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We have p rev ious ly  es tab l i shed  that p lants  of the genus Haplophyllum {family Rutaceae)  contain mainly 
de r iva t ives  of 6 ,7 -d ihydroxycoumar in  (eseuletin). F r o m  Haplophyllum pedicel la tum,  scopoletin,  6 -methoxy-  
ma rmin ,  7 -ge rany loxy-6 -me thoxycoumar in ,  and pedicel lone have been isola ted [1-3]. The p r e sen t  pape r  
gives  the r e su l t s  of a study of the s t ruc tu re  of a new coumar in  f r o m  the epigeal  m a s s  of Halophyllum 
obtusifol ium Ledeb.,  which we have cal led obtusifol (B. Obtusifol with mp 149.5-150°C [~]~ + 60.39 ° (c 1.45; 

h-~ the mo lecu l a r  fo rmula  CtsH1606, tool. wt. 292 (mass spec t rome t ry ) .  Substance (I) p o s s e s s e s  
the p r o p e r t i e s  of coumar ins .  On a p a p e r  c h r o m a t o g r a m  it g ives  a spot with R f  0.77 {blue in UV light, s y s -  
t e m  1). 

The nature  of the absorpt ion  of {I) in the UV and IR region shows its coumar in  s t ruc tu re .  Obtusifol 
(I) g ives  a UV s p e c t r u m  cha rac t e r i s t i c  for  5,6,7- o r  6 ,7 ,8- t r i subst i tu ted  coumar ins  with m a x i m a  at ) 'max 
210, 230 and 330 nm {log e 4.50, 4.18, and 3.92). As compared  with the 6 ,7-d isubs t i tu ted 'hydroxy-  and 
methoxy coumar ins ,  it shows a hypsochromic  shift of the long-wave m a x i m u m  and the d i sappearance  of 
the m a x i m u m  in the 280-300-nm region.  

The IR s p e c t r u m  of (I) (Fig. 1) shows absorpt ion  bands at 3420 c m  -~ (OH group), 1702 cm -1 (C =O of 
a 6 lactone),  and 1618, 1575, and 1510 cm -~ (aromat ic  sys tem) .  In the 11t spec t rum of obtusifol acetate ,  
the band of the hydroxy group has d i sappeared  and the b r o a d e r  band of the carbonyl  groups of a 6 lactone 
and of an acetyl  group can be seen  at 1710-1722 c m  -1. Obtusifol gives no reac t ion  with f e r r i c  chloride,  
which excludes  the p r e s e n c e  of phenolic hydroxyls  in it. The hydroxy group is obviously t e r t i a ry ,  since 
{I) is not oxidized by ch romium tr ioxide.  However,  when it was subjected to prolonged heating m pyridine 
with acet ic  anhydride,  obtusifol monoaceta te  (II) with mp 187-188°C was obtained. 

When {I) was t rea ted  with hydrobromic  acid, a substance (III) with the composi t ion  Ct0H~O 5 mp 195- 
196°C was isolated f r o m  the reac t ion  produc ts .  This substance  gives UV and IR spec t r a  that a re  c h a r a c t e r -  
is t ic  for  t r i subs t i tu ted  coumar ins .  UV s p e c t r u m  of ( I I I ) : ) ' m a x  210, 338 nm (log ~ 4.47, 4.20). In the IR 
s p e c t r u m  of (III) the C =O absorpt ion  band of a 6 lactone is in the region of lower  f requencies  (1690 cm-1), 
which is c h a r a c t e r i s t i c  of hydroxy-  and methoxycoumar ins .  A broad band of hydroxy groups  (3300-3400 
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Fig. 1. IR s p e c t r u m  of obtusffol.  

V. L. Komarov  Botanical Insti tute of the Academy of Sciences of the USSR. Trans la ted  f r o m  Khimiya 
Pr i rodnykh  Soedinenii, No. 3, pp. 303-308, May-June,  1974. Original a r t i c le  submit ted Februar~  15, 1973. 

I 

© 1975 Plenurd Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part of  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

311 



cm -1) shows the p r e s e n c e  of f ree  and bound OH groups.  On react ion  with f e r r i c  chloride,  substance (III) 
gives a g r een  co lor  which is cha rac t e r i s t i c  of o-dihydroxybenzenes .  All that has been  said above p e r m i t s  
the conclusion that (IID is 6 ,7 -d ihydroxy-5-hydroxymethoxycoumar in  or  the cor responding  8-methoxy com-  
pound. The s t ruc tu re  of 7 ,8 -d ihydroxy-6 -methoxycoumar in  is excluded, s ince the mel t ing point of this com-  
pound {fraxetin) is 227-228°C [4]. 

This  s t ruc tu re  is conf i rmed by the product ion on the methylat ion of {III) with methyl  iodide of a t r i -  
me thoxycoumar in  {IV), C12H1205 with mp 104-104.5°C. The IR spec t rum of (IV) lacks  the absorpt ion band 
of a OH group and has the absorpt ion bands of a 5-1actone C =O (1725 cm -1) and of an a romat i c  ring (1600, 
1570, and 1500 cm-1).  F r o m  its mel t ing point (IV) co r r e sponds  to 6 ,7 ,8- t r imethoxy coumar in  {literature 
data: mp 104°C) [4]. It follows f r o m  this that the t r ea tmen t  of obtusifol with hydrobromic  acid spl i ts  off a 
CsHg(OH) ; chain and 6 ,7 -d ihydroxy-8-methoxycoumar in  is formed.  Consequently, obtusifol is a de r iva -  
tive of 6 ,7 ,8 - t r ihydroxymarmin .  

The negative reac t ion  of (I) with f e r r i c  chloride shows that all  the hydroxyls  in the nucleus a re  e t he r -  
ified. The methoxy group is p r e sen t  at posi t ion 8 of (I), and the hydroxyls  in posi t ions 6 and 7 fo rm a cycl ic  
dioxane s y s t e m  with the CsHg(OH ) ~ chain. On the bas i s  of the resu l t s  of chemical  and spec t ra l  inves t iga-  
t ions,  one of the two s t r u c t u r e s  {I) o r  (Ia), which a re  close to the s t ruc tu re  of the natural  coumar in  obliquin 
W) [5, 6] is p roposed  fo r  obtusifol.  
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The results of a study of the NMR spectra of obtusifol and the products of its cleavage confirm the 
proposed structure (I or la). The ~ spectrum of (I) (Fig. 2a) has a series of peaks denoted in Fig. I 
by a, b, c, d, e, g, h. The doublets a (7.56 ppm, J= I0 Hz) and c (6.24 ppm, J = I0 Hz) relate to the protons 
in positions 4 and 3 of the coumarin nucleus. The singlet b (6.48 ppm) relates to a proton in position 5 or 8. 
Consequently, the structure of obtusifol can be represented as a 5,6,7- or a 6,7,8-trisubstituted coumarin. 

Peak e (3.88 ppm, 3H) is due to the protons of a methoxy group. The singlet signals h (1.36 and 1.42 ppm, 
intensi t ies  of 3 p ro ton  units each) co r r e spond  to a gem-d ime thy l  group. The singlet  signal g (2.95, 1H) is 
caused by the p ro ton  of a hydroxy group. The mult iplet  d in the range f rom 3.92 to 4.70 ppm with an in- 
tensi ty  of 3 pro ton  units may be ass igned to the methine and methylene protons  in t h e - O - C H - C H 2 - O -  
grouping. This ag r ee s  well  with l i t e r a tu re  informat ion for a compound with a s t ruc tu re  c lose  to that of 
obliquin [6]. 

The NMR s p e c t r u m  of obtusifol aceta te  shows the peak of the aceta te  methyl  group (2.03ppm)and the 
signal of a p ro ton  of the OH group has d i sappeared  (Fig. 2b). In the NMR s p e c t r u m  of the t r imethoxycou-  
m a r i n  (IV) the re  a re  doublets at 7.60 ppm, J = 10 Hz, and 6.33 ppm, J = 10 Hz, cor responding  to protons  in 
posi t ions  4 and 3 of the coumar in  nucleus and a singlet  signal at 6.66 p p m  for  the pro ton  in posi t ion 5. Fu r -  
t h e r m o r e ,  th ree  s inglet  s ignals  a re  obse rved  at 4.04, 3.98 and 3.89 p p m  (each with an intensity of three 
pro ton  units) which are  due to three  methoxy groups in posi t ions  6, 7, and 8 (Fig. 2c). 

Thus, the r e su l t s  of a chemica l  invest igat ion and of s tudies of the UV, IR, and NlVIR spec t r a  has p e r -  
mit ted the s t ruc tu re  of 2 ' - (1 -hydroxy- l -methy le thy l ) -8 -methoxy[1 ,4 ]d ioxano[g]coumar in  (I) o r  (Ia) to be 
proposed  for  obtusifol.  The choice between (I) and (Ia) can be made a f t e r  the synthes is  of obtusifol has 
been  p e r f o r m e d .  By analogy with obliquin, for  which the definitive s t ruc tu re  (V) has been proposed  on the 
bas i s  of the resu l t s  of synthes is  [6], it may be a s sumed  that s t ruc tu re  {I) is more  probable .  The resu l t s  
of a study of the m a s s  s p e c t r u m  of {I) and a compar i son  of it with l i t e ra tu re  data for  obliquin is also in 
favor  of s t ruc tu re  {I). The m a s s  s p e c t r u m  of obtusifol has the s t rong peak of the mo lecu l a r  ion with m / e  
292 (97%) and ions with m / e  277 (11%), 234 (100%), 59 (32%), and 205 (45%). The la t ter  is fo rmed  by 
the c leavage of the bond of the dioxane r ing and the spli t t ing out of (CH3)2-C(OH)-C =0 f rom the cou- 
m a r i n  nucleus with the fo rmat ion  of the f r agmen t  

312 



H2~=O~(]with m/g 2#,% 
OCH 3 

The m a s s  s p e c t r u m  of obtusifol aceta te  has a s t rong peak of the molecu la r  ion with m / e  334. 

O b t u s i f o l - a  coumar in  with a dioxane r i n g - w e  have found fo r  the f i r s t  t ime  in plants  of the family  
Rutaceae .  Obliquin, with a s t ruc tu re  c lose  to that of obtusifol, we isolated f r o m  Ptaeroxylon  obliquum [5, 6]. 
The inclusion of this plant  in a p a r t i c u l a r  family  has not yet  been definitively es tabl i shed.  It is a s sumed  
that this genus belongs to the family  Sapindaceae or  Meliaceae.  Dean and Par ton  [5] have not excluded a 
connection of this genus with the family  Rutaceae,  since the p re sence  of escule t in  der iva t ives  is c h a r a c t e r -  
is t ic  fo r  p lants  of the family  Rutaceae .  However,  no chromones  found together  with obliquin in P taeroxylon  
obliquum have been detected in plants  of the family Rutaceae.  Consequently,  these authors  [5] cons idered  
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Fig. 2. NMR s p e c t r a  of obtusifol (a), obtusifol aceta te  (b), 
and 6, 7, 8 - t r i m e t h o x y m a r m i n  (c). 
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that this is insufficient for  assigning the genus Ptaeroxylon  to the family Rutaceae .  The s e r i e s  o fescu le t in  
der iva t ives  that we have found in plants  of the genus HaplophyUum [1-3] and, in pa r t i cu la r ,  obtusifol,  with a 
s t ruc tu re  s i m i l a r  to that of obliquin, f o r m  evidence in favor  of the ass ignment  of the genus P tae roxy lon  to 
the family  Rutaceae  and show the c loseness  of the genus P taeroxylon  to the genus Halophyllum. 

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

Chromatography  was p e r f o r m e d  on neutra l  a lumina (activity grade III) and on type "B" ["fast"]  p a p e r  
of the Leningrad mi l l  with ethylene glycol as the s ta t ionary  phase  and pe t ro l eum e ther  as the mobile phase  
( sys tem 1), and a lso  with fo rmamide  as the s ta t ionary  phase  and benzene as the mobile phase  ( sys tem 2). 
The UV s p e c t r a  were  taken on a SF-16 spec t rophotomete r ,  the IR spec t r a  were  obtained by T .V.  Bukreeva 
on a UR-10 ins t rument  and the NMR s p e c t r a  by V. A. Gindin on a Var ian  HA, 100 MHz, ins t rument  in deu- 
t e roch lo ro fo rm.  The chemica l  shif ts  in the 6 scale  were  calculated re la t ive  to HMDS. The m a s s  spec t r a  
were  taken by B. V. Rozynov on a MKh-1303 m a s s  s p e c t r o m e t e r  at 70-100°C (direct introduction at an en-  
e rgy  of the ionizing e l ec t rons  of 70 eV). 

The e l emen ta ry  ana lyses  were  p e r f o r m e d  by E. A. Sokolova. The plant ma te r i a l  of Haplophyllum 
obtusifol ium was ga thered  in the foothills of the Kopet-Dagh range in the Ashkhabad region in the flowering 
per iod .  

Isolat ion of Obtusifol (I). A concent ra ted  acetone ex t rac t  (33.5 g of resin)  f r o m  the epigeal  m a s s  (3kg) 
of H. obtusifol ium was sepa ra ted  on a lumina (1100 g). Frac t ions  1-15 were  eluted with pe t ro l eum ether ,  
f rac t ions  16-28 with pe t ro l eum e t h e r - c h l o r o f o r m  (2: 1), f rac t ions  29-38 with pe t ro l eum e t h e r - c h l o r o f o r m  
(1 : 1), and finally f rac t ions  39-51 with ch loroform.  The volume of each f rac t ion  was 200 ml.  Frac t ions  
39-51 yielded obtusifol with mp 149.5-150°C (after 4 r ec rys ta l l i za t ions  f rom benzene and 2 f r o m  ch lo ro fo rm 
and pe t ro l eum ether) .  

The reac t ion  of (I) with f e r r i c  chloride was negative:  R f  0.77 (sys tem 2): deep-blue f luorescence  in 
UV light, [~]~+60.39 ° (c 1.45; ethanol). 

Found %: C 61.44; 61.50; H 5.38; 5.42, mol.  wt. 292 (mass spec t rome t ry ) .  C15H1606. Calculated %: 
C 61.64; H 5.47; mol .  wt. 292. 

Obtusifol Acetate (II). A mixture  of 0.3 g of obtusifol, 2 ml of acet ic  anhydride and 2 ml of pyridine 
was heated for  5 h. Then it was cooled, diluted with wa te r  (50 ml), and ex t rac ted  with ch lo ro fo rm (5 × 30 
ml).  The ch lo ro fo rm ex t r ac t s  were  washed with wa te r  and dried.  Then the ch lo ro fo rm was dist i l led off 
and the res idue was Chromatographed on alumina.  Elution was p e r f o r m e d  with ch loroform,  and the solvent 
was dist i l led off. After  r ec rys t a l l i za t ion  f r o m  ch lo ro fo rm and pe t ro l eum ether ,  obtusifol aceta te  (II) was 
obtained with mp 187-188°C, R f  0.91 (sys tem 2) and 0.15 (sys tem 1) with a blue f luorescence  in UV light. 
The e l emen ta ry  ana lys i s  and the molecu la r  weight of 334 (mass spec t rome t ry )  co r responded  to a molecu la r  
fo rmula  for  obtusifol ace ta te  of C17H1~O 7. 

Action of HBr on Obtusifol.  A solution of obtusifol (0.6 g) in 5 rnl of concentra ted  HBr was heated at 
the boiling point for  10 min and was then poured into wa te r  containing ice and was ex t rac ted  with ch loroform.  
The ch lo ro fo rm ex t rac t  was dried and the solvent was disti l led off. Recrys ta l l i za t ion  of the res idue f rom 
ch lo ro fo rm and p e t r o l e u m  e ther  yielded substance  (III) with mp 195-196°<2, giving no g r een  colorat ion with 
f e r r i c  chloride and having, according  to e l e m e n t a r y  analysis ,  the molecu la r  fo rmula  C10H805, i.e.,  6,7- 
d ihydroxy-  8 -methoxycoumar in .  

6 ,7 ,8 -Tr ime thoxycoumar in  (IV). To 0.06 g of (III) in 5 ml  of ethanol were  added 0.6 g of po t a s s ium 
aceta te  and 0.2 ml of methyl  iodide and the mix tu re  was heated for  12 h. Af ter  the end of the react ion,  the 
mixture  was diluted with wa te r  and ex t rac ted  with ch loroform.  The ch lo ro fo rm ex t rac t  was dried, the so l -  
vent was dist i l led off, and the res idue was chromatographed  on s i l ica  gel (30 g). Elution with ch lo ro fo rm 
yielded substance  (IV) with mp 104-104.5°C (after  r ec rys t a l l i za t ion  f rom ch lo ro fo rm and pe t ro l eum ether) .  
According to e l e m e n t a r y  analysis ,  (IV) has the molecu la r  fo rmula  C t2Ht~O5 and i ts  mel t ing  point co r re sponds  
to that of 6 ,7 ,8 - t r imethoxycoumar in  ( l i terature  data: mp 104°C [4]). The mel t ing  point of 5 ,6 ,7 - t r imethoxy-  
coumar in  is 76-77°C [7]. 

C O N C L U S I O N S  

A new coumar in  obtusifol, C15H1606, with mp 149.5-150°C has been  isolated f r o m  HaplophyUum ob__= 
tusifol ium for  the f i r s t  t ime.  
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The s t ruc tu re  of 2 ' -  o r  3 ' - (1 -hydroxy- l -methy le thy l ) -8 -methoxy[1 ,4 ]d ioxano[g]coumar in  has been 
p roposed  for  obtusifol.  

It has been  shown that the genus Haplophyllum is close in r e spec t  of its coumar in  composi t ion  to the 
genus Ptaeroxylon .  
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