pharmaceutical Sciences by E. W, Martin,

n some embodiments, the compoand may be contaned iy any appropriate amownt
in any suttable carrier substance, and is generally present i an amoant of 1-95% by weight
of the total weight of the composition. The composition may be provided in a dosage form
that is sunable for parenteral {e.g., subcutancously, intravenously, intramosadarty, o
intraperitonealiyy or oral adpunistration rovte. The pharmaceutical compositions may be
fornwulated according to conventional pharnaceutical practice {see, ¢.g., Renungton: The
Science and Practice of Pharmacy {(20th ed.), ed. A. R, Geanare, Lippincott Williams &
Witkins, 2000 and Encyclopedia of Pharmaceutical Technology, eds. . Swarbrick and 1. C.
Boylan, 1988-1999 Marcel Dekker, New York),

in some embodiments, the composiions roay be in g form suitable for

administration by sterile imjection. In one example, to prepare such a composition, the
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composttionsis) are dissolved or suspended in a parenteradly acceptable lignd veluele.
Among acceptable vehicles and solvents that may be emploved ave water, water adjusted to
a suitable pH by addition of an appropriate amoent of hydrochloric acid, sodium hydroxade
or a suttable buffer, 1,3-butanediol, Ringer's solution, and isotomie sodium chloride solution
and dexwrose solution. The agueous fornudation may also contain one or more preservatives
{e.g., methyl, ethyl or s-propyl p-hydroxybenzosic). For parenteral formudations, the carrier
will usually comprise stertle water, though other ingredients, for example, mgredionts that
aid solubihity or for preservation, may be included. Injectable solutions may also be
prepared i which case appropriate stabibizing agents may be enploved.

Formalations suttable for parenteral administeation wsually comprise a stertle
aqueous preparation of the compound, which may be isotonic with the blood of the
recipient {e.g., phyvsiological saline solution). Sach formulations may inclade sespending
agents and thickening agents and liposomes or other microparticutate systeros which are
designed to target the compound to blood components or one ar more organs. The
formulations may be presented i unit-dose or multi-dose form.

Parenteral admimstration may comprise any suitable form of systemic debivery or
focalized delivery, Administration may for example be intravenoas, mtra-arterial,
infrathecal, inframuscular, subcuwtancous, inframuscular, mtra-abdominal (..,
mtraperitoneal), ete., and may be effected by infusion pumps (external or implantable) or
any other suitable means appropriate to the desired administration modality.

{n some embedimenis, the compositions may be tn a form swiable for oral
adnunistration. In compositions in oval dosage form, any of the usual pharmacentical
media may be emploved. Thus, for hquid oral preparations, such as, for example,
suspensions, elixirs gnd solutions, suitable carriers and additives mchude water, glveols,
oils. alechols. flavoring agents, preservatives, coloring agents and the like. For solid oral
preparations such as, for example, powders, capsules and tablets, sultable carriers and
additives inchude starches, sagars, diluents, granulating agents, lubricants, binders,
disintegrating agents and the like. If desired, tablets may be sugar coated or enteric coated
by standard techniques,

Compositions suitable for oral adminsstration may be presented as discrete umits

such as capsales, cachets, tablets, or lozenges, cach containing a predetermined amount of

the active mgredient as a powder or granules. Optionally, a suspension in an agueous hguor

or a non-agueous hiquid may be emploved, such as a syrop, an elixir, an emulsion, or a

Lad
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draunght. Formudations for oral use include tablets containing sctive ingredient{s) in a
mixtare with pharmaceutically acceptable excipients. Sach formudations are known to the
skifled artisan, Excipionts may be, for example, ment dituents or fillers {¢ g, sucrose,
sorbitol, sugar, mannitol, mucrocrystaliine celhdose, starches including potato starch,
calcium carbonate, sodium chionde, factose, calcium phosphate, calciwm sulfate, or sodium
phosphate); granulating and disintegrating agents (e.g., cellulose dervatives inclading
microcrystalline cellulose, starches including potato starch, croscarmeltose sodium,
alginates, or algiic acid); binding agents (e g, sucrose, ghucose, sorbitol, acacia, algimc
acid, sodivam alginate, gelatin, starch, pregolatinized starch, nucrocrystatline cellulose,
magnesiwm ahsmimum silicate, carboxymethyvicelhdose sodiom, methyleeliulose,
hydroxypropyl methyicethidose, ethyleellulose, polyvinylpyrrolidone, or polyethylene
ghveol); and lubricating agents, glidants, and antiadhesives {e.g., magneshun stearate, zing
stearate, stearic acid, sithicas, hydrogenated vegetable oils, or tale}. Other pharmaceuticadly
acceptable excipients can be colorants, flavoring agents, plasticizers, hwmectants, buffering
agents, and the hike,

A syrup may be made by adding the compound to a concentrated aqueous solution
of a sagar, for exampde sucrose, o which may also be added any accessory mgredicnt(s).
Such accessory mgrediont(s) may wchade Havorings, suitable preservative, agents to retard
erystaltization of the sugar, and agents to increase the solubihity of any other ingredient,
such as a polvhydroxy alcohol, for example glycerol or sorbutol.

{n some cmbedimenis, the composition may be in a form of nasal or other swicosal
spray formudations {¢.g. inhalable forms). These formulations can melude punified agueous
solutions of the active compounds with preservative agents and isofonic agents. Sach
formudations can be adjusted to a pH and isotonic state compatible with the nasal or other
mucous mentbranes. Alteratively, they can be in the form of finely divided solid powders
suspended in a gas carrigr. Such formalanions may be debivered by any suitable means or
method, e.g., by nebulizer, atomizer, metered dose inhaler, or the tike.

In some embodiments, the composition nay be in a fornm suitable fow rectal
adminisiration. These formmdations may be presented as a suppository with a suitable
carrier such as cocoa butter, hvdrogenated fats, or hyvdrogenated faity carboxylic acids.

In some embodiments, the composition may be i a form saitable for ransdermal
administration. These formulations may be prepared, for exanple, by mcorporating the

active compound in a thixotropic or gelatinous carrier such as a celhulosic medium, e.g.,
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methyl cellelose or hvdroxyethyl celfelose, with the resulting formudation then bemng
packed in a wansdermat device adapted to be secared n dermal contact with the skin of a
wearer.

In addition to the aforementioned ingredionts, compositions of the imvention may
forther iclude one or more accessory ingredient(s) sefected from encapsulants, diluents,
buffers, flavoring agents, binders, dismtegrants, surface aetive agents, thickeners,
lubricants, preservatives {including antioxsdants), and the ke,

In some embodiments, compasitions may be formulated for immediate release,
susiained release, delaved-ouset release or any other release profile known to one skilled in
the art.

In some embodiments, the pharmacentical composition may be formulated to
release the active compound substantially mmmediately upon adnunistration or at any
predetermined time or tirac period after administzation, The latter types of compositions are
gonerally known as controlled release formulations, which mclude (1) forroulations that
create a substantially constant concentration of the drug within the body over an extended
period of time; (1) foroudations that after a predetermined lag time create a substantially
constant concentration of the drag within the body over an extended period of tme; (i)
formulations that sustain action during a predetermined time period by maintaining a
relatively constant, effective fevel in the body with concomitant mininization of
andesirable side effects assotated with fluctuations in the plasma level of the active
substance (sawtooth kinetic pattern). {iv} formulations that localize action by, c.g., spatial
placement of a controlled release composition adjacent to or in the central nervous system
or cerebrospinal fhad; (v) formalations that allow for convenient dosing, such that doses are
adnunistered, for example, once every one or two weeks; and {vi} foramlations that target
the site of a pathology. For some applications, controlied release formulations obviate the
need for frequent dosing to sustainy achivity at a medically advantageons tevel.

Any of & manber of strategies can be pursued m order to obtamn controlled release n
which the rate of release cutweighs the rate of metabolisin of the compound 1 question, in
one example, controlled release is obtained by appropnate selection of various formulation
parameters and mgredients, including, e.g., various types of controlled release compositions
and coatings. Thus, the compound s formualated with appropriate excipients o
pharmaceutical composition that, upon admiistzation, releases the compound in a

countrolled manner. Examples ineclude single or nnltiple wnit tablet or capsule compositions,
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oil solutions, suspensions, emulsions, microcapsules, microspheres, molecudar complexes,
manoparticles, patches, and liposomes.

In some cotbodiments, the composiion may comprise a "veetorized” form, soach as
by encapsulation of the compound in a liposome or other encapsulate medium, or by
fixation of the compound, e.g., by covalent bonding, chelation, or associative coordination,
on a sutable hiomelecule, such ag those selected from proteins, bpoproteins, glveoproteins,
and polysacchandes.

in some embodiments, the composition can be meorporated into nucrospheres,
micrecapsules, nanoparticies, lposomes, or the like for controlled release. Furthermorg, the
composition may include suspending, solubilizing, stabilizing, pH-adjusting agenis, tonicity
adjusting agents, and/ov dispersing, agents. Alternatively, the compound may be
incorporated in biocompatible carviers, implants, or infusion deviees.

Materials for use in the preparation of microspheres andfor microcapsules are, e.g.,
biodegradable/binerodible polymers such as polygalactin, poly-{isobutvl cyanocacryiate),
poly(2-hydroxyethyt-L-glutmmine} and, poly{lactic acid). Biocompatible camriers that may
be used when formulating a controlled release parenteral formulation are carbobydrates

g., dextrans), proteias {o.g.. albwman), lpoproteins, or antibodies, Materials for ase

(.
implants can be non-biodegradable {c.g., polyvdimetiv siloxane) or biodegradable {e.z..
pohy(caprolactone), polv(lactic acid), poly{glycolic acid) or poly{ortho esters) or
combinations thereof).

{n all cmbediments, the compound ot other active compounds may be present as
pharmaceuticalty acceptable salts or other derivatives, such as ethor derivatives, ester
derivatives, acid dervatives, and aqueous solability altering denvatives of the active
compound. Derivatives include all individual enantiomers, diastereomers, racemates, and
other isomers of the compounds. Derivatives also include all polymorphs and solvates,
such as hydrates and those formed with ovganic solvents, of the compounds.  Such isomers,
polymorphs, and solvates may be prepared by methods known in the art, such as by

regiospecific andfor enantioselective synthesis and resohutton.

The abality o prepare salts depends on the acidity or basicity of the compounds.
Suitable salis of the commpounds include, but are not Himited o, acid addition salts, such as
those made with hvdrochlorie, hydrobromie, hydrotodic, perchioric, sulfurie, nitrie,

phosphoric, acetie, propiomic, glycolic, Jactic pyravie, malonic, succinie, maleie, fiumaric,

malic, tartaric, citric, benzoie, carbonie, cinmamic, mandelic, methanesulfonie,

‘o
i
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ethanesulfonic, hvdroxyethanesalfonic, benezenesulfonie, p-tohsene sulfonic,
cyclohexanesutfamic, salicyclic, p-aminosaliovlic, 2-phenoxybenzoic, and 2-
acctoxvhenzeic goid; salts made with saccharin; alkalt metal salts, such as sodium and
potassium salts; atkaline carth metal salis, such as caleiom and magnesiwm salis; and salis

3 formed with organic or morganic ligands, sach as guaternary ammoniem salts.

Additional suitable salts inclade, but are not hinuted to, acetate, benzenesulfonate,
benzoate, bicarbonate, bisalfate, bitatrate, borate, bronude, calorum edetate, camsylate,
carbonate, chloride, clavulanate, citrate, dihydrochioride, edetate, edisvlate, estolate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycollylarsanitate, hexylresorcinate,

10 hydrabamine, hydrobromide, hydrochloride, hydvoxynaphthoate, fodide, isothionate,
lactate, factobionate, Jawrate, nmalate, naleate, mandelate, mesviate, methylbronide,
methyingtrate, methy lsulfate, mucate, napsylate, nitrate, Nemethylglocanine ammonihuam
salt, oleate, pamoate {embonate), palmitate, pantothenaie, phosphate/diphosphate,
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate,

15 teoclate, tosylate, tiethiodide and valerate salts of the compownds.

The pharmaceutically acceptable acid addition salts can also exist as various
solvates, such as with water, methanod, ethanol, dimethyormamide, and the like. Mixtyres
of such solvates can also be prepared. The source of such solvate can be from the solvent of
crystatlization, iherent in the solvent of preparation or erystallization, or adventitions to

2 such solvent.

Wetting agents, ennudsifiers and lubricants, such as sodiam laury! sulfate and
magnesium siearate, as well as coloring agents, release agents, coating agents, sweeiening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the

COMPOSIIONS.

25 Examples of pharmaceotically accoptable antioxidants include: (1) water-saluble
antioxidants, such as ascorbie acid, cysteine hydrochloride, sodium bisuifate, sodium
metabisulfite, sodium sulfite and the hke; (2) oil-soluble antioxidants, such as ascorbyl
patmitate, butviated hydroxyamsole (BHA), butylated hydroxytoluene (BHT . fecithin,
propyl gallate, alpha-tocopherol, and the like; and (3 metal-chelating agents, such as citric

3 aoid, cthylencdiamine tetraacetic acid (EDTA), sorbstol, tartaric acid, phosphoric acid, and

the hike.

36
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Unless the context cleavly indicates otherwise, compositions of alf embodiments can
comprise vanous pharmaceutically acceptable salts, or other derteatives described above.

The forpndation and preparation of such compositions are well known 1o those

3 skilled in the art of pharmaceatical formulation. Fornulations can be found iy Renungton:
The Science and Practice of Pharmacy.

The gmount of the compound emploved i the present imvention 1o be used varies
according to the degree of the exposure to lonizing radistion eneountered, and the stages of
any radiation-induced damage. A suttable dosage is that which will vesult s concentration

10 of the compound (in blood amdior Gssues) sufficient to mitigate the darnage of the lontang
rachation. The preferred dosage 18 that amount sufficient to render a subject asymptomatic
after exposure to ionizing radiation.

The contents of all cited retorences (including ierature reforences, issucd patents,

published patent apphications) as cited throughout this apphication are hereby expressly

o

incorporated by reference. The invention and the manner and process of making and using
it, are described i such full, clear, concise and exact terms as o enable any person skilled
in the art to which it pertains, to make and use the same,

The term "unit dosage form™ or “unit” as used herein refers to physically discrete
units suitable as anitary dosages for human and animal sebjects, cach enit containing a
20 predetermined quantity of the compouand calealated in an amoont sefficient to prodace the
desired effoct in association with a pharmaceatically acceptable, dihuent, carrier or vehidle.
The specifications for the novel unit dosage foros of the present invention depend on the
parscuiar compound enmployed and the effect to be aclieved, and the pharmacodynamics

associated with cach compownd in the subject.

23 Actual dosage levels of the active ingredionts wn the pharmaceutical compositions
may be vared so as to obtain an amouant of the active ingredient that is effective to achieve
the desired therapeutic response for a particular patient, composition, and mode of

admanistration, without being toxie to the patient.

The selected dosage level will depend upon a vanety of factors including the

ad
o]

activity of the particular compound or combination of compounds emploved, or the ester,
salt or anude thereof, the rowte of adounistration, the tme of administration, the rate of

excretion of the partaular compound(s) being employed, the duration of the treatment,
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other drugs, compounds and/or materials used i combination with the particular
compoand{(s} emploved, the age, sex, weight, condition, general health and prior medical
history of the pationt being treated, and Like factors well known in the medical arts.

A physician or veterinanan having ordinary skill in the ant can readily determmne
and preseribe the therapeutically effective amount of the pharmaceutical composition
requared. For example, the physician or veterinartan could start doses of the pharmacewtical
composition of compound at levels lower than that required in order 1o achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect is achieved. By
“therapeunically effective amount”™ is meant the concentration of a compowund that is
sufficient to ehicit the destred therapesgic effect. It is generally wndersiond that the effective
amount of the compound will vary according to the weight, sex, age, and medical history of
the subject. Other factors which influence the effective amount may inchsde, hut are not
tmited to, the seventy of the patient’s condition, the diserder being treated, the stability of
the compound, and, #f desired, another type of therapeutic agent boing admbustered with
the compound of the invention. A larger total dose can be delivered by muliiple
adimunistrations of the agent. Methods to determine efficacy and dosage are known & those
skilled i the art {Isselbacher ef ¢f. {1996} Harvison's Principles of Internal Medicine 13 ed.,
18141882, herom incorporated by referengel.

In general, a suitable daily dose of an active corapound used in the compositions
and methods of the invention will be that amount of the compound that is the lowest dose
effective to produce a therapeatic effoct. Such an effective dose will generally depend upon
the factors described above.

Dosing can be single dosage or canwlative (serial dosing), and can be readity
determined by one skifted i the art. For tnstance, treatiment may comprise a one-time
administration of an effective dose of a pharmaceutical compaosition disclosed heramn.
Alernatively, treatment may comprise multiple administrations of an effective dose of a
pharmaceutical composition carried out over a range of tme periods, such as, ez, once
daily, twice daily, thrice daly, once every fow days, or once weekly. The tining of
adnunisteation can vary from imdividual to individual, dependimg upon such factors gs the
severity of an individual's sypwptoms. For example, an effectve dose of a pharmaceutical
composition disclosed heremn can be admimistered to an individual once dasy for an
indefinite period of time, or until the individual ne longer requires therapy. A persomn of

ordinary skill in the art will recognize that the condition of the individual can be monitored
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throughout the course of reatment and that the effective amount of a pharmaceutical
composition disclosed herein that is administered can be adjousted accordingly.

f desired, the effecuve datly dose of the active compound may be admimistered as
one, two, three, four, five, six or more sub-doses adminsstered separately at appropriate
intervals troughout the day, optionally, in unit dosage forms. In certain emboduments of
the present invention, the active compousnd may be admaustered two or three times daily.
In preferved embadiments, the active compound will be administered once daily.

fn certain embodiments, the period of admiistration of a therapeutic conmpound 18
for Tday, 2 days, 3 davs, 4 days, 3 days, & days, 7 days, 8 days, Y days, 10 days, 1 days,
12 davs, 13 days, 14 days, 3 weeks, 4 weeks, 3 weeks, 6 weeks, 7 woeks, § weeks, 9 weeks,
10 weeks, 11 weeks, 12 weeks, 4 months, 5 months, 6 months, 7 months, 8 months, ¢
months, 10 months, 11 months, 12 months, or more. In certain embodiments, & treatment
roginen may comprise a period durtng which administration is stopped for 1 day, 2 days, 3
davs, 4 days, § days, 6 davs, 7 days, § days, 9 davs, 10 days, 11 days, 12 days, 13 days, 14
davs, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks,
12 weeks, 4 months, § months, 6 months, 7 months, 8 months,  months, 10 months, 11
months, 12 months, or more.

The patient recetving this treatment is any antmal in need, inchuding primates, in
particelar humans, and other mammals such as equines, cattle, swine and sheep; and poultry
and pets in general,

It other ombodimends, the compownd of Formuda 1 or I may by provided wath the
one of move additional therapeutic agents v a kg, e g, as separate pharnacentical
fornmdations capable of being used together i a conjoint therapy as discussed heremn, eithey
together i g single container o 1n separafe contaimers. In cortain such ombodiments, the ki
may further mehude nstructions for the conjoint administration of the pharmaceutical
formulations. v.g., for treating or preventing any of the conditions discussed above.

Such combination products may smploy compownds of tus nvention, or

pharmaccutically acooptable salis therood] within the dosage range descerthed herembefore
arut the other phammaccutically-gotive agent within ¥ approved dosags range.

The mvention pow being generally described, it will be more readity understood by

reforence to the following examples which are meluded merely for purposes of illustration
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of certain aspects and embodiments of the present invention, and are not ntended to fmit

the ivention.

Examples
S Example {
The structures of 12 4-nitrophenvisutfonvipiperazines (NPSPs) or 4-

mitrophenvisulfonamides (NPSs) are shown. See Table 1

Table 1: The structures of 12 NPSPs or NPSs of the invention

Compound | Compound 1D | Compound Structure Compound Name
"""""""" UTUSIas60 T L T e vorophenghed A

nitrobenzeng)

sulfonylipiperazing

2 53558512 {~{{(4-mitrobenzencsulionyl-4-
phenyipiperazine
3 5346360 1-(3-chlorophenyly-d-(4-

wmirobenzene sulfonvlpiperacine

33
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4 347486 {-[{4-nitrobenzene) Seltfonyi}-4-
{{2E)-3-phenylprop-2-cn- 1~
viipiperazing
I T sttests | T T N.N-diethyl-4-nitcophengl-1- |
sulfonamide
6 5475972 3-({{(d-mtrophenyhsulionyly-2-
phenyltetrahvdrotluophene
7 3344400 f-methyi-4-({4-
mitrophenyijsulfonylipiperazine
] 6301 181 I{(d~-nstrophenyDsulfonyl 43~
phenoxybenzylpiperazine
g 5243457 4-benaylI-{(4~
nitrophenylsulfonyhpiperidine

41
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6ITIRO2

{~(d-{ methyithioYbeneyl-4-({4-

nitropheny Dsulfonvlipiperazine

ASTAR14142

S-cvane, 7-methyl-2-(4-({4-
nttrophenyDsulfonvipiperazin-

{-vBigpanoline

ASTAS38836

J-cyano,7 N-dimethyl-2-(4-{(4-
nitrophenvlisulfonyviy-1 4-

diazepan-i-yhguinoline

The ability of compounds from Example 1 1o mitigate radiation~-indueed apoptosis i

vitre relative to control vadues (100%6) s shown in Figure 1. Briefly, 100,000 small-

molecudes were screened at 10 gM final concentration in 1% dimethylsubfoxide {DMSO)

using the viability of g murine lymphocyte hoe as a readout (Mitigation cell viabidity %)

Ten thousand Til-1 murnine lymphocyte cells were dispensed into cach well of 384~well

plates asing a Muludrop 384 (Thermo Scientific, Waltham, MA) The Til-1 cells were

iradiated at the dose of 2Gy. After | hour, the small-molecules weve added. Twenty-fowr

hours after the radiation, cell viability was assayed by luminesce~-based measurcment of

ATP production { ATPhte, Perkin-Elmer, Waltham, MA) with a SpecteaMax M3 microplate

reader (Moelecalar Deviees, Sunnyvale, CA). The Z' factor for the assay was > 0.5, Sce

Zhang, }H., Chung, T. D, Oldenburg, K. R. YA Simple Statistical Parameter for Use in
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Evatuation and Vabidation of High Throughpwt Screening Assays,” J Biomol Screen .67,
1999, A positive readoat was > 130 % of the control irradiated valoe. Compounds 1-7
showed activity, including a 4-nitrophenyl sulfonasnde derivative {Compound §). This
suggests @ muninnum mosety for efficacy. The piperazine group afforded additional efficacy

hevond the common sutfonmanude core suggesting that both moieties contribute although

they were not in themselves sutficient for fuldl activity. Sce Figure 1

The top 5 performers from Example | were tested #ir vive for their ability to mitigate
against lethality from whole body irradiation. See Table 2.

Briefly, Aninal Whole Body Irradiation {(WBI) Assays were conducted with
CIHFKam and C37BI6/) mice, The mice were bred and maintained m 3 strict gnotobiotic
environment i the American Association of Laboratory Animal Care-Accredited Animal
Facilitics of Department of Radiation Oncology, UCLA. The Ammal Care and Use
Committee approved all experiments, which were performed m accordance with all local
and national guidelines for the care and use of animals. Mice, 912 weeks old, wore given
WBI using a Ganumna cell 40 swradintor (Cs137 source; Atomic Encrgy of Canada, Lid) ata
dose rate of 7 Gyv/ mim. Mice were mongored for at feast 30 days and defined critena for
humane cuthanasia was used as an endpoint.

Compounds were typically dissolved in 15gL DMSO and suspended i Imb of I
Cremphor BL in water for adnunistration in 0. 2mb volumes. This amount of Cremophor
did not stgmificantly alter the response to WBL Al mice, inclading controls, received the
same diluent as the expertmental groups. The chosen compounds were administered to the
mige § umes at 24k mtervals, starting 24 hours after WBI at LD70430 (7.725 Gy for the
C3H stramn) doses. Sinular data were obtained with a single dose and at 48 hours after
rachation exposure in both mouse strains. Both subcatancous and oral routes were
effective. The compounds provided greatly clevated animals survival level as conpared to
control group.

{3346360) woere effective at Smgrkg injected subeutancously whereas the others required a
greater quantity of the tested compound (e.g., 79mg'ke). Indeed, Conmpound 2 and
Compound 3 gave 100% survivors at day 30 at the lowest dosage of Smg/kg which was

superior to the igher doses of 40 mye'kg and 75 mu'kg. See Figure 2 A-E.

D=

43
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Table 2
Compound | Compound | I Fire Solability
iD {mol/L. x 10™)
1 53483400 188 26,6
2 5358512 I82% 66.1
3 5346360 F749%, 6.5
4 5347486 1H3% 4
3 Stia3ie 1% 5129

Example 4

Dose response experiments were executed i a manner sinnlar to the WBE Assay
desertbed in Example 3. These experiments indicated that 3 migikg was more, or as,
effective, than 1, 2, 10, 40, or 75 mg'ke for both Compound 2 (3355512) and Compownd 3
{3346360} in C3H male nuce. See Figare 3. Both Compound 2 (5335512) and Conpound
3 (5346364 were effective in CS7BE6 fomale nuce in this case mitigating aganst LDR70/30
doses of B339 Gy due to the relative radioresisiance of this straw relative fo C3Hs, A single
dose¢ of Smygky given 24 howurs after WBI was effective (See Figure 4A and 4B) and
ncreasing the dose 1o 28 mg'ke did not improve efficacy. Some activity was retained if a
single dose was given 48, bt not 72, howrs after WBI (See Figare 40, When givea orally
by gavage, Compound 2 {3355512) in 5 daily doses starting at 24 houars post-WBI was
effective at 3 mykg n both C3H and CS7BY6 steains, but not at 25 med'kg.  (See Figure §)
Interestingly, Compowad 3 (3346360} given by the same gavage schedule was inactive in

both sirabis at cither dose.

Example 5

Probit analyses of the ¢ffect of varving the radiation dose with Compound 2
(3355512) (Gmg'ky), and Compound 3 (53463607 {3 mgke), or S{3116319) (75 mpky)
siven subcutancously for 3 days starting 24 hours after WBI, is shown m Figure 6, with
95% confidence timits shown for LD30 values. The dose-response curves are steep with the

¥

dose modifying factors varyving with the level of effect and drug, but were in the range 1.04-

109, Such factors have 10 be considered against the fevel of the control and the reason for
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{ethality. In this case, hematological insufficiency and not infection is the cause of death

and as a resalt the radioresistance of the C3H strain s relatively high.

Example 6

Compounds PL, P2 and P3| analogs of Compound 2 (8385512, were synthesized

aceordimg fo standard protocols. See Table 3. The simplest NPSP (P1) was effective

indicating that this was the optimum “core” structure. Interestingly, P1 s 3 natural

breakdown product identified i vive by mass spectrometry. WBI irradiation assays were

conducied sinniar to those described in Fxample 3 except that compounds P, P2 and P3

are soluble in water. The anmalogs were injected subcutaneousty 5 fimes over 5 davs at

Img'kg. Compound P2 elicited 100% survival after 30 days.  Sec Figure 7.

Table 3; Analogs of §355512

Compoand 1D

Structwre

5353512

Compound P

Compound P2
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Compound P3

Fxample 7

The abihity of active compounds to mutigate radiation-induced apoptosis was
confirmed relative {o inactive compounds in a How cytometric assay that employed annexin
V for early stage apoptosts and propidium odide for late stage apoptosis (B BroScienees)

. {See Figures ® and 9},

Example 8

NPSPs were tested for their anti-inflanmatory ability using munine macrophages.
Compound 2 (5355312) showed ant-nflammatory activity being able to mlubat
tipopolysaccharide {LPS)-induced production of tumaor necrosis factor and other
mflammatory cytokines. Briefly, peritoneal macrophages (PMs) were induced by
intraperttoncal. myection of 150 pg MIS416 (Innate Immunotherapeutics, NZ) and
harvested on day 4 by peritoncal wash out with PES. Cultiwe supernatants were harvested
at 2dhus and evitokines tested by ELISA (BD BioSciences, SD). Compound 2 {5355512)
and Compound 3 (3346360} mhibit TNF-u production when added to stimmiated peritoneal
macrophages 1 br after LPS mieasured by ELISA. See Figure 104, Additionally, all
NPSPs and compound 3 (5116319 were able to infubit TNF-u prodaction. Sce Figure
108,

Additionally, bone marrow-derived macrophages (BMDMs) were derived by 7 davs
cudhwre of marrow cells i mediam contaiming 1% FBS and CSF-1 conditioned medium.
The seram concentration was reduced to 2% FBS 16h before stimdation with LPS for 30
min, featment with drug and ncubation for another 3 5h (dh total with LPS). Total celiular
RNA was isolated by trizol and ¢DNA syuthesized using iSenpt from BioRad, Gene
expression was measured by qPCR and analyzed using the standard curve method,

normalized to L32, Compound 2 (53355512) and Compound 3 (5346360) inbibit expression

36
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of TNF-a mRNA, and other evtokines, when added to bone marrow-derived macrophages |
by after LPS measwred by RT-PCR. See Figure 11

I vive, compound 2 (3353512) showed anti-inflammatory activity reflected by #s
ability to penerate myeloid suppressor cells (data not shown).

To determine i compound 2 {S355512), injected suboutancously woeld affect the
activation status of induced peritoneal macrophages, compoand 2 (5333512) was given
subcutancously to control or WBI (5 Gy) and peritoneal macrophages harvested at day 4 as
before, Cells from these groups of mice were incubated for 24 b with LPS or LPS then §12
{See Figure 12). Surpnsingly, treatment with Compound 2 (3333512)  én vive “primed”
induced peritoneal cells to produce TNF-o m response to LPS to almost the same extent as
WBI alone. However, this “prinung” effect was less when WBI and Compound 2
{3355512) were combined in vivo. Also, m keeping with the data in Figures 106 and 11, the

addition of Corpound 2 (3353312) in vitro blunied TNF-o production.

Example @

Compownd 2 (3355512} also increased the manber of endogencas colony forming
winits in the spleens of nuice that had received LD76G/30 radiation doses which s a measure
of ability to pencrate hematopoigtic stem cells and mycloid suppressors. The compounds
imereased survival when given 5 times at 24 hour intervals, starting 24 howrs after
abdonunal or hing iradiation. For example, Compooend 2 (5355512) mcreased the total
endogenous CFL i splecns and average endogencous CFU per spleen at 10 days after whole

body wradiation (WBI) at varving doses {e.g. 6.5Gy, 7.0 Gy, and 7.5Gy). (See Figure 13).

Example 10

Further i vivo experimaents similar to Example 3 were conducted except a localized
radration was used to demonstrate mitigation of abdominal radiation with compoand 2
{3355512) at increased radiation doses. See Figure 14 Additionally, by vivo experiments
demonstrated miftgation of radiation puncumonitis and fibrosis after focal thoracic
irradiation, Addition of compound 2 (8333512) supported survival of C3H mice and C37

mice to 100 days post thoracic radiation (14 and 18 Gy). (Sec Figure 18)
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Example 11

The Lewis hag (LLCY modet of artificial metastasis was used to test the effects
of the drag on the growth of tamor luag colontes i1 vive ard on radiation response. This
was chosen because 1t s easy to see any drug effects on growth promotion and
radioprotection i multiple tumors simultancousty. Specifically, C37BE6 mice and C3H
mice were infected intravenousky with Sx19% tumor celfs. Subcutaneous injections of

compound 2 (5335512) were started on day 4 when the tumors were already established in

the lung. A daly dose of 20mg/'kg for 5 days was used to bias the experiment in favor of
any temor growth promotion. Local thoracic tradiatton LT was started on day S with 4
Gy daily doses for 3 days, This 15 lugher than conventional 2 Gy to compensate for the
rapid growth of nurine tumors, but is stidl well within the higher ranges used clinically m
hypofractionated exposures. The colonies were counted on day 14, Figure 16 shows that
compaowd 2 (5355512} significantly {P<.05) deercased the number of fung fumor colonies
assessed on day 14 by 20%. The colonies were also snaller in size. LT slone decreased the
number of colonies by 40%. This was not further decreased by the suboptimal drog
treatment. Thuas, compounds given to mice bearing Lowis Lanyg tumors decreased the
menber of wmer colowes that grew with and without tang irradiation demonsirating that
the compounds did not protect tumors and indicating that they may be useful in patients
recerving radiation therapy for cancer, protecting normal tssue from damage while exerting

anti-fomor action,

Ag described berein, all embodiments or subcombinations may be wsed in
combination with alf other embodiments ov subcombinations, wiless mutually exclusive,

The embodiments Hlustrated and discussed n thas specification are intended
only to teach those skilled in the art the best way known to the mventors to make and ase
the mvention. Nothing i this specification should be comsidered as limivng the scope of
the present invention. All examples presented ave representative and non-himiting. The
above-deseribed embodiments of the nvention may be modified or varied, without
departing from the nvention, as appreciated by those skilfed in the art i hight of the above
teachings. 1t is therefore to be understood that, within the scope of the clamms and their

cquivalents, the invention may be practiced otherwise than as specifically described.
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Al publications and patents mentioned herein are hereby meorporated by reference
in their entirety as if cach individaal publication or patent was specifically and individually
mdicated to be meorporated by reforence. In case of conthet. the present application,

mcluding any definitions herein, will control.

Equivalents

While speetfic crmbodiments of the sabject invention have been disvussed, the above
specification s tlustrative and not restrictive. Many vanations of the invention will become
apparent to those skilied in the avt upon review of this specification and the claims below.
The full scope of the invention should be determined by reference to the clanms, along with

their full scope of cquivalents, and the speeification. along with such vanations.
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We Claim

. A conpound having the structure of Formmuda I

AS

|

A{‘T

Formuda l
whero
A’ is a secondary or tortiary amino substituent, and

A" s a substituted or unsubstinued aryl or heteroaryl group.

2. A compound of clatm 1, wherein the aryl or heteroaryl group bears af least one

substiteent inchading 2 pitro substitutent

-

3 The compownd of claim 2, wherein the mitro substituent is disposed at a position on
AY distal to the sulfonyl, e.g., A” is 3 d-nitropheny! group optionally substituted with 1-4

additional substituents.

i | ~ . - ‘ . o5 . - .
4. The compound of any preceding claim, wherein A7 15 a hoterocyehic amine, such as

a piperidine, piperazine, or morpholine ring

5. The compound of any onc of claims 1-3, wherein A” is acvelic, such as NRVR™,
gt " g 85 T e e T . : :

wherein cach of R and R, independently, is H, atkyl, alkeny!, atkyny!, arvl, heteroaryl,

aralkyl, or heteroaralkyl, provided that R'¥ and R' are not both H.

&. A compound of claim 1, having the structure of Formula i
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b
7
A
69,
i3

NO,

Formula I

whergin:
X 15 N or <C(H)-, preforably N; and
Yand Y? are each independently lower alkyl or ¥ and ¥ taken ogether with X

form a beterocyelyl ring,
The compound of claim 6, wherein Y and Y7 are cach ethyl.
The compound of claim 6, wherein Y7 and Y taken together form a piperazine ring
The compound of claim 6, wherein ¥' and Y7 taken together with X form:

R‘i
\Z R

| |
G /f‘i
R ( \ﬁﬂé /\u\
g 7~
X
|

e 1)

P A

y

X«--""
/

AN or anae
wheremn

XisN;

G is selected from N or <C(H)-, preferably N
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Z 15 ahsent or sclected from substituted or ansubstituted alkyl, heteroalkyl, atkenyl,
or atkynyl

R'is absent or selected from substituted or unsubstituted aryl {c.g., phenyl) and
heternarvl: and

3 s . ) .
R® and R® are cach independently absent or fower atkyl.

N ) A, . ~ - . ERe o )
I The compound of claim 2, wherem G s N and R7 s selected from phenyi, 4+

fluorophenyv! and 3-clilorophenyl.
i, The compound of any one of clatms 610, wherein Z is absent.

12, The compound of any one of claims 6-10, wherein Z is prop-2-en--yi and R? is

phenyl.

13, The compound of claim 6, wherein ¥ and Y~ taken together with X formy:

e

wheremn X is <COH)-, and
R is absent or selected from substituted or unsubstituted arvl (e.¢., phenyl) and
heteroaryl, such as a halogen-substituted phenyv group, e.g., 4-fluovophenyt or 3-

chiorophenyl.

4. A pharmaceatical composition comprising a compound of any preceding claim and a

pharmaceutically acceptable excipient or solvent.

15, A method of mitigating an effect of tonizing radiation on a cell, organ, tssue, or
organism, comprising contacting the cell, organ, tissue, or organism with at least one

compound or composition of any preceding claim.
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16, The method of claim 15, wherewn the compound or composition is adnunistered

before, daring, or after exposure to 1onizing radiation.
17, A method of treating inflammation by an organism, comprising adiustering to the

organism a compound or composition of any one of clanms 1-14,

A moethod of treating cancer in an orgamism, copprising administering to the

organisay a compound or composition of any one of clayms 1-14.

18, The method of my one of clabms 15-18, whercin the organism is 2 mammal.



