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Planks of the family Labiatae have been studied mainly for their alkaloids [1] or their essential oils [2, 3], while 
the polyphenolic compounds in the plants of this family have been studied comparatively little [4]. 

In the present paper we give the results of an investigation of the flavonoids of Acinos thymoides Moensch. (family 
Labiatae). When the combined flavonoid compounds were separated, we obtained two individual components, substances 
A and B (Table 1). 

Table 1 

Physicochemical Properties of the Biosides of Acinos th)zmoides and Their Derivatives 

Substance 

Bioside A 
Bioside B 
Poncirin [5] 
Monoside (I) 
Monoside (II)  
Isosakuranin [5] 
Aglycone of biosides A and B 
Isosakuranetin [5] 

o mp, C 

210--211 
210--212 
210--211 
196--198 
197--199 
190--201 
188--190 
188--190 

[ a ]  D, 
deg 

--81.7 
--80.0 
--90.0 
--72.0 
--69.0 
--73.0 

0.0 
0,0 

I 

Mol. 
wt. Composition 

R[ X 100 in systems 

1 2 

75 76 
78 -80 

42Z45 
42 -45 

29Z3o 

594 
594 
594 
448 
448 
448 
286 
286 

C28tta,O14 
C2sHatOt~ 
C~sHa,O, t 
C2~tt.~,O1., 
C2.oH_o.,Ov, 

C16H,,O.~, 
C16HI~O~, 

30-32  
32 - 34 

48 --50 
48--~0 

90 92 

On comparing the properties of substances A and B, it can be seen that they have identical molecular weights 
and similar melting points and optical rotations but differ somewhat in their chromatographic mobilities and in their 
solubilities. Both substances give bright red pigments in the cyanidin reaction and the reaction with sodium borohydride 
and hydrochloric acid [6]. The red pigment obtained in the cyanidin reaction is insoluble in octanol [7]. Both substances 
reduce Fehting's solution only after acid hydrolysis. All these results show that the compounds under investigation are 
glycosides of a flavonone nature. 

To confirm the glycosidic nature of the substances, we subjected them to acid hydrolysis, and among the decom-  
position products we found D-glucose, L-rhamnose, and an aglycone.  The aglycone content of both glycosides was 
4 8 - 5 0 % ,  which may characterize them as biosides. The stepwise acid hydrolysis of glycosides A and B gave monogly-  
cosides (I) and (II),  which contained a D-glucosyl substituent readily split off by emulsin (cf .  Table 1). 

In order to establish the position of the free phenol groups in glycosides A and B, the monoglycosides (I) and (II) 
and the aglycone, we carried out a spectroscopic investigation in the UV region using ionizing and complex-forming 
reagents [8, 9] (Table 2). 

In analyzing the spectral data, it may be noted that in the glycoside there is no bathochromic displacement of 
the maximum of the long-wave band in the presence of sodium acetate,  while in the aglycone this shift is equal to 
10 mg, which fixes the free phenolic group in the aglycone in position 7. The bathochromic displacement of the max i -  
mum in band I in the complex-forming reaction with aluminum chloride (50 -55  mg) in all the compounds investigated 
shows the presence of a free 5-hydroxyl group. This is also confirmed by the bathochromic shifts of the maxima of the 
long-wave band by 32-35 mg under the influence of sodium ethoxide. 

Consequently, the aglycone contains hydroxyl groups in positions 5 and 7 while the glycosides contain only one, 
in position 5, from which it can be concluded that the D-glycosidic substituent is in position 7. 

The IR spectra of the compounds studied show, in addition to the frequencies of the 7-pyrone carbonyl group 
(1640-1646 cm -1) a band at 892 cm -1 due to 1 - 4  substitution in the B phenyl ring of flavonoids [10]. On this basis, we 
assume that the B ring is substituted only in position 4 ' .  To characterize this substituent, we carried out the alkaline 
decomposition of the ag lycone ,  and in the degradation products found phloroglucinol and anisic acid, which shows the 
presence of a methoxyl group in the lateral phenyl ring. Bands at 2960 and 2840 cm -1 in the IR spectrum of the aglycone 
serve as confirmation of the methoxyl substituent [11]. 
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The results obtained enable  the aglycone of glycosides A and B to be character ized as 5, 7 -d ihydroxy-4 ' -me thoxy-  
flavonone, or isosakuranetin [12], and the glycosides themselves as 7-biosides of isosakuranetin in which D-glucose is 
a t tached to the aglycone di rec t ly  and L-rhamnose is a t tached to the D-glucose.  

An analysis of the molecular  rotations of the biosides and their monosides ( 'Fable 8) shows that both sugars have th~ 
pyranose form and that the D-glucose is a t tached to the aglycone by a /B-glycosidic link and the L-rhamnose to the D- 
glucose by an a - g l y c o s i d i c  link [13]. 

Table 2 

Spectral  Characterist ics of the Flavonone Biosides and Their  Derivatives 

S o l u t i o n s  i n  r e a g e n t s  

I0 -4 M solution in a n h y d r o u s  
ethanol  

The same + sodium ace ta te  

The same + sodium ethoxide 

The same + a luminum 
chloride 

Absorption 
bands 

I 
II 

Bioside A 

[ 
tI 

I 
II 

[ 

II 

325 
282 
225 
325 
282 
36{) 
281 
3'4{} 
'225 

AITlaXp A), 
III'L 

0 

55 

B i o s i d e  B 

k ~X 

3'3{} - 
280 

330 0 
28{ ) 0 
365 35 
2S5 5 
385 55 

Monoside { I )  - { I I  ] 
), [ .!, ;,, 

328 -- 
280 -- 

32s 0 
28O {} 
36O 82 
282 27 
88.5 5 

Aglycone 

325 --  
288 -- 
280 
3,35 10 
295 7 
370 45 
29{} 2 
875 5O 
280 --  

The /3-glucosidic l ink of  the D-glucose to the aglycone is also confirmed by the enzymat ic  hydrolysis of the 

monosides (I) and (II) by emulsin.  

Table  3 

Compara t ive  Analysis of the Molecular  Rotations of the Glycosides 

Glycoside [M]D Kf [MID -Kf AC Km zc- K m 

Bioside A 
Monoside ( t )  
B ioside B 
Monoside ( I I )  
Phenyl B-D-glucopyranoside 
Methyl c~-L-rhamnopyranoside j 

-~485.0 
323,0 

- 475.0 
-3 ( ,9 .0  
--182.0 
--110.0 

0.67 
0.57 
0.67 
0.57 
1 . 0 0  

325.0 
--184.0 
- 318.0 
--176,0 

182.0 

--141.0 

- -  1 4 2 . 0  

0.74 

O, 7-t 

t .00 

- -  1 0 4 . 0  

- -  1 0 5 . 0  

--110.0 

The results of po la r imet r ic  analysis are substantiated by the spectroscopic method used in the IR region, where the 
glucosidic substituent was invest igated with the exclusion of the spectrum of the aglycone from the spectra of the mono-  
glycosides and the L-rhamnosidic component with the exclusion of the spectra of the monoglucosides from the spectra 

of the biosides [18] (Tab l e  4). 

The results obtained show that biosides A and B do not differ ei ther  in the position of the carbohydrate  substituents 
in the aglyeone,  or in the form of the sugars, or in the configuration of the glycosidic links. However, in the stepwise 
acid hydrolysis of the biosides to the monosides it was found that bioside B is hydrolyzed considerably more rapidly than 
bioside A (2% HC1 at 98 ° C: 15-20  rain for A and 2 hr for B). This difference may probably be explained by the pa r t i -  
cular  arrangement  of the bond between the sugars. A 1 - 6  bond is contradicted by the results of the enzymat ic  hydrolysis 
of biosides A and B by "rhamnodiastase,  " which hydrolyzed rutinose to rutin in a control exper iment  carried out in 
para l l e l  [14, 15]. We must assume that the L-rhamnose occupies the 2- ,  8- ,  or 4-hydroxyl  group in the D-glucose .  

To solve this problem, we carried out the a lkal ine  hydrolysis and the periodate oxidat ion of the biosides under i n -  
ves t igat ion.  Chromatographic  analysis of the products of a lkal ine  hydrolysis showed that both glycosides were d e c o m -  
posed. But different substances were found in the degradat ion products: bioside B formed phloroglucinol and anisic ac id ,  
and bioside A formed anisic acid and a bioside of phloroacetophenone.  The appearance  of this bioside on a lkal ine  h y -  
drolysis could occur only if  the 2-hydroxyl  group in the D-glucose were substituted by the L-rhamnose [16, 17]. On 
per iodate  oxidat ion of the biosides with subsequent hydrolysis, no D-glucose was found among the hydrolysis products, 
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which excludes a 1 - 8  bond between the sugars. When the aldehydes of the hydrolyzate  were further oxidized with ni tr ic  

acid,  tartar:ic acid was isolated only from bioside 13, which shows the presence of a substituent at the 4-hydroxyl  group 

in the D-glucose part of bioside B [18]. 

Thus, on the basis of the chemica l  and spectroscopic investigation,  bioside A can be character ized as isosakuran- 
et in 7- (8-D-glucopyranosyl -2-c~-L-rhamnopyranos ide)  and bioside B as isosakuranetin 7 - (8 -D-g lucopyranosy l -4 -c~ -L-  
rhamnopyranoside).  Consequently, from the herb Acinos th}rmoides we have isolated two isomeric 7-rhamnoglucosides of 
isosakuranetin, one of which might be identif ied with poncirin,  which has been isolated from species of Citrus [19]. How- 
ever,  some authors [17, 20, 21] ascribe to poncirin the structure of bioside A and Nakabayashi  [22 ] states that this g lyco -  
side has the structure of bioside g. The exper imenta l  results of these investigations do not leave doubt as to their r e -  
l i ab i l i t y .  Consequently, the assumption arises that these authors [20 -22 ]  had different biosides of isosakuranetin.  In this 
case, neithe.r of the poncirins can be character ized as a neohesperidoside,  since neohesperidose,  which was first isolated 
from neohe,,peridin by Zemplen  and Tet tamont i  [23] has been described as O-4-B-L -rhamnopyranosyl  -D-glucopyranose.  
When the results of the investigation carried out by Nakabayashi  [22], Horowitz, et a l . ,  [20], and ourselves are taken 
into accoune, it  may be concluded that in each case the plants studied * contain pairs of poncirins, naringins, neohes-  
peridins, and other rhamnoglucosides with, respect ively,  1 - 2  and 1 - 4  arrangements of bonds between the sugars. In 
view of this, we have found it desirable to retain the name poncirin for bioside A having the 1 - 2  arrangement of the 
bond betwee.n the sugars and to propose the name of acinoside for bioside B. 

Table  4 

Spectroscopic Invest igat ion of the Structure of The Carbo-  
hydrate Substituents in the IR Region 

Carbohydrate moie ty  
of the glycoside 

D -Glucosyl (I)  
L-Rhamnosyl A 
D-glucosyl  (II) 
L-Rhamnosyl B 

Vibrations (frequency,  cm-1)  

anomers 

89~ 

895 

rings and C - O  groups 

Pyranose Ifuranose 

1090, 1050, 1025 
1085, 1055, 1020I 

IO88, 1057, 

Experimental  

The chromatographic analysis of the flavonoids and sugars was carried out on paper of type Goznak-85 in the fo l -  
lowing systems: 1) 15%o ace t ic  acid,  2 ) b u t a n - l - o l - a e e t i c  a c i d - w a t e r ( 4 : l  :2) ,  8 ) e t h y l  a c e t a t e - b e n z e n e - a c e t i c  
a c i d - f o r m a r n i d e  ( 73.5 : 24.5 : 2 : 1), and 4) p y r i d i n e - b u t a n - l - o l - w a t e r  (4  : 6 : 8). The spectroscopic invest igat ion in 
the UV region was carried out on a SF -4 spectrophotometer  and in the IR region on a UR-10 spectrophotometer .  The 
opt ica l  ac t iv i ty  was measured on an SPU-E spectropolar imeter .  

Separat ion of the to ta l  f lavonoids.  The total  flavonoids obtained from the herb Acinos thymoides as described 
previously [24] were dissolved in boil ing methanol  and left  for c rys ta l l iza t ion .  On cooling,  the solution deposited white 
need le - l i ke  crystals of poncir in,  which after repeated crys ta l l iza t ion from ethanol had mp 210"-211" C, [ c¢] - 8 1 . 7 "  
(c  1 .0;  d imethy l formamide) .  

Pound, %0: C 56.62,  56.45; H 5.80,  5 .76 .  Calcula ted  for C2sH94014, %0: C 56.56;  H 5.72.  

The mother liquor after the crys ta l l iza t ion of the poncirin contained mainly  acinoside.  To free this from i m -  
purities, the mother liquor was evaporated to dryness and the residue was dissolved in a smal l  amount of ace t ic  ac id .  
The ace t ic  acid solution was di luted with water to a 15% concentrat ion of the acid and was transferred to a column of 
cel lulose powder. Elution was carried out with 15% acet ic  ac id .  The fractions containing acinoside were combined and 
left  to crys ta l l ize  with slow evaporation of the solvent at 20"-22 ° C. The white n e e d l e - l i k e  crystals of acinoside which 
were deposited had,  after recrys ta l l iza t ion,  mp 210 °-212" C, [ a ] D  - 80.0 ° (c 0.5;  d imethy l formamide) .  

Found, %: C 56.70,  56.34; H 5.66,  5 .70 .  Calcula ted  for C28H84014, % : C 56.56; H 5 .72 .  

Acid hydrolysis of poncirin and acinoside.  The two biosides were hydrolyzed separate ly  (in 1 .0 -g  samples), with 

* Poncirus trifoliata (L.) Raf. (trifoliate orange), Citrus paradisi L. (grapefruit), and other Citrus species. 
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5% hydrochloric  acid in 50% alcohol  at 100 ° C for 4 hr. The hydrolyzates  were evaporated until  the a lcohol  had been 
e l imina ted  comple te ly ,  and the aglycones were extracted with ether .  The e thereal  extracts were washed with water, 
dried with anhydrous sodium sulfate,  and evaporated to dryness. This y ie lded  0.489 g of the aglycone from poncirin 
and 0.501 g from acinoside .  The aglycones of poncirin and acinoside proved to be iden t ica l ,  and after crys ta l l iza t ion 
from alcohol  had mp 188 ° -190 ° C and 188 ° - 1 8 9 .  5" C, respect ively .  

Found for isosakuranetin from poncirin,  %: C 67.20, 67.08; H 4. 73, 4, 90; OCH s 14.35,  14.42.  Calcula ted  for 
C16H1405,% : C 67.13; H 4.89;  OCH s 14.33.  

Found for isosakuranetin from acinoside,  %: C 67.15, 67.18; H 4.85,  5 .02;  OCH s 14.17,  14.30.  Calcula ted  for 
C16H1405, %: C 67.13; H 4.89;  OCH s 14.33.  

The acid hydrolyzate  was neutra l ized by means of the ion-exchanger  Amber l i te  IR-45 (OH-) .  After evaporat ion 
to smal l  bulk,  it was analyzed for its sugar content in systems 2 and 4. Equal amounts of D-glucose and L-rhamnose 
were found. 

A!kal ine degradat ion of the aglycones of poncirin and acinoside.  A 0 .05 -g  sample of the isosakuranetin from 
each of the two glycosides was dissolved in mol ten  caustic potash(2  g). The mel t  was rapidly cooled,  dissolved in 
water,  and neutra l ized with 20% hydrochloric acid to pH 4 - 5 .  The degradat ion products were extracted with ether.  The 
e thereal  extracts were evaporated to dryness and the residues, dissolved in 0 .2  ml of alcohol ,  were used for paper -  
chromatographic  analysis in systems 2 and 3. In both cases, the degradation products included phloroglucinol and 
anisic ac id .  

Stepwise acid hydrolysis of poncirin and acinoside.  The glycosides ( 0 . 5 - g  samples in each case) were hydrolyzed 
with 2% hydrochloric  acid in 50% ethanol with heat ing on a water bath.  The hydrolysis was monitored by means of 
paper chromatography (system 1) every 5 min for I hr and then every 30 min for 4 hr. Half hydrolysis of acinoside was 
found after 15 min and of poncirin after 2 hr. To isolate the in termedia tes ,  the hydrolysis was stopped when half  the 
amount of the in i t ia l  glycoside had been decomposed.  The substances formed were separated on Kapron powder columns 
with elut ion by water and dilute alcohols.  Both alcohols gave, in addi t ion to isosakuranetin and the in i t ia l  compounds, 
the monoglycosides ( I )  and (II) ,  Which proved to be ident ica l ,  

The isosakuranin from poncirin had mp 196 °-198 ° C, [~ ]D - 7 2 . 0  ° (c  0.1;  d imethy l formamide) .  

Found, %: C 59.10, 58.83; H 5.42,  5 .38 .  Calcula ted  for C22H24010, %: C 58.92; H 5.35.  

The isosakuranin from acinoside had mp 197 °-199" C, [c~] D - 6 9 . 0  ° (c  0 .05;  d imethy l formamide) .  

Found, % : C  58.77,  5 9 . 0 1 ; H  5.27,  5 .32.  Calcula ted  forC2~H24010, %: C 5 8 . 9 2 ; H  5.35.  

The acid hydrolysis of the monoglycosides mentioned gave isosakuranetin ( 63 -65%  of the weight of the glycoside) 
and D-glucose.  The enzymat ic  degradat ion of isosakuranin with emulsin also led to the formation of isosakuranetin and 
D -glucose.  

Fermenta t ion  of poncirin and acinoside with rhamnodiastase.  The biosides ( 0 .01 -g  samples )were  dissolved in 
smal l  amounts of 50% alcohol  and the solutions were di luted with water until  they showed a slight opalescence .  Then, 
in each  case,  a solution of rhamnodiastase in water (0 .01  g in 10 ml) was added and the mixture  was left  for f e rmenta -  
tion at 30" C for 24 hr. A control exper iment  with turin was carried out in para l l e l .  The progress of the hydrolysis was 
analyzed by paper chromatography in system 1 every 6 hr, samples of 1 - 2  ml  being taken with careful stirring of the 
reac t ion  mixture .  Before the solutions were deposited on the chromatograms,  the enzymes were prec ip i ta ted  with 
a lcohol  and by heat ing to the boi l .  Rutin was hydrolyzed to the aglycone and rutinose, while poncirin and acinoside 

were unchanged.  

Alkal ine  degradat ion of poncirin and acinoside.  A sample ( 0 . 5  g)  of each of the biosides was dissolved in 10 ml 
of 30% aqueous caustic potash and the solution was boi led on a water bath for 3 hr, the react ion being carried out in an 
atmosphere of ni trogen.  The cooled solutions were neutra l ized with 20% hydrochloric  acid to pH 6 . 5 - 7 . 0 .  The pre-  

c ipi ta tes  which were deposited were f i l tered off and washed with cold water.  

Only phloroglucinol  and anisic acid were found in the prec ip i ta te  from acinoside,  while anisic acid  and a new 

substance of glycosidic  nature were found in the products of the degradat ion of poncirin.  Recrystal l izat ion of the degra -  
dat ion product of poncirin from water gave white n e e d l e - l i k e  crystals of a chromatographica l ly  homogeneous substance 
with mp 162°-164 ° C, [c~] D - 9 0 . 0  ° (e 0 .01;  d imethy l fo rmamide) .  The acid hydrolysis of the substance yie lded D- 
glucose,  L-rhamnose,  and phloroacetophenone,  which were ident i f ied by chromatography using authentic samples.  

Per iodate  oxidat ion of poncirin and acinoside.  A sample  ( 0.1 g) of each of the biosides was dissolved in 20 ml of 
50% ethanol with hea t ing .  The cooled solution was t reated with 0.12 g of per iodic  acid and was left  in a dark p lace  at 
18°-20 ° C for 8 hr. Then the react ion mixture  was t reated with a smal l  amount of glycol  to e l im ina t e  the excess of 
per iodic  acid and was neut ra l ized  with ion-exchangers  in the O H -  and H + forms. The f i l t ra te  was evaporated to 5 ml ,  
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and part of this solution (1 ml in each case) was hydr01yzed with 5% hydrochloric acid .  The products were analyzed by 

paper chromatography (systems 2 and 4). D-Glucose was not found among the resulting oxidation products. 

A second part of each of the evaporated solutions was mixed with 20% nitr ic acid (1 ml)  and the mixture was ev 

aporated with the addit ion of small  amounts of water until  oxides of nitrogen had been comple te ly  e l imina ted .  The 
residues were dissolved in 0.1 ml of water and were analyzed by paper chromatography in systems 2 and 4. The products 
of the oxidaT:ion of acinoside were found to contain tar tar ic  and oxal ic  acids, while tile products of the oxidation of 
poncirin did not contain tar tar ic  acid.  

The modified method for the p e r i o d a t e - n i t r i c  acid oxidation of the biosides was proposed by A. V. Gorin 
[KhNIKhFI (Khar 'kov Chemica l  and Pharmaceut ica l  Scient if ic  Research Institute) ], and the IR spectra of the flavonoids 
were taken by I. P. Kovalev (KhNIKhFI). 

Summary 

It has been established by a chemica l  and spectroscopic study of the flavonoid biosides isolated from the hypogeal  
part of Acinos thymoides that bioside A is 5, 7 -d ihydroxy-4 ' -me thoxyf l avan-7 -one  ~ -  ( D - g l u c o p y r a n o s y l - 2 - a - L - r h a m -  
nopyranoside),  or poncirin, and bioside B is 5, 7-dihydroxy -4 '  -methoxyf lavan-7-one  B - (D-g lucopyranosy l -4 -a  -L - 
rhamnopyranoside),  which we have cal led  acinoside.  
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