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The m a s s  s p e c t r a  of angular  monohydroxy-  and monoacyloxydihydrofurocoumar ins  have been studied 
p rev ious ly  [1]. It  was  of in te res t  to compare  the f ragmenta t ion  of these subs tances  with the f ragmenta t ion  
of the l inear  compounds i somer i c  with them and to de te rmine  the poss ib i l i t i es  of the m a s s - s p e c t r o m e t r i c  
method for  solving s t rue tu ra l  p rob l ems  in this s e r i e s  of compounds.  F o r  this purpose ,  we have studied 
the m a s s  s p e c t r a  of m a r m e z i n  (I), [D]marmezin  (II), O - a c e t y l m a r m e z i n  (HI), deltoin (IV), p ranchimgin  (V), 
and sese l i f lo r in  (VI) [2-5]. 

i.R=-~i, ~R~--GOCH.~, t, I~=-P_,OCH=C - 
0 ,eli 3 '"CH3 

OF. O.li=-I], ~B=-COC=CH ~ R=-COr, H=~,~-,S-CH 3 

Clt 3 

The main  f r agmen t s  and the i r  re la t ive  intensi t ies  in the m a s s  spec t r a  of compounds (I-VI) a re  given 
in Table  1. 

The m a s s  spec t rum and f ragmenta t ion  of m a r m e z i n  have been descr ibed  p rev ious ly  [6]. In the pub-  
l ished m a s s  spec t rum of m a r m e z i n ,  in con t ras t  to its angular  i s o m e r  columbianet in  [1], there  a re  no 
M+-CH3, M+--CH3-H,  and M + - O H  ions (m/e  231 ,230 ,229) .  However,  in other  r e s p e c t s  the i r  s p e c t r a a r e  
v e r y  s im i l a r .  We decided to check whether  this d i f ference  between them does exis t  and to study the mass  
spec t rum of m a r m e z i n  again. F o r  a more  f a r - r e a c h i n g  investigation of its f ragmenta t ion ,  we a lso  studied 
the mass  spec t rum of [D] marmez in .  

In the m a s s  spec t rum of m a r m e z i n  we found the ions M * - C H  8, M + - C H ~ - H ,  and M + - O H .  The m a s s  
spec t rum of this substance differed f rom the m a s s  spec t rum of its i s o m e r  columbianet in  only in the region 
of high m a s s e s ,  where  we detected the ion M + - H 2 0 - H  (m/e  227), which Abdel-Hay et al.  [6] also s ta ted to 
be absent .* The appearance  in the m a s s  spec t rum of m a r m e z i n  of ions in the region of high m a s s  numbers  
with m / e  231-227 may be shown by Scheme 1, which is s i m i l a r  to this p r o c e s s  in the m a s s  spec t rum of 
[D]marmezin .  In spite of the low intensity of these ions (see Table  1), they a re  impor tant  since they show 
the p r e sence  in m a r m e z i n  of a hydroxyisopropyl  grouping (appearance  of the ions ¢1, ~ ,  ¢4) and also the 
capaci ty  of the d ihydrofuran r ing of ions ~1 and @4 for  e l iminat ing a hydrogen a tom (format ion of ions 
and %). The angular  and l inea r  d ihydropyranocoumar ins  i s o m e r i c  with m a r m e z i n  (xanthogailol and 
agasylol)  do not show the ions 4~, 4~, and 45 [7]. 

* The absence of these ions f rom the publ ished m a s s  spec t rum can probably  be explained by the record ing  
conditions, which differed f rom ours ,  although they a re  given incompletely  by Abdel-Hay et al.  [6]: the en-  
e rgy  of the ionizing e lec t rons  and the t e m p e r a t u r e  at which the m a s s  spec t rum of m a r m e z i n  was r eco rded  
a re  not given. 
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It  follows from the mass  spect rum of [D]marmezin that the ions ~1 and 4~ are only part ial ly shifted 
into the region of higher  masses ,  just  like theCt4 f ragment  with m/e  59 (Scheme 2), which represents  the 
ion of the hydroxyisopropyl  radical .  These facts show an exchange between the hydrogen of the hydroxy 
group and the hydrogen atom on the 5 ' - ca rbon  atom in the molecular  ion of marmez in .  On the basis  of the 
isotopic effect, which changes the probabil i ty of the formation of the ions mentioned in the mass  spectrum 
of [D]marmezin, it is possible to evaluate the magnitude of this exchange from the rat io of the peaks of the 
ions with m / e  59 and 60 only part ial ly.  If  it is borne in mind that the cleavage of a C - C  bond takes place 
with a g rea t e r  probabil i ty when deuterium is present  on one of the carbon atoms,  the exchange mentioned 
apparently proceeds  to the extent of not less than 25%. 

] + OH + OH 
M, role ?46 q~,, m/e ?~I m 2 , m/e 230 

I -OH ~ .  "t~90 

%, m/e 2'2g m6,mle 213 
J L 

m4, m/e 2Z~ ~s, m/e 227 

Scheme 1 

In the decomposit ion of the molecular  ion of [D]marmezin, the el imination of a CH s group and of a 
molecule of water  takes place more  intensively than in the fragmentat ion of marmez in ,  and so does the 
format ion of ions in the region of medium mass  numbers.  As a result ,  the res is tance  to decomposition of 
the molecular  ion of [D]marmezin is 2.7 t imes lower than that of marmez in  itself. 

F 

mwm/e59 ¢,8,m/e 187 M*,m/e 246 q=7,mle t68 %,m/e ~8"/ 

+ ÷ t .  J 

?pw,m/e t59 opt,, m/e 131 ¢Pr~,nl/c 103 %~,m/e 102 

Scheme 2 

~g,  m/~ 160 

The main direct ion of fragmentat ion giving the most  intense ions in the mass  spect rum of marmez in  
is connected with the splitting out of the hydroxyisopropyl  group of its molecular  ion with and without the 
t r ans fe r  of the hydrogen atom of the hydroxy group to the coumarin  par t  of the molecule.  The appearance 
of the main ions by this route, which is shown in Scheme 2, is confirmed by the mass  spect rum of [D]mar- 
mezin.  

In the mass  spectrum of m a r m e z i n  [6], the directions of decomposit ion shown in Scheme 2 by a s t e r -  
isks are  conf i rmed by metastable peaks.  Abdel-Hay et al. [6] put forward a hypothesis of the part ia l  for -  
mation of the ¢8 ion from the M + ion by route B (see Scheme 2) because of the presence  in the mass  spec-  
t rum of m a r m e z i n  of the ~1~ ion (m/e 59). However, they observed no metastable peak for  this transit ion.  
We have not observed this peak for this direction of decomposition ei ther ,  but the shift of the ~14 ion by 1 
amu in the mass  spect rum of [D]marmezin shows that the lat ter  has the s t ructure  given in Scheme 2 and is 
formed together  with the 4~ ion by route B. 

In the mass  spect rum of [D]marmezin, the intensity of the ~10 ion (m/e 159) has r i sen  twofold as 
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c o m p a r e d  with the intensi ty  of the ~ ion (m/e  161), while the re la t ive  intensi t ies  of the ¢~ and ~ ions (m/e  
187 and 189), f rom which they were  fo rmed  have r ema ined  as  before .  This  p e r m i t s  the conclusion that the 
~10 ion a r i s e s  pa r t i a l l y  f r o m  the 4 b ion as a r e su l t  of the loss  by the l a t t e r  of a hydrogen a tom,  in the same  
way as the 4~ ion is f o rmed  f rom the ~ ion. 

0 ~ ~ ~ HOAJ%...,.%0.~O| 

..I 
M +, role 246 role 24£~ ¢:P15 ,m/e 176 

1 cB3 £,H 3 

" ' ---,.-- 0 =~H + OJ + HO ~,,.~ O~ 0 HO~,.~ 0 ~ 
-I" + 

m/e, 24B m/e 71 m16 , m/9 175 ml? ~ m/8 14.7 

Scheme 3 

C.x~CH3 

+ O=C-  
-4- 

m/e 7O 

The di rec t ion of f ragmenta t ion  of m a r m e z i n  that  is second with r e spec t  to intensi ty is i ts  decompo-  
si t ion in the m a n n e r  shown in Scheme 3. In the m a s s  spec t rum of [D]marmezin  the ~16 and ~16 ions a re  
pa r t i a l ly  shif ted by 1 ainu in the d i rec t ion  of higher  m a s s e s .  The absence  of a complete  shift  is readi ly  
explained by the hypothesis  put fo rward  above of the exis tence  of exchange between the hydrogen of the 
hydroxy group and the hydrogen on the Cs ca rbon  atom in the m o l e c u l a r  ion of m a r m e z i n .  F o r  the same  
reason ,  ¢i7 undergoes  only a pa r t i a l  shift.  This  d i rec t ion  of f ragmenta t ion  was not cons idered  in prev ious  
invest igat ions  [1, 6], although, as will  be shown below, it has analyt ical  impor tance .  

The  m a s s  s p e c t r a  of compounds (III-VI) (see Table  1), which belong to the c l a s s  of l inear  monoacy l -  
oxydihydrofurocoumar ins ,  a re  v e r y  s i m i l a r  to the m a s s  spec t r a  of the angular  compounds i s o m e r i c  with 
them [1]. 

In  the f ragmenta t ion  of subs tances  (III-VI) ions a re  fo rmed  in the regions  of high and medium m a s s  
numbers  at the s ame  m / e  values  as in the f ragmenta t ion  of m a r m e z i n ,  but with different  re la t ive  in tens i -  
t ies  of the l ines .  

+"  

CH 3 

role 246 role 82 

T 
LO OC=C,.(% 1 _] o + Hc=c,- =o 

CH 3 
CH 3 

* m/e 32~ 246 ainu m/~ 83 M, 
S c h e m e  4 

The dif ference cons is t s  only in the fact  that the peak of the m o l e c u l a r  ion of m a r m e z i n  is fa i r ly  la rge  
(7.6% of the total  ion cur ren t ) ,  while the m o l e c u l a r  ions of its acyl  der iva t ives  a r e  l e s s  s table ,  and the i r  
in tensi t ies  v a r y  between 0.7 and 1.7% of the total  ion cur ren t .  Additional to the f ragmenta t ion  of these 
subs tances  a r e  the acyl  and ketene decomposi t ions  of the i r  m o l e c u l a r  ions (Scheme 4) due to the fact  that 
the molecu les  (III-VI) each have an acyloxy group. The acyl  decomposi t ion  is the m o s t  intensive in the 
m a s s  s p e c t r a  of compounds (III-VI) and takes  p lace  with the local iza t ion of pos i t ive  charge  a lmos t  wholly 
on the acyl  res idue .  F r o m  the p r e s e n c e  of this ion and a lso  of the ion M+-ROH ( m / e  228) in the m a s s  
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s p e c t r a  of the monoacyloxydihydrofurocoumar ins ,  it is poss ib le  to de te rmine  the mo lecu l a r  weight of the 
acid res idue  p r e s e n t  in a given compound of this type.  

On compar ing  the m a s s  s p e c t r a  of deltoin (IV) and p ranch imgin  (V) it can be seen  that in the s e r i e s  
of subs tances  studied the m a s s - s p e c t r o m e t r i c  method p e r m i t s  the acyl rad ica l  of angelic acid to be d i s -  
t inguished f rom the acyl res idue  of senecionie acid.  As for  the monoacyloxydihydropyranocoumar ins  [7], 
in the acyl  rad ica l  of angelic acid (see Table  1, IV) the intensi t ies  of the ions with m / e  83 and 55 a re  
approx ima te ly  the same:  I83 = 0.9 I56; while for  the acyl  radica l  of senecionie  acid (see Table  1, V) the 
ion with m / e  83 is cons iderably  more  intense than that with m / e  55 (Is3 =1.7 I55). This can be explained 
by the assumpt ion  that in the acyl  r ad ica l  of senecionic acid the CH 3 group apparent ly  pa r t i c ipa tes  to a 
g r e a t e r  extent in the s tabi l izat ion of this ion by the hyperconjugation mechan ism than in the angeloyl" 
rad ica l .  

As a l r eady  mentioned,  the m a s s  s p e c t r a  of the l inear  monohydroxy-  and monoacyloxydihydrofurocou-  
m a r i n s  a r e  ve ry  s i m i l a r  to the m a s s  spec t r a  of the i r  angular  i s o m e r s .  However ,  smal l  d i f ferences  enable 
the two c l a s s e s  of compounds to be dist inguished by the m a s s - s p e c t r o m e t r i c  method.  The m a s s  spec t r a  
of the angular  subs tances  lack the ~ ion ( m / e  147; see  Scheme 3), s ince the angular  posi t ion of the dihy- 
drofuran  r ing apparent ly  affects  the s tabi l izat ion of the ions to a somewhat  g r e a t e r  extent,  and the i r  de-  
composi t ion  takes  place with a g r e a t e r  comsumpt ion  of in ternal  energy  than that of the cor responding  ions 
in the l inear  compounds,  which d e c r e a s e s  the probabi l i ty  of the f ragmenta t ion  of the f o r m e r  in the subse -  
quent s tages  of decomposi t ion.  

The m a s s - s p e c t r o m e t r i c  method eas i ly  p e r m i t s  the l inear  and angular  monohydroxy-  and monoacy l -  
oxydihydrofurocou_marins to be dist inguished f rom the monohydroxy-  and monoacyloxydihydropyranocou-  
m a t i n s  i s o m e r i c  with them [7]. 

The ma in  difference in the m a s s  s p e c t r a  of these compounds is that for  subs tances  of the f i r s t  c l ass  
the ~ ion ( m / e  187, see Scheme 2) is m o r e  pronounced that the ~16 ion (m/e  175, see Scheme 3) and for  
the second c lass  the si tuat ion is the opposi te .  This  re la t ionship is e x p r e s s e d  pa r t i cu l a r ly  c l ea r ly  for  the 
monohydroxy der iva t ives ,  but it is a lso p r e s e r v e d  re l iab ly  for  the monoacyloxy der iva t ives .  

Thus,  the c h a r a c t e r i s t i c  f ea tu res  of the m a s s  spec t r a  of the l inea r  monohydroxy-  and monoacy loxy-  
d ihydrofurocoumar ins  that have been  studied show that  the m a s s - s p e c t r o m e t r i c  method can be used suc-  
cess fu l ly  for  s t r u e t u r a l - a a a l y t i c a l  pu rposes  in this s e r i e s  of compounds.  

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

The m a s s  spec t r a  of compounds (I-VI) were  taken on a modif ied MKh-1303 ins t rument  at an ionizing 
voltage U of 65 V and at  the following t empera tu re s :  for  (I) and (II) 130°C, for  (III) 105°C, for  (IV) and (V) 
86°C, and for  (VI) 1200C; using the d i rec t  introduction of the sample  into the ion source .  

S U M M A R Y  

The m a s s  spec t r a  of the following six l inear  monohydroxy-  and monoacyloxydihydrofurocoumar ins  
have been studiec~ m a r m e z i n  (I), [D]marmezin  (IT), O - a c e t y l m a r m e z i n  (HI), deltoin (IV), p ranch imgin  (V), 
and sese l i f lo r in  (VI). It  has been shown that it is poss ib le  by the m a s s - s p e c t r o m e t r i c  method of analys is  
to de te rmine  the m o l e c u l a r  weights of the acids the acyl rad ica l s  of which a re  p r e sen t  in these  subs tances ,  
to dist inguish the acyl  radical  of angelic acid f rom that of senecionic acid,  and a lso  to distinguish this 
c lass  of compounds f rom the angular  d ihydrofurocoumar ins  and f rom the angular  and l inear  d ihydropyra-  
nocoumarins  i s o m e r i c  With them. 
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