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The effectiveness and mechanisms of antitumor activity of non-pathogenic Escherichia coli EM0 strain using mouse model of 
Ehrlich ascites carcinoma (EAC) is studied. 48 h after inoculating EAC cells, a single noninvasive treatment of the 2-month-old male white 
mice’s eyes and mouths with live E. coli isolate increased the life span by 75% (P<0.001). Furthermore, a significant decrease in the 
volume of ascites fluid (66.5 %, P<0.01) was determined, accompanied by down-regulation of EAC-activated lipid peroxidation processes 
and changes in the L-arginine metabolic profile in leukocytes as early as within 9 days of post-treatment compared to non-treated EAC-
bearing mice. We found EAC-induced stimulation of arginase and nitric oxide synthase (NOS) activity correlated with the levels of their
common substrate, L-arginine and products (arginase-derived L-ornithine and NOS-derived NO and L-citrulline) in the cytoplasm and 
mitochondria of peritoneal and blood leukocytes. The biochemical pattern was differentially modulated by E.coli treatment depending on 
whether leukocytes were localized in the ascitic fluid or the peripheral blood. E. coli concentrated in the ascitic fluid directly affected the 
surrounding cells including peritoneal leukocyte in which it decreased the activity of two arginase isoforms and a total NOS in the
cytoplasm. Negligible number of E coli at sites remote of tumor suggests its indirect effects particularly via stimulation of LPS-mediated 
non-specific immune response associated with activation of arginase and NOS in the cytoplasm of blood leukocytes. The data obtained 
should be taken into account in the further study aimed to use non-pathogenic E. coli strains in the adjuvant therapy of ascites tumors. 
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INTRODUCTION 

Although conventional anticancer treatment 
methodologies are effectively used, but for about half of 
cancer patients these are ineffective.1 Outcomes of cancer 
treatments depend on plenty of factors, many of which are 
still unknown. Leukocytes infiltrate and interact with tumor 
and can cause either destruction of the tumor or promotion 
of malignancy.2 Understanding the metabolic interplay 
between tumor and immune system will guide the 
development of optimal metabolic interventions on cancer.3 
Recent findings in tumor bearing mice and most human 
cancers indicate that accumulation of myeloid-derived 
suppressor cells (MDSC), heterogeneous cell population 
consisted of granulocyte, and mononuclear cells play a 
significant role in tumor-associated inflammation and 
immunosuppression.4 Myeloid-derived cell immuno-
suppressive activity is provided by production of reactive 

oxygen species, and over-expression of cytoplasmic 
arginase (ARG1) and inducible NO synthase (iNOS).5 The 
critical interplay between arginase and NOS sharing a 
common substrate, L-arginine is involved in the cellular 
immune response and outcome of several pathologic 
conditions by modulating either the amount of NO produced 
or metabolic intermediates of the arginase pathway 
comprising L-ornithine, the precursor of polyamines 
essential for cell proliferation and urea which participates in 
detoxification of protein degradation.6 Up-regulation ARG1 
and iNOS expression is implicated in the suppression of T 
cell proliferation and IFN-γ production by MDSCs.7 
Inversely, inhibition of suppressive effects of CD11b+/Gr-
1+ MDSCs is associated with a down-regulation of the 
mentioned enzymes, accompanied by enhanced T cell 
infiltration of the tumor and reduction of tumor growth.8 

Modulation of expression and activity of both arginase and 
NOS by various pathogenic microbes has been reported.9,10 

At the same time certain bacteria could be used for 
treatment of neoplasia.11 They accumulate in the tumor 
microenvironment and induce specific and non-specific 
antitumor immune response, inhibiting carcinogenesis and 
thus offering a potential tool for cancer therapy.12  

Previous findings suggest that administration of E. coli (a 
gram-negative facultative anaerobe of the intestine of 
healthy people and animals) or priming with 
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lipopolysaccharide (LPS) (the major component of the cell 
wall of gram-negative bacteria) cause a production of tumor 
necrosis factor by activated macrophages, which suppresses 
proliferation of tumor cells prolonging a survival time of 
mice in Ehrlich ascites carcinoma (EAC).13,14 Phagelysates 
of E. coli potentiate antitumor effects of drugs (combination 
of doxorubicin, cyclophosphan, and fluorouracil) elevating 
the intrinsic resistance to a cytotoxicity of EAC cells, and 
inhibiting a selective growth advantage of tumor cells over 
normal cells by 80-90% without apparent side effects.15 

Nevertheless, the impact of E. coli on the tumor-induced 
molecular changes in the immune cells is not fully 
elucidated. Notably, E. coli could be eliminated by iNOS-
derived nitric oxide (NO), the central component of innate 
immunity  contributed to antibacterial activity in the host.16 

Peritoneal macrophages has shown express high levels of 
the iNOS, and released substantial amounts of NO in ascitic 
fluid of tumor-bearing animals.17 As a consequence, the 
occurred E. coli deficit may contribute to alterations in 
microbiota that should affect various metabolic pathways 
including those of L-arginine.9 This could be prevented by 
administration of E. coli, which plays a selective role in 
regional gut immunity via transient modulation of the host 
intestinal microflora and the capacity to interact with the 
immune system directly or mediated by the autochthonous 
microflora.18 We propose that E. coli could affect reactive 
oxygen species production and  arginine metabolizing 
enzymes considered as therapeutic targets in cancer 
treatment. This study was undertaken to evaluate the 
effectiveness and mechanisms of antitumor activity of E. 
coli using well-established mouse model of EAC.  

EXPERIMENTAL  

Materials 

Dulbecco’s modified Eagle medium (DMEM) was from 
Serva (Heidelberg, Germany). Bovine serum albumin was 
from Carl Roth (GmbH, Karlsruhe). NG-monomethyl-L-
arginine hydrochloride was obtained from Calbiochem (La 
Jolla, CA).  All other reagents were purchased from Sigma-
Aldrich (St. Louis, MO, USA). 

Animals and treatments 

All procedures involving animals were in accordance with 
the International Laboratory Animal Care and the European 
Communities Council Directive (86/809/EEC) and approved 
by the respective local committee on biomedical ethics (H. 
Buniatyan institute of biochemistry, Yerevan, RA). 2-
month-old male white mice weighing 20.3 ± 0.2 g from our 
breeding colony were used.  All animals were maintained on 
a 12 h light/dark cycle at normal room temperature and 
housed in groups of 6/cage with free access to food and tap 
water.  

Experimental design 

The animals were divided into groups (n = 18 
mice/group): control group - native mice; the first 
experimental group - mice inoculated intraperitoneally (ip) 
with EAC cells (0.2 ml of 1.5 × 107 cells); the second 

experimental group - mice treated with E. coli (109 CFU/ml) 
48 h after EAC inoculation. A single non-invasive treatment 
of eyes and mouth of mice with live bacteria was performed. 
On the 11th day after tumor implantation, all the 
experimental animals were sacrificed by decapitation and 
the ascitic fluid was collected for measuring the volume and 
leukocyte separation.  

Bacteria. The E. coli strain EM0 isolated from the fecal 
flora of a healthy human volunteer was kindly supplied by 
Dr. I. Hakobyan (“Armenicum”, Clinical Center, Armenia). 
Commensal E coli isolate were propagated in Luria-Bertani 
broth (Difco Lab., Detroit, MI, USA) for 18-24 h at 37 °C 
under aerobic conditions, and suspended after centrifugation 
and adjusted to the appropriate concentration in sterile 20 
mM HEPES buffer (pH 7.4).  

Determination of survival time. Two groups of male white 
mice (18/group) were used. EAC cells were inoculated to 
each group of mice and treatment with E. coli was 
performed 48 h after tumor cells inoculation. Host survival 
was recorded and expressed as mean survival time (MST, in 
days) and percent of increase in life span (ILS) was 
calculated by the following formula: MST = (Day of first 
death + Day of last death) / 2; ILS = [(MST of EAC/E. coli 
group/MST of EAC group) –1] × 100.19   

Isolation of resident peritoneal cells. After decapitation, 
healthy control mice were fixed and 20 mM HEPES buffer 
(pH 7.4) was injected by sterile syringe into the abdominal 
cavity, to collect peritoneal cells. Cell suspension was 
centrifuged at 1000 rpm for 10 min, the precipitated cells 
were suspended in DMEM (liquid medium (1X) with 
Na2CO3, without glutamine), cultured at 37 °C for 24 h, and 
centrifuged at 1000 rpm for 10 min. Supernatant was 
discarded, cells in the pellet were washed twice with 20 mM 
HEPES buffer (pH 7.4) and used to isolate resident 
peritoneal leukocytes. 

Ehrlich ascites carcinoma was maintained in 3-month-old 
white mice in ascitic form under a week passage. Ascitic 
fluid from the mice was collected by ip puncture using a 
sterile syringe and the volume was measured to evaluate 
tumor growth. The ascitic fluid was centrifuged at 1000 rpm 
for 10 min, and the precipitated cells were washed twice 
with 20 mM HEPES buffer (pH 7.4) and used to isolate 
peritoneal leukocytes of EAC-bearing mice. 

Isolation of peritoneal and blood leukocytes. Peripheral 
blood was drawn into 3.8% sodium citrate anticoagulant, 
mixed with 6 % dextran (prepared on 0.9 % NaCl) and 
incubated at 37 ºC for 60 min to remove erythrocytes from 
the fresh blood by gravity sedimentation. The decanted layer 
was centrifuged at 4 °C (6000 rpm, 10 min) and blood 
plasma was obtained in supernatant.  

The blood decanted layer, resident peritoneal cells and 
ascitic fluid were admixed with 20 мМ HEPES buffer (pH 
7.4) at a ratio of 1:1 (v/v) and applied to ficoll-verografin 
gradient centrifugation at 3000 rpm for 20 min. 
Mononuclear cells and granulocyte were recovered in the 
density fractions of 1.087 and 1.129 g • ml-1 respectively, 
collected, washed twice, suspended in 20 мМ HEPES buffer 
(pH 7.4) containing 0.25 M sucrose and combined in one 
leukocyte fraction.  
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Leukocyte subsets were identified in fixed smears stained 
by the Romanovsky-Giemsa method.20 All cell preparations 
consisted of about 90 to 95 % viable cells as determined 
with the trypan blue exclusion test.  

Preparation of cytoplasmic and mitochondrial fractions was 
performed by differential centrifugation.21 Leukocytes 
suspended in 20 мМ HEPES buffer containing 0.25 M 
sucrose (pH 7.4) were homogenized (1500 rpm, 3 min), 
centrifuged at 4 ºС (1200 rpm, 10 min) to remove nuclear 
fraction and cell debris. Pellet was discarded and the 
supernatant was further  centrifuged at 4 ºС (11000 rpm, 20 
min) to yield the crude mitochondrial preparation which was 
washed, suspended and homogenized in 20 mM  Hepes 
buffer containing of 0.1 M NaCl, 10 % glycerol, 0.1 % 
Triton X-100-PC, and cocktail of protease inhibitors (Roche, 
Basel, Switzerland). The supernatant was used as the 
cytoplasm.  

Measurement of L-arginine. Samples were deproteinized 
with 0.5 N NaOH and 10 % ZnSO4. Following a 
centrifugation (15000 rpm, 3 min), the protein-free 
supernatants were sampled and analyzed for L-arginine 
according to Akamatsy & Watanabe with our 
modification.24 Briefly: a sample of supernatant diluted with 
distilled water (1:1, v/v) was added in a ratio 3:1 (v/v) to a 
reagent (mixture of equal amounts of 0.4 % 8-oxychinoline 
in 96 % ethanol, 5 % sulfosalicylic acid in 0.01 M glycine 
buffer, 2.5 % NaOH), stirred with 1 % solution of sodium 
hypobromite and the absorbance was measured at 525 nm 
wavelength against reagent blank containing all the reagents 
minus the sample.  

Arginase assay. The samples were added to the reaction 
mixture: 20 mM HEPES buffer containing 2 mM 
dithiothreitol (pH 7.4), 1.5 mM MnCl2·4H2O, 4.75 mM L-
arginine·HCl and incubated at 37 °C for 60 min, followed by 
the addition of 10 % TCA to stop the reaction.22 Parallel 
control experiments were conducted in the presence of 60 
mM L-valine, a non-selective inhibitor of the arginase 
isoforms. Following a centrifugation (15000 rpm, 3 min) the 
supernatants were sampled and analyzed for L-ornithine 
content. The arginase activity expressed as produced in an 
hour L-ornithine per mg of total protein. 

Measurement of L-ornithine. Samples were mixed with 
4.5 % ninhydrin (1:1,v/v), heated (90 oC, 20 min), cooled to 
the room temperature and the absorbance was measured at 
505 nm wavelength against reagent blank containing all the 
reagents minus the sample.22  

Nitric oxide synthase assay. A total NOS activity was 
assessed by measuring stable intermediate of NO, nitrite 
(NO2

−) accumulated during a long-term incubation of 
samples (37 °C for 22 h) in 20 mM HEPES buffer (pH 7.4), 
containing 2 mM dithiothreitol and 3 mM MgCl2·6H2O, in 
the presence of NOS substrate, 5.5 mM L-arginine·HCl, and 
cofactors: 0.2 mM NADPH, 6 µM FAD, 5.5 µM FMN, 20 
µM ((6R)-5,6,7,8-tetrahydro-L-biopterin dihydro- chloride) 
and 1.7 mM CaCl2. Parallel control experiments were 
conducted in the presence of 5 mM NG–monomethyl-L-
arginine hydrochloride, non-selective inhibitor of all the 
NOS isoforms. Reaction was initiated by addition of 
samples to the incubation medium and terminated by 
subsequent addition of 0.5 N NaOH and 10 % ZnSO4. 
Following a centrifugation (15000 rpm, 3 min) the 

supernatants were sampled and analyzed for nitrite content. 
The NOS activity expressed as produced in 22 h nitrite per 
mg of total protein. 

Measurement of nitrite. Samples were deproteinized with 
0.5 N NaOH and 10 % ZnSO4. Following a centrifugation 
(15000 rpm, 3 min), the protein-free supernatants were 
sampled and analyzed for nitrite using colorimetric 
technique based on diazotization.23 Samples were mixed in 
equal parts with Griess-Ilosvay reagent (1:1 mixture of 
0.17 % sulfanilic acid and 0.05 % α-naphthylamine in 
12.5 % acetic acid), and the absorbance was measured at 
546 nm  wavelength against reagent blank containing all the 
reagents minus the sample.  

Measurement of L-citrulline. Samples were deproteinized 
with 10 % TCA, centrifuged (15000 rpm, 3min), then 
protein-free supernatants were mixed with 9.6 % H2SO4 
and reagent (5 mÌ diacetylmonoxime, 0.9 mM 
thiosemicarbazide, and 0.025 mÌ FeCl3) at a ratio of 1:1:1 
(v/v), heated in a boiling water bath for 10 min, cooled to 
the room temperature and the absorbance was measured at 
490 nm wavelength against reagent blank containing all the 
reagents minus the sample.25 

Indices of oxidative stress referring to lipid peroxidation 
processes were established by measuring malondialdehyde 
(MDA) using thiobarbituric acid.26 Samples were 
deproteinized with 10 % TCA and the precipitates were 
removed by centrifugation at 15000 rpm for 3 min, 
supernatants obtained were mixed with 0.72 % TBA and 0.6 
N HCl in proportion 1: 0.8 : 0.2 (v/v), heated for 15 min in 
boiling water bath that resulted in the formation of pink-
colored secondary product of MDA and the absorbance was 
measured at 535 nm wavelength against reagent blank 
containing all the reagents minus the sample.  

Protein was determined using crystalline bovine serum 
albumin as standard.27

 

Statistical analysis. All data were analyzed using a one-
way analysis of variance (ANOVA) followed by post hoc 
Holm-Sidak test (SigmaStat 3.5 for Windows). 
Relationships between biochemical parameters studied were 
determined calculating the Pearson linear correlation 
coefficient (r). Data are expressed as the mean ± S.E.M. 
Differences are considered significant at P < 0.05. 

RESULTS AND DISCUSSION 

Before presenting the major experimental results, we 
would like to briefly discuss cell separation procedures that 
were used to facilitate the analysis of the functional 
capacities of leukocyte and neoplastic cells from malignant 
effusions. Current evidence suggests a complex alteration of 
immune cell differentiation and function in cancerous 
conditions that involves polymorphonuclear and monocytic 
cells, including MDSC, immunosuppressive tumor-
associated macrophages and regulatory T cells.28,29 We have 
studied an overall picture of immune response using the 
joined fraction of granulocyte and mononuclear cells 
(macrophage/monocyte and lymphocyte) recovered in the 
density fractions 1.129 and 1.087 g • ml-1 respectively, 
including the low density granulocyte recovered with 
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mononuclears in EAC-bearing mice. Notably, there are the 
findings of other authors that activated granulocytes in 
advanced cancer patients and healthy donor with N-formyl-
L-methionyl-L-leucyl-L-phenylalanine (both may inhibit 
cytokine production by T cells) exhibit low density and co-
purified with low density peripheral blood mononuclears.30 

At the same time, conventional mast cells have a greater 
density than granulocytes up to 1.2g • ml-1, while the mast 
cells from tumor are recovered with malignant EAC cells in 
the lowest density fractions (up to 1.06 g • ml-1), because of 
high content of lipid and mucopolysaccharide laden 
vacuoles.31 It should be noted that mast cells were not 
studied in the present work. 

Antitumor and antioxidant effects of E. coli following Ehrlich 
ascites carcinoma 

E coli strain EM0 isolated from the feces of a healthy 
human volunteer was used for treatment of EAC-bearing 
mice. It is described as a non-pathogenic strain that had no 
adverse effect in germfree mice after colonization, despite 
the fact that EM0 may express hemolysin and cytotoxic 
necrotizing factor in vitro.32 Two days after EAC 
transplantation, a single non-invasive treatment of eyes and 
mouth of two-month-old white male mice with live E. coli 
isolate prolonged a life span by 75 %. On 11th day of EAC, 
E. coli caused a decrease of approximately thrice in the 
volume of ascitic fluid that accompanied by appropriate 
changes in the body weight of animals. Previously, we have 
demonstrated that after administration, E. coli is mainly 
concentrated in the ascitic fluid of EAC-bearing mice, and a 
much less its number was detected at sites remote from 
tumor, particularly in blood.33 Concomitantly, E. coli 
induced inflammatory response which interfered with 
induction and maintenance of the oncogenic phenotype of 
cancer cells appearing as a diminished anaplasia, in contrast 
to non-treated animals. 

Both macrophages and neutrophils are activated in tumor-
bearing patients and experimental animals and produce the 
elevated levels of reactive oxygen species (ROS) and down-
regulate the ROS scavengers and antioxidant enzymes thus 
contributing to the oxidative stress associated with 
immunosuppression and carcinogenesis.34,35 Carcinoma cells 
also produce ROS and other free radicals at elevated rates in 
vitro, and, many tumors have developed resistance то 
oxidative stress in vivo.36 High activity of antioxidant 
enzymes may contribute to resistance of tumor cells to 
overproduction of ROS. Notably, a significant up-regulation 
of superoxide dismutase (SOD) is observed on the stationary 
phase of EAC cells.37 At the same time, impaired 
functioning of the antioxidant system is demonstrated in the 
leukocytes isolated from area of tumor growth and blood.38 
Neutrophils from the blood of patients with larynx 
carcinoma exhibit low level of SOD prior to surgery, 
especially in the patients with advanced tumor stages.34  

Our data also suggests the prevalence of oxidative stress 
in the leukocyte over that of tumor cells on the 11th day of 
EAC development, viz. the level of a marker of oxidative 
stress, MDA (a measure of lipid peroxidation) was two-fold 
higher in the homogenates of peritoneal leukocytes (PL) 
than in EAC cells (165.3 ± 26.4 vs. 82.0 ± 11.2 pmol MDA 
• mg-1 protein respectively). Lipid peroxidation processes 
were significantly stimulated in PL and blood in EAC, and 

inhibited following E. coli treatment (Fig. 1). The MDA 
levels were increased to 41-, and 11-fold in the cytoplasm 
and mitochondria of PL, and to 7-, and 5-fold in those of 
blood leukocyte (BL), as well as to 4.6- fold in blood plasma 
of EAC-bearing mice compared respectively to the basal 
levels.  

 

 

 

 

 

 

 

Figure 1. Lipid peroxidation in the peritoneum and blood 
following Ehrlich ascites carcinoma (EAC) and E. coli treatment. 
Data are expressed as M ± SEM, n=18. The confidence probability 
(p) of parameters evaluated for EAC-bearing mice compared to the 
control, and p for E. coli-treated mice compared to untreated EAC-
bearing mice. Peritoneal leukocytes (PL): cytoplasm - F=59.3, 
p<0.001; mitochondria - F=16.1, p<0.001. Blood leukocytes (BL): 
cytoplasm - F=30.2, p<0.001; mitochondria - F=40.9, p<0.001; 
plasma - F=24.4, p<0.001. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001.   

After E. coli treatment, the MDA amounts decreased by 
3.2 and 1.8 times in the cytoplasm and mitochondria of PL, 
and by 1.8 and 2.8 times in those of BL compared 
respectively to EAC-bearing mice. Simultaneously, the 
MDA level in plasma dropped lower than control values. 
Hence, E. coli may counteract the oxidative stress, 
particularly EAC-induced redox imbalance in leukocytes 
preventing their oxidative damage and impairment in 
antitumor activity. The inhibition of ROS production by 
immune cells could cancel their suppressive effects in mice 
and patients with cancer.28,39 Antioxidant activity of E. coli 
appears to be due to its polyamines, which are effective 
scavengers of ROS, and could also trigger a transcription of 
protective proteins under conditions of strong oxidative 
stress.40 Capability of E. coli to rapidly adapt to the 
oxidative environment was demonstrated on the E. coli 
strain MG1655 which metabolite profile was normalized in 
40-60 min after exposure to a sub-lethal concentration of 
hypochlorite.41  

One interesting observation is a profound increase in the 
L-arginine level in leukocytes following EAC (Fig. 2). The 
L-arginine content was approximately the same and 
distributed equally in the cytoplasm and mitochondria of 
both PL and BL under physiological circumstances. On the 
11th day of EAC transplantation, the L-arginine content was 
elevated by 4.4 and 2.3 times in the cytoplasm and 
mitochondria of PL, and by 4.2 and 3.8 in the cytoplasm and 
mitochondria of BL compared respectively to control. The 
most significant increase in the L-arginine level was 
observed in plasma (about 11-fold) in which it was higher 
than that in leukocyte.  
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Figure 2. L-arginine level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=22.4, p<0.001; 
mitochondria - F=9.6, p<0.001. Blood leukocytes (BL): cytoplasm 
- F=21.6, p<0.001; mitochondria - F=21.5, p<0.01; plasma - 32.2, 
p<0.001.  # p >0.05, * p <0.05, ** p <0.01, *** p<0.001. 

 

An elevation of the arginine content might be a 
consequence of EAC-induced exacerbation of free radical 
oxidation that apparently may intensify intracellular protein 
degradation. In turn, the tRNA mediated, posttranslational, 
N-terminal arginylation of proteins (occurred in all 
eukaryotic cells) may lead to rapid ubiquitination of 
arginylated proteins degraded by cytosolic proteases by the 
N-end rule pathway.42 High amounts of L-arginine may 
affect the ion balance causing resistant hyperkalemia, a 
typical and the most life-threatening of tumor lysis 
syndrome.43,44 Hence, negative consequences at this stage of 
EAC appear to be caused not by arginine deficiency, but 
rather of its increase.  

Despite of a decrease in the arginase activity (vide infra), 
the L-arginine level dropped twice in the cytoplasm of PL 
following E. coli treatment. Simultaneously, L-arginine 
content was elevated by 1.6 times in the mitochondria of PL, 
possibly, due to E. coli-mediated normalization of the 
mitochondrial arginase activity (vide infra) and/or 
penetration of amino-acid from the cytoplasm. E. coli-
induced decrease in oxidative stress might interfere with 
protein breakdown served as a source of L-arginine and 
diminish the L-arginine level. Notably, the cytoplasmic L-
arginine high pool in contrast to other creatine analogues 
and related compounds can inhibit creatine transporters 
localized on inner and outer mitochondrial membrane 
fractions and interfere with the creatine transport from 
cytoplasm into mitochondria.45 Thus, E. coli mediated 
modulation of the L-arginine level in the cytoplasm of PL 
could facilitate their energy production.    

L-arginine may be converted to agmatine by the cytosolic 
arginine decarboxylase of E. coli in which it exists in 
constitutive and inducible isoforms.46 Agmatine in turn may 
serve as a free radical scavenger by protecting against the 

oxidation of sulfhydryl groups and decreasing hydrogen 
peroxide content, preserving from mitochondrial damage 
and apoptosis.47 At the same time, agmatine released into 
ascitic fluid may exert cytostatic activity in proliferating 
cancer cells, because of its preferable uptake by transformed 
cell with short cycling times lines (H-ras- and Src-
transformed murine NIH/3T3 cells, Ras/3T3 and Src/3T3, 
respectively) accompanied by a suppression of cell growth 
via agmatine-mediated induction of the antizyme synthesis, 
which inhibits ornithine decarboxylase activity attenuating 
polyamine formation.48,49 Further, E. coli lacks endogenous 
arginase and NO-synthase, enzymes that can compete with 
arginine decarboxylase.50,51 

E. coli caused a 1.6-fold increase in the L-arginine level in 
the cytoplasm of BL and a slight decrease in the 
mitochondria of BL compared to non-treated EAC-bearing 
mice, whereas no changes were detected in blood plasma. 
As noted, after treatment a much less number of E. coli was 
observed in blood, compared to ascitic fluid, and signaling 
mechanisms appear to be involved, particularly E. coli’s 
LPS among other pro-inflammatory stimuli can upregulate 
the L-arginine cationic amino acid transporter 2 (CAT2).52 

This may contribute to E. coli-induced elevation of the 
arginine level in BL. Presumably, L-arginine would be 
utilized by such arginine-metabolizing enzymes as ARG1 
and NOS that are also activated in the cytoplasm of BL 
following E. coli administration (vide infra). Early 
concomitant induction of iNOS, ARG2, argininosuccinate 
synthase and ornithine decarboxylase, and CAT2 and late 
induction of ARG1 are demonstrated in LPS-activated 
peritoneal macrophages.53  

Arginase activity in peritoneal and blood leukocytes following 
EAC and E. coli treatment. 

Oxidative stress and elevated intracellular levels of L-
arginine appear to contribute to the stimulation of both 
arginase and NOS in the peritoneal and blood leukocytes on 
the 11th day of EAC inoculation. Arginase hydrolizes L-
arginine to L-ornithine and urea and is presented in 
mammalian tissues with two isoforms: cytoplasmic (ARG1) 
and mitochondrial (ARG2) constitutively expressed in 
murine granulocytes and monocyte/macrophages.54,55 ROS, 
superoxide anion and hydrogen peroxide can induce the 
LPS-mediated increase in the activity of ARG1 and ARG1 
mRNA level in alveolar macrophages, and to the less extent 
the nitrite accumulation and iNOS mRNA expression.56 
ARG1 expression is also potently induced by oxidized low-
density lipoproteins in macrophages.57 Fig. 3 shows the 
intracellular changes in the arginase activity in the 
peritoneum and blood of EAC-bearing and E. coli-treated 
mice. The activities of ARG1 and ARG2 were distributed 
equally in the cytoplasm and mitochondria of both PL and 
BL from testing native mice, and the ARG1 and ARG2 
activities in PL were of a 3.4 and 2.5-fold higher than those 
respectively in BL. Malignancy was accompanied by a 5 
and 3-fold increase in the ARG1 and ARG2 activity in PL, 
and by a 7.7 and 12-fold in those of BL respectively. EAC 
shifted the intracellular arginase activity balance in PL 
towards the ARG1, which activity was by 1.8 times higher 
than that ARG2, conversely, in BL the ARG2 activity 
dominated and was 1.6 times higher than that of ARG1.  
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Figure 3. Arginase activity in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=37.7, p<0.001; 
mitochondria - F=13.5, p<0.001. Blood leukocytes (BL): 
cytoplasm - F=59.6, p<0.001; mitochondria - F=35.4, p<0.001; 
plasma - F=7.1, p=0.002.  # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001. 

 

E. coli-treatment decreased the ARG1 activity by 1.44 
times and normalized ARG2 in PL of EAC-bearing mice, 
while in BL a 3-fold increase in the ARG1 activity was 
detected and a 2.5-fold decrease in that of ARG2 
respectively compared to non-treated mice. Inhibition of 
arginase isoforms in PL and ARG2 in BL indicated to 
ameliorating effect of bacterial treatment interfering with 
imminosuppresive effects of arginases. Besides, ARG2 
plays a critical role in macrophage proinflammatory 
responses promoting mitochondrial ROS production.58 At 
the same time in blood E. coli/LPS-mediated non-specific 
immune response is, presumably,  associated with the 
activation of both ARG1 and iNOS (vide infra). 
Interestingly, iNOS/NO could exclusively affect ARG1 
activity (not ARG2) via S-nitrosylation of 2 cysteine 
residues (C168 and C303), and through S-nitrosylation of 
C303 stabilized ARG1 trimer and reduced its Km value 6-
fold, both in vitro and ex vivo.59 In contrast to ARG1, ARG2 
is not significantly modulated by Th1 or Th2 cytokines.60 
Although, recent data suggests that IFNã interferes with 
arginase activity in the three murine renal cell carcinoma 
cell lines, perhaps by inhibiting transcription of the ARG2 
gene there through inhibiting proliferation of cells.61 
Whether IFN-γ is implicated in E. coli impact on the ARG2 
activity in leukocytes must be elucidated.  It can be 
speculated that E. coli via stimulation of the ARG1 activity 
and subsequent urea overproduction in the cytoplasm of BL 
is metabolically aimed to down-regulate the iNOS activity. 
Urea inhibits the iNOS/NO in a dose-dependent manner 
facilitating proliferation of LPS-stimulated mouse 
macrophages (RAW 264.7).62 Interestingly, the same 
distribution of the intracellular arginase activities was 
observed both in PL and BL after E. coli treatment (ARG1 : 
ARG2 = 3.6 : 1).  

One of the major products of arginase is L-ornithine, a 
precursor in the production of polyamines, whose elevated 
levels are associated with neoplastic growth.63 Ornithine 

levels are significantly dropped in blood plasma and other 
tissues in the double knockout ARG1 and ARG2-deficient 
mice, indicating that arginase is critical to the maintenance 
of ornithine homeostasis.64 Fig. 4 shows the alterations in 
the L-ornithine content in the peritoneum and blood 
following EAC and E. coli treatment. Positive correlation 
between arginase activity and L-ornithine level was 
determined in the PL cytoplasm (r=0.63, p=0.0053) and 
mitochondria (r=0.99, p<0.0001), and in the BL cytoplasm 
(r = 0.97, p <0.0001) and mitochondria (r = 0.96, p <0.0001), 
as well as in plasma (r = 0.55, p = 0.02). Although, L-
ornithine may inhibit the two isoforms of arginase in vivo by 
a feedback mechanism, no inhibitory effect was observed in 
the studied leukocytes over L-ornithine concentration range 
determined in vitro. 

 

 

 

 

 

 

 

 

Figure 4. L-ornithine level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control; 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=28.6, p<0.001; 
mitochondria - F=8.27, p<0.001. Blood leukocytes (BL): 
cytoplasm - F=42.6, p<0.001; mitochondria - F=24.3, p<0.001; 
plasma - F=2.7, p=0.078. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001. 

 

Despite EAC-induced stimulation of the arginase activity, 
the level of arginine was markedly high in the studied 
cellular compartments of both PL and BL. Hence, arginase-
induced arginine deficiency that may lead to inhibition of 
natural killer cell activity, T-cell dysfunction, including 
decreased proliferation and loss of the z-chain peptide 
during cancer was not observed.65 No clear association with 
ARG1 expression and T-cell dysfunction (altered ability to 
produce cytokines in response to stimulation and inhibition 
of proliferation) was observed in myeloid cells from 
peripheral blood of patients with early-stage breast cancer.66 
Findings of other authors indicate that the ARG2 activity 
does not induce immunosuppression through CD3 æ down-
regulation in both peripheral blood lymphocytes, and CD8+ 
T lymphocytes infiltrating tumor in patients with prostate 
carcinoma.67 Notably, even during dramatically increased 
arginase activity, the concentrations of l-arginine in 
endothelial cells remained sufficiently high to provide NOS-
dependent NO synthesis.68 This has led authors to the 
conclusion that there is subcellular compartmentalization of 
l-arginine into poorly interchangeable intracellular pools. 
Nevertheless, arginase induction in leukocyte can enhance 
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tumor cell growth and not only through depletion of L-
arginine, but also by providing them with polyamines, 
because the progression of a malignancy correlates with an 
elevated expression of both or specific isoform of arginase 
(depending on the type of tumor), while an inhibition of 
tumor growth is accompanied by a decrease in the 
expression and activity levels of arginase.61,66  

Nitric oxide synthase activity in peritoneal and blood 
leucocytes following EAC and E. coli treatment. 

There are three main isoforms of NOS, namely, 
constitutive (cNOS), including neuronal and endothelial 
NOSs and iNOS, which are highly induced by LPS, 
lipoteichoic acid, and proinflammatory cytokines.69 A total 
NOS activity was assessed in the leukocyte cytolasmic and 
mitochondrial compartments, in which all the NOS isoforms 
are presented (Chen, K., 2010). S.S. Greenberg et al., 1998; 
T. Wallerath et al., 1997).70.71.72 As shown in Fig. 5, on the 
11th day of EAC transplantation a total NOS activity 
increased by 2.4 and 2.3 times in the cytoplasm and 
mitochondria of PL, and 8.5 and 6.3 times in those of BL 
respectively  compared to control. It should be noted, that 
enhanced mitochondrial NO production and increased free 
radical generation, disrupt the electron transport system and 
mitochondrial permeability transition.73 NO may potentially 
de-energise mitochondria via inhibition of creatine kinase, 
aconitase, cytochrome c oxidase.69,74 Interestingly, in some 
cases involving proteins with N-terminal Cys, arginylation 
can happen only after nitric oxide-dependent Cys oxidation 
and such oxidation-dependent arginylation are likely to 
target proteins for degradation.75 E. coli decreased the NOS 
activity in cytoplasm up to basal values, whereas no changes 
in the NO production were detected in mitochondria of PL.  

 

 

 

 

 

 

 

 

 

Figure 5. Nitric oxide synthase activity in the peritoneum and 
blood following Ehrlich ascites carcinoma (EAC) and E. coli 
treatment. Data are expressed as M ± SEM, n=18. The confidence 
probability (p) of parameters evaluated for EAC-bearing mice 
compared to control; and p for E. coli-treated mice compared to 
untreated EAC-bearing mice. Peritoneal leukocytes (PL): 
cytoplasm - F=16.4, p<0.001; mitochondria - F=12.6, p<0.001. 
Blood leukocytes (BL): cytoplasm - F=32.5, p<0.001; 
mitochondria - F=28.3, p<0.001. Note: NOS activity was not 
determined in plasma. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001.   

EAC-enhanced arginine level in the leukocytes appear to 
up-regulate a total NOS activity, particularly the iNOS, 
which in contrast with the cNOS is a high-output form 
strongly dependent on the presence of intracellular L-
arginine that is a rate-limiting factor in NO synthesis.76 As 
noted, peritoneal macrophages in ascites tumor-bearing 
animals express high levels of iNOS accompanied by 
overproduction of NO.17 The iNOS can produce NO for 
prolonged periods and contribute to excessive NO, which is 
the only biomolecule produced in high enough 
concentrations to out-compete SOD for superoxide and 
forming peroxynitite (ONOO-, PN), a potent oxidizing and 
nitrating agent that modifies tyrosine in proteins and creates 
nitrotyrosines leaving a footprint detectable in vivo.77 NO 
released from PL may interact with superoxide generated  
by extracellular NADPH oxidase, the activity of which was 
revealed in ascitic fluid and was about 28 % higher than that 
in serum of healthy mice, and 8-10 times higher than in the 
EAC cells on terminal stage of EAC.78 MnSOD and 
CuZnSOD are inactivated when exposed to simultaneous 
fluxes of superoxide and NO, and PN may inactivate the 
MnSOD via the direct reaction with the Mn center and a 
metal-catalyzed nitration of Tyr-34 in MnSOD.79  PN could 
be involved in the inactivation of T-cell receptor complex 
via nitration and subsequent inhibition of the protein 
tyrosine phosphorylation in purified lymphocytes and 
priming them to undergo apoptotic cell death after 
phytohemagglutinin or CD3-mediated activation.80  The 
presence of high levels of nitrotyrosine in T lymphocytes 
infiltrating human prostate carcinoma, suggests  production 
of PN.67  

Interestingly, population of circulating CD11b+IL-4 
receptor α+ (CD11b+IL-4Rα++), inflammatory-type 
monocytes elicited by growing tumors and producing IL-13 
and IFN-γ contributing to stimulation of both ARG1 and 
iNOS that in turn are involved in the suppression of antigen-
activated CD8+ T lymphocytes.81 Notably, сNOS-derived 
NO could block the nuclear factor kappaB (NF-kB) 
activation and proinflammatory mediators release, vice 
versa iNOS/NO could stimulate these processes.82 This 
becomes even more important, since inhibition of NF-kB 
signaling in ARG1-expressing tumor-associated 
macrophages transformed them into tumor-cytotoxic 
effector cells.83 In addition, iNOS-derived NO may inhibit 
cNOS by a feedback mechanism through the formation of 
stable inhibitory ferrous nitrosyl complexes, whereas in case 
of the iNOS it appears weak.84  

E coli decreased the NOS activity in the cytoplasm up to 
basal values in PL, but no changes in the mitochondrial 
NOS activity were detected. It is not excluded that agmatine 
produced by E. coli may competitively inhibit in a dose-
dependent manner the activity of the three NOSs, and most 
potently the iNOS as it was demonstrated in macrophages.85 
Moreover, agmatine could be converted to putrescine and 
urea by agmatinase, and urea in turn may also contribute to 
the iNOS inhibition (vide supra). It should be further 
investigated, how the contribution of E. coli to nitrergic 
response of PL is related to the iNOS and/or the cNOS in 
EAC. At the same time, E coli stimulated a total NOS 
activity by 1.5 times in the cytoplasm of BL, and decreased 
it approximately twice in the mitochondria, in which,  
possibly, dominating cNOS was inhibited by iNOS/NO.  
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Thus, contrary to PL, E. coli may up-regulate both ARG1 
and cytoplasmic NOS activity in BL of EAC-bearing mice 
that might be mediated by LPS. It is documented that LPS 
as well as various inflammatory stimuli may increase the 
NO production and the expression and activity of iNOS and 
arginase in rodents.86,87

 

Subcellular changes in the NOS activity were associated 
with appropriate alterations in the levels of its products, 
stable metabolite of NO, nitrite and L-citrulline in the 
peritoneum and blood following EAC and E. coli treatment 
(Fig. 6 and 7, respectively).  

 

 

 

 

 

 

 

 

 

Figure 6. L-citrulline level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=18.2, p<0.001; 
mitochondria - F=9.1, p<0.001; Blood leukocytes (BL): cytoplasm 
- F=27.8, p<0.001, mitochondria - F=12.7, p<0.001, plasma - 
F=58.8, p<0.001. # p >0.05, * p <0.05, ** p <0.01, *** p<0.001. 

 

 

 

 

 

 

 

 

 

Figure 7. Nitrite level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=13.6, p<0.001; 
mitochondria - F=15.3, p<0.001; Blood leukocytes (BL): 
cytoplasm - F=26.4, p<0.001; mitochondria - F=24.5, p<0.001; 
plasma - F=37.4, p<0.001. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001. 

Positive correlations between total NOS activity and L-
citrulline levels were determined in the cytoplasm (r=0.89, 
p<0.0001) and mitochondria (r = 0.78, p=0.0002) of PL, and 
in the cytoplasm (r = 0.97, p <0.0001) and mitochondria (r = 
0.92, p<0.0001) of BL, as well as between total NOS 
activity and nitrite levels in the cytoplasm (r=0.88, 
p<0.0001) and mitochondria (r=0.99, p<0.0001) of PL, and 
in the cytoplasm (r = 0.89, p<0.0001) and mitochondria (r = 
0.78, p=0.0002) of BL. 

It has been recently demonstrated that only modulating 
both enzymes arginase and NOS in vivo may reduce tyrosine 
nitration and restore responsiveness of tumor infiltrating T 
lymphocytes to human prostatic adenocarcinoma that was 
confirmed also on a transgenic mouse prostate model.67 We 
believe that the beneficial effect of the non-pathogenic E. 
coli strain is in part due to its antioxidant activity and 
associated impact on the mentioned enzymes in the PL. Our 
findings highlight also the importance of the subcellular 
location of arginine and arginine metabolizing enzymes as 
well as their substrate and products during EAC and 
bacterial treatment and should be further investigated.  

CONCLUSION 

In summary, we suggest that in the stationary to terminal 
phases of EAC an overproduction of ROS and an 
enhancement of L-arginine levels  occurred and 
accompanied by stimulation of the ARG1 and ARG2 and 
total NOS activity in the cytoplasm and mitochondria of 
both peritoneal and blood leukocytes. The most important 
novel finding of this study is that antitumor activity of non-
pathogenic E. coli EM0 strain appear to be associated with 
its inhibition of lipid peroxidation and differential 
modulation of L-arginine metabolic pattern depending on 
whether leukocytes are localized in the ascitic fluid or in the 
peripheral blood. After administration, E. coli was generally 
concentrated in the ascitic fluid and directly affected the 
surrounding cells including peritoneal leukocytes, in which 
the EAC-induced high activity of ARG1 decreased and a 
total cytoplasmic NOS and ARG2 were normalized. 
Negligible number of E coli were observed at sites remote 
of tumor which suggests its indirect effects, presumably via 
stimulation of LPS-mediated non-specific immune response 
associated with activation of both ARG1 and NOS in the 
cytoplasm of blood leukocytes in which they might 
contribute to inhibition of ARG2 and mitochondrial NOS, 
implicated in the reciprocal regulation of host antitumor 
response, and interfered with E. coli dissemination, as well. 
The data obtained should be taken into account in the further 
study aimed to use non-pathogenic E. coli strains in the 
therapy of ascites tumors. Overall, a precise understanding 
of indigenous bacteria impact on the arginine pathways in 
cancer may contribute to the development of more adequate 
therapy.  
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STRUCTURE  OF (2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(1-

(ANTHRACENE-9-YL)PROP-2-EN-1-ONE): A CHALCONE 

DERIVATIVE  

Rajni Kant[a]*,  Ratika Sharma[a], Vinutha V. Salian[b], B. K. Sarojini[c] and B. 
Narayana[b] 

 

Keywords: anthracene, single crystal XRD, direct method, intermolecular interactions, hydrogen bonding. 

The title compound C40H26O2 [(2E, 2'E)-3, 3'-(1,3-Phenylene)-bis(1-(anthracene-9-yl)prop-2-en-1-one)] was prepared from the reaction of 
isophthalaldehyde and 9-acetylanthracene treated with solution of ethanol and sodium hydroxide.  It has been crystallized from DMF using 
slow evaporation method in the triclinic space group P-1 with Z=2 and unit cell parameters, a = 9.8276(8) b = 10.7470(8), c = 14.5606(10) 
Å, α= 99.833(6), β=104.495(6), γ= 97.371(6)º. The architecture of the crystal structure is determined mainly by three intermolecular
interactions [C23-H10…O1, C25-H15…O1, C16-H17…O1],  here O1 acts as an acceptor to three different carbon atoms, resulting into the
formation of a  trifurcated hydrogen bond, forming a graph set motif R2

2(8) through a pair of C25-H15...O1 interactions.  These motifs are 
further extended through another intermolecular hydrogen bond [C3-H6...O2] forming a ladder like network, extending along the c-axis. 
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Introduction  

Chalcones are an interesting class of compounds which 
have been reported to posses various useful properties. They 
have been studied for non-linear optical properties1, 
biological activities including anti-inflammatory, 
antileishmanial, antimicrobial, antioxidant2-4 and HIV-1 
protease inhibitor5 as well as fluorescence properties6,7. 
Chalcones are important intermediates in organic synthesis 
of variety of pharmacologically important heterocyclic 
compounds. Due to the presence of enone functionality, 
chalcones are an interesting target class of compounds 
which are extensively studied for their broad spectrum of 
biological activities such as, antileishmanial8, anti-
invasive9,10, antitubercular11, antifungal12, antimalarial13, 
anticancer14,15 and anti-inflammatory properties16.  

In this paper we report precise synthesis and a detailed X-
ray structure of a chalcone derivative containing anthracene 
moiety and possessing interesting biological properties.  

Experimental 

Synthesis 

The reaction scheme for the synthesis of the tiltle 
compound is presented in Figure 1. To a mixture of 
isophthalaldehyde (0.67 g, 0.005 mol) and 9-acetyl-
anthracene  (2.20 g, 0.01 mol) in ethanol (50 mL), 15 mL of 

10 % sodium hydroxide solution was added and stirred at 0–
5 °C for 3 h. The precipitate formed was collected by 
filtration and purified by recrystallization from ethanol. 
Single crystal was grown from DMF by slow evaporation 
method (M. P.: 523-525 K). 

 

 

 

 

 

 

 
Figure 1. Synthesis of the chalcone derivative 

X-Ray Intensity Data Collection 

Structure Solution 

X-ray intensity data of  a  crystal  having well-defined 
crystal morphology (0.30 x 0.20 x 0.10 mm) were collected 
at 293(2)K on X’calibur CCD area-detector diffractometer 
equipped with graphite monochromated MoKα radiation (λ 
= 0.71073Å). The intensities were measured by employing 
ω scan mode for the diffraction angle ranging from 3.58 to 
26.00o. A total number of 10030 reflections were measured 
of which 5641 were found to be unique. The criterion (I > 
2σ(I)) was employed to the unique data set and  hence 2418 
reflections were treated as observed. Data were corrected for 
Lorentz and Polarization factors. The structure was solved 
by direct methods using SHELXS97.17 
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Table 1.  Crystal data and other experimental details. 

Table 2. Some important bond lengths (Å) and bond angles (º) 

Structure Refinement  

Full-matrix least-squares refinement was carried out using 
SHELXL9717. The final refinement  cycles converged to  R 
= 0.0643 and wR(F2) = 0.1989 for  the 2418  observed   
reflections. Residual electron density ranges from -0.199 to 
0.036 eÅ-3. Atomic scattering factors were taken from 
International Tables for X-ray Crystallography (1992, Vol. 
C, Tables 4.2.6.8 and 6.1.1.4). The crystallographic data are 
summarized in Table 1. Some selected bond angles which 
plays an important role in collating the structural properties 
of this molecule with the related structures are presented in   
Table 2. An ORTEP18 view of the molecule with atomic 

labelling is shown in Figure 2. The geometry of the molecule 
was calculated using the PLATON19 and PARST20 software. The 
Cambridge Crystal Data Centre Number assigned to this structure 
is CCDC-1407267. 

 

 

 

 

 

 

Figure 2. ORTEP view of the molecule showing the atom-
labelling scheme 

 

 

 

 

 

 

Figure 3. A plot of two molecules of the title compound showing 
trifurcated intermolecular C-H…O hydrogen bonds (dashed lines) 
forming R2

2(8) motif 

Result and Discussion 

The molecule comprises of two anthracene moieties 
separated by the chalcone chain system including  a phenyl 
ring labelled as C. The two  anthracene moieties are labelled 
as A (consisting of ring A1, A2 and A3) and B (consisting 
of  ring B1, B2 and B3), respectively (Figure 2 ). All bond 
lengths and angles are normal and correspond to those 
observed in related structures21, 22. The endocyclic bond 
angles in  moiety A and B  are very close to 120°, indicating  
perfect aromatic character in them.23. C15=O1 and C26=O2 
keto distances are confirmed by respective distances of 
[1.220(3) and 1.220(4) Ǻ] and are slightly longer than the 
standard value for carbonyl bonds23 (1.210 Ǻ) probably 
because atoms O1 and O2 both are involved in C-H…O 
intermolecular hydrogen bonds. These keto distances are in 
well agreement with the values observed for related 
structures.24,25 The plane of moiety A forms a dihedral angle 
of 70.95(6)° with the  plane of the moiety B. The ring C is 
twisted from the plane formed by the ring atoms 
C1/C6/C10/C9/C14 (in moiety A) and 
C29/C28/C27/C40/C39 (in moiety B), through the dihedral 
angles of 69.19(1)° and 76.82(2)°, respectively. The co-
planar geometry of ring C with both the carbonyl groups 
[C15=O1 and C26=O2], confirmed   the torsion angles 
values being close to zero.  

CCDC Number 1407267 
Crystal description Block 
Crystal size 0.30 x 0.20 x 0.10 mm 
Empirical formula C40H26O2 
Formula weight 538.61 
Radiation, Wavelength   Mo Kα, 0.71073 Å 
Unit cell dimensions   a = 9.8276(8) Å ,  

b = 10.7470(8) Å  
c = 14.5606(10) Å 
α= 99.833(6)°  
β=104.495(6)º 
γ = 97.371(6)° 

Crystal system, Space group Triclinic, P-1  
Unit cell volume 14443.25(19) Å3 
No. of molecules per unit cell, Z 2 
Absorption coefficient 0.075 mm-1 
F(000)  564 
θ range for entire data collection 3.58< θ < 29.12º 
Reflections collected / unique 10030 / 5641 
Reflections observed (I > 2σ(I)) 2418 
Range of indices h= -12 to 12,  

k= -13 to 12,  
l= -17 to 17  

No. of parameters refined 467 
Final R-factor  0.0643 
wR(F2)  0.1989 
Rint 0.0298 
Rσ 0.0839 
Goodness-of-fit 0.989 
(∆/σ)max 0.001 
Final residual electron density -0.199< ∆ρ >0.036 eÅ-3 

S. Bond lengths(Å) Bond angles(º) 
1. O1-C15 1.220 O1-C15-C10 119.70 
2. O2-C15 1.225 O2-C15-C16 119.86 
3. C5 -C10 1.413 C16 -C15-C10 120.42 
4. C9-C10 1.396 C16-C17-C18 126.46 
5. C10-C15 1.496 C15-C16-C17 125.46 
6. C15-C16 1.462 C26-C25-C24 124.78 
7. C17-C18 1.467 C22-C24-C25 127.00 
8. C27-C28 1.398 C25-C26-O2 120.03 
9. C27-C40 1.404 C27-C26-C27 120.30 
10
. 

C32-C24 1.454 C25-C26-C27 119.66 
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Table 3. Geometry of intra and inter molecular hydrogen bonds  

D-H…A D-H (Å) H…A(Å) D…A(Å) θ[DH…A(º)] 

C14-H1…O1 0.98(2) 2.53(3) 3.110(4) 118 
C3- H6…O2i 0.98(3) 2.58(3) 3.773(5) 139 
C23-H10…O1ii 0.94(3) 2.53(2) 3.455(4) 169 
C25-H15…O1ii 1.00(3) 2.51(3) 3.473(4) 161 
C16-H17…O1 ii 1.02(3) 2.37(3) 3.392(4) 174 

Symmetry codes: (i) x-1, y, z-1 (ii) –x+1,-y, -z+1 

The atom O1 is playing a key role in the stabilization of 
crystal structure as it participates in three inter and one intra 
molecular hydrogen bonds out of total five hydrogen bond 
interactions present in the molecule. The architecture of the 
crystal structure is determined mainly by three 
intermolecular interactions in which O1 acts as a hydrogen 
bond acceptor via hydrogen atoms H6, H15 and H17 to the 
carbon atoms C23, C25 and C16 respectively, resulting into 
the formation of a trifurcated hydrogen bonded structure. 
This generates a graph set motif R22(8)26 through the pair 
of C25-H15...O1 interactions (Figure 3). The geometry of  
hydrogen bonding  is presented in   Table 3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Packing view of the molecule projected alone the bc 
plane 

 

The supramolecular structure formed by the trifurcated 
hydrogen bonding is  further connected by the C3-H6...O2 
hydrogen bonds, extending along the c-axis forming a ladder 
like network as shown in   Figure 4.    
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TOTAL LIPIDS, PROTEINS, MINERALS AND ESSENTIAL OILS 

OF PINUS NIGRA ARNOLD AND PINUS SYLVESTRIS 

GROWING WILD IN KOSOVO 

Fatmir Faiku[a]*, Arben Haziri[a], Fatbardh Gashi[a], Naser Troni[a] and  
    Haxhere Faiku[b]* 

 

Keywords: Pinus nigra Arnold, Pinus sylvestris, proteins, lipids, minerals, essential oils. 

The soil and climatic conditions are conducive for the growth of a lot of medical herbs in Kosovo. Lipids, proteins, minerals and essential
oils were quantitatively determined from the Pinus nigra Arnold and Pinus sylvestris growing wild in Germia Park (located in the north-
east of Pristina). Total proteins were analyzed, by Kjeldahl method. The total amount of proteins in Pinus nigra Arnold is 7.714 % and in 
Pinus sylvestris is 4.375 %. Lipids are analyzed by Soxhlet extraction. The total amount of lipids in Pinus nigra Arnold are 7.185 % and in 
Pinus sylvestris 6.670 %. Essential oils were isolated using steam distillation. The total amount of essential oils in Pinus nigra Arnold are 
0.35 % and in Pinus sylvestris 0.32 %. The mineral content was studied and analyzed by flame atomic absorption spectrometry. Six
elements, sodium, potassium, calcium, zinc, iron and copper were determined in Pinus nigra Arnold and Pinus sylvestris. The mean levels 
of sodium, potassium, calcium, zinc, iron and copper are 246 mg kg-1, 1280 mg kg-1, 4260 mg kg-1, 17.2 mg kg-1, 173 mg kg-1, 3.83 mg kg-1

in Pinus nigra Arnold, respectively. The mean levels of sodium, potassium, calcium, zinc, iron and copper are 6.9 mg kg-1, 420 mg kg-1, 
1180 mg kg-1, 95 mg kg-1, 840 mg kg-1, 19 mg kg-1 in Pinus sylvestris, respectively. Calcium and potassium are present in large amounts in
Pinus nigra Arnold while calcium and iron are present in large amounts in Pinus sylvestris. 
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Introduction 

The cultivation and use of medicinal herbs dates from 
Roman times. Until the nineteenth century and beginning of 
the twentieth century, medicinal herbs were the raw material 
for making medicines. Today, even though the active 
medicinal materials are obtained from synthesised  
chemicals the use of medicinal herbs in medicine is 
widespread and is important.1 There is an increasing demand 
for natural products as curative agent. The medicinal plants 
are the primary sources for natural products and are used not 
only in the poorer countries but also in developing countries 
as  alternate  source of medicines to  treat different 
diseases.2-4 

The genus Pinus of the family Pinaceae (division 
Pinophyta) is comprised of more than 100 species and is 
spread worldwide.5  

Pinus nigra Arnold is a large coniferous evergreen tree, 
growing to 20–55 meters tall at maturity. The bark is grey to 
yellow-brown, and is widely split by flaking fissures into 
scaly plates, becoming increasingly fissured with age. The 
leaves ("needles") are thinner and more flexible in western 
populations.6  

Pinus sylvestris is an evergreen tree of 20-45 m height 
living up to 500 years. Pine is a source of wood, it is also 
used to protect the erosion of soil and its buds, needles and  

bark are used in phototherapy. Pine needles are rich in 
vitamin C, tannins, alkaloids and essential oils. Moreover, 
pines as all coniferous are very sensitive to air pollution, and 
the analysis of secondary metabolites allow evaluating both 
the physiological state of a plant and the environmental 
conditions under which it is growing.5  

Our research group is interested to analyze the chemical 
profile of different medicinal plants which are growing wild 
in the region of Kosova and Albania.7-13 The aim of this 
research was to determine the quantity of proteins, lipids, 
minerals and essential oil in the Pinus nigra Arnold and 
Pinus sylvestris in growing in Germia Park. Germia is a 
regional Park located in the north-east of  Pristina, capital 
city of Kosovo, and it covers an area of 62 km2.  

Materials and methods 

The needles of Pinus nigra Arnold and Pinus sylvestris, 
growing wild in Germia Park (located in the north-east of 
Pristina), was collected in July 2013. We took three samples 
from Pinus sylvestris and three from Pinus nigra Arnold. 
Voucher specimens were deposited in the Herbarium of the 
Department of Veterinary, University of Prishtina. The 
plants were dried at room temperature (22 °C). Proteins 
were determined according to the Kjeldahl method,14 
whereas lipids were determined according to the Soxhlet 
method.15,16 As solvent was used diethyl ether. The essential 
oil was extracted with steam distillation for 4 h of 100 g of 
air dried needles.  

The analysis, of the dry needles samples collected, 
resulted in the finding of minerals as sodium, potassium, 
calcium, zinc, iron and copper by using the method 
described by Taleisnik et al.17 Therefore, the needles were 
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washed with destillated water to remove any dust and were 
dried in an oven at 105 °C for 48 h. The dried samples were 
pounded in a porcelain mortar until they formed a powder. 
Then, a 2 g sample, was calcified in an oven at 300-400 °C. 
The ashes were placed into 100 cm3 of normal flask. Next, 
10 cm3 of 1 mol dm-3 nitric acid (HNO3) was added to each 
flask, homogenized, and then shaken for 20 minutes in a 
shaker. The homogenized samples were filtered and filled 
till 100 cm3 with 1 mol dm-3 HNO3. Minerals like sodium, 
potassium, calcium, zinc, iron and copper were analyzed 
Atomic Absorption Spectrometry (Buc Scientific Model 
200A).  

Results and Discussion 

Pinus nigra Arnold and Pinus sylvestris are analyzed in 
chemical aspect with the goal to research the chemical 
nature. We have analyzed the primary and secondary 
metabolites in quantitative manner. The amount of lipids, 
proteins and essential oil of Pinus nigra Arnold and Pinus 
sylvestris is given in Tables 1 and 2. 

From experimental data (Table 1) we can see that the 
amounts of lipids were 7.185 %, proteins 7.714 % and 
essential oil 0.35 % in the Pinus nigra Arnold. From 
experimental data (Table 2) we can see that the amounts of 
lipids were 6.670 %, proteins 4.375 % and essential oil 
0.32 % in the Pinus sylvestris. 

Figures 1 and 2 shows the diagrams for the lipids, proteins 
and essential oil amounts to the Pinus nigra Arnold and 
Pinus sylvestris giving in percentage. 

On Figures 1 and 2 we can see that the amounts of 
proteins, lipids and essential oils in Pinus nigra Arnold and 
in Pinus sylvestris are as follows: proteins > lipids > 
essential oil. The amount of essential oil is same in both the 
plants, but if we compare the amounts of proteins and lipids 
we can see that Pinus nigra Arnold contains higher amount 
of proteins and lipids (7.714 %, 7.185 % respectively) 
compared with the amounts of proteins and lipids in Pinus 
sylvestris (4.375 %, 6.670 % respectively). 

The amount of essential oil in Pinus nigra Arnold 
(0.35 %) is almost same if we compare it with the amount of 
essential oil from different cities of Turkey6  (Bursa 0.33-
0.65 %, Antalya 0.38-0.55 %, Içel 0.38-0.65 %). The 
amount of essential oil of Pinus sylvestris (0.32 %) is same 
with the amount of essential oil of Pinus sylvestris growing 
wild in Lithuania (0.25-0.47 %).5 

The amount of proteins in Pinus nigra Arnold (7.714 %) 
is lower than the amount of proteins from Turkey18 
(25.75 %). The amount of proteins in Pinus sylvestris 
(4.375 %) is lower than the amount of proteins from 
Mongolia19 (45.1 %). The amount of lipids from Pinus nigra 
Arnold (7.185 %) are greater than to the Pinus sylvestris 
(6.670 %) growing wild in Kosovo. Also we did the 
research in the quantity of the minerals sodium, potassium, 
calcium, zinc, iron and copper. The amount of minerals of 
Pinus nigra Arnold and Pinus sylvestris are given in Tables 
3 and 4 

 

Table 1. The amounts of lipids, proteins and essential oil of the 
Pinus nigra Arnold 

Table 3 shows that the average values in mg kg-1 of 
sodium, potassium, calcium, zinc, iron and copper from 
Pinus nigra Arnold are 246 mg kg-1, 1280 mg kg-1, 4260 mg 
kg-1, 17.2 mg kg-1, 173 mg kg-1 and 3.83 mg kg-1. From 
Table 4 we can see that the average values in mg kg-1 of 
sodium, potassium, calcium, zinc, iron and copper from 
Pinus sylvestris are 6.9 mg kg-1, 420 mg kg-1, 1180 mg kg-1, 
95 mg kg-1, 840 mg kg-1 and 19 mg kg-1. 

 

 

 

 

 

 

 

 

 

 
Figure 1. The diagram of the quantity of the lipids proteins and 
essential oil of the Pinus nigra Arnold     

 

 

 

 

 

 

 

 

 

 
 

Figure 2. The diagram of the quantity of the lipids, proteins and 
essential oil of the Pinus sylvestris 

 

Components (%) Mean Standard  deviation 
Lipids 7.185 0.313 
Proteins 7.714 0.169 
Essential oil 0.35 0.112 
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Figures 3 and 4 shows the average values of elements in 
mg kg-1 from Pinus nigra Arnold and Pinus sylvestris. 

 

 

 

 

 

 

 

 

 

Figure 3. Diagram of the quantities of the minerals in the Pinus 
nigra Arnold  

 

 

 

 

 

 

 

 

 

 

Figure 4. Diagram of the quantities of the minerals in the Pinus 
sylvestris 

Pinus nigra Arnold contains large amounts of calcium 
(4260 mg kg-1) and potassium (1280 mg kg-1) (Figure 3), 
while Pinus sylvestris contains large amounts of calcium 
(1180 mg kg-1) and iron (840 mg kg-1) (Figure 4). The 
amount of sodium, potassium calcium from Pinus nigra 
Arnold are greater than that present in  the Pinus sylvestris, 
while the amount of zinc, iron and copper in Pinus sylvestris 
are greater than to the Pinus nigra Arnold (Table 3 and 4). 

The amounts of zinc (95 mg kg-1), iron (840 mg kg-1) and 
copper (19 mg kg-1) of Pinus sylvestris growing wild in 
Kosovo are lower than to the Pinus sylvestris growing wild 
in Mongolia19 (zinc 300 mg kg-1, iron 2000 mg kg-1 and 
copper  500 mg kg-1). 

Pinus sylvestris contains large amounts of calcium (1180 
mg kg-1) compared to the amounts of calcium (500 mg kg-1) 
in Pinus sylvestris growing wild in Mongolia.19 

Table 2.The amounts of lipids, proteins and essential oil of the 
Pinus sylvestris 

Components (%) Mean Standard deviation 
Lipids 6.670 0.52638 
Proteins 4.375 0.35865 
Essential oil 0.320 0.05292 
 

Table 3. Quantity of minerals of the Pinus nigra Arnold giving in 
mg kg-1 

Elements Mean Standard deviation 

Sodium 246.0 30.000 
Potassium 1283 20.167 
Calcium 4260 16.252 
Zinc 17.20 2.843 
Iron 173.0 25.658 
Copper 3.830 1.756 
 

Table 4. Quantity of minerals in the Pinus sylvestris giving in mg 
kg-1 

Elements Mean Standard deviation 

Sodium 6.90 0.56862 
Potassium 420 88.88194 
Calcium 1180 75.05553 
Zinc 95.0 4.50925 
Iron 840 87.17798 
Copper 19.0 2.08167 

Conclusion 

The aim of this research was to determine the quantity of 
primary metabolites (lipids and proteins) and to analyze 
minerals as sodium, potassium, calcium, zinc, iron and 
copper.  

From the results we can conclude that needles of Pinus 
nigra Arnold contain more proteins 7.714 % than Pinus 
sylvestris 4.375 %. Also, lipids in Pinus nigra Arnold are 
7.185 % and in Pinus sylvestris 6.670 %, which means that 
they contain equal amounts of them. The total amount of 
essential oils in Pinus nigra Arnold are 0.35 % and in Pinus 
sylvestris 0.32 %.  

In this research we have analyzed the amounts of minerals 
and from them we can order these elements in terms of their 
quantity. In Pinus nigra Arnold they are ordered as follows:  
Ca > K > Na > Fe > Zn > Cu. Order of the elements of 
Pinus sylvestris given mg kg-1 is as follows: Ca> Fe> K> 
Zn> Cu > Na. Pinus nigra Arnold contains large amounts of 
calcium and potassium, while Pinus sylvestris contains large 
amounts of calcium and iron. 

As conclusion these two trees contain large amounts of 
essential oil and proteins. In the future our country should 
has attention to grow them in terms to get essential oil for 
different purposes. Let’s hope that in the future programs of 
agricultural policies of our country, through developmental 
programmers in different private enterprises and 
municipalities, this field will get the attention it deserves.    
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SOLVATION EFFECT ON SELF-ORGANIZATION OF COBALT 

COMPLEXES WITH SUBSTITUTED PHTHALOCYANINES 
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The influence of solvating power of medium on self-organization of metallophthalocyanines in solution has been studied. It is shown that 

phthalocyanine macrocycles form H-associates in universal solvation medium. In case of specific solvation the nature of peripheral 

substitution of phthalocyanine macrocycle plays important role in the formation of ordered structure. 
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Introduction 

Liquid-phase materials based on porphyrin and 
phthalocyanine complexes with d- and f-metals are widely 
used as photosensitizers,1,2,3 as catalysts,4,5,6,7 
photovoltaics,8,9 and in analytical chemistry.10,11 The 
formation of supramolecular assemblies based on 
metallophthalocyanines is possible due to existence of 
molecular complexation processes. Central metal cation of 
macrocycle forms ordered phthalocyanine structures12 by 
taking polidentate axial ligands into fifth and sixth 
coordination positions. Besides, phthalocyanine structures 
are able to form self-associates in solutions due to π-
stacking and intermolecular interaction on macrocycle 
periphery.13,14 Coordination centers on the periphery of 
phthalocyanine molecule are crucial for creation of materials 
with desired properties. 

Nature of solvent has great influence on self-association 

of metallophthalocyanines in solution.15,16 Obviously, 

solvents, having donor atoms such as nitrogen, oxygen or 

sulfur, act as not only universal solvating agents but as 

molecular ligands too. It is also known that molecular 

complexes formed between metallophthalocynine and 

solvent could be moved from a solution to crystal 

solvates.17,18 

Present work assesses the impact of solvating power of a 
solvent on formation of self-ordered phthalocyanine 
structures. 

Experimental 

Solvents used viz., acetonitrile (An), pyridine (Py), N,N-
dimethylformamide (DMF), dimethylsulfoxide (DMSO), 
ethanol (EtOH), were purified using known  methods.19  The 
water was double-distilled before the experiment. All 
solvents were stored in vacuo.   

Sulfonated derivatives of cobalt phthalocyanine with 
peripheral substituents of regularly changing nature are 
investigated (Figure 1). 

 

 

 

 

Figure 1. Structure of phthalocyanines. 

Cobalt(II) tetrasulfophthalocyaninate (CoPcI) is 
synthesized and purified by  "Weber-Busch" method.20 

3,10,17,24-Tetrakis(6-sulfonaphthalen-2-yloxy)phthalocy- 
aninato]cobalt(II) (CoPcII)21,22 was synthesized by heating a  
mixture of 0.78 g of potassium 6-(1,3-dioxo-2,3-dihydro-
1H-isoindol-2-yloxy)-naphthalene-2-sulfonic acid and 0.065 
g of anhydrous cobalt(II) chloride for 60 min at 190-195 °C 
with stirring. The resulting cobalt phthalocyanine was 
extracted into DMSO and precipitated from the extract with 
anhydrous ethanol. The precipitate was filtered off and 
washed with ethanol in a Soxhlet extractor. The product was 
further purified by chromatography on silica gel M 60 using 
aqueous DMF (1:1 by volume) as eluent. The product was a 
blue–green powder, readily soluble in water, aqueous DMF, 
DMSO, and aqueous alkali and the yield = 0.39 g (54 %).  
IR spectrum, ν, cm-1: 1045 (S=Os), 1103 (S=Oas), 1205 (C–
O–C). Found, %: C 58.42; H 2.70; N 7.62; S 8.80. 
C72H40CoN8O16S4. Calculated, %: C 59.22; N 2.74; N 7.68; 
S 8.80. 
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3,10,17,24-Tetrakis(6,8-disulfonaphthalen-2-yloxy)phtha-
locyaninato]cobalt(II) (CoPcIII)21,22 was synthesized in a 
similar way from 1.01 g of dipotassium 7-(1,3-dioxo-2,3-
dihydro-1H-isoindol-2-yloxy)naphthalene-1,3-disulfonate. 
Yield: 0.53 g (59 %); blue–green powder, readily soluble in 
water, aqueous DMF, DMSO, and aqueous alkali. IR 
spectrum, ν, cm-1: 1039 (S=Os), 1103 (S=Oas), 1210 (C–O–
C). Found, %: C 48.32; H 2.20; N 6.23; S 14.43. 
C72H40CoN8O28S8. Calculated, %: C 48.57; H 2.25; N  6.30; 
S 14.39. 

Synthesis of 2,9,16,23-tetrakis(1-benzotriazolyl)-
3,10,17,24-tetrakis(4-sulfo-1-naphthoxy)phthalocyaninato-
cobalt(II) (CoPcIV) was carried out by directed sulfonation 
of initial phthalocyanine.23 There are characteristic 
vibrational bands (cm-1) for CoPcIV in FT-IR spectra (KBr): 
745 (C-N), 1045 (N=N), 1230 (Ar-O-Ar), 1060 (С-S), 1150-
1190 (S=O in SO3H). MS (MALDI-TOF) m/z 1932.71 
[M+4H]+. In 1Н NMR (500 MHz, DMSO-d6): δ (ppm) 7.45 
(Ar-5H), 7.94 (Ar-4H), 8.07 (Ar-6H), 8.29 (Ar-3H) – 
triazole groups, 7.64 (Ar-8H), 7.73 (Ar-7H), 7.85 (Ar-11H), 
8.18 (Ar-10H), 8.53 (Ar-9H), 8.85 (Ar-12H) – naphthoxy 
groups, 8.97 (SO3H). 

FT-IR spectra were recorded using IR-Fourier 

spectrophotometer Avatar 360 (USA) in 400-4000 cm-1 

frequency range. NMR spectra of the solutions were 

recorded on Bruker AVANCE-500 NMR spectrometer at 

500 MHz (1H) operating frequency. Measurements were 

performed under the Fourier transformation conditions in 5 

mm cells at various temperatures. Chemical shifts were 

measured with reference to TMS as the internal standard. 

The accuracy of measurements was ± 0.005 ppm. Electron 

adsorption spectra (UV-VIS) were registered on Unico 2800  

spectrophotometer in a spectral range of 200 – 1000 nm. 

Quartz optical cell were used for the measurements. UV-Vis 

spectra were recorded at 298.15 ± 0.03 K. Mass spectra 

were measured on an Axima MALDI-TOF mass-

spectrometer (Shimadzu). 

Contributions of monomeric and dimeric components in 
UV-VIS spectra were found using the method of statistical 
expansions on the Gaussian function.24, 25 Further, extinction 
coefficients for monomeric (εM) and dimeric (εD) forms of 
the phtalocyanine were calculated based on these data using 
Beer-Lambert-Bouguer law. 

Results and Discussion 

Sulfonated derivatives of cobalt phthalocyanine form self-
assembled structures in solvent mediums with high universal 
solvation toward macrocycle. Solvent does not affect 
conjugated π-electronic system when universally solvate the 
periphery of macrocycle molecule, so it does not prevent 
formation of H- and J-aggregates (Figure 2). The following 
equilibrium (Eqn. 1) is observed in the system. 

2CoPc‧nSolv ⇌ (CoPc)2‧nSolv    (1) 

Obviously, it is possible to regulate π-π-repulsion and π-σ-
contraction processes, due to which H-aggregates are 
formed, by changing of specific solvation ability of the 
solvent. Hence it affects the reaction (1). Simultaneously the 

solvent becomes a competing agent in J-aggregates 
formation due to donor-acceptor interaction with central 
metal cation. 

 

 

 

 
(a)       (b)  

 

Figure 2. Scheme of CoPc self-associates in solutions: (a) H-
aggregates, (b) J- aggregates. 

If the solvent acts as axial ligand, the following reactions 

are likely to be present. 

(CoPc)2 + L ⇌ CoPc‧L + CoPc    (2) 

CoPc + L ⇌ CoPc‧L      (3) 

CoPc‧L + L ⇌ L‧CoPc‧L     (4) 

Investigation of concentration dependence of UV-VIS 
spectra for CoPc(I-III) shows that these macrocycles are 
associated in water. Figure 3 presents typical changes in 
UV-VIS spectra of aqueous solutions of CoPc. 

 

 

 

 

 

   (a)      (b) 

Figure 3. Typical changes in UV-VIS spectra during dilution of 
aqueous solutions of phthalocyanines (a) CoPcI, (b) CoPcII in 
concentration range of 2 x10-4 – 2 x 10-7 mol L-1. 

The presence of absorption maximum in range of 600-650 

nm suggests high degree of self-association of 

phthalocyanine structures in solution. Previously22,26,27 

extinction coefficients of dimers of CoPcI, CoPcII and 

CoPcIII in aqueous solutions were determined by us. It was 

also shown that these macrocycles form dimers due to π-π-

interaction.22,28 Obviously, the water in the system acts as 

universal solvent for phthalocyanine. It is known that water 

is a self-assembled system and forms assemblies due to 

hydrogen bond lattices.28,29 That is why detachment of water 

molecule from the general system for coordination 
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interaction with phthalocyanine leads to disturbance of 

energy balance of the system. However, formation of 

ordered phthalocyanine structure with twenty molecules of 

water has been reported.30 Evidently, the water in this case 

acts as not only agent promoting dimerization but as direct 

participant of the process. Thus, the reactions (3) and (2) 

should be observed in reverse sequence instead of reaction 

(1) in the system. Besides the role of hydration of CoPcI 

monomeric molecule in associate formation is not clear. 

Introduction of naphthalene fragment into peripheral 
substituent (CoPcII and CoPcIII) leads to decreasing of 
influence of electron acceptor group (-SO3H) on conjugated 
macrocycle system. It promotes stabilization of partially 
uncompensated charge on central metal cation of 
phthalocyanine, amplification of π-π-contraction processes 
and diminution of association. The data of Table 1 shows 
that stability of dimeric structures decreased in the series 
CoPсI– CoPсII – CoPсIV – CoPсIII. Exceptional position of 
CoPcIII is likely due to stabilization of associates caused by 
coordination interaction of sulfonic groups with π-π-dimer. 
It leads to stable coordinated associates (J-aggregates) 
formed by introduction of fragment of phthalocyanine 
peripheral substituent into centre of π-π-dimer. Addition of 
triazole fragment in annelated benzene ring as second 
peripheral substituent (CoPсIV) leads to redistribution of 
electronic effects of the periphery on conjugated macrocycle 
π-system and as consequence to formation of self-assembled 
structures in solutions. Presence of the second organic 
fragment causes decreasing of the solvating power of the 
water toward the phthalocyanine and increasing association. 

Table 1. Extinction coefficients and dissociation constants of H-
dimers in aqueous solutions of metallophthalocyanines. 

Macrocycles 
εМ, 

L mol cm-1 

εD, 

L mol cm-1 

Kdiss×10-4
 

mol L-1 

CoPсI - 15200±50 1.17 

CoPсII - 4800±50 1.54 

CoPсIII - 800±20 2.23 

CoPсIV 32700 ± 80 8930 ± 50 1.91 

 

The influence of temperature on dimerization was 
investigated to confirm the type of associates fromation. On 
one side increasing of temperature should decrease the 
dielectric constant of the medium which in turn should 
decrease the solvating power of the solvent and amplify 
association. However, in the case of fromation H-aggregates 
increasing of kinetic energy of the system promotes 
dissociation of dimers. 

The changes of UV-VIS spectra of aqueous solution of 
phthalocyanine as a function of temperature are presented in 
Figure 4. The figure shows that every investigated system 
exhibits different spectral changes on heating. An increase 
of intensity of Q-band absorption and transition to 
monomeric state of macrocycle conjugated π-system are 
observed for CoPcI. Probably, significant increasing of 
molecules mobility occurs in solution in case of this 
phthalocyanine, which compensates for the decrease in the 
solvating power of the water. Presence of isosbestic points 
in UV-Vis spectra suggests several forms of phthalocyanine 
chromophore system (obviously monomeric and associated). 

 

 

 

(a)      (b) 

 

 

 

    
   (c)      (d) 

Figure 4. UV-Vis spectra of aqueous solutions of (a) CoPcI 
(12.75×10-5 mol L-1), (b) CoPcII (9.49×10-5 mol L-1), (c) CoPcIII 
(5.63×10-5 mol L-1), (d) CoPcIV (7.64×10-5 mol L-1) varying the 
temperature from 298.15 K to 333.15 K. 

There are no significant changes in range of Q-band 
absorption for macrocycles CoPcII and CoPcIII. There are 
interesting changes for CoPcIV. The increasing of 
temperature from 298.15 K to 318.15 K leads to shifting of 
associative balance toward monomerization. Further, 
increase in temperature leads to abrupt aggregation of 
CoPcIV. This may be explained by loss of solvating power 
of water toward peripheral substituents of CoPcIV 
containing functional groups. Along with this, it is likely 
that significant amplification of hydrophobic influence of 
triazole fragment on association has occurred. 

Increase of temperature in all systems causes appearance 
of new absorption band in range of 950-970 nm. In our view, 
this effect is caused by amplification of association due to 
reduction of solvation and of interparticle interaction of 
phthalocyanine molecule in solution. Besides, this fact 
together with changes in visible part of spectrum (500 – 800 
nm) suggests formation of thread-like assemblies based on 
CoPc H-dimers. In case of CoPcIII this type of associates 
becomes predominant. 

It is possible to control the monomer-dimer equilibrium 
and hence to carry out the directed formation of 
supramolecular phthalocyanine systems by amplification 
/reduction of solvating power of the medium. UV-VIS 
spectra for the investigated phthalocyanines in DMF are 
presented on Figure 5. 

 

 

 

Figure 5. UV-Vis spectra of solutions under the temperature of 
298.15 K in DMF: (1) CoPсI (6.25×10-5 mol L-1), (2) CoPсII 
(5.49×10-5 mol L-1), (3) CoPсIII (6.3×10-5 mol L-1) and (4) CoPсIV 
(5.3×10-5 mol L-1). 
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The presented data show that all investigated macrocycles 
are monomeric in DMF. DMF is a solvent having electron 
donor atoms. Hence it interacts by coordination with central 
metal cation of phthalocyanine macrocycle. Besides, DMF 
has specific solvation ability toward peripheral substituents 
of phthalocyanine due to its donor-acceptor properties (DN 
26.631,32 and AN 1631,32). CoPcI has the highest solvation. 
Introduction of naphthalene fragment into peripheral 
substituent promotes reduction of phthalocyanine solvation 
which is reflected in hypsochromic effect and hypsochromic 
shift up to 10 nm for absorption Q-band of CoPcII compared 
to CoPcI. It may be explained, based on suggestion, that the 
main centre of specific solvation is central metal cation. In 
this case the dissociation of H-aggregates will occur, but 
ordered structures will be formed due to weak hydrogen 
bonds, that are reflected in observed spectral changes. 
Introduction of second functional group on periphery of 
macromolecule promotes additional electrostatic repulsion 
of phthalocyanines that leads to amplification of 
monomerization and bathochromic shift. It is observed for 
CoPcIII. Relatively small intensity of absorption for Q-band 
is caused by weakening of chromophore solvation. Probably, 
coordination and electrostatic interaction of the solvent with 
two macrocycles at the same time is possible due to 
presence of resonance structure of DMF.33 Similar changes 
are observed for DMSO. Molar extinction coefficients 
CoPсI – CoPсIV are shown in Table 2. 

There is significant shifting of associative equilibrium 
toward monomeric form under the condition of 10-fold 
molar excess of coordinating solvent when DMF is added to 
CoPc solutions (Figure 6). There is small relaxation 
maximum of absorption in range of 590-610 nm for 
compounds CoPсI – CoPсIII. It is characteristic of residual 
associated structures formed due to hydrogen bonds on 
periphery of the molecule. UV-VIS spectra of CoPcIV is 
staying wide enough when DMF is added, wherein there is 
small shoulder observed in range of dimers absorption. In 
our opinion it is connected with the fact that the solvent 
solvates primarily triazole fragment of peripheral substituent 
and the system reaches equilibrium state with a large 
number of associated forms compared to CoPcI-CoPcIII. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. UV-Vis spectra of solutions under 298.15 K, nDMF/nCoPсI 

10:1, S 1.99 mm.( a) CoPсI (2.89×10-6 mol L-1), (b) CoPсII 
(4.12×10-6 mol L-1), (c) CoPсIII (1.48×10-5 mol L-1), (d) CoPсIV 
(7.39×10-6  mol L-1). 

Table 2. Extinction coefficients (L mol-1 cm-1) of metallophthalo-

cyanines monomeric forms. 

 

Solvent CoPсI CoPсII CoPсIII CoPсIV 

DMF 58400± 90 24200 ± 90 10400 ± 50 22350 ± 40 

DMSO 45000 ± 70 18850 ± 60 2320 ± 20 24420 ± 40 

Thus, the present work shows that specific solvation of the 
solvent plays great role in formation of ordered structures of 
phthalocyanines in solution. If the solvent universally 
solvate the phthalocyanine, H-associates are formed 
predominantly. Shifting of associative equilibrium toward 
monomeric structures is possible in binary systems when 
one of solvents is coordinating. Thus, the solvating power of 
the medium is key for self-assembling of Co(II)-
phthalocyanines sulfo-derivatives. 
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The possibility of using the Hill coefficients to estimate the first K0
0.5(A1)  and the second K0

0.5(B1) constant for the active center of two-
subunits of enzymes is considered. The method to calculate K0

0.5(A1)  and K0
0.5(B1)  constants is discussed. 
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Introduction 

A considerable number of papers have been published 
in enzymology dealing with the properties of allosteric 
(associated as subunits) enzymes. These studies   
suggested positive or negative cooperativity on the basis  
of the mechanism of the their action on a substrate. The 
kinetics of the studies invariably showed the presence of 
the  Michaelis-Menten kinetics.1-9,  in which a saturation 
curve is obtained when the initial velocity 0v  of the 
reaction is plotted against the substrate concentration  as 
is shown in curve a, Figure 1.  

 

 

 

 

 

 

 

Figure 1. The reaction progress curve showing the dependence 
on progress curve of velocity changes v0 on the concentration of 
substrate S when the Hill coefficient  h = 1 (curve a, bold line), 
curve b if  h > 1, and  curve c  when h < 1. Y – the parameter of 
enzyme saturation; V0  → Y (by S >> K0

m).  

The aim of this investigation was to obtain the 
information not only on the catalytic activity (V0), but 
also on the strength of binding (K0

m) between the enzyme 
and the substrate.3, 7-9, 11, 14-16  The (Eq. 3)  is  obtained  
when the Hill coefficient h is equal to 1. 

The dependence of the initial velocity of the reactions, 
catalyzed by cooperative enzymes, is given by the Hill 
equation (1), whereas the Michaelis-Menten equation is 
expressed in Equation (2). 

 

          (1) 

 

          (2) 

 

where V0 is the maximum reaction velocity reached at the 
maximum substrate concentration S as given in equation 
(2) wherein K0

m  is the Michaelis constant which is equal 
to the substrate concentration at which the reaction rate is 
half of  Vmax.   

The comparison of the equation (1) with the equation 
(2) suggests that at h =1  Sh

0 = S and  Sh
0.5  = K0

m.  

In enzymology the value of the Michaelis constant K0
m 

is characteristic of the enzyme signifying  the strength of 
binding between the enzyme and the substrate; the lower 
is the value of  the K0

m constant, the greater is the binding 
strength between the enzyme and the substrate i.e. the 
substrate conversion is more effective (V0 increases).  The 
Hill coefficient h in equation (1) determines the  number 
of substrate-binding centers on the molecule of the 
allosteric enzyme and the strength of the binding between 
the active centers and the substrate. The Hill coefficient h 
is dimensionless.17 As a general rule, when h > 1, 
indicates the positive cooperativity in a process of 
substrate conversion; the binding of the second molecule 
on the second active center of the enzyme increases the 
initial velocity ν0 of conversion of the first substrate on 
the first active center of the enzyme (Fig. 1, curve b); if 
the Hill coefficient is h < 1, the binding of the second 
substrate (on the second active center of the enzyme) 
makes the binding of the first substrate on the first active 
center weaker, hence the velocity ν0 of the conversion of 
the first substrate slows down pointing to the negative 
cooperativity in the mechanism of enzyme action (Fig. 1, 
curve c). 
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The equation (2) is used to test the data for the strength 
of the binding of an enzyme to a substrate (an inhibitor or 
activator), assuming that h = 1).1, 6, 18-20 

  .   (3) 

 

It can be useful if  h = 1 or it  is not larger than the error 
interval: 

 
      .    (4) 
 

Let us consider one of the most common “parallel-
subsequent” schemes of the catalytic conversion of the 
substrate by the enzymes consisting of two EА and EВ 
subunits: 

 

 

          (5) 

 

where EА is a subunit located on the “upper” part of the 
enzyme and EB is on the lower part, (Eq. 5) is associated 
with noncovalent powers of interaction i.e. hydrogen, 
hydrophobic etc. 

There exists an additional possibility of using the Hill 
coefficients when h > 1 or h < 1. 

Positive cooperativity (h > 1). Let us consider that the 
value for the Hill coefficient h = 1.75 (dimensionless 
units). If this coefficient is written as a sum of two 
numbers: h = (1.0 + 0.75), Eq. (4) can be rewritten as: 

 
          (6) 
 

where S1
0.5 is the concentration  of first substrate bound to 

the “upper” subunit EA of the enzyme.  

The relationship  h = 1 is necessary and sufficient 
condition (according to Michaelis-Menten theory) for the 
conversion of the first substrate on subunit EA into 
reaction product Pr(s1), and the remaining value 0.75 
characterizes the strength of binding of the second 
substrate on the second subunit EB.  

It follows that at half value of the substrate 
concentration, ν0=V0/2. Taking S0.5 = 4.4  10 4 M (for 
ease of analysis),  the value of S0.5(A) for the binding of 
the first substrate on the active center of subunit EA is 
given by the equation (7): 

 

 

 

 
          (7) 

 

Similarly the value of S0.5(B) (for the binding of the 
second substrate on the active center of subunit EB) is  
expressed by the equation (8): 

 

          (8) 

 

The values of the parameters h and S1
0.5  are reported 

very often.1-7,12,18-22 

Negative cooperativity (h < 1). Assuming h = 0.85,  an 
analysis similar to that described in equations  (1 – 8) can 
be made.  Thus it implies that the binding strength of the 
second molecule of the substrate (S) on the second 
subunit EB of the enzyme, expressed by the equation (10), 
is more efficient than  the  binding strength of the 
molecule of the first substrate S on subunit EA, which is 
expressed by the equation (9)  

 

          (9) 

 

and molecule of the second substrate S on subunit EB:  

 

          (10) 

 

Symmetrically-opposite position of the Hill coefficient 
(h) in (Eqs. 9 – 10) with regard to (Eqs. 7 and 8) is in 
agreement both with the symmetry of the position of 
curves b and c (Fig. 1) and with the ratio of the values of 
the relevant coefficients (h < 1) and (h > 1). 

Eqs. (7, 8 and 9, 10) can be useful for the calculation of 
the values of  K0

mA and K0
mB constants in order to gain the 

insight into the strength of the binding of the enzyme to a 
substrate not only on the first K0

mA  but also on the 
second K0

mB  active center of two-subunit enzymes. 

The above could  probably be applied to the analysis of 
data of not only bi- (EA/EB) and tetra-(EA1EA2/(EB1EB2)) 
but two-subunit enzymatic complexes of more higher 
order  (EA1EA2EA3/(EB1EB2EB3) as well. 
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Table 1. An additional possibility of using the Hill coefficients. 

Sources of 
enzyme 

pH S0.5, mM nH Km, mM KmA, mM KmA, mM KmB, mM 

L, plant. 5.5 0.6521 1.1 0.77  0.59* 5.91* 
 7.8 0.2221 1.0 0.23 0.23 21 0.22  
 8.5 0.3621 1.1 0.39  0.327 3.273 
L. acido. 6.0 0.2721 1.1   0.245 2.45 
 7.6 0.3721 1.8   0.206 0.257 
 8.3 0.3621 2.5   0.144 0.096 
Mtb FolB  0.48 µM22 2.0   0.00024 0.00024 
G360P  75 mM16 0.68   51.0 34.7 
ATPase  63 µM23 0.6   0.038 0.023 

*Iitalicized figures have been obtained using Eqs. 7 – 10. L. plant – phosphofructokinase from L. plantarum; L. acido - 
phosphofructokinase from L. acidophilus; G360P – mutant CTP synthase from Lactococcus lactis; Mtb FolB – 7,8-dehydroneopterin 
aldolase from M. tuberculosis; ATPase – Na/K-ATPase from Pig Kidney 
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The aim of this study is to investigate Lewatit TP 214, which is a chelating ion-exchange polymer containing chemically bonded thiourea 

group, for the sorption of Pb(II) and Cd(II) ions from aqueous solutions. The effects of parameters such as the concentration, pH, contact 

time, ionic strength and temperature have been investigated. The results showed more affinity of resin towards cadmium than for lead 

cations. Lewatit TP 214 exhibited a good sorption potential at initial pH values for Pb(II) and Cd(II) at room temperature. The extraction 

kinetics, for both Pb(II) and Cd(II), is best described by the pseudo second order model. This study showed that the diffusion of moving 

boundary particles fits well the experimental data (r > 0.99) for the sorption of both Pb(II) and Cd(II) ions. The Langmuir isotherm fits 

better with the obtained equilibrium data as compared to that with the Freundlich isotherm. The thermodynamic data for the sorption of 

Pb(II) and Cd(II), on the resin, indicate that the process is endothermic for Pb(II) while it is exothermic for Cd(II). The process showed 

negative ∆G values, indicating that the sorption of both Pb(II) and Cd(II) ions is spontaneous. 
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Introduction 

Heavy metals are significantly hazardous due to their 
toxicity even at very low concentration in water.1 Exposure 
to lead and cadmium are old problems with modern 
prevalence, they are widely dispersed in the environment, 
and exposure to either element can give rise to a number of 
adverse health effects, due to their toxicity after 
accumulation in multiple body organs.2 The main sources of 
these elements are metal plating industries, abandoned 
disposal sites, and mining industries.3 The removal of heavy 
metals from waste waters can be carried out by a number of 
separation technologies, such as chemical precipitation,4 
membrane processes,5,6 ion exchange,7,8 adsorption,9,10 and 
solvent extraction.11-13 Nonetheless, many conventional 
technologies are inadequate, expensive or produce large 
amounts of sludge, which create disposal problems.14 
Moreover, they are not economical to reduce metal toxicity 
to extremely low levels, as required by the environmental 
regulations, which limits the usage of these technologies to 
drinking water purification.14 Solid-phase extraction (SPE) 
is the most common technique used for metal pre-
concentration in aqueous phase because of the advantages it 
offers, i.e. high enrichment factor, high recovery, rapid 
phase separation, low cost, reversible process and low 
consumption of organic solvents.15,16 In SPE, the choice of 
an appropriate chelating agent is critical to obtain a full 
recovery and a high enrichment factor. For this reason, 
modification of resins with thiourea has been extensively 
investigated.17-20 Lewatit TP 214 is a monospherical, 
macroporous chelating resin with thiourea groups and has a 
high affinity for metal cations. 

The objective of this research is to carry out a comparative 
study on the solid-phase extraction of both Pb(II) and Cd(II) 
ions from aqueous solutions, using resin Lewatit TP 214. 
The effects of analytical parameters, such as the metal 
concentration in aqueous phase, pH level, contact time, ionic 
strength and temperature on the degree of extraction have 
been investigated. 

Experimental 

Reagents and Apparatus 

Lewatit TP 214 (Bayer) is a chelating ion-exchange resin 
having thiourea as functional group in a divinylbenzene 
cross linked polystyrene matrix (Figure 1). All chemicals 
products used in this work were of analytical grade. 
Cadmium nitrate, lead nitrate, hydrochloric acid (37 %), 
sodium hydroxide (80 %) and 4-(2-pyridylazo)-resorcinol 
(PAR) were from Merck. Absolute ethanol, sodium chloride, 
potassium chloride and sodium nitrate were provided by 
Fluka. Acetic acid (100 %) and nitric acid (60 %) were 
obtained from Riedel-de Haen. 

Stock and standard solution of Pb(II) and Cd(II) ions were 
prepared by dissolving an appropriate amount of their salts 
in distilled water. Solutions of lower concentrations were 
prepared by the dilution of stock solution. 

 
 
 
 
 
 
 
 
 
 

Figure 1. Structure of Lewatit TP 214 resin. 
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The sorption of Pb(II) and Cd(II) ions on Lewatit TP 214 
resin was studied by the batch technique. A shaker (Haier 
model) was used for adsorption experiments except for 
temperature effect where a magnetic stirrer (RCT Basic 
IKAMAG Stirrer with ETS-D5 Temperature Controller) 
was used. All pH measurements were performed with a 
WTW 3310 Set 2 digital pH meter.  

Sorption Studies 

The sorption of lead and cadmium ions onto Lewatit TP 
214 beads was investigated in solid-phase extraction from 
aqueous media in a batch system. Lewatit resin (0.050 g)   
was added to 5 mL of a solution containing metal cations, in 
a glass flask (25 mL) and the mixture was shaken for a 
suitable time. Then, the aqueous phases were separated from 
the chelating resin by filtration. The concentration of Pb(II) 
and Cd(II) ions, in aqueous phase, were determined , before 
and after sorption, at pH = 10 and 5.5 at λmax = 525 nm and 
λmax = 510 nm, respectively using a spectrophotometer 
(Analytik Jena Specord 210Plus) with PAR as 
complexant.21,22 

 Kinetic studies on the removal of Pb(II) and Cd(II) ions 
were carried out, with an initial ion concentration of 1.0 x 
10-3 mol L-1 at room temperature. The effect of contact time 
on the sorption was studied up to 120 minutes, while other 
parameters, like the sorbent dosage, shaking speed (Ø) and 
pH were kept constant. The effect of the initial pH on the 
removal of Pb(II) and Cd(II) ions, was studied at pH 1.4 to 
5.5 and 2.0 to 6.1, respectively. The pH was adjusted by 
adding appropriate quantities of HCl or NaOH solutions 
(0.01 mol L-1). The percentage removal () of Pb(II) and 
Cd(II) ions was determined by using Eqn. (1). 

 
 
 

          (1) 

 

The amount of Pb(II) and Cd(II) ions uptakes at time t, qt 

(mg g-1), was calculated by Eqn. (2). 

 

          (2) 

 

where C0 and Ct are the metal ion concentration in the 
beginning and at time t, respectively. V (L) is the volume of 
the solution, M (g mol-1) is the molar mass of metal ion and 
W is the mass of the chelating resin used (g). 

Results and Discussion 

Effect of pH  

The effect of the pH on the recovery of Pb(II) and Cd(II) 
ions was investigated in the pH range of 1.4 to 5.5 and 2.0 to 
6.1, respectively, using 5 mL of each one of the solution of 
Pb(II) and Cd(II), and 0.050 g of Lewatit TP 214 resin. The 
results (Figure 2) indicated that the extraction yield for 

Cd(II) continuously increased reaching a value of 60.4 % at 
pH 6.1, whereas that of Pb(II) was 52 % at  pH 4.1 and 
thereafter it decreased.  However, when the pH is lowered, 
the extraction yield decreases, and this may be attributed to 
the hydrogen ions which compete with the metal ions for the 
sorption sites in the chelating resin Lewatit TP 214.23 

Effect of Contact Time 

The effect of contact time is shown in Figure 3. The 
sorption of both Pb(II) and Cd(II) ions was rapid in the 
initial 15 min, and then the extraction yield increased slowly. 
The sorption process reached equilibrium at nearly 15 and 
30 min, respectively, for the removal of Pb(II) and Cd(II) 
ions by Lewatit TP 214 resin. The % extraction yield, 
almost in equal proportions, was rapid in the beginning of 
the contact time. It is related to the availability of a larger 
number of active sites on the resin surface, which improved 
diffusion of metal ions to the surface.24 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of initial pH of solution on Pb(II) and Cd(II) ions 
extraction yield. [Pb(II)]0 = 1.0 mM, [Cd(II)]0 = 1.0 mM, W = 
0.050 g, V = 5 mL and Ø = 250 rpm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Effect of contact time on extraction yield of both Pb(II) 
and Cd(II) ions removal. [Pb(II)]0 = 1.0 mM, [Cd(II)]0 = 1.0 mM, 
W = 0.050 g, V = 5 mL, pH = 5.0 and Ø = 250 rpm. 
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Effect of the Initial Concentration of Metal Ions 

The retention capacity of the chelating resin Lewatit TP 
214 was determined by equilibrating 0.050 g of resin with 5 
mL of the solution containing different concentrations (1.0 x 
10-4 to 1.0 x 10-1 mol L-1) of metal ions. For the removal of 
Pb(II), by Lewatit TP 214, the uptake (qt) increased with the 
initial concentration of Pb(II) up to the maximum value qmax 
= 55.59 mg g-1 (Figure 4). The observed sorption capacity is 
higher than that of some of the other sorbent materials 
reported in literature, like phosphatic clay (35.83 mg g-1),25 
chars from co-pyrolysis (1.87 mg g-1),26 Jordanian kaolinite 
(54.35 mg g-1),27 and carbon nanotubes coated with 
crystalline manganese dioxide nanoparticles (20.0 mg g-1).28 
Figure 4 also shows that the sorption capacity for Cd(II) 
(81.75 mg g-1) is much better than that for Pb(II) (55.59 mg 
g-1), which means that resin Lewatit TP 214 can more 
efficiently remove Cd(II) present in aqueous solutions 
compared to other sorbent materials, for instance the 
adsorption of cadmium(II) on MnO2-loaded resin (21.45 mg 
g-1),29 MnO2 loaded D301 resin (77.88 mg g-1),30 and by the 
Amberlite XAD-7/Cyanex 921(13.0 mg g-1).31 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of initial Pb(II) and Cd(II) ions concentration on 
their sorption capacities by Lewatit TP 214 resin: [Pb(II)]0 = 1.0 
mM, [Cd(II)]0 = 1.0 mM, W = 0.050 g, Vsol = 5 mL, Ø = 250 rpm 
and pH  5.0. 

Sorption Kinetics 

In order to study the sorption mechanism of Pb(II) and 
Cd(II) ions onto Lewatit TP 214 resin, the pseudo first-order, 
pseudo second-order and second-order kinetic models were 
applied to the experimental data.32 The linear form of the 
pseudo-first-order rate equation, given by Lagergren,  is 
expressed  as Eqn. (3), 

 

          (3) 

 

where qe and qt are the respective amounts of metal ions (mg 
g-1) sorbed onto the resin, at equilibrium and at time t, and k1 
is the first-order sorption rate constant (min-1).  The linear 
form of the pseudo-second order rate equation is given by 
Eqn. (4), 

 
          (4) 

where qes is the sorption capacity, calculated from the 
pseudo-second-order kinetic model (mg g-1), and k2 is the 
pseudo-second-order sorption rate constant (g mg-1 min-1). 
The second order sorption kinetic rate equation is given by 
Eqn. (5). 

 

         (5) 

where k3 (g mg-1 min-1) is the second-order sorption rate 

constant. 

The results of analysis in terms of the three equations are 

summarized in Table 1. The best correlation is obtained with 

the pseudo-second-order equation (r > 0.99). The plots of 

the sorption of Pb(II) and Cd(II) ions using the pseudo-

second-order model are shown in Figure 5. From Table 2 

and Figure 5, the equilibrium sorption capacity was 

calculated and was found to be close to the experimental 

value.  

Table 1. Kinetic modelling of Pb(II) and Cd(II) ions sorption by 
Lewatit TP 214 resin 

Models Parameters Pb(II) Cd(II) 

First-order rate 

model 

q, calculated 

q, experimental 

k1(min-1) 

r 

15.01 

10.77 

0.266 

0.971 

6.69 

7.025 

0.128 

0.998 

 

Pseudo-second-

order rate model 

q, calculated 

q, experimental 

k2(g mg-1 min-1) 

r 

12.99 

10.77 

0.015 

0.991 

8.26 

7.025 

0.027 

0.999 

 

Second-order rate 

model 

q, calculated 

q, experimental 

k3(g mg-1 min-1) 

r 

62.50 

10.77 

0.056 

0.913 

8.55 

7.025 

0.041 

0.980 

 

 

 

 

 

 

 

 

 

Figure 5. Pseudo second-order plots for the Pb(II) and Cd(II) ions 
sorption by Lewatit TP 214 resin: [Pb(II)]0 = 1.0 x10-3 mol L-1, 
[Cd(II)]0= 1.0 x10-3 mol L-1, W = 0.050 g, Vsol = 5 mL, pH = 5.0 
and Ø = 250 rpm. 
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Diffusion Study 

The sorption of Pb(II) and Cd(II) ions onto Lewatit TP 
214 resin from their nitrate solutions may be considered as a 
liquid–solid phase reaction which includes several steps,33-35 
viz., (i) diffusion of ions from the solution to the resin 
surface, (ii) diffusion of ions within the solid resin, and (iii) 
chemical reaction between ions and the functional groups of 
resin. The transfer of ions can be described by means of 
Nernst–Planck equations which apply to the counter 
diffusion of two species in an almost homogeneous 
medium.30 If the liquid film diffusion controls the exchange 
rate, the Eqn. (6) can be applied. 

 

         (6) 

 

In case of diffusion of metal ions inside the resin, 

Dumwald-Wagner proposed a mathematical model,35 which 

can be simplified into Eqn. (7). 

          (7) 

In both Eqns. (6) and (7), k is the kinetic coefficient or 
rate constant, which can be defined by Eqn. (8). 

 
          (8) 

 

where F is is the fractional attainment of equilibrium at time 
t and is obtained by the ratio, F = qt/qe. Dr is the diffusion 
coefficient in resin phase and r0 is the average radius of a 
resin particle. 

When the adsorption of metal ions involves mass transfer 
accompanied by a chemical reaction, the process can be 
explained by the moving boundary model.33 This model 
assumes a sharp boundary that separates a completely 
reacted shell from an unreacted core. This boundary 
advances from the surface toward the center of the solid 
with the progression of adsorption. In this case, the rate 
equation is given by Eqn. (9). 

 
 

          (9) 

 

 

The correlation data of Figures 6, 7 and 8 are 

summarized in Table 2 and showed that the film diffusion 

fits well the experimental data (r = 0.999) in Cd(II) sorption 

while the moving boundary diffusion is more adequate in 

Pb(II) (r = 0.989) sorption.  

Table 2. The regression constants and regression coefficients of 
diffusion study for Pb(II) and Cd(II) ions onto Lewatit TP 214. 

Metal  Film  

Diffusion 

Intraparticle 

diffusion 

Moving 

boundary 

Pb(II) K (min-1) 0.0301 0.271 0.066 

 r 0.978 0.967 0.989 

Cd(II) K (min-1) 0.123 0.099 0.034 

 r 0.999 0.997 0.997 

 

 

 

 

 

 

 

 

 

Figure 6. Plot of film diffusion (Eqn. 6) for Pb(II) and Cd(II) ions 
sorption onto Lewatit TP 214 resin: [Pb(II)]0 = 1.0 mM, [Cd(II)]0 = 
1.0 mM, W= 0.050 g, Vsol = 5 mL, pH  5.0 and Ø = 250 rpm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Plot of intraparticle diffusion (Eqn. 7) for Pb(II) and 
Cd(II) ions sorption onto Lewatit TP 214 resin. [Pb(II)]0 = 1.0 mM, 
[Cd(II)]0 = 1.0 mM, W = 0.050 g, Vsol = 5 mL, pH  5.0 and Ø = 
250 rpm. 

 

 

 

 

 

 

 

 

 

 

Figure 8. Plot of moving boundary model (Eqn. 9) for Pb(II) and 
Cd(II)  ions sorption onto Lewatit TP 214 resin: [Pb(II)]0 = 1.0  
mM, [Cd(II)]0 = 1.0 mM, W= 0.050 g, Vsol = 5 mL, pH  5.0 and Ø 
= 250 rpm. 
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Adsorption Isotherm 

The equilibrium isotherm parameters often provide some 
insight into the sorption mechanism of the adsorbent. There 
are many equations for analyzing the experimental data for 
the adsorption equilibrium. In this work, the experimental 
results obtained were tested by the Langmuir and Freundlich 
isotherm models.36,37 Their linear forms are expressed as 
Eqns. (10) and (11). 

 

          (10) 

 

 

 

         (11) 

 

where Ce the equilibrium concentration, qm  the maximum 
sorption capacity, KL the Langmuir constant which is related 
to the heat of sorption, n the constant indicating the 
Freundlich isotherm curvature and KF the Freundlich 
sorption coefficient. The Langmuir and Freundlich plots are 
shown in Figures 9 and 10. The higher regression 
coefficients obtained for Langmuir model (Table 3) as 
compared to that for the Freundlich model indicates that the 
Langmuir model is applicable to this system. Thus the 
sorption of Pb(II) and Cd(II) by Lewatit TP 214 is of a 
monolayer-type, which agrees with a previous report.38  

 

Table 3. Sorption isotherm models for Pb(II) and Cd(II) ions 
adsorption onto Lewatit TP 214 resin. 

Metal Langmuir Isotherm Freundlich Isotherm 

KL Qm, 

mg g-1 

r KF n r 

Pb(II) 395.55 56.18 0.999 231.44 2.34 0.957 

Cd(II) 187.09 86.21 0.998 311.45 2.15 0.981 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Langmuir isotherm for Pb(II) and Cd(II) ions sorption on 
Lewatit TP 214. W = 0.050 g, Vsol = 5 mL, pH  5.0 and Ø = 250 
rpm. 

 

 

 

 

 

 

 

 

 

 

Figure 10. Freundlich isotherm for Pb(II) and Cd(II) ions sorption 
on Lewatit TP 214. W = 0.050 g, Vsol = 5 mL, pH  5.0 and Ø = 
250 rpm.  

 

 

 

 

 

 

 

Figure 11. Effects of adding of an electrolyte on Pb(II) and Cd(II) 
ions sorption onto Lewatit TP 214 resin : [Pb(II)]0 = 1.0 mM, 
[Cd(II)]0 = 1.0 mM, [electrolyte] = 1.0 mol.L-1, W = 0.050 g, Vsol = 
5 mL and Ø = 250 rpm 

 

Effects of Electrolytes 

To study the effect of electrolytes on the sorption of Pb(II) 
and Cd(II) ions onto Lewatit TP 214 resin, 1 mol L-1 of each 
NaNO3, NaCl, KNO3 and KCl  was added in separate 
experiments. The results are depicted in Figure 11. It was 
noted that the sorption of both Pb(II) and Cd(II) increased 
on the addition of KCl and NaCl. For Pb(II), the sorption 
increased from 7.50 to 8.06 and 8.36 mg g-1, respectively. 
For Cd(II), it rose from 6.54 to 6.95 and 7.45 mg g-1 
respectively. Addition of NaNO3 (1 M) decreases the 
sorption of Pb(II) and Cd(II) to 4.84 and 5.96 mg g-1,  
respectively, compared to the values obtained without 
electrolyte. It might be the consequence of difference in 
changes in hydration degree of cations take part in the 
sorption process. This is, however, depends on the 
concentration of the used electrolytes. Addition of KNO3 
increases Cd(II) sorption but reduces that of  Pb(II) (see also 
section – Effect of ionic strength) . 
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Effects of Ionic Strength 

To study the effect of ionic strength on Pb(II) and Cd(II) 
ions sorption onto Lewatit TP 214 resin, a series of batch 
experiments were carried using NaNO3 at different 
concentrations (from 0.05 to 3 mol L-1) as electrolyte. The 
solution ionic strength was set to have values ranged from 
0.056 to 3.006 mol L-1. The observed data are depicted in 
Figure 11. It was noted that both Pb(II) and Cd(II) ions 
sorption increased with increasing the solution ionic strength. 
For Pb(II) ions sorption the sorption capacity increases from 
4.57 to 6.03 mg g-1 when NaNO3 increased from 0.1 to 3 
mol L-1 and for the Cd(II) ions sorption, the sorption 
capacity increases from 3.83 to 7.01 mg g-1 when NaNO3 
increased from 0.05 to 3 mol L-1 (Figure 12).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Effect of NaNO3 concentration on Pb(II) and Cd(II) 
ions sorption onto Lewatit TP 214 resin: [Pb(II)]0 = 1.0 mM, 
[Cd(II)]0 = 1.0 mM, W = 0.050 g, Vsol = 5 mL and Ø = 250 rpm. 

Effect of temperature 

Few studies of effect of temperature changes have been 

carried out on chelating ion exchangers. Empirical studies 

show that temperature has a significant effect on retention in 

chelating exchange.39 Thermodynamic parameters such as, 

the Gibbs free energy change (∆G), enthalpy change (∆H) 

and entropy change (∆S) have been determined for the 

present system.  

 

Table 4. Thermodynamics parameters for sorption process of 
Pb(II) and Cd(II) ions on Lewatit TP 214 resin 

Parameter T, K Pb(II) Cd(II) 

H, kJ mol-1  8.94 -51.65 

S, J mol-1 K-1  32.51 -182.33 

G, kJ mol- T, K Pb(II) Cd(II) 

 291 - -1.41 

 294 0.62 - 

 298 - -2.68 

 308 -1.07 -4.51 

 318 - -6.33 

 323 -1.56 - 

 338 -2.05 - 

A plot of ln K versus inverse of temperature is linear and 

the thermodynamic parameters were calculated by standard 

procedure (Table 4). A negative ∆G value indicates that the 

sorption of Pb(II) and Cd(II) ions with Lewatit TP 214 are 

spontaneous. These results show also that the sorption of 

Pb(II) ions onto Lewatit TP 214 is an endothermic process 

while that of Cd(II) ions is exothermic. 

Conclusion 

This work demonstrated the successful application of 

Lewatit TP 214 for an effective sorption and pre-

concentration of lead and cadmium cations in batch mode. 

The experimental data showed that the sorption of Pb(II) 

and Cd(II) ions onto Lewatit TP 214 resin is highly affected 

by operational parameters, such as contact time, initial ion 

concentration, initial pH, ionic strength, and temperature. 

The maximum sorption of Pb(II) and Cd(II) ions was 

obtained at pH 4.1 and 6.1, respectively.  The kinetic study 

showed an initial stage (the first 15 min) where the sorption 

reaction was fast for both cations (Pb(II) and Cd(II)), then 

the reaction rate decreased slightly until equilibrium was 

reached. The sorption capacity rose as the initial 

concentrations of lead and cadmium cations were increased. 

The sorption capacity of cadmium ions (81.75 mg g-1) was 

better than that of lead ions (55.59 mg g-1). The kinetic data 

were well described by the pseudo–second-order model (r > 

0.99). The diffusion study showed that the moving boundary 

diffusion fits well the experimental data (r > 0.99). The 

observed equilibrium data showed a better fit with Langmuir 

isotherm model than with Freundlich model. This indicates 

that the sorption of Pb(II) and Cd(II) ions by Lewatit TP214 

is of a monolayer-type. It was noted also that the sorption of 

Pb(II) and Cd(II) ions increased as the solution ionic 

strength went up. The thermodynamic study showed 

negative ∆G values, which indicates that the sorption of 

both Pb(II) and Cd(II) ions with Lewatit TP 214 is 

spontaneous. Moreover, this study showed that the sorption 

of Pb(II) ions onto Lewatit TP 214 is an endothermic 

process while that of Cd(II) is exothermic. 
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SYNTHESIS OF 1H-1,2-DITHIOL-1-THIONES AND THIO-

AMIDES CONTAINING HYDROQUINOLINE GROUP 

G. M. Manahelohe[a]*, K. S. Shikhaliev[a] and A. Y. Potapov[a] 
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This study is concerned with the synthesis and characterization of derivatives of 1H-1,2-dithiol-1-thiones and thioamides having the
hydroquinoline moiety. 5-Alkyl-8-(carbonothioyl)-4,5-dihydro-4,4-dimethyl-1H-[1,2]dithiolo[3,4-c]quinoline-1-thiones were synthesized 
by reacting of N-alkyl-2,2,4-trimethyl-1,2-dihydroquinoline-6-carbaldehydes, cyclic secondary amines and excess elemental sulfur (7.33
equivalents) in refluxing DMF. A series of thioamides derivatives containing hydroquinoline fragment were obtained in 56-84% yields by 
the three-component reaction of N-alkylhydroquinoline-6-carbaldehydes, cyclic secondary amines and 1.33 equivalent of elemental sulfur
by refluxing in DMF. 
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Introduction 

1H-1,2-dithiole-3-thiones are pseudo-aromatic hetero-
cyclic compounds which are known for several years.1-2 
They have been synthesized from a wide range of starting 
materials. In most case sulfur or phosphorus pentasulfide is 
utilized to dehydrogenate and sulfurize an allylic methyl 
group3-5 as shown in scheme 1 for propene. The 3,4-double 
bond and the 4-methyl group in N-alkyl-2,2,4-trimethyl-1,2-
dihydroquinoline forms such a system. Thus, 1H-1,2-dithiol-
1-thiones can be synthesized in the same way as 3H-1,2-
dithiole-3-thiones.6 

 

 

 

Scheme 1. Synthesis of 1,2-dithiole-3-thione. 

 

Presently, there is an increased interest in the synthesis of 
3H-1,2-dithiole-3-thiones due to their wide range of  
biological activities such as antischistosomal agent,7 HIV-1 
(AIDS) virus replication inhibitor,8 chemoprotective agent,9 
fungicide10 and insecticide.11 

Thioamides are essential building blocks for the synthesis 
of heterocycles.12 They have a wide range of biological 
properties, such as pesticidal,13 fungicidal,14 insecticidal,15 
antioxidant,16 antitubercular,17 and anthelmintic activity.18 
Furthermore, thioamides have a wide range of applications 
in the fields of peptide chemistry,19 polymers20 and 
organocatalysis.21   

Numerous methods22 are available in the literature for the 
synthesis of thioamides. Although the Willgerodt-Kindler 
method of preparation of thioamides using derivatives of 
benzaldehyde has been reported in the literature,23 the use of 
hydroquinolinecarbaldehyde has so far received no attention.  

Thus, in this work, we report the synthesis of 1H-1,2-
dithiol-1-thiones via the reaction of N-alkyl-2,2,4-trimethyl-
1,2-dihydroquinoline-6-carbaldehydes, amines and excess 
sulfur. We also describe the synthesis of thioamides 
containing the hydroquinoline moiety by the three-
component reaction of N-alkylhydroquinoline-6-
carbaldehydes, cyclic secondary amines and sulfur in DMF. 

Experimental 

General 

DMF was purchased from Bekton company. Dry DMF was 
prepared by drying it overnight over calcium oxide, followed 
by filteration of the drying agent and vacuum distillation (~20 
mmHg). All other commercial reagents were purchased from 
Bekton, Lancaster, Acros, Aldrich, and Sigma and were used as 
received. The course of the reactions and purities of the 
compounds were monitored by thin layer chromatography 
(TLC) on SILUFOL UV-254 plates, eluent: chloroform, 
methanol, hexane, ethyl acetate, petroleum ether in different 
proportions and spots were visualized by exposure to iodine 
vapors. The 1H-NMR spectra were recorded on a Bruker 
DRX-500 spectrometer operating at 500.13 MHz, using 
DMSO-d6 as solvent (CDCl3 for compound 4d) and TMS as 
internal standard. Elemental analyses were determined by 
using a Carlo Erba NA 1500 elemental analysis instrument. 
Melting points were recorded using Stuart SMP30 melting 
point instrument. 

General Procedure for the Synthesis of thioamides (3a-f, 3’a-h) 

A mixture of the corresponding aldehyde 1 or 1’ (1 mmol), 
amine 2a-2g (1.33 mmol), and elemental sulfur (1.33 mmol) 
in DMF (2 ml) was refluxed until the reaction is completed 
(monitored by TLC: hexane/ethyl acetate 7:3). On the 
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completion of the reaction the warm, dark syrup was poured 
in to 5 ml of vigorously stirred ice water containing 1 ml of 
2N HCl. The resulting gum was solidified by triturating in 
the acid. The pH was maintained at about 4 by addition of 
more acid as needed. The solid obtained was filtered, 
washed with water and recrystallized in an appropriate 
solvent.24 1H-NMR spectra of thiocarboxamides (3a-f, 3’a-
g) (δ) are given in ppm (J in Hz). 

Piperidin-1-yl(1,2,2,4-tetramethyl-1,2-dihydroquinolin-6-yl)-
methanethione (3а) 

Yield = 67 %, m.p. 85-87 °C. 1H NMR (DMSO-d6): δ = 
1.29 (s, 6H, (CH3)2-С2), 1.45-1.60 (bro. s., 6H, 3CH2-
piperidin.), 1.89 (s, 3H, CH3-С4), 2.76 (s, 3H, N-CH3) 3.60-
4.30 (bro. s., 4H, 2CH2-piperidin), 5.39 (s, 1H, CH-DHQ), 
6.44 (d, J=8.54, 1H, ArH’s), 6.95 (d, J=2.18, 1H, ArH’s), 
7.05 (dd, J=8.46, J=2.18, 1H, ArH’s). Anal. Calcd. for 
C19H26N2S: C, 72.56, H, 8.33, N, 8.91, S, 10.20 Found: C, 
72.57, H, 8.39, N, 8.97, S, 10.22. 

4-(1,2,2,4-Tetramethyl-1,2-dihydroquinoline-6-carbonothio-
yl)piperazine-1-carbaldehyde (3b) 

 Yield = 65 %, m.p. >250 °C. 1H NMR (DMSO-d6): δ = 
1.29 (s, 6H, (CH3)2-С2), 1.90 (s, 3H, CH3-С4), 2.78 (s, 3H, 
N-CH3), 3.50-4.30 (bro. s., 8H, 4CH2-piperazin.), 5.39 (s, 
1H, CH), 6.45 (d, J=8.64, 1H, ArH’s), 7.06 (s, 1H, ArH’s), 
7.17 (dd, J=8.54, J=1.97, 1H, ArH’s), 8.10 (s, 1H, CHO). 
Anal. Calcd. for C19H25N3OS: C, 66.44, H, 7.34, N, 12.23, 
S, 9.34 Found: C, 66.46, H, 7.40, N, 12.29, S, 9.35. 

(1-Benzyl-2,2,4-trimethyl-1,2-dihydroquinolin-6-yl)(piperidin-
1-yl)methanethione (3c)  

Yield = 81 %, m.p. 80-82 °C. 1H NMR (DMSO-d6): δ = 
1.35 (s, 6H, (CH3)2-С2), 1.45-1.70 (bro. s., 6H, 3CH2-
piperidin.), 1.95 (s, 3H, CH3-С4), 3.50-4.25 (bro. s., 4H, 
2CH2-piperidin), 4.56 (s, 2H, СН2-Bn), 5.48 (s, 1H, CH), 
6.13 (d, J=8.61, 1H, ArH’s), 6.85 (dd, J=8.53, J=2.17, 1H, 
arom.), 6.97 (d, J=2.19, 1H, ArH’s), 7.15-7.35 (m, 5H, 
arom.). ). Anal. Calcd. for C25H30N2S: C, 76.88, H, 7.74, N, 
7.17, S, 8.21 Found: C, 76.90, H, 7.75, N, 7.21, S, 8.24.  

Pyrrolidin-1-yl(1,2,2,4-tetramethyl-1,2-dihydroquinolin-6-
yl)methanethione (3d)  

Yield = 58 %, m.p. 113-115oC. 1H NMR (DMSO-d6): δ = 
1.28 (s, 6H, (CH3)2-С2), 1.87 (p, J=6.73, 2H, CH2-
pyrrolidin), 1.89 (s, 3H, CH3-С4), 1.97 (p, J=6.94, 2H, CH2-
pyrrolidin), 2.77 (s, 3H, N-CH3), 3.60 (t, J=6.62, 2H, CH2-
pyrrolidin), 3.77 (t, J=7.02, 2H, CH2-pyrrolidin), 5.39 (s, 1H, 
CH), 6.43 (d, J=8.59, 1H, ArH’s), 7.12 (d, J=2.20, 1H, 
arom.), 7.20 (dd, J=8.52, J=2.22, 1H, arom.). Anal. Calcd. 
for C18H24N2S: C, 71.95, H, 8.05, N, 9.32, S, 10.67 Found: 
C, 71.97, H, 8.11, N, 9.38, S, 10.69.  

 

(4-Methylpiperazin-1-yl)(1,2,2,4-tetramethyl-1,2-dihydroqui-
nolin-6-yl)methanethione hydrochloride (3e) 

Yield = 60 %, m.p. 160-162 °C. 1H NMR (DMSO-d6): δ = 
1.30 (s, 6H, (CH3)2-С2), 1.92 (s, 3H, CH3-C4), 2.75 (d, 
J=4.55, 3H, N-CH3-piperazin), 2.78 (s, 3H, N-CH3-DHQ), 
4.10-4.85 (m, 8H, 4CH2-piperazin), 5.41 (s, 1H, CH), 6.51 
(d, J=8.56, 1H, ArH’s), 7.07 (d, J=2.05, 1H, ArH’s), 7.20 
(dd, J=8.48, J=2.16, 1H, ArH’s), 11.40 (s, 1H, HCl). Anal. 
Calcd. for C19H28ClN3S: C, 62.36, H, 7.71, N, 11.48, S, 
8.76, Cl, 9.69 Found: C, 62.40, H, 7.75, N, 11.50, S, 8.81, 
Cl, 9.70. 

(4-Phenylpiperazin-1-yl)(1,2,2,4-tetramethyl-1,2-
dihydroquinolin-6-yl)methanethione (3f) 

 Yield = 72 %, m.p. 101-103oC. 1H NMR (DMSO-d6): δ = 
1.29 (s, 6H, (CH3)2-С2), 1.91 (s, 3H, CH3-C4), 2.78 (s, 3H, 
N-CH3), 3.70-4.50 (bro. s., 8H, 4CH2-piperazin), 5.41 (s, 1H, 
CH), 6.46 (d, J=8.59, 1H, ArH’s), 6.75-7.30 (m, 7H, ArH’s). 
Anal. Calcd. for C24H29N3S: C, 73.63, H, 7.46, N, 10.73, S, 
8.19 Found: C, 73.66, H, 7.51, N, 10.79, S, 8.23. 

(1-Benzyl-2,2,4-trimethyl-1,2,3,4-tetrahydroquinolin-6-
yl)(piperidin-1-yl)methanethione (3'a)  

Yield = 76 %, m.p. 115-117oC. 1H NMR (DMSO-d6): δ = 
1.24 (s, 3H, (CH3)2A-С4), 1.25 (s, 3H, (CH3)2B-С4), 1.32 (d, 
J=6.59, 3H, CH3-C4), 1.40-1.75 (m., 7H, CH2A+3CH2-
piperidin), 1.90 (dd, J=13.03, J=4.67, 1H, CH2B), 1.96 (m., 
1H, CH), 3.50-4.15 (m, 4H, 2CH2-piperidin), 4.26 (d, 
J=18.06, 1H, СН2A-Bn), 4.77 (d, J=18.09, 1H, СН2B-Bn), 
6.12 (d, J=8.65, 1H, ArH’s), 6.85 (dd, J=8.60, J=2.13, 1H, 
ArH’s), 7.10-7.35 (m, 6H, ArH’s). Anal. Calcd. for 
C25H32N2S: C, 76.48, H, 8.22, N, 7.14, S, 8.17 Found: C, 
76.50, H, 8.25, N, 7.20, S, 8.21. 

4-(1-Benzyl-2,2,4-trimethyl-1,2,3,4-tetrahydro-quinoline-6-
carbonothioyl)piperazine-1-carbaldehyde (3'b) 

Yield = 56 %, m.p. 160-162oC. 1H NMR (DMSO-d6): δ = 
1.24 (s, 3H, (CH3)2A-С2), 1.26 (s, 3H, (CH3)2B-С2), 1.32 (d, 
J=6.36, 3H, CH3-C4), 1.64 (t, J=12.77, 1H, CH2A), 1.91 (dd, 
J=12.92, J=4.50, 1H, CH2B), 2.96 (m, 1H, CH), 3.60-4.20 
(m., 8H, 4CH2-piperazin), 4.27 (d, J=17.75, 1H, СН2A-Bn), 
4.78 (d, J=18.25, 1H, СН2B-Bn), 6.14 (d, J=8.69, 1H, ArH’s), 
6.90-7.40 (m, 7H, ArH’s), 8.07 (s, 1H, CHO). Anal. Calcd. 
for C25H31N3OS: C, 71.22, H, 7.41, N, 9.97, S, 7.61 Found: 
C, 71.23, H, 7.43, N, 10.03, S, 7.65. 

4-(1,2,2,4-Tetramethyl-1,2,3,4-tetrahydroquinoline-6-
carbonothioyl)piperazine-1-carbaldehyde (3'c) 

Yield = 58 %, m.p. 199-201oC. 1H NMR (DMSO-d6): δ = 
1.17 (s, 3H, (CH3)2A-С2), 1.27 (s, 3H, (CH3)2B-С2), 1.28 (d, 
J=7.36, 3H, CH3-C4), 1.40 (t, J=12.81, 1H, CH2A), 1.83 (dd,  
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J=12.98, J=4.24, 1H, CH2B), 2.77 (m, 1H, CH), 2.79 (s, 3H, 
N-CH3), 3.60-4.40 (bro. m, 8H, 4CH2-piperazine), 6.49 (d, 
J=9.17, 1H, ArH’s), 7.17 (d, J=6.60, 1H, ArH’s), 7.18 9 (s, 
1H, ArH’s), 8.10 (s, 1H, CHO). Anal. Calcd. for 
C19H27N3OS: C, 66.05, H, 7.88, N, 12.16, S, 9.28 Found: : 
C, 66.07, H, 7.90, N, 12.22, S, 9.30. 

Piperidin-1-yl(1,2,2,4-tetramethyl-1,2,3,4-tetrahydro-quinolin-
6-yl)methanethione (3'd) 

Yield = 79 %, m.p. 115-117oC. 1H NMR (DMSO-d6): δ 
=1.17 (3H, s, (CH3)2A-С2), 1.26 (3H, s, (CH3)2B-С2), 1.27 
(3H, d, J=6.59, CH3-C4), 1.40 (1H, t, J=12.85, CH2A), 1.44-
1.65 (6H, bro. m., 3CH2-piperidin.), 1.83 (1H, dd, J=13.04, 
J=4.44, CH2B), 2.76 (1H, m, CH), 2.78 (3H, s, N-CH3), 3.50-
4.30 (4H, bro. m., 2CH2-piperidin), 6.47 (1H, d, J=9.18, 
ArH’s), 7.03 (1H, dd, J=6.79, J=2.16, ArH’s), 7.04 (1H, s, 
ArH’s). Anal. Calcd. for C19H28N2S: C, 72.10, H, 8.92, N, 
8.85, S, 10.13 Found: C, 72.13, H, 8.95, N, 8.91, S, 10.15. 

Ethyl 1-(1,2,2,4-tetramethyl-1,2,3,4-tetrahydro-quinoline-6-
carbonothioyl)piperidine-4-carboxylate (3'e)  

Yield = 74 %, m.p. 110-112oC. 1H NMR (DMSO-d6): δ = 
1.10-2.10 (m, 19H, 4CH3+CH2-THQ+2CH2-piperidin.), 
2.72-2.80 (m, 8H, N-CH3+2CH2-piperidin.+CH-THQ), 4.08 
(q, J=7.08, 2H, -OCH2CH3), 6.47 (d, J=8.56, 1H, arom.), 
7.05 (dd, J=8.14, J=2.00, 1H, ArH’s), 7.07 (s, 1H, ArH’s). 
Anal. Calcd. for C22H32N2O2S: C, 68.00, H, 8.30, N, 7.21, S, 
8.25 Found: C, 68.01, H, 8.34, N, 7.25, S, 8.29.  

(1-Benzyl-2,2,4-trimethyl-1,2,3,4-tetrahydroquinolin-6-yl)(mor-
pholino)-methanethione (3'f)  

Yield = 84 %, m.p. 140-142oC. 1H NMR (DMSO-d6): δ = 
1.24 (s, 3H, (CH3)2A-С2), 1.26 (s, 3H, (CH3)2B-С2), 1.32 (d, 
J=6.59, 3H, CH3-C4), 1.64 (t, J=12.98, 1H, CH2A), 1.90 (dd, 
J=13.03, J=4.72, 1H, CH2B), 2.96 (m, 1H, CH), 3.50-4.20 
(bro. m, 8H, 4CH2-morph.), 4.26 (d, J=18, 1H, СН2A-Bn), 
4.78 (d, J=18.07, 1H, СН2B-Bn), 6.13 (d, J=8.65, 1H, ArH’s), 
6.90 (dd, J=8.63, J=2.13, 1H, ArH’s), 7.15-7.35 (m, 6H, 
ArH’s). ). Anal. Calcd. for C24H30N2OS: C, 73.06, H, 7.66, 
N, 7.10, S, 8.13 Found: : C, 73.09, H, 7.70, N, 7.14, S, 8.14.  

(4-Methylpiperazin-1-yl)(1,2,2,4-tetramethyl-1,2,3,4-
tetrahydroquinolin-6-yl)methanethione hydrochloride (3’g)  

Yield = 66 %, m.p. 180-182 oC. 1H NMR (DMSO-d6): δ = 
1.19 (3H, s, (CH3)2A-С2), 1.28 (3H, s, (CH3)2B-С2), 1.30 
(3H, d, J=7.31, CH3-C4), 1.42 (1H, t, J=12.45, CH2A), 1.85 
(1H, dd, J=13.08, J=4.52, CH2B), 2.75 (3H, d, J=4.55, N-
CH3-piperazin.), 2.81 (3H, s, N-CH3-THQ), 3.08 (1H, m, 
CH), 4.10-4.70 (8H, bro. m., 4CH2-piperazin), 6.50-7.35 
(3H, m, ArH’s), 11.25 (1H, s, HCl). Anal. Calcd. for 
C19H30ClN3S: C, 62.02, H, 8.22, N, 11.42, S, 8.71, Cl, 9.63 
Found: C, 62.06, H, 8.26, N, 11.46, S, 8.75, Cl, 9.67. 

(1-Benzyl-2,2,4-trimethyl-1,2,3,4-tetrahydroquinolin-6-yl)(4-
methylpiperazin-1-yl)methanethione hydrochloride (3'h) 

Yield = 70 %, m.p. 170-172 oC. 1H NMR (DMSO-d6): δ = 
1.26 (3H, s, (CH3)2A-С2), 1.27 (3H, s, (CH3)2B-С2), 1.34 
(3H, d, J=6.59, CH3-C4), 1.65 (1H, t, J=12.68, CH2A), 1.92 
(1H, dd, J=13.00, J=4.63, CH2B), 2.73 (3H, d, J=4.56, N-
CH3), 2.99 (1H, m, CH), 4.26 (1H, d, J=18.19, СН2A-Bn), 
4.50-4.76 (8H, m, 4xCH2-piperazin.), 4.80 (1H, d, J=18.23, 
СН2B-Bn), 6.13-7.40 (8H, m, ArH’s), 11.20 (1H, s, HCl). 
Anal. Calcd. for C25H34ClN3S: C, 67.62, H, 7.22, N, 9.46, S, 
7.22, Cl, 7.98 Found: C, 67.68, H, 7.77, N, 9.51, S, 7.27, Cl, 
8.01. 

General procedure for the synthesis of 5-alkyl-8-(carbonothio-
yl)-4,5-dihydro-4,4-dimethyl-1H-[1,2]dithiolo[3,4-c]quinoline-
1-thiones (4a-d)  

A mixture of N-alkyl-2,2,4-trimethyl-1,2-
dihydroquinoline-6-carbaldehyde 1 (1 mmol), the 
corresponding amine (1.33 mmol), and elemental sulfur 
(7.33 mmol) in DMF (2 ml) was refluxed until the reaction 
is completed (monitoring using TLC: hexane/ethyl acetate 
7:3). Up on the completion of the reaction the reaction 
mixture was allowed to cool overnight and 5 ml of isopropyl 
alcohol was added to ensure complete precipitation of the 
product. The solid obtained was filtered, washed with cold 
isopropyl alcohol followed by cold water.  

4,4,5-Trimethyl-8-(morpholine-4-carbonothioyl)-4,5-dihydro-
1H-[1,2]dithiolo[3,4-c]quinoline-1-thione (4a) 

Light orange solid, Yield = 68 %, m.p. 105-107 oC.  1H 
NMR (DMSO-d6): δ =1.55 (s, 6H, C4-C(CH3)2), 2.90 (s, 3H, 
N-CH3), 3.60-3.90 (6H, bro. s, 6H, morph.), 4.20-4.40 (2H, 
bro. s, 2H, morph.), 6.94 (d, J = 8.65, 1H, H-6), 7.39 (dd, J = 
6.34 and J = 2.26, H-7), 9.24 (d, J=8.65, 1H, H-8). Anal. 
Calcd. for C18H28N2OS4: C, 52.91, H, 4.93, N, 6.86, S, 31.39 
Found: C, 52.93, H, 4.90, N, 6.89, S, 31.41. 

5-Benzyl-4,4-dimethyl-8-(piperidine-1-carbonothioyl)-4,5-
dihydro-1H-[1,2]dithiolo[3,4-c]quinoline-1-thione (4b) 

Yellow solid, Yield = 86 %, m.p. 97-99 oC. 1H NMR 
(DMSO-d6): δ =1.50 (bro. s, 6H, piper.), 1.67 (s, 6H, C4-
C(CH3)2), 3.60 (bro. s, 2H, piper.), 4.25 (bro. s, 2H, piper.), 
4.70 (s, 2H, Bn), 6.75 (d, J=8.71, 1H, H-6), 7.17 (dd, J = 
8.64 and J = 2.19, 1H, H-7), 7.20-7.33 (m, 5H, Ph), 9.27 (d, 
J = 2.19, 1H, H-8). Anal. Calcd. for C25H26N2S4: C, 62.20, 
H, 5.43, N, 5.80, S, 26.57 Found: C, 62.23, H, 5.40, N, 5.84, 
S, 26.60. 

5-Benzyl-4,4-dimethyl-8-(morpholine-4-carbonothioyl) -4,5-
dihydro-1H-[1,2]dithiolo[3,4-c]quinoline-1-thione (4c)  

Orange solid, Yield = 69 %, m.p. 110-112 oC. 1H NMR 
(DMSO-d6): δ =1.70 (s, 6H, C4-C(CH3)2), 3.55-3.85 (bro. s, 
6H, morph.), 4.20-4.40 (bro. s, 2H, morph.), 4.71 (s, 2H, 
Bn), 6.76 (d, J = 8.73, 1H, H-6), 7.23 (dd, J = 8.72 and  
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J=2.09, 1H, H-7), 7.30-7.40 (m, 5H, Ph), 9.31 (d, J = 2.23, 
1H, H-8). Anal. Calcd. for C24H24N2OS4: C, 59.47, H, 4.99, 
N, 5.78, S, 26.46 Found: C, 59.50, H, 5.02, N, 5.81, S, 
26.49. 

4,4,5-Trimethyl-8-(4-phenylpiperazine-1-carbono-thioyl)-4,5-
dihydro-1H-[1,2]dithiolo[3,4-c]quinoline-1-thione (4d)  

Light orange solid. Yield = 80 %, m.p. 90-92 oC. . 1H 
NMR (CDCl3): δ =1.25 (s, 6H, C4-C(CH3)2), 2.97 (s, 3H, N-
CH3), 3.50-4.50 (m, 8H, piperazine), 6.95(d, J=8.59, 1H, H-
6), 7.50-7.70 (m, 5H, Ph), 8.00 (dd, J = 8.50 and J = 2.19, 
1H, H-7), 9.50 (d, J = 2.09, 1H, H-8). Anal. Calcd. for 
C24H25N2S4: C, 59.59, H, 5.21, N, 8.69, S, 26.51. Found: C, 
59.63, H, 5.23, N, 8.67, S, 26.55. 

RESULTS AND DISCUSSIONS 

The purpose of this study is to investigate the 
regioselectivity in the three-component reaction of 
hydroquinoline-6-carbaldehydes, cyclic secondary amines 
and sulfur by taking 1.33 equivalent and excess of elemental 
sulfur. 

The multi-step synthesis of the starting materials 1-
alkylhydroquinoline-6-carbaldehydes 1a, 1b, 1’a and 1’b 
were carried out by the know methods25-26 as represented in 
Scheme 2. 

 

 

 

 

 

 

 

Scheme 2. Synthesis of starting materials 1-alkylhydroquinoline-6-
carbaldehydes 1 and 1’. 

Brown6 has reported the synthesis of 4,5-dihydro-4,4-
dimethyl-1H-1,2-dithiolo-[3,4-c]quinoline-1-thiones from 
2,2,4-trimethyl-1,2-dihydroquinoline (and its 1-methyl and 
6-ethoxy-derivatives) and 4.0 equivalents of sulfur in 
refluxing DMF. We have extended this reaction to N-alkyl-
2,2,4-trimethyl-1,2-dihydroquinoline-6-carbaldehydes (1a, 
b) and N-alkyl-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline-
6-carbaldehydes (1’a, b). In the case of 1a and 1b there is a 
competition between the Willgerodt-Kindler reaction of 
formyl group in the presence of amine and formation of 1H-
1,2-dithiol-1-thione cycle from the 3, 4-double bond and the 
4-methyl-group. 

When 1.33 equivalents of elemental sulfur is used the 
Willgerodt-Kindler reaction takes place exclusively for both 
di- and tetrahydroquinolinecarbaldehydes (1a, 1b, 1’a and 
1b) resulting in thioamides 3a-f and 3’a-h as shown in 

Scheme 3. As one would expect this regioselectivity is due 
to the more reactivity of formyl group as compared to the 
double bond 4-CH3-C4 = C3.  

 

 

 

 

 

 

 

(3a) R=CH3, X=CH2; (3b) R=CH3, X=N-CHO; (3c) R=CH2Ph, X=CH2; 
(3d) R=CH3, X=CH2; (3e) R=CH3, X=NCH3; (3f) R=CH3, X=NPh; (3’a) 
R=CH2Ph, X=CH2, (3’b) R=CH2Ph, X=N-CHO; (3’c) R=CH3, X=N-CHO; 
(3’d) R=CH3, X=CH2; (3’e) R=CH3, X=CH-COOEt; (3’f) R=CH2Ph, X=O; 
(3’g) R=CH3, X=NCH3; (3’h) R=CH2Ph, X=NCH3; (4a) R=CH3, X=O); 
(4b) R=CH2Ph, X=CH2; (4c) R=CH2Ph, X=O; (4d) R=CH3, X=NPh.   

 

Scheme 3. Synthesis of thioamides 3a-f, 3’a-g and 1H-1,2-dithiol-
1-thiones 4a-d. 

 

The 1H-NMR spectra of compound 3a-f indicated that 
there are singlet 4-methyl protons signals in the range of δ 
1.89-1.95 ppm and singlet 3-CH-methine protons signals in 
the range δ 5.39-5.48 ppm. As compared to the starting 
materials 1a,b, there is no formyl proton signal instead there 
are broad singlet signals in the range δ 1.45-1.70 ppm and δ 
3.50-4.30 ppm for compounds 3a and 3c which are 
assignable for ten piperidine methylene protons. 

For compounds 3b, 3e and 3f the eight piperazine methylene 
protons appeared as broad signals in the range δ 3.50-4.85 
ppm. The pyrolidine methylene protons of compound 4d are 
clearly seen as a pair of pentat signals at δ 1.87 ppm, J=6.73 
Hz and δ 1.97 ppm, J=6.94 Hz, and two triplet signals at δ 
3.60 ppm, J=6.62 Hz and δ 3.77 ppm, J= 7.02 Hz.  

The 4-methyl doublet protons, 4-CH methine multiplet 
proton and the two diastreotropic 3-CH2A (triplet) and 3-
CH2B (doublets of doublet) methylene protons signals of 
compound 3’a-h appeared in the range δ 1.27-1.34, 1.96-
3.08, 1.40-1.65 and 1.80-1.92 ppm, respectively. 

In the 1H NMR spectra of compounds 3e, 3'g, 3h, isolated 
in hydrochloride form, the proton signals are broadened in 
the range of 11.20 -11.40 ppm. 

Compounds 3a-f, 3’a-h is obtained in 56-84% yields. 
Their colors vary from light yellow to red. They are soluble 
in most polar solvents (chloroform, DMF, DMSO, ethanol). 

In the 1H-NMR spectra of compounds 4a-d there are no 3-
CH-methine, 4-methyl- and formyl protons signals as 
compared to the starting materials 1a,b. This is due the 
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formation of the pseudoaromatic heterocyclic ring via the 
3,4-double bond and 4-methyl of N-alkyl-2,2,4-trimethyl-
1,2-dihydroquinoline-6-carbaldehydes and sulfur in addition 
to the formation of thioamides. 

An attempt that was made to synthesis 5-R-8-
(carbonothioyl)-4,5-dihydro-4,4-dimethyl-1H-[1,2]dithiolo 
[3,4-c]quinolin-1-thione from the reaction of N-alkyl-2,2,4-
trimethyl-1,2,3,4-tetrahydroquinolines 1’a,b, secondary 
cyclic amine and excess sulfur was not successful. This 
might be due the reason that the amine catalyst is unable to 
facilitate the dehydrogenation reaction of C3-C4 bond to 
form the allylic methyl form to undergo sulfurization. 

A plausible reaction mechanism for the Willgerodt-
Kindler reaction of hydroquinolinecarbaldehydes with 
amines and elemental sulphur is shown in Scheme 4 and we 
propose that the reaction mechanism is analogous with the 
work reported in reference27 for phenyl glyoxals. The 
condensation of hydroquinolinecarbaldehydes 1, 1’ with 
amine 2a-g gave the iminium salt 5, 5’. Subsequent 
nucleophilic addition of amine to sulphur, followed by 
elimination of S7, ammonium sulfide leads to 6. 
Intermediate 7, 7’ is then produced by nucleophilic addition 
of 6 to iminium salt 5, 5’ which is finally converted into the 
desired thioamides 3, 3’ by the elimination of a molecule of 
amine. 

 

 

 

 

 

 

 

 

 

Scheme 4. Plausible Reaction mechanism for the synthesis of 3, 3’. 

Conclusions 

When 1.33 equivalent of elemental sulfur is used 
exclusively the Willgerodt-Kindler reaction takes place both 
for the N-alkyl-2,2,4-trimethyl-1,2-dihydro-quinoline-6-
carbaldehydes and N-alkyl-2,2,4-trimethyl-1,2,3,4-
tetrahydroquinoline-6-carbaldehydes which results in the 
formation of thioamides. The use of excess sulfur leads to 
the formation of both 5-R-8-(carbonothioyl)-4,5-dihydro-
4,4-dimethyl-1H-[1,2]dithiolo [3,4-c]quinolin-1-thione cycle 
and thioamide for N-alkyl-2,2,4-trimethyl-1,2-
dihydroquinoline-6-carbaldehydes. In the case of N-alkyl-
2,2,4-trimethyl-1,2,3,4-tetrahydro-quinoline-6-
carbaldehydes the use of excess sulfur gave only the 
Willgerodt-Kindler thioamide product and there is no 
formation of 1H-1,2-dithiol-1-thione. 
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SYNTHESIS AND SPECTRAL STUDIES OF OXOVANADIUM(IV) 

SCHIFF BASE COMPLEXES DERIVED FROM  

1,1’-OXALYLDIIMIDAZOLE AND AROMATIC AMINES 

Ashok Kumar Yadava[a], Hardeo Singh Yadav[a], Rajul Saxena[b] and Devendra 
Pratap Rao[b]* 

Keywords: Schiff base, 1,1’-oxalyldiimidazole, oxovanadium(IV), chelating legends. 

New Schiff base (L), derived from condensation of 1,1’-oxalyldiimidazole with o-phenylenediamine has been prepared. Five new 
oxovanadium(IV) complexes (one is [VO(L)]SO4 and four [VO(mac)]SO4) have been carried out by using in situ method of preparation 
where vanadyl ion act as kinetic template for the Schiff bases. The synthesized complexes were characterized by elemental analyses,
conductometric measurements, magnetic moments, IR, ESR and electronic spectroscopy. These complexes contain VO2+ group and have 
square pyramidal geometry wherein Schiff bases act as tetradentate chelating ligands. 
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Introduction 

In fact, Schiff base ligands are able to stabilize many 
different metals in various oxidation states. They controlling 
the performance of metals in a large variety of applications 
in clinical, analytical and biological in addition to 
catalysis.1,2 A large number of Schiff base complexes have 
biological interest.3,4 It is known that the existence of metal 
ions bonded to biologically active compounds may enhance 
their activities.5,6 In metal coordination chemistry, Schiff 
bases occupy an important position as ligand due to the 
incorporation of transition metals into Schiff bases. This 
result in an increment in biological activity of the ligand and 
decrease in the cytotoxic effects of both ligand and metal 
ion on the host.7 The progress in the field of bioinorganic 
chemistry has increased the interest in Schiff base 
complexes. The coordination behavior of vanadium 
complexes is of great interest due to its presence in 
biological system as trace element. It has been observed that 
oxovanadium(IV) complexes are more stable than five or six 
coordinated vanadium.8 The o-phenylenediamine can form 
chelate ring using in-situ method of synthesis in presence of 
metal cation due to kinetic template effect.9-11  

With these assumptions a new series of oxovnadium(IV) 
complexes were synthesized using in situ method of 
synthesis by condensation of β-diketones viz. acetylacetone, 
benzoylacetone, thenoyltrifluoroacetone and 
dibenzoylmethane with o-phenylenediamine in molar ratio 
1:2 in the presence of VO2+ cation as kinetic template using 
1,1’- oxalyldiimidazole. These complexes were isolated in 
solid state and their tentative structures have been assigned 
on the basis of elemental analyses, molar conductance, 
magnetic susceptibility measurements and spectral (IR, ESR 
and electronic) data. 

Experimental 

Materials  

Oxovanadium(IV) sulfate, oxalyldiimidazole and o-
phenylenediamine were procured from Aldrich. The β-
diketones viz. acetylacetone, benzoylacetone, 
thenoyltrifluoroacetone and dibenzoylmethane were 
purchased from Sisco Research Laboratories Pvt. Ltd., 
Mumbai, India. 

Analytical and physical measurements 

Vanadium was estimated gravimetrically as its vanadate, 
after decomposing the oxovanadium complex with 
concentrated nitric acid.12 Sulfur was estimated as barium 
sulfate.13 The melting point (uncorrected) determination was 
done by using sulfuric acid bath. Toshniwal conductivity 
bridge, model no. CLO102A was used for measurement of 
conductance at room temperature. The magnetic 
susceptibilities of the complexes in powder form were 
carried out at room temperature using Gouy’s balance. 
Mercury tetrathiocyanatocobaltate(II), Hg[Co(CNS)4], (χg = 
16.44 x 10-6 c.g.s. unit at 20 0C ), was used as calibrant in 
conductance measurement. The electronic spectra of these 
complexes were recorded on Beckmann DU-2 
spectrophotometer in the range 2000-185 nm. The room 
temperature and LNT ESR spectra were recorded at RSIC, 
IIT, Chennai, India. The IR spectra of the complexes in the 
range 4000-200 cm-1 were recorded in KBr on Perkin-Elmer 
621. 

Synthesis of oxovanadium(IV) complexes 

In order to prepare [VO(mac)]SO4, an ethanolic solution 
of vanadyl sulfate (2 mmol, 1.630 g) was added gradually to 
a refluxing solution of 1,1’-oxalyldiimidazole (2 mmol, 
0.380 g) and o-phenylenedimine (4 mmol, 0.432 g) in 
ethanol (50 mL) in RB flask (Scheme 1). The color of the 
reaction mixture turned into dirty green after mixture was 
refluxed for 2 h. Precipitate was filtered off and washed with 
cold ethanol. Solid product was dried under in vacuum 
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desicator over silica gel. Purity of the complex was checked 
by TLC (yield: 55 %, type I). Ethanolic mixture of type I 
complex further reacted for 2 h with β-diketones (such as 
acetylacetone,  benzoylacetone, thenoyltrifluoroacetone or 
dibenzolylmethane) in ratio 1:1 to get macrocyclic complex 
(type II). The purity of the macrocyclic product was checked 
by TLC. 

 

 

 

 

 

 

 

 

Scheme 1. Synthesis of oxovanadium(IV) complexes.  

[VO(L)]SO4  

Yield 45 %. F. W. 533.42. Decomposition temp. 218 °C. 
IR (KBr): 1624 (C=N), 304 (V-N), 982 (V=O), 1140 (SO4

-), 
958 (SO4

-), 608 (SO4
-), 3350 (N-Hasym), 3179 (N-Hsym) cm-1. 

Anal. Calcd. for C20H18N8VSO5: C 45.0, H 3.4, N 21.0, V 
9.6, S 6.0 Found: C 44.9, H. 3.3, N 20.9, V 9.6, S 5.9. µeff. 
BM (300 °C): 17.6. 

[VO(mac1)]SO4 

Yield 50 %. F. W. 517.47. Decomposition temp. 221 °C. 
IR (KBr): 1620 (C=N), 303 (V-N), 980 (V=O), 1133 (SO4

-), 
955 (SO4

-), 604 (SO4
-) cm-1. Anal. Calcd. for 

C23H20N8VSO5: C 48.3, H 3.5, N 19.6, V 8.9, S 5.6 Found: 
C 48.3, H. 3.8, N 19.5, V 8.8, S 5.5. µeff. BM (300 °C): 
17.2. 

[VO(mac1)]SO4 

Yield 48 %. F. W. 633.54. Decomposition temp. 217 °C. 
IR (KBr): 1618 (C=N), 300 (V-N), 980 (V=O), 1133 (SO4

-), 
956 (SO4

-), 602 (SO4
-) cm-1. Anal. Calcd. for 

C28H22N8VSO5: C 53.1, H 3.5, N 17.7, V 8.0, S 5.1 Found: 
C 52.7, H. 3.4, N 18.0, V 7.9, S 5.0. µeff. BM (300 °C): 
17.1. 

[VO(mac3)]SO4 

Yield 55 %. F. W. 693.54. Decomposition temp. 220 °C. 
IR (KBr): 1622 (C=N), 302 (V-N), 982 (V=O), 1134 (SO4

-), 
955 (SO4

-), 604 (SO4
-) cm-1. Anal. Calcd. for 

C26H17N8VS2O5F3: C 45.0, H 2.5, N 16.2, V 7.4, S 9.3 
Found: C 44.9, H. 2.4, N 16.1, V 7.3, S 9.2. µeff. BM (300 
°C): 17.2. 

[VO(mac4)]SO4 

Yield 55 %. F. W. 695.61. Decomposition temp. 229 °C. 
IR (KBr): 1622 (C=N), 302 (V-N), 984 (V=O), 1133 (SO4

-), 
956 (SO4

-), 602 (SO4
-) cm-1. Anal. Calcd. for 

C33H24N8VSO5: C 57.0, H 3.5, N 16.1, V 7.3, S 4.6 Found: 
C 56.5, H. 3.4, N 16.0, V 7.3, S 4.5. µeff. BM (300 °C): 
17.5. 

where, L = Ligand derived by condensation of 1,1’-
oxalyldiimidazole with o-phenylenediamine (1:2), mac1 = 
macrocyclic ligand derived by condensation of L with 
acetylacetone, mac2 = macrocyclic ligand derived by 
condensation of L with benzoylacetone, mac3 = macrocyclic 
ligand derived by condensation of L with 
thenoyltrifluoroacetone, mac4 = macrocyclic ligand derived 
by condensation of L with dibenzoylmethane. 

Results and Discussion 

The oxovanadium(IV) complexes were synthesized by 
initially refluxing the reaction mixture of 1,1’-
oxalyldiimidazole with o-phenylenediamine and vanadyl 
sulfate in 1:2:1 molar ratio in aqueous ethanol and then 
reacting the products with β-diketones. The reactions appear 
to proceeds according to the Scheme 1. Elemental analyses 
of the complexes, given above, proved 1:1 molar ratio of 
metal to ligand stoichiometry. 

Infrared Spectra 

The important bands of the infrared spectra for the 
complexes have been given above. The oxovanadium(IV) 
exhibit >C=N absorption around 1624-1618 cm-1, which 
normally appears at 1660 cm-1 in free ligands.14-16 The 
lowering of this frequency in the complex [VO(L)]SO4 
indicate the coordination of nitrogen atoms of the 
azomethine groups to the vanadium.16-18 The presence of a 
band around 300 cm-1 may be show ν (V-N) vibration.19 The 
presence of >C=N band and the absence of the >C=O band 
at around 1700 cm-1 indicates the condensation of the o-
phenylediamine with the keto group of 1,1’-
oxalylimidazoles.18 The band appearing at 3350 and 3179 
cm-1 may be assigned to asymmetrical and symmetrical N-H 
stretching modes of the coordinated terminal amino group of 
the o-phenylediamine.20 The complexes show a band at 
around 980 cm-1, which is assigned to ν(V=O) vibration.21 

The presence of SO4
2- group in the complexes is indicated 

by the appearance of three bands at ca. 1133-1140 cm-1 (ν3), 
955-958 cm-1 (ν1) and 602-608 cm-1 (ν4). The absence of a 
ν2 band and non-splitting band of ν3 band indicate the 
retention of tetrahedral symmetry.22 The IR spectra of the 
complexes of the type [VO(mac)]SO4 show the same pattern 
of bands but the asymmetrical and symmetrical N-H 
stretching modes of terminal amino groups disappear due to 
condensation of these amino groups with carbonyl groups of 
β-diketones in cyclization reactions.  
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Electronic Spectra 

The electronic spectra exhibit bands in the regions 11,080 
– 12,020 cm-1, 15,120 - 15,900 cm-1 and 21,095-22,030 cm-1. 
These spectra are similar to other four coordinate 
oxovanadium(IV) complexes involving nitrogen donor 
atoms. These spectral bands are evaluated according to an 
energy level scheme reported by Tsuchimoto et al22 for 
distorted, five coordinate square pyramidal 
oxovanadium(IV) complexes.23 The observed bands can be 
assigned to 2B2→ 2E, 2B2→ 2B1 and 2B2→ 2A1 transitions, 
respectively. One band is also observed in the region 35,200 
– 35,750 cm-1, which may be due to transition of the 
azomethine linkages.24 

Molar Conductance 

The molar conductance values (ΛM) of the 
oxovanadium(IV) complexes were measured in DMF and 
the obtained values are between 80-110 ohm-1 cm2 mol-1 
indicating their 1:1 electrolytic nature. 

Magnetic Moment  

Effective magnetic moments (µeff) values of the complexes 
were measured at room temperature and the observed values 
were lie in the range 1.71-1.76 B.M. which are in agreement 
to a 3d1-system of square-pyramidal oxovanadium(IV) 
centre.23 

ESR Spectra 

The X-band ESR spectra of the complexes were recorded 
in DMSO at room temperature and at LNT (177 K). ESR 
spectra of the oxovanadium(IV) complexes were analyzed 
by the method of Mishra, Tan and Ando et al.25-27 The room 
temperature ESR spectra show eight lines, which are due to 
hyperfine splitting originating from the interaction of the 
unpaired electron with a 51V nucleus having the nuclear spin, 
I = 7/2. This nuclear spin confirms the presence of a single 
oxovanadium(IV) cation as the metallic centre in the 
complexes. The anisotropy is not observed due to rapid 
tumbling of molecules in solution at room temperature and 
only g-average values at about 1.902 are recorded. The 
anisotropy is clearly visible in the spectra at LNT and eight 
bands each due to g|| and g┴ are observed at about 1.920 
and 1.985 separately which are corresponds to a square 
pyramidal structure.28-30 The g||, g┴, A|| and A┴ values are 
recorded from the spectra, which are in good agreement for 
a square-pyramidal structure. Further, g values of all very 
close to the spin-only value (free electron value) of 2.0020, 
suggesting little spin-orbit coupling. On the basis of the 
above studies, the tentative structures are proposed for these 
oxovanadium(IV) complexes of the type [VO(L)]SO4 and 
[VO(mac)]SO4 is given in the Scheme 1. 

Conclusions 

The present investigation demonstrates simple synthetic 
routes to 5 new oxovanadium(IV) complexes with tetraaza 
macrocyclic ligands. The spectral data suggest that the 1,1’-

oxalyldiimidazole is good chelating agents having two 
reactive carbonyl groups capable of undergoing Schiff base 
condensation with o-phenylenediamine. Schiff bases 
prepared by condensation of 1,1’-oxalyldiimidazole with o-
phenylenediamine behave as tetradentate ligands by bonding 
to the metal ion through the azomethine nitrogen and amino 
group. The analytical data show the presence of one metal 
ion per ligand (1:1 metal and ligand) molecule and suggest a 
mononuclear structure for the VO2+ complexes. The 
electrical conductance, magnetic moment values, infrared, 
ESR and electronic spectral data indicated a square 
pyramidal structure for VO(IV) complexes. X-ray 
crystallographic data of the synthesized oxovanadium(IV) 
complexes, which might have confirmed the tentative 
structures, could not be possible because suitable crystals 
were not isolated.  
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