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Abstract-A new Havone, asplenetin, has been isolated from Luunaea asplenfilia and characterized as 5,7,3’,4’,5’- 
pentahydroxy-3-(3-methylbutyl)fone. Its glycoside, asplenetin 5-O-neohesperidoside, is also reported. 

Luunaea aspleni$olia Hook. (Compositae), a small herb, 
has been used as a lactagogue in combination with other 
drugs [l]. No systematic chemical examination has so far 
been carried out on this plant. We have reported pre- 
viously, however, the presence. of octacosanoic acid, 
lupeol, 7-hydroxy-3’,4’-dimethoxylIavone, apigenin, 
luteolin, vitexin, apigenin 7-glucoside, luteolin 7-glucoside 
and delphinidin from this plant [2]. Now we report the 
isolation and characterization of a new flavone, asplenetin 
(l), characterized as 5,7,3’,4’,5’-pentahydroxy-3-(3- 
methylbutyl)tlavone, along with its glycoside (2) the S-O- 
neohesperidoside. 

The elemental analysis and molecular ion peak at m/z 
372 in the mass spectrum of 1 led to the molecular formula 
CzoHzoO,. Its colour reactions indicated it to be a 
flavone. The IR spectrum exhibited absorption bands at 
1650 and 16OOcm- ’ due to the presence of an a& 
unsaturated ketonic function. Other peaks, at 3440 cm-’ 
due to polyhydroxyl groups, 2840 and 2920 cm-’ due to 
methyl and CHz groups, 1500-16OOcm-’ due to the 
aromatic ring containing phenolic groups and 
110&l 300 cm- ’ due to phenolic groups, were also struc- 
turally indicative. A green colour with aqueous ferric 
chloride indicated the presence of a 5-hydroxyl group [3], 
which was evidenced by its UV spectrum exhibiting a 
bathochromic shift of 35 nm in band I in the presence of 
aluminium chloride-hydrochloric acid [4]. The com- 
pound was soluble in aqueous sodium carbonate, provid- 
ing evidence for the presence of phenolic groups at the 7- 
and 4’-positions [3]. The presence of a 7-hydroxyl group 
was supported by a bathochromic shift of 10 nm in band 
II with sodium acetate relative to its methanol spectrum, 
while the presence of a 4’-hydroxyl group was confirmed 
by bathochromic shifts of 50 and 45 nm in band I with 
sodium methoxide and sodium acetate, respectively [S]. A 
hypsochromic shift of 22 nm in band I with aluminium 
chloide-hydrochloric acid relative to its aluminium 
chloride spectrum indicated the presence of three adjacent 
hydroxyl groups in the B-ring [S]. The bathochromic 
shift, by 10 nm in band I with sodium acetate-boric acid, 
indicated the presence of two hydroxyl groups ortho to 
each other at the 3’- and 4’-positions [S]. 

The high resolution ‘H NMR spectrum of 1 displayed 
signals at 60.95 [6H, d, J = 6 Hz, (CIJ3)zCH-1, 1.41 [3H, 
m, (CH,),CEJC&-] and 2.83 (2H, d, J = 8 Hz, bemylic- 

CI&) indicating the presence of a 3-methylbutyl side 
chain. Of the aromatic protons, H-6 and H-8 appeared as 
doublets (J = 2 Hz) at 66.15 and 6.45, respectively, 
whereas H-2’ and H-6’ appeared as a singlet at 67.35. 

Compound 1 formed a pen&acetate (la) which gave 
no colour with ferric chloride and did not exhibit any 
absorption band in the 3350-345Ocm- ’ region in its IR 
spectrum indicating complete acetylation. However, 
sharp peaks were observed at 1750 (0) and 1200 cm- 1 
(C-O, ester group) in its IR spectrum and a broad signal at 
62.26-2.45 due to overlapping singlets of five acetoxyl 
groups in its ‘H NMR spectrum. 

Compound 1, on alkaline degradation with 50% 
aqueous potassium hydroxide, afforded gallic acid [S] 
strongly supporting the presence of three adjacent hy- 
droxyl groups at the 3’-, 4’- and 5’-positions. It was 
evident, therefore, that the 3-methylbutyl group must be 
present at C-3, since no singlet due to H-3 could be 
observed mar 66.3 in its ‘HNMR spectrum. This 
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conclusion was further confirmed by its mass spectrum 
which exhibited a prominent peak at m/z 

1 
is the 5,7,3’,4’,5’-pentahydroxy-3-(3-methylbutyl)gavone, 
asplenetin. 

Compound 2 also gave colour reactions characteristic 
of Ilavones and responded positively to the Molisch test 
and to reduce Tollens’ reagent indicating it to be a 
tIavone glycoside. Its ‘H NMR spectrum exhibited signals 
at 61.1 (3H, d, J = 6 Hz, rhamnosyl CHJ), 3.75 (lOH, m, 
rhamnoglucosyl protons), 5.0 (1 H, d, J = 2 Hz, rhamnosyl 
H-l) and 5.15 (lH, d, J = 7 Hx, glucosyl H-l), indicating 
the presence of a rhamnoglucosyl moiety in the molecule. 

On acid hydrolysis, 2 afforded 1, glucose and rhamnose. 
The ratio of the aglycone to the glycoside was found to be 
42.4 % indicating the presence of 2 mols of sugars/mol of 
aglycone, i.e. 1 mol each of glucose and rhamnose 171. 

It was apparent from the UV spectral data of 1 and 2 
that the 5-hydroxyl group in 2 was engaged in the 
glycosidic linkage. Complete methylation of 2 yielded 2~. 
Its ‘H NMR spectrum exhibited overlapping singlets at 
63.85 (12H), attributable to four methoxyl groups and a 
bathochromic shift of 33 nm in band I in its UV spectrum 
in the presence of aluminium chloride-hydrochloric acid 
indicating the presence of a free 5-hydroxyl group, 
confirming that the 5-hydroxyl group in 2 was linked to 
sugar. 

Mild hydrolysis of 2 with 2% sulphuric acid revealed 
the initial removal of a glucose unit followed by a 
rhamnose unit [8]. Partial hydrolysis of 2 with formic acid 
in boiling cyclohexanol afforded a mixture of compounds 
1, 2 and 2b [9]. Compound 2b on hydrolysis with /I- 
glucosidase furnished 1 and glucose. These observations 
and a doublet in ‘H NMR spectrum of 2 at 65.15 
(J = 7.0 Hz), due to diaxial coupling of H-l with H-2 
of glucose [5], indicated the /I-linkage ofa glucose moiety 
with a flavonoid unit. Further, a doublet at 65.0 (J 
= 2 Hz), due to equatorial-equatorial coupling of H-l 
with H-2 of the rhamnose unit indicated an a-linkage with 
the glucose moiety [5]. 

A three proton doublet at 61.1 (J = 6 Hz, rhamnosyl 
CH-3) and two doublets at 65.0 (J = 2 Hz, rhamnosyl 
H-l) and 5.15 (J = 7 Hz, glucosyl H-l) in the ‘HNMR 
spectrum of 2 indicated a neohesperidosyl moiety in the 
molecule [S]. The deca-acetate, 2c, of 2 displayed no 
signal in the range 6 1.70-1.75 due to the 2-acetoxyl group 

of the glucose unit, while other aliphatic and aromatic 
acetoxyl singlets were observed at 61.95-1.14 (18H, 
6 x -0COCHs) and 2.25-2.45 (12H, 4 x -OCOCHs), 
respectively. The singlet at 6 1.95, assignable to the 6- 
acetoxyl group of the glucose unit indicated the presence 
of a free 6-hydroxyl group from the glucose unit in 2 [lo]. 
It was, therefore, concluded that the 2-hydroxyl group of 
the glucose unit was engaged in the glycosidic linkage with 
the rhamnose moiety [lo]. Thus; 2 is asplenetin 5-O- 
neohespericloside. 

EXPERIMENTAL 

The IR spectra were recorded in KBr. The ‘H NMR spectra 
were run at 60 and 90 MHz in DMSO-d, and CD& using TMS 
as int. standard. Elemental analysis was carried out on Hosli’s 
micro-combustion apparatus type CHA. 

Isolation of the constituents. The plant material (2.5 kg) col- 
lected from Saharanpur region (UP.) during March was ex- 
tracted with EtOH. The extract was coned giving a viscous mass 

(70g) which was added to HsO (200ml) and then extracted 
successively with petrol and EtOAc. The EtOAc extract was 
fractionated into CHCl,- and MeOH-soluble portions. The 
CHCIJ fraction afforded crude 1 on chromatography, while the 
MeOH-soluble portion yielded 2. Crude 1 was dissolved in 
EtOAc and extracted with 5 % NasCOs. The alkaline layer was 
acidi6ed with dil. HCl and digested for 5 min in a water bath. The 
solid mass obtained was separated, washed with cold Hz0 and 
crystabii from EtOH. Compound 2 was dissolved in hot HrO. 
On cooling, a solid mass was obtained. It was separated, washed 
with cold HsO and crystallized from EtOH. 

Asplenetin (1). Yellow-orange crystals (1Sg) from EtOH, 
mp 240-243”; R,: 0.68 (TBA = t-BuOH-HOAc-H,O, 3: 1: 1). 
0.06 (15% HOAc); UV: deep purple; UV-NHB: yellow; 
UVIEHnm: 265, 280sh, 318, 365; ~~H+NaoMenm: 
265, 310sh, 415, rlEH+““lnm: 268, 318 sh, 355, 422; 
lEH+AIC13-HCI nm: 265, 318 sh, 400, IEH+Naok nm: 275, 
355sh 410 ~~H+NPoAcH@03nm: 266, 318 sh, 375nm; 
IH NMR (DMSO-d6): 60.95 [a~, d, J = 6.0 HZ, (CII~)~-CH-], 
1.41 [3H, m, (CH,),-CHCII,], 2.83 (2H, d, J = 8 Hz, benayhc- 
CII,-),6.15(1H,d,J=2Hz,H-6),6.45(1H,d,J=2Hz,H-8), 
7.35 (2H, s, H-2’, H-6’); MS m/z (rel. int.): 372 [M]’ (lOO), 371 
(ZO), 357 (15), 354 (18), 315 (22), 163 (45), 153 (25), 152 (15); 
(Found: C, 64.23; H, 5.35; CZOHr007 requires: C, 64.52; 
H, 5.64x.) 

Asplenetin penta-acetate (la). Prepared by treating 1 (50 mg) 
with A@-pyridine (1: 1) giving yellow needles (45 mg) mp 
160-163”; IRvE cm-‘: 1750 (C=G), 1200 (C-O ester); 
‘H NMR (CDCI,): 62.26-2.45 (15H, m, 5 x -GCOC&). 

Glycoside (2). Yellow-orange crystals from EtOH (2.0 g), mp 
172-174”; R,: 0.28 (TBA), 0.33 (HOAc); UV: deep purple, 
UV-NH,: yellow-green; UV: nzH nm: 268, 280 sh, 318 sh, 
365. lEH+NaoMenm: 260, 280sh, 410; LzH+fict3 nm: 
250: 285 sh, 317 sh, 385; lzH+AICt~-HCt nm: 250, 28Osh, 
318 sh, 365; ~~H+Naoknm: 383, 32Osh, 375 sh, 405; 
~~H+NaoAc-H~W~ nm: 260, 290 sh, 320 sh, 375; ‘HNMR 
(DMSO-de): 60.96 [6H, d, J = 6 Hs (CII,),-CH-], 1.45 
[3H, m, (CH,),CHCII,-], 2.85 (2H, d, J = 8 Hz, benzylic- 
CIIr-1, 1.1 (3H, d, J = 6 Hz, rhamnosyl-CI-13), 3.75 (lOH, Crs, 
rhamnoghtcosyl protons), 5.0 (lH, d, J = 2 Hz, rhamnosyl H-l), 
5.15 (lH, d, J = 7 Hz, glucosyl H-l), 6.14 (lH, d, J = 2 Hz, H-6), 
6.45 (lH, d, J = 2 Hz, H-8), 7.35 (2H, s, H-2’, H-6’). 

Partial hydrolysis of asplenin. Compound 2 (50 mg) was added 
to boiling cyclohexanol(4 ml) and HCOrH (2 ml). The contents 
were refluxed at 100-110” for ca 10 hr. The hydrolysate was 
examined by PC which revealed the presence of rhamnose, 
glucose, asplentin, 2 and 2b. The 2b was isolated by PC, dissolved 
in aq. EtOH (8 ml) and mixed with emulsin (8 ml, isolated from 
almond seeds). The mixture was refluxed for ca 6 hr at 40” and 
allowed to stand for 72 hr at room temp. The resulting mixture, 
on extraction with EtOAc furnished 1, while glucose was detected 
in the aq. layer. 

Acknowledgements-We are grateful to Dr. K. L. Dhar, Assistant 
Director and Chairman, Natural Products Division (Chemistry), 
RRL, Jammu and to C.S.I.R., New Delhi for financial assistance 
to one of us (B.A.). 

REFERENCES 

1. Chopra, R. N., Nayer, S. L. and Chopra, I. C. (1956) Glossary 
of lndian Medicinal Plants, p. 150. C.S.I.R., New Delhi. 

2. Gupta, D. R., Ahmed, B. and Dhiman, R. P. (1984) Indian J. 
Chem. (in press). 

3. Briggs, L. H. and Locker, R. H. (1951) J. C/tern Sot. 3136. 
4. Jurd, L. and Geissman, T. A. (1956) J. Org. Chem. 21, 1395. 



Short Reports 875 

5. Mabry, T. J., Markham, K. R. and Thomas, M. B. (eds) (1970) 8. Harbome, J. B. (1965) Phytochemistry 4, 107. 
The Systematic Identification of Flavonoids. Springer, New 9. Fox, D. W., Savage, W. L. and Wender, S. H. (1953) J. Am. 

York. them. sot. 7s. 2504. 
6. Rama Rao, A. V., Rathi, S. S. and Venkataraman, K. (1972) 10. Horowitz, R. M. and Gentili, B. (1966) C/tern. Ind. (London) 

Indian J. Chem. 10,989. 625. 
7. Rahman, W. and Ilyas, M. (1962) J. Org. Chem. 27, 153. 11. Thomas, M. B. and Mabry, T. J. (1968) Phytochemistry 7,787. 

Phyrvchemisrry, Vol. 24, No. 4, pp. 875-876, 1985. 0031~9422/85 S3.00 + 0.00 
printed in Great Britain. 0 1985 Pergamon Press Ltd. 

FURTHER STUDIES ON THE ISOFLAVONES OF TEPHROSIA MAXIMA 

E. VENKATA RAO and M. SREE RAMA MURTHY 

Department of Pharmaceutical Sciences, Andhra University, Waltair 530003, India 

(Received 30 July 1984) 

Key Word Index--Tephrosia maximu; Leguminosae; isotIavones; maxima isollavone B, maxima isotlavone H. 

Abstract-A new 7,8-methylenedioxyisoflavone, maxima isoflavone H, was isolated fromTephrosia maxima along with 
the known isoflavone, maxima isoflavone B. 

In continuation of our studies on the isoflavones of 
Tephrosia maxima [l], we report here the isolation and 
characterization of another new isoflavone designated as 
maxima isoflavone H, in addition to the known isoflavone 
maxima isoflavone B [2]. 

An isoflavone fraction obtained by chromatography of 
the root chloroform extract was found to run close to 
maxima isoflavones A and B. Although it gave a single 
spot in TLC, chemical ionization mass spectrometry 
showed it to be a mixture of three compounds [MS m/z 
(CH,) (rel. int.): 351 (21), 311 (60.6), 297 (100x 283 (30)]. 
On coupling, the chemical ionization mass sptrometry 
with electron impact mass spectrometry and H NMR, it 
was inferred that the substance was a mixture of maxima 
isoflavones A and B and a new isoflavone having a 
methylenedioxy substituent. 

The mixture was treated with 2 M alcoholic hydro- 
chloric acid [l] and the pure isoflavones isolated by CC of 
the hydrolysate. Maxima isotivone A was first eluted 
along with maxima isoflavone H (both unaffected) fol- 
lowed by pseudobaptigenin (formed from maxima 
isoflavolie B). Maxima isoflavone H was separated 
from maxima isoflavone A by repeated fractional 
crystallization. 

Maxima isoflavone H gave a positive Labat test and 
showed carbonyl absorption at 1624 cm-’ in its IR 
spectrum. Its ‘H NMR spectrum revealed the presence of 
one methylenedioxy and one methoxy group. The pres- 
ence of the methylenedioxy group in ring A and the 
methoxy group in ring B was evident from the mass 
spectrum of the compound. As expected [3], its mass 
spectrum gave [M] ’ 296 (lOO), 164 (83.1) corresponding 
to the A ring fragment ion, and 132 (27.2) corresponding 

to the B ring fragment ion. The ‘H NMR spectrum of the 
compound showed the position of the methylenedioxy 
substituent as 7.8 by its two ortho coupled doublets at 
67.87 and 6.94 (J = 9 Hz), each integrating for one 
proton, which can be assigned to H-5 and H-6, respect- 
ively [4]. The presence of the methoxy group at the 4’- 
position was inferred by the two doublets at 67.46 and 
6.94 (J = 9 Hz) each integrating for two protons. Thus, 
the structure of maxima isoflavone H was established as 
7,8-methylenedioxy-4”-methoxyiso!Iavone. Maxima iso- 
!&one H represents the third example of 7,8-meth- 
ylenedioxyisoflavones, the first two being maxima iso- 
&one A [S] and maxima isofIavone D [l]. 

Maxima isoflavone B, the structure of which was 
established earlier as 7-y,y-dimethylallyloxy-3’,4’-methyl- 
enedioxyisollavone by chemical degradation [6] and 
synthesis [7], has now been characterized by spectral data. 

EXPERIMENTAL 

Refer to our earlier paper [ 1] for plant material employed and 
extraction details. CC of the root CHCI, extract (24 g) yielded 
maxima isotlavone B (127 mg, R, 0.78 in 5 % Me&O in benzene) 
and maxima isotlavone H (54 mg, R, 0.75 in 5 % Me&O in 
benzene), apart from the previously reported isotlavones. 

Maxima isoflavone E. Colourless needles, mp 126128” ident- 
ical with lit. [6] value (126-128”); UV AzH nm: 218,252,298; 
IRvEcm-‘: 1635, 1490, 1440, 925, 820, 782; ‘H NMR 
(90 MHz,CDCl& 67.73 (lH,s, H-2), 8.04 (lH,d, J = 9 I-b., H-5), 
6.70 (lH, dd, J = 9, 2 Hz, H-6), 6.95 (lH, d, J = 2 Hz, H-8), 
6.8-7.2 (3H, m, H-2’, H-S, H-6’), 5.9 (2H, s, -OCH@-), 4.53 (2H, 
d, H-l”), 5.38 (lH, t, H-2”), 1.75,1.80 (6H, twos, CH3-4”, CH,-5”); 
MS m/z (rel. int.): 350 [M]’ (10.2), 282 [M - C,H,]+ (lOO), 146 


