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The dissociat ive ionization of the monohydroxy-  and monoacyloxydihydropyranocoumarins  and -d ihydro-  
furocoumar ins  (I-VI) at energies  of the ionizing e lec t rons  of 50-70 eV has been studied previously [1-3]. The 
cha rac te r i s t i c  features  of the decomposit ion that were found enabled a m a s s - s p e c t r o m e t r i c  distinction of the 
hydroxy der ivat ives  f rom acyloxy derivat ives and of dihydropyranocoumarins  f rom dihydrofurocoumarins  in 
this ser ies  of substance to be established. However, as a resul t  of the investigation per formed no f ragmenta-  
tion cha rac t e r i s t i c s  common for d ihydropyranocoumarins  and dihydrofurocoumarins  permit t ing the pai rs  of 
l inear  and angular i somers  of this c lass  of compound to be distinguished by the m a s s - s p e c t r o m e t r i c  method 
were found. 
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At the same time, the linkage of the dihydropyran r ing with the coumarln  ring for the two pa i rs  of i so-  
mer ic  d ihydropyranocoumarins  (I-IV) (at an ionization energy  of 50 eV) is reflected in the relative intensities 
of the ions with m / e  176 and 175 [2]. 

Since these ions are  rea r rangement  ions and in the mass  spectra  of dihydropyranocoumarin and dihydro-  
furoeoumarin derivat ives  (Scheme 2) they are  formed in the cleavage of the saturated heterocycl ic  ring, it 
might be expected that the difference in the intensities of the ions with m/e  176 and 175 for the angularly and 
l inear ly  linked i somers  will be shown to a g rea te r  degree with a reduction of the energy  of the ionizing e lec -  
t rons  [4] (see Scheme 2 on following page.) 

Measurements  of the low-voltage mass  spectra  of compounds (I-XVI) (Table I) confirmed this assumption. 
In addition to the specific differences charac te r i s t i c  for each pair  of l inear and angular i somers ,  the low-voltage 
mass  spect ra  of (I-XVI) showed a general  difference that is charac te r i s t ic  of der ivat ives  of both the dihydro-  
pyran and the dihydrofuran se r ies  due to the type of linkage of their  dihydropyran and dihydrofuran rings with 
the coumarin  ring. It can be seen f rom Table 1 that the rat io I176/I175 is always smal le r  for the l inear  i somers ,  
and this feature is a general  one and acquires  analytical  value at 15 eV. The reason for  this fact may be, ac -  
cording to Hammond 's  postulate [7], and increased  rate of formation of the ion of m /e  175 in the mass  spect ra  
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TABLE 1. Values of the Ratios 1176/TiT 5 in the Mass Spectra 
of Monohydroxy- and Monoacyloxydihydropyranocoumarins 
and-d ihydro fu rocoumar ins  at Energies  of the Ionization 
Elect rons  of 15 and 50 eV 

Compound 

Hydroxy derivatives 
Linear isomer 
Angular isomer 

Acetoxy derivative 
Linear isomer 
Angular isomer 

A ngeloyloxy derivative 
Linear isomer 
Angular isomer 

Dihydropyranocoumarins 

15 eV 5o eV 

1, 8±0,13 1,1+-0.03 
2, 8_.+0,33 1,6±0,18 

1. 2+0,14 0,8'___0,09 
2,10-t-0,24 1,1+0,1 

1,33+--0,15 0,45±0,05 
3,10±0,35 0,55±0 03 

Dyhydrofuroc0umarins 

i5 eV 

1,3±0 15 
1,7-&0,19 

1,5±0,17 
2,4_+0,25 

0.33_-+0.03 
1,5+_0,17 

5o eV 

0,7+0,08 
0,8±0,09 

0,9-_0.l 
t ,6+0,18 

0,3±003 
0,6+0,06 
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of the l inear i somers  because of its higher stability. An est imate of the la t ter  magnitude with the aid of  a cfll~? 
culation analogous to the calculation of WM [5] shows that the ion with m/e  175 in the mass  spectra  of the l inear  
i somers  is approximately 15% more  stable than in the mass  spectra  of the angular isomers .  Fur thermore ,  it 
may be assumed that in the dissociat ive ionization of compounds with a l inear  linkage of the dihydropyran or  
dihydrofuran ring with the eoumarin ring the probability of the t ransi t ion m/e  176 ~ m/e  175 is higher. This 
hypothesis is in harmony with the mass  spectra  of the deuterium analogs of the monohydroxy derivative (XIII- 
XVI) the hydrogen of the hydroxy groups of which has been replaced by deuterium, where the probability of the 
elimination of a D atom by the Ion with m/e  177 (transition m/e  177 ~ m/e  175) is considerably higher in the 
case  of the decomposition of the l inear i somers  than of the angular i somers  (approximately threefold). It is 
not excluded that a s imi lar  picture is observed for the t ransi t ion M +. ~ m/e  175, but it is not possible to give 
an unambiguous answer  to this question on the basis  of the mass  spectra  of (XIII-XVI). 

The charac te r i s t i c  features found permi t  the mass - spec t roma t i c  distinction of l inear and angular iso-  
m e r s  of the se r ies  of compounds investigated under s tandard conditions. Its high sensit ivity gives this method 
a considerable advantage over  other methods of analysis,  since pract ica l ly  no preparat ive t rea tment  of the sub-  
stance under investigation is required;  usually the amount eluted from one chromatographic  spot is sufficient. 

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

The mass  spectra  of compounds (I-XVI) were obtained on a standard MKh-1303 instrument using a s y s -  
tem for the direct  introduction of the sample into the ion source at an ionizing voltage of 15 V and at inlet t e m -  
pera ture  of 90°C (I-VI, XIII-XVI), 80°C (VII-X), and 105°C (XI, XII). The deuterium analogs of the compounds 
were synthesized by the method of Shipchandler and Soine [6]. 

, S U M M A R Y  

With the aid of the low-voltage mass  spect ra  of 16 compounds belonging to the monohydroxy-  and mono-  
acyloxydihydropyranocoumarins  and -d ihydrofurocoumarins  and their  deuter ium analogs it has been shown the 
relat ive intensities of the ions with m/e  176 and 175 is an analytical magnitude both for the dihydropyrano-  
coumarins  and the dihydrofurocoumarins  which enables l inear and angular i somers  in these se r ies  of substances 
to be distinguished. 
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D I T E R P E N E  L A C T O N E S  O F  T e u c r i u m  h y r c a n i c u m  

G .  B.  O g a n e s y a n  a n d  V.  A .  M n a t s a k a n y a n  UDC 547.913 

Species  of  g e r m a n d e r  (Teucrium) have long been used in officinal folk medicine as  an t i f l ammatory ,  hypo- 
tens ive ,  cholagogic,  ant ihelminthic ,  e tc . ,  agents  [1-6]. The spec ies  T. polium L. [7], T. Chamaedrys  L. [8, 9], 
and T. v i sc idum B1. [10] have been studied chemica l ly  to the g rea t e s t  extent,  and f rom them a number  of d i t e r -  
pene lac tones  with a r e a r r a n g e d  labdane skeleton have been  isolated. 

F o r  the pu rposes  of sys temat i z ing  the medicinal  plants  of Armen ia ,  we have begun a chemica l  inves t iga -  
tion of the Iac tones  of the p rev ious ly  unstudied spec ies  T_: hyrcanicum L. (Hyrcanian ge rmander ) .  F rom an 
acetone ex t r ac t  of the plant by ch roma tog raphy  on a lumina we isola ted four new di terpenoids  which we call ,  by 
analogy with t euc r ins  A - F  [8], t eucr ins  H1--4. Teuc r in s  H1 and H4 a re  s i m i l a r  in composi t ion and spec t r a  p r o -  
p e r t i e s  to t eucr in  A, and teucr in  H2 to teucr in  E. A d i rec t  compar i son  of the mel t ing  points of mix tu res  and 
the r e su l t s  of ch roma tog raphy  of the subs tances  that we had isolated with s amp le s  of t euc r ins  A and E* showed 
that  they were  different .  

Teuc r i a  H I  (I) is the main component  of the total  l ac toaes  has the composi t ion C19H2006, and contains a 
furan r ing (colorat ion with E h r l i c h ' s  reagent ,  and absorpt ion  at 3170, 3150, 1605, 1510, and 880 cm -1) that  is 
subst i tuted in the fl posi t ion (2H, mult iplet  at 7.43 ppm, and 1H, mul t ip le t  at 6.35 ppm; Fig. 1), a hydroxy group 
(3510 cm-1),  and two T- lac tone  r ings .  One lactone is sa tu ra ted  (1770 cm-1),  and the other  is ~ , f l - unsa tu r a t ed  
(1745 cm -1 and 217 am). The p r e s e n c e  of two lac toae  r ings  is a l so  conf i rmed by the reac t ion  of (I) with two 
equivalents  of alkali .  

A hydroxy group of (D has a secondary  alcoholic nature,  as  is shown by a downfield shift in the PMR s p e c -  
t r a  of the signal of the proton geminal  to the hydroxy group on acetyla t ion (shift of the broadened one-pro ton  
singlet  f r o m  4.60 to 5.70 ppm). The spec t rum of the ace ta te  contains,  in place  of the signal of the proton ~f  the 
hydroxy group (1H, mul t ip le t  at 3.38 ppm) the signal of  the methyl  radica l  of an acetyl  group (3H, singlet  at 2.1 
ppm).  The p r e sence  in (I) of a hydroxy group and the posi t ion of its signal in the PMR spec t rum were  conf i rmed  
by deuter ium exchange.  

The mo lecu l a r  composi t ion of the dilactone (I) and the p r e sence  in it of a fl - subs t i tu ted  furan r ing and a 
secondary  methyl  group (3H, doublet, J = 7 Hz at 1.35 ppm) enables  us to suggest  a s t ruc tu ra l  c lo seness  of (I) to 
t eucr in  A (II) [8, 9] and, consequently,  a b iogenet ica l ly  expected  re la t ionship  of (D to the r e a r r a n g e d  norlabdane 
der iva t ives .  The m a s s  and PMR spec t ra  of (D and its ace ta te  agree  well with this hypothesis .  In the m a s s  
spec t rum of (1) there  a r e  s t rong  peaks  of ions with m/e  95, 94, and 81 which a r e  c h a r a c t e r i s t i c  for  furolac tones  
containing the lactone oxygen in the al lyl  posi t ion to the furan r ing [7, 8, 11]. 

*Samples  of t euc r ins  A and E were  kindly provided by D. P. Popa.  
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