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Twenty six propargylamine mycophenolate analogues were designed and synthesized from mycophenolic acid 1
employing a key step A%-coupling reaction. Their cytotoxic activity was examined against six cancer cell lines.
Compounds 6a, 6j, 6t, 6u, and 6z exhibited selective cytotoxicity towards neuroblastoma (SH-SY5Y) cancer cells
and were less toxic to normal cells in comparison to the lead compound, MPA 1 and a standard drug, ellipticine.
Molecular docking results suggested that compound 6a is fit well in the key amino acid of three proteins (CDK9,
EGFR, and VEGFR-2) as targets in cancer therapy. The propargylamine mycophenolate scaffold might be a

valuable starting point for development of new neuroblastoma anticancer drugs.

Cancer is an important category of human diseases accounting for an
estimated 9.6 million deaths in 2018 (WHO)." Synthesis of selective
anticancer agents has attracted much research.” Recently, therapies
have focused on reducing cancer toxicity to specific molecular targets
and damage to normal cells.® Neuroblastoma, despite some successes
remains a challenging region for treatment via surgical resection,
chemotherapy, or radiation therapy.”® Neuroblastoma is one of the
most common solid tumors inflicting children and responsible for
approximately 9-15% of pediatric cancer deaths® and remains one of the
most difficult cancers to cure.” Standard treatment for neuroblastoma is
based on a combination of drugs such as doxorubicin, vincristine,
cyclophosphamide, and cisplatin.® Although highly beneficial chemo-
therapy lacks selectivity towards cancer cells and has severe side effects.
To this end there is an urgent need for drugs with greater efficacy and
target specificity.’

Mycophenolic acid (MPA) is an early antibiotic drug derived from
Penicillium." It consists of a phthalide in which an aromatic ring is
substituted of hydroxy, methyl, methoxy, and six-carbon chain with a
double bond in the trans configuration and the free carboxylic acid.'!
MPA is a highly noteworthy inhibitor of inosine monophosphate dehy-
drogenase (IMPDH), a key enzyme in the de novo synthesis of guanine

nucleotide that causes a suppression of lymphocyte activity in humans
and organ rejection in patients who have undergone trans-
plantation.'>'® MPA was approved for use against organ rejection in
USA in 1995.'* Although most research has focused on their inhibitory
immunosuppressive properties,'> 7 recent rekindled interest has
focused on the synthesis of novel mycophenolate derivatives in regards
their anticancer potency.18 20 IMPDH receptors are overexpressed in
cancer cells compared to normal cells. Inhibition of IMPDH can inhibit
proliferation of and induce apoptosis in cancer cells.?! This suggests
MPA and derivatives might function as improved anticancer agents.
MPA was found as a potential antiproliferative agent, however MPA
therapy is associated with gastrointestinal (GI) adverse events.’” >* The
incidence of MPA-related GI adverse events ranges from 45 to 80% in
recipients.”>?® Therefore, we designed and synthesized of new MPA
analogues by esterification of free carboxylic group of MPA 1 to myco-
phenolate 2 (Scheme 1) and propargylation at phenolic position
(Scheme 3) and their use as a structural core for further modification to a
series of propargylamine mycophenolate analogues to reduce GI toxicity
affects.

The propargylamine moiety (Fig. 1) occurs in therapeutic active
agents””?® such as rasagiline and deprenyl that show highly selective
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Scheme 1. Esterification of MPA 1.
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Scheme 2. A3-coupling reaction for the synthesis of propargylamine mycophenolate.
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Scheme 3. Synthesis of propargylether mycophenolate 3¢ “Reaction conditions: a) 1 (0.0062 mol), H,SO,4 (1.0 mL), CH30H (30.0 mL), 6 h, b) propargylbromide
(3.0 equiv), K5CO3 (3.0 equiv), DCM (30.0 mL), 0 °C-rt, 92%.
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Fig. 1. Some of the representative propargylamine analogues as excellent candidates against different cancer types.
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Table 1

Optimization of the synthesis of MPA analog 6a” "
3
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catalyst, solvent

ligand, 120°C, 1 h

HsCO CHj
3 4 6a

Entry Catalyst Ligand Solvent Yield [%]"
1 Cul - Toluene 68
2 Cul - Dioxane 92
3 Cul - THF 24
4 Cul - EtOH 20
5 Cul - CH;3CN 29
6 Cul - DMF 52
7 Cul - DMSO 29
8 CuCl - Dioxane 70
9 CuCl, - Dioxane 80
10 CuBr, - Dioxane 70
11 Cu(OAc), - Dioxane 64
12 CuSOy4 - Dioxane 61
13 Cul 2,2'-bipy Dioxane 45
14 Cul PPhj Dioxane 52
15 AgNO3 - Dioxane 41
16 AgOAc - dioxane 31
17 ZnCl, - dioxane 76
18 Zn powder - dioxane NR
19 NiCl,DME - dioxane NR

2 Reaction conditions: 3 (0.1344 mmol), 4 (0.6720 mmol), 5a (0.1478 mmol), catalyst (50 mol%), ligand (20 mol%), in solvent (1.0 mL) at the 120 °C

for 1 h.
b Isolated yields. NR = No reaction.

and noteworthy anticancer activity against neuroblastoma cell lines
(SH-SY5Y).>**° Two synthetic propargylamines displayed a high degree
of cytotoxic selectivity (breast and pancreatic cancer cells). The levels of
selectivity give a very interesting perspective for further development of
a new anticancer agent.>!

In this work, we designed and synthesized a series of propargylamine
mycophenolate derivatives by A3-coupling reaction.’>** The A3-
coupling methods involves the metal-catalyzed alkyne addition to im-
ines or in situ formation of imines derived from amines and aldehydes
(Scheme 2). The present study evaluated all synthetic analogues for
cytotoxic activity against six cancer cells including neuroblastoma cell
(SH-SYS5Y).

Preparation of propargylether mycophenolate 3 as the precursor for
synthesis of a series of propargylamine mycophenolate is outlined in
Scheme 3. Esterification of the MPA 1 with CH3OH in the presence of
H,S04 afforded the methyl mycophenolate 2 followed by propargylation
reaction of 2 with propargyl bromide and K,CO3 gave compound 3 in
92% yields in two steps.

The A3-coupling reaction was investigated for synthesis a series of
propargylamine mycophenolate 6 by screening several catalysts and
solvents to find the optimal condition. Propargylether mycophenolate 3,
formaldehyde 4 and phenylpiperazine 5a were employed as the model
substrates. The reaction was carried out at 120 °C for 1 h and detailed
optimization conditions are presented in Table 1.

The A3-coupling reaction in the presence of catalytic amounts of Cul
(50 mol%) in toluene afforded the desired product 6a in 68% yields
(Table 1, entry 1). Interestingly, by changing the solvent to dioxane, we
were able to improve product yield significantly to 92% yields (entry 2).
Encouraged by this result, reaction was investigated with other solvents
including THF, EtOH, CH3CN, DMF and DMSO (entries 3-7), however,
yields were not improved over those with dioxane. Yields with other
copper salts, CuCl, CuCly, CuBry, Cu(OAc),, and CuSO4 (entries 8-12),
were 70, 80, 70, 64, and 61%. Ligands such as 2,2'-bipy, and PPhg did
not improve yields of 6a (entries 13-14). Ag catalysts such as AgNO3 and
AgOAc produced lower yields than Cul (entries 15-16). When ZnCl, was
replaced, coupling product 6a was produced with 76% yield (Table 1,
entry 17). No desired product was obtained when Zn powder or NiCl,.

DME was used as a catalyst (entries 18-19). The reaction with Cul in
dioxane provided optimum conditions for the A3-coupling reaction with
a product yield of 92% (Table 1, entry 2).

Then we explored the scope of reaction using various amine de-
rivatives for synthesizing a series of propargylamine MPA analogues for
study the structure activity relationship. This A3-coupling reaction
provides good functional group compatibility and high yields of
designed product and water is the only byproduct. Various substituted
piperazine were introduced to compound 3 to give the first analogues
6a-6h in good to excellent yields. The hydroxy- and cyano-phenyl
piperazine gave lower yield of 6e and 6f comparing to other pipera-
zine. Chloro-benzyl and piperonyl piperazine gave the desired coupling
product 6g and 6h in high yields. Diphenylpiperazine derivatives served
as suitable amine substrates in providing N-propargylated products 6i,
6j, and 6k in excellent yields. Acetyl, hydroxyethyl, pyrimidyl, and
carbonylbenzodioxane-piperazine gave coupling products 61, 6m, 6n,
and 6p in up to 80% yields. When this reaction condition was applied to
the piperazine bearing pyridine group, the desired product 60 was not
produced probably due to complexation of pyridine with copper (Cu) led
to areduction of reactivity in Cul. The scope of reaction was expanded to
piperidine derivatives with various substituents including benzyl group,
carboxylic acid, methyl ester and tetrahydroquinoline led to products
6q-6u in moderate to high yields. All products were well tolerated under
the optimized conditions. Morpholine and pyrrolidine were also
employed as substrates, affording products 6v and 6w in moderate
yields. Secondary aliphatic amines provided excellent yields of products
6x-6y. Also, we found the primary amine gave bis-mycophenolate
product 6aa in moderated yields (Scheme 4).

Cytotoxic activities of mycophenolic acid (MPA 1) and synthetic
analogues were evaluated in vitro against selected cancer cell lines
including KKU-M213 (human intrahepatic cholangiocarcinoma), FaDu
(human squamous cell carcinoma), HT-29 (human colorectal adeno-
carcinoma), MDA-MB-231 (human mammary gland/breast adenocar-
cinoma), A-549 (human lung carcinoma), SH-SY5Y (human
neuroblastoma), and MMNK-1 (Highly differentiated immortalized
human cholangiocyte cell line) in Table 2. MMNK-1 is a healthy cell line
reference. Sulforhodamine B (SRB) assay was used to evaluate
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6i: R' = H, R? = H (95% yield)
6j: R' = 4-Cl, R? = H (99% yield)
6k: R' = 4-F, R? = 4-F (99% vyield)

6l: R = Ac (94% yield) 6q: R = Bn (67% yield) 6t: R = H (72% yield)
6m: R = CH,CH,0H (82% vyield) 6r: R = CO,H (78% yield) 6u: R = Ph (72% yield)
6n: R = 2-pyrimidine (88% yield) 6s: R = CO,CHj; (82% yield)

60: R = 4-pyridine (NR)
6p: R = carbonylbenzodioxane (81% yield)

H;CO

6v: R = morpholine (69% vyield)

6w: R = pyrolidine (74% yield)

6x: R = (CH3CH,CH,CH,),N (99% vyield)
6y: R = (CH,=CHCH,),N (99% yield)
6z: R = CgH5N(CH,)3CH3 (66% vyield)

Scheme 4. Substrate scope of propargylamine mycophenolate derivatives®.
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6aa: (50% yield)

“Reactions performed on 0.2685 mmol scale of 3. All isolated yields were based on 3.
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Table 2
In vitro cytotoxicity, of MPA 1, propargylether-mycophenolate 3 and a series of
newly synthesized analogues 6a-6aa.

Comp. 1Csp (uM)”

KKU- FaDu HT- MDA- A- SH- MNN-

M213 29 MB-231 549 SY5Y K1
MPA 1 7.16 6.72 6.48 7.83 1.21 0.56 7.19
2 7.45 6.15 23.73 9.62 0.82 0.26 5.82
3 35.73 15.25 28.79 49.23 31.79 3.07 25.25
6a >50 >50 >50 >50 21.97 9.14 >50
6b >50 >50 >50 >50 >50 43.62 >50
6¢c >50 >50 >50 >50 45.30 35.78 >50
6d >50 >50 >50 >50 >50 37.70 >50
6e >50 >50 >50 >50 >50 46.10 >50
6f >50 >50 >50 >50 >50 37.79 >50
6g >50 >50 >50 >50 >50 31.24 >50
6h >50 >50 >50 >50 45.48  34.80 >50
6i >50 >50 >50 >50 32.68 23.74 >50
6j >50 >50 >50 >50 29.06 9.90 >50
6k >50 >50 >50 >50 34.08 25.83 >50
61 >50 >50 >50 >50 >50 >50 >50
6m >50 >50 >50 >50 >50 35.67 >50
6n >50 >50 >50 >50 >50 >50 >50
6p >50 >50 >50 >50 >50 >50 >50
6q >50 >50 >50 >50 40.69  24.50 >50
6r >50 >50 >50 >50 >50 47.22 >50
6s >50 >50 >50 >50 40.51 41.16 >50
6t >50 >50 >50 >50 18.02  9.57 >50
6u 25.92 2455 39.54  28.66 7.68 6.45 23.29
6v >50 >50 >50 >50 >50 >50 >50
6w >50 >50 46.47  >50 35.93  31.08 >50
6x 38.18 30.89 >50 39.78 30.56 21.53 35.99
6y >50 >50 >50 >50 43.47  36.43 36.43
6z 2291 21.21  36.71 19.76 6.97 5.96 18.33
6aa 48.32 46.68 >50 48.63 27.52 20.56 48.19
Ellipticine ~ 1.97 1.85 1.95 2.03 1.16 2.13 1.89

@ ICsp values (drug concentration causing 50% growth inhibition) in pM.

cytotoxicity of synthesized compounds. Analogues were dissolved in
DMSO (<0.05%). Cytotoxic potency was expressed as the concentration
that inhibited 50% of cell viability (ICsp, Table 2). Ellipticine was used as
a standard drug for comparison.

The cytotoxicity results (ICso values) of MPA 1 and synthetic prop-
argylamine mycophenolate 6a-6aa were summarized in Table 2. MPA 1
exhibited greater cytotoxic activity than ellipticine on SH-SY5Y cancer
cell lines with ICsg 0.56 uM and comparable activity on A-549 cell line.
Modification by esterification and propargylation of MPA 1 to give
propargylether mycophenolate 3 led to a reduction in toxicity to normal
cells. Compound 3 showed lower toxicity to normal cells (ICso MNN-K1
= 25.25 uM) but good inhibition against SH-SY5Y (human neuroblas-
toma) cell line with ICsg values 3.07 uM. From this result, the intro-
duction of propargyl moiety may play an important role for selective
cytotoxic activity on neuroblastoma. Further modification of this
propargyl-MPA scaffold by introducing of various amines led to ana-
logues 6. Cytotoxic activity of some analogues 6 indicated them to be
more selective towards SH-SY5Y cell line and not toxic to normal cells.
The first modified phenyl piperazine-propargyl MPA analog 6a showed
selective cytotoxic activity on SH-SY5Y cell line with ICs values 9.14
uM and no toxicity to the normal cells. Substituted phenyl- and benzyl-
piperazine-MPA analogues 6b-6f and 6g-6h showed lower activity on
SH-SYS5Y cell than 6a. However, introducing of diphenyl piperazine on
MPA led to compounds 6i-6 k which showed activity effective than the
mono-phenyl piperazine MPA series on SH-SY5Y and A-549 cancer cells.
Chlorine analog 6j demonstrated good selective toxicity on SH-SY5Y cell
line with ICsg value of 9.90 uM. Piperazine-propargyl MPA scaffolds
containing acetyl 6l, hydroxyethyl 6m, pyrimidyl 6n, and carbon-
ylbenzodioxane 6p did not show any significant activity at concentra-
tions lower than 50 uM. These results indicated the phenyl- and benzyl-
substituent on piperazine plays an important role in improving cyto-
toxicity of MPA. Analogues without these fragment displayed a decrease

Bioorganic & Medicinal Chemistry Letters 45 (2021) 128135

in activity. The replacement of piperazine on propargyl-MPA scaffold
with piperidine bearing benzyl, carboxylic acid and ester 6q-6s showed
the cytotoxicity results to confirm the importance of the benzyl ring on
MPA. Benzyl substitution piperidine 6q displayed greater activity than
at other piperidine analogues 6r and 6s. Hydroquinoline-MPA 6u
showed significant activity against SH-SY5Y and A549 cell lines with
ICsg values of 6.45-7.68 and exhibited cytotoxicity against all six cancer
cell lines with IC5p value below 40.0 uM. Analog 6t also demonstrated
comparable activity against SH-SY5Y and A549 cell lines to that of 6u.
Further modification to study the SAR of propargyl-MPA series by
introducing heterocyclic and aliphatic amine led to a series of novel
propargyl-MPA bearing morpholine 6v, pyrrolidine 6w, aliphatic amine
moieties 6x-6z and bis-MPA analog 6aa. Butylaniline derivative 6z
showed excellent cytotoxicity with ICso values of 6.97 and 5.96 pM
against A-549 cells and the SH-SY5Y cell line and lower toxicity to
normal cells than ellipticine.

MPA 1 and mycophenolate 2 exhibited cytotoxic activity against all
cancer cell lines especially on A-549 and SH-SY5Y, however both com-
pounds were toxic also to normal cells. Introducing propargyl group led
to compound 3 which was selectively toxic to neuroblastoma (SH-SY5Y)
cancers cells with an ICsy of 3.07 uM but non-toxic to normal cell. AS.
coupling reaction of 3 with various amines led to a series of analogues 6
in which compounds 6a, 6j, 6t, 6u, and 6z showed high cytotoxic ac-
tivity on neuroblastoma (SH-SY5Y) cancers cells but no toxicity to
normal cell line (MMNK-1; Fig. 2).

The modification of the piperazine ring by inclusion of a phenyl
group and chloro-diphenyl at N-4 (compounds 6a and 6j) significantly
improved cytotoxicity against neuroblastoma (SH-SY5Y) cancer cell
lines and was not toxic to the normal cell line (MMNK-1) relative to MPA
1, compounds 2 and 3 (Fig. 2 and Table 2). Replacement of the piper-
azine scaffold with hydroquinoline produced analogues 6t and 6u that
exhibited comparable cytotoxicity to that of 6a and 6j on the neuro-
blastoma cancer cell line. Substituted phenyl-hydroquinoline in com-
pound 6u and butylaniline 6z significantly improved their anticancer
activity against A-549, while other derivatives reduced their anticancer
activity on this cancer cell line. Synthesized compounds 6a, 6j, 6t, 6u,
and 6z effectively kill lung and neuroblastoma cancer cells at a con-
centration that is not toxic to normal cells.

Propargylamine MPA analogues was explored for the first time on
cytotoxicity to neuroblastoma (SH-SY5Y) cancer cells and confirms the
important role played by the molecular docking method in under-
standing the interaction mode of MPA derivative 6a as the most selective
inhibitor with the three proteins CDK9, EGFR and VEGFR-2. These three
proteins have been reported as targets in cancer therapy including
neuroblastoma SH-SY5Ycells.?* > Cyclin dependent kinases (CDKs) are
the serine/threonine kinases group®” which involved in cell cycle pro-
gression and cell proliferation.® CDK9 are regulators for the RNA
transcription of short-lived Mcl-1 proteins in neuroblastoma SH-SY5Y-
cells.>® The inhibition of CDK9 associated with blocking RNA synthesis
can lead to inhibiting neuroblastoma cancer cell growth. Next protein,
epidermal growth factor receptor (EGFR) is shown in neuronal origin
and various tissues of epithelial and plays a significant role in initiating
the signaling that directs growth, proliferation, survival, and differen-
tiation in mammalian cells.*” The widespread expression of EGFR pro-
tein was found in neuroblastoma tissues and cell lines, which is of
interested for future treatment of neuroblastoma by targeting this pro-
tein.*"*? The protein, vascular endothelial growth factor receptors
(VEGFRs) are tyrosine kinase receptors that play an essential role in
controlling the cellular proliferation of the cancer cells including neu-
roblastoma cells.”*"* The VEGFRs family consists of three members
including VEGFR-2 which plays an important role in cancer angiogen-
esis. Blocking of EGFR and VEGFR-2 signaling pathway might regulate
the growth of neuroblastoma cancer cells which are interesting ap-
proaches for cancer therapy.*>*°

The docking simulations were performed using Autodock 4.2 soft-
ware as an automated tool for predicting the binding mode by the
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Fig. 2. The propargylamine mycophenolate derivatives showed noteworthy and selective cytotoxicity against lung (A-549) and neuroblastoma (SH-SY5Y) can-

cers cells.

Table 3
Molecular docking analysis of CDK9/cyclin T with propargylamine-MPA 6a. The
binding energies were evaluated using AutoDock.

Table 5
Molecular docking analysis of VEGFR-2 with propargylamine-MPA 6a. The
binding energies were evaluated using AutoDock.

Compound  Binding Intermolecular Intermolecular Compound  Binding Intermolecular hydrogen Intermolecular
energy hydrogen bonding hydrophobic energy bonding hydrophobic contacts
(kcal/mol) R R R contacts (kcal/mol) K - ,
Amino acids Distance Amino acids Distance
interaction @A) interaction A
6a —13.46 Cys106 2.89 1le25, Phel05, 6a —16.09 Asp1046 3.19 Cys919, Leul035,
Lys151 3.04 Ala46, Leul56 Lys868 3.36 Ala866, Leu889,
Asnl154 2.88 Val899
Propargylamine-MPA 6a exhibited the low binding energy values of
Table 4 —13.46 kcal/mol with CDK9 and showed the formation of key hydrogen

Molecular docking analysis of EGFR with propargylamine-MPA 6a. The binding
energies were evaluated using AutoDock.

Compound  Binding Intermolecular hydrogen Intermolecular
energy bonding hydrophobic contacts
kcal/mol
(keal/mol) Amino acids Distance
interaction (A)
6a —14.06 Met793 3.25 Leu753, Met742,
Lys721 3.15 Leu834, Leu764, and

Val702

selective analog 6a (Table 3-5) with the X-ray crystallographic structure
of CDK9, EGFR protein kinases and VEGFR-2 receptor, obtained from
the Protein Data Bank with PDB code 3LQ5, 4HJO and 4ASD,
respectively.

bonds of the lactone group of MPA interacted with Cys106 residues
(Fig. 3). Moreover, the methyl ester group showed hydrogen bonding
interaction with Lys151 and Asnl54. Interestingly, the phenyl and
alkyne moiety in compound 6a rests in a hydrophobic pocket formed by
Ile25, Ala46, and Leul56 as a key residue. Based on the binding inter-
action, compound 6a interact with the key amino acid residues at the
active site of CDK9.

In order to rationalize the observed SARs, analog 6a was investigated
for the binding orientation with EGRF. Compound 6a displayed binding
energy value of —14.06 Kcal/mol with EGRF (Table 4). The oxygen atom
of propargylether and the carbonyl group of ester formed the two
hydrogen bonds Met769 and Lys721 residues respectively (Fig. 4). As
expectation, the phenyl piperazine of 6a is located in the active region
and promotes hydrophobic interactions with Leu753, Met742, Leu834
and Leu764. Additionally, the propargyl group displayed interactions
with Val702.
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Fig. 3. Docking of 6a into the active site of CDK9. (a) The protein structure is shown in ribbon and propargylamine-MPA 6a is shown as stick model. (b) 2D
interaction molecular docking diagrams. Hydrogen bonds are shown as green dashed lines. (¢) Protein residues are in surface representation.



P. Silalai et al. Bioorganic & Medicinal Chemistry Letters 45 (2021) 128135

Fig. 4. Docking of 6a into the active site of EGFR. (a) The protein structure is shown in ribbon and propargylamine-MPA 6a is shown as stick model. (b) 2D
interaction molecular docking diagrams. Hydrogen bonds are shown as green dashed lines. (c) Protein residues are in surface representation.
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Fig. 5. Docking of 6a into the active site of VEGFR-2. (a) The protein structure is shown in ribbon and propargylamine-MPA 6a is shown as stick model. (b) 2D
interaction molecular docking diagrams. Hydrogen bonds are shown as green dashed lines. (c) Protein residues are in surface representation.

Similarly, propargylamine-MPA 6a was investigated for the binding
orientation into the active site of VEGFR-2 and exhibited the lowest
binding energy —16.09 kcal/mol (Table 5). Compound 6a displayed the
formation of the two hydrogen bonds of the lactone ring with Lys868
and the propargylether with the key amino acid Asp1046 (Fig.5). Other
parts of the molecule showed hydrophobic interactions with Cys919 as a
key residue, Leu1035, Ala866, Leu889, Val899. These results indicated
that propargylamine-MPA 6a had potential to be the novel VEGFR-2
inhibitors.

Molecular docking simulation with all three proteins supported the
observed high activity of 6a. The propargyl ether and substituted phenyl
group of MPA analog 6a showed a strong hydrogen bond and displayed
good hydrophobic interaction while compound 6v with low cytotoxicity
showed less interaction. The calculated binding potential of 6v
comparing with 6a are represented in Table S1 and Figs. S1-S3. (SI, page
S41-S43), which led to a more clear understanding of the cytotoxicity
against neuroblastoma SH-SY5Y cell lines provided by these
interactions.

In summary, a simple and highly efficient method for the synthesis of
propargylamine-MPA analogues through A3-coupling reaction is re-
ported. It provides good functional group compatibility, atom economy
and highly quantitative yields of designed product without a co-catalyst
or activator. Water is the only byproduct. All propargylamine MPA an-
alogues were evaluated for their in vitro cytotoxity. Among tested
compounds, phenylpiperazine MPA 6a, chloro-diphenylpiperazine MPA
6j, hydroquinoline MPA 6t and 6u, and butylaniline MPA 6z showed
selective and promising inhibition against SH-SY5Y cancer cell lines.
They exhibited little evidence of toxicity toward human normal cells
relative to MPA 1 and the drug, ellipticine. Computational studies
revealed that 6a possesses a high affinity with CDK9 (—13.46 kcal/mol),
EGFR (-14.06 kcal/mol), and VEGFR-2 (—16.09 kcal/mol). Our results

demonstrated the propargyl ether and substituted phenyl group of MPA
play very significant roles in cytotoxic activity against neuroblastoma
SH-SY5Y cell lines. Propargylamine-MPA analogues could serve as a
promising candidate for further studies as an anticancer agent against
neuroblastoma.
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