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Abstract-Three new flavonol glycosides, isorhamnetin 3-(2”-acetyl) glucoside, limocitrin 7-glucoside, and limocitrin 
3,7_diglucoside, were isolated from the aerial parts of Sedum acre. The known compounds quercetin, isorhamnetin and 
their 3- and 3,7-di-glucosides, isorhamnetin7-glucoside and limocitrin and its 3-glucoside were also identified. The 
structure of the compounds was determined by means of spectroscopic and chemical methods. 

INTRODUCTION 

Sedum acre L. is the most common Sedum species in 
Poland. The aerial parts of the plant are used in folk 
medicine. The biological activity of the chemically inves- 
tigated representatives of this genus is ascribed to alka- 
loids, organic acids, and polyphenolics including flavon- 
oids [l, 21. Previous flavonoid investigations of S. acre 
have shown the presence of rutin [3], various incom- 
pletely determined flavones and flavanones [4, 51, as well 
as isorhamnetin 3- and II-glucosides, limocitrin 3-gluco- 
side, isorhamnetin 3,7-di- or triglucoside and a possible 
isorhamnetin glucoester [6,7]. In S. acre L. var. sexangul- 
are, treated in the latest floristic literature as an indepen- 
dent species S. sexangulare L. [S, 91, 8-methoxykaem- 
pferol and its 3-rhamnoglucoside-7-rhamnoside have be- 
en reported [lo, ill. 

In the present investigation a further eight flavonoids 
have been characterized, including three described for the 
first time. 

RESULTS AND DISCUSSION 

In the aerial parts of S. acre 14 flavonoids were 
detected, of which 12 were separated and identified. Of 
the previously reported compound the presence of isor- 
hamnetin 3- and 7-glucosides and limocitrin 3-glucoside 
was confirmed. Isorhamnetin 3,7-di-O-/?-D-glucopyrano- 
side has been fully characterized by other workers [6,7]. 
However, the presence of rutin, flavanones and 8-meth- 
oxykaempferol and its glycoside, reported in the litera- 
ture, could not be detected [3-5, 10, 111. The remaining 
flavonoids have been isolated from the taxon for the first 
time. On the basis of chemical and spectroscopic investi- 
gations (UV, ‘HNMR) compound 1 was identified as 
isorhamnetin, 2 as quercetin, 3 limocitrin, 7 as quercetin 
3-glucoside, 12 as quercetin 3,7-di-glucoside. The physi- 
cochemical properties of the isolated compounds are in 
agreement with those given in the literature, with the 
exception of those given for isorhamnetin 7-glucoside (its 
melting point and that of its heptaacetate and its UV 
spectrum) [7, 121. 

A further three flavonoids (5,9,10) were isolated for the 
first time in nature. Compound 5 gave isorhamnetin and 

D-glucose on and hydrolysis, and during mild base hy- 
drolysis gave isorhamnetin 3-glucoside. The UV and 
‘HNMR spectra of the heptaacetate are identical with 
those obtained for isorhamnetin 3-glucoside. FDMS of 5 
showed a quasimolecular ion at m/z 521 [M+ H]+ 
corresponding to the molecular formula C,,H,,O,,. In 
the IR spectrum, apart for the characteristic flavonoids 
signal the ester group signal was observed at 1730 cm-‘. 
The presence of a C=O group at 6 169.4 ppm and Me at 
20.9 ppm in the 13C NMR spectrum, and a three-proton 
singlet at 2.14ppm in ‘H NMR TMS ether spectrum can 
be ascribed to an acetyl function. From a comparison of 
the ‘HNMR spectra of the TMS ether of 5 and its 
reconstruction product it can be seen that the acetyl 
function is attached to the C-2” of the P-D-ghCOpyranOSe 

(H-2” signal, triplet of J= 8 Hz, shifted downfield by 
ca 1.49 ppm, H-l” signal, doublet of 5=8 Hz shifted in 
the opposite direction by 0.33 ppm) [13, 143. Specific 
rotation of 5, -96.3”, is characteristic of glucosides 
acylated at C-2 of glucose [14, 151. The acetylation 
position has been confirmed with 13CNMR analysis 
(Table 1). The large difference in the position of signals of 
C-l” and C-3” in 5, as compared with the respective 
signals in 4 which are shifted upfield by 3.0ppm and 
2.8 ppm, respectively, together with the unchanged posit- 
ion of the C-2” signal and the agreement of the shifts of 
the remaining carbons with literature values [ 163 allowed 
identification of 5 as isorhamnetin 3-O-(2”0-acetyl)+D- 
glucopyranoside. The isomeric isorhamnetin 3-0-(6”-O- 
acetyl)-/?-D-glucopyranoside, has been found in Salix 
viminalis, Pinus contorta and Pinus silvestris [17-191. 

Compounds 9 and 10 on acid hydrolysis gave D- 
glucose and an aglycone, which on the basis of its melting 
point, acetate and UV and ‘H NMR spectra was charac- 
terized as limocitrin despite some differences from litera- 
ture data (tetraacetate; mp [6, 73 176-177”, [20] 
155-156”). The glycosylation position, for 9 at C-7 and for 
10 at C-3 and C-7, as well as the configuration of the 
glycosidic binding and the cyclic form of the sugar was 
determined by means of UV and ‘H NMR spectroscopic 
analysis of the TMS ethers of the compounds and their 
acetates [21]. FDMS showed quasimolecular ions, [M 
+ H] + at m/z 509 and 67 1, corresponding to the molecu- 
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Table 1. ~ 3C NM R  spectral data of 
compounds  4 and 5 

C 4 5 

2 156.4 156.3 
3 133.3 t32.7 
4 177.5 177. l 
5 161.3 161.1 
6 98.6 98.7 
7 164.2 164.1 
8 93.7 93.7 
9 156.4 156.3 

10 104.2 104.0 
1' 121.3 120.8 
2' 113.9 113.4 
3' 149.5 149.5 
4' 147.1 146.9 
5' 115.3 115.2 
6' 122.1 122.1 

OMe 55.8 55.7 
l" 101.4 98.4 
2" 74.3 74.3 
3" 76.7 73.9 
4" 70.1 69.9 
5" 77.4 77.5 
6" 60.8 60.5 

169.4 
OAc 20.9 

300 MHz, DMSO-d6, ~5 values in 
ppm from TMS 

lar  f o r m u l a s  o f  9 C23H24013 ,  a n d  10 C29H34018 .  F r o m  
these  resu l t s  9 is ident i f ied as l imoci t r in  7-O-f l -D-gluco-  
p y r a n o s i d e ,  a n d  10 as l imoci t r in  3,7-di-O-/:~-D-glucopyr- 
anos ide .  

Because  o f  infraspecif ic  cy to log ica l  a n d  m o r p h o l o g i c a l  
va r i a t i ons  wi th in  the  species  Sedum acre  [223, add i t i ona l  
f l avono id  i nves t i ga t i ons  of  p l a n t  ma te r i a l  f rom v a r i o u s  
r eg ions  o f  P o l a n d  (Ciechoc inek ,  C z e s t o c h o w a ,  Gada f l sk ,  
N o w y  Sacz, W r o c l a w )  were ca r r ied  out .  However ,  no  
qua l i t a t ive  f l avono id  di f ferences  were f o u n d  in the  c o m -  
plex u s i n g  c h r o m a t o g r a p h i c  m e t h o d s ,  l s o r h a m n e t i n  a n d  
its g lucos ides  were the  m a j o r  c o n s t i t u e n t s  in all the  
s a m p l e s  ana lysed .  

EXPERIMENTAL 

Plant material. Aerial parts of S. acre were collected from a 
natural population in Ozork6w, region L6d'2, Poland, at the time 
of flowering in June 1985. Taxonomic identification was per- 
formed by comparing the morphological features with those 
given for this taxon in refs [8, 9, 22]. A voucher specimen is 
deposited in the Herbarium of the Department of Pharma- 
cognosy Medical Academy of L6dk:, Poland. 

General procedure. Mp uncorr.; FDMS-Varian MAT 711; 
~3CNMR-Bruker  MSL NMR; IH NM R  360/60 MHz, TMS as 
int. standard/. PC Whatman  No. I paper, solvent systems: (1) n- 
BuOH H O A c - H 2 0  (4:l:5),  (2) PhOH HzO (3:lt, (3) 15% 
HOAc, (4) cone. H C I - H O A c - H 2 0  (3:30:10); TLC-silica gel 60F 
254 solvent system EtOH 25% NH 3 H 2 0  (20:1:4). 

Flavonoids were localized in UV light. UV spectra and TMS 
ethers were obtained according to ref. [21]. Acid hydrolysis was 
conducted in: 2.5% H2SO a for compounds  4-7: 10% H2SO 4 

8-12; partial hydrolysis of 10, 12 with 2.5% H2SO 4. Acetylation 
was by standard procedures: g lycos ides -Ac20+CzHsN ' 
aglycones-Ac20 + NaOAc. 

Extraction and isolation. Dried aerial parts of the plant (stalks, 
leaves and flowers) (2 kg), was submitted to initial extraction 
with petrol, CHCI 3 (Soxhlet), and then to exhaustive extraction 
with boiling MeOH {151 x4). 320g of MeOH extract were 
dissolved in 21 H2O and subsequently extracted with: Et20 (0.21 
x 30, El 6.4 g), Et20 EtOAc (1: 1, 0.21 × 20, E l I  l 1.2 g), EtOAc 

(0.41×35, E III 21.1 g), EtOAc MeOH (9:l, 0.41×60, E IV 
33.8 g). The ppts from the H20  layer during extraction with 
EtOAc and E tOAc-MeOH (O 1 3.1 g) were filtered off. After 
crystallization of E 1 with aq. MeOH compound 1 was obtained 
{0.5 g), and from E Ill 4 (6.2 g). Mother liquors from I and E II 
after combination with those from 4 and E IV were separated 
independently on MN-Polyamide SC6 columns (eluent 
H20--MeOH). From the 60-90% aq. MeOH fraction or E I 
additional amounts  .of i (0.3 g), 2 (90 mg), and 3 (0.2 g) were 
obtained. After the separation of EII  from E Ill  mother liquors 
the 40 6 0 %  aq. MeOH fraction gave an additional amount  of 4 
(3.2 g), and from the 65 90% aq. MeOH fraction 5 (2.1 g). 
Mother liquors from 4 and 5 and fractions eluted with 10-40% 
aq. MeOH from E IV were separated independently on MN- 
Polyamide SC6 columns (eluent C~,H~, -MeOH). After the separ- 
ation of E lII mother liquors the following compounds were 
obtained: 6 (0.2 g), 7 (0.1 gk 8 (0.3 g), 9 (80rag). After the 
separation of fraction E IV the following compounds  were 
obtained: 10 (0.3 g), 1 ! (0.8 g), 12 (60 mg). An additional amount  
of II (1.2 g) was obtained by multiple cryst, with aq. MeOH O I. 

lsorhamnetin 3-O-(2"-O-acetyl)-fi-D-glu¢ opyranoside (5). 
Light-yellow needles, mp 15(~158 (aq. MeOH); heptaacetate, 
needles, mp 160 161' (EtOH). PC Rj..s: (1) 0.80 (2) 0.89, (3) 0.63. 
[2]~0 -96 .3 :  (MeOH: c 1.5). FDMS m.'z 521/100%. [M + HI +). 
I R  ,Kilt ~m~,cm-~: 1658 C=O, 7-pyrone. 1730 (C=O, ester). UV-  
":'m,x rim: MeOH, 253,268 sh, 302 sh, 355; NaOMe,  268, 331,414; 
AICI 3, 267, 300sh, 368 sh, 398; AICIs/HCI, 269, 300sh, 360sh, 
398: NaOAc, 268, 316sh, 372; NaOAc/HsBO~ , 253, 268sh, 
300sh, 356. tH NMR TMS ether (6, ppm, CCI4): 2.13 (s, OAc), 
2.90-3.23 Ira, H-5"), 3.36 3.86 (m, H-Y', 4" and 2H-6"), 3.96 (s, 
OMe), 4.83 (tr, J : 8 Hz, H-2"), 5.50 (d, J = 8 Hz, H- 1"), 6. ] 0 (d, J 
= 2 Hz, H-6), 6.43 {d, J - 2 Hz, H-8), 6.80 (d, J - 8 Hz, H-5'), 7.40 

R 3 R 4 
R 2 0 ~  

OH 0 

OH 

I R 1 = R 2 = R 3 = H ,  R 4 = O M e  

2 R l = R 2 = R 3 = H ,  R 4 = O H  

3 R t = R 2 = H ,  R 3 = R 4 = O M e  

4 R ~ = G l c ,  R 2 = R 3 = H ,  R 4 = O M e  

5 R 1 = (2-OAc)Glc,  R 2 = R 3 = H, R 4 = O M e  

6 R L = G l c ,  R 2 = H .  R 3 = R 4 = O M e  

7 R I = G l c ,  R 2 = R 3 = H .  R 4 = O H  

8 R l = R 3 = H .  R 2 = G l c ,  R 4 = O M e  

9 R l = H.  R 2 = G l c ,  R 3 = R 4 = O M e  

1 0  R l = R 2 = G I c .  R 3 = R 4 = O M e  

I i  R ~ = R 2 = G l c ,  R a = H ,  R 4 = O M e  

1 2  R t = R 2 = G l c ,  R 3 = H .  R 4 = O H  



(dd, J=2 and 8 Hz, H-6’), 7.76 (d, J= 2 Hz, H-2’). ‘H NMR Acid hydrolysis products: limocitrin, mp 278-280” (tetraacet- 

heptaacetate (6, ppm, CDCI,): 1.90 (s, OAc), 2.00 (s, 2 x OAc), ate, mp 176177”) D-glucose and limocitrin ‘I-glucoside, mp 
2.10 (s, OAc), 2.33 (s, 2 x OAc), 2.43 (s, OAc), 3.e3.76 (m, H-S”), 268-270” (UV spectrum identical with 9). 
3.8w.10 (m, 2H-6”), 3.93 (s, OMe), 4.73-5.33 (tn. H-2”, 3” and 

4”), 5.50 (d, J=8 Hz, H-l”), 6.76 (d, J=2 Hz, H-6), 7.06 (d, J 
=8 Hz, H-5’) 7.23 (d, J=2 Hz, H-8), 7.4c7.73 (m, H-2’ and 6’). 

Acid hydrolysis products: isorhamnetin mp 31&312” (tetraa- 
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