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SUBSTITUTED PYRROLO[2,3-dIPYRIMIDINES FOR THE TREATMENT OF
CANCER

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

66011 The present application claims the benelfit of priority under 35 USC
HS{e) to U.S. Provisional Patent Application No. 617787893, filed on March 15, 2013,

the content of which is incorporated herem by reference in Hs entirety.
BACKGROUND

{6002} The field of the invention relates to substitated pyrrolof2 3-dipynmidines.
In particular, the field of the mvention relates to substituted pyirolof2 3-djpyrinmidines for

the treatment of cell proliferation diseases and disorders such as cancer.

6603} While tresiment oplions have umproved I recanl years, cancer remaing the
second lending canse of death in the United States. Many cancers lack effective reatments
and have poor long-term progncses. In particular, wmultiple myeloma 1s the sccond most
provalent hematolopical malipnancey and kills over 10,000 people muwmally, The median
sarvival from this tvpe of cancer s approximately 57 sears, Bven with the advent of
several pew chemwtherapies, only 35-358% of patients respond 1o these drugs. Addihonsd
freatment oplioms ave pecessary for patients who fail 1o respond 1o currerd therapies and

for those wha develop resisiancs 1o current therapies,

{6604} Hare, as pavt of an effort {o discover and evaluate new small molecules that
have the polemtial for reating lnonan cancer, in particular hematological nalignancies, we
have identified a senes of novel substited pereolof23-dipyriaidine compounds that
display polent i virre oyiptoxicity against canget selfs. Thess coanpounds prasent unigue
subatitation patterns that pmpavt on them activily against 3 variety of homan cancer gell
ines, Conpound anslogs have been svnthesized and tested 1o generste robust stnucture-
activily relationships based on multiple sites of diversification.  Lead compounds possess
excolfent profiles as potential therapsutios based on oz varsty of physiochencal
properties. These new compownds therefore bold promise as new potential treatments for

cancer and other proliferative diseases.

e
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SUMMARY

{6605} Disclosed are substitited pvrrolo{2 3-dipyrimidines,  The disclosed
compouands mayv be used in pharmacestical compositions and methods for treating cell

profiferative disorders such as cancer.

6006} in some embodiments, the substituted pyrrolo]2 3-djpyrinudines may have

a Formula ©;

A3

bl
R; 'N” N

wherein:

R; 15 hydrogen, halogen, or amine;

Ry 1s hdrogen, C-Cy alkyl optionally substituted at one or wore positions with halogen,
acetyl, amine, cvano, or methylsulionvl;

Rs and Rg are each independently hvdrogen, C,-Cs alkyl optionally substituied at one or

more posiions with halogen; or Ry and Re are linked together to form g G-membered ring;

and
_ R HV\»“’"‘”A\‘\\RU
Ry is hvdrogen, Ry, 7778 o 8 or Ry and R» are hoked together

to form a G-membered ring;

Ry 15 methoxy, amine, or a 4-, 3-, or 6-membered carbocyelic or heterocychic ring that 1s
saturated or unsatarated, the ring optionally sobstitoted at one or move carbon atoms with
halogen, hydroxyl, methoxy, oxo, methvicarboxyl, methylamido, or methylthydroxvl: and

the ring optionally substituted at a mtrogen heteroatom with a substituent selected from

Pk
wH
R
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R, 15 selected from

OH

HO 0 N Y

HO ‘ HO\/\O”\B

HNT )
K/ N~ 8 4 © N
o~
o . and
{0807} in particular, the compounds disclosed heretn may have a Formuda JA:

wherein: Ry s hyvdrogen, halogen, or methyl; and Rs, Ri and Ry are as defised for
Formula L In some embodiments. Rg 1s 2 ring selected from pipendine, benzene, pyridine,
and oxane, which may be sebstituted as indicated for Formula T or wnsubstituted.  The

compouands disclosed herein having Formula TA may include, but are not limited to:

38
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{6608} In particular, the compounds disclosed herein may have a Formala 18:

R4 Re

NS Nk
A O
Ry NN
Rg

IB

wherein: Ry i hydrogen, halogen, or methyl, and R Rs, and Ry are as defined for
Formula I In some embodiments, Ry 15 a ring selected from piperidine, benzene, pyridine,
and oxane, which may be substituted as mdicated for Formula | or uosubstiiuted. The

compounds disclosed herein having Formula IB may inclade, but are not limited to:
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Gl
N
“\ N CFy
w
N N
N-
O=gl
S=0
NH and CH 3
16609} In particular, the compounds disclosed herein may have a Fornuda 1C:

{66101 wheremn: Ry is hydrogen, halogen, or methyh and Ra Re, and Ry wre as
defined for Formula 1 In some embodiments, Ry s a ning selected from pipendine,
benrene, pyridine, and oxane, which may be subsituted as indicated for Fornwgla 1 or

unsubstituted.  The compounds disclosed herein having Formala IC may inclade, but are

not timied to

ol o,
}
c NI Sy
Lo
3 HEN/I\N"' N
N y
HENJ\N"" N < Oy
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NH . CH3‘ . and CHy
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o

{6611} Other of the substituted pyirolef2.3-dlpyvrimiding compounds disclosed

herein mayv have a Formula [D:

R4 CH3
N~ ™S 1
N7 N
Ry D)

wherein Ry is halogen or aming;, and Rs iz as defined for Fomuda 1. In some

embodiments, Ry is chlorine and Rz s selected from

/\Qs /\ff) L and gHa.

{0012} Other of the substituted pyrrolof2 3-dlpyrimidine compounds disclosed

/@RQ
F
N

Y

N._=

herein may have a Formula [E:

Rq I®
otherwise referred 1o as a “trievelic 6,7.8 9-tetrahvdro-SH-pyriniido}4.5-blindole core”
wherein: Ry 15 halogen; and Ry is hvdrogen or halogen. In some preferred embodiments,

Ry is chiorme. In other preferred embodiments, Re is halogen, and s particular, fuorine.
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{6613} Other of the substituted pyrrofo]2 3-dlpyrimidine compound disclosed

herain mayv have g Formala IF:

~

wherein R; 18 hydrogen or haloges;
Ry is halogen; and

Ry is hydrogen, or is selected from

O Q

bl #” HiC O HQGX NG
S 3 3 ‘

0 . and HaC CHs

Q

In some preferred embodiments, Ry is chlorine. Specific compounds having Formula IF

may include, but are not hmited o

Gl Ny N Cl__N N
1 KQIJ

Ci Cl

Q

Cl_ N.__N Ny N
DY, (2
N N

Ci Cl

Gis3

, and
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N,
¢l
{6614} Alst disclosed are phammaceutical compositions  that  comyprise the

disclosed compounds together with a carmer, diluent, or excipient. The pharmaceutical
composifions may comprise an effective amount of the compounds (or salts, esters,
amides, or solvaies thereol) for treating andfor preveniing a dizease, disorder, or condition

which may include cell proliferation diseases, disorders, or conditions, such as cancer.

{0015} Also disclosed are methods of weating cancer that inchude admimstering
the disclosed compounds, for example, where the compounds are formulated as a
pharmacentical composition and administered {0 a patient having cancer or suspected of
having cancer.  Cancers freated by the disclosed methods may inchude, bat are not himited
to multiple myeloma, leukerma, non-small cell lung cancer, colon cancer, cancer of the
central nervous system, melanoma, ovarian cancer, renal cancer, prostaie cancer, and

breast cancer.
BRIEF DESCRIPTION OF THE DRAWINGS

{0016} FIG. 1. Treatment of MM.IS cells with sebstituied pyrrolo|2 3~

dipyrimidine compounds or $-anuno adenosine.

[0017} FIG. 2. Tnhibition of feukemia cell hines by NUCL 381-3, NUCL 383-3,

and Doxerabicm {left to right).

[6618] FIG. 3. Inhibition of non-small hung cancer cell fings by NUCL 381-3,

NLCL 383-3, and Doxorebicin (left to vighi}.

{6619} FI1G. 4. Inhibition of colon cancer celf Hpes by NUCL 3&1-3, NUCL 383-

3, and Doxorubicin (left to night).

10i52
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{6626} FIG. 3. Inlubition of ceniral nervous system {CAN) cancer cell lines by

NUCL 381-3, NUCL 383-3, and Doxorubicin (lefl to right).

[6821} FIG. 6. Inhibition of melanoma cell lines by NUCL 3813, NUCL 383-3,

and Doxorubicin (left to right).

{66221 FIG. 7. Inlubition of ovartan cancer cell lmes by NUCL 381-3, NUCL

383-3, and Doxorubicin (left to right},

{66231 FIG. & Inhibution of renal cancer cell Huoes by NUCK 381-3, NUCL 383-3,

and Doxorubicin (Jeft {o right).

[aa24} FIG. 9. Inhibwion of prostate cancer cell ines by NUCL 3813, NUCL

383-3_and Doxorubicin (left o nght).

{8625} FIG. 10, Inhibition of breast cancer cell Hnes by NUCL 381-3, NUCL 383~

3, and Doxorabicin {lefl to right).

00626} FIG. 11, Inlubition of THP-1 cell lines treated with Compounds 381, 383,
409 {as test compounds} and Compound 301 (a3 a negative control) as compared o 8-

amine adenosing (SNH2-Ado) and 8-chloro adenosine (8Cl-Ado) (as positive controls).

66271 FIG. 12, Inlubition of K862 cell lines treated with Compounds 381, 383,
409 {as test compounds) and Compound 301 (as a negative control) as compared to 8-
amine  adenosine  (ANH2-Ado} and &-chlore adenosme (8CI-Ado} (as  positive

conirols) . FIG. 13, Inhibition of Kasunu-1 cell lines.

{0028} FIG. 13, Inhibition of Kasemi~1 cell lines treated wath Compounds 381,
383, 409 (as test compoumds) and Compound 301 {as a negative conirol) as compared o

g-aming adenosine (SNH2-Ado) and 8-chioro adenosune (8{1-Ado) {as positive conirols).

{6029} FIG. 14, Inhibition of U937 cell hnes treated with Compounds 381, 383,
409 {a5 test compounds} and Compound 507 (as a negative comtrol) as compared o 8-

amine adenosine (ANH2-Adoe) and 8-chioro adenosine (8CI-Ado) (as positive controls).

11752
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6636} FIG. 15, Inhibition of BNA synthesis m U937 cell lines treated with
Compounds 381, 383, 400 {as test compounds) and Compound S01 {as a nggative control}
as compared to S-amino adenosing (ANH2-Ado} and $-chlovo adenosine (RCI-Ado) (as

positive controls).

[8631 FIG. 16, Inlubition of RNA synthesis m U937 cell lings treated with
Compounds 381, 383, 409 (a5 test compounds} and Compound 301 (as a negative control}
as compared to S-amino adenosme (8NH2-Ado) and 8-chlore adenosine (8CH-Ade) (as

positive conirels).

(6032} FIG, 17, fmmunoblot of cell lysates from U937 cell lines freated with
Compounds 381, 383, 409 {as test conpounds) and Compound 301 {as a negative control}
as compared to S-amino adenosine (SNH2-Ado} and S-chlove adenosine (8CH-Ado) (as

positive controls),
DETAILED DESCRIPTION

{66331 The present mvention s described herein using several delinitions, gs set

forth below and throughout the application.

341 Unless otherwise specified or indicated by context, the terms “a”, "an™, and
“the™ mean “one or more.” For example, “a compound”™ should be interpreted to mean

“one or more compounds.”

{0035} As used  berein, “about,” “approximately

B
»

“substantially,”  and
“significantly”™ will be understood by persons of ordinary skill in the art and will vary o
some extent on the context in which they are used. I there are uses of these terms which
are not clear to persons of ordinary skill in the art given the context in which they are
used, “abowt™ and “approximately” will mean plus or minus £10% of the particular term
and “substantially” and “significanily™ will mean plus or minus >10% of the particelar

{erm.

{0036} As used berein, the termw “inclnde™ and “incloding”™ have the same
meaning as the ferms “comprise™ and “comprising” in that these lafler terms are “open”

ransitional terms that do not limit claims only to the recited elements succeeding these
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transitional terms. The ferm “comsisting of” while encompassed by the term
“comprising,” should be interpreted as a “closed” transitional texm that lunits olaims ondy

to the recited elements succeeding tlus transitional term. The term “vounsisting essentially

o

¥

of,” while encompassed by the term “comprising,” should be interpreted as a “partially
closed” wansitionat term which permity additional elements suceeeding this transitional
term, but only i those addidona] elements do not materially affect the basic and novel

characteristics of the claim.

{0037} As used berein, a “patient” may be interchangeable with “subject™ or
“individual” and means an animal, which may be a haman or non-human anumal, m need

of treaiment.

6638} A patent in peed of treatment”™ may include a patient having a disease,
disorder, or condition that 15 responsive 1o therapy with a substituted pyrrolof2.3-
dipvrimiding. For example, a “patient in need of ireatment”™ may include a patient having
a cell prolifesative disease, disorder, or condition sach as cancer (eg., cancers such as
multiple myveloma, levkemia, non-small cell lung cancer, colon cancer, cancer of the
central nervous system, melanoma, ovarian cancer, renal cancer, prostate cancer, and

breast cancer).

{0839} As used herein, the phrase “effective amount™ shall mean that drag dosage
that provides the specific pharmacological response for which the drug is adminstered in
a significant number of patients in need of such treatment. An effective amount of a drug
that is administered to a particudar patient in a particular instance will not always be
affective in weating the conditions/ihiseases deseribed heveim, even though such dosage 18

deemed to be a therapeutically effective amount by those of skill in the art.

{0640} The formulae of the compounds disclosed herein should be interpreted as
encompassing all possible stereoisomers, enantiomers, or epimers of the compounds
anfess the formalae mndicates a specific stereotsomer, enantiomer, or epimer. The
formulae of the compounds disclosed berein should be imterpreted as encompassing salts,

esters, amides, or solvates thereof of the compounds.
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{6041} The disclosed compounds may be effective m inlubiting cell profiferation
of cancer cells. For example, the disclosed compound may be effective in inhibiting cell
profiferation of one or more types of cancer cells including:. multiple myeloma cells, such
as MM.IS cells; leukemia cells, such as CCRF-CEM, HL-60(TB), MOLT4, RPMI-R226
and SR non-small hmg cancer cells, such as AMOATCC, BEKVX, HOP-A2, HOP-0Z,
NCI-H226, NCLI-H23, NCERH322M, NCEI-H460 and NCEH322; colon cancer cells, such as
COLO 205, HOC-2908, HOT-116, HOT-15, HT29, KMI2 and SW-620; CNS: SF-268,
SF-295_ SF-339, SNB-19, SNB-75 and U231: melanoma cancer cells, such as LOX IMVI,
MALME-3M, M4, MDA-MB-435, SK-MEL-2, SK-MEL-28, SK-MEL-S, UACC-257
and UACC62; ovarian cancer cells, such as IGRAOVL, OVCARS3, OVCARA, QOVCAR-
5, OVCAR-E, NOVADR-RES and SK-OV-3: renal cancer cells, such as 7R6-0, A498,
ACHN, CAKI-1, RXF 393, SNI2C, TK-10 and UO-31; prostate cancer cells, such as DU-
148 and PC-3; and breast cancer cells, sach as MCF7, MDA-MB-23FATCC, MDAMRB-
468, S 8787, BT-349 and T-47D,

{0042} Cell proliferation and nhibition thereof by the presently disclosed
compounds may be assessed by cell viability methods disclosed m the arl including
colorimetric assays that utihize dyes soch as MTT, XTT, and MTS 1o assess cell vialnlity.
Preferably, the disclosed conpounds have an 1C50 of less than about 10 uM, 3 pM. | pM.

or 0.3 pM in the selected assay.

|8043] The compounds atilized in the methods disclosed herein nay be formulated
as pharmaceatical compositions that inclade: (a) a therapeutically effective amount of one
or more compounds as disclosed herein; and (b} one or more pharmaceancally acceptable
carriers, excipients, or diluents. The pharmaceutical composition may include the
compoand in a range of about 0.1 to 2000 mg (preferably about (1.3 to 500 my, and more
preferably abowt 1 1o 100 mg). The pharmaceutical composition may be admimstered 1o
provide the compound at & daily dose of about 0.1 o 100 mekg body weight (preferably
about .5 to 20 mpdkg body weight, more preferably about 6.1 to 10 mg/kg body weight).
In some embodiments, after the pharmaceutical compostiion 1s adminisiered o a patient
{e.g., after about 1, 2, 3, 4, 5, or & hows post-administration), the concentration of the

compound at the site of action is about 2 1o 1} M.
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{6044} The compounds utilized n the methods disclosed hersim may be formnstated
as a pharmacewtical composition in solid dosage form, although any pharmaceatically
acceptable dosage form can be utilized. Exemplary solid dosage forms include, but are
not hnuted to, tablets, capsules, sacheis, lozenges, powders, pills, or granules, and the
sohid dosage form can be, for example, a fast melt dosage form, controlled release dosage
form, Ivophilized dosage form, delayed release dosage form, extended release dosage
form, pulsatile release dosage form, mixed inmediste release snd contfrolled release

dosage form, ot a combination thergof

{6645} The compounds wilized i the methods disclosed heram may be formudated
as a pharmacestical composition thai includes a carnier. For example, the carrier may be
selected from the group consisting of protewns, carbohvdrates, sugar, tale, magnesium

stearate, cellulose, calcium carbonate, and starch-gelatin paste.

LSS The compounds utilized i the methods disclosed herein may be formulated
as a pharmaceutical composition that includes one or more binding apgents, filling agents,
lubricating agents, snspending agents, sweeteners, flavonng agents, preservatives, buffers,
wetting agenis, disintegrants, and effervescent agents. Filling agents may include lactose
monohvdrate, lactose anhvdrous, and various starches; examples of binding agenls are
vartous celluloses and cross-linked polyvinylpyrrolidone, microcrystathne cellolose, such
a8 Avicel®t PHIOL and Avicel® PHIO2, microcrysialiine cellulose, and silicified
nucroerystalline cellulose (ProSolv SMOC™},  Suitable lobricants, mchuding agents that
act on the flowability of the powder to be compressed, may inclade colloidal silicon
dioxide, such as Aerosil®200, tale, stearic acid, magnesium stearate, caloinm stearate, and
sitica gel. Examples of sweetenars may include any natural or artificial sweetener, such as
sucrose, xyliol, sodiam saccharin, cyclamate, aspartame, and acsuifame. Examples of
flavoring agents are Magnaswest® (trademark of MAFCO), bubble gum favor, and fiuit
flavors, and the like. Examples of preservatives may inclade potasstum sorbate,
methylparaben, propviparaben, benzoic acid and #s  salts, othsr  esiers of
parahydroavbenzote acid such as butviparaben, aleohols such ag ethyl or benzyvl alcohol,
phenchc compounds such as phenol, or quaternary compounds such as benzalkonium

chionde.
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{6647} Suitable diluents may inchude pharmacentically accepiable inert filless,
such as microerystalline cellulose, laciose, dibasic calchan phosphate, saccharides, and
nuxtures of any of the foregoing, Exanples of diluents include microcrystalling cellulose,
such as Avicel® PHI01 and Avicel® PHI02: lactose such gs laciose monohydrate, lactose
anhivdrous, and Pharmatose® DCL21; dibasic calciam phosphale such as Emcompress®y

manmitol; starch; sorbitol; sucvose; and glacose.

{0048} Suitable disintegrants inclode lghtly crosshnked polyvinyl pyrrohdone,
corn starch, potato starch, matze starch, and modified starches, croscarmellose sodiam,

cross-povidone, sodium starch glyeolate, and mixtures thereof,

{6049} Examples of effervescent agents are effervescent couples such as an
organic acid and a carbonate or bicarbonate. Suitable organic acids include, for example,
eiric, tartaric, malic, fumaric, adipic, succinic, and alginic acids and anhydrides and acid
salts. Suitable carbonaies and bicarbonates mclude, for example, sodivm carbonate,
sodium bicarbonate, potassaum carbonate, potassiem bicarbonate, magnesium carbonate,
sodium glycine carbonate, L-lysine carbonate, and argimne carbonate. Alternatively, only

the sodium bicarbonate component of the elfervescent couple may be present.

6050} The compounds utilized in the methods disclosed herein may be formuslated
as & pharmaceatical composstion for delivery via any sutlable rowte.  For example, the
pharmaceutical composition may be admmistered via oral, intravenous, miramuscular,
subcutaneous, topical, und pulmonary route. Examples of pharmaceutical compositions

for oral administration include capsules, syrups, concentrates, powders and granulas.

00511 The compounds utiized iIn the methods disclosed herein may be
adnunistered in conventional dosage forms prepared by combinmg the active ngredient
with standard pharmaceutical carriers or diluents according to conventional procedares
well known in the art. These procedures may invelve nuxing, granulating and

compressing or dissolving the myredients as appropriate to the desired preparation.

{6652} Pharmwcswtical compositions comprising the compounds mayv be adapted
for admumstration by any appropriate voute, for example by the orad (including buceal or

sublingual), rectal. nasal, topicat (including buccal, sublingual or transdermatl), vagimal or

152
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parepteral (mcluding subcitanecus, inframuscidar, iravenous or mtradermal) route. Such
formudations may be prepared by any method known w the art of pharmacy, for example

by bringing into association the active ingredient with the carrier(s) or excipient(s).

{68531 Pharmiaceutical compositions adapted for oral admuinisiration nmay be
presented as discrete units such as capsules or tablets; powders or granules; solutions or
SUSpensions in agueous or non-agquecas hquids; edible foams or whips; or oil-m-water

liquid epvalsions or water-in-o1l higuid emulsions.

{0034} Pharmacentical compositions adapted for transdermal admimstration may
be presemted as discrete patches intended to remain in fimate contact with the epidermis
of the recipient for a prolonged period of ime, For example, the active ingredient may be

delivered from the patch by ontophoresis.

{06855} Pharmaceutical compositions adapted for topical admunistration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels,
impregaated dressings, sprays, aerosols or oils and may contain appropriate conventional
additives such as preservatives, solvents o assist drug penetration and emollients

ointrments and creams.

{6056} For apphications (o the eye or other external tissues, for example the mouth
and skin, the pharmaceutical compositions are preferably applied as a lopical ointmerntt or
cream. When formulated in an omntment, the compound may be smploved with either a
pavaffimie or a water-nuscible omntment base. Alternatively, the compound may be
formulated In a cream with an oil-in-water cream base or g water-in-oil base.
Phanmaceutical compositions adapted for topical adminisiration o the eve include eye
drops where the active ingredient 1s dissolved or suspended n a switable carnier, especially

an agueous solvent,

{8057} Pharmaceutical compositions adapied for topical adpunisiration in the

maouth include lozenges, pastilles and mouth washes.

6058} Pharmaceutical compositions adapted for recial adminstration may be

presented as SUppOSIOries Or engmas.
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6659} Pharmaceutical compostions adapled for nasal adnumnistration where the
carrier i3 a solid include a coarse powder having a particle size {e.g., i the range 20 to 300
nucrons) which is adnunistered in the manner in which snuff is taken {(ie., by rapid
inhalation through the nasal passage {rom a container of the powder held close up 1o the
aose)  Sutable formalations where the carier is a liquad, for administration as a nasal

spray or as nasal drops, include aqueous or o sohutions of the active ingredient.

{0860} Pharmaceptical compositions adapted for admunistration by inhalation
include fine particle dusts or mists which may be generated by means of various tvpes of

metered dose pressurized aerosols, nebulirars or msuifiators.

{6061} Pharmaceutical compositions adapted for vagmal administration may be

presented as pessaries, tampons, creams, gels, pastes, foams or spray formulations.

{66862} Pharmaceutical compositions adapted for parenteral administration include
agueous and non-aqueocus sterile imjection solutions which may comtam anti-oxidants,
bhutters, bacteriostats and solutes which render the formulation otonie with the blood of
the mitended recipient; and agueoss and non-aqueous sterile suspensions which may
include suspending agents and thickeming agents. The formulations may be presented n
unit-dose or multi-dose containers, for example sealed ampoules and vials, and may be
stored in @ fregze-dried (lvophilized) condition requiring only the addition of the sterile
hiquid carnier, for example water for injections, immediately prior to wse. Extemporanecus
ingection solutions ynd suspensions may be prepared from sterile powders, granules and

tablets,

8063} Tablets and capsules for oral administrattion may be in s dose
presentation form, and may contain conventional excipients such as binding agents, for
example syrup, acacia, gelatin, sorbiol, tragacanth, or polyvinvipyrrohidone; fillers, for
example lactose, sugar, maize-starch, calennm phosphate, sorbitol or glycine: tabletting
Jubricants, for example magnestam stearate, tale, polvethvlene glveol or silica;
dismtegrants, for example potato starch; or acceptable wetting agents such as sodium
lauryl sulphate. The tablets may be coated according to methods well known in normal
pharmaceutical practice. Oral lguid preparations may be in the form of, for example,

agueous or oily spspensions, solations, emulsions, syrups or ehixirs, or may be presented
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as a dry product for reconstitution with water or other suitable vehicle before use. Such
higquid preparations may contain conventional additives, such as suspending agents, for
gxample sorbitol, methyl cellulose, glucose syrup, gelatin, hydroxvethivl cellulose,
carboxymethvl cellulose, aluminium stearate gel or hvdrogenated edible fats, emulsifying
agents, for example lecithin, sorbitan monooieate, or acacia; non-aguaocus vehickes (which
may include edible oils), for example almond oil, oily esters such as glycerine, propylene
glyeol, or ethyl alcohol; preservatives, for example methyvl or propyl p-hvdroxybenzoate

or sorbic acid, and, i desired, conventional flavoring or coloring agents.

EXAMPLES
{6064} The following Examples are illustrative and are not mtended to limit the
scope of the clamed subject matter.
{6065} Example 1~  Svpthesss  of  Substituted  Pyrerolof2 3-dipvomidine
Compounds
{0666]

0067} The substituted pyrroloiZ 3-dipyrimidines  disclosed  hereln may b

o~ T

synthesizad using the follmwing Schemss Tand H:

.. b

Seheme |

POS2
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Scheme 1]

o,

The svathesis and use of 3,6-disubstitited pyrrolo]2 3-dipyrinidines are disclosed in the
art. See, eg., pateni document nos.: US. 8,633,205 US. 8,580,802, U.S. 8507,672;
LS. 8,501,752, LS, &420,657; ULS. 8258 1430 US, 8183248, LS &3 229; US
7081002, US. 7951812 US 7951810; US. 7625894, LS. 7544672, US
7531546, US. 7.388250; ULS. 7279474, US. 6066,732; US. £051,577;, US
FROGARS U8, 5,680,457 U8 5254687, LS. 4220453, LS. 200000144703, UK
2003/0018700; DE 2818676, DE 1916030, DE 1916GH; WO 2012/012712; and WO
2008006547, the contents of which are mecorporated heretn by reference i their

eniireties),

60681 The presently disclosed substitited pyrrolo{2,3-d{pyrimidines may inclade
a influoromethvl group. Trfluoromethvlation of heterooveles 15 disclosed m B Y. ef al,
“Innate C-H wiflooromethylation of heterooveles,” PNAS, 2011, 108; 14411-14415, the

content of which is incorporated herein by reference in its entirety.

6069} Example 2 - Inhibition of MM.IS Cells bv Substituted Pyvrrolof{2.3-

dipyrimidine Compounds

{6670} Swmnmary.  The substituted pyvroled 2.3 -dlpyrinsdines disclosed herein are
effective at veducmyg the prolifermiion of & number of er cell lines i‘rmiudimg MM IS

gancer cells, which sre & multiple myeloma-dernved cell hne. MM § w 3 nultiple

mveloma-dertved cell ling and therefore compounds that are

ST
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have potential for treatimg this and othey cancer types. Common structuvad features of the

substituted pyrrolo{2 dipyninudings typically mclade a chlorine substiution at the 4
positton. The 5- and dS-positiors of the fused beterooyvelic ring may be substiuted on one

IS

or hath of the carbons. For example, the & and Gposthons can eact mdemndenﬂx be

amall alkel groups o joined o form a wiovohe &, vvedro-3H-pvninudeld,
blndole cove system, Whaen .z}:zf.mf.%sub:‘;iii‘uia&i, a triflooromethyl group at the 5“;303*215(}:1
provides particularly potent compounds. The N7 can be substituded with o wulde varety of
groupy, mcluding functionatized benay! wroups and heterocveles, The present sompounsds
are shown o ohibit cell proliferation of multiple myeloma MM S cells using the well-
validated MTS cell proliferation assay. A number of the tested compounds have an 1Csq
of 10 uM or lower in the MM.1 § MTS assay. Several compounds have an 1Cs of less

than 1 ubd.

{0071} Experimental. MM & cells were treated with test compounds inchuding
NUCC-00038 1, NUCC-00383, NLICC-000301, NUCC-000482, and S-amno adenosine,

having the following formulas, respectively:
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N-
O:%zo
NH NUCC-000381. CH NUCC-00383,
PR
. o
N N
N™ ™ N\ N
kz\{f N ~
ch\‘<0
‘ - CHj
NH NUCC-000501 CHg NUCC-000482, and
NH,
N XN
AN
OH
O
OH
HO

S-amino-adenosine.

Tt
£
3
¢
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As shown in FIG. 1, the compounds were adnunistered at concentrations ranging from

O 1uM, 03uM, 1M, 3uM, and 10pM.  Cell viability was assessed by MTS assay as

follows.
{66721 MIS Cell Titer 96 assay. The MTS CellTiter 96 assay is a colorimeiric

method o assess the number of viable cells based on the conversion of a tetrazlinm
compound (MTS) (o a formarzan product by the mitochondrial debydrogenase enzyme of
the cells. This assay is nsed to determune the number of viable cells remaming followmg a
drug treatment i compartson to the number of viable cells that are only treated with the
drug vehicle {control cells). The amouni of formaran product m the control cells s
npormalized o 100% and the amouni of formarvan in the drug treated cells is expressed as a
percentage of control, This 15 used to generate dose vesponse curve and estimate the drug

concentration that produced a 50% decrease in the number of viable cells.

|73 Resully,  NUCC-00381 and NUCC-O00383 were each as effective
decreasing cell proliferation as R-aming-adenosine, a compound ender development for

therapeutic application. In contrast, NUCC-000501 and NUCC-O00482 were not effective
in decreasing cell prohiferation.  Notably, NUCC-000501 and NUCC-000482 differ
structarally from NUCC-00381 and NUCC-000383 based on the presence of a 4-methvi
substituent rather than a 4-chlore substitwent.  Addiional compounds that were
synthesized and tested n the multiple myeloma MMLIS/MTS cell proliferation assay are

disclosed in Tables 1-13,

Lo
.._J..l
“h
3
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Tabsle |,

PCT/US2014/030368

Compound 1D Struciure Estimated JCSO (nm)
Cl
CF4
'R
kN*” N
NUCC-0000381 NH 0.6
G CFy
TN
]‘\N"" N
Q- N
.._Sk;. Q
NUCC-0000383 CHy 0.9
o cF
/l\\ i 3
O
,Nﬂ:-' N
NUCC-0000357 1.5
NLICC-000D383 1.5
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Table 2.

PCT/US2014/030368

Compound 1D Struchure Estmated IC30 Gum)
Cl
CH,

N ™ N

& P CH4
NUCC-0000409 1.5
NUCCH000412 2.5
NUCC-000031 5 3

S
\

NLICC-0000326 ‘N 3

.
ok
w

3
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Tabsle 3.

Compound 1D

Struciure

PCT/US2014/030368

Estimated JCSO (nm)

NUCC-0000576

Ci CF,
N7 ™ N

)!\"’N

H.NT N

NUCC-0000575

o2

NUCC-H000577

LV

NUCC-0000371

26452
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Table 4.
Compound 1D Struchure Estmated IC30 Gum)
Cl _
CF4
R
L
N N
NLICC-G000329 3
NUCC-B000338 a
NUCCHENIZ KO &
NUCC-0000325 5
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Table 5.

Compound 1D Structurg Estimated 1030 {um
Ci
CF,

N S\

S
NUCCAHHH2T 5
NUCC-0000413 S
NUCC-H000360 7
NUCC-O000477 §
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Table 6.

PCT/US2014/030368

Compound 1D Structare Estimaled IC36G {ann
Br CF,
'R
L\N” N
N
Q:S\: o
NUCC-000059% CH, 2
Ci
CF 4
o
H,NT N7 N
NEHC-000057) 3
NUCC-0000301 Inactive
NUCC-0000482 Inactive
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Table 7.
Compound 1D Structure Estimated IC30 (pm)
NUCC-0000308 Cl - 10
Cl
CH,
N -
L N CH,
-
N N
NUCC-3000339 , 10

NUCC-0000361 10

NUCC-G000362 10
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Table §,
Compound 1D Structure BEstimated IC30 (an)
Cl cH,
N7
“\ \ CHg4
NUCC-0000363 \\<\J 1o
NH2  CH,
N
L N—CH,
-
N N
F
NUCC-0000375 ~ 10
€ cF,
DR
L\N” N
N
O
NLICC-0000469 N, 16
CF,
I
kN" N
NUCC-0000470 NH 10
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Table 9.
Compound 1D Struciure Estimated JCSO (nm)
Ci
N7 =y
PR
Cl7 NS TN
Q:{ N
NUCC-0000595 CHy 3
St cr,
N7 ™
@f‘gf
N N
N
D“—u.
NUCC-0000503 CFy 5
Ci
NUCCH000578 5
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Table 10,

Compound 1D

Structure

PCT/US2014/030368

Estimated 1050 (uny

PUCO-O054043
=
>
bl
NUCC-0054042
8.3
S
RUCT-O08E04 -
S ?
o *'{?\\
3 . T
x:xx\‘(s"ﬂ\{-f\;
S ‘\\\7\. e \;\\’\\g
2
&
*}':‘w««"‘\x\ e ™
! 1
N H
F 3
. 3
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WO 2014/145576

Table 1 1.

Estimated 1050 (uny

Structure

Compound 1D

52
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Table 12,

Compound 1D Structure Estimated 050 (um)
NUICC-0084181 '
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Table 13

PCT/US2014/030368

R— Siuoture Estimated IC30 (unn
NUCCo064040

NUCC-00640%8 3

VW GEEGRS :

36052
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(6674} Example 3~ Evaluation of NUCL 381-3 and NUCL 383-3 for Infubiting
Growth of NCI-60 cell lines

{6675} Suwnmary, NUCL 381-3 and NUCL 383-3 (referred to as "NUCC-00381”
and “NUCC-0003837 above, respectively} were administered 1o a vanety of cancer cell
lines i order o test thewr ability to inhibit cell growth as compared to doxorubicin
NUCL 3813 and NUCL 383-3 were found to reduce cell viabiity for a mumber of cell

lines and i some instances, they exhibited an activity similar to or betier than that of

doxorubiein.
{6876} Expertmentat
{6877} Cell lings. Tesied cell lines included, Lenkemiar CCORF-CEM, HL-

GO{TR), MOLT-4, RPMI-822¢ and SR; Non-Small Cell Lung: ASMO/ATCC, EKVX|
HOP-62, HOP-92, NCI-H226, NCEH23, NCE-H322M, NCEI-H460 and NCE-HS22; Colon
COLO 205, HOC-2998, HUT-116, HOT-15, HT29, KMI2 and SW-620; ONS; SF-268,
SF-295, SF-539, SNB-19, SNB-75 and U251; Melanoma: LOX IMVI, MALME-3M,
M4 MDA-MB-435 SK-MEL-2, SK-MEL-28, SK-MEL-3, UACC-257 and UACC-62:
Ovarian: IGR-OV1, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8, NCIVADR-RES and
SEAOV-3; Renal: 786-0, A498, ACHN, CAKI-1, RXF 393, SNiz2C, TK-10 and LI0O-
31; Prostater DU14S5 and PCA3; and Breast: MCOF7, MDAMB-23VATCC, MDA-MB-
468 HS STET, BT-549 and T-47D.

10678} Media. The cells were cultured in RPMII640 media supplemented with
10%% Fetal Bovine Serumt (FBS), 2mM ghtanmune and with 3% (C0O; and 37YC. For
experiment, 3% of FBS and 50 ug/ml of gentarnyein were used. Test articles were 10uM

of NUCL 381-3 or 10uM NUCL 383-3. The positive control was 10uM of doxorubicin.

{8679} Study.  Cells were plated 96 well plates. The cells were plated n

triplicate, Cells were plated at the densiiies based on NCI recommendation. Time zero
cells {T) were fined the following day with 3% or 80%% e cold Trichloracetic acid
(TCA) and washed Sx with water. At 48 hours post addition of treatments, all remaining

plates were fixed i 8309 ice cold Trichloracetic acid {TCAY and washed 5x with water.

a2
A
3
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After drving, ong hundred microliters of 0.4% Sulphorhodanung B (SRBY in %% avetic
acid was added to each plate mchudhing the Trero plate and wcubaied for 10 minutes af
room temperature, After 5 additional washes with 1% acetic acid, plates were allowed w0
dry. One hundred microliters of Trizmua base was added to each well and plates were read

at 315 mm.

0080} Calculations. Percent of growth was calculated by the following formulas:
{Ti/C] x 100, where: T#= absorbance readings for wells at time zevo without treatment; Cs=
absorbance readings ol untreated cells {withowt restment}; and Ti= absorbance reading of

wells with treatment. Results are presented in Table 14 and m FIGS. 2-14

Table 14,

Percend viability

el Line Name Tyvpe of cell NUCL 381-3 | NUCYE 383-3 Doxorubicin
CORF-CEM Lenkemida S27 54,00 43,56
HIL-60¢TEH) Lewkemia 2574 2246 2497
B-362 Leukemia %38 1013 17,18
MQLT-4 Feukena T334 17.91 30.3%
RIPMI-R226 Leubomia 10430} {0000 34,22
SR fLeskemia 16,70 36,98 1113
AS49 Mop-Small Cell Long R3S 1300 RS
EKVX Non-Small Cell Lung 3745 84,58 33.55
HOP-62 Non-Spall Cell Lung 15.67 RE48 1966
HOP-92 Nop-Small Cell Ling 36,76 97,87 98,52
NC-H226 Non-Siwdl Cell Lung 5488 29 53 3424
NCE-H23 Non-Smmal Cell Lung 4234 46,1 27.56
NOLHAZ2M Non-Small Cell Laung REEEY 3375 42,58
NCT-HA60 Nom-Simall Cell Lung 26.36 6210 35010
NCI-HS22 Non-Soall Cell Lung 3873 18,13

COHLO 208 Colon 7953
HHOC200% Colon 23 49
HET-1E6 Cudan 24312
HCT-18 Colon 40.3%
HT2e
EME2 Colon 3H3L9T 99,47
SW.624 Colow LA 2566 {8.98
SF-268 NS 3437 137 6,01
SE-295 CNS 4441 36,17 1116
SH-539 NS 740 4,93 6.8

g
2z
i
[
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3734

NS

8326

RIiEe:]

1231

1506

2280

LOX IMVE Melanone 2602 N 2439
MALME-3M Melanomu 13,69 4269 1375
M4 Mulaginmy 9617 T8.5% A5.47

MDA-MB-433

Melancag

48,39

Melanoma

14.66

SK-MEL-28

Melanoma

4.54

SK-MEL-S

Melanoma

7

VIAQC287 Melagomm RFNT 7452 100.23
LIACC62 Melanoana 46 28 826 4 85
IGR-OV Ovarian 36.94 T153 863

OVCARSS

Orvarian

48 69

1681

OVCAR-4

Orvvarian

RERESS

102 ET

OVCAR-S

Oenrian

6.43

3704

OVCAR-S

{wartan

31.66

WNOFADR-BES

Owarian

U328

98,93

SK-OV-3 Ovatian 36 48 74,32 17 .81
TRG Renal G421 6437 1742

AGUR

Hennl

{069

ACHN

Renal

CAKI-1

Fenal

RXT 303

Renal

Ronal

TK-10 Reant RE53 T304 ENR
13031 Renad P 6H 337 IR.18
PC-3 Prostate 843 .55 {04}

DU-145

Prostate

2078

7247

MOvT

Breast

6214

MIDA-MB-231

Hreasi

4851

41.84

MDA-MI-6R

Breonst

1873

4381

S ST8T

Breast

F3m

51.47

BT-5449

Breast

103.01

79.20

62 .51

T-470

Breast

G6i.76

6334

3746

MMIS

Multiple Myeloma

23 17
3232

3817

2641

39452



WO 2014/145576 PCT/US2014/030368

{6681} Example 4 - Inhibigon of Viabiluv of Acute Leukenua Cell Lines by

Substituted Pyvirolol 2 3-dlpynimidine Compounds

{6082} Compounds 381, 383, 409 (as test compounds) and Compound 501 (as a
negaive control} were administered to a variety of acute leukemia cell lines (THP-1.
K562, Kasumi-1, and U937} in order to test their ability to inlubit cell growth as compared
to S-ammo adevosine (ANH2-Ado) and S-chloro adenosme (8Cl-Ado} {as positive
comtrolsy as in the previous Examples.  The resalts are presented in Figures 11-14. All
test compounds were found to reduce cell vigbility significantly, and Compound 381 and

Compound 383 had imhabitory activities approaching those of 8NH2-Ado and 8C-Ado.

{6083} Compounds 381, 383, 409 {as test compounds) and Conpound 301 {as a
negative control) were administered to U937 cells n order to test their abihity to inhibu
DNA synthesis and RNA synthesis as compared to 8-aniino adenosine (8NH2~Ado} and
B-chlore adenosine (8CI-Ado) (as positive controlsy. In the test, the incorporated amount
of tritiated labeled thymudine (for DNA synthesis) or fritiated labeled unidine (for RNA
synthesis} by the U937 cells was measured over ume. As illustrated 1o Figure 15 and
Figure 16, the amount of incorporated label decreases over time indicating mlubttion of
botl DNA and RNA synthesis.

{0084} The impact of the compounds on proteins associated with cell death was
assessed via perfornung an wwonunoblot.  (See Figure 17). PARP cleavage indicated
activation of the caspase cascade and cell death by induction of apoptosis. Stmilarly
detection of cleaved caspase 3 indicated activation of caspase activity and cell death by
apoptosis, GAPDH was included as a loading control 10 indicate approximately equal
loading of protein.  Induction of apoptosis was observed for 8-Cl-Ado and 8-NH2-Ado
{positive controls) and well as for Conpounds 381 and 383,

0085} in the foregomp description, it will be readiy apparent (o one skilled i the
art that varying substitutions and modifications may be made to the invention disclosed
herein without deparung from the scope and spirit of the invention. The nvention
iltlustratively described hevein suttably may be practiced n the absence of any element or
clements, lnnitation or Hmitations which is not specifically disclosed hersin. The tenms

and expressions which bhave been emploved are used as terms of description and not of

152
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limitation, and therg is po intention that in the use of such termis and sxpressions of
excluding any equivalents of the features shown and described or portions thereof, but it 1s
recognized that vartous modifications are possible within the scope of the invention. Thus,
it should be understood that although the present mvention has been illusirated by specific
embodiments and optional features, modification andfor variation of the concepts heren
disclosed may be resonted 1o by those skilled in the art, and that such modifications and

variations are considered to be within the scope of this invention,

{0086} Citgtions 1o g number of patent and non-patent references are made herein.
The cited references are incorporaied by refevence hevemn m their entireties.  In the event
that there 15 an tonsistency between a definitton of a term in the specification as
compared 1o a delintion of the term n a cued reference, the termt should be interpreted

based on the definition in the specification.

4152

¢
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CLAIMS
We claim;
i A compound having a Formuda I

wherein:

R; is hydrogen, halogen, or aming,;

Ry 1s hvdrogen, C-Cs alkyl, halogen, or -NH;:

Rs and Ry are each independently hydrogen, (-Cy allyl optionally substituied at one or

motre posiions with halogen, or Rs and R are linked together to form a 6é-membered ring;

and
- % \*”’x“\\gl |
R is hydrogen, T~—"""% or & wherein Ry is methoxy or a § or 6~

membered carbocvelic or heterocychic ring that i1s saturated or unsaturated, the ning
optionally substitited at one or nwwe carbon atoms with halogen or methoxy, and the ting

optionally substituted at a mrogen heteroatom with a substituent selected from

G o. O
H3C\8;ﬁ HSC% HsC O H,N_ O
i H,C | | |
O , 3 CH?} and
2. The compound of elaim 1, wherein R 15 -CFy.
3 The compound of claim 1, wherein Ry is halogen.
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4, The compound of clatm 3, wherein Ry is clidorine,
5. The compound of claim | having a Formula TA:

R4 CF,
N™ ST\
RIONZN i
2

“R

6

8 1a

wherein: Ry Is hydrogen, halogen, or methyl, and R;, Rg, and Ry are as

defined for Fornmla £

6. The compound of claim 5, wherein Ry 8 a ring selected from
pipertdine, benrene, pyridine, and oxane, which may be sabstituted at one or more carbon
atoms with halogen or methoxy, and which may be sabstitoted at a nitrogen heteroatom

with a substituent selected fom

HsC 2@ . O/ H,c O HN_ O

. o |

S 7( ‘ 30 9
Q H3C CHg

and

FsC._ O

3

The compound of claim 3, having a formula selected from:
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NH CH3 CH3 CH3
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G cry Ct cF,
NN N
&JI\% ¢ oen LY

N~ N HNT N TN

NH, | NH | CH,
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¢ cr,
Al
Nf N N
L

. and
¢ cr
R
kN"” N

8. The compound of claim | having a Formmla IB:

R
4 Rg
NS\~
Py \ CFB
Ry N .
8 g
wherein: Ry 18 hydrogen, halogen, or methylh and Ry, Rs, and Ry are as

defined for Formala L

9, The compound of clum 8, wherein Ry 13 a ring selected from
piperidine, benzeng, pvriding, snd oxasme, which ny be substituted or unsubstituted,
which may be substituted at one or more carbon atoms with halogen or methoxy, and

which may be sobstituted at a witrogen hetevoatom with a substitaent selected from

4652
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1 \\ ‘

HQN\(O F3C\f0
. and

. The compound of claim 8, having a formula selected from:

HCo O e OO o
2 CCY

Cl
N7
Ci P! D—CF,
N N
Ry
T‘;\ N-CFy
NN
L
=§xq
NH. ad  CHa

P The compouwd of clam | having 2 Formuala IC;

Re  CH,
N
jll\ 1 >R
R; NN
Re 1

wherein: Ry 1s hydrogen, halogen, or methyl and Ry Ry and Ry are as

defined for Foroula L

t2. The compound of claim 11, wherein Ry 18 2 rmg selected from
piperidine, benzene, pvriding, and oxane, which may be substituted or unsubstiiuted,
which may be substituted at one or more carbon atoms with halogen or methoxy, and

which may be substituted at a mtrogen heteroatom with a substitoent selected from
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.0
\ 7<
A \f
Land
13, The compound of claim 11, having a formula selected from:
ol CH,
NT RN
/li\ TN

& , angd

4. The compound of elain 1 baving a Fornula ID:

Rs CHy
~s
;]f\ N—CH,
N7 TN
Ry i

wherein Ry is halogen or amine; and R+ s selected from

SIACHA WL SIS

-~
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5. The compound of clamm 14, wherein Ry 15 chlorine.

i, The compound of elaim 1 having a Fornuila FE:

1

wherein: Ry is halogen; and Ry is hvdrogen or halogen.

17, The compound of clatm 16, whereln Ry is chiorine,
18 The compound of claim 17, wherein Ry i3 halogen.
19, The compound of claim 18, wherein Ry i3 fluorine.

206, The compound of claim 1 having a Formuda 1IF:

R
NE
R, N
2\‘( A Pj}‘
N =
Ry IF
wherein:
Ry s hydrogen or halogen;
Ry s halogen; and
Ry is hydrogen, or is selected from
0 o 4°
HCio?” Ho O HC
S o |
I e |
O . cand 9 CHg .
21, The compound of claim 20, wherein Ry 1s chiorine.

49452
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22, The compound of claim 29, having a formula selectad fremy
OQEHE
NH O&’ 0
CITN\ N Ci\lfi\lN Nf
i |
N N~
Cl Gl
otgﬂ?’
NTY0
Cl . Cl ) and
X
1 )O<,CH3
Cl_ N N H4C CHs
No s
Cl

23, A pharmaceatical composition comyrising the compound of claim 1

together with a carrter, excipient. or diluent.

24, The composition of claim 23 comprising an effective amount of the

compound for inlubiting the growth of cancer cells.

25 A method of treating cancer compnsing admumsiering  the

composition of claim 24 1o a patient baving cancer.

26. The method of clatm 25, wherein the cancer is selected from a

group consisting of nudtiple myeloma, leukemia, non-small cell lang cancer, colon cancer,
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cancer of the central nervous svstem, melanoma, ovarian cancer, renal cancer, prostais

cancer, and breast cancer
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Non-small lung cancer
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Colon cell lines

FIG. 4
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Renal cell lines

FIG. 8
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Breast cancer celll lines
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