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A review is given of the chemical s tructure of phenolic acids, their es ters  with alcohols, carbohydrates, 
anthocyans, and flavonoids, and their glycosides. Modern physicoohemical methods of analysis are described. 
Color reactions of the phenolic acids on paper and thin-layer chromatograms, the solvent systems most f re-  
quently used for chromatographic analysis, and UV-speetral character is t ics  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 einnamic acids [ 1, 2]. 

Derivatives of monohydric phenols include p-hydroxybenzoic acid, salicylic acid, p-hydroxyphenylacetic 
acid (Taraxacum officinalis), p-hydroxy- a-methylphenylacetic acid (Pterocarpus indicum), sphagnum acid 
(p-hydroxy-~-carboxymethylcinnamic) (Sphagnum magellanicum) (I), and a number of others [1-3]. 

OHm- O00H 

I 

The acids derived from dihydric phenols are  more diverse in structure.  In phenolie acids derived from 
pyrooatechol, the carboxy group is frequently loeated 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, veratr ie ,  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 protoeatechuie acid content amounts to 2% [4]. 

In plants, caffeic and ferulic acids, which are  most-frequently regarded as derivatives of cinnamie acid, 
form es ters  with alcohols, amino alcohols, carbohydrates; and acids [2]. Combinations of caffeic acid with 
malic, tar tar ic ,  shikimic, lactic, and quinic acids are  known. These include chlorogenic acid and its isomers,  
chicoric 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 es ter  with choline 
(sinapin). 

Acids containing polyenic residues are  known. For  example, cortisamine from Corticum salieycum, con- 
raining 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, eountercurrent  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]. G a s -  
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. 

0009-3130/83/1903- 0251507.50 © 1983 Plenum Publishing Corporation 251 



TABLE 1. Color  Reac t ions  of  Some Phenol ic  Acids  on P a p e r  
C h r o m a t o g r a m s  [ 18-20, 23, 38 ] 

Color of the spots under the action of 

UVlight+ O'o5#i n Gepfner"stPauly's I Mill°n's 
Acid UV Hght NH 3 CH30 H solution [solution { VeCl~ solution 

~-Hydroxy- 
enzoie 

Salieyclic 

Protoeateehuic 

Vanillie 

S~ingie 

o-Coumaric 

p-Coumaric 

Ferulie 

Isoferulic 

Sinapie 

Caffeie 

Chlorogenic 

Neochloro- 
genie 

Cryptochloro- 
genie 

Gentisie 

Violet 

Blue 

Violet 

White 

Reddish 

Pale bluish 
violet 

Bluish 
violet 

Blue 

Bluish greet 

Light blue 

Blue 

Blue 

31ue 

Aght blue 

t _ 

- t -  -- 

,ale 
fellow 

fellow 
brown 

m 

Pal Yellow 
yet brown 

Re~ Red- 
brc brown 

Re, Red- 
brown 

Red Red- " Yellow Green 
brown brown 

Red Red- Ye l low Green 
brown brown 

Brown Bluish 
violet 

Yellow 

~ed 

Yellow 

Yellow 

Yellow 

A n u m b e r  of c o l o r  r e a c t i o n s  ex i s t  which p e r m i t  phenol ic  ac ids  to be d i s t inguished  on pape r  and thin-  
l a y e r  e h r o m a t o g r a m s .  The r e a g e n t s  l i s t ed  below a r e  used  for  this pu rpose .  

1. F r e s h l y - p r e p a r e d  d iazo  compounds  in sod ium ca rbona te  solut ion:  a) the Pau ly  r e a g e n t -  d iazo t ized  
sulfani l ic  acid [18, 23]; b) d iazo t i zed  p -n i t roan i l i ne  [19, 22];  c)  d iazo t i zed  benzid ine  [19, 22];  d) d iazo t i zed  
f l -d i e thy laminoe thy l  p - a m i n o p h e n y l  sulfone (the Rose )  r e a g e n t  [22] ;  e) Diazol  Rose  O [21] .  

2. The Schweppe r eagen t :  A solut ion of  2 g of  g lucose  in 20 inl of  wa te r  is mixed with solut ion of  2 ml  of  
ani l ine  in 20 ml  of  e thanol  and the m i x t u r e  is di luted with n -bu tano l  to 100 nil. A f t e r  being sp rayed ,  the e h r o -  
m a t o g r a m s a r e h e a t e d i n a d r y l n g  cab ine t  at  125°C fo r  5-10 min  [23].  

3. The Gepfner  r eagen t :  A 1% solut ion of  sod ium n i t r i t e  is mixed  with an equal  vo lume  of  10% of ace t i c  
acid.  Af t e r  being s p r a y e d  and d r i ed  in the a i r ,  the c h r o m a t o g r a m  is t r ea t ed  with a 0.5 N methano l ic  solut ion 
of  caus t i c  soda [18, 20] .  

4. The Millon r eagen t :  100 g of  m e r c u r y  is d i s so lved  in 100 g of n i t r i c  ac id  (d 1.40), and then 140 ml o f  
wa te r  is added and the m ix tu r e  is lef t  fo r  24h.  The c l e a r  solut ion is used for  sp ray ing .  Af t e r  t r e a t m e n t  with 
the r eagen t s ,  the c h r o m a t o g r a m s  a r e  f i r s t  kept  at  r o o m  t e m p e r a t u r e  fo r  5 rain and a r e  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 under the action of 
UV d iazoti~e.d p- diazotized 
light Pauly's cone.  mtroamline + benzidine + 

reagent H2SO4* Na~COa NazCOa 

Salicylic Blue YeUow Somewhat -- -- 
dark 

p-Goumarie Violet Yellow Brown-  Orange (blue) Orange (blue) 
violet 

Caffeic Light blue Brown Gray-violet 

Fetnalie Bluish Red-brown Gray-violet -- -- 
violet 

Isoferulic Blue Orange Gray-violet Pink (violet) Orange (pink) 

Pmtocatechuie Violet Qrange (violet! Yellow-orange 
(pink) 

Vanillic Light blue Orange I Violet 

I p-Hydroxyberr- Violet Yellow (pink) Yellow (pink) 
z o i e  

*After spraying with sulfteie acid, the ehromatograms are heated to 110"C. 

5. A 1-2% methanolic solution of fe r r ic  chloride [ 18, 23] (Barton 's  reagent :  FeCI 3 + K3Fe (CN) 6, is 
r a r e ly  used) .  

6. The F o l i n - D e n i s  reagent:  a solution of tungstophosphoric acid. After  being sprayed,  the chromato-  
g r a m s  a re  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  sensit ive Fo l in -C ioca l t eu  reagent  [49]. 

7. The Fo l in -C ioca l t eu  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 85~0 phosphoric acid and 10 ml of concentrated hydrochloric  acid are  
added success ively .  The mixture is boiled under reflux for 10 h, then 15 g of lithium sulfate, 5 ml of water, 
and one drop of bromine a re  added and it is boiled again (for 15 min),  and af ter  cooling the solution is made up 
to a volume of 100 ml [49]. The ch romatograms  a re  f i r s t  sprayed with a 20~ aqueous solution of sodium c a r -  
bonate and then, af ter  slight drying, with the diluted reagent  (:before spraying,  one par t  of the reagent  is di- 
luted with three par ts  of water) .  

8. A 0.5 N solution of caust ic  potash in methanol [18]. 

Thin- layer  ch romatograms  a re  visualized with concentrated sulfuric acid [23]. 

Tables 1 and 2 give the color  react ions  of phenolic acids on paper  and th in- layer  chromatograms.  

Aqueous acidic sys tems ,  aqueous alcoholic sys tems  containing acid, sys tems  containing hydrophobic sol-  
vents, and a number  of others  a re  used for  chromatographic  separat ion on paper.  In the case of th in- layer  
chromatography,  sys tems  containing benzene and chloroform are  used more  frequently. E. Stahl recommends  
that si l ica gel should be impregnated with solutions of borax o r  sodium tungstate or  molybdate [49]. A l is t  of 
sys tems  most  frequently used is given in Table 3. 

Phenolic acids can also be analyzed with the aid of e lec t rophores is  [37 ]. 

In 1966, 6-O-gal loylglucose and 3,6-digalloylglucose and representa t ives  of es te r s  of mono- and disac-  
charities with coumaric ,  ferulic,  and eaffeic acids were isolated for the f i rs t  t ime f rom the rhizomes of Poly-  

gonum bis tor ta  [25]. At the presen t  t ime, es te r s  of phenolic acids with carbohydrates  are  the most  widespread 
of plant compounds. Thus, in 204 randomly selected plants the presence  of 1-O-caffeoylglucose in 31% of the 
plants and of 1 -O-p-ooumaroylg lucose  in 5% of them has been established by chromatographic  investigations 
[2].  

The s t ruc tures  of the es te r s  of phenolic acids are  represented  by formulas  (II-IV). 
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T A B L E  3. S o l v e n t  S y s t e m s  U s e d  f o r  t he  C h r o m a t o g r a p h i c  A n a l y -  

s i s  o f  P h e n o l i c  A c i d s  and T h e i r  E s t e r s  and  G l y c o s i d e s  [ 18, 19, 23, 

25, 30, 28, 31, 37, 51, 47, 53, 55] 

I Ratio of the compo- 
Solvent system - nents of the system For ~rhat compounds used 

Paper Chromatography 

3=97 Conc. HCI--H~O 

CH3COOH--H20 

CH.~COOH-- conc. 
HCI--H=O 

Sodium formate-- 
HCOOH--H~O 

Butan-1- pl'T85% 
HCOOH--H20 

gutan-1- o1-'2 N HC1 
Butan -1-ol - 

CHaCOOH--H20 

Isobutanol- benzene- 
HCOOH--H20 

Butan-1- ol-pyridine--HzO 
Pentanol - 

CHaCOOH--H~O 

Benzene-CH3COOH--H~O 

Toluene.- CH3CO O H-- H20 

Benzene -- propan- 2 - ol-- 
HCOOH 

Xylene -- butan- 1- 01"- 
acetone -H~O 
Xylene-- butan- 1 -ol - 

CH3COOH--H20 
Chloroform- 

CH~COOH--H20 
Ethyl acetate"- 

CHaCOOH--H30 
Buty!acetate-  dioxane'~, . 
1% HCOOH 

Methyl isobutyl ketone-- 
HCOOH--H20 

II. 

Chloroform-CH3OH 

Benzene - 
CHaOH--CH3COO H 

Benzene--,dioxane-- 
CH3COOH 

Ethyl ace ta te-  methyl ethyl 
ketone--HCOOH--HzO 

Benzene--acetone 

CHACO O H--H~O 

0.1 N solution of HC1 

CHsCOOH-- cone. 
HCI--H.~O 

Butan-2- ol-- 
CH3COOH--H20 

Water-saturated di-n-butyl 
ether 

B enze ne -- dioxane-- 
CHaCOOH 

1:49; 15=.85; 25:3 

15.'3:82 

lO= 1 =200 

4 : 1 : 5  

1:1 
4:1. '5; '20;5:11; 4:1=2 

I00:19=I0:25 

6:4:3 

4 :1 :5  

2 ,2 :1 ;  125 : 72;9; 
6 = 7; 3 (upper phase) 

4:1;5;  5 : ! : 4  
10t I00= 25 

5 : 5 : 2 : 8 : 8 = 2 = 2 : 5 ;  
7:3=2:8 

5:5;2=8; 8=2:2;8;  
7 :3 :2=8 

3 : 1 : 1 (lower phase) 

Phenolic acids and their esters 
with sugars and anthocyans 

Phenolic acids, products of 
the alkaline cleavage of 
aeylanthocyam 

Acyla nthoeyans 

Acylanthocyam 

Phenolic acids 

Acylanthocyans 
Acvlated O-~lycosides of 

fl~vone~ a ffd a.nthocxan% 
esters o~ phenolic adias 
with sugars, phenolic acids 

Products of the alkaline hy~- - 
drolysis of acylanthocyam 

Phenolic acids 

Esters of phenolic acids with 
sugars 

Phenolic acids 

Phenolic acids 

10:2:3 ] 

68 : 30 : 2 Esters of phenolic acids with 
sugars 

14 = 3 : 2 ] Hydroxycinnamic acids 

I 

Thin-layer chromatography 
- Adsorbent silica gel 

1 : I ;  4:1; 9:1 

45:8:3  

90;25:4 

5.-3:1:1 

3:1 

Adsorbent cellulose 

2 : 98, 15:85 

25:3:72 

70".5:25 

90:25:4 

Phenolic, acyl-O-~lyeosides 
of flavones- 

Phenolic acids 

Glycosides of phenolic acids 

O-Acylated flavonoid glyco- 
sides 

Acylated C-glycosides of fla- 
vones and phenolic acids 

Phenolic acids 

(cont inued)  
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TABLE 3 (continued 

Patio of the, compo- For what compounds used Solvent system nents of the system 

2 N NI~-n-butanol 

Butanol -CH3COOI-I--H=Q 
1 : 1 (upper phase) 
4..1.'5 Acylated C-glycosides of 

flavones 

Adsorbent-polyamide 

Chloroform--CH3COOH , 
saturated with water 

Methanol-H~O 

Ethylacetate-CH3COOH- 
(glacial) 

30% CHaCOOH 

3=2 

9:1 

95=5 

Esters of phenolic acids with 
sugars 

Acylated C-glycosides of 
flavones 

Phenolic acids 

Es te r s  of phenolic acids with D-glucose:  

OitOH R. 

OH 
I) R = R' = H --* l -O- (coumaroy l ) -B-D-g lucopyranose  

HI) R = OH; R' = H ~ caf feoyI- f l -D-gIucopyranose  
IV) R = OCtt3; R' = H--* O- l - fe ru loy l -B-D-g lucopyranose°  

The isolation of these compounds f rom the flowers,  fruit  and leaves of var ious species of the families 
Leguminosae,  Solanaceae, Labiame, Scrophulariaceae,  Cruciferae,  and other,  have been descr ibed [22, 27]. 
Their  s t ruc tures  have been shown by independent synthesis [26[. 

In UV Iight, these compounds are  ei ther  color less  or  have a blue f luorescence.  After  t rea tment  with am-  
monia on ch romatograms  a bIue o r  green f luorescence appears  [31]. The hydrolysis  of the es te r s  takes place 
readi ly in 1% sulfuric aeid at 100°C or  with the aid of emulsin at pH 5.0 [26, 28]. 

UV and PMR spect roscopies  a re  widely used for identification [20, 32, 34, 35, 527. In neutral  solutions, 
the UV spect ra  of the phenolie acids a re  usually identical with spect ra  of their  es te rs ,  but on the addition of 
sodium acetate a hypsochromie  shift of band (I) is observed,  and on the addition of ethanolate a bathochromic 
shift [32]. In an alkaline medium, the spec t ra  of the phenolic acid differ sharply f rom the spec t ra  of their  e s -  
t e r s  [33]. The UV spect ra l  cha rac te r i s t i c s  of these compounds are  given in Table 4. 

The UV spect ra l  proper t ies  of the cis and trans i somers  of hydroxycinnamic acids, which possess  differ-  
ent physiological  act ivi t ies  in pIants, have been studied [34, 351, and a method of their  e lectrophoret ie  separa -  
tion has been developed [37]. It has been shown that it is predominan~ly the t rans  i somers  that are  present  in 
plants [351, but a decrease  in the amount of the t rans  form of ferulic acid and an increase  in the amount of the 
cis form during the growth of maize seeds have been found [35]. 

The IR spect ra  of the hydroxyaromat ic  acids exhibit the charae ter i s t ic  bands of an aromat ic  ring and of 
a earboxy group and bands due to the vibration of free and associated phenolic hydroxyls and the cinnamic f rag-  
ment. 

In plants, phenolic acids also tend to form es te r s  with alcohols,  phenol glycosides,  flavonoids, anthocy- 
alas (at the carbohydrate  moiety of the molecule) ,  s terots ,  t r i terpene compounds, and alkaloids [2]. Es ters  of 
phenolic acids with alcohols a re  found comparat ive r a r e ly  in plants. Es te rs  of hydroxybenzoic,  salicylic,  gal-  
lic,  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 g a s - l i q u i d  chromatography [2]. Es te rs  of phenolic acids with 
alcohols having chain lengths of f rom C18 to C24 (eicosanyl ferulate,  hexacosanyl caffeate, etc.) have also been 
detected in var ious  organs of higher plants. Es te rs  of caffeic and ferulic acids with hexacosane- l ,6-d io l ,  
HOCH2--(CH2)24-CH2OH , have been isolated f rom oats [2]. Es te r s  of caffeic, ferulic,  gallic, and p -coumar ic  
acids with g lycerol  a re  known [78, 79]. 

In a number of papers ,  Japanese workers  have descr ibed es te r s  of ferulic acid with ~-s i tos te ro l ,  cyclo-  
artanol,  24-methylenecycloartanol ,  cholesterol ,  s t igmasterol ,  etc. Es te rs  of hydroxycinnamic acids with ses -  
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TABLE 4. UV Spectral  Charac te r i s t i c s  of Some Phenolic Acids and 
The i r  Es t e r s  [2, 26, 31, 32, 53, 68] 

I I 
Acid or its ester X, nm t Acid or its ester ] k, nm 

I. Hydroxybenzoic acids 

Salicylic 

m-Hydtoxybenzoic 
p-Hydroxy'benzoic 
o- Pyroeatechuic 
B-Resorcylie 

Gentisic 
y-Resorcylic 
a-Resorcyhe 

o-Counsaric 

m-Coumarie 

p-Coumarie 

Caffeic 

207, 236, 305 

219. 234, 298 
207, 253 
213. 246. 318 
210. 256 295 

212, 230 sh., 330 
216. 243. 3t7 
215. 250. 310 

Protoeatechuic 

Gallic 
Phtoroglueinolcarboxylic 

I Vanillie 

Syringic 

II. Hydroxyeinnamic acids 

214. 273. 325 

214. 232. 276, 
3t2 sh. 

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

217. 240. 297 sh., 
325 

Ferulic 

Isoferu~c 

Sinapic 

217sh., 258. 
295 

215. 271 
220, 251 297 

207, 216 258. 
290 

219, 272 

217. 233. 
297 sh.. 320 

217. 240. 292, 
322 

225 sh., 235. 
322 

Chlorogenic 
Neochlorogenie 
1-Caffeoylquinic 
4- Caffeoylquinic 
Cynafin 
3,5-Dtcaffeoylqttinic 

III. 

240, 
245. 
245, 
246. 
245, 
329 

Aeylquinie acids 

325 8 -p-Coumaroylquinic 
328 
327 3-Feruloylquinic 
328 3- Isofemloylquinie 
325 

3- 8inapoylquinic 

250. 312 

325 
326 

327 

1 -Feruloylglucose 
Dfferuloylsophorose 
Feruloyl-p- coumaroyl- 

samlSubzose 

1-~-Hydroxybenzoyl- 
gmcose 

• Mathiolanin 
Molardein 
Salvianin 
Raphanasin C 
De-lphanin 

IV. Esters of phenolic acids of mono- and disaccharides 

237. 329 p-Coumaroylrhamnose 229, 312 
240. 324 p-t~ounsaroyLgmeose 229, 312 
237 327 p-Coumaroylrutinose 313 

p-Coumaroylsophorose 224, 313 
260 1-Caffeoylglueose 247, 332 

V. Acylated anthocyans 

28% 328, 509 Rubrobrassicin 
285, 314. 507 Hyaeinthin 
285, 329. 507 Petanin 
278, 310. 523 Tibouchinin 
282, 310, 538 

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

2"-O-p-Coumaroyl- 
vitexin 

2" .Caffeoylisoorie ntin 

2 "-trans-Feruloylori- 
entin 

2 "- trans- Feruloylori- 
entia, 4 ' -D- glucoside 

Apigenin 4'-O-p-counsa- 
roylglueoside 

Apigenin 7-O-[6"-(p.- 
eoumaroyDglucoszae] 
(terniflorin) 

2132'i8222 sh. 271. I 6"-Sinapoylspinosin 

/ 6-Feruloytspinosin 
250, 272 298 sh . |Kaempferol 8-gaUoyl- 
337 " " [ glucoside 

272. 297 sh., 
331 

273. 293 sh., 

268, 833 

269. 319 

Kaempferol 3-(6-gaUo- 
ylgalaetoside) 

Kaempferol 3-[di(p-eou- 
maroyD-D-glucoside] 

Pemnoside 

Kaensp~erol 3 - 0 - [ 3 " - 0 -  
o- coumarovD- 6" - (3_- 
feruloylglucopyr ano- 
side 

282. 
284. 
282. 
280. 

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

275. 333 

276, 332 
267, 290 s h  

350 

267. 290 sh., 
352 

2%300, 314, 

267, 5, 329 

270, 300 sh., 
32O 

Myricetin 3-galloyl- 269, 293. 363 
glucoside 

Note. The caffeicand ferulic acid derivatives have an inflection at 290-300 nm. 
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quiterpene alcohols (D- and L-chimgins ,  ferutinin,  D- and L-chimganins ,  etc.  ) have been found in the roots  of 
Feru le  species  [2]. 

Acylated anthocyans a re  more  widespread in plants. The f i r s t  acylated anthocyan was detected in plants 
in 1915. At the p resen t  t ime, it  has been establ ished that acylated anthocyans include res idues  of p-coumar ic ,  
ferul ic ,  isoferul ic ,  sinapic, and gall ic acids,  forming e s t e r  bonds with the carbohydra te  moiet ies  of the antho- 
cyans. 

To isolate  these compounds, the raw mate r ia l  is ext rac ted  with aqueous ethanol or  methanol with the ad- 
dition of hydrochlor ic  acid (1 ml to 1 l i t e r  of solvent) .  After  the el imination of bal las t  substances,  the acylgly-  
cosides  a re  adsorbed on ion-exchange re s ins  or  a re  passed through a column containing polyamide [47, 30, 31 ]. 
P r epa ra t i ve  chromatography  of the eluates on paper  is used for  final purif ication.  Par t i a l  acid hydrolysis  is 
used to es tabl ish the s t ruc tu re  of the acylcarbohydra te  moiety.  The acylated carbohydra te  spli t  out is identi-  
fied chromatographica l ly  in the p resence  of m a r k e r s  obtained synthetical ly [30] or  it is oxidized with hydro-  
gen peroxide [31]. The s t ruc tu res  of the acylated anthoeyans in petunia f lowers were  established in this way 
[31]. To de te rmine  the s t ruc tu res  of the aeylglycosides  petanin, negret in,  and peonin use was made of pe r io -  
date oxidation followed by reduct ion of the cleavage products  with sodium te t rahydrobora te  [30]. Recourse  is 
also made to exhaust ive methylat ion 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 -  
eoumaroyl )  rhamnosy l - ( ]  - -  6)-glucoside  ] 5-glucosides and differed only in the s t ruc ture  of the aglycone. 

Methylation is pe r fo rmed  in d imethyl formamide  with methyl iodide in the p resence  of lithium hydroxide 
[30]. The separat ion of the phenolic acids is effected by hydrolysis  with a 2N solution of caustic soda in a cu r -  
r en t  of ni t rogen at room tempera ture .  Selective cleavage with hydrogen peroxide is also used. This method 
pe rmi t s  the detachment  of acylated sugar  res idue  linked to the third carbon atom of the acylanthocyan [31]. It 
is in teres t ing  to note that aeylanthocyans a re  not hydrolyzed by the anthocyanase isolated f rom the fungus 
Aspergi i lus  n iger  [ 56 ]. 

The UV spec t rum of each of these compounds has an additional maximum at 310-355 nm, which is due to 
the superposi t ion of the spec t rum of the acylating acid on the spec t rum of the anthoeyan [37, 53]. The p resence  
of a maximum at 308-313 nm is caused by p -coumar i c  acid, at 322 nm by ferul ic  acid, at 324 nm by sinapic 
acid, and at  326-328 nm by caffeie acid. The rat io  of the acylation maximum and the maximum in the visible 
region is also impor tant  for  these anthocyans.  The value of this ra t io  depends on the number  of acid res idues  
p resen t  in the acylanthocyan molecule.  Differential  spec t roscopy  is also used to de te rmine  the acylating acid 
[53]. 

Aeylated anthocyans can readi ly  be distinguished f rom unacylated ones through thei r  IR spectra .  Thus, 
anthoeyans acylated with p -eoumar ic  acid or  s imultaneously with p -coumar ic  and eaffeic acids have absorp-  
tion bands in the i r  IR spec t ra  a t  ]690, 1600, and 830 em-1, which is cha rac te r i s t i c  for  e s t e r s  of 4-hydroxycin-  
namic acids [57]. 

The use of PMR spectroscopy to identify maIvidin 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 aeylated monoglyeosides, 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)-fl-D-glucopyranoside. It has now been established with the aid of ISC 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-eaffeic, and p-coumaric acids and flavones and 
flavonol I-glycosides containing gallic, p-coumaric, p-hydroxybenzoic, and ferulic acid residues are known. 
The aglycone of the aeylated 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 configuratiDn of the cinnamie acid fragment is established with the aid of PMR spectroscopy 
[60]. 
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The ma jo r i t y  of acylf lavonoids contain the phenolic acid res idues  in the ca rbohydra te  components ,  but 
compounds a r e  known in which the phenolic acid is linked d i rec t ly  to the aglycone.  As examples  we can give 
menthoside (4 ' -O-caf feoylap igen in  7 -O-D-g lucopyranos ide) ,  quinqueloside ( 4 ' - O - p -  coumaroylapigenin  7 -O-D-  
g lucopyranos ide) ,  and 4 -O-ca f f eoy l scu te l l a r e in  [61-64].  

A less  numerous  group cons is t s  of g lycos ides  of the phenolic acids .  Thus, the ~ -g lucos ides  of p -hy -  
droxybenzoic ,  vani l l ic ,  and p - e o u m a r i c  acids have been detected in the needles  of Abies spec ies  [44]. The ~ -  
g lycos ides  of vaniUic and p - c o u m a r i c  acids and the ~ -g lucos ide  of  p-hydroxybenzoic  acid have been detected 
in the needles  of the la rch  Lar ix  far ic ina  [42]. The 5-O-f i -g lucos ide  and a r h a m n o p y r a n o s y l - ( l  - -  2 ) - f i - g l u -  
copyranos ide  of gent is ic  acid have been found in Prunus  yedoens is  [ 2 ]. T r ichocarp in  and t r ichos ide  have been 
isolated f r o m  the b a r k  of Populus spec ies  [3]. 

Glycosides  of caffeic  acid with a complex s t ruc tu re  have been isola ted f r o m  Syringa vu lgar i s  [46]. One 
of them, ac teos ide  - is  f l - (3 ,4-dihydroxyphenyl)  ethyl O- ~ - r h a m n o p y r a n o s y l -  ( 1 ~ 3 ) - 4 - O - c a f f e o y l - / J - D - g l u e o -  
pyranos ide  (V), and the o ther  - neoacteos ide  - is  fl-(3, 4--dihydroxyphenyl) ethyl [O- f l -D-g lucopyranosy l - (  1 
6 ) ]-[ O- ~ - L -  r hamnopyranosy l -  ( 1 ~ 3) ] -  2-O-caffeoyl- /3 -D-g lucopyranos ide  (VI). 

HI] O~ 

- -  i. ~.H 1;~2 H ' 

= = C .4 o~ C = c  

4 

OH 

These  g lycos ides  may  also  exis t  in the f o r m  of eis  and t rans  i s o m e r s ,  and under the influence of sun-  
light the t r ans  i s o m e r  read i ly  changes into the cis  i s o m e r  [41]. 

At the p r e sen t  t ime,  g r e a t  at tention is being devoted to the study of phenolic acids and their  e s t e r s  and 
glycosides .  This  is  due not only to the fact  that  they a r e  impor tan t  in the vital act ivi ty  of plants  but a lso  to the 
fact  that a number  of these  compounds exe r t  physiological  and pha rmaco log ica l  act ion on the human and ani-  
mal  o r g a n i s m  [2, 20, 71]. 

In view of this,  a number  of methods for  the quanti tat ive analys is  of phenolic acids in plant ma te r i a l  have 
been descr ibed  [20, 72-77t ,  and methods for  the quanti tat ive de te rmina t ion  of phenolic acids in the p r e sence  
of f lavonoids have been developed [20, 74]. 
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C A R B O H Y D R A T E S  O F  P e g a n u m  h a r m a l a  

D. A.  R a k h i m o v ,  M. I .  I g a m b e r d i e v a ,  
a n d  E. S. K o n d r a t e n k o  

UDC 547.917 

The carbohydra te  complex of the epigeal par t  of Peganum harmala  L. includes mono- and ol igosaccha-  
r ides,  water-soluble  polysaechar ides ,  hemicel luloses ,  and an acidic polysacchar ide,  s imi lar  to the pectin sub- 
s tances of higher plants. It is based on a f ragment  constructed of~-(1-- -4)- l inked D-galacturonic  acid r e s i -  
dues in the pyranose  form. 

In the presen t  paper  we give the resul ts  of an investigation of the carbohydrates  isolated from the epigeal 
par t  of Peganum harmala  L. (harmet peganum) collected in the flowering phase in May, 1981 in Dzhizak prov-  
ince, UzSSR. The a i r - d r y  raw mater ia l  was treated with 96~c ethanol to eliminate low-molecular -weight  com-  
pounds and pigment substances.  The mono- and ol igosacchar ides  were isolated by extraction with 80~ ethanol, 
and they were found by PC to include galaetose,  glucose,  fructose,  and sucrose .  From the residue of the raw 
material ,  the water-soluble  polysacchar ides  [1], pectin substances [2],  and hemicel luloses  [3] were isolated 
success ively .  

The amounts of the polysacchar ides  and their  monosacchar ide composit ions according to PC and GLC 
[3] a re  given below (~ on the a i r - d r y  mass  of the plant):  

Type of poly- Yield Gal Olc Man Xyl  Ara Rib R ha 
saccharide 

Wamr-soluble 3.8 6,5 1.5 1 Tr.. 7,8 Tr 2.8 
Pectin substances 4.8 1,3 1.0 -- Tr. 4.2 Tr. 1.4 
Hemicellulose~ 

A-1 5.0 1 6.3 Tr . 3.4 1.6 Tr. 1.4 
B-1 4.28 9.9 36.5 2.2 9.0 10.0 l I0.0 
A-2 2.56 3.3 7.6 2 9 5,6 Tr. l 
B-2 2,18 6 17.2 6,9 5,6 2.4 i 1.2 

The water-soluble  polysacchar ide  consisted of a white powder not giving a blue coloration with iodine, 
i.e., it did not contain a glucan of the s ta rch  type. D-Galactose and L-a rab inose  predominated in its hydroly-  
sate. 

The pectin substances had the fo rm of a flocculent white odorless  mucilaginous powder soluble in water 
and pract ica l ly  insoluble in the major i ty  of organic solvents, [ a ]~  + 140, water ,  which contained about I~G of 
nitrogen. The t i t r imet r ie  method [4] gave the following quantitative charac te r i s t i c s  (%): free carboxy groups, 
K c - 8.1; methoxylated earboxy groups,  K c - 7.2; degree of ester i f icat ion - 47; methoxy groups - 5.2. In the 

Institute of the Chemis t ry  of Plant Substances, Academy of Sciences of the Uzbek SSR, Tashkent. Trans-  
lated from Khimiya Pr i rodnykh Soedinenii, No. 3, pp. 273-275, May-June,  1983. Original ar t ic le  submitted May 
25, 1982. 
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