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The isolation of a new coumestan, ClsHloOs, and its characterization by degradative 
and spectral studies are described. Synthesis confirmed the structure as 7,12-dihydroxy- 
1 1 -methoxycoumestan for which the common name 3’-methoxycoumestrsl is proposed. 

WELVE phenolic compounds have T been isolated from alfalfa (4) and 
their structures determined (7-3, 5% 6. 18, 
79: 24. 25) (Table I ) .  An additional com- 
pound, previously designated as Com- 
pound I11 (4).  \vas obtained in admixture 
\vith coumestrol from lvhich it could not 
be separated readily. This paper re- 
ports the procedures that \yere subse- 
quently employed for i t s  separation from 
coumestrol and for its characterization as 
the 3 ’-methoxy derivative of coumestrol 

Coumestrol and Compound I11 were 
initially separated in limited quantities 
by paper chromatography. Elemental 
analysis indicated that Compound I11 
\vas a monomethoxy compound. For- 
mation of a diacetyl and a dimethoxyl 
derivative demonstrated the presence of 
two hydroxyl groups. The U\’ spectrum 
of Compound I11 (3’-methoxycoumes- 
trol) was very similar to that of coumes- 
trol ( 7 )  (I,  R1 = R3 = OH. Rn = H),  
suggesting that these compounds were 
structurally related. The A,,, of 3’- 
methoxycoumestrol in alcohol (351 mp, 
Peak 111: Table 11) underwent a batho- 
chromic shift to 373 mp in the presence 
of sodium acetate, indicating the presence 
of a hydroxyl group in the 7-position 
(75). The A,,, did not shift in the pres- 
ence of boric acid-sodium acetate, sug- 
gesting that 3 ’-methoxycoumestrol did 
not contain an ortho-dihydroxyl grouping 

(I, R1 = R3 = OH, R? = OCH3). 

(74). 

Ia, coumestan nomenclature 

Ib ,  coumestrol nomenclature 

To establish the ring substitution pat- 
tern of Compound 111, it was desirable to 
degrade the compound to its benzofuran 
derivative. Since it was difficult to ob- 
tain sufficient material for this purpose 
by paper chromatography, the mixture of 
Compound I11 (3 ’-methoxycoumestrol) 

and coumestrol \\,as taken to the ortho- 
methoxycinnamic acid derivatives via 
methylative ring opening. folio\\ ed by 
hydrolysis. These derivatives were sepa- 
rated by countercurrent distribution 
(CCD) and the ortho-methoxycinnamic 
acid derivative (11. R = H) of 3’- 
methoxycoumestrol was decarboxylated 
to the benzofuran (111). 

only at  the 7-position. and the D ring at  
both the 11- and 12-positions. The 
functional group assignment was con- 
firmed by comparison of the methyl 
ether of 3’-methoxycoumestrolnith 7.11,- 
12-trimethoxycoumestan. \\ ith which it 
\\as identical (79). 

The location of the lone methoxyl 
group at either the 11- or 12-position 

The 60-Mc. proton magnetic resonance 
(PMR) spectra of the methyl ether and 
the benzofuran derivatives of 3’-meth- 
oxycoumestrol in tetrachloroethane and 
deuterochloroform, respectively, were 
used to establish the ring substitution 
pattern. The spectra of the benzofurans 
of the four related coumestans. coumes- 
trol (7),  trifoliol (78)> medicagol (79): 
and sativol (241, were used to assist in the 
proton assignments. 

Decarboxylation of 3 ’-methoxycou- 
mestrol methyl ether left the position of 
an apparent ortho-para doublet (.‘X‘’ 
portion of the ABX multiplet; splitting 
= 9 cps.) unchanged, at T = 2 18, while 
a broadened singlet a t  T = 2.61 \vas 
shifted upfield by 0.31 p.p.m. ,4s \vas 
shoivn previously (78). these bands can 
be assigned only to the 5- and 10-proton 
positions. Since decarboxylation has an 
appreciable effect a t  only the 10-position. 
the ortho-para doublet must be assigned to 
H-5 and the broadened singlet to H-10. 
Therefore, the A ring must be substituted 

could not be determined by PMR spec- 
troscopy. Hoivever. the location of the 
methoxyl group at the 11-position was 
suggested by LX7 spectroscopy. The 
shifts of Peaks I. 11. 111 (Table 11) of 
Compound 111 \yere similar to the com- 
parable shifts of coumestrol and 7.11,12- 
trihydroxycoumestan, both of which have 
a hydroxyl group at  the 12-position. 
HoLvever. Peak I of 4’-methoxycoumes- 
trol split into t\vo peaks upon treatment 
ivith alkali. This suggested that the 
methoxyl group of Compound 111 is not 
located at  the 12-position but is probably 
at the 11-position. 

Definite assignment of the methoxyl 
group to the 11-position and confirma- 
tion of the structure of S’-methoxy- 
coumestrol were accomplished by un- 
equivocal synthesis of the compound from 
2:4 - dihydroxy - 5 - methoxybenzalde- 
hyde and a-2.4-dibenzyloxyacetophenone 
by means of Jurd‘s procedure (76) for 
synthesis of coumestans. The natural 
and synthetic compounds were identical. 

Table 1. Phenolic Compounds in Alfalfa 
Compound 

Common Name Trivial Name No. Ref. 

Coumestrol 7,12-Dihydroxycoumestan ( 7 ,  4 
Salicylic acid 2-Hydroxybenzoic acid ( 4 )  
Tricin 5,7,4 ‘-Trihydroxy-3 ‘ , 5  ’-dimethoxyflavone (2, J )  
Trifoliol 7,10-Dihydroxy-I 2-methoxycoumestan ( 78) 
Medicagol 7-Hydroxy-1 1 ,I 2-methylenedioxycoumestan I ( 19) 
4’-Methoxycoumestrol 7-Hydroxy-12-methoxycoumestan I1 (5) 
3 ’-Methoxycoumestrol 7,12-Dihydroxy-l1 -methoxycoumestan 111 

7,4‘-Dihydroxyflavone IV (3) 

Lucernol 6,7,12-Trihydroxycoumest an VI (24 )  
Sativol 8,12-Dihydroxy-7-methoxycoumestan VI1 (24)  

3 ’,4 ’,7-Trihydroxyflavone V ( 6 )  

11 , I  2-Dimethoxy-7-hydroxycoumestan VI11 (25) 
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Table II. Ultraviolet Spectra of Coumestans 
A,,,, mp 

Compound Peak EtOH 0. I N  N o O H  

Coumestrol I 244 282 
I1 304 312 
I11 344 381 

I1 302 312 
I11 342 380 

7,11,12-Trihydroxycournestan I 248 258 
I1 308 322 
I11 353 388 

3 '-Methoxycoumestrol I 248 267 
I1  308 315 
I11 351 382 

242 242, 270 4 '-Methoxvcoumestrol I 

OB OH 

Experimental 

Isolation. A solution of the mixture 
of coumestrol and Compound I11 in 
tetrahydrofuran was applied to 'I\'hatman 
3 M M  paper (18 x 2: ! ' / 2  cm.) as a thin 
band at a maximum level of 4 mg. of 
Compound I11 per sheet. The papers 
were developed in a solvent system con- 
sisting of isopropyl alcohol and concen- 
trated ammonium hydroxide (2 : 1) by 
downflow development until the leading 
edge of the Compound I11 zone had come 
within 1 inch of the bs3ttom of the paper 
(36 to 40 hours). The Compound I11 
zone was recovered from the paper by 
repeated extractions Ivith boiling meth- 
anol. The entire process was repeated 
twice to complete the separation of the 
t\vo compounds. The crude Compound 
I11 \vas acetylated to give ivhite needles 
(260 mg.), m.p. 282-283' C. 

Analysis. Calculated for C20H140s: 

22.5. Found: C?  62.8; H, 3.86; 

Deacetylation. An ice-cold solution 
of the acetate (225 mg.) (I ,  RI = R3 = 

OOCCH3. Rr = OCH3) in 25 ml. of 
0.5% methanolic potassium hydroxide 
was stirred at  zero degrees for 30 minutes. 
The ice bath was removed, and the 
stirring \\as continued until complete 
solution had occurred (1 ' ?  hours). The 
yellow reaction mixture \cas poured into 
ice water. acidified. and filtered. The 
gelatinous solid !vas recrystallized from 
acetone to give a stra~v-colored solid (135 
mg.). m.p. 320.0-329.5' C. dec. 

Analysis. Calculated for CI6Hl0O6: 
C, 64.4; H, 3.38; OC:H3, 10.4. Found: 

DIMETHYL ETHER (I: RI = Rz = R3 = 

OCH3). 3 '-Methoxycoumestrol (GOmg.), 
potassium carbonate (500 mg.), dimethyl 
sulfate (0.36 ml.) j  and dry acetone (100 
ml.) (dried over anhydrous potassium 
carbonate) ivere refluxed for 2 hours. 
The reaction mixture 'was cooled: filtered, 

C: 62.8; H ?  3.67; OCH3> 8.1 1 ; CHSCO, 

OCH3,7.99; CH3CO.22.2. 

C, 64.2; H? 3.51; O(:H3, 10.9. 

P 

1 
3'- Methoxycoumestrol 

lb.R,R,=OH,R,=OCH, 

and taken to dryness in vacuo. Recrys- 
tallization from methanol gave white 
needles (60 mg.), m.p. 205-207' C. 

Analysis. Calculated for Cl8H1~O6: 
C, 66.3; H, 4.29; OCH3, 28.8. Found: 
C, 65.9; H? 4.35; OCH3, 28.2. 

Degradations. The folloiving reac- 
tions were carried out under nitrogen, 
and their progress was follon.ed by thin 
layer chromatography (TLC) on Silica 
Gel G employing ether and Skellysolve 
B (7 : 3) as developer. 

Tetramethyl Ether-Methyl Esters. 
The mixture of Compound 111 and 
coumestrol (10.8 grams). anhydrous 
potassium carbonate (1 1 .O grams), di- 
methyl sulfate (48 ml.), and dry acetone 
(2400 ml.) was refluxed for 3 hours. 
The mixture \vas maintained basic 
during the course of the reaction by the 
addition of 1Oyo potassium hydroxide 
in methanol. The solution \cas filtered, 
concentrated to an oil, and crystallized 
from aqueous methanol to give 13.1 
grams of a white solid. 

o-Methoxycinnamic Acid. A solution 
of the above mixed esters (12.0 grams) 
in 107, methanolic potassium hydroxide 
(1200 ml.) was refluxed with stirring 
for 3l/2 hours. The reaction mixture 
was diluted with ice \vater (2000 ml.) and 
acidified to give 11.5 grams of a Lvhite 
solid. A total of 36 grams of the mixed 
o-methoxycinnamic acids was prepared 
in this manner. 

The mixed acids (36.0 grams) were 
recrystallized several times from ether 
to yield a mother liquor enriched in the 
acid of Compound I11 (14.0 grams). 
The mother liquor was taken to dryness, 
and the two acids Ivere separated by 
CCD in a robot-operated 100-tube in- 
strument (200-ml. capacity), employ- 
ing ether-methanol-Skellysolve %water 

(5 : 10 : 5 : 15) as the developing solvent. 
After 800 transfers, the contents of tubes 
20 to 70 in the instrument were concen- 
trated to dryness, and the solids were re- 
crystallized from methanol to give 1.9 
grams of the acid of Compound 111, 
(11, R = H) m.p. 208-208.5' C. 

Analysis. Calculated for C19H& : 
C, 63.7; H, 5.18; OCHa> 34.3. Found: 
C: 63.7; H: 5.05; OCH3, 34.3. 

2 - (2',4' - DIMETHOXYPHESYL) - 5,6- 
DIMETHOXYBENZOFURAS (111). A mix- 
ture of this acid (1 .O gram) and powdered 
glass (1.0 gram) \vas heated at 230' C. 
for 1 hour, cooled, and extracted with 
ether. The ether solution was concen- 
trated to dryness. and the solids were re- 
crystallized from ether to give 625 mg. of 
colorless platelets, m.p. 157' C. 

Analysis. Calculated for C18HljOj: 
C? 68.8; H, 5.74; OCH3, 39.5. Found: 

3.6 - DIMETHOXY - 7 - HYDROXY - 2',4'- 
DIBENZYLOXYFLAVYLIUM CHLORIDE (IV) . 
.4 solution of 2.4-dihydroxy-5-methoxy- 
benzaldehyde (4.9 grams) (23) and w-  
methoxy - 2.4 - dibenzyloxyacetophenone 
(12.75 grams) in ethyl acetate (50 ml.), 
and ether (150 ml.) \vas cooled in an ice 
bath and treated Tvith HC1 gas for 30 
minutes. The flavylium salt rapidly sep- 
arated as red needles, After standing for 
72 hours a t  0' C.: the red crystals were 
collected, washed irith ether, and air- 
dried (15.25 grams). m.p. 188-189.5' C. 
dec. 

3.6 - DIMETHOXY - 7 - HYDROXY - 2',4'- 
DIHYDROXYFLAVYLIUM CHLORIDE (V). .4 
mixture of the flavylium salt (15.0 
grams), acetic acid (60 ml.)? and con- 
centrated hydrochloric acid (60 ml.) xias 
heated on a steam bath for 1 hour. The 
thick red paste was diluted with 1070 
aqueous hydrochloric acid (840 ml.) and 
layered lvith a 1 to 1 mixture of Skelly- 
solve B and benzene (420 ml.). After 
being cooled overnight at O'? the red 
solids \\-ere collected and washed with 
ethanol and 10% hydrochloric acid (1 : 1) 
giving 8.33 grams of a red solid which 
had no definite melting point. 

SYNTHETIC 3 '-METHOXYCOUMESTROL 
ACETATE. The above salt (7.84 grams) 
was suspended in methanol (120 ml.) and 
cGater (60 ml.)! \\.armed on a steam bath, 
and oxidized \vith H202 (3070) (30 ml.). 
After 15 minutes, concentrated sulfuric 
acid (30 ml.) \vas added: and the heating 
was continued for an additional 15 
minutes. The reaction mixture \vas di- 
luted \vith an equal volume of water and 
cooled to give 0.98 gram of a dark gummy 
solid. This crude product was purified 
in the same manner as described for the 
natural compound. The crude synthetic 
Compound I11 \cas then acetylated to 
give 65 mg. of a white solid, m.p. 281- 
282' C. No depression of mixed melting 
point was obtained \vith the natural prod- 
uct. The infrared and PMR spectra of 
the natural and synthetic compounds 
were identical. 

C, 69.0; H? 5.77; OCH3. 39.8. 
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Coumestrol 4'- Methoxycoumestrol Psoralidin 

OH 

HOQ / \ O H  H O W  \ , 1 \ OCH, CH30Q \ /  HO \ ' OH - - - 
0 

Sativol O 
Trifoliol Lucernol 

3'-Methoxycournestrol 11. 12-Dimethoxy - 
7 -  hydroxycoumestan 

Wedelolactone now / \  H, 

- \ /  

Medicagol Erosnin 

Figure 1 .  Naturally occurring coumestans 

Results and Discussion 
The compound, 3 '-methoxycoumes- 

trol. is the eighth coumestan isolated thus 
far from alfalfa. There is paper chroma- 
tographic evidence for the presence of 
additional members of the series (4).  In  
addition. three other coumestans have 
been isolated from other plant sources 
(70, 72, 77). The structures of all these 
naturally occurring coumestans are pre- 
sented in Figure 1. Coumestrol has the 
simplest structure of the series and, there- 
fore, the others might be considered as 
further elaboration of the coumestrol 
molecule. Although the biosynthetic 
pathway of coumestrol has been worked 
out by Grisebach (73), no similar studies 
have thus far been carried out for any of 
the other coumestans. 

The coumestrol content of alfalfa may 
rapidly increase more than 180-fold as a 
result of pathogenic attack of the plant 
(20). More recently. it has been found 
(27) that selection for increased disease 
resistance significantly lowered coumes- 
trol content. The level of the accom- 
panying coumestans is also related to the 
degree of infection ( 7 ) .  

According to Farkas and Kir6ly (77), 
various fungal, bacterial, and viral infec- 
tions are known to result in the formation 
of aromatic compounds including cou- 

marin derivatives The authors' results 
\t ith the coumestans \\ ould seem to con- 
firm another example of induced synthe- 
sis of aromatic compounds in plants. 
Compounds biosynthesized in response to 
pathogenic attack of the plant and having 
the ability to act as plant protective 
agents are known as phytoalexins ( 9 ) .  
A number of knou n phytoalexins. includ- 
ing pisatin (22) and trifolirhizin (8), have 
structures closely related to the coumes- 
tans. 
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