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Ab&act-Scvcral 2a-hydroxybenzyl-2.4,btrimcthoxycoumaran which are substituted in the 
bcnzyl part have been found lo undergo transformation in the prcs~~ of BF,-ctherate into the corrc- 
spending 3-phcnyl4hydroxy-coumarins. Sina these cou maranonu are in turn readily obtainabk 
from a-mcthoxychalkonu, this constitutes a novel and urful synthesis of 3_phcoyl4hydroxy- 
coumarinr. Ic involves an acid cacalyscd rearrangement and suggcs~ an alternative route of biogcnub 
of these natural products from the corrcqonding chalkooe~. 

ALTHOUGH 3-phenyl4hydroxycoumarins have been discovered only during the 
last few years as nonrotenoids of Derris spp.; the derived compounds now called 
coumestanesl were known earlier. The eleven coumestanes recognized to date are: 
wedelolactonc (I), desmethyl wedelolactone, coumestrol, erosnio, psoraIidin,* 
trifoliol,’ medicagol *A 4’-methyl coumestrol,6 lucemol,a sativol and ‘I-hydroxy- 
11 ,12dimethoxycoumestane. ’ The seven nonrotenoids occurring in the roots of 
Dxandens and D.robusta have been identi6ed as 3-phenyl4hydroxycoumarins; 
they are scandenin, lonchocarpic acid,8-10 robustic acid,ll*l* methyl robustateU 
D.R.-5(U), D.R.-8 and D.R.-9.” Two more compounds viz. chandanin and nallanin 
isolated from the Indian sample of Derris scandem are also considered to belong to 
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this group.” 3-Phenyl4hydroxycoumarins are tautomeric with 2-hydroxyisoflavones. 
In fact, if a 5-OH is free, the latter tautomer predominatesl* 

A number of methods have been described in the literature for the synthesis of 
fphenyl4hydroxycoumarins. They can broadly be divided into two groups. 

(1) An aryl group is introduced in Chydroxycoumarin by the Meenvein reaction”+la 

Earlier, this method had been used for introducing a Zphenyl group in simple 
coumarir# and rlalkyl coumarins” and yields of IO-So% were reported. Though the 
reactivity in 3 position is greater in 4hydroxycoumarins, the application of this reac- 
tion has been only to the synthesis of alkyl and nitro substituted fphenyl4hydroxy- 
coumarins. 3Unsubstituted Chydroxycoumarins have successfully been converted 
into coumestanes by condensation with phenols like catechol under dehydrogenating 
conditions.ls~a 

(2) The coumarin ring is formed at the final stage.is For oxygenated compounds, 
those methods arc the best which start from 2-hydroxydesoxybenzoins. When all 
hydroxyls except the 2-hydroxyl group are protected by alkylation, ethyl carbonate 
in the presence of sodium is satisfactory for building up the r-pyrone ring.*’ But 
with polyhydroxydesoxybenzoin, reduxing with methyl chloroformate in the presence 
of potassium carbonate and acetone followed by alkaline hydrolysis is found to give 
better yields.= Thus a number of 3-phcnyl4hydroxycoumarins oxygenated in the 
various positions had been synthesized. 

During a recent study of the products obtained by the oxidation of 2’-hydroxy-a- 
methoxychalkones with alkaline hydrogen peroxide,ss*u an important reaction has 
been noted which affords 3-phenyl4hydroxycoumarins in very good yields. Thus 
when 2-(a-hydroxy4methoxybenzyl)2,4,6-trimcthoxycoumaran-3-one (IVa) obtained 
by oxidation of 2’-hydroxy-r-4,4’,6’-tetramethoxychalkone (Ma) with alkaline 
hydrogen peroxide,“*” was treated with BF,-etherate in benzene, the product was 
3-(4-methoxyphenyl)4-hydroxy-5,7dimethoxycoumarin (Va), identical in m.p., UV 
and IR bands with the sample obtained by the desoxybenzoin methodp 
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A parallel series of experiments were carried out with three more 2-a-hydroxy- 
benzyl-2-methoxycoumaran-Sones, viz. IVb, VI and VIII.g*M The first two gave the 
corresponding 3-pheayl4hydroxycoumarins Vb and VII respectively. But VIII which 
had no substituent in the side phenyl did not undergo any rearrangement; it gave only 
the demethylated product, 2-a-hydroxybenzyl-2-hydroxy4,6dimethoxycoumaran-3- 
one (IX). These results are similar to those observed in the rearrangement of 2’-benzyl- 
oxychalkone epoxides with the same reagent, o in which rearrangement does not occur 
when there are no substituents in the Ring B. Hence the following mechanism could 
be suggested for the formation of 3-phenyl4hydroxycoumarins. First the 2-methoxy- 
2-a-hydroxybenzyl coumaran+one (VIII) being a ketal, undergoes demethylation 
in the presence of Lewis acid to give a compound of type IX. This, being a benzylic 

v + MeomR, 
OMe 0 
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alcohol loses OH anion in favourable cases giving a carbonium ion X. Subsequently, 
rearrangement takes place to give XI followed by deprotonation to the isodavonol 
structure XII which is tautomeric with 3-phenyl4hydroxycoumarin (V). 

3-(3,4-Methylenedioxyphenyl)4-hydroxy-5,7dimethoxycoumarin (VII) has been 
methylattd to II which is the structure proposed for one of the natural substances 
called DR-5 isolated from D robusfu.” 

The above rearrangement thus affords a novel synthesis of 3-phenyl4hydroxy- 
coumarins starting from r-methoxychalkones. The advantage over the desoxybenzoin 
method is that the desired starting materials for the chalkone method are easily 
available; whereas phenyl acetonitriles or phenyl aoetyl chlorides rquircd for the 
desoxybenzoin method require lengthy preparation. The only limitation is that the 
ring B should be substituted by alkoxy groups as mentioned above. 

The new synthesis emphasizes the central role of chalkones in the biogenesis of 
other natural products besides davonoids and isoflavonoids.# They could also be 
the precursors of 3-phcnyl4hydroxycoumarins in Nature. One route (scheme I) for 
this evolution has been discussed.= The present work would suggest an alternative 
route starting from the common dihydroeavonol which is quivalent to a-hydroxy- 
chalkone and can give on oxidation (hydrogen peroxide model) 2-hydroxy-ta- 
hydroxybenzylcoumaran-3-one. This can be followed by the acid catalyscd isomeric 
change giving rise to 3-phenyl4hydroxycoumarins, as indicated in scheme II. Still 
another possibility exists for the formation of the intermediate(g) in the above scheme; 
2-a-hydroxybenzylcoumaran-3-one postulated as the intermediate for auroneP 
could also undergo hydroxylation in the 2 position (Scheme III). In this connection, 
the co-occurrence of the following pairs in plant sources may be significant: (a) 
chalkones, tlavonones and isofIavones,tg-a (b) chalkoncs and auroneP-” (c) chal- 
kones, aurones and isoflavones,= (d) isoflavones and 3-pheny14hydroxycoumarins,‘3 
(e) iso!Iavones and coumestanes.” 

EXPERIMENTAL 

3+Mc1hoxypluyf) 4hMoxy-5.7-dbuthoqmmarin (Va). Compound IVa,‘@ (1OOmg) was 
dissolved in dry benzene (200 ml) and treated with BF,cthaatc (@l ml). After shaking for 20 min. 
the resulting compk.x was decomposed by the addition of water. Tbe organic layer was washed 
scnral times with water. driul and the residue crystall&d from EtOH. The coumarin Va (40 mg) 
separated as colourkss nadks, m.p. 241-243’ alone or when mixed with the synthetic sampk.” 
L.. @&OH): 320mp (log ~4.15); Itin.=. 237-m- (loge 4.19); vtix (NujoI): S.82 with 
shoulders at 5.78 and 5.90~~ (C-lo). (Found: C, 659; H. 55. Cak. for C,,H,,O,: C, 65.8; H. 
4.9 %.) 

3-(3+Dinwthoxyphenyl) 4-h_pw?ox~5,74nethoxycoumar~ (Vb). Compound IVb,l’ (100 mg) 
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was reacted with BF,etherate (@l ml) in bcnrzw (200 ml). TJz resulting Vb (45 mg) crystalhred 
from EtOH ascolourkss longnccdks, mp. 201”. (Lit.1~20&202”), 1,. (MeOH): 320 rnp (log u 4.36); 
&,.. 23b240 rnp (log L 440). (Found: C, 63.3; H, 4.7. Cak. for CI,HI,O,: C, 63-7; H, 5.1x.) 

3-<3,eMerhylcnc~xypheny~ 4-hydroxy-S.7-dbnethoxycoumarin (VII). Compound VP (500 mg) 
was dissolved in benzene (1.1 1.) by warming and was treated with BF,cthcrate (0.6 ml). The product 
(3OOmg) crystalhzcd from glacial AcOH as clusters of cokurkss nccdks. m.p. 231-232” (lit0 
234-US”), &,,. (&OH): 317 rnp (log E 4.34); &,,.. 233-239 rnp (log a 4.17). (Found: C, 
63.5; H. 4.2. Cak. for C,,H,,O,: C, 63.2; H. 4.l.y’ 

3-(3,4_hferhyknedioxypknylJ 4,S,7-triwserhoxycoumarin @R-S. Ll). The abovt W (3QO mg) was 
suspended in a mixture of ether (300 ml) and McOH (100 ml) and cookd in ice-salt mixture. Excess 
of diazomcthanc in ether was added in 3 lots during 1 hr and stirred till the suspended compound 
dissolved. It was kft in the refrigerator for 20 hr. The solvent was removed and the product (250 mg) 
crystallized from MeOH as colourkss nadka, m.p. 179-180”. 1-x (MeOH): 327 rnp (log c 4.2). 
(Found C, 63.4; H, 4.6%. C,,H,,O, requires: C, 649; H, 4*5X.) 

2-Hydroxy-2-(a-hydroxy)bcruyl4.6-dlmrrho (lx). Compound VIII (300 mg) 
was dissolved in dry benzene (150 ml) and trcatcd with BF,-ctheratc (@3 ml). The product (150 mg) 
cry-stahired from bcnmnc as colourksP prisms, m.p. 206-207”. A,., (MeOH) 290 m/r (log 6 4.34). 
(Found C. 64.8; H. 5.6. C,,H,,O, requires: C. 64.5; H, 51x.) 

Note cl&fed In proof-A synthetic sample of DR-5 has been cornpa& with the natural sample and 
they are found to be identical by mixed m.p., and comparative IR spectra. Our thanks arc due to 
Prof. W. D. 0lli.s for thizr comparison. 


