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We have prev ious ly  [1, 2] repor ted  the isolat ion f rom some spec ies  of toadflax of a new f lavonegly-  
c o s i d e -  ace ty lpec to l inar in  {I). On acid hydrolys is  it gave the aglycone pectol inar igenin  (5 ,7-dihydroxy-4 ' ,6-  
dimethoxyflavone) and the sugars  glucose and rhamnose .  The UV-spec t roscop ic  examinat ion of the glyco-  
side and the aglycone with diagnostic reagents  showed that in the glycoside the 5-hydroxy group is f ree  and, 
consequently,  both the sugars  are  attached at posi t ion 7. Stepwise hydrolysis  with the product ion of the 
7-glucoside of pecto l inar igenin  showed that the t e rmina l  sugar  is the rhamnose .  

In the IR s p e c t r u m  of (I) (Fig. 1) there  is an absorpt ion band at 1730 cm -1 that is cha rac t e r i s t i c  for  
an e s t e r  grouping. Alkaline saponif icat ion under  mild conditions (and also b r i e f  heating with diluted acids) 
led to the fo rmat ion  of pec to l inar in  (II) and acet ic  acid. An analys is  showed that {I) co r re sponds  to the fo r -  
mula  C31H36016 • H20 and it contains one acet ic  acid residue,  which is p resen t  in the carbohydra te  pa r t  of 
the molecule .  The acetyla t ion of {I) gave a heptaacetate  (III) analogous to the acetate  (II). 

For  natural  flavonoid O-glycos ides ,  three d i sacchar ides  containing glucose and rhamnose  are  known: 
rut inose,  neohesper idose ,  and rungiose (6-. 2-, and 3 - O - a - L - r h a m n o p y r a n o s y l - f l - D - g l u c o p y r a n o s e ,  r e s p e c -  
t ively).  To de te rmine  the s t ruc tu re  of the ca rbohydra te  pa r t  of the molecule  we p e r f o r m e d  the quantitat ive 
oxidation of (I) and (II) with NaIO 2 by the F leury- -Lange  method [3]. Substance {II) absorbed  1 mole ofNaIO 4 
in 2 h, 2 moles  in 24 h, and 3.5 moles  in 4 h, which is evidence in favor  of a 1,6-linkage of the sugars  
(calculated: 4 moles  of NaIO4). The oxidation of {I) took place at f i r s t  f a r  more  slowly; at the moment  
when two moles  of NaIO 4 had been absorbed,  the cu rves  became  prac t i ca l ly  identical  and did not differ  
subsequently.  At the beginning of the react ion,  apparent ly ,  the acetyl  group is spli t  off, which may explain 
the initial lag and the subsequent equalizat ion of the r a t e s  of the react ions .  It is known ~hat the rate  of 
per iodate  oxidation depends on the s t e r e o c h e m i s t r y  ~f the neighboring hydroxy groups and falls  in the se -  
quence ae > ee >> aa  [4]. In the molecules  of (I) and (II) the re  is one ax ia l -equa tor ia l  grouping - in posi t ions 
2 and 3 of the rhamnose .  The resu l t s  of the per iodate  oxidation p e r m i t  the assumpt ion  that the acetyl  group 
in {I) subst i tu tes  one of these hydroxyls  or  is adjacent to them and in te r fe res  with oxidation. 

The final choice between the posi t ion of a t tachment  of the acetyl  group was made on the bas i s  of an 
analys is  of the nuc lear  magnet ic  resonance  spec t r a  of compounds (I), (II), and (IH). 

In the NMR spec t rum of the t r ime thy l s i ly l  e the r  of(II) ,  the s ignals  of the anomer ic  protons  of the 
glucose (5.05 ppm, J =  6.0 Hz) and of the rhamnose  (4.28 ppm, J=  2.0 Hz) a re  cha r ac t e r i s t i c  for  the pyranose  
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Fig. 1. IR s p e c t r u m  of acetylpectol inar in .  
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Fig. 3. NMR s p e c t r u m  in C6H 6 of ace ty lpec to l inar inand  
the INDOR s p e c t r u m .  

f o r m  of these suga r s  in conformat ions  C1 and 1C, r e spec t ive ly  [5-9]. The methyl  group of rhamnose  ap-  
p e a r s  in the f o r m  of a broad  peak at 0.82 ppm.  These s ignals  (4.28 and 0.82 ppm) a re  cha r ac t e r i s t i c  of 
rhamnose  in rut inosides  [10]. The integrat ion of the 4.5-5.6 and 3.4-4.4-ppm regions in the NMR sp ec t ru m 
of GII) (ratio 8 :4)  pe rmi t t ed  i ts  unambiguous ass ignment  to the rut inosides,  since it is known [10] that in 
the NMR spec t r a  of full ace ta tes ,  all the methine protons  adjacent  to acetyl  o r  to two e s t e r  bonds are  lo-  
cated in a weake r  field than methylene and methine protons  adjacent to a single e s t e r  grouping. Fo r  the 
neohesper idos ides  and rungiosides  [11], this ra t io  is 7 : 5. F u r t h e r m o r e ,  in rut inosides,  the signal of the 
pro ton  at C 1 of the rhamnose  is eas i ly  dist inguished in compar i son  with the o thers  in the weak-f ie ld  region 
[10] (in our  case ,  4.64 ppm).  

The s p e c t r u m  of (I) differs  f r o m  the s p e c t r u m  of (l'I) (Fig. 2) by the p r e sence  of a sharp  doublet (0.78 
ppm, J = 6.0 Hz) of a methyl  group, the signal of an acetyl  group (1.83 ppm),  and a t r ip le t  with an intensi ty 
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of 1 pro ton  unit at 4.79 ppm {Jl=J2=9.5 Hz), which mus t  be assigned to the hemiacyl  proton.  The twocou-  
pling constants  of 9.5 Hz do not enable the signal at 4.79 ppm to be ass igned unambiguously to the protons  
of the rhamuose  o r  the glucose:  in both molecules  there  a re  chains of three ca rbon  a toms,  the protons  of 
which have the t rans  a r r a n g e m e n t  with r e spec t  to one another  in pa i r s .  

To prove  the posi t ion of a t tachment  of the acetyl  group it was n e c e s s a r y  to invest igate  the s t ruc tu re  
of the s ignals  of the protons  vicinal  to the hemiacyl  proton,  for  which we made use of the INDOR method [12]. 

The INDOR s p e c t r u m  of the t r ime thy l s i ly l  e the r  of (I) in C6D ~ was obtained on the f i r s t  and second 
l ines of the t r ip le t .  It can be seen f r o m  the spec t rum (Fig. 3) that one of the s ignals  is a quar te t ,  the dis-  
tance between the f i r s t  and second l ines of which is 3.2 Hz and the distance between the 2nd and 3rd lines is 
9.5 Hz. In glucose,  all  the pro tons  a re  p r e sen t  in the t r ans  posi t ion with r e spec t  to one another;  l a r g e r  
(> 8 Hz) values of the coupling constant  co r respond  to them [6]. Thus, the smal l  constant  (3.2 Hz) shows 
that the acetyl  group is located in the rhamnose  res idue.  Two large  constants  for  vicinal protons  in r h a m -  
nose a re  rea l ized  only for  the C 4 posit ion,  i .e. ,  only this posit ion is poss ib le  for  the acetyl  group. 

Although a broad peak of a CH 3 group in the 0.8-1.0 ppm region is cha rac t e r i s t i c  for  rut inosides  [10], 
in compound {I) this  signal appea r s  in the f o r m  of a c l e a r  doublet, which can be explained by the influence 
of the neighbouring acetyl  group. 

Thus, the new acylated flavonoid which we have cal led aee ty lpec to l inar in  has s t ruc tu re  (I). 

0 ~ C H  2 ~ I. RfGH~CO 

E X P E R I M E  N T A L  

The IR s p e c t r a  were  taken on a UR-10 spec t ropho tomete r  (mulls in pa ra f f in  oil). the UV spec t r a  on a 
Hitachi EPS-3T  ins t rument ,  the NMR s p e c t r a  on a Var ian  AA-100D ins t rument  (standard: HMDS; 6 scale) ,  
and the m a s s  s p e c t r a  on a Var ian  CH-8 ins t rument .  Gas- l iquid chromatography  was p e r f o r m e d  on a V a r i a n  
2700 ins t rument  and p a p e r  ch romatography  on Leningrad pape r  of type "M', ["slow"] in the following solvent 
sys t ems :  1) 15% CH3COOH; 2) w a t e r - s a t u r a t e d  phenol; 3) b e n z e n e - b u t a n - l - o l - p y r i d i n e - w a t e r  (5 : 1 : 3 : 3); 
4) b u t a n o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5); and 5) w a t e r - s a t u r a t e d  butanol. The flavonoids were  revealed  with 
a 1% ethanolic solution of A1CI~, the sugar s  with aniline phthalate,  and the diethylamine sa l t s  of the fatty 
acids with a 0.04~o solution of B r o m o c r e s o l  Green  in butanol.  

The ana lyses  of all  the compounds cor responded  to the calculated f igures .  

I so la t ion  of Acetylpecto l inar in  (I). The comminuted raw ma te r i a l  of the Linar ia  vulgar is ,  _L. vu lgar -  
i fo rmis ,  L. kurdica ,  L__. popovii:, L. s e s s i l i s  and L. kokanica was ex t rac ted  witl~ 96°I0 ethanol, the ex t rac t  
was evapora ted ,  and the res idue  was t r ea ted  with ch lo ro fo rm and chromatographed  on polyamide .  The 
f rac t ions  containing the substance with R f  0.72 (sys tem 1) were  combined and evapora ted ,  and the res idue 
was r ec rys t a l l i z ed  f r o m  methanol .  This  gave yel low c ry s t a l s  with the composi t ion  CslH36OI6" H20, mp 242.5- 
244°C, [~ ]~ -95 .9  ° (c 1, pyridine)  - 9 5 . 0  ° (c 0.4; fo rmamide) .  

UV spec t rum:  )`max (in ethanol) 277, 328-329 nm; )`max (ethanol +C2H5ONa) 298 nm; ) 'max (ethanol + 
CH3COONa) 277, 328 nm; )`max (ethanol +A1C13) 300 and 347 nm. 

The NMR s p e c t r u m  is given in Fig. 2. For  INDOR the s p e c t r u m  was taken in C6D a (see Fig. 3). The 
shift of the signal of one of the CH30-groups  (3.2 ppm) p e r m i t s  it to be ass igned to posi t ion 4' [13]. 

Acetylat ion of Acetylpectol tnar in .  P r e p a r a t i o n  of (1-II). A mix ture  of 1 g of ( I ) [o r (H) ]  and 50 ml of 
(CH3CO)20 was heated at 100°C for  4.5 h in the p r e sence  of a few drops  of pyridine and anhydrous sodium 
aceta te .  After  cooling, the reac t ion  mix ture  was poured  into 0.5 l i t e r  of ice wate r .  The p rec ip i t a te  that 
deposited was  r ec rys t a l l i z ed  f r o m  a mix tu re  of diethyl e the r  and p e t r o l e u m  e ther .  This  yielded smal l  co lo r -  
l e s s  c r y s t a l s  with the composi t ion  C29H2?O15(CH3CC0 7 with mp 123-125°C, [ ~ ] ~ - 3 9 . 6  ° (c 1.2, ch loroform) .  

NMR spec t rum:  doublet at 7 .65ppm, J = 9 ,  2H (H- 2; 6'); doublet at 6.9 ppm, J = 9 ,  2H (H-3; 5'); s inglet  
at 6.95 ppm, 1H (H-8); singlet  at 6.4 ppm, 1H (H-3); doublet at 4.64 ppm, J = 2 ,  1H (H-1 of rhamnose) ;  s inglets  
at 3.75 and 3.70 ppm, 6H (2 CH30 groups);  s inglets  at 2.36, 3H. 1.90-1.98, 15H, and 1.77 ppm, 3H (CH3CO 
groups);  doublet at 1.05 ppm, J = 6 ,  3H (CH 3 of rhamnose) ;  and mul t ip le ts  at 4.8-5.34 ppm, 7H and at 3.5- 
4.0 ppm, 4H (protons of the sugars ) .  
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Acid Hyrolysis  of (I). A. Production of Pectolinarigenin.  A mixture of 0.74 g of (I), 100 m_l of 20% 
sulfuric acid, and 15 ml of methanol were heated at 100°C for  2 h. After elimination of the methanol, the 
c rys ta l s  of pectol inar igenin were fi l tered off and recrys ta l l i zed  f rom ethanol. Yield 0.35 g (47.3~0). C 17H14016 
mp 218-219°C, mol. wt. 314 (mass spec t romet ry) .  UV spectrum: kma x (absolute ethanol) 277, 322 nm. 

The diacetate of the aglycone [(CH3CO)zO, CH3COONa, 100°C, 4 h)] had mp 154.5-155°C, and the IR 
spec t rum lacked the absorption bands of OH groups.  

B__. Isolation of Glucose and Rhamnose.  The acid filtrate was neutralized on Dowex-1 anion-exchange 
res in  (HCO 3 form), concentrated in vacuum, and chromatographed on paper  in sys tems 2, 3, and 4 in the 
p resence  of marke r s ;  glucose and rhamnose were found. 

F r o m  another port ion of the neutral ized fi l trate a mixture of the osazones of the sugars  was obtained, 
whichwas t reated with a small  amount of cooled acetone. The rharnnose osazone passed into solution and, 
af ter  recrys ta l l i za t ion  it had mp 181°C, while the glucose osazone had mp 204°C. Neither osazone gave a 
depress ion of the melting point in admixture with a corresponding authentic sample.  

Alkaline Saponification. A. Product ion of Pectolinarin.  A solution of 0.35 g of (I) in 5.5 ml of 1% 
aqueous KOH was left at 20°C for 20 min. The mixture was acidified with 5~ HC1 to pH 5.5. The gelatinous 
precipi ta te  that deposited was fi l tered off and washed with water,  and recrys ta l l ized  f rom methanol. Light 
yellow crys ta l s ,  C29H34015 , with rap 277°C deposited. A mixture with authentic pectol inarin showed no de- 
p re s s ion  of the melting point, and their  IR spec t ra  coincided. 

B. Detection of Acetic Acid. The acid aqueous filtrate was extracted with ether,  the ex t rac t  was 
concentrated,  and dietbylamine was added to the residue to a pH of 10. The diethylamine acetate Soformed 
was identified by paper  chromatography in sys tem 5. The presence  of an acetic acid residue in (I) was 
also confirmed by GLC. 

Stepwise Hydrolysis .  A mixture of 2.0 g of (I), 20 ml of 10% H2SO4, and 4}) ml of methanol was heated 
at 100°C for 2 h. After  evaporation of the methanol and cooling, the precipi tate  that had deposited was fil- 
te red  off. Rhamnose and t r aces  of glucose were found in the acid hydrolysis  solution. The residue, which 
contained the aglycone, a monoglycoside and (II) [(I) was absent] was washed with ch loroform (5 • 50 ml) 
and chromatographed on polyamide. The column was eluted with chloroform; when 2% of methanol was 
added, pectol inarigenin glucoside was eluted: C23H24011, mp 253-256°C, [ a ] ~ - 6 8 . 1  ° (c 0.94; pyridine), P~ 
0.35 (system 1). 

UV spect rum:  }'max (methanol) 277, 330 nm; }'max (methanol +CH3ONa ) 290 nm; k m a  x (methanol + 
CH3COONa ) 277, 330 nm. NMR spect rum:  doublet at 7.70 ppm, J=9 ,  2H (H-2', 6'); doublet at 6.88 ppm 
J = 9, 2H (H-3', 5'); singlet at 6.46 ppm, 1H (H-8); singlet at 6.42 ppm, 1H (H-3); doublet at 4.96 ppm, J=  
6.5, 1H (H-1 of glucose); singlet at 3.80ppm,6H (2CH30 group,s); multiplet at 3.4-3.9 ppm, 6H (protons of 
the sugars) .  

Periodate Oxidation. With heating in a 100-ml measur ing flask, 0.0891 g of (I) was dissolved in 45 
ml of ethanol. The solution was cooled, 50 ml of a 15.78 • 10 -3 M solution of NaIO 4 was added with a pipette, 
and the contents of the flask were made up to the mark  with ethanol and were carefully mixed. A solution 
of 0.0751 g of (II) was prepared  s imilar ly .  In a blank experiment,  50 ml of NaIO 4 solution was added to a 
100-ml flask and was made up to the mark  with ethanol. 

The p rocess  of periodiate oxidation was monitored in the following way: a sample of the reaction 
mixture (5 ml) was t reated with 10 ml of a saturated solution of NaHCO3, 20 ml of a 5.08.. 10 -3 M solution 
of NaAsO 2, and 2 ml of a 20% solution of KI. The mixture was kept in the dark for  15 rain, and then the ex- 
cess  of NaAsO 2 was ti trated with a 0.01 N solution of 12 with the addition as indicator of 2 drops of a 1% 
solution of soluble s tarch.  In the calculation of the consumption of NaIO4, the amount consumed in the oxida- 
tion of the ethanol (from the results  of the blank experiment) was deducted. 

C ONC LUSIO NS 

1. It has been established that acetylpectolinarin,  a new flavonoid f rom some species of Linaria,  is 
7- [ 6- O- (4-acetyl-~-  L-  rhamnopyranosyl)/~- D-gluc opy ranosyl]-  5,7-dihyd roxy-  4',  6- dimethoxyflavone. 

2. It has been found that the presence  of the aeetyl group in position 4 of the rhamnose residue sharply 
reduces the rate of the periodate oxidation of the c is -2 ,3-d io l  grouping of the rhamnose in the rutinoside. 
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