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Abstract-Eight C-glycosylflavone 0-glycosldes including three new compounds lsomollupentm 7-0-glucoslde, 
lsomollupentm 4’-0-glucoslde and lsomollupentm 2”-0-glucoslde have been isolated from the leaves and flowers of 
Cerastaum arvense The 27 C-glycosylflavones identified m this plant are tabulated 

INTRODUCTION 

As part of bmchemlcal systematic mvestlgatlon of 
Cerastwm aruense subsp arvense (Caryophyllaceae) [ 11, 
several C-glycosylflavones have been reported mono-C- 
glycosyl!lavones [2], dl-C-glycosylflavones [3,4], 7,2”-dl- 
0-glycosyl-C-glycosylflavones [2,5] and two 7-O-gly- 
cosyl-C-glycosylflavones, the known saponann and the 
new cerarvensm 7-0-glucoslde [2] We now report the 
lsolatlon and ldentlficatlon of eight O-glycosyl-c-gly- 
cosylflavones mcludmg three new lsomollupentm O- 
glucosldes (7-0-glucoslde, 4’-0-glucoade and Y-O- 
glucoside) All the C-glycosylflavones so far isolated from 
C arvense are tabulated [6] 

RESULTS AND DISCUSSION 

The novel compounds lsomollupentln ‘I-0-glucosrde (I), 
lsomollupentm 4’-0-glucoslde (2) and lsomollupentm 2”-O- 
glucoslde (3) as well as the known 4’-0-glucosyhsovltexm, 
4’-0-glucosyhsoonentm, 2”-0-glucosyhsovltexm and 2”- 
0-arabmosyhsovltexm were Isolated from the ethanohc 
extract from fresh aerial parts of Cerastwm arvense and 
ldenttied by their spectral and chromatographlc pro- 
perties [7, 81 

Compound 1 showed the UV spectrum and dlagnostlc 
shifts of a 7-0-substituted aplgenm [9] and the chromato- 
graphic properties of an aplgenm dlglycoslde Acid hydro- 
lysls with 4N HCl-MeOH (1 1) yielded glucose (TLC) 
and lsomollupentm (6-C-arabmosylaplgenm) [UV, EIMS 
of the permethyl (PM) ether, co-TLC with standard free 
and permethylated samples] accompanied by small 
amounts of Its Wessely-Moser isomer The lsomollupen- 
tin 7-0-glucoslde structure of 1 was confirmed by the mass 
spectrum (EIMS) of its PM derivative which showed the 
charactenstlc fragmentation pattern of a PM 5,7- 
dlhydroxy-6-C-glycosyltlavone 7-0-glucoslde [ 10, 1 l] 
with two homologous senes of peaks correspondmg to 
the fragmentation of PM 6-C-glycosylflavones, the first 
series related to the molecular peak [M]’ m/z 690, [M 
-lS]+,[M-31]+,[M-119]+ (hM),[M-131]+ (IM), 
[M- 145]+ (JM), [M - 161]+ (kM) (from the 6-G 
pentosyl residue), the second senes to the aglycone AH 
[A] + m/z 471, [AH - lS]+ (aAH), [AH - 31]+ (bAH), 

[AH - 47]+ (cAH), [AH - 63]+ (dAH), [AH - 119]+ 
(hAH), [AH - 131]+ (IAH), [AH - 145]+ (kAH) (again 
from the 6-Gpentosyl residue) The nature of the 7-O- 
glycosyl residue 1s given by the difference 219 [M - A], 
correspondmg to one hexose The pentosyl nature of the 
6-C-glycosyl residue 1s gven as noted above by the 
difference 131 [AH - IAH] and the aplgenm nature of the 
flavone moiety by [lAH]+ m/z 341 

Compound 2 showed the UV spectrum and dlagnostlc 
shifts of a 4’-0-substituted apigemn [9] and the chro- 
matographlc properties of a dlglycoslde Acid hydrolysis 
led to glucose and lsomollupentm accompanied by small 
amounts of its Wessely-Moser isomer (identified as 
above) The PM denvatlve gave the mass spectrum 
(EIMS) of a PM 5,7-dlhydroxy-6-Gglycosylaplgemn 4’- 
0-glycoslde [ 10,111 [M] + m/z 690, followed by the usual 
[M-15]+, [M-31]+, [M-47]+, [M-119]+, [M 
- 131]+ fragments from the 6-Gpentosyl residue and an 
important aglycone ion AH [M - 218]+ The presence 
and intensity of ion h+ 1 (AH) m/z 354, the lower 
mtenslty of the ions a (AH), b (AH), c (AH), d (AH) (m/z 
457,441,425,409, respectively) are other characterlstlcs of 
a PM 4’-0-glycosyl-6GglycosyllIavone [ 10, 111. The 
nature of the 4’-0-glycosyl residue 1s grven by the 
difference 218 [M - AH] correspondmg to one hexose As 
noted above, the pentosyl nature of the C-glycosyl residue 
1s gwen by the difference 131 [M - IM] or [AH - IAH] 
and the apigenm nature of the flavone moiety by [IAH]+ 
(m/z 341) These data proved 2 to be lsomollupentm 4’-O- 
glucoslde 

Compound 3 showed the UV spectrum and diagnostic 
shifts [9] of aplgenm with free hydroxyl groups at the 5,7 
and 4’ posItions and the chromatographlc properties of an 
apigenm dlglycoslde Acid hydrolysis led to glucose and 
lsomollupentm accompanied by small amounts of Its 
Wessely-Moser isomer The posltlon of attachment of 
glucose to the C-glycosyl residue was determined by the 
mass spectrum (EIMS) of the PM denvatlve of 3 which 
showed the characteristic fragmentation pattern of PM 6- 
C-pentosylapigenm 2”-O-glycosldes [ 1 l] absence of M 
- 15 and M - 3 1 ions (showing the absence of a 2”-OMe 
[25]) replaced by the Ions [SO]+ (m/z 471)and [S]’ (m/z 
455) denved from the ehmmatlon of the PM 2”-0-glycosyl 
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Table 1 C-glycosyMavones from Cerastzum arvense 

OH 0 

Compound R, R4 R6 R, Rs 

Cerarvensm 
Isomollupentm 
Isovitexm 
Isoorientm 
Isoscopann 
6-C-xylosyl-8-C-arabmosylaplgenm 
Schaftoslde 
Isocorymboslde 
Cerastm 
Cerarvensm ‘I-glucoslde 
Isomollupentm 7-glucoslde (1) 
Isovltexm ‘I-glucoslde 
Isomollupentm 4’-glucoslde (2) 
Isovltexm Y-glucoslde 
Isoonentm 4’-glucoslde 
Isomollupentm 2”-glucoslde (3) 
Isovltexm 2”-xyloslde 
Isowtexm 2”-arabmoslde 
Isowtexm 2”-glucoslde 
Isomollupentm I-glucoslde 

2”-xyloslde 
2”-arabmoslde 
2”-glucoslde 

Isowtexm ‘I-glucoslde 
2”-arabmoslde 
2”-glucoslde 

2”-Feruloyhsowtexm 
2”-Feruloyl 4’-glucosyl 

lsowtexin 
lsoonentm 

H 
H 
H 
OH 
?Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
OH 
H 
H 
H 
H 

H 
H 
H 

H 
H 
H 

H 
OH 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
CM% 

OGlc 
OGIC 

OH 
OH 
OH 
OH 

OH 
OH 
OH 

OH 
OH 
OH 

OGlc 2-FerGlc 
OGlc 2-FerGlc 

p-n-Xyl 
a-L-Am 
/Y+Glc 
/3-D-Glc 
j?-DGIC 
/J-DXYl 
p-DGIC 
fl+Gal 
&~Glc 
B-D-Xyl 
a-L-Am 
B-DGIc 
a-L-Am 
j-~Glc 
/?-D-Glc 
Glc( 1 + 2)Ara 
Xyl( 1 + 2)Glc 
Ara( 1 -+ 2)Glc 
Glc(1 + 2)Glc 

Xyl(1 + 2)Ara 
Ara(1 -+ 2)Ara 
Glc( 1 -+ 2)Ara 

Ara(1 + 2)Glc 
Glc( 1 -+ 2)Glc 
2-FerGlc 

OH H 
OH H 
OH H 
OH H 
OH H 
OH a-L-Am 
OH a-L-Am 
OH a-L-Am 
OH jLr+Gal 
OGlc H 
OGlc H 
OGlc H 
OH H 
OH H 
OH H 
OH H 
OH H 
OH H 
OH H 

OGlc 
OGIC 

OGlc 

OGlc 
OGlc 
OH 

OH 
OH 

H 
H 
H 

H 
H 
H 

H 
H 

Glc, glucose, Am, arabmose, Gal, galactose, Xyl, xylose, Fer, feruloyl 

and 2”-O-glywsyloxy restdues, respecttvely, and presence of 
an intense ton J (m/z 341), the molecular ion could not be 
found, but the chromatographtc properties of the free 
compound (see Expenmental) only agree with an lso- 
mollupentm monoglucoslde structure Compound 3 1s 
therefore lsomollupentm 2”-O-glucoslde 

Isomollupentm 7,2”-dl-0-glycosldes have been pre- 
vlously ldentdied m this plant [5] and in Spergulurta rubra 
[ 123, but lsomollupentm 7-0-glucoslde, lsomollupentm 
4’-0-glucoslde and lsomollupentm 2”-O-glucoslde are 
charactemed for the first time Beslde these new NO- 
mollupentm 0-glycosldes, five known 6-C-glycosylflav- 
one 0-glycosldes have been isolated from Cerastwm 
arvense 4’-0-glucosyhsovltexm and 4’-O-glucosyhso- 
onentm (reported from Gentuma sp [13, 141 and Br~zn 
sp [ 15]), 2”-O-glucosyhsovltexm (isolated from Ox&s 
acetosella [16], Gentzana asclepdea [17], Cucumls melo 

[ 181 and Melandruun album [ 1932”-O-xylosyhsovltexm 
(isolated from Desmodlum canadense [20] and Passa$ora 
serrutlfolza [21]) and 2”-O-arabmosyhsovltexm isolated 
from Melanhum album [19] and Avena satzva [22] 

All these compounds were ldenttied by UV, acid 
hydrolyns, mass spectrometry (EIMS) of the PM denva- 
tlves and comparison with literature data 

In addltlon, several feruloyl C-glycosylflavones have 
been isolated from Cerastwm arvense Three of them were 
known compounds 2”-0-feruloyhsovltexm and Y-O- 
feruloyl-4’-O-gluwsyhsovltexm (from Gentuma punctata 
[23]), and 2”-O-feruloyl-4’-0-glucosyhsoonentm (from 
Gentlana burserz [24]) The first one was ldentied by UV, 
acid and alkaline hydrolysis, EIMS of the PM denvatlve 
(= PM lsovltexm) and comparison with hterature data 
The two others were characterized by UV, acid and 
alkaline hydrolysis, EIMS of the PM denvatives 
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(= PM tsovttexm and PM tsoonentm, respectively), FAB- 
MS of the free compounds and ‘H NMR of the acetates 
Another feruloyl-4’-O-glucosyhsovltexm and a feruloyl- 
cerastm (6-C-glucosyl-8-Ggalactosyl-aptgemn), both ac- 
ylated on a sugar residue, were isolated m too small 
amount for further study 

The 27 identified C-glycosylflavones tsolated from 
Cerastwm aruense during tlus study are gtven tn Table 1 

400 TLC (polyamide) R, 073 (H,O-EtOH-MeCOEt- 
AcCH,COMe, 12 4 3 l), (cellulose) R, 043 (HOAc 5%) 062 
(HOAc 15x), 066 (BAW, 4 1 5), (silica gel) R, 044 (EtOAc- 
MeOH-HzO, 21 4 3) Permethylether EIMS 70 eV, m/z > 300 
(rel mt) 515 [Sol]’ (IS), 501 [SOJ]’ (13), 485 [SOk]+ (27X 
471 [SO]+ (46), 455 [S]+ (l@O), 355 [I]’ (16), 341 b]+ (58), 325 
[k]’ (1 l), 311 [l] + (7). TLC (silica gel) R, 005 (CHCl,-EtOAc- 
Me&O, 5 4 l), 0 34 (CHCl-EtOAc-MezCO, 5 1 4) 

EXPERIMENTAL 

Plant material Cerastwm arvense L subsp arvense was 
collected m May 1981 on the roadside at Chamboeuf, C&e d’Or, 
France A voucher spunen, No 116, IS deposited m the 
Herbanum of Laboratolre de Phannacognosle, FacultC de 
Pharmacle, Universltb de DlJon 

Acid hydrolyses Compound (2mg) was heated with 
MeOH-4N HCl (1 1) at loo” in a sealed tube for 1 hr After 
repeated evapns of the solvent, the residue was taken up m Hz0 
and extracted with n-BuOH The aglycones were ldentdied m the 
n-BuOH extract by TLC (slhca gel) m EtOAc-MeOH-Hz0 
(21 4 3), (cellulose) m 15 % HOAc and BAW (4 1 5) 

Extra&on and lsolatlon Fresh leaves and flowers (2 kg) were 
extracted with 95 y0 EtOH (10 1) under reflux After concn under 
red pres the residue was taken up m hot Hz0 and filtered The 
aq phase was then partitioned agamst CHCl, and Et,0 The 
remanung aq layer (12 g) was subnutted m three portions to 
reversed phase HPLC on a Lichroprep RP-18 (254Opm) 
column (20 x 2 cm) Elutlon with a dlscontmuous gradlent 
MeOH-HzO-HOAc, 4 15 1,6 13 1, 10 9 1 (pressure 10 bars, 
flow rate lOml/mm), ylelded 10 fractions, which were further 
separated on Llchrosorb RP-18 (1Opm) and nucrocrystalhne 
cellulose columns (see ref [6] for details) Fmal separation of 
1 was achieved by TLC (s~hca gel) m EtOAc-MeOH-Hz0 (21 4 3) 
Compounds were cleaned over Sephadex LH-20 columns prior 
to spectral analysis Known compounds were ldentdied by 
comparison of UV, chromatographlc properties, and mass 
spectral data with those of standard compounds 

Sugars were identified by TLC (0 2 M NazHP04 unpregnated 
slhca gel plates) m Me&O-Hz0 (9 1)agamst standard markers, 
flavones and sugars were respectwely detected with bls- 
dlazotued benadme-NazC03 and amhne phthalate The agly- 
cones were permethylated and cochromatographed on TLC 
(slhca gel, CHCl,-EtOAc-MezCO, 5 4 1) with standard PM 6- 
C-glycosylflavones 

Alkalme hydrolyw The acylatd glycoslde (1 mg) was added to 
2 N NaOH (2 ml) and the mixture left under Nz for 2 hr at room 
temp , then acldlfied with 2N HCl The acid was extracted with 
Et,0 and characterized by TLC with authentic samples The 
deacylated glycoslde was extracted with n-BuOH and character- 
ued by spectral (UV, EIMS) and chromatographlc methods 

Isomollupenrzn ‘I-0-glucoslde (1) UV .i&$H nm 272, 330, 
+NaOAc 272, 348 sh, 394, + AlCl, 280, 300 sh, 346, 388 sh, 
+ AlQ + HCI 278, 302 sh, 340, 386 sh, NaOH 278, 300 sh, 
348 sh, 400 TLC (polyanude) R, 077 (HzO-EtOH-MeCO 
Et-AcCHzCOMe, 12 4 3 l), (cellulose) R, 0 22 (HOAc 5 %). 
0 42 (HOAc 15%). 0 48 (BAW, 4 1 5), (slhca gel) R, 0 34 
(EtOAc-MeOH-H,O, 21 4 3) Permethylether EIMS 70eV, 
m/z > 295 (rel mt) 690 [M]’ (20), 675 [M - 15]+ (32), 659 
[M-31]+ (73), 643 [M-47]+ (lo), 571 [M-119]+ (20), 559 
[M-131]+ (20),472[M-218,AH]+ (IS),471 [M-219,A]+ 
(47), 457 [AH - 15]+ (50), 441 [AH - 31]+ (88), 425 [AH-471 + 
(40), 409 [AH-631’ (59), 383 [AH-89]+ (12), 355 [AH 
-117]+ (38), 353 [AH-119]+ (61). 341 [AH-131, I (AH)]+ 
(lC!O), 327 [AH-145]+ (76), 311 [AH-161]+ (32), 297 [AH 
- 1753 + (39) TLC (sdica gel) R, 0 15 (CHCl,-EtOAeMezCO, 
5 4 l), 0 58 (CHCI,-EtOAc-Me&O, 5 1 4) 

8 

Isomollupentm 4’-0-glucoslde (2) UV ASH nm 273, 326, 
+NaOAc 278, 296 sh, 390, + AICI, 284, 300, 344, 380 sh, 
+ AlCI, + HCI 284, 300, 344, 380 sh, NaOMe 278, 298 sh, 
380 TLC (polyamide) R, 090 (HzO-EtOH-MeCOEt- 
AcCHzCOMe, 12 4 3 1). (cellulose) R, 0 34 (HOAc 5 %), 0 53 
(HOAc 15 %), 0 46 (BAW, 4 1 5), (slhca gel) 0 30 (EtOAc-MeOH- 
HzO, 21 4 3) Permethylether EIMS 70 eV, m/z > 295 (rel mt ) 
690[M]+(23),675[M-15]+(19),659[M-31]+(100),643[M 
-47]+ (14), 631 [M-59]+ (6), 601 [M-89]+ (4), 571 [M 
-119]+ (ll), 559 [M-131]+ (36), 472 [M-218, AH]+ (49), 
457[AH-15]+ (3x441 [AH-31]+ (17),425[AH-47]+ (5), 
409 [AH - 63]+ (2), 383 [AH - 89]+ (4), 355 [AH - 1173 + (14), 
354 [AH-118]+ (31), 353 [AH-119]+ (6), 341 [AH-131]+ 
(32), 327 [AH - 145]+ (29), 311 [AH - 161]+ (5), 297 [AH 
- 175-j’ (7) TLC (slhca gel) R, 0 12 (CHCl,-EtOAc-MezCO, 
5 4 l), 035 (CHCl,-EtOAc-Me&O, 5 1 4) 

9 

10 

11 

12 

Isomollupentm 2”-0-glucosufe (3) UV Q$$‘H nm 275, 336, 
+NaOAc 280 317, 332 sh, 390, +AlCI, 280, 302, 346, 384 sh, 

13 

14 

15 

16 

+ AICI, + HCl 280, 304, 348, 380 sh, + NaOMe 280, 328, 17 
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