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In recent years, the chemistry of flavonoid glycosylation has undergone significant developments. This mini-review is devoted to summarizing existing strategies and methods for glycosylation of natural and synthetic flavonoids. Herein we overviewed the reaction conditions of flavonoid glycosylation depending on the position of hydroxyl groups in a parent molecule, the degree of it conjugation with the π-system, the presence of steric factors, the formation of intramolecular hydrogen bonds, etc. Especial attention was given to the choice of the glycosyl donor moiety, which has a significant effect on the yield of the final glycosidated products. Finally, a general strategy for regioselective glycosylation of flavonoids containing several hydroxyl groups is outlined.
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INTRODUCTION
Flavonoids are one of the most abundant of biological pigment classes, secondary metabolites that perform a wide variety of functions in plant and fungal organisms (Harborne and Baxter, 1999; Deveoglu and Karadag, 2019). The exact number of discovered and investigated flavonoids is currently unknown: various literature sources mention 500 (Havsteen, 1983) to 4,000 (Seigler, 1998; Harborne and Baxter, 1999) flavonoids of different structures and functions. This number is continuously growing so that some sources have recently reported more than 6,000 flavonoids (Stobiecki and Kachlicki, 2006). Common to all flavonoids is the presence of a chroman moiety, which has a substituted phenyl moiety at positions 2, 3, or 4, respectively. Depending on the position of the specified fragment, the presence or absence of a carbonyl group at the position 4 of the pyrane ring, a double bond between positions 2 and 3, as well as a positive charge, all flavonoids are divided into different classes (Havsteen, 1983; Harborne and Baxter, 1999; Panche et al., 2016). These classes may also include chalcones, which are precursors in the biosynthesis of the pigments, and aurones and coumestans that are often encountered as synthetic by-products (Hinderer and Seitz, 1988; Stobiecki and Kachlicki, 2006).
In plants, flavonoids are found in both aglycone and glycoside forms. However, the amount of glycosides significantly exceeds the number of glycoside-free forms (Hollman, 2004). Flavonol glycosides and aglycones perform various functions; in particular, they are responsible for UV photoprotection, reproduction, and internal regulation of plant cell physiology. Besides, they are scavengers of free radicals and contribute to the plant immune system (Falcone Ferreyra et al., 2012). No less diverse is the effect of flavonoids on other organisms. These compounds have the widest range of pharmacological effects and are natural pharmacological agents with significant therapeutic potential (Sridevi Sangeetha et al., 2016).
The usual way to study the structure or chemical analysis of flavonoids is their deglycosylation with subsequent determination of the structure or concentration of the aglycone component and the structure of the hydrocarbon moiety obtained as a result of hydrolysis (Pinheiro and Justino, 2012). However, this approach is hardly appropriate in the pharmaceutical chemistry of flavonoids. It is known that glycosides and aglycones exhibit different effects on organisms, and their therapeutic effect can differ significantly (Kumar and Pandey, 2013; Xiao, 2017; Alseekh et al., 2020). Moreover, currently there has been a need to solve the synthetic inverse problem - the creation of glycosides (at least O-glycosides) of new synthetic flavonoids and their heterocyclic derivatives with specific biological activity. Therefore, several studies are discussing methods for selective glycosylation of natural aglycones and the creation of new glycosides that are not encountered among natural analogues.
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It is also known that flavonols and their heteroaryl-analogues are promising fluorescent probes (Demchenko et al., 2002; Roshal et al., 2003; Lvovskaya et al., 2006). Glycosylation of flavonols makes it possible to obtain a new class of fluorescent probes - glycosides with different spectral properties and increased solubility in polar media. Therefore, the targets of new probes in biological objects will differ from those of aglycon probes.
Summarizing the above arguments, we can conclude that flavonoid glycosylation is a promising direction for creating new drugs and fluorescent probes. This mini-review is devoted to the analysis of existing strategies and methods for glycosylation of natural and synthetic flavonoids.
Below we provide brief information on the strategy of glycosylation of flavonols, as well as on available donors of the glycosyl group and the most common reactions of glycosylation of flavonolides. A detailed description of the mechanisms of glycosylation reactions can be found elsewhere (Jensen, 2002; Das and Mukhopadhyay, 2016). Specific examples of glycosylation reactions of flavonoids are given in the following studies (Sun et al., 2014; Huanji et al., 2019).
GENERAL STRATEGY FOR GLYCOSYLATION OF FLAVONOIDS
The large family of flavonoids includes compounds of entirely different chemical structures, with different reactivity and stability. This diversity leads to the fact that it is impossible to carry out a single standard glycosylation reaction for all compounds of the flavonoid family. Differences in the conditions of flavonoid glycosylation are mainly associated with the reactivity of hydroxyl groups due to their position in the molecule, the degree of conjugation with the π-system, the presence of steric factors, the formation of intramolecular hydrogen bonds, etc.
An essential factor that must be taken into account is the stability of flavonoids under the glycosylation reaction conditions. The process of direct glycosylation for some classes of flavonoids can lead to the destruction of the modified compounds. It should also be remembered that glycosylation is not limited to the attachment of the carbohydrate residue to the flavonoid part of the molecule, but is accompanied by the subsequent removal of the protective groups. This process can also lead to the partial destruction of some types of flavonoids (Needs and Williamson, 2001).
Considering the arguments mentioned above, it is clear that glycosylation of flavonoids cannot be a separate final stage in the production of glycosides. In some cases, it is closely intertwined with the synthesis of the flavonoid core itself.
At the first stage, various derivatives of 2-hydroxyacetophenone and benzaldehyde are condensed into the corresponding 2’-hydroxychalcone, which is the basic structure for further synthesis of flavonoids (Wagner and Farkas, 1975). Condensation can occur in both acidic and alkaline media, which in some cases makes it possible not to isolate chalcone, so that the flavonoid synthesis may be continued as a one-pot method in a wide pH range.
In the course of reactions in an acidic medium, the next stage is the cyclization of 2-hydroxychalcones into isomeric flavans, followed by oxidation into flavilium cations (Carbonneau et al., 2014). The anthocyanidins obtained in this way are extremely sensitive to the acidity of the medium and, when attempting to glycosylation, transform into an unstable tautomeric form capable of resinification. Obviously, in this case, glycosylation must be carried out at the stage of the initial products—benzaldehyde and acetophenone, or the intermediate product—2’-hydroxychalcone (Manna et al., 2019). This synthesis strategy is also applicable in the preparation of anthocyanidins from natural chalcones (Ngameni et al., 2008). In the synthesis of 5-hydroxyflavilium salts, acid condensation of phloroglucinol derivatives and benzoylacetone or benzoylpyruvic acid is used, bypassing the chalcone stage (Sweeny and Iacobucci, 1981). In this case, glycosylation is also desirable in the initial stages of the synthesis.
When carrying out the synthesis in an alkaline medium, chalcones in the presence of hydrogen peroxide are oxidized to α,β-epoxychalcones, which are subsequently recyclized into flavanonols, and then into flavonols (Algar–Flynn–Oyamada reaction) (Wang, 2010), as well as into aurones (Popova et al., 2019). Rearrangement of α,β-epoxychalcones into the corresponding formyldeoxybenzoins further leads to the formation of isoflavones (Szeja et al., 2017). Since reactions in an alkaline medium can lead to the hydrolysis of the acetyl protecting groups of the glycoside residue, the yield of the final glycoside will be minimal under such conditions. Therefore, when choosing the "alkaline" route for flavonoid synthesis, glycosylation should be carried out at the final stage of the synthesis, so that the obtained flavonoid is glycosidated directly.
As noted above, although some flavonoids successfully undergo direct glycosylation, the resulting glycosides can further decompose in alkaline media when the protective acetyl groups are removed. This reaction, for example, occurs in the case of isoflavones, which, upon alkaline deacylation, can partially decompose to deoxybenzoins (Needs and Williamson, 2001).
The earlier work found in the literature on the glycosylation of intermediates in the synthesis of flavonoids and the subsequent assembly of target compounds appears to be (Zemplén et al., 1943). The 4-(2”, 3”, 4”, 6”-tetra-O-acetyl)-O-β-D-glucopyranosyloxy flouracetophenone obtained in the first stage was further used to obtain glycosidated 2’-hydroxychalcone and, then, the corresponding flavanone.
As an example of an "acidic" version of the synthesis, which provides for the glycosylation of the starting products and the subsequent assembly of flavonoid glycosides, one can mention the work (Al Bittar et al., 2016). The authors obtained various anthocyanidin glycosides based on 2,4-dihydroxybenzaldehyde (1) and 3,4-dihydroxy-acetophenone (4) (Figure 1A). Glycosylation of hydroxyl groups in both compounds is regioselective and occurs only with the hydroxyl group in the para-position of the benzene ring. The hydrogen-bound ortho-hydroxyl group has a lower acidity, and, therefore, for its glycosylation more tight conditions are required. Glycosylation of compound 1 and subsequent condensation of the obtained glycoside 2 with acetophenone 4 in the presence of trimethylchlorosilane leads to the formation of 7-(2", 3", 4", 6"-tetra-O-acetyl)-O-β-D-glucopyranosyloxy-4′-hydroxyflavylium chloride 3, i.e. anthocyanidin glycosylated in position 7. If acetophenone 5 is glycosylated and condensed with benzaldehyde 1, the resulting product is anthocyanidin 6, glycosylated at position 4′ of the side phenyl fragment. Similar reactions take place when there are different substituents in molecules 1 and 4, which makes it possible to obtain glycosides of various synthetic flavilium salts. This work demonstrates another advantage of the glycosylation strategy at the stage of initial reagents - glycosidic groups are introduced into the required positions of the molecule before its final assembly, which ensures a high regioselectivity of the reaction. An interesting result was obtained by the same authors in the synthesis of anthocyanidin based on phloroglucylic aldehyde glycoside (Mora-Soumille et al., 2013). Condensation of the latter with 3,4-dihydroxy acetophenone leads to the production of two products with an O-β-D-glycosyl group not only in 7, but also in 5 positions of the flavilium moiety.
[image: Figure 1]FIGURE 1 | Three strategies of flavonoid glycosylation. (A)—glycosylation of starting reagents: anthocyanidine synthesis (regioselectivity of flavonoid synthesis is determined by glycosylation of one of the starting products). (B)—glycosylation of intermediate products: isoflavone synthesis (the regioselectivity of synthesis is determined by the direction of glycosylation of the intermediate). (C)—glycosylation of synthesis products: obtaining flavonol glucosides (the direction of glycosylation is regulated by the preliminary protection of certain hydroxyl groups of flavonol). FCHEM_fchem-09-637994_gs_fx1- β-D-glycosyl fragment with protected hydroxyl groups.
Examples of glycosylation of chalcones, intermediates in the synthesis of many flavonoids, are given in (Ngameni et al., 2008). In this work, the authors described the glycylation and aminoglycylation of natural 4-hydroxychalcone—lonchocarpin and flavan in equilibrium with it.
Natural isoflavones 8 and their synthetic analogs can also be glycosylated at an intermediate stage of the "assembly" of the molecule (Figure 1B). For example, a glycoside moiety can be incorporated into the corresponding deoxybenzoin 7 (Pivovarenko et al., 1988a; Pivovarenko et al., 1989) or α-aryloxy-2,4-dihydroxyacetophenones (Pivovarenko et al., 1988b). In Wei and Yu (2008), isoflavone glucoside is obtained by glycosylation of the corresponding hydroxychromone followed by the introduction of a side benzene ring at position 3 of the chromone moiety.
At intermediate stages of flavonoid synthesis, it is possible to combine glycosylation with chemical modification of intermediate products, which makes it possible to obtain glycosides of a more complex chemical structure. For example, based on the cyclization reaction of azides with alkyne derivatives of chalcones, their triazole derivatives are obtained (Kant et al., 2016). The use of the azide group 2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl azide as a donor in the presence of CuSO4 and sodium ascorbate allows to obtain promising anti-cancer drugs—glucosides of triazole derivatives, in which the glycoside fragment is attached to heterocycle (Kant et al., 2016).
Most often, the glycosylation reaction is the last stage of the synthesis, when one or more glycosidic groups are condensed with the earlier-obtained aglycone (Figure 1C). As already noted, this strategy is used in the "alkaline" synthesis of flavonoids. Since the glycosylation of flavonoid aglycones is the most common reaction, it will be discussed in detail in the following sections.
DONORS OF GLYCOSIDIC GROUPS
Although the nature of flavonoids plays an essential role in the choice of the conditions for glycosylation and the strategy for the synthesis of glycosides in general, the choice of the donor of the glycosyl group has a significant effect on the yield of the final products. The most successful and widespread is the use of the glucosyl residue 2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl bromide as a donor. The latter is synthesized by the method (Jeremias et al., 1948), and it is commercially available. Other halogen derivatives are less commonly used for glycosylation (Das and Mukhopadhyay, 2016; Arai et al., 2017). In works Li et al. (2008b), Yang et al. (2010), glucosyl o-hexynyl benzoates were used to obtain flavonoid glycosides in high yields.
In Hörhammer et al. (1966), the dependence of the yield of the glycosylation reaction of the flavonols, quercetin and isorhamnetin was investigated depending on the nature of the glycosyl residues. In particular, acetylated β-D-glycosyl bromides were used as monosaccharides with residues of glucose, galactose, xylose, rhamnose, and disaccharides - rutinose and cellobiose. It turned out that the yields of glycosides are in the range from ∼55% (for galactoside and rutinoside) up to ∼70–80% (for glucoside), while in the case of rhamnoside, the reaction yields do not exceed 1%. Similar studies, but using a different synthesis method, were carried out in (Demetzos et al., 1990). The yields for all glucosides ranged from 40–60%, with the exception of rhamnoside—not more than 10%. In addition, the formation of rhamnoside was accompanied by a loss of stereospecificity. Following the method proposed by (Hörhammer et al., 1966), the authors suggested that the problems with the synthesis of rhamnosides are due to the trans relationship between the activated Br and the participating CH3COO group in position 2. This is confirmed by the fact that the isomeric α-D-glucopyranosyl bromide is characterized by higher yields of the glycosylation reaction (Backinowsky et al., 1980). Studies of the influence of the type of glycosyl group on the glycosylation reactions of a series of synthetic flavonols are also described in (Li et al., 2008b). According to the data presented, glucosides and galactosides (57–77%) are formed with the highest yields, and xylosides and arabinosides (24–54%) with lower yields.
Also, in the synthesis of glycosides of flavonoids, oxidized forms are used, particularly bromides and chlorides of esters of glucuronic acid (Needs and Williamson, 2001; Reszka et al., 2020), as well as 2-acetamido-2-deoxy glucosides (Ngameni et al., 2008; Cao et al., 2018; Reszka et al., 2020). It should be noted that acetamides form final products with a higher yield than other donors of glycosidic groups—from 70–80% (Hörhammer et al., 1966) up to 92% (Reszka et al., 2020), respectively. The use of 2-acetamido-2-deoxy glucosides and glucuronides allows further chemical modification of glycosidic residues after removing the protective groups.
It is known that in the process of glycosylation reactions, glycoside residues undergo significant chemical transformations and form a large number of by-products (Christensen et al., 2015). Therefore, all hydroxyl groups of glycosides, the carboxyl group of the glucuronic residue, or the 2-amino group in amino sugars are previously protected. The classic method for protecting glycosidic residues in their acetylation. In addition, for the selective removal of protective groups at the end of glycosylation of flavonoids, some hydroxyl groups in glycosides are benzylated (Maloney and Hecht, 2005) or benzoylated (Li et al., 2008a; Yang et al., 2010).
Despite the presence of protective groups, some of the glycosyl bromides undergo hydrolysis, which is why the glycosylation reaction in some cases must be carried out in additionally dehydrated solvents and the presence of a water adsorbent, for example, molecular sieves (Needs and Williamson, 2001; Smith et al., 2006; Mei et al., 2015). Moreover, some authors note the appearance in the reaction mixture of side products—glycals (Needs and Williamson, 2001; Reszka et al., 2020).
FLAVONOID GLYCOSYLATION REACTIONS
For the glycosylation of flavonoids, a variety of four main methods are used, some of which were developed from the late 30s to the early 50s of the last century.
The first method, most likely, should be considered the one described in the work of S.-I. Fujitse and S. Mitsui (Fujise and Mitui, 1938) the Koenigs–Knorr reaction (Koenigs and Knorr, 1901) adapted to flavonoids, in which, instead of the acceptor of bromine atoms, Ag2CO3, activated Ag2O was used (Figure 2). The reaction between the flavanone derivatives and 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide was carried out in a mixture of quinoline and benzene. In later works, glycosylation was carried out in pure quinoline (Zemplén et al., 1943), pyridine (Hörhammer et al., 1966), chloroform with the addition of a desiccant (Maloney and Hecht, 2005; Smith et al., 2006), and freshly distilled dichloromethane (Mei et al., 2015). The reaction has been used to glycosylate flavanones, chalcones, and flavonols, respectively. The reaction yield usually ranges from 30% up to 70%, depending on the nature of the glycosylated flavonoid.
[image: Figure 2]FIGURE 2 | Main pathways of flavonoid synthesis.
Attempts to obtain flavonol glycosides using the classical Köning-Knorr reaction in the presence of Ag2CO3 failed (Needs and Williamson, 2001; Mei et al., 2015). The glycosylation of isoflavones in dichloromethane in the presence of Ag2CO3, collidine, and a desiccant made it possible to obtain the final product with a yield of 10% in the presence of significant amounts of a by-product, glycal (Needs and Williamson, 2001; Cao et al., 2018). Attempts to use SrCO3 or AgNO3 salts in the presence of pyridine and quinoline as acceptors of bromine ions also turned out to be unsuccessful or unreproducible (Li et al., 2006; Wang and Zhang, 2011).
Another method, which has been used in flavonoid chemistry since the 1940s, is the conventional esterification reaction in an anhydrous solvent in the presence of a base or a Lewis acid. The reaction is carried out in dry acetone; KOH (Hörhammer et al., 1966) or K2CO3 (Neves et al., 2018) is used as alkali. The yield of flavonol glycosides is low and amounts to 5–10%. In the case of glycosylation of 5,7,4’-trihydroxyisoflavone in the presence of NaOH, the glycoside was obtained with a yield of ∼65% (Zemplén and Farkas, 1943). The use of Lewis acid BF3·Et2O for the esterification of the catalyst in dichloromethane at −15°C in an argon atmosphere made it possible to carry out the reaction of 7,4’-dihydroxyisoflavone and methyl 2,3,4-tri-O-acetyl-α-D-glucopyranosyluronate bromide with a yield of 14% (Needs and Williamson, 2001).
Attempts to glycosylate 3,5,7,3′, 4′-pentahydroxy flavone (quercetin) with hexa-O-acetyl-α-D-glucorutinosyl bromide (Samokhvalov et al., 1958) and tetra-O-acetyl-α-D-glucopyranosyl bromide (Ice and Wender, 1952) were made in liquid ammonia. The reaction was carried out with the sodium salt of quercetin. The reaction components were dissolved in liquid ammonia, the spontaneous evaporation of ammonia was waited for, and then the resulting residue was kept in methanol for a day. The glycoside yield was about 30%.
The most popular method is the synthesis of glycosides under phase-transfer conditions in the chloroform-water system. Apparently, this method was first tested for flavonoids in (Demetzos et al., 1990). The donor of the glycoside group, polyhydroxyflavonol, and a phase transfer catalyst—benzyltriethylammonium bromide, were stirred in the organic phase, and then a dilute aqueous KOH solution was added to it. The two-phase system chloroform water 5: 2 v/v was intensively stirred and boiled for 15 h. The yields of flavonol glycosides were 40–60%. The same method was used for the glycosylation of simple phenols (Pavlov et al., 2001). In this case, the yield of phenols was from 12% up to 44%, respectively.
To increase the yield of the final product, instead of KOH, NaOH (Zhu et al., 2006) and also less alkaline agents - Na2CO3 (Mughal et al., 2018) or K2CO3 (Semeniuchenko et al., 2009; Serdiuk et al., 2016; Reszka et al., 2020) began to be used. The yield of flavonols-glycosides with donors of glycoside groups, uronates, and 2-acetamides was 40–95%.
In contrast to flavonols, the yields of glycosides of chalcones remained relatively low about 20–30%. An increase in the yield of chalcone glycosides up to 43–61% was achieved using ethyl acetate as a non-aqueous phase, an alkaline agent—Na2CO3, and a catalyst—tert-butylammonium hydrogen sulfate (Ngameni et al., 2008).
The relatively recent method of glycosylation of flavonols is interaction with glycosyl o-hexynylbenzoates using a monovalent gold salt as a catalyst, namely Ph3PAuOTf (triphenylphosphinegold (I) bis(trifluoromethane) sulfonimide) in dichloromethane in the presence of molecular sieves as a desiccant (Li et al., 2008a; Yang et al., 2010). The glycoside yield was 80–95%. For the reaction to take place, it is necessary to protect all hydroxyl groups of flavonols, including the low-activity 5-hydroxy group. An important condition for successful glycosylation is the presence of a protective benzoyl group at position 2 of the pyranose ring. When using the protective acetyl group, glycosylation does not occur.
The last stage in the synthesis of flavonoid glycosides is the hydrolysis of the protective groups of the glycosidic residue. When obtaining flavanones, flavones, and flavonols, removal of protective acetyl groups with sodium methanolate or NaOH in methanol or chloroform-methanol media at room or low temperatures (Fujise and Mitui, 1938; Hörhammer et al., 1966). The acetyl protection can also be removed by dissolving the glycoside in a 7M methanol solution of ammonia (Mei et al., 2015). In this case, complete separation of protective groups occurs in ∼3 h at room temperature.
Such hydrolysis methods are not suitable for isoflavones: treatment with even such a weak base as LiOH leads to partial decomposition of the γ-pyrone ring and the formation of deoxybenzoins. In this case deacylation is carried out in a water-methanol solution of Na2CO3 at room temperature (Needs and Williamson, 2001).
REGIOSELECTIVITY OF GLYCOSYLATION REACTIONS
Natural flavonoids contain, as a rule, from two to five hydroxyl groups, so the question of the direction of glycosylation reactions is of great importance. As noted earlier, the easiest way to ensure the required position of the glycosidic group is to obtain the glycosides of the starting reagents.
The tendency to form glycosides is determined by the acidity of hydroxyl groups, which can vary from 7.5–12 pH units (Escandar and Sala, 1991; Musialik et al., 2009). By acidity, and, accordingly, by activity in glycosylation reactions, hydroxyl groups of flavones and isoflavones are distributed as follows: 7-OH ≥ 4’-OH> 3-OH > 3′-OH> 5-OH. Since most acidic are 7- and 4’-hydroxyl groups, therefore, to obtain 7-O-glycosides, hydroxyl group 4’ should be protected. It is known, however, that in the case of 7,4’′-dihydroxy isoflavone in the presence of Ag2O, only the 7-hydroxyl group is glycosylated, while when BF3 is used, a diglycoside is formed (Needs and Williamson, 2001). Polyhydroxyflavones, such as 5,7,4’-trihydroxyflavone, form diglycosides at 7- and 4’-hydroxyl groups (Demetzos et al., 1990), while 3,7-dihydroxyflavone results in 3,7-O-diglycoside accompanied with a small amount of 7-O-glycoside (Neves et al., 2018).
In the synthesis of 3-O-glycosides of polyhydroxyflavone, such as rutin, all other hydroxyl groups except 5-OH are benzylated (Cao et al., 2018). The 5-OH group exhibits the lowest acidity due to the formation of an intramolecular hydrogen bond with the carbonyl group and is usually not glycosylated. Therefore, in the synthesis of glycosides, this group is not protected. Pathways of the selective glycosylation of flavonol kaempferol are presented in Figure 1C.
There are no special works on the analysis of the regioselectivity of glycosylation reactions of flavonoids; however, due to the presence of the need for obtaining glycosides of a given structure, this issue nowadays remains relevant and requires additional research.
SUMMARY AND PERSPECTIVES
In this mini-review, we summarized existing glycosylation strategies and synthetic methods for glycosylation of natural and synthetic flavonoids. In our opinion, if doubts usually do not arise with the definition of the synthesis strategy, then it is not possible to single out any one best method of glycosylation. The choice of the glycosylation method and the donor of the glycoside group is due to the presence of previous practical experience, and attempts to modify the reaction conditions can often be explained by the manifestation of the “chemical intuition”.
Among the methods considered, it seems that glycosylation by direct esterification in dry acetone and liquid ammonia can be discarded, since these methods give glycosides in low yields. The method using monovalent gold as a catalyst requires preliminary synthesis of glycosyl hexynylbenzoates and the protection of 2-hydroxyl groups of the glycoside with a benzoate group. In addition, complete protection of flavonoid hydroxyl groups and complete dehydration of the reaction medium are required. Perhaps this rather laborious method can be used in any special cases.
The most convenient are glycosylation using phase-transfer in the chloroform-water system, as well as the method based on the Koenigs–Knorr reaction. Both methods give approximately the same yields of the target products. However, it should be noted that the latter method seems to be less preferable due to the need to use large amounts of silver oxide and the need for its further disposal. Moreover, this method is extremely sensitive to the presence of moisture and requires deep drying of the reaction medium. Therefore, for the glycosylation of flavonoids, the authors of this mini-review have chosen and use the phase-transfer method.
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