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New triterpene glycosides from Thalictrum squarrosum St. ex Willd.
The structure of squarrosides B3 and B4
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From the above-ground pant of Thalictrum squarrosum St. ex Willd. (Ranunculaccac), an
equilibrium mixture of two triterpenc glycosides, squarroside B3 (1), 3- 0-{ O-(a-L-rhamno-
pyranosyl)-(1—-6)-p-n-glucopyranosyl}-21(5),22(£),23(R)-3p.21,22,30-tctrahydroxy-
21,23-epoxycycloarth-24-ene, and squarroside B4 (2), its 21(R) epimer, was isolated. Their
structures were cstablished on the basis of IR and 2D NMR spectra and FAB mass spectra.
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mass spectra.

Thalictrum squarrosum (meadow-rue), a Siberian
grassy plant, is a source of new, interesting triterpenoids.
Previously,'? the isolation of six new triterpene com-
pounds from this plant has been reported. In the present
work, the structures of two new saponins isolated as an
equilibrium mixture and called squarrosides B3 and B4
(1 and 2) are considered.

Results and Discussion

A mixture of triterpene glycosides was isolated from
a methanolic extract of the above-ground part of
meadow-rue, from which squarrosides B3 and B4 were
obtained by multiple column chromatography on silica
gel and liquid-liquid distribution. Acid hydrolysis of
glycosides 1 and 2 results in resinification of the reac-
tion mixture. Using enzymatic cleavage, we obtained
15 mg of one glycoside, progenin (3), and 3 mg of a
mixture of genins. Acetylation of these glycosides gave a
multicomponent mixture, from which only squarroside
Bl peracetate (4) could be isolated in an individual
state. The structure of squarrosides B3 and B4 was
established on the basis of NMR and mass spectra of an
equilibrium mixture of these compounds, and the spec-
tra of the derivatives prepared.

A thorough study of the 'H and '3C NMR spectra
(Tables | and 2) made it possible to conclude that
compounds 1 and 2 contain new cycloarthane genins
that differ in the stereochemistry of the side chain and
are glycosylated with two carbohydrate residues.

The diglycoside character of squarrosides B3 and B4
is indicated by their FAB mass spectrum containing the
quasimolecular ion at m/z 819 {M+Nal]* (100 %) and
the fragment ions at m/z 673 [M+Na—dHex]* and 493
{M+Na—dHex—Hex—H,0}*, which correspond to the

elimination of deoxyhexose and the block of deoxyhexose
and hexose.

A comparison of the '*C NMR chemical shifts of
the carbohydrate fragments in the spectrum of glyco-
sides 1 and 2 with the literature data3 allows one to
conclude that the carbohydrate chains are identical in
both squarrosides and include pB-p-glucopyranose and
a-t-rhamnopyranose. The downfield shift of the C(6")
signal of glucopyranose (3 68.34) in I and 2 vs. that in
the spectrum of progenin 3 (see Table 1) is caused by

1: R = a-1-Rhay(1-56)-p-0-Glc,, R = §-OH, RZ = R = H;

2: R = a-1-Rhay(1-36)-p-0-Glc,, R' = a-OH, R? = R3 = H;

3: R = [-0-Glcy, R' = p-OH, R2 = R = H;

4: R = 2,3,4—A03-Q—L~Rhap(1-—)6)~2,3,4-A03~{}-D-G|Cp.

R' = B-AcO, R? = R% = Ac;

5:R=R2=RI = H, R' = §-OH;

6: R =R2 =R} = H, R' = a-OH;

7: R = a-L-Rhay(1-56)-p-0-Glc,, R = §-OMe, R2 = R? = H;
8: R = a-1-Rhay(1-+6)-p-0-Glc,, R' = a-OMe, R2 = RI = H;
9: R = a-L-Rhay(1-6)-p-0-Gle,, R! = p-OEt, RZ = R¥ = H;

10: R = a-t-Rhay(1-6)--0-Glc,, R' = a-OE; R? = R3 = H

Translated from [zvestiva Akademii Nauk. Seriya Khimicheskaya, No. 6, pp. [547—1551, June, 1996.
1066-5285/96/4506-1476 $15.00 © 1996 Plenum Publishing Corporation
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Table 1. Chemical shifts (8) in 13C NMR spectra of compounds 1—4, 9, and 10

Atom 8 (0.01) Atom 5 (£0.00)

1,2 3 4 9,10 1,2 3 4 9,10
cly 32.18 32.32 31.41 32.08 C(24) — —t 138.74 —
C(2) 31.96 32.10 30.81 32.08 C(25) — —* 118.19 —
) 89.82 89.63 89.12 89.40 C(26) 21.26 21.43 19.69 21.19
C(4) 45.51 45.59 44.18 45.03 cRn 19.91 20.02 19.25 19.83
C(5) 48.08 48.08 47.68 47.80 C(28) 18.77 18.77 18.56 18.64
C(6) 22.13 22.19 21.09 22.06 C(29) 18.45 18.77 18.51 18.38
c(n 26.74 26.90 26.47 26.45 C(30) 63.47 63.51 64.37 63.29
C(8) 48.84 48.79 48.15 48.55 C(t) 106.15  106.47 102.36 106.19
o)} 21.62 21.59 20.89 21.19 cY 75.57 75.82 71.83 75.42
C(10) 27.22 26.07 25.61 26.77 c3) 79.50 78.91 73.01 78.67
can 26.90 26.90 25.93 25.85 C4") 72.08 72.20 69.01 71.85
C(12) 36.11, 36.17 35.35 36.04 C(5") 78.77 78.53 73.03 78.67

36.32 C(6") 68.34 63.25 67.24 67.89
c(13) 45.75 45.81 45.08 45.24 C(im 102.96 98.18 102.29
C(14) 48.92 48.95 48.37 48.93 cQ) 72.35 69.56 72.34
C(15) 30.39 30.15 28.84 30.29 c3m 72.86 69.51 72.77
C(16) 30.18 30.15 27.16 29.86 C(4") 74.16 70.98 73.96
cUn 41.128, 41.37 43.28 40.70, C(5) 69.64 66.61 69.86

45.10 44.76 CH;y" 18.61 17.33 18.38
C(18) 25.92 26.07 25.47 25.85 McCOO 168.87, 169.22,

C(19) 30.99 "30.96 29.51 31.27 169.50, 169.53,
C(20) 52.55, 56.72 51.49 52.35, 169.54, 169.56,

56.72 54.84 169.91, 169.95,
c@2n 98.84, 101.77 99.57 103.54, 170.47

101.63 107.38 McCOO 20.36, 20.38,

C(2) 77.04, 77.22 77.35 75.10, 20.41, 20.42,

77.50 76.56 20.44 (2 MeCOO0),
C(23) 78.63, 78.70 78.25 76.94, 20.55, 20.64

80.53 80.51

* These signals are overlapped by the signals of pyridine.

the a-effect of glycosylation at O(6°). In fact, in the
ROESY experiment with acetate 4, the H(1") signal of
rhamnopyranose gives cross-peaks with the proton sig-
nals of the CH,0 group of glucopyranose, and the signal
of the anomeric proton of glucose gives a cross-peak
with the signal of the H(3) proton of the genin at § 3.18.
In addition, the C(3) signal in the 13C NMR spectrum
of compounds 1 and 2 occurs at 8 89.82 due to attach-
ment of the carbohydrate chain at this atom in the
genin.

The genins of squarrosides B3 and B4, called squarro-
genins 3 and 4 (5 and 6), were assigned to cycloarthane
triterpenoids due to the presence of signals characteristic
of a cyclopropane ring (2H(19), 5 0.21 and 0.49, 2J =
3.9 Hz; C(9), & 21.62, and C(10), § 27.22) in the NMR
spectra of 1 and 2. Each genin contains one trisubsti-
tuted double bond (C(24), 5 138.74, C(25), 8 118.19 in
4) and five methyl groups, while three of them are
located at sp? hybridized carbon atoms and two of them
are attached to the double bond. Hence the signals of
these protons are shifted downfield (1, & 1.69 and 1.65,
2, 8 1.66 and 1.64) and are broadened due to allylic
splitting by H(24) (¢ = 1.5 Hz).

As can be seen from the 'H and '3C NMR spectra of
compounds 1 and 2, after subtraction of the signals of

the atoms of carbohydrate residues, squarrogenins 3 and
4 contain five carbon atoms each, bonded with oxygen.
The side chain contains one epoxy fragment and two
hydroxyl groups, and the polycyclic fragment contains
two hydroxyl groups.

A comparative study of the 'YC NMR spectra of
squarrosides B3 and B4 and squarrosides Bl and B2 (7
and 8) isolated previously? demonstrated the identity of
the (C(1)—C(15)) polycyclic fragments of these com-
pounds. Therefore, the secondary hydroxyl group is in
the 3f-position, and hydroxymethyl is in the 4B-po-
sition.

The spin systems of the side chains of the glycosides
were identified by two-dimensional TOCSY and COSY
procedures.

For squarroside B3, the following proton-proton in-
teractions were revealed (8):

5.85 (H(24)) —» 5.05 (H(23)) —» 4.25 (H(22)) —»

—» 248 (H(20)) —» 5.74 (H(21))

!

2.65 (H(17))
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Table 2. 'H NMR spectral data for compounds 1, 2 and 4

& (J/Hz)
Atom 1 2 4
2 H(2) 2.1, 2.5 (m)* 1.6, 1.82 (m)
H(3) 3.70 (m)* 3.18 (dd, J = 4.5, 12.0)
H(16) 1.55 (m)* 1.22 (m)
H(IT) 265(q,J = 11.2) 282(q, J = 11.2) 2.1 (m)
2 H(19) 0.21, 049 (d, J = 3.9)* 042,033 (d, J = 4.2)
H(20) 248 (dt, J = 4.3,55,11.2) 2.08 (m) 253 (dt, J = 49,52, IL.7)
H@D) 5.74 (d, J = 5.5) 560 (d, J =39 6.02(d, J =49
H(22) 4.25(dd, J = 2.1, 4.3) 418 (¢, J =133 537 (dd, J = 5.2, 2.6)
H(23) 5.05(dd, J = 2.1, 7.9) 4.76 (dd, J = 3.3, 8.5) 473 (dd, J = 1.8, 2.6)
H(24) 5.85 (m)* 4.96 (m)
2 H(30) 441,370, J = 11.2)* 4.12,420(d, J = 11.3)
Me 0.93, 0.95 (both s, CH3-28); 1.07, 1.36 (both s, CH;3-18); 1.47, 0.82 (s), 0.93 (s), 0.94 (s),
1.48 (both s, CH;-29); 1.64, 1.65 (both d, CH;3-27, J = 1.5); 1.59 (brs), 1.61 (brs)
1.66, 1.69 (both d, CH;3-26, J = 1.5)
H(l") 484 (d, J = 7.6) 485, J =179 448 (d,J = 17.8)
H(2") 3.81 (m)* 4.86 (dd, J = 7.8, 9.6)
H3") 4.0 (m)* 5.08 (t, J = 9.6)
H4 ) 4.47 (m)* 482, J =96)
H(5") Not determined 3.62 (m)
H(6a) Not determined 3.52(dd, J = 11.7,7.3)
H(6'b) Not determined 3.62 (m)
H(") 5.35 (brs)* 4.67 (d, J = 1.4)
H(2") 4.39 (dd, J = 1.8, 3.6)* 5.12 (m)
H(3™ 432 (1, J = 3.6) 430 ¢, J =133 5.14 (m)
H(4") 4.02 (m)* 4.96 (m)
H(5") 4.21 (dq, J = 9.4, 6.5)* 3.76 (dq, J = 6.3, 9.9)
Me” 1.54 (d, J = 6.5) 1.53(d, J = 6.0) 1.1, J =46.3)
MeCOO

1.87 (s), 1.90 (s), 1.91 (s),
1.94 (s), 1.95 (s, 6 H),
1.97 (s), 1.99 (s), 2.30 (s)

Note: § £0.01, J £0.2; 1, 2 — CsDsN, 80 °C, 4 — CDCl,, 50 °C. * These signals coincide for 1 and 2.

For squarroside B4 (8):

5.85 (H(24)) —» 4.76 (H(23)) —» 4.18 (H(22)) —»

— 2.08 (H{20)) — 5.60 (H(21))

!

2.82 (H(17))

Thus, the bond sequences in the side chain of both
squarrosides are the same. The configurations of the
substituents of the side chain were determined using
Dreiding models and two-dimensional NOE (ROESY).
In Fig. 1, the 2D ROESY NMR spectrum of com-
pounds 1 and 2 is presented, and the proton-proton
interactions in the tetrahydrofuran ring are given.

It is known that in lanostane type triterpenoids,
H(20) has the p-configuration.* Therefore, in connec-
tion with this and the presence of cross-peaks of the
H(23) and H(20) signals in the spectra of both com-
pounds, the B-configuration of H(23) was established.
The consideration of the Dreiding models made it evi-
dent that H(21) and H(24) are spatially proximate only
for B-H(23) and a-H(21). The presence of the cross-

peaks of the H(21) and H(24) signals of 1 in the ROESY
spectrum determines the configuration of the substitu-
ents at C(21) and C(23) as 21B-OH and 23a-CH=CMe,
in squarroside B3 and 21a-OH in squarroside B4.

The relative configuration of H(22) in 1 and 2 was
not determined. The spatial interactions of the H(22)
proton in the ROESY spectrum for both isomers are the
same, which makes it impossible to determine unequivo-
cally the configuration of this chiral center. The use of
13C NMR spectra to determine the configurations of
the substituents in the tetrahydrofuran ring was de-
scribed in Ref. 5, however, for squarrosides it appeared
to be inappropriate, because their chemical shifts did
not obey any existing model.

Previously,5 compounds similar to squarrosides Bl
and B2, in which the configuration of H(22) was deter-
mined as §, were isolated from Thalictrum herba. The
absence of experimental data on NOE in that paper
made it impossible for us to compare the results ob-
tained.

Thus, for squarroside B3 the structure of
3- 0-[ O-(a-L-rhamnopyranosyl)- (1 —6)-B-p-glucopyra-
nosyl}-21(5),22(¢),23(R)-3B,21,22,30-tetrahydroxy-
21,23-epoxycycloarth-24-ene was suggested, and the



New triterpenc glycosides from Thalictrum squarrosum Russ.Chem . Bull., Vol. 45, No. 6, June, 1996 1479
Fy/ppm - - P A g
N 3 - . . '! ﬁ
0.5 ) .
. ' “- - lr‘ é -.., ., .‘
oF - . ' é 2P '
4 . : o ¢ e 14
S - d 0 5° Ca o b F 2
L .. B R . 0 . A ] LA
ISPtV pk, oAb g °0g5 90 o
o . g i
20 u @ a “ e f » Oad o
O“O-_zodyog "
) -
' . 0Q ¢ . -
st ! 8 4 8 20(1)0 i 7 ' '
[} -} [ ] » ae g
. M ew s :
50t # 1 ‘ .
3.5 F ) to
' g ~Do“¢o - ° ] PI0+~ ¢ e
[ L . .
4.0 + 6 g! + o : .t
e . 8 "522(2) - ° F. .
v o [ ] f . [
4.5 § # 22(1) i M ’
s 2(2)e D L '
so b . -( ) 033 o] - ds 0
. F 23(” - D O
55 b ng.  Eowem s - *
211 ’ . - )
7 ( ; . o e - ‘3. -
60 24 1 ) 1 —1 1 1 1 1 L1 L 1 i
6.0 5.5 5.0 4.5 40 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

F/ppm

Fig. 1. ROESY spectrum (500 MHz) of squarrosides B3 and B4 (1 and 2).

structure of its 2[(R)-epimer was assigned to squarro-
side B4.

Squarrosides B1 and B2 isolated previously can be
considered as O-methyl derivatives of squarrosides B3
and B4. Assuming that the extraction was carried out
with methanol and that methanol was widely used in the
further individualization of the saponins, it was neces-
sary to prove the native origin of all isolated compounds.
Hence, the isolation of squarrosides was repeated, but
under conditions avoiding methylation: methanol was
replaced by ethanol.

The FAB mass spectral analysis of the isolated total
of squarrosides demonstrated the presence of compounds
containing the 21-OH group (squarrosides B3 and B4)
and the 21-OMe group (squarrosides Bl and B2). The
compounds containing the ethoxyl group at C(21) (com-
pounds 9 and 10, see Table |) were the major com-
ponents. Thus, it is evident that squarrosides B1, B2,
B3, B4 are native, and in this plant hydroxyl-containing
{at C(21)) glycosides are major components and their
methylated derivatives are minor components.

Experimental

The general procedures have been published previously. 2
The 'H NMR spectra were recorded with a Varian VXR-500 §
instrument (for 'H 499.843 MHz, and for 13C 125.699 MHz),
cquipped with a SUN 3/50 computer and VNMR conven-
tional software. The spectra of compounds 1 and 2 were
recorded in CsDgN (22 mg/0.6 mL), and the spectra of § and
6 were recorded in DMSO-dg (3 mg/0.6 mL). The 'H and
3C NMR spectra of compounds 4 were recorded in CDCly
(30 mg/0.6 mL) in a 5-mm tube using Me,Si as the internal
standard. The '3C NMR spectra were obtained in a 10-mm
tube using McySi as the internal standard, in CsDgN with a
Jeol FX-90Q spectrometer (22.49 MHz): for compounds 1
and 2 the concentration was 22 mg/l.8 mL, for 3
15 mg/1.8 mL, for 9 and 10, 25 mg/1.8 mL.

To obtain the two-dimensional 'H—'H spectra, the follow-
ing procedures were used: COSY, the conventional RELAYH
program, the dimension of a matrix | Kx0.5 K, spectral width
3000 Hz. In the pulse sequence two 90° pulses (COSY-90),
with a delay of 1.8 s were used. Before the Fourier transform,
the FID was multiplied by the bell-shaped function with zcro
shift. For TOCSY, the conventional TOCSY program in a
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phasc-sensitive version was used. The matrix dimension was 2
Kx | K; spectral width 3000 Hz. The valucs for 90° and trim-
pulsc were 22 us; mixing time 0.05 ms; the delay of relaxation
1.8 s. To cquilibrate the spin system, the pulse scquence
sspul : 90°—HS—90° was used. Before the Fouricr transform,
a Gaussian function with zero shift in both dimensions was
used for weighting. For ROESY, the conventional ROESY
program in a phasc-sensitive version was used. The dimension
of a matrix was 2 Kx | K; spectral width 3557 Hz; mixing time
I s. To cquilibrate the spin system, the pulse sequence
sspul © 90°—HS—90°. A Gaussian function with zcro shift in
both dimensions was used for weighting.

The mass spectra were  mcasured  with  a
LKB-2091/PDP-11/34 instrument equipped with an lontech
Ltd. Feddington FAB ion source. lonization was carried out
with a beam of accelerated Xe atoms with 6 keV encrgy and a
1.2 mA discharge current. Glycerol with a NaCl or KCI
additive was used as the matrix.

Isolation of squarrosides B3 and B4 was carried out as
described for squarrosides Bl and B2.2

Squarrosides B3 and B4 (1 and 2), Cy;Hg0,4, m.p. 187—
189 °C (methanol), IR (KBr), nm,, 33503500 cm™! (OH).
FAB MS, m/z 835 [M+K]|*, 819 [M+Na]*, 804 [M+Na—
CH,l*, 801 (M+Na—H,0|*, 673 [M+Na—146]*, 515
[M+2Na-H-308-H,0}%, 493 [M+Na-308—H,0}*. The
13C NMR spectrum is given in Table |

Acetylation of squarrosides B3 and B4. A total of 600 mg
of squarrosides B3 and B4 was dissolved in pyridine (4 mL)
and acetic anhydride (2 mL) was added. The reaction mixture
was kept at 20 °C for 24 h. After the usual workup, the
reaction products were chromatographed on a column with
silica gel to afford 200 mg of 2°,3°,4",27,37,4" 21,22 30-nona-
O-acetylsquarroside B3 (4), m.p. 148—150 °C, {a)s4g?0 +7.75°
(¢ 2.71, acetone). The 'H and '3C NMR spectra are given in
Tables | and 2.

Enzymolysis of squarrosides B3 and B4. A total of 100 mg
of squarrosides B3 and B4 was suspended in water (20 mlL),
and an enzymatic preparation from grape snail Helix pomatia
(10 mg) and scveral drops of toluene (10 mg) were added. The
reaction mixture was kept in a thermostat at 36 °C with
continuous stirring for 14 days and periodic addition of the
enzyme (5 mg portions). The reaction was monitored by TLC.
The reaction products were extracted with chioroform. The
chloroformic extracts were washed with water and concen-
trated. A dry extract (30 mg) was obtained. The aqucous layer
was extracted with butanol. The butanolic extract was concen-
trated and the residue was digested as described above. After
repeating enzymolysis, the weight of the chloroformic extract
was 30 mg.

The reaction products were chromatographed on a column
with silica gel, and 3 mg of a mixturc of genins 5 and 6 was
isolated.

Squarrogenins 3 and 4 (5 and 6). 'H NMR (DMSO-dg),
5:3.23% (dd, H-3); 0.45, 0.31* (d, 2 H(19), 2J = 4 Hz); 1.94*

(m, H(20)); 5.02 (d, H(21)); 5.08 (d, H(21)); 3.75 (brs,
H(22)); 3.81 (brs, H(22)); 4.52 (brd, H(23)), 4.43 (dd,
H(23)); 5.28 (br.d, H(24)); 5.38 (br.d, H(24)); 3.95, 3.40* (d,
2H(30), 27 =11 Hz); 1.70* (d, 3 H, CH,(26), ¥/ = 1.0 Hz):
1.64* (d, 3 H, CH(27), 4/ = 1.0 Hz); 1.04* (s, 3 H, CHy)
1.0* (s, 3 H, CH;j); 0.85% (s, 3 H, CHjy).

The subscquent clution afforded 15 mg of squarroside
progenin (3). Cyslis30,9, FAB MS, m/z 698 [M+K ", 675
{(M+Naj*, 695 [M+2Na—H][*, 493 [M+Na—162-H,0]|*, 475
[M+Na~162-2H,0}*. The '3C NMR spectrum is given in
Table |,

Isolation of squarrosides under conditions avoiding methyla-
tion. Air-dricd plant matcrial (1.2 kg) was extracted with
cthanol five times. The extract was concentrated using circula-
tion and rotor cvaporators. The dry extract (72 g) was dissolved
in a minimum amount of cthanol and a double excess of
acctone was added. The precipitate was filtered off. The
solution was concentrated and a second precipitation was
carried out. The solution (after the second precipitation) con-
taining squarrosides (TLC) was concentrated and the residue
(44.8 g) was chromatographed on a column with silica gei
using a chloroform—cthanol (0 to 20 % of cthanol) system. A
fraction containing squarrosides was obtained when the col-
umn was cluted with a system containing 14 % cthanol.
Repeat chromatography of the squarrosides under the same
conditions afforded compounds 1 and 2 (21-OH); FAB MS,
m/z 835 [M+K]*, 7 and 8 (21-OCHjy); FAB MS, m/z 833
{M+Naj*- 9 and 10 (21-OCH,CH,); FAB MS, m/z 8§47
[M+Nal*.

The 13C NMR spectrum of compounds 9 and 10 is given
in Table 1.

N

The authors thank A. L. Vereshchagin for recording
the FAB miass spectra.

* These signals coincide for 5 and 6.
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