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Abstract

Twelve out of thirty-six thiazole-carboxamide derivatives were selected by the National Cancer
Institute (NCI) for in vitro anticancer screening. Among these, five derivatives (¥¥-Ye, ¥V, YA)
exhibited significant anticancer activity in the primary assay at concentration )+~ M, and further
tested against a panel of sixty human tumor cell lines. Compounds ¥¢, Yo, ¥V and YA exhibited
selective remarkable activity against all Leukemia cell lines, Lung cancer cell line NCI-HeYY and

Renal cancer cell line UO-Y).
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Introduction

Among pharmacologically important hetero-
cyclic compounds, thiazole and its derivatives
have been well known in pharmaceutical
chemistry because of their wide spectrum of
biological activitiest™

Thiazol-Y-yl-benzamides act as glukokinase
activators, which are currently under investi-
gation as potential antidiabetic agents by many
pharmaceutical companies '™, and have been
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Chemistry

The general methods for synthesis of target ¢-
aryl-Y-(arylcarboxamido)-),¥-thiazoles ~ ¥-YA
are depicted in Scheme Y. The synthesis of
compounds Y-Y% was achieved by a conden-
sation reaction of Y-amino-¢-arylthiazoles Ya-d
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recently proposed as a novel promising class of
adenosine A, and A- receptor antagonists "1,

The antitumor activity of Y, ¢-disubstituted
thiazoles containing amide functional group
was the subject of many researchers!' .
Thiazole-carboxamide derivative 1l has been
identified as a CDKy-selective inhibitor and has
been selected to enter clinical development as
an antitumor agent, and has shown superior
antitumor efficacy to both flavopiridol and
related analogues! .

with appropriate acyl chlorides Ya-f yielding
the corresponding amides Y-Y%. On the other
hand, mono- di-, and tri-hydroxy derivatives
YV-¥A were synthesized by treatment of the
ester derivatives Y°-Y1% with hydrazine hydrate.
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Scheme 1. Synthesis

Evaluation of anticancer activity in vitro

A series of ¢-ary I-Y-(arylcarboxamido)-V,Y-
thiazoles Y-¥A were submitted to NCI for
antitumor activity evaluation. Compounds ¢, @,
N4, e WY Ve XYY YE Yo ¥V oand YA were
selected for evaluation at single concentration
of Y+ M towards panel of sixty cancer cell
lines. The human tumor cell lines were derived
from nine different cancer types: leukemia,
melanoma, lung, colon, CNS, ovarian, renal,
prostate and breast cancers. Primary anticancer
assays were performed according to the US
NCI protocol, which was described elsewhere
™1, Compounds ¢, ©, %, 4, Y+, V¥ and ) ¢ have
not reduced the growth of any cell lines by YYZ
or less, are inactive. Therefore, only five
compounds YY-¥e ¥V and YA have been
selected for sixty cell line panel assays.

From Table Y, Compound YY exhibited a
remarkable antitumor activity against Lung and
Colon cancers cell lines NCI-HeYY and HTY4
with growth inhibition (GI) values of YA+ and
Ve €17, respectively. However, a moderate
activity for the same compound was observed
for Leukemia cell lines CCRF-CEM, RPMI-
AYYT SR as well as Renal cancer cell line UO-
Y'Y, with Gl values of 1Y, 4Y, 1Y AY 7. oY and
1Y.e7, respectively.

YVYY

27-38
of 4-aryl-N-thiazolyl-benzamides 3-38

Compound Y ¢ showed highest activity against
lines CCRF-CEM,
MOLT-¢, SR; Non-small cell lung cancer cell
line
IGROV), and Renal cancer cell line UO-Y),
with Gl values AY.eT AY 43 AY oY AV A

Leukemia cancer cell

line NCI-HeYY; Ovarian cancer cell

ALYY, MY Vel respectively.

Beside the remarkable

cancer HTC-Y'1,
cancer SNB-Ve,

HTC-)e,
Uvyey:

SW-1Y.;
Ovarian

et

inhibitory activity
against all cell lines of Leukemia, and the lethal
effect against Lung cancer cell line NCI-HeYY
(Table Y), compound ¥e exhibited a moderate
activity against Lung cancer NCI-H¢%+; Colon

CNS
cancer
IGROV)Y, OVCAR-Y; Renal cancer CAKI-Y,

UO-Y); Breast cancer T-¢VD with GI values of

o Ve
TUAE VYV
respectively.

VY14, Y, TTAe,
VY e Yoy,

Compound ¥V was found to be a highly active
growth inhibitor of Leukemia cell lines CCRF-
Ae ¢0) and
moderately active against Leukemia MOLT-¢,
cancer
ACHN, CAK-Y and UO-YY with GI values of
SRSV
respectively, however, it proved lethal effect to

CEM and SR (Gl%; A).ey,

Colon cancer HCT-Ye and Renal

VY.AA, TA0A TE e ) EY,

Lung cancer NCI-HeYY,

WA,
TA VAT,
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Table (Y): Percentage Growth inhibition (G1%) of in vitro Subpanel Tumor Cell Linesat Y+ M
Concentrations of Compounds ¥¥-Y¥e ¥V and ¥A.

% Growth Inhibition (G1%)*

Subpanel tumor cell lines vy Y Yo vV
*A
Leukemia
CCRF-CEM Ty Ay AY 07 4. A9 AY oY 9y 4y
HL-1+ (TB) £y VY Ve AY YA V. oA AQ oV
K-o1Y oA oA A4 A YA oo YY
qY 4
MOLT-¢ OA A AY 44 AY AY VY 4A q0 Y'Y
Non-Small Cell Lung Cancer
Ac£4/ATCC oo Y. 14 .14 oY A £y 74 V$ Ao
HOP-1Y - £Y 9 oY . Yo Y\
Ty v
NCI-HY Y - Y VY Y ) VY oVY
Yo .V
Colon Cancer
COLO Y:© - YO AA Yo oY YA
YY £
HCT-) 1 o) V¢ VY AY 2 o, ¢y
AY YA
HCT-Ve Ve €)Y AR ARL! 14 oA
AY AT
CNS Cancer
SF-Y1A YY Y T8 o1 ¥ £0 09
VY ¥Y
SNB-'4 Yo Yy AR oA o) £
Y-
SNB-VYe YA Y T 11.A0 €Y VA
¥ YA
Melanoma
LOX IMVI YY) ¢ ot Ao 04 At €9 ¢
A YA
M) £ YA AT €1 ¢) ¢0 04 YIAS
VTN
MDA-MB-¢Ye Y YA o) 1 Ya, e Yo oo
c‘\_ﬁ”
SK-MEL-Y - Y g £v YA OV
TAN
Ovarian Cancer
IGROVI oy ¢) AQYY TUAY oy o1
At YT
OVCAR-Y YAV 8% AR YV £Y
09 Y
OVCAR-¢ £0.41 LI oo 0% AN
ARK!
OVCAR-¢ - - YooV AR
AR
Renal Cancer
VAT-. y1.4v £V Ve oA YV Yo o1
AN £
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ACHN
CAKI-)
uo-m

Prostate Cancer
PC-¥

DU-)¢o

Breast Cancer
MCFY

MDA-MB-Y¥\/ATCC
HS oVAT

BT-o¢4

T-£VD

MDA-MB-£1A

Mourad et
Y AE £.19 YN -
YY AT
o) 1A NARR Y o4 1A 1¢..0
e E
o) ¢ vy o1 VY ¢ 1) £Y
33 7
1y A Yo ve v 1411
ar 44
Yo vy O v $Y Y Yy ed
oF «A
14 1o €9 AA £Y Y1 Yi A
¢
Y a. 0f 1) £y Yy v ¢
AR
¢A Y AR 00 4A £8 48
17.4A
- Yo qy YU -

YA

AR £0.4) of 0 AR
Vo ¢,

EA AN TVod 1AV oo Y'Y
Ve §s

¥4..0 ot AY oF 1A Yy £Y
£EVY

8- GI<)+Z; L, compound proved lethal to the cancer cell line.

On the other hand, compound YA showed a
moderate growth inhibitory activity against
most of the other cell lines; Lung cancer
Ac¢4/ATCC, HOP-1Y, Colon cancer SW-1Y«,
CNS cancer SF-Y1A, SF-Y4e, SNBY4, SNB-Ve,
UYe), Melanoma M) ¢, SK-MEL-Y, SK-MEL-
e Ovarian cancer OVCAR-¢, Renal cancer
SNVYYC, Prostate cancer DU-) €2, Breast cancer
MCF-Y, MDA-MB-YY\/ATCC, BT-°¢4, T-
¢VYD with GI values of Yé¢ Ao Y ¥4, veay,
YYXY, TAVA Vi ee Y YA YieV VIAY
TAN G YO XA VYN VY EE S TENT VY AT
TYAA, ve g Ve £ respectively. These
compounds were further undergo five dose
testing which are illustrated in Table Y. From
Table ¥, we can conclude that, compounds Y@,
¥V and YA showed broad-spectrum anti-tumor
activity against nearly all "+ cell lines used in
this study, and demonstrated significant activity
in the in vitro anti-tumor screening expressed
by MG.MID log,. Gl.. value of -o.¢e -oY
and — ©.YA, respectively.

Yve Synthesis and biological evaluation of novel ¢-aryl-N-thiazolyl-benzamides

The data in Table ¥ showed that compound Y@
possessed a significant activity on Leukemia
cell line (CCRF-CEM), Non-small cell Lung
cancer cell line (NCI-HeYY) and Renal cancer
cell line (UO-YY) with log Gl.. values -1.1, -
1.8y and -1.YY, respectively. Furthermore,
compound Ye was found to be highly active
growth inhibitor of all Leukemia cell lines,
Non-small cell lung cancer cell line HOP-2Y,
Colon cancer cell lines HTC-YY1, HTC-)e,
SW-1Y., where the MG-MID ranged from -
©.0+ to -.Ae, Compound ¥V is highly active
growth inhibitor of Leukemia cell lines CCRF-
CEM, MOLT-¢, SR, Non-small cell Lung
cancer cell line NCI-HeYY, Renal cancer cell
lines CAKI-Y, UO-¥) at MG-MID range from -
©.0+ to -2.AA. Compound YA is highly active
growth inhibitor of all Leukemia cell lines,
Non-small cell lung cancer cells A°¢3/ATCC,
HOP-4Y, NCI-HeYY, Colon cancer cell line

HCT-Ye, where the MG-MID ranged from -
0.0+ t0-0Vo,
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Table (¥): Inhibition of in vitro cancer cell lines by selected thiazole carboxamide derivatives
¥i Yo Y¥Vand YA,

Panel cell line Response parameters (A) log,. Gls., (B) 10g,.TGI , (C) log,. LC.. , and MG.
Compound ¥ ¢ Compound Y@ Compound ¥V Compound YA
A B C A B C A B C A B C
Leokemia

CCRF-CEM -0+ -¥AY >.Y¥e 10T -£8A >-f00 0 A) -£Y0 >.f €A
£ s

HL-T~(TB) -V.vc -T’gi >-V.T'~ -D_OY -0 v >-i.~~ -°'~/\ -i.'\\' >-i.ﬁ/\
e

-6le .o..Y >-

K-o1Y SYAVA SY Y oYYy L0 0T sif v >of v o Yo Sf BN i EAN 0 8T JE Y >-
£

MOLT-¢ AL YA SY Y L0 AY SE VY sefee S0TE »of EA S-f (A S0T) 86 4Y e
£

RPMI-AYYT  -¥¥VY _Y VY Y ¥y _00Y €17 >-f s _0Y0 >.f £A >-£ A -0V _£A4Y -
Iy

Non-small cell lung cancer

Ac{3/ATCC YT SY Y S Y Y. S0 Yo JE YR >of e o£99 >of (A >_f (A _00¢ _f AS -
A

HOP-1Y ¥ eq LY VY SY Y. loYE S804 >_fae 040 Sif EA >_f EA O XY _f Vo -
A

HOP-4Y FAE SYAA SY Y 0 AY 00X Sofes SOYA £ 0N »of (A 00V 0. ¢ -
£ VA

Colon cancer

HCT-Yo FAY D SY YL SV FY 000 sofae st 0VA »of (A S_E A 00 LEVE
Iy

HTYA FYE Y0 SIYYY LoV L6 YT S ed JEVY Sof fA SofEA S AY ey o
£ YA

KM Y Fow Y AR SY Y 0N _£0V »if e S8 AN S_E A > 6N oYV ey
£ 14

CNS cancer

SE-Y1A SYAE Y AT SYY o0 600 »ofan 0 Ye st EA »of 6N L0 $0 8 AT -
£ Y4

SE-Y4o YT LY EA SSY Y ST SE YT >of e S8 VA sof EA Sof EA -£ 48 0N
£ Yy

SNB-Y® VA Y e SV Y 0VY sofee >ofee 0 Ye st (A »of EA 0 98V -
£ )

Melanoma

LOX IMVI FYT Y ed LY £ L0 86 — £ Sef e SO VAS-E EA >_f A O YV-E AL -
£ ¥A

MDA-MB-£Ye ¥ oA _YoY > YY. _o0Yo _£Y0o >.¢ s O v >t EA Sof EA L0048 AE -
§Ye

SK-MEL-YA KoY SY Y. SY¥L o o VE ZEXY sofas SEAAS-E A >of A L0 fE 8V
£ Y

SK-MEL-¢ FYY O Yo Y g0 o gt S£A 0 -f T O YY>of A >of A L0 ¥Y_£AY -
$ 8y

Ovarian cancer

IRGOV) FVE YA S Y Y 00 LA sof e OV >t fAS-E EA S0 Lo W4
Y. a1

SYEo Lo 8V L8 AT EaY S8 4) > EA >of EAOY. _EVE L E Y

OVCAR-¢ V0 LY Y Y L0006 YE sofes 0VE Sof fASE EA O YT LE fis
£

OVCAR-© YoeE SV YO SY Y SEVE S CEYY sofee >t A SoE EAS-EEAN S8 AY ZE 88
¢ 0

Renal cancer

A Synthesis and biological evaluation of novel ¢-aryl-N-thiazolyl-benzamides



MJIMR, Vol. Yo, No. Y, Y+Y ¢ pages (" V)-VV).
al.,

Mourad et

RXFE Y4y SFVYA LYY S Y Y. Lo io _E V) S 20V E Sof EAS-E EA L0 EY LE VY -
A

SNYYC YV SYEY SY ¥ 004 L8 0Y >of e ONY Sof EASE EA L0 86 8 AY L
A

Uo-*) SEFG O IPYE SIY Y STYY SE VY s e LOVA Sof EASE A 0 EZE QA -
AR

Prostate cancer

DU-)¢o P OYVY Y Y 008 fee sof e Oy >of EAS_E EA L0 YOE Al
AR

Breast cancer

MCEY FET sy Y >-Y ¥ - N S S£ AV >of EASSE EA L0 YTLE ¥
£ v

MDA-MB-YY/

ATCC YA Y ow SYYY oAy S8 sof e 0¥ ot fAS_E EA L0 ¥UE 14
£y

T-¢VD FAY ¥V SYYY oY JE T8 sof e O YA >t EAS-E EA L0 068 VYo
£ v

MG.MID" vV YLy WYYy et £, £4 _f ¥ e Lt 6t tA 0 FALE VT
AL

MG.MID = mean graph midpoint = arithmetical mean value for all tested cell lines.

Conclusion

In conclusion, compounds Y¢, ¥V and YA -the
most active member of this study- exhibited
remarkable activity against most of sixty cell
lines. AIll selected compounds possessed
selective remarkable activity towards all

Leukemia cell lines, Lung cancer cell line NCI-
HeYY, and Renal cancer cell line UO-Y)Y. The
incorporation of galloyl functional groups as
well as substitution of the aryl group in Y-
position of thiazole moiety with suitable
functionalities would led to more potent and
selective antitumor agent.

Experimental

Synthesis of Y-amino-¢-arylthiazoles (Ya-d)
Y-Amino-¢-arylthiazoles Ya-d were synthesized
according to ref. [YY].  Y-Amino-¢-
phenylthiazole (Ya), m.p. Y¢e-1 °C [Lit. YA,
V£3-10) °C; Lit. Y4, V¢Y-£ °C]; Y-amino-¢-(p-
methoxyphenyl)thiazole (Yc), m.p. Y:Y-o °C
[Lit. Y4, Y.o-Y °C]; Y-amino-¢-(p-
tolyl)thiazole (Yb), m.p. VYV °C [Lit. Y4, Y¥1-
VY'Y °C]; Y-amino-£-(p-chlorophenyl)thiazole
(Vd), m.p. YYe- VY °C [Lit.Y%, YV - vy °C].

¢-Methoxy-N-(£-phenyl-thiazol-Y-yl)-
benzamide ()

Compound ¥ was obtained from the reaction of
‘a with Ya to yield +.Y4g, white crystals; IR,
Vmax CM =¥¥e. Yeoo (NH), YVYY (CO):H
NMR (¢++ MHz, CDClIy) § A.+Y (d, YH, J= At

ARA Synthesis and biological evaluation of novel ¢-aryl-N-thiazolyl-benzamides

Hz, aroyl-H), Y.VY (d, YH, J=A.¢ Hz, aryl-H),
V.YV (t, YH, J=A.¢ Hz, aryl-H), V.¥Y (t, YH,
J=A.¢ Hz, aryl-H), Y.+ ¢ (s, YH, thiazole-H),
1.4Y (d, YH, J=A.¢Hz, aroyl-H), Y.AY (s, YH,
OMe); '"C NMR (Ye+.9) MHz) § Y1V.£4 (CO),
Yie )Y (CvY-thiazole), Y1Y.V) Ar-C-OCHy),
VYY.YY (Ct-thiazole), YY).Ae, YY..¥V4 (YC),
YYAYY, VYAYT (YC), YYLYY (YC), VYi.gY,
V1o YY (YC) (Ar-C), Y:A.A% (Ce-thiazole),
o1.+Y (OCH:); ( MS (El) m/z ¥« (M*, AZ).
Anal. (CWH\zN\'OrS)C,H, N.

Synthesis of Y¥,£,e-trimethoxy-N-(¢-phenyl-
thiazol-Y-yl)-benzamide (V)

Compound ‘Y was obtained from the reaction
of Ya with Yc to yield +.2°g, white crystals; IR,
Vmax CM'= TY£+ (NH), YYAY (CO); H NMR
(¢++ MHz, CDCly) 8 V.¥Y4 (d, YH, J= AY Hz,
aryl-H), .o (t, YH, j= A.Y Hz, aryl-H), V.£1 (t,
YH, J= AY Hz, aryl-H), Y.YY s, YH, aroyl-H),
vV.ye (s, YH, thiazole-H), Y.A4 (s, YH, OMe),
Y.Ae (s, 1H, YOMe); "C NMR (Y°+.9) MHz) &
V110 (CO), VIY.YY (CY-thiazole), Yov.v¢
(Ar-C-OCHy, YC ), Ye)..1 (Ct-thiazole),
Ve£ A (Ar-C-OCHy), YYY.V7, Y4 Ao yyaay
(YC), YYi.he (YC), VYY.IYV .ANY (Ar-C),
Y+o.Y¢ (Ce-thiazole), 1).V+ (OCHy), ©7.¢V (Y
OCHy), Y+«.*A (CHy); MS (EI) m/z YV+(M",
Y\Z). Anal. (CHH\/\NVO&S) C,H, N.

Synthesis of acetic acid ¢-(¢- p-tolyl -thiazol-
Y-ylcarbamoyl)-phenyl ester (1 1)
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Compound Y% was obtained from the reaction
of Yb with ¥d to yield +.¥YAg, white crystals;
IR, Vimax CM'= Y04 ¥YY4 (NH), Y1€A VIVY
(CO); H NMR (¢++ MHz, CDCly) & Y.A% (d,
YH, J= A.¢£ Hz, aroyl-H), v.1Y (d, YH, J= A.¢
Hz, aryl-H), Y. (d, YH, J= A.¢ Hz, aroyl-H),
YAY (d, YH, J= A2 Hz, aryl-H), V.+e (s, YH,
thiazole-H), Y.¥+ (s, YH, Me), Y.Y1 (s, YH,
OAc); MS (El) m/z YeY (MH*, Y47). Anal.
(CysH<N¢OxS)

Synthesis of acetic acid Y,%-diacetoxy-¢-(¢-
phenyl-thiazol-Y-ylcarbamoyl)-phenyl ester
(*¥)

Compound YY¥ was obtained from the reaction
of Ya with Yf to yield -.¢°7g, white crystals;
IR, Vimax CM"'= ¥¥+3, ¥Vev (NH), YVVA, V14,
(CO); H NMR (¢++ MHz, CDCly) & Y.VY (d,
YH, J= A% Hz, aryl-H), Y.1A (s, YH, aroyl-H),
V.YE (t, YH, J= A1 Hz, aryl-H), v.Ye (t, YH, J=
A Hz, aryl-H), Y.\ (s, YH, thiazole-H), Y.V ¢
(s, 4H, ¥ OAc); MS (El) m/z €¢¢ (MH", Y° %).
Anal. (C\'YHH\N\'O\/S) C,H, N.

Anticancer activity

The methodology of the NCI anticancer
screening has been described in detail else-
where (http://www.dtp.nci.nih.gov) ['".
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