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New triterpenoid glycosides from Thalictrum minus L. 
10.* Structure of  thal icosides G 1 and G z 
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Two triterpenoid diglycosides of the cycloartane series were isolated from the terrestrial 
part of Thalictrum minus L. (Ranuneulaceae). Genins of these glycosides are side-chain 
structural i somers -  3-O-13-o-galactopyranosyi-29-O-t3-D-glucopyranosyt-913,19-cyelo-20(S)- 
lanost-24(Z)-ene-31~, 161~,22(S),26,29-pentaol and 3- O-13-o-galaetopyranosyl-29- O-[~-o- 
glucopyranosyl-913,19-eyclo-20(S)-Ianost-25-ene-313,161~,22(S),24~,29-pentaol. The structures 
of these glycosides were established using ID and 2D NMR spectroscopy and FAB mass 
spectrometry. 
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in continuation o f  the studies of  secondary metabo- 
lites of  meadow rues growing in Siberian biocenoses, z 
we isolated two new minor  saponins from Thalictrum 
minus L and called them thalicosides GI ( ! )  and G 2 (2). 
The present work is devoted to elucidation o f  the struc- 
tures of  compounds 1 and 2 by ID and 2D IH and t3C 
NM R spectroscopy and FAB mass spectrometry. 

Resul ts  and Discuss ion  

Column chromatography on silica gel repeated many 
times and drop-counterf low distribution chromatogra- 
phy of  the methanolic extract from the terrestrial part of  
Thalictrum minus L. yielded a saponin fraction that 
consisted, according to HPLC,  of  two components.  The 
components  were separated by preparative HPLC; this 
gave compounds I and 2. 

Compounds I and 2 give fast atom bombardment  
(FAB) mass spectra containing quasimolecular ions with 
m/z 837 [M+Na]*  and belong to the class of  diglycosides, 
as indicated by the fact that their IH and 13C NMR 
spectra exhibit signals for two anomeric protons and two 
anomeric carbon atoms (Tables 1 and 2). 

�9 For Part 9, see Ref. I. 

The triterpenoid nature of  genins of  1 and 2 is 
indicated by the fact that the molecule contains  30 
carbon atoms (apart from the carbohydrate  residues), 
four tertiary and one secondary methyl groups, a double 
bond, and five oxygen-containing functions (FAB mass 
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Table I. Chemical shifts (8) in the 13C NMR spectra of compounds 1 and 2 (CsDsN, tetramethylsilane, T = 26 ~ 

Atom ~(+0.1) I ) Atom 6(+0.01 ) Atom ~5(• i ) 

! 2 1 2 ! 2 

C(I) 32.1 (t) 32.4 (t) C(15) 48.7 (t) 48.4 (t) C(29) 71.1 (t) 71.0 (t) 
C(2) 29.4 (t) 29.8 (t) C(16) 71.7 (d) 71.9 (d) C(30) 11.7 (q) !1.7 (q) 
C(3) 81.7 (d) 81.6 (d) C(17) 53.0 (d) 53.2 (d) C(l")b 106.5 (d) 106.1 (d) 
C(4) 45.0 (s) 44.9 (s) C(18) 20.6 (q) 20.6 (q) C(2") 73.3 (d) 73.3 (d) 
C(5) 40.7 (d) 40.7 (d) C(19) 30.5 (t) 30.5 (t) C(3") 75.5 (d) 75.4 (d) 
C(6) 20.7 (t) 20.7 (t) - C(20) 36.0 (d) 36.5 (d) C(4") 70.4 (d) 70.4 (d) 
C(7) 26.5 (t) 26.5 (t) C(21) 14.7 (q) 15.0 (q) C(5") 76.2 (d) 76.1 (d) 
C(8) 48.4 (d) 48.4 (d) C(22) 75.1 (d) 72.5 (d) C(6") 63.0 (t) 63.0 (t) 
C(9) 19.8 (s) 19.8 (s) C(23) 33.0 (t) 39.6 (t) C(I') 105.0 (d) 104.9 (d) 
C(10) 25.9 (s) 25.9 (s) C(24) 125.5 (d) 72.9 (d) C(2")" 75.3 (d) 75.2 (d) 
C(I I) 26.3 (t) 26.3 (t) C(25) 137.5 a C(3") 78.6 (d) 78.5 (d) 
C(12) 33.6 (t) 33.6 (t) C(26) 61.2 (t) 110.0 (t) C(4") 72.1 (d) 72.0 (d) 
C(13) 46.0 (s) 46.0 (s) C(27) 22.5 (q) 18.8 (q) C(5") 78.0 (d) 77.9 (d) 
C(14) 47.3 (s) 47.3 (s) C(28) 19.5 (q) 19.8 (q) C(6") 62.5 (t) 62.4 (t) 

~ Overlapped by the signal of the solvent, bThe signals of the C(1 ')--C(6') atoms refer to the 3-O-13-D-Galp 
residue. CThe signals of the C(I')--C(6") atoms refer to the 29-O-13-D-Glcp residue. 

Table 2. Data of the tH NMR spectra obtained in ID and 2D 
experiments for compounds 1 and 2 (C~fDsN, tetramethylsilane, 
80 *C) 

Table 3. Data of the tH NMR spectra of compounds 1 and 2 
obtained from 2D experiments (carbohydrate moiety) (CsDsN, 
6, tetramethylsilane, 26 "C) 

Atom 6(.• (J/Hz) Atom 6(+0.03) Atom 8(:1:0.03) 

1 2 1 2 1 2 

H(1) 1.15 (m) a, 1.38 (m) b 1.15 (m) a, 1.38 (m) b 3-O-B-o-Galt~ 29-O-B-D-G!cv 
H(2) 2.01 (m) a, 2.43 (m) b 2.00 (m) a, 2.43 (m) b H(I ") 5.56 (d) a 5.39 (d) a H(I') 5.55 (d) b 5.39 (d) h 
H(3) 4.46 (m) 4.46 (m) H(2') 4.53 (m) 4.49 (m) H(2") 4.34 (m) 4.18 (m) 
H(5) 1.92 (m) 1.91 (m) H(3") 4.34 (m) 4.28 (m) H(3") 4.32 (m) 4.29 (m) 
H(6) 0.78 (m) a, 2.07 (m) b 0.70 (m) a, 2.07 (m) b H(4") 4.62 (m) 4.59 (m) H(4") 4.33 (m) 4.30 (m) 
H(7) 1.12 (m) a, !.70 (m) b 1.10 (m) a, 1.70 (m) l' H(5') 4.39 (m) 4.35 (m) H(5") 4.08 (m) 4.06 (m) 
H(8) 1.98 (m) 1.95 (m) H(6'a) 4.42 (m) Not H(6"a) 4.39 (m) 4.47 (m) 
H(15) 1.72 (m) ~, 2.11 (m) b (I .74 (m) a, 2.10 (m) b H(6 'b) 4.58 (m) identified H(6"b) Not iden- Not iden- 
H(16) 4.79 (m) 4.79 (m) tiffed tiffed 
H(17) 2.33 (dd, J '= 7.4, 10.5) 2.28 (dd, I =  7.1, 11.t) 
H(18) 1.46 (s) 1.46 (s) 
H(19) 0.34, 0.59 (both d+ J = 3.9) 0.34, 0.59 (both d, J -- 3.9) 
H(20) 2.60 (m) 2.61 (m) 
H(21) 1.18 (d, J = 7.0) 1.19 (d, J = 6.7) 
H(22) 4.28 (m) 4.65 (br.d, J = 9.2) 
H(23) 2.55 (m), 2.78 (m) 2.08 (m), 2.18 (m) 
H(24) 5.72 (t, . /= 7.1) 4.81 (m) 
H(26) 4.41, 4.53 (both d, J = 12.2) 5.00 (br.s), 5.38 (br.s) 
I't(27) 1.98 (s) 1.93 (s) 
H(28) 0.94 (s) 0.98 (s) 
H(29) 4.15 (m) c, 4.47 (m) e 4. II (m) c, 4.45 (m) e 
H(30) 0.98 (s) 0.94 (s) 

* Data for H(a). b Data for H(13). ~The values of chemical 
shifts were found from the I H--t3C correlation spectra. 

spectra; IH and 13C NMR spectra)(see Tables i and 2). 
The presence of two single-proton doublets forming AB 
systems at 6 0.34 and 0.59, J = 3.9 Hz, typical of a 
I,l ,2,2-tetrasubstituted cyclopropane ring (CPR) in the 
IH NMR spectra of compounds 1 and 2, in combination 
with the data listed above, implies that genins of ! and 2 
can be classified as tetracyclic triterpenoids of the 
cycloartane series. 

aAt 80 *C, the signals for the H(I ") atoms in 1:5 5.31 (d, J =  
7.64 Hz), those for the H(I ") atoms in 2 : 5  5.31 (d, J = 7.84 
Hz). bAt 80 *C, the signals for the H(I") atoms in !: 6 5.18 
( d , J =  7.54 Hz), those the H(I ~) atoms in 2:6 5.16 (d, J =  
7.64 Hz). 

The 13C NMR signals of compound 2 were assigned 
based on the restdts obtained with incomplete C - - H  
decoupling (see Table 1) and on a comparison of the I3C 
chemical shifts of compounds I and 2 with those ob- 
served in the spectrum of a known compound,  thalicoside 
E (3) isolated previously. 3 The comparison demon- 
strated close chemical shifts of signals for the carbon 
atoms in the polycyclic fragment; this provides grounds 
for assuming that the structure of this fragment is the 
same in all the three molecttles. 

The data of the DQFCOSY and TOCSY 2D experi- 
ments in the IH NMR spectra confirm the above con- 
clusion by demonstrating the identity of the spin systems 
of rings A--D in thalicosides Gi,  G 2 (see Table 2), 
and E. 
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Fig. I. HMBC NMR spectrum of compound 1. 
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The chemical shifts of  the signals for the C atoms in 
the carbohydrate fragments of  compounds I and 2 cor- 
respond to those for terminal 13-o-galactopyranoside and 
13-o-glucopyranoside 4 (see Table I). The sites of  attach- 
ment of  galactose and glucose to genin, the C(3) and 
C(29) atoms, respectively, were determined in both 
cases from an HMBC experiment (Fig. 1). 

The protons in the carbohydrate moieties of the 
genins of  1 and 2 were assigned using the data of the 
IH--13C correlation and HMBC spectra (Table 3). Thus, 
for compounds I and 2, we elucidated the structure of 
the polycyclic fragments of  genins, the relative configu- 
rations of  the chiral centers (313-OR, 4ct-CH2OR, 1613- 
OH),  and the structure of  the carbohydrate part of  the 
molecule. It was found that these fragments have the 
same structure in both compounds,  and the difference 
between these two molecules is manifested in the struc- 
ture of  the C(17) side chain of  the genin. The side 
fragments in both molecules contain two hydroxy groups 
and one double bond (see Tables ! and 2). 

The structure of  the side chain in compound 1 was 
determined in the following way. In the IH NMR 
spectrum of  thalicoside G I, the signal of  the H(24) 
olefinic proton occurs at ~ 5.72 and is characterized by a 
spin-spin coupling constant J = 7.1 Hz. Irradiation of 
this proton under condit ions of nuclear Overhauser ef- 
fect (NOE) results in an increased intensity of the three- 
proton signal at 6 1.97, which is manifested as singlet. 
Thus, one substituent at the double bond is a methyl 
group, and the other  one is a hydroxymethyl group. The 
13C N M R  spectrum exhibits a signal at 8 61.2, which 
was assigned to a hydroxymethyl carbon atom that occu- 
pies a trans-position in relation to the olefinie proton 
(calculation from the data of  Refs. 5, 6 and the data of 
Ref. 7). In the ~H N M R  spectrum, the same fragments 
account for two sil lgle-proton doublets at ~5 4.41 and 

453 (AB system, J -- 122 Hz) characterized by small 

ailylic constants with the olefinic proton, which were 
determined by double resonance in the difference vari- 
ant. The same experiment has revealed allylic coupling 
with the c/s-methyl group at 6 1.97. 

The splitting of  the signal of  the H(24) olefinic 
proton into a triplet implies a methylene group located 
in the a-posi t ion with respect to this proton (at C(23)). 
Thus, the second hydroxy group in the side chain of  
compound I can be attached only to the C(22) atom, 
which is not at variance with the whole set of  spectral 
data. 

Analysis of  the results of  D Q F C O S Y  and TOCSY 2D 
experiments confirmed the reliability of  our conclusions; 
identification of  the H(16) proton with 6 4.79 made it 
possible to identify the spin system of  the side chain (8): 

H(16) (4.79) --~ H(17) (2.33) --~ H(20) (2.60) 
H(21) (I.18); 

H(22) (4.28) ~ H(23~) (2.55), (2313) (2.78) 
H(24) (5.72) -~ H(27) (1.97). 

The absolute configuration of  the C(22) atom was 
found by a known procedure,  4 which makes it possible 
to establish the stereochemistry of  secondary hydroxy 
groups in chiral secondary alcohols using the effect of 
glycosylation in the 13C N M R  spectra, with allowance 
made for published data. 8 Based on the resulting values, 
Ars (C( I ' ) )  +1.22, ArA(C-a ) +10.18, and A~SA[C-13(H)I 
- I . 4 6 ,  we identified the configuration of  the ehiral 
center as 22(S). 

Thus, for thalicoside G t, we propose the structure of 
3- O- [I- o -ga lac topyranosy l -  29- O- 13- D-gl ucopyranosyl -  
913, i 9-cyclo- 20(S)-Ianost - 24(2)-ene- 313,1613,22(S),26,29- 
pentaol (1). 

The structure of  the side chain in thalieoside G 2 was 
established in the following way. The lH N M R  spec- 
trum of compound 2 contains two broadened single- 
proton singlets at 8 5.00 and 6 5.38 and a three-proton 
singlet for the methyl group at 8 1.93. By the COSY 
experiment, we found that the signals of  olefinic protons 
give cross-peaks with each other, while in the TOCSY 
experiment, both exhibit cross-peaks with the signal of 
the methyl group. Thus, we identified this fragment as a 
te rminal  double  bond bear ing  a methyl  group 
(CH2=C(CH3)--) .  

in the 13C NMR spectrum of  compound 2, the 
signal corresponding to the C atom of  the double bond 9 
is manifested at 8 110.0 (C(26)), and the signal for the 
second carbon atom of  the methyl idene group (C(25)) is 
overlapped by the signal of  pyridine. 

The side chain of  thalicoside G 2 contains two sec- 
ondary hydroxy groups, whose geminal protons are re- 
sponsible for a doublet at 8 4.65 with spin-spin cou- 
pling constant J = 9.2 Hz and a multiplet at 6 4.81 in 
the IH NMR spectrum of compound 2. 

The COSY spectrum contains liP cross-peaks for the 
sigJlals at 15 4.65 and • 4.81. Hence, the two - - C I t O H -  
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groups are not bound to each other by a covalent bond. 
The two hydrogen atoms at 8 2.08 and 6 2.18 (2 H(23)) 
in the same spectrum exhibit cross-peaks both with the 
signal at 8 4.8l and with the signal at 6 4.65. It is 
obvious that the hydroxy groups are separated by the 
C(23) methylene bridge. 

The signals for H(22) and H(24) were identified 
based on the presence of a cross-peak for the signal of 
the methylidene proton at 8 5.38 and the signal at ~i 4.81 
in the TOCSY spectrum of 2. Hence, the latter can be 
assigned to the H(24) proton, and the signal at 8 4.65 
belongs to H(22). 

The signals at 8 72.5 and 8 72.9 (doublets) in the I~C 
N M R  spectrum of compound 2 correspond to the C 
atoms in the hydroxymethine fragments; based on the 
data of the HETCOR spectrum, they were assigned to 
C(22) and C(24), respectively. 

The absolute configuration of the C(22) chiral center 
was determined to be 22(S) based on the values 
A6s(C(I ")) --I.22, AgA(C-r +!2.78, and a~^IC-13(H)] 
- I . 9 9 ,  found by the known procedure. 4 

Thus, for thalicoside G 2, we propose the structure of 
3- O-B- o-galactopyranosyl-29-  O-13- D-gtucopyranosyl- 
913,19-cyclo-20(S)-Ianost-25-ene- 313,16~,22(S),24~,29- 
pentaol (2). 

The metabolites of triterpenoid saponins of the 
cycloartane series isolated from Thalictrum minus L. are 
characterized by the presence of a relatively stable poly- 
cyclic fragment in the genin part of the molecule, 
whereas the side chains in the molecules differ by the 
number and positions of substituents (hydroxyl groups, 
carbohydrates) at the double bond, which demonstrates 
the large potential of secondary metabolism of the 
Thalictrum family. 

Experimental 

General procedures are presented in previous publica- 
tions.Z, 3 The IR spectra were recorded on an IFS25 Fourier 
Transform spectrometer. 

IH NMR spectra were recorded on a Varian VXR,-500 S 
instrument (499.843 MHz) equipped with a SUN 3/50 com- 
puter with the standard VNMR software. The procedures for 
recording 2D DQFCOSY and TOCSY spectra were presented 
in a k n o w n  paper, z The procedures for registration of the 
HETCOR and HMBC 2D spectra were also reported previ- 
ously. I 13C NMR spectra were measured on a Brisker WM-250 
spectrometer (62.5 MHz). 

The FAB mass spectra were n m  o n  a Jeol SXI02A instru- 
ment with double focusing (using thioglycerol as the matrix 
and xenon as the ionizing gas). 

The isolation of the saponin traction was described previ- 
oltsly. 3 The fraction was analyzed using a Milikhrom A-02 

liquid chromatograph equipped with a 2x70 mm analytical 
column with Nucleosil 5-CI8 using MeOH : 0.0005 M KH2PO4, 
60 : 40 as the eluent. UV detection was performed at 200 and 
210 nm. 

Isolation of compounds I and 2. Preparative HPLC of the 
saponin fraction (0.11 g) was carried out on a Yanako-2000L 
instrument with a refractometry detector using a 10x250 mm 
column with $ilasorb 12-CI8. A 55 : 45 McOH--H20 mixture, 
3 mL rain -t ,  served as the mobile phase. TLC analysis was 
carried out on silylated plates using a 42:58 EtOH--H20 
mixture. Compounds I (0.011 g) and 2 (0.021 g) were ob- 
tained. 

Thalicosidr Gt (I), C42H70OI5 , m.p. 296--298 *C (pyri- 
dine), [ct]24546 +11.1 ~ (c 0.18, pyridine). IR (KBr), v/cm-I: 
3408 (O--H), 3050 (CPR), 1069 (C--O). MS (FAB), m/z 
(lrr (%)): 837 [M+Na] + (5). The NMR spectra are given in 
Tables 1--3. 

Thalicuside G 2 (2), C42H70OI5 , m.p. 292--294 *C (pyri- 
dine), [a124546 +12.3" (c 0.41, pyridine). IR (KBr), v/cm-I: 
3395 (O--H), 3050 (CPR), 1070 (C--O). MS (FAB), m/z 
(1~r (%)): 837 [M+Na] + (68). The NMR spectra are given in 
Tables 1--3. 
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