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The main saponin (1) present in the mesocarp of Balanites aegyptiaca fruit is a mixture of 22R and
22S epimers of 26-(O-g-D-glucopyranosyl)-3-p-[4-O-(B-D-glucopyranosyl)-2-O-(a-L-rhamnopyranosyl)-g-D-
glucopyranosyloxy]-22,26-dihydroxyfurost-5-ene. This structure differs from a previously reported saponin
isolated from this source by the site of attachment of the rhamnosyl residue, and presumably represents a
structural revision of the latter. The main saponin (2) present in the kernel is a xylopyranosyl derivative
of 1. The use of high-field NMR enabled the practically complete assignment of 'H and *C chemical
shifts of these complex saponins, existing as a mixture of C-22 epimers. Moreover, the work represents a
new approach to structural elucidation of saponins: direct preparative-scale HPLC-RID of crude extracts
followed by high-field NMR investigations supported by ESI-MS". Copyright © 2006 John Wiley & Sons,
Ltd.

Supplementary electronic material for this paper is available in Wiley InterScience at http://wwuw.interscience.wiley.com/

jpages/0749-1581/suppmat/

KEYWORDS: NMR; 'H; 13C; ESI-MS"; structural analysis; natural products; saponins

INTRODUCTION

Balanites aegyptiaca (L.) Delile (Zygophyllaceae), popularly
known as desert date, is a spiny, evergreen tree commonly
grown in the arid regions of Africa, the Middle East,
India and Burma.! Numerous medicinal uses have been
reported for this plant.? The saponins present in the fruits
show molluscicidal activity, including toxicity against snails
carrying the Bilharziasis parasites, and it has been suggested
that the trees be planted along infested waters so that the
fruits could drop into the water spontaneously.? Several
studies on B. aegyptiaca saponins have been reported,
describing the content of the spirostan saponins in the root,
bark and seeds,** furostan saponins in the fruit®~” and the
root,? and pregnane derivatives in the fruit.’

Saponins are a widely distributed group of secondary
metabolites found in plants with numerous uses, tra-
ditional as well as modern.!®!! The complexity and
structural diversity of saponins present a considerable
challenge to chromatographic separation!?> and to struc-
tural elucidation.!®!! Traditionally, structure elucidation of
saponins often required extensive chemical derivatization
and degradation in order to identify the aglycone, the num-
ber and type of sugar residues present, and their mutual
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connections. In this article, we describe a procedure for rapid
identification of complex saponins from B. aegyptiaca fruits
based on preparative-scale reversed-phase HPLC, ESI-MS",
and high-field NMR.

RESULTS AND DISCUSSION

The mesocarps were separated manually and extracted with
cold methanol. The extracts were defatted and resolved
directly on a preparative HPLC column packed with octade-
cylsilyl silica, using methanol-water (7:3) as eluent and
a refractive index detector (RID). This procedure, which
contrasts elaborate fractionation schemes used in the pre-
vious studies,*~® enabled rapid purification of B. aegyptiaca
saponins using a minimum number of manipulations and
chromatographic separation steps. The extract contained a
large proportion of sugars, which were eluted with the front
band, whereas saponins were differentially retarded on the
column, yielding pure compounds in a single purification
step.

The main saponin of B. aegyptiaca fruit mesocarp, isolated
in a yield corresponding to 0.55% of the mesocarp weight,
was injected directly into an electrospray ionization mass
spectrometer (ESI-MS) operating in the negative-ion mode."
Multi-stage experiments (MS") showed that the molecular
ion (M —H]~, m/z 1063) was cleaved with a loss of
Glec (glucose) and Rha (rthamnose), as well as of (Glc+
H,0), (Glc + Rha), (Glc 4 Rha 4 H,0), (2Glc + Rha + H,0),
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(3GIc + Rha), and (3Glc + Rha + H,0). The intensity of the
peak at m/z 901 (M — H — Glc]~) was somewhat higher
than that at m/z 917 (M — H — Rha]~), corresponding to
preferential expulsion of Glc from the C-26 position of the
[M — H]~ ion.”* The MS® spectrum of the [M — H — Glc]~
ion (m/z 901) produced ions corresponding to the loss of
Rha (m/z 755), Glc (m/z 739), and (Glc 4+ Rha) (m/z 593).
Further fragmentation (MS?*) of the [M — H — Glc — Rha]~
ion (m/z 755) resulted in the loss of H,O (m/z 737),
Glc (m/z 593), and (Glc + H,O) (m/z 575). In addition,
MS of the [M—H—-GlIc]", [M—H —Glc—Rha]", and
[M —H — Glc — Rha — Glc]~ ions showed elimination of
H,O, but the resulting ions always had low intensity.

The *C NMR spectra of the mesocarp saponin showed
four quaternary carbon resonances corresponding to C-5,
C-10, C-13, and C-22 of a furostan. 'H NMR spectra at
800 MHz provided excellent dispersion of the resonances,
and showed a characteristic signal of the axially positioned
H-3 (8 3.59, triplet of triplets, [35.x = J34ax = 11.6 Hz,
Js2eq = J3.4eq = 4.6 Hz), an olefinic signal of H-6 at § 5.38,
and signals of five methyl groups. The resonances for the
methyl groups were observed as two singlets (H-18 and
H-19) and two doublets (H-21 and H-27) corresponding to
the aglycone, and a doublet attributable to the methyl group
of rhamnose. The presence of 13 methylene groups and 29
methine groups was inferred from a DEPT135 spectrum.
Resonances of three anomeric doublets (§ 4.23, 4.39, and
4.51, ] = 7.8-7.9 Hz) were attributable to glucose residues,
whereas a doublet at § 5.24 (] = 1.5 Hz) was compatible with
the presence of a rhamnose residue. Homonuclear (COSY,
NOESY) and heteronuclear (HSQC, HMBC) correlations
obtained at 800 MHz allowed assignment of the entire set
of TH and ¥C resonances, identifying the main saponin

OR

as 1 (Fig. 1, Table1). In particular, the resonance of C-3
(8 79.4) showed long-range correlation to H-1" (§ 4.51) and
the latter a COSY correlation to H-2' (§ 3.42), providing
chemical shift of C-2" (§ 78.7) from the HSQC spectrum.
The resonance of C-2" showed a HMBC correlation to H-1""
(8 5.24), establishing the attachment point of rhamnose. The
signal of C-4" (5 81.0) showed HMBC correlation to H-1"
(8 4.39), which established the attachment point of the second
glucose moiety. The last glucose residue was attached to C-26
(8 76.1), as shown by HMBC correlation between C-26 and
H-1" (8 4.23). Numerous NOESY correlations confirmed the
structure, e.g. NOEs between H-1" and H-4eq, H-1” and H-4/,
and between H-1"" and H-2'. That the saponin was a mixture
of 22R and 22S epimeric hemiacetals (ratio about 1:1) was
evident from the fact that H-16 appeared as two quartets
(864.37 and 4.56, ] = 7.6 Hz), whereas H-20 gave two pentets
(62.10and 2.18, ] = 6.7 Hz), and the signals of carbon atoms
around C-22 were split into two closely spaced resonances
(Table 1). 2D NMR connectivities (800 MHz COSY, NOESY,
and HMBC) for 1 and 2 are given in the Supplementary
Tables S1 and S2. The saponin was a pure 25R epimer, as
shown by the resonance of H-27 and the chemical shift
difference between the diastereotopic H-26 hydrogens, only
a single pair of which was present in the spectrum.*!® The
order of sugar residues established by NMR is in agreement
with the fragmentation pattern observed in the ESI-MS"
experiments.

The major saponin (2) isolated from B. aegyptiaca fruit
kernels contained an additional pentose residue (1m/z 1195,
[M — HJ"), identified as xylopyranosyl attached to O-3" on
the basis of 800 MHz 1D and 2D NMR spectra. Thus, the
resonance of H-1"" of the xylopyranose moiety (§ 4.50,
J = 7.6 Hz) correlated with that of C-3” (§ 87.7), and an NOE

1 R = o-L-rhamnopyranosyl, R' = R" = H
2 R = o-L-rhamnopyranosyl, R' = H, R" = 3-D-xylopyranosyl
3 R=R"=H, R' = a-L-rhamnopyranosyl|

o-L-rhamnopyranosyl

B-D-xylopyranosyl

Figure 1. Structure of compounds 1-3.

Copyright © 2006 John Wiley & Sons, Ltd.
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Table 1. 800 MHz "H and 100 MHz '3C NMR spectroscopic data for Balanites aegyptiaca fruit saponins 1 and 2 (CD3OD)?

Structural analysis of complex saponins of Balanites aegyptiaca

1 2
Position 1BC H 1BC H
1 38.6 ax. 1.08 (m), eq. 1.88 (dt), Jieq,1ax = 13.4, 38.6 ax. 1.08 (m), eq. 1.88 (dt), Jieq,1ax = 13.4,
]1eq,2eq ~ ]1eq,2ax ~ 3.5 ]leq,Zeq ~ ]leq‘Zax ~ 35
2 30.8 ax. 1.61, eq. 1.92 30.8 ax. 1.61, eq. 1.93
3 794 3.59 (tt), J3.2ax = [3.4ax = 11.6, 79.4 3.59 (tt), J3.2ax = J3.4ax = 11.6,
J3.2eq = J3,4¢q = 4.6 J3.2eq = J3.4eq = 4.6
4 39.6 ax. 2.29 (ddd), eq. 2.44 (ddd), Jseq 4ax = 13.4, 39.6 ax. 2.29 (ddd), eq. 2.44 (ddd), Jseq 4ax = 13.4,
]4ax‘3 =120, ]4eq,3 =44, ]4ax,3 =120, ]4eq,3 =44,
]4eq,2eq ~ ]4ax,6 ~ 24 ]4eq,2eq ~ ]4ax,6 ~ 24
5 142.0 - 141.9 -
6 122.7 5.38 (m) 122.7 5.37 (m)
7 33.2 ax. 1.55, eq. 2.00 33.2 ax. 1.56, eq. 2.00
8 32.8 1.67 32.8 1.65
9 51.8 0.97 51.8 0.97
10 38.1 - 38.1 -
11 22.0 ax. 1.52,eq.1.57 22.0 ax. 1.51, eq. 1.56
12 40.9 ax. 1.20, eq. 1.78 409 ax. 1.20, eq. 1.78
13 419 - 419 -
14 57.8 1.14 57.8 1.14
15 33.2 1.27,1.97 33.0 1.27,1.97
16 823825 437 (q),b 4.56° (q), 823 825° 437 (q),b 4.57° (q),
Ji6,154 = Ji6,158 = J16,17 7.6 Ji6,15A =~ Ji6,158 = J16,17 = 7.6
17 64.1°65.2¢ 1.7301.77° 64.1 651 1.73°1.78¢
18 16.8 0.83 (s) 16.9 0.83 (s)
19 19.9 1.05 (s) 19.9 1.05 (s)
20 40.9,b 41.0¢ 2.10 (p),b 2.18¢ (p), ]20,21 = ]20,17 =6.7 41.0,b 41.1¢ 2.10 (p),b 2.18° (p), ]20’21 = ]20,17 =6.7
21 16.3 1.00 (d), J2120 =7.0 16.0L16.2°  1.00 (d), J21.00 = 7.0
22 112.00 114.0¢ - 112.0° 114.0° -
23 315 1.68,1.76 314 1.64,1.83
24 28.7229.0° 1.15and 1.58} 1.27 and 1.62¢ 29.0°28.7¢  1.15and 1.59,° 1.28 and 1.62°
25 35.1 1.74 35.0 1.75
26 76.1 3.36,° 3.74° (dd), 26,268 = 9.5, J26.25 = 6.3 76.3 3.38,° 3.74° (dd), J2sa.268 = 9.6, Jos.25 = 6.4
27 17.5 0.95(d), 27,25 = 6.7 17.3217.4° 095 (d), J27.25 = 6.7
1 100.5 451(d), Jrr =79 100.5 451(d), Jr> =79
2 78.7 3.42(dd), J»3 =9.0,J2 1 =79 78.6 3.42(dd), J» 3 =89,J»11 =79
3 779 3.65 77.8 3.65
4 81.0 354 (t),Jvy =Jvs =9.0 81.1 3.56
5 76.3 3.39 76.3 3.39
6 62.0 3.83 and 3.87 62.0 3.83 and 3.88
1” 104.7 4.39(d), Jirr =79 104.3 446 (d), J1r2r =7.8
2" 75.1 3.20 744 341
3’ 78.0 3.36 87.7 3.52
4" 71.5 3.28 69.7 3.37
5" 78.0 3.24 78.2 3.66
6" 62.5 3.66 and 3.88 62.4 3.65 and 3.89
1" 104.7 423 (d), Jimor =78 104.6 424 (d), Jyr 2w =78
2" 75.2 3.18 75.2 3.18 (dd), Jo» 3 =9.3, Jyr 1w =7.8
3" 78.2 3.34 77.8 3.35
4" 71.8 3.34 71.7 3.33
5" 78.2 3.25 779 3.25
6" 62.9 3.66 and 3.86 62.9 3.67 and 3.87
1" 102.1 5.24 (d), Jymm =1.5 102.1 5.24 (d), Jymom =1.5
2" 72.3 3.89 72.2 3.90
3" 724 3.66 724 3.66

Copyright © 2006 John Wiley & Sons, Ltd.
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Table 1. (Continued)
1 2

Position 13¢C H 13C b

4" 74.0 3.39 74.0 3.39

5" 69.8 4.12 (m) 69.7 4.13

6" 18.0 1.23 (d), Jor» 5 = 6.3 18.0 1.24 (d), Jor 5m = 6.3

1 - - 106.0 4.50 (d), Jiym om =7.6

2" - - 75.3 3.27

3" - - 78.2 3.34

4" - - 71.0 3.51

5" - - 67.2 3.24 and 3.91

2 Assignments supported by 800 MHz 2D NMR data; chemical shift values without stated multiplicity, due to overlap in the 'H

NMR spectrum, were obtained from 2D correlations; multiplicities given as apparent splittings: d, doublet; t, triplet; q, quartet; p,

pentet; m, multiplet; coupling constants are given as line separations in Hz; ax. and eq. designate axial and equatorial hydrogen atom,

respectively.
b.< Different values for C-22 epimers.

between H-1""" and H-3" (8§ 3.52) was observed. Apart from
these differences, the spectra of 1 and 2 were very similar,
with the largest differences observed for the glucose residue
bearing the xylopyranose ring (Table 1). All hydrogen atoms
of the five sugar moieties could be uniquely assigned from 2D
correlations in spite of considerable signal overlap (Fig. 2).
Compound 2 was the major saponin of B. aegyptiaca fruit
kernels corresponding to 0.27%, but significant amounts of 1
(0.22%) were also present in the kernels. In addition to 1 and
2, all extracts contained small amounts of their derivatives in
which the hydroxy group attached to C-22 was exchanged
for a methoxy group, presumably during extraction of the
plant material with methanol.

Previous investigations of B. aegyptiaca fruit resulted in a
report of saponin 3, named balanitoside and differing from
1 by the position of attachment of the rhamnose residue

5!!)HB o
| L

Mg hm:um 1
@30

_ B,
= - e / . g 3.4
o _
4
L aﬂ L ®
3.8
— % e 3

T
3.8 3.6 34 3.2

Figure 2. Fragment of 800 MHz "H NMR spectrum of 2
showing signals of the carbohydrate residues (CD3OD).

Copyright © 2006 John Wiley & Sons, Ltd.

(0-2" rather than O-2').° The structure of 3 was based on
acetylation-induced shifts without rigorous assignment of all
carbon resonances.® Unfortunately, 1*C NMR data reported
for balanitoside do not allow any certain conclusions
about its identity with 1, and the optical rotation of
balanitoside was not reported.® However, since 1 is the
major saponin of B. aegyptiaca fruit, we believe that it
represents a structural revision of balanitoside. The saponin
1 was previously isolated several times from other plants:
Dioscorea deltoides Wall. (the saponin was named deltoside),'®
Ophiopogon planiscapus Nakai (glycoside F),'” Rhapis species
and Sabal causiarum Becc. (as a 22-methoxy derivative
designated methyl protodeltonin),'®! Lilium species,? 2
Trigonella foenum-graecum L. (along with its 25S epimer
named trigoneoside IVa),* and Allium nutans L.>* Compound
2 was previously reported as a mixture of 255 and 25R
epimers in B. aegyptiaca root,® but the pure 25R epimer was
not isolated prior to this work.

The present work, in addition to elucidation of structures
of B. aegyptiaca saponins, describes a useful, compact proto-
col for rapid isolation of saponins based on HPLC-RID, and
demonstrates the power of high-field NMR spectroscopy,
supported by ESI-MS”, for unambiguous de novo structure
determination of complex saponins. Structure elucidation of
complex saponins usually requires chemical manipulation,
typically acid hydrolysis for separate analysis of aglycones
and sugars or acetylation in order to increase dispersion of 'H
NMR resonances.??>~% Unambiguous structure elucidation,
including complete relative stereochemistry and sugar con-
nectivities as shown in the present work, can be performed
only seldom with instrumental methods alone.?¢-%

EXPERIMENTAL

General experimental procedures

NMR spectra were recorded at 25°C using CD;OD as
solvent and TMS as internal reference. Proton-decoupled
13C NMR and DEPT135 spectra were acquired on a Bruker
Avance 400 spectrometer (carbon frequency 100.62 MHz)
equipped with a 5-mm, normal-configuration, dual "H-13C

Magn. Reson. Chem. 2006; 44: 923-928
DOI: 10.1002/mrc



probe. A total of 10k transients with 105260 data points
were collected using a spectral width of 26316 Hz for the
proton-decoupled *C NMR spectrum and 8k transients with
71426 data points were collected using a spectral width
of 23809 Hz for the DEPT135 spectrum. All 1D '"H NMR
and homo- and heteronuclear 2D NMR experiments were
performed on a Varian Unity Inova 800 spectrometer (proton
frequency 799.798 MHz) equipped with a 5-mm, inverse-
detection, triple-resonance probe, using standard Varian
pulse programs. For 1D 'H NMR spectra of 1 and 2, 256 and
128 transients, respectively, were recorded with a spectral
width of 10000 Hz using 37 840 data points. Phase-sensitive
'H-'H COSY and NOESY experiments were performed with
a spectral width of 4685 Hz using 2k data points for f, and
512 increments for f;, and a relaxation delay of 1 s. A total of
32 and 16 transients for 1 and 2, respectively, were collected.
NOESY spectra were obtained with mixing times of 700 ms.
Gradient-selected, sensitivity-enhanced 'H-'*C HSQC and
gradient-selected HMBC experiments were performed with
a spectral width of 4685 Hz using 2k data points for f,, and a
spectral width of 30036 Hz using 512 increments for f;. The
HSQC experiment was optimized for !Jcy = 145 Hz, and
the HMBC experiment for "Jc 4 = 5 Hz. Relaxation delays of
1 s were used and a total of 96 transients were recorded for
each f; increment. Data processing was carried out on an SGI
workstation using Bruker XWINNMR version 3.1 software.

MS" experiments were performed with a Bruker Dal-
tonik Esquire 3000 Plus single ion-trap mass spectrometer
equipped with an electrospray interface (ESI) and operating
in the negative-ion mode. MS conditions were optimized
in order to achieve maximum sensitivity. Full-scan spec-
tra from m/z 25 to 1500 were obtained with scan time 1s.
The ion-trap condition was acquisition in automatic gain
control mode with an accumulation time 159 ps. For the
MS" analysis, ions were isolated with an isolation width of
3 m/z units and fragmented using an activation amplitude of
0.95-1.12. Preparative HPLC separations were performed on
a 25 x 2.12 cm i.d. Phenomenex Luna C18 (2) 5 um column
eluted isocratically with 5ml/min of MeOH-H,O (7:3),
using a Shimadzu RID-6A refractive index detector. Opti-
cal rotations were measured on a Perkin Elmer model 241
polarimeter.

Plant material

Ripe fruits of B aegyptiaca were collected from an orchard
in Samar, southern Israel, and authenticated by Prof. Uzi
Plitman; a voucher specimen (no. 76 816) was deposited in
Herbarium HUJ (Department of Evolution, Systematics and
Ecology, Hebrew University of Jerusalem, Israel).

Extraction and isolation

The epicarps (outer covers) of the fruits were removed,
after which the mesocarps were collected (total of 414 g),
and extracted with 2 x 750 ml of MeOH. The combined
extracts were concentrated, and the residue (312 g) was
dissolved in H,O (400 ml) and defatted by shaking with
3 x300ml of light petroleum (b.p. 60-80°C). A portion
(1.14 g) of the residue (250 g), dissolved in MeOH-H,O (7 : 3),
was repeatedly injected into the preparative HPLC column

Copyright © 2006 John Wiley & Sons, Ltd.

Structural analysis of complex saponins of Balanites aegyptiaca

(200 mg of extract per injection). Yield 8.4 mg of 1 (tg = 35
min), corresponding to 0.55% of the mesocarp; [¢]p> — 68.6°
(¢ 0.55, MeOH), lit.!® —51.2° (¢ 0.72, pyridine). Using a similar
procedure, 55 g of kernels separated from shells (endocarps)
yielded 8.5 g of extract, defatted by shaking with 3 x 150 ml
of light petroleum; fractionation of 600 mg sample of the
extract (total amount 6.3 g) by preparative HPLC as above
gave 12mg (0.22%) of 1 and 18 mg (0.27%) of 2 (tr = 44
min); [¢]p® — 72.5° (¢ 0.45, MeOH). The compounds were
freeze-dried from D,0O for NMR analysis.

Supplementary material

Supplementary electronic material for this paper is available
in Wiley InterScience at: http://www.interscience.wiley.
com/jpages/0749-1581/suppmat/
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