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We have previously [1] discussed the mass  spectra  of peucenidin (Ia), smyrn ior in  (IIa), athamantin 
(Ib), libanotin (Ic), and smyrnior id in  (IIc) [2-51 in o rder  to determine the positions of the acyl residues in 
the peucenidin molecule.  In the present  paper  we give the resul ts  of a more  detailed analysis of the mass  
spec t ra  of these compounds and also the product of the mild methanolysis  of smyrnior idin  (IIb) in o rder  to 
establish the main routes of fragmentation and to determine the s t ruc tura l  charac te r i s t i cs  in the mass  
spect ra  of angular and l inear diacyloxydihydrofurocoumarins,  to which c lasses  the compounds investigated 
belong. 

G 

CHa 
i 

[a. Rt=-COC=CH, R2::--COCHa, lla. RI :---COCH3, R2=--COCH3 
I 

Ctt3 
CH3 CHa 

/ / 
lb. R,----COCH2--CH R2=--COCH2--CH 

\ \ 
CHa CHa 

i|b. Rt--COCHa, R,_,---CHa 
CH3 CHt 

/ I 
Ic. RI=-COCHa, R=,= - COC-CH , llc. RI=-COCH3, R..=--COC=CH 

i I 
C| la CHa 

It can be seen from the  table, which gives the masses  of the main ions observed in the mass  spect ra  
of compounds (Ia, b, c) and (IIa, b, c), that on electron impact they all give a molecular  ion of appreciable 
intensity (0.6-8.0% of the peak of the maximum ion). Thus, the molecular  weights of compounds of this 
c lass  can always be f i rmly established. 

The acyl residues on the t e r t i a ry  and secondary alcoholic groups are  readily detected in the mass  
spect ra  obtained from the presence  in them of the peaks of the ions formed by the loss of molecules of 
acid by the mechanism of the McLaffer ty rea r rangement  [6]. As a result ,  the ions M+-R1OH and M + -  
R2OH ar ise;  the i r  production can be represented by Scheme 1 given for compound (IIc) as example. 
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Scheme 1 

The acids RIOH and R,~)H are  probably split off as a consequence of the t r ans f e r  of a hydrogen atom 
from position 5'  to the oxygen atom of the acyl residue and the formation of a multiple bond in the residual  
ion. Consequently, the mass  spec t ra  of the compounds under  consideration permit  the molecu la r  weights 
of the acids corresponding to the i r  acyl  groups to be determined.  Compound (Ic) with the angular  position 
of the dihydrofuran ring, containing the l a rge r  acyl residue at the C~ carbon atom, splits off f rom the 4' 
position not the acid but the acid residue,  giving an ion with m / e  287, while the substance (Ia) i somer ic  
with it but having the sma l l e r  acyl at C~ and the l inear compound (IIc) with the l a rge r  acyl at C~ split off 
predominantly the acid from position 4',  forming the ions with m / e  326 and 286, respect ively.  The p r e s -  
ence of the ion M + - R O  with a g rea t e r  intensity than that of the ion M+-ROH (where R is the l a rge r  of the 
two acyl radicals  present) in the mass  spect rum of a furocoumarin  under investigation shows the angular  
position of the dihydrofuran ring and the presence  of the l a rge r  acyl residue R at the CI carbon atom. 

In addition to this, the molecu la r  ions of the angular  compounds (Ia, b, c) readily lose the l a rge r  acyl  
residue with the subsequent ketene decomposit ion of the result ing ion M + - R  (Scheme 2). We have not ob- 
served this type of p rocess  in the mass  spec t ra  of the l inear  analogs. 

In the mass  spec t ra  of substances (Ia, b, c) and (IIa, c) the ions with m / e  244, 243 and 223, 227 a re  
very  important  for s t ruc tura l -ana ly t ica l  purposes.  From their  mutual intensities it is possible to de ter -  
mine the positions of the acyl res idues in the molecules  both of the angular and of the l inear  compounds. 
In compounds (Ia), (IIa), and (Ib), each of which contains the l a rge r  acyl radical  or  one with an equal num-  
ber  of carbon atoms on the t e r t i a ry  carbon atom, the relative intensities of the ions mentioned sat isfy the 
inequalities I244 > I243 and I229 > I227. For  substances (Ic) and (IIc) with the acyl group having the l a rge r  num- 
ber  of carbon atoms on the C~ carbon atom, these inequalities are  reversed .  The preceding paper in this 

TABLE 1. Main Fragments  and Their  Relative Intensit ies in the 
Mass Spectra of the Diaeyloxydihydrofurocoumarins in the Region 
of High and Moderate Masses 
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i s sue  [1] gives a scheme  of the format ion  of the f ragments  with m / e  244, 243 and 229, 227, and an explana-  
tion of the obse rved  re la t ionship between the intensi t ies  of these  ions and the posi t ions of the acyl  groups.  
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Scheme 2 

The resu l t s  of a compar i son  of the m a s s  spec t r a  of the d iacyloxydihydrofurocoumarins  with the m a s s  
spec t r a  of the d iacyloxydihydropyranocoumar ins  [7] show that the m a s s - s p e c t r o m e t r i c  method of analys is  
eas i ly  pe rmi t s  these  two c l a s s e s  of compounds to be dist inguished. Although the l a t t e r  form ve ry  complex 
m a s s  spec t r a  in the region of high m a s s  numbers ,  in the region of mode ra t e  m a s s  numbers  they differ  sub-  
s tant ia l ly  by the re la t ive  intensi t ies  of the ions with m / e  229 and 227. Thus,  in the m a s s  spec t r a  of the 
d iacyloxydihydropyranocoumar ins  the ion with m / e  229 has a cons iderably  g r e a t e r  intensi ty (more than 
twice as great)  as the ion with m / e  227, while in the m a s s  spec t r a  of the d iaeyloxydihydrofurocoumarins  
the intensity of the ion with m / e  229 exceeds  that of the ion with m / e  227 by a fac tor  of not m o r e  than 1.5 or  
even has a lower  intensi ty than the la t te r .  F u r t h e r m o r e ,  in the region of mode ra t e  m a s s  numbers  the m a s s  
spec t r a  of the d iacyloxydihydrofurocoumar ins  contain ions with m / e  198 and 158, which a r e  not found in the 
m a s s  spec t r a  of the d ihydropyranocoumar ins  i somer i c  with them.  The format ion  of f ragments  important  
for  s t ruc tu ra l - ana ly t i ca l  purposes  can be r ep re sen ted  by Scheme 3, shown for  compound (Ic) as example .  
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Thus,  the fea tures  studied in the m a s s  spec t r a  of the d iacyloxydihydrofurocoumar ins  well  ref lec t  the 
s t ruc tu ra l  c h a r a c t e r i s t i c s  of these  compounds and can be used successfu l ly  for  s t ruc tu ra l  and analyt ical  
purposes .  

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

The m a s s  s pec t r a  of compounds (Ia, b, c) and (IIa, b, c) were  taken on a modif ied MKh-1303 ins t ru -  
ment  at an ionizing potential  U=50 V at t e m p e r a t u r e s  of 105°C (Ia), 90°C (Ha), 83°C (Ib), 126°C (Ic), 90°C 
(IIc), and 80°C (Hb) (the inlet s y s t em  provides  for  the introduction of the sample  into the ion source) .  The 
samples  of smyrn io r in ,  smyrn ior id in ,  and the product  of the alkaline methanolys i s  of smyrn ior id in  were  
kindly given to us by A. A. Savina. 

S U M M A R Y  

The m a s s  spec t r a  of six compounds belonging to the c lass  of angular  and l inear  4 ' - a c y l o x y - 5 ' - ( 1 -  
acyloxy-  1-m ethylethyl)-  and 4 ' - m e t h o x y -  5 ' -  (1-acyloxy-  1-methylethyl)  d ihydrofurocoumar ins  have been 
obtained. It  has been shown that f rom the m a s s  spec t r a  of this c lass  of compounds it is possible  to d e t e r -  
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mine the molecular weights of the acids corresponding to the acyl radicals that they contain, the position 
of attachment of the dihydrofuran ring to the coumarin ring, and the positions of the acyl residues, and also 
to distinguish this class of substances from the class of diacyloxydihydropyranocoumarins isomeric with 
it. 
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