1

                   Coumarins and chromons. Tannins. Chemical structures, classification,       
                   physico-chemical properties, medical use
[bookmark: _GoBack]                 Coumarins are the compounds based on the bicyclic benzopyrane nucleus. As  flavonoids, coumarins are synthesized from hydroxycinnamic acids, they have chemical structural similarity with them, and usually accompany them in plants in different ratios, exerting a similar pharmacological effect. 
Coumarin is the lactone  derived from cis-ortho-hydroxycinnamic acid. 
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Cis-ortho-hydroxycinnamic acid		Coumarin

Coumarins are widely distributed in the plant world. Often 5-10 different coumarins are found in one plant. 
At present time the number of isolated and chemically studied coumarins exceeds 200 compounds. The following substituents such as hydroxy-, methoxy-, ester and glycosyl groups, as well as propyl residues with different degrees can be located in coumarin nucleus.  
The structure of natural coumarins contains the following main cycles, which ensure the diversity in these compounds due to the addition of side substituents to different positions: 
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Natural coumarins are divided into the following groups: 
Coumarin, dihydrocoumarin and glycoside of coumarin – melilotoside:
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Dihydrocoumarin

1.  Hydroxy-, methoxy- (alkoxy-) and methylendihydroxycoumarins 

а) Compounds with hydroxy or alkoxy groups in the benzene ring 
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Umbelliprenin

б) Compounds with hydroxy or alkoxy groups in the pyrone ring  
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Ferulenol

 с) Hydroxy- and methoxycoumarins alkylated  in the benzene or pyrone ring   
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Ammoresanol


2. Furocoumarins or coumarone-α-pyrones containing the substitutes in the benzene, furan or pyran rings  
a) Psoralen -derivatives  
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Xanthotoxin			Alloimperatorin		            Peucedanin

b) Angelicin-derivatives 
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4. Pyranocoumarins or chromeno-α-pyrones. They contain 2,2-dimethylpyrane nucleus, condensed with coumarin at C5-C6,  C7-C8 positions and have the substitutes in the  pyran, benzene or pyrone rings. 
a) Ksantiletin-derivatives 
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Luvangetin				            	Decursin


b) Cesalin-derivatives 
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c)  Chromenocoumarins of kellactone group 
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Lomatin							Selinidin

ç) 2',2'-dimethyl– (5',6':5,6) – coumarins;
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Alloxanthoxyletine 
5. 3,4-benzocoumarins. Benzyl ring is condensed with coumarin in 3,4 positions.  
6.  Coumarins containing benzofuran ring condensed with coumarin in 3,4 positions (coumestrol and oth.). 
               7. Some other more complex compounds which contain coumarin system (novobiocin and oth.). 
              Distribution, localization and biogenesis of coumarins in plant world.  
The simplest derivatives of coumarin and furocoumarin are often found in nature. In most cases they are present as aglycone or esters of organic acids (isovalerianic, tiglic, acetic, angelic and oth.).  They are very rarely found as glycosides.  The coumarin derivatives are characteristic for the plant families including Apiaceae, Rutaceae, Fabaceae, Moraceae and oth.  They accumulate in fruits, seeds, roots and have a role of plant hormones, inhibiting the growth during the seasonal dormancy.  Comarins vary in quantitive content from 0,2 to 10%. Dozens of coumarins have been isolated from plants. Coumarins do not dissolve in water, however glycosides dissolve well, this allows them to penetrate into water when the plants are infused and decocted. 
At present it is known that the formation of coumarins is based on the synthesis of shikimic acid through the prephenic acid with the formation of hydroxycinnamic acids.  The coumarin nucleus is formed after hydroxylation and lactonization (scheme). 

                                        Scheme. Biosynthesis of coumarins 
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Umbelliferone				Coumarin

The biosynthesis of furanocoumarins and pyranocoumarins has not yet been fully disclosed. 
Physico-chemical properties of coumarins. Coumarins occur in plants as aglycones sometimes – as glycosides.  The carbohydrate component is often represented by the glucose bonded to C-6,7 or 8 of coumarin nucleus. Aglycones are soluble in chloroform, diethyl ether, ethanol, fixed oils and fats. Coumarins are usually insoluble in water. The glycosides of coumarins dissolve in aqueous-alcoholic solutions and insoluble in non-polar solvents.  Isolated individual components are crystalline, colorless or slightly resinous yellowish substances. Some coumarins exhibit sublimation on heating to 1000 C and they settle down on the walls of test-tube as needle shaped crystals.    
The stability of the lactone ring is characteristic for coumarins, which is not opened even with prolonged boiling in water. Coumarins don’t react with acids and ammonia. One of characteristic features of coumarins as lactones is its specific relationship to alkaline.  Yellow salts of coumaric acid are formed under the action of alkalis.  When the alkaline solutions are acidified the cis-ortho-hydroxycinnamic acid is cyclised with the coumarine formation (lactone probe). 
Most coumarins exhibit fluorescence in UV-light in neutral alcohol, alkaline solutions and concentrated sulfuric acid in visible regions of the spectrum. Especially  umbelliferone derivatives have a bright-blue fluorescence. The fluorescence is more intensive in alkaline medium, durinig the acidification the fluorescence becomes less intense and the character of fluorescence changes. 
Characteristic frequencies are observed on the electronic absorption spectra of coumarins. In the region above 200 nm, there are two absorption bands, respectively, 210-270 and 290-350 nm.  The characteristic nature of these absorption spectra is due to the presence of chromophore, which includes the conjugated a-pyrone and benzyl ring.  Coumarins have characteristic absorption spectra in the IR region.  In coumarins, as in a-pyrones, the bands of stretching vibrations of the carbonyl group lie at 1750-1700 cm-1, in addition, the coumarins show strong absorption bands at  1620-1470 cm-1, due to the vibrations of the aromatic double bonds.  
In recent years along with UV and IR spectroscopy, NMR spectra have acquired enormous importance for the analysis of coumarins. NMR spectroscopy as other physical research methods is used for the structural-chemical proposes and based on the correspondence between spectra and structure of known reference sample. The analysis of spectra enables to determine the replacement of coumarin nucleus. 
Mass-spectra arise due to the dissociative ionization by electron bombardment. In the electron bombardment of chemical compounds with energy sufficient to ionize these compounds, molecular ions are observed in the spectra. As the electron energy increases, the degree of ionization increases and molecular ions acquire excess energy, they can form fragment ions. Mass spectroscopy is used for quantitative and qualitative analysis and for the determination of the structure of organic compounds. It is identified, that molecular ion is not produced in all coumarins. Mass-spectra of coumarins is characterised by an intense molecular ion peak (M +), as well as peaks M + = 28 and M + = 2-28, which corresponds to a single and double loss of CO. 
Isolation of coumarins from plant material. The following organic solvents are used for the isolation of coumarins with different structure and properties from plant material: ethanol, methanol, chloroform, methylenchloride, diethyl ether, petroleum ether.  Aglycones can be separated from the mixture by the non-polar solvents (chloroform, benzene, various ethers). 
The most exhaustive extraction of coumarins (in the free form and as glycosides) is achieved with ethanol.  The thick extract obtained after alcohol distillation is successively treated with chloroform, ethyl ether, etc. 
In some cases the plant material is preliminarily treated with petroleum ether. Then it is treated with chloroform, ethanol and methanol. 
The material is often preliminarily purified from lipophilic substances by ether, and then the coumarins are extracted with chloroform. Coumarins as low-polar unsaturated compounds are well adsorbed by hydrophilic sorbents. That’s why oxide aluminium, silicagel, rarely poliamide and sephadexes are used for the purification and separation of coumarin mixture into individual components. 
In order to purify the coumarins from the accompanying substances, a concentrated extract from the plant material is often treated with a 0.5% KOH aqueous solution to remove acidic and phenolic compounds. Then the extract is treated with 5% aqueous-alcoholic KOH solution during 1/2—1 hour.  In this case the coumarins produce the coumaric salts.  At the same time other reactions occur: hydrolysis of fats and other esters.  Constituents of the extract (sterols, alcohols, hydrocarbons, etc.) are removed by treatment with ethyl ether of an alkaline solution diluted 6-8 times with water. Aqueous-alkaline solution is acidified with the dilute HCl.  The organic acids release, and the present coumaric acids  pass into coumarins with the splitting off of water elements. The mixture of acids and coumarins is isolated with ethyl ether, reiterating.  Acidic components from the lactone fraction can be removed by adding dropwise 0.5% aqueous alkaline to the solution.  Acid components pass into the alkaline solution, but the neutral coumaris being a more stable in alkaline solution are remained in ethyl ether. In described method of coumarin isolation it is difficult to avoid some splitting of coumarins. That’s why the chromatographic techniques are widely used for the purification of coumarins from accompanying substances and isolation of individual compounds. Aluminium oxide and silicagel are used as sorbents for the chromatography of coumarins. Coumarins are eluted from the chromatographic column by the mixture of petroleum ether and chloroform, benzene, the mixture of benzene and ethylacetate, the mixture of benzene and methanol (in different ratios) and oth. Volatile oils, steroids, glycerides and triterpenes are usually obtained in the first fractions, then the coumarins are obtained. Coumarins are detected by the fluorescence in UV-light on chromatographic column and in eluates.  Paper and thin layer chromatography enable to determine the homogeneity of eluate, obtained by the column chromatography, which detects even small amount of impurities.  
Qualitative reaction on coumarins. Their lactone properties such as the ability to fluoesce under UV-light, give coloured solutions with diazo-compounds, microsublimation are used for the detection of coumarins in plant material. 
Diazotized sulfanilic acid, n-nitroanilin and sulfanilamide are usually used as the reagents.  The interaction products of coumarins with these reagents have a stable colour.  According to the structure of a coumarin derivative and diazoreagent the colour can change from orange to red-brown. However this reaction is not specific for the coumarins, because other phenolic compounds also give this reaction. 
Chromatographic analysis of coumarins. Thin layer chromatography is widely used for the analysis of coumarins. Chromatography is carried out in thin layer of aluminium oxide or silicagel. A good separation of coumarins in a thin layer was achieved using the following solvent systems: ethylacete - benzene (1: 2); chloroform-petroleum ether (1: 2).  As a mobile phase is used hexane, diethyl ether or chloroform in combination with more polar solvent that allow separating coumarins in the mixture. Standard system for separation of aglycones is an organic phase of mixture of toluol and ether (1:1), saturated with 10% solution of 10% acetic acid, and for glycosides is used mixture of ethylacetate: acetic acid: water (100:11:11:26) 
Due to the poor solubility of coumarins in aqueous and better in nonpolar phases, their separation is carried out by partition chromatography on impregnated paper. Benzene, petroleum ether (boiling temperature 60-100 C), the mixture petroleum ether-benzene-methanol (5:4:1) are used as a mobile phase; 20% aqueous solution of ethylene glycol or propylene glycol, 10% formamide in methanol – as stationary phase. As a rule, the stationary phase is pre-saturated with chromatographic paper. Descending chromatography is carried out for 1.5-2 hours. After drying chromatograms are viewed under UV-light.  Coumarins give blue, purple, green color fluorescence depending on the structure. The fluorescent spots of coumarins are noted and the chromatograms are treated with alkaline. Then they are dried in oven at 1200 C and they are again viewed under UV-light. As a rule, fluorescence is enhanced. Then the chromatogram is treated with diazotized sulfanilamide, from which the colour of coumarins turns into orange, red-orange, purple according to the structure.  In some cases after the chromatogram is viewed under UV-light, it is sprayed with Dragendorff’s reagent or iodine.  Coumarins appear as brown spots. The development of coumarins on the chromatograms is carried out in the same way as in the development of paper chromatograms. 
Quantitative determination of coumarins. There is no  single method for the quantitative determination of coumarins in plant material. Titrimetric, gravimetric, polarographic, spectrophotometric, chromatospectrophotometric, fluorometric methods have been developed. 
One or other specific property of coumarin is taken into account for the quantitative determination of coumarins.  The ability of the coumarin lactone ring to reversibly open and close, depending on the pH of the medium, is used in the gravimetric method of coumarin determination  in plant  materials. The specific relationship of coumarins to alkaline is based on the neutralization method (back titration), which is used both to determine the sum of coumarins, and individual components. The ability of coumarins give a red-orange or dark-red solutions with diazotized sulfanilamide in alkaline medium is used in colorimetric methods for quantitative determination of the sum of coumarins and individual components.   Fluorescnece in UV-light in visible region is based on the fluorimetric methods for the qunatitative determination of coumarins. 
Spectrophotomoetric methods are used for the quantitative determination of coumarins. The change in the optical density of coumarin solutions at maximum wavelength is taken into account in this method. Quantitative determination of coumarins is also carried out by the polarographic method. 
The variety of quantitative methods in material allows us to make the right choice of a method for the analysis of plant materials, taking into account the structure of coumarins. 
Analysis of coumarins. 
Coumarin derivatives have an ability to fluoresce in filtered UV-light. According to the nature of fluorescence there are furocoumarins and simple coumarins. Microsublimation is one of the detection methods of coumarins in medicinal plant material. The plant material being heating up to 1000 C some coumarins sublimate as needle shaped crystalls. The feature of coumarins as lactone compounds is their specific relationship to alklaine. 
Plant materials is grinded to the size of particles passing through a sieve with 3 mm in diameter apertures. 3 g of plant material is placed in a flask with a 100 ml, 30 ml of 95% alcohol is added and heated in a boiling water bath under reflux for 20 minutes. The hot  extract is filtered and add dropwise a solution of 10% lead acetate with constant stirring. Most phenolic substances, which have the ability to azo-coupling, are precipitated. The hot filtrate is transferred to a paper filter, the precipitate of lead salts is separated and the residue is washed with 3 ml of alcohol. 5 ml of water is added to the cooled filtrate. 
For further purification, the filtrate is placed in a 100 ml separatory funnel, 20 ml of chloroform is added and shaken. The bottom chloroform layer is separated, the chloroform is distilled off under vacuum, and the residue in the flask is dissolved in 6 ml of a 95% alcohol. This solution is used for the further study. 
1. Lactone probe. 2 ml of extract is added in a test-tube and 5 drops of 10% alcohol solution of potassium hydroxide is added and heated in boiling water bath for 5 min (the solution becomes yellow in the presence of coumarins).  The content of test tube is cooled, 2 ml of purified water is added, mixed and 10% solution of hydrochloric acid is added to form acid medium (lacmus). 
Turbidity or precipitate formation indicates the possible presence of coumarins in material. 
Coumarins under the alkaline conditions form yellow solution of coumaric acid salts (coumarinates). When the alkaline solutions are acidified, the cis-ortho-hydroxycinnamic (coumaric) acid is cyclized with the coumarin formation. 
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2.  Reaction with diazoreagent in alkaline medium. 5 drops of 10% alcohol solution of potassium hydroxide is added to 2 ml alcohol extract and heated in boiling water bath during 3-5 min. Then 5 drops of fresh diazotized sulfanilic acid is added. The solution becomes brown-red or cherry-red colour in  the presence of coumarins. 
The reaction is based on the ability of coumarins to form coloured products with aromatic aminoderivatives.  
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However this reaction is only characteristic for pure coumarins. This reaction is not specific for the extractions isolated from material, that’s why along with coumarins other phenolic compounds give this reaction

3. The identification of coumarins by TLC. The following solvents are used for the isolation of coumarins from plant material: ethanol, chloroform, methylene chloride, diethyl ether, ethyl ether of acetic acid.. In some cases, coumarins are isolated by crystallization from evaporated solutions, and then purified by repeated recrystallization.
The alcoholic (assignment) and standard solutions of coumarins are applied by a capillary to the start line of a plate covered with a silica gel layer. The plate is air dried during 5 min, then it is placed in a chamber with the mixture of hexane-acetone (8:2) or benzene-ethylacetate (2:1) and ascending chromatography is carried out. According to the structure, coumarins have green, bright-blue, greenish-blue or purple fluorescence in UV-light, which enhances in the presence of  alkaline (usually chromatogram is withdrawed in ammonia vapour).  
The spots and colour of coumarin’s fluorescence are noted on the plate by pencil. Chromatograms are sprayed with 10% alcoholic solution of potassium (or sodium hydroxide), dried in oven at 110-1200 C during 2-3 min. Then it is sprayed with fresh solution of diazotized sulfanilic acid. The bright red to purple spots are revelaed on the chromatograms in the presence of coumarins in the extract. 
Column chromatography is also used for the separation of the mixture of coumarins into individual substances. 
Quantative determination. of coumarins is carried out by titrimetric, polarographic, spectrophotometric, fluorimetric and oth.methods taken into account its chemical structure. 

                     Medico-biological significance of coumarins.  
       Coumarins are characterized with photosynthetizing (Fructus Psoraleae, Fructus Ammi majoris, Folia Ficusi carici), anti-spasmodic (Fructus Pastinacae, roots of Phlojodicarpus sibiricus and mountain parsley, P-vitamin (Semina Hippocastani) activity for coumarins are specific for coumarinsSome coumarins and furocoumarins exert the bacteriostatic and anti-fungal action. As individual substances coumarins possess anticoagulant (dicoumarol), amtimicrobic (umbelliferone), estrogenic (coumestrols of clover), antitumour  (ostol) action. Some coumarins have insecticidal action.   Coumarins with aminoalkyl substituets stimulate CNS.   Coumarins and furocoumarins are toxic for mollusk and fish. Pure coumarins have narcotic action on rabbites, hypotensive and sedative action on mice.  It is a poisonous for sheep, dogs and horses. 
Three main sides of pharmacological action of coumarins:
1.Photosensitizing effect. Photosensitizing effect is more typical for furocoumarins (psoralen, angelicin, imperatorin and etc.). This action is associated with increased sensitivity of the skin to UV rays, to enhanced production of melanin-dark pigments in the basal layer of the epidermis (in melanoblasts). Melanin is produced by the oxidation of the amino acids- tyrosine followed by polymerization. Furocoumarins have a direct influence on the melanin synthesis, it is very likely that it occurs in self-oxidation of tyrosine, and enhances the reaction in  sufficient degree. 
There is no relation between furocoumarins and the carcinogenic action of UV rays on the skin. The most photosensitizing effect is observed in furocoumarins containing in psoralea, ammi majus and hogweed, the  extracts are made from them for oral and topical application ("Psoralen", "Beroxan", "Pastinacin", etc.) are made. Furocoumarins used locally for irradiation with ultraviolet rays (oral use gives an unreliable result) depigmented parts of the skin (with vitiligo disease). Ultraviolet rays enhance the melanin synthesis. The second area of their application is nested alopecia. Here you can only hope for the pigmentation of the hair.
2. Anticoagulant effect. Anticoagulant effect is optimal only for hydroxycoumarins, especially for representatives, the hydroxyl groups of the pyran ring are located in 4 position. Therefore, the presence of coumarins in medicinal plant material does not imply that they exert an anticoagulant effect. 
This discovery became a reason for  appearance of anticoagulants of direct and indirect action. Medicinal plants contain small amounts of dicoumarins, and  large amounts of coumarins and, an anticoagulant effect is obtained in prolonged storage by slow oxidation. It is very difficult to predict the anticoagulant degree. Therefore, the administration of synthetic and most accurate dose drugs is recommended. When infusions from medicinal plants containing coumarins are prescribed with strict dose medicinal preparations, strict control of blood clotting and prothrombin index in laboratory conditions should be carried out. 
The mechanism of anticoagulant action of hydroxycoumarins is associated with a competitive antagonism to  vitamin K and disrupts the synthesis of VII, X, IX and II coagulation factors in hepatocytes. Hypocoagulation begins with a latent period with a duration of 2-3 or more (depending on the dose). Although the anticoagulant effect of the herb of the melilot, common wormwood, absinthe wormwood, flowers, fruits and trunk of horse chestnut is weak, but sufficiently safe. But it is very difficult to predict anticoagulant effect from a quantitative point of view.   In different plant species, they are very important in varicose veins, prone to thrombophlebitis, atherosclerosis of the arteries of the lower extremities, as well as coronary and cerebral vessels. The administration of these plants to patients who are predisposed to potential bleeding with other medical purposes is undesirable. 
3.  Anti-spasmodic action. Anti-spasmodic action is mainly specific for furocoumarin and pyranocoumarins. In this case, they often exceed the flavonoids that accompany in plant.  Khellin, khellol, visnagin, pastinacin are the most active furocoumarins; visnadin, samidin, dihydrosamidin and oth. – pyranocoumarins.  Parnship, ammi visnaga, peucedanum,  phlojodicarpus sibiricus and oth. are especially rich in coumarines with anti-spasmodic action.  
The pharmaceutical industry produces preparations containing coumarins and an extract of furocoumarins: Khellin, Avisan, Pastinacin, Floverin, and others. The maximal antispasmodic effect of these drugs is observed in coronary vessels, in a smaller amount in the cerebral arteries and extremities, in the minimal amount in the cavity organs (bronchial tubes, gastrointestinal tract, urinary and bile ducts). This is miotropic action in nature and mechanism of action has not been studied. The clinical effect of drugs in this group is small, therefore, in acute pathological conditions it is recommended to prescribe them with the most active pharmacological agents. They are effective in the initial stage of the disease, especially in phytospecies. 

                   
Natural chromones
The term "chromones" refers to compounds resulting from condensation of the -pyrone and benzene rings, i.e. they are derivatives of benzo--pyrone. 
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Chromone (5,6-benzo--pyrone)

The chromones are close to both flavonoids and coumarins according to their structure.  They rarely occur in nature. These compounds are encountered in the plants of Apiaceae and Myrtaceae families. At present there are more  than 50 derivatives of chromones.  
According to their structural features the natural chromones can be divided into the following groups: 
1. Simple chromones, containing oxy-, alkoxy-, alkyl- and hydroxymethyl alkyl radicale and their glycosides:  
а) substituted in the у-pyrone ring;
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b) substituted in the benzene ring 
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5,7-dihydroxychromone 		leptorumol

c) substituted in the benzene and γ-pyrone rings 
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2. Benzochromones with linear and angular structure:
    a) linear structure  (6,7-benzochromones);
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     b) angular structure (7,8-benzochromones)
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Eleuterinol          				Flavasperon


3. Furano-, dihydrofuranochromones and their glycosides:  (
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Khellol-glycoside

4. Pyranochromones
a) linear structure (6,7-pyranochromones);
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Gamaudol							Seseliriin

b) angular structure (7,8-pyranochromones).
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Сорбифол								Птерохроманол

5. Oxepynochromones of linear and angular structure: 
6. a) linear structure  (6,7-oxepynochromones)
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Karenin								Pteroglycol

b) angular structure (7,8-oxepynochromones).
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Physico-chemical properties of chromones. Chromones are crystalline substances soluble in organic solvents. Their glycosides are soluble in water and aqueous-alcoholic solutions. The following functional groups influence on the reactivity of chromones: phenolic hydroxyl, aldehyde or acetyl groups enter into their characteristic substitution reactions. Chromones have blue, greenish-yellow, yellow-brown fluorescence under UV-light.  Flavonoids and coumarins have such fluorescence.  Reaction with alkali allows distinguishing chromones from coumarins. Chromones form hydroxy-β-diketones. In these conditions the coumarins after acidification transfer into primary compounds i.e. the α-pyrone ring is recycled. The results of azo coupling allows distinguishing chromones from coumarins.  Chromones with diazo-reagents are not detected on chromatograms at all, but in solutions they become yellow-coloured. But the coumarins form a red colour.  In comparison to chromones flavonoids develop characteristic  colour with  zirconium salts, aluminum chloride, positive cyanidin test. 
Isolation of chromones from plant material. The extraction with chloroform, acetone, methanol or ethanol are used for the isolation of chromones from plant material. Furanochromones of ammi visnaga are extracted with boiling water.  Column chromatography and fractional crystallization are widely used for the purification of extracts (silicagel is as adsorbent).
Qualitative reactions and chromatographic detection of chromones.  Most chromons in filtered UV- light are characterized by yellow or greenish-yellow fluorescence, the intensity of which is usually enhanced by ammonia vapors or after spraying with alkaline alcoholic solution. 
Most flavonoids give greenish-yellow or yellow fluorescence in UV-light, however the characteristic reaction with 2% methanolic solution of zirconium chloride, with aluminium chloride, magnesium and concentrated hydrochloric acid and oth. allows distinguishing them from chromones. In contrast to flavonoids they dont produce the reaction with the mixture of boric and citric acids. 
The reaction with diazotized sulfanilic acid allows distinguishing chromones from coumarins. Chromones don’t produce coloured compounds with this reagent, characterized for coumarins. Adsorption bands allow distinguishing chromones from coumarins.  
Chromones are detected by microchemical reactions with mineral acids (sulfuric, hydrochloric, phosphoric) in plant material, as a result of these reactions chromones produce the characteristic lemon-yellow colour.  The reaction with concentrated caustic alkalis, with which chromones produce dark-red colour is also used for the detection of chromones in plant material. 
Paper, thin layer chromatography on aluminium oxide and silicagel are used for the detection and determination of purity and quality of chromones. Column chromatography is widely applied for the isolation and purification of natural chromones. 

Quantitative determination of chromones. Quantitative determination is developed individually for each medicinal plant material. Optical methods in combination with chromatographic separation are often used. 
Medico-biological properties of chromones.  
Natural derivatives of chromone have various biological properties. The greatest practical interest is their anti-spasmodic effect on the smooth muscle of the internal organs. The anti-spasmodic activity of chromones varies according to their structure.  The reference of anti-spasmodic activity of chromones is khellin. Khellin is used for the the relief of spasms of urinary tract, bronchospasms and chronic stenocardia. Glycosidation of furanochromones in 2 position contributes to loss the pharmacological activity. 
In addition to spasmolytic and coronary dilatation chromons have other biological properties; they can exert antibacterial, anticoagulant, antiallergic, stimulating, etc. action.
Derivatives of natural chromones are perspective compounds for the creation on their basis of highly effective drugs. 

Tannins, their chemical composition, general character and classificaiton. 
Tannins are high molecular weight polyphenols. Their name has developed historically due to the ability of these compounds to convert the raw animal hide into a leather, resistant to moisture and microorganisms. The word tannin derives from the Celtic word for oak tree  - “tan”.  
The concept of tannins combines a complex of plant polyphenols, tannins and flobafenes, genetically related to each other, possessing tanning and astringent properties. 
The term "tannins" was first used by the French researcher Segen in 1796 to refer to substances which are present in the extracts of some plants that are capable of carrying out the tanning process. 
Tanning and colouring leather occurs as a result of complex chemical interaction between phenolic groups of tannins and collagen. Multi-nucleus phenols containing more than one hydroxyl group per molecule have tanning properties. Degree of tanning depends on the tannin structure and orientation of tannin molecule to polypeptide chains of protein. In the flat arrangement of tannin on the protein molecule, stable hydrogen bonds are formed. 
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Strength of tannin-protein complex depends on the molecular weight of tannins (500-20 000). There are 1-2 phenolic hydroxygroups for 100 un. of molecular weight. That’s why the amount of formed hydrogen bonds is numerous and the tanning process is irreversible. Uninuclear phenols are located perpendicular to the protein molecule, causing the hydrotropic effect, which is irreversible. The term "tannins" is used in technical biochemistry and food industry, this term refers to low molecular weight polyphenolic compounds that do not possess astringent and tanning action. 
Tannins are widely used in the industry, the share of plant tannides is 50-60% of the total requirement for them. World production of tannides exceeds 1 500 000 tonnes/year. Such a high consumption of plant tannides creates the necessarity to introduce into the culture of tannin-containing plants. 
Tannins according to the products of pyrolysis at 180-2000C (without air) may be divided into two main groups: 1) pyrogallols (form pyrogallol) and pyrocathechins (pyrocathecin is formed) (Procter’s classification 1894). Later Freidenberg has clarified the Procter’s classification and recommended to sign the first group (pyrogallol tannins) as hydrolyzable tannins, and the second (pyrocatechin tannins) – condensed tannins. 
Most tannins of plants is impossible to refer to hydrolysable or condensed. Since these groups are not sharply demarcated in many cases. The mixture of both groups of tannins is often present in plants. 
At present Freidenberg’s classification is more often used: 
I. Hydrolyzable tannins: 1) gallotannins are the esters of gallic acid linked to a sugar;  2) non-sugar esters of phenolcarboxylic acids; 3) ellagitannins are esters of ellagic acid linked to a sugar. 
II. Condensed tannins: 1) flavanol derivatives; 2) flavandiol derivatives; 3) oxystilben deirvatives. 
Hydrolyzable tannins are the esters of phenolcarboxylic acids linked to a sugar, in acid or enzymatic hydrolysis they are disintegrated into simple components. 
Gallotannins are esters of gallic acid, the most important group of hydrolyzable tannins. Mono-, di-, tri-, tetra-, penta- and polygalloil esters are present. 
Nonsugar esters of gallic acid. In addition to gallic acids with sugars, the esters with quinone and hydroxycinnamic acids and flavanes are isolated. For example, amorphous polyhydroxyphenol – theogallin is found in green tea. 
Ellagitannins have more complex structure than gallotannins. Condensed tannins are not splitted by mineral acids, the red-brown coloured  products of condensation known as phlobaphenes are formed. 
Hydrolyzable tannins are compounds as a type of esters. The central link is often glucose, more rarely other sugars or alicyclic compounds, for example, quinic acid. Alcohol hydroxyls of central link (glucose) is linked to gallic (gallotannins), ellagic acid (ellagitannins), or their di-, tri- and pentagalloyl residues.  
Ether bonds are splitted during the heat of gallotannins in methanol.  (
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 (
C
O
O
H
O
H
O
H
C
O
O
H
O
H
O
H
O
)
Digallic acid

Ellagic acid is formed by  oxidation  of 2 molecules of gallic acid to hexahydroxydiphenic acid. Hexahydroxydiphenic acid is immediately converted into lactone – ellagic acid. 
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Chebulinic acid				Hexahydroxydiphenic acid

Ellagitannins have more complex structure than gallotannins. Chebulagic acid can be presented as an example.  
Gallotannins and ellagitannins are often present in plants at the same time. 
Condensed tannins. They are formed by the polymerization of catechins, leucoanthocyanidins and other reduced forms of flavonoids. Formation of condensed tannins occurs both in plant by biosynthesis and treatment of plant material. Usually in condensed tannin – containing plants there are precursors of tannins such as appropriate free catechins and leucoanthocyanidins. In some cases tannins are obtained by the oxidation of monomer derivatives during the boiling. 
As a result monomers are converted into the compounds with 3000-6000 molecular weight, producing the high quality tannin.  
In plants, according to K. Freidenberg (1933), oxidative polymerization of catechins occurs mainly in dead parts (bark, wood), but the condensation is also possible by the enzymes. 
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D-gallocatechins					Leucodelphinidin
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Dimeric compounds of gallocatechins and leucodelfinidin 
	
Mechanism of condensation especially by indiced synthesis of tannins significanlty depends on pH of the medium. Red-brown coloured polymers- phlobaphenes which are incredibly insoluble in cold water can be formed in strongly acidic medium. Dimeric compounds are mainly formed in neutral medium.  Oxidized condensation of catechins is based on the production of dimeric derivatives of tea catechins. Oxidized forms as teaflavins are formed from them. 
Distribution and biological role of tannins in plants 
Tannins are present in most plants but the highest number of tannin is detected in  Rosaceae, Salicaeae, Myrtaceae,  Geraniaceae, Plumbaginaceae, Tamaricaceae, Anacardiaceae, Fabaceae, Polygonaceae  and  Lamiaceae. The largest amount of tannins is present in the pathological formations of damaged leaves of Lusitanian oak and semi-winged dubagallas. Tannins are accumulated in different parts of the plants, their quantity and quality in plants depend on some biological factors (phenophase, age of plants and etc.). Tannins are found dissolved in plant cell and they are detected by the hystochemical reactions. For example, dark-brown precipitation is produced in cell cavity by 10%  potassium dichromate to plant cutting.  Most of the tannins in the leaves are in the parenchyma cells surrounding the vein and from there they flow into the phloem cells of the vascular bundles, from which they spread through whole plant. In stems, trunks and rhizomes tannins are localized in the parenchyma cells of the rays cells, and also are accumulated in the wood, and in mechanical tissues and cork tannins don’t  accumulate. 
The southern regions of the globe, as well as the flora of Azerbaijan, are rich in plants containing tannins (eg, oak, willow, chestnut bark, leaves of sumac and scrupe, pomegranate bark, mimosa fruits, Kermek roots, etc.).
Vegetable raw materials of the republic's flora and waste products of canning production are a source of production of tannins on an industrial scale. 
Tannins perform a variety of biological functions in the plant organism, but this is not completely revealed.
Physico-chemical properties of tannins. The molecular weight of tannins, able to convert raw hides into leather varies from 1000 to 20000.  Tannins are amorphous substances, which are able to form colloidal solutions, these solutions have an astringent taste and without odour. Tannins are soluble in water, alcohol, acetone, pyridine, butanol, ethylacetate and insoluble in chloroform, benzole, diethyl ether and other non-polar solvents. 
Low molecular weight phenols (pseudotannins or astrigent tannins) don’t interact with the protein of hides, but they have astringent taste and used in food industry and medicine. Numerous tannins are optically active and tend to be oxidized by air developing dark colour. Flobaphenes are oxidized condensed tannins. 
Catechins are colorless crystallizable compounds, readily soluble in water and organic solvents (alcohol, acetone and etc.). They are easily oxidized by heat and light.  Oxidation of catechins especially occurs in alkaline medium. And also by oxidized enzymes (polyphenoloxidase, peroxidase). Catechin molecule contains two assymetric carbon atoms (C2 and C3) and that’s why each of catechins can be presented by four isomers and 2 racemates. According to the configuration of ring B and hydroxyl group at C-3 there are (±)-catechins  and (±)-epicatechins.. Catechins are present in isomeric forms in plants, corresponding to (+)-catechin and (—)-epicatechin. The absorption maxima of catechins are in the UV-range at 270-280 nm. 
Leucoanthocyanidins are colorless amorphous compounds, they are oxidized easier than catechins. They are soluble in water, ethanol, acetone, worse soluble in ethyl acetat, insoluble in ethyl ether.  Leucoanthocyanidins contain three assymetric carbon atoms (Cs, С3, С4), and that’s why each leucoanthocyanidin can be presented as 8 isomers and 4 racemates. The absorption maxima of leucoanthocyanidins are in the UV-region at 270-280 nm. Lecuoanthocyanidins are converted into bright-coloured anthocyans on  heating with dilute acids
Tannins like other phenolic compounds produce coloured complexes with heavy metal salts. Condensed tannins give brownish-green colour with the solution of iron-ammonium alum, hydrolyzable – black-blue. 
Tannins react with diazonium compounds, the coloured products are produced. The reaction with vanillin ( bright-red colour is observed in the presence of concentrated hydrochloric or 70% sulfuric acid) is specific for them. 
Free ellagic acid can be identified with sodium nitrite and 3-4 drops of acetic acid, a red-violetcolour develops. Bound ellagic acid (or hexahydroxydiphenic) can be determined with sodium nitrite and hydrochloric or sulfuric acid. Develops red colour which becomes blue. 
Isolation of tannins from plant material. Tannins are the mixture of various polyphenols, which have a complex structure and very labile, that’s why isolation and analysis of individual components are very difficult. 
Tannins are generally extracted with a hot water from medicinal plant material. Plant material is preliminary extracted with organic solvents for the removal of lypohilic substances, and then ethanol is used for isolation of tannins. 
Tannin fractions are obtained during the isolation from plant material.  The extraction of plant material with organic solvents is used for this: material is treated with petroleum ether, benzyl or the mixture of benzyl – chloroform (1:1) to remove chlorophyll, terpenoids and lipids. Then it is extracted with ethyl ether, which isolated some phenolic compounds, such as hydroxycinnamic acids and catechins. After the extraction with ethylacetate is carried out, as a result leucoanthocyans, dimeric proanthocyanidins, ethers of hydroxycinnamic acids and etc. Pass into the extract. Finally the plant material is extracted with methanol or ethanol, most tannins and other phenolic compounds pass into the solution.  
The isolation of phenolic compounds and some components of tannins by the precipitation from aqueous or alcoholic-aqueous solutions by lead salts is widely distributed.  Precipitations are treated with dilute sulfuric acid. 
Total tannins are separated into individual components by the chromatography. 
Various types of chromatographic methods are used for isolation of individual components of tannins: 1) adsorption chromatography (on a cellulose, polyamide columns); 2) ion-exchange (on the column of cationits Dauex-50B in  H+ -form); 3) partition chromatography ( on a silicagel column); 4)  countercurrent distribution; 5) gel-filtration on the columns of Sephadex Q-50, Q-100 and etc.  
Identification of individual tannins is based on the chromatographic methods (paper and thin layer chromatography), spectral research, qualitative reactions and study of cleavage products. Chromatograms of tannins are viewed under UV-light and the character of fluorescence of adsorption zones are marked. Some derivatives of catechins have pale blue fluorescence, enhancing after the chromatograms are treated with ammonia vapor.  1% vanillin in concentrated hydrochloric acid is more often used for identification of catechins and leucoanthocyanidins and their derivatives. Leucoanthocyanidins can be differed from catechins by maintaining chromatograms in hydrochloric acid and heating at 105 C during 2 min. Leucoanthocyanidins are converted into anthocyanidins (pink, red-violet colour), but catechins remain colorless or give a yellow colour. UV, IR, NMR spectroscopy are used for more detailed identification of compounds. Hydrolysis (enzymatic with tannase), alkaline cleavage with the analysis of synthesized products are widely used for the study of tannin structure. 
Qualitative reactions on tannins. 
Qualitative reactions on tannins are divided into precipitation and coloured reactions. 
Common precipitation reactions: 
1. Tannins are precipitated by gelatin solution;
2. By alkaloid salts
3. By heavy metal salts
Distinctive precipitation reactions  
1.  With lead acetate in acetic acid hydrolysable tannins precipitate, and condensed stay in solution.
2.  Condensed tannins are precipitated with bromine water
3.  Condensed tannins are precipitated with formaldehyde in the prsence of concentrated hydrochloric acid. 
Colour reactions
1. With iron (III) salts.  Hydrolyzable tannins with iron (III) salts give dark-blue, but ocndensed tannins- dark-green colour.  
2. With sodium nitrite in acid medium.  Free ellagic acid can be identified with  crystallized sodium nitrite and acetic acid, a red-violet colour develops. Bound ellagic acid (hexahydroxydiphenic) can be determined with sodium nitrite and 0,1 N hydrochloric or sulfuric acid. Develops red colour which becomes blue. 
3.  With vanillin in acidic medium. Catechins produce red colour. 
Methods of detection, isolation and research of tannins and their use in medicine.  
Due to tannins are poorly soluble in cold water, temperature, time of swelling and extraction influence on their yield.  Tannin yield is significantly increased if the material is preliminary treated with ultrasound. 
In order to prevent rapid oxidation of aqueous extracts containing tannins, it is recommended to add ascorbic acid or sodium metabisulphite acid. 
The separation of tannins is carried out by factional extraciton, preparative chromatography on polyamide, and desorbtion of substances (purified from adsorbents) – by ethanol or aqueous solution of methanol. The column is pre-washed with water for the removal of amino acids, hydrocarbonates and other components soluble in water. Preparative chromatography on paper is sometimes used for the separation.  
Plant material is extracted with hot water for the detection of tannins and the appropriate qualitative reactions are carried out. A precipitate or cloudiness of the solution is formed during the interaction of tannins with gelatine solution, containing 10% sodium chloride solution. This reaction depends on pH of medium. Other phenolic compounds create difficulties for the detection of tannins by this reaction. Tannins form precipitates with alkaloids (caffeine, sparteine, sphaerophysin and oth.), and also with nitrogenous bases (procaine, dibasol, hexamethylentetramine and oth.), this reaction is used for their detection. 
Tannins with iron-ammonium alum, give blue-black colour (hydrolysable)  and brownish-green colour (condensed).  Hydrolyzable tannins with 10% solution of lead acetate precipitate  deposite flocculent precipitate. Condensed tannins with bromine water are precipitated.  
If the plant simultaneously contains both hydrolysable and condensed tannins, the hydrolyzed tannins are first precipitated with a 10% lead acetate solution, the precipitation is filtered off, and then the filtrate is reacted with a solution of iron ammonium alum. The black-green color indicates the presence of condensed tannins. 
On chromatograms in ultraviolet light, the gallocatechins are revealed as violet spots, which give a rapidly changing gray-blue fluorescence with ammonia vapor. Chromatograms can also be treated with an iron chloride solution, but in this case other phenols are also detected. Chromatograms can be treated with vanillin reagent (1% vanillin solution in concentrated hydrochloric acid).  
The structure of tannins is established by the complete and stage hydrolysis (acids, alkalines, enzymes), isolated the intermediate products. The isolation of acetyl and permethyl derivatives and also periodate oxidation are used for these purposes.  The structure is established by IR-, NMR- spectra, acetyl and other derivatives. 
The splitting by the specific enzyme –tannase – complex of esterase is used for the analysis of hydrolysable tannins. 
The quantitive determination of tannins creates the certain difficulties. Titration with permanganate potassium is usually used and indigosulfonic acid is applied as indicator.  Photometric methods based on the oxidation of tannins with Folin-Ciocalteu  reagent is also used. Quantitive determination with skin powder is often used in industry.  For this purpose, one part of the plant extract is dried to constant weight, and the other part is passed through a column filled with water-washed skin powder, tannins are isolated  and dried to constant weight. By the difference in the mass of these parts, the tannin content which are bonded with the skin powder is calculated. In recent years, high-liquid chromatography and combined chromatographic methods are widely used for the quantitive determination of tannins, especially for the quantitive determination of individual substances.  
The application of tannins in medicine 
Biological action and uses of tannins: 1) direct effects on cell membranes, enzymatic proteins and nucleic acids; 2) effect on metabolism of adrenaline, ascorbic acid, acetylcholine; 3) effect on the important systems of neurohumoral and neuroendocrine regulation;  4)  anti-inflammatory activity, associated with membrane densification and interaction with proteins, including enzymatic ones; 5) detoxication action; 6) antioxidant (inhibe free radicalmediated lipid oxidation); 7)astringent; 8) antimicrobial; 9) like all phenols, strengthen the capillaries, in addition, increase blood coagulability; 10) radioprotective action. 
Tannins are used as astringent and batericidal preparations in the treatment of inflammatory diseases of  mucous membranes of the mouth and throat in modern medicine.  Infusions and decoctions from this material containing tannins are used for these purposes. Hydrolyzable tannins possess soft astringent action, which is especially important as anti-inflammatory action on the mucous membranes. Tannins penetrate to intercellular spaces by diffusion and bond the proteins of enzymes causing the local inflammatory reactions. In large doses, the tannins exert anticancer activity, in medium doses - radiosensitizing, and in small doses - anti-radiation. In addition to medicine, tannins are used for tanning skin in the leather industry. In the production of wines tannins have an inhibitory effect on enzymes and microorganisms, thereby preventing the turbidity of the wines and improving their quality.  


