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S O M E  R E A C T I O N S  OF C O U M E S T A N S  

L .  L .  S i m o n o v a  a n d  A .  A .  S h a m s h u r i n  UDC 541.6 + 547.64 

Continuing an investigation of coumestans ,  we have p e r f o r m e d  the i r  condensation with acetylenic  alcohols 
and the i r  reduction with l i thium te t rahydroa lumina te .  

The reac t ion  of acetylenic  alcohols with hydroxycoumar ins  and hydroxyacetophenones leads to r ing c losure  
with the acetylene res idue  to fo rm dia lkylchromenes  [1]. The application of this reac t ion  to hydroxycoumestans  
opens up the poss ib i l i ty  of obtaining analogs of the natural  coumes tan  sojagol isolated f r o m  soys  beans  [2]. We 
have studied the reac t ion  of l l - hyd roxy -7 ,12 -d ime thoxycoumes t an  (I) with 3 - m e t h y ! p e n t - l - y n - 3 - o l  (ID and with 
2 - m e t h y l b u t - 3 - y n - 2 - o l  (IID. Condensation took place only with the addition of smal l  amount of zinc chloride to 
a mix tu re  of equimolar  amounts of a carbinol  (II) or  (HI) with the coumestan  (I). 

'u-- J'-OcH3 OH " . . . . . . .  

, H .  R = C2,  5 ,v. R = 5 

" I I I ,  R=CH 3 V. R=CH 3 

The st ructure of the products of the react ion of (I) wi th the alcohols (II) and (III) as the 7,12-dimethoxy- 
10,11-(2 ,2-d ia lkylchromeno)coumestans  (IV) and (V) was conf i rmed m a s s  spec t rome t r i ca l l y .  In the mass  
spec t rum of (IV) there  is a peak with m / e  392 (12~), which cor responds  to the molecu la r  weight of the coumestan 
(IV), and peaks  with m / e  377 (M + -  CH3) and 363 (M + -  C2H5). If the res idue  of the acetylenic  alcohol was bound 
to the coumestan  only by a s imple  e ther  bond, it would undergo cleavage with the format ion  of an ion with m / e  
311 (M + -  81) corresponding to the eject ion of an isopentyl  res idue (CsH6-CH3). However,  there  is no such 
peak in the m a s s  spec t rum of compound (IV). At the same t ime,  the spec t rum does contain the peaks  of the 
doubly charged  ions (M + -  C2H5)/2 and (M + -  CH3)/2 , which shows the s tabi l i ty  of the (M + -  29) and (M + -  15) 
f r agments  fo rmed .  The appearance  of such ions is poss ib le  in a number  of ca ses ,  including those in which 
there  is a c losed conjugated s y s t em .  In our case ,  this sys t em can be produced only by the format ion  of the 
10 ,12- (2 -e thy l -2 -methy lchromeno)coumes tan  (IV). Peaks  of a doubly charged  ion are  p re sen t  in the m a s s  
spec t rum of the coumestan  sojagol [2]. No s i m i l a r  peaks  were  obse rved  in the m a s s  spec t r a  of e s t e r s  and 
e the r s  of coumestan  that we p repa red .  

Grisebach,  studying the biogenesis  of coumest ro l ,  put fo rward  a hypothesis  of a poss ib le  route of its 
format ion  in plants  via p t e roca rpans  [3]. A number  of worke r s  have shown the possibi l i ty  of the synthetic 
passage  f rom p te roca rpan  to coumestans  and converse ly  [4, 5]. The react ion  of coumes tans  with lithium 
te t rahydroa lumina te  is the f i r s t  s tep of the t ransi t ion f rom eoumes tans  to p t e roca rpans ,  which conf i rms a 
poss ib le  biogenetic link between these compounds.  The reduction of 7 ,11-12- t r ibenzyloxycoumestan  (VII)with 
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l i thium te t rahydroaluminate  in t e t rahydrofuran  led to the coumarone  (VIII). 5, 6 -Dibenzy loxy-2- (4 -benzy loxy-  
2 -hydroxyphenyl ) -3-hydroxymethylcoumarone  (VIII) was identified by IR spec t roscopy  and th in - layer  chro-  
matography .  In the IR spec t rum of (VIII) there  a re  no absorpt ion bands in the 1690-1760 cm -I  region,  but the 
absorpt ion band of a hydroxyl does appear .  The Rf  values on s i l ica  gel a re  0.76 for  (VII) and 0.28 for  (VIII). 
The coumarone obtained does not f luoresce  in ch lo ro form solution, unlike 7 ,11,12- t r ibenzyloxycoumestan;  the 
mel t ing point of a mixture  of compounds (VII) and (VIII) gives a depress ion .  This react ion  has also been studied 

on medicagol  [6] and methoxycoumestan  [7]. 

R0 A - 0  0 

VI. R = H  

VII. R--  C6HsCH 2 

C6H~CH..O = ~ . O H  CleON 

- ~ ~ O C H 2 C ~ . ' H 5  

VI I I  

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

7 ,12-Dimethoxy-10 ,11- (2-e thy l -2 -methy lchromeno)coumes tan  (IV), C22H2006; A mixture  of 5.5 g of l l -  
hydroxy-7 ,12-d imethoxycoumestan  (I), 3.2 g of f resh ly  fused zinc chlor ide,  and 10 ml of 3 - m e t h y l p e n t - l - y n -  
3-o l  (II) was s t i r r e d  at 100°C for  30 rain and then 130°C for another  30 rain. At the end of the heating per iod,  
the semil iquid m a s s  solidified.  After  cooling, it was ex t rac ted  with e ther ,  and the e therea l  ex t rac t  was washed 
with dilute acid, 10% sodium carbonate  solution, and water ,  and was dried over  sodium sulfate .  Then it  was 
evaporated,  the res idue  was dissolved in 50 ml of methanol ,  and 100 ml  of pe t ro l eum ether  was added. The 
solution was washed s eve ra l  t imes  with water ,  dried,  and evapora ted .  On cooling, the res inous  res idue  fo rmed  
c ry s t a l s  with mp 195°C (petroleum e t h e r - b e n z e n e ;  1 :1 ) .  Rf  0.82 (benzene -ace tone ;  9 :1 ) .  

Mass  s p e c t r u m ( m / e ,  %): M + 392 (12); 377 (8); 364 (21); 363 (100); 348 (8); 333 (7); (m/2e ,  ~):  188.5 (1); 

181.5 (8). 

7,12-Dimethoxy-10,11-(2,2-dimethylchromeno)coumestan (V), C22H1606. A mixture of 4.5 g of ll-hydroxy- 
7,12-dimethoxycoumestan (1), 3.5 g of freshly fused zinc chloride, and I0 ml of 2-methylbut-3-yn-2-ol (lid 
was stirred at 60¢C for 30 rain and at 100°C for another 30 rain, and was then treated as described above. The 
crystals that formed were recrystallized from benzene-petroleum ether, mp 248 °C. The substance did cot 

fluoresce in ethanol. 

7,11,12-Tribenzyloxycoumestaa (VII), C36H2606. A mixture of 1 g of 7,11,12-trihydroxycoumestan (Vl), 
0.5 g of po tass ium iodide, 15 ml  of benzyl  chloride,  and 2 g of calcined po tass ium carbonate  in 150 ml  of acetone 
was boiled under ref lux for  10 h. Then it was cooled, f i l tered,  and evapora ted  under vacuum, and the res idue 
was poured into water  containing ice.  The res inous  deposit  that fo rmed  c rys ta l l i zed  on prolonged cooling. It 
was r ec ry s t a l l i z ed  f rom e t h a n o l - c h l o r o f o r m  (4:1) ;  the solution f luoresced,  and the product  had mp 175°C. 
Yield 0.8 g (42~), Rf  0.76 (benzene-methano l ;  9 :1 ;  UV light). UV spec t rum (%max, m~): 251,308,  349. IR 
spec t rum (cm-1): 1"600, 1625, 1743. 

5 ,6 -Dibenzyloxy-2- (4-benzyloxy-2-hydroxyphenyl ) -3-hydroxymethylcoumarone  (VIII), C36H3006. A solu-  
tion of 1.5 g of 7 ,11,12- t r ibenzyloxycoumestan  (VII) in t e t rahydrofuran  was added dropwise over  an hour to a 
suspension of 0.9 g of l i thium te t rahydroa lumiaa te  in absolute te t rahydrofuran .  Then the reac t ion  mixture  was 
boiled under  ref lux for  1.5 h. After  cooling, the unchanged li thium te t rahydroaluminate  was decomposed,  and 
the reac t ion  product  was ex t rac ted  with e ther .  The ex t rac t  was washed with sodium carbonate  solution and 
with water  and was dr ied.  After  evaporat ion of the solvent,  the res inous  res idue  was dissolved in a smal l  
amount of e ther  and the solution was passed  through a column of carbon.  On evaporat ion,  the pu r i f i ede the rea l  
solution deposi ted white c ry s t a l s  with mp 170°C Yield 0.42 g (28%), R f  0,28 (SiO2; b e n z e n e - m e t h a n o l ,  9 :1 ;  
UV). UV spec t rum (~'max, m#): 244, 278,320.  "IR spec t rum (cm-1): I610, 1630, 3550. 

The resu l t s  of the e l emen ta ry  analyses  of compounds (IV}, (V), (VII), and (VIII) co r responded  to the ca l -  

culated f igures .  

S U M M A R Y  

1. 11-Hydroxy-7 ,12-d imethoxycoumes tan  has been condensed with acetylenic  alcohols,  and it has been 
shown that the reac t ion  products  a re  7 ,12-d imethoxy-10 ,11- (2 ,2 -d ia lky lchromemo)coumes tans .  

2. 7 ,11 ,12-Tr ibenzyloxycoumestan  has been reduced with l i thium te t rahydroa luminate ,  giving 5 ,6-di-  
benzyloxy-  2 - ( 4-benzyloxy-  2 - hydroxyphenyl-3 - hydr oxymet  hylcoumarone.  
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U L T R A V I O L E T  A B S O R P T I O N  O F  F L A V O N O I D S  

VIII. IONIZATION CONSTANTS OF KAEMPFEROL AND QUERCETIN 

N.  A .  T y u k a v k i n a  a n d  N.  N.  P o g o d a e v a  UDC 547.972 + 543.42.062 

TABLE 1. 
Querce t in  

We have p rev ious ly  studied the acid p rope r t i e s  of a s e r i e s  of mono-  and disubst i tuted f lavones [1-3]. 
Cons iderable  i n t e r e s t  is p resen ted  by an investigation of the acid p rope r t i e s  of more  highly hydroxylated 
flavonoid der iva t ives ,  many  of which are  widely used as complex- fo rming  agents in analyt ical  chemis t ry .  
There  is li t t le informat ion in the l i t e ra tu re  on this question. Of the la rge  number  of natural  flavonoids,  ion- 
ization constants  have been de te rmined  only for quercet in  [4] and mor in  [5-7], without the ass ignments  of the 
values  obtained to pa r t i cu l a r  hydroxy groups .  

The p resen t  pape r  gives the resu l t s  of a determinat ion of the ionization constants  of t e t r a -  and penta-  
hydroxy-subs t i tu ted  natural  f lavones (kaempferol  and quercetin) (Table 1). The ass ignment  of the values  of 
the constants  to pa r t i cu l a r  hydroxy groups was made on the bas i s  of the r e su l t s  of a compara t ive  analysis  of 
the constants  obtained for  kaempfero l  and quercet in  with s im i l a r  r esu l t s  for mono-  and dihydroxyflavones with 
a cor responding  type of substi tut ion.  It  can be seen f rom this that both in kaempfero l  and in quercet in  the 
mos t  highly acidic p rope r t i e s  a re  p o s s e s s e d  by the hydroxy group in posit ion 7. The 4 ' -OH group will undergo 
dissocia t ion next. 

It is poss ible  that the two constants  inkaempfe ro l  a re  due to the 3-OH and 5-OH groups,  in the sequence 
given in Table 1. But since the capaci ty  for ionization of the 3-  and 5-hydroxy groups is cons iderable  and 
changes differently under the influence of subst i tuents  in posi t ions 7 or  4 ' ,  we cannot definitely a f f i rm the a s -  
s ignment  of the two la t ter  constants  that we have made.  For  this purpose  the ionization constants  of t r ihy-  
droxyflavones with a re la ted  type of substi tution mus t  be de termined.  

As can be seen f rom Table  1, for  quercet in  we found the ionization only of the two hydroxy groups pos-  
sess ing  the highest acidity.  The ionization of the remain ing  hydroxyls  takes place in a fa i r ly  s t rong alkaline 
med ium (pH > 9.6) in which quercet in  undergoes i r r e v e r s i b l e  changes.  Consequently,  i t  did not appear  poss ible  
to de te rmine  the ionization constants  of these groups.  

Ionization Constants (pK a ± Ax) of Kaempfero l  and 

Compound 

3,4', 5,7- Tetrahydroxyflavone 
(kaempferol) 

3,3' ,4', 5, 7-Tetrahydroxyflavone 
(quercetin) 

rKal pKa2 PEa3 PKa4 

t . - o .  i i - o .  

8,2-{-0,2 9,510, 

7,3±0,I 8,4~0, 

(1o,5) 02,5) 
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