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Abstract: New aryl-hydrazinyl-1,3-selenazole and aroyl-hydrazonyl-1,3-selenazoles were
synthesized via Hantzsch type condensation reactions of selenosemicarbazides with
a-halogenocarbonyl derivatives, under classical versus microwave heating conditions.
Excellent yields and shorter reaction times were obtained under irradiation conditions. The
structures of the synthesized compounds were assigned based on spectroscopic data
(FT-IR, 'H-NMR), MS and elemental analysis. Selenazole derivatives were screened for
their anti-proliferative effects against two leukemia cell lines (CCRF-CEM and HL60) and
three carcinoma cell lines (MDA-MB231, HCT116 and US7MG).
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1. Introduction

Selenium is an essential element for organisms, but its beneficial effects on human health are
strongly dependent on concentration and on chemical form. The ingestion of foodstuffs with an
elevated selenium content can induce toxicity [1], while a low concentration of Se leads to a deficient
status [2].

In the last decade various organic selenium derivatives have been synthesized and tested for their
biological properties such as free radical scavengers [3—6], superoxide anion-scavenging activity [7],
inhibitors for different types of cancer cell proliferation [8—13], antioxidant activity [14—16] and
anti-inflammatory activity or inhibitory effects on microglial activation [17]. Besides the beneficial
effects, the toxic effects of selenium derivatives are well known; for example, the mutagenic effect
induced by the sodium selenite in the yeast Saccharomyces cerevisiae is associated with the ability to
act as an oxidizing agent producing superoxide and oxidative damage to DNA [18]. The genotoxic and
cytotoxic effects of organoselonium derivatives in human leukocyte cells and V79 Chinese lung
fibroblast cells can be associated to the pro-oxidant activity exhibited by selenium compounds when
used in relatively high concentrations [19,20].

A literature survey reveals that the Hantzsch condensation (with changes in reaction conditions or
catalysts) [21] appeared to be most frequently employed protocol for the synthesis of 1,3-selenazole
derivatives. In our previous work, the lipophilicity and anticancer activity of a number of selenazole
derivatives were investigated to better understand the correlation between drug delivery and
permeation across a biological membrane [22-24]. Continuing our effort in the synthesis and in the
characterization of the biological activity of new selenazole derivatives, we describe here the results of
our investigations regarding the anti-proliferative effects against two leukemia cell lines and three
carcinoma cell lines. To improve the reaction conditions, and encouraged by our previous results [25-27],
microwave-assisted synthesis was used. The most important advantages induced by microwaves in
organic synthesis consist in reduced reaction times, high yields and enhanced reaction rates [28].

2. Results and Discussion

The new arylidenehydrazinoselenazoles 3a—e and aroylhydrazinoselenazoles Sa—c¢ were prepared
via Hantzsch condensation reactions of a selenosemicarbazone or benzoylselenosemicarbazide
with a series of a-halocarbonyl derivatives. Some of the starting materials, namely aryliden-
selenosemicarbazones 1-2 and p-methoxybenzoylselenosemicarbazide 4, were obtained by the
reaction of the corresponding aromatic carbaldehydes or methoxybenzoyl chloride with
selenosemicarbazide (Scheme 1). Moderate yields were obtained using the classical reaction
conditions, regardless of the various solvents tested (ethanol, acetone), and decomposition was
observed when the reaction mixture was refluxed. To improve the yields and the reaction time,
microwave irradiation was used instead of stirring the reaction mixture at room temperature.
Experiments were therefore conducted at different temperatures (40 °C, 60 °C or 90 °C) and
irradiation times (30', 60' and 90' respectively) to identify the optimal synthesis conditions. The best
yields were obtained after 60 min of microwave irradiation at 60 °C inside the reaction vessel
(temperatures above 90 °C cause decomposition of the reaction products).
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Scheme 1. Synthesis of 1,3-selenazole derivatives.
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A comparison of the two alternative techniques (see Table 1), microwave irradiation and the

reaction at room temperature, emphasizes the advantages of microwave-assisted synthesis, which

affords almost quantitative reaction yields in much shorter reaction times.

Table 1. Comparative yields in the synthesis of selenazole derivatives, under microwave

irradiation and without heating.

Compounds 33 3b 3¢ 3d 3¢ 5a 5b 5S¢
Yield (%)MW*®* 93 92 95 94 91 94 93 &7
Yield (%) " 52 51 56 56 60 57 63 67

*W irradiation, power P =200 W, time 60 min; ® Without heating, room temperature, time 1,440 min.

The structures of the newly-synthesized compounds were confirmed by their 'H-NMR, MS and FT-

IR spectra. In the 'H-NMR spectra of selenazoles 3a—e the most deshielded signal is a singlet around

8.1-8.9 ppm, assigned to the azomethine proton (CH=N). Other characteristic signals for compounds

3a—e and Sa—c are the two doublets generated by the aromatic protons from the phenyl ring. For

example, these signals appear at 6.99 ppm, 7.66 ppm in the spectrum of selenazole 3a, at 6.99 ppm,

7.68 ppm for selenazole 3b, and 7.03 ppm, 7.95 ppm for selenazole 5a.
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The typical abundances for selenium isotopes '°Se(9.37%), ''Se(7.63%), "*Se(23.77%), *'Se(49.61%)
and %Se(8.73%) [29,30] are present in the EIMS spectra. The molecular ion, accompanied by the
isotopic peaks confirms the molecular weight of the selenazole derivatives [i.e., in the EIMS spectra
for compound 5b, all the isotopic peaks for selenium are present, 351("Se), 350(""'Se), 349("°Se),
353 (*Se), 355 (¥Se)].

The synthesized compounds were screened for their anti-proliferative effects against two leukemia
cell lines, CCRF-CEM and HL60, and three carcinoma cell lines MDA-MB231, HCT116 and
US7MQG, in a protocol employing the resazurin assay. The cut-off point for compounds exhibiting
good cytotoxic properties is considered as 10 pM for the ICsy value following incubation between
48 and 72 h [31]. Values below this threshold were recorded with all studied compounds against the
leukemia CCRF-CEM, showing that they could be useful in the development of anticancer compounds
for this cell line. Additionally, compounds with the 1Cs, values closer to 10 uM (3e - 12.86 uM, Sc -
11.94 uM and 4 - 10.62 uM) could also be suggested as useful cytotoxic compounds against leukaemia
HL 60 cells. However, none of the compounds were as active as the reference drug doxorubicin.
Although no significant anti-proliferative effects were noted against the three studied adherent cell
lines, MDA-MB231, HCT116 and U87 MG, most of the compounds were active - with the ICs, values
below 50 uM in the majority of the cases (Table 2).

Table 2. ICs, values of the newly-synthesized compounds, versus doxorubicin.

Cell lines and ICs, values (uM)

Compounds - R F-CEM HL60 MDA-MB231 HCT116 USTMG
3a 636+0.66  48.44+11.14 >11331 >113.31 >113.31
3b 8874252 1442423431 T2.60+47.56  5337+8.67  66.53+6.36
3¢ 5.11+0.30 27.67+845  8524+600  3596+4.17 6541 +047
3d 9.97 + 1.58 1724+1.66  42.68+1.18  3513+3.77  3032+1.08
3e 8.40 £2.15 1286+199  6572+037  46.14+097  59.12+5.97
4 6.88 + 1.53 10624088  21.98+0.63 23514086  27.56=10.02
5a 833 +2.03 2088+0.17  61.19+486  2499+258  29.80+1.68
5b 6.43 + 0.96 13234012 1690+455  2225+1.66  20.95=1.62
5¢ 5.67 +3.87 11944072  29.19+192  3466+321  2522+723

Doxorubicin  0.20 % 0.06 0.73 £ 0.20 1.10 £ 0.28 141 £0.29 1.06 £0.15

3. Experimental
3.1. General

All chemicals were obtained from standard commercial sources unless otherwise indicated.
Compounds 1, 2, and 4 were prepared according to literature procedures [32,33]. Microwave irradiation
was performed in a CEM Discover LabMate reactor. Melting points were measured with an Electrothermal
IA 9200 apparatus, and are uncorrected values. 'H-NMR spectra were recorded in acetone-dg (locked
to Me4Si) using a 300 MHz or 400 MHz Bruker Avance NMR spectrometer. FT-IR spectra were
recorded using a Bruker Vector 22 spectrometer. Elemental analysis was carried out on a Vario EL III
instrument. The mass spectra were recorded on a Shimadzu QP 2010 Plus GC-MS instrument.
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3.2. General Procedure for the Preparation of Arylhydrazinoselenazoles 3a—e

(a) A solution of a-halocarbonyl derivative (2 mmol) in anhydrous acetone (5 mL) was added to a
solution of benzylidenehydrazinecarboselenoamide derivative (2 mmol) in DMF (5 mL). The reaction
mixture was stirred at room temperature for 24 h and then neutralized at pH = 7 with NaHCO3 aqueous
solution (10%).. The precipitate was filtered and then recrystallized from ethanol.

(b) A solution of a-halocarbonyl derivative (2 mmol) in anhydrous acetone (5 mL) was added to a
solution of benzylidenehydrazinecarboselenoamide derivative (2 mmol) in DMF (5 mL). The reaction
mixture was introduced in a microwave reaction vessel, which was then sealed and subjected to
microwave irradiation. The reaction mixture was subsequently neutralized at pH = 7 with NaHCOs3
aqueous solution (10%). The obtained precipitate was filtered and then recrystallized from ethanol.
Experimental parameters for all derivatives are listed in Table 1.

(E)-Ethyl 2-[2-(4-methoxybenzylidene)hydrazinyl]-1,3-selenazole-4-carboxylate (3a). White-yellowish
crystals; yields: 36.7 mg, 52% (method a), 65.6 mg, 93% (method b); m.p. 216-217 °C; IR (KBr v
em ): 3181 (vam), 3113 (ven), 1714 (Veoester), 1612 (veen), 1578, 1551, 1512 (Ve-caromatic); EIMS (m/z):
355/353, 351/350, 349 (M"), 307, 134 (100%);. '"H-NMR (300 MHz) &: 1.31 (t, 3H, CHs, °J = 7 Hz),
3.84 (s, 3H, OCH3), 4.26 (q, 2H, CH,, °J =7 Hz), 6.99 (d, 2H, *J = 8.7 Hz), 7.66 (d, 2H, *J = 8.7 Hz),
8.13 (s, 1H, CH), 8.18 (s, 1H, CH-Se); Anal. calcd. for C14H;sN3;OsSe: C 47.74, H 4.29, N 11.93, O
13.63, Se, 22.42; found: C 47.76, H 4.25, N 11.98, O 13.54.

(E)-1-[2-(2-(4-Methoxybenzylidene)hydrazinyl)-4-methyl-1,3-selenazol-5-yl]ethanone (3b). Brown
crystals; yields: 34.3 mg, 51% (method a), 62 mg, 92% (method b); m.p. 209-210 °C; IR (KBr v
cm ): 3184 (van), 3030 (ven), 1699 (Veoeetone), 1614 (veen), 1575, 1550, 1511 (Ve—caromatic); EIMS
(m/2): 339/337, 335/334, 333 (M"), 294 (100%); 'H-NMR (300 MHz) &: 2.40 (s, 3H, CH3), 2.49 (s,
3H, CHs), 3.84 (s, 3H, CHs), 6.99 (d, 2H, *J = 8.7 Hz), 7.68 (d, 2H, *J = 8.7 Hz), 8.19 (s, 1H, CH=N);
Anal. calcd for C4H;sN30,Se: C 50.01, H 4.50, N 12.50, O 9.52, Se 23.48; found: C 50.04, H 4.52, N
12.51, O 9.46.

(E)-4-(Chloromethyl)-2-[2-(4-methoxybenzylidene) hydrazinyl]-1,3-selenazole (3¢). White crystals;
yields: 36.7 mg, 56% (method a), 62.4 mg, 95% (method b); m.p. 183—184 °C; IR (KBrv cm '): 3182
(v~n), 3058 (ven), 1610 (ve=x), 1576, 1551, 1510 (Ve=caromatic); EIMS (m/z):331/329, 327/326, 325
(M"), 294, 134 (100%); 'H-NMR (300 MHz) &: 3.83 (s, 3H, CHs), 4.5 (s, 2H, CH,Cl), 6.98 (d, 2H, °J
= 8.7 Hz), 7.27 (s, 1H, Se-CH), 7.64 (d, 2H, *J = 8.7 Hz), 8.10 (s, 1H, CH=N); Anal. calcd for
C12H,CIN3OSe: C 43.85, H 3.68, C1 10.79, N 12.79, O 4.87, Se 24.03; found: C 43.87, H 3.69, N
12.81, 0 4.82.

(E)-1-[2-(2-(4-Chlorobenzylidene)hydrazinyl)-4-methyl-1,3-selenazol-5-yl]ethanone ~ (3d). = Brown
crystals; yields: 38.1 mg, 56% (method a), 64 mg, 94% (method b); m.p 179-180 °C; IR (KBr v cm ')
3184 (vnn), 2993 (vcn), 1703 (Vo cetone)s 1613 (ve=n), 1577, 1551, 1511 (Ve=caromatic); EIMS (m/z):
343/341, 339/338, 337 (M"), 298, 188, 138 (100); 'H-NMR (300 MHz) &: 2.41 (s, 3H, CH3), 2.5 (s, 3H,
CHs), 7.42 (d, 2H, °J = 7.3 Hz), 7.7(d, 2H, °J = 7.3 Hz), 8.14 (s, 1H, CH=N). Anal. calcd for
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Ci3Hi2CIN3OSe: C 45.83, H 3.55, CI, 10.41, N 12.33, O 4.70, Se, 23.18; found: C 45.86, H 3.58, N
12.35, 0 4.62.

(E)-Ethyl 2-[2-(4-chlorobenzylidene)hydrazinyl]-1,3-selenazole-4-carboxylate (3e). White-yellowish
crystals; yields: 42.8 mg, 60% (method a), 64.9 mg 91% (method b); m.p. 240-241 °C; IR (KBr v
cm '): 3182 (van), 3002 (ven), 1722 (Veoester), 1614 (veen), 1576, 1550, 1512 (Ve=caromaiic); EIMS (m/z):
359/357(100%), 355/354, 325 (M"), 311, 246, 138, 111; '"H-NMR (300 MHz) & : 1.24 (t, 3H, CH;,
3J =7 Hz), 4.16 (q, 2H, CH,, °J = 7 Hz), 7.53 ppm (d, 2H, *J = 7.6 Hz), 7.97 (d, 2H, °J = 7.6 Hz), 8.13
(s, 1H, CH), 8.33 (s, 1H, CH-Se). Anal. calcd for C;3H;,CIN;0O,Se: C 43.78, H 3.39, Cl, 9.94; N 11.78,
0 8.97, Se, 22.14; found: C 43.80, H3.41, N 11.79, O 8.93.

3.3. General Procedure for the Preparation of Aroylhydrazinoselenazoles 5a—c

(a) A solution of a-halogenocarbonyl derivative (2 mmol) in anhydrous acetone (5 mL) was added
to a solution of 2-(4-methoxybenzoyl)hydrazinecarboselenoamide 4 (54.7mg, 2 mmol) in DMF (5 mL).
The reaction mixture was stirred at room temperature for 24 h and then neutralized at pH = 7 with
NaHCOj; aqueous solution (10%). The precipitate was filtered and then recrystallized from ethanol.

(b) A solution of a-halogenocarbonyl derivative (2 mmol) in anhydrous acetone (5 mL) was added
to a solution of 2-(4-methoxybenzoyl)hydrazinecarboselenoamide 4 (54.7mg, 2 mmol) in DMF (5 mL).
The reaction mixture was introduced in a microwave reaction vessel, which was then sealed and
subjected to microvawe irradiation. The reaction mixture was subsequently neutralized at pH = 7 with
NaHCO; aqueous solution (10%). The obtained precipitate was filtered and then recrystallized from
ethanol. Experimental parameters for all derivatives are listed in Table 1.

Ethyl 2-[2-(4-methoxybenzoyl)hydrazinyl]-4-methyl-1,3-selenazole-5-carboxylate (5a). White crystals;
yields: 43.6 mg, 57% (method a), 72 mg, 94% (method b); m.p. 177-178 °C; IR (KBr v cm '): 3412,
3176 (vNn), 2982, 2838 (vcn), 1700 (Veoester)s 1631 (Veoamide), 1587, 1531 (Ve=caromatic); EIMS (m/z):
385/383, 381/380, 379 (M), 135 (100%); 'H-NMR (400 MHz) &: 1.23 (t, 3H, CHs, >J =7 Hz), 2.43 (s,
3H, CH3), 3.84 (s, 3H, CH3), 4.16 (q, 2H, CH,, >J =7 Hz), 7.03 ppm (d, 2H, *J = 8.2 Hz), 7.95 (d, 2H,
3J=82 Hz); Anal. calcd for C;sH7N304Se: C 47.13, H 4.48, N 10.99, O 16.74, Se, 20.66; found: C
47.15,H4.50,N 11.01, O 16.23.

N'-(5-Acetyl-4-methyl-1,3-selenazol-2-yl)-4-methoxybenzohydrazide (5b). White crystals; yields: 44
mg, 63% (method a), 65.6 mg, 93% (method b); m.p. 186-187 °C; IR (KBrv cm '): 3412, 3211 (vxn),
3097, 2946 (vcn), 1696 (Vo cetone)s 1635 (Vo amide)s 1596, 1532 (Ve=caromatic); EIMS (m/z): 355/353,
351/350, 349 (M"), 135 (100%); 'H-NMR (300 MHz) &: 2.4 (s, 3H, CH3), 2.46 (s, 3H, CH3), 3.89
(s, 3H, CHs), 7.05 (d, 2H, *J = 8.5 Hz), 7.96 (d, 2H, *J = 8.5 Hz); Anal. calcd. for C4H;sN;OsSe:
C47.74,H4.29,N 11.93, O 13.63, Se 22.42; found: C 47.76, H 4.31, N 11.95, O 13.54.

4-Methoxy-N'"-(4-methyl-1,3-selenazol-2-yl)benzohydrazide (5c). White crystals; yields: 41.6 mg, 67%
(method a), 54.1 mg 87% (method b); m.p. 265-266 °C; IR (KBr v cm '): 3399, 3208 (vau), 3093,
2944 (vcn), 1633 (Veo amida), 1591, 1526 (Ve=caromatic); EIMS (m/z): 313/311, 309/308, 307 (M+), 135
(100%). "H-NMR (400 MHz); &: 2.4 (s, 3H, CHs), 3.8 (s, 3H, CH3), 7.05 (d, 2H, °J = 8.5 Hz), 7.12(s, 1H,
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Se-CH), 7.95 (d, 2H, *J = 8.5 Hz); Anal. calcd. for C;;H;3N30,Se: C 46.46, H 4.22, N 13.55, O 10.32,
Se 25.45; found: C 46.43, H 4.25, N 13.53, O 10.30.

3.4. Cytotoxicity Assay

The resazurin reduction assay [34] was performed to assess the cytotoxicity of the newly-
synthesized compounds towards various sensitive and resistant cancer cell lines, including the
leukemia CCRF-CEM, HL60, breast MDA-MB231, colon HCT116 and glioblastoma U87MG. The
assay is based on the reduction of the indicator dye, resazurin, to the highly fluorescent resorufin by
viable cells. Non-viable cells rapidly lose their metabolic capacity to reduce resazurin and, thus, do not
produce fluorescent signals anymore. Briefly, adherent cells were detached by treatment with 0.25%
trypsin/EDTA (Invitrogen, Darmstadt Germany) and an aliquot of 1 x 10* cells was placed in each
well of a 96-well cell culture plate (Thermo Scientific, Langenselbold, Germany) in a total volume of
200 pL. Cells were allowed to attach overnight and then were treated with different concentrations of
compounds. For suspension cells, aliquots of 2 x 10 cells per well were seeded in 96-well-plates in a
total volume of 100 pL. The studied compound was immediately added in varying concentrations in an
additional 100 pL of culture medium to obtain a total volume of 200 uL/well. After 72 h, resazurin
(Sigma-Aldrich, Schnelldorf, Germany) (20 pnL, 0.01% w/v) in ddH,O was added to each well and the
plates were incubated at 37 °C for 4 h. Fluorescence was measured on an Infinite M2000 Pro™ plate
reader (Tecan, Crailsheim, Germany) using an excitation wavelength of 544 nm and an emission
wavelength of 590 nm. Each assay was done at least twice with six replicates each. The viability was
evaluated based on a comparison with untreated cells. ICsy values represent the compound
concentrations required to inhibit 50% of cell proliferation and were calculated from a calibration
curve by linear regression using Microsoft Excel.

4. Conclusions

In conclusion, we have carried out, in high yield and short reaction times, the synthesis of eight new
1,3-selenazole derivatives by microwave irradiation. The new 1,3-selenazoles were investigated for
anti-proliferative effects against two leukemia cell lines (CCRF-CEM and HL60) and three carcinoma
cell lines (MDA-MB231, HCT116 and U87MG) and show moderate biological in vitro activity.
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