US 20250002467A1

a2y Patent Application Publication o) Pub. No.: US 2025/0002467 A1

a9y United States

ABDU-ALLAH et al.

43) Pub. Date: Jan. 2, 2025

(54) DESIGN, SYNTHESIS AND MECHANISMS
OF ANTICANCER ACTIVITY OF NEW
ACETYLATED
5-AMINOSALICYLATE-THIAZOLINONE
HYBRID DERIVATIVES

(71) Applicant: University of Sharjah, Sharjah (AE)

(72) Inventors: Hajjaj H. M. ABDU-ALLAH, Sharjah
(AE); Wafaa S. RAMADAN, Sharjah
(AE); Maha Mohamed
SABER-AYAD, Sharjah (AE); Rifat
HAMOUDI, Sharjah (AE); Samrein
AHMED, Sharjah (AE); Thenmozhi
VENKATACHALAM, Sharjah (AE);
Shirin HAFEZI, Sharjah (AE);
Abdel-Nasser EL-SHORBAGI,
Sharjah (AE); Hamadeh TARAZI,
Sharjah (AE); Nelson da Cruz
SOARES, Sharjah (AE); Moahammed
Harb SEMREEN, Sharjah (AE); Rafat
EL-AWADY, Sharjah (AE)

(21) Appl. No.: 18/214,215

E o
B
w Lasg
I 3
hos 3
& 3
E R ;
®
w % L 9= :( :
b 3 ,3
@ ] :
B paesd -
; y’“f
- ;
0000 0.343 0085 0.7

0972

(22) Filed: Jun. 26, 2023

Publication Classification
(51) Inmt. Cl

CO7D 277/54 (2006.01)
AGIK 31/426 (2006.01)
AGIP 35/00 (2006.01)
(52) US.CL
CPC ... CO7D 277/54 (2013.01); AGIK 31/426

(2013.01); A6IP 35/00 (2018.01)

(57) ABSTRACT

Novel 5-Aminosalicylate-4-thiazolinone derivatives for
therapeutic formulations and methods for treating cancer.
There are provided novel compounds as development of
new anti-cancer agents with multicellular targets and with
higher selectivity to cancer cells to enhance the outcome of
cancer therapy. In a preferred aspect, there is provided a
pharmaceutical composition, including a therapeutically
effective amount of compound 1.A, or a pharmaceutically
acceptable salt thereof, and one or more pharmaceutical
excipients.

L35 L4 LW L

Experimental Log{"alnhibation}



Patent Application Publication Jan. 2,2025 Sheet 1 of 36 US 2025/0002467 A1

R = CH, {MH3)

' B o= CH, (HH32)
= NOH)  (HHD) = Ny

(CHaly  (HH33)

FIG. 1

Harang ;

Hamster BBE 5 74
But IS 3 B2
Fengt 35 ¥ 53
Rsnaa pig .48 Ed 4.8
fianiy 14 1 34
fioy i it 13
Mnnbnys e 3 4 KX
Harmaset 335 3 52
Bgukret munkay .50 7 5%
Bubon i ol 14
iy g # it 14
$ind iy 44 35 i

F1G. 2



Patent Application Publication Jan. 2,2025 Sheet 2 of 36 US 2025/0002467 A1

Predivted Log{%sInhibifien)

AR RY Iy IR RN STIT: ]

PRSRRTIIS IR A RT Y It PR R FNLY

XL

OH O
QCH;

HN\[(\CQ
Q

ey R i L i S I s U L S R S LA S AL LR e et

2,243 0886 AR 8872 LIS 458 LA iLoes

Experimental Log(%0Tubibition}

FIG. 3

CHy
07 O
OCH;

Acy(3, cat. H,80;,

Jon

et, 2h, 92.5% yield

0
y

m\n/\cx
o

2
ACOH, AcONa HCO -
reflux, 3{3;-481:1, TO-80% O
72% yield Hac'\ﬁ

NHSCON, EtOH

reftus, 2h, rt, overnight
%6 yield

R = CHs{HH32)
R = N(CH.); [HH33}



Patent Application Publication Jan. 2,2025 Sheet 3 of 36 US 2025/0002467 A1

o BREGDKE

“ani- Beactin

FIG. 5



49 "Old 39 'Ol Q9 'Ol

uolieIuaIUOY) 807 uoesuaduo) 807 uopenuasu0) 807

US 2025/0002467 Al

[¥2) w
. <
- ~
< <
s s
L2 o
=) FE e Bt
en o o
S 2 &
-t g 8
~N—
7]
m #4 54 o
- TET-GN-YaW zodoH 6vSY
[T ]
o
(=]
o
o
o 39 *Oi4 99 'Ol4 V9 ‘Ol4
«
= uolesiuaduo’ 807 uosnesjuaduo) 8o uopesyuasuo) o
. ¥ i ¥ : 7 : % ] % & 7 ..&..
= § : p3 i i Z -
= X0a
< w mJ ECHH
= 7% m 3 ZEHH w33
2 s :
& @ o
= wR - H
S Py w
= 2 8
«~ SEe) Q
.m 5 5
[="
ADn.. i3 'y %
= e1oH 9TT-10H LADN
& ]
o]
=W

uoIeRI4 jRAIAING

UOIIoBI4 |BAIAINS



Patent Application Publication Jan. 2,2025 Sheet 5 of 36 US 2025/0002467 A1

£ S
[l
S ~ 8
st -
s A =
o —t frar
I b us c
~ w © X = a 8 -
g C2 v.o B> c ©
S G S ¢
e ¥ oo i
f o
o o .
] oM X F md
2% - X0
Q= TTA
% 3
E TN ey e e sy 5 -
pe: e s s w - s o
uolloRI4 {BAING uondeld [EAANS
g ' o
£ S
R - raey
g w SRS g
® § © 2 E B
o . Lo ] .
- < o w § ©
i g i
. O 8
: %D %o
2 ©
o X -~ D X L -
IO .. 2%
e - IrQ
"" @ e w0
P “\ e o » w i

UopIBI4 [BAIAING uoioel [BAIANS



US 2025/0002467 Al

Jan. 2,2025 Sheet 6 of 36

Patent Application Publication

VL Ol

Buissaooad pus- £ YNYW jo uonendas (Hp1e00:09
uonezuswiosi jAjosd-jApiidad walosd :£T0000:0D
uoneziuesi0 U013}9YS01A3 BNGNICIIIW 19ZZ0000:0D
SISBISOdWOoY UO] Winfel [eLipuoyIoUW (095T500:0D
s1sauaBoi (WNHIW) YNHOONIN 1LZ6E02-SYH-Y

uofiejsues) o uogeinsal (L19000:09

uopanpsuesl jeusis pajeipaiu ased |9 [fews y9ZL000:09
mmmp  Heddy VNG P68EL-SYH-Y

sy £Gd1 Ag uonenday jeuonduosuel) :68600LE-VSH-Y
3uipulq YNHW O uopeindal iSIYZ061:09

ssa%0.4d 21394 1UuASOIg anlleALIBp 9jeipAyoqled (/€11061:09
yimou8 j1o3 jo uonendal 186ST000:09

ssa304d DHoqEIat YNYIU (099VE00:09

Bugssanosd pud-,g YNY *€ZTTE00°0D

319A) 120 :0TTHOON

uone8uojs jeuonejsuesl jo uonendas :gby9000:0D
AVMHLYd TIAIXO4 Qid (9LTIN

$s3204d dfjoqeies ajni3jow jeuss 1ZRzZry00:09

smmad  2AD 190 :0LTOVIT-SYH-Y

uoiJAPPIN 991S68-SYH-Y




US 2025/0002467 Al

Jan. 2,2025 Sheet 7 of 36

Patent Application Publication

4451

siouop jo dnoid HO-~HD uo Surioe ‘AjAIIdE 3SBIPNPIIOPIXOD HT99100:0D
Suipuig snuRLIBI-) ulB30Ld 1ZZ0B00:0D

Suyapowas uEWOIYD 1BEES000:0D

juawdo}anap X0 {81343 £861200:0D

uoeRUIIIYIP |30 piofAw :6600£00:09

Sugpuiq uidt04d Juapuadap-uolleaiiPoW J0E00YT0 09

Suipuiq YNY (n)Ajod :9928000:09

ssa20.d JjjoqeIaws YNY :7£09T00:09

uialosd papiojsiui 03 asuodsal Jefniidd :§TZTL00:0D

s UOISIAID {190 1T0ET500:09

Supuy uR101d fi-uBnbign [ZETZE00:0D

Auanoe aseuiinbignap oydads-g9sAT 18/51900:09

Bugpuiq 2U0ISIY (EEETV00:0D

Aemyied Sugjeusis pajeipaw-aunjolid jo Suneindal :6561000:09
Supuajis uBWOIYD 1ZHE9000:09

musdp  yoiisuR) aseyd 3pAd 1132 IO 1ZLLYY00:09
uoiIeSa189s priewoIyd 191S1S (6180000:09

uoneziuesio pungns xajdwiod yNG-uiazold ($281200:09

ey UONEDIARI YNQ JROHUW 16962061:0D

w1120 5{E34G PUBNS-I|GNOP 1ZOE9000:0D

o

{d)o180¢-




US 2025/0002467 Al

Jan. 2,2025 Sheet 8 of 36

Patent Application Publication

24791

ssadoud dfjoqeled YNY :10v9000:09

wemp  ASeydone :y169000:09

memap  Aemyled Suyeusis apoidode :0612600:09
Ajguiassesip uauodwod fejnsl 11IYzzZ00:0D

VY uo 3uioe ‘Alaiioe annAjeled i2600410:09
Suputq sydads utewop uRtold :H066100:09
Bupuiq ased 1o :0Z0TS00:09

ssado4d s1aauAsolg leydsoydouesio 1 £0v0600:09
Aupiqels uiayoad Jo uonein8as (L P9TE00:0D
uoijeziuesio wolsAs auesquIBLIopUd :9620T100:09
ssasoad onjayuAsolq apndad (ep0EY00:0D

wep  5s2304d 3JOAD 192 J0 uoyensal :p9SOT00:0D
UOISIAMD {120 'TOETS00°:09

uoneziuedio ajjauesio jo uoilejndal ansod :8£90T00:0D
Jiodsues [eLPUOYI0}IW :6£89000:0D

ssasousd ogoqeled uajoid Jeniia2 1 LSZyv00:09
ssa30.d joqersw YNQ jo uofensal 1z501500:09
$$8%04d J1joqeIaW YNYOU :0997£00:09

uoRnezijed0] ajjauesio :0¥91500:09

uojjeziuedio UOPUOYIOHW 1S00L000:0D

(d)ot80}-

g8

B
.............“..................................................m““.....“............................““.............................“w“\.““..............m“ﬂ..
z z z

N

e

S

e

R

e e

s

e

sy

e

:
RSl

2 oL 2 2 2o
s

e e e R




Patent Application Publication Jan. 2,2025 Sheet 9 of 36 US 2025/0002467 A1

MCF-7
(204)

FIG7D

@
ot
ot
=i
=
<
{2

HISTIH2AH
MIS188P1

A549
(743)




W Q
%oo\/
8y

\N\

US 2025/0002467 Al

MCF7

Jan. 2,2025 Sheet 10 of 36

# DMSO MCF7

\\N...\M...\\\\W.

Patent Application Publication

FIG. 8A

A549

2

¢4
Y

2,

| @

| v

# DMSO A549
f’ﬁ’g‘\?\‘f‘fHﬁH’33ﬁf’°‘ﬁs49ff’ﬁff’ﬁff’ffﬁf’fﬁf’fﬁff’ﬁff’ﬁff’ﬁff’ffﬁffff’fﬁf’fﬁf .

| Qv/vv

FiG. 8B



Patent Application Publication Jan. 2,2025 Sheet 11 of 36  US 2025/0002467 A1

HUY-158

FIG. 9A

A%AD

MEE?

TEHH EnH xeg



a0t "did J01°9OHd 2017914 VOt 'Bid

LEHH ZeHH ECHH ZEHH CEHH ZEHH £EHH CEHH

=

~

-

4 ’

m (W) ¢ 50 L S0 0 W) 1 G0 L 0 O wd) + ¢0 + ¢6 D (wry 6 L ¢0 O

= ¢ -

2 3 Y 3 m -

' 3 m g m e @2 r %

[\ L= go AN 2

— . I8 5 P s 2

o m 3 Lo 1 x D 8
% ] X8 e 5 3

wn 23 g2 - 2

oK @ Q ber 8 @ BO§

-] "o d @ @ i eg 5

P % Q, m Q, Lo g = = ST
XYTH /XYTH-A e Lo 2 XYZH /XVTH-4 3 XVZH /XVTH-A eaf XVTH [XYIH-A w5

% Y59 28R BLL-20H P geX ]

S

= unog g

(g

A xvEH

~N—

% Ky A

= i

70} I &0 fesuod

(wl}eentd (v ZenR ot eTRN (N} 2geM {oot) gerot fol) 266 ol eenn {valbrenn

Tg)

a sv5Y 2R e L3N

(&

~

g

- a6 ‘did J6 "9l 46 "Dl

m WA SEME ZEHE

= CLUE NS A 1 I

< L bt ,

3] ; g A Sl
= 2 2 £
= oy .

= s s & g =
~ : CE X
= % 3 %
(=} o 3
.m - w 2y 3 G2
2 = : £
] i = .\Yh
W -GE mﬁ 51 B G5 B
= g : :
~— o m. -
S 2 - 6% "o T
~— )

nna SL4-10H B8y

jo affueyo pio4



US 2025/0002467 Al

Jan. 2,2025 Sheet 13 of 36

Patent Application Publication

HOT "Did

€EHH ZERK

EEHH ZEHH
W 1g0Lg0 D

2
2 8]
=
3
Q
y @O
X8
T3
a Q@
s 2 @
DU/ d ] § 2
NLV/NLY-d =2te
8¥5V
- sy 4
F4Ts]
PR
tunvy §
wiv
W4
LB 50 v S0 wAuws
() ettt (300} LEHM
SYRY

(

)

D01 'Ol
CSHH ZEHH  BEHH ZEHH
1501500 490150 D

WLV/N

PREY]

Ly-d®==ie

PR 1
) exan

T g8
Lt} zenn

eay

JoRus)

uoISS8IaX8 UII0ld

j0 sbueyo piod

40T1°DHd
ECHH CEHH EEHH ZeHH
W 1901500 1904500
w ¥

t % M

e

m 3 ()

D

H

23

e m @

MO/ m.ubm g e

LY/ NLY-d 555
L4134

KR
R
) 2848

o
et EEHM
LLIM

()

301 'O
SEHHZEHH  EEMMZEHH
LEOES0 D 1E0LE0 D

DD/ DIUD-d
NLY/W1v-d

L3TN

{wtrsenn et Z6nn

AW

UOISS8IaX8 UIBI0Ig

j0 sbueyo piod




US 2025/0002467 Al

Jan. 2,2025 Sheet 14 of 36

Patent Application Publication

10T "OH
EEHHZEHH  COHM ZEHH
WM 1501800 150L50D

,
T

m,

H

-

e .\mW

3

AU/ THYD-d o

WL/ Wiv-d 2

8Y&Y

o

UOISSBIdXe LIBI0Id

10 afueyo plo4

{ertieemr  and) ZesM

244

0T "Old
EEHH ZEHH CEHH ZEHH
Wt 1501500

1901900

s

DS/ D
WLV/WLY-

IR E3Y1

d 3

g =L

w

it penk (v ZeHR

RIBE

UOISSBIUXS BISj0Id

10 aBueyd plo4

f0T°9H4
CEHH ZEHH EECHH ZEHi
(WM £G0L%00  LS0LG0D

DIUD/TIUDd ==

WLY/Wiy-d &=t

$3E-LOH

Py

U0ISSDI0XD UIS10Id
10 efiueys pio4

ety EHN

{art} LEBH

9110

» —y

10T "Bl
ESHHZEHH  SEHH ZEHH
LE0LE0 0 LG50 £50 D

(narty

i

DU/ DAD~d o

WLY/Wiv-d &=
140%

w

T §0 3

6 {osD)
ity genn ) Tenn
(£

UOISSBIIXS UIBI0Id

30 afiueyo pjo4




US 2025/0002467 Al

Jan. 2,2025 Sheet 15 of 36

Patent Application Publication

ait ol

sSinoy juauead

W T EEHH goones
un! §°0 EEHH gm
wil T ZEHH
wrl 670 ZEHK

jonuoy 27

Sy

SNOY judunjeal f

48 kg NE

Wil T EEHN
Wi S0 EEHH gy

gL LOH

g11 'Bid

- 03

- 48

- 50T

- 6T

(24

- 0%

1134

eseyd W / 9%

aseyd W/ 29%

211051

sinoy Jusuneaiy

upe 43 (14

wil ¢ genK
wrl 5°0 EEHH
wrl T ZEHH

{o1u0)

eYIH

sinoy juswijess

um T EEHH
wrl §°0 EEHH
wrl L ZEHH
um §°0 ZEHH
jenual

£43W

Vi1 'Sid

wirl g0 ZEHM SR

negaa

foca
R
fecec]

i DR

-G8

- BOY

24

b

- 93

L oBL

aseyd W / Z9%

aseyd W/ Z9%



US 2025/0002467 Al

Jan. 2,2025 Sheet 16 of 36

Patent Application Publication

HTIT "Oid

sSinoy juauwijeas

4L s 4y 4z
3 3, ; ; [
Rl
- 8%
wi
TEEHH oo | uat
Wl 50 CEHH ppon
wrl T ZEHH
wrl §°0 ZEHH
jonue) Logt
5FSY
sinoy juswieal j
4y R 4% Yy 4z
: gt . )
- 6%
wr T EEHH
mamm 008
W §°0 EEHH
W T ZEHH g
wrl §°0 ZEHH s
{o4ue) 5 Y

SLE~LOH

41T 'Ol

S|{@d |9-qng JO JUaIdd

S{{a0 1 9-gNS jO JuasIsd

511 'O

sSinoy juswiead |
HR¥ 492 uz L4 R4

v

©

=

o

s 2

"

[}

Q

w

<

wil LEEHH w801 T

wil G ECHH B8 [9)

wrl T ZeHH B2 by

um g0 geHH T 2

jonuoy = Lggy =

ey H
$INoY juduiiead
©5y 4¥g 43 gy uy
H i L i 2 &

B A S .
¥ ki a
1
A
o
Lo =2
]
-y
17
wl T EEHH 5

. e 2 T
Wil G0 EEHM oy o
wrl T ZERH g -
Wil §°0 ZERM W Y
| Svuee] -~
|oJ3U0D L ssy @

L3DW
rT "old




US 2025/0002467 Al

Jan. 2,2025 Sheet 17 of 36

Patent Application Publication

NTIT "Oid

€EHH ZEHH  €EHH ZCHH €EHH ZEHH  €EHH 2EHH  €EHH 2EHH  €EHH ZEHH  €EHH ZEHH
(W) LG0LG0D LSOLS0D LG0LS0D LEOLSOD LG0LS0D LSOLEG0D LS0LS0D

EEHH ZEHH
LG0LG00

-2
-8y
(43
-7
213
QU/TIB/LOR 195) QYrd oy WAABYZ 49S) QU-d so0s GZICD s COAD wws [ UIPAD & YUPAD 124 =2 €63 &= i
4408
CCHH ZEHH  €SHH ZEHH CEHH ZEHH  €EHH ZEHH  CEHH ZEHH  SSHHZEHH CEHHZEHH  €EHH ZEHH
(AM 1601500 LS0LSOD LS0LG00 1S0LS00 LG0LS0D LG0LS0D LS0LG0D 1S0LG0D

= B s i R B s ! ¥
-2
i
-]
e
-8
L
24
QY/TI8/L08 49S) U¥-d wms RGP 195} Gidamn 05700 [aleniocc TG UIBAD & Y UIPAY tay

A0

INTT "O1d

VOITSIGNT (mpDad 30 SOUPYS MO

VPRI GG wIAOIT 3O AGHPEN (304

1T "Oid

ITT "Old

B350

o g L oo g
2L w~
{T3372080%5} | (TY8/408585)
Qi qy-d
W]
ee | UROY § s ¢
= 3 o {RhRias)
&N ¥
|y At
e | ST
>3 B 2oy
T8 Opsy e s T wROAS
ugsy
..... Uy i . v
W o3 vuphy
2 — e ]
cod W e e
i b ggd £5¢
PR auel

i sEe v Zet
Lon



US 2025/0002467 Al

Jan. 2,2025 Sheet 18 of 36

Patent Application Publication

dI1 'O

CEHH TEHH  CEMH TEHH €EHH ZEHH  €EHH CEHH  €EHH ZEHH  €EHH ZEHH  €EHH TEHH  €E8HH ZEHH

5

AN LG0LS0D 1S0LS0D LS0LG0D LS0LS0D LG0LG0D LS04S0 LSOLE0D L60LS0D
: e i 555 s R 1 e 8 . .

z 3

11T 'Ol

L ooy

gy

{2v8/0ues)
L

sy ¢

1 {Gbens)

Qi

4 oy

3 ¥STICD

ISR £ 1]

Wi T SO

3
& 3 m..
ST
.25 X
2
Loy ©
QY/(1T8/208498) QY-d .. W6VZ BSH A ¢053520GD €A emn TEUPAD mm VUPRAD am 12d w2 €5d wms tw &
e¥GY
EEHH ZEHH  CEHH ZEHH £EHH ZEHH  €EHH ZEHH  €EHH ZEHH CEHH ZEHH  CSHH ZEHH  C8HH ZEHH
(W) LG0LS0D LG0ES0D LE0LG0D LS0LG0D LS0LE0D LG0LE0D LS0LS0D L§0LG0D
s &
2 ¢
R 2
12 M
[
SN
T
OH/(TTS/L08 19S) QY-d zmwz OW/lEVC o) Q¥-d s JGZIQD =@ ¢IQD BW TguIPAY BB yuiphy S TZd €Gd T2 et I
22y
OT1 9

g g

_—- ko

oy i

ATT DI

Y

{L19/208995)
s

wov g

2 {Brems)

ay-d

S B

ELIQT

| 2062

T HQIAY

N ] UV §

" S| Y PRy

o | VoY i

1zd

£5¢

Gl st zEny
La1%7



Patent Application Publication Jan. 2,2025 Sheet 19 of 36  US 2025/0002467 A1

{50 3 T Y

2+ bunen

& b

# bouars

Cell Count

#3 by

48 sy

FE oy

DNA Content {Propidium lodide)
FIG. 12A



Patent Application Publication Jan. 2,2025 Sheet 20 of 36  US 2025/0002467 A1

HOTEES

It NN

3 Buoars

& Swanies

Cell Count

34 duwars

A bonarg

DNA Content {Propidium lodide) !E

FiG. 128



Patent Application Publication Jan. 2,2025 Sheet 21 of 36

Cell Count

# By

# By

4 by

4 o

US 2025/0002467 Al

DNA Content (Propidium lodide)

FIG. 12C



Patent Application Publication Jan. 2,2025 Sheet 22 of 36  US 2025/0002467 A1

¥ hours

4 higirs

¥ hows

Cell Count

T b

DNA Content (Propidium lodide)

FIG. 12D



US 2025/0002467 Al

Jan. 2,2025 Sheet 23 of 36

Patent Application Publication

aer "o JET "D 4€1'o VET 'DId
ECHHMZEMH  ECHH ZEMH  ECHH ZEHH CEHH ZEHH  SEHH ZBHH  SEHH ZBHH CEHH ZEHH  CEHH ZEHH  SEHH Z8HH SEMH ZEHM  SEHH ZEHH  SEHH ZEHH
W LG0LE0D 1501500 LS0DLG0D (N L G0LS00 LG0LE0D LS0ESG0D (W4 S0L500 4S0LE00D LGOLSOD (W) LG0LG0D 1§0LS0D LS0LG0D
s 5 : [ ; H o i i s H $ i ; 3 ; ; F— : b oot ¥
A ! L ) :U..j i i :
REEENEN - Eguy . T m T .
’ 2 m.w. 2 m.m.. L W.M A+ ww
e 32 L 3 oy [ i
T if 83 Falles) e
: %Q 5 oA g mf, §% "
ﬂ OB e 2 tauphy B 3 LA UPAY e 2 1Q WA
_ 1Q uypAd L : e 2 3 upAy B3 uipAY -
3 uphy =2 Juphy s ! s 3 UlPAD
6¥SY AT 544-LOH L30%
oy o _ wev g " Y ¢ w2y g
“ o .TxB I3 P uaS
uoy g Tzui ¢{ Uy g unav g
F lta wphy @ WA 1a Uk TG URAS
3wk 3 WA uishd 3 uffohd
T8 T S0 psau) T 80 T §8 joiuo 1 §¢ 1T 50 jonue) I S0 1 50 ohw)
(T eeHH () Ze-HR ) se-nn (ant) ZE-HR (W) ss-HH {wr) Te-HH () ge-un Al 28-HH
s .
85V H STT-10H PE



US 2025/0002467 Al

1 "Bl arT o Vvt 'S4

bR §ay

Jan. 2,2025 Sheet 24 of 36

Patent Application Publication

¥

o

F4R Y &

L8 PG ST

SRR

&

AL PHAS 9T

00 | teHM

R Ty

E:

SRS A

oW ow

FEREOH

& &
P S
R Bapsaang

*
%

iRt

BEROE

OF PR

BEEADM

W |

PR



Patent Application Publication Jan. 2,2025 Sheet 25 of 36  US 2025/0002467 A1

HOTIIGUDEA MR
Lontrel D AaM IR B

2 howers

4 Bours

& houry

Cell Count

e hours

A8 hours

¥ howes

DNA Content (Propidium lodide)
FIG. 14D



Patent Application Publication Jan. 2,2025 Sheet 26 of 36  US 2025/0002467 A1

FIG. 14E

CORA KD HUT118

W

&

S}189 }O abejuanlad



Patent Application Publication Jan. 2,2025 Sheet 27 of 36  US 2025/0002467 A1

FIG.15A

CDK Veyelin-B

FIG.158



Patent Application Publication Jan. 2,2025 Sheet 28 of 36  US 2025/0002467 A1

FIG. 15C

FIG.15D



US 2025/0002467 Al

Jan. 2,2025 Sheet 29 of 36

Patent Application Publication

astoid 291 'O1d
Y gy Yz uzk EE:174 L8724 Ex4%
EEHH CEHH SEHH ZEHH EEHH CEHH E€EHH ZEHH CEHH SEHH ZEHH
Wt g0 1+ 50 D b S0 L S0 O L g0 L §0 D (WihHe g0 1 g0 0 bog 00 b S0 4 S0 O
; b oo SOOI S e 9 ; .
2 il Z I Al i &mtmyx
‘ .. .. 3
- -3 %
[9] :
® :
For 2 :
jo)] &
[{=] :
® :
=) ]
o 2N Lot
gl ¥
Hd/HAXUY 2 5 HFARUY gy
“fd/HAKUY = . ~ “ld/EAxuy av
a¥sv BI9Y
Yoy yvz Yz Y8y B 74 yzi
EEHH ZEHH LEHH [ANIS] EEMH ZEHH CEHH ZEHH EEHH ZEHH £EHH ZEHH
WL 0 L S0 D L 680 L 80 O i g0 4 80 O Wil g0 + S0 O b 80 L S0 O L g¢0 L g0 O
R T 3 A ¥ o o "
P .
“ @
a3
@®
S TA1 32
&
: ©
i ]
¥ o
Loy 8 -ay
&
Fd/FARYY \o/w +Hd/FAXUY ponc
~jd/HAXUY = L oa ~ “ldfFAXUY FEE
G E~LOH LADH
491'91d V9t 'O

{%) sfieo jo ebejuaniad

{%) stie0 jo abejusoiad



US 2025/0002467 Al

Jan. 2,2025 Sheet 30 of 36

Patent Application Publication

H9T "DId

£EHH ZEHH
Wi 150150 O

3
Y mv M
e (3
z 2o
©
> 0
e g ..m nw
Ty m [
I3
.45 =
6§ asedse) peaed) @i
§#5Y
HQ3YH
& ssedsey
paasas
%1 g ospitsey
I 50 v SO eaues
{upl ee ot} ZERKH
5144

D91 "OId

£EHH ZEHH
(W) 150160 O

10 8bBueyo pio4

2yey
v e | HOdYS
Mm 3sey
bad 1.
; . & PSUssRy
¥ ¢ 1 S0 pawo)
(W peay () Zeun
19

491 ‘O

SEHH ZEHH
Wh L 80150 O

6 asedses) PIARS|D) x|

BEL-LOH

T g8 %

§'G jonue)
it egan  {volizeun
9TT-3aH

 HO3YE

391 'Ol

£EHH ZEHH
W) 190150 O

uoISsaIdxe WLold
jo sbueo pio4

voissasdxa ueoid
10 abueyo pjo4

B SED pPBARA|D)

L3N

w HOdYD

: 6 IsRuse)
‘1 o o

Wi § asedsey

& asedsey
ponreaD)

§ osedsey

{red) Eeun (APt} Zeky

L34



US 2025/0002467 Al

Jan. 2,2025 Sheet 31 of 36

Patent Application Publication

191 "OH

€EHH TEHH  CEHH TEHH
(W} Lg0LG00 L G0LS0 D

pig

EvSV

k1 6 T 99 jonu)y

{mrii eenn (v zeay
6Y5Y

uoISSaIdXa UIvl0id

10 abueys pjo4

(

A91 'Oid

C€EHH ZEHH  €EHH ZEHH
WiLg01500 L G0LS00

P
g seD peAes|D) E

-2 237

3 58 1 58 oRuo)

fast eEM  Gwd) Temu
30

U0ISSaIAXS UIR10Id
jo 8bueyo pjo4

HA4YS

w3

g ssedsey
porRayy

B osutisey

9T "Old4

CEHH ZEHH  CCHH ZEHH
(W 1801900 L §0LS0 D

. _
3OV L: O mV_._
&
- & u
o
Ly m w
) ‘m nw
- me
o
POl e ™ § 7
8 SBD POARS| EB |,
S 1 K
M HAD
P91
pig
B asedse)y
ponespy
R essdsey

T S0 1T 80 maum
{worth geum fNY) ey
FYTIOM

19T "Oi4

EEHH ZEHH  €EHH ZEHH
(W) L 601500 L §01LG0 O

PO s + g
g 87 POAES|D &3

|

80 1 50 a0l
HUT R 22 SR S e

LN

HoIssaidxe uBlold
10 abueys pjo4

& 040

Pig3

il ]

§ osudses
pearayy
8 ssedsed



Patent Application Publication Jan. 2,2025 Sheet 32 of 36  US 2025/0002467 A1

Propidium lodide

MCF7
Control 0.5pM HH-32 1uM HH-32 0.5uM HH-33 1M HH-33

12 hours
3]
z
T
2 24 hours
€
2
5.
‘a
g
a

48 hours

Annexin V
FIG. 17A
HCT-116
Control 0.5pM HH-32 1uM HH-32 0.54M HH-33 1pM HH-33

12 hours
24 hours
48 hours

Annexin V

FIG. 17B



Patent Application Publication Jan. 2,2025 Sheet 33 of 36  US 2025/0002467 A1

Hela
Controf 0.5uM HH-32 01aM HH-32 8.5uM HH-33 1M HH-33

12 hours
~
B
Lo
2.
£
= i 24 hours
-
9
f

48 hours
AnnexinV
FIG. 17C
A549
Control 0.5uM HH-32 1uM HH-32 0.5uM HH-33 1uM HH-33

12 hours
L
K=l
°
L
§ 24 hours
2
a
2
o

48 hours

AnnexinV

FIG. 17D



US 2025/0002467 Al

Jan. 2,2025 Sheet 34 of 36

Patent Application Publication

EEHH.
I §0

ZEHH

(W) I G0

w

-

UoISSaIdXd UIB10Id

ECHH

ZEHH
L 60:0

e

10 ebueyo pjo4
b

23

yolssaxixe ulLioid

81 'Old
SEHH  ZEHH

Wi): + S0 L S0:D
g

[o%

[2]

3

3

[5+]

=l

2AU-D

FLEALOH

R

R

UOISSaIdXe WIvI0Ld

EEHH  ZEHH
Wi L g0 1L g0:D
- 3
m._ 5
Qo
2]
8 ==
a
[)
e E

i4%w

uoissaidxs uLaid

0 PRy ¥

R 1 6 1 ¥n paun
it enns  etoees Pt peat ) oo
By 3

0 3
P R TTT TR LT
LER W

B Ry

S0 R

et et {p) i
L5455

j0-obueyo pjo4

b ;g

E AT



Patent Application Publication Jan. 2,2025 Sheet 35 of 36  US 2025/0002467 A1

DIASD ws HHI2 BRAST ws HHII
: : L fle
pualye ‘ FOR ; ' L opwalue FOH
: : changs :

7 Rutenedisic Acid ©o@y7 0 ZOBEDI | RTAESY TR © BITELE
: wrinsd

ﬂecaﬂmc Acid

iHydvravylamineg

...... 871601

BTFIEDY 237 4. 51E01
: : THIEDL

243641
BA3EDY

B.43E01
B.43E01

BATEDI
3. i5E01

B.2EETL

iﬁuammse L BTIEDL 10 | T.eSEm BITESL

‘Phasphorylethanoismine P ;B4 L 47001 1 B 1 - 3 | LASENY ¢ BSOEQE
‘1 3-Prapanedic) X [ D8REm : ‘ | 3OIESL . RA3ESY

1.11ED1

9.05E03
B7IEQY ; : :
BTIEEY . A { BITELE

B7IELY P | OZB4E01 | B4ZEDL
HOSESY ) ‘ : | BITELE

BISEQL ) | 7.30F01
: ‘ 3YEE-HL

mathyiamine am | asipm

FIG. 19



Patent Application Publication

PLE

e R

Jan. 2,2025 Sheet 36 of 36

Dlacks 13 redudof gresnni.g

US 2025/0002467 Al

F1G. 20

¢
@
© ®
o
| ©
’;
H H H $ H
- 4 2 4 8
PeY



US 2025/0002467 Al

DESIGN, SYNTHESIS AND MECHANISMS
OF ANTICANCER ACTIVITY OF NEW
ACETYLATED
5-AMINOSALICYLATE-THIAZOLINONE
HYBRID DERIVATIVES

TECHNICAL FIELD

[0001] The present invention relates to novel 5-amino-
salicylate-4-thiazolinone derivatives as selective anti-cancer
agents with pleiotropic anti-cancer effects for therapeutic
formulations and methods for treating cancer.

BACKGROUND

[0002] Cancer is a major health problem and is a leading
cause of death worldwide [1]. 18.11 million new cases and
9.5 million cancer-related deaths were reported in 2018
worldwide. The number of new cancer cases is estimated to
increase to 29.5 million new cases per year and the number
of cancer-related deaths is estimated to increase to 16.4
million per year in 2040.

[0003] One of the major factors contributing to the failure
of cancer therapy is the intrinsic or acquired resistance of
cancer cells to cancer therapeutics. The risk of resistance of
cancer cells increases upon using a single anti-cancer agent
or a combination of anti-cancer drugs that have one cellular
target. To enhance cancer cell death and to delay or prevent
the development of resistance, oncologists are using com-
bination of drugs acting by different mechanisms given to
the patient in the form of repeated cycles. This strategy,
despite being successful in some instances, encounters some
drawbacks such as the high cost of multiple drugs, the
increased risk of side effects, and the high possibility of
drug-drug interactions.

[0004] A useful and effective alternative to the use of drug
combination is to chemically combine multiple effective
moieties in one compound. The use of hybrid compounds for
cancer treatment can be safer and cheaper than the standard
cancer combination therapy. Therefore, there is a need for
these hybrid drugs for more effective treatment of cancer.

SUMMARY

[0005] In accordance with the present invention, novel
compounds have been developed as new anti-cancer agents
with multiple cellular targets and with high selectivity to
cancer cells to improve the outcome of cancer therapy.
[0006] In a first aspect, disclosed is herein the general
structure of compounds of the present invention:

H;CO

[0007] Inanother aspect, disclosed is herein the compound
1A, (Methyl 2-acetoxy-5-[(5-(4-methylbenzylidene)-4 (H)-
oxo0-1,3-thiazol-2-yl)-amino|benzoate) (“HH32”), or phar-
maceutically acceptable salt thereof:
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H;CO

where R, is a methyl group of formula IA:

R,~CH;.
[0008] Inanother aspect, disclosed is herein the compound
1B (Methyl 2-acetoxy-5-[(5-(4-dimethylaminoben-
zylidene)-4 (H)-ox0-1,3-thiazol-2-yl)-amino|benzoate)
(“HH33”), or pharmaceutically acceptable salt thereof:

(IB)

H;CO

where R, is a dimethylamine group of formula IB:

R2=N(CH,),.

[0009] In a preferred aspect, there is provided a method of
synthesizing the compound 1.A including the steps of

[0010] 1. acetylating compound 1 with acetic anhydride
in presence of catalytic H,SO, to obtain compound 2;

[0011] 2. heterocyclying compound 2 with ammonium
thiocyanate to obtain methyl 2-acetoxy-5-[(4,5-di-
hydro-4-o0x0-1,3-thiazol-2-yl)-amino|benzoate;

[0012] 3. condensing methyl 2-acetoxy-5-[(4,5-di-
hydro-4-ox0-1,3-thiazol-2-yl)-amino]benzoate ~ with
4-methylbenzaldehyde to obtain compound IA; as
shown in the following diagram:

OH (€]

OCTH;
AcyO, cat. H,SOy4

—_—
1t, 2 h, 92.5% yield

HN
T
(6]
1
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-continued
CH;
(@) (@] O
OCH; NH4SCN, EtOH
reflux, 2 h, 1t,
overnight
72% yield

OHC —< >—— R
O

P AcOH
H;CO N\ reflux, 36-48 b,
>/S 70-80%
o N 72% yield
H
H3C—<
(6]
(0]
H;CO
O
H3c~<
6]
[0013] In a preferred aspect, there is provided a method of

synthesizing the compound 1.B including: the steps of

[0014] 1. acetylating compound 1 with acetic anhydride
in presence of catalytic H,SO, to obtain compound 2;

[0015] 2. heterocyclying compound 2 with ammonium
thiocyanate to obtain methyl 2-acetoxy-5-[(4,5-di-
hydro-4-oxo0-1,3-thiazol-2-yl)-amino|benzoate;

[0016] 3. condensing methyl 2-acetoxy-5-[(4,5-di-
hydro-4-oxo0-1,3-thiazol-2-yl)-amino]benzoate ~ with
4-dimethylaminobenzaldehyde to obtain compound IB:

[0017] as shown in the following diagram:

OH (€]

OCH;
Ac,0, cat. H;SO4

—_—
1t, 2 h, 92.5% yield

HN
T
(6]
1
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-continued

OCH; NH,SCN, EtOH

reflux, 2 h, 1t,
overnight
72% yield

R

o AcOH
H;CO N\ reflux, 36-48 11,
>/S 70-80%
o N 72% yield

[0018] In a preferred aspect, there is provided a pharma-
ceutical composition, including a therapeutically effective
amount of compound IA, or a pharmaceutically acceptable
salt thereof, and one or more pharmaceutical excipients.
[0019] In a preferred aspect, there is provided a pharma-
ceutical composition, including a therapeutically effective
amount of compound IB, or a pharmaceutically acceptable
salt thereof, and one or more pharmaceutical excipients.
[0020] In a most preferred aspect, there is provided a
method of treating a subject afflicted by a cancer by admin-
istering to the subject a therapeutically effective amount of
compound LA, or a pharmaceutically acceptable salt
thereof, and one or more pharmaceutical excipients.

[0021] Ina most preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound 1.A, where the
subject is a mammal.

[0022] Ina most preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound IA, where the
mammal is a human.

[0023] In a most preferred aspect, there is provided a
method of treating a subject afflicted by a cancer by admin-
istering to the subject a therapeutically effective amount of
compound IB, or a pharmaceutically acceptable salt thereof,
and one or more pharmaceutical excipients.

[0024] Ina most preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound IB, where the
subject is a mammal.
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[0025] Inamost preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound [.B, where the
mammal is a human.

[0026] In a further aspect, disclosed is a kit for treating a
subject with a cancer, comprising compound [.A, or a
pharmaceutically acceptable salt thereof, and one or more
pharmaceutical excipients.

[0027] In a further aspect, disclosed is a kit for treating a
subject with a cancer, comprising compound IB, or a phar-
maceutically acceptable salt thereof, and one or more phar-
maceutical excipients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings are not intended to be
drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the
drawings:

[0029] FIG. 1 provides the chemical structure of HH
compounds. (a) Structure of non-acetylated compounds
(HH3 and HH13). (b) Structure of acetylated compounds
(HH32 and HH33).

[0030] FIG. 2 provides a conversion table where human
equivalent dose (HED) dosage factors based on body surface
area of other species are reported.

[0031] FIG. 3 provides a scatter plot of experimental
versus predicted bioactivities (expressed by % inhibition
against MCF7 cells) derived from the best QSAR equation.
[0032] FIG. 4 provides a schematic of the synthesis of the
compounds of the present invention.

[0033] FIG. 5 provides Western blot analysis showing
CDK4 knockout in HCT 116 colon cancer KO cells in lanes
2-4. Lane 1 shows gRNA negative control. Housekeeping
protein P-actin was used to normalize the levels of protein
detected by confirming that protein loading is the same
across the gel.

[0034] FIGS. 6A-6] provides an evaluation of anti-prolif-
erative effect of HH32 and HH33 on a variety of cancer cell
lines. (FIGS. 6A-6J) Dose-response curves of HH32, HH33
and doxorubicin against FIGS. 6A-6A cancer cell lines
(MCF7, HCT-116, HelLa, A549, HepG2, MDA-MB-231,
U87 & U373) and FIGS. 61-6] normal cells (F-180 and
HMEL1) from SRB assay. The curves were generated by
plotting the surviving fraction against each concentration
(0.001-100 uM). Doxorubicin was used as positive control
(n=3, Data: meantSEM).

[0035] FIGS. 7A-7D provides transcriptomic analysis of
HH33-treated MCF7 and A549 cells. FIG. 7A Hypergeo-
metric test of the differentially expressed cellular pathways
showing the downregulated pathways in HH33-treated
MCF-7 cells (n=3) compared to DMSO-treated cells (n=3).
FIGS. 7B-7C Hypergeometric test of the differentially
expressed cellular pathways showing the FIG. 7B upregu-
lated and FIG. 7C downregulated pathways in HH33-treated
A549 cells (n=3) compared to DMSO-treated cells (n=3).
The analysis was done using metascape (http://metascape.
org): a gene annotation and analysis online resource gener-
ating a graphical presentation, using gene onotology (GO)
pathways. FIG. 7D Venn diagram showing six shared maxi-
mally downregulated genes between HH33-treated MCF7
(n=198) and A549 (n=737) cells.
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[0036] FIGS. 8A-8B provides validation of transcrip-
tomics analysis for HH33-treated MCF7 and A549 cells. The
mRNA expression of six top downregulated genes in FIG.
8A MCF7 and FIG. 8B A549 cells was analyzed by quan-
titative Real-time PCR after treatment with 1 uM of HH-33
compound.

[0037] FIGS. 9A-9D displays induction of DNA damage
by HH32 and HH33 in cancer cell lines. FIG. 9A Repre-
sentative images of the neutral comet assay on MCF7, A549
and HCT-116 cells treated with 0.5 and 1 uM of HH-32,
HH-33 and Doxorubicin for 24 hours. The cell appears like
a comet with a head containing the intact DNA and a tail
containing a damaged DNA. FIGS. 9B-9D Graph for fold
change of tail moment over control untreated cells in FIG.
9B MCF7, FIG. 9C A549 and FIG. 9D HCT-116. Each
symbol represents a cell. * p<0.05 vs control (C). #p<0.05
vs 1 uM Dox.

[0038] FIGS. 10A-10L displays DNA damage response
induced after HH32 and HH33 treatment. MCF7, HCT-116,
Hela and A549 were treated with 0.5 and 1 uM of HH32 or
HH33 for 24 h. FIGS. 10A-10D Upper panels: Western blots
detection for 7-H2AX following treatment with HH32 and
HH33. Lower panels: Fold change quantification of
7-H2AX over DMSO-treated control normalized to the
[-actin as a loading control. FIGS. 10E-10H Upper panels:
Western blots detection for P-ATM, ATM, P-Chk2 and Chk2
after treatment with HH32 and HH33. Lower panels:
P-ATM and P-Chk2 band quantification after normalization
to the total protein and the f-actin as a loading control.
FIGS. 10I-10L. Upper panels: Western blots analysis for
P-ATR, ATR, P-Chkl and Chkl post HH32 and HH33
treatment. Lower panels: Fold change for P-ATR and
P-Chk1 after band quantification and normalization to the
total protein and the p-actin as a loading control. Error bars
represent SEM of three independent experiments. * p<0.05
vs control (C).

[0039] FIGS. 11A-11P provides HH32 and HH33 induc-
tion of G2/M phase arrest accompanied with accumulation
in the sub-G1 phase. FIGS. 11A-11H PI staining and cell
cycle analysis using flow cytometry were performed after
treatment with DMSO, 0.5 or 1 uM HH32 or HH33 for the
indicated time points. FIGS. 11A-11D Bar Graphs showing
the percentage of G2/M phase arrest after treatment. FIGS.
11E-11H Graphs showing the percentage of sub-G1 accu-
mulation after treatment. FIGS. 11I-11L Western blots
analysis for p53, p21, Cyclin A, Cyclin B1, CDC2, CDC25¢,
p-Rb (Ser249), p-Rb (Ser807/811) and Rb proteins in the
tested cells after treatment with 0.5 and 1 uM of HH32 or
HH33 for 24 h. FIGS. 11M-11P Graphs showing quantifi-
cation of band intensities after normalization to [3-actin and
DMSO-treated control. Error bars represent SEM of three
independent experiments. * p<0.05 vs control (C).

[0040] FIGS. 12A-12D provides cell cycle analysis after
HH32 and HH33 treatment. FIGS. 12A-12D Histogram
plots represent cell cycle distribution after DMSO or 0.5 and
1 uM of HH32 or HH33 treatment for FIG. 12A MCF7, FIG.
12B HCT116, FIG. 12C HeLa and FIG. 12D A549. Cells
were fixed with 70% ethanol at indicated time points and
stained with propidium iodide (PI) and analyzed by flow
cytometry.

[0041] FIGS. 13A-13D provides Western blot analysis for
G1/S phase regulatory proteins after HH32 and HH33
treatment. FIG. 13A MCF7, FIG. 13B HCT-116, FIG. 13C
HelLa and FIG. 13D A549 were treated with 0.5 and 1 uM
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of HH32 or HH33 for 24 h. Upper panels: blot images for
Cyclin E, Cyclin D1 and CDK2 post HH32 and HH33
treatment. Lower panels: Fold change for Cyclin E, Cyclin
D1 and CDK2 after band quantification and normalization
[-actin as a loading control. Error bars represent SEM of
three independent experiments. * p<0.05 vs control (C).
[0042] FIGS. 14A-14E shows sensitivity of CDK4 Knock-
out and wild type HCT-116 cells to HH33 and DOX. FIG.
14 A Western blot analysis for expression level of CDK4 in
wild type, negative control and CDK4 knockout (KO)
HCT-116 cells. FIG. 14B Dose-response curves of HH33
and doxorubicin against wild type and CDK4 knockout
HCT-116 cells from SRB assay. FIG. 14C IC50 values of
HH33 and Dox in wild type and CDK4 knockout (KO)
HCT-116 cells. FIG. 14D Histogram plots represent cell
cycle distribution for CDK4 knockout HCT-116 cells after
DMSO or 0.5 and 1 uM of HH33 treatment for indicated
time points. FIG. 14E Bar graph showing the percentage of
Sub G1, G1, S and G2/M cell cycle phases after treatment
with HH33 in CDK4 knockout HCT-116 cells.

[0043] FIGS. 15A-15D provides a binding mode overview
of (A) best-docked pose of compound HH32 and (B) best-
docked pose of compound HH33 within FIG. 15A the
¢dc25C active site (PDB-ID: 30P3), FIG. 15B CDK1 active
site (PDB-ID: 4Y72), FIG. 15C CDK2 active site (PDB-1D:
6GUE) and FIG. 15D retinoblastoma tumor suppressor (Rb)
protein active site (PDB-ID: 109K). Ligands and important
amino-acid residues are presented in stick rendering, while
hydrogen bond interactions are shown as green dashed lines.
Hydrogen bond distances are measured in angstrom (A).
[0044] FIGS. 16A-16L shows HH-32 and HH-33 trig-
gered apoptosis through intrinsic and extrinsic pathways.
FIGS. 16A-16D Annexin V and Propidium iodide (PI)
double staining of MCF7, HCT-116, HelLa and A549 cells
after 12, 24 and 48 hours of HH32 and HH33 treatment.
FIGS. 16E-16H Activation of caspase-9 intrinsic apoptotic
pathway induced by HH32 and HH33 compounds in MCF7,
HCT-116, HelLa and A549 cells. FIGS. 161-16L Activation
of caspase-8 and downstream protein Bid extrinsic apoptotic
pathways induced by HH32 and HH33 compounds in
MCF7, HCT-116, HeLa and A549 cells.

[0045] FIGS.17A-17D provides Annexin-V/PI analysis of
apoptosis by flow cytometry. Following treatment with
DMSO or 0.5 and 1 uM of HH32 or HH33 for 12,24 and 48
h, FIG. 17A MCF7, FIG. 17B HCT116, FIG. 17C HelLa and
FIG. 17D A549 cells were stained with fluorescein-conju-
gated Annexin V and propidium iodide (PI) and analyzed by
flow cytometry. Q4, normal; Q3, annexin V+(i.e., early
apoptotic population); Q1, PI+; Q2, Annexin+/Pl+(i.e., late
apoptotic population).

[0046] FIG. 18 shows the anticancer activity of HH32 and
HH33 by measuring the expression of the oncogene c-Myc
in MCF7, HCT-116, HeLLa and A549 cell lines. Western blot
analysis showing the effect of HH32 and HH33 treatment at
0.5 and 1 uM concentrations on total c-Myc protein level.
[0047] FIG. 19 provides a summary of MCF-7 metabolites
identified by Gas Chromatography-Mass Spectrometry
analysis. Each sheet summarizes the dataset after a stepwise
data processing analysis, specifically filter of the missing
values, normalization, imputation, and metabolites profile
after treatment with HH32 and HH33 compounds. signifi-
cance (p<0.05).

[0048] FIG. 20 provides the Principle Component Analy-
sis of the metabolic profile of MCF7 cancer cells in tripli-
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cates after treatment with DMSO control (black dots), 1 uM
HH32 (medium grey dots), and 1 uM HH33 (light grey
dots).

DEFINITIONS

[0049] As used in this description and the accompanying
claims, the following terms shall have the meanings indi-
cated, unless the context otherwise requires:

[0050] As used herein, the singular forms “a, an” and
“the” include plural references unless the content clearly
dictates otherwise.

[0051] To the extent that the term “include,” “have,” or the
like is used in the description or the claims, such term is
intended to be inclusive in a manner similar to the term
“comprise” as “comprise” is interpreted when employed as
a transitional word in a claim.

[0052] The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any
embodiment described herein as “exemplary” is not neces-
sarily to be construed as preferred or advantageous over
other embodiments.

[0053] As used herein, “treatment” is understood to refer
to the administration of a drug or drugs to a patient suffering
from cancer.

[0054] As used herein, the term “therapeutically effective
amount” indicates the amount of the compound which is
effective to treat any symptom or aspect of the cancer.
Effective amounts can be determined routinely. Further
guidance on dosages and administration regimens is pro-
vided below. Furthermore, the term “therapeutically effec-
tive amount” means any amount which, as compared to a
corresponding subject who has not received such amount,
results in improved treatment, healing, prevention, or ame-
lioration of a disease, disorder, or side effect, or a decrease
in the rate of advancement of a disease or disorder. The term
also includes within its scope amounts effective to enhance
normal physiological function.

[0055] The term “treatment” is used conventionally, e.g.,
the management or care of a subject for the purpose of
combating, alleviating, reducing, relieving, improving, etc.,
one or more of the symptoms associated with a cancer.
Administering effective amounts of the compound can treat
one or more aspects of the cancer disease, including, but not
limited to, causing tumor regression; causing cell death;
causing apoptosis: causing necrosis; inhibiting cell prolif-
eration; inhibiting tumor growth; inhibiting tumor metasta-
sis; inhibiting tumor migration: inhibiting tumor invasion;
reducing disease progression; stabilizing the disease; reduc-
ing or inhibiting angiogenesis; prolonging patient survival;
enhancing patient’s quality of life; reducing adverse symp-
toms associated with cancer; and reducing the frequency,
severity, intensity, and/or duration of any of the aforemen-
tioned aspects.

[0056] The term “subject” in accordance with the present
invention, includes, e.g., mammals, such as dogs, cats,
horses, rats, mice, monkeys, and humans.

[0057] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
disclosure belongs. Although any methods and materials
similar to or equivalent to those described herein may be
used in the practice or testing of the present disclosure, the
preferred materials and methods are described below.
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DETAILED DESCRIPTION

[0058] Drugs with multicellular targets may replace in part
the use of combination chemotherapy and decrease the risk
of development of resistance. Although salicylic acid was
first prepared in 1838, it is still an attractive compound that
inspires chemists to synthesize new derivatives for treatment
of several diseases. Thiazolinones, on the other hand, are
recognized to induce a myriad of anticancer effects [2, 3]
Using computational drug discovery algorithms, previous
studies suggested a strategy of dynamic hybrid pharmacoph-
ore model (DHPM), which represents the combined inter-
action features of different binding pockets contrary to the
conventional approaches, where pharmacophore models are
generated from single binding sites [4]. Molecular dynamics
simulations together with virtual compound library screen-
ing have identified biologically active compounds for sev-
eral targets to develop antimicrobial as well as anticancer
new therapies [5].—We have previously developed a group
of compounds with promising anti-cancer activity by com-
bining a salicylic acid derivative (S-aminosalicylic acid,
5-ASA) with 4-thiazolinone [6].

[0059] Screening and testing the activity of such com-
pounds on cancer and normal cells identified four com-
pounds with good anti-cancer activity and some degree of
selectivity towards cancer cells. To optimize the com-
pounds’ potency and selectivity we carried-out a QSAR
study to explore their main structural features responsible
for the growth-inhibition effects seen against the breast
cancer cell line MCF7. We conducted a QSAR study of 45
compounds [6-9] against MCF7 cancer cell line under the
same condition. A multiple-linear-regression equation of
eight parameters represents the best developed model
capable of describing the inhibitory pattern against MCF7
cells. Calculations using this model suggested two candidate
compounds (HH32 and HH33) providing up to 100%
growth inhibition.

[0060] The present disclosure, in some aspects, provides
methods of synthesizing pre-determined highly potent and
selective acetylsalicylate-4-thiazolinone hybrid derivatives
developed via in silico detection and possessing anti-prolif-
erative effects, selectivity, and potential mechanisms of
anti-cancer activity.

[0061] The main structural differences between the two
new derivatives of the present invention (HH32 and HH33)
and the formerly developed ones, HH3 and HH13, is the
acetylation of the phenolic OH of the 5-aminosalicylate in
the new compounds (FIG. 1). Acetylation of salicylic acid to
produce acetyl salicylic acid (Aspirin) have long been
shown to improve the therapeutic potential of the former [9].
Aspirin exhibits pharmacokinetics and pharmacodynamics
superior to salicylic acid [11]. The O-acetyl group in aspirin
has long been recognized as an important contributor to its
diverse effects [12]. In-vitro and in-vivo evidences are
available that aspirin, but not salicylic acid, acetylates
macromolecules such as hemoglobin, serum albumin, vari-
ous proteins (enzymes and hormones) and membrane of
platelet and of red blood cells [13]. On the cellular level,
aspirin can acetylate several proteins and biomolecules, such
as, DNA, RNA, histones, and transglutaminase [14, 15].
[0062] Recently, it has been shown that aspirin, at micro-
molar concentration, acetylates the tumor suppressor protein
P53, a known regulator of apoptosis, in human breast cancer
cells. This effect was associated with the induction of
p21<*! a protein involved in cell cycle arrest, and Bax, a
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proapoptotic protein [16, 17]. Furthermore, aspirin directly
interacts with p300 in the nucleus, promotes H3K9 histone
acetylation, activates Fasl, expression, and induces apopto-
sis in colorectal cancer stem cells (CSCs) [18]. Acetylation
of glucose-6-phosphate dehydrogenase (G6PD) at several
sites may mediate inhibition of G6PD activity, which may
contribute to the ability of aspirin to exert anticancer effects
through decreased synthesis of ribose sugars and NADPH
[19]. Without being bound to any particular theory, the
present invention proposes that these acetylation events may
be the mediators of aspirin’s anti-cancer activity. Another
evidence that acetylation of compounds enhances their phar-
macological activity is deduced from the narcotic analgesic
heroin—a di-acetylated derivative of morphine-which is
more active than morphine [20]. Also, the acetylated res-
veratrol analogues demonstrate improved anticancer poten-
cies [21]. These findings inspired us to check the effects of
acetylating our previously developed 5-ASA-4-thiazolinone
compounds on their molecular effects on cancer cells and
their anticancer activity.

[0063] The aim of the present invention is to synthesize
pre-determined highly potent and selective acetylsalicylate-
4-thiazolinone hybrid derivatives developed via in silico
detection and to investigate their anti-proliferative effects,
selectivity, and potential mechanisms of anti-cancer activity.

[0064] A study was conducted where promising anticancer
compounds were synthesized through a novel approach
based on accommodating two chemical entities acetylated
salicylic acid derivative (5-aminosalicylic acid, 5-ASA) and
4-thiazolinone into a single pharmacophore structure. These
two chemical entities were extensively used as building
blocks for the synthesis of medicinally important drugs and
were previously reported to possess anticancer activities
through multiple mechanisms. Combining the two entities
along with acetylation of the 5-aminosalicylic acid moiety
resulted in two novel hybrid compounds with multicellular
targets that have an excellent anticancer activity with good
safety profile.

[0065] The disclosed hybrid compounds exhibited a prom-
ising anticancer effect on different cancer types which was
superior to the most widely used anticancer drug Doxoru-
bicin. These hybrid compounds were proven to have a safe
profile on the normal cells. The pleiotropic features of these
hybrid compounds suggest using them as a monotherapy
which might be more safe and cheaper than the standard
cancer combination therapies. So far, no disadvantages
appeared.

[0066] In a first aspect, disclosed is herein the general
structure of compounds of the present invention (“methyl
2-acetoxy-5-[(5-benzylidene-4-0x0-4,5-dihydro-1,3-thi-
azol-2-yl)-amino|benzoate™),

H;CO
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where R is independently selected from a group consisting
of: R;,=CH, and R,=N(CH,),.
[0067] Inanother aspect, disclosed is herein the compound
1A, (“Methyl 2-acetoxy-5-[ (5-(4-methylbenzylidene)-4 (H)-
oxo0-1,3-thiazol-2-yl)-amino|benzoate”) or (“HH32”), or
pharmaceutically acceptable salt thereof:

(LA)

0
H;CO N
=
0 N R,
H
H3c~<
0

where R, is a methyl group of formula ITA: R,=CHj;.

[0068] Inanother aspect, disclosed is herein the compound
1B (“Methyl  2-acetoxy-5-[(5-(4-dimethylaminoben-
zylidene)-4 (H)-oxo-1,3-thiazol-2-yl”)-amino|benzoate) or
(“HH33”), or pharmaceutically acceptable salt thereof:

(LB)

0
0
H;CO N
>
0 N
H
H3c~<
0

where R, is a dimethylamine group of formula IIB: R,=N
(CHs)s.

[0069] In a preferred aspect, there is provided a method of
synthesizing the compound IA, including: (1) acetylating
compound 1 with acetic anhydride in presence of catalytic
H,S0, to obtain compound 2 (“Methyl 2-acetoxy-5-(chlo-
roacetamido)benzoate); (2) heterocyclying compound 2
with ammonium thiocyanate to obtain methyl 2-acetoxy-5-
[(4,5-dihydro-4-0x0-1,3-thiazol-2-yl)-amino|benzoate
(“HH31”); (3) condensing methyl 2-acetoxy-5-[(4,5-di-
hydro-4-ox0-1,3-thiazol-2-yl)-amino|benzoate with 4-meth-
ylbenzaldehyde to obtain compound IA;

[0070]
OH

as shown in the following diagram:
(€]

OCH;3
Ac,0, cat. H;SO4

—_—
1t, 2 h, 92.5% yield

HN
I
(6]
1
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-continued

OCH;  NH,SCN, EtOH

reflux, 2 h, 1t,
overnight
72% yield

OHC—< >——R
O

0
AcOH
H;CO N\ roflux, 36-48 I,
>/ 8 70-80%
o N 72% yield
H
HiC _<
0
0
H;CO
0
H;C —<
0

[0071] In a preferred aspect, there is provided a method of
synthesizing the compound I.B including: (1) acetylating
compound 1 with acetic anhydride in presence of catalytic
H,SO, to obtain compound 2 (“Methyl 2-acetoxy-5-(chlo-
roacetamido)benzoate); (2) heterocyclying compound 2
with ammonium thiocyanate to obtain methyl 2-acetoxy-5-
[(4,5-dihydro-4-0x0-1,3-thiazol-2-yl)-amino|benzoate
(“HH31”); (3) condensing methyl 2-acetoxy-5-[(4,5-di-
hydro-4-oxo0-1,3-thiazol-2-yl)-amino|benzoate with 4-meth-
ylbenzaldehyde to obtain compound IB:

[0072] as shown in the following diagram:

OH (€]

OCH;
Acy0, cat. H,SO4

_—
1t, 2 h, 92.5% yield

HN
T
(6]
1
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-continued

OCH;  NH,SCN, BtOH

HN
'
O
2
O
0 )\w
H,CO N
>\/s
O N
H
HiC —<
(0]
O
H,CO N
>\/ S
O N
H
HLC
0]

[0073] In a preferred aspect, there is provided a pharma-
ceutical composition, including a therapeutically effective
amount of compound IA, or a pharmaceutically acceptable
salt thereof, and one or more pharmaceutical excipients.
[0074] In a preferred aspect, there is provided a pharma-
ceutical composition, including a therapeutically effective
amount of compound IB, or a pharmaceutically acceptable
salt thereof, and one or more pharmaceutical excipients.
[0075] In a most preferred aspect, there is provided a
method of treating a subject afflicted by a cancer by admin-
istering to the subject a therapeutically effective amount of
compound LA, or a pharmaceutically acceptable salt
thereof, and one or more pharmaceutical excipients.

[0076] Inamost preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound 1.A, where the
subject is a mammal.

[0077] Inamost preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound IA, where the
mammal is a human.

[0078] In a most preferred aspect, there is provided a
method of treating a subject afflicted by a cancer by admin-
istering to the subject a therapeutically effective amount of
compound IB, or a pharmaceutically acceptable salt thereof,
and one or more pharmaceutical excipients.

[0079] Ina most preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound IB, where the
subject is a mammal.

reflux, 2 h, 1t,
overnight
72% yield

OHCOR

AcOH

reflux, 36-48 h,
70-80%
72% yield
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[0080] Ina most preferred aspect, disclosed is a method of
treating a subject by administering to the subject a thera-
peutically effective amount of compound [.B, where the
mammal is a human.

[0081] Insome aspects, the present invention provides kits
for novel therapeutic methods in cancer patients. For
example, a kit may include one or more pharmaceutical
compositions of the compound as described above. The
compositions may be pharmaceutical compositions compris-
ing a pharmaceutically acceptable excipient. In other
embodiments involving kits, this invention provides a kit
including the compound, optionally a chemotherapeutic
agent, and optionally instructions for their use in the treat-
ment of cancer. In still other embodiments, the invention
provides a kit comprising one more pharmaceutical compo-
sitions and one or more devices for accomplishing admin-
istration of such compositions. For example, a subject kit
may comprise a pharmaceutical composition and catheter
for accomplishing direct intraarterial injection of the com-
position into a cancer. In an embodiment, the device is an
intraarterial catheter. Such kits may have a variety of uses,
including, for example, therapy, diagnosis, and other appli-
cations.

[0082] In a further aspect, disclosed is a kit for treating a
subject with a cancer, comprising compound IA, or a phar-
maceutically acceptable salt thereof, and one or more phar-
maceutical excipients.

[0083] In a further aspect, disclosed is a kit for treating a
subject with a cancer, comprising compound IB, or a phar-
maceutically acceptable salt thereof, and one or more phar-
maceutical excipients.

[0084] Compositions featuring the above mentioned com-
pounds may be specially formulated for administration in
solid or liquid form, including those adapted for the follow-
ing: (1) oral administration, for example, drenches (aqueous
or non-aqueous solutions or suspensions), tablets, e.g., those
targeted for buccal, sublingual, and systemic absorption,
boluses, powders, granules, pastes for application to the
tongue; (2) parenteral administration, for example, by sub-
cutaneous, intramuscular, intravenous or epidural injection
as, for example, a sterile solution or suspension, or sus-
tained-release formulation; (3) topical application, for
example, as a cream, ointment, or a controlled-release patch
or spray applied to the skin; (4) intravaginally or intrarec-
tally, for example, as a pessary, cream or foam; (5) sublin-
gually; (6) ocularly; (7) transdermally; or (8) nasally.
[0085] Wetting agents, emulsifiers and lubricants, such as
sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxi-
dants can also be present in the compositions.

[0086] Examples of pharmaceutically-acceptable antioxi-
dants include: (1) water soluble antioxidants, such as ascor-
bic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble
antioxidants, such as ascorbyl palmitate, butylated hydroxy-
anisole (BHA), butylated hydroxytoluene (BHT), lecithin.
propyl gallate, alpha-tocopherol, and the like; and (3) metal
chelating agents, such as citric acid, ethylenediamine tet-
raacetic acid (EDTA), sorbitol, tartaric acid, phosphoric
acid, and the like.

[0087] The formulations may conveniently be presented in
unit dosage form and may be prepared by any methods well
known in the art of pharmacy. The amount of compound
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which can be combined with a carrier material to produce a
single dosage form will vary depending upon the subject
being treated, the particular mode of administration. The
amount of an active ingredient which can be combined with
a carrier material to produce a single dosage form will
usually be that amount of the compound which produces a
therapeutic effect. Usually, out of one hundred percent, this
amount will range from about 1 wt % to about 99 wt % of
active ingredient, preferably from about 5 wt % to about 70
wt %, most preferably from about 10 wt % to about 30 wt
%.

[0088] In certain embodiments, a formulation of the com-
pounds includes an excipient selected from the group con-
sisting of cyclodextrins, liposomes, micelle forming agents,
e.g., bile acids, and polymeric carriers, e.g., polyesters and
polyanhydrides; and an active ingredient that may be the
compound and/or one of its pharmaceutically acceptable
derivatives. In certain embodiments, an aforementioned
formulation renders orally bioavailable a compound or its
derivative.

[0089] Methods of preparing these formulations or com-
positions include the step of bringing into association the
compound with the carrier and, optionally, one or more
accessory ingredients. Usually, the formulations are pre-
pared by uniformly and intimately bringing into association
a compound of the present invention with liquid carriers, or
finely divided solid carriers, or both, and then, if necessary,
shaping the product.

[0090] Liquid dosage forms for oral administration of the
compounds include pharmaceutically acceptable emulsions,
microemulsions, solutions, suspensions, syrups and elixirs.
In addition to the active ingredient, the liquid dosage forms
may contain inert diluents commonly used in the art, such as,
for example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor and sesame
oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols
and fatty acid esters of sorbitan, and mixtures thereof.
[0091] Besides inert diluents, the oral compositions can
also include adjuvants such as wetting agents, emulsifying
and suspending agents, sweetening, flavoring, coloring, per-
fuming and preservative agents. Suspensions, in addition to
the active compounds, may contain suspending agents as,
for example, ethoxylated isostearyl alcohols, polyoxyethyl-
ene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, bentonite, agar-agar and traga-
canth, and mixtures thereof.

[0092] Formulations of the invention suitable for oral
administration may be in the form of capsules, cachets, pills,
tablets, lozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or
a suspension in an aqueous or non-aqueous liquid, or as an
oil-in-water or water-in-oil liquid emulsion, or as an elixir or
syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacia) and/or as mouth washes and
the like, each containing a predetermined amount of a
compound of the present invention as an active ingredient.
A formulation of the compound may also be administered as
a bolus, electuary or paste.

[0093] In solid dosage forms of the invention for oral
administration (capsules, tablets, pills, dragees, powders,
granules and the like), the active ingredient is mixed with
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one or more pharmaceutically-acceptable carriers, such as
sodium citrate or dicalcium phosphate, and/or any of the
following: (1) fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, and/or silicic acid; (2) binders,
such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such
as agar-agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain silicates, and sodium carbonate; (5)
solution retarding agents, such as paraffin; (6) absorption
accelerators, such as quaternary ammonium compounds; (7)
wetting agents, such as, for example, acetyl alcohol, glycerol
monostearate, and non-ionic surfactants; (8) absorbents,
such as kaolin and bentonite clay; (9) lubricants, such a talc,
calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, and mixtures thereof; and
(10) coloring agents. In the case of capsules, tablets and
pills, the pharmaceutical compositions may also include
buffering agents. Solid compositions of a similar type may
also be employed as fillers in soft and hard-shelled gelatin
capsules using such excipients as lactose or milk sugars, as
well as high molecular weight polyethylene glycols and the
like.

[0094] A tablet may be made by compression or molding,
optionally with one or more accessory ingredients. Com-
pressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert
diluent, preservative, disintegrant (for example, sodium
starch glycolate or cross-linked sodium carboxymethyl cel-
Iulose), surface-active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of
the powdered compound moistened with an inert liquid
diluent.

[0095] The tablets, and other solid dosage forms of the
pharmaceutical compositions of the present invention, such
as dragees, capsules, pills and granules, may optionally be
scored or prepared with coatings and shells, such as enteric
coatings and other coatings well known in the pharmaceu-
tical-formulating art. They may also be formulated so as to
provide slow or controlled release of the active ingredient
therein using, for example, hydroxypropylmethyl cellulose
in varying proportions to provide the desired release profile,
other polymer matrices, liposomes and/or microspheres.
They may be formulated for rapid release, e.g., freeze-dried.
They may be sterilized by, for example, filtration through a
bacteria-retaining filter, or by incorporating sterilizing
agents in the form of sterile solid compositions which can be
dissolved in sterile water, or some other sterile injectable
medium immediately before use. These compositions may
also optionally contain opacifying agents and may be of a
composition that they release the active ingredient(s) only,
or preferentially, in a certain portion of the gastrointestinal
tract, optionally, in a delayed manner. Examples of embed-
ding compositions which can be used include polymeric
substances and waxes. The active ingredient can also be in
micro-encapsulated form, if appropriate, with one or more of
the above-described excipients.

[0096] The tablets, and other solid dosage forms of the
formulation of the compound, such as dragees, capsules,
pills and granules, may optionally be scored or prepared
with coatings and shells, such as enteric coatings and other
coatings well known in the pharmaceutical-formulating art.
They may also be formulated so as to provide slow or
controlled release of the active ingredient therein using, for



US 2025/0002467 Al

example, hydroxypropylmethyl cellulose in varying propor-
tions to provide the desired release profile, other polymer
matrices, liposomes and/or microspheres. They may be
formulated for rapid release, e.g., freeze-dried. They may be
sterilized by, for example, filtration through a bacteria-
retaining filter, or by incorporating sterilizing agents in the
form of sterile solid compositions which can be dissolved in
sterile water, or some other sterile injectable medium imme-
diately before use. These compositions may also optionally
contain opacifying agents and may be of a composition that
they release the active ingredient(s) only, or preferentially, in
a certain portion of the gastrointestinal tract, optionally, in a
delayed manner. Examples of embedding compositions
which can be used include polymeric substances and waxes.
The active ingredient can also be in micro-encapsulated
form, if appropriate, with one or more of the above-de-
scribed excipients.

[0097] Formulations of the pharmaceutical compositions
of'the compound for rectal or vaginal administration may be
presented as a suppository, which may be prepared by the
compound with one or more suitable nonirritating excipients
or carriers comprising, for example, cocoa butter, polyeth-
ylene glycol, a suppository wax or a salicylate, and which is
solid at room temperature, but liquid at body temperature
and, therefore, will melt in the rectum or vaginal cavity and
release the active compound.

[0098] Dosage forms for the topical or transdermal admin-
istration of the compound include powders, sprays, oint-
ments, pastes, creams, lotions, gels, solutions, patches and
inhalants. The compound may be mixed under sterile con-
ditions with a pharmaceutically-acceptable carrier, and with
any preservatives, buffers, or propellants which may be
required. The ointments, pastes, creams and gels may con-
tain, in addition to the compound, excipients, such as animal
and vegetable fats, oils, waxes, paraffins, starch, tragacanth,
cellulose derivatives, polyethylene glycols, silicones, ben-
tonites, silicic acid, talc and zinc oxide, or mixtures thereof.
[0099] Powders and sprays can contain, in addition to the
compound, excipients such as lactose, talc, silicic acid,
aluminum hydroxide, calcium silicates and polyamide pow-
der, or mixtures of these substances. Sprays can additionally
contain customary propellants, such as chlorofluorohydro-
carbons and volatile unsubstituted hydrocarbons, such as
butane and propane.

[0100] Transdermal patches have the added advantage of
providing controlled delivery of the compound to the body.
Such dosage forms can be made by dissolving or dispersing
an extract in the proper medium. Absorption enhancers can
also be used to increase the flux of the extract or dispersing
the extract in a polymer matrix or gel.

[0101] Pharmaceutical compositions suitable for paren-
teral administration include one or more components of the
compound in combination with one or more pharmaceuti-
cally-acceptable sterile isotonic aqueous or nonaqueous
solutions, dispersions, suspensions or emulsions, or sterile
powders which may be reconstituted into sterile injectable
solutions or dispersions just prior to use, which may contain
sugars, alcohols, antioxidants, buffers, bacteriostats, solutes
which render the formulation isotonic with the blood of the
intended recipient or suspending or thickening agents.
[0102] These compositions may also contain adjuvants
such as preservatives, wetting agents, emulsifying agents
and dispersing agents. Prevention of the action of microor-
ganisms upon the subject compounds may be ensured by the
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inclusion of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol sorbic acid, and the
like. It may also be desirable to include isotonic agents, such
as sugars, sodium chloride, and the like into the composi-
tions. In addition, prolonged absorption of the injectable
pharmaceutical form may be brought about by the inclusion
of agents which delay absorption such as aluminum monos-
tearate and gelatin.

[0103] Regardless of the route of administration selected,
the compound may be formulated into pharmaceutically-
acceptable dosage forms by conventional methods known to
those of skill in the art. The compound may be formulated
for administration in any convenient way for use in human
or veterinary medicine, by analogy with other pharmaceu-
ticals.

[0104] In certain embodiments, the above-described phar-
maceutical compositions include the compound, a chemo-
therapeutic agent, and optionally a pharmaceutically accept-
able carrier. Alternatively, the terms “chemotherapeutic
agent” or “therapeutic agent” include, without limitation,
platinum-based agents, such as carboplatin and cisplatin;
nitrogen mustard alkylating agents; nitrosourea alkylating
agents, such as carmustine (BCNU) and other alkylating
agents; antimetabolites, such as methotrexate; purine analog
antimetabolites; pyrimidine analog antimetabolites, such as
fluorouracil (5-FU) and gemcitabine; hormonal antineoplas-
tics, such as goserelin, leuprolide, and tamoxifen; natural
antineoplastics, such as taxanes (e.g., docetaxel and pacli-
taxel), aldesleukin, interleukin-2, etoposide (VP-16), inter-
feron alfa, and tretinoin (ATRA); antibiotic natural antine-
oplastics, such as bleomycin, dactinomycin, daunorubicin,
doxorubicin, and mitomycin; and vinca alkaloid natural
antineoplastics, such as vinblastine and vincristine.

[0105] The above compound compositions may be used in
novel therapeutic methods of treatment in cancer patients.
The methods include administering to a subject an effective
amount of a pharmaceutical compound composition. The
above invention can be used to treat any cancer irrespective
of the type or cause of the cancer, and irrespective of the
genetic lesions associated with it, including, but not limited
to cancer, pre-cancerous cells, tumors, neoplasms, and non-
malignant tumors can also be treated. Cancers that can be
treated include, e.g., cancers which are primary; which arise
from a primary tumor at a secondary metastatic site; which
have been treated by surgery (e.g., entirely removed, surgi-
cal resection, etc); which have been treated by chemo-
therapy, radiation, radiofrequency ablation, and/or any other
adjunct to drug therapy; which have acquired drug-resis-
tance; which are refractory to a chemotherapeutic agent
[0106] In other embodiments, types of cancer which can
be treated in accordance with present invention include, but
are not limited to: Cell Adult Acute Lymphoblastic Leuke-
mia; Blastic Phase Chronic Myelogenous Leukemia: Bone
Metastases; Brain Tumor; Breast Cancer: Cancer; Central
Nervous System Cancer; Childhood Acute Lymphoblastic
Leukemia; Childhood Acute Lyinphoblastic Leukeria in
Renission; Childhood Central Nervous System Germ Cell
Tumor; Childhood Chronic Myelogenous [eukemia; Child-
hood Soft Tissue Sarcoma: Chordoma; Chronic Eosinophilic
Leukemia (CEL); Chronic Idiopathic Myelofibrosis;
Chronic Myelogenous Leukemia; Chronic Myeloid Leuke-
mia; Chronic Myelomonocytic Leukeinia; Chronic Phase
Chronic Myielogenous Leukemia; Colon Cancer; Colorectal
Cancer: Dermatofibrosarcoma; Dernatofibrosarcoma Protu-
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berans (DFSP); Desnoid Tumor; Eosinophilia: Epidemic
Kaposi’s Sarcoma, Essential Thrombocythemia; Ewing’s
Family of Tumors; Extensive Stage Small Cell Lung Cancer;
Fallopian Tube Cancer, Fandiar ylpereosinophilia; Fibrosar-
coma; Gastric Adenocarcinoma; Gastrointestinal Neoplasm,
Gastrointestinal Stromal Tumor; Glioblastoma; Glioma;
Gliosarcoma; Grade I Meningioma; Grade II Meningioma;
Grade I1IMeningioma; Hematopoietic and Lymphoid Can-
cer, High-Grade Childhood Cerebral Astrocytoma; Hypere-
osinophilic Syndrome; Idiopathic Pulmonary Fibrosis; L1
Adult Acute Lymphoblastic Leukemia: [.2 Adult. cute Lym-
phoblastic Leukemia; Leukemia, Lymphocytic, Acute [.2;
Leukemia, Myeloid, Chronic; Leukemia, Mycloid, Chronic
Phase; Liver Dysfunction and Neoplasm; Lung Disease;
Lymphoid Blastic Phase of Chronic Myeloid Leukenia;
Male Breast Cancer; Malignant Fibrous Histiocytonma;
Mastocytosis; Meningeal Hemangiopericytoma; Menin-
gioma; Meningioma; Meningioma; Metastatic Cancer;
Metastatic Solid Turnors; Myelofibrosis; Myeloid Leuke-
mia, Chronic: Myeloid Leukemia, Chronic Accelerated-
Phase; Myeloid Leukemia, Chronic, Chronic-Phase;
Myeloid Metaplasia; Myeloproliferative Disorder (MPD)
with Losinophilia; Neuroblastona; Non-T, Non-B Child-
hood Acute Lyrnphoblastic Leukemia; Oligodendroglioma;
Osteosarcoma; Ovarian Germ Cell Tumor; Ovarian Low
Malignant Potential Tumor; Ovarian Neoplasms; Pancreatic
Cancer; Pelvic Neoplasms; Peritoneal Cavity Cancer; Peri-
toneal Neoplasms; Philadelphia Chromosome Positive
Chronic Myelogenous Leukemia; Philadelphia Positive
Acute Lymphoblastic Leukemia; Philadelphia Positive
Chronic Myeloid Leukemia in Myeloid Blast Crisis;
Polycythemia Vera; Pulmonary Fibrosis; Recurrent Adult
Brain Tumor; Recurrent Adult Soft Tissue Sarcoma; Recur-
rent Breast Cancer; Recurrent Colon Cancer; Recurrent
Esophageal Cancer; Recurrent Gastric Cancer; Recurrent
Glioblastoma Multiforme (GBM); Recurrent Kaposi’s Sar-
coma; Recurrent Melanioma; Recurrent Merkel Cell Carci-
noma; Recurrent Ovarian Epitielial Cancer; Recurrent Pan-
creatic Cancer; Recurrent Prostate Cancer: Recurrent Rectal
Cancer; Recurrent Salivary Gland Cancer; Recurrent Small
Cell Lung Cancer; Recurrent Tumors of the Ewing’s Family;
Recurrent Uterine Sarcoma; Relapsing Chronic Myelog-
enous Leukemia; Rheumatoid Arthritis; Salivary Gland
Adenoid Cystic Carcinoma; Sarcoma: Small Cell Lung
Cancer; Stage U Melanoma; Stage Ii Merkel Cell Carci-
noma; Stage III Adult Soft Tissue Sarcoma; Stage III
Esophageal Cancer: Stage 111 Merkel Cell Carcinoma;
Stage ill Ovarian Epithelial Cancer; Stage III Pancreatic
Cancer; Stage I1I Salivary Gland Cancer, Stage [UB Breast
Cancer; Stage UIC Breast Cancer; Stage IV Adult Soft
Tissue Sarcoma; Stage IV Breast Cancer; Stage IV Colon
Cancer; Stage IV Esophageal Cancer: Stage IV Gastric
Cancer; Stage IV Melanoma: Stage IV Ovarian Epithelial
Cancer: Stage IV Prostate Cancer, Stage IV Rectal Cancer;
Stage IV Salivary Gland Cancer; Stage IVA Pancreatic
Cancer; Stage [VB Pancreatic Cancer; Systemic Mastocy-
tosis; T-Cell Childhood Acute Lymphoblastic Leukemia;
Testicular Cancer; Thyroid Cancer; Unresectable or Meta-
static Malignant Gastrointestinal Stromal Tumor (GIST);
Unspecified Adult Solid Tumor; Untreated Childhood Brain
Stem Glioma: Uterine Carcinosarcoma, and Uterine Sar-
coma.

[0107] Diseases which can be treated in accordance with
present invemion include, e.g., diseases which are treated
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with gefitinib, such as, but not limited to: Adenocarcinoma
of the Colon; Adenocarcinoma of the Esophagus; Adeno-
carcinoma of the Lung; Adenocarcinoma of the Prostate;
Adenocarcinoma of the Rectum; Advanced Adult Primary
Liver Cancer; Advanced Non-Nasopharyngeal Head and
Neck Carcinoma; Anaplastic Astrocytoima; Anaplasdc Oli-
godendroglinma; Anaplastic Thyroid Cancer; Bladder Can-
cer: Brain Tumor; Breast Cancer; Breast Cancer in Situ;
Breast Neoplasms; Bronchoalveolar Cell Lung Cancer; Can-
cer of the Fallopian Tube; Carcinoma, Squamous Cell;
Cervix Neoplasms; Colon Cancer; Colorectal Cancer: Epi-
thelial Mesothelioma; Esophageal Cancer; Esophagogastric
Cancer: Follicular Thyroid Cancer; Gastric Cancer: Gastri-
noma; Gastroimtesrnal Carcinoid; Giant Cell Glioblastoma:
Glioblastoma; Glioblastoma Multiforme; Head and Neck
Cancer; Hepatocellular Carcinoma; Hypopharyngeal Can-
cer; Inoperable Locally Advanced Squamous Cell Carci-
noma of Head and Neck: Insulinoma; Intraductal Breast
Carcinoma; Islet Cell Carcinoma; Large Cell Lung Cancer;
Laryngeal Cancer; Lip and Oral Cavity Cancer; Lip Cancer;
Liver Cancer; Lung Adenocarcinoma With Bronchiole-Al-
veolar Feature: Lung Cancer; Male Breast Cancer; Medul-
lary Thyrod Cancer; Meningeal Turnors; Metastatic Col-
orectal Cancer; Metastatic Gastrointestina] Carcinoid
Tumor; Metastatic Pancreatic Carcinoma: Mixed Gliomas;
Myelogenous Leukemia, Acute; Nasopharyngeal Carci-
noma: Neuroblastoma; Non-Metastatic (T_2-T4 NO-N3,
MO; Stages [l and 111) and Histologically-Confirmed Intes-
tinal GC; Non-Metastatic Prostate Cancer: Nonresectable
Adrenocortical Carcinoma; Non-Small Cell Lung Cancer;
Nose Cancer; Oligodendroglial Tumors; Oral Cancer; Oro-
pharyngeal Cancer; Osteosarcoma; Ovarian Cancer; Ovar-
ian Neoplasrs; Pancreatic Cancer; Papillary Thyroid Cancer;
Peritoneal Carcinoma; Pharynx Cancer; Pneumonic-Type
Adenocarcinoma (P-ADC); Primary Hepatocellular Carci-
noma: Prostate Cancer: Rectal Cancer; Recurrent Adult
Primary Liver Cancer: Recurrent Breast Cancer: Recurrem
Colon Cancer; Recurrent Endometrial Cancer, Recur-em
Esophageal Cancer: Recurrent Glioblastoma; Recurrent
Rectal Cancer: Recurrent Skin Cancer; Refractory (lierm
Cell Tumors Expressing EGRF; Renal Cell Cancer: Rhab-
domyosarcomas; Sarcomatous Mesothelioma; Skin Cancer:
Soft Tissue Sarcoma: Squamous Cell Carcinoma of the
Esophagus; Squamous Cell Carcinoma of the Head and
Neck; Squamous Cell Carcinoma of the Skin; Squamous
Cell Lung Cancer; Stage Il Esophageal Cancer; Stage HII
Esophageal Cancer, Synovial Sarcoma; Thorax and Respi-
ratory Cancer; Throat Cancer; Thyroid Cancer; Transitional
Cell Cancer ofthe Renal Pelvis and Ureter; Transitional Cell
Carcinoma of the Bladder: Tubal Carcinoma: Unspecified
Childhood Solid Tumor; Untreated Childhood Brain Stem
Gliora: Urethral Cancer.

[0108] As anticipated above, the compounds may be
administered by any appropriate route, for example orally,
parenterally, topically, or rectally. It will be appreciated that
the preferred route may vary with, for example, the condi-
tion of the recipient of the compound and the cancer to be
treated. In certain embodiments, the compound may be
especially suitable for the preparation of pharmaceuticals for
intravenous administration, such as intravenous injection or
infusion, provided that it does not contain components with
serum-precipitating and/or haemagglutinating properties
which disturb such an application. The compound may
therefore be provided in the form of ampoule preparations
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which are directed to intravenous administration. In still
other embodiments, the method comprises systemic admin-
istration of a subject composition to a subject.

[0109] Also provided are methods of treating cancer,
which include administering the compounds in conjunction
with a chemotherapeutic agent to a subject. Conjunctive
therapy includes sequential, simultaneous and separate, or
co-administration of the compound and the chemotherapeu-
tic agent in a way that the therapeutic effect of the chemo-
therapeutic agent does not entirely disappear when the
compound is administered. In certain embodiments, com-
pound and the chemotherapeutic agent may be combined
together in the same unitary pharmaceutical composition
including both entities. Alternatively, the combination of
compound and chemotherapeutic agent may be administered
separately in separate pharmaceutical compositions, each
including one of the compound and chemotherapeutic agent
in a sequential manner wherein, for example, either the
compound or the chemotherapeutic agent is administered
first followed by the other one.

[0110] Exemplary doses of the compounds in the range
from about 0.001, 0.01, 0.1, 0.5, 1, 10, 15, 20, 25, 50, 100,
200, 300, 400, 500, 600, or 750 to about 1000 mg/day per
kg body weight of the subject. In certain embodiments, the
dose of the compound will typically be in the range of about
100 mg/day to about 1000 mg/day per kg body weight of the
subject, specifically in the range of about 200 mg/day to
about 750 mg/day per kg, and more specifically in the range
of about 250 mg/day to about 500 mg/day per kg. In an
embodiment, the dose is in the range of about 50 mg/day to
about 250 mg/day per kg. In a further embodiment, the dose
in the range of about 100 mg/day to about 200 mg/day per
kg. In an embodiment, the dose is in the range of about 15
mg/day to 60 mg/day per kg. In a further embodiment, the
dose is in the range of about 20 mg/day to 50 mg/day perkg.
In an additional embodiment, the dose is in the range of
about 25 mg/day to 45 mg/day per kg.

[0111] The combined use of the compound and other
chemotherapeutic agents may reduce the required dosage for
any individual component because the onset and duration of
effect of the different components may be complementary. In
such combination therapies, the different active agents may
be delivered together or separately, and simultaneously or at
different times within the day.

[0112] The data obtained from cell culture assays and
animal studies may be used in formulating a range of dosage
for use in humans. For example, effective dosages achieved
in one animal species may be extrapolated for use in another
animal, including humans, as illustrated in the conversion
table of FIG. 2 where human equivalent dose (HED) dosage
factors based on body surface area of other species are
reported. [22]. The dosage of any supplement, or alterna-
tively of any components therein, lies preferably within a
range of circulating concentrations that include the EDs,
with little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the
route of administration utilized. For the compound or com-
binations of the compound and other chemotherapeutic
agents, the therapeutically effective dose may be estimated
initially from cell culture assays. A dose may be formulated
in animal models to achieve a circulating plasma concen-
tration range that includes the ICs, (i.e., the concentration of
the test compound which achieves a half-maximal inhibition
of symptoms) as determined in cell culture. Such informa-
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tion may be used to more accurately determine useful doses
in humans. Levels in plasma may be measured, for example,
by high performance liquid chromatography.

Experimental Examples

[0113] The disclosure will be more fully understood upon
consideration of the following non-limiting Examples. It
should be understood that these Examples, while indicating
preferred embodiments of the subject technology, are given
by way of illustration only. From the above discussion and
these Examples, one skilled in the art can ascertain the
essential characteristics of the subject technology, and with-
out departing from the spirit and scope thereof, can make
various changes and modifications of the subject technology
to adapt it to various uses and conditions.

[0114] As evident from the foregoing description, certain
aspects of the present disclosure are not limited by the
particular details of the examples illustrated herein, and it is
therefore contemplated that other modifications and appli-
cations, or equivalents thereof, will occur to those skilled in
the art. It is accordingly intended that the claims shall cover
all such modifications and applications that do not depart
from the spirit and scope of the present disclosure.

[0115] Moreover, unless defined otherwise, all technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the disclosure belongs. Although any methods and
materials similar to or equivalent to or those described
herein can be used in the practice or testing of the present
disclosure, the preferred methods and materials are
described above.

Materials and Methods

Design of new 5-ASA-thiazolinone derivatives

[0116] The strategy we followed for this discovery is the
synthesis of pre-determined highly potent candidates calcu-
lated via in silico detection. Based on our previous effort
[6-9], we carried out a QSAR study to explore the main
structural features of our 5-Aminosalicylate-4-thiazolinone
derivatives responsible for the proliferation inhibition pat-
tern seen against MCF7 cancer cells. A database of a total 45
compounds with their corresponding percent inhibition data
was established covering our previously reported com-
pounds as well as the compounds presented herein. A
multiple-linear-regression equation of eight parameters rep-
resenting the best-developed model capable of describing
the inhibitory pattern against MCF7 cancer cell line is
illustrated by the following equation:

Log(% inhQibition) = —11.1958 — 0.0004 X 4ATSC6v + 0.6379 X 44TSC6s +

45.2642 x BCUTey, — 0.1102 x maxFHBint8 — 0.1040 x WIPTs —

0.1676 X RDF105m + 0.1258 X RDF95¢e — 0.0328 X RDF 1451

where n=44, F-Statistic=59.45, R*=0.931, Q?,,,=0.893,
Q?,,,0=0.837, R?,, . =0.185, s=0.129. Where in this equa-
tion, ATSC6v is centered Broto-Moreau autocorrelation of
lag 6 weighted by van der Waals volumes; AATSC6 s is
average centered Broto-Moreau autocorrelation of lag 6
weighted by [-state; BCUTc-1 h is n low highest partial
charge weighted BCUTS; maxHBint8 is maximum E-state
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descriptors of strength for potential hydrogen bonds of path
length 8; WTPT-5 is sum of path lengths starting from
nitrogens; RDF105 m is radial distribution function-105
weighted by relative mass; RDF95e is radial distribution
function-095 weighted by relative Sanderson electronega-
tivities; RDF1451 is radial distribution function-145
weighted by relative first ionization.

[0117] The model was found to fit the experimental per-
cent inhibition of MCF7 (FIG. 3) with considerable level of
significance as indicated by its high Fischer’s value (F),
squared correlation coefficients (R?) and the minor standard
errors of estimate. The presented model is specific to our
compound’s chemo-type, thus their internal predictive
power was judged based on leave-one-out (LOO) and leave-
many-out (LMO) procedures. The probability of chance
correlation was examined by Y-scrambling procedure, in
which, lower (R?,.,.,) value indicates lesser probability of
chance correlation. The internal validation parameters
achieved by the model demonstrates its reliability and
robustness in predicting new derivatives within our series
and could be utilized for future development.

[0118] The most influential variables that are in direct
relation with the bioactivities were identified by the model
as AATSC6 s, BCUTc-1 h and RDF95e. Those variables
have favorable contribution to the overall activity as indi-
cated by their positive coefficients and demonstrate the
importance of structural electronic properties (ionization
states, partial charges and electronegativities). These con-
clusions are in agreement with our previous findings regard-
ing the influence of electron-donating and electron-with-
drawing substituents [9].

Quantitative Structure-Activity Relationship (QSAR)

[0119] The compounds were drawn using ChemDraw
Ultra 8.0 software [23] and for each compound, the lowest
energy conformation was generated using MOPAC2012
[24] within VEGA-ZZ software [25, 26]. Austin Model-1
(AM1) semi-empirical force-field was employed for this
purpose. PaDEL-software [27] was used for molecular
descriptors calculations. The software calculates a large set
of 1D-3D molecular descriptors (ca. 1875) of different
classes including constitutional, topological, information
indices, eigenvalue-based indices, radial distribution func-
tion (RDF), 2D/3D autocorrelation. The calculated descrip-
tors were served as independent variables during QSAR
model development. The logarithmic values of experimen-
tally observed percent inhibition against MCF7 cancer cell
line were served as the dependent variable. The QSAR
models were developed and validated employing the
QSARINS software [28, 29]. Model development process
was initiated by reducing co-linearity (corr.>0.98) and
excluding the descriptor showing higher pair-wise correla-
tion with others. All subsets procedure was adapted for the
first two variables. Next, the optimal combinations of vari-
ables (>2) relevant to the dependent variable under study
were selected using a genetic algorithm (GA). During the
GA variables selection phase, the population size, maximum
number of generations, and mutation rate were set to 800,
2000, and 0.2 respectively. Multiple linear regression
method was used for the final model building. The final
model’s robustness was validated employing internal pre-
dictive measures based on Q?,,,, (leave one-out), Q°,,,,
(leave many-out), and R?,. . (Y-scrambling). Calculations
suggested candidates HH32 and HH33 providing up to
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100% growth inhibition. The candidates were then synthe-
sized and subjected to pharmacological investigation.

Synthesis of acetylated 5-ASA-thiazolinone
derivatives HH32 and HH33

[0120] The synthesis of the target compounds is described
in FIG. 4. Different approaches were tried for acetylation.
The one described herein was found to be the most conve-
nient. Starting compound (1) was synthesized as reported
[9], then acetylated with acetic anhydride in presence of
catalytic H,SO, to give compound (2). Heterocyclization of
2 with ammonium thiocyanate gave HH31. Knovenagel
condensation of HH31 with 4-methylbenzaldehyde or 4-di-
methylaminobenzaldehyde provided the target compounds
HH32 and HH33, respectively. All compounds were fully
characterized by spectral data.

[0121] All reagents and solvents were obtained from com-
mercial suppliers and used without further purification.
Melting points are uncorrected and were determined on an
electrothermal melting point apparatus (Stuart Scientific,
model SM.P.3, England, UK). Precoated silica gel plates
(kieselgel 0.25 mm, 60G F254, Merck, Germany) were used
for TLC monitoring of reactions. UV light was used for
detection. NMR spectra were recorded on Bruker AMX400
MHz instruments. Chemical shifts were reported in ppm and
are referenced to the chemical shift of residual solvent.

Synthesis of Methyl
2-acetoxy-5-(chloroacetamido)benzoate (2)

[0122] One drop of conc H,SO,was added with stirring at
room temperature for 3 h to compound 1 (2.00 g, 8.20 mmol)
in 5 mL of Ac,0. To the reaction mixture, ice water was
added, rapidly filtered and dried to give pure product. (2.13
g, 92.5% yield); '"H NMR (400 MHz, CDCI,) 8=8.43 (br. s.,
1H, NH), 8.03 (d, 1H, J=4 Hz, Ar-H), 8.03 (d, 1H, =4 Hz,
Ar-H), 7.83 (d, 1H, J=4 Hz, Ar-H), 7.06 (d, 1H, J=4 Hz,
Ar-H), 4.16 (s, 2H, CH,), 3.86 (s, 3H, OCH,); 2.35 (s, 3H,
CH,); C NMR (100 MHz, CDCl;) 8=170.07, 164.30,
164.26, 147.24, 134.75, 125.45, 124.47, 123.43, 123.06,
77.34, 77.09, 76.83, 52.42, 42.82, 20.97.

Synthesis of methyl 2-acetoxy-5-[(4,5-dihydro-4-
oxo-1,3-thiazol-2-yl)-amino|benzoate (HH31)

[0123] A solution of 2 (12.57 g, 44 mmol) and ammonium
thiocyanate (7.00 g, 91.2 mmol) in 150 ml ethanol was
refluxed for 2 h and allowed to stand overnight. The mixture
was concentrated and filtered. The collected solid was
washed with water, recrystallized from ethanol/water and
dried to give (9.72 g, 72%); m.p.=185-187° C. 'H NMR
(400 MHz, DMSO-d,) 8=11.90, 11.40 (2*s, 1H; NH), 8.27,
7.99 (2*d, J 4 Hz, 1H, ArH-6), 7.48 (br. s., “2H, ArH-4),
7.30-7.22 (m, 1.5H, ArH-4, ArH-3), 4.05, 4.02 (2*%s, 2H,
CH.,), 3.83, 3.81 (2*s, 3H; OCHy,), 2.28 (s, 3H, CH,); '°C
NMR (100 MHz, DMSO-d,) 6=188.58, 179.15, 169.81,
164.58, 146.84, 146.62, 137.09, 127.58, 126.08, 125.52,
125.20, 123.95, 123.71, 122.89, 52.96, 52.86, 34.88, 21.14.

General Procedure for Synthesis of methyl 2-ac-
etoxy-5-[(5-benzylidene-4-0x0-4,5-dihydro-1,3-thi-
azol-2-yl)-amino|benzoate (HH32, HH33)

[0124] To a well-stirred solution of compound 1 (0.43 g,
1.4 mmol) in acetic acid (10 mL) buffered with sodium
acetate (0.18 g, 2.2 mmol), the appropriate arylaldehyde (1.6
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mmol) was added. The solution was refluxed overnight till
the completion of the reaction as monitored by TLC, and
then poured into ice-cold water. The precipitate was filtered,
and the resulting crude product was purified by recrystalli-
zation from dioxane.

Methyl 2-acetoxy-5-[(5-(4-methylbenzylidene)-4
(H)-0x0-1,3-thiazol-2-yl)-amino|benzoate (HH32)

[0125] (0.43 g, 75% yield); m.p.=218-220° C.; R~0.4
(hexane/ethyl acetate; 2/1); "H NMR (400 MHz, DMSO-d,)
8=12.49, 11.80 (2*s, 1H; NH), 8.36, 8.08 (2*d, J 4 Hz, 1H,
ArH-6), 7.73, 7.69 (2*d, J 4 Hz, 1H, ArH-4), 7.54-7.51 (m,
2H, CH—C, ArH-3), 7.42-7.28 (m, 4H, 4-MePh), 3.91, 3.83
(2%s,3H; OCHs,), 2.37, 2.31 (2%s, 6H; CH,); ">C NMR (100
MHz, DMSO-d,) 8=179.74, 170.59, 168.81, 168.72, 163.
54, 146,09, 145.88, 139.54, 135.72, 130.53, 130.43, 129.86,
129.42, 129.29, 129.17, 129.05, 126.30, 125.29, 125.21,
124.65, 124.31, 123.19, 122.89, 122.77, 122.11, 120.93,
51.96, 51.84, 20.47, 20.12.

Methyl 2-acetoxy-5-[(5-(4-dimethylaminoben-
zylidene)-4 (H)-oxo0-1,3-thiazol-2-yl)-amino|benzo-
ate (HH33)

[0126] (0.43 g, 70% yield); m.p.=234-235° C.; R~0.2
(hexane/ethyl acetate; 2/1); "H NMR (400 MHz, DMSO-dy)
8=10.41 (br. S, 1H, NH), 7.86, 7.04 (2*d, J(H,H) 4.8 Hz, 1H;
ArH-4), 7.60 (s, IH; CH—C), 7.577.24 (m, 5H, Ph, ArH-6),
6.83-6.57 (m, 1H; ArH-3),3.92,3.88 (2*s, 3H; OCH,), 3.00,
2.95 (2*s, 6H, NMe,), 2.30 (s, 3H, Me). >°C NMR (100
MHz, DMSO-d,) 8=180.20, 169.87, 169.13, 164.67, 151.
53, 132.05, 131.76, 125.61, 124.00, 121.87, 114.01, 112.55,
53.11, 53.05, 52.99, 21.17.

HH32 and HH33 Compounds preparation

[0127] Stock solutions of HH32 and HH33 compounds
were prepared in 100% Dimethyl sulfoxide (DMSO) (Sigma
Aldrich, Missouri, USA) and the working solutions of
compounds didn’t exceed 0.1% DMSO.

Cell Lines and Culture Conditions

[0128] Eight different cancer cell lines were acquired from
the Radiobiology and Experimental Radio Oncology lab,
University Medical Center, Hamburg University, Hamburg,
Germany. MCF7, MDA-MB-231 (breast cancer), and A549
(lung cancer) cells were maintained in RPMI medium while
HCT116 (colon cancer), HepG2 (liver cancer), U87, U373
(glioblastoma), and Hel.a (cervical cancer) were maintained
in DMEM supplemented with 10% FBS and 1% penicillin/
streptomycin (Sigma Aldrich, Missouri, USA). Normal
human fibroblast (F180) cells were maintained in DMEM
supplemented with 15% FBS. Normal human mammary
epithelial cell line (HME1) were maintained in DMEM/F-12
medium supplemented with 10% FBS. All incubations were
done at 37° C. in a humidified atmosphere of 5% CO2. All
cell lines were authenticated by short tandem repeat (STR)
profiling. The CDK4 knockout cells (provided by Dr. Sam-
rein Ahmed, University of Sharjah, United Arab Emirates)
were generated by CRISPR-CAS9 technology and were
maintained in DMEM supplemented with 10% FBS.
CRISPR-CAS9 for knocking out CDK4 in HCT116 colon
cancer cells

[0129] CRISPR-Cas9 was employed to stablish HCT116
CDK4 KO cells. Ribonucleotide protein (RNP) delivery
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system for CRISPR technique was utilized. All the reagents
were purchased for Thermoscientific company, USA. gRNA
was used to target CDK4 genes. Lipofectamine™ CRISP-
RMAX™ Cas9 Transfection Reagent was used to transfect
the cells with the gRNA and Cas9. The genomic cleavage
efficiency was assessed by immunoblotting, while a
scrambled gRNA, Trueguide gRNA Negative control, was
used as a negative control in all the steps to ensure the
specificity of the target. The pool of cells that showed
highest transfection efficiency was considered for the down-
stream validation. To generate isolated clones with complete
knockout, the mixed pool of cells was diluted 1 cell/200 1
liquid medium and then dispersed into 96 wells plate. The
individual cells were left to form clones. The clones were
tested for the expression of CDK4 via immunoblotting.
Cell lysis, protein Quantification and Western Blot

[0130] Cell lysates were obtained via using 1% triton
Lysis buffer (TLB) cocktail supplemented with PMSF, 100
mM NaVo3,1M NaF and Protease inhibitor cocktail. Sub-
sequently, the lysates were centrifuged at 14000g for 20 min
at 4° C. The protein concentrations, from the attained
supernatant, were determined using the ThermoScientific
Pierce BCA Protein Assay Kit. The cell lysates were diluted
in 2X Laemelli’s buffer solution, which was followed by 5
min heating at 95° C. Total protein (10 g/lane) were sepa-
rated on 10% SDS-poly-acrylamide gels and then trans-
ferred on to nitrocellulose membranes (Amersham, Ger-
many). The membranes were blocked for 1 hr at room
temperature using 5% BSA. Followed by incubation with
the primary antibody against CDK4 (Cell signaling, Rabbit)
overnight at 4° C. All primary antibodies were used at a
1:1000 dilution. The following day, the membrane was
washed three times with 1XTBST and then incubated with
secondary antibody (Anti-Rabbit Antibody). The blots were
then visualized employing the ECL.™ Prime Western Blot-
ting System GE Healthcare, and imaged using ChemiDoc™
Touch Imaging System (Bio-Rad). The housekeeping pro-
tein R-actin was used to normalize the levels of protein
detected by confirming that protein loading is the same
across the gel (FIG. 5).

Cytotoxicity Assay

[0131] The cytotoxic effects of HH32 and HH33 com-
pounds were evaluated at various concentrations ranging
from 0.0001 to 100 uM by sulphrhodamine-B (SRB) assay
as described previously [30]. The anti-proliferative activity
was expressed as growth inhibitory concentration (IC50)
values, which were calculated by the sigmoidal dose-re-
sponse curve fitting method using Graph pad prism 6
software (GraphPad Software, San Diego, CA, USA).

Transcriptomic Analysis

[0132] MCF7 and A549 cells were harvested after treat-
ment with IC50 doses of HH33 compound for 24 hours (0.81
M for MCF7 and 2.93 M for A549). RNA extraction was
carried out followed by cDNA synthesis using SuperScript
VILO c¢DNA Synthesis kit (Invitrogen, Waltham, MA, USA)
and amplification using Ion AmpliSeq gene expression core
panel primers. The prepared library was purified using
Agencourt AMPure XP beads (Beckman Coulter, California,
USA) and quantified using lon Library TagMan™ Quanti-
tation Kit (Applied Biosystems, Waltham, MA, USA). The
libraries were further diluted to 100 uM and pooled equally
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with four individual samples per pool. The pooled libraries
were amplified using emulsion PCR on Ion OneTouch™ 2
instrument (OT2) and the enrichment was performed on Ion
OneTouch™ ES following the manufacturer’s instruction.
Thus, prepared template libraries were then sequenced with
Ton S5 XL Semiconductor sequencer using the lon 540™
Chip. RNA-seq data were analyzed using lon Torrent Soft-
ware Suite version 5.4 and the alignment was carried out
using modifications of the Torrent Mapping Alignment Pro-
gram (TMAP) optimizing it for aligning the raw sequencing
reads against reference sequence derived from hgl9
(GRCh37) assembly. The specificity and sensitivity was
maintained by implementing a two-stage mapping approach
by employing BWA-short, BWA-long, SSAHA [31], Super-
maximal Exact Matching [32] and Smith Waterman algo-
rithm [33] for optimal mapping. Raw read counts of the
targeted genes were performed using Samtools (Samtools
view —c -F 4-L. bed_file bam_file) and the number of
expressed transcripts was confirmed after Fragments Per
Kilobase Million (FPKM) normalisation. Differentially
expressed gene (DEG) analysis was performed using a script
written in R programming language (version 3.6.3) with
function calls to DESeq?2 package from Bioconductor library
sets. Raw read counts from RNASeq were normalized using
quantile normalization. All counts ranked “0” were
excluded. Differentially expressed genes between the two
set of cell lines [HH33-treated (n=3), and untreated (n=3)]
were assessed using 2 tailed t-test. Differentially expressed
genes with p-value of <0.05, adjusted p-value<0.8 and
5-fold difference were included for pathway analysis using
Metascape.

Western Blot

[0133] The protein expression analysis was done after
treatment with 0.5 or 1 M of HH32 and HH33 compounds
for 24 hours by western blot [8]. Cell lysates were prepared
using lysis buffer containing 20% SDS, glycerol, 1M Tris
(pH 6.8) and supplemented with protease and phosphatase
inhibitors (Sigma Aldrich, Missouri, USA). The proteins
were separated by SDS-PAGE and transblotted into nitro-
cellulose membrane (Biorad, Hercules, CA, USA). Mem-
brane were incubated overnight at 4° C. with the following
primary antibodies: 7H2AX, H2Ax, p21, CDC2, CDC25c,
cyclin B, c-Myc, Bid, ATM, p-ATM, ATR, p-ATR, Chkl,
p-Chkl1, Chk2, p-Chk2, caspase 9, caspase 8, pRb (Ser807/
811) (Cell Signaling Technology, Massachusetts, USA),
p53, cyclin A, cyclin E, cyclin D1, CDK2, Rb, pRb (Ser249)
(Santa Cruz Biotech, Texas, USA) and f-actin (Sigma
Aldrich, Missouri, USA). Membranes were then incubated
with respective mouse/rabbit secondary antibody (Cell Sig-
naling Technology, Massachusetts, USA) for 1 hour at room
temperature and detected by enhanced chemiluminescence
(ECL) (Biorad, Hercules, CA, USA) method using Chemi
Doc imaging system (Biorad, Hercules, CA, USA). The
protein bands were quantified using Image lab™ software
(Biorad, Hercules, CA, USA).

Neutral Comet Assay

[0134] MCF7, HCT-116 and A549 cells were treated with
0.5 or 1 M of HH32 or HH33 compounds for 24 hours and
control cells were treated with vehicle (DMSO). A group of
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cells was treated with doxorubicin as a reference drug using
the same treatment conditions. Comet assay was performed
in neutral condition to detect DNA double-strand breaks
using comet assay kit (Trevigen Inc., Maryland, USA)
according to the manufacturer’s instructions. The tail
moment, which reflect the amount of DNA damage in each
nucleus, was calculated in at least 50 cells using OpenComet
software.

Cell Cycle Analysis

[0135] The effect of the HH32 and HH33 compounds on
the distribution of cell cycle at different time points (2, 4, 8,
24, 48, and 72 hours) was analyzed using flow cytometry
[34]. Briefly, the cells were harvested and fixed in 70%
ethanol for 24 hours at -20° C. The fixed cells were treated
with RNAase (100 g/ml) (Sigma Aldrich, Missouri, USA)
and stained with propidium iodide (50 g/ml) (Sigma Aldrich,
Missouri, USA). The data were acquired using BD Accuri
C6 flow cytometer (Becton Dickenson, San Jose, CA, USA)
and analysis was done using Flow J, software (Tree Star,
Inc, Ashland, OR, USA).

Apoptosis Analysis

[0136] The cells were collected at 12, 24 and 48 hours
after treatment with 0.5 or 1 M of HH32 and HH33
compounds. The detection of early and late apoptotic cell
death was done using FITC Annexin V Apoptosis Detection
Kit (Becton Dickenson, California, USA) according to the
manufacturer’s protocol [35]. The data were analyzed by BD
Accuri C6 flow cytometer (Becton Dickenson, New Jersey,
USA).

Molecular Docking Studies

[0137] Molecular docking studies were performed
employing the program Autodock vina [36]. X-ray crystal
structures for the proteins under study, namely; Cdc25C,
CDK1/Cyclin-B1, CDK2/Cyclin-A and retinoblastoma
tumor suppressor (Rb) protein were downloaded from Pro-
tein Data Bank (http://www.rcsb.org/pdb/) under the entry
codes of, 30P3, 4Y72, 6GUE and 109K, respectively. Com-
plexed inhibitors and water molecules were extracted from
their initial X-ray structures. Later, Autodock Tools (MGL
Tools 1.5.6rc2) were utilized for adding polar hydrogens and
generating Gasteiger charges. The compounds under study
were treated employing the same mentioned procedure.
Additionally, grid boxes were established to cover the active
site on each macromolecule, with a spacing of 1.0 A between
the grid points, centered towards their respective coordi-
nates. The exhaustiveness and the number of poses were set
to 14 and 10 respectively.

Statistical Analysis

[0138] The data were described as mean=standard error of
the mean (SEM) of at least three independent experiments.
Unpaired student t-test was used to compare HH32/HH33—
treated samples to DMSO-treated samples. p-value<0.05
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was considered statistically significant. All statistical calcu-
lations were done by GraphPad Prism 6 (GraphPad Soft-
ware, San Diego, CA, USA).

Metabolic Analysis

[0139] The release of different metabolites following
HH32 and HH33 treatment on MCF7 cells was detected
using Gas Chromatography-Mass Spectrometry (GC-MS)
(Shimadzu, Kyoto, Japan) as was described previously [37].
GC-MS analysis was performed using a QP2010 gas chro-
matography-mass spectrometer (GC-2010 coupled with a
GC-MS QP-2010 Ultra) equipped with an auto-sampler
(AOC-20i+s) from Shimadzu (Tokyo, Japan), using Rtx-5
ms column (30 m lengthx0.25 mm inner diameter x 0.25 pm
film thickness; Restek, Bellefonte, PA, USA). Helium (99.
9% purity) was used as the carrier gas with the column flow
rate of 1 mL/min. Data collection and analysis were per-
formed using MSD Enhanced Chemstation software (Shi-
madzu, Kyoto, Japan). GC total ion chromatograms (TIC)
and fragmentation patterns of the compound were identified
using the NIST/EPA/NIH Mass Spectral Library (NIST 14).
[0140] Preprocessing and data analysis were performed
using an in-house R script. Only compounds registered in
Human Metabolome Database (HMDB 4.0) [38] were con-
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ity of the eight tested cancer cell lines (FIGS. 6A-6A, Table
1). The results in Table 1 show that HH13 derivative
exhibited higher anti-proliferative effects than HH32. In
particular, four cell lines (MCF7, Hela, HCT-116 and
HepG2) were highly sensitive to the HH33 with an IC50
values less than 1 uM, whereas the other four cell lines
(A549, MDA-MB-231, U78 and U373) showed an IC50
greater than 1 uM. The HH33 was nearby equipotent to the
reference drug doxorubicin in HCT-116 cells and displayed
a superior activity than doxorubicin in HeLa cells. Further-
more, the selectivity of HH32 and HH33 towards cancer
cells was tested by investigating their anti-proliferative
effects on normal cells (F180 and HME1) (FIGS. 61-6J). The
two tested compounds demonstrated lower cytotoxicity
against both normal fibroblast and epithelial cells indicated
by higher IC50 s (>13 uM for HH32 and >3.9 uM for HH33)
compared to doxorubicin (<1.2 uM) (Table 1). To get more
insight on the selectivity of the HH32 and the HH33
compounds, the selectivity index of both compounds was
calculated and found to be superior in most of cancer cell
lines than doxorubicin [43] (Table 2). Collectively, these
results demonstrate that HH32 and HH33 have potent anti-
proliferative activity against various types of cancer cells
with low impact on normal cells.

TABLE 1

Antiproliferative activities of HH32 and HH33 in comparison
to Doxorubicin in cancer and normal cells lines by IC50

IC50 (uM)
MCF7 HCT-116 Hela A549 HepG2
HH32 344032 1.17+046 060047 617 £038 249 = 0.11
HH33 081 +034 029+047 024051 293:083 038=0.11
DOX 006+038 011 =041 046046 0.62 =059 037 £0.12
MDA-MB-231 Us7 U373 F-180 HME1
HH32  15.35+008 653 =009 2038 +0.08 1334038 2679 +0.14
HH33 3.94£008 1.03+011 23.66 008 391043  925=:0.14
DOX 045011 010 £009 0.88 +0.09 0.29 = 0.37 112 £ 0.19

*Represented data are means + SEM of at least 3 independent experiments.

sidered for further analysis. Compounds with more than
70% of missing values were considered unreliable and
therefore excluded. Probabilistic Quotient Normalization
[39] was used to normalize data due to dilution effects in the
extraction procedure. Missing metabolite measurements
were imputed using the k-nearest neighbor algorithm [40]
with k—3. Student t-test was used to identity significantly
(p<0.05) altered metabolites for each drug. To account for
multiple testing, a false discovery rate (FDR) of <15% was
applied to reduce the identification of false positives. FDRs
were calculated using the q conversion algorithm [41, 42] in
multiple comparisons. Principal component analysis (PCA)
was used to visualize the metabolomic data. Data were
mean-centered and scaled to unit variance before PCA.

RESULTS

Acetylated 5-aminosalicylate-thiazolinone hybrid
derivatives exhibited cytotoxicity towards cancer
cells

[0141] Both HH32 and HH33 compounds induced a
remarkable concentration-dependent decrease in the viabil-

TABLE 2

Selectivity index of HH32 and HH33 compounds
compared to selectivity index of Doxorubicin

F180 HME1
Doxoru- Doxoru
HH32 HH33 bicin HH32  HH33 bicin
MCF7 3.88 4.89 4.8 7.8 114 18.7
HCT116 11.4 13.48 2.6 22.9 31.9 10.2
Hela 22.2 16.3 0.6 44.65 385 2.4
A549 2.16 1.3 047 4.3 3.2 1.81
HepG2 5.36 10.3 0.78 10.8 24 3.02
MDA-MB-231 0.87 0.99 0.64 1.7 2.3 2.5
Us7 2.04 3.8 2.9 4.1 9 11.2
U373 0.45 0.17 0.33 0.9 0.4 1.3

Transcriptomic Analysis of 111133-Treated Cells

[0142] To get an insight into the mechanism of action and
the possible pathways targeted by our compounds, transcrip-
tomic analysis of the MCF7 (representing sensitive cells)
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and A549 (represe?nting resistant cells) has been investigated TABLE 3-continued
after treatment with HH33 compound. HH33 was selected
because it showed better anti-proliferative activities than the Maximum downregulated genes in DNA repair pathway identified
HH32. Hypergeometric test of HH33-treated MCF7 cells from the transcriptomic analysis of H33-treated A549 and MCF7
A A cells compared to DMSO-treated cells:
showed down-regulathn of pathways related to DNA repair DNA Repair pathways
and cell cycle progression. (FIG. 7a, Table 3). On the other
hand, treatment of AS549 cells with HH33 induced an Fold change
upregulation of apoptotic signaling pathway and down- Gene (H_Mean/D_Mean)
regulation of cell cycle progression pathway (FIG. 7b,c, ZSWIMT 0314371
Table 4). Of note, transcriptomics analysis of HH33-treated RIF1 0.316619
MCF7 and A549 cells showed six shared genes (ATAD2, UBE2N 0.368758
CDCA3, FAMIIIB, CDKN3, HISTIH2AH, MIS18BP1) that MeMs 0419495
. . . TRIP13 0.443614
were maximally downregulated in both cell lines and were DDX11 0.496124
confirmed .by quantitative RT-PCR (HG. 7c{, FIG. 8,.Table CHAFIB 0.525108
5). To validate the results of transcriptomic analysis, we RNF111 0.533113
studied the effect of HH32 and HH33 compounds on DNA PIAS4 0.696133
damage induction, activation of DNA damage response
(DDR) machinery, effects on cell cycle progression and
induction of apoptosis.
Pop TABLE 4
TABLE 3 Maximum upregulated genes in apoptosis pathway and maximum
downregulated genes in Cell cycle and the related TP53 regulation
Maximum downregulated genes in DNA repair pathway identified pathways identified from the transcriptomic analysis of H33-
from the transcriptomic analysis of H33-treated A549 and MCF7 treated A549 cells compared to DMSO-treated cells.
cells compared to DMSO-treated cells:
DNA Repair pathways Gene Fold change*
Fold change Apoptosis
Gene (H_Mean/D_ Mean)
TNFRSF10C 802.5000
A549 CRIP1 199.5714
BECN1 186.7500
ACTRS 0.011392 YWHAH 168.8804
CLSPN 0.017984 TGFB1 100.8000
EYA3 0.025961 Cell Cycle
BARDI1 0.045105
CHEK?2 0.059432 BARD1 0.045105
MCEF7 ODF2 0.005902
CDC14A 0.014254
CDC45 0.142612 CEP78 0.016145
POLA1L 0.196005 CLSPN 0.017984
RECQL 0.21203 Transcriptional Regulation by TP53(19)
MMS22L 0.214449
UBE2W 0.224026 CCNE1 0.020935
RADS1 0.250450 CDK9 0.022616
RNF168 0.260475 BARD1 0.045105
ESCO2 0.27193 COX16 0.046656
RADS1AP1 0.287719 CSNK2A2 0.058772
GTF2H2C 0.290698
RAD17 0.300292 *H33-treated A549 cells/DMSO-treated A549 cells
TABLE 5

Maximally downregulated genes shared by HH33-treated MCF7 and A549 cells, with annotation

Gene Annotation

ATAD2 ATAD? belongs to the AAA ATPase family. It is likely a transcriptional coactivator of the
nuclear receptor ESR1 required to induce the expression of a subset of estradiol target
genes, such as CCND1, MYC and E2F1. It may play a role in the recruitment or occupancy
of CREBBP at some ESRI target gene promoters. It is involved in the estrogen-induced
cell proliferation and cell cycle progression of breast cancer cells.

CDCA3 Cell division cycle associated 3 is a cell division cycle-associated protein 3; F-box-like
protein which is required for entry into mitosis. It acts by participating in E3 ligase
complexes that mediate the ubiquitination and degradation of WEE1 kinase at G2/M
phase.

FAM111B This gene encodes a protein with a trypsin-like cysteine/serine peptidase domain in the
C-terminus. Mutations in this gene are associated with an autosomal dominant form of
hereditary fibrosing poikiloderma (HFP). Affected individuals display mottled
pigmentation, telangiectasia, epidermal atrophy, tendon contractures, and progressive
pulmonary fibrosis. Alternative splicing results in multiple transcript variants encoding
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Maximally downregulated genes shared by HH33-treated MCF7 and A549 cells, with annotation

Gene Annotation

distinct isoforms. A paralog of this gene which also has a trypsin&amp; #8208; like
peptidase domain, FAM111A, is located only 16 kb from this gene on human

chromosome 11q12.1. [provided by RefSeq, April 2014].
CDKN3

Cyclin-dependent kinase inhibitor 3; May play a role in cell cycle regulation. Dual

specificity phosphatase active toward substrates containing either phosphotyrosine or
phosphoserine residues. It dephosphorylates CDK2 at “Thr-160” in a cyclin-dependent
manner. This gene was reported to be deleted, mutated, or overexpressed in several
kinds of cancers. Alternatively, spliced transcript variants encoding different isoforms
have been found for this gene. [provided by RefSeq, August 2008].

HISTIH2AH Histone2A clustered histone 12 gene is intronless and encodes a replication-dependent
histone that is a member of the histone H2A family. Transcripts from this gene lack polyA
tails but instead contain a palindromic termination element. This gene is found in the
histone microcluster on chromosome 6p21.33. [provided by RefSeq, August 2015].

MIS18BP1

MIS18-binding protein 1; Required for recruitment of CENPA to centromeres and normal

chromosome segregation during mitosis; Myb/SANT domain containing

HH32 and HH33 are Potent DNA Damage Inducers

[0143] Results of the transcriptomic analysis pointed out
the ability of our compounds to target cellular DNA. To
verify these results, we used neutral comet assay to detect
the DNA damaging potential of our compounds in MCF7,
HCT-116 and A549 cells. As shown in FIGS. 9A-9D, the
level of DNA damage as indicated by the comet tail length
and intensity (tail moment) was increased after treatment
with HH32 and HH33 in a concentration-dependent manner
in the three cell lines. Notably, comet length was markedly
higher in HH33-treated cells than HH32-treated cells in both
MCF7 and HCT-116 cells FIGS. 9A-9D. Interestingly, the
level of DNA double strand breaks induced by treatment
with 1 uM of HH33 was higher than doxorubicin treatment
using the same concentration in the three tested cell lines.
These results clearly demonstrated the capability of HH32
and HH33 to target the cellular DNA inducing extensive
DNA damage.

HH32 and HH33 Activates DNA Damage Response
Machinery

[0144] Induction of DNA damage activates a network of
proteins called DNA damage response machinery (DDR).
Phosphorylation of H2Ax histone in the area surrounding
the damaged sites is an early event indicating DNA damage.
Activation of the signal transducer kinases ATM and ATR is
central to the DDR, which results in the phosphorylation and
subsequent activation of downstream proteins such as
ChK1, ChK2, p53, BRCAY: to stop cell cycling and to allow
for DNA repair or for activation of cell death pathways.
Treatment of MCF7, HelLa, HCT116, and A549 cells with
HH32 and HH33 compounds resulted in a marked elevation
of'the level of p-H2Ax (y-H2Ax), a well-reported marker for
DNA damage (FIGS. 10A-10D In particular, the HH33
resulted in higher elevation of the y-H2Ax than the HH32
compound (FIGS. 10A-10C). On the other hand, the two
compounds did not induce the formation of y-H2Ax in the
A549 cell line indicating low level of DNA damage and/or
efficient DNA repair (FIG. 10D). As illustrated in FIG. 10E,
the phosphorylation status of ATM and its downstream
target Chk2 increased significantly by HH32 and HH33 in
MCF7, HCT-116 and A549 cells while only by HH32
treatment in Hela cells (FIGS. 10F-10H). Similar results
were seen for the activation of ATR/Chk]1 cascade under the

same treatment conditions with HH32 and HH33 in the four
cell lines (FIGS. 10I-10L). These data indicate that HH32
and HH33 induce DNA damage and activate ATM/Chk2 and
ATR/Chk]1 signaling pathways.

HH32 and HH33 Induce Cell Cycle Arrest at G2/M Phase

[0145] The cell growth inhibition and the induction of
DNA damage are often linked to dysregulation of cell cycle
machinery. In this regard, we studied the effects of HH32
and HH33 on cell cycle distribution at various time intervals
(FIGS. 11A-11D, FIGS. 12A-12D). The two compounds
induced a significant arrest of the cells at the G2/M phase in
the four cell lines at different time points (FIGS. 11A-11D).
In cells treated with 1 uM of HH33, G2/M phase accumu-
lation peaked at 8 hours in HCT116 (Control 27.4%, HH33
77.4%) and at 24 hours in Hel.a cells (Control 36.9%, HH33
93.9%). On the other hand, treatment with HH33 resulted in
strong G2/M cell cycle arrest in MCF7 and A549 cells in a
time-dependent manner and it was maintained up to 72
hours (MCF7: Control 11.3%, 1 uM HH33 57.7%; A549:
Control 8.5%, 1 uM HH33 45.1%) (FIGS. 11A-11D). Inter-
estingly, the arrest of all cell lines in G2/M phases was
accompanied with the appearance of a substantial sub-G1
cell population particularly in HCT116 and HeLa cells,
reflecting the increase in DNA fragmentation, which indi-
cates apoptotic cells (FIGS. 11E-11H). However, no signs of
G1 and S phases arrest were observed in the four cell lines
following HH32 or HH33 treatment (FIGS. 13A-13D). In
agreement with the flow cytometry analysis of cell cycle,
HH33 was more effective than HH32 in reducing the expres-
sion of proteins involved in the G2/M phase progression
(cyclin A, cyclin B, CDC25¢ and CDC2/CDK1) (FIGS.
111I-11L). On the other hand, the cyclins and cyclin-depen-
dent kinases (cyclin E, cyclin D1 and CDK2), which are
involved in G1-S phase transition, were slightly changed
after HH32 and HH33 treatment (FIGS. 14A-14E). More-
over, we tested the anti-proliferative activity and the effects
on cell cycle of the HH33 on CDK4 knockout HCT116 cells.
Since CDK4 is known to be involved in regulating passage
of cells through G1 and S phases but not G2/M phases [44,
45], our results showed no difference in the sensitivity nor
the cell cycle distribution between wild-type and CDK4
knockout cells after treatment with HH33 (FIGS. 15A-15D)
The function of cyclin/cyclin-dependent kinase (CDK) com-
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plex in cell cycle progression is negatively regulated by
CDK inhibitors such as p53 and p21, which were reported
to contribute to G2/M phase arrest. Both HH32 and HH33
substantially increased the expression of p53 and p21 in
MCF7, HCT-116 and A549 cells while both markers were
reduced in HeLa cells (FIGS. 11M-11P). Furthermore, we
used two phospho-retinoblastoma (Rb) antibodies (ser-249
and ser807/811) to investigate the effects of our two com-
pounds on the phosphorylation of Rb, which acts as cell
cycle control checkpoint. The two compounds induced
reduction in Rb phosphorylation (ser-249 and ser807/811) in
MCF7 and A549 cells (FIGS. 11M-11P). However, the
phospho-Rb (ser249) was increased in HCT116 and Hel.a
cells upon treatment with HH32 and HH33 compounds,
while the phospho-Rb (ser807/811) was reduced in HCT-116
and increased in Hela cells (FIGS. 11N-110). Taken
together, HH32 and HH33 upregulated CDK inhibitors,
downregulated G2/M progression markers and ultimately
arrest the cells at G2/M phase.

Molecular Modeling and Binding Mode Analysis of HH-32
and HH-33 to Cell Cycle Regulators

[0146] The effects of HH32 and HH33 compounds on cell
cycle progression and their ability to inhibit the expression
of cell cycle proteins such as cyclins, CDKs and phos-
phatases encouraged us to perform molecular docking simu-
lations to disclose the most probable binding modes of our
compounds within such protein targets, and to provide
explanations for their measured inhibitory effects. Overall,

Jan. 2, 2025

through the 5-aminosalicylate arm moieties and the corre-
sponding n-terminal residues; Glu-12 and Tyr-15, while
another set of H-bond interactions were observed between
its thiazolinone carbonyl oxygen and nitrogen with the
corresponding hinge region residues; Glu-81 and Leu-83
(Figure. S6b). On the other hand, compound HH33 showed
similar network of interactions except that with the residue
Glu-81 (FIG. 15B).

[0148] The binding mode secured by our compounds with
respect to the CDK2/CyclinA complex suggested a similar
binding interactions pattern, in which, the 5-aminosalicylate
arm was able to establish H-bond with the n-terminal residue
(Lys-33), while the 5-aminosalicylate nitrogen was able to
form significant H-bond with the hinge region residue
(Leu-83). Finally, the thiazolinone carbonyl oxygen was
able to form multiple H-bond interactions with the residue
Asp-86 of the solvent exposed region (FIG. 15C).

[0149] High binding affinities were observed between our
compounds and the retinoblastoma tumor suppressor (pRb)
protein E2F binding site. The compound HH32 was able to
establish four H-bond interactions; one with the residue
Lys-530 through its thiazolinone carbonyl oxygen, and
another one with the helix -4 residue Glu-464 through its
S-aminosalicylate nitrogen, while the remaining two were
established between the S-aminosalicylate arm moieties
with the corresponding residues; Ser-463 and Lys-537 (FIG.
15D). The compound HH33 showed similar network of
interactions with an additional one with the residue Ser-534
(FIG. 15D).

TABLE 6

Summary of the docking parameters utilized against each macromolecule

Protein PDB- Coordinates Grid-Box Size
Target Code Center-X  Center-Y Center-Z Size-X Size-Y Size-Z
CDC25¢ 30P3 -16.878  46.646  -18.098 200 200  20.0
CDK1-Cye-B  4Y72 29215 -72.059 184798 200 200 200
CDK2-Cyc-A  6GUE -6.244  -22.229 22,667 200 200 200
Rb-Supressor 109K -34765 164571 26634 200 260 200

results of molecular docking study suggested a proper fit TABLE 7

between our compounds (HH32 & HH33) and the active

sites of the studied cell cycle proteins (CDK1-cyclin Bl, Binding affinities of our compounds

CDK2-cyclin A, CDC25C and Rb) as indicated by their high against the studied molecular targets

binding affinity scores (Table 6). Docking Score (Keal/mole)

[0147] . Bu}dlng mode analySlS of our Compoun(.is Wlthln Compound Cde25C CDKI1-CyelinB CDK2-CyclinA  Rb-Supressor

the active site of Cdc25C phosphatase showed significant

interactions with residues of the c-terminal region contain- HH-32 -8.10 -11.50 -9.80 -10.10

HH-33 -8.00 -11.20 -9.60 -9.50

ing the HCXsR motif. Both compounds (HH32 & HH33)
shared a common binding pattern (FIG. 15A, Table 7) in
which the thiazolinone carbonyl oxygen was able to form
hydrogen bond with the residue Glu-382, while the 5-ami-
nosalicylate arm was able to form two H-bond interactions
with the respective Arg-417 and His-440 amino acid resi-
dues. The present binding mode would enable such com-
pounds to block this small shallow active site and to prevent
accessibility to the catalytic cysteine (Cys-377) residue.
Furthermore, the binding pattern observed between our
compounds and the CDK1-CyclinB complex (maturation
promoting factor; MPF) showed high similarity in their
interactions with the residues of the active site. The com-
pound HH32 was able to establish two hydrogen bonding

HH-32 and HH-33 Triggered Apoptosis Through Intrinsic
and Extrinsic Pathways

[0150] To examine the mechanism of cell death after
HH32 and HH33, the detection of apoptotic and necrotic
dead cells was performed by Annexin V and Propidium
iodide (PI) double staining after 12, 24 and 48 hours
treatment with HH32 and HH33 compounds (FIGS. 16A-
16D, FIGS. 17A-17D). The early apoptotic cell population
(Annexin V+/PI-) of MCF7, HCT-116, HelLa and A549 cells
was increased after 24 and 48 hours of HH33 treatment
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(FIGS. 16A-16D). However, no sign of early apoptosis
induction was detected following HH32 treatment in the
four cell lines. Notably, the population of late apoptotic/dead
cells (Annexin V+/PI+) was increased with increasing the
concentration of HH33 in the four cell lines. This indicates
that apoptosis is an important cell death mode induced
particularly by HH33 in the four cancer cell lines. It is
well-known that the activation of apoptosis could be through
mitochondria-mediated (intrinsic) or death-receptor (extrin-
sic) pathways. The activation of intrinsic apoptotic pathway
was first tested and found to be induced by HH33 compound
which was indicated by the increase in the cleavage of
caspase-9 in MCF7, HelLa and A549 cells (FIGS. 16E-16H).
Although the population of late apoptotic/dead cells (An-
nexin V+/Pl+) was elevated by HH32 and HH33 in HCT-
116 cells (FIG. 16B), however, caspase-9 activation in
HCT-116 cells was not induced by both compounds (FIG.
16G). This suggests that extrinsic pathway could also con-
tribute to HH32 and HH33-induced apoptosis which was
examined by measuring the cleavage level of caspase-8
(FIGS. 16I-16L). In this regard, western blot analysis
showed that caspase-8 was cleaved by HH32 and HH33 in
all cell lines and it was higher in cells treated with HH33. In
addition, the cleavage of the downstream protein Bid was
induced also by both compounds in HCT-116, HelLa and
AS549 cells (FIGS. 16J-16L.). These results demonstrate that
the observed death induced by HH32 and HH33 is through
a caspase-dependent apoptotic pathway, which might
involve both intrinsic and extrinsic pathways.

HH32 and HH33 Treatment Influenced the Level of ¢-MYC
Protein

[0151] The anticancer activity of HH32 and HH33 was
further investigated by measuring the expression of the
oncogene c-Myc in the four cancer cell lines. Myc is a
proto-oncogene and acting as a transcription factor that
binds DNA and activates the transcription of growth-related
genes [46]. Therefore, western blot analysis was done for the
effect of HH32 and HH33 treatment on total c-Myc protein
level (FIG. 18). HH32-mediated downregulation of ¢-Myc
was observed at 1 M concentration in MCF7 and HCT-116
cells. While HH33 treatment decreased c-Myc protein level
in the four cancer cell lines at 0.5 and 1 pM concentrations
(FIG. 18). These results indicate the downregulation of
c-Myec protein by HH32 and HH33 in cancer cell lines.

Metabolomic Profile of HH32—and 111133-Treated Cells

[0152] Recent discoveries in the field of cancer cells
metabolism are supporting the direction of considering
cancer as a metabolic disease [47, 48]. This opened the door
for new cancer therapeutics that selectively targeting meta-
bolic pathways altered during tumorigenesis. Accordingly,
we tested the effects of the two compounds on the metabo-
lomics of the MCF7 cells. Using Human Metabolome Data-
base (HMDB 4.0), a total of 53 metabolites was detected in
MCF7 samples (FIG. 19). Next, we investigated the effect of
the drug treatment on each single metabolite using a student
t-test and the analysis revealed that Guanosine levels were
altered after treatment with HH32. In addition, a significant
decreased in the levels of Decanoic Acid, Adenosine and
1-Monopalmitin was observed in cells treated with HH33 as
compared to untreated cells Interestingly, the analysis of
1-Monopalmitin level showed a 4.5-fold reduction in cells
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treated with HH33 compared to control cells. Metabolomic
data were visualized utilizing Principal component analysis
(FIG. 20).

DISCUSSION

[0153] Rapid, uncontrolled cell division is the hallmark of
cancer cells that is responsible for most deleterious conse-
quences associated with cancer. Selective reduction or inhi-
bition of cancer cell proliferation is an important target of
cancer therapeutics. One of the striking effects of our
aminosalicylate-thiazolinone-based compounds, particu-
larly the HH33, is the arrest of a very high percentage of
cancer cells (up to 90%) at the G2/M border. Without being
bound to any particular theory, the present invention pro-
poses that this effect may be due to the induction of DNA
damage by HH33, which modulates the expression or the
activity of cell cycle regulatory proteins such as the p53,
p21, cyclins, CDKs and phosphatases. A marked increase in
the tail moments in the comet assay and in the level of
v-H2AX, markers of DNA damage, confirmed the induction
of DNA damage by both compounds. Surprisingly, none of
the two compounds induced G1/S nor intra S-phase arrest in
any of the tested cell lines neither at short nor at long
incubation periods. We speculate that the compounds induce
replication-dependent DNA damage which activates the
G2/M, but not the G1/S checkpoint [49]. Regulation of these
cell cycle checkpoints (G1/S, intra-S and G2/M) is achieved
by different families of proteins including the cyclins, the
CDKs and the CDK inhibitors [50]. Activation of the G2/M
checkpoint subsequent to DNA damage induction is mainly
initiated through activating the p53 protein which in turn
activates its down-stream protein p21 [51]. Active p21, by
phosphorylation, inhibits the cyclin B/CDK1 complex and
prevents cells from crossing the G2 border into the mitotic
phase [52]. In line with the high percent of cells arrested at
the G2 phase after treatment with HH32 and HH33 com-
pounds, the levels of p53 and p21 were significantly
increased, while the level of cyclin Bl and CDK1 was
reduced in two out of the four tested cell lines (MCF7, and
A549). The reduction of p53 and p21 levels and the
increased level of cyclin Bl in Hela cells under the same
treatment conditions may be attributed to the abnormal
status of p53 in these cells. Over 90% of cervical cancers and
cancer-derived cell lines including HelLa contain inactivated
p53, where the p53 tumor suppressor pathway is disrupted
by human papillomavirus (HPV) [53]. Activation of the
G2/M checkpoint after induction of DNA damage aims at
preventing the cells from entry into mitosis with damaged
DNA [54]. This delay in cell cycle progression allows the
cellular DNA repair machinery to repair the damaged DNA
before progression to the mitosis which is the most critical
phase of the cell cycle. If cells are defective in repairing the
DNA damage or the damage is beyond the ability of the cells
to repair, cell death pathways such as apoptosis are activated
[55]. The G2 arrest induced by the two compounds and
particularly by the HH33 was sustainable in MCF7 and
A549 cells during the whole investigation period (up to 72
h), while this G2 arrest reached peak at 24 h in the other two
cell lines (HCT 116 and Hel.a) and was greatly reduced at
48 and 72 h with the appearance of sub-G1 cells indicative
of apoptosis. This indicates that the amount of DNA damage
induced by the compounds at these concentrations was
beyond the ability of the four cell lines to repair, but due to
the different genetic backgrounds, two cell lines (MCF7 and
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A549) were not able to execute apoptosis and hence they
were arrested in G2 phase for up to 72 h. On the other hand,
the other two cell lines (HCT 116 and Hel.a) underwent
apoptosis after failure to repair the compounds-induced
DNA damage, which may explain the high sensitivity of
these two cell lines to the tested compounds.

[0154] Activation of the G2/M checkpoint after induction
of DNA damage aims at preventing the cells from entry into
mitosis with damaged DNA [54]. This delay in cell cycle
progression allows the cellular DNA repair machinery to
repair the damaged DNA before progression to the mitosis
which is the most critical phase of the cell cycle. If cells are
defective in repairing the DNA damage or the damage is
beyond the ability of the cells to repair, cell death pathways
such as apoptosis are activated [51]. The G2 arrest induced
by the two compounds and particularly by the HH33 was
sustainable in MCF7 and A549 cells during the whole
investigation period (up to 72 h), while this G2 arrest
reached peak at 24 h in the other two cell lines (HCT116 and
Hela) and was greatly reduced at 48 and 72 h with the
appearance of sub-G1 cells indicative of apoptosis. This
indicates that the amount of DNA damage induced by the
compounds at these concentrations was beyond the ability of
the four cell lines to repair, but due to the different genetic
backgrounds, two cell lines (MCF7 and A549) were not able
to execute apoptosis and hence they were arrested in G2
phase for up to 72 h. On the other hand, the other two cell
lines (HCT116 and Hela) underwent apoptosis after failure
to repair the compounds-induced DNA damage, which may
explain the high sensitivity of these two cell lines to the
tested compounds.

[0155] Retinoblastoma (Rb) protein is one of the impor-
tant player that has been previously reported to regulate
progression of cell cycle [56]. Phosphorylation of Rb at
different sites by CDKs results in its inactivation and the
release of E2F transcription factor, which in turns activates
the transcription of genes required for progression of the cell
cycle such as the cyclins [57]. During the normal cell cycle
progression, Rb remains phosphorylated, which allows cell
progression through G1, S, G2 and M phases. We used two
phospho-Rb antibodies (ser-249 and ser807/811) to investi-
gate the effects of our two compounds on the phosphory-
lation of Rb. The two compounds induced reduction in Rb
phosphorylation in MCF7 and A549 cells which is in line
with the persistent G2/M arrest in these two cell lines. The
phospho-Rb (ser249) was increased in HCT 116 and Hel.a
cells upon treatment with HH32 and HH33 compounds,
while the phospho-Rb (ser807/811) was reduced in HCT116
and increased in Hel.a cells. This also explains the reduction
in G2/M arrest in these two cell lines after 24 h of treatment
with HH32 and HH33. The increased phosphorylation of Rb
in these two cell lines lead to the release of E2F transcription
factor which activates the expression of genes such as
cyclins and CDKs leading to abrogation of the G2/M arrest
and progression of cells into mitosis. Because these cells
enter mitosis with damaged DNA, they undergo apoptosis
which was indicated by the increased fraction of sub-Gl
population. In support of this result, higher fractions of cells
in early and late apoptosis were observed in HCT116 and
HelLa cells compared to MCF7 and A549 cells after treat-
ment with HH32 and HH33 followed by staining with
annexin V/propidium iodide. These results indicate that our
compounds are more potent against cells capable of execut-
ing apoptosis. In addition to the indirect induction of G2/M
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arrest due to DNA damage, we do not exclude the possibility
of direct inhibitory effects of our compounds on drivers of
the cell cycle progression. This possibility is supported by
the results of the molecular modelling which suggest a
proper fit between our compounds and CDK1-cyclin B1,
CDK2-cyclin A, CDC25C and Rb.

[0156] Predicting the mode of action of the new com-
pounds was derived by the results of the transcriptomic
analysis. In addition to the differentially expressed path-
ways, we identified six genes that were shared among the
most downregulated pathways in the MCF7 and A549 cells
(Table 5). Three (ATAD2, CDCA3 and FAMIIIB) out of
these 6 genes are directly involved in cell division and
progression of cell cycle. (1) ATAD2 is a member of the
AAA domain-containing protein 2 family of ATPase. It’s a
transcriptional coactivator of the nuclear receptor ESR1 that
is needed to express a subset of estradiol target genes
including CCND1, MYC, and E2F. ATAD2 may be involved
in the recruitment or occupancy of CREBBP at the promot-
ers of several ESR1 target genes. This protein is likely to be
required for histone hyperacetylation. It is involved in the
estrogen-induced cell proliferation and cell cycle progres-
sion of breast cancer cells [58]. (2) CDCAS3, or cell division
cycle-associated protein-3, is an F-box-like protein that is
involved in driving the entry of the cell into mitosis. CDCA3
mediates the ubiquitination and degradation of WEEI kinase
at G2/M phase [59]. (3) FAMIIIB induces apoptosis of alpha
and beta cells in a dose- and time-dependent manner. Inter-
estingly, FAMIIIB was identified as one of novel markers for
detecting microsatellite instability in cancer and determining
synthetic lethality with inhibition of the DNA excision repair
pathway [60].

[0157] Upregulated machinery of lipid metabolism has
been observed in cancer cells to allow formation of cell
membrane required for the rapidly dividing cells, whereas
mitotically arrested and apoptotic cells were shown to have
high accumulation of lipid droplets following treatment with
chemotherapeutic drugs [63]. This may help the cancer cells
to overcome the effects of anti-cancer agents and may
contribute to the development of resistance. Interestingly,
increased lipid droplet number is a feature of aggressive
breast cancer [61]. However, targeting fatty acid (FA)
metabolism was not generally identified as a potential thera-
peutic approach in cancer, due to the high plasticity of the
FA metabolic pathways, yet it remains an additional desir-
able effect of anticancer therapy [62]. Therefore, the present
study involved analyzing the release of different metabolites
following HH32 and HH33 treatment. We report here a
4.5-fold reduction in the level of 1-monopalmitine in HH33-
treated MCF7 cells compared to control cells. 1-monopalmi-
tin, which is a monoacylglycerol (MAG), is formed via the
release of fatty acid from diacyglecerol (DAG) by DAG
lipase. This may indicate the reduced hydrolysis of DAG
(may be due to inhibition of DAG lipase by HH33; or due
to inhibition of, Fatty acid synthase (FASN), the rate-
limiting enzyme in FA synthesis, or stearoyl-CoA desaturase
(SCD); the unsaturation enzyme that convers palmitate into
mono-palmitin), with subsequent deprivation of the MCF7
cells of an important source of energy, which contribute to
the anti-proliferative activity of HH33.

[0158] Noteworthy, especially under metabolic stress,
cancer cells acquire various mechanisms to enhance exog-
enous FA-uptake, a fact that minimizes the importance of
FASN as an anti-cancer target [63, 64]. In our metabolomic
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study, palmitic acid was significantly increased at 20% in
HH33-treated MCF7 cells, denoting that the FASN was not
suppressed. Moreover, the HH33-induced reduction in the
level of decanoic acid in MCF7 cells may also indicate a
lipolytic-inhibitory effect of HH33, which deprives the can-
cer cells of an important source of energy and structural fats
needed for their proliferation. An earlier study have pro-
posed a role for decanoic acid in stimulating de novo
lipogenesis in cancer cell (e.g. US7MG cells) by a PPARy-
mediated mechanism [65]. Pharmacological inhibition of
fatty acid synthesis is reported to be selectively cytotoxic to
cancer cells in vivo and in vitro [66]. Moreover, a significant
reduction of adenosine, an endogenous substance, in HH33-
treated MCF7 cells was observed in metabolic analysis. For
instance, adenosine is involved in many cellular processes
including neurotransmission, regulation of cellular growth,
metabolism and immune checkpoint [67, 68]. Accumulation
of adenosine has been reported recently to be associated
with tumour progression and ability of cancer cells to escape
from the host immune [69]. These results indicate the ability
of HH33 to reduce synthesis of adenosine or to enhance its
degradation, which shed light on other effects of our deriva-
tives that may support their use in combination with immu-
notherapy.

[0159] In summary, we described here two new 5-amino-
salicylate-4-thiazolinone derivatives with comparable anti-
proliferative activity and better selectivity than the anti-
cancer drug doxorubicin. Without being bound to any
particular theory, the present invention proposes that they
work by inducing DNA damage, modulating the function of
cell cycle regulators, inducing G2/M cell cycle arrest and
apoptosis and modulating the metabolic profile of cancer
cells. The pleiotropic biological effect of HH32 and HH33
compounds on cancer cells suggests the importance of
assessing their anti-cancer activities in preclinical models, to
explore a new promising area of potential drug develop-
ment.

[0160] As is evident from the foregoing description, cer-
tain aspects of the present disclosure are not limited by the
particular details of the examples illustrated herein, and it is
therefore contemplated that other modifications and appli-
cations, or equivalents thereof, will occur to those skilled in
the art. It is accordingly intended that the claims shall cover
all such modifications and applications that do not depart
from the spirit and scope of the present disclosure.

[0161] Moreover, unless defined otherwise, all technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the disclosure belongs. Although any methods and
materials similar to or equivalent to or those described
herein can be used in the practice or testing of the present
disclosure, the preferred methods and materials are
described above.
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What is claimed is:
1. A compound according to formula I, or pharmaceuti-
cally acceptable salt thereof:

@

H;CO

wherein R is independently selected from the group
consisting of:

R,=CH,and R,=N(CH,)>.

2. The compound of claim 1, or pharmaceutically accept-
able salt thereof, wherein the compound is of formula . A:

LA

H;CO

wherein R, is a methyl group of formula II.A:
R,~CH;

(ILA).
3. The compound of claim 1, or pharmaceutically accept-
able salt thereof, wherein the compound is of formula 1.B:

(IB)

Ry

wherein R, is a dimethylamine group of formula I1.B:
R,=N(CH;),

(11.B).
4. A method of synthesizing the compound of claim 2,
comprising:
1. acetylating compound 1 with acetic anhydride in pres-
ence of catalytic H,SO, to obtain compound 2;
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2. heterocyclying compound 2 with ammonium thiocya-
nate to obtain methyl 2-acetoxy-5-[(4,5-dihydro-4-oxo-
1,3-thiazol-2-yl)-amino]|benzoate;

3. condensing methyl 2-acetoxy-5-[(4,5-dihydro-4-oxo-1,
3-thiazol-2-yl)-amino|benzoate with 4-methylbenzal-
dehyde to obtain compound 1.A:

OCHS,
AcyO, cat. H,SOy4

—_—
1t, 2 h, 92.5% yield

OCH;  NH,SCN, BtOH

reflux, 2 h, 1t,
overnight
72% yield

OHC —< :)— R
O

o AcOH
H;CO N\ reflux, 36-48 b,
>/S 70-80%
o N 72% yield
H
H3C—<
0
0
H;CO
0
H3c~<
0

5. A method of synthesizing the compound of claim 3,
comprising:
1. acetylating compound 1 with acetic anhydride in pres-
ence of catalytic H,SO, to obtain compound 2;
2. heterocyclying compound 2 with ammonium thiocya-
nate to obtain methyl 2-acetoxy-5-[(4,5-dihydro-4-oxo-
1,3-thiazol-2-yl)-amino|benzoate;
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3. condensing methyl 2-acetoxy-5-[(4,5-dihydro-4-oxo-1,
3-thiazol-2-yl)-amino |benzoate with 4-dimethylamino-
benzaldehyde to obtain compound [.B:

OCTH;
AcyO, cat. H,SOy4

B
1t, 2 h, 92.5% yield

HN
T
(6]
1

OCH; NH,SCN, EtOH

reflux, 2 h, 1t,
overnight
72% yield

OHC—< >—R
O

0
AcOH
H;CO N\ roflux, 36-48 I,
>/ g 70-80%
o N 72% yield
H
HiC _<
0
0
H;CO
0
H;C ~<
0

6. A pharmaceutical composition, comprising a therapeu-
tically effective amount of one or more of the compounds,
or pharmaceutically acceptable salts thereof, of claim 1, and
one or more pharmaceutical excipients.
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7. A method of treating a subject afflicted by a cancer,
comprising administering to the subject in need thereof a
therapeutically effective amount of the compound, a phar-
maceutically acceptable salt thereof, of claim 1, and one or
more pharmaceutical excipients.

8. The method of claim 7, wherein the compound is the
compound of Formula 1.A:

LA

H;CO

wherein:

R, is a methyl group of formula II:
R,~CH;.
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9. The method of claim 7, wherein the compound is the
compound of Formula 1.B:

(IB)

H;CO

wherein:
R, is a dimethylamine group of formula II:

R,=N(CHj),.

10. The method of claim 7, wherein the subject is a
mammal.

11. The method of claim 10, wherein the mammal is a
human.

12. The method of claim 7, wherein the subject has cancer.

13. A kit for treating a subject with a cancer, comprising
the compound of claim 1, or a pharmaceutically acceptable
salt thereof; one or more pharmaceutical excipients.

#* #* #* #* #*
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