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Three minor partially acetylated glycosides have been isolated from the leaves of  Algerian ivy, Hedera 
canariensis Willd. (Araliaceae) - -  the previously known [3-O-[a-L-rhamnopyranosyl-(1-2)-O-a-L- 
arabinopyranosidel 28-O-[a-L-rhamnopyranosyl-(1 -.4)-O-(6-acetyl-fl-D-glucopyranosyl)-(1 -.6)-O-fl-D- 
glucopyranosidels o f  oleanolic acid and of  hederagenin (ciwujianoside C 4 and kizuta saponin K11) and the 
new 3-O-[a-L-rharanopyranosyl-(1-2)-a-O-L-arabinopyranoside] 28-O-[a-L-rhamnopyranosyl-(1 -.4)-O-(6-O- 
acetyl-fl-D-glucopyranosyl)-(1-.6)-O-fl-D-glucopyranoside of  echinocystic acid (glycoside L-Go). The 
struaures of  the glycosides isolated have been established on the basis of  chemical transformations and J H 
and 13 C NMR spectroscopy. 

In the preseat paper we describe the isolation of three miner partially aeetylated glycosides from the leave of Algerian 
ivy, Hedera canarieasis Willd. (Araliaceae) and the determinafioll of their sll'uctutes. These glycosides were detected in 
fractions L-F and L-G [ 1 ]. We have described the isolation of glycoside L-F 3 (1) previously [2], and on the chromatographic 
separation of fraction L-G we obtained the least polar individual glycoside predcwninating in it, L-G o (2), while in the 
chromatographic purification of glycoside L-G t we isolated the accompanying glycoside L-G~ (3). 
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1. RI=H, K2=H 
2. R I=I-I, K2=OH 
3. R~=~3H, a2=H 

Acct~ding to the results of conaplete acid hydrolysis, the carbohydrate c~apositions of (1--3) were represented by 
identical sets of sugars - -  rhamnose, arabinose, and glucose - - ,  while the aglycons were oleanolic and echinocystic acids and 
hedemgenin, respectively. Cleavage of the acylglycosidic bonds in (1--3) under the c(mditions of severe alkaline hydrolysis 
gave progenins identical, according to TLC in various solvent systems, with the glycosides L-C, L-D, and L-E 1 previously 
isolated fram Algerian ivy leaves [ 1 ], which are the 3-O-[a-L-rhamnopyranosyl-(1 ~ 2)-O-a-L-arabinopyranoside]s of oleanolic 
and echinocystic acids and hedexagenin. 

Thus, (1---3) are bisdesmosides and the carbohydrate chain~ at the C-3 atoms of the aglycons are represented by the same 
disaccharide fiagmeat, a-L-Rhap-(l~2)-mL-Arap-, which is typical fc~ the glycosides of plants of the ivy (Hedera) genus. 
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Fig. 1. COSY two-dimensional spectrum of glycoside L-G 0 (400 MHz). 
The figures show cxess-peaks between the following protons: I - (1, 2)'; 
2 - (2, 3)'; 3 - (3, 4; 4, 5e)'; 4 - (4, 5a; 5a, 5e)'; 5 - (1, 2)"; 6 - (2, 3)";  
7 - (3, 4; 4, 5)" ;  8 - (1, 2) ' " ;  9 - (2, 3 ) ' " ;  1 0  - (3, 4; 4, 5) '" ;  1 1  - (5, 
6B)'"; 1 2  - (5, 6A) '" ;  1 3  - (1, 2) .... ; 1 4  - (2, 3) .... ; 1 5  - (3, 4) .... ; 1 6  - 

(4, 5) .... ; 1 7 -  (5, 6A) .... ; 1 8 -  (5, 613) .... ; 1 9  - (1, 2) ..... ; 2 0  - (2, 3) ..... ; 
2 1  - (3, 4) ..... ; 2 2  - (4, 5) ..... . 

The mild alkaline hydrolysis of (1--3) with an aqueous alcoholic solution of ammonia enabled us to obtain from them 
the more polar glycosides I_A32, L-H l, and L-H 2, isolated from the leaves of this plant previously [1] and consisting of the {3-0- 
[a-L-rhamnopyranosyl-( 1-2)-O-~t-L-aml~opyranoside] 28-O-[a-L-rbamnopyranosyl-( 1-4)-O-~D-glucopyranosyl-( 1-6)-O-13- 
D-gincopyranoside}s of oleanolic and ec~ocyst ic  acids and of hederagonin. This determined partial structures of (1--3) and 
presupposed the presence of additional acyl groups in them. 

The question of the number, nature, and localization of the acyl groups was solved by the use of ]H and ]3C NMR 
spectra. In the PMR spectra of (1---3), in addition to the signals of the protons of the carbohydrate residues, the assignment 
of whida was made with the help of COSY two-dimensional spectroscopy (Fig. 1); in each case one three-proton singlct signal 
was observed at 8 1.90 ppm, in the usual region for acetates (1.80---2.20 ppm). In each of the ~3C NMR spectra of (1--3), as 
campared with the ~ c W a  of the above-mmtioned glycosides L-G 2, L-H1, and L-H 2, we found two additional sitmals of C atoms, 
with S 21.2 and 171.6 ppm, which also ormfirmed the presence of acetyl groups In glycosides (1---3). The positions of the 
acetyl groups in (1--3) were established by comparing the NMR subspectra of the carbohydrate moieties of (1--3) with the 
subspectm of the nonacetylated fragments a-L-Rlmp-(1-2)-a-L-Arap~ and -13-D-Glcp-(6-1)-13-D-Glcp-(4- l)-a-L-Rhap [2--6]. 
At the same time, in the PMR spectra of (1--3) we observed shifts of the signals of H-5"" (+0.1 ppm), H-6A"" (+0.4 ppm), 
and H-6B"" (+0.4 ppm), and in the 13C NMR spectra those of C-6"" (+3.7 ppm ) and C-5"" (- 3.3 ppm ),together with a small 
effect on C-4"" (+1.0 ppm), which lmumbiguonsly ~ the lx)sition of the O-acetyl group at the C-6"" atom of the Glc"" 
residue in each case. In addition, the cbemical shifts of the C-atoms of the lrisaccharide chain coincided completely with these 
for the fragment -D-D-Glcp-(6-1)-(6-OAc-~D-Glcp)-(4-1)-r [,i. 5]. 

The types of Ixmds in the carl3ohydrale fragments of (2) were additionally confirmed by an analysis of the PMR spectrum 

of the full acetate (2a), where in 3.5---4.0 ppm region besides usnaily presented signals of H-5 monosacchride residues we 
observed the signals of H-2 of Ara', H-6A and -6B of Glc",  and H-4 of Glc" ' .  The assignment of the signals in the PMR 
specmnn of (2a) was made on the basis of a COSY two-dimensional spectrum (Fig. 2). 
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TABLE 1. Chemical Shifts of the Signals of  the 13C Atoms of the Aglycon Moiety of Glycoside L-G 0 (2) 

(5, ppm, 0 -  TMS, C5DsN) 

I C om.,  I C a, om I c om-'  I c,,om I Chom.,  I c' m I chm.-,  
1 39.5 9 47.7 17 49.7 25 16.2 

2 27.0 10 37.5 18 41.8 26 18.0 

3 89.4 11 24.3 19 47.7 27 27.7 

4 40.0 12 123.1 20 31.2 28 176.7 

5 56.5 13 145.0 21 36.4 29 33.6 

6 18.6 14 42.5 22 32.4 30 25.2 

7 33.8 15 36.4 23 28.6 

8 40.5 16 74.1 24 17.4 
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Fig. 2. COSY two-dimensicmal spectrum of the'full ace_Late of glycoside 

L-G 0 (400 MHz). The figures show cross-peaks between the following 

protons: I - (1,  2) ' ;  2 - (2 ,  3 ) ' ;  3 - (3 ,  4) ' ;  4 - (4, 5e ) ' ;  5 - (4 ,  5a) ' ;  6 - 

(5a,  .%)'; 7 - (2, 3)"; 8 - (3, 4 ) " ;  9 - (4, 5)";  10  - (1, 2 ) ' " ;  11 - (2, 3) ' " ;  

12 - (3, 4 ) ' " ;  13 - (4, 5 ) ' " ;  1 4  - (5, 6B) '" ;  15 - (5, 6A) .... ; 1 6 -  (6A, 

6 B ' " ; 4 , 5 ' " ) ; 1 7 - ( 1 , 2 )  . . . .  ; 1 8 - ( 2 , 3 )  .... ; 1 9 - ( 3 , 4 )  .... ; 2 0 - ( 5 ,  
6A) .. . .  ; 2 1 - ( 5 , 6 B )  .. . .  ; 2 2 - ( 6 A ,  6B) .... ; 2 3 - ( 1 , 2 )  .. . . .  ; 2 4 - ( 2 , 3 ; 3 ,  

4) ..... ; 25 - (4, 5) ..... . 

Thus, the glycosides isolated, L-F 3, L-G o, and L-Gla, were the 3-O-[ot-L-rhamnopyranosyl-(1-2)-O-(x-L- 

arabinopyranosyls ofthe 28-~-[a~L-rhamn~pyran~sy~(~-4)-~-(6~ac~ty~-D~g~uc~pyran~sy~)~(1-6)-~-~-D-g~uc~pyran~sy~ 

esters of oleanolic acid, of r acid, and of hederagenin~ respectively. Glycoside L-G 0 is a new lritc~1~ae glycoside~ 

glycoside L-F 3 is identical in structure with civuyanoside C 4 from the leaves of A c a n t h o p a n a x  sen t icosua  [5], and glycoside L- 

Gla with kiZlltasaponin K u from the leaves o f  K a l o p a n a x p i c t u s  [4] and H e d e r a  r h o m b e a  [6]. 
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TABLE 2. 
Moiety of Glycoside L-G o (2) (5, ppm, 0 - -  TMS, CsDsN) 

I Chem. shift C atom 

Chemical Shifts of the Signals of the 13C ARma of the Carbohydrate 

C atom 

Ara ' 
1 
2 
3 
4 
5 

105.0 
76.5 
74.1 
68.6 
64.5 

R h a  at 

I 102.1 
2 72.5 
3 72.7 
4 74.5 
5 70.4 
6 18.8 

I Chem. shift 

GIr " '  
1 96.1 
2 74.0 
3 78.6 
4 71.0 
5 78.3 
6 69.6 

Glc ' "  
1 104.9 
2 75.3 
3 76.5 
4 79.6 
5 73.9 
6 64.1 

R h a  , r t  

1 103.1 
2 72.5 
3 72.7 
4 74.0 
5 70.9 
6 18.9 

EXPERIMENTAL 

Fox general observations and the isolation of fractions L-F and L-G, see [1, 2]. 
NMR spectra were obtained with Btuker WM-250 and AM-400 insa'uments. 
Glycosides solutions were used In C5DsN and CDCI 3. 
The chrtmmtographic separation of 400 rag of fraction L-G on silica gel (SiO 2) with elution by the water-saturated 

chloxofoxm---ethanol (2:1) system gave 55 mg of the pure glycoside (2) and glycosides L-GI--L-G 4 [1]. TLC analysis of 
glyomide L-G 1 showed that it contained a minox glycoside with a lower chromatographic mobility, which we have designated 
as L-Gla (3). Glyoaside (3) was obtained in the Individual state (15 rag) on the additional purification ofL-G 1 on Silpearl 
microspherical silica gel with elution by water-saturated chloxofoxm--ethanol (2:1). 

Compotmd (2) was acetylated with acetic anhydride in pyridine (1:1) at 20~ for 12 h, followed by evapoxation after 
the addition of benzene. 

Glycoside L-F 3 (1), [r -20~ c 0.5; methanol; lit. [a]D -23.7~ [.5]. In a complete acid hydrolysate of 
(1) by TLC we identified rhamnose, arabinosr glucose, and oleanolic acid. The alkaline hydrolysis of (1) gave glycoside L-C 
[1], while its mild alkaline hydrolysis led to glycoside L-G 2 from Algerian ivy leaves [1]. 

The 13C NMR spectrum of glycoside (1) was identical with that of ciwujianoside C 4 [5]. The IH subspectra of the 
carbohydrate fragments of (1) were identical with those fox (2). 

Glycos ide  L-G 0 (2), [a] D -42 ~ (c 1.0, pyridine). In a full acid hydrolysate of (2) we found rhamnose, arabinose, 
glucose, and echinocystic acid. Acceding m TLC, a progenin from (2) was identical with glycoside L-D from Algerian ivy 
leaves [1]. The mild acid hydrolysis of (2) gave the glycoside L-H t [1]. 

PMR spectrum of (2) (5, ppm, 0-TMS, CsDsN): 4.80 (d, H-I', JI,2--5.5 Hz), 4.40 (t, H-2', J2,3--6.5 Hz), 4.20-4.27 (m, 
H-3', H-4', H-Se'), 3.75 (m, H-5a'), 5.91 (d, H-I", Jl:,=l.5 Hz), 4.63 (d, H-2", J2,3=3.5 Hz), 4.50 (dd, H-3' ', J3,4=9.5 Hz), 4.23 
(t, H-4", J4~--9.5 Hz), 4.50 (m, H-5"), 1.58 (d, H-6", J5,6--6.5 Hz), 6.08 (d, H- I ' " ,  J1,2=8.0 Hz), 3.96 (t, H-2'",  J2,3=8.5 Hz), 
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4.01 (t, H-3"' ,  JX4--9.0 Hz), 4.17 (t, H-4 ' " ,  J4,~-9.0 Hz); 4.00 (m, H-5"'),  4.53 (H-6A"'), 4.23 Ctt-6B"~ 4.87 (d, H-1 .... , 
J ~ 8 . 0 H z ) ,  3.83 (t, n-2 .... , J2.3=8.5 Hz), 3.92-4.04 (m, H-3 .... , H-4 .... ), 3.66 (re, I t -5 '" ' ) ,  4.50 (H-6A .... ), 4.39 (H-6B .... ), 
5.39 (d, H- I ' " " ,  J~,2=1.5 Hz), 4.51 (dd, H-2 .. . . .  , J2,3=3.5 Hz), 4.41 (dd, H-3 ' "" ,  J3,4--9.0 Hz), 4.23 (t, H-4 ..... ; J4.~--9.5 Hz), 
4.70 (dq, H-5 ..... , J5~--6.5 Hz), 1_52 (d, H-6 ..... ), 3.28 (dd, H-3, J2e3=3.5 Hz, J2t3=12.0 Hz), 5.22 (t, H-12, Jn,12=3.5 I-Iz), 5.50 
(t, H-16, J15,16--3.5 I-Iz), 3.14 (dd, H-8, J1s, 19e --4-0 Hz, Jls, 19~ --13"5 Hz), 1.70, 1.05, 1.00, 0.97, 0.94, 0.88, 0.80 (all s, 7CH3), 
1.90 (s, -COCH3). 

The 13C NMR spectrum of (2) is given in Tables 1 and 2. 
Full Acetate of Glyeeside L-G 0 (2a), [aID -11 ~ (C 0.5, chloroform), liL [GRID -13 .2  ~ (c 2.1; chloroform) [3]. 
PMR spectrmn of (2a) (6, plxn, 0-TMS, C1)C13): 4.40 (d, H-I', J1.2--6.5 Hz), 3.90 (dd, H-2', J2,3=8.5 Hz), 4.90(dd, H-3', 

J3,4--4.0 Hz), 5.16 (m, H-4'), 3.52 (dd, H-5a', J4,5,=2.5 Hz), 3.87 (dd, H-Se', J5~e--14.0 Hz, J4.se---4.0 Hz), 5.07 (d, H-I" ,  
J~=l-5 Hz), 5.07 (dd, H-2' ', ~3=3.5 Hz), 5.21 (dd, n-3'  ', J3,4=10.0 Hz), 4.97 (t, H-4", J4.5=10.0 Hz), 4.20 (dq, H-5' '), 1.12 
(d, H-6", J s f6 .5  Hz), 5.46 (d, H- I " ' ,  Ji.2=8.5 Hz), 4.99 (t, H-2"',  J~3=8.5 Hz), 5.12 (t, H-3"',  J3,4--9.5 Hz); 4.91 (t, H-4'", 
J4~-=10.0 Hz), 3.66 (m, H-5"'), 3.74 (dd, H-6A" ' ,  JoA,6a=12.0 Hz),3.49 (dd, H-6B"'), 4.48 (d, H-1 .... , J1,2m8.0 X-]z), 4.73 (dd, 
H-2 .... , J2,3--9.5 Hz), 5.07 (t, H-3 .... , J3,4---9.5 Hz), 3.76 (t, H-4"" ,  J4,5=9_5 Hz), 3.49 (m, H-5 .... ), 4.36 (dd, H-6A .... , 
J5~=2.0 Hz, J~ea=13.0 I-Iz), 4.21 (dd, H-6B .... , Js~a--4.0 Hz), 4.73 (d, H-1 ..... , J],2=1.5 I-Iz), 4.95 (dd, H-2 ..... , J2~---4.0 Hz), 
5.09 (dd, H-3 ..... , J3,4=10.0 Hz), 4.95 (t, H - 4 ' " " ,  J4,5=10.0 I-Iz), 3.74 (dq, H-5 ..... , J5,~-6.5 Hz), 1.06 ((1, H-6" ' " ) ,  3.07 (dd, 
H-3, J2e~=4.0 Hz, Jzt3=12.0 Hz), 4.30 Cat.t, H-12, J11,12=3.5 I-]z), 5.32 Cat.t, H-16, J15,]e=3.5 Hz), 2.87 (dd, H-18), 1.26, 0.96, 
0.95, 0.86, 0.82, 0.76, 0.67 (all s, 7CH3). 

Glygoside L-GIa  (3), [~t]D - 25 ~ (C 0.5, methanol), l i t  [a]v - 22.1 ~ (methanol) [4]. In a oamplete acid hydrolysate of 
(3) we identified thamnoge, arabino6e, glucose, and hedetagenin. A ptogenin frcan (3) obtained by ~lkaline hydrolysis was 
identical, according to TLC, with glycoside L-E 1 [1] while the mild alkaline hydrolysis of (3) gave glycoside L-H 2 [1]. 

The 13C NMR spectrum of glycoside (3) was identical with that of kizuta sap(rain Kll [4, 6]. The chemical shifts of 
the I~nn.~ (g the cli~crharide fragment of (3) coincided with those of glycosides L-E 2 and L-H 3 from Algerian iv3( leaves [7], 
and those of the trisaccharide fragment with those of (2). 

The work was partially financed by The Internatienal Sot~ Science Edaeatien Program (ISSEP), grant No. APU073024 
and grant No. PSU083096. 
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