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Ah&net-Syntheses of 7-methyltectorigenin and hisolidone using ethoxalyl chloride and ethyl orthoformate 
are described. 

ISOLATION of 7methyltectorigenin from Dalbergia sisso was reported by Seshadri et al.1 who 
established the structure as 5,4’-dihydroxy-6,7-dimethyoxyiso&vone by partial synthesis 
from tectorigenin. In a direct synthesis of this compound by the ethoxalyl chloride method2 a 
mixture of two isomers (m.p. 190-215”) was obtained, from which the carbethoxy derivative 
of 7-methyltectorigenin, being sparingly soluble in methanol, crystallized out first. It was 
purified by recrystallization from the same solvent. The other compound by virtue of its 
formation must be the carbethoxy derivative of the 8-isomer 3 and was purified by repeated 
crystallization from methanol or methanol-benzene. Both compounds were hydrolysed 
and decarboxylated to the corresponding isoflavones and were distinguished by complete 
methylation when only the former gave tri-O-methyltectorigenin. 

Formation of a mixture of isomers in the cyclization reaction with ethoxalyl chloride is 
well established, but there is considerable variation in the relative yields of the isomers. 
For example, in the synthesis of caviunin4 only the 6-isomer is formed. In the present 
synthesis, the the 6-isomer is the predominant product and there seems to be no difference 
in the isomer ratio when the cyclization reaction is carried out at room temperature instead 
of at 0”. 

The starting material for the synthesis, 4,Llimethoxyresorcinol was prepared by the 
method of Baker and Robinson5 It underwent Hoesch condensation with phydroxybenzyl 
cyanide exclusively in the free position para to the methoxy to give 4-hydroxybenzyl-2,6- 
dihydroxy-3Jdimethoxyphenyllcetone. The course of the condensation reaction is in agree- 
ment with the observations of Baker6 and Shriner. 7 The above ketone was cyclized with 
ethyl orthoformate to give 7-methyltectorigenin directly in good yield and the product 
crystal&d out from the reaction mixture on keeping it overnight in a refrigerator. 

1 A. BANERJI, V. V. S. Mvam, T. R. m and R. S. THAICUR, Indiun J. Ckm. 1,2S (1963). 
2 A. Gmm A. 2k.u~ and A. R. KJDWAI, Tetrahedron Letters No. 3,185 (1964). 
3 W. BAKER, D. F. D~WNIMO, A. Y. FLOYD, B. GIL~T, W. D. Olin, and R. C. RUSSELL, Tetr- Letters 

No. $6 (1960). 
4 s. F. DWCE, W. D. Chus and M. ~~ELBURY, J. Org. Chem. 262453 (1961). 
5 W. BAKER and R R~-N, J. Chem. .!kx 152 (1929). 
6 W. BAKER, R. N~DZU and R. Ro-, J. Chem. Sot. 74 (1929). 
~RL.SHIUNER and R. W. STE-, J. Am. Chem. Sot. 64,2737 (1942). 
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The isoflavone itisolidone was isolatedin minute amounts from frisne~)rrletrsisand assigned 
the structure 5.7-dihydroxy-6,4~-dimethoxyjsoflavone on the basis of degradatit~ns.~ This 
structure was confirmed in the present synthesis of the compound from iretol andp-methoxj- 
benzyl cyanide. 5,7-Dihydroxy-6,4’-dimethoxyisoflavone has been obtained earlier by the 
rearrangement of 5-hydroxy-8.4’-dimethoxy-7-benzylnxyisoflavone.” 

EXPERIMENTAL 

4.5-Dimethoxyresorcmol(2 g) p-hydroxybenzyl cyanide ( I.7 g) and anhydrous ZINC chloride ( I-2 g) were 
dissolved III 60 ml of dry ether. Dry HCI pas was passed through the solution for 5 ht at 0 , and the reactlon 
mlwture kept at CI for 48 hr. The ketlmine hydrochloride-zinc chloride complex was decomposed by borlmg 
underrefluxwith water(IOOml, N2atmosphere)for 1 hrandoncoolmg. the ketoneseparatedout. Crystalhza- 
tion from methanol or dilute ethanol gave (I.18 g) light qellou crvstals. III.~. 199-3x) . (Found: C. 63*hl: 
H, 543. C16H1e001 required: C. 63-15: H, 5.30”,.1 

Erhoxa[vfarion of Ketone I 

The above ketone (t&9 g) was dissolved in dry pyrldine (25 cc) and freshly distdlcd ethortalrl chloride (2 cc) 
added with shaking to the Ice-cooled solution. After keepmg at O- for 3 days it was poured into water and ex- 
tracted with CHCI,. The extract was washed with &I HLSOJ and water. dried (MgSO,) and evaporated. The 
residue (0.9 g) consisting of the isomerlc mixture of the two carbethoxy isoflavones was taken up in methanol. 
The carbethoxy derivative of 7-methyit~ori~nin fliaf separated out on cooling (0.346 g). m.p. 35-136 . 
[Found: C. C-27; H, 4.75. CtnH1808 required: C. 62.17; H, 4*70”,. ) ConL~nt~tion of the mother liquor 
gave a crude product, m.p. 192-225’ (0.5 g). Repeated crystallization from methanol gave the carbetho\, 
derivative of5.4’dihydroxy-7.8dnnethoxqIsoflavone (02 g)( I lb). n1.p. 212-215 . (Found: C. 61.19. H. 4.81. 
CZOH1808 requu-ed: C, 62.17; H, 4.70”,,). 

The~r~tho~isoflavone{I la~~O~3~g)w~~flu~ina~tone(n~t~genatmosphe~)for4 hr withexcess 
of 5 no aqu. Na&Q. Removal of acetone and subsequent ~Idi~~tion precipitated the actd. which crystal- 
fized from dilute methanol as light l=flow sohd (0.2 g), m.p. 297-298 . The acrd was decarboxylated by heating 
inportions(25mg)at305_forS3min. Theproductwastakenupinethylacetateandtheethylacetare solutton 
washed with NaHCO, solution and water, dried and evaporated. The solid obtained on crystallization from 
methanol gave light yellow crystals of 7-methyltectorigenin (I.06 g), m.p. 231-233 ‘, identical (m.m.p. and u.1 

spectrum) with an authentic sample. (Found: C, 6504; H. 4.71. Calc. for C,-HIJOh: C. W96; H, +49*, ) 
7-Methyltectorigenm, obtained as above, on total methylatron ga\e 5,6,7&tetrametho\yylsofla~one, m.p. 
180’. identical (m.m.p.) with an authenttc sample. The synthetic 7-methyit~tori~nin was also characterized 
as its diacetate, colourless crystals from methanol. m.p. and miked m p. IgO-- . iFound: C. 63-53: H. +47: 
Calc. for C21Hlx08: C. 63.31; H. 4+5”,,). 

E/ltylorrkoforntate Method 

The ketone I (550 mg) pyridine (4.4 ml), piperidine (0.3 ml) and freshly distilled ethyl orthoformate (3.5 ml) 
were refluxed for 8 hr. The reaction mixture was kept overnight at 0” when a crystalline .sohd separated out. 
This was filtered off and crystallization from methanol gave lrght yellow crystals. m.p. 230-235 . Ml\& 
melting point with authentic 7-methy~tectori~nin gave no depresston. 

5.4’- Diipdroxy-7,8-Dinlcthoxyisoj?uwte 

The carbethoxyisoflavone Wb) (0.2 g) was hydroIysed to give carbouylsofla\one, m.p. 270-271 , The 
carbovylsoflavone was decarboxylated in portions (25 mg) at 280 and the product cestalhzed from methanol 
as light yellow needles, m p. 171-172.. (Found: C, 64.65; H. 461. CITHldOOb required: C, 64.96: H. 4._19”,,), 

htd (2 gl. p-methowbenzyl cyantde (19 g) and zinc chloride ( I.2 g) rn dry ether (60 ml 1 were &&ed WI& 
dry HCf gas as before and worked up In the usual manner to givea dark brown sohd. This could nor be crystal_ 
11zed directly and was purified by dissohing in ethyl acetate and adding n-hexane when the impuritley separated 

s LALIT PRAKASH, ASW ZAMAN and A. R. KIDWAI. J. Org. Chetn. 30.3561 (1965). 
9 L. FARKAS. J. VARADY and A. GOTTSECEN, Arfu Chfm. Acad. Sci. Hung. 33.339 ( 1962). 
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out as dark brown oil. Evaporation of the solution and crystallization of the residue from benzene gave the 
ketone III (2.2 0). m.p. 123-W’. Alternatively the cru&p 

-one (19:l) asehtent. c 
uctwaspuri5dbypassingthroughacolumn 

ofmagnesoluslng 236and 283 nmwl 3,61 and 625 p (Found: 
C, 63.15; H, 530: Calc. for C,&~Os: C, 62.76; H, 5*32y,Q. 

Ef~xa~y~f~n of Ke#one ZZZ 

Ethoradyl chloride (42 ml) was added dropwise with shaking to a solution of the ketone III (2 g) in pyridine 
(4Oml),cooledinafreezingmixture. The~ducwaspllrifiedbychrDmatolpaphyoversilicagel~~ 
as solvent. Evaporation of benzene yielded a mlxtum of carbethoxyiso5vones (l-5 8) e 
methanol, m.p. 120-122”. This was dissolved in ethanol, streaked on formamidsimpmgaa ted Whatman No. 
3 papers (56 cm x 15 cm), whii were developed with benzene, acetic acid, formic acid and water (upper layer) 
(9:2: 1: 1). Fifty such cbromatograms were prepared and the two bands, visible in U.V. lit, were cut out. 

2-Carbcrkoxr-S,~-~~x~~-~~~~~~~a~ 

The h&hex RI value bands were collcctd and Mrac&d with dilute ethanol in a so&let. After removal of 
ethanol the residue was taken into ether. Rvapomtion of ether left a dark brown solid which was purilied by 
chromatography on silica gel by elution with benzene and crystallized from ethyl acetaW (@I6 01, m.p. 
126-128”, eH 237 and 293 mq AZ:’ 3,5-8 and 6+5 p. (Found: C, 62.17; H, 4.65. C~H~sOs rcquixed: 
c, 62.17; I& &70X.) 

The carbthoxyisofiavone (IVa) (O-15 0) on hydrolysis gave an oily residue of carboxylsogavone (@l g) 
which cryW5ed from ethyl acetat&enmne as long yellow needles, m.p. 120-121°. Decarborqlation of this 
in portions (10 mg) at 260” for 24 min under Ns, and extmction of the crude product with ethyl acetate 
afforded a dark solid which was purified by chromatography over silica-gel -one, 20: I), m.p, 
19LLl91*, from methad, identical witb irisoliidane (mst.p. and ix. spectra). (Found: C, 64-78; H, 4*4g. 
Calc. for C1,H,406: C, 64-96; H, 4-48’4. 

The bands having the lower Rf v&e were cut out and worked up as before. CrystaUition from ethyl 
acetate&xanegavebrightyellowneedlesof carbeWxyisoflavone, IVb (O-2 g), m.p. 105-106, =,a 237 and 
277 nm, e- 3,5+8 and 6-W p, (Found: C, 6164; II, 4.68. C&H,806 required: C, 62.17; II, 470yW) 

The hove carbeh~~MMone (I3Ib) @2 0) WM hydrolysed to give the carboxylso5vone (O-15 g) as 5e 
yellow needles from dil. EtOHmp. 250-255”. The acid was decarbaxylatcd in portions (10 mg) by heating 10” 
above its melting point (Ns atmosphere), and the product was puri5d by passing it through a silica-gel colt 
with ve (19: 1) and uysMhdng it from bemerle, m.p. 170-171”. *2H 266 llin (logs 460); 
m* 3*01,6-03,6-20 and 631 p. (Found C, 64-76; II, 462. Ct7Ht406 required: C, M%; H, 449%). 
5,7-~~~,~~~v~ on acetylation yielded the diacezate as cdourless Mxdlas from EtOH, 
m.p. 129-130“. (Found: C, 63-43; H, 4%). Q1HlsOs wuind: C, 6931; H, 4*550/,) 
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