a9y United States

US 20230091810A1

a2 Patent Application Publication o) Pub. No.: US 2023/0091810 A1

Gangjee et al.

(43) Pub. Date: Mar. 23, 2023

(54) FIRST-IN-CLASS OF SHMT2 AND MTHFD?2
INHIBITORS AS ANTITUMOR AGENTS

Applicants:Duquesne University of the Holy Spirit,
Pittsburgh, PA (US), Wayne State

University, Detroit, MI (US)

(71)

(72) Inventors: Aleem Gangjee, Allison Park, PA (US);

Larry H. Matherly, Novi, MI (US)

(21) Appl. No.: 17/809,181

(22) Filed:  Jun. 27, 2022

Related U.S. Application Data

(62) Daivision of application No. 17/002,912, filed on Aug.
26, 2020, now Pat. No. 11,384,084, which 1s a

division of application No. 16/118,007, filed on

|
N

Aug. 30, 2018, now Pat. No. 10,793,573.

(60) Provisional application No. 62/552,432, filed on Aug.
31, 2017.

Publication Classification

(51) Int. CL

CO7D 487/04 (2006.01)

AGIP 35/00 (2006.01)

AGIK 31/519 (2006.01)
(52) U.S.CL

CPC ........... CO7D 487/04 (2013.01); A61K 31/519

(2013.01); AGIP 35/00 (2018.01)

(57) ABSTRACT

A compound of the Formula I and optionally a pharmaceu-
tically acceptable salt thereof 1s provided:

Formula I, wherein, R 1s one selected from the group con-
sisting of H and CHj;; n 1s an integer 4 when X 1s -CH,- and
Ar1s 1,4-phenyl, or n 1s an integer ranging from 1 to 4 when
X 18 -CH,-and Ar 1s either 2'-fluoro-1,4-phenyl or 2,5-thie-

nyl, or n 1s an mteger ranging from 1 to 4 when X 1s one
selected from the group consisting of O, S, -NH-, -NHCHO-
. -NHCOCH;-, and -NHCOCF;5- and Ar 1s one selected from
the group consisting of (a) 1,4-phenyl, (b) 2'-fluoro-1.4-phe-
nyl, and (¢) 2,5-thienyl, or n 1s an integer 3 when X 1s -CHo-,
R 1s CH; and Ar 1s 1,4-phenyl.
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FIRST-IN-CLASS OF SHMT2 AND MTHFD?2
INHIBITORS AS ANTITUMOR AGENTS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This non-provisional patent application claims the
benefit of co-pending U.S. Pat. Application Serial No. 17/
002,912, filed on Aug. 26, 2020, which claims the benefit of
U.S. Pat. Application Senial No. 16/118,007, filed Aug. 30,
2018, now U.S. Pat. No. 10,793,573, granted Oct. 6, 2020,
which claims the benefit of U.S. Provisional Pat. Applica-
tion Serial No. 62/552.432, filed Aug. 31, 2017 (expired).
The entire contents of U.S. Pat. Application Serial No. 17/
002,912, U.S. Pat. Application Serial No 16/118,007, and
U.S. Provisional Pat. Application Serial No. 62/552.432,
are 1ncorporated by reference imto this non-provisional
patent application as 1f fully written herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support

under Grant Nos. ROl CA166711, RO1 CA152316, and RO1
CAS53535, and T32 CA009531 and F30 CA228221 and P30
CAQ022453, awarded by the National Institutes of Health.
The government has certain rights in the mvention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] The present mvention relates to novel compounds
of Formulae I, II, and III, as described herein, and pharma-
ceutically acceptable salts thereof, that are effective to mha-
bit human tumor cells, including lung cancer and pancreatic
cancer cells. This mvention also relates to compositions,
which mclude these novel compounds, for use 1n treating a
patient with cancer including providing to the patient a ther-
apeutically effective dose of one or more of the compounds
and /or compositions as described herein to a patient.

2. Description of the Background Art

[0004] Serme hydroxymethyltransterase 2 (SHMT2) and
5, 10-methylene tetrahydrofolate dehydrogenase 2
(MTHFD?2) are critical enzymes i mitochondrial one-car-
bon metabolism. SHMT?2 has recently been 1dentified as an
oncodriver and 1ts inhibation, as determined by SHMT2 and
knockouts MTHFD?2, generates glycine auxotrophs. There
are no known imhibitors of SHMT2 or MTHFD?2. Thus,
there 18 a need 1n the art to develop compounds that are
inhibitors of SHMT2 or MTHFD?2, as well as anticancer
agents against cancers, such as, but not limited to, lung can-
cer and pancreatic cancer.

[0005] Metabolic reprogramming to support tumor pro-
oression has emerged as a hallmark of cancer (1). Of the
many altered metabolic pathways associated with the malig-
nant phenotype, one-carbon (C1) metabolism 1s particularly
notable (2-4). C1 metabolism depends on an adequate sup-
ply of tetrahydrofolate (THF) metabolites and generates cri-
tical purme, thymidylate, and glycine metabolites essential
for cell proliferation and tumor progression (3-5). Thymidy-
late and purine nucleotides are synthesized de novo 1n the
cytosol (3-3), and C1 enzymes such as thymidylate synthase

Mar. 23, 2023

(TS) and the purine biosynthetic enzymes glycmamide ribo-
nucleotide (GAR) formyltransferase (GARFTase) and 5-
aminoimidazole-4-carboxamide (AICA) ribonucleotide
(AICAR) formyltransierase (AICARFTase) (respectively,
the third and minth steps 1n de novo purine biosynthesis)
are 1mportant therapeutic targets for cancer (6-8). Serine
biosynthesis from glycine 1 the cytosol involves serine
hydroxymethyltransferase (SHMT) 1 and uses Cl units
from 5,10-methylene-THEF (2-4).

[0006] Cytosolic and mitochondrial C1 metabolic path-
ways are interconnected by an exchange of serine, glycine
and formate, see FIG. 1. Extracellular folates are transported
into cells by the reduced {folate carrier (RFC), proton-
coupled folate transporter (PCEFT) and folate receptors
(FRs) (9, 10). Whereas cytosolic folates are transported
into mitochondria via the mitochondrial folate transporter
(MFT) (SLC25A32) (11, 12), mitochondrial folates do not
exchange with those m the cytosol (13). In cancer cells, the
3-carbon of serine 1s the major source of Cl umts, and 1n

mitochondnia, serine catabolic enzymes including SHMT?2,
5,10-methylene-THF dehydrogenase 2 (MTHED?2) and 10-

formyl-THF synthetase (reverse) (MTHFDIL) generate
glycine and C1 units (1.e., formate) to sustain Cl-dependent
nucleotide and amino acid biosynthesis 1n the cytosol, see
FIG. 1. 10-Formyl-THF 1s resynthesized from formate 1 the
cytosol by the trifunctional enzyme MTHFDI. 10-Formyl-
THF 1s utilized for purine nucleotide biosynthesis and can
be converted to 5,10-methylene-THF for TS and SHMT].
[0007] Several studies have implicated mitochondrnal Cl
metabolism as critical to the malignant phenotype (14-17).
A study (16) of messenger RNA profiles for over one thou-
sand enzymes spanning nearly two thousand tumors across
mneteen different cancer types identified SHMT2 and
MTHEFD?2 among the top five most upregulated genes, high-
lighting the key role of mitochondrial C1 metabolism across
a wide spectrum of cancers. Metabolomics analyses of 219
extracellular metabolites from the NCI-60 cancer cell lines
showed that glycine consumption and the glycime biosyn-
thetic pathway strongly correlated with cancer cell prolifera-
tion (14). These findings, combined with evidence of func-
tional shortages of amino acids (e.g., glycine) i tumors
(18), suggested a therapeutic opportunity for SHMT?2 target-
Ing 11 cancer.

[0008] SHMT?2 1s mnduced by hypoxic stress in Myc-trans-
formed cells (19) and 1s critical to tumor cell survival 1n the
hypoxic, nutrient-poor tumor microenvironment (15, 19).
SHMT?2 (or MTHFD?2) knockout (KO) cells are viable and
tumornigenic (albeit with decreased growth rates) m nutrient-
rich conditions, as reversal of cytosolic SHMT1 (seri-
ne—glycine) provides sufficient C1 units to sustamn some
level of de novo nucleotide biosynthesis (20). However,
SHMT1 only restores a small fraction of the Cl pools m
wild-type (WT) cells (20). Further, SHMT1 does not gener-
ate sutficient glycine for protein, nucleotide and glutathione
biosynthesis, rendering both SHMT2 and MTHFD2 KO
cells as glycine auxotrophs (4). This, i part, was the
impetus for studies of a series of pyranopyrazole com-
pounds (e.g., SHIN 1) with dual SHMT1/SHMT2 inhibition
(21). While structurally unrelated to folates, these com-
pounds bound to the folate binding site in SHMT2 and
showed m vitro anti-tumor efficacy (particularly with B-
cell cancers). However, they were mactive 1 vivo, likely
reflecting their poor metabolic stabilities (21).
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SUMMARY OF THE INVENTION

[0009] The present mvention satisiies the above described
needs by providing novel compounds to potently mhibat
human tumor cells including lung cancer and pancreatic
cancer cells. In addition, the novel analogs according to
the mvention target a novel oncodriver, serine hydroxy-
methyltransterase from the mitochondna (SHMT2) and
methylene tetrahydrofolate dehydrogenase (MTHED?2).
Simnce there are no known inhibitors of SHMT2 or
MTHFD?2, these novel compounds of this invention are
first-in-class SHMT2 and/or MTHFD2 mhibitors useful i
cancer treatment.

[0010] One embodiment of this nvention provides a com-
pound of Formula I, and optionally a pharmaceutically
acceptable salt thereot:

5 O
OH
Ar
AT
e ( X H
1
N
HN O
| )—=
N

H,N N

wherein, R 1s selected trom the group consisting of H and
CHs;; n 1s an mteger ranging from 1 to 4; X 1s selected from
the group of -CH,- , O, S, -NH-, -NHCHO-, -NHCOCH;-,
and -NHCOCF5-; and Ar 1s selected from the group of (a)
1, 4-phenyl, (b) 2'-fluoro-1,4-phenyl, and (¢) 2,5-thienyl.
[0011] In apreferred embodiment of this mnvention, a com-
pound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wheremn n=2, Ar 1s 1,4-
phenyl, R 1s H, and X 1s CH,. This compound 1s further
identified herem as AGF291.

[0012] In a preferred embodiment of this nvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wherem n=3, Ar 1s 1,4-
phenyl, R 1s H, and X 1s CH,. This compound 1s further
identified herem as AGF300.

[0013] In a preferred embodiment of this mvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherem n=4, Ar 1s 1,4-
phenyl, R 1s CHj3, and X 1s CH,. This compound 1s further
identified herem as AGF307.

[0014] In a preferred embodiment of this mvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherem n=3, Ar 1s 1,4-
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phenyl, R 1s CHj, and X 1s CH,. This compound 1s further
1dentified herein as AGF312.

[0015] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n=3, Ar 1s 2,5-
thienyl, R 1s H, and X 1s CH,. This compound 1s further
1dentified herein as AGF318.

[0016] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wherein n=4, Ar 1s 2,5-
thienyl, R 1s H, and X 1s CH,. This compound 1s further
1dentified herein as AGF320.

[0017] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wherein n=2, Ar 1s 2,5-

Formula L.

OH

thienyl, R 1s H, and X 1s CH,. This compound 1s further
identified herein as AGF331.

[0018] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 1s selected
from the group of integers of 1,3, and 4, R 1s H, X 1s CH,,
Ar 1s selected from the group of 1,4-phenyl and 2,5-thienyl.
[0019] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 1s selected
from the group of integers of 1, 2, 3, and 4, R 1s CH;3, X 18
CH,, Ar 1s selected trom the group of 1,4-phenyl and 2,5-
thienyl.

[0020] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 1s selected
from the group of mtegers of 2, 3, and 4, R 1s H, X 1s
selected from the group of O, S, NH, NHCHO, NHCOCHs;,
and NHCOCKF; , and Ar 1s selected from the group of (a)
1,4-phenyl, (b) 2'-tluoro-1.4-phenyl, and (¢) 2,5-thienyl.
[0021] Another embodiment of this mnvention provides a
pharmaceutical composition comprising a therapeutically
eftective amount of a compound of Formula I, and option-
ally a pharmaceutically acceptable salt thereof:
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OH
Ar

O (ﬂ; X H
A
I |

H,N

wherein, R 1s selected from the group consisting of H and
CHs;; n 1s an mteger ranging from 1 to 4; X 1s selected from
the group of -CH,-, O, S, -NH-, -NHCHO-, -NHCOCH3-,
and -NHCOCF;-; and Ar 1s selected from the group of (a)
1, 4-phenyl, (b) 2'-fluoro-1.,4-phenyl, and (¢) 2,5-thienyl.
Another embodiment of this invention provides the pharma-
ceutical composition having the compound of Formula I, as
described herein, including a pharmaceutically acceptable
carrier.

[0022] In another embodiment of this invention, a com-
pound 1s provided of Formula II, and optionally a pharma-
ceutically acceptable salt thereof:

OH
OH
O O
O
NH
E

H,N

Formula II, wherein, R 1s selected from the group consisting
of H and CHj3; n 1s an mteger ranging from 1 to 4; X 1s
selected tfrom the group of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF5-.

[0023] In a preferred embodiment of this mvention, a
compound of Formula II, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wheremnis 3, R 1s H, X
1s CH,. This compound 1s 1dentified heremn as AGEF287.
[0024] In a preferred embodiment of this mvention, a
compound of Formula II, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 1s selected
from the group of mtegers of 1, 2, and 4, R 1s H, and X 1s
CH2.

[0025] In a preferred embodiment of this mvention, a
compound of Formula II, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 15 selected
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Formula I,

OH

from the group of mtegers of 1, 2, 3, and 4, R 1s CHjs, and
X 15 CHo.

[0026] In a preferred embodiment of this invention, a
compound of Formula II, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherem n 1s selected

from the group of mtegers of 1, 2, 3, and 4, R 1s H, and X
1s selected from the group of O, S, NH, NHCHO,

NHCOCHj3;, and NHCOCF;.
[0027] Another embodiment of this mnvention provides a

pharmaceutical composition comprising a therapeutically
effective amount of a compound of Formula II, and option-
ally a pharmaceutically acceptable salt thereof:

OH
OH
O O
O
NH
E

H,N N

Formula II, wherein, R 1s selected from the group consisting
of H and CHj;; n 1s an integer ranging from 1 to 4; X 1s
selected from the group of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;-. A further embodiment of
this mvention provides a pharmaceutical composition hav-
ing a compound of Formula II, as described heremn, and
including a pharmaceutically acceptable carrier.

[0028] Another embodiment of this mnvention provides a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof:
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Formula III, wherein, R 1s selected from the group consist-
ing of H and CHs; n 1s an mteger ranging from 1 to 4; X 18
selected from the group of CH and N; Y 1s selected from the
oroup of CH and N; and Z 1s selected from the group of
-CH,- , O, S, -NH-, -NHCHO-, -NHCOCH;-, and
-NHCOCF;- .

[0029] In a preferred embodiment of this mvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wheremn n 1s 2,
and R 1s H, and X 1s N, Y 18 etther CH or N, and Z 1s selected
from the group of CH,, O, S, NH, NHCHO, NHCOCH;,
and NHCOCEF;.

[0030] In a preterred embodiment of this nvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n=2, R 1s
H, Z 1s CH,, X 1s N and Y 1s CH. An example of this com-
pound 1s 1identified herein as AGF315.

[0031] In a preferred embodiment of this mvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 1s 3,
and R 1s H, and X 18 either CH or N, Y 1s either CH or N,
and 7 1s selected from the group of CH,, O, S, NH,

NHCHO, NHCOCHj;, and NHCOCE5.
[0032] In a preferred embodiment of this nvention, a

compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 18 3, R
1s H, Z 1s CH,, X 1s N and Y 1s CH. An example of this
compound 1s 1dentified herein as AGF317.

[0033] In a preferred embodiment of this mvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 1s an
integer selected from the group of 1, 2, 3, and 4, and R 1s
H, and X 1s N, Y 1s CH, and Z 1s selected from the group of

CH,, O, S, NH, NHCHO, NHCOCH3;, and NHCOCEF;.
[0034] In a preferred embodiment of this mvention, a

compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wheremn n 1s an

H,N
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integer selected from the group of 1, 2, 3, and 4, and R 1s
H, and X 1s CH, Y 1s N, and Z 1s selected trom the group of
CH,, O, S, NH, NHCHO, NHCOCH;, and NHCOCF;.

[0035] In a preferred embodiment of this invention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 1s an

integer selected from the group of 1, 2, 3, and 4, and R 1s
CH;, and X 1s N, Y 1s CH, and Z 1s selected from the group

of CH,, O, S, NH, NHCHO, NHCOCH3;, and NHCOCEFs.
[0036] In a preferred embodiment of this invention, a

compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherem n 1s an
integer selected from the group of 1, 2, 3, and 4, and R 1s
CH;, and X 1s N, Y 15 CH, and Z 1s selected trom the group
of CH,, O, S, NH, NHCHO, NHCOCH;, and NHCOCFs;.
[0037] Another embodiment of this mnvention provides a
pharmaceutical composition comprising a therapeutically
effective amount of a compound of Formula III, and option-
ally a pharmaceutically acceptable salt thereot:

OH
OH

NH

Formula III, wherein, R 1s selected from the group consist-
ing of H and CHj;; n 1s an integer ranging from 1 to 4; X 1s
selected from the group of CH and N; Y 1s selected from the
oroup of CH and N; and Z 1s selected trom the group of
-CH,- , O, S, -NH-, -NHCHO-, -NHCOCH;-, and
-NHCOCF;3-. A further embodiment of this invention pro-
vides the pharmaceutical composition having the compound
of Formula III, as described herein, and a pharmaceutically
acceptable carrier.

[0038] Another embodiment of this mvention provides a
method of treating a patient having cancer comprising
administering to said patient a therapeutically effective
amount of a compound of Formula I, and optionally a phar-
maceutically acceptable salt thereof:
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Formula I, wherein, R 1s selected from the group consisting
of H and CHj;; n 1s an mteger ranging from 1 to 4; X 1s
selected from the group of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;-; and Ar 1s selected {from the
group of (a) 1.4-phenyl, (b) 2'-fluoro-1,4-phenyl, and (¢)
2,5-thienyl. A preferred embodiment of this mvention pro-
vides a method of treating a patient having cancer compris-
ing administering a therapeutically etfective amount of at
least one compound of Formula I selected from the group
of AGF 291, AGF 299, AGF300, AGF307, AGF312,
AGF318, AGF320, AGF323, AGF331, AGF 347, AGF

355, and AGF 3359, and optionally a pharmaceutically
acceptable salt thereof, to said patient.

[0039] Another embodiment of this invention provides a
method of treating a patient having cancer comprising
administering a therapeutically etfective amount of a com-
pound of Formula II, and optionally a pharmaceutically
acceptable salt thereof:

H,N

OH
OH

NH

Formula II, wherein, R 1s selected from the group consisting
of H and CHj; n 15 an iteger ranging from 1 to 4; and X 1s
selected from the group of -CH»- , O, S, -NH-, -NHCHO-,
-NHCOCHj3-, and -NHCOCF;-. A preferred embodiment of
this mvention provides a method of treating a patient having
cancer comprising administering a therapeutically effective
amount of a compound of Formula II that 1s AGF287, and
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OH

optionally a pharmaceutically acceptable salt thereot, to said
patient.

[0040] Another embodiment of this mvention provides a
method of treating a patient having cancer comprising
administering a therapeutically effective amount of a com-
pound of Formula III, and optionally a pharmacecutically
acceptable salt thereof:

OH

OH
O O

O
NH
-____,...--"""'
X
\ //
!
O /

Formula III, wherein, R 1s selected from the group consist-
ing of H and CHj;; n 1s an integer ranging from 1 to 4; X 1s
selected from the group of CH and N; Y 1s selected from the
group of CH and N; and Z 1s selected tfrom the group of
-CH,- , O, S, -NH-, -NHCHO-, -NHCOCH;-, and
-NHCOCF3-. A preferred embodiment of this invention pro-
vides a method of treating a patient having cancer compris-
ing administering a therapeutically etfective amount of at
least one compound of Formula III selected from the
oroup of AGF 315 and AGF 317, and optionally a pharma-
ceutically acceptable salt thereot, to said patient.

[0041] Another embodiment of this mnvention provides a
method of targeting mitochondrial metabolism comprising
administering to a cancer patient an effective amount of at
least one compound selected from the group of Formula I,
and optionally a pharmaceutically acceptable salt thereof, of
Formula II, and optionally a pharmaceutically acceptable
salt thereof, and of Formula III, and optionally a pharmaceu-
tically acceptable salt thereof:
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H,N N

Formula I, wherein, R 1s selected from the group consisting

of H and CHj; n 1s an imteger ranging from 1 to 4; X 1s
selected from the group of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;-; and Ar 1s selected from the
group of (a) 1.4-phenyl, (b) 2'-fluoro-1,4-phenyl, and (¢)
2,5-thienyl; and

OH
OH
O O
O
NH
F

H,N

Formula II, wherein, R 1s selected from the group consisting
of H and CHj; n 18 an mteger ranging from 1 to 4; and X 1s
selected from the group of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;-; and
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OH

Formula III, wheremn R 1s selected from the group consist-
ing of H and CHj; n 1s an integer ranging from 1 to 4; X 1s
selected from the group of CH and N; Y 1s selected from the
oroup of CH and N; and Z 1s selected from the group of
-CH,- , O, S, -NH-, -NHCHO-, -NHCOCH;-, and
-NHCOCF3- .

[0042] Another embodiment of this mvention provides a
method of targeting SHMT2 and MTHFD2 comprising
administering to a cancer patient an effective amount of at
least one compound selected from the group of Formula I,
and optionally a pharmaceutically acceptable salt thereof, of
Formula II, and optionally a pharmaceutically acceptable
salt thereof, and of Formula III, and optionally a pharmaceu-
tically acceptable salt thereof:
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Formula I, wherein, R 1s selected from the group consisting

of H and CHj;; n 18 an imteger ranging from 1 to 4; X 18
selected tfrom the group of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;- ; and Ar 1s selected from
one¢ of the group of (a) 1,4-phenyl, (b) 2'-fluoro-1.4-phenyl,
and (¢) 2,5-thienyl; and

H,N

Formula II, wherein, R 1s selected from the group consisting

of H and CH;; n 18 an integer ranging from 1 to 4; and X 1s
selected from the group of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;-; and
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OH

Formula III, wheremn R 1s selected from the group consist-
ing of H and CHjs; n 1s an integer ranging from 1 to 4; X 1s
selected from the group of CH and N; Y 1s selected from the
oroup of CH and N; and Z 1s selected from the group of
-CH,- , O, S, -NH-, -NHCHO-, -NHCOCH;-, and
-NHCOCF;- .

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] A tull description of the mvention may be gained
from the following description of the preferred embodi-
ments of the mvention when read mm conjunction with the
accompanying drawings:

[0044] FIG. 1 shows C1 metabolism 1s compartmentalized
1n the cytosol and the mitochondna. Folates (and folate ana-
logs) enter the cell through plasma membrane facilitated
folate transporters, PCFT and RFC. Serine catabolism 1n
the mitochondria begimning with SHMT2 generates glycine
and formate, the latter of which 1s required for downstream
cytosolic de novo purine nucleotide biosynthesis (by
GARFTase and AICARFTase) 1n its 10-formyl-THF form
and thymidylate biosynthesis following conversion to
5,10-methyene-THF  (5,10-CH,- THF) by MTHFDI.
SHMTI1 catalyzes the conversion of glycme to serine 1n
the cytosol. AICA 1s metabolized to AICAR (ZMP), the
AICARFTase substrate which circumvents GARFTase.
The arrows 1n FIG. 1 denote the net flux of Cl metabolism,
however, most reactions 1n the serine/glycine cycle are
reversible.

[0045] FIG. 2 shows the design of novel S-substituted pyr-
rolo[3,2-d]pyrimidine benzoyl and thienoyl compounds of
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this mvention, namely, identified as compounds AGF 291,
AGF 300, AGF 299, AGF347, AGF 355, AGF 331, AGF
318, and AGF 320. In the table are summarized key struc-
tural features for the various compounds of the present
invention, mcluding the bridge lengths identified by “n” n
FIG. 2 (3, 4, or 5 carbons), thienoyl or benzoyl side-chains,
and for the latter, the 2' ring substituent (F or H). N/A 1s an
abbreviation for and means not applicable.

[0046] FIG. 3 shows the 1n vitro antitumor efficacy and
1dentification of targeted pathways and enzymes by novel
pyrrolopyrimidine compounds m H460 tumor cells. Dose-
response curves are shown for AGF94, an established
GARFTase mhibitor (27) and the novel compounds
AGF291, AGF320, and AGF347 without additions, or mn
the presence of adenosine (60 uM), AICA (320 uM), thy-
midine (10 uM) and/or glycine (130 uM). The results are
mean values +/-standard deviations for 3 biological
replicates.

[0047] FIGS. 4A, 4B, 4C, 4D, 4E, 4F, and 4G show the
targeted metabolomics analysis to identify mtracellular
enzyme targets of AGF291, AGF320, and AGF347. FIG.
4A shows a schematic of serine 1sotope label scrambling
and dTTP isotope analysis. Heavy (2H) atoms are repre-
sented by filled 1 circles with lighter shading representing
the flux through the cytosol mcluding TS (forming M+2
dTMP and dTTP, as shown) and darker shading representing
the flux through the mitochondria beginning with SHMT?2
(formmmg M+1 dTTP). Most steps are reversible as indi-
cated. Adapted from (20). FIG. 4B and FIG. 4C show total
serine pools for HCT116 sublines including drug-treated
WT cells (FIG. 4B) and the corresponding serine 1sotope
distributions (FIG. 4C). FIG. 4D and FIG. 4E show total
GAR (FIG. 4D) and AICAR (FIG. 4E) pools in H460 sub-
lmmes mcluding drug-treated WT cells with and without treat-
ment with 1 mM formate. FIGS. 4F and 4G show relative
dTTP pools (FIG. 4F) and dTTP 1sotope distributions (FIG.
4G) 1n H460 sublines mcluding drug-treated W cells with
and without 1 mM formate. For FIG. 4D, FIG. 4E and FIG.
4F, results for drug-treated and SHMT2 KD cells were nor-
malized to vehicle-treated WT + formate or NTC + formate
samples, as appropriate. All data are mean values +/- stan-
dard deviations of three technical replicates. #, p <0.10; *, p
<0.05; ** p <0.0l; ***, p <0.001; » or v are used 1n place
of * to specily a significant increase or decrease, respec-
tively. Statistical comparisons were with vehicle-treated
WT =+ formate or NTC + formate samples, as appropnate.
“ns” means not significant.

[0048] FIG. 5 shows 1 vivo efficacies of compound of

this invention 1dentified as AGF291 and GEM toward the
MIA PaCa-2 PaC xenografts. Female ICR SCID mice
(10 weeks old; 19 g average body weight) were implanted
bilaterally with human MIA PaCa-2 PaC tumors. Beginning
on day 3 following subcutancous implantation, the mice
were dosed as follows: AGEF291, Q6dx3 at 7.75 mg/kg/in;y,
total dose 23.5 mg/kg; and GEM, Q4dx3 at 120 mg/kg/in;,
total dose 480 mg/kg). T/C values were 19% for AGF291

and 26% tor GEM.
[0049] FIG. 6 shows 1n vivo efficacies of the compound of

this mvention AGF347 and GEM (background art com-
pound) toward the MIA PaCa-2 PaC xenograits. Female
[CR SCID mice (10 weeks old; 19 g average body weight)
were 1mplanted bilaterally with human MIAPaCa-2 PaC
tumors. Beginning on day 3 followmg subcutancous
implantation, the mice were dosed as follows: AGF347,
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Q2dx8 at 15 mg/kg/iny, total dose 120 mg/kg; and GEM,
Q4dx4 at 120 mg/kg/iny, total dose 480 mg/kg). T/C values
were 19% for AGF291 and 26% for GEM. For AGF347, the

T-C (1000 mg) was 54 days and 1/5 mice was disease-1iree at

122 days.
[0050] FIG. 7 shows several of the chemical structures of

the compounds of this invention, namely, Formula I, For-
mula II, and Formula III.

[0051] FIG. 8 shows resulting data for SN-substituted pyr-
rolo[3,2-dJpyrimidine compounds, namely AGF291 and
AGF287, of the present mnvention.

[0052] FIG. 9 shows the structures of the compounds of
this nvention namely AGEF291 and AGF287, and reference

compound AGF94.
[0053] FIGS. 10A, 10B, 10C, 10D, and 10E show expres-

sion of PCFT m primary PaC specimens. FIG. 10A shows
transcript levels for human PCFEFT, FIG. 10B shows tran-
script levels for RFC, and FIG. 10C shows transcript levels
for FRo 1 4 normal pancreas. 19 PaCspecimens (OriGene)
and the TM00176 PaC PDX were measured by qPCR and
normalized [-actin transcripts, and m comparison to KB
tumor cells. FIGS. 10D and 10E show immunohistochemas-
try (IHC) staimming of PCFT that was performed with 99 pri-
mary PaC specimens and 4 normal pancreas tissues from a
commercial TMA (US Biomax, Inc.). The TMA was 1ncu-
bated with atfimty-purified PCFT-specific antibody or rabbat
IgG, the shides developed, counterstained and mounted. The
slides were scanned at 20X by an Aperio Image Scanner
(Aperio Technologies, Inc.) for microarray images. The
total mtensity of antibody positive staiming of each tissue
core was computed and plotted as relative values. Median

values are shown as cross bars. Representative 1mages are

shown 1n panel FIG. 10D.
[0054] FIG. 11 shows the results of growth inhibition of

KB human tumor cells by the compounds of the present
mvention and the results of protection expermments with
nucleosides, S-ammoimidazole-4-carboxamide and glycine.
Growth 1nhibition was measured by a fluorescence-based
assay (Cell TiterBlue™). Cells were cultured 1n folate-free
(FF) RPMI 1640/10% dialyzedietal bovine serum, and anti-
biotics, with 2 nM leucovorin. Results are expressed as nM
IC50s (n=3-10; mean + SEM 1 parenthesis) relative to
untreated control cells. For KB cells, results are summarized
for the protective effects of nucleoside additions including
adenosine (Ade) (60 uM) or thymidine (Thd) (10 uM), or 5-
aminoimidazole-4-carboxamide (AICA) (320 uM), or gly-
cine (Gly) (120 uM).

[0055] FIGS. 12A-12H show docked poses of 5-formyl-
THF (A), AGF291 (B), AGF320 (C), andAGF347 (D) 1n
the human dmmeric SHMT2 crystal structure (PDB: SV7I)
(42); crystal structure of 5-formyl THF triglutamate (E) 1n
rabbit SHMT1 (PDB: 1L53) (43) and docked poses of
AGF291 (F), AGF320 (G), and AGF347 (H) 1n the rabbat
SHMT1 structure. Molecular modeling was performed
using the induced fit docking protocol of Maestro (44, 45).
The docking scores for all the proposed analogs in SHMT2
and SHMT1 are in Table 1S. Panels A-D: For AGF347
(panel D; best SHMT2 docking score of the series (Table
1S), the pyrrolo|3,2-d]pyrimudine scaffold occupies the
pocket lined by Leul66, Asn4l10, Glyl70, and Arg425.
The 2-NH, group makes H-bond (faded plum color) with
the backbone CO of Prol67 and N1 makes H-bond with
Thr411 hydroxyl group and backbone NH. The four carbon
alkyl chain linker substitution orients 1n the similar way as
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the linker at C6 position of 5-tormylTHF in SHMT1 crystal
structure (E). The 2-fluorophenyl ring 1s sandwiched
between Tyrl76 and Tyrl05. The 2-fluro substitution
makes steric clash with the carbonyl oxygen of amde
oroup forcing the amide group perpendicular to the phenyl
rimg, which further forces the H-bond with the Tyrl76 and
Tyr105 hydroxyl groups. The a- and y-COOH groups of the
glutamyl side chain make salt bridge (blue color dotted line)
with Lys181 and Lys103. These 10nic interactions are main-
tained by AGF291 and AGF320, along with the aromatic
side chams phenyl and thienoyl, respectively, resulting n
p1-p1 interaction (dark color dotted line) with Tyrl 76. Panels
E-H. AGF320 shows the highest docking score among all
the proposed analogs for SHMTI1 (Table 1S). The pyrrolo
[3.2-d[pyrnimidine scaffold for AGF320 (panel G) sits 1n
the pocket occupied by Leul21, Leul27, Glyl25, His203,
Arg363, Lys346, and Asn347. The 2-NH, group makes H-
bonds (faded color line) with the backbone CO of Leul2l
and Gly125. The 4-oxo make water mediated H-bond with
Tyr65 and His203. The a-COOH makes H-bond with back-
bone of Leu357 and y-COOH makes salt-bridge (dark

dotted line) with Lys134B.
[0056] FIG. 13 shows folate transporter transcript expres-

sion of human tumor cell lines by RT-PCR. Transcript levels
tor reduced folate carrier (RFC), proton-coupled folate
transporter (PCFT) and folate receptor (FR) o m H460,
HCT116 and MIA PaCa-2, and IGROV1 cells were mea-
sured by real-time RI-PCR with results normalized to
those of P-actin and GAPDH. The results represent three
experimental replicates with individual transporter expres-
sion within each replicate normalized to the average of the
corresponding transporter expression across all IGROV-1
replicates. The results are presented as mean values +/- stan-
dard deviations. Although H460, HCT116 and MIA PaCa-2
cells all express abundant RFC and PCEFT, FRao. expression 18
negligible.

[0057] FIG. 14 shows 1n vitro antitumor efficacy and 1den-
tification of targeted pathways and enzymes by novel 5-sub-
stituted pyrrolo[3,2-d|pyrimidine benzoyl and thienoyl
compounds of this invention m HCTI116 and MIA PaCa-2
tumor cells. Dose-response curves are shown for AGF94, an
established glycmamide ribonucleotide formyltransferase
(GARFTase) mhibitor (46) and the 5-substituted pyrrolo
[3,2-d]pyrimidine compounds AGF291, AGF320, and
AGF347 of this mvention without additions, or m the pre-
sence of adenosine (60 uM), S-aminoimidazole-4-carboxa-
mide (AICA) (320 uM), thymidine (10 uM) and/or glycine
(120 uM). The expenments were performed m complete
folate-free RPMI1640, supplemented with 25 nM leucov-
orin without added glycine (see methods as described
herem). The results are presented as mean values + standard
deviations for at least three biological replicates, with
orowth of cells treated with drug £ metabolite normalized
to the growth of cells treated with vehicle (1.e., DMSO) +
metabolite.

[0058] FIGS. 15A-15L show targeted metabolomics ana-
lysis to 1dentify intracellular enzyme targets of compounds
ol this mvention AGF291, AGF320., and AGF347 m
HCT116, H460, and MIA PaCa-2 cells. Cells were mncu-
bated with drug or vehicle for 16 hours m glycine-replete,
folate-tfree complete RPMI 1640, supplemented with 25 nM
leucovorin (included unlabeled serine). The medium was
replaced with media (including drug or vehicle) mcluding
250 uM [2,3,3-2H]serine for another 24 hours, after which
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metabolites were extracted for LC-MS analysis. FIG. 15A
and FIG. 15C, respectively, show total serine pools and ser-
1ine¢ 1sotope distributions for H460 cells. FIGS. 15B and 15D,
respectively, show MIA PaCa-2 cells. FIG. 15E and FIG.
15F, respectively, show GAR and AICAR accumulations
in HCTI116 cells, and FIGS. 151 andl15J, respectively,
show MIA PaCa-2 cells. FIGS. 153G and 15H, respectively,
show total dT'TP pools and dTTP serine 1sotope distribu-
tions for HCT116. FIGS. 15 and 15L, respectively, show
MIA PaCa-2 cells. Results reflect three technical replicates.
# p<0.10;* p <0.05; **, p <0.01; *** p<0.001; *or"
are used 1n place of * to specify a significant increase or
decrease respectively; ns = not sigmficant. All statistical

comparisons were made between drug-treated/knockout/

knockdown samples and DMSO-treated WI/NTC samples.
[0059] FIG. 16 shows the Western blot confirming H460

SHMT2 knockdown and HCT116 SHMT2 knockout.
Whole-cell lysates of wild-type (WT), non-targeted control
shRNA-transduced (NTC), and clonal SHMT2 knockdown
(SHMT2 KD) H460 cells, along with HCT116 WT and
SHMT?2 CRISPR/Cas9 knockout (KO) cells were resolved
on 10% polyacrylamide gel with SDS and probed with
monoclonal rabbiat anti-SHM'T2 antibody (#12762; Cell Sig-
naling Technology, Danvers, MA). The blot was stripped
and reprobed with mouse anti-f-actin antibody (Sigma-
Aldrich) as a loading control. Experimental details are
described herem. The blots were scanned with an Odyssey
infrared imaging system (LICOR Biosciences). Densitome-
try analysis (values given are SHMT2 band mtensities nor-
malized to P-actin band intensities) revealed SHMT2 pro-
tein expression of H460 SHMT2 KD to be 5.3% of that of
H460 NTC, and HCT116 SHMT2 KO expression to be <1%
of that of HCT116 W'T.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0060] As used herein, the term “‘patient” means members
of the ammal kingdom, including but not limited to, human
beings.

[0061] As used herein, the term “effective amount” or
“therapeutically effective amount” refers to that amount of
any of the present compounds, salts thereot, and/ or compo-
sitions required to bring about a desired effect in a patient.
The desired ettect will vary depending upon the 1llness or
discase state being treated. For example, the desired effect
may be reducing the tumor size, destroying cancerous cells,
and/or preventing metastasis, any one of which may be the
desired therapeutic response. On 1ts most basic level, a ther-
apeutically effective amount 1s that amount of a substance
needed to inhibit mitosis of a cancerous cell. As used herein,
“tumor” reters to an abnormal growth of cells or tissues of
the malignant type, unless otherwise specifically indicated
and does not include a benign type tissue. The “tumor” may
be comprised of at least one cell and/or tissue. The term
“Inhibits or inhibiting” as used herein means reducing
orowth/replication. As used herein, the term “cancer” refers
to any type of cancer, including but not limited to lung can-
cer, pancreatic cancer, and the like.

[0062] Asused herein, the term “glutamate” will be under-
stood as representing both the ester form (glutamate) and the
acid form (glutamic acid).

[0063] The novel compounds and pharmaceutically
acceptable salts thereof provide for treatment of tumors, or
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other cancer cells, 1n cancer patients. The types of cancer
can vary widely and 1n certain embodiments, the novel com-
pounds and pharmaceutically acceptable salts thereol are
particularly useful for example, 1n treating lung cancer and
pancreatic cancer.
[0064] 'The present invention 18 further directed to meth-
ods of synthesizing the novel compounds.
[0065] The present invention further relates to methods of
usmg the above-described novel compounds, and pharma-
ceutically acceptable salts thereof, m therapeutically treat-
ing patients with cancer according to a method, such as,
including the steps of:
[0066] a) employing the above-described compound, or
pharmaceutically acceptable salt thereot;
[0067] b) mcorporating said compound m a suitable
pharmaceutical carrier; and
[0068] ¢) administering a therapeutically effective
amount of said compound 1ncorporated 1n said carrier
to a patient.
[0069] As used herein, the term “‘therapeutically etfective
carrier” refers to any pharmaceutical carrier known 1n the
art, absent compatibility problems with the novel com-
pounds of the mvention. Generally, carriers include for

.

example but not limited to, physiologic saline and 5% dex-
trose 1n water.

[0070] As will be understood by one skilled 1n the art, a
therapeutically effective amount of said compound can be
administered by any means known 1n the art, mcluding but
not limited to, injection, parenterally, mtravenously, intra-
peritoneally, orally or, where appropniate, topically.

[0071] It 1s well within the skill of one practicing 1n the art
to determine what dosage, and the frequency of this dosage,
which will constitute a therapeutically ettective amount for
cach individual patient, depending on the severity or pro-
oression of cancer or cancer cells and/or the type of cancer.
It 1s also within the skill of one practicing 1n the art to select
the most appropriate method of administering the com-
pounds based upon the needs of each patient.

[0072] The compounds disclosed mn the present mvention
all can be generally described as antifolates.

[0073] 'The novel compounds have been discovered, unex-
pectedly, to potently mhibit human tumor cells mcluding
lung cancer and pancreatic cancer cells. More particularly,
the compounds and the pharmaceutically acceptable salts
thereot used to treat pancreatic cancer are completely unpre-
cedented, as no other known antifolate compound that inhi-
bits pancreatic cancer cells has been described 1n the back-
oround art.

[0074] Protection studies of metabolic end products, ¢.g.,
nucleosides and amino acids, with tumor cells indicate that
these analogs unexpectedly target a novel oncodriver, serine
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hydroxymethyltransterase (SHM12) and/or methylene tet-
rahydrotfolate dehydrogenase 2 (MTHFD?2) from the mito-
chondria. Typically, the inhibitory effects of antifolate com-
pounds are protected by adenosine or thymidine, required
for DNA synthesis. However, these novel analogs, unex-
pectedly, require glycine along with adenosine for complete
protection, clearly establishing that mitochondrion one-car-

bon metabolism 1s bemg targeted.
[0075] It has been shown that metabolism of serine (the

substrate for SHMT2) and biosynthesis using a one carbon
unit derived from serine 1s potently mhibited 1n tumor cells
treated with the novel compounds of the present invention,
which provides further evidence that mitochondrnal metabo-
lism, 1n general, and SHM'T2 and/or MTHED?2, 1n particular,
are being targeted.

[0076] Thus, the novel compounds of the mvention, e.g.,
S-substituted pyrrolo[2,3-d]- and pyrrolo|3.2-d]|pyrimi-
dines, are {first-in-class 1nhibitors of SHMT2 and/or
MTHFD?2, and are anticancer agents against cancer, such

as, but not limited to, lung cancer and pancreatic cancer.
[0077] One embodiment of this mvention provides a com-

pound of Formula I, and optionally a pharmaceutically
acceptable salt thereof:

O O

OH
541““”””1231
/ ,.

Formula I, wherein, R 1s one selected from the group con-
sisting of H and CHj; n 15 an imteger ranging from 1 to 4; X
1s selected from one of the group consisting of -CH,-, O, S,
-NH-, -NHCHO-, -NHCOCH;-, and -NHCOCEF;- ; and Ar
1s selected from one of the group consisting of (a) 1,4-phe-
nyl, (b) 2'-fluoro-1.,4-phenyl, and (¢) 2,5-thienyl. Those per-
sons skilled 1n the art will appreciate that any of the combi-
nation(s) of the moieties 1dentified for the groups of R, X,
and Ar, and integers 1dentified for n, are embodiments of the
present invention for any of the formula(ae) presented for
Formula 1.

[0078] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wherein n=2, Ar 1s 1,4-
phenyl, R 1s H, and X 1s CH,. This compound 1s further
1dentified herein as AGF291.

[0079] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wherein n=3, Ar 1s 1.4-
phenyl, R 1s H, and X 1s CH,. This compound 1s further
identified herein as AGF300.

[0080] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n=4, Ar 1s 1,4-
phenyl, R 1s CHj, and X 1s CH,. This compound 1s further
identified herein as AGF307.

[0081] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
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acceptable salt thereot, 1s provided wheremn n=3, Ar 1s 1,4-
phenyl, R 1s CHj, and X 1s CH,. This compound 1s further
1dentified heremn as AGF312.

[0082] In a preferred embodiment of this mvention, a

compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wheremn n=3, Ar 1s 2,5-
thienyl, R 1s H, and X 1s CH,. This compound 1s further
1dentified heremn as AGF318.

[0083] In a preferred embodiment of this mvention, a

compound of Formula I, and optionally a pharmaceutically
acceptable salt thereol, 1s provided wheremn n=4, Ar 1s 2,5-
thienyl, R 1s H, and X 1s CH,. This compound 1s further
1dentified heremn as AGF320.

[0084] In a prefterred embodiment of this nvention, a

compound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wheremn n=3, Ar 1s 1,4-
phenyl, R 1s H, and X 15 O . This compound 1s further 1den-
tified herein as AGF323.

[0085] In a preferred embodiment of this mmvention, a

compound of Formula I, and optionally a pharmaceutically
acceptable salt thereot, 1s provided wherem n=2, Ar 1s 2,5-
thienyl, R 1s H, and X 1s CH,. This compound 1s further
identified herem as AGF331.

[0086] In a preferred embodiment of this mvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n=4 | Ar 1s 1,4-
phenyl, R 1s H, and X 1s CH,. This compound 1s further
identified herem as AGF299.

[0087] In a preferred embodiment of this mvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereol, 1s provided wherein n= 2, Ar 1s 2'-
tluoro-1.4-phenyl, R 1s H, and X 1s CH,. This compound 18
turther 1dentified herein as AGF359.

[0088] In a preferred embodiment of this mvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereotf, 1s provided wherein n= 3, Ar 1s 2'-
fluoro-1.4-phenyl, R 1s H, and X 1s CH,. This compound 18
turther 1dentified herein as AGF347.

[0089] In a preferred embodiment of this mvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 15 provided wherem n=4, Ar 1s 2'-
fluoro-1.4-phenyl, R 1s H, and X 1s CH,. This compound 1s
further identified herein as AGF355.

[0090] In a preferred embodiment of this mvention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 15 selected
from one of the group of integers consisting of 1, 3, and 4,
R 1s H, X 1s CH,, and Ar 1s selected from one of the group
consisting ot (a) 1,4-phenyl, (b) 2'-fluoro-1.4-phenyl, and
(¢) 2,5-thienyl.
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[0091] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 1s selected
from one of the group of integers consisting of 1, 2, 3, and
4. R 1s CH3, X 18 CH,, and Ar 1s selected from one of the
oroup consisting of (a) 1.4-phenyl, (b) 2'-fluoro-1,4-phenyl,
and (¢) 2,5-thienyl.

[0092] In a preferred embodiment of this invention, a
compound of Formula I, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 1s selected
from one of the group of mtegers consisting of 2, 3, and 4,
R 1s H, X 1s selected from one of the group consisting of O,
S, NH, NHCHO, NHCOCH;, and NHCOCF; , and Ar 1s
selected from one of the group consisting of (a) 1,4-phenyl,
(b) 2'-fluoro-1,4-phenyl, and (¢) 2,5-thienyl.

[0093] Another embodiment of this mvention provides a
pharmaceutical composition comprising a therapeutically
eftective amount of a compound of Formula I, and option-
ally a pharmaceutically acceptable salt thereof:

Arx
/

OH

/ R

Formula I, wherem, R 1s selected from one of the group
consisting of H and CHj; n 1s an mteger ranging from 1 to
4; X 18 selected from one of the group consisting of -CH,- ,
O, S, -NH-, -NHCHO-, -NHCOCH;-, and -NHCOCKF5- ;
and Ar 1s selected from one of the group consisting of (a)
1.4-phenyl, (b) 2'-fluoro-1,4-phenyl, and (¢) 2,5-thienyl.
Another embodiment of this invention provides the pharma-
ceutical composition having the compound of Formula I, as
described herein, including a pharmaceutically acceptable
carrier.

[0094] In another embodiment of this mvention, a com-
pound 1s provided of Formula II, and optionally a pharma-
ceutically acceptable salt thereof:
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OH

Formula II, wherein, R 1s selected from one of the group
consisting of H and CHj; n 1s an integer ranging from 1 to 4;
X 18 selected from one of the group consisting of -CH,- , O,
S, -NH-, -NHCHO-, -NHCOCH;-, and -NHCOCF5-. Those
persons skilled 1n the art will appreciate that any of the com-
bimation(s) of the moieties 1identified for the groups of R, and
X, and the mtegers 1dentified for n, are embodiments of the
present mvention for any of the formula(ae) presented for

Formula II.
[0095] In a preferred embodiment of this vention, a

compound of Formula II, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wheremnis 3, R 1s H, X
1s CH,. This compound 1s 1dentified herein as AGEF287.
[0096] In a preferred embodiment of this mvention, a
compound of Formula II, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 15 selected
from one of the group of mtegers of 1, 2, and 4, R 1s H,
and X 18 CH,.

[0097] In a preferred embodiment of this vention, a
compound of Formula II, and optionally a pharmaceutically
acceptable salt thereotf, 1s provided wherein n 18 selected
from one of the group of integers of 1, 2, 3, and 4, R 1s

CH;, and X 15 CH,.
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[0098] In a preferred embodiment of this invention, a
compound of Formula II, and optionally a pharmaceutically
acceptable salt thereof, 1s provided wherein n 1s selected
from one of the group of mtegers of 1, 2, 3, and 4, R 1s H,
and X 1s selected from one of the group consisting of O, S,

NH, NHCHO, NHCOCHj;, and NHCOCFs5.

[0099] Another embodiment of this mnvention provides a
pharmaceutical composition comprising a therapeutically
effective amount of a compound of Formula II, and option-
ally a pharmaceutically acceptable salt thereof:

Formula II, wherein, R 1s selected from one of the group
consisting of H and CHs; n 1s an integer ranging from 1 to 4;
X 15 selected from one of the group consisting of -CH,- , O,
S, -NH-, -NHCHO-, -NHCOCH;3-, and -NHCOCF;-. A
further embodiment of this mvention provides a pharmaceu-
tical composition having a compound of Formula II, as
described herein, and including a pharmaceutically accepta-
ble carrier.

[0100] Another embodiment of this mvention provides a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof:
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H,N

Formula III, wherein, R 1s selected from one of the group
consisting of H and CHj; n 18 an integer ranging from 1 to 4;
X 18 selected from one of the group consisting of CH and N;
Y 1s selected from one of the group consisting of CH and N;
and Z 1s selected from one of the group consisting of -CH,-,
O, S, -NH-, -NHCHO-, -NHCOCH;-, and -NHCOCF;-.
Those persons skilled 1n the art will appreciate that any of
the combination(s) of the moieties 1dentified for the groups
of R, X, Y, and Z, and the integers 1identified for n, are embo-
diments of the present mvention for any of the formula(ae)
presented for Formula III.

[0101] In a preferred embodiment of this nvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 1s 2,
and R 1s H, and X 18 either CH or N, Y 1s either CH or N,
and Z 1s selected from one of the group consisting of CH,,
O, S, NH, NHCHO, NHCOCH;, and NHCOCF;. An exam-
ple of this compound 1s 1dentified herein as AGF315.
[0102] In a preferred embodiment of this mvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 1s 3,
and R 1s H, and X 1s either CH or N, Y 1s either CH or N,
and Z 1s selected from one of the group consisting of CH,,
O, S, NH, NHCHO, NHCOCH;, and NHCOCF;. An ¢xam-
ple of this compound 1s 1dentified herein as AGF317.
[0103] In a preferred embodiment of this mvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereot, 1s provided wheremn n 1s an
integer selected from the group of 1, 2, 3, and 4, and R 1s
H, and X 1s N, Y 18 CH, and 7 1s selected from one of the
oroup consisting of CH,, O, S, NH, NHCHO, NHCOCHs;,
and NHCOCF;.

[0104] In a preferred embodiment of this mvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereot, 1s provided wheremn n 1s an
integer selected from the group of 1, 2, 3, and 4, and R 1s
H, and X 1s CH, Y 15 N, and 7 1s selected from one of the
oroup consisting of CH,, O, S, NH, NHCHO, NHCOCH5;,
and NHCOCF5.

[0105] In a preferred embodiment of this mvention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 1s an
integer selected from the group of 1, 2, 3, and 4, and R 1s
CH;, and X 1s N, Y 1s CH, and Z 1s selected from one of the
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OH

oroup consisting of CH,, O, S, NH, NHCHO, NHCOCHs;,
and NHCOCFs.

[0106] In a preferred embodiment of this invention, a
compound of Formula III, and optionally a pharmaceuti-
cally acceptable salt thereof, 1s provided wherein n 1s an
integer selected from the group of 1, 2, 3, and 4, and R 15
CH;, and X 1s N, Y 1s CH, and Z 1s selected from one of the
group consisting of CH,, O, S, NH, NHCHO, NHCOCHs;,

and NHCOCFs.
[0107] Another embodiment of this mnvention provides a

pharmaceutical composition comprising a therapeutically
effective amount of a compound of Formula III, and option-
ally a pharmaceutically acceptable salt thereof:

NH

Formula III, wherein, R 1s selected from one of the group
consisting of H and CHj;; n 1s an integer ranging from 1 to 4;
X 15 selected from one of the group consisting of CH and N;
Y 1s selected from one of the group consisting of CH and N;
and 7 1s selected from one of the group consisting of -CH,-
O, S, -NH-, -NHCHO-, -NHCOCH5-, and -NHCOCF3-. A
further embodiment of this mmvention provides the pharma-
ceutical composition having the compound of Formula III,
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as described herein, and a pharmaceutically acceptable car-
r1er.

[0108] Another embodiment of this invention provides a
method of treating a patient having cancer comprising
administering to said patient a therapeutically effective
amount of a compound of Formula I, and optionally a phar-
maceutically acceptable salt thereot:

OH
Ar/<
O
IINJJ\S—R 0
NP

H,N N

Formula I, wherein, R 1s selected from the group consisting
of H and CHj;; n 1s an mteger ranging from 1 to 4; X 18
selected from one of the group consisting of -CH,-, O, S,
-NH-, -NHCHO-, -NHCOCH;-, and -NHCOCF5- ; and Ar
1s selected from one of the group consisting of (a) 1,4-phe-
nyl, (b) 2'-fluoro-1.4-phenyl, and (¢) 2,5-thienyl. A pre-
ferred embodiment of this mvention provides a method of
treating a patient having cancer comprising administering a
therapeutically effective amount of at least one compound
of Formula I selected from the group of AGF 291, AGF 299,
AGF300, AGF307, AGF312, AGF318, AGF320, AGF323,
AGF331, AGF 347, AGF 353, and AGF 359, and optionally
a pharmaceutically acceptable salt thereof, to said patient.
[0109] Another embodiment of this invention provides a
method of treating a patient having cancer comprising
administering a therapeutically effective amount of a com-
pound of Formula II, and optionally a pharmaceutically
acceptable salt thereof:

OH
OH
O O
@
NH
E

INPR

H,N N N

Formula II, wherein, R 1s selected from one of the group
consisting of H and CH;; n 1s an integer ranging from 1 to 4;
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and X 1s selected from one of the group consisting of -CH,- ,
O, S, -NH-, -NHCHO-, -NHCOCH;-, and -NHCOCF53-. A
preferred embodiment of this mvention provides a method
of treating a patient having cancer comprising administering
a therapeutically etfective amount of a compound of For-
mula II that 1s AGF287, and optionally a pharmaceutically

OH

acceptable salt thereof, to said patient.
[0110] Another embodiment of this mnvention provides a

method of treating a patient having cancer comprising
administering a therapeutically effective amount of a com-
pound of Formula III, and optionally a pharmaceutically
acceptable salt thereof:

MX
\ _/
O (HZ

Formula III, wherein, R 1s selected from one of the group
consisting of H and CHj;; n 1s an integer ranging from 1 to 4;
X 1s selected from one of the group consisting of CH and N;
Y 18 selected from one of the group consisting of CH and N;
and Z 1s selected from one of the group consisting of -CH,-
O, S, -NH-, -NHCHO-, -NHCOCH;-, and -NHCOCF5-. A
preferred embodiment of this mvention provides a method
of treating a patient having cancer comprising administering
a therapeutically effective amount of at least one compound
of Formula III selected from the group of AGF 315 and
AGF 317, and optionally a pharmaceutically acceptable
salt thereof, to said patient.

[0111] Another embodiment of this invention provides a
method of targeting mitochondrial metabolism comprising
administering to a cancer patient an effective amount of at
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least one compound selected from the group of Formula I,
and optionally a pharmaceutically acceptable salt thereot, of
Formula II, and optionally a pharmaceutically acceptable
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salt thereot, and of Formula III, and optionally a pharmaceu-
tically acceptable salt thereof:

OH
Ar

J\ (/ﬁx OH
ji N

Formula I, wherem, R 1s selected trom one of the group
consisting of H and CHs; n 1s an mteger ranging from 1 to

4; X 1s selected trom one of the group consisting of -CH,-
O, S, -NH-, -NHCHO-, -NHCOCH;-, and -NHCOCF;- ;

)

and Ar 1s selected from one of the group consisting of (a)
1.4-phenyl, (b) 2'-fluoro-1,4-phenyl, and (¢) 2,5-thienyl; and

OH

Formula II, wherein, R 18 selected from one of the group
consisting of H and CHs; n 1s an integer ranging from 1 to 4;

and X 1s selected from one of the group consisting of -CH,-
O, S, -NH-, -NHCHO-, -NHCOCH3-, and -NHCOCF5-; and
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Formula III, wherein R 1s selected from one of the group
consisting of H and CHj; n 18 an integer ranging from 1 to 4;
X 18 selected from one of the group of CH and N; Y 18
selected from one of the group of CH and N; and Z 1s
selected from one of the group consisting of -CH5- , O, S,
-NH-, -NHCHO-, -NHCOCHj;-, and -NHCOCF;-.

[0112] Another embodiment of this invention provides a
method of targeting SHMT2 and MTHFD2 comprising
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administering to a cancer patient an effective amount of at
least one compound selected from the group of Formula I,
and optionally a pharmaceutically acceptable salt thereof, of
Formula II, and optionally a pharmaceutically acceptable
salt thereof, and of Formula III, and optionally a pharmaceu-
tically acceptable salt thereof:

Formula I, wherem, R 1s selected from one of the group
consisting of H and CHj; n 1s an mteger ranging from 1 to
4; X 15 selected from one of the group consisting of -CH,-

O, S, -NH-, -NHCHO-, -NHCOCH3-, and -NHCOCE;- ;

p

and Ar 1s selected from one of the group consisting of (a)
1.4-phenyl, (b) 2'-fluoro-1,4-phenyl, and (¢) 2,5-thienyl; and
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OH

Formula II, wherein, R 1s selected from one of the group
consisting of H and CHj; n 1s an integer ranging from 1 to 4;

17
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OH

and X 1s selected from one of the group consisting of -CH>-
O, S, -NH-, -NHCHO-, -NHCOCH3-, and -NHCOCF3-; and

OH
O

NH

I, wherem R 1s selected from the group consist-

Formula
ing of H and CHj; n 1s an integer ranging from 1 to 4; X 18
selected from one of the group consisting of CH and N; Y 1s
selected from one of the group consisting of CH and N; and
7. 1s selected from one of the group consisting of -CH,- |, O,
S, -NH-, -NHCHO-, -NHCOCHj3;-, and -NHCOCF;-.
[0113] Those skilled 1n the art shall understand that che-

mical structures of Formulae I, II, and III, are preferred
examples of the compounds of this mvention and that tauto-
mers of Formulae [, I1, and III are also embodiments of com-
pounds of Formula I, Formula II, and Formula III, respec-
tively. Those skilled 1n the art understand that chemical
structures are often drawn as one tautomeric form over
another. This invention provides for several tautomeric
torms of the oxygen attached at the fourth carbon of the
pyrimidine six membered ring of the compounds of this
invention. The tautomeric forms (1.€. oxygen with double
bond, or -OH) provide additional structural embodiments
that will be appreciated by those skilled 1n the art.
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[0114] In certain embodiments of the invention, the novel
compounds mclude Formula I, Formula II, and Formula III,
as described herem, and include pharmaceutically accepta-
ble salts of these compounds, and include for example but
not limited to, hydrochloride chloride (HCI) salts (or other
acids) of these compounds.

[0115] It 1s especially advantageous to formulate parent-
eral compositions in dosage unit form for ease of adminis-
tration and unmiformity of dosage. Dosage unit form as used
herem refers to physically discrete units suited as unitary
dosages for the patients being treated, each unit containing
a predetermined quantity or effective amount of a com-
pound of the present mnvention to produce the desired effect
1n association with a pharmaceutical carrier. The specifica-
tion for the dosage unit forms of the invention are dictated
by and directly dependent on the particular compound and
the particular effect, or therapeutic response, that 1s desired
to be achieved.

[0116] Compounds of Formula I, II, or III, or pharmaceu-
tically acceptable salts, or hydrates thereot, can be adminis-
tered to a patient (an animal or human) via various routes
including parenterally, orally or mtraperitoneally. Parenteral
administration mncludes the following routes that are outside
the alimentary canal (digestive tract): intravenous; intramus-
cular; interstitial, intraarterial; subcutaneous; intraocular;
intracramal; intraventricular; intrasynovial; transepithelial,
including transdermal, pulmonary via inhalation, ophthal-
mic, sublingual and buccal; topical, including dermal, ocu-
lar, rectal, or nasal mnhalation via insufflation or nebuliza-
tion. Specific modes of administration shall depend on the
indication. The selection of the specific route of administra-
tion and the dose regimen 1s to be adjusted or titrated by the
climcian according to methods known to the clinician n
order to obtain the optimal clinical response. The amount
of compound to be admimistered 1s that amount which 1s
therapeutically effective. The dosage to be administered to
a patient shall depend on the characteristics of the patient
being treated, mmcluding for example, but not Iimited to, the
patient’s age, weight, health, and types and frequency of
concurrent treatment, 1f any, of any other chemotherapeutic
agent(s), all of which 1s determined by the clinician as one
skilled 1n the art.

[0117] Compounds of Formula I, II, or III, or a pharma-
ceutically acceptable salt, or hydrate thereof, that are orally
administered can be enclosed m hard or soft shell gelatin
capsules, or compressed mto tablets. Compounds also can
be mcorporated with an excipient and used 1n the form of
ingestible tablets, buccal tablets, troches, capsules, sachets,
lozenges, elixirs, suspensions, syrups, walers and the like.
Compounds of Formula I, II, or III can be 1 the form of a
powder or granule, a solution or suspension 1n an aqueous
liquad or non-aqueous liquid, or 1n an o1l-1n-water emulsion.
[0118] The tablets, troches, pills, capsules and the like also
can contain, for example, a binder, such as gum tragacanth,
acacia, corn starch; gelating excipients, such as dicalcium
phosphate; a disintegrating agent, such as corn starch, potato
starch, alginic acid and the like; a lubricant, such as magne-
sium stearate; a sweetening agent, such as sucrose, lactose
or saccharin; or a flavoring agent. When the dosage unit
form 1s a capsule, 1t can contain, 1n addition to the materials
described above, a liquid carrier. Various other materials can
be present as coatings or to otherwise modify the physical
form of the dosage unit. For example, tablets, pills, or cap-
sules can be coated with shellac, sugar or both. A syrup or
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elixir can contaimn the active compound, and sucrose as a
sweetening agent, methyl and propylparabens as preserva-
tives, a dye and flavoring, for example. Any material used in
preparing any dosage unit form should be pharmaceutically
pure and substantially non-toxic. Additionally, the com-
pounds of Formulae I, II, and III, or a pharmaceutically
acceptable salt, or hydrate of the compounds of Formulae
I, II, and III, can be incorporated mto sustamned-release pre-
parations and formulations.

[0119] The compounds of Formula I, Formula II, or For-
mula III, or a pharmaceutically acceptable salt, or hydrate
thereof, can be administered to the central nervous system,
parenterally or intraperitoneally. Solutions of the compound
as a frec base or a pharmaceutically acceptable salt can be
prepared 1n water mixed with a suitable surfactant, such as
for example, but not limited to, hydroxypropylcellulose.
Dispersions also can be prepared i glycerol, liquid poly-
ethylene glycols and muxtures thercof, and i oils. Under
ordinary conditions of storage and use, these preparations
can contain a preservative and/or antioxidants to prevent
the growth of microorganisms or chemical degeneration.
[0120] The pharmaceutical forms suitable for injectable
use include, without limitation, sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous pre-
paration of sterile mjectable solutions or dispersions. In all
cases, the form must be sterile and must be fluid to the extent
that easy syringability exists. It can be stable under the con-
ditions of manufacture and storage and must be preserved
against the contaminating action of microorganisms, such as
bacteria and fungi.

[0121] Compounds of the present mvention may be con-
tammed within, mixed with, or associated with, a suitable
(acceptable) pharmaceutical carrier for administration to a
patient according to the particular route of administration
desired. Suitable or acceptable pharmaceutical carriers
refer to any pharmaceutical carrier that will solubilize the
compounds of the present invention and that will not give
rise to mcompatability problems, and mmcludes any and all
solvents, dispersion media, coatings, antibacterial and anti-
fungal agents, 1sotonic agents, absorption delaying agents,
and the like. The use of such suitable or acceptable pharma-
ceutical carriers 1s well known by those skilled m the art.
Preferred carriers include sterile water, physiologic saline,
and five percent dextrose 1 water. Examples of other suita-
ble or acceptable pharmaceutical carriers mclude, but are
not limited to, ethanol, polyol (such as propylene glycol
and liquid polyethylene glycol), suitable mixtures thereof,
or vegetable oils. The proper fluidity can be mamtained,
for example, by the use of a coating, such as lecithin, by
the maintenance of the required particle size (1n the case of
a dispersion) and by the use of surtactants. The prevention
of the action of microorganisms can be brought about by
various antibacterial and anti-fungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thimerosal,
and the like. In many cases, 1t will be preterable to include
1sotonic agents, for example, sugars or sodium chloride.
[0122] Stenile myectable solutions are prepared by mcor-
porating a compound of Formula I, II, or III, 1n the required
amount 1n the approprate solvent with various of the other
ingredients enumerated above, as required, followed by {il-
tered sterilization. Generally, dispersions are prepared by
incorporating the sterilized compound of Formula I, II, or
I, mto a sterile vehicle that contains the basic dispersion
medium and any of the other mgredients from those enum-




US 2023/0091810 Al

crated above. In the case of sterile powders for the prepara-
tion of sterile injectable solutions, the preferred methods of
preparation are vacuum drying and freeze drying.

[0123] Pharmaceutical compositions which are suitable
for administration to the nose and buccal cavity include,
without limitation, selt-propelling and spray formulations,
such as aerosol, atomizers and nebulizers.

[0124] The therapeutic compounds of Formula I, II, or 111,
as described herein, can be administered to a patient alone or
in combiation with pharmaceutically acceptable carriers or
as pharmaceutically acceptable salts, or hydrates thereot, the
proportion of which 1s determined by the solubility and che-
mical nature of the compound, chosen route of administra-
tion to the patient and standard pharmaceutical practice.
[0125] The present imvention 1S more particularly
described 1 the following non-limiting examples, which
are mtended to be illustrative only, as numerous modifica-
tions and variations therein will be apparent to those skilled
in the art.

EXAMPLES

[0126] Ammal studies indicate in-vivo potent antitumor
activity against pancreatic cancer i mice for compound of
the present invention i1dentified by AGEF291. The prelimin-
ary results provided herein include pancreatic cancer data
tor AGF287 and AGF291. FIG. 6 shows data for growth
inhibitions by 5- and 6-substituted pyrrolo[2,3-d]- and pyr-
rolo[3,2-d|pyrimidine compounds of this invention, com-
pared to gemcitabine (GEM) toward pancreatic cancer cell
lines expressing the major facilitative folate transporters.
Additional results and data are shown m FIGS. 5, 6, 8, and
11.

[0127] Other embodiments of the mnvention will be appar-
ent to those skilled 1n the art from consideration of the spe-
cification and practice of the imnvention disclosed herein. It 1s
intended that the specification be considered as exemplary
only. Furthermore, the examples are meant to be 1llustrative
of certain embodiments of the mvention and are not
intended to be limiting as to the scope of the invention.
[0128] Genes encodmng one-carbon (Cl) metabolism
enzymes 1n the mitochondria and cytosol are consistently
upregulated across multiple cancer types. Whereas multi-
targeted cytosolic Cl1 metabolism mhibitors such as peme-
trexed are used clhinically, there are no current anti-cancer
drugs that target upstream mitochondrial C1 metabolism.
The present mvention provides novel, multi-targeted small
molecule mhibitors of mitochondrial C1 metabolism at ser-
ine hydroxymethyltransterase (SHMT) 2, and cytosolic Cl1-
dependent purine biosynthesis (S-aminoimmidazole-4-car-
boxamide ribonucleotide formyltransferase and glycina-
mide ribonucleotide formyltransterase) and SHMTI as
broad-spectrum antitumor agents toward lung, colon and
pancreatic tumors. In vivo anti-tumor etficacy 1s demon-
strated 1 a pancreas cancer model. The compounds and
pharmaceutically acceptable salts thereof are dual-targeting
mitochondnal and cytosolic C1 metabolism for cancer. The
compounds and pharmaceutically acceptable salts there of
the present mvention overcome resistance to current antic-
ancer therapies.

[0129] Folate-dependent one-carbon (C1) metabolism 1s
compartmentalized 1n the mitochondria and cytosol and sup-
ports cell growth through nucleotide and amino acid bio-
synthesis. Mitochondrial C1 metabolism including serme
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hydroxymethyltransterase (SHMT) 2 provides glycine,
NAD(P)H, and C1 units for cytosolic biosynthetic reactions,
and 1s implicated 1n the oncogenic phenotype across a wide
range of cancers. Whereas multi-targeted 1inhibitors of cyto-
solic C1 metabolism such as pemetrexed are used clinically,
there are currently no anticancer drugs that specifically tar-
oet upstream mitochondrial C1 metabolism. We used mole-
cular modeling to design novel small-molecule pyrrolo|3,2-
d]pyrmmidine 1mnhibitors targeting mitochondrial C1 metabo-
lism at SHMT2 as potential broad-spectrum antitumor
agents. In vitro antitumor efficacy was established with the
lead compounds of the present mvention, namely, AGF291,
AGF320, AGF347, toward lung, colon, and pancreatic can-
cer models. Intracellular targets were 1dentified by glycine/
nucleoside protection and targeted metabolomics with an
1sotope tracer, with confirmation by 1n vitro assays with pur-
ified enzymes. In addition to targeting SHMT2, inhibition of
the purine biosynthetic enzymes, S-aminoimidazole-4-car-
boxamide ribonucleotide formyltransferase and/or glycina-
mide ribonucleotide formyltransierase, and SHMTI1 1n the
cytosol was established. The compounds and pharmaceuti-
cally acceptable salts thercot of the present mvention have
first-in-class 1 vivo antitumor etficacy with compound
AGF291 toward the MIA PaCa-2 pancreatic adenocarci-
noma xenogralt model m severe-combined immunodedl-
cient mice, providing compelling prootf-of-concept of the
therapeutic potential of multi-targeting SHMT2 and cytoso-
lic C1 enzymes by the series of compounds of the present
mvention. Our results provide structure-activity relation-
ships and 1dentify novel drug compounds for further devel-
opment as multi-targeted anti-tumor agents with impressive
potential to overcome resistance to current therapies.
[0130] The present mnvention provides a novel series of 5-
substituted pyrrolo|[3,2-d [pyrimidine antifolate analogs with
primary inhibition of SHMT2, and secondary mhibition of
AICARFTase and/or GARFTase, as well as of SHMTTI.
Direct mhibition of de novo purine biosynthesis down-
stream of SHMT2 1s potentiated by loss of mitochondrial
C1 metabolism, resulting from primary SHMT?2 inhibition,
reflecting the impact of limiting glycine and 10-formyl-
THF. The present invention provides novel compounds,
such as for example, AGF291, AGF320, and AGF347,
with broad-spectrum 1 vitro anti-tumor efficacies including
H460 non-small cell lung cancer (NSCLC), HCT116 colon
cancer, and MIA PaCa-2 pancreatic cancer (PaC) cells. For
AGF291, m vitro findings were extended in vivo to MIA
PaCa-2 tumor xenografts in severe compromised immuno-
deficient (SCID) mice, providing compelling proot-of-con-
cept of the therapeutic potential of multi-targeted SHMT2
therapeutics for cancer.

[0131] Table 1 shows the results of 1 vitro assays, N-
terminally His-tagged proteins were purified including
GARFTase (transformylase domain; residues 100-302),
ATIC (AICARFTase/IMP cyclohydrolase), SHMT2 and
MTHFD2. For SHMT2, a coupled SHMT2-MTHFD?2
assay was used with an NADH readout. There was no 1nhi-
bition of MTHFD?2 by the analogs. AGF291 and AGF320
(as monoglutamates) mhibited SHMT2 (K;s of 0.82 and
0.28 uM, respectively). (AGFEF347 and AGF359,
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TABLE 1

K; values (uM) for in vitro inhibition of the indicated folate metabolic
enzymes by pyrrolopyrimidine compounds.

Ana- Ki (”M)

log SHMT?2 GARFTase AICARFTase MTHFD?2
AG- 0.82 £ 049 Not detected 1091 + 607 Not detected
F291

AG- 0.28% 0.33 £ 022 6.96 + 498  Not detected
F320

AG- ND 3.13 £ 0.66 372 £ 1.61 Not detected
F347

AG- ND 047 £0.11 Not detected ND

Fo4

“Not detected” means no inhibition was detected up to 100 uM. “ND”
means not determined. * designates one experiment.

testing ongoing). We also assayed mhibition of GARFTase
and AICARFTase by AGF291, AGF320, and AGF347 (76,
77). For GARFTase and AICARITase, ihibition by
AGF291, AGF320 and AGF347 paralleled that measured
by metabolomics assays. These results confirm that
SHMT?2 and the purine biosynthetic enzymes GARFTase
and AICARFTase are direct targets of our lead pyrrolo
[3,2-d[pyrimidine compounds.

[0132] Table 2 provides proliferation results for engi-
neered CHO and human tumor cells. Proliferation assays
were performed with engineered Chinese hamster ovary
(CHO) cell lines R2 (transporter-null), PC43-10 (expresses
RFC only), RT16 (FRa only), and R2/PCFT4 (PCFT only)
cultured 1n folate-/glycine-free RPMI1640 supplemented
with 25 nM leucovorm. Additional results are shown for
HCTI116 (colon tumor cells (CTC)), IGROV1 (epithelial
ovarian cancer (EOC) cells), H460 (non-small cell lung can-
cer (NSCLC) cells), MIAPaCa-2 (pancreatic cancer (PaC)
cells), and HPAC (PaC). Results are shown as mean [C50s
(£ standard deviation; n=4).
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trexed, raltitrexed and lometrexol) (6-8) and previous
GARFTase and AICARFTase inhibitors from published stu-
dies (23-29). We tested these compounds for inhibition of
proliferation of Chinese hamster ovary (CHO) cells engi-
neered from a folate transporter-null (MTXRIIOuak2-4)
CHO subline (hereafter, R2) (30) to express human PCFT
(R2/PCFT4) (24), as we reasoned that tumor-selective
uptake of a putative SHMT2 inhibitor by PCFT (31)
would be desirable. Since 1nhibition of mitochondral Cl
metabolism (at SHMT2) would be expected to mduce gly-
cine auxotrophy, as seen 1n SHM12 KO (KO) cells (20), and
mitochondrial C1 metabolism generates C1 units (1.€., for-
mate) critical for downstream nucleotide biosynthesis, these
experiments were performed 1 glycine- and nucleoside-free
media, and the protective effects of added glycine (130 uM),
adenosine (60 uM), and/or thymidine (10 uM) were deter-
mined. All these compounds inhibited cell proliferation and
nucleotide biosynthesis (reflected 1n adenosine and/or thy-
midine protection), however, glycine was not protective
with or without nucleoside additions. Thus, the known com-
pounds of the background art were not usetul. We ar¢ aware
of the structural features of our previous 5-substituted pyr-
rolo|2,3-d|pyrimidine benzoyl and thienoyl compounds (28,
32) and with those of 5,10-methylene-THEF (SHMT?2 pro-
duct) and 5-formyl-THF (SHMT inhibitor) (33), see FIG.
2. The present invention provides S-substituted pyrrolo
[3,2-d [pyrimidine compounds and includes 3-5 bridge car-
bons linked to benzoyl, namely compounds of the present
invention 1dentified heremn as AGF291, AGF300, and
AGF299, or thienoyl, namely the compounds of the present
invention 1dentified heremn as AGF331, AGF318, and
AGF320. Further, the present invention provides com-
pounds having a 2' fluorme substitution for increasing the
inhibitory potencies of pyrrolo[2,3-d|pyrimidine com-
pounds, such as for example, the 2'-fluorinated compounds
of the present mnvention 1dentified as AGF300 and AGEF299,
as well as AGF347 and AGF355. All compounds, described,

TABLE 2

Proliferation results for engimeered CHO and human tumor cells

[C50s (SE)} (nMolar)

RT16
R2 PC43-10 (FR MIA

(mull) (REFC)  alpha) R2/PCFT4 HCT116  IGROVI HA460 PaCa-2  HPAC

Compound Series FIG.2 n R (CHO) (CHO  (CHO) (CHO) (CTC) (EOC) (NSCLC)  (PaC)  (PaC)

AGF291 Benzoyl 3 H >1000  454(87) 117(10)  282(23) 2266 443 (88) 461 (163) 3664 301 (22)
(450) (721)

AGF320 Thienoyl 5 NA  >1000 >1000 156(18)  694(56) 737 (195) 401 (140) 573 (145) 2266 190 (21)
(400)

AGF347 Benzoyl 4 F >1000  224(17) 9.4(0.1)  479(64) 437 (180) 62 (43) 214 (88) 1381 764 (73)
(182)

AGF359 Benzoyl 3 F >1000 233(25) 525 08 (17) ND 229 (37) ND >1000  167.45

(229) (20.45)

Abbreviations: CHO, Chinese hamster ovary; EOC, epithelial ovarian cancer; NSCLC, non-small cell lung cancer; PaC, pancreatic cancer

[0133] Design of 5-substituted pyrrolo[3,2-d[pyrimidine
antifolates of the present mnvention targeting mitochondrnal
Cl metabolism at SHMT2 1s provided heremn. Given the
association of mitochondnial Cl1 metabolism with malig-
nancy (14-17) , including reports of SHMT2 as a potential
“onco-driver” (15, 22), 1t was of interest to develop mhibai-
tors of SHMT?2 as potential antitumor agents. We 1mtially
looked for potential SHMT2 mhibitors among the known
arsenal of classic antifolates (including methotrexate, peme-

were docked into human SHMT?2 (see FIGS. 12A-12D) and
docking scores (see Table S1) were better than for the pre-
viously reported pyrazolopyran inhibitor SHINI1 (21)
(-5.58 kcal/mol) upon re-docking.
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TABLE S1
Docking scores of antifolates for intracellular drug targets (kcal/mol)
Compound SHMT?2 SHMT1
AGF291 -7.69 -10.45
AGF300 -7.58 -7.17
AGF299 -7.42 -7.48
AGF347 -10.06 -8.90
AGF355 -6.55 -6.45
AGF331 -6.93 -7.19
AGF318 -6.43 -7.03
AGF320 -8.32 -11.14

Molecular modeling was performed for all analogs with the structure of
human SHMT?2 (PDB: 5V7]) (1) and for rabbit SHMT1 (PDB: 1LS3) (2),
using the induced fit docking protocol of Maestro (44, 45).

[0134] Discovery of S-substituted pyrrolo[3,2-d]pyrimi-
dine antifolates of the present mvention which target mito-
chondnial C1 metabolism. We synthesized the novel com-
pounds (see below synthesis schemes) and screened these
compounds for mhibition of cell proliferation. We 1mmtially
assessed 1nhibition by these compounds (from 0O to
1000 nM) toward PCFT-expressing R2/PCFT4 CHO cells
and an 1sogenic CHO subline engineered to express human
REC (PC43-10) (23). Results were compared to those for

folate transporter-null R2 CHO cells as a negative control.
ICso values for “active” compounds are shown m FIG. 6 for
cach of the compounds of the present invention, along with
those for AGEF94 (a “pure” GARFTase mhibitor) (27).
Active compounds of the present mvention toward R2/
PCFT4 and PC43-10 cells mcluded AGF291, AGF320,
AGF331 and AGF347, with AGF291 showing selectivity
(~1.6-fold) toward PCFT over RFC. These compounds
were further tested with human tumor cell lines, mncluding
H460 NSCLC, HCT116 colon cancer, and MIA PaCa-2 PaC
cells, characterized by expression of PCFT and RFC, but not
FRa (34, 35) (see FIG. 13). IC5, values for growth mhibition
are 1n FIG. 6. Although there were notable differences n
drug sensitivities among the assorted tumor models, the
compounds i1dentified by AGF291, AGF320 and AGF347
were consistently the most active.

[0135] We agam used glycine/nucleoside protection stu-
dies (above) n H460, HCT116, IGROV1 and MIA PaCa-2
cells treated with AGF291, AGF320, or AGF347 to identity
the targeted pathways. The results were compared to those
for AGF94 and are shown 1n FIG. 3tfor H460 cells. Adeno-
sine (60 uM) was fully protective up to 10 uM AGFY%4,
whereas glycme (130 uM) had no effect. We also tested
the protective effects of AICA (320 uM) which 1s metabo-
lized to AICAR (ZMP) (AICARFTase substrate), thus cir-
cumventing the GARFTase step 1n de novo purine biosynth-
es1s (27) (see FIG. 1). As AICA was completely protective,
GARFTase must be the intracellular target for AGF94 (27).
For AGF291, AGF347, and AGF320, neither glycine nor

adenosine alone was fully protective. However, combined
adenosine and glycine was substantially protective for all
compounds (see FIG. 3). These results strongly suggest
that these compounds of the present invention target both
mitochondrial Cl1 metabolism and cytosolic de novo purine
biosynthesis. Thymidine provided no protection from any of
the compounds and did not increase the extent of protection
by glycine and adenosine. For some of the compounds,
notably AGF320, growth inlibition was modestly (and
incompletely) reversed by AICA (with glycine) (see FIG.
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3), suggesting a secondary intracellular target, most likely
GARFTase. Analogous results were obtamned with

HCT116 and MIA PaCa-2 tumor cells (see FIG. 14).
[0136] Collectively, these results establish that the com-

pounds of the present 1nvention, namely, AGF291,
AGFEF320, and AGF347 target both mitochondrial and cyto-
solic C1 metabolism.

[0137] Identification of the mitochondrial enzyme target
for AGF291, AGF320, and AGF347 by targeted metabolo-
mics. To further confirm the mtracellular enzyme targets of
the lead compounds of this imnvention, namely, AGF291,
AGF320, and AGF347, we performed targeted metabolo-
mics with liquid chromatography-mass spectrometry (LC-
MS) and [2,3,3-2H]|serine tracer m HCT116, H460 and
MIA PaCa-2 tumor cells. The cells were processed for LC-
MS analyses of total serine, and of M+3, M+2, M+1, and M
+0 (unlabeled) serine (where M-+n represents species with n
deuterium atoms). The results with the drug-treated cells
were compared to those for untreated cells. For WT
HCTI116 cells, the results were compared to those for
SHMT2 KO, MTHFD2 KO, and SHMT1 KO cells (KO of
SHMT2, MTHFD?2, and SHMTI, respectively (20)). For
H460 cells, controls included non-targeted control (NTC)

and SHM'T2 shRNA knockdown (KD) cells.
[0138] Total serine pools were elevated ~10-fold 1n the

HCTI116 sublines with mitochondrial C1 KOs (SHMT2
KO and MTHFD2 KO) relative to WT controls (see FIG.
4B). KO of cytosolic SHMT1 (SHMT1 KO) had no impact
on total serine pools. This establishes that SHMT2 rather
than SHMT1 1s the primary catabolic enzyme for serine n
the tumor cells (20). In AGF291-, AGF320- and AGF347-
treated HCT-116 cells, total serine also increased ~10-fold,
indicating a profound loss of serine catabolism. Analogous
results were seen with the H460 and MIA PaCa-2 cell lines,
including the H460 SHM'T2 KD cells (see FIGS. 15A and
15B).

[0139] The flux of [?H]metabolites originating from
[2,3,3-2H|serne tracer 1s depicted i FIG. 4A. In tumor
cells, C1 metabolism flows 1n a clockwise manner, with ser-
ine catabolized 1n mitochondna (starting with SHMT?2) and
regenerated m the cytosol (via SHMT1) (20). The reactions
are reversible (e.g., serine can be resynthesized from for-
mate 1 the mitochondria (20)). The compartmental metabo-
lism of serme can be revealed by analyzing the 1sotope tra-
cing (“scrambling”) patterns from [2,3,3-2H]serine 1n
HCT116 cells (20, 21), including unmetabolized (1.e. M
+3), and M+2 and M+1 serne resulting from 5,10-methy-
lene-THF (M+2) and formate/10-formyl-THF (M+1),
respectively (see FIG. 4A).

[0140] In WT HCT116 cells treated with [2,3,3-2H]serine,
most of the serine was catabolized (loss of M+3 serine was
~90%) (see FIG. 4C) and the label that remained was mostly
incompletely labeled (scrambled) sermne, reflecting
resynthesized sermme from labeled glycine (M+1 fraction;
~30% of total serine) (20). SHMT1 KO led to a drop
(~60%) 1n the M+1 fraction without altering the M+2 serine
fraction, consistent with SHMTI1 1 the cytosol being
responsible for bulk synthesis of serine from glycine when
SHMT?2 1s active (20). In SHMT?2 KO cells, the M+3 frac-
tion was >60% of the total serine (see FIG. 4C, consistent
with a profound loss of serine catabolism. Reflecting this
and the depletion of formate downstream of SHMT?2, there
was ~90% decreased M+1 serme (20). Further, the M+2
serine fraction also decreased (~25%) compared to WT




US 2023/0091810 Al

cells, reflecting depleted 5,10-methylene-THF. Although
similar results were seen for the M+1 and M+3 serme frac-
tions with MTHFD2 KO cells (decreased ~75% and
increased 3.5-fold, respectively, from WT levels), M+2 ser-
ine was increased (~1.7-fold) compared to that resulting
from SHMT2 KO (see FIG. 4C). This reflects accumulation
of 3,10-methylene-THF when MTHEFD?2 1s lost (1.¢., the M
+2 serine 1sotopomer 18 generated through reversible activ-
1ty of SHMT2 wvia proton abstraction). Thus, changes 1n ser-
1ine 1sotope labeling from [2,3,3-2H]|serine are diagnostic for
the specific perturbations 1n folate metabolism, and also
inform upon the particular enzymatic step that 1s inhibited.

[0141] Treatment of WT HCTI116 cells with compounds
of the present mvention, namely, AGF291, AGF320 or
AGF347 closely recapitulated the effects of the SHMT?2
KO, including a substantial M+3 serine fraction (~55-60%
of total serme) and decreased M+2 serine (~2-3-fold) com-
pared to W cells, accompanied by nearly complete loss of
M+1 serine (see FIG. 4E). Analogous results were obtained
with SHMT2 KD and drug-treated WT H460 cells, and with
MIA PaCa-2 cells treated with AGF291 (see FIG. 15C and
FIG. 15D, respectively). Importantly, these results 1dentify
SHMT?2 as the mitochondnal target for compounds of the
present mvention AGEF291, AGF320 and AGF347.

[0142] Idenfification of cytosolic targets for compounds of
the present mvention AGEF291, AGF320, and AGF347 by
targeted metabolomics. Both GARFTase and AICARFTase
require 10-formyl-THF denived from formate, most of
which 1s generated via mitochondrial Cl1 metabolism from
serine (20) (see FIGS. 1 and 4A). Consistent with this, loss
of SHMT2 in H460 SHMT2 KD cells induced significant
increases 1 purine mmtermediates which are dependent on
Cl pools (1.e., 10-formyl-THF), including GAR (GARFTase
substrate; 21-fold) (see FIG. 4D) and AICAR (AICARF-
Tase substrate; 65-fold) (see FIG. 4E). Likewise, treatment
with AGF291, AGF320, and AGF347 (10 uM) all increased
GAR (10-2300-fold) and AICAR (40-1500-fold) relative to
untreated controls (see FIGS. 4D and 4E). Similar increases
in GAR and AICAR pools resulted 1n drug-treated HCT116
and MIA PaCa-2 cells (see FIGS. 15E, 15F, 151, and 15J).
For the HCT116 sublines, the increases in GAR and AICAR
upon drug treatments generally exceeded those resulting
from the SHMT2 KO.

[0143] To assess the possibility that the compounds of the
present mvention, namely, AGF291, AGF320 and AGF347
directly mhibit cytosolic enzyme targets i de novo purine
biosynthesis (1.€., GARFTase and/or AICARFTase), we
treated the H460 cells with 1 mM formate, to replenish the
cytosolic C1 pool while circumventing the mitochondral
Cl pathway. We reasoned that formate treatment of the
SHMT2 KD cell line should restore levels of GAR and
AICAR to those seen in NTC (W) cells. However, if the
cytosolic enzymes were directly mhibited, formate should
not effectively reverse accumulation of GAR and/or
AICAR. Indeed, in H460 SHMT2 KD cells, treatment with
tormate completely reversed elevated GAR (see FIG. 4D)
and AICAR (see FIG. 4E) accumulations to NTC levels.
However, for drug-treated H460 cells, reversal by formate
was incomplete, albeit to different extents for ditferent com-
pounds. With GAR, the extent of formate reversal was 1n the
order, AGF291 > AGF347 > AGF320, whereas for AICAR,
the rank order was AGF347 > AGF320 > AGF291. These
results strongly implicate direct targeting of GARFTase and/
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or AICARFTase by these novel mhibitors mm addition to

SHMT?2.
[0144] Targeted Metabolomics: Identification of SHMT 1

as a target for pyrrolopynmidine compounds of this mnven-
tion. As SHMT2 (UniProtKB: P34897) maintains 66%
sequence 1dentity (36) to SHMT1 (UniProtKB: 34896), we
considered the possibility that compounds of the present
mvention AGF291, AGF320 and AGF347 may also target
SHMT1 1n the cytosol, although this would be secondary to
inhibition of SHMT2. By molecular modeling (see FIGS.
12F-12H), these compounds bound to rabbit SHMT1 (Uni-
ProtKB: 07511, 93% sequence homology with human
SHMT1(37)) with docking scores from -8.9 to -11.14 kcal/
mol (see Table S1).

[0145] To gauge potential SHMT1 1nhibition by our com-
pounds, we traced [2.3,3-2H]serine mnto dTMP (dTTP), via
Cl transter from 5,10-methylene-THF to dUMP by TS (20)
(see FIG. 4A). WT H460 cells incubated with [2,3,3-2H]|ser-
e generated M+1 dTTP without M+2 dTTP (see FIG. 4G),
confirming [2,3,3-2H]serine metabolism through the mito-
chondrial C1 pathway to [?H]|formate mto TTP (M+1)
(20). Knockdown of SHMT2 (SHMT2 KD) induced a
robust M+2 dTTP signal, reflecting the reverse-flux (serine
— glycine) through SHMT 1n the cytosol (20). In spite of
compelling evidence for direct SHMT?2 targeting (above),
treatment with AGF291, AGF320, or AGF347 (10 uM)
resulted in M+1 dT'TP without M+2 dTTP (see FIG. 4G).
This was accompanied by reduced (60-70%) dTTP pools
(see FIG. 4F). Analogous results were obtained with both
the HCT116 and MIA PaCa-2 sublines (see FIGS. 15G,
15H, 15K, and 15L). Treatment with 1 mM formate to ¢le-
vate cytosolic C1 pools abolished 2H incorporation from
[2,3,3-2H]serme mto dTTP (see FIG. 4G) for the drug-trea-
ted cells, this was accompanied by only partial restoration of
dT'TP (see FIG. 4F). For the SHMT2 KD cells, loss of
SHMT?2 resulted i suppressed dTTP (likely due to a
decreased cytosolic Cl pool), and a dTTP “overshoot”

when excess formate was provided.
[0146] As adenosine rather than thymidme (combimed

with glycine) was protective from growth mhibition by the
compounds of the present invention, see FIGS. 3 and 14, the
reduced dTTP pool (see FIG. 4F), combined with the
absence of M+2 dTTP from [2,3,3-2H]sermne (see FIG.
4(), 15 most consistent with the direct targeting of
SHMTI1, m addition to SHMT2. Although our results are

explamed by targeting of both SHMTI1 and SHMT2, the
relative magnitudes of these mhibitions are difficult to

assess by metabolomics assays alone.

[0147] Enzymology: To confirm the multiple enzyme tar-
ogets (SHMT2, GARFTase, AICARFTase, and SHMTI)
identified from our metabolomics expermments, we per-
formed 1n vitro assays using purified recombinant enzymes.
N-terminal His-tagged proteins were purified including
GARFTase (formyltransferase domain; residues 100-302),
ATIC (AICARFTase/IMP cyclohydrolase), SHMT2,
SHMT1, and MTHFD2. GARFTase and AICARFTase
assays were carried out as previously reported (38, 39)
with slhight modifications, whereas SHMT1/2 and
MTHFD?2 assays were developed for this study. For
MTHFD?2, using NADH as a recadout, none of our lead
molecules were mhibitory. For SHMT1 and SHMT2, a
coupled enzyme assay with MTHFD?2 was used. Our results

demonstrate primary targeting of SHMT2 by “monogluta-
myl” AGF291 and AGF320 (K;s of 0.89 uM and 0.28 uM,
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respectively (Table 1). The relative K;s for GARFTase and
AICARFTase corroborate our metabolomics results (see
FIGS. 4D and 4E), for which AGF320 was the most potent
GARFTase inhibitor and AGF291 was the most potent
AICARFTase 1nhibitor. These results confirm that
SHMT?2, and the purine biosynthetic enzymes GARFTase,
and AICARFTase, are direct targets of our lead pyrrolo|3,2-

dJpyrimidine compounds. As a control, AGF94 was tested
and found to inhibit only GARFTase, with no inhibition for

AICARFTase, SHMT2, or MTHFD?2.
[0148] In vivo anti-tumor efficacy study with MIA PaCa-2

tumor xenografts. Based on 1 vitro etficacies with AGF291
toward various tumor cells (see FIG. 6), we performed an 1n
vivo elfficacy trial mm comparison with the gemcitabine
(GEM). Both AGF291 and GEM were efficacious, with
median tumor burdens on day 14 of 256 mg (range 75-
851 mg) and 255 mg (range 63-322 mg), respectively, com-
pared to 1321 mg (range 685-1465 mg) for the control
cohort. T/C values were 19% tor AGF291 and 26% {for
GEM (see FIG. 5). Tumor growth delays (median T-C to
reach 1000 mg) of 10.5 days for AGF291 and 7.5 days for
GEM were recorded. AGEF291 and GEM were well tolerated
with modest weight losses (9% median nadir on day 17 and
12% median nadir on day 6, respectively) that were comple-
tely reversible after cessation of therapy. Thus, at equitoxic
dose levels, AGF291 showed better anti-tumor efficacy than
GEM, with a 20-fold decreased dose requirement and no
acute or long-term toxicities other than reversible weight

loss.
[0149] 'Table S2 shows 1n vivo efficacies of AGF291 and

oemcitabine toward the MIA PaCa-2 xenografts. Female
[ICR SCID mice (10 weeks old; 19 g average body weight)
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were implanted bilaterally with human MIA PaCa-2 tumors.
For the efficacy trial, the mice were maintained on either a
folate-deficient diet from Harlan-Teklad (TD.00434) start-
ing 14 days before subcutancous tumor mimplant to ensure
serum folate levels would approximate those of humans.
Begmning on day 3 following subcutancous implantation,
the mice were dosed as follows: compound of this invention
AGF291, every 6 days for three imjections (Q6dx3) at
7.75 mg/kg/1ny. (1injection), total dose 23.5 mg/kg; and gem-
citabine, every 4 days for three imjections (Q4dx3) at
120 mg/kg/iny., total dose 480 mg/kg). The mice were
weighed and tumors were measured with a caliper two-to-
three times weekly; mice were sacrificed when the cumula-
tive tumor burden reached 1500 mg. Tumor weights were
estimated from two-dimensional measurements, where
tumor mass (1n mg) = (a X b2)/2, and a and b are the tumor
length and width 1 mm, respectively. The tumor masses
from both tumors on each mouse were added together, and
the total mass per mouse was used for calculations of anti-
tumor activity. Quantitative end-points include: (1) tumor
orowth delay [T-C, where T 1s the median time 1n days
required for the treatment group tumors to reach a predeter-
mined size (¢.g., 1000 mg), and C 1s the median time 1 days
for the control group tumors to reach the same size; tumor-
free survivors are excluded from these calculations]; and (11)
T/C (i percent) when treatment (1) and control (C) groups
for the control groups reached 700 mg 1n si1ze (exponential
growth phase). The median value of each group was deter-
mined (including zeros). Mouse weights were monitored as
a gauge of drug toxicity.

TABLE 82
Antitumor Efficacy Evaluation of AGF-291 and Gemcitabine Against Early Stage Human MIA PaCa-2 Pancreatic Adenocarcinoma xenografts in Female
NCR SCID Mice
Median
Percent Tumor Time to Tumor
Total Mean Body Body Burden 1n Tumor 1000 mgin  Growth
Drug Dosage mg/  Weight Loss Weight mg on dl16 Free on days Delay (T-C)
Treatment Route Schedule kg (g/mouse) Loss (range) T/C% d52 (range) (days)
No treatment -0.2 -1.0 1726 0/5 12.5 (12.5-
(1213- 15.0)
2038)
AGF291 IV Qo6dx3 Start 23.5 -1.8 -8.9 334 (0- 19 /5 23.0 (15.0- 10.5
d3 1221) 51)
Gemcitabine IV Q4dx4 Start 480 -2.4 -12.2 445 (150- 26 0/5 20 (19-21) 7.5
d3 527)

[0150] Most recently, we performed an 1 vivo study of
MIA PaCa-2 xenograits with AGEF347 (FIG. 6). In vivo efli-
cacies of AGF347 and GEM toward the MIA PaCa-2 PaC
xenografts. Female ICR SCID mice (10 weeks old; 19 ¢
average body weight) were mmplanted bilaterally with
human MIA PaCa-2 PaC tumors. Beginning on day 3 fol-
lowing subcutaneous implantation, the mice were dosed as
follows: AGF347, Q2dx8 at 15 mg/kg/in;, total dose
120 mg/kg; and GEM, Q4dx4 at 120 mg/kg/mn;, total dose
480 mg/kg). 'T/C values were 19% for AGEF291 and 26% for
GEM. For AGF347, the T-C (1000 mg) was 54 days and 1/5
mice was disease-ree at 122 days.




US 2023/0091810 Al

Methods

[0151] Chemicals. [14ClFormate (50-60 mCi/mmol) was
purchased from Moravek Biochemicals (Brea, CA). [2,3,3-
ZH, 98% |L-Serine was purchased from Cambridge Isotope
Laboratories, Inc. (Andover, MA). Leucovorin [(6R,S) 5-
formyl tetrahydrofolate (THF)] was provided by the Drug
Development Branch, National Cancer Institute (Bethesda,
MD). Pemetrexed (Alimta) (PMX) was purchased from LC
Laboratories (Woburn, MA). Lometrexol (5,10-dideaza-
5,6,7,8-tetrahydrofolate) was obtamned from Eh Lilly and
Co. (Indianapolis, IN). Raltitrexed was obtamed from Astra-
Zeneca Pharmaceuticals (Maccesfield, Cheshire, England).
Gemcitabmne (Gemzar) was purchased from Plizer (New
York City, NY). Serine-, glycine- and folate-free RPMI
1640 media was custom-ordered from ThermoFisher (Wal-
tham, MA) and supplemented with tissue-culture grade gly-
cine (ThermoFisher) or serine (Sigma-Aldrich), as needed.
Other chemicals were obtained from commercial sources mn
the highest available purities.

[0152] Molecular modeling and computational studies.
Molecular modeling was performed for all analogs with
the human SHMT2 crystal structure (PDB: 3V7I) (47)
using the mduced fit docking protocol of Maestro (48, 49).
The ligands were prepared using the Ligprep (50) applica-
tion of Maestro. The docking protocol was validated by re-
docking the co-crystallized pyranopyrazole ligand (47) into
the crystal structure with a RMSD of 0.15 A. The centroid
around the pyranopyrazole mhibitor in Cham B was defined
as the binding site for the compounds. The OPLS 2005 force
field was used and amino acid residues within 3 A from
docked poses were allowed to be optimized using prime
refinement (51). The compounds were also docked mto rab-

bit SHMT1 (PDB: 1LS3) (52) binding sites. The docking
scores of the analogs are reported 1n Table S1.

[0153] Cell culture and proliferation/protection assays.
The HCT116 cell lines including the serine hydroxymethyl-
transterase (SHMT) 1, SHMT2, and methylene THF dehy-
drogenase 2 (MTHFD2) knockout (KO) cells were pre-
viously described (47,53). The H460 cell line was obtained
from the American Type Culture Collection (Manassas,
VA), whereas the MIA PaCa-2 cells were provided by Dr.
Yubin Ge (Karmanos Cancer Institute). Cell lines were ver-
ified by STR analysis by Genetica DNA Laboratories (Bur-
lington, NC). MTXRIIOua®2-4 (1.c. R2) Chinese hamster
ovary (CHO) cells were generously provided by Dr.
Wayne Flintoft (University of Western Ontari10) (54). From
this parental R2 cell line, human RFC and PCFT were ndai-
vidually transiected to generate the 1sogenic CHO cell lines
designated PC43-10 (RFC) and R2/PCFT4 (PCFT) (55-57).
Human tumor cell lines were cultured m folate-free RPMI
supplemented with 10% dialyzed fetal bovine serum
(Sigma-Aldrich), 1% penicillin/streptomycin  solution,
2 mM L-glutamine, and 25 nM leucovorin 1n a humidified
atmosphere at 37° C. 1n the presence of 5% CO, and 95%
air. The CHO cell lines were cultured i alpha-minimal
essential medium (alpha-MEM) supplemented with 10%
bovine calt serum, 1% penicillin/streptomycin solution,
and 2 mM L-glutamine. Additionally, the transtected CHO

cell limes (1.e. R2/PCF14 and PC43-10) were maintained

under continuous selection with 1 mg/ml of G418.
[0154] For proliferation assays with the CHO cell lines,

the cells were treated with drugs (0-1 uM) m a 96-well
plate (2000 cells/well) m glycme-free, nucleoside-free
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tolate-free RPMI supplemented with 10% dialyzed tetal
bovine serum, 1% penicillin/streptomycin, 2 mM L-gluta-
mine, and 25 nM leucovorin (final volume 200 ul.) over a
96 h incubation period at 37° C. with 5% CO,. The drugs
were dissolved n DMSO; an equivalent amount of DMSO
was added to the control (no addition) samples. To quantity
viable cells, the media was removed and plates were washed
once with 100 uL. Dulbecco’s Phosphate-Buttered Saline
(PBS), after which 100 ulL PBS and 20 uL. Cell Titer-blue
(Promega) were added. Relative cell numbers were propor-
tional to the fluorescence measured with a fluorescence plate
reader (390 nm emission, 560 nm excitation). Background
fluorescence (cell-free wells treated with Cell Titer-blue)
was subtracted and these corrected values were normalized
to results for cells treated in an 1dentical manner without
drugs. ICsq values, corresponding to the drug concentrations
that inhibit growth by 50% relative to untreated controls,
were generated by fitting a 4-parameter logistic regression
in Excel.

[0155] For proliferation assays of the HCT116, H460, and
MIA PaCa2 tumor cell lines, the cells were plated m 96-well
plates 1 an 1dentical manner to the CHO experiments,
except that the maximal drug concentration was increased
to 10 uM. Glycme/nucleoside protection experiments in
CHO and tumor cell lines were performed 1n folate- and
olycine-tfree RPMI 1640/10% dialyzed tetal bovine serum
supplemented with 25 nM leucovorin without additions, or
in the presence of adenosine (60 uM), thymidine (10 uM),
glycine (130 uM) and/or S-aminoimidazole-4-carboxamide
(AICA) (320 uM). Growth of metabolite-treated cells was
normalized to controls treated with metabolites and vehicle
(1.¢., DMSO) both singly and 1in combination. Treatments
with all metabolites were performed i parallel on the

same plate for a given drug.
[0156] Generation of H460 SHMT2 knockdown (H460

SHMT2 KD) cell line. H460 cells were seeded (2 X
105 cells/well) m 24 well plates containing 1 ml of culture
media (1.e. folate-free RPMI 1640 supplemented with 10%
dialyzed fetal bovine serum, 1% penmicillin/streptomycin,
2 mM L-glutamine, and 25 nM leucovorin). Cells were trea-
ted with 4 ug/ml polybrene and 105 transducing units of
MISSION Lentiviral particles (Sigma-Aldrich) contaiming
shRNA targeting SHMT2 (TRCNO0O000034805). An addi-
tional well contained H460 cells without shRNA particles.
After 24 hours, the media was replaced with fresh culture
media includig 2 ug/ml puromycin (58) as a selection mar-
ker. Once cells were contluent (and non-transduced cells had
died), cells were harvested, passaged 3-4 times, then
assayed by RT-PCR for SHMT2 knockdown (KD) relative
to non-targeted control (NTC) particle-transduced H460
cells (58). To 1solate single clones, cells were plated n
100 mm dishes (200 cells/dish) mn the presence of 2 ug/ml
puromycin. Colonies were 1solated, and expanded and clo-
nal cultures were assayed for SHMT2 KD wvia RI-PCR.
SHMT2 KD was confirmed via Western blotting (FIG. 16).
[0157] Real-time PCR. Cells were harvested from either
60 mm dishes or 125 flasks at ~80% contluence and
RNAs extracted usmg TRIzol reagent (Invitrogen, Carlsbad,
CA). ¢cDNAs were synthesized with random hexamers,
MuLV reverse transcriptase, and RNase mhibitor (Applied
Biosystems, Waltham, MA) and purified with a QIAquick
PCR Punfication Kit (QIAGEN, Valencia, CA). Quantita-
tive real-time RT-PCR was performed using a Roche Light-
Cycler 480 (Roche Diagnostics, Indianapolis, IN) with
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ogene-specific primers and Universal Probe Library probes
(SHMT2-#83, RFC-#32, PCFT-#89, FRa-#65 (Roche Diag-
nostics)) and transcript levels were normalized to transcript
levels of PB-actin and GAPDH. Primer sequences are avail-

able upon request.
[0158] Gel electrophoresis and Western blots. H460 wild-

type (WT), H460 NTC, H460 SHMT2 KD, HCT116 WT,
and HCT116 SHMT2 KO cell lines were cultured, as
described above. Cells were plated (1 x 109 cells/dish) mn
60 mm dishes and harvested when the cells were ~80% con-
fluent. Cells were disrupted by sonication with cell debris
removed by centrifugation (1800 rpm, 5 min, 4° C.). The
soluble cell fraction was assayed for protem concentration
(59) and equal amounts of protemn (37 ug) from each sample
were electrophoresed on 10% polyacrylamide gels with
SDS (60) and transierred to polyvinylidene difluoride mem-
branes (ThermoFisher) (61). To detect SHMT2, membranes
were mcubated for 72 h with rabbit anti-SHMT?2 primary
antibody (#12762 (53); Cell Signaling Technology, Dan-
vers, MA). The blots were developed by incubating
[IRDye800CW-conjugated goat anti-rabbit IgG secondary
antibody (LICOR Biosciences, Omaha, NE) for 90 min
and scanning with an Odyssey infrared mmaging system
(LICOR Biosciences). Protemn loading was normalized to
B-actin using anti-P-actin mouse antibody (Sigma-Aldrich).
[0159] Targeted Metabolomics. Targeted metabolomics
were performed essentially as previously described (47,
53). Brielly, cells (H460, HCT116, MIA PaCa-2) (1 million
cells /dish for vehicle-treated samples, 1.5 million cells/dish
for drug-treated samples) were seeded 1n triplicate 60 mm
dishes m 5 ml of folate-free RPMI (contains glycine and
unlabeled serine) supplemented with 10% dialyzed fetal
bovine serum, 1% penicillin/streptomycin, 2 mM L-gluta-
mine, and 25 nM leucovorin. Cells were allowed to adhere
for 24 h. The media was aspirated and replaced with culture
media (contains 25 nM leucovorin, glycine, and unlabeled
serine) and 10 uM AGF291, AGF320 or AGF347, or a com-
parable volume of vehicle (DMSO) (with or without 1 mM
formate (final concentration)). After 16 h, the cells were
washed with PBS (3x), the media was replaced with folate-
and serme-iree culture media (contaming glycine) supple-
mented with 10% dialyzed fetal bovine serine, 25 nM leu-
covorin, and [2,3,3-2H]serine (250 uM), mcluding 10 uM
drug or DMSO vehicle. The cells were mcubated for 24 h.
All incubations were at 37° C. with 5% CO,. The media was
aspirated, and cells were washed (3%) rapidly (< 30 s) with
5 mL 1ce-cold PBS; metabolism was quickly quenched with
methanol:water (80:20) at -80° C. Cells were allowed to
rock on dry 1ce for 10 min to cover the entire dish with
80:20 methanol:water (at -80° C.), then harvested by scrap-
ing and pipetting mto 1.5 mL Eppendort tubes. The tubes
were centrifuged (4° C., 14000 RPM, 10 mi) to fully
extract metabolites 1nto the methanol:water supernatant.
The protein pellet was used for normalization. The super-
natants were collected and analyzed by reversed-phase
ion-pairing chromatography coupled with negative-mode
clectrospray-1onization high-resolution mass spectrometry
on a stand-alone Orbitrap (ThermoFisher Exactive). Raw
metabolite values were adjusted to correct for normal 10n
distributions and normalized to total proteins from the
post-extraction pellet by solubilizing with 0.5 N NaOH
and using the Folin-phenol protein method (13). Values
below the Iimit of detection were assigned a value of 100
for normalization. Results for drug-treated and SHMT2 KD
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formate or

cells were normalized to vehicle-treated WT +
NTC + formate samples, as appropriate.

Enzymology

[0160] In vivo efficacy trial with MIA PaCa-2 pancreatic
cancer xenograits. Methods for in vivo maintenance of MIA
PaCa-2 tumor xenografts and drug efficacy evaluations are
analogous to those previously described (58, 62-67). MIA
PaCa-2 human pancreatic cancer cells (5 x 109 cells/flank)
were bilaterally implanted subcutaneously with tumor frag-
ments (30-60 mg) with a 12-gauge trocar 1n female NCR
SCID mice (NCI Animal Production Program). The mice
were 10 weeks old on day O (tumor implant) with an average
body weight of 19 g. For the efficacy tnial, the mice were
maintained on either a folate-deficient diet from Harlan-
Teklad (TD.00434) starting 14 days before subcutaneous
tumor mmplant to ensure serum folate levels would approx-
imate those of humans. A separate cohort of mice was fed a
tolate-replete control diet from Lab Diet (5021). Mice were
supplied with food and water ad libitum. Serum folate con-
centrations were monitored prior to tumor implant and post
study by Lactobacillus case1 bioassay (68). The mice 1n each
oroup (folate-deficient and standard diet) were pooled
before unselective distribution to the treatment and control
oroups. Chemotherapy was begun 3 days post-tumor
implantation with AGF291 (7.75 mg/kg/injection every
6 days; total dose of 23.25 mg/kg) or gemcitabine
(120 mg/kg/injection every 4 days; total dose of 480 mg/
kg). The drugs were dissolved 1n 5% ethanol (v/v), 1%
Tween-80 (v/v), and 0.5% NaHCO; and were adminmistered
intravenously (0.2 ml/ijection). The mice were weighed
and tumors were measured with a caliper two-to-three
times weekly; mice were sacrificed when the cumulative
tumor burden reached 1500 mg. Tumor weights were esti-
mated from two-dimensional measurements, where tumor
mass (1n mg) = (a X b2)/2, and a and b are the tumor length
and width 1n mm, respectively. The tumor masses from both
tumors on each mouse were added together, and the total
mass per mouse was used for calculations of anti-tumor
activity. Quantitative end-points include: (1) tumor growth
delay [T-C, where T 1s the median time 1n days required
for the treatment group tumors to reach a predetermined
size (e.g., 1000 mg), and C 1s the median time m days for
the control group tumors to reach the same size; tumor-free
survivors are excluded tfrom these calculations]; and (1) T/C
(1n percent) when treatment (T) and control (C) groups for
the control groups reached 700 mg 1n size (exponential
growth phase). The median value of each group was deter-
mined (including zeros). Mouse weights were monitored as
a gauge of drug toxicity.

[0161] Statistics: All data shown reflects at least three bio-
logical replicates unless noted otherwise (e.g. targeted meta-
bolomics data, which reflects three technical triplicates mea-
sured 1n single experiments). All statistical analyses were
performed by the Karmanos Cancer Institute Biostatistics
Core. The expression levels were assessed for the normality
assumption. The log, transformation was used as all values
were positive. The statistical tests were carried out using an
unpaired t-test. P values were not adjusted for multiple
comparisons.
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Synthesis of AGF94 and 5-Substituted Pyrrolo|3,2-d]
Pyrimidine Compounds

[0162] All evaporations were carried out m reduced pres-
sure with a rotary evaporator. Analytical samples were dried
in vacuo in a CHEM-DRY drying apparatus over P,Os at
50° C. Melting points were determined either using a
MEL-TEMP, II melting point apparatus with FLUKE 51
K/J electronic thermometer or using an MPA 100 OptiMelt
automated melting point system and are uncorrected.

Nuclear magnetic resonance spectra for proton (1H NMR)

were recorded on the Bruker Avance II 400 (400 MHz) or
Bruker Avance II 500 (500 MHz) NMR systems with Top-
Spin processing software. The chemical shift values (0) are
expressed m parts per million relative to tetramethylsilane
as an internal standard. Thin-layer chromatography (TLC)
was performed on Whatman® PE SIL G/UV2534 flexible
silica gel plates and the spots were visualized under 254
and 365 nm ultraviolet 1llumination. Proportions of solvents
used for TLC are by volume. All analytical samples were
homogencous on TL.C m at least two different solvent sys-
tems. Column chromatography was performed on the silica
oel (70 to 230 meshes, Fisher Scientific) column. Flash
chromatography was carried out on the CombiFlash® Rf
systems, model COMBIFLASH RF. Pre-packed RediSep®
Ri normal-phase flash columns (230 to 400 meshes) of
diverse s1zes were used. The amount (weight) of silica gel
for column chromatography was in the range of 50-
100 times the amount (weight) of the crude compounds
being separated. Elemental analyses were performed by
Atlantic Microlab, Inc., Norcross, GA. Elemental composi-
tions are within + 0.4% of the calculated values. Fractional
moles of water or organic solvents frequently found 1 some
analytical samples could not be prevented despite 24 to 48 h
of drying i vacuo and were confirmed where possible by
their presence 1n the 'H NMR spectra. The HPLC measure-
ment was performed using UltiMate 3000 UHPLC+ system.
Reverse phase HPLC was carried out with a XSelect CSH
C18 XP, 130 A, 2.5 um, 3 mm x 100 mm column. Solvent
A: water with 0.1% TFA; Solvent B: acetonitrile. Mass
spectrometry m/z determination was performed by an
Advion Expression-S CMS (a smgle quadrupole compact

MS) controlled by Advion Chems Express 4.0.13.8

software.
[0163] AGF 94 (FIG. 9) was synthesized as previously

described (66).

[0164] Synthesis of the target compounds AG291,
AGF299, AGF300, AGF318, AGF320, AGF331, AGF347,
AGF355 and AGF3359 started with a palladium-catalyzed
Sonogashira coupling of 4-10dobenzoate methyl ester (1a)
or 4-bromo-thiophene-2-carboxylic acid ethyl ester (1b) or
methyl 4-bromo-2-fluorobenzoate (1¢) with the appropriate
alkyne alcohols to atford the appropriate 4-substituted alco-
hol benzoates 2a-1. Catalytic hydrogenation atforded the
saturated alcohols 3a-1.(21) The alcohols 3a-1 were con-
verted to the mesylate derivatives usmng mesyl chlonde
and triethylamine base at 0° C.(69) The mesylate derivatives
were not purified and after workup were converted to their
respective 10dide 4a-1 using the Finkelsten reaction. The N-
alkylation of 10dides, 4a-1 using ethyl 3-amino-1H-pyrrole-
2-carboxylate and sodium hydride under anhydrous condi-
tions afforded the N-5 substituted pyrroles 5a-1.(70) This
reaction was incomplete as observed on TLC. Longer reac-
tion times resulted 1n decomposition of the product (TLC).
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The intermediates 5a-1 could not be 1solated due to presence
of multiple spots, even after repeated column chromatogra-
phy. The crude N-substituted pyrroles Sa-1 were directly
subjected to condensation with 1,3-bis(methoxycarbonyl)-
2-methylthiopseudourea with 5 equivalents of acetic acid
as catalyst and M¢OH. The hydrolysis of the carbamate
oroup formed was carried out m situ with aqueous sodium
hydroxide at 55° C. to afforded the 2-amino-4-oxo-pyrrolo
[3.2-d [pyrimidines 6a-1.(24) This hydrolysis required higher
than room temperature. Performing the hydrolysis at room
temperature causes the hydrolysis of the ester, but not the
carbamate (as observed on the 'H-NMR). However, tem-
peratures greater than 70° C. caused degradation of the start-
ing material. The optimum temperature for hydrolysis of
both ester and carbamate was found to be 55° C. Conversion
of free acids 6a-1 to the corresponding L-glutamic acid
diethyl esters 7a-1 mvolved conventional peptide coupling
with L-glutamic acid diethyl ester hydrochloride using 2-
chloro-4,6-dimethoxy-1,3,5-triazine followed by chromato-
oraphic purification to atford the coupled products.(70)
Hydrolysis of 7a-1 with aqueous NaOH at room temperature,
followed by acidification with 1 N HCI 1n the cold, atforded

target compounds.

Synthetic Scheme
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[0165] a) PdCl,, PPh;, alcohol, TEA, toluene, 1h, 100° C.,
microwave; b) Ho/Pd, high parr vessel, 24 h, r.t.; ¢) (1) mesyl
chloride, DCM, 0° C., 2 h; (11) Nal, acetone, 4 h, reflux; d)
ethyl 3-amino-1H-pyrrole-2-carboxylate, NaH, DMF, 2h,
r.t.; e) (1) 1,3-bis(methoxycarbonyl)-2-methyl-2-thiopseu-
dourea, MeOH, r.t., 16 h; (11) NaOMe, MecOH, 16 h, r.t.;
(1) 1 N NaOH, 55° C., 3 h; 1) L-glutamic acid diethyl
ester hydrochloride, 2-chloro-4,6-dimethoxy-triazi-
ne, NMM, DMF, r.t., 12 h; g) IN NaOH, r.t., 1 h

[0166] General procedure for synthesis of 2a-1. In a 20 mL
vial for microwave reaction were added a mixture of palla-
dium chlonide (71 mg, 0.40 mmol), triphenylphosphine
(131 mg, 0.40 mmol), triethylamme (10.1 g, 100 mmol),
methyl 4-10dobenzoate, 1a (2.21 g, 8.43 mmol) or ethyl 53-
bromothiophene-2-carboxylate 1b (1.9 g, 8 mmol) or methyl
4-bromo-2-fluorobenzoate 1¢ (2.5 g, 10.73 mmol), and
anhydrous acetonitrile (10 mlL). To the stirred mixture
were added copper(l) 10odide (304 mg, 1.60 mmol) and
appropriate alkyne alcohol (1.05 equiv), and the vial was
sealed and put into the microwave reactor at 100 C for
10 mn. Silica gel (5 g) was added, and the solvent was eva-
porated under reduced pressure. The resulting plug was
loaded on to a silica gel column (3.5 12 ¢m) and eluted
with Hexane followed by 20% EtOAc m Hexane. The
desired fraction (TLC) was collected, and the solvent was
cvaporated under reduced pressure to afford the target
compounds.

[0167] Methyl 4-(3-hydroxyprop-1-yn-1-yl)benzoate (2a)
Compound 2a was synthesized using the general method
described for the preparation of 2a-1 using prop-2-yn-1-ol
(0.5 ml, 8 mmol), to give 1.3 g of 2a as yellow solid
(1.36 g, 85%); TLC Ri= 0.16 (EtOAc:Hexane, 1:2); 1H-
NMR (400 MHz) (Me,SO-dg) 0 8.06 - 7.87 (d, ] = 8.4 Hz,
2 H, Ar), 7.55 (d, ] = 8.4 Hz, 2 H, Ar), 4.30 (s, 1H, exch.,
-OH), 4.15 (s, 2 H, -CH»-), 3.81 (s, 3 H, -OCH5;). The 'H-
NMR matched the 'TH-NMR reported 1n the literature (71).
[0168] Methyl 4-(4-hydroxybut-1-yn-1-yl)benzoate (2b)
Compound 2b was synthesized using the general method
described for the preparation of 2a-1, using but-3-yn-1-ol
(0.6 ml, 8 mmol), to give 1.2 g of 2b as yellow solid
(1.33 g, 78%); TLC Ri=0.16 (EtOAc:Hexane, 1:2);
mp,(72) 92.3-94.6° C.; TH-NMR (400 MHz) (M¢,SO-dg) o
790 (d, J=87Hz, 2 H, Ar), 7.51 (d, ] =8.7 Hz, 2 H, Ar),
4.96 (s, 1 H, exch., -OH), 3.84 (s, 3 H, -OCH5), 3.61 (m,
2 H, -CH»-), 2.60 (t, J =6.0 Hz, 2 H, -CH,-). The 'H-NMR
matched the TH-NMR reported m the hiterature (73).
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[0169] Methyl 4-(5-hydroxypent-1-yn-1-yl)benzoate (2¢)
Compound 2¢ was synthesized using the general method
described for the preparation of 2a-1, using pent-4-yn-1-ol
(0.67 ml, 8 mmol), to give 1.34 g of 2¢ as yellow semi-
solid (1.62 g, 88%); TLC Rf 0.16 (EtOAc:Hexane, 1:2);
TH-NMR (400 MHz) (Me,SO-dg) 0 6.50 (d, J = 8.4 Hz,
2 H, Ar), 6.37 (d, ] =8.4 Hz, 2 H, Ar), 5.15 (s, 1 H, exch.,
-OH), 3.61 (s, 3 H, -OCH5), 3.11 (t, J=4.9Hz, 2 H, -CH»-),
2.64 (t,]=6.5Hz 2 H, -CH,-), 1.83 -1.67 (m, 2 H, -CH,-).
The TH-NMR matched the TH-NMR reported 1n the litera-
ture (74).

[0170] Ethyl  5-(3-hydroxyprop-1-yn-1-yl)thiophene-2-
carboxylate (2d) Compound 2d was synthesized using the
ogeneral method described for the preparation of 2a-1, using
prop-2-yn-1-ol (0.5 ml, 8 mmol), to give 1.2 g of 2d as yel-
low semi-solid (70%); TLC Ri=0.11 (EtOAc:Hexane, 1:2);
TH-NMR (400 MHz) (Me>SO-dg) 0 7.73 (d, ] =4.0 Hz, 1 H,
Ar), 736 (d,J=39Hz, 1 H, Ar), 549 (t, J= 6.0 Hz, 1 H,
-OH, exch.),4.37-4.28 (m, 4 H, -OCH, and -CH»-), 1.29 (t,
J=7.1Hz, 3 H, -CH,;). This compound was used for the next
reaction without further characterization.

[0171] Ethyl 5-(4-hydroxybut-1-yn-1-yl)thiophene-2-car-
boxylatee (2¢) Compound 388 was synthesized using the
oeneral method described for the preparation of 2a-1, using
but-3-yn-1-o0l (0.6 ml, 8 mmol), to give 1.1 g of 2¢ as yellow
semi-solid (61%); TLC Rt =0.11 (EtOAc:Hexane, 1:2); 1H-
NMR (400 MHz) (Me,SO-dg) 0 7.70 (d, J = 4.0 Hz, 1 H,
Ar), 728 (d,J=40Hz 1 H, Ar), 496 (t, J=5.6 Hz, 1 H,
OH, exch.), 3.91-3.81 (m, 2 H, -OCH,), 3.357 (t,J=6.4 Hz, 2
H,-CH,),2.61(t,J=64Hz 2H,-CH,), 1.30 (t, J=7.1 Hz,
3 H, -CH;). The 'H-NMR matches the 1H-NMR reported
previously (75).

[0172] Ethyl  5-(5-hydroxypent-1-yn-1-yl)thiophene-2-
carboxylate (21) Compound 21 was synthesized using the
general method described for the preparation 2a-1, using
pent-4-yn-1-ol (0.67 ml, 8 mmol), to give 1.3 g of 2f as
yellow semi-solid (68%); TLC Ri=0.11 (EtOAc:Hexane,
1:2); TH-NMR (400 MHz) (Me,SO-dg) o 7.63 (d, J=
383Hz, 1 H, Ar), 6.95(d,J=38 Hz, 1 H, Ar),4.44 (t, ] =
7.5 Hz, exch., -OH), 4.26 (q, J = 7.0 Hz, 2 H, -OCH,), 2.83
(t, J=7.6 Hz, 2 H, -CH,-), 1.66 (p, ] =6.5 Hz, 2 H, -CH,»-),
1.46 (p, ] =6.5 Hz, 2 H, -CH,-), 1.29-1.24 (m, 3 H, -CHy).
This compound was used for the next reaction without
further characterization.

[0173] Methyl 2-fluoro-4-(3-hydroxyprop-1-yn-1-yl)
benzoate (2 g) Compound 2g was synthesized using the gen-
cral method described for the preparation of 2a-1 using prop-
2-yn-1-ol (1.2 ml, 16.09 mmol), to give 2.02 g of 2g as yel-
low semi solid (2.02 g, 85%); TLC Ri= 0.3 (EtOAc:Hexane,
1:1); 1TH NMR (400 MHz, Me,SO-dg) 0 7.88 (t, T =7.9 Hz,
1 H, Ar), 7.47 -7.35 (m, 2 H, Ar), 5.46 (s, 1 H, exch., -OH),
4.34 (s, 2 H, -CH»-), 3.86 (s, 3H, -OCH,3). This compound

was used for the next reaction without further
characterization.
[0174] Methyl 2-fluoro-4-(4-hydroxybut-1-yn-1-yl)

benzoate (2h) Compound 2Zh was synthesized using the gen-
cral method described for the preparation of 2a-1, using but-
3-yn-1-0l (0.6 ml, 8 mmol), to give 1.86 g of 2h as yellow
solid (1.86 g, 78%); TLC Ri= 0.3 (EtOAc:Hexane, 1:1);
mp,(26); 'H NMR (400 MHz, DMSO-dg) 0 7.85 (t, J =
8.0Hz 1 H, Ar), 742 - 730 (m, 2 H, Ar), 498 (t, ] =
5.6 Hz, 1 H, exch., -OH), 3.85 (s, 3 H, -OCHs), 3.60 (td, J
=6.7,5.6 Hz, 2 H, -CH,-), 2.60 (t, ] = 6.7 Hz, 2 H, -CH,-).
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This compound was used for the next reaction without
further characterization.

[0175] Methyl 2-fluoro-4-(5-hydroxypent-1-yn-1-yl)
benzoate (21) Compound 21 was synthesized using the gen-
eral method described for the preparation of 2a-1, using
pent-4-yn-1-ol (1.5 ml, 16.01 mmol), to give 2.23 g of 21
as yellow semi solid (2.23 g, 88%); TLC Rf 0.3 (EtOA-
c:Hexane, 1:1), tH-NMR (400 MHz) (Me,>SO-dg) o0 7.85
(t, =79 Hz 1 H, Ar), 7.38 (d,J=11.6 Hz, 1 H, Ar), 7.33
(d, J=8.1Hz, 1 H, Ar), 6.67 ({, ] =3.0Hz, OH), 4.57 (t, ] =
10.4 Hz, 1 H, exch., -OH), 3.85 (s, 3 H, -OCHs3), 3.52 (q, I=
5.8 Hz, 2 H, -CH»-), 1.69 (q, J= 6.7 Hz, 2 H, -CH,-). This
compound was used for the next reaction without further
characterization.

[0176] General procedure for synthesis of 3a-1. To a Parr
tlask was added 2a-1, 10% palladium on activated carbon
(50% w/w), and MeOH (100 mL). Hydrogenation was car-
ried out at 55 ps1 of H, for 4 h. The reaction mixture was
filtered through Celite, washed with MeOH (100 mL), and
concentrated under reduced pressure to give crude mixture
containing 3a-1. Without chromatographic separation, these
compounds were used for the next reaction.

[0177] Methyl 4-(3-hydroxypropyl)benzoate (3a) Com-
pound 371 was prepared using the general method described

for the preparation of 3a-1, from 2a (1.45 g, 7.4 mmol) to
give 1.2 g (98%) of 3a as a clear o1l; TLC Ri=0.16 (EtOA-

c:Hexane, 1:2); TH-NMR (400 MHz) (Me,SO-dg) 7.93 (d, J
=80Hz, 2H, Ar),7.55(d,J=79Hz,2 H, Ar), 5.43 (s, 1 H,
exch., -OH), 3.85 (s, 3 H, -OCH3), 3.29 (t, J =7.8 Hz, 2 H,
-CH,-), 2.67 (t, 1 =78 Hz, 2 H, -CH,-), 1.72 (dt, ] = 41 .3,
7.4 Hz, 2 H, -CH,-). This compound was used for the next
reaction without further characterization.

[0178] Methyl 4-(4-hydroxybutyl)benzoate (3b) Com-
pound 3b was prepared using the general method described
for the preparation of 3a-1, from 3a (1.45 g, 7.4 mmol) to
give 1.1 g (90%) of 3b as a clear o1l; TLC Ri= 0.16 (EtOA-
c:Hexane, 1:2); TH-NMR (500 MHz) (Me,SO-dg) 0 7.88 (d,
J=79Hz 2H, Ar), 734 (d,J=7.9 Hz, 2 H, Ar), 4.43 (s, 1
H, exch., -OH), 3.83 (s, 3 H, -OCH;), 3.35-3.25 (m, 2 H,
-CH»-),2.68 (¢, J=10.4,79 Hz, 2 H, -CH,-), 1.72 (dtd, J =
4977, 17.2, 154, 9.9 Hz, 4 H, -CH,-). This compound was
used for the next reaction without further characterization.
Methyl 4-(5-hydroxypentyl)benzoate (3¢) Compound 3¢
was prepared using the general method described for the

preparation of 3a-1, from 2¢ (1.45 g, 7.4 mmol) to give
1.2 g (98%) of 3¢ as a clear o1l; TLC Ri=0.16 (EtOAc:Hex-

xane, 1:2); TH-NMR (400 MHz) (Me,;SO-dg) 0 7.86 (d, J =
79Hz,2H, Ar), 7.32 (d,J =79 Hz, 2 H, Ar), 4.36 (s, 1 H,
exch., -OH), 3.82 (s, 3 H, -OCHs), 3.37 (t, ] = 6.4 Hz, 2 H,
-CH,-),2.62 (t,J=7.6 Hz,2 H, -CH»-), 1.57 (p, J =7.7 Hz,
2 H,-CH»-), 1.43 (p, J=6.6 Hz, 2 H, -CH5-), 1.29 (ddt, J =
8.6,6.5, 3.9 Hz, 2 H, -CH,-). This compound was used for
the next reaction without further characterization.

[0179] Ethyl 5-(3-hydroxypropyl)thiophene-2-carboxy-
late (3d) Compound 3d was prepared using the general
method described for the preparation of 3a-1, from 2d
(1.1 g, 5.23 mmol) to give 1.0 g (89%) of 3d as a clear o1l;
TLC Rt 0.12 (EtOAc:Hexane, 1:2); 'H-NMR (400 MHz)
(Me,SOdg) 0 7.63 (t, J = 6.1 Hz, 1 H, Ar), 6.94 (d, J =
6.1 Hz, 1 H, Ar), 444 (t, J = 5.1 Hz, 1 H, exch., -OH),
4.26 (p, J =8.3,7.1 Hz, 2 H, -OCH,-), 2.83 (t, ] = 7.6 Hz,
2 H,-CH,-), 1.66 (p, J=7.6 Hz, 2 H, -CH»-), 1.46 (p, J =
6.8 Hz, 2 H, -CH,-), 1.27 (t, ] = 7.0 Hz, 3 H, -CH;). Thas
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compound was used for the next reaction without further
characterization.

[0180] Ethyl 5-(4-hydroxybutyl)thiophene-2-carboxylate
(3¢) Compound 3¢ was prepared using the general method
described for the preparation of 3a-1, from 2¢ (1.2 g,
5.35 mmol) to give 1.0 g (82%) of 3¢ as a clear o1l; TLC
Ri= 0.12 (EtOAc:Hexane, 1:2); 'H-NMR (400 MHz)
(Me,SO-dg) 0 763 (d, T =37 Hz, 1 H, Ar), 6.95 (d, ] =
3.8 Hz, 1 H, Ar), 438 (s, 1 H, exch., -OH), 4.23-4.20 (m,
2 H,-OCH,-),2.84(q,1=9.6, 7.5 Hz, 2 H,-CH,-), 1.63 (p,J
=7.5Hz, 3 H, -CH3), 1.56 -1.39 (m, 2 H, -CH,-), 1.24-1.50
(m, 4 H, -CH,-). The 'H-NMR matches 'H-NMR of the
reported compound (29).

[0181] Ethyl 5-(5-hydroxypentyl)thiophene-2-carboxylate
(31) Compound 31 was prepared using the general method
described for the preparation of 3a-1, from 2f (1.1 g,
4.62 mmol) to give 1.0 g (89%) of 31 as a clear o1l; TLC
Ri=0.12 (EtOAc:Hexane, 1:2); 'H-NMR (400 MHz)
(Me,SO-dg) 0 7.63 (d, J =3.7 Hz, 1 H, Ar), 695 (d, J =
3. Hz, 1 H, Ar), 4.36 (s, 1 H, exch_ -OH), 4.25 (q, J =
7.0 Hz, 2 H, -OCH,-), 3.38 (t, ] = 6.3 Hz, 2 H, -CH,-),
283 (t, J =74 Hz, 2 H, -CH,-), 1.63 (p, J = 7.5 Hz, 2 H,
-CH»-), 1.44 (p, J=6.6 Hz, 2 H, -CH,-), 1.39-1.30 (m, 2 H,
-CH,»-), 1.28 (t, 1=7.0 Hz, 3 H, -CH;). This compound was
used for the next reaction without further characterization.
[0182] Methyl 2-fluoro-4-(3-hydroxypropyl)benzoate
(3g) Compound 3g was prepared using the general method
described for the preparation of3a-1, from 2g (2.02 g,
9.7 mmol) to give 1.98 g (98%) of 3g as a clear oil; TLC
Ri= 0.3 (EtOAc:Hexane, 1:1); 'H-NMR (400 MHz)
(Me,SO-dg) 0 7.81 (t, J=7.8Hz, 1 H, Ar), 7.24 - 7.14 (m,
2 H, Ar), 4.55 (s, 1H, exch., -OH), 3.84 (s, 3 H, -OCH,),
341 (d, J = 6.3 Hz, 2 H, -CH»-), 2.73 - 2.64 (m, 2 H,
-CH»-), 1.78 - 1.68 (m, 2 H, -CH»-).This compound was
used for the next reaction without further characterization.
[0183] Methyl 2-fluoro-4-(4-hydroxybutyl)benzoate (3h)
Compound 3h was prepared using the general method
described for the preparation of 3a-1, from 3h (1.86 g,

8.4 mmol) to give 1.68 g (90%) of 3b as a clear o1l; TLC
Ri= 0.3 (EtOAc:Hexane, 1:1); 'H-NMR (500 MHz)
(Me,SO-dg) 0 7.80 (1, J=79Hz, 1 H, Ar), 7.22-7.14 (m,
2 H, Ar), 439 (s, 1 H, exch., -OH), 3.84 (s, 3 H, -OCHs),
3.40 (d, J=11.7 Hz, 2 H, -CHZ-),, 2.65(t, J=7.7Hz, 2 H,
-CH»-), 1.66 - 1.55 (m, 2 H, -CH,-), 1.42 (dt, J= 134,
6.5 Hz, 2 H, -CH,-). This compound was used for the next
reaction without further characterization.

[0184] Methyl 2-fluoro-4-(5-hydroxypentyl)benzoate (31)
Compound 31 was prepared using the general method
described for the preparation of 3a-1, from 21 (2.23 g,
9.44 mmol) to give 2.23 g (98%) of 3¢ as a clear o1l; TLC
Ri= 0.3 (EtOAc:Hexane, 1:1); 'H-NMR (400 MHz)
(Me,SO-dg) TH NMR (400 MHz, DMSO-d6) ¢ 7.80 (t, ] =
79Hz,1H, Ar),7.24 -7.13 (m, 2 H, Ar), 4.37 (s, 1 H, exch.,

-OH), 3.84 (s, 3 H, -OCH5), 3.37 (t, J=6.4 Hz, 2 H, -CHZ-),,
2.69-2.60(m,2H,-CH»-), 1.38 (p, ] =7.6 Hz, 2 H, -CH>-),
1.44 (dd, J=14.2, 7.4 Hz, 2 H, -CH,-), 1.35 - 1.23 (m, 2 H,
-CH,-). This compound was used for the next reaction with-
out turther characterization.

[0185] General procedure for synthesis of 4a-1. To the
alcohols 3a-1, was added triethylamine (1 equivalent) and
dichloromethane (25 mlL). The reaction was cooled to
0° C. and purged with nitrogen gas. Under anhydrous con-
ditions, methanesulfonyl chloride (1.05 equivalent) was
added dropwise over 30 miutes. The reaction was stirred
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at room temperature for 2 hours and the reaction was added
into sodium bicarbonate solution (25 mL). The water layer
was washed thrice with dichloromethane (100 mL). The
dichloromethane was evaporated to obtain a semi-solid pro-
duct. To the intermediate 1n acetone, sodium 1odide (1
equivalent) was added and refluxed for 8 hours. The reaction
mixture was filtered. The filtrate was evaporated to obtain
4a-1.

[0186] Methyl 4-(3-10dopropyl)benzoate (4a) Compound
4a was prepared using the general method described for
the preparation of 4a-1, from 3a (1 g, 4.5 mmol), methane-
sulfonyl chlonide (0.35 mlL, 4.5 mmol) and triethylamine
(0.62 mL, 4.5 mmol) to form the mtermediate. To this
sodium 10dide was added and the procedure was followed
to give 0.9 g (72%) of 4a as a clear o1l; TLC Ri= 0.63
(EtOAc:Hexane, 1:2); TH-NMR (400 MHz) (Me,SO-dg) 0
7.95-7.83(d,J=80Hz, 2H, Ar), 736 (d,J=8.0Hz, 2 H,
Ar), 3.84 (s, 3 H, -OCH5), 3.24 (t, J = 6.8 Hz, 2 H, -CH,-),
2.74 (t, J =7.5 Hz, 2 H, -CH,-), 2.07 (p, ] =7.0 Hz, 2 H,
-CH,-).

[0187] This compound was used for the next reaction
without further characterization.

[0188] Methyl 4-(4-10dobutyl)benzoate (4b) Compound
4b was prepared using the general method described for
the preparation of 4a-1, from 3b (1 g, 4.5 mmol), methane-
sulfonyl chlonde (0.35 mL, 4.5 mmol) and triethylamine
(0.62 mL, 4.5 mmol) to form the mtermediate. To this
sodium 10dide was added and the procedure was followed
to give 1.0 g (80%) of 4b as a clear oi1l; TLC Ri= 0.63
(EtOAc:Hexane, 1:2); TH-NMR (500 MHz) (Me,;SO-dg) o
7.86 (d, J=82Hz, 2 H, Ar), 731 (d, ] =8.3 Hz, 2 H, Ar),
455 (t,J=5.1 Hz, 2 H, -CH»-), 3.82 (s, 3 H, -OCH3), 3.41
(t, J=6.4,2 H, -CH,-), 2.65 (t, J=6.4,2 H, -CH,-), 1.78 -
1.66 (m, 2 H, -CH,-), 1.47-1.40 (m, 2 H, -CH,). This com-
pound was used for the next reaction without further
characterization.

[0189] Methyl 4-(5-10dopentyl)benzoate (4¢) Compound
4¢ was prepared using the general method described for
the preparation of 4a-1, from 3¢ (1 g, 4.5 mmol), methane-
sulfonyl chlonide (0.35 mL, 4.5 mmol) and triethylamine
(0.62 mL, 4.5 mmol) to form the mtermediate. To this
sodium 10dide was added and the procedure was followed
to give 1.05 g (85%) as 4c¢ clear o1l; TLC Ri= 0.63 (EtOA-
c:Hexane, 1:2); TH-NMR (400 MHz) (Me,SO-dg) 0 7.87 (d,
J=82Hz 2 H, Ar), 7.31 (d, J=8.3 Hz, 2 H, Ar), 3.82 (s,
3 H,-OCH;),323(t, J=69 Hz, 2 H, -CH,-), 2.62 (t, ] =
7.7 Hz, 2 H, -CH,-), 1.76 (p, ] = 7.0 Hz, 2 H, -CH,-), 1.57
(tt, 1 =9.2,6.9Hz, 2 H, -CH,-), 1.40 -1.29 (m, 2 H, -CH,-).
This compound was used for the next reaction without
turther characterization.

[0190] Ethyl  5-(3-10dopropyl)thiophene-2-carboxylate
(4d) Compound 4d was prepared using the general method
described for the preparation of 4a-1, from 3d (0.9 g,
4.5 mmol), methanesulfonyl chloride (0.35 ml., 4.5 mmol)
and triethylamime (0.62 mL, 4.5 mmol) to form the mter-
mediate. To this sodium 10dide was added and the procedure
was followed to give 0.85 g (61%) of 4d as a clear o1l; TLC
Ri= 0.63 (EtOAc:Hexane, 1:2); 'H-NMR (400 MHz)
(Me>SO-dg) 0 7.63 (t, ] =4.6 Hz, 1 H, Ar), 6.97 (d, ] =
3.7 Hz, 1 H, Ar), 4.25(q, J = 7.1 Hz, 2 H, -CH»-), 3.26 (t,
J=68Hz 2H, -CH»-), 2.93(q,1=9.0, 7.4 Hz, 2 H, -CH,-),
210 (p, =69 Hz, 2 H, -CH»-), 1.28 (t, J=7.1 Hz, 3 H,
-CHs;). This compound was used for the next reaction with-
out further characterization.
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[0191] Ethyl 5-(4-10dobutyl)thiophene-2-carboxylate (4¢)
Compound 4e was prepared using the general method
described for the preparation of 4a-1, from 3¢ (0.95 g,
4.5 mmol), methanesultonyl chloride (0.35 mL, 4.5 mmol)
and triethylamine (0.62 mL, 4.5 mmol) to form the inter-
mediate. To this sodium 10dide was added and the procedure
was followed to give 0.9 g (63%) of 4¢ as a clear o1l; TLC
Ri= 0.63 (EtOAc:Hexane, 1:2); 'H-NMR (400 MHz)
(Me,SOdg) 0 7.64 (d, T = 3.8 Hz, 1 H, Ar), 6.97 (d, ] =
3. Hz, 1 H, Ar), 4.26 (q, J = 7.1 Hz, 2 H, -CH»-), 3.46 -
3.24 (m, 2 H, -CH»-), 2.87 (t,J=7.3 Hz, 2 H, -CH»-), 1.93 -
1.64 (m, 4 H, -CH,-), 1.28 (t, J =7.1 Hz, 3 H, -OCHj3). This
compound was used for the next reaction without further
characterization.

[0192] Ethyl  5-(5-10dopentyl)thiophene-2-carboxylate
(41) Compound 395 was prepared usig the general method
described for the preparation of 4a-1, from 31 (1 g,
4.38 mmol), methanesulfonyl chloride (0.35 ml,
4.5 mmol) and triethylamine (0.62 mL, 4.5 mmol) to form
the mtermediate. To this sodium 10dide was added and the
procedure was followed to give 0.95 g (64%) of 41 as a clear
oill;, TLC Ri= 0.63 (EtOAc:Hexane, 1:2); 'H-NMR
(400 MHz) (Me,SO-dg) 0 7.60 (t, ] = 4.6 Hz, 1 H, Ar),
721 (d,J =37 Hz, 1 H, Ar), 422 (q, J = 7.1 Hz, 2 H,
-CH»-), 335 - 327 (m, 2 H, -CH,-), 3.12 (tt, J = 9.3,
5.2 Hz, 2 H, -CH,-), 2.57 (t, ] = 6.8 Hz, 2 H, -CH,-), 1.97
(q, J=7.1Hz,2 H, -CH»-), 1.29-1.12 (m, 5 H, -CH,- and
-CH,;). This compound was used for the next reaction with-
out further characterization.

[0193] Methyl 2-fluoro-4-(3-10dopropyl)benzoate (4g)
Compound 4g was prepared usmg the general method
described for the preparation of 4a-1, from 3g (1.98 g,
9.33 mmol), methanesulfonyl chlonde (0.96 mlL,
12.4 mmol) and triecthylamine (2 mL, 14 mmol) to form
the mtermediate. To this sodium 10dide was added and the
procedure was followed to give 2.17 g (72%) of 4a as a clear
o, TLC Rif= 08 (EtOAc:Hexane, 1:1); 'H-NMR
(400 MHz) (Me,SO-dg) o 7.82 (t, J= 7.9 Hz, 1 H. Ar),
7.28 - 7.16 (m, 2 H, Ar), 3.84 (s, 3 H, -OCH;), 3.24 (t, J =
6.9Hz, 2 H, -CH,-), 2.79-2.70 (m, 2 H, -CH,-), 2.13 - 2.04
(m, 2 H, -CH,-). This compound was used for the next reac-
tion without further characterization.

[0194] Methyl 2-fluoro-4-(4-10dobutyl)benzoate  (4h)
Compound 4h was prepared using the general method
described for the preparation of 4a-1, from 3h (1.7 g,
7.51 mmol), methanesulfonyl chloride (0.77 mlL,
9.99 mmol) and triethylamine (1.6 mL, 11.27 mmol) to
form the intermediate. To this sodium 10dide was added
and the procedure was followed to give 2.02 g (80%) of 4b
as a clear o1l; TLC Ri= 0.8 (EtOAc:Hexane, 1:1); IH-NMR
(500 MHz) (Me,SO-dg) 0 7.86 - 7.77 (m, 1 H, Ar), 7.25 -
7.13 (m, 2 H, Ar), 3.84 (s, 3 H, Ar), 3.32 - 3.25 (m, 2 H,
-CH»-),2.67 (t,J=74Hz,2 H, -CH,-), 1.82-1.72 (m, 2 H,
-CH»-), 1.70 - 1.6 (m, 2 H, -CH,»-). This compound was used
for the next reaction without further characterization.
[0195] Methyl 2-fluoro-4-(5-10dopentyl)benzoate  (41)
Compound 41 was prepared using the general method
described for the preparation of 4a-1, from 31 (2.23 g,
9.28 mmol), methanesulfonyl chlonde (0.96 mlL,
12.34 mmol) and triethylamine (1.9 mL, 13.92 mmol) to
form the intermediate. To this sodium 10dide was added
and the procedure was followed to give 2.75 g (85%) as 4¢
clear o1l; TLC Ri= 0.8 (EtOAc:Hexane, 1:1); 'H-NMR
(400 MHz) (Me,SO-dg) o 7.81 (t, J= 79 Hz, 1 H, Ar),
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7.30 -7.18 (m, 2 H, Ar), 3.84 (s, 3 H, -OCHs;), 3.28 (t, J=
6.9 Hz, 2 H, -CH»-), 2.66 (t, ] =7.6 Hz, 2 H, -CH>-), 1.83 -
1.73 (m, 2 H, -CH,-), 1.67-1.58 (m, 2 H, -CH»-), 1.37 (q, J=
7.8 Hz, 2 H, -CH,-). This compound was used for the next
reaction without further characterization.

[0196] General procedure for synthesis of 6a-1. To a solu-
tion of ethyl 3-amino-1H-pyrrole-2-carboxylate hydrochlor-
1de (0.5 g, 3.24 mmol) m dry DMF (10 mL) was added
slowly NaH (0.17 g, 7.1 mmol) under nitrogen at room tem-
perature. The resulting mixture was stirred for about 15 min
when there was no more gas produced, and then appropriate
1odide (1 equivalent) was added. The reaction mixture was
stirred at room temperature for 4 h, and DMF was evapo-
rated at clevated temperature to offer a gummy residue,
which was used for the next step without purification. The
gummy residue was dissolved 1n MeOH (10 mL), and 1,3-
bis(methoxycarbonyl)-2-methyl-2- thiopseudourea (0.7 g,
3.3 mmol) was added followed by AcOH (1.0 g,
15 mmol). The mixture was stirred at room temperature
overnight and became a thick paste. NaOMe 1n MeOH
(25%) (7 mL, 22 mmol) was added, and stirring was contin-
ued at room temperature overnight. The mixture was neutra-
lized with AcOH, and the methanol was removed under
reduced pressure. To the residue was added water (20 mL),
and the pH value was adjusted to 10-11 by adding NH; -
H>O. The solid was collected by filtration and washed well
with water. The resulting solid was added to 1 N NaOH
(2 mL), and the mixture was heated at 55° C. for 3 h. The
mixture was cooled and acidified using 1 N hydrochloric
acid. The precipitate was collected and dried under reduced
pressure overnight to obtain 6a-1.

[0197] General procedure for synthesis of 7a-1. To a solu-
tion of 6a-1 in anhydrous DMF (10 mL) was added N-
methylmorpholine (73 mg, 0.72 mmol) and 2-chloro-4,6-
dimethoxy-1,3,5-trtazine (127 mg, 0.72 mmol). The result-
ing mixture was stirred at room temperature for 2 h. To this
mixture was added N-methylmorpholine (73 mg,
(.72 mmol) and L-glutamate diethyl ester hydrochloride
(144 mg, 0.6 mmol). The reaction mixture was stirred for
an additional 4 h at room temperature. Silica gel (400 mg)
was then added, and the solvent was evaporated under
reduced pressure. The resulting plug was loaded on to a
silica gel column with 5% MeOH 1n CHCl; as the eluent.
Fractions that showed the desired spot (TLC) were pooled
and the solvent evaporated to dryness to afford compounds
7Ta-1.

[0198] General method for synthesis of target compounds.
To a solution of 7a-1, was added 4 mL. methanol and 2 mL of
1 N sodium hydroxide solution. The reaction mixture was
stirred for 1 hour at room temperature and the disappearance
of the starting material was spotted with TLC. The mixture
was acidified to pH 2-3 using 1 N hydrochloric acid to
obtain target compounds as precipitate on filtration.

[0199] Diethyl  (4-(3-(2-amino-4-0x0-3,4-dihydro-5H-
pyrrolo|3.2-d|pyrmmidin-5-yD)propyl) benzoyl-L-glutamate
(7a) Using the general method for synthesis of compounds
6a-1, Sa (1.1 g, 3.62 mmol) was used to obtain 6a (0.3 g,
30%) as a white solid. Using the general method for synth-
¢s1s of compounds 7a-1, 6a (0.15 g, 0.48 mmol) was used to
obtain 7a (0.18 g, 75%) as a greyish brown solid; TLC Ri=
0.23  (MeOH:CHCI;:NH,OH, 1:10:0.5); 'H-NMR
(400 MHz) (Me,SO-dg) 0 10.49 (s, 1 H, exch., -NH), 8.67
(d, J=74 Hz, 1 H, exch., -NH), 7.80 (d, J = 8.0 Hz, 2 H,
Ar), 729 (d,J=8.0Hz, 2 H, Ar), 7.21 (d,J=2.6 Hz, 1 H,
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Ar), 591 (d, J =27 Hz, 1 H, Ar), 5.81 (s, 2 H, exch., 2-
NH,), 442 (d,J=7.4 Hz, 1 H, -CH), 4.30 - 420 (m, 2 H,
-CH»-), 4.17 - 3.94 (m, 4 H, -CH5-), 2.65 - 2.54 (m, 2 H,
-CH»-),2.44 (t,J=7.4Hz, 2 H, -CH,-),2.22 - 1.86 (m, 4 H,
-CH»,-), 135 - 109 (m, 6 H, -CHs). Anal. Calcd.
CosHsp NsOg: C, 60.35; H, 6.28; N, 14.08; O, 19.29.
Found: C, 60.03; H, 6.17; N, 13.76.

[0200] Diethyl  (4-(4-(2-amino-4-0x0-3,4-dihydro-5H-
pyrrolo[3,2-d [pyrimidin-3-yl)butyl) benzoyl)-L-glutamate
(7b) Using the general method for synthesis of compounds
6a-1, 5b (1.1 g, 3.46 mmol) was used to obtamn 6b (0.25 g,
23%) as a white solid; TLC Ri= 0.0 (MecOH:CHCI5:HCI,
1:5:0.5); 'TH-NMR (400 MHz) (Me,SO-dg) o 10.50 (s, br,
exch., -COOH), 7.81 (d, J =79 Hz, 2 H, Ar), 7.21 (d, ] =
8.0Hz,2 H, Ar), 7.18(d, J=2.9Hz, 1 H, Ar), 5.92 (s, 2 H,
exch., 2-NH,), 5.87 (d, J = 2.7 Hz, 1 H, Ar), 425 (t, J =
6.8 Hz, 2 H, -CH,-), 2.61 (t, ] = 7.7 Hz, 2 H, -CH,-), 1.73
(p,J=7.8 Hz, 2 H, -CH,-), 1.48 (p, J=7.8 Hz, 2 H, -CH,-).
The melting point assessment suggested mmpurities and
hence this compound was used for the next reaction without
turther characterization. Using the general method for
synthesis of compounds 7a-1, 6b (0.15 g, 0.46 mmol) was
used to obtamn 7b (0.1 g, 43%) as a brown solid; TLC Rf=
0.23 (MeOH:CHCIl;:NH,OH, 1:10:0.5); 1H-NMR
(400 MHz) (Me,SO-dg) 0 10.44 (s, 1 H, exch., -NH), 8.64
(d, J =74 Hz 1H, exch.,, -NH), 7.77 (d, T = 8.2 Hz, 2 H,
Ar), 726 (d,J=82Hz 2 H, Ar), 7.19(d,J =29 Hz, 1 H,
Ar), 588 (s, J =29 Hz, 1 H, Ar), 5.76 (s, 2 H, exch., 2-
NH,), 4.45-4.41 (m, 1 H, -CH), 4.25 (t, ] = 6.8 Hz, 2 H,
-CH»-), 4.18 - 400 (m, 4 H, -CH,-), 2.62 (t, ] = 7.6 Hz,
2 H, -CH»-), 244 (t, ] = 7.5 Hz, 2 H, -CH5-), 2.28 - 1.89
(m, 2 H, -CH»-), 1.87-1.62 (m, 2 H, -CH5-), 1.60 - 1.40 (m,
2 H, -CH»-), 1.18 (dt, J = 9.9, 7.0 Hz, 6 H, -CHj3). Anal.
Calcd. Co4H33N504 0.05 CHCls: C, 61.04; H, 6.50; N,
13.69; O, 18.76. Found: C, 60.57; H, 6.44; N, 13.28.
[0201] Diethyl  (4-(5-(2-amino-4-ox0-3,4-dihydro-5H-
pyrrolo[3,2-d [pyrimidin-5-yl)pentyl) benzoyl)-L-glutamate
(7¢) Using the general method for synthesis of compounds
6a-1, 5c (1.2 g, 3.61 mmol) was used to obtain 6¢ (0.32 g,
29%) as a white solid; TLC Ri= 0.0 (MeOH:CHCI5:HCI,
1:5:0.5); 1H-NMR (400 MHz) (Me,SO-dg) o 12.74 (s,
1 H, exch., -COOH), 8.14 (s, 2 H, exch., 2-NH,), 7.83 (d,
J=79Hz,2H, Ar),745(d,J=29Hz, 1 H, Ar), 7.28 (d, ]
=80Hz, 2H, Ar),6.13(d,J=29Hz, 1 H, Ar), 429 (t, ] =
6.9Hz, 2 H, -CH,-), 3.37(t,]=6.4 Hz, 2 H, -CH,-), 2.64 (1,
J=78 Hz, 2 H, -CH,-), 1.79 - 1.70 (m, 2 H, -CH>-), 1.54 -
1.45 (m, 2 H, -CH,-). The melting point assessment sug-
pested impurities and hence this compound was used for
the next reaction without further characterization. Using
the general method for synthesis of compounds 7a-1, 6¢
(0.15 g, 0.44 mmol) was used to obtamn 7¢c (0.11 g,
47.50%) as a grey solid TLC Ri= 0.23 (MeOH:CHCl5:N-
NH,OH, 1:10:0.5); '1H-NMR (400 MHz) (Me>SO-dg) o
10.45 (s, 1 H, exch., -NH), 8.66 (d, J = 7.6 Hz, 1 H, exch.,
-NH), 7.77 (d, J=80Hz,2 H, Ar), 7.27 (d,J=8.0 Hz, 2 H,
Ar), 716 (d,J=2.7Hz 1 H, Ar), 5.87 (d,J =28 Hz, 1 H,
-Ar), 5775 (s, 2 H, exch., -NH»), 4.41 (d, ] =13.0 Hz, 1 H,
-CH), 4.19 (t, 1=69 Hz, 2 H, -CH»-), 4.14 - 3.96 (m, 4 H,
-CH,), 259 (t, J=7.6 Hz, 2 H, -CH5-), 2.43 (t, ] = 7.4 Hz,
2H,-CH»-),2.20-1.92 (m, 2 H,-CH»-), 1.81 - 1.65 (m, 2 H,
-CH»-), 1.63 - 1.51 (m, 2 H, -CH,-), 1.22-1.11 (m, 8 H,
-CHg-aﬂd -CH;,). Anal. Calcd. for C27H35N506 .24 H20:
C,61.70; H, 6.71; N, 13.32. Found: C, 61.20; H, 6.763; N,
13.13.




US 2023/0091810 Al

[0202] Diethyl  (5-(3-(2-amino-4-0xo0-3.4-dihydro-5H-
pyrrolo|3.2-d [pyrimidin-5-y)propyl)  thiophene-2-carbo-
nyl)-L-glutamate (7d) Using the general method for synth-
es1s of compounds 6a-1, 5d (1.0 g, 2.97 mmol) was used to
obtain 6d (0.18 g, 19%) as a white solid; TLC Ri= 0.0
(MeOH:CHCIl;:HC1, 1:5:0.5); 'H-NMR (400 MHz)
(Me>SO-dg) 0 11.22 (s, br, 1 H, exch., -COOH), 7.49 (d, ]
=3.6 Hz, 1H, Ar), 7.19(d,J=3.0Hz, 1 H, Ar), 6.87 (d, J =
3.8 Hz, 1 H, Ar), 6.00 (s, 2H, exch., 2-NH,), 5.94 (d, J =
30Hz, 1 H, Ar),425(t,J=6.8 Hz, 2 H, -CH,), 2.70 (t, ] =
7.8 Hz, 2 H, -CH5-), 2.06 (t, ] = 7.6 Hz, 2 H, -CH,-). The
melting pomt assessment suggested mmpurities and hence
this compound was used for the next reaction without
further characterization. Using the general method {for
synthesis of compounds 7a-1, 6d (0.15 g, 0.47 mmol) was
used to obtam 7d (0.125 g, 53%) as a grey semi-solid;
TLC Rif= 023 (MeOH:CHCI;:NH,OH, 1:10:0.5); !H-
NMR (400 MHz) (Me,SO-dg) o 1044 (s, 1 H, exch.,
-NH), 8.62 (d, ] = 7.5 Hz, 1 H, exch., -NH), 7.69 (d, J =
3.8Hz, 1 H, Ar), 720 (d,J=29Hz, 1 H, Ar), 691 (d, ] =
3.8Hz, 1 H, Ar), 591 (d,J=29Hz, 1 H, Ar), 5.77 (s, 2 H,
exch., 2-NH,), 4.38 (dt, ] =9.4, 59 Hz, 1 H, -CH), 4.27 (t,J
= 6.8 Hz, 2 H, -CH,-), 4.08 (dq, 1 =23.8, 7.0 Hz, 4 H, -CH,>-
), 272 (t, J=79 Hz, 2 H, -CH,-), 2.42 (t, J =7.5 Hz, 2 H,
-CH»-), ), 2.10 (q, T =7.2 Hz, 2 H, -CH»-), 1.97 (ddd, J =
16.7,14.0,7.6 Hz,2 H, -CH,-), 1.18 (dt, ] =9.0, 7.1 Hz, 6 H,
-CH3). This compound was used for the next reaction with-
out further characterization.

[0203] Diethyl  (5-(4-(2-amino-4-0x0-3.4-dihydro-5H-
pyrrolo|3,2-d [pyrimidin-5-yl)butyl) thiophene-2-carbonyl)-
L-glutamate (7¢) Using the general method for synthesis
of compounds 6a-1, S¢ (1.0 g, 2.97 mmol) was used to obtain
6¢ (0.20 g, 20%) as a white solid. Using the general method
for synthesis of compounds 7a-1, 6¢ (0.18 g, 0.54 mmol) was
used to obtain 7¢ (0.1 g, 37%) as a brown semi- solid; TLC
Ri= 0.23 (MecOH:CHCI;:NH,OH, 1:10:0.5); 'H-NMR
(400 MHz) (Me,SO-dg) 6 10.45 (s, 1 H, exch., -NH), 8.63
(d, J=7.7 Hz, 1 H, exch., -NH), 7.67 (d, J =3.8 Hz, 1 H,
Ar), 720 (d,J=2.5Hz, 1 H, Ar), 6.85 (d, J=3.9 Hz, 1 H,
Ar), 588 (d, =29 Hz, 1 H, Ar), 5.76 (s, 2 H, exch., 2-
NH,), 4.3-4.45 (m, 1 H, -CH), 4.26 (t, ] =6.8 Hz, 2 H, -CH5-
), 4.07 (dq, J = 22.7, 7.2 Hz, 4 H, -CH»-), 3.46 - 3.24 (m,
2 H, -CH,-),2.79 (t, ] =74 Hz, 2 H, -CH,-), 242 (t, ] =
7.4 Hz, 2 H,-CH»-), 1.76 (t, J=7.6 Hz, 2 H, -CH,-), 1.51 (t,
J=7.6Hz 2 H, -CH,-), 1.17(dt, J=9.5, 7.1 Hz, 6 H, -CH3;).
This compound was used for the next reaction without
further characterization.

[0204] Diethyl  (5-(5-(2-amino-4-0xo0-3.4-dihydro-5H-
pyrrolo [3.2-d]pyrimidin-5-yl)pentyl) thiophene-2-carbo-
nyl)-L-glutamate (7f) Using the general method for synth-
es1s of compounds 6a-1, 5t (2.0 g, 5.74 mmol) was used to
obtain 61 (0.34 g, 30%) as a white solid. Using the general
method for synthesis of compounds 7a-1, 61 (0.34 g,
1.03 mmol) was used to obtain 71 (0.11 g, 72%) as a grey
semi-solid; TLC Ri= 023 (MeOH:CHCl;:NH,OH,
1:10:0.5); 'H-NMR (400 MHz) (Me,SO-dg) o 10.69 (s,
1H, exch., -NH-), 8.65 (d, J] = 7.5 Hz, 1 H, exch., -NH),
7.69 (d,J=38Hz 1H, Ar), 7.16 (d, ] =2.9 Hz, 1 H, Ar),
6.85(d,J=3.7Hz, 1 H, Ar), 6.12 -5.71 (m, 3 H, Ar (1 H)
and 2-NH, (2 H, exch.)),4.41 (d,J=5.6 Hz, 1 H, -CH), 4.21
(t, ]=6.8 Hz, 2 H, -CH,-), 4.11 (q, J=7.1 Hz, 2 H, -CH,-),
4.04 (q, J =7.1 Hz, 2 H, -CH»-), 2.75 (t, ] = 7.4 Hz, 2 H,
-CH»-),2.42(d,J=75Hz 2 H,-CH,-),2.21 -1.89 (m, 2 H,
-CH,-), 1.73 (t, J=7.4 Hz, 2 H, -CH,-), 1.60 (t, ] = 7.6 Hz,
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2 H, -CH»-), 1.16 (m, 8 H, -CH>- and -CH3). This compound
was used for the next reaction without further
characterization.

[0205] Daiethyl  (4-(3-(2-amino-4-0x0-3,4-dihydro-5H-
pyrrolo|[3,2-d [pyrimidin-5-yD)propyl)-2-tluorobenzoyl ))-1-
glutamate (7g) Using the general method for synthesis of
compounds 6a-1, 5g (1.1 g, 3.62 mmol) was used to obtain
6g (0.3 g, 30%) as a white solid; TLC Ri= 0.0
(MeOH:CHCl5:HCI, 1:5:0.5); mp, 121.8-156.3° C.; 'H-
NMR (500 MHz) (Me,SO-dg) o 7.77 (t, ] = 7.9 Hz, 1 H,
Ar), 724 (d, J =29 Hz, 1 H, Ar), 7.16 - 7.10 (m, 2 H,
Ar), 6.09 (s, 2 H, exch., 2-NH,), 594 (d, J= 2.8 Hz, 1 H,
Ar),4.26 (t,J=7.0 Hz, 2 H, -CH»-), 2.539 (dd, J=8.9, 6.8 Hz,
2 H, -CH,-), 2.09 - 2.02 (m, 2 H, -CH»-).Using the general
method for synthesis of compounds 7a-1, 6g (0.15 g,
0.48 mmol) was used to obtam 7 g (0.2 g, 75%) as a
brown solid; TLC Ri= 0.3 (MeOH:CHCI;:NH,OH,
1:10:0.5); 'TH-NMR (500 MHz) (Me,>SO-dg) o 11.06 (s,
1 H, exch., -NH), 8.38 (dd, ] = 7.6, 2.0 Hz, 1 H, Ar), 7.31
(t, J=7.8Hz 1H,Ar), 721 (d,J=29Hz 1 H, Ar), 7.18 -
7.08 (m, 2 H, Ar), 591 (d,J=2.8 Hz, 1 H, Ar), 5.80 (s, 2H,
exch., 2-NH,), 4.45 -4.37 (m, 1 H, -CH), 4.25 (t, J= 7.0 Hz,
2 H, -CH»-), 4.12 (qq, J= 7.0, 3.7 Hz, 2 H, -CH,-), 4.05 (q,
J=77.1 Hz, 2 H, Ar), 3.86 (s, 2 H, Ar), 2.58 (dt, J= 15.2,
8.0 Hz, 2H), 2.46 - 2.40 (m, 2H), 2.07 - 1.95 (m, 4 H,
-CH,-), 1.19 (dt, 1 = 14.0, 7.1 Hz, 6 H, -CHs;).

[0206] Daicthyl  (4-(4-(2-amino-4-0xo0-3.4-dihydro-5H-
pyrrolo  [3,2-d|pyrimidin-5-yl)butyl)-2-fluorobenzoyl)-L-
olutamate (7h) Using the general method for synthesis of
compounds 6a-1, Sh (1.1 g, 3.46 mmol) was used to obtain
6h (0.25 g, 25%) as a white solid; TLC Rif= 0.0
(MecOH:CHCl5:HCIL, 1:5:0.5); 'H-NMR (400 MHz)
(Me,SO-dg) 0 7.76 (t, J= 8.1 Hz, 1 H, Ar), 723 (d, J =
29 Hz, 1 H, Ar), 7.16 - 7.05 (m, 2 H, Ar), 6.03 (s, 2H,
exch., 2-NH»), 591 (d, J= 2.8 Hz, 1 H, Ar), 425 (t, ] =
6.8 Hz, 2 H, -CH,-), 2.62 (t, ] = 7.7 Hz, 2 H, -CH5-), 1.72
(p,J=6.9Hz,2 H, -CH,-), 1.48 (qd, 1 =9.3, 8.8, 6.3 Hz, 2 H,
-CH>»-). The compound was used for the next reaction with-
out further characterization. Using the general method for
synthesis of compounds 7a-1, 6h (0.15 g, 0.46 mmol) was

used to obtamn 7h (0.1 g, 43%) as a brown solid; TLC Ri=
0.23 (MeOH:CHCl;:NH,OH, 1:10:0.5); 1H-NMR
(400 MHz) (Me,SO-dg) 'H NMR (400 MHz, DMSO-dg) 6
7.88 (s, 1 H, exch., -NH), 7.55 - 7.45 (m, 2 H, Ar), 7.17 -
7.06(m,2H, Ar),6.15(d,J=2.8 Hz, 1 H, Ar), 4.42 (s, 1 H,
-CH), 4.29 (t, J=6.8 Hz, 2 H, -CH»-), 4.17 - 4.01 (mn, 4 H,
-CH,»-),4.05-393 (m, 2 H, -CH,-),3.66(t,J=12.4 Hz, 2 H,
-CH,-), 2.64 (t,J=7.6 Hz, 2 H, -CH,-), 1.74 (m, 2 H, -CH,),
1.51 (d, J=6.8 Hz, 2 H, -CH,-), 1.26 - 1.13 (m, 6 H, -CH3).
[0207] Diethyl  (4-(5-(2-amino-4-ox0-3,4-dihydro-5SH-
pyrrolo [3.2-d]pyrimidin-5-yl)pentyl)-2-fluorobenzoyl)-L-
olutamate (71) Using the general method for synthesis of
compounds 6a-1, 51 (1.2 g, 3.61 mmol) was used to obtain
61 (032 g, 29%) as a white solid; TLC Rf= 0.0
(McOH:CHCl5:HCI, 1:5:0.5); H-NMR (400 MHz)
(Me,SO-dg) 0 7.70 (td, J= 8.2, 6.3 Hz, 1 H, Ar), 7.16 (d,
J=2.8 Hz, 1 H, Ar), 7.10 - 7.00 (m, 2 H, Ar), 5.94 (s, 2 H,
exch., -NH,), 5.86 (d, J=2.8 Hz, 1 H, Ar), 4.23 - 4.14 (m,
2 H, -CH»-), 2.60 (dt, ] = 21.4, 7.8 Hz, 2 H, -CH,-), 1.75
-1.50 (m, 4 H, -CH»-), 1.25 - 1.15 (m, 2H). The melting
point assessment suggested impurities and hence this com-
pound was used for the next reaction without turther char-
acterization. Using the general method for synthesis of com-
pounds 7a-1, 61 (0.15 g, 0.44 mmol) was used to obtam 71
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(0.11 g, 47.50%) as a grey sohd TLC Ri= 0.23
(MeOH:CHCIl;:NH,OH, 1:10:0.5); IH-NMR (400 MHz)
(Me>SO-dg) 0 11.17 (s, 1 H, exch., -NH), 8.57 (dd, J = 7.5,
2.0Hz, 1 H, exch., -NH), 7.50 (t, J=7.8 Hz, 1 H, Ar), 7.38
(d, J=29Hz 1 H Ar),7.16-7.07 (m, 2 H, Ar), 6.07 (d, J =
2.8 Hz, 1 H, Ar), 4.43 (ddd, 1 =9.5,7.4,5.1 Hz, 1 H, -CH),
424 (t,J=7.1Hz 2 H, -CH,-), 4.12 (qq, J = 7.0, 3.7 Hz,
2 H, -CH5-), 4.08 -4.03 (m, 2 H, -CH,-), 2.61 (t, J=7.7 Hz,
2 H, -CH,-), 2.46 - 2.40 (m, 2 H, -CH,-), 2.09 (m, 2 H,
-CH»-), 1.75 (p, J =73 Hz, 2 H), 1.57 (q, ] = 7.6 Hz, 2H),
1.22 - 1.17 (m, 8 H, -CH,- and -CH3).

[0208] (3-(2-amino-4-0x0-3,4-dihydro-5SH-pyrrolo|3,2-d]
pyrimidin-5-yl)propyl)benzoyl)-L-glutamic acid (AGF291)
Using the general method for synthesis of target com-
pounds, 7a (0.10 g, 0.2 mmol) was used to obtain AGF291
(0.L06 g, 67%) as a white solid;, TLC Ri=0.0
(MeOH:CHCl;:HCI, 1:5:0.5); mp, 71.8-80.0° C.; TH-NMR
(400 MHz) (Me,SO-dg) 0 12.10-11.20 (s, br, 3 H, exch.,
-COOH and -NH), 8.59 - 8.25 (m, 1 H, exch., -NH), 7.75
(d, J=79Hz,2H, Ar), 7.27 (d,J=7.7Hz, 2 H, Ar), 7.19 (d,
J=2.6Hz, 1 H, Ar), 6.44 (s, 2 H, exch., 2-NH,), 5.89 (d, J =
2.7Hz, 1 H, Ar), 432 -4.19 (m, 3 H, -CH and -CH,), 2.57
(t, ] =7.3Hz, 2H,-CH,-),2.34-2.11 (m, 2 H, -CH»-), 2.11 -
1.98 (m, 2 H, -CH,-), 2.01-1.83 (m, 2 H, -CH,-). Anal.
Calcd. for C;;Hy3 NsOg 0.9 CH;0H 0.8 HCI: C, 52.67; H,
5.53; N, 14.02; Found: C, 52.33; H, 5.63; N, 14.07.

[0209] (2-amino-4-0x0-3,4-dihydro-5H-pyrrolo|3,2-d]
pyrimidin-5-yl)butyl)benzoyl)-L-glutamic acid (AGFEF300)
Using the general method for synthesis of target com-

pounds, 7b (0.10 g, 0.195 mmol) was used to obtan
AGF300 (0.056 g, 63%) as a white sohid; TLC Rf = 0.0

(MeOH:CHCIl;:HCI, 1:5:0.5); mp, 82.3-87.0° C.; IH-NMR
(400 MHz) (Me2SO-d6) o 11.80-11.00 (s, br, exch., 3 H,
COOH and NH), 8.26 (s, 1 H, exch., -NH), 7.71 (d, J =
79 Hz, 2 H, Ar), 7.33 - 7.09 (m, 3 H, Ar), 6.14 (s, 2 H,
exch., 2-NH2), 5.86 (d,J =22 Hz, 1 H, Ar), 4.23 (m, 3 H,
-CH- and -CH2-), 2.77 - 2.56 (m, 2 H, -CH»-), 2.37 - 2.09
(m, 2 H, -CH5-), 2.04 - 1.84 (m, 2 H, -CH»-), 1.71 (m, 2 H,
-CH,-), 1.46 (d, J = 7.4 Hz, 2 H, -CH,). Anal. Calcd. for
C,,H,s NsOg 0.77 HCIL: C, 54.64; H, 537, N, 14.48.
Found: C, 54.71; H, 5.34; N, 14.28.

[0210] (5-(2-amino-4-0x0-3,4-dihydro-5SH-pyrrolo[3,2-d]
pyrimidin-5-yl)pentyl)benzoyl)-L-glutamic acid (AGEF299)
Using the general method for synthesis of target com-

pounds, 7¢ (0.10 g, 0.195 mmol) was used to obtamn
AGFEF299 (0.050 g, 56%) as a white solid; TLC Ri= 0.0
(MeOH:CHCl5:HCI, 1:5:0.5); mp, 82.3-84.8° C.; TH-NMR
(400 MHz) (Me,SO-dg) o 11.95 (s, 2 H, exch., -COOH),
854 (d, J =7.7 Hz, exch., -NH), 7.79 (d, J = 7.8 Hz, 2 H,
Ar), 7.40 - 7.00 (m, 3 H, Ar), 6.37 (s, 2 H, exch., 2-NH,),
594(d, J=29Hz, 1H, Ar),438 (d,J=8.2Hz, 1 H, -CH-),
421 (t, J =7.0 Hz, 2 H, -CH,-), 2.60 (t, ] = 7.7 Hz, 2 H,
-CH,-),2.36(t, J=74Hz, 2H, -CH,-),2.17-1.82 (m, 2 H,
-CH5-), 1.80-1.65 (m, 2H, -CH,-), 1.60-1.45 (m, 2 H, -CH,-
), 1.26-1.00 (m, 2 H, -CH,-). Anal. Calcd. C,3H»7N504 1.08
H>0O: C, 56.50; H, 6.01; N, 14.23. Found: C, 56.49; H, 5.83;
N, 14.28.

[0211] (3-(2-amino-4-0x0-3.4-dihydro-5SH-pyrrolo[3,2-d]

pyrimidin-3-yl)propyl) thiophene-2-carbonyl)-L-glutamic
acid (AGF331) Using the general method for synthesis of
target compounds, 7d (0.10 g, 0.2 mmol) was used to obtain
AGF331 (0.054 g, 61%) as a white solid; TLC Ri= 0.0
(MeOH:CHCIl5:HCI, 1:5:0.5); mp, 150.3-154.3° C.; 'H-
NMR (400 MHz) (Me,SOdg) o 12.20-11.10 (s, br, exch.,
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3 H, COOH and NH), 849 (d, J = 7.8 Hz, 1 H, exch.,,
-NH), 7.68 (d, ] =3.8 Hz, 1 H, Ar), 7.20 (d, J = 2.8 Hz,
1 H, Ar), 690 (d, J=3.8 Hz, 1 H, Ar), 591 (d, ] =2.8 Hz,
1 H, Ar), 5.80 (s, 2 H, exch., 2-NH,), 4.31 (dt, J] = 28.9,
84 Hz, 3 H, -CH and -CH,-), 2.72 (t, J = 7.7 Hz, 2 H,
-CH»-), 233 (t, J=7.5Hz, 2 H, -CH»-), 2.08 (dgq, ] = 12.7,
6.5,5.7Hz, 2 H, -CH,-), 1.91 (m, 2 H, -CH»-). Anal. Calcd.
for C;0H,; N5O5 S 0.8 H,O: C, 49.41; H, 4.93; N, 15.16; S,
6.94. Found: C, 49.44; H, 4.84; N, 15.13; S, 6.84.

[0212] (4-(2-amino-4-0x0-3,4-dihydro-SH-pyrrolo|3,2-d]
pyrmmidin-5-yl)butyl)thiophene-2-carbonyl)-L-glutamic
acid (AGF318) Using the general method for synthesis of
target compounds, 7¢ (0.10 g, 0.193 mmol) was used to
obtain AGF318 (0.045 g, 50%) as a white solid; mp,
148.3-150.2° C.; TLC Ri=0.0 (MeOH:CHCI;:HCI,
1:5:0.5); tH-NMR (400 MHz) (Me,SO-dg) 0 11.94 (s, 3 H,
exch., -COOH and NH), 8.54 (d, ] = 7.8 Hz, 1 H, exch.,
-NH), 7.69 (d, ] = 7.8 Hz, 1 H, Ar), 7.33 (d, J = 3.8 Hz,
1 H, Ar), 6.96 (s, 2 H, exch., 2-NH,), 6.85 (d, J = 3.8 Hz,
1 H, Ar), 6.01 (d,J=2.8 Hz, 1 H, Ar), 4.38 - 4.23 (m, 3 H,
-CH- and -CH»-), 2.79 (t,J=7.6 Hz, 2 H, -CH,-), 2.34 (t, ] =
74 Hz,2 H,-CH5-),2.14-1.92 (m, 2 H, -CH,-), 1.76 (p, ] =
6.9 Hz, 2 H, -CH,-), 1.52 (p, J = 7.6 Hz, 2 H, -CH,-). Anal.
Calcd. for C,oHy3N<sO6S 0.58 HCI: C, 49.77; H, 4.92; N,
14.51; S, 6.64. Found: C, 49.80; H, 5.08; N, 14.51; S, 6.74.
[0213] (2-amino-4-0x0-3,4-dihydro-5H-pyrrolo[3,2-d]
pyrmmidin-5-yl)pentyl)thiophene-2-carbonyl)-L-glutamic
acid (AGF320) Using the general method for synthesis of
target compounds, 71 (0.10 g, 0.188 mmol) was used to
obtain AGF320 (0.072 g, 81%) as a white solid; mp, 73.4-
78.77° C.; TLC Ri=0.0 (MeOH:CHCI;:HCI, 1:5:0.5); H-
NMR (400 MHz) (Me,SO-dg) o 12.32 (s, 2H, exch.,
-COOH), 8.53 (d, J=79 Hz, 1 H, exch., -NH), 7.69 (d, J
=38Hz 1 H, Ar),734(d, J=7.9Hz, 1 H, Ar), 7.09 (s, 2H,
exch., 2-NH,), 6.87 (d, ] =38 Hz, 1 H, Ar), 6.03 (d, J =
28 Hz, 1 H, Ar), 434 (d,J=28 Hz, 1 H, -CH), 4.23 (t, ] =
7.0Hz, 2 H, -CH,»-), 2.77 (t, J=7.5 Hz, 2 H, -CH5-), 2.34 (t,
J=75Hz 2H, -CH»-), 1.92 (d,J=11.9 Hz, 2 H, -CH»-),
1.74 (m, 2 H, -CH,-), 1.61 (m, 2 H, -CH,-), 1.25 (t, J =
7.5 Hz, 2 H, -CH,-). Anal. Calcd. for C;1H,5 N5Og S 0.94
HCI: C,4948; H, 5.13; N, 13.74; §, 6.29. Found: C, 49.51;
H, 5.21; N, 13.33; S, 6.31.

[0214] (3-(2-amino-4-o0x0-3,4-dihydro-5SH-pyrrolo|3,2-d]
pyrimidin-3-yl)propyl)-2-fluorobenzoyl)-L-glutamic  acid
(AGLE359) Using the general method for synthesis of target
compounds, 7g (0.03 g, 0.07 mmol) was used to obtain
AGF359 (0.04 g, 67%) as a white solid; TLC Ri= 0.0
(MeOH:CHCl5:HCI, 1:5:0.5); mp, 173.8-183.1° C.; H-
NMR (400 MHz) (Me,SOdg) o 12.10-11.20 (s, br, 3 H,
exch., -COOH and -NH), 841 (dd, J = 7.6, 2.7 Hz, 1 H
Ar), 753 (t, =78 Hz, 1 H, Ar), 7.28 (d, J=2.8 Hz, 1 H,
Ar), 7.17 - 7.09 (m, 2H), 6.50 (s, 2H), 5.98 (d, J= 2.8 Hz,
1H), 4.39 (ddd, J=9.6, 7.6, 4.8 Hz, 1H), 4.27 (t, J= 7.0 Hz,
2H), 2.61 - 2.54 (m, 2H), 2.40 - 2.31 (m, 2H), 2.11 - 2.03 (m,
3H), 1.90 (dddd, J=14.0, 9.5, 7.9, 6.3 Hz, 1H). MS calcu-
lated for C; H,,FNsOg [M+H]|* , 460.16. Found: 460.0.
HPLC analysis: retention time, 14.42 min; peak area,
96.2%; eluent A, H,O: eluent B, ACN; gradient elution
(100% H,O to 10% H,O) over 45 min with flow rate of
0.3 mL/min and detection at 254 nm; column temperature,
I1.

[0215] (2-amino-4-0x0-3,4-dihydro-5SH-pyrrolo|3,2-d]
pyrimidin-5-yl)butyl)-2-fluorobenzoyl)-L-glutamic acid
(AGF347) Using the general method for synthesis of target
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compounds, 7h (0.40 g, 0.845 mmol) was used to obtain
AGF347 (0.056 g, 63%) as a white solid; TLC Rf = 0.0
(MeOH:CHCI3:HCl, 1:5:0.5); mp, 161.6-162.4° C.; 1H-
NMR (500 MHz) (Me2S0-d6) o 8.43 (dd, J= 7.6, 2.6 Hz,
1 H, exch., -NH), 7.51 (t, J=7.7 Hz, 1 H, Ar), 7.23 (d, J=
29Hz, 1 H, Ar), 7.13 - 7.05 (m, 2 H, Ar), 6.2 (s, 2H, exch.,
-NH,), 5.92 (d, J=2.8 Hz, 1 H, Ar), 4.38 (ddd, J=9.5, 7.5,
4.8 Hz, 1 H,-CH), 425 (t,J=6.8 Hz, 2 H, -CH»-), 2.61 (t,J
=777 Hz, 2 H, -CH»-), 2.40 - 2.28 (m, 2 H, -CH,-), 2.08 -
1.84 (m, 2 H, -CH,-), 1.72 (p, J=7.1 Hz, 2 H, -CH,-), 1.48
(td, J = 8.5, 41 Hz, 2 H, -CH,-). Anal. Calcd. for
C,,H,4FNsOg 058 HCL: C, 55.81; H, 5.11; N, 14.79;
F.4.01 Found: C, 53.30; H, 5.15; N, 14.18; F, 3.81.

[0216] (5-(2-amino-4-0x0-3,4-dihydro-SH-pyrrolo|3,2-d]
pyrimidin-5-yD)pentyl)-2-fluorobenzoyl)-L-glutamic  acid
(AGF355) Using the general method for synthesis of target
compounds, 71 (0.05 g, 0.07 mmol) was used to obtan
AGF355 (0.050 g, 56%) as a grey sohd; TLC Rif= 0.0
(McOH:CHCIl3:HCI, 1:5:0.5); mp, 138.5-145.7° C.; H-
NMR (400 MHz) (Me,SOdg) 0 842 (d, ] = 9.0 Hz, 1 H,
exch., -NH), 7.52 (d, ] =156 Hz, 1 H, Ar), 7.19 (d, J =
2.8 Hz, 1 H, Ar), 7.11 (d, J = 25.0 Hz, 2 H, Ar), 5.94 (s,
2 H, exch., -NH»), 5.89 (d, J=2.8 Hz, 1 H, Ar), 439 (d, J
=21.9Hz, 1 H,-CH), 4.20 (d, J = 14.1 Hz, 2H, -CH>-), 2.60
(d, J = 15.7 Hz, 2H, -CH>-), 2.38 - 2.32 (m, 2 H, -CH,-),
2.12-191 (m, 2 H, -CH»-), 1.73 (p, J=7.2 Hz, 2 H, -CH>-),
1.57 (p, I=7.7 Hz, 2 H, -CH»-), 1.23 (d, J=51.8 Hz, 2 H,
-CH,-). MS calculated tor C,H,,FNsOg [M+H]" , 488.19.
Found: 487.9. HPLC analysis: retention time, 12.75 min;
peak area, 95.23%; eluent A, H,O: eluent B, ACN; gradient
elution (100% H,0 to 10% H,0) over 45 min with tlow rate
of 0.3 mL/min and detection at 254 nm; column tempera-
ture, rt.

Synthesis Schemes

[0217] For Formula 1, Synthesis of AGF 323
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AGE323. X=0.,n=23 3¢, X = NCHO
32, X = § 3d, X = NCOCH,
3b, X = NH 2 — | 3e, X = NCOCF,

[0218] al) K2CO3, acetonitrile, 3-bromopropanol or
2.bromoethan-1-ol, reflux, 24 h; a2) 3-ammmipropanol, Cul,
L-proline, dimethyl sulfoxide, r.t., 48 h; b) PPh3, 10dine,
imidazole, DCM, 00C, 1.5 h; ¢) ethyl 3-amino-1H-pyrrole-
2-carboxylate, NaH, DMF, 2 h, r.t.; d) (1) 1,3-bis(methoxy-
ycarbonyl-2-methyl-2-thiopseudourea, MeOH, r.t. 16 h; (11)
NaOMe, McOH, 16 h, r.t.; (111) 1IN NaOH, 550C, 3 h; ¢) L-
glutamic acid diethyl ester hydrochlonde, 2-chloro-4, 6-
dimethoxy-triazine, NMM, anhydrous DMF, r.t., 12 h; 1)
IN NaOH, r.t., 1 h; g) acetic anhydnde, formic acid, 1 h,
reflux, or acetic anhydnde, rt, 12 h, or trifluoracetic anhy-
dride, rt, 4 h.

[0219] Synthesis of AGEF323: Compound 11a was alky-
lated with 3-bromopropanol to atford alcohol 12a, which
was subjected to the Appel reaction with PPhs, imidazole
and 10dine to afford 10dide 13a. Commercially available 3-

amino- 1 H-pyrrole-2-carboxylate was then alkylated with
13a (61%) and the crude N-substituted pyrrole (14a) was
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directly subjected to condensation with 1,3-bis(methoxycar- Scheme 2
rbonyl)-2-methylthiopseudourea with 5 equivalents of e

acetic acid as catalyst in MeOH. The hydrolysis of the car-
bamate group formed, was carried out 1n situ with aqueous a
sodium hydroxide at 55° C. to atford the 2-amino-4-oxo- N -
pyrrolo[3.2-d|pyrimidine 15a (14%). Conversion of free
acid 15a to the corresponding L-glutamic acid diethyl esters
16a (38%) mnvolved conventional peptide coupling with L-
glutamic acid diethyl ester hydrochloride using 2-chloro- % =1 or Br
4,6-dimethoxy-1,3,5-triazine followed by chromatographic Ar = 1" 4"-phenyl or 2'-fluoro-1',4'-
purification. Hydrolysis of 16a with aqueous NaOH at phenyl

room temperature, followed by acidification with 1 N HCI

afforded the target compound AGF323 1 78% yields.
[0220] Additional Examples of Compounds of Formula 1

O O
O
Ar
/

HNJ\,.--*N ) >?0H
| R
)\ e / 7

[0221] 1n=1, 3-4; R=H; X=CH,; Ar=1"4'-phenyl or e
2' 5'-thienyl O
[0222] 2n=1-4; R=CHj;; X=CH,; Ar=1"'4'-phenyl or
2' 5'-thienyl
[0223] 3 n= 2-4; R = H; X = O, §, NH, NCHO, Ar O
NCOCH;, NCOCF3; Ar = 1' 4'-phenyl or 2',5"-thienyl F 0
[0224] 4 n=2-4; R = H; X = CH,; Ar = 2'-fluoro-1",4'- (
phenyl
[0225] AGF291 n = 2, Ar = 1'4'-phenyl, R = H, X =
CH,
[0226] AGF299 n =4, Ar = 1'4'-phenyl, R = H, X = 18
CH,
[0227] AGF300 n = 3, Ar = 1'4'-phenyl, R = H, X = e ] -3 |
CH, Ar = 1" 4'-phenyl or 2'-fluoro-1'.4'-phenyl
[0228] AGF307n =4, Ar =1"'4"-phenyl, R =CHj;, X =
CH,
[0229] AGF312 n =3, Ar=1"4'-phenyl, R =CH;, X = o/

17

FORMULA 1

CH,
[0230] AGF318 n = 3, Ar = 2',5'-thienyl, R = H, X = /J\ .

CH, HO Ar
0231] AGF320 n = 4. Ar = 2'.5'-thienyl, R = H, X = TN
CH,

0232] AGF323n=3, Ar=1'4'"-phenyl, R=H, X = O .
(0233] AGF331 n =2, Ar = 2'5'-thienyl, R = H, X =

CH, N e
10234] AGF359 n = 2, Ar = 2'-fluoro-1'.4'-phenyl, R = Ar = I'4-phenyl or 2-fluoro-I'4-pheny}

H. X = CH,
[0235] AGF347 n = 3, Ar = 2'-fluoro-1'4'-phenyl, R =

H, X = CH, o
10236] AGF355 n = 4, Ar = 2'-fluoro-1'4'-phenyl, R =

H, X = CH, /J\

[0237] For Formula I, Synthesis of AGF307, AGF312, I Ar O
AGF299, AGF359, AGF347 and AGF355: \MH/\/

1= 1.3
Ar = 1" 4-phenyl or 2'-tluoro-1" 4'-phenyl
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Y H or CH;
------ = 1" 4-phenyl or 2'-fluoro-1".4'-phenyl

A

Ar

\,H‘t»/

1

[0238] a) PdCI2, PPh3, TEA, Cul, alcohol, acetonitrile,
1h, 100 °C, microwave; b) H2/Pd, lhigh parr vessel, 24h,
r.t.; ¢) (1) mesyl chloride, TEA, DCM, 0 °C, 2 h; (1) Nal,
acetone, 4 h, reflux; d) ethyl-3-amino-1H-pyrrole-2-carbox-
ylate or ethyl 3-amino-5- methyl- 1H-pyrrole-2-carboxylate,
NaH, DMF, 2h, rt.; e) (1) 1,3-bis(methoxycarbonyl)-2-
methyl-2-thiopseudourea, MeOH, r.t., 16 h; (1) NaOMe,
MeOH, 16 h, r.t.; (111) 1 N NaOH, 55 °C, 3 h; 1) L-glutamic
acid diethyl ester hydrochloride, 2-chloro- 4,6-dimethoxy-
trnazine, NMM, DMF, r.t., 12 h; g) IN NaOH, r.t., 1 h

[0239] Synthesis of the target compounds AGEF299,
AGF307, AGF312, AGF359, AGF347 and AGF355 started
with a palladium-catalyzed Sonogashira coupling of 4-10do-
benzoate methyl ester or methyl 4-bromo-2-fluorobenzoate
with the appropriate alkyne alcohols to afford the appropri-
ate 4-substituted alcohol benzoates 18 (78-88%). Catalytic
hydrogenation afforded the saturated alcohols 19 (85-98%).
The alcohols were converted to the mesylate derivatives
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using mesyl chloride and triethylamine base at 0° C. The
mesylate derivatives were converted to their respective
10dide 20 (72-85%) using the Finkelstein reaction. The N-
alkylation of 1odides, using ethyl 3-amino-1H-pyrrole-2-
carboxylate or ethyl 3-amino-5-methyl-1H-pyrrole-2-car-
boxylate and sodium hydride under anhydrous conditions
afforded the N-5 substituted pyrroles 21. The crude Nsub-
stituted pyrroles (21) were directly subjected to condensa-
tton with 1,3-bis(methoxycarbonyl)-2-methylthiopseu-
dourea with 5 equivalents of acetic acid as catalyst and
MeOH. The hydrolysis of the carbamate group formed was
carried out 1n situ with aqueous sodium hydroxide at 55° C.

Br/\/ e

23

AL

26

27

Mar. 23, 2023

%

to afforded the 2-amino-4-oxo-pyrrolo|3,2-d[pyrimidines
22 (23- 30%). Conversion of tree acids (22) to the corre-
sponding L-glutamic acid diethyl esters 23 (32- 75%)
involved conventional peptide coupling with L-glutamic
acild diethyl ester hydrochloride wusing 2-chloro-4.,6-
dimethoxy-1,3,5-triazine followed by chromatographic pur-
ification to atford the coupled products. Hydrolysis of 23
with aqueous NaOH at room temperature, followed by acid-
ification with 1 N HCI 1n the cold, afforded target com-
pounds AGF299, AGF307, AGF312, AGF347, AGF355
and AGF359 1n 25-67% vield.

[0240] For Formula II, Synthesis of AGF287:

Scheme 3
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Reagents and conditions: (a) Pd(OAc),, LiCl, Li1OAc,
Bu,NCl, DMEFE, 90° C., 2.5 h, 59%; (b) 5,5-dibromo-2,2-
dimethyl-4,6-dioxo-1,3-dioxane 302, 1IN HCI1 m (Et),0,
(Et),0, 1t, 48 h; (¢) CH;COONa, Me¢OH, H,0, 45° C., 4 h,
20% vyield over 2 steps; (d) (1) 1 N NaOH, rt, 12 h; (11) 1 N
HCI1 , 61% vield; (¢) NMM, CDMT, diethyl-L-glutamate,
DMEF, rt, 12 h, 81%; (1) (1) IN, NaOH, rt, 1 h; (11) 0-4° C,,
1 N HCI, 80%.
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[0241] Synthesis of AGF287: Heck coupling reaction of
commercially available hex-5-en-1-ol 24 and methyl 4-
bromo-2-fluorobenzoate 25 afforded the wunsaturated,
coupled alcohol that rearranged to the vinyl alcohol and tau-
tomerized to atford the aldehyde 26 1 59% vyield. Subse-
quent a-bromination of 26 with 5,5-dibromo-2,2-dimethyl-
4.6-dioxo-1,3-dioxane (DBMA) at room temperature
afforded corresponding a-bromo aldehyde 27, which was
immediately condensed with 2,6-diamino-4-oxo-pyrimidine
28 1 the presence of sodium acetate to afford the 5-substi-

Okt
n=1-4 /@9\
0O n Br
+
H
™~ | 34
X o™~
33a, X=0
33b, X=8S
33¢, X= NBoc
A
1,, 4-dioxane, 80 °C, | Boc,O
24 h,
Q0%
Okt

PN

/\/

32

OFLEt

. PN

Mar. 23, 2023

tuted pyrrolo|2,3-d|pyrimidine 29 1n 20% yield over 2 steps.
The termnal ester of 29 was subjected to base catalyzed
hydrolysis to afford the pteroic acid 30 1 61% vyield. The
acid 30 was subsequently peptide coupled with L-glutamate
diethyl ester hydrochloride 1 the presence of NMM and
CDMT as the coupling agents to afford the diester 31 1n
81% vield. Final saponification of the diesters with 1 N

NaOH and neutralization to pH 4, provided target com-
pound AGF287 1n 80% vyield.

Scheme 4

Cs,CO;4,

TBAI
s— -

DMF, 0-70 °C,
I8 h,
74%

Dess-Martin periodinane,

-

1 NN

35a, X=0
35b, X= 8
35¢, X= NBoc

l CH,Cl,, 0 °C-rt,
0.5 h, 60%:;
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< HLN N NH,
363? X::::: O i CH;COONH? MEOH,
36b, X=S ‘

36¢, X= NBoc H,0, 45 °C, 4 h

2. 1N NaOH, rt, 12 h
-
23% over 3 steps
O Okt
_ _ Br
5, 5-dibromo-2,2-dimethyl- O
4 6-dioxo-1,3~dioxane,
IN HCI m (Et),0 {
n
' * X
37b, X=S
37¢, X= NBoc

OH

NMM, CDMT,
diethyl-L-

glutamate
O X -

( n DME, rt, 12 h
76%
HN

38a, X=0O
3I8b, X=8§
IN HC 38¢c, X= NBoc

I 4-dioxane, rt, 16 h;
0-4 °C, ] N HCI, 939 b 38d. X = NH
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Formula III
OH

COOEt

HOOC

COOH

Zlf!h

(1) IN, NaOH, rt, 1 i
(I 0-4 °C, 1 N H(],

9%

b6a, X= O
ob, X=S
o b6c, X=NH

acetic anhydnde, formic acid, 1 h, reflux
or acetic anhvdnde, 1t, 12 h,
eI 6, X=NCHO

or trifluoracetic anhydride, rt, 4 h
6f, X= NCOCF;

I, Synthesis of AGF 315 and AGF AGF315n=2, R =H,
[0243] AGF317 n=3,

[0242] For Formula [
317
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n= 23 Scheme 5

N Y

n

Br

PAdCL,, Ph;P, TEA, Cul

|\N / [-Glu ester -
| 100 °C, microwave, 1 h

O
40

1 \
N R

10% Pd/C
remmsm———— g -

| L-Giu ester
™~ N/ \“/ H,, 50 psi

O

41a, n = 2 (60%)
41b, n = 3 (58%)

HO

PN

| o
Z L-Glu ester
\ N /\H/
O

42a, n = 2 (80%)
42b, n = 3 (90%)
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O

PPN

| / _OAc

\/__—/I AN
AcO OAc

DCM,0°Ctort,2h

S,
X
P

N . /\ﬂ/ L-Glu ester

43a.n=2(52%) ©

43b, n = 3 (69%)

iN HCI, Etz(}?
48 h
Br
@
\ )
n
\ /

N
443 n e

\ﬂ/ L-Glu ester
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OFLt

O

AN
PPN

%!fﬂ.

H,N N NH,
—————————————————————————— -
NaQOAc

H,O/MeOH (1:1)
45 °C, overnight

OH

OH

IN NaOH (8 ml)

methanol (3 ml)
overnight

n=2, AGF315 (78%)
n=3, AGF317 (92%)

[0244] Synthesis of AGF315 and AGF317: Sonogashira
coupling ot 5-bromo picolinic L-glu ethyl ester (40) with
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corresponding alkyn-1-ol gave compound 41 (scheme 3). Scheme 6
Hydrogenation of triple bond of alkyne gave compound n=1-4

42. Oxadation of hydroxyl group of compound 42 using OFt
DMP gave aldehydes 43. Alpha bromimation of aldehydes

43 with DMBA gave a-bromo aldehyde 44 which was used N

for next reaction without purification. Cyclization of o©-
bromo aldehyde 44 with 2.6-diamino-4-oxopyrimiding | |
gave pyrrolo|[2,3-d|pyrimidine 45. Hydrolysis of ester 45 A
produced final compounds AGF315 and AGF317. |

463 , Z:::::. O XC‘I}j Y:::::N;@(Sazj A”“ C}j X:::::.NEJY:::::CH;
46bl, 7= 8§, X=CH, Y=N; 46b2, 7= S, X=N,Y=CH;
46¢l, /=NBoc, X=CH, Y=N:46¢c2, /= NBoc¢, X=N, Y=CH

1..4-dioxane, 80°C, Boc,O
24 h
G0%
OFEt
\ O
X
-
HN Y

47a X=CH, Y=N
470 XN, Ye=CH

Cs,CO;.

M\ TBAI
Br -

. DMF. 0-70 °C.
18 h,

e 34 74%

HO

OFEt
Dess-Martin periodmnane,
HO X O S —

CH,CL,, 0 °C-rt
0.5 h, 60%;

X ¥ 3

o S
Z X

48al, 7= O X=CH, Y=N:48a2, /= 0O, X=N_Y=CH;
43&, , AN“ S,, XCI}j Yqu. 48b2._, ﬂﬂ“ S,, XN,,Y“CI{
43cl, Z=NBoc, X=CH, Y=N:48c., /= NBoc, X=N, Y=CH

OFEt

4931:' ZNZ“ O X:!:!:CIth YL‘IL‘CL‘N;&*Q&ZP Z:::::. Oj X:::::NjYL".L".?CI{{;
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O OLbt H,N N NH,

5,5-dibromo-2.2-dinmethyi- \
4.6-dioxo-1.3-dioxane,

1.CH,COONa, MeOH.
H,0. 45°C. 4 h

IN HCl in {Et),0O 2. 1 N NaOH. 1t, 12 h,
- 1 ( .
(ET),0, rt, 48 h 23% over 3 steps
50al, Z= O, X=CH, Y=N:30a2, Z= 0, X=N, Y=CH:
50b1, Z= 5, X=CH, Y=N: 50b2, Z=§, X=N, Y=CH:
50¢l, Z=NBoc¢, X=CH, Y=N; 50c¢2, Z=NBoc, X=N, Y=CH
NMM, CDMT,
dicthyi-L-glutamate
-

DME, 1, 12 h
6%

Stal, Z= 0, X=CH, Y=N:51al, Z=0, X=N, Y=CH;
5101, Z= S, Xe=CLHL YN 5102, Z=8, KN, Y=CH;
Stcl, Z=NBoc, X=CH, Y=N. 5l¢2, Z=NBoc, X=N, Y=CH:

3N HCI

PA-dioxane, 11, 16 h; 51d1. Z=NH. X=CH. Y=N: 51d2. 7= NH. X=N_. Y=CH
0-4 °C. 1 N HCL 93% — - - -- - - . .

COOLt |
COOH

(i) IN, NaOH, rt, 1 h;
(i) 0-4 °C. 1 N HCL,

0%

N
H,N N N

S3al, Z=0 X=CH. Y=N, 3332, Z=0, X=N.Y=CH:
S3bI, Ze &, XoeUH, YaNT 33b2, 8, XN Y = (CH!

52al. £=0 X=CH. ¥=N, 32al. £= 0, X=N,Y=CH; S3¢l, Z=NH, X=CH., Y=N :53¢2, 7= NH. X=N, Y=CH

52b1, Z= 5. X=CH, Y=N.: 52b2, Z= 8, X=N.Y=CH;
52¢l, Ze=NH, X=CH, YN (52¢2, L= NH, XN, Y=CH

acetic anhydride, formic acid, 1 h, reflux
or acetic anhydiide, xt, 12 b,

S4al. Z=NCHO X=CH. Y=N: 5422 Z= NH. X=N.Y=CH: or tnfluoroacetic anliydride, 1t, 4

55al, £Z=NCOCH3, X=CLL Y=N; 5542, 2o N, XN Y=CH; E
S6al, Z=NCOCT3, X=CH, Y=N 56a2, 7= NH, X=N.Y=CH

[0245] Inhibitors of cytosolic C1 metabolism were among
the first chemotherapy agents used for cancer and continue
to be a mainstay for treating many cancers (8). However, the
clinical utility of standard chemotherapy drugs 1s often lim-
ited by their toxicities toward normal tissues (reflecting a
lack of tumor selectivity) and/or drug resistance. Discovery
of new and potent mhibitors of tumor-selective pathways,
while essential, remains a formidable challenge.
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[0246] This mvention provides compounds and pharma-
ceutically acceptable salts thereotf as novel inhibitors ot C1
metabolism 1 mitochondna, the primary catabolic pathway
tor serine and for synthesis of glycine (2-3). Serine catabo-
l1sm 1n mitochondria 1s the principal source of C1 units for
cytosolic de novo purine and thymidylate biosynthesis, and
of reducing equivalents and ATP (2-5, 40). For SHMT?2, the
first enzyme 1 the mitochondrial C1 pathway, CRISPR-
Cas9 deletion 1 cultured cells results 1n defective mitochon-
dnial respiration due to mmpaired synthesis of respiratory
chain protems (40, 41), accompanied by a commensurate
increase 1 glycolytic flux (40). We targeted SHMT?2 with
a novel series of 5-substituted pyrrolo[3.2-d|pyrimidine
compounds of this mvention, and we 1dentify lead com-
pounds of this mvention, namely, AGF291, AGF320 and
AGF347 that inhibited proliferation of a broad spectrum of
tumor subtypes including lung (H460), colon (HCT116),
and pancreatic (MIA PaCa-2) cancer.

[0247] We 1dentified critical enzyme targets of our com-
pounds through glycime/nucleoside protection expermments
and targeted metabolomics with a [2,3,3-2H]serine tracer,
and 1dentified SHMT2 1n mitochondrnia as the principal
intracellular target, along with SHMTI1, and GARFTase
and/or AICARFTase 1n the cytosol. Inhibition of all these
intracellular targets was confirmed by 1n vitro assays with
purified recombinant enzymes. Our finding that SHMT 1s a
direct target of our compounds resembles results for a dual-
SHMTI1/SHM1?2 pyrazolopyran mhibitor SHIN1 (21) and 1s
of particular interest as this prevents metabolic “compensa-
tion” by reversal of SHMT1 catalysis i response to loss of
SHMT?2 activity (20, 21).

[0248] Not to be bound by any particular theory, a number
of pharmacodynamic factors could contribute to the 1n vitro
anti-tumor ettects of the novel compounds of this mvention.
These include transport across the plasma membrane by
PCFT and/or RFC and into mitochondria (potentially by
the mitochondrial folate transporter (11, 12)), metabolism
to drug polyglutamates, analogous to pemetrexed and other
classic antifolates (6, 8), and binding to intracellular targets
1in both the mitochondna and the cytosol. Variations 1 these
parameters likely account for differences m relative anti-
proliferative activities toward the assorted tumor models m
this report. As compound of the present invention AGF291
showed selectivity for PCFT over RFC, this compound was
further tested 1n vivo with a MIA PaCa-2 xenograft model n
SCID mice. AGF291 exhibited potent mm vivo anti-tumor
cfficacy exceeding that of GEM (standard-of-care {for
PaC), albeit at a 20-fold decreased dose.

[0249] The active 5-substituted pyrrolo|3,2-d [pyrimidine
compounds described herein expand upon earlier results
with non-folate pyrazolopyran 1nhibitors of human
SHMT2 (21) and, to our knowledge, represent the first
bona fide inhibitors of this mtracellular target with demon-
strated 1n vivo antitumor efficacy. Thus, mhibition of
SHMT?2, coupled with direct inhibition of multiple CI-
depedent targets mcluding de novo purine biosynthesis and
SHMTI, atford a valuable and exciting new platform for

future drug development for a variety of tumors.
[0250] 'The mouse work reported 1n this application was

approved by the Wayne State University Institutional Ani-
mal Care and Use Committee. For metabolite measurements
by targeted metabolomics, cultured cells were incubated n
media containing dialyzed fetal bovine serum and the 1soto-
pically labeled serine. For the 5-substituted pyrrolo[3,2-d]

Mar. 23, 2023

pyrimidine compounds of this invention, complete chemical
synthesis and compound characterizations are provided
herein. These and all other experimental procedures are all
described 1n detail herem.
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[0328] 1t will be appreciated by those skilled 1n the art that

changes could be made to the embodiments described above
without departing from the broad mventive concept thereof.
It 1s understood, therefore, that this invention 18 not limited
to the particular embodimments disclosed, but 1t 1s intended to
cover modifications that are within the spirit and scope of
the invention, as defined by the appended claims.

What 18 claimed 1s:
1. A compound of Formula I, and optionally a pharmaceu-
tically acceptable salt thereof:

wherein,
R 15 one selected from the group consisting of H and CHj;
nisaninteger4 when X1s-CH,-and Aris 1,4-phenyl, ornis
an integer ranging from 1 to 4 when X 1s -CH,- and Ar 1s
either 2'-fluoro-1.4-phenyl or 2,5-thienyl, or
n 1s an mteger ranging from 1 to 4 when X 1s one selected

Formula I,

OH

OH

from the group consisting of O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;- and Ar 18 one selected
from the group consisting of (a) 1.4-phenyl, (b) 2'-
fluoro-1,4-phenyl, and (¢) 2,5-thienyl, or n 1s an integer
3 when X 1s -CH,-, R1s CH; and Ar1s 1,4-phenyl.
2. A pharmaceutical composition comprising a therapeuti-
cally eftective amount of a compound of Formula I, and
optionally a pharmaceutically acceptable salt thereot:
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OH
Ar

whereiln,
R 1s one selected from the group consisting of H and CHj;
nis an mteger 4 when X 1s -CH-and Ari1s 1,4-phenyl, orn s
an integer ranging from 1 to 4 when X 1s -CH,- and Ar 1s
either 2'-fluoro-1,4-phenyl or 2,5-thienyl, or
n 1s an mteger ranging from 1 to 4 when X 1s one selected
from the group consisting of O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;- and Ar 18 one selected
from the group consisting of (a) 1.4-phenyl, (b) 2'-
fluoro-1.,4-phenyl, and (¢) 2,5-thienyl, or n 1s an mteger
3 when X 1s -CH,-, R 1s CH; and Ar 1s 1,4-phenyl.
3. The pharmaceutical composition of claim 2 including a
pharmaceutically acceptable carrier.
4. A compound of Formula II, and optionally a pharmaceu-
tically acceptable salt thereot:

Formula II,

NI

whereln,
R 15 one selected from the group consisting of H and CH;;
nisaninteger ranging from 1 to4; X1s one selected fromthe
group consisting of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;3-, and -NHCOCF5- .
S. A pharmaceutical composition comprising a therapeuti-
cally effective amount of a compound of Formula II, and
optionally a pharmaceutically acceptable salt thereof:

Formula I,

OH

Formula II,

NI

wherein,
R 15 one selected from the group consisting of H and CHs;
nis anmteger ranging from 1 to 4; X 1s one selected fromthe
oroup consisting of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF5- .
6. The pharmaceutical composition of claim S including a
pharmaceutically acceptable carrier.
7. A compound of FormulaIll, and optionally apharmaceu-
tically acceptable salt thereot:
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wherein,
R 15 one selected from the group consisting of H and CHj;
nisanmteger ranging from 1 to 4; X 1s one selected fromthe
oroup consisting of CH and N; Y 1s one selected trom the
oroup consisting of CH and N; and Z 1s one selected from
the group consisting of -CH,- , O, §, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;-.
8. A pharmaceutical composition comprising a therapeuti-
cally effective amount of a compound of Formula III, and
optionally a pharmaceutically acceptable salt thereof:

OH Formula III,

wherein,

R 15 one selected from the group consisting of H and CHs;

nis anmteger ranging from 1 to 4; X 1s one selected fromthe

group consisting of CH and N; Y 1s one selected from the
oroup consisting of CH and N; and Z 1s one selected from
the group consisting of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF ;- .

9. The pharmaceutical composition of claim 8 including a
pharmaceutically acceptable carrier.

10. Amethod of treating a patient having cancer comprising
administering a therapeutically effective amount of a com-
pound of Formula II, and optionally a pharmaceutically
acceptable salt thereof:
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OH Formula II,
{
H,N

11. A method of treating a patient having cancer comprising
wherein, administering a therapeutically effective amount of a com-
R 15 one selected trom the group consisting ot H and CH3; pound of Formula III, and optionally a pharmaceutically

nisaninteger ranging from 1 to4; X1s one selected from the acceptable salt thereof:

oroup consisting of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;3;-, and -NHCOCF;- .

OH Formula III,

wherein,

R 15 on¢ selected from the group consisting of H and CHs;

nis anmteger ranging from 1 to 4; X 1s one selected from the

group consisting of CH and N; Y 1s one selected from the
oroup consisting of CH and N; and Z 1s one selected from
the group consisting of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH3-, and -NHCOCF;-.

12. A method of targeting mitochondrial metabolism com-
prising administering to a cancer patient an effective amount
of atleast one compound selected from the group of Formulal,
and optionally a pharmaceutically acceptable salt thereof, of
Formula II, and optionally a pharmaceutically acceptable salt
thereof, and of FormulaIll, and optionally a pharmaceutically
acceptable salt thereof, of Formula III:
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o O Formula 1.
,_,< OH
O Nl
(/—LTX H .
HNJ%, %OH
R
O
)\ /
H,N N -

n 1$ an mteger ranging from 1 to 4 when X 1s one selected
wherein, from the group consisting of O, S, -NH-, -NHCHO-,
R 1s one selected from the group consisting of H and CHj3; -NHCOCH;-, and -NHCOCF;- and Ar 1s one selected
n1s aninteger 4 when X 1s -CH,- and Aris 1,4-phenyl, ornis from the group consisting of (a) 1.4-phenyl, (b) 2'-
an integer ranging from 1 to 4 when X 1s -CH,- and Ar 1s fluoro-1,4-phenyl, and (¢) 2,5-thienyl, or n 1s an imteger

either 2'-fluoro-1,4-phenyl or 2,5-thienyl, or

3 when X 1s -CH,-, R1s CH; and Ar 1s 1,4-phenyl; and

~ A

Formula II,

wherein,
R 15 one selected from the group consisting of H and CHs;;
nis anmteger ranging from 1 to 4; X 1s one selected fromthe

oroup consisting of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF ;- ; and
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OH Formula III,
OH
O
O
NH O
__’,..-—-""
X
\ /f
Y
O 7
/”\ ( 1
HN
Y e
A T~
H,N N N
13. A method of targeting SHMT2 and MTHFD2 compris-
wherein ing administering to a cancer patient an etfective amount of at
R 1s one selected from the group consisting of H and CHs; least one compound selected trom the group of Formula I, and
n1isaninteger ranging from 1 to4; X_IS one selected fromthe optionally a pharmaceutically acceptable salt thereot, of For-
group consisting of CHand N; Y 1s one selected from the mula II, and optionally a pharmaceutically acceptable salt
group consisting of CH and N; and 7 1s one selected from thereof, and of Formula III, and optionally a pharmaceutically

the group consisting ot -CHy- , O, §, -NH-, -NHCHO-, acceptable salt thereof, of Formula I1I:
-NHCOCHj;-, and -NHCOCF;-.

Formula I,
OH

OH

wherein,

R 15 one selected from the group consisting of H and CHs;;

nisaninteger4 when X1s -CH,-and Aris 1,4-phenyl, ornis
an mteger ranging from 1 to 4 when X 1s -CH,- and Ar1s
either 2'-fluoro-1,4-phenyl or 2,5-thienyl, or

n 1s an mteger ranging from 1 to 4 when X 1s one selected
from the group consisting of O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF;- and Ar 18 one selected
from the group consisting of (a) 1,4-phenyl, (b) 2'-
fluoro-1,4-phenyl, and (¢) 2,5-thienyl, or n 1s an mnteger
3 when X 1s -CH,-, R1s CH; and Ar 1s 1,4-phenyl; and
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Formula II.
OH
OH
O
O
O
NH
F

j\ (A"
I =
HEN \N/\\ﬁ

wherein, R 1s one selected from the group consisting of H and
CH;;ni1sanmtegerranging from 1 to 4; X 1s one selected from
the group consisting of -CH,- , O, S, -NH-, -NHCHO-,
-NHCOCH;-, and -NHCOCF5- ; and

wherein R 1s one selected from the group consisting of H and

oH
O
O
NI
/,-4"'
X
\ I
Y
O 7
P4
N
J\ ! \ )
H,N \N /\ﬁ
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CH;; n1s aninteger ranging from 1 to 4; X 1s one selected from
the group consisting of CH and N; Y 1s one selected from the
oroup consisting of CH and N; and Z 1s ong¢ selected from the
group consisting of -CH,-, O, S, -NH-, -NHCHO-,
-NHCOCH3-, and -NHCOCF ;- .

14. The compound of claim 1 wheremn n=4, Ar 1s 1,4-phe-
nyl, R 1s CHs, and X 1s CH, and 1dentified as compound
AGF307.

15. The compound of claim 1 wherem n=3, Ar 1s 2,5-thie-
nyl, R 1s H, and X 1s CH, and identified as compound
AGF318.

16. The compound of claim 1 wherem n=4, Ar 1s 2,5-thie-
nyl, R 1s H, and X 1s CH, and identified as compound
AGF320.

17. The compound of claim 1 wherein n=3, Ar 1s 1.4-phe-
nyl, R 1s H, and X 1s O and 1dentified as compound AGF323.

18. The compound of claim 1 wherem n=2, Ar 1s 2,5-thie-
nyl, R 1s H, and X 1s CH, and identified as compound
AGF331.

19. The compound of claim 1 wherein n=4, Ar 1s 1.4-phe-
nyl, R 1s H, and X 1s CH, and identified as compound
AGF299.

20. The compound of claim 1 wherem n= 2, Ar1s 2'-fluoro-
1,4-phenyl, R 1s H, and X 1s CH, and 1dentified as compound
AGF359.

21. The compound of claim 1 wherem n= 3, Ar1s 2'-fluoro-
1,4-phenyl, R 1s H, and X 1s CH, and 1dentified as compound
AGF347.

22. The compound of claim 1 wherein n=4, Ar 1s 2'-fluoro-
1,4-phenyl, R 1s H, and X 1s CH, and 1dentified as compound
AGF355.

Formula III

OH

wOOWw W W %
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