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Abstract- The 1solation and the structural determination of six new 7’-(chrysophanoi-4-yl)-chrysophanol-10’-anthrone
10’-C-glycosides 1-6 from Asphodelus ramosus tubers are reported

Introduction

The ethereal extract of Asphodelus ramosus (Lhlaceae) tubers was found (1,2) to be a source of
a new class of C-glycosides characterized by a bianthrone agiycone As this extract showed an
interesting LC, value (4 5 ppm) to the Artemia salina bioassay, we submitted it to further analysis and
obtained the six novel C-glycosides 1-6, closely related to those previously isolated but constituting a
further class of C-glycosides with anthraguinone-anthrone aglycone In this paper we describe their
isolation and caractenzation, and, for some of these compounds, the Artemia salina bioassay The
structural elucidation was mainly based on spectral (H-, '3C-NMR, UV, FAB-ms) evidence and
confirmed by chemical degradation

Aglycone structure

The close similarty of "H-NMR data in Table 1 immediately suggested that all of compouds 1-6
shared the same aglycone, whose anthraquinone nature was indicated by UV absorption (}.mgf(’”
425, 370, 286, 254 nm) and confirmed by further NMR analysis The main structural features drawn
from 'H-NMR data by homonuclear decoupling and NOE experiments, can be summarized as follows
a) three vicinal 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 occurring in the carbinolic-proton chermical shift zone, f) two protons
clearly appearing as an ortho-coupled system for compounds 1-3 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
parr of protons ortho located
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1 R = H, R’ = C-a-rhamnopyranosyl
2 R = H, R’ = C-g-xylopyranosyl

3 R = H, R' = C-g-antiaropyranosyl

4 R = H, R’ = C-a-arabinopyranosyl
5 R = C-p-xylopyranosyl, R* = H

6 R = H, R’ = C-g-quinovopyranosyl
7RR =0

The 'C-NMR data (Table 2), defined on the basis of on-resonance and DEPT experiments,
displayed signals indicating a) eight aromatic methine carbons, b) sixteen aromatic quaternary
carbons, c) three unsaturated keto groups, d) two methyl groups, €) a methine carbon resonating in
the range 44 8-46 3 ppm

The analogy of these features with the spectral NMR data of the related metabolites previously
reported (1,2) suggested an aglycone structure for 1-6 with a moiety of chrysophanol linked to a
moiety of chrysophanol-10-anthrone

Confirmatory chemical evidence for this suggestion was obtained from the analysis of the reaction
products of the spontaneous oxidative 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 TH-NMR of its acetate (3)

Sugar structure

As we already emphasized for the bianthrone C-glycosides (2), also the class of compounds here
described 1s 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 1on 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-glycoside nature of all
metabolites because of the lack of anomeric acetal-proton signals For compounds 2-6, the type of
each monosaccharide, its ring size and the configuration of its anomeric centre were deduced from
the analysis of the 'H-NMR signal patterns and from the values of the coupiing constants, that



4437
Anthraquinone-anthrone-C-glycosides

indicated the mutual geometrical arrangement of the
sugar-moiety protons Thus, for 2 and 5 the presence
. of B-xylopyranose was suggested, for 4 of
a-arabinopyranose, for 3 of g-antiarose
(8-6-deoxygulose), and for 6 of g-quinovose
Experimental confirmation of these conclusions was
® obtained in the cases of compounds 2, 4, and § by
identfying the monose (TLC, HPLC) present in the
reaction crude of the spontaneous oxidative fission of
¢« the aglycone-sugar bond In addition, for both the
xylose samples obtained from 2 and 5, configuration D
was inferred from the positve CD curves of ther
§ per-benzoylated dervatives(4)

In the case of 1, the '"H-NMR data measured in
acetone-dg did not afford a safe indentfication of the
sugar moiety because of the overlapping of the H-1"

¢ and H-2" signals However, the oxidative fission of 1
afforded rhamnose The 'H-NMR spectrum of 1 In
i eves a4 o 4 . .| benzene-d; showed well separated signals, whose
F1;501 o0 curvelof 2 (3), S 1 (c?, + 2Jyp analysis indicated that the sugar moiety s
(d), and 3 (e} 1n MeOH a-rhamnopyranose in the 4C1 conformation, as was
confirmed by the NOE enhancement of the H-1" signal
upon irradiation of the 6°-CH, signal The unusual conformation assumed by the a-rhamnopyranose
rng in 1 was probably due to the steric hindrance of the aglycone unit, whose equatorial orientation,
differently from 2-6, may be reached only through a shiit from the usually most favoured ‘C4
conformation
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Stereochemical aspects

The structures 1-6 have been so far defined apart from stereochemistry However, in the case of
2 and 5, both possessing a D-g-xylopyranosyl unit, a different configuration must be assigned to therr
aglycone Accordingly, the CD curves of these two compouds differed in showing (Fig 1a, b) Cotton
effects of opposite sign at longer wavelength and of the same sign at shorter In order to establish
whether the configurational difference between 2 and 5 was due to the chirality of the 10’-centre
and/or to the atropisomerism of the aglycone, the rotation of the asphodelin samples obtained
by the oxidative degradation of 2 and of § 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-10’, while those related to the shorter wavelength Cotton effects were more affected
by the atropisomerism of aglycone On this basis, the CD curves of 1, 4 and 5 (Fig 1c, d, b) would
indicate the same configuration at C-10" and the same aglycone atropisomer, while the CD curve of 3
{Fig 1e) would indicate the same configuration at C-10’ as 2 and the aglycone atropisomer opposite
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to that of 1-2 and 4-5 Thus latter assumption was confirmed by the negative value of the rotation of the
asphodelin sample obtained by spontaneous oxidative degradation of 3

On the basis of this result the possibility must be stressed that in the pair 2-5 one of the two
compounds 1s an artefact of the other, as occurred for a par of bianthrone C-glycosides isolated
from the same source (2)

Table 1 'H-NMR data of compounds 1-7 in acetone-d6 (apparent coupling constants in Hz)"l

1 lb 2 3 4 5 [ 7
2 733bs 712s 736bs 733bs 734bs 734bs 734 bs 740bs
5 728dd 792d 728dd 7314 729dd 729dd 729d 732dd
®5,12) lds) 82,09) ®3) ©1,13) 73,10 ©2) ©3,10)
6 770dd 7051 77tdd 774 dd 772t 7741 771t 775t
©576) &) 82,79 ©3,76) ®1) 73 ®2) 7 8)
7 754dd 6950 7450d 749d 759dd 7 59dd 7454 751dd
76,12 7 73,09 e 81,13 73,10 ®2) 83,10
2 672d{(17) 659s 675bs 673bs 672bs 670 bs 672bs 721 bs
q 693d(17) 687s 708d{09) 707 bs 695bs 696 bs 696bs 7684 (10)
5 720d(76) 720d@7) 714d(77) 715d (7 6) 723bs 723bs 725bs 757d(78)
6 726d(76) 78040 (77) 731d(77) 726d(76) 723bs 723bs 725bs 789d(78)
10 463d(25) 464d(22) 475d(22) 472d (30) 473d(19) 469d(22) 476 bs -
11 217s 204s 217s 212s 211s 208s 214s 216s
11 240s 206s 240s 240s 238s 239s 241 252s
Sugar protons
1 398 408dd 345ad 405dd 335dd 345dd 403d
22,86 22,95 8530 ©521)° ©7.22) 58
2 398 419dd 319t 380 dd 361t 337t 390ad
(37.86) ©5) 85,30 ©5° @) (73,58)
3" 391t 394t 332t 392t 3484dd 337t 322dd
@25 @7 ©5) (30) ©95,36)° ©5) ©7.73)
& 341dd 347t 313m 356dd 377m® aszm 349m
(53,25 @7 (35,30)
5a  333m 364dg 282t 360m 391dd 283t 348m@7°
(37,70 (108) (13s5,22)° (108)
5b - 361dd - 334dd 3s4dd
(108,57) (135,18)° (106,54)
6 10d(64) 107d (70) - 1244 (65) - - 1244 (64)

Phenolic hydroxy! protons e

1 1248s 1281s 12495 1250 s 1250s 1250 s 1250s 1247 s
8 1224 1265s 1217 s 12-19s 1218s 1213s 1220s 1225s
1 1196s 1235s 1196s 1197s 1196s 1195s 1200s 1190s
8 1182s 1209s 1186s 1190s 1189s 1182s 1185s 1180s

a Assigments of 1-6 were obtained by comparison with 7 and on the basis of decoupling and NOE experiments
Measured in benzene-d,

© These data were measured in chlcroﬂ)rm-d1 where the signals appeared well resolved

d Measured upon irradiation of H-6 at 1 24 ppm

e Assignments in each column may be interchanged
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Table 2 3C-NMR chemical shifts (ppm) and DEPT of compounds 1,2, 4, 5and 7 in aoetonedsa

Carbons DEPT 1 2 4 s 7

9,9 C 1954, 194,1 1954, 1941 1954,1938 1952, 1939 1939

10 c 1830 1827 b 1826 1821°

1,8,1,8 C 16391628, 1633, 1629, 163 4, 1629, 1632, 1626, 1635, 1628,
1627,1605 1627, 1597 1628, 160 2 1607, 1605 1607, 1605

3,3 C  1514,1488 1515, 148 1 1511, 1489 1514, 1488 1506, 150 4

48,5 C 1478 1423 1458, 1429 1472,1416 1471,1412 13469, 133 ¢

6 CH 1382 1382 1382 1382 1383°

7 c 1356 1367 1355 1353 13519

6 CH 1353 1355 1353 1355 137 4°

4, 50 c 13281323 1326, 1322 1230, 1307 1326, 1320 1321 1313

4 c 1287 1283 1288 1285 b

2,5,7 CH 1255, 1244, 1256, 1243, 1256, 124 4, 1255, 1243, 1258, 1248,
1219 1224 1214 1214 1248

2 a CH 1m5‘ 1205 1m2‘ 1197 1207 1207 1m5‘ 1203 121 ﬁ,f 120,6,'

5 CH 1165 1165 1165 1166 1209

10 CH 463 451 451 4438 1827°

1" CH, 221,214 222,213 221,214 220,213 221,213

Sugar carbons

1 cH 9 ar7 h 89

> cH 9 802 h 798

3 cH 9 714 h 712

P cH 710 h 707

5 CH/CH, 9 713 h 709

& CH, 178

8 A g were obtained by parnison with data reported 1n refs 1 and 2 for bianthrone C-glycosides

5 ot detected

cdef

Interchangeable assignments
9 Not assigned signals at 798, 76 0, 74 5, 74 1 and 66 6 ppm
Not assigned signals at 87 2,76 0, 71 7, 70 6 and 68 8 ppm

EXPERIMENTAL

H. (400 135) and 13c.NMR (100 614) spectra were recorded In acetoned6 with a 400-AM FT-NMR spectrometer
(Bruker), equipped with dual probe UV spectra were measured in methanol with a Cary-210 spectrometer CD curves were
measured In methanol with a JASCO J-600 dichrograph Mass spectra were recorded with a VG ZAB-2SE instrument
equipped with a FAB source Rotations were determined in methanol solutions on a Perkin Elmer mod 141 polarimeter
Hplc was performed with a Varian 5060 instrument using a UV detector

Isolation of compounds 1-6 The ether extract (3 g) of Asphodelus ramosus tubers was submitted to DCCC separation
as reported (1,2) Fraction A (1 8 g) was chromatographed on a silica gel (200 g) column with a Chromatospac Prep 10
apparatus (Jobin Yvon) Etution with chloroform-methanol (97 3) gave five fractions in order of increasing polarty a (200
mg), b (50 mg), ¢ (150 mg), d (130 mg), and e (800 mg)

Fraction a was submitted to further column chromatography on siica gel Two main groups of fractions were obtained
by elution with 99 1 and 98 2 chloroform-methanol, respectively Upon PLC on sbllca gel with 9 1 chloroform-methanol of the
less polar group (25 mg) 4 was yielded as a yellow amorphous solid "H- and '3C-NMR see Tables FAB-ms m/z 625
(MH)*, 493 (MH - 132)* and 475 (MH - 132 - 18)* PLC on silica ?el with 95 5 chloroform-methanol of the more polar
fraction (75 mg) gave 1 (40 mg) as an amorphous solid TH- and 3C-NMR see Tables FAB-ms m/z 639 (MH)*, 493
(MH-146)*
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PLC on silica gel with 95 § chloroform-methanol of fraction b gave 1 (14 mg) and a fraction fr\0m which 3 (2 mg) and 6
(2 mg) were obtamned as amorphous solids by HPLC (Lichrosphere RP-18, 85 15 methanol-water 1 0 mi/min, UV detection
at 260 nm) 'H-NMR see Table 1 FAB-ms of 3 m/z 639 (MH)", 493 (MH-146)* FAB-ms of 8 m/z 639 (MH)*, 493
(MH-148)*

Compound 5§ (25 mg), amorphous solid, was obtained from fraction ¢ by subsequent HPLC (Lichrosphere RP-18,
85 15 methanol-water, 1 0 ml/min, UV detection at 260 nm) and PLC on silica gel with 95 5 chloroform-methanol H- and
13C.NMR see Tables FAB-ms m/z 625 (MH)*, 493 (MH - 132)* and 475 (MH - 132 - 18)*

PLC on silica gel with chloroform-methanol (95 5, 6 runs) of fraction d gave compound 2 (30 mg) as an amorphous
solid 'H-and T3C-NMR see Tables FAB-ms m/z 625 (MH)*, 493 (MH - 132)* and 475 (MH - 132 - 18)*

Spontaneous alteration of compounds 1-5 Samples of 1-5 were separately left in acetone in an NMR tube for a long
period (one-two months) TLC (silica gel, 955 chloroform-methanol) of each mixture revealed the presence of other
products PLC on silica gel of each crude from compounds 1, 2, 4 and 5 afforded dextrorotatory asphodelin 7 and
rhamnose, xylose, arabinose, and xylose, respectively In the case of compound 3 only asphodelin (levorotatory) was
isolated

Biologrcal tests Bnne shrimp (Arterma salina) assays were performed in DMSO (1% final volume) using 10x3
animals/dose suspended In artificial sea water (5 ml) as reported inref 5 After 24 h the data obtamned were analyzed by the
Finney program (6) which yields LC50 values with 95% confidence intervals LCg values of 4 2, 50 and 2 ppm for the ether
extract from the tubers and pure 1 and 2, respectwvely, were found
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