
A M A S S - S P E C T R O M E T R I C  S T U D Y  OF 3 ' , 4 ' - D I H Y D R O X Y -  

AND 3 '  , 4 ' - D I A C Y L O X Y D I H Y D R O P Y R A N O C O U M A R I N S  

P .  I .  Z a k h a r o v ,  P .  B .  T e r e n t ' e v ,  
G.  K.  N i k o n o v ,  a n d  A.  I .  B a n ' k o v s k i i  

UDC 543.51 + 547,985 

In a preceding paper we have described the fragmentat ion under the action of electron impact of an- 
gular and l inear  3 ' -hydroxy-  and 3 ' -acyloxydihydropyranocoumarins [1]. The present  paper gives the re-  
sults of a mass-spec t romet r ic  study of khellactone and its methoxy and diacyloxy derivatives and also of 
diacyloxy derivat ives of isokhellactone. The compounds belong to the c lass  of 3 ' ,4 ' -dthydroxy-t3 '-hydroxy- 
4 ' -methoxy,  3'-  acyloxy-4 ' -methoxy- ,  and 3' ,4 ' -diacyloxydthydropyranocoumarins.  
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We have studied the above substances of this ser ies:  khellactone (I), [D2]khellactone (II), methyl- 
khellactone (III), [D]methylkhellactone (IV), khellactone diacetate (V), pteryxin (VI), dihydropteryxin (VII), 
visnadin  (VIII) ,  d i hyd ros am id in  (IX), anomal in  (X), f l o ro se l i n  (XI), the p roduc t  of the me thano lys i s  of 
f l o ro se l i n  (XII),  and andel in (XIII) .  

Compounds  (VI, VIII, IX-XI,  and XIII) w e r e  i sola ted  f r o m  the plants  Libanot is  condensa ta  [2], 
Ph lo jod i ca rpus  v i l losus  T u r c z  [3], Ph. s i b i r i cus  (Steph.) K . - P o l  [4], Angel ica  a d z h a r i c a  [5], Sesel i  s e s s i l i -  
f l o r u m  Schrenk [6], and Ange l ica  d e c u r s i v a  [7]. Compounds  (II-V, VII, and XII) w e r e  obtained syn the t ica l ly  
f r o m  compounds  (I, III, VI, and XII ) .  

D t h y d r o x y d i h y d r o p y r a n o c o u m a r i n  de r i va t i ve s  a r e  of in t e res t  as  subs t ances  p r e se n t  in c o u m a r i n - b e a r -  
ing plants ,  the study of which is cont inuing to lead to the i so la t ion  of new subs t ances  of this  c l a s s  [5, 6]. 
Compounds  such as p te ryx in  (VI),  v isnadin  (VII),  d i hyd rosa mid in  {IX), and anomal in  (X) are  used in medi -  
ca l  p r a c t i c e  as  s p a s m o l y t i c s  [8]. 

In view of th is ,  the inves t iga t ion  of the f r agmen ta t i on  of this  c l a s s  of subs t ances  is impor tan t  both 
fo r  s t r u c t u r a l  p u r p o s e s  and a lso  fo r  the p u r p o s e s  of the i r  ident i f icat ion.  The use  of the m a s s - s p e c t r o m e t -  
t ic method r e q u i r e s  tenths  and hundred ths  of a m i l l i g r a m  of the subs tance  under  cons ide ra t ion ,  and these  
amounts  can  be obtained in p r a c t i c e  f r o m  a single c h r o m a t o g r a p h i c  spot.  

The m a s s  s p e c t r u m  of each  compound,  the ma in  f r a g m e n t s  of which a re  g iven in Table 1, conta ins  
the peak of the m o l e c u l a r  ion. Fo r  khe l lac tone  (I) and methy lkhe l lac tone  (III) it is of med ium intensi ty .  
In the case  of acy l  de r iva t i ve s  of compounds  (I) and (Ill) the peaks  of the m o l e c u l a r  ions a re  of low intensi ty .  

The na ture  of the f r agmen ta t i on  of khe l lac tone  (I) and methy lkhe l l ac tone  (II1) d i f fe rs  subs tant ia l ly  
f r o m  that  of acy l  de r iva t ives  of khel lac tone .  The decompos i t i on  of these  compounds  under  the act ion of 
e l e c t r o n  impac t  beg ins  with the e jec t ion  of a molecu le  of w a t e r  in the c a s e  of (I) and of methanol  in the 
case  of (III) .  

TABLE 1. Main F r a g m e n t s  and The i r  Rela t ive  In tens i t ies  in the 
Mass  Spec t ra  of 3 ' , 4 ' - D i h y d r o x y - ,  3 ' - H y d r o x y - 4 ' - m e t h o x y - , 3 ' - A c y l -  
oxy-4 ' - m e t h o x y - ,  and 3' , 4 ' - D i a c y l o x y d i h y d r o p y r a n o c o u m a r i n s  
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, ,  
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• OCH3 

M ~le  262 role 244 4~? ~le 27~ 

Scheme 1 

Then the f ragment  with m / e  244 loses  a hydrogen atom, giving an ion with m/e 243. In the mass  
spec t r a  of [D2]khellactone (II) and [D]methylkhellactone (IV), the m/e 244 f ragment  is shifted by one mass  
unit in the direct ion of h igher  masses ,  which conf i rms  the route of its formation.  The absence of a shift 
fo r  the f ragment  with m/e 243 in the mass  spec t ra  of (II) and (IV) shows the loss  by the f ragment  with m/e 
244 of the hydrogen atom of the hydroxy group. Then the f ragment  with m/e 244 spli ts  out a CH 3 group 
f rom the gem-dimethyl  grouping, forming a f ragment  with m/e 229, which leads to the complete a romat iza -  
t ion of the pyran  ring.  The la t te r ,  eject ing a hydrogen atom, fo rms  a f ragment  with m/e 228. 

The shift of the ions with m/e 229 and 228 by one mass  unit in the mass  spec t ra  of (II) and (IV) shows 
that the ion with m/e 228 is obtained only f rom the f ragment  with m/e 229, and not f r om that with m/e 243, 
and is a consequence of the loss  of a hydrogen atom by the f ragment  with m/e 229 f rom posit ion 4' with the 
subsequent migrat ion to this position of the hydrogen atom of the hydroxy group. The ion with m/e 228 
which appears  also has a closed sys tem ofv  bonds, which s tabi l izes  it, but now as the resu l t  of the unshared 
e lec t ron  at the 4'  carbon atom. The f ragments  with m/e 229 and 228 lose CO groups,  forming ions with 
m/e 201 and 200, which undergo a shift in the mass  spec t ra  of deuterated khellactone and deuterated methyl-  
khel lactone.  

/ _ I  OH 0 

• qT/e 244 m/E ,22g /rile 228 

Scheme 2 

Another d i rec t ion of f ragmenta t ion of khellactone (I) and methylkheHactone (III), which is the most  
cha rac t e r i s t i c  one for  the molecules  of these  two substances,  is the decomposit ion shown by the following 
scheme [for the case  of (I)]: 

~ O  + C4H?L ,1.0 0 " 
H-~OII CON 

£,w÷/k/e 2e2 rale2$z m/e le/ t~'lamu) 

Scheme 3 

The f ragments  cor responding  to this decomposi t ion [m/e 205 for  (III)] possess  the highest  intensity 
in the i r  mass  spec t ra .  In the mass  spec t ra  of [D2]khellactone (II) and [D]methylkhellactone (IV) they are  
shifted by 2 a n d l u n i t s ,  respec t ive ly ,  in the h igh-mass  direct ion.  Then the fragmen~ with rn/e 191, losing 
a HCO group, give s a f ragment  with m/e 162, and the f ragment  with m/e 205, lo sing a HCO group gives a f ragment  
with n~e 176 (12°/0). The format ion  in the mass  spec t rum of (I) of a f ragment  with m/e 190 take s place in a s imi la r  
manner  to the format ion  of the f ragment  with m/e 191, but is accompanied by the t r a n s f e r  of not one but two hydro-  
gen atoms f rom the f ragment  splitt ing out f rom the main par t  of the molecule .  A f ragment  with m/e 72 appears  
which gives a s t ronger  peak than the f ragment  with m/e 71. In the mass  spec t rum of [D2] khellactone,  the 
ion with m/e 72 is par t ia l ly  shifted by one mass  unit in the h igh-mass  direct ion.  The re la t ive  intensi t ies  
of the f ragments  with rn/e 72 and 73 shows that in the format ion  of the f ragment  with m/e 72 about 48% of 
the hydrogen atoms are  t r a n s f e r r e d  to it f rom the hydroxy group. 

In the mass  spec t rum of methylkheUactone,  the absence of a f ragment  of appreciable intensity with 
m/e 72 pe rmi t s  the assumption that the f ragment  with m/e 204 is formed by the eject ion of a hydrogena tom 
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by the ion with m/e 205. The presence  in the mass  spec t rum of [D]methylkhellactone of an ion with m/e 
204 shows that the f ragment  with rn/e 205 loses ei ther  the hydrogen atom attached to the carbon of the c a r -  
bonyl group or that attached to the oxygen atom of the oxonium form.  

Thus, although the fragmentat ions of compounds (I) and (III) coincide in the main, the presence  of a 
methoxy group in position 4' of compound (lid in place of the hydroxy group of compound (I) leads to sub- 
stantial differences in the details of the appearance of the f ragments .  

The mass  spec t ra  of (V-XIII), which are acyl der ivat ives  of khellactone (I), methylkhellactone (III), 
and isokhellactone, differ by the magnitudes of the molecular  peaks. The lat ter  are  higher for the sub- 
s tances the acyl res idues  of which have a smal ler  number of atoms. The molecular  peaks are also s t ronger  
for the i somers  containing an acyl residue having a smal le r  number of atoms in position 4 ' .  In the case of 
compound(XIII) ,whichbelongs to the l inear diacyloxydi_hydropyranocoumarins, the molecular  ion is s t ronger  
than in compound (X). 

The decomposit ion of the molecular  ions of these compounds takes place in three direct ions.  In all 
substances,  the splitting out of the acid residue f rom position 4' is found, this being typical for a substance 
having a substituent in the benzyl position [9]. 

This p rocess  takes place in accordance with scheme 4, which is shown for the case of pteryxin(VIII)*  

0 + l)O-C-C-gll -V" 

0 
M" mie SS~ m/e 787 I99 &mu) 

Scheme 4 

Compounds containing an angeloyl group in position 4'  - (VI), (X) - give s t ronger  peaks as a resul t  of 
this decomposition than compounds containing an a -methylbutyry l  group, i.e., a saturated acid group, in 
this position (VII). In the case of substances with an acetyl group in position 4 ' ,  this process  gives ex- 
t r emely  feeble peaks of approximately equal intensity for the loss of acetic acid f rom this position in the 
case of compounds (V, VIII, and IX) [fragments with m/e 328 for (VIII) and (IX)]. 

For  all the substances (V-XIII) the predominant splitting out of the acid f rom position 3', which is 
typical  for e s t e r s  of carboxylic acid [10], and only to a very  small  extent the splitting out of acid residue 
are observed.  The double bond so ar is ing lengthens the sys tem of conjugated 7r bonds and stabil izes the 
f ragments  formed.  This decomposition takes place in accordance with Scheme 5, which is shown for the 
case of visnadin (VIII) : 

+0 
c H 

+##/e 380 

~o'~0] +'+ CH~ A2g-gH-COOH 
gil a 

m/e 286 { #02 ainu) 

Scheme 5 

Of the two p rocesses  considered (the splitting out of an acid residue f rom position 4'  and of an acid 
f rom position 3'), as a rule that in which the acyl group with the l a rge r  number of carbon atoms splits out 
takes place more  intensively. Anomalin (X), containing two c~,/~-dimethylacryloyl groups, splits out the 
acid residue f rom position 4' more  strongly than f rom position 3' .  On the other hand, andelin (XIII), with 
two i somer ic  acyl groups - a , /%dimethy lac ry loy l  and f l , f l -d imethylacry loyl -  and belonging to the c lass  of 
l inear diacyloxydihydropyranocoumarins ,  splits out the acid f rom position 3' more  intensively than the acid 
residue f rom position 4 ' .  The angelic acid also splits out more  intensively f rom position 3' of f lorosel in 
(XI), which contains a t rans -3-methy l th ioacry loy l  group, with a l a rge r  number of atoms,  in position 4 ' .  

* An as ter i sk  under an arrow in one of the schemes denotes a decomposit ion confirmed by metastable 
t ransi t ions .  
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Compounds (VI, X-XIII)  with one or  two r e s idues  of unsa tura ted  acids have cons iderab ly  more  in- 
tens ive  M + - R O O  and M+ -R OOH f r agmen t s ,  which a r e  desc r ibed  in Schemes 4 and 5, thancompounds  (V 
and VII-IX) with r e s idues  of the sa tura ted  ac id s ,~ -me thy lbu ty r i e  and i sova le r i c .  

All the subs tances  (V-XIII) give f r a g m e n t s  of low intensity a r i s ing  as the resu l t  of the spli t t ing out 
of the acyl res idue  with the l a r g e r  number  of a toms .  This p r o c e s s  takes  place both with and without the 
t r a n s f e r  of one hydrogen a tom f r o m  the acyl group to the oxygen of the e s t e r  group,  which is typical  for  
e s t e r s  of carboxyl ic  acids [10]. It is shown in Scheme 6 for  the case  of p te ryxin  (VI).  

CH 3 

M'3#6 role 3oJ ( 83 ainu) 

Scheme 6 

In the m a s s  s p e c t r a  of anomalin  (X) and andelin (XIII) this  p r o c e s s  is r ep re sen t ed  by f r a g m e n t s  with 
m/e  344 and 343, and in the m a s s  s p e c t r u m  of f lorose l in  (XI) by f r a g m e n t s  with m/e  371, 370, and 361. 

Visnadin (VIII) and d thydrosamidin  (IX), which contain r e s idues  of the sa tura ted  ~ -me thy lbu ty r i c  
and i sova le r i c  acids in posit ion 3' ,  also spli t  out these  acyl  groups with the t r a n s f e r  of one or two hydro-  
gen a toms  to the acyl  res idue ,  but not conver se ly  (Scheme 6). This f o r m s  f r agmen t s  with m/e  302 and 301. 
The s ame  subs tances ,  in con t ras t  to the d ihydropteryxin  (VII) i somer i c  with them but having an s - m e t h y l -  
bu ty ry l  group in posi t ion 4 ' ,  give a f r agmen t  with m/e  332, fo rmed  in accordance  with Scheme 7, as shown 
fo r  the case  of d thydrosamidin  (IX') : 

M + m/e 388 

N •  CHl" • 
~; 0 + CH/CH-CH 

/ 

role 3zz { ,~ am u) 

Scheme 7 

In d ihydrosamidin  (IX) this  p r o c e s s  takes  place m o r e  in tensively  than in its i s o m e r  visnadin (VIII) .  
Because  of the slight d i f fe rences  in the i r  s t ruc tu re ,  subs tances  (VIII) and (IX) a re  difficult to s epa ra t e  
ch romatograph ica l ly  and have s imu la r  UV spec t r a .  The m a s s  spec t r a  of these  subs tances  a re  a lso  a lmos t  
ident ical  in the region of l a rge  and med ium m a s s e s .  But in the range  of low m a s s e s  they dif fer  by the r e l -  
a t ive in tensi t ies  of the f r a g m e n t s  with m/e  85 and 71. In the case  of visnadin (VIII), the ra t io  of the inten- 
s i t ies  of the peaks  with m/e  85 and m/e  71 is 2.2, while in d ihydrosamidin  it is 0.96. Thus, the ra t io  of the 
in tens i t ies  of these  f r a g m e n t s  may  be taken into account in an ana lys i s  of mix tu re s  of these  subs tances .  
Scheme 8 shows the routes  of the i r  fo rmat ion  fo r  the case  of visnadin.  

"/" -'F" 

~..tk,r~ % | _ ~  ,2cc,_c, o + ~ o 
.c.Hc-co 6 t c% 

M +role 3~ role e~ ( JoJ ainu) 

j - 
GH 
| 

role ZOJ{ /,~'~) role 261 role It (1#0 ainu) 

Scheme 8 
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The dif ference in the intensi t ies  of the decomposi t ion of the ion with m/e  303 in the m a s s  spec t r a  of 
(VIII) and (IX) is due to the fact  that these  ions a re  fo rmed  f r o m  f r agmen t s  which differ ,  even if only 
slightly.  The ion with rn/e 71 in (VIII), of lower  intensi ty than in (IX), shows that the detachment  of the a -  
methylbutyryl  rad ica l  t akes  place with a g r e a t e r  expenditure of energy  than the p roce s s  for  the i sova le ry l  
radica l .  This affects  both the intensity of the ion with rn/e 85 that is spli t  out [it is l e s s  pronounced in 
(VIII) than in (IX)] and also the ra te  of decomposi t ion of the ion with m/e  303. The la t te r ,  which p o s s e s s e s  
the lower  supply of energy  in (VIII), spl i ts  out the f r agmen t  with m/e  71 to a cons iderably  s m a l l e r  extent.  
The s t ronger  e s t e r  bond of the a -me thy lbu ty r i c  acid in (VIII) as compared  with i sova ler ic  acid in (IX) can 
be explained by the posi t ive inductive influence of the ~ -me thy l  group on the e s t e r  grouping. As a resul t ,  
the degree  of polar iza t ion of the e s t e r  bond d e c r e a s e s ,  which leads to an inc rease  in the e lec t ron  density 
on this bond and, consequently,  to its s trengthening.  

In substances  (V-XIII) ,  the f r agmen t s  fo rmed  through the spli t t ing off of the acid f rom posit ion 3' 
lose a CH 3 group f r o m  the gem-dimethy l  grouping of the d imethy lchromane  ring. This leads  to the appea r -  
ance of f r agmen t s  with rn/e 271 for  compounds (V, VIII, and IX), with rn/e 311 for  (VI, X, and XIII) ,  with 
m/e  329 for  (XI), and with m/e  243 for  (XII).  Thus, the methyl  of the gem-d ime thy l  grouping spli ts  out 
only in those ca se s  where  this leads  to the fo rmat ion  in the r ing of a c losed sy s t em of conjugated Ir bonds.  
Consequently,  the exis tence of the f ragment  M + - R O O H - C H  3 shows the p resence  of an acyl residue of the 
acid ROOH in posit ion 3 ' .  

For  anomalin (X) and andelin (XIII), which have s imi l a r  or  i somer i c  unsatura ted  acyl rad ica ls ,  f r ag -  
ments  with m/e 256 a re  c h a r a c t e r i s t i c .  In the m a s s  spec t r a  of the two compounds they differ  by the ra t io  
of the intensi t ies  to that of the f r agmen t  with m/e  261, which is twice as intensive for  (X) and 10 t imes  l e s s  
intensive for  (XIII) than the f ragment  with rn/e 256. The fo rmat ion  of the f ragment  with rn/e 256 can be 
r ep re sen ted  by Scheme 9, which shows the p r o c e s s  for  (XIII) : 

CN +" CH . C, ai  
f" 3 CH ~' + OCC.CH 
CIt 00 c=~l~ z, 0 -C=~ CI!~ . 

44 * m/f 425 role 325 r/710 3H ~/e ~51~ 

Scheme 9 

The m a s s  s pec t r a  of all  the d iacyloxydthydropyranocoumar ins  have the peaks  of f r agmen t s  with m/e  
261 ,245 ,244 ,  243, 230, 229, 228, and 227. Thei r  p re sence  and intensi t ies  a re  cha r ac t e r i s t i c  for  this c l a s s  
of compounds,  and f o r m  a dist inguishing fea ture  of subs tances  of this s e r i e s .  The f i r s t  of these  f r agmen t s  
(m/e 261) has  a low intensity; it cons i s t s  of the ion with the s t ruc tu re  M + - A c l  ÷ H-Ac2,  where  Ac 1 is the 
acyl  res idue  with the l a r g e r  number  of a toms,  r e g a r d l e s s  of whether  it subst i tutes  the hydroxy g roup in  
posit ion 3' or  4 ' .  The s t ruc tu r e s  of the following f r agmen t s  and the i r  fo rmat ion  can be r ep re sen ted  by 
Scheme 10: 

j L--,:<, j j • 
,it 4,,1"- 440,4' m/e 244 m/e 2fg 

Scheme i0 

In the region of medium m a s s  numbers ,  the m a s s  spec t r a  of compounds (V-XIII) exhibit low-intensi ty  
f r agmen t s  with m/e  213, 191, 190, 189, 175, and 162. In the l o w - m a s s  region,  s t rong peaks are  found with 
m/e  85 and 83 for  (VII-IX) with the sa tura ted  ~ -methy lbu ty ry l  and i sova le ry l  r ad ica l s  and with m/e  83 for  
(VI, X, XII, and XIII) with the unsa tura ted  angeloyl and senecioyl  rad ica l s .  In the m a s s  spec t rum of f loro-  
sel in (XI) in the l o w - m a s s  region appear  the molecu la r  ion (M +) of c i s -3 -me thy l th ioac ry l i c  acid (m/e 118), 
i ts  f r agmen t  M+-CH3 (m/e 103), and the acyl rad ica l  of this acid (M+-OH,  m/e  101). 

Thus, the m a s s  s pec t r a  of the 3' ,4 ' -d ihydroxy-  and 3 ' ,4 t -d iacy loxydihydropyranocoumar ins  (I-XIII) 
that have been studied provide useful  informat ion on the i r  s t r uc tu r e s  which well  r e f l ec t s  both the s imi l a r i -  
t i e s  and d i f ferences  between them and can be used for  the purposes  of s t ruc tu ra l  ana lys is  in this c lass  
of compounds.  
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E X P E R I M E N T A L  

The mass spectra of compounds (I-XIII) were recorded onanMKh-1303 instrument at an ionizing 
voltage of 70 V with the introduction of the samples into the ion source at the following temperatures: 
(I-V) 100 °, (VI) 65 °, (VII) 60 °, (VIII) 70 °, (IX) 65 °, (X) 100 °, (XI) 70 °, (XII) i00 °, (XIII) 80 °. The sample- 
heating system ensured temperature stability With an accuracy of ± 1°C. 

CONCLUSIONS 

The mass spectra of 13 3',4'-dihydroxy, 3'-hydroxy-4'-methoxy-, 3'-acyloxy-4'-methoxy-, and 
3',4'-diacyloxydihydropyranocoumarins have been studied. Schemes of the decomposition of these com- 
pounds leading to the formation of the main fragments in their mass spectra have been proposed. It has 
been shown that the mass spectra of (V-XIII) indicate whether the acyloxy groups are attached to position 
3' or 4' of the dihydropyran ring. Characteristic fragments with m/e 261,245, 244,243, 230, 229,228, and 
227 have been found, the positions and relative intensities of which form distinguishing features of the mass 
spectra of the diacyl derivatives of khellactone. 
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