
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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TABLE 1. Influence of Ratio of the Reactants on the 
Yield of Demethylation Products  

Ratio of 
reactants, 
mole, (I) : 
PY/HC1 

R_eactio n conditions 

° I t;mp. solvent 
Compounds isolated 
and their fields, % 

1 : 2 , 8  
1:3 

1:21,5 
1:15,8 
1:10,7 
1:10,7 

40 
40 

32 

7 

J J 

210 Ethyleneglycoll II--13,4; 1--24,15 
210 Ethyleneglycol i II--5,36; 1ii--4,34 

I-6,5, 68 
225 None '~ V--65; I--0,46 
225 None , V--57,4; I--0,17 
210 Ethyleneglycol! V--65 
207 /Ethylene glycol ' V--69,1; I--0,95 

I 

The mass  spec t rum of this compound has the peaks of the M + 566 ion and of an ion with m/e 284 (100%). 

Thus, a distinct sequence in the demethylation react ion is observed:  cycleanine (I)--*noreycleanine (II) 
isochondodendrine (III)~ [ t r i -O-demethylcycleanine  ( IV)]~te t ra -O-demethylcyc leanine  (V). The increase  in 

the rate  of the react ion in the later  s tages of demethylation is due to the activation of the carboxy groups at 
C-6 and C-6 '  by the neighboring hydroxyls .  In contras t  to the react ion with hydrobromic  acid, stepwise de-  
methylation by pyridine hydrochlor ide is readi ly controlled. Since the methyl ether  of isochondodendrine (cycl- 
eanine) has been obtained by complete synthesis [6-10], its conversion into phenolic alkaloids by stepwise de-  
methylation is the completing stage of their  complete synthesis .  

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

The IR spec t ra  were taken on a UR-10 instrument,  the mass  spec t ra  on a CH-8 mass  spec t romete r  at 
230°C with an energy  of the ionizing e lect rons  of 70 eV, and the NMR spect ra  on a Varian HA-100D spec t ro -  
meter .  The melting points were determined in sealed capil lar ies  at a p ressu re  of 0.1 ram. The specific r o -  
tations of the substances were measured  on a Polamat  A polar imeter  at 20°C. Chromatographic  investigation 
was per formed in a thin layer  of LS 5/40 si l ica gel t reated with a 0.1 N solution of sodium hydroxide in the 
m e t h a n o l - c h l o r o f o r m  (1 : 5) sys tem with iodine as the reveal ing agent. 

Norcycleanine.  A mixture of 2.77 g of cycleanine, 1.39 g of pyridine hydrochloride,  and 7 ml of anhy- 
drous ethylene glycol was heated at 207-210°C under reflux for 40 mtn. The react ion mixture obtained was ex-  
t rac ted  with chloroform,  and the ch loroform extract  was washed with distilled water.  The aqueous layer  was 
made alkaline with ammonium hydroxide solution and was treated repeatedly with benzene, and then the sol -  
vent was evaporated off and the residue was dissolved in c i t r a t e -phospha te  buffer solution at pH 5.2, and f rom 
this solution benzene extracted 1.99 g of cycleanine. After the t rea tment  of the buffer solution with ammonium 
hydroxide solution and extract ion with benzene, 0.097 g of norcycleanine was obtained with mp 263-264°C ( f rom 
ethanol), mp 270°C (from methanol), [a]]~-J0.7 ° (c 0.33; methanol). 

Isoehondodendrine.  A mixture of 3.00 g of cycleanine and 2.36 g of pyridine hydrochlor ide was heated in 
ethylene glycol solution at 210"C for 40 rain. The react ion mixture was t reated in the same way as in the p r e -  
ceding experiment  to eliminate cycleanine and norcycleanine.  The alkaline solution after extraction with ben- 
zene was reex t rac ted  with chloroform,  and evaporation of the ch loroform yielded 0.019 g of [sochondodendrine, 

mp 306°C (from ethanol), [o~]~+64 ° (c 0.3; pyridine). 

Te t ra -O-demethylcyc lean ine .  A mixture of 3.00 g of cycleanine and 6.00 g of pyridine hydrochlor ide was 
heated in anhydrous ethylene glycol solution at 210°C under reflux for 15 min. The solidified light yellow r e -  
action mixture was dissolved in the minimam amount of distilled water at 60°C. When the solution so obtained 
was cooled, tt deposited the snow-white hydrochlor ide of te t ra -O-dimethylcycleanine ,  C34H34N206 "2HC1, mp 
329-330°C (from water) [oz]~+15.75 ° (c 0.3; water). Yield 2.75 g (65°/00. Base, mp 261-262°C (from ethanol). 
IR spectrum: 3000-3600 cm -1 (phenolic hydroxy groups). 

SUMMARY 

Cycleanine has been demethylated with pyridine hydrochloride. It has been shown that the reaction takes 
place in stepwise fashion with the successive formation of 7-norcycleanine, isochondodendrine, and tetra-O- 

dimethylcycleanine. 
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M A S S - S P E C T R O M E T R I C  D I S T I N C T I O N  O F  L I N E A R  

A N D  A N G U L A R  2 , 2 ' -  D I M E T H Y L - 3 ' - O X O - D I H Y D R O  P Y R  A N O C O U M A R  I N S  

P .  I .  Z a k h a r o v ,  P .  B .  T e r e n t ' e v ,  UDC 543.51+ 54%985 
a n d  G .  K.  N i k o n o v  

The dis socia t ive  ionization of the angular  2 ' , 2 ' - d i m e t h y l - 3 ' - o x o -  d ihydroeoumar in  (1I) has been studied 
p rev ious ly  [1]. We have es tabl i shed a m a s s - s p e c t r o m e t r i c  d i f ference  between this compound and its l inear  
i s o m e r  (I). With this aim, we have invest igated the mass  spec t r a  of subs tances  (I) and (II) and the i r  deu te r ium 
analogs (1II) and (IV) under  identical  conditions and energ ies  of the ionizing e lec t rons  of 50 and 15 eV. 

Compounds (I) and (II) were  obtained f rom natura l  3 ' , 4 ' - d i a c y l o x y d i h y d r o p y r a m o c o u m a r i n s  [2, 3], which 
p o s s e s s  a pronounced spasmoly t i c  effect  [4] and the i r  p re sence  in plant raw ma te r i a l  and in the fo rm of p rod :  
ucts  of the me tabo l i sm  of the 3 ' , 4 ' - d ihyd ropy ranoeoumar in s  when they a re  used as drugs is not excluded. Be-  
cause of this ,  the re l iab le  identification of compounds (I) and (II) by a m a s s - s p e c t r o m e t r i c  method is requ i red .  

R~ R 2 

P'na E] ~ 

I. R I = R 2 = - - H ,  II. Ra=R~=--H,  
IlI. R I = R ~ = - - D ,  IV. R a = P t = - - D .  

The m a s s  spec t r a  of (I) and (II) (Figure 1) contain the peaks of ions with the s a m e  m/e values ,  but the 
intensi t ies  of some ions differ  cons iderably .  Since in the case  of the f ragmenta t ion  of the deu te r ium analogs 
(lid and (IV) (see Fig. 1) the cor responding  ions a re  displaced by the same  number  of a tomic mass  units ,  at 
50 and ] 5 V compounds (I) and (II) exhibit  monotypical  f ragmenta t ion  under the action of e lec t ron  impact  which 
can be r e p r e s e n t e d  for the mos t  c h a r a c t e r i s t i c  ions in the fo rm of Scheme 1 

=n z on a CH a + 
4- 

Z,~'vl, role 244(~g0 %) 

-C41"150 

+ 

m/e2~e(~o%)  rn/e 201 (35%)  

"1 • ---] +. 

m/e 18s( lo%) m/e ~?a ( f4 o/~) 

Scheme i 
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