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We previously  reported the isolation of a new pyranocoumar in- -xan tha l in - - f rom the roots of Xanthogalum 
purpurascens  Lall .  which grows in Transcaucas i a  (Beshumi region) [1]. The s t ruc ture  of 2', 2 ' -d imethy l -3 ' ,  4 ' - t r a n s -  
a, f i -dimethylacrylyloxy-3 ~, 4 ' -d ihydropyrano-5 ' ,  6':6, 7 -coumar in  was assigned to xanthalin on the bas is  of its UV-, 
IR-, and NMR spectra .  

In this paper  the proposed s t ruc ture  is ver i f ied by the prepara t ion  of a number  of xanthalin der ivat ives .  

As seen f rom formula  (I), xanthalin is  a l inear  analog of nomal in  (Ia) [2]. One should therefore have expected 
that two epimer ie  compounds of the eis and t rans  methylkhellaetone type (IIa) would be obtained during the alkaline 
methanolysis  of xanthalin.  In fact, the product of composit ion ClsHlgO 5 and mp 135-136 ° C obtained under these  
conditions contained methoxy and hydroxy groups.  Two spots with Rf 0.3 and 0.05 (system 1) were obtained by paper  
chromatography of this substance.  The previous ly  unknown hydroxy-laetone,  which we have called 
i somethylkhellactone,  was evidently a mixture  of the cis and t r ans  forms of 3 ' -hydroxy-4 'methoxy-3 ' ,  4 ' -  
dihydroxanthyletin (II). Chromatography of the mixture  of the eis and t rans  i somers  on s i l ica  gel led to the isolation 
of (@ - t r ans -3  ' -hydr oxy-4'  -methoxy-3 ', 4 ' -d ihydropyrano-5  ', 6 ' :6, 7-c oumar in  with mp 136.5 -138 ° C, Rf 0.3 (system I), 
and [a ]~  - 4 7 . ~  (e 0.7, ethanol). 

Mild alkaline hydrolysis  of xanthalin with 5% aqueous alkali  in dioxane gave an optically inactive substance of 
composit ion CuHuO 5 with mp 213-215 ° C and Rf 0.00 which was a raeemic  m i x t u r e - - ~ - 3 ' ,  4 T, dihydroxy-3' ,  4 ' -  
d ihydropyrano-5 ' ,  6':6, 7 -eoumar in  (III)--a previous ly  undeser ibed substance which we have called isokhellaetone. 
Absorption bands of the coumarin  nucleus appear in the IR spect rum of this compound (figure): 1710 cm -1 (laetone 
~ ) ,  1632, 1568, and 1496 cm -1 (aromatic  ring).  The disappearance of the bands in the  1323 and 1105 e m - l r e g i o n s ,  which 
are observed in the IR spect rum of xanthalin, indicates the spli t t ing off of a,  f i -unsaturated acid res idues  with the 
l ibera t ion  of two aleoholie hydroxy groups which give a broad absorption band at 3460-3300 cm -1. The presence  of two 
hydroxy groups was proved by e lementary  analys is .  
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In addition to compounds (II) and (III), the alkaline hydrolysis  yielded an acid of composit ion C5H802 which was 
identified as angelic acid (VI) f rom its mel t ing point, mixed melt ing point with an authentic sample,  Rf value, and 
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IR spec t rum.  ']?he p r e s e n c e  of (VI) in the xanthalin molecule  enabled us to explain i ts  ab i l i ty  to deco lo r i ze  a b romine  
solut ion to fo rm a t e t r a b r o m o  der iva t ive  of composi t ion  CuH26C~Br4 (IV). The p re sence  of double bonds in the side 
chain is  a l so  conf i rmed  by the catalyHc hydrogenat ion of xanthalin over  p la t inum oxide (Adams ca ta lys t ) .  Absorpt ion  
bands which a r e  c h a r a c t e r i s t i c  for  the coumar in  skele ton (1749, 1635, 1572, 1500, and 1570 cm -1) a r e  p r e s e n t  in the 
IR s p e c t r u m  of the hydrogenat ion product ,  but the bands due to the p r e s e n c e  of c~, f l -unsa tura ted  ac id  groups  (1323 and 

• 1105 cm -1) a r e  absent .  Consequently,  hydrogenat ion o c c u r r e d  only in the s ide chain and did not affect the double bonds 
of the coumar in  r ing .  

a 

F r e q u e n c y ,  cm"  1 

IR spec t r a  of xanthal in (a) and i ts  de r iva t ives :  
i somethylkhe l lac tone  (b) ,  i sokhel lac tone  
(c), angel ic  acid (d),  d ihydroxanthal in  (e), and 

a n h y d r o m a r m e s i n  (f). 

The amount of hydrogen (2 moles)  consumed in the r eac t ion  and the fo rmat ion  of a t e t r ahydro  de r iva t ive  of 
composi t ion  C24H~007 (V) showed the p r e s e n c e  of two angel ic  ac id  r e s i d u e s  in the xanthal in molecule .  

Severe  ac idic  hyd ro lys i s  in 10 N a lcohol ic  H2SO 4 led  to the fo rmat ion  of a mix ture  of p roduc ts  f rom which we 
obtained 3 ' -oxo -3  v, 4T-dihydroxanthylet in (VII) with mp 162-163.5 ° C ( l i t e ra tu re  mp 164-165.5" C [3]) and Rf 0.95, and 
a n h y d r o m a r m e s i n  (VIII) with mp 136-137" C and Rf 0.9 by chromatograph ic  sepa ra t ion  on s i l i ca  gel .  

Absorp t ion  bands at 1730, 1638, 1599, and 1580 cm -1 which a r e  a s soc i a t ed  with the coumar in  r ing  were  noted in 

IR s p e c t r u m  of a n h y d r o m a r m e s i n .  The d i s appea rance  of the band at 905 cm-1  (CH:ff~C--O)and the p r e s e r v a t i o n  of the 

/CH3\  ~ / ~  
bands at 1399 and 1370 cm -1 [CHs/,.~] showed the s t ruc tu ra l  changes occur r ing  in the 2' ,  2 ' - d i m e t h y l c h r o m a n  r ing  

which were  accompanied  by the cont rac t ion  of the s i x - m e m b e r e d  r ing  to a f i v e - m e m b e r e d  r ing .  In fact ,  the absorp t ion  
bands  appear ing  at 3060 and 748 em -1 in the 1-R s p e c t r u m  of the product  conf i rmed  the fo rmat ion  of a furan r ing.  

Reac t ions  of a s i m i l a r  type with dehydra t ion  of chromano-c~-pyrones  leading to the r e a r r a n g e m e n t  of the carbon 
a toms  of the 2' ,  2 ' - d i m e t h y l c h r o m a n  r ing  with the fo rmat ion  of a f i v e - m e m b e r e d  r ing  have r epea ted ly  been d e s c r i b e d  
for  khel lac tone  de r iva t i ve s  [4, 5]. This  is  the f i r s t  t ime  that  dehydra t ion  of a d i e s t e r  of 3 ' ,  4 ' - d i h y d r o x y - 3 ' ,  4 ' -  
d ihydroxanthyle t in  (III) has been c a r r i e d  out. Obtaining such wel l -known compounds as  3 ' - o x o - 3 ' ,  4 ' -d ihydroxan thy le t in  
(VII) and a n h y d r o m a r m e s i n  (VIII) is  evidence in favor  of a l i nea r  s t ruc tu re  for  xanthal in.  

The above - l i s t ed  de r iva t ives  conf i rm the c o r r e c t n e s s  of the prev ious  conclusion that  xanthalin i s  2 ' ,  2 ' -  
d i me thy l -3 ' ,  4 ' - d i ange loy loxy -  3 ' ,  4 ' - d i h y d r o p y r a u o - 5  ~ , 6' :6, 7 -coumar in .  
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E X P E R I M E N T A L  

The IR spect ra  of the compounds were obtained with a UR-10 spectrograph (mulls in paraffin oil). 
Chromatographic separat ion was ca r r i ed  out on grade B Leningrad paper  (descending method). System 1 (for 
coumarins) :  the s ta t ionary phase was a 10% solution of formamide in methanol,  the mobile system was n - h e x a n e -  
benzene -me thano l  (5 : 4 : 1), and the spots were revealed with diazotized sulfani lamide.  System 2 (for acids): the 
s ta t ionary phase was b u t a n - l - o l  saturated with 1.5 N ammonium hydroxide, and the reveal ing agent was a 0.2% alcoholic 
solution of Bromophenol Blue. 

Tet rabromoxanthal ln .  Xanthalin (0.25 g) was dissolved in 10 ml of chloroform and a 1% solution of b romine  in 
chloroform was added dropwise until  a faint pink colorat ion appeared. The solution was dist i l led and the res idue was 
r e c r y s t a ! l i z e d f r o m  methanol to give small  co lor less  plates with mp 50-52 ° C. Found %: C 38.64, 38.78; H 3.61, 3.85; 
Br 42.70, 42.69. Calculated for C24H26OTBr 4, %: C 38.63; H 3.51; Br 42.84. 

Tetrahydroxanthal ln .  Xanthalin (0.6076 g) was dissolved in 30 ml of methanol,  0.0487 g of plat inum oxide was 
added, and the mixture  was hydrogenated for 2.5 hr.  The hydrogenation requi red  71 ml of hydrogen. The alcoholic 
solution was f i l tered f rom the catalyst  and evaporated to dryness .  Found %: C 66.93, 66.76; H 7.08, 7.05. Calculated 
for C24H3007, %: C 67.27; H 7.05. 

e t s - t rans - I somethylkhe l lac tone .  Xanthalin (0.5049 g) was dissolved in 20 ml of a 10% methanolic Solution of KOH 
and the solution was heated in a flask with a reflux condenser  on a water bath for 5 hr.  The mixture  was then diluted 
with 40 ml  of water ,  acidified with conc H2SO 4 , and extracted three t imes  with 25-ml  port ions of ether .  On removal  of the 
solvent a yellow oil was obtained from which, after several  r ec rys ta l l i za t ions  from benzene,  small  color less  needles 
with mp 135-136 ° C were isolated which gave two spots with Rf 0.3 and 0.05 on a chromatogram (system 1). Found %: 
C 65.37, 65.46; H 5.94, 5.94; OCH~ 11.24, 10.61; Hac t 0.339, 0.365. Calculated for C15H1606, %: C 65.20; H 5.84; 
OCH 3 11.23; Hac t 0.36. 

( - ) - t rans - I somethy lkhe l lae tone .  c i s - t rans - I somethy lkhe l lac tone  (0.05 g) was chromatographed on a column with 
7 g of s i l ica  gel (diam. 1 cm, height 7.5 cm) by elution with benzene and then a benzene -me thano l  (95 : 5) mixture .  
Twelve 20-ml f rac t ions  were collected. Evaporation of the benzene f rom fract ions  3 - 6  gave 0.01 g of c rys ta l s  with 
mp 136.5-138 ° C (Kofler, f rom benzene), [~]~ -47.7  ° (e 0.7, ethanol), and Rf 0.3 (system 1). 

Angelic acid. Xanthalin (0.5049 g) was saponified by the above-descr ibed method. The extract  obtained after 
hydrolysis  and t r ea tment  with ether was thr ice  t rea ted with a saturated solution of sodium carbonate.  The colored 
sodium carbonate solution was acidified with H2SO 4 and extracted with ether.  After removal  of the solvent, a syrupy 
mass  with a specific odor was obtained which gradual ly crystal l ized,  mp 41-42.5 ° C. Found %: C 60.09, 60.12; H 8.11, 
8.24; Hac t 0.98, 1.03. Calculated for C5H802, %: C 59.99; H 8.05; Hae t 1.01. 

~ - I sokhe l l ac tone .  Xanthalin (0.5 g) was dissolved in 6.25 ml of dioxane, 25 ml of 5% aqueous KOH was added, 
and the mixture  was allowed to stand for 24 hr .  The excess of xanthalin (0.34 g) which crys ta l l ized  out was f i l tered off, 
and the above-descr ibed  operation was repeated three  t imes ,  i . e . ,  until all the xanthalin taken had entered into the 
react ion.  The colored react ion mixture  was acidified with H2SO 4 and t rea ted with ether  (3 × 20 ml). The combined ether 
extracts  were washed with saturated NaHCC~, dried over anhydrous Na2SO4, f i l tered,  and evaporated to give 0.1 g of 
smal l  co lor less  c rys ta l s  with mp 213~215 ° C {from aqueous methanol), [c~]~ 0 ° (c 0.13, ethanol), and Rf 0.00 (system 
1). Found, %: C 64.14, 64.10; H 5.41, 5.35; Hac t 0.75, 0.79. Calculated for C14Ht405, %: C 64.11; H 5.38; Hac t 0.77. 

Dehydration of xanthalin.  Xanthalin (0.2 g) was dissolved in 20 ml of ethanol, 20 ml of concentrated H2SO 4 was 
added, and the mixture  was heated in a flask with a reflux condenser  on a water  bath for 12 hr .  The react ion mixture  
was then diluted with two volumes of water,  and the precipi ta ted black r e s i n  was extracted three t imes  with ether 
(20-mt portions).  The combined ether  extracts  were dried over anhydrous Na2SO 4, f i l tered,  and evaporated. The 
residue,  which was a mixture  of products ,  was chromatographed on a column with s i l ica  gel (diam. 3.5 cm, height 
12 cm) being eluted with benzene and then a benzene-methano l  (20 : 0.2) mixture .  The percentage of methanol in the 
mixture  was gradual ly increased  until pure methanol was used. Thi r ty- four  100-ml fract ions were collected. 

31-Oxo-3 ', 4t-dthydroxanthylettn.  Concentrat ion of the benzene eluate f rom fract ions 3-4 yielded 3 mg of fine 
c rys ta l s  with mp 162-163.5 ° C {from methanol) and Rf 0.95 (system 1) [ l i tera ture  mp 164-165.5 ° C (from CC14) [3]]. 
A more  detailed identification of the substance was not ca r r i ed  out in view of the small  amount of product obtained. 
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Anhydromarmesin.  Concentration of the benzene eluate from fractions 5 - 6  yielded needles with mp 136-137 ° C 
(Kofler, from methanol) and Rf 0.9 (system 1). Found, %: C 74.06, 74.03; H 5.34, 5.28. Calculated for Ct4H120~, %: 
C 73.68; H 5.30. 

C O N C L U S I O N S  

1. Xanthalin has been shown to have the structure of 2',  2 ' -d imethyl -3 ' ,  4', -diangeloyloxy-3' ,  4 ' -d ihydropyrano-  
5', 6':6, 7-coumarin on the bas is  of the preparat ion of a number of derivat ives and cleavage products.  

2. The following products of the alkaline hydrolysis  of xanthalin have been isolated and character ized for the 
f i r s t  t ime: (+)-3', 4 ' -d ihydroxy-3 ' ,  4 '-dihydroxanthyletin (isokhellactone), C14H~40~, with mp 213-215 ° C and 
( - ) - t r ans -  3 ' -hydroxy-4 ' -methoxy-  3', 4 '-dihydroxanthyletin (i somethylkhellactone, C lsH 1~0~, with mp 136.5-138 ° C 
and [a]~  -47.7 (ethanol). 
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