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RADIOMITIGATING PHARMACEUTICAL FORMULATIONS

This application cluims the benefit of priority to LS. Provisional Patent Application No,

61820447, filed May 7, 2013, which application is bereby incorporated by reference in its ootirety,

Statement Resarding Federally Sponsored Research o Development

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

the National Institutes of Health, The Government bas cortain rights in the invention,

Bacheround

Radiomitigation

The tragic nuckear power plant acardents m Fukushima, Japan caused severe leaks
of radioactive Jodine~ 131 and Cesiam- 137 and a subsequent widespread exposure scare of
radiation. In addition, the global use and storage of radivactivity is mereasing rapadly.
Millions of radioactive sealed sources are ased around the world for legitimate and
beneficial conmmereial apphications such as cancer freatment, food and blood steribization,
ol exploration, remote eleciricity generation, radiography, amd sciomtific rescarch. These
applications use isotopes such as Cestum- 137, Cobalt-64, Strontium-90, Americiam-241,
Iridiam- 192, Plutonnon-238, Platontam-23%, Curiim-244, Radnon-226, and Californnam-
232 Many of these radiologieal sowrces at sites around the world are no longer necded and
have been sbandoned or orphaned; others are poorly guarded, making the risk of theft or
sabotage sigmificant. Currently, there are tens of thousands of cavilian focations worldwide
with radiovactive material, aboot 5000 of which contain sources of 1000 curies or greater
{Oifics of Global Theeat Reduction (NA-21). GTRI Strategic Plan, release date Janaary
2007, 955 L'Enfant Plaza, Washington, DC 20583, Thopulos, 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),. Boyond the public safety concerns are
the chinical implications of radiation usc.

Outside the radiation therapy clinie there is also significant relevance (o identifying

and characterizing novel compounds that protect cells from radiation nduced cell death.
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Fundamental {o radiation exposure and mpury 16 DNA strand breaks, resulting in
genetic nstability and DNA deletions which are involved in cell death, cellular dysfonction,
as well as fong-term conseguences such as birth defects and cancer,

hscovery 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 cunrently 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 iradiation. Because of this, these compounds are not practical countermeasures i a
radiation incident. Tn that case, the scarch for radiomitigators - agents with robast,
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 compinnds having structures as disclosed hersin,
PFreforred compounds we radionntigating, and thus can be used m the prevention, mitigation
and treatment of radiation Injury, and other medical conditions related to exposwre (0
onizing radiation.

The subject compounds are also uscful for treating or proventing mflammatory
disease and for treating or proventing cancer or other byperprobiferative condiions.

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

ot 3 pharmaceutically aceeptable salt, ester, or prodrug thereof:

Fornuda 1
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 af least one substituent mcluding a nitro substitutent, e,

disposed at a position distal o the sulfonyl.

2
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in certain embodiments, A7 is a beterocyclic anune, such as a piperidine, piperazing,
or morpholine ring, while in other embodiments, the amme is acyvehic andfor the mitrogen

. b  on . . . . . . . Lo k]
atom bound to the sulfonyl is not included in any ring that may be preseat i A7

3 In certamn embodiments, the nvention provides compounds represented by general

formula U or a pharmoaceuticaily aoceptable salt, ester or prodrag thereof

Y'i Y.E
\X/

NO,
Formula I1
] wherein:
Xis Nor CiH)-, preferably N;
Y and Y are each independently Jower atkytor Y and Y~ taken together with X

form a heterocyelyl ring system, such as
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G is sefected from N or -C(H)-, preferably N,

Z 15 abseat or selected from substitted or vnsubstituted atkyl, heteroalkvl, atkenyll
or atkyoyl; and

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

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

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

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

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

sach as 3 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, £ s absent.

In ceriain cmbodiments, the compound of Formala I has a strnucture of vne of
compowds 1 - 7. However, in cortain preferred embodiments of the compound,
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 carboxyvlic acid present in the parent compound is presented as
an gster. In certain such cioboadiments, the prodrug is metabolized to the active parent
compound & vive (e.g., the ester is hydrolyzed to the corresponding hvdroxyl, or carboxylie
acids.

in certain eatbodiments, compounds of the invention may be racemic, In certam
cobodimends, comnpounds of the mvention mway be enriched in ouc cnantiomer. For

example, a compound of the invention may have greater than 30% ee, 40% ee, 50% ee,
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HUYG ee, 709 ee, $0% ce, 90% ee, or oven 95% or greater e, In certmn embodiments,
compounds of the invention may have more than one stereocenter. In certain such
embadiments, compounds 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, 90% de, or even 95% or greater de.

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

enantiomer of a compound (e.g., of formula i or I An enantiomerically enriched minaure
may comprise, for example, af least 60 mol percent of one enantiomer, or more preferably
at least 75, 90, 95, or even 99 mol percent. In certain embodiments, the compound enriched
in one enantiomer 1s substantially free of the other enantiomer, wherein sebstannally free
means that the substance 1 guestion makes up less thas H%, 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 cnantiomer, e.g., in the composition or compound nuxture. For example, if a
composition or compound nixkre contains 98 grams of & first cnantioner and 2 grams of a
secomgd enantiomser, i would be said to contain 98 mol percent of the first cnantiomer and
only 2% of the second enantiomer,

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

in certain embodiments, the present invention relates to methods of teatment with a
compound of formuda or H, or a pharmaceutically accepiable salt thereof. In cortain
embaodiments, the therapeutic preparation may be enriched to provide predonunantly one
enantiomer of a compound {e.g., of formula T or i1}, An enantiomerically enriched mixture
may comprise, for example, at least 60 mol percent of one enantiomer, or move preferably
af least 75, 90, 93, or even 99 mwl percont. in cortain emboduments, the compound enriched
in one crantiomer is substantially free of the other caantiomer, wherein sebstantially free
means that the substance In guestion makes up less than 105%, 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 cnantiomer, e.g., in the composition or compound moixtare, For example, 'z

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 contan 98 mol percent of the first enantomer and
only 2% of the second enantiomer.

In certain embodiments, the therapeutic preparation may be eanched to provide
predonunantly one diastercomer of a compound {e.g., of fornutda for 1) A
diastereomericatly enriched mixture may comprise, for example, at least 60 mol percent of
one drasterecmer, or more preferably af least 78, 80, 93, or even 99 maol percent.

n cortatn embodiments, the present imvention provides 3 pharmaceutical preparation
suitable for use i a luman patent, comprising any of the compounds shown above (e.g, a
compound of the invention, such as a compound of formula 1 or I, and one or more
pharmaceutically acceptable excipients. In cortain cmbodiments, the pharmaceutical
preparations may be for use m treating or preventing a condition or disease as described
herein. In centain embodiments, the pharmacentical preparations have a low enough
pyrogen activity to be suitable for use in a ngoan patient.

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

in certain cmbodiments, the compounds of Foraula 1 or i nunigate tissue damage
induced by exposure to ionizing radiation andfor inhibit inflammation.

In one aspect, the mvention provides a pharmaceutical composition comprising a
compownd as disclosed herein and a pharmaceatically acceptable excipient or solvent. In
certam embodiments, a pharmaceutical composition may comprise a prodrug of a

compound as disclosed hevein.

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

In some embodiments, the compound may be administered proplylactically. 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 o jonizing radiation. In some embodiments, the compound may be
admimstered after exposure o

ionizing rachation, or after the imtiation of exposwre (o radiation.

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

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

In cortain embodimonts, a method of the invention may compnse contacting a cell

10 with a prodrug of a compound as disclosed herem.

¥ now n Nr

The terms "a,” "an,” "the” and similar referents used m the context of describing the
present imvention are 1o be construed to cover both the smgular and the phual, wnless
otherwise indicated herem or clearly contradicted by context. All methods deseribed herein

15 can be performed it any suitable order unless otherwise indicated herein or otherwisce
clearly contradicted by context. The use of any and all examples, or exemplary language
{e.g., "such as™) provided herem s intended merely to better dhunnate the present
mvention and docs not pose & Hmitation on the scope of the invention otherwise clatmed.
No language in the present specification should be constraed as indicating any unclaimed

20 element is essential fo the practice of the mvention.

The tem “acyl” is art-recognized and refers to a group represented by the gencral
formuda hedrocarbyvlC{O)-, preforably alloyIC(O)-,

The term “acylamine™ is art-recognized and refors to an amine group substituted
with an acyl group and mav be represented, for example, by the formula

hydrocarbvICEOMNH-,

I
v

The torm “acvloxy™ s ant-recognized and refers to a group represented by the
general formuda hydrocarbylCON0-, preferably alkyC(O0-.
The term “alkoxy™ refers to an alkyl group, preforably a lower alkyl group, having
an oxygen attached thereto. Representative atkoxy groups include methoxy, ethoxy,
30 propoxy, tert-butoxy and the ke

The term “alkoxyallovl”™ refers o an alkyl group substituted with an alkoxy group

and may be represented by the general fornmda alkyl-Oralkvl.

b
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The erm “alkenyl”, as used herein, refers to an aliphatic group containing at least
one dowble bond and 1s ntended w nchude both "unsubstituted alkenyls” and “substitated
atkenyls", the latter of which refers to alkenyl moieties having substituents replacing a
hydrogen on one or more carbons of the alkenyt 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 include all those contemplated for alkeyt groups, as discussed
below, except where stability is prohubitive, For example, substitution of alkeny! groups by
one or more alkyvl, carbocyelyd, aryl, beterocyelyl, or heteroaryl groups is conternplated.

An Talky!™ group or “altkane”™ s a straight chained or branched non-aromatic
hvdrocarbon which s completely saturated. Typically, a straight chamed or branched alikyl
group has from 1 to about 20 carbon atoms, preferably from 1 o about 10 unless otherwise
defined. Examples of straight chained and branched alkyl groups inclade methyl, ethyl, n-
propyl, iso-propyl, n-butyl, see-butvl, tert-butyl, peotyl, hexyl, pentyl and octyl. A G-Cs
straight chained or branched alky! group is also referred 10 as a "lower alkyl” group. An
alkvl group with two open valences 15 sometimes referred to as an alkylene group, such as
methylene, ethyvlene, propylone and the like.

Morcover, the term “alkyl” for Mower atkyl™) as used dwoughowt the specification,
examples, and claims 1z intended to inclode 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 mchule, for example, & balogon, a bydroxyl, a carbonyl (such as a carboxyl,
an atkoxyearbonyl, a formyl. or an acyl), a thiocarbony! (such as a thivester, a thioacetate,
ov a thioformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a phosphinate, an
anune, an anudo, an anuding, an imine, 3 cyano, & niteo, an axido, a sulfhvdryl, an
atkylthio, & sulfate, a sulfonate. a sulfamovl, a sulfonamido. a sulfonyl, a heterocvelvl, an
aratkyl, or an aromatic or hetercaromatic motety. It will be understood by those skifled 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
amd unsubstituted forms of amine, azido, 1wune, avudo, phosphoryl (including phosphonate
and phosphinate), sulfony! (including sulfate, sulfonamido, sulfamovi and sulfonate), and
sitel groups, as well as cthers, alkvithios, carbonyis (including ketones, aldehydes,

carboxylates, and esters), ~CFy, -ON and the ke, Exemplary substituted atkyls are
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deseribed below, Cycloatkyls can be further substituted with adkyls, alkenvls, alkoxys,
alkyhithios, aminoalkyls, carbonvi-subsunged alkyls, -CFs, ~-ON, and the bke.

The term “C.” when used in conjunction with a chemical motety, such as, acyl,
acyloxy, alkyl, alkenyl, atkyayl, or alkoxy is meant to include groups that contain fromx to
v carhons in the chain. For example, the tevm “Cialkel” refers 1o substinged or
ansebstituted saturated hydrocarbon groups, mchuding straight-chain alkyl and branched-
chain alkyl groups that contain from x to y carbons i the cham, including haloalkyl groups
such as trifluoromethyl and 2.2 2-trfluoroethyl, ete. Co alky! mdicates a hydrogen where
the group s i a terminal positon, a bond i internal. The terms “Chalkenyl™ and “Ca.
walkvnyl” refer to substituted or unsebstituted ansatarated aliphatic groups anslogous
length and possible substitution 1o the alkyls described above, but that contain at least one
double or triple bond respectively. As applied w heteroalkyls, O indieates that the
group contains trom x to v carbons and hoteroators in the chain, As applied to carbocyelic
structures, such as aryl and cycloalkyl groups, "Ci.” mdicates that the ring conprises X o y
carbon atoms. As applied to heterocyclic structures, such as heteroaryl and heteroevelvl
groups, "Co indicates that the ring containg from x to v carbons and heteroatoms. As
applied to groups, such as aralky! and heterocyelvlalkyl groups, that have both ring and
chain components, "Ue” indicates that the ring and the chamn together contain from x to v
carbon atoms and, as appropriate heteroatoms.

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

The term “alloyithio™, as used hevein, refers 1o a thiol group substituted with an alkyt
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 alkynyls” and “substitoted
atkynyls”, the latter of which refors to alkyny! moieties having substituents replacing a
hydrogen on one or more carbons of the alkynyl group. Such substiteents may ocour on
onc of mave carbons that are included or not included in one or more friple bounds.
Moregrver, such substituents include all those conmmplated for alkoyt groups, as discussexd
ahove, except where stability 1s prohibitive. For example, substitution of alkvny! groups by
one or more alkyl, carbocyelvl, aryl, heterocyelvl, or heteroaryl groaps is contemplated.

The term "amide”, as used herein, refers {o 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 aton to which they are attached complete a heterooyele having
from 4 to § atoms in the ring structure.

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

\n.

The terms

and substituted amines and salts thereof, ¢.g., a moiety that can be represented by

Rm Rﬂ
! 4 -
PN NP R
\R’FG . \R’FQ
o

wherein each R' independently represents a hydrogen or a hydrocarby! group, or two R
are taken together with the N atom fo which they gre atfached compleie 8 heterocyele
having from 4 o 8§ atomns 1o the ring structure.

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

The term “aralkyl”, as ased herein, refers to an alkyl group substituted with an aryl
group.

The term “aryl™ as ased herem inelude substituted or wnsubstiteted single-ring
aromatic groups i which cach atom of the ring 1s carbon. Preferably the ring isa 5-10 7-
membered ring, more preferably a 6-membered ring. The term “aryl” also mcludes
polyeyelic ring systems having two or more eyclic rings i which two or more carbons are
comumon to two adjoining rings wherein at least one of the rings s aromatic, e.g., the other
evelic rings can be eyveloalkyls, cycloathenvis, cveloalkynvls, arvls, heteroaryls, andfor
heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene, phenol, amling,
and the like,

The tern “carbamate” 1s art-recognized 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

heterocvele having from 4 to ¥ afoms in the ning stracture.
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The erms “carboeyele”, and “carbocyelic”, as used heretn, refers to a satwated or
unsatwrated ring in which each atom of the ning is carbon. The term carboeyele tncludes
both aromatic carboeycles and non-aromatic carboeyeles. Nos-aromatic carbocyeles
include both cyeloalkane nings, i which all carbon atoms are saturated, and cveloaltkene
rings, which contain at least one double bond. “Carbocyele™ includes 5-7 membered
nwnocyclic and 8-12 membered bicvelic rvings, Each ring of a bicychic carboeyele may be
selected from saturated, unsaturated and aromatic rings. Carbocyele ncludes bieyehic
molecules in which one, two or three or more atoms are shared botween the two nings. The
term “fused carbocyele” refers to a bicyelic carbocyele in which cach of the rings shares
two adjacent atoms with the other ring. Each ring of a fused carboeycle may be selected
from saturated, unsaturated and aromatic rimgs. In an exemplary embodiment, an aromatic
ring, ¢.g., phenvl, may be fused to a saturated or wnsatwrated ring, e.g., cyvclohexane,
cyclopentane, or eyclohesene, Aoy corbination of sahwated, unsaturated and avomatic
bieyvelie rings, as valence permits, s meluded m the definition of carhboeyelic, Exemplary
“rarbocyeles” include eyclopentane, cyclohexane, bievelo{2.2. Hheptane, 1,5-
evelooctadions, 1,2,3 4-teteahvdronaphthalene, bieyvelo{4.2 Ooct-3-ene, naphthalene and
adamantanc, Exemplary fused carbocyeles include decalin, naphthalene, 1,2.3,4-
tetrahvdronaphthalene, bicvelof4.2 Gloctane, 4,5,6.7-tctralyvdro~1 H-indene and

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

A “eycloalkyl” group iy a oyclic hyvdrocarbon which is comploiely saturated.
“Cyctoatkyl” includes monocyelic and bievehe rings. Typically, a monocyelic eyeloatkyl
group has from 3 to abowut 10 carbon atoms, more typically 3 to ¥ carbon atoms unless
otherwise defined. The second ring of a bicyclic cycloalhyl may be selected from satwated,
unsaturated and aromatic rings. Cycloatkyl includes ieyelic molecules in which ong, two
or three or more atoms are shared between the two rings. The torm “fused eycloatkyt” refers
to a bicyclic eycloatkyl in which each of the nings shares two adjacent atoms with the other
ring. The second ring of a tused bicvelic cyeloatkyl may be sclected from saturated,
unsaturated and aromatic vings. A “oveloalkenyl” group is a oyelic hydrocarbon contating
one ot more double bonds.

The term “carbooyelylalkyl”, as used hevein, refers to an alkyl group substitated

with a carbocycele group.
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The term “carbonate” is art-recogmzed and refers to a group ~OC0-R™Y wherein
R™ represents a hydrocarbyl group.

The term “carboxy™, as used herein, refers to a group represented by the
tormula ~CO:H.

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

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

The terms “hale”™ and “halogen”™ as wsed herem wcans halogen and mncludes chioro,
fluare, bramo, and iodo.

The terms “hetaralkyl” and “heteroaralloy!”™, as used berein, refers to an alky! @oup
sabstituted with a hetaryl group.

The term "heteroalkyl", as used herein, refers to a saturated or unsaturated chain of
carbon atoms and at least one hoteroatom, whetem no two heteroatoms are adjacent. In
analogy with alkyl groups, heteroatkyl groups with two open valences are sometimes
referred to as hetercatkylene groups. Preferably, the heteroatoms in beteroatky! groups are
selected from O and N,

The terms “heteroaryl” and “hetarvt” include substitoted or unsubstituted aromatic
single ning stractares, preferably 5~ 0 7-membered nings, more preferably 5- to 6-
membered rings, whose ring structures include at least one heteroatom, preferably one to
finwr heteroatonss, more preferably one or two heteroatoms. The terms “heteroaryl”™ and
“hetaryl” also include polyeyclic ning systems having two or more ovelie rings in which two
or more carhong are common to two adjoining rings wherein at least one of the rings is
heteroaronatic, €.¢., the other cyclic rings can be cycloatkyis, cyveloatkenyls, cycloalkynvls,
aryls, heteroaryls, andfor hetercoyelyls, Hetercaryl groups nchade, for example, pyrrole,
furan, thiophene, imdazole, oxaznle, thiazole, pyrazole, pyridine, pyrazine, pyridazine, and
pyrisidine, and the like.

The term “heterogtom” as used heromn means an atom of any clement other than

carbon or hydrogen. Preferred heteroatoms are mitrogen, oxygen, and sulfur.
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The erms “heteroeyelvl™, "heteroevele™, and “heterocyelie™ refer to substituted or
unsubstituted non-aromatic ring structures, preferably 3~ to 10-membered rings, more
preferably 3- to T-membered rings, whose ring structures include at {east one heteroatom,
preferably one to four heteroatoms, more preferably one or two beteroatoms. The terms
“heteroovelvl” and “heteroeyelic™ also include polyevehie ring systems having two or more
cyehie rings i which two or more carbons are common to two adjoining nngs wherein at
least one of the rings 1s heterocyclic, €.¢., the other cyclic rings can be cveloatkyls,
cycloatkenyls, cveloatkynyls, arvls, heteroaryls, andfor heteroevelvls. Heterooyely! groups
include, for example, piperidine, piperazine, pyrrolidine, morpholine, lactones, lactams, and
the ke,

The term “heteroeyelylatkyl”, as used hevetn, refers 1o an alkyl group substituted
with a heterocvele groap.

The term “bhydrocarbyl”™, as used berein, refers to 3 group that 1s bonded through a
carbon atom that does not have a =0 or =5 substituent, and typically has at least one
carbon-hydrogen bond and a primaniy carbon backbone, but may optionally mclude
heteroatoms. Thus, groups like methyl, ethoxyothyl, 2-pyridyl, and sifluoromethyl are
considered to be hvdrocarby! for the parposes of this apphication, but sebstiients such as
acetyl {which bas a =0 substituent on the hinking carbon) and cthoxy (which is linked
through oxygen, not carbon) are not. Hydvocarbyl groups inchude, but are not {imited to
arvi, heteroarvl, carbocycele, heterocyelvl, alkyl, alkenyl, alkvnyl, and combinations thereof

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

The e “lower” when used in conjanction with a chentical motety, such as, acvl,
acvioxy, alkyl, alkenyl, alkvnyl, or atkoxy 15 meant to nclude groups where there are ten or
fewer non-hydrogen afoms in the substituent, preferably six or fewer. A "lower atkyl”, for
example, refors to an alky! groap that contams ten or fower carbon atoms, preferably six or
fewer. In certain embodiments, acyl, acyloxy, alkvl, 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 in the recitations hydroxyalkyl and aralkyl (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 erms “polyevelvt”, “polyeyele™ and “polyeyehe” vefer to two or more rings
{e.g., cycloaltkyls, cycloatkenyls, eveloatkynyls, aryls, heteroaryls, andfor heteroeyelyls) in
which two or more atoms are common to two adjoiming rings, ¢.g., the rings are “fused
rings”. Each of the nings of the polveycle can be substituted or unsubstituted. In cortain
ernbodiments, each ring of the polyeyele contains from 3 o HE atomss i the ring, preferably
from 3t 7. When 3 polyeyelic substituent is attached through an aryl ot heteroaryl ting,
that substituent may be referred to herein as an arvl or hotoroaryl group, while if the
polyoeyelic substituent is attached through a oyvcloalkyl or beterocyelyl group, that
substituent way be referved to herein as a eyvcloalkvl or beteroovelvl group. By way of
cxample, a 12,3, 4-tetrahvdronaphthalon- -yl group would be a cveloallkyl group, winle a
1,23 d-tetiahydronaphthalen-3-y1 group would be an arnvl group.

The term “silvi” refers o a sthcon moiety with three hydrocarbyl moieties attached
thereto.

The term “substituted” refors to moictics having substituents replacing a hydrogen
on one or more carbons or heteroatoms of the moicty. Tt will be understood that
“substitution” or “substitgted with” mcludes the implicit proviso that such substitution is in
accordance with permitted valence of the substiteted atoen and the substituent, and that the
substitution results i a stable compound. 2.3, which does not spontancously vndergo
transformation such as by rearrangement, eyclization, olimination, ete. As vsed herem, the
term “substitsted” s contemplated to include all permissible sabstituents of organic
compouds.

In a broad aspect, the pernussible substituents include acyehe and cyclic, branched
and unbranched, carbocycelic and heterocyelic, aromatic and non-aromatic substituents of
organic compownds. The permissibie substituents can be one of more and the same or
different for appropriate ovganic compounds. For purposes of this invention, the
heteroatoms such as mitvrogen miay have hydrogen substituents andfor any pernussible
substitnents of organic compounds described herein which satsfy the valences of the
heteroatoms. Substituenis can include any substitvents described herein, for example, a
halogen, a hydroxvl, a carbonyt (sach as a carboxyl, an alkoxycarbonyl, a fornyl, or an
acyl), a thincarbonyl {such as a thioester, a thinacetate, or a thioformate), an alkexyl, a
phosphorel, a phosphate, a phosphonate, a phosphinate, an amine, an amido, an amidine, an
inine, & cyvano, & nitre, an azido, a sulihvdryl, an atkylihio, a sulfate, a sulfonate, a

sulfamovl, a sulfonamido, a sulfonyl, a heterocyelyl, an aralkyl, or an aromatic or
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heteroavomatic morety. 0wl be understood by those skilled 1o the art that substituents can
themsehves be substitwted, if appropriate. Unless specifieally stated as “unsubstitated,”
references to chemical motetios herein are understood to include substituted varants, For
example, reference to an “aryl” group or motety inplicitly includes both substituted and
ansabstituted variants.

The term “sulfate™ 13 arf-recognized and refers to the group -OSOXH, or a
pharmaceutically acceptable salt thereof.

The term “sulfonapude” Is artrecogmized and refers o the group represented by the

general formulae

‘ 10 Ri(ﬁ
A Osg
E—E"N‘ ’ or EWN! 20
g R ‘ ‘Rg

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 heterocvele having from 4
to § atorns in the ring structure.

The term “sulfoxide™ is art-recognized and refers to the group -S{ORR™, wherein
R represents a hydrocarbyl,

The term “sulfonate” is art-recogmzed and refers to the group SOH, or a
pharmaceutically acceptable salt thereof.

The term “sulfone” is art-recognized and refers to the group -S(01-R*’, wherein R™
represeris a lvdrocarbyll

The term “thioalkyl™, as used hevein, refers o an alkyl group substiteted 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 cquavadent to an ether, wherein the oxygen is
replaced with a sulfur.

The torm “area”™ is art-recognized and may be represented by the geaeral formala

e

LAl R
Sy
R‘EB RSE
: 3 ; HEE R . . ] .
wherein R and R™ independently represent hyvdrogen or a hydvocarbyl, such as alkyl, or
. . P ) [ 13 . : . ¢ o
gither ocvurrence of R” taken together with R and the intervening atomi{s) complete a

heterocycele having from 4 to ¥ atoms m the ring structe.

e
L&
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“Protecting group” refers o a group of atoms that, when attached 1o a veactive
functional group in & molecule, mask, reduce or prevent the resctivity of the functional
group. Typically, a protecting group may be selectively removed as destred during the
course of a synthesss. Examples of protecting groups can be found in Greene and Wats,
Protective Greups in Organic Chemisire, 3% Ed., 1999, John Wiley & Sons, NY and
Harmmson et al,, Compendium of Synihetic Crganie Methods, VWols. 1-8, 1971-1896, John
Wiley & Sons, NY. Representative nitvogen protecting groups mchude, but are not hinited
to, formyl, acetyl, rifluoroacetyl, benzyl, benzyloxyearbonyl (CUBZ7), tert-butoxycarbonyl
{("Boc™), wrimethylsitel CTMI™, 2-trimethyisiivi-cthanesalfonsyl (CTES™), vl and
substituted tritvl groups, altvioxycarbonyl, $-Hluorenvimethvioxyearbonyl ("FMOCT),
nitro~veratryloxyecarbonyl ("NVOC” ) and the ke, Representative hydroxyiprotecting
groups include, but are not limited to, those where the hydroxyl group is erther acylated
{esterified) or alkylated such as benzyl and mityl others, as woell as atkyd ethers,
tetrahvdropyranyl cthers, trialkoylstiyl ethers (e.g, TMS or TIPS groups). glyeol ethers, such
as cthylene glyveol and propylene glyeol dertvatives and allyl cthers.

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

The tenm “ireating” includes prophylactic andfor therapeutic treatinents. The term
“prophylactic or therapeutic” treatment 1s art-recogmzed and includes adnunistration to the
host of one or more of the subject compositions. If it 1s adounistered prior to chinical
marifestation of the wnwanted condition (e.g., disease or other unwanted state of the host
anmal) then the treatment is prophylactic (3.¢., it protects the host against developing the
anwanted condition), whereas if it is administered after manifestation of the anwanted
condition, the reatment is therapeatic {Le., 1t is intended to dinunish, amebiorate, or
stabnhize the existing wnwanted condition ov side effects thereof}.

The term “pradrug” s intended 1o encorapass compounds which, under physiclogic
conditions, are converted into the therapeutically active agents of the present invention
{e.g., a compound of fornmda { or ). A conumon method for making a prodnsg is to include
one or more sclected moietios wlhich are bydrolyzed under physiologic conditions to 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 earboxylic acids) ave 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 suttable prodrug, ¢.g., wherein a hydroxyvl in
the parent compound s presented as an ester or & carbonate or carboxvhic acid present in the

parest compound 1s presented as an ester,

Pharmacedical Composifions

The compositions and methods of the present invention may be utibized to treat an
ndividual in need thereof. In cortain embodiments, the individual 1v 3 mammal suchas a
hurnan, or a non-human mammal, When administered to an antmal, such 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 glyeols, glycerol, oils sach as olive oil, or injectable organic
esters. In a preferred embodiment, when such pharmaceutical compositions are for haman
administration, particvdarty for invasive routes of administration (i.c.. routes, such as
igection ot implantation, that clreumvent transport or diffusion through an epithelial
harrier}, the agueous solution 1s pyrogen-free, or substantially pyrogen-free. The excipients
can be chosen, for examgpte, to effect delayed release of an agent or to selectively target one
or more cells, tissues or orpans. The pharmaceutical composition can be in dosage unit
form such as wblet, capsale (inclading sprinkle capsule and gelatin capsude), gramsde,
tyvophile for recomstigion, powder, sofution, syrup, supposiory, injection ot the like. The

compaosttion can also be present in a ransdermal delivery system, e.g., a skin patch.

A pharmacestical composition disclosed herein may comprise a therapeutic
compound in an amount sufficient to allov customary administration to an individual. In
certain embodiments, a pharmaceutical composition disclosed herein may comprise, e.g., at
least 5 my, at least 10 my, at feast 15 myg, at least 20 mg, at least 23 mg, at least 3 wg, at
least 35 mg, at least 40 my, at least 45 myg, af keast 30 myg, at least 33 myg, at least 60 mg, at
least 65 mg, at least 70 mg, at least 75 myg, 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

pharmacewtical 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 25 myg, at least S8mg, at least 75 mg, at feast 100 mg, at feast
200 mg, at feast 300 myg, at least 400 my, at least 300 myg, at least 600 myg, at feast 7K myg,
at least 800 my, at least 900 myg, at feast 1,000 myg, at feast 1,100 mg, at least 1,200 mg, at
least 1,300 mg, at least 1,300 mg, or at least 1,500 myg of a therapeutic compound. In yet
other aspects of this erabodiment, a pharmaceutical composition disclosed hevein may
comprise 1 the range of, ¢.g., about § myg to abost 100 s, about 10 my o about 100 my,
about SO myg to about 150 myg, about 100 mg to about 250 mg, abowt 130 mg to about 350

mg, about 250 mg to about 5060 mg, about 350 mg to about 600 myg, about 300 mg 1o about

~
{

S0 mg, about 600 my 1o about 9 my, about 730 myg to about 1,000 myg, about 830 mg to
about 1200 myg, or abowt 1,000 my to about 1,500 myg. In still cortain embodiments, a
pharmacentical composition disclosed herein may comprise in the range of, ¢.g., about 10
mig to aboot 250 mg, about 10 myg to about 300 mg, about 10 mg (o about 730 myg, abowt 10
iy to about 1,000 myg, abowt 1 mg to about 1,500 mg, about 50 my to about 250 myg, about
S0 myg to about 500 mg, about M mg to ahout 750 my, about 30 mg 1o about 1,000 mg,
about 50 mg to about 1,500 mg, about 100 mg to about 250 me, about 100 mg to about 300
mg, about 100 my to about 750 mg, about 160 mg to about 1,000 myg, about 100 mg to
about 1,300 myg, about 200 myg o about 300 myg, abowt 200 mg to about 750 myg, about 200
mg to about 1,000 mg, about 200 mg to about 1,500 my, about 5 mg to about 1,300 mg,
about 5 mg to about 1,000 mg, or about 3 mg to about 250 mg.

A pharmacestical composition disclosed herein may comprise a solvent, enulsion
or othor diluent in an amend sufficient to dissolve a therapeaetic conapound diselosed
herem. In cortain embodinments, a phammaceutical composition disclosed herein may
comprise a solvent, emwlsion or a diteent in an mnowit of, e.g., less than about 905 (viv),
less than about 0% (v/v), loss than about 70% {v/v), less than about 653% (viv), loss than
about 60% {v/v), less than about 5%, (v/v), less than about S0% (v/v), less than about 45%
{oivy, less than about 40% (viv), less than about 35% {v/v), less than about 30% {v/v), less
than about 253%% (viv), less than abouot 2056 {v/v), less than about 15% {v/v), less than about
0% {v/v), Toss than abowt 3% {vAv), or loss than about 1% (vl In certain embodimends, a
pharmacatical composition disclosed herein may commprise a sobvent, eoulstion or other
diluent iy an amount in a range of, o.g.. about 1% {3v) to 0% (vV), about 196 Hviv o T%
{viv), about 1% {wiv) to 60% {viv), about 1% (i) to S0% (uiv), aboat 195 (v/v) to 40%
{vivy, about 1% (viv) 1o 30% {viv), about T (viv) to 20% (v/v), about 1% {v/v) to 10%

{viv), about 2% (vAv) to SO0 {vfv), about 2% (v to 40% (viv), sbout 2% (v/v) to 3094
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{ufvy, about 2% (viv) to 20% {3, about 2% (W) to 11%% (vivh, about 4% (v/v) o 50%
{uivy, about 4% (viv) to 4% (), about 4% (W) to 3105 (vivh, about 4% (v/y) to 20%
{viv), about 4% (v/v) to 1% {viv), about 6% (W) to S0 (v/9), about 6% (v/v) to 40%
{vivy, about 6% (v/v) 1o 309 (viv}, about 6% (v/v] to 20% {v/), about 6% {viv) to 1%
{vivy, about 8% (/) to 589 (efvd, about 8% (viv) to 40% {viv), about 8% (/') o 385
{vivy, aboul 8% () to 20% {vivl, about 895 (v/v) to 18% {v/v), or about 8% (viviio 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 pharmaceutical composition may be, e.g., at
least 0.00001 mg/ml., at least 80001 mghall, at least 0,001 mgfol., ai least 0.01 mpfol, at
least 0.1 mgfml, at least 1 mp/mb, at least 10 mg/mi, at least 25 mg/ml, at least 50
mg/ml., at least 100 mgiml., at least 200 mgfml., at least 300 mg/ml., at feast 700 mg/ml.,
at least 1LO00 mpial, or at feast 1,200 mg/mi. In cortain embodiments, the concentration
of a therapeutic compound disclosed herein in the sohation may be, ¢.g., at most 1,006
me/mb., at most 1,100 me/ml., at most 1,200 me/ml., at most 1,300 me/ml., at most 1,400
mg/ml., at most 1,500 mg/ml., at most 2,000 mg/mlL., at most 2,000 mg/mL., or at most
3,600 mg/mb. In certain embodiments, the final concentration of a therapeutic compound in
a pharmacecutical composition may be 1o a range of, ¢.g., about $.00001 rog/mlL to about
3,000 mgfml, about 00001 mgimk to about 3,000 mgdmb, about (.01 mg/ml to about
3,006 mgiml., about 0.1 mg/ml to about 3,000 mgimL, about 1 mgfmi. o about 3,180
mg/ml., about 250 mg/ml 1o about 3,000 mg/ml., about 500 mgimi. to about 3,000
meg/mb., about 750 mgfmi. to about 3,000 mg/ml.. about 1000 mg/ml. to about 3,000
mg/ml., about 100 mgml o about 2 000 mgdml., about 250 me/mlb to about 2,000
mgfml., about 300 mgfml. to about 2,000 mgd/ml, about 750 mg/mi. to about 2,006
mg/ml, about 1,000 mgfial to about 2,000 mg/mb., about 1} mg/mil. &0 about 1 560
ny/ b, about 250 mg/mb to about 1,500 mg/ml., about 300 mg/mk to about 1,300
mygml, about 750 mg/mb to about 1,500 mg/ml., about 1,000 mg/ml. to about § 500
mgml, about 130 mg/mi to sbout 1,200 mg/ml., about 250 mgfmd. to about 1,200
mg/mb., about 300 mg/ml to about 1,200 mg/mL., about 730 mg/mL to ahout 1,200

mgfml., about 1,000 mg/ml to abowt 1,200 mginl., about 100 mg/ml o about 1,000
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me/mb, about 250 mgfml to about 1 000 mg/ml., about 508 mafmi. to about 1,000
mg/mL, about 750 mg/mL to about 1 000 mg/md., aboat HH mgfiml. to about 750 mg/ml.,
aboat 250 mg'mL o about 750 mg/ml., abouet SO0 mg/md. to about 750 mg/mb, about 100
mg/ml to about 500 mg/ml., about 230 mg/ml. to about 500 mg/mL., about G.0000]
mg/ml. to about LG0T mgdfml, about L0BDT me/ml to about 0.001 mg'ml., about
0.00001 mg/mb to abowt §.01 mpimi., about 0.06081 mg/ml fo abeat 0.1 meil, abowt
0.00001 myp/mL 1o about 1 mg/l., about 0.001 mg/ml to about 0.01 mg/mL, about 0.001
mg/m 1o about 0.1 mgdmb, about 0.001 mp/mi. to about 1 mg/ml., about 0.001 mg/ml to
about 10 mgfmid., or about 0001 mg/ml. to about 100 medmlL.

In certain embodiments, a therapeutically effective amwount of a therapeatic
compound disclosed herein generally 1s in the range of about 0.001 mg/kg/day to about 104
mg'kg/day. In certain embodiments, an effective amount of a therapeatic compound
disclosed herein may be, ¢.g., at least 0.001 mgkgfday, at least .01 mgdhgfday, at least 0.1
myg/kg/day, at teast L0 mg/ke/day, at feast 5.0 mgdkgdday, at least 10 mgtkg/day, at least 15
mgdkpdday, af feast 20 mpdegiday, at least 23 mg'kpdday, at least 30 mgkpd/day, at least 35
mgke/day, at least 40 mgdhg/day, at least 45 mp'kg/day, or at least S0 mg'kgiday. In
cevtain embodiments, an effective amount of a therapeotic compound disclosed herein may
be in the range of, ¢.g., about 0.001 my'kgiday to about 10 my'kgiday, about §.00]
mg'kg/day o about 15 mgkg/day, about 1001 mgkg/day to about 20 mg'kg/day, about
0.001 me'kg/day to about 25 mplke/day, about 0.001 mg/kedday to about 30 mgdke/day,
about 0.001 mgfkg'day to about 35 mgfkg/day, about 0.001 mgkedday to about 40
mpdkpdday, about 0.001 me'kp/day to about 43 mykydday, about 0.001 mg/hke/day to about
S mgdkgdday, about 8.007 mpdky/day to abowut 75 medkgdday, or abowt 8.001 megke/day to
about 1 mg'kgiday. In vet other aspects of this embodiment, an effective amount of a
therapeutic compound disclosed herein may be i the range of, e.g., about 0.01 muke/day
to about 10 mgke/day, about 0.01 mgkg/day to abowt 15 mgkgdday, about .01 mg'ke/day
to about 20 me'kg/day, about 9.01 mgke/day to about 25 mg/kedday, abouwt B.01 mgkgday
to about 30 mg'kgdday, about 0.01 mgkg/day 1o about 35 mgke/day, about 8.01 mgkg/day
to about 40 mpdkeiday, about 0.01 mg'kg/day 1o about 45 mg'kg/day, about 101 mgtkg/day
to about 30 mg'kedday, about 0.0 mpkeiday to abowt 75 mpkeiday, or about G041
mgke/day to about 100 meke'day. 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 mgikg/day to about 15 mgdkg/day, about 0.1 mpdg/day to

20
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about 2 mgike/day, about 0.1 mgdke/day to about 25 mg'kedday, about 0.1 mg/kgiday o
about 3 migfke/day, abowt (.1 mgfkg/day to about 35 mgikg/day, sbout 0.1 mg'keiday
about 40 mgdkg/day, abowut 0.1 mgkg/day to aboat 45 mg'kgdday, about 8.1 my/kgiday to
about 30 my'kg/day, about 0.1 mg'kg/day to about 75 mpdegiday, or about 0.1 myg'kg/day to
about 100 mg'ke/day.

in other aspects of this embodiment, an effective amount of a therapeutic compound
disclosed herein may be nthe range of, ¢.g., about | my'kg/day to about 10 mgdg/day,
about 1 mg'ke/day 10 about 15 me'kg/day, about 1 myke/day to about 20 mp'kedday, abowt
I mg'kg/day 1o about 23 mw'kedday, about | mg'kgfday to sbowt 30 me'kg/day, abowt |
mg'ke/day to about 35 me'kedday, about 1 mg'kgdday to about 40 mg/'kg/day, about |
mgkg/day o about 45 mgikg/day, about 1 mg'kedday to about 50 mg'kg/day, about |
mg'kg/day o about 75 mgfke/day, or aboat T mg'kg/day to aboat 100 mgke/day. In certam
embodiments, an ¢ffective amount of a therapewtic compound disclosed herein may be in
the range of, ¢.¢., about 3 mg/kpddav to about 10 mefky/day, about § mp'kg/day to about 15
mdkpdday, about 3 mgdkg/day to about 20 mgdkg/day, about 5 mgfkeiday to about 25
mgke/day, about § mgbe'day o about 36 mg'kg'day, about 5 mgkgdday to about 38
mgke/day, about § mgbe'day o about 46 mg'kg/day, about 5 mgkgdday to about 438
metkg/day, about 5 mgke/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 iquid and semi-solid formulations, a concentration of a therapeutic compound
disciosed herein typically may be between about 50 mg/nid. to abowt 1000 rag/mi. In
certain embodiments, a therapeotically effective amount of a therapeutic disclosed herein
may be from, e.g., about 530 mg/mil o abowt 100 me/ml., about 30 mg/ml to about 206
mgfml, about 3¢ mgiml to about 300 mgfmi., about 58 mgfmb. {0 about 400 mg/ml., about
30 mg/ml. o about 500 mgfmi, about §0 mgiml. to about 600 mganl., abowt 50 mgiml. to
about 700 mg/ml., about 50 mg/ml. to about 800 mgiml., about 50 mgiml o about 906
mg/ml., about 50 mg/ml. to about 1000 mg/mL, abowt 100 mgiml to about 200 mgiml,
about 100 mgfnl 1o about 300 mgiml., about HI0 mgiml to sbout 400 mgfml., about 104
oy b to about 306 mgimi, about 100 mg/ml to about 600 mg/mk., about 108 mgiml 1o
about 700 mg/ml., abowt 100 mg/mi. to about 800 myg/ml., about 100 mg/ml. to about 800
mgml, about 130 mg'mi to about 1,000 myg/ml., about 200 mgiml. o about 300 mg/ml.,
about 28 mgfml. o about 400 mg/mL., about 200 mg/mb. to about 300 mag/ml., about 200

mgfml. to about 608 mg/ml., about 200 mg/ml. to about 700 mw/ml, about 200 mg/ml to



WO 2014/182789 PCT/US2014/037110

19

e
By

about 3t#) my/ml., about 200 g/ mb to sbouat 900 mgiml., about 218 mg/ml. to about
1006 mgfml., about 360 my'ml to aboat 400 mg'ml., aboet 300 mg/ml. to about 300
mg/mlL, about 300 mg/ml to about 608 mg/ml., about 300 mgiml to about 700 mygiml.,
about 300 mg/mlL. to about 300 meimL, about 300 mg/ml. to about Y00 mg/ml., about 300
mg/ml. to about 1,000 mg/mL, about 400 mgfml to abowt 300 mgfml., about 400 mgmL
to about 600 rag‘mb. abouat 400 my/eil to about TO0 mp/ml, about 400 mg/mb to abowt
300 mg/mL, about 400 mg/mL to about 900 mg/ml., 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 30U my'ml. 1o abowt 800 mg/ml., about 3 mgfmb. o about 900 mg/ml., about 308
mgimL to ghout 1000 mg/ml., about 600 my'ml. to abot 700 mgfml, about 600 mgimL
to about 800 mg/ml., about 600 mg/ml. to about %00 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 mutigate
radiation induced apoptosis in wiro relative to control valaes.

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

Figure 3 shows the dose response experiments for compownds 2 (3335512} and 3
{33463607 1 CIH male oice aod CF7BES fomale mice.

Figure 4 shows the dose response experiments for compounds 2 (5353512 and 3
{5346364) when increased to 25 mgke (Figure 4A and 4B) and if dosing of compound 2
{3355312) was given after 24 hours {1}, 48 hours (D2}, and 72 hows {D3) (Figure 4C},

Figure 5 shows the dose response when compounds 2 {5355512) and 3 (5346360)
are given orally by gavage.

Figure 6 shows the Probit analysis of the effect of varying the radiation dose with
compowids 2 {33535512), 3 {5346360), and 3 {5116319).

Figure 7 shows the mitigation against whole body radiation lethality i vive by
analogs of Compound 2 (5353512}

Figure 8 shows the redaction in radiation induced apoptosis with the admimistration

of certain comapounds of the mveation,

s
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Figure 9 shows flow oytometric assay resudts demonstrating the ahibity of active
compounds to mitigate radiation-indeced apoptosis relative to inactive compounds.

Figare 10 shovs that compounds 2 (53355512) and 3 {5346360) inhibit TNF-q
production when added to stimulated penitoncal macrophages 1 bour after LPS measured by
ELISA (Figure 10A) and other compounds of the invention that were able to intubit TNF-u
prochection (Figure 108}

Figure 11 shows that compounds 2 (3355;

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

Figure 12 shows how compouand 2 (53335512} induces perttoneal macrophages to
produce TNF-~ o 1 response to hpopolysaccharide (LPS).

Figure 13 shows that compound 2 (3353512) mercases the ol endogenous CFU n
spleens (Figore 13A) and average endogenous CFU por spleen (Figure 138) at 10 days
after various doses of whole body yradiation {WB1).

Figure 14 shows the results of the i wve assay with compound 2 {53535512) in
C37B6 mice who were irradiated with 16 and 18 Gy abdominally.

Figure 15 shows the mitigation of radiation pnowmonitis and fibrosis after local
thoracic frradiation in C3H mice with pnenmonitis {Figure 15A) and C37TBLS nuece with
fibvosis (Figure 13B) .

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

growth of funor kg colordes In vive and on radiation response,

Detailed Description

Compounds shown in Table 1 putigate the effects of lonizing radiation, inhiit
inflammanon, and are useful for treating cancer and other hyperproliferative disorders.
Pharmaceutical formulations using compounds shown in Table 1 have potental to improve
the outconne of radiation exposure, and therofore they may be usefid 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 compouands also whibit inflammation as well
as protect bone marrow and other organs from radiation damage. As disclosed herein, after
i vigro screcnng, the chosen compounds were applied in mice 24 hours after TBl and
provided greatly elevated animals” survival level, compared to a control group. They also
nutigated lethal normsal gut and fung radiation damage, as well as having anti-temor activity
with and withowt therapeatic doses of tonizing 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 carrier or dilsent.

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

As ased herein, "mitigating” means reductig the negative effects caused by
exposure 1o omzing radiation, relative to a cell, organ, tissue, or organism exposed to the
sanwe level 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 1 may comprise administering a therapeatically effective amouant of the
compound to a subject.

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

The subject moay be any organisn: that has bren exposed to omzing radiation, or
wlhich may be exposed to lonizing radiation. In one embodiment, the invention provides a
method wherein the subject is a haman, rat, moase, cat, dog, horse, sheep, cow, monkev,
avian, or amphibian. In another emboediment, the cell is in vivo or in vitre, Typical sobjects
to which compounds of the invention may be adounistered will be mammnals, particularly
primates, especially humans. For veterinary applications, & wide variety of subjects will be
suitable, ¢. g hvestock such as cattle, sheep, goats, cows, swine and the Hike; poultry such
as chickens, ducks, geese, turkeys, and the like; and domesiicated sramals particularty pets
such as dogs and cats. For diagnostic or research applications, a wide variety of manunals
will be suitable subjects including rodents {e.g. mice, rats, hamsters), rabbits, primates, and
swinte such as inbred pigs and the like. Addittonally, for in vitsro applications, sach as in
vifre 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 | betore, during, or afler exposwre to omzing radiation. In some embodiments, the
compound may be adnunistered prophylactically, 1.¢. before exposure to iomzing radwation,
for example, prior o cancer radiation theeapy or Xeray. In some embodiments, the
compound may be admimstered during exposure, or upon repeated exposure 1o 1onizing
radiation. In some embodiments, the compound may be adnunistered afier exposure (o
onizing radiation, or after the mntiation of exposure o radiation,

When administering 1o an orgamsm, 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 cobediments
the compound may he adnunistered in 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 Compuaications Conumission, but for biological purposes
may be considered to be radiation having energy greater than the first ionization potential of
oxygen or the jontzation potental of hydvogen, and may bave other meanings according o

pracitioners,

Inflammatory Diseases

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

Examples of mflammatory conditions, which may be treated or prevented by the
adminmistration of a compound of the ivvention include, but are not timited to, mflammation
of the Tungs, joints, connective tissue, eyves, nose, bowel, kidney, fiver, skin, central nervouns
svstem, vascular system and heart, In certain embodiments, inflavunatory conditions which
may be treated by the current invention include inflammation due to the infilteation of
feukocevies or other immune 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, vinuses, bacteria

tongs and parasites.

Tt
il
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Inflanmmatory hung conditions inchsde, but are not {imited to, asthwa, adult
respivatory distress syndronie, bronchitis, pulmonary inflammation, pulmonary fibrosis, and
cystic fibrosis {which may additionally or altematively volve the gastro-intestinal tract or
other tissue(s)). Inflammatory joint conditions include rheumatoid arthrius, rhewmatoid

spondylitis, juvenile rheunatoid arthritis, osteoarthritis, gowuty arthritis and other arthritic

caonditions, Eve diseases with an inflanunatory component irelude, but are not hinited to,
wveitis (including rits), comjunctivitss, sclenitis, keratoconjunctivitis sicca, and retinal
discases, includmg, but not Linnited to, diabetic retinopathy, retinopathy of prematurity,

rotinitis pigmentosa, and dry and wet age-related macular degeneraton. Inflammatory

boowel conditions mctude Crohn's disease, uloerative colitis and distal prochitis.
Inflammatory skin diseases include, but are not fimited to, condstions associated
with celt proliferation, such as psoriasis, cozema and devmatitis, {(€.g., cozematous
dermatitides, topic and schorrheio denmatitis, allergie or ieritant contact dermatiis, cczcma
craquelee, photoallergic dermatitis, phototoxic dermatitis, phytophotodermatitts, radiation
dermatitis, and stasis dermatitis). Other inflammatory skin discases include, but are not
limited to, scleroderma, ulcers and crosions resulting from temena, burns, bullous disorders,
or ischemia of the skin or mucous membranes, several forms of ichthyases, epidermolvsis

bullasae, hyvpertrophic scars, keloids, cutaneous changes of infrinsic aging, photoaging,

=

frictional blistering caused by mechamcal shearing of the skin and cutaneous atrophy
resulting from the topical use of corteosteroids. Additional inflammatory skin conditions
include inflanusation of nucous mesbrancs, such as cheilitis, chapped lips, sasal untation,
macositis and vubvovaginitis,

Inflammatory disorders of the endocrine system include, but are not fimited to,
atommmune thyroiditis {Hashimoto's disease}, Type I diabetes, and acute and chromc
mflammanion of the adrenal cortex. Inflammatory conditions of the cardiovascular system
include, but are not limited to, coronary infarct damage, peripheral vascelar disease,
myvocarditis, vascabitls, revascelarization of stenosis, artherosclerosis, and vascular disease
associated with Type H diabetes,

Inflammatory condition of the kiduey include, but are not fimited o,
glomenudonephritis, interstitial nephritis, lupus nephritis, nephritis sccondary to Wegener's
disease, acate renal failare sccondary to acute nephrits, Goodpastune's syndrome, post-
obstructive syndrome and tubular ischemia.

Inflanumatory conditions of the hiver inchude, but are not timited to, hepatitis (anising

26
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from vival mnfection, awtoimnme responses, drog teatments, toxins, eovivonmental agents,
or as & secondary consequence of a primary disorder), biliary atresia, primary biliary
cirrhosts and primary selerosimg cholangits,

Inflanumatory conditions of the contral nervous svstem include, but are not Hmited
to, multiple sclevosts and nearodegenerative diseases such as Alzheimer's disease,
Parkinson's disease, or dementia associated with HIV infection.

Other inflamniatory conditions include peniodontal discase, tissue nocrosis in
chrome inflammation, endotoxin shock, smooth muscle proliferation disorders, graft versus
host disease, nssue damage following ischemia reperfusion npary, and tissue rejection
foilowing transplant surgery.

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

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

Those skilled i the art would recognize that additional inflanwnatory conditions
{e.g., systemic o Jocal impnume smbalance or dysfunction due o an njury, an insult,
infection, inherited disorder, or an environmental bfoxicant or pertuwrbant 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, melading, but not timited to, those discases cited above.

The present mvention also provides methods for treating or proventing artheigs,
inflammatory bowel discase, uveitis, ocular inflammation, asthma, pulmonary
inflammation, cystic fibrosis, psoviasis, arterial inflammabon, cardiovascolar diseases,
nusftiple sclevosis, or newodegenerative discase by administering an effective amouont of &
compaond of the invention,

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

ischemial, or cudancous 1schenia,
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Cancer

Compounds of the corrent ivention 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 erdinary skill in the ant by taking 1nto account one or more factors, including,
without hnutation, 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 m the art will know
the gppropriate sympioms or 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,
bust are nat limited to, leukemia, non-Hodgkn™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,
ovanan cancer, skin cancer (c.g., melanoma), testicutar cancer, cancer of the pents, cancer
of the vagina, cancer of the urethra, gall bladder cancer, csophageal cancer, or pancreatic
cancer. Additional exemplary forms of cancer which may be treated by the subject methods
include, but arc not lamited to, cancer of skeletal or smooth nuscle, stomach cancer, cancer
of the small intestine, cancer of the sabivary gland, anal cancer, rectal cancer, thvroid
cancer, parathyroid cancer, pituitary cancer, and nasopharyngeal cancer.

In certam embodiments, a therapeutic compound disclosed herein reduces the size
of a twmor by, e, at least 10%, at feast 15%,, at least 20%, at least 25%, at least 3%, at
feast 35%, at least 40%, at least 45%, at least 50%0, at least 35%,, at least 60%, at keast 65%,
at least 70%, at loast 75%, at least B0%, at least 5%, at feast 90% or at least 95%. In yet
other aspects of this embodiment, a therapeutic compound disclosed herein reduces the size
of a tumer from, ez, about 3% to about 100%, about 10% to about 100%. about 2085 to
about 100%, abowt 30% to about 100%, about 40% to about 1005, about 50% to about
100%%, abowt 60% 1o about 100%, about 7% to about 100%, about 8G% 1o about HHES,
about 10% to about 90%, about 2{%4 to about 9094, about 30% to about 90%, abowut 0% to
about 0%, gbout 30% to about 9%, about 60% o about 90%, about 70% to about 0%,
abot 10% to about 0%, about 20% o about 80%, about 30% o about 8G%, about 408 to
about 80%%, about 50% to about 80%, or abont 60% to about 805, about 10% to about T0%,
about 209 to abowt 7%, about 30% o about 70%, about 40% 1o about 70%, 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 suﬁ}:ring from a cancer by, ey, at least 0%, at
loast 15%, at fcast 20%, at least 25%, at loast 30%, at least 35%, at least 0%, at feast 45%.,
at least 50%, at least 55%, at loast 60%, at least 63%, at least 709%, at least 75%, at least
RO%%, at least 85%%, at least 90%% or at feast 95% as compared (o a patient not recetving the
same treatment, In other aspects of this estbodiment, a cancer therapestic s capable of
reducing the number of cancer cells 1 an individual suffermg from a cancer by, e.g, about
10%; to about 100%, about 20% 10 about 100%,, about 30% to about 100%, about 40% o
about 100%, about 30% to abouat 1009, about 60% to abowt 100%, abowt 70% to about
HiI%, about 80% to about 100%, about 10% fo about 90%, about 20% o abowut 9%, about
30% to about 90%, about ¥4 to about 0%, about 50% 1o about 90%, about 60M% o about
0%, about T0% to sbout 90%, about 10%% 1o about 80%, about 20%: o about 50%, about
3% to about 8B0%%, about $0% to about R0%%, about 30% to about 80%%, or aboma 60% 1o
about 8%, about 10% to about T0%, about 20% to zbout 70%, about 30% 1o about 7%,
about 40% to about 70%, or about 50%% o about 70% as compared o a patient not reegiving
the same treatment.

In cortain embodiments, a therapeutically effective amount of a cancer therapeutic
disclosed herein reduces or mantains a cancer cell population and/or twnor cell size m an
individual by, e.g., at least 109, at Teast 15%, at feast 2004, at least 23%, at least 30%, at
feast 35%, at least 46004, at least 4594, at feast 50%,, at least 353%, at least 60%, at least 65%
at least 70%, at least 73%,, at least B0%:, af least 85%, af least 90%, at least 953% or at least
HIG, 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%, af most 15%, at most 209, at most 25%., at most
30%, at most 35%%, at most 40%, at most 45%, at most S0%, at most 55%, at most 605, at
nmost 63%, at most 70%, at most 75%, at most 80%, at most 83%, at most 90%, at most
95% or at most 100%. In vet other aspects of this embodiment, a therapeutically effective
amount of a cancer therapeutic disclosed herein reduces or mainians a cancer coll
population and/or umor cell size i an individual by, eg., about 10% to shout 100%, abowt
1% to about 9094, about 10% to about 80%%, about 10% to about 70%, about 1094 to about
60%, about 10% {o about 50%, about 10% to about 40%:. aboat 204 to abouat 100%, ahowt
20% 1o about 8%, about 20%: o about 80%, abowt 20%: to about 20%,. about 20% to about

&0%, about 209 to about 5094, about 20% 1o about 409, about 30% to about 100%, abowt
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341% to about Y04, about 30% 1o about 80%6, abowut 30% to about 70%, about 30% 1o about

H1%%, or abowut 30% w0 about 50%.

Compaunds

The compounds herein described may have one or more asymmeteic centers or
plaves, Compounds of the present invention confaiung an asynuoeinically sabstiuted atom
may be isolated m optically active or racemic forms, Tt s well known i the art how 1o
prepare optically active forms, such as by resolution of racenuie forms (racemates), by
asyhunetric synthesis, or by syathesis from optically active starting muaterials. Resolution
of the racemates can be gecomplished, for example, by conventional methods such as
crystallization 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 hike
can also be present in the compounds described horein, and all such stable isomers are
contemplated m the present tvvention. Cis gnd trans geometric somers of the compounds
of the present invention are desertbed and may be isolated as a mixture of isomers or as
separated isconeric forms, Al chiral (enantiomeric and diastercomeric), and racemic forms,
as well as all geometric isomeric forms of a struchwre arg inteaded, onless the specific

&

sterenchemistry or isomeric form is specifically indicated.

The compounds hercin described may have ong or more charged atoms. For
cxample, the compounds may be zwiterionic, 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 {ike}. or by reacting free base forms of these compounds with
a stoichiometric amount of the approprniate acid. Such reactions are typically carried out in
water or in an orgame solvent, or 1n a mixtere of the two. Counter-tons may be changed,
for example, by ion-exchange techniques such as ton-exchange chromatography. Al
zwitterions, salts and cownter-ions are micnded, unless the cownter-ion or salt 1s specifically
mdwated. In cortain embodiments, the salt or counter-ion may be pharmaceutically
acceptable, for admirustration to a subject. Pharmacewtically acceptable salts are discussed

later.

30
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Pharmacentcal comnositions

Embaodinents of the invention include pharmaceatical compositions of conpounds
shown in Table 1 and at least one pharmaceutically acceptable carrier or diluent. As used
herein, pharmaceutical compositions inclade compositions saitable for admmistration to a
subject or patient. Ag such, compositions do not include chenucal reaction sobgions or
solutions used for screening assays, as these are not suitable for admustration 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, ong or more other pharmaceutically active a
contain other suitable substances and excipients, twluding but not Himited to
physiotogically acceptable buffering agents, stabilizers (e.g. antioxidants), flavoring agents,
agents to effect the solubilization of the compound, and the like.

in other crbodiments, the composition may be in any switable foror such as a
solution, a suspension, an cnwlsion, an infusion deviee, or a delivery device for
implantation or it may be presented as a dry powder to be reconstituted with water or
another suitable vehicle before use. The composition may inclade suitable pharmraceutically
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 varety of forms depending on the form of preparation
destred for a particelar route of administration, Switable carriers and thew formoudation ae
desertbed, for example, in Renungton’s Pharmaceutical Sciences by E. W Martin,

in some embodiments, the compound may be contaned iy any appropriate amownt
in any sutable carrier substance, and 15 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 fonm
that is suttable for parenteral {e.g., subcutancously, intravenously, intramosadarty, or
intraperitonealiyy or oral adnunistration roste. The pharmaceutical compositions may be
fornwulated according to conveniional pharnaceutical practice {see, ¢.g., Remington: The
Science and Practice of Pharmacy {20th ed.), ed. A. R, Geanare, Lippincott Williams &
Wilkins, 2000 and Encyclopedia of Pharmaccutical Technology, eds. 1. Swarbrick and 1. C.
Bovlan, 1988-1999 Marcel Dekker, New York),

in some embodiments, the compostions roay be in 3 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 n a parenteradly acceptable lipnd 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, sodim hydroxade
or a suttable buffer, §.3-butanediol, Ringer's solution, and isotonic sodnnm chloride solution
and dextrose solution. The agueous fornusdation may also contain one or more preservatives
{e.g., methyl, ethyl or s-propyl p-hydroxybenzoaic). For parenteral formulations, the carrier
will usually comprise sterile water, though other ingredients, for example, mgredionts that
aid solubihity or for preservation, may be mcluded. Injectable solutions may also be
prepared i which case appropriate stabihizing agents may be enploved.

Formalations suttable for parenteral admingsteation wsually comprise a stertle
aqueous preparation of the compound, which may be isotonic with the blood of the
recipient {e.g., phvsiological saline solution). Sach formulations may inclade sespending
agents and thickening agents and liposomes or other microparticudate systerns which are
designed to target the compound to bloed components or one or more organs. The
formulations may be presented 1 unit-dose or multi-dose form.

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

fiesome embodiments, the compositions may be tn a form switable for oral
adnunistration. In compositions in oral dosage form, any of the usual phavmaceutical
media may be emploved. Thus, for hqoid oral preparations, such as, for example,
suspensions, ehixirs gnd soluttons, suttable carriers and additives mchude water, glveols,
oils, alechols. flavoring agests, preservatives, coloring agents and the like. For solid oral
preparations such as, for example, powders, capsules and tablets, suiltable carriers and
addinives include starches, sugars, difuents, granulating agents, hubvicants, binders,
disintegrating agents and the like. I desired, tablets may be sugar coated or enteric coated
by standard techniques,

Compositions suitable for oral administration may be prescated as diserete wits
sach 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 agucous higuor

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

L4
T2
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draunght. Formudations for oral wse include tablets containing sctive ingredient{s) in a
mixtare with pharmaceutically acceptable excipients. Soch formudations are known to the
skilled artisan, Excipionts may be, for example, mert dituents or fillers {¢.g., sucrose,
sorbitol, sugar, mannitol, microcrystaliime cellulose, starches including potato starch,

calcium carbonate, sodium chionde, factose, calcium phosphate, calchun sulfate, or sodium
phosphate); granulating and disintegrating agents (e.g., cellulose dervatives inclading
microcrystalline cellulose, starches including potato starch, croscarmeltose sodium,
alginates, or algimic acid); binding agents (e.g., sucrose, glucose, sorbitol, acacia, algimic
acwd, sodivam alginate, gelatin, starch, pregelatinized starch, nucrocrystatline cellulose,
magnesium alminum silicate, carboxymethyleelhdose sodien, methyleeliclose,
hydroxypropyl methyicethidose, ethyleellulose, polyvinylpyrrolidone, or polyethylene
glveol); and hsbricating agents, glidants, and antiadbesives (e.g., magnesium stearate, zing
stearate, stearic actd, sithicas, hydrogenated vegetable oils, or tale}. Other pharmaceutically
acceptable excipients can be colorants, flavormyg 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 exangde sucrose, o which may also be added anv accessory ingredicnt(s).
Such accessory mgrediont(s) may mchude flavorings, suitable preservative, agents to retard
crystaltization of the sugar, and agents to increase the solubihity of any other ingredient,
such as a polvhydroxy alcobol, for example glycerol or sorbatol.

fisome emboediments, the commposition may be in a form of nasal or other swicosal
spray formudations {e.g. inhalable forms). These formudations can clude punfied squeons
solutions of the active compoends with preservative agents and isofonic agents. Such
formulations can be adjusted to a pH and {sotonic state compatible with the nasal or other
muocous mentbrancs. Altermatively, they can be in the form of finely divided solid powders
suspended i a gas carrier. Sach formalatons may be debivered by any sultable means or
method, e.g.. by nebulizer, atomizer, metered dose inhaler, or the tike.

In some emboediments, the composition nay be in a form suitable for rectal
administration. These tormulations may be presented as a suppository with a suitable
carrier such as cocoa butter, hvdrogenated fats, or hydrogenated fatty carboxyvlic acids.

In some embodiments, the composition may be in a forn saitable for ransdermal
administration. These formulations may be prepared, for exanple, by mmcorporating the

active compound in a thixotropic or gelatinous carrier such as a celhulosic medium, e.g.,
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methyl cellelose or hvdroxyethyl celtalose, 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 invention may
forther iclude one or more accessory ingredient(s) sefected from encapsulants, diluents,
buffers, flavoring agents, binders, disintegrants, surface aetive agents, thickeners,
lubricants, preservatives (inclading antioxidants), and the ke,

In some embodiments, compositions may be formulated for immediate release,
sustained release, delaved-onsat release ar 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 immediately upon adnunistration or at any
predetermined time or time 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; (11)
formulations that sustain action during a predetermined time period by maintaining a
relatively constant, effective fevel i the body with concomitant mininizaton of
andesirable side effects associated 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
ov cerebrospinal fhad; (v) formualations that allow for convenient dosing, such that doses are
adnunistered, for example, once every one or two weeks; and (vt} foramlations that target
the site of a pathology. For some apphications, controlied release formulations obviate the
need for frequent dosing o sustain activity at a medically advantageons fevel.

Any of & manber of strategies can be pursued m order to obtamn controlled release in
which the rate of release cutweighs the rate of metabolisin of the compeund 1 question, in
one example, controlled release is obtained by appropniate selection of various formulation
paramcters and ingredients, inchuding, ¢ g., various tvpes of controlled release compositions
and coatings. Thus, the compound is formulated with appropriate excipients o
pharmaceutical composition that, upon admiistzation, releases the compound o a

controlled manner. Examples melude single or nnaltiple wnit tablet or capsule compositions,
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oil solutions, suspensions, emudsions, microcapsules, microspheres, molecudar complexes,
manoparticles, patches, and liposomes.

In some cobodiments, the composttion may comprise a "veetortzed” form, sach as
by encapsulation of the compound in a liposome or other encapsulate medm, or by
fixation of the compound, e.g., by covalent bonding, chelation, or associative coordination,
on a sintable omelecule, such as those selected from proteins, bpoproteins, glveoproteins,
and polysacchandes.

in some embodiments, the composition can be meorporated into nucrospheres,
micrecapsules, nanaparticles, liposomes, or the hike for controlled release. Furthermore, the
composition may include suspending, solubilizing, stabilizing, pH-adjusting agenta, tonicity
adjusting agents, and/or 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, ©.g.,
biodegradable/bincrodible polymers such as polygalactin, poly-(isobutyl cyanocacryiate),
poly(2-hydroxvethy-L-glutamine} and, poly{lactic acid). Biocompatible camriers that may
be used when formulating a controlled release parenteral formulation are carbobydrates

., dextrans), proteias {o.g.. albumin}, lipoproteins, or antibodies, Materials for ase m

=

e
implants can be non-biodegradable {e.g., polyvdimetiv sitoxane) or biodegradable {e.z..
poly(caprolactone), polv(lactic acid), poly{gtycolic acid} or poly{ortho esters) or
combinations thereof).

fi all smboediments, the compound or other active compounds may be present as
pharmaceuticalty acceptable salts or other derivatives, such as ethor derivatives, ester
derivatives, acid derivatives, and agueous solability altering derivatives of the active
compound. Derivatives inchsde all individual enantiomers, diastereomers, racemates, and
other isomers of the compomunds. Derivatives also inclhude all polvimorphs and solvates,
such as hydrates and those formed with organic solvents, of the compounds. Such isomers,
polyvmorphs, and solvates may be prepared by methods known in the art, such as by

regiospecific andfor enantioselective synthesis and resohution.

The ability to prepare salts depends on the acidity or basicity of the compounds.
Suitable salts of the compounds include, but are not imited to, acid addition salts, such as
those made with hvdrochloric, hydrobromie, hydrotodic, perchiorie, sulfurie, nitrie,

phosphoric, acetie, propionic, glycolie, lactic pyravie, malonic, succinie, maleie, fumaric,

malic, tartaric, citric, benzotc, carbonic, cinnamic, mandelic, methanesulfonie,

‘o
i
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ethanesulfonic, hvdroxyethanesulfonic, benezenesulfonie, p-tohuene sulfonic,
cyclohexanesulfamic, salicyclic, p-aminosabiovlic, 2-phenoxybenzoic, and 2-
acctoxvbenzeic goid; salts made with saccharin; alkalt metal salts, such as sodium and
potassium salts; alkaline carth metal salis, such as caletum and magnesium salts; and salis

formed with organic or norganic Hgands, sach as guaternary ammonim salts.

Additional suitable salts include, but ave not hinuted 1o, acetate, benzenesulfonate,
benzoate, bicarbonate, bisalfate, bitartrate, borate, bronude, caloium edetate, camsylate,
carbonate, chloride, clavulanate, eitrate, dihydrocklortde, edetate, edisylate, estolate,
esylate, fumarate, gluceptate, gluconate, ghutamate, glycollylarsanitate, hexylresorcinate,
hydrabmmine, hvdrobromide, hydrochloride, hydroxynaphthoate, iodide, sothionate,
lactate, factobionate, Jawrate, malate, maleate, mandelate, mesviate, methylbronide,
methyinitrate, methylsudfate, mucate, napsylate, nitrate, Nemethylglocanmine ammmonium
salt, oleate, pamoate {embonate), palmitate, pantothenaie, phosphate/diphosphate,
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate,

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, dimethylformamide, and the like. Mixtyres
of such solvates can also be prepared. The source of such solvate can be from the sobvent of
crystathization, nherent i the solvent of preparation or erystallization, or adventitions to

such solvent.

Wetting agents, enndsifiers and lubricants, such as sodam lauryl sulfite and
magnesium stearate, as well as coloring agents, release agents, coating agents, sweelening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the

COMPOSIIONS.

Examples of pharmaceatically acceptable antioxidants include: (1) water-saluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisuifate, sodium
metabisulfite, sodium sulfite and the hke; (2) oil-soluble anttoxidants, such as ascorbyl
patmitate, butviated hydroxyvamsole (BHA), butylated hydroxytoluene (BHT), {ecithin,
propyl gallate, alpha-tocopherol, and the like; and (3 metal-chelating agents, such as citrie
acid, ethylencdianine tetrancetic acid {EDTA), sorbitol, tartaric acid, phosphoric acid, and

the hike.

36
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Unless the context clearly indicates otherwise, compositions of alt embodiments can
comprise various pharmaceutically acceptable salts, or other derteatives described above.

The formulation and preparation of such compositions are well known to those

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

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

10 of the compound (in blood andfor Gissues) sufficient to mitigate the darage of the lontang
raciation. The preferred dosage is that amount sufficient to render a subject asymptomatic
after exposure to ionizing radiation.

The contents of all cited references (including lterature reforences, issucd patents,

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

.

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 "unif dosage form” o "uwnit” as used horein refers to physically discrete
anits suitable as anitary dosages for human and animal sebjects, cach enit containing a
20 predetermined quantity of the compoand calealated in an amouont sefficient to prodace the
desired etfoct i association with & pharmaceatically acceptable, diluent, carrier or vehide.
The specifications for the novel unit dosage forms of the present invention depend on the
parscuiar compound enmployed and the effect to be aclieved, and the pharmacodyoamics

associated with cach compownd in the subject.

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

adnunistration, without being foxic to the patient.

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

Lad
o]

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

excretion of the particular 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 beiny treated, and like factors well known in the medical arts.

A physician or veterinanan having ordinary skill in the ant can readily determine
and preseribe the therapeutically effective amount of the pharmaceutical composition
requared. For example, the physician or veterinactan could start doses of the pharmacewtical
composition or compound at levels lower than that required in order 1o achieve the desired
therapeutic effect and gradually increase the dosage unul the desired effect is achieved. By
“therapeunically effective amount™ is meant the concentration of a compowund that 15
sufficient to ebicit the desired therapeutic effect. It is generally understond 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 pationt’s condition, the diserder being treated, the stability of
the compound, and, if desired, another type of therapeutic agent boing admbustered with
the compound of the invention. A larger total dose can be delivered by muliiple
administrations of the agent. Metheods to deternsing efficacy and dosage are known o those
skilled in the art {Isselbacher ef af, {1996) Harvison's Principles of Iaternal Medicine 13 ed.,
18141882, herom mcorporated by referengel

In general, a suitable daity 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 effect. Such an effective dose will generally depend upon
the factors deseribed above,

Dosing can be single dosage or conulative (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 heren.
Alternatively, treatment may comprise multiple administrations of an effective dose of a
pharmaceutical composition carried owt over a range of tme periods, such as, ez, once
daily, twice daily, thrice datly, once every fow days, or once weekly, The tining of
admunisteation can vary from mdividual to individual, depending upon such factors gs the
severity of an individual's syowptoms. For example, an effectve dose of a pharmaceuntical
composition disclosed herem can be admimistered to an individual once dasly for an
indefinite period of time, or until the individual ne longer requires therapy. A person 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 treatment and that the effective amount of & pharmaceutical
composition disclosed herein that 1s administered can be adjusted accordingly.

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

b certain embodiments, the period of admimistration of a therapeutic conmpound 1
for Tday, 2 days, 3 davs, 4 days, 3 days, 6 days, 7 days, 8 days, Y days, 10 days, 1 davs,
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, a treatment
rogien may comprise a period duneg which administration is stopped for 1 day, 2 days, 3
davs, 4 days, § days, 6 davs, 7 days, 8§ days, 9 davs, 10 days, 11 days, 12 days, 13 days, 14
days, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 wecks, 11 weeks,
12 weeks, 4 months, § months, 6 months, 7 months, 8 months, 8 months, 10 months, 11
months, 12 months, or more,

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

I other ombodiments, the corpowd of Formuda 1 or 1 may by provided wath the
one of move additional therapeutic agents i a kg, oo, as separate pharnacentical
fornudations capable of being used together 1w g conjoint therapy as discussed heremn, eithey
together i g single container or in separate containers. In certain such embodiments, the ki
may further mehade instructions for the conjoint administration of the pharmaceutical
formulations, ¢ g, for freating or preventing any of the conditions discassed above,

Such combination products may emiploy compownds of tus fnvention, or

phanmgccutically acooptable salts thereod, within the dosage range descrtbed hierembgelors
arut the other pharmacouticalby-aetive agent within #s approved dosage range.

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

reference to the following examples which are mehuded merely for purposes of ilustration
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of certain aspects and embodiments of the present invention, and are not mtended to fmit

the pvention.

Examples
S Example i
The structwres of 12 4-nitrophenyvisulfonyipiperazines (NPSPs) or 4-

mitrophenvisulfonamides (NPSs) are shown. See Table |

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

Compound | Compound 1D | Compound Structure Compound Name
"""""""" R B FE YT R T a oropheny DA (4|

nitrobenzene)

sulfonylipiperazing

2 5355512 {~{{4-mitrobenzenesulionyl-4-
phenyipiperazine
3 5346300 1-(3-chlorophenyl-d-(4-

wmirobenzene sulfonyl piperacine

33
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4 347486 {-[{4-nirobenzene) Seltfonyi}-4-
{{2E)-3-phewvlprop-2~cn- 1~
viipiperazine
TR stteste | e T N.N-diethyl-4-nitcophengi-1- |
sulfonamide
6 5475972 3-({{(d-mtrophenylsulfonyly-2-
phenylietrahvdrotluophene
7 5344400 {-methyl-4-({4-
mitrophenyijsulfonylipiperazine
] 6361 181 I{(d-nstrophenyDsulfonyl-4-(3~
phenoxybenzylpiperazine
g 5243457 4-benzyh {4~
nitrophenylsulfonyhpiperidine

41
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6ITIRO2

{-(d-{ methyvithioYbeneyl-4-({4-

mitrapheny Dsulfonviipiperazine

ASTAR14142

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

{-vhgpanoling

v

ASTA33RR36

J-gyano,7 N-dimethyl-2-(4-{(4-
nitrophenviisulfonviy-1 4-

diazepan-i-yhguinoline

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

vitre relative to control vadues {100%) is shown in Figure 1. Briefly, 100,000 small-

molecdes were screened at 18 gM final concentration in 1% dimethylsubfoxide {DMSO)

using the viability of o murine lymphocyvte hne as a readout {(Mitigation cell viabiity %)

Ten thousand Til~1 murine lvmphocyte cells were dispensed into cach well of 384~well

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

irradiated at the dose of 2Gy. After | hour, the small-molecules were added. Twenty-fow

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

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

reader (Moelecalar Deviees, Sunnyvale, CAY. 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 Validation of Figh Throughpwt Screening Assays,” J Biomol Screen 467,
1999, A positive readoat was =130 % of the control rradiated value, Compounds 1-7
showed activity, including a 4-nitrophenyl sulfonamide derivative {Compound §). This
suggests a minmmun mosety for efficacy. The piperazine group afforded additional efficacy

hevond the common sutfonamide core suggesting that both moicties contribute although

they were not in themselves sufficient for fidl activity. Sce Figure 1

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

Briefly, Aninal Whole Body lrradiation (WBID) Assays were conducted with
CIHFKam and C37BI6/) mice, The mice were bred and maintained 1n 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 in accordance with all local
and national guidchines for the care and use of animals. Mice, 912 weeks old, wore given
WHBI using & Gamma cell 40 wradiator (Cs137 source; Atomic Encrgy of Canada, Lid) ata
dose rate of 67 Gv/ mim. Mice wore moattored for at feast 30 days and defined critena for
hamane cuthanasia was used as an endpoint.

Compounds were typically dissolved in 15gL DMSO and suspended i Imb of
Cremphor EL in water for adnunistration in 0. 2mbL volumes. This amount of Cremophor
did not stgmificantly alter the response to WBL Al mice, inclading controls, received the
same diluent as the experimental groups. The chosen compounds were admnistered to the
mice § umes at 24h 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
radiation exposure in both mouse strams. Both subcatancous and oral routes were
effective. The compounds provided greatly clevated animals survival level as compared to
control group.

{3346360) were effective at Smgikg njected subcutancously whercas the others requared &
greater quantity of the tested compound (e.g., 73mg'kg). Indeed, Conpound 2 and
Compound 3 gave 100% survivors at day 30 at the lowest dosage of dmg/kg which was

superior to the igher doses of 40 me/ke and 75 medkg. See Figure 2 A-E.

P

33
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Fable 2
Compound | Compound | In Fitre Solubility
D {raolL x 10
i 5348300 FRR%, 2606
2 5355512 I82% 66.1
3 5346360 174% 6.5
4 5347486 163% 4
3 5116318 1519 5129

L

Example 4
Dose response experiments were exeouted i a manner sinular to the WBE Assay
deseribed in Example 3. These experiments indicated that 3 migikg was more, or as,
cffective, than |, 2, 10, 46, or 75 mg'ke for both Compound 2 (3333512) and Compound 3
3346360} in C3H male nuce. See Figare 3. Both Compound 2 (5335512) and Compound
10 3 (5346360) were effective i CS7BY6 fomale niice in this case mitigating aganst LD70:30
doses of B30 Gy due to the relative radioresistance of this straw relative to U3Hs, A single
dose of Smgdky given 24 hows after WBI was effective (See Figure 4A and 4B) and
ncreasing the dose 1o 28 myp/'ke did not mprove efficacy. Some activity was retained if a
single dose was given 48, but not 72, howrs after WBI (See Figare 40 When givea arally
15 by gavage, Compound 2 {33553512) in § daily doscs starting af 24 hours post-WBI was
effective at 3 mykyg i both C3H and CS7BY6 steains, but not at 25 med'kg.  {(See Figure §)
Interestingly, Compound 3 (3346360} given by the same gavage schedude was nactive in

both strabis at cither dose.

20 Example s
Probit analyses of the effect of varving the radiation dose with Compound 2
{3335512) Smg'ky), and Compound 3 (53463603 {5 mgke), or {5631 (73 mphy)
siven subcutancously for 3 days starting 24 howrs after WBI, is shown i Figure 6, with

95% confidence timits shown for LD30 values. The dose-response curves are steep with the

3
(3

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

109, Such factors have 1o be considered against the fevel of the control and the reason for
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fethality. In this case, hematological insutficiency and not infection is the cause of death

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

Exanple 6

Compounds PL P2, and P3, avalogs of Compound 2 (83585512, were synthesized

aceordimg to standard protocods. 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 in vive by mass spectrometry. WBI irradiation assays were

conducted sinnlar 1o those described n Fxample 3 except that compounds P P2 and P3

are soluble in water. The analogs were injected subcutaneousty 5 times over 5 davs at

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

Table 3 Analogs of 5355512

Compound 1D

Structwre

53553512

Compound P

Compound P2
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Compound P3

The ability of active compounds to mutigate radiation-induced apopiosis was
confirmed relative o inactive compounds m a flow cytometric assay that employed annexin
V for early stage apoptosts and propidium 1odide for late stage apoptosis (B BroScienees)

. {See Figures ® and 9},

Example 8

NPSPs were tested for their anti-inflanumatory ability using munine macrophages.
Compound 2 (3355312) showed ant-inflammatory activity being able to mluba
tipopolysaccharide {LPS)-induced production of tumor necrosis factor and other
mflammatory cytokines. Briefly, perttoneal macrophages (PMs) were induced by
intraperttoneal. myection of 1530 pg MIS416 (Innate Immunotherapeutics, NZ) and
harvested on day 4 by peritoncal wash out with PBS. Cultwre supernatants were harvested
at 2dhus and eviokines tested by ELISA (BD BioSciences, SD). Compound 2 (3355512}
and Compound 3 (3346360} mhibit TNF-o production when added to stimuiated peritoneal
macrophages 1 br after LPS measured by ELISA. See Figure 104, Additionally, all
NPSPs and compound 3 (5116319 were able to inlubit TNF-u prodaction. Sce Figure
108,

Additionally, bone marrow-derived macrophages (BMDMs) were derived by 7 davs
cultwre of marrow cells in mediam contaiming 1% FBS and CSF-1 conditioned medium.
The seram concentration was redaced to 2% FBS 16h before stinmdation with LPS for 30
min, freatment with drug and incubation for another 3.5h (dh total with TPS). Total cellular
RNA was isolated by trizol and ¢DNA syathesized using iScenpt from BioRad, Gene
expression was measured by gPCR and analyzed using the standard curve method,

normalized to L32, Compeound 2 (3353512) and Compound 3 (5346360) inhibit expression

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

I vivo, compound 2 (3353512) showed anti-inflammatory activity reflected by its
ability to generate mycloid 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 Gv) 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). Serpusingly, treatment with Compound 2 (3333312 dnvive “primed”
induced peritoneal cells to produce TNF-o i response to LPS to almost the same extent as
WBI alone. However, this “priming” effect was less when WBI and Compound 2
{S355512) were combined iy vivo. Also, iy keeping with the data in Figures 10 and 11, the

addiion of Corapound 2 (3353512) in vitro blunied TNF-o production,

Example @

Compownd 2 (3355512} also increased the mumber of endogencas colony forming
wanits in the spleens of mice that had received LD76G/30 radiation doses which s a measure
of ability to penerate hematopoigtic stem cells and myeloid suppressors. The compounds
imcreased survival when given 5 times at 24 hour intervals, starting 24 howrs after
abdonunal or hing radiation.  For example, Compooend 2 (5355512) increased the total
crdogenous CFL s sploens and average endogenous UFU por spleen at 16 days after whole

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

Example 10

Further i vive experiments similar to Example 3 were conducted except a localized
radration was used to demonstrate mitigation of abdominal radiation with compoand 2
{5355512) at increased radiation doses. See Figure 14 Additionally, i vive expertments
demonstrated miftgation of radiation pneumonitis and fibrosis after focal thoracic
wradiation, Adduion of compound 2 (3335512) supported survival of C3H mice and C37

mice to 100 days post thoracic radiation (14 and 18 Gy). {See Figare 18)
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Example 11

The Lewis hag (LLCY wodel of artificial metastasis was used to test the effects
of the drag on the growth of tumor luag colontes i vive and on radiation response. This
was chosen because it 1s easy to see any drug effects on growth promotion and
radioprotection i multiple tumors simultancousty. Specifically, C37BE6 mice and C3H
mice were injected intravenousky with $x10% 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 i favor of
any tumor growth promotion. Local thoracic bradiaton LT was started on day S with 4
Gy daily doses for 3 days, This i lugher than conventional 2 Gy to compensate for the
rapid growth of purine tumors, but is still well within the higher ranges used clinically
hypofractionated exposures. The colonies were counted on day 14, Figure 16 shows that
compaowd 2 {3355512) significantly (P<0.05) deercased the number of lung fumor colonies
assessed on day 14 by 20%. The colonies were also smaller in size. L1 slone decreased the
number of colonies by 40%%. This was not further decreased by the suboptimal drag
treatment. Thus, compounds given to mice bearing Lowis Lanyg tumors decreased the
munber of tumor colomes that grew with and withowt lang 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 used in
combination with alf other embodiments or subcombinations, wiless mutually exclusive

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

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

mcluding any definitions herein, will control.

Equivalents

While spectfic cmbodiments of the sabject nvention have been discussed, the above
specification is tlustrative and not restrictive. Many vanations of the invention will become
apparent to those skilied in the art 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 equivalents, and the specification, along with such varnations.
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CLAIMS

1. The use of a compound in the manufacture of a medicament for mitigating an effect of

ionizing radiation on a cell, organ, tissue, or organism, the compound having the structure of

Formula II:
b Y2
N
X
NO,
Formula II
wherein:
X is N; and

Y'and Y? are each independently lower alkyl or Y' and Y? taken together with X form a
substituted or unsubstituted heterocyclyl ring,

wherein the heterocyclyl ring is optionally substituted with one or more substituents selected
from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, thiocarbonyl,
alkoxyl, a phosphoryl, phosphate, phosphonate, phosphinate, amino, amido, amidine,
imine, cyano, nitro, azido, sulfhydryl, alkylthio, sulfate, sulfonate, sulfamoy]l,

sulfonamido, sulfonyl, heterocyclyl, aralkyl, alkyl, aryl and heteroaryl.

2. The use of claim 1, wherein the medicament is to be administered before, during, or

after exposure to ionizing radiation.

50



3. The use of a compound in the manufacture of a medicament for the treatment of

inflammation in an organism, the compound having the structure of Formula II:

v Y2
AN X/

Q—S—0

NO,

Formula II

wherein:
X'is N; and
Y' and Y* are each independently lower alkyl or Y' and Y taken together with X form

R4
\ z R4

| |
G

el s f/
I

WV or AN
G is selected from N or -C(H)-;

Z is absent or prop-2-en-1-yl;

R*is absent or selected from hydrogen or substituted or unsubstituted aryl or heteroaryl; and
R’ and R® are each independently absent or lower alkyl,

wherein aryl or heteroaryl is optionally substituted with one or more substituents selected

from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, thiocarbonyl,
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alkoxyl, a phosphoryl, phosphate, phosphonate, phosphinate, amino, amido, amidine,
imine, cyano, nitro, azido, sulfhydryl, alkylthio, sulfate, sulfonate, sulfamoy]l,

sulfonamido, sulfonyl, heterocyclyl, aralkyl, alkyl, aryl and heteroaryl.

4.  The use of a compound in the manufacture of a medicament for the treatment of lung

cancer in an organism, the compound having the structure of Formula II:

Y Y2
AN X/

Q—S—0

NO,

Formula II

wherein:
X 1is N; and
Y' and Y* are each independently lower alkyl or Y' and Y taken together with X form

R4
\ z R4

| |
G

N f/
A~

[VaVaVaVpl or [VaVaVaVl
G is selected from N or -C(H)-;
Z is absent or prop-2-en-1-yl;



R*is absent or selected from hydrogen or substituted or unsubstituted aryl; and

R’ and R° are each independently absent or lower alkyl,

wherein aryl is optionally substituted with one or more substituents selected from halogen,
hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, thiocarbonyl, alkoxyl, a
phosphoryl, phosphate, phosphonate, phosphinate, amino, amido, amidine, imine,
cyano, nitro, azido, sulfhydryl, alkylthio, sulfate, sulfonate, sulfamoyl, sulfonamido,

sulfonyl, heterocyclyl, aralkyl, alkyl, aryl and heteroaryl.
5. The use of any one of claims 1-4, wherein the organism is a mammal.
6. The use of any one of claims 1-5, wherein Y! and Y? are each ethyl.

7. The use of any one of claims 1, 2, and 5, wherein Y! and Y? taken together form a

piperidine, piperazine, or morpholine ring

8. The use of any one of claims 1, 2, and 5, wherein Y! and Y? taken together with X
form:
R4
\Z R4

R5\/G\ 1 _R® /\ /
L " J\\RG
.

wherein

Xis N;

G is selected from N or -C(H)-, preferably N;
7. is absent;

R*is absent or selected from hydrogen, substituted or unsubstituted aryl and heteroaryl; and
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R’ and R° are each independently absent or lower alkyl,

wherein aryl and heteroaryl are optionally substituted with one or more substituents selected
from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, thiocarbonyl,
alkoxyl, a phosphoryl, phosphate, phosphonate, phosphinate, amino, amido, amidine,
imine, cyano, nitro, azido, sulfhydryl, alkylthio, sulfate, sulfonate, sulfamoy]l,

sulfonamido, sulfonyl, heterocyclyl, aralkyl, alkyl, aryl and heteroaryl.

9. The use of any one of claims 3-5 and 7-8, wherein G is N and R* is selected from

phenyl, 4-fluorophenyl and 3-chlorophenyl.
10.  The use of claim 9, wherein R* is phenyl.
11. The use of any one of claims 3, 4, 5, and 8-10, wherein Z is absent.

12.  The use of any one of claims 3-5 and 7-9, wherein Z is prop-2-en-1-yl and R* is
phenyl.

13. The use of any one of claims 1-5 and 7-9 wherein the compound is selected from
F
i ; CI ;
EN] ENJ EN] EN]
0=S=0 0=S=0

TR
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