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Abstract. Heterobranchs are a fascinating group of marine mollusks that are recognized as an important 

source of bioactive natural products. Often, these molecules, which are either selected from the diet or 

de novo biosynthesized by the mollusks, play a fundamental role for their survival being utilized as 

defensive chemicals against predators. A summary of the studies carried out by our group, in the last 

decade, on heterobranchs is presented here. A number of new compounds exhibiting different molecular 

architectures have been chemically characterized. Some of them have also shown an interesting 

pharmacological potential. Some ecological studies that we conducted on selected species of 

heterobranchs are also reviewed. 
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Introduction 

The subclass Heterobranchia is a large and 

diverse subclass of the Gastropoda (phylum 

Mollusca) comprising several ten thousand 

species (“non-prosobranchs”) [1–3], within an 

enormous variety of forms living in almost all 

marine, freshwater and terrestrial habitats [2]. 

Among the heterobranchs, the so-called “sea 

hares” and “sea slugs” have attracted the interest 

of naturalists for more than 2,000 years [4]. The 

human interest in these groups of mollusks also 

focused on their putative medicinal and 

toxicological properties. The Greeks used sea  

hare extracts for medical treatment whereas the 

Romans considered them to be highly  

toxic [5,6]. During last four decades several 

species of heterobranchs including nudibranchs, 

sacoglossans, anaspideans, and pulmonates have 

been object of numerous chemical studies [7]. A 

vast array of chemical substances, sequestered 

from food or formed de novo and used as 

defensive weapons by the mollusks, have been 

characterized showing an extraordinary chemical 

diversity [8–11] as well as interesting 

pharmacological potential [12,13]. This made 

heterobranchs an important target for natural 

products research and bioprospecting for 

pharmaceutical purposes [14] and, especially, 

excellent model systems for addressing a variety 

of questions in chemical ecology [15] and 

evolution [16].   

In the course of our continuing studies on 

marine heterobranchs from distinct geographical 

areas throughout the world, a number of different 

nudibranch, sacoglossan and pulmonate species 

have been chemically analyzed. In this paper, an 

overview of the natural products that we isolated 

and characterized in the last decade from this 

group of mollusks is presented. The compounds 

have been grouped by their chemical structures 

into three main structural classes: a) nitrogen-

containing compounds, b) polyketide-derived 

compounds and c) terpenoids. 

 

Background  

Nitrogen-containing compounds 

The most interesting nitrogen-containing 

compounds that have been characterized in recent 

years in our lab are undoubtedly phidianidines A 

(1) and B (2) (Figure 1), two bromoindole 

alkaloids isolated from a South China Sea 

collection of the aeolid nudibranch Phidiana 

militaris [17]. Phidianidines contain the first 

reported 1,2,4-oxadiazole system in a marine 

natural product. Even though it is so rare in 

nature, there is a wide interest in 1,2,4-oxadiazole 

scaffold being a bioisostere of esters and amides 

and a dipeptide mimetic. Different 

pharmacological properties have been evidenced 

for several synthesized 1,2,4-oxadiazole 

compounds [18-22].  
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Figure 1. Structures of nitrogen-containing compounds 1-11. 

 
A preliminary biological screening of 

phidianidines showed promising and selective 

cells grow inhibition against various tumor and 

non-tumor mammalian cell lines at nanomolar 

concentration [17]. Further, phidianidine A was 

identified by a virtual screening as a possible 

ligand of CXCR4 [23], that is a chemokine 

receptor exhibiting a complex pattern of activities 

and is deeply involved into a wide range of 

pathologies including several types of cancer and 

immunodeficiency disorders. Molecular docking 

analysis on phidianidine A suggested that the 

molecule significantly interacts with the receptor 

cavity by competing with natural ligand CXCL12 

[23]. Functional assays showed that phidianidine 

A is really a CXCR4 antagonist [23]. The 

synthesis of phidianidines was also performed in 

our laboratory (in Scheme 1, synthesis of 

phidianidine B) [24,25]. This procedure, which is 

based on the coupling of a 3-indolacetic acid 

methyl ester with an opportunely prepared amino-

alkyl hydroxy guanidine intermediate, is of 

general application and allows the synthesis of 

analogs with either different alkyl chain length or 

substitution on the indole ring (Scheme 2). A 

number of further studies on the evaluation of 

different pharmacological properties of 

phidianidines and synthetic analogs have been 

subsequently appeared in the literature [26–29]. 

Tambjamines belong to the group of  

4-methoxypyrrolic natural products and exhibit a 

2,2’-bis-pyrrole ring system containing at the C-5 

position of the pyrrole ring an enamine moiety 

with the nitrogen substituted with a two to four 

carbon saturated alkyl chain. They have been 

found to occur in bacteria and marine 

invertebrates including bryozoans, nudibranchs 

and ascidians [7,11,30]. 
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Scheme 1. Synthesis of phidianidine B (2) [24]. 

 

 

 

 

 
 

Scheme 2. General scheme for phidianidine analogs preparation [24]. 
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Different and significant pharmacological 

properties have been evidenced for this class of 

compounds [31–33]. An additional member of 

tambjamine family, tambjamine K (3), was 

isolated from the Azorean nudibranch  

Tambja ceutae [34] along with previously 

reported related metabolites, tetrapyrrole (4) [35] 

and tambjamines A (5) and B (6) [36]  

(Figure 1). The same metabolites were also 

detected in the bryozoan Bugula dentata, prey of 

the mollusks, strongly indicating the dietary 

origin of these alkaloids in the mollusks. In 

agreement with the significant cytotoxic activity 

showed by several members of tambjamine 

family, probably related to their DNA-targeting 

properties [37], compounds 3 and 4 exhibited a 

remarkable and concentration-dependent 

cytotoxic activity against both tumor and non-

tumor mammalian cells [34,38].   

Phorbazoles are peculiar chlorinated 

phenyl-pyrrolyloxazoles first described from the 

sponge Phorbas aff clathrata [39–41] and later 

isolated by us from the Indo-Pacific dorid 

nudibranch Aldisa andersoni [42]. So, it is quite 

probable that in the mollusks they could derive 

from a diet based on Phorbas sponges.  

A. andersoni was found to contain two new 

phorbazoles, 9-chloro-phorbazole D (7) and  

N1-methyl-phorbazole A (8), together with 

previously described phorbazoles A (9), B (10), 

and D (11) [39,40] (Figure 1). However, 

phorbazoles were found to be present mainly and 

selectively in the external part of the mollusk, 

more exposed to predation, suggesting their 

involvement in chemical defense. The HPLC 

profile of the crude mantle extract showed  

a quite pure phorbazole mixture [42]. Selected 

phorbazoles were tested for the feeding deterrent 

properties in the assay on the shrimp Palaemon 

elegans [43], a generalist predator, and resulted to 

be active at a concentration of 1.0 mg/mL [42]. 

Feeding-deterrent phorbazoles also display in 

vitro growth inhibitory properties on a panel of 

five human cancer cell lines. In particular, for  

N1-methyl-phorbazole A (8), quantitative 

videomicroscopy analysis allowed to relate the 

observed inhibitory activity on human  

SKMEL-28 melanoma and U373 glioblastoma 

cells to cytostatic effects [42]. 

Isoquinolinequinones and their reduced 

forms represent an important class of alkaloids 

[44] isolated from a diverse range of marine 

organisms such as bacteria, sponges, mollusks, 

and tunicates [7]. This class of compounds 

comprises ecteinascidins, including the 

commercial drug Yondelis® [45], renieramycins, 

and saframycins exhibiting well-known  

antitumor and antibiotic properties [44–46].  

A series of bistetrahydroisoquinolinequinones and 

isoquinolinequinones were found in the skin of 

the dorid nudibranch Jorunna funebris sampled  

in the South China Sea together with its  

possible sponge-prey Xestospongia sp. [47]. All 

compounds were also isolated from the sponge 

confirming the trophic relationship between the 

two organisms [47]. Nudibranch metabolites 

included two new renieramycin-type alkaloids, 

fennebricins A (21) and B (22), and eight 

previously described compounds, including three 

bistetrahydroisoquinolinequinones, renieramycin 

J (23) [48], jorumycin (24) [49], and renieramycin 

G (25) [50], and five isoquinolinequinones,  

N-formyl-1,2-dihydrorenierol acetate (26) [51],  

N-formyl-1,2-dihydrorenierone (27) [52], renierol 

(28) [53,54], renierol acetate (29) [54,55],  

and mimosamycin (30) [52] (Figure 2).  

Two compounds of ecteinascidin series, 

ecteinascidin-637 (31) [56] and the unreported  

N-deacetyl derivative 32 (Figure 2), were also 

found to co-occur, in very few amount,  

with phidianidines in Phidiana militaris 

(unpublished data). 

Another interesting group of nitrogen-

containing metabolites of heterobranchs is 

represented by kahalalides, a large family of 

peptides isolated from both the herbivorous 

sacoglossans of the genus Elysia and their algal 

prey of the genus Bryopsis [57]. The 

representative member of the class is kahalalide F 

(KF) (33) [58] (Figure 3), the most biologically 

active cyclic peptide of the group. Treatment of 

cancer cells with KF resulted in dramatic changes 

in lysosomal membranes and large vacuoles, 

leading to cell swelling [59]. Bioassay-guided 

fractionation of the extract of the mucous 

secretion collected from an Indian population of 

sacoglossan Elysia ornata led to the finding of KF 

(33), co-occurring with two previously unreported 

analogues, kahalalide Z1 (34) and kahalalide Z2 

(35) [60] (Figure 3). These compounds differing 

from KF in the nature of N-terminal acid moiety 

and in some of the aminoacid units of the peptide 

chain interestingly displayed a bioactivity profile 

comparable with KF [60]. 

Diacylguanidines are secondary metabolites 

not frequently encountered in marine mollusks 

[61]. A very few examples were previously 

reported including unique symmetrical 

triophamine (36) [62,63] and limaciamine (37) 

[64], both isolated from some Polyceridae 

species, and dotofide (38), found in eolidacean  

Doto pinnatifida [65] (Figure 4).  

12 



M. Gavagnin et al. / Chem. J. Mold., 2019, 14(2), 9-31 

 

 

 
 

Figure 2. Structures of nitrogen-containing compounds 21-32. 
 

 

Compounds 36 and 37 exhibit the guanidine 

moiety bearing polyketide acyl units whereas in 

compound 38 the guanidine is linked to terpenoid 

acyl residues. A recent our study on three 

Polyceridae nudibranchs, Thecacera pennigera, 

Polycera elegans, and Plocamopherus maderae, 

from Canary Islands evidenced the peculiar 

presence of either triophamine (36) or 

limaciamine (37) in these mollusks [66] according 

to the literature data on different species of the 

same taxonomic group [62–64]. This finding led 

us to the suggestion that these diacylguanidines 

are distinctive chemical markers of Polyceridae 

nudibranchs [66]. Another interesting terpenoid 

diacylguanidine, actinofide (39) (Figure 4), which 

is structurally related to dotofide (38), was 

recently isolated from the dorid nudibranch 

Actinocyclus papillatus [67]. Both compounds 38 

and 39 showed the guanidine core acylated by a 

senecioyl moiety and a C15 isoprenoid residue, 

which was cyclic (monocyclofarnesoyl) in 38 

whereas it was linear (farnesoyl) in 39. 
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Figure 3. Structures of nitrogen-containing compounds 33-35. 

 

 
Figure 4. Structures of nitrogen-containing compounds 36-39. 
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The synthesis of diacylguanidine 39 was also 

performed, based on the coupling of guanidine 

with two terpenoid acid units,  

(E,E)-farnesoic acid (42) and senecioic acid (44), 

in two sequential steps, to form first 

monoacylguanidine derivative 43 and then 

diacylguanidine 39 (Scheme 3) [67]. 

Subsequently, a series of structural analogues 

45˗51 (Figure 5) were opportunely prepared by 

using the same synthesis strategy as  

(E,E)-farnesoyl guanidine (43) and actinofide 

(39). All of the compounds were evaluated  

in vitro for the growth inhibitory activity against a 

panel of cancer cell lines. Among them, the 

synthetic derivative N,N’-difarnesoyl guanidine 

47 showed the most interesting biological activity 

profile [67]. 

 

 
 

Scheme 3. Synthesis of actinofide (39) [67]. 

 

 

 
 

Figure 5. Synthetic diacylguanidine analogues 45-51 [67]. 
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Finally, it should be also mentioned the 

finding of a unique nitrogen-containing ether 

lipid, (-)-actisonitrile (52), in the lipophilic extract 

of dorid Actinocyclus papillatus [68] and an 

aromatic alkaloid, (-)-bursatellin (53), in two 

distinct aeolid nudibranchs of the genus Spurilla, 

Spurilla neapolitana from Tyrrenian coasts (Bay 

of Naples, Italy) and Spurilla sp. from Atlantic 

Ocean (Patagonia, Argentina) [69] (Figure 6). 

The structure of 52 was characterized by a 

1,3-propanediol moiety bearing an isonitrile group 

at C-2 position [68]. The R absolute configuration 

of the stereogenic center was determined by 

comparing the optical properties of natural 

actisonitrile with those of (-)- and (+)-synthetic 

enantiomers, opportunely prepared. The synthesis 

of each compound was accomplished in eight 

steps, as outlined in Scheme 4 for the natural  

(-)-enantiomer (52) [68]. The levorotatory 

enantiomer was prepared starting from the 

commercially available S-(-)-glycidyl-tritylether 

whereas the (+)-enantiomer was synthesized 

starting from R-(+)-glycidyl-tritylether. The 

introduction of the azide group (step 3, Scheme 4) 

was operated predominantly through a SN2 

mechanism implying the inversion of 

configuration at C-2. This inversion was verified 

by applying the modified Mosher method  

to the amino derivative 58 [68]. Both (-)- and  

(+)-actisonitrile were tested in preliminary in vitro 

cytotoxicity bioassays on a panel of tumor and 

non-tumor mammalian cells. Both enantiomers 

exhibited a parallel concentration-dependent toxic 

profile, at micromolar concentration [68]. 

 

 
 

Figure 6. Structures of nitrogen-containing compounds 52 and 53. 
 

 

 
 

Scheme 4. Synthesis of natural enantiomer (-)-(R)-actisonitrile (52) [68]. 
 

16 



M. Gavagnin et al. / Chem. J. Mold., 2019, 14(2), 9-31 

 

Compound 53, which is structurally related 

to chloramphenicol, was not detected in the  

sea-anemone diet of both nudibranchs being 

previously reported only from taxonomically 

unrelated anaspidean Bursatella species [70–72]. 

The finding of bursatellin (53) also in nudibranchs 

of the genus Spurilla is ecologically relevant and 

poses intriguing questions about a possible 

common origin such as dietary zooxanthellae or a 

de novo biosynthesis pathway working in both 

unrelated genera Spurilla and Bursatella. 

Polyketide-derived compounds 

Polypropionates are typical metabolites of 

some selected groups of marine heterobranchs,  

in particular sacoglossan, cephalaspidean  

and pulmonate mollusks, and exhibit  

different structural architectures depending on 

taxa [7,16,73,74].   

With regards to sacoglossans, it is retained 

that elysioidean mollusks employ de novo 

biosynthesized polypropionates as sunscreen in 

heavily photolytic habitat and that the 

biosynthesis of these molecules is influenced by 

light irradiation. The strict dependence of the 

structural polypropionate arrangement on the light 

conditions has been also proved [75]. Two 

chemical studies on sacoglossans of the genus 

Elysia resulted in the isolation of new members of 

the large elysioidean -pyrone propionate family 

(Figure 7). In particular, phototridachiapyrone J 

(62) was found in a population of Elysia 

patagonica from Patagonia (Argentina) [76] 

whereas phototridachiahydropyrone (63) was 

identified as a minor component of the extract of 

Elysia crispata from Venezuela [77], the main 

metabolite of which, tridachiahydropyrone (64) 

was described previously [78]. 

Phototridachiapyrone J (62) belonging to the 

bicyclo[3.1.0]hexane polypropionate group is a 

hydroperoxyl derivative, the origin of which 

could be ascribed to a photochemical oxidation 

via singlet oxygenation of a suitable  

precursor [76]. On the other side, 

phototridachiahydropyrone (63) with a fused 

pyrone-containing bicyclic ring was suggested to 

arise by a concerted rearrangement mechanism in 

the course of the photochemical electrocyclic 

formation of the main co-occurring 64,  

under prolonged irradiation with UV  

light [77]. Interestingly, the existence of 

phototridachiahydropyrone (63) as a natural 

product was previously supposed by synthesis 

studies of tridachiahydropyrone (64) [79]. 

Polypropionates from pulmonates display 

acyclic structures with three up to eleven 

propionate units exhibiting contiguous stereogenic 

centers and often including α- or -pyrone 

moieties [74]. Among marine pulmonates,  

shell-less species of the family Onchidiidae are 

characterized by polypropionates whose skeletons 

contain 32 carbon atoms, two -pyrone rings and a 

number of hydroxyl groups [74]. Our studies  

led us to isolate in these years a family of  

bis--pyrone polypropionates from Onchidium 

species sampled during distinct collection 

campaigns along the coast of Hainan, in the South 

China Sea. The structure of these compounds was 

characterized by an additional hemiketal ring in 

the middle part of the propionate chain between 

the two -pyrones located at terminal moieties. 

Onchidione (65) (Figure 7) was the first member 

to be characterized [80]. It was isolated as the 

main component of the mucous secretion 

collected from a population of Onchidium sp. The 

structure and the relative configuration of all of 

eight stereogenic centers of 65 were secured by 

X-ray diffraction analysis [80], whereas the 

absolute configuration was later determined by 

solid-state time-dependent density functional 

theory electronic circular dichroism (TDDFT 

ECD) [81]. A series of onchidione-related 

polypropionates, whose structures differed either 

in the stereochemistry of selected stereogenic 

centers or in the oxidation degree at oxygenated 

carbons or in the acylation of hydroxyl groups 

(Figure 7), have been subsequently isolated along 

with main co-occurring 65 from different 

Onchidium populations. 

In particular, onchidiol (66) [81–83],  

4-epi-onchidiol (67) [81,82], 13-propanoyl-

onchidiol (68) [82], onchidionol (69) [82],  

3-acetyl-onchidionol (70) [82], 3-propanoyl-

onchidionol (71) [82], 16-epi-onchidione (72) 

[83], 4-epi-onchidione (73) [83], and 4,16-di-epi-

onchidiol (74) (Figure 7) [84], were chemically 

characterized. Interestingly, bis--pyrone 

polypropionates of ilikonapyrone family 

[74,85,86] lacking the hemiketal ring were  

found in a distinct population of Onchidium sp. 

from the same collection site [82]. They included 

11-(3-methylbutanoyl)-ilikonapyrone (75),  

13-acetyl-11-(3-methylbutanoyl)-ilikonapyrone 

(76), 3,13-diacetyl-11-(3-methylbutanoyl)-

ilikonapyrone (77), 11-(3-methylbutanoyl)-13-

propanoyl-ilikonapyrone (78), 3-acetyl-11-(3-

methylbutanoyl)-13-propanoyl- ilikonapyrone 

(79), and 11-(3-methylbutanoyl)-3,13-

dipropanoyl-ilikonapyrone (80) (Figure 7) [82]. 

The in vitro growth inhibitory properties of 

selected polypropionates of both structural 

families were investigated on a panel of human 

cancer cell lines. The most active compound was 
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79 with IC50 growth inhibitory activity < 10µM in 

all cell lines analyzed. The activity profile was 

comparable to those of etoposide and 

camptothecin used as positive control [82]. 

Additional biological properties were evidenced 

for onchidione (65) and related polypropionates 

70 and 73 [83]. These compounds showed 

significant effects on the splicing of XBP1 

mRNA, that is an important regulator of a subset 

of genes related to tumor growth [83]. 
 

 
 

Figure 7. Structures of polyketide-derived compounds 62-80. 
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Most acetylene compounds isolated from 

mollusks appear to be from dietary sources, in 

particular red and brown algae (C15 acetylenes) 

and sponges (long-chain polyacetylenes) [87]. A 

number of C15 acetylenes have been described 

from heterobranch species mainly of the genus 

Aplysia, typically feeding on algae, whereas the 

few reports of long-chain polyacetylenes in 

mollusks refer to dorid nudibranchs associated to 

haplosclerid sponges [87]. In agreement with 

these data, the chemical investigation of dorid 

Peltodoris atromaculata, which was collected on 

the sponge prey Haliclona fulva off Procida 

Island (Gulf of Naples), resulted in the 

characterization of a series of long-chain 

polycetylenes [88] structurally related to fulvinol 

[89], a C46 linear symmetric polyacetylene 

previously reported from a Spanish specimen of 

the sponge. These polyacetylenes, fulvindione 

(81), fulvinone (82) which was an inseparable 

mixture of two isomers 82a and 82b, isofulvinol 

(83), and hydroxydehydroisofulvinol (84)  

(Figure 8), were also found in the sponge 

confirming the dietary origin in the mollusk [88]. 

Interestingly, the presence in P. atromaculata of 

structurally different C46 polyacetylenes, 

petroformines, was shown in a previous study 

[90]. In such a case, the nudibranch was found 

associated to another polyacetylene-containing 

sponge, Petrosia ficiformis, and petroformines 

were derived from the sponge [90]. 

Terpenoids 

To the structural group of terpenoids belong 

the majority of compounds reported from 

heterobranchs, and in particular from nudibranchs 

[11]. Almost all of them have a dietary origin 

being terpenoids widely distributed in sponges, 

cnidarians, and algae on which heterobranchs 

mainly feed even though the de novo biosynthesis 

of terpenoids in nudibranchs has been also 

demonstrated in some cases [91]. The chemical 

studies we conducted on four nudibranchs 

belonging to the suborder Cladobranchia and two 

elysioidean sacoglossans resulted in the 

characterization of sesquiterpenoids and 

diterpenoids with different carbon skeletons. 

Tritoniopsins A-D (85-88) (Figure 9) were 

isolated from the South China Sea nudibranch 

Tritoniopsis elegans and its prey, the soft coral 

Cladiella krempfi [92]. 
 

 
 

Figure 8. Structures of polyketide-derived compounds 81-84. 
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Tritoniopsins displayed an unprecedented 

pyran ring in the cladiellane framework 

representing a novel cladiellane-based diterpene 

family. The relative configuration of compound 

85 was secured by X-ray analysis whereas the 

structures of 87 and 88 were confirmed by 

chemical correlation [92]. The presence of these 

unique diterpenoids in both the nudibranch and 

the soft coral clearly indicated the trophic 

relationship between the two organisms. 

However, it is interesting to note that tritoniopsin 

A (85) and tritoniopsin B (86) were the main 

metabolites for both animals but they were 

present in a different relative ratio (85> 86 in the 

nudibranch, 86> 85 in the soft coral). This finding 

was explained by the ability of the mollusk to 

accumulate dietary compounds selectively [92]. 

 

The eolid nudibranch Phyllodesmium 

magnum, collected from Hainan Island, South 

China Sea, contained a series of sesquiterpenoids 

exhibiting different structural features [93]. They 

included asterisca-2(9),6-diene (89) and the 

already described 1-africanene (90) [94],  

9(15)-africanene (91) [95], (-)--elemene (92) 

[96], (+)--selinene (93) [97], (-)--selinene (94) 

[98], 2-[(2E,5E)-2,6-dimethylocta-2,5,7-trienyl]-

4-methylfuran (95) [99], and methyl 5-[(1E,5E)-

2,6-dimethylocta-1,5,7-trienyl] furan-3-

carboxylate (96) (Figure 9) [99]. All known 

compounds 90˗96 were previously reported from 

soft corals of genus Sinularia strongly indicating 

that these organisms should be included in the diet 

of P. magnum. Interestingly, compound 89 

displayed a rare asteriscane skeleton, which was 

previously reported from terrestrial plants and 

never encountered in marine organisms [93]. 
 

 
Figure 9. Structures of terpenoids 85-99. 
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The terpenoid content of two distinct 

Spurilla species, Spurilla neapolitana from 

Tyrrenian coasts and Spurilla sp. from Atlantic 

Ocean (see Nitrogen-containing compounds 

paragraph) was analyzed and chemically 

characterized [69]. Diterpenoid spurillin A (97) 

was isolated from the Italian nudibranch whereas 

two sesquiterpenoids, (-)-cis--monocyclofarnesol 

(98) and spurillin B (99) (Figure 9) were found in 

the Patagonian species. Compound 98 was 

previously described as synthesis product [100]. 

Analogous with bursatellin (53) (Figure 6), 

compounds 97−99 were not detected in the  

sea-anemone diet of both nudibranchs. Terpenoids 

are not common metabolites of sea-anemones 

suggesting for Spurilla metabolites 97−99 either a 

de novo biosynthesis origin or a dietary derivation 

from different sources including symbiotic 

microorganisms.  

The thuridillins are a small group of unique 

diterpenoids occurring in sacoglossans of the 

genus Thuridilla. First members to be isolated 

were thuridillin A (100), thuridillin B (101), and 

thuridillin C (102) (Figure 10) from two 

Mediterranean Thuridilla hopei collections from 

Ionian [101] and Tyrrhenian Sea [102]. 

Thuridillins were assumed to be derived from a 

dietary algal precursor [103] the structure of 

which was closely related to 100−102. 

All these diterpenes feature a central  

α,β-epoxy-δ-lactone ring substituted by an 

uncyclized or cyclized isoprenoid chain and a 

terminal protected form of a 1,4-conjugated 

dialdehyde, including either a 2,5-diacetoxy-2,5-

dihydrofuran ring or a 1,4-diacetoxy-1,3-

butadiene moiety. This terminal structural motif 

could easily generate reactive aldehyde functional 

groups that are responsible for different biological 

activities due to the ability to link the free amino 

groups of putative receptors. Additional members 

of thuridillin class, thuridillin D (103), thuridillin 

E (104), and thuridillin F (105) (Figure 10), were 

isolated along with compound 100 from an 

Australian collection of Thuridilla splendens 

[104]. The partial relative configuration of 

thuridillin D (103) was also determined by a 

detailed NMR study including a series of 

experiments to accurately measure JH-H and JH-C 

coupling constants and NOESY data as well as by 

conformational analyses [104]. A subsequent re-

investigation of Mediterranean T. hopei resulted 

in the isolation of three thuridillin-derived 

aldehyde metabolites, nor-thuridillonal (106), 

dihydro-nor-thuridillonal (107) and deacetyl-

dihydro-nor-thuridillonal (108) (Figure 10),  

co-occurring with previously described 

thuridillins 100−102 [105]. The main aldehyde 

106 was assayed for the feeding-deterrence in the 

food palatability test with the shrimp Palaemon 

elegans and resulted to be active at a 

concentration of 5.0 mg/mL [105]. 

Recent advances in the chemical ecology of 

heterobranchs 

Terpenoids from terrestrial plants are well 

known to represent a kind of complex language 

mediating crucial ecological interactions [106]. A 

growing body of literature, however, shows that 

this also applies to aquatic animals [107,108]. In 

particular, recent chemoecological studies have 

emphasized the critical roles played by marine 

natural products, especially terpenoids, in 

defensive and alimentary behaviors of 

heterobranch mollusks. 

The nudibranch Felimare (= Hypselodoris) 

fontandraui belongs to a group of conspicuous 

blue, white, and yellow Mediterranean and 

northeastern Atlantic species of heterobranchs, for 

which the existence of a Müllerian mimetic  

circle has been hypothesized implying that 

similarly colored nudibranch species reduce  

risk of predations by sharing a common  

visual warning signal, which is associated 

to the presence of toxic and/or distasteful 

chemicals [109,110]. However, F. fontandraui 

lacks the so called “mantle dermal formations” 

(MDFs) acting as reservoirs of feeding  

deterrent compounds in many other  

nudibranchs. Consequently, it seemed possible 

that this animal lacks chemical defense,  

acting like a Batesian mimic that gains protection 

from predation through its visual similarity to 

species that possesses defensive chemical 

weapons. Instead, the chemical investigation  

of F. fontandraui collected along Portuguese 

coasts led to the isolation of the feeding  

deterrent furanosesquiterpenoid tavacpallescensin 

(109) (Figure 11), which is most likely  

derived from sponges of the genus Dysidea upon 

which the nudibranch feeds [111]. Even in the 

absence of MDFs, compound 109 (Figure 11) 

turned out to be accumulated at very high 

concentrations in the mantle rim  

of F. fontandraui, considerably exceeding  

the threshold value of concentration showing a 

significant feeding deterrent against the  

generalist shrimp P. elegans. This finding 

demonstrated that H. fontandraui is chemically 

defended, much as other aposematic blue-colored 

species within a Müllerian mimetic circle, and 

does not represent a Batesian mimic. 
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Figure 10. Structures of terpenoids 100-108. 

 
Supporting that Müllerian mimicry does 

not involve visual mimicry only, but may also 

employ aposematic chemosensory signals, the 

toxic and feeding deterrent 16-membered 

macrolide latrunculin A (110) (Figure 11) was 

found in the mantle rim of five different 

nudibranch species from Australian coasts [112]. 

In this view, compound 110 can be detected also 

by potential predators devoid of well-developed 

visual systems. 

The study of the anatomical distribution 

of defensive metabolites in six chromodorid 

species from Chinese coasts, combined with 

feeding deterrence assays on shrimp, led us to 

demonstrate that unpalatable compounds reach 

high concentrations in the MDFs, which are 

located in the more exposed parts of the body, 

also confirming that nudibranchs belonging to the 

family Chromodorididae are trophic specialists 

that derive terpenoids from the sponges they  

eat [113]. In particular, Dorisprismatica  

(= Glossodoris) atromarginata was  

found to contain the furanospongianes 

spongiatrioltriacetate (111) and 

spongiatrioldiacetate (112) especially 

accumulated in the MDFs, while spongiatriol 

(113) was distributed in the mantle and viscera of 

the nudibranch. Instead, the border of the mantle 

(which includes the MDFs) of Goniobranchus  

(= Chromodoris) sinensis, which includes the  

MDFs, contained a 1:3 mixture of compounds  

aplyroseol-2 (114), and its corresponding 

dialdehyde (115) (Figure 11). From the MDFs of 

an unidentified Hypselodoris species of the genus 
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Hypselodoris was isolated compound 116,  

(+)-tetradehydrofurospongin-1 (Figure 11). In the 

MDFs of Hypselodoris infucata and Hypselodoris 

(= Risbecia) tryoni (Garrett, 1873) was only found 

compound 117, (-)-furodysinin. Along with 117, 

nakafuran-9 (118) (Figure 11) was also found in 

the MDFs of Ceratosoma gracillimum. Overall, 

only distasteful compounds were found to be 

accumulated in the MDFs at extremely high 

concentrations. Given that MDFs usually lack a 

duct system, the mechanism for exudation of their 

contents remains unclear, as does their adaptive 

significance. Given that MDFs usually lack a duct 

system allowing the exudation of their contents, 

the above results supported that their breakage 

occurring during harmful attacks on chromodorid 

nudibranchs, allows the release of a huge quantity 

of highly repellent lipophilic metabolites in the 

predator’s mouths.  

 

 
 

Figure 11. Structures of terpenoids 109-121. 
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In this view, chromodorid nudibranchs offer the 

most exposed parts of their bodies to the predators 

as a defensive variant of the strategic theme of the 

Trojan horse [113]. 

Furanosesquiterpenes isofuranodiene (119), 

(-)-atractylon (120), and (-)-isoatractylon (121) 

(Figure 11) have been isolated both in the  

tritonid nudibranch Tritonia striata and in its 

prey, the octocoral Maasella edwardsi  

(Cnidaria: Anthozoa: Alcyonacea) [114].  

Food treated with the terpenes elicited avoidance 

responses in shrimp, but rejection was also 

induced by the memory recall of  

postingestive aversive effects (vomiting), evoked 

by repeatedly touching the food with 

chemosensory mouthparts. The shrimp’s 

mouthparts have been thus shown to act as 

“aquatic noses,” supporting a contact form of 

olfaction in aquatic environments, which  

takes place when the olfactory signals are 

biomolecules that combine volatility in air  

and insolubility in water. Consistent with  

their multiple ecological roles as toxins,  

avoidance-learning inducers, and aposematic 

odorant cues, compounds 119−121 were also 

highly toxic to brine shrimp [114]. This was 

suggestive of their involvement in the alimentary 

strategies of M. edwardsi in nature, helping  

in the capture of zooplanktonic crustaceans. In 

spite of their toxicity, however, compounds 

119−121 evidently do not deter T. striata from 

feeding on M. edwardsi. Conversely, those 

compounds seem to help the monophagous 

nudibranch to find its only possible food source. 

Apparently, T. striata evolved the ability to 

handle and reuse dietary terpenes 119−121 in  

self-defense. 

 

Conclusions 

This overview summarizes our recent 

studies on heterobranch mollusks and show an 

amazing chemical diversity in these marine 

organisms. Natural products play fundamental 

ecological roles in heterobranchs acting as 

chemical mediators in numerous intra- and  

inter-specific communication mechanisms such as 

the protection from predators, the regulation of 

the feeding behavior, the regulation of the  

life-cycle. Heterobranchs are able to detect in the 

habitat where they live these bioactive compounds 

and to sequester them from diet. Often, such 

ecologically relevant molecules display also a 

biotechnological potential for pharmacological 

applications. Due to this, heterobranchs can be 

considered as a very promising source to select 

new drugs. 
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Abstract. This review presents last decade and some past especially relevant studies in the field of  

(+)-3-carene synthetic transformations. The paper discusses exclusively the transformations  

of (+)-3-carene, proceeding with the retention of the native bicyclic carbon skeleton. The data 

concerning the features of epoxidation and oxidation reactions of (+)-3-carene, the synthesis of sulphur- 

and selenium-containing derivatives and their use in asymmetric synthesis are given. It also describes 

methods for producing amino derivatives of (+)-3-carene, substituted heterocycles based on it, reactions 

for the preparation of aziridines, azido-alcohols and azidoamines, as well as chiral phosphites as 

bidentate ligands. 
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List of abbreviations: 

NBS N-bromosuccinylamide 

DMSO dimethylsulphoxide  

DBU diazobicycloundecene 

Py pyridine 

m-CPBA m-chloroperbenzoic acid 

DCM dichloromethane 

DMF N,N-dimethylformamide 

THF tetrahydrofuran 

cat.  catalyst 

atm.  atmosphere 

DABCO diazobicyclooctane 

MS molecular sieves 

CAT chloroamide-T hydrate 

PTAB phenyltrimethylammonium tribromide 

ee enantiomeric excess 

acac acetylacetone 
 

Introduction 

Plant metabolites extracts remain  

promising and interesting for medicine as 

evidenced by recent studies [1-8]. Thus, one  

of the main components of conifers’  

turpentine – (+)-3-carene or (1S,6R)-3,7,7-

trimethylbicyclo[4.1.0]hept-3-ene 1 (Figure 1), 

has been discovered to have a positive effect on 

bone mineralization with reduction of  

devastating effects of osteoporosis [9]. Moreover, 

as an acetylcholinesterase inhibitor, it has also 

been proposed for the treatment of Alzheimer 

disease [10,11]. 

One of the promising areas of creation of 

new chemical compounds, including drugs,  

is the transformation of plant metabolites,  

which allows them to enhance or change their 

original properties [12,13]. 

 

 
Figure 1. (+)-3-carene. 

 
In the last decade, the number of papers 

dedicated to the study of reactions proceeding 

with the preservation or modification of  

the natural carbon skeleton of 1 has  

increased [14]. Examples of the construction of 

bicyclo[4.1.0]heptanes in cycloaddition reactions 

and cycloisomerization of aliphatic compounds 

are also described, however, in some cases,  

the obtained products represent racemic  

mixtures [15-17]. 

The literature on the directed  

synthesis of optically active derivatives of  

3,7,7-trimethylbicyclo[4.1.0]heptane was 

previously summarized [14,18,19]. Data on 

skeletal rearrangements of substances that occur 

via ionic or radical rearrangements of the  

carane series are also discussed in [20-22].  

In this review, we will consider the ways of 

functionalization of 1, described in papers  

of the last decade with preservation of the  

bicyclic carbon skeleton. 
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The review of the chemical transformations 

of 1 begins with an analysis of the work on the 

synthesis of monosubstituted caranes. Next, 

methods for obtaining of disubstituted caranes are 

discussed. Moreover, different transformations of 

mono- and disubstituted caranes into derivatives 

with different cycle size and heteroatoms will be 

presented. 

 

Background 

Monosubstituted caranes and their 

transformation pathways 

α-3,4-Epoxycarane 2 and β-3,4-

epoxycarane 3 (Figure 2) are saturated three-

membered heterocyclic compounds that contain 

an oxygen atom in the cycle and have long 

attracted the attention of researchers as useful 

building blocks in organic synthesis [14]. In this 

regard, the development of selective methods for 

the preparation of isomeric oxides 2 and 3 still 

remains relevant. 

 

 
Figure 2. 3,4-Epoxycaranes. 

 

Compound 2 is synthesized using 

peroxycarboxylic acids that attack the double 

bond of 1 from the less obstructed side, opposite 

to the gem-dimethyl group, giving predominantly 

isomer 2 [14,23,24]. 

An example of monoterpene 1 oxidation 

with a mixture of sodium periodate and 

dehydrocholic acid sodium salt in aqueous 

acetonitrile at room temperature is described in 

the literature [25]. 

In the case of oxidation with H2O2 

catalysed by transition metals, the formation of 

epoxides is also observed. As a first example, the 

system polyoxometalate/Mn(III) porphyrin in 

combination with ammonium acetate can be 

mentioned [26]. The authors found that 

metalloporphyrin is the most active catalyst that is 

protected from degradation by polyoxanions. 

Monoterpene 1 oxidation process using a 

catalytic system: 60% hydrogen peroxide  

(1.3 eq.), Na2WO4 (0.04 eq.) with PhP(O)(OH)2 

(0.02 eq.) in the catalytic system,  

[Me(n-C8H17)3N] HSO4 (0.04 eq.) and NaOH 

(0.04 eq.) at room temperature for 12 hours 

resulted epoxide 2 with 87% yield [27]. 

The reactivity of methyltrioxorhenium in 

the epoxidation of olefins is associated with  

the presence of Lewis bases such as  

p-methoxyaniline, 2-aminomethylpyridine and 

trans-diaminocyclohane as ligands, a large excess 

of which is required to achieve high yields and 

selectivity of the process carried out in a 

CH2Cl2/CH3CN with a 35% hydrogen peroxide 

solution (Scheme 1) [28]. 

Along with epoxide 2, the formation of diol 

4 was also observed in a 1:1 ratio with a total 

yield of 93%.  

In order to eliminate this disadvantage, 

microencapsulation has been implemented. 

Microencapsulated Lewis base adducts of 

methyltrioxorhenium with nitrogen- 

containing ligands (2-aminomethylpyridine,  

1,2-diaminocyclohexane) have been shown to be 

more effective. In the case of 4-methoxyaniline, 

the selectivity of the formation of substances 2 

and 4 increased (amounted to 58% and 29%), 

while with the use of 2-aminomethylpyridine, the 

yield increased to 91% and 3%, respectively. 

During the transition to 1,2-diaminocyclohexane, 

an exclusive formation of α-3,4-epoxycarane 2 

was observed (yield up to 98%). 

Another group of researchers proposed an 

aqueous system of H2O2/tert-butyl  

acetate/ dimethyldecylammonium WO4/ 

dimethyloctylammonium H2PO4/ 

dimethyloctylammonium HPO4 for epoxidation  

of 1 [29]. As in the case of [28], the formation of 

the epoxide 2 mixture with diol 4 is detected in 

the ratio of 9:1.  

 

 
 

Scheme 1. Epoxidation of monoterpene 1 with methyltrioxorhenium [28]. 
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A similar result was recorded  

using the catalytic system Na2WO4·2H2O,  

[(n-C8H17)3-NCH3] HSO4, and a 30% 

H2O2/phosphate buffer (obtained by mixing 0.1 M 

H3PO4 solution in H2O2 and 0.1 M NaH2PO4 

solution in H2O2, in a ratio of 7:3) / Na2SO4 [30]. 

The oxidation system [PO4{WO(O2)2}4]3/ 

imidazole/30% H2O2/aqueous acetonitrile [31] 

showed even lower selectivity (85%). It has been 

established that a mixture of Na2WO4,  

[Me(n-C8H17)3N]HSO4, and PhP(O)(OH)2 

catalyzes epoxidation of 1 by H2O2 with the 

involvement of 0.3 equivalent of Na2SO4 [32]. 

The formation of product 4 during the 

epoxidation reaction with 35% aqueous H2O2 

catalyzed by methyltrioxorenium was avoided by 

adding 1-methylimidazole to the reaction mixture 

[33]. The yield of the target epoxide 2 was 94%. 

The formation of 2 with a 79% yield was 

observed in the case of use of a mixture of ionic 

liquid [Emmim]PF6/H2O2/CuCl complex with 

Schiff base (salicylic aldehyde with  

2-hydrazinylpyridine) as oxidant [34]. The 

formation of 100% pure epoxide 2 with 88% 

conversion of the starting 1 within 24 hours was 

detected under microwave irradiation of the 

mixture of tris(pyrazolyl)methane molybdenum 

tricarbonyl complex with an excess of tert-butyl 

hydroperoxide in a solution of 1,2-dichloroethane 

at a temperature of 50°C [35]. A similar ratio of 

the reaction product and the conversion of the 

starting olefin using hexafluoroacetone as a 

catalyst and a solution of 60% H2O2 in 

1,1,1,3,3,3-hexafluoroisopropanol was observed 

by the authors of another work [36]. In 

conclusion, it should be mentioned that under 

production conditions 1 is oxidized to 2 (yield 

93%) by pinane hydroperoxide in the presence of 

molybdenum catalysts [37]. 

We also presented protocols for exclusive 

formation of α-oxide 2 via reusability of the 

catalytic system using nano-powder alumina as a 

heterogeneous catalyst and hydrogen peroxide as 

an oxidant [38]. As far as the oxidation reaction is 

concerned, employment of hydrogen peroxide as 

the oxidant agent offers several advantages: it is 

relatively cheap and environmentally friendly, 

since water is obtained as a by-product.  

(+)-3-Carene is converted to the α-oxide 2 with 

selectivity up to 98%, if an 8-10% solution of 

hydrogen peroxide in ethyl acetate and nano-

powder alumina (2-4 nm) is present [39]. 

Bromonium electrophile, generated from 

bromosuccinimide, first attacks the olefin 1  

from the less difficult to access side, after  

which the anti-nucleophilic attack of water passes 

to the more difficult side of the molecule.  

Cocker, W. et al. used this model to establish the 

stereochemistry of β-3,4-epoxycarane 3, which 

was synthesized via bromohydrin 5 with a total 

yield of 70% in two stages (Scheme 2) [40]. 

The formation of oxide 3 in trace  

amounts (4%) was observed during the  

oxidation of 1 with H2O2 catalysed by  

[Ni0.63Al0.37(OH)2](NO3
-)0.27(WO4

2-)0.05·0.66H2O, 

while the main product was 5. It was shown that 

99% pure of the isomer 3 was isolated when 

treating the latter bromohydrin with NaOEt, but 

the authors did not indicate the total yield of the 

target product. 

Olefin 1 can be converted in 73% yield to 

β-3,4-epoxycarane 3 under the conditions of the 

one-pot method by successively adding NBS and 

DBU to a solution of substance 1 in DMSO [41]. 

A scheme has been developed for the 

conversion of caranol 6 to diselenide 8 through 

tosylate 7 (Scheme 3) [42]. 

Low-temperature alkylation (-26°C) of 

selenol 9 with isomeric 3-chloroprop-1-enyl 

benzenes using n-BuLi as a base made it possible 

to synthesize selenides 10 and 12 with a yield of 

68% and 69%, respectively. The latter upon 

oxidation with meta-chloroperbenzoic acid with 

low selectivity gave allyl alcohol 11 of the same 

enantiomeric series. 

Synthesis of selenides 14-17 can be also 

carried out starting with alcohol 6 (Scheme 4). 

This approach included the initial formation of 

chloride 13. It should be noted that similarly  

to the previous synthesis of alcohol 11  

the enantioselectivity was low. At the same  

time, enantio-enriched linalools 18 can be 

obtained in two stages from selenol 15 by the 

oxidation of intermediated selenides 19 and 20 

with m-CPBA (Scheme 5). 

 

 
Scheme 2. Synthesis of β-3,4-epoxycarane 3 [40]. 
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Synthesis of another type of selenides 

carried out from diselenide 14 involving 

formation of bromide, followed by anion 

metathesis, through triflate 21 interaction with  

o-allylphenol in dichloromethane/methanole at  

-78℃ gave a mixture of selenides 21, 22 in an 

approximately equal ratio (Scheme 6) [43]. 

During cyclization, an approximately equal 

mixture of diastereomeric selenides 22  

was formed. 
 
 

 
 

Scheme 3. Synthesis of optically active selenides [42]. 
 

 

 

 

 
 

Scheme 4. Synthesis of isomeric selenides [42]. 

 

 

 

 
 

Scheme 5. Synthesis of linalool [42]. 
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Among the discussed substances, ether 23, 

synthesized by the interaction of selenol 9  

with trityl chloride [44], should also be noted 

(Scheme 7). 

The tosylate 7 is a key starting compound 

for the one-pot synthesis of tellurides 24, 25 by 

interaction with tellurium/NaBH4 in EtOH/DMF 

(Scheme 8) [45]. The synthesized substances are 

quite stable and could be isolated through column 

chromatography. 

Another type of symmetrically constructed 

substance of the carane series is N,N'-bis(caranyl) 

ethylenediamine 28 that could be synthesized in 

two stages from amine 26 (Scheme 9) [46]. 

Diamine 28 was obtained by the reduction 

of diamide 27 by borohydride, which was used as 

an inducer of chirality in nitro-aldol condensation 

(Scheme 10). 

The main products of the reaction of 

aldehyde 29 with nitromethane was alcohol 30, 

the yield and enantiomeric purity of which 

depends on the nature of the aldehyde and is 

presented in the Table 1. The highest 

enantioselectivity was registered in the case of 

(S)-1-nitropropan-2-ol formation. 

The synthesis of a diastereomeric mixture 

of caranones 31, 32 under non-catalysed 

conditions by the oxidation of olefin 1 using N2O 

was reported by Tkachev, A.V. et al. (Scheme 11) 

[47]. The authors also noted low conversion (up 

to 20%) and the formation of skeletal 

rearrangement products. 

 
 

 

 
 

Scheme 6. Synthesis of selenides 21, 22 [43]. 

 
 

 

 
 

Scheme 7. Preparation of ether 23 [44]. 

 

 

 

 
 

Scheme 8. Synthesis of mono- and ditellurides of the carane series [45]. 
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Scheme 9. Synthesis of symmetrical diamine [46]. 

 

 

 
Scheme 10. Nitro-aldol condensation of aldehydes with nitromethane [46]. 

 

 

 
Scheme 11. Synthesis of the diastereomeric mixture of caranones [47]. 

 

 

 
Scheme 12. Hydrogenation of caranol 6 [48]. 

 

 

 

Table 1 

Yield and enantiomeric purity of nitro-aldol condensation adducts 30. 

No Radical Yield (%) ee (%) 

1 Ph- 64 65 

2 o-MeO-C6H4- 59 61 

3 m-MeO-C6H4- 44 65 

4 p-MeO-C6H4- 74 67 

5 p-Cl-C6H4- 62 65 

6 p-Br-C6H4- 58 69 

7 p-F-C6H4- 76 79 

8 1-Naphtyl- 65 71 

9 p-NO2-C6H4- 76 70 

10 Cyclohexyl- 79 69 

11 Butyl- 84 77 

ee - enantiomeric excess, %. 
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The successive conversion of alcohol 6 to 

ketones 31, 33 took place during the 

hydrogenation on the surface of the catalyst Cu / 

MgO, Cu / ZnO, Ni / Cr2O3 (Scheme 12) [48]. 

Aldehyde 34 synthesized according to 

scheme 13 and the corresponding acetals 35, 36 

have been proposed as fragrances for the perfume 

industry (Scheme 13) [49,50]. 

The available starting compound for the 

preparation of sulphur containing caranes 37-40 is 

tosylate 7 (Scheme 14) [51,52]. Thiol 39 under 

the action of sodium hydride gave disulphide 40 

in a moderate yield. 

Sulphides 37, 38, 40 were used for the 

synthesis of optically active stilbene oxide 

(Scheme 15). 

The yield, isomeric composition, and 

enantiomeric purity of the stilbene oxide are 

presented in Table 2. 

The synthesis of imidazoles 41-43 is based 

on the interaction of tosylate 7 with an alkaline 

solution of 2-sulphonyl-1H-imidazole, 1-methyl-

2-sulphanil-1H-imidazole or 2-sulphanil-1H-

benzimidazole, respectively (Scheme 16). It is 

possible to increase the yield of the substance 43 

to 68% using a mixture of cesium carbonate and 

tetrabutylammonium iodide. Optimum conditions 

for diastereoselective oxidation of sulphides  

41-43 to substances 44-46 were proposed. 

The oxidation of thiol 39 by chlorine 

dioxide followed by hydrolysis results in the 

formation of sulphonic acid 47 in good yield 

(Scheme 17) [53]. 

Synthesis of allyl alcohol 48 by the 

isomerization of epoxide 2 was reported  

(Scheme 18) [54]. The overall yield of the 

epoxide 2 → allylic alcohol 48 → aldehyde 49 → 

alcohol 50 scheme was 72%. 
 

 
 

 
Scheme 13. Synthesis of acetals [49,50]. 

 
 

 
Scheme 14. Synthesis of sulphur-containing caranes [51,52]. 

 

 

 
Scheme 15. Synthesis of the optically active stilbene oxide [51]. 

 

 

Table 2 

The yield and enantiomeric purity of stilbene oxide. 

No Sulphide Yield (%) Ratio cis/trans ee trans (%) 

1 37 13 55/45 44 (S,S) 

2 38 53 3/97 8 (S,S) 

3 40 14 71/29 8 (S,S) 
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Scheme 16. Synthesis of caranyl sulphonyl imidazoles [52]. 

 

 

 

 

 
 

Scheme 17. Synthesis of caranesulphonic acid [53]. 

 

 

 

 
 

Scheme 18. Synthesis of carane alcohols [54]. 
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4-Substituted 2-carens are widely used for 

the synthesis of optically active 1,3-disubstituted 

2,2-dimethylcyclopropanes [14,55], including the 

precursors of practically important insecticides 

[55-63]. Known methods for producing  

(+)-4α-acetyl-2-carene 51, (+)-4α-hydroxymethyl-

2-carene 52 and (+)-4α-acetoxymethyl-2-carene 

53 include heating of 1 with ZnCl2 in Ac2O 

solution, or with paraform in AcOH solution, 

respectively (Scheme 19) [64-66]. Transitions 

from 51, 52 to epimers 54 and 55 were also 

described [64,67]. 

On the other hand, in the last decade there 

has been a significant increase in interest for the 

use of ionic liquids in organic synthesis, including 

the example of synthesis of 1 derivatives using 

ionic liquids 56-58 (Scheme 20) [68]. 

It was established that keeping the 

equimolar mixture of 1, Ac2O and 6% mol of the 

imidazole salts 56-58 at 50°C contributes to the 

Kondakov reaction (see Table 3). 

The catalytic effect of molten salts of 

imidazole is probably associated with the initial 

formation of an acyl ion from Ac2O with  

the participation of the nitrile group associated 

with the anion. 

The carbocation formed by attaching the 

acyl carbocation to the double bond of 

monoterpene 1 is stabilized by elimination of the 

proton with the regeneration of the double bond. 

The predominant formation of isomer 51 is 

associated with the directing effect of the  

2,2-dimethylcyclopropane fragment present. 

Carrying out the reaction in the molten salt 56 

leads to a double reduction of time with a slight 

increase in the yield of the final product and with 

the same degree (50%) of the conversion of the 

original 1. It has been established that carrying 

out the reaction in the molten salt 57 or 58 along 

with the target reaction is accompanied by 

opening of 2,2-dimethylcyclopropan fragment, 

which ultimately leads to a complex mixture of 

products. Attempts of hydroxymethylation of 1 

with paraform in the melt of the discussed salts 

and by addition of a catalytic amount of ZnCl2 to 

the reaction mixture were unsuccessful.  

It was found that only in the case of molten 

salt 57, the addition of a stoichiometric amount of 

AcOH to the reaction mixture contributed to the 

Prins reaction.  

 

 
Scheme 19. Synthesis of 4-substituted 2-carenes [64-66]. 

 

 

 
Scheme 20. Synthesis of 4-acetyl 2-carenes [68]. 

 

 

Table 3 

Reaction conditions and yields of acylation reaction products. 

Products Ionic liquid Ionic liquid quantity  Yield (%) Time (hours) 

 

51, 52 

56 6 % mol 33 49 

alloy 37 25 

57 

 

6 % mol 38 46 

   58 6 % mol 29 48 

 

NN
PF6

-

NC

NN
Br-

NC

NN
BF4

-

NC
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The α-hydroxyl carbocation produced by 

binding a proton to formaldehyde reacts with an 

olefin 1 to produce a β-hydroxycarbocation, 

which is stabilized by eliminating a proton with 

regeneration of the double bond. From a 

stereochemical point of view, the reaction 

proceeds as trans-addition, which in combination 

with the shielding effect of the gem-dimethyl 

group leads to selective hydroxymethylation. The 

ratio of epimers 52 and 55 was 9:1 (Scheme 21). 

The products of 51 reduction are proposed as 

intermediates in approaches to chiral blocks for 

the construction of epothilone carboanalogs [69]. 

However, the configuration of the emerging 

asymmetric center has not been established, and, 

moreover, the authors failed to separate 

diastereomers 59, 60. This is all the more 

important when it comes to obtaining carbon 

analogs of substances with a taxolon-like 

mechanism of action.  

The literature describes the synthesis of 

alcohols 59, 60 by borohydride reduction of 

ketone 51 (Scheme 22) [70]. It was found that the 

R-isomer 59 is easily separated from the S-isomer 

60 by crystallization from hexane. Carrying out 

the reaction of borohydride reduction in a water-

dioxane solution results in 85% yield of the 

mixture of epimers 59:60= 3:2. In parallel, it was 

found that replacing solvents with MeOH and 

lowering the reaction temperature to -15°С does 

not reduce the overall yield of diastereomers and 

increases the epimer content of 59 to 60%. 

The method of transesterification of 

acetoacetic ester, as applied to alcohol 59, gave 

ester 61 (yield 51%). It is possible to increase the 

yield of the latter to 98% under Et3N catalyzed 

condensation of alcohol 59 with diketene. 

Replacement of the acetoacetic ester with  

4-chloroacetoacetic ester under conditions similar 

to the synthesis of ester 61 made it possible to 

prepare α-chloroketone 62 with 43% yield. 

Alcohol 59 interacts with 2,2-dimethyl-4,6-dioxo-

1,3-dioxane giving malonic acid monoester 63 

with a yield of 51%. 

Nitrogen-containing substances and 

aminated derivatives of natural compounds take 

an increasingly significant place in the list of 

substances with practically important properties. 

For example, the enantiomerically pure anti-

tuberculosis drug (+)-ethambutol contains (2R)-1-

oxomethyl-2-aminopropyl fragment [71].  

 

 

 
 

Scheme 21. Synthesis of substituted 2-carenes [69]. 

 

 

 

 
Scheme 22. Synthesis of acetoacetic esters [70]. 
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A convenient and gentle method of 

introducing this fragment into the (+)-4α-acetyl-2-

carene 51 molecule was the reaction with 

monoethanolamine in the presence of NaBH3CN 

as shown in the Scheme 23. 

The reaction product 64 is a mixture (9:1) 

of epimers at the C1 atom of the side chain.  

A monobromoacetic acid tert-butyl ester was  

used to construct the aminoacetic acid fragment of 

compound 65. 

The α-activated acid ester 61 has found 

application in the synthesis of spiro-heterocyclic 

compounds 66, 67 [72]. The condensation of 

substance 61 catalyzed by DABCO with  

isatin and malononitrile gives an equal  

mixture of diastereomeric spirans of structures 66 

and 67 (Scheme 24). 

Disubstituted caranes and their transformation 

pathways 

It was previously reported that the reaction 

of chlorosulphonyl isocyanate with (+)-3-carene 1 

takes place with the formation of β-lactam 68 

[73,74]. In the development of the approach to 

optically active lactam functionalized ionic 

liquids, the synthesis of 68 was repeated  

(Scheme 25) [75]. 

Instead of the expected product with a 

melting point of 108-111℃, substance 69 was 

isolated with a melting point of 66-67℃. 

Sequential treatment of sulphonyl chloride 69 

with Et3N and H2O led to substance 68, the 

reaction of which with trifluoroacetic acid gave 

salt 70.  

 
 

 

 
Scheme 23. Synthesis of aminated (+)-4α-acetyl-2-carene derivatives [71]. 

 

 

 
Scheme 24. Synthesis of spiro-heterocyclic compounds [72]. 

 

 

 
Scheme 25. Synthesis of amino alcohols [75]. 
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The β-lactam 68 was transformed in three 

steps into the amino alcohol 71, which, with  

3,5-di-tert-butyl-2-hydroxybenzaldehyde, gave 

the Schiff base 72 [76,77]. By the combination of 

VO(acac)2 - ligand 72 - N-ethyl-N,N-

diisopropylamine - 86% solution of cumene 

hydroperoxide was performed the asymmetric 

synthesis of (S)-omeprazole by oxidation of its 

prochiral sulphide. 

The transformation of olefin 1 to disulphide 

75 included the preliminary formation of  

cis-aziridine 73 (Scheme 26) [78]. 

The regio- and stereoselectivity of the 

reaction of the aziridine cycle opening of 73 under 

the action of benzyltriethylammonium 

tetrathiomolybdate has been established. 

Another type of disulphides of the carane 

series was synthesized via nitrosyl chloride 76 

(Scheme 27) [79]. 

Dimer 76 interacts with NaSCH2CH2SNa(i) 

or KSCH2CH2CH2SK(ii) with the formation of 

ketoxime 77 (yield 85%) or 79 (yield 60%), 

respectively. It was shown that cyclization of the 

77 under the action of dicyclohexyl-18-crown-6 - 

50% aqueous KOH system under the conditions 

of interfacial catalysis gives macrocycles 78, 

whereas for the formation of 80 the use of the 

combination of tetrabutylammonium hydroxide 

and 50% aq. NaOH was proved to be the most 

efficient, but the yields did not exceed 10-30%. 

Nitrosyl chloride 76, when treated with 

acetone cyanhydrin is converted to ketoxime 81 

(Scheme 28) [80]. 

Functionalized ketoximes 82-85 were 

synthesized from dimer 76 and ethylacetic, 

aminopropionic, aminohexanoic and anthranilic 

esters, respectively [81]. The interaction of 

compound 76 with 1H-imidazole or benzotriazole 

gives 86 or 87 respectively (Scheme 29) [82]. 

Aminoketoximes 88, 89 can be synthesized by the 

interaction of dimer 76 with ammonia and 

dimethylamine, respectively (Scheme 30) [83,84]. 

Dimethylaminoketoxime 89 is transformed into 

ether 90 by interaction with epichlorohydrin 

(yield 64%). The opening of the oxirane cycle 90 

with aminohexane, morpholine, piperazine, and 

ketoxime 88 takes place with the formation of an 

inseparable mixture of alcohols 91-94, the yield of 

which did not exceed 52%. 

 
 

 

 
Scheme 26. Synthesis of β-sulphonamidodisulphides [78]. 

 
 

 
 

Scheme 27. Macrocycle synthesis [79]. 
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Scheme 28. Amino acid synthesis [80,81]. 

 

 

 
Scheme 30. Synthesis of amines of the carane series [83,84]. 

 

 
Scheme 29. Synthesis of imidazole and benzotriazole derivatives [82]. 
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The microwave irradiation of epoxide 2 

with sodium thiolates resulted in the 

formation of β-hydroxysulphides 95-99 with 

high yields (75-95%) (Scheme 31) [85]. 
The method of obtaining azidoselenide 100 

has been published also (Scheme 32) [86]. The 

reaction proceeds regioselectively according to 

the Markovnikov rule with the formation of a 

trans-diaxial product. The opening of the oxide 2 

with sodium azide in the presence of ammonium 

chloride [87] occurs with lower selectivity 

(Scheme 33). It was possible to increase the yield 

of azide 102 to 65% when carrying out the 

reaction in aqueous acetic acid [88]. The 

regioselectivity of the reaction can be explained 

by the initial protonation of the oxide cycle, 

which leads to the formation of a positive charge 

on the tertiary carbon atom. As a consequence, a 

more substituted α-carbon atom is subjected to the 

nucleophilic attack by the azide ion with the 

formation of compound 102. The opening of 

aziridine 103 with sodium azide catalysed by 

cerium chloride was highly selective, but  

the total yield of aminoazides 104, 105 did not 

exceed 37%.  

 

 
 

Scheme 31. Synthesis of β-hydroxysulphides of the carane series [85]. 

 

 

 

 
 

Scheme 32. Synthesis of β-azidoselenide of the carane series [86]. 

 
 

 
 

Scheme 33. Transformations of oxide 2 into azides [87]. 
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Synthesis of aminoalkylated aziridines 

103a-k has been performed via cyclization of 

azidoalcohol 102 with participation of Ph3P, with 

a following condensation of aziridine 103 with 

formaline and the secondary amines  

(Scheme 34) [88]. 

It has been detected that the cytotoxicity of 

the aminoalkylated derivatives of aziridine with 

heterorganic substituents increases at transition 

from the five-membered pyrrolidine cycle to the 

six-membered piperidine cycle and is reduced at 

substitution of the piperidinic to morpholinic 

cycle or increased at transition to morpholinic 

cycle. The lowest toxicity has been detected for 

the aziridine 103 and azide 102 [88]. 

An equal mixture of isomeric azides 106, 

107 was synthesized based on epoxide 3 [87]. The 

latter azides are transformed into aziridine 108 

with triphenylphosphine. However, a difference in 

reactivity has been observed: in the case of azido-

alcohol 106, the formation of aziridine took place 

at room temperature, whereas the conversion of 

azido-alcohol 107 to the desired product required 

long-term boiling in 1,4-dioxane. It should be 

noted that the reaction was diastereoselective 

since isomeric azido alcohols gave the same 

product, which at interaction with sodium azide in 

the presence of cerium chloride gave a mixture of 

substances 109, 110 (Scheme 35). 

 
 

 
Scheme 34. Synthesis of aminoalkylated aziridines [88]. 

 

 

 
Scheme 35. Transformations of oxide 2 into azides [87]. 

 

46 



S. Curlat / Chem. J. Mold., 2019, 14(2), 32-55 

 

The opening of the epoxide 2 with 

diphenyldiselenide in MeOH led to  

β-hydroxyphenylselenide 112 (Scheme 36) [89]. 

By varying the selenium source, and 

conditions it is possible to synthesize selenide 111 

or diselenide 113 in good yields. A similar 

approach applied for epoxide 3 allowed the 

authors of the cited paper to synthesize selenides 

with structures 114-116 (Scheme 37).  

The reaction of the interaction of oxide 3 

with diphenyldiselenide proceeds more smoothly 

as compared with 2 (yield 84% and 56%, 

respectively). It should be noted that in the case of 

products 114, 116, the yields are 11% lower and 

23% lower than those of similarly constructed 

substances 111 and 113. 

The interaction of epoxide 117 with amines 

gave a series of secondary and tertiary aminodiols 

(Scheme 38) [90]. 

N-Benzylaminodiol 118c was prepared by 

reacting benzylamine with oxide 117 in the same 

way as tertiary aminodiols 118a, 118b, 118d-g, 

while N-methyl derivative 119a and primary 

amine 119b were synthesized under standard 

hydrogenation conditions of the corresponding  

N-benzyl derivatives 118a, 118c. Formalin reacts 

with secondary amines in high yields to form  

1,3-oxazines 120a-d. 

Unlike the precursors 118c, 118f, 118g, 

119a, oxazines 120a-d exhibited high induction 

(77-97% of it) in the reaction of asymmetric 

addition of diethylzinc to aldehydes. 

The method of synthesis of hydroxyamide 

121 is based on the catalyzed OsO4 interaction of 

1 with chloramine T in aqueous tert-butanol 

(Scheme 39) [91]. 

Low-temperature treatment of  

p-toluenesulphonylamide 121 with sodium in 

ammonia with a yield of 72% gives 

hydroxyamine 122. 

Azido alcohols 101, 102 [87] under the 

action of LiAlH4 in the ether are reduced to  

trans-amino alcohols 123, 124 (Scheme 40) [92].  

 

 

 
 

Scheme 36. Synthesis of β-hydroxyselenides [89]. 

 

 

 
 

Scheme 37. Synthetic transformations of oxide 3 into selenides [89]. 
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Scheme 38. Synthesis of β-hydroxyamine [90]. 

 

 

 
Scheme 39. Synthesis of cis-hydroxyamine 122 [91]. 

 

 

 

 
Scheme 40. Transformations of oxide 2 into trans-amino alcohols [92]. 
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The same group of researchers described 

the synthesis of another pair of trans-amino 

alcohols 125, 126 based on azido-alcohols 106, 

107 (Scheme 41). 

Isatins 127a,b have been the favoured 

template not only for the spectrum of biological 

activities, but also with respect to the 

development of methodologies.  

It is relevant to mention the synthetic 

approach employing organocatalyst 122,  

prepared from 1 and used for the  

subsequent enantioselective synthesis of  

(R)-convolutamydine A 128a (Scheme 42) that is 

a member of the oxindole subfamily, which 

exhibits a potent inhibitory activity on the 

differentiation of HL-60 human leukaemia cells. 

It has been determined that water produces 

a moderate influence on the selectivity  

of the cross-aldol condensation of the  

4,6-dibromoisatine 127а with acetone catalysed 

by cis-aminoalcohol 122 [93]. The synthesized 

amino alcohols 125-126 were investigated as 

catalysts for the asymmetric cross-aldol 

condensation of isatin with acetone, the yield and 

enantiomeric purity of the reaction product are 

presented in the Table 4. 

The reaction product with participation of 

isatine 127a and catalysed by amino alcohol 126 

was a racemic mixture 128b (yield 74%), while 

the regioisomer 125 exhibited asymmetric 

induction up to 49% ee. A similar pattern was 

observed when using another pair of inductors. In 

the case of substance 123, in which the amino 

group is at the tertiary carbon atom, the highest 

enantioselectivity has been registered, whereas 

with catalyst 124 the enantioselectivity did not 

exceed 5%. 

The success in creating of highly efficient 

metal complex catalysts depends almost entirely 

on the correct choice of the chiral ligand, and the 

effectiveness of the latter is largely dependent on 

the right selection of the initial chiral synthon. 

This is completely true for optically active 

phosphorus-containing compounds that largely 

determine the modern view on catalysed 

asymmetric synthesis. 

The use of chiral phosphorus-containing 

inductors based on 1 has been proposed [94].  
 

 

 

 
 

Scheme 41. Transformations of oxide 2 into trans-amino alcohols [92]. 

 

 

 

 

 

 

Scheme 42. Asymmetric condensation of isatines 127a,b with acetone [93]. 
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Table 4 

Reaction time, yield and enantiomeric purity of 3-hydroxy-3- (2-oxopropyl) indolin-2-one. 

Entry Catalyst Product Water additive (mol %) Time (hours) Yield (%) ee (%) 

1 122 128a 0 36 44 51(S) 

2 122 128a 100 48 23 13(R) 

3 123 128b 0 50 95 77(R) 

4 124 128b 0 100 60 5(S) 

5 125 128b 0 96 95 49(R) 

6 126 128b 0 120 74 0 

 

 

 
 

Scheme 43. Synthesis of P* - chiral phosphites [94]. 
 

 

 
Phosphorylation of diol 129 yielded  

P*-chiral phosphites 130a, 130b (Scheme 43). 

Synthesis of phosphite 130a proceeds with high 

selectivity (95% of the main diastereomer). It 

should be noted that amidophosphite 130b is 

formed as a single stereoisomer. New phosphites 

were tested in enantioselective Pd-catalysed allyl 

sulphonation with TolSO2Na, alkylation with 

dimethyl malonate and amination with pyrrolidine 

(E)-1,3-diphenyl allylacetate. Regardless of the 

nature of the ligands and the ligand : Pd ratio, low 

optical yields were recorded, while the conversion 

level increased to 71% in the case of the 

phosphite 130b / [Pd(allyl)Cl]2 catalytic system at 

a ratio of 1:2. One approach to increasing the 

asymmetric activity of the ligand could be the use 

of the corresponding P,N-bidentate compounds 

with additional C* stereocenters in the peripheral 

nitrogen-containing group. For this purpose, 

oxazolinophosphite 131 was obtained using 

amidophosphite 130b. 

Compound 131 with respect to 

[Pd(allyl)Cl]2 acts as a typical P,N-bidentate 

ligand, forming a chelate cationic complex, for 

which a high chiral induction of up to 90% is 

established at a conversion of 67% in the allylic 

amination reaction. In this case, the R-enantiomer 

is formed, whereas the previous catalytic systems 

based on ligands 130a, 130b led to the formation 

of a predominantly S-enantiomer. The use of the 

catalytic system based on oxazolinophosphite 131 

and pyrrolidine as a nucleophile in allyl amination 

of (E)-1,3-diphenyl allylacetate led to an increase 

in the optical yield up to 91% at 100% conversion 

of (E)-1,3-diphenyl allylacetate. 
 

Conclusions 

The presented review has summarized 

scientific achievements in the field of  

(+)-3-carene synthetic transformations. The 

functionalization of (+)-3-carene leads to products 

with 3,7,7-trimethylbicyclo[4.1.0]heptane 

skeleton. However, a number of syntheses include 

many steps that lead to the appearance of a large 

number of by-products, and, therefore, a low yield 

of the target product.  

A special attention is paid to epoxidation of 

(+)-3-carene, which is associated with the use of 

the resulting oxides as synthons in further 

transformations. Numerous studies descried 

synthetic pathways towards sulphur, selenium 

containing 3,7,7-trimethylbicyclo[4.1.0]heptans 

through opening of the (+)-3-carene α-epoxide.  

Synthesis of mono- or difunctionalized  

3,7,7-trimethylbicyclo[4.1.0]heptanes, hydroxy-, 

amino-, azido-, etc., containing groups offer a 

wide possibility in their further application as 

ligands for metal complexes preparation, as well 

as their use as organocatalysts in asymmetric 

organic synthesis. The development of  
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new methods of selective synthesis of  

3,7,7-trimethylbicyclo[4.1.0]heptanes, research of 

reactions with their participation and formation of 

new nitrogen-containing derivatives as well as 

application of water as catalyst, remain an 

important and prospective challenge. 
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Abstract. A simple, precise and accurate UV-Vis spectrophotometric method has been developed and 

validated for assaying ciprofloxacin hydrochloride in combination ear drops with basil oil (Ocimum 

basilicum). Ciprofloxacin hydrochloride presented an absorption maximum at 278 nm, while the placebo 

solution showed a very low absorption in the 220-400 nm range. The parameters of validation have been 

determined according to the International Conference of Harmonization guidelines „Q2R1: For 

Analytical Procedures and Validation”. Linearity was obtained over the concentration range 2-10 μg/mL 

with a correlation coefficient of 0.999. The value of the limit of detection was of 0.786 µg/mL and of the 

limit of quantification was of 2.383 µg/mL. The percentages of recovery of ciprofloxacin hydrochloride 

in combination ear drops exceeded 99.0%. The relative standard deviation values of precision and 

robustness were less than 2%. Short-term stability results showed that the samples were stable at room 

temperature for 24 hours. 
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Introduction 

Contemporary pharmacotherapy is 

indispensable for the use of chemical compounds 

and active principles of vegetal origin. In this 

context, the use of polyfunctional combination 

drugs obtained from known substances, which 

have demonstrated good clinical efficacy and with 

polyvalent effects may be considered [1]. 

Combination drugs involve two or more 

active substances with different therapeutic actions 

in the same pharmaceutical dosage form, which 

can act on the various mechanisms responsible for 

the onset of the pathological condition. 

Combination drugs have the ability to increase 

efficacy through synergistic action of drug 

substances and reduce side effects [2,3]. Several 

essential oils have exhibited synergistic activity 

with antibiotics against microorganisms. Recent 

studies demonstrate the ability of linalool, which is 

the basic component of basil volatile oil to 

potentiate the antibacterial action of antibiotics, 

including fluoroquinolones, by decreasing the 

minimum inhibitory concentration of ciprofloxacin 

by about 4 times [2,3]. 

A new combination drug for the treatment of 

otitis was elaborated within the Scientific Center of 

Medicine (“Nicolae Testemitanu” State University 

of Medicine and Pharmacy, Republic of Moldova) 

under the name CB-12, containing two active 

substances: ciprofloxacin hydrochloride of 0.15 

g/50 mL (0.3%) and volatile basil oil of 0.20 g/50 

mL (0.4%). Currently, this dosage form is 

investigated experimentally for the development of 

analytical quality control documents.  

Ciprofloxacin hydrochloride (Figure 1(a)), 

the monohydrochloride monohydrate salt of  

1-cyclopropyl-6-fluoro1,4-dihydro-4-oxo-7-(1-

piperazinyl)-3-quinolinecarboxylic acid, is a 

fluoroquinolone antibiotic that possesses 

antibacterial activity with broad spectrum of 

action, and active against a large number of 

pathogenic germs. The fluoride ion from the 

molecule is responsible for broadening the 

antibacterial spectrum, while the piperazine cycle 

makes the drug substance active against 

Pseudomonas sp. [2-5]. Linalool (Figure 1(b)), 

3,7-dimethyl-1,6-octadien-3-ol, known for its 

bactericidal and fungicidal properties, is the major 
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component of essential oils of several plants 

species, including Ocimum basilicum commonly 

known as basil [6,7]. Ocimum basilicum is widely 

distributed in Republic of Moldova, being used in 

folk medicines to treat various diseases including 

upper respiratory tract infections, headaches, eye 

problems, skin disease, pneumonia, coughs, fevers, 

and conjunctivitis [6,7]. 
 

 
(a) 

 

 
(b) 

 

Figure 1. The chemical structures of 

ciprofloxacin hydrochloride (a) and linalool (b). 
 

The assay of drug substances in dosage form 

is a mandatory requirement for verifying the 

quality of drugs. European, United States and 

Indian Pharmacopoeias require the use of the 

analytical method – reversed phase high 

performance liquid chromatography, while the 

British Pharmacopoeia, requires the non-aqueous 

titrimetry as the official method to determine 

ciprofloxacin hydrochloride [8-11]. Various other 

analytical methods such as high-performance 

liquid chromatography, Fourier transform infrared 

spectroscopy and differential electrolytic 

potentiometry have been reported in the literature 

for the estimation of ciprofloxacin hydrochloride 

[12-14]. The UV-Vis spectrophotometric method 

is unavailable as a pharmacopoeial method for 

quantitative determination of ciprofloxacin 

hydrochloride [8-15], thus, for routine analysis this 

simple, rapid and cost-effective analytical method 

would be preferred [16-18]. A few UV-Vis 

spectrophotometric methods for determination of 

ciprofloxacin hydrochloride in combined dosage 

forms: in tablets with ornidazole and in a 

combination with metronidazole have been 

previously reported [17,18]. However, up till now, 

a UV-Vis spectrophotometric method for the assay 

of ciprofloxacin hydrochloride in combination 

with essential oils is not available. Therefore, the 

development of a simple and accurate UV-Vis 

spectrophotometric method can provide a very 

useful alternative for routine analysis of 

ciprofloxacin hydrochloride in combinations with 

biologically active compounds from essential oils.  

The purpose of this study was to develop and 

validate a simple, accurate and reproducible  

UV-Vis spectrophotometric technique to assay 

ciprofloxacin hydrochloride in CB-12 combination 

ear drops drug for the treatment of otitis that was 

elaborated within the Scientific Center of 

Medicine, “Nicolae Testemitanu” State University 

of Medicine and Pharmacy. 

 
Experimental 

Materials 

Ciprofloxacin hydrochloride powder of 

99.9%; volatile basil oil (essentially pure basil oil 

of 100%); polysorbate 20; polyethylene glycol 400 

and methylparaben were purchased from Sigma-

Aldrich, Germany. Citrate buffer pH 7.8 and 0.1 M 

hydrochloric acid solution prepared according to 

European Pharmacopoeia requirements [8]. 

Double distilled water was used throughout the 

entire study. 

CB-12 combination ear drops, elaborated 

within the Scientific Center of Medicine, “Nicolae 

Testemitanu” State University of Medicine and 

Pharmacy, consisted of 0.15 g ciprofloxacin 

hydrochloride, 0.2 g volatile basil oil, 2.0 g 

polysorbate 20, 5.0 g polyethylene glycol 400,  

0.02 g methylparaben, citrate buffer pH 7.8 as 

needed to obtain pH 5.0-7.5 and double distilled 

water to bring up to 50 mL. 

The placebo solution consisted of 0.2 g 

volatile basil oil, 2.0 g polysorbate 20, 5.0 g 

polyethylene glycol 400, 0.02 g methylparaben, 

citrate buffer pH 7.8-8.0 as needed to obtain  

pH 5.0-7.5 and double distilled water to bring  

up to 50 mL. 

Equipment 

The Agilent 8453 UV-Vis 

spectrophotometer (Germany) and cuvettes with a 

pathlength of 10 mm were used in this study. The 

spectra were registered in the 220-400 nm range. 

The 0.1 M hydrochloric acid was used as  

blank solution. 

The pH meter Consort C 861 model was 

used in this study. 

Methods 

The stock solution A was prepared by 

dissolving 0.05±0.0001 g of ciprofloxacin 
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CH
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hydrochloride in 50 mL of 0.1 M hydrochloric acid 

solution in a volumetric flask.  

The standard solutions for the calibration 

curve were prepared by diluting the stock solution 

A with 0.1 M hydrochloric acid in a quadratic 

regression. Five solutions with concentration of  

2, 4, 6, 8 and 10 μg/mL were prepared, the 

absorbance values were recorded at 278 nm. The 

measurements were performed in triplicate and 

were statistically evaluated. 

For the preparation of the placebo solution, 

2.0 g of polysorbate 20 were transferred into a 

porcelain cup to which 0.2 mL of volatile basil oil 

was added and then mixed well until the oil was 

emulsified. Further, 25 mL of purified water and 

excipients were added in portions to the obtained 

primary emulsion: 5.0 g of polyethylene glycol 400 

and 0.02 g of methylparaben, which were first 

dissolved in a minimal amount of purified water 

(2.0 mL) and thoroughly mixed until a 

homogeneous emulsion was obtained. The pH of 

the emulsion was measured and adjusted with 

citrate buffer pH 7.8 to a value between 5.0-7.5. 

The obtained emulsion was transferred into a  

50 mL volumetric flask and was dissolved in 

purified water (placebo stock). A volume of 1.0 mL 

of placebo stock was pipetted into a 250 mL 

volumetric flask and diluted up to the mark with 

0.1 M hydrochloric acid solution. Then, 8 mL of 

the obtained solution were diluted to 25 mL with 

0.1 M hydrochloric acid solution. 

The sample solution was prepared by 

dissolving 1.0 mL of CB-12 ear drops solution in 

250 mL of 0.1 M hydrochloric acid solution. 

Further, 8 mL of the obtained solution were diluted 

to 25 mL with 0.1 M hydrochloric acid solution. 

The accuracy of the method was determined 

using three samples consisting of ciprofloxacin 

hydrochloride and a mixture of excipients in 0.1 M 

hydrochloric acid in concentrations corresponding 

to 80-120% of the stated amount. Three samples 

were prepared for each recovery level. The 

concentration of ciprofloxacin hydrochloride was 

determined using the calibration curve. The 

percentage of regression has been established by 

using Eq.(1). 
 

𝑅 =
𝐶𝑡 − 𝐶𝑝
𝐶𝑎

× 100% 
(1) 

 

where, R- recovery, %; 

Ct- total concentration of the sample with 

the addition, µg/mL; 

Cp- sample concentration without  

addition, µg/mL; 

Ca- concentration of the standard  

addition, µg/mL. 

The concentration of ciprofloxacin 

hydrochloride was determined by using Eq.(2). 
 

𝑥 =
𝐴1 × 𝑏 × 𝐷 × 50

𝐴2 × 𝑎
 

(2) 

 

where, X- the amount of the active substance in the 

sample solution, g/50 mL; 

A1- absorbance value of the sample 

solution; 

A2- absorbance value of the standard 

solution; 

D- dilution, mL; 

a and b- sample and standard mass, g. 
 

Repeatability was determined using six 

samples of CB-12 ear drops that were analysed on 

the same day and under the same conditions. 

Intermediate precision was determined 

using six samples of ear drops, which were 

analysed on two different days. The concentration 

of ciprofloxacin hydrochloride from ear drops was 

measured. The concentration of ciprofloxacin 

hydrochloride was determined by Eq.(2).  

The six samples prepared for the 

repeatability study were preserved for 24 h at room 

temperature and analysed on the following day to 

test the short-term stability. The concentration of 

ciprofloxacin hydrochloride was determined using 

Eq.(2). 

The robustness of the method was 

investigated by varying the maximum absorption 

wavelength of ciprofloxacin hydrochloride  

(278 nm) with ±3 nm. The determinations were 

repeated 3 times for each wavelength. 

 

Results and discussion 

In order to determine the absorption 

maxima, the spectra of 4 μg/mL of standard and 

sample solutions of ciprofloxacin hydrochloride 

and placebo solution were recorded in the 220- 

400 nm wavelength range. The 0.1 M hydrochloric 

acid solution was used as the reference solution. 

The spectra of the standard and sample 

solutions of ciprofloxacin hydrochloride 4 μg/mL 

presented the absorption maximum at 278 nm, 

whilst the spectrum of the placebo solution did not 

show absorption at 278 nm, which demonstrates 

the specificity of the method with regards to the 

placebo solution (Figure 2). 

The validation of the method was carried out 

in accordance with the International Conference of 

Harmonization (ICH) Guide “Q2R1: For 

Analytical Procedures and Validation” [19] and the 

validation parameters such as linearity, limit of 

detection, limit of quantification, selectivity, 

accuracy, precision and robustness were 

determined. 
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Figure 2. The UV-Vis absorption spectra of the standard solution of ciprofloxacin hydrochloride 4.0 μg/mL 

(a), sample solution of ciprofloxacin hydrochloride 4.0 μg/mL (b) and placebo (c). 

 

A linear relationship was found between the 

absorbance and the concentration of ciprofloxacin 

hydrochloride. The linearity of the UV-Vis 

spectrophotometric method was determined in the 

concentration range of 2-10 μg/mL of 

ciprofloxacin hydrochloride, at λ= 278 nm. Based 

on the obtained results, the calibration curve was 

drawn and the equation of linear regression was 

obtained: y= 0.116x + 0.048, R2= 0.999 (Figure 3). 

 

 
 

Figure 3. Calibration curve of ciprofloxacin 

hydrochloride in the concentration range between 

2–10 μg/mL, at λ= 278 nm using  

in cuvettes with a 10 mm pathlength. 
 

The value of the limit of detection calculated 

in accordance with the ICH guide  

is 0.786 µg/mL [19]. The value of the limit of 

quantification calculated in accordance with the 

ICH guide is 2.383 µg/mL [19]. 

The accuracy of an analytical procedure 

expresses the closeness of agreement between the 

value, which is accepted as the reference value and 

the value found. Accuracy is expressed as the 

percentage of recovered analyte compared to actual 

values (Table 1). 

The UV-Vis spectrophotometric method 

developed for the assay of ciprofloxacin 

hydrochloride in CB-12 combined ear drops is 

accurate, with an average recovery value ranging 

from 99.0% to 101.0% (Table 1). The admissibility 

condition is at least 99.0% [19]. 

The precision of an analytical procedure 

expresses the closeness of agreement between a 

series of measurements obtained from multiple 

sampling of the same homogeneous sample under 

the prescribed conditions [19]. Precision is 

generally expressed by standard deviation and 

standard relative deviation. 

Repeatability of the method expresses the 

precision under the same operating conditions over 

a short interval of time [19]. The mean value of the 

concentration of ciprofloxacin hydrochloride in 

CB-12 combined ear drops was 0.15492 g/50 mL.  

Intermediate precision expresses within-

laboratories variations, and in the present study 

accounted for different days [14]. The mean  

value of the concentration of ciprofloxacin 

hydrochloride in the pharmaceutical dosage  

form for the intermediate precision study was  

0.15493 g/50 mL. 

The developed UV-Vis spectrophotometric 

method is precise, as the admissibility condition for 

precision is relative standard deviation (RSD) ≤2% 

[19]. The results of the statistical evaluation are 

presented in Table 2. 

The robustness of an analytical procedure is 

a measure of its capacity to remain unaffected by 

small, but deliberate variations in method 

parameters and provides an indication of its 

reliability during normal usage [19]. The obtained 

results indicate that the elaborated method is  

robust as insignificant changes of absorbance  

at the examined wavelengths were detected  

(Table 3), acceptance criterion is RSD≤ 2% [19]. 

The results of the short-term stability  

were within the acceptance range. Also, the results 

show that the samples are stable at room 

temperature for 24 h, acceptance criterion is  

RSD≤ 2% [19] (Table 4). 
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Table 1 

Recovery as a condition of admissibility. 

No. 

The amount of ciprofloxacin hydrochloride 

taken into work 
Amount of ciprofloxacin 

hydrochloride, µg/mL  

(average for n= 3) 

Recovery, % 

% µg/mL 

1 80 8.00 8.05 100.63 

2 100 10.00 9.94 99.40 

3 120 12.00 12.08 100.66 

 
 

Table 2 

Results of repeatability and intermediate precision. 

No. 
Concentration of ciprofloxacin hydrochloride in ear drops, g/50 mL 

Repeatability Intermediate precision 

1 0.1552 0.1549 

2 0.1547 0.1549 

3 0.1548 0.15492 

4 0.1549 0.1548 

5 0.1549 0.1549 

6 0.1550 0.1549 

Average 0.1549 0.1549 

Standard deviation 0.0002 0.0001 

Relative standard deviation, % 0.1159 0.0218 

 
 

Table 3 

Results of the robustness of UV-Vis spectrophotometric method of assay of  

ciprofloxacin hydrochloride in combination ear drops. 

No. 
Absorbance values of ciprofloxacin hydrochloride, 4µg/mL 

275 nm 278 nm 281 nm 

1. 0.4587 0.4612 0.4597 

2. 0.4586 0.4617 0.4596 

3. 0.4588 0.4614 0.4599 

Average 0.4587 0.4616 0.4597 

Standard deviation 0.0001 0.0002 0.0001 

Relative standard deviation, % 0.0310 0.0520 0.0320 

 
 

Table 4 

Results of the short-term stability determined by the proposed method (n= 6). 

No. 
Concentration of ciprofloxacin hydrochloride in ear drops, g/50 mL 

Declared Found 

1 0.1500 0.1542 

2 0.1500 0.1541 

3 0.1500 0.1541 

4 0.1500 0.1539 

5 0.1500 0.1548 

6 0.1500 0.1540 

Average 0.1500 0.1542 

Standard deviation  0.0002 

Relative standard deviation, %  0.1909 

 

 

This study presented a simple UV-Vis 

spectrophotometric method for quantitative 

determination of ciprofloxacin hydrochloride in a 

combination dosage (CB-12 ear drops) form 

compared with another technique, in which second 

derivative ratio spectrophotometry technique was 

applied [18]. Close results were obtained with the 

method presented by Krishna, J.M. et al. [17].  

The difference is that in the present study  

0.1 M hydrochloric acid solution was used as blank  

to determine the ciprofloxacin hydrochloride  

in the presence of volatile basil oil in ear  

drops, whilst in the method presented by  

Krishna, J.M. et al. purified water was used to 

detect ciprofloxacin hydrochloride and ornidazole 

in tablets [17]. 
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Conclusions 

This study presents the development and 

validation of a UV-Vis spectrophotometric method 

of ciprofloxacin hydrochloride assay in CB-12 

combination ear drops. The results of the validation 

of the method demonstrate that the developed 

method is simple, rapid, accurate and robust over 

the concentration range 2-10 μg/mL. Linearity was 

obtained with a correlation coefficient of 0.999. 

The value of the limit of detection was  

0.786 µg/mL and of the limit of quantification  

was 2.383 µg/mL. The percentages of  

recovery of ciprofloxacin hydrochloride in  

CB-12 combined ear drops were more than 99.0%. 

The relative standard deviation values of precision 

and robustness were less than 2%. The results of 

the short-term stability show that the samples are 

stable at room temperature for 24 h. 

The developed and validated UV-Vis 

spectrophotometric method within the 

concentration range of 2-10 μg/mL ciprofloxacin 

hydrochloride could be included in the Analytical 

Quality Control documents of the combined ear 

drops containing ciprofloxacin hydrochloride and 

volatile basil oil. 
 

References 

1. Mittal, R.; Lisi, C.V.; Gerring, R.; Mittal, J.;  

Mathee, K.; Narasimhan, G.; Azad, R.K.; Yao, Q.; 

Grati, M.; Yan, D.; Eshraghi, A.A.; Angeli, S.I.; 

Telischi, F.F.; Liu, X.Z. Current concepts in the 

pathogenesis and treatment of chronic suppurative 

otitis media. Journal of Medical Microbiology, 2015, 

64(10), pp. 1103-1116.  

DOI: https://doi.org/10.1099/jmm.0.000155  

2. Kharat, R.; Jadhav, S.; Tamboli, D.; Tamboli, A. 

Estimation of ciprofloxacin hydrochloride in  

bulk and formulation by derivative  

UV-spectrophotometric methods. International 

Journal of Advances in Scientific Research, 2015, 

1(3), pp. 137-144.  

DOI: https://doi.org/10.7439/ijasr.v1i3.1915 

3. Hemaiswarya, S.; Kruthiventi, A.K.; Doble, M. 

Synergism between natural products and antibiotics 

against infectious diseases. Phytomedicine, 2008, 

15(8), pp. 639-652.  

DOI: https://doi.org/10.1016/j.phymed.2008.06.008  

4. Parii, S.; Uncu, L.; Valica, V.; Nicolai, E.;  

Maniuc, M. Elaboration and evaluation of the acute 

toxicity of a new drug for the treatment of otitis.  

The Medical-Surgical Journal, 2016, 120, 1(2),  

pp. 61-69 (in Romanian). 

5. Matcovschi, C.; Procopisin, V.; Parii, B. 

Pharmacotherapeutic Guide. Central Typography: 

Chisinau, 2006, 1157 p. (in Romanian).  

6. Silva, V.A.; Sousa, J.P.; Guerra, F.Q.S.;  

Pessôa, H.L.F.; Freitas, A.F.R.; Coutinho, H.D.M.; 

Alves, L.B.N.; Lima, E.O. Antibacterial activity of 

the monoterpene linalool: alone and in association 

with antibiotics against bacteria of clinical 

importance. International Journal of Pharmacognosy 

and Phytochemical Research, 2015, 7(5),  

pp. 1022-1026. https://ijppr.com/volume7issue5/  

7. Bakkali, F.; Averbeck, S.; Averbeck, D.;  

Idaomar, M. Biological effects of essential oils-A 

review. Food and Chemical Toxicology, 2008, 

46(2), pp. 446-475.  

DOI: https://doi.org/10.1016/j.fct.2007.09.106 

8. European Pharmacopoeia, 6th edition, 2008,  

p. 2035-2038.  

9. United States Pharmacopeia and National 

Formulary, 2003, vol. 1, 457 p. 

https://www.uspnf.com/ 

10. Indian Pharmacopoeia, vol. 1, 1996, p. 187. 

https://www.ipc.gov.in/  

11. British Pharmacopoeia, 2000, 399 p. 

https://www.pharmacopoeia.com/ 

12. Wu, S.-S.; Chein, C.-Y.; Wen, Y.-H. Analysis  

of ciprofloxacin by a simple high-performance  

liquid chromatography method. Journal of 

Chromatographic Science, 2008, 46(6), pp. 490-495. 

DOI: https://doi.org/10.1093/chromsci/46.6.490 

13. Pandey, S.; Pandey, P.; Tiwari, G.; Tiwari, R.;  

Rai, A.K. FTIR Spectroscopy: a tool for quantitative 

analysis of ciprofloxacin in tablets. Indian Journal of 

Pharmaceutical Sciences, 2012, 74(1), pp. 86-90. 

DOI: 10.4103/0250-474X.102551 

14. Abulkibash, A.M.; Sultan, S.M.; Al-Olyan, A.M.; 

Al-Ghannam, S.M. Differential electrolytic 

potentiometric titration method for the determination 

of ciprofloxacin in drug formulations.  

Talanta, 2003, 61(2), pp. 239-244. DOI: 

https://doi.org/10.1016/S0039-9140(03)00246-7  

15. Handbook Good Laboratory Practice (GLP).  

Quality practices for regulated non-clinical research 

and development. World Health Organization. 2009, 

328 p. DOI: 10.2471/TDR.09. 978-924-1547550 

16. Savic, I.; Nikolic, G.; Savic, I.; Zlatkovic, S.;  

Djokic, D. New, simple and validated  

UV-spectrophotometric methods for the estimation 

of sodium usnate in preparations. Macedonian 

Journal of Chemistry and Chemical Engineering, 

2010, 29(2), pp. 157-164.  

DOI: http://dx.doi.org/10.20450/mjcce.2010.162 

17. Krishna, J.R.; Sandhya, B.N.; Huidrom, S.;  

Prasad, V.V.L.N. Development and validation of 

UV spectrophotometric method for the simultaneous 

estimation of ciprofloxacin hydrochloride and 

ornidazole in combined pharmaceutical dosage 

form. Journal of Advanced Pharmacy Education and 

Research, 2014, 4(4), pp. 405-408.  

18. Mahrouse M.A. Development and validation of a 

UV spectrophotometric method for the simultaneous 

determination of ciprofloxacin hydrochloride and 

metronidazole in binary mixture. Journal of 

Chemical and Pharmaceutical Research, 2012, 

4(11), pp. 4710-4715. http://www.jocpr.com/ 

19. ICH Harmonised tripartite guideline. Validation of 

analytical procedures: text and methodology 

Q2(R1). International Conference on Harmonisation 

of technical requirem ents for registration of 

pharmaceuticals for human use. November 2005. 
 

 

61 

https://doi.org/10.1099/jmm.0.000155
https://doi.org/10.7439/ijasr.v1i3.1915
https://doi.org/10.1016/j.phymed.2008.06.008
https://ijppr.com/volume7issue5/
https://doi.org/10.1016/j.fct.2007.09.106
https://www.uspnf.com/
https://www.ipc.gov.in/
https://www.pharmacopoeia.com/
https://doi.org/10.1093/chromsci/46.6.490
http://www.ijpsonline.com/articles/ftir-spectroscopy-a-tool-for-quantitative-analysis-of-ciprofloxacin-in-tablets.html
https://doi.org/10.1016/S0039-9140(03)00246-7
https://www.who.int/tdr/publications/documents/glp-handbook.pdf
http://dx.doi.org/10.20450/mjcce.2010.162


CHEMISTRY JOURNAL OF MOLDOVA. General, Industrial and Ecological Chemistry. 2019, 14(2), 62-71  

ISSN (p) 1857-1727       ISSN (e) 2345-1688  

http://cjm.asm.md 

http://dx.doi.org/10.19261/cjm.2019.584 
 

 

© Chemistry Journal of Moldova 

CC-BY 4.0 License 

 

PESTICIDES RESIDUE DETERMINATION IN VEGETABLES AND 

FRUITS COMMONLY USED IN REPUBLIC OF MOLDOVA  

AND ESTIMATION OF HUMAN INTAKE 
 

Raisa Sircu *, Gheorghii Turcanu, Nicolae Opopol, Iurie Pinzaru, Tatiana Manceva, Raisa Scurtu 

 

National Agency for Public Health, 67A, Gh. Asachi str., Chisinau MD-2028, Republic of Moldova 
*e-mail: raisasircu@mail.ru 

 

Abstract. The purpose of this research was to assess the residual concentrations of pesticides in  

fruits and vegetables and to estimate the health risk associated with the consumption of  

pesticide-contaminated vegetables and fruits. A total number of 5206 samples from twenty one different 

vegetables and fruits were collected during 2009-2017. Pesticides in concentrations exceeding the 

maximum residue levels were found in 1194 analysed samples (22.9% of total). Thirteen insecticides, 

four fungicides, two acaricides and one herbicide were detected in the analysed samples. The estimated 

daily intake (EDI) has been established between 0.000001 and 0.0002 mg/kg of body weight/day. 

Calculated values of EDIs are lower than the levels of acceptable daily intake. The calculated hazard 

indices ranged from 0.000004 up to 0.15 for the analysed pesticides and the highest value of hazard 

index was calculated for diazinon, being of 0.15. It might be concluded that the long-term consumption 

of vegetables and fruits could pose a health risk for the population of the Republic of Moldova, since 

the minimum norms used for risk estimation do not reflect real food consumption pattern in the 

Republic of Moldova. 
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Introduction 

Pesticides are chemicals substances that are 

mainly used worldwide in agriculture or in public 

health sector in order to protect plants from 

diseases, pests, or weed and people from vector-

borne diseases, such as contacting dengue, 

malaria, Chagas disease, leishmaniasis and 

schistosomiasis. The agricultural sector of the 

Republic of Moldova uses 838 plant protection 

products based on 211 active substances of 

different chemical groups, including: compounds 

of copper and sulphur, carbamates and 

thiocarbamates, organophosphorus and synthetic 

pyrethroids, chlorophenoxy compounds, 

neonicotinoid derivatives, sulphonylureas, 

strobilurins, and others. The total amount of 

pesticides used in 2017, in Republic of Moldova, 

was estimated to 2064 tonnes. Pesticides together 

with fertilizers have contributed to substantial 

increases in agricultural crop yields production, 

causing though many health risks. The numerous 

adverse health effects in humans that have been 

associated with chemical pesticides include 

dermatological, gastrointestinal, respiratory, 

neurological, carcinogenic, reproductive and 

endocrine problems [1-13]. Some pesticides that 

are used in agriculture are classified as 

carcinogenic, mutagenic or causing hormonal 

system disorders. The severity of the health 

problems depends on the quantity and the route in 

which a person is exposed to potentially toxic 

pesticides. An increasing number of cases of 

lethal pesticide poisoning for both adults and 

children was registered over past years in the 

Republic of Moldova [14]. On a global level, 

there are three million cases of acute and severe 

pesticide poisonings with about 200,000 deaths 

[15-20]. Many studies were focused on 

determining indirect exposure of pesticides, 

including exposure on consumers [21-25]. As 

pesticides are toxic and deliberately spread in the 

environment, the production, distribution and use 

of pesticides requires strict regulation and survey. 

In this context, regular monitoring of pesticide 

residues in food is required. 

Vegetables and fruits are important 

components of human diet since they provide 

essential nutrients that are required for most of the 

biochemical reactions occurring in the human 

body. Like other crops, fruits and vegetables are 

attacked by pests and diseases during production 

and storage, leading to damages that reduce the 
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quality and the harvest. In order to reduce the loss 

and maintain the quality of fruits and vegetables 

harvest, pesticides are used. However, the use of 

pesticides during production often leads to the 

presence of pesticide residues after harvest [15]. 

The presence of pesticide residue in vegetables 

and fruits has always been a matter of serious 

concern for the public health of Republic of 

Moldova. Even in residual quantities pesticides 

can lead to serious chronic health hazards, 

especially, when food commodities are consumed 

fresh [26]. Therefore, the monitoring of pesticides 

levels can be regarded as a contemporary public 

health problem that could help guarantee food 

quality and evaluate the health risks. Pesticide 

residues in food are usually monitored with 

reference to maximum residue levels (MRLs) and 

acceptable daily intakes (ADIs). The MRL is an 

index that represents the highest concentration of 

pesticide residue that is legally accepted in a food 

commodity after the use of pesticides. National 

MRLs were established in Sanitary Regulation 

[27]. The MRLs are always set far below levels 

considered to be safe for humans. Safety limits 

are assessed in comparison with ADI. ADI is an 

estimated amount of a chemical in food that can 

be ingested daily over a life time without 

appreciable health risk to the consumer [26]. 

The purpose of the present study was to 

assess the residual concentrations of pesticides  

in fruits and vegetables commonly consumed  

in Republic of Moldova using gas 

chromatography/mass spectrometry analysis. 

Additionally, the human health risks associated 

with daily intake from agricultural products were 

evaluated. 

 
Experimental 

Sample collection 

A total number of 5206 samples from 

twenty-one different vegetables and fruits (of 

which 4365 were apple samples, 125 tomato 

samples, sixty three cucumber samples, twenty 

two eggplant samples, sixty eight head cabbage 

samples, twenty seven plum samples, 278 samples 

of table grapes, etc.) from the harvests of  

2009–2017 were collected from different 

agricultural fields of the Republic of Moldova.  

Pesticide residues analysis 

The pesticide residues analysis was carried 

out according to Moldovan standard SM EN 

15662:2015 [28]. Determination of pesticide 

residues using gas and liquid chromatography-

mass spectrometry analysis was performed 

following the acetonitrile extraction/partitioning 

and clean-up by dispersive SPE-QuEChERS-

method (quick, easy, cheap, effective, rugged and 

safe). This method involves liquid-liquid 

partitioning using acetonitrile and purifying the 

extract using dispersive solid phase extraction.  

The general procedure consists in using an 

amount of 10 g of homogeneous sample in frozen 

conditions to for the extraction by acetonitrile. 

After addition of magnesium sulphate, sodium 

chloride and citrate buffer (pH 5.0 to 5.5)  

the mixture is shaken and centrifuged for phase 

separation. An aliquot of the organic phase  

(6 mL) is cleaned-up by DSPE using magnesium 

sulphate (900 mg). The extracts are purified with 

amino-sorbents (150 mg PSA) afterwards 500 µL 

of extracted sample with 25 µL of formic acid is 

subjected to the gas and liquid chromatography-

mass spectrometry analysis. 

Equipment 

The gas and liquid chromatography-mass 

spectrometry analyses were performed using the 

Agilent GC/MS 7890/7000 Triple Quadrupole 

system and Agilent LC/MS 7890 Triple 

Quadrupole system. 

Hazard identification and characterization 

The final results of pesticide residues in 

selected samples were compared with MRLs. The 

MRLs for all crops and all pesticides can be found 

in the European Commission MRL online 

database [29]. 

The estimated daily intake (EDI) was 

calculated according to Eq.(1): 
 

EDI = C × F/W (1) 
 

where, C is the concentration of pesticide residues 

in each commodity (mg/kg);  

F is the mean daily intake of food per 

person (kg/day);  

W is the mean body weight (in this study, 

W was considered equal to 60 kg) [23]. 

 

Dietary intake of fruits and vegetables per 

person was estimated considering the minimum 

norms of the food included in a living-wage food 

basket (Table 1) [30]. 

Risk estimation 

The calculated EDI was compared with 

ADI. Hazard indices were calculated by dividing 

EDI value by ADI value. Toxicological 

information (ADI) is available at EU pesticide 

database [29]. 

 

Results and discussion 

In the Republic of Moldova, the consumers 

basic diet structure includes about thirty-forty 

plant based food commodities. The selection of 

apples, potatoes, tomatoes, cucumbers, eggplants, 

head cabbage, garlic, onion, plums, table grapes 
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and other listed hereinafter crops was based on 

their popularity and high consumption rates by 

Republic of Moldova population. The assessment 

of pesticide monitoring conducted between  

2009-2017 shows that the majority of the 

pesticides residues were in concentrations below 

the detection level. In 1194 analysed samples 

(22.9%) pesticides’ residues were found in 

concentrations exceeding the MRLs. Information 

regarding contamination with pesticide residues 

of different vegetables and fruits, number of 

samples analysed from each commodity, number 

of samples above MRL, the minimum, the 

maximum and mean values of pesticides in 

commodities is presented in Table 2.  

 
Table 1 

Estimated food consumption rate per capita according to the food minimum norms  

included in a living-wage food basket, kg/day [30]. 

Vegetables Consumption Fruits Consumption 

Potato 0.320 Melon 0.017 

Onion 0.041 Apple 0.095 

Cucumber 0.022 Table grapes 0.028 

Tomato 0.050 Pear 0.034 

Sweet pepper 0.016 Plum 0.034 

Cabbage 0.064 Peach 0.034 

Pumpkin 0.015 Apricot 0.034 

Eggplant 0.007   

Garlic 0.004   

 
 

Table 2 

Concentration of pesticide residues detected in vegetables and fruits samples, mg/kg. 

Food 

commodities 

Total no. 

of samples 
Detected pesticide 

No. of 

samples 

exceeding 

MRL 

Mean Maximum Minimum St. dev.* MRL 

Potato 48 

Acetamiprid 1 0.0250 0.025 0.025 n/a** 0.01 

Cymoxanil 1 0.0200 0.020 0.020 n/a 0.01 

Dimethoate 7 0.0129 0.020 0.010 0.005 0.01 

Onion 26 Dimethoate 11 0.0104 0.020 0.004 0.004 0.01 

Cucumber 63 

Dimethoate 9 0.0138 0.020 0.010 0.005 0.01 

Phosalone 4 0.0305 0.080 0.002 0.034 0.01 

Propargite 5 0.0820 0.100 0.010 0.040 0.01 

Tomato 125 

Dimethoate 21 0.0201 0.100 0.001 0.021 0.01 

Phosalone 11 0.0149 0.080 0.002 0.023 0.01 

Methamidophos 20 0.0121 0.025 0.001 0.007 0.01 

Methomyl 1 0.0500 0.050 0.050 n/a 0.01 

Propargite 12 0.0370 0.100 0.004 0.039 0.01 

Pirimiphos-methyl 2 0.0600 0.100 0.020 0.057 0.01 

Sweet 

pepper 
75 

Dimethoate 19 0.0146 0.020 0.008 0.006 0.01 

Phosalone 6 0.0150 0.080 0.002 0.032 0.01 

Nicosulphuron 1 0.0300 0.030 0.030 n/a 0.01 

Propargite 14 0.0257 0.100 0.010 0.029 0.01 

Procymidone 1 0.0200 0.020 0.020 n/a 0.01 

Pepper 1 Dimethoate 1 0.0200 0.020 0.020 n/a 0.01 

Cabbage 68 

Dimethoate 19 0.0172 0.030 0.010 0.008 0.01 

Malathion 1 0.0400 0.040 0.040 n/a 0.02 

Propargite 2 0.0175 0.025 0.010 0.011 0.01 

Thiamethoxam 2 0.0750 0.100 0.050 0.035 0.02 

Cauliflower 10 

Dimethoate 2 0.0250 0.040 0.010 0.021 0.02 

Methamidophos 3 0.0107 0.020 0.004 0.008 0.01 

Propargite 2 0.0550 0.100 0.010 0.064 0.01 

Pumpkin 16 Phosalone 3 0.0307 0.080 0.002 0.043 0.01 

Eggplant 22 
Phosalone 4 0.0170 0.060 0.002 0.029 0.01 

Propargite 4 0.0363 0.100 0.010 0.043 0.01 

Garlic 17 Dimethoate 7 0.0171 0.020 0.010 0.005 0.01 
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Continuation of Table 2 

Food 

commodities 

Total no. 

of samples 
Detected pesticide 

No. of 

samples 

exceeding 

MRL 

Mean Maximum Minimum St. dev.* MRL 

Lettuce 

leaves 
10 

Clofentezine 1 0.0400 0.040 0.040 n/a 0.02 

Dimethoate 3 0.0150 0.020 0.010 0.007 0.01 

Propargite 1 0.0200 0.020 0.020 n/a 0.01 

Asparagus 5 Propargite 1 0.0250 0.025 0.025 n/a 0.01 

Melon 8 
Dimethoate 2 0.0200 0.020 0.020 0.000 0.01 

Propargite 1 0.0250 0.025 0.025 n/a 0.01 

Watermelon 16 

Dimethoate 4 0.0167 0.020 0.010 0.006 0.01 

Phosalone 4 0.0155 0.020 0.002 0.009 0.01 

Methamidophos 3 0.0200 0.020 0.020 n/a 0.01 

Apple 4365 

Diazinon 60 0.0167 0.050 0.002 0.018 0.01 

Dimethoate 678 0.0207 1.100 0.001 0.074 0.01 

Dimethomorph 1 0.0200 0.020 0.020 n/a 0.01 

Fenitrothion 60 0.0145 0.080 0.002 0.024 0.01 

Malathion 7 0.1186 0.640 0.004 0.231 0.02 

Nicosulphuron 15 0.0583 0.670 0.004 0.170 0.01 

Propargite 47 0.0548 0.180 0.004 0.037 0.01 

Pyridaben 27 0.0781 0.150 0.020 0.040 0.05 

Pear 24 

Dimethoate 7 0.0126 0.020 0.008 0.005 0.01 

Phosalone 4 0.0215 0.080 0.002 0.039 0.01 

Propargite 2 0.0250 0.025 0.025 0.000 0.01 

Table 

grapes 
278 

Clofentezine 2 0.2000 0.200 0.200 0.000 0.02 

Dimethoate 14 0.0150 0.050 0.002 0.011 0.01 

Phosalone 6 0.0150 0.080 0.002 0.032 0.01 

Nicosulphuron 12 0.0833 0.380 0.030 0.125 0.01 

Propargite 2 0.0250 0.025 0.025 0.000 0.01 

Pirimicarb 6 0.1067 0.140 0.100 0.016 0.01 

Procymidone 5 0.0178 0.040 0.001 0.015 0.01 

Thiacloprid 6 0.0283 0.040 0.010 0.013 0.01 

Thiophanate-methyl 2 0.4000 0.400 0.400 0.000 0.10 

Plum 27 

Dimethoate 6 0.0147 0.020 0.008 0.006 0.01 

Methamidophos 4 0.0128 0.025 0.002 0.011 0.01 

Propargite 1 0.0250 0.025 0.025 n/a 0.01 

Peach 6 Dimethoate 1 0.0250 0.025 0.025 n/a 0.01 

Apricot 5 
Dimethoate 1 0.0200 0.020 0.020 n/a 0.01 

Methamidophos 1 0.0200 0.020 0.020 n/a 0.01 

Pineapple 1 Propargite 1 0.0250 0.025 0.025 n/a 0.01 

21 5206 20 1194      
* St. dev. – standard deviation; 
**  n/a - not applicable. 

 

 

The residue concentration values were 

compared with the MRLs from the European 

Commission online database [29]. The MRLs are 

the highest levels of residues expected to be in the 

food when the pesticide is used according to 

authorized agricultural practices [26]. All detected 

concentrations of pesticides, which exceed the 

MRLs from two to ten times are presented in 

Table 2. The highest concentration of residues 

was registered for thiophanate-methyl in two 

samples of table grapes (0.4 mg/kg). The lowest 

concentration was recorded for dimethoate in 

eleven samples of onion (0.0104±0.0040 mg/kg). 

In these cases, the following measures have been 

applied: withdrawal of contaminated products 

from the market; confiscation and destruction of 

contaminated products; enforcement sampling of 

the next coming lot; all exceeding MRLs are 

published at the National Food Safety Agency’s 

website [31]. 

The most commonly identified pesticide 

was dimethoate, which was found in 68% of 

analysed samples of different fruits (such as 

apples, table grapes, plums, pears) and vegetables 
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(potatoes, onions, cucumbers, tomatoes, sweet 

peppers, cabbages and other). Twenty residues of 

different pesticides were registered in  

1194 samples of vegetables and fruits.  

Sweet peppers, tomatoes, apples and table  

grapes were contaminated with five, six,  

eight and nine pesticide residues, respectively 

(Table 2).  

Pesticides can be classified by target 

organism (e.g., herbicides, insecticides, 

fungicides, rodenticides, acaricides) and chemical 

structure (group). In this context, thirteen 

insecticides, four fungicides, two acaricides and 

one herbicide were detected in the analysed 

samples. Figure 1 illustrates that 65% of detected 

pesticides are insecticides (dimethoate, phosalone, 

pirimiphos-methyl, malathion, diazinon, 

fenitrothion, methamidophos, methomyl, 

pirimicarb, acetomiprid, pyridaben, thiamethoxam 

and thiacloprid), 20% represent fungicides 

(procimidone, thiophanate-methyl, cymoxanil and 

dimethomorph), 10% are acaricides (propargite 

and clofentezin) and 5% correspond to herbicides 

(nicosulphuron).  

 

 
 

Figure 1. The detected pesticides classified by  

target organism. 
 

The detected pesticides belong to ten 

chemical groups: organophosphates, carbamates 

and thiocarbamates, dicarboximides, 

benzimidazoles, triazines, urea derivatives, 

sulphur compounds, neonicotinoids, 

piridazinones, morpholines (Table 3). Obtained 

data show that the most commonly identified 

group was organophosphorous which included 

dimethoate, phosalone, pirimiphos-methyl, 

malathion, diazinone, fenitrothion and 

methamidophos. Dimethoate was found in 18 

commodities (85.7%), propargite - in 14 (66.7%) 

and metamidophos in 5 (23.8%) from 21 different 

vegetables and fruits.  

The analysis of pesticide residues in apple 

samples revealed one fungicide (dimethomorph 

from morpholines), five insecticides (four 

organophosphates: dimethoate, malathion, 

fenitrothion, diazinon and pyridaben from 

pyridazinones group), one herbicide 

(nicosulphuron from urea derivatives) and one 

acaricide (propargite from sulphur compounds 

group). Similarly, in samples of table grapes  

four insecticides (two organophosphates:  

dimethoate and phosalone; thiacloprid from 

neonicotinoids group and pirimicarb from 

carbamates and thiocarbamates groups), one 

acaricide (clofentezine from triazines groups),  

two fungicides (thiophanate-methyl from 

benzimidazoles and procymidone from 

dicarboximides groups) were detected. 

The values of pesticides identified residue 

levels were used to calculate the EDI  

expressed in milligram pesticides per kilogram of 

body weight per day (mg/kg bw/day). The EDI 

values for pesticide residues found in  

the analysed vegetables and fruits are the  

estimation of pesticide exposure calculated 

according to the international guidelines of the 

Food and Agriculture Organization, European 

Food Safety Authority and World Health 

Organization. Estimation of exposure levels  

and risk assessment is recommended by the 

World Health Organization as an important 

activity as it provides reliable data of  

dietary intakes of contaminants. The ADI is the  

estimation of the amount of a substance in food  

(mg/kg bw/day) that can be ingested daily over a 

lifetime without appreciable health risk to the 

consumer [32].  

The EDIs have been estimated between 

0.000001 and 0.0002 mg/kg of bw/day (Table 4). 

Calculated values of EDIs are lower than the 

levels of ADI. Claeys W.L. et al. reported that the 

majority of pesticide residues exposure was  

100 times lower than ADI [33]. Mohamed T.A.  

et al. also established that EDIs of pesticides 

ranged from 0.03% to 40% of the ADIs, 

depending on pesticide concentration and food 

consumption in Egypt [34]. 

Furthermore, the EDI values were used to 

calculate the hazard index for the identified 

compounds. The calculated hazard indices ranged 

from 0.000004 up to 0.15 for the analysed 

pesticides (Table 4). The highest value of hazard 

index was calculated for diazinon, being of 0.15.  

In this analysed sample of apples, the pesticide 

residues exceeded MRL 1.7 times. Scientists  

from Pakistan, Syed, J.H. et al., also  

established higher risk index value for  

diazinon in apple [35]. 

 

66 



R. Sircu et al. / Chem. J. Mold., 2019, 14(2), 62-71 

 

  
Table 3 

Chemical groups of detected pesticides and commodities. 

Identified chemical 

groups and pesticides 

Number of 

samples 
Food commodities 

Number of 

commodities 

Organophosphates  

Dimethoate 812 table grapes, pear, plum, apricot, apple, peach, potato, 

onion, cucumber, tomato, pepper, sweet pepper, cabbage, 

garlic, cauliflower, salad, melon, watermelon 

18 

Phosalone 42 table grapes, cucumber, tomato, sweet pepper, pumpkin, 

eggplant, watermelon 

7 

Pirimiphos-methyl 2 tomato 1 

Malathion 8 cabbage, apple 2 

Diazinone 60 apple 1 

Fenitrothion 60 apple 1 

Methamidophos 31 plum, apricot, tomato, cauliflower, watermelon 5 

Carbamates and 

thiocarbamates 

 

Methomyl 1 tomato 1 

Pirimicarb 6 table grapes 1 

Dicarboximides  

Procimidone 6 sweet pepper, table grapes 2 

Benzimidazoles  

Tiophanate-methyl 2 table grapes 1 

Urea derivatives  

Nicosulphuron 28 table grapes, apple, sweet pepper 3 

Cymoxanil 1 potato 1 

Triazines  

Clofentezine 3 salad, table grapes 2 

Sulphur compounds    

Propargite 95 cucumber, tomato, sweet pepper, cabbage, cauliflower, 

eggplant, lettuce, asparagus, melon, apple, table grapes, 

pear, plum, pineapple 

14 

Neonicotinoids  

Acetomiprid 1 potato 1 

Thiamethoxam 2 cabbage 1 

Thiacloprid 6 table grapes 1 

Piridazinones  

Pyridaben 27 apple 1 

Morpholines    

Dimethomorph 1 apple 1 

Total no. of samples 1194   

 

 

 
Table 4 

The estimated daily intake (EDI) and the hazard index (HI) of pesticide residues  

detected in vegetables and fruits. 

Food 

commodities 

Detected 

pesticides 

Mean,  

mg/kg 

MRL, 

mg/kg 

EDI, 

mg/kg bw/day 

ADI, 

mg/kg bw/day 
HI 

Potato 

Acetamiprid 0.0250 0.01 0.00013 0.025 0.005 

Cymoxanil 0.0200 0.01 0.0001 0.013 0.008 

Dimethoate 0.0129 0.01 0.00007 0.001 0.07 

Onion Dimethoate 0.0104 0.01 0.000007 0.001 0.007 

Cucumber 

Dimethoate 0.0138 0.01 0.000005 0.001 0.005 

Phosalone 0.0305 0.01 0.00001 0.01 0.001 

Propargite 0.0820 0.01 0.00003 0.03 0.,001 
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Continuation of Table 4 

Food 

commodities 

Detected 

pesticides 

Mean,  

mg/kg 

MRL, 

mg/kg 

EDI, 

mg/kg bw/day 

ADI, 

mg/kg bw/day 
HI 

 

Tomato 

Dimethoate 0.0201 0.01 0.000017 0.001 0.017 

Phosalone 0.0149 0.01 0.00001 0.01 0.001 

Imidacloprid 0.0567 0.50 0.00005 0.06 0.0008 

Methamidophos 0.0121 0.01 0.00001 0.001 0.01 

Methomyl 0.0500 0.01 0.00004 0.0025 0.016 

Propargite 0.0370 0.01 0.00003 0.030 0.001 

Pirimiphos-methyl 0.0600 0.01 0.00005 0.004 0.01 

Sweet pepper 

Dimethoate 0.0146 0.01 0.000004 0.001 0.004 

Phosalone 0.0150 0.01 0.000004 0.01 0.0004 

Nicosulphuron 0.0300 0.01 0.000008 2.0 0.000004 

Propargite 0.0257 0.01 0.000007 0.03 0.0002 

Procimidona 0.0200 0.01 0.000005 0.0028 0.002 

Cabbage 

Dimethoate 0.0172 0.01 0.00002 0.001 0.02 

Malathion 0.0400 0.02 0.00004 0.03 0.001 

Propargite 0.0175 0.01 0.00002 0.03 0.0006 

Pumpkin Phosalone 0.0307 0.01 0.000008 0.01 0.0008 

Eggplant 
Phosalone 0.0170 0.01 0.000002 0.01 0.0002 

Propargite 0.0363 0.01 0.000004 0.03 0.0001 

Garlic Dimethoate 0.0171 0.01 0.000001 0.001 0.001 

Melon 
Dimethoate 0.0200 0. 01 0.000006 0.001 0.006 

Propargite 0.0250 0.01 0.000007 0.03 0.0002 

Watermelon 

 

 

Dimethoate 0.0167 0.01 0.000005 0.001 0.005 

Phosalone 0.0155 0.01 0.000004 0.01 0.0004 

Methamidophos 0.0200 0.01 0.000006 0.001 0.006 

Apple 

Diazinon 0.0167 0.01 0.00003 0.0002 0.15 

Dimethoate 0.0207 0.01 0.00003 0.001 0.032 

Dimethomorph 0.0200 0.01 0.00003 005 0.0006 

Fenitrothion 0.0145 0.01 0.00002 0.05 0.0005 

Malathion 0.1186 0.02 0.0002 0.03 0.006 

Nicosulphuron 0.0583 0.01 0.000092 2.0 0.00005 

Propargite 0.0548 0.01 0.000087 0.03 0.003 

Pyridaben 0.0781 0.05 0.0001 0.01 0.012 

Table grapes 

Clofentezine 0.2000 0.02 0.000093 0.02 0.005 

Dimethoate 0.0150 0.01 0.000007 0.001 0.007 

Phosalone 0.0150 0.01 0.000007 0.01 0.0007 

Nicosulphuron 0.0833 0.01 0.00004 2.0 0.00002 

 Propargite 0.0250 0.01 0.00001 0.03 0.0004 

 Pirimicarb 0.1067 0.01 0.00005 0.035 0.0014 

 Procymidone 0.0178 0.01 0.000008 0.0028 0.003 

 Thiacloprid 0.0283 0.01 0.00001 0.01 0.0013 

 Thiophanate-methyl 0.4000 0.10 0.0002 0.08 0.0023 

 

Pear 

Dimethoate 0.0126 0.01 0.000007 0.001 0.007 

Phosalone 0.0215 0.01 0.000012 0.01 0.0012 

Propargite 0.0250 0.01 0.000014 0.03 0.0005 

Plum 
 

Dimethoate 0.0147 0.01 0.000008 0.001 0.008 

Methamidophos 0.0128 0.01 0.00007 0.001 0.07 

Propargite 0.0250 0.01 0.000014 0.03 0.0005 

Peach Dimethoate 0.0250 0.01 0.000014 0.001 0.014 

Apricot 

 

Dimethoate 0.0200 0.01 0.00001 0.001 0.01 

Methamidophos 0.0200 0.01 0.00001 0.001 0.01 

    *∑= 0.002  **∑= 0.5477 
*∑ - is the total EDI; 
**∑ - is the total HI. 
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The EDI for diazinon was found less than 

ADI, which might be explained by the fact that 

dietary intake of fruits and vegetables per person 

was estimated according to minimum norms of 

food included in a living-wage food basket [30], 

which does not reflect real food consumption 

pattern. According to these norms, consumption 

of apples is equal to 0.095 kg/day. EDI in this 

case is equal to 0.00003 mg/kg bw/day. In 

Republic of Moldova, the actual consumption of 

apples by the population is much higher. 

Although the consumption data used in this study 

is the most updated, there is a need for data, 

which reflects real food consumption patterns in 

the Republic of Moldova. Here, it should be noted 

as an example the study of Boon, P.E. et al. 

regarding the real data collection on food 

consumption levels of Dutch infants [36]. The 

total exposure to the detected pesticide residue, 

obtained by summing EDI values, is equal to 

0.002 mg/kg bw/day. Thus, the calculated hazard 

index values show that the long-term consumption 

of tested vegetables and fruits could not pose a 

health risk for the population of Republic of 

Moldova as the obtained values for the identified 

hazard indices were less than one and indicate no 

risk associated with consumption of such 

vegetables. Knezevic Z. et al. reported that long 

term exposure of Croatian consumers did not raise 

health concerns [37]. Ahmed, M.T. et al. also 

concluded that the EDIs of the different pesticides 

from vegetable consumption are not considered a 

public health problem [34]. However, exceeding 

MRLs should be considered as a threat to the 

population health by higher consumption rates of 

fruits and vegetables polluted by pesticides. The 

lack of real consumption data for different group 

of population is one of the barriers to conduct 

research concerning the actual exposure to 

pesticides. It should be noted that pesticides can 

cause harmful effects over an extended period, 

usually following repeated or continuous 

exposure at low levels. Low-dose exposure does 

not always cause immediate effects, but over 

time, it can cause very serious illnesses. 

 

Conclusions 

The monitoring of pesticide residues in 

fruits and vegetables has an important role in 

providing data on the pesticide residues of the 

fresh products. A total number of 5206 samples 

from twenty one different vegetables and fruits 

were collected and analysed during 2009-2017. In 

1194 of analysed samples (22.9%) residues of 

pesticides were found in concentrations exceeding 

the MRLs. Thirteen insecticides, four fungicides, 

two acaricides and one herbicide were detected. 

The EDIs have been estimated between 0.000001 

and 0.0002 mg/kg bw/day. Calculated values of 

EDI are lower than the levels of ADI.  

The total exposure to pesticide residues is 

equal to 0.002 mg/kg bw/day. The calculated 

hazard indices (risk estimation) ranged from 

0.000004 up to 0.15 for the analysed pesticides. 

The highest value of hazard index was calculated 

for diazinon, being of 0.15.  

The results of our study show that the long-

term consumption of vegetables and fruits 

contaminated with pesticides can pose a health 

risk for the population of the Republic of 

Moldova, since the minimum norms used for risk 

estimation do not reflect real food consumption 

pattern in the Republic of Moldova. 
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Abstract. The present paper reports the synthesis of new hybrid terpeno-heterocyclic compounds 

belonging to di- and tri-norlabdane series. Starting from natural labdane diterpenoide (-)-sclareol, via its 

intermediates 8α-hydroxy-15,16-dinorlabd-13-one and sclareolide, two di-norlabdane and three  

tri-norlabdane, previously unreported compounds possessing 2-amino-1,3-thiazole structural units were 

obtained in three and four steps, respectively, with acceptable to good overall yields. The structures of 

newly obtained compounds were confirmed by means of spectral IR, 1H and 13C NMR analyses. It can 

be assumed that the synthesized compounds possess potential biological activity due to the presence of 

the heterocyclic unit. Additionally, the mechanism of 2-amino-1,3-thiazole ring formation is proposed. 
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Introduction 

Terpenoids represent one of the most 

numerous and important classes of natural 

compounds from both, theoretical and practical 

points of view. Terpenic compounds possess a 

strong biological activity and influence  

vital processes in vegetal and animal  

worlds [1-4]. 

From the diversity of terpenic compounds, 

labdanes, belonging to the bicyclic diterpenoids 

group, have been found as secondary metabolites 

in tissues of fungi, insects, marine organisms, and 

in essential oils, resins and tissues of higher 

plants. Diterpenes of labdane type reportedly 

showed a broad spectrum of biological activities 

such as cytotoxic, antifungal, anti-inflammatory, 

antiparasitic, analgesic activities, etc. [5-11]. In 

recent years, a special attention was drawn to the 

isolation of biologically active compounds with 

terpenic and heterocyclic structural units from 

various natural sources [12-15]. 

Thiazoles are the most important class of 

heterocyclic compounds. According to published 

data, these compounds are highlighted by a broad 

spectrum of pharmacological properties such as 

anticancer, antitubercular, antimicrobial, 

anti‐inflammatory, analgesic and anticonvulsant 

activities [16,17]. Based on these data, a 

remarkable progress has been made lately in the 

development of new thiazole compounds. 

Moreover, much interest has also been focused on 

the antihelmitic, diuretic, and antimalarial 

activities displayed by compounds incorporating 

this heterocyclic system [18,19]. 

In the scientific literature, there are just a 

few mentions related to the syntheses of hybrid 

compounds with terpenic and heterocyclic 

skeleton. According to some authors, such 

compounds possess a potent biological activity 

[12-15]. Therefore, the use of terpenic derivatives 

as chiral synthones in condensation reactions with 

heterocycles is expected to give some new 

biologically active compounds containing both 

terpenic and heterocyclic units. 

The main goal of the research presented 

here was the synthesis of new di- and tri-

norlabdane compounds containing 1,3-thiazole 

structural units. The key strengths of this research 

are: accessible starting material, a natural labdane 

diterpenoide (-)-sclareol, extracted from 

renewable resources, and high probability of 

biological activities combined with low toxicity of 

the mentioned compounds, due to their natural 

origin. 

 

Experimental 

Generalities 

Optical rotations were measured on a Jasco 

DIP 370 polarimeter with a 1 dm microcell, in 

CHCl3. The IR spectra were registered on a 

Spectrum-100FT-IR spectrometer (Perkin-Elmer) 

by the ATR technique. 1H and 13C NMR spectra 

were acquired on a Bruker Avance DRX 400 

spectrometer (400, 100 MHz). CDCl3 was used as 
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solvent. The following abbreviations were used to 

designate chemical shift multiplicities: s= singlet, 

d= doublet, t= triplet, q= quartet, m= multiplet. 

All chemical shifts are quoted on the δ-scale in 

ppm and referred to residual CHCl3 (δH at  

7.26 ppm) and as CDCl3 (δC 77.00 ppm). The 

coupling constants (J) are given in Hz. The two-

dimensional 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 the Bruker Corporation. Carbon 

substitution degrees were established by the 

DEPT pulse sequence. For the analytical TLC, 

Merck silica gel plates 60G in 0.25 mm layers 

were used. Visualization of the plates was 

achieved using UV lamp (max= 254 or 365 nm) 

and/or by spraying with acidic aqueous 

cerium(III) sulphate solution, or 20% KMnO4 

solution. The column chromatography was  

carried out on the Acros Organics silica gel  

(60–200 mesh) using dichloromethane and the 

gradient mixture of CH2Cl2 and MeOH. 

All solvents were purified and dried by 

standard techniques before use. Solutions in 

organic solvents were dried over anhydrous 

Na2SO4, then filtered and evaporated under 

reduced pressure. 

Classic procedure for the synthesis of di- and  

tri-norlabdane compounds with 2-amino-1,3-

thiazole fragment 

One of ketones 2 (0.280 g, 1 mmol),  

3 (0.262 g, 1 mmol), 4 (0.262 g, 1 mmol),  

8 (0.266 g, 1 mmol), 9 (0.248 g, 1 mmol) or  

10 (0.248 g, 1 mmol) was treated with iodine 

(0.14 g, 1.1 mmol) and thiourea (0.23 g,  

3.0 mmol) in ethanol (10 mL) and heated under 

reflux for 12 h. Further, the reaction mixture was 

quenched with NaOH (aq.) (0.08 g, 2 mmol) and 

the ethanol was removed under reduced pressure. 

The residue was extracted with CH2Cl2  

(3 x 20 mL) and the combined organic layers 

were washed with brine, dried over Na2SO4, 

filtered, and the solvent was removed under 

reduced pressure. Crude reaction products were 

purified by flash column chromatography on SiO2 

(10 g, eluent: CH2Cl2/MeOH 1→5%) to give 

products 5, 6 and 11-13. 

4-(2-((8aS)-2,5,5,8a-tetramethyl-3,4,4a,5,6,7, 

8,8a-octahydronaphthalen-1-yl)ethyl)thiazol-2-

amine 5. Yield 0.165 g (52%, condition c,  

Scheme 1), 0.270 g (85%, condition d, Scheme 1), 

yellow oil; [𝛼]𝐷
26= 49.1° (c 2.5, CHCl3). IR (ATR) 

ν 3284, 3116, 2920, 1610, 1527, 1510, 1470, 

1336, 1047, 970 cm-1. 1H NMR: δ 6.08 (1H, s,  

H-5′); 5.21 (2H, br. s, NH2); 1.59 (3H, s, H-17); 

0.94 (3H, s, H-20); 0.88 (3H, s, H-18); 0.82 (3H, 

s, H-19). 13C NMR: δ 167.4 (C-2ʹ); 153.7 (C-4ʹ); 

139.9 (C-9); 126.5 (C-8); 101.6 (C-5ʹ);  

51.9 (C-5); 41.8 (C-3); 39.0 (C-10); 37.0 (C-1); 

33.6 (C-7); 33.3 (C-12); 33.3 (C-4); 32.4 (C-19); 

27.3 (C-11); 21.7 (C-18); 20.1 (C-20);  

19.6 (C-17); 19.0 (C-6); 19.0 (C-2). 

4-(2-((8aS)-2,5,5,8a-tetramethyl-

3,4,4a,5,6,7,8,8a-octahydronaphthalen-1-yl)ethyl) 

thiazol-2-amine 6. Yield 0.111 g (35%, condition 

c, Scheme 1), 0.254 g (80%, condition d, Scheme 

1), yellow oil; [𝛼]𝐷
26= 26.7° (c 2.4, CHCl3). IR 

(ATR) ν 3308, 3131, 2928, 1620, 1521, 1458, 

1375, 1334, 1040, 970 cm-1. 1H NMR: δ 6.15 (1H, 

s, H-5′); 5.33 (1H, s, H-7); 5.16 (2H, br. s, NH2);  

1.81 (3H, s, H-17); 1.10 (3H, s, H-20); 0.93  

(3H, s, H-18); 0.90 (3H, s, H-19). 13C NMR:  

δ 167.5 (C-2ʹ); 152.3 (C-4ʹ); 130.3 (C-8);  

122.1 (C-7); 102.5 (C-5ʹ); 53.9 (C-9); 50.3 (C-5); 

41.3 (C-3); 41.0 (C-10); 35.9 (C-1); 30.8 (C-12); 

33.1 (C-4); 32.5 (C-19); 28.9 (C-11); 21.3 (C-18);  

18.0 (C-20); 19.3 (C-6); 18.6 (C-2); 11.5 (C-17).  

(1R,2R,8aS)-1-((2-aminothiazol-4-yl)methyl)-

2,5,5,8a-tetramethyldecahydronaphthalen-2-ol 

11. Yield 0.055 g (17%, condition d, Scheme 2), 

yellow oil; [𝛼]𝐷
26= –70.1° (c 3.1, CHCl3).  

IR (ATR) ν 3305, 3191, 2923, 1618, 1522, 1387, 

1084, 937, 752 cm-1. 1H NMR: δ 6.02 (1H, s,  

H-5′); 5.41 (2H, br. s, NH2); 2.65 (1H, dd, J 15.1, 

4.7 Hz, H-11); 2.53 (1H, dd, J 15.3, 3.0 Hz,  

H-11); 1.22 (3H, s, H-17); 0.86 (3H, s, H-18); 

0.85 (3H, s, H-19); 0.80 (3H, s, H-20). 13C NMR:  

δ 167.4 (C-2ʹ), 153.1 (C-4ʹ), 101.3 (C-5ʹ),  

72.8 (C-8); 60.7 (C-9); 55.9 (C-5); 44.1 (C-7); 

41.8 (C-3); 39.4 (C-1); 39.4 (C-10); 33.3 (C-19); 

33.2 (C-4); 26.7 (C-11); 24.3 (C-17); 21.4 (C-18); 

20.3 (C-6); 18.4 (C-2); 15.4 (C-20). 

4-(((8aS)-2,5,5,8a-tetramethyl-3,4,4a,5,6,7,8,8a-

octahydronaphthalen-1-yl)methyl)thiazol-2-amine 

12. Yield 0.076 g (25%, condition d, Scheme 2), 

0.249 g (82%, e, Scheme 2), yellow oil;  

[𝛼]𝐷
26= 4.8° (c 3.4, CHCl3). IR (ATR) ν 3298, 

3136, 2925, 1615, 1519, 1457, 1363, 1087, 754, 

699 cm-1. 1H NMR: δ 5.92 (1H, s, H-5ʹ); 5.05 (2H, 

br. s, NH2); 3.26 (2H, dd, J 31.1, 16.9 Hz, H-11); 

1.54 (3H, s, H-17); 0.95 (3H, s, H-20); 0.88 (3H, 

s, H-18); 0.82 (3H, s, H-19). 13C NMR: δ 167.1 

(C-2ʹ); 151.9 (C-4ʹ); 137.0 (C-9); 128.7 (C-8); 

102.9 (C-5ʹ); 52.1 (C-5); 41.7 (C-3); 38.5 (C-10); 

36.2 (C-1); 33.5 (C-7); 33.3 (C-4); 33.2 (C-19); 

29.9 (C-11); 21.7 (C-18); 20.2 (C-20);  

19.9 (C-17); 19.1 (C-6); 18.9 (C-2).  

4-(((8aS)-2,5,5,8a-tetramethyl-1,4,4a,5,6,7,8,8a-

octahydronaphthalen-1-yl)methyl)thiazol-2-amine 

13. Yield 0.130 g (43%, condition d, Scheme 2), 

0.243 g (80%, condition e, Scheme 2), yellow oil; 

[𝛼]𝐷
26= -2.9° (c 5.4, CHCl3). IR (ATR) ν  3299, 
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3120, 2922, 1615, 1519, 1455, 1365, 754 cm-1.  
1H NMR: δ 6.05 (1H, s, H-5′); 5.39 (1H, s, H-7); 

5.14 (2H, br. s, NH2); 1.52 (3H, s, H-17);  

0.87 (3H, s, H-18); 0.85 (3H, s, H-19); 0.80 (3H, 

s, H-20). 13C NMR: δ 167.7 (C-2ʹ); 154.5 (C-4ʹ); 

135.1 (C-8); 122.5 (C-7); 101.9 (C-5ʹ);  

53.1 (C-9); 50.1 (C-5); 42.2 (C-3); 39.2 (C-1); 

36.6 (C-10); 33.2 (C-19); 33.0 (C-4); 29.5 (C-11); 

23.8 (C-6); 22.5 (C-17); 21.8 (C-18); 18.8 (C-2); 

13.7 (C-20). 

 

Results and discussion 

The starting material for the synthesis of 

the above compounds was a natural labdane 

diterpenoide (-)-sclareol 1, which was oxidatively 

degraded with potassium permanganate in 

acetone, to afford 8α-hydroxy-15,16-dinorlabd-

13-one 2 in 90% yield, according to procedure 

[20]. The treatment of hydroxyketone 2 with 

trimethylsilylmethanesulphonate (MeSO3SiMe3) 

in acetonitrile, under the conditions described  

in [21], led to the mixture of known  

15,16-dinorlabd-8(9)-en-13-one 3 and  

15,16-dinorlabd-7(8)-en-13-one 4 (Scheme 1), 

obtained in a ratio 8.5:1.5, with a 95% overall 

yield, which were successfully separated via 

column chromatography on silica gel. 

Further, ketones 2-4 underwent a 

condensation-cyclization reaction with thiourea 

and iodine in ethanol, to afford di-norlabdane 

compounds with 2-amino-1,3-thiazole fragment 5 

and 6 [22]. 

Hydroxyketone 2 forms a mixture of two 

compounds under the described conditions:  

2-amino-4-(15,16-dinorlabd-8(9)-en-13-on)-1,3-

thiazole 5 and 2-amino-4-(15,16-dinorlabd-7(8)-

en-13-on)-1,3-thiazole 6 in a 1.5:1 ratio, with 87% 

overall yield. The formation of this mixture can 

be explained as follows: the presence of 

molecular iodine favours the dehydration of the 

hydroxy group in the initial compound and leads 

to thiazole 5 and thiazole 6, obtained in 52% and 

35 % yields, respectively. 

The unsaturated ketones 3 and 4, under the 

same conditions, gave only the mentioned  

2-amino-4-(15,16-dinorlabd-8(9)-en-13-on)-1,3-

thiazole 5 and 2-amino-4-(15,16-dinorlabd-7(8)-

en-13-on)-1,3-thiazole 6, within 85% and 80% 

overall yields, respectively. 

As previously stated, the target 

trinorlabdane compounds with 2-amino-1,3-

thiazole fragment were synthesized from 

commercially available sclareolide 7, which can 

be easily prepared from natural labdane 

diterpenoide (-)-sclareol 1 [23]. For this, 

sclareolide 7 was treated with methyl lithium, in a 

molar ratio 1:2, in diethyl ether to afford  

8α-hydroxy-14,15,16-trinorlab-12-one 8, in 65% 

yield, according to the described method [24] 

(Scheme 2).  

Hydroxyketone 8 was then treated  

with MeSO3SiMe3 in acetonitrile under  

the aforementioned conditions [21], and  

gave a mixture of unsaturated ketones:  

14,15,16-trinorlab-8(9)-en-12-one 9 and 14,15,16-

trinorlab-7(8)-en-12-one 10 (ratio 8:2), with 91% 

overall yield, which were successfully separated 

via column chromatography on silica gel. 

  

 

 
 

Reagents and conditions: a. KMnO4, acetone, 0°C, 4h, 90%; b. MeSO3SiMe3, MeCN, r.t., 15 min, 95%;  

c. SC(NH2)2, I2, EtOH, 12 h, Δ, 5 (35%), 6 (52%); d. SC(NH2)2, I2, EtOH, 12 h, Δ, 5 (85%), 6 (80%). 

 

Scheme 1. Synthesis of di-norlabdane compounds with 2-amino-1,3-thiazole fragment. 
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Reagents and conditions: a. Na2Cr2O7, H2SO4, H2O, 6h, r.t. 65%; b. MeLi/Et2O, r.t., 15 min, 65%; 

c. MeSO3SiMe3, MeCN, r.t., 15 min, 91%; d. SC(NH2)2, I2, EtOH, 12 h, Δ, 11 (17%), 12 (25%), 13 (43%);  

e. SC(NH2)2, I2, EtOH, 12 h, Δ, 12 (82%), 13 (80%). 

 

Scheme 2. Synthesis of tri-norlabdane compounds with 2-amino-1,3-thiazole fragment. 

 
 

 

Tri-norlabdane compounds with 2-amino-

1,3-thiazole fragment 11-13 were obtained by 

treating ketones 8-10 with thiourea and iodine in 

ethanol, according to [22]. In the case of 

hydroxyketone 8, a mixture of thiazoles 11-13, at 

a ratio of 1:1.5:2.5 was obtained, with 85% 

overall yield. 

The formation of this mixture may be 

explained analogically as in the case of 

hydroxyketone 2, with the difference that 

hydroxyketone 8 undergoes partial dehydration, 

which leads to 2-amino-4-(14,15,16-trinorlabd-

8(9)-en-13-on)-1,3-thiazole 12 and 2-amino-4-

(14,15,16-trinorlabd-7(8)-en-13-on)-1,3-thiazole 

13, obtained in 25% and 43% yields, respectively. 

This fact is confirmed by the formation of minor 

hydroxylated 2-amino-4-(8α-hydroxy-14,15,16-

trinorlabd-13-on)-1,3-thiazole 11, isolated from 

the reaction mixture in a 17% yield. 

The condensation-cyclization reaction of 

unsaturated ketones 9 and 10, under the same 

conditions, led to tetra-substituted 12 and  

tri-substituted 13 thiazoles, with 82% and 80% 

overall yields, respectively. 

The structures of all synthesized 

compounds were confirmed by IR, 1H and  
13C NMR data. The spectroscopic data of the new 

compounds are given in the experimental section 

and are fully consistent with the suggested 

structures. The IR spectra of compounds 5, 6 and 

11-13 had strong absorption maxima 

characteristic for the N=C group around  

1620-1610 cm-1 and comparative absorptions at 

3308-3116 cm-1, which were assigned to the 

amino group bounded to the thiazole fragment. 

The 1H NMR spectra of the compounds 5, 6 and 

11-13 fully confirm their structures by the 

presence of singlet signals belonging to C-17,  

C-18, C-19 and C-20 methyl groups of the 

terpenic fragment in the 1.81-0.76 ppm region, a 

broad singlet of protons related to the amine 

group of the thiazole fragment at 5.41-5.05 ppm, 

and a singlet of the proton from the  

thiazole fragment at 6.15-5.92 ppm (Figure 1). 

The 13C NMR spectra of the obtained compounds 

5, 6, and 11-13 clearly confirmed their structures 

by the presence of the chemical shift for C-2ʹ 

form the thiazole ring that was assigned to 167 

ppm, while the signals of C-4ʹ and C-5ʹ from the 

thiazole ring appeared around 152-155 ppm and 

102 ppm, respectively (Figure 2). 

A proposed mechanism for the synthesis of 

di- and tri-norlabdane compounds with  

2-amino-1,3-thiazole fragment is given in  

Scheme 3, which involves the initial formation of 

the iodine derivative 14. Then, the nucleophilic 

substitution of the iodine atom in 14 by the 

thiocarbonyl sulphur atom of thiourea 15  

takes place and affords intermediate 16. 

Intramolecular addition of the nitrogen to the 

carbonyl group in 16 gives intermediate 17,  

which then undergoes dehydration with the 

formation of the 2-amino-1,3-thiazole  

compound. 
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Scheme 3. Proposed mechanism for the synthesis of 2-amino-1,3-thiazole fragment. 

 

 
 

Figure 1. 1H NMR spectrum of 2-amino-4-(15,16-di-norlabd-8(9)-en-13-on)-1,3-thiazole. 
 

 
 

Figure 2. 13C NMR spectrum of 2-amino-4-(15,16-di-norlabd-8(9)-en-13-on)-1,3-thiazole. 
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Conclusions 

The present paper describes a short and 

efficient synthesis of novel hybrid terpeno-

heterocyclic compounds. Starting from natural 

labdane diterpenoide (-)-sclareol 1, via its 

intermediate 8α-hydroxy-15,16-dinorlabd-13-one 

2, di-norlabdanes 5 and 6 containing 2-amino-1,3-

thiazole unit were synthesized in ~30.0-70% 

overall yields. The synthetic route via sclareolide 

7 leaded to tri-norlabdanes 11-13 bearing the  

2-amino-1,3-thiazole unit that were obtained in 

6.5-31.5% overall yields. In contrast to pure 

isomers 3,4 and 9,10, the use of hydroxyketones 2 

and 8, offered some disadvantages because of the 

formation of the mixture of 2-amino-1,3-thiazole 

compounds. The formation of these mixtures can 

be explained by the suggested reaction 

mechanism which proves that the presence of 

molecular iodine encourages dehydration of 

hydroxy group in the mentioned compounds. The 

spectral analysis (IR, 1H and 13C NMR) of newly 

synthesized compounds fully confirmed their 

structure and the presence of the 2-amino-1,3-

thiazole unit. 
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Abstract. This paper focuses on the study of the effect of extraction solvent choice on phenolic 

compounds contents and antioxidant activity of Bassia muricata. In this study, five different solvents 

namely: water, acetone, ethanol, methanol and hexane, and three extraction techniques were used to 

extract phenolic compounds: microwave-assisted extraction, Soxhlet and maceration. Total phenolics 

(TPC), total flavonoids (TFC) and condensed tannins contents (CTC) were determined. The results 

showed that different solvents with different polarity had a major effect on polyphenolic contents and 

antioxidant activity; the highest TPC (122.15-144.82 mg GAE/g), TFC (64.12-70.32 mg QE/g) and 

CTC (30.38-36.09 mg CE/g) were obtained with methanol. However, different extraction methods gave 

comparable results. In vitro antioxidant activities were evaluated using the DPPH radical scavenging 

ability, reducing capacity and β-carotene bleaching assay. The methanolic extract showed the highest 

scavenging abilities on DPPH radicals and lipid peroxidation, while the aqueous extract exhibited the 

strongest reducing power. Microwave-assisted extraction was the best suited for the extraction of 

antioxidant molecules when compared to Soxhlet and maceration. 
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Introduction 

Oxidation processes are considered harmful 

to human health, because they stimulate tissue 

damage responsible for many diseases. The use of 

synthetic antioxidants can prevent food  

oxidation or cell damage; however, these 

substances provide some toxicity [1]. For this 

reason, there has been an interest to the natural 

antioxidants aiming to replace the synthetic 

substances [2]. The plant world with about 

350,000 species of plants is the source of a 

formidable diversity of molecules, possessing 

therapeutic properties and only a handful of those 

have been explored [3]. 

The Chenopodiaceae family comprises 

1700 species distributed in about a hundred 

genera [4]. The members of Chenopodiaceae are 

mostly adapted for arid to semiarid and/or saline 

habitats. This family has a cosmopolitan 

distribution, and comprises herbs or shrubs, rarely 

small-trees or lianas [5]. The presence of various 

alkaloids, flavonols, flavonoids and triterpenoid 

saponins has been reported in the Chenopodiaceae 

[6,7]. The species Bassia muricata L. 

(Chenopodiaceae) is a plant, rower, with lying rod 

and grey leaves. It is a sandy grass, growing in the 

desert, common throughout the Sahara and 

especially in clay soils after the rain [8]. Bassia 

muricata L. Murr. is a common sandy herb 

growing in Egyptian and Algerian deserts,  

known locally as Ghobaira [9]. B. muricata can be 

used for different medical purposes such as  

anti-rheumatic, diuretic, antipyretic, analgesic  

and against spasticity, hypotension and kidney 

disease [10,11].  

B. muricata is the source of diverse classes 

of natural substances such as phenols and 

flavonoids, with biological and pharmacological 

activities, including antimicrobial, antioxidant  

and anti-inflammatory compounds [10-16].  

Reviewing current literature showed that the 

species B. muricata have not been well 

investigated with the purpose of extracting 

phytochemicals [10-15]. 
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The first objective of this study was to 

evaluate several types of phytochemicals that are 

present in the dried powder of B. muricata aerial 

parts. The second objective was set to select the 

pair extraction method/solvent that led to the 

extracts with the highest antioxidant capacity. The 

extracts were obtained from the dried powder of 

B. muricata aerial parts using three different 

extraction methods: maceration, Soxhlet 

extraction and microwave assisted extraction 

(MAE); and five organic solvents: acetone, 

ethanol, hexane, methanol and water. Efficiency 

of extraction was evaluated by determination of 

the total phenols, flavonoids, tannins and the 

antioxidant activity. 

 

Experimental 

Plant material 

The aerial parts of Bassia muricata  

were collected from Taleb Elarbi, region of  

El-Oued, south-east of Algeria in April 2014. 

Authentication was performed by a botanist in the 

National Institute of Agronomy, El-Harrach, 

Algiers. The samples were air-dried at room 

temperature and ground into fine powder using an 

electrical grinder.  

Methods of extraction 

Different extraction methods used in this 

study included maceration at room temperature, 

Soxhlet at hot temperature and microwave-

assisted extraction (MAE). Five absolute solvents 

with different polarity were used (hexane, 

acetone, ethanol, methanol and water). The ratio 

used to extract polyphenols and tannins in this 

study was 1/20 (m/v) (1 g sample with 20 mL of 

solvent). 

Microwave-assisted extraction  

Phenolic compounds from powders of  

B. muricata were extracted using a domestic 

microwave oven system Milestone Ethos 1600 

system (Sorisole, Italy). The oven was modified 

so that vapours generated during extraction were 

condensed and directed back into the sample.  

For each experiment, 1 g of B. muricata  

powder was stirred into the appropriate  

extraction solvent using MAE system. The effect 

of solvent type was studied by keeping the MAE 

extraction parameters constant during all 

experiments; the microwave power was set to  

600 W and the extraction time was 90 s. Each 

extraction was carried out in triplicate. 

Afterwards, the extract was filtered through a 

Whatman No. 1 filter paper lined in a Büchner 

funnel and the supernatant was collected in a 

volumetric flask. The extract was stored at 4°C 

until further use. 

Soxhlet extraction 

The powder of B. muricata aerial parts was 

placed inside a thimble loaded into the Soxhlet 

extractor. The total extracting time was 6 h and 

the solvent was maintained continuously refluxing 

over the sample [17]. The solvent assays were 

performed at solvent boiling temperature. 

Maceration extraction 

Maceration was carried out for 24 h in a 

glass crystallizer entirely covered with aluminium 

foil using moderate mechanical agitation, at room 

temperature (25°C). Aluminum foil was used to 

preserve phenolic compound against reaction with 

light. Additionally, during extraction, the flasks 

had a plastic cap and paraffin film, to prevent 

solvent evaporation.  

Extraction yield 

The yield of the extraction was calculated 

using the Eq.(1). 
 

Extraction yield (%)  =  
m1

m2

 ×  100% (1) 

 

where, m1- sample extract weight, g; 

           m2- sample weight, g; 

 

Determination of total phenolic content  

Total phenolic compounds (TPC) from 

ethanol extract were determined using the  

Folin-Ciocalteu method described by Singleton, 

V.L. et al. [18]. Gallic acid was used as standard 

for the calibration curve to express the TPC 

concentration of the sample as mg/g of gallic acid 

equivalents (GAE). The calibration curve was 

drawn and the equation of linear regression was 

obtained: y= 7.1471x + 0.0275, R2= 0.972. 

Determination of total flavonoid content  

The total flavonoid content (TFC)  

of the solvent extracts was measured 

spectrophotometrically using the method 

developed by Jia, Z. et al. [19]. The TFC was 

expressed as mg quercetin equivalents (QE)/g of 

extract. The calibration curve was drawn and the 

equation of linear regression was obtained:  

y= 33.731x + 0.0092, R2= 0.9992. 

Determination of condensed tannins content  

The condensed tannin content (CTC) in 

extracts was determined using a method proposed 

by Swain, T. and Hillis, W.E. [20]. A volume of  

2 mL of vanillin reagent (1 g of vanillin dissolved 

in 70% of sulphuric acid) was mixed with 1 mL of 

extract. After incubation at 50°C for 20 min, the 

absorbance was measured at 500 nm. Results 

were expressed as mg of catechin equivalent 

(CE)/g of extract. 
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Antioxidant activity evaluation 

DPPH radical scavenging assay 

The extract ability to inhibit DPPH free 

radicals was evaluated by the method of 

Amensour, M. et al. with some modifications 

[21]. A volume of 1 mL of sample at various 

concentrations was mixed with 1 mL of  

0.2 mmol/L solution of DPPH in methanol. After 

incubation during 20 min in the dark and ambient 

temperature, the absorbance was measured  

at 517 nm. Methanol was used as control. All 

analyses were carried out in triplicate. The 

inhibition percentage was calculated according to 

the Eq.(2). 

 

Inhibition (%) =  
(AbsContr –  AbsExtr)

AbsContr

 × 100 (2) 

 

where, AbsContr- absorbance of the control, a.u.; 

 AbsExtr- absorbance of the extract, a.u.; 

 

The effective concentration of sample 

required to scavenge DPPH radical by 50% (EC50 

value) was obtained by linear regression analysis 

of dose-response curve plotting between 

inhibition (%) and concentrations. 

Reducing capacity 

The reducing capacity was assayed 

according to the method reported by Oyaizu, M. 

[22] with some modifications. Briefly, 0.125 mL 

different concentration extract was mixed with  

2.5 mL of phosphate buffer (0.2 mol/L,  

pH 6.6) and 2.5 mL of potassium ferricyanide 

(1.0%, w/v) in different test tubes. The mixtures 

were incubated for 20 min at 50°C. Then, 2.5 mL 

trichloroacetic acid in water (10%, w/v) was 

added to the mixtures and centrifuged at 5000 rpm 

for 10 min. A volume of 2.5 mL of the upper 

layer was mixed with 2.5 mL of distilled water 

and 0.5 mL of aqueous ferric chloride solution 

(0.1%, w/v), and the absorbance was measured  

at 700 nm.  

The EC50 value derived from the plot, was 

expressed as the effective concentration for which 

the absorbance at 700 nm is 0.5. 

-Carotene bleaching assay 

The β-carotene bleaching assay was done 

according to the method reported by  

Gursoy, N. et al. with some modifications [23]. A 

solution of -carotene was prepared by dissolving 

-carotene (2 mg) in chloroform (10 mL). A 

volume of 2 mL of this solution were pipetted into 

a round-bottom flask. After removal of solvent 

(evaporation at 40°C under vacuum), 400 mg of 

Tween 80 emulsifier, 40 mg of linoleic acid and 

100 mL of distilled water were added under 

agitation. A 4.8 mL aliquot of the emulsion was 

transferred into test tubes containing 0.2 mL of 

sample solutions. After the emulsion was added to 

each tube, the absorbance was measured (λ=  

470 nm) at t= 0 min (initial absorbance) and after 

2 h incubation at 50°C against a blank consisting 

of an emulsion without -carotene. -Carotene 

bleaching inhibition was calculated using Eq. (3). 

 

AA(%) =
Abs−carotene 

AbsInitial

 × 100 (3) 

 

where, Abs-carotene - absorbance of -carotene after 

2 h, a.u.; 

 AbsInitial- initial absorbance of -carotene at 

t= 0 min, a.u.; 

 

The effective concentration of sample that 

can inhibit the peroxidation of β-carotene linoleic 

acid by 50% (EC50 value) was deduced 

graphically by plotting inhibition percentage 

against concentration. 

Statistical analysis 

All determinations were carried out in 

triplicate. Data were expressed as mean ±S.D. 

Statistical differences were assessed using  

one-way ANOVA. A value of P< 0.05 was 

considered significant. Hierarchical cluster 

analysis (HCA) was used as multivariate statistical 

analyses to investigate the variability between the 

antioxidant activities according to the solvent and 

the extraction methods. HCA was performed 

using SPSS software (SPSS Inc., Chicago, USA). 

 

Results and discussion 

This study is one of the first investigating 

the effect of solvent type and extraction 

techniques on the recovery of phenolic 

compounds from B. muricata aerial parts. 

Extract yield 

The extraction yields could be influenced 

by many factors such as the extraction method, 

the extraction time and temperature and the 

extraction solvent [24-28]. In this work, different 

solvents were assayed for the extraction  

of B. muricata aerial parts (acetone, ethanol, 

hexane, methanol and water) and their effect on 

the extraction yield was determined using 

maceration, Soxhlet and MAE (Table 1). 

The extraction yields varied according to 

the used solvents. Ethanol and water proved more 

efficiency with higher yields than those of other 

solvents considered in this study and for each 

extraction technique. The extraction yield using 

ethanol and water ranged from 12.69±0.63% and 

12.51±0.22% to 34.30±0.58% and 33.30±1.24% 
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by maceration and MAE, respectively (Table 1). 

Extraction using methanol and acetone provided 

lower yet similar yields with better results 

recorded when using MAE (26.10±0.61% and 

25.30±0.21%, respectively).  

On the other hand, hexane gave the lowest 

yields and was significantly less effective than 

other solvents for each extraction technique with 

the lowest result when coupled with Soxhlet 

(8.71±0.89%). This trend remained the same for 

each extraction technique and the statistical 

analysis would allow denoting the solvent 

efficiency as follows (ethanol> water> methanol> 

acetone> hexane). These results showed a clear 

correlation between extraction yield and solvent 

polarity, where increasing in solvent polarity led 

to an increase in extraction yield. Almost, the 

same arrangement of solvent efficacy was 

previously reports on other species [25-27].  

Different techniques gave significantly 

different extraction yields with MAE emerging as 

the most efficient. For each solvent, the latter 

technique provided the higher results than Soxhlet 

and maceration (Table 1). The use of microwaves 

as heat source improved the recovery of extracts 

with the highest result, and the best result was 

recorded for ethanol (34.30±0.58%). Soxhlet and 

maceration gave lower yields, however their 

results were in line of solvent efficiency stated 

above. The extraction using conventional heating 

source Soxhlet was more suitable than that 

performed at  room temperature (maceration). The 

extraction yield with Soxhlet ranged from 

10.30±0.10 to 21.12±0.76% using hexane and 

methanol respectively, while maceration yields 

ranged from 8.71±0.89% to 12.69±0.63%, 

respectively for hexane and ethanol.  

In previous reports on B. muricata, 

Chemsa, A.E. et al. reported an extraction yield of 

15.01% when using maceration with ethanol [12]. 

A similar yield was obtained from the same 

species from Egypt using the conventional 

technique (cold maceration) with ethanol (11%) 

[14], while a much lower yield of extract was 

reported in the species collected from Saudi 

Arabia (5.13%) [16]. Bouaziz, M. et al. working 

on several wild plants from Tunisia, reported 

lower extraction yields using maceration on the 

aerial parts of B. muricata, with hexane 

(2.45±0.10%) and methanol (5.15±0.21%) [15]. 

These, last values are significantly lower than 

those obtained in this study. The differences in 

yields might be due to the geographic region of 

the collected plant material. 

Generally, the findings showed that the 

yield of B. muricata extract was highly affected 

by the extraction method, as well as by the solvent 

type. The use of MAE method with ethanol or 

water is recommended for better extraction yields 

of phytochemicals from B. muricata. Compared to 

other species, Dhanani, T. et al. indicated that the 

highest extraction yield of Withnaia somnifera 

was obtained using MAE with ethanol [27]. 

Nguyena, V.T. et al. investigations also showed 

that the combination of MAE with water is the 

most effective to extract phytochemicals from 

Paramignya trimera [28]. 

Total phenolic content 

All the extracts obtained from B. muricata 

exhibited important variations in their total 

phenolic contents as presented in Figure 1. The 

highest levels have been detected in methanolic 

extracts (Figure 1) ranging from 122.15±1.73 to 

144.82±3.21 mg GAE/g, using Soxhlet and  

MAE respectively; followed by aqueous 

(100.12±0.88 mg GAE/g using Soxhlet, and 

98.58±1.26 mg GAE/g using MAE) and ethanolic 

extracts (120.94±1.03 mg GAE/g by Soxhlet and 

111.13±1.78 mg GAE/g by MAE). The TPC of 

the hexane extract was significantly lower than 

those obtained from other solvents (p< 0.05). 

 
Table 1 

The extraction yield of phenolic compounds from B. murricata by various solvents and extraction methods. 

Solvent 
Extraction yield (%) 

MAE Soxhlet Maceration 

Acetone 25.3±0.21a, A 14.33±0.12b, A 9.93±0.51b, A 

Ethanol 34.3±0.58a, B 21.12±0.76b, A 12.69±0.63c, A 

Hexane 15.2±1.22a, A 10.30±0.10a, A 8.71±0.89a, A 

Methanol 26.1±0.61a, A 16.09±1.05b, A 10.87±0.41b, A 

Water 33.3±1.24a, B 20.91±1.09b, A 12.51±0.22c, A 

Values are averages ± standard deviation of triplicate analysis.  

Data in the same row having different lower-case letters are significantly different (P< 0.05) among different 

extraction methods.  

Data in the same column having different capital letters are significantly different (P< 0.05) among different 

essential oil harvesting sites.  
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Water seemed to be a very settle choice for 

extracting phenolic compounds from B. muricata 

aerial parts, as it provided high phenolic contents 

with advantages of being a cheap, available and 

non-toxic material when compared to other 

solvents. It should be noted that the solubility of 

the phenolic compounds is influenced by the 

nature of the used solvent and their polarity [29].  

In comparison with other plants, methanol 

extracted the highest TPC from P. trimera roots 

compared with water (33.36 and 25.06 mg GAE/g 

dried sample, respectively), while the lowest  

level of TPC was obtained with hexane  

(4.58 mg GAE/g dried sample) [28]. Otherwise, 

Tiffany, L.K. et al. mentioned that the TPC of 

Davidsonia pruriens F. increased according to the 

used solvent in the order: acetone, water, 

methanol and ethanol (35.17, 45.14, 73.13 and 

94.13 mg GAE/g, respectively) [30]. However, 

Vuong, Q.V. et al. reported that the ethanolic 

extract of Carica papaya had lower TPC than 

acetone, methanol and water extracts (9.43, 10.71, 

15.03 and 23.06 mg GAE/g, respectively) [31]. 

By contrast, in a large study performed by  

Koffi, E. et al. on twenty-three Ivorian plants, the 

highest TPCs were obtained in ethanolic extracts 

for all samples [32]. 

The extraction technique had a major effect 

on the phenolic compounds’ recovery, as the 

contents varied significantly for MAE,  

Soxhlet and maceration. Results from  

Figure 1 revealed that the highest contents of 

phenols were obtained using MAE by  

which results varied from 78.95±0.36 to 

144.82±3.21 mg GAE/g for hexane and methanol, 

respectively). Soxhlet and maceration were most 

efficient when methanol was used (122.15±1.73 

to 125.27±1.57 mg GAE/g, respectively). 

However, while these two extraction methods 

gave comparable TPCs for each solvent, they did 

not follow the same trend as that of MAE. 

Maceration provided higher levels of phenolics 

than those of Soxhlet using methanol, acetone and 

water, while Soxhlet was more efficient with 

ethanol and hexane. Similar results were reported 

by Nguyen, V.T. et al. who indicated that the 

level of TPC obtained by MAE from P. trimera 

was greater than those obtained with maceration 

and ultrasound-assisted extraction [28]. The 

higher yield of TPC using MAE could be 

attributed to the microwaves ability to penetrate 

cell matrix and interact with polar molecules 

resulting in volumetric heating of biomaterial, 

consequently leading to a pressure increase inside 

the plant cell [32].  

Total flavonoid content 

The result of total flavonoid contents (TFC) 

of the extracts of B. muricata is given in  

(Figure 2). The TFC varied in different extracts 

according to the used solvent as follows: 

methanol> water> ethanol≈ acetone> hexane; 

being of 27.29±2.30 mg QE/g (hexane/MAE) and 

70.32±1.02 mg QE/g (methanol/Soxhlet). The 

most efficient solvent for TFC extraction was 

methanol (70.32±1.02, 68.65±1.57 and 

64.12±0.88 mg QE/g), when used in Soxhlet, 

maceration and MAE, respectively. 

Water/maceration gave higher TFC values in 

extracts (61.10±1.09 mg QE/g), while acetone and 

ethanol extracts exhibited lower but significantly 

comparable TFC values. Hexane was less 

efficient when used to extract flavonoids from B. 

muricata aerial parts powder and that for each 

extraction technique. Most of previous studies 

carried out on different plants, have suggested that 

absolute methanol is recommended for extraction 

of flavonoids [15,20,24,26,28]. 

Various extraction techniques were used for 

flavonoid compounds; the flavonoid contents 

determined in extracts also depended significantly  

(p< 0.05) on the used extraction technique. 

 

 

  
Figure 1. Effect of method and extraction solvent on 

the total phenolic content of B. muricata. 

Figure 2. Effect of method and extraction solvent on 

the total flavonoid content of B. muricata. 
 

83 



H. Mohammedi et al. / Chem. J. Mold., 2019, 14(2), 79-89 

 

Except methanol, maceration extracts 

presented the highest TFC, being of  

32.40±0.94 mg QE/g (for hexane) and  

61.10±1.09 mg QE/g (for water). There was no 

significant difference (p< 0.05) between the TFC 

obtained by Soxhlet and MAE techniques and that 

for ethanol and acetone. However, a significant 

difference (p> 0.05) was observed for the other 

solvents (hexane, methanol and water) when 

Soxhlet and MAE techniques are used. These 

results show that the TFC from B. muricata was 

highly affected by solvent type as well as 

extraction methods. The highest levels were 

generally obtained by Soxhlet with methanol. 

Condensed tannins content 

The obtained results showed that the 

condensed tannins contents (CTC) in B. muricata 

extracts presented clear differences (p< 0.05) 

according to the solvent used (Figure 3). The 

highest CTC was obtained by methanol when 

used in MAE with a rate of 36.09±1.04 mg CE/g, 

which could be due to their high molecular 

weights. The obtained CTC extract was 

comparable for water, ethanol and hexane, while 

the acetone extract presented the lowest  

CTC ranging from 9.52±1.07 mg CE/g (with 

maceration) to 12.21±2.01 mg CE/g (with MAE).  

Regarding the influence of extraction 

method, the results show that the three 

investigated extraction techniques gave 

statistically comparable CTC values only for 

hexane extracts (18.85±2.04, 18.95±2.10 and 

18.93±2.83 mg CE/g for maceration, Soxhlet and 

MAE, respectively). However, the CTC was 

significantly different for all the three processes 

and higher with MAE/acetone (CTC  

values 12.21±2.01 mg CE/g) and MAE/methanol 

(36.09±1.04 mg CE/g) than with Soxhlet/acetone 

(10.00±1.48 mg CE/g) and Soxhlet/methanol 

(30.38±1.43 mg CE/g). 

Also, maceration was less effective in 

extraction of condensed tannins than MAE and 

Soxhlet (the lowest CT content recorded for 

acetone was 9.52±1.07 mg CE/g). These results 

show extraction method (except for hexane) and 

solvent type affect highly the CTC of B. muricata.  
 

 
Figure 3. Effect of method and extraction solvent on 

the condensed tannins content of B. muricata. 
 

Antioxidant activity 

The antioxidant activity of B. muricata was 

determined using three different assays: DPPH 

radical scavenging assay, ferric reducing capacity 

and β-carotene bleaching test. The results of 

antioxidant activity values are given in (Table 2).  

The model of scavenging stable DPPH-free 

radicals is used to evaluate the antioxidant activity 

in relatively short time [33]. The reduction of 

stable free DPPH radical to 1,1-diphenyl  

2-picrylhydrazin results in colour change from 

purple to yellow. This leads to a decrease of 

absorbance associated with the ability of sample 

to donate hydrogen/electron [34]. 

 
 

Table 2 

Effect of method and extraction solvent on the antioxidant activity of B. muricata extracts. 

Test 
Extraction 

method 

   Solvent 

Acetone Ethanol Hexane Methanol Water 

DPPH 

EC50 (mg/L)* 

MAE 6.70±0.04 a 6.12±1.12a 7.42±0.92 a 5.00±0.97 a 5.86±1.19 a 

Soxhlet 7.14±0.14 b 6.40±1.87a 8.03±1.69 b 5.09±0.12 a 5.98±0.69 a 

Maceration 7.00±0.90 a 6.20±0.23 a 7.51±0.71 a 5.03±0.89 a 5.90±1.93 a 

Reducing capacity 

EC50 (mg/L)** 

MAE 3.87±1.73 a 2.29±0.80 a 4.49±0.19 a 1.63±0.33a 1.39±0.37 a 

Soxhlet 4.00±0.57 a 3.26±0.41 a 5.20±1.25 a 2.89±0.63 a 2.54±0.46 a 

Maceration 4.60±0.29 a 4.11±0.35 a 4.85±1.28 a 2.92±0.81 a 2.60±0.67 a 

β-carotene 

EC50 (mg/L)*** 

MAE 6.29±0.07 c 6.93±0.05 d 7.38±0.07 e 5.80±0.05 b 5.31±0.18 a 

Soxhlet 6.74±0.99 a 7.32±1.07 a 7.34±1.50 a 5.96±1.66 a 5.70±1.48 a 

Maceration 6.98±0.97 a 7.50±0.98 a 7.31±1.06 a 6.41±1.09 a 6.00±1.06 a 

Values are averages ± standard deviation of triplicate analysis. Data in the same row having different lower case 

indicate significant difference (p< 0.05). Results are ranked in ascending order; a> b> c> d> e.  
*EC50: effective concentration of sample that can scavenge 50% of DPPH free radicals.  
**EC50: effective concentration of sample for which the absorbance at 700 nm is 0.5.  
***EC50: effective concentration of sample that can inhibit the peroxidation of β-carotene with  

linoleic acid by 50%. 
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The necessary concentration of an 

antioxidant to decrease the initial DPPH 

concentration by 50% (EC50) is widely used to 

evaluate the antioxidant activity [35]. In this 

study, solvents used for polyphenol extraction had 

significant effects on DPPH scavenging capacity 

determination for B. muricata extracts (Table 2).  

Results presented in Table 2 showed that 

methanol extracts present strong antioxidant 

activity as they did not require a high 

concentration to inhibit 50% of DPPH  

(5.00±0.97, 5.03±0.89 and 5.09±0.12 mg/L for 

MAE, maceration and Soxhlet, respectively). This 

could be explained by the high phenolic and 

flavonoid contents in methanol extracts. While the 

hexane and acetone extracts presented statistically 

higher EC50 values when used in maceration 

(EC50 of 7.51±0.71 mg/L) and Soxhlet (EC50 of 

8.03±1.69 mg/L); no significant differences  

(p< 0.05) in EC50 values were detected when 

comparing the DPPH inhibition ability of aqueous 

and ethanol extracts obtained with MAE and 

maceration, this is understandable considering the 

comparable TPC and TFC values recorded for 

those extracts.  

The effect of the three extraction methods 

(MAE, Soxhlet and maceration) on the DPPH 

inhibition activity of B. muricata extracts was 

investigated (Figure 4(a)). The selected 

techniques did not have a major effect on extracts 

DPPH radicals scavenging capacity, and the EC50 

values for each solvent extract were not highly 

influenced by the changing of extraction process 

(p> 0.01). Extracts from MAE showed lower EC50 

values compared to other extraction methods, 

indicating stronger antioxidant activities of MAE 

with higher scavenging of DPPH radicals 

compared to maceration and Soxhlet methods. 

This is in accordance with the high TPC yields in 

B. muricata extracts obtained by MAE (Figure 1). 

In the case of the aqueous extract that displayed a 

high antioxidant activity, EC50 values for MAE 

were 5.86±1.19 mg/L (MAE), 5.90±1.93 mg/L 

(maceration) and 5.98±0.69 mg/L (Soxhlet).  

It was observed that Soxhlet extracts had the 

lowest fluorescence intensity during the test 

compared to other extraction methods (EC50 were 

between 5.09±0.12 mg/L for methanol and  

8.03±1.69 mg/L for hexane). 

The reducing capacity method reflects the 

electron donation ability of antioxidants present in 

the extracts to convert Fe3+ into Fe2+. The amount 

of the Fe2+ complex was followed by measuring 

the formation of Perls’ Prussian blue at the 

absorbance of 700 nm [36]. Table 2 depicts the 

reducing capacity EC50 values of B. muricata 

extracts. While the use of different solvents 

provided extracts with a relatively small range of 

reducing capacity; the aqueous extracts were the 

most effective (EC50 values ranging from 

1.39±0.37 to 2.60±0.67 mg/L using MAE and 

maceration, respectively). On the other hand, 

hexane extracts showed the weakest reducing 

capacity for all three techniques (EC50 values of 

4.49±0.19, 4.85±1.28 and 5.20±1.25 mg/L by 

MAE, maceration and Soxhlet respectively).  

Extracts of B. muricata obtained by MAE 

showed the highest reducing capacity, except 

when water was used as solvent having the lowest 

EC50 values (1.39±0.37 mg/L). Maceration and 

Soxhlet methods gave extracts of very similar 

reducing capacity with EC50 values ranging from 

2.54±0.46 and 2.60±0.67 mg/L using water to 

5.20±1.25 and 4.85±1.28 mg/L for Soxhlet and 

maceration respectively when using hexane.  

The lipid peroxidation inhibitory activities 

of B. muricata were assessed by β-carotene 

bleaching tests. This is an important test in food 

industry because the medium is an emulsion 

resembling to food, thus allowing the 

investigation of new alternatives to synthetic 

antioxidants. The lipid peroxidation inhibitory 

activity of B. muricata extracts varied according 

to the used solvent (Table 2). Aqueous and 

methanolic extracts exhibited strong peroxidation 

inhibitory activity, with EC50 values between 

5.31±0.18 (MAE) and 6.00±1.06 mg/L 

(maceration) using water, while the use of 

methanol provided extracts with EC50 values of 

5.80±0.05 and 6.41±1.09 mg/L for MAE and 

maceration, respectively. The extraction technique 

had a minor effect on the peroxidation inhibitory 

activity the extracts. 

In order to interpret the obtained results, the 

variability of the antioxidant activity of  

B. muricata extracts using different extracting 

methods, and different solvents was studied by 

using HCA based on matrix linking EC50 values 

of the antioxidant activity (Figure 4).  

The obtained results have shown that the 

antioxidant activity of the extracts greatly depend 

to the extraction solvent, where the three different 

testing systems showed the same behaviour.  

The reducing capacity and the DPPH 

results were in accordance (Figure 4(a) and (b)). 

In both tests, two groups were discriminated: the 

first group (cluster I) contained hexane and 

acetone extracts due to similarly high EC50 values 

indicating low antioxidant activity. The second 

group (cluster II) contained aqueous, ethanol and 

methanol extracts; this group was characterized 

by showing the lowest antioxidant activities.  
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Two groups were also observed when using 

the β-carotene bleaching test (Figure 4(c)). The 

first one (cluster II) containing ethanol, hexane 

and acetone extracts was characterized by the 

lowest activity; however, the second group 

(cluster I) presented the highest antioxidant 

capacity by the β-carotene bleaching test. 

In conclusion, this variability of antioxidant 

capacity among extracts of B. muricata obtained 

with different solvents and using different 

extraction methods led to conclude that we should 

select the method of extraction and the used 

solvent carefully in order to have extract with the 

highest effectiveness in terms of biological 

activities. 
 

 

 

 

 

(a) 

  

(b) 

  
(c) 

 

Figure 4. HCA for the antioxidant capacity of B. muricata extracts obtained using different extracting 

methods and different solvents (HCA performed on EC50 values of the antioxidant capacity assessed by: 

DPPH radical scavenging capacity test (a), ferric reducing capacity test (b) and β-carotene bleaching test (c)). 
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Correlation between antioxidant activities and 

phytochemical compounds 

The correlation coefficients between the 

antioxidant capacities and the total phenolic, 

flavonoid and condensed tannin contents for all 

extracts, prepared using different solvent and with 

three different techniques were determined 

(Tables 3). For DPPH, reducing power and  

β-carotene bleaching test, the EC50 values showed 

parallelism with antioxidant activities, it was 

therefore calculated and used for evaluating the 

correlations (Table 3). 
 

 Table 3 

Correlation matrix between antioxidant contents and antioxidant capacity of extracts from B. muricata. 

 TPC TFC CTE DPPH RP Car 

TPC 1 - - - - - 

TFC 0.826** 1 - - - - 

CTE 0.780** 0.722* 1 - - - 

DPPH -0.619** -0.588* -0.422* 1 - - 

RP -0.382** -0.273 -0.159 0.769* 1 - 

Car -0.413** -0.424* -0.200 0.572* 0.818* 1 

*The correlation is significant at the level 0.01 (bilateral). 

 

 
 

Conclusions 

This is the first report which evaluates the 

effects of both solvent and extraction method on 

various phenolic extracts of Bassia muricata 

aerial parts. The extraction method, as well as the 

extracting solvent, significantly affected the 

extraction yield, total polyphenols, flavonoid and 

condensed tannins content and the antioxidant 

activity of studied extracts.  

The highest extraction yield was obtained 

using ethanol by microwave-assisted extraction 

(MAE) (34.30±0.58%) and the lowest one using 

hexane by maceration (8.71±0.89%). On the other 

hand, the highest contents of phenols were 

obtained using MAE varying for different 

solvents (78.95±0.36 and 144.82±3.21 mg GAE/g 

for hexane and methanol, respectively). In 

addition, the maceration extracts presented the 

highest flavonoid contents (32.40±0.94 for hexane 

and 68.85±1.57 mg QE/g for methanol). The 

condensed tannins content was significantly 

different for all the three methods, and the higher 

with MAE (condensed tannin content values  

of 12.21±2.01 mg CE/ g for acetone and  

36.09±1.04 mg CE/ g for methanol).  

The study of the antioxidant activity 

showed that the selected techniques did not have a 

major effect on antioxidant capacity. The 

methanol extracts presented the strongest DPPH 

radicals scavenging activity, however, the 

aqueous extracts were the most effective in 

reducing capacity and β-carotene bleaching test.  

It is important to continue this work to 

optimize the couple solvent/method and 

determine the parameters which will allow to 

recover effectively the antioxidant molecules 

from B. muricata, a rare and an unexplored plant. 
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Abstract. Four chalcone derivatives containing chloro and methoxy substituents were synthesized and 

pre-evaluated as broad-spectrum UV protector with intrinsic antioxidant activity. UV absorbance of 

chalcones 1-4 showed a wide range of UV absorbance values in UVB and UVA regions  

(max= 310-360 nm) and molar absorptivity values (= 14,000-20,000 M-1cm-1). Chalcones 3 and 4 

showed better photostability than chalcones 1 and 2 because the lowering of their absorbance was 

smaller and slower under UVB irradiation. A combination of the spectra of chalcone derivatives 1-4 

indicated that a formulation containing all four will provide a broad-spectrum sunscreen protecting the 

skin from UVA and UVB. 
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Introduction 

It is well known that exposure to UV 

radiation induces the formation of reactive oxygen 

species that further cause oxidative stress in the 

epidermis and dermis layers of skin. The presence 

of oxidative stress leads to various negative 

effects on skin such as erythema or inflammation 

[1], skin cancer [2,3], and photoaging [4].  

To protect from these undesirable effects, the skin 

needs a double protection system that protects the 

skin not only from outside by using sunscreen 

compound that acts as protective shield from  

UV radiation but also from inside utilizing 

antioxidant that quenches the reactive oxygen 

species formed [5-7]. Commonly, both of these 

functions are generated by two different active 

compounds by adding an antioxidant such as 

ascorbic acid or tocopherol/tocotrienol into the 

sunscreen formulation [8]. However, the use of 

two or more active compounds with different 

physicochemical properties in one formulation 

complicates the formulation process since there 

are several factors that need be considered such as 

compatibility, stability, penetrability, and amount 

of added antioxidant [6]. Therefore, further 

development and optimization is required in order 

to obtain the active compounds that have ideal 

sunscreen characteristics (broad-spectrum, higher 

molar absorptivity and photostability, and  

lower toxicity) and antioxidant activity  

(higher antioxidant capacity and stability, and 

lower toxicity). 

Chalcones are a group of compounds  

that have high antioxidant activity, particularly  

for the skin [9-12]. They can be easily  

synthesized and functionalized to form derivatives 

that have a broad range of max (280-365 nm)  

and relatively high molar absorptivity  

(= 20,000-30,000 M-1cm-1) [13-15]. Besides that, 

chalcones also have relatively low toxicity to 

human dermal fibroblast cells [16], and various 

positive effects related to skin health such as 

antipigmentation [17-23], anticarcinogenic [24] 

and antitumor [25]. Therefore, they are quite safe 

to be applied on the skin surface. These benefits 

highlight that chalcones have great potency and 

can be developed as broad-spectrum sunscreen 

with intrinsic antioxidant properties. Furthermore, 

modification of the chalcones by incorporating 

electron withdrawing and donating groups can be 

implemented easily to shift the max to UVA, 

UVB, or UVC regions. It is hypothesized that 
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combining the chalcones with different max in a 

formulation would definitely produce a broad-

spectrum sunscreen.  

This paper describes the  

synthesis of (E)-chalcone, (E)-4'-chlorochalcone,  

(E)-4-methoxychalcone and (E)-3,4-

dimethoxychalcone, as well as investigation of 

their potency as sunscreen compound through 

measurement of their UV spectra either as a single 

compound or a mixture of chalcones, calculation 

of their sun protection factor (SPF) values, and 

their photostability study under the influence of 

UVB radiation. The results obtained in this study 

would show the potency of chalcones as 

sunscreen compounds. 

 

Experimental 

Generalities 

All materials were purchased from Merck 

(Darmstadt, Germany) and used directly without 

any purification unless otherwise indicated.  

Reaction monitoring and purity test were 

conducted through thin-layer chromatography 

(TLC) analysis on aluminum sheets silica gel  

60 F254 plates (Merck) with UV lamp (Sigma-

Aldrich) at 254 nm as detecting unit (eluent:  

n-hexane/ethyl acetate in 3:2 ratio).  

Melting point values were measured on an 

Electrothermal 9100 and are uncorrected.  

IR spectra were recorded on a FTIR 

Shimadzu Prestige-21. GC-MS analyses were 

performed using a GC-MS Shimadzu QP-2010S.  

NMR spectra were obtained on a JEOL 

JNM-ECA500 1H 500 MHz and 13C 125 MHz.  

UV spectra were measured with Milton 

Roy Spectronic 3000 Array spectrophotometer 

and chloroform was used as the solvent. Before 

measuring the UV absorbance of samples, a 

background correction was performed using 

quartz cuvettes of 1 cm path length (L) filled with 

blank solvent. Photostability tests were conducted 

using UVB lamp with energy distribution of 

0.2678 mW/cm2. 

General procedure for the synthesis of chalcones 

Acetophenone (3.65 mmol) in ethanol  

(3 mL) was added to aqueous KOH (6.5 mL  

13% w/v) solution and the mixture was stirred 

until homogenous. The mixture was added 

dropwise to benzaldehyde (3.65 mmol) in ethanol 

(3 mL) and stirred for 20 hours at room 

temperature. The reaction mixture was poured 

into ice-water and acidified using 10% HCl (v/v) 

solution until pH 3. The precipitate formed was 

collected through vacuum filtration and 

recrystallized from ethanol. The product was 

dried and characterized. 

(E)-chalcone 1. The reaction was conducted using 

the general procedure described above by using 

acetophenone (0.44 g, 3.65 mmol), benzaldehyde 

(0.39 g, 3.65 mmol), and KOH (0.85 g, 15 mmol) 

affording a pale yellow solid (0.57 g, 75%),  

m.p. 52-53°C; IR (KBr pellet, cm-1): 1658 (C=O), 

972 (C=C trans); UV (CHCl3) max= 310 nm;  
1H-NMR (CDCl3)  8.03 (d, 2H, J= 14.9 Hz); 

7.80 (d, 1H, J= 15.6 Hz); 7.63 (dd, 1H, J=  

14.9 Hz and 15.6 Hz); 7.57 (t, 1H, J= 7.5 Hz and 

10 Hz ); 7.52 (d, 1H, J= 14.9 Hz); 7.49 (d, 2H,  

J= 15.6 Hz); 7.41 (t, 2H, J= 5 Hz and 7.5 Hz); 
13C-NMR (CDCl3) : 190.89 (C=O), 145.11  

(C=C trans), 138.10 (CAr), 134.81 (CAr), 133.02 

(CAr), 130.72 (CAr), 129.03 (CAr), 128.73 (CAr), 

128.60 (CAr), 128.57 (CAr), 122.00 (C=C trans); 

MS: m/z calcd. 208.26; found 208.00 (M+). 

(E)-4'-chlorochalcone 2. The reaction was 

conducted using the procedure described 

previously by using 4-chloroacetophenone  

(0.56 g, 3.65 mmol), benzaldehyde (0.39 g,  

3.65 mmol), and KOH (0.85 g, 15 mmol) 

affording a pale yellow solid (0.54 g, 61%),  

m.p. 91-93°C; IR (KBr pellet, cm-1): 1658 (C=O), 

979 (C=C trans), 763 (C-Cl); UV (CHCl3)  

max= 313 nm; 1H-NMR (CDCl3)  7.96 (d, 2H, 

J= 15.6 Hz); 7.80 (d, 1H, J= 16.3 Hz); 7.64 (dd, 

1H, J= 15.6 Hz and 16.3 Hz); 7.47 (t, 3H,  

J= 7.50 Hz and 7.50 Hz); 7.42 (t, 3H, J= 2.50 Hz 

and 5.00 Hz); 13C-NMR (CDCl3) : 189.20 

(C=O), 145.43 (C=C trans), 139.30 (C-Cl), 

138.55 (CAr), 134.76 (CAr), 130.87 (CAr),  

130.03 (CAr), 129.11 (CAr), 129.03 (CAr), 128.64 

(CAr), 121.51 (C=C trans); MS: m/z calcd. 242.70; 

found 242.00 (M+). 

(E)-4-methoxychalcone 3. The reaction was 

conducted using the procedure described 

previously by using acetophenone (0.44 g,  

3.65 mmol), 4-methoxybenzaldehyde (0.50 g, 

3.65 mmol), and KOH (0.85 g, 15 mmol) 

affording a pale yellow solid (0.53 g, 61%),  

m.p. 69-70°C; IR (KBr pellet, cm-1): 1658 (C=O), 

1265 (C-O-C), 979 (C=C trans); UV (CHCl3)  

max= 340 nm; 1H-NMR (CDCl3)  8.00 (d, 2H, 

J= 15.60 Hz); 7.77 (d, 1H, J= 14.1 Hz); 7.60 (d, 

2H, J= 14.1 Hz); 7.56 (t, 1H, J= 7.75 Hz and  

7.25 Hz); 7.48 (t, 2H); 7.40 (d, 1H, J= 15.6 Hz); 

6.93 (d, 1H, J = 14.1 Hz); 3.86 (s, 3H); 13C-NMR 

(CDCl3) : 190.65 (C=O), 161.79 (-O-CAr), 

144.82 (C=C trans), 138.57 (CAr), 132.70 (CAr), 

130.37 (CAr), 128.68 (CAr), 128.52 (CAr), 119.80 

(C=C trans), 114.53 (CAr), 55.40 (OCH3) MS:  

m/z calcd. 238.29; found 238.00 (M+). 

(E)-3,4-dimethoxychalcone 4. The reaction was 

conducted using the procedure described 

previously by using acetophenone (0.44 g,  
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3.65 mmol), 3,4-dimethoxybenzaldehyde (0.61 g, 

3.65 mmol), and KOH (0.85 g, 15 mmol) 

affording a bright yellow solid (0.86 g, 88%), 

m.p. 81-82°C; IR (KBr pellet, cm-1): 1651 (C=O), 

1265 (C-O-C), 979 (C=C trans); UV (CHCl3)  

max= 354 nm; 1H-NMR (CDCl3)  8.01 (d, 1H, 

J= 15.6 Hz); 7.77 (d, 1H, J= 14.9 Hz); 7.59 (t, 

2H, J= 7.75 Hz and 7.25 Hz); 7.52 (t, 2H); 7.40 

(d, 1H, J= 14.9 Hz); 7.24 (d, 1H, J= 15.6 Hz); 

7.16 (d, 1H, J= 2.5 Hz); 6.91 (d, 1H); 3.95 (s, 

3H); 3.93 (d, 3H); 13C-NMR (CDCl3)  190.69 

(C=O), 151.44 (-O-CAr), 149.24 (-O-CAr), 145.06 

(C=C trans), 138.48 (CAr), 132.59 (CAr), 128.58 

(CAr), 128.15 (CAr), 127.86 (CAr), 123.22 (CAr), 

120.07 (C=C trans), 111.09 (CAr), 110.01 (CAr), 

56.09 (OCH3), 56.02 (OCH3); MS: m/z calcd. 

268.31; found 268.00 (M+). 

Determination of the absorbance profile 

The UV spectroscopy measurements was 

performed using a UV-Vis spectrophotometer to 

obtain the absorbance profile, max, , and SPF 

values for each synthesized chalcone derivative. 

Before measuring the absorbance of each 

compound, optimization of concentration was 

conducted by preparing three solutions of 

different concentrations i.e. 50, 40, and 25 mg/L. 

The absorbance values of these three solutions 

were scanned in the range of 200-400 nm using 

1cm quartz cuvettes against CHCl3 as the blank 

solution. The concentration that produced a 

smooth line curve was selected for further 

measurement and calculation of max, , and SPF 

values. Eqs. (1,2) were used to calculate  and 

Sun Protection Factor (SPF) values, respectively 

[26]. Calculation of SPF value was conducted by 

utilizing the absorbance (A) of compounds in 

chloroform without preparing any formulation. 
 

𝐴 = 𝐶 × 𝜀 × 𝑐 (1) 
 

where,  - molar absorptivity, M-1cm-1;  

L - path length of UV cm-1;  

c - molar concentration, M. 

𝐴 =  − log (
1

𝑆𝑃𝐹
) = log 𝑆𝑃𝐹 

(2) 

 

Photostability test 

Photostability tests were conducted based 

on the procedure developed by Chawla, H.M. et 

al. [27] with several modifications. A solution of 

the chalcone in CHCl3 with optimized 

concentration was placed in a sealed quartz 

cuvettes of 1 cm path length and irradiated with 

UVB (energy distribution of 0.2678 mW/cm2) for 

0, 5, 15, 30, 60, and 90 minutes, respectively. The 

absorbance of solution was then recorded for each 

irradiation time in the 200-400 nm wavelength 

range. The results were analysed by comparing 

the lowering of absorbance at each irradiation 

time. 

 

Results and discussion 

Characterization of chalcones derivatives 

Synthesis of chalcone derivatives as 

outlined in Scheme 1 was performed through 

Claisen-Schmidt condensation reaction by mixing 

an equimolar quantity of benzaldehyde and 

acetophenone derivatives in ethanolic KOH for  

20 hours at room temperature. The chalcones 

were produced in moderate to good yield,  

and characterization of the reaction products  

were conducted using IR, GC-MS, 1H and  
13C-NMR data. 

The chalcones showed the presence of a 

conjugated double bond and carbonyl group 

(enone group) between two phenyl rings. The IR 

spectra of the products showed the lowering of 

absorbance from 1691-1692 cm-1 in acetophenone 

and 4-chloroacetophenone [28] to 1651 cm-1 in 

chalcone 4 and 1658 cm-1 in chalcones 1-3 

indicating extension of the carbonyl group by the 

formed enone groups. 

 

 

 
 

Scheme 1. Synthesis of chalcones 1-4. 
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The 1H-NMR spectra also consistently 

showed that the coupling constants of trans 

protons were 14.9 Hz and 15.6 Hz in chalcone 1, 

15.6 Hz and 16.3 Hz in chalcone 2, 15.6 Hz and 

14.1 Hz in chalcone 3, and 14.9 Hz and 15.6 Hz 

in chalcone 4, respectively. These values 

indicated that the reaction products were formed 

in trans conformation of enone groups. In the 

sunscreen application, the trans-chalcones are 

preferred since they have max in UVA and UVB 

regions, higher molar absorptivity, and better 

stability as compared to cis-chalcones [29]. In 

addition, the mass spectral data of chalcones 1-4 

showed the presence of molecular ions at m/z of 

208, 242, 238, and 268, respectively, further 

confirming the structures of the products. 

Determination of the absorbance profile 

Preliminary UV absorption evaluations 

were conducted using the optimized 

concentrations of 25 mg/L (1.2010-4 M,  

1.0310-4 M, 1.0510-4 M, and 9.3310-5 M) for 

chalcones 1-4, respectively. Determination of the 

absorbance profile (max, , and SPF values) was 

conducted in the 200-400 nm wavelength range 

which represents three different regions of  

UV radiation i.e UVC (200-280 nm), UVB (280-

320 nm), and UVA (320-400 nm). Absorbance 

measurements showed that chalcone derivatives 

1-4 containing chloro and methoxyl groups have a 

wide range of max in UVB-UVA regions  

(300-360 nm) and moderate molar absorptivity  

(14,000-20,000 M-1cm-1) (Figure 1 and Table 1). 

The wide variation of UV absorbance 

indicated that these chalcone derivatives can be 

combined together in a broad-spectrum sunscreen 

formulation for skin protection against UVB and 

UVA radiations as shown in Figure 2. 

Furthermore, the usage of several active 

compounds from the same compound class will 

simplify formulation process since they would 

usually have the same physicochemical 

properties. 

Theoretically, addition of certain functional 

groups in the A and B rings will affect max of 

each chalcone derivative by shifting HOMO and 

LUMO energy levels modulating the π→π* 

electron transition in absorption of UV radiation 

[30]. Thus, addition of electron donating and 

withdrawing groups will cause bathochromic and 

hypsochromic shifts, respectively. It is known that 

addition of a substituent in the B ring has a more 

significant effect on the UV absorption than in A 

ring [30,31]. This phenomenon can be observed in 

the UV absorbances of the studied chalcones. In 

chalcone 2, the presence of a chloro group (a 

withdrawing group) at the C4 position in ring A 

caused a small bathochromic shift with a max of 

313 nm, while in chalcones 3 and 4, presence of 

the methoxy groups (a strong electron donating 

group) caused relatively significant bathochromic 

shift with max of 340 and 354 nm, respectively. 

Chalcones 1-4 showed lower molar 

absorptivity compared to the values reported in 

the literature [13,15]. This was probably caused 

by solvation of the chalcones in different solvent 

used in the measurement (chloroform instead of 

ethanol). Generally, the usage of different solvent 

will affect max, molar absorptivity (), bandwidth, 

and band shape of absorbance spectra. In this 

case, polar and non-polar solvents will increase 

molar absorptivity, while semi-polar solvents will 

decrease it [32]. 

 
Table 1 

UV absorbance profile of chalcones 1-4. 

Chalcone 1 2 3 4 

λmax (nm) 310 313 340 354 

UV region UVB UVB UVA UVA 

A (a.u.) 1.784 1.713 1.960 1.848 

 (M-1 cm-1) 14,867 16,631 18,667 19,807 

SPF 60.81 51.64 91.20 70.47 

 

  

 

  
Figure 1. UV Spectra of chalcone derivatives. Figure 2. UV spectrum of the chalcones 1-4 mixture. 
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The calculated SPF values for each 

chalcone in the given concentration (25 mg/L) 

which were in the range of 51.6-91.2 in the UVB 

and UVA regions was a good indication for the 

potency of the synthesized chalcones as sunscreen 

compounds. 

Photostability test 

The photostability test was performed by 

observing and comparing the UV absorbance 

profile of the chalcone derivatives before and 

after UV irradiation (energy distribution of  

0.2678 mW/cm2) at different times (0, 5, 15, 30, 

60, and 90 minutes). Figure 3(a),(b) and  

Figure 4(a),(b) show the UV spectra of four 

chalcone derivatives as a function of irradiation 

time. It is clear that the irradiation of chalcones 1 

and 2 showed a quick lowering of absorbance at 

310 and 313 nm, respectively, and a smaller 

increment at approximately 250-260 nm in the 

first 5 minutes (Figure 3 (a),(b)). These results 

indicate that chalcones 1 and 2 have a relatively 

low stability as compared to the other two 

chalcone derivatives that experience relatively 

smaller and slower changes in their UV spectra 

for even at 90 minutes. Several publications have 

reported that the interaction between the chalcone 

derivatives and UV radiation in solution possibly 

causes photoisomerization as indicated by the 

increment in absorption at 250-260 nm 

[13,29,33], and photodimerization to form 

cyclobutane derivatives [34,35].  

There are at least two theories that can be 

used to explain higher photostability of chalcones 

3 and 4 (Figure 4(a),(b)) compared to chalcones 1 

and 2 (Figure 3(a),(b)). Firstly, chalcones 3 and 4 

contain at least a methoxy group (strong electron 

donating group) at position 4 that contributes to 

the conjugated enone group present in these two 

compounds. This extension of the conjugated 

system changes the bond order in double and 

single bond between the two phenyl rings that 

eventually restricts and prevents the rotation in 

the cis-trans photoisomerization process [29,33]. 

On the contrary, the conjugation system in 

chalcone 2 is not very effective at increasing 

rigidities of the bonds between the two  

phenyl rings due to the lower ability of chloro  

group to participate in conjugation. Secondly, 

photoisomerization and photodimerization of 

chalcones are highly depended on the wavelength 

of UV radiation in which UVB or UVA radiation 

will significantly affect the stability of  

chalcone derivatives that absorb at the same 

wavelength [35]. 

 

  

(a) (b) 

Figure 3. Photostability test of chalcone 1 (a) and chalcone 2 (b). 

 
 

  
(a) (b) 

Figure 4. Photostability test of chalcone 3 (a) and chalcone 4 (b). 
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UV radiation used in this experiment was in 

the range of UVB, therefore only chalcones 1 and 

2 (absorb in the UVB region) were strongly 

affected by this irradiation as compared to 

chalcones 3 and 4 that absorb in the UVA region. 

However, to confirm the validity of these 

arguments, more experiments need to be 

conducted. 

 

Conclusions 

Four chalcone derivatives that show a wide 

range of max covering UVB and UVA with 

moderate molar absorptivity have been 

synthesized in 61-88% yield. Chalcones 1, 2, 3, 

and 4 showed max respectively at 310, 313, 340, 

and 354 nm and gave promising SPF values in the 

range of 51.6-91.2 in the concentration of  

25 mg/L. Chalcones 3 and 4 containing a  

4-methoxy group were found to be more 

photostable in which absorbance reduction  

was smaller and slower compared to  

chalcones 1 and 2.  

Present studies indicate that a combination 

of these four chalcones could be used in a 

sunscreen formulation with a broad-spectrum of 

UV absorbance to protect the skin from UVB and 

UVA radiations. 
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Abstract. 4-(Dimethylamino)pyridine was found to be an efficient homogenous catalyst for one-pot 

multi-component reactions between hydrazine monohydrate, ethyl cyanoacetate, ketone, and 

malononitrile for the synthesis of 1,6-diamino-2-oxo-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile 

derivatives using ultrasonication at room temperature in ethanol solution within 35-50 min with yields 

of over 90%. This procedure offers various remarkable features such as short reaction times, clean 

reaction condition, excellent yields, and easy work-up methods. 
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Introduction 

Multi-component reactions (MCRs) are a 

suitable method for the obtaining of new chemical 

entities required by agrochemical and 

pharmaceutical industries [1,2]. Also, MCRs have 

been applied to synthesize active biological 

compounds, thus playing important role in 

medicinal research and organic chemistry [3]. 

There are one-pot procedures for synthesis  

of an individual product in the reaction  

between three or more available components, 

attained in a one-step without isolation of any 

intermediate [4]. The most notable advantages of 

MCRs are simple procedures, excellent yields, 

efficient and reducing reaction times [5-8]. 

Therefore, they are considered as one of  

the best tools for the facile approach to  

various heterocycles, drug design, drug discovery, 

and also the eco-friendly multi-component 

procedures [9,10].  

Nitrogen-containing heterocyclic molecules 

in five- and six-membered rings such as  

pyridine and pyridinone rings compose a 

considerable part of chemical identities which are 

of predominant interest in medicinal chemistry 

due to industrial, pharmacological, biological  

activities such as anesthetic, antimalarial, 

antibacterial, antioxidant and antiparasitic 

properties [11-15]. The common method for the 

synthesis of pyridinones is ammonization of 

pyranone at high temperature or in sealed  

tube [16]. Recently, several improved methods for 

the synthesis of this heterocyclic system have 

been reported [17,18]. However, most of these 

methodologies have disadvantages such as 

inappropriate yields, long reaction times, multi-

step procedures, and the use of organic solvents. 

By knowing these facts, we turned to more 

efficient methods for the preparation of this kind 

of compounds. Several methods have been 

reported for the synthesis of 1,6-diamino-2-oxo-

1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile 

derivatives [19,20]. Our proposed method, using 

an ultrasonication and a catalyst, led to higher 

yields than previously reported ones.  

4-(Dimethylamino)pyridine (DMAP) has widely 

been used in the synthesis of various organic 

compounds as an advantageous nucleophilic  

basic catalyst, such as the application of  

DMAP that reported acylation reactions  

[21,22], Baylis-Hillman reactions [23], Michael  

additions [24] and esterification reactions in  

water [25]. 

In recent years, ultrasound irradiation has 

increasingly been used for performing a wide 

range of chemical reactions and processes, 

including water treatment, materials production, 

and chemical synthesis [26-28]. Also, 

ultrasonication has been widely used in organic 

reactions, for example, in the synthesis of 

interesting heterocyclic compounds [29-31]. 
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Scheme 1. Synthesis of 1,6-diamino-2-oxo-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile derivatives. 

 
 

As a continuation of our research on multi-

component reactions [32-46], herein we present 

the operational synthesis of pyridine-2(1H)-one 

derivatives via one-pot multi-component  

reactions between hydrazine monohydrate,  

ethyl cyanoacetate, ketones and malononitrile  

(Scheme 1). 

 

Experimental 

Generalities 

All melting point values were determined 

on an Electrothermal 9100 apparatus. IR spectra 

were recorded on a JASCO FT-IR-460 plus 

spectrometer in KBr with absorptions in cm-1. 

Thin-layer chromatography (TLC) was carried 

out on silica-gel plates Polygram SILG/UV 254.  
1H and 13C NMR spectra were recorded using a 

Bruker Advance DPX 300 (300 and 75 MHz), 

spectra are provided as Supplementary material 

file. The spectra were measured in DMSO-d6 

relative to tetramethylsilane. Mass spectra were 

recorded on an Agilent Technology (HP) 5973 

mass spectrometer operating at an ionization 

potential of 70 eV. Ultrasonication was 

performed in a KQ-250E medical ultrasound 

cleaner with a frequency of 40 kHz, and output 

power of 250 W.  

All reagents were purchased from Merck or 

Aldrich and were used without further 

purification. 

General procedure for the synthesis of pyridine-

2(1H)-one derivatives 

A solution of hydrazine monohydrate 1  

(1.0 mmol), ethyl cyanoacetate 2 (1.0 mmol), 

ketone 3 (1.0 mmol), malononitrile 4 (1.0 mmol) 

and 4-(dimethylamino)pyridine (20 mol%,  

0.2 mmol) in ethanol (10 mL) was charged. The 

mixture was sonicated in the water bath at  

25–30°C. After the completion of the reaction 

(followed by TLC), the reaction mixture was 

filtered and the precipitate was recrystallized from 

ethanol to obtain the pure products 5 derivatives.  

1,6-diamino-4,4-dimethyl-2-oxo-1,2,3,4-

tetrahydropyridine-3,5-dicarbonitrile 5a, white 

solid, 96% yield, m.p. 207-209°C. IR (KBr, cm-1): 

ν 3415, 3346, 3307, 2175, 1700, 1638, 1570, 

1428, 1329, 1218, 918, 858; 1H NMR: δ 1.12 (3H, 

s, CH3), 1.28 (3H, s, CH3), 4.59 (1H, s, CH), 5.22 

(2H, s, NH2), 6.69 (2H, s, NH2). 

1,6-diamino-4-cyclopropyl-4-methyl-2-oxo-

1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile 5b, 

grey solid, 95% yield, m.p. 183-186°C. IR (KBr, 

cm-1): ν 3624, 3399, 2880, 2177, 1708, 1632, 

1578, 1427, 1338, 1291, 1227, 1166, 940, 836. 

2,3-diamino-4-oxo-3-azaspiro[5.5]undec-1-ene-

1,5-dicarbonitrile 5c, white solid, 97% yield, m.p. 

172-174°C. IR (KBr, cm-1): ν 3465, 3356, 2936, 

2184, 1699, 1625, 1565, 1424, 1328, 1285, 914, 

864, 681; 1H NMR (300 MHz, DMSO-d6):  

δ 1.33-1.71 (10H, m, 5 CH2), 4.53 (1H, s, CH), 

5.27 (2H, s, NH2), 6.71 (2H, s, NH2). 

2,3-diamino-9-methyl-4-oxo-3-azaspiro 

[5.5]undec-1-ene-1,5-dicarbonitrile 5d, white 

solid, 95% yield, m.p. 175-177°C. IR (KBr, cm-1): 

ν 3465, 3356, 2184, 1699, 1625, 1565, 1424, 

1328, 1148,902, 836, 687; 1H NMR  

(300 MHz, DMSO-d6): δ 0.89 (3H, d, J= 6.3 Hz, 

CH3), 1.14-1.22 (1H, m, CH), 1.26-1.41 (2H, m, 

CH2), 1.45-1.61 (4H, m, 2  CH2), 1.64-1.77 (2H, 

m, CH2), 4.51 (1H, s, CH), 5.23 (2H, s, NH2), 

6.68 (2H, s, NH2).  

2,3-diamino-4-oxo-3-azaspiro[5.6]dodec-1-ene-

1,5-dicarbonitrile 5e, gray solid, 95% yield, m.p. 

203-207°C. IR (KBr, cm-1): ν 3356, 3189, 2179, 

1708, 1630, 1562, 1429, 1256, 1141, 988, 

852,701; 1H NMR: δ 1.43-1.88 (12H, m, 6 CH2), 

4.47 (1H, s, CH), 5.24 (2H, s, NH2),  

6.67 (2H, s, NH2). 

7,8-diamino-9-oxo-8-azaspiro[4.5]dec-6-ene-

6,10-dicarbonitrile 5f, white solid, 90% yield, 

m.p. 182-185°C; IR (KBr cm-1): ν 3387,  

3345-3288, 2961, 2899, 2181, 1704, 1631, 1575, 

1428, 1345, 1220, 952.  

2,3-diamino-8,8,10-trimethyl-4-oxo-3-azaspiro 

[5.5]undec-1-ene-1,5-dicarbonitrile 5g, white 

solid, 88% yield; m.p.: 255-257°C. IR (KBr, cm-1): 

ν 3471, 3364, 2299, 2955, 2911, 2868, 2175, 

1705, 1615, 1557, 1461, 1430, 1299, 1148, 902, 

836, 687; 1H NMR: δ 0.87 (3H, s, CH3), 0.91 (3H, 

s, CH3), 0.98 (3H, s, CH3), 1.05 - 2.24 (7H, m, 1 
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CH, 2 CH2), 4.63 (1H, s, CH), 5.22 (2H, s, NH2), 

6.63 (2H, s, NH2); 13C NMR: δ 22.9, 24.6, 26.3, 

31.3, 34.4, 35.9, 42.5, 43.4, 47.4, 50.8, 61.9, 

115.9, 121.3, 154.9, 163.7; MS (EI, 70 eV)  

m/z (%): 287.5 (M+, 84.77). 

1,6-diamino-4-benzyl-4-methyl-2-oxo-1,2,3,4-

tetrahydropyridine-3,5-dicarbonitrile 5h, gray 

solid, 90% yield, m.p. 216-218°C. IR (KBr, cm-1): 

ν 3420, 3311, 2974, 2936, 2875, 2176, 1715, 

1634, 1620, 1564, 1429, 1338, 1237, 1166, 934, 

839, 705, 686; 1H NMR: δ 1.26 (3H, s, CH3), 2.59 

(1H, d, J= 12.9 Hz, CH), 2.75 (1H, d, J= 12.6 Hz, 

CH), 4.77 (1H, s, CH), 4.90 (2H, s, NH2), 6.66 

(2H, s, NH2), 7.10-7.30 (5H, m, CH aromatic); 13C 

NMR: δ 25.1, 37.1, 42.7, 47.8, 59.8, 115.8, 

119.82, 127.3, 128.2, 130.8, 136.3, 154.2, 162.7; 

MS (EI, 70 eV) m/z (%): 282.5 (M+, 0.6). 

2,3-diamino-4-oxo-3-azaspiro[5,11]heptadec-1-

ene-1,5-dicarbonitrile 5k, white solid, 94% yield, 

m.p. 182-185°C. IR (KBr cm-1): ν 3432, 3336, 

3280, 2933, 2863, 2250, 2178, 1707, 1622, 1579, 

1470, 1425, 1329, 1244, 799; 1H NMR: δ  

1.36-1.75 (22H, m, 11 CH2), 4.18 (1H, s, CH), 

5.22 (2H, s, NH2), 6.72 (2H, s, NH2); 13C NMR: δ 

18.3, 19.9, 21.9, 22.1, 22.4, 22.4, 22.5, 26.0, 26.3, 

26.4, 30.9, 37.6, 44.3, 60.0, 116.0, 120.7, 153.7, 

162.0; MS (EI, 70 eV) m/z (%): 330.2 (M+, 18). 

 

Results and discussion 

At first, the four-component reaction was 

carried out between hydrazine monohydrate 1, 

ethyl cyanoacetate 2, cyclohexanone 3c and 

malononitrile 4 as an instant reaction in variant 

solvents with the appropriate catalysts to optimize 

the reaction conditions for the synthesis of 

pyridine-2(1H)-one derivatives (Scheme 2),  

and the results are summarized in Tables 1 and 2. 

Initially, the effect of various amount  

of piperidine, 1,4-diazabicyclo[2,2,2]-octane 

(DABCO) and DMAP as the catalyst,  

different temperature values, and various solvents 

as EtOH, H2O, MeOH, H2O/EtOH, and 

(Me)2CHOH was examined, the results are 

summarized in Table 1.  
 

+

CN

CN

+

CN

CO2Et

NH2NH2.H2O

N

NH2

NH2

CN

O

NC
Solvent
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O

+

1                             2                        3c                       4                                                     5c  
 

Scheme 2. Synthesis of pyridine-2(1H)-one derivative. 
 

 

Table 1 

Optimization of reaction conditions a. 

Entry Catalyst, mol% Solvent Temperature, °C Ultrasonicationb Time, min Isolated yield, % 

1 - EtOH r.t - 600 trace 

2 Piperidine (10%) EtOH r.t - 180 65 

3 Piperidine (10%) EtOH r.t ✓ 45 90 

4 DABCO (10%) EtOH r.t - 180 42 

5 DABCO (20%) EtOH r.t - 120 50 

6 DABCO (20%) EtOH r.t ✓ 45 84 

7 DMAP (10%) EtOH r.t - 180 50 

8 DMAP (20%) EtOH r.t - 120 83 

9 DMAP (20%) EtOH r.t ✓ 45 97 

10 DMAP (25%) EtOH r.t - 120 82 

11 DMAP (25%) EtOH r.t ✓ 45 97 

12 DMAP (20%) EtOH 40 - 120 76 

13 DMAP (20%) EtOH 60 - 120 75 

14 DMAP (20%) MeOH r.t - 180 76 

15 DMAP (20%) H2O r.t - 240 55 

16 DMAP (20%) H2O r.t ✓ 45 72 

17 DMAP (20%) H2O/EtOH r.t - 240 65 

18 DMAP (20%) H2O/EtOH r.t ✓ 45 77 

19 DMAP (20%) (CH3)2COH r.t - 360 51 
aReaction conditions: hydrazine monohydrate (1.0 mmol), ethyl cyanoacetate (1.0 mmol),  

malononitrile 1.0 mmol), cyclohexanone (1.0 mmol) in solvent (10 mL). 
bUltrasonic wave was set at 150 W and irradiation frequency at 40 kHz. 
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The best result was achieved by carrying out the 

reaction with 20 mol% of DMAP as a catalyst in 

EtOH as solvent at room temperature (Table 1, 

entry 8). Next, the effect of ultrasonication was 

investigated with various catalysts and solvents, 

the best result was obtained with 20 mol% DMAP 

as catalysis and EtOH as solvent under 

ultrasonication at room temperature (Table 1). 

Also, according to Table 2, the most suitable 

power for the ultrasonication device for the 

reaction is 150 W (Table 2, entry 4). As shown in 

Table 1, it was found that no product was 

discovered when the reaction was performed 

without any catalyst (Table 1, entry 1). To study 

the feasibility of this process, a variety of ketones 

3 (1.0 mmol) including aliphatic chain and cyclic 

ketones were reacted with hydrazine monohydrate 

1 (1.0 mmol), ethyl cyanoacetate 2 (1.0 mmol), 

and malononitrile 4 (1.0 mmol) under the 

optimized reaction conditions and lead to final 

products in acceptable yields, as presented in 

Table 3. Using the optimal conditions, synthesis 

of pyridine-2(1H)-one derivatives was attained.  

6-Diamino-2-oxo-1,2,3,4-

tetrahydropyridine-3,5-dicarbonitrile was 

produced according to the instruction [19], as 

presented in Scheme 3. First, a concentration of 

hydrazine monohydrate 1 with ethyl cyanoacetate 

2 gave the intermediate A. The Knoevenagel 

condensation of ketone 3 with malonitrile 4 

formed the intermediate B. Michael addition of 

intermediate A to B tolerates give intermediate C, 

which tolerates intramolecular cyclization to give 

intermediate D. Eventually, the intermediate D is 

tautomerized and organized the favourable 

product 5 (Scheme 3). 

 
Table 2 

The optimization of reaction condition under 

ultrasonicationa. 
Entry Power, W Time, min Yield, %b 

1 100 30 52 

2 100 60 81 

3 150 30 76 

4 150 45 97 

5 200 45 97 
aReaction conditions: hydrazine monohydrate  

(1.0 mmol), ethyl cyanoacetate (1.0 mmol), 

malononitrile (1.0 mmol), cyclohexanone  

(1.0 mmol), DMAP (0.2 mmol) in solvent (10 mL) 

under ultrasonic waves and irradiation frequency  

at 40 kHz. 
bIsolated yield. 

 
 

 
 

 

 

 

 
Table 3 

Synthesis of pyridine-2(1H)-one derivatives 5 under optimized conditionsa. 

Entry Substrate Product Time, min Yield, %b 
M.p., °C 

This work Literature 

1 
O

 
5a 35 96 207-209 198-200 [19] 

2 

O

 

5b 40 95 183-186 181-182 [19] 

3 

O

 

5c 45 97 172-174 170-172 [20] 

4 

O

 

5d 40 95 175-177 175-176 [19] 

5 

O

 

5e 45 95 205-207 210-212 [20] 
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UNCORRECT ED PROO F 

 
 

Continuation of Table 3 

Entry Substrate Product Time, min Yield, %b 
M.p., °C 

This work Literature 

6 

O

 

5f 45 90 182-185 176-180 [20] 

7 

O

 

5g 50 88 255-257 - 

8 
O

 

5h 50 90 216-218 - 

9 
12

O

 

5k 50 94 182-185 - 

aReaction conditions: hydrazine monohydrate (1.0 mmol), ethyl cyanoacetate (1.0 mmol), malononitrile  

(1.0 mmol), ketone derivatives (1.0 mmol), DMAP (0.2 mmol) in EtOH (10 mL) under 

ultrasound irradiation at room temperature. 
bIsolated yield. 

 

 
Scheme 3. The suggested mechanism for synthesis of  

6-diamino-2-oxo-1,2,3,4-tetrahydropyridine-3,5-dicarbonitrile. 
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Conclusions 

In this study, an efficient method is 

presented for the one-pot multi-component 

synthesis of substituted pyridine-2(1H)-ones by 

applying 4-(dimethylamino)pyridine as an 

efficient catalyst under ultrasonication at room 

temperature via condensation of hydrazine 

monohydrate, ethyl cyanoacetate, malononitrile 

and ketone in ethanol solution within 35-50 min 

with yields of over 90%. In contrast to other, 

common procedures, the strong points of the 

developed method are the simple experimental 

procedure, shorter reaction times, acceptable 

yields, and an easy work-up procedure. 
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Supplementary data are available free of 

charge at http://cjm.asm.md as PDF file. 
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Abstract. In this study, new pyrazole, imidazole, pyrimidine derivatives having imidazo[4,5-b]indol 

moiety were successfully synthesized, elucidated by spectroscopic techniques, and evaluated as 

potential antimicrobial agents. The structure-activity relationship was investigated to obtain a better 

understanding of the relationship between the chemical structure of the synthesized compounds and 

their corresponding biological activity. Compounds 2b and 3b exhibited potent antibacterial activities 

against Bacillus subtilis bacteria comparable to that of Ampicillin standard. Structure-activity 

relationship studies revealed that the presence of withdrawing carbonyl group on 5-position of pyrazole 

moiety 2b, phenylpyrazole moiety 3b led to an enhancement in the antibacterial activity of pyrazole 

derivatives. Furthermore, the presence of carbonyl group on 2-position of the pyrimidine ring of 

compounds 4a, 5a and 6a has a significant effect on their antibacterial activity against Bacillus subtilis. 

The antifungal studies indicated that compounds 3b, 4b, 7 and 9 have comparable antifungal activity to 

that of standard Amphotericin B against Candida albicans and Aspergillus flavus fungi. 
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Introduction 

Pyrazole derivatives are well considered  

in the literature as significant biologically  

active heterocyclic compounds [1-4]. Medicinal 

chemistry studies have shown that pyrazole 

systems, as biomolecules, display a broad 

spectrum of pharmacological activities including 

antimicrobial [5,6], anti-inflammatory [7-9], 

antitumor [10], anticonvulsant [11] and 

neuroprotective activity. Synthetic drugs have 

endured an emergence in recent decades because 

of the increasing population of multidrug-resistant 

(MDR) bacteria, particularly the “ESKAPE” 

pathogens, such as Escherichia coli, Klebsiella 

pneumoniae, Acinetobacter baumannii and 

Pseudomonas aeruginosa [12-15]. 

Further studies showed that imidazole, a 

five-member heterocyclic aromatic compound, 

occupied an exclusive position in heterocyclic 

chemistry and its derivatives have attracted 

considerable interest in recent years for their 

ability to cure several diseases [16]. Imidazole 

derivatives show anti-inflammatory, anticancer 

[17,18], antibacterial [19], analgesic [20], and 

anti-tubercular [21-22] activity.  

The existence of pyrimidine base in uracil, 

cytosine, and thymine - the main building blocks 

of nucleic acids DNA and RNA, is among the 

reasons for their extensive pharmacological 

applications [23]. The literature surveys depict 

that compounds encompassing pyrimidine moiety 

constitute an important class of natural and  

non-natural products, many of which display a 

wide range of biological activity [24,25]. Various 

pyrimidine derivatives have been found to exhibit 

remarkable antibacterial [26], antifungal [27], 

antihypertensive [28], antipyretic [29] and 

anticancer activity [30].  

The recent drug design tendency is to 

reassemble two or three heterocyclic molecules 

possessing distinct sites of action to serve as new 

core structures of molecules towards the obtaining 

of new biologically active agents. In view of our 

global interest in the design of new potent 

antimicrobial agents, the main purpose of our 

study is to synthesize a new set of antimicrobial 
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agents based on pyrazole, imidazole, pyrimidine 

derivatives bearing the imidazo[4,5-b]indol 

moiety.  

In this study, the identification of the 

designed compounds was carried out by IR 

spectroscopy, NMR and mass spectrometry. The 

biological activity of these compounds was 

realized to evaluate their antibacterial and 

antifungal properties against various strains. 

 

Experimental 

Generalities 

Unless otherwise mentioned, reagents were 

provided from Sigma Aldrich (Bayouni Trading 

Co. Ltd., Al-Khobar, Saudi Arabia) and used 

without further purification. Reaction progress 

was monitored using thin-layer chromatography 

(TLC) on silica gel pre-coated F254Merck plates 

(Darmstadt, Germany) and spots were visualized 

by ultraviolet irradiation.  

The melting point values were determined 

by Gallenkamp electrothermal melting point 

device (Weiss-Gallenkamp, Loughborough, UK) 

and are uncorrected.  

IR spectra were recorded on ф Bruker-

Vector 22 Fourier transform infrared 

spectrophotometer (Billerica, MA) using 

potassium bromide disks.  

The 1H and 13C NMR spectra were 

measured on a Varian MercuryVXR-300 NMR 

spectrometer (Palo Alto, CA) at 400 and 125 

MHz for using DMSO-d6 as solvents.  

Mass spectra were recorded on a Hewlett 

Packard MS-5988 spectrometer (Palo Alto, CA) 

at 70 eV.  

Elemental analysis was carried out at the 

Micro-analytical Center of Cairo University, 

Giza, Egypt. 

General synthesis of compounds (1a-c) 

A mixture of isatins (1 mmol), urea  

(1 mmol), and different active methylene  

reagents (malononitrile, ethylcyanoacetate, 

ethylacetoacetate) (1 mmol) dissolved in ethanol 

(10 mL) was stirred under reflux for 2 h until the 

reaction was completed. Thin-layer 

chromatography (TLC) on silica gel plates was 

carried out for reaction monitoring using  

ethanol : ethyl acetate (1:2). The reaction mixture 

was left to cool at room temperature and filtered 

off. The solution was concentrated under vacuum 

to afford the product 1a-c, which was purified by 

recrystallization in ethanol to afford the 

corresponding 1a-c in good yield. 

2-(imidazo[4,5-b]indol-2(4H)-

ylidene)malononitrile 1a, red crystals in 80% 

yield, m.p. 250-252°C. IR (KBr, cm-1): 3382 and 

3166 (NH), 2183 (CN), cm-1. 1H NMR: δ  

6.92 -7.22 (m, 4H, Ar-H), 10.31 (s, H, NH) ppm.  
13C NMR: δ 72.35, 113.08, 114.57, 117.08, 

119.88, 131.06, 132.26, 156.72, 165.82, 166.53, 

169.08 ppm. MS (ESI): m/z 219.2 (M+). Anal. 

calcd. for C12H5N5: C, 65.54; H, 2.26; N, 31.89 %. 

Found: C, 65.75; H, 2.30; N, 31.95. 

ethyl 2-cyano-2-(imidazo[4,5-b]indol-2(4H)-

ylidene)acetate 1b, reddish brown crystals in 77% 

yield, m.p. 285-287°C. IR (KBr, cm-1): 3379 and 

3154 (NH), 2163 (CN), 1716 (C=O) cm-1.  
1H NMR: δ 1.29 (s, 3H, CH3), 4.32 (q, 2H, J= 

7.57 Hz, CH2), 6.89 -7.21 (m, 4H, Ar-H), 10.25 

(s, H, NH) ppm. 13C NMR: δ 15.21, 61.32, 93.24, 

113.12, 116.32, 117.05, 118.42, 131.14, 132.31, 

156.31, 167.12, 169.25, 175.03 ppm. MS (ESI): 

m/z 226.25 (M+). Anal. calcd. for C14H10N4O2:  

C, 63.34; H, 3.75; N, 21.11 %. Found: C, 63.15; 

H, 3.79; N, 21.04. 

diethyl 2-(imidazo[4,5-b]indol-2(4H)-

ylidene)malonate 1c, orange solid in 70% yield, 

m.p. 230-232°C. IR (KBr, cm-1): 3386  

and 3167 (NH), 1724 (C=O) cm-1. 1H NMR: δ 

1.32 (2s, 6H, 2CH3), 4.21 (q, 4H, J= 7.53 Hz, 

2CH2), 6.93-7.36 (m, 4H, Ar-H),  

10.39 (s, H, NH) ppm. 13C NMR: δ 15.31, 62.33, 

115.23, 116.21, 119.22, 131.34, 126.52, 156.13, 

166, 167, 169.62 ppm. MS (ESI): m/z  

313.31 (M+). Anal. calcd. for C16H15N3O4:  

C, 61.30; H, 4.81; N, 13.29 %. Found: C, 61.34; 

H, 4.83; N, 13.41. 

General procedure for the synthesis of pyrazole 

derivatives (2a-c) 

A mixture of compounds 1a-c (mmol) and 

hydrazine hydrate (15 mL) in ethanol was 

refluxed until the reaction was completed. The 

reaction was checked by TLC using (ethyl  

acetate : hexane, 3:1) and the reaction mixture 

was cooled at room temperature to obtain a solid 

colorless product 2a-c. Subsequently, the 

precipitate was filtered and recrystallized with 

ethanol and dried. 

4-(imidazo[4,5-b]indol-2-yl)-1H-pyrazole-3,5-

diamine 2a, pale yellow crystals, yield 72%,  

m.p. 160-162°C. IR (KBr, cm-1): 3491-3229 

(NH2), 3236 (NH), 1620 (C=N) cm-1. 1H NMR: δ 

4.93 (s, 4H, 2 NH2), 7.20-7.41 (m, 4H, C6H4), 

9.85 (s, H, NH) ppm. 13C NMR: δ 124.81, 128.26, 

131.44, 133.23, 150.19, 151.14, 152.17, 164.51, 

165.55, 170.22 ppm. MS (ESI): m/z 251.25 (M+). 

Anal. calcd. for: (C12H9N7: C, 57.37; H, 3.61;  

N, 39.02. Found: C, 57.42; H, 3.64; N, 39.13.  

3-amino-1,2-dihydro-4-(imidazo[4,5-b]indol-2-

yl)pyrazol-5-one 2b, reddish crystals, yield 74%, 

m.p. 177-179°C. IR (KBr, cm-1): 3924-3134 

(NH2), 3231 (NH), 1679 (C=O), 1619 (C=N) cm-1. 
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1H NMR: δ 7.24-7.48 (m, 4H, C6H4), 9.34 (s, H, 

NH), 9.86 (s, H, NH) ppm. 13C NMR: δ 123.24, 

125.16, 128.41, 131.22, 133.35, 150.36, 164.55, 

166.33, 172. 78 ppm. MS (ESI): m/z 252.23 (M+). 

Anal. calcd. for: C12H8N6O: C, 57.14; H, 3.20;  

N, 33.32. Found: C, 57.19; H, 3.25; N, 33.39.   

1,2-dihydro-4-(imidazo[4,5-b]indol-2-yl)-5-

methylpyrazol-3-one 2c, green crystals, yield 

68%, m.p. 140-142°C. IR (KBr, cm-1): 3230 

(NH), 1676 (C=O), 1616 (C=N) cm-1. 1H NMR: δ 

2.35 (s, 3H, CH3), 7.21-7.43 (m, 4H, C6H4), 9.87 

(s, H, NH), 10.02 (s, H, NH) ppm. 13C NMR: δ 

18.21, 97.51, 123.22, 125.37, 128.42, 131.19, 

133.31, 144.32, 150.41, 166.25, 167.22 ppm.  

MS (ESI): m/z 251.24 (M+). Anal. calcd. for: 

(C13H9N5O: C, 62.15; H, 3.61; N, 27.87. Found: 

C, 62.19; H, 3.67; N, 27.93. 

General procedure for the synthesis of 

compounds (3a-c) 

A mixture of compounds 1a-c (1 mmol) 

and phenylhydrazine (15 mL) in 

ethanol/triethylamine was refluxed and the 

progress of the reaction was monitored by TLC 

using ethyl acetate: hexane (3:1). After 

completion of the reaction, the contents were 

cooled at room temperature, and the solid thus 

obtained was filtered and washed with ethanol 

and dried. 

3,2-(5-methyl-1-phenyl-1H-pyrazol-4-

yl)imidazo[4,5-b]indole 3a, brown crystals, yield 

65%, m.p. 135-137°C; IR (KBr, cm-1): 3431-3156 

(NH2), 1679 (C=O), 1624 (C=N) cm-1. 1H NMR: δ 

6.86 (s, 4H, 2NH2), 7.20-7.36 (m, 9H, C6H4, 

C6H5) ppm. 13C NMR: δ 123.31, 125.31, 127.25, 

128.21, 128.33, 130.41, 131.17, 133.23, 140.21, 

140.44, 150.32, 159.16, 170.26 ppm. MS (ESI): 

m/z 327.34 (M+). Anal. calcd. C18H13N7: C, 66.04; 

H, 4.00; N, 29.95. Found: C, 66.09; H, 4.07;  

N, 30.01. 

3-amino-1,2-dihydro-4-(imidazo[4,5-b]indol-2-

yl)-2-phenylpyrazol-5-one 3b, orange  

crystals, yield 70%, m.p. 150-152°C, IR (KBr, 

cm-1): 3431-3156 (NH2), 3213 (NH),  

1679 (C=O), 1624 (C=N) cm-1. 1H NMR: δ  

6.86 (s, 2H, NH2), 7.20-7.36 (m, 9H, C6H4, C6H5),  

9.23 (s, 2H, NH2) ppm. 13C NMR: δ 75.28, 

113.24, 120.11, 120.55, 123.22, 125.36, 128.23, 

129.42, 130.15, 131.33, 133.12, 136.41, 150.44, 

164.27, 166.37 ppm. MS (ESI): m/z 278.27(M+). 

Anal. calcd. (C18H12N6O; 328.33): C, 65.85; H, 

3.68; N, 25.60. Found C, 65.60; H, 3.71; N, 25.64. 

2-(5-methyl-1-phenyl-1H-pyrazol-4-

yl)imidazo[4,5-b]indole 3c, reddish brown 

crystals, yield 60%, m.p. 125-127°C; IR (KBr, 

cm-1): 3420-3256 (NH2), 3203 (NH), 1673 (C=O), 

1618 (C=N) cm-1. 1H NMR: δ 4.86 (s, 4H, 2NH2), 

7.20-7.36 (m, 9H, C6H4, C6H5), 10.35 (s, 2H, 

NH2) ppm. 13C NMR: δ 77.26, 113.33, 114.25, 

117.46, 119.29, 126.46, 130.44, 131.36, 131.42, 

144.13, 146.52, 155.32, 156.28, 164.17 ppm.  

MS (ESI): m/z 311.34 (M+). Anal. calcd. 

C19H13N5: C, 73.30; H, 4.21; N, 22.49. Found:  

C, 73.36; H, 4.26; N, 22.53. 

General procedure for the synthesis of 4a, 4b, 

5a, 5b, 6a and 6b 

A mixture of compounds 1a-c (0.1 mmol), 

trimethylamine (few drops), and urea or thiourea 

(0.1 mmol) in ethanol (15 mL) was refluxed for  

8 h. After the reaction was completed, the mixture 

was concentrated and the obtained solid was 

collected by filtration and recrystallized from 

ethanol. 

4,6-diamino-5-(imidazo[4,5-b]indol-2-

yl)pyrimidin-2(1H)-one 4a, yellow crystals, yield 

60%, m.p. 215-217°C; IR (KBr, cm-1):  

3420-3256 (NH2), 3203 (NH), 1673 (C=O), 1618 

(C=N) cm-1. 1H NMR: δ 4.86 (s, 4H, 2NH2),  

7.23-7.52 (m, 4H, C6H4), 10.35 (s, 2H, NH2) ppm. 
13C NMR: δ 123.22, 128.33, 131.32, 133.34, 

150.24, 162.23, 164.47, 167.31, 167.51 ppm.  

MS (ESI): m/z 278.27(M+). Anal. calcd. for 

C13H9N7O: C, 55.97; H, 3.28; N, 35.15. Found:  

C, 55.91; H, 3.25; N, 35.11. 

4,6-diamino-5-(imidazo[4,5-b]indol-2-

yl)pyrimidine-2-thiol 4b, white crystals, yield 

64%, m.p. 225-227°C; IR (KBr, cm-1):  

3432-3234 (NH2), 3221 (NH), 1678 (C=O),  

1623 (C=N) cm-1. 1H NMR: δ 5.32 (s, 4H, 2NH2),  

7.03-7.58 (m, 4H, C6H4), 10.35 (s, H, NH) ppm. 
13C NMR: δ 123.44, 125.27, 128.41, 131.33, 

133.19, 150.31, 167.32, 175.26, 182.41 ppm.  

MS (ESI): m/z 295.32 (M+). Anal. calcd. for 

C13H9N7S: C, 52.87; H, 3.07; N, 33.20; S, 10.86. 

Found: C, 52.89; H, 3.08; N, 33.24; S, 10.90. 

4-amino-5-(imidazo[4,5-b]indol-2-yl)pyrimidin-

2(1H)-one 5a, pale yellow crystals, yield 66%, 

m.p. 234-236°C; IR (KBr, cm-1): 3370-3172 

(NH2), 3150 (NH), 1676 (C=O), 1620 (C=N).  
1H NMR: δ 5.36 (s, 2H, NH2), 7.15-7.32 (m, 4H, 

C6H4), 9.78 (s, H, NH) ppm. 13C NMR: δ 99.33, 

123.23, 125.22, 127.32, 133.31, 131.51, 133.35, 

150.21, 157.44, 164.41, 167.23, 167.32 ppm.  

MS (ESI): m/z 264.24 (M+). Anal. calcd. for 

C13H8N6O: C, 59.09; H, 3.05; N, 31.80. Found: C, 

59.21; H, 3.07; N, 31.84. 

4-amino-5-(imidazo[4,5-b]indol-2-yl)pyrimidine-

2(1H)-thione 5b, greenish crystals, yield 69%, 

m.p. 242-244°C; IR (KBr, cm-1): 3437-3233 

(NH2), 3130 (NH), 1682 (C=O), 1619 (C=N), 

1334 (C=S) cm-1. 1H NMR: δ 5.02 (s, 2H, NH2), 

6.98 -7.21 (m, 4H, C6H4), 10.09 (s, H, NH) ppm. 
13C NMR: δ 123.21, 125.22, 128.14, 133.33, 

107 



N.A.A. Elkanzi et al. / Chem. J. Mold., 2019, 14(2), 105-116 

 

150.42, 146.11, 165.36, 168.51, 181.24 ppm.  

MS (ESI): m/z 280.31 (M+). Anal. calcd. for 

C13H8N6S: C, 55.70; H, 2.88; N, 29.98; S, 11.44. 

Found: C, 55.75; H, 2.92; N, 30.02; S, 11.47. 

5-(imidazo[4,5-b]indol-2-yl)-6-methylpyrimidine-

2,4(1H,3H)-dione 6a, greenish yellow crystals, 

yield 59%, m.p. 190-192°C; IR (KBr, cm-1): 3239 

(NH), 1673 (C=O), 1617 (C=N) cm-1. 1H NMR: δ 

7.03-7.58 (m, 4H, C6H4), 9.68 (s, H, NH2), 10.06 

(s, H, NH) ppm. 13C NMR: δ 128.33, 131.42, 

132.17, 134.14, 150.22, 152.15, 153.12, 163.33, 

165.17 ppm. MS (ESI): m/z279.25 (M+). Anal. 

calcd. for C14H9N5O2: C, 60.21; H, 3.25; N, 25.08. 

Found: C, 60.26; H, 3.31; N, 25.19. 

2,3-dihydro-5-(imidazo[4,5-b]indol-2-yl)-6-

methyl-2-thioxopyrimidin-4(1H)-one 6b, reddish 

brown crystals, yield 63%, m.p. 170-172°C.  

IR (KBr, cm-1): 3231 (NH), 1665 (C=O), 1612 

(C=N), 1336 (C=S) cm-1. 1H NMR: δ 7.03-7.58 

(m, 4H, C6H4), 9.32 (s, H, NH), 10.01 (s, H, NH) 

ppm 13C NMR: δ 15.28, 123.41, 128.34, 131.16, 

133.22, 150.29, 165.33, 167.36, 172.55, 175.46 

ppm. MS (ESI): m/z 295.32 (M+). Anal. calcd. for 

C14H9N5OS: C, 56.94; H, 3.07; N, 23.71; S, 10.86. 

Found: C, 57.04; H, 3.19; N, 23.79; S, 10.92.  

General procedure for the synthesis of 

compounds 7, 8 and 9 

A mixture of compounds 1a-c (10 mmol), 

guanidine hydrochloride (12.0 mmol), anhydrous 

K2CO3 (15.0 mmol), and absolute ethanol  

(20 mL) was heated and refluxed for 7 h. After 

cooling, the mixture was poured into ice water 

and neutralized with acetic acid. A solid product 

formed was filtered off and recrystallized from 

EtOH to afford the corresponding compounds 7, 8 

and 9 with good yields.  

5-(imidazo[4,5-b]indol-2-yl)pyrimidine-2,4,6-

triamine 7, orange crystals, yield 73%,  

m.p. 286-288°C; IR (KBr, cm-1): 3450-3250 

(NH2), 3200 (NH), 1626 (C=N) cm-1. 1H NMR: δ 

4.75 (s, 4H, 2NH2), 5.35 (s, 2H, NH2), 7.01 -7.33 

(m, 4H, C6H4) ppm. 13C NMR: δ 107.27, 113.25, 

117.55, 119.48, 131.22, 132.34, 156.33, 

167.38ppm. MS (ESI): m/z 278.27(M+). Anal. 

calcd. for C13H10N8: C, 56.11; H, 3.62; N, 40.27. 

Found C, 56.21; H, 3.66; N, 40.32.  

5-(imidazo[4,5-b]indol-2-yl)pyrimidine-2,4-

diamine 8, deep brown, yield 67%, m.p. 246-

247°C; IR (KBr, cm-1): 3362-3252 (NH2), 3150 

(NH), 1680 (C=O) cm-1. 1H NMR: δ 4.32 (s, 2H, 

NH2), 5.62 (s, 2H, NH2), 7.02 -7.32 (m, 4H, 

C6H4), 9.32 (s, 1H, NH) ppm. 13C NMR: δ 99.33, 

125.33, 125.66, 128.27, 128.32, 131.44, 133.12, 

150.17, 157.47, 165.55, 170. 11 ppm. MS (ESI): 

m/z 263.26 (M+). Anal. calcd. for C13H9N7: C, 

59.31; H, 3.45; N, 37.24. Found: C, 59.37;  

H, 3.82; N, 37.29. 

5-(imidazo[4,5-b]indol-2-yl)-4-methylpyrimidin-

2-amine 9, red crystals, yield 77%,  

m.p. 254-256°C; IR (KBr, cm-1): 3392-3235 

(NH2), 1612 (C=N) cm-1. 1H NMR: δ 4.83 (s, H, 

NH2), 6.96-7.02 (m, 4H, C6H4) ppm. 13C NMR: δ 

113.35, 123.14, 125.44, 128.26, 131.22, 133.11, 

150.15, 157.55, 166.45 ppm. MS (ESI):  

m/z 262.27 (M+).  Anal. calcd. for C14H10N6:  

C, 64.11; H, 3.84; N, 32.04. Found: C, 64.17;  

H, 3.89; N, 32.15. 

Antimicrobial activity assays 

Antimicrobial activity (antibacterial and 

antifungal) of the tested samples was checked out 

according to a modified Kirby–Bauer disk 

diffusion method [31]. Briefly, 100 μL of each 

test bacteria/fungi were grown in 10 mL of  

fresh media until reaching a count of nearly  

108 cells/mL for bacteria and 105 cells/mL for 

fungi. Subsequently, 100 µL of the microbial 

suspension was spread out onto Mueller–Hinton 

agar plates corresponding to the broth in which 

they were maintained. Plates impregnated with 

filamentous fungi like Aspergillus flavus at 25°C 

for 48 h; gram-positive bacteria as Staphylococcus 

aureus, Bacillus subtilis; gram-negative bacteria 

as Escherichia coli, Pseudomonas aeuroginosa 

were incubated at 35-37°C for 24-48 h and yeast 

as Candida albicans was incubated at 30°C for a 

period varying between 24 and 48 h. 

Subsequently, the diameters of the inhibition zone 

were measured in millimeters. The standard disk 

of ampicillin (antibacterial agent), amphotericin B 

(an antifungal agent), served as a positive control 

for antimicrobial activity and filter disks 

impregnated with 10 μL of solvent (distilled 

water, chloroform, and DMSO) were used as a 

negative control. All experiments were repeated 

and carried out in triplicate in the case of a 

significant difference in the results and mean 

values were reported. The mean inhibition zone 

diameters were measured in mm/mg sample. 

 

Results and discussion 

Structure determination 

The novel pyrazole, imidazole, and 

pyrimidine derivatives were synthesized 

according to the regioselective attack that 

occurred on the cyano group present in  

2-(imidazo[4,5-b]indol-2(4H)-ylidene) derivatives 

1a,b. Refluxing of 1a-c derivatives with 

hydrazine hydrate or phenyl hydrazine in the 

presence of ethanol gave pyrazole compounds 

derivatives 2a-c and 3a-c (Schemes 1 and 2).  
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These reactions involve 1,2-dinucleophile 

cyclization on CN moiety in compounds 1a-c and 

concomitant aromatization in the presence of 

hydrazine and ethanol under reflux. 

All reactions were prepared with 

satisfactory yields varying from 68% to 74% and 

the obtained products 2a-c were confirmed by 

spectral data including IR, 1H and 13C NMR. The 

IR spectra of 4-(imidazo[4,5-b]indol-2-yl)-1H-

pyrazole-3,5-diamine 2a showed the characteristic 

NH2 amine absorption bands in the  

3421-3257 cm-1 range and the absence of 

absorption bands corresponding to the cyano 

group. 1H NMR spectrum of compound 2a 

displayed two different broad signals concentrated 

at 10.29, 13.25 ppm and attributed to NH2 and NH 

groups. Furthermore, the 13C NMR spectrum of 

this compound showed signals at 146.25 ppm 

related to CH=N and further signals appeared in 

the regular regions were mentioned in the 

experimental data. 

The reaction between ethyl 2-cyano-2-

(imidazo[4,5-b]indol-2(4H)-ylidene)acetate 1b 

and hydrazine hydrate in ethanol was carried out 

under reflux and gave compound 3-amino-1,2-

dihydro-4-(imidazo[4,5-b]indol-2-yl)pyrazol-5-

one 2b. The data obtained from the IR spectrum 

of compound 2b confirmed the presence of an 

absorption band at 1687 cm-1 ascribed to C=O. Its 
1H NMR spectrum showed a signal at 9.45 ppm 

corresponding to NH and a singlet signal peak at 

2.35 ppm for (CH3).   

 

 
 

Scheme 1. Synthetic routes for the compounds 2a-c. 
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In this study, 1,2-dihydro-4-(imidazo[4,5-

b]indol-2-yl)-5-methylpyrazol-3-one 2c was 

prepared by reaction of diethyl  

2-(imidazo[4,5-b]indol-2(4H)-ylidene) malonate 

1c with hydrazine hydrate in ethanol under reflux. 

Its IR spectrum showed the characteristic 

absorption band of (C=O) at 1673 cm-1 and 

another absorption band at 3421, 3232 cm-1 

correspondings to NH2 group. The 1H NMR 

spectrum of compound 2c exhibited two singlets; 

the first appeared at 8.25 ppm and the second at 

11.25 ppm. Another singlet peak was observed at 

4.27 ppm, and assigned to NH2 group. The data 

further ascertain the chemical structures of the 

synthesized compounds. 

As an extension of our work that aims to 

obtain novel 2-(imidazole)[4-b] indole derivatives 

possessing different substituents with significant 

bioactive properties, additional experiments were 

conducted by reacting compounds 1a-c with 

adequate amount of phenylhydrazine in ethanol 

under reflux to yield compounds 3a-c as 

presented in (Scheme 2). IR spectrum of 

compound 3,2-(5-methyl-1-phenyl-1H-pyrazol-4-

yl)imidazo[4,5-b]indole 3a showed the 

characteristic absorption bands due to the NH2 

stretching. The corresponding 1H NMR spectrum 

showed a multiplet at δ 7.20-7.36 ppm due to 

aromatic protons of phenyl ring (C6H5). The IR 

spectrum of compound 3-amino-1,2-dihydro-4-

(imidazo[4,5-b]indol-2-yl)-2-phenylpyrazol-5-one 

3b showed absorption at 3431-3156 cm-1, which 

is due to the NH stretching vibrations. The 

observed bands at 1679 and 1624 cm-1 were 

attributed to C=O and C=N respectively. The 1H 

NMR spectrum of compound 3b showed a 

multiplet at δ 7.20-7.36 due to the phenyl ring and 

singlets at 6.86 and 9.23 ppm related to NH2. 
 

 
Scheme 2. Synthetic routes for the compounds 3a-c. 

 

110 



N.A.A. Elkanzi et al. / Chem. J. Mold., 2019, 14(2), 105-116 

 

The appearance of bands between 3420-

3256 (NH2), 3203 (NH), 1673 (C=O) and 1618 

(C=N) cm-1 in the IR spectrum; a multiplet at δ 

value 7.20-7.36 ppm for phenyl ring support the 

formation of 2-(5-methyl-1-phenyl-1H-pyrazol-4-

yl)imidazo[4,5-b]indole 3c. Compounds 1a-c 

were subjected to condensation reactions with 

urea and thiourea under reflux to give pyrimidine 

derivatives 4a,b, 5a,b and 6a,b as shown in 

(Scheme 3). The chemical structures of these 

compounds were confirmed by spectral data (see 

experimental section). The IR spectrum of all 

compounds displayed the characteristic absorption 

bands of C=C and C=N stretching frequencies at 

1475 and 1620 cm-1 corresponding to pyrimidine 

moiety. The absorption of C=O at 1673 cm-1 was 

observed in the IR spectrum of compound 4a. The 
1H NMR spectrum of compounds 4a,b displayed 

a multiplet at δ value 7.20-7.36 ppm for C6H4, two 

singlets at 10.35 and 4.86 ppm for NH2 groups. 

Moreover, the 1H NMR spectrum of compounds 

5a,b exhibited two singlets for each NH of 

pyrimidine ring in the range of 11.25 and  

9.26 ppm. The IR spectrum of compounds 8a,b 

revealed the presence of absorption bands at  

1673 cm-1 due to (C=O). The absence of the CN 

group in compounds 6a,b (IR spectrum) and the 

singlet at 7.23 ppm related to NH2 (1H NMR) 

ascertain their formation.  

 

 
Scheme 3. Synthetic routes for the compounds 4a,b, 5a,b and 6a,b. 
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In this work, another procedure was 

adopted to design novel substituted pyrimidines 

having imidazo[4,5-b]indol moiety (Scheme 4). 

For this purpose, compounds 1a-c were treated 

with guanidine hydrochloride anhydrous K2CO3 in 

ethanol (20 mL) under reflux to give novel 

pyrimidine derivatives 7-9. All spectral data 

confirmed the formation of these compounds.  
1H NMR spectrum of compounds 7-9 displayed 

three singlets in different positions ranging  

from 4.83 to 5.62 for NH2 groups. Compound 9 

showed a singlet peak at 2.36 ppm for CH3  

group and a singlet peak at 4.25 ppm 

corresponding to NH2.  

Antimicrobial activity assays 
Antibacterial activity 

After successful synthesis and elucidation 

of the chemical structures of the newly 

synthesized compounds, the in vitro screening for 

their antibacterial activity against Bacillus 

subtilis, Staphylococcus aureus, Escherichia coli, 

and Pseudomonas aeruginosa bacteria was 

performed. The obtained results are presented in 

Table 1. Structure-activity relationship (SAR) 

studies allowed a better understanding of the 

relationship between the chemical structure of the 

synthesized compounds and their corresponding 

biological activity against the tested bacteria.  
 

 

 

 
Scheme 4. Synthetic routes for the compounds 7-9. 
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Most of the synthesized compounds 

displayed moderate to good activities and the 

SARs of these compounds were discussed. 

Among these compounds, compounds 2b and 3b 

showed comparable efficacy as ampicillin against 

Bacillus subtilis strains (d= 25 mm/mg sample). 

Firstly, the introduction of carbonyl group on the 

5-position of pyrazole moiety of compound 2b 

and phenylpyrazole moiety of compound 3b 

afforded more potent antibacterial activities 

against the tested strains than compounds 2a,c and 

3a,c containing amino and methyl groups on the 

5-position (Table 1, Figure 1). Meanwhile, the 

relationship between various substituents on the 

5-position of pyrazole ring were investigated, the 

presence of electro-donating groups such as 

amino 2a and methyl 2c showed lower activities 

against the bacterial strains compared to 

compound 2b having a carbonyl withdrawing 

group in 5-position of the pyrazole ring.  

Secondly, compounds 4a and 5a with C=O 

group on the 2-position of pyrimidine moiety 

exhibited higher activity against Bacillus subtilis, 

Staphylococcus aureus, Escherichia coli and 

Pseudomonas aeruginosa bacteria strains 

compared to compounds 4b and 5b containing 

C=S group on the 2-position. The substitution of 

amino groups on 4-position in compounds 4a,b, 

and 5a,b with a carbonyl group in 6a,b improved 

the antibacterial activity against Bacillus subtilis, 

Escherichia coli and Pseudomonas aeruginosa 

bacteria. It is also noteworthy to indicate that 

compound 6a bearing a carbonyl group on  

2-position of pyrimidine ring exhibited higher 

antibacterial properties against Bacillus subtilis, 

Staphylococcus aureus and Escherichia coli 

strains than compound 6b possessing a thiol 

(C=S) group on the same position. 

These finding ascertain that the presence of 

more withdrawing groups on the 5-position of 

pyrazole moiety 2b, 3b and on 2-position of 

pyrimidine ring 4a, 5a and 6a of the synthesized 

compounds enhanced their antibacterial activities 

against the tested bacterial strains. Compound 9 

exhibited better antibacterial activity against 

Escherichia coli, this finding was assigned to the 

absence of electro-donating amino group on  

6-position and to the presence of methyl  

group in 6-position of the pyrimidine ring. 

Furthermore, compound 7 exhibited higher 

antibacterial activity against Bacillus subtilis 

compared to 8 and 9. 
 

 

 

Table 1 

Antibacterial activity of the synthesized compounds. 

 

 
 
 

 

 

 

Sample 

Bacterial strains 

Gram-positive Gram-negative 

Bacillus  

subtilis 

Staphylococcus  

aureus 

Escherichia 

coli 

Pseudomonas 

aeruginosa 

Mean inhibition zone diameter (mm/mg sample) (n=3) 

1a 15 14 14 12 

1b 13 12 14 11 

1c 12 13 13 11 

2a 18 15 15 13 

2b 25 19 18 15 

2c 19 14 15 15 

3a 18 17 14 16 

3b 25 18 14 15 

3c 19 15 13 12 

4a 17 15 12 11 

4b 

5a 

5b 

6a 

6b 

7 

8 

9 

16 

15 

14 

18 

12 

19 

17 

16 

14 

13 

13 

15 

11 

14 

14 

14 

13 

13 

11 

13 

10 

13 

12 

15 

15 

14 

13 

12 

12 

16 

14 

13 

Control (DMSO) 0 0 0 0 

Ampicillin 27 23 25 26 
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Antifungal activity  

Antifungal properties of the synthesized 

compounds were tested against Aspergillus flavus 

and Candida albicans fungi using the standard 

Amphotericin B antifungal agent. The obtained 

results are summarized in Table 2. Antifungal 

data of targeted compounds have obviously 

shown that distinct electronic varieties are 

responsible for wide spectrum activity.  
 

Table 2 

Antifungal activity of the synthesized compounds. 

Sample 

Fungi 

Aspergillus 

flavus 

Candida  

albicans 

Mean inhibition zone diameter 

(mm/mg sample) (n=3) 

Control (DMSO) 0 0 

Amphotericin B 15 19 

1a 12 15 

1b 11 15 

1c 10 12 

2a 14 13 

2b 14 15 

2c 12 10 

3a 13 17 

3b 16 18 

3c 12 17 

4a 13 16 

4b 14 17 

5a 13 14 

5b 11 12 

6a 13 15 

6b 12 11 

7 15 18 

8 13 14 

9 14 18 

 

 

Compounds 3b, 4b, 7 and 9 displayed 

similar antifungal activities as that of standard 

Amphotericin B against Candida albicans and 

Aspergillus flavus fungi. Compound 3b afforded 

more important antifungal activity against the 

tested fungi compared to compounds 3a and 3c, 

this finding was attributed to the presence of the 

carbonyl withdrawing group on the 5-position of 

the phenylpyrazole moiety of compound 3b.  

On the other hand, the antifungal activity of 

compound 4b against Candida albicans was 

associated with the presence of the C=S group on 

the 2-position of the pyrimidine ring. SARs 

studies also indicated that the introduction of the 

electron releasing groups such as amino  

(2,4,6-position) in compound 7 and methyl (4-

position) in compound 9 enhanced their antifungal 

activity against Candida albicans fungi. 

 

Conclusions 

In this study, novel pyrazole, imidazole, 

pyrimidine derivatives bearing imidazo[4,5-

b]indol moiety were successfully synthesized and 

their chemical structures were identified and 

confirmed by different spectral techniques. All the 

synthesized compounds were assessed for their 

antibacterial activities against four bacterial 

strains (Bacillus subtilis, Staphylococcus aureus, 

Escherichia coli, and Pseudomonas aeruginosa) 

and antifungal activities against two fungi 

(Aspergillus flavus and Candida albicans).  

Structure-activity relationship studies 

revealed that the introduction of the electron-

withdrawing group contributes substantially to the 

antibacterial activity of the synthesized 

compounds. It was interesting to note that the 

compounds bearing a carbonyl group on  

5-position of pyrazole moiety 2b, phenylpyrazole 

moiety 3b displayed outstanding antibacterial 

activity against Bacillus subtilis bacteria and are 

almost similar to the Ampicillin standard. 

Furthermore, the presence of carbonyl group in  

2-position of the pyrimidine ring of compounds 

4a, 5a and 6a has significantly improved their 

antibacterial activity against Bacillus subtilis 

bacteria and the other tested bacterial strains.  

The antifungal studies indicated that 

compounds 3b, 4b, 7 and 9 displayed comparable 

antifungal activity to that of standard 

Amphotericin B against Candida albicans and 

Aspergillus flavus fungi. Structure-activity 

relationship studies indicated that the presence of 

electrodonating groups such as amino  

(2,4,6-position) in compound 7 and methyl  

(4-position) in compound 9 enhanced their 

antifungal activity against Candida albicans 

fungi. These synthesized compounds could find 

fruitful applications as antibacterial and antifungal 

agents in pharmaceutical chemistry and additional 

studies are currently conducted by our group to 

evaluate their anti-inflammatory and anti-cancer 

activity. 
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Abstract. The Vitex agnus-castus leaves extract has been used for green synthesis of silver 

nanoparticles. The effect of the temperature on both silver ions reduction and silver nanoparticles 

formation was investigated. It was found that fast reduction of silver ions occurs even at 40C, while 

effective synthesis of silver nanoparticles requires elevated temperatures of 60-80C. It is concluded 

that the extract contains both strong reducing and effective stabilizing agents that provide rapid 

reduction of silver ions and hinder the fast particles growth, respectively. 
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Introduction 

Many plant extracts are known to contain 

significant amounts of reducing agents and are 

widely used in cosmetic, pharmaceutical and food 

industries. Recently, the possibility to use plant 

extracts in the processes of green chemistry, in 

particular, in the synthesis of metal nanoparticles 

(NPs), has attracted a great attention [1]. The 

advantages of green synthesis of metal 

nanoparticles as compared to traditional chemical 

methods are the mild synthesis conditions, low 

cost, simplicity, the absence of toxic reagents and 

by-products. Metal cations, in the green 

processes, may be reduced by the extract 

components such as flavonoids, phenolic acids, 

terpenoids, monosaccharides, and other 

compounds with reducing properties [2,3]. Many 

of these substances, as well as amino acids and 

proteins, may also form an organic coating on 

NPs surface and thus stabilize the colloidal 

particles [3,4]. Due to the absence of toxic 

components, such colloids may be used for 

biological and medical purposes [5-7].  

Various plant leaves extracts are used in the 

green synthesis of metal NPs. For example, silver 

nanoparticles (AgNPs) colloids were successfully 

obtained using the extracts from the leaves of 

Carica papaya [8], Murraya koenigii [9], 

Morinda tinctoria [10], Pinus desiflora, Diopyros 

kaki, Ginko biloba [11]. Stevia rebaudiana and 

Magnolia kobus leaves extracts were also very 

effective reactants for the synthesis of AgNPs 

[5,11,12]. The literature [13] and our preliminary 

results suggest that the Vitex genus leaves extracts 

contain large amounts of bioactive compounds 

(phenols, terpenoids, monosaccharides, etc.), 

possess high reducing properties and significant 

activity in green synthesis of AgNPs.  

The aim of this study was to continue the 

investigation of Vitex extract use in the synthesis 

of AgNPs and to examine the effect of 

temperature on the reduction of silver ions and on 

the growth of silver nanoparticles. 

 

Experimental 

Materials 

All reagents were obtained from 

commercial sources (Merck, Germany) and used 

without further purification. 

Vitex agnus-castus leaves were used to 

prepare the extract for green synthesis of AgNPs. 

The active compounds were extracted using 

ethanol solution (70%), the dried leaves to 

extractant ratio was 1 g/100 mL. 

Methods 

For the synthesis of AgNPs, a volume of  

1 mL of Vitex extract was added to 9 mL of 1 mM 

AgNO3 aqueous solution, then Vitex extract + 

AgNO3 reaction mixture was stirred for various 

periods of time at temperatures of 40-80C. The 

formation of AgNPs was monitored by measuring 

the intensity of the surface plasmon resonance 

band in the UV-Vis spectra of the colloids.  

Before registering the UV-Vis spectra, the 
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solutions maintained at 80C were diluted  

by 6 times. 

The concentration of the remaining free 

Ag+ ions in the solutions was determined 

according to the procedure described elsewhere 

[14]. A volume of 1 mL of tested solution was 

placed into volumetric flask, already containing  

1 mL of 10-1 M EDTA disodium salt solution,  

1 mL of 10-3 M 1,10-phenanthroline solution,  

1 mL of 20% ammonium acetate solution and  

2 mL of 10-4 M bromopyrogallol red solution. The 

resulting solution was diluted to 50 mL with 

distilled water and the absorbance at maximum of 

about ~600 nm was measured against a blank, 

containing all of the above reagents except silver. 

To calculate the concentration of free Ag+ ions, a 

plot of absorbance against silver concentration 

was preliminary obtained using the fresh prepared 

AgNO3 solutions of various concentrations. 

UV-Vis spectra of all the solution and 

reaction mixtures were recorded in the  

220-800 nm wavelength range on a Perkin  

Elmer Lambda 35 UV-Vis double beam 

Spectrophotometer at 25C using a cuvette with 

path length of 10 mm.  

For transmission electron microscopy study 

(TEM), the colloidal solution was deposited on a 

carbon coated cupper grid and dried at ambient 

temperature. TEM images were obtained on a 

Zeiss Libra 120 instrument operated at 120 kV 

with resolution of 0.5 nm. 

 
Results and discussion 

Figure 1 gives the UV-Vis spectra for the 

Vitex extract + AgNO3 reaction mixture stirred at 

80C for 0.75-5 h. The absorbance band with the 

maximum at around 420 nm is due to AgNPs 

surface plasmon (SP) resonance, with the 

intensity of the band being dependent on the 

concentration of AgNPs in the solution. Figure 2 

gives the absorbance at the maximum of the band 

versus time of the reaction for the mixtures 

maintained at temperatures of 50-80C. Figure 2 

shows that, the changes in the intensity of the SP 

resonance band are strongly affected by the 

synthesis temperature. At 80C, the fast formation 

of AgNPs was observed, with the resonance 

absorption intensity being increased with the 

reaction time without saturation (Figures 1 and 2). 

For lower temperatures, a slower increase  

of the intensity of SP band in time was  

registered, showing a delayed particles growth 

(Figure 2, curves 1-3). 

The spectra corresponding to the mixture 

kept at 40C did not contain a pronounced signal 

in the region of ~400 nm even after 48 h of the 

reaction (Figure 3). 

 

 
Figure 1. UV-Vis spectra of the initial Vitex extract 

+ AgNO3 mixture (1) and of the mixtures stirred at 

80C during 0.75 (2), 1.5 (3), 3 (4) and 5 h (5). 
 

 
Figure 2. Absorbance at the maximum of SP 

resonance band in the UV-Vis spectra of  

the Vitex extract + AgNO3 mixtures versus time of 

the reaction at 50C (1), 60C (2),  

70C (3) and 80C (4). 
 

 
Figure 3. UV-Vis spectra of the initial  

Vitex extract + AgNO3 mixture (1),  

of the mixture, stirred at 40C during 48 h (2) and 

the difference between these two spectra (3). 
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Nevertheless, by subtracting the spectra of 

the initial Vitex extract + AgNO3 mixture from the 

spectra of the mixture, maintained at 40C during 

48 h, a very broad line with the maximum at 

about 400-420 nm is obtained with the full width 

at half maximum equivalent to ~1 eV. For small 

metal particles, the width of SP resonance peak is 

inversely proportional to the radius, thus the sizes 

of NPs responsible for the band registered at 40C 

may be estimated as smaller than 1 nm [15]. 

These are very small clusters/particles that may 

not possess sufficient stability [16]. While only 

slow formation of small clusters/particles occurs 

at 40C, the synthesis at 60-80C appears to be 

both more effective and more appropriate from 

the point of view of the colloidal properties. 

The results of the UV-Vis spectroscopic 

study given above are in agreement with TEM 

data. Figures 4 and 5 show TEM images of 

AgNPs formed in the reaction mixtures at 

temperatures of 40 and 80C, respectively. 

Both images reveal the presence of several 

sufficiently large particles/aggregates with a 

diameter of 10-20 nm (partially, these 

particles/aggregates may be formed during the 

colloidal solutions storage and during drying the 

samples before TEM observation). Beside these 

particles, the mixture prepared at 80C contains a 

large number of NPs of several nanometers in 

diameter (Figure 5). For the mixture prepared at 

40C, the registering of small NPs was 

unsuccessful (Figure 4): clusters/particles with 

diameters less than 1 nm, which are supposed to 

form at 40C, may be just indistinguishable in the 

image. 

Figure 6 shows the data on the content of 

free Ag+ ions in the mixtures versus time of the 

reaction. It was determined that no more than 

10% of Ag+ ions remain in the mixture in several 

minutes even at 40C (Figure 6, curve 1). Similar 

amounts of free Ag+ ions are registered in the 

mixtures kept at temperatures of 60 and 80C 

(Figure 6, curves 2,3). Thus, the reduction of 

silver ions is only slightly affected by the time 

and the temperature of the reaction. Nevertheless, 

as it was mentioned above, the intensity of SP 

resonance absorption band in the spectra of the 

colloidal solutions and, therefore, the quantity of 

AgNPs in the mixtures, strongly depend on the 

synthesis conditions.  

In general, the process of metal NPs 

formation includes several steps: reduction of 

metal precursor and formation of metal atoms 

(probably, coupled with the molecules of reducing 

agents), aggregation of such metal monomers in 

the dimmers and primary clusters/particles, 

growth of primary clusters/particles due to their 

coalescence or due to diffusion and absorption of 

metal monomers on the particles surface [3,16]. 

Depending on the synthesis conditions and the 

properties of reducing agents, the growth of metal 

NPs may occur through various mechanisms. In 

the case of mild reducing agent, the reduction of 

metal precursor occurs relatively slow and the 

process of NPs growth may be limited by this 

monomer-supplying reaction. 

 

 
Figure 4. TEM image of the Vitex extract + AgNO3 

mixture stirred at 40C during 24 h. 

 

 
Figure 5. TEM image of the Vitex extract + AgNO3 

mixture stirred at 80C during 5 h. 

 

 
Figure 6. The concentration of Ag+ ions in the Vitex 

extract + AgNO3 mixture versus time of the 

reaction at 40C (1), 60C (2) and 80C (3). 
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For the strong reducing agents, the 

reduction of metal ions and the formation of 

primary clusters/particles may take place almost 

immediately after the reagents mixing, and the 

following particles growth occurs mainly owing 

to coalescence of the clusters/particles. The 

kinetics of NPs growth in the coalescence process 

is determined by the ability of the particles to 

overcome the “aggregation barrier”, which 

originates from electrostatic repulsion of the 

electrical double layers formed on the charged 

particles surface. The additional factor hindering 

the particles aggregation is the presence of 

stabilizing agents, which absorb on the NP surface 

and provide their electrostatic and/or steric 

stabilization. 

The data on the concentration of Ag+ ions 

in the Vitex extract + AgNO3 mixture (Figure 6) 

suggests that the extract contains strong reducing 

agents, which ensure the rapid formation of metal 

monomers and primary clusters. The process of 

the AgNPs growth was found to be strongly 

temperature-dependent, and it is relatively slow as 

compared to the processes described elsewhere 

[16,17]. This assumes the involvement of the 

large molecules – the components of the extracts, 

which appear to form the organic coating on the 

particles surface thus hindering the particles 

growth. On the one hand, the existence of such a 

coating requires higher temperature for AgNPs 

growth; on the other hand, it ensures the stability 

of colloidal particles. Thus, Vitex agnus-castus 

extract seems to be a promising agent for the 

synthesis of stable colloidal AgNPs at elevated 

temperature; the resulting NPs do not contain 

toxic components and may be used for medical 

application. 

 

Conclusions 

In this paper, the effect of temperature on 

green synthesis of silver nanoparticles using the 

extract of Vitex agnus-castus is reported;  

the novelty of the work consists in the 

simultaneous study of the processes of silver 

nanoparticles (AgNPs) formation and silver ions 

reduction.  

Rapid reduction of silver ions was found to 

occur even at a relatively low temperature of 40C 

while the effective synthesis of AgNPs was 

registered only at 60-80C. The results obtained 

suggest that the extract contains both strong 

reducing and effective stabilizing agents. The 

extract can be a promising alternative in the 

synthesis of colloidal AgNPs, suitable for 

biological and medical applications. 
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