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Ab@m&6-Hydroxygmintein and its 7-0-rhamnosylglutmi& have been isolated lium Bapti hirsuta, and 
7,3’dihydroxy4’-mctboxyi-methoxyisoflavone &al&), its 7-O-@~-glucoaida and 7+hamnoaylglucmide, have 
bcm imlatcul fi-om B. &cvnM. All are new natural products 6Hydroxygumt& and a@cusin am the 
probable pramtom of a number of known naturally oamring iSOibOIW. 

INTRODUCTION 

TWO new biosynthetically signifkant isoflavone aglycones have been isolated and charac- 
terized as a result of our current chemotaxonomic investigation of the genus BapMu. The 
first, 7,3’-dihydroxy-4’-methoxyisotlavone (I) for which we propose the name c&~cosin, was 
detected in &rptida cuZycosu and subsequently isolated from B. lecontei, together with its 
7-O-&Dglucoside (Ia) and 7-U-rhamnosylglucoside (lb). The second, 5,6,7,4’-tetrahydrox 
isoflavone (6hydroxygenistein, II), was isolated from B. hirsutu along with its 7-O-rhamne 
sylglucoside @Ia). 

0 

(1) R = H 
W R=glu 
(Ib) R = rh-glu 

OH 0 

(Il) R==H 
(IIa) R = rh-glu 

Calycosin and 6-hydroxygenistein are of interest biosynthetically since they are both 
probably the previously unencountered precursors of several well-known naturally occurring 
isotlavones. For example, four methylated derivatives of 6hydroxygenisGn are known as 
natural products, but the parent compound (II) has never been found.‘s 2 If methylation in 
fkonoids is a late biosynthetic step, as has recently been suggested,‘* ’ then II is the probable 
precursor of all its methylated derivatives. The occmrence of both II and its GO-methyl 

l Present addross: Chemistry Division, D.S.LR.. P&me. New Zealand. 

1 J. B. -RNE, comporOrive BiochrmLtrry oft& Pikvcmoidr, p. 92 Academic Pms, London (1967). 
2 W. D. OLLI~. in Z&e Ckukrry of&vmorci Cotnpowtds (edited by T. A. G=-m), P. 357. peroamon 

Press, Oxford (1962). 
3 E. MOUSTAFA and E. WONO, Phytochm. 6,625 (1967). 
4 J. B. H~EORNE, in a Chemistry of FIovonold Compoundr (edited by T. A. G lxllmdm), p. 593. Pcnmmon 

prtss, Oxford (1962). 
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ether, tectorigenin (VII), in the genus 3aptisia,s tends to support this hypothesis. Calycosin 
is the least highly methylated naturally occurring 7,3’,4’-trioxygenated isoflavone known, 
and as such could well precede in the biosynthetic sequence such isoflavones as 7,3’,4’- 
trimethoxyisoflavone (cabreuvin) and 7-hydroxy-3’,4’-methylenedioxyisoflavone (psuedo- 
baptigenin). Indeed, calycosin co-occurs with pseudobaptigenin in B. lecontei,6 and ortho- 
methoxy phenols are proven precursors of their methylen~ioxy equivalents in certain 
alkaloids.7S * 

RESULTS 

Calycusin (I) and its Gijcosides (la, lb) 

Calycosin (I), its 7-O-&D-glucoside (Ia) and its 7-~-rhamnosyl~ucoside (Ib) were each 
isolated by repeated two-dimensional paper chromatography of the aqueous methanol 
extract of Baptisia fecontei stem and leaf. 

Calycosin appeared as a U.V. fluorescent spot on paper which occurred in the isoflavone 
aglycone region of the chromatogram, indicating that it was a Pdeoxyisotlavone. This was 
confirmed by the U.V. spectrum which, with peaks at 212,247,258sh, and 288 nm, closely 
resembled that of 7,3’,~-t~hydroxyisoflavone [;\,., (MeOH) 215,247,257sh, 290 nm]. The 
PMR spectrum confirmed the 7,3’,4’-oxygenation pattern and revealed the presence of a single 
methoxyl group which must be at the 3’- or 4’-position since the 7-hydroxyl was shown to be 
free by the bathochromic effect (10 nm) of NaOAc on Band II of the U.V. ~pectrum.~ 

The position of the free hydroxyl group on the B-ring was determined as C-3’ by com- 
paring the PMR spectrum of the aglycone (I) in hexadeuteriodimethylsulfoxide, with that 
of the acetylated 7-U-/3-&gIucoside (Ia) in the same solvent. In the PMR spectrum of the 
aglycone, the H-2’, 5’,6’, 6 and 8 signals occurred as a complex multiplet in the range 68-7.06 
ppm, while in the spectrum of the acetylated glycoside, the H-2’ and H-8 signals were clearly 
recognizable at 7.37 and 690 ppm, respectively. 

Thus, on acetylation of the B-ring hydroxyl group, the H-2’ signal had moved at least 
O-31 ppm downfield. This shift is typical for ffavonoid B-ring protons ortho, but not meta, 
to the acetylated hydroxyl group. For example, when 7,~-~hydroxyisoflavone 7-U-glucoside 
(daidzin)* or 5,7,4’-trihydroxyisoflavone 7-O-rhamnosylglucoside (sphaerobioside)* were 
acetylated, signals of the ortho protons (H-2’, 6’) shifted 0.36 and 0.33 ppm downfield, 
compared with 0.18 and 0.16 ppm for the meta protons (H-3’, 5.‘). Thus the 0.31 ppm (or 
larger) shift observed for the H-2’ signal in calycosin, strongly suggests that H-2’ is ortho 
to the free hydroxy1 group and therefore that calycosin is 7,3’-dihydroxy-~-methox~so- 
flavone (I). 

Compound Ia, calycosin ‘I-O-/3-n-glucoside, was recognized as the O-/3-D-glucoside by 
acid and j&glucosidase hydrolyses, both of which yielded calycosin and glucose. The sugar 
was located at the ‘I-position by the lack of change of the U.V. spectrum of Ia on the addition 

l The PMR spectrum of a sample of synthetic diadzin in dsDMSO showed the H-2’,6’ and the H-3’,5 
signals at 7.45 and 6-86 ppm (J=S-5 c/s), nspectively; in the aoetylated derivative tbcy appeared at 7-63 and 
722 ppm, respectively. The values for sphaerobioside flMS ether in a) and spbaerobioside acetate (id 
CDC&) were reported in part by H. Rosler et al. (Ref. 2). 

5 K. R. MARKHAM, unpublished work associated with the current chemotaxonomic survey of the genus 
Baptisiu. 

6 K. R. MARKHAM and T. J. MABRY. 7,791 (1968). 
7 D. H. R. BARTON, G. W. KJRBY and J. B. TAYLOR, Proc. Ckm. Sm. 340 (1962). 
* S. KIRKWOOD and M. SRI~NEY, Nuture 171.931 (1953). 
9 L. Jutw, in 2%e ChemiWy of Flmonoid Compound (edited by T. A. Gnsrlswj ), pp. 108-154. Pergalnon 

Press, Oxford (1962). 
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of NaOAc9 (cf. the 10 nm bathochromic shift of the short wavelength peak observed for the 
aglycone). A monoglucoside structure for Ib was required by its R, values on paper in TBA 
(060) and HOAc (O-58), which were similar to those of 74’dihydroxyisoflavone 7-O-/& 
glucoside (daidzin), R, 040 (TBA) and 064 (HOAc), with which it occurs in B. lecontei. 
These values differ signiiicantly from those of the diglycoside 7,4’-dihydroxyisoflavone 
7-0-rhamnosylglucoside, R, O-4 (TBA) and O-8 (HOAc). 

Calycosin 7-0-rhamnosylglucoside (Ib) was incompletely characterized due to the small 
amount of material isolated. .It gave calycosin on acid hydrolysis, together with a 1: 1 ratio 
of rhamnose and glucose, and its R, values, O-4 (TBA) and 0.75 (HOAc), were those expected 
for an isollavone rhamnosylglucoside. Structure Ib is therefore assigned to this compound 
on the basis of the above information and the fact that a number of other flavonoid 7-O- 
rhamnosylglucosides have also been isolated from B. Zecontei.6 

6-Hydroxygenistein (ZZ) and its Rhamnosylglucosiak (ZIu) 

BHydroxygenistein was isolated from a dark, u.v.-absorbing spot which ran in the 
isoflavone region of the B. himtu paper chromatogram. Its U.V. spectrum [&,,,, 269,34Osh, 
nm] was typical of isoflavones containing three oxygen substituents in the A-ring such as 
tectorigenin [A,,, 268,32Osh, nm] and iridin [&,,,, 268,332sh, nm],9 the B-ring substitution 
pattern having little effect on the position of Band II, the major absorption band. The 
presence of a tri-oxygenated A-ring in this compound was also suggested by its extreme 
instability towards alkali; for example, the spot on a paper chromatogram turned irreversibly 
blue when treated with ammonia vapor. 

A U.V. spectral analysis of 6hydroxygenistein revealed the presence of a free S-hydroxyl 
group (11 nm AlCls/HCl shift) and an ortho-dihydroxyl system (AK& shift*). The ortho- 
dihydroxyl group was ascribed to the A-ring, since shifts are not usually observed for B-ring 
ortho-dihydroxyl groups in isoflavones, cf. orobol which gave no shift under the same 
conditions. Confirmation of the oxygenation pattern was provided by the PMR spectrum 
of its trimethylsilylated derivative, which showed only one A-ring proton signal (6.32 ppm), 
thereby establishing the A-ring oxidation pattern as either 5,6,7 or 5,7,8. The B-ring was 
established as I’-mono-oxygenated by the presence in the PMR spectrum of doublets 
(J = 9 c/s) at 7.35 ppm and 6.80 ppm representing the H-2,6 and H-3’,5’ protons, respectively. 
Since methoxyl signals were absent in the PMR spectrum, only two structures, 5,6,7,4’-tetra- 
hydroxyisoflavone (11) and 5,7,8,4’-tetrahydroxyisoflavone (III), correspond to the above 
data. 

G R” I f-$R, = i&-R2 = dH3 
- , 1 = H, R2 = H 

l Details for the application of the spectral analysis of flavonoids in the prwence of AM& and AlC13/HCl 
for the detection of arrho-diydroxyl groups will be described in a forthcoming publication. 
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It was not possible to distinguish unequivocally between structures II and III for this 
substance by U.V. or PMR spectroscopy, but II was favored by the PMR spectrum which 
exhibited the A-ring proton signal at 6.32 ppm, a value close to that earlier reported for the 
C-8 proton in tectoridin (IV, 640 ppm). lo Values for the G6 protons in the 5,7,8sxygenated 
isoflavones (not yet found naturally occurring2) were not available for comparison. Final 
proof of structure II was obtained by conversion of its 7-O-rhamnosylglucoside (IIa) to a 
mixture of 5,7dihydroxy-6,4’-dimethoxyisoflavone (V, irisolidone) and 7-hydroxy-5,6,4’- 
trimethoxyisoiIavone (VI), the structures of which were proven by direct comparison with 
authentic material synthesized from tectoridin (IV). The synthesis of V and VI from tectoridin 
was carried out in the same manner that was used to obtain them from the 7-O-rhamnosyl- 
glucoside (Ha), that is, methylation with diaxomethane followed by acid hydrolysis. The two 
products from the 7-0-rhamnosylglucoside were shown to be identical with those from 
tectoridin by cochromatography on paper and on a polyamide thin-layer, and by U.V. and 
PMR spectroscopy. The PMR and U.V. spectra of V (synthesized from IIa) were also identical 
with those of the natural product, irisolidone (V), thereby providing final proof of structure II 
for the Baptisia isoflavone. 

6-Hydroxygenistein 7-0-rhamnosylglucoside (IIa) was established as a rhamnosyl- 
glucoside both by acid hydrolysis, which yielded the aglycone together with a 1: 1 mixture 
of rhamnose and glucose, and by its R., values, 040 (TBA) and 064 (HOAc), which approxi- 
mate to those of other similar rhamnosylglucosides [such as sphaerobioside, R, 0.45 (TBA), 
R, 0.68 (HOAc), also found in B. hirsutu]. The sugar location was determined by a U.V. 
spectroscopic study of the two compounds, (V) and (VI), produced by methylation and 
hydrolysis of the rhamnosylglucoside. Compound VI, which PMR evidence required to 
have three methoxyl groups, gave the same U.V. spectrum in the presence of NaOAc as it did 
with NaOMe and no change was observed on the addition of AlQ, thus indicating that the 
single free hydroxyl group in VI must be the 7-hydroxyl. In compound V the 5- and 7- 
hydroxyls were shown to be free, as evidenced by the 10 and 8 nm bathochromic shifts 
observed in the U.V. spectrum on the addition of AQ/HCl and NaOAc, respectively. On 
the basis of the above data the 6hydroxygenistein glycoside from B. hirsuta is assigned 
structure IIa. It is interesting to note that all seven flavonoid glycosides so far identified in 
B. hir.wtu5 are 7-O-rhamnosylglucosides; these include the independently characterized 
apigenin, luteolin and genistein rhamnosylglucosides. 

EXPERIMENTAL 

&@&J katief plant material* was co&ted near Tgdmu ;miricl&m materialt was collected 
near Harold, Florida. Melting points are umomckd detmmkdusingaBeckman 
DEG spectrophotometer. PMR spectra, unless otherwise s&l, were determined relative to tetramethyl- 
silane as internal standard using a Varian A-60 spectrometer. Paper chromatograms were run on Whatman 
3MMpa~(~x57cm)at25”~t-BuOH:HOAc:H20.3:1:1~A),15~HOAc(HOAc)ortheb 
layer of a mixture of bemme:HOAc:H~O, 6:7:3 (Bz) as solvent. Paper chromatographic sugar analyses 
were carried out using the solvent mixture EtAc:Pyridine:H20, 12:5:4, and gas chromtographic sugar 
analyses were carried out according to the method of Ragan and Mabry? 

Exm~c:&mprocrriwc. The ground plant material wss extracted for 2 dap with 20 % aqueous methanol at 

l Voucher specimn: TEX 2.57790, Univ. of Texas Herbarium, Austin, Texas. 
t Voucher specimen: TEX 257112, Univ. of Texas Herbarium, Austin, Texas. 

‘0 T. J. MABRY, J. KAOAN and H. Rkm, Nuckur Mu,qnerk Restmance Anolysfi of F&nvno&!r. University of 
Texas Publication No. 6418. Austin (1964). 

11 T. J. MABRY and J. IGAOAN, Amal. C&m. 37,288 (l!%S). 
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room temperature. The extract was evaporated under vacuum and applied to paper chromatograms, which 
were subsequently run in two dimensions (TBA and HOAc). 

Cu~ycosin Q. On the paper chromatogram calycosin appeared as a pale blue spot [R, 0.79 (TEA), R, @35 
(HOAc), R,O35 (Bz)] in U.V. light, &anging to bright greenish blue in NH,. C&c&n was isolated by elution 
from twenty 2D paper chromatograms and was obtained as a white solid (1.4 mg), m.p. 228-230”. by sublima- 
tionat18009nd0~5mm.~OIdlH)21~247,25~~~;~(NaOMe)257,330nm;~(A1C1~)212, 
247,260,29Osh, nm; & (NaOAc) 257,330 nm; &,.. (NaOAc/Hwa) 258sh. 288 nm. A 100 MC PMR 
spectrum was determined for the trkthylsilylated derivative in U& on a Varian HA-100 spectrometer. 
Signals appeared at: 8@ doublet, J=9 c/s (H-5). 7.80 singlet (H-2), 7.07 broad doublet, J= 10 c/s (H-67, 
666-6.88 multiplet (H-6,8,2’,5~ and 3.78 singlet (-0CH~) ppm. An additional PMR of calycosin in ds- 
DMSO (60 MC) showed signals at 8.30 singlet (H-2), 84 doublet, J=9 c/s (H-5), 68-7-06 multiplet (I-I-2’,5’, 
6’,6), 3.83 singlet (-0CH3 ppm. 

Calycosin 7-O-/3-~-glucosi& (lo). Calycosin glucoside appeared as a pale blue spot [R, 0.60 (TBA), 
R, O-58 (HOAc)] on paper in u.v./NH,, which was invisible when viewed in U.V. light alone. The glycoside 
was isolated in a small amount (O-5 mg) from twenty 2D paper chromatograms and had the following spectra: 
LX (MeOH) 248,254,3OOsh, nm; L,. (NaOMe) 255,327 nm; L (NaOAc) 249-253,3OOsh, nm; &.. 
(NaOAc/HjBOs) as for MeOH. Both acid and /3-glucosidase hydrolyses gave the aglycone, which ~89 
chromatographically identical with 7,3’dihydroxy4’-methoxyisoflavone (calycosin), together with a single 
sugar which was identified gas chromatographically as ghicose. 

An acetate was prepared by treati the olucoside (@5 mg) with pyridiie/acetic anhydride at 25” overnight, 
and the PMR spectrum of the product (in the range 6.2-8.7 ppm) was determined in &-DMSO by using a 
time-averaging computer in c&unction with the 100 MC spectrometer. Approximately 150 scans rcyealed 
signals at 8.32 singlet (H-2). 7.95 doublet, J=9 c/s (H-5). 7-37 singlet (H-2’). 6% singlet (H-8) ppm together 
with lower intensity broad signals at: 7*26,7*23,7-10 and 7G2 (H-5’,6’,6) ppm. 

Calycosin 7-O-rknnno&ko~i (I@. This material was isolated in a small amount (cu. O-1 mg) from a 
pale blue spot, RI @4 (TBA), R, O-75 (HOAc), on the B. lecontei chromatogram. It acid hydrolyzed to give 
3’,7-hydroxy4’-methoxyisofiavone (calywsin) together with two sugars. The sugars were isolated in a 1 :l 
ratio and were paper chromatographically identical with rhamnose and ghlcose. 

bHydroxygenist& (II). Crude material (5 mg) was isolated by methanol elution of a deep purple u.v.- 
absorbing spot [RI @79 (TBA). R, 0.36 (HOAc), Rf OG5 (Bz)] on the B. hirsutu 2D paper chromatogram, 
and also by acid hydrolysis of the 7-&hamnosylglucoside. It was purified by sublimation at 180” and 
0.025 mm, and subsequent recrystallization from ethyl acetate yielded 6-hydroxygeniskin as fawn-colored 
crystals, m.p. 243-250” (dec), &,,. (MeOH) 21294 245sh. 269,34Osh, nm; &.. (NaOMe) 257,305,329sh, nm 
(dec); &,,, (NaOAc) 248sh, 301,325sh. 416 mn (dec); h,. (NaOAc/HaBO,) 3Wsh, 337sh, 415sh, nm; &,,. 
(AlCl~) 238,274,297sh. 352 nm ; &- (AlCl,/HCl) 234sh, 280.329921, ML The PMR spectrum of the trimethyl- 
silylated derivative in Ccl* showed signals at: 7.76 singlet (H-2). 735 doublet, J = 9 c/s (I-I-2’. 6’), 6.80 doublet, 
J=9 c/s (I-I-3’,53 and 6-32 singlet (H-8) ppm. 

dHydroxygmistein 7-O-rhamnosy~lucosi (Ha). Compound IIa (4 mg) was isolated by methanol 
extraction of a deep purple u.v.-absorbii spot, RI 040 (TBA), Rf 064 (HOAc), from twenty B. hirsutu 
paper chromatograms. This material was puri!ied by 2D paper chromatography and had the following U.V. 
spectra: &. (MeOH) 269,34Osh, nm; L. (NaOMe) 259,29Osh, nm (de@; L. (AlC13 239,282,32Ssh, nm; 
h,, (AlCl,/HCl) 242,282,325sh, run; L. (NaOAc) 272,34&h, nm; L.. (NaOAc/H@&) 272,34Osh, nm. 
Acid hydrolysis of Ha gave Chydroxygenistein together with a 1 :l mixture of rhamnose and glucose, all of 
which were identified by paper chromatographic comparison with authentic material. 

Conversion of Ila to 5,7dihydroxy&‘dimethoxyisoflawne (V) and 7-hydroxy-5,6,4’-trimethoxyisojfiavone 
(VI). The 7-&-hamnosylglucoside (Ha) (2-3 mg) in methanol (2 ml) was treated repeatedly over a period 
of 2 days with excess ethereal diazomethane until U.V. spectral analysis of the product (using AlC& and NaOMe 
as diagnostic reagents) indicated that complete methylation of the phenolic hydroxyl groups had occur&. 
The product was then hydrolyzed with 5 % HCI at 100” for 1 hr. Aglycone material was subsequently isolated 
by ether extraction of the hydrolysis mixture. One-dimensional paper chromatography of the extract in 15 % 
acetic acid revealed two aglycone bands visible in U.V. light, one fluorwcent, the other deep purple. 

Methanol extraction of the fluorescent band $elded compound VI which had the following properties: 
R, 0.88 (TBA), R, 0.41 (HOAc), R, O-89 (Bz); L. (MeOH) 256,310sh. nm; L (NaOMe) and (NaOAc) 
260,331 nm; L. (AlCl,) 256,31Osh, nm; the PMR spectrum in CDCls showed signals at 7.82 singlet (H-2), 
7.46 doublet, J=9 c/s (H-2/,6’), 6.97 doublet, J=9 c/s (H-3’. 5’). 688 singlet (H-8) and 443,397,3*84 singlets 
(--OCH3) ppm. 

Methanol extraction of the deep purple band yielded compound V, which had the following properties: 
R, 0.86 (TBA), R, @32 (HOAc), RI 0.54 (Bz); &,,,. (MeOH) 264,334sh. nm; L. (NaOMe) and (NaOAc), 
272,337 nm; &,,. (AK&) 274,31Ssh, run; the PMR spectrum in CDCll showed signals at 7.89 singlet (H-2) 
7.46 doublet, J=9 c/s (IGT.63, 7.0 doublet, J=9 c/s @I-3’, 5’). 6.53 singlet (H-8) and 4-03, 3.84 singlets 
(-OCH,) ppm. This PMR spectrum was identical with that of authentic irisolidone or). 

Compounds V and VI were also synthesized from tectoridin (IV) by the procedure outlined above, and 
were spectrally and chromatographically identical with V and VI from the rhamnosyl~ucoside (Ha). The 
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chromatographic comparison included cochromatography on a polyamide thin layer in a solvent mixture of 
MeOH:H20:HOAc, 90:5:5. 
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