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Abstract- The lsolatlon and the structural determination of SIX new 7’-(chrysophancbl-yl)-chrysophanol-IO’-anthrone 
IO’-C-giycoskles I-6 from Asphodelus ramosus tubers are reported 

Introduction 

The ethereal extract of Asphocfelus ramosus (Llllaceae) tubers was found (1,2) to be a source of 

a new class of C-glycosldes characterized by a blanthrone aglycone As this extract showed an 

interesting LC,, value (4 5 ppm) to the Aftem/a salma bioassay, we submitted it to further analysis and 

obtained the SIX novel C-glycosldes 1-6, closely related to those previously Isolated but constltutlng a 

further class of C-glycosldes with anthraqulnone-anthrone aglycone In this paper we describe their 

isolation and caractenzation, and, for some of these compounds, the Artemla salma bioassay The 

structural elucidation was mainly based on spectral (‘H-, 13C-NMR, UV, FAB-ms) evidence and 

confirmed by chemical degradation 

Aglycone structure 

The close similarity of ‘H-NMR data in Table 1 immediately suggested that all of compouds l-6 

shared the same aglycone, whose anthraqulnone nature was lndlcated by UV absorption (A”zH 

425, 370, 286, 254 nm) and confirmed by further NMR analysis The maln structural features drawn 

from ’ H-NMR data by homonuclear decoupling and NOE expenments, can be summarized as follows 

a) three vlclnal protons, b) a pair of meta-protons, separated by a methyl group, c) a proton ortho to a 

second methyl group, d) four chelated phenolic hydroxyl protons, e) a proton, in the range 4 63-4 76 

ppm, coupled with another one occurnng in the carblnob-proton chemical shift zone, 9 two protons 

clearly appearing as an ortho-coupled system for compounds l-3 and as a broad singlet In the case of 

4-6 Actually, on the basis of chemical evidence (See below), also this latter signal was attributed to a 

pair of protons ortho located 
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OH 0 OH 

1 R = H, R’ = C-a-rhamnopyranosyl 

2 R = H, R’ = C-g-xylopyranosyl 

3 R = H, R’ = C-p-antiaropyranosyl 

4 R = H, R’ = C-a-arablnopyranosyl 

5 R = C-p-xylopyranosyl, R’ = H 

6 R = H, R’ = C-fi-qulnovopyranosyl 

7 R, R’ = 0 

The 13C-NMR data (Table 2), defined on the basis of on-resonance and DEPT experrments, 

dlsplayed signals indicating a) eight aromatic methane carbons, b) sixteen aromatic quaternary 

carbons, c) three unsaturated keto groups, d) two methyl groups, e) a methane carbon resonating rn 

the range 44 8-48 3 ppm 

The analogy of these features with the spectral NMR data of the related metabolltes previously 

reported (1,2) suggested an aglycone structure for l-6 with a moiety of chrysophanol linked to a 

moiety of chrysophanol-lo-anthrone 

Confirmatory chemical evidence for this suggestion was obtained from the analysis of the reaction 

products of the spontaneous oxldative fission of the C-glycoside bond performed for 1-5 In the 

reaction crude from each compound was isolated a product whose structure was identified, but for 

the stereochemistry (see below), as asphodelin 7 on the basis of ‘H-NMR of its acetate (3) 

Sugar structure 

As we already emphasized for the bianthrone C-glycosides (2), also the class of compounds here 

described IS characterized by a high variety of sugars, whose structures were mainly established by 

spectral measurements 
\ 

FAB-ms spectra showed, for all compounds 1-6, pseudomolecular ion peaks indicating the 

presence of only one monosaccharide in their glycones, and peaks indicating losses of 132 m/z for 2, 

4 and 5, and of 146 m/z for 1, 3 and 6, in agreement with the pentose or deoxy-hexose sugar nature, 

respectively 

The ‘H- and 13C-NMR data, besides confirming these results, indicated the C-glycoslde nature of all 

metabolltes because of the lack of anomenc acetal-proton signals For compounds 2-6, the type of 

each monosaccharide, its ring size and the configuration of its anomenc centre were deduced from 

the analysis of the ‘H-NMR signal patterns and from the values of the coupling constants, that 
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250 300 350nm )i 
Fig 1 - CO curves of 2 (a), 5 (b), 1 (c), 4 

(d), and 3 (e) in HeOH 

Indicated the mutual geometrical arrangement of the 

sugar-moiety protons Thus, for 2 and 5 the presence 

3 of @-xylopyranose was suggested, for 4 of 

a-arablnopyranose, for 3 of fl-antlarose 

(&6-deoxygulose), and for 6 of 8-quinovose 

Experimental conflrmatlon of these conclusions was 

b obtained In the cases of compounds 2, 4, and 5 by 

identlfylng the monose (TLC, HPLC) present in the 

reaction crude of the spontaneous oxldatlve fission of 

c the aglycone-sugar bond In addition, for both the 

xylose samples obtained from 2 and 5, configuration D 

was Inferred from the positive CD curves of their 

d per-benzoylated denvatlves(4) 

In the case of 1, the ‘H-NMR data measured in 

acetone-ds did not afford a safe lndentmcatlon of the 

sugar moiety because of the overlapping of the H-l” 

e and H-2” signals However, the oxldatlve fission of 1 

afforded rhamnose The ‘H-NMR spectrum of 1 in 

benzene-d6 showed well separated signals, whose 

3Jli.li analysis indicated that the sugar moiety IS 

a-rhamnopyranose in the 4C, conformation, as was 

confirmed by the NOE enhancement of the H-l” signal 

upon irradiation of the 6”-CH, signal The unusual conformation assumed by the a-rhamnopyranose 

ring in 1 was probably due to the stenc hindrance of the aglycone unit, whose equatorial orientation, 

differently from 2-6, may be reached only through a shift from the usually most favoured ‘C, 

conformation 

Stereochemical aspects 

The structures l-6 have been so far defined apart from stereochemistry However, n the case of 

2 and 5, both possessing a D-p-xylopyranosyl unit, a different configuration must be assigned to their 

aglycone Accordingly, the CD curves of these two compouds differed in showing (Fig la, b) Cotton 

effects of opposite sign at longer wavelength and of the same sign at shorter In order to estabkh 

whether the configurational difference between 2 and 5 was due to the chlrallty of the lo’-centre 

and/or to the atroplsomensm of the aglycone, the rotation of the asphodelln samples obtained 

by the oxldatlve degradation of 2 and of 5 was measured The rotation sign being positive for both 

samples, 2 and 5 must be epimers at C-10’ In the light of this result, the analysis of CD curves might 

suggest that the transitions related to the longer wavelength Cotton effects were more affected by the 

configuration at C-IO’, while those related to the shorter wavelength Cotton effects were more affected 

by the atropisomensm of aglycone On this basis, the CD curves of 1, 4 and 5 (Fig lc, d, b) would 

indicate the same configuration at C-IO’ and the same aglycone atroplsomer, while the CD curve of 3 

(Fig le) would indicate the same configuration at C-10’ as 2 and the aglycone atropisomer opposite 
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to that of l-2 and 4-5 This latter assumptton was conflrmed by the negative value of the rotation of the 

asphodelln sample obtalned by spontaneous oxldatlve degradation of 3 

On the basks of this result the posslbllity must be stressed that in the pair 2-5 one of the two 

compounds IS an artefact of the other, as occurred for a pair of blanthrone C-glycosldes isolated 

from the same source (2) 

Table 1 ‘H-NMR data of compounds 1-7 in acetoned (apparent couphng constants in Hz)~ 

2 

5 

6 

7 

2 

4 

5 

6 

10 

11 

11 

1 lb 2 3 4 5 6 7 

7336s 712s 736bs 733bs 734bs 734bs 734bs 

726dd 7920’ 726dd 7314 729dd 72944 7296 

(6 5, 1 2) (77) (6 2. 0 9) (6 3) (61,13) (73, 10) (6 2) 

770dd 7051 771dd 774dd 772t 774t 771 t 

(6 597 6) Q 7) (6 2,7 3) (S 337 6) (61) (73) (6 2) 

754dd 6954 74566 7496 759dd 759dd 7466 

(7 6, 1 2) (77) Q 3.0 9) (7 6) (6 1. 13) (7 3, 1 0) (6 2) 

6 72 d (1 7) 659s 675bs 673bs 6726s 670bS 67268 

693d (1 7) 667s 7066(09) 707bs 695bs 696bs 6966s 

72Ud(76) 72Od(77) 714d(77) 7156(76) 723bs 723bs 72565 

7266116) 76Od(77) 7316(77) 7266(76) 72369 7236s 7256s 

463d (25) 4 64 d (2 2) 4 75 d (2 2) 4726(30) 473d(19) 4 69 d (2 2) 476bs 

217s 20‘s 2 17s 212s 211s 206s 214s 

240s 206s 240s 240s 238s 239s 241s 

Sugar protons 

1” 396 

2” 398 

3” 391t 

(2 5) 

4” 341dd 

(5 3, 2 5) 

6% 333m 

5b 

40666 

(2 2,6 6) 

419dd 

(3 786 6) 

394t 

(3 7) 

347t 

(3 7) 

364dq 

(3 7,7 0) 

34564 

(2 2, 9 5) 

319t 

(9 5) 

332t 

(9 5) 

313m 

405dd 

(8 5,3 0) 

36066 

(6 5, 3 0) 

392t 

(3 0) 

356dd 

(3 5, 3 0) 

36flm 

335dd 34566 4034 

(9 5, 2 l)O (9 7,2 2) (5 6) 

361 t 3371 3Wdd 

(9 5? (9 5) Q 305 6) 

346dd 337t 3Zdd 

(9 5,3 6)’ (9 5) (9 7, 7 3) 

377mc 332m 349m 

262t 

(10 6) 

361dd 

(106, 57) 

391 dd 263t 

(13 5, 2 2)C (10 6) 

334dd 364dd 

(135, 1 6)C (106, 64) 

346m(97)d 

6 lOd(64) 1 07 d (7 0) 1 24 d (6 5) 1244 (64) 

Phenok hycfroxyi protons ’ 

1 1249s 1281 s 1249s 1250s 1250s 1250s 1250s 1247s 

8 1224s 1265s 12 17s 12-19 s 1216s 1213s 1220s 122% 

1’ 11 96s 1236s 1196s 1197s 1196s 1196s 1200s 1190s 

6’ 1162s 1209s 1166s 1190s 1189s 11829 1185s llS&S 

740bs 

73264 

(6 3, 1 0) 
775t 

(76) 
751dd 

(8 3, 1 0) 
721bs 

7666 (1 0) 

757d(76) 

7 69 d (7 6) 

216s 

262s 

a Asslgments of l-6 were obtalned by comparw.” with 7 and on the basas of decouplmg and NOE expenments 

b Measured I” benzene-d6 

iThese data were measured I” chlorofotmdl where the s~gnsls appeared well resolved 

Measured upon lrradlatlon of H-6 at 1 24 ppm 

’ Awgnments m each column may be Interchanged 



Anthraqumone-anthrone-C-glycondes 
4439 

Tabfe 2 %-NMR chemical shffts (ppm) and DEPT of compounds 1.2,4.5 and 7 in acetonsdsa 

9-9 
10 
1.0.1',6 

3,3 

4'8. 5'a 

6 

7' 

6 

*la 

4 

2.597 

2 c 
6 

10 

11 11' 

Sugarcarbons 

2 

3' 

4' 

5 

c 

DEPT 1 

C 1954, 194,l 1@54,1941 

c 1630 1627 

c 1639, 162.9, 1633,1629, 

1627,1606 1627,1597 

c 151 4,146s 1515,146 1 

c t476,1423 1456.1429 

CH 1362 1362 

C 1356 1387 

CH 1353 1365 

C %326,Q2P Ez2325, KS2322 

c 1267 1263 

CH 1256,1244, 1266,1243, 

1219 1224 

CM Gu5,GilS laQ& 1107 

Cti 1165 1165 

CH 463 451 

cH3 221,214 222,213 

CH g 
CH s 
CH g 
CH s 
CHjCHs s 

cH3 
176 

2 

a77 

602 

714 

71 0 

713 

4 

lb""" 193a 

1634,1629, 

1626,1602 

161 1,1469 

1472,1416 

1362 

1355 

1353 

~-3a~l3II7 

1268 

1256.1244, 

1214 

la7 en7 

1165 

451 

221,214 

5 

1952,1939 

1626 

1632,1626, 

1607,1605 

151 4,1466 

f471,1412 

1362 

1353 

1355 

t32aatT3232n 

1266 

1255,1243, 

1214 

t2a5,Gu2 

1166 

440 

220,213 

869 

798 

712 

707 

709 

aAss~gmantswere obtained bycompartson wth data reported I" refs 1 and 2for bkanthwne Cqlycosldae 

bNtidstected 

"dAf lnterchangeableasslgnmenta 

t Notasslgned signalsat796,760,746,74land666ppm 

Not asslgned stgnals at87 2.760,71 7,706and 666 ppm 

7 

1939 

t621c 

1635,1626, 

1607,1606 

1506,1604 

1346d.1334d 

13630 

135td 

13740 

1321 1% 3 
b 

1258.1246, 

1246 

t2ttif 12nsf 

12031 

1627C 

221,213 

EXPERIMENTAL 

‘l-l- (400 135) and “C-NMR (100 614) spectra were recorded In acetoned wRh a 400-AM FT-NMR spectrometer 

(Bruker), equipped wnh dual probe UV spectra were measured in methanol wrth a Gary-210 spectrometer CD curves were 

measured In methanol wrth a JASCO J-600 drchrograph Mass spectra were recorded with a VG ZAB-2SE instrument 

equipped wrth a FAB source Rotatrons were determrned in methanol solutions on a Perkrn Elmer mod 141 polanmeter 

Hplc was performed with a Vanan 5060 instrument using a UV detector 

/so/at/on of compounds l-6 The ether extract (3 g) ofAsphode/us ramosus tubers was submitted to DCCC separation 

as reported (1,2) Fraction A (1 6 g) was chromatographed on a silica gel (200 g) cdumn wrth a Chromatospac Prep 10 

apparatus (Jobrn Yvon) Eluhon wrth chloroform-methanol (97 3) gave five fractions in order of IncreasIng pofanty a (200 

mg). b (50 mg), c (150 mg). d (130 mg), and e WO ms) 
Fraction a was submitted to further cdumn chromatography on silica gel Two main groups of fractions were obtarned 

by dutron with 99 1 and 96 2 chloroform-methand, respectrvefy Upon PLC on silica gel with 9 1 chloroform-methanol of the 

less pdar group (25 mg), 4 was ytefded as a yellow amorphous sotld ‘H- and 13C-NMR see Tabfes FAB-ms m/z 625 

(MH)+, 493 (MH - 132)+ and 475 (MH - 132 - IS)+ PLC on srlka 

fraction (75 mg) gave 1 (40 mg) as an amorphous solfd ‘H- and 83 
el with 95 5 chloroform-methanol of the more polar 

C-NMR see Tables FAB-ms m/z 639 (MH)+, 493 

(MH-146) + 
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PLC on s~kca gel wth 95 5 chloroform-methanol of fractton b gave 1 (14 mg) and a fraction f&m which 3 (2 mg) and 6 

(2 mg) were obtatned as amorphous sokds by HPLC (Lichrosphere RP-18,85 15 methanol-water 1 0 ml/mtn , UV detection 

at 280 nm) ‘H-NMR see Table 1 FAB-ms of 3 m/z 639 (hlH)+, 493 (MH-148)’ FAB-ms of 6 m/z 639 (MH)+, 493 

(MH-146) + 

Compound 5 (25 mg), amorphous sokd, was obtained from fraction c by subsequent HPLC (Uchrosphere RP-18. 

85 15 methand-water, 1 0 ml/min , UV detection at 280 nm) and PLC on s~kca gel with 85 5 chloroform-methand ‘H- and 

‘k-NMR see Tables FAB-ms m/z 825 (MH)+, 493 (MH - 132)+ and 475 (MH - 132 - 18)+ 

PLC on s~hca gel wrth chtoroform-methand (95 5, 6 runs) of fraction d gave compound 2 (30 mg) as an amorphous 

solid ‘H-and “C-NMR see TaMes FAB-ms m/z 825 (MH)+, 493 (MH - 132)+ and 475 (MH - 132 - 18)+ 

Spontaneous alteratron of compounds l-5 Samples of l-5 were separately left in acetone in an NMR tube for a long 

period (one-two months) TLC (silica gel, 95 5 chloroform-methand) of each mixture revealed the presence of other 

products PLC on silica gel of each crude from compounds I, 2, 4 and 5 afforded dextrorotatory asphodelin 7 and 

rhamnose. xylose, arabinose, and xylose. respectrvely In the case of compound 3 only asphodelin (levorotatoty) was 

isolated 

B,o/og/ca/ tests Bnne shrimp (4rfem~a salma) assays were performed in DMSO (1% Rnal volume) using 10x3 

animals/dose suspended in artrfkxl sea water (5 ml) as reported in ref 5 After 24 h the data obtained were analyzed by the 

Frnney program (8) which yields LC58 values wrth 95% confidence intervals LCBo values of 4 2,50 and 2 ppm for the ether 

extract from the tubers and pure 1 and 2, respectwely, were found 
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