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The seeds of Pastinaca sativa L. (garden parsnip)have yielded three flavonoid glycosides, two of which have been 
identified as hyperin and rutin, while the third has proved to be new [1] and has been called pasternoside, From its 
physicochemical properties, the latter can be characterized as a flavonoid glycoside (Table 1). 

When pasternoside was investigated spectroscopically (Table 2), its aglycone part was found to contain free hy-  
droxy groups', in position 5 by a 48-rag bathochromic shift with zirconyl nitrate and in position 7 on the basis of the 7-m/~ 
bathochromic displacement of the absorption maximum of the long-wave band on ionization with anhydrous sodium 
acetate [6]. 

The acid hydrolysis of pastemoside gave an aglycone with free 9-, 5-.  7- and 4'-hydroxy groups and two mono-  
saccharides - glucose and rhamnose, From the aglycone we prepared the tetraacetyl derivative; alkaline degradation 
(cf,  Table 1) gave phloroglucinol and vanillic acid. 

Table I 

Physicochemical Properties of Pasternoside and Its Derivatives 

Properties Pasternoside Deglucopasternoside Aglycone 

Mp' *C 
[¢zg ° , degrees 

Mol. wt. 
Formula 
Rf in systems 

I* 
2** 

235--237 
-- 120,0 (c 1.3; pyri- 
dine) 

624.0 
CzsHn016 

0.68 
0.00 

Qualitative reactions 

220--221 
--85,0 (c 2; pyri- 
dine) 

462,0 

0,17 
0.16 

Cyanidin reaction 

Reaction with ztrconyl 
nitrate and citric acid 

Coloration with ferric 
chloride 

positive 

ne gative 

green 

positive 

positive 

green -brown 

Hydrolysis 
with 2% HC1 

with snarl enzyme 

with rhamnodiastase 

Oxidation with H202 and 
saponification with NH 8 
Alkaline degradation 

hydrolysis products 

I isorhamnetin + isorhamnetin + 
glucose + rhamnosel rhamnose 
deglucopasternoside } 
and glucose not hydrolyzed 
deglucopasteenoside 
and glucose [ 

glucose [ not saponified 

319--321 

316.0 
C,6H,~O~ 

0.04 
0.70 

positive 

positive 

green-brown 

phloroglucinol and 
vanillic acid 

* 15°]o acetic acid 
** [3enzene-ethyl ace ta te-ace t ic  acid (24. 5 : 78, 8 : 2). Paper impregnated with 

formamide.  
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The physicochemical properties of the aglycone of pasternoside showed that it is isorhamnetin (3, 5, 7, 4 ' - t e t r a -  
hydroxy-3 '-methoxyflavone) [8]. The appearance of two more hydroxy groups (in positions 3 and 4') in pasternoside 
after acid hydrolysis gives grounds for assuming that pasternoside is a diglycoside. The diglycosidic nature of pasterno- 
side is also confirmed by the results of quantitative acidic hydrolysis, which gave 47% of aglycone (calculated:  46%). 

Table 2 

Spectral Characteristics of Pasternoside and Its Derivatives 

Solutions and reagents 

2 X 10"SM in abs. alcohol 

The same + sodium acetate [ / 

Bands 

The same + boric acid and { 
sodium acetate 

The same + sodium ethoxide { 

1?he same + zirconyl nitrate { 

The same + zirconyl nitrate { 
and citric acid 

iI 

,I 

d 

I Degluco- I 
Pasternoside pasternoside Aglycone 

Absorption maxima (X, m~) and displacements 

)'max I A). a), km~,x 

8 

0 

68 
3 

48 

3 6 7  - 

2 5 5  2 6 7  - 

380 13 

2 5 5  - -  - -  

367  0 

2 5 5  - -  - -  

3 5 0  41~ 58 

2 5 2  - -  - -  

385 45~ 88 
27( 3 

36~ 0 

357 
256 267 

365 
256 268 

357 
255 - -  

425 
- -  270 

405 

3 5 5  2 

2 5 5  , - -  

Xma x ax 

372 
~55 267 - -  

385 13 
268 274 7 

372 0 
255 - -  

345 
275 

375 455 
265 

375 4~5 
265 

8 

83 
--2 

63 
2 

The positions of the carbohydrate substituents in pasternoside were determined from the products of enzymatic 
hydrolysis with rhamnodiastase [2], snail pancreatic juice enzymes [3], the enzymes of the fungus Aspergitlus oryzae 
[4], and from the products of oxidative degradation with hydrogen peroxide with subsequent saponification by ammonia 
[5]. I t  was established that the enzymes split off only glucose, and a monoglycoside was isolated which we have c'alled 
deglucopasternoside, which exhibits a free hydroxy group at C 3. The presence of glucose in this position is also con-  
firmed by its isolation on oxidative degradation with hydrogen peroxide, which is capable of oxidizing only the double 
bond between the C 2 and C 3 atoms with the formation of an ester bond with a carbohydrate present in position 3. A sugar 
ester, in contrast to other glycosidic bonds, is readily saponified with ammonia [5]. For the spectroscopic detection of 
the a-hydroxy group and its distinction from a 5-hydroxy group, we carried out the complex-forming reaction with zir-  
conyl nitrate, which permitted the two hydroxy groups in deglucopasternoside to be detected separately (see Table 2) 
[61. 

Table 3 

Analysis of the Molecular Rotation of the Carbohydrate Part of 
Pasternoside and Its Derivatives 

Glycoside [~IID Kf [MID K f  ~C ! II 

Pasternoside 
Deglucopasternoside 
Derhamnopasternoside 
Phenyl rhamnoside 
Phenyl glucoside 

--749.0 
--393.0 

--254.0 
--364.O 

O. 66 
0.52 

1.00 
1.00 

--494.0 
--204.0 

--254.0 
--364.0 

- - 3 ~ . 0  
V Pyranoside 

Furanoside 
Pyranoside 
Furanoside 

Note: AC of the diglycoside = [M]D. Kf of the diglycoside minus 1/2 

[M] D • Kf of the monoglycoside. I - configuration of the glycosidic 
bond, II - size of the oxide ring. 
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When deglucopasternoside was subjected to acid hydrolysis, we obtained isorhamnetin and rhamnose. The produc- 
tion of 67% of aglycone shows that this glycoside is a monorhamnoside. According to the spectroscopic investigation 
(cf .  Table 2), the rhamnose is present in the monoglycoside in position 4 ' ,  

4000 3600 3200 280U I#00 1700 1600 XfO0 f4OQ . 130@ 1200 flOO 1000 B00 800 ?00 

- J Frequency. cm-I 

IR absorption Spectra of pasternoside (a), deglucopasternoside (b), and isorhamnetin (c) 
in a potassium bromide tablet. 

Thus, pastemoside may be characterized provisionally as isorhamnetin 8-D-glucoside 4'-L-rhamnoside. 

In studying the configuration of the glycosidic bonds and the sizes of the oxide rings in the carbohydrate part of 
the molecule, we used the results of enzymatic hydrolysis and a comparison of molecular rotations (Table 3). 

This showed that the D-glucose is attached to the isorhamnetin in position 3 by means of a B-glycosidic bond, and 
the L-rhamnose is attached to the aglycone in position 4' by an c(-glycosidic bond. Analysis of molecular rotations (cf. 
Table 3) permits the assumption that in pasternoside D-glucose is present in the furanose form and L-rhamnose in the 

pyranose form [7]. 

Additional confirmation of the sizes of the oxide rings and the configuration of the glycosidic bonds of pasterno- 
side is given by the results of a spectral investigation of the carbohydrate part of the molecule in the IR region [7]. 
Thus, the IR spectrum of deglucopasternoside exhibits the following bands: I110 s., 1065 s., 1015 s., (ring vibrations 
of a pyranose and C-O groups), 998 m. (-O--C--O of a glycoside), 972 m. (CH s group), 846 m. (a-anomer) cm'l; 
and derhamnopasternoside exhibits bands at 1080 s., 1036 s. (ring vibration of a furanose and C-O groups), and 1004 s. 

(-O-C-O of a glycoside) cm "I (figt~e). 

Thus, it has been established that pasternoside is isorhamnetin 8-8-D-glucopyranoside 4'-a-L-rhamnopyranoside. 

nr~ OH OOH~ OH ~= 

1." II 1t ~ "~-"o '~c4L__._ L I1 I1 ",='-- "--"O"-CH~ 
" ~ 7 ' ~  OH "~ ~ "OH 
(]H (3 \ ~ OH O . .... ~ / HO~ Deglucopasternosioe 

[iCH a OH OH 

, , ~'OfH',C OH 
0H20F, 

~0H 
OH 0 

Isorhamnetin 
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Exper imenta l  

Pastemoside.  This flavonoid glycoside was isolated from the fruit of garden parsnip. 

Found, %: C 53.98; H ft.06. Calcula ted for C~sHs~ O16, %: C 53.86; H 5.12.  

Acerf la t ion  of pastemoside.  0 .3  g of pastemoside was ace ty la ted  with ace t ic  anhydride (5 ml)  at 18-20"C for 
16 hr. On dilut ion with water,  pasternoside ace ta te  was deposited as an amorphous powder. The polyace ta te  has nine 
acetyl  groups, determined by the Kuhn-Roth method.  

FounS, %: C 55.14; H 5.06.  Calcula ted for C46HsoOzs, %0: C 55.08; H 4.99.  

Oxidation of pasternoside with hydrogen peroxide.  A suspension of 0 .1  g of pasternoside in 20 ml of water was 
made alka; ine with 1 ml of 0 .1  N ammonia  solution, 4 ml of 80% hydrogen peroxide was added,  and the mixture was 

,)  o lef t  at 18-';.0 C for 4 hr. Then freshly-prepared lead sulfide (a  slight excess) was added and the mixture was left for 
18 hr for the decomposit ion of the excess of hydrogen peroxide.  The precip i ta te  was f i l tered off, and the f i l t ra te  was 
t reated with 5 ml of 25%0 ammonia  solution and heated on a water bath ( 5 rain).  The resulting solution was concen-  
t rated to small  bulk and the qual i ta t ive  composit ion of the carbohydrates in the solution was investigated by paper 
chromatog~'aphy. Only one sugar was found, which was identif ied as glucose. 

Preparation of de~lucopasternoside.  2 g of pasternoside was dissolved in l l  of 10% ethanol  with heating, 
the solution was cooled to 38"C, a solution of snail enzyme ( 0 . 2  g in 1O0 ml of water) was added, and the mixture was 
left  for 3 hr in a thermostat  at 38"C. The fermentat ion process was followed by means of paper chromatography in 15% 
acet ic  acid;  it  was found that after 3 hr the pasternoside had been almost comple te ly  broken down to the monoside.  The 
enzyme w ~  denatured byhea t i ng  the solution to the boi l ,  and the monoglycoside was extracted with ethyl  aceta te  
( three  0.8-Z portions). The ethyl  ace ta te  extract  was evaporated under vacuum, the residue was dissolved in the m i n i -  
mum amount of ethanol ,  and the solution was diluted with water and left  to crys ta l l ize .  The need le - l i ke  crystals were 
f i l tered off, recrys ta l l ized from 50% ethanol ,  and dried under vacuum (O. 1 mm Hg) at 100*C. The flavonoid had nap 
220-224"C, [(x]~ ° --85.0* (c  2.0;  pyridine).  

Found, %: C 57.36; H 4 . 6 9 .  Calcula ted  for C22H~20 n ,  %: C 57.14; H 4. 76. 

The qual i ta t ive  reactions of the compound under investigation are shown in Table  1, the results of a spec t ro-  
scopic invest igat ion in the UV region in Table  2, and the IR spectrum in Fig.  1, b .  The [R spectra of pasternoside and 
its derivatives were taken on a UR-10 spectrophotometer  in a potassium bromide tab le t  by I .  P. Kovalev.  

Acid hydrolysis of de~lucopasternoside.  0 .5  g of the monoglycoside was hydrolyzed with 1% hydrochloric  acid 
in 50% aqueous alcohol with heat ing tn the water bath  for 20 rain. The aglycone,  which separated out in the form of 
yellow needles,  was f i l tered off and recrysta l l ized from 30% ethanol .  The yield of aglycone was 0.33 g, mp 819-321"C, 
composit ion C16H1207. The aglycone was sparingly soluble in water,  somewhat more soluble in alcohol and ether, and 
readi ly  soluble in propylene glycol ,  d imethyl formamide ,  and pyridine.  

Ace ty la t ion of the aglycone as described above gave a t e t raace ta te  with the composit ion C24H20011, mp 205- 
208"C. 

Alkal ine degradat ion.  A solution of 0 .1  g of the aglycone in 10 ml of 20% caustic potash solution was heated for 
2 hr in a water bath,  cooled,  diluted with water to 100 ml ,  neutral ized with 5% hydrochloric acid ,  and extracted with 
ether ( three 150-ml  portions). The residue after the evaporat ion of the ether was dissolved in a small  amount of a lcohol , .  
and the solution was analyzed by  paper chromatography in the b e n z e n e - e t h y l a e e t a t e - a c e t i c  ac id - fo rmamide  
(24 : 73.5 : 2 : 1) system. Phenols (resorcinol  and phloroglucinol)  and aromat ic  acids (p-hydroxybenzoic ,  vani l l ic ,  and 
protocatechuie)  were used for comparison.  The chromatogram was de tec ted  with d iazot ized  sulfanil ic acid ( 0 . 1 % )  and 
a 3% aqueous a lcohol ic  solution of caustic soda, 

By their  chromatographic  behavior ,  the products of the a lkal ine  degradation of the aglycone were ident if ied as 
phloroglucinol and vani l l i c  ac id .  

A_nalTsis of the carbohydrates of de~lucopasternoside.  The acid hydrolyzate  of the monoglycoside was neu t ra l -  
ized with a solution of a lka l i  and evaporated to dryness under vacuum. The residue was t reated with absolute alcohol  
(3 × 15 ml) the prec ip i ta te  was separated off, and the solution was concentra ted .  This operation was repeated several  
t imes in order to e l imina te  minera l  salts.  The syrup was dissolved in 40 ml  of water and purified on a column conta in-  
irig 50 g of cel lulose powder. The column was washed with dist i l led water and the fractions containing the carbohydrate  
were co l l ec ted .  The sugar was analyzed by paper chromatography in the b u t a n - l - o l - a c e t i c  ac id-water  (4 : 1 . ' 5 ) sys t em 
and was identif ied as L-rhamnose.  The purified syrup was crysta l l ized from a mixture of  ethanol  and acetone.  The 
crystals of the sugar had nap 122-I25"C, composit ion C6HnOs, and [ a ~  ° + 8 . 8 ° ( c  1.0; water).  The ident i ty  of the sugar 
with L-rhamnose was also confirmed by the s imi lar i ty  of the properties of the phenylosazones. 
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Hydrolysis of de~{lucopasternoside with rhamnodiastase. With heating, 0.02 g of deglucopasternoside was dissolved 
in 20 ml of water, the solution was cooled to 38°C and mixed with a solution (0.01 g) of rhamnodiastase in 5 ml of 
water, and the mixture was left for fermentation in a thermostat at 38°C. The hydrolysis was followed by paper chroma- 
tography in the 159 acetic acid system. No hydrolysis was observed during two days. 

Summary 

1. The new flavonoid glycoside pasternoside has the structure of isorhamnetin 3 ~8-D-giucopyranoside 4 ' - a - L -  
rhamnopyranoside. 

2. The enzymatic hydrolysis of pasternoside has given the monoglycoside deglueopasternoside, which has been 
shown to be isorhamnetin 4' .~ -L-rhamnopyranoside. 
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