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The design of the new MKh 1310 mass spectrometer with double focusing permits the 
recording of the spectra of sparingly volatile natural compounds with molecular 
weights of up to 1700 and, in particular, the permethylates and peracetates of 
spirostanol and furostanol saponins. The results are given of an investigation of 
the mass spectra of five spirostanol tetraosides in the form of their permethylates. 
The spectra contain the peaks of the molecular ions and of the products of their 
decomposition at the glycosidic bonds. The most important feature of the spectra 
is the fragmentation of the skeletons of the terminal saccharide residues start- 
ing directly from M +" in directions close to the directions of decomposition of the 
nonreducing unit of permethylates of oli~osaccharides. The origin of the ions (M-- 
191) + , (M-- 175) + , (M-- 162) + , (M-- 147) ~, (M-- 131) +, (M-- 118) + , and (M-- 102) + 
arising this way have been confirmed by measurements of their elementary composi- 
tions. 

The volume of structural-analytical information arising in an analysis of the mass spec- 
tra of natural oligomers depends on a knowledge of the laws of fragmentation of these:~com- 
pounds, and also on the perfection of the methods of determining their molecular weights. The 
obstacles arising because of the low stability to electron impact, the low volatility, and 
the thermolability of oligomers have been in the process of being overcome in the last few 
years not only by the use of "mild" methods of ionization but also through an improvement in 
the designs of the ion sources for electron impact together with an increase in the sensitiv- 
ity of mass spectrometers. These requirements are satisfied by the MKh-1310 mass spectrome- 
ter. The use of a system for direct introduction of the sample into the instrument has permit- 
ted the recording of the peaks of molecular ions of esterified and etherified spirostanol 
tetraosides (peracetates and permethylates) with molecular weights of up to 1700, and also of 
unsubstituted spirostanol biosides. The spectra obtained are distinguished by a high inform- 
ative value because of the presence in them of fragments formed as a result of the cleavage 
of the glycosidic bonds or of the specific breakdown of the terminal pyranose rings (in the 
case of the permethylates). The origin of the main fragments has been confirmed by measuring 
their elementary compositions under high-resolution conditions. 

We give the mass-spectrometric characteristics of five permethylates of spirostanol te- 
traosides: karatavioside A (I) [i], turoside A (II) [2], erubroside B (III) [3], and the 6- 
demethyl (IV) and 6-keto (V) derivatives of the permethylate of (III). These compounds were 
isolated and their structures were elucidated in the laboratory of glycoside chemistry of 
the Institute of the Chemistry of Plant Substances of the Academy of Sciences of the Uzbek 
SSR. The mass numbers, relative intensities, and assignment of the main fragments in the 
mass spectra of (1)-(V) are given in Table i. We shall consider only the fragments arising 
in the breakdown of the oligosaccharide moieties of the molecular ions (l-V). They can be 
divided into two main groups: ions including part of the oligosaccharide chain + the aglycone 
(A), and fragments formed from the sugar residue (B). Breakdown products of the aglycones 
(Agl) are not included in Table i. 
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Ions of Group A. In a study of the mass spectra of permethylates of oligosaccharides 
[4-9] it was found that in addition to the cleavage ~f the glycosidic bonds and the ejection 
of the substituents in the form of CH~, CH~OH, and CH=OCH~, rearrangement processes take 
place that are accompanied by the elimination of parts of the skeleton of a monosaccharide 
unit. 

The previous paper most closely related to the subject investigated in our work is one 
by Komori et al. [i0], in which the mass spectra of a large series of permethylates and per- 
acetates of spirostanol and furostanol glycosides are considered. Here, tetraoside permethyl- 
ares are represented only by a diosgenin glycoside, and this has a different type of branch- 
r~of the oligosaccharide chain. The spectrum of this compound shows the elimination from 

of a neutral particle in the formof a 2,3,4-tri-O-methylrhamnose molecule. In the spec- 
tra of (I-V), however, one of the terminal pyranose rings is eliminated in the form of the 

radical ~-~ or d~, and in the subsequent stage of decomposition the molecule of a tri- or 
tetramethylpyranoside respectively (~-OH or d-OH, Scheme i) is split off. 

The most important and fully reproducible feature in the spectra of (I-V) is the pres- 
ence in the region of high mass numbers of fragments formed as the result of the cleavage 
of C-C and C-O bonds of the terminal pyranose rings. The highest intensity among the ions 
of this type is shown by the peaks of the rearrangement ions (M -- 175) + , the mechanism of the 
origin of which was first described by O. S. Chizhov, L. A. Polyakova, and N. K. Kochetkov 
[4] for the case of the spectra of disaccharide methyl ethers. Subsequently, these peaks were 
found, for example, in the spectra of permethylates of biosides and triosides of oleanolic 
acid [ii]. As a result of transitions, confirmed by metastable peaks, with the isolation 
of a methyl formate molecule the (M -- 175) + ions are converted into (M-- 235) + ions. 
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An analysis of our results based also on an estimate of the relative intensities of the 
(M -- 175) + peaks in the spectra of compounds with different types of glycosidic bond [8, ii] 
indicates that the (M--175) + and (M -- 235) + ions are formed largely at the expense of the 
glucopyranose unit d attached by a 1 ÷ 2 bond. In actual fact the peaks of the ions with m/e 
1099, 1039 (I) and m/e 1131, 1071 (II) (Scheme i), which are formed similarly by the decomp- 
osition of the xylopyranose ring a (i ÷ 3 bond) are considerably weaker than the peaks of 

the (M -- 175) + and (M -- 235) + ions. 

The spectra of compounds (I-V) show weak peaks of ions with even mass numbers (M -- 162) + . 
According to measurements of elementary composition, they each contain one methine group more 
than the (M -- 175) + ions and are apparently formed by the cleavage of the CI-0 and C2-C3 
bonds of the glucopyranose ring d (Scheme i). An ionwith the same origin has been recorded 
in the spectrum of one of the biosides of oleanolic acid [Ii]. The spectra of compounds (I) 
and (II) contain the peaks of the (M -- 118) + ions probably arising by a similar pathway at 
the expense of the xylopyranose link a. 

The loss of a fragment with the composition C5H~o02 leads to the formation of the ion 
(M-- 102) + . In the cited literature on the spectra of oligosaccharide permethylates [4-9], 
noneven-electron fragments of this type are not discussed. At the same time, various mecha- 
nisms havebeen proposed to explain the processes of formation of the (M -- i01) + ions by a 
pathway involving the splitting out of the C2--C4 chain of pyranose rings [4, 9]. It may be 
assumed that the (M -- 102) + ions also arise through the splitting out of the C2-C4 chains of 
the terminal units a or d, but with migration of one additional hydrogen into the neutral 
fragment and the stabilization of the decomposing unit in the form of a dioxolane ring (Scheme 
i). However, the possibility is not excluded either, that the (M -- 102) + ions are formed 

by the elimination from unit d of the C4-C5 chain, also having the composition C5HIo02. 

The spectra of compounds (III-V) have the peaks of the (M -- 191) + ions the elementary 
compositions of which indicate the loss by the molecular ion of a C9H1904 fragment. The (M -- 
191) + i~ns of the permethylates (I and II) were formed by the splitting out of the sugar res- 
idue ~ having the composition CeHls05. At the same time, the spectra of (I and II) con- 
tain the peaks Of the (M -- 147) + ions. On combining these facts, it may be concluded that the 
ions of the type under consideration are formed only through the decomposition of unit a (m/e 
1083 (I) or m/e 1085 (III) (Scheme i). Weak peaks of fragments of this type have recently 
been described in the spectra of disaccharide permethylates [8]. In the spectra of (I-V), 
products of the subsequent decomposition of the ions (M -- 147) + and (M -- 191) + by the loss 
of unit d are also observed (Scheme I). 

Decomposition of the nonterminal pyranose rings appears in the spectra of (I-V) after 
the splitting out of units a and d: as the result of the elimination of a C3H~02 fragment, 
ions are formed with even mass numbers (for example, an ion with m/e 730 in the spectrum of 
(I), Scheme i). 

Of ions including the aglycone and part of the oligosaccharide chain we must also men- 
tion ions arising by the cleavage of the b-O bond with the migration of two hydrogens to the 
charged fragment (for example, m/e 649 (I), Table 1). 

Ions of Group B. The ions of this type with the highest mass numbers (m/e 786 (I, II), 
m/e 830 (Ill-V)) are formed by the cleavage of the c-O bond with the migration of one hydro- 
gen to the neutral fragment. The intensities of the peaks of these ions are low. The most 
characteristic ions are those arising by the simple cleavage of the c--O bond (m/e 583 (I, II), 
m/e 627 (Ill-V)), showing the branched nature of the oligosaccharide chain. In the spectra 
of (I-V) a series of directions of the successive fragmentation of these ions can be traced 
(Scheme i). More intense are the peaks of ions with m/e 391 formed by the splitting off of 
the molecules ~-OH (l-V) or d--OH (Ill-V). The splitting off of d-OH from the ions with m/e 

583 in the case of compounds (I and II) leads to fragments with m/e 347 in low abundance. 
The preferential nature of the splitting out of the unit attached to C3 of a nonterminal py- 
ranose ring as compared with the splitting out of units attached to C2 or C~ in this type 
of ions has been reported by other authors [I0, ii]. 

The peaks of the fragments formed through the splitting out from the ions with m/e 583 
and 627 of parts of rings a and d possess relatively low intensities. However, thanks to the 
presence of the corresponding peaks in all the spectra and a confirmation of their origin with 
the aid of measurements of elementary composition, they acquire some analytical significance. 
Under consideration are the ions with m/e 437 the method of formation of which resembles the 
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process of origin of the ions (M -- 147) + and (M -- 191) + . Ions with m/e 449 (I, II) and 493 
(III-V) reflect the contribution of ring d to the process of fragmentation of the ions with 
m/e 583 and 627. Their origin may be compared with that of the ions (M -- 102) + with the dif- 
ference that the formation of the ions with m/e 449 and 493 involves the additional splitting 
out of a methanol molecule. 

We must also mention the presence in the spectra of fragments with m/e 219 and 175, and 
also the products of their subsequent decomposition taking place with the elimination of the 
substituting groups. 

c~2o~e 

role ~g m le 1"~5 
MeO Me 0 

OMe OMe 

Table i also includes fragments whose origin does not require specialexplanations in the 
text. The methods of their formation are shown in the last column. 

Experimental conditions: the synoptic spectra and the elementary compositions of the 
ions were obtained on a MKh-1310 mass spectrometer with double focusing using a system for 
the direct introduction of the sample. The ionizing voltage was 50 V, the collector current 
120 pA, the temperature of the evaporator 200-270°C, and that of the ionization chamber 230- 
250°C. The relative error of the mass determinations does not exceed i.I0 -s. 

SUMMARY 

Features of the mass spectra, obtained on a MKh-1310 instrument, of spirostanol tetra- 
oside permethylates consist in the presence, together with the molecular ions and the prod- 
ucts of their fragmentation at glycosidic bonds, of a repeating series of fragments formed 
by the cleavage of the bonds of the skeleton of the terminal pyranose units. 

The nature of the fragments has been confirmed by measurements of elementary composi- 
tion. 
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