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(rcl. int.): 398 [Ml’ (100). 383 [M-Me]’ (81). 260 [M 
-C&,0]+ (82). 245 [M-138-Me]+ (40). 

C~pwnds Z 4 and 5. From the Sephadex LH-20 column. 
268 mg of a mixture of 4 and 5 were obtained as white needles, mp 
164-167” (EtOAc). IRvkFcm-‘: 3440 (OH), 1700 (ketone). 
EIMS (probe 70eV) m/t (rel. int.): 470 [M]+ (3). 452 [M 
-H10]+(11),437[M-H20-Me]+(IS),398[M-C.H,O]+ 
(Zl), 383 1398 - Me]+ (48). 260 1398 -C&,0] + (30). 245 [260 
- Me]+ (28). [43]+ (100). After the mixture wasboikd in MeOH 
for 10 min the product was eluted through Sephadex LH-20 and 
compound 2 was obtained. After repeated crystallization from 
EtOAc and MeOH of the obtained material, 150 mg of white 
needles were obtained, mp 211-212”. IRvkTcm-‘: 1700 
(ketone), 14SOo,1380, 1110, lOsO, lC00,910. EIMS (probe 70 eV) 
m/r (rel. int.): 484 [Ml’ (S), 469 [M-Me]’ (4). 452 [M 
- MeOH]’ (65). 437 [452-Me]+ (41), 413 [M -C,H,O]+ 
(loo). 

Oxidation of4 and 5. Compounds 4 and 5 (2 mg) were reacted 
with 10 mg HIO, in Et,0 for 30 min. TLC afforded I.3 mg of 1, 
identical with an authentic sample (‘H NMR and TLC). 
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Abstract-Two spirostanol glycosides, cantalasaponins -2 and -4 were isolated from the methanolk extract of the 
rhizomes of Agaue cantala and were characterized. The first glycoside was found to be lethal against Biomphalaria 
glabrata, the snail vector of the disease schistosomiasis, at a concentration of 7 ppm. 

INTRODUCTION 

Agaue species are reported to have anticancer 1 and 
piscicidal 

f 
E3 23 properties. Steroidal sapogenins 3 and 

saponins 4-61 have been reported from the leaves and 
fruits of A. cantala. We have shown that the rhizomes of 
this plant contain sapogenins [7J a hongguanggenin 
diglucoside [8] and other steroidal saponins. This paper 
describes the isolation and characterization of two heco- 

*To whom correspondence should be addressed. 

genin glycosides (1 and 3) from the methanolic extract of 
the rhizomes. Compound 1 was found to be molluscicidal 
against Biomphakuia glabrata at a concentration of 

7 ppm. 

RESULTS AND DISCUSSION 

Repeated column chromatography of the methanolic 
extract of the rhizomes gave cantalasaponins-2 (I), 
-3 (2), -4 (3) and -5 (4). Compounds 1 and 3 belonged 
to the 25R spirostane series (IR). 

FD-mass spectrometry showed that the M,s of 1 and 3 
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1 R’ = @-D-Xyt (pyr). R’ =p-D-gh@yr) 

3 R’ = p-D-Xyt (pyr), R’ =P-D-Xyt(pyr)(t~4)-P-D-glu(pyr) 

PS, R’ = R* = H 

PS,R’=H. R2=/3-D-&(pyr) 

were 1048 (m/z 1087 [M +K]+, 1071 [M +Na]+ and 
1049 [M + HI+) and 1180 (m/z 1203 [M + Na]+), respect- 
ively. The lower mass regions of the spectra were almost 
identical. Fragment ions at m/z 939 [M + Na - 132]+, 
909[M+Na-162]+and754[M-132-162]+inland 
at 1071 [M+Na-132]+and939[M+Na-2x132]+ 
in 3 indicated the presence of a terminal pentose in both 
and a terminal hexose in the former. 

Acidic hydrolysis of 1 and 3 gave hecogenin, and D 
gakose, ~-glucose and ~xylose in the ratio 1: 2: 1 and 
1: 2: 2, respectively. Partial hydrolysis of 1 gave pro- 
sapogen& PSI, PSz and PS, whereas 3 additionally eve 
PS,.TheFD-MSofPSscontain~a[M+tTI+ionat 
m/z 917. PSI on hydrolysis gave galactose whereas PSz 
and P!& gave glucose also. Oxidation of PSI with sodium 
periodate followed by acidic hydrolysis gave glucose. 

The pennethylate of 1 (la) prepared by Hakomori’s 
method [9] on hydrolysis yielded 2,3,4-tri-O-methyl-~- 
xylosc, 3,6&O-methyl-Dgalactose (Wallenfelk [lo] posi- 
tive), ~4,6-lri-O-methyl-Dglucose and 2,3,4,6-tetra-O- 
methyl-pglucose. The permethylate of 3 (3a) gave the 
first three sugars and 23.6tri-O-methyl-Dglucose. PSz 
petmethylate gave f3,4,Ctetra-0-methyl-Dglucose and 
3,4,6-t&O-methyl+galactose whereas PSI permethylate 
additionally furnished 2,4,6tri-O-methyl-Bglucosc. PS, 
permethylate gave sugars identical to those given by la. 
The identities of the methylated sugars were established 
by comparison with authentic samples [1 l-133. 

The points of linkages in the glycone parts in PSz, PSz. 
1 and 3 were further supported by the application of 
glycosylation shifts [ 14, IS]. r3C chemical shifts of methyl 
pyranosides of jW@actose, /.Wglucose and /3+xylose 
in pyridineds [14-16j and those of hecogenin [17l are 
available. 

The d values of C-3 and C-5 of the sugars in the 
r3C NMR spectra of PSz and 1 contkmed the presence of 
/7-linkages [ 143 at the anomeric carbons. &Linkages in 1 
and 3 were further supported by their ‘HNMR spectra 
and by the application of Klyne’s rule [18]. 

Thus, 1 and 3 were characterized as 3-O-C {B_D 
gl~Pyranosyl(I + 3WWlucoPytanosYlU + 2)I {& 
~xylopyranosyl(l -. 4)}-B~~opyranol~(2SR~~- 
spirostan- 12-ons3/3-ol and 3-O-C {/I-r)xylopyranosyl 
(1 --, 4)-j?- D-&JCO~~I’CWS~~( 1 -e 3) -/3- D -glucopyranoSyl 

(l-+2)} {P=YloPyran~YW -b 4)j-BJW@ctoPyrano- 
syl]-(25 RkSa-spirostan- 12-ona3/3-oZ respectively. 

EXPERIMENTAL 

Mps: uncorr.; FDMS: JEOL JMS DX-MO/JMA-3500 system 
(E.H.C.: 22-23 e cathode voltagez -5 kV, accelerating vol. 
tagcz 2 kV, ion multi. voltagez 2.5 kVj ‘HNMR (100 MHz) and 
‘+ZNMR (25 MHz): C,DIN with TMS as an internal staod& 
CC: silica gel (BDH, 6O-12Omcsb) (i) and L.obeu LiChroprcp 
Rp8 (Met&, size B) (ii); TLC Kimelgcl60 G (Merrk) (ii) and 
DC-Alufolien Kicselgel 60 F1,. (Merck) (iv); HPTLC: 
Fertigplattcn Rp8 FI,e (Men&) (v) The spots on TLC were 
visoalizcd by spraying with 10% alcoholic HISO. followed by 
heating PC: Whatman No. 1 paper using the descending mode 
and aniline hydrogen phthaIatc as the developer. Calorimetric 
estimations 1193. The following solvent systenur wcrc oscd~ 
(A) CHCl,-McOH (9: lk (B) &OH-HI0 (9: 1); 
Q McOH-HI0 (4: 1); (D) CHQ-McOH-Hz0 (13:4:2); 
(E) petrol (60-W)-EtOAc (1:l); (F) C&-Me&O (4:l); 
(G) EtO&-C,H,N-HI0 (10:4:3) and (Ii) wBuOH- 
EtOH-H,O (5:1:4). 

Isolotioa of saponins The saponin fraction (6.50) from a 
MeOH cxtrxt of the rhizomes of A. can&&a (colkctcd from 
Srinagar, UP.) gave cantalaqonin 1[8] and a complex mixture 
which on repeated CC [(&solvent A] gave two fractions (1.21 g 
and 2,2.8 g), each of which cry&l&d as colourkss !lakts (aq. 
EtOH) and appeared homogeneous on TLC. 

Fruction 1. FDMS m/z (rc.L int.): 1071 (76.1X 1057 (6&Q 903 
(loo), 755 (60.5), 431 (19.2), 417 (9.6 399 (20.1). 

Froctfon 2 FDMS m/t (rd. int.): 1203 (23.3). 1189 (26.2), 1057 
(63.1), 916 (21.3), 903 (lOO), 431 (320x 417 (25.7), 399 (126). 

CC of fraction 1 (1 g) [(ii), solvent B] afforded 1 ad 2 and 
fraction 2 (1.25 g) gave 3 and 4 (homogcncity of l-4 cbackcd by 

HPLC (v), solvents B and C) (characterization of 2 and 4 ia in 

prom). 
Compound 1. Colourlars needles (372 mg) from aq. EtOIi, mp 

287-293”, [a&‘-” -3W (CsH,N; c 1.98). IRvzan-‘. 3400 
(OH), 1710 (>C=O), 989, 922, W?, 870 (mtauity 902 > 922, 
25R-spiroketd). FDMS m/r (rel int.): 1087 [M +K]+ (14.7), 
1071[M+Na]*(100),1049[M+H]*(16.0),1048[M]*(225), 
939 [M+Na-132]+ (43.6), 916 [M-132]+ (124x 909 [M 
+Na-162]+(9.9),886[M-162]+(9.0),754[M-132-162]* 
(10.3), 592 [M-132-(2x 162)]+ (5.5). 430 (1.8), 133 [xyl+H 
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-H,O]’ (17.Q 115[xyl+H-ZHsO]+ (6.2k,‘HNMR:bO.67 
(6H, 4 19Me, 27-Me), 1.09 (3H. s, 18Me). 1.36 (3H, d, 21-Me), 
4.8S(lH& = 7HZH-lof~j5.07(~m.H-lofglu~~ 
5.56 (HI, d, J = 7 Hz, H-1 of xylj ‘)CNMR dqshlcane: 36.6, 
29.5,79.6,34.3,44.3,28.5,31.7* 34.6 s5.5, 362 37.9,2128,55.3, 
55.9,31.7,79.1,54.2,16.0, 116,425, 13.9, 109.2 31.7,29.2,30.5, 
66.9, 17.3 (C-1-C27k sugar moiety: 1023.81.2,73.1,79.6,76.1. 
60.6 (galactosyl Cl-Ca), 104.8, 70.7s*, 86.8, 70.4, 78.5. 624b 
(glucosylC-l-C-6j 104.8.75.5, 78.5.70.9’.78.5,629b @htcosylC- 
l’C6’j lW.8,75.0,77.5,70.7,67.1 (xylosyl C-l-C-5j (Pound: C, 
57.16; H, 7.84. C,eHsoOs3 requires C, 57.25; H, 7.63 %.) 

Compound 3. cOlourlcss neuiles (483 mg) from aq. EtOH, mp 
268-271°, [a]$“ -31.7” (CsH&c 220). IRv~an-‘: 3450 
(OH), 1712 (:wj 980,920,899,8&-t (intensity 899 > 920, 
25R-spirokctalj PDMS m/z (rcl int): 1219 [M+K]+ (122). 
1203 [M+Na]+ (9233 1071 [M+Na-132]+ (RIO), 939 [M 
+Na-2 x 132]+ (44.Oj 916 (17.3). 909 (25.8j 886 (15.6j 754 
(14.8j 592(10.0),431(19.7), 133 (22.2j 115(15.9); ‘HNMR60.67 
(6H, m, 19-I&., 27Mej 1.09 (3H. s, l&Me), 1.36 (3H, d, 21-M& 
4.85(~~~~-7~H-lof~uj5.10(3~~H-lof~~~~d 
xylj 5.56 (1 H, d, J = 7 Hx, H-1 of xylk “C NMR: hugar moiety: 
10.24,80.7,73.1,79.7,75.4,6&6@al~tosy1C-1-C-6), 103.9s.70.7. 
86.8,70.7,78.3, 621b (glucosyl C-l-C-6). 104.8: 75.4,77.7,79.7, 
77.2, 629b (glucosyl C-1%-6’), 104.8t. 75.1. 77.7, 70.7, 69.1 
(xylosyl C-l-G5), 1061t. 75.1, 77.2, 70.7,67.0 (xylosyl Cl’-G 
5’j (-Pout& C, 55.69; H.7.61. CssH,sOr, required C,55.93; 
y 7.45 %.) 

A&c hydmtysis of1 wd 3. Compounds 1 and 3 (20 mg each) 
were refluxul with 2 M HC!l-EtOH (l:l, 1Oml) on a boiling 
water bath for 3.5 hr to afford the aglycone @cog&n), mp 
262-265” (MeGH) (lit. [7] mp 262-264”, [e]g -3”). 
IRVEC4.C I: 3400 (OH), 1700 (:C=Gj 990,920,9(& 860 
(intensity 904 > 92Oj EIMS: m/z 430 [Ml’. The neutrahmd 
@g&O,) and cone. aq. hydrolysate showed the prcseme of D 
&+emsc, ~glucose and ~xylose (PC, solvent G, R, valt1~3 0.20, 
0.23 and 0.37. respeetivclyj Sugars were estimated at 420 nm. 

Portiaf hydrolysis of 1. Compound l(200 mg) in 1 M HCl-n- 
BuOH(1:1,25ml)washeatalat7O’=for25hr.TheBuOHlayer 
wasw~witbH1Oand~ratadtodryoeasInwcuo.Tbe 
maidueonCC[(ijsolventD)yiefdcdhecoge&PS, (15mgj 
PSI (13.5 mg)andPS, (16Smgj PS,,PSs and PS3 (Zmgettch) 
on acidic hydrolysis car&d as above gave ngaIactose PSx and 
PSI hydrolysates also contained ~glucose (PC, solvent Gj 

PSr. Colourkss plates from aq. MeOH. mp 270-273” 
(dec0mp.j t3CNMR &mgarmoietyz 102.5,80.1,73.4,723,76.9, 
61.0 (galactosyl C-l-C-6), 107.1, 75.5, 78.7, 725, 78.5, 63.1 
(gluarsyl c-lag 

PS,. Colourkss plates from aq. MeGH mp 296299” 
@==P.A Cal&@ -23.5” (CsHsN, E 0.9). PDMS m/z (I-CL int$ 
917 [M + H-J’ (1OOj 754 (721j 593 (23.2j 431 (214j 413 (79.3). 
13CNMR: &sugar moiety: 1025, 81.0, 73.3, 70.4, 76.7, 60.6 
@alactosylC-1X-6), 105.2,71.8,86.1,7Q4,77.7: 61.7b @htcosyl 
C-l-C-a), 106.9,75.6,78.5,71.4 78.2., 63.2b (glucosyl C-1%-6 j 

NaIO, oxfdenon of PSI and PS3. PSs and PS, (3 mg each) 
wcrr~t~mixcdwithanaq.solnofNalO,(lO”f,1.5mt) 
POdlcRinthtdarlratroomt~~for5days.~ofthenegmt 
was decomposed by adding ethylene glycol(O.5 ml). Pacb on 
usual work-up followed by acidic hydrolysii was cheeked by PC. 
The product from PSI showed ~gluoose only. 

Pemethylorkm of 1,3, PSI, PS1 and P& . Compounda 1 and 3 
(8Oms eacfix =I, =a md pst (7 mg each) were separately 

l t3C NMR data: ~bAasignments are interchangeabk between 
carbons marked with similar sign in a compound. 

tAmignments are intercbangrabJe betwaa two xylosea. 
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3wnepurifiodbyCC((~rdventE]toyieldlr(2O~)~3r 
(15mgjmq=tiv&whikfromPS1 .PS, andps, byprapTU: 
[(iii solvznt F; visuahxing agent, H,O]. 

Canpound 1 pemwhyfare (laj Colourkss syrup. 
IRv~cm-‘: no OH (Found: C, 61.M; H, 7.91. C&HtolOt~ 
requires C, 61.18; H, 8.55%) 

Hydrdysis of la Mi 30. Compounds la and 3s (10 mg e&t) 
were separately r&mad with 1 M HCl-MeGH (1: 1.6 ml). The 
neutralixed and cone hydrolymte from 1s contained (PC, solvent 
H) Q,4,6-tetra-o-methyl-tq@coq 23.4t&O-methyl-Bxylose, 
2,4&tri-o-methyl-t&glucose and wallenfcrs positive 3,&d&0- 
methyl-t+lactose (R, values 1.00,094,0.76 and 0.47, respect- 
ively j Hydrolysate from 3a revealed methylated sugars as above 
except that at Ro 1.06, An additional spot 2,3,6-tri-O-methyl-n- 
glucose appeared at R, 0.83. 

Acidic hydrolysis of PS,, PS2 mni PS3 pmsethylates. 
Permethylatcs of PS,, PSI and PS3 (3 mg each) were hydrolysal 
as above and checked by PC (solvent Hj The hydrolysate of PS, 
permethylate &owed ~,~~~~~~thyl-~~ (R. 
0.88), the hydrolysate of PSs pcrmethylate contained 23,4,6- 
tetra-0-mthyC~glucose and wallenfci’s positive 3,4,atri-o- 
methyl-~galactose (R. 1.00 and 0.72, rqsctivcly) whereas the 
hydrolysate of PSI permcthylatc additionally carried 2,4,6&-O- 
methyl-zqmcose (R. 0.76j 

Partial hydmfysb of 3. Partial hydrolysis of 3 (18Omg) as 
~~~l~vea~t~of ~~~~~ 
which was puri&d by CC [ (ij solvent A] to afford PSr (10 mgj 
P% WmsA =3 (13.5me) and ps, (momsj 

PS.. Cqwaked as eolourless needles from aq. EtOH, mp 
u36-294”. LRv~un- ‘: 3400 (OH), 1711 (:C-G), 989, 922, 
902,870. It was found identical to 1 by mmp, -TLC [solvent 
systems EtOAc-EtOH-HxO (IS: 5:4) and CHC13-MeGH-HsO 
(13:7:2)], superimposable JR and byte studms. 

Mo&uciciQJrut. compound 1 was submitted toassayagainst 
Biomphati &b~ta by the method of ref [20]. 
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NAPHTHOQUINONES FROM JUGLANDACEAE 

KIYOICHI HIR.UUW& ERIKO OGIUE, JIRO MOTOYOSHIYA and MASAO YAIIMA 

Faculty of Textile Science and Technology. Shinshu University, Ueda, Nagano 386, Japan 

(Receiued 16 September 1985) 

Key Word Index-lbrocorya; Jug@ Juglandaccac; juglone; 3,3’-bijuglone; cyclotrijuglone. 

Abstract--The oligomeric juglones isolated from the barks of Juglandaceae plants, Pterocarya and Ju&tts, were 
shown to be 3,3’-bijuglone (8,8’-dihydroxy[2,2’-binaphthalene]-l,l’,4,4’-tetrone and unsymmetrical cyclotrijuglone 
(1,7,16-trihydroxy-5,6,11,12,17,18-trinaphthalenehexone). 

INTBODUCnON RESULTS AND DISCUSSION 

It is well known that juglone (S-hydroxy-l+naphtho- 
quinone) and hydrojuglone glucoside (4,8dihydroxy-l- 
naphthalenyl+@ucopyranoside) occur in different 
parts of Juglandaceae [l]. Other monomeric naphtho- 
quinones have also been found (e.g. 1,Qnaphthoquinone 
[2., 33 and 5,8dihydroxy-l&naphthoquinone [4] from 
Juglans species). The natural co-occurre nce of a mono- 
meric quinone with its oiigomers (dimer, trimer and 
tetramer) has been widely studied, e.g. ‘I-methyljuglone 
(ramentacenone) and its oligomers in Ebenaceae and 2- 
methyljuglone (plumbagin) and its oligomers in 
Droseraceae [ 11. However, the oligomers from the quin- 
ones which occur among Juglandaceae plants have re- 
ceived little attention. Juglone oligomers, 3,3’-bijuglone 
(1) [S] and symmetrical cyclotrijuglone (2) [6]. have been 
reported to occur in root-bark of J. regia in one instance 
only. The present paper is concerned with the isolation 
and structure elucidation of juglone oligomers from P. 
rhoifilia Sieboldiana et ZWX. (wingnut, Japanese name 
Sawagurumi) and J. mandshurica Maxim. var. Sieboldiana 
Makino (walnut, Japanese name Onigurumi). 

The chloroform extracts of the fresh root-bark of P. 
rhoifolia was chromatographed on silica gel (benzene as 
eluant) to give in addition to juglone two polar light 
yellow compounds The less polar of the two polar 
compounds was identified as bijuglone (1) by comparison 
with an authentic sample prepared by addition ofjuglone 
and 1,4,5&hydroxynaphthalene [7J. The ‘H NMR spec- 
trum (CDQ) of isolated 1 revealed two singlets of H-3 
and H-3’ (67.04) and 8- and 8’-OH (b 11.75). Bijuglone (1) 
was distinguished from its isomers, 2,2’-bijuglone (3) and 
2,3’-bijuglone (4), by ‘H NMR spectroscopy [8,9]*. It 
gave a reddish violet colour with aqueous alkali and 
underwent reversible reduction with sodium dithionite 
like many other hydroxynaphthoquinones. 

*The chemical shifts (CDCl, /TMS = 0) for vinyl and hydro- 
xyl protons of 3 and 4. prepared independently by the method of 
Laatsch [8,9]. are as followa Compouod 3: 67.05 (2H. s, H-3 and 
H-3’),11.86(2H,s,5-a~l5’-0~I:67.02(1H,s,H-33,7.06(1H, 
s, H-3). 11.73 (lH, s, 8’-OH), 11.85 (1H. s, 5-OH). 

The second polar compound was unsymmetrical cyclo- 
trijuglone (S), having hydroxyl groups at the unsym- 
metrical position. The structure followed from the 
‘H NMR spectral data (l- and l&OH singlet and 7-OH 
singlet at 5 11.20 and 11.27, respectively, in CDCIs). The 
structure of cyclotrijuglone from J. regia had previously 
been assigned as symmetricaJ2 rather than unsymmetrical 
5 [q. More recently, synthetic cyclotrijuglone has been 
obtained from the addition ofjuglone to 1.4,~trihydroxy- 
naphthalent followed by treatment with chloranil. Its 
structure was assigned as 5 on the grounds that the 
’ H NMR spectrum (CD(&) of its triacetate showed two 
singletsignalsat6251(3H,OAc)and248(6H,2OAc)[73. 
The ‘H NMR spectrum (CDCl,) of cyclotrijuglone from 


