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L-PYRROLIDINE-2-CARBOXYLIC ACID SULFATE 

(LPCAS): A NEW IONIC LIQUID FOR THE SYNTHESIS 
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A clean, simple, highly efficient and eco-friendly benign method for the synthesis of 1, 8-dioxooctahydroxanthene derivatives 

utilizing novel bronsted acidic ionic liquid; L-Pyrrolidine-2-carboxylic acid sulfate (LPCAS) as reagent been reported. 

Distinguishing features of the methodology are excellent yield of products in shorter reaction time, cleaner reaction profile, 

environmentally friendly nature and the use of inexpensive reagent. 
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Introduction 

Organic synthesis commonly includes the use of variety of 
solvents which are mostly harmful to the environment and 
human being. Multistep reactions for the synthesis of organic 
compounds multiply consuming of solvents and reagents, 
which generates a demand to design and develop 
environmentally benign multi-component and solvent-free 
green organic transformations. 

Multicomponent reactions (MCR) are processes, in which 
three or more reactants are combined in one pot to produce 
products that incorporate substantial portion of all the 
components; naturally comply with many of these stringent 
requirements for ideal organic synthesis. 

Xanthene derivatives have been attracted various 
researchers due to significant value in pharmaceutical aspect. 
1,8-dioxooctahydroxanthene derivatives have different 
biological potential as such antibacterial,1 antiviral2 and anti-
inflammatory,3 etc. 1,8-dioxo-octahydroxanthene derivatives 
have medicinal significance. The basic scaffold of these 
heterocycles could be an attractive model for the 
identification of new and potential anticancer agents.4 
Literature survey also shows that such derivatives have 
activities concern with antiplasmodial,5 antagonists for drug 
resistant leukemia lines,6 pH-sensitive fluorescent materials,7 
laser technologies,8 etc. These compounds are also used as 
precursors in the synthesis of various organic compounds and 
dyes.9,10 

Numerous methods have been reported for efficient and 
facile synthesis of 1,8-dioxooctahydroxanthenes by using 
different catalyst, including DBSA.11 cellulose sulfonic 
acid.12 CaCl2,13 [Et3NH][HSO4],

14 SiCl4,
15 ceric ammonium 

nitrate (CAN),16 Amberlyst-15,17 nano-TiO2,18 Fe-
Montmorillonite,19 SmCl3,

20 trimethylsilyl chloride,21 

H3PW12O40-MCM-41,22[ bmim]HSO4,
23 CAN supported on 

HY-zeolite,24 [Hbim]BF4.
25 

These reported methods have various disadvantages and to 
overcome these problems, we have developed a green 
protocol for efficient synthesis of 1,8-dioxoocta-
hydroxanthenes using a Brönsted acidic ionic liquid, L-
pyrrolidine-2-carboxylic acid sulphate LPCAS)26 Scheme1). 
Ionic liquids (ILs) are environmental friendly reaction media 
or catalysts with many excellent advantages such as 
negligible volatility and good thermal stability. 

In the present work, L-pyrrolidine-2-carboxylic acid sulfate 
as environmentally benign component has been used for the 
first time in the synthesis of bioactive1,8-dioxo-
octahydroxanthene derivatives via multicomponent reaction 
of aldehydes and dimedone under solvent free conditions 
(Scheme1). 

Experimental Procedure 

All the reagents were purchased from Aldrich/Merck and 
used without further purification. Melting points were 
obtained by using digital melting point apparatus EQ730 
(Equiptronics) and uncorrected. Progress of reactions and the 
purity of product formation were monitored on thin layer 
chromatography using silica gel as stationary phase and 
hexane/ethyl acetate 8:2 as eluent. The products were 
characterized by comparing melting points and spectral data 
with authentic melting points and spectroscopic data (IR, 1H 
NMR). IR spectra were recorded on schimadzu IR Solution 
150SUI spectrophotometer using KBr pellet; values are 
expressed in cm-1. NMR spectra were recorded on Bruker 400 
MHz spectrometer using appropriate solvent and TMS as an 
internal standard. Chemical shift were expressed in ppm.  
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Table 1. Synthesis of 1,8-dioxooctahydroxanthenederivatives catalyzed by LPCAS (3a-j). 

Sr. No. Aldehyde Time 

(mins) 

Yield 

(%) 

Melting Point (°C) References 

Observed Reported 

3a Benzaldehyde 05 95 2 0 2 - 2 0 4  2 0 5 - 2 0 6  27 

3b 4-Nitro bennzaldehyde 1 0  9 5  2 2 0 - 2 2 2  2 2 1 - 2 2 3  12 

3c 4-hydroxy benzaldehyde 2 5  8 5  2 4 0 - 2 4 2  2 4 1 - 2 4 3  12 

3d 4-chloro benzaldehyde  0 5  8 5  2 3 2 - 2 3 4  2 3 1 - 2 3 3  27 

3e 4-Methoxy benzaldehyde          0 5  9 5  2 3 8 - 2 4 0  2 4 1 - 2 4 3  12 

3f 1-Naphthaldehyde 1 5  8 5  2 3 0 - 2 3 2  2 3 1 - 2 3 3  16 

3g 4-Dimethylamino benzaldehyde 1 5  9 2  2 2 0 - 2 2 2  2 2 4 - 2 2 6  11 

3h 2-hydroxy-1-naphthaldehyde 6 0  8 5  2 5 6 - 2 5 7  - - - - - - - -  This Work 

3i 9 - Anthraldehyde 5 0  8 5  2 8 0  - - - - - - - - -  This Work 

3j 4-Hydroxy-3-methoxy benzaldehyde 5 5  9 0  2 2 2 - 2 2 4  2 2 6 - 2 2 8  2 8  

 

Mass spectra were scanned on a Jeol JMSD-300 
spectrometer.  

General procedure for synthesisof 1,8-dioxooctahydro-

xanthenederivatives 

To a mixture of the appropriate aldehyde (1 mmol), 5,5-
dimethyl-1,3-cyclohexanedione (2 mmol) and L-pyrrolidine-
2-carboxylic acid sulfate (LPCAS) (1 mmol) was added and 
the mixture was stirred at 100˚C for appropriate time (Scheme 
1). The progress of reaction was monitored on TLC. After 
completion of reaction, the reaction mixture was cooled to 
room temperature and water (10 ml) was added. Separated 
solid was filtered and the crude was recrystallized from 
ethanol to give the pure product. Similarly the other 
derivatives were also prepared using same procedure and 
reported in Table 1. 

 

 

 

1a-1j  2       3(a-j)  

 

Scheme1. Synthesis of 1,8-dioxooctahydroxanthenederivatives. 

Spectral data of selected compounds 

The known compounds 3a-g and 3j were identified 
comparing their physical and spectroscopical data with the 
reference data.11,12,16,27,28 

Compound 3h: FTIR (KBr) (cm 1):3420, 3180, 3056, 2941, 
2891, 1643, 1622, 1583, 1373, 1359, 1261, 1234, 1197, 1028, 
1010, 746. 1H NMR (400 MHz, DMSO):  ppm 0.80 (s 3H), 
0.92 (s 3H), 0.99 (s 3H), 1.08 (s 3H), 2.06-2.10 (d 2H), 2.27-
2.31 (d 2H), 2.38-2.42 (d 2H), 2.51-2.63 (d 2H), 3.39 (brs 1H), 
7.18-7.20 (d 1H), 7.35-7.43 (m 2H), 7.71-7.73 (d 1H), 7.79-
7.81 (d 1H), 8.19-8.21 (brs 1H), 5.57 (s 1H). 13C NMR (400 
MHz, DMSO): 195.80, 147.98, 131.56, 130.47, 128.07, 
127.53, 126.23, 117.31, 116.59, 110.68, 50.60, 40.53, 31.67, 
31.37, 29.34, 27.55, 25.93. m/z: 417.2. 

Compound 3i:FTIR (KBr) (cm 1): 3320, 3130,2986, 2887, 
2870, 1661, 1573, 1469, 1371, 1229, 1147, 1014, 1109, 
1031,863,732.1H NMR (400 MHz, DMSO):  ppm  0.85 (s 
3H), 0.97 (s 3H), 1.05 (s 3H), 1.29 (s 3H), 2.16-2.21 (m 2H), 
2.25-2.31 (m 2H), 2.33-2.46 (m 2H), 2.58-2.66 (m 2H), 4.52 
(s 1H), 7.30-7.46 (m 2H), 7.48-7.69 (m 2H), 7.78-7.88 (m 
1H), 8.0-8.12 (dd1H), 8.45-8.51 (dd 1H), 8.86 (d 1H), 8.99-
9.01 (d 1H). 13C NMR (400 MHz, DMSO): 196.92, 162.90, 
135.28, 134.51, 131.46, 131.24, 130.72, 129.34, 129.05, 
128.76, 128.44, 128.02,126.75,126.02, 125.83, 125.49, 
125.06, 124.95, 124.63, 124.35, 124.19, 123.99, 123.44, 
114.31, 111.99, 111.30, 110.07. m/z: 450.21. 

Result and discussions 

To determine suitable conditions for this transformation, a 
mixture of benzaldehyde (1 mmol), 5,5-dimethyl-1,3-
cyclohexanedione (2 mmol) and LPCAS (1mmol) was added 
to 25  ml round bottom flask and stirred at 1000C under 
solvent free conditions.The progress of reaction was 
monitored by TLC.After completion of reaction, the mixture 
was cooled to room temperature and 10 ml water was added. 
Separated solid was filtered, recrystallized product was 
characterized by IR, 1H and 13C-NMR and Mass spectra.  

The efficiency of IL media has been determined and 
compared with those of reported acid catalysts/reagents in the 
synthesis of 3,3,6,6-tetramethyl-9-(4-phenyl)-1,8-dioxo-
octahydroxanthene (3a). The comparison of various reported 
reagent is summarized in (Table2). 

In presence of [Et3NH][HSO4], the reaction proceeds at 100 
°C within 30 minutes offering 92% yield of the product under 
solvent free condition (entry 3, Table 2). In presence of β-CD-
BSA in water the reaction mixture on heating for 15 minutes 
afforded 95 % of product (entry 1, Table 2). Also by using 
sonochemical synthesis method in the presence of catalyst 
[Hbim]BF4  in methanol at 25-30 °C within 45 minutes (entry 
14, Table 2). 

Similarly in presence of L-proline in dichloromethane at 60 
°C, the same reaction proceeds in 360 minutes offering 78 % 
of product (entry 18, Table 2). Whereas, in presence of 
[bmim]ClO4 the reaction proceeds at 100 °C within 40 
minutes offering 92% yield of the product under solvent free 
condition (entry 19, Table 2). 
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Table 2. Comparison of the present catalytic system with some reported protocols in the model reaction between benzaldehyde and 
dimedone. 

Entry Aldehyde Conditions Time Yield(%) Ref. 

1 β-CD-BSA H2O 15 95 29 

2 DBSA H2O/100°C 360 94 11 

3 [Et3NH][HSO4] Solvent free/100 °C 30 92 14 

4 Cellulose sulfonic acid Solvent free/110  °C 300 95 12 

5 MCM-41-SO3H H2O/90°C 60 50 22 

6 HClO4-SiO2 H2O/100°C 60 68 32 

7 Amberlyst-15 CH3CN/reflux 300 94 17 

8 Trimethyl silyl chloride CH3CN/reflux 480 72 30 

9 Fe
3+

-montmorillonite EtOH/100°C 360 93 19 

10 CAN supported HY-zeolite Solvent free/80 °C 45 93 24 

11 Fe3O4@SiO2-imid-PMA EtOH/reflux 75 94 21 

12 Nano-TiO2 Solvent free/100 °C 15 96 18 

13 CaCl2 DMSO/90°C 300 87 13 

14 [Hbim]BF4 Methanol/ ultrasonic irradiation 45 85 25 

15 [HBim]HSO4 Solvent free /reflux 210 76 23 

16 Tetrachloro silane Dichloromethane/60-70 °C 180 92 15 

17 SmCl3 Solvent free/120 °C 480 98 20 

18 L-Proline ClCH2CH2Cl/60°C 360 78 31 

19 [bmim]ClO4 Solvent free/100 °C 40 92 33 

20 L-Pyrrolidine-2-carboxylic 

acid sulfate(LPCAS) 

Solvent free/100 °C 5 95 This work 

 

But surprisingly when the reaction is carried out using ionic 
liquid L-pyrollidine-2-carboxylic acid sulfate at 100 °C under 
solvent free condition, it proceeds within 5 minutes and 
offering the product in 95 % (entry 20, Table 2). 

All the above results have showed that, the L-pyrollidine-
2-carboxylic acid sulfate proved its efficiency in terms of 
product yield and reaction times (Table-2).  All the known 
synthesized compounds were confirmed by comparing their 
melting points with standards and new compounds were 
confirmed by spectroscopic data (IR, 1H NMR). An 
advantage of the novel ionic liquid (L-pyrrolidine-2-
carboxylic acid sulfate) is; its cost and more efficiency as 
compare to other reported ionic liquids. 

Conclusions 

In summary, we have developed a new eco-friendly 
procedure for the synthesis of 1, 8-dioxo-octahydroxanthenes 
via one pot condensation of aromatic aryl aldehydes and 
dimedone using LPCAS as a ionic liquid reagent under 
solvent free conditions. The hopeful points for the presented 
methodology are including a simple procedure, high catalytic 
activity, short reaction time, excellent yields. This approach 
therefore represents a precious addition to the existing 
processes for the synthesis of 1, 8-dioxo-octahydro 
xanthenes. 
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GENOTYPIC DISTINCTIONS OF VARIABILITY OF 

BIOCHEMICAL COMPOSITION OF FRUITS OF 

VACCINIACEAE SPECIES UNDER CONDITIONS OF BELARUS 

Zhanna Rupasova,[a]* Aleksandr Yakovlev,[a] Nikolay Pavlovsky,[a] Vladimir 
Titok,[a] Vladimir Reshetnikov,[a] Tamara Vasilevskaya,[a] Natalia Krinitskaya,[a]  Elizaweta 
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Keywords: Biochemical composition, genotypic variability, highbush blueberry (V. corymbosum L.), lingonberry (V. vitis-idaea L.), 

cranberry (Oxycoccus macrocarpus (Ait.) Pers.). 

Result of research of quantitative characteristics of biochemical composition of fruits of 30 taxons of 3 Vacciniaceae species (such as V. 

corymbosum L. (highbush blueberry), V. vitis-idaea L. (lingonberry) and Oxycoccus macrocarpus (Ait.) Pers. (cranberry)) inter-specific 

distinctions of a degree of stability of its separate components to complex influence of meteorological factors are revealed by 32 parameters 

(traits) describing the contents in fruits of some organic acids, carbohydrates, phenolic compounds, terpenoids and major mineral elements 

are presented. The cultivars possessing by the greatest and accordingly by the least levels of dependence on abiotic factors are identified. 
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The major aspect of researches connected with in-depth 
study of species of berry plants is the estimation of  complex 
biochemical composition of fruits in a long-term cycle of the 
supervision, which gives to us the information not only 
about its genotypic features, but also about the degree of 
dependence on hydrothermal regime during the period of 
fruits maturing and of parameters about accumulation of 
wide spectrum of the useful substances determining 
organoleptic properties of berry production. The response of 
the introduced species to influence of complex 
meteorological factors particularly the extremely unstable 
character of weather conditions during vegetation of plants 
and maturing of their fruits, peculiar to the Belarus region, 
can noticeably influence on the rates of accumulation of 
those or other compounds. This information may lead to 
correcting action to enhance their nutritious and vitamin 
values. In the last few years, the Central Botanical Garden 
of the NAS of Belarus has introduced new taxons of 3 
Vacciniaceae species (V. corymbosum L. (highbush 
blueberry), V. vitis-idaea L. (lingonberry) and Oxycoccus 
macrocarpus (Ait.) Pers. (cranberry). It has created 
additional opportunities to increase the varieties offered for 
breeding to select the most perspective variety. The 
selection may be made on nutritious and vitamin values of 
the berry production as defined by its biochemical 
composition and also on the degree of constancy of 
biochemical composition in the face of influence of complex 
meteorological factors. 

It is, however, expected that there will long-term stable 
genotypic distinctions. It will enable to designate cultivars 
which exhibit least dependence on abiotic factors. The 
object of this work is to establish quantitatively the degree 
of dependence of biochemical composition of fruits of 

investigated Vacciniaceae species on the hydrothermal 
regime of a season 

Experimentals 

Studies have been done during the years 2006-2008, on 
the plant material received at Gantsevichi research station of 
Central Botanical Garden of the NAS of Belarus (the Brest 
region). Intra- and inter-seasonal weather conditions during 
July-September, the active period of maturing of fruits of 
Vacciniaceae species, varied considerably.  It has not 
created conditions stability of biochemical compositions of 
their fruits. The lowest temperature during the given period 
was recorded in 2008, and the highest one in 2006. All of 
three seasons were characterized by plentiful atmospheric 
precipitates with extremely non-uniform distribution in time.  

Table 1. Values of hydrothermal factor (Htf) during formation and 
maturing of fruits of plants of Vacciniaceae species (Percentage 
deviation from the mark is given in the second line). 

Year May June July Aug. Sep. Mean 

2006 
1.8 

120.0 

1.1 

73.3 

1.6 

100.0 

3.0 

200.0 

0.8 

44.4 

1.7 

106.2 

2007 
1.4 

93.3 

1.0 

66.7 

5.4 

337.5 

0.4 

26.7 

0.8 

44.4 

1.8 

112.5 

2008 
2.3 

153.3 

0.7 

46.7 

2.4 

150.0 

1.3 

86.7 

3.8 

211.1 

2.1 

131.2 

Mean of 

3 years 

1.5 1.5 1.6 1.5 1.8 1.6 

Most objective integrated representation about the character 
of a weather situation within the years of supervision, on our 
opinion, can be made on monthly values of the 
hydrothermal factor determined by a ratio of amount of 
atmospheric precipitation dropped out and the sum of active 
temperatures above 10 °С.1 Our estimates are given in table 
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1, and according to Seljaninov’s gradation of a degree of 
humidity of any area, in 2006 May and July were 
characterized by sufficient humidity, June and September 
had drought and only August had excess humidity. In 2007, 
May experienced sufficient humidity, June, August and 
September had mainly by dry weather and only July had 
large excess of humidity. In 2008, May, July and 
particularly September were characterized by the excess 
humidity combined with the low background temperature. 
August differed by having sufficient humidity whereas June 
had droughty. 

The samples for the investigation comprised of mature 
fruits of 16 cultivars of Vaccinium corymbosum L. (early-
maturing: Bluetta, Northblue, Weymouth, Duke, Reka, 
Earliblue, Patriot, Spartan, Puru, Nui, mid-ripening: 
Bluecrop, Northland, Toro, Jersey; late-ripening: Elizabeth 
and Coville), of 10 cultivars of V. vitis-idaea L. (Koralle, 
Red Pearl, Rubin, Erntedank, Erntesegen, Erntekrone, 
Ammerland, Masovia, Sanna, Sussi) and of 4 cultivars of 
Oxycoccus macrocarpus (Ait.) Pers. (Stevens, Ben Lear, 
McFarlin, Piligrim). 

Biochemical composition of fruits of above-mentioned 
taxons has been analysed for 32 parameters. In the average 
fresh samples of a plant vegetative material the contents of 
dry matter was determined in accordance to GOST.2 
Vitamin C was determined by the standard indophenolic 
method and organic acid by the volumetric method.3 In the 
samples of fruits, after being dried at 65 °С, nitrogen, 
phosphorus, potassium were determined  by the method of 
Fomenko and Nesterov,4 calcium, magnesium by the 
complexometric method,3 glucose, fructose, sucrose by 
Zavadskaja’s process,5 pectin substances (water-soluble 
pectin and protopectin) by carbazolic method.3 Total 
anthocyanins was determined by construction of a 
calibration curve with crystal cyanidin.6 Cyanidin was 
obtained from fruits of black chokeberry and was purified,7 
a formula given by Tanchev8 was used in calculations. 
Anthocyanins was determined by the method of Shnajdman 
and Afanaseva,9  total flavonoids by the method of Sarapuu 
and Mijdla,10 catechines by a photometric method with 
vanillin reagent,11 chlorogenic acids by the method of paper 
chromatography,12 tannins by titirimetric method of 
Levental,13 lignins by the modified method of Klason,3 
benzoic acid by Kalebin and Kolesnik's method,14 fixed oils 
by Sapunov and Fedunjak's method15  triterpene acids (in 
recalculation on ursolic acid) by Simonjan's method.16  

All analytical definitions are carried out in thrice-repeated 
biological repeatability by Laboratory of Plant Chemistry of 
Central Botanical Garden of the NAS of Belarus. The data 
are statistically processed with use of program MS Excel. 

For the estimation of genotypic variability of parameters 
of accumulation of the specified compounds in a spectrum 
of investigated taxons in a long-term cycle of supervision 
we were guided by variation coefficient values (V) of the 
examined traits. The comparative analysis of the materials 
has enabled us to establish which biochemical 
characteristics of fruits of the introduced species are less 
susceptible to the external influences and which are more 
susceptible. It is also possible to define the integrated degree 

of susceptible to the external influences of all the 
investigated taxons. It is well established that a degree of 
variation of a specific trait is proportional to its dependence 
on investigated factors, here on meteorological factor. By 
estimations of Sennov and Kovjazin,17 the variability of for 
biological properties is considered small if it is within the 
limits of 11-30 % and considered big if exceeds 31%. By 
consideration of the information presented in our paper, we 
should consider active reaction of introduced species on the 
breeding process, allowing in the certain measure to resist to 
it and to regulate the biochemical composition of generative 
organs within the limits of genetically determined ranges of 
a variation of each trait. It has permitted the basis to narrow 
the border of designated above small variability of row for 
examined parameters up to 10 %. Its average range was 
characterized by a level of variability within the limits of 
11-20 %, and maximal over 20 %. The accepted gradation 
of levels of variability of analyzed traits coincides with the 
recommended for biological objects gradation by Zajtsev.18 

Results and discussion 

We have observed a very wide range of variation in long-
term cycle of observations averaged for the varietals series 
introduced species 32 quantitative indicators of the 
biochemical composition of fruits in table 2, indicating a 
significant impact on the abiotic factors. The greatest 
number of parameters with the maximal values for all of 
investigated species is observed in the hottest season of 
2006. The hot season stimulated accumulation of the 
majority of useful substances such as organic acids, vitamin 
C, soluble sugars, bioflavonoid, pectin, terpenoids and 
phosphorus compounds. The largest number of parameters 
with the minimal values is foundfor V. corymbosum L. 
cultivars in 2007 and for V. vitis-idaea L. and Oxycoccus 
macrocarpus (Ait.) Pers. cultivars in 2008. In all the species, 
accumulation of benzoic and chlorogenic acids in fruits was 
the maximum in 2007 indicated by maximal values of a 
sugar-acid index. Similarly, accumulation of flavonols and 
most of the macronutrients was the maximum in 2008. 

An analysis of data presented in Tables 3 and 4, has 
revealed a wide ranges of changes in variation coefficients 
of biochemical composition of fruits of investigated taxa of 
Vacciniaceae species in a long-term cycle of supervision. It 
testifies to a different level of their dependence on a 
hydrothermal regime of a season and allowed to designate 
the traits possessed by the greatest and accordingly by the 
least degree of this dependence. 

Within the years of supervision the majority of parameters 
of biochemical composition of fruits of V. corymbosum L., 
irrespective of maturing terms, were inherent of average 
(V=11-20 %) and high (V>20 %) levels of variability 
(accordingly for 16-44 % and 44-69 % of parameters). Only 
for 9-22 % of parameters the levels of variability were low 
(V<10 %). Biochemical composition of fruits of 
investigated taxons of Oxycoccus macrocarpus (Ait.) Pers. 
species has been noted by similarity of individual share of 
analyzed traits within the limits of each level of variability 
(low level for 12-25 %, average level for 19-38 % and high 
level for 40-63 % of parameters)
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Table 2. Range of changes of averaged quantitative characteristics of biochemical composition of fruits (in dry substance) for 
Vacciniaceae cultivar rows in a long-term cycle of supervision. 

Chemical composition V. corymbosum L. V. vitis-idaea  L. O.  macrocarpus (Ait.) Pers. 

Dry matter, % 13.90-14.10 14.90-16.90 10.30-12.50 

Organic acid, % 3.80-6.70 14.60-19.30 20.60-36.10 

Vitamin C, mg % 426.60-604.80 304.30-670.80 463.60-495.10 

Glucose, % 4.49-5.34 5.65-5.95 5.18-6.96 

Fructose, % 7.26-18.74 6.85-10.54 1.37-6.86 

Sucrose, % 0.56-3.19 0.86-2.09 0.36-0.51 

Total sugar, % 12.79-27.25 14.72-18.27 6.91-12.69 

Fructose/ Glucose ratio 1.70-3.60 1.20-1.90 0.30-1.30 

Monose/Disaccharide ratio 7.90-22.70 6.50-17.40 24.60-28.10 

Sugar-acid index 2.50-6.50 0.80-1.30 0.30-0.60 

Hydropectin, % 1.98-2.37 2.56-3.03 2.22-2.54 

Protopectin, % 2.60-3.45 3.45-3.84 3.56-5.40 

Total pectins, % 4.77-5.71 6.01-6.73 6.10-7.65 

Protopectin/Hydropectin ratio 1.20-1.80 1.30-1.50 1.40-2.50 

Anthocyanins, mg % 2.00-17.10 1.60-3.90 6.70-12.00 

Leucoanthocyanins, mg % 12.10-24.10 29.70-32.70 25.10-37.70 

Total anthocyanic pigments, mg % 14.10-41.20 32.80-36.60 34.80-49.70 

Catechines, mg % 570.10-984.30 710.00-1777.80 1067.10-1823.30 

Flavonols, mg % 1626.00-1890.60 1618.90-2227.50 1349.10-3112.90 

Flavonols/Catechines ratio 1.90-3.40 1.10-3.70 1.40-3.00 

Total bioflavonols, mg % 2501.80-2776.00 2970.30-3719.80 2596.00-4227.00 

Chlorogenic acids, mg % 781.40-800.30 484.90-838.10 486.80-700.50 

Benzoic acid, % 1.11-1.18 1.14-1.65 1.12-1.49 

Tannins, % 1.21-1.83 1.98-2.45 1.76-2.01 

Lignins, % 11.30-11.70 10.70-11.90 10.00-13.20 

Fixed oils, % 3.17-3.61 5.16-6.09 4.43-5.35 

Triterpene acids, % 2.49-3.22 2.58-3.41 2.09-3.44 

Nitrogen, % 0.76-1.10 1.19-1.24 0.85-1.03 

Phosphorus, % 0.14-0.17 0.14-0.18 0.13-0.16 

Potassium, % 0.53-0.76 0.51-0.90 0.58-0.80 

Calcium, % 0.31-0.42 0.32-0.39 0.24-0.30 

Magnesium, % 0.08-0.11 0.08-0.11 0.08-0.10 

    

For fruits of V. vitis-idaea L. the essential increase in a time-
row, in comparison with the previous Vacciniaceae species, 
of a relative share of traits with small variability (up to 16-
41 %) has been shown. It exclusively possible due to 
decrease of levels of variability of traits with high variability 
up to 35-53 % (Table 3 and Table 4), that testifies about the 
less susceptibility of biochemical composition of fruits of 
these cultivars to complex influence of abiotic factors. 

In our opinion, it is connected with participation in 
breeding process of the V. vitis-idaea L. cultivars of its wild-
growing forms selected on the European continent in 
woodlands of Sweden, Finland, Holland, Germany, Poland 
and other countries, which are similar by character of soil-
climatic conditions to those of Belarus, whereas V. 
corymbosum L. and Oxycoccus macrocarpus (Ait.) Pers. are 
natives from remote North American continent with 
essentially differing set of climatic and natural factors.18 It is 
quite natural, that at adaptation of plants under different 
conditions leads to more susceptibility to abiotic changes. 
Thus some of the parameters of biochemical composition of 
fruits were characterized by relative stability of a level of 
variability within the limits of cultivar rows of all of three 
investigated Vacciniaceae species.  

In the majority of cases the conformity of a level of 
variability of these parameters of the certain area of the 
accepted gradation took place only at separate taxons, and 
frequently the range of changes of a level of variability of 
traits within the limits of cultivar row covered all of three 
areas of the shown gradation. 

In our view, the most objective representation about a 
degree of variability of quantity traits of biochemical 
composition of fruits in varietals rows of investigated 
Vacciniaceae species can give the value of variation 
coefficient averaged in a 3-years cycle of supervision. The 
variability of traits, testifying to their stability to 
atmospheric influences are presented in table 5. In this case 
it is possible to divide the analyzed traits into 3 groups, 
according to a level of genotypic variability: 

(1) with low variability (V=8.2-10.9 % at a blueberry; 
V=6.7-9.0 % at a cowberry; V=5.9-10.4 % at a 
cranberry); 

(2) with average variability (V=12.2-20.0 % at a blueberry; 
V=11.1-20.0 % at a cowberry; V=11.3-18.4 % at a 
cranberry);  
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Table 3. Averaged variation coefficients (%) of quantitative characteristics of biochemical composition of fruits for Vaccinium corymbosum L. cultivars in a long-term cycle of supervision  ((1 - 
Bluetta, 2 - Northblue, 3 - Weymouth, 4 - Duke, 5 - Reka, 6 - Earliblue, 7 - Spartan, 8 - Puru, 9 - Nui, 10 - Patriot, 11 - Bluecrop, 12 - Northland, 13 - Toro, 14 - 
Jersey, 15 - Elizabeth, 16 - Coville) 

Chemical composition Early-maturing Mid-ripening Late-ripening 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Dry matter 8.7 9.7 7.6 7.4 9.2 16.6 8.5 3.6 3.8 14.6 8.1 6.3 10.4 9.9 3.4 3.0 

Organic acid 28.9 20.5 16.0 19.3 39.6 61.3 54.5 39.3 9.3 43.2 24.9 13.1 33.8 63.2 55.3 52.1 

Vitamin C 36.0 45.5 54.2 46.7 15.1 36.3 5.4 8.0 15.9 26.4 15.5 42.5 17.2 32.1 25.9 6.4 

Glucose 19.1 17.9 18.3 17.9 15.3 32.6 17.9 13.5 12.6 10.1 4.7 10.4 11.5 14.6 18.5 16.9 

Fructose 45.2 37.4 40.0 34.5 31.7 46.8 32.0 36.4 41.6 54.4 51.9 40.5 50.3 49.5 51.3 54.3 

Sucrose 64.9 68.8 69.5 62.8 65.1 66.9 74.6 54.5 64.2 68.7 73.1 69.8 82.0 80.8 64.9 63.6 

Total sugar 38.8 35.6 36.6 33.2 30.8 32.4 32.8 33.3 37.8 38.7 40.7 33.1 36.7 40.0 36.5 36.5 

Fructose/ Glucose ratio 39.6 23.1 32.1 16.9 18.9 60.1 15.4 25.1 29.3 52.5 48.1 38.7 53.4 48.3 58.9 61.6 

Monose/Disaccharide ratio 57.4 61.0 72.7 67.4 56.0 40.3 87.7 43.8 54.5 43.3 53.4 65.8 74.0 83.5 57.8 55.1 

Sugar-acid index 51.1 32.8 26.1 31.8 53.2 26.8 70.7 53.9 47.0 60.7 50.0 44.9 51.3 66.7 74.5 67.8 

Hydropectin 20.8 5.4 19.0 21.6 8.5 23.8 29.0 6.5 13.9 26.1 6.8 31.8 8.2 32.7 21.8 30.4 

Protopectin 35.6 37.0 29.6 18.5 32.8 25.6 20.6 22.7 26.3 14.9 23.5 17.7 15.7 22.3 5.2 24.3 

Total pectins 27.8 22.1 14.3 18.8 22.4 14.9 14.5 14.4 19.1 19.9 11.1 23.4 12.0 26.1 13.0 21.6 

Protopectin/Hydropectin ratio 28.4 32.9 49.9 11.4 25.5 45.5 47.1 20.0 18.2 14.4 32.2 13.6 6.0 19.5 18.7 31.9 

Anthocyanins 91.7 112.6 47.3 62.9 81.7 62.1 88.1 119.0 118.3 73.5 90.9 109.8 124.1 102.3 101.6 72.2 

Leucoanthocyanins 26.2 34.8 46.6 41.3 33.1 50.7 15.2 16.2 17.0 37.1 34.6 45.7 68.6 55.0 46.3 27.1 

Total anthocyanic pigments 45.9 62.8 45.4 46.7 38.7 39.8 41.4 44.9 55.0 48.8 42.8 65.7 85.7 68.3 67.2 40.2 

Catechines 30.3 31.2 36.4 35.6 43.6 14.6 25.9 37.3 21.3 17.7 26.2 46.6 34.1 43.7 39.8 44.8 

Flavonols 11.7 18.9 17.0 13.4 7.7 5.8 16.1 15.2 5.8 9.1 14.8 7.3 9.1 3.7 10.5 8.2 

Flavonols/Catechines ratio 39.3 42.7 52.2 56.8 52.6 17.9 37.4 50.7 26.6 19.6 22.3 48.0 50.7 58.5 53.4 55.9 

Total bioflavonols 7.1 14.4 3.6 7.5 8.8 2.3 7.9 4.3 4.7 8.4 15.2 18.2 9.2 11.7 8.4 19.1 

Chlorogenic acids 11.5 28.6 10.9 19.4 21.3 12.8 23.6 12.2 12.4 16.9 12.2 9.6 11.8 27.8 3.0 27.8 

Benzoic acid 6.7 5.9 18.8 21.9 5.5 11.2 15.5 13.3 21.7 7.6 15.6 16.3 13.1 7.9 11.4 7.5 

Tannins 10.6 20.7 32.6 30.1 12.2 23.3 38.8 31.9 31.9 17.7 33.4 15.0 21.8 37.8 27.6 16.6 

Lignins 18.7 27.3 12.4 13.4 16.5 4.1 7.9 24.7 9.4 15.2 7.4 13.2 7.3 2.5 1.6 13.8 

Fixed oils 24.9 38.2 14.4 20.7 34.0 38.7 25.0 12.9 20.0 15.0 23.7 20.3 31.9 11.2 21.6 18.0 

Triterpene acids 19.5 27.3 24.3 14.9 21.5 14.0 6.2 11.5 8.9 24.4 6.4 16.9 23.4 9.4 20.2 20.6 

Nitrogen 26.7 24.3 16.8 8.4 12.3 19.1 31.4 31.9 23.7 13.9 21.1 28.4 19.5 12.0 15.3 17.8 

Phosphorus 5.6 9.9 8.7 13.1 8.1 10.0 16.4 9.4 7.4 22.7 13.3 30.2 31.2 30.6 10.4 24.7 

Potassium 23.5 22.4 23.5 12.1 10.4 13.8 18.2 15.4 25.8 14.4 7.5 21.8 25.5 20.6 32.5 32.8 

Calcium 6.8 5.4 10.2 17.3 15.9 9.4 11.8 19.7 15.0 16.4 26.5 18.9 18.7 11.8 19.5 21.5 

Magnesium 17.6 12.4 22.2 11.2 15.8 26.0 15.8 23.9 11.1 19.2 16.4 13.3 12.5 19.2 18.3 16.4 

V mean 28.9 30.9 29.0 26.7 27.0 28.3 29.8 27.2 25.9 27.7 27.3 31.2 33.1 35.1 31.7 31.6 
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Table 4. Averaged variation coefficients (%) of quantitative characteristics of biochemical composition of fruits for Vaccinium vitis-idaea L. and Oxycoccus macrocarpus (Ait.) Pers. cultivars in a long-
term cycle of supervision (1 - Koralle, 2 - Red Pearl, 3 - Rubin, 4 - Erntedank, 5 - Erntesegen, 6 - Erntekrone, 7 - Ammerland, 8 - Masovia, 9 - Sanna, 10 - Sussi, 11 - Stevens 12 - Ben Lear, 13 - Mc 
Farlin, 14 - Piligrim) 

Chemical composition Vaccinium vitis-idaea L. cv. Oxycoccus macrocarpus (Ait.) Pers. cv. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Dry matter 14.6 5.3 3.7 7.8 8.4 11.3 5.1 11.9 10.2 1.7 13.0 2.0 6.2 15.6 

Organic acid 19.1 22.0 15.2 20.2 16.6 39.8 9.0 7.5 6.8 12.5 35.1 18.7 17.2 25.0 

Vitamin C 42.7 28.9 33.9 57.3 45.7 62.0 4.7 29.6 31.2 21.7 8.8 5.3 1.6 7.9 

Glucose 11.4 6.1 6.0 7.0 6.6 8.7 4.6 5.1 9.7 6.4 17.1 16.4 19.3 16.4 

Fructose 20.9 28.0 21.1 27.2 23.4 24.6 17.9 32.6 2.4 1.7 60.4 72.0 67.6 53.8 

Sucrose 45.7 23.4 36.6 28.4 48.0 48.4 50.2 47.2 78.7 64.1 19.7 6.1 26.2 59.2 

Total sugar 11.6 14.7 13.8 17.6 13.0 13.2 13.4 20.2 5.2 4.8 27.5 29.7 33.0 32.4 

Fructose/ Glucose ratio 29.0 28.8 16.2 23.1 30.4 31.2 18.0 30.7 12.0 8.1 75.4 103.7 87.0 61.1 

Monose/Disaccharide ratio 41.8 30.5 48.7 38.1 60.6 69.3 64.3 63.4 80.5 65.0 42.8 25.5 24.4 51.4 

Sugar-acid index 19.3 40.6 30.7 35.3 22.1 41.7 4.9 27.7 12.0 7.7 43.3 25.0 44.6 58.1 

Hydropectin 4.8 6.4 10.6 7.5 12.1 7.5 9.4 22.7 6.7 2.4 28.2 11.0 1.4 6.1 

Protopectin 4.9 12.5 21.5 11.2 17.8 10.5 10.3 18.6 1.5 23.0 29.5 28.1 23.2 7.6 

Total pectins 1.4 8.0 16.3 9.6 8.5 2.7 9.3 13.6 2.5 15.3 15.7 17.7 15.0 6.6 

Protopectin/Hydropectin ratio 39.5 13.3 16.5 4.3 26.2 18.2 8.3 31.5 6.7 21.4 51.7 33.1 21.5 7.4 

Anthocyanins 88.4 40.9 27.3 86.9 117.5 139.1 46.9 86.6 4.3 141.4 52.5 23.2 49.8 22.3 

Leucoanthocyanins 13.4 38.7 33.8 3.0 63.6 39.6 11.7 49.5 51.3 13.0 40.2 11.4 26.6 17.3 

Total anthocyanic pigments 18.5 38.3 33.0 7.3 65.9 46.3 9.8 50.1 100.4 86.9 40.8 5.7 30.3 17.4 

Catechines 32.5 9.1 35.7 67.1 48.1 97.0 50.3 55.7 97.1 54.8 46.1 24.8 36.7 32.8 

Flavonols 25.1 16.6 15.8 22.5 11.0 13.0 16.3 7.5 23.4 28.6 48.5 57.7 56.6 37.0 

Flavonols/Catechines ratio 51.2 27.3 55.5 96.3 45.8 83.1 81.1 51.5 108.5 76.1 79.6 53.9 66.3 63.5 

Total bioflavonols 13.1 5.2 6.7 21.0 18.7 38.2 12.5 24.4 36.7 1.1 30.5 32.0 25.9 11.1 

Chlorogenic acids 9.6 31.4 40.6 28.3 27.8 10.5 36.4 30.6 33.1 19.1 22.1 10.5 24.3 24.1 

Benzoic acid 5.6 15.1 22.0 20.2 6.9 26.1 16.9 28.0 27.1 46.8 20.0 21.6 9.8 15.0 

Tannins 9.0 42.9 9.9 16.2 8.7 46.9 14.0 40.1 21.9 8.7 20.0 8.4 10.6 2.7 

Lignins 12.9 2.4 2.1 18.5 4.6 5.5 4.8 4.9 26.7 5.2 31.3 19.5 10.0 1.7 

Fixed oils 11.0 6.8 4.4 7.7 16.5 16.9 14.4 23.1 3.9 11.2 7.8 8.3 9.8 14.5 

Triterpene acids 9.8 11.9 15.8 12.6 13.0 13.6 23.7 15.8 14.4 20.7 32.5 12.6 32.8 26.3 

Nitrogen 4.8 7.0 6.6 3.6 7.6 9.3 2.0 8.6 12.6 4.8 6.7 14.8 11.4 12.2 

Phosphorus 7.4 19.7 7.4 16.5 17.6 3.7 19.5 22.5 4.9 5.7 0 6.3 17.6 16.4 

Potassium 24.5 30.5 30.1 30.1 32.8 39.5 40.2 32.5 22.0 25.5 21.4 18.6 17.9 15.5 

Calcium 14.8 14.7 12.9 4.4 12.7 11.5 15.2 13.6 3.7 7.6 12.3 13.4 9.0 18.4 

Magnesium 18.3 16.4 16.4 16.4 10.0 16.4 11.1 19.2 14.1 22.3 18.3 18.3 22.2 13.3 

V mean 21.1 20.1 20.8 24.2 27.1 33.6 20.5 29.0 27.3 26.1 31.2 23.6 26.7 24.1 
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(3) with high variability (V = 20.9-75.9 % at a blueberry; 
V=20.1-48.6 % at a cowberry; V=20.4-40.3 % at a 
cranberry). 

The analysis of data resulted in Table 5 revealed that in 
some cases similarity of parameters of variability of the 
analyzed traits describing a degree of inter-seasonal 
distinctions in a long-term cycle of supervision at all of 
investigated cultivars of Vacciniaceae species. So the least 
expressive (within the limits of low variability) they have 
appeared only in a single instance, for the dry substances 
contents in fruits. The generality of an average level of the 
shown distinctions notes parameters of accumulation in 
fruits of calcium and magnesium. For a much greater set of 
parameters like contents of sucrose, of anthocyanins, of 
catechines and also of ratio of fractions of soluble sugars, of 
bioflavonols, and of values of a sugar-acid index at all of 
investigated Vacciniaceae species have been established a 
high level of variability in a time row. 

At the same time the results of long-term supervision 
revealed that the taxons of Vacciniaceae species possess the 
greatest susceptibility and consequently the least stability of 
biochemical composition of fruits to external influences A 
degree of variability of biochemical composition of fruits as 
a whole in a long-term cycle of supervision for all the 

cultivars of Vacciniaceae species has been determined. The 
data, presented in tables 3 and 4 indicated that variation 
coefficients in a spectrum of cultivars of investigated 
Vacciniaceae species are 25.9 % for blueberry, for cowberry 
it is 20.1-33.6 % and 23.6-31.2 % for cranberry. 

It has been determined, on the basis of the values of the 
variation coefficients, that all the taxons can be arranged in 
the following order of degree of stability of biochemical 
composition of fruits against the atmospheric influences in a 
long-term cycle of supervision: 

For cultivars of Vaccinium corymbosum L.:  

Nui>Duke>Reka=Puru=Bluecrop>Patriot>Earliblue > 
Bluetta = Weymouth > Spartan > Northblue = Northland > 

Coville = Elizabeth > Toro > Jersey 

For cultivars of Vaccinium vitis-idaea L.: 

RedPearl>Ammerland>Rubin>Koralle>Erntedank>Sussi>
Erntesegen=Sanna>Masovia>Erntekrone 

For cultivars of Oxycoccus macrocarpus (Ait.) Pers.: 

Ben Lear>Piligrim>McFarlin>Stevens 

Table 5. Averaged variation coefficients (%) of quantitative characteristics of biochemical composition of fruits for Vacciniaceae cultivar 
rows in a long-term cycle of supervision 

Chemical composition V. corymbosum L.V. vitisidaea Oxycoccus macrocarpus (Ait.) Pers. 

Dry matter 8.2 8.0 9.2 

Organic acid 35.9 16.8 24.0 

Vitamin C 26.8 35.8 5.9 

Glucose 15.7 7.2 17.3 

Fructose 43.6 20.0 63.4 

Sucrose 68.4 47.1 27.8 

Total sugar 35.8 12.8 30.6 

Fructose/ Glucose ratio 38.9 22.8 81.8 

Monose/Disaccharide ratio 60.9 56.2 36.0 

Sugar-acid index 50.6 24.2 42.8 

Hydropectin 19.1 9.0 11.7 

Protopectin 23.3 13.2 22.1 

Total pectins 18.5 8.7 13.8 

Protopectin/Hydropectin ratio 26.0 18.6 28.4 

Anthocyanins 91.1 77.9 37.0 

Leucoanthocyanins 37.2 31.8 23.9 

Total anthocyanic pigments 52.5 45.6 23.6 

Catechines 33.1 54.7 35.1 

Flavonols 10.9 18.0 50.0 

Flavonols/Catechines ratio 42.8 67.6 65.8 

Total bioflavonols 9.4 17.8 24.9 

Chlorogenic acids 16.4 29.7 20.2 

Benzoic acid 12.5 21.5 16.6 

Tannins 25.1 21.8 10.4 

Lignins 12.2 8.8 15.6 

Fixed oils 23.2 11.6 10.1 

Triterpene acids 16.8 15.1 26.0 

Nitrogen 20.2 6.7 11.3 

Phosphorus 15.7 12.5 10.1 

Potassium 20.0 30.8 18.4 

Calcium 15.3 11.1 13.3 

Magnesium 17.0 16.1 18.0 
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Table 6. Positions of characteristics of biochemical composition of fruits of Vacciniaceae species in a row of strengthening of inter-
seasonal distinctions in the parameters of their accumulation 

Chemical composition V. corymbosum L. V. vitisidaea L., Oxycoccus macrocarpus 

(Ait.) Pers. 

Dry matter 1 3 2 

Organic acid 23 14 19 

Vitamin C 20 26 1 

Glucose 7 2 12 

Fructose 27 18 30 

Sucrose 31 28 22 

Total sugar 22 10 24 

Fructose/ Glucose ratio 25 21 32 

Monose/Disaccharide ratio 30 30 26 

Sugar-acid index 28 22 28 

Hydropectin 13 6 7 

Protopectin 17 11 16 

Total pectins 12 4 9 

Protopectin/Hydropectin ratio 19 17 23 

Anthocyanins 32 32 27 

Leucoanthocyanins 24 25 18 

Total anthocyanic pigments 29 27 17 

Catechines 21 29 25 

Flavonols 3 16 29 

Flavonols/Catechines ratio 26 31 31 

Total bioflavonols 2 15 20 

Chlorogenic acids 9 23 15 

Benzoic acid 5 19 11 

Tannins 18 20 5 

Lignins 4 5 10 

Fixed oils 16 8 3 

Triterpene acids 10 12 21 

Nitrogen 15 1 6 

Phosphorus 8 9 4 

Potassium 14 24 14 

Calcium 6 7 8 

Magnesium 11 13 13 

 

At the same time specific features of the variability were 
inherent to each cultivars of Vacciniaceae species even 
within the limits of exact area of its gradation. For revealing 
sequence of analyzed traits in ascending order a level of 
their variability in a long-term cycle of the supervision, 
specifying on strengthening of inter-seasonal distinctions, it 
has been decided to position each of traits according to 
increase in values of the variation coefficients (Table 6). It is 
apparent from the data that the least expressive inter-
seasonal distinctions at V. corymbosum L. are established for 
the contents in fruits of dry matter, of flavonols and of total 
bioflavonoid, of lignins and of benzoic acid, whereas the 
most expressive ones are established are anthocyanins, total 
anthocyanic pigments, sucrose, monose to disaccharide ratio 
and also the sugar-acid index. The least expressed inter-
seasonal distinctions at V. vitis-idaea L. cultivars are 
nitrogen, glucose, dry matter and pectin, and also lignins, 
whereas the most expressed ones are anthocyanins, 
catechines, sucrose, ratio of bioflavonoid fractions, and also 
monose to disaccharide ratio. The least significant inter-
seasonal distinctions in Oxycoccus macrocarpus (Ait.) Pers. 
cultivars are vitamin C, fixed oils, phosphorus, of the dry 
matter is tannins, whereas the most significant ones are 
fructose, flavonols, ratio of bioflavonoid fractions, monose 
to disaccharide ratio, and also values of the sugar-acid index. 

Biochemical composition of fruits of the majority of 
early-maturing cultivars of blueberry has higher stability to 
a hydrothermal regime of a season, than the mid-ripening 
and late-ripening cultivars. Thus the biochemical 
composition of fruits of the 4 early-maturing cultivars such 
as Reka, Puru, Nui and Duke are the most steady, surpassing 
the zoned Bluetta cultivar. The least steady in this respect 
are Spartan and Northblue cultivars.  

At the same time among mid-ripening cultivars of 
Vaccinium corymbosum L. the zoned Bluecrop cultivar is 
characterized by the least dependence on weather factors. 
Among the others of mid-ripening cultivars of a blueberry, 
the Patriot cultivar has the most expressed stability. Toro 
and Jersey cultivars were characterized by the least stability. 
The two late-ripening cultivars (Coville and Elizabeth) have 
the least steadiness. 

In a cultivar row of Vaccinium vitis-idaea L. Ammerland, 
Rubin and especially Red Pearl were characterized by the 
greatest stability of biochemical composition of fruits. The 
zoned Koralle. Masovia and Erntekrone are characterized 
by the least stability of this trait.  
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Among taxons of Oxycoccus macrocarpus (Ait.) Pers. Ben 
Lear cultivar were characterized by the most steadiness of 
biochemical composition of fruits to external influences and 
Stevens were characterized by the least one of this trait. 

Conclusion  

As a result of comparative research of levels of variability 
of 32 quantitative characteristics of biochemical 
composition of fruits of 30 taxons of 3 Vacciniaceae species 
(V. corymbosum L., V. vitis-idaea L. and Oxycoccus 
macrocarpus (Ait.) Pers.) in a long-term cycle of 
supervision, it has been established, that the Oxycoccus 
macrocarpus (Ait.) Pers. characterizes by the most 
expressed stability of biochemical composition of fruits to 
complex influence of abiotic factors. 

The least expressive inter-seasonal distinctions in the 
biochemical composition of dry matter of fruits of highbush 
blueberry are flavonols and total bioflavonoid, lignins and 
benzoic acid, whereas the most expressive ones are 
anthocyanins, total anthocyanic pigments, sucrose, monose 
to disaccharide ratio, and sugar-acid index. The least 
expressed inter-seasonal distinctions in biochemical 
composition of dry matter of fruits of lingonberries are 
nitrogen, glucose, lignins and pectin, whereas the most 
expressed ones are anthocyanins, atechines, sucrose, ratio of 
bioflavonoid fractions and monose to disaccharide ratio. The 
least significant inter-seasonal distinctions in biochemical 
composition of dry matter of fruits of cranberry are vitamin 
C, fixed oils, phosphorus, tannins, whereas the most 
significant ones are  fructose, flavonols, ratio of bioflavonol 
fractions, monose to disaccharide ratio and sugar-acid index. 

The majority of early-maturing cultivars of a highbush 
blueberry have higher stability of biochemical composition 
of fruits to the hydrothermal regime of a season, than the 
mid-ripening and late-ripening cultivars. Thus, the 
biochemical composition of fruits of the 4 early-maturing 
cultivars such as Reka, Puru, Nui and Duke are the most 
steady, surpassing the zoned Bluetta cultivar. The least 
steady biochemical composition of fruits hasbeen observed 
in Spartan and Northblue cultivars. Among mid-ripening 
cultivars of highbush blueberry the zoned Bluecrop and 
Patriot show dependence on weather factors. Toro and 
Jersey cultivars have the least stability of biochemical 
composition of fruits, differing from the two late-ripening 
Coville and Elizabeth being the least steady. 

In a cultivar row of Vaccinium vitis-idaea L. Ammerland, 
Rubin and especially Red Pearl were characterized by the 
greatest stability of biochemical composition of fruits in a 
long-term cycle of supervision, surpassing the zoned 
Koralle. Masovia and Erntekrone were characterized by the 
least stability in this regard. 

 

Among taxons of Oxycoccus macrocarpus (Ait.) Pers. Ben 
Lear cultivar is the most steady to external influences and 
zoned Stevens is the least one. 
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STRUCTURAL, ELECTRICAL AND OPTICAL STUDIES OF 

NEWLY SYNTHESIZED STEROIDAL IMIDAZOLE BASED 

NICKEL MOLYBDATE COMPOSITE  
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The synthesis of the steroidal imidazole and nickel molybdate based composite membrane is described. The fabricated composite material 

was characterized by using FT-IR, XRD, PSA and SEM and has been investigated for its functional, diffusive, structural, electrical and 

optical properties. The SEM showed that membrane has random non-preferential orientation with no visible cracks and appeared to be 

composed of dense and loose aggregation of small particles. No impurity peak was observed in the XRD pattern showing the single phase 

composite formation. The IR spectra showed the characteristic absorption peaks of different functional groups present in the composite. It 

was observed that real impedance decreased with the increase in frequency while AC conductivity gradually increased with the increase in 

frequency of applied AC due to hopping phenomenon. It was also confirmed that with the increase in frequency, the dielectric constant 

decreased and became almost constant at high frequencies for both compositions. The UV-vis spectrum of the synthesized composite 

indicate band gap energy of about 3.1 eV showing a weak blue shift compared to 4.6 eV for the bulk. Due to their optical and electrical 

properties, nano phase composite is promising candidate for use as selectivity of different cations.  
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Introduction       

Self-assembly of organic compounds with cholesteryl 
groups has proved to be attractive in the field of 
nanotechnology research. Some steroid derivatives are 
known to form ordered structures which indicate 
thermotropic and lyotropic liquid crystalline while other 
derivatives form monolayers, multilayers and micelles.1 The 
steroid molecule undergoes rapid uncatalyzed 
transmembrane and intermembraneous transfer.2,3 The bulk 
effects of cholesterol on membrane phase transitions and, as 
a consequence, on membrane fluidity and permeability have 
been well documented.4,5 In addition, the ordered arrays of 
steroid molecules or mesogens result in the formation of 
liquid crystalline (LC) mesophases during which orientation 
order arises from parallel arrangement of cholesterol while 
positional order is obtained from attractive forces that hold 
the assembly together.6-9    

The behavior of membrane systems has been extensively 
investigated by studying the transport properties of artificial 
membrane10,11 and some of the recent analytical and 
electronic techniques have added impetus to such 
investigations. In recent years, many organic compounds 
and their composites with strong acid functionality such as 
polyarylene ether sulfone12,13 and sulfonated poly (ether, 
ether ketone) (SPEEK) 14-17 have showed excellent stabilities 
and electrochemical properties. However, these membranes 
require a high pressure humidification system in order to 
keep liquid water in the polymer matrix.18 In these 
membranes, the choice of both these components is a 
problem of material selection, such as polymer-chain 
rigidity, free volume and the altered interface, all of which 

influence transport through the membrane. These 
membranes have several advantages over organic ion-
exchangers example; their ability to withstand ionizing 
radiations and very high temperature without undergoing 
degradation and their remarkably high selectivity for heavy 
toxic metals.19, 20   

An organic-inorganic composite membrane (asymmetric 
membrane) is comprised of more than one material and 
structure and is usually prepared by multi-step method. The 
top and sub layer of the membrane can be originated from 
different polymeric materials with different structures, with 
each layer able to be optimizing independently. Usually, the 
top is a thin dense polymer skin formed over a microporous 
support with a thickness around 0.15 to 1 μm. A major 
benefit of such hybrid research activities is linked to 
synergistic effects of organic and inorganic matrix with 
desired and improved properties in comparison to own 
unique properties of each components, offering specific 
advantages of the excellent separation performances, 
optimum thermal and chemical stability, adaptability to the 
harsh conditions and membrane forming ability.21-24 Here in 
we report the synthesis of the composite membrane 
comprised of steroidal imidazole and nickel molybdate and 
study its structural, electrical and optical properties.   

Experimental 

Cholesterol, oxalyl chloride, trisodium molybdate and 
titanium chloride were purchased from Merck and Sigma-
Aldrich with purity of 99.90% and used without further 
purification. The IR spectra were recorded on KBr pellets 
with Perkin Elmer RXI Spectrometer (without microscope) 
and values are given in cm-1. 1H and 13C NMR spectra were 
run in CDCl3 on a JEOL Eclipse (400 MHz) instrument with 
TMS as internal standard and values are given in ppm (δ). 
Mass spectra were recorded on a JEOL SX 102/DA-6000 
Mass Spectrometer.       
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Synthesis of nickel molybdate by sol-gel method   

The nickel molybdate was prepared by sol-gel method25 
by taking a 0.2 mol trisodium molybdate and mix with 0.2 
mol titanium chloride (TiCl3) with continuous stirring. The 
pH of the mixture was adjusted at 7 by adding 1 M HNO3 or 
NH3 solutions. The mixing ratio of the reactants was 1:1 
(v/v). The nickel molybdate precipitate obtained was 
washed with deionized water to removed free electrolyte 
and then dried at 100 °C.   

Synthesis of [4, 5-dioxo-2-thioxoimidazole-1-yl] 6-imino-5α-

cholestane     

To a solution of steroidal thiosemicarbazone (1.5 mmol) 
in absolute ethanol (20 mL), an equimolar amount of oxalyl 
chloride was added. The reaction mixture was refluxed for 9 
h. The progress and completion of the reaction was 
monitored by thin layer chromatography. After completion 
of reaction the excess solvent was removed to three fourths 
of the original volume under reduced pressure. The reaction 
mixture was then taken in diethyl ether, washed with water 
and dried over anhydrous sodium sulphate. Evaporation of 
solvents and recrystallization from methanol afforded 
respective product. 26          

 

 

 

 

 

 

 

Scheme 1. Showing the formation of steroidal thioxoimidazole  

Characterization of data 

White powder; yield: 70 %, Mol. Formula C30H47N3O2S,  
IR (KBr) ν cm-1: 3310 (NH), 1687, 1675 (C=O), 1518 
(C=N), 1236 (C=S), 1029 (C-N); 1H NMR (400 MHz, 
CDCl3, ppm): δ 7.8 (s, 1H, NH, exchangeable with D2O), 
1.17 (s, 3H, C10-CH3), 0.72 (s, 3H, C13-CH3), 0.94 & 0.84 
(other methyl protons); 13C NMR (100 MHz, CDCl3, ppm): 
δ 182 (C=S), 163.6 (C=O), 161.3 (C=O), 154.3 (C=N);  ESI 
MS: m/z 513 [M+.].   

Preparation of membrane from steroidal imidazole and nickel 

molybdate    

The dried precipitate of nickel molybdate was grounded 

into fine powder by pestle mortar and then sieved through 

200 mesh (granule size ≤ 0.075mm) with grounded steroidal 

imidazole used as a binder. The optimum quantity of binder 

was embedded in order to get membrane of adequate 

mechanical strength. The membrane prepared by embedding 

25 % of binder was most suitable for this experiment. Those 

containing large amount of binder (> 25 %) did not give 

reproducible results while those containing lesser amount (< 

20 %) were quite unstable. The mixture was kept into cast 

die and then placed in an oven maintain at 200 °C for about 

half an hour to equilibrate the reaction mixture, then die was 

transferred to a pressure device (SL-89, UK) with pressure 

maintained at 60 MPa.         

Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR spectra of pure steroidal imidazole, nickel 
molybdate and composite were taken by KBr disc method at 
room temperature after drying the sample at 40 ºC.  The 
grinding was done using pestle and mortar. To avoid 
scattering, the particle size of the grounded mixture was 
limited up to 2 μm.    

XRD analysis   

The crystallinity, structure and crystal size of pure nickel 
molybdate and composite were determined with Rigaku 
Diffractometer (2400) using graded d-space elliptical side-
by-side multilayer optics, monochromatic Cu Kα radiation λ 
= (0.15406 nm) in 2θ range from  20 °C to 80 °C and an 
imaging plate (R-Axis IV).  

SEM analysis    

The membrane morphology had been studied using 
scanning electron microscopy.27,28 The information obtained 
from SEM images provided guidance in the preparation of 
well-ordered precipitates.-, The composite pore structure, 
micro/macro porosity, homogeneity, thickness, cracks and 
surface texture/morphology had been studied. 29, 30   

Particle size analysis  

The particle size of composite was analyzed by using laser 
diffraction. The sample had been mixed with distilled water 
using ultrasonic treatment. The pre-requisite for 
understanding the performance of a composite membrane is 
its complete physico-chemical characterization, which 
involves the determination of all parameters like thickness, 
porosity, swelling, water content which affects its electrical 
properties. The above parameters are shown in Table 1.   

 

Table 1. Physico-chemical characterization of composite 
membrane  

Parameterss             Result 

Thickness of the membrane (cm)    0.075 

Water Content as % weight of wet membrane 0.074 

Porosity                                                         0.113 

Swelling of %weight wet membrane            No swelling 

  

The membrane did not show any dispersion in water and 
in other electrolyte solutions as there was no swelling found 
in the membrane.    
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Result and Discussion  

Structural properties       

The size of the suspended particle had been measured by 
laser. The average particle size comes out to be 1157.88, 
1473.33 and 1448.46 nm. The reason for such a high value 
is the preparation method. Sol-gel method gives a uniform 
and smaller particle size (Figure 1). SEM surface image of 
the composite membrane of nickel molybdate and steroidal 
imidazole was taken at 60 MPa pressure and are shown in 
Figure 2A and the cross-sectional SEM micrograph of the 
surface is shown in Figure 2B. Membrane had random non-
preferential orientation with no visible cracks and appeared 
to be composed of dense and loose aggregation of small 
particles. The membrane is macroscopically uniform in 
thickness and porous in nature. The pores are in the form of 
uniform capillaries that extend throughout the membrane, 
and are evenly distributed throughout the surface of the 
membrane.  

 

 

 

 

 

 

Figure 1. The graph shown particle size analysis of the composite.  

The thickness is still large as compared to the pore radius 
and it is assumed that the membrane and adjacent solution 
(interface) are in equilibrium. The distribution of charge 
density and mobile species within the pores is assumed to be 
uniform. 

The peak position of the sample at 44.31º and 55.71º 
shows the presence of nickel molybdate in composite which 
was confirmed from the ICDD card No. 070356 and the 
presence of peak position of steroidal imidazole at 21.7º in 
composite was confirmed from the ICDD card no. 470787. 
Further, no other impurity peak was observed in the XRD 
pattern showing the single phase composite formation. The 
typical XRD patterns of the pure nickel molybdate,31 and its 
composite with steroidal imidazole are shown in Figure S1 
(Supplementary Material).   

 

 

 

 

 

     (A)        (B) 

Figure 2.  SEM images of surface (A) and cross-sectional surface 
(B) of composite  

The IR spectra displays absorption bands in the range of 
745, 821 and 964 cm–1, which shows the presence of Mo-O 
group (Figure S2a, Supplementary material) in nickel 
molybdate. The Fig. S2b shows absorption peaks at ν 1687 
and 1685 cm-1 for two (C=O) groups and absorption peak at 
1515 and 1236 cm-1  for (C=N) and C=S, respectively. 
These peaks confirms the presence of steroidal imidazole 
fragment. The IR spectrum S2c (Supplementary material) 
shows the combination of peaks of nickel molybdate and 
steroidal imidazole, which confirms the formation of 
composite 32-34      

Electrical properties 

The electrical properties such as impedance analysis, AC 
conductivity, dielectric constant and dielectric loss of nickel 
molybdate and of steroidal imidazole are determined using 
impedance spectroscopy.     

The nickel molybdate powder was pressed into pellets of 
13 mm diameter and 0.84 mm thickness and composite 
powder was pressed into pellet of 0.49 mm thickness for 
electrical measurements. Dielectric and impedance 
spectroscopy measurements were carried out in the 
frequency range 1 kHz to 1 MHz using LCR meter (Agilent 
48). The pellets were coated on adjacent faces with silver 
paste, thereby forming parallel plate capacitor geometry. 
The value of dielectric constant (ε′) is calculated using the 
the following formula:   

  

          (1) 

 

where,  

 0 = permittivity of free space,   

 d = thickness of pellet,  

 A= cross sectional area of the flat surface of the pellet,  

 cp= capacitance of the specimen in Farad (F)  

The complex dielectric constant (ε″) of the samples was 
calculated using the relation, as follows: 

          (2)  

where tan δ is the dielectric loss which is proportional to the 
loss of energy from the applied field into the sample and is 
therefore called as dielectric loss  

The AC conductivity of the samples was determined using 
the relation:       

                                                                         (3)      

where, ω is the angular frequency  

p
'

c d

A
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Table 2. Variation in different electrical parameters as a function of composite 

Material Rgb (Ω) Cgb (F) ωgb τgb 

Ni-molybdate 5.3668E13 3.954E-20     4.712E5 2.122E-6 

Composite 5.4128E6 3.2387E-13 4.7124E5 2.122E-06 

 

Impedance analysis  

The electrical behavior of composite had been studied 
over a wide range of frequencies at room temperature using 
AC technique of complex impedance spectroscopy. The 
electrical property of a material is exhibited by the 
appearance of semicircular arcs in Nyquist plots. Figure 5 
shows the complex impedance plots (Nyquist plots) of pure 
nickel molybdate and composite. It is evident that both the 
samples show single semicircular behavior, which suggests 
the predominance of grain boundary resistance over the 
grain resistance in both. The literature mentions  that the 
resistivity of a polycrystalline material increases with 
decreasing grain size.35   

Accordingly, smaller grains imply a larger number of 
insulating grain boundaries which act as a barrier to the flow 
of electrons. Smaller grains also imply smaller grain-grain 
surface contact area and therefore a reduced electron flow. 
In both samples the contribution of the grain boundary 
becomes dominant and grain contribution is not seen. This is 
the reason for which only single semicircular arc appears in 
Cole-Cole plots of both samples. In terms of impedance 
plots, each semicircular arc can be modeled by an equivalent 
circuit consisting of a resistor (R) and a capacitor (C) 
connected in parallel. The complex impedance of a system 
can be written as the sum of real and imaginary part, as 
follows: 

                                                                (4)            

where, Z′ and Z″ are given by the following relations: 

         𝑍′ =
𝑅g

1+( 𝜔g
2𝐶g

2𝑅g
2)

+
𝑅gb

1+(𝜔gb
2𝐶gb

2𝑅gb
2 )

   

           (5) 

      𝑍′′ =
𝑅g

2𝜔g𝐶g

1+( 𝜔g
2𝐶g

2𝑅g
2 )

+
𝑅gb

2𝜔gb𝐶gb

1+( 𝜔gb
2𝐶gb

2𝑅gb
2 )

        

          (6)  

where,  

 Ra, Rab, Ca, Cab are the resistance and capacitance of the 
 grain and grain boundary, respectively, while   

 a and ab are the frequencies at the peaks of the 
 semicircles for grain and grain boundary, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Nyquist plots for different compositions at room 
temperature  (NM-nickel molybdate) 

The resistance values are obtained from the circular arc 
intercepts on Z-axis, while the capacitance values can be 
derived from the maximum height of the circular arcs. The 
capacitances and the relaxation time can be calculated for 
the grain and grain boundary by the expressions as follows:   

 

𝐶g =
1

𝑅g𝜔g
 ,  𝐶gb= 

1

𝑅gb𝜔gb
 , 𝜏g = 

1

𝜔g
 = 𝐶g𝑅g,  

 𝜏gb = 
1

ωgb
 = 𝐶gb𝑅gb           (7) 

 

where, 

 Rg, Rgb, Cg, Cgb are the resistance and capacitance of 
 the grain and grain boundary, respectively.   

 g and gb are the frequencies at the peaks of the 
 semicircles for grain and grain boundary, respectively. 

 g, and gb are the time constants of an RC circuit of the
 grain and grain boundary, respectively.  

The grain and grain boundary parameters like resistance 
and capacitance are obtained by analyzing the impedance 
data using nonlinear least square fitting method and are 
shown in Table 2.    

It has been observed that grain boundary resistance 𝑅𝑔𝑏 
decreases while the capacitance 𝐶𝑔𝑏  increases with the 
addition of steroidal imidazole in nickel molybdate.     

The variation in real part of impedance (Z′) as a function 
of frequency is shown in Figure 6. It can be observed that Z′ 
decreases with the increase in frequency for all the 
composition. This is due to increase in conductivity with 
frequency resulting from hopping phenomenon.  

"' jZZZ 
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Figure 6. Variation in real impedance (Z′) as a function of 
frequency and composition (NM-nickel molybdate) 

 

 

 

 

 

 

 

 

 

Figure 7. Variation in imaginary impedance Z″ with frequency for 

different compositions (NM-nickel molybdate) 

 

It is seen from Figure 7 that Z′ had strong frequency 
dependence in the lower frequency and show frequency 
independent behavior in the higher frequency region. This 
can be attributed to the fact that low frequency region 
corresponds to high resistivity due to the effectiveness of 
resistive grain boundaries in this region. Figure 7 shows the 
variation in reactive part of impedance (Z′) as a function of 
frequency and composition.    

It shows the same behavior as that of Z′. Z″ increases with 
the addition of steroidal imidazole in composite due to the 
decrease in 𝐶𝑔𝑏 as shown in Table 2. This can be attributed 
to the fact that Z″ is inversely proportional to capacitance as 
shown below:     

        Z″ =   
1

𝑗𝜔𝐶
                (8)  

Thus, as the steroidal imidazole is added in composite, 
𝐶𝑔𝑏 decreases leading to the increase in Z″. The j represents 
the phase shift or phase angle between voltage and current.    

A.C conductivity       

The variation in electrical conductivity with frequency for 
different compositions at room temperature is shown in 
Figure 8. It is clear from the Figure that the AC conductivity 
increases with the increase in frequency for both 
compositions. The total conductivity of the system is given 
by:       

 

   0( ) ( , )T T        (9) 

 

Here, first term on R.H.S is DC conductivity which is 
independent of frequency. The second term is pure AC 
conductivity due to the electron hopping between the metal 
ions. It has been observed that AC conductivity gradually 
increases with the increase in frequency of applied AC field 
because the increase in frequency enhances the electron 
hopping frequency.       

 

 

 

 

 

 

 

F 

 

Figure 8. Variation in AC conductivity with frequency for 
different compositions (NM-nickel molybdate) 

 

Dielectric properties     

The complex dielectric permittivity of pure nickel 
molybdate and composite was measured as a function of 
frequency at room temperature by equation 10.   

                                       (3.10)  

 

where  

  is real part of dielectric constant and describes the 
 stored energy while  

 ” is the imaginary part of the dielectric constant, 
 which describes the dissipated energy.  

 

'',*  i
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The dielectric constant 
*  is used as a function of 

frequency for both nickel molybdate and composite is 
shown in Figure 9. The i (iota) is the imaginary constant that 
defines the imaginary part of dielectric constant in the 
equation 10. It is shown that with increase in frequency, the 
dielectric constant decreases and becomes almost constant at 
high frequencies for both compositions.           

 

 

 

 

 

 

 

 

 

Figure 9. Variation in dielectric constant 
,  as a function of 

frequency and composition (NM-nickel molybdate) 

 

This behavior can be explained using Maxwell-Wagner 
interfacial model. According to this model, a dielectric 
medium is considered to be composed of double layers, well 
conducting grains which are separated by poorly conducting 
or resistive grain boundaries. Under the application of 
external electric field, the charge carriers can easily migrate 
the grains but are accumulated at the grain boundaries. This 
process can produce large polarization and high dielectric 
constant. The higher value of dielectric constant can also be 
explained on the basis of interfacial/space charge 
polarization due to non-homogeneous dielectric structure. 
Loss tangent or loss factor tan δ represents the energy 
dissipation in the dielectric system. The Figure 10 shows 
the variation in dielectric loss factor with frequency at room 
temperature.     

 

 

 

 

 

 

 

 

Figure 10. Variation in loss tangent tan δ with frequency for all the 
compositions (NM-nickel molybdate) 

It had been observed that tan δ decreases with the increase 
in frequency, which may be due to the space charge 
polarization. One semicircle for composite suggests the 
dominance of grain boundary resistance. Moreover, the 
grain boundary resistance Rgb is found to decrease, while 
capacitance Cgb is observed to increase with addition of 
steroidal imidazole. The AC conductivity shows the 
frequency dependent behavior. The data reveals that the 
dielectric constant and tan δ exhibit the normal dielectric 
behavior and decreases with the increase in frequency.    

Optical properties  

In order to describe the photo-absorption behavior of the 
nickel molybdate and composite, certain amount of samples 
were uniformly dispersed in ethanol and then UV-visible 
absorption spectra were recorded. Figure 11 shows the UV-
vis absorption spectra of nickel molybdate and composite.  

 

 

 

 

 

 

 

 

 

Figure 11. UV-vis absorption spectrum of nickel molybdate and 
composite (NM-nickel molybdate) 

 

It can be seen that an extremely strong absorption occurs 
at the wavelength 250 nm and 295 nm for nickel molybdate 
and composite, respectively, but relatively strong absorption 
in the visible region (400 nm) for composite can also be 
seen (Figure 11). This increase in the wavelength in UV-vis 
absorption spectra of composite may be due to the presence 
of unsaturation in the functional groups present in the 
imidazole moiety of the steroidal molecule. The band gap 
energy calculated by extrapolating the best linear fit (shown 
in Figure 12a and 12b) was found to be 4.6 eV and 3.1 eV 
for nickel molybdate and composite, respectively.   

The decrease in the band gap energy of composite than 
nickel molybdate is due to the presence of unsaturated 
carbonyl groups in steroidal imidazole which may cause 
conjugation with the lone pairs of electrons of NH that leads 
to the decrease in the energy gap between the HOMO and 
LUMO in the molecule. Thus energy of maximum 
wavelength is required to cause the absorption, hence red 
shift is observed in composite. 
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a) 

 

 

 

 

 

 

b) 

 

 

 

 

 

Figure 12a. The optical band gap energy of (a) nickel molybdate 
(NM) (b) Composite 

Conclusion      

In this work, sample characterization had been done by 
XRD, FTIR and SEM. Steroidal imidazole based composite 
membrane of nickel molybdate was quite stable and did not 
show any dispersion in water and in other electrolyte 
solutions. From the optical absorption spectra, the band gap 
of nickel molybdate and composite of nickel molybdate and 
steroidal imidazole was found to be 4.6 eV and 3.1 eV, 
respectively. The decrease in the band gap shows that the 
conductivity of composite had been increased. The electrical 
behavior of composite had been studied over a wide range 
of frequencies. One semicircle for sample suggested that 
there is a dominance of grain boundary resistance in the 
samples. Moreover, the grain boundary resistance Rgb is 
found to decrease, while grain boundary capacitance Cgb is 
increase in case of composite as compared to pure nickel 
molybdate. The AC conductivity shows the frequency 
dependent behavior. The data reveals that the dielectric 
constant and tan δ exhibited the normal dielectric behavior 
and decreases with the increase in frequency.    
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STEEL CORROSION INHIBITION BY THE GRIESEOFULVIN 

IN 1 M HCl 
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The inhibition effect of grieseofulvin against the mild steel corrosion in 1 M HCl solution has been investigated by potentiodynamic 

polarization measurements, electrochemical impedance spectroscopy (EIS) and quantum chemical methods. It was found thatgrieseofulvin 

acts as a good mild steel corrosion inhibitor in the acid solution at temperature ranging from 298-328 K. The potentiodynamic polarization 

study reveals that grieseofulvin acts as mixed type inhibitor. The adsorption of grieseofulvin on mild steel follows the Langmuir adsorption 

isotherm. Scanning electron microscopy equipped with energy dispersive spectroscopy (SEM-EDS) studies established that grieseofulvin 

formed a protective layer on the surface of mild steel. 
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Introduction 

Mild steel corrosion inhibition is a matter of theoretical as 
well as practical importance which is an engineering 
material widely used in process industries, boilers, oil and 
gas, water pipelines, cooling water systems and refining and 
extraction etc. several acidic solutions are widely used in 
many industrial process such as acid cleaning, acid pickling, 
oil well acidizing and acid descaling.1-3 These process 
generally leads to serious metallic corrosion. Use of an 
inhibitors is the sensible and most effective approach to 
protect the metal from corrosion.4 Electronic characteristics 
and molecular structure of inhibitors molecules are the main 
factors in establishing the adsorption capability of inhibitors 
on metal surfaces.5 The greater efficiency of these inhibitors 
is associated to the presence of various polar elements such 
as N, O, S and P in the organic molecules as well as pi 
electrons.6-8 The presence of such hetero atoms with lone 
pair(s) of electrons and  electrons in the molecular 
structure increase the adsorption ability of inhibitor 
molecules on the metal surface.9 The inhibitive effect of 
some antibacterial drugs namely cloxacillin, amoxicillin, 
ampicillin and flucloxacillin was studied. The corrosion 
inhibition mechanism of these drugs was attributed to 
blocking the metal surface by the formation of protective 
film.10 

Nowadays, various experimental and theoretical 
techniques have been developed to study the structural 
properties of inhibitor molecules and their activity towards 
metal surfaces, but quantum chemical calculations based on 
density functional theory (DFT) have led to an attractive 
theoretical method because it gives several vital parameters. 
A quantum chemical approach is adequately sufficient to 
forecast the inhibitor effectiveness. 

The aim of the present study is to investigate the mild 
steel corrosion behaviour in 1 M HCl in the presence and 
absence of antifungal drug namely, Grieseofulvin which is 
the commercial name of 7-chloro-2',4,6-trimethoxy-6'-
methyl-3H,4'H-spiro[1-benzofuran-2,1'-cyclohex[2]ene]-
3,4'-dione.11 The present study is carried out using the 
weight loss measurements, DFT, Tafel polarization, and 
electrochemical impedance techniques. Protective film 
formation against acid attack on metal surface was 
confirmed by Scanning electron microscopy equipped with 
energy dispersive spectroscopy (SEM-EDS). The activation 
energy and thermodynamic parameters (∆H* and ∆S*) of 
the inhibitor were investigated. Several commonly used 
adsorptions were also tested for their significance in 
defining the adsorption behaviour of the inhibitor. The 
chemical structure of the investigated inhibition is given in 
Fig.1. 

 

 

 

 

 

 

Figure 1. Molecular structure of grieseofulvin 
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Experimental  

Materials preparation 

Mild steel specimenshaving chemical composition(%wt): 
Fe (98.67), C (0.22), O (0.06), Mn (0.51), P (0.03), S (0.02) 
and Cr (0.49) were used for electrochemical, weight loss and 
surface measurements. Before performing the experiments, 
the metallic specimens were cleaned with the help of emery 
papers of different grades, washed with distilled water, 
degreased with acetone and stored in moister free 
desiccators.  The test solution of 1 M HCl was prepared by 
dilution of analytical grade HCl (Merck) with purified water 
obtained from Elix essential 10 millipore water purifier. 
During course of weight loss and electrochemical 
experiments, the concentration range of inhibitor was 
allowed to varied from 100-400 ppm. 

Electrochemical measurements 

Gamry Potentiostat/Galvanostat electrochemical 
workstation (ESA300 USA) with three electrode cell 
assembly was used for impedance measurements. In cell 
assembly, saturated calomel electrode (SCE) served as 
reference electrode, and a bare mild steel electrode and 
platinum electrode were used as working and counter 
electrodes, respectively. The working electrode with 
exposed area 1cm2 was kept in test solution for 30 minutes 
for attainment of steady open circuit potential (OCP) before 
electrochemical tests. The impedance measurements were 
performed in the frequency range from 100 kHz to 10 MHz 
with a.c.  10 mV and Nyquist plots were obtained. The 
potential range of  250 mV vs. corrosion potential at a scan 
rate of 1 mV s-1 was applied for polarization experiment in 
the same cell assembly.  

Weight loss measurements  

Weight loss measurements were performed at temperature 
ranging from 298-328 K with different concentration of 
inhibitor at the immersion period of 6h. After the 6h of 
immersion time the mild steel strips were picked out, 
cleaned and dried. Electronic balance (METTLER 
TOLEDO sensitivity up to 0.0001gm) was used for weigh 
the mild steel specimens. The corrosion rate (CR) in terms of 
weight loss was calculated according to equation (1):12 

 

 

      (1) 

 

where 

 A is the total area of metal specimen in cm2,  

 W is the average weight loss in mg, and  

 t is the exposure time (6h). 

 

The % inhibition efficiency (η%) was calculated as given:12 

 

          (2) 

where CR and CR(i) are the corrosion rates of the test 
specimens without and with the inhibitor respectively.  

Surface analysis 

Scanning electron microscope and energy dispersion x-ray 
spectroscopy (SEM-EDS ZEISS EVO SEM 18 model 
20mm Detector equipped with INCA 250 EDS X-MAX 20 
Detector Oxford) were used to study the surface 
morphology and surface composition of mild steel in 1 M 
HCl in the presence and absence of inhibitor respectively.  

Quantum chemical study 

Gaussian 09 (G 09) software package is used for quantum 
chemical calculation of grieseofulvin with geometrically 
optimised structure.32 The backe’s three parameters hybrid 
exchange functional and Lee-Yang-Parr non-local 
correlation function (B3LYP) as well as 3-21G basic set 
were employed for calculations. The theoretical parameters 
such as lowest unoccupied molecular orbital (LUMO) 
energies, highest occupied molecular orbital (HOMO) 
energies, energy gap ∆E (EHOMO-ELUMO) and dipole moment 
(μ) were calculated. 

Result and discussion 

Potentiodynamic polarization measurements 

Potentiodynamic polarization curves for grieseofulvin in 1 
M HCl solution with and without inhibitor at room 
temperature represented in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Tafel polarization curves of mild steel in 1 M HCl with and 
without grieseofulvin. 
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Table 1. Potentiodynamic polarization parameters of mild steel in 1 M HCl at room temperature containing different concentration of 
grieseofulvin. 

Conc., 

ppm 

icorr, , mA/cm2
) Ecorr, (mV/SCE) βa, (mV/dec) βc, (mV/dec) θ η% 

Blank 85.10 -514 665.2 1219 - - 

200 21.68 -511 109.3 193 0.745 74.52 

300 14.31 -506 127.0 221.4 0.831 83.18 

400 4.777 -525 108.6 129.2 0.943 94.38 

 

Table 2. Impedance data of mild steel in 1 M HCl in the presence and absence of inhibitor at room temperature. 

Conc., ppm  Rs.,  Ω cm2 Rct, Ω cm2  Cdl,  μF cm-2    θ η% 

Blank 0.160 1.952 120.77     -   

 200 1.407 5.791 82.57 0.662 66.29 

 300 2.273 19.77 81.43 0.901 90.12 

 400 1.194 25.27 68.19 0.922 92.22 

 

Important kinetic parameters including corrosion potential 
(Ecorr), corrosion current density (icorr), and percentage 
inhibition efficiency (η%) from Tafel plots were calculated 
and given in Table 1. The inhibition efficiency was 
calculated from the values of corrosion current density (icorr) 
which itself derived by extrapolating the linear segments of 
anodic and cathodic Tafel slopes, using the following 
relation:13 

 

          (3) 

 

where icorr and ii
corr are the corrosion current densities 

without and with inhibitor, respectively. 

Table 1 shown that corrosion current density (icorr) of 
cathodic and anodic curves decreasesand inhibition 
efficiency increases as the inhibitor concentration increases 
in compared to blank 1 M HCl solution. The decrease in 
corrosion current density and increased inhibition efficiency 
suggests the adsorption of grieseofulvin molecules on the 
mild steel surface at the metal/solution interface. Adsorption 
of inhibitor molecules mitigates the corrosion process by 
forming the protective layer on the mild steel surface where 
direct corrosive attack occurs.14  From the results depicted in 
Table 1 it can be seen that presence of inhibitor did not 
causes any significant change in the value of corrosion 
potential (Ecorr) suggesting that investigated inhibitor 
behaves as mixed type. 

Electrochemical impedance spectroscopy (EIS) 

EIS analysis is an important and complementary tool 
undertaken for the determination of corrosion rates. Nyquist 
and bode plots were represented in Figs. 3 and 4 with and 
without the inhibitor at temperature 298 K.It is concluded 
from Nyquist plots (Fig. 3) shows that the curves 
approximated by a single capacitive depressed semi-circles.  

This displaying that the corrosion process in mild steel is 
controlled by charge transfer process.15 Also, these 
impedance diagrams are not perfect, this features is related 
to inhomogeneity and frequency dispersion of metal as a 
result of surface roughness.16 Fig. 5 represents the 
equivalent circuit model which is used to explain the 
impedance spectra for Nyquist plots in steel/acid solution 
interface.17 In this equivalent circuit modal, Rct is charge 
transfer resistance, Rs is the solution resistance and CPE is a 
constant phase element. A constant phase element (CPE) is 
used instead of double layer capacitance (Cdl) for the 
description of a frequency phase shift between an applied 
potential and its current response. The double layer 
capacitance was replaced by the constant phase element 
(CPE), in order to obtain the representative fit.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Nyquist plot for mild steel in 1 M HCl solution at 
different concentrations of inhibitor at 298 K. 
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Figure 4. Bode plots of impedance spectra for mild steel in 1 M 
HCl solution with and without the inhibitor at 298 K. 

 

 

 

 

 

Figure 5. Equivalent circuit model used to fit the impedance 
spectra.   

 

The double layer capacitance (Cdl) is defined by the 
mathematical expression.18  

 

   Cdl = Y0 (ωmax) n-1          (4)   

 

where 

 n is CPE exponent (phase shift),  

 Y0 is CPE coefficient,  

 ω is the angular frequency and  

 ωmax shows the frequency at which the imaginary 
 component reaches the maximum.  

Value of n can be associated with non-uniform current 
distribution, a distribution of reaction rates and roughness of 
electrode surface etc.19 Depending on the value of n, CPE 
can represent capacitance (n = 1, Y0 =C), represent resistance 
(n=0, Y0 = R), Warburg impedance (n = 0.5, Y0 = W) or 
inductance (n=-1, Y0=L). Various electrochemical 
impedance parameters such as CPE, Rct, Rs, and n calculated 
using the nyquist plot. By using charge transfer resistance 
(Rct) values the %η were calculated following the equation 
below.20 

 

  % 𝜂 =
𝑅ct(inh)−𝑅ct

𝑅ct(inh)
x 100       (5) 

 

where Rct (inh) and Rct are the charge transfer resistances with 
and without inhibitor respectively. Corresponding values of 
EIS measurements shown in Table 2. It is clear from Table 2 
that grieseofulvin exhibits the highest inhibition efficiency 
of 92.22 % at the 400 ppm concentration of inhibitor.  

Weight loss measurements 

Variouscorrosion parameters such as corrosion rate (ρ), 
inhibition efficiency (% IE) and surface coverage (θ) were 
determined from gravimetric analysis data for mild steel in 1 
M HCl solution with and without inhibitor of different 
concentrations (100-400 ppm). For the mild steel, the mean 
value of corrosion rate (mg cm-2 h-1) was determined for 
every concentration and inhibition efficiency was calculated 
using equations (1) and (2) respectively. Measurement 
performed in temperature ranging from 298-328 K after 6h 
of immersion period. The variation of corrosion rates and 
inhibition efficiency with temperature and inhibitor 
concentration for grieseofulvin is listed in Table 3. From 
Table 3 it is observed that grieseofulvin exhibits its higher 
inhibition efficiency (94.35 %) at optimum concentration 
(400 ppm) of inhibitor. Better inhibition efficiency at 
optimum concentration of grieseofulvin may be attributed to 
more coverage of mild steel by inhibitor molecules.21 Based 
on the above result grieseofulvin can be considered as a 
good corrosion inhibitor for mild steel in 1 M HCl solution. 

Adsorption and thermodynamic consideration 

The efficiency of inhibitor molecules as corrosion 
inhibitor can be considered as the adsorption of these 
molecules on the mild steel surface through their hetero 
polar atoms viz. P, O, N and S.22 The experimental data 
have been tested with several adsorption isotherms namely 
Langmuir, Frumkin and Temkin to obtain information 
regarding the type and mode of adsorption of grieseofulvin. 
In present study the Langmuir adsorption isotherm fitted 
well and the isotherm is expressed by the mathematical 
equation given below:23 

 

    
𝐶


=

1

𝐾ads
+ 𝐶       (6) 

where 

  is the surface coverage,  

 C is the inhibitor concentration in electrolyte and 

 Kads is equilibrium constant of the adsorption process 
 which is related to the Gibbs energy of adsorption 
 (∆Gads)according to given equation. 23 

 

  ∆Gads = -RT ln (55.5 Kads)       (7) 
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Table 3. Various corrosion parameters obtained from weight loss measurements for mild steel in 1 M HCl with and without inhibitor at 
studied temperatures.  

Temperature, K Concentration, ppm CR, mgcm-2 h-1  (η%) 

 

θ 

298 

 

 

 

 

308 

 

 

 

 

318 

 

 

 

 

328 

0.0 

100 

200 

300 

400 

0.0 

100 

200 

300 

400 

0.0 

100 

200 

300 

400 

0.0 

100 

200 

300 

400 

0.984 

0.146 

0.119 

0.097 

0.075 

1.931 

0.183 

0.161 

0.147 

0.109 

3.998 

0.689 

0.463 

0.409 

0.327 

5.497 

1.189 

1.022 

0.810 

0.687 

              - 

85.16 

87.90 

90.14 

92.37 

- 

90.52 

91.66 

92.38 

94.35 

- 

82.76 

88.41 

89.76 

91.82 

- 

78.37 

81.40 

85.26 

87.50 

- 

0.851 

0.879 

0.901 

0.923 

- 

0.905 

0.916 

0.923 

0.943 

- 

0.827 

0.884 

0.897 

0.918 

- 

0.783 

0.814 

0.852 

0.875 

 

where 

 T is the thermodynamic temperature,  

 K is the binding constant and  

 R is gas constant. 

 

Fig. 6 represents the relationship between C/θ and 
inhibitor concentration (Cinh) which represents typical 
Langmuir adsorption isotherm. A very good linear plot was 
observed with regression coefficient up to 0.999 and slope 
of unity. The value of Kads value can be calculated from the 
intercept of straight line and average values of Kads-21.67 kJ 
mol -1was obtained and are given in Table 4. The higher 
negative values of ∆Gads suggests the spontaneity of the 
stability of the adsorbed film and adsorption process on the 
mild steel surface, 24 as well as strong interaction. 

Effect of temperatures 

Temperature has a great effect on the mild steel 
electrochemical corrosion rate in 1 M HCl.  Many changes 
such as decomposition of the inhibitor, desorption of 
inhibitor and rapid etching may occur on the metal surface 
in different temperatures in the inhibitor solution. In case of 
metal corrosion in 1 M HCl solution, the rate of corrosion 
increases exponentially with temperature increases because 
the hydrogen evolution overpotential decreases.25 Apparent 
activation energy (Ea), can be calculated from the values of 
corrosion rate obtained from weight loss measurement and 
applying the Arrhenius equation. 26 

 

          (8) 

 

 

 

 

 

 

 

 

 

Figure 6. Langmuir adsorption linear fitting curves for mild steel 
in 1 M HCl at different temperatures and concentrations of 
inhibitor. 

where 

 CR is the corrosion rate,  

 Ea is the activation energy,  

 A is the frequency factor,  

 R is the gas constant (8.314 J K-1 mol -1) and  

 T is the absolute temperature. 

The slope of log ρ versus 1/T K-1 (K) plots for mild steel 
with and without inhibitor is presented in Fig. 7 and 
corresponding parameters were given in Table 5. Usually Ea 
values with inhibitor (100-400 ppm) are higher than that of 
without inhibitor. These increased values of Ea indicating a 
strong inhibitive action of grieseofulvin by increasing the 
energy barrier for the metal corrosion process.27  
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The enthalpy of activation (∆H*) and entropy of 
activation (∆S*) in 1 M HCl solution for the mild steel 
corrosion were obtained by applying the transition-state 
equation: 12 

 

                                               (9) 

where  

 ∆H* is the enthalpy of activation,  

 ∆S* is the entropy of activation,  

 ρ is the corrosion rate,  

 h is plank’s constant (6.626176 x 10-34),  

 R is gas constant and  

 N is the Avogadro’s number. 

Fig. 8 represents the linear plot of log ρ/T vs. 1/T K-1 gave 
an intercept of log (R/Nh) + (∆S* /2.303) and a straight line 
with a slope of ∆H* /2.303R.The values of ∆H* and ∆S* 
were calculated and summarised in Table 5.  

 

 

 

 

 

 

 

 

Figure 7. Arrhenius plots for the mild steel corrosion in 1 M 
hydrochloric solution in the presence and absence of inhibitor at 
studied temperatures. 

 

 

 

 

 

 

 

 

 

Figure 8. Transition state plots of Log CR(ρ)/T vs. 1/T in the 
presence and absence of inhibitor for mild steel corrosion in 1 M 
HCl solution. 

The enthalpy of activation ∆H* showed similar trend like 
the apparent activation energy values i.e. values increases as 
inhibitor concentration increases. The entropy of activation 
energy ∆S* values is more negative in the absence of 
inhibitor than the presence of inhibitor, indicates the 
activated complex is more ordered in uninhibited solution. 
The less negative values of ∆S* suggest the driving force for 
the adsorption process on metal/solution interface. 28 

Surface (SEM-EDX) analyses 

The formation of protective layer by inhibitor and 
elements present on the mild steel surface were confirmed 
by SEM and EDX analysis. These analyses were performed 
before and after the exposure to the acidic solution in the 
absence and presence of inhibitor and represented in Figs. 9 
and 10 respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. SEM microphotographs of the mild steel surface: (a) 
polished metal surface, (b) metal immersed in 1 M HCl solution 
without and (c) with the inhibitor.  
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Table 4. Langmuir parameters for the adsorption of grieseofulvin on the mild steel surface in 1 M HCl solution. 

T (K)   R2 Slope Kads, L mol -1 ∆Gads , kJ mol -1 

298 

308 

318 

328 

0.999 

0.999 

0.999 

0.998 

1.053 

1.049 

1.053 

1.097 

71.42 

142.8 

66.66 

47.61 

-20.52 

-22.99 

-21.72 

-21.48 

Table 5. Activation parameters mild steel dissolution in 1 M HCl with and without the inhibitor at studied temperatures. 

Conc., ppm A, mg cm-2 h-1 Ea, kJ mol-1 ∆H*, kJ mol-1 ∆S*, kJ mol-1 

0.0 

100 

200 

300 

400 

2.65 x 105 

7.26 x 106 

4.30 x 106 

2.69 x 106 

6.15 x 106 

48.00 

61.50 

60.71 

59.93 

62.68 

45.45 

58.97 

58.14 

57.32 

60.19 

-11.08 

-07.72 

-08.30 

-08.79 

-07.92 

Table 6. Percentage elemental contents (wt %) recorded from EDX spectra of mild steel in the absence and presence (400 ppm) of 
grieseofulvin in 1 M HCl. 

Medium Composition (wt %)  

Fe C O P S Cr Mn Cl 

Mild steel (MS) 98.24 0.213 0.106 0.048 0.512 0.481 0.392 - 

MS in 1 M HCl  89.13 1.422 3.698 0.029 0.312 0.325 0.289 4.786 

MS in grieseofulvin 93.55 2.159 2.361 0.025 0.119 0.311 0.254 1.211 

Table 7. Quantum chemical parameters for the grieseofulvin 

Inhibitor EHOMO, eV ELUMO , eV ∆E,eV μ,eV ϒ 

Grieseofulvin -0.0423 -0.0059 0.0364 3.2396 0.0182 

 

Figure 9a represents the surface morphology of polished 
mild steel coupon exhibit smooth and homogeneous surface. 
Whereas Fig. 9b and 9c reveals the mild steel samples in the 
absence and presence of inhibitor respectively.  

Specimen in the uninhibited solution is highly damaged due 
to direct acid attack (Fig. 9b) and mild steel surface is not as 
damaged as in the case of uninhibited acidic solution shown 
in Fig. 9c. This reveals the protective layer formation of 
inhibitor on mild steel surface thus protecting it from direct 
corrosive attack. 29 

EDX analysis was performed in order to get information 
regarding the elemental composition of mild steel surface in 
the presence and absence of grieseofulvin in 1 M HCl 
solution. The EDX spectra and corresponding values of 
elementals composition (wt%) shown in Fig. 10 and Table 6 
respectively. The EDX data in Table 6 shows that the mild 
steel surface in the absence of inhibitor show a higher 
chloride content of due to corrosive attack of hydrochloric 
acid (Fig. 10b) whereas metal in inhibited solution shows 
the lower chloride content of (Fig. 10c). SEM-EDS analysis 
further conform the adsorption of grieseofulvin molecules 
on the mild steel surface and decrease the corrosion rate. 30. 

Quantum chemical analysis  

Quantum chemical calculations were performed in order to 
study the molecular structure of grieseofulvin on the 
inhibition efficiency by using density functional theory 
(DFT). Various electronic properties such as the energy of 
lowest unoccupied molecular orbital (ELUMO), energy of 
highest occupied molecular orbital (EHOMO), and energy 
gap (∆E) between the LUMO and HOMO, global hardness 
(ϒ), softness (σ), and dipole moment (μ) were determined 
by optimizing the structure. The optimized structure, lowest 
unoccupied molecular orbital (LUMO) and highest occupied 
molecular orbital (HOMO)of grieseofulvin are shown in 
Fig.11 (a, b & c). 

Corresponding values of parameters are given in Table 7.  
For the calculation of global hardness (ϒ) the equation used 
is given as: 31 

 

  ϒ =
𝐸LUMO−EHOMO

2
    (10) 
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Figure 10. EDX spectra of (a) polished mild steel surface, (b) mild 
steel immersed in 1 M HCl and (c) mild steel in the inhibited 
solution.   

 

The calculated frontier molecular orbital (FMO) 
properties for grieseofulvin is given in Table 7. Higher value 
of EHOMOof molecule indicates the higher electron donating 
ability of inhibiting molecule to appropriate acceptor 
molecules. Consequently, an increased EHOMOvalue reveal 
good adsorption ability of inhibitor on the metal surface. 
Lower ELUMOvalue of molecule measures its greater ability 
to accept the electrons.33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. (a) The optimized structure, (b) LUMO and (c) HOMO 
for the grieseofulvin. 

Conclusion 

Grieseofulvin exhibits good anticorrosive property 
towards the mild steel in 1 M HCl solution at studied 
temperatures (298-328K). Potentiodynamic polarization 
measurements reveals the mixed type inhibition property of 
grieseofulvin. Impedance analysis shows that grieseofulvin 
reducing  the  rate  of  charge  transfer  process  by  forming  
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protective layer on the mild steel surface. Weight loss 
measurements exhibits the increased inhibition efficiency 
(IE%) with increasing inhibitor concentration and the 
maximum IE% was found to be 94.35 at 400 ppm inhibitor 
concentration. The adsorption of the inhibitor obeys the 
Langmuir adsorption isotherm at studied temperatures. The 
values of free energy of adsorption shows that the 
spontaneous adsorption process of inhibitor on mild steel 
surface. SEM-EDX analysis also show that inhibitor 
molecules inhibits the mild steel corrosion by formation of 
protective layer on mild steel surface. The results of 
quantum chemical analysis revealed good correlation with 
the studied experimental results.  
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CRYSTAL STRUCTURE OF 1,8-BIS(4-

FLUOROBENZOYL)NAPHTHALENE-2,7-DIYL DIBENZOATE: 

ROLE OF (SP2)C–H…F HYDROGEN BONDING AS DISTINCTLY 

STRONG INTERACTION AMONG NON-CLASSICAL 

HYDROGEN BONDS CONTRIBUTING STABILITY OF THE CRYSTAL 

Genta Takahara,[a] Rei Sakamoto, [a] Kazuki Ogata, [a] Shinji Ohisa, [a] Takahiro Mido, [a] Takeshi 
Yokoyama, [a] Noriyuki Yonezawa, [a] and Akiko Okamoto[a]*  

 

Keywords: non-coplanarly accumulated aromatic rings; non-classical hydrogen bonds; C–H···F hydrogen bonds; C–H···O=C hydrogen 

bonds. 

In crystal of 1,8-bis(4-fluorobenzoyl)naphthalene-2,7-diyl dibenzoate, C38H22O6F2, the phenyl rings of benzoyloxy groups and the 

naphthalene ring demonstrate largely disproportionate interplanar angles [38.97(7)° and 52.62(6)°] different from those between 4-

fluorobenzoyl group and the naphthalene ring core [71.24(5)° and 78.85(6)°].  One of two benzoyloxy groups has three effective 

intramolecular interactions [(benzoyloxy)C–H(o-)···O(benzoyloxy), (naphthalene)C–H(6-)···O=C(benzoyloxy), and (benzoyloxy)C–H(o-

)···π(4-fluorobenzoyl) hydrogen bonds] and the other has no intramolecular interactions.  In crystal, the molecules of identical enantiomeric 

isomer are unidirectionarly arranged along the b axis through (4-fluorobenzoyl)C–H(m-)···O=C(4-fluorobenzoyl) hydrogen bonding 

interactions forming columnar structure.  Moreover, a column is connected with the mirror imaged column composed of the opposite 

enantiomeric isomers into centrosymmetric dimer aggregates by three types of complementary interactions, i.e., (benzoyloxy)C–H(m-)···F, 

(4-fluorobenzoyl)C–H(m-)···π(4-fluorobenzoyl), and (4-fluorobenzoyl)C–H(m-)···π(benzoyloxy) hydrogen bondings.  The tubular structures 

thus formed are stacked parallel to the ac plane via (benzoyloxy)C–H(p-)…F, (benzoyloxy)C–H(m-)…(benzoyloxy), (naphthalene)C–H(6-

)…O=C(4-fluorobenzoyl), and (4-fluorobenzoyl)C–H(o-)…O=C(benzoyloxy) hydrogen bonds.  In homologous compound, a fluoro group-

free derivative for title compound, the enantiomeric isomer and the opposite enantiomeric counterpart isomer are alternately arranged in a 

head-to-tail fashion through (benzoyl)C–H(p-)…O=C(benzoyl) hydrogen bonds along b-axis.  The zigzagged columns are aligned along a-

axis with inversion center to form a sheet structure.  However, there are no effective non-covalent bonding interactions between the 

zigzagged columns.  In other words, the molecular packing structure of the homologous compound is governed by solely one strong 

(benzoyl)C–H(p-)…O=C(benzoyl) hydrogen bonds, contrary to the organization of supramolecular architecture in title compound ascribed 

to cooperative unidirectional (4-fluorobenzoyl)C–H(m-)…O=C(4-fluorobenzoyl) hydrogen bonds and bidirectional (benzoyloxy)C–H(m-/p-

)…F hydrogen bonds.  

 

 

 

* Corresponding Authors 
Fax: +81-42-388-7291 
E-Mail: aokamoto@cc.tuat.ac.jp 

[a] Department of Organic and Polymer Materials Chemistry, 
Tokyo University of Agriculture and Technology, 2-24-16 
Naka-machi, Koganei, Tokyo 184–8588, Japan 

Introduction 

Supramolecular architecture1-3 along with supramolecular 
chemistry4-9 has become of interest in recent years from the 
viewpoint of green chemistry and novel phase of functional 
device material development.  Various building blocks 
bearing unique functions might be tailored to 
supramolecular structure exhibiting desired chemical and 
physical properties without formation of covalent bonds.  
The research primarily relies on knowledge of the 
characteristics of non-covalent bonding interactions 
including atomic geometrical and molecular orientation 
features.10-13  Attempts of formation of tough hydrogen 
bonds involving CONR2 group and OH group, and COOH 
group and NH2 group were undertaken both experimentally 

and theoretically.14-16  These have been successfully 
employed for the preparation of numerous molecular 
assemblies.  However, to grasp nature of weak hydrogen 
bonds including “non-classical” hydrogen bonds where C–H 
group acts as hydrogen donor, for example, has scarcely 
achieved probably because they are often hidden by strong 
hydrogen bonds.  The authors have reported single 
molecular structure and the structural features of the 
molecular packing for roughly eighty compounds having 
1,8-diaroylated naphthalene skeleton or the 
homologous/analogous structure via the Cambridge 
Structure Database (CSD).17, 18  Molecular structures of 1,8-
diaroylated 2,7-dialkoxynaphthalene compounds in crystals 
have common features that two aroyl groups are non-
coplanarly located to the 2,7-dialkoxynaphthalene core and 
oriented in an opposite direction19 with a few exceptional 
compounds bearing unidirectional-alignment of aroyl 
groups.20-22  The molecular packing of 1,8-diaroylated 2,7-
dialkoxynaphthalene compounds are mainly stabilized by 
weak hydrogen bonds.  Four kinds of noncovalent-bonding 
interactions, (sp2)C–H···O=C hydrogen bond, (sp3)C–H···O 
hydrogen bond, C–H···π hydrogen-bonding interaction, and 
π···π stacking interaction are observed in decreasing order 
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of frequency.  The features can be interpreted that the non-
coplanarly accumulated aromatic rings structure disturbs 
formation of strong π…π stacking interactions.  Therefore, 
the authors planned to elucidate systematically non-classical 
hydrogen bonds, weak hydrogen bonds between C–H group 
and electron rich atom/group, by the aid of structure analysis 
of 1,8-diaroylated naphthalene compounds.  Herein, crystal 
structure of 1,8-bis(4-fluorobenzoyl)naphthalene-2,7-diyl 
dibenzoate23 is demonstrated.  The compound has 
characteristic molecular structure of four aromatic ring 
containing groups located at one long edge of naphthalene 
ring in serial order (1,2,7,8-positions) with other positions of 
another long edge free of substituent.  The crystal structure 
is discussed from the standpoint of clarification of the 
correlation among single molecular structure, non-covalent 
bonding interactions, and molecular packing structure 
through comparison with the fluoro group-free homologous 
compound, 1,8-dibenzoylnaphthalene-2,7-diyl dibenzoate.24 

Experimental 

Materials and methods 

All reagents were of commercial quality and were used as 
received.  Solvents were dried and purified using standard 
procedures.25 Synthetic methods and spectral data for the 
precursor, 2,7-diethoxy-1,8-bis(4-fluorobenzoyl)naphtha-
lene, have been reported in literature.26 

Measurements 

1H NMR spectra were recorded on a JEOL JNM-AL300 
spectrometer (300 MHz) and a JEOL ECX400 spectrometer 
(400 MHz).  Chemical shifts are expressed in ppm relative 
to internal standard of Me4Si (δ 0.00).  13C NMR spectra 
were recorded on a JEOL JNM-AL300 spectrometer (75 
MHz) and a JEOL ECX400 spectrometer  (100 MHz).  
Chemical shifts are expressed in ppm relative to internal 
standard of CDCl3 (δ 77.0).  IR spectra were recorded on a 
JASCO FT/IR-4100 spectrometer (KBr tablet).  High-
resolution FAB mass spectra were recorded on a JEOL 
MStation (MS700) ion trap mass spectrometer in positive 
ion mode. 

X-ray crystallography 

For the crystal structure determination, the single-crystal 
of title compound was used for data collection on a four-
circle Rigaku RAXIS RAPID diffractometer (equipped with 
a two-dimensional area IP detector).  The graphite-mono-
chromated Cu Kα radiation (λ = 1.54187 Å) was used for 
data collection.  The lattice parameters were determined by 
the least-squares methods on the basis of all reflections with 
F2>2σ (F2).  

Crystal data, data collection and structure refinement 
details are summarized in Table 1.  All H atoms could be 
located in difference Fourier maps, but were subsequently 
refined in optimized positions as riding atoms, with C–H = 
0.95 (aromatic) and 0.98 (methyl) and with Uiso(H) = 1.2 
Ueq(C). For data collection: PROCESS-AUTO27; cell 
refinement: PROCESS-AUTO;27 data reduction: 

CrystalStructure,28 program(s) used to solve structure: 
SIR2004,29 program(s) used to refine structure: 
SHELXL97,30 molecular graphics: ORTEPIII.31 The 
hydrogen bond geometries of title compound are listed in 
Table 2. 

Synthetic procedures 

Synthesis of 1,8-bis(4-fluorobenzoyl)-2,7-dihydroxynaphtha-

lene 

To a 100 mL flask, 1,8-bis(4-fluorobenzoyl)-2,7-
diethoxynaphthalene (5.0 mmol, 2.3 g) and toluene (40 mL) 
were placed and stirred at 90 °C. To the reaction mixture 
thus obtained, AlCl3 (30.0 mmol, 3.9 g) was added.  After 
the reaction mixture was stirred at 90 °C for 1 h, it was 
poured into 2M aqueous HCl and the mixture was extracted 
with CHCl3. The combined extracts were washed with brine. 
The organic layers thus obtained were dried over anhydrous 
MgSO4. The solvent was removed under reduced pressure to 
give cake. The crude product was purified by 
recrystallization from AcOEt (62 % isolated yield).  

1H NMR δ (400 MHz, DMSO-d6) :7.02 (2H, d, J = 9.1 
Hz), 7.18 (4H, t, J = 8.7 Hz), 7.59 (4H, t, J = 8.5, 5.5 Hz), 
7.88 (2H, d, J = 9.1 Hz), 10.04 (2H, s) ppm; 13C NMR δ 
(100 MHz, DMSO-d6) : 114.87, 115.00 (d, 2JC-F = 22.0 Hz), 
117.35, 123.21, 130.48, 131.62 (d, 3JC-F = 9.5 Hz), 131.99, 
135.20 (d, 4JC-F = 2.8 Hz), 154.28, 164.62 (d, 1JC-F = 250.1 
Hz) 195.41 ppm; IR (KBr) : 1642 (C=O), 1588, 1510, 1487 
(Ar, naphthalene) cm-1. HRMS (m/z): [M+H]+ calcd for 
C36H23F2O4, 405.0938 found, 405.0986. m.p. = 298 ̊C.  

Synthesis of 1,8-bis(4-fluorobenzoyl)naphthalene-2,7-diyl 

dibenzoate  

The title compound was prepared by reaction of 1,8-bis(4-
fluorobenzoyl)-2,7-dihydroxynaphthalene (0.2 mmol, 80.9 
mg) obtained via ethyl ether cleavage reaction of 1,8-bis(4-
fluorobenzoyl)-2,7-diethoxynaphthalene, benzoyl chloride 
(0.4 mmol, 56.2 mg), and triethylamine (0.2 mmol, 20.2 mg) 
in dichloromethane (0.5 mL).  After the reaction mixture 
was stirred at room temperature for 3 h, it was poured into 
water (30 mL) and the mixture was extracted with CHCl3 
(10 mL × 3).  The combined extracts were washed with 
brine.  The organic layers thus obtained were dried over 
anhydrous MgSO4.  The solvent was removed under reduced 
pressure to give the crude product followed by 
recrystallization purification from ethyl acetate–hexane 
affording colourless block single crystals suitable for X-ray 
diffraction measurement (isolated yield 72%).   

1H NMR δ (400 MHz, CDCl3); 6.93 (4H, t, J = 8.8 Hz), 
7.28 (4H, t, J = 8.0 Hz), 7.49 (2H, t, J = 7.6 Hz), 7.53 (2H, d, 
J = 9.2 Hz), 7.60 (4H, d, J = 7.2 Hz), 7.74 (4H, t, J = 7.2 
Hz), 8.15 (2H, d, J = 8.8 Hz) ppm; 13C NMR δ (75 MHz, 
CDCl3); 115.48 (d, 2JC―F = 22.4 Hz), 122.36, 127.63, 
128.17, 128.43, 129.93, 130.94, 131.97, 133.95, 134.81, 
148.00, 164.05, 165.94 (d, 1JC―F = 255.0 Hz), 194.03 ppm; 
IR ν (KBr): 1743, 1670 (C=O), 1596, 1504, 1451 (Ar, 
naphthalene), 1255 (C―O―C) cm-1; HRMS (m/z) : 
[M+H]+ calcd for C38H22O6F2, 613.1463. found, 613.1447; 
m.p. = 186.1–186.7 ̊C. 
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Table 1. Crystallographic data and structure refinement parameters 
of title compound. 

Computer programs: PROCESS-AUTO (Rigaku, 1998), PROCESS-
AUTO (Rigaku, 1998, CrystalStructure (Rigaku, 2007), SIR2004 
(Burla et al., 2007), SHELXL97 (Sheldrick, 2008), ORTEPIII 
(Burnett & Johnson, 1996). 

Table 2. Hydrogen-bond geometry (Å, ˚) 

D―H…A D-H H…A D..A D-H..A 

C23―H23…O2i 0.95 2.22 3.1552(15) 169 

C34―H34…O4 0.95 2.36 2.6943(17) 100 

C7―H7…O2ii 0.95 2.46 3.3012(16) 147 

C7―H7…O6 0.95 2.48 2.8739(16) 105 

C28―H28…F2iii 0.95 2.48 3.3026(16) 145 

C24―H24…O6ii 0.95 2.52 3.4514(16) 166 

C29―H29…F2iv 0.95 2.67 3.2914(17) 113 

C14―H14…Cg1iii 0.95 2.80 3.5679(16) 139 

C35―H35…Cg2iv 0.95 2.81 3.528(2) 133 

C21―H21…Cg2iii 0.95 2.86 3.7592(14) 157 

C34―H34…Cg1 0.95 2.88 3.8050(16) 164 

Symmetry codes: (i) x, y, z; (ii) 1/2-x, 1/2+y, 1/2-z; (iii) -x, -y, -z; 
(iv) 1/2+x, 1/2-y, 1/2+z. Cg1 and Cg2 are the centroids of the 
C19―C24 and C26―C31 rings, respectively.  

Results and discussion 

Single molecular structure of title compound is illustrated 
in Figure 1.  The benzene rings of 4-fluorobenzoyl groups 
and those of benzoyloxy groups are situated out of the plane 
of the naphthalene ring core.  The two benzene rings of 4-
fluorobenzoyl groups at the 1,8-positions of the naphthalene 
ring are leant symmetrically, whereas the two benzene rings 
of the benzoyloxy groups at the 2,7-positions of the 
naphthalene ring are tilted unsymmetrically.  The two 
interplanar angles between the benzene rings of the 4-
fluorobenzoyl groups (C12―C17 and C19―C24) and the 

naphthalene ring system are 71.24 (5)° 
[C10―C1―C11―O1 torsion angle = 61.37 (17) °] and 
78.85 (6)° [C10―C9―C18―O2 torsion angle = 71.43 
(15) °], respectively.  The interplanar angle between the two 
benzene rings of the 4-fluorobenzoyl groups is 45.02 (7)°.  
The two interplanar angles between the benzene rings of the 
benzoyloxy groups and the naphthalene ring are 38.97 (7)° 
and 52.62 (6)°, respectively.  The benzene rings and the 
carbonyloxy moieties situate almost coplanarly 
[O6―C32―C33―C38 torsion angle = 0.0 (2)° and 
O5―C25―C26―C31 torsion angle = -5.5 (2)°].  One of 
two benzoyloxy groups forms three kinds of effective 
intramolecular hydrogen bonding interactions, 
(benzoyloxy)C–H(o-)···O (benzoyloxy)hydrogen bond (C34–
H34···O4 = 2.36 Å), (naphthalene)C–H(6-

)···O=C(benzoyloxy) hydrogen bond (C17–H17···O6 = 2.48 
Å), and (benzoyloxy)C–H(o-)···π(4-fluorobenzoyl) hydrogen 
bond (C34–H34···Cg4 = 2.88 Å).  Contrarily, the other 
benzoyloxy group has no intramolecular hydrogen bonds.   

Figure 1. Molecular structure of 1,8-bis(4-fluorobenzoyl)-
naphthalene-2,7-diyl dibenzoate, with the atom-labeling scheme 
and displacement ellipsoids drawn at the 50% probability level.  

Observed non-covalent bonding interactions are listed in 
the order of distance in Table 2.  In the molecular packing, 
(4-fluorobenzoyl)C–H(m-)···O=C(4-fluorobenzoyl) hydrogen 
bonds link the molecules unidirectionarly along the b axis 
forming a column structure (Figure 2).   

Figure 2. (4-Fluorobenzoyl)C―H(m-)···O=C(4-fluorobenzoyl) 
hydrogen bonds link the molecules unidirectionarly along the b 
axis is shown as black broken lines. [Symmetry codes: (i) x, y, z.] 

Crystal data  

Chemical formula C38H22F2O6 
Mw. 612.58 

Crystal system, space group Monoclinic, P21/n 

Temperature (K) 193 

a, (Å) 

b (Å) 

c (Å ) 

16.1624 (3),  
7.53034 (14),  

24.3392 (5) 

β (˚) 92.012 (1) 

V (Å 3) 2960.47 (10) 

Z 4 
Radiation type Cu Kα 

μ (mm-1) 0.85 
Crystal size (mm) 0.60 × 0.10 × 0.10 

Data collection  

Diffractometer Rigaku R-AXIS RAPID  

Absorption correction 
Numerical (NUMABS; Higashi, 

1999) 

Tmin, Tmax 0.631, 0.920 
No. of measured, independent and 

observed [I > 2σ(I)] reflections 
37661, 5405, 4956  

Rint 0.049 
(sin θ/λ)max (Å -1) 0.602 

Refinement  

R[F2 > 2σ(F2)], wR(F2), S 0.035, 0.094, 1.06 
No. of reflections 5405 

No. of parameters 416 

H-atom treatment H-atom parameters constrained 

Δρmax,(eÅ-3) 

Δρmin (eÅ -3) 

0.25, 

 −0.15 
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The columns are connected by three types of 
complementary intermolecular interactions between 4-
fluorobenzoyl groups and between 4-fluorobenzoyl group 
and benzoyloxy group forming face-to-face type dimeric 
aggregates, i.e., (benzoyloxy)C–H(m-)···F hydrogen bonds  
(2.48 Å), (4-fluorobenzoyl)C–H(m-)···π(4-fluorobenzoyl) 
hydrogen bonds (2.80 Å), and (4-fluorobenzoyl)C–H(m-

)···π(benzoyloxy) hydrogen bonds (2.86 Å) (Figure 3).   

 

Figure 3. The columns are connected by three types of 
complementary intermolecular interactions. [Symmetry code: (iii) -
x, -y, -z.] 

The tubular structures thus formed are connected to each 
other through four kinds of hydrogen bonds.  In this 
aggregation, disproportional contribution of two benzoyloxy 
groups is also observed.  That is, three of four kinds of 
hydrogen bonds (benzoyloxy)C–H(p-)…F hydrogen bonds 
(2.67 Å), (benzoyloxy)C–H(m-)…(benzoyloxy) hydrogen 
bonds (2.81 Å), and (4-fluorobenzoyl)C–H(o-

)…O=C(benzoyloxy) hydrogen bonds (2.52 Å)] are 
concerned with just the benzoyloxy group that makes three 
intramolecular hydrogen bonds described above and the 
remaining hydrogen bond is (naphthalene)C–H(6-)…O=C(4-
fluorobenzoyl) hydrogen bonds (2.46 Å) located between 
the 4-fluorobenzoyl group, which also acts a role of 
intramolecular hydrogen bond acceptors, and the 
naphthalene ring (Figure 4).  

The authors’ group has reported crystal structure of 
homologous compound, 1,8-dibenzoylnaphthalene-2,7-diyl 
dibenzoate.24  The molecular structure of the homologous 
compound corresponds to fluoro group-free derivative for 
the title compound.  Single molecular structure of the 
homologue is shown in Figure 5.  Four benzene rings are 
situated out of the plane of the naphthalene ring core as well 
as title compound.  However, correlation between kinds of 
benzene rings and the symmetric nature is inverse to title 
compound, i.e., the two benzene rings of the benzoyloxy 
groups at 2,7-positions of the naphthalene ring are tilted 
symmetrically, whereas the two benzene rings of benzoyl 
groups at 1,8-positions of the naphthalene ring lean 
unsymmetrically.  The interplanar angles between the 
benzene rings of benzoyl groups and the naphthalene ring 
system are 67.12 (5)° and 85.15 (5)°, respectively.  The two 
interplanar angles between the best planes of the benzoyloxy 
groups and the naphthalene ring are 71.47 (5)° and 76.41 

(5)°, respectively.  The interplanar angle between the two 
benzene rings of the benzoyl groups is 59.81 (6)°.  
Furthermore, the homologous molecule has no 
intramolecular hydrogen bondings differently from the title 
compound.  In the crystal packing, (benzoyl)C–H(p-

)…O=C(benzoyl) hydrogen bonds (2.41 Å) and two types of 
(benzoyloxy)C–H(m-/o-)…(naphthalene) hydrogen bonds 
(2.65 Å and 2.96 Å) link the homologous molecules in face-
to-back fashion forming a zigzagged column structure along 
b-axis (Figure 6).  The zigzagged columns are aligned with 
inversion center into a sheet structure along a-axis.  
However, there are no effective non-covalent bonding 
interactions between the zigzagged columns.  (benzoyl)C–
H(p-)…(benzoyl) Hydrogen bonds are also observed along 
c-axis (2.94 Å) (Figure 7).   

 

Figure 4. The tubular structures are connected to each other 
through four kinds of hydrogen bonds. (a) (benzoyloxy)C–H(p-)…F 
hydrogen bonds and (benzoyloxy)C–H(m-)…(benzoyloxy) 
hydrogen bonds; (b) (4-fluorobenzoyl)C–H(o-)…O=C(benzoyloxy) 
hydrogen bonds  and (naphthalene)C–H(6-)…O=C(4-fluorobenzoyl) 
hydrogen bonds. [Symmetry codes: (ii) 1/2-x, 1/2+y, 1/2-z, (iv) 
1/2+x, 1/2-y, 1/2+z.] 

 

In the crystal packings of title compound and the 
homologous compound, the molecules exhibit axial chirality, 
with either R,R- or S,S- stereogenic axis. 
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Figure 5.  Single molecular structure of homologous compound. 

 

Figure 6. (benzoyl)C–H(p-)…O=C(benzoyl) hydrogen bonds and 
two types of (benzoyloxy)C–H(m-/o-)…(naphthalene) hydrogen 
bonds link the homologous molecules into zigzagged column 
structure along b-axis. [Symmetry codes: (v) 1/2-x, -1/2+y, z.] 

Table 3 summarizes correlation between absolute 
configuration of molecule and non-covalent bonding 
hydrogen bonds in title compound and the homologous 
compound.  As a common feature about non-covalent 
bonding interactions, both of title compound and the 
homologous one have (aroyl)C–H(p- or m-)…O=C(aroyl) 
hydrogen bonds.  However, they are observed between R,R- 
and S,S-enantiomeric isomers in the molecules of the 
homologous compound (2.41 Å), whereas those interactions 
are found between identically enantiomeric isomers in title 
compound (2.22 Å).  In the homologous compound, two 
kinds of (benzoyloxy)C–H(m-/o-)… hydrogen bonds are also 
formed effectively between opposite enantiomeric isomers 
(2.65 Å and 2.96 Å).  In title compound, (4-
fluorobenzoyl/benzoyloxy)C–H(m-)… hydrogen bonds are 
observed between opposite enantiomeric isomers as well as 
homologous compound (2.80 Å, 2.81 Å, and 2.86 Å). Non-
classical hydrogen bonds involving fluoro groups link 
opposite enantiomeric isomers (2.48 Å and 2.67 Å). These 
observation can be  explained  as  follows:  (aroyl)C–H(m- or 

p-)…O=C(aroyl) hydrogen bonds potentially connect either 
of opposite enantiomeric isomers or identical enantiomers.  

However, the role of (aroyl)C–H(p-)…O=C(aroyl) 
hydrogen bonds in the homologous compound for 
connection of identical enantiomers is severely hidden.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  (benzoyl)C–H(p-)…(benzoyl) Hydrogen bonds are also 
observed along c-axis. [Symmetry codes: (vi) -x, 1/2+y, 1/2-z.] 

 

Table 3.  Non-covalent bonding interactions in title compound and 
the homologous compound (Å). 

Red characters = non-covalent bonding distances between same 
enantiomeric molecules; blue characters = non-covalent bonding 
distances between opposite enantiomeric molecules. 

 Title 

compound 

Homologue 

intramolecular hydrogen bondings 
  

C34―H34…O4 2.36 
 

C7―H7…O6 2.48 
 

C34―H34…Cg1 2.88 
 

intermolecular hydrogen bondings 
  

(4-fluorobenzoyl)C23―H23…O2(4-fluorobenzoyl) 2.22i 
 

(benzoyl)C15―H15…O1(benzoyl) 
 

2.41v 

(naphthalene)C7―H7…O2(benzoyloxy) 2.46ii 
 

(benzoyloxy)C28―H28…F2 2.48iii 
 

(4-fluorobenzoyl)C24―H24…O6(benzoyloxy) 2.52ii 
 

(benzoyloxy)C28―H28…Cg2(naphthalene) 
 

2.65v 

(benzoyloxy)C29―H29…F2 2.67iv 
 

(4-fluorobenzoyl)C14―H14…Cg1(4-fluorobenzoyl) 2.80iii 
 

(benzoyloxy)C35―H35…Cg2(benzoyloxy) 2.81iv 
 

(4-fluorobenzoyl)C21―H21…Cg2(benzoyloxy) 2.86iii 
 

(benzoyl)C22―H22…Cg3(benzoyl) 
 

2.94vi 

(benzoyloxy)C27―H27…Cg1(naphthalene) 
 

2.96v 

Symmetry codes: (i) x, y, z; (ii)1/2-x, 1/2+y, 1/2-z; (iii) -x, -y, -z; (iv) 

1/2+x, 1/2-y, 1/2+z; (v) 1/2-x, -1/2+y, z; (vi) -x, 1/2+y, 1/2-z. 
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By formation of fluoro group concerning hydrogen bonds, 
(aroyl)C–H(m-)…O=C(aroyl) hydrogen bonds cannot play 
the role for linking opposite enantiomeric isomers, viz., 
(aroyl)C–H(m-)…O=C(aroyl) hydrogen bonds can connect 
solely identically enantiomeric molecules. This can be 
restated that (aroyl)C–H(m-)…O=C(aroyl) non-classical 
hydrogen bonds between identical enatiomers and 
(benzoyloxy)C–H(m-/p-)…F non-classical hydrogen bonds 
between opposite enantiomeric isomers work cooperatively 
to organization of supramolecular structure. 

Conclusively, crystal structure of 1,8-bis(4-
fluorobenzoyl)naphthalene-2,7-diyl dibenzoate was 
determined and the structural features of single molecule 
and molecular aggregation are discussed by comparison 
with the fluoro group-free homologue. 

Generally, C2 symmetrical molecules in crystal are 
considered to be best stabilized by formation of pairs of 
identical effective intermolecular interactions on condition 
that satisfactory room is present for conformation 
perturbation free from specific regulations.  To realize such 
crystalline structure, the molecules in crystal should take 
either complimentary face-to-face interactions or 
unidirectional stacking by a face-to-back mode.  Presumably, 
the mode of face-to-face or face-to-back is determined 
according to the stabilization energy afforded in respective 
aggregation modes.  As the interactions that perform the 
largest stabilization energy are considered to be aligned with 
a higher symmetric feature, the nearly identical spatial 
structure should be constructed as face-to-face mode for 
dimer formation or face-to-back mode for unidirectional 
alignment.  The secondly or less effective interactions 
should be arranged to obtain totally the largest stabilization 
energy.   

In title compound, the strong (benzoyloxy)C–H(m-/p-)…F 
non-classical hydrogen-bonding interaction between 
opposite enantiomers is considered to predominate possible 
interactions between identical enantiomers.  This brings 
about the restriction of the formation of comparatively 
effective non-covalent bonding interactions at the backside 
position of the molecules.  For the compensation of rather 
poor effect of intermolecular interaction stabilization, the 
larger intramolecular stabilization is achieved along with 
reinforcement of the disproportionation of molecular spatial 
organization.  Furthermore, the stabilization should be best 
achieved when strongest interactions functions 
complementally, i.e., these interactions require a highly 
symmetric spatial arrangement.  To consistent rather 
contracted molecular structural requisites, one pair of the 
aroyl groups showing stronger intermolecular interaction 
take the positions in a highly symmetrical manner and the 
other pairs of aroyl groups arrange themselves 
dissymmetrically to attain the largest intramolecular 
stabilization.  In this consequence, the characteristic 
disproportionation of spatial organization bearing highly 
symmetric alignment part for such molecule of symmetric 
molecular structure is generated.  Under such characteristic 
structural regulation, the spatial organization of molecules 
should be performed to maximize the total stabilization by 
various weak interaction.   

On the other hand, absence of superior intermolecular 
interaction in the crystal of the homologous compound 
presumably performs the largest stabilization when largest 

number of moderate and weak non-covalent bonding 
interactions among neighbouring molecules contributes 
effectively.  To realize such spatial circumstance, 
disproportion of single molecular spatial alignment should 
affect unfavourably.  Then, the accumulation of molecules 
with rather isotropic spatial alignment is advantageous.   

On the basis of above interpretation, presence or absence 
of (benzoyloxy)C–H(m-/p-)…F non-classical hydrogen bond is 
strongly suggested to determine both the molecular 
proportional properties and stabilization fashion between 
enantiomeric isomers or between identically configurated 
molecules of apparently C2 symmetrical molecules in crystal.  
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GRADIENT AND LAYERED BORON NITRIDE FORMATION 

UNDER EFFECT OF CONCENTRATED LIGHT IN A FLOW OF 

NITROGEN  

L. L. Sartinska,[a]* A.M.Kasumov,[a] I. I. Timofeeva,[a] А. Yu. Kоval’,[a] E. V.  
     Voynich,[a]  O. Kutsay,[b]  C. Jastrebski,[c] N. Maisuradze,[d] N. C. 

Danilenko[a] and G. A. Frolov[a] 

Keywords:Light heating, powder, Boron, Boron nitride, gradient and layered nanostructures. 

Results of the effect of concentrated light energy in a xenon high-flux optical furnace on transformation of boron nitride (BN) and boron 

(B) powders in a flow of nitrogen are presented. Raman, Auger Electron (AES), Fourier transform infrared spectroscopy (FTIR), X-ray 

diffraction (XRD), scanning and transmission electron microscopes (SEM and TEM), and the measurement of band gap using transmittance 

technique have been employed for investigation of the properties of produced nanostructures. According Raman, AES and FTIR study the 

surface of all prepared nano powders is composed of BN. XRD disclosed pure amorphous boron inside particle. Gradient transformation 

pure boron to BN in the framework of one particle as well as layered nanostructure was observed by TEM study. Dependence of a square of 

the optical absorption coefficient for a deposited BN film versus the photon energy of incident light has confirmed a gradient and layered 

nature of the prepared BN nanostructures. 
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Introduction 

Boron nitride (BN) is a structural equivalent to carbon 
because of close polymorphism. Hexagonal and 
rhombohedral boron nitrides (h-BN and r-BN) are 
structurally similar to hexagonal and rhombohedral graphite. 
They are extremely soft, electrical insulators with poor 
thermal conductivities. Cubic and Wurtzite boron nitride (c-
BN and w-BN) are structurally similar to diamond and 
lonsdalite. Consequently, c-BN is an extremely hard, 
electrical insulator with an excellent thermal conductivity. 
Another very common modification of BN is a quasi-
amorphous phase called turbostratic boron nitride (t-BN) 
which often co-exist with c-BN.1 One minor difference 
between BN and carbon is in their layer stacking. In h-BN, 
the layers are arranged so that boron atoms in one layer are 
located directly on top of nitrogen atoms in neighboring 
layers, and vice versa.2 

All these modifications of BN can be considered as three-
dimensional (3D) bulk substances. However, effect of 
architecture and grain size of BN result in different 
properties of powder materials because surface effect of 
nanostructure defines application. Therefore, a new class of 
material with reduced dimensionality, i.e., with one or more 
physical dimension(s) constrained to the nanometer scale 
should be recognized. Two-dimensional (2D) nanosheets, 
one-dimensional (1D) nanotubes, and zero-dimensional 

(0D) fullerenes represent typical examples of such materials. 
When compared to three-dimensional (3D) bulk substances, 
low-dimensional structures are anticipated to exhibit new 
properties due to quantum confinement and/or surface and 
interfacial effects.3 Their unusual physical and chemical 
properties 4–6 can promote novel applications in engineering. 
Boron nitride low-dimensional materials are among the most 
promising inorganic nanosystems explored so far.  

For boron nitride various approaches have been 
investigated, synthesis methods have been intensively 
studied, and significant achievements have been obtained in 
terms of quantity, structure quality and variety.7 In order to 
prepare BN nanostructures, high and low temperature routes 
have been developed, for example, high temperature and 
high pressure (HTHP) method, chemical vapor deposition 
(CVD) method, physical vapor deposition (PVD) method, 
hydrothermal and solvothermal synthesis routes.8 A 
comprehensive overview of the current status of the 
different synthesis processes for BN has demonstrated 
formation of different properties for BN powders 
highlighting the advantages of every synthetic methods.9-20 

Solar heating is a promising alternative energy source for 
nanotechnology. A xenon high-flux optical simulator (also 
artificial sun) that provides illumination approximating 
natural sunlight in controllable indoor tests under laboratory 
conditions is a good model of this source. Optical simulator 
has numerous advantages. Its versatility, rapid heating and 
cooling rates, ability to adjust temperature profile along each 
axes, maximum operating temperatures and environmental 
adaptability stand out among others. Moreover, this technique 
can also be suitable for both conducting and non-conducting 
materials and is one of cleanest energy sources available. 
Since hard conditions of this furnace, can cause a new 
structure formation with new architecture, morphology, 
elemental and phase composition in the prepared boron 
nitride powder, it would be important to define the most 
valuable features, which may open a new opportunity for 
better BN powder application. 
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Experimental 

Plate-like fine powder of h-BN (Chempur, CH070802) 
with thickness 0.001 μm and mean grain size ~ 0.3 μm and 
boron powder with particle size ≤ 0.05 μm have been used 
as a starting material. These powders exhibit uniform size 
and structure and high surface area.21 Initially BN powder 
was annealed at 800 °C for 1 h in order to increase its 
chemical stability. Detailed description of the initial 
powders can be found in a number of previous papers.21–23 

A quartz chamber was chosen for the process of heating. 
Surface of BN initial powder was treated in a xenon high-
flux optical furnace in a flow of nitrogen at the density of 
energy in focal zone of set-up  1.4  104 kW m-2 and  0.7n 
 104 kW m-2. Prepared BN powders precipitated on copper 
water-cooling screens and on a quartz surface of the 
chamber. Detailed description of the experiments was 
presented in the earlier  papers.4–28  

Dilor XY-800 Spectrometer in micro configuration 
recorded Raman spectra of prepared BN powders.  As the 
excitation beam Ar+ ion and Kr+ ion lasers were used. 514.5 
nm and 488 nm wavelengths of the Ar+ laser and a 647 nm 
line of the Kr+ laser were applied. Auger process was 
initiated by creation of a core hole carried out by exposing a 
sample to a beam of high energy electrons 3 keV (beam 
current – 120, 180, 200 mA, modulation – 1-2 eV, time 
constant - 3 s, sensitivity – 50-100 mV,  scanning time - 
1000 sec, energy rate - 500 eV). A process in an Auger 
spectrometer chamber was initiated by exposing a sample to 
a beam of high-energy electrons (3 keV), which has a 
sufficient energy to ionize proper levels of the researched 
elements.  

IR spectra were examined with Nicolet 6700 FTIR 
spectrometer equipped with a Thermo Nicole Continuum 
microscope. Resulting structures were examined by 
transmission electron microscope JEM-2100F (ability to 
separate 0.1 nm) and scanning electron microscopy 
Superprobe-733 (electron beam diameter of 0.7 nm). 
Powders were analyzed using X-ray diffraction 
(diffractometer “DRON-3.0”, radiation of Кα – Сu) and 
were examined microstructurally using optical microscopy. 
A detailed spectrophotometric study of spectral dependence 
of optical absorptionwas performed using a 
spectrophotometer "Specord UV-Vis". 

Results and Discussion 

White, glassy powder precipitated in a chamber during 
initial powders heating under concentrated light in flow of 
nitrogen. White threat-like and dark fullerene-like structures 
were found on a surface of the compacted h-BN sample 
around a crater (Fig. 1a). It is known that boron exists as a 
dark brown to black powder. BN, boron oxides and other 
boron compounds are mostly white and glassy powder. 
Therefore, dark fullerene-like structures were composed of 
boron with negligible amount of the boron oxides.23 

SEM and TEM study disclosed complicated BN structures 
of significant diversity (Figures 1, 2). SEM images of 1D 
(Figure 1a), 2D (Figure 1b) and 3D (Figure 1c) structures of 
BN are typical for powders prepared under concentrated 
light at different conditions.  
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Figure 1. SEM image of 1D (a), 2D (b) and 3D (c) structures for 
BN powders prepared under concentrated light under different 
conditions. 
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0D nanostructures of BN were not found. TEM images of 
nanostructures have underlined the existence of gradient 
(Figure 3a) and layered (Figure 3b) nature for the low-
dimensional structures of different architecture (Figure 2).  

BN powder was characterized by a high transparency in a 
visible area of spectrum during exploration of an optical 
absorption. Dependence of a square of the optical absorption 
coefficient for a deposited BN film versus the photon energy 
of incident light can be a pure parabolic (Figure 3a) or with 
linear sections (Figure 3b). 
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Figure 2. TEM image of gradient (a) and layered (b) 
nanostructures of BN powder of different architecture. 

It is know that band gap for boron from different sources 
is 1,08 29, 1,42 30, 1,58 31,32 eV in depend on purification. 
Boron of 99.9999% purity has been produced and is 
available commercially with band gap of 1.50 to 1.56 eV 
32.  The band gap of h-BN remains in dispute, but recent 
reports seem to be converging close to 6 eV 33. BN bad gap 
for graphene-like structures was estimated to be 5.6–5.8 eV 
34 according to the optical absorption spectrum.For BNNTs 
can be 5,0 eV 35; 5,5 – 5,8 eV 36,37 and higher – 6,0 eV 38. 
Therefore, the peaks at ~5.5 eV are probably defect-induced 
and those at lower energies brought about by impurities 33. 

Since BN was produced in conditions of a xenon high-flux 
optical furnace without any catalysts (impurities), therefore, 
a pure parabolic dependence (Figure 4a) has disclosed 
gradient nature of prepared powder (Figure 3a) from pure 
boron inside with band gap of 1.8 eV to BN with band gap 
of 5.1 eV 
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Figure 3. Square of the optical absorption coefficient, α, versus 
photon energy for the gradient (a) and layered (b) low-dimensional 
structures of BN powder. 

Linear sections (Figure 4b) of the band gap, 2.4, 3.2 and 
4.3 eV, accordingly, indicate the layered nature of structure 
of a prepared powder (Figure 3b). First-principles local-
density calculations have shown that the lowest band gap 
(4.07 eV) is indirect, located near the Brillouin-zone edges. 
However, due to the quasi-two dimensional nature of the 
hexagonal structure, the lowest direct band gap is predicted 
to be close by 4.2 eV.39 Therefore, band gap of 4.3 eV can 
be ascribed to BN layer with a deficit of nitrogen, that of 3.2 
eV to the layer of tetragonal boron-enriched phase В51,2N 
and 2.4 eV to the layer of tetragonal and rhombohedric 
phases boron enriched nitrogen.24 Lowest gap energies, such 
as 3.8 eV and 4.3 eV for BN have been reported by old 
experimental studies using various techniques.39 

In contrast to SEM, which has a typical analysis depth of 
1-3 µm, Auger electron spectroscopy (AES) is a surface 
analysis technique with an analysis depth of less than 5 nm 
and is therefore better suited for the compositional analysis 
of the features of ultra-thin layers and nanoscale samples.  
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Surface AES study of boron and BN powders has 
underlined these features.40 Nitrogen implantation to boron 
results in splitting boron AES peak according preliminary 
studies.40 This splitting was always observed for surfaces of 
all gradient and layered structures of prepared BN powders 
regardless of morphology difference (Figure 4).A curvature 
of a surface of 1D BN (Figure 2a) can explain just a 
negligible shifting peak at 171 eV for initial powder to 
lower values of the graph (Figure 1b). Low depth of 
nitrogen penetration in boron during heating can effect on 
surface structure, its activity and, as a result, on the quantity 
of absorbed carbon and oxygen (Figure 4). 

 

 

 

 

 

 

 

 

 

 

Figure 4. Differential Auger spectrum of the upper layer of the 
surface (a)  2D structure of initial h-BN powder,1 (b) 1D threat-like 
structure of BN (Figure. 1a) prepared under concentrated light. 

 

 

 

 

 

 

 

 

 

Figure 5. ATR-FTIR spectra (mid IR) with specific bands 
assignments for (a) an initial h-BN powder (2D structure) (b) 
prepared BN of 1D structure (Figure 2a). 

In the mid-IR spectrum, the penetration depth typically is 
between 0.5 and 2m with the exact value being determined 
by the wavelength of light, the angle of incidence and the 
indices of refraction for the medium being probed.41Two 
peaks at wave number of 821 and 2351 cm-1 of FT-IR 
spectra for initial h-BN and 1D BN (Figure 1a) are the same 
(Figure 6). The broadening, splitting and shift of the peak at 
1436 cm-1 for  initial h-BN into 2 peaks at 1341 and 1572 

cm-1 for 1D BN was observed. Shift and broadening can be 
explained by the curvature of a surface of 1D BN, but look-
like appearance of splitting may be ascribed to a new 
structure formation. 

Raman spectroscopy is a valuable non-destructive 
analytical tool in detecting the different phases in mixed 
compounds. Depth of penetration for 514.5 nm and 488 nm 
wavelengths of the Ar+ laser and a 647 nm line of the Kr+ 
laser goes from 300 nm and higher for the best 
quantitatively studied silicon under effect of these lasers.42 
For initial h-BN and 1D BN (Figure 1a) Raman 
spectroscopy has disclosed that their spectra are very close 
(Figure 6). It is well known that bulk BN has an intrinsic E2g 

vibration at 1367cm-1.43,44 In our research, the main peak, 
which corresponds to this E2g vibration mode of h-BN was 
found at 1356 cm-1 because of laser wavelength of Dilor 
XY-800 Spectrometer. For prepared 1D BN (Figure 1a) 
broadening of its main peak occurs with a negligible shift at 
1356 cm-1(Figure 6). The shift and broadening in the Raman 
cross section for scattering from nanocrystals indicates that 
smaller crystal grain size because of the wave-vector 
uncertainty of the phonons. Preliminary research also has 
disclosed that an outer shell of 1D structures of BN (Figure 
1b, Figure 2a) consists of polycrystalline nanosized h-BN. 
Some separate single crystals h-BN and В51,2N were also 
observed depending on the experimental conditions.23 
Therefore, Raman spectroscopy (Figure 6) also confirmes 
the presence of BN bonds on the surface of 1D structures 
prepared under concentrated light up to the depth up to 300 
nm and higher. 

 

 

 

 

 

 

 

 

Figure 6. Raman spectra of (a) an initial h-BN powder (2D 
structure) and (b) prepared BN of 1D structure.  

The depth of penetration for XRD study is much higher. 
Mass absorption coefficient of the BN sample and the 
incident angle of the X-ray beam effect on its spectra and 
penetration. Therefore, it is not unexpected that X-Ray 
diffractions pattern measured for prepared BN powder with 
pure parabolic dependence of a square of the optical 
absorption coefficient (Figure 3a) has disclosed only 
amorphous boron according to 44–47 with a small quantity of 
B2O3 (Figure 7).45  

Based on all facts the structure of prepared BN nano-
powders can be represented schematically as a boron 
particle with increase of nitrogen content from center to 
periphery occurring in agradient (Figure 9).  
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Figure 7. X-Ray diffractions pattern measured for BN of gradient 
nanostructure. 

 

 

 

 

 

 

 

 

 

Figure 8. Schematic picture of the gradient structure of prepared 
BN nanoparticle. 

X-Ray diffractions patterns for prepared BN powder of 
layered (Figure 2b) nature with linear sections of 
dependence of a square for the optical absorption coefficient 
were described before 21,24 and have demonstrated phases, as 
follows: h-BN, tetragonal boron-enriched phases В51,2N and 
В25N; tetragonal and rhombohedral phases of pure boron 
and negligible amorphous boron content. Difference in 
heating condition under concentrated light may cause 
crystalline nanostructure formation on the surface in depend 
on a weight of the boron particle, its deposition velocity and 
velocity of nitrogen. 

This conclusion does not conflict our previous “gaseous” 
model for 1D and 2D BN structures formation.23,25 Heating 
h-BN or boron under concentrated light results in a melt of 
boron, boiling process and spattering melt boron drops or 
grow 1D nanostructure around a crater of the melt in flow of 
nitrogen.21,23,25 SEM and TEM study has demonstrated 
diversity in BN particle size, its architecture and 
morphology (Figure 2, 3) caused impurity content, weight of 
the spattered boron particle, its deposition velocity and 
velocity of nitrogen. 

Conclusion 

Heating of boron and boron nitride powders under 
concentrated light, in a xenon high-flux optical furnace, in a 
flow of nitrogen, results in the formation of a BN powder 
with a new structure. Since rapid heating and cooling rate 
does not permit full penetration of nitrogen to boron grain, 
formed particle has gradient structure. Local annealing of 
such structure in the process of heating causes 
crystallization and transformation with a gradient 
distribution of nitrogen in boron particle to layered structure. 

Thus, most of characterization challenges can be met by 
different research techniques of different analytical depth, 
which will permit one to understand the real picture of a 
structure of prepared powder as well as process of the 
formation of a new structure formation.  
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An efficient methodology has been developed by which a series of new 2-indolylmethylene-linked compounds can be readily synthesized 

by thermal Knoevenagel condensation of 3-methylindole-2-carboxaldehyde and cyclic active methylene compounds under catalyst- and 

solvent-free conditions. 
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Introduction 

Indole derivatives are well-known for their versatile 
biological activities1-3. This has made the synthesis of 
compounds containing indole moiety an interesting target 
for synthetic organic chemists. The Knoevenagel 
condensation4 of substituted aromatic aldehydes with active 
methylene compounds is an important and widely employed 
method for carbon-carbon bond formation in organic 
synthesis with numerous applications in the construction of 
different types of organic molecules of biological 
significance. The reactions are usually catalyzed by bases5 
such as aliphatic amines, ethylenediamine and piperidine or 
their corresponding ammonium salts, ammonia or sodium 
ethoxide in organic solvents. Lewis acids6-9, zeolites10, 

surfactants11, different types of nanoparticles12,13 have also 
been employed to catalyze the reactions. Moreover, the uses 
of ionic liquids14, microwave15,16 and ultrasound17 are found 
in the recent literature to effect this condensation under eco-
friendly conditions.  

Organic reactions under solvent-free and catalyst-free18-23 
conditions have increasingly attracted interest of chemists, 
particularly from the viewpoint of green chemistry. Though 
a number of solvent-free methodologies are known for 
effecting Knoevenagel condensation13,15,16,24, only a few 
catalyst-free reaction conditions are reported25,26. 
Considering the importance of synthesis of new compounds 
containing an indole moiety and effecting Knoevenagel 
condensation under catalyst- and solvent-free conditions, we 
undertook the present work where 3-methylindole-2-
carboxaldehyde (1) (readily available from a well-known 
indole compound skatole)27, with different active methylene 
compounds under the influence of heat only.  The 
interesting results obtained in this study are presented herein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Synthesis of 2-indolyl-methylene-linked compounds. 

Experimentals 

Melting points were recorded on a Köfler block. IR 
spectra were recorded on a Perkin Elmer FT-IR 
spectrophotometer (Spectrum BX II) in KBr pellets. 1H and 
13C NMR spectra were recorded in CDCl3 on a Bruker AV-
300 (300 MHz) spectrometer. Analytical samples were 
routinely dried in vacuo at room temperature. 
Microanalytical data were recorded on two Perkin-Elmer 
2400 Series II C, H, N analyzers. Mass spectra were 
measured with a Waters Xevo G2QTof HRMS spectrometer. 
TLC experiments were performed with silica gel G of SRL 
Pvt. Ltd make. Petroleum ether used had the boiling range 
of 60-80 °C.  
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Preparation of 3-methylindole-2-carboxaldehyde (1) 

This compound was prepared by a known procedure.26  A 
solution of 3-methylindole (1.64 g, 12.5 mmol) in DMF (1 
mL) was added drop wise to a complex obtained from 
POCl3 (2.3 g, 15 mmol) and DMF (7.76 g, 105 mmol). The 
reaction mixture was heated at 100 o C for 3h. The crude 
product so obtained was cooled and subjected to column 
chromatography over silica gel (Spectrochem Pvt. Ltd., 
India, 100-200 mesh) using a mixture of petroleum ether 
and ether (19:1) as eluent gave first 3-methylindole-1-
carboxaldehyde as a colourless oil. Further elution of the 
column with a mixture of petroleum ether and ether (17:3) 
gave 1 (0.42 g, 21 %) which was crystallised from 
petroleum ether as colourless needles, m.p. 138-140 °C 
(lit.26 139-140 °C), 1H NMR (300 MHz, CDCl3): δ 2.65 (s, 
3H, indole-3-CH3), 7.14-7.19 (m, 1H), 7.38 (br. d, 1H), 7.71 
(d, J=8.1 Hz, 1H), 8.80 (br. s, 1H, indole-3-CH3), 10.04 (s, 
1H, -CHO). 

Synthesis of 2-9  

An intimate mixture of 3-methylindole-2-carboxaldehyde 
(1, 1 mmol) and an active methylene compound (1 mmol) 
was taken in a round-bottomed flask fitted with an air 
condenser, and it was heated in an oil bath at a temperature 
between 80-120°C for a time period of 10-40 min (vide 
Table 1). The reaction vessel was then cooled and the 
reaction mixture was subjected to column chromatography 
over silica gel. The pure product thus obtained was 
crystallized from dichloromethane-petroleum ether. 

3-Methyl-4-((3-methyl-1H-indol-2-yl)methylene)-1-phenyl-1H-

pyrazol-5(4H)-one (2)  

  Brick red crystals, IR (KBr): ν/cm-1 = 1672, 1578, 1330, 
1216, 740. 1H NMR (300 MHz, CDCl3): δ 2.38 (s, 3H, 
pyrazolone-CH3), 2.61 (3H, s, indole-3-CH3), 7.11 (1H, t, 
J=7.4 Hz), 7.23 (t, J=7.0 Hz,1H), 7.37 (t, J=8.3 Hz,1H), 
7.43-7.48 (m, 4H), 7.62 (d, J=7.9 Hz, 1H), 7.98 (d, J=8.0 
Hz,1H), 7.99 (s, 1H, indole-2-CH=), 13.12 (br. s, 1H, 
indole-NH). 13C NMR (75 MHz, CDCl3): δ 9.8 (indole-3-
CH3), 13.1 (pyrazolone-CH3), 112.9, 119.7, 120.4, 120.9, 
125.3, 127.4, 128.2, 128.4, 128.9, 130.9, 131.7, 138.4, 139.2, 
150.8, 163.8 (pyraozolone-C=O). HRMS m/z Calcd. for 
C20H18N3O (M+H)+: 315.1450; Found: 316.1450. Anal. 
Calcd. for C20H17N3O: C, 76.17; H, 5.43; N 13.32. Found: 
C, 75.92; H, 5.51; N, 13.15. 

1,3-Dimethyl-5-((3-methyl-1H-indol-2-yl)methylene)-

pyrimidine-2,4,6(1H,3H,5H)-trione (3)  

Yellow crystals, 1H NMR (300 MHz, CDCl3): δ 2.68 (s, 
3H, indole-3-CH3), 3.42 (s, 3H, barbiturate-CH3), 3.46 (s, 
3H, barbiturate-CH3), 7.12 (br.  t, J= 7.1 Hz, 1H), 7.40-7.44 
(m, 2H), 7.66 (d, J=8.2, 1H), 8.67 (s, 1H, indole-2-CH=), 
12.43 (br. s, 1H, indole-N-H). 13C NMR (75 MHz, CDCl3): 
10.0 (indole-3-CH3), 28.5 (barbiturate-CH3), 28.9 
(barbiturate-CH3), 108.1, 112.8, 120.7, 121.5, 128.2, 129.5, 
130.3, 132.8, 139.6, 140.8, 151.2 (C=O), 163.1(C=O), 163.3 
(C=O). HRMS m/z Calcd. for C16H16N3O3 (M+H)+: 
298.1192; Found: 298.0818. Anal. Calcd. for C16H15N3O3: 
C, 64.64; H, 5.09; N 14.13. Found: C, 64.72; H, 5.31; N, 
14.25. 

2-((3-Methyl-1H-indol-2-yl)methylene)cyclohexane-1,3-dione 

(4a) 

Red crystals, 1H NMR (300 MHz, CDCl3): δ 2.05-2.13 (m, 
2H), 2.66 (s, 3H, indole-3-CH3), 2.66-2.73 (m, 2H), 2.75-
2.82 (m, 2H), 7.09-7.15 (m, 1H), 7.38-7.42 (m, 2H), 7.65 (d, 
J=8.1Hz, 1H), 8.44 (s, 1H, indole-2-CH=), 12.38 (br. s, 1H, 
indole-NH).  HRMS m/z Calcd. for C16H16NO2 (M+H)+: 
254.1181; Found: 254.1168. Anal. Calcd. for C16H15NO2: C, 
75.57; H, 6.34; N, 5.51. Found: C, 76.02; H, 6.21; N, 5.34.  

5,5-Dimethyl-2-((3-methyl-1H-indol-2-yl)methylene)-

cyclohexane-1,3-dione (4b)            

Orange crystals, 1H NMR (300 MHz, CDCl3): δ 1.13 (s, 
6H, 2×CH3 of dimidone moiety), 2.60-2.67 (m, 4H, 2×CH2 

of dimidone moiety), 2.67 (s, 3H, indole-3-CH3), 7.10 (br. t, 
J=7.5 Hz,1H), 7.38-7.44 (m, 2H), 7.64 (br. d, J = 8.1 Hz, 
1H), 8.42 (s, 1H, indole-2-CH=), 12.41 (br. s, 1H, indole-
NH). Anal. Calcd. for C18H19NO2: C, 76.84; H, 6.81; N 4.98. 
Found: C, 76.58; H, 6.64; N, 5.15. 

2-((3-Methyl-1H-indol-2-yl)methylene)cyclopentane-1,3-dione 

(5) 

Orange crystals, IR (KBr): ν /cm-1 = 1650, 1626, 1562, 
1523, 1323, 1201, 1128, 1054, 746, 712. 1H NMR (300 
MHz, CDCl3): δ 2.66 (s, 3H, indole-3-CH3), 2.80 (s, 4H, 
2×CH2 of cyclopenta-1,3-dione moity), 7.09-7.13 (m, 1H), 
7.44 (br. s, 2H), 7.64 (d, J=8.3, 1H), 7.91 (s, 1H, indole-2-
CH=), 12.64 (br. s, 1H, indole-NH); 13C NMR (75 MHz, 
CDCl3): δ 10.0 (indole-3-CH3), 34.3 (CH2 of cyclopenta-1,3-
dione moiety), 34.5 (CH2 of cyclopenta-1,3-dione moiety), 
113.1, 121.0, 121.6, 122.4, 128.7, 130.3, 132.5, 133.4, 134.2, 
140.0, 203.2 (C=O), 205.2 (C=O). Anal. Calcd. for 
C15H13NO2: C, 75.30; H, 5.48; N 5.85. Found: C, 74.99; H, 
5.61; N, 5.58. 

2-((3-Methyl-1H-indol-2-yl)methylene)-1H-indene-1,3(2H)-

dione (6) 

Red crystals, IR (KBr): ν /cm-1 = 1665, 1596, 1554, 1498, 
1325, 1262, 1158, 991, 755. 1H NMR (300 MHz, CDCl3): δ 
2.66 (s, 3H, indole-3-CH3), 7.11 (t, J=7.5 Hz, 1H), 7.40 (t, 
J=7.5 Hz, 1H), 7.47 (d, J=8.1 Hz, 1H), 7.63 (d, J=8.1 Hz, 
1H), 7.76-7.80 (m, 2H), 7.95-7.99 (m, 2H), 7.99 (s, 1H, 
indole-2-CH=), 12.31 (br. s, 1H, indole-NH); 13C NMR (75 
MHz, CDCl3): δ 9.8 (indole-3-CH3), 112.6, 120.5, 121.1, 
122.5, 122.8, 128.5, 128.7, 129.5, 130.8, 131.6, 134.7, 135.1, 
139.2, 140.3, 141.5, 162.3, 190.3 (C=O), 191.9 (C=O).  
Anal. Calcd. for C19H13NO2: C, 79.43; H, 4.56; N 4.88. 
Found: C, 79.72; H, 4.51; N, 5.15. 

(E and Z)-6-Methyl-3-((3-methyl-1H-indol-2-yl)methyl-ene)-

2H-pyran-2,4(3H)-dione (7 and 7′) 

Orange crystals, 1H NMR (300 MHz, CDCl3): δ 2.23 (s, 
3H, pyrone-6-CH3), 2.68 and 2.70  (each s, 3H (total), 
indole-3-CH3), 5.86 and 5.90 (each s, 1H (total), pyrone-H-
5), 7.09-7.13 (m, 1H), 7.42 and 7.43 (each br. s, 2H (total)), 
7.65 and 7.67 (each d, J=7.5 Hz, 1H (total)), 8.61 and 8.75 
(each s, 1H (total), indole-2-CH=), 12.10 and 13.16 (each br. 
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s, 1H (total), indole-NH) [Characteristic peaks:  δ 2.68, 5.86, 
8.60, 13.16 (major isomer ca. 72 %),   δ 2.70, 5.90, 8.75, 
12.10 (minor isomer ca. 28 %)]. 

(E and Z)-3-((3-methyl-1H-indol-2-yl)methylene)chrom an-2,4-

dione (8 and 8′) 

Red crystals, 1H NMR (300 MHz, CDCl3): δ 2.74 and 
2.76 (each s, 3H (total), indole-3-CH3), 7.14 (br. t, J = 6.6 
Hz, 1H), 7.26-7.35 (m, 2H,), 7.45-7.50 (m, 2H),  7.63-7.70 
(m, 2H), 8.14-8.20 (m, 1H), 8.83 and 8.95 (each s, 1H (total), 
indole-2-CH=), 12.25 (br. s, 1H, Indole-NH), 13.11 (br. s, 
1H (total), indole-NH) [Characteristic peaks:  δ 2.74, 8.83, 
13.11 (major isomer ca. 75 %), δ 2.76, 8.86, 12.20 (minor 
isomer ca. 25 %)]. 13C NMR (75 MHz, CDCl3): 10.3 
(indole-3-CH3), 113.0, 113.3, 117.2, 117.4, 120.9, 121.0, 
121.2, 122.0, 124.5, 124.8, 127.4, 128.2, 128.8, 131.0, 132.4, 
135.2, 135.6, 135.8, 136.2, 140.2, 141.0, 141.7, 143.4, 154.5, 
154.9, 163.7, 164.4, 180.4 (very much characteristic of a 
mixture). HRMS m/z Calcd. for C19H14NO3 (M+H)+: 
304.0974; Found: 304.1276.     

2,2-Dimethyl-5-((3-methyl-1H-indol-2-yl)methylene)-1,3-

dioxane-4,6-dione (9) 

Red crystals, 1H NMR (300 MHz, CDCl3): δ 1.80 ( s, 6H, 
2×CH3 of the Meldrm’s acid moiety), 2.67(s, 3H, indole-3-
CH3), 7.11-7.17 (m, 1H), 7.42-7.44 (m, 2H), 7.67 (d, J= 8.2 
Hz, 1H), 11.86 (br. s, 1H, indole NH). 13C NMR (75 MHz, 
CDCl3): δ 10.0 (indole-3-CH3), 27.4 (2×CH3 of Meldrum’s 
acid moiety), 103.5, 104.4, 112.9, 121.0, 121.7, 128.1, 129.6, 
129.9, 133.4, 140.1, 141.3, 163.8 (C=O), 164.1 (C=O); 
HRMS m/z Calcd. for C16H16NO4 (M+H)+: 286.1079; 
Found: 286.1092. 

9-(3-Methyl-1H-indol-2-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-

1,8(2H)-dione (10) 

Colorless crystals, m.p. 286-287 ○C 1H NMR (300 MHz, 
CDCl3): δ 2.01-2.10 (m, 4H), 2.11 (s, 3H, indole-3-CH3), 
2.25-2.44 (m, 4H), 2.53-2.71 (m, 4H), 4.94 (s, 1H), 7.00 (t, 
1H, J= 7.7 Hz), 7.08 (t, 1H, J= 7.4 Hz), 7.26 (d, 1H, merged 
with CHCl3 signal), 7.42 (d, 1H, J=7.5 Hz), 8.36 (br. s, 1H, 
indole NH) Anal. Calcd. for C22H21NO3: C, 76.06; H, 6.09; 
N, 4.03, Found: C, 75.89; H, 6.21; N, 4.24. 

Results and Discussion 

Our present method involves subjecting of an intimate 
mixture of 3-methylindole-2-carboxaldehyde (1) and a 
cyclic active methylene compound (1:1 mole ratio) directly 
to heat. A range of structurally diverse cyclic active 
methylene compounds, viz.,  3-methyl-1-phenyl-1H-pyrazol-
5(4H)-one (CAM-1, pKa = 6.90)28, 1,3-dimethylbarbituric 
acid (CAM-2, pKa = 4.68)29, cyclohexan-1,3-dione (CAM-
3, pKa = 10.3)30, 5,5-dimethylcyclohexan-1,3-dione 
(dimedone) (CAM-4, pKa = 11.2)30, cyclopentan-1,3-dione 
(CAM-5, pKa = 4.4)31, indan-1,3-dione (CAM-6, pKa = 
7.82)32, 6-methyl-4-hydroxy-2-pyrone (CAM-7, pKa = 
4.94)33, 4-hydroxycoumarin (CAM-8, pKa = 4.14)34 and 2,2-

dimethyl-1,3-dioxane-4,6-dione (Meldrum’s acid) (CAM-9, 
pKa = 7.3)30 were taken to get the condensation products 2-
9, all of which are new compounds. The time and 
temperature for the reaction of 1 with each of the above 
cyclic active methylene compounds were optimized and the 
results are shown in Table 1. It is interesting to note that 
when 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one was used, 
only one geometrical isomer of the condensation product 
was obtained. However, as the product did not give good 
quality crystals, settlement of its configuration by x-ray 
crystallography could not be done. 

Table 1. Optimised reaction conditions for synthesis of 2-9. 

§ In this case, another product (10) was also obtained (Scheme 2).  

In the condensation reaction of 1 with each of CAM-7 and 
CAM-8, a mixture of two products were obtained in approx. 
4:1 ratio, which were found to be inseparable by column 
chromatography. When the results of the reactions of 1 with 
cyclic 1,3-diones were analyzed, it was observed that 
Knoevenagel condensation products were formed in better 
yields from the 5-membered 1,3-diones as compared to the 
six-membered 1,3-diones. From the reaction mixture using 
CAM-3 some amount of the new xanthene-1,8(2H)-dione 
derivative 10 could be isolated in low yield (16%, based on 
amount of 1 taken), which  indicated the occurrence of a 
facile Michael reaction on 4a under the applied reaction 
conditions (Scheme 2). It may, therefore, be expected that 
development of a method for synthesis of 10 or its analogs 
may be possible by use of 1 and cyclohexan-1,3-diones in 
1:2 mole ratio. Furthermore, we wish to report here that 
attempted reaction of 1 with the acyclic 1,3-dione 
acetylacetone (pKa = 13.3)30 (120 oC, 3 h) did not afford any 
Knoevenagel condensation product. The pKa values of the 
active methylene compounds as quoted above indicate that 
the acidity of these compounds possibly plays an important 
role on the ease of their Knoevenagel condensation with 1. 

 

 

 

 

 

 

Scheme 2. Formation of  9-(3-methyl-1H-indol-2-yl)-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (10) 

Methylene 

compound 

Time 

(min) 

Temp. 

(○C) 

Product Yield 

(%) 

m.p. 

(○C) 

CAM-1 20 120 2 65 154-155 

CAM-2 40 120 3 90 208-209 

CAM-3 20 80 4a§ 25 94-96 

CAM-4 20 95 4b 31 104-105 

CAM-5 20 115 5 79 184-185 

CAM-6 20 120 6 91 252-253 

CAM-7 20 120 7+7′ 45 186-190 

CAM-8 140 120 8+8′ 83 211-215 

CAM-9 20 110 9 89 193-194 
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The formatiom of 2-9 is expected to follow a path typical 
for acid-catalyzed Knoevenagel condensation. Possibly, the 
enol forms of the cyclic active methylene compounds are 
acting as acid catalysts. 

Conclusions 

We have developed a simple and efficient method for 
synthesis of a series of new 2-indolylmethylene-linked 
compounds by Knoevenagel condensation of 3-
methylindole-2-carboxaldehyde and cyclic active methylene 
compounds under catalyst- and solvent-free conditions. 
Yields of the products were found to be moderate to very 
good in majority of cases.  
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HYPOTHALAMIC PROLINE-RICH PEPTIDE-1 PROTECTS 

AGAINST MYOCARDIAL ISCHEMIA-REPERFUSION INJURY  

A. G. Guevorgyan 

Keywords: Hypothalamic proline-rich peptide-1; cardiac output; ischemia-reperfusion; myeloperoxidase; myocardial infarction; 

neutrophils 

Hypothalamic proline-rich peptide-1 (PRP-1), a neurosecretory cytokine appeared to be involved in the multiple mechanisms of 

cardioprotection. Dose-dependent effects of PRP-1 (4 and 8 µg) were studied in an open-chest model of myocardial ischemia-reperfusion 

injury (IRI). Adult male Sprague-Dawley rats underwent 40-minute left anterior descending coronary artery occlusion, under isoflurane 

anesthesia followed by 2 and/or 24 h of reperfusion. Groups treated with PRP-1 were compared to control. It has been revealed that the 

efficient dose of PRP-1 can restore in a time-dependent manner the contractile activity of the myocardium and suppress the both 

inflammation and necrosis via amelioration of oxidative stress in the cardiac tissues therethrough contributing to the in vivo reduction of 

myocardial infarct volume and an improvement the cardiac hemodynamics and coronary circulation. New studies are needed to ascertain a 

beneficial effect of PRP-1 in humans and its future clinic use for the myocardial IRI treatment 
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INTRODUCTION 

Early reperfusion, the process of restoring blood flow to 
the ischemic myocardium is the most efficient way of 
prevention the deleterious impact of pathogenic factors 
associated with myocardial ischemia, to reduce the size of a 
myocardial infarct and improve the clinical outcome.1 
Although the beneficial effects of myocardial reperfusion 
are reduced because of the development of ischemia-
reperfusion injury (IRI) that leads to arrhythmia, myocardial 
stunning (the reversible reduction of function of heart 
contraction after reperfusion), overproduction of reactive 
oxygen species (ROS). It is accompanied by necrosis 
apoptosis, and autophagy is contributing to the death of 
cardiomyocytes viable before myocardial reperfusion.2,3 
Mechanisms underlying IRI are complex and not well 
understood why there is still no effective, proven therapy 
against IRI.4 

We have recently reported that hypothalamic proline-rich 
peptide-1 (PRP-1) discovered in H. Buniatyan Institute of 
Biochemistry NAS RA  is involved in the mechanisms of 
cardioprotection by the maintenance of the calcium binding 
properties of the cardiomyocytes membrane proteins 
interfering with the standard molecular mechanisms of 
myocardial damage caused by pancreatic necrosis and/or 
muscle compression injury.5,6 At the same time there is 
evidence that PRP-1 could protect heart tissues on the one 
hand via inhibition of the phospholipase А2 and the 
processes of ROS generation and lipid peroxidation, on the 
other via stimulation the activity of catalase and the energy 
metabolism, exhibiting membrane-stabilizing effects.7  

Notably, the increased lipoprotein-associated phospholipase 
A2 levels detected early after myocardial infarction are 
strongly and independently associated with mortality.8 This 

study was performed to investigate whether administration 
of PRP-1 after induction of ischemia had any effect on the 
hemodynamic parameters, infarct size and inflammation 
following ischemic - reperfusion injury.  

EXPERIMENTAL 

Materials and Methods 

The experiments were performed in accordance with the 
European Communities Council Directives (86/609/EC) on 
care and use of animals for experimental procedures. These 
directives are approved by the Animal Care and Ethics 
Committee of the Center for Vascular Research of Lowe 
Cancer Research Center of New South Wales University 
(Australia) and H. Buniatian Institute of Biochemistry 
(Republic of Armenia). Bovine serum albumin was 
purchased from Carl Roth (GmbH, Karlsruhe). Solid-phase 
synthesis of proline-rich peptide-1 (PRP-1) was performed 
at Moscow laboratory of academic A. A. Galoyan. The 
PRP-1 preparations were dissolved in saline and filtered 
(0.22 µm) before use. All other reagents were purchased 
from Sigma-Aldrich (USA). The work is done in the Center 
for Vascular Research of Lowe Cancer Research Center of 
New South Wales University during of June 2010 – August 
2010. 

Animals and study design 

Adult male Sprague-Dawley rats weighing 200-240 g 
were randomly divided into groups (n=15/group). Control – 
intact rats; experimental – rats subjected to myocardial 
ischemia subdivided to untreated, treated with 
intraperitoneal (ip) injections of saline or PRP-1 dissolved in 
saline (4 or 8 µg) and studied following 2 and/or 24 h 
reperfusion. 
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Table 1. Dose-, and time-dependent effects of PRP-1 on cardiac output following myocardial ischemia/reperfusion. 

 

A rat model of myocardial ischemia-reperfusion. 

Prior to surgery rats were anesthetized with a mixture of 
ketamine and xylazine (25 and 75 µg kg-1 body weight ip, 
respectively). The PRP-1 impact on the heart was studied in 
an open-chest model of myocardial ischemia-reperfusion 
injury (IRI), and inhalational anesthesia with isoflurane was 
performed throughout the experiment.9,10 Myocardial 
ischemia was induced by occlusion of the left anterior 
descending coronary artery (LAD) using a silk suture with a 
section of silica gel tubing and confirmed by regional 
cyanosis and ST-segment elevation. After 40 min of 
ischemia, reperfusion was initiated via releasing the ligature 
and removing the silica gel tubing. Reperfusion was 
confirmed by a rapid color change on the heart surface. In 
the drug treatment group 2 min after artery ligation and the 
beginning of surgical procedures, rats were ip injected with 
0.2 ml PRP-1 diluted with normal saline to 4 or 8 µg. An 
equal volume of saline was used as a vehicle control. Indices 
of oxidative stress and inflammation were assayed and the 
myocardial IRI measured at the end of reperfusion. 

Determination of myocardial IRI was performed 
following 2 and/or 24 h reperfusion. LAD was retied, and 
2.0 % Evans blue (Sigma-Aldrich, St. Louis, MO, USA) 
was injected into the left ventricular cavity to delineate the 
area at risk of myocardial infarction retrospectively.11 The 
heart was removed, washed in phosphate buffered saline, 
and then stained with 1.5 % 2,3,5-triphenyltetrazolium 
chloride (TTC) (Sigma-Aldrich) via incubation for 15 min at 
37°C, to discriminate between the viable non-ischemic area 
(blue) and the zone at risk (white and red). 

Echocardiography was performed prior to ligation and as 
40 min ischemia followed by 2 and/or 24 h reperfusion 
using the Vevo 770 micro-ultrasound system High-
Resolution In Vivo Micro-Imaging System (FujiFilm 
VisualSonics Inc.).Indices of oxidative stress referring to 
lipid peroxidation processes were established by measuring 
malondialdehyde (MDA) using thiobarbituric acid.12 
Briefly: Samples were deproteinized with 10 % TCA, and 
the precipitates were removed by centrifugation at 15000 
rpm for 3 min, and supernatants were mixed with 0.72 % 
TBA and 0.6 N HCl, heated for 15 min in boiling water bath. 
After that, the absorbance of samples was measured at 535 
nm against reagent blank containing all the reagents minus 
the sample.  

The superoxide radical content was measured using 
cellular ROS/Superoxide Detection Assay Kit (ab139476). 
Quantification of neutrophil accumulation in the myocardial 
tissues using hematoxylin and eosin (H&E) staining.13 
Formalin-fixed, paraffin-embedded sections of myocardial 
tissues were stained with H&E and examined under a light 
microscope (magnification, ×400). 

Myeloperoxidase assay in heart tissues was based on the 
cytochemical determination of oxybenzidine formed from 
the benzidine oxidized in the presence of myeloperoxidase.14 
Fresh smears were fixed by 4 % formalin-alcohol solution 
for 30 seconds, washed, dried, treated with peroxidase 
reagent for 5 min, washed again, dried and stained with 
Romanowsky-Giemsa dye. Myeloperoxidase is detected in 
the cytoplasm of cells as brown granules. 

Results and discussion 

Inflammation plays a pivotal role in the myocardial IRI 
pathophysiology, and anti-inflammatory compounds may 
attenuate detrimental consequences of infection-reperfusion 
[15, 16]. New hypothalamic cytokine, PRP-1 (primary 
structure, AGAPEPAEPAQPGVY and apparent molecular 
mass of 1475.26 Da) represented the C-terminal 25-39 
fragment of neurophysin-vasopressin-associated 
glycoprotein, produced in hypothalamus nuclei (n. 
paraventricularis and n. supraopticus) and might be involved 
in the regulation of homeostasis via multiple mechanisms 
including anti-inflammatory/antioxidant effects.7 Dose-
dependent effects of PRP-1 (4 or 8 µg) were studied in an 
open-chest model of myocardial ischemia-reperfusion injury 
(IRI), which is the most acceptable and appropriate model 
for the reproduction of human myocardial infarction and 
screening of pharmacological activity of various 
compounds.9,10 The different doses of PRP-1 were 
administered 2 min after artery ligation in accordance with 
recommendations to enhance the cardioprotective effects 
and reduce infarct size by introducing drugs before or during 
ischemia.17 Quantification of cardiac output using 
ultrasound was performed prior to occlusion, and following 
2 and/or 24 h reperfusion. Data on a left ventricular ejection 
fraction (LVEF) (the percentage, of blood that is pumped (or 
ejected) out of the ventricles with each contraction) 
measured by echocardiography are presented in Table 1.  

We revealed that 2h after the release of ligature cardiac 
output in experimental animals decreased to 54-57 %, 
compared to control (98 %). Both saline and 8 µg PRP-1 
could not improve the low cardiac output that remained 
approximately on the same level, while 4 µg PRP-1 
appeared to be slightly increased LVEF up to 64-68 %. The 
more pronounced dose-dependent effect of PRP-1 on 
coronary outflow was observed following 24 h reperfusion, 
namely: almost restored normal cardiac output (96-97 %) 
detected in the groups that received 4 µg PRP-1, while no 
significant changes in the LVEF were seen in the case of the 
double dose of PRP-1. Time-dependent effects of 4 µg PRP-
1 on cardiac output in experimental ischemia-reperfusion are 
presented in Figs 1 and 2. At this moment, the mentioned 
dose of PRP-1 appeared to be improved the cardiac 
hemodynamics and coronary circulation during 24 h 
reperfusion period.  

Conditions Control Ischemia Ischemia/saline Ischemia/4 µg PRP-1 Ischemia/8µg PRP-1 

Time after releasing the ligature   2 h 24 h 2 h 24 h 2 h 24 h 2 h 24 h 

Cardiac output (%) 98 54-57 62-68 54-56 62-67 64-68 96-97 56-58 68-70 
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The cellular and molecular mechanisms regulating the 
inflammatory response following myocardial ischemia and 
reperfusion, myocardial necrosis induces complement 
activation and free radical generation, triggering a cytokine 
cascade recruiting neutrophils in the ischemic and 
reperfused myocardium.18, 19 Treatment with the only 
efficient dose of PRP-1 (4 µg, ip) could decrease the 
oxidative stress processes in cardiac muscle tissues at early 
reperfusion period causing the reduction in the reactive 
oxygen species, particularly superoxide anion (O2

. –) and the 
MDA levels up to 40-45 %, and 20-25 % compared 
respectively to the rest of groups.  

 

 

 

 

 

 

 

 

 

 

Figure 1. The PRP-1 (4 µg, ip) impact on cardiac output (left 
ventricle) following 2 h reperfusion after coronary artery occlusion 
in anesthetized rats. Results are shown as mean ± SEM of n = 
15/group. P < 0.05 compared to control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The PRP-1 (4 µg, ip) impact on cardiac output (left 
ventricle) following 24 h reperfusion after coronary artery 40 min 
occlusion in anesthetized rats. Results are shown as mean ± SEM 
of n = 15/group. P < 0.05 compared to control. 

Neutrophils are mainly contributed to a significant amount 
of myocardial injury induced by coronary artery occlusion 
followed by reperfusion.20 Quantification of neutrophil 
accumulation in myocardial tissues as a marker of tissue 
damage showed that the effective dose of PRP-1 (4 µg µg, 

ip) caused a decrease in their number up to 7-8 in the field 
of view, compared to control following 24 h reperfusion 
(Fig. 3).  
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Figure 3. Neutrophil infiltration into cardiac tissues following 24 h 
reperfusion after coronary artery 40 min occlusion in anesthetized 
rats. (A) Saline-Treated rats (the number of neutrophils 40.3 ± 3.6 
per field of view); (B) PRP-1-treated rats (4 µg, ip; the number of 
neutrophils per field of view – 7.9 ± 1.2). Hematoxylin and eosin 
staining (magnification, ×400). 
Results are shown as mean ± SEM of n = 15/group. P < 0.05 
compared to control. 

 

The results were confirmed by determination of the 
myeloperoxidase (MPO) level in the cardiac tissues. MPO is 
released by activated neutrophils from azurophilic granules 
and is recognized as a key regulator of neutrophil oxidant 
production, and an indicator for neutrophil infiltration in 
tissues; MPO may cause marked damage to cells, 
extracellular matrix, biological fluids and has been detected 
at sites of inflammation.21 Targets and actions of the 
oxidants generated by MPO and mechanisms of its 
biological damage are reviewed elsewhere.22 We found that 
only the effective dose of PRP-1 (4 µg) could decrease the 
MPO content in the myocardium during IRI in a time-
dependent manner.  Despite the administration of PRP-1, 
there are plenty of brown granules of oxybenzidine pointing 
to an unusual activity of MPO and indirectly confirm the 
infiltration of neutrophils following 2 h reperfusion, whereas 
they virtually disappear following 24 h reperfusion (Fig. 4).   
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The double dose of PRP-1 exhibited no effect on the MPO 
level in heart tissues under the same conditions, as well as 
saline-control.  
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Figure 4. The impact of the effective dose of PRP-1 (4 µg) on the 
level of myeloperoxidase in cardiac tissues А. Following 2 hours 
reperfusion after coronary artery 40 min occlusion in anesthetized 
rats.; B. Following 24 h reperfusion after coronary artery 40 min 
occlusion in anesthetized rats.; (Hematoxylin staining, 
magnification, ×40). Results are shown as mean ± SEM of n = 
15/group. P < 0.05 compared to control. 

 

It should be noted that elevated levels of leukocyte- and 
blood-MPO are associated with the coronary artery 
disease.23 High MPO activity is a risk factor for long-term 
mortality and adds prognostic value to LVEF measurements 
in patients with acute myocardial infarction.24 On induction 
of IRI, MPO inhibition decreased postischemic apoptosis of 
cardiomyocytes and reduced cardiac infarct size.25 Also, the 
infarct size was smaller in the PRP-1 (4 µg) groups 
compared to the rest of groups (Fig. 5). 

Presumably, the antioxidant activity of the revealed dose 
of PRP-1 may contribute to the higher safety of 
cardiomyocytes and reduction of infarct zone. Our findings 
confirm the antioxidant potential of PRP-1 that could be 

used in myocardial IRI. However, be aware that not always 
it is possible to translate findings of animal experiments into 
clinical therapy.1 Further research should be done to 
reproduce the PRP-1 ameliorating effects on myocardial IRI 
in the clinic.  
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Figure 5.  Myocardial ischemia-reperfusion injury (IRI) following 
24 h reperfusion after transient occlusion of the left ventricle 
coronary artery in anesthetized rats. А. Myocardial infarction (the 
viable non-ischemic area (blue); B. an alleviation of myocardial 
IRI via ip injection of 4 µg PRP-1.    

CONCLUSION           

In conclusion, this study demonstrates that the 
hypothalamic cytokine PRP-1 could substantially reduce a 
reperfusion injury caused by regional ischemia-reperfusion 
in the rats in a dose and time-dependent manner. The 
effective dose of PRP-1 could restore the contractile activity 
of the myocardium and suppress the both inflammation and 
necrosis due to ameliorating of oxidative stress in the 
cardiac tissues and triggering the adaptation processes 
contributed to the improvement of heart structure and 
function. The data from this study clearly demonstrate that 
treatment with appropriate doses of PRP-1 may reduce the 
cardiomyocyte death, improve the cardiac hemodynamics 
and coronary circulation. In vivo, post-ischemic 
administration of PRP-1 significantly reduced myocardial 
infarct volume caused by transient occlusion of the coronary 
artery in rats, suggesting that this cytokine might be useful 
for the treatment of myocardial IRI and this possibility 
should be further investigated for introduction into clinical 
practice. 
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