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The s t ruc tu re  of 9-ace toxy-O-senec ionyld ihydroorose lo l  (I), isolated from Ligusticum pyrena icum 
Koch. has been establ ished previously  [1]. This compound proved to have s imi la r  physicochemical  p rop-  
e r t i e s  (Table 1) to those of peucenidin (H) [2, 3]. The NMR spect rum of the la t te r  prac t ica l ly  coincided 
with that of 9-aee toxy-O-senec ionyld ihydroorose lo l  (Table 2). However,  the mass  spec t rum of (I) differs  
somewhat [1] f rom the mass  spec t rum of (II) r ecorded  by us.  The absence of some f ragments  with m / e  
311 and 271, and others ,  in the mass  spect rum of (I) induced us to study the mass  spec t ra  of smyru io r in  
(III), athamantin (IV), libanotin (V), and smyruior id in  (VI) [4-6] belonging, like peucenidin, to the c lass  of 
d iaeyloxydihydrofurocoumarins .  As can be seen f rom Table 3, all the mass  spec t ra  of the compounds iso-  
m e r i c  with peucenidin contain the same f ragments .  The absence f rom the mass  spec t rum of 9-ace toxy-  
O-senec ionyld ihydroorose lo l  of f ragments  with m / e  311 and 271, and others  shows that incomplete infor-  
mation on the mass  spec t rum of this compound was given by Bohlmann and Grenz [1]. 
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It is impossible  f rom the NMR spect rum of a compound belonging to the c lass  of diacyloxydihydro-  
furocoumar ins  to deduce the position of the acyl res idues ,  and it is n ece s sa ry  to study the NMR spec t rum 
of the in termediate  product  of methanolysis  [1, 61. The resul ts  of a compar ison  of the mass  spec t ra  of 
(II)-(VI) lead to the same conclusion. 

The mass  spec t ra  of smyru io r in  (III) and athamantin (IV) show that the intensit ies of the ions with 
m / e  244, 243 and 229, 227 sat is fy  the inequalities 1244 > 1243 and I22 ~ > I22 T. In libanotin (V) and smyrn ior id in  
(VI), these  inequalit ies a re  r eve r sed .  In the mass  spect rum of peucenidin (II) the intensit ies of the ions 
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T A B L E  1. Main P h y s i c o c h e m i c a l  Cons tan ts  of  9 - A c e t o x y - O - s e n -  
e c i ony l d i hyd roo rose l o l  (I) and Peucenidin  (II) 

Sub- Empirica~ 
stance formula | [*]v,deg Xmax, nm (log s) 

1 C~1H2~0~ 

11 ~llH220v 

• ~ rap, °C 

i 23 
386 ~(ethet}pe- 

troleum ether) 

386 124,5--125,5 
(ethanol) 

--45 
( t=24  °, c 

2,25 CHCl3) 

--46 
(t =20 °, 

c 1 CHCIa) 

244 (3,61); 256 (3,56), 297 (4,003 
318,5 (4,15) (ether) 

246 (3,65); 257 (3,60); 298 (4,03) 
318 (4,14) (ether) 

TABLE 2. Values  of the C h e m i c a l  Shifts and 
S p i n - S p i n  Coupling Cons tan ts  in the NMR 
Spec t rum of 9 - A c e t o x y - O - s e n e c i o n y l d i h y -  
d r o o r o s e l o l  (I) and Peucenidin  (II) 

Structural t0rmula Chern_ical shifts, ppm (J,_ _Hz) 
of (I) and (II) pro- . 

tO IIS I I I 

Ha 

Hb 

Hc 

Ha 

H' 

H" 

H I 

Ha 
Hi 

Hj 

H H 

% .  ° 

C" /~ "" OCOGH3'~" 
I I"I 3 at, riP.H= P.~CH3 ] 

. . . . .  ], "~c"  3 - 

6,22 
(9,5) 
7,65 

(9,5~ 
7.45 

(8,5) 
6,86 

(8,5) 
7,oi 

(7) 
5,19 

%2 
(1,2) 
2,05 

2,15; 1,89 
(1,2) 

1,74; 1,66 

6,26 
(9,5) 
7,65 

(9,5) 
7,44 

(8,5) 
6,87 

(8,5) 
7,04 
(7) 
5,22 

%4 
(1,2) 
2.05 

2,19; 1.93 
(1.2) 

1,74; 1,68 

ment ioned  sa t i s fy  the inequal i t ies  o b s e r v e d  in the m a s s  
s p e c t r a  of  s m y r n i o r i n  (III) and a thamant in  (IV). A c c o r d -  
ing to the s t r u c t u r e s  of  (III) and (IV), and of  (V) and (VI), 
the mutua l  in tens i t ies  of the f r a g m e n t s  ment ioned  above 
do not depend e i the r  on the s i te  of addit ion of  the d ihydro -  
furan  r ing to the c o u m a r i n  r ing  [see Table  3, (V) and 
(VI)] o r  on the s t r u c t u r e  of the acy l  r e s idues  [see Tab le  
3, (III) and (IV)]. The only d i f fe rence  in the  s t r u c t u r e s  
of  (In) and (IV), and of  (V) and {VI), leading to d i f fe rences  
in t h e i r  m a s s  s p e c t r a  is that  in (III) and (IV) an acy l  r e s i -  
due is a t tached to a t e r t i a r y  c a r b o n  a tom which has a 
n u m b e r  of  a toms  not less  than that  a t tached to the C 9 
ca rbon  a tom.  Consequent ly ,  the d is t r ibu t ion  of  the in ten-  
s i t ies  of  the ma in  f r a g m e n t s  in the m a s s  s p e c t r u m  of 
peucenidin  (II), just  as in s m y r n i o r i n  (III) and a thamant in  
(IV), can be explained by the p r e s e n c e  on its t e r t i a r y  
ca rbon  a tom of an acy l  r e s idue  having a n u m b e r  of  a toms  
not less  than that  a t tached  to Co, i .e . ,  the p r e s e n c e  in the 
i sopropy l  grouping  of the acy l  r ad ica l  of  senec ion ic  acid 
and not o f  ace t ic  acid.  

The fo rma t ion  of  the  ana ly t i ca l ly  impor t an t  f r a g m e n t s  with m / e  244 and 243, and 229 and 227, p e r m i t -  
t ing the de t e rmina t ion  of  the  posi t ion  of  the acy l  g roups  in t h e  d i a c y l o x y d i h y d r o f u r o c o u m a r i n s  can be r e p -  
r e sen t ed  by the s c h e m e  given below. 

The  in tens i t ies  of the ions ment ioned  in dependence on the s i ze  and posi t ion  of  the acy l  g roups  in the 
m o l e c u l a r  ion can be obtained f r o m  a s c h e m e  us ing  peucenidin  as  an example :  

$ 

Mf,~' $$8 m/t' 
I CN/~ 

d,,m/e ,29 c,m/e 24¢ b m/g 2a e, m/e 243 f, . , / e  ~ .  

When an acy l  r a d i c a l  with a l a r g e r  o r  equal  n u m b e r  of c a rbon  a toms  is p r e sen t  on the t e r t i a r y  c a r -  
bon a tom,  t h e  expuls ion of  the ac id  t akes  place m o r e  in tens ive ly  f r o m  the i sopropy l  group,  giving the ion 
b c o n s i d e r a b l y  m o r e  in tens ive ly  than the ion a. Although the expuls ion of  the g roups  Ac 1 and AclO at the  
t e r t i a r y  ca rbon  a tom with the f o r m a t i o n  of  the ions e and f takes  p lace  read i ly ,  the ions c and d a r i s e  in 
l a r g e r  amounts  than the ions e and f. When the acy l  r ad i ca l  Ac 2 has  a l a r g e r  n u m b e r  of  a toms  than Aei, 
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TABLE 3. Main Fragments and Their Intensities in the Regions of 
High and Moderate Masses in Relation to the Maximum Peaks in the 
Mass Spectra of Compounds (1)-(VI) 

I 
Mass numbers, role relative intensities, a/o) 

IV Vl 

386(10) 
326 (o.01) 
311 (--) 
393 (o, 8) 
286 (3) 
271 (--) 
261 (1) 
244 (14) 
243 (9) 
2ZO (21) 
22705) 
213 (--) 
203 (,) 
291 (1,2) 
198 ( - )  
191 (--) 
187 (5) 
186(--) 
83 (100) 

287 ( -- ) 

I I  111 

386 (6, 5) 346 (5) 
326 (0,7) 326 (--) 
311 (3,1) 311 (--) 
303 (1) 303 (--) 
286 (5,5) 286 (3,3) 
'Zll (1,5) 271 (5,5) 
261 (I ,4) 261 (--) 
244 (18) 244 (5) 
243 (II) 243 (2.3) 
229 (26) 229 (23) 
9227 (16) 2'27 (17) 
213 (3,6) 213 (19) 
203 (2,4) 198 (6,2) 
201 (2,2) 191 (14) 
198 (3,1) 187 (14) 

186 (6) 187 (4) 
186(5.1) 293(0,5) 
191 (4.5) 291 (1.5) 
83 (100) 57 (100) 

287 (--) 287 (--) 

430 (3,3) 
328 (4,2) 
313(2) 
303 (--) 
286 (-:) 
271 ( - )  
261 (3,3) 
244 (19) 
243 (ll) 
229 (37) 
227 (26) 
213 (7) 
2o3 (2.5) 
201 (--) 
198 (7,6) 
191 (3,5) 
187 (9,2) 
186 (6,7) 
57 (100) 

287 (--) 

886 (7) 
326 (i, 5) 
311 (6) 
303 (1.5) 
286 (2,3) 
271 (1,5) 
26l (2,3) 
244 (10) 
243 (14) 
229 (29) 

• 227 (45) 
213 (12) 

• 203 (2,3) 
201 (2,3) 
198 (19) 
191 (1,9) 
187 (14) 
186 (6) 
83(100) 

287 (3,5) 

386(1.3) 
326 (2,2) 
311 (3.5) 
303(--) 
286 (i, 3) 
271 (I) 
261 (-) 
244 (3,8) 
243 (4.5) 
229(!I)' 
227 (24) 
213(11) 
293 (0.5) 
291 ( - )  . 
198 (4.5) 
191 (!,7y 
187 (12) 
186 (9.5) 
83 (100) 

287 (-) 

t he  r a t e s  of  e j e c t i o n  of  t he  a c i d s  wi th  the  f o r m a t i o n  of  t he  ions  a and b b e c o m e  equa l ,  which  l e a d s  to t h e  
o p p o s i t e  p a t t e r n  of  the  d i s t r i b u t i o n  of  the  i n t e n s i t i e s  of  t he  ions  e, f, and  c,  d. 

Thus ,  on the  b a s i s  of  the  s i m i l a r i t y  of the  m a i n  c h a r a c t e r i s t i c s  of p e u c e n i d i n  and 9 - a c e t o x y - O - s e n e -  
c i o n y l d i h y d r o o r o s e l o l  and a l s o  the  r e s u l t s  of a s tudy  of  the  m a s s  s p e c t r a  of  m o d e l  c o m p o u n d s  of  the  d i a c y l -  
o x y d i h y d r o f u r o c o u m a r i n  s e r i e s  we have  a r r i v e d  a t t h e  c o n c l u s i o n  tha t  the  compounds  m e n t i o n e d  above  a r e  
i d e n t i c a l .  

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

The NMR spectrum of peucenidin was takenonan HA-100D instrument at a frequency of 100 MHz in 
CDC13 with HMDS as internal standard. The chemical shifts for comparison with those given in the litera- 
ture were recalculated relative to the signal from TMS, taken as 0. 

The mass spectra of compounds (II)-(VI) were obtained on anMKh-1303 instrument at an ionizing po- 
tential U of 50 V at temperatures of 105°C for (II), 90°C for (Ill), 83°C for (IV), 126°C for (V), and 90°C for 
(Vl), with an admission system providing for the introduction of the sample into the ion source. 

S U M M A R Y  

A c c o r d i n g  to l i t e r a t u r e  i n f o r m a t i o n  on the  p h y s i c o c h e m i c a l  c o n s t a n t s  of p e u c e n i d i n  and 9 - a c e t o x y -  
O - s e n e c i o n y l d i h y d r o o r o s e l o l ,  the  r e s u l t s  of  a c o m p a r i s o n  of  NMR s p e c t r a  and m a s s  s p e c t r a ,  and a l s o  a 
s tudy  of  t he  m a s s  s p e c t r a  of  m o d e l  c o m p o u n d s ,  it  ha s  been  e s t a b l i s h e d  tha t  t h e s e  s u b s t a n c e s  a r e  i d e n t i c a l .  
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