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CHEMICAL EXAMINATION OF ANDROGRAPHIS 
ECHIOIDES-II’ 

STRUCTURE AND SYNTHESIS OF ECHIOIDIN 
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and P. S. SUBRAMANIAM 
Department or Chemistry, Presidency College, Madras 5, India 

Ustmet--On the basis of degradative and spectral evidence and synthesis, echioidii, the new flavone 
glucosi& isolated from Androgruphis rchrbides Nces, is shown to be S-hydroxy-2’-B-qlucosidoxy-7- 
methoxyfkvonc (ochioidin~-2’-P-Dglucoside). 

RECENTLY, we reported’ the isolation of a new flavone, echioidinin, and a flavone 
glucoside, echioidin, from the acetone extracts of Andrographis echioties Nem. By a 
combination of degradative and spectral evidence and synthesis echioidinin was 
shown to be 5,2‘dihydroxy-7-methoxy-flavonel (IV). The present paper deals with 
the structure and synthesis of the glucoside, echioidin (I). 

Echioidin (see Experimental), analyses for the formula CHssO10 and contains 
one methoxyl group. Echioidin dissolves easily in dilute alkali giving a yellow 
solution. It produces a brown colour with alcoholic ferric chloride and gives a 
positive Molisch test. 

The UV spectrum of echioidin (Fig. I) is similar to that of echioidininl and the 
IR spectrum (Fig. 11) exhibits sharp bands at 3540, 3360 cm-l (OH), 1650 cm-l 
(C---O), 1600, 1575 and 1XKl cm-l (aromatic) remini~nt of a flavonoid impound. 

Alkaline hydrogen peroxide oxidation of echioidin gives salicylic acid and a 
phenol m.p. 261-263” which from its physical properties was identified as echioidinin 
(IV). Fission of echioidin with 50% aqueous potassium hydroxide, on the other 
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hand, affords a mixture of five products, three of which were identified as phloro- 
glucinol monomethyl ether, echioidinin (IV) and salicylic acid by thin layer chromatog- 

raphy* 
Acetylation of echioidin gives a crystalline penta-acetyl derivative (II) (see 

Experimental) which on hydrolysis with 10% alcoholic hydrochloric acid does not 
regenerate echioidin (1) but yields echioidinin (IV) quantitatively. Furthermore, 
drastic hydrolysis of echioidin with 20% sulphuric acid gives echioidinin (IV) and 
D-glucose. 

From the foregoing facts it is evident that echioidin may be formulated as a 
glucoside of echioidinin. Of the two possible structures (V and VI) V was ruled out 
since echioidin gives a positive ferric reaction and resists methylation with diazo- 
methane indicating the presence of a S-hydroxyl group.8 This conclusion was con- 
firmed by the spectral shifts observed on the addition of aluminium chloride and 
sodium ethoxide (Fig. I). The aluminium complex spectrum is characteristic of a 
Shydroxyflavone, both bands I and II undergoing bathochromic shifts.s The sodium 
ethoxide spectrum is typical of a partially glycosidated flavone whose only free 
hydroxyl is located in the Sposition ;4*6 the short wavelength band is shifted towards 
longer wavelength by 12 rnp and the long wavelength band becomes merely an 
inflexion of very low intensity. 

The NMR spectrum of echioidin acetate (Fig. 111) is in complete accord with 
structure I. The integrated spectrum shows a total of 32 protons; the chemical 
shifts and the probable assignments are given in Table 1. The aromatic acetate 
methyl signal at 2.436 is in the correct position for the Sacetate group since this 
group in a flavone absorbs near 2466, distinct from other acetate groups which 
absorb near 2.34~5.~ 

Unambiguous proof for the point of attachment of the sugar residue in echioidin 
was obtained by the standard method of methylation, acid hydrolysis and identi- 
fication of the hydroxymethoxy compound. 7 Echioidin can not be methylated by the 
usual dimethyl sulphate-acetone-potassium carbonate method owing to the very 
sparing solubility of the compound in acetone, but it is readily methylated by Kuhn’s 
method8 with dimethyl sulphate, barium oxide and barium hydroxide in dimethyl 
sulfoxide and dimethylformamide. The per-methyl derivative (III), whose NMR 
spectrum indicates the presence of four aliphatic and two aromatic methoxyl groups, 
on hydrolysis with 10% sulphuric acid gives an aglycone identical with an authentic 
specimen of 5,7-dimethoxy-2’-hydroxyflavonel (VII). The identity was further estab- 
lished through their respective ethyl ethers (VIII), thus proving that the glucose 
moiety in echioidin is attached at a’-position. The methylated sugar residue in the above 
hydrolysis was identified as 2,3,4,6-tetramethylglucose by paper chromatography. 

Finally structure T for echioidin has been confirmed by synthesis: Partial gluco- 
sidation of echioidinin (IV) with one mole of a-bromo-tetra-acetylglucose according 

a L. H. Brigs and R. H. Locker, 1. Chem. Sot. 3 136 (1951). 
s L. Jurd in The Chcmisrry of FIrrwnoid Compounds (Edited by T. A. Geissman) p. 119. Pqamon 

Press, London (1962). 
’ Ref. 3, p. 124. 
) G. H. Mansfield, T. Swain and C. G. Nordstrom, Nufure, Land. 172,23 (1953). 
0 C. A. Henrick and P. R. Jefferies, Austr. 1. Chem. 17,934 (1964). 
7 K. Venkataraman, Ref. 3 p. 99. 
m R. Kuhn and H. Trischmann, Chem. Ber. W, 284 (1963); and Refs cited therein. 
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Total number of protons 32 corresponding to C&H&, 

to the procedure of Zemplen and Farkas,lO gives a product which is identical in all 
respects with natural echioidin. 

A survey of the naturally occurring flavonoid glycosides reveals that echioidin is 
the fist example of a naturally occurring flavone glucoside with the sugar moiety 
linked to the 2’-hydroxyl group. 

EXPERIMENTAL 

Mps. were determined in capillaries and are uncorrected. The W spectra were measured in 
95% EtOH using a kckmann Model DU spectrophotometer. NMR spectra were taken in CDCI, 
on a 60 m.c. Varian instrument with TMS as an internal standard. 
oxide G (E. Merck) were used for TLC. 

Kicselgel G and aluminium 

(i) kkk~?~. Isolated as described e.arlkl echioidin was purhied by repeated aystalhzation from 
pyridine-MeGH. It formed clusters of colourless short me&s, m.p. 276-78” (kc)., [a]~“-2350 
(c, 0213 in pyridine-MeOH, 1: 1). It was very sparingly soluble in water and most of the common 

@ A. wm Wartburg, M. Kuhn and H. Liihti, Helv. Chim. Acru 47,1203 (1964). 
‘O G. Zemplen and L. Farkas, fk. Dtsch. Ckm. Ges. 76.1110 (1943). 
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orgenic solvents and dissolved readily in ditnethyl sulfoxide and hot pyridine. It dissolved easily in 
aqueous alkali giving a yellow solution. It gave a brown colour with alcoholic ferric chloride and no 
colour with Mg-HCl or Zn-HCI. The Wilson’s boric acid test could not be carried out owing to the 
very sparing solubility of the compound in acetone. Echioidin gave a positive Gibbs test, with the 
~doph~ol ~omopho~ absorbing at 660 wl and a positive Molisch test. UV* A:$: DO-35 (sh), 
268, 32&330 w; R~~X=-Ahlcx8 240, 280, 325-330, 3-370 (sh) rm~; ;i:::-xmoEt 280, 35&370 
(inkion) rnp. (Found: C, 593; H, S-1; OCH*, 36. C&&,0,, requires: C, 59.2; H, 49; 
1 OCH,, 3.4%). 

(ii) Aihahe hydrogen peroxide oxidation of echioidin. Ekhioidin (@25 g) in alcohol (6 ml) was 
mfhtxed gently with a solution of KOH (2 g) in water (6 ml) for 3 hr. After being cooled to IS”, the 
reaction mixture was treated dropwise with H,O, (30%; 6 ml) and allowed to stand overnight at 
room temp. Next day the clear solution was evapotated to dryness in wcuo and the residue dissolved 
in water (8 ml), cooled and acidified. It was extracted exhaustively with ether and the ether solution 
treated with sat. NaHCO, aq (3 x 4 ml). The bicarbonate extract was acidified with cooling and 
re-extracted with ether. After being dried (Na,SO3, the ether was distilled off and the residue 
sublimed in uucuo. The colourks sublimate was crystallized from benzene+% ether (b.p. 4&60”) 
giving eotourless needles, m.p. 156157” undeprefsed on admixtu~ with authentic sulicylic acid. The 
IR spectra wem identical. 

The ether solution left after extraction with bicarbonate was washed with water, dried (Na,SO,) 
and ether distilled off. A pale yellow residue was obtained which after two ctystallizations from 
alcohol melted at 261-263” alone or when mixed with echioidirin. 

(iii) AI&a/i fission of echiuidiin. Echioidin (SO mg) was refluxed gently in an oil-bath (160-l 65”) 
with 50% KOH aq (3 ml) for 30 min. The resulting clear yellow solution was cooled, diluted with 
water (2 ml) and acidified with cont. HCI. It was extracted with ether exhaustively (5 x 20 ml) and 
the ether solution treated with sat. NaHCO, aq (2 ml). The bicarbonate solution, after acidification, 
was thoroughly extracted with ether (5 x 10 ml), the ether solution dried (Na,SO,) and evaporated. 
The residue was identified as salicylic acid by TLC (silica; benzene: MeOH: n-butyl acetate- 
20:6:6); authentic salicylic acid run side by side gave an identical spot. The ether solution left 
after extraction with bicarbonate was evaporated and the Emmy residue examined by TLC (silica) 
(knzene: MeOH:n-butyl acetate-20:4: 1); four spots were revealed of which two (the major spots) 
corresponded exactly with the spots of phloroglucinot monomethyl ether and echioidinin which were 
run as standards. 

(iv) Echioidin acetate. Echioidin (0.3 g), anhydrous pyridine (4 ml) and acetic anhydride (4 ml) 
were heated on a steam-bath for 2 hr, cooled and poured into icowater. The resulting precipitate 
was collected, washed with water, dried (04 g) and recrystallized from alcohol giving the oceryt 
dcrfwtioc (0.32 g) as colourless needles, mp. 192-193”ia):d”--72%’ (c, 157 in acetone). It gave 
a yellow colour with both Mg-HCI and Zn-HCI and no c&our with FeCl,. UV: Jttzz 245-250 
(sh), 303 rnp (log e 4.37,4*32). (Found: C, 58.4; H, 47; OCHI, 2-4. ClrHuOla requires: C, 58.5: 
H, 4-9; 1 OCH,; 23”d. 

(v) Hydrrcllysis of echioidin acetute. A mixture of eehioidin acetate (0.15 g) and 10% alcoholic 
HCl (16 ml) was heated on the steam-bath for 2 hr. The precipitated crystalline yeflow solid was 
cokted, washed, dried (O-75 mg) and recrystallized from alcohol giving echioidinin as pale yellow 
needles, m.p. and mixed m.p. 261-263’. 

(vi) tAcid hydrofysis of cchbidin. (Identification of echioidinin and u-glucose): A mixture of 
echioidin (0.3 g) and 20% H&SO, (50 ml) was heated under reIIux with vigorous stirring for 30 hr. 
After being cooled the resulting precipitate was collected, dried and crystallizd twice from EtOH, 
giving the aglycone as dish-allow needles, m.p. 261-63” (dec) alone or when mixed with 
echioidinin. The identity was further confirmed by TLC and comparison of their acetyl derivatives 
(m.p., m.m.p. and IR). 

The aqueous acid filtrate, obtained above, was neutralized by gradual addition of RaCOI with 
stirring. The precipitated RaSO, was fihrated off, washed well with water and the combined filtrates 
were concentrated to a small volume (-5 mI) in UXLU?. A small amount of norite was added and 
the mixture filtered. The clear filtrate was evaporated to dryness in ouct~~, the syrupy residue dissolved 
in water (2 ml) and subjected to paper chromatography. A single spot, corresponding exactly with 

* UV qualitative owing to the very sparing solubility in EtOH. 
t Unlike the normal flavone glycosides, echioidin was unusually very resistant to acid hydrolysis 

and required rather drastic conditions for complete hydrolysis. 
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that of o-glucose run as standard side by side, was revealed in diffcreot solvent systems: (a) butan-l-01 : 
EtOH:water-3: I: 1; (b) ethyl acetate:pyridine:water-10:4:3; (c) butan-l-ol:EtOH:water- 
5: 1:4*. The presence of glucose was further con8rmed by preparing the phenylosazone by the usual 
method to prove the identity with phenylglucosazo ne, m.p. and mm.p. 205-207”. 

(vii) Methylation ofechioidin. To a solution of echioidin (0.4 g) in dimethyl sulfoxi& (10 mJ) and 
dimethyl-formamide (10 ml) was added, with ice cooling, BaO (3 g) and Ba(OH), (3 g). Dimethyl 
sulphate (8 ml) was then added with vigorous stirring during 5 min, ice cooling being maintained till 
the addition was over. The mixture was stirred at room temp for 24 hr. At the end ammonia liquor 
(4 ml) was added and stirring continued for a further period of 30 min, to decompose excess of 
dimethyi sulphate. The viscous product so obtained was digested with CHCI, (3 x 50 ml) and the 
extract washed with water, dried (Na,SO,) and the solvent distilled off. Removal of the residual 
dimethyl sulfoxide in vacua at steam bath temp gave, on cooling and trituration with pet, ether 
(b.p. 40-60’). a colourless amorphous solid (0.32 g), a TLC (alumina) (ethyl acetate or benzene: 
MeOH-25: 1) which showed a major spot and in addition three other less intense spots. This 
crude methylated product was then dissolved in benzene and chromatographed over alumina (28 g). 
in the same solvent. The benzene eluate gave only oily material. Elution with ethyl acetate (10 ml 
fractions) gave the desired product in the first three fractions which were combined and crystallized 
repeatedly from ethyl acetate-pet. ether (b-p. 40-60”) giving colourless needles of permetllylechbidi~ 
(0.22 & m-p. 116-117” (single spot in TLC), [a]T’-90*22” (c, 087 in acetone). UV: j.zyF 260, 
310 rnp (log E 441, 420). NMR: Signals at 3.4, 355, 3.66, 3.88 and 3.95 6. (Found: C, 61.4; 
H. 65. C,,H,lO,,+HIO requires: C, 61.7; H, 6.3%). 

(viii) Hydrolysis of permethyleckioidin. Permethylechioidin (0.2 g) and 10% HISO, (50 ml) were 
heated under reflux (oil-bath, 155-160”) with vigorous stirring for 4 hr. After being cooled, the 
resulting colourlesa microcrystalline precipitate was collected, washed with water and dried (110 mg). 
It gave no colour with FeCI, and crystallization from EtOH gave colourless needles, mp. 281-283” 
alone or when mixed with an authentic specimen of 5,7-dimethoxy-2’-hydroxy~ne.1 The identity 
was further established by TLC and IR spectra. UV: Ap,:o,p 260, 33&335 w (log F 4.42, 4.25). 
(Found: C, 68.4; H, 4.81. C1,HI,OI requires: C, 68.5; H, 47’/@. 

The aqueous acid filtrate from the aglycone, after being worked up in the usual way, was subjected 
to paper chromatography (butan-l-01; EtOH: water-S: 1:4). A single spot was obtained, identical 
with that of 2,3,4,6tetramelhylglucosc run as standard. 

(ix) 5,7-Dimellroxy-2’-ethne. 5,7-DimethoxyZ-hydroxyflavone (0.1 g) obtained above, 
diethyl sulphate (1 ml), ignited K&O, (2 g) and acetone (50 ml) were refluxed for 12 hr. The 
reaction mixture was filtered hot, the potassium salts washed with hot acetone and the acetone 
distilled off. Water was added to the residue and the precipitate thus obtained extracted with CHCI,. 
The washed, dried (Na,SO,) CHCl,-solution afforded a greenish residue on removal of the solvent. 
It was dissolved in benzene and chromatographed over alumina. Elution with CHCl,, followed by 
crystallization from benzene afforded colourless needles of 5,7-dimcthoxy-2’-crhoxyParone (60 mg), 
m.p. 165”. It was identical in all respects (mixed m.p. and IR) with a specimen prepared by ethylating 
authentic 5,7-dimethoxy-2’-hydroxyflavone,’ 

(x) Syluhesis of echioidin. Echioidinin (0.7 9, was dissolved in 9% KOH aq (2.2 ml) and diluted 
with acetone (10 ml). A solution of acetobromoglucose (1-O g) in acetone (10 ml) was then added 
dropwise with stirring, the temp being maintained at 20”. After being stirred at 20-25” for 12 hr, the 
mixture was poured into ice-water (200 ml) with stirring and the resulting precipitate collected, 
after leaving in an ice chest for 6 hr, and dried (1 g). It was treated with warm CHQ (20 ml), the 
insoluble unreacted echioidinin (03 @ removed by filtration and the clear filtrate evaporated. The 
residue (O-6 g) was dissolved in alcohol (8 ml), treated with 3% NaOH aq (6 ml) and warmed for a 
few min on a water bath. It was then cooled and acidified with dil HCl. The pale yellow colloidal 
prwipitate was collected, dried, refluxed with alcohol (25 ml) and filtered hot. The alcohol insolubk 
part (0.3 g) on crystallization from pyridin*MeOH gave a colourless powdery compound, m.p. 
276-78” alone or when mixed with echioidin, [c(]'d"' -26.68” (c, 0405 in pyridine-MeOH). The IR 
spectra in KBr were identical. (Found: C, 59.3; H, S-O%). 

The acetyl deriuutiue prepared by the usual method, had m.p. and mixed m.p. with echioidin 
acetate 192-193”. The 1R spectra in KBr were superposable. (Found: C, 58.8; H, 5a%). 
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