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FRAGMENTATION OF THE UNSUBSTITUTED
‘C‘ARBOHYDRATE UNITS GF CARDENOLIDE
MONOSIDES

N. I. Yakubov,* Ya. V. Rashkes, UDC 543.51+547.926
and N, Sh, Pal'yants

In the mass spectra of unsubstituted monosides of cardenolide nature are observed the M"
‘peaks, and also, in each case, three characteristic processes of the fragmentation of the car-
bohydrate unit, The formation of the ions AglOCH=0H" is the most universal property of
these compounds, The stability of ions of the type under consideration depends on the nature
and position of attachment of the sugar residue and on the number of polar groups in the
aglycone, The laws of the fragmentation of the carbohydrate unit are extended to the spectra
of glycosides of other classes.

Mass spectrometry is widely used to detect new carbohydrate-containing plant compounds. In this pro-
cess, the wider use of '"mild'' methods of ionization, with the aid of which the peaks of the molecular ions of
unsubstituted glycosides are obtained with incomparably greater intensity than on the use of electron impact
(EI), is of no little importance, importance,

This was first demonstrated for the case of cardenolides by Brown et al, [1], who compared the field ion-
ization (FI) and EI spectra of the aglycones digitoxigenin and strophanthidin and their mono-, bi-, and trio-
sides and.also individual monosaccharides. Furthermore, it has been found that in the FI spectra the fragments
formed by the sequenation of the carbohydrate chain are more stable,

The fragmentation of glycosides under the action of EI takes place less selectively, but the spectra ob-
tained by this method contain the peaks of the ions arising on the cleavage of the bonds of the carbohydrate
chain, This feature of the spectra is not discussed by Brown et al, {1]. Nevertheless, it permits useful conclu-
sion to be drawn in a comparison of the spectra of glycosides with different sugar residues or with different
aglycones,

*Deceased,

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Uzbek SSR, Tashkent. Trans-
lated from Khimiya Prirodynykh Soedinenii, No. 3, pp. 345-354, 1983, Original article submitted April 30, 1982,
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We had available a set of natural and semisynthetic [2] cardiac monoglycosides the study of the mass
spectra of which has enabled us: to determine general rules of the fragmentation of the sugar moiety of the
molecule; to establish the influence of the structure of a pyranose ring and the position of its attachment on
the nature of fragmentation; to evaluate the real dependence of these processes on the structure of the agly-
cone; and to elucidate in some measure the applicability of the laws found to the spectra of glycosides with
aglycones of other classes. On the practical level, the aim has been followed of determining identifying fea-
tures of the mass spectra characteristic of unetherified glycosides.

Table 1 gives the formulas of the majority of monosides studied (I-XII) and characteristics of the frag-
mentation of their carbohydrate units, and also a list of the most important fragments.

The spectrum of each one of the compounds included in Table 1 has the peak of the molecular ion (from
0.02 to 3,9% rel,), and it is possible to trace a tendency to a fall in its intensity as the degree of oxidation of
the aglycones increases. It was found that the presence of M’ serves as a necessary, but not always sufficient,
condition for the appearance of the fragmentary ions considered in the present paper produced by the cleavage
of bonds in the pyranose rings, For example, there are no ions of this type in the spectrum of strophanthidin
58-rhamnoside (XIII), although the M’ ion is present here. The spectra of the riboside (XIV) and of the methyl
esters of the 33~glucosiduronic acid (XV) and the galactosiduronic acid (XVI) of strophanthidin show the ab~
sence of both these and other ions,

Three main methods for the fragmentation of the carbohydrate unit (A, B, and C) are shown schemati-
cally in Table 1,

The most universal type of ions are those formed by route A [AgIOCH= O'H], which appear in all the
spectra included in Table 1. In all cases, this includes ions that have not additionally lost water molecules.
Fragments of this type with migration of hydrogen in the opposite direction have been detected in the spectra
of permethylates of disaccharides [3] and, among natural glycosides, in permethylates of spirostanol tetra-
osides [4], but as secondary fragmentation pathways, The formation of ions B is characteristic of the perace-
tates of oligosides of certain classes. Thus, the breakage of the C;—0O and C,—Cj; bonds of the terminal car-
bohydrate units with the additional loss of a molecule of ketene from C,—OQAc is observed in the spectra of the
peracetates of dioscin and spirostanol triosides related to it [5]. (By checking unsubstituted dioscin, we estab-
lished that it forms an ion (M — 104)" of type B, like the rhamnosides (I), (II), and (VII),) Fragments. similar
in relation to the positions of cleavage of the bonds of the pyranose ring have been detected in the spectira of
the permethylates of oleanclic acid biosides [6] and of the permethylates of spirostano! tetraosides [4}], but
there are no similar ions in the spectra of permethylates of disaccharides.

Of the three typesof ions,the C ions are the least characteristic and are detected in the spectra of the
compounds most stable to EI. Such fragmentation processes have not been revealed in the group of carbohy-
drate-containing substances given above,

Using evomonoside (I) as an example, by the method of metastable defocusing (MD) we have determined
the basic methods for the appearance and disappearance of the ions A, B, and C:
—403(A)
—~416(B) | - 357 (Agl)*
~+429(C)
t

520,M*
!

|
502(M—H,0)—|

The spectra of the rhamnosides (I), (III), (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 (III) and (IV), the molecules of which
contain a 6-deoxysugar residue also point in favor of the rhamnoside (III), 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 Agl—H. The spectrum of digitoxigenin riboside (II) does not contain ions of the B types, and the in-
tensities of the A and C ions are far less than for evomonoside (I). 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 (VIII-X). Here, as a rule, the precursors of the B series of ions are the fragments B + H. In con~

W
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trast to the majority of glycosides with a OH group in position 2 of the pyranose ring, the C ions in the spec-
trum of corchoroside (VII) and erysimin (IX) are formed with the migration of hydrogen into the neutral frag-
ment, In these spectra, the ions with m/z 433 are doublets (1:1). The composition of one component corre-
sponds to the A ions and that of the other to the C + H ions that have lost the CO molecule, probably at the ex-
pense of the aldehyde group at C,; of the aglycone.

A distinguishing feature of the spectrum of cymarin is the presence of the peak of an ion with m/z 477
having the formula Agl—0O—(C,H,0). It is most likely that this fragment is formed by the cleavage of the C;—
O bond, the migration of OCH; to C; from C; and the subsequent cleavage of the Cy—C, bond, which is char-
acteristic for the permethylates of oligosaccharides [71.

Possible analogs of this ion (m/z 417) are present in the spectra of somalin (digitoxigenin + cymarose
{8, 91) and neriifolin (digitoxigenin + thevetose [1]}.

In contrast to the methyl derivatives of the glycosiduronic acids (XIV) and (XV), the spectrum of com-
pound (XII) with a mod1f1ed sugar residue, contains the peaks of M’ and of the ions (A — Hzo) and (A — 2H20) .
. The presence of a A4 -bond probably favors the occurrence of the breakdown of the pyranose ring by a retro-

diene mechanism, which leads to a considerable increase in the contribution of the ions of series B (see Table
1). : '

A comparison of the spectra of the monosides with identical sugar residues attached to one and the same
atom of the steroid skeleton — for example, the rhamnosides (I), (III), and (VII) — shows thata rise in the num-
ber of oxygen functions in the aglycone leads to a decrease in the total intensity of the peaks of fragments A,
B, and C. This observation is in harmony with the relative stabilities of the molecular and fragmentary ions
in the spectra of the corresponding aglycones: digitoxigenin, periplogenin, and strophanthidin [11].

The greater stability to EI of the rhamnosides of digitoxigenin (I) and periplogenin (III) is shown in the
appearance in their spectra of two additional processes for the fragmentation of the carbohydrate unit. The
ions with m/z 458 and 442 from (I) have the compositions (M — C,H¢O,)" and (M — C,H40;)’. The probable ways
in which they arise are given in Table 1. In the spectrum of periplogenin rhamnoside (III) the corresponding
peaks of ions with m/z 474 and 458 are present but they are 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 participation of a primary hydroxyl (strophanthidol 19-rhamnoside (VI)),the peaks of these
ions are considerably stronger than for the 33-rhamnoside (VII) and even (III). Initsturn, strophanthidin 33-
rhamnoside (VII) is more stable than the 58 -rhamnoside of the same aglycone,

The carbohydrate unit of a monoside also affects the fragmentation of the aglycone moiety. This influ-
ence is not limited to increasing the contribution of the even~electron fragments AglOH; and Agl® that are
usual for the compounds of this type and the products of their subsequent breakdown with the loss of the neu-
tral fragments H,0, CO, and CH,0.

In the spectrum 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 Cy;Hy30;. The MD spectrum of this ion in the case of
compounds (I) and (II) shows as precursor an ion with m/z 356 (Agl—H) . The composition of the eliminated
fragment of 81 a.m.u. is CgHy. The coincidence of the mass numbers of the daughter ions in the glycosides of
digitoxigenin and of periplogenin indicate the detachment of the C{~C; chain from the (Agl— H) ion. Thus, the
ions with m/z 275 are 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 precursor of an ion with m/z
181 formed by the cleavage of the Cy3—~Cy, and C;,—Cy; bonds, The whole process can be illustrated schemat-
ically as:

/7 358 einng /R E GO
. I,

Even greater similarity to the epoxycardenolides in fragmentation was detected in the spectrum of stro-
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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 order to check the applicability of the laws of the fragmentation of a carbohydrate unit that have been
found to compounds of other classes, we have included the spectra of the glycosides (XVII-XXV) having as
aglycones coumarins, steroid and quinoline alkaloids, and cycloartanes (Table 2). Each of the spectra, apart
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 cycloartanes (XXII-XXIV) were these fragments stabilized
. after additional loss of a molecule of water. Ions B are also characteristic of all the compounds apart from ,
(XXIV). A feature of the fragmentation of glycosides with aromatic aglycones (XVII-XIX, XXV) is 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 fragmentation of the pyranose ring is also followed in
a comparison of the compounds included in Table 2 — only in the spectrum of glycoperine (XXV) are 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 spectrum of evomonoside (I). o

~ Thus,it is possible to draw a practical conclusion concerning the possibility of detecting a glycosidic
bond in an unknown substance when the ions (AglOH + 29)" (A) and (AglOH + 42)" (B) are present in its mass
spectrum, S

Experimental conditions: MKh 1310 mass spectrometer, direct introduction of the sample, temperature
of the evaporator-ampul and of the ionization chamber 170-250°C, ionizing voltage 50 V, collector current
60 uA. Accuracy of the determination of mass 5¢10°%, The MD spectra were obtained as described previously
[12]. ' '

SUMMARY

Three main types of fragmentation of the carbohydrate unit are observed in the mass spectrum of unsub-
stituted monosides of cardenolide nature, The formation of the AglOCH=OH ions is the most universal prop~
erty of these compounds, The stability of the ions of the types under consideration depends on the nature and
position of attachment 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 spectra of glycosides of other classes.
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