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Abstract: 

Synthesis of novel N-hydroxy--(hetarylmethoxy or hetarylthio)-alkaneamidines as potential 

cytotoxic agents was carried out in two steps. N-hydroxy--(quinolylthio)-alkaneamidines 

exhibit high activity in vitro on monolayer tumor cell lines: MG-22A (mouse hepatoma) and HT-

1080 (human fibrosarcoma). 
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Introduction 

 

A number of reviews are devoted to the chemistry and biological activity of oximes and 

their derivatives 
1
. Among this compounds aromatic 

1
, pyridine 

2-3
, quinoline 

4-9
, pyrimidine and 

quinazoline 
10

 oxime derivatives are of interest as cytotoxic and anticancer agents. For example, 

some silicon containing pyridine oxime O-ethers show high cytotoxicity. Thus, 2-

pyridinecarbaldoxime O-(3-triethylsilylpropyl)oxime exhibit high cytotoxicity on HT-1080 (IC50 

=3.5 g/мl) and MG-22A (IC50 = 5 g/мl) cell lines 
3
.  Antitumor and cytotoxic activities of 

pyridine 
11

 and quinoline 
12

 sulfides have also been described.  

 The pharmacological model of the studied type of anticancer agents consists of a 

aromatic 
13

, pyridine 
14

, quinoline 
15

 or pyrimidine 
16

 cap group able to interact with the rim 

space at the entrance of the catalytic tunnel of the enzyme linked to a hydrophobic spacer (for 

example, C3-C5-alkyl) through a polar connection unit (amide group, etc.). At the end of the 

hydrophobic spacer a hydroxylamine or amide group (binding group, BG) assures inhibition of 

enzyme (for example, protein kinases 
17

 or epidermal growth factor receptor tyrosine kinase 
10

). 

However, the amidoxime moiety as BG is practically not described in literature. The aim of the 

research is to obtain a novel class of oximes - N-hydroxy--(hetarylmethoxy or hetarylthio)-

alkanamidines and to investigate their cytotoxicity. 

 

 

Results and Discussion 

 

Synthesis of N-hydroxy--(hetarylmethoxy or hetarylthio)-alkaneamidines 1-18 was 

carried out in two steps. Alkylation of aryl- or hetarylmethanols with 1-bromo--cyanoalkanes 
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was successfully realized in the PTC (phase transfer catalytic) system solid KOH or solid K2CO3 

/ 18-crown-6 / toluene. Products were isolated in 42-99% yields (Scheme 1, Table 1). 
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The reaction of nitriles and hydroxylamine hydrochloride in the presence of NaOH in 

refluxing aqueous ethanol afforded novel amidoximes 1-18 in 29-87% yield (Table 1).  

Cytotoxic activity of N-hydroxy--(hetarylmethoxy or hetarylthio)-alkaneamidines 1-18 

was tested in vitro on monolayer tumor cell lines - MG-22A and HT-1080. The activity of high 

effective compounds was determined also on another cell lines (Table 2). Concentrations 

providing 50% of tumor death effect (IC50) were calculated according to the known procedure 

using 96 well plates.  

The experimental evaluation of cytotoxicity is presented in Table 2. The preliminary 

analysis of the structure-activity relationship for cytotoxic activity clearly indicated a strong 

influence of aromatic or heteroaromatic substituent (Ar) on toxic effects in vitro. In the quinoline 

derivatives 11-13 the IC50 values range from 2 g/mL (compound 13 on human fibrosarcoma HT 

– 1080 cell line) to 12 g/mL for oxime 11. It clearly indicates that the optimal length of the 

alkyl chain (hydrophobic spacer) between the quinoline ring and the oxime group is C6 or C7. 

Compound 13 also exhibit high activity on MG-22A cancer line (IC50 2 g/mL) (Table 2).  

Interestingly, the substitution of sulfur for oxygen (for example, compounds 6 and 7) in the 

hydrophobic spacer dramatically decreased cytotoxicity of compounds on HT-1080 and MG-

22A cell lines. Aromatic 1-4, pyridine 5, 8-10 and pyrimidine 14, 15 derivatives were essentially 

inactive. Among benzothiazole amidoximes 16-18, compound 17 exhibits high cytotoxicity on 

HT – 1080 cell line (IC50 5 g/mL) in comparison with compound 16 (IC50 23 g/mL) and 18 

(IC50 100 g/mL).   

Cytotoxicity of selected compounds was studied also on H9C2 (rat cardiomyoblast), CCRF 

S-180 (mouse sarcoma), MIA PaCa-2 (human pancreatic carcinoma), Capan-2 (human 

pancreatic cancer) and PANC-1 (human pancreatic carcinoma) cell lines.  It is necessary to 

mention the cytotoxicity of 4-bromophenyl 3  (IC50 6 g/mL),  quinoline  7 (IC50 7 g/mL) and 

benzothiazole  16  oximes (IC50 7 g/mL)  on CCRF S-180 cell line.  

It was shown (Table 3) that compounds 3 (TG100=300%), 11 (TG100=300%), 12 

(TG100=300%) and 13 (TG100=450%) readily increase NO concentration in the cultural medium 

(TG100=500%) in HT-1080 cell lines. The quinoline amidoxime 12 exhibits high NO generation 

ability on MG-22A (TG100=633%) cell line (Table 3). 

 Acute toxicity of synthesized compounds was tested on 3T3- Swiss Albino mice embrio 

fibroblasts. In general, compounds 1-18 exhibit middle toxicity in the range  LD50 394-2000 

mg/kg (Table 2).   
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Table 1. Synthesis of N-hydroxy--(hetarylmethoxy or hetarylthio)-alkanamidines (1-18) 

Amidoxime Yield, 

% 

Melting 

point, 
o
C 

1
H NMR spectrum, , ppm 

O NH
2

NOH

1  

30 72-74 1.60-1.75 (m, 4H, CH2CH2), 2.25 (m, 

2H, CH2), 3.50 (m, 2H, OCH2), 4.49 (s, 

2H, PhCH2), 5.3 and 5.47 (bs and bs, 

2H, NH2), 7.32 (m, 5H, Ph) 

 

O NH
2

Br

NOH

2  

56 Oil 1.68-1.71 and 2.16-2.28 (both m, 6H, 

(CH2)3), 3.56 (t, 2H, OCH2), 4.53 (s, 2H, 

CCH2O), 5.68 (bs, 2H, NH2), 7.08-7.53 

(m, 4H, Ph) 

O NH
2

NOH

Br
3  

65 Oil 1.61-1.67 and 2.14 (both m, 6H, (CH2)3), 

3.46 (t, 2H, J = 6Hz, OCH2), 4.42 (s, 2H, 

CCH2), 4.56 (bs, 2H, NH2), 7.18 and 

7.45 (both d, 4H, J = 8Hz, Ph) 

 

O NH
2

NOH

Me
2
N

4  

48 75-77 1.63 (m, 4H, CH2CH2), 2.13 and 2.50 (m 

and m, 2H, CCH2 of isomeric oximes), 

2.93 (s, 6H, NMe2), 3.43 (m, 2H, 

OCH2), 4.38 (s, 2H, CCH2), 4.55 (bs, 

2H, NH2), 6.70 and 7.19 (both d, 4H, J = 

8Hz, Ph) 

O
N

NOH

NH
2

5  

51 Oil 1.69 and 2.17 and 3.56 (all m, 8H, 

(CH2)4), 4.60 (s, 4H, NH2 and OCH2), 

7.14-7.20 and 7.65-7.72 (both m, 2H,  4-

H and 5-H), 7.41 (d, 2H, J = 8Hz, 3-H), 

8.51 (d, 1H, J = 4Hz, 6-H) 

N
O

NOH

NH
2

6  

36 84-86 1.24-1.76 and 2.19-2.27 (both m, 8H, 

C(CH2)4), 3.58 (t, 2H, J = 7Hz, OCH2), 

4.78 (s, 2H, CCH2O), 5.43 (bs, 2H, 

NH2), 7.48-7.83 and 8.02-8.19 (all m, 

6H, quinoline protons) 

N

O

NOH

NH
2

7  

87 Oil 1.71 and 2.17 (both m, 6H, C(CH2)3), 

3.62 (m, 2H, OCH2), 4.51 (bs, 2H, NH2), 

4.96 (s, 2H, CCH2O), 7.46 (d, 1H, J = 

6Hz, 3-H), 7.56 (m, 1H, 6-H), 7.71 (m, 

1H, 7-H), 7.97 (m, 2H, 5-H), 8.13 (m, 

1H, 8-H), 8.88 (d, 1H, J =4Hz, 2-H) 

N S NH
2

NOH

8  

25 53-55 1.76-1.80 (m, 4H, (CH2)2), 2.26 (m, 2H, 

CCH2), 3.17 (t, 2H, J = 8Hz, SCH2), 

5.51 (bs, 2H, NH2), 6.92-6.98 (m, 1H, 5-

H), 7.15 (d, 1H, J = 8Hz, 3-H), 7.42-7.50 

(m, 1H, 4-H), 8.39 (d, 1H, J = 4 Hz, 6-
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H) 

SN

NOH

NH
2

9  

29 91 1.45-1.81 (m, 6H, (CH2)3), 2.23 (t, 2H, J 

= 8Hz, CCH2), 3.15 (t, 2H, J =7Hz, 

SCH2), 5.35 (bs, 2H, NH2), 6.92-6.99 

(m, 1H, 5-H), 7.15 (d, 1H, J = 8Hz, 3-

H), 7.41-7.50 (m, 1H, 4-H), 8.39-8.42 

(m, 1H, 6-H) 

N S NH
2

NOH

10  

51 45 1.24-1.75 and 2.18-2.25 (both m, 10H, 

C(CH2)5), 3.14 (t, 2H, J = 6Hz, SCH2), 

5.36 (bs, 2H, NH2), 6.92-6.98 (m, 1H, 5-

H), 7.15 (d, 1H, J = 8Hz, 3-H), 7.45-7.54 

(m, 1H, 4-H), 8.40 (d, 1H, J = 4 Hz, 6-

H) 

N S NH
2

NOH

11  

67 79-80 1.74-1.84, 2.22-2.34 (both m, 6H, 

C(CH2)3), 3.36 (t, 2H, J= 6Hz, CH2), 

4.54 and 5.48 (both bs, 2H, NH2 of 

isomeric oximes), 7.16-7.21, 7.37-7.44, 

7.59-7.72 and 7.84-7.93 (all m, 6H, 

quinoline ring protons) 

S
NH

2
N

NOH
12  

48 92-94 1.52-1.87 and 2.12-2.19 (both m, 8H, 

C(CH2)4), 3.33 (t, 2H, J = 8Hz, SCH2), 

4.49 (bs, 2H, NH2), 7.16-7.21, 7.40-

7.44, 7.59-7.72, 7.84-7.93 (all m, 6H, 

quinoline ring protons)   

S NH
2

NOH

N

13  

47 82-84 1.41-1.75 and 2.10-2.17 (both m, 10H, 

C(CH2)5), 3.32 (t, 2H, J = 6Hz, SCH2), 

4.48 (bs, 2H, NH2), 7.17-7.21, 7.37-

7.44, 7.59-7.72, 7.84-7.93 (all m, 6H, 

quinoline ring protons) 

S

N

N NH
2

NOH

14  

60 93-94 1.70-1.83 and 2.19-2.22 (both m, 6H, 

(CH2)3), 3.16 (t, 2H, J =8Hz, SCH2), 

4.55 (bs, 2H, NH2), 6.95 (t, 1H, J = 5Hz, 

5-H), 8.49 (d, 2H, J= 4Hz, 4-H and 6-H) 

N

N S
NH

2

NOH

15  

32 71-73 1.50-1.75 and 2.11-2.19 (both m, 8H, 

(CH2)4), 3.13 (d, 2H, J = 8Hz, SCH2), 

4.51 (bs, 2H, NH2), 6.94 (t, 1H, J = 7 

Hz, 5-H), 8.49 (d, 2H, J = 4 Hz, 4-H and 

6-H) 

S

N
S

NH
2

NOH

16  

47 110-

113 

2.09-2.20 (m, 2H, CH2CH2), 2.36 (t, 2H, 

J = 8 Hz, CCH2), 3.40 (t, 2H, J = 7 Hz, 

SCH2), 4.81 (bs, 2H, NH2), 7.28-7.45 un 

7.73-7.85 (both m, 4H, Ph) 
NH

2
SS

N NOH

17  

53 102 1.74-1.88 (m, 4H, (CH2)2), 2.19 (t, 2H, J 

= 6Hz, CCH2), 3.36 (t, 2H, J = 8Hz, 

SCH2), 4.59 (bs, 2H, NH2), 7.27-7.42 
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and 7.71-7.87 (both m, 4H, Ph) 

S
NH

2

NOH

S

N

18  

23 112-

114 

1.53-1.86 and 2.21-2.28 (both m, 8H, 

(CH2)4), 3.34 (t, 2H, J = 8Hz, SCH2), 

5.31 (bs, 2H, NH2), 7.28-7.40 and 7.73-

7.87 (both m, 4H, Ph) 

 

 

 

 

        Table 2. In vitro cell cytotoxicity of N-hydroxy--(hetarylmethoxy or hetarylthio)-alkanamidines 

(1-18) IC50 (g/ml). 
 

Nr. 
3T3 HT-1080 MG-22A H9C2 

CCRF S-

180 

MIA PaCa-

2 
Capan-2 PANC-1 

LD50 

mg/k

g 

IC50 

CV 

IC50 

MT

T 

IC50 

CV 

IC50 

MT

T 

IC50 

CV 

IC50 

MT

T 

IC50 

CV 

IC5

0 

MT

T 

IC50 

CV 

IC50 

MT

T 

IC50 

CV 

IC50 

MT

T 

IC5

0 

CV 

IC50 

MT

T 

1 >200

0 
>100 >100 >100 >100 - - - - - - - - - - 

2 1205 66 49 57 79 - - - - - - - - - - 

3 843 38 32 23 15 84 85 6 6 30 25 100 * 31 41 

4 1486 100 100 95 * - -         

5 1096 * * 100 100 - - - - - - - - - - 

6 1552 * * 100 100 - - - - - - - - - - 

7 
1203 32 27 13 23 

>10

0 

>10

0 
7 7 100 100 >100 

>10

0 
100 100 

8 1442 70 64 * * - - - - - - - - - - 

9 >200

0 
* * * * - - - - - - - - - - 

10 1013 100 * 80 * - - - - - - - - - - 

11 578 12 15 15 14 35 45 - - 25 25 44 60 35 38 

12 637 5 4 6 10 40 60 - - 25 25 46 62 25 25 

13 394 2 2 2 2 14 14 - - 10 8 37 43 8 8 

14 1448 * * 100 100 - - - - - - - - - - 

15 1274 100 100 29 28 - - - - - - - - - - 

16 
668 23 20 22 29 70 53 6 6 35 25 >100 

>10

0 
30 30 

17 507 5 9 9 12 28 40 - - 25 25 65 80 25 25 

18 2097 100 100 100 100 - - - - - - - - - - 

 

* No cytotoxic effect 
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Table 3. Intracellular NO-generation of N-hydroxy--(hetarylmethoxy or hetarylthio)-

alkanamidines (1-17) (nmolx10
2
/200 l), NO 100%CV, concentration 100 g/ml. 

 

Nr. 
HT-

1080 
MG-22A 

CCRF S-

180 

MIA PaCa-

2 
Capan-2 PANC-1 

1 3 2 - - - - 

2 28 11 - - - - 

3 300 250 500 26 13 40 

4 33 15 - - - - 

5 3 6 - - - - 

6 18 6 - - - - 

7 17 43 2 17 4 12 

8 47 16 - - - - 

9 3 5 - - - - 

10 21 13 - - - - 

11 300 80 - 50 43 36 

12 300 633 - 14 4 8 

13 450 467 - 100 57 66 

14 5 6 - - - - 

15 6 50 - - - - 

16 67 40 150 54 3 38 

17 100 180 - 17
* 

7
* 

6
* 

 
*
  Concentration of compound 6,25 g/ml. 

 

 

 

Experimental section  
  1

H NMR spectra were recorded on a Varian 200 Mercury spectrometer and recorded in 

CDCl3 using hexamethyldisiloxane (HMDSO) as internal standard. Thiols and hetarylmethanols 

and 18-crown-6 (Acros and Aldrich), 1-bromo--cyanoalkanes (AlfaAesar) were used without 

additional purification.  

General procedure for the synthesis of N-hydroxy--(hetarylmethoxy or 

hetarylthio)-alkaneamidines (1-18). A solution of 1-(hetarylmethoxy)--cyanoalkane or 1-

hetarylthio--cyanoalkane (16.7 mmol), hydroxylamine hydrochloride (3.46 g, 50.2 mmol) and 

NaOH (2.01 g, 50.2 mmol) in mixture of EtOH (15 ml) and H2O (10 ml) was refluxed for 24 h. 

Reaction mixture was evaporated to dryness under reduced pressure. Product was extracted with 

a mixture of CHCl3: EtOH 10:1 (100ml), dried over anhydrous Na2SO4 and the solvents were 

evaporated under reduced pressure. The residue was purified by column chromatography on 

silica gel (eluent CHCl3 : EtOH 10:1) to obtain desired products 1-18 (see Table 1). Compounds 

2, 3, 5-10, 12-18 were isolated as E-isomers. Compounds 1, 4 and 11 were separated as ~1:1 

mixture of E and Z isomers. 
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In vitro cytotoxicity assay 

Monolayer tumor cell lines – Capan-2 (human pancreatic cancer), H9C2 (rat cardiomyoblast), 

HT-1080 (human connective tissue fibrosarcoma), MIA PaCa-2 (human pancreatic carcinoma), 

MG-22A (mouse hepatosarcoma), 3T3 (mouse Swiss Albino embryo fibroblasts), PANC-1 

(human pancreatic carcinoma), CCRF S-180 (mouse sarcoma) - were cultured in standard 

medium (Dulbecco`s modified Eagle`s medium; DMEM) without an indicator (“Sigma”) and 

supplemented with 10% heat-inactivated fetal bovine serum (“Sigma”). Tumor cell lines were 

taken from the ATCC. After the ampoule had thawed, cells from one to four passages were used 

in three concentrations test compound: 1, 10 and 100 g ml 
-1

. About (2-5) x10
4
 cells ml

-1
 

(depending on the nature of the line) were placed in 96-well plates immediately after compounds 

were added to the wells; the volume of each plate was 200 l. The control cells without test 

compounds were cultured on separate plate. The plates were incubated for 72h, 37
o
C, 5% CO2. 

The number of surviving cells was determined using tri(4-dimethylaminophenyl)methyl chloride 

(crystal violet: CV) or 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolinium bromide (MTT) 
18,19

. The quantity on the control plate was taken in calculations for 100%. The concentration of 

NO was determined according to the Griess method (by NO2 level in the culture medium). 

Sodium nitrite standard solution was used for the calibration curve. LD50 was tested according 

„Alternative Toxicological Methods” 
20

. The program Graph Pad Prism
®
 3.0 was used for 

calculations (r< 0.05.). 
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