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In a methanolic ext rac t  of the roots  of Doronicum macroph¥11um Fisch.  (family Compositae) six sub- 
s tances of glycosidic nature have been detected chromatographical ly  and have been named in order  of inc reas -  
ing polari ty doronieosides A, B, C, D, E, and F. 

Acid hydrolysis  of the purified total glycosides showed that they contained one and the same aglycone 
and differed only by the qualitative and the quantitative composition of the carbohydrate  moiety.  

By chromatography on si l ica gel, doronicoside D was isolated in the individual state with the composition 

C42HG~O21 (D. It follows from an analysis of its IF spec t rum that the glycoside contains a ~ C=Ci-I.~ (3080, 1645, 

900 cm-1) and a free earboxy group (1745 cm -1 ). The presence  of the latter was also confirmed by the p r e p a -  
ration of a methyl es te r  (II) of the glycoside (I) by the action of diazomethane on it. Analysis of the t r imethy l -  
silyl e thers  of the sugars  of dorinicoside D showed that it contained one molecule each of L-arab[nose  and D- 
xylose and also two molecules of D-mannose.  A hydrolyzate of the permethylate  of doronicoside D was found 
to contain te t ramethyl  and t r imethyl  der ivat ives  of D-mannose and dimethyl derivat ives of D-xylose and L-  
arab[nose.  It follows f rom this that doronicoside D has a straight  unbranched sugar chain and the terminal  
sugar  is D-mannose.  

The acid hydrolysis  of doronicoside D yielded a product with the composition C20H3003 which we or ig in-  
ally called doronigenin (IV). The composition of doronigenin i tself  permit ted the assumption that it was a 
diterpene. The substance contained a free carboxy group (broad band at 2600-3300 cm -~ and band at !690 cm -~) 
and a ketonic carbGnyl group (]730 cm-l) ,  which was confirmed by the preparat ion of the methyl es te r  (V) and 
the oxime (VI). In the PMF spect rum of compound (IV), two singlets of 5 1.00 and :1.24 ppm (HMDS) showed 
the presence  of two t e r t i a ry  C-methyl  groups,  and a doublet at 1.14 ppm indicated the presence of a second 
C-methyl  group. 

At the same  t ime, as the IF and NMF spect ra  showed, compound (IV) lacked the ~)C:CH~ grouping 

present  in the initial glycoside (D and a hydroxy group. The disappearance of the hydroxyl and the exomethyl-  

ene group and the appearance in exchange of a ketonic carbonyl and a C~--CH~ grouping show that when the 

glycoside was hydrolyzed,  in addition to the splitting off of the carbohydrate  chain the s t ruc ture  of the agly- 
cone also changed. 

In an analysis of l i terature information it was observed that such r ea r r angemen t s  are charac te r i s t i c  
for diterpenoids of the kaurene ser ies .  Thus, for example, in the agylcone of the diterpene glycoside s tev[o-  
side on acid hydrolysis  the hydroxy and exomethylene groups are converted into ketone and methyl groups,  

respect ive ly  [1]. 

A detailed study of the propert ies  of known kaurene compounds permit ted the identification of the doron-  
igenin (IV) that we had isolated as ] 5 - o x o ( - ) - ]  9-oic acid [2]. The proper t ies  of the methyl es te r s  of the two 

compounds also coincided. 

By reducing doronigenin (IV) with sodium te t rahydrobora te  we obtained a hydroxy acid (VII) which was 
charac te r ized  in the form of its acetate (VIII) and the methyl es te r  of the acetate (IX). The proper t ies  of this 
hydroxy acid coincided with those of ] 5 f i -hydroxy- ( - ) lkau ran -19-o ic  acid (VII) obtained by the acid t rea tment  
of xylopie acid (III, R 2 =Ac) isolated previously f rom the fruit of Xylopia aethiopica [3]. 

Institute of the Chemis t ry  of Plant Substances, Academy of Sciences of the Uzbek SSF, Tashkent. N. 
Narimanov Azerbaidzhan State Medical Institute, Baku. Translated from Khimiya Prirodnykh Soed[nenii, No. 
5, pp. 658-662, September-October ,  ] 977. Original art icle submitted April  2q, lq~?. 

546 0009-3130/77/1305- 0546S07o50 © 1978 Plenum Publishing Corporat ion 



, D-Xy~]]-Moa)D-Mart / L r v ' .  RI= H; R2-- ~:. I~,= H" R-9-- L-Ara, 0 

~n. R,=tt; ; ~ = H  ~ . R,= H; R2= 1~-OH 

/ ,  

~ OR 2 

C / ~  H " lt~, COOR, 
vn. R~= R~H 
~rm. R,=H; P.2= Ac 

~ .  R,= 13H~; R: =,¢~ 

It follows f rom the facts given that the native aglycone of doronicoside D is the deaeetyl  derivat ive of 
xylopic acid, namely:  1 5 f i - h y d r o x y - ( - ) - k a u r - 1 6 - e n - 1 9 - o i c  acid (III). It has been isolated in the free form 
previously [2]. In the hydrolyt ic  cleavage of the glycoside, the acid (III) is converted into 1 5 - o x o - ( - ) - k a u r a n -  
19-oic acid (IV). Doronieosides A, B, C, E, and F contain the same aglycone. 

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

For chromatography we used paper of types FN-7 and FN-14, s i l ica gel of type KSK, and alumina (activ- 
ity grade II) and the following solvent sys tems:  1) c h l o r o f o r m - m e t h a n o l - w a t e r  (65 : 35 : 8); 2) c h l o r o f o r m -  
e t h a n o l - w a t e r  (65 : 35 : 8); 3) benzene -ace tone  (2 : 1); 4) c h l o r o f o r m - m e t h a n o l  (9 : 1); 5) b u t a n - l - o l - ' p y r i d i n e -  
water  (6 : 4 : 3); 6) b u t a n - l - o l - m e t h a n o l - w a t e r  (5 : 3 : 1)1 and 7) c h l o r o f o r m - m e t h a n o l  (a, 25 : 1; b, 50 : 1). The 
glycosides and aglycones were revealed on the chromatograms  with a 25% solution of tungstophosphoric acid. 
The sugar:s and their  derivatives were revealed with o-toluidine sal icylate and aniline phthalate. 

For  analysis,  the substances were dried in vacuum over  calcium chloride at the boiling of toluene or  
benzene for 8 h. The infrared spec t ra  were determined in KBr on a UR-10 spectrophotometer .  The NMR 
spect ra  were recorded  on a JNM-4H-100 instrument (100 MHz, HMDS, 5, ppm), and the mass  spec t ra  on an 
MKh-1303 instrument  fitted with a sys tem for the introduction of the sample direct ly  into the ion source  at an 
energy of the ionizing electrons of 40 eV and a tempera ture  of 120°C. 

The GLC of the silylated methyl glycosides was per formed on a UKh-1 chromatograph using a copper 
column (1 x 4 ram) containing 5% of G-30-M silicone phase on Diaforit  (0.2-0.315 ram); column tempera tu re  
176°C; c a r r i e r  gas hydrogen at the rate  of 55 ml/min. 

Extraction of the Glycosides.  The a i r - d r y  comminuted roots  of Doronicum macrophyl lum (1 kg), col-  
lected in the stage of the withering of the epigeal part  in the Shakhbuz region of the Nakhichevan ASSR were ex- 
t rac ted  with hot methanol. The methanolic extract  was evaporated to dryness  in vacuum, the residue was d is -  
solved in water,  the solution was washed with chloroform,  and the glycosides were extracted with ethyl acetate 
and with n-butanol, 

According th TLC on si l ica gel in sys tems 1 and 2, the isolated total glycosides contained six substances 
of glycosidic nature (doronicosides A, B, C, D, E, and F)o 

Acid Hydrolysis  of the Total Glycosides.  The total glycosides (10 g) were dissolved in 100 ml of 5% 
aqueous methanolic (1 : 17 sulfuric acid and were hydrolyzed with heating for 8 ho White tubular c rys ta l s  of 
doronigenm (IV) deposited with the composition C20H3003, M+318, mp223-225°C (from aqueous methanol), [o~]~- 
108.4°(c 1,014; chloroform).  IR spectrum: 2600-3300 cm -1 (OH of a carboxyl),  1730 cm -i  (C---~O of a ketone), 
and 1690 cm -1 (C ~ O of an acid). 
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NMR spec t rum (CDC13): s 1.24 and 1.00 ppm (3 H at C-18 and 3 H at C-20), and d 1.14 ppm (3 H at C-17, 
J = 7 Hz). According to the l i terature  [2]: mp 22~-231°C (from aqueous ethanol), [o~]}~ -126  °. IR spect rum:  
1735, 1690 cm-1; NM1R spectrum: 1.24 and 1.02 ppm. 

Isolation of Doronicoside D (I). The total glycosides (6 g) were chromatographed on a column of si l ica 
gel in sys tem 2. The individual glycoside doronicoside D (I) was isolated with mp 116-118°C (from aqueous 
methanol), [o~ ]}~-36.3 • 2 ° (c 1.129; methanol). Treatment  with diazomethane yielded the methyl es te r  (II). 

Acid Hydrolysis  of Doronicoside D (I). Doronieoside D (100 mg) was dissolved in 60 ml of aqueous 
methanol (1 : 2) and was hydrolyzed with 5% sulfuric acid for 8 h. The white c rys ta l s  that deposited were sepa-  
rated off and were r ee rys t a l l i zed f rom aqueous methanol. The compound obtained was identical with the sub- 
stance isolated f r o m  the total glycosides (TLC on sil ica gel in sys tem 7; a mixture of the two substances gave 
no depress ion  of  the melting point). 

In a hydrolyzate  of doronicoside D that had been neutral ized with barium carbonate and purified, TLC on 
si l ica gel impregnated with a 0.3 M solution of sodium dihydrogen phosphate, in sys tem 6, and PC, in sys tem 
5, showed the presence  of D-mannose,  L-arabinose ,  and D-xylose.  The GLC of the t r imethyls i ly l  der iva t ives  
showed that these sugars  were present  in a rat io of 2 : 1 : 1. 

Methylation of Doronicoside D (I). Doronicoside D (50 mg) was methylated by Hakomori ' s  method [4]. 
The permethylate  obtained was heated in 5 ml of 5% aqueous methanolic (1 : 1) sulfuric acid for 5 h. Then 3 ml 
of water was added to the react ion mixture,  the methanol was distilled off, and it was heated for another 5 h. 
After this,  it was diluted with water ,  the aglycone that deposited was separated off, and the solution was neu-  
t ra l ized with bar ium carbonate and filtered, and the filtrate was evaporated in vacuum. 

TLC on "Silufol" plates in sys tems  3 and 4 with marke r s  showed the presence  of 2 ,3 ,4 ,6 - te t ra -O-methy  !-  
D-mannose,  dimethyl der ivat ives  of D-xylose and L-arab inose ,  and a t r imethyl  derivative of D-mannose.  

Methyl Es ter  of Doronigenin (V). To 40 mg of compound (IV) was added 3 ml of an e thereal  solution of 
diazomethane.  The methyl es te r  was rec rys ta l l i zed  from aqueous ethanol (1 :1 ) ;  composition C21H~03, mp 
120-121°C; [~ ]~ -136 .5  ~2 ° (c 1.245; chloroform).  IR spectrum: 1720 cm -1 (C ~ O ) o f  carboxy and ketone 
groups), and 1240 cm -1 ( C - O - C ) .  NMR spec t rum (CDCI~), ppm: s 1.2 (3 H at C-18); s 0.91 (3 H at C-20); 

O 

d 1.12 (3 Ha tC-17 ,  J = 7  Hz); and s 3.64 (3H,--C--OCH3). According to the l i tera ture  [2]: mp 119.5-120.5°C; 
[a]}~ - 1 3 8  °. 

Oxime of Doronigenin (VI). A solution of 40 mg of compound (IV) in 0.5 ml of d ry  pyridine was t rea ted  
with 4 mg of hydroxylamine hydrochlor ide.  The mixture was heated at 100°C for 20 h and was then cooled and 
poured onto ice. The precipi tate  that deposited was filtered off and washed with water;  composition C20H3103N, 
mp 230-232°C. IR spect rum,  em-l :  1690 (C----G of an acid); 1730 (C = O  of a ketone), 3] 50-3300 (OH), 1600 

(C=N-) .  

Reduct ion of Doronigenin (IV) with Sodium Tetrahydroborate .  In small  portions,  400 mg of sodium te t -  
rahydrobora te  was added to a solution of 200 mg of compound (IV} in 40 ml of aqueous methanol (1 : 2). The r e -  
action mixture was left as room tempera tu re  for 48 h. Finally, the mixture was heated at 100°C for 30 min. 
Then it was cooled and was neutral ized with dilute sulfuric acid. The precipitate that deposited was again r e -  
duced with sodium te t rahydrobora te .  This gave 15f l -hydroxvkauran-19-oic  acid (VII), composition C29H3203, 
M + 320, mp 235-237°C; [o~1}~-66.9~:2 ° (c 0.89 methanol). IR spectrum,  cm-I :  1690 (C = O  of a carboxyl); 
3410 (OH). According to the l i te ra ture  [3]: mp 236-239°C. 

The Acetate (VIII) of the Acid (VII). A solution of 40 mg of substance (VII) f rom the preceding exper i -  
ment in 3 ml of d ry  pyridine was t rea ted  with 3 ml of acetic anhydride. The mixture was left at room t empe r -  
ature for two days and was then poured onto ice. The precipitate that deposited was filtered off and was c rys t a l -  
lized from methanol. The acetate (VIII) had the composition C22H3404; M + 362, mp 217-220°C, [ a ]~ -90 .2  2:2 ° 
(c 1.0; chloroform).  IR spect rum,  cm-l :  1730 (C ----O of an acetate), 1690 (C----~O of a carboxyl),  3300 (OH of a 

carboxyl).  

Methyl Ester  (IX} of the Acetate (VIII). The acetate f rom the preceding experiment  (30 rag) was covered 
with a solution of dizaomethane in ether and the mixture was left at room tempera tu re  for three  days. This 
gave a yellow oily compound with the composition C23H3604, M + 3~6, [ a ]~ -74 .7  ~2 ° (e 5.49; chloroform).  
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SUMMARY 

Six new di terpene glycosides  - doronicos ides  A, B, C, D, E, and F - have been detected in the roo t s  of 
Doronicum macrophy l lum Fisch.  The quali tat ive and quanti tat ive composi t ion of the sugar  chain of doron ico-  
side D has been es tabl i shed.  It  has been shown that  the negat ive aglycone of all  the doronieos ides  is 15/3- 
h y d r o x y - ( - ) - k a u r - 1 6 - e n - 1 9 - o i c  acid, which, in the p r o c e s s  of hydro lys i s ,  is  conver ted  into 1 5 - o x o - ( - ) -  
kau ran -19 -o i c  acid. 
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We have p rev ious ly  r epor t ed  the demethylat ion of cycleanine with hydrobromic  acid [1]. Continuing 
work in this d i rec t ion we have se lec ted  pyridine hydrochlor ide  as a demethyla t ing reagent ;  it has been used 
success fu l ly  by a number  of worke r s  in the product ion of phenol de r iva t ives  [2-5]. By keeping the op t imum 
reac t ion  t e m p e r a t u r e  and t ime but vary ing  the r a t io  of alkaloid and demethyla t ing reagen t  we have d e m e t h y l -  
ated one, two, o r  four methoxy groups.  For  monodemethyla t ion about th ree  molecules  of pyr idine hyd roch lo r -  
ide per  molecule  of  alkaloid mus t  be used since two molecules  of the reagen t  are  consumed in fo rming  the 
cyeleanine sal t .  With a twofold excess  of  pyridine hydrochlor ide  ( ra t io  4 : 1) norcycleanine  and isochondodend- 
r ine  are  formed.  A fur ther  inc rease  in the excess  of pyridine hydrochlor ide  leads to the appearance  in the 
reac t ion  mix ture  of compounds with th ree  and four hydroxy groups,  while at a ra t io  of 7.2 : 1 t he  l a s t - m e n -  
t ioned compound p redomina tes  (Table 1). 

Analys is  of the PMR s p e c t r a  of the substance obtained showed that  the format ion  of mono-  and diphenolic 
reac t ion  products  is due to the spli t t ing out of the methyl  groups at C-7 and C-7 ' .  The i r  PMR s p e c t r a  lack the 
s ignals  of the protons of, r e spec t ive ly ,  one and two methoxy groups in the s t rong field sc reened  by the a r o m a t i c  
nucleus of the benzyl group. At the s ame  t ime,  no compounds i s o m e r i c  with isochondodendrine and no reyc l ean -  
ine with hydroxy groups at C-6 and C-6 '  were  detected.  T r i - O - d e m e t h y l c y c l e a a i n e  (IV) was not isolated in the 
pure  form,  but its p r e sence  in the minor  components  of the reac t ion  products  was detected m a s s  s p e c t r o m e t -  
r icaUy.  

Te t r a -O-deme thy l cye l ean ine  (V), like cycleanine (I) and isochondodendrine (III), has an axis of s y m m e t r y .  
Because of this all  the f ragments  of its fo rmula  coincide on rota t ion through 180 ° , and the cor responding  s ig -  
nals  of  the protons  of the two benzylisoquinoline halves  are  superposed  in the PMR spec t r a  (solvent ChDhN , 
in ternal  s tandard  TMS). In norcyc leanine  (II) there  a re  th ree  methoxy groups and a hydroxy group, and these  
s ignals  a re  not superposed .  In the PMR s p e c t r u m  of (V) the following signals  a re  observed:  a s ix -p ro ton  
singlet  at 2.47 ppm of two methyl imino groups,  a broadened doublet of  the two protons at C-1 and C-1 '  (J = 
10 Hz), a two-proton singlet  at 6.92 ppm (C-5 and C-5 ' ) ,  and the signals  of the protons of methoxy groups  a re  
absent.  Since the m a c r o c y c l e  acquires  the boa t - shaped  configuration,  the protons at C-10 and C-11 (and at 
C-10 '  and C-11 ' ,  r espec t ive ly)  undergo sc reen ing  and because  of this the i r  s ignals  a re  p re sen t  in a s t ronge r  
field than the s ignals  of the protons  at C-13 and C-14 (and C-13 '  and C-14 ' ,  respec t ive ly) :  6.53 ppm (q, J! = 
8 Hz, J2 =2.5 Hz, 2 H, C-10 and C-10 ' ) ,  6.33 ppm (q J1 =8 Hz, J2 =2.5 Hz, 2 H, C-11 and C-11 ' ) ,  and 6.T5 ppm 
(q, J1 =8 Hz, J2 =2.5 Hz, 2 H, C-13 and C-13 ' ) .  The s ignal  of the protons  at C-14 and C-14 '  is masked  by the 
cor responding  signal  of the pyridine protons and is t he re fo re  not obse rved  in the spec t rum.  
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