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We have previously  repor ted  the m a s s - s p e c t r a l  behavior of terpenoid coumar ins  of the kamalone (a), 
kamalol (b), and mogoltin (c) group [1, 2]. In the present  paper  we consider  the dissociat ive ionization of 
mogoltadone (I), gummosin (II), and farnesi ferol  A (IIl) and their  deuterium analogs (IV-VI). 

These compounds differ f rom substances a, b, and c in the positions of the methyl substituents in the 
bicycl ic  terpene sys tems  or  in the position of the double bond in it, and in the numbers of hydroxy groups. 
Fu r the rmore ,  compounds (I) and (a) differ f rom substances (II), (III), and (b) by the presence of a keto or  hy- 
droxy group in the terpene res idues  and the i somer ic  substances (II) and (III) have different orientat ions Of the 
hydroxy group in position 3 of this residue.  In view of this, it appeared of interest  to determine the influence 
of the s t ruc tura l  differences mentioned above between compounds (I-II1) and (a, b, and c) on the nature of the 
fragmentat ion of their  terpene ions F 1 and F 2 formed by Scheme 1 (directions A and B). 
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Substances (I-III) were isolated f rom var ious  species of Ferula.  Their  s t ruc tures  have been establ ished 
[3-6, 9]. The deuter ium analogs of these substances were obtained synthetically. The mass  spect ra  of (I-VD 
are shown in Figs. 1 and 2. It follows f rom an analysis  of these mass  spect ra  that the main and subsidiary 
direct ions of the fragmentat ion of their  molecular  ions (see Scheme 1) are  s imi lar  to the dissociat ion ioniza- 
tion of the terpenoid coumar ins  (a), (b), and (c) studied previously (see Scheme on following page}. 

The rat io I~l / I ~ 2  f o r  substances (I) and (a) are  2.2 and 3.4, respectively,  i.e., in the mass  spect ra  of these  

compounds the inequality I¢1 > I~2 is retained. For  Kamalol (b), gummosin (II), and farnes i ferol  A (III), these 
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Fig. 1. Mass spect ra  of mogoltadone (I), gummosin (II), and 
farnesiferol  A (III). 
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Scheme 1 

f ragments  have approximately the same intensities: I¢1 ~ I¢2" F rom a comparison of the s t ruc tures  of the 

two groups of substances it follows that the mutual intensities of the ions ¢1 and ¢2 in the mass  spectra  of (a, 
I, b, II, and II1) are  determined only by the presence  of a keto or  hydroxy group in position 3'  of the terpene 
residue and do not depend on the position of the methoxy group and the presence or  absence of a~double exo- 
cyclic bond in the bicyelie terpene system. The inequality I¢1 < I¢2 exists in the mass  spect rum of mogoltin 
[2], i.e., a tendency to an increase in the intensity of the rea r rangement  ion ¢2 as compared with the f ragmen-  
ta ry  ion ¢1 is observed with an increase  in the number of hydroxy groups in the terpene moiety of the molecule. 

Information on the presence  of a keto or  hydroxy group in the terpene residue of terpenoid coumarins  can 
also be obtained by considering the mutual intensities of the ions ¢1 and (¢1 - H20). In the mass  spectra  of 
kamalone (a) and of kamalol (b) the rat ios  I(¢1_H20)/I¢1 are  0.63 and 5.6, respect ively [1], and in the case of 
the decomposition of mogoltadone (I), gummosin (I1), and farnesiferol  (IlI) they are  0, 16.3, and 8.6. The p r e s -  
ence in the mass spect rum of mogoltadone (I) of the metastable peak m* - 184.3 corresponding to the t ransi t ion 
¢ I  ~ ( ¢ 1  - H20) (m/e 2 1 9 ~  m /e  201) showed the existence of this p rocess  in the decomposition (I) and indicates 
an ext remely  low intensity of the ion (¢1 - H20) in the mass  spectrum of (I) that does not exceed the background 
level. The different rat ios I ( ¢ l _ H 2 0 ) / I ¢ 1  for the decomposit ions of the s te reo isomet r ic  compounds (II) and 
(III) pe rmi t s  the equatorial position of a hydroxy group at C 3, atom of the terpene residue to be distinguished 
from the axial position. 

The increased  intensity of the fragment with m / e  177 in the mass  spectrum of mogoltadone (I) is due to a 
loss  by the terpene fragment  ¢1 (m/e 219) of a C3H 6 group. This is confirmed by the partial  shift of the m/e  
177 ion by two mass  units in the mass  spect rum of mogoltadone-d 2 (IV) and by its e lementary  composition, 
C12It170 (accurate mass  177.1292). This p rocess  also takes place in the decomposition of the ion ¢1 (m/e 221) 
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in the mass  spect ra  of gummosin (I]) and of farnesiferol  A (III) and leads to the formation of an ion with m/e  
179, which is displaced by one mass  unit in the mass  spectra  of deuterium analogs of these substances,  (V) and 
(VI). In view of the fact that the ejection of the neutral part icle  C3H 6 is not observed in the mass  spectra  of 
kamalone (a) and kamalol (b), its elimination by the terpene ion ~ in the dissociat ive ionization of compounds 
(I -m) can be explained by the presence in the terpene moieties of their  molecules of a gem-dimethyl  grouping 
in the a position to the keto or hydroxy group. This p rocess  probably takes place by Scheme 2. In the case of 
the decomposit ion of mogoltin (c), the ejection of the neutral part icle  C3H 6 as a resul t  of the same s t ructural  
factor  is observed in the third stage of the decomposit ion of the ion ~1 after  the elimination of two H20 mole-  
cules by it [2]. 
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Scheme 2 

The ease of cleavage of the c a r b o n - c a r b o n  bond between the C a, atom to which a ketal or  hydroxy group 
is attached, and the qua te rnary  C4, atom to which a gem-dimethyl  grouping is at tached is apparent ly responsible 
for the appearance in the mass  spectra  of (I and II) and (II1) of the ions ( ~  -CO)  + and ( ~  - HCO) +, respect ively ,  
which are  not found in the decomposition of compounds (a) and (b). These ions with m/e  191 (I) and 192 (II, III) 
a re  par t ly  shifted by two and one units in the region of high masses  in the mass  spec t ra  of the deu te r lum-sub-  
stituted substances (W-V]). In connection with this p rocess  of their  formation,  we can give Scheme 3 as illu- 
s t ra ted  for compound (I). Thus, the facts mentioned are  due to the vicinal position of the carbonyl  or  hydroxy 
group in relation to the gem-dimethyl  grouping in the bicyclic terpenoid sys tems of compounds (I-III) (see 
Scheme on following page.) 

In cont ras t  to the dissociat ive ionization of kamalone (a) and kamalol (b), the loss  of methyl radica ls  by 
the terpene ions ~1 and ~2 in the mass  spect ra  of (I-II) takes place not in the f i rs t  but in the second stage of 
the i r  decomposition, af ter  the ejection of an H20 molecule, and is l imited to the splitting out of only one CH 3 
group, which is probably due to the different positions of the methyl groups in the terpene res idues  of these 
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substances.  This p rocess  takes place most  intensively in the decomposition of the r ea r ranged  terpene ions ~2 
with m/e  218 (I) and 220 (II, IID, as the result  of which fragments  are  formed with m/e  185 (I) and 187 (II, III), 
the appearance of which is confirmed by the metastable peaks m* = 171.2 (I) and m* = 173 (II, HI). 

Thus, a comparison of the dissociat ive ionizations of the terpenoid coumarins  (a, b, c, and I-III) conf i rms 
the possibil i t ies of the m a s s - s p e c t r o m e t r i c  method for determining a number of s t ructural  features of the 
terpenoid residues of their  molecules.  

EXPERIMENTAL 

The mass  spect ra  of substances (I-VI) were taken on a standard MKh-1303 instrument fitted with means 
for the direct  introduction of the sample into the ion source,  at an ionizing voltage U =70 V and at t empera tures  
of 150°C (I, IV) and 160 ° C (II, III, V, VD. Compounds (IV-VI) were obtained by published methods [7, 8]. The 
high-resolution mass  spectrum of (I) was measured on a IMS-01-CG-2 instrument.  

S U M M A R Y  

The mass spectra  of the terpenoid coumarins  mogoltadone (I), gummosin (11), and farnesi ferol  A (III) and 
their  deuterium analogs (IV-VI) have been studied. It has been shown that the main and auxil iary directions of 
the decomposition of the molecular  ions of the substances are  s imi lar  to the dissociative ionization of the 
terpenoid coumarins  studied previously.  The fragmentat ion of the ions corresponding to the terpene residues 
of these compounds permi ts  the determination of the presence  of keto and hydroxy groups in the bicyclic terpene 
sys tem and provides the possibil i ty of distinguishing the s t e r eo i somers  (II) and (III) with different orientations 
of the hydroxy groups and also of determining the presence  in the terpene residue of a gem-dimethyl  grouping 
in the vicinal position to the keto or hydroxy group. 
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