
THE STRUCTURE OF S1VIYRNIORIDIN 

A. A. Savina, M. E. P e r e l ' s o n ,  and G. K. Nikonov 

Khimiya Pr i rodnykh Soedinenii,  Vol. 6, No. 2, pp. 185-190, 

UDC 577.15/17.582.89 

1970 

F rom the roots  of Smyrniopsis  aucheri  Boiss,  collected by D. A. Pakalen in the region of Sel imski i  pereval  
(Armenia) in the f ru i t -bea r ing  phase we have isolated a new coumar in  with the composit ion C21H2207, mp 126-128 ° C 
(from methanol) [c~]~ -229  ° (c 1.26; chloroform),  mol wt 386 {mass spect rometry) ,  and we have called it 
smyrn ior id in .  The nature  of the UV spec t rum [kmax 222 m#, 300 m# (inflection), 326 m# (log e 4.27, 3.88, 4.21)] 
shows that this substance is ei ther  a d ihydrofuro-or  a d ihydropyranocoumar in  [1]: its IR spect rum (Fig. 1) has the 
absorpt ion bands appropria te  to a coumar in  skeleton, c m - l :  1738, 1725 (C==O of an c~-pyrone and an ester) ,  1632, 
1577 (--<)=C bond of an aromat ic  system). 
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Fig. 1. IR spect rum of smyrnioridino 

The saponification of smyrn io r id in  in methanol  trader mild conditions led to the formation of a mixture  of 
eoumar in  der iva t ives  and two acids, of which the f i rs t ,  with the composit ion CsH80 z, mp 41.5-43 ° C was shown by its 
IR and NMR spec t ra  and a mixed mel t ing  point test  to be identical  with angelic acid, and the second was identified by 

paper chromatography as acetic acid. 

The p resence  in the NMR spec t rum of smyrn io r id in  (Fig. 2a) of doublets at 6.10 and 7.52 ppm (J = 9.6 Hz) and of 
of s inglets  at 6.71 and 7.45 ppm (the la t te r  superposed on one of the components of a doublet at 7.52 ppm) shows that 
the substance is a 6, 7-disubst i tuted coumar in  [2]. The doublets at 6.40 and 5.15 ppm (J = 6.6 Hz) are due to the 
protons of a dihydrofuran or dihydropyran r ing in a s t ruc ture  of type I or  II. 
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The f i r s t  of the s ignals  mentioned is due to H' and the second to H" [3]. The choice between poss ib i l i t ies  I and 
II in favor of I can be made on the bas is  of the posi t ions of the s ignals  of the protons of the gem-dimethyl  grouping at 

1.68 and 1.60 ppm [4, 5]. 

One of the aeyl groups in smyrn io r id in  is acetyl ( three-proton singlet  at 1.95 ppm) and the other is angeloyl, 
giving the s ignals  of methyl groups at 1.88 and 1.95 ppm (the la t ter  fusing with the acetyl singlet) and a mult iplet  of an 
olefinic proton at 6.00 ppm [3, 5]. Consequently smyrn io r id in  must  have s t ruc tu re  III or IV. 
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The pos i t ions  of the acid r e s i d u e s  were  de t e rmined  by studying the NMR s p e c t r a  of the product  of part~a! 
saponi f ica t ion  of smyrn io r id in .  A compound C17H1806 was obta ined,  in NMR s p e c t r u m  whose (Fig. 2b) 
s igna ls  of the protons  of the angeloyl  group had d i s a p p e a r e d  while the s ingle t  of the ace ty l  group was s t i l l  p r e sen t  
(1.92 ppm). S imul taneous ly ,  there  was a shif t  in the s igna ls  f rom H(a,) and H(5' ) in the s t rong - f i e ld  d i r ec t ion ,  as  a 
r e s u l t  of which two doublets  with a coupling constant  of 2.4 Hz appeared  at 4.78 and 4.98 ppm. In s t r uc tu r e s  of the 
type d i s c u s s e d ,  fu r the r  sp in - sp in  coupling ex i s t s  between H(4,) and H(8), causing some broadening  of the components  
of the doublet  f rom H(4, ) [6]. Such broadening  was obse rved  in the s p e c t r a  of s m y r n i o r i d i n  (doublet at 6.40 ppm) and 
in the product  of i ts pa r t i a l  saponi f ica t ion  (doublet at  4.98 ppm). Accord ing ly ,  the s ignal  at 4.98 ppm was ass igned  to 
H(4, ) and the s ignal  at 4.78 ppm to H(5, ). The signal  of the proton at C(~,) thus undergoes  a g r e a t e r  d iamagnet ic  shif~ 
(AS 1.42 ppm) than the s ignal  f rom H(~,) (AS 0.37 ppm), which shows the sp l i t t ing  off of the acid  r e s i d u e  f rom C(4, ). 
The pos i t ions  of the s ignals  of the methyl  groups (1.48 and 1.60 ppm)a re  a l so in  harmony with this  conclusion.  In the IR 
s p e c t r u m  of the saponif ica t ion  product  there  is  no absorp t ion  band of a hydroxyl  group and in the NMR spec t rum there  
is a t h r e e - p r o t o n  s ingle t  of an a l iphat ic  methoxyl  group at 3.41 ppm. ']?he appea rance  in this  group of the molecule  of 
the product  of p a r t i a l  h y d r o l y s i s  is  due to the r e p l a c e m e n t  of the angeloyl  r e s i d u e  sp l i t  out by a r e s i d u e  f rom the 
methanol  in which the hyd ro lys i s  was pe r fo rmed .  A s i m i l a r  phenomenon has been r e p o r t e d  f requent ly  for  e s t e r s  of 
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Fig.  2. NMR s p e c t r u m  of smyrn [o r id in  (a) 
and the product  of i t s  incomple te  saponif icat ion 

(b). 

khellactone [7-9]. 

Thus,  the s t r u c t u r e  of the hyd ro lys i s  product  ment ioned is 5 ' - ( 1 - a c e t o x y - l - m e t h y l e t h y l ) - 4 ' - m e t h o x y - 4 ' ,  5 ' -  
d i h y d r o - 2 ' ,  3' : 7 , 6 - c o u m a r i n  (V), and s m y r n i o r i d i n  is 5 ' - ( 1 - a c e t o x y - l - m e t h y l ) - 4 ' - a n g e l o y l o x y - 4 ' ,  5 ' - d i h y d r o - 2 ' ,  3' : 
7, 6 - coumar in  (III). 

In addition to V, the alkaline methanolysis of smyrnioridin gave substances with the composition CI4HnO 4, mp 

146-148 ° C (VI) and CI~H1404, mp 165.5-168 ° C (VII). An absorption band at 3400 em -i in the IR spectrum of VI shows 
the presence of a hydroxyl group, the tertiary nature of which is confirmed by the capacity of the compound for being 
reduced with concentrated hydriodic acid in the cold with the formation of anhydromarmesin. The formation of the 
latter is a convincing proof of the furo-2', 3' : 7, 6-coumarin nature of VI. According to its elementary analysis, 

compound VII contains a methoxy group. The similarity of the NMR spectra of VI and VII with the exception of the 
signals due to the protons of the hydroxyl and methoxyl groups, accordingly showed the identity of the structures of 
the coumarin parts of their molecules (table). The position of the methoxyl in VII can only be on the tertiary carbon 

atom of the isopropyl grouping. This is confirmed by the NMR spectrum of Vll and the fact that VII is not identical 
with peucedanin (VIII) but must be an isomer of it. 

o 

u ~ O-C-CHs 
o V Yill 

Thus, the products of the hydrolysis of VI and VII must correspond to the structures: 

CI.I/~; "~'~-0 / ~"'>J" " 0 / ' ~  0 
s 0~ VI OCH~ VII 

Substances  VI and VII a r e  l i nea r  analogs of o rose lo l  and i ts  methyl  e ther ,  obtained by the saponi f ica t ion  of 
d i e s t e r s  of d ihydro fu rocoumar ins  of the angular  s e r i e s  [19, 11]. In the compounds mentioned the furan r ing  is fo rmed 
by the sp l i t t ing  out of a l ab i le  hydroxyl  in posi t ion 4' of the d ihydrofuran  r ing  of i n t e rmed ia t e  hyd ro lys i s  products .  The 
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phenomenon of spontaneous dehydration of such compounds has been  mentioned repeatedly in the literature [7, i0, ii]. 
The formation of products V and VII methylated in different positions can be explained by the equal probability of the 
spirting off of either of the two acyl groups in the first stage of hydrolysis, with their simultaneous replacement by 
methoxyl groups. This equality of the rates of hydrolysis is possible if the angeloyl group is present in the more labile 
position 4' and the aeetyl on the tertiary position of the hydroxyisopropyl grouping, which is in complete harmony with 
literature data [7] and does not contradict the structure proposed for smyrnioridin. 

F e a t u r e s  of  the NMR S p e c t r a  of the P r o d u c t s  
of the Sapon i f i ca t ion  of S m y r n i o r i d i n  VI and 

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

The  UV s p e c t r u m  was  taken  in e thanol  on an S F - 4 A  s p e c t r o p h o t o m e t e r ,  the IR s p e c t r u m  on a UR-10  
s p e e t r o p h o t o m e t e r  (mul l s  in pa ra f f in  oil) and the NMR s p e c t r a  on an S - 6 0 - L  (60 MHz) i n s t r u m e n t  with d e u t e r o c h l o r o f o r m  
as  the so lven t .  

The mass-spectrometric determination of the molecular weight was carried out by P. I. Zakharov, and the 
microanalyses by E. A. Nikonova. Chromatography was performed on paper of Leningrad type (B). The coumarins 
were separated in the cyclohexane-benzene-methanol (5 : 4 : i) system. The paper was impregnated with a 10% 
solution of formamide in methanol. The revealing agent was diazotized sulfanilamide. The acids were separated in 
the concentrated ammonia-butan-l-ol (5 : 95) system. The revealing agent in this case was a 0.2% solution of 
B r o m o p h e n o l  B lue  in e thanol .  The  a n a l y t i c a l  da ta  fo r  the c l e a v a g e  p r o d u c t s  of s m y r n i o r i d i n  c o r r e s p o n d e d  to the 
c a l c u l a t e d  f i g u r e s .  

I so l a t i on  of s m y r n l o r i d i n .  One k i l o g r a m  of the d r i e d  and c o m m i n u t e d  roo t s  was e x t r a c t e d  with me thano l  
(3 x 4.5 l). The  c o m b i n e d  e x t r a c t s  w e r e  e v a p o r a t e d  in v a c u u m  to a v o l u m e  of 800 ml .  The  c r y s t a l l i n e  p r e c i p i t a t e  that  
depos i t ed  on s tand ing  (8.0 g) was  s e p a r a t e d  off and r e c r y s t a l l i z e d  f r o m  me thano l .  T h i s  gave  c o l o r l e s s  a e i c u l a r  
c r y s t a l s  with mp 126-128  ° C, [c~]~ - 2 2 9  ° (c 1.26; c h l o r o f o r m ) ,  R f  0.95. 

Found,  %: C 65.44, 65.66; H 5.99, 6.02. Mol  wt 386 ( m a s s  s p e c t r o m e t r y ) .  Ca l cu l a t ed  fo r  C21Ha207, %: 
C 65.27; H 5.74. Mol  wt 386.39. 

Sapon i f i ca t ion  of s m y r n i o r i d i n .  A ) I s o l a t i o n  of c o u m a r i n  d e r i v a t i v e s .  A so lu t ion  (1.3 g) of s m y r n i o r i d i n  in the 
m i n i m u m  amoun t  of  c h l o r o f o r m  was  m i x e d  with 100 m l  of 0.4% KOH in m e t h a n o l  and the m i x t u r e  was  lef t  at  r o o m  
t e m p e r a t u r e  for  3 rain. T h e n  it was d i lu ted  with a double  v o l u m e  of w a t e r ,  ac id i f i ed  with 25% HaSO4, and t r e a t e d  with 
e the r  (5 x 25 ml) .  The  e t h e r e a l  e x t r a c t s  w e r e  washed  with s a t u r a t e d  sod ium b i c a r b o n a t e  so lu t ion  and then with  w a t e r  
and w e r e  d r i e d  o v e r  sod ium su l fa te  arid e v a p o r a t e d  in vacuum.  A c c o r d i n g  to pape r  c h r o m a t o g r a p h y ,  the r e s i d u e  
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consis ted of four subs tances  with Rf 0.85 ( traces) ,  0.8, 0.7, and 0.12. P repa ra t ive  separa t ion  in a thin layer  of acidic 
a lumina  (Brockmann activity grade II) in the e t h e r - p e t r o l e u m  ether (1 : 3) sys tem gave the following substances:  V, 
co lor less  vi t reous mass ,  Rf 0.7, mol wt 318 (mass spectrometry) ;  VI, mp 146-148 ° C, Rf 0.12; and VII, rap 
165.5-168 ° C, Rf 0.8. 

B) Isolat ion of the acids.  The combined extracts  obtained by washing the e thereal  extract  of the total hydrolysis  
products  with sodium bicarbonate  solution were acidified with 25% H2SO 4 and treated with ether (5 x 25 ml). The 
e therea l  layer  was dried over sodium sulfate,  and the solvent was dis t i l led off in vacuum. Paper  chromatography in 
the presence  of re fe rence  samples  showed that the res idue  contained acetic acid {Rf 0.1) and angelic acid (Rf 0.47). 
0.2 g of the acid f ract ion was subl imed in vacuum with heating in the water bath. Thin ae icular  c rys ta l s  with mp 41 .5 -  
43 ° C deposited. 

C) Reduction of VI with hydriodic acid. With ice-water  cooling, 0.5 ml  of conc HI was added to a solution of 0.1 g 
of VI in 3 ml of acetic anhydride, and the mixture  was left at 0 ° C for 14 hr. Then it was diluted with a fivefold volume 
of water ,  a solution of sodium thiosulfate was added to reduce the iodine l iberated,  and it was t reated with ether 
(5 x 10 ml). The e thereal  extracts  were washed with water and dr ied over sodium sulfate,  and the solvent  was 
dis t i l led off in vacuum. The reac t ion  product was purif ied by means  of p repara t ive  chromatography in a thin layer  of 
acidic a lumina  (Brockmann activity grade II) in the e the r -pe t ro leum ether  (3 : 7) system.  After  r ec rys t a l l i z ing  from 
methanol ,  mp 135-137 ° C. IR spectroscopy and a mixed mel t ing point showed that the compound obtained was 
anhydromarmes in .  

C O N C L U S I O N S  

A new coumar in ,  which has been called "smyrn ior id in ,  n has been isolated from the roots of S.m r n ~ s i s  aucheri  
Boiss.  The NMR spec t rum and a study of the saponification products of smyrn io r id in  have shown that it is 5 ' - (1-  
ace toxy- l -me thy le thy l ) -4 ' - ange loy loxy-4 ' ,  5 ' -d ihydrofuro-2  f, 3' : 7, 6 -coumar in .  
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