Discovery of new uracil and thiouracil derivatives as potential HDAC inhibitors
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S1. Chemistry
S1.1. General

Melting points were determined with a Gallenkamp (London, UK) melting point apparatus and
were uncorrected. The proton nuclear magnetic resonance (1H NMR) spectra were recorded on
Bruker 400 MHz Spectrometer and 13C NMR spectra were run at 125 MHz in dimethylsulfoxide
(DMSO-d6) and tetramethylsilane (TMS) as an internal standard, Applied Nucleic Acid
Research Center, Zagazig University, Egypt. The reaction progress was followed by thin-layer
chromatography (TLC) using TLC sheets precoated with ultraviolet (UV) fluorescent silica gel
(Merck 60F254) and spots were visualized by irradiation with UV light (254 nm). IR Spectrum,
Mass Spec. and Microanalyses for C, H and N were performed at the Regional Center for
Mycology and Biotechnology, Al-Azhar University. All the results of elemental analyses
corresponded to the calculated values within experimental error. All starting materials and
reagents were generally commercially available and purchased from Sigma-Aldrich or Alfa-

Aesar.
S1.2. Chromatographic conditions
HPLC SYSTEM:

The analysis were performed by HPLC-(Agilent 1100) is composed of a two LC- pumps pump, a
UV/Vis detector. C18 column (125 mm =<4.60 mm, 5 pm particle size).



Chromatograms were obtained and analyzed using the Agilent ChemStation

Mobile Phase :

Solvent A: Water with 1% formic acid; Solvent B: Acetonitrile with 1% formic acid.
Gradient Condition: 10% B and 90% A to 90% B and 10%A in 9 min.

90% B and 10% A to 10% B and 90%A in 9 min.

Flow Rate: 2 ml/ min

Detector: UV 254 nm

Injection solvent volume : 20 i

S2. Biological tests

S2.1. In vitro anti-proliferative activities

The in vitro antiproliferative activities of all the synthesized compounds against three
human tumor cell lines namely, MCF-7 (human breast cancer cell line), HepG2 (human liver
carcinoma cell line), colorectal carcinoma (HCT-116) were evaluated quantitatively as described
in the literature, using MTT assay protocol. Sorafenib was used in this test as a positive control.
The anti-proliferative activity was assessed quantitatively as follows.

Human cancer cell lines were seeded in 96-well plates at a density of 3-8 x<10° cells/well.
Next, the cells were incubated for 12 h in a 5% CO:2 incubator at 37 <C. Then, for each well, the
growth medium was exchanged with 0.1 ml of fresh medium containing graded concentrations of
the test compounds or equal DMSO. Then 10 ul MTT solution (5 pug/ml) was added to each well,
and the cells were incubated for additional 4 h. The crystals of MTT-formazan were dissolved in
100 ul of DMSO; the absorbance of each well was measured at 490 nm using an automatic
ELISA reader system (TECAN, CHE). The ICso values were calculated using the nonlinear
regression fitting models (Graph Pad, Prism Version 5). The data represented the mean of three

independent experiments in triplicate and were expressed as means = SD. The ICso value was



defined as the concentration at which 50% of the cells could survive. The results were expressed

as growth inhibitory concentration (1Cso) values and summarized in Table 1.

S2.2. In-vitro DNA-Flow cytometric (cell cycle) analysis.

HCT-116 cells were treated with the most active member 5m at concentrations of 78 M for 72
h. Then, the tested cells were collected by trypsinization and washed in PBS. Ice-cold absolute
ethanol was used for fixation of the collected cells. The cells were stained with Cycle TESTTM
PLUS DNA Reagent Kit (BD Biosciences, San Jose, CA) according to the manufacturer's
instructions. Cell-cycle distribution was evaluated using a flow cytometer.

S2.3. Annexin V-FITC apoptosis assay.

To detect the apoptosis induced by compound 5m, HCT-116 cells were seeded and incubated
overnight and then treated with compound 5m at concentrations of 78 M for 72 h. DMSO was
chosen as the negative control. After that, the cells were collected and washed with PBS two
successive times with centrifugation. Apoptosis detection kit (BD Biosciences, San Jose, CA)
was used in this test. According to the manufacturer's protocol the cells were stained by Annexin
V-FITC and propidium iodide (PI) in the binding buffer for 20min at room temperature in the
dark. Using a flow cytometer, Annexin V-FITC and PI binding were analyzed. Flowjo software

was used to analyze the frequencies in all quadrants.
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S2.4. Apoptotic effect of compound 5m treatment. (A) Control (HCT-116) cells. (B) HCT-116
cells treated with compound 5m.




S2.5. Quantitative Real Time Reverse-Transcriptase PCR technique (determination of caspase-3
and caspase-8)
1. Total RNA isolation:

The total RNA was extracted from the control and treated cells by using RNeasy mini kit
(Qiagen, Germany) according the manufacturer's protocol. Then, the isolated RNAs were
quantitatively and qualitatively assessed using a NanoDrop®1000 spectrophotometer (Thermo
Scientific, Wilmington, DE, USA). The RNA aliquots were preserved at - 80 <€ till the next
step[1].

2. Reverse transcription and quantification of caspase-3 and caspase-8 MRNA
expressions using gRT-PCR:

iScript™ One-Step RT-PCR Kit with SYBR® Green kit (BIORAD Laboratories, USA) was used
for reverse transcription of total RNA and quantification of the targeted mRNA expressions in
single reaction tube. In depth, the complementary DNA (cDNA) was performed efficiently from
the isolated RNA using iScript™ MMLV (Moloney Murine Leukemia Virus) reverse
transcriptase. While, the relative expression levels of caspase-3 and caspase-8 mMRNA were
determined using 2X SYBR® Green RT-PCR Reaction Mix, containing iTag™ DNA polymerase
and SYBR® Green | dye, on the basis of the manufacturer’s guidelines. GAPDH was used as
housekeeping gene for data normalization. The reaction Mix consisted of 10 pL of 2X SYBR®
Green RT-PCR Reaction Mix, 1 ul of forward primer, 1 pl of reverse primer, 1 pl of iScript
Reverse Transcriptase for One-Step RT-PCR, 20 ng of the isolated total RNA and the reaction
volume was completed to 20 pl with nuclease-free water according the manufacturer's
instructions. The relative expression levels and fold change of caspase-3 and caspase-8 mRNAs

were determined by using the 2-2A¢t method.

S3. Docking studies
The crystal structure of the target enzyme HDAC1 (PDB ID: 1C3R, resolution 2.00 A)
was downloaded from Protein Data Bank (http://www.pdb.org). Molecular Operating

Environment (MOE2019) was used for the docking analysis. In these studies, the free energies,
and binding modes of the designed molecules against HDAC1 were determined. At first, the
water molecules were removed from the crystal structure of HDAC1. Trichostatin A (The co-
crystallized ligand) was utilized as a reference molecule in the docking process. After that, in

order to prepare the target molecule for binding with the designed compounds, the target protein


http://www.pdb.org/

was subjected to protonation step. Then, the hydrogen atoms were hidden to make the areas of
interaction clearer. Next, the energy of the system was minimized followed by identification the
binding pocket of the target protein.

The structures of the designed compounds and the co-crystallized ligand, trichostatin A
were drawn using ChemBioDraw Ultra 14.0 and saved as SDF format. Then, the saved files were
opened using MOE 2019 and 3D structures were protonated. Next, the energy of the molecules
was minimized. Validation process was performed for each target by running the docking
process for only the co-crystallized ligand. Low RMSD values between docked and crystal
conformations indicate valid performance. The docking procedures were carried out utilizing a
default protocol. In each case, 30 docked structures were generated using genetic algorithm
searches. The output from of MOE2019 was further analyzed and visualized using Discovery
Studio software.



5,5'-(Phenylmethylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one) (5a)
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5,5'-(p-tolylmethylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one) (5b)
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5,5'-((4-chlorophenyl)methylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one)
(5¢)
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5,5'-((2,4-dichlorophenyl)methylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-
one) (5d)
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5,5'-((4-methoxyphenyl)methylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-
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5,5'-((4-nitrophenyl)methylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one)
(5f)
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5,5'-(thiophen-2-yImethylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one)
(59)
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5,5'-methylenebis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5h)
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5,5'-(p-tolylmethylene)bis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5j)
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5,5'-((2,4-dichlorophenyl)methylene)bis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5k)
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(5,5'-((4-methoxyphenyl)methylene)bis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5L)
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5,5'-((4-chlorophenyl)methylene)bis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5m)

S g E g g
o S o S 2 8 8 8 8 8 = 8 8 8
T B , , B 2 5 8 B g g 8 &8 &8 8
Lo
b
F o80T — —
| o e — —
Ty . £60'9 o — -—
7e1 : Lo 343
pS'T —_— oy 88'Zr— B
95'T L~
po'T
L
9rs— —_— " ooy .
P 58— ]
s — — -—— F00'T -
[
- oo
2
S0°L z
80°L N _ AOTE o~
cTL — ‘J 40'Z
9T, N T\ pese
E.N\ re S§TT-, |
os'eet”
S )}
68857 — —
| ©
- oT'0sT— -—
180T — — - F8T| W o
= 8e'z9T— - -—
=] 7z~
W o |~ =\ 7=
o
= NI& — o
L m Z
3 o' o< 7z
o/ <
z | z~
- ==
=} Nl/’ | =]
z— -
T o
9

f1 (ppm)

190 170 150 130 110

210




1,9-diethyl-5-phenyl-2,8-dithioxo-2,3,5,8,9,10-hexahydropyrido[2,3-d:6,5-d"]dipyrimidine-
4,6(1H,7H)-dione (6a)
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1,9-diethyl-5-(4-nitrophenyl)-2,8-dithioxo-2,3,5,8,9,10-hexahydropyrido[2,3-d:6,5-d]
dipyrimidine-4,6(1H,7H)-dione (6b)
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5-(4-methoxyphenyl)-1,9-dipropyl-5,10-dihydropyrido[2,3-d:6,5-d"]dipyrimidine-

2,4,6,8(1H,3H,7H,9H)-tetraone (6¢)
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1,9-dipropyl-5,10-dihydropyrido[2,3-d:6,5-d"]dipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetraone (6d)

______________________ 120000
| P 19000
‘ 18000
‘ 117000

o o I | -16000
N | I— soo

HN | | NH ' J ‘ ‘ 14000
O)\ /g -13000
12000

111000
-10000
9000
-8000
17000
-6000
-5000
4000
3000

‘ , 2000
_/m 1000

+-1000

—1140

—1053

—~7.18
74
72
71
70
68
62
€0
49
55
54
52
50
48
46
44
83
85
85
84
83
81

N N N
H

—

100=
4,04
3.16
284

096
1024
* 1420,
2084

6
f1 (ppm)

45000

—161.55
/ 150.51
150.29
\ 148,87
—80.37
~45.62
4526
_~27.70
z 20.88
20.74
1111
~10.73

40000

HN | | NH 35000

(/J H L\\| 30000

25000
20000
15000
10000

5000

210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)



5-(4-chlorophenyl)-1,9-diethyl-2,8-dithioxo-2,3,8,9-tetrahydropyrido[2,3-d:6,5-d"]dipyrimidine-
4,6(1H,7H)-dione (7a)
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1,9-diethyl-5-(4-methoxyphenyl)-2,8-dithioxo-2,3,8,9-tetrahydropyrido[2,3-d:6,5-

d']dipyrimidine-4,6(1H,7H)-dione (7b)
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5,5'-(phenylmethylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one) (5a)
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5,5'-((3,4-dichlorophenyl)methylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-

one) (5d)
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5,5'-((4-nitrophenyl)methylene)bis(6-amino-1-ethyl-2-thioxo-2,3-dihydropyrimidin-4(1H)-one)
(5f)
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5,5'-methylenebis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5h)
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5,5'-(phenylmethylene)bis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5i)

~—~~
%4
Lo
N—r
~
m S8'861. _
o 10'961 ——
YL 0y ——————F |ﬂ 15°8L1 —
E . ] L
90'09% L
o E T GE'95y ———————
— 29Ty I
7 P— = E ™ 9zThy |
. __F . ‘\0 L
w— e ov oo @ 35 —
. g - E T
erow - ) 20 wmmw.Rm 3 14\ 08'60 —_—
3 o E - 19°06€ =
SesE —F =] £ nd_ 7,688 ————+
0v'z9e —f o 2016 EQ [3) 7088 —————————
o @ c ov'0Le L
or'ere —¢ 0 o 20828 ) E T e
vZTYE —f T ] G5'GEE 3 S 0g'vse B
Triee E ™ 15228 i m seces i
96'8TE —+F T 0z'z1E 3 £ £6'62€ I
E = ° = oeze |
e fs = 65'862 EQ W ev'STE i
Ve =t < 18182 E o vm_wwmm —
. 3 o [2 X A— Py 8
woLe— f h ) E o 18°€L2 L
62662 —F ) £0'€92 E o) €
VELSE — et c 21552 ° = VEL9e T—-
TE'95C . FR —_— . —f 0 N o 9/'55¢ £€'192 -
e — S L'l€T NE 1 80'252 —
PR — vorgEr — ———rf i SE'8rT —
] 18022 — m 10220 ———— o S0°L€2 T
12'512 3 WJ N c 8/€€C L
— 3 9,°012 — — . 08°€T2 — |
99T ————= & o €10z o = 88°0T¢ — el
9E'V6T — _— « < [
O w 3 . 1,°08T |
9e'€9T 3 o . 3 © 0c6LT
— et 8oL ———F 17, _
=8 S E 2 8€'/GT —————
m%mmwﬁ - T 00 L§T —————————+ o o) . v9'6vT
SeZeT — 1__ 08 VT ] \n_l.v/ [4%:141 ]
P o TE'GET ————— o= s8'ver SS0ET_—o
52'90T e b c jra AT 5} 1Tv2T
—t o " — . —F —
6 — < = Scelt > 86°T0T
668 Gea | b 6€'90T E o = 886
T°0L = 1 . — O e ——
a1 i) or'z6 Bt —— E = c . vTes \
1Tss——f o K2} E ) 68 86'89 —
2z'sy T ° o IT'TL —_— > 9T'LS _r
T I T L T T = 9T'To — = Ters L
(=] o o o o (=] o (=] o o o B ————————T
w @ * ~ © 0 ~ @ 2 = e *me ‘\‘0 e TTTT T T T T[T T[T T T[T T T[T T T[T T[T TTT[TTTT[TTT
S seep 6ULS  —° < S8 8 e 88 %8 . S
m UL A U UL o l
> 8 8 8RR BB 8K S ° o
< - S
) m
@ <
£ =
> <
(@] <
T ol
o —
N =
1
Te} 0
Lo Lo

m/z

100

50



(5,5'-((4-methoxyphenyl)methylene)bis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5l)
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5,5'-((4-chlorophenyl)methylene)bis(6-amino-1-propylpyrimidine-2,4(1H,3H)-dione) (5m)

v¥' G5k

1266

100

LA LR AR RS AR AR RN AR LR LERR!
o 2 o o 2 o o 9o o
& ® ~ © m I ® o

2aUBPUNQY BAE|BY

350

300

250

200

150

100

mi/z

1,9-diethyl-5-phenyl-2,8-dithioxo-2,3,5,8,9,10-hexahydropyrido[2,3-d:6,5-d"]dipyrimidine-

4,6(1H,7H)-dione (6a)
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1,9-diethyl-5-(4-nitrophenyl)-2,8-dithioxo-2,3,5,8,9,10-hexahydropyrido[2,3-d:6,5-
d']dipyrimidine-4,6(1H,7H)-dione (6b)
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1,9-dipropyl-5,10-dihydropyrido[2,3-d:6,5-d"]dipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetraone (6d)
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1,9-diethyl-5-(4-methoxyphenyl)-2,8-dithioxo-2,3,8,9-tetrahydropyrido[2,3-d:6,5-

d']dipyrimidine-4,6(1H,7H)-dione (7b)

0g'see

€5'88¢€

400

9.°0¢e

9525, |

¥8°05 58—

200

50

1005

UL UL UL AU
O o O 9 o 9 9o o
d® ® ~ ©®© 1’ ¥ ® «

350

=]

250
m/z

150

100

1,9-diethyl-5-(thiophen-2-yl)-2,8-dithioxo-2,3,8,9-tetrahydropyrido[2,3-d:6,5-d']dipyrimidine-

4,6(1H,7H)-dione (7c)

18'66€

©
<
I
~
™
LA M

<
—
o
@
3
LAARE A L

89'¢8T

0§¢et

<
o
@
©
LA R

6v°'GS
STvy

w::om,::w,Em:,w,:MEW:,WEMEM:N

350

300

250

200

150

100

50

m/z



S5. HPL.C analysis

HPLC Chromatograph Report
Acquired by User Me
Sample Name a0

Injection Volume 25 |
Data File Name '\ Chromatograms \6A Xml

mAU
2000+

1500+
1000

500

0 5 ' 10 15 ' 20 min

RT# Compound Agfea
0
5.0
UnKnown 0.10
7.0
UnKnown 0.09
7.8 UnKnown 0.16
9.0 5a 99.65




Acquired by
Sample Name
Injection Volume

Data File Name

User Me
5M
25ul
C:\ Chromatograms \oM_Xml
mALU
2000
1500+
1 Dﬂ{)—_
500
e — e ——————
n {
L T T T T T T T T T T T '
0 5 10 15 20
RT# Compound .A.%}ea.
0
9.1 UnKnown 0.11
11.0 SM 99.71
12.0 UnKnown 0.18

HPLC Chromatograph Report

min



Acquired by
Sample Name

Injection Volume 25 ]

Diata File Name

HPLC Chromatograph Report

User Me
5b
C\ Chromatograms \bb_Xml
mAL
2000—-
1500+
10003
500
3_,_ — e T —
0+
] | , - | o
o 5 10 15 20 Imin
RT# Compound Aﬁfea
(1]
3.1 UnKnown 0.20
4.0 5b 99.65
7.0 UnKnown 0.15




HPLC Chromatograph Report

Acquired by User Me
Sample Name 5F

Injection Volume 25 yl
Data File Name  C:\ Chromatograms \5F Xml

mAU
2000-]
1500-]
1000
500
ﬂ1—~—*-~_,_\__;\“_|‘-1—"~_.—-——'r\—_‘—__'— —
0_,.,é..:-Ib----115""2l0'r|1i|1
RT# Compound Aﬁ}ea
(1]
3.1 UnKnown 0.35
ss 5F 99.00
5.1 UnKnown 0.25
7.0 UnEnown 0.40




HPLC Chromatograph Report

Acquired by User Me
Sample Name 5l

Injection Volume 25 ]
Data File Name  (C:\ Chromatograms \51.Xml

mAL
2000
1500
1000+
500
B —— e - e b P T e T
0_,..é..:uilol"'115""2|0'r|1i|1
RT# Compound A-%‘,Ea
(1]
6.7 UNKnown 0.18
7.2 UNKnown 0.10
10.0 51 99.58
11.0
UNKnown 0.14




HPLC Chromatograph Report

Acquired by User Me
Sample Name 5K

Injection Volume 25 |
Data File Name  (C7\ Chromatograms oK. Xml

mAU
2000]
15005
tDEICI—i
suoj
P R L P
o & T T T T T s T T Ty min

RT# Compound m@fﬁa

4.7 UnKnown 0.10

5.1 UnKnown 0.14

8.0 5K 99.53

10.0 UnKnown 0.23
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