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CONTINUOUS EVOLUTION IN COLABORATIONS BETWEEN 
MOLDOVAN AND ITALIAN CHEMISTS

Bilateral collaborations represent an effi cient tool for fruitful valorization by scientifi c communities of their own 
research potential and proved benefi cial in most research areas. This is true indeed, since the most valuable research 
results lay on the interface of different research areas, and developing collaborations between researches working in 
complementary fi elds is most likely to provide valuable solutions.

In the past decades Moldovan researches have been constrained to develop such collaborations with different 
international partners due to the precarious state of the Modovan research infrastructure. Institute of Chemistry was 
in the forefront of this strategy, with multiple examples of joint research projects developed fi rst of all with European 
colleagues. One of such examples is provided by the Laboratory of Terpenoid Chemistry, led by Prof. Nicon Ungur 
which involves Italian partners from Centro Nazionale della Ricerca (CNR), namely Institute of Biomolecular Chemistry 
(ICB), Naples. This collaboration has started in 1994, with a kind agreement of Prof. Guido Cimino, at that time director 
of ICB, to provide hosting to Prof. Nicon Ungur in order to develop a research project devoted to synthesis of marine 
natural products. This start was extremely successful and the collaboration got a tremendous development. The last 
year provided additional opportunities in this context, connected to the agreement between ASM and CNR to develop 
joint bilateral projects. This circumstance has let the Moldovan chemists to host the Italian partners in Chisinau and to 
organize in premiere for the last 20 years an international seminar devoted to the chemistry of natural products. 

The formal reason of this seminar was a bilateral ASM-CNR project aimed to the investigation of terpenes from 
cannabinoid family. The Cannabis sativa plant represents a isolation source for more then 400 chemical compounds, 
of which more then 100 compounds possess prenylated aromatic structures. These mero-terpenoids have been called 
phytocannabinoids and are found almost exclusively in this plant. The structural feature of these compounds is given by 
the presence of two distinct structural parts of differnt biogenetical origine: the aromatic part, specifi cally a derivative 
of chromene and the isoprenoidic part. Biosynthetically, the initial steps involve condensation of the aromatic part 
(olivetol) with geranyl pyrophosphate to provide the fi rst, most simple representative of the family – cannabigerol 
(scheme 1). Following enzymatic cyclisations lead to different families of phytocannabinoids, including the most known 
cannabichromene- and cannabidiol-type compounds. 
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 For evident reasons, the basic attention during the study of this natural product family has been paid to 
Δ9-tetrahydrocannabinol (Δ9-THC), which is the well known compound with psychotropic activity from cannabis. 
Nevertheless, recent studies has shown that other non- psychotropic phytocannabinoids possess a broad spectrum of 
biological activities, most of them being associated with therapeutic applications. Among these, cannabichromene-
type compounds have drawn attention due to their antiinfl amatory, analgesic, antimicrobial, antiproliferative and bone 
growing stimulation actions. It made them challenging targets for chemical synthesis.



8

Our current ASM-CNR project includes elaboration of novel methods for the chemical synthesis, evaluation 
of absolute stereochemistry and biological activity of cannabichromene-type compounds. The synthetic aproach is 
considered, provided the fact that the most relevant compounds of this class are still not avilable from natural sources in 
suffi cient ammounts and consequently can not be explored for therapeutical purpose. In the same time, determination of 
the absolute stereochemistry of most representatives is not a trivial task and can be sucsesfully solved only basing on a 
complex aproach, including concurent synthesis and degradation studies. Finally, broadening the structural features of 
prenylated cannabinoids, especially on varying the structure of isoprenic residue can lead to novel substances with new 
and still unexplored properties.
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Basing on available preliminary information, we have focused our project on the synthesis of cannabichromene – 
one of the basic representatives of prenylated cannabinoids, having  as the fi nal goal the elaboration of a general procedure 
for the synthesis of a whole series of prenylated cannabinoids. We intend to apply a combination of enantioselective 
and diastereoselective synthesis in order to access desired prenylated chromenes in enantiomericaly pure form 
(scheme 2). Following degradation studies and stereochemical correlation will allow determination of chromene 
absolute stereochemistry. In the long run, generation of a library of prenylated chromenes will support Structure-Activity 
Relationship (SAR) studies for identifi cation of novel compounds with prominent biological activity.

The seminar’s motto: New Frontiers in the Chemistry of Natural Products has addressed numerous students and 
researchers acting in the fi elds of chemistry, biology, pharmacy, genetics, biophysics as well as specialists from the R&D 
sector of companies with chemico-pharmaceutical profi le. The general project overview was provided to the seminar 
audience.

Following presentations of project participants stressed the attention to the recent research directions of partner 
institutions. A special emphasize was placed on the use o modern analytical techniques for the structural elucidation of 
complex natural compounds, including those of marine origin. This issue was of special interest to Moldovan colleagues, 
due to the fact that modern analytical facilities, including a high-fi eld NMR spectrometer became available in the Institute 
of Chemistry recently. Italian partners have shared their experience of world leaders in the area of marine chemistry. 

Following multiple solicitations coming from seminar audience, made us provide in the current issue of the 
“Chemistry Journal of Moldova. General, Industrial and Ecological Chemistry” a condensed abstract of the seminar 
presentations. We do really hope that our joint event will give further impetus to our collaboration and will also motivate 
other researchers from Moldova to develop partnerships with European colleagues.

Dr. Margherita GAVAGNIN, CNR
Dr. Veaceslav KULCITKI, ASM
ASM-CNR joint project coordinators
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APPLICATION OF NMR TECHNIQUE IN THE ELUCIDATION OF 
MARINE NATURAL COMPOUNDS 

Maria Letizia Ciavatta

Istituto di Chimica Biomolecolare, (CNR), Via Campi Flegrei 34 –I-80078 Pozzuoli
e-mail: lciavatta@icb.cnr.it; Phone 0039 0818675243- Fax 0039 0818675340

Abstract: The topic of the seminar held in the Institute of Chemistry, Academy of Sciences of Moldova on 30th 
September in the frame of the joint Moldo-Italian seminar “New frontiers in natural product chemistry”, concerned 
the use of NMR techniques in the elucidation of natural products. Step by step, two marine compounds (Fulvyne C 
and Tritoniopsin A) belonging to different chemical classes have been analyzed, by using suitable NMR experiments. 
This powerful technique allowed the elucidation of compounds as fulvynes, long chain polyacetylenes with the same 
functional groups but differently located in the chain, as well as tritoniopsins, cyclic diterpenes with a new skeleton, 
providing further information on their relative and absolute stereochemistry.

Introduction
Nuclear Magnetic Resonance spectroscopy [1] has become the most appreciated technique by the natural product 

chemists letting to achieve the chemical structures, even complicated and in little amount, of compounds isolated from 
different sources. Together with Mass Spectrometry, this technique aided us to establish the structures of nine long chain 
oxygenated polyacetylenes [2] from the Mediterranean sponge Haliclona fulva (Case 1) and to describe four cladiellane 
based diterpenes [3] from the nudibranch mollusc Tritoniopsis elegans (Case 2) collected in the South China Sea.
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The fi rst step
Once obtained a pure compound by using chromatographic means we have to calculate the molecular formula 

from the high-resolution mass spectrometry (HRMS): it will give the weight and molecular formula of our compounds 
and information about the presence of unsaturation degrees given by double and triple bonds and eventually by cyclic 
rings.

The NMR experiments
 First, the analysis of the proton spectra of unknown compounds, recorded in a suitable deuterated solvent, can 
give a series of useful information: a) signals absorbing at different chemical shifts correspond to protons of different 
functional groups; b) the intensities of the signals are directly proportional to the number of protons generating them; 
c) the shape of signals (multiplets) gives information about the environment of a given nucleus through the analysis of 
their coupling constant. Second, the 13C NMR experiments show how many carbons the molecules under investigation 
contain and which functional groups are present. We can use the 13C-DEPT sequence to obtain important information about 
the number of CH3, CH2 and CH and by difference with the carbon experiment the number of quaternary carbons.
 To connect each carbon resonance with the proton directly linked, the HSQC bidimensional experiment has 
to be performed. The analysis of hetero-nuclear correlation spectra is carried out simply by tracing the coordinates of 
each cross-peaks with both the proton and the carbon chemical shift scales. Thus a list of correlation between protonated 
carbons and the attached protons is constructed.
 The next step is to carry out a COSY experiment in which you can observe the scalar coupling and so connect 
geminal and vicinal protons. This experiment appears as a contour plot map with a square diagram symmetric with 
respect to a diagonal from lower left to upper right. Coupled protons are recognized by an off-diagonal peak at the 
coordinated corresponding to the chemical shift of the two coupled protons. During the analysis of a COSY spectrum 
you can draw some partial structures of the compound under investigation. For example in Case 1, these experiments 
led us to construct the fragments a-e of fulvyne C, as drawn below.

M. Ciavatta/Chem. J. Mold. 2011, 6 (2), 9-12
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 The HMBC experiment fi nally gives useful information about the carbons and the protons not directly linked, 
but 2-4 bonds far. Careful analysis of HMBC spectrum usually allows the connection of the different spin systems 
identifi ed by COSY correlations whose carbon counterpart has been connected by HSQC.

Further NMR experiments
 Sometimes these fundamental NMR sequences are not suffi cient to establish unambiguously the chemical 
structures of new compounds. As example, fulvyne C shows NMR spectra very similar to those of another co-occurring 
polyacetylene (fulvyne B), therefore they have to possess the same functional groups but located in different fashion 
along the chain. Analysis of TOCSY experiments recorded on both fulvynes allows to discriminate the two different 
sequences by defi ning all proton correlations in a mutually coupled spin system and consequently by connecting the 
partial structures detected from COSY. 
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 In the second case (tritoniopsin A), once obtained the molecular formula and the number of unsaturation degrees 
from the HRMS we have carried out the mono-dimensional NMR experiments. From the proton and carbon spectra we 
immediately get information about the nature of the compound under investigation. Indeed, tritoniopsin A shows a 
typical terpene pattern due to the presence of several methyls. 13C-NMR and DEPT spectra of tritoniopsin A show 24 
carbon resonances (as indicated by the molecular formula), fi ve of which are methyl groups, seven are methylenes, eight 
are methines and the remaining four are quaternary carbons.
 Even in this case, information about which carbons and protons are directly bonded can be obtained by recording 
the direct hetero-correlation experiment (HSQC). 
 The spin systems present in the molecule can be deduced from COSY experiment, as shown below, whereas the 
analysis of HMBC correlations can aid us to connect the corresponding partial structures (main long-range cross-peaks 
are represented by arrows) and to construct the structure.  

Chemistry Journal of Moldova. General, Industrial and Ecological Chemistry. 2011, 6 (2), 9-12    
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 Due to the presence of nine stereogenic centers in tritoniopsin A, the objective is to give correct information 
on their relative confi guration. Some of these can be easily deduced from the analysis of the proton spectrum signals as 
well as from the carbon chemical shift value. In tritoniopsin A because of the presence of a cyclohexane ring, we can 
suggest the confi guration at two carbons by the shape of the corresponding protons (H-12 and H-14 are equatorially 
oriented because appear as broad singlets). Moreover, the carbon value of the methyl attached to C-11 on the same ring 
is consistent with the equatorial position. To confi rm these evidences and to establish the confi guration of the remaining 
carbons, mono- and bi-dimensional experiments (nOe diff and NOESY) based on dipole-dipole mechanism (two nuclei 
not directly linked but spatially close can mutually interact through space) can be carried out obtaining very indicative 
information. 

 
 Another example of the versatile use of NMR technique is represented by the application of the Mosher method 
for the determination of the absolute stereochemistry of tritoniopsins. The presence of a secondary alcohol in one of 
the isolated tritoniopsins makes this molecule a useful model for the application of the method [4,5] leading to the 
assignment of the absolute stereochemistry at the carbinol center. The method is based on the conversion of the alcohol 
into two diastereomeric esters displaying different 1H-NMR spectra. The evaluation of the difference in the chemical 
shift values of protons in the two esters (ΔδS-ΔδR) allows the absolute stereochemistry to be established as depicted 
below.
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Conclusions 
 Nuclear Magnetic Resonance techniques represent a powerful tool for the structural determination of organic 
compounds, particularly in the fi eld of natural products. It requires only minute amount of substance and frequently 
allows the determination of stereochemical details or even preferred conformation in solution. Nowadays, the variety of 
experiments available on modern NMR instruments has reduced the time needed for the acquisition data. 

M. Ciavatta/Chem. J. Mold. 2011, 6 (2), 9-12
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Abstract: The current communication represents an extended abstract of the presentation delivered on the joint 
Moldo-Italian seminar “New frontiers in natural product chemistry”, held in the Institute of Chemistry, Academy of 
Sciences of Moldova on 30 September. An overview of the synthetic methods oriented to the synthesis of C6 and C7 
functionalized euryfurans is provided.

Introduction
Sesquiterpene euryfuran 1 was isolated from several marine organisms such as nudibranches Hypselodoris 

californiensis and H. Porterae [1], sponges Dysidea herbacea [2] Euryspongia species [1] and, from a new genus of 
a Pacifi c sponge of the family Thorectidae [3]. This natural product has attracted much interest due to its antitumor 
activity3 and its potential as synthetic intermediate [4].

Several semisynthetic routes and total synthesis of euryfuran 1 have been published [5-15]. This compound was 
used as starting material for the syntheses of others natural drimane sesquiterpenes [7-10,16,17].

We will like to report our preliminary results on the syntheses of C6 and C7 functionalized euryfurans starting from 
the abundantly available labdanic diterpenes larixol 2 and sclareol 3. The side chains of these two labdanes was removed 
by oxidation to the corresponding 14,15-bisnorlabd-13-ones 4 and 5, which were transformed by known methods in 
dienes 6 and 14 [18-20] (Figure 1).
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Results and discussion
Diene 6 is an interesting starting material for the synthesis of several C6 functionalized drimanes. The diene 

moiety in 6 was submitted to photooxygenation to give the endoperoxyde 7 in high yield, which was converted into 
acetoxyfuran 8 by treatment with FeSO4. The acetate 8 was hydrolyzed and oxidized to 6-ketofuran 13 in an overall 
yield of 68%. The same 6-ketofuran 13 was obtained via a slightly different sequence of the same transformations of the 
intermediates 10, 11 and 12 in 72% overall yield (Figure 2).
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The known endocyclic drim-7,9(11)-diene 14 is a suitable starting material for synthesis of C7 functionalized 
drimanes [19,20,22-26]. It is known that olefi ns with allylic hydrogens give unsaturated hydroperoxydes in the ene-
reaction with singlet oxygen [27]. The photooxygenation of diene 14 also shows this ene-reaction to hydroperoxide (15) 
as the main reaction. A 1,4-cycloaddition of singlet oxygen to the exocyclic diene and a rearrangement are responsible 
for the formation of the two by-products 18 and 19 (Figure 3).

H OR
H

O

H

O

OH OR
H

O

H
OR

O

H
H H

OOH

15 R = OH

17 R = Ac

14 19 R = OH18 22 R = Ac
23 R = H16 R = H 20 R = H

24

21 R = Ac

Figure 3

The main product 15 was submitted to reduction with thioureea and acetylation to give a mixture of the C7-acetates 
17, which was photooxidazed to the acetoxyperoxydes 21 (Figure 3) [28]. The reduction of 21 with ferrous sulphate 
followed by saponifi cation of the acetate and oxidation gave the 7-ketofuran 24 in 23.4% overall yield. The structures of 
compounds 19 and 21 were confi rmed by X rays analysis. The same compound 24 in 8.7% overall yield was also obtained 
from side product 19 after reduction of the C7-peroxide with thioureea, treatment of resulted 7-hydroxyperoxydes 20 
with ferrous sulphate and oxidation of the C7-hydroxy group (Figure 3).

Conclusions
Breakdown of the side chain of (+)-larixol 2 or (+)-sclareol 3 gives an easy access to an exocyclic diene 6 and 

an endocyclic diene 14 respectively. These two dienes 6 and 14 are excellent starting materials for the syntheses of ring 
B functionalized drimanes, as it was proved by present syntheses of 6-ketoeuryfuran 13 and of 7-ketoeuryfuran 24, in 
respectively 68% and 23.4%.
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PHARMACOLOGICAL AND MEDICINAL CHEMISTRY ASPECTS OF 
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Abstract: The current communication includes a general overview of the scientifi c interest and medicianl chemistry 
aspects of Cannabis compounds. It relates to metabolism, pharmacological action and phisico-chemical analysis of 
these compounds, as well as of some isomers differing in spatial arrangement of functional groups.

Introduction
Cannabis is one of the fi rst plants utilized by humans as non-food product. Hashish was implimented in nothern 

China cca. 5000 or 6000 years ago and the plant itself served for textile production. During the fi rst centuries B.C. the 
fi rst samples of Cannabis paper have ben produced. During the following periods Cannabis was considered in China 
as a basic crop. It was also used in India in falk medicine, for ritual purposes and also for textile fi bers. Aproximatively 
1000 yrs. B.C. cannabis appeared in Europe. It was a result of human migrations from Black Sea to Midle Asia and 
other nearby areas. It was considered a sacred plant in Siria, Egipt and northen Africa. During the midle ages due to its 
remarcable stability to salted water it was intensively used for marine rope production. It also penetrated America form 
North to South during the 16-th century. Development of chemical industru during 19-th and 20-th centuries has led to 
a decline in Cannabis cultivation.

Botanical characterisation
Two basic varieties of Cannabis are known: Cannabis sativa and Cannabis Indica. They are widely spread in 

temperate and tropical regions of the Earth. Branching degree depends on the climatic conditions. The size of the 
composite leaves varies depending on the plant height. Flowers represent masculine (stamen carriers) and feminine 
(pistils carriers) infl orescents. Masculine infl orescences are tipically more fl ower-abundant (see pictures below).

 
Cannabis halucinogenic compounds

Marijuana represent the fi nely cut plant, including infl orescents, having the appearence of a usual tea. It can be 
identifi ed by its specifi c soil-like smell of crashed Cannabis. Hashish is a brown resin. Usually in drug abuse practices 
is used in the shape of small balls, called in slang “cakes”. It can be smoked or chewed, sometimes it is applyed directly 
to the gums by friction. Hashish oil represent a plant extract with a more powerfull action, since one drop of oil into a 
cigarette equivalents to one hashish pipe.

Chemical composition of Cannabis
The basic compounds to cause phisiological efeects are cannabinoids. The plants also contain nitrogen organic 

substances like proteins, glucoproteins and enzimes. The spectrum of known components also includes simple 
alcohols, aldehydes, ketones, fatty acids, esters and lactones, terpenes, steroids, fenolic compounds as well as fl avonoid 
glicosides.
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a)        b)
Figure 1

The most abundant components with confi rmed activity are cannabinol (a) and cannabidiol (b) (Figure 1). It 
is considered that canabinol is not a plant catabolism product, but an artefact derived from plant conservation [5]. 
Tetrahidrocannabinol (THC) is administered under the name Dronabinol and is a part of medical preparations known 
as Merezine, Marinol. It represent a remedy in the case of anurexia in AIDS patients, conected to abrupt weight loss, 
nausea and sickness, chemiotherapy side effects in cancer patients where other usual preparations are not effective. 
For this purpose THC is administered in doses of 2 to 20 mg per day in tablets or capsules for oral usage. THC is 
absorbed almost entirely (90-95%) after oral administration. Due to combined effects of liver metabolism and encreased 
lipophylicity only 10-20% of the dose reach the blood stream. THC has a large repartition volume, almost 10l/kg and 
more then 95%. It is bounded alon with derived metabolites to sanguin proteins. THC elimination phase is caracterized 
by a bicompartimental model with an initial phase having the elimination period of 4 hours and the β- phase having the 
elimination period from 25 to 36 hours. Due to the large repartition volume, THC metabolites can be detected in urine 
at minimal level for a long period of time.

Marijuana intoxication symptoms
Patients of marijuana abuse present chronic coughing, red eyes, fatigue, exagerated appetite, attraction to drugs, 

drowsiness, sensitivity to viral infections, sclerotic dysfunction, impaired speech, diffi culty in communication, abrupt 
change from passive to aggressive mood, dizziness. The pictures below are sugestive in this context.

             
Analgesic properties of marijuana compounds

Although the analgesic properties of marijuana are known since 2000 years ago, investigation of anti-nociceptive 
role of cannabinoids turned out to be diffi cult, since their receptors were unknown. The interest towards analgesic 
properties of marijuana has encreased gradually in the 19-th century. 

The racemic mixture of enantiomeric cannabinoids 1S- Δ3-THC and 1R-Δ3-THC have been synthesized in 1940. 
The oral use of cannabis has been reported to sucsessfully alleviate labor pain, as well as other pain-related states. The 
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systematic study of analgesic compounds and their action mechanism hs been initiated in the late 90-s of the last century 
and is connected to the discovery of cannabinoid receptors. They are located in the brain (talamus, hippocampus) and 
spinal cord. A special breakthrough was made in 1992 with the discovery of an endogen compound with the ability 
to bind to cannabinoid receptors. It is a derivative of arachidonic acid (arachidonyl-ethanol amide) called trivially 
anandamide (deriving from ancient sanscrit meaning happiness). Its action is similar to that of THC. Besides, a large 
number of cannabinoids have been produced synthetically. They have proved to be effi cient anti-nociceptive agents and 
infl amation modulators.

THC is metabolized intensively in liver by oxidative degradation processes. The obtained metabolites posess 
different activity and could be detected in the urine [1,7]. Their elimination takes place via gastro-intestinal and 
urinary pathways. For analytical detection an extraction step is mandatory, followed by HPLC analysis on RP columns. 
Hyphenated techniques, such as LC-MS and GC-MS lower the detection limits to 0.05-0.01 ng/ml values [2,3,4,6,8]. 
Identifi cation of metabolized is confi rmed by tandem MS-MS experiments.
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Abstract: The current communication is an extended abstract of the presentation delivered on the joint 
Moldo-Italian seminar “New frontiers in natural product chemistry”, held in the Institute of Chemistry, 
Academy of Sciences of Moldova on 30th September. An overview of the recent studies conducted by our 
group on opisthobranch molluscs from distinct geographical areas is briefl y presented.

Introduction
Marine opisthobranch molluscs are apparently unprotected by the physical constraint of a shell which is either 

reduced or completely absent in the adults. Their survival is based on a series of defensive strategies, which include 
the use of deterrent or toxic molecules. Opisthobranchs obtain their chemical “weapons” by either bio-accumulation of 
selected metabolites from their dietary sources, bio-transformation of dietary compounds, or de novo bio-synthesis [1]. 
Thus they represent a remarkable source of bioactive molecules that have been selected in nature to play fundamental 
roles for the survival of the species that contain them. This reveals an extraordinary library of compounds that could be 
considered excellent drug candidates. Among others, a remarkable example is represented by jorumycin (1), the defence 
allomone of the opisthobranch Jorunna funebris, which was isolated some years ago by our group from the mantle and 
the mucus of the mollusc [2]. The synthetic analogue of jorumycin, Zalypsis® (PharmaMar), is now in phase II clinical 
trial for the treatment of endometrial and cervical tumours [3]. This communication presents an overview of our recent 
results obtained studying opisthobranchs collected in different  sites around the world,  in the frame of international 
collaboration programs. 

The chemical investigation of a Chinese population of J. funebris [4] has led to the isolation of a series of alkaloids 
analogues of jorumycin (i.e. 2-4), which were differently distributed in the distinct parts of the animal suggesting possible 
different biological properties. In the internal organs a plethora of isoquinoline-quinone alkaloids probably derived from 
the oxidative degradation of renieramycins were also found [4]. 
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A new member of the ecteinascidin family, compound 5, structurally related to jorumycin and renieramycin series, 
has been isolated from the external part of some specimens of the eolidacean nudibranch Phidiana militaris, collected 
in South China Sea [4]. In addition, the extract of the mollusc contained two other new and extremely interesting 
molecules: phidianidine A (6) and B (7) exhibiting an uncommon carbon skeleton with a 1,2,4-oxadiazole system never 
reported from marine natural products [5]. This structural moiety has been found only in quisqualic acid isolated from 
the fruits of a tropical plant. Even though the 1,2,4-oxadiazole system is so rare, there is a wide interest in the synthesis of 
compounds containing this scaffold due to the broad spectrum of biological properties. The cytotoxicity of phidianidines 
has been evaluated in terms of cell grow inhibition and the results are very interesting. Both compounds have shown 
high cytotoxicity against various tumour and non-tumour mammalian cell lines at nanomolar concentration [5]. The 
specifi city towards some cell types relative to others (strongly active against C6 and HeLa cancer cell lines) suggests the 
existence of specifi c interactions with biological targets.

Remaining in the eolidacean group, the chemical investigation of two different Spurilla species from Argentina 
and Italy has revealed a different composition of the terpene content of the two molluscs. A new molecule, diterpene 8, 
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has been characterized in this study [4]. Very interestingly, bursatellin 9, structurally related to antibiotic chloramphenicol 
and previously reported from the anaspidean Bursatella, has been found in both species.
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The chemistry of the nudibranch Actinocyclus papillatus from South China Sea is very interesting [6]. The main 
metabolite of the mantle extract is the novel molecule actisonitrile (10). This compound is an ether lipid with a glyceryl-
like moiety in which the secondary hydroxyl function is replaced by an isocyanide group. Another uncommon compound, 
methyl-β-ionene alcohol (11) has been also found in both mucus and mantle. The two molecules were tested for the 
cytotoxicity against a series of tumour and non-tumour cell lines. Actisonitrile revealed a moderate activity suggesting to 
further investigate the pharmacological potential. In this light, it was necessary to complete the structure determination 
of actisonitrile (10) with regards to the assignment of the absolute confi guration of the single chiral centre.                        

The stereospecifi c synthesis of both enantiomers of actisonitrile was planned with the aim at comparing the 
optical properties of synthetic products with natural 10 [6]. In Scheme 1 are reported all steps to construct one of the two 
enantiomers. The enantiomer with the opposite confi guration has been prepared in the same way starting from the same 
precursor with the opposite chirality. The comparison of the optical rotation values and the circular dichroism profi les of 
synthetic compounds with those of natural product led us to establish that actisonitrile has the R confi guration.
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Scheme 1

The family Chromodorididae is the most studied group of nudibranchs from a chemical point of view. Most 
species belonging to this family contain dietary terpenes which are generally accumulated in the border of the mantle or 
in mantle dermal formations. Some selected species collected in South China Sea have been analyzed [4]. Chromodoris 
reticulata was found to contain aplyroseol-2 (12) as main metabolite along with other two known related diterpenes 
(13,14). All three diterpenes have been reported to be cytotoxic being aplyroseol-2 the most active [7]. Aplyroseol-2 
has been demonstrated to be also unpalatable for the marine shrimp Palamon elegans [4]. This very nice and simple 
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assay has been performed in our lab [8]. The use of colored pellets allows to observe easily if the food treated with 
the compound to be tested is accepted or rejected by a generalist predator. Similar diterpene components including 
aplyroseol-2 (12) have been isolated from Chromodoris sinensis [4]. In the mantle border of the animal, we were able 
to detect by 1H-NMR analysis the unstable compound 15 exhibiting two dialdehyde groups that is the precursor of 12. 
This molecule is highly reactive and is rapidly converted into the corresponding lactone-hemiacetal derivative 12. The 
comparison of the proton spectra of the same sample before and after the fi ltration on silica-gel clearly demonstrates 
the rapid transformation [4]. Known degraded spongiane diterpenes (i.e. 16,17) have been isolated from Chromodoris 
geometrica [4]. A correspondence between the ecological and the pharmacological activity could be observed also in 
this case. Particularly interesting are the pharmacological properties of macfarlandin-E (16) and norrisolide (17) that 
exhibit a potent and unique Golgi-modifying activity [9]. Analogously with other Glossodoris species, the chemistry 
of Glossodoris cincta is characterized by the presence of sesterterpenes. Heteronemin (18) is the main component of 
the terpene pattern of the nudibranch and is also the most active showing several different biological properties. In 
particular, it has been recently reported that heteronemin is a potent and promising inhibitor of  TNFα-induced NF-kB 
activation [10].
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The chemistry of the nudibranch Dermatobranchus ornatus from South China Sea has been found to be 
characterized by some known diterpenes with eunicellin skeleton (i.e. 19). These molecules are sequestered from 
a gorgonian of genus Muricella and accumulated in the mantle of the animal [11]. Cytotoxic properties have been 
reported in the literature for some of these compounds [12]. Structurally related molecules, named tritoniopsins (20,21), 
characterized the metabolite pattern of a Chinese population of Tritoniopsis elegans which was found associated to the 
soft coral Cladiella krempfi  [13]. All isolated compounds, which were also detected in the prey, were evaluated for the 
cytotoxic activity. Tritoniopsin B (21) was the most active.

The secondary metabolite pattern of Mediterranean Discodoris atromaculata is dominated by a series of long-
chain polyacetylenes, named fulvynes (i.e. 22) all deriving from the sponge Haliclona fulva on which the animal feeds 
[4]. The biological properties of these molecules have not yet been investigated. However, it is interesting to note that 
they are structurally related to petrocortyne A, which is a potent modulator of the transcription factor NF-kB [14].

The chemistry of the nudibranch Tambja ceutae collected at Azores along with the bryozoan Bugula dentata 
was found to be characterized by a series of 4-methoxy-pyrrolic alkaloids belonging to the tambjamine family [15]. 
Tambjamines are reported to intercalate DNA and facilitate single-strand DNA oxidative cleavage. The new member we 
isolated (tambjamine K, 23) has displayed a signifi cant antiproliferative activity against different tumor and non-tumor 
cell lines.

The chemical studies on a population of circumtropical anaspidean Syphonota geographica, collected along the 
Greek coasts, led us to discover very interesting bioactive natural products [16-19]. The skin metabolites, aplykurodinones 
(i.e. 24), are degraded sterols that are typical of different species of the family Aplysiidae from distinct geographical 
areas [16].
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The metabolite pattern of the inner organs was found to be dominated by the presence of syphonoside (25), 
a macrocycle with a unique structure, that inhibits high-density induced apoptosis [17]. This bioactive compound is 
sequestered from the sea-grass Halophila stipulacea, prey of the mollusc. Further studies on both the mollusc and the 
sea-grass have resulted into the fi nding of a series of novel minor syphonoside-related compounds (i.e. 26) [18] as well 
as of two very rare malonyl fl avones (i.e. 27) [19].
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Finally, a few examples of chemicals isolated from sacoglossans should be mentioned. The Azorean Aplysiopsis 
formosa was found to contain aplysiopsenes (i.e. 28) [20]. These compounds belong to the sacoglossan polypropionate 
family and are the smallest members to date isolated. Polypropionates interact with the light by trapping oxygen and 
therefore protecting the molluscs from sunlight damage. So it has been suggested a possible use as sunscreen in the 
solar creams [21]. The chemical study on Elysia patagonica from Argentina has led to the fi nding of a new member 
of elysioidean polypropionates, tridachiapyrone J (29) [4]. This molecule is probably formed by a photochemical 
conversion of a suitable precursor containing the reactive conjugated diene system [21]. However, the main secondary 
metabolite of Elysia patagonica has resulted to be the osmolyte proline betaine [4]. Our studies have demonstrated that 
this compound, which is accumulated in the mollusc, derives from the diet, the alga Bryopsis plumosa. Comparison of 
the proton spectrum of proline betaine purifi ed from the mollusc extract with that of crude extract of the alga clearly 
showed the presence of this compound in the alga. In addition, we have also proven that Mediterranean sacoglossans 
Ercolanea funerea, Caliphylla mediterranea and Placida dendritica all feeding on Bryopsis plumosa, analogously with 
Elysia patagonica, are able to sequester proline betaine from the diet and accumulate this molecule in the defensive 
mucous secretion.

 Conclusions. The examples presented here clearly indicate that marine opisthobranch molluscs are a remarkable 
source of natural products with a high pharmacological potential. The large chemical diversity observed in these 
organisms refl ects their ability of colonizing several different ecological niches and establishing trophic relationships 
with organisms of different phyla, from which they select bioactive molecules.
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SYNTHETIC APPROACHES TO POLIFUNCTIONALIZED 
PERHYDRINDANES

Veaceslav Kulciţki
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e-mail: kulcitki@yahoo.com, phone: +373 22 739769, fax: +373 22 739954

Abstract: The current communication represents an extended abstract of the presentation delivered on the joint 
Moldo-Italian seminar “New frontiers in natural product chemistry”, held in the Institute of Chemistry, Academy 
of Sciences of Moldova on 31 September. An overview of the synthetic methods oriented to the synthesis of 
functionalized terpenic perhydrindanes is provided. Different synthetic strategies are considered, including those 
based on biomimetic approach. The array of obtained new structures can serve as leads in structure-activity studies as 
well as useful building blocks towards other perhydrindanes.

Introduction
The perhydrindane fragment represents a structural motif broadly found in natural products frequently connected 

to relevant biological activities. The incorporation of this substructure in the certain molecule can be of two distinct 
fashions: as a part of a condensed polycyclic system (steroids, giberellins) or as a “stand alone” fragment (vitamine D, 
rearranged spongiane diterpenoids). 
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Steroid skeleton Gibberellane
HO

Cholecalciferol

OAcO

H

O
H

O

Norrisolide

The “stand alone” disposal of perhydrindane moiety is inevitable accompanied by a certain degree of 
functionalization, and due to the inconveniences connected to the use of this fragment from natural sources, considerably 
efforts have been undertaken to access functionalized perhydrindanes by synthesis. Different strategies have been 
reported in the literature, the most proeminent ones are depicted in scheme 1.
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The current communication presents an outline of synthetic procedures based on different strategies and elaborated 
in our research group for the synthesis of B-ring functionalized perhydrindanic core. 

Biomimetic strategy.  The biomimetic strategy in retrosynthetic analysis of perhydrindanic natural products relies 
on a ring contraction process. Potential substrates are drimanes or homodrimanes, easily accessible from commercial 
sclareolide. We have used this strategy for the successful synthesis of austrodoral and austrodoric acid - two compounds 
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of marine origin, isolated by Gavagnin and coworkers from the dorid nudibranch Austrodoris Kuerguelenensis [1]. The 
key transformation was a ring contraction of suitable functionalized drimanic or homodrimanic epoxides (scheme 2) 
[2,3].

O

O

OAc
O

O

OH

Austrodoric acid

Biomimetic
ring contraction

CHO

Austrodoral

OAc

OBiomimetic
ring contraction Sclareolide

Red-Ox

Scheme 2

 Tsuji-Trost enantioselective allylation strategy. This strategy has been reported previously by several authors 
and we have adapted it in order to get a deeper functionalisation of the B-ring. Accordingly, the carboxymethyl group 
has been introduced by a formylation protocol. The double bond on the A-B junction was selectively reduced by nickel 
boride to provide the cis-fused perhydrindane (scheme 3).
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NaBH4/NiCl2 OH
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85%
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 Intramolecular aldol strategy. The starting material represents the known keto-acid, readily available from 
sclareolide (scheme 4). The synthetic sequence leading to bicyclic structure includes a oxidative decarboxylation which 
lead to a primary iodide. Substitution of the iodine for hydroxyl group and Jones oxidation led to the keto-aldehyde, 
which underwend a smooth intramolecular aldol condensation to provide the functionalized perhydrindane. Further 
deoxigenation led to the known saturated ketone, used previously for the synthesis of important rearranged spongian 
terpenes of marine origine [4].

COOH
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O O

OH

NaOMe

O
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Scheme 4

 Conclusions. A whole series of new B-ring functionalized terpenic perhydrindanes have been synthesized 
using different synthetic strategies. The obtained compounds will be further involved in chemical modifi cation and 
activity testing studies.
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Abstract: The current communication represents an extended abstract of the presentation delivered on the joint 
Moldo-Italian seminar “New frontiers in natural product chemistry”, held in the Institute of Chemistry, Academy 
of Sciences of Moldova on 30 September. A simple and effi cient strategy for the synthesis of galactoglycerolipids is 
provided. 

Introduction

Glycolipids, carbohydrate-linked lipids, are membrane components and are present in all the living organisms 
kingdoms, i.e. bacteria, plants and animals. They have important roles as energy source and markers for the cellular 
recognition and communication. Structurally they can be divided in different families like glycoglycerolipids, with 
acylated glycerol attached to the carbohydrate part, glycosphingolipids with an acylated sphingosine (ceramide) and 
isoprenoid glycosides, with a terpene alcohol as aglycon. All this kind of molecules are characterized by very important 
biological activities.1,2 There is a big interest in both intracellular and extracellular glycolipids. In the last years, members of 
the family, especially galactosyldiacylglycerols and ceramides, have attracted the interest of the bio-medical community 
for their properties in cancer chemoprevention3 and immunology;4 on the other side sulphoquinovosyldiacylglycerols 
are characterized by other extensive biological properties as antitumoral,5 HIV-RT inhibition,5,6 AIDS-antiviral7 and 
DNA polymerase α and β inhibition.8 The possibility to get these compounds by chemical synthesis is important cause 
the diffi culty in their isolation and purifi cation from natural sources; the synthetic approach can give the opportunity to 
study the potential activity of these molecules whose structure could be modifi ed in different ways to run SAR analysis. 
Here we discuss a simple and versatile strategy for the synthesis of galactosyldiacylglycerols.
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Scheme 1. Synthesis of β- galactosyl-1,2-diacylglycerols

Synthetic strategy (Scheme 1). D-galactose was acetylated (1) and the subsequent anomeric deacetylation 
was performed by benzylamine to get 2. The hydroxyl anomeric function was derivatized by trichloroacetonitrile 
in presence of 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU); the trichloroacetimidate obtained (3) was coupled with 
glycerol 1,2-acetonide (derived by acetonidation of glycerol with 2,2-dimethoxypropane and p-toluensulfonic acid 
in N,N-dimethylformamide) to get 4. After the removal of the isopropylidene protecting group with zinc nitrate in 
acethonitrile, we obtained compound 5 that was acylated with the carboxylic acids (i.e. linolenic acid) in presence of 
diciclohexylcarbodiimide and triethylamine; the fi nal step, the deacetylation of 6, was very important cause the presence 
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of acyl unsatured moiety that should be unaltered using less amount (in comparison of literature conditions9) of hydrazine 
hydrate at 44°C to get 7. Using more amount of hydrazine hydrate and increasing the temperature until 55°C, saturation 
of acyl double bonds happened, and on the other side, partial deacylation yielded to the β-galactosyl-monoacylglycerol 
(15%) in which the linolenyl residue was on the primary position of the glycerol part.
 Conclusions. Synthesis of  β-galacto-1,2-diacylglycerols  is achieved by a versatile and simple procedure 
based on the trichloroacetimidate methodology and peracetate sugar precursors. The methodology is tested through 
stereoselective preparation of  β-galacto-lipids representing compounds that have been recently gained great interest as 
triggers of immune system response. The synthetic strategy is designed to obtain regio- and stereo isomers including 
derivatives containing poly-unsaturated fatty acids. 
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Abstract: The paper presents an outline of the synthesis of some natural terpenoids of marine origine having diverse 
carbocyclic skeletons: labdanic, isocopalic, scalaranic, cheilanthanic, drimanic, sacculatanic. Schemes – 6, fi gures -2. 
Bibliographic references – 35.

 Keywords: marine natural products, terpenoids; glycerol; scalaranes, cheilanthanes, sesterterpenoids, 
cyclizations, superacids, rearrangements, synthesis. 

 Terpenoids constitute one of the numerous class of natural products. They represent not only academic interest. 
Most of them possess biological activity and regulate different vital processess in both vegetal and animal world, 
including marine and microorganisms [1-3].
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Terpenoid acylglycerols represent an interesting group of natural bioactive molecules, which could be considered 
the chemical marker of marine dorid nudibranchs belonging to the related genera Anisodoris, Archidoris, Austrodoris, 
Doris and Sclerodoris [4-5]. 

Synthesis of natural bicyclic and tricyclic diterpenoid diacylglycerols has been performed by regioselective 
coupling of terpenoid acid with glycerol at 1’-sn position. This method may be considered a general approach to obtain 
optically active acylglycerols. (Scheme 1). 

Terpenic acids (1-6) (Figure 1) have been synthesized from commercially available substances: sclareol (7), 
E,E-farnesol (8), and copalic acid (9) – extracted from commercial “Copaiva Balsam” oil. 
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A series of natural di- and sesquiterpenic acylglicerols (10-23) have been synthesized (Figure 2) according to an 
elaborated procedure [6-11]. It should be mentioned, that diterpenoid acylglycerols are toxic to fi sh but also activators of 
protein kinase C and very active in regenerative test with the fresh water hydrozoan Hydra vulgaris [12]. 

O
OR1

OR2

H

H H
O

H

10 R1 = R2 = H
11 R1 = H; R2 = Ac
12 R1 = Ac; R2 = H

O
OR1

OR2

H

H H
O

H

13 R1 = H; R2 = Ac
14 R1 = Ac; R2 = H

OH
OAc

H

H

H
O

O

OH
OAc

H
O

O

16 (Verrucosin-4)

O
OR1

OR2

H

H H
O

H

17R1 = H; R2 = Ac (Anisodorin 1)
18 R1 = Ac; R2 = H (Anisodorin 2)

O ORO

H

H

OH

1'

2'

3'

19 R = H
20 R = Ac

O
OR1

OR2O
1'

2'

3'

21 R1 = R2 = H
22 R1 = H; R2 = Ac
23 R1 = Ac; R2 = H

H
H

15 (Verrucosin-5)

Figure 2

 Anisodorid 5 (24) has been isolated from Anisodoris fontaini molluscs [9]. The absolute stereochemistry of 
tricyclic diterpenoid 24 was established on comparing with its enantiomer 25, synthesized by us from the hydroxiacetate 
26, a sclareol (7) transformation product  (Scheme 2) [14].
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Scalaranic sesterterpenoids represent a group of natural compounds, isolated basically from marine organisms 
and which possess diverse biological activity [15]. We have realized the synthesis of natural 12-deacetoxyscalaradial 
(27), isolated previously from the sponge Cacospongia mollior [16]. The synthesis started from the scalaranic ester 28 
via lactone 29 [17].

Lactol 30, obtained on the selective reduction of lactone 29 has contributed to the elucidation of stereochemistry 
at C19 in the natural scalaranic 12-deacetyl-12-epi-deoxoscalarin (31) [18]. The scalaranic ester 28, readily available 
from sclareol (7), was successfully used for the synthesis of B-ring functionalized scalarane 32. The so called Radical 
Rely Halogenation of the intermediate 33 has served for the specifi c remote functionalization (Scheme 3) [19]. It is 
noteworthy mentioning that the synthesis of scalaranic sesterterpenoids, including those with advanced functionalization, 
has been paid a lot of attention by the scientifi c comunity [20-26].
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Natural cheilanthanic sesterterpenoids have been isolated both from marine organisms and plants [27]. They 
possess a broad spectrum of biological activities and their synthesis represents an actual priority. We have performed a 
6-step synthesis of isomeric cheilanthanic esters 34 and 35 [28], starting from sclareol (7). The synthesis of cheilanthanic 

Chemistry Journal of Moldova. General, Industrial and Ecological Chemistry. 2011, 6 (2),  30-35    



33

esters 36 and 37, which are C14-epimers of esters 34 and 35, has been performed by superacidic cyclisation of esters 41 
and 42 (Scheme 4). It is noteworthy mentioning that in addition to esters 36 and 37, their C-ring double bond isomers 38 
and 39 have been produced, along with substantial amount of rearranged cheilanthane 40 [28,29].
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Austrodoric acid (43) and austrodoral (44) were isolated from the skin extract of Antarctic dorid nudibranch 
Austrodoris kerguelenensis [30]. We have realized the synthesis of these norsesquiterpenic compounds starting from 
commercially accessible sclareolide (45) (Scheme 5). Lactone 45 was transformed in 4 steps to epoxides 46 or 47, which 
rearranged under acidic conditions to the ketoacetates 48 and 49 respectively. These have been converted to austrodoric 
acid (43) [31] and austrodoral (44) [32] respectively.

Gem-dimethyl prenylated terpenoids have been isolated from natural sources and showed biological activity 
[33]. We have elaborated a biomimetic procedure for their synthesis, using as a key step the superacidic cyclisation of 
open chain α,ω-bifunctionalized terpenes. The starting subsrates 50 and 51 have been obtained from readily available 
E,E-farnesol (8) and E,E,E-geranyllinalool (52) (Scheme 6). On cyclization of bifunctionalized sesquiterpenoid 50 
a mixture of two monocyclic compounds 53 and 54 is obtained, while the diterpenic substrate 51 led selectively to 
sacculatanic diterpenoids 55 and 56 [35].
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Conclusions
Our investigations in the fi eld of the synthesis of terpenoids of marine origin have led to:
elaboration of a general method for the synthesis of natural terpenic mono- and diacylglicerols, as well as of other • 
polifunctionalized isocopalic diterpenoids;
synthesis of some natural scalaranic sesterterpenoids and some B-ring functionalized ones;• 
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obtaining of stereoisomeric cheilanthanic sesterterpenoids; • 
synthesis of natural nor-sesquiterpenoids – austrodoral and austrodoric acid;• 
biomimetic synthesis of terpenoids from sacculatane series. • 
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STUDY CONCERNING THE CORROSIVE ACTIVITY PROPERTIES OF 
MONATOMIC ALCOHOL-GASOLINE BLENDS
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Abstract: The article studies the corrosive activity of the monatomic alcohol (ethanol, butanol) - gasoline mixtures 
on the materials from which the internal combustion engines are made. The corrosive infl uence of these blends was 
determined in dependence of their composition. It was established that the addition of butanol and triethylamine in 
the ethanol-gasoline mixture essentially reduces the corrosive activity of this mixture. 

Keywords: mixture, butanol, ethanol, corrosion, gasoline, resistance, triethylamine.

Introduction
Based on previous researches [1,2,3] and monographs [4], was determined the corrosive activity of monatomic 

alcohols and their mixtures with gasoline on certain materials used in internal combustion engines (ICE) construction. 
However, the existing sources lack specifi c data concerning the degree of corrosive infl uence of the specifi ed fuels on 
different materials, as well as argumentation of inhibitors which signifi cantly reduce the corrosive activity of several 
substances in fuels compositions.

Consequently, the purpose of our research is to determine the degree of corrosive infl uence of monatomic alcohols 
and their blends with gasoline on the materials used in ICE’s construction and to argue the substances, which effectively 
slow down the corrosive activity of these alcohols.

Methodology of the experimental researches
For our researches we used ethanol C2H5OH (volume fraction of absolute alcohol - 97.5%), butanol C4H9OH

 (absolute alcohol - 99.9% vol.), regular gasoline - 80 (low octane, COR 80), and the following blends: E20 
(20% vol. ethanol, 80% vol. gasoline), B20 (20% vol. butanol, 80% vol. gasoline), E16B16 (16% vol. ethanol, 16% vol. 
butanol, 68% vol. gasoline). We used two types of ethanol: food grade and the ester-aldehydic fraction.

The quality of fuels was assessed according to the determination of acids and alkali soluble in water; organic 
acids; sulfur; water. The acids and alkali soluble in water were determined as described in the standard procedures of 
GOST 6307. The concentration of organic acids was assessed according to the neutralization index (GOST 5985), which 
refl ects the quantity in mg of potassium hydroxide, necessary to neutralize the organic acids in 100 mL of fuel. Sulfur 
content (mg/kg of fuel) was determined according to GOST 19121 - 73, and the presence of water and impurities – 
according to GOST 2084. The corrosive activity of sulfur compounds was tested on the copper blade (GOST 6321).

The corrosive activity of the mentioned fuels was studied in practice, applying them to the materials, which 
contact with fuels in internal combustion engines: stee l10, copper, brass, aluminum, membrane polymer from the fuel 
pump, zinc alloy from the carburetor. Samples of materials for the study of corrosive resistance were prepared from the 
motor pieces of VAZ and ZMZ type.

Various methods are used to determine the corrosive resistance of materials: gravimetric, resistometric, 
radiochemical etc. [5,6].  Materials resistance to corrosion was assessed by using microscopes EDNET AG Digital 
(Germany) and Optical XS – 80 (Guangzhou (Sinosource, China), according to the decimal system. The scale of 
evaluation of the level of corrosive resistance of materials (table 1) was elaborated according to the recommendations 
[5,6] and GOST 9.908 – 85. The highest grade (10) was given to the materials, which had no change of the surface state 
after being kept in the mentioned fl uid. The grades have been reduced depending on the share of specifi c areas showing 
a pronounced corrosive activity. The periodicity of corrosive resistance evaluation was about a month.
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Table 1 
The scale of assessment of the corrosive resistance level of materials in biofuels

Group of 
resistance of 

materials

Level (note) of:
Lost of 

shine, %

Points and pits of corrosion

Continuous 
surface 

corrosion, %

Depth of de-
structured 
layer of the 
membrane 

polymer, mm

corroded 
surface, %

depth, mm/
an

corrosive 
resistance of 

materials

corrosive action 
of fuels

High resistance
10 0 <5 <0.5 <0.001 Lack of 

signifi cant 
changes9 1 <10 0.5 -1.0 0.001-0.005

Suffi cient 
resistance

8 2 <20 1.0 - 2.0 0.005 -0.010
7 3 <50 2.0 - 5.0 0.010 -0.050

Reduced 
resistance

6 4 >50 5.0 - 10 0.050 – 0.1 <5 <0,5
5 5 10 - 20 0.1 - 0.5 5 - 10 <1,0

Low resistance
4 6 20 - 50 0.5 – 1.0 10 - 20
3 7 >50 1.0 – 5.0 20 - 50
2 8 5.0 - 10 >50

Non-resistance 1 9 >10 >1,0

Results and discussions
At the fi rst stage of the research were estimated fuel properties that infl uence the corrosive activity.
In order to make analysis of the corrosive activity of fuels, their composition was initially studied. Chemical 

purity butanol and food grade ethanol, used in experiments contain the lowest amounts of impurities, and their composition 
meets the requirements of the respective standards, as well as the composition of technical ethanol (table 2).

Table 2 
Composition of monoatomic alcohols used for the preparation of fuel1∗ measurements

Component Butanol

Ethanol

Food grade 
(GOST 

Р51723-2001)
Technical (GOST 

18300 – 87)

EAF fraction

from sweet 
sorghum

from cereals, 
grapes

Absolute alcohol, % vol. 99.7 95.0±0.2 96.2 92 – 92.6 93 - 94
Mass concentration, mg/dm3:

aldehydes• 
fusel oil• 
volatile acids• 
esters• 

16 4.0
8.0

15

4.0 - 10.0
4.0 - 10.0

10.0 – 20.0
25.0 - 40.0

155 - 324
40 - 400

140
70 - 180

200 - 1600
1200 - 1500
142 - 190
760 - 1200

Methylic alcohol, % vol. 0.05 - 0.02 1.0 - 1.4
Dry residue, mg/dm3 2 - 15 17 - 80 22 - 180
Oxidation test, minute 15 - 10 20 25

The estero-aldehyde fraction (EAF) of ethanol, obtained   from different raw material contains large amounts 
(mg/dm3 absolute alcohol) of aldehydes (up to 1600), esters (up to 1200), volatile acids (up to 190), fusel oil (up at 
1500). Of these substances, only fusel oil practically does not react with the studied metals, and the remaining substances 
react to form oxides (Cu2O, CuO), hydroxides [Fe(OH)3, Al2(OH)3]  and other products.

The dry residue refl ects primarily the amount of mechanical impurities which don’t affect the corrosive activity 
of the fuel.

∗ The measurements were performed in the laboratory Verifi cation of alcoholic beverages quality of INVV (Accreditation certifi cate 
SNC MD CNOO 41007)
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It is known [2, 10] that dehydrated alcohols, including ethanol, butanol, don’t interact with metals and investigated 
alloys (Cu, Al, Fe, Zn). The presence in alcohols of aldehydes, esters and acids makes possible the chemical corrosive 
action of fuels on the metals. And the presence of water signifi cantly increases the electrical conductivity of alcohols, 
allowing electrochemical corrosion.

The study of monoatomic alcohols composition allows forecasting the highest degree of corrosive activity in the 
estero-aldehyde fraction of ethanol due to increased concentration of aldehydes, esters, acids. Also the presence of water 
in alcohol stimulates their interaction with metals. Therefore, the actual degree of corrosive activity can be determined 
from experiments.

According to [2,4,7,10,11] CnHm hydrocarbons from gasoline and dehydrated alcohols, don’t interact with ICE 
materials. But gasoline contaminants (acids, alkali hydroxides, sulfur and sulfur compounds, water) interact with metals. 
Therefore, was verifi ed the quality of petrol and mixtures monoatomic alcohol - gasoline (table 3).

Table 3 
Exploitation properties of fuels

Fuel

Corrosive properties
Neutralization index, 

mgKOH/100cm3
Sulfur content, 

mg/kg
Copper blade 

test
Presence of 

water, mechanical 
impurities

Gasoline:
normative SM226• 
real• 

<3
0.12 – 0.53

<1000
250

resists
resists

none 
none

Butanol 0.56 none resists none
Ethanol:

EAF• 
Food grade• 

none 
none

Dual mixtures:

B10• 
B20• 
E10 (EAF)• 
E20 (EAF)• 
E20 (food grade)• 

0.14
0.16

0.14 - 0.96
0.18 - 2.45

0.20

183
164
158

resists
resists
resists
resists
resists

none
none
none 
none
none

Triple mixture:
E16B16• 0.2 102 resists none

Acids and alkalis soluble in water generally interact with metals, so these substances are not allowed in gasoline. 
Tests of all gasoline samples used in the experiments revealed no water-soluble acids and alkalis. Organic acids interact 
with metals much weaker than water-soluble acids. Therefore, according to the standards, a limited presence of organic 
acids norms fuel is allowed. The limit is stipulated by the neutralization index, which refl ects the amount of potassium 
hydroxide needed to neutralize the organic acids, which are contained in 100 cm3 of fuel. Suffi cient corrosive resistance, 
according to MS 226 is provided, if the neutralization index does not exceed 3 mg KOH/100 cm3.

In our studies the values of neutralization indices varied, for gasoline, between 0.12-0.53 mg KOH/100 cm3,  
for the bio-gasoline E20 (with the estero-aldehyde fraction) – 0.18 - 2.45 and for the mixtures B20, E20 (food grade 
alcohol), E16B16 (food.) – 0.16-0.20 mg KOH/100 cm3. The increase of the volume concentration of ethanol (EAF) up 
to 40% (E40) led to the increase of the neutralization index up to 3.21 mg KOH/100 cm3.

The results (table 2, 3) demonstrate that the organic acids in alcohols can cause an increased corrosive action 
of fuel on metals. As to the case of long-term preservation, aldehydes and esters can be transformed in the presence of 
oxygen in organic acids, which increase the corrosive action.

Sulfur and its compounds, but in particular, their combustion products are the cause drive corrosive materials in 
contact with. Sulfur content in gasoline (250 mg/kg) does not exceed the norm (1000 mg/kg), and adding alcohol to the 
gasoline substantially reduces the sulfur content (up to 102 mg/kg). Researches [4] show that adding alcohol to gasoline 
proportionally decreases the sulfur content in the fuel mixture. This happens due to the lack of visible quantities of sulfur 
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and its compounds in the studied alcohols. Testing on the copper blade confi rms the lack of essential quantities of active 
sulfur compounds, which promotes corrosive resistance of materials.

The qualitative method used in the study didn’t allow detecting the presence of water or mechanical impurities 
in fuel composition (table 3).

The study of monoatomic alcohols composition (table 2) and corrosive properties of gasoline and of mixtures 
monoatomic alcohol - gasoline (table 3) allows only forecasting the behavior of materials in long contact with the 
specifi ed fuels. To assess more accurately the long-term corrosive resistance of materials in biofuels, the next cycle of 
experiments was conducted.

Study of corrosion properties (table 4) of different materials in regular gasoline - 80, accomplished over a period 
of 36 months (3 years) showed that the membrane polymer of the fuel pump, aluminum, zinc alloy from the carburetor 
and steel containing a low-level of carbon have a suffi cient corrosion resistance level. After long tests both the polymer 
and aluminum have suffered practically no change (fi g. 1).

On the surface of zinc alloy a thin brown pellicle has formed, and on the steel surface corrosion spots appeared. 
More pronounced corrosion traces can be observed on the surfaces of copper and copper alloy with zinc.

In ethanol (ether-aldehyde fraction), only the polymer suffered practically no changes (tab. 4, fi g. 2), brass surface 
covered with a thin dark green layer which has good adhesion with the base material. The situation is similar in the case 
of the zinc alloy. Other materials (aluminum, copper, steel) have insuffi cient corrosion resistance, which causes damage 
to their surfaces. The duration of obtaining an acceptable degree of corrosion in ethanol EAF is the lowest for steel (0.5 
months), while for aluminum and copper it is equal to 1 month and 3 months, respectively.

Table 4 
Long term anti-corrosive properties of materials in fuels with gasoline and monoatomic alcohols 

(ethanol, butanol)

Fuel

Integral indices of corrosive resistance of materials (note)/duration of obtaining 
of admissible corrosion level (months)

Zn (alloy) Al Cu Brass Steel Membrane 
polymer

Duration, 
months

Gasoline
Normal – 80 8 9 7 7 8 10 36

Ethanol:
EAF• 
Food grade• 

7
7

2/1
9

4/3
-

7
10

2/0.5
10

9
-

36
12

Butanol 9 7 10 10 8 - 12
Dual mixtures:

E20 (EAF)• 4/1.5 4/3 5/6 8 2/0.5 5 36

E20+triethylamine• 9 7 10 10 10 10 36

E20+pyridine• 5/2 5/3 6/8 6/6 1/0.3 6 36
E20+quinoline• 4/1.5 6/4 2/1.5 2/1 6/3 1 36
B20• 10 10 8 10 10 - 12
B20+H• 2O 9 9 8 10 9 - 8

Triple mixtures
E16B16• 8 8 8 10 8 - 12

In the food grade ethanol (fi g. 3), and butanol (fi g. 4) all materials showed a high degree of corrosive resistance, 
which is equal to or higher than for gasoline. The minimal degree of corrosive action of alcohols is due, primarily, to low 
concentrations of aldehydes, esters, acids (table 2, 3), while the ethanol concentration in water, in EAF and food grade 
ethanol in the experiments was approximately equal (2-4 % vol). Therefore, in the experimental conditions in the studies 
on corrosive activity of alcohols the infl uence of aldehydes, esters, acids is prevailing.

In the blend ethanol- gasoline E20, only the brass showed a suffi cient level of resistance (fi g. 5) having on the 
surface corroded points. In comparison with gasoline and ethanol, the blend E20 has higher corrosive activity for the 
zinc alloy and polymer (tab. 4), on the surface of which a viscous layer is formed. Aluminium and copper in the blend 
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E20 show higher resistance than in ethanol. Again, the lowest duration of obtaining the limit degree of corrosion was for 
steel (0.5 months), while for brass – 6 months.

According to the authors [7, 11], introducing certain corrosion inhibitors in the ethanol – gasoline blend allow 
to form a protective pellicle on the metal surface that prevents the output of metal ions from the surface and their 
interaction with oxygen or other components.
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Among the studied inhibitors (triethylamine, pyridine, quinoline), only the triethylamine allowed an essential 
increase in corrosion resistance of all materials in the blend E20. This resistance for the zinc alloy (fi g. 6, tab. 4), copper, 
brass and steel, is higher than the one in regular gasoline - 80. Polymer resistance is maintained at a high level. Taking 
into consideration the mentioned conditions, only aluminum showed a slight decrease of resistance. It is necessary to 
mention, that practically all materials, over a period of more than three years, maintain a good corrosive resistance level 
in the blend E20 - triethylamine.

The use of pyridine to reduce the corrosive activity of the blend E20 allowed insignifi cantly to reach the desired 
outcome, it was reached in zinc alloy, aluminum, copper and polymer (fi g.7, tab.4). On the surfaces of these materials 
brittle gray or brown pellicles are formed and the liquid decanted sediments of the same color.

Quinoline has substantially increased the corrosion resistance of steel (fi g. 8) forming a dark gray pellicle on the 
metal surface. But copper, brass and polymer decreased the resistance drastically. A smooth green deposition can be 
observed on metal surfaces: the membrane polymer decomposed.

In the blend butanol - B20, all studied materials showed high resistance (fi g.9). The introduction of water in 
the blend B20 (5% vol.) resulted in its sedimentation, practically not changing materials’ corrosive resistance (tab.4). 
Copper and zinc alloy surfaces turned a bit darker.

In the triple blend of ethanol - butanol - gasoline E16B16 (fi g.10), the corrosion resistance of steel is the same as 
the one in the blend butanol – gasoline B20.

The resistance of zinc alloy, aluminum, copper and brass slightly diminishes, but it is suffi cient for practical use 
(Tab.4) and much higher than in the mixture E20 (EAF). The last phenomenon refers particularly to steel. It is necessary 
to mention that all studied materials lack sediments in the blend E16B16, the liquid is always transparent.

Thus, butanol in the triple blend with ethanol and gasoline has a positive infl uence not only on phases’ stability, 
but also on the corrosive resistance of materials, from which the internal combustion engines are made. This fact confi rms 
the results [6,7] obtained earlier. It is necessary to mention that high corrosive activity of ethanol is due to the strong 
polar group OH-. The infl uence of this group decreases essentially in the case of butanol C4H9OH.
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Conclusions
The studied compositions and physico-chemical properties of gasoline, butanol, food grade and technical ethanol 1. 
meet regulatory requirements, which can provide suffi cient corrosive resistance to materials of ICE in the 
mentioned liquids. The estero - aldehyde fractions concentration of ethanol have increased aldehydes, esters, 
organic acids, which may increase their degree of corrosive activity.
The study of anti-corrosion properties of different materials, performed 2.   during three years in Normal-80 gasoline, 
butanol, food grade ethanol showed that all materials in the engine fuel system equipment and tanks have suffi cient 
resistance to corrosion.
Ethanol (ethero-aldehyde fraction) and ethanol-gasoline blend E20 diminishes the corrosion resistance of the 3. 
most studied materials (except for brass). After being kept in ethanol, the aluminum, copper and steel with a low 
carbon content showed insuffi cient resistance. And in the blend E20 all materials (except brass) have insuffi cient 
resistance.
Among the studied inhibitors (triethylamine, pyridine, quinoline), only triethylamine allowed an essential 4. 
increase of the corrosion resistance of all materials in the blend E20. This resistance for the zinc alloy, copper, 
brass and steel is higher than that the one in gasoline. Practically all the materials investigated during more than 
three years have a good anticorrosive resistance in the blend E20. The obtained results do not allow the use of 
pyridine and quinoline for the reduction of corrosive activity of the blend E20 on the materials from which the 
internal combustion engine equipment is made. 
In the blend butanol – gasoline B20, all the studied materials showed high resistance to corrosion. The introduction 5. 
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of water in the blend B20 (5% vol.) resulted in its sedimentation, practically not changing materials resistance 
to corrosion.
In the triple mixture of ethanol - butanol - gasoline E16B16, the anticorrosive resistance of steel is similar to the 6. 
one in the blend butanol – gasoline B20. The resistance of zinc alloy, aluminum, copper and brass diminishes 
in the blend E16B16, but it is suffi cient for practical use and is much higher than in the blend E20. In the blend 
E16B16, all studied materials lack sediment - the liquid is always transparent.
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Abstract: The content of copper and zinc in mineral waters were determined by atomic spectroscopy with preliminary 
extraction of metals. Validation of the technique was carried out by the method of standard additions and proved the 
reliability of analytical data.

Keywords: mineral waters, microelements, atomic absorption spectrometry.

Introduction
Mineral waters are natural groundwater, and its origin is associated with the formation of rocks, and the type, 

structure and chemical composition of the constituent minerals. The action of natural waters on mineral and mountain 
rocks is accompanied by processes of leaching, exchange and chemical interaction with gaseous media, hydrolysis, 
hydration, and leads to the formation of mineral waters of different chemical composition. In this paper we assess the 
content of trace elements (copper and zinc) in some mineral waters on the market of Moldova.

Some microelements (iron, iodine, copper, manganese, zinc, cobalt, molybdenum, selenium, chromium, tin, 
vanadium, fl uorine, silicon and nickel) are essential for life. Very small quantities or traces of metal ions are required for 
normal growth and metabolism. 

Copper is found in many vitamins, hormones, enzymes involved in metabolism and tissue respiration. Zinc is a 
cofactor of a large group of enzymes involved in protein and other forms of metabolism. However, high amounts of these 
metals in mineral waters have toxic effects and are regulated by the Governmental Decision No.934 from 15.08.2007 
regarding the sanitary standards of natural mineral waters quality. The content of copper ions in mineral waters should 
not exceed 1 mg/L, for zinc - 5 mg/L.

Ten samples of mineral water were taken in the experiment.
Table 1 shows the general ionic composition and salinity of the analyzed samples.

Table 1
Ionic composition and mineralization of analyzed samples

Nr. Type of water Country General ionic composition, mg/L
Сa2+ Mg2+ K++Na+ HCO3

- Cl- SO4
2- mineralization

1 Izvoraş Moldova 85,4 27,8 256,0 634,4 39,8 320,4 1364
2 Varniţa 

Unicum
Moldova 71,0 102,8 284,4 597,8 237,0 383,5 1508

3 Aqualife Moldova 145,6 85,3 292,1 683,2 83,1 712,0 1817
4 Gura 

Cainarului
Moldova 172,2 105,0 354,4 701,5 96,7 895,3 2290

5 Gura Izvorului Moldova 149,8 46,5 77,9 584,8 21,3 176,9 1006

6 Aqua-Plop Moldova 102,7 49,0 96,7 591,5 21,5 133,0 994,4
7 Borsec Romania 60,1 30,4 2,8 329,4 - 9,2 431,9
8 Ledianaia 

Jemciujina
Russia 32,6 10,2 7,8 115,9 10,6 36,8 213,9

9 Esentuchi Russia 25,3 5,40 2271 4574 841,0 220,3 7937,8
10 Evian France 79,7 28,0 7,25 378,2 8,78 12,8 446,7

The contents of copper and zinc were determined by atomic absorption spectrometry.
The results obtained during the determination of trace elements concentration by atomic absorption spectroscopy can 
be affected by the macro-composition of the samples. This applies to the determination of copper and zinc in natural 
waters, especially since the mineralization in the analyzed samples varies over a wide range from 213.9 mg/L to 7937.8 



46

mg/L. To eliminate the infl uence of the matrix and increase the sensitivity of the method, we used pre-concentration of 
acidifi ed samples, followed by extraction of metals to be determined in butyl acetate in the form of a complex compound 
with the complex generator sodium N, N-diethyldithiocarbamate.

Experimental
Determination of metals was carried out by atomic absorption spectrophotometer AAS-3 (Germany) in 

acetylene-air fl ame.
Concentration by evaporation:
An aliquot of the sample 100 mL was placed in a 200 mL heat-resistant glass, 1.0 mL of concentrated nitric acid 

was added, and then slowly heated on a hot plate, preventing the sample from spilling. The contents were evaporated to 
a volume of 3-5 ml, then cooled, and quantitatively transferred into a 10 ml graduated cylinder.

Concentration by extraction:
Pre-evaporated samples (10 ml of concentrate) were transferred in 100 ml fl asks with ground glass stoppers.
The content of the fl ask was adjusted with distilled water to a volume of 20-25 ml, then 10 ml of 20% citric acid 

solution is added in each fl ask, and a few drops of phenolphthalein. Dilute ammonium hydroxide solution was added 
until a pale pink color of the indicator appeared. In each solution 5 ml of 0.5% sodium N, N-diethyldithiocarbamate 
and 5 ml of butyl acetate were added. The fl asks were closed with ground glass stoppers and shaken for 1 minute. After 
the phase separation, water was added until the organic phase reached the fl ask neck. The organic phase was used to 
determine metal concentrations.

Blank samples for the determination of metals were prepared using the same reagents and in the same amounts 
as in the preparation of analyzed water samples, but replacing the analyzed water with distilled water. Measurement 
parameters of the atomic absorption spectrometer AAS-3 for metals determination are presented in table 2.

Table 2 
Determination parameters on the atomic absorption spectrometer AAS-3

Determined element Cu Zn
Wavelength, nm 357,9 213,9
Width of slit, mm 0,2 0,2
Current of the hollow cathode lamp, mA 5 5
Integration time, s 4 4
Lag time, s 5 5
Height of the burner, mm 8 8

Concentrations of copper and zinc were calculated from the calibration curves. To draw these graphics, we 
prepared the stock standard solution with a concentration of 100.0 mg/L from a standard sample of a copper ions 
solution MSO 0523:2003, or zinc ions solution MSO 0032:1998 with a certifi ed value of 1 mg/cm3 and a relative error 
of less than 1% with a probability of 0,95% (Ukraine). From the stock standard solution we prepared the intermediate 
solution with a concentration of 1.0 mg/L. Working standard solutions were prepared by the method of extraction, like 
the samples.

For copper and zinc the calibration curve is linear up to 0,05 mg/l. The correlation coeffi cient for copper is 
0,9973, for zinc - 0,9965. The correlation coeffi cients indicate a good linearity for both microelements.

Results and discussion
Table 3 presents the obtained results for the determination of copper and zinc in mineral waters.

Table 3
Results obtained for copper and zinc determination in mineral waters and the standard deviation of the 

repeatability

Sample
Cu, mg/l

(means of fi ve 
determination)

Repeatability 
standard deviation, 

mg/l 

Zn, mg/l
(means of fi ve 
determination)

Repeatability 
standard deviation, 

mg/l
Izvoraş 0,0078 0,0002 0,010 0,00065
Varniţa Unicum 0,0077 0,00019 0,014 0,00052
Aqualife 0,0042 0,0002 0,0078 0,00019
Gura Cainarului 0,0036 0,0005 0,0062 0,0002
Gura Izvorului 0,0042 0,00021 0,0090 0,00057
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Aqua-Plop 0,0060 0,00025 0,0090 0,00060
Borsec 0,0047 0,00018 0,0062 0,00045
Ledianaia Jemciujena 0,005 0,00021 0,0062 0,00050
Esentuchi 0,0074 0,00022 0,0093 0,00068
Evian 0,0058 0,00028 0,0160 0,001

 The limit of detection (LOD) for copper and zinc was 0,001mg/L. For the determination of the repeatability of 
the method, copper and zinc were analyzed fi ve times in the same sample.

Validation of the experimental technique was carried out by the method of standard additions. According to 
the procedure described above, 5 μg/L copper and zinc were introduced in the samples of analyzed water with different 
salinity, just before the concentration procedure. For this purpose, in 100 ml of sample were introduced 500 μl of 1 mg/L 
standard solution of copper and zinc. The results of recovery of copper additives are given in table 4, and the extraction 
of zinc additives - in table 5.

Table 4 
Validation of the method of copper determination by standard additions method. 

Sample Mineralization,
mg/l

Introduced, mg/L Determined, mg/L Recovery, %

Varniţa Unicum 1508 0,005 0,0049 98
Esentuchi 7937,8 0,005 0,0052 104
Evian 446,7 0,005 0,0048 96

Table 5
Validation of the method of zinc determination by standard additions method 

Sample Mineralization,
mg/l

Introduced, mg/L Determined, mg/L Recovery, %

Varniţa Unicum 1508 0,005 0,0053 106
Esentuchi 7937,8 0,005 0,0047 94
Evian 446,7 0,005 0,0048 96

Validation by standard addition method showed that the additive is found within 4% of the expected magnitude 
for copper and 6% for zinc. This demonstrates the absence of losses and infl uences in the process of concentration for 
metals determination.

Conclusions
Atomic absorption spectroscopy was used to identify copper and zinc in ten samples of mineral water with 

different salinity. To eliminate the infl uence of the matrix and increase the sensitivity of the method, samples were 
concentrated prior to the analysis, and identifi ed elements were extracted in the form of a complex compound with 
sodium N, N-diethyldithiocarbamate. Validation of the method showed absence of any systematic error and, therefore, 
the used technique for determination of copper and zinc in mineral water provides reliable analytical information.
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Abstract. The infl uence of added alcohols, ethanol and butanol, on the main biofuel properties, as the specifi c gravity, 
Reid saturated vapour pressure and distillation curves have been investigated. These properties are intimately related 
to the fuel composition and their prediction relies on the knowledge of its components characteristics. This research 
proves the possibility of obtaining fuels with different levels of resistance to detonation, using gasoline with different 
chemical components and various fractions of alcohols.
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Introduction
The performance of internal combustion engines signifi cantly depends on the physicochemical characteristics 

of the fuel, which in turn are determined by their chemical composition. For fuels of petroleum origin the mentioned 
dependencies have been studied more comprehensive than for biofuels prepared from the gasoline and monatomic 
alcohols. The purpose of our research has been to study the physicochemical properties and exploiting characteristics of 
abovementioned biofuels.

Methodology of the experimental researches
The physicochemical properties (the density, saturated vapor pressure, distillation curves, octane number etc.) as 

well as the exploitation characteristics of such fuels as: (a) Normal-80 gasoline brand, (b) monoatomic alcohols: ethanol 
C2H5OH (produced from sweet sorghum, must of grapes, grain, separated from ether-aldehyde fractions) and n-butanol 
C4H9OH, (c) two-component mixtures of alcohol and gasoline (ethanol-gasoline, butanol-gasoline) in proportions of: 
10:90, 20:80, 30:70, 40:60 and 50:50 (% vol), (d) three-component mixtures of alcohols and gasoline (butanol-ethanol-
gasoline), have been investigated. The measurements of physicochemical properties and exploitation characteristics 
have been performed according to the recent technical-normative documents in the Republic of Moldova.

Results and discussions 
The obtained results show that the physicochemical properties and exploitation characteristics of the mixtures 

from alcohols (ethanol or butanol) and gasoline depend on the individual properties of alcohols, as well as on the 
concentration of each component in the mixture.

The crucial process that occurs in the internal combustion engine
 More complete burning of the fuel combustion in engine can occur if the fuel is in a gaseous state being at the 
same time quite dispersed in its mixture with air. Failing to comply with this requirement makes impossible to function 
the engine in a good state, consequently it is very important to ensure a more complete evaporation of the fuel. The fuel 
capacity to move from the liquid state in the gaseous one (at certain values   of pressure and temperature) represents its 
volatility, which is typically characterized by the distillation point and saturated vapor pressure.

Distillation
Under current offi cially authorized regulations, the beginning and end of the gasoline distillation of the 

“Normal-80” type is within the temperature range of 35 ÷ 215° C. The values   obtained for the Normal-80 gasoline 
sample, taken as the base for subsequent mixtures, are within the range of 42 ÷ 194° C (Table 1).

Chemistry Journal of Moldova. General, Industrial and Ecological Chemistry. 2011, 6 (2),   48-52   
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 By the chromatographic analysis it has established that ethanol, made from the sweet sorghum and used to 
prepare combustible mixtures, contains 96 - 98% vol. of ethanol, up to 0.1% vol. of methanol and up to 1.4% of the 
ether-aldehyde fraction, the remaining part (2-3%) being water. In addition it also contains up to 3 g/L of the fusel oil 
and 0.3 g/L volatile acids.

The initial point of distillation of the gasoline must be not lower than +35°C in order to minimize the loss 
of light hydrocarbons during the transportation and storage. The values of the initial point of distillation for ethanol-
gasoline mixtures increase by 2-6ºC (ethanol = 5-40% vol.) in comparison with the usual changes within the range of 
38 - 42°C. The increase of the initial point of distillation for biofuels (ethanol-gasoline mixtures) is determined by the 
presence of ethanol, whose distillation temperature is 76ºC. In function of the volume fraction of added ethanol, the 
temperature increases by 2-6°C, being at the level of 38-42°C. From the obtained data one can conclude that the addition 
of ethanol up to 40-50% vol. conducts to an increase of the initial point of distillation tinit  for biofuels, so the tinit  value 
is established within the range of 38-44°C. The infl uence of butanol on the values   of the initial point of distillation 
is similar as for ethanol, but still lower, because the polarity of butanol is closer to that of gasoline and, although the 
distillation temperature of butanol (110°C) is much higher, the addition of butanol does not practically change the 
respective temperature for the binary mixture (tinit  varies between 40 and 43ºC) as well as for the ternary mixture of 
biofuels (tinit  varies between 38 and 43ºC).

The distillation temperature of 10% vol. is important for the starting capacity of the engine: the temperature 
is lower, the better are the starting conditions. Although the distillation temperature of 10% vol. of ethanol (t10 =77ºC) 
is higher than that of gasoline A-80 (t10 = 55ºC), the presence of ethanol in biofuels with the volume fraction up to 20% 
decreases the t10  value by 1-8°C. The common feature for all ethanol-gasoline blends is the fact that the distillation 
temperature increases as the ethanol concentration grows. For the ethanol concentrations above 20% vol., the t10 value 
for biofuel exceeds the respective temperature of gasoline by 1-8°C. Regardless of the composition and properties of 
studied biofuels, an addition up to 20% vol. of ethanol stabilizes the t10 value of biofuels within the range of 47-52°C, 
while with the ethanol concentration increasing up to 50% vol. - within the range of  t10 = 52 °C -59 °C. The distillation 
temperature t10 of butanol (113°C) is much higher than that of gasoline (55ºC). At the same time, the t10 value for the 
butanol-gasoline mixture (55°C for Cbutanol=10% vol., 52ºC for Cbutanol=20% vol.) is by 1-3°C lower than that of gasoline. 
This may be explained by molecular interactions, but with a less effect than that for ethanol-gasoline mixtures. The 
addition of butanol to the ternary mixture E18B10 in proportion of 10% vol. maintains the t10  value at 46°C, while for 
the ratio of 20% vol. the t10 value increases up to 53°C. 

The distillation temperature of 50% vol. characterizes the fuel capacity to ensure a proper functioning of 
the engine at different loads and especially in the case of their variation. The excellent function of the spark ignition 
engine (SIE) is guaranteed when the t50  value of gasoline is below 120ºC.  In the case of A-80 gasoline, the distillation 
temperature of 50% vol. is 85°C, while for ethanol is 78°C and for butanol is 116°C. The addition of butanol (10-20% 
vol.) increases by 2-4°C the t50 value when mixed with gasoline and by 3-17ºC in the ternary mixture. In the latter case 
the largest increase (17°C) occurs at the butanol concentration of 20% vol. in the E16B16 mixture. For the t50 value, 
the synergic infl uence of butanol is minimal and with increasing the concentration of butanol, especially in the biofuel 
mixtures, the temperature t50  increases substantially, near to that of the gasoline A-80. 

The distillation temperature of 90% vol. and the distillation end point describes the complete combustion 
capacity and the fuel effi ciency. For the A-80 gasoline the t90 value is equal to 154°C, for ethanol is of 83°C, and for 
butanol is 116°C. The increase of the ethanol volume fraction up to 30% results in maintaining or lowering the t90 value 
by maximum 11ºC compared to gasoline. The increase of the ethanol volume fraction by more than 30% leads to a more 
pronounced decrease in the t90  value. Thus, for the biofuel E50 the t90 value is of 87°C, the decrease being of 72ºC. In the 
butanol mixtures the decrease of temperature takes also place: in the gasoline blends of up to 7ºC, while in the ternary 
mixtures up to 34ºC (see table 1). 

The distillation endpoint of studied gasoline varies within the range 177-194°C. The addition of alcohol 
decreases by up to 12ºC the fi nal point of distillation of the ethanol blends and up to 3°C for mixtures with butanol. In 
both cases this decrease becomes more pronounced with increasing the volume fraction of alcohols in the mixture. 
According to [13], the temperature range ∆t= tfi nal – t90  decreasing refl ects the diminish of probability of the condensation 
for heavy fractions of fuel. This range is, respectively: for gasoline A-76, Δt = 18°C; for A-80, Δt = 39-40°C, for ethanol, 
Δt = 12°C and for butanol, Δt = 0ºC. The addition of ethanol and butanol in the ratio of up to 30-40% vol. changes the 
temperature difference Δt for the respective gasoline within relative small range: ± 8°C. With increasing the alcohol 
fraction over 40% vol., the difference Δt increases to 79°C, mostly due the t90 value decreasing. 

The residue is a non-distilled fraction of fuel, formed from its heavy fractions. The residues remained after 
the distillation of ethanol (0.1% vol.) and butanol (1.0% vol.) are smaller than those for the respective gasoline (1.3% 
vol.). In the binary mixtures of ethanol-gasoline and butanol-gasoline there is registered a slight decrease of the residue 
compared with gasoline of the 0.6 - 1.2% vol. levels. 
Distillation losses were 1.2% vol. for gasoline, respectively 0.4% and 1.0% vol. for ethanol and butanol.

The fractional composition (distillation) is refl ected by the distillation curves (fi g. 1). In the temperature 
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range of tinit-t10 the distillation of biofuels (except E50) is practically identical to that of gasoline. The use of ethanol 
produced from various species of raw material (as sorghum mellitus, ether-aldehyde fraction of grapes or grain) does not 
essentially infl uence the distillation temperatures of biofuels. The form of distillation curves shows that the addition of 
ethanol and butanol to gasoline infl uences insignifi cantly on the initial and fi nal distillation point values of mixed fuels, 
but there is a certain decrease in the intermediate distillation temperatures (t10, t50, t90 )  for the mixtures of monatomic 
alcohol and gasoline. 

The vapor pressure also infl uences on the proper engine function. The Reid vapor pressure of the gasoline 
A-80 is equal to 54.3 kPa, while that for gasoline with the ethanol fraction of 10% vol. and 20% vol. is situated within 
the 57.0 - 61.2 kPa range. The tendency of increasing pressure with growing the ethanol volume fraction has been 
registered. Since the vapor pressure of butanol is low (4 kPa), its addition to gasoline with the volume fraction of 10% 
and 20% reduces the pressure of the A-80 gasoline respectively by 3.4 kPa and 6.8 kPa, while for the biofuel E16B16  
respectively by 6.4 and 10.3 kPa. 

Fig. 1. Modifi cation of the fuel distillation curves: 1 - gasoline A-80, 2 - butanol, 3 - ethanol, 4 - B20 mixture, 5 - 
biofuel E20 (rectifi cated) 6 - biofuel E-20 (EAF), 7 - ethanol, 8 - E18B10 mixture, 9-E16B16 mixture

 Octane number characterizes the detonation stability and is determined by the Research Method (RON) or 
Motor Method (MON). It has been established that adding alcohol to gasoline usually increases the octane number (fi g. 
2). The addition of ethanol causes a higher increase of the octane number (ΔCOM = 0.47 unit /% vol.) than in the case 
of butanol (ΔCOM = 0.17 unit /% vol.).

                                 
Fig. 2. The dependence of the octane number of biofuel mixtures on the alcohol concentrations: 1, 2, 3, 4 - COM 
= f (C), 5, 6 - COR = f (C), 1 - butanol + gasoline A-80, 2 - ethanol + gasoline A-76, 3 - ethanol + gasoline A-80, 4 - 

E16B16 mixture, 5 - ethanol + gasoline A-80, 6 - ethanol + gasoline A-90

I. Povar et al./Chem. J. Mold. 2011, 6 (2), 48-52
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Conclusions
1. It has been established that adding ethanol to 40 - 50% vol. has a positive effect on the initial distillation 

temperature values for biofuels, which are stabilized in a range tinit 38 - 44˚C. The infl uence of butanol on the initial 
distillation temperature values   is identical to that of ethanol. Even the distillation temperature of butanol (tinit= 110˚C) is 
much higher than that for gasoline (tinit= 42˚C), adding butanol does not practically change the respective temperature of 
the binary mixture with gasoline (tinit= 40 - 43˚C) as well as for ternary mixture of biofuel (tinit= 38 - 43˚C).

2. The addition of alcohols with up to 20% volume fraction in gasoline creates a synergistic effect, reducing 
that the temperature by 1 - 8˚C. At addition of butanol this effect is lower than for ethanol. The increase of the ethanol 
content more than 20% vol. results in growing the t10  value of biofuel by 1 - 8˚C. The best fuels to start the engine are 
the mixtures that contain alcohols up to 20 - 30% vol.

3. The ethanol-gasoline blends E5-E50 (with the ethanol fraction of 5 - 50% vol.) have the t50 value within 67 - 
79˚C, for gasoline - t50 = 85 - 95˚C and for ethanol t50=78˚C.. Reducing the temperature t50 for biofuel, especially with 
the ethanol concentration up to 30% vol., has to improve the engine performance at different tasks and is caused by 
the interaction of component molecules with a synergistic effect. The addition up to 20% vol. of butanol (t50 = 116˚C) 
increases by 2 - 4˚C the temperature t50 in the mixture with gasoline and by 3 - 17˚C in the mixture with the biofuel.

4. The alcohols have the temperature t90 lower than gasoline (t90= 152 - 159˚C), so for the alcohol-gasoline fuel 
blends, the 90% distillation temperature has low values. The distillation endpoint drops to 12˚C in the ethanol-gasoline 
blends and with up to 3˚C in the butanol-gasoline mixtures. The reduction of t90 and tfi nal  leads to the more complete 
burning of fuel.

5. The distillation curves show that the addition of monoatomic alcohols in gasoline affects slightly the initial 
and fi nal points of distillation of mixed fuels, but there is a certain decrease in the intermediate distillation temperature 
(t90, t90, t90) of the mixtures of alcohols with gasoline.

6. The Reid saturated vapor pressure RVP of studied fuels does not exceed the current normative requirements 
and technical documents (RVP < 80 kPa). The vapor pressure of the A-80 gasoline is within 49 - 54.3 kPa while that of 
biofuels with the volumetric fraction of 10% ethanol and 20% vol. is respectively within 57 - 61.2 kPa. The addition of 
butanol (RVP 4kPa) with the volume fraction 10% and 20% decreases RPV in gasoline by 3.4 and 6.8 kPa respectively, 
while for the biofuel E20 by 6.4 and 10.3 kPa correspondingly.

7. The addition of ethanol to gasoline (MON 75.5) provides a higher octane number growth (ΔMON = 0.47 unit\% 
vol.) than in the case of the addition of butanol (ΔMON unit = 0.17 unit\% vol). Under the same conditions, the addition 
of alcohols leads to an increase in the Research Octane Number higher than for the MON. The addition of up to 20% vol. 
of butanol does not practically infl uence the resistance to the detonation of the biofuel E20 (MON 84.8 - 84.6).

8. The carried out research proves the possibility of obtaining fuels with different levels of resistance to detonation, 
using gasoline with different chemical components and various fractions of alcohol.
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METHOD TO DETERMINING THE TOTAL POTASSIUM IN SOILS

Leah Tamara1*, Lozovaia Zoia2

 1Institute of Pedology, Agrochemistry and Soil Protection “Nicolae Dimo”, Chisinau-2070, Ialoveni str. 100, Moldova; Phone: 
(+373-22) 28-48-61; Fax: (+373-22) 28-48-55; E-mail: tamaraleah09@gmail.com

2Institute of Radiology, Gomel-246011, Fediuninschi, 16,  Belarus

Abstract. The paper presents the results of scientifi c research related to development the specifi cally express-method 
for determining total potassium in podzolic soils from Belarus and chernozems from Moldova, based on the use of 
gamma-spectrometry. Determining the precise of the total content of potassium in the soils can be made directly in the 
fi eld or laboratory by gamma-spectroscopy method using radiation detection of natural isotope 40K. The conversion 
coeffi cient for podzolic soils of Belarus is C=0,00395, for chernozems of Moldova - C=0,00337.

Keywords: gamma-spectrometry, total potassium, 40K, conversion coeffi cient, chernozems, podzolic soils.

Introduction
 Scientifi c hypothesis of the project was proposed by the Institute of Radiology of Belarus and is based on the 
following assumptions, resulting from circumstantial evidence or priory expectations and there fore requires experimental 
validation:

Determining the precise total content of potassium in the soils can be made directly in the fi eld or laboratory 1. 
gamma-spectroscopy method using radiation detection of natural isotope 40K.
The content of biologically available forms of potassium in soils is in quantitative relationship to the 2. 
amount of total potassium in the soil, and this dependence can be expressed by a specifi c mathematical 
function, suitable for solving the problem of determination of mobile potassium in the soil in function of 
total content value. 

Research potassium content in soils is an important task in agrochemistry nutrients and soil fertility [1-3]. 
Preliminary investigations carried out in Belarus and other research institutes have shown that there are all prerequisites 
for the elaboration and development of laboratory methods and method-express for determining global soil potassium 
content in the fi eld remote using spectroscopic measurement equipment [4-8].

Gamma-spectroscopic method for determining in the laboratory and fi eld the emission of radionuclide content 
of potassium-40 in soils was developed in the early of ’90 by Scientifi c Research Institute for Agricultural Radiology of 
Belarus, now Institute of Radiology [9]. This method was widely used in the practice of Scientifi c Research Institute to 
mapping contamination levels post radiate territories with radionuclide from Chernobyl Nuclear Station.

Determination of potassium total by classical analysis method is very expensive. To perform this analysis is 
necessary to have laboratory platinum dishes and hydrofl uoric acid, which is very toxic substance. The price of analysis, 
performed according to the method varies from $16,5 to $25,0. Using gamma-spectroscopic method  (which is cheap 
and easy) to determine the total potassium will develop the cartograms of potassium content in the soils and preventive 
measures to reduce reserves of this important element in the arable layer of soil.

Material and methods 
The possibility of determination total potassium in soils conforming radioactive isotope content by gamma-

spectroscopy method has been studied in soil samples collected from arable and under-arable layers of chernozems from 
North and Central part of Moldova. Dependence of mobile potassium content by total potassium content in chernozems 
of Moldova studied within the same samples by determining mobile forms of potassium after Macighin method [10]. 

The soil samples for develop a method of determining of total potassium in soil in dependence of content of 
40K was made with consideration of their genesis and origin of parental rocks. The experimental range included 17 soil 
samples.

Determination of potassium forms in the soils was carried out according to following methods:
Potassium total-  – classical method by Berzelius [11], the decompositions of soil with hydrofl uoric acid and 

subsequent determination of potassium by fl ame photometry method.
Potassium global-  – gamma-spectroscopic method with subsequent calculation of total potassium content in 

according to content of 40K isotope (expressed in Becquerel, Bq; 1 Bq = 1 s−1), using the formula:  К2О, % = С . А, 
where: C – conversion coeffi cient, A – activity of isotope 40K in soil, Bq/kg.
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Potassium mobile-  – Macighin method.
Value of conversion coeffi cient “C” in some specifi c cases, depending on sample size, precision analysis of 

gamma-spectrometry and classical methods, genesis characteristics of soils and parental rocks may be different. Accord-
ing to the calculations of researchers from Belarus the conversion coeffi cient C=0,00395.

On the base of the difference between the average values of potassium content determined by the classical and 
the gamma-spectrometry methods (С=0,00395), the value of coeffi cient was modifi ed using a conversion factor (0,853) 
for further use in the chernozems, so the used coeffi cient “C” is equal to 0,00337. 

Spectrometric determination was made with “SILENA SNIP 301N” - distant spectrometer. The spectrometer is 
an information processor for spectroscopy research in environmental radiation monitoring, with high requirements for 
performing calculation during particularly diffi cult research and isotopic analysis in the fi eld or laboratory. The spec-
trometer includes a detector (Nal-Tl) used in gamma-spectroscopy for qualitative and quantitative analysis with high 
precision and stability. The measures unit is impulse per second (imp/sec).

Data were statistically processed by dispersion and correlation method with software Excel 7.

Results and discussions
High costs and complexity of analytical determination of total potassium limited ability to monitor content of 

this element in soils and to develop appropriate cartograms. Research goal is to determine the possibility of assessing 
global potassium in soil in dependence of radioactive potassium-40 isotope content by gamma-spectrometry determina-
tion of its in arable and under arable layers samples of chernozems.  

To realization of this investigations were carried out in the fi eld and made appropriate statistical samples of 
homogeneous soil relatively with genesis and originality of parental rocks. Based on laboratory results to determine 
the total potassium content in arable and under arable layer of soils by classical method (Berzelius, [11]), and gamma-
spectroscopic method ranges of variation have been made with the values of these determinations. For each variation 
series are calculated the average values (X), standard deviation (σ), coeffi cient of variation (V,%), average error of the 
mean value (m), relative value of average error (Р,%). Correlation coeffi cients were calculated (r) in conformity by the 
values of global potassium content, obtained analytically and calculated in accordance of potassium-40 isotope content. 
Parameters of soil composition and properties of the samples are presented in table 1.

The presented results confi rm the proximity degree of investigated soils after composition size and parental 
rocks origin. The fallow chernozems have excellent physical properties, the arable – satisfactory. Arable soils, as results 
of agricultural use shall be subject to compaction.

According data presented in table 1, the fallow chernozems are characterized by very high content of humus 
and excellent chemical and physical properties. These soils are rich in total and mobile forms of potassium. Arable cher-
nozems are moderate humifi cate and have satisfactory chemical properties. The total potassium content in these soils is 
high and mobile potassium content is moderate and high.

Correlative dependence between the values of classical determination and calculated values of global potassium 
(according potassium-40 isotope) is presented in table 2.
 The value of the correlation coeffi cient equals +0,69, which confi rms the presence of a large links. Researches 
confi rm that sampling links of connection can be much higher. In this order, in processes of rating the gamma-spectroscopic 
method for determining radioactive potassium by detection of gamma rays from natural isotope of potassium K-40 and 
the parallel determination of potassium by classical method, it is necessary:

to reduce the error of value to determine the isotope K-40 two times, thus reducing the error of determining the • 
value of global potassium from 0,40 % К2О to 0,20 % К2О;
to eliminate of random error analysis of soil samples in 2 or 3 repetition in determining of global potassium;• 
a composition of homogeneous samples of soils for statistical processing of obtains results of total potassium • 
determination and corrects to calculate the numerical value of coeffi cient “C”.
Comparing the results of 17 parallel determinations of global potassium content (К2О, %) in one and the same 

soil samples with classical and calculated methods (in consideration with radioactive isotope K-40, applying conversion 
coeffi cient C=0,00337 for chernozems) has established the following differences: 

Less than 0,1%  К• 2О – in 9 cases or 53% of the samples;
From 0,1 to 0,2% К• 2О – in 5 cases or 30% of the samples;
From 0,2 to 0,3% К• 2О – in 3 cases or 17% of the samples;
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Table 2  
Correlation between values of total potassium content in chernozems, determining in parallel in the same 

samples by classical and gamma-spectroscopy methods  

Nr. of 
profi les 

 

Horizons and 
depth, cm  

К2О total Deviation from 
average value,  

Δx

Result of deviation 
from average 

comparative values
Gamma-

spectroscopy 
method,  

  С = 0,00337 (1)

Classical
 method

 (2) (1) (2) (1х2)

1В Ahp       0-25 2,54 2,44 +0,13 +0,05 +0,0065
Ah       25-50 2,38 2,20 -0,03 -0,17 + 0,0051

2В Ahp       0-30 2,58 2,44 +0,17 +0,05 +0,0085
Ah       30-50 2,56 2,54 +0,15 +0,15 +0,0225

3В Aht1      0-10 2,47 2,55 +0,06 +0,16 +0,0096
Ah       30-50 2,50 2,52 +0,09 +0,13 +0,0117

62i Ahp       0-35 2,45 2,40 +0,04 +0,01 +0,0004
Ah       35-50 2,52 2,46 +0,11 +0,07 +0,0077

14 Ahp       0-34 2,30 2,38 -0,11 -0,01 +0,0011
Ahk     30-56 2,44 2,43 +0,03 +0,04 +0,0012

3p Ahpk     0-30 2,29 2,21 -0,12 -0,18 +0,0216
Ahpk2 30-50 2,18 2,32 -0,23 -0,07 +0,0161

9p Ahpk1   0-33 2,00 2,18 -0,41 -0,21 +0,0861
Ahpk2 33-48 2,05 2,29 -0,36 -0,10 +0,0360

10.3T Aht1      0-10 2,39 2,42 -0,02 +0,03 -0,0006
Aht2    10-21 2,64 2,41 +0,23 +0,02 +0,0046
Ah       21-46 2,62 2,42 +0,21 +0,03 +0,0063

Average indexes X1=2.41 X2=2,39 σ=0,19 σ=0,11 0,2444
Note: С – the coeffi cient for recalculating the number of Becquerel in total potassium content (К2О); X – average value; σ – standard deviation 
squared;  r – correlation coeffi cient; r= + 0,69 (high correlation).
 

Very high and high coincidence of parallel determination results of global potassium by different methods is 
found in 83% cases, satisfactory – in 17% cases. Reducing the error in gamma-spectroscopic measurements, excluding 
the random errors in the determination of potassium in calibration process of new method, conducting research with 
gamma-spectroscopic method in homogeneous samples of soil, will offer the possibility and opportunity to signifi cantly 
improve the precision of determining global potassium in soils by the method of calculation as K-40 isotope content.

The results of determining the total potassium in researched soils show that in most cases, the content in the 
arable layers is lower than in sub-arable layers. This investigation confi rms that in case with non application potassium 
fertilizers, the total reserves of this element in the arable layer of soil will be reduced progressive. 

Correlative dependence analysis of results to determine the global and mobile potassium content in chernozems 
of Moldova have confi rmed the total lack of this dependence both in arable and sub-arable soil layers investigated 
separately. 

From scientifi cally, this phenomenon can be explained. The quantity of total potassium depends essentially 
only by the content in network of crystalline minerals. This form of potassium is closely linked by mineral network and 
exchange reactions involved in weak, the element is immobile and inaccessible to plants. 

The content of mobile potassium in soil is very small – 20-50 mg/100 g soil, which is equal to 0,02-0,05% of 
soil mass. These small amounts of mobile potassium in the soil almost no infl uence the total content of this element. 
On the other hand, the accumulation of mobile potassium forms in the soils is different. The main components, those 
participate in the accumulation of mobile potassium in soil are: 

capacity of substances biological circuit;• 
intensity of minerals alteration processes;  • 
the total content of potassium in the crystalline network of soil minerals and its part to involved in cation • 
potassium exchange process;  
anthropogenic factor – the quantity of fertilizes applied in soils. • 

 From the above, it appears that components of replenishment of soil potassium reserves are independent and 
not depend on each other, and the total content of potassium in the soil. 
 It must be recognized that the content of potassium mobile forms accessible to plants, is not directly depending 
on the quantity of total potassium in the soil. Assumed dependence is not statistically confi rmed and can not be expressed 
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by a mathematical function determinate adequate to solve the problem of determining the mobile potassium content in 
soils on the function of total potassium content value.

Conclusions
 Development of a simple and inexpensive gamma-spectroscopy method for determining global potassium in 
soil will provide an opportunity to draw cartograms of total potassium content and elaborate preventive measures to 
reduce the reserves of this important physiological element in soils.
 The content of biological accessible forms of potassium in the soils is not in direct quantitative dependence 
to total potassium content and can not be expressed by a specifi c mathematical function, able to solve the problem of 
determining the mobile potassium content in function by global value.
 Correlative dependence between the values of global potassium obtain by classical and calculated method  (in 
function of K-40 isotope content) estimated by the correlation coeffi cient, confi rms the presence of a large leak links 
between them.
 The link between the results of the determination of global potassium by mentioned method must be much 
higher. To this end, in the charging gamma-spectroscopy method for determining of potassium in accordance with 
determination results of potassium by classical method must:

to reduce the error value to determine the isotope K-40 two times, in this way decrease the value error in - 
determining the global potassium from ±0,40 %  К2О to ±0,20 % К2О.  
to exclude random errors by determining the 2 or 3 repetitions of total potassium in soil samples used to - 
construct the sample for accurate calculation of the numerical value of the conversion coeffi cient “C”.

 For potassium determinations statistical processing of results is necessary to investigate homogeneous soil 
samples, composed after this genesis and agricultural use; the origin of the appearance, mineralogical composition of 
parental rocks.
 The results of determining potassium in investigated soils shows that in most cases its content in the arable 
layers is less than in sub-arable. This confi rms that in condition whit non application of potassium fertilizers in soil, the 
total reserves of potassium in the arable layer of soil will be reduce gradually.
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Abstract: Studies of the antioxidant activity of polyphenolic compounds extracted from grape seeds are of considerable 
interest currently. The compound Enoxil is a mixture of polyphenols, esthers, and carboxylic acids, which could be 
involved in reducing the risk of diseases associated with oxidative stress. The results of the investigation of antioxidant 
activity for the compound Enoxil and its forms are presented in this paper. Two distinct methods were used to assess 
the antioxidant properties of the tested compounds:  the radical monocation of 2,2′-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS•+ test) and the DPPH method (2,2-diphenyl-1-picrylhydrazyl radical). It can be concluded that 
acetone-Enoxil has a higher antioxidant activity that other tested compounds.

Keywords: polyphenols, antioxidants, DPPH•, ABTS•+.

Introduction
A current global problem is the negative infl uence on the human body of various pathogenic diseases, mutagenic 

and psychological factors. Among the psychological states that lead to human health disorder is stress, which is a major 
factor in the emergence of various diseases and abnormalities [1,2].

Scientist study the causes and factors responsible for these effects in the body, to interfere and prevent their 
harmful action.

One of the causes of disturbances in the body at biological, chemical, genetic and psychological level is the 
formation of free radicals and oxidative stress [3]. Air pollution, excessive radiation and toxic waste are sources 
of “primary” radicals derived from the environment. For example, large quantities of free radicals are generated in 
photolysis processes and water radiolysis [4].

Thus, an antioxidant is a substance that at extremely low concentrations, as compared to the substrate, prevents 
or signifi cantly delays its oxidation. Antioxidants work properly in close correlation with the structure of free radicals, 
the harmful agent concentration, with the properties and mode of action in target tissues [5].

Flavonoids are a large class of compounds present in plants, which possess antioxidant properties. These 
compounds contain phenolic hydroxyl groups in the ring structure, which offer them reducing properties.

The antioxidant activity of polyphenols is determined by the presence of hydroxyl groups in the 3′ and 4′ positions 
of the B ring and to a lesser extent of the 4′ hydroxyl group in ring B [6]. Flavonols, especially catechins, quercitin, 
kaemferol and glucosides, are constituents of green and black teas [7], red wine and grape seeds.
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Fig. 1. General chemical structure of fl avones [6]

In vitro studies defi ned the antioxidant potential of polyphenols as a parameter that determines the ability to 
capture free radicals such as superoxide radicals, singlet oxygen, hydroxyl radical, peroxyl radical (which induce 
various diseases). Chemical structures that contribute to the antioxidant activity of polyphenols, including a neighboring 
dihydroxy- or trihydroxy-  structure, may chelate metal ions by forming complexes and prevent the generation of free 
radicals. This structure also allows electron delocalization, conferring high reactivity in free radicals quenching [8].

There is an increasing interest in using natural compounds, such as polyphenols extracted from grape seeds. 
Various extraction systems were tried to obtain new products such as tannins. Antioxidant, antibacterial and antifungal 
action exhibited by these compounds is widely studied in the literature. Also due to low solubility in water or alcohol, 
instability such as oxidation or reduction, these compounds cause problems in the formulation of new drugs [9].

Grape seeds contain a wide range of polyphenolic compounds such as enotannins. In order to improve the 
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physicochemical properties of these compounds, their structure and physico-chemical properties were modifi ed by 
oxidation reactions, which resulted in obtaining a new product, Enoxil [10-12].

The obtained preparation presents scientifi c and practical interest, since manufacturing this product is performed 
from natural raw materials, sustainable and safe and, unlike other drugs, it does not generate side effects.

Use of antioxidants in cosmetics and pharmaceuticals is widespread. The study of antioxidant properties of the 
compound Enoxil, used to formulate new cosmetics, has a great importance in stabilizing lipid oxidative processes and 
other active forms.

For the in vitro evaluation of antioxidant capacity of the isolated compounds, or mixture of compounds, different 
methods are used, involving the use of various mechanisms for determining the antioxidant activity. The most popular are: 
the ABTS•+ test (2,2′-azinobis-(3-ethyl-6-sulphonate benzothiazoline) radical cation) [13], the test DPPH• (2,2-diphenyl-
1-picrylhydrazyl) [14] and the FRAP test, based on the reduction of the ferric tripyridyltriazine complex to the ferrous 
form to test the total reduction capacity of the antioxidant [15].

Experimental
In our research, we used two methods to determine the antioxidant activity, namely the DPPH• test and the 

ABTS•+ test.

Reagents for the DPPH method
Reagent Chemical formula
DPPH radical, D9132, Aldrich 2,2-Diphenyl-1-picrylhydrazyl
Ethanol solution C2H5OH 

Reagents for the ABTS method
Reagent Chemical formula
ABTS radical
11557, Fluka, <99% HPLC grade

2,2′-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid

Na persulfate
S6172, Sigma, >98%BioXtra

Na2S2O8

Ethanol solution C2H5OH

                              Table 1
Enoxil fractions 

Fraction Color
Enoxil standard Yellow
Enoxil –ethanol fraction Yellowish brown
Enoxil – acetone fraction Dark yellows
Enoxil -  ethylacetate fraction Pale yellow

Various concentrations were prepared of Enoxil and its forms, in the range 3000-15000 μg/mL and in the fi nal 
solution to be analyzed (using the ABTS method), the concentrations ranged between 30 and 150 μg/mL.
The ABTS•+ radical cation is formed by the reaction of ABTS•+ (7 mM solution) and potassium persulfate (2.45 mM, 
fi nal concentration) for 12-16 hours in the dark at room temperature. The obtained ABTS•+ solution (2,2′-azino-bis (3- 
ethylbenzthiazoline-6-sulfonic acid)) is diluted with 70% ethanol to give an absorbance of 0.700 ± 0.020 at 734 nm. The 
introduction of 30 μl of antioxidant in 3 ml ABTS•+ should produce an inhibition of 20-80% of the initial solution. The 
calibration curve is graphed using Trolox standard (0-15 mM range of concentrations) absorbance readings at 734 nm, 
at 1 and 6 min after mixing [13].

The analysis of antioxidant activity by DPPH method was performed using 3.5 ml of ethanol (70%) solution 
of DPPH• with the initial concentration of 60 μM, to which was added 0.5 ml antioxidant solution with different 
concentrations (fi nal concentrations were between 30-150 μg/mL) and the optical density at 517 nm was measured at 1, 
5, 10, 20, 30, 60 and 120 minutes with T80 spectrophotometer in 1 cm quartz cuvettes [14].

Results and discussions
Antioxidant properties of the preparation Enoxil were studied using the DPPH test analysis and 

the interaction with the ABTS•+ radical cation, the results are presented in tables and fi gures below.
We studied the antioxidant properties of different Enoxil fractions obtained in the laboratory. According to the method 
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for determining the antioxidant activity using ABTS•+, the consumption of ABTS•+ was recorded using the absorbance 
values after 1 min and 6 min. Using the obtained data, were potted kinetic graphs of ABTS•+ reduction at its interaction 
with different antioxidant fractions of Enoxil used for analysis (fi g.1-4).

      

According to the protocol, the antioxidant activity in Trolox equivalents was calculated. For this purpose, 
Trolox solutions were prepared of known concentrations, which were subjected to oxidation with ABTS, as specifi ed 
above antioxidant samples. In the next stage, the obtained kinetic experimental data were used to plot graphs (fi g. 5) and 
antioxidant activities were calculated in Trolox equivalents for the studied compounds solutions.

y = 0.1388x + 0.072
R2 = 0.9688
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Fig. 5. Total antioxidant activity as function of [Tx]0, determined by the ABTS•+ test
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fraction
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Table 2
Dependence of the antioxidant activity, in Trolox equivalents, on the Enoxil-ethyl acetate concentration

Concentration, μg/mL AAT Equiv-TROLOX
150 0.521246 3.168
100 0.433428 2.554
70 0.369688 2.090
30 0.260623 1.326

Table 3
Dependence of the antioxidant activity, in Trolox equivalents, on the Enoxil-ethanolic concentration

Concentration, μg/mL AAT Equiv-TROLOX
150 0.538244 3.297
100 0.443343 2.623
70 0.398017 2.307
30 0.264873 1.356

Table 4
Dependence of the antioxidant activity, in Trolox equivalents, on the Enoxil-acetone concentration
Concentration, μg/mL AAT Equiv -TROLOX

150 0.541076 3.316
100 0.443343 2.623
70 0.412181 2.406
30 0.252125 1.257

Table 5
Dependence of the antioxidant activity, in Trolox equivalents, on the standard Enoxil concentration

Concentration, μg/mL AAT Equiv -TROLOX
150 0.531074 3.271
100 0.447592 2.582
70 0.392351 2.282
30 0.271955 1.428

The obtained experimental results show that AAT depends on the concentration of the analyzed Enoxil forms 
and for the studied concentration range, AAT varies within the range 0.55 - 0.26. The lowest antioxidant activity was 
observed for the form obtained by ethyl acetate extraction (concentration 150 μg/mL).

From the obtained data we can conclude that for the maximal tested concentration, i.e. 150 μg/mL of antioxidant, 
the effectiveness of antioxidant activity in the studied fractions decreases in the order: ethyl acetate < standard Enoxil < 
Enoxil-ethanol fraction < Enoxil-acetone fraction.

Enoxil antioxidant properties are comparable with the antioxidant capacities of catechin, epicatechin, 
epigalocatechin and others [16].

It is known that mentioned above antioxidants are widely used in experimental research, such as inhibition of 
cancer development, stopping the cells aging process, protection and regeneration of skin [17].

In general, it is known that the form of obtained kinetic graphs is determined by the molecular structure of the 
compound under study, involving the stability of the antioxidant radical. Since the molecular structures of Enoxil forms 
are similar, one would expect similar kinetic graphs.

In polyphenols, the presence of the dihydroxo- group in positions 3′ and 4′ of B ring favors reactions with 
slow kinetic behavior. However, the presence of compounds with other structures involves a behavior characterized by 
expression of two stages, the fi rst being fast and the other slow (fi g.6), depending on the extraction method.

T. Lupascu and A. Gonta/Chem. J. Mold. 2011, 6 (2), 58-64
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 The antioxidant/antiradical activity is defi ned as the antioxidant amount necessary to decrease the initial DPPH• 
concentration by 50%. It is called the 50% effective concentration (EC50). For simplicity we used the value 1/EC50 
called the antiradical power (PAR) or antiradical activity. Thus, the higher is the PAR value, the more effective is 
the antioxidant. The antiradical activity is determined from the dependence graph of remaining [DPPH•] (in percent) 
function of the molar ratio (MR) or mass ratio of the antioxidant and DPPH• (RM= [ANTI]0/[ DPPH•]0). Since the 
antioxidant activity of test compounds is characterized by two-stage kinetics, the antioxidant activity was determined at 
the equilibrium. Fig.7 and 8 show the results of experimental determination of EC50 for various fractions.
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Thus Enoxil-acetone fraction has the highest antioxidant activity in the reaction with DPPH• (PAR = 7.7), 
giving a molar ratio EC50 of 0.13.
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Another parameter for determining the antioxidant activity of antioxidants is the quantity necessary to reduce 
the initial DPPH• concentration by 100%, i.e. EC100. The stoichiometric relationship can be determined by multiplying 
the EC50 of each antioxidant by 2, which gives the theoretical effective concentration of the antioxidant needed to reduce 
100% of DPPH•.

Figure 9 presents the PAR and EC50 for Enoxil- acetone fraction compared with other tested antioxidants [18].
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Fig. 9. Correlation between PAR and EC50 for the tested antioxidants, comparing to other studied antioxidants

Conclusions
The antioxidant activity of Enoxil fractions was studied using the ABTS ¾ •+ test, and the obtained results showed 
that it depends on the concentration of the analyzed Enoxil forms, and for the investigated concentration range, 
it varies within the limits 0,55 - 0,26;
The antioxidant activity ¾ for various forms doesn’t differ signifi cantly, as their chemical composition is similar. 
The lowest antioxidant activity was registered for the Enoxil –ethyl acetate fraction;
The obtained results showed that at the maximal investigated concentration of 150 μg/mL of antioxidant, the ¾ 
effi ciency of the antioxidant ativity of the fractions decreases in the order:

Enoxil - ethyl acetate < standard Enoxil < Enoxil-ethanol fraction < Enoxil-acetone fraction
The antioxidant activity of various Enoxil fractions was studied by the DPPH ¾ • method,  and the analysis of 
kinetics graphs showed that the tested compounds have two kinetic stages, one fast and the other slow, in the 
reaction with DPPH•; 
Enoxil-acetone fraction has the highest antioxidant activity in reaction with DPPH ¾ • (PAR=7.7), with an EC50 
value of 0,129.
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Abstract: The health of the nation is one of the most important concerns of governmental and nongovernmental 
organizations, ecologists, etc. A number of studies have shown phthalates’ potential impact on human health due to 
their carcinogenic and endocrine-disrupting effects [1]. More than 2000 analyses for determination of phthalates’ rests 
in alcoholic beverages were done in the laboratory of National Center for Quality Testing of the Alcoholic Beverages 
(Republic of Moldova) using modern method of analysis like GC-MS.

Keywords: phthalates, wine, gas-chromatography, mass-spectrometry, dibutylphthalate.

1. Introduction
Today, in modern, industrialized society people can hardly imagine life without home appliances, communication 

systems, a convenient plastic packaging, fragrance and cosmetics. Most of these and many other chemical products 
have their properties such as strength, ductility, durability, incombustibility (incombustibility), etc., owing to a number 
of synthetic organic chemicals. Phthalates are among the members of this series. Phthalates (esters of phthalic acid) 
are included in the compositions of almost all types of plastics, rubber, paints and varnishes, giving them elasticity and 
strength. The most of the phthalates produced used exactly as plasticizers, near 90% (table 1). At perfume and cosmetic 
products phthalates mainly act as solvents and fl avor fi xatives.

Table 1
Annual production and consumption of wide-spread phthalates in EU countries.

Phthalate Abbreviation Annual production Annual consumption
Dimethylphthalate                      DMP - 10 000-20 000 5

Diethylphthalate                         DEP - 10 000-20 000 5

Dibutylphthalate                         DBP 26 000 1 18 000 1

Benzylbutylphthalate                  BBP 45 000 2 19 500 4

Bis(2-ethylhexyl)phthalate         DEHP 595 000 3 476 000 3

1 : EU RA DBP 2004;  2: EU RA BBP 2004; 3: EU RA DEHP 2001; 4: EU RA BBP 2007; 5  Harris et al., 1997

The annual production of phthalates was estimated by the World Health Organization (WHO) to approach 8 
million pounds (by data on 1992) [2], and 5 billion tons (by data on January 2011) [3]. Approximately 95% of the 
phthalate enters into the production of polymeric materials, in some of them phthalates’ content reaches 50% by weight 
of the polymer. 

Humans always are surrounded by materials containing phthalates, such as linoleum, insulation of wires, pipes, 
plastic housings of domestic appliances, toys, varnishes and paints. 

Most researchers from different organizations suggest that in most cases infl uence of phthalates upon person is 
below the tolerable daily intakes (TDI) [2, 4-8]. But it is diffi cult to determine accurately the dose of exposure as the 
spreading of phthalates everywhere. According to international studies performed by Center for the Evaluation of Risks 
to Human Reproduction [7] this factor is in the following ranges (table 2). Women and children are most susceptible to 
phthalates.

Table 2 
Daily dose of phthalate and its effect on different categories of the population

Category/
Age

Age categories
Childrens

0-1
Childrens

1- 3
Childrens

4- 10
Women
18- 20

Men
18- 80

Daily intakes,
μg /kg BW

55- 380 20- 183 5- 54 8- 124 8- 92

(BW – body weight)
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It is supposed that phthalates accumulate in the human body, which negatively affects its hormones, liver and 
kidneys may also become the causes of allergies, asthma and cancer, neurodevelopmental disorders and abnormalities 
in the development of children [8-12]. Molecules of phthalates are not structural elements of the polymer chains and 
therefore easily stand out in the environment, getting into the human body through food, skin or by inhalation. 

In a number of investigated wine-products released by vendors it was detected the presence of phthalates. Particular 
attention was given to the DBP.

2. Material and Methods
2.1. Methods and reagents

Measuring the concentration of dibutyl phthalate in wine and base-wine based on its elimination by chloroform 
extraction, chromatographic separation on a capillary column, identify the retention time and mass spectrum, and 
quantify with the characteristic ion m/z 149. Measuring the concentration of dibutylphthalate in alcoholic beverages 
such as vodka, brandy, cognac alcohol, rectifi ed ethyl alcohol was based on chromatographic separation of the sample 
on a capillary column using Aldrin with a purity above 99.3% and supplied by SUPELCO as an internal standard, the 
identifi cation was made by retention times and mass spectrum, quantifi cation of characteristic ion m/z 149 for DBP, and 
66, 261, 263, 265 for Aldrin.

The background solution (synthetic wine) was used to prepare the calibration solutions. It consisted of aqueous 
solution of 15% ethanol and tartaric acid (5g/dm3) (tartaric acid, supplied by FLUKA, puriss. p.a. for ion chromatography) 
and carried to the pH to 3.5 with 5M sodium hydroxide. Synthetic wine was used for calibration standard solutions with 
concentrations of DBP: 0 - 1,00 mg/dm3 (dibutylphthalate, PESTANAL from SIGMA-ALDRICH, 99.8%). For the 
extraction of DBP, 100 ml of sample (calibration solution) was placed in a separatoring funnel of 250 cm3 with addition 
of 10 cm3 of chloroform (Chloroform, LGC PROMOCHEM, for HPLC). Extraction was implemented in 10 min with 
continuous shaking. After separating the organic layer the bottom layer of chloroform was drained through a paper fi lter 
with anhydrous sodium sulfate (sodium sulfate anhydrous, STANCHEM, Spain). Collected 10 ml of the chloroform 
extract was transferred into a gas chromatography vial, from which was selected 1,0 μl of extract by microsyringe 
directly for analysis using gas chromatography with mass-spectrometer.

2.2. Instruments
SHIMADZU GCMS-QP-2010S (IS) with a COMBI PAL autosampler (CTC ANALYTICS, Zwingen, Switzerland) 

equipped with  fused silica column RESTEK - Rtx-5MS (30m/0.25mm/0.25μm 100% dimethylpolisiloxane phase) was 
used to perform injections and gas chromatographic analyses in an automated way.

2.3. Gas chromatography – mass spectrometry
The oven program started at an initial temperature of 1500C for 1 min. Temperature was then increased at a rate 

of 100C/min to 2000C, maintained for 1 min, then increased at a rate of 200C/min to 2800C and maintained for 10 min. 
The carrier gas was helium at 1.0 ml/min (99.9990%), split 5. Ionisation was performed by electron impact (EI), setting 
the electron multiplier to 1300V. The temperatures used were 2600C for the injector, 2800C for the transfer line, and 
2000C for the ion source. The compounds were quantifi ed in selected ion monitoring (SIM) mode. The analyte to internal 
standard peak area ratio was used as analytical signal for constructing the calibration graphs.

Duration of gas chromatography-mass spectrometric analysis for phthalates constituted 25 minutes.
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Fig.1. Chromatogram of an extract of a DBP standard solution with concentration 0,10 mg/dm3

For the analysis of strong alcoholic beverages calibration solutions of DBP were prepared on the basis of 40% 
water-alcohol mixture with the addition of a solution of aldrin (IS). 
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Fig.2. Chromatogram of standard solution of DBP (0,25 mg/dm3) - Aldrin 0,50 mg/dm3 

3. Results and discussion
The studies conducted in the laboratory of National Center for Quality Testing of the Alcoholic Beverages 

(Republic of Moldova) included more than 2000 samples of the bottled wine and base-wine for the presence of DBP. 
The results are shown in table 3. 

Table 3 
Distribution levels of contamination by DBP in wine production

(for base-wine, treated wine and bottled wine)

Product type DBP concentration, mg/dm3  (P=0,95)
<0,01

 
0,01-0,20 /
average1

0,20-0,30/
average 2

>0,30/
average 3

Base-wine:      
                                     white

red
29%
16%

49%/ 0,09±0,04
64%/ 0,12±0,02

13%/0,23±0,03
15%/0,25±0,04

9%/  0,34±0,07
5%/  0,39±0,11

Treated wine:
             white

red
9%
17%

66%/0,11±0,07
57%/0,17±0,05

14%/0,26±0,04
14%/0,22±0,06

11%/0,32±0,05
12%/0.41±0,07

Bottled wine:             
white

red
19%
16%

70%/0,16±0,05
68%/0,13±0,06

9%/0,22±0,06
10%/0,27±0,05

2%/0,34±0,07
6%/0,37±0,03

1 - <0,01 - according to the document  Hygienic Normatives 2.3.3.972-00 “MCL (Maximum Concentration Limit) of chemicals 
released from materials, which are in contact with food”;

2 - <0.20, according to the requirements of Hygienic Normatives 2.1.5.1315-03 and changes of Hygienic Normatives 2.1.5.2280-
07 “MCL (Maximum Concentration Limit) of chemicals in drinking water, water bodies and cultural-domestic water”, for drinking 
water;

3 - in accordance with Article 11 of Regulation (CE) 882/2004, LMS = 0,3 mg DBP/kg for the model solutions.

To establish the sources of DBP pollution in wines there were studied 7 samples of sulfi tated and concentrated 
must: <0.01-0.15ppm of DBP was detected. The lowest concentration level of DBP was characteristic for sulfi tated must, 
then concentrated - 0.05-0.15ppm. The results of investigations of 15 grapes samples were negative. In addition, was 
investigated water at the fi ve wineries used in wine production. It was found that concentration of DBP in natural water 
is lower than LOQ, while content in fl ushing water is 0.04-0.05ppm, and 0.09-0.11ppm of DBP in softened water.

Therefore contamination of phthalates has a technogenic character, and it is the result of contact with polymeric 
materials. In the sequel, we studied samples of different materials, which were in contact with wine production during the 
winemaking process and storage, such as paints, varnishes, primers, pipes, rubber seals. All these tests were conducted 
according the Directive 2007/19/EG. Also was investigated migration of DBP to a model solution - 15% aqueous ethanol 
solution, acidifi ed with tartaric acid. Migration of phthalates from materials, which are in contact with wine, is a continuous 
process that can continue throughout the period of production or storage. The rate of migration was determined basing 
on these investigations. Studies have been conducted on materials submitted by Moldovan winemakers and distributors. 
In addition to fresh paint (intended for contact with food) were analyzed paints, which were in contact with wine during 
a certain period of time. Fresh (liquid) paint was applied to the fl ask’s inner surface, dried on air in 2-3 days, and then a 
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model solution was placed into the fl ask. Content of DBP was determined in the model solution, which was in contact 
with the dry polymer within 1 day. Ratio of polymer and model was 1:100. Migration took place at the room temperature 
(20-220C). The results are presented in tab.4.

Table 4 
Migration rate of DBP from the polymer (The ratio of polymer: model = 1:100) 

Migration Paint Plastic tubes Rubber seals

m
g 

D
B

P/
kg

 p
ol

ym
er

/d
ay

Fresh paint
867,41  
3452

3393 
Paint contacted with alcoholic beverage 

during ~ 1 year 
65,74 
63,35

63,76

61,27

Paint contacted with alcoholic beverage 
during  2-3 years 

33,28

35,19

Paint contacted with alcoholic beverage 
during  >5 years 

0,710

3,411

6,912

 Non-used in the making
process
14213

have been in contact with 
product
33,514

Non-used in the making
process
50615

have been in contact with 
product
31,516

1-16 - materials obtained from various wineries, average of two parallel measurements.

In order to optimize the extraction process of DBP during presampling were investigated some dependencies:
a) Effect of pH on the level of recovery was established. Samples of synthetic wine with different values   of pH 

(3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0) were contaminated by DBP. The level of recuperation for a solution with pH = 7.0 
was taken as 100%. The results are expressed in fi g. 3. 

b) Similarly, the infl uence of sugar content on the extractability of DBP was investigated with Synthetic wine 
(2.1). Sugar concentration in the samples was formed using concentrated must (C (DBP) <0.01mg/dm3). DBP was added 
to the obtained model solutions with concentrations of sugars: 0, 30, 50, 100 and 150 g/dm3. Chloroform extracts of 
these samples were analyzed. The results are expressed in fi g. 3.

                         
Fig.3. Effect of pH and sugar’s content on the recuperation level of DBP

c) Effect of alcohol content on the extractability of DBP was also investigated using synthetic wine (2.1). Alcohol 
content in the samples was formed by ethyl alcohol (C (DBP) <0.01mg/dm3). DBP was added to the obtained model 
solutions with concentrations of alcohol: 6, 9, 12, 15, 18 and 21% v/v. Chloroform extracts of these samples were tested. 
As it follows from the results of investigation alcohol content doesn’t infl uence signifi cantly on the level of recovery 
(fi g. 4).
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Fig. 4. Effect of alcohol content on the recuperation level of DBP

4. Conclusions
In the context of studies conducted in the laboratory of National Center for Quality Testing of the Alcoholic 

Beverages (Republic of Moldova) were included more than 2000 samples of the bottled wine and base-wine for the 
presence of most widespread and toxic phthalate – dibutylphthalate. Results display presences DBP in 85 % of studied 
samples of wines, i.e. a content of DBP more than LOQ (0.01mg/dm3). Samples of sulfi tated and concentrated must, 
natural and softened water and grapes samples were studied to establish the sources of DBP pollution in wines. Has been 
determined that contamination of phthalates has a technogenic character, and it is the result of contact with polymeric 
materials. Optimum conditions of extraction DBP from liquid samples were obtained. Also has been established, that 
signifi cant infl uence on extractability is performed by pH value and sugars content value, the alcohol contents in synthetic 
wine has not displayed signifi cant effect.  In addition migration DBP from polymeric materials has been learnt. In the 
nearest future we plan to research plugs and other materials used in winemaking process on presence of DBP and its 
migration.
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COORDINATION COMPOUNDS OF NICKEL(II), COPPER(II) AND 
COBALT(II) BASED ON S-METHYLISOTHIOSEMICARBAZIDE AS DYES 

FOR THERMOPLASTIC POLYMERS
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Abstract: We have researched the color properties of coordination compounds synthesized by us previously [1] 
(8-(1′,2′-naphthyl)-1-R3-methyl-6-thiomethyl-4,5,7-triazaocta-1,3,5,7-tetraenato-1,1′-diolato(-)O, O′, N4, N7-M(II), 
where R=CH3, C6H5, M=Ni, Co, Cu), which can be used for coloring thermoplastic masses. They meet the requirements 
for use as a pigment for coloring thermoplastic masses [2]. Colors of colored products have a high photostability (7 
points), thermostability (>250 °C) and intensity of color that give a low consumption (0.004 to 0.008 g medium tone, 
a 0.040-0.080 g to 100 g polystyrene intense tone and 0.002 to 0.008 g medium tone and 0.010-0.030 g intense tone 
for 100 g polyethylene). Compounds of nickel (II) stained polystyrene and polyethylene in red, cobalt (II) - in green 
with a yellow tinge, copper (II) - in deep red with a yellow tint.

Keywords: coordination compounds, transition metals, dyes, thermoplastic polymers.

Introduction
Synthesis of coordination compounds containing active functional groups capable of forming chelate compounds 

remains a current problem of preparative chemistry. The interest in the synthesis of compounds with such properties is 
stimulated by both theoretical and practical issues. They possess biological properties [3], catalytic properties [4], and 
can be used as dyes [5-10].

A special role in the synthesis of coordination compounds has the template method, where the central ion guides 
the assembly of polydentate ligands [11]. Authors [12-17] have shown that thiosemicarbazide and their derivatives 
easily condense with polydentate organic ligands, polyfunctional possessing different types of coordination especially 
with transition metals. Metal organizes the assembly of ligands.

For example, 2,2-difl uor-9-alkylthio-5,6-di(α-furyl)-12-methyl-1,3-dioxa-4,7,8,10,11,14-hexaaza-2-
boracyclotetradeca-4,6,8,11,13-pentaenato-N4,N7,N10,N14-nickel(II) with coordination node to the central atom N4, which 
has a dark brown color, stained polyethylene and polystyrene in green color with brown tint [5]. In [6], where the fragment 
>BF2 is replaced with H, it is demonstrated that mentioned polymers don’t change their color when used for coloring. In 
the study of color properties of polymer (9-(1′,2′-naphthyl)-4-methyl-7-alkylthio-5,6,8-triazanon-2,4,6,8-tetraenato(-)-
1′,2-diolato-O1, O2, N5, N8-nickel(II), where the coordinative node is N2O2, a color change of coordination polymers has 
been observed from green with brown tint [5, 6] to bordeaux. In this case, like in those previously mentioned, no visible 
infl uence of alkyl radical on the color of polymers is observed.

Of great interest is the infl uence of metal in this type of compounds at coloring of plastics masses.

Results and discussion
Using these methods, we proceeded to the synthesis of new compounds of this type. As a result of the interaction 

of methanol solutions of acetyl(benzoyl)acetone S-methylisothiosemicarbazone with 1-hydroxy-2-naphthaldehyde and 
M(CH3COO)2 • XH2O were obtained coordination compounds: 8-(1′,2′-naphthyl)-1-R-3-methyl-6-thiomethyl-4,5,7-
triazaocta-1,3,5,7-tetraenato-1,1′-diolato(-)O, O’, N4, N7-M(II), where R=CH3, C6H5, M=Ni, Co, Cu, with general 
formula: 

ON

N N O

RCH3

CH3S

H

1

2

3

45

6

8 1'

2'

7

M

 Where R=CH3,   M=Ni (1), Co(2), Cu(3) 
            R=C6H5,   M=Ni (4), Co(5), Cu(6) (table 1).
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Composition of substances and their structures have been established and confi rmed by physico-chemical methods 
of analysis (IR spectroscopy, UV-Vis, 1H, 13C NMR, mass spectrometry, magnetochemistry and X-ray crystallography) 
[1].

Compounds are in the form of fi ne dark-brown crystalline powder, insoluble in water, alcohol, slightly soluble in 
chloroform, soluble in dimethylsulphoxide. Some practical properties of the mentioned compounds have been studied, 
which proved to be promising. For example, compounds of nickel(II) and copper(II) activate biological processes which 
is manifested by stimulating the biosynthesis of pectolytic enzymes of fungal strain (~ 50%) and increased biomass 
accumulation (10-15%) compared to the control [14]. 

Table 1 
Characteristics of dyes 1-6
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Consumption dyes, g /100 g polymer

Polystyrene Polyethylene

M R No. Block type Emulsion, 
suspension

High density Low density

Middle

tone

Intense 
tone

Middle

tone

Intense 
tone

Middle

tone

Intense 
tone

Middle

tone

Intense 
tone

Ni CH3 1 250 Claret Claret
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  0
.0

04

   
   

  0
.0
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 - 

 0
.0

30

  0
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02
 - 

 0
.0

04

   
   

 0
.0

10
 –

 0
.0

30

Ni C6H5 2 320 Claret Claret

Co CH3 3 250 Green 
with 

yellow 
tint

Green 
with 

yellow 
tint

Co C6H5 4 365 Green 
with 

yellow 
tint

Green 
with 

yellow 
tint

Cu CH3 5 250 Claret 
with 

yellow 
tint

Claret 
with 

yellow 
tint

Cu C6H5 6 360 Claret 
with 

yellow 
tint

Claret 
with 

yellow 
tint

Bearing a high thermostability (>250 ° C), photostability (7 points), migration luminescence, stability and physical-
mechanical processing, given the diversity and intensity of color, the produced compounds meet the requirements [2] 
for use as plastics dyes.

We tried testing these compounds as pigments for coloring polystyrene block, suspension, emulsion and high and 
low density polyethylene. Experiments conducted under laboratory conditions received promising results.

Coordination compounds 1 and 2 color polystyrene and polyethylene in claret, compounds 3 and 4 - green with 
yellow tint, compounds 5 and 6 - deep red with yellow tint. Thus, the metal bears a decisive infl uence on the color of 
plastic parts. The infl uence of the radical R on the color change of plastic parts is not visually observed, but analysis data 
of the absorption spectra from the visible region suggests a insignifi cant infl uence. 

It should be noted, that the amount of dyes used for coloring polystyrene (block, emulsion or suspension) and 
low or high density polyethylene is very low (0.004 to 0.008 g medium tone, 0.040 to 0.080 g intense tone to 100 g 
polystyrene and 0.002 - 0.008 g medium tone, 0.010-0.030 g intense tone to 100 g polyethylene) (Table 1).

Varying the dye concentration, transparent plastic parts with different shades or non-transparent ones can be 
obtained. The obtained pieces are colored evenly, possess a high photostability, and stable towards physico-mechanical 
processing.

Due to the accession of compounds 1-6 to polystyrene, their use as dyes for thermoplastic masses does not require 
additional staff to process grain, in this case the dye consumption is reduced signifi cantly.
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Conclusions
Polystyrene and polyethylene colored with products of condensation of acetyl(benzoyl)acetone 

S-alkylisothiosemicarbazones and organic polydentate ligands usually have a high thermostability, migration 
luminescence, stabilized photostability at physical and mechanical processing and pronounced color intensity. Polymers 
are color-enteritis due to metal, S-alkylisothiosemicarbazone and polydentate aducts, but no alkyl radical infl uence is 
observed.

Experimental
Prior to coloring, polystyrene in block, emulsion or suspension granulated is mixed in a reactor supplied with 

a thermometer, a stirrer and a tap to release the reactor content into the mold. At stirring, the mixture in the reactor is 
heated up until the components melt; afterwards they are fused as required. In the case of coloring polyethylene, a more 
intense stirring is required, as the adherence of the dye to polyethylene is lower than for polystyrene.
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Abstract: Directed synthesis of dianiline- (DAnH2) and disulfanilamideglyoximes (DSamH2) has been accomplished 
by condensation of dichloroglyoxime with aniline or sulfanilamide in 1:2 molar ratio, as well as their corresponding 
Co(III), Ni(II) and Cu(II) coordinative compounds. Composition, structure and some properties of dioximes and 
complexes have been established by using elemental analysis, UV-Vis, IR and NMR- spectroscopies. Dioxime 
coordination at the central atom and structure of complexes depends on pH of reaction medium: at pH=5-6  -  bis-
dioximates, whilst at pH=2 – tris-dioximines are obtained. In the case of the corresponding tris-dioximines increment 
of the functional groups number in dioxime fragments, which can form intermolecular hydrogen bonds, leads to the 
augment of the stability of complexes. 

 Keywords: α-dioximes, coordinative compounds, 3d metals, spectroscopy.

Introduction
Actually vic-dioximates are appreciated as coordinative compounds possessing a broad spectrum of applications 

in branches as: analytical, biological, medicinal and pigment’s chemistries. vic-Dioximes and the important role of their 
complexes, especially with 1.2-dioxime, have been widely investigated, while the substitution of some fragments of 
dioxime can signifi cantly infl uence the structure and stability of complexes   [1-4].

On interaction of amines or thiols with dichloroglyoxime or cianogen-di-N-oxide different symmetrically 
substituted derivatives of diamine- or dithioglyoxime have been obtained. New optically active vic-dioximes have been 
described and the syntheses of mono- and dinuclear complexes on their basis have been performed    [5, 6].

Cobaloximes containing bis-(thiophenyl)glyoxime in equatorial plane have been studied [7]. It has been noted 
that the orientation of thiophenyl groups with respect to the dioximine plane varies depending on the size of axial ligand 
and infl uences the values of chemical shifts in NMR-spectra. The cis-position of thiodioxime from the equatorial plane 
refl ects upon Co–C bond reactivity in these complexes. A study with the use of cyclic voltametry has demonstrated 
that reduction Co(III)/Co(II) and Co(II)/Co(I) occurs easier in ClCo(dSPhgH)2Py (dSPhgH – dithiophenylglyoxime) in 
comparison with other chlorocobaloximes (gH - glyoxime, dmgH -dimethylglyoxime, dpgH - diphenylglyoxime). Thus, 
the general investigations in this fi eld clearly suggest that many of the axial ligand’s chemical properties: spectroscopic, 
geometry, kinetics signifi cantly depend on the changes in equatorial ligand. 

Gumus et. al. [8] have shown that inclusion of hexilamine radical in dioxime fragment permits to obtain Ni(II) 
and Pd(II) dioximates and in their crystalline structure tubular channels with diameter ~16 Å were found.

Recent investigations have demonstrated the biostimulator activity of Co(III) dioximates upon fungi [9,10]. 
Supplementation the nutritive medium of these microorganisms with the mentioned compounds causes an enhancement 
of the outcome of enzime production and in some cases the technological cycle of cultivation the producer has been 
diminished [11].

On the basis of biostimulator effects in enzymogenesis processes of Co(III) complexes containing aniline or 
sulfanylamide on axial coordinate, their inclusion in dioximine moiety has been considered, aimed at obtaining the 
new dioximates of transition metals, which will accentuate these properties, as expected. Furthermore, the mobility of 
the „wings” of these dioximes can open interesting structural opportunities for obtaining the supramolecular systems. 
Preparation of dioximates with bulky ligands could make possible the formation of gaps in the crystalline structure [8], 
which is favourable for the intake of small molecules. 

Materials and methods
Composition, structure and properties of oximes and complexes have been established on the basis of elemental 

analysis, as well as IR, UV-Vis and NMR spectroscopies data.  IR-spectra of compounds were recorded at FT-IR Perkin 
Elmer Spectrometer 100 in vaseline oil at 4000–400 cm-1 and ATR at 4000–650 cm-1. UV-Vis spectra were recorded 
at Perkin Elmer Lambda 25 spectrophotometer in water solutions of compounds of 0.5·10-4 mol/L. NMR-spectra were 
recorded on a Bruker spectrometer at 400.13 MHz for 1H and 100.61 MHz for 13C in DMSO-d6 using TMS as an internal 
reference. Chemical shifts (δ) are reported in parts per million (ppm) and are referenced to the residual non-deuterated 
solvent peak (2.49 for 1H and 39.70 for 13C).
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Experimental part
 Synthesis of coordinative reagents

Glyoxime has been synthesized according to the literature procedure [12] in 67% yield. 
Dichloroglyoxime has been prepared as reported by Dutta et al. [7] in ~35% overall yield. Compound is 

soluble in alcohols, DMF, DMSO.    
Disulfanilamideglyoxime (DSamH2). The solution of 3.14 g (0.02 mol) dichloroglyoxime in 15 ml ethanol 

was added to a solution of 6.89 g (0.04 mol) sulfanilamide in 40 ml ethanol at room temperature (rt) under continuous 
stirring. The reaction mixture was cooled in ice bath for 10 min, and then 3.20 g (0.03 mol) sodium carbonate was added. 
The mixture was stirred for 6 hr, then diluted with 20 ml water and left in refrigerator for the next day. The obtained 
precipitate was fi ltered off, washed with cold water and dried in air. Yield: 63%. Found, %: C 39.14; H 3.58; N 19.54. 
Calculated for C14H16N6O6S2, %: C 39.25; H 3.76; N 19.62.

Dianilineglyoxime (DAnH2) was prepared, in 93% yield, according to the procedure as described for preparation 
of disulfanilamideglyoxime.  Found, %: C 62.15; H 5.09; N 20.66. Calculated for C14H14N4O2,         %: C 62.21; H 5.22; 
N 20.73.

Synthesis of coordinative compounds.
[Ni(DAnH2)3]Cl2·6CH3OH (1). To the warm solution of 0.27 g (1.0 mmol) DAnH2 in 30 ml methanol the 

solution of 0.12 g (0.5 mmol) NiCl2·6H2O in 20 ml methanol was added. The obtained mixture was stirred for 5-10 min, 
then fi ltered and left at rt. After 2-3 days the crystals have appeared in solution of emerald color. The crystals are soluble 
in diethyl ether, alcohols, DMSO and DMF. The reaction yield constituted 46 %. Found, %: C 50.78; H 5.81; N 14.76. 
Calculated for C48H66Cl2N12NiO12, %: C 50.90; H 5.87; N 14.84.

[Ni(DAnH)2]·H2O (2). A solution of 0.27 g (1.0 mmol) DAnH2 in 30 ml methanol was added to a solution of 
0.12 g (0.5 mmol) NiCl2·6H2O in 20 ml methanol and the mixture was stirred for 10 min at 40-50°C. Ammonia (1-2 
drops, 25%) was added while stirring. The color of solution changed from green to brown and a precipitate of the same 
color has been formed. The precipitate was fi ltered off, washed with cold methanol, ether and dried at rt. The reaction 
yield constituted 56%. The complex is soluble in DMF and weakly soluble in methanol and DMSO. Found, %: C 54.59; 
H 4.45; N 18.09. Calculated for C28H28N8NiO5, %: C 54.66; H 4.59; N 18.21.

[Cu(DAnH2)3]SO4·3H2O (3). For the synthesis of this complex similar conditions as for compound (1) were 
applied, but the solubilisation of Cu(II) salt in a minimal amount of water has preceded the addition of methanol. The 
reaction yield constituted 42%. Compound is soluble in DMSO, DMF and alcohols. Found, %: C 49.16; H 4.67; N 
16.32. Calculated for C42H48CuN12O13S, %: C 49.24; H 4.72; N 16.41.

[Co(DAnH)2(Thio)2]2[TiF6]·2DMF·H2O (4). Dianilineglyoxime, 0.27g (1.0 mmol) and thiocarbamide, 0.08 g 
(1.0 mmol) were dissolved in a mixture of 10 ml DMF and 40 ml methanol. The mixture was refl uxed at ~60°C, under 
stirring. Chrystallohydrate СoTiF6·6H2O, 0.17 g (0.5 mmol) was dissolved in 10 ml water and added by dropping funnel  
(~ 1 drop in 4-5 sec.) to the initial solution and stirring was continued for 3 hr. Ammonia solution (1:4) was dropped 
into reaction to adjust its pH to ~5 and this value was maintained till the end of reaction. The stirring was stopped and 
the reaction medium was left for slow evaporation. Dark brown monocrystalls were obtained that were unstable at air. 
Reaction yield constituted 19%. Compound is soluble in DMF, DMSO and less soluble in alcohols.  Found, %: C 43.31; 
H 4.52; N 19.81. Calculated for C66H84Co2F6N26O11S4Ti, %: C 43.42; H 4.64; N 19.95.

[Co(DAnH2)3]2[TiF6]3·1.5DMF (5). This compound has been synthesized as afore-described for (4), without 
the addition of ammonia solution. The results of investigations have shown that thiocarbamide moiety does not 
enter the complex and three molecules of non-deprotonated dioxime are bound to the central atom. Reaction yield 
constituted 32%.  Product is soluble in alcohols, DMF and DMSO. Found, %: C 45.38; H 3.96; N 15.11. Calculated for 
C88.5H94.5Co2F18N25.5O13.5Ti3, %: C 45.53; H 4.08; N 15.30.

[Ni(DSamH)2]·2H2O (6). To the warm solution of 0.21 g (0.50 mmol) disulfanilamideglyoxime in 30 ml 
methanol 0.06 g (0.25 mmol) NiCl2·6H2O in 15 ml methanol were added and the mixture was stirred for 15 min at 60°C. 
While stirring few drops of ammonia was added and a brown precipitate appeared that was separated, washed with cold 
methanol then diethyl ether and dried at air. Reaction yield constituted 43%. Complex is soluble in DMF and DMSO 
and weakly soluble in methanol. Found, %: C 35.41; H 3.54; N 17.62. Calculated for C28H34N12NiO14S4, %: C 35.41; H 
3.61; N 17.70.

[Cu(DSamH2)3]SO4·5H2O (7). Disulfanilamideglyoxime, 0.21 g (0.50 mmol) was dissolved in 40 ml methanol 
and heated in water bath at 60°C. Crystallohydrate CuSO4·5H2O, 0.06 g (0.25 mmol) dissolved in a minimum amount of 
water and 20 ml methanol was added dropwise to the solution of ligand, then heating was removed and the solution was 
left at rt. The slow evaporation gave dark-brown crystals. Reaction yield constituted 52%. Compound is soluble in DMF 
and DMSO. Found, %: C 32.72; H 3.71; N 16.34. Calculated for C42H58CuN18O27S7, %: C 32.86; H 3.81; N 16.42.

[Co(DSamH)2(Thio)2]2[ZrF6]·DMF·H2O (8). A mixture of 0.21 g (0.5 mmol) disulfanilamideglyoxime in 
30 ml methanol and 0.04 g (0.5 mmol) thiocarbamide in 10 ml methanol was refl uxed at 60°C with stirring. To this 
mixture a solution of 0.1 g (0.25 mmol) СoZrF6·6H2O in 20 ml of water/methanol (1:1) was added. The reaction mixture 
was stirred for 3 hrs, while maintaining the pH of solution at 4.5-5.5 value by dropping ammonia solution (1:3). A 
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dark brown precipitate was formed that was fi ltered off, washed with cold methanol and diethyl ether. Reaction yield 
constituted 36%. Compound is soluble in methanol, DMF and DMSO. Found, %: C 31.02; H 3.46; N 18.91. Calculated 
for C63H85Co2F6N33O26S12ZrS, %: C 31.16; H 3.53; N 19.03.

[Co(DSamH)2(Thio)2]2[TiF6]·1.5DMF·2H2O (9). This compound was prepared according to the procedure as 
described for preparation of compound 8, by using СoTiF6·6H2O instead of Zr crystallohydrate. Found, %: C 31.64; H 
3.61; N 19.08. Calculated for C64.5H90.5Co2F6N33.5O27.5S12Ti, %: C 31.75; H 3.74; N 19.23.

Results and discussion
 As a result of the condensation between dichloroglyoxime and various organic amines, a series of 
α-aminodioximes can be obtained, according to the following scheme: 

R NH2 +
N N

ClCl

HO OH

N N

HNNH

HO OH

Na2CO3, EtOH

RR

2

R-NH2 - aniline or sulfanilamide 

 This approach served as basic for the obtaining of DAnH2 and DSamH2, the latter being synthesized for the 
fi rst time. The prepared compounds were identifi ed by elemental analysis, UV-Vis, IR and NMR spectroscopies. UV-
Vis spectrum of DAnH2 contains two absorbtion bands at 205 and 260 nm belonging to the aromatic ring, whilst the 
corresponding UV-Vis spectrum of DSamH2 is characterized by the adsorption band at 281 nm. 
 In the IR-spectrum of DAnH2 the following absorption bands are present: ν(OH)=3390, ν(NH)=3369, 
ν(C=N)=1637, ν(CC)arom.=1596 cm-1. The ν(NO)=972 cm-1 band is characteristic for unprotonated oxime group, while 
δ(CH)arom.=752 and 689 cm-1 is attributed to monosubstituted aromatic ring. The presence of intensive bands: ν(NO) and 
δ(CH), as well as disappearance of ν(CCl) band at 850 cm-1 demonstrates that the condensation between dichloroglyoxime 
and aniline has occurred.  In IR-spectrum of DSamH2 the absorption bands of ν(NH)= 3424, 3357, 3283 cm-1 are present 
and ν(OH)=3076 cm-1 as well, which is shifted to lower values due to the formed by oxime OH molecular associates. 
The bands of ν(C=N)=1642 cm-1, ν(CC)arom=1592 cm-1, ν(SO)=1302, 1150 cm-1, ν(NO)=935 cm-1 and δ(CH) =767, 725 
cm-1 are also characteristic for this spectrum. 
 The 1H NMR spectrum of DAnH2 contains the multiplets 
in 6.79 – 7.09 ppm region that attest the presence of aromatic ring 
in compound, a singlet at 8.16 ppm that is characteristic for the NH 
group proton and a singlet at 10.43 ppm confi rming the presence 
of oxime group. Integration of the peaks in this spectrum has 
shown that both chlorine atoms of initial dichloroglyoxime were 
substituted by aniline radicals. The presence of 5 resonances in 
13C NMR spectrum, including quaternary atom of oxime group (δC 
142.66), quaternary atom (δC 139.70) and tertiary atoms of aromatic 
ring (δC 128.16, 121.23 and 118.92) were ascribed to DAnH2.  
 The 1H NMR spectrum of DSamH2 (Figure 1) contains two 
doublets belonging to the aromatic ring at 7.54 ppm (2H, J=8.78 Hz) 
and 6.89 ppm (2H, J=8.78 Hz), a singlet at 7.16 ppm (NH2 protons) 
and a singlet at 8.77 ppm (NH proton). Oxime group protons give 
a peak at 10.89 ppm. In 13C NMR spectrum the presence of tertiary 
carbon resonances (δC 117.82 and 126.47), quaternary atoms of 
aromatic ring (δC 136.14 and 143.37) and oxime carbon atom (δC 141.73) has been attested. It was found that protons 
and carbons signals appear downfi eld in disulfanilamideglyoxime, as compared to the sulfanilamide (Figure 2). Only 
quaternary carbon of aromatic ring close to NH group is upfi eld shifted by condensation. Both proton and carbon 
signals of oxime group are shifted to higher fi eld as compared to the dichloroglyoxime. The attribution of the peaks for 
the carbon atoms has been performed on the basis of 2D NMR techniques: HSQC and HMBC (Figure 3). Also, in 2D 
HMBC experiment, the protons of NH and OH groups have a cross peaks at the shift of C2, that proves the condensation 
of sulfanilamide with dicloroglyoxime. As it can be concluded from these spectra, sulfanilamide condenses via amino 
group of aromatic ring: it suffers the biggest downfi eld shift and integration of the peaks confi rms the loss of one proton 
from this group.
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Fig. 2. 1H and <C NMR spectra of sulfanilamide (a, b) and disufl anilamideglyoxime (c, d).

 On interaction of a Co(II), Ni(II) or Cu(II) salt with the described dioximes in a 1:2 molar ratio, bis-dioximates 
or tris-dioximines of the corresponding metals were obtained, depending on the conditions of synthesis. The pH~2 
is more favourable for the obtaining of tris-dioximines, while at pH~5-6 bis-dioximates of the respective metals are 
preferentially formed. Variation of the pH value was achieved by adding 1-2 drops of ammonia solution or hydrochloric 
acid. Methanol, water and dimethylformamide were used as solvents. A part of obtained complexes are unstable at air. 

Fig. 3. 2D HMBC experiment of disulfanilamideglyoxime.

 In UV-Vis spectra of Ni(II) and Cu(II) complexes containing DAnH2 characteristic bands of aromatic ring are 
noted at ~205  and 260 nm, which certify the presence of this ligand in complex. In the case of bis-dianilineglyoximate 
of Ni(II) it has been observed that the corresponding absorption band at 260 nm is less intensive then the band at 205 
nm, as compared to tris-dianilineglyoximine. Furthermore, a new band appeared at 378 nm (Figure 4). The following 
explanation seems plausible: the composed band at 260 nm refl ects two electronic transitions and the formation of 
trans-dioximates is accompanied by the disappearance of one transition as a result of an electron shift. In the case of 
complex [Co(DAnH)2Thio]2[TiF6] three absorption bands were recorded:  at 202 nm, characteristic for aromatic ring; at 
243 nm probably distinguishing π-π* transitions in chelate ring and a band at 321 nm that is attributed to the molecules 
of coordinated thiocarbamide. 
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Fig. 4. UV-Vis spectra of compounds
DAnH2 (1), [Ni(DAnH2)3]Cl2 (2), [Ni(DAnH)2] (3)

 In the case of Ni(II) and Co(II) dioximates containing DSamH2 the presence of this  ligand in the corresponding 
complexes  has been certifi ed by the absorption bands at 202 and 275-282 nm. Also in the case of these compounds it has 
been noted that the addition of one drop of ammonia, which favors the formation of bis-dioximates, causes the decrease 
in intensity of absorption band at 280 nm. The generation of intramolecular hydrogen bonds contributes to the electron 
density shift from the aromatic ring towards metal-cycle, which could cause intensity diminution of the respective 
band. 
  In IR-spectra of DAnH2-containing tris-dioximines the absorption bands ν(NH)+ν(OH)=3331-3380, 
ν(C=N)=1647-1655 and ν(CC)arom.=1596 cm-1 are present. The presence of ν(NO)=970-998 cm-1 band, as well as the 
lack of characteristic ionized ν(NO) at ~1240 and ~1080 cm-1 demonstrates the absence of O–H···O intramolecular 
hydrogen bonds, proving the tris- character of these dioximines of 3d-metals. The absorption bands of vibrations δ(CH) 
that characterizes the aromatic monosubstituted  ring are found at 752-755 and 691-695 cm-1 region. In bis-dioximates 
of Co(III), Cu(II) and Ni(II) with dianilineglyoxime the bands of valence vibrations ν(NH)+ν(OH)=3209-3312 cm-1 are 
shifted to lower fi elds than in the free DAnH2 molecule. The bands ν(C=N) at 1647-1652 and ν(CC)arom. at 1592-1594 cm-1 
regions are present. Decrease in intensity of 972  cm-1 band, as well as appearance of the bands belonging to the ionized 
N–OH group at 1234-1241 cm-1 and 1075-1093 cm-1 regions  implies the formation of O–H···O intramolecular hydrogen 
bonds. Bands δ(CH) are present at 747-753 and 689-694 cm-1 regions, characterizing the aromatic monosubstituted 
ring. 
 In IR-spectra of tris-dioximines containing DSamH2 the bands ν(NH)=3469-3208, ν(OH)=3071-3075, 
ν(C=N)=1643-1646, ν(C-C)arom.=1588-1595,  ν(NO)=900-913 and δ(CH)=741-747 cm-1 are found. In IR-spectra of bis-
disulfanilamideglyoximates of Co(III) and Ni(II), as in the similar complexes with DAnH2, the majority of the afore-
mentioned bands are present. Decrease in intensity of the band from 935 cm-1 region has been established and the bands 
of oxime N–OH ionized group at 1255-1258 and 1093-1096 cm-1 appeared, which prove the formation of O–H···O 
intramolecular hydrogen bonds.  
 In the case of Co(III) dioximates containing on axial coordinate the molecules of thiocarbamide the presence 
of ligand in complex is ascertained by the pronounced band ν(C=S)=1396-1408 cm-1. 
 In 1H NMR spectrum of complex [Co(DAnH2)3]2[TiF6]3·4DMF the peak of oxime proton is more shielded (9.10 
ppm), as compared with the free ligand peak at 10.43 ppm. The peak of NH group does not suffer any chemical shift 
with respect to the case of free ligand, being found at 8.15 ppm.  The peaks of aromatic ring of DAnH2, a doublet and 
two triplets are found in 6.70-7.16 ppm region, as in the spectrum of free ligand. The only upfi eld chemical shift of the 
oxime proton peak is probably caused by an electronic density migration from metal to chelate ring. The peaks at 2.73 
and 2.89 ppm characterize the methyl groups and at 7.95 ppm the methine group of dimethylformamide molecules from 
complex. 
 In 13C NMR spectrum of this complex the peak of oxime carbon atom is upfi eld too, being found at 142.37 ppm, 
thus confi rming the supposition on an electronic density migration from metal to chelate ring. The chemical shifts of 
aromatic carbon atoms at 118-140 ppm do not essentially vary from the corresponding values in the spectrum of the free 
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ligand. Despite the introduction of the Thio ligand in the reaction medium, neither IR nor NMR spectra could certify its 
presence. The upfi eld shift of the oxime proton peak, as well as integration of the peaks in 1H NMR spectrum, rule out 
the supposition on deprotonation of oxime group, thus constituting a further evidence (along with the elemental analysis, 
UV-Vis and IR- data) about Co(III) tris-dianilineglyoximine formation. The tris-dioximines of Ni(II) and Cu(II) were 
also obtained when the reactions were performed in the absence of ammonia or sodium acetate, according to the IR, 
UV-Vis and elemental analysis data. When an ammonia solution is added to the reaction medium, the formation of 
respective bis-dioximates occurred that has been ascertained by the chemical shift of oxime proton at ~17-18 ppm in 1H 
NMR spectrum, proving the intramolecular hydrogen bond formation.  
 In the case of 1H NMR spectrum of Co(III) tris-disulfanilamideglyoximine the oxime proton peak is also 
upfi eld with ~1 ppm (from 10.89 ppm in the free ligand to 9.79-9.69 ppm). The chemical shift assigned to NH group is 
slightly upfi eld (8.36-8.25 ppm) with respect to the peak of free oxime at 8.76 ppm. These upfi eld shifts are attributed 
to an electron density migration from metal to the chelate ring, similarly to the afore-mentioned case of tris-form of 
dianilineglyoxime complexes. The two doublets assigned to the aromatic ring protons at 7.64 and 6.81 ppm are placed 
approximately in the same region, as compared with the free disulfanilamideglyoxime. The peak of NH2 group does not 
essentially move in the spectrum, being found at 7.16 ppm, as well. 
 Considering the 1H NMR spectrum of [Ni(DSamH)2]·2H2O complex, the peak of oxime proton is downfi eld 
at 17.32 ppm, which confi rms the intramolecular hydrogen bond formation between dioxime monoanions. The proton 
peaks of NH (9.84 ppm) and vicinal to it CH (7.84 ppm) groups are also downfi eld, being shifted with ~1 ppm, as 
compared with the free ligand (8.77 and 6.89 ppm, respectively). The other peaks (CH remote from oxime group at 
7.69 ppm and NH2 at 7.27 ppm) do not markedly differentiate as compared with the free ligand. In 13C NMR spectrum 
the most downfi eld chemical shift belongs to the peak of the quaternary oxime carbon at 146.11 ppm (141.73 ppm in 
the free ligand). Since 1H NMR operates in a through-bond as well as through-space manner but 13C NMR operates 
mainly through-bond, any shift in 13C δ(C=N) will be due to cobalt anisotropy or Sam fragment (if is considered as an 
acceptor group of electron density). The peaks of quaternary carbon atom and methine close to SO2 group are slightly 
downfi eld with 1.0-1.2 ppm, the corresponding nuclei resonating at 136.81 and 127.39 ppm. The chemical shift of the 
other methine group is upfi eld, as compared with the free ligand (116.57 ppm versus 117.82 ppm, respectively). 
 1H and 13C NMR spectra of the other synthesized bis-disulfanilamideglyoximates do not essentially differ from 
the spectra of [Ni(DSamH)2]·2H2O complex. 
 To summarize, DAnH2 and DSamH2 behave differently from the dimethylglyoxime, diphenylglyoxime or 
1.2-cilcohexandiondioxime. In reaction with Co(II), Ni(II) and Cu(II) salt, DAnH2 and DSamH2 are prone to form 
tris-dioximines and not bis-dioximates like traditional dioximes. The tris-dioximine complexes with DSamH2 are most 
stable than those with DAnH2 due to a larger number of functional group that can participate to a hydrogen bond linkage. 
The new complexes may be effective as stimulators in biosynthetic processes of enzymes in some fungi strains.
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Abstract: Starting with the methyl 11-homodrim-8-ene-7-oxo-12-oate a two steps synthesis of methyl-11-homodrim-6,8(9)-
diene-12-oate was accomplished in 87% overall yield, which on photooxygenation in the presence of tetraphenylporphyrin 
gave a mixture of methyl esters of 11-homodrim-7-ene-6α,9α-peroxy-12-oic and 11-homodrim-5,8-diene-7-oxo-12-oic 
acids 21% and 54% yields, respectively.

 Keywords: homodrimanes, synthesis, photooxygenation.
1. Introduction
 Drimanic sesquiterpenoids represent one of the largest groups of sesquiterpenoids, which continues to attract the 
attention of scientists due to their interesting and varied biological activity [1, 2]. Commonly, polyfunctional compounds 
are more active, especially those with functional groups at the atoms C-6 and C-9, e.g. pereniporin A 1 and B 2 [3], 
cinnamodial (ugandensidial) 3 [4], cinnamosmolide 4 [5], mukaadial 5 [6] and albrassitriol 6 [7], than monofunctional 
ones (Figure 1).
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 Because of the low content of sesquiterpenoids 1-6 and related compounds in natural sources, the interest of 
chemists turned to their synthetic preparation from easily available predecessors. However, it should be noted that carbon 
atoms C-6 and, especially, C-9 are sterically hindered and their direct functionalization is diffi cult. This is possible to 
do via complicated synthesis in moderate overall yields. For example, pereniporin A 1 was obtained in 11 steps from 
available zamoranic acid 7 in 4% overall yield [8]. The introduction of keto group in position C-6 was possible only in 
some cases, for example, in compound 8, which was oxidized  with CrO3 in acetic acid in compound 9 in a moderate 
yield (52%) [9].

 Thus, the authors [10] on synthesis of uvidine C 10 from drimenol 11 introduced hydroxyl group in position 
C-6 in 8 steps.

 Considering the above, we attempted to develop a method of simultaneous functionalization of atoms C-6 
and C-9 in the cycle B of an available norlabdanic compound, containing conjugated 1,3-dienic system at C-6-C-7 and 
C-8-C-9 carbon atoms, using the reaction of photolytic [4+2] cycloaddition of singlet oxygen to dienic system.
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2. Results and discussion
 Earlier, for elaboration of a short method of simultaneous functionalization of the carbon atoms C-6 and C-9 in 

the series of 11-homodrimanic compounds, the photooxygenation reaction of the enolacetate 12, prepared from ketoester 
13, was studied [11]. The latter one was prepared by oxidation of the mixture of known esters 14 [12, 13].

 According to literature data 1,3-dienic compounds react with singlet oxygen giving endoperoxides by [4+2] 
cycloaddition reaction [14-16]. However, the reaction product of enolester 12 with singlet oxygen was not the expected 
endoperoxide 15 but the dienone 16. This result can be explained by the fact that the dienic system of compound 12 
contains the electron-reach C-6-C-7 double bond, which reacts with electrophilic singlet oxygen giving the perepoxyde 
17. The addition of the singlet oxygen to this double bond occurs from sterically more accesible α-side of the molecule 
(see Figure 2).
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 Taking into account the above mentioned data, it was of interest to carry out the synthesis of compound 18 with 
conjugated double bonds in cycle B and then investigate its behavior in photochemical process. Ketoester 13 served as 
the starting compound for the preparation of dienic ester 18 (scheme 1).
 Compound 13 was reduced with sodium borohydride in the presence of cerium trichloride giving the methyl 
ester of 11-homodrim-8-ene-7β-ol-12-oic acid 19 in the 98% yield. The structure of compound 19 was elucidated on the 
base of its spectral data. In particular, the width the of proton’s signal at C-7 on its half-height (W1/2=7.62 Hz) and its 
multiplicity (triplet, J=8.6 Hz) indicate that hydroxyl group at C-7 is equatorially oriented.
 On dehydration of hydroxyester 19 under mild conditions with concentrated H2SO4 solution in THF the methyl 
ester of 11-homodrim-6,8(9)-diene-12-oic acid 18 was obtained in 89% yield. Its IR-spectrum exhibited bands for the 
ester group at 1155 and 1746 and the dienic system at 2860 and 750 cm-1. In its 1H-NMR spectrum there are present the 
signals of fi ve methyl groups: three of them bonded to quaternary carbon atoms C-4 and C-10 at 0.91, 0.93 and 0.78 
ppm (H-14, H-15 and H-16, respectively), methyl group attached to C-8 (1.71 ppm) and methyl ester group at 3.65 ppm, 
doublet signals of protons at the double bond C-6-C-7 appear as doublet of doublet at 5.85 ppm (H-6) and 5.76 ppm (H-
7) and the doublet signal of H-5 proton at 2.03 ppm. The 13C-NMR spectrum also confi rms the structure of ester 18. It 
contains the signals of fi ve methyl groups at 51.7, 32.3, 22.6, 18.1 and 14.9 ppm, of quaternaty carbon atoms C-8 (127.8 
ppm), C-7 (128.1 ppm), 129.1 ppm (C-6), 136.0 ppm (C-9) and 172.8 ppm (the carbonyl group C-12).
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Scheme 1. Reagents: (a) NaBH4, CeCl4*7H2O, MeOH, r.t., 0.5h, 98%; (b) H2SO4, THF, r.t., 24h, 89%; (c) hν, O2,     
      TPP, DCM, 5 ºC, 5h, 21% (15) and 54% (16)

The photooxygenation of dienic ester 18 was carried out in dichloromethane solution of in the presence of 
tetraphenylporphyrin. According to TLC data the reaction product represented a complex mixture of compounds with 
two major components which were separated by column chromatography on silica gel. The fi rst compound eluted from 
column was the endoperoxide 15, obtained in 21% yield (scheme 1). In the IR-spectrum of compound 15 there are 
bands characteristics for ester group (1730 and 1167cm-1) and endoperoxyde group at 1107 cm-1. Its 1H-NMR spectrum 
displays signals of fi ve methyl groups, two of them at 1.04 and 0.79 ppm bonded to C-4, 0.92 ppm bonded to C-10, 
1.99 ppm bonded to C-8 and signal of methyl ester group at 3.66 ppm. At 6.33 ppm was present the doublet of doublet 
of H-7 atom and at 4.49 ppm of H-6 atom. The doublet signal of H-5 appears at 1.72 ppm. In 13C-NMR spectrum of 
compound 15 there are signals of carbon atoms C-8 at 141.8 ppm, C-7 at 125.7 ppm, C-9 at 86.3 ppm, C-6 at 72.3 ppm 
and of the ester group carbonyl at 169.9 ppm. The 13C-NMR spectra contain also the signals of fi ve methyl groups at 
51.7 (CO2Me), 31.8 (C-15), 24.3 (C-14), 21.3 (C-13) and 20.1 (C-16). Unfortunately, the yield of target endoperoxide 15 
was low. All attempts to increase it, changing the reaction condition, failed. The use of rose bengal and methylene blue 
as photosensitizer did not lead to an increase of the compound 15 yield.
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The next compound eluted from chromatographic column was the known methyl ester of 11-homodrim-
5,8(9)-diene-7-one-12-oic acid 16 (54% yield), which was identifi ed by comparing with its authentic sample obtained 

earlier [11]. A possible way of the dienone 16 formation from dienic ester 18 is depicted in scheme 2. 
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The reduction of endoperoxide 15 with thioureea in MeOH leads the methyl ester of 11-homodrim-7-еne-

6α,9α-diol-12-oic acid 20 in 96% yield (scheme 3). This step was carried out with the aim to obtain a more stable 
6,9-disubstituted homodrimanic compound. Its IR spectrum contains characteristic bands for ester (1160 and 1710 cm-1) 
and hydroxyl (3420 and 1205 cm-1) groups. In 1H-NMR spectrum of compound 20 there are present the doublet signal 
of the H-7 proton (5.48 ppm), doublet of doublet of the H-6 proton (4.04 ppm) and the signals of fi ve methyl groups at 
3.69 ppm (CO2Me), 1.68 ppm (H-13), 1.14 ppm (H-15), 1.04 ppm (H-16) and 0.88 ppm (H-14). In 13C-NMR spectrum 
of compounds 20 there are also present the signals of completely substituted carbon atoms at C-4 (32.9 ppm) and C-10 
(43.6), signal of tertiary C-5 atom (49.2 ppm) and signals of methylenic atoms C-1 (33.1), C-2 (18.7 ppm), C-3 (42.9 
ppm) and C-11 (38.9 ppm). 
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3. Conclusion
 Starting with the methyl 11-homodrim-8-ene-7-one-12-oate a two steps synthesis of the methyl 11-homodrim-
6,8(9)-diene-12-oate was accomplished in 87% overall yield. The photooxygenation of this compound in the presence of 
tetraphenylporphyrin led to the mixture of methyl 11-homodrim-7-ene-6α,9α-peroxy-12-oate and methyl 11-homodrim-
5,8-diеne-7-one-12-oate in 21% and 54% yields, respectively. These esters are valuable intermediate in the synthesis of 
physiologically active drimanic and norlabdanic derivatives. 

4. Experimental
 Melting points (mp) were determined on a Boetius hot stage. Optical rotations were measured on a Perkin-Elmer 
241 polarimeter with a 1 dm microcell, in CHCl3. IR spectra were recorded on Bio-Rad-Win-IR and Perkin-Elmer Models 
spectrometer. 1H and 13C NMR spectra were recorded in CDCl3 on Bruker AC-E 200 (200 and 50 MHz) and Bruker Avance 
DRX 400 (400 and 100 MHz) spectrometers. Chemical shifts are given in parts per million values in δ scale with CHCl3 
as internal standard (δ at 7.26 ppm for proton and δ 77.00 ppm for carbon) and coupling constants in Hertz. H,H-COSY, 
H,C-HSQC and H,C-HMBC experiments were recorded using standard pulse sequences, in the version with z-gradients, as 
delivered by Bruker. Carbon substitution degrees were established by DEPT pulse sequence. Mass spectra (MS) were run 
on an AEI MS 902 spectrometer (EI, 70 eV). For analytical TLC, Sorbfi l silica-gel plates were used. The chromatograms 
were sprayed with conc. H2SO4 and heated at 80°C for 5 min to detect the spots. Column chromatography was carried out 
on Across silica gel (60–200 mesh) using petroleum ether (PE) (bp 40–60 °C) and the gradient mixture of petroleum ether 
and EtOAc. All solvents were purifi ed and dried by standard techniques before use. Crude products in organic solvents 
were dried over anhydrous Na2SO4, fi ltered, and evaporated under reduced pressure.

Methyl ester of 11-homodrim-8-ene-7β-ol-12-oic acid 19. To a stirred solution of CeCl3 ·
 7H2O (671 mg, 

1.80 mmol) in MeOH (5 mL) at 18°C the solution of keto ester 13 (500 mg, 1.80 mmol) in MeOH (10 ml) was added. 
After 3 min NaBH4 (68 mg, 1.80 mmol) was added and the mixture was stirred at the same temperature for 0.5 h (TLC 
control). The reaction mixture was treated with cold 5% НСl solution (5 mL), and after dissolution of the precipitate it 
was extracted with diethyl ether (3 х 25 mL). The extract was washed with water (2 х 15 mL) and dried. After removal 
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of the solvent in vacuum the crude product (510 mg) was purifi ed by column chromatography on silica gel (25 g, eluent: 
PE/EtOAc 85:15), to give the methyl ester of 11-homodrim-8-ene-7β-ol-12-oic acid 19 (492 mg, yield 98%) as a white 
crystals, mp 106°-107°С (from PE), [α]D

20 +50.8° (CHCl3, c 0.03). IR (ν, cm-1): 3493, 1146(OH), 1733 (CO2Me). 1H 
NMR (400 MHz, δH, ppm) 4.15 (1H, t, J 8.6 Hz, W1/2 7.62 Hz, H-7), 3.68 (3H, s, CO2Me), 3.09 (1H, d, J 17.0 Hz), 2.99 
(1H, d, J 17.0 Hz) (AB-system C(11)H2), 2.12 (1H, ddd, J 14.0, 7.4, 6.2 Hz, H-6), 1.67 (3H, s, H-13), 1.25 (1H, m, 
H-5), 1.00 (3H, s, H-16), 0.89 (3H, s, H-15), 0.85 (3H, s, H-14). 13C NMR (100.61 MHz, δC, ppm): 172.8 (C-12), 137.8 
(C-9), 132.7 (C-8), 72.9 (C-7), 51.8 (CO2Me), 49.5 (C-5), 41.2 (C-6), 39.4 (C-10), 35.9 (C-11), 33.0 (C-1), 32.9 (C-15), 
32.8 (C-4), 29.7 (C-3), 21.5 (C-14), 19.7 (C-13), 18.7 (C-2), 15.5 (C-16); HRMS m/z (EI): found 280.20344. C17H28O3 
requires 280.20384. 280 (M+, 14), 221 (5), 207 (25), 191 (8), 173 (9), 157 (25), 135 (11), 124 (100), 109 (65), 96 (29), 
81 (14), 69 (24), 55 (31), 41 (40).

Methyl ester of 11-homodrim-6,8(9)-diene-12-oic acid 18. To a solution of hydroxyester  19 (250 mg, 0.89 
mmol) in THF (4 mL) the solution of concentrated H2SO4 (0.16 mL) in ТHF (0.84 mL) was added and the obtained 
mixture was stirred for 24 h at room temperature, diluted with water (10 mL) and extracted with ether (3 х 15 mL). The 
organic layer was washed with water (2 x 20 mL) and dried. The removal of the solvent afforded an yellow oil (247 
mg), which was purifi ed by column chromatography on silica gel (5 g, eluent: PE/EtOAc 95:5), to give the methyl ester 
of 11-homodrim-6,8(9)-diene-12-oic acid 18 as white crystals (208 mg, 89.0%), mp 55-56 ºC (from PE), [α]D

22 +67.8° 
(CHCl3, c 1.17). IR (ν, cm-1): 2860 (C=C), 1746, 1155 (CO2Me), 750 (=C-H). 1H NMR (400 MHz, δH, ppm) 5.85 (1H, 
dd, J 2.95, 9.30 Hz, H-6), 5.76 (1H, dd, J 3.16, 9.30 Hz, H-7), 3.65 (3H, s, CO2Me ), 3.13 (1H, d, J 16.0 Hz), 3.02 (1H, d, 
J 16.0 Hz) (AB-system, C(11)H2), 2.03 (1H, d, J 2.9 Hz, H-5), 1.71 (3H, s, H-13), 0.93 (3H, s, H-15), 0.91 (3H, s, H-14), 
0.78 (3H, s, H-16). 13C NMR (100.61 MHz, δC, ppm): 172.8 (C-12), 136.0 (C-9), 129.1 (C-6), 128.1 (C-7), 127.8 (C-8), 
52.4 (C-5), 51.7 (CO2Me), 40.8 (C-3), 38.7 (C-10), 35.1 (C-1), 33.1 (C-4), 32.5 (C-11), 32.3 (C-15), 22.6 (C-14), 18.8 
(C-2), 18.1 (C-13), 14.9 (C-16). HRMS m/z (EI): found 262.19356. C17H26O2 requires 262.19328. m/z 262 (M+, 27), 203 
(7), 191 (13), 173 (63), 159 (10), 145 (19), 133 (36), 119 (100), 105 (16), 91 (20), 83 (13), 69 (10), 55 (26), 41 (35).

Methyl esters of 11-homodrim-7-ene-6α,9α-peroxy-12-oic 15 and 11-homodrim-5,8-diеne-7-one-12-oic 16 
acids. To a stirred solution of diene 18 (240 mg, 0.92 mmol) in 25 mL of CH2Cl2 was added 2 mg of tetraphenylporphyrin 
(TPP). The resulting mixture was irradiated with two bulb lumps (100 W each) while oxygen was passed through stirred 
solution at 5 °C for 5 h. Evaporation of the solvent at the reduced pressure and chromatography of the residue (311 mg) 
on SiO2 (16g, eluent: PE/EtOAc 9:1) gave the methyl ester of 11-homodrim-7-ene-6α,9α-peroxy-12-oic acid 15 (57 mg, 
21 %), white crystals, mp 116-117 оС (from PE), [α]D

23 +11.95° (CHCl3, c 0.21). IR (ν, cm-1): 1733, 1167 (CO2Me), 1198 
(peroxy group). 1H NMR (400 MHz, δH, ppm): 6.33 (1H, dd, J  6.0, 1.6 Hz, H-7), 4.49 (1H, dd, J 10.5, 6.0 Hz, H-6), 3.66 
(3H, s, CO2Me ), 2.82 (1H, d, J 15.8 Hz), 2.59 (1H, d, J 15.8 Hz) (AB-system, C(11)H2), 1.99 (3H, s, H-13), 1.72 (1H, d, 
J 12.08 H-5), 1.04 (3H, s, H-15), 0.92 (3H, s, H-16), 0.79 (3H, s, H-14). 13C NMR (100.61 MHz, δC, ppm): 169.9 (C-12), 
141.8 (C-8), 125.7 (C-7), 86.3 (C-9), 72.3 (C-6), 51.9 (C-5), 51.7 (CO2Me), 45.3 (C-10), 38.8 (C-3), 32.2 (C-4), 32.0 
(C-11), 31.8 (C-15), 30.5 (C-1), 24.3 (C-14), 21.3 (C-13), 20.1 (C-16), 18.6 (C-2). HRMS m/z (EI): found 294.18231. 
C17H26O4 requires 294.18311.262 [(M+ -32, 10), 205 (3), 193 (18), 187 (19), 173 (29), 151 (10), 133 (20), 119 (44), 109 
(95), 95 (57), 81 (54), 69 (78), 55 (54), 41 (100).

The next compound eluted from column with the same solvent system was the known methyl ester of 
11-homodrim-5,8(9)-diene-7-one-12-oic acid 16 (137 mg, 54 %), white crystals, mp 111-112оС (from hexane), [α]D

20 
+50.80° (CHCl3, c 6.31). IR (ν, cm-1): 1715, 1167 (CO2Me), 1637, 1614 (dienone group), 826 (>C=C<H). 1H NMR (400 
MHz, δH) 6.31 (1H, s, H-6), 3.68 (3H, s, CO2Me ), 3.43 (1H, d, J 16.9 Hz), 3.31 (1H, d, J 16.9 Hz) (AB-system, C(11)
H2), 1.84 (3H, s, H-13), 1.28 (3H, s, H-16), 1.27 (3H, s, H-15), 1.20 (3H, s, H-14). 13C NMR (100.61 MHz, δC): 186.5 
(C-7), 171.9 (C-5), 170.3 (C-12), 154.8 (C-9), 133.3 (C-8), 123.7 (C-6), 52.1 (CO2Me), 43.6 (C-10), 40.1 (C-3), 37.2 
(C-1), 34.9 (C-4), 34.3 (C-11), 32.3 (C-15), 28.5 (C-14), 25.2 (C-16), 18.1 (C-2), 11.6 (C-13). HRMS m/z (EI): found 
276.17209. C17H24O3 requires 276.17254.276. (M+ , 100), 261 (22), 244 (17), 233 (53), 220 (26), 203 (89), 189 (30), 174 
(61), 159 (69), 147 (33), 133 (20), 119 (44), 105 (33), 91 (42), 81 (18), 69 (48), 55 (46), 41 (78).

Methyl ester of 11-homodrim-7-еne-6α,9α-diol-12-oic acid 20. To a solution of the endoperoxyde 15 (55 
mg, 0.19 mmol) in MeOH (1.5 mL) was added during 10 minutes at the room temperature solution of thioureea (29 mg, 
0.37 mmol) in MeOH (1 mL). Reaction mixture was stirred 3h at room temperature, then diluted with water (25mL) and 
extracted with diethyl ether (3 x 25 ml). After drying of solution and solvent removing the crud product (58 mg) was 
subjected to column chromatography on silica gel (5 g, eluent: PE/EtOAc 8:2) to give methyl ester of 11-homodrim-7-
еne-6α,9α-diol-12-oic acid 20 (55 mg, 96%) as an oil; [α]D

20=-5.74° (c 2.3); IR (ν, cm-1) νmax (fi lm): 3420, 1205 (OH), 
1710, 1160 (CO2Me), 1H NMR (400 MHz, δH): 5.48 (1H, dd, J 5.2, 2.0 Hz , H-7), 4.04 (1H, dd, J 10.0, 2.0 Hz, H-6), 3.69 
(3H, s, CO2Me), 2.54 (1H, d, J 16.0 Hz), 2.46 (1H, d, J 16.0 Hz) (AB-system C(11)H2), 1.81 (1H, d, J 10.0 Hz, H-5), 
1.68 (3H, s, H-13), 1.14 (3H, s, H-15), 1.04 (3H, s, H-16), 0.88 (3H, s, H-14). 13C NMR (100.61 MHz, δC): 175.4 (C-12), 
136.0 (C-8), 131.1 (C-7), 76.2 (C-9), 68.7 (C-6), 51.9 (CO2Me), 49.2 (C-5), 43.6 (C-10), 42.9 (C-3), 38.9 (C-11), 36.1 
(C-15), 33.1 (C-1), 32.9 (C-4), 22.6 (C-14), 19.0 (C-13), 18.7 (C-2), 17.7 (C-16). HRMS m/z (EI): found 296.19777. 
C17H28O4 requires 296.19876. 296 (M+ , 3), 278 (25), 263 (15), 207 (19), 193 (7), 172 (32), 154 (100), 135 (23), 121 (16), 
109 (32), 98 (53), 81 (20), 69 (55), 55 (49), 41 (84).

Chemistry Journal of Moldova. General, Industrial and Ecological Chemistry. 2011, 6 (2), 79-83  



83

5. Acknowledgements
 The author thanks to Academician P.F. Vlad and Doctors A. Ciocârlan and A. Barbă for their help in the 
realization of this work.

6. References
Jansen, B.J.M.; de Groot, A. [1]. Nat. Prod. Rep. 1991, 8(3), 309-318.
Jansen, B.J.M.; de Groot, A. [2]. Nat. Prod. Rep. 2004, 21(4), 449-477.
Kida, T.; Shiba, H.; Seto, H. [3]. J. Antibiotics, 1986, 39(4), 613-615.
Brooks, C.J.W.; Draffan, G.H. [4]. Tetrahedron, 1969, 25(14), 2887-2898.
Canonica, L.; Corbella, A.; Gariboldi, P.; Jommi, G.; Knepinsky, J.; Casagrande, G. [5]. Tetrahedron, 1969, 25(17), 
3895-3902.
Kubo, I.; Makumoto, T.; Kakooko, A.B.; Mubiru, N.K. [6]. Chem Lett., 1983, 7, 979-980.
Ayer, W.A.; Pena-Rodrigues, L.M. [7]. J. Nat. Prod., 1987, 50(3), 408-417.
Urones, J.G.; Diez, D.; Gomez, P.M.; Mercos, J.S.; Basabe, P.; Moro, R.F. [8]. Nat. Prod. Lett., 1998, 11(22), 145-
152.
Urones, J.G.; Diez, D.; Gomez, P.M.; Mercos, J.S.; Basabe, P.; Moro, R.F. [9]. J. Chem. Soc., Pekin I, 1997, 12, 
1815-1818.
Lopez, J.; Sierra, J.; Cortes, M. [10]. Chem Lett., 1986, 12, 2073-2074.
Vlad, P.F.; Coltsa, M.N.; Aricu, A.N.; Ciocarlan, A.G.; Gorincioi, E.C.; Edu, C.E.; Deleanu, C. [11]. Russ. Chem. 
Bull., Int. Ed., 2006, 55, 703-707. 
Vlad, P.F.; Vorobieva, E.A. [12]. Chem. Nat.Compd. 1983, 148.
Koltsa, M.N.; Mironov, G.N.; Malinovskii, S.; Vlad, P.F. [13]. Russ. Chem. Bull., 1996, 45, 208.
Clennan, E.L. [14]. Tetrahedron, 1991, 47, 1343-1382.
Prein, M.; Adam, W. [15]. Angew. Chem., Int. Ed. Engl., 1996, 35, 477-494.
Stratakis, M.; Orfanopoulos, M. [16]. Tetrahedron, 2000, 56, 1595-1615.

 A. Biriiac/Chem. J. Mold. 2011, 6 (2), 79-83



84

AB INITIO STUDY OF CHEMICAL ACTIVATION AND HYDROGENATION 
OF WHITE PHOSPHORUS IN REACTION WITH RHODIUM 

TRIHYDRIDE COMPLEX
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Abstract: The four-stage mechanism of reaction of the rhodium trihydride complex [(triphos)RhH3] (triphos=1,1,1-
tris(diphenylphosphanylmethyl)ethane) with the white phosphorus molecule resulting in the phosphane and the 
cyclo-P3 complex [(triphos)M(η3-P3] is analyzed on the basis of ab initio calculations of reactants, products, and 
intermediate complexes of reaction. It is shown that generation of the transient complex [(triphos)RhH(η1:η1-P4)] 
followed by intramolecular hydrogen atom migration from the metal to one of the phosphorus atoms is the energetically 
favourable process. Calculations also show that P4 molecule is activated by coordination to the above complex: the 
metal-bonded P-P edge is broken, and the tetrahedron P4 is opened to form the butterfl y geometry. This activation is 
realized mainly due to the one-orbital back donation of 4d-electron density from the atom of Rh to the unoccupied 
antibonding triple degenerate t1*-MO of P4.

Keywords: white phosphorus, triphos, rhodium trihydride complex, ab initio calculations.

1. Introduction
From the experimental data it is known that the transition metal complexes are effi cient in the white phosphorus 

functionalization processes (see, e.g., reviews on coordination of white phosphorus [1-3] and references therein). These 
compounds activate the P4 molecule by its oxidation or reduction that leads to the breaking of some bonds in the 
phosphorus molecule preparing it for further chemical transformations. 

As an example of the functionalization of the P4 molecule and of its fragmentation mediated by transition 
metal complexes can serve the reaction of the trihydride complex [(triphos)MH3] (where M= Rh, Ir and triphos=1,1,1-
tris(diphenylphosphanylmethyl)ethane, MeC(CH2PPh2)3) with the white phosphorus resulting in the phosphane and 
[(triphos)MP3] complex.  On the base of the experimental data it was supposed [4-7] that this process is performed 
through the next steps (See Scheme 1): 

A - the thermal reductive elimination of H2 from [(triphos)RhH3] (I) and the generation of the transient complex [(triphos)
MH] (II); 

B - the oxidative addition of P4 with formation of the hydrido –η1:η1-P1 complexes [(triphos)MH(η1:η1-P4)] (III); 
C - the intramolecular migration of hydrogen atom from the metal to the phosphorus to yield [(triphos)M(η1:η2-HP4)]  

(IV); 
D - the fi nal addition of hydrogen molecule to the complex IV with the P-P bond cleavage and phosphane  separation.

To confi rm the possibility of realization of this mechanism it is desirable to study experimentally or (and) 
theoretically the energy profi le of the respective reaction pathway. Some stages of the process indirectly confi rmed by 
experiment. Thus, the conclusion about the formation of the intermediate complex III was based on the reaction of P4 
with iridium complex [(triphos)IrH2(C2H5)], which reductively eliminates ethane rather than H2. In this case microcrystals 
of the complex [(triphos)IrH(η1:η1-P4)] were obtained [7]. The presence of the hydrogen tetraphosphide moiety HP4 in 
the complex IV with M=Rh was clearly supported by the NMR spectroscopy [7]. However, to our knowledge, the 
theoretical study of the entire reaction has not been done so far.

In this work all the stages of the hydrogenation of white phosphorus by the Rh trihydride complex are analyzed 
on the basis of quantum chemical calculations of all the initial ([(triphos)RhH3] I, P4), the intermediate ([(triphos)RhH] 
II, [(triphos)RhH(η1:η1-P4)] III, [(triphos)Rh(η1:η2-HP4)] IVa, IVb, and IVc,) and the fi nal ([(triphos)RhP3] V, PH3)  
compounds of the reaction from Scheme 1. Special attention is given to clarifying the nature of the Rh-P4 binding, and 
the reasons for the distortion (activation) of coordinated P4 molecule.
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Scheme 1. Reaction of white phosphorus with [(triphos)RhH3].
P* denotes the phosphorus atoms of the triphos ligand connected with two phenyl rings

2. Computational details 

All calculations were carried out using the PC GAMESS version [8] of the GAMESS (US) QC package [9]. For 
each compound considered, a full geometry optimization was performed at ab initio restricted Hartree-Fock (RHF) and 
density functional (DFT/B3LYP [10, 11]) levels of theory. Ab initio calculations were carried out with the split-valence 
basis sets for atoms of Rh (3-21G [12]) and P (6-31G(d) [13]) which are directly involved in the reaction, and STO-6G 
[14] basis set for all other atoms. DFT calculations were performed using the LANL2DZ basis set with non-relativistic 
effective core potential for Rh, the 6-31G(d) for the phosphorus atoms and 6-31G basis set for all other atoms in the 
systems. The geometry of the complexes was optimized at their highest possible symmetry: C3v for the systems I, II, 
IVc, V and PH3, and Cs for the III, IVa and IVb. To analyze the possibility of intramolecular hydrogen atom migration, 
complexes IVa and IVb were also calculated without any symmetry constraints.

In the experimental studies cited above [4-7], the spin states of the complexes are not discussed. To be sure that 
the total spin of the system does not change during the reaction, all the complexes were calculated for two values   of the 
total spin (S=0, 1), followed by CI calculations at optimized geometries. Looking ahead, we say that the ground state of 
all the systems from Scheme 1 is the spin singlet, the triplet states are much higher in energy (more than fi fty kcal/mol). 
Therefore, further discussion refers only to the results of calculations of singlet states of the complexes.

3. Results and discussion
3.1. The [(triphos)RhH3] (I) and [(triphos)RhP3] (V) complexes

The geometry optimization of the complexes I and V was carried out in the assumption that the spatial nuclear 
confi guration of them corresponds to the C3v point group of symmetry. These compounds contain three groups of three 
equivalent atoms: the three phosphorus atoms of the tripodal ligand, the three phosphorus atoms of a triangular P3 unit 
(V) or three hydrogen atoms linked to the metal in (I), and the three hydrogen atoms of the methyl group.  For both 
compounds, we fully optimize the geometries of the four possible spatial structures, corresponding to the different 
mutual orientation of these three groups of equivalent atoms. Results of calculation are presented in table 1. One can see 
that the conformations labeled as “a” are the global minima for both systems. They correspond to the staggered mutual 
orientation of the two group of atoms linked to the metal. The energies of confi guration with their eclipsed orientation 
(c) are higher in the energy by the values of 10.8 kcal/mol for the I and 14.9 kcal/mol for the V. The energy barrier to 
rotation of the methyl group is low (compare the structures “b” and “a”). 
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Table 1 
Total energies (E, hartree) and the relative energies (ΔE, kcal/mol) of four possible structures of C3v 

symmetry of the I and V complexes a), b), c)

a b c d 

  

I       E
     ΔE

-7264.6494
0.

-7264.6430
4.0

-7264.6322
10.8

-7264.6237
16.1

V     E
    ΔE

-8285.2223
0.

-8285.2154
4.3

-8285.1986
14.9

-8285.1896
20.5

a)Results of RHF calculations
b) The symmetry axis C3 in fi gs. a-d is perpendicular to the plane of the fi gures.
c) White circles represent the hydrogen atoms in (I) or the triangular P3 unit in (V), gray circles – phosphorus atoms P* of the 
tripodal ligand, and black circles - the hydrogen atoms of the methyl group

The most relevant calculated geometry parameters for considered complexes in the lowest energy confi gurations 
(“a” from Table 1) are summarized in Table 2. The available experimental data for the [(triphos)RhP3] system are 
also presented. As can be seen, the method used in the present work provides structural parameters which are in close 
agreement with the experimental values.

Table 2
Selected geometry parameters for compounds I and V (bond lengths in Å and bond angles in degrees)

Parameters            I V Atomic designation
HFR DFT HFR DFT exp.[15]         

 Rh-P*  a)

 Rh -H1
 Rh -P1
 H1-H1
 P1-P1
 ∠ P*-Rh-P* 
 ∠H1-Rh-H1

 ∠P1-Rh-P1

2.53
1.56
---
2.05
---
88.53
81.39
---

2.38
1.59
---
2.03
---
91.30
79.39
---

2.52
---
2.47
---
2.24
89.25
---
54.17

2.39
---
2.48
---
2.19
91.90
---
52.28

2.29
---
2.42
---
2.15
91.25
---
52.86

a)  A-B denotes the interatomic distance 

3.2. The intermediate [(triphos)RhH(η1:η1-P4)] complex. P4 activation 

As mentioned in the Introduction, the iridium analogue of transition complex III, [(triphos)IrH(η1:η1-P4)],  was 
isolated experimentally [7]. It is obtained by removal of the hydrogen molecule from the complex I with formation of 
the transient complex II and simultaneous addition of P4 molecule. 

We have considered two possibilities for P4 addition to the complex II: in the fi rst case the geometry of this 
complex was optimized, and in the second one its structure was derived from the complex I by simple removing of 
two hydrogen atoms. For every case, three modes of approaching the P4 molecule to the complex were considered: 
coordination by the vertex of the tetrahedron, by its edge, and by its plane. 

Optimized structure of II has C3v symmetry in which the remaining hydrogen atom is located on the threefold 
symmetry axis, i.e. corresponds to the case when the system has time to relax. Calculations showed that in this case none 
of the three ways of approaching of P4 molecule to the complex II leads to the complex III.

In the second case the remaining hydrogen atom is in the same position as in the complex I. When P4 approaches 
to the complex II by the vertex of the tetrahedron, its geometry is not changed, and M-P4 bond is not formed (compare 
the initial structure IIIa with the optimized one IIId in Fig. 1). Geometry optimization of the other two structures 
(approaching of P4 by the edge of the tetrahedron (IIIb) and by its plane (IIIc)) results in the same stable complex IIIe 
(Fig. 1).
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Fig. 1. Different modes of approaching the P4 molecule to the complex [(triphos)RhH]: coordination by the vertex of 
the tetrahedron (III a), by its edge (III b), and by its plane (III c)

It is seen (Fig. 1, IIIe) that the geometrical structure of P4 is signifi cantly changed by its coordination to the complex: 
one of the P-P bonds is broken, and the tetrahedron P4 is opened to form the butterfl y geometry.  Calculated geometrical 
parameters for the free tetrahedron P4 molecule, for its reduced form P4

- and for the coordinated (in IIIe) P4 are presented 
in Table 3. The data from the Table 3 show that geometrical parameters of coordinated P4 molecule have almost the same 
values   as in the reduced form P4

-.
           

Table 3
Calculated geometrical parameters for the free P4, for its reduced form P4

-, and for the coordinated P4 
molecule (bond lengths in Å and bond angles in degrees)

P4  free a) P4
- P4

coord (III e)

R(P1 -P4) 2.19 2.82 2.95
R(P2 -P3) 2.19 2.19 2.22
R(P1/P4  -P2/P3) 2.19 2.23 2.28
dih ∠P1P2P3-P4P2P3 70.53 94.66 95.25

n(P1 -P4)
b) 0.97 0.45 0.13

n(P2 -P3) 0.97 0.96 0.89
n(P1/P4  -P2/P3) 0.97 0.94 0.81

 a)  Experimental value of R(P -P) is 2.21 Å [16]
 b) n(A-B) is the bond order of the A-B bonding

In our recent work [17] it was shown that the butterfl y geometry of the coordinated P4 molecule is due to the Jahn-
Teller effect induced by the charge transfer to its triple degenerate excited state. In analysing the electronic redistribution 
details in the [(triphos)RhH(η1:η1-P4)] complex IIIe it seems appropriate to use the defi nition of the ligand binding 
suggested by Bersuker in the monograph [18].  In the MO terminology “the multiplicity of the orbital bonding (mono-, 
di-, and multiorbital) equals the number of complex-ligand bonding MOs uncompensated by the antibonding orbitals” 
[18]. It follows from this defi nition that the electron charge transfer to and from the ligand is due to formation of such 
uncompensated bonding molecular orbitals of the entire complex. 

A molecular orbital energy-level scheme of the active valence zone of the whole [(triphos)RhH(η1:η1-P4)] complex 
and that of its fragments, [(triphos)RhH] and P4, is given in Fig. 2. Consider fi rst of all the changes of the molecular 
orbitals of P4 due to its coordination. As shown above, the tetrahedron P4 is distorted signifi cantly by coordination to 
the complex. The symmetry of molecule decreases, which causes the splitting of its degenerated MOs. In particular, in 
the complex IIIe with the point group Cs the empty antibonding triple degenerate t1*-MO splits into the two MOs of a" 
symmetry and one a'-MO. When forming the complex, these MOs of P4 molecule interact with appropriate orbitals of 
the Rh atom, giving rise to the Rh-P4 bonding.

I. Balan and N. Gorinchoy/Chem. J. Mold. 2011, 6 (2), 84-90
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Fig. 2. MO energy-level scheme for bonding between P4 and [(triphos)RhH]

 One can see from fi g. 2 that only one bonding MO (218 a″) provides the Rh-P4 binding, being uncompensated 
by antibonding orbital (i.e. corresponding antibonding MO 219 a″ is not occupied). Therefore the Rh-P4 bonding in the 
studied complex can be classifi ed as mainly mono-orbital one. This π-type MO is composed from the fi lled a" MO of 
the complex II which is mainly 4dxz AO of the atom of Rh (see on the right side in Fig. 2) and the appropriate component 
of empty t1 orbital of P4. Due to forming of this (218 a’’) MO the electron density is transferred from the 4dxz AO of the 
Rh to the unoccupied t1 orbital of P4 (the π-type back donation) triggering the JTE t2 type distortion [18] that result in the 
butterfl y geometry of P4. The orbital charge transfer is quite signifi cant, Dq = 0.68 ē.

3.3. Intramolecular hydrogen atom migration
 To analyze the possibility of intramolecular hydrogen atom migration from the metal to the phosphorus, the 

geometry optimization of all the complexes IVa, IVb and IVc from Scheme 1 corresponding to different types of the 
P-H bonding was carried out. Calculated geometry parameters and the values of the total energies are summarized in 
Table 4. 

Table 4

Total energies (E, hartree), interatomic distances A-B (Å) and bond orders (in parentheses) for intermediate 
compounds III and IV

III IVa IVb IVc
HFR a) DFT b) HFRa) DFT b) HFRa) DFT b) HFRa) DFT b)

E

Rh-P1
Rh-P4
P1-P4
P1-P2
P1-P3
P2-P3
P4-P2
P4-P3
Pcoord -H

-0.4570

2.46 (0.54)
2.46 (0.54)
3.09 (0.13)
2.37 (0.81)
2.39 (0.81)
2.32 (0.88)
2.37 (0.81)
2.39 (0.81)

---

-0.7679

2.42
2.42
2.87
2.26
2.27
2.18
2.26
2.27
---

-0.4617 

3.32 (0.00)
2.57 (0.30)
3.37 (0.08)
2.38 (0.82)
2.38 (0.83)
2.34 (0.88)
2.37 (0.77)
2.38 (0.79)
1.44 (0.78)

-0.7702

3.16
2.37
3.20
2.27
2.27
2.19
2.27
2.26
1.46

-0.4654

2.57 (0.45)
2.57 (0.45)
3.19 (0.00)
2.37 (0.86)
2.25 (0.81)
3.17 (0.05)
2.37 (0.86)
2.25 (0.81)
1.44 (0.85)

-0.7720

2.47
2.47
3.05
2.27
2.20
3.07
2.27
2.20
1.43

-0.3618 

2.65 (0.67)
4.51 (0.05)
2.59 (0.74)
2.31 (0.57)
2.31 (0.57)
2.31 (0.57)
2.59 (0.74)
2.59 (0.74)
1.43 (0.89)

-0.7030

2.47
2.87
2.13
3.09
3.09
3.09
2.13
2.13
1.43

a) Values of energy are given relative to -8626.0 a.u.
b) Values of energy are given relative to -4081.0 a.u.
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It is seen from the Table 4 that the lowest in energy structure corresponds to the complex IVb in which the 
hydrogen atom is bonded not with the nearest (to Rh) atom of phosphorus (P1 or P4 from Fig. 1), but with one of the 
distant atoms P2 or P3. Figure 3 depicts the optimized structures of all the intermediate compounds and the most probable 
path of the hydrogen atom migration from rhodium to phosphorus. Unfortunately, due to the complexity of the system, 
we were unable to localize transition states corresponding to the hydrogen atom transfer from the Rh to the nearest 
phosphorus atoms (III→IVa), and then to the distant atoms P2 or P3 (IVa→IVb). The structure denoted as TS in Fig.3 is 
obtained by point-by-point calculations of the complex at different positions of the hydrogen between the atoms P1 and 
P2, without its further optimization. So, the barrier height between the structures IVa and IVb can be regarded only as an 
estimate. We also calculated the structure IVc as being the “most prepared” for adding to the complex of two hydrogen 
atoms with subsequent separation of PH3. However, its energy is too high to ensure that this complex could be formed 
during the reaction. 

Fig. 3. Energy diagram for the hydrogen atom migration calculated at the RHF and B3LYP
 (in parentheses) levels of theory 

Further addition of two hydrogen atoms to the complexes IVa and IVb and their subsequent optimization leads 
to the complex [(triphos)RhP3] V and the phosphane molecule PH3. The energy profi le for the entire reaction predicted 
by both the RHF and DFT levels of theory is presented in Fig. 4. It is seen that generation of the transient complex 
[(triphos)RhH(η1:η1-P4)] III followed by intramolecular hydrogen atom migration from the metal to the phosphorus to 
yield IV is the energetically favorable process. Every step of the reaction is accompanied by an energy gain, so that the 
above four-stage reaction mechanism seems to be reasonable.

ΔE
(k

ca
l/m

ol
)

I +P4

II +H2+P4 

III+H2

IV* +H2

V+PH3

Δ1
Δ2

Δ3

Δ4

Fig. 4. Calculated energy profi le of reaction from Scheme 1 (all values are in kcal/mol)

Note that both RHF and DFT calculations give qualitatively the same picture (Figs. 3, 4), differing only in the 
values   of relative energies of the complexes.
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4. Conclusion
 Our calculations confi rm the possibility of activation and direct hydrogenation of white phosphorus to PH3 

when promoted by rhodium trihydride complex [(triphos)RhH3]. The proposed four-stage mechanism of reaction of P4 
with the [(triphos)RhH3] resulting in the phosphane and the cyclo-P3 complex [(triphos)M(η3-P3] seems to be plausible. 
The generation of the transient complex [(triphos)RhH(η1:η1-P4)] followed by intramolecular hydrogen atom migration 
from the metal to the phosphorus is the energetically favorable process. P4 molecule is activated by its coordination to 
the above intermediate: one of the P-P bonds (P1-P4) is broken, and the tetrahedron P4 is opened to form the butterfl y 
geometry. The activation is realized due to the one-orbital back donation of electron density from one of the occupied 
molecular orbitals of the precursor complex [(triphos)RhH] to the unoccupied antibonding triple degenerate t1*-MO of 
P4.

This work was initiated under the guidance of Professor I.Ya. Ogurtsov and was completed by the authors in his 
memory.
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Abstract: This research has been carried out in order to demonstrate the use of differential scanning calorimetry (DSC) 
in detecting and measuring α- and β-relaxation processes in amorphous pharmaceutical systems. DSC has been employed 
to study amorphous samples of poly (vinylpyrrolidone) (PVP), indomethacin (InM), and ursodeoxycholic acid (UDA) 
that are annealed at temperature (Ta) around 0.8 of their glass transition temperature (Tg). Dynamic mechanical analysis 
(DMA) is used to measure β- relaxation in PVP.  Yet, the DSC has been used to study the glassy indomethacin aged at 
0 and -10 oC for periods of time up to 109 and 210 days respectively. The results demonstrate the emergence of a small 
melting peak of the α-polymorph after aging for 69 days at 0°C and for 147 days at -10°C (i.e., ~55°C below the glass 
transition temperature) that provides evidence of nucleation occurring in the temperature region of the β-relaxation. 
The evolution of an endothermic recovery peak temperature features a plateau at longer annealing times, suggesting 
that the glass has made a signifi cant progress toward reaching the supercooled liquid state. It has been found that the 
melting peaks become detectable after the recovery peak reaches the plateau. The results highlight the importance of 
studying physical aging in the temperature region of the β – relaxation as a means of evaluating the physical stability of 
amorphous pharmaceutical materials.  

Keywords: DSC – differential scanning calorimetry; DMA – dynamic mechanical analysis; drugs; excipients; glass 
transition; α- and β – relaxations; crystallization; kinetics. 

Introduction 
Since amorphous compounds are inherently less stable, both physically and chemically, than their crystalline 

counterparts, numerous investigations over the last decade expectedly focused on the stabilization of amorphous 
pharmaceuticals [1]. DSC has been used to probe the β-relaxation for a large variety of polymers [2]. Although dielectric 
spectroscopy has been applied to the relaxation of indomethacin, the studies have been focused on the temperature 
region of the α-relaxation, and the β-process has not been reported. 
 
General application of DTA and DSC

The results obtained using DTA and DSC are qualitatively so similar that their application usually is not treated 
separately. It should be noted that DTA can be used to higher temperatures than DSC (max 725 oC) but that more reliable 
quantitative information obtained from DSC [3]. Differential scanning calorimetry (DSC) is the most frequently used 
thermal analysis technique alongside TGA, TMA and DMA. DSC is used to measure enthalpy changes (fi gure 1) due to 
changes in the physical and chemical properties of a material as a function of temperature or time. The method allows 
identifying and characterizing materials including pharmaceuticals. DSC is the method of choice to determine thermal 
quantities, study thermal processes, and characterize or just simply compare materials. The Dynamic Mechanical 
Analysis (DMA) basic principles [3] can be simply described as applying an oscillating force to a sample and analyzing 
the material’s response to that force (fi gure 2). From DMA, one calculates properties like tendency to fl ow (called 
viscosity) from the phase lag and the stiffness (modulus) from the sample recovery.

These properties are often described as the ability to lose energy as heat (damping) and the ability to recover 
from deformation (elasticity). The applied force is called stress and is denoted by the Greek letter, σ. When subjected to 
stress, a material will exhibit a deformation or strain, γ. The sample is subjected to a periodically varying stress (usually 
sinusoidal of angular frequency, ω). The response of the sample to this treatment can provide information on the stiffness 
of the material (quantifi ed by its elastic module) and its ability to dissipate energy (measured by its damping). For a 
viscoelastic material, the strain resulting from the periodic stress is also periodic, but it is out of phase with the applied 
stress owing to energy dispersion as heat, or damping in the sample [3]. A brief history of the DMA technique is given 
in the book by Menard [5].   
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Figure 1. Defi nition of characteristic features of the glass transition. Tg.e = the extrapolated onset temperature; Tg, 

½ = the half-step  temperature at which the heat capacity is midway between the extrapolated heat capacities of the 
liquid and glassy states; Tg.i and Tg.f  are the initial and fi nal temperatures of the glass transition and Tg.f –Tg.i is the 

temperature interval of the glass transition [4]

Figure 2. How  DMA works. The DMA supplies an oscillatory force causing a sinusoidal stress to be applied to the 
sample, which generates a sinusoidal strain. By measuring both the amplitude of deformation at the peak of the sine 
wave and lag between the stress and strain waves, quantities like the modulus, the viscosity, and the dumping can be 

calculated 

General Mechanism of the β-transition in Polymers and Pharmaceutics 
V. A.  Bershtein and V. M. Egorov have been pointed [6], in 1985 that the result of DSC investigations shows 

that in polymers relaxation processes the β –transition is a general phenomenon common to no crystallizing solids. A 
relationship has been found between thermo activation parameters of the transition and molecular characteristics i. e. the 
average length of a molecule, the length of the statistical Kuhn segment, the cohesive energy and the potential barrier of 
internal rotation. It is concluded that the act of β- transition is comparable to acts of relaxation in liquids, and take place 
in sites of less dense packing. For linear nonrigid polymers the act consist in the rotation of a chain fragment similar in 
length to the Kuhn segment involving the surmounting of preferentially intermolecular barriers with the participation of 
S-G transition; the kinetic unit corresponding to the β-transition is related to the segment of intermolecular mobility in 
polymers in pharmaceutics. 
 The use of the amorphous form of drugs and excipients to improve solubility, accelerate dissolution and promote 
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therapeutic activity has been advocated by many workers [7]. The rationale behind such a strategy is that a highly 
disordered amorphous material has a lower energetic barrier to overcome in order to enter solution than a regularly 
structured crystalline solid. In order to produce a usable amorphous system it is necessary to create a highly disordered 
molecular state (usually by a high energy process such as milling or lyophilisation) and then to stabilize that disordered 
state (usually by rapid drying or cooling or addition of stabilizing agents) so that all molecular motions which might 
induce instability are retarded over a meaningful pharmaceutical time-scale. It is the apparent chemical and physical 
instability of most amorphous pharmaceutical solids which is the major precluding their more widespread use in solid 
dosage forms [8].      

Amorphous pharmaceuticals draw a great deal of interest because of their potential to enhance bioavailability. 
But downside of amorphous materials is their thermodynamic instability that unavoidable drives them toward the stable 
crystalline state. 
 Excipients are secondary ingredients added to a formulation to aid the delivery, processing and stability of the 
active drug/ drugs. Formulation stability largely depends on interaction of excipients or lack of interaction of excipients 
with the active drug and other excipients. Excipients are the additives used to convert pharmacologically active compounds 
into pharmaceutical dosage form suitable for administration to patients. Careful selection of excipients is critical for 
maintaining the physical structure of the dosage form, prevention of degradation of the active drug and achieving the 
desired bioavailability [9]. DSC has been a widely used method to analyze drug- excipient compatibility. Compared to 
the traditional compatibility methods DSC offers signifi cant advantages by saving time and utilizing smaller amounts 
of sample. Signifi cant changes in the DSC profi le of a mixture compared to those of the individual components indicate 
probable interactions. Changes in the melting point of the components, peak area, shape, broadening or elongation of the 
endothermic or exothermic peaks, appearance of new peaks are the indicators of interactions [10,11]. 

Experimental section
 PVP (MW ~8,000), indomethacin and ursodeoxycholic acid were used from Fisher. All the substances were 
used without further purifi cation. For the annealing (β –relaxation) measurements, about 20 mg of crystalline InM 
or UDA was placed in 40 μL Al pans and heated to ~15oC above their respective melting points, 160  and 205oC. In 
the case of PVP, the samples were about 12 mg and heating was conducted up to ~70oC above its glass transition 
temperature of 140oC. Immediately after heating, the samples were quenched into liquid nitrogen and quickly placed 
into the DSC (Mettler-Toledo DSC 822e) that was maintained at 20oC for PVP and UDA and at -40oC for InM runs. 
After a short period of stabilization at the initial temperature, the samples were heated to an annealing temperature, 
Ta, and maintained for 30 min. The annealing temperatures were -20, -10, and 0oC for InM; 50, 60, 70 80, and 90oC 
for PVP; and for 30, 40, 50, and 60oC for UDA. After completion of the annealing segment, the samples were cooled 
down either to -10oC (PVP and UDA) or to -40oC (InM), and immediately heated above Tg. The heating rates were 10, 
15, 20, 25, and 30oC min-1. 

Results and discussion
 In this paper we demonstrate, that β-relaxation in pharmaceutical glasses can be probed via DSC and DMA
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Fig. 3. Temperature dependence of relaxation time 
for the α- and β-processes. Hatched area represents 
the region around Tg, where the α- and β-processes 

are strongly coupled  

Fig. 4. DMA data (storage modulus, E’, and loss 
tangent, tan δ) for PVP sample at the two extreme 

frequencies  
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measurements of the aforementioned annealing effects. We have applied this method to several pharmaceutically 
relevant glasses that include poly(vinylpirrolidone) (PVP), indomethacin (InM), and ursodeoxycholic acid (UDA) and 
demonstrate the E values obtained as: 

                                   
1

ln

pdT
qdRE                                                                             (1)

and that the activation energy, E, evaluated from the shift of the peak temperature, Tp, with the heating rate, q, as (1). The 
consistency is confi rmed by comparing the obtained E values with independent measurements, literature values, and the 
empirical correlation, Eβ = (24±3)RTg, discovered by Kudlik et al.[12]. Yet, the importance of low temperature mobility 
of amorphous pharmaceuticals is well recognized [8].
 Figure 5 displays variation of the effective activation energy with the average peak temperature for DSC and 
DMA. 

Nucleation of amorphous indomethacin
 Indomethacin (indometacin) (1-(p-chlorobenzoyl)-5-methoxy-2-metylindole-3-acetic acid) from MP 
Biomedicals, LLC was used without further purifi cation. After quick melting samples were quenched into liquid nitrogen. 
The quenched samples had the value of Tg = 46oC that was determined by DSC as a midpoint of the glass transition step 
observed on heating at 10oC min-1. 

Fig. 5. Variation of the effective activation energy with the 
average peak temperature for DSC and DMA data on PVP. 
Numbers by the points represent annealing temperatures. 
Error bars are confi dence intervals. Dash lines  set lower 

and upper limits for (24±3) RTg 

Fig. 6. DSC curves obtained on heating at 10oC 
min-1 of indomethacin after long-term annealing at 
Ta  = -10oC. The numbers by the curves represent 

annealing time in days (d). Dash-dot line represents 
non-aged glass. Arrows show the location of the 

annealing peak. The melting region is circled. Inset 
shows a blow-up of the melting region 

The quenched samples were placed in freezers kept at 0 and -10oC and annealed there for an extended period 
of time. In samples at Ta = -10oC , no melting peaks are detected at annealing times, ta, less than 147 days (fi gure 6). We 
believe that our data on detecting the melting peaks after prolonged aging make a convincing case that nucleation does 
occur during aging. Although an  alternative interpretation could be that that nucleation occurs not during aging but on 
heating of extensively aged glasses from Ta to Tm we consider it very unlikely. 
Excipients

The local and global mobility, in two popular amorphous pharmaceutical excipients, sucrose and trehalose, 
have been compared. Trehalose, having a lower free volume in the glassy state due to a more tightly packed structure, 
experiences a greater effect of temperature on the reduction in the activation energy barrier for the glass to start fl owing. 
This could be important in causing collapse of a lyophilized cake in that a small increase in temperature around the glass 
transition temperature of a formulation containing trehalose could cause pronounced viscous fl ow. In spite of a large 
difference in Tg, sucrose and trehalose are shown to have similar size of cooperatively rearranging regions (CRR) and 
also approximately the same number of molecules constituting the CRR, thus implying similar dynamic heterogeneity.
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Conclusions
DSC can be used for detecting 1. β-relaxation processes and estimating its low temperature limit, i.e., the 
temperature below which amorphous drugs would remain stable. 
It can also provide comparative estimates of low temperature stability of amorphous drugs in terms of the 2. 
activation energies of the β-relaxation.
Physical aging of indomethacin has been studied at temperatures down to 3. Tg – 56°C or 0.83Tg that corresponds 
to the temperature region of the β-relaxation. The study demonstrates that indomethacin undergoes nucleation 
in this temperature region. To our knowledge, this represents the lowest temperatures, for which evidence 
of nucleation has been reported. Although the process is quite slow, detecting it is very important because 
pre-nucleated amorphous pharmaceuticals would crystallize faster when the storage temperature is increased. 
Clearly, studies of the kinetics of the sub-Tg relaxations should play a key role in estimating the physical 
stability of amorphous pharmaceuticals. Another fi nding of this work is that nucleation becomes detectable 
after glassy indomethacin has reached a signifi cant extent of relaxation defi ned as a plateau in the plot of the 
aging peak temperature against aging time. The signifi cance of this correlation is that it could be used for 
estimating the life-times of amorphous pharmaceuticals as the time of reaching the aforementioned plateau, 
because this period appears to determine the time to nucleation. However, whether this correlation is a common 
feature of crystallizable glasses remains to be seen in our ongoing investigation. 
DSC has been employed for probing 4. β-relaxations in pharmaceutical glasses annealed at temperatures around 
0.8Tg. The resulting annealing peaks have been used for estimating the low temperature limit of β-relaxation, i.e., 
the temperature below which amorphous drugs would remain practically stable. A shift in the peak temperature 
with the heating rate allows one to obtain a trustworthy estimate for the activation energy of β-relaxation. The 
trustworthiness of the estimates has been tested by comparing them against independent estimates obtained by 
DMA, TSDC as well as by relationship Eβ = (24±3) RTg. More than satisfactory agreement has been observed 
for all studied systems. 
The local and global mobility, in two popular amorphous pharmaceutical excipients, sucrose and trehalose, 5. 
have been compared. 
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