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Acetonides in the mass  spec t ra  of which a ser ies  of fragments  charac te r i s t ic  of them appear  [1, 2] 
have been used by Wolff [1] and McCloskey [2l to establish the position of the double bond in the molecules 
of unsaturated hydrocarbons  andi fatty acids.  Other workers  have attempted to use the mass - spec t rome t r i c  
proper t ies  of the acetonides for the analysis of sugars  [3]. We have resolved to determine the possibil i ty 
of the identification of the acetonide group from its charac te r i s t i c s ,  since some natural  compounds are  iso-  
lated in the form of acetonides (alkaloids, coumarins) .  Although there  is no reliable information on whether 
these acetonides are  native or  are  formed in the process  of separat ion of the substances with the aid of 
acetone, never theless  their  wide distribution is a sufficient reason for studying the m a s s - s p e c t r o m e t r i c  
proper t ies  of these compounds. 

As the main subjects we took alkaloids of the genus Haplophyllum, charac te r i s t ic  of which are  oxi- 
dized isoprenoid links in the side chain. The acetonides of bucharaine (I), dihydrobucharaine (H), and evox- 
ine (V) w e r e  obtained from the corresponding alkaloids, and those of bucharamine (HI) and foliosidine 
(IV) were isolated from a mixture of  alkaloids [4, 5]. The mass  spectrum of the coumarin  pranferin,  which 
is the acetonide of meranzin  hydrate [6] was used for comparison.  
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Compounds (I-VI) contain the same s t ruc tura l  element, a feature of which is that s imi la r  fragments  
can be detached from it both through the acetonide group (a i and a 2) and through the hydroxyisopropyl  group 
(b). To check this, we obtained the D6-acetonides of bucharaine (I) and of foliosidine (IV). 
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The molecu les  of  the compounds studied a r e  based on a pa r t i cu l a r  he t e roa roma t i c  skeleton,  in view 
of which the  p r o p o r t i o n  of f r agmen t s  with the local izat ion of the charge  in the v -e l ec t ron ic  s y s t e m  of the 
r ings mus t  be la rge .  F u r t h e r m o r e ,  the side chains a r e  added to the nucleus of the molecule  in different  
posi t ions  and in different  ways: through an e the r  o r  a c a r b o n - c a r b o n  bond. This  fact  explains the d i f fe r -  
ence in the s tabi l i ty  of  the m o l e c u l a r  ions of compounds (I-VI) and in the contr ibut ions of the p r o c e s s e s  
taking place within the dioxolane ring and adjacent  to it. 

In the p r e sen t  pape r  we shal l  cons ide r  only the f r agments  with the charge  concent ra ted  main ly  in the 
acetonide group. In spi te  of the l a rge  quant i ta t ive d i f ferences ,  a number  of f r a g m e n t a r y  ions cha rac t e r i z ing  
the acetonide s t r u c t u r e  of the compounds ment ioned can be found in the spec t r a  of (I-VI). The c o r r e s p o n d -  
ing m a s s  number s  of the ions and intensi t ies  as propor t ions  of the total  ionic cu r ren t  a r e  given in Table  1. 

The mos t  cha r ac t e r i s t i c  peaks  a r e  those  in the region of high m a s s  numbers  where  ions not c o r r e -  
sponding to the decomposi t ion of the acetonide group a re  a lmos t  absent .  In con t ras t  to the aoetonides of 
the al iphatic diols studied by Wolff [1], he re  the peak of the m o l e c u l a r  ion is observed .  In the acetonides  
of foliosidine (IV) and evoxine (V), this  peak is the max imum peak, which is explained by the high p e r c e n t -  
age of ions with the cha rge  concent ra ted  in the he t e roa roma t i c  sy s t em.  Only in the acetonide of d ihydro-  
buchara ine  (II), the molecu le  of which contains a compara t ive ly  long aliphatic chain, is the M + peak of low 
intensi ty,  and the M - 1 5  peak is the m a x i m u m  peak. 

According to McCloskey [2], the M - 1 5  ion decomposes  in one s tage  with the eject ion of CH3COOH or  
in two s tages  with the eject ion of ketene and water .  In both cases ,  this leads to the fo rmat ion  of the M - 7 5  
ion. In the s p e c t r a  that  we have studied, the eject ion of molecu les  of acet ic  acid and wa te r  is conf i rmed by 
me ta s t ab l e  peaks ,  and the eject ion of ketene f rom the M - 1 5  ion is not conf i rmed.  No m* peaks c o r r e s p o n d -  
ing to the eject ion of 57 amu d i rec t ly  f rom M + a re  observed ,  e i ther .  Never the le s s ,  r e g a r d l e s s  of the num-  
b e r  of s tages  as the resu l t  of which the M - 5 7  ion is formed,  the s t ruc tu re  proposed  for  it by McCloskey 
[2] does not give r i s e  to object ions.  In addition to the peak  of the M -  57 ion, all  the spec t r a  show the peak 
of a M - 5 8  ion which, in the case  of compounds (I-III) ,has  an intensi ty s e v e r a l  t imes  g r e a t e r  than the peak  
of the M -  57 ion (see Table  1). The p r o c e s s  under  considera t ion cons is t s  in the el iminat ion of a molecule  
of acetone.  In the spec t rum of the D 6 analog of (I), the M - 5 8  peak does not undergo an isotopic shift .  Con- 
sequently,  the acetone molecule  is fo rmed  only f rom the acetonide group. The ion produced apparent ly  has  
the fo rm of an epoxide. With the subsequent  detachment  of a methyl  rad ica l  a M - 7 3  ion is obtained. The 
peak of the M -  57 ion in the spec t rum of the D6-acetonide of foliosidine (IV) is shifted in the di rect ion of 
h igher  m a s s  numbers  by one unit,  which shows the migra t ion  of one deuter ium atom f rom the acetonide 
group into the charged  f ragment .  This isotopic label  is e l iminated on the eject ion of a molecule  of wa te r  - 
the M - 7 5  ion undergoes  no shift .  

The peak of the M - 1 5  ion in the spec t r a  of the D6-acetonides is shifted main ly  by 3 amu.  This  means  
that the methyl  rad ica l  is e jected main ly  f rom the acetonide group. The f rac t ion  of the M - 1 5  ions shifted 
by six units in the D6-acetonide of buchara ine  is 3%, and in that of foliosidine 12%. The i nc rea se  in the 
contr ibution of CH 3 as compa red  with CD 3 in the l a t t e r  case  is apparent ly  due to the poss ib i l i ty  of the de-  
t achment  of a methyl  rad ica l  f rom C 4 of the main  skeleton.  

The M - 9 9  ion co r r e sponds  to the 1V[- 59 ion in the spec t r a  of diols with a t e r m i n a l  hydroxypropyl  
group [7] and has  the hydrooxonium form.  The intensi t ies  of the peaks of the M - 9 9  ions fa r  exceed those  
of the M - 5 9  peaks ,  which is p robably  due to the neces s i ty  for  the s imul taneous  c leavage of two bonds. As 
the spec t rum of the D6-acetonide of buchara ine  shows, the hydrogen a tom migra t ing  to the oxygen in this 
p r o c e s s  spl i ts  out to approx imate ly  equal extents f rom the t e rmina l  and f rom the acetonide methyl  groups.  
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All the fragments  descr ibed were formed as the result  of the cleavage of bonds of the dioxolane ring. 
The magnitudes of the contributions of these p rocesses  to the total ionic cur rent  (Table 1) show the absence 
of marked quantitative differences on passing from substance to substance (an exception is the intensity of 
the peak of the M - 5 8  ion). The differences that do exist a re  due, as shown above, mainly to the different 
stabilit ies of the molecular  ions. An ion with m / e  59 is also associated with such ions. In the spect ra  of 
the DG-acetonides, its peak is shifted to m / e  65 to the extent of 80-90%. Consequently, this ion is formed 
predominantly from the acetonide grouping. It can be seen from Table 1 that the intensities of the peaks 
of the ion with m / e  59 depend symbatical ly on the sum of the intensities of all the peaks in the formation 
of which the bonds of the dioxolane ring participate,  Y.aeetonide (without the intensity of M+). 

In the formation of the other  ions given in Table 1, bonds outside the dioxolane ring participate.  Thei r  
res is tance  to cleavage depends on the nature of the neighboring bonds, and also on their  c loseness  to the 
main nucleus of the molecule.  Consequently, the intensities of the M-129 ,  and the 129, 85, and 71 m/e ,  ions 
vary  within wide l imits.  The f irs t  two ions a r i se  by the cleavage of the bond present  in the a position to 
the dioxolane ring. The M - 1 2 9  ion is the maximum ion in the spectrum of bucharaine acetonide (I). Form 
(I) cannot explain such a high intensity of this peak. If one bears  in mind the fact that bucharaine der iva-  
t ives undergo the Claisen rea r rangement  on mass  spec t romet ry  [8], we obtain form (Ia) for the acetonide 
(I). In this form, the heterolytic cleavage of the bond adjacent to the acetonide group is activated by the 
double bond in the allyl position. The reason for the high intensities of the peaks of the M - 1 2 9  and 129 
peaks in the spect rum of pranferin (VI) is the process ,  energet ical ly favorable in all respects ,  leading to 
the formation of t ropylium and oxonium cations. Almost  all the other cases  of the ions considered are  not 
widespread. By eliminating a molecule of acetone, the ions with m / e  129 may be converted into ions with 
m / e  71 which undergo no shift in the spect ra  of the D6-acetonides. 

The cleavage of the C - O  bond (fl with respect  to the dioxolane ring) is more  charac te r i s t ic  for the 
acetonides (IV) and (V)° While the corresponding ions of phenols with the charge in the he teroaromat ic  
system are  extremely intense, the ions with the charge in the side chain (m/e 143) sca rce ly  appear.  Here, 
apparently,  an acetone molecule and ArO" are  eliminated simultaneously, which leads to the appearance of 
intense peaks of ions with m / e  85. Analysis of the spect rum of the D6-acetonide of foliosidine shows an 

TABLE 1. Intensities of the Peaks of the Fragments  in the Mass 
Spectra of the Acetonides (% with respect  to the total ionic current) 

Compound 

Bucharaine 
acetonides (I) 

Dihydrobuchar- 
aine acetonide 
(II) 

Bucharamine (III) 
Foliosidine 

acetonide (IV) 
Evoxine 

acetonide (V) 
Pranferin (VI) 
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approximately  40% shift of the m / e  85 peak to m / e  91. The remaining,  nonshifting, f ract ion of the ions 
with m / e  85 is formed from the M -  58 ions by the splitting out of ArO" as shown in the scheme.  

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

The mass spectra were takenonanMKh-1303 instrument fitted with a system for the direct introduc- 
tion of the sample into the ion source at a temperature of the inlet tube of 90-110°C at an ionizing voltage 

of 40 V. 

Bucharaine Acetonide (I). A solution of 0.2 g of bucharaine in 20 ml of acetone was t r ea t ed  with th ree  
drops of conc. H2SO 4, and the mix ture  was left for  a day. Then the acid solution was neut ra l ized  with anhy- 
drous sodium carbonate  to give a weakly alkaline react ion.  The acetone solution was separa ted  off and 
dist i l led.  Crys ta ls  depos i t ed  with mp 158°C (from acetone).  

Evoxine acetonide (V), mp 173°C, and dihydrobucharaine acetonide (H), an oil, were  isolated s imi la r ly .  
The Ds-acetonide of bucharaine with mp 156°C and that of foliosidine with mp 120°C were  obtained by using 
deuteroacetone in place of acetone.  

The sample of pranfer in  was given to us by G. K. Nikonov. 

S U M M A R Y  

The acetonides of alkaloids and coumarins  can be identified by the i r  m a s s - s p e c t r o m e t r i c  p roper t ies .  
The intensi ty of the f ragments  cha rac te r i s t i c  for  the dioxolane ring largely  depends onthe  s t ruc tu re  of the 
chain attached to it. 
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