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Abstract A new class of Mannich bases 9-26, derivatives of 2-amino-1H-benzimidazole, were obtained in the
condensation of Schiff bases 1-4 or 2-benzylaminobenzimidazoles 5-8 with selected secondary amines: mor-
pholine, piperidine, N-methylpiperazine, N-phenylpiperazine, 1-(2-pyridyl)piperazine, 1(2-methoxyphenyl)pi-
perazine, 1-(2-pyrimidinyl)piperazine and formaldehyde in ethanol. The pyrimido[1,2-aJbenzimidazole deriva-
tives 27-29 have been synthesized in the reactions of Schiff base 2 with selected compounds containing active
methylene group: acetylacetone, benzoylacetone and malononitrile. The structures 1-29 were confirmed by the
results of elementary analysis and their IR, 'H- and "C-NMR spectra. The products 1-29 are of interest for bio-
logical studies and can be substrates for further synthesis. All compounds were screened against the cells of
MV4-11 human leukemia and then the most active of them 5, 7, 9-16, 24-26, 28, 29 were tested towards human
T47D breast and A549 lung cancer cells as well as normal mouse fibroblasts (BALB/3T3). The most active
compound against the cancer cell lines was 4-amino-3-cyano-2-(4-hydroxyphenylene)-1,2-dihydropyrimi-
do[1,2-a]benzimidazole (29) (ICs, 0.23 + 0.05 ug/mL against MV4-11 cells) showing in parallel very low cyto-
toxicity towards mouse fibroblasts. Cisplatin was the control drug.
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The Mannich reaction is very important for the
synthesis of biologically active compounds (1).
Many studies have shown that Mannich bases pos-
sess potent biological activities: analgesic (2), anti-
malarial (3), anticonvulsant (4, 5), antipsychotic (6)
or antimicrobial (7-10). The structure of the
Mannich bases possess currently used drugs (11)
with diverse pharmacological activity e.g., tramadol
- an opioid pain reliever, procyclidine - used for the
treatment of drug-induced parkinsonism, molindon -
neuroleptic, falicain - used for local anesthesia in
laryngology and rolitetracycline - a tetracycline
antibiotic (Fig. 1).

The problem of treatment of neoplastic dis-
eases forces to search for new compounds, also
Mannich bases. The most recent medicinal chem-
istry publications (12-23) have reported that the
Mannich bases, derivatives of the various heterocy-
cles, show in preliminary tests antiproliferative
activity in vitro against human tumor cell lines. In a
few publications (12, 13), the authors revealed the

* Corresponding author: e-mail: anna.nowicka@umed.wroc.pl

951

possible mechanism of their antitumor effects by
molecular docking studies.

In our recently published work (14) Mannich
bases, derivatives of 2-thioxo-imidazo[4,5-b]pyri-
dine, exhibited good antiproliferative activity in vitro
against cancer cell lines: breast (MCF-7), lung
(A549) and leukemia (MV4-11). The most active
and in parallel selective towards cancer cells was 1-
benzyl-6-bromo-3-morpholinemethyl-2-thioxoimi-
dazo[4,5-b]pyridine. Compounds derived from 4-
piperazinylquinoline and isatin (15) exhibited prom-
ising anticancer activity in vitro against human breast
cancer cell lines (MDA-MB468, MCF-7). The
Mannich bases, derivatives of 3-aminomethyl-2-ary-
loimidazo[2,1-b]benzothiazole were active against
two breast cancer cell lines (MCF-7, HeLa) and liver
cancer cell line (HepG2). The most active, among all
obtained compounds, was 3-pyrrolidineamino-2-
phenyl-6-fluoroimidazo[2,1-b]benzotiazole (16).

There is a new approach in the drug discovery
that combines two or more pharmacophores with
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Figure 1. Selected drugs — Mannich bases

anticancer activity into a single molecule. Schiff and
Schiff-Mannich bases are also common pharma-
cophores in the design and development of anti-
cancer agents. Schiff bases also demonstrate inter-
esting pharmacological activities including antidia-
betic (24), antioxidant (25), antimicrobial (26-28),
antitumor and anticancer (29) activities.

Significant activity against breast cancer line
(MCEF-7) exhibited Mannich-Schiff base derivatives
of isatin-benzmidazole and isatin-thiazoline (17).
Higher activities possess isatin-benzimidazole
derivatives. They contained in their structures sub-
stituents e.g., morpholinmethyl, piperidinmethyl, N-
phenylpiperazinemethyl, N-(2-methoxyphenyl)pi-
perazinemethyl or N-methylpiperazinemethyl. The
cytotoxic effects in vitro against liver cancer cell line
(HepG2) demonstrated Schiff and Mannich bases,
derivatives of 5-substituted-4-amino-3-thioxo-1,2,4-
triazole (18).

Another way to search for biologically active
compounds, including the anticancer activity, is to
modify the chemical structure of known drugs of
various pharmacological activity or natural com-
pounds. This chemical modification could change
the profile of action of new synthesized com-
pounds. An interesting example was the use of
ofloxacin — antibacterial drug, as a substrate in
Schiff and then Mannich condensations with N-
methylpiperazine and formaldehyde. New products
which possess anticancer activity in vitro, have
been obtained (19). Via the Mannich condensation,
anticancer prodrugs of anthracycline antibiotics:
doxorubicin and daunorubicin, which contain in
their structure polyethylene glycols (PEGs), have
been synthesized. PEGs are potential drug carriers
for improving the therapeutic index of anticancer
agents. Obtained prodrugs, at the same dose,

showed comparable cytotoxicity as anthracyclines,
but have prolonged time of action (20). 60.7f-
Dihydroxyvoucapan-17f-oic acid (21), isolated
from the fruit of the Brazilian plant Pterodon poly-
galaeflorus, possesses anti-inflammatory and anal-
gesic activity. The aminomethylation of this diter-
penoid led to six compounds, which showed
antiproliferative activity in vitro against nine
human cell lines (UACC-62, MCF-7, NCI-
ADR/RES, 786-0, NCI-H460, PC-3, OVCAR-036,
HT-29, K562).

Synthesis of new 2-aminobenzimidazole deriv-
atives, possessing anticancer activity, is now one of
the most important directions of research conducted
on this group of compounds. 2-Aminobenzimid-
azole-based compounds demonstrated high cytotox-
ic activity against human cancer cell lines: lung
(A549), breast (MCF-7) and leukemia (HL-60) (30).
The main goal of this paper was to synthesise Schiff
bases, in reaction of 2-aminobenzimidazole with
selected aromatic aldehydes and its chemical modi-
fication: by reduction of obtained imines, Mannich
condensation or/and reaction with selected com-
pounds containing active methylene group. All the
synthesised compounds were examined for their
antiproliferative activity in vitro against human can-
cer cell lines: leukemia (MV4-11), breast (T47D)
and lung (A549) and also mouse fibroblast cell line
(BALB/3T3).

EXPERIMENTAL

Chemistry

Melting points were measured with a Boetius
melting point apparatus. The new products were
analyzed using a Perkin Elmer 2400 analyzer. IR
spectra (in KBr) were recorded with an IR 75 spec-
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trophotometer, 'H- and "C NMR spectra — on a
Bruker AVANCE DRX 300 MHz apparatus using
DMSO-d, as an internal standard. The course of
reaction and the purity of products were checked by
TLC (Kieselgel G, Merck) in diethyl ether : ethanol
5:1, v/v as eluent.

The synthesis of 2-aminobenzimidazole (31)
and Schiff base 4 (32) have been presented in our
previous articles.

General procedure for the preparation of com-
pounds 1-4

Reaction of 2-aminobenzimidazole with select-
ed aromatic aldehydes: salicylic, 4-hydroxy-, 3-
hydroxy- and 2-chlorobenzaldehyde. To a solution
of 2-aminobenzimidazole (0.01 mol) in ethanol (30
mL) appropriate aromatic aldehydes were added and
catalyst Triflate was used. The solution was refluxed
ca. 8-10 h (TLC control). After cooling, the precipi-
tate was filtered, washed with diethyl ether, dried
and crystallized from appropriate solvent.

2—(Salicylideneamino)benzimidazole (1)

Obtained as a yellow precipitate, yield 1.80 g
(76%); crystallized from ethanol; m.p. 222-223°C;
IR (KBr, cm™): 3650 (OH), 3420 (NH), 3080, 1600
(ring), 1520 (C=C, C=N), 1260, 1230 (OH), 760
(CH arom.); '"H NMR (300 MHz, DMSO, §, ppm):
7.01 (m, 2H, Ar-H), 7.20 (m, 2H, Ar-H), 7.48 (m,
3H, Ar-H), 7.86 (d, 1H, J = 7.2 Hz, Ar-H), 9.67 (s,
1H, -CH=N-), 12.13 (s, 1H, -OH), 12.73 (s, 1H,
-NH, imidazole); Analysis: calcd. for C,,H,;N;O
(237.26): C 70.87, H 4.67, N 17.71%; found: C
70.47, H4.63, N 17.70%.

2-(4-Hydroxybenzylideneamino)benzimidazole (2)

Obtained as a yellow precipitate, yield 1.88 g
(79%); crystallized from ethanol; m.p. 267-269°C;
IR (KBr, cm™): 3360 (NH), 3080 (CH arom.), 1635
(CH=N, ring), 1500, 1520 (C=C), 1260 (C-O-H),
840 (CH), 730 (CH); '"H NMR (300 MHz, DMSO, 9,
ppm): 6.95 (d, 2H, J = 8.7 Hz, Ar-H), 7.15 (m, 2H,
Ar-H), 7.47 (m, 2H, Ar-H), 7.92 (d, 2H, J = 8.7 Hz,
Ar-H), 9.31 (s, 1H, -CH=N-), 10.44 (s, 1H, -OH),
12.51 (s, 1H, -NH-, imidazole). Analysis: calcd. for
C,,H;\N;O (237.26): C 70.87, H 4.67, N 17.71%;
found: C 70.53, H 4.84, N 17.16%.

2-(3-Hydroxybenzylideneamino)benzimidazole
3)

Obtained as a yellow precipitate, yield 1.82 g
(77%); crystallized from toluene; m.p. 221-223°C;
IR (KBr, cm"): 3380 (NH), 3070 (-CH-), 1680
(CH=N ring), 1230 (C-O-H), 890, 780 (CH, arom.);

'H NMR (300 MHz, DMSO, 9, ppm): 7.04 (m, 1H,
Ar-H); 7.18 (m, 2H, Ar-H); 7.38 and 7.49 (t, 5H, J
=7.8 Hz + m, Ar-H); 9.37 (s, 1H, -CH=N-); 9.87 (s,
1H, -OH); 12.67 (s, 1H, -NH-, imidazole). Analysis:
calcd. for C,H,;N;0 (237.26): C 70.87, H 4.67, N
17.71%; found: C 70.82, H 4.90, N 17.59%.

General procedure for the preparation of com-
pounds 5-8

Reduction of azamethine bond in Schiff bases.
To a solution of Schiff bases 1-5 (0.01 mol) in iso-
propanol (60 mL) NaBH, (0.01 mol) was added. The
solution was refluxed for ca. 6 h. The solvent was
evaporated under reduced pressure, 200 mL of cold
water and ice was added to cold and dry residue. The
precipitate formed was filtered, washed with water
to neutral reaction. After drying, precipitates were
crystallized from appropriate solvent.

2-(Salicylamino)benzimidazole (5)

Obtained as a white precipitate, yield 1.82 g
(76%); crystallized from ethanol; m.p. 225-226°C; IR
(KBr, cm™): 3420 (NH), 2920 (-CH,-), 1600 (-CH-,
arom.), 1280 (C-OH), 760 (CH, arom.); 'H NMR
(300 MHz, DMSO, 8, ppm): 4.39 (d, 2H, J = 5.30 Hz,
-CH,-NH-), 6.83 (m, 2H, Ar-H), 6.92 (m, 2H, Ar-H),
7.17 (m, 4H, Ar-H), 7.30 (br, 1H, -CH,-NH-), 9.70 (s,
1H, -OH), 11.67 (s, 1H, -NH-, imidazole). Analysis:
caled. for C,H;;N;O (239.27): C 70.28, H 548, N
17.56%; found: C 70.17, H 5.47, N 17.53%.

2-(4-Hydroxybenzylamino)benzimidazole (6)

Obtained as a white precipitate, yield 1.82 g
(76%); crystallized from ethanol; m.p. 225-226°C;
IR (KBr, cm™): 3420 (NH), 3200 (OH), 2920 (CH),
2850 (-CH,-), 1600 (C=C), 1280 (C-OH), 1175,
820, 760; 'H NMR (300 MHz, DMSO, 6, ppm): 4.45
(d, 2H, J = 5.4Hz, -CH,-NH-), 7.10 (br, 1H, -CH,-
NH-), 7.12 (m, 2H, Ar-H), 7.35 (d, 2H, J = 8.6 Hz,
Ar-H), 7.60 (m, 2H, Ar-H), 8.03 (d, 2H, J = 8.6 Hz,
Ar-H), 9.30 (s, 1H, -OH); 11.0 (s, 1H, -NH-, imida-
zole). Analysis: caled. for C,H;N;0 (239.27): C
70.28, H 5.48, N 17.56%; found: C 70.16, H5.75, N
17.23%.

2-(3-Hydroxybenzylamino)-1H-benzimidazole
(7

Obtained as a white precipitate, yield 1.76 g
(74%); crystallized from ethanol; m.p. 200-202°C;
IR (KBr, cm™): 3410 (NH), 3080 (CH arom.), 2920
(-CH,-), 1280 (-C-O-H), 880, 730 (CH, arom.); 'H
NMR (300 MHz, DMSO, §, ppm): 4.43 (d, 2H, J =
5.5Hz, -CH,-NH-); 6.61 + 6.80 +7.08 (m, 9H, -CH,-
NH- and Ar-H); 9.39 (s, 1H, -OH), 11.76 (s, 1H, -
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NH-, imidazole). Analysis: calcd. for C,,H,,CIN;
(255.7): C 70.28; H 5.48; N 17.56%; found: C
70.44; H 5.62; N 17.55%.

2-(2-Chlorobenzylamino)-1H-benzimidazole (8)

Obtained as a white precipitate, yield 2.42 g
(94%); crystallized from dioxane; m.p. 104-106°C;
IR (KBr, cm™): 3080 (CH arom.); 3300 (NH); 2845
(-CH,-); 1600 (NH); 1575 (ring); 770 (CH arom.);
'H NMR (300 MHz, DMSO, 4, ppm): 4.59 (d, 2H,
J =5,4 Hz, -CH,-NH-); 6.87 (m, 2H, Ar-H); 7.12
(m, 3H, -CH,-NH- and Ar-H); 7.27 (m, 2H, Ar-H);
7.44 (m, 2H, Ar-H); 10.87 (s, 1H, -NH-, imida-
zole). Analysis: caled. for C,,H;;N;0 (239.5): C
65.25, H 4.88, N 16.30%; found: C 65.06, H 5.30,
N 15.96 %.

General procedure for the preparation of 9-26

The Mannich reaction. To a solution of appro-
priate Schiff bases 1-4 (0.01 mol) or 2-arylamino-
benzimidazoles 5-8 (0.01 mol) in ethanol (25 mL)
selected secondary amines: morpholine, piperidine,
N-methylpiperazine, N-phenylpiperazine, 1-(2-
pyridyl)piperazine, 1(2-methoxyphenyl)piperazine,
1-(2-pyrimidinyl)piperazine (0.01 mol) and 37%
formaldehyde (0.03 mol) were added. The mixture
was stirred at room temperature for ca. 4-6 h (TLC
control). The precipitate formed was filtered,
washed with diethyl ether, dried and crystallized
form appropriate solvent.

1-[(Piperidin-1-yl)methyl]-2-(salicylideneamino)
benzimidazole (9)

Obtained as a yellow precipitate, yield 2.10 g
(63%); crystallized from ethanol; m.p. 149-151°C;
IR (KBr, cm™): 3030 (CH, arom.), 2920 (-CH,-),
1600 (ring), 1580 (C=N), 1180 (C-O-H), 760 (CH,
arom.); 'H NMR (300 MHz, DMSO, 8, ppm): 1.45
(m, 6H, -CH,-CH,-CH,-, piperidine), 2.49 (m, 4H,
-CH,-N-CH,-, piperidine), 5.11 (s, 2H, -CH,-), 6.99
(m, 2H, -Ar-H), 7.23 (m, 2H, Ar-H), 7.49 (m, 1H,
Ar-H), 7.64 (m, 2H, Ar-H), 7.97 (d, 1H, J = 6.6 Hz,
Ar-H), 9.65 (s, 1H, -CH=N-), 9.72 (s, 1H, -OH). “C
NMR (300 MHz, DMSO, §, ppm): 165.57, 160.35,
154.31, 140.99, 135.90, 13491, 131.28, 122.33,
122.24, 120.03, 119.75, 118.59, 116.82, 111.32,
64.46, 51.25 (2C), 25.33 (2C), 23.39; Analysis:
calced. for C,0H,,N,O (334.41): C 71.83, H 6.63, N
16.75%; found: C 71.64, H 6.54, N 16.40%.

1-[(Morpholin-4-yl)methyl]-2-(salicylideneami-
no)benzimidazole (10)

Obtained as a yellow precipitate, yield 2.28 g
(68%); crystallized from ethanol; m.p. 153-154°C;

IR (KBr, cm"): 2920 (-CH,-), 1600 (ring), 1580
(C=N), 1180 (C-O-H), 760 (CH, arom.); 'H NMR
(300 MHz, DMSO, 9§, ppm): 2.56 (m, 4H, -CH,-
N-CH,-, morpholine), 3.53 (m, 4H, -CH,-O-CH,-,
morpholine), 5.13 (s, 2H, -CH,-), 7.02 (m, 2H,
Ar-H), 7.24 (m, 2H, Ar-H), 7.49 (m, 1H, Ar-H),
7.65 (m, 2H, Ar-H), 7.98 (m, 1H, Ar-H), 9.65 (s, 1H,
CH=N-), 9.74 (s, 1H, -OH). *C NMR (300 MHz,
DMSO, 4, ppm): 164.51, 160.38, 154.29, 141.03,
135.75, 134.92, 131.21, 122.43, 122.32, 120.08,
119.76, 118.67, 116.80, 111.17, 66.06 (2C), 63.73,
50.46 (2C); Analysis: calcd. for C,,H;;N;0 (239.5):
C 67.84,H 5.99, N 16.66%; found: C 67.61, H 5.67,
N 16.54%.

1-[(4-Methyl-piperazin-1-yl)methyl]-2-(salicyli-
deneamino)benzimidazole (11)

Obtained as a yellow solid, yield 1.88 g
(51%); crystallized from DMF; m.p. 157-161°C;
IR (KBr, cm™): 2950 (CH,), 2920 (-CH,-), 1600
(ring), 1540 (C=N), 1180 (C-O-H), 760 (CH,
arom.). 'H NMR (300 MHz, DMSO, 8, ppm): 2.13
(s, 3H, -CH;), 2.42 (m, 4H, -CH,-N-CH,-, piper-
azine), 2.80 (m, 4H, -CH,-N-CH,-, piperazine),
5.13 (s, 2H, -CH,-), 7.03 (d, 2H, J = 7.8 Hz, Ar-H),
7.24 (m, 2H, Ar-H), 7.58 (m, 3H, Ar-H), 7.97 (d,
1H, J =7.2 Hz, Ar-H), 9.41 (s, IH, -CH=N-), 9.73
(s, 1H, -OH). “*C NMR (300 MHz, DMSO, 3,
ppm): 164.65, 160.33, 154.32, 141.00, 135.90,
134.90, 131.27, 122.32, 122.23, 120.03, 118.60,
116.81, 116.73, 111.33, 64.46, 55.34 (2C), 51.25
(2C), 43.39; Analysis: calcd. for C,)H,;N;O
(349.43): C 68.74, H 6.63, N 20.04%; found: C
68.02, H 6.72, N 20.01%.

1-(Piperidin-1-yl)-2-(4-hydroxybenzylidenea-
mino)benzimidazole (12)

Obtained as a yellow precipitate, yield 0.841 g
(25%); crystallized from ethanol; m.p. 187-190°C;
IR (KBr, cm™): 2940 (-CH,-), 1600 (ring), 1450
(C=N), 1140 (C-O-H), 840 (CH), 760 (CH); 'H
NMR (300 MHz, DMSO, 9, ppm): 1.49 (m, 6H,
-CH,-CH,-CH,-, piperidine), 2.55 (m, 4H, -CH,-N-
CH,-, piperidine), 5.19 (s, 2H, -CH,-), 6.96 (d, 2H, J
= 8.4 Hz, Ar-H), 7.18 (m, 2H, Ar-H), 7.60 (m, 2H,
Ar-H), 7.92 (d, 1H, J = 8.4 Hz, Ar-H), 7.97 (d, 1H,
J=8.4Hz, Ar-H), 9.34 (s, 1H, -CH=N-), 9.72 (s, 1H,
-OH). ®C NMR (300 MHz, DMSO, 6, ppm):
158.24, 154.64, 152.82, 141,50, 137.23, 136.58,
128.27, 126.48, 121.63 (2C), 118.25, 115.97 (20),
111.19, 64.08), 51.75 (2C), 25.46 (20), 23.41,
Analysis: caled. for C,0H,,N,O, (334.41): C 70.94,
H 5.54, N 17.03%; found: C 71.02, H 5.62, N
16.93%.
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1-(Morpholin-4-yl-methyl)-2(-4-hydroxybenzyli-
deneamino)benzimidazole (13)

Obtained as a yellow precipitate, yield 1.59 g
(47%); crystallized from dioxane; m.p. 200-204°C;
IR (KBr, cm™): 2940 (-CH,-), 1600 (ring), 1450
(C=N ring), 1360 (NH), 1140 (C-O-H), 840, 760
(CH); 'H NMR (300 MHz, DMSO, §, ppm): 2.58
(m, 4H, CH,-N-CH,-, morpholine), 3.55 (m, 4H,
-CH,-O-CH,-, morpholine), 5.21 (s, 2H, -CH,-),
6.95 (d, 2H, J = 8.4 Hz, Ar-H), 7.23 (m, 2H, Ar-H),
7.61 (m, 2H, Ar-H), 7.98 (d, 2H, J = 8.4 Hz, Ar-H),
9.36 (s, 1H, -CH=N-), 9.46 (s, 1H, -OH); “C NMR
(300 MHz, DMSO, d, ppm): 164.59, 160.27,
155.79, 141.21, 138.54, 136.77, 131.97 (20),
122.11, 121.77, 118.34, 116.62, 116.06, 111.08,
66.17 (2C), 63.32, 50.42 (2C). Analysis: calcd. for
C,yH,)N,O, (336.39): C 70.43, H 5.62, N 16.97%;
found: C 70.71, H 5.23, N 16.63%.

1-[(Piperidin-1-yl)methylo]-2-(3-hydroxybenzyli-
deneamino)benzimidazole (14)

Obtained as a yellow precipitate, yield 1.60 g
(48%), crystallized from toluene; m.p. 161-163°C; IR
(KBr, cm™): 3080 (CH arom.), 2940 (-CH,-), 1610
(arom., ring), 1480 (C=N ring), 1280 (C-O-H), 900,
760 (CH arom.); 'H NMR (300 MHz, DMSO, 9,
ppm): 1.24 (m, 2H, -CH,-CH,-CH,-, piperidine); 1.46
(m, 4H, -CH,-CH,-CH,-, piperidine); 2.56 (m, 4H, -
CH,-N-CH,-, piperidine); 5.22 (s, 2H, Ar-H); 7.04 (m,
1H, Ar-H); 7.22 (m, 1H, Ar-H); 7.39 (t, 2H, J = 7.8
Hz, Ar-H); 7.60 (m, 4H, Ar-H); 9.40 (s, 1H, -OH);
9.86 (s, 1H, -CH=N-); *C NMR (300 MHz, DMSO, 5,
ppm): 160.25, 157.8, 155.15, 141.14, 136.99, 130.15,
128.84), 127.58, 122.21, 122.08, 120.32, 118.60,
114.77, 111.43, 64.28, 51.20 (2C), 25.47 (2C), 23.39.
Analysis: caled. for C,0H,N,O (334.4): C 71.83, H
6.63, N 16.75%; tound: C 72.23, H 6.77, N 16.79%.

1-[(Morpholin-1-yl)methyl]-2-(3-hydroxybenzyli-
deneamino)benzimidazole (15)

Obtained as a yellow precipitate, yield 2.05 g
(61%); crystallized from toluene; m.p. 163-165°C;
IR (KBr, cm™): 3080 (CH), 2920 (-CH,-), 1610
(arom., ring), 1480 (C=N ring), 1280 (C-O-H), 900,
780 (CH arom.); 'H NMR (300 MHz, DMSO, &,
ppm): 2.59 (t, 4H, J = 4.2 Hz, -CH,-N-CH,-, mor-
pholine); 3.54 (t, 4H, J = 4.2 Hz, -CH,-O-CH,-, mor-
pholine); 5.23 (s, 2H, -CH,-); 7.04 (m, 1H, Ar-H);
7.24 (m, 2H, Ar-H); 7.40 (m, 1H, Ar-H); 7.54 (m,
2H, Ar-H); 7.62 (m, 1H, Ar-H); 7.95 (m, 1H, Ar-H);
9.41 (s, 1H, -OH); 9.84 (s, 1H, -CH=N-). *C NMR
(300 MHz, DMSO, 0, ppm): 159.85, 158.78,
155.07, 141.11, 136.50, 135.93, 130.15, 122.37,
122.21, 121.65, 120.37, 118.68, 114.93, 111.31,

66.02 (20), 63.47, 50.41 (2C); Analysis: calcd. for
C,HyN,O (336,4): C 67.84, H 599, N 16.66%;
found: C 69.45, H 6.00, N 16.20%.

1-[(4-Phenylpiperazin-1-yl)methyl]-2-(3-hydroxy-
benzylideneamino)benzimidazole (16)

Obtained as a yellow precipitate, yield 2.84 g
(64%); crystallized from toluene; m.p. 149-150°C;
IR (KBr, cm'): 3010 (CH arom.), 2940 (-CH,-),
1610 (arom., ring), 1480 (C=N ring), 1280 (C-O-H),
800, 770 (CH, arom.); 'H NMR (300 MHz, DMSO,
8, ppm): 2.74 (t, 4H, -CH,-N-CH,-, piperazine); 3.09
(t, 4H, -CH,-N-CH,-, piperazine); 5.31 (s, 2H, -CH,-);
6.70 (t, 1H, J = 7.2 Hz, Ar-H); 6.84 (d, 1H, J = 7.8
Hz, Ar-H); 7.13 (m, 6H, Ar-H); 7.36 (t, 1H,J =7.8
Hz, Ar-H); 7.56 (m, 2H, Ar-H); 7.73 (m, 2H, Ar-H),
9.41 (s, 1H, -OH); 9.61 (s, 1H, -CH=N-). Analysis:
calcd. for C,sH,sN;O (411.50): C 72.97, H 6.12, N
17.02%; found: C 72.82, H 6.28, N 17.27%.

1-[((4-Pyridin-2-yl)piperazin-1-yl)methyl]-2-(3-
hydroxybenzylideneamino)benzimidazole (17)
Obtained as a yellow precipitate, yield 1.45 g
(35%); crystallized from toluene; m.p. 199-200°C;
IR (KBr, cm'): 3010 (CH arom.), 2920 (-CH,-),
1610 (arom.), 1480 (C=N ring), 1260 (C-O-H), 890,
780 (CH arom.); 'H NMR (300 MHz, DMSO, 9,
ppm): 2.49 (m,4H, -CH,-N-CH,-, piperazine); 3.26
(m, 4H, -CH,-N-CH,-, piperazine); 5.29 (s, 2H,
-CH,-); 6.61 (m, 1H, Ar-H); 7.38 (m, 8H, Ar-H);
8.28 (m, 3H, Ar-H); 9.38 (s, 1H, -OH); 9.85 (s, 1H,
-CH=N-); *C NMR (300 MHz, DMSO, §, ppm):
160.84, 157.83, 155.43, 155.09, 149.51, 141.10,
136.51, 135.81, 135.17, 127.5, 122.40, 122.21,
121.66, 121.32, 120.39, 119.9, 118.68, 114.85,
109.99, 63.42, 49.85 (2C), 43.18 (2C); Analysis:
caled. for C,,H,,N:O (412,49): C 69.88, H 5.86, N
20.37%; found: C 69.64, H 5.62, N 20.57%.

1-[(4-(2-Methoxyphenyl)piperazin-1-yl)methyl]-2-
(3-hydroxybenzylideneamino)-benzimidazole (18)

Obtained as a yellow precipitate, yield 2.39 g
(54%); crystallized from toluene; m.p. 147-149°C; IR
(KBr, cm™): 3040 (CH arom.), 2940 (-CH,-), 2840
(Ar-OCH,), 1610 (arom., ring), 1480 (C=N), 1280
(C-O-H), 910, 770 (CH arom.); '"H NMR (300 MHz,
DMSO, 9§, ppm): 2.74 (m, 4H, -CH,-N-CH,-, piper-
azine), 2.98 (m, 4H, -CH,-N-CH,-, piperazine), 3.65
(s, 3H, -OCH,); 5.31 (s, 2H, -CH,-); 6.84 (m, 4H, Ar-H);
7.04 (m, 1H, Ar-H); 7.24 (m, 2H, Ar-H); 7.39 (m, 1H,
Ar-H); 7.52 (m, 3H, Ar-H); 7.71 (m, 1H, Ar-H); 9.41
(s, 1H, -OH); 9.85 (s, 1H, -CH=N-). Analysis: calcd.
for C,4H,,N,0, (441.53): C 70.73, H 6.16, N 15.86%;
found: C 70.65, H 6.19, N 15.83%.
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1-[(Piperidin-1-yl)methyl]-2-(2-chlorobenzylide-
neamino)benzimidazole (19)

Obtained as a yellow precipitate, yield 2.65 g
(75%); crystallized from toluene; m.p. 123-125°C;
IR (KBr, cm™): 3050 (CH) 2940, 2870 (-CH,-); 1600
(ring); 1480 (C=N); 750 (-CH,-); 770 (CH arom.);
'H NMR (300 MHz, DMSO, 9, ppm): 1.45 (m, 6H,
-CH,-CH,-CH,-, piperidine); 2.45 (m, 4H, -CH,-N-
CHS,-, piperidine); 5.26 (s, 2H, -CH,-); 7.23 (m, 2H,
Ar-H); 7.59 (m, 1H, Ar-H); 7.68 (m, 4H, Ar-H);
8.74 (d, 1H, J = 7.5 Hz, Ar-H); 9.81 (s, 1H,
-CH=N-); ®C NMR (300 MHz, DMSO, §, ppm):
160.29, 154.62, 141.04, 136.21, 136.09, 134.26,
131.87, 130.39, 128.72, 127.98, 127.86, 122.48,
118.95, 111.64, 64.31, 51.13 (2C), 25.45 (20),
23.36; Analysis: calcd. for C,;H, N,Cl (352.9): C
68.08, H 6.00, N 15.88%; found: C 68.44, H 6.07, N
1591%.

1-[(4-Phenylpiperazin-1-yl)methyl]-2-(2-chloro-
benzylideneamino)-1H-benzimidazole (20)

Obtained as a yellow precipitate, yield 2.45 g
(56%); crystallized from toluene; m.p. 174-175°C;
IR (KBr, cm™): 3075 (CH arom.); 2925 (-CH,-);
1590 (ring); 1500 (C=N); 750 (CH arom.). 'H NMR
(300 MHz, DMSO, 0, ppm): 2.75 (m, 4H, CH,-N
-CH,-, piperazine); 3.10 (m, 4H, -CH,-N-CH,-,
piperazine); 5.38 (s, 2H, -CH,-); 6.72 (d, 1H, J =
7.24 Hz, Ar-H); 6.85 (d, 2H, J = 8.1 Hz, Ar-H); 7.14
and 7.27 (m, 4H, Ar-H); 7.63 (m, 4H, Ar-H); 8.32
(d, 1H,J =7.5 Hz, Ar-H); 9.84 (s, 1H, -CH=N-); “C
NMR (300 MHz, DMSO, §, ppm): 160.55, 154.69,
150.84, 141.02, 136.27, 135.90, 134.39, 131.85,
130.42, 128.96, 128.94 (2C), 128.75, 128.05,
122.64, 119.03, 118.84, 115.53 (2C), 111.62, 63.29,
49.87 (2C), 48.42 (2C); Analysis: calcd. for
C,sH,,N5C1 (429.9): C 69.84, H 5.63, N 16.29%;
found: C 70.15, H 5.78, N 16.22%.

1-[(4-(Pyridin-2-yl)piperazin-1-yl)methyl]-2-(2-
chlorobenzylideneamino)-1H-benzimidazole (21)

Obtained as a yellow precipitate, yield 2.48 g
(57%); crystallized from toluene; m.p. 168-169°C;
IR (KBr, cm™): 3010 (CH); 2950 (-CH,-); 1600
(ring); 1480 (C=N); 775, 760 (CH arom.); '"H NMR
(300 MHz, DMSO, §, ppm): 2.78 (t, 4H, -CH,-N
-CH,-, piperazine); 3.54 (t, 4H, CH,-N-CH,-, piper-
azine); 5.28 (s, 2H, -CH,-); 6.56 (m, 2H, Ar-H); 7.28
(m, 2H, Ar-H); 7.40 (m, 2H, Ar-H); 7.50 (m, 3H,
Ar-H); 7.77 (m, 1H, Ar-H); 8.18 (m, 1H, Ar-H);
8.40 (d, 1H, J = 7.5 Hz, Ar-H); 9.94 (s, 1H, -CH=N-
); ®C NMR (300 MHz, DMSO, 9§, ppm): 161.62,
159.14, 154.89, 149.15, 141.73, 137.60, 137.41,
135.94, 13547, 132.72, 130.45, 128.79, 127.14,

122.99, 122.88, 119.68, 113.28, 110.67, 106.98,
64.22, 50.46 (2C), 45.07 (2C); Analysis: calcd. for
C,,H,;N(Cl (430.9): C 66.89, H 5.38, N 19.50%;
found: C 67.02, H 5.44, N 19.80%.

1-[(4-(2-Methoxyphenylene)piperazin-1-yl)meth-
yl]-2-(2-chlorobenzylideneamino)-1H-benzimid-
azole (22)

Obtained as a yellow precipitate, yield 3.22 g
(69%); crystallized from toluene; m.p. 159-161°C;
IR (KBr, cm™): 3080 (CH arom.); 2940 (-CH,-);
2850 (-OCH,); 1600 (ring); 1450 (-CH,-); 750 (CH
arom.); 'H NMR (300 MHz, DMSO, 9, ppm): 2.35
(m, 4H, -CH,-N-CH,-, piperazine); 2.91 (m, 4H,
-CH,-N-CH,-, piperazine); 3.66 (s, 3H, -OCH,);
5.37 (s, 2H, -CH,-); 6.87 (m, 4H, Ar-H); 7.27 (d, 2H,
J =7.5Hz, Ar-H); 7.64 (m, 4H, Ar-H); 7.69 (m, 1H,
Ar-H); 8.42 (d, 1H, J = 7.5 Hz, Ar-H); 9.85 (s, 1H,
-CH=N-); *C NMR (300 MHz, DMSO, 9§, ppm):
160.52, 154.62, 151.92, 141.04, 141.02, 136.30,
136.01, 134.39, 131.86, 130.41, 128.90 (20),
128.04, 122.63, 122.48, 120.67, 119.02, 118.00,
111.66 (2C), 65.16, 50.12, 50.05 (2C), 40.30, 39.80;
Analysis: calcd. for C,;H,,N;CIO (459.9): C 67.89,
H 5.70, N 15.23%; found: C 67.59, H 5.58, N
14.99%.

1-[(4-(Pyrimidin-2-yl)piperazin-1-yl)metylo]-2-
(2-chlorobenzylideneamino)benzimidazole (23)

Obtained as a yellow precipitate, yield 2.49 g
(57%); crystallized from toluene; m.p. 164-170°C;
IR (KBr, cm™): 3060 (CH arom.); 2950 (-CH,-);
1600 (ring); 1550 (C=N); 760 (CH arom.); 'H NMR
(300 MHz, DMSO, 8, ppm): 2.64 (m, 4H, -CH,-N-
CH,-, piperazine); 2.72 (m, 4H, -CH,-N-CH,-,
piperazine); 5.34 (s, 2H, -CH,-); 6.54 (m, 1H, Ar-
H); 7.26 (m, 2H, Ar-H); 7.65 (m, 5H, Ar-H); 8.33
(m, 3H, Ar-H); 9.81 (s, 1H, -CH=N-); *C NMR
(300 MHz, DMSO, &, ppm): 160.90, 160.66,
157.81, 154.56, 141.03, 136.28, 135.89, 134.35,
131.86, 130.38, 128.92, 128.01, 122.59 (20),
119.02, 117.55, 109.98, 63.47, 49.77 (2C), 43.16
(20); Analysis: caled. for C,,H,,N,CI (431.9): C
63.96, H 5.13, N 22.70%; found: C 63.61, H4.90, N
22.04%.

1-[(Piperidin-1-yl)methyl]-2-(salicylamino)benz-
imidazole (24)

Obtained as a white precipitate, yield 2.08 g
(62%); crystallized from ethanol; m.p. 159-161°C;
IR (KBr, cm™): 3320 (NH), 3050 (CH, arom.), 2940,
2860 (-CH,-), 1600 (ring), 1200 (C-O-H), 760 (CH,
arom.); 'H NMR (300 MHz, DMSO, 8, ppm): 1.53
(m, 6H, -CH,-CH,-CH,-, piperidine), 2.78 (m, 4H,
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-CH,-N-CH,-, piperidine), 4.45 (d, 2H, J = 5.7 Hz,
-CH,-NH-), 5.13 (s, 2H, -CH,-), 6.77 (m, 2H, Ar-H),
6.97 (m, 2H, Ar-H), 7.11 (H, Ar-H), 7.27 (m, 4H,
-NH- and Ar-H), 9.72 (s, 1H, -OH); “C NMR (300
MHz, DMSO, &, ppm): 156.20, 147.66, 140.52,
138.65, 135.01, 128.93, 126.50, 124.35, 121.50,
120.76, 117.15, 116.90, 108.57, 63.84, 50.76 (2C),
42.04, 25.30 (2C), 23.40; Analysis: calecd. for
C,H,yN,O (336.43): C 71.40, H 7.19, N 16.65%;
found: C 71.29, H 7.11, N 15.97%.

1-[(Morpholin-4-yl)methyl]-2-(salicylamino)benz-
imidazole (25)

Obtained as a white precipitate, yield 1.89 g
(56%); crystallized from dioxane; m.p. 169-170°C;
IR (KBr, cm™): 3350 (NH), 2920, 2860 (-CH,-),
1600 (ring), 1580 (C=N), 1200 (C-O-H), 760 (CH,
arom.); '"H NMR (300 MHz, DMSO, 9, ppm): 2.87
(m, 4H, -CH,-N-CH,-, morpholine), 3.66 (m, 4H,
-CH,-O-CH,-, morpholine), 4.47 (d, 2H, J = 6.0 Hz,
-CH,-NH-), 5.18 (s, 2H, -CH,-), 6.78 (m, 2H, Ar-H),
6.97 (m, 2H, Ar-H), 7.10 (m, 1H, Ar-H), 7.29 (m,
4H, -NH- and Ar-H), 9.70 (s, 1H, -OH); “*C NMR
(300 MHz, DMSO, 0, ppm): 155.34, 14847,
140.59, 135.02, 134.25, 128.96, 126.40, 121.56,
120.91, 119.13, 117.15, 116.87, 108.53, 66.00 (2C),
63.14, 50.23 (2C), 42.58; Analysis: calcd. for
C,,H,,N,0, (338.40): C 67.44, H 6.55, N 16.56%;
found: C 67.22, H 6.66, N 16,46%.

1-(Morpholin-1-yl)-methyl)-2-(4-hydroxybenzyl-
amino)benzimidazole (26)

Obtained as a white precipitate, yield 0.95 g
(28%); crystallized from dioxane; m.p. 164-165°C;
IR (KBr, cm™): 3380 (NH), 2870 (-CH,-), 1600
(ring), 1580 (NH), 1450 (C=N), 1140 (C-O-H), 820,
760 (CH arom.); 'H NMR (300 MHz, DMSO, 3§,
ppm): 2.67 (m, 4H, -CH,-N-CH,-, morpholine);
3.54 (m, 4H, -CH,-O-CH,-, morpholine), 4.45 (d,
2H,J =5.7 Hz, -CH,-NH-), 5.29 (s, 2H, -CH,-), 6.70
(d, 2H, J = 8.7 Hz, Ar-H), 6.92 (m, 3H, Ar-H), 7.21
(m, 4H, -NH- and Ar-H), 9.26 (s, 1H, -OH); "C
NMR (300 MHz, DMSO, 8, ppm): 156.48, 145.3,
141.52, 135.37, 131.25, 128.52, 128.36, 120.40,
120.37, 118.36, 114.95, 114.86, 108.08, 66.32,
66.14, 62.83, 51.57, 50.20, 45.29; Analysis: calcd.
for C,,H,,N,O, (338.40): C 67.84, H 5.99, N
16.66%; found: C 68.09, H 6.19, N 16.40%.

General procedure for the preparation of com-
pounds 27-29

Reaction of 2-(4-hydroxybenzyl)aminobenz-
imidazole (2) with selected compound containing
active methylene group: acetylacetone, benzoylace-

tone and malononitrile. To a solution of Schiff base
2 (0.01 mol) in ethanol (30 mL) containing triethyl-
amine (0.3 mL) selected compounds containing
active methylene group were added. The solution
was refluxed for ca 8-10 h (TLC control). After
cooling, the precipitate was filtered, washed with
diethyl ether, dried and crystallized form appropri-
ate solvent.

3-Acetyl-2-(4-hydroxyphenylene)-4-methyl-1,2-
dihydropyrimido[1,2-a]benzimidazole (27)
Obtained as a white precipitate, yield 1.62 g
(51%); crystallized from ethanol; m.p. 298-302°C;
IR (KBr, cm™): 3230 (NH), 2950, 2860 (CH;), 1600
(ring), 1500 (NH), 1340 (CH), 1230 (C-O-H), 1200,
860, 740 (CH arom.); 'H NMR (300 MHz, DMSO, 5,
ppm): 2.20 (s, 3H, -CHj,), 3.40 (s, 3H, -OCH,), 6.50
(s, 1H, -NH-CH-), 6.64 (d, 2H, J = 8.7 Hz, Ar-H),
7.01 (m, 2H, Ar-H), 7.23 (d, 2H, J = 8.4 Hz, Ar-H),
7.33 (d, 1H, J = 8.4 Hz, Ar-H), 7.41 (d, 1H, J = 8.4
Hz, Ar-H), 9.42 (s, 1H, -OH), 10.70 (s, 1H, -NH-,
pyrimidine); *C NMR (300 MHz, DMSO, 8, ppm):
194.42, 158.93, 156.22, 142.31, 145.45, 132.03,
131.60, 128.64, 128.49 (2C), 121.61, 121,28, 119.97,
116.72, 115.13 (2C), 110.06, 30.43, 19.58; Analysis:
calcd. for C,y)H;N;0, (319.36): C 71.46, H 5.37, N
16.66%; found: C 71.43, H 5.42, N 16.27%.

3-Benzoyl-2-(4-hydroxyphenylene)-4-methyl-1,2-
dihydropyrimido[1,2-a]benzimidazole (28)

Obtaind as a white precipitate, yield 1.57 g
(41%); crystallized from ethanol; m.p. 291-294°C;
IR (KBr, cm'): 3240 (NH), 2840 (CH,), 1665
(C=0), 1230 (C-O-H), 835, 740 (CH arom.); 'H
NMR (300 MHz, DMSO, §, ppm): 1.82 (s, 3H, -
CH;), 6.49 (s, 1H, -NH-CH-), 6.61 (d, 2H, J = 8.4
Hz, Ar-H), 6.90 (t, 1H, J = 7.2 Hz, Ar-H), 7.04 (t,
1H, J = 7.2 Hz, Ar-H), 7.10 (d, 1H, J = 8.4 Hz,
Ar-H), 7.35 (d, 3H, J = 7.8 Hz, Ar-H), 7.48 (m, 5H,
Ar-H), 9.38 (s, 1H, -OH), 10.62 (s, 1H, -NH-,
pyrimidine); Analysis: caled. for C,H,,N;0,
(381.43): C 70.72, H 5.28, N 17.10%; found: C
70.45,H 5.16, N 17.67%.

4-Amino-3-cyano-2-(4-hydroxyphenylene)-1,2-
dihydropyrimido[1,2-a]benzimidazole (29)
Obtained as a white precipitate, yield 1.62 g
(54%); crystallized from butanol; m.p. 223-225°C;
(KBr, cm™): 3500, 3400 (NH,), 3350 (NH), 2900
(CH), 2200 (CN), 1260 (C-O-H), 830, 760 (CH
arom.); '"H NMR (300 MHz, DMSO, 9, ppm): 5.09
(s, 1H, -CH-), 6.73 (m, 4H, -NH, and Ar-H), 6.98 (d,
1H, J = 7.8 Hz, Ar-H), 7.10 (m, 3H, Ar-H); 7.21 (d,
1H, J =7.2 Hz, Ar-H), 7.63 (d, 1H, J = 7.8 Hz, Ar-
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H), 8.46 (s, 1H, -NH-, pyrimidine), 9.46 (s, 1H,
-OH); Analysis: calcd. for C;H;;N5O, (303.32): C
67.51,H5.67, N 22.21%; found: C 67.02, H5.32, N

Biology
In vitro antiproliferative assay
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(breast), leukemia MV4-11 and mouse embryonic
fibroblast BALB/3T3 according to standard proce-
dure (33). All cell lines were obtained from
American Type Culture Collection (Rockville,
Maryland, USA) and have been maintained in cul-
ture or frozen in thaw Cell Culture Collection of the
Institute of Immunology and Experimental Therapy,
Polish Academy of Sciences (IIET, PAS, Wroctaw,
Poland). The A549 and T47D cells were cultured in
a mixture of Opti-MEM and RPMI 1640 medium (1
: 1, both from Gibco, Scotland, UK) supplemented
with 2 mM L-glutamine and 5% fetal bovine serum.
The culture of T47D cells were supplemented with
0.8 mg/L of insulin (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany). MV4-11 cells were cultured
in RPMI 1640 medium (Gibco, Scotland, UK) with
2 mM L-glutamine, adjusted to contain 1.5 g/L sodi-
um bicarbonate and 1.0 mM sodium pyruvate, 10%
fetal bovine serum (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany). Mouse fibroblasts BALB/3T3
were maintained in Dulbecco medium (DMEM,
Gibco, Scotland, UK) supplemented with 2 mM L-
glutamine and 10% fetal bovine serum (Sigma-
Aldrich Chemie GmbH, Steinheim, Germany). All
culture media were supplemented with 100 units/mL
penicillin, and 100 pg/mL streptomycin (Polfa
Tarchomin S.A., Warszawa, Poland). Cell lines were
grown at 37°C with 5% CO, humidified atmosphere.
The anti-proliferative effect of the tested compound
was examined after 72 h exposure of the cultured
cells to varying concentrations of the test compound
(total plate incubation time: 96 h), using the sul-
forhodamine B (SRB) assay for adherent cells
(A549, BALB/3T3 and MCF-7) and MTT assay for
leukemia cells (MV4-11) (33). The results were
shown as an ICs, value (inhibitory concentration
50% - a concentration in pg/mL of tested agent
which inhibits proliferation of 50% of cancer cells
population). Each compound was tested at every
concentration in triplicate in a single experiment,
which was repeated 3 times. The activity of tested
compound was compared to the activity of cisplatin,
used as a reference agent.

RESULTS AND DISCUSSION

Chemistry

Schiff bases 1-4 have been obtained in the
reactions of 2-aminobenzimidazole with selected
aromatic aldehydes: salicylic-, 4-hydroxy, 3-
hydroxy, 2-chloro- (32) benzaldehyde (Scheme 1).
The reactions were carried out in boiling ethanol
with the presence of catalytic amounts of Triflate.
Schiff bases 1-4 formed crystals of different shades

of yellow due to the presence of chromophoric
groups (CH=N) in their molecules. The product
structures have been confirmed by elemental analy-
sis and IR, 'H and “C NMR spectra.

IR spectra of Schiff bases contain, among other
absorption bands, those in the range of v = 1635-
1680 cm™ characteristic for the chain groups C=N.
The presence of CH=N proton was confirmed by 'H
NMR spectra of all imines in which one-proton sin-
glets at & = 9.31-9.67 ppm were observed. One-pro-
ton singlets at 8 = 12.51-12.73 ppm were assigned to
the imidazole group NH. For compounds 1-3 one-
proton singlets at & = 9.87-12.13 ppm characteristic
for -OH group were observed. The signals corre-
sponding to aromatic protons were observed in the
range of 6 = 7.01-7.92 ppm.

Azomethine bond (-N=CH-) in imines 1-4 have
been subjected to selective reduction using NaBH, in
boiling i-propanol. The extent of the hydrogenation
has been monitored by TLC and decoloring of yel-
low solution. In 'H NMR spectra of 2-benzyl-
aminobenzimidazoles 5-8 the absence of one-proton
singlets at & = 9.31-9.67 ppm were observed, where-
as, two-proton doublets at & ~ 4.50 ppm (J ~ 5.50 Hz)
ascribed to NH-CH protons are present. Broad one-
proton signal at & ~ 7.10 ppm was ascribed to NH-
CH, protons. Other signals of protons are observed in
the similar places like in Schiff bases.

In the next stage of our work, Schiff bases 1-4
and 2-benzylaminobenzimidazole derivatives 5-8
were used as substrates for the Mannich condensa-
tion with, selected, pharmacophore, secondary
amines: morpholine, piperidine, N-methylpiper-
azine, N-phenylpiperazine, 1-(2-pyridyl)piperazine,
1(2-methoxyphenyl)piperazine, 1-(2-pyrimidinyl)
piperazine and formaldehyde. For the synthesis we
have chosen amines that were used in the Mannich
condensations and gave active antiproliferative
compounds (12-23). The reactions were carried out
in ethanol at room temperature. Under these reaction
conditions, only the compounds presented in
Scheme 1 have been obtained.

In '"H NMR spectra of compounds 9-23 two-
proton singlets at & ~ 5.25 ppm characteristic for
-CH,- group were observed, instead of one-proton
singlet of NH imidazole. In case of 2-benzyl-
aminobenzimidazoles 5-8 there are two possible
aminomethylation paths: one in the position 1 or 2
or second at 1 and 2 positions. The elementary
analyses confirm one aminomethylene group in
obtained compounds 24-26. In 'H NMR spectra the
absence of signal characteristic for NH imidazole
was observed. Two-proton singlets at & ~ 5.15 ppm
from -CH,- group were assigned.
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Another way of chemical modification of Schiff
base 2 were reactions with selected compounds con-
taining active methylene group; 1,3-diketones: acetyl-,
benzoylacetone, or malononitrile in boiling ethanol
with catalyctic amounts of triethylamine (Scheme 2).
Tricyclic 2-(4-hydroxybenzylidene)-aminobenzimid-
azole (2) derivatives were obtained. In the first step of
the reaction an unstable adducts A and B were
formed. Elementary analysis confirmed that elimina-
tion of one molecule of water form adducts A lead to
pyrimido[1,2-a]benzimidazole derivatives 27, 28.
Cyclization of unstable adduct B gave 4-amino-3-
cyano-2-(4-hydroxyphenylene)-1,2-dihydropyrimi-
do[1,2-a]benzimidazole (29).

In the "H NMR spectra of 3-acetyl- (27), 3-ben-
zoyl-2-(4-hydroxyphenylene)-4-methyl-1,2-dihy-
dropyrimido[1,2-a]benzimidazole (28) and 4-
amino-3-cyano-2-(4-hydroxyphenylene)-1,2-dihy-
dropyrimido[1,2-a]benzimidazole (29) are displayed
two one proton singlet signals at & ~ 6.50 ppm and &
~ 10.65 ppm or at & = 5.09 ppm and & = 8.46 ppm
which were assigned to the -CH-NH- protons,
respectively. Mutual splitting of signals was not
recorded because of fast protons exchange from NH

group.

Number of signals for the aromatic protons in
the 'H NMR spectra of all compounds is in good
agreement with their structures.

Twenty seven 1-3, 5-29 new compounds of
various chemical structures were obtained from the
syntheses described here. These derivatives may
also be used as starting materials for further synthe-
ses. All synthesized compounds were screened for
their antiproliferative activity in vitro against the
cells of 4 human tumor cell lines. The obtained com-
pounds seem to be suitable candidates for further
chemical modifications and might be of interest as
pharmacologically active compounds.

Biological activity

To screen the antiproliferative activity of the
compounds, the cell lines of various origin:
leukemia, breast, lung cancer have been chosen.
Selected types of cancer are the examples of dis-
eases frequently afflicted people worldwide.
Moreover, we have performed the comparative eval-
uation of cytotoxicity on mouse fibroblast cell line
BALB/3T3. This cell line is recommended by vari-
ous agencies introducing alternative methods for
testing toxicity of compounds. For example, these
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Scheme 2. Reaction of 2-(4-hydroxybenzylideneamino)benzimidazole with compounds containing active methylene group
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cells were used in some methods aiming to estimate
starting doses for oral acute systemic toxicity of
compounds under the European Center of
Validation of Alternative Methods (ECVAM)
guidelines (OECD guidance document (GD) 129
published in 2010).

The synthesized compounds were screened for
their antiproliferative activity using cells of MV4-11
human biphenotypic B myelomonocytic leukemia
(Table 1). In comparison to cisplatin, the activity of
tested compounds was lower, however we selected
some compounds with ICs, value ranged between
0.23-4.25 pg/mL for further studies on the cells of
breast and lung cancer, as well as on normal mouse
fibroblasts to assess their selectivity towards cancer
cells.

The antiproliferative activity in vitro of select-
ed compounds 5, 7, 9-16, 24-26, 28, 29 was signifi-
cantly lower against lung and breast cancer cells,
comparing to the results obtained against MV4-11
cells. However, one of them showed interesting pro-
file of activity. Namely, the activity of compound 29
towards mouse fibroblasts was significantly lower
than towards cancer cells, suggesting low toxicity
(Table 2). Particularly, the most active on all cancer
cells compound 29, was inactive against normal
fibroblasts.

The results revealed that all screened com-
pounds demonstrated good to promising antiprolif-
erative activity in vitro against MV4-11 human

leukemia cell line. Among Schiff bases 1-4 the high-
est anticancer activity shows 2—(2-chlorobenzylide-
neamino)-1H-benzimidazole (4), containing in his
structure 2-chlorophenylene substituent. Selective
reduction of azomethine bond in Schiff bases 1-4
provides 2-benzylaminobenzimidazoles 5-8, which
were more active than the substrates. The presence
of chlorine group in aromatic ring increases the anti-
cancer activity, whereas the hydroxyl group
decreases it. The most active compound was 2-(2-
chlorobenzylamino)-1H-benzimidazole (8). All
obtained Mannich bases 9-26 showed good antipro-
liferative activity in vitro. The promising activity
possesses 2-salicylideneamino-1H-benzimidazoles
9-11 and 3-hydroxyamino-1H-benzimidazole 14,
substituted in 1 position with: piperidine, morpho-
line and 4-methylpiperazine. Comparable activity
was shown by 1-[(piperidin-1-yl)methyl]- (24), 1-
[(morpholin-4-yl)methyl]-2-(salicylamino)benzimid-
azole (25) and 1-(morpholin-1-yl)-methyl)-2-(4-hydr-
oxybenzylamino)benzimidazole (26).

Among series of tricyclic 2-(4-hydroxypheny-
lene)pyrimido[1,2-a]benzimidazole derivatives the
highest antiproliferative activity possesses com-
pound 29, substituted in position 3 and 4 with cyano
and amino group, respectively. Replacement of
cyano group in 3 position with benzoyl and amino
group in position 4 with methyl decreased 10 times
the antiproliferative activity. 3-Acetyl-2-(4-hydroxy-
phenylene)-4-methyl-1,2-dihydropyrimido[1,2-

Table 1. The antiproliferative activity of compounds against the cells of MV4-11 human leukemia cell line.

Compound Ig:gi;“i/g% 1 Compound I%girihsn]% ]
1 14.47 £ 0.96 16 340+0.14
2 28.10 £ 2.77 17 4.80 £ 1.37
3 18.64 £2.23 18 4.34 £0.55
4 433 +4.87 19 331+0.1
5 2.41 +£0.58 20 6.67 £ 3.87
6 5.52+0.11 21 472 £0.74
7 3.83 £0.55 22 5.88£2.13
8 1.88 £ 1.42 23 4.75 £2.66
9 2.32+0.11 24 2.48 £ 0.60
10 2.56 £0.53 25 3.07 £ 0.61
11 2.13+£0.28 26 241+0.18
12 420+ 1.78 27 n.a.

13 425+1.2 28 2.65 + 0.47
14 2.84 £ 0.31 29 0.23 £0.05
15 3.08 £0.24 Cisplatin 0.04 £ 0.01

n.a. = not active in the range of concentrations used
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Table 2. The antiproliferative activity of selected compounds against human breast (T47D) and lung (A549)
cancer and normal mouse fibroblasts (BALB/3T3) cell lines.

Compound Cel line/ ICy, mg/mL
T47D A549 BALB/3T3
9.55+1.26 249+ 171 38.10£2.31
2319+ 197 36.62 + 1.88 n.a.
2455+ 1.48 37.10 £ 0.96 49.27 £3.82
10 18.52 £3.79 36.59 £0.25 44.05 £3.26
1 20.92 £4.55 35.16 £ 1.98 38.01 £ 1.53
12 38.12 £ 3.51 36.16 £ 0.66 4391 £ 1.67
13 3859+ 1.73 36.45 £2.71 36.68 £ 1.59
14 39.75 £ 0.81 3494 £291 41.61 £2.28
15 33.11 £2.29 34.67 £2.39 38.42 £2.03
16 3533+£3.29 39.61 £0.90 4449 £ 1.63
24 15.83 £ 1.00 3331+ 1.18 40.23 £2.88
25 17.83 £ 0.44 31.60 = 1.00 4529 £2.76
26 2495+ 1.70 3529+2.12 38.59 £2.61
28 n.a. n.a. n.a.
29 6.69 £0.24 5.72 £0.81 n.a.
cisplatin 2.78 £0.55 2.40 £ 0.64 3.04+£0.83

n.a. = not active in the range of concentrations used

albenzimidazole (27) was inactive in the range of
concentrations used.

It is difficult, on the basis of obtained results,
to make a broader SAR discussion.

CONCLUSIONS

Twenty seven new compounds 1-3, 5-29 of
various chemical structure: Schiff bases, 2-benzyl-
aminobenzimidazole, Mannich bases and pyrimi-
do[1,2-a]benzimidazole derivatives were obtained
by the syntheses described here. Their structures
were confirmed by elemental analysis and IR, 'H
and “"C NMR spectra. All synthesized compounds 1-
29 were screened for their antiproliferative activity
in vitro on MV4-11 human leukaemia cell line. The
results revealed that all screened compounds
demonstrated good to promising antiproliferative
activity against human leukemia cell line. The most
active compounds were then tested towards human
breast T47D and lung A549 cancer cell lines and
normal mouse fibroblasts.

The most active compound against the cells of
cancer cell lines was 4-amino-3-cyano-2-(4-hydroxy-
phenylene)-1,2-dihydropyrimido[1,2-a]benzimid-
azole (29) (IC,0.23 = 0.05 pg/mL against MV4-11

cells) showing in parallel very low cytotoxicity
towards mouse fibroblasts. Cisplatin was used as
reference drug (ICs, 0.04 £ 0.01 pg/mL).
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