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Docket No. 5470-627W0).

Field of the Invention

The present juvention concerns compounds, compositions and methods for the

treatment of cancer,

Backeround of the Invention

Acute Lymphoblastic Leukemia (ALL) is the most common malignancy in children and
common varieties are cured by chemotherapy in 75%-85% of the cases. Collectively the less
common T cell and rare B cell subsets represent less than 2000 cases yearly and thus can be
classified as a rare disease; these subsets have a poorer prognosis. Unfortunately with either
subset, resistance to and relapse from therapy is a major cause of pediatric cancer death. In
addition, ALL chemotherapies can cause late complications that are increasingly recognized in
pediatric survivor populations. In fact, in pediatric cancer survivors, the incidence of severe fate
effects (neurocognitive sequelae, auditory complications, cardiovascular  dysfunction,
gastrointestinal/hepatic  dysfunction, growth delay, secondary malignancies, and infertility)
directly related to therapy is approximately 25%. A better understanding of therapeutic resistance
and its reversal could not only help those who relapse but may help lower the dose of

chemotherapy needed in ALL patients thus reducing lonp-term toxicity for future survivors.
i i B
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Summary of the Invention

A fivst aspect of the invention is active compounds of Formula I or 1L

R2.
N

H o a R #

wherein:
Ring A is a 3- or 6-membered heteroaryl group such as pyridyl, pyrimidyl, thiazol,

furanyvl, pyridazinyl, pyrazinyl, imidazol, ete.. The dashed line is an optional double bond. X
isNor (. Yis C 8 or Nand can move on the ring.

R' is ~R'R®, where R’ is & covalent bond or C1 to C3 alkyl or a linker group (for
example, sulfonamide, amide, etc) and R® is cycloalkyl, heterocycloalkyl, aryl, heteroaryl
alkyleycloalkyl, alkytheterocyeloalkyl, alkylaryl, alkylheteroaryl, or alkyl, and wherein R is
optionally substituted one, two or three times with independently selected polar groups;

R* is —~R’R®, where R7 is a covalent bond or C1 to C3 alkyt and R® is cycloalkyl,
heteroeyeloalkyl, aryl, heteroaryl or alkyl, and wherein R® is optionally substituted one, two
or three times with independently selected polar groups;

R is selected from the group consisting of H, alkyl, arylaikyl; eycloalkylalkyl,
heterocycloalkylaikyl, heteroaryalkyl, and alkoxyalkyl, ecach of which is optionally
substituted one, two or three times with independently selected polar groups;

or R* and R together form a linking group;

RYs H, loweralkyl, halo, or loweralkoxy;
or a pharmaceutically acceptable salt thereof.

A further aspect of the invention is an active compound as described herein in a
pharmaceutically acceptable carrier.

A forther aspect of the invention is a method of treating cancer in a subject in need
thereof, comprising administering said subject an active compound as described herein in an
amount effective to treat the cancer,

A furter aspect of the invention is an active compound as described herein for use in

treating cancer, and/or for the preparation of & medicament for the treatment of cancer.
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Detatled Description of Preferred Embodiments

“Alkyl" as used herein alone or as partof another group, refers to a straight or
branched chain hydrocarbon containing from 1 to 10 carbon atoms. Representative examples
of alkyl include, but are not limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl,
iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2.2-
dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, n-octyl, n-nonyl, n-decyl, and the like. "Lower
alkyl" as used herein, is a subset of alkyl, in some embodiments preferred, and refers to a
straight or branched chain hydrocarbon group containing from 1 to 4 carbon atoms.
Representative examples of lower alkyl include, but are not limited to, methyl, ethyl, n-
propyl, iso-propyl, n-butyl, iso-buiyl, tert-butyl, and the like. The term “alky!" or
"oweralkyl” is intended to include both substituted and unsubstituted alkyl or loweralkyl
uniess otherwise indicated and these groups may be substituted with groups selected from
halo (e.g., haloalkyl), alkyl, haloalkyl, alkenyl, alkynvl, ecycloalkyl, cycloalkylalkyl, aryl,
arylalkyl, heterocyclo, heterocycloalkyl, hydroxyl, alkoxy (thereby creating a polyalkoxy
such as polyethylene glycol), alkenyloxy, alkynyloxy, haloalkoxy, cycloatkoxy,
cycloalleylalkyloxy, aryloxy, arylalkvioxy, heterocyclooxy, heterocyclolalkyloxy, mercapto,
alkyi-S{O)y, haloalkyl-S{O)m. alkeny-S{0)m, alkynyvl-S{O ), cycloalkyl-S{O)n,
cycloalkylalkyl-S(On, aryl-S(O)n, arvialkyl-S{Ok,, heterocyelo-${0)y, heterocycloatkyl-
S(O)m, amino, carboxy, alkylamino, alkenylamino, alkynylamine, halealkylamine,
cycloalkylamine, cyclealkylalkylamine, arylamino, arylalkylamino, heterocycloamino,
heterocycloalkylamino, disubstituied-amino, acylamino, acyloxy, ester, amide, sulfonamide,
urea, alkoxyacylamine, aminoacyloxy, nitro or eyano where me= 0, 1, 2 or 3.

"Alkenyl" as used herein alone or as part of another group, refers to a straight or
branched chain hydrocarbon containing from 1 to 10 carbon atoms (or in loweralkenyl 1 1o 4
carbon atoms) which include { to 4 double bonds in the normal chain.  Representative
examples of alkenyl include, but are not limited to, vinyl, 2-propenyl, 3-butenyl, 2-butenyl, 4-
pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 2.4-heptadiene, and the like. The term "alkenyl"
or “loweralkenyl” is itended fo include both substituted and unsubstituted alkenyl or
loweralkenyl unless otherwise indicated and these groups may be substituted with groups as
deseribed in connection with alkyl and loweralkyi above.

"Alkynyl" as used herein alone or as part of another group, refers to a straight or
branched chain hydrocarbon containing from 1 to 10 carbon atoms {or in loweratkyoyl 1 to 4

carbon atoms) which include I triple bond in the normal chain. Representative examples of
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alkynyl include, but are not limited to, 2-propynyl, 3-butynyl, 2- butynyl, 4-pentynyl, 3-
pentynyl, and the like. The term "alkynyl" or "loweralkynvl" is intended to include both
substituted and unsubstitited alkynyl or loweralkyny! unless otherwise indicated and these
groups may be substituted with the same groups as set forth in connection with alkyl and
loweralkyl above.

"Cycloatkyl” as used herein alone or as part of another group, refers to a saturated or
partially unsaturated cyclic hydrocarbon group containing from 3, 4 or S to 6, 7 or § carbons
(which carbons may be replaced in a heterocyclic group as discussed below). Representative
examples of cycloalkyl include, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyvcloheptyl, and cyclooctyl, These rings may bhe optionally substituied with additional
substituents as described herein such as halo or loweralkyl. The term "cycloalkyl” is generic
and itended to include heterocyclic groups as discussed below unless specified otherwise.

"Heterocyclic group” or “heterocyclo™ as used herein alone or as part of another
group, refers to an aliphatic {e.g., fully or partially saturated heterocyelo) or aromatic {e.g,
heteroaryl} monocyelic- or a bicyclic-ring system, Monocyclic ring systems are exemplified
by any 5 or 6 membered ring containing 1, 2, 3, or 4 heteroatoms independently selected
from oxygen, nitrogen and sulfur. The S membered ring has from 0-2 double bonds and the 6
membered ring has from 0-3 double bonds. Representative examples of monocyclic ring
systems inchude, but are not Hinuited to, azetidine, azepine, aziridine, diazepine, 1,3-dioxolane,
dioxane, dithiane, furan, imidazole, imidazoline, imidazolidine, isothiazole, isothiazoline,
isothiazolidine, isoxazole, isoxazoline, isoxazolidine, morpholine, oxadiazole, oxadiazoline,
oxadiazolidine, oxazole, oxazoline, oxazolidine, piperazine, piperidine, pyran, pyrazine,
pyrazole, pyrazoline, pyrazolidine, pyridine, pyrimidine, pyridazine, pyvrrole, pyrroline,
pyrrolidine, fetrahydrofuran, letrahydrothiophene, tetrazine, tetrazole, thiadiazole,
thiadiazoline, thiadiazolidine, thiazole, thiazoline, thiazolidine, thiophene, thiomorpholine,
thiomorpholine sulfone, thiopyran, triazine, triazole, trithiane, and the like, Bicyclic ring
systems are exemplified by any of the above monocyclic ring systems fused to an aryl group
as defined herein, a cycloalkyl group as defined herein, or another monocyclic ring system as
defined herein. Representative examples of bicyeclic ring systems include but are not limited
to, for example, benzimidazole, benzothiazole, benzothiadiazole, benzothiophene,
benzoxadiazole, benzoxazole, benzofuran, benzopyran, benzothiopyran, benzodioxine, 1,3-
benzodioxole, cinnoline, indazole, indole, indoline, indolizine, naphthyridine, isobenzofuran,

isobenzothiophene, iscindole, isoindoline, isoquinoline, plithalazine, purine, pvranopyridine,
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quinoline, quinolizine, quinoxaline, guinazeline, tetrahydroisoquinoline, tetrahydroquinoline,
thiopyranopyridine, and the like. These rings inclode guaternized derivatives thereof and may
be optionally substituted with groups selected from halo, alkyl, haloalkyl, atkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyelo, heterocycloalkyi, hydroxyl, alkoxy,
alkenyloxy, alkynyloxy, haloalkoxy, cycloalkoxy, cycloalkvlatkvloxy, arvioxy, arylatlvioxy,
heterocyclooxy, heterocyclolalkyloxy, mercapto, alkyl-8(Q)n, haloalkyl-S(0)y, alkenyl-
SO, alkynyl-3(O)n, cycloalkyl-S(O, cycloalkylalkyl-S{0)m, aryl-S(O)y, aryialkyl-
S{O)m, heterocyelo-S(O),. heterocycloalkyi-S{(0),, amino, alkylamino, alkenylamino,
alkynylamino, haloalkylamino, cycloalkylamine, cycloalkylalkylamino, arylamino,
arylalkylamino, heterocycloamino, heterocycloalkylamino, disubstituted-amino, acylamino,
acyloxy, ester, amide, sulfonamide, urea, alkoxyacylamine, aminoacyloxy, aitro or cvano
wherem =0, 1,2 0r3.

“Aryl™ as used herein alone or as part of another group, refers to a monocyclic
carbocyclic ring system or a bicyclic carbocyclic fused ring system having one or more
aromatic rings. Representative examples of aryl include, azulenyl, indanyl, indenyl, naphthyl,
phenyl, fetrabyvdronaphthyl, and the hike. The term "arvl" is intended to include both
substituted and unsubstituted aryl unless otherwise wdicated and these groups may be
substituted with the same groups as set forth in connection with altkyl and loweralkyl above,

"Arylalkyl" as used herein alone or as part of another group, refers to an aryl group, as
defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of arylalkyl include, but are not limited to, benzyl, 2-
phenylethyl, 3-phenylpropyl, 2~-naphth-2-vlethyl, and the like.

"Heteroaryl” as used herein is as described in connection with heterocyelo above.,

"Alkoxy" as used herein alone or as part of another group, refers to an alkyl or
foweralkyl group, as defined herein {and thug including substituted versions such as
polyalkoxy), appended to the parent molecular moiety through an oxy group, -O-
Representative examples of alkoxy include, but are not limited to, methoxy, ethoxy, propoxy,
2-propoxy, butoxy, tert-butoxy, pentyloxy, hexyloxy and the like.

"Halo" as used herein refers to any suitable halogen, including ~F, -Cl, -Br, and 1.

"Mercapto” as used herein refers to an -SH group,

"Azido" as used herein refers to an -Nj3 group.

"Cyano" as used herein refers to a ~-CN group.

"Formyl"” as used herein refers to a ~C{OH group.



WO 2014/085225 PCT/US2013/071409
e

“Carboxylic acid" as used herein refers to a ~-C(O)OH group.

“Hydroxyl" as used herein refers to an ~OH group.

"Nitro" as used herein refers to an ~-NO; group.

"Acyl" as used herein alone or as part of another group refers to a -C{O)R radical,
where R is any suitable substituent such as aryl, alkyl, alkenyl, alkynyl, cycloalky! or other
suitable substituent as described herein.

"Alkylthio" as used herein alone or as part of another group, refers to an alkyl group,
as defined herein, appended to the parent molecular moiety through a thio moiety, as defined
herein, Representative examples of alkylthio include, but are not limited, methylthio,
ethylthio, tert-butylthio, hexylthio, and the like.

"Amino" as used herein means the radical ~NH;.

"Alkylamino” as used herein alone or as part of another group means the radical ~
NHR, where R 1a an alky] group.

"Arylalkylamine” as used herein alone or as part of another group means the radical ~
NHR, where R is an arylalky} group.

"Disubstituted-amino” as used herein alone or as part of another group means the
radical -NR Ry, where R, and Ry, are independently selected from the groups alkyl, haloalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalikyl, heterocyclo, heterocycloalkyl.

“Acylamino” as used herein alone or as part of another group means the radical ~
NRgRy, where Ry is an acyl group as defined herein and Ry is selected from the groups
hydrogen, alkyl, haloallyl, alkenyl, alkynyl, cyeloalkyl, cycloalkylalkyl, aryl, arylalkyl,
heterocyclo, heterocycloalkyl

"Acyloxy” as used herein alone or as part of another group means the radical ~OR,
where R is an acyl group as defined herein,

"Ester” as used herein alone or as part of gnother group refers to a ~-C(O)OR radical,
where R is any suitable substituent such as alkyl, cycloalkyl, alkenyl, allkyayl or aryl.

“Amide” as used herein alone or as part of another group refers to a -C{ONR Ry
radical, where Ry and Ry are any suitable substituent such as alkyl, cycloalkyl, alkenyl,
atkynyl or aryl.

"Sulfoxyl” as used herein refers to a compound of the formula ~S(ONR, where R is
any suitable substituent such as alkyl, cyeloalkyl, alkenyl, alkynyl or aryl.

"Sulfonyl" as used herein refers to a compound of the formula ~S(OYO)R, where R is

any suitable substituent such as amino, alkyl, cycloalkyl, alkenyl, alkynyl or aryl.
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“Sulfonate” as used herein refers to a compound of the formula ~S{(OYO)OR, where R
is any suitable substituent such as alkyl, cycloalky!, alkenyl, alkyny! or aryl.

"Sulfonic acid” as used herein refers to a compound of the formula ~-S{OOYOH.

"Sulfonamide" as used herein alone or as part of another group refers to a -
S{O)NRGRy radical, where Ry and Ry are any suitable substituent such as H, alkyl,
cycloatkyl, atkenyl, alkynyl or aryl.

"Urea" as used herein alone or as part of another group refers to an ~-N{(ROC(ONR Ry
radical, where R, Ry and R, are any suitable substituent such as H, alkyl, cycloatkyl, alkenyl,
alkynyi or aryl.

"Alkoxyacylamino" as used herein alone or as part of another group refers to an —
N(RHC(O)ORy, radical, where Ry, Ry are any suitable substituent such as H, alkyl, cycloalkyl,
alkenyd, alkynyl or aryl.

"Aminoacyloxy" as used herein alone or as part of another group refers io an -
OC{OINR Ry vadical, where Ry and Ry are any suitable substituent such as H, alkyl,
cycloalkyl, atkenyl, alkynyl or aryl. |

"Polar group” as used herein refers to a group wherein the nuclei of the atoms
covalently bound to each other td form the group do not share the electrons of the covalent
bond(s) joining them equally; that is the electron clond is denser about one atom than another.
This results in one end of the covalent bond(s) being relatively negative and the other end
relatively positive; L.e., there is a negative pole and a positive pole. Examples of polar groups
include, without limitations, halo, hydroxy, alkoxy, carboxy, niiro, cyano, amino {primary,
secondary and terfiary), amido, ureido, sulfonamido, sulfinyl, sulfhydeyl, silyl, S-
sulfonamido, N-sulfonamide, C-carboxy, O-carboxy, C-amido, N-amido, sulfonyl, N-rerr-
butoxyearbonyl {or "rBOC") groups, phosphono, morpholino, piperazinyl, tetrazolo, and the
like. See, e.g., U.S. Pal. No. 6,878,733, as well as alcohol, thiol, polyethylene glycol, polyol
(including sugar, aminosugar, wonic acid), sulfonamide, carboxamide, hydrazide, N-
hydroxycarboxamide, urea, metal chelates (including macroeyclic ligand or crown ether
metal chelates). The polar group can be an fonic group.

"lonic group” as used herein includes anionic and cationic groups, and includes
groups (sometimes referred to as “ionogenic” groups) that are uncharged in one form but can
be easily converted fo ionic groups (for example, by protonation or deprotonation in agueous
solution). Examples include but are not limited to carboxylate, sulfonate, phosphate, amine,

N-oxide, and ammonium (including quaternized heterocyclic amines such as imidazolium
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and pyridinium) groups. See, e.g., U.S. Pat. Nos. 6,478,863; 6,800,276; and 6,896,246,
Additional examples include uronic acids, carboxylic acid, sulfonic acid, amine, and moieties
such as guanidinium, phosphoric acid, phosphonic acid, phosphatidy! choline, phosphonium,
borate, sulfate, etc.

“Deuterium” as used herein alone or as part of another group, refers to a safe, non-
radioactive relative of hydrogen. Any hydrogen in a group or substituent described above
may be replaced with deuterinm to provide a “deuterated” compound, in some embodiments
to modify and/or improve metabolic stability, resuiting in better safety, tolerability and/or
efficacy.

“Linking group”™ or “linker proup™ as used herein are generally bivalent aromatic,
aliphatic, or mixed aromatic and aliphatic groups. Thus hnking groups include linear or
branched, snbstituted or unsubstituted aryl, alkyl, alkylaryl, or alkylarylalkyl linking groups,
where the alkyl groups are saturated or uunsaturated, and where the alkyl and aryl groups
optionally containing independently selected heteroatoms such as 1, 2, 3 or 4 heteroatoms
selected from the group consisting of N, O, and 8. In some embodiments, linking groups
containing from 2 to 20 carbon atoms are preferred. Numerous examples of suitable linking
groups are known, including but not limited to those described in, US Patents Nos.
8.247.572; 8,097,609; 6,624,317; 6,613.345; 6,596,935 and 6,420,377, the disclosures of
which are incorporated by reference herein in their entirety.

“Treat” as used herein refers to any type of freatment that imparts a benefit to a
patient afflicted with a disease, including improvement in the condition of the patient (e.g., in
one or more symptoms), delay in the progression of the disease, delay in onset of the disease,
ete.

“Pharmaceutically acceptable” as used herein means that the compound or
composition is suitable for administration to a subject to achieve the treatments described
herein, withou! unduly deleterious side effects in light of the severity of the disease and
necessity of the treatment.

Active compeunds of the present invention may optionally be administered in
conjunction with other compounds useful in the treatment of cancer, The other compounds
may optionally be administered concurrently. As used herein, the word "concwrrently" means
sufficiently close in time to produce a combined effect (that is, concurrently may be
simultaneously, or it may be two or more events occurring within a short time period before

or after each other).
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The present invention is primarily concerned with the treatment of human subjects,
but the invention may also be carried ont on animal subjects, particularly mammalian subjects
such as mice, rats, dogs, cats, livestock and horses for veterinary purposes, and for drug
sereening and drug development purposes. Subjects may be of any age, including infant,

juvenile, adolescent, adult, and geriatric subjects.

1. Active compounds,

As noted above, the present invention provides active compounds of Formula ¥ or Ii:

R2

whergin:

RY is ~RRE, where R® is a covalent bond, C1 to €3 alkyl or a linker group (for
example, sulfonamide, amide, etc.) and R® is eycloalkyl, heterocycloalkyl, aryl, heteroaryl,
atkyleyeloalkyl, alkylbeterocycloalkyl, alkylaryl, alkylheteraryl or alkyl, and wherein R is
optionally substituted one, two or three times with independently selected polar groups;

R* is ~R'R?, where R is a covalent bond or C1 to C3 alky! and R? is cycloalkyl,
heterocycloalkyl, aryl, heteroaryl or alkyl, and wherein RY is optionally substituted one, two
or three times with independently selected polar groups;

R is selected from the group consisting of H, alkyl, arylaliyl; cycloalkylalkyd,
heterocycloalkylalkyl, heteroarvalkyl, and alkoxyalkvl, each of which is optionally
substituted one, two or three times with independently selected polar groups;

or R? and R together form a Huking group;

R is H, loweralkyl, halo, or loweralkoxy;
or a pharmaceutically acceptable salt thereof.

In some embodiments of the foregoing, R’ is a covalent bond; in other embodiments,
R is Ct to €3 alkylene such as ~CHy- or R’ is a linker group (for example, sulfonamide,

amide, ete.),



WO 2014/085225 PCT/US2013/071409
~10 -

In some embodiments of the foregoing, R’ is 4 covalent bond: in other entbodiments,
R7is C1 to €3 alkylene such as ~CHj-.

In some embodiments, R® is phenyl, piperidyl, or C1-C8 alkyl, or C3 to C8§
cycloalkyl, which phenyl, pipyridyl, alkyl, or cycloalky! alkyl is unsubstituted or substituted
from 1 to 3 times with sulfono, halo, amino, nitro, alkyl, alkoxyl, haloalkyl, cycloalkyl,
heterocyeloalkyl, arvd, or heteroaryl.

In some embodiments, wherein RY is C1-C8 alkyl or cyclohexyl, which alkyl or
cyclohexyl 15 wnsubstituted or substituted from { to 3 times with hydroxyl or amino.

In some embodiments, R” is C1-C8 alkyl, C3-C8 cyeloalkyl, C4-C12 eycloalkylatkyl,
C3-C8  heterocycloalkyl, C4-CI2  heterocycloaliylalkyl, C4-C12  arvialkyl, (4-Cl12
heteroarylalkyl, each of which is unsubstituted or substituted from one to three times with
hydroxyl, halo, or alkoxy.

In some embodiments, R* is H.

Specific examples of linking groups tuclude, but are not limited to:

i, O i ‘
o ?HE . HO o Y\A’A‘;\
| m Nt
Y \\/‘,"’\&; f__,i -~ NH
NH ,s {
LT N
N
\(“ I t '};\\-
NH; NH Oy
O‘\\T/ \}\‘\ Oy, £ - KN H
- NH NH E\Q
g =% :\?
{.\\/\’ = N C‘\\ s
A N AT
\ m Fo N ,\}\ : \ m
] AT N \
ir.;\ § ™ \N/
N o” L
1 I\ M
NEAN N
NHz
N e . %NH S
B A
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where each n and m is independently 0, 1, 2, 4, 5, or 6; and where each of the linking
group siructures ilustrated above may optionally be substituted, e.g., substituted one, two, or
three times with independently selected polar groups,

Paticular examples of compounds of the present invention include but are not limited
to those set forth in Tables 1-7 below.

The active compounds disclosed herein can, as noted above, be provided in the form
of their pharmaceutically acceptable salts. Pharmaceutically acceptable salts are salts that
retain the desired biological activity of the parent compound and do not impart undesired
toxicological effects. Examples of such salts are (a) acid addition salts formed with inorganic
acids, for example hydrochlioric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric
acid and the like; and salts formed with organic acids such as, for example, acetic acid, oxalic
acid, tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic
acid, ascorbic acid, benzoic acid, tannic acid, palmitic acid, alginic acid, polyglutamic acid,
naphthalenesulfonic acid, methanesuifonic acid, p-toluenesulfonic acid,
naphthalenedisultorie acid, polygalacturonic acid, and the like; (b) salts formed from
elemental anions such as chlorineg, bromine, and iodine, and (¢) salts derived from bases, such
as ammoniwm salts, alkali metal salis such as those of sodium and potassium, alkaline earth
metal salts such as those of calcivm and magnesivm, and salts with organic bases such as
dicyclohexylamine and Nomethyl-D-glucamine.

Active compounds as described herein can be prepared in accordance with known

procedures, or variations thereof that will be apparent to those skilled in the art.

2. Pharmaceutical formulations,

The active compounds described above may be formulated for administration in a
pharmaceutical carrier in accordance with known techniques. See, e.g, Remington, The
Science And Practice of Pharmacy (9™ Ed. 1995). In the manufacture of a pharmaceutical
formulation according to the invention, the active compound (including the physiologically
acceptable salfs thereof) is typically admixed with, inter oli, an acceptable carrier. The
carrier must, of course, be acceptable in the sense of being compatible with any other
ingredients in the formulation and must not be deleterious to the patient. The carrier may be
a solid or a liquid, or both, and is preferably formulated with the compound as a unit-dose
formulation, for example, a tablet, which may contain from 0.01 or 0.5% to 95% or 99% by

weight of the active compound. One or more active compounds may be incorporated in the
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formulations of the invention, which may be prepared by any of the well known techniques of
pharmacy comprising admixing the components, optionally including one or more accessory
ingredients.

The formulations of the imvention include those sunitable for oral, rectal, topical,
buceal (e.g., sub-lingual), vaginal, parenteral {e.g., subcutaneous, intramuscular, intradermal,
or intravenous), topical {ie, both skin and mucosal surfaces, including airway surfaces),
transdermal administration, and intraventricular injection (injection into a ventricle of the
brain, e.g., by an implanted catheter or omman reservoir, such as in the case of morbid
obesity) and although the most suitable route in any given case will depend on the nature and
severity of the condition being treated and on the nature of the particular active compound
which is being used.

Formulations suitable for oral administration may be presented in discrete units, such
as capsules, cachets, lozenges, or tablets, cach containing a predetermined amount of the
active compound; as a powder or granules; as a solution or a suspension in an agueous or
non~aqueous hiquid; or as an oil-in-water or water-in-oil emulsion. Such formulations may be
prepared by any suitable method of pharmacy which includes the step of bringing into
association the active compound and a suitable carrier (which may contain one or more
accessory ingredients as noted above), In general, the formulations of the inveuntion are
prepared by uniformly and intimately admixing the active compound with a liquid or finely
divided solid carmier, or both, and then, if necessary, shaping the resulting mixture. For
example, a tablet may be prepared by compressing or molding a powder or granules
containing the active compound, optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing, in a suitable machine, the compound in
a free-flowing form, such as a powder or granules optionally mixed with a binder, lubricant,
inert dilwent, and/or surface active/dispersing agent(s). Molded tablets may be made by
molding, in a suitable machine, the powdered compound moistened with an inert liquid
binder,

Formulations suitable for buccal (sub-lingual) administration include lozenges
comprising the active compound in a flavourcd base, usually sucrose and acacia or
tragacanth; and pastilles comprising the compound in an inert base such as gelatin and
glycerin or sucrosg and acacia,

Formulations of the present invention suitable for parenteral administration comprise

sterile aqueous and non-aqueous injection solutions of the active compound, which
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preparations are preferably isotonic with the blood of the intended recipient. These
preparations may couotain anti-oxidants, buffers, bacteriostats and solutes which render the
formulation isotonic with the blood of the intended recipient. Aqueous and non-aguecus
sterile suspensions may include suspending agents and thickening agents. The formulations
may be presented in unitidose or multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried (Iyophilized) condition requiring only the addition
of the sterife liquid carrier, for example, saline or water-for-injection immediately prior to
use. Extemporancous injection solutions and suspensions may be prepared from sterile
powders, granules and tablets of the kind previously described. For example, in one aspect of
the present invention, there is provided an injectable, stable, sterile composition comprising a
compound of Formmla (I}, or a salt thereof, in a unit dosage form in a sealed container. The
compound or salt is provided in the form of a lyophilizate which is capable of being
reconstituted with a suitable pharmaceutically acceptable carrier to form a liquid composition
suitable for injection thereof into a subject. The unit dosage form typically comprises from
about 10 mg to about 10 grams of the compound or salt. When the compound or salt is
substantially water-insoluble, a sofficient amount of emulsifving agent which is
physiologically acceptable may be employed in sufficient quantity to emulsify the compound
or salt in an agqueous carrier. One such useful emulsifying agent is phosphatidyl choline.

Formulations suitable for rectal administration are preferably presented as unit dose
suppositories. These may be prepared by admixing the active compound with one or more
conventional solid carviers, for example, cocoa butter, and then shaping the resulting mixture.

Formulations suitable for topical application to the skin preferably take the form of an
ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which may be used include
petrolenm jelly, lanoline, polyethylene glycols, alcohols, iransdermal enhancers, and
combinations of two or more thereof,

Formulations suitable for transdermal administration may be presented as discrete
patches adapted to remain in intimate comtact with the epidermis of the recipient for a
prolonged period of time., Formulations suitable for transdermal administration may also be
delivered by iontophoresis (see, for example, Pharmaceutical Research 3 (6):318 (1986)) and
typically take the form of an optionally buffered aqueous solution of the active compound.
Suitable formulations comprise citeate or bis\tris bufter (pH 6) or ethanol/water and contain
from 0.1 to 0.2M active ingredient.

Further, the present invention provides liposomal formulations of the compounds
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disclosed herein and salts thereof. The technology for forming liposomal suspensions is well
known in the arl. When the compound or salt thereof is an agueous-soluble salt, using
conventional liposome technology, the same may be incorporated into lipid vesicles. In such
an instance, due to the water solubility of the compound or salt, the compound or salt will be
substantially entrained within the hydrophilic center or core of the lposomes. The lipid layer
employed may be of any conventional composition and may either contain cholesterol or may
be cholesteroi-free. When the compound or salt of imterest is water-insoluble, again
employing conventional liposome formation technology, the salt may be substantially
entrained within the hydrophobic lipid bilayer which forms the structure of the liposome. In
either instance, the liposomes which are produced may be reduced in size, as through the use
of standard sonication and homogenization techniques.

Of course, the liposomal formulations containing the compounds disclosed herein or
salis thereof, may be lyophilized to produce a lvophilizate which may be reconstituted with a
pharmaceutically acceptable carrier, such as water, to regenerate a liposomal suspension.

Other pharmaceutical compositions may be prepared from the water-insoluble
compounds disclosed herein, or salts thereof, such as aqueous base emulsions. In such an
instance, the composition will contain a sufficient amount of pharmaceutically acceptable
emulsifying agent to emalsify the desired amount of the compound or salt thereof.
Particularly useful emulsifving agents include phosphatidyl cholines, and lecithin.

In addition fo compounds of formula (I) or their salts, the pharmaceutical
compaositions may contain other additives, such as pH-adjusting additives. In particular,
useful pH-adjusting agents include acids, such as hydrochlorie acid, bases or buffers, such as
sodium lactate, sodium acetate, sodium phosphate, sodium citrate, sodium borate, or sodivm
gluconate. Futher, the compositions may contain microbial preservatives, Useful microbial
preservatives include methylparaben, propyiparaben, and benzyl alcohol. The microbial
preservative is typically employed when the formulation is placed in a vial designed for
muttidose use. Of course, as indicated, the pharmaceutical compositions of the present

invention may be lyophilized using techniques well known in the art,

3. Dosage and routes of administration.

As noted above, the present invention provides pharmaceutical formulations

comprising the active compounds (including the pharmaceutically acceptable salts thereof),
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in pharmaceutically acceptable carriers for oral, rectal, topical, buccal, parenteral,
inframuscular, intradermal, or intravenous, and transdermal administration,

The therapeutically effective dosage of any specific compound, the use of which is in
the scope of present invention, will vary somewhat from compound to compound, and patient
to patient, and will depend upon the condition of the patient and the route of delivery. Asa
general proposition, a dosage from about 0.1 to about 30 mgskg will have therapeutic
efficacy, with all weights being caleulated based upon the weight of the active compound,
inciuding the cases where a salt is employed. Toxicity concerns at the higher level may
restrict intravenous dosages to a lower level such as up to about 10 mg/kg, with all weights
being calculated based upon the weight of the active base, including the cases where a salt is
employed. A dosage from about 10 mg/kg to about 50 mgfkg may be employed for oral
administraion. In some embodiments, a dosage from abowt 0.5 mp/kg to 5 mglkg may be
employed for intramuscular injection. In some embodiments, dosages are 1 pumolkg to SO
umolfkg, and more preferably 22 pmol/kg and 33 pumolikg of the compound for intravenons
or oral administration. The duration of the treatment can be once per day for a period of two
to three weeks or until the condition is essentially controlled.

Active compounds may be adninistered as pharmaceutically acceptable prodrugs,
which are those prodrugs of the active compounds of the present invention which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of humans
and lower animals without undue toxicity, irritation, allergic response and the like,
commensurate with a reasonable risk/benefit ratio, and effective for their intended use, as
well as the zwittertonic forms, where possible, of the compounds of the invention. The term
"prodrug” refers to compounds that are rapidly transformed in vive to yield the parent
compound of the shove formulae, for example, by bydrolysis in blood. A thorough discussion
is provided in T. Higachi and V. Stella, Prodrugs as Novel delivery Systems, Vol. 14 of the
A.C.S. Symposium Series and in Edward B. Roche, ed., Bioreversible Carriers in Drug
Design, Amencan Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated by reference herein. See alse US Patent No. 6,680,299 Hxamples include a
prodrug that is metabolized in vivo by a subject to an active drug having an activity of active
compounds as described herein, wherein the prodrug is an ester of an alcohol or carboxylic
acid group, if such a group s present in the compound; an acetal or ketal of an alcohol group,

if such a group i5 present in the compound; an N-Mannich base or an imine of an amine
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group, if such a group is present in the compound; or a Schiff base, oxime, acetal, enol ester,
oxazolidine, or thiazolidine of a carbonyl group, if such a group is present in the compound,
such as described in US Patent No. 6,680,324 and US Patent No. 6,680,322,

As noted above, the active compounds described herein are useful for the treatment of
cancer. Example cancers that may be treated by the compounds and methods of the invention
include, but are not himited to, myeloid levkemia, lymphoblastic leukemia, melanoma, breast,
lung, colon, liver, gastrie, kidney, ovarian, wierine, and brain cancer.

The present invention is explained in greater detait in the following non-limiting

Examples.

Examples 1-11
General Structure [

X n=g,1
X = OH, NH,
R R' = alkyl, aryl, etc
NH O atkyl, aryl, efc.
i 22 o i
7 ; /R? O R= = atkyl
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Example 1
2+ Butviamino 4-(({1r 40)-d-hyvdroxvevclohexyDamino - N-{4-{mornholino-
sulfornyDiphenvDpyrimidine-5-carboxamide
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A solution of 2.4-dichloropyrimidine-S~carbonyl chlonde (422mg, 2.0 mmol) in
dichioromethane (10 mlL) was added 4-(morpholinosulfonylaniline (508 mg, 2.1 mmol) and
DIEA (387 mg, 3.0 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 1 h, Then,
water was added. The resulting mixture was extracted with EtOAc (3x). The combined
organic layers were dried (Nap80y), filtered and concentrated. The residue was purified on
ISCO to give the title comapound as a white solid (701.2 mg, 84%). 'H NMR (400 MHz,
DMSO-c%) § 11.98 - 11.90 (m, 1H), 8.29 (d, /= 6.4 Hz, 1H), 7.89 (d, J = 8.8 Hz, 2H}, 7.69
{d,J= &8 Hz, 2H), 3.65 ~3.56 {m, 411), 2.87 ~ 2.78 (m, 4H); MS m/z 418,30 [M+HT".

2-Chloro-4~{{1r 4r)-4-hvdroxveyclohexyDamino)-N-{4-(morpholinosulfonyliphenyl)
pyrimidine-S-carboxamide
HQ..,

W o 0

A

\/““NH o Ay ST
/K/J Nf’\/ :"\fo
c ) N
A solutton of  24- dzc.himo ~N-(4-{morpholinosulfonylphenyDpyrimidine-3-
carboxamide (700mg, 1.68 mmol) in IPA (15 mL) was added trans-4-aminocyclohexanol
(2314 mg, 2.2 mmol) and DIEA (387 mg, 3.0 mmol) at 0 °C. The resuliing mixture was
stirred at O °C for 50 min and warmed to room temperature and stirred for another 50 min,
Then the solvent was removed, the residue was dissolved in a mixture of CH2CL2 and
methanol (20 mi, 3:2, v/v), the suspension was filtered though a filter paper to give the title
compound as a white solid (683.4 mg, §2%). " NMR (400 MHz, DMSO-d%) 5 10.71 (s, 1H),
8.69 (s, 1H), 7.96 ~ 7.89 (m, 2H), 7.76 — 7.70 (m, 2H), 4.57 (5, 1H), 3.93 - 3.81 (m, 1H), 3.64
~ 3.57 (m, 4H), 3.49 - 3.40 (m, 1H), 2.88 ~ 2.78 (m, 4H), 1.95 — 1.86 {m, 2H), 1.85 - 1.76
(m, 2Hy, 1.38 ~ 1.20 (m, 4H); MS m/z 496.20 [M+HT".

2-{Butvlamino)-4-{{{1r.4r-4d-hvdroxyevelohexyDamineN-{4-{momholinosulfonyD)
phenvDpyrimidine-3-carboxamide
HO, //\\ D O
l\/ Koo T N’”\
N;"\Y/J\N _,'Q\ \\/O
,/'\\//‘\\,/\ = H

A solution of 2-chioro-4-{({1r,4r}-4-hydroxycyclobexyDamino}-N-(4-
{morpholinosulfonylphenyl) pyrimidine-5-carboxamide (86mg, 0.17 mmol) in IPA (10mL)
was added butylamine {59.6 mg, 0.81 mmol) and DIEA (124.7 mg, 0.96 mmol) at room

temperature. The resulting mixture was stirred for 3h at room temperature. Water was then



WO 2014/085225 PCT/US2013/071409
-18 -

added. The resuliing mixture was extracted with EtOAc (3X). The combined organic layers
were dried (Na;S04), filtered and concenirated. The residue was purified on ISCO to give the
title compound as a white solid (59.3 mg, 64%). 'H NMR (400 MHz, CD;0D+CDCl) 6 8.21
(s, 1H), 7.71 — 7.64 (m, 2H}, 7.59 ~ 7.53 (m, 2H), 3.93 - 3.77 (o, 1H), 3.74 ~ 3.64 (m, 4H),
3.63 ~ 358 (m, 44}, 3.56 ~ 3.46 (m, 1H), 326 (1, /=7.1 Hz, 2H), 2.91 -~ 2.81 (m, 41, 2.05 ~
1.95 {m, 2H), 1.93 - 1.82 (m, 2H), 1.50 — 141 {m, 2H), 1.33 — 117 {m, 6H), 0.83 (1, J= 73
Hz, 3H); YC NMR (101 MHz, CD;OD+CDChL) § 166.8, 156.4, 143.5, 128.8, 128.6, 120.3,
120.2, 69.2, 66.0, 45.9, 41.0, 33.4, 31.6, 30.2, 20.0, 13.7; MS m/z 533.30 [M+H]".

Example 2
2-(Butviamino -N-{4-NuorobenzyD-4-({{frans-4-hydroxveyclohexvilamine) pyrimidine-3-
carboxamide

General Procedure B:
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Methy! 2«(butviamino)-4-{({iransi-4-hvdroxvevelochexvDaminolpyrimidine-5-carboxvlate

HO,, o~

H {
NS Nome

f’\f’"\g’k\m’%

To a solution of 2 4-dichloropyrimidine-S-carbonyl chloride (00 mg, 2.38 mmol) in
dichloromethane (30 ml) was added methanol (876 mg, 273 mmol} and
diisopropylethylamine (369 mg, 2.86 mmol) at 0 °C. The resulting mixture was stirred for 1 h
at 0 °C. Then the solvent was removed. The residue (461mg, 94%) was dissolved in IPA (20
mL) and followed by the addition of trans-4-aminocyclohexanol (301.6 mg, 2.62 mumol) then
DIEA (461.4 mg, 3.57 mmol) dropwisely, The resulting mixture was stirred at 0 °C for 90

min. After which butylamine (208.8 mg, 2.86 mmol) was added, followed by DIEA (4614
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myg, 3.57 mmotl). The resulting mixture was stirred at room temperature for 3 h. Water was
then added. The resulting mixture was exiracted with BtOAc (3X). The combined organic
layers were dried (NazS04), filtered and concentrated. The residue was purified on ISCO to
give methyl 2-(butylamino)-4-({{trans-4-hydroxycyciohexyDamino)pyrimidine-S-carboxylate
(682.6 mg, 89% over 3 steps). 'H NMR (400 MHz, CDClL) 6 9.21 (s, 13D, 8.77 (s, 1H), 6.29
{5, 1H), 4.81 ~4.64 {m, 1H), 4.51 {5, 3H), 4.46-4.38 (m, 1H), 4.13-4.11 (m, ZH), 2.89-2.81
{m, 2H), 2.74 (d, /= 9.7 Hz, 2H), 235 - 2.25 (m, 2H), 2.23 - 2.00 (m, 6H), 167 (1, J= 7.2
Hz, 3H): “C NMR (101 MHz, CDCh) 6 167.9, 162.5, 161.3, 160.3, 95.5, 69.7, §1.2, 48.3,
41.1,33.8,31.7, 30.3, 20.1, 13.8; MS m/z 323.20 [M+H]"

2-{Butvlamino:-N-{4-fuorobenzvi-4-{{trans)-4-hvdroxvevelohexvDamino nyrimidine- 3~
carboxamide

L, .

J\\\' L A\r"‘/\\\\\

NN ’J\m:” " \’\f/l \'F
H

HO.,,

A mixture  of methyl  2-(butylamino)-4-{{{trans-4-hydroxycyelohexyl)aming)
pyrimidine-5-carboxylate (682.6 mg, 2.12 mmol) and lithium hydroxide monohydrate (888.4
mg, 21.2 mmol) in a mixture of methanol and water (25 mL, 3:2, v/v) was heated at reflux for
2h. Then the reaction mixture was cooled to room temperature and acidified by a 4.0N
solution of HCI (4N) to PH 3. The resulting mixture was extracted with EtOAc (4x). The
combined organic lavers were dried (Nap;SQ4) and concentrated to provide 2-(butylamino -4~
{{(1r.4r)-4-hydroxycyclohexylamino)pyrimidine-S-carboxylic acid(647.1 mg, 99%), which
was used in the next step without further purifications. MS m/x 309.30 [M+H]™.

A solution of the acid (61 mg, 0.20 mmol), O-(benzotriazol-1-y1)-NNN'N-
tetramethyluronium tetrafluoroborate {TBTU, 814 mg, .25 mmol, 1.3 eg) and NN-
diisopropylethylamine (DIEA, 77.5 mg, 0.60 mmol, 3.0 eq) in anhydrous DMF (3.0 mL.) and
was added 4-fluorobenzylamine (37.5 mg, 0.30 mmol, 1.5eq) in DMF (1.0 mL) dropwisely at
room temiperature. The resulting mixture was stirred for overnight, then diluted with EtOAc
(15 mL) and washed with water (3x). The organic layer was dried (Na:8Oy) and
concentrated. The residue was purified on HPLC to give the title compound (61.5 mg, 74%)
as a yellow solid. 'H NMR (400 MHz, CDCl) 8 9.57 (d, J = 7.4 Hz, 1H), 8.77 (s, 18, 8.13
(s, 1H}, 7.40 = 731 {m, 1H), 7.29 -~ 7.22 (m, 3H), 7.00 (t, /= &6 Hz, 2}, 444 (d, /= 5.2
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Hz, 280, 4.00 (s, 131, 3,77 — 3.62 (m, 110, 340 (dd, J = 13.0, 6.9 1z, 211), 2.15 - 2.09 (m,
IH), 2.04 (4, J = 7.6 Hz, 2H), 1.66 ~ 1.54 (m, 2H), 1.49 ~ 133 (m, 6H), 0.94 (1, J= 7.3 Hz,
3HY: MS m/z 416,30 DM+HT".

General Structure Ia, Iib, e
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Example 3
(1rd4r)-4-{(2-(Butviaming)-3-(5-(morpholinosul fonyDpyridia-2-vDpyrinidin-4-

yhaminelevelohexanol

General Procedure C;
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4-{{6-Chloropyridin-3-yvhsulfonvDmoerpholine
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o N’; O
A solution of 2-chloropyridine-S-sulfony! chioride (212 mg, 1.0 mmol) in CH2CI2
{10 mL) was added morpholine (87.1 mg, 1.0 mwmol} at 0 °C. The resulting mixture was
stirred at 0 °C for 10 min and then DIEA (194 mg, 1.5 mmol) was added dropwisely, The
mixture was stirred at 8 °C for 2h. Then the mixture was diluted with EtOAc¢ (15 mL) and
washed with water (2x). The organic layer was dried (Na,S04), filtered and concentrated. The
residue was purified on ISCO to give the title compound as a white solid (246.1 mg, 94%).
"H NMR (400 MHz, CDClLy) 6 8.73 —8.65 (m, 1H), 7.94 (dd, /= 8.3, 2.5 Hz, 1H), 749 (dd, J
= 8.3, 0.6 Hz, 1H), 3.74 - 3.63 (m, 4H), 2.99 {dd, J = 5.6, 3.9 Hz, 4H); "C NMR (101 MHz,
cdel3) 6 155.9, 148.7, 137.9, 131.1, 124.9, 65.9, 45.8; MS m/z 263.30 [M+H]",

(1r.40)-4-((2-(Butvlamine)-5-(S-(morpholinosulfonyDpyridin-2-yDpyrimidin-4-
vDaminodevelohexanol

HO.,
0/,(1 CE:\//Q
N AH N'?\YS\N/\"

N A

i
/\/f\gz‘\N'

A 10 mL microwave tube was charged with 2,4-dichloropyrimidine-S-boronic acid
pinacol ester {55 mg, 0.20 mmol), KoCOs (41.5 mg, 0.30 mmol) and THF (2.0 mL), The
resulting mixture was then heated to 80 °C for 15 min under Microwave irradiation. Then 4-
({6-chloropyridin-3~yDsulfonyl)morpholine (52.5 mg, 0.20 mmol), Pd(PPh)s (23.1 mg, 0.02
mmol), KoCO;s (41.5 mg, 0.30 mmotl), butylamine (116.8 mg, 1.60 mmol) and water (0.5 mL)
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were added sequentially. The resulting mixture was heated to 150 °C for 30 min under
Microwave Irradiation, The mixture was diluted with EtOAc (15 mlL) and washed with water
(2x), The organic layer was dried (NaySOy), fillered and concentrated. The residue was
purified on ISCO and HPLC to give the title compound as a white solid (274 mg, 28%) and
{11, 4)-4-((2-(butylamino pyrimidin-4-yDamino)eyclohexanol (25,7 mg, 49%). H NMR (400
MHz, CDCl) ¢ 1065 (d, /=7.1 Hz, 1H), 9.46 (1, /=54 Hz, 1H}), 887 (d, /= 2.2 Hz, 1H),
831 (s, 1H), 8.10 (dd, J = 8.6, 2.3 Hz. 1H), 7.77 (d, J= 8.7 Hz, 1H), 4.19 ~ 4.09 {m, 1H),
3.84 — 3.68 {m, 5H), 3.51 «~ 3.44 (m, 2H), 3.15 ~ 3.06 (m, 4H), 2.86 ~ 2.66 (m, 3H), 2.28 -
2.15 (m, 2H), 2.13 - 2.01 (m, 2H), 1.72 — 1.61 (m, 2H), 1.56 ~ 1.36 (m, 6H), 096 (1, /=74
Hz, 3Hy BC NMR (101 MHz, CDCly) 6 1594, 156.9, 153.1, 146.6, 142.8, 136.8, 130.2,
1189, 1034, 69.2, 66.0, 49.7, 45.8, 41.3, 33.3, 31.0, 29.5, 20.1, 13.7; MS mb 491.30
(M+HT
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UNC2427A
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4-Fluorobenzylamine (1.78g, 14.2 mmol) in dichloromethane (5.0 mL) was added
into a solufion of 24-dichloropyrimidine-S-carbonyl chloride (3.0 g, 142 mmol) in
dichloromethane (30 mL) at 0 °C. Then N N-diisopropylethylamine (2.75g, 21.3 mmol) and
4-(dimethylamino)pyridine (17.1 mg, 0.14 mmol} were added into the mixture. The resulting
mixture was allowed to warm to room temperature and stirred for 20 min. The solvent was
removed and the residue was dissolved in dichloromethane and washed with water (2x).
Solvent was removed and the residue was purified on ISCO to provide the title compound
(3.96g, 93%). 'H NMR (400 MHz, CD;0D) § 8.73 (s, 1H), 7.42-7.35 (m, 2H), 7.12-7.02 (m,
2H), 4.53 (5, 2H); MS m/z 301.30 [M+H[",

{($¥-S-{{2-((3-AminopropvDamino)-3-((4-fluorchenzylearbamovipynmidin-d-vDamino)}-2-

reri-butoxycarbonyhiaminepentanoic acid

BocHN

N
HOT SO NH Q
N BN ANM\I

HzN’A\"”\ﬁ/E\“N’:’ H i\;/\;_

L-Omithine (232 mg, 1.0 mmol), N N-diisopropylethylamine (194 mg, 1.5 mmol)
were added nto a solution of 2,4-dichloro-N-(4-Buorebenzyl)pyrimidine-S-carboxamide (300
mg, 1.0 mmol) 1o a mixture of isopropyl alcchol and DME (10 ml, 3.2, v/v) at room
temperature. The resulting mixture was stirred for overnight. Then 1/3 of the reaction mixture
was added to a solution of 1,3-diaminopropane (304 mg, 4.0 mmol} in DMF (1.0 mL) at
room temperature. The reaction mixture was heated at 45 °C for 2h. The solvent was removed
and the residue was purified on HPLC to give the title compound as TFA salt (92 mg, 34%).
"H NMR (400 MHz, CD;0D) 6 8.22 (s, 1H), 7.38-7.28 (m, 2H), 7.06-6.95 (m, 2H), 4.45 (s,
2H), 4.18-4.09 (m, 1H), 3.69-3.53 (m, 4H}, 3.08-2.99 (m, 2H), 2.05-1.97 (m, 21D, 1.91~
1.83 (m, 1H), 1.80-1.66 (m, 3H), 1.41 (s, 9H); M3 m/z 534.30 [M+HT".
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O-(benzotriazol-1-y1)-N N N N'ietramethyluronium  tetrafluoroborate (TBTU, 68.3
mg, .21 mmol) and triethylamine (43.5 mg, 0.43 mmol} were added to the solution of (5)-5-
((2~({3~-aminopropyllamino)-3-((4-fluorobenzylcarbamoyhpyrimidin-4-yljamino}-2 - {fert-
butoxycarbonyllamino)pentanoic acid (70 mg, 0.085 mmol) in DMF (530 mL). The resulting
mixfure was diluted with dichloromethane (60 ml) and stirred at room temperatuwre for
overnight, Then the solvent was removed, the residue was dissolved in dichloromethane (5.0
mb) followed by the addition of TFA (1.0 ml). The resulting mixture was stirred al room
temperature for 2.0 h. Then the solvent was removed and the residue was purified on HPLC
to provide the title compound (UNC2427A) as TFA salt (27.4 mg, 46%); 'H NMR (400
MHz, CD;00) 6 819 (s, 1H), 7.37-7.26 (m, 2H}, 7.06-6.97 {m, 2H), 4.44 (s, 2H), 4.02-3.97
{m, 1H}, 3.97-3.89 (m, 1H), 3.81-3.71 {m, 1H), 3.68-3.60 (m, 1H), 3.28-3.12 (m, 2H), 2.87~
2.80 (m, 1H), 2.01-1.92 (m, 2H), 1.91~1.82 (m, 1H), 1.80-1.64 (m, 3H). MS m/% 416.25
IM+H]

Table 1 describes compounds prepared following procedures described in Example 4
{General Procedure D), using appropriate reagents. {Note: Mer IC50: ++++ means < 10 nM;
+i+ means between 10-100nM, ++ means between 100 nM-1 uM; + means between 1-30

1M - means active.)

Mer

Compound 1D 1}
1Csp

Structure

Physical Data
MS m/z (M+1) or/and 'H
NMR

UNC2429A Aot

UNC2430A b

ST
} i
{/ N’/‘\\\\'{,“'—‘LN”X/\:\\}
. H i
\‘“/\i‘; \N/’ /’\F
i

H NMR (400 Mz, CD;0D)
g B.19 {3, IH), 7.37-7.29 (m,
2H), 7.07-6.97 (m, 21, 4.44
{s, 2H), 394379 (m, 2H),
3.77-3.69 (m, 1H), 3.65-3.58
{m, tH), 3.27-3.13 (m, 3H),
2.98-2.92 (m, 4H), 1.94-1.77
{my, 3HY, L73-1.32 {m, 38D,
148134 (m, 3H); MS m4
44430 T

HONMR (400 MHz, CD,00)
4 820 (d, J = 0.9 Hz, 11,
738729 {m, 2H), 7.07-6.99
{m, 2H), 4.44 (g, 2H), 388~
3.66 (m, 4H), 3.5§-3.32 (m,
2HD), 3.21-3.11 (m, 1H), 2.98-
2.93 {m, 4H), 2.89-2.77 {m,
TEE, 198185 (my, 2H), 1.84-
1.58 {m, 5H), 1.56-1.48 (m,
G, 1.46-129 (m, SH); M8
mdz 45830 [M+HT
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'H NMR (400 MHz, CD,0D)
§ 8.21 (s, 1H), 7.36-7.30 (m,
2H), 7.07-6.99 (m, 2H), 4.45
(s, ZH), 3.94-3.85 {my, 1H),
3.80-3.74 (m, 1H), 3.74-3.65
(re, {H), 3.55-345 {m. 2¥),
3.38-3.30 (m, 1H), 3.23-3.11
(m, 1H), 2.96 (s, 1), 2.89~
280 (oy, THY 1.97-1.81 (m,
2H), 1.77-1.55 {m, SH), 1.54~
143 {m, 2H), 143-121 (m,
THY, MS miz 472,30 IMHT
HONMR (400 MHz, CD;0D)
& 8.22 (s, 1HD), 7.37-7.28 (m,
2H), 7.07-6.97 {m, 2H), 4.45
{5, 2H), 3.89-3.79 {(m, ZH),
3.71-3.58 (m, 2H), 3.58-3.4¢
{ry, 1HD, 3.44-334 (m, IH),
295 (s, 1H), 2.90-2.80 (m,
TH), 1.98-1.84 (m, 2H), .74~
1.66 (m, 2H), 1.65-1.57 (m,
JH), 1.56-1.51 {m, 1H), 1.50-
142 (m, 1H), 1.39-123 {m,
SHY; MS mi/z 486.30 [M+HT
'H NMR {400 MHz, CD;0D)
J 844 (d, I = 2.5 Hz, 1,
7.81-7.73 (m, 2H), 7.53-7.46
(m, 2H), 4.33 (s, 2H), 407~
3.93 {m, 410), 382-3.64 (m,
430, 3.41-3.34 (m, 2H), 3.28-
3.07 {m, 410), 2.90-2.82 (m,
1H), 2.04-1.95 (m, 2H), 1,94
L85 {m, 1H), 1.83-1.68 (m,
IHY M8 vz 48330 [M+HT.
'H NMR (400 MHz, CD,OD)
8 8.45 (s, 1H), 7.81-7.75 {m,
2H), 7.53-748 (m, 28), 4.34
{s, 2H}, 4.08-3.98 (m, 2H),
3.92-3.85 (m, 1H), 3.80-3.66
{t, 3H), 3.61-3.52 {m, 1H),
3.47-3.32 (m, 4M), 3.27-3.11
{m. 3T, 2.99-2.96 (m, 1H},
2.95-2.88 (m, 1H), 1.96-1.86
{m, 3H), 1.86-1.75 (m, 2H),
1.72-1.61 (m, 2H), 1.48-1.33
{m, IH); MS mz 49730
IMH+HT

'H NMR (400 MHz, CD,OD)
§ 8.17 {s, 1H), 7.37-7.30 (i,
2H), 7.06-7.00 (m, 2H), 4.44
(s, 2H), 3.89-3.78 (m, 2H},
3.77-3.72 (m, 2H), 3.649-3.62
{m, 1H), 3.49-333 (m, 3H),
3.02-2.93 (m, 2H) 1.98-1.76
(m, SH), 1.73-1.62 (m, 3H}
1.60-1.49 (m, 2H}; MS mx
430.30 [M+H]".
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'HONMR (400 MHz, CD:OD)
& 847 (s, 1H), 7.37-7.30 (m,
2H), 7.08-6.99 {m, 2H), 4.45
{s; 2H}, 3.91-3.80 (m, 2H),
3.79-3.71 {m, 1H), 3.5%-3.51
{m, 1M}, 348339 {m, 2H),
3.22-3.13 {m, 1H), 2.89-2.80
{m, IH), 1.94-1.76 (m, 3H),
175127 (m, 10H), MS mé
44530 [M+HT".

1H NMR (400 MHz, CD;0D)
2 847 (3, 1), 7.36-7.30 (m,
2H), 7.08-6.99 {1, 2H), 445
(s, 2H), 3.8--3.74 {m, 1H)
3.73-3.66 {m, 1H), 3.65-3.59
{m, 2H), 3.53-3.45 {m, 2H),
2.99-2.94 (m, 1H), 2.87-2.82
{m, 1H}, 1.90-1.81 (m, 2H),
1.75-1.54 (m, 6H), 1.50-1.31
(rm, SH); MS mfi 45825
IMHT

'H NMR (400 MHz, CD;0D)
J 8§18 {5, IH), 7.36-7.29 (m,
28, 7.07-6.98 {m, 2H), 444
{s, 2H}), 3.84 (1, J = 5.6 Hz
1H), 3.73-3.63 (m, 2H), 3.52-
3.40 {m, 2H), 3.01-2.89 (m,
2H), 1.97-1.84 (m, 2H), 1.75~
142 (m, 9H), 141-1.29 (m,
SHY) MS m/z 47230 [M-HY
"H NMR (400 MHz, CI50D)
& 819 (s, 1H), 7.37-7.30 {(m,
IHY, 707699 (m, 2H), 445
(s, 2ZH), 3.82.3.75 (m, 1H),
3.75-3.63 (m, 2H), 3.61-3.54
{m, 1H), 3.48-341 (m, LH),
3.37-3.30 {m, 1H), 2.89-2.80
{my, 1H), 1.93-1.82 {m, 2H),
1.76-1.60 {m, 4H), 1.57-1.27
(m, 11H) MS m/i 48830
MR

"H NMR (400 MHz, CD;0D}
4§ 8.06 (s, 1H), 7.26-7.21 {m,
2H), 6.98-6.90 (m, 2H), 5.28
{s. 2HY 4.39 (s, ZH), 3.35-
334 (m, 2H), 3.31-3.23 (m,
3H), 3.20-3.11 (m, 1K), 1.68-
1.36 {m, 4H), [.56-1.530 (m,
2H), 148138 {m, 2H), 134~
118 {my HOE), MS m/r 500.35
[MAHT

'H NMR (4060 MHz, CI,0D)
& 8.22 (s, IH), 7.37-7.25 {m,
2H), 7.06-6.98 (m, 28, 4.45
(s, ZH), 3.95-3.89 {m, 1H),
3.85-3.75 (m, iH), 3.70-3.5%
{m, 2}, 3.53-340 (m, 2H),
2.87-2.77 (m, 1K), 2.36-2.23
{m, 1H), 2.18-2.08 {m, 1H},
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2.06-1.95 (m, TH), 1.72~1.59
{m, 1H); MS mb 40220
IMEHT

M NMR {400 MHz, CD:OD)
3 821 (s, 1¥), 7.38-7.27 (m,
2H), 7.07-6.97 (m, 210), 4.45
(s, 2H), 4.01-3.95 (m, 18D,
3.94-3.85 (m, 1H), 3.78-3.69
(m, THY, 3.67-3.57 {m, 1H),
3.46~3.37 (m, 1), 3.24-3.15
(m, 1H), 3.05-2.91 (m, 5H).
2.20-2.10 m, 2H), 2.03-1.91
{m, ), 1.79-1.6% {(m, 2H),
1.63-1.47 (m, 2H); M8 m%
416.25 IM-HY",

HONMR (400 MHz, CD;0D)
g 823 (5, 1H), 7.37-7.29 (m,
2H), 7.07-6.98 (m, 2H), 445
(s, 2H), 3.92-3.74 {m, 3H),
3.63~3.52 (m, 2F), 3.26-3.21
(m, TH), 2.96 (s, 1H), 2.89-
2.82 (m, IFD), 2.21-2.13 (m,
2H), 1.74-1.59 {m, 3H), 138~
143 {m, 3H) MS m/iz 43023
[M+HT

Hf NMR (400 MHz, CD;0OD)
§ 824 (s, 1H), 7.38-7.29 (m,
2H), 7.07-6.98 {m, 2H), 4.45
{s, 2H}, 3.92-3.73 {m, 2H),
3.69-3.59 {(rn, 2H), 3,32 (ddd,
I =206, 13,3, 64 Hz, 21,
3.24-3.10 (m, 2H), 2.98-2.93
{m, 48}, 2.25-2.14 {m, 2H),
£.68-1.59 (m, 3H), 1.55-1.48
{(m, 28D, 1.45-1.34 (m, 4H);
MS mfs 444.30 [M+H]Y,

TH NMR (400 MHz, CD,OD)
§ 8.24 (s, 1H), 7.40-7.28 (m,
2H), 7.08-6.97 {m, 2H), 4.45
{s, 2H), 3.88-3.80 (m, 1M,
3,78-3.69 (m, 1H), 3.68-3.53
{m, 3H), 2.93-2.83 (m, 1H),
2.39-2.28 (m, {H), 2.16-2.04
{m, 1H), 1.78-1.26 (m, 11H);
MS pz 458.30 [M+HTT,

"H NMR (400 Mz, CD;0D)
§ 825 (s, IH), 7.38-7.29 {m,
2H), 1.07-6.99 (m, 28, 4.46
(5. 2H), 3.87-3.66 {m, 4H),
3,51-3.43 (m, 1H), 2.91-2.84
fm, 1H), 2.45-233 (m, 1),
2.11-2.03 (m, 1H), 1.67-1.53
{m, 3H), LS1-L13 (m, 10H)
MS miz 472,30 [MHT
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"H NMR (400 MHz, cdsod) §
8.15 (s, 1H), 788 (&, / = 5.8
Hz, 1H), 7.38-7.31 (m, 2H),
T.09-7.01 (m, 2H), 446 {5,
2H), 3.64-3.55 (m, 2H), 3.44~
336 (m, ZH), 3.28-323 (m,
2H), 2.20 (t, J = 6.7 Hz, 2H),
1.76-1.60 (m, 7H), 1.59-1.48
{m, 2}, b44-131 (o, 6H)
MS miz 457.30 {M+HT,
HONMR (400 MHEz, cdsod) §
820 (s, 1H), 7.406-7.29 {m,
2E), 7.08-7.00 (o, 2H), 4 48
4.44 {m, ‘H) 4.44-4.38 (m,
TH), 4.19-4.11 (m, 280), 3,78~
3.68 {m, iH), 3.57-3.49 (m,
1H), 3.45-3.32 (i, 2H), 2,08~
£93 (m, 2H), 1.84-1.60 (m,
7HL 1.51-1.26 (m, 5H); MS
m/z 473,30 [M+HT"
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To a solution of 2,4-dichloropyrimidine-S-carbonyl chloride (500 mg, 2.38 mmol) in
dichloromethane (30 ml) was added methanol (87.6 wmg, 2.73 mmol) and
diisopropylethylamine (369 mg, 2.86 mmol} at 0 “C. The resulting mixture was stirred for at
0 °C I h. Then the solvent was removed. The residue (412mg, 2.0 mmol) was dissolved in
IPA (20 ml) followed by the addifion of L-Omithine (465 mg, 2.0 mmol) and NN-
diisopropylethylamivne (388 mg, 3.0 mmol). The resnlting mixture was stirred at 0 °C for 90
min, then dichloromethane (5.0 ml) was added. The resulting mixture was stirred at 0 °C for
1.0 h and at room tempevature overnight. Solvent was remwoved and the residue (M8 m/z
403.30 [M+H]") was dissolved in DMF (5.0 mL) and was added dropwise into a solution of
1, 4-diaminobutane (1.68g, 19.1 mmeol) in DMF (1.0 mL) at room temperatare. The resulting
mixture was heated to 43 °C for 1h. The solvent was removed and the residue was dissolved
in ethyl acetate (35 ml} and washed with water (3x). The organic laver was dried (N&:504),
filtered and concentrated, The residue was purified on HPLC to provide (8)-5-((2-{(4-
aminobutyl}amino}-5-(methoxycarbonyl)pyrimidin-4-yDamino)-2-({fert-butoxycarbonyl)
amino)pentanoic acid as a semisolid (M8 m/z 455.30 [M+H]"). The semisolid {595 mg, 1.31
mmol) was dissolved in DMF (150 ml), then TBTU (546.4 mg, 1.70 mmol) and DIEA (508
mg, 3.93 mmol) were added sequentially. The resulting mixture was stitred at room
temperature overnight. The solvent was removed. The residue was dissolved in ethyl acetate
and washed with water (3x). The organic layer was dried (NaxSQy), filtered and concentrated.
The residue was purified on HPLC to provide the totle compound (UNC23434). '"H NMR
(400 MHz, CD:;OD) J 842 (5, 1H), 4.08-3.99 {(m, 1H), 3.90-3.84 (m, 3H), 3.59-3.47 (m,
2H), 3.46-3.31 (m, 2H), 3.28-3.21 (m, 1H), 3.09-2,95 (m, 1H), 1.90--1.52 (m, 8, 1.51~
1.32 (m, 9H ) MS iz 437.30 [M+H]".
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Lithium hydroxide (200 mg, 8.3 nunol) was added to a solution of UNC23434 (724
mg, 1.66 mmol) in a mixture of THEF and HyO (20 mi, 3:2, v/v). The resulting mixture was
heated at 75 °C overnight, Then the reaction mixture was acidified to pH 4, then extracted
with amixture of CHyCly and IPA (3:1, v/v) to give the title compound (ENC2348A) (406
mg, 58%). 'H NMR (400 MHz, CD.OD) § 8.36 (s, 1H), 8.11 (s, 1H), 4.12-4.02 (m, 1H),
3.61-3.47 {m, 2H), 3.34 (s, 1H}, 3.28-3.17 (m, 1H), 3.06-2.93 {m, 1H), 2.90-2.84 {m, 111,
1.89-1.32 (m, 71, 1.42 (s, 91); MS m/z 423.25 [M+HT".

UNC2324A
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KN S0 N 0
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SN A Né’f’ i N E

H

4-Floorobenzylamine (65.1 mg, (.5 mmol), TBTU (1282 mg, 0.4 mmol) and
triethylamine (68 mg, 0.67 mmol} were added to a solution of UNC2340A (40 myg, 0.095
mmol) in anhydrous DMFE (20 mL) at room temperature. The resulting mixture was stirred
for 2h, then solvent was removed, the residue was dissolved in CHyCly (30 ml) and washed
with water (2x). TFA (1.0 mL) was then added and stirred at room temperature for 2.0 h,
condensed and purified on HPLC to provide the title compound (UNC23244A) (26 mg, 52%).
'H NMR (400 MHz, CD0D) 6 8.19 (s, 1H), 7.37-7.26 (m, 2H), 7.07-6.96 (m, 2H), 4.44 (s,
2H), 3.88-3.82 (m, 1H), 3.77-3.68 (m, 1H), 3.58-3.47 {m, 2H}, 3.43-3.35 (m, 1H), 3.26-3.13
(m, 2H), 2.98-2.93 {(m, 2H), 2.92-2.84 {m, 1H), 1.92-1 .81 (in, 3H), 1L.81-1.53 {m, 5H), 1.44-
1.29 (m, 1H); MS m/z 43020 {M+HT"

Table ¥ describes compounds prepared following procedures described in Example §
{General Procedure E), using appropriate reagents,

Mer Physical Data
ICsy  MS mv/z (M+1) orfand 'H
NMR

Structure Compound_ID

1 HN AL UNC2580A F+ I NMR (400 MHz CD,0D)
3 § 821 (s, 1H), 7.39-7.35 (m,
HTTO M f\ 4H). 4.50-4.47 (m, 2H), 3.97-
OONTSITINTNYTS 391 (m, 3H), 3.87-3.83 (m,
LN U B VNG N 1H), 3.40-3.33 {m, SH), 3.09-
Ho 3.01 (m, 41), 2.87 (5, 4H),
1.93-1.82 (m, 45D, 1.79-1.70

(m, 2HY 1.69-1.57 (m, 3H),

144130 (m, 2H); MS m
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$24.40 [M+HY

HONMR (400 MHz, CDOD)
G892 (s, 1H), 879 (d, /= 5.5
Hz, 1H), R.67 (d, J = 8.0 Hz,
PHY, 8.43 (s, 13D), 8.08 (dd, J =
7.8, 5.9 Hz, 1H), 4.71 (5, 2H),
3.92 (4, F= 5.3 Hz, 1H), 3.76-
3.60 (m, 2H), 3.58-3.38 (m,
2H), 3.38-3.22 (m, 1H), 5.03-
2.89 (m, IH), 2.05-1.84 (m,
2H), 1.82-1.52 (m, 6H), 1.52~
1.28 (m, 6H); MS (ESI): 455.4
M+ H]",

'HONMR (400 MHz, CD;0D)
& 8.81 (d, J = 6.0 Hz, 2H),
8.49 (s, 1H), 8.10 (d, J = 6.1
Hz, 2H), 4.80 (s, 2H), 3.92 (4,
J= 83 Hz, 1H), 3.82-3.60 (m,
2H), 3.59-3.38 {m, 2F), 3.37-
331 G, 1), 3.05-2.91 (m,
1H), 2.04-1.83 {m, 2H), 1.82~
1.54 {ra, 6H), 1.34-1.23 {m,
6HY;, MS (ESIy 4553 (M +
"H NMR {400 MHz, CD;0D)
A 836 (s, 1H), 420-4.03 (m,
1), 3.91 (4, J = 5.3 Hz, THY,
3.82-3.61 {m, 2H}, 3.60-3.39
{m, 48), 3.37-3.21 (m, 1H}
3.20-3.04 {m, 2H), 3.04-2.88
{m, 1H), 2.23-2.07 (m, 2,
2.04-1.81 {m, 4H), 1.81-1.23
{m, 12H); MS (BSI): 4474 [M
+HI"

H NMR (400 MHz, CD;0D)
& 878 (4, J = 54 Hz 1H),
8.59 (t, J = 7.6 Hz, 1H), .50
(s, 1H), 811 (d, J = 8.0 Hz
1H), 7.99 {1, J = 8.0 Hz, 1H),
4,86 (s, 28, 3.90 (1, J = 53
Hz, {H), 3.77-3.61 (n, 2H),
3.60-3.38 (m, 2H}, 3.35-3.25
{m, 1), 2.95 (dt, /= 13.2, 4.5
Hz, TH), 2.02-1.83 (m, ZH),
1.82-1.28  (m, 12H), MS
(BST): 455.4 M +H]"
‘HONMR {400 MHz, CD;0D)
§8.16 (s, 1HY, 7.16 (&, J= 8.3
Hz, 1H), 6.33 (¢, J = 23 Hz,
1H), 6.46 {dd, J = 8.3, 2.4 Ha,
TH), 4.40 (5, 2H), 3.90 4, J =
5.5 Hz, 1H), 3.83 (s, 3H), 3.77
(s, 3H), 3.73-3.63 (m, 2H),
3.55-339 (m, 28), 297 (s,
{H}, 2.03-1.83 {m, 2H), 1.77-
£.31 (m, 13H); MS (ESD:
514.3 M+ HT™
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HONMR (400 MHz, CD,0D)
831 (s, 1H), 7.60 (dd, J =
0, 8.5 Hz, 4H), 4.54 (s, 2H),
0(t, J= 54 Hz, {H), 3,78~
i
)!

i d

9
61 (m, 2H), 3.61-337 (m,
H), 335331 (m, 1HD), 3.27
{5, 6H), 2,99-2.87 (m, 1H),
2.03-1.85 (m, 2H), 1.81-1.55
{(m, 6}, 1.55-1.25 (m, 6H);
MS (BSI): 4974 IM + HY™

H ONMR (400 MHz, D,0) §
8.28 {s, 1H), 7.59 (dd, J =
21.0, 8.7 Hz, 41), 4.41 (s, 21),
4.23-4.08 (m, 2H), 4.03 (¢, J=
5.7 Hz, iH), 3.87-3.44 (m,
§H), 3.38-3.23 {m, 3H), 3.09~
3.01 (m, 1H), 2.03-1.90 (m,
2H)Y, 1.83-1.55 (m, 6H), 1.53~
1.27 {n, 6H); MS (ESI): 5394
M-+ HT

'H NMR (400 MHz, CD,0D)
§ 857 (d, J = 2.5 Hz, 1H),
843 (d, J= 1.4 Hz, 1H), 8.23
{s, 1H), 7.99-7.85 (m. 2H),
775 (d, J= 1.2 Hz, 1H), 6.53
{(gd, S = 2.5, 1.8 Hz, 1H), 4.54
{5, 2H), 3.86 {8, J = 3.5 Hz
1), 3,78-3.63 (m, 28), 3.60-
339 (o, 2H), 3.30-3.24 (m,
1), 2.98-2.89 (m, 1H), 1.99
182 (m, 2H), 1.82-1.20 (m,
12H); MS (ESI): 5214 [M +
Hi

"HONMR (400 MHz, D0) 8
8.06 (s, 1H), 4.13-3.95 (m,
4H3, 3.89-3.74 (m, 2H), 3.72-
156 (m, 4H), 3.55-3.39 (m,
2H), 3.36-3.23 {m, 1H), 3.05
(di, S = 13.4, 4.7 Hz, 11), 1.96
(dd, J = 13.5, 11.0 Ha, 4H),
1.72-1.60 (o, 6H), 1.53-1.24
{m, §E); MS (ESI: 4483 M
+ HI".

'H NMR (400 MHz, D0) 8
8.03 (s, 1H), 4.15-3.93 (m,
3H), 3.91-3.82 (m, 11D, 3.§1-
341 {m, §H), 3.39-3.16 {m,
3HY, 3.05 (dt, /= 13.5, 4.8 Hz,
1H}, 2.03-1.30 (m, 35, 1.79-
1.49 (m, TH), 1.49-130 (m,
6HY, MS (B8 462.4 [M +
HI'.

I ee BTSS0S B 0 N o1
s O
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'H NMR (400 MHz, D0O) §
8.23 (s, 1H), 7.46 (d, J = 8.8
Hz, 2H), 717 (4, J = 8.7 Hz,
28), 4.03 {t, J = 5.4 Hz, 1H),
3.88 (¢, J = 12.5 Hz, 2H),
3.78-3.43 (m, 61), 3.25 (dd, J
= 42,0, 11.7 Hz, SH), 3.12-
2.93 (m, 48H), 2.06-1.85 {(m,
2H), 1.85-1.56 (m, 6i), .36~
1.23 (m, 6H); MS (ESI); 5384
M+ HT"

"H ONMR (400 MHz, CD;OD)
& 8.42-823 {m, 11D, 7.60 {5,
IH). 7.50 (s, 3H), 4.49-4.30
{m, 2H), 4.19-4.02 (m, 1H),
3.93 (s, 1H), 3.78-3.62 {m,
2H), 3.65-3.40 (m, 4H), 3.31-
3,10 (m, 3H), 2.96 (4, J= 133
Hz, {H), 2.26-1.83 (m, 6H),
1.82-1.36 (m, 6H), 1.57-1.26
(m, 6H); MS (BST) 5374 [M
+ HY,

'H NMR (400 MHz, CD,0D)
& 8.00 (s, 1H), 3.95-3.87 {(m,
TH), 3.86-3.76 {m, 2H), 3.76~
361 {m, 2H), 3.59-3.39 (m,
2H), 3.31-3.24 (m, 3W), 3.15
(s, 3H), 3.01~2.90 (m, IH)
275 (s, 3H), 2.04-1.85 {m,
2H), 1.86-1.55 (m, 6H), 1.53-
1.28 (m, 6H); MS (BSI): 435.4
M+ H]

'H NMR (400 MHz, CD;0D)
5 8.31 (5, 1D, 7.62 (dd, J =
35,5, 8.1 Hz, 41), 4.54 (s, 2H),
.419-4.01 {m, 4H), 391 {5,
{HY, 3.79-3.60 (m, §H), 3.59-
341 {m, 2H), 3133-3235 (m,
TH), 3.02-2.87 (m, 119), 2.04-
1.84 (m, 2H), 1.84-155 (m,
6H), 1.51-128 {m, 6H); MS
(BST): 5394 M +H]"
HONMR (400 Mz, CD;0D)
§ 853 (s, 11D, 8.41 (5, 1H),
8.24 {5, 1H), 7.89 (s, 2H), 7.72
(5, 1), 6.50 (5, 1H), 4.52 (5,
2H), 4.08 (t, J = 4.7 Hz, 1H),
3.73-3.53 {m, 3H), 3.48-3.32
(rn, 2H), 3.09-2.98 (m, 1H),
1.87-1.20 (m, H4H); MS
(ESI): $44.3 M + Naj".
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" NMR. (400 MHz, CD;0D)
5 8.35 (s, 1H), 7.65~7.55 {(m,
2H), 7.52-7.43 (m, 3H), 6.33~
6.12 (m, 2H), 5.86-5.68 {m,
W, 4.34 (s, 2H), 4.26-3.88
{m, 5H), 3.76-3.42 (m, SH),
306 (L J = 124 Hz 28),
2.24-2.14 (m, 2H), 2.05~-1.49
(m, 310, L.66-1.33 (m, 4H),
124113 (o, (M) MS (ESI:
35334 M+ HY

'H NMR (400 MHz, CD,0D)
& B.48-8.37 (my, 1H), 821 (s,
THD, 7.54-7.40 (m, 41), 4,43
421 (m, 2K, 4.05 (¢, J= 11,7
Hz, 1H), 3.96 (s, 1H), 3.89-
3.62 (m, 4H), 3.83 ¢d, J= 127
Hz, 2H), 3.43-3.34 (m, 2H),
342 (1, J o= 124 Hz 2FD,
2.89-2.78 (m, 1H), 2.29-~1.93
(m, 38), 1.93~144 Om, 8H},
1.44-1.27 {m, 4H); M8 (ESIx:
$23.4 [M 5+ HY™

"HONMR (400 Mz, CD;0D)
§ 827 (s, 1H), 7.37 {dd, J =
8.5, 5.4 Hz, 2H), 7.05{t, J =
8.7 Hz, 2H3, 447 (5, 2H),
3.96-3.68 {m, 4H), 3.49-3.34
{m, 2H), 2.92-2.81 (m, 1H),
2.05-1.62 {m, 6H), 1.62-1.29
(m, 6H); MS (EST): 4583 {M
+ HI

‘HONMR (400 MHz, CD;0D)
§ B33 (s, 1H), 4.11 (s, 18},
390 (t, /= 54 Hz, 11}, 3.79-
3.65 {m, 3H), 3.62-3.38 (m,
AHY, 3.29-3.23 Gm, 1H), 3.22-
2.84 (m, 5H), 2.33-1.83 (m,
6H, 1.78-1.57 (rn, 6H), 1.53-
130 (m, 6H), 1.20-110 {m,
1H), 0.86-0.69 (m, 2H), 6.54-
0.37 (m, 2H); MS (BSTY: 501.4
™+ HI

'H NMR (400 MHz, CD,0D)
§ 8.62 {d, J = 2.7 Hz, 1H),
8.48 (d,J = 2.0 Hz, 1), 8.37
(s, 1H), 8.15 (dd, J = 8.6, 22
Hz, 1), 8.03 (d. /= 8.6 Hz,
1H), 7.85 (d, J = 1.5 Hz, [H),
735 (d, J= 8.1 Hz, 28), 727
(d,J = 8.1 Hz, 2H), 6.62 (dd, J
=26, L8 Hz, 1H), 4.74 {d, J =
13.7 Hz, TH), 4.60-4.48 (m,
4H), 3.95-3.83 {m, 2H), 3.76~
355 {m, 1H), 3.43-332 (m,
1H), 3.28-3.15 {m, 1), 1.86~
172 (m, 2H), L3110 (m,
2E), 1.03-0.88 (m, 1H), 0.56~
0.43 {(m, 1H). MS m/z 5413
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"H NMR {408 MHz, CD;OD}
§ 8.35 (s, 1H), 7.62-7.53 (m,
21, 7.53-7.46 {m, 3H}, 7.40-
733 {m, 2H), 731-7.23 (m,
210, 4.81-4.71 (m, 1H), 4.61-
449 (m, 2H), 446 (s, {H),
433 (s, M), 4.12-3.99 (m,
1H), 3.94-3.82 (m, 2H), 3.77-
3.67 {m, 1H), 3.62-3.47 (m,
2H}, 3.45~3.33 (m, 2H), 326~
3.08 {m, 4H), 2.23-2.11 {(m,
2H), 2.01-1.87 (m, 21D, 1.77
{dd, J = 13.4, 7.9 Hz, 2H),
1.28-1.10 (m, 3H), 1.03-0.87
(m, 1H), 0.57-0.42 (m, 1H).
MS m/z 557.35 [M+HT

UNC291{6A b

General Procedure F:

ci o HZN,\\"/\

DIEA_ \/\ F

-~ .mg,.

OCM, 0°C

EacH

HO-, -~
1. Grubb's Znd gen
benzogquinons
toluene, A4dh
2. Hy, PdIC
MaOH

.‘f/{:\‘\/\ ™ TN T N HZ

Example 6
UNC3263A

“J/ o

ht
caw

- |
DIEA, i-PrOH oﬁ”‘\/\«”\/"\ﬁ‘)\ N NN

UNC3263A

2 4-Dichloro-N-[($-fluorophenvDmethvllpvrimidine-3-carboxamide

¢ o

N J\ o~
/[3 \\s( !fﬁ\

g

A solution of 2.4-dichloropyrimidine-5-carbonyl chloride (3.35 g, 15.8 mmol) in

dichloromethane (53 mL) was added (4-fluorophenyDmethanamine {1.32 g, 10.56 mmol) and
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DIEA (3.7 mL, 21 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 1 h, the
solvent was removed, and the residue was purified by ISCO silica gel colwmn to provide the

title compound (1.97 g, 62%) as a yellow solid,

N-{{4-FluorephenvDmethvil-4-[{4-hvdroxvhept-6-en-1-vDaminoi-2-{{oct-7-en-1 -

v lamino bovrimidine~5~carboxamide

-\\/’(\\g \/\NH O

OH N /‘”\‘ P
P H L
LN \/"\V’”\NAN’)
H

A solution of 2,4-dichloro-N-{{4-fluorophenyl)methyljpyrimidine-§-carboxamide (97

mg, 0.325 mmol) in ~PrOH (5 mL) was added 7-aminohept-1-en-4-0! (42 mg, 0.325 mmol)
and DIEA (85 pl, 0488 mumol) at 0 °C. The mixture was allowed to warm to room
temperature and stirred overnight. To the reaction was added oct-7-en-l-amine (207 mg,
0.975 mmol} and DIEA (85 ul, 0.488 mmol). The reaction was heated at 70 °C for 6 h and
the volatiles were removed under a reduced pressure. The residue was dissoived in CHaCh
- {4.0 mL) and washed with H,O (2.0 mL). The H,0 layer was exiracted with CH:Cl; (2 x 20
mL}); the organic layers were combined, dried (NaySQ4), and the solvent was removed under
a reduced pressure. The residue was purified by 1SCQ silica gel column to provide the title
compound (39 mg, 25%) as a white solid. 1T NMR (400 MHz, CDCl3) 8 8.70 (s, 1H), 8.09
(s, 1H), 7.29 (dd, J= 8.7, 5.3 Hz, 2H), 7.07-6.98 (m, 2H), 6.08 (s, 1), 5.96-5.71 (m, 2H),
5.18-5.04 (m, 1H), 5.03-4.89 (m, 2H), 4.51 (d, /= 5.7 Hz, 2H), 3.70 (s, 1H), 3.49 (s, 2H),
338(dt,J= 97,48 Hz, 2H), 2.35-2.12 (m, 2H), 1.80-1.68 {m, 2H), 1.59 (s, 9H), 1.44-1.31
{m, 5H}.

N-H4-FluorophenyDimethyli-6-hvdroxy-2.16,18.2 1 -tetraazabicvelol 15.3. L Thenicosa-
H20),17(21).1 8-triene-20-carboxamide (UNC3263A)

HO., /\\
E “NH O
\"‘//\N N j \.:/"/}\F
H

A solution of N-[(4-fluorophenyDmethyl}-4-[(4-hydroxyhept-6-en-1-yDamino}-2-
{(oct-7-en-1-yDamino]pyrimidine-5-carboxamide (34 mg, 0.07 mmol) in toluene (35 mlL)
was added benzoquinone {1.5 mg, 0,014 mmol) and Grubb’s 2™ generation catalyst (6.0 mg,

0.007 mmol). The mixture was refluxed under Ar overnight. After which more catalyst was
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added (6.0 mg), and heated at reflux for & h. The volatiles were removed and the residue was

purified by ISCO silica gel column to provide the RCM product as a crude brown solid. The

residue was dissolved in MeOH (1.0 mL) and Pd/C (10 mg) was added, The mixture was

stirred at room temperature under a hydrogen atmosphere for 24 h. The mixture was filtered

through Celite and washed with MeOH then purified by HPLC to afford the title compound
as a white solid (5.3 mg, 16%). 'H NMR (400 Milz, CD0D) 8 8.21 (s, 1H), 7.37 (dd, J =
8.8, 5.4 Mz, 2H), 7.05 (t, J = 8.8 Hz, 2H), 4.47 (s, 2H), 3.73-3.60 (m, 2H), 3.58-341 (m,
3H), 1.84-1.72 (m, 2H), 1.72-1.62 (m, 2H), 1.61-1.45 (m, 5H), 1.43-1.26 (m, 11H). MS m/z

458.3 [M+H]".

Table ¥ describes compounds prepared following procedures described in Example 6

Compound 1D

Mer
1Csq

Physical Data
MS miz (M+1) orfand 'H
NMR

1 UNC3388A
9 UNC3429A
3 HO, UNC3431A
PN
‘\NH 0
\AN/.\'\!J \,,/)\',_.
H

i

‘H NMR {400 MUz, CD,0D)
3 8.19 s, 1H), 7.40-7.32 (m,
2H), 7.09-7.02 (m, 2H), 4.47
(s, 2H), 3.85-3.70 {m, 3H),
3.67-3.55 (m, 1H), 1.90-1.42
{m, l4H), MS mfz 4023
M

'H NMR (400 MHz, €D,0D)
5 8.19 (s, 110, 7.37 (dd, J =
8.7, 5.4 Wz, 2H), 7.06 &, J =
8.8 Hz, 2H), 447 (s, 21D,
3.81-3.70 (m, 1H), 3.66-3.55
(o1, 2H), 3.54-3.46 (m, 1H),
3.45-3.35 (m, 1H), 1.85-1.72
(m, (M), 1.72-1.39 (m, 3H),
1.58-1.30 (m, 14H). MS m/z
4443 IM+HT

'HONMR (400 MHz, CD;0D)
§ 820 (5, 1D, 7.37 (4d, J =
8.7, 5.4 Hz, 2H), 7.05 (&, J =
8.8 Mz, 2H), 4.47 (s, 2H), 3.59
(dd, J = 138, 67 Hz 3H),
3.53-3.40 (m, 2H). 1.77-1.60
{m, 5H), 1.60-1.27 (m, 18H),
MS mvz 472.3 [MEHT

‘Table ¥ describes compounds can be prepared following procedures described in Example 6
g 8 ] ! p

{General Procedure F), using appropriate reagents.

Structure Compound_{D

Moer

1Css

 Physical Data ‘
MS m/z (M+1) orfand 'H
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Example 7

UNC3817A, UNC3018A & UNC3015A

General Procedure G,
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UNC3018A

-bromopvrimidin-4-yDamino)-2-({fer-

butoxvmDonvihmmo Yhexanoie acid

NA\"Br

A

“NH

N

{

\
) BOCHN"%T_/_Q
{
NH,

HO

A solution of (S)-6-amino-2-((ferf-butoxycarbonyllaminoYhexancic acid (0.042 g,
(.10 mmol} in DMSO was added hexane~1,6-dlamine (0.046 g. 0,40 mmol). The resulting
mixture was heated at 100 °C for 2 h. After cooled to room temperature, the solveni was
removed under reduced pressure. The resulting residue was purified by reverse phase ISCO
column to provide title compound (0.041 g, 79%). 'H NMR (400 MHz, CI:0D) § 7.91 (s,
1H), 4.13-4.02 (m, 1H), 3.57 (t, J= 12, 2F), 3.51-3.38 (bs, 2H), 2.94 (1, J= 12, 2H), 1.92-
L8O (m, 1H), 1.75-1.62 (m, TH), 1.57-1.36 (m, 1SH); MS m/z 517.3 [M+H}
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A solution  of  (§)-6-((2-{(6-aminohexylamino)-5-bromopyrimidin-4-yDamino)-2-{(tert-
butoxycarbonyljaminojhexanoic acid (2.11 g, 4.08 mmol) and DIEA (1.78 ml, 10.19 mmol)
in 20 mlL DMF and a solution of HATU (2.01 g, 528 mmol) in 20 mL DMF were added to
200 mL of DMF in 16 h. After addition, the resulting mixture was stirred for 1 h. The solvent
was removed under reduced pressure. The residue was purified by 1SCO silica gel column to
provide the desired bromide (0.87 g, 43%) containmated with small amount of impurities.

MS m/z 499.3 [M+H]

A solution of the bromide (0.66 g, 132 mmol) in DMF (6.6 mL) was added
PACL{dppfyCHyCl (0.11 g, 0.13 mmel), CuBr (0.036 g, 0.26 mmol), K2CO; (0.56 g, 9.96
mmol}, (5-(1,3-dioxolan-2-yD)pyridin-2-y{)boronic acid lithivm hydroxide (0.86 g, 9.96
mmol) and HxO (1.7 mL) at room temperature. The resulting mixture was heated at 120 °C
for 30 min under. After cooled to room temperature, the mixture was filtered over Celite. The
solvents were removed under reduced pressure. The crude residue was purified by ISCO
silica gel column to provide the desired acetal (0.76 g, 63%) containmated with small amount

of impurities. MS m/z $70.4 [M+H]",
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A solution of the the acetal (0.47 g, (.83 mmol) in acetone (10 mbL) was added p~TsOHH,O
(0.24 g, 1.25 mmol) and H;O (2.0 mL). After stirring at room temperature for 16 h, the
reaction mixture was guenched with a sat. ag selution of NaHCO; and exiracted with EtQOAc
(3X). The combined organic layers were dried (Na;SOy) and concentrated, The resulting
residue was purified by ISCO silica gel column to provide the desried aldehyde (0.42 g, 96%)

contammated with small amount of impurities. MS m/z 526.4 [M+H]".

UNC3IB1TA
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A solation of the aldehyde (0.53 g, 0.1 mmol) in CH;CL (2.0 mL) was added

morpholine (0.013 mi., 0.15 mmol) and acetic acid (0.04 ml). The resulting solution was
stirred at room temperature for 2 h, then NaB(OAc):H (0.043 g, 0.15 mmo!l) was added. After
stirred at room temperature for 16 h, the reaction was quenched with a sal. ag. solution of
NaHCOj5 and extracted with EtOAc (3X). The combined organic layers were dried (Na;SOy)
and concentrated. The residue was dissolved in a mixture of CH,Cl; (2.0 mL) and TFA (1.0
mL}. After sttrred at toom temperature for 2.0 h. the reaction was concenirated and the
residue was purified by prep-HPLC 1o provide the desired product UNC3817A (0.046 g,
93%). 'H NMR (400 MHz, CD;0D) & 8.88 (s, 1), 8.41 (s, 1H), 822 (d, J = 8.4 Hz, 1H),
8.01 (d, J= 8.4 Hz, 1H), 4.52 (s, 2H), 4.06 (d, J = 10.7 Hz, 2H), 3.96-3.79 (m, 4}, 3.77-
3.67 (m, 1H), 3.57 (1d, J= 12.2, 5.2 Hz, 2H), 3.45 (d, J = 12.4 Hz, 2H), 3.39-3.23 (m, 3H),
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3.02-2.93 (m, 1H), 1.96 (dd, J = 10.2, 4.6 Hz, 2H), 1.86-1.51 (m, 7H), 1.42 (d, J = 4.7 Hz,
SH), MS m/z 4974 [M+H]",

UNC30184

A solution of the above aldehyde (0.53 g, 6.1 mmol) in CH;Ch (2.0 mL) was added
N-methylpiperazine (0.017 mb, 0.15 mmol) and acetic acid (0.04 ml.). The resulting solution
was stirred at room temperature for 2 by, then NaB{(OAc)H (0.043 g, 0.15 mmol) was added.
After stirred at room temperature for 16 b, the reaction was guenched with a sat. aq. solution
of NaHCO; and extracted with EtOAc (3X). The combined organic lavers were dried
(Na;S0,) and concentrated. The residue was dissolved in a mixture of CH,Cl (2.0 mi) and
TFA (1.0 mL). After stirred at toom temperature for 2.0 h. the reaction was concentrated and
the residue was purified by prep-HPLC to give the desired product UNC3018A(0.049 g,
98%). 'H NMR (400 MHz, CI:0D) 5 8.91 (4, J = 1.7 Hz, 1H), 8.40 (5, 1H), 827 (dd, J =
8.5, 2.0 Hz, 1H), .01 {d, /= 8.5 Hz, 1H), 4.61 (5, 2H), 3.91 (¢, J = 5.4 Hz, 1H), 3.88-3.61
{m, 10H), 3.61~3.51 (m, 2H), 3.39-3.34 {m, 1H), 3.02 (s, 3H}, 3.00-2.92 (m, 1H), 2.03~1.89
(m, 2H), 1.87-1.50 (m, 7H), 1.48~1.35 (m, SH); MS m/z 510.4 [M+H]".

UNC3I019A
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A mixture of aldehvde ((1053 g,, LT wmmol) in 10 ml BuOH was added NaCl(,
(0,034 g, 80%, 0.3 mmol}, Nali;PO, (6.041 g, 0.3 mumnol), 2-Me-2-Butene (0.11 mL, I mmol)

and 2 mb HyO. After stirring 16 h at room temperature, the reaction was quenched with sat.
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aq. Nap5;0s, acidified with diluted aq. HCI to pH 4 and extracted with EtDAc (3X). The
combined organic layers were dried (NgpSOy) and concentrated. The residue was dissolved in
3 mi. DMF. To this solution was added HATU (0.042 g, .11 mmol), followed by N,1-
dimethyipiperidin-d-amine {0.014 g, 0.11 mmol}). After stirring for 16 at room temperature,
the reaction mixture was condensed under vacuum and pwiﬁed by Prep-HPLC. The Boc
protected intermediate was dissolved in 2 mbL CH;Cly and 1 ml TFA and stirred for 2 h.
After evaporating the solvents, the residue was purified by Prep-HPLC to provide the desired
product UNC3019A (0.026 g, 47%). 'H NMR (400 MHz, CD:0D) § 8.70 (s, 1H), 8.41 (s,
1H), 8.02-7.93 (m, 2H), 3.92-3.50 (m, 8H), 2.39-3.33 {m, 1H), 3.23 (bs, 1H), 3.10-2.75 (m,
BH), 2.24 (dd, J = 243, 11.4 Hz, 2H), 2.15-2.02 (o, 2H), 2.02-1.88 {m, 2H), 1.87-1.48 (m,
SH), 1.45-1.37 (m, 4H); MS m/z 552.4 [M+HT".

Example 8
TINC3388A
General Procedure H:
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2. 4-diamine
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A solution of S-bromo-2 4-dichlovopyrimidine (0.29 g, 1.28 mmol} in isopropanoi (3.0 mL)
was added S-((tert-butyldimethylsilylDoxy)dee-9-en-1-amine (0.38 g, 1.34 mmol) and DIEA
(0.27 ml., 1.54 mmo}) at 0 °C. The reaction solution was stirred at room temperature for 3 h.
The solvent was removed under a reduced pressure to provide & yellow residue, which was
dissolved in DMSO {5.0 ml). But-3-en-l-amine {0.47 ml, 5.12 mmol) was added, The
resulting mixture was heated at 110 °C for 16 &, then diluted with E4O and quenched with
brine. The aqueous layer was extracted with Et;0 (3X). The combined organic layers were
dried {NasSQ4) and concentrated. The residue was purified by ISCO silica gel column fo
provide desired product (0.58 g, 89%). 'H NMR (400 MHz, CDCl3) 8 7.85 (s, 1H), 5.91-5.72
(m, 2H), 5.18-4.91 (m, SH), 4.85 {{, J=4.9 Hz, 1H), 3.65 (p, J= 5.4 Hz, 1H), 3.47-3.37 (m,
4H), 2.34 {qt, J = 6.8, 1.3 Hz, 2H), 2.03 {q, J = 6.5 Hz, 2H), 1.64-1.53 (m, 2H), 1.51-1.33
{m, 8H), 0.88 (5, 9H), 0.04 (s, 3H), 0.03 (s, 3H); MS m/z 511.3 [M+HT".

UNC3588A

,,,,,,,,,,,,,,,

soae

A solution of S—bromO*Nz-(bmn'}-em]»y,i}-VN‘;—(S«{{‘fex‘tnbutyid_imethylsiiyl)uxy)dec-‘)u
en-1-yhpyrimidine-2 4-diamine (0.26 g, 0.50 mmol) and benzoquinone (0.009 g, .08 mmol)
in toluene (20 mL) was added Grela’s catalyst (0.027 g, 0.04 mmol) in toluene (5.0 mL) over
1.0 h at 110 C. The resulting dark browa solution was heated at 110 °C for another hour.
After cooled to 60 “C, 2-mercaptonicotinic acid {0.39 g, 2.5 mmol) was added and stirred at
60 °C for 2 h. After cooled to room temperature, the reaction mixture was filtered over Celite
and washed with CH,Cly. The filtrate was concentrated and the residue was purified by ISCO
silica gel column to provide the macrocyclic intermediate as & mixture of I and Z olefin
isomers (0.19 g, 80%). M8 m/z 483.3 [M+H]".

A schlenk flask containing LiCl {0.028 g, (.66 numnol) and stir bar was flame dried.
After cooled to room temperature, CuCl (0.054 g, 0.55 mmol) and Pd(PPhy), (0.013 g, D.011
mmol) was added. The reaction mixture was vacuumed and refilled with argon (4X). The
intermediate from previous step {(0.054 g, 0.11 mmol) in DMSO (4.0 mL), and Bu;SuPy
(0.049 g, 0.13 mmol) were added under argon. The resulting reaction mixture was frecze-

thawed under argon (4X). The mixture was heated at 60 "C for 2 d, then diluted with FtOAc,
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quenched with brine and a saturated ag. solution of NaHHCO;. The organic layer was washed
with a sat. ag solution of NaHCO; (3X). The combined agueons layers were extracted with
EitQAce (3X). The combined organic layers were dried (NapSOy) and concentrated. The
residue was purified by ISCO silica gel column to provide Stille coupling products {0.040 g,
75%), MS m/z 482.4 [M+H]",

A solution of the Stille coupling product (0.040 g, 0.083 mmol) in MeOH (5.0 ml)
was added a conc. HCI solution (0.50 ml). The resaliing mixture was stirred for 1 h and
concentrated under reduced pressure. After zoetrope with MeOH (3X), the residue was
dissolved in MeOH (5.0 mL) and AcOH (0.50 mL) and was added PA/C {0.009 g, 10 wi%).
The reaction mixture was stirred at room temperature under hydrogen for 1 d, then filtered
over Celite and washed with MeOH, The filtrate was concentrated and the residue was
purified by reverse-phase HPLC to provide the desired product UNC3IS88A (0.025 g. 82%
over 2 steps). 'H NMR (400 MHz, CD;0D) § 8.62 (ddd, J = 5.0, 1.6, 0.9 Hz, 1H), 8.28 (s,
TH), 7.96--7.82 (m, 2H), 7.39 (ddd, J = 7.3, 5.0, 1.1 Hz, 1H), 3.91-3.79 (m, {H), 3.71-3.53
(my, 3H), 3.49-3.38 (m, 1H), 1.92-1.78 (m, 1H}, 1.76-1.05 (m, 3H), 1.62--1.34 (m, 14H). MS
mrz 370.3 [MHHT

Tabie & deseribes compounds can be prepared following procedures described in Example 8
{General Procedure H), using appropriate reagents.

Structure Compound;iﬁ{) Mer Physical Data
ICsy  MS m/z (M+1) orfand 'H
NMR.
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A solution of the bromide intermediate (0.17 g, 0.34 mmol} in DMF (2.0 mL) was
added Pd(dpphCly-CHaCY (0.028 g, 0.034 mmol), CuBr (0.098 g, 0.68 mmaol), K,COq (0,14
g, 1.02 mmol), {5-(1,3-dioxolan-2-ylypyridin-2-yhboronic acid lithium hydeoxide (0.22 g,
1.02 munel) and water {0.50 mL). The resulting mixture was heated at 120 °C for 30 min open
to air, The mixture was filtered over Celite at roora temperature, The solvents were removed
under a reduced pressure and the residue was purified by ISCGO silica gel colwmn to provide
the desired coupling product (0.053 g, 28%) contaminated with small amount impurities; MS
m/s EMHHTT

A solution of the coupling product {0.053 g, 0.10 mmol) in acetone (10 mL) was
added p-TsOH.H,0 (0.029 g, 0.15 mmol) and H>0 (0.80 mL). The reaction mixture was
stirred at room temperature for 16 h, then quenched with a sat. aq solution of NaHCQO; and
extracted with FtOAc (3X). The combined organic layers were dried (Nap80:) and
concentrated. The resulting residue was purified by ISCO silica gel column to provide the
desired aldebyde intermediate (0.031 g, 78%) contaminated with small amount impuritics;
MS m/z 554.4 [M+HT.

A solption of the aldehvde (0.031 g, 0.078 mmol) in CHCly (2.0 mL) was added
moerpholine (0.01 mL, 0.12 mmol) and 0.08 mL acetic acid, The resulting solution was stirred
at room temperature for 2 h, then NaB(OAckH (0.033 g, 0.16 mmol)} was added. The
reaction mixture was stirred at room temperature for 16 h, quenched by a sat. aq. solution of
NalHCO, and extracted with EtOAc (3X). The combined organic layers were dried (NaySOy)
and concentrated. The residue was dissolved in MeOH (5.0 mL)} and was added Pd/C (0,015
g, 5 wit% Pd/C). The reaction mixture was stirred under hydrogen atmosphers at room
temperature for 16 h, then filtrated over Celite and washed with MeOH. The filtrate was
concentrated and the residue was purified with reverse-phase HPLC to provide the desived
product UNC3295A (0.0096 g, 26%). 'H NMR (400 MHz, CD,0D) § 8.73 ¢d, J = 1.8 Hz,
1H), 8.40 (s, 1H), 8.06 (dd, J= 8.5, 2.2 Hz, 1H), 7.96 (d, /= 8.5 Hz, 1H), 4.40 (5, 2H), 3.98~
3.80 (ny, SH), 3.70-3.51 (o, 3H), 3.49-3.38 (m, 1H), 3.29 (bs, 4H), 1.90-1.79 (m, 1H), 1.77-
1.65 (m, 3H), 1.62-1.36 (m, 14HD); MS m/z 469.4 [M+HT".
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Table & describes compounds prepared following procedures described in Example 9

{General Procedure I}, using appropriate reagents.

Structure Compound 12 Mer Physical Data
ICsy  MS m/z (M+1) or/and 'H
,,,,,,,,,,,,,,,,,, NMR
1 -i\'mﬂ UNCI296A  +++  H NMR (400 MHz CD;0D)
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I (n, 14H); MS m/z 384.3
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Methvi 2-chloro-4-{{2-(2-hvdroxvethoxy)ethvliamine} pyvrimidine-S-carboxylate
O
™

HO™
HN 0
N N “oMe
ci” N
A solution of methyl 2,4-dichloropyrimidine-S-carboxylate (252 mg, 1.22 mumol) in -
PrOH (6 mL) was added 2-(2-amineethoxyiethanol (122 ul., 1.22 mmol) and DIEA (319 pl.,
1.83 mmol) at 0 °C. After 1.5 h the volatiles were removed under a reduced pressure and the
residue was purified by ISCO silica gel coluran to provide the title compound (243 mg, 72 %)
as a white solid. 'H NMR (400 MHz, CDCL) 8 8.67 (s, 1H), 3.90 (s, 3H), 3.82~3.74 (m, 4H),
3, F=5.2 Hz, 2H), 3.67-3.61 (m, 2H), 2.17 {1, J = 6.3 He, 1H).

Methyl 2-chloro-4~(8.8.9. 8-tetramethvi-4.7-dioxa-1-aza-8-siiadecan- L-vDovrimidine-5-
carboxvlate

™
MO
Nfﬁ/\OMe

CVJ*Nf

A solution of methyl 2-chloro-4-{[2-(2-hydroxyethoxyiethyllamino pyrimidine-5-

RSO

carboxylate {99 mg, (.36 mmol) in DMF (720 ul) was added imidazole (49 mg, 0.72 mmol)
followed by TBDMSCL (60 mg, (.396 mmol). The reaction mixture was stirred at room
temperature for 1 h, diluted with Ha0 (2 ml) and extracted with CH;Cl (3 ¥ 2 mL). The
combined organic layers were washed with brine {2 x 2 ml), dried (Na;SO4) and
concentrated. The residue was purified by ISCO silica gel column to provide the title
compound (137 mg, 98 %) as a colorless oil.

Methyl 2-[(5-hydroxvpentyDamino}-4-(8.8,9 9-tetramethyl-4, 7-dioxa- 1 -aza-8-siladecan~ 1«
vDpvrimidine-S-carboxylate

YBSO/\\/O\J”\gﬂ 0
1
.

Ni/\fkt}ivﬁe

N
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A solution of methyl 2-chloro-4-(8,8,9,9tetramethyl-4,7-dioxa-1-aza-8-siladecan-1-
yipyrimidine-S-carboxylate {133 mg, 0.341 mmol) in ~PrOH (3.4 ml) was added S-
aminopentan-1-ol (185 ul, 1.7 mmol) and DIEA (89 ul., 0.511 mumol}). The reaction mixture
was stirred at room iemperature overnight. The solvents were removed under a reduced
pressure and the residue was purified by ISCO silica gel column to provide the title
compound {156 mg, >99%} as a colorless oil.
Methvl 5.8-dioxa-2.14.16. 1 9-tetragzabicvelol 13.3. Lnonadeca~ 11 8). 15019).1 6-friene- 1 8-
carboxylate
o”'\-f’O]

HNT O
w’%/lLOMe
L

A solution of methyl 2-[(5-hydroxypentylamino}-4-(8,8,9,9-tetramethyl-4,7-dioxa-1-

|
N
H

aza-§-siladecan-i-yhpyrimidine-S-carboxylate {150 mg, 0328 mmol) in CHyChL (3.3 mly)
was added DIEA (143 ul., 0.82 mmol) then methane sulfonylchloride (28 L, 0.361) at 0 °C.
The reaction mixture was stirred for 30 min and diluted with HyO (12 ml). The organic layer
was washed with brine (10 mL) and dried to provide the crude mesylate that was used for the
next step without further purification. The mesylate was dissolved in THF (7.3 mlL) and
TBAF (1M in THY, 585 pl, 0.585 mmol} was added. The reaction mixture was stirred at
room temperature overnight. The solvents were removed under a reduced pressure and the
residue was purified by ISCO silica gel column to provide the title compound (32 mg, 34%)
as a white solid. '"H NMR (400 MHz, CDCl) 8 8.57 (s, 1H), 3.86-3.79 (m, 7H), 3.79~3.73
{m, 2H), 3.72-3.66 (m, SH), 3.64-3.59 (m, 2H), 2.32 (dd, /= 9.3, 3.6 Hz, 1H), 1.72-1.64 (m,
2H), 1.59(dd, /= 10.8, 5.7 Hz, 4H).

5.8-Dioxa-2.14.16.19-tetraazabicvelo[13.3. 1 Inonadeca~-1{18),15(19).1 6-iriene~1 8-carboxvlic

O/*\_/O\

w9
™ NA\\\\’J’\OH

T

N° N
H

o
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A solution of methyl 5,8-dioxa-2,14,16,19-tetraazabicyelo[13.3.1 Inonadeca-
1{18},15(19},16-iriene-1 8-carboxylate (32 mg, 0.099 mmol) in MeOH (1.4 mL) was added a
4.0 M KOH solution (250 ul.). The reaction wuxture was heated st 60 °C overnight. The
reaction was cooled and the MeOH was removed under a reduced pressure. The mixture was
acidified with a 4,0 N HCI solution to pH ~ 2. The aguecus laver was extracted with 3:1
CHyCL/A-PrOH (3 x 5 ml). The combined organic lavers were dried (NapSOy) and
conecentrated to afford the title compound (35 mg, »9%%) as a white solid.

N-{16-(1H-Pyrazol-l-yDpyridin-3-vijmethyl}-S.8-dioxa-2,14,16,19-
tetraazabicyclof13.3. 1 {nonadeca~1 (18),15(19). 16-triene-18-carboxamide (UNC3096A)
¢

O,,f\\_/_. -

A solution of 5,8-dioxa-2,14,16,19-tetraazabicyclo{13.3.1 {nonadeca-1(18),15(19),16-
triene-1 &-carboxylic acid (30 mg, 0.099 mmol) in DMF (1.0 mL) was added [6-(1H-pyrazol-
L-yhpyridin-3-vlimethanamine (17 mg, 0.099 nunol) and DIEA (4 pl, 0.197 mmol)
followed by HATU (41 mg. 0.108 mmol}. The reaction mixture was stirred at room
temperature overnight, quenched with a 1.0 M NaOH solution (2.0 mL) and extracted with
CHCl (2 x 2 mL). The combined organic layers were dried (Na;S04) and concentrated. The
residue was purified by HPLC to afford the title compound (37 mg, 67%) as a light yellow
solid. 'H NMR (400 MHz, CD;0D) 3 8.62 (dd, J= 2.7, 0.4 Hz, 1H), 8.50 (d, J= 1.9 Hz, 18,
R.32 (s, 1H), 8.15 {dd, J= 8.6, 2.3 Hz, 1), 803 (d, J= 8.5 Hz, 1H), 7.85 (d,./= 1.3 Hz, 1H),
6.61 (dd, J= 2.7, 1.7 Hz, 1H), 459 {5, 2H}, 3.85-3.63 (m, 10H), 3.63-3.55 (m, 2H), 1.81-
1.65 {m, 6H). MS m/z 467.3 [M+HT".

Table ¥ describes compounds prepared following procedures described in Example 16
{General Procedure 3, using appropriate reagents.

Structure Compound DD Mer Physieal Data
ICso  MS m/z (M+1) orfand 'H
NMR
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~O LINC2887A £+ TH NMR (400 MHz, CD,0D)
Q" TN 5 839 {4, J = 2.6 Hz, 1H),
‘/' ‘s 8.46 (d, J = 1.9 Haz, 1H), 8.26
(s, 1H), 8.03 {dd, J = 8.5, 2.3

|
O N/L\VLN/' R Hz, TH), 7.95 {d, J = 8.5 Hg,
; )3\ | 4 m 1H), 7.79 (d, J = 1.4 Hz, 1H),
SN N 6.57 (dd, J = 2.6, 1.8 Hz, 1H),
H 4,57 (s, 2H), 3.85-3.71 {m,
6H), 3.69-3.64 (m, 2H), 3.64-
3.59 (m, 4H), 3.59-3.32 {m,
SH). MS 8v/2 4693 [M+H]".

©

Example 11

UNC30484
General Procedure K
1. EtOH, DIPEA (3 equiv), § 9, 50 min Qg DEL Ot
ll i H
Ci 9] <. NH. [ : TETA {5 mel¥%) /(\
] e 2 & e
B U A ) 27 TN CuiMeCNLBF s (5 o) “J\ \E»’/’\
N e i Ko N
J Qr“ Cl.: f\{ 45 DG NQ\ "3
/\ I N AT _,-‘\\/Ng i‘ AT
@ N BHNT T T g py e e M L\/\/‘v"“
M
'_,'\ O\/O‘H %r;\ \
| - HN, A ,N
KOH (10%, an.) N N, /\3 N (\ N_z;z . »}f N
A N Na N e N w«,, 2
MeDH, it N \: AT, D'\IEC " 5 R '\Hﬂ E/‘
LN S N

UNG 30404

Fthyl 2.8.9.10.17.19.22-heptaszatricvelo{16.3.1.17, P ltricosa-1{21),7(23).8.18(22),19-

pentaens-21-carboxviate

—t
HN\/\
N, T Nﬁ/w

A solution of 2.4-dichloropyrimidine~-5-carbony! chioride (1.00 g, 476 mmol) in

cthanol (6.0 mlL) was added DIPEA (2.5 mL, 14.4 mmol) slowly at 0 °C under nitrogen.

After 30 min, hex-S~yn-1-amine {0.476 g, 4.91 mmol) was added in one portion, The reaction

mixture was stivred at room temperature for 3.5 b, then was added dropwise to a solution of

G-azidohexan-1-amine (0.801 g, 5.64 munol) in cthanol (4.0 mL) at 50 °C. After the reaction

was complete (monitored by LOMS), the mixtwre was diluted with water (10 ml) and
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concentrated under a reduced pressure and {filiered. The yeliow solid was washed with water
and dried under vacuum to be used in the next step without further purification (0.723 g, 39%
over 3 steps).

A solution of the yellow solid {0.130 g, 0.336 mmol} in dry CHyCl (25 mi) was
added TBTA {1.6 mL, 5 mg/ml in CHyCl, 8.0 mg, 0.016 mmol) and CuMeCNBF, (5.2
mg, .016 mmel). The reaction mixture was stirred under nitrogen af 45 °C for 24 h, then
cooled 1o room temperature and concentrate, The residue was purified by silica gel column to
provide the title compound (0.104 g, 80%). 'H NMR (400 MHz, CD;0D) § 8.34 (s, 2H), 7.58
{8, 1), 4.36 (s, 2H), 4.22 (g, J= 7.1 Hz, 2H), 3.34 (s, 2H), 3.19 (s, 2H), 2.82-2.66 {(m, 2H),
1.84 (s, 2H), 1.67 (5, 2H), 1.62-1.44 (m, 4H), 1.40-1.02 {m, 7TH).

2.8.9.10,17.19.22-Heptaazairicvelol 16.3.1. 17 Pliricosa- 121D, 7(23).8.18(22). 1 9-pentacne-2 1 -

carboxviic acid

A solution  of ethyl  2,8,5,10,17,19,22-heptaazatricycio{16.3.1.17, Ytricosa-
1(21),7(23),8.18{22),19-pentacne-2 1 ~carboxylate (31 mg, 0.081 mmol) in MeOH (2.0 ml)
was added an aq. KOH solution (10%, 0.5¢ mL). The reaction was stirred at 60 “C for 12 h
Then the reaction mixiure was cooled to room temperature and adjusted to pH=3 by the
addition of a HCI solution. The resulting solution was extracted by a mixture of -PrOH/
CHClL (3:3, 10 ml = 3). The combined organic layers were washed with water and brine
and concentrated under vacuum to afford the desired product (0.029 g, quant.) as a white
solid. "H NMR (400 MHz, CD;0D) 8 8.41-8.22 (m, 1H), 5.65 (s, 2H), 4.63-4.46 (m, 1H),
3.55-3.43 (m, 1H), 3.39-3.33 (m, 1), 3.02 (, /= 6.9 Hz, 3H), 2.97-2.83 (m, 1H), 2.58-2.29
{m, 3H), 2.03-1.89 (m, 1H}, 1.85-1.71 (m, 1H), 1.71-1.50 {m, ZH), 1.49-0.97 (m, 3H).

N-(1-benzylpiperidin-4-v{}-2,8.9,10.17.19.22-heptaazatricyclo[16.3.1.17 Ptricosa-
1(21).7(23).8,18(22),19-pentaene-2 1 -carboxamid (UNC3040A)
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A solution of 2,8,9,10,17,19,22-Heptaazatricyclo{16.3.1.17,®Jtricosa-
1(21),7¢23),8,18(22),19-pentacne-21 ~carboxylic acid (30 mg, 0.084 mmol) in DMF (2.0 mL)
was added 1-benzylpiperidin-4-amine (19.8 mg, 0.10 mumol) followed by HATU (38 mg,
.10 mmo!). The reaction mixture was stirred at room temperature overnight, guenched with
a 1.0 M NaOH solution (2.0 mL) and extracted with CH;Cl; (2 x 2 mL}. The combined
organic layers were dried (NaxSOy) and concentrated. The residue was purified by HPLC to
afford the title compound UNC3040A (6.0 mg, 13%) as a light yellow solid. 'H NMR (400
MHz, CD:0DY & 8.24 (s, 1H), 8.08-7.93 (m, 2H), 7.64-7.46 (m, 4H), 4.54-4.46 (m, 2},
4.33 {s, 1H), 3.59-3.40 (m, 4H), 3.22-3.05 {m, 2H), 3.02-2.93 (m, 3H), 2.91-2.77 (m, 3H},
2.37-2.26 (m, 1H}, 2.25-2.13 {m, 2H), 1.98-1.86 (m, 3H), 1.79-1.70 (m, 2H), 1.66-1.50 (m,
4H), 1.30-1.10 (m, 4H); MS (ESI): 554.5 [M + Na]",

The foregoing 1s illustrative of the present invention, and is not to be construed as
limiting thereof. The invention is defined by the following claims, with equivalents of the

claims to be meluded therein.
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That which iz chatmed is:

1. A compound of Formula I or Formula IL:

RZ
NH R2
/K ] NH X7 }F :
N R
X | & /\/'\»J{
R\,N/ \N’AR‘# R3 NAN/) (“)
H (O S

wherein;

ring A i3 a 5~ or 6-membered heteroaryl group, the dashed line is an optional double
bond, XisNor O, and Yis C, S or N in any location in the ring;

R is ~RRE, where R’ is a covalent bond, C1 to €3 alkyl or a linker group and RS is
cycloalkyl, heterocycloaliyl, aryl, heteroaryl, alkyleycloalkyl, alkylbeterocycioalkyl,
alkylaryl, alkytheteroaryl or alkyl, and wherein R is optionally substituted one, two or three
fimes with independently selected polar groups;

R? and R together form a Hnking group;

R* is H, loweralkyl, halo, or loweralkoxy;

or a pharmaceutically acceptable salt thereof,
2. The compound of claim 1, wherein R” is a covalent bond.

. The compound of claim 1, wherein R is C1 1o C3 alkylene.

(O8]

4. The compound of claim 1, wherein RS s ~CHa-.

LA

. The compound of claim 1 to 4, wherein R® is phenyl, piperidy], C1-C8 alkyl, or C3-
C8 cycloalkyl, which phenyl, pipyridyl, alkyl or cycloalkyl is unsubstituted or substituted
from 1 to 3 times with sulfono, halo, amino, nitro, alkyl, alkoxyl, haloalkyl, cycloalkyl,

heterocycloalkyl, aryl, or heteroaryl.

6. The compound of claim 1 to S, wherein R* is H.
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7. The compound of claim 1, wherein said compound has a structure selected from the

group consisting oft
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and pharmaceuntically acceptable salts thereof,

8. A composition comprising a compound of claim 1 to 7 in a pharmaceutically

acceptable carrier,

9. A method of treating cancer in a subject in need thereof, comprising administering

said subject a compound of claim 1 to 7 in an amounnt effective to treat said cancer,

10. The method of claim 9, wherein said cancer is selected from the group consisting
of myeloid leukemia, lymphoblastic leukemia, melanoma, breast, lung, colon, liver, gastric,

Kidney, ovarian, uterine, and brain cancer.

11, A compound of claim 1 to 7 for use in the treatment of cancer or for the

preparation of a medicament for treating cancer.

12. The use of claim 11, wherein said cancer is selected from the group consisting of
myecloid leukemia, lymphoblastic leukemia, melanoma, breast, lung, colon, liver, gastric,

kidney, ovarian, uterine, and brain cancer,
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