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2-Amino-4-(aminomethyl)thiazole-based derivatives
as potential antitumor agents: design, synthesis, cytotoxicity
and apoptosis inducing activities
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Novel 2-amino-4-(aminomethyl)thiazole derivatives were
designed and synthesized by a facile method including the
Hantzsch construction of thiazole core followed by amidation
and nucleophilic substitution steps. Bioassay results showed
that 4-(tert-butyl)-N-[4-(piperazin-1-ylmethyl)thiazol-2-yl]-
benzamide and 4-(tert-butyl)-N-{4-[(4-piperidinopiperidin-
1-y)methyl]thiazol-2-yI}benzamide =~ possessed  similar
activities compared with 5-fluorouracil. The 4-piperidino-
piperidin-1-yl-containing  derivative also  suppressed
proliferation of cultured tumor cells by inducing apoptosis.
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Thiazole scaffolds are potential in development of derivatives
with diverse matrices due to high flexible introduction of
substituents, i.e., at C-2, C-4 and C-5 positions. By dint of the
biological importance of multitudinous thiazole derivatives
such as antibacterial,’® fungicidal,*®> antiviral,5” anti-
inflammatory,8-1° antioxidative,'* and antitumor activities,>-14
thiazole fragment has drawn attention extensively in medicinal
chemistry. In particular, thiazoles are widely utilized in drug
design of antitumor agents [Figure 1(a)]. Some of them are
developed as Raf kinase inhibitor (dabrafenib®) while several
2-aminothiazoles are considered as phosphatidylinositol
3-kinase (PI3K) inhibitor (alpelisib®®). Also, microtubule
inhibitor ixabepilone!” and tyrosine kinase inhibitors (TKI)
dasatinib!® contain thiazole rings. N-(Thiazol-2-yl)benzamide
derivatives were considered to be active core of antitumor
molecules. In 2002, Bischof®® described two compounds A
and B inhibiting proliferation of tumor cell lines in specific
manner. A few years ago, Lee?° synthesized a series of 4-aryl-N-
arylcarbonyl-2-aminothiazoles while one of them (C) showed
antiproliferative activity with ICs, values of 16.3-42.7 nM
against different tumor cells.

Inspired by the above discussion, we designed herein a series
of N-(thiazol-2-yl)benzamide derivatives aminomethylated at
position 4 [see Figure 1(b)]. Piperazine, a hydrophilic group,
was common in antitumor drug molecules such as flumatinib,!
imatinib?? and dasatinib,'8 hence it was considered as introducing
an amino group into the molecule. Then evaluation of substitution
in benzene ring affecting the antitumor activity was carried out
by keeping piperazine ring constant and varying the R group.
When determined the optimal group R?, conversion of
4-positioned substituents in thiazole was implemented in order
to ascertain the optimal group R3N. The target N-(4-amino-
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methylthiazol-2-yl)benzamide analogues 3a—g and 4a—j were
synthesized as shown in Scheme 1.

Initially, thiazole frame was built employing the Hantzsch
reaction (see Scheme 1).22 Amides 2a—g were then synthesized
by the reaction of compound 1 with various acyl chloride in the
presence of NaHCO,. Stronger base such as Na,COj3;, NaOH,
pyridine, triethylamine and tetramethylethylenediamine should
be avoided because intermolecular self-coupling between amino
and chloromethyl groups in compound 1 would occur. Further
nucleophilic reaction between compounds 2a—g and piperazine
in refluxing anhydrous acetonitrile afforded derivatives 3a-g,
excess piperazine having been used to avoid disubstitution in
piperazine. Subsequently, compound 3b was reacted with acetyl
and acryloyl chlorides in the presence of triethylamine to get
products 4a and 4b, respectively. Compound 2b was transformed
into derivatives 4c—o viathe method similar to that for preparation
of 3a—g when it was reacted with various amines including
1-methylpiperazine, morpholine, thiomorpholine, dipropyl-
amine, dibutylamine and piperidine analogue instead of
piperazine.

Initially, we assessed the influence of substituents R* attached
to benzene ring on the proliferation inhibition activity against the
tested cell lines at 40 pm. Compound 3b with a tert-butyl group
compared with the analogue having no substituent gives
significant contribution to anti-proliferative activity (see Online
Supplementary Materials, Table S1) and possesses highest
inhibition rates (IRs) against all tested cell lines. It seems that
tert-butyl attached to benzene ring enhances cytotoxicity of
these compounds. Further structure optimization was carried out
through the substituents on position 4 of thiazole keeping R as
But constant. As a result (Tables 1 and S2), most of optimized
compounds displayed different levels of anticancer activity
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Figure 1 (a) Thiazole-containing antitumor active molecules in recent drug discovery and development. (b) Design and optimization of the target

compounds.
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Scheme 1 Reagents and conditions: i, CICH,C(O)CH,CI, EtOH, room temperature, 4 h; ii, 4-R'C4H,C(O)CI, NaHCO,, CH,Cl,, 0 °C, 8 h; ii, piperazine,
acetonitrile, K, reflux; iv, amine R3NH, MeCN, reflux, 2 h; v, acyl chloride, Et;N, CH,Cl,, 0°C, 4 h.

against different tumour cells while some compounds exhibited
better antitumor activity than the positive control drug
5-fluorouracil. Compound 4i showed strongest growth inhibitory
activity against HL-60 cells with an 1Cs, value of 4.0 uM among
all the title compounds. Derivative 4k showed best antitumor
activity against KYSE-30 cells and its cytotoxicity was closest
to that of 5-fluorouracil (ICsy=16.8 uM). In HePG2 cells,
compounds 3b, 4j, 4k, 4l and 4m displayed satisfactory anti-
proliferative activity with 1Cg, values below 50 pm. The
antitumor activities of derivatives 4l (ICs, = 25.5 uMm) and 4o
(IC50 = 29.7 uM) against HePG2 cells were superior to that of

5-fluorouracil (IC5y = 62.9 pM). In addition, most of compounds
exhibited moderate cytotoxicity against A-549 and BGC-823. It
is worth mentioning that these compounds showed lower
cytotoxicity against normal human breast cells (MCF-10A) than
that of human cancer cells. However, although 3b and 4k showed
slightly lower antitumor activities than cisplatin, they reveal
much lower cytotoxicity than cisplatin. In balance, compounds
3b and 4k were the optimized ones and may be regarded as
potential compounds with a broad spectrum of antitumor activity.

Apparently, according to the analysis of biological data, the
change of substituent R influences antitumor activities to some
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Table 1 1Cs, (M) for some of the title compounds against human tumor cells.

c d R2N 1Cso/uM
ompoun

? A549 BGC-823 HePG2 KYSE-30 HL-60 MCF-10A
3b %N NH 38.1+2.1 38.8+0.4 44.4+16 34.6+0.8 39.0+1.3 >100
4i §—NC>7M6 473408 83.3+0.3 103.6+2.1 65.5+1.6 4.0+0.3 >100
4j }ND—@ 83.3+0.4 84.9+3.2 47.0+1.3 46.0+0.5 922+2.3 >100
4k %NC}N ) 55.0+2.6 37.0+0.0 437422 25.6+1.1 39.9+3.1 51.7+1.0

OH

4 §_N§ 84.9+0.6 >100 255+18 77.4%24 66.7+1.0 >100
4m §—NC>7N® 80.1+0.3 73.3+1.84 46.9+1.0 50.8+2.1 67.7+0.8 >100
40 E—N(j 90.3+1.3 >100 29.7+1.7 66.5+1.8 63.90+2.7 90.7+3.7
5-Fluorouracil 62.4x4.1 43.8+0.7 62.9+33 16.8+1.1 13.7+£0.6 39.7x11
Cisplatin 14.3+2.1 4.1+37 11.6+16 6.6+0.7 14.1+0.7 51+1.4
extent. Roughly, for A549, KSYE-30 and HL-60, the contribution (@) _ PARP C-PARP
of R! substituted benzene moiety to activity is But>Pri > Coﬁom”lf’:”d %%(24 2)0 . g 15¢ S L5
> OMe > other electron-withdrawing substituent. For BGC-823, e S ool F ég I
the order of the R moiety affecting the cytotoxicity of compounds M*C-PARP g 0.0 g 00
i t ~ i i i “'Con1530 60 Conl5 30 60
is Bu'>OMe > CN ~ CF3 > Pr' > F > H. It is obvious that the |..-.|<_AKT gon 15 30. & Sonio 30,56
growing cytotoxicity was observed due to introduction But as the 15+ AKT  T150 P-AKT
Rlsubstituent. On the other hand, nature of R3N plays key role in E’«p-AKT 3ol 215
the cytotoxicity activities of drugs as well. When keeping R? as 8 05| 805 ] o
But, the antitumor activities of compounds were floated along |~}<—GAPDH S oo MLIEL Eo.oC LI
with the conversion of R3N regularly. Superficially, the influence Goncentration Goncentration
of RSN moiety on improving activity may be summarized (b _ oARP _ CPARP
as piperazine > Bu,N > 4-substituted piperidine > piperidine ~ Cof}"mplf;”;‘d 4';5(24 héo . 2 ig i 2 12 r
~ morpholine ~ thiomorpholine, while the cytotoxicity is r—fm— - PARP = 0'5: £ 0'5:
correlated as follows: 3a > 4g > 4i > 4h, 4d, and 4e. Deeply, it C"’ARP 200l o0
i i ity i iti i - —~ “Con12525 50 ~ Con12525 50
is obvious tha.lt electron dt_ansny in position 4 of six-membered 5 j AKT Pt s o )
heterocycles influenced biological activities of compounds. A = S15r AKT S15r pAKT
complex relationship and significant regularity indicated that the | e ’«—p-AKT é Lol 121:0 I
electron enrichment in position 4 of six-membered heterocycles S 05H ‘805 I
of RZN gave more contribution to the growth suppression of S 2

tumour cells than electron deficiency. For instance, with N atom
modified in position 4 of six-membered heterocycles of R3N,
acetyl-substituted derivative 4a (ICsq > 100 pm) and acryloyl-
substituted one 4b (ICsy > 100 pM) exerted feeble antitumour
activities compared with those of methyl-substituted 4c (ICsq
values ranging from 43.0 to 65.3 uM against different tumour
cells) and hydrogen-substituted 3b (ICs, values ranging from
34.6 to 44.4 uM against different tumour cells). Similarly, when
keeping R3N as 4-substituted piperazine group, the antitumor
activities are correlated as follows: 4-piperidine-substituted
(strong electron donor) 4k > 4-methyl-substituted (moderate
electron donor) 4i > 4,4-difluoro-substituted (electron withdraw)
4n. Although the regularity mentioned above is shallow, the
analysis of these results does provide guiding significance for
optimizing this kind of derivatives.

Representative compounds 3b and 4k with best bioactivities
were selected to evaluate their influence on expression of
apoptosis associated protein. The poly (ADP-ribose) polymerase
(PARP) represents a protein family that acts a key part in
multifarious cellular procedure including programmed cell
death. Cleavage of PARP (c-PARP) is often considered to be a
biomarker for the detection of apoptosis. Besides, protein
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Figure 2 Induction of apoptosis by 4k of KYSE30. Effects of (a)
compound 3b and (b) compound 4k on the protein expression of PARP,
c-PARP, AKT, and p-AKT. KYSE-30 cells were untreated or treated with
different concentration of the test material for 24 h, following which western
blot using GAPDH as the loading control. (c) DAPI/TUNEL double staining
experiment of 4k on KYSE-30 cells.

kinase B (AKT) also plays a significant role in cell survival and
apoptosis. Thus, the PARP, c-PARP, AKT, phosphorylated AKT
(p-AKT) in KYSE-30 cell were measured after treatment with
3b and 4k, using Western blot analysis. Compounds 3b and 4k
induced KYSE-30 cell apoptosis in a dose-dependent manner,
associated with c-PARP and p-AKT [Figure 2(a),(b)]. To further
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prove that 4k could induce cell apoptosis, 4k-treated cells were
analyzed for apoptosis by DAPI/TUNEL double staining and
TUNEL labeling [see Figure 2(c)]. Clearly, apoptotic changes,
chromatin condensation and fragmentation were detected
especially after approximately 48 h of 4k treatment. The fraction
of apoptotic cells, as determined by DAPI/TUNEL double
staining, truly enhanced. Thus, based on the above evidence of
cells undergoing apoptosis, we suppose that compounds 3b and
4k can inhibit tumour cell proliferation via inducing apoptosis.

In summary, a class of 2-amino-4-(aminomethyl)thiazole
analogues was synthesized via a facile pathway. These
compounds possess a broad spectrum of antitumor activities,
especially 3b and 4k, which exhibited an excellent inhibitory
activity against the proliferation of A549, BGC-823, HePG2,
KYSE-30, and HL-60 cells. In addition, compounds 3b and 4k
effectively suppressed the apoptosis-associated inhibition of
KYSE-30 cell growth, while both of them significantly inhibited
p-AKT and activated c-PARP in KYSE-30 cell. Further
development of the new class of 2-amino-4-(aminomethyl)-
thiazole derivatives as antitumor agent is prospective.

This work was financially supported by Shenzhen University
Top Ranking Project no. 86000000210.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2023.01.023.
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