PHENOLIC ACIDS OF PLANTS AND THEIR
ESTERS AND GLYCOSIDES

V. A. Bandyukova ' UDC 581,192

A review is given of the chemical structure of phenolic acids, their esters with alcohols, carbohydrates,
anthocyans, and flavonoids, and their glycosides. Modern physicochemical methods of analysis are described,
Color reactions of the phenolic acids on paper and thin-layer chromatograms, the solvent systems most fre-
quently used for chromatographic analysis, and UV-spectral characteristics are presented in tables.

Phenolic acids are widely distributed in higher and lower plants. On the basis of the number and arrange-
ment of the hydroxy groups in the benzene ring they can be divided into derivatives of mono-, di-, and trihy- ‘
dric phenols, However, some workers consider the majority of phenolic acids of plants as derivatives of ben-
zoic and cinnamic acids {1, 2].

Derivatives of monohydric phenols include p-hydroxybenzoic acid, salicylic acid, p-hydroxyphenylacetic
acid (Taraxacum officinalis), p~hydroxy- o ~-methylphenylacetic acid (Pterocarpus indicum), sphagnum acid
(p-hydroxy-3-carboxymethylcinnamic) (Sphagnum magellanicum) (I), and a number of others [1~3].
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The acids derived from dihydric phenols are more diverse in structure, In phenolic acids derived from
pyrocatechol, the carboxy group is frequently located in the para position to a hydroxyl. These acids are im-
portant in the vital activity of plants and are the most widespread compounds in them. They include proto~
catechuic, vanillic, isovanillic, caffeic, piperonylic, veratric, ferulic, insoferulic, and other acids, These acids
may be components of alkaloids, glycosides, and lignin, Some of them been found in plants in considerable
amounts. Thus, in the skin of the garden onion, the protocatechuic acid content amounts to 2% [4]1.

In plants, caffeic and ferulic acids, which are most frequently regarded as derivatives of cinnamic acid,
form esters with alcohols, amino alcohols, carbohydrates, and acids {2]. Combinations of caffeic acid with
malic, tartaric, shikimiec, lactic, and quinic acids are known. These include chlorogenic acid and its isomers,
chicorie acid (from the species Cichorium, Lactuca), phaseolic acid (Phaseolus, Trifolium), rosmarinic acid
(Lamiaceae species) and others [2]. Isoferulic acid is found in plants in the form of an ester with choline
(Sibara virginica) [5].

Acids derived from hydroquinone and resorcinol have been least studied, They form component parts of
lichen acids (orsellinic, everinic, olivetolcarboxylic, and rhizoninic acids) and gentisic acid.

Derivatives of pyrogallol include gallic acid, which is the structural material of tanning substances. In
plants, as a rule, it is found in the form of glycosides. This group also includes meta-digallic acid, meta~
trigallic acid, hexahydroxydiphenic acid and its lactone — ellagic acid — and syringic, eudesmic, and sinapic
acids. The last-mentioned, just like isoferulic acid, is found in plants in the form of an ester with choline
(sinapin). '

Acids containing polyenic residues are known. For example, cortisamine from Corticum salicycum, con-
taining seven conjugated double bonds, and piperic acid isolated from Piper species [1].

To isolate phenolic acids from plant extracts wide use is made of chromatography on columns of cellu-
lose, silica gel, or polyamide, countercurrent distribution, and preparative chromatography on paper and in
thin layers of adsorbent [7-13], Methods have been described for separating and identifying phenolic acids
with the aid of the gas-liquid chromatography of their trimethylsilyl or methyl derivatives [14, 15, 54], Gas—
liquid chromatography has been successfully combined with mass spectrometry [16].

Translated from Khimiya Prirodnykh Soedinenii, No. 3, pp. 263-273, May-June, 1983. Original article
submitted July 2, 1982,
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TABLE 1. Color Reactions of Some Phenolic Acids on Paper
Chromatograms [18-20, 23, 38]
Color of the spots under the action of

Acid . UViight {93 N, |Gepfner’s|Pauly’s Millon's
UV light NH, Iégfoﬁl solution [solution | FeCl  foqintion
-Hydroxy- | violet — — — Pale Yellow —
enzoic yeliow
salicyclic  Blue — — —  |Yellow [Red- Yellow
violet
Protocatechuiq Violet - - - Red-gray|Black —
Vanillic White — — — Reddish - | Yellow —
Syringic . - — — —  [|Pink Brown -
o-Coumaric {Reddish —_ - | - Orange |Pale —
orange
p-Coumaric ‘] Pale bluish [Dark Greenish {Pale Reddish |Yellow~ |Red
. ) - | violet violet. |yellow. |yellow orange -
Ferulic Bluish Bright iYellow [Yellow |Violet |Brown {Yellow.
-violet {bluish- ‘brown |brown :
violet’ 1
Isoferulic Blue - - - IBrick 1Red Yeliow
. red
Sinapic Bluish green Bluish Pale Yellow |Bluish Pink~ -

green yellow [brown |viclet {yellow

Caffeic Light blue |Light Red- Red~ "Brown Gray- Yellow -
blue brown jbrown green
Chlorogenic {Blue Green [Red |Red- Yeliow {Gteen -
brown |brown
Neochloro-  |Blue Green  [Red Red~  |Yellow |Green -
-genic brown |brown
" Cryptochloro- {Blue Green iRed Red- Yetlow _ | Green -
genic brown brown
Gentisic Light blue | — - = |Brown |Bluish -
violet

A number of color reactions exist which permit phenolic acids to be distinguished on paper and thin-
layer chromatograms. The reagents listed below are used for this purpose,

1. Freshly-prepared diazo compounds in sodium carbonate solution: a) the Pauly reagent — diazotized
sulfanilic acid [18, 23]; b) diazotized p-nitroaniline [19, 22]; c¢) diazotized benzidine [19, 22]; d) diazotized
B-diethylaminoethyl p-aminophenyl sulfone (the Rose) reagent [22]; e) Diazol Rose O [21],

2. The Schweppe reagent: A solution of 2 g of glucose in 20 ml of water is mixed with solution of 2 ml of
aniline in 20 ml of ethanol and the mixture is diluted with n-butanol to 100 ml, After being sprayed, the chro-
matograms aréheated inadrying cabinet at 125°C for 5-10 min [23].

3. The Gepfner reagent: A 1% solution of sodium nitrite is mixed with an equal volume of 10% of acetic
acid. After being sprayed and dried in the air, the chromatogram is treated with a 0,5 N methanolic solution
of caustic soda [18, 20].

4, The Millon reagent: 100 g of mercury ié dissolved in 100 g of nitric acid (d 1.40), and then 140 ml of"
water is added and the mixture is left for 24h, The clear solution is used for spraying, After treatment with

the reagents, the chromatograms are first kept at room temperature for 5 min and are then heated to 95°C
23, 24].
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TABLE 2. Color Reactions of Some Phenolic Acids on Thin- Layer
Chromatograms [ 19, 23] .

Adsorbent
silica gel | cellulose
Acid color upder the action of
uv Pauly's cone diazotized p- | diazotized
tight y . nitroaniline + | benzidine +
1g ] reagent H,S0,* N2,CO, RO,
Salicylic Blue Yellow Somewhat — -
dark
p-Coumaric |Violet Yellow Bgoxivn- Orange (blue) |Orange (blue)
violet
Caffeic Light blue |Brown Gray-violet
Ferulic Bluish Red-brown |Gray-violet - -
violet :
Isoferulic Blue Orange Gray-violet | Pink (violet) | Orange (pink)
Protocatechuic | Violet Qrange (violet) Yellow-orange
' (pink)
Vanillic Light blue }Orange - Violet
p-Hydroxyber- | Violet Yellow (pink) | Yellow (pink)
'goic .

* After spraying with sulfuric acid, the chromatograms are heated to 110°C.

5. A 1-2% methanolic solution of ferric chloride [18, 23] (Barton's reagent: FeCl; + K3Fe (CN)g, is
rarely used).

6. The Folin—Denis feagent: a solution of tungstophosphoric acid. After being sprayed, the chromato-
grams are dried and are sprayed with a 0.5 N methanolic solution of caustic soda {18]. At the present time,
this reagent is being replaced by the more sensitive Folin—Ciocalteu reagent [49].

7. The Folin—Ciocalteu reagent: 10 g of sodium tungstophosphate and 2.5 g of sodium molybdate are dis-
solved in 60 ml of water, and then 5 ml of 85% phosphoric acid and 10 ml of concentrated hydrochloric acid are
added successively. The mixture is boiled under reflux for 10 h, then 15 g of lithium sulfate, 5 ml of water,
and one drop of bromine are added and it is boiled again (for 15 min), and after cooling the solution is made up
to a volume of 100 ml {49]. The chromatograms are first sprayed with a 20% aqueous solution of sodium car-
bonate and then, after slight drying, with the diluted reagent (before spraying, one part of the reagent is di-
luted with three parts of water).

8. A 0.5 N solution of caustic potash in methanol [18].
Thin-layer chromatograms are visualized with concentrated sulfuric acid [23].
Tables 1 and 2 give the color reactions of phenolic acids on paper and thin-layer chromatograms.

Aqueous acidic systems, aqueous alcoholic systems containing acid, systems containing hydrophobic sol-
vents, and a number of others are used for chromatographic separation on paper. In the case of thin-layer
chromatography, systems containing benzene and chloroform are used more frequently. E. Stahl recommends
that silica gel should be impregnated with solutions of borax or sodium tungstate or molybdate [49]. A list of
systems most frequently used is given in Table 3,

Phenolic acids can also be analyzed with the aid of electrophoresis [37].

In 1966, 6-0O-galloylglucose and 3,6-digalloylglucose and representatives of esters of mono- and disac-
charides with coumaric, ferulic, and caffeic acids were isolated for the first time from the rhizomes of Poly-
‘gonum bistorta [25]. At the present time, esters of phenolic acids with carbohydrates are the most widespread
of plant compounds. Thus, in 204 randomly selected plants the presence of 1-O-caffeoyliglucosein 31% of the
plants and of 1-O-p-coumaroylglucose in 5% of them has been established by chromatographic investigations

[21.

The structures of the esters of phenolic acids are represented by formulas (II-1V).
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TABLE 3. Solvent Systems Used for the Chromatographic Analy-
sis of Phenolic Acids and Their Esters and Glycosides {18, 19, 23,

25, 30, 28, 31, 37, 51,

47, 53, 55]

Solvent system ~

Ratio of the compo-
nents of the system

For what compounds used

Cone., HCI—H,0
CH,COOH—H;0

CH.COOH— conc,
HC1-H,0

Sodium formate—~
HCOOH—H,;0O

Butan~1-.01"85%
HCOOH-H,;0

Butan-1- 02 N HC1

Butan -1-o0l—
CH,COOH—H,0

Isobutanoi— benzene—
HCOOH-H,0
Butan-1- ol-pyridine—H,0
Pentanol — '
CH,;COOH—H,0
Benzene-CH;COOH—H,0

Toluene- CH;COOH—H,0
Benzene—propan-2-ol—
HCOOH
Xylene—butan-1-ok=
acetone -H,0
Xylene~ buran-1-ol—,
CH,COOH—H;0
ChlorofornT
CH,COOH—-H,0
Ethyl acetate—
CH;COOH~H,0
Butyl acetate— dioxane—
1% HCOOH
‘Methyl isobutyl ketone™
HCOOH—-H;0

II.

Chioroform—CH,0H

Benzene—
CH3OH-CH,COOH

Benzene—.dioxane—
CH;COOH
Ethyl acetate—methyl ethyl
ketone—HCOOH-—-H,0
Benzene~acetone

CH,COOH—H,0

0.1 N solution of HC1

CH,COOH-— gonc,
HCI—~H,0

Butan-2- ol—
CH;COOH—H,0

Water-saturated di-n-butyl
ether

Benzene~dioxane™—
CH,;COOH

I. Paper Chromatography

3:97
1:49; 15:85; 25:3

15:3:82
10412200
4:1:5
i:1

4:1:5;, 20:5:11; 4:1:2

100:19:10:25

6:4:3
4:1:5

212:1; 125:72:9;
6:7:3 (upper phase)

4:1‘:5; 5:1:4
10=100=25

© o oo
-

[N

[N

_G?

10:2:3

'168:30:2

14:3:2

Thin-layer chromatography
- Adsorbent silica gel

1:1; 4:1; 9:1
45:8:3

90:25:4

5:3:1:1

Adsorbent cellulose
2:98, 15:85

25:3:72

70:5:25

90:25:4

Phenolic acids and their esters
with sugars and anthocyans

Phenolic acids, products of
the alkaline cleavage of
acylanthocyans

Acylanthocyans

Acylanthocyans

Phenolic acids

{Acylanthocyans

Acylated O-%lycomdes of
vone anthocyans,
esters phenolic acids

with sugarg phenolic acids

Products of the alkaline hy= -
drolysis of acylanthocyans

Phenolic acids
Esters of phenolic acids with

| sugars
1 Phenolic acids

Phenolic acids

Esters of phenolic acids with
sugars

Hydroxycinnamic acids

Phenolic, acyl-O-glycosides
of fiavones

Phenolic acids

Glycosides of phenolic acids

O-Acylated flavonoid glyco-
sides

Acylated C-glycosides of fla-
vones and phenolic acids

Phenolic acids

(continued)



TABLE 3 (continued)

Ratio of the-compo- For what compounds used

Solvent system nents of the system
2 N NH;—n-butanol 1:1 (upper phase) .
Butanol -CH,COOH—H,0 | 4:1:5 Acylated C-glycosides of
flavones
Adsorbent polyamide .
Chloroform —CH,COOH, 3:2 Esters of phenolic acids with
saturated with water sugars
Methanol—H,0 9:1 Acylated C-glycosides of
flavones
Ethylacetate—CH;COOH~— |} 95:5 Phenolic acids
(glacial)
30% CH,COOH -
Esters of phenolic acids with D~glucose:
CH,OH R
g
0-C-CH=CH OH
OH T
1] '
o R
OH

I) R = R' = H—~ 1-O-(coumaroyl)-B-D-glucopyranose
III) R =OH; R' = H — caffeoyl-p-D-glucopyranose
IV) R = OCHs R' = H— O-l-feruloyl-g-D-glucopyranose.

The isolation of these compounds from the flowers, fruit and leaves of various species of the families
Leguminosae, Solanaceae, Labiatae, Scrophulariaceae, Cruciferae, and other, have been described [22, 27].
Their structures have been shown by independent synthesis [26].

In UV light, these compounds are either colorless or have a blue fluorescence. After treatment with am-
monia on chromatograms a blue or green fluorescence appears [31]. The hydrolysis of the esters takes place
readily in 1% sulfuric acid at 100°C or with the aid of emulsin at pH 5.0 [26, 28].

UV and PMR spectroscopies are widely used for identification {20, 32, 34, 35, 521. In neutral solutions,
the UV spectra of the phenolic acids are usually identical with spectra of their esters, but on the addition of
sodium acetate a hypsochromic shift of band (I) is observed, and on the addition of ethanolate a bathochromic
shift [32]. In an alkaline medium, the spectra of the phenolic acid differ sharply from the spectra of their es-
ters [33]. The UV spectral characteristics of these compounds are given in Table 4,

The UV spectral properties of the cis and trans isomers of hydroxycinnamic acids, which possess differ-
ent physiological activities in plants, have been studied [34, 35], and a method of their electrophoretic separa-
tion has been developed [37). It has been shown that it is predominantly the trans isomers that are present in
plants [35], but a decrease in the amount of the trans form of ferulic acid and an increase in the amount of the
cis form during the growth of maize seeds have been found [351.

The IR spectra of the hydroxyaromatic acids exhibit the characteristic bands of an aromatic ring and of
a carboxy group and bands due to the vibration of free and associated phenolic hydroxyls and the cinnamic frag-
ment,

In plants, phenolic acids also tend to form esters with alcohols, phenol glycosides, flavonoids, anthocy-
ans (at the carbohydrate moiety of the molecule), sterols, triterpene compounds, and alkaloids [2]. Esters of
phenolic acids with alcohols are found comparative rarely in plants, Esters of hydroxybenzoic, salicylic, gal-
lie, and hydroxycinnamic acids with methanol and ethanol have been described. They have been detected in a
number of fruits and vegetables with the aid of gas—liquid chromatography [2], Esters of phenolic acids with
alcohols having chain lengths of from Cy; to Cy, (eicosanyl ferulate, hexacosanyl caffeate, etc.) have also been
detected in various organs of higher plants. Esters of caffeic and ferulic acids with hexacosane-1,6-diol,
HOCH,—(CH,),4—CH,0H, have been isolated from oats [2]. Esters of caffeic, ferulic, gallic, and p-coumaric
acids with glycerol are known [78, 79].

In a number of papers, Japanese workers have described esters of ferulic acid with B-sitosterol, cyclo-
artanol, 24-methylenecycloartanol, cholesterol, stigmasterol, etc. Esters of hydroxycinnamic acids with ses-

[\V]
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TABLE 4. UV Spectral Characteristics of Some Phenolic Acids and

Their Esters [2, 26

, 31, 32, 53, 68]

Acid or its ester

A, nm Acid or its ester

A, nm

Salicylic

. m-Hydroxybenzoic
p-Hydroxybenzoic
o-Pyrocatechuic
B-Resorcylic

Gentisic
y-Resoreyiic
o-Resorcylic

o-Coeumaric
m-Coumaric
p~Coumaric

Cafféic

Chilorogenic
Neochlorogenic
1-Caffeoylquinic
-4-Caffeoylquinic
-Cynarin
3,5-Dicaffeoyiquinic

| 214, 273, 325

1, Hydroxybenzoic acids

207, 236, 305 Protocatechuic

213, 234, 298 Gallic

207, 253 Phloroglucinolcarboxylic
213. 246, 318 '

210, 256, 295 Vanillic

212, 230 sh., 330

216, 24, 317 Syringic

215, 250, 310

217sh ., 258,
295

215, 21
220, 261, 297

207, 216, 258,
200

219, 272

II. Hydroxycinnamic acids

Ferulic

214, 232, 276, Isoferulic
312 sh.

210, 223, 293 sh,
302 sh., 310

217, 240, 297 sh.,
325

Sinapic

III. Acylquinic acids

240, 325 3-p-Coumaroylquinic
245, 328

245, 327 3-Feruloylquinic
246, 398 3-Isofeniloylquinic
245, 325

329 3-Sinapoylquinic

IV. Esters of phenolic acids of mono- and disaccharide

1-Feruloylglucose

Diferuloylsophorose

Feruloyl-p-coumaroyl-
sambubiose

1- %—Hydroxybenzoyl-
glucdse

“Mathiolanin
Molardein
Salvianin
Raphanasin C
Delphanin

237, 329 p-Coumaroylrhamnose
240, 324 p-Coumaroylgiucose
237, 327 p~Coumaroylirutinose
E—Coumaroylsophorose
260 -Caffeoylgiucose

V. Acylated anthocyans

283, 328, 509 Rubrobrassicin
285, 314, 507 Hyacinthin
285, 329, 507 Petanin

278, 310, 523 Tibouchinin
282, 310, 538

217, 233,
297 sh., 320
217, 240, 292,
332

225 sh., 235,
322

250,

328
326

321

312

S

312
312
313

313
332

229,
229,

224,
247,

282,
284,
282,
280,

333, 530
310, 527
310, 538
305, 536

V1. Acylated C- and O-glycosides of flavones and flavonols

27=0-p-Coumaroyl-
vitexin

2n-Caffeoylisoorientin

2"~trans-Feruloylori-
entin

2"~trans-Feruloylori-
entin 4'-D- glucoside

Apigenin 4'-0O~p-couma-
roylglucoside

Apigenin 7-O-[6"=(p-
Ic):o%.lmamyl)glg.lcosglgle]
(terniflorin)

212, 222 sh,, 271, | 6"-Sinapoylspinosin
318
8~Feruloylspinosin

Kaempferol 3-galloyl-

250, 272, 208 sh., >
337 glucoside

272, 297 sh., Kaempferol 3-(6-gallo-
331 ylgalactoside)
273, 293 sh., Kaempferol 3-[di{p-cou-]
maroyl)-D-glucoside]
268, 333 Petunoside
269, 319 Kaempferol 3-0-[3"-0-

p-coumaroyly-6"-0O-
feruloylglucopyrano-
side

Myricetin 3-galloyi-
glucoside

275, 333

276, 332

267, 290 sh,
350

267, 290 sh.,
352

268, 300, 314,
350

267, 5. 320

270, 300 sh.,
350

269, 293, 363

Note. The caffeicand ferulic acid derivatives have an inflection at 290-300 nm.



quiterpene alcohols (D- and L~chimgins, ferutinin, D- and L-chimganins, etc.) have been found in the roots of
Ferula species [2]. :

Acylated anthocyans are more widespread in plants, The first acylated anthocyan was detected in plants
in 1915, At the present time, it has been established that acylated anthocyans include residues of p-coumarie,
ferulic, isoferulic, sinapic, and gallic acids, forming ester bonds with the carbohydrate moieties of the antho-
cyans,

To isolate these compounds, the raw material is extracted with aqueous ethanol or methanol with the ad-
dition of hydrochloric acid (1 ml to 1 liter of solvent). After the elimination of ballast substances, the acylgly-
cosides are adsorbed on ion-exchange resinsor are passed through a column containing polyamide [47, 30, 317,
Preparative chromatography of the eluates on paper is used for final purification. Partial acid hydrolysis is
used to establish the structure of the acylcarbohydrate moiety. The acylated carbohydrate split out is identi-
fied chromatographically in the presence of markers obtained synthetically [30] or it is oxidized with hydro-
gen peroxide [31], The structures of the acylated anthocyans in petunia flowers were established in this way
{311, To determine the structures of the acylglycosides petanin, negretin, and peonin use was made of perio-
date oxidation followed by reduction of the cleavage products with sodium tetrahydroborate [30]. Recourse is
also made to exhaustive methylation of the acylanthocyans followed by hydrolysis and the study of the hydroly-
sis products. In this way, it was established that petanin, negratin, malvidin, and neopanin were 3[(4''-p-
coumaroyl)rhamnosyl-(1 — 6)-glucoside] 5-glucosides and differed only in the structure of the aglycone.

Methylation is performed in dimethylformamide with methyl iodide in the presence of lithium hydroxide
[30]. The separation of the phenolic acids is effected by hydrolysis with a 2N solution of caustic soda in a cur-
rent of nitrogen at room temperature, Selective cleavage with hydrogen peroxide is also used. This method
permits the detachment of acylated sugar residue linked to the third carbon atom of the acylanthocyan [31]. It
is interesting to note that acylanthocyans are not hydrolyzed by the anthocyanase isolated from the fungus
Aspergillus niger [56].

The UV spectrum of each of these compounds has an additional maximum at 310-355 nm, which is due to
the superposition of the spectrum of the acylating acid on the spectrum of the anthocyan [37, 53]. The presence
of a maximum at 308-313 nm is caused by p-coumaric acid, at 322 nm by ferulic acid, at 324 nm by sinapic
acid, and at 326-328 nm by caffeic acid. The ratio of the acylation maximum and the maximum in the visible
region is also important for these anthocyans, The value of this ratio depends on the number of acid residues
present in the acylanthocyan molecule. Differential spectroscopy is also used to determine the acylating acid
[63].

Acylated anthocyans can readily be distinguished from unacylated ones through their IR spectra. Thus,
anthocyans acylated with p~coumaric acid or simultaneously with p-coumaric and caffeic acids have absorp-
tion bands in their IR spectra at 1690, 1600, and 830 cm” !, which is characteristic for esters of 4-hydroxycin-
namic acids [57].

The use of PMR spectroscopy to identify malvidin 3-(6''-p-coumaroylglucoside) isolated from the grape
and to establish the position of the ester grouping has been described. Mass spectroscopy has been used to
identify acylated monoglycosides, but it gives unsatisfactory results in the investigation of anthocyans [53].

Acylanthocyans have been detected in a number of families of dicotyledonous and monocotyledonous
plants, The aglycones of these compounds are most frequently cyanidin, delphidinidin, and pelargonidin, and
more rarely peonidin, petunidin, and malvidin, The UV-spectral characteristics of the acylanthocyans are

" given in Table 4,

The first acylated flavonoid was isolated in 1961 from the flowers of the lime and was called tiliroside.
It is kaempferol 3-O-(p-coumaroyl)-g-D-glucopyranoside, It has now been established with the aid of 3C NMR
spectroscopy that the p-coumaric acid residue is present in position 6'" of the glucose residue [59]. The
structure has been confirmed by independent synthesis [80].

Flavone C-glycosides acylated with trans-ferulic, trans-caffeic, and p~coumaric acids and flavones and
flavonol 1-glycosides containing gallic, p-coumaric, p-hydroxybenzoic, and ferulic acid residues are known,
The aglycone of the acylated flavonoids are apigenin, luteolin, chrysoeriol, scutellarein, kaempferol, quercetin,
isorhamnetin, syringetin, and myricetin [2, 48, 56]. To establish their structures, wide use is made of UV
spectroscopy in the presence of ionizing and complex-forming additives and of PMR spectroscopy [48, 58, 60].
The cis-trans configuration of the cinnamic acid fragment is established with the aid of PMR spectroscopy
[60].
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The majority of acylflavonoids contain the phenolic acid residues in the carbohydrate components, but
compounds are known in which the phenolic acid is linked directly to the aglycone. As examples we can give
menthoside (4'-O-caffeoylapigenin 7-O-D-glucopyranoside), quinqueloside (4'-O-p- coumaroylapigenin 7-O-D-
glucopyranoside), and 4-O-caffeoylscutellarein [61-64].

A less numerous group consists of glycosides of the phenolic acids. Thus, the g-glucosides of p-hy-
droxybenzoic, vanillic, and p-coumaric acids have been detected in the needles of Abies species [44]. The 8-
glycosides of vanillic and p-coumaric acids and the o-glucoside of p~hydroxybenzoic acid have been detected
in the needles of the larch Larix faricina [42]. The 5-O-pg-glucoside and a rhamnopyranosyl-(1 — 2)-8-glu-
copyranoside of gentisic acid have been found in Prunus yedoensis [2]. Trichocarpin and trichoside have been
isolated from the bark of Populus species [3].

Glycosides of caffeic acid with a complex structure have been isolated from Syringa vulgaris {46]. One
of them, acteoside — is §-(3,4-dihydroxyphenyl)ethyl O- o ~rhamnopyranosyl- (1— 3)-4-0O-caffeoyl-p~-D-gluco-
pyranoside (V), and the other — neoacteoside — is 8-(3,4-dihydroxyphenyl)ethyl [O-g8~D-glucopyranosyl-(1—
6)]1-[O~ o ~L-rhamnopyranosyl- (1 — 3)]-2-O-caffeoyl-j -D-glucopyranoside (VI).
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These glycosides may also exist in the form of cis and trans isomers, and under the influence of sun-
light the trans isomer readily changes into the cis isomer [41].

At the present time, great attention is being devoted to the study of phenolic acids and their esters and
glycosides, This is due not only to the fact that they are important in the vital activity of plants but also to the
fact that a number of these compounds exert physiological and pharmacological action on the human and ani-
mal organism [2, 20, 711.

In view of this, a number of methods for the quantitative analysis of phenolic acids in plant material have
been described [20, 72-77], and methods for the guantitative determination of phenolic acids in the presence
of flavonoids have been developed [20, 74].
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CARBOHYDRATES OF Peganum harmala

D. A. Rakhimov, M. I. Igamberdieva, UDC 547.917
and E. S. Kondratenko

The carbohydrate complex of the epigeal part of Peganum harmala L. includes mono- and oligosaccha-
rides, water-soluble polysaccharides, hemicelluloses, and an acidic polysaccharide, similar to the pectin sub-
stances of higher plants. It is based on a fragment constructed of a~(1 — 4)-linked D-galacturonic acid resi-
dues in the pyranose form.

In the present paper we give the results of an investigation of the carbohydrates isolated from the epigeal
part of Peganum harmala 1. (harmel peganum) collected in the flowering phase in May, 1981 in Dzhizak prov-
ince, UzSSR. The air-dry raw material was treated with 96% ethanol to eliminate low-molecular-weight com-
pounds and pigment substances. The mono- and oligosaccharides were isolated by extraction with 80% ethanol, .
and they were found by PC to include galactose, glucose, fructose, and sucrose. From the residue of the raw
material, the water-soluble polysaccharides [1], pectin substances [2], and hemicelluloses [3] were isolated
successively.

The amounts of the polysaccharides and their monosaccharide compositions according to PC and GLC
13] are given below (% on the air-dry mass of the plant):

Type of l%)oly-— v Yield Gal Gic Man Xyl Ara Rib Rbha
saccharide
Water-soluble 3.8 86,5 1,5 1 Tr. 7.8 Tr. 2.8
Pectin substances 4,8 1,3 1,0 —  Tr. 4,2 Ti. 1.4
Hemiceluloses
A-1 50 1 6.3 Tr. 34 16 Tr 1.4
B-1 428 9.9 36,5 2.2 9.0 10,0 1 10,0
A-2 2,56 3.3 7.6 2 9 56 Tr. 1
B-2 2,18 6 17,2 6.9 5,6 2.4 i 1.2

The water-soluble polysaccharide consisted of a white powder not giving a blue coloration with iodine,
e., it did not contain a glucan of the starch type., D-Galactose and L-~arabinose predominated in its hydroly-
sate,

The pectin substances had the form of a flocculent white odorless mucilaginous powder soluble in water
and practically insoluble in the majority of organic solvents, [a]zo +140, water, which contained about 1% of
nitrogen. The titrimetric method [4] gave the following quantltatlve characteristics (%): free carboxy groups,
K. — 8.1; methoxylated carboxy groups, Ky — 7.2; degree of esterification — 47; methoxy groups — 5.2, In the

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Uzbek SSR, Tashkent, Trans-
lated from Khimiya Prirodnykh Soedinenii, No. 3, pp. 273-275, May-June, 1983, Original article submitted May
25, 1982,
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