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The leaves of Algerian ivy I-]edora can ariensis Willd. (Araliaceae ) have yielded two new triterpene glycosides 
- -  caulophyUogenin 3-O-a-L-rhanmopyranosyl-(1-2)-O-a-L-arabinopyranoside (L-F2) and its 28-0-a-L- 
rhamnopyranosyl-(1-,4)-O-fl-D-gentiobiosyl ester (L-12) ~ and also the previously known hederagenin 3-O-a- 
L-rhamnopyranosyl-(l-2)-O-ff-D-glucopyranoside (L-F1). The structures of  the glycosides were established 
on the basis of  chemical transformations and J H and 13 C NMR spectroscopy. 

In continuation of a study of the t r i ~ e  glycosides of Hedera canariensis Willd. (Araliaceae), the present paper 
describes the determination of the structures of three saponins: L-F 1 (1), L-F 2 (2), and L-I 2 (3). We have described the 
isolation of the L-F fraction and of glycoside L-I 2 from the leaves of this plant previously [ 1 ]. 

Detailed TLC analysis of the L-F fraction showed the presence of three glycosides, designated as L-F 1, L-F 2, and L-F3, 
which were obtained in the individual state by preparative separation on Silpearl microorystalline silica gel (SiO2) with elution 
by chlot~ocal---ethanol----waler solvent systems. The elimination of phenolic glycoside impurities from (1--3) was achieved 
by chromatography on silica gel with elution by a chloroform--ethanol---ammonia mixture. 

According to the results of complete acid hydrolysis, the composition of (1) was represented by rhanmose, glucose and 
hederagenin Partial acid hydrolysis of (1) gave rhamnose and hederagenin 3-O-~D-glucopyranoside, which were identified 
by TLC with anthentir specimens [2]. Glycoside (1) underwent no change under the conditions of alkaline hydrolysis, which 
showed the localization of the carbohydrate residue at the C-3 carbon atom of the aglycon. TLC and 13C N M R  s p e c t r o s c o p y  

showed that (1) was identical with tanroside St-D 2 from the stems ofHedera taurica [3], consisting of hederagenin 3-O-a-L- 
rhamnopyranosyl-(1 - 2)-O- ~D-glucopyranoside. 

12 2 ~  R3 LRI--a-L-Rlmp'-(I  . .~ 2)-~=D-Glcp' =.~ ,R2 - -H ,R3- -H  

2. Rl=ot-L-Rb~"-(l . ,~ 2) -~t-L.Arap'..~ , R 2 = O H , R 3 - - H  

3.Rl--"ot-L-Rhap'-(l . .~ 2) -I:t-/_,.Ar~'-~ , R 2 = O H ,  
R 3 = 4"- ~-D-Gicp'- (6 ~ 1) -~-D-Glcp" - ( 4 4 -  1) -ct-Rb.ap-- 
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Fig. 1. Fragment of the COSY two-dimensional spectrum of glycoside L-I 2 (400 MHz). 
The numerals denote cross-peaks lx~tween the following protons: 1 - (1, 2)'; 2 - (2, 3)'; 3 - 
(3, 4)'; 4 - (4, 5e)'; 5 - (4, 5a)'; 6 - (5a, 5e)'; 7 - (1, 2)"; 8 - (2, 3)";  9 - (3, 4; 4, 5)"; 
1 0  - (1, 2)"; 1 1  - ( 2 ,  3; 3, 4; 4, 5)"; 1 2  - (5, 6B)'"; 1 3  - (5, 6A)'"; 1 4  - (1, 2)""; 1 5  - (2, 3)'"'; 
1 6  - (3, 4) ""; 1 7  - (4, 5) ""; 1 8  - (5, 6A) ""; 1 9  - (5, 6B) . . . .  '; 2 0 - ( 1 ,  2) . . . .  '; 2 1  - ( 2 ,  3) .... '; 
2 2  - (3, 4) .... '; 2 3  - (4, 5) . . . .  '; 2 4  - (23A, 23B). 

In a complete a d d  hydrolysate of (2-) we found the sugars rb~mnose and arabinose and an unidentified aglyc~.  
Glycoside (2) did not change under the conditions of alkaline hydrolysis but was methylated by an ethereal solution of 
diazamethane, which indicted the presence of a free carboxy group in its aglycon. The acid hydrolysis of (3) gave rbamnose~ 
arabinose, and glucose and the same aglycon as glycoside (2). In conlrast m glycoside (2), glycoside (3) was not methylated 
by diazemethane, while on alkaline hydrolysis it gave a progenin identical according to TIC  in various solvent systems with 
(2). This showed the presence in (3), as compared with (2), of an additional carbohydrate component at the carboxy group of 
the aglycon. 

The PMR spectrum of (3) revealed the signals of five anomeric protons and, with the aid of the COSY procedure 
(Fig. 1), the sitmai.q of the other skeletal protms cl3rresponding to them, the nature of  the splitting of which showed the presence 
of two rhmnnapyranose residues, two l}-glucopyranose residues, and one warabinopyranose residue, while the chemical shifts 
agreed with those for the fragments a-L-Rhap"-(l-2)-a-L-Arap'~ and~D-Glcp'"-(6~l)-~-D-Glcp""-(4-1)-wL-Rhap ..... 
[4], which are found most frequently in glycosides from plants of the Ar~liaceae family. Analogously, in the PMR spectrmn 
of (2) we found signals corresponding only to the disaccharide fragment a-L-Rhap "-(l-2)-a-L-Arap'- .  Of the other signals 
in the PMR ~ of (2) and (3), relating to the aglycon parts of the glycosides, in each case we found In the high-field region 
six signals of methyl groups at quaternary C atoms, and in the low-field region two pseudotriplet one-proton siotmals, one of 
which was assigned from its chemical shift and spin-spin-coupling constants (SSCCs) to the vinyl proton at C-12 [3, 4]~ 
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TABLE 1. Chemical Shifts of  the Signals of the 13C Atoms of the Aglycon Parts of Glycosides L-F 2 (2) 

and L-I 2 (3) (5, ppm, 0 ~ TMS, C5D5 N) 

C-arran 
2 

Compound Compound 
C-atom 

I + I , 
1 39.3 39.4 16 74.6 74.3 
2 26.5 26.6 17 49.3 49.5 
3 81.4 81.4 18 41.7 41.6 
4 43.7 43.8 19 47.6 47.4 
5 47.5 47.6 20 31.1 31.0 
6 18.6 18.6 21 36.4 36.2 
7 33.4 33.4 22 32.9 32.4 
8 40.3 40.4 23 64.2 64.2 
9 48.0 48.1 24 14.2 14.2 
10 37.2 37.2 25 16.5 16.6 
11 24.1 24.1 26 17.9 17.9 
12 122.7 123.0 27 27.4 27.5 
13 145.0 144.9 28 180.5 176.6 
14 42.3 42.4 29 33.4 33.4 
15 36.1 36.2 30 25.0 25.0 

TABLE 2. Chemical Shifts of  the Signals of the ]3C Atoms of the Carbohydrate Components of 

Glycosides L-F 2 (2) and L-I 2 (3) (5, ppm, 0 - -  TMS, CsDsN) 

C-atom 
Compound 

2 3 

A.ra  I 

1 104.5 104.4 
2 76.1 76.2 
3 74.1 74.1 
4 69.2 69.2 
5 65.4 65.5 

R h a  tt 

1 101.9 101.9 
2 72.3 72.4 
3 72.6 72.6 
4 74.4 74.4 
5 70.1 70.1 
6 18.7 18.8 

C-atom 
Compound 

Glc" 
1 96.0 
2 74.0 
3 78.7 
4 70.6 
5 78.2 
6 69.3 

Glc"'  
I 104.9 
2 75.4 
3 76.6 
4 78.6 
5 77.2 
6 61.4 

Rha"" 
1 102.9 
2 72.6 
3 72.8 
4 74.0 
5 70.6 
6 18.8 

The definitive determination of the s m ~ n r e  of the aglycon in (2) and (3) was achieved by an analysis of  their 13C NMR 

spectra. I-]ere, in the low-field region of each spectrum (>80 ppm) we observed the siLmals of one C-atom of the carboxy group 

of the aglycon, two C-atoms of a trisubstituted double bond in the C-12 position [4], and of the C-3 atom, the chemical shift 
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of which permitted the assumption that a substituent was present at the C-23 atom, as in hederagenin [1]. At the same time, 
in the spectra of (2) and (3) we found with the aid of COSY in each case two doublet sign,,als of protons, having a spin-spin 
coupling with one another, which, from the values of the SSCCs and the chemical shifts, coxresponded to AB protons in a 
CH2OH group at the C-23 atom [4]. 

A comparison of the NMR spectra of (2) and (3) with the spectrum of a 3-O-glycosylated hederagenin [1, 4] showed 
agreement of the chemical .~hiflS of the signals for the C-atcfns of rings A, B, and C and considerable differences fox the C-atoms 
of tings D and E - -  namely, the absence of a signal from the C-16 atom in its usual region, considerable displacements in the 
positions of the C-15 and C-17 sit, hal.% and .~nnall effects on the other C-atoms. This permiUed the assmnption of an additional 
hydroxy group at C-16. Then the other pseudotriplet signal in each of the PMR spectra of (2) and (3) with 8 5.53 ppm 
undoubtedly belonged to the proton at C-16, while the nature of the splitting of this signal determined its equatoxial position 
and, consequently, the axial (ix) position of the hydroxy group, as in echinocystic acid (16r acid). Then a 
comparison of the chemical shifts of the C-atoms for tings D and E with the chemical shifts of these atoms in echinocystic acid 
[1, 4] showed their agreement. 

The si~al.q of the C-arenas of the carbohydrate c(malXments of (2) and (3) were assigned ~mambignously by camaparison 
with the chemical shifts for the fragments et-L-Rhap"-(1-2)-ct-L-Arap'-.and ~-D-Glcp'"-(6-1)-~-D-Glcp'"'-(4-D-a-L- 
Rhap ..... [1, 4]. 

The remaining sioolnal in the regioll of the C-at(31ns of monosaccharide residues, with 5 74.3 ppm, undonbtedly belunged 
to the C-16 at~a of the aglyoan moiety. Thus, the aglycon of glycosides (2) and (3) is 313,16a,23-trihydroxyolean-12-en-28-oic 
acid. An aglyo0~ of such a sU'ucUlre, under the name caulophyllogenin; has been found previously in glycosides from 
Caulophyllum robustum [5], Chrysanthemum procumbens [6], and, under the name collin.~3genin~ in a glycoside from 
Collinsonia canadensis [7]. 

The glycosides L-F 2 and L-I 2 that we have isolated are new glycosides of eaulophyllogenin and are canlophyllogenin 
3-O-r 1- 2)-O-~-L-arabinopyranoside and its 28-O-ct-L-rbamn opyranosyl-( 1-4)-O-I]-D-gentiobiosyl ester, 
respectively. 

EXPERIMENTAL 

For general observations and the isolation of the L-F fraction, and the glycoside L-I 2, see [1]. 
PMR spectra were obtained on Bruker WM-250 and AM-400 instruments. Solutions of the glycosides in pyridine-d 5 

and denterochloroform were used. 
Preparative separation of the L-F fraction on SiO 2 with elution by the solvent system chlorofoxm--ethanol (2:1) saturated 

with water gave the individual glycosides (1) (15 rag), (2) (30 rag), and L-F 3 (10 nag). Additinnal purification of (1--3) was 
carried out by rechromatography on SiO 2 with elution by the solvent systems chloxoft~m--ethanol (2:1) fox (1) and (2), and 
chloxoform----ethanol (1:1) for (3), saturated with 10% aqueous ammonia in each case. 

In a complete acid hydrolysate of (1) we identified rhamnose, g l ~  and hederagenin. Partial acid hydrolysis of (1) 
gave rhamnose and hedefagenin 3-O-~D-glucopyranoside, which was identified by TLC with authentic specimen of hederoside 
B [2]. Acceding to TLC in various solvent systems, (1) was identical with an authentic specimen of tauroside St-D 2 [3]. 

In an acid hydrolysate of (2) we found the sugars rhamnose and arabinose and the aglyo~ eaulophyllogenin, while in 
the case of (3) we found rbamnose, arabinose, glucose, and eaulophyllogenin. The alkaline hydrolysis of (3) led to (2). 

PMR ~ of (2) (8, ppm, 0 ~ T M S ,  CsDsN): 5.10 (d, H-I', J1,2=6.0 Hz), 4.50 (dd, H-2', J2,3=7.5 Hz), 4.10 (dd, 
H-3', J3,4=3.5 Hz), 4.18 (m, H-4'), 3.69 (dd, H-5a', J4,5a=3.5 Hz, Jsase=ll.0 Hz), 4.25 (dd, H-5e', J4,se=4.5 Hz), 6.10 (d, 
H-l", J~2=1.5 Hz), 4.67 (dd, H-2", J2~=3.5 Hz), 4.58 (dd, H-3", J3,4=9.5 Hz), 4.25 (t, H-4", J4,5--9.5 Hz), 4.61 (dq, H-5'9, 1.60 
(d, H-6", J5,6--6.5 Hz), 4.20 (H-3), 5.23 (br.t, H-12, JnA2=3.5 Hz), 5.54 Cer.t, H-16, J15a,16 = Jlse,16=3.5 Hz), 3.42 (dd, H-18, 
Jls,19e--4.5 Hz, JlsA9a--14.0 Hz), 4.04 (d, H-23A, J23A,23n=ll.0 Hz), 3.70 (d, H-23B), 1.70, 1.10, 1.01, 0.98, 0.95, 0.90 (all s, 
6 CH3). 

PMR spectnnn of(3) (8, ppm, 0 - -  TMS, C5DsN): 5.08 (d, H-I', J~,~-6.0 Hz), 4.48 (dd, H-2', Ja,3=7.5 Hz), 4.09 (dd, 
H-3', J3,4--4.0 Hz), 4.16 (In, H-4'), 3.68 (dd, H-5a', J5~4--3.0 Hz), 4.22 (dd, H-5e', J~4--4.0 Hz, J ~ - - l l . 0  Hz), 6.07 (d, 
H-l", J~z=l.5 Hz), 4.56 (dd, H-2", Jz3=3.5 Hz), 4.56 (d, H-3", J3,4=9.5 Hz), 4.22 (t, H-4", J4,5=9.5 Hz), 4.59 (dq, H-5"), 1.59 
(d, I-I.6 ", J5,~---6.5 Hz), 6.13 (d, H-1 "', JL~8.0 Hz), 3.99 (t, H-2 % J2,3=9.0 Hz), 4.02 (t, H-3 '% J3,4-9.0 Hz), 4.18 (H-4'", 
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J4~-9.0 Hz), 3.99 (H-5"9, 4.59 (H-6A"9, 4.22 (I-I-6B"9, 4.90 (t, H-I"', J1.2ffi8.0 Hz), 3.86 (t, H-2'"', J2,3ffi8.5 Hz), 3.50 (t, H-3'"', 
Js,4=9.0Hz),4.26 (t, H-4 " ,  J4~-~.0I-Iz), 3.55 (m, H-5 "'9, 4.11 (H-6A "'9, 4.00 (H-6B "9, 5.72 (d, H-1 .... ', J~,z=l.5 Hz), 
4.60 (dd, H-2 "'", J2,s---4.0 H_z), 4.47 (dd, H-3 .... ', J3,4=9.5 Hz), 4.27 (t, H-4 .... ', J4,~-9.5 Hz), 4.82 (dq, H-5 .... 9, 1.63 (d, 
H-6 ""', J5,~--6.5 I-Iz), 4.20 (H-3), 5.21 (Ix.t, H-12, J11,12=3.5 Hz), 5.53 Cur.t, H-16, J15,~6=3.5 Hz), 3.41 (dd, H-18, Jls,19e=4.5 
Hz, Jls,19a=14.0 I-Iz), 3.68 (d, H-23B, J23A,23B=l 1.0 H_z), 4.03 (d, H-23A), 1.68, 1.07, 0.98, 0.96, 0.92, 0.87 (all s, 6 CH3). 

The 13C NMR spectra of (2) and (3) are given in Tables 1 and 2. 
The investigation was partly financed by the International Soros Science Education Program flSSEP), grant No. 

APUO73204 and grant No. PSUO83096. 
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