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Abstract-In addition to puerarin (7,4’dihydroxyisoflavone 8G&glucopyraaoside), the airdried tuberous roots of 
Pueraria mi@ica have been found to contain a second. previously unreported, isollavone C-glycosidc. This new 
compound (mirificin), which has now been identified by chemical and spectroscopic (UV, ‘H NMR, “C NMR 
including GASPE) procedures as puerarin 6”-O+apiofuranoside is the iirst O”-glycoside of an &o&one C-glycoside 
to be discovered in nature. Mirilicin contains a rare 1 + 6 interglycosidic linkage between apiose and the glucose unit 
which is unique in llavonoids. It is proposed that 1 + 2 and 14 6 linked apioghtcosida can be distinguished by 
‘H NMR spectroscopy in the same manner as used for the equivalent rhamnoglucosides. 

INTRODUCTlON 

Extracts of Pueraria roots (Leguminosae-Papilionoideae; 
tribe Phaseoleae) have yielded various isofiavonoids [ 11, 
including a series of novel isoflavone C-glucosides of 
which puerarin (7,4’dihydroxyisofIavone 8-G/3-gluco- 
pyranoside. 1) is probably the best known example. 
Puerarin was first obtained from the roots of Chinese and 
Japanese Pueraria species (P. thunbergiana = P. lobata, 
P. pseudo-hirsuta and P. thomsoni~ [2,3] although it has 
sin& been found in P. tuberosa roots [4], and in callus 
tissue derived from the stem of P. thudwrgiana [S]. Four 
other related isoflavone C-glycosides. namely 3’-hydroxy 
and 3’-methoxypuerarin [6], the partially identied di- 
glycoside ‘puerarin xyloside’ 12.33, and 4’,6”di-O-aatyl- 
puerarin [4] have also been detected in Puermia roots. 

Our interest in P. mirifica Airy Shaw & Suvatabandhu,a 
woody climber indigenous to parts of northern Thailand, 
arises from the discovery of a potent oestrogen 
(miroestrol, 4) in its tuberous roots [7,8]. Although 
miroestrol does not possess the 1,2diphenylpropane 
skeleton common to all isoflavonoids [l], its A- and B- 
rings closely resemble the corresponding A- and C-rings 
of daidzein (7,4’dihydroxyisofIavone, 3), an isoflavone 
exhibiting weak oestrogenic activity [9]. This suggested 
that P. mirijica might also be a source of daidzein-related 
isofIavones, a possibility strengthened by the claim that 
root extracts contain other oestrogens apart from 
miroestrol itself [lo]. In this paper we describe the 
isolation of puerarin (1) and a novel isoflavone C- 
glycoside (mirificin), similarly based on the aglycone 
daidzein, from P. mirijica roots. Using chemical and 

§To whom correspondence should be addressed. 

spectroscopic procedures, mirificin has been identified as 
puerarin 6”-O+apiofuranoside (2). 

RESULTS AND DISCUSSION 

Silica gel TLC (CHCI,-MeOH. 20: 1) of a P. miri$ca 
root extract yielded numerous bands fluorescing blue 
under long wavelength (ca 365 nm) UV light. However, 
our attention was drawn particularly to the lowest region 
of the chromatogram (R, 0.00405) which fluoresced pale 
blue, changing to bright blue upon fuming with NH3 
vapour. a feature often associated with isoflavones lacking 
oxygenation at C-5 [ 111. Further purification of this near- 
origin material in chloroform-methanol-water (20: 10: 1) 
gave two compounds (1 at R, 0.53 and 2 at R, 0.37), both 
of which exhibited UV maxima similar to those of 
authentic daidzein (3). Upon treatment with boiling 2 N 
HCI [ 1 l] compound 1 was unaffected, whereas 2 readily 
yielded 1 and a sugar that was not glucose, galactose, 
rhamnose, xylose or arabinose. These data, together with 
its R, values (TLC) on cellulose plates developed in TBA 
(0.69) and 15 % acetic acid (0.72), suggested that 1 was an 
isoflavone C-glycoside, and that 2 was an 0-glycoside of 1 
with the additional sugar(s) probably being attached to 
the C-glycosyl moiety. 

The ‘H NMR spectrum of 1 revealed a pattern of 
aromatic proton signals resembling that of daidxein 
(Table 1) except for the H-8 doublet at 66.83 which was 
absent, and the lack of tneta-coupling in H-6. Thus 1 was 
provisionally formulated as an 8Qlycosylated 
derivative of daidzein, a view later confirmed by 
‘%I NMR spectroscopy (Table 2). The “C NMR data 
also established the C-linked sugar as /3-glucopyranose, 
evidence for a j-linkage being additionally provided by 
the 9.3 Hz H-l”/H-2” coupling constant in the ‘H NMR 
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Tabk 1. ‘H NMR data (a valuea) for &id&n (3), pucruin (1) and miritiein (2). 

Daidzeint Pueruin Mirifkin 
Proton (3) (1) (2) 

H-2 8.22 8.21 8.19 

(1K s) (1H. s) (tH. s) 
H-5 7.94 7.82 7.78 

(1 H. d, I = 9.0) (IH, d. J = 8.8) (1H. d. J = 8.8) 
H-6 6.90 6.85 6.80 

(1H. dd. J = 9.0 and 2.0) (lH, d, J = 8.8) (1H. d. I - 8.8) 
H-8 6.83 - - 

(1H. d, J = 2.0) 
H-Z.6 7.36 7.40 7.39 

(2H, d. .I = 9.0) (2H, d, J = 8.5) (2H. d, J = 8.6) 
H-Y.5 6.79 6.80 6.80 

(2H. d, J = 9.0) (2H. d, I = 8.5) (ZH, d. J = 8.6) 

I 

4.76: 
Sugar H-l - 4.82 (1H. d, J = 10.8) 

(IH, d, J = 9.3) 4.79 
(1 H. d. .I = 3.0) 

*Spectra were dccermincd in DMSO-d, at 80 MHz (l), 100 MHz (3) and 200 MHz (2). 
Coupling constants (J in Hz) are given in parentheses. 

t Data for dai&ein (3) are taken from ref. [S]. 
Supper 6 value refers to H-l of the C-linked sugar (glucose); lower 6 value is for H-l of the 

0-linkad sugar (apiosc). 
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spectrum. Isoflavone 1 is therefore de&d as daidxein & 
C+glucopyranoside (puerarin). Samples of puerarin 
derived from P. mtrffica root and stem callus of P. 
thunbergiuna [S] proved to be inseparable when co- 
chromatographed (TLC) on cellulose plates in 15% 
acetic acid (R, 0.72) and TRA (R, 0.69). 

Apart from an extra H-l sugar signal, the ‘H NMR 
spectrum of isoflavone 2 appeared very similar to that of 
puerarin (Table 1). The C-linked glucose H-l signal was 
evident as a doublet at 64.76 (J = 10.8 Hz), and the 
second H-l resonance at 64.79 (I = 3 Hz) was 
therefore assigned to the hydrolysable O-linked sugar. In 
the “C NMR spectrum, this sugar residue gave a pattern 
of five signals with chemical shift values closely 
resembling those previously published for glycosides 
containing /I-apiose [ 12,133, an unusual branched chain 
pentafuranose. The presence of apiose in 2 was confinned 
in two ways. First, by a gated spin echo (GASPE) [14] 
“C NMR experiment which detined the three signals at 
678.9, 73.4 and 63.4 as representing quaternary or 
methylene carbons, and the remaining signals (S 109.1 and 
75.9) as methine carbons. This experiment also con5rmed 
the assignments shown for these signals in Table 2. 
Secondly, apiose was identii3ed in the hydrolysate of 2 by 
paper chromatographiccomparison with authenticapiose 
derived from the !Yavone apiin [ 153. Attachment of apiose. 
via an O-link, to the glucose residue rather than to the 
isotlavone nucleus at C-7 or Ca was apparent from the 
UV shift observed with sodium acetate (C-7 OH [ 1 l]), 
and from the Bring proton b values (Table 1) which were 
essentially identical with those obtained for puerarin and 
daidxein. Lastly, the interglycosidic linkage in 2 was 
clearly delined as 1 + 6 by the 13C NMR spectrum Thus 
the ghrcose G6 signal was shifted downfield by 7 ppm 
relative to that of puerarin (Table 2), whereas the C-5 

signal exhibited the expected upfield shift. The chemical 
shift of the apiose C-l was essentially the same as 
previously reported for C-l linked apiosides [ 12,131. 
Compound 2 is therefore 7,4’dihydroxy-8-C+ 
glucopyranosylisofiavone 6’-0-B_apiofuranoside 
(puerarin 6”-O+apiofuranoside), a new natural product 
for which we propose the name mirif3cin. 

To date, puerarin has only been associated with the 
genus Puerda Cl], and the present work extends its 
known occurrence to yet another Pueruria spccics. Both 
flavonoid and iso!Yavonoid glycosides containing apiose 
are rare in nature but have been isolated on two previous 
occasions from leguminous plants. Thus, in 1967 
Malhotra et OL [ 163 extracted the isolIavone biochanin A 
‘I-O-apiosyl( 1 + 2) glucoside from the roots of DalbcrgIa 
Innceolaria, and more recently the ilavanone liquiritigenin 
Y-O-apiosyl(l + 2)glucoside was obtained from licorice 
(G~ycyrrh&a t&e&s) roots [ 133. However, whilst an O- 
linked 1 + 6 apioglucoside of a xanthone has already ban 
discovered in Polygala cuudu~u (Polyw) [ 173, 
mirilicin from P. ttdr@cu is apparently the tirst C-linked 
apiosyl( 1 + 6)glucoside of any kind to be recognised as a 
natural product. 

The present work has also revealed an interesting 
analogy between the sugar H-l chemical shift data of 
rhamnosyl( 1 -* 6)glucosidu (rutinosides)/rhamnosyl 
(I-2~ucosides (neohespaidosides) and tire equivalent 
apiosylghrcosides With the two rhamnosylghrcosides, it 
has been observed that although the ghrcose H-l shifts are 
similar, the rhamnose H-l signal in neohesperidosides 
occurs at about 0.5 ppm downfield from its position in 
mtinoaides. This difference is considered to be a reliable 
method of distinguishing between these two most 
common rhamnosylglucosides [l 11. SipnifLmntly, the 
apioaylglucosides dosely parallel this situation, with the 
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T&e 2. “C NMR data (6 values) for daidzkn (3). puerarin (l), mirifkin (2) and 
apiose* 

Daidxeht (3)t Puerarin (1) Miri6cin (2) 
Apiosc 
(apiin)t 

fsotlavonc 
c-2 152.9 152.0 151.8 - 

c-3 123.6b 123.P 123.2b - 
C-4 175.0 174.8 174.8 - 
GS 127.4 125.8 125.7 - 
c-6 115.3 114.3 115.1 - 
G7 162.7 166.4 167.1 - 
C-8 102.2 111.9 111.8 - 
c-9 157.3. 157.1. 157.2 - 
c-10 116.7 117.4 117.6 - 
C-l’ 122.7b 122.P 122.8b - 
c-2 130.2 130.1 130.1 - 
c-3 115.1 115.1 115.1 - 
C-4, 157.7” 157.P 157.2 - 
C-Y 115.1 115.1 115.1 - 
Cd’ 130.2 130.1 130.1 - 
c-sugar 
C-l” - 74.1 74.2 - 
C-2” - 70.8b 70.9 - 
C-3” - 79.2 78.9 - 
C-4” - 70.5b 70.9 - 
C-5” - 81.6 80.1 - 
C-6” - 61.3 68.4 - 
0-SUgU 

C-l” - - 109.1 109.0 
C-2” - - 75.9 76.5 
C-3” - - 78.9 79.1 
C4” - - 73.4 74.0 
C-Y - - 63.4 64.4 

l ~mrrdetermin#iinDM~~(300)at20MHtA~~tabaring 
the xame superscript (a, b or c) in any one rpectrum may be revcmed. 

tAaxigmnentx 8re bual on data given in rrf. 1121. 

apiosc H-l signal appearing at 64.79 in the (1 -t &linked 
diglycoside (Table l), and at 65.38 in the (1 -+ 2~linked 
digIycoside [13]. It is likely, therefore, that ‘H NMR data 
for api~yl~u~sid~ has diagnostic value simiIar to that 
previously demonstrated for rhamnosylgiucosides. 

EXPERIMENTAL 

Phf mot&. Tuberoua roots of Puerivfa +fica Airy Shaw 
& Suvatabandhu [ 181 (collected by Dr. S. Bartktt from the Doi 
Suthep area near Chiigmai in northern Thailand) were slkd 
and air-dried before shipment to the U.K. Upon naipt, the root 
material was stored in seafed glass iprs away from sunlight until 
required for extraction. 

Extraction, isolation and purjlication of pewin (1) and 
miJi@n (2). The pnwdatd root (87Og) was first atirred with 
boiig 95 % MeOH (4.3 1.) for 30 min. ARer cooling and filter& 
the residue was extracted twice more with a mixture of 95% 
MeOH (2 x 3.5 1.) and Hz0 (2 x 870 ml). The combmed &rates 
(COlSl.)wen~entodryolGuinwcvo(40”)Pndtheraidut~ 
then stirrui with 900 ml of 95 % MeOH. The resulting suspension 
was liltcred to remove insoluble waxy material, and the filtrate 

wad then ooncd in wcuo to co 4% ml before being Wered again. 
An equal vol. of Et,0 wna added to the !iltmte,and after standing 
overnight at room temp. the dear MeOH-Et,0 soln wu 
deanted The gmmny ppt wax waxhai with more EtrO (2 x u1 
100 ml)end these washings arm added to the MeOH-Et,0 soln 
which wu immedixtely reduced to drynau The r&due thus 
obtainal wan disaolval in MeOH (13Oml) and gently ah&en 
with 300 ml of Et,O. Upon settling, the dear aupanatant wax 
decanted and tbe remaining solid was redissolved in MeOH 
(200 ml). A tine3 quantity of Et,0 (300 ml) wu added to thin 
McOH soln giving a ppt which was removed and airdried. The 
ruulting brownish c&c wm then tratat aa folloaa: (a) a UMII 
portion (co 100 mg) w dixtolved in boiling M&H (co 10 ml) 
and rppkd to a number of pre-coatai pnpMtive xilia gd thin- 
layer plats (Merck, glaxs-km&d, F-254, lryer thicknas 0.5 mm) 
which were developed in CHCl,-MeOH (20: 1) to afford various 
hand8 fluom blue under long mvelengtb (ca 365 mn) Uv 
~~t.TherolleoftiliagelatcndingfromtheorigintocoR,O.O5 
was ranowzd md its i&lavonoid components were &ted with 
MeOH(50ml).Coacaoftbcdurtein~(40”)tocaSml 
aRbrded a yellow-brown xoln which MU chromatognpbaf 
(xilica gel TLC, layer thkknets0.25 mm) in CHCl,-MeOH-HI0 
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(2O:10:I)togivepuerarin(I)andmir&n(2)atR,0.53and0.37 
r~pectively. (b) A larger quantity (~4 3.5 g) of the 6nely powdered 
Et@precipitated material was applied to a dry pack silica gel 
column (Merck, Type 7734, 3OOg) prior to elution with 
CHQ,-&OH-H,0 (20: 10: I). Eluant fractions (10 ml each) 
wcrc monitored by silica gel TLC, with puerarin and mirilicin 
being detected by their chara&rktic pele blw lluoreaxnce under 
365 nm UV light. Fmctions containing mainly miriticin were 
combined and reduced to dryness in uncuo (45”) The residue was 
then chromatographed (silica gel TLC) in CHCl,-MeOH-H,O 
(20: 10: 1) to alTord. after elution of the appropriate silica gel band 
with Me,CO. u1 14mg of pure rniri&in. This material was 
principally used for the spectroscopic (‘H and “C NMR) 
studies. 

Pwrarin (7.4’-dihydroxyi.w~ne 8-Gj%glucopyrarwside, 1). 
Appeamrxe on silica gel TLC plates viewed under long wavc- 
length W light before and after fuming with NH> vapour, pale 
blue and bright blue rcspaztively. Colour with diazotized p 
nitroaniline reagent, orange. UV I=” nm (% intensity): 206 
(lOO%A 243sh (83%). 251 (88%), 263sh (77%), 309 (307’ 
AMeOH-&OH nm: 213, 265, 292 sh, 336; lEH-“Ok nm: 260, 
34?(addition of H,BO, regenerated the McOH spectrum). 
Comparative W maxima recorded for synthetic daidxein (7,4’- 
dihydroxyisoflavone, 3) wcrcz AeH nm: 21 I, 242 sh, 250.263 sh, 
m; lEH+NaoH nm: 215.260.291 sh. 331; dE”+“O” nm: 
255. 272sh. 337 (addition of H,BO, regenerated the MeOH 
spectrum). ‘H and “C NMR data for puerarin are shown in 
Tables 1 and 2 respectively. 

&fir@& (7.4’~ydroxy-gC-&glucop~~syl~~ 6’- 
O-jlqiofutcnosidc. 2). Fluorescence chamcteristics and oolour 
with diaxotixed pnitroaniline reagent as for pucrarin (1). 
W 1%” nm (% intensity): 208 (98 %), 242 sh (907’ 252 
(lOOy& 263 sh (88%), u#l (337’ IzH-N’oH nm: 210, 263, 
293 sh, 336; I#$H-N’o” nm: 259, 340 (addition of H,BO, 
rcgeneratai the McOH spectrum). For ‘H and “C NMR data 
see Tables I amI 2 respectively. Mirilicin was hydrolysa! with 
boiling 2 N HCI according to standard practice [I I]. Apiose was 
detected in the hydrolysate by PC in n- 
BuOHC,H,-pyridintH1O (5: I : 3: 3). Relative R, values were: 
8alactose 0.27, glucose 0.32 arabinose 0.35. xylose 0.41, apiose 
0.49 and rhamnosc 0.53. The hydrolysate also yielded a 
compound inseparable from puerarin (1) by silica gel TLC in 
CHCl,-McOH-H,O (20: IO: I, R, 0.53). 

AdtnowbdgmVtWe thank Dr. H. Itokawa (Tokyo College 
of pharmacy, Japan) for a sample of puerarin. and Dr. H. Wong 
(Chcmistty Division, D.S.I.R., Petone, New Zealand) for 
determining the ‘H and “C NMR spectra. 
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