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SUBSTITUTED PYRROLODRZ I-DIPYRIMIDINES FOR SELECTIVELY TARGETING
TUMOR CELLES WITH FR-ALPHA AND FR-BETA TYPE RECEPTORS

CROSS-REFERENCE TO RELATED APPLICATIONS

This apphication clamms the benefit of priority to United States Patent Application No.
14/617.332 eptitled "SUBSTITUTED PYRROLO{2 3-DIPYRIMIDINES FOR SELECTIVELY
TARGETING TUMOR CELLS WITH FR-ALPHA AND FR-BETA TYPE RECEPTORS" filed

i the United States Patent and Trademark Office on February 9, 2015

GOVERNMENT CONTRACT

This invention was made with government support under Grant Nos. IR0 CA166711
and IROT CAI32316 awarded by the Nattonal Cancer Institute of the National Institaies of
Health of the U.S. Department of Health and Human Services. The government has certain

rights i the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

j0601] The present mvention relates to compounds that are selective chemuotherapeutic
agents which selectively target folate receptors (FR) of cancerous tumor cells and inhibit purine
synthesis and hence, DNA synthesis. Specifically, the present invention relates to fused cyclic
pyrimidines, having unique bridge region variations of pyrrole2 3-dipyrimicines that mclude
three and four atom amide and wrea and carbamate linkages, which selectively target folate
receptors ("FR™), particalarly, FR-alpha and FR-beta of cancerous tamor cells. Meathods of

preparing and using these compounds are also provided,

2. Description of the Prior Art

{00021 Cancer chemotherapy agents as taught, for example in U8 Pat. No. 3939420 1o
Gangjee, do not specifically selectively target cancer tumor cells. However, chemotherapy agents
have targeted both normal and tumor cells. This lack of selectivity for tumor cells results in
cvtotoxicity to the normal cells and 15 alse one of the major causes of chemotherapeutic fatlure in

the treatment of cancer, Further, advanced stage and platimum reststant tumors may be difficult to
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treat with traditional chemotherapeutic agents such as, but not himited to, carboplatin er
paclitasel {dociaxel). Other documents in this area include J. Med. Chem. 48 {16), $329-5336,
web release date Jul. 9, 2005 "Synthesis of Classical Four-Carbon Bridged 5-Substituted Furo-
[2-3-d}-Pyrinudine and 6-Substituted Pyrrolo-{2,3-d]-Pyrimidine Analogues as Antifolates” by
A. Gangjee et al.

{0003} As s known i the prior art, g type of folate receptors FR, particnlarly, FR-alpha
and FR-beta, is overexpressed on a substantial amount of certain surfaces of a number of
cancerous tumors including, but not limited to, ovarian, endometrial, kidoney, hing,
mesotheloma, breast, and bramm tumors,

{0004] Inmost normat tissues, the FR-alpha and FR-beta are not present. In most normal
tissues, folic acid 15 not taken up by nonmal cells by way of a reduced folate carvier system
prior art to selectively deliver toxing, liposomes, tmaging and ¢vtotoxic agents 1o FR-alpha
EXPTesSIng hrnors.

{0003] However, one of the major ltations of the foregoing, such as eytotoxse-folie
avcid conjugates, i3 that this requures cleavage from the folic acid motety to release the eytotoxie
drag. Even more importantly, premature release of the cvtotoxic agent during the transport
before reaching the humor destroys selectivity and thereby leads to undesired toxicsty m normal
cells. This i 8 very sertous detriment scientifically and commercially.

{8006] Further, if the folic acid motety of the cyiotoxie~folic acid conjugate is difficalt to
cleave, then the anti-ttanor activity is hindered as a result of the mability or reduced ability to
release the ovtotoxic agent. Accordmgly, treatment of the tumor cells with the cvioloxic agent s
either lundered or rendered il as a resuli of the difficulty W cleaving the cyviotoxic agent moiety
from the folic acid-based conjugate.

{8087] {u spite of the foregoing prior ant, however, there remains a very real need for
compositions that selectivity target the FR of tumor cells.

{0008] An object of thus mvention 1s to provide compositions for selectively targeting
FR, n particular, FR-alpha and FR-beta, of tumor cells with a cancer-treating agent that inhibits
purine syathesis and hence, IINA svathesis.

0089 In a related object, the compound does not contain conjupated compositions and

does not need cleavage o release a cvtotoxic drug.
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{0810] In yet ancther related object, the compound will allow peretration mto the
cancerous cells gxpressing FR, that 15, FR-alpha andéor FR-beta, but not tato a cell using the
reduced folate carnier system (RFCY

{0011} Another object of this mvention is 1o provide a non-toxic FR targeting compound

to the cancerous tumor i the process of {reating a patient,

{0012] Another object of this mvention 15 to effictently target a cancerous wimor,
jou13) Another object of this invantion is 0 wtilize an essentially noncompound useful in

treating a Cancercus funor.

SUMMARY OF THE INVENTION

{0014] The present invention has filled the above described need and satisfied the above
obigcts by providing a narrow range of compounds that selectively target the FR of tumor cells.
The term "FR" used heretn includes receptors selected from the group consisting of FR-alpha,
FR-beta and mixtures thereof, In g preferred embodiment, the compositions selectively tarper
FR-alpha and beta of cancerous tumor cells.

joais] Very significantly, the cancer-treating compouand is not sigmficantly taken up by a
cell or tissue using the RFC svstem,

{8016} The cancer-treating agent is a fased cvelie pyrmidine and is used to selectively
target FR of tumors, advanced stage cancerous tumors that express FR receptors and drug-
resistant tumors such as, bat not inited to, those resistant to carboplatin, paclitaxel, andfor
docitaxel. The receptors are preferably FR-alpha and -beta types.

[oei7] More specifically, the invention relates 1o 8 compound that is useful in inhibiting
purine synthesis and hence, DNA synthesis in a cancerous tiunor of 8 patient consisting
essentially of a fused ovelic pyrimiding, where there are unique bridge region variations between
the major ring groups; wherem the compound 15 effective to selectively target a FR cancerous
tumor, where the fused cvelic pyrinudine targets primarily cancerous tumors which contain FR
to inhibit purine synthesis and hence, DNA synthesis within the tumors,

{0018 An aspect of the present invention is to provide pyrrolof 2, 3-dpyrimidineg

compounds and pharmacautically acceptable salts thereof, having the formula 1
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{1)
wherein,

{6019] Ry 15 selected from the group consisting of hydrogen (H), hydroxy! (OH}), methyd
{CHs) and NHE wheretn R 18 selected from the groap consisting of H, lower atkyl, and a

tautomer of the hydroxyl or the NHR;

[0020] R2 18 selected from the group consistmg of hydrogen (H), hydroxylH {OH), methnvl
{CH3) and NHR wherein R is selected from the group consisting of H and lower alkyl:

U2 Y A1z selected from the group counsisting of sulfur {8), oxygen (O), CR'R" and NR',
wheretn R and R are the same or different and each is selected from the group consisting of H
and lower alkyl;

{00221 B is selected from the group conststing of sulfur {8), oxyeen (3}, CR'R" and NR',
whergin R’ and R” ave the same or ditferent and each 13 selected from the group consisiing of H

and fowar atkyl;

{0023] A and B are the same or different;
{00241 the chemical bond between positions § and 6 is selected from the group consisting

of a single bond and a double bond;

[0025] the position of the side chain on the five-membered ring 15 selected from the
group consisting of position 5, 6 and 7;

{0026} when the side chain is at position 7, A 1s selected from the proup consisting of
CR’ and N, and optionally, carbon atoms af positions 5 and 6, independently, have attached
thereto a substituent selected from the group consisting of two hydrogen atoms when the bond
between the carbon atoms S and 6 15 a single bond and a hydrogen atom when the bond between

the carbon atoms § and 6 is a double bond, and a lower alkyl group and a hvdrogen atom when
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the bond between the carbon atoms at positions 3 and 6 15 2 stnple bond o a Jower alkyl whan
the bond between the carbon atoms 5 and 6 is a double bond;

[0027] each of X, Y, Z and Q is selected from the group consisting of carbonyl, sulfonyl,
oxygen, (CR'R"), and NR, wherein n is 0 10 6, R’ and R" are the same or different, and each of R
and R" 1s selected from the group consisting of hydrogen, straight or branched lower alkyl,

partially to fully fluoro substituted alkyd, henzyl, formyl, methylketone, wiftuoromethyl ketone;

{0028 X, Y. 2 and Q ave different or two of X, Y, £ and O are the same;
{0029 Ar is selected from the group consisting of phenyl, thiophene, pyridine, naphthyl,

mdole, benzothiophene, substitted and unsubstituted aromatic, substituted and unsubstituted
heteroaromsatic and, parirally and completely reduced aromatic and heteroaromatie;

ja03a] when Ar s a six-membered ving and one of X, Y and Z 15 carbonyl, the (3 and
carbonyl substituents are meta or para; and

joa3 1] when Ar s a five-membered ring and one of X, Y and Z 15 carbonyl, the Q and
carbonyl substituents are in positions selected from the group consisting of 2,4 and 2.5 and 3,5

{0032] fu certain embodunents, the formula 1 provides pyrvolo]2 3-djpyrinudine

componnds and pharmaceotically acceptable salts thereof, having the forrsudas 1a, 1b, o and 1d:
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{80331 {n another aspect, the nvention provides methods of using the compounds and
pharmaceutically acceptabie salts thereof for therapentic purposes as antilumor agents of
otherwise destrov cancer cells in cancer patients, described herein.

{0034] It is an object of this nvention to provide pyrinidine derivaiive compounds, and
pharmaceutically acceptable salts thereof, for substantially mhibiting purine synthesis and hence,
DNA synthesis.

{0035} 1t 18 another object of this Invention to provide pyrimidine dertvative compounds,
and pharmaceutically acceptable salts thereof, having effective activity against tumors and other
cancerous cells, such as those caused by cancer including, but not hmited to, ovarian, lung and
breast cancers.

{(H135] It is a forther object of this wvention to provide methods of administering to a
patient a therapeutically effective amounnt of pyrinudine derivative compounds, or
pharmaceuntically acceptable salts thereof.

[0837] The mvention will be more fully voderstood by review of the drawings m view of
the following detailed description of the invention, and the clanns gppended thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

{0038] FIG. ta shows a reaction scheme for svathesis of the pyrrolo[2 3-djpyvrimidine
connpound of the chemical formula 1a, 1w accordance with certain enbodnments of the fnvention;

{0039 FIG. 1h shows a reaction scheme for synthesis of the pyrrolo{2 3-d]pyrimdine
compound of the chemical formala Th, in accordance with certam embodiments of the invention;
and

{0048 FIG. 1o shows a reaction scheme for synthesis of the pyrrolef2 3-dlpyrinudine

compeand of the chenmcal formuuda e, i accordance with certain embodiments of the invention.
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{8041 The present invention relates to sabstituted pyrrolo]2 3-dlpyrimidines for
targeting tumor calls with FR-alpha and —beta receptors, These compounds have wnique bridge
region variations that mchuds three and four atom anude and urea and carbamate linkages that
target folate receptor alpha and beta of tumors selectively over the reduced folate carmer (RFC)
used by normal cells. Thus, these compounds are FR-alpha and PCFT transport agents without
RFEC transport activity., The selectivity provides for antitumor activity without toxicity {0 normal
cells and hence, without dose-himiting toxicity {which is associated with other known antitumor
agenis). These compounds are potent mhibitors of purine synthesis and hence, 0T DNA
synthesis. It has been found that these compounds have antitumor activity against FR-alpha
expressing KB tumor cells at ICse 0.29 nM and the pteroic acid precursor has ICso equal to 22.22
pM against KB tumors. These are unexpected findings for these compounds. Without being
hound by any particular theory, 1t is believed that the nnexpected results relate to the unique
bridge region variations and use of pteroic acid. The pteroic acid analog has excellent antitumor
Activity.

[0042] As used herein, "tumor” refers to an abnormal growth of cells or tissues of the
malignant type, unless otherwise specifically mdicated and does not melede a benign type tissue.
The "twmor” may comprise of at least one cell and/or tissue. The term "inhibits or inhibiting” as
used herein means reducing growth/replication. As used herein, the term "cancer™ refers to any
tvpe of cancer, mclading ovaran cancer, leukerma, lung cancer, colon cancer, ONS cancer,
melanoma, renal cancer, prostate cancer, breast cancer, and the hke. As ased herein, the term
"patient” refers to members of the antmal kingdom meluding but not hmited to human beings.

{00431 As used herein, the term “pharmaceutically acceptable salts™ meludes, but is not
Hmited to, acetate, formate, glucuronate, ethanate, sulfonate, or other salts known to those skalled
m the art. As used herein, the term “C-Cy alkyl” refers to an alkyl group having between | and
& carbons,

{0044 The fused cychic pyrimidine compounds and pharmaceutically acceptable salts
thereof, and method of preparing and using the compounds of this invention, provide {or the
therapeutic treatment of tumors or other cancer cells in cancer patients.

[8045] The compounds disclosed m the present mvention all can be generally described

as antifolstes,

4
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{80486] The fused cvchic pyrinudine of the mvention has six unique properties: 1}
mhibition of FR-alpha and beta cancerous tumors, 2} a lack of appreciable uptake by the RFC; 3)
ability to act itself as a cancer treating ageni; 4) ability to penetrate cancerous tumors having
folate receptors; 5} ability to function as a substrate of folylpolvglutamate synthetase (FPGS)
thereby being trapped 1in tumor cells; and 6) mhibition of purine synthesis and hence, DNA
synthesis. The fused cyehic pyrumidine of this mvention targets cancers with certam receptors,
and is practically non-toxic. These fused ovelic pyrimidinegs are taken into the tumor cells,

[0047] Selectivity of the fused cvelic pyrimidine is made possible since most normal
cells do not have FRs. FR-alpha 1s the most widely expressed receptor isoform i adult tissue,
FR-alpha occurs at the apical {Le., lominal) surface of epithelial cells where i 1s not supphed by
folate in the arculation and does not take it up woto the cell.

{0048] The pyrrolo]2 3-dlpyrimidine compounds, and pharmaceutically acceptable salts

thercot, of the present mvention have the general formuda I

(h

wherein,

[0049] Ry 1s selected from the group consisting of hydrogen {(H), hydroxyl (OH}, methyl
{CHs) and NHR wheremn R 13 selected from the group consisting of H, lower alkyl, and a
tautorner of the hydroxyl or the NHR;

j8050] Rz 1s selected from the group consisting of hydrogen (H), hydroxyl {OH), methyl

{{H: ) and NHR wherein R is selected from the group consisting of H and lower alkyl;
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{8051} A s selected fron the group consisting of sulfur {8), oxygen (O}, CR'R" and NR',
wherein R' and R" are the same or different and each is selected from the proup consisting of H
and lower atkyl;

{0052} B 1s selected from the group consisting of sulfur (8), oxygen (O), CR'R" and NR',
wherein R’ and R” are the same or different and gach is selected from the group consisting of H

and fower alkyl

{O0S3) Acand B are the same or different;
{0054] the chemical bond between positions 5 and 6 is selected from the group consisting

of a single bond and a double bond;

{B085] the position of the side chain on the Hve-membered ring s selected from the
group consisting of position §, dand 7;

{0056] when the side chain is at position 7, A is selected from the group consisting of
CR'and N, and optionally, carbon atoms at positions 3 and 6, independently, have attached
thereto a substituent selected from the group consisting of two hydrogen atoms when the bond
between the carbon atoms § and 6 15 a single bond and a hydrogen atom when the bond between
the carbon atoms § and 6 15 a double bone, and a lower alkyl group and a hydrogen atom when
the hond between the carbon atoms at positions 3 and 6 1s a single bond or a lower alkyl when
the bond between the carbon atoms 5 and 6 is a double bond;

[00s7] each of X, Y, Z and Q is selected from the group consisting of carbonyd, sulfonyl,
oxygen, (CR'R" ) and NRY, wherein nis 0 to 6, R and R” are the same or different, and each or R
and R” 1 selected from the group couststing of hydrogen, stratght or branched lower atkyl,

partially to fully fluoro substituted alkyl, benayt, formyl, methylketone, triflacromethvl ketone;

{0038 X, Y. Z and Q are different or two of X, Y, Z and O are the same;
HUUSH Ar is selected from the group consisting of phenyl, thiophene, pyriding, naphthyl,

mdole, benzothiophene, substitnted and ansubstitaied aromatic, substitated and unsubstituted
heteroaromatic and, partially and completely reduced aromatic and hetercaromatic;

{0060] when Ar s a stx-membered ring and one of X, Y and Z 1s carbonyl, the (3 and
carbonyl substituents are meta or para; and

{0061] when Ar i 8 five-membered ring and one o X, Y and Z is carbonyl, the Q and

carbonyl substituents are in a position selected from the group consisting of 2.4 and 2,5 and 3.5
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{8862] In certain embodiments, the fornwada | provides pyrrede2 3-djpyrinudine

compounds and pharmaceutically acceptable salts thereof, having the formulas 1a, 1b, 1o and 1d;

Q
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{0063 As used heretn, the term “lower alkyvl” group refers to those fower atkyl groaps

having one to abowt six carbon atoms, such as for example methyl, ethyl, propyl, butyl, peniyd,
hexyl, cyclopropyl, eyclobutyl, cyvclohexyl, cvclopropylmethyl, or cyclobutylmethyl groups.
Alkyl groups sharing one to about six carbon atoms are preferred. These lower alkyl groaps may
be straight chain, branched chain, or cyelic (alicyelic hydrocarbon) arrangements, The carhon
atoms of these straight cham, branched chain, or cyclic arvanged alkyl groups may have one or
more substityents for the hydrogens attached to the carbon atoms.

{00064} FIGS. 1a, 1b and ¢ show reaction schemes for synthesis of the pyrrolof2,3-
djpyrinudine compounds of the chemcal fornmda la, 1 and e, in accordance with certain
embodiments of the invention,

[O063] The present invention further relates 1o methods of using the above-described
compounds, and pharmaceutically acceptable salts thereof, in treating patients with cancer. A
method of therapeutically treating a patient for cancer includes the steps of!

a) employmg a compound, or pharmaceuntically acceptable salts theveof, having the

above general formula 1]
b} incorporating said compound 1o a suitable pharmacesticsl carmer; and

10
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¢} administenng a therapeutically effective amount of said compeund incorporated

saxd CATHISE f0 A patient.

{0066] As used herein, the term “therapeutically effective carrier” refers to anv
pharmacentical carner known m the art to solubilize the present compounds and will not give
rise to compatibility problems with the compounds of formuda 1, and includes any and all
solvents, dispersion media and the like. Preferred carriers include physiologic saline and 5%
dextrose.

{00671 As will be understood by one skilled in the art, a therapeutivally gffective amount
of said compound can be administered to a patient by any means known m the art, inclading but
not Timited to, injection, parenterally and orally.

j0068] 1t 1s well within the skall of one practicing in the art to determing what dosage,
and the frequency of this dosage, which will constitute a thevapeotically effective amount Ror
each mdividus! patient, depending on the severity or progression of cancer or cancer vells andfor
the type of cancer. 1t is especially advantageous to formulate compositions in dosage unit form
for ease of adnumistration and untfornuty of dosage. Dosage wnit form as used herewn refers to
physically discrete units suited as unitary dosages for the patients being treated, each unit
containing 8 predetermined quantity o effective amount of pyrrolof2,3-dlpyrindine compound
to produce the desired effect in association with the therapeotically effective carrier, The
specification for the dosage wnit forms of the mvention are dictated by and directly dependent on
the particular compouond and the particular effect to be achieved. It 18 also within the slall of one
practicing i the ant o select the most appropriate method of admumistering the compounds based
upon the needs of each pattent.

{60691 The fused cyche pyrinudine has 8 particular affimity for the receptors such as FR
or FR-alpha or FR-beta which are mamnly present on the surface of cancerouns tumor cells and are
not present on other types of folate transport systems that are more predominant on the sarface of
normal cells. In other words, the fused cvelic pyrinudine of thay invention, preferably s not taken
up to an appreciable degree by the reduce folate carrier (RFCY system. FR-alpha and beta
receptors arve generally not expressed in normal cells. The fused cyclic pyrumidine stays mside of
the cancerous tumeor cell for an adeqguate amount of time to kil the tumor cell. This ocours by

way of polyglutarmylation and the multt-tonic form of the fused cyclic pyrimidine itself inside of

il
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the tumor cell. The tused cyche pyrmmidine also disrupts the replication procgss of the cancerous
tumor cell, thereby inhibiting the growth of FR-alpha expressing cancerous tumor cells.

joa76] The forepoing embodiments are enabled by way of purine synthesis inhubition,
which is essential to DNA synthesis of normal and cancerous tumor cells,

j8071] The fused cvehic pyninudine stself has a high affumty for the FR-alpha and FR-
beta receptors which are overexpressed on the surface of cancerous tumor cells. The fused cychie
pyrimiding passing into the cancerous tumor cells inhibits puring synthesis and hence, nhibits
DNA synthesis, Accordingly, the targeted tumor cells which overexpress FR-alpha and FR-beta
are prevented from replicating and are killed.

10072] In a preferred embodiment, the fused cyclic pyrimidine has a significantly greater

described in more detaif above) compared with cells that do not express FR-alpha or FR-beta.

joa73 At present, there appears 1o be no other agents known with the above-described
six attribotes in a single chemotherapy agent and therefore the presently mvented compostions
are pnigque with regard to other purine whibiting or FR-alpha and FR-beta targeting agents,
wehudmg any known agent i chical or investigational use.

[8074] Compounds that are covered under formula 1 may also be admunistered with one
or more additional treatment agents, e.g., a chemotherapestic agent, Sovitable candidates for the
additional chemotherapestic agent inchide but are not Hranted 1o paclitaxel, docetaxel, vinca
atkaloids, colchicme, coloemid, cisplatin, and nocadazol. The present of the pyrrolof2.3~
dlpyrimdine compounds will enhance the effectiveness of the chemotherapeatic agent. In
certain embodiments, compounds having formula {1} may be combmed with the addnional
chemotherapeutic agents and admnmistered iogether, esther 1 the same pharmaceutical carvier, of
in different carmiers but at generally the same time. In another embodiment, compounds having
formula (1} may be admanistered prior to and separately from the additional chemotherapentic
agents, wiving the pyrrolo] 2, 3-dlpyrimdine compound. The adomunistration of a compound
having formula (1) along with an additional chemotherapeutic agent may result 1 a synergistic
gffect. Svnergism ocours when two compounds used together have a great effect than when the
two compounds are used separately. When syngrgism ocours, 1t is possible to use less of sach

cornpound.
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{0875] Muorgover, other embodiments of the invention will be apparent to those skilled m
the ant from consideration of the specification and practice of the invention disclosed herem, His
intended that the specification be considered as exemplary only. Furthermore, the following
examples are meant to be illustrative of certain embodiments of the invention and are not
mtended to be limating as to the scope of the wmvention,

EXAMPLES

Scheme 1 Sviathesis of Compound lafas shown in FIG, 1)

2-Pivaloylamino-4-hydroxy-pyrrole]2,3-dipyrimidine {compound 3}

{0076} 2-Amino-4-hydroxy-pyreolol2 3-dlpyrimidine {compound 2} (15g, 100 mmol)
and pivalic anhydride 50 mL were combined and stirred at 120°C for 4 howrs. The solvent in the
reaction mixture was removed under lugh vacuum to give a dark solid. The resultant resudus was
washed with 300 mL drv acetone and filtered to give a pale power 42, 1g {(90% vield), R/0.60
(CHCI/CHOH, 10/1); H NMR (DMSO-ds) 8 1.25(s. 9H} 6.02(d, 1H). 5.98(d, 1H), 8.93(br.
TH-ex), 10.60 (br, TH), 11.22 (be, 1H).

&-Methvlaminomethyl Pyrrolo{2.3-d|pyrimidine (compound 4)

{0077} Methel amine (034, Hmmol) and parsformaldehede (0.33¢, Flmmol) in SmL
AcOH were combied and stirred at 30°C for 3 howrs. After all the paraformaldebyde was
completely dissolved, compound 3 {2.34g, 10mmol) was added 1o the above solution and stirred
at room temperature for another 12 hours. The solvent was removed, and silica gel plaque was
nade, Column separation offered a purified hight yellow solid 2.16g compound 4 in 78% vields.
R;0.10 (CHCW/CHOH, 1071} "H NMR (DMSO-ds) § 1.24(s, 9H) 2.62(s, 3H), 3.90(d, 2H),
£.04(d, TH), 8.82(br, 1H}, 10.63 (br, 1H), 11.21 {(br, 1H).

Moethyl ${4-(2-Amino-4d-oxo-§, T-dihydro-3JH-pyrrole]2 3-d]-prrimidin-6-y)-N-methyl-
methyvlaminosulfonyliphenyl-d-carboxyiate (compound 5}

{0078 Compound 4 {2.77¢, 10nunol} and methyl-4-chlorosutfonvlbenzenecarboxylate
{2.46¢, 10.5mmaol) were dissolved in 30ml DMF. TEA (3.03g, 3eq) was added and the solution

was stirred for 12 hours at room temperature, The solvent was removed and silica gel plaque
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was miade. Ceolumn separation offered a purified white powder compounsd 5 11 80% vields,
R0.28 (CHO/CHOH, 10/1); THNMR (DMSO-ds) 8 1.26(s, 9H), 2.60(2, 3H), 4215, 2H,
6.25(s, 1H). 7.94 (d, 2H), 8.06{d.2H), 10.91 (br, 1H}, 11.63 {br, 1H), 11.91 (br, 1TH).

4-{4-{2-Amino-4-oxo-4,7dihydro-3H-pyrrole|2,.3-d}-pyrimidin-6-7yl}-N-methyl-

methylaminosulfonyljphenyi-d-carobxylate (compound 6}

{00791 Compound § {0.475g, 1nunol} was dissolved mif mi MeOH and 10ml 3N
sodium carbonate, and stirred for 12 hours at room temperature. The selvent was removed |
10ml water was added and the pH was peatvalized to 3~4 by IN HCL The solution was filtered
and dried to give a white powder. 33 m 93% vields, R;0.10 {CHCLH/CHXOH/ AcOH, 10/1/0.5);
TH NMR (DMSO-ds) 8 2.55(s, 3H) 4.02 (s, 2H), 6.02(s, 1H), 6.05(s, 2H), 7.75 {d, 2H). 8.12(d,
ZH), 1040 (br, TH), 11,03 by, 1H), 12.30 (br, 1H).

2-({4-{4-{2-Amino-d-oxo-4,7-dihydre-3H-pyrorole {2 3-d}-pyrimidin-6-v) }-N-methyl-

methylaminosulfonyliphenyl-d-carbonyliaminolpentanedioic dimethyl ester {compound 7)

{0080] To a 250 mL round-bottomed flask was added a muxture of compound 6 (0301 g,
0. Snamel), N-methylmorpholing (0.163g, 1.6 mumol}, 2-chioro-4 6-dimethoxy-1,3 S-tnazine
{0.175g, 1mmol), and anhydrous DMF {6 mL}. The mixture was stirred for 1.5 hours at room
temperature. N-methyhnorpholine {0,165, 1 .6mmol) and L-glutamic acid dimethvi ester
hydrochlonide {0.211g, Immol) were added to the flask, and the reaction nuxture was then stirred
at room temperature for 12 hours. Afier evaporation of solvent under reduced pressure, MeOH
{20mL) was added followed by sihica gel {2.5¢). The resulting plug was loaded onto a sihica pel
column (2.5 om x 12 omy) and ehuted with 10% MeOH m CHCH:. Fractions with the desived Ry
0.41 {CHCI/CH3O0H, 10/1); TH NMR {DMSO-ds) 81 90(m, 2H), 2.32(m, 2H), 2.64(s, 3H), 3.78
{d, 6H}, 4.24 {5, 2H), 4.61 (m, 1H), 5.89 (s 2H}, 6.14(s, 1H), 7.89 (d, 2H), 8.03 {br, 1H}, 822 (d,
2H}, 9.90~10.50 {br, 2H).

2-({4-}4-{2- Aminod-oxo-4,7-dihvdro-3H-pyrrole{2 . 3-d|pyrimidin-t-vi}-N-methyl-

methvlaminoesulfonyl]phenyl-d-carbonyl} amino)pentanedioic acid (compound 1a)

i4
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{8081} Compound 7 {2.68g, 0.5nmmel} was dissolved 1w 10 mL MeOH and 10mL 3N
sodium carbonate, and stirred for 12 hours at room temperature. The solvent was ramoved and
10mb water was added, pH was neutrahized 1o 3-4 by IN HCL The solution was filtered and
dried to give a white powder 0.18¢ in 75% vields. Ry(0.10 (CHCI/CH:OH/ACOH, 10/1/0.5), 'H
NMR (DMSO-ds} & 1.92 (m, 1H), 2.08 {m, 1H), 2.40 (m, 2H), 2.535 {5, 3H), 409 (5, 2H), 4.44 {m,
TH), 6.11 (m, 3H), 7.90 {d, 2H), 8.12(d, 2H), 8.90 {d, 1H), 10.30 (br, 1H). 11.12 (br, 1H),
12.35¢be, 1H), 12.67(by, 1H). anal (CooHnNeQ:S. 0.29H0.0.63Ac0H) C HNS.

Scheme 2 Svothesis of Compound 1 (as shown m FIG. 1)

Methyl 4-{4-(2-Amino-4-oxo-4,7-dihydro-3H-pyrrole]2 3-d}-pyrimidin-6-yl}-N-methyl-
methylaminecarbonyliphenyi-4-carboxylate (compound 8)

{60821 Compound 4 {0.277g, Tmmol) and methyl 4-chlorocarbonvibenzencarboxvlate
{0.208g, 1. 05mmol) were dissolved in 3mL DMF. TEA {0.303g, 3eq.) was added and stirred for
12 hours at room temperature. All the solvent was removed and directly made silica gel plague.
Colammn separation offered puntfied whse powder (.350g compoand 8 n 80% vields. Ry0.13
(CHCI/CHOH, 40/1): 1H NMR {(DMSO-ds) 81.26 (s, 9H), 2.95 (d, 2H), 3.95(s, 3H), 4.42-4.70
{d, ZH), 6.05~0.09(d, 1H}, 7.60 {d, 2H}, 8.03 {d, 2H}, 10.60 {br, 1H.}, 11.63¢(br, 1H), 11.95 {bx,
TH).

4-{4-(2-Amino-d-oxo-4,7-dihydro-3H-pyrrolof2, 3-d-pyrimidin-t-vl}-N-methyl-
methylaminecarbenyliphenyl-4-carboxylate (compound 9)

0083 Compound 8 {0.219, 0. 5nunol) was dissolved in 10mL MeOH and 10ml 3N
sodium carbonate, and stirred for 12hours at room temperature, All the solvent was removed,
10ml of water was added, the pH was neutralized to 3-4 by IN HCL Filtered and dned to give
white powder 0,162z in 95% vield. R/0.53 (CHCI/CH:OH/ACOH, 1/1/0.5); TH NMR {DMSO-
ey O 2.80~3.00(d, 3H), 4.29-4.58 (d, 2H}, 6.00(m, 3H), 7.57 (d, 2H), 798 (4, 2H}, 10.24 {br,
TH), 11.03(br, 1H), 1314 (br, 1H). anal. {CiaHisNsQq 14H0) CHN,

2-{{4-J4-(Z-Amino-4-oxo-4,7-dihydro-3H-pyrreln|2,3-d}-pyrimidin-6-y1) }N-methyh

methylaminocarbonyliphenybd--carbonyt}amino)pentanedioic dimethy! ester (vompound 10}

15
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{0884] Toa 2530 mL round-bottomed flask was added a muxture of comnpound 8 {0.102g,
0. 3mmol), N-methylmorphohng {0.061 g, 0.6mmol), Z-chloro-4 6-dimethoxy-1,3,3-triazine
{0.07¢, 0. 4mmuotl}, and anhvdrous DMF (2mL). The mixture was stirred for 1.5 hours at room
temperature. N-methylmorpholine (0.06g, 0.6mmol) and L-glutamic acid dimethyl ester
hydrochloride {0.084g, 0.4nunol} were added to the flask, and the reaction mixture was then
stirved at roomn temperature for 12 hours, After evaporation of solvent under reduced pressurg,
MeOH (20mL.) was added followed bv silica gel {1 g). The resulting plug was lbaded onto a
silica gel column (2. 3em>12em) and eluted with 10% MeQOH tn CHClL. Fractions with the
destred RE{TLC) were pooled and evaporated to give white powder 0.135g 1 78% vield. Rr0.23
(CHCL/CHOH, 1071 'H NMR (DMSO-d35) 82.02 (my, 1H), 2.14 (m, 1TH), 2.86{d, 3H), 3.61{d,
6H)YA30 (4, 2H), 458 (m, 1H), 6.02 (m, 3H), 7.55 (d, 2H), 7.94 (d, 2H), 887 {d, TH), 10.25 (br,
TH), 11.02 (br, 1H).

2-({4-[4-(2-Amino-4-0x0-4,7-dihydro-3H-pyrrolo] 2, 3-dl-pyrimidin-6-y1) }-N-methyl-
methylaminocarbonyliphenyid--carbonyllamino)pentanedioic acid (compound 1b)

{8085] Compound 10 {0.099g, 0. 2mmol) was dissolved i 10mi MeOH and 10mb 3N
sodium carbonate, and stirved for 12 hours at room temperature. All the solvent was removed,
oml. or water was added, and the pH was neutralized to 3-4 by IN HCL Filtered and dried to
give white powder 0.076g in 8196 vield. RA0.08 (CHCLYCH:OMH/ACOH, 10/1/0.5), 'H NMR
{DMSO-da) 61.94 (. 1H), 2.09 {m, 1FD), 235 (m, 1H), 2.80(d, 3H), 431 (d, 2H), 4.57 (m, 1H),
6.02 (s, IH), 6.03 (&, T, 755 {4, 2H), 798 (d, 2H), 870 {d, 1H), 1023 (br, 1H), 11.01 {by,
1H), 12,35 (br, 2H). anal, (CaiHnNaOr. 0.838H:03 CHN,

Scheme 3. Svatbesis.of Compound Lo {as shownm FIG. o)

2-Amino-4-exo-4,7-dihydro-3H-pyrrelo|2,3-d|-pyrimidin-6-carboxylic acid {compound 12}

[0086] 2, 6-diamino-4-hydroxy pyrimudine (12.6g, 100 mmol), ethyl bromopyrvate
{20.4g, 105mmol), 100mL DMF, stirred at room temperature for 3 hours, Filtered. The filtered
cake was washed with 1000mbL water and dried for 24 hows to give pale powder. The resultant
solid was hydrolvzed with 6N NaOH at 60°C for 3 hours. The reaction mixture was neutralized
to pH 1 with 1IN HCL Filiered and dried to afford white powder 17.232 1 89% vield. Ry

is
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OOSCHCHCHOH, /1), 'H NMR (DMSO-ds3 8 6.03(br, 2H-gx), 8.0 ¢s, 1H), 10.6 (br, 1H,
exchange), 1 1.2(br, 1H}.

Methyl 4-}4-(2-Amino-d-oxo-4,T-dibiydre-IH-pyrrole{l 3-d]-pyrimidin-6-yi)-
eavbonylaminomethvijphenyi-$-carboxylate {tompound 13)

{00871 Compound 12 {Immol), 4-aninemethy] phenyicarboxylate methyl ester
{0.173g,1.05nunol} were dissolved in JmL DMF. (D (0,486, 3mmol) was added and stirred
for 12 hours at room temperature. All the solvent was removed and directly made silica gel
plague. Column separation offered purified white powder 0.263g compounnd 13 1n 78% yield, Ry
.45 (CHOL/CHOH, 10/1 ) 'H NMR (DMSO-¢s) 8 3.84(d, 3H), 4.54 {d, 2H}, 6.20(s, 2H), 745
{m, 2H}, 7.96 {m, 2H), 8.12 (s, 2H), 9.17(x, TH), 1101 (br, 1H), 12.16(br, 1H). anal.
{C1aHhaNsO0 3.46H,0) CHNL

£-{4-(2~-Amino-4-oxo-4, T-dihydro-3H-pyrrolo{2,3-d}-pyrimidin-6-31)-
carbonylaminomethyljphenyl-d-carboxylate {compound 14)

{0088E] Compound 13 (0.171g, 0. 3mmolhwas dissolved i1 10mE MeOH and 10mb 3N
sodium carbonate, and stirred for 12 hours at room temperature. All the solvent was removed,
10mL of water was added and neutralized to a pH of 3<4 by IN HCL Filtered and dried to give
white powder (.157g in 96% vield. Rp0.40 {CHCH/CHROM/ ACOH, 10/1/1), 1 NMR {DMSO-
dey & 4.50 (d, 2H), 6.02(s, 2H}, 748 {m, 2H), 7.95 (m, 2H), 8.06 (s, 1H), 9.16¢bs, 1H), 12.4{br,
3H). anal. (CisHuaNsQy 0.75H0) CHN.

2-{}{4-14-(2-Amino-4-ox0-4,7-dilivdre-IH-pyrrolo[2,3-d]-pyrimidin-6-yh) }-
carbonylaminemethyliphenyl-d-carbonyl}amino)pentanedioic dimethyl ester { compound 15)
{0089] To a 250 mL round-bottomed flask was added a mixture of compound 14 {0.131g,
Q.dvmol}, Nomethylmorpholne (0.081 g, 8. 8mmol), 2-chloro-4 6-dimethoxy-1 3, 3<nmane
{0.0875g, (. Smumol), and anhydrous DME (3 ml). The muxture was stirred for 1.5 houwrs st room
temperature. Nemethyimorpholine (0.081g, §.8numol) and L-glutame acid dimethyd ester
hydrochlonde {0.105g, 0.Smmol) were added to the flask, and the reaction mixture was then
stirved at room temperature for 12 hours. Afier evaporation of solvent under reduced pressure,

MeOH (20ml) was added followed by sihiea gel {1 ). The resulting plug was loaded onto a

17



WO 2016/130271 PCT/US2016/013514

sidica gel column (2. 5cmx 1 2om) and eluted with 10% MeOH w CHCL. Fractions with the
desired R (TLO) were pooled and gvaporated to give white powder 0.134g in 6% vigld, R;0.45
(CHOR/CHOH, 10/1); TH NMR (DMSO-~ds) 31.96(m, 1H), 2.03(m, 1H), 2.45 (n, 2H), 3.58 (d,
OH), 4.54 {(m, 1H), 4.53 (d, 2H), 6.20(s, 2H), 7.38 (d, 2H), 7.86(d, 2H).8.12 {5, I1H ), §.72(d,
iH), 9.16 {m, 1H), 11.18{by, ZH).

2-{{4-}4-(2~ A mino-4-0x0-4, T-dihydro-3H-pyrrelo|2,3-di-pyrimidin-6-y}) }-
carbonylaminomethyliphenyl-4--carbonyl} amino)pentanedioic acid (compound 1¢)

[o00H] Compound 13 {0.097g. . 2Znunol} was dissolved in 10ml MeOH and 10mL 3N
sodium carbonate, and stivred for 12 hours at room tepperature. All the solvent was removed,
10mL of water was added and neutralized the pH to 3-4 by 1IN HCL Filtered and dried to give
white powder 8.072g in 79% vield. Ry0.10 (CHCL/CH:OH/ACOH, 10/171 ) TH NMR (DMSO-
de) 6 1.920m, 1H}, 2.07 {m, TH), 2.36{m, 2H), 4.37 {m, 1H), 4.53(d, ZH), 6.24{s, ZH}, 741 {d,

2H), 7.85(d, 2H), B.12(s, TH), B39 (d, 1H), .18 {m, 1H), 12 5{br, 2H). anal. {CaHaNO:.
0.955H0) CHNL

is8
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We clain:

i, A compound, and pharmaceutically acceptable salt thereof, having a general

formala 1:

wheren,

Ry 18 selected from the group consisting of hydrogen, hydroxyl, methyl and NHR
wheremn R s selected from the group consisting of hydrogen, Tower alkyl, and a tautomer
of the hvdroxyl or the NHR;

R s selected from the group consisting of hydrogen, hydroxyl, methy! and NHR
wherein R is selected from the group consisting of H and lower alkyl;

A 1s selected from the group consisting of sulfur, oxygen, CR'R" and NR,
wherein R and R" are the same or different and each is selected from the group
consisting of H and lower alkyvl;

B is selected from the group consisting of sulfur, oxygen, CR'R" and NR’, wherein
R'and R" are the same or different and each 15 selected from the group consisting of H
and lower alkyl;

A and B ave the same or different;

the chemical bond between positions § and 6 is selected from the group consisting
of a single bond and a double hond;

the position of the side cham on the five-membered ning 15 selected from the

group consisting of position 5, dand 7,

i9
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whan the side chain 1s af position 7, A 15 selected from the group consisting of
CR'and N, and optionally, carbon atoms at positions 5 and 6, independently, have
attached thereto a substituent selected from the group consisting of two hydrogen atoms
when the bond between the carbon atoms 5 and 6 15 & single bond and a hydrogen atom
when the bond between the carbon atoms 5 and 6 15 a double bone, and a lower alkyl
group and a hydrogen atom when the bond between the carbon atoms at positions 5 and 6
is a single bond or a lower alkyl when the bond between the carbon atoms Sand 615 2
doubie bond;

eachof X, Y, Z and Q 1s selected from the group consisting of carbonyl, sulfonyvl,
oxygen, {CRR"), and NR', wherein n1is 0 to 6, R and R" are the same or different, and

each of R and R" is selected from the group consisting of hydrogen, straight or
branched lower alkyl, partially 1o fully fuoro substituted alkyl, benzyl, formyl,
methylketone, trifluororaethy! ketone;

XY, Z and €Q are different or two of X, Y, Z and Q ave the same;

Aras selected From the group consisting of phenyl, thiophene, pyridine, naphthyl,
mdole, benzothiophene, substitited and unsubstituted aromatic, substituted and
unsubstituted hetercaromatic and, partially and completely reduced aromatic and
heteroaromatic;

when Ar is a six-membered ring and one of X, Y and Z 15 carbonyl, the (@ and
carbonyl substituents ave meta or para; and

when Ar i5 a five-mentbered ring and one of X, Y and Z s carbonyl, the Q and
carbonyl substituents are in positions selected from the group consisting of 2,4 and 2,3

and 3.5,

2. The compound of claim 1, and pharmaceutically acceptable salt thereof, selected

from a formula 1a, 1b, 1cand 1d:

20
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3 A method of therapeutically treating a patient for cancer, comprising the steps of:

a} emploving a8 compound, or pharmaceutically acceptable salt thereof, having a

formala 1:

wherem,

Ry is selected from the group consisting of hydrogen, hydroxyl, methyl and NHR
wherem R 1s selected from the group consisting of H, lower alkyl, and a tavtomer of the
hydroxyl or the NHR;

Rz 15 selected from the group consisting of hyvdrogen, hydroxyl, methy! and NHR
wherein R is selected from the group consisting of H and lower alkyl;
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A s selected from the group consisting of sulfur, oxygen, CRR" and NR',
wherain R’ and R” are the same or different and each ix selected from the group
consisting of H and lower alkyl;

B 15 selected from the group consisting of sulfur, oxygen, CR'R" and NR', wherein
R’ and R" are the same or different and gach is selected from the group consisting of H
and lower alkyl;

A and B are the same or different;

the chemical bond between positions 5 and 6 is selected from the group consisting
of a single bond and a double bond;

the posttion of the side chain on the Ave-rsembered ring is selected from the
group consisting of position 5, 6 and 7;

when the side chain is at position 7, A is selected from the proup consisting of
CR'and N, and optionally, carbon atoms at positions § and ¢, mdependently, bave
attached thereto a substituent selected from the group consisting of two hydrogen atoms
when the bond between the carbon atoms 5 and 6 1s a single bond and a hydrogen atom
when the boud between the carbon atoms 5 and 615 & double bone, and a lower alkyl
group and a hvdrogen atom when the bond between the carbon atoms at positions 5 and 6
18 a single bond or a lower alkyl when the bond between the carbonatoms Sand 6152
double bond;

each of X, Y, Z and Q is selected from the group consisting of carbonyl, sulfony,
oxvgen, {CRR"), and NR', wherein n s 0 1o 6, R' and R" are the same or different, and

each of R' and R" 13 selected from the groap consisting of hvdrogen, straight ot
branched C3-Us alkyl, parmally 1o fully fluoro subsittuted alkyl, benzyl, formyl,
methyvlketone, ifluorcmethyvl ketone;

X Y, Z and @ are different or two of X, Y, Z and () are the same;

Ar 15 selected from the group consisting of phenyl, thiophene, pyridine, naphthyl,
mdole, benzothiophene, substituted and unsubstituted aromatic, substituted and
unsubstituted heteroaromatic and, partially and completely reduced aromatic and
hetercaromatic;

when Ar s a six-membered ting and ong of X, Y and Z 18 carbonyl, the Q and

carbonyl substituents are meta or para; and

22
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whas Aris a five-membered ting and ong of X, Y and Z 15 carbonyl, the (Fand
carbonyl substituents are in positions selected fom the group consisting of 24 and 2.5
and 3,%;

b} incorporating said compound in a suitable pharmaceutical carrier; and

¢} adnunistering a therapeutically effective amount of said compound

micorporated in said carrier 1o g patient,
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