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In 1967, during the synthesis  of biologically active acylated coumar ins ,  we obtained benzoylmarmes in  
(I) identical  with felamedin,  natural  benzoylmarmes in ,  concerning which a r epor t  appeared in the p re s s  
somewhat l a t e r  [1]. Felamedin,  with mp 132-134°C, [a]~ - 98.9 ° (c 0.2, chloroform) was isolated f rom the 
roots  of Ferulago meoides  (L.) Boiss .  It d i f fers  in optical act ivi ty and melting point f rom the compound 
that we found, apparent ly  being a r a cemic  mixture  of the d and l f o rms .  

The exis tence of pharmacologica l  act ivi ty induced us to develop methods for  obtaining this substance 
and determining it quantitat ively.  

The star t ing mate r i a l  for  the synthesis  of benzoy lmarmes in  was marmes in  with mp 190-191°C, [a]~ 
+29.8" (c 0.84, ch loroform) ,  isolated f rom wastes  of the production of ammifur in .  

/ C ~  "0 ~ ~ ~0 ~ 
'H3C O.CO. C s H s CH~ c~'H'u- ~ "u- -tJ 

! [] 

The m a r m e s i n  was acylated by heating it with benzoyl chloride in benzene.  Es ter i f iea t ion  of the t e r -  
t i a ry  alcohol group was accompanied by dehydrat ion with the format ion of the anhydro der ivat ive  (II), which 
complicated the purif icat ion of the final product .  In dilute solutions dehydrat ion took place more  slowly 
than acylat ion,  as a resu l t  of which the yield of benzoy lmarmes in  rose  to 50% of the calculated f igure.  The 
benzoy lmarmes in  obtained af te r  repeated rec rys ta l l i za t ion  had mp 109-111°C (Kofler), [(~]~ 0 ° (c 1.29, 
ch loroform) ,  and the IR spec t rum shown in Fig. 1. 

We have developed a spec t rophotomet r ic  method for  determining benzoylmarmes in  and anhydromarm-  
esin in the pure  state and in mix tures .  In the la t te r  case,  the substances can be separa ted  on a t h in - l aye r  
ch roma togram (sil ica gel) in a b e n z e n e - p e t r o l e u m  e ther  (70-100°C)-methanol  (88 : 10 : 2) sys tem.  In this 
sys tem benzoy lmarmes in  ~:andanhydromarmesin have R f  0.29 and 0.41, and possess  a violet  and a pale 
blue f luorescence ,  r espec t ive ly ,  in UV light. 
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Fig. 1. IR spec t rum of benzoylmarmes in  
(mull in paraff in oil). 

A number  of s trong bands appear  in the UV spec t ra  of 
benzoylmarmes in  and anhydromarmes in  (Fig. 2) o 

The long-wave absorpt ion maximum (335 nm) is used 
for  the separa te  de terminat ion  of the compounds under  con-  
s iderat ion.  

The specific absorption coefficients  of benzoylmarmes in  
and anhydromarmes in  at this wavelength a re ,  respec t ive ly ,  
726 4- 1.32 and 281 ~- 0.92 (mean of 20 independent de te rmina-  
tions). 
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TABLE 1. Determination of Benzoylmarmesin  and Anhydro-  
m a r m e s i n  in Synthetic Mixtures 

Amount taken, mg 

benzoyl- anhydro- 
marmesin marmesin 

0,0170 0,0090 
0,0255 0,0135 
0,0340 0,0180 
0,0425 0,0255 
0,0510 0,0270 
0,0595 0,0315 

Found mg 

benzoyl- anhydro- 
marmesin marmesin 

0,0169 0,0089 
0,0254 0,0134 
0,0342 0,0181 
0,0423 0,0252 
0,0511 0,0268 
0,0591 0,0317 

Relative error. 0/o 

benzoyl- anhydro- 
marmesin marmesin 

--0,58 --1,I1 
-0,39 --0,77 
--0,59 +0,55 
--0,47 --1,17 
+0,19 --0,74 
--0,67 --0,63 

TABLE 2. Specific Absorption Coefficients of Ben- 
zoy lmarmes in  and Anhydromarmes in  at 290,335,  and 
307 nm 

Wavelength, nm 
Substance 290 335 307 

Benzoylmarmesin 223 + 1,14 726 ± 1,32 353 ± 0,54 
Anhydromarrnesin 452:k 1,19 281 ±0,92 353±0,57 

TABLE 3. Determination of Benzoyl- 
marmes in  and Anhydromarmesin  in Syn~- 
thettc Mixtures 

Substance 

Benzoylmarmesin 
Anhydromarmesin 
Total 
Benzoylmarmesin 
Anhydromarmesin 
Total 
Benzoylmarmesin 
Anhydromarmesin 
Total 
Benzoylmarmesin 
A nhydromarmesin 
Total 
Benzoylmarmesin 
Anhydromarmesin 
Total 

Taken ] Found 
mg 

2,498 2,511 
0,642 0,621 
3,140 3.132 
2.697 1,708 
0,514 0,536 
2,211 2,244 
1,593 1,606 
0,328 0,310 
1,921 1,916 
2,236 2,247 
1,197 1,259 
3,433 3,506 
4,810 4,782 
0,792 0,834 
5,602 5,616 

~Fror, % 

+0,52 
--3,27 
--0,25 
+0,65 
--4,28 
+1,49 
+0,82 
--5,49 
--0,26 
+O,49 
+5,18 
--2,12 
--0,58 
+5,68 
+0,25 

The completeness  of the elution of the compounds f rom the si l ica gel was checked by chromatography 
with subsequent spect rophotometr ic  determinat ion of the pure substances.  When benzoylmarmesin  is eluted, 
approximately 2.6% of the amount of mater ia l  deposited on the ch romatogram remains  on the sil ica gel, and 
for  anhydromarmesin  the corresponding figure is 3.1%. This permit ted the introduction of cor rec t ion  fac-  
t o r s  which took this loss  into account  in the equations used to calculate the amounts of these substances.  

The resul ts  of the determination of benzoylmarmesin  and anhydromarmesin  in synthetic mixtures  
(mean of two duplicate determinations) are given in Table 1. The relat ive e r r o r  of the determination did 
not exceed 1.20%. 

We have developed a var iant  of the separate spect rophotometr ic  determination of benzoylmarmesin  
and anhydromarmes in  in solutions without their  p re l iminary  separation.  In this p rocess  the optical density 
of the solution is measured  at two wavelengths (290 and 335 nm). By solving a sys tem of two equations, the 
amount of benzoylmarmesin  is determined and, simultaneously,  the combined content of benzoylmarmesin  
and anhydromarmes in  in the mixture is found by measur ing the optical density of the solution at 307 nm, 
where the specific absorption coefficients of the two substances are  equal (Table 2, means of 20 independent 
determinations) .  The amount of anhydromarmes in  is found by difference [2 ]. 
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Fig.  2. UV spec t r a  of (1) anhydro-  
m a r m e s i n  and (2) b e n z o y l m a r m e s i n .  

Resul t s  of the combined de termina t ion  of the subs tances  
concerned (means of 3 de terminat ions)  a re  given in Table 3. 

The e r r o r  in the de te rmina t ion  of the total  does not exceed 
±2.1%, while that for  b e n z o y l m a r m e s i n  is  -~ 0.8% and for  anhydro-  
m a r m e s i n ,  ~- 5.5%. 

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

The IR spec t rum of b e n z o y l m a r m e s i n  was  taken on a UR-10 
spec t ropho tome te r  (mull in paraf f in  oil). A spec t ropho tomet r i c  
de te rmina t ion  was c a r r i e d  out on an SF-4A spec t ropho tomete r .  

P r e p a r a t i o n  of Benzoy lmarmes in ,  5 ' - (1 -Benzoy loxy -1 -  
methylethyl)  - 4 '  ,5 ' -d ihydrofu ro -2  ' ,3' :7 ,6-coumar in .  A mix tu re  of 
4.9 g (0.04 mole) of benzoic acid and 4.8 g (0.04 mole) of thionyl 
chlor ide was left  for  a day. Then 50 ml of benzene and 5 g (0.02 
mole) of m a r m e s i n w e r e  added, andthe resul t ing  reac t ion  mix tu re  

was  heated under  ref lux for  10 h. The solution was  t r ea t ed  with 4% aqueous sodium hydrogen carbonate  and 
then with wa t e r ,  a f te r  which it was  evapora ted  to smal l  vo lume,and  the p rec ip i ta te  was  r e c r y s t a l l i z e d  f r o m  
a b e n z e n e - p e t r o l e u m  e ther  mix tu re  (1 :4) .  The resul t ing prec ip i ta te  was sepa ra ted  off, washed with sa t -  
u ra ted  sodium bicarbonate  solution, and r e c r y s t a l l i z e d  [from 50% aqueous methanol  and f r o m  b e n z e n e -  
p e t r o l e u m  e ther  (1:4)] .  This  gave 2.5 g of c r y s t a l s  with mp 109-111°C, [c~]~ 0 ° (c 1.29, ch loroform) .  Yield 
50~. Found ~ :  C 72.00; H 5.27. C21H180 5. Calculated ~c: C 71.99; H 5.18. 

Determina t ion  of B enzoy l m arm es i n  and Anhydromarmes in  (with p r e l i m i n a r y  separa t ion) .  A 5-mg 
quantity of the sample  (accura te ly  weighed): was  dissolved in a 5 -ml  measu r ing  f lask.  The resu l t ing  solu-  
tion (0.01-0.03 ml) was deposi ted on a c h r o m a t o g r a m  and chromatographed  for  30 min in a non-f ixed thin 
l aye r  of KSK si l ica  gel (2 g of s i l ica  gel in 7 ml  of isopropanol  on a plate) in a b e n z e n e - p e t r o l e u m  e t h e r -  
methanol  (88 :10 :2 )  sys t em.  The c h r o m a t o g r a m  was examined in UV light,  and the spots with R f  0.29 
(benzoy lmarmes in ,  violet  f luorescence)  and 0.41 ( anhydromarmes in ,  pale blue f luorescence)  were  mark ed .  
The m a r k e d  sect ions  of the s i l ica  gel we re  t r a n s f e r r e d  quanti tat ively into 15- to 20-ml  f lasks  with ground 
s toppers ,  10 ml  of ethanol was added to each,  and they were  lef t  overnight .  The eluate (6-7 ml) was taken 
with a pipet te  and f i l t e red  through dense f i l t e r  pape r  into a cell  1 cm thick.  The optical  dens i t ies  of the 
solut ions obtained were  de te rmined  at a wavelength of 335 nm against  the eluate f r o m  an equal amount of 
s i l ica  gel f r o m  the same plate .  

The pe rcen tage  content of b e n z o y l m a r m e s i n  (X1) and that of a n h y d r o m a r m e s i n  (X2) were  calculated 
(%) f r o m  the following equations:  

1000. v1. v3. D33s. 1.027 
Z l  ~ [ D TM ) • V2" P ' 

iC IT1335 

X2 ~ 1000. VI" Vs' D33s" 1,032 
M v2P 

where  V 1 is  the volume of the solution of the p repa ra t ion ,  ml;  V2 is the volume of the solution deposi ted on 
the c h r o m a t o g r a m ,  ml ;  V 3 is  the volume of the eluate ,  ml ;  P is the weight of the sample ,  mg; and 1.027 and 
1.032 a r e  the co r rec t ion  f ac to r s  for  b e n z o y l m a r m e s i n  and a n h y d r o m a r m e s i n .  

Dete rmina t ion  of B e n z o y l m a r m e s i n  and A n h y d r o m a r m e s i n  (with p rev ious  separa t ion) .  A 2 - m g  quan-  
t i ty  of the sample  (accura te ly  weighed) was dissolved in ethanol in a 25 -ml  measu r ing  f lask  (solution A); 
1 ml  of solution A was  t r a n s f e r r e d  with a pipet te  into a 25 -ml  f lask ,  and 10 ml  of ethanol was  added (solu-  
tion B). The optical  dens i t ies  of solution B at wavelengths  of 290, 307, and 335 nm were  de te rmined  in a 
l a y e r  1 - cm thick on an SF-4A spec t ropho tomete r .  The pe rcen tage  content of b e n z o y l m a r m e s i n  and anhydro-  
m a r m e s i n  toge ther  was d e t e r m i n e d  f r o m  the equa t ion  

X ~ 1000 .  V- n .  Dso ~ 
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where  X is  the pe rcen tage  of benzoy l m arm e s in  and a n h y d r o m a r m e s i n  combined in the sample ;  V is  the 
volume of the solution, ml;  D30 Y is the optical densi ty  of the solution at )~ 307 rim; P is the weight of the 

l% sample ,  mg; n is  the dilution fac tor ;  and Dlc~ is  the specif ic  absorpt ion  coefficient  of benzoy lmarmes in  

and a n h y d r o m a r m e s i n  at 307 nm.  

The pe rcen tage  of benzoy l m arm es i n  in the mixture  was calculated by means  of the following equation: 

X, = [ D~35 k(n'~¥m 'anh--~29° m29o (D{Uam)a3~h] lO00"n" V d  

[(Olf~ ~335{O,9~ ~290- /~1.~ ,290 bmJ" P 

(nl~ ~3a~ (DI~ ]aa5 where  D 335 and D 290 a re  the Optical densi t ies  of solution B at 335 and 290 nm; \~lc,~)brn and k lcm anh a re  

the specif ic  absorpt ion  coeff icients  of benzoy lmarmes in  and a n h y d r o m a r m e s i n  at 335 nm (analogous s y m -  
bols apply to the specif ic  absorpt ion  coeff icients  at 290 nm); P is the weight of the mixture  of subs tances ,  
mg; n is  the dilution factor ;  and V is the volume of solution A, ml.  

When the numer ica l  va lues  a re  substi tuted,  this  equation becomes  

XI = 4 5 2 .  D as~ - 2 8 I . D  29° 
0,955.P 

C O N C L U S I O N S  

1. A method for  p repa r ing  b e n z o y l m a r m e s i n  has  been proposed .  

2. Two va r i an t s  of the spec t ropho tomet r i c  de terminat ion  of benzoy lmarmes in  and the anhydromar -  
mes in  obtained as an impur i ty  have been developed.  

I. 

2. 
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