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At the p resen t  [1], 
contain methoxyl groups. 
been detected. 

12 coumestan phytoestrogens have been isolated from lucerne and clover, and of these six 
It is an in te res t ing  fact that among the natural  coumestans  no C-methyl derivat ives have yet 

Continuing our work on the chemis t ry  of the coumestans  [2-4],  we synthesized new representa t ives  of this group: 
methyl-  and methoxycoumestans.  

In the syntheses we made successful  use of the chemical ly in teres t ing  Wanzlik react ion [5]. Its mechanism 
consis ts  in the react ion of an o-quinone, obtained by dehydrogenation in situ, with a nucleophilic pa r tne r  (coumarin). 
The coumestan sys tem (I-VI) a r i ses  as a resu l t  of C--C coupling and the subsequent  formation of a C--O bond. 
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I. Rt= CHa;R2=R4=H; R3=OH 
If, RI= OCH3; R~=R4=H; R~=OH 
1II. R,= CHa; R2=R,,=H" R~=OCH~ 

V Rs=Pz=Ra=H, R~=CH 
VI ~,= Rd=H; R~--R3=CH ~ 

7, 11, 12-Tr imethoxy-5-methylcoumes tan  (VII) was obtained by the methylation of I with dimethyl sulfate. The 
methylenat ion of compound III gave 7 -methoxy-5-methy l -  11,12-methylenedioxycoume stan (VIII). 

Compounds I - V I  were synthesized from the 4-hydroxycoumarin  der ivat ives  given in Table 1. 

Table 1 

Coumarin R~ R~ R~ i R~ 
I 

IX 
X 

Xl 
XII 

XIIl 
XIV 

CHa 
OCHo H o°H " . o HHa CHa H 

CH3 
CHa CHa H 

Compound IX was obtained by condensing orcin, and X by condensing 1, 3-dihydroxy-5-methoxybenzene,  with 
malonic acid in the presence  of phosphorous oxyehloride and zinc chloride; XI was obtained by the par t ia l  methylation 
of compound IX with dimethyl sulfate; and XII, XIII, and XIV were obtained by published methods [6, 7]. 

All the alkoxy- and alkylcoumestans,  except VII and VIII, were identified in the acetate form. 

*For par t  IV, see [4]. 
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We followed the change in f requency of the vibra t ions  of the carbonyl group Of 5-1actones in eight coumarins  and 
two coumestans ,  VII and VIII, by means of their  IR spect ra .  The las t  two compounds can be considered as de r iva t ives  
of benzofurocoumarin:  VII is 5', 6 T, 7 - t r imethoxy-5-methy lbenzofuro(3 ' ,  2 ' -3 ,  4)coumarin and VIII is 7 -me thoxy-5 -  
methyI -5 ' ,  6 ' -methylenedioxybenzofuro(3 ' ,  2 ' -3 ,  4)coumarin.  The frequency of the vibra t ions  of these compounds in the 
1600-1750-  and 3 0 0 0 - 3 6 0 0 - c m  - t  regions  a r e  given below (the IR spec t ra  were  r ecorded  on a UR-10 ins t rument  with 
the substances in the fo rm of mulls  in paraff in  oil). 

Substance 
4,7-Dihydroxycoumarin 
4,7-Dihydroxy-5 -met hylcoumarin 
4,7-Dihydroxy-S-methoxycoumarin 
4-Hydroxy-7-met hoxycoumarin 
4-Hydro×y-8-methylcoumarin 
4-Hydroxy-6-met hylco u marin 
4-Hydroxy-7-methoxy-5- 

met hylcoumarin 
4,5,7-Trimethoxyeoumarin 
7,1 l ,  12-Trimethoxy-$- 

met hylcoumestan 
7-met hoxy-5-methyl-I 1,12-methyl- 

enedroxycoumestan 

v cm "| 

1635, 1665--1670 
1620, 1665-1670, 3100--3300 
1635, 1640, 1695, 3300 
1615, I640, 1705, 3350 
1610, 1660, 1690, 1705, 3450 
1610, 1635, 1690--1695 

1615, 1650, 1700, 1705, 3150 
I615, 1720 

I630, 1740 

1610, 1735 

The introduction of a subst i tuent  into the benzene r ing  of a 4-hydroxycoumar in  der iva t ive  leads to a smal l  
dec rease  in the f requency of the vibra t ions  of the carbonyl group compared with 4 -hydroxycoumar in  The introduction 
of a hydroxyl group, even into posi t ion 7 of coumarin,  sharply  changes the spec t rum in the 1600-1750-cm -1 region.  
It is obvious that in the hydroxylated coumar ins  the poss ible  format ion  of s t rong in t e rmolecu la r  hydrogen bonds, 
which tend to dec rea se  the f requency of the vibra t ions  of the D O  group, appears .  

In all the hydroxyeoumarins ,  the hydroxyl group appears  in the fo rm of low-intensi ty  peaks or in the form of a 
broad band in the 3100-3300-cm -1 region.  

EX PE RIM E NTA L 

1, 3-Dihydroxy-5-methoxybenzene .  The substance was obtained by a published method [8]. It was purif ied on a 
column of s i l i ca  gel, being eluted with a benzene- -e the r  mixture  (8 : 2), a f ter  which it  was dis t i l led at 145-146 ° C (1-  
1.5 ram). 

4, 7 -Dthydroxy-5-methy leoumar in  (IX). In drops,  7 ml of phosphorus oxychloride was added at 30-40  ° C to a 
mix ture  of 4.2 g of orcin,  3.5 g of malonic  acid, and 10.5 g of zinc chloride.  The yellow heterogeneous mass  was 
s t i r r e d  v igorously  at 55-60 ° C for  10 hr. After  this t ime,  the mass  had darkened and become viscous.  It was cooled 
and t rea ted  wittl water  containing ice.  The resul t ing  prec ip i ta te  of impure  coumar in  IX was f i l t e red  off and dissolved 
in 100-150 ml of 10% sodium carbonate  solution. Pa r t  of the insoluble res idue was separa ted  off, and the mother  
l iquor  was acidif ied with dil HC1 (1 : 3). Yield 2 g, mp 255 ° C (from aqueous ethanol). Substance IX was identif ied in 
the fo rm of the diacetate .  

4, 7 -Diace toxy-5 -me thy lcoumar in .  A 0.3-g quantity of IX was d issolved in 10 ml  of 20% caust ic  soda solution in 
the cold, and 5 ml of acet ic  anhydride was added with s t i r r ing .  After  10-15 rain, the c l ea r  solution deposited a 
prec ip i ta te .  The reac t ion  mixture  was s t i r r ed  at 0 -6  ° C for  2 hr  and then the prec ip i ta te  was f i l t e red  off and was 
washed with 4% alkali  solution. Mp 218-220 ° C (from ethanol). Found, %: C 60.53, 60.62; H 4.58, 4.50. Calculated 
for  C14HlzO~, %: C 60.87; H 4.37. 

4, 7 -Dihydroxy-5-methoxycoumar in  (X). At 30 ° C, 9.8 ml of phosphorus oxychloride was added dropwise to 6 g 
of 1, 3 -d ihydroxy-5-methoxybenzene ,  4.5 g of malonic  acid, and 15 g of zinc chloride.  Then the react ion mixture  was 
heated to 55 ° C and was kept at this t empera tu re  for 15 hr. It was then t reated with water  and ice, giving a r e s in  
which, af ter  being washed s eve ra l  t imes  with water ,  was dissolved in 10~ sodium carbonate solution, and the solution 
was f i l t e red  and acidified.  On long standing, with the r emova l  of the f i r s t  port ions of r e s in  which separated,  the acid 
solution yielded 1 g of 4, 7 -d ihydroxy-5-methoxycoumar in  with mp 266-267 ° C (from aqueous acetone). Found, %: 
C 57.37, 57.51; H 3.89, 3.91. Calculated for  C10H805, %: C 57.69; H 3.87. 

4 -Hydroxy-6 -me thy lcoumar in  [6], 4 -hydroxy-8-methy lcoumar in ,  and 4-hydroxy-6,  7 -d imethylcoumar in  [7] were  
obtained, r e spec t ive ly ,  f rom d i -p - to ly l  malonate,  d i -o - to ly l  malonate,  and bis-(3,  4-dimethylphenyl)  malonate with 
aluminum chloride.  
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4-Hydroxy-7-methoxy-5-methy lcoumar in  (XI). Wtih cooling to 0 -5  ° C, 1 g of 4, 7-d ihydroxy-5-methylcoumar in  
was dissolved in 20 ml of 10% caustic potash solution, and 2 ml of dimethyl sulfate was added dropwise. The react ion 
mixture  was s t i r r ed  for 3 hr, after which it  was f i l tered from the dimethoxy derivat ive that had formed and the mother 
l iquor was acidifed. This gave 0.5 g of substance with mp 270-271 ° C (from aqueous ethanol). Found, %: C 64.10, 
64.27; H 5.07, 5.10. Calculated for CnH1004, %: C 64.07; H 4.89. 

The coumestans I -VI .  Compounds I -VI  were synthesized under identical conditions. We give one example. A 
mixture  of 0.5 g of the appropriate  4-hydroxycoumarin  derivative,  0.3 g of catechol, and 1.6 g of sodium acetate in 
20 mI of aqueous acetone (1 : 1) was added dropwise to a solution of 0.4 g of KIO3 and 0.8 g of sodium acetate in 20 ml 
of water. The solution became dark green. A precipi ta te  appeared after  a period of 15 min to 2 hr (for different 
eoumestans).  Table 2 gives the coumestan acetates obtained, their mel t ing points, and their analyses .  

Coumestans 

7,11,12-Triacetoxy-5-met hyl- 

7,11,12-Triacet oxy-5-met hoxy- 

11,12-Diacetoxy-7-methoxy-5-methyl- 

11,12-Diacetoxy-6-met hyl- 

11,1 2-Diacet oxy-8-met hyl- 

11,1 2-Diacetoxy-6,7-dimethyl- 

Table 2 

Formula ] Mp, ~C 

C2~H~6Os [256-258 

C~2H,6Ow t264- 266 

Co~H~O8 ]248-250 

C2oH1~O 7 237--238 

C2oH1.~O7 241--243 

C,~HI60~ 260--262 

Found, % Calculated, % 

H C [ H C 

3,80 

3.66 

4.07 

3,85 

3,85 

4,24 

62,611 4,01 
62,45] 3,96 
60,07[ 3,93 
59,82 3,75 
63,77 4,21 
63,52 l 4,10 
65,30l 3,65 
65,39 3,79 
65,33[ 3,75 
65,421 3,89 
66,68 4,50 
66,52 4,28 

62,26 

59,98 / 

63,6[ I 

65.55 

65,55] 

66,30 

7, 11, 12-Tr imethoxy-5-methy lcoumes tan  (VII). A solution of 1 g of 7, 11, 12- t r ihydroxy-5-methylcoumestan  
in 500 ml of dry acetone was t reated with 3 g of calcined potassium carbonate and, dropwise, with 20 ml of dimethyl 
sulfate. The reac t ion  mixture  was boiled under  reflux for 12 hr and f i l tered,  the acetone was dist i l led off, and the 
residue was diluted with water.  On cooling, a precipi tate deposfted. It was purified on a column of s i l ica  gel, the 
substance VII being eluted with benzene, mp 222-224 ° C (from dioxane). Found, %: C 67.26, 67.37; H 4.85, 4.69. 
Calculated for ClsHt606, %: C 67.05, H 4.73. 

7 -Me thoxy-5 -Methy l - l l ,  12-Methylenedioxycoumestan (VIII). A mixture  of 1.5 g of III, 3 g of methylene iodide, 
and 9 g of f reshly calcined potass ium carbonate in 900 ml of dry acetone was boiled under  reflux for 25 hr. After 
f i l t ra t ion from the potass ium carbonate and dist i l lat ion of the solvent, the res idue was purified on a column of s i l ica  
gel, being eluted with benzene, mp 265-267 ° C. IR spectrum, cm-l :  940, 1030 (--O--CH2--O--),  and 1735. Found, %: 
C 66.56, 66.43; H 3.70, 3.83. Calculated for CtsH1206, %: C 66.66; H 3.60. 

C O N C L U S I O N S  

1. Eight new represen ta t ives  of methyl-  and methoxycoumestans were obtained. 

2. For  the synthesis  of the coumestans,  the following previously undescr ibed coumarins  have been synthesized: 
4, 7-d ihydroxy-5-methyl - ,  4, 7-dihydroxy-5-methoxy- ,  and 4-hydroxy-7-methoxy-5-methylcoumar ins .  
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