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Abstract

Eleven previously undescribed triterpene saponins, named silenegallisaponin A-K (1-11), were
isolated from the aerial parts of Silene gallica L. Their structures were elucidated by analysis of 1D-
and 2D-NMR spectroscopic data and mass spectrometry (HR-ESI-MS). The saponins comprised
caulophyllogenin, echinocystic acid, or quillaic acid substituted at C-3 by a f-D-glucuronic acid or
[S-D-galactopyranosyl-(1—3)-f-D-glucuronopyranoside and at C-28 by a p-D-fucopyranose

substituted at C-2 by f-D-glucose and at C-3 by a -D-glucose or a S-D-quinovose.

Keywords: Silene gallica, Caryophyllaceae, triterpene saponins.



1. Introduction

The genus Silene, belonging to the family Caryophyllaceae, contains more than 700 species mainly
distributed in temperate regions of the Northern Hemisphere of Eurasia and America, but also in
Africa (Mamadalieva et al., 2014). The genus consists mainly of herbaceous plants and, more
rarely, small shrubs or subshrubs (Mamadalieva et al., 2014). Phytochemical investigations of the
genus Silene have led to the isolation of several phytoecdysteroids (\Mamadalieva et al., 2014),
triterpene saponins (Gaidi et al., 2002), benzenoids, flavonoids (Darmograi et al., 1977),
anthocyanins, N-containing compounds (Dotterl et al., 2005), sterols, and vitamins (Arnetoli et al.,
2008; Eshmirzaeva et al., 2005). The abundance and widespread occurrence of triterpene saponins
are typical features of the family Caryophyllaceae. Previous investigations of Silene plants led to
isolation of approximately 52 triterpenoid saponins (Bottger and Melzig 2011; Mamadalieva et al.,
2014). Silene gallica L., native to central Europe, is an annual species growing to 0.4 m in height
(Asal and Fujimoto, 2010). To our knowledge, saponins have not been isolated from S. gallica
however, ten cyclic fatty acyl glycosides were previously reported from the glandular trichome
exudate (Asai and Fujimoto, 2010). Here, we report the isolation and structure elucidation of eleven
undescribed triterpene saponins from the aerial parts of S. gallica L. Their structures were
elucidated by spectroscopic methods including 1D- and 2D-NMR experiments (*H, *C, HSQC,

HMBC, COSY, ROESY), in combination with HR-ESI-MS.

2. Results and discussion

A ethanol/water (80/20 v/v) extract of the aerial part of S. gallica was suspended in H>O and
partitioned successively with petroleum ether, CHCIz, EtOAc and n-BuOH. The n-BuOH-soluble
fraction was purified by repeated chromatography on normal and reversed phase RP-18 silica gel

yielding eleven triterpenoid saponins (1-11).



Compound 1 exhibited, in the HR-ESI-MS (positive ion mode), a quasimolecular ion peak at m/z
1157.5367 [M+Na]*, consistent with the molecular formula CssHgsO25. The presence of six tertiary
methyl groups (on 0.72, 0.79, 0.91, 0.97, 1.02, and 1.37) and one tri-substituted olefinic proton (Jon
5.32, t, J=3.7 Hz, H-12) in the 'H-NMR spectrum (Table 1) and six sp3carbons combined-with-data
from-*3C-NMR spectrum (six-sp®-at oc 12.0, 15.2, 16.5, 23.7, 26.0, and 32.1 31.9 with and two sp>
olefinic carbons (dc 121.9 and 143.5) in the *C-NMR indicated that compound 1 possesses an
olean-12-ene skeleton (Lehbii-etal, 2618 Boutaghane et al., 2013). Furthermore, signals for one
oxygenated methylene (dc 63.3/0n 3.29 and 3.63), two oxygenated methines (dc 82.0/0n 3.66, and
dc 72.7/6n 4.78) and one carboxyl group (dc 175.7) were observed in *C-NMR and 'H-NMR
spectra. Through an extensive 2D-NMR study, the aglycone was identified as 34,16a,23-
trihydroxyolean-12-en-28-oic acid, commonly named caulophyllogenin, which is in good
agreement with literature data (Table 1) (Matsuo et al., 2009). The chemical shift values of C-3 (Jc
82.0) and C-28 (dc 175.7) suggested that the saponin was a bisdesmosidic glycoside with saccharide
units attached to these positions (Lehbili et al., 2017 and 2018). The HMBC spectrum showed
cross-peaks between H-16 signal with C-14, C-15, C-17, C-18 and C-22, thus unambiguously
locating the hydroxyl group at C-16 (doc 72.7). The 16a-configuration of hydroxyl group was
evident from the small J values of H-16 and H-15 (J=3.5 Hz), characteristic of an equatorial proton
(Lehbili et al., 2017). Moreover, ROESY correlation was observed between Me-26 (J1 0.79) and H-
16 p-oriented-while no one was observed between Me-27 (6w 1.37) an H-16 confirming that H-16
had p-configuration. The a-configuration of H-3 (Jn 3.66) was indicated by the coupling constants
of proton H-3 with the protons H-2 (J=12.5 and 5.0 Hz), characteristic of an axial proton. This
assumption was confirmed by the ROESY correlation between H-3 (o 3.66)/H-5 (o1 1.26) and H-
5/H-9 (0w 1.70) a-oriented. Furthermore, an HMBC cross-peak of dn-24 0.72 with dc23 63.3 and a
ROESY cross-peak between H-3 and H»-23 (on 3.29, 3.63) suggested the location of the primary

alcoholic function at C-23.



The presence of four sugar moieties in 1 was evidenced by the IH NMR spectrum which displayed
four—their anomeric protons at on 4.48, 4.63, 4.88, and 5.38, giving correlations with feur the
corresponding anomeric carbons at Jc 104.5, 103.9, 102.3, and 92.6, respectively in the HSQC
spectrum. A S-D-glucuronopyranose unit (glcA) was identified starting from the anomeric proton at
on 4.48 (d, J=7.8 Hz), and characterized by a five spin system possessing large coupling constants
(J >7.8 Hz) in the COSY spectrum and by a carbonyl (C-6) resonating at c 171.3 coupled with H-
5 (6 3.81, d, J=9.1 Hz) and H-4 (Jn 3.52, t, J=9.3 Hz) of the same sugar in the HMBC. The 3C-
NMR signals of the glucuronic acid of 1 were fully determined in the HSQC experiments and
revealed it to be in terminal position as summarized in Table 2 (Alabdul Magid et al., 2006). In the
same manner, two S-D-glucopyranose units in terminal positions were identified starting from their
anomeric protons (glcl, on-1 4.88, d, J=8.0 Hz; glc2, on-1 4.63, d, J=7.5 Hz) and according to the
large coupling constants (Ju-1,H-2, JH-2,H-3, JH-3H-4, JH-4H-5 > 7.5 Hz) and their carbon chemical shift
values (Table 2) (Boutaghane et al., 2018). The last sugar unit was identified as S-D-fucopyranose
(fuc) (on-1 5.38 , d, J=8.2 Hz) based on the large coupling constants Ju-1,4-2 and Ju-2,H-3 (> 8.2 Hz)
and the small coupling constant between H-3 and H-4 (J=3.0 Hz) and the doublet methyl proton
signal at on 1.27 (d, J=6.4 Hz, H-6), as summarized in Table 2 (\Voutguenne-Nazabadioko et al.,
2013). The g-p-fucopyranose unit was found to be substituted #-at the C-2 (dc 73.3) and C-3 (Jc
84.0) positions (Table 2). The anomeric configurations (f) were determined by the Jn-1-n-2 coupling
constants and the comparison of 3C-NMR data with those in the literature (Table 2) (Agrawal,
1992). The steric series (D) were determined after acid hydrolysis of the saponin mixture (see
experimental). The rOe interactions observed in the ROESY spectrum between H-1, H-3 and H-5 of
each sugar unit confirmed the a-axial orientation of these protons and the -anomeric configuration.
Complete assignments of the proton and carbon resonances of all the sugars were achieved by
extensive 1D and 2D NMR analyses (Table 2). The sequence and the attachment of each saccharide
were determined by analysis of HMBC and ROESY spectra. The cross-peaks observed in the
HMBC spectrum between H-1-glc1/C-2-fuc, H-1-glc2/fuc-C-3, and H-1-fuc/aglycone-C-28
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indicated that a S-D-fucopyranose disubstituted at C-2 and C-3 positions by two S-D-glucopyranose
units was linked to C-28 of caulophyllogenin. The glycosylation at C-3 of the aglycone was
confirmed as a fS-D-glucuronopyranose moiety, through HMBC correlation of H-1-gIcA to C-3-
caulophyllogenin. In addition, ROESY correlations, confirming the interglycosidic linkage of the
trisaccharide and the point of attachment of glcA at the C-3 of the aglycone, were observed between
H-1-glcA-/H-3-aglycone, H-1-glcl/H-2-fuc, and H-1-glc2 /H-3-fuc. Based on the above spectral
data, the structure of 1 was identified as 3-O-f-D-glucuronopyranosyl caulophyllogenin 28-O-4-D-
glucopyranosyl-(1—3)-[5-D-glucopyranosyl-(1—2)]-4-D-fucopyranoside, named silenegallisaponin
A (Fig. 1).

Compound 2 gave, in the positive HR-ESI-MS, a quasimolecular ion peak at m/z 1199.5454
[M+Na]* (calcd for CssHgsO26Na, 1199.5462), suggesting the presence of a supplementary acetyl
group (42 amu) compared to compound 1. The structural analysis revealed that the NMR signals of
the aglycone part of 2 were superimposable to those of 1 (Table 1). The *H- and *C-NMR data of
the sugar portion of 2 were closely comparable to those of 1, except for the signals of the glucose
moiety (glcl) and the-presenee-of an additional signals fer of an acetyl group (dn 2.14 and dc 19.8,
CH3) and 171.4 (CO) (Table 2). The p-D-glucopyranose (glcl) possessed a deshielded proton H-3 at
on 4.92, indicating the linkage of the acetyl group. This was readily confirmed by the HMBC
correlation between H-3-glcl and the carbonyl signal (oc 171.4) of the acetyl group. Full
assignments of the proton and carbon resonances of the aglycone and the sugar parts were achieved
by analysis of the COSY, HSQC, HMBC, and ROESY spectra (Tables 1 and 2). The sequence and
the attachment of the saccharide units in 2 were confirmed as in 1 by HMBC and ROESY
experiments. On the basis of the above analysis, the structure of 2 was established as 3-O-f-D-
glucuronopyranosyl caulophyllogenin 28-0-f-D-glucopyranosyl-(1—3)-[3-O-acetyl-4-D-
glucopyranosyl-(1—2)]-4-D-fucopyranoside, named silenegallisaponin B (Fig. 1).

Compound 3 displayed in the positive HR-ESI-MS a quasimolecular ion peak [M+Na]* at m/z

1137.4926 (calcd for CsoH78021Na, 1037.4933), suggesting the lack of one hexose unit compared to
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2. Furthermore, the appearance of three pair of anomeric proton and carbon signals in the *H- and
13C-NMR spectra (Table 2) confirmed the presence of three sugar units. Comparison of the *H- and
13C-NMR values and the analysis of the HMBC and ROESY correlations showed that 2 and 3
contained the same aglycone (Table 1). The detailed analysis of the 2D-NMR spectra led to the
identification of caulophyllogenin as aglycone, an acetyl group (ac), and three sugar units: a
terminal S-D-glucuronopyranose (glcA), a p-D-glucopyranose (gic), and a S-D-fucopyranose (fuc).
The HMBC spectrum of 3 showed long-range correlations between H-3-glc/C-1-ac, H-1-glc/C-2-
fuc, H-1-fuc/C-28-aglycone, H-1-glcA/C-3-aglycone. These findings led to the assignment of
compound 3 as 3-O-p-D-glucuronopyranosyl  caulophyllogenin  28-O-[3-O-acetyl-$-D-
glucopyranosyl-(1—2)]-4-D-fucopyranoside, named silenegallisaponin C (Fig. 1).

Compound 4 gave in the positive HR-ESI-MS a quasimolecular ion peak at m/z 1199.5455
[M+Na]* (calcd for CseHgsO26Na, 1199.5462) in agreement with a molecular formula of CssHgsO26
which was an isomeric with compound 2. Inspection of the spectroscopic data indicated that
saponin 4 had the same aglycone (caulophyllogenin) and glycoside parts as saponin 2 (fuc: on-1
5.40, glcA: 6n-1 4.48, glcl: 6n1 4.93, glc2: dw1 4.61) and an acetyl group (Table 2). The *H- and
13C-NMR data of the sugar portion of 4 were closely comparable to those of 2, except for the
signals of the glucose moiety (glcl). Glcl possessed-a deshielded protons Hz-6 (o1 4.35 and 4.389)
indicating the position of the acetyl group. These results suggested that compound 4 is a
regioisomer of 2 with the acetate attached to C-6-glcl rather than to C-3-glcl (Table 2). This was
confirmed by the HMBC correlation between Hz-6-glcl and the carbonyl signal (dc 172.3) of the
acetyl group. The sequence and the attachment of the saccharide chains in 4 were confirmed as in 2
by HMBC and ROESY experiments. Thus, the structure of compound 4 was established as 3-O-f-
D-glucuronopyranosyl caulophyllogenin 28-0-p-D-glucopyranosyl-(1—3)-[6-O-acetyl-S-D-
glucopyranosyl-(1—2)]-4-D-fucopyranoside, named silenegallisaponin D (Fig. 1).

Compound 5 exhibited in the positive HR-ESI-MS a quasimolecular ion peak at m/z 1183.5502
[M+ Na]* (calcd CseHgsO25Na, 1183.5512), suggesting one oxygen less than that of 2. Comparison
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of the 13C-NMR data of 5 to those of 2 and analysis of the 2D-NMR spectra of 5 showed that both
possessed a glcA at C-3 and the trisaccharide chain glc(1—3)-[3-O-acetyl-glc(1—2)]-fuc- at C-28
of the aglycone (Table 2). The difference was the absence of the hydroxymethylene group (-
CH>0H-23) of the aglycone. An extra methyl moiety was detected in 5 (6n 1.08). The HMBC
spectrum revealed proper correlations for this methyl group with C-4 (6c 38.8), C-5 (dc 55.7), C-3
(oc 89.6), as well as C-24 (5c 15.6). The chemical shifts values for all protons and carbons of the
aglycone moiety (Table 1) were in accordance with the literature data of echinocystic acid (34,16a-
dihydroxyolean-12-en-28-oic acid) (Lehbili et al., 2017), which was further confirmed by COSY,
HSQC, HMBC and ROESY experiments on 5. Consequently, the structure of 5 was concluded to
be 3-O-p-D-glucuronopyranosyl echinocystic acid 28-0-4-D-glucopyranosyl-(1—3)-[3-O-acetyl-S-
D-glucopyranosyl(1—2)]-5-D-fucopyranoside, named silenegallisaponin E (Fig. 1).

Compound 6 had a molecular formula of CssHssO26 according to the HR-ESI-MS quasi molecular
ion peak at m/z 1197.5298 [M+Na]* (calcd for CssHgsO26Na, 1197.5305). The 2D-NMR analysis
showed that compounds 5 and 6 differed only in the aglycone part at C-23 position (Tables 1 and
2). The methyl group CHs-23 signals (on 1.08, dc 27.1) in 5 was replaced by an aldehyde function
(0n 9.44, oc 207.5) in 6. Full assignments of the proton and carbon resonances of the aglycone and
the sugar parts were achieved by analysis of the COSY, HSQC and HMBC spectra (Tables 1 and
2). The triterpene skeleton of 6 was thus determined as the known quillaic acid (34,16a-dihydroxy-
23-oxoolean-12-en-28-oic acid) (Takahashi et al., 2016). The sequence and the attachment of the
saccharide units in 6 were confirmed as in 5 by an HMBC and ROESY experiments. Thus, the
structure of 6 was elucidated as 3-O-p-D-glucuronopyranosyl quillaic acid 28-O-$-D-
glucopyranosyl-(1—3)-[3-O-acetyl-$-D-glucopyranosyl-(1—2)]-f-D-fucopyranoside, named
silenegallisaponin F (Fig. 1).

Compound 7 showed, in the positive HR-ESI-MS, a quasimolecular ion peak at m/z 1319.5870 [M
+ Na]* (calcd CeoHosO30Na, 1319.5884). Comparison of the NMR data of 7 with 1 and detailed

analysis of the 2D-NMR spectra showed that they possessed the same saccharide and aglycone
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(caulophyllogenin) pattern but with the presence of one supplementary sugar moiety in 7 (Tables 3
and 4). Analysis of COSY and HSQC spectra, allowed assignment of this additional
monosaccharide as a terminal S-D-galactopyranose unit (gal) (on-1 4.57, d, J=7.8 Hz; dc1 104.0),
characterized by the large coupling constants Ju.1,H-2 and Ju-21-3 (>7.8 Hz) and the small coupling
constant between H-3 and H-4 (Jn-31-4=3.4 Hz) as summarized in Table 4 (Lehbili et al., 2018). The
deshielded signals of C-3-gIcA (dc 84.9) indicated that galactopyranose moiety was attached to C-3
of the glucuronopyranose unit. This was confirmed by the HMBC correlation between H-1-gal and
C-3-gIcA. Thus, the structure of 7 was established as 3-O-$-D-galactopyranosyl-(1—3)-4-D-
glucuronopyranosyl  caulophyllogenin  28-O--D-glucopyranosyl-(1—3)-[#-D-glucopyranosyl-
(1—>2)]-p-p-fucopyranoside, named silenegallisaponin G (Fig. 1).

Compound 8 exhibited, in the positive HR-ESI-MS, a molecular ion at m/z 1361.5981 [M+Na]*
(calcd for Ce2HgsOz1Na, 1361.5990), suggesting a supplementary acetyl unit compared to
compound 7. The *H- and **C-NMR data of compound 8 were closely comparable to those of 7
except for the signals of g-D-glucopyranose unit (glcl) and the presence of one acetyl group (o
2.18; oc 19.8, 172.3) (Tables 3 and 4). The glcl possessed two deshielded protons H2-6 (on 4.35,
4.39), indicating the position of the acetyl group. This was confirmed by the HMBC correlation
between H-6-glcl and the carbonyl signal of the acetyl group. Assignments of all proton and carbon
resonances of 8 were completed by extensive analysis of the 2D-NMR spectra (Tables 3 and 4). The
HMBC correlations showed that the sugars were attached in the same way in both saponins 7 and 8.
Consequently, the structure of 8 was concluded to be 3-O-p-D-galactopyranosyl(1—3)-4-D-
glucuronopyranosyl caulophyllogenin 28-0-f-D-glucopyranosyl-(1—3)-[6-O-acetyl-4-D-
glucopyranosyl-(1—2)]-4-D-fucopyranoside, named silenegallisaponin H (Fig. 1).

Compound 9 exhibited, in the positive HR-ESI-MS, a molecular ion peak at m/z 1183.5503
[M+Na]* (calcd for CssHgsO2sNa, 1183.5512), suggesting a supplementary deoxyhexose unit
compared to saponin 3. The *H- and **C-NMR resonances of the aglycone of 9 matched well with

the signals of 3 indicating the same aglycone and one acetyl group for both compounds. The *H-
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NMR spectrum of 9 showed indeed the occurrence of four anomeric signals at on 4.59, 5.04, and
5.40. Complete assignments of each sugar were achieved by extensive 1D- and 2D-NMR analyses,
allowing the identification of one p-glucuronopyranose, one p-fucopyranose, and one fj-
glucopyranose units, as in 3. Th e fourth sugar unit (dn-1 4.59 d, J=7.6 Hz) was identified as
terminal S-quinovopyranose unit (qui) as ascertained from the analysis of 2D-NMR spectra, based
on the large coupling constants between Jn.1H-2, JH-2,H-3, JH3-H-4, JH-4,H-5 (J > 7.6 Hz) and the doublet
methyl proton signal at on 1.28 (d, J=6.4 Hz, H-6), as summarized in Table 4 (Pertuit et al. 2014).
The deshielded signals of C-3-fuc (6c 83.9) indicated that the additional quinovopyranose moiety
was attached to C-3 of the fucopyranose unit. A HMBC cross-peak between the signals of H-1-glcA
(on 4.48) and C-3-aglycone (oc 82.0) confirmed the presence of a S-D-glucuronopyranosyl unit
linked at C-3 of the aglycone. The sequence of the trisaccharide chain at C-28 was established by
the HMBC cross-peaks between H-1-fuc (on 5.40)/C-28 (dc 175.6), H-1-glc (on 5.04)/C-2-fuc (Jc
73.1), H-1-qui/C-3-fuc, and H-3-glc (on 4.91)/C-1-Acetyl (6c 171.4). Therefore, compound 9 was
identified as 3-O-p-D-glucuronopyranosyl caulophyllogenin 28-O-4-D-quinovopyranosyl-(1—3)-[3-
O-acetyl-f-D-glucopyranosyl-(1—2)]-4-D-fucopyranoside, named silenegallisaponin I (Fig. 1).

Compound 10 showed, in the positive HR-ESI-MS, a molecular ion peak at m/z 1141.5413
[M+Na]* (calcd for CsaHssO24Na, 1141.5407). The *H- and *C-NMR spectra of 10 displayed many
similarities with those of 9, especially for the resonances assigned to caulophyllogenin and p-
glucuronopyranosyl, p-fucopyranosyl, S-glucopyranosyl and g-quinovopyranosyl units. However,
those attributed to the acetyl group were absent (Tables 3 and 4). The identities of the
monosaccharides were determined by detailed analysis of the 2D-NMR spectra. An HMBC
experiment made clear all interglycosidic connectivities showing correlations between H-1-gIcA (o
4.48)/C-3-aglycone (Jc 81.9), H-1-fuc (on 5.38)/C-28-aglycone (dc 175.7), H-1-glc (on 4.63)/C-32-
fuc (oc 83.7), and H-1-qui (on 4.89)/C-23-fuc (6c 73.4). Consequently, the structure of compound

10 was concluded to be 3-O-f-D-glucuronopyranosyl caulophyllogenin  28-O-$-D-
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quinovopyranosyl-(1—3)-[-D-glucopyranosyl-(1—2)]-f-D-fucopyranoside, named
silenegallisaponin J (Fig. 1).

Compound 11 had the molecular formula CeoHosO29, deduced from the molecular ion peak,
observed in its HR-ESI-MS at m/z 1303.5925 [M+Na]* (calcd for CesoHosO29Na, 1303.5935),
suggesting a supplementary hexose unit compared to saponin 10. The 1D-NMR, COSY, TOCSY,
HSQC, HMBC and ROESY spectra of 11 compared with those of 10 revealed that they share the
same trisaccharide sequence at C-28 of the caulophyllogenin [f-D-glequi-(1—3)-[f-D-quiglc-
(1>2)]-p-p-fuc-], and differed only by the saccharide chain at C-3, which was identified by
comparison of NMR spectra of 11 and 7 as the disaccharide f-D-gal-(1—3)-4-D-glcA- (Tables 3
and 4). Assignments of all proton and carbon resonances of 11 were achieved by analysis of the 2D
NMR spectra (Tables 3 and 4). Thus, the structure of 11 was established as 3-O-p-D-
galactopyranosyl-(1—3)-f-D-glucuronopyranosyl caulophyllogenin 28-0O-f-D-
glaeoquinovopyranosyl-(1—3)-[f-D-guineveglucopyranosyl-(1—2)]--b-fucopyranoside,  named

silenegallisaponin K (Fig. 1).

3. Conclusions

Plants of the genus Silene have proved to be a rich source of triterpenoid saponins with oleanane
type skeleton. Approximately 52 triterpenoid saponins were isolated from 9 Silene species till date:
S. jenisseensis (Lacaille-Dubois et al., 1997), S. vulgaris (Bouguet-Bonnet et al., 2002; Glensk et
al., 1999; Larhsini et al., 2003), S. fortunei (Gaidi et al., 2002; Lacaille-Dubois et al. 1999), S.
rubicunda (Fu et al., 2005; Wu et al., 2014 and 2015), S. brahuica (Sadikov et al., 2000), S.
viridiflora (Simon et al., 2009). S. viscidula (Xu et al., 2010 and 2012; Liao et al., 2013), S.
cucubalus (Larhsini et al., 2003), and S. armeria (Takahashi et al., 2016). Most of them are based
on oleanolic acid skeleton with C-23 exhibiting different degrees of oxidation (CHs, CHO or
COOH) and a hydroxyl group or a ketone group at C-16. A S-D-glucuronic acid linked to C-3 and a

S-D-fucose linked to C-28 of the aglycone, seems to be typical for this genus. For the first time,
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eleven previously undescribed triterpenoid saponins (1-11) were isolated from the aerial plant of
Silene gallica L. These bisdesmosidic saponins contain saccharide moieties at C-3 and C-28 and
their Fhe aglycones were identified as caulophyllogenin (34,16a,23-trinydroxyolean-12-en-28-oic
acid) for compounds 1-4, 7-11, echinocystic acid (34,16a-dihydroxyolean-12-en-28-oic acid) for
compound 5, and quillaic acid (34,16a-dihydroxy-23-oxoolean-12-en-28-oic acid) for compound 6.
The sugar moiety linked at C-3 was a p-D-glucuronic acid (1-11), substituted at C-3 by a f-D-
galactose # only for compounds 7-8 and 11. The other one linked to C-28 was determined as f-D-
fucose substituted at C-2 by free or acylated S-D-glucoses at position 3 or 6 for all compounds.
However, the fucose was substituted at C-3 by the glucose (1-2 and 4-8) or by the quinovose (9-11)-
Furtermore, according to the literature the present study confirms that saponins of Silene identified
as 3f,16a-dihydroxyolean-12-en-28-oic acid with different degrees of oxidation of C-23 (CHs,
CH>0OH, CHO, COOH) and linked at C-3 by a #-D-glucuronic acid and at C-28 by a p-D-fucose are
the predominant saponin pattern, as far as they represent 46 compounds, including the herein
decribed ones, among 63 of these specialized metabolites reported until now. Thus, they can be
considered as a chemotaxonomic marker for the genus Silene. The unusual echinocystic and
caulophyllogenin acids were previously reported in the Caryophyllaceae family (Bottger and
Melzig, 2011 ; Koz at al., 2010; Timite et al., 2011). It is very interesting to note that saponins
isolated from S. gallicaprovide new features with others types of aglycones such as
caulophyllogenin and echinocystic, described for the first time in this genus. In addition, the
presence, in our plant, of quinovose moiety attached to the f-D-fucose was peviously reported only
from Silene rubicunda but it was linked at C-4 of the fucose (\Wu et al., 2015). Compounds 9-11
with caulophyllogenin and quinovose moiety at C-3 of fucose could be considered as

chemotaxomomic markers of this species.

4. Experimental

4.1. General experimental procedures
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Optical rotations were measured in MeOH using a Perkin-Elmer 341 Polarimeter. 'H-, 1*C-NMR
and 2D-NMR measurements were recorded in CD30D on a Bruker Avance Ill 600 spectrometer
(*H at 600 MHz and *3C at 150 MHz) equipped with a 5 mm TCI cryoprobe. 2D-NMR experiments
were performed using standard Bruker microprograms (TopSpin 3.5 software). HR-ESI-MS
analysis was conducted using a Micromass Q-TOF micro instrument. Flash chromatography was
carried out on a Grace Reveleris system equipped with dual UV and ELSD detection using Grace®
cartridges (Silica gel or RP-Cig). HPLC separations were performed on a Dionex apparatus
equipped with an ASI-100 autosampler, an Ultimate 3000 pump, a STH 585 column oven, a diode
array detector UVD 340S and a Chromeleon software. A prepacked RP-Cig column (Phenomenex
250 x 10 mm, Luna 5 p) was used for semi-preparative HPLC. The eluting mobile phase consisted
of H20 with TFA (0.0025%) and CH3sCN with a flow rate of 5 mL/min and the chromatogram was
monitored at 205 and 210 nm. Thin-layer chromatography (TLC) was carried out using silica gel 60
Fos4 pre-coated aluminium plates (0.2 mm, Merck). After developing with solvent systems, spots

were visualized by spraying with 50% H>SO4 followed by heating.

4.2. Plant material

The aerial parts of Silene gallica were collected from Djebel EI-Ouahch, Constantine (North-
Eastern Algerian (GPS: x=6.671694, y=36.394611, z=888 m) in May 2016, and identified by Mr.
Kamel Kabouche. A voucher specimen (LOST Sg.05/16) has been deposited at the herbarium of

LOST Laboratory, University freres Mentouri-Constantine, Algeria.

4.3. Extraction and isolation

The dried aerial part of S. gallica (1 Kg) was macerated in 80% EtOH (3x5 L, 24h) at room
temperature. After filtration, the solvent was removed under reduced pressure, the EtOH extract was
diluted with H2O (700 mL), then successively extracted with petroleum ether (PE), chloroform,
ethyl acetate, and n-butanol (3x300 mL, each). After evaporation of the solvents, 4 g of PE, 0.8 g of

CHCIs, 2.3 g of EtOAc and 33.2 g of n-BuOH extracts were obtained. A part of n-BuOH extract
13



(10.80 g) was subjected to vacuum liquid chromatography over silica gel (9 cm x 5.5 cm) eluted
with the system CH2Cl,-MeOH-H.0 (95:5:0, 9:1:0, 8:2:0, 7:3:0, 7:3:0.5, 6:4:0.7, 1:1:0, 0:1:0) to
obtain 8 fractions B1-B8, respectively. The combined fraction B6-7 (1.54 g) was fractionated by
flash chromatography over silica gel, eluted by a gradient system of 20% to 50% of MeOH in
CH2Cly, in 40 min to afford 17 sub-fractions. Fraction B6-7-13 (220 mg) was submitted to a flash
chromatography over RP-Cig, eluted by a gradient system of 20%-80% MeOH, in 30 min. Sub-
fractions B6-7-1346-50) (18.9 mg) was purified by semi-prep. HPLC using a gradient (30-50%
CH3CN, in 15 min) to give compounds 3 (1.5 mg, tr 8.5 min) and 6 (1.5 mg, tr 7.8 min) whereas
the purification of the B6-7-13[55-601 (24 mg) in the same condition gave compounds 5 (3.6 mg, tr 8.7
min) and 9 (6.9 mg, tr 10.1 min). Fraction B6-7-14 (158 mg) was flash chromatographed over RP-
C18, eluted with MeOH:H»0 (35%-80% MeOH, in 24 min). Sub-fraction B6-7-14[15-16] (35 MQ) was
purified by semi-prep HPLC eluted by gradient system 30%-43% CH3CN, in 15 min to yield
compound 2 (4.6 mg, tr 7.3 min). The purification by semi-prep HPLC of B6-7-16 (80 mg) using a
gradient from 30% to 45% CH3CN, in 20 min led to compound 4 (9.1 mg, tr 11.4 min). Fraction
B6-7-17 (288 mg) was submitted to a flash chromatography over RP-Cig, eluted by a gradient
system of 20-80% MeOH, in 30 min. Sub-fraction B6-7-17[s6-60] (35 mg) was purified by semi-prep
HPLC using a gradient from 30% to 45% CH3CN, in 15 min, to afford compounds 1 (11.2 mg, tr
7.6 min), 7 (1.6mg, tr 6.8 min) and 8 (2.9 mg, tr 9.2 min). Sub-fraction B6-7-17(66-78] (43 mg) was
also purified by semi-prep HPLC using a gradient from 30% to 45% CH3sCN, in 15 min, to yield

compounds 10 (6.5 mg, tr 11.0 min) and 11 (1.8 mg, tr 10.6 min).

4.3.1. Silenegallisaponin A (1)
Amorphous white powder; [«[2-9.4 (c 0.93, MeOH); 'H (600 MHz, CDsOD) and 3C NMR (150

MHz, CD30D) data; see Tables 1 and 2. HR-ESI-MS m/z 1157.5367 [M+Na]* (calcd for

Cs4HgsO25Na, 1157.5356).
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4.3.2. Silenegallisaponin B (2)
Amorphous white powder; [«[?-9.2 (¢ 0.38, MeOH); H (600 MHz, CDsOD) and 3C NMR (150

MHz, CD30OD) data; see Tables 1 and 2. HR-ESI-MS m/z 1199.5454 [M+Na]* (calcd for

CseHgsO26Na, 1199.5462).

4.3.3. Silenegallisaponin C (3)
Amorphous white powder; [«]3-13.3 (c 0.12, MeOH); *H (600 MHz, CDsOD) and **C NMR (150

MHz, CD3OD) data; see Tables land 2. HR-ESI-MS m/z 1037.4926 [M+Na]* (calcd for

CsoH78021Na, 1037.4933).

4.3.4. Silenegallisaponin D (4)

Amorphous white powder; [«]2-10.7 (c 0.75, MeOH); *H (600 MHz, CDsOD) and *C NMR (150
MHz, CD30OD) data; see Tables 1 and 2. HR-ESI-MS m/z 1199.5455 [M+Na]* (calcd for
CseHgsO26Na, 1199.5462).

4.3.5. Silenegallisaponin E (5)

Amorphous white powder; [«[5-7.7 (c 0.3, MeOH); *H (600 MHz, CDs0OD) and **C NMR (150
MHz, CD3;0OD) data; see Tables 1 and 2. HR-ESI-MS m/z 1183.5502 [M+Na]* (calcd for
CssHssO2s5Na, 1183.5512).4.3.6. Silenegallisaponin F (6)

Amorphous white powder; [a]5-5 (c 0.12, MeOH); *H (600 MHz, CDsOD) and 3C NMR (150
MHz, CD3:0OD) data; see Tables 1 and 2. HR-ESI-MS m/z 1197.5298 [M+Na]* (calcd for

Cs6HgsO26Na, 1197.5305).

4.3.7. Silenegallisaponin G (7)
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Amorphous white powder; [a[2-6 -13.1 (c 0.13, MeOH); 'H (600 MHz, CDsOD) and *C NMR

(150 MHz, CDs0D) data; see Tables 3 and 4. HR-ESI-MS m/z 1319.5870 [M+Na]* (calcd for

CeoHosO30Na, 1319.5884).

4.3.8. Silenegallisaponin H (8)
Amorphous white powder; [«]5-7.5 (c 0.24, MeOH); H (600 MHz, CD30D) and 3C NMR (150

MHz, CD3:0OD) data; see Tables 3 and 4. HR-ESI-MS m/z 1361.5981 [M+Na]* (calcd for

Co2HesO31Na, 1361.5990).

4.3.9. Silenegallisaponin | (9)
Amorphous white powder; [«]2-10.2 (c 0.57, MeOH); *H (600 MHz, CDsOD) and *C NMR (150

MHz, CD30OD) data; see Tables 3 and 4. HR-ESI-MS m/z 1183.5503 [M+Na]* (calcd for

CssHgsO2sNa, 1183.5512).

4.3.10. Silenegallisaponin J (10)
Amorphous white powder; [«[2-9.6 (¢ 0.54, MeOH); H (600 MHz, CDsOD) and *C NMR (150

MHz, CD30OD) data; see Tables 3 and 4. HR-ESI-MS m/z 1141.5413 [M+Na]* (calcd for

Cs4HgeO24Na, 1141.5407).

4.3.11. Silenegallisaponin K (11)
Amorphous white powder; [«[2-7.3 (¢ 0.15, MeOH); H (600 MHz, CDsOD) and *C NMR (150

MHz, CD3:0OD) data; see Tables 3 and 4. HR-ESI-MS m/z 1303.5925 [M+Na]* (calcd for

CeoHosO20Na, 1303.5935).

4.4. Acid hydrolysis
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An aliquot of the saponin-containing fraction (100 mg of fraction B6-B7) was treated with 2 N TFA
(trifluoroacetic acid, aqueous solution, 15 mL) at 90 °C for 6 h. After extraction with CH>Cl> (10
mL x 3), the water-soluble layer was evaporated to dryness (56.7 mg). The sugars were first
analyzed by TLC over silica gel (CH3COOEt:CH3COOH:CH30H:H20, 65:25:15:15). The sample
was purified by preparative Si gel TLC using the same eluent as for the standards to afford glucose
[14 mg, Rs = 0.48], galactose [4 mg, Rs = 0.43], fucose [3.5 mg, Rs = 0.52], quinovose [2.0 mg, R =
0.62], and glucuronic acid [1.8 mg, Rs = 0.10] (1,8 mg). The absolute configurations of these sugars
were determined as D by measurement of the optical rotation of each purified monosaccharide.
Supporting Information

HR-ESI-MS and 1D and 2D NMR spectra of 1-11
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Fig. 1. Chemical structures of compounds 1-11 isolated from Silene gallica.
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Table 1

13C NMR and *H NMR spectroscopic data of the aglycone moieties of compounds 1-6 in CDs0OD.2 P
1 2 [ 3 I

| 4 | 5 | 6
dc S dc On dc S dc S dc S dc S
1 382 10Lm 382 102,m 382 102,m 381  1.00,m 384 103 m 378 118.m
1.65 1.63,m 1.64, m 1.64, m 1.63 1.71,td (13.6, 3.4)
2 250 178 249  178m 249 178 m 250 1.76,m 256 172,m 242 180
1.89 197, m 1.98 191 1.90 2.04
3 820 366,dd(12550) 810 367,dd(11547) 810 369,dd(12.1,43) 819 367 dd(120,43) 89.6 3.20,dd (11.7,43) 813  3.98,dd (117, 4.3)
4 425 - 425 - 425 - 025 - 388 - 550 -
5 468 126 468 128 469  1.28,brd(129) 469 127 557  0.82,brd(12.3) 474 138
6 174 139 175  142,td(12.1,36) 176  143,td (125,35 175  1.40 180  146,1d(123,35) 200 098
151 152, brd (12.3) 1.55, brd (11.5) 152, m 1.60 1.59
7 324 133 324 133 323 137,m 324 132 330 1.39,m 322 132
1.68 1.68 1.68 1.68 1.56, td (12.5,3.3) 158, m
8 395 - 395 - 395 - 395 - 395 - 398 -
9 468 170 469  1.72,brt(9.3) 468  1.73,t(13.3) 468  1.72,brt(10.0) 468  1.68,brt(9.3) 467 180
10 363 - 363 - 363 - 363 - 365 - 356 -
11 231 191 231 191 231 1.90 231 189 231 191 230 195
1.93 1.93 1.92 191 1.93 1.97
12 1219 532,t(3.7) 1219 532,t(3.3) 1220 5.32,t(3.5) 1220 5.31,t(3.5) 1220 5.32,t(3.1) 1217 5.33,t(3.5)
13 1435 - 1435 - 1434 - 1437 - 1435 - 1436 -
14 412  — 411 - 412 - a2 - 41 - 41 -
15 355 132 357 133 356 135 354 133 357 132 358 131
1.79 1.80 1.81, dd (14.5, 3.5) 1.93 1.80, dd (15.0, 3.6) 1.79
16 727  4.78,1(3.5) 727 478,t(3.4) 728 472,t(35) 731 4.62,brs 727 4.78,t(35) 727 477.brs
17 486 - 485 - 484 - 475 - 485 - 475 -
18 406  2.98,dd(143,40) 405 299 dd (145 4.2) 406 299 dd(14.4,40) 405 299 dd (135 42) 405 299, dd(14.4,41) 404  2.99, dd (13.3,4.0)
19 463  108,dd(12.7,3.2) 463  1.08,dd(13.0,3.1) 463 108 dd(14.1,3.6) 463  1.05m 463 1.08,m 462 1.09,dd (13.3,5.2)
2.28,1(13.8) 227, (13.4) 2.26,t (14.1) 2.30, br t (13.5) 2.27,1(13.9) 2.28, 1 (13.5)
20 300 - 299 - 299 - 299 - 299 - 299 -
21 350 1.16,m 350  1.16,brd(12.7) 349  117,m 351  1.16,m 350 116,m 350 118
1.91 1.92 191 191 1.93 1.95
22 299 170 300 1.70 299 171 307 169 299 169 303 1.69,td (135, 3.7)
2.01, dt (14.0,3.7) 2.02, dt (13.8, 3.9) 2.00 1.94 2.02,4ddt (13.2, 3.5) 201, m
23 633  3.29d(115) 634  3.28,d(11.7) 634  3.24,d(11.7) 634  3.30,d(12.0) 271 108, 2075 9.44,s
3.63,d (11.5) 3.65,d (11.7) 3.64,d (11.7) 3.64, d (12.0)
24 120 0.72,s 121 079 121 0725 120  073,s 156  0.88,s 89  112s
25 152  1.02,s 152 101 152 101s 152 1.02,s 147  098,s 148  1.03,s
26 165  0.79,s 166  0.79,s 166  0.80,s 165  0.78,s 165 079, s 164 079, s
27 260 137, 260 1385 260 1385 259  140s 259 137 259  1.39s
28 1757 - 1756 - 175.7 - 1757 - 1756 - 1755 -
29 319 0915 319 091 319 091 319 091 319 091 319 0915
30 237 097,s 237 097,s 238 097 235 0975 236 097 235 097s

@ Overlapped signals are reported without designated multiplicity.
b in ppm, J in parentheses in Hz.
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Table 2

13C NMR and *H NMR spectroscopic data in CDsOD of the sugar moieties of compounds 1-6.*°

1 2 3 4 5 6
dc On Jc On ¢ On Jc On Jc OH oc O
GlcA-
1 1045 4.48,d (7.8) 1039 4.46,d (7.8) 103.9 4.45.d (7.9) 1044  448,d(7.8) 1056 4.40,d (7.8) 1032 4.22,d(7.8)
2 73.8 3.25,dd(89,7.8) 737 3216 1(88) 737 3.25,1(8.2) 737 321t(88) 739 3.26,t(8.7) 737 3.143,1(7.8)
3 763 3.38,1(8.9) 766  3.39,t(8.9) 76.7 3.38 763  3.39.t(8.9) 763 337,t(8.7) 7683 333
4 718 352,1(9.3) 722 35046, t(9.1) 72.2 3.45,t (8.9) 719 350,t(9.1) 719 35Lt (9.0) 722 3413,t(9.5)
5 75.1 3.81,d (9.1) 75.2 3.78,d (9.1) 67752 3:69-3.78 75.2 3.78,d (9.1) 76.5 3.75 76.2 3.42
6 171.3 - 1721 - 171.7 — 1721 - 1711 - 172.1 —
Fuc-
1 926 5.38,d (8.2) 924  540,d(82) 926 5.35,d (8.2) 925  540,d(82) 924  540,d(83) 924  540,d(83)
2 733 408,dd(94,82) 731 411.dd(96,82) 747 403,dd (94,82) 733  411.dd(96,82) 731 411,dd(9.7,83) 730 4110, dd (95, 83)
3 84.0 3.88, dd (9.9, 3.0) 84.2 3.87,dd (10.0,3.1) 743 3.78, dd (9.6, 3.5) 84.3 3.87,dd (10.0, 3.1) 84.2 3.87,dd (9.7, 3.1) 84.2 3.87,dd (9.5, 3.0)
4 713 3.95,d (3.0) 714 395d(3.1) 718 3.62,d (3.5) 712 395.d(3.1) 714 395d(3.1) 714 3.95,d(3.0)
5 71.2 3.78, m 71.3 3.78, m 715 3.74, m 711 3.78, m 71.3 3.78, m 71.3 3.79
6 152 1.27,d (6.4) 151 1.28.d (6.4) 152 1.27,d (6.4) 152 128.d(6.4) 151 127,d (6.4) 151 127,d(6.4)
Glcl
1 1023 488,d(80) 1019 503, d (8.0) 1023 488d(80) 1021 4.93,d (80) 1019 503,d(8.1) 1018 503,d(@8.1)
2 745 3.13,t(8.5) 729 32671 (80) 727 3.36 744 315 1(8.0) 730 3.27,t(9.5) 730 3.25dd (9.3,8.1)
3 77.0 3.36, 1 (8.5) 783 4.92 77.9 494 768  3.38.1(8.3) 783 493 783 4.90.1(9.3)
4 69.7705 332330 687  3.47,1(9.0) 68.7 3.45,1(9.0) 709 3.22.t(9.3) 68.7  3.48,1(9.4) 687  3.44.1(93)
5 76.5 3.30 76.2 3.38m 76.4 3.37 7398 351, m 76.2 3.38 76.2 3.36
6 616 3.77,dd (12.0,51) 614  3.79,dd (12.4,59) 614 3.77,dd (12.0,56) 643  435dd (11.7,20) 614 3.78 614  3.79,dd (12.1, 6.4)
3.93,dd (12.0, 1.8) 3.93 dd (124, 1.8) 3.93, dd (12.0, 1.8) 4389,dd (117, 5.2) 3.93, dd (12.5.2.2) 3.92,dd (121, 1.8)
Ac-CHs 19.8 2.14,s 19.8 2.14,s 19.8 2.17,s 19.8 2.18,s 19.8 2.12,s
(6{0]0] 1714 - 171.2 - 1723 - 1713 - 171.4 -
Glc2
1 103.9 4.63,d (7.5) 1040 4.61,d(7.2) 1040 4.61,d(7.2) 104.0 4.60,d(7.2) 104.0 4.60, d (7.0)
2 73.9 3.32 74.0 3.33-2 7389 3313 74.0 3.32 74.0 3.31
3 76.8 3.31 76.8 3.323 76.8 3.325 76.8 3.33 76.3-8 3.32
4 70.569.7 3:30-3.32 69.6 3.33 69.8 3.334 69.6 3.32 69.6 3.31
5 76.5 3.283.30 76.5 3.340 76.5 3341 76.5 3.29 76.5 3.28
6 60.9 3.70,dd (120,5.0) 60.9  3.70,dd (124, 5.) 609  370,dd(124,51) 609 369dd(12151) 609  3.69dd (12.0,5.0)
3.85,dd (12.0, 1.7) 3.85, dd (12.4, 1.8) 3.85, dd (12.4, 1.8) 3.85dd (12.1,1.9) 3.85 (12,0, 1.9)

@ Overlapped signals are reported without designated multiplicity.
b in ppm, J in parentheses in Hz.
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Table 3

13C NMR and *H NMR spectroscopic data of the aglycone moieties of compounds 7-11 in CDs0D.P
7 8

| 9 | 10 | 11
Jc On Jc On Jc oy Jc 8] dc On
1 382 101 381 1.01,m 381 1.0, m 382 1.00 382 1.01,m
1.63,m 1.63 1.63,m 1.63,m 1.63,m
2 249 177 249 178 250  1.77,m 250 1.78,m 249  1.78
1.94 1.92 1.90, m 1.90,m 1.92,m
3 814 368dd(120,45) 815 3.67,dd(12.3,47) 820 366,dd(12.0,41) 819 366,dd(12.1,41) 814  3.68 dd(12.1,4.1)
4 425 - 025 - 025 - 25 - 425 -
5 468 1.26 467  1.26,m 468 127 468 127 467  1.25m
6 174 140 175 139 175 141,m 174 139,m 175  1.39,m
1.52 1.51 1.52,m 1.52,m 152, m
7 324 133 324 133 324 133 324 132 320 1.33
1.68 1.68 1.69 1.66 1.68
8 395 - 394 - 395 - 395 - 395 -
9 469  1.70,t(9.9) 469  1.72,1(10.3) 468 171 468 170 462 1.70,1(10.3)
10 363 - 363 - 363 - 363 - 363 -
1 231 191 231 1.90 231 191 231 191 231 1.90
1.92 1.92 1.93 1.93 1.92
12 1219 531,t(3.9) 1220 5.31,t(3.1) 1219 532,t(3.1) 1219 5.32,t(3.5) 1219 532,t(3.5)
13 1435 - 1437 - 1435 - 1435 - 1435 -
14 412 - 412 - 412 - 412 - 412 -
15 350 132 354  1.32 357 133 355 1.33 355 1.33
1.80, dd (14.7, 3.5) 1.83, dd (14.1, 3.5) 1.80, dd (15.1, 3.6) 1.79, dd (15.2, 3.3) 1.78, dd (11.5, 3.5)
16 727  477,t(3.8) 730  4.62,brs 727 477,t(3.2) 727 4.77,t(35) 727 4.77,t(3.5)
17 485 - 485 - 485 - 485 - 485 -
18 406  298,dd(14.2,42) 405 2.99,dd(14.0,40) 405 299 dd(145,41) 406 298dd (145 4.3) 406 298 dd (14.2, 4.6)
19 463 1.08,m 463  1.08,m 463  1.08,m 463  1.08m 463 1.08,m
2.28,t(13.5) 2.30, t (13.0) 2.28,t(13.5) 226t (13.4) 2.28 t (13.9)
20 298 - 299 - 299 - 299 - 298 -
21 351 1.15m 351  1.16,m 350 1.17,m 350 117, m 350  1.16,m
1.91 1.95 1.92 1.92 1.93
22 307  1.69 307 1.69 300 1.69 1.69 298  1.69
1.99, dt (14.2, 4.4) 1.94 2.01 299 201 2.01
23 635  3.28,d(115) 635  3.28,d(11.5) 63.3  3.29,d (11.6) 633  3.29,d (11.6) 635  3.28,d(11.4)
3.64,d (11.5) 3.64,d (11.5) 3.65,d (11.6) 3.64,d (11.6) 3.64,d (11.4)
24 120 072 120 0725 120 0735 120 072 120 0725
25 152  1.01,s 152  1.01,s 152  1.01,s 152 1.01,s 152 1.01,s
26 165 0795 165 0785 166 0795 16.6  0.79,s 16.6  0.79,s
27 260 1.38s 259  1.40,s 260  1.38,s 260 1.38,s 259  1.38,s
28 1757 - 1756 - 1756 - 1757 - 1757 -
29 317 091 319 0915 319 0915 319 091, 3.9 091
30 237 0975 235 0975 237 0975 237 0975 237 0975

@ Overlapped signals are reported without designated multiplicity.
b in ppm, J in parentheses in Hz.,
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Table 4

13C NMR and *H NMR spectroscopic data in CDsOD of the sugar moieties of compounds 7-11.%P

| 7 8 9 10 11
oc OH Jdc On Jc On Jc On dc On
glcA-
1 103.7 452,d (7.9) 103.8 4.53,d(7.8) 1045 4.48,d (7.9) 104.4 4.48,d (7.8) 103.6  4.52,d(7.9)
2 72.7 3.46,1(8.0) 731  3.46,t(8.0) 737  3.25,t(8.2) 73.7 3.25,dd (9.0, 8.1) 73.2 3.46,1(8.2)
3 84.9 3.64,dd (9.9,80) 852  3.63,t(8.5) 763  3.39,t(8.5) 76.4 3.39,1(9.0) 85.0 3.64,1(8.5)
4 70.5 3.61 70.9 3.61 71.8 3.52 71.9 3.51,t(9.0) 70.5 3.64
5 75.5 3.70 755  3.58 753  3.80 75.2 3.79 75.9 3.58
6 171.3 - 1711 - 1713 - 172.1 - 1711 -
gal
1 104.0 457,d (7.8) 1041 4.56,d (7.8) 1040 4.57,d(7.7)
2 714 3.63,t(8.1) 715  3.63,t(8.1) 714 3.63,t(8.5)
3 73.3 3.52,dd (9.6,3.4) 733  3.52,dd (9.7,3.0) 73.3 3.52,dd (9.2,3.3)
4 69.1 3.81,d (3.4) 69.0 3.81,d(3.0) 69.1 3.88,d (3.3)
5 75.9 3.58 75.9 3.57 75.9 3.58
6 61.3 3.68 61.3  3.69 61.3 3.68
3.80 3.80 3.80
fuc-
1 92.6 5.37,d (8.3) 924  5.40,d(8.2) 92.4  5.40,d(8.2) 92.6 5.38,d (8.3) 92.6 5.37,d (8.3)
2 73.3 4.08,dd (9.6,83) 733  4.01,dd(9.5,8.2) 731  4.10,dd(9.7,82) 734 4.07,dd (9.7, 8.3) 734 4.07,dd (9.6, 8.3)
3 84.0 3.88,dd (9.6,3.3) 843 3.88,dd(9.530) 839 3.84,dd(9.7,31) 837 3.85,dd (9.7, 3.0) 83.8 3.87,dd (9.6, 3.2)
4 71.3 3.95,d (3.3) 712 3.95,d (3.0) 717  3.88,d(3.0) 71.6 3.88,d (3.0 71.6 3.88,d (3.2)
5 71.1 3.78,m 71.1 3.78, m 71.2 3.79, m 71.1 3.79,m 71.1 3.78, m
6 15.2 1.27,d (6.4) 151  1.27,d (6.4) 15.2 1.27d(6.4) 15.2 1.27,d (6.4) 151  1.27,d (6.4)
sugar at 2-fuc glc glc glc glc glc
1 102.3 4.90,d (8.1) 102.1  4.89,d(7.9) 101.9 5.04,d(8.1) 102.3 4.89,d (8.1) 102.3  4.90,d (8.1
2 74.4 3.14,1(8.6) 744  3.15,t(9.0) 73.0 3.26,dd (9.4,8.1) 745 3.13,dd (8.7, 8.3) 74.2 3.13,t(8.4)
3 77.0 3.35 76.8  3.37,t(9.5) 783 491 77 3.35 76.8 3.34
4 698705 3.32 70.8  3.23,t(9.4) 68.7  3.47,t(9.4) 70.5 3.30m 70.5 331
5 76.5 3.30 738 350 762 337,m 76.5 3.31 76.5 3.31
6 61.5 3.77,dd (11.7,4.7) 64.2 4.35,dd (11.7,16) 614 3.80 61.6 3.78 61.6 3.78
3.91,dd (11.7,1.7) 4.39,dd (11.7,7.1) 3.93,dd (11.2, 2.0) 3.92,dd (12.3m 1.5) 3.92,dd (12.3,1.8)

Ac-CH3 19.8  2.18,s 19.8 214,
COO 1723 - 1714 -
sugar at 3-fuc glc glc qui qui qui
1 103.9 4.63d (7.5) 1039 4.63,d(7.1) 103.9 4.59,d (7.6) 103.8 4.63,d (7.5) 103.8  4.63,d(7.1)
2 73.9 3.31 739 3312 743 333 74.2 3.32 73.9 3.31
3 76.8 3.32 76.8  3.323 76.6  3.30,t(8.4) 77076.6 3.30 76.6 3.30,t(8.4)
4 70569.8 3.30 69.7 3.304 751  3.02,t(9.0) 705755 3.02,t(9.0) 75.5 3.03,t(9.1)
5 76.5 3.28 765 32830 720 334 765720 3.34m 72.0 3.34
6 60.8 3.70,dd (12.1,4.9) 609 3.70,dd (12.1,49) 16.8 1.28,d(6.4) 61.616.8 1.28d(6.4) 16.8 1.28,d (6.4)

3.85, dd (12.1, 1.8)

3.85,dd (12.1, 1.8)

2 Overlapped signals are reported without designated multiplicity.
®in ppm, J in parentheses in Hz.
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