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Abstract - Reaction of phenacylchroman _& with ethoxyaiyi 
chloride in pyridine followed by hydrolysis of the result- 
ing esters 2 and 3 and decarboxylation of the acids 3 and 
2, gave dfhydro-4T-O-methyl alpinum fsoflavone & and 4’-C- 
methylderrone 1 respectively. Similarly S gave J& which was 
selectively demthylated to 1. DDQ: dehydrogenation of 9, 7 
and 11 gave g, 15 and u* Demethylation of 6 and z*folli;wed 
by dxydrogenation gave alpinum isofavone J& and derrone 19. 

Alpinum isoflavone &B, a linear pyranoisoflavone was isolated from Laburnum -- 
alpinum’, Calowouonium mucunoides *, Ervthrina variesata3 and hiillettia 

thonniw4. Its angular isomer derri$ s and dimethyl ether &$ occur in 

uerris robusta which also contains g _ . -- In addition to &3, Caloooaonium 

mucunoides * contains 14 and E. The present paper deals with the synthesis 
of these isoflavones, Further this is the first reported synthesis of alpinum 

isoflavone and derrone by a common procedure. 

Seshadri et ai synthesised 4 s-O-me thy1 alpinum fsoflavone by prenylation 

of 5,7-dihydroxy-4’-methoxy isoflavone followed by acid-cataiysed cyclisation. 

Gcheinmann and coworkers1 obtained 4’-O-methyl derrone by reacting the same 

isoflavone with 3-methyl-but-*-enal. Ollis et al 10 used ethoxalyl chloride 

in pyridine for reaction with desoxy benzofns in the synthesis of some simple 

fsoflavones. The reaction involves C-ethoxalylation of the reactive methylene 

group of the desoxybenzoin followed by cyclisation and concomittant dehydration 

to give the carbethoxyisoflavone. This is hydrolysed to the acid which on 

decarboxylation gives the isoflavone. The yields are quite high for the first 

two steps and satisfactory for decarboxylation. The reagent has the further 

advantage that it can be used with both mono- and poly-hydroxy derivatives. 

,,fpinum isoflavone and derrone have each a chelated hydroxyl and the appropriately 

substituted phenacylchroman (dihydropyranodesoxybenzoin) & could possibly yield 

both the isomeric carbethoxydihydropyrano isoflavones on reaction with ethoxalyl 

chforide in pyrfdine. Hydrolysis, decarboxylation and dehydrogenation would 

then result in the formation of alpinum fsoflavone 2 and derrone 19 respectively. 

.,ith this in view the present work was undertaken. Further the reaction of 

phenacyl chromans with ethoxalyl chloride has not been studied so far. 
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IR=R’=H 
9 R=Et,R’=cH3 

14 R= H , R’=CH3 

ER=H, R’=cH3 

1_6R= R’=CH3 
1_BR=R’=H 

RESULTS AND DISCUSSION 

Phenacyl chroman & 11 has two hydroxyl groups ortho to the phenacyl moiety and 

hence on reaction with ethoxalyl chloride in pyridine can be expected to give 

a mixture of two isomeric products 2 and 3. TLC of the crude product showed 

the presence of two components and these were separated on a silica gel column. 

Their IR spectra showed absorption for the ester group at 1745 cm”. The methylene 

and methyl protons appeared as a quartet at 54.18 and a triplet at 61.06-1.08 

in their PhiR spectra. Hydrolysis of the esters gave the acids 2 and 2 which on 

thermal decarboxylation yielded a and z respectively. 

The identity of products 6 and 1 was established as follows. 

chroman $‘l 

Phenacyl- 

on similar reaction with ethoxyalyl chloride in pyridine gave the 

ester which after hydrolysis and decarboxylation to ll, followed by selective 

demethylation gave a pro&ct identical with 2. The other isomer from 1 was 

therefore assigned the linear structure a. It then follows that the ester and 

acid corresponding to 2 have the structures 2 and 2 and those corresponding to 

1 are 2 and 2. A characteristic difference in the chemical shifts of the 

5-hydroxyl proton could be discerned in the PLlH spectra of the linear and angular 

isoflavones and their carbethoxy derivatives. Thus the proton showed signals 

at 613.22 and 12.62 in & and z while in 2 and 2 the signal appeared at ~12.86 

and 12.26, there being a difference of 0.60 ppm between the two protons in each 

case. This characteristic difference can plausibly serve to distinguish the 

linear compound from its angular isomer. 
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Dihydropyranoisoflavones a, 1, u, g and s were dehydrogenated to the 

pyranoderivative fi, l& u, fi and fi with DD9 in benzene. Methylation of B 

with dimethyl sulphate yielded &. 

EXPEFUMENTAL 

All melting points are uncorrected. IR spectra were recorded on a Perkin-Elmer 
237 spectrometer and PMR spectra in CDC13 on a Varian XL-100 spectrometer 
(100 MHz) using TM as internal standard. 

Reaction of phenacylchroman & with ethoxalyl chloride and pyridine. 

Formation of 2-carbethoxy isoflavones 2 and 3. To a cooled solution of 1 
(2.5 g) in dry pyridine (25 ml), freshly aistilred ethoxalyl chloride (4.5 El) 
was added with stirring and the mixture was kept at O" for 2 days. It was then 
poured into cold water, extracted with chloroform and the organic layer washed 
with dilute HCl, water and dried (higSO4). Removal of solvent gave a residue 
which showed two spots on TLC. The residue was chromatographed over silica gel 
and eluted with hexane-chlorfonn (1) 9O:lO and (ii) 80:20 to give fractions A 
and B. 

2-Carbethoxy-5-h droxy-3-(4~-methoxy)phenyl-8,8-dimethyl-6,7-dihydro4H,BH- 
benzo[1,2b:5,4b1 1 dipyran-4-one (a) 

2-Carbethoxy-5-h dn,xy-3(41-methoxy)phenyl-8,8-dimethyl-9,10-dihydro4H,8H- 
benro[1,2b:5,6b1 1 dipyran4-one (a) 

Removal of solvent from fraction B gave a solid which crystalllsed from the 
same solvent to give 3 970 mg), m.p. 192-93O IR t 3210, 1740 1660 and 
1615 cm-l; PMR : 
2H lo-CH J=7Hz) 

sl.0: t 3H -CO2CH CH Jr7Hrj 1.40(s 6H (CH3j CX ) 1.88(t, t 

-cc, CH Cfi' J=7Hzj 
2.86 t 2;1 9kH 

2H E ;-zH %d C 
6.32 S’lH’C@i t 7’ 

J=?H$ 3.86(;,3H,C &Ck ) 4?2O(q;W, 
6.98(d,2H,C3,-H an d a’ C I- ,J=BHz), 7.24(d, 

,-ri J-BHzj, i2.26(i,1H,C5-OH). (Found : $,68.2; H,5.8. 
C2;HE407 repliges c, 67.9; H,5.7%). 

Hydrolysis of carbethoxy isoflavones 2 and 2. 

Formation of isoflavone P-carbox lit acids 4 and 5 . 
(700 mg) was dissolved in acetone ( !! 

The ester 2 or 4 
0 ml) and rzfluxea with aqueous soaium 

carbonate solution (?A, 15 ml) for 4 h. Evaporation of solvent and acidifica- 
tion with HCl (1:l) afforded 2 or 2. 

methanol (595 t.g) q .p. 233-35O. 
benro[1,2b:5,4-b’jdipyran-4-one-2-cz&;;yli; a$do(2). It crystallised from 

C, 66.7 ; H, 5.1& 
:, . ; H, 5.3. C22H2007 requires 

5-Hydroxy-3-(4~-methoxy)phenyl-8,8-dimethyl-9,l0-dihydro4H,8H-benzo- 
[1,2b:5,6bU]dipyran4-one-2-carboxylic acid (2). The product crystallised 
from methanol (610 mg), m.p. 248-50°. (Found : C, 67.1; H, 5.3. C22H2007 
requires : C, 66.7; H, 5.1%). 

Decarboxylation of isoflavone carboxylic acids 2 and 2. 

Formation of dihydropyranoisoflavones 6 and 7. The acid 4 or 5 (500 mg) 
was heated to a temperature of about loo above Tts melting pzint iintil the 
evolution of carbondioxide ceased. The crude melt was washed with dilute 
sodium bicarbonate solution, filtered and washed with water to give 6 or 1. 

5-Hydroxy-3-(4’-methoxy)phen 1-8,8-dimethyl-6,7-dihydro4H,8H-benxo- 
~&~;~,4b’ ]dipyran4-one (63. It crystaflised from benzene (320 mg), m.p. 

IR I 1665, 1610 1980, 15x) cm- ; PMR I S1.38(5,3H,(CH ) -C<) 
1.84(t,&I,7-C 

5 

Jo7Hz),‘2.76( t 2H 6-W Ja7Hr) 3.86(s 3H C ,&12) 6 3&( s 
-H) 6.94 

~%~~,lH'C -H 
2,2H C ,-H and C' ,-&J-8& 
13:2&s,lH C 4H). 

7.4$(d 2H C’,-il hd C 3-k,&8H~j, 

quires : t,271.:~ H, 5.7$).' 5 
(Foun: : C, 7i.5fd, 5.8. C2$&O05 re- 

5-Hvdroxv-3-(4*-methoxv~~henvl-8.8-dlmethvl-9.10-dihvdro4H.8H-bento- 
$$2b;z, bbl] dipyran4bn'e (7). It crystailisid from-benzene (340 mg) m.p. 

IR: 1660 1615, 1575, 1520 cm-l; PMt161.38 8 6H (CH3) -CC j 
1.86(t &I 9-CH J=tlHr), 2.8O(t W,lO-CH J-7Hz) 3.86 s’3H’C -O& ) 6’3O(s t 
1H C -I$ ‘7.OO?d 2H C -H and i; ,-H J&iii) 7.&(d 2H C' -k %d C 3-l!l jr8Hxj, 
7.44fs,lk C -H) '12:6$ts lH,C5dH).'(Found'r C,'ll.&i i!i,*1.4. C21Hg05're- 
quires C, '73.6 ; H, 5.7& 



3018 K. S. R. MOlUN RAO et al 

Ethoxalylation of phenacylchroman 8 

After keeping at O” for 2 days, it was poured 

Hydrolysis of carbethoxyisoflavone p 

Formation of 3-(4~-methoxy)phenyl-5-methoxy-8,8-dimethyl-9,10-dihydro- 
4H,8H-benzo[1,2b:5,6b1]dlp ran4-one-2-carboxyllc acid (10). The ester 9 
(800 mg) in acetone (40 ml r was refluxed with aqueous saium carbonate solu- 
tion (PA, 20 ml) for 4 h an: worked up. The product crystallised from methanol 

222-230. (Found : C, 67.7 ; H, 5.5. C23H2207 requires C, 67.4;. 

Decarboxylation of isoflavone carboxylic acid lo. 

Synthesis of 
4H,8H-benzo[1,2b:5,6b0 
above its melting poin till evolution of carbon noxide ceased and the re- 
sidua:gp~$~tI~; ;;j”,ez,“-n pk to Oioe u which crystallised from benzene (325mg), 

Z&z, 
: sl&(s,6H,(CH ) C<), 1.88(t,2H,9-CH 

2.80(t 2H lo-CH JI+Hz) 3.86(s 3H C ,-OCfi 7 3.94(s,3H C -CCH )2’ 
6.32(s:lH,C -HI, 6:96(d,% C3,-H’and C ,IH,j-QHz),7?5i(d,2H,C2,-k 2nd C3,Lii 
Jh=8;z&;)7.8&s,lH,C2-H). [Found : C, 32.0; H, 6.4. C22H2205 requires &72:1; 

, .*.. 

Selective demethylation of 11 

Formation of 7. A mixture of 11 (50 mg), anhydrous aluminium chloride 
!;mTv~d) and acexonitrile (15 ml) was refluxed for 3 h and the solvent was 

. The residue was heated on a water bath with dilute HCl for 0.5 h, 
cooled and the solid filtered off, washed with water and dried. It crystallised 
from benzene to give a product (30 mg) m.p. 172-74O, which was identical with 
the angular isomer 1 obtained from phenacylchroman 1 (m.m.p., co-TLC and 
superimposable IH) . 

Demethylation of dihydropyranoisoflavones 2 and 7. Synthesis of 12 and 13. 
To a solution of 6 or 7 (120 rng), HEU! (48$, 4 ml7 was added drop&e and the 
mixture was heatea on z water bath for 6 h after which it was cooled, poured 
into water and the resulting solid was filtered. 

4t-hydroxy)phenyl-8,8-dlmethyl-6,7-dihydro4H 8H-benzo- 
dipyran4-one (Dihydroalpinum isoflavone) (uj. The product 

crystallised from methanol, (75 mg), m.p. 130-32O (Found : C, 71.3 ; H, 5.5. 
C&i1805 requires : C, 71.0 ; H, 5.s). 

Dehydrogenation of dihydropyranoisoflavones 6, 1, 11, 12 and 13. 
Synthesis of pyranoisoflavones 14 
11 (150 mg) in dry benzene (40 xl. 

l5, 17 1s and z. 70 a solution of a, 7 or 
UDr[325 mg) was added and the mixture- 

Gfluxed for 30 h,cooled and the hvdroouinone was filtered off. Removal of 
solvent gave the product 14, 15 or 17.. In a similar way 12 or 13 (60 mg) in 
dry benzene (20 ml) was re?iuxa witrDDC (130 mg) for 30 rand worked up to 
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3(4'-hethoxy)phenyl-Smethoxy-8,8-dlmethyl4tl 8i+benzo[1,2b:5 6b']dlpyran 4- 
It crystailised from benzene (95 mgj, m.p. 122-23O flit-1 X20-22'). 

40, 1600 cm' . (Found : i, 72.7 ; H, 5.3. Calc. for C22H2005 : C, 72.5; 
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l Paper presented at the 10th International Congress of 
Heterocyclic Chemistry, tiaterloo, Canada (1985). 
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