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Histone modification

« Post-translational histone
modifications, which include
lysine or arginine methylation,
play a essential role in
maintaining chromatin structure
and regulating transcription by
mediating chromatin binding ™7
interactions Nucleus
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Histone lysine demethylases (KDMs)

« Two classes of KDMs: LSD/KDMa1 the flavin-dependent lysine specific
demethylase, and the larger class of Fe(II) and 2-oxoglutarate (20G)-dependent

e The 20G-dependent KDMs belong to the Jumonji C (JmjC) domain containing
subfamily.
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Human JmjC histone demethylases

b
-D—Q — {H—CHOO— HpM3A/MID2A
[JmiN_Tintenvening.] JmjC [ C terminus |

D JmjN |:> JmjC O PHD OTudor

« KDMy4gA/JHDM3A/JMJD2A bound to Fe(II), 2-
oxoglutarate and zinc.

« The catalytic site composed of eight S -strands
forms the core of the JmjC domain and houses the
2-oxoglutarate and Fe(II) cofactors.

« The JmjN domain associates with the JmjC
domain on the opposite face to the catalytic site.

e The C-terminal region and part of the JmjC

domain coordinate the zinc ion.
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KDM4 & KDM5 subfamilies & cancer

« KDM4 subfamily members play an important role in cancer initiation and
progression various studies have shown overexpression of KDM4A—C in a range of
human malignancies.

« KDM4B and KDM4C are reported to be overexpressed in breast cancer.
« KDM4B knockdown in human gastric cancer cells suppressed tumor growth.

« The KDM5 subfamily are histone (H3K4) demethylases and have been implicated
in cancer progression in several tumor types.

« KDM5B and KDM5C have been shown to play a role in breast and prostate cancer,
respectively.
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Inhibitors of JmjC KDMs

(0]

«  Pyridine-2,4-dicarboxylic acid potent HO._O Y oA
JMJD2E (KDM4D) competitive N
inhibition with 2-0G (IC50 = 1.4 uM) DU

.. e e e e N N NN

«  The bipyridyl ethylenediamine inhibits O 5 ?

JMJD2E (KDM4D) with an IC50 = 180
nm HO._O C@ H
O N N OH
T

« Triazolopyridine KDM2A pIC50 = 7.2 B N o NN 0
uM) with excellent selectivity over N ,N@
representatives from other KDM NN i )
subfamilies

« JMJD3 (KDM6B) inhibitor GSK-J1
binds competitively with 2-OG and
repositions the metal cofactor in the
active site.

Christopher J. Schofield et al, (2008) J. Med. Chem. 51, 7053 |
Paul E. Brennan et al, (2014) MedChemComm, 5, 1879 minza &
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Pyrido[ 3,4-d]pyrimidin-4(3H)-one
Derivatives

« Extensive interest in the KDM4/5 subfamilies in the progression of human cancers and well-
defined catalytic mechanism for JmjC KDMs, lead to initiation of a program to identify
histone KDM inhibitors.

KDM4B ICs = 0.031uM KDM48B ICs = 0.017uM
KDM5B ICso = 0.023 uM KDMSB IC5 = 0.014 uM
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HTS campaign

« HTS of a 150k compound collection tested at 30 ¢ M versus human
recombinant KDM4B

« Promising hit - N-substituted 4-(pyridin-2-yl)thiazole-2-amine 7¢
N
7 N\

p—

O O N \
A~
H

7¢ IC50 =13.2 u M
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AlphaScreen Histone demethylase
assay (KDMS4 & KDMS5)

« Enzyme activity was measured using an
AlphaScreen assay that monitored the
demethylation of a biotinylated

trimethylated H3K9 peptide using a H3K9
dimethyl specific antibody and appropriate

donor and acceptors beads

Donor Bead

Phtalocyanine

Acceptor Bead

Thioxene / Anthracene / Rubrene

-
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Emission 600nm
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N-(4-(pyridin-2-yl)thiazol-2-yl)
benzamides analogs

« Synthesis of the HTS-derived series of N-(4-(pyridin-2-yl)thiazol-2-yl)
benzamides

O

/ N
—
/ N
—
EDCI/HOBT
)\S or )\
DCM/DMF, r.t., 3.5-36 h

7a, X = m-SO,Me (33%) 9a, X = m-SO,Me (28%)
7b, X = p-SO,Et (25%) 9b, X = p-SO,Et (16%)
7c, X = m-SO,Et (40%)

7d, X = H (50%)
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KDM4-5 inhibitory activity

N N=—
N/ N\ /
R ')l \ RN
*N/ks “N/ks
H H
c P R KDM4A KDM4B KDM5B KDM5C KDM4A, KDM4B, KDMS5B, | KDMSC,
ompoun ICso (UM) | ICso (uM) | ICso (uM) | ICso (uM) | | Compound R inhibition at | inhibition at | inhibition at | inhibition at
\_O 100 uM 100 uM 100 uM 100 uM
_8” :
’ 8 H Not activ 10% 17% 8%
7a o 0 16.73.9 11314 29.7 71.9 otactive ° ° 0
\
z > ,r@ O,,sp
9a o] Not active Not active 36% 14%
N P
7b S & 10.9+4.3 6.4+0.8 22.7 52.8 o
. N 0 _ |
“\ .0 9b S e Not active Not active 43% 21%
/S’ O LY

o~ N a 65% inh
Te >: O 13.2 10.940.3 52.6 at 100 uM®
g

o A
0/ 1 /
7d @-{(ﬁ 20.9 12.1 st | 0% ?1]\14 \ i
- - Y132 | ) ©oH
N~
5 H 6% inh at 30% inhat = Notactive | Not active
100 uM 100 uM atl00 uM | at 100 uM LS N7 | H
’ h N\/\NHz
\ s 0
K206  FI8S <!
. <&
Christopher J. Schofield et al, (2008) J. Med. Chem. 51, 7053 ’
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SnBU3
0
o Boc\
o} ) 1 | X o~
[ o~ Pd(PPhg), N o~ N-bromosuccinimide >~ 4 M HClin dioxane ~ N.__~
| .
7 dioxane, reflux, 18 h NF 10% H,0 in THF EtOH, reflux, 1h rt, 1h N
Br 85% o r.t., 1h Br 56 83% >\—S
10 PR 65% ° BocHN 14 HoN' 47
SnBuz | Pd(PPhj,),, Ag,0, - : |
N DMF, 100 °C, 1 h 1. (i) thioacetamide, EtOH, |1 4 M Hl in dioxane 1.4 M HCl in dioxane| 1. benzoyl chloride
| N\ , ) TEA, reflux, 1h rt. 1h t 1h DCM,TEA,
I\S 64% (ii) Et_OH, conc.HCI, reflux 2 TH,F/HZO rt, ) r.t., 2h (35%)
20 min (23%) NaOH rt. 1h 2.7 M NHzin MeOH | 2. THF/H20
20 2. MeOH/H,0 T 80°C, 18 h NaOH, r.t., 1 h (40%
NaOH, r.t., 1 h (45%) 55% 91%
(0]
O o) (0]
A OH
= NaOH,rt,1h N~ I | I N
N~ N~ N~
46%
N N
\ N NTN AN
\_S \ >\_S N\ o) \ S
S =S NH
21 22 HoN H,N
15 16
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N
N/ \¢
N
A
R™ °s
Compound R X KDM4A KDM4B KDMS5SB KDMS5C
1Cso (UM) ICso (uM) | ICsp (uM) | ICso (uM)
15 NH, OH 0.200 0.083+0.005 0.012* 0.012°
16 NH, NH, 104.2 32.7 2.2° 6.8"
22 H OH 0.90 0.35+0.14 0.098 0.122
25 CH; OH 16.5 23 1.3 1.7
o]
19 Q_KN- .| OH 30.6 17.0 0.59 2.0
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2-(Aminomethyl)pyridine-4-
carboxylate Derivatives

@) OEt
DIBAL
| X
N/ OEt THF, PhMe
78 ©
o 78 °C

39%

University of Pittsburgh

1. benzylamine or
2-aminomethylfuran,
NaBH(OAc)s, AcOH

DCM

H 2. LiOH, H,O/ACN

O OH
X
&U@
b N =~
N

Compound KDM4A KDM4B KDM5B KDMSC
1Csp (UM) ICso (UM) | 1Csp (uM) | 1Cs (uM)
30a 0.30" 0.17* 0.04" 0.03"
30b 0.95° 1.2° 0.13* 0.06
D
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Pyridine carboxylic acid isosters

o 58
H H H
N7 TOH Os_N Os_N OsN. 0
|
N 1 | ) N‘SH
X N AN X N
NON | _ | _ | _ | _
s N N N N
H,N
15 KDM4C 57 <4.0 <4.0 <4.0
pICso
«  Poor cellular permeability for 15 (Caco-2 A to B @) "y
flux <0.8 x 10—6 cm/s).
Y136
« 58: KDM4BIC50 =1.0 4 M; KDM5B IC50 = 1.3 H
u M; KDM3A (IC50 = 26.2 u M); KDM2A (29% Ox N2,
inhibition at 100 ¢ M); KDM6B (28% inhibition at s A |N1
100 u M). L e
N :
«  High cellular permeability (Caco-2 A to B flux = . H280 ; ‘3( H192 ZS

42.61 x 10—6 cm/s) & pKa for the
pyridopyrimidinone amide moiety of 8.23

\
E194 /
z L
Rab K. Prinjha et al, (2008) J. Med. Chem. DOI: 10.1021/acs.jmedchem.5b01538
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Pyridopyrimidinone analogs

A \/ SnBU3
Y132
AN
A ’ K241 )
Y177 - 0]
;\ N .. 0] then N
/ ™~ N /I__.---' N-bromosuccinimide 0 ||\\ N NH
\ A \ \ | NH & thiourea N I J
SOV L X e
’. = “‘\\ "\ - D T N .~ N/) """"""" >
\\8 ’ & ] A N cl NCS
\ L ; \ .
. ' s .34 N S
D fiss P HN  4g Suzuki with ) 37
/,.J trimethylboroxine :
K206 & \
\ SeO0, oxidation K . O OTBS
0] | N NH
N, A
| N NH N 52a
J N b
N AN N’ 53a-i
\ /) 54a-n
Marina Kovaliov @ Wipf Group Ro,R4N"  44a-g 13 February 2016
NR;R,
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C8-Pyrido[3,4-d]
pyrimidin-4(3H)-one
analogs

Comparison of binding modes of 15, 37, 40, and 58 to
44a B

.. | N
K206
N
N
HN

Marina Kovaliov @ Wipt Group
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R
Compound R KDMaA KDM4B | KDMSB | KDMsC
ICa (M) | ICs (M) | ICa (M) | 1Ca (uM)
58 H 17206 1.0:40.4 (K3 200
40 "‘i‘ 15 50412 0.124° 0.331°
b
N>
37 Q} 80:36 EXTSR 031 0.83
u o Noactivity af | 30% at Wea | 2%t
100uM* 200uM° 100aM° | 100aM°
4la - 69 28 41 73
4
41h )] ‘“9 428 9.2 214 1034
\
o
56 "\i} 167 a6 7.0 9.4
“a :.(.)L/@ 156 65 069 044
44b
WN\D 6.1 3 0.63 0.73
N~
. LN(\) 131 8.5 14 13
44d \fv'lk o8 7.8 70 84
44¢ -.;‘JO =100 =100 660 110
0
el N ) =100 815 39 =100
L
“w | ] 8.6 246 20 S840
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8-(1H-Pyrazol-1-yl)pyrido[3,4-d]
pyrimidin-4(3H)-one analogs

Yis2

Marina Kovaliov @ Wipf Group
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Compound R KDM4A | KDM4B | KDMSB | KDMSC | Caco-2
ICs (M) | ICs (M) | ICs (M) | ICs (M) | (310
cm's)
57 .iJOH 218 88 4.6' 84 0.76
N
52 _}_,"- 41237 23 038 034 0.76
s p 14 0.8 0071 0.150 308
.i
s52¢ D 18 0.65 0.199 0342 1.64
.;J
524 ';)'_D 090:059 | 039:012 | 042 0078 9.98%
(3
\
+
82 1 o3 0.165 0.8 0080 | 2121
\
N
s2r —Q .66 0.40 0072 0136 0.76
50,0
N
g ? tz‘ 0.60 0.34 0.048 0.076 nd.
\N
—~
L 088 0.26 08 | 0064 nd.
N

2/13/2016



Univer Sity of Pittsbur gh Chemistry Department

Synthesis of 54J

O 0] (0] 0]
| X o~ r.t., 45 min (77%) | X NH, triethyl orthoformate‘ | AN NH 12 3= | AN N/SEM
N
7 NH, 2. (i) SOCI,, DMF N N reflux, 24 h NS DMF, 60°C, 4h NN\
Cl reflux, 2h Cl 82% cl 84% Cl
31 (i) NH4,OH, THF Cl
L., 1.5 h (89%) 3 34 o °
H
N Q Q o I W
N\\J\A N N“SEM4_ 1 M Hel, MeoH N N SEM N AN 7
oTBS N A7 0°C,5min (99%)  N__~ N/) HN |
. - N
Cs,CO3, ACN N N W/
reflux. 18 h N\ ) 2. DMP, DCM, r.t. N\ ) NaBH(OAc)s, r.t., O/N
71% 0 N
OTBS H
54;
KDM4B IC5, = 0.017 BM cl
KDM5B IC5, = 0.014 BM
Cl
Marina Kovaliov @ Wipf Group 13 February 2016

Marina Kovaliov @ Wipf Group Page 19 of 22 2/13/2016



IEETAN
NP7

2
2oy

SBURZ

Marina Kovaliov @ Wipf Group

Marina Kovaliov @ Wipf Group

Vs

Page 20 of 22

Compound R KDMAA | KDMAB | KDMSB | KDMSC | Caco2
ICys (M) ICss (uM) w | ICwuM) | (x10*
(uM) cm's)
G
S4a \'Cr 0138 | 00860019 | 0.030° | 0.067 | 266
F
s4b Y©, 0.175 0.061 0018 | 0052 | 1433
e ,\@/M 0123 | 003940002 | 0010° | 0034 | 577
SOMe
54d ,“O, 0.109 0.069 0010 | 0032 | nd
N
Se Q 0118 006 | 0007 | o0& | 184
s4f :\? 0411 0179 0056 | 0019 | nd
s4g \Q 0456 0274 0058 | 0042 | %05
S4h KCT 0.145 0,055 001s | 00so | 114
sdi XQ 0.143 0029 0026 | 0086 | 1783
545 é 008010082 | 001740002 | 0014 | 0051 | 634
X cl
54k é 010240058 | 003120012 | 0023 | 0065 | 1180
X
F
541 X@\ 0.138 0041 043 | 026" | 2121
F
F
S4m \,q 0110 0036 o0l | oose | 154
cF,
S4n 0128 0039 anE | oone | 1831
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Cellular activity of 54k

KDM4A KDM4A

5000- 1400-
2 4000- ~10-32 uM
£ 4000 Z oo 31 IC,, ~10-32 1
5 5
£ 30001 k=
® o 1000
£ 2000 g
[} [}
s 1000 — WT + 54k S 800 — WT + 54k 0
b o -+ MUT + 54k I -+ MUT + 54k

0 ; : : . . 600 : . . . ) N NH
-8 7 5 5 4 3 -8 7 % 5 4 3 |
log[Compound], M log[Compound], M N .~ N/

KDM5B

wy)

KDM5B

2000+ 2000+
N
3\ ~E-Tr g
G 1500- E-7 %1500- . S
§ :R\:'. T -E r"!/ 5 54k
c xR € =
& 1000- e KDM4B ICs, = 0.031 BM
2 g KDMS5B ICsq = 0.0238M
<
X 500 — WT + 54k % 500+ — WT + 54k Cl
* ==+ MUT + 54k - -=+ MUT + 54k
8 7 5 5 4 E s 7 % 5 4 3
log[Compound], M log[Compound], M
13 February 2016
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Conclusions

« An HTS resulted discovery of N-substituted 4-(pyridin-2-yl)thiazole-2-
amine derivatives and their subsequent optimization

e A structure-based design gave 8-(1H-pyrazol-3-yl)pyridol[3,4-d]
pyrimidin-4(3H)-ones, a series of potent JmjC histone KDM inhibitors which
bind to Fe(II) in the active site.

e Substitution from C4 of the pyrazole moiety allows access to the histone peptide
substrate binding site.

« Incorporation of a conformationally constrained 4-phenylpiperidine linker gives
derivatives such as 54j and 54k which demonstrate equipotent activity versus the
KDM4 and KDM5 subfamily demethylases, cellular permeability in the Caco-2
assay, and inhibition of H3KgMe3 and H3K4Me3 demethylation in a cell-based
assay.
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