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F R A G M E N T A T I O N  O F  T H E  U N S U B S T I T U T E D  

C A R B O H Y D R A T E  U N I T S  O F  C A R D E N O L I D E  

M O N O S I D E S  

N.  I .  Y a k u b o v , *  Y a .  V. R a s h k e s ,  
a n d  N. Sh .  P a l ' y a n t s  

UDC 543.51+547.926 

In the m a s s  s pec t r a  of unsubsti tuted monosides  of cardenol ide nature  a r e  obse rved  the M ÷ 
peaks ,  and a lso ,  in each  case ,  th ree  cha r ac t e r i s t i c  p r o c e s s e s  of the f ragmenta t ion  of the c a r -  
bohydrate  unit. The fo rmat ion  of the ions Ag lOCH=OH ÷ is the mos t  un iversa l  p rope r ty  of 
these compounds.  The s tabi l i ty  of ions of the type under  considera t ion  depends on the nature  
and posi t ion of a t t achment  of the sugar  res idue  and on the number  of polar  groups  in the 
aglycone.  The laws of the f ragmenta t ion  of the ca rbohydra te  unit a r e  extended to the spec t r a  
of  g lycos ides  of o ther  c l a s s e s .  

Mass  s p e c t r o m e t r y  is widely used to de tec t  new carbohydra te -conta in ing  plant compounds.  In this p ro -  
ces s ,  the wider  use  of " m i l d "  methods of ionization, with the aid of which the peaks  of the molecu la r  ions of 
unsubsti tuted g lycos ides  a r e  obtained with incomparab ly  g r e a t e r  intensi ty than on the use  of e lec t ron  impac t  
(EI), is  of no l i t t le  impor tance ,  impor tance .  

This was f i r s t  demons t ra t ed  for  the case  of cardenol ides  by Brown et  al.  [ 1], who compared  the field ion- 
izat ion (FI) and EI s pec t r a  of the aglycones  digitoxigenin and strophanthidin and their  mono- ,  b i - ,  and t r io -  
s ides  and~also individual monosacohar ides .  F u r t h e r m o r e ,  it has been found that in the FI spec t r a  the f r agments  
fo rmed  by the sequenation of the ca rbohydra te  chain a r e  m o r e  stable.  

The f ragmenta t ion  of g lycos ides  under  the act ion of EI takes  place l e s s  se lec t ive ly ,  but the spec t r a  ob- 
tained by this method contain the peaks  of the ions a r i s ing  on the c leavage of the bonds of the carbohydra te  
chain. This fea ture  of  the spec t r a  is not d i scussed  by Brown et  al. [1]. Never the less ,  it p e rmi t s  useful  conclu-  
sion to be drawn in a compar i son  of the spec t r a  of g lycos ides  with different  suga r  r e s idues  or  with different  
aglycones .  

*Deceased .  

Insti tute of the Chemis t ry  of Plant  Substances,  Academy of Sciences of the Uzbek SSR, Tashkent.  T r a n s -  
la ted  f r o m  Khimiya Pr i rodynykh  Soedinenii, No. 3, pp. 345--354, 1983. Original  a r t i c l e  submit ted Apri l  30, 1982. 
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We had ava i lab le  a se t  of na tura l  and semisynthe t ic  [2] ca rd iac  monoglycosides  the study of the m a s s  
spec t r a  of which has enabled us: to de t e rmine  genera l  ru les  of the f ragmenta t ion  of the sugar  moie ty  of the 
molecule;  to es tab l i sh  the influence of the s t ruc tu re  of a py ranose  r ing and the posi t ion of its a t t achment  on 
the nature  of f ragmenta t ion;  to evaluate  the r ea l  dependence of these  p r o c e s s e s  on the s t ruc tu re  of the ag ly -  
cone; and to elucidate in some m e a s u r e  the appl icabi l i ty  of the laws found to the spec t r a  of g lycos ides  with 
aglycones  of o ther  c l a s se s .  On the p rac t i ca l  level ,  the a i m  has been  followed of de te rmin ing  identifying fea -  
tu res  of the m a s s  spec t r a  c h a r a c t e r i s t i c  of unether i f ied g lycos ides .  

Table 1 gives  the fo rmulas  of the ma jo r i t y  of monos ides  studied (I-XII) and c h a r a c t e r i s t i c s  of the f r ag -  
mentat ion of the i r  ca rbohydra te  units,  and a lso  a l i s t  of the m o s t  impor tan t  f r agment s .  

The s p e c t r u m  of each one of the compounds included in Table  1 has the peak  of the molecu la r  ion ( f rom 
0.02 to 3.9% re l . ) ,  and it i s  poss ib le  to t r ace  a tendency to a fall  in i ts  in tensi ty  as the degree  of oxidation of 
the aglyeones  i n c r e a s e s .  It was found that  the p r e s e n c e  of M ÷ s e r v e s  as  a n e c e s s a r y ,  but not a lways  sufficient,  
condition for  the appea rance  of the f r a g m e n t a r y  ions cons idered  in the p r e s e n t  pape r  produced by the c leavage 
of bonds in the py ranose  r ings.  Fo r  example ,  there  a r e  no ions of  this type in the s p e c t r u m  of s trophanthidin 
5 f i - rhamnos ide  (XIII),  although the M ÷ ion is  p r e s e n t  here .  The spec t r a  of the r ibos ide  (XIV) and of the methyl  
e s t e r s  of  the 3f l -glueosiduronic  acid (XV) and the ga lac tos iduronic  acid (XVI) of s t rophanthidin show the ab-  
sence  of both these  and other  ions. 

Three  main  methods for  the f ragmenta t ion  of the ca rbohydra te  unit (A, B, and C) a r e  shown s c h e m a t i -  
cal ly  in Table  1. 

The m o s t  un ive r sa l  type of ions a r e  those fo rmed  by  route  A [AglOCH = O÷H], which appea r  in all  the 
spec t r a  included in Table 1. In al l  ca ses ,  this includes ions that have not addit ionally los t  wa te r  molecules .  
F ragmen t s  of  this type with migra t ion  of hydrogen in the opposi te  d i rec t ion  have been detected in the spec t r a  
of pe rme thy l a t e s  of  d i saechar ides  [3] and, among na tura l  g lycos ides ,  in pe rme thy la t e s  of sp i ros tanol  t e t r a -  
osides  [4], but as secondary  f ragmenta t ion  pathways.  The fo rmat ion  of ions B is c h a r a c t e r i s t i c  of the p e r a c e -  
ta tes  of ol igosides  of ce r t a in  c l a s s e s .  Thus, the b reakage  of the C 1 - O  and C2--C 3 bonds of the t e rmina l  c a r -  
bohydra te  units with the additional loss  of a molecule  of ketene f r o m  C2-OAc is obse rved  in the spec t r a  of the 
p e r a c e t a t e s  of d ioscin  and sp i ros tano l  t r ios ides  re la ted  to it [5]. (By checking unsubsti tuted dioscin,  we e s t ab -  
l i shed that it f o r m s  an ion ( M -  104) + of type B, l ike the rhamnos ides  (I) ,  (HI),  and (VID.) F r a g m e n t s  s i m i l a r  
in re la t ion  to the posi t ions  of c leavage of the bonds of the py ranose  r ing have been detected in the spec t r a  of 
the pe rme thy la t e s  of oleanolic acid biosides  [6] and of the pe rme thy l a t e s  of sp i ros tano l  t e t r aos ides  [4], but 
there  a r e  no s i m i l a r  ions in the spec t r a  of pe rme thy l a t e s  of d i sacchar ides .  

Of the th ree  types  of ions , the  C ions a r e  the l e a s t  c h a r a c t e r i s t i c  and a r e  detected in the s p e c t r a  of the 
compounds m o s t  s table  to EL Such f ragmenta t ion  p r o c e s s e s  have not been  revea led  in the group of ca rbohy-  
d ra te -con ta in ing  subs tances  given above. 

Using evomonoside  (I) as  an example ,  by the method of me tas t ab le  defoeusing (MD) we have de te rmined  
the bas ic  methods for  the appea rance  and d i sappea rance  of the ions A, B, and C: 

,_.403(A)I • + 
+ -+416 (B) - 357 (Agl) 

520.M t_429(C) ] 

502(M-H O)+I 
The spectra of the rhamnosides (1), (HI), (VI), and (VII) each contains fragments of all three types, and, 

as a rule, their contribution exceeds the analogous magnitudes for other glycosides of the given aglycone 
(apart from cymarin (X)). A comparison of the stereomeric monosides (Ill) and (IV), the molecules of which 
contain a 6-deoxysugar residue also point in favor of the rhamnoside (Ill), the superiority in the intensities of 
the peaks being distributed over all three types of ions. 

Among the monosides, the most stable are the ribosides and the methyl esters of the glycosiduronic 
acids. Thus, in the spectra of the corresponding glycosides of strophanthidin there are no ions with masses 
higher than AgI-H. The spectrum of digitoxigenin riboside (11) does not contain ions of the B types, and the in- 
tensities of the A and C ions are far less than for evomonoside (1). Ions of type C are absent from the spectra 
of methyl derivatives of periplogenin glucosiduronic acid (V). 

A number of distinguishing features is characteristic of the spectra of the strophanthidin 2,6-dideoxy- 
hexosides (VIH-X). Here, as a rule, the precursors of the B series of ions are the fragments B + H. In con- 
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t r a s t  to the raa]ori ty of glycosides with a OH group in position 2 of the pyranose ring, the C ions in the spec-  
t rum of corchoros tde  (VII) and e rys imin  (IX) are  formed with the migrat ion of hydrogen into the neutral  f rag-  
ment. In these spectra ,  the ions with m / z  433 a re  doublets (1: 1). The composit ion of one component c o r r e -  
sponds to the A ions and that of the other  to the C + H ions that have los t  the CO molecule, probably at the ex- 
pense of the aldehyde group at C10 of the aglycone. 

A distinguishing feature of the spec t rum of cymar in  is the presence  of the peak of an ion with m / z  477 
having the formula A g I - O - ( C 2 H 4 0  ). It is most  likely that this f ragment  is formed by the cleavage of the C i -  
O bond, the migratiOn of OCH 3 to C1 from C3 and the subsequent cleavage of the C1-C 2 bond, which is cha r -  
ac te r i s t ic  for  the permethyla tes  of ol igosacchar ides  [7]. 

Poss ib le  analogs of this ion (m/z  417) are  present  in the spect ra  of somalin (digitoxigenin + cymarose  
[8, 9]) and neriifolin (digitoxigenin + thevetose [1]). 

In con t ras t  to the methyl der ivat ives  of the giycosiduronic acids (XIV) and (XV), the spec t rum of com-  
pound (XTI) with a modified sugar  residue,  contains the peaks of M ÷ and of the ions {A - tt20) + and (A - 2H20) ÷. 

u 

The presence  of a A4 -bond probably favors  the occur rence  of the breakdown of the pyranose ring by a r e t ro -  
diene mechanism, which leads to a considerable increase  in the contribution of the ions of s e r i e s  B (see Table 
1). 

A compar ison  of the spec t ra  of the monosides with identical sugar  res idues  attached to one and the same 
a tom of the s teroid s k e l e t o n -  for example, the rhamnosides (T), (III), and (VII) - shows that a r i se  in the num- 
be r  of oxygen functions in the aglycone leads to a decrease  in the total intensity of the peaks of f ragments  A, 
B, and C. This observat ion is in harmony with the relative stabilit ies of the molecular  and f ragmenta ry  ions 
in the spec t ra  of the corresponding aglycones:  digitoxigenia, periptogenin, and strophanthidin [ 11 ]. 

The g r ea t e r  stability to EI of the rhamnosides  of digitoxigenin (I) and periplogenin {III) is shown in the 
appearance in their  spec t ra  of two additional p rocesses  for the fragmentation of the carbohydrate  unit. The 
ions with m / z  458 and 442 f rom (I) have the compositions (M - C2H602) ÷ and (M - C2H603) ÷. The probable ways 
in which they a r i se  a re  given in Table 1. In the spect rum of periplogenin rhamnoside (III) the corresponding 
peaks of ions with m / z  474 and 458 a re  present  but they a re  weaker. 

A substantial  influence on the contribution of the A, B, and C ions is exerted by the nature of the OH 
group of the aglycone through which the carbohydrate  unit is attached. In the case where the glycosidic bond is 
formed with the part icipation of a p r imary  hydroxyl (strophanthidol 19-rhamnoside (VI)), thepeaks of these 
ions a re  considerably s t ronger  than for the 3~-rhamnoside  (VII) and even (TII). I n i t s t u r n ,  strophanthidin 3fl- 
rhamnoside (VII) is more  stable than the 5/3-rhamnoside of the same aglycone. 

The carbohydrate  unit of a monoside also affects the fragmentat ion of the agiycone moiety. This influ- 
ence is not limited to increasing the contribution of the even-e lec t ron  fragments  AglOH 2 and Agi ÷ that a re  
usual for the compounds of this type and the products of their subsequent breakdown with the loss of the neu- 
t ra l  f ragments  H20 , CO, and CH20. 

In the spec t rum of each of the digitoxin and periplogenin glycosides (I-V) there is the peak of an ion of 
medium intensity with m / z  275 having the composition C 1 7 H 2 3 0 3 .  The MD spect rum of this ion in the case of 
compounds (I) and (TI) shows as p r e c u r s o r  an ion with m/z  356 (Agi -H)  +. The composit ion of the eliminated 
f ragment  of 81 a.m.u, is C6H 9. The coincidence of the mass  numbers  of the daughter ions in the glycosides of 
digitoxigenin and of Periplogenin indicate the detachment of the Ci-C 6 chain f rom the (AgI -H)  ÷ ion. Thus, the 
ions with m / z  275 a re  related by their  origin to the ions with m/z  272 of the 8,19-epoxycardenolides [12]. 

It was found by the MD method that the ion with m/z  275 is, in its turn, the p r e c u r s o r  of an ion with m / z  
181 formed by the cleavage of the C8-C14 and C12-C13 bonds. The whole process  can be i l lustrated schemat-  
ical ly as:  

m / z  ~ , o  - R h , a . O H  - -  G. .  H .~  t "  

ml'Z SS~ n~/Z II~1 (C, 01"11~03) 

Even g rea t e r  s imi lar i ty  to the epoxycardenolides in fragmentat ion was detected in the spect rum of s t ro -  
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phanthidol 19-rhamnoside,  where the peaks of ions of medium intensity with m / z  259, 272, and 285 are  ob- 
served.  This fact indicates the possible splitting out under EI of a RhaOH molecule with the formation of an 
8,19-epoxy group. 

In o rde r  to check the applicability of the laws of the fragmentat ion of a carbohydrate  unit that have been 
found m compounds of other  c lasses ,  we have included the spectra  of the glycosides (XVII-XXV) having as 
aglycones coumarins ,  s teroid and quinoline alkaloids, and cycloar tanes  (Table 2). Each of the spectra ,  apar t  
from that of cycloasgenin C xylopyranoside (XXIII), contains the peak of the molecular  ion. The formation of 
ions of type A was always recorded,  but only for the cycloar tanes  (XXII-XXIV) were these fragments  stabilized 
af ter  additional toss of a molecule of water. Ions B are  also charac te r i s t ic  of all the compounds apar t  from 
(XXIV). A feature of the fragmentat ion of glycosides with a romat ic  aglycones (XVII-XIX, XXV) i s  that the B + 
H peaks compete with the peaks of ions B in intensity. The same compounds form ions of type C. 

The increased tendency of rhamnosides  to undergo fragmentat ion of the pyranose ring is also followed in 
a compar ison  of the compounds included in Table 2 - only in the spec t rum of glycoperine (XXV) a re  there,  in 
addition to the ions of types A, B, and C, the ions (M - 78)* and (M - 62)* analogous in their  origin to ions with 
m / z  442 and 458 in the spec t rum of evomonoside (I). 

Thus, it is possible to draw a pract ical  conclusion concerning the possibili ty of detecting a glycosidic 
bond in an unknown substance when the ions (AglOH + 29) + (A) and (AglOH 1- 42) + (B) a re  present  in its mass  
spect rum.  

Experimental  conditions: MKh 1310 mass  spec t rometer ,  d i rect  introduction of the sample,  temperature  
of the evapora tor -ampul  and of the ionization chamber  170-250°C, ioniziug voltage 50 V, col lec tor  cur rent  
60 ~A. Accuracy  of the determinat ion of mass  5 ~ 10 -6. The MD spect ra  were obtained as descr ibed previously  
[12]. 

S U M M A R Y  

Three main types of fragmentat ion of the carbohydrate  unit a re  observed in the mass  spec t rum of unsub- 
stituted monosides of cardenolide nature. The formation of the AglOCH=OH ions is the most  universal  prop- 
e r ty  of these compounds. The stability of the ions of the types under considerat ion depends on the nature and 
position of at tachment  of the sugar  residue, and also on the nature of the aglycone. The laws of fragmentation 
of the carbohydrate  unit can be extended to the spect ra  of glycosides of other c lasses .  
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