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A B S T R A C T

Crocosmia × crocosmiiflora (montbretia) flowers yielded four esters (montbresides A–D) of a new sucrose-based
tetrasaccharide, 3-O-β-D-glucopyranosyl-4´-O-α-D-rhamnopyranosyl-sucrose [β-D-Glc-(1→ 3)-α-D-Glc-(1↔2)-β-
D-Fru-(4← 1)-α-D-Rha]. All four possess O-p-coumaroyl residues on C-3 of fructose and C-4 of α-glucose, plus O-
acetyl residues on C-2 and C-3 of rhamnose and C-6 of fructose. Montbresides A and B are additionally O-
acetylated on C-1 of fructose. The p-coumaroyls are trans- in montbresides A and C and cis- in B and D. Elemental
compositions were determined from MS data, and structures from 1D and 2D NMR spectra. Monosaccharide
residues were identified from selective 1D TOCSY spectra and TLC, and acylation sites from 2D HMBC spectra.
Enantiomers were distinguished by enzymic digestion. Montbretia flower extracts were cytotoxic against six
human cancerous cell-lines, but purified montbresides lacked cytotoxicity. Each montbreside displayed anti-
bacterial activity against Staphylococcus aureus (minimal inhibitory concentration ~6 μg/ml). Montbretia is a
potential source of new cytotoxins and antibacterial agents.

1. Introduction

Crocosmia × crocosmiiflora (Lemoine) N.E. Br. (montbretia; family
Iridaceae, order Asparagales; a monocotyledon) is a popular garden
plant with striking orange flowers in late summer, and is used as an
antitumour agent in Japanese folk medicine. Hot-water extracts of its
corms show antitumour activity, the active principle being a mixture of
saponins [1]. Montbretia extracts also have antioxidant activity [2].
Saponins and flavonoid glycosides are major secondary metabolites of
this plant [3]. In the present work, we found that butanolic extracts of
montbretia flowers are cytotoxic against six human cancer cell-lines.
These extracts contained three known secondary metabolites and four
new phenol–sugar conjugates, characterised here chemically (Fig. 1)
and in terms of their cytotoxic and antibacterial properties.

2. Experimental

2.1. General experimental procedures

Proton 1D NMR spectra, selective 1D proton TOCSY and proton
ROESY experiments were recorded at 800MHz on a Bruker AVANCE III

instrument. Carbon-13 1D NMR spectra, proton 2D-COSY spectra, a
proton NOESY spectrum and 1-bond carbon–proton chemical shift
correlation (HSQC) spectra were recorded on a Bruker AMX-500 in-
strument (125MHz for 13C). Multiple bond carbon–proton chemical
shift correlation (HMBC) spectra were recorded for montbresides A–C
on a Bruker AMX-500 instrument and for montbreside D on a Bruker
AV-700 instrument (175MHz for 13C). Proton spectra were referenced
to the residual CD2HOD signal at 3.33 ppm. Carbon spectra were re-
ferenced to CD3OD at 49.0 ppm. Chemical shifts are given in ppm (δ)
relative to tetramethylsilane, and scalar coupling constants (J) are
given in Hz. For montbresides A and C, selective 1D TOCSY experiments
were carried out in which the mixing times were successively increased
from 20 to 160ms for each of the resonances chosen for initiating the
magnetisation transfer.

Exact mass measurements were made on a Bruker ‘micrOTOF II’
instrument with ES ionization, in positive ion mode.

Montbresides were alkali-hydrolysed in NaOH (routinely 8mM) at
25 °C for 18 h, then acidified with HOAc and analysed by TLC. Mild and
complete acid hydrolysis of the tetrasaccharide were performed in
80mM trifluoroacetic acid (TFA) at 70 °C (routinely 9 h), and 2M TFA
at 120 °C (1 h) respectively. TFA was removed in a ‘SpeedVac’ at 25 °C,
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and products were analysed by TLC. Enzymic digestion of the tetra-
saccharide was performed with a 1% (w/v) solution of Driselase
(Sigma–Aldrich; purified as in [4]) in pyridine/HOAc/H2O (1:1:98,
containing 0.5% chlorobutanol) at 25 °C for 0–99 h; products were
analysed by TLC on Merck silica-gel plates in butan-1-ol/acetic acid/
water (4:1:1) or ethyl acetate/pyridine/acetic acid/water (6:3:1:1) with
1–3 ascents. Staining was with iodine vapour or thymol/H2SO4 [5].

2.2. Plant material

Montbretia [Crocosmia × crocosmiiflora (Lemoine) N.E. Br.
(monocot: Asparagales: Iridaceae)] flowers (500 g) were collected from
gardens in Edinburgh, in July 2017, and identified by SCF. Voucher
specimen: Royal Botanic Garden Edinburgh, herbarium barcode
E00873192.

2.3. Extraction and isolation

Montbretia flowers (collected in July 2017) were air-dried (40 g dry
weight), powdered, stored dry at room temperature in the dark, and
percolated with 2×1.5 l of 80% (v/v) ethanol at 25 °C in the dark
(August 2017). The extract was concentrated in vacuo to a residue
(15 g), which was stored dry at room temperature in the dark then
suspended in water (150ml; September 2017) and partitioned against
first chloroform (2.0 l) then butan-1-ol (2.5 l). The butanol fraction was
dried (8 g), redissolved in 25ml water and passed through Sephadex
LH-20 (3× 70 cm) with a 0→ 100% methanol gradient (4 l total) to
afford five fractions (A–E; September 2017), which were monitored by
TLC on silica-gel and RP-18 F254 (Merck, Darmstadt, Germany) in me-
thanol/water/acetic acid (10:10:1; detection was under 254-nm UV and
by spraying with Ce(SO4)2 followed by heating at 150 °C which black-
ened the UV spots. The fractions were stored as solutions at 5 °C in the
dark. The chloroform and aqueous fractions and the butanolic fractions
A and B, which between them are expected to contain most of the
quantitatively major phytochemicals such as sucrose, glucose, fructose,
citrate, malate, glutamate etc., did not show up under UV and were not
characterised further.

Fraction C (1 g), which eluted from Sephadex LH-20 in 20% me-
thanol, was further resolved by silica-gel (Merck) column

chromatography (1×100 cm) with CHCl3/methanol (9:1→ 6:4, v/v;
total 1 l) and fractions were monitored by TLC (CHCl3/methanol, 3:1)
to afford two major sub-fractions C1 and C2 (October 2017), which
were then stored as solutions at 5 °C in the dark. Sub-fraction C1
(150mg) was re-run (November 2017) on the same silica-gel column
with CHCl3/methanol (8:2, v/v) to afford montbresides C (15mg) and D
(16mg). Sub-fraction C2 (250mg) was also re-run (December 2017) on
the same silica gel column, eluting with CHCl3/methanol (9:1→ 7:3, v/
v) to yield montbresides A (15mg) and B (19mg). Fraction D (0.5 g),
which eluted in 30% methanol, was re-run (December 2017) on the
silica gel column in CHCl3/methanol (4:1, v/v), yielding cinnamic acid
glucosyl ester (5; 28mg). Fraction E (500mg), which eluted in 40%
methanol, was sub-fractionated by HPLC (on ODS gel (Inertsil ODS-3,
GL-science, 10×250mm) in 50% methanol at 1.0 ml/min; January
2018), to afford trans-p-coumaric acid (6; 18mg) and trans-cinnamic
acid (7; 25 mg).

2.4. Spectroscopic data of compounds

Selected NMR and mass spectra of montbresides A–D are in the
supplementary data.

Montbreside A: White amorphous powder; [α]25D+ 37 (c 0.0010,
methanol); 1H NMR (800MHz, methanol‑d4) data, see Table 1; 13C
NMR (125MHz, methanol‑d4) data, see Table 2; HRESIMS m/z
1133.3297 [M.Na]+ (calcd for C50H62O28·Na, 1133.33198).

Montbreside B: White amorphous powder; [α]25D+48 (c 0.0015,
methanol); NMR as above; HRESIMS m/z 1133.3299 [M.Na]+ (calcd
for C50H62O28·Na, 1133.33198).

Montbreside C: White amorphous powder; [α]25D+44 (c 0.0012,
methanol); NMR as above; HRESIMS m/z 1091.3209 [M.Na]+ (calcd
for C48H60O27·Na, 1091.3214).

Montbreside D: White amorphous powder; [α]25D+ 52 (c 0.0012,
methanol); NMR as above; HRESIMS m/z 1091.3210 [M.Na]+ (calcd
for C48H60O27·Na, 1091.3214).

2.5. Cytotoxicity assay

MCF-7 cells (human breast cancer cell line), HCT-116 (colon car-
cinoma), HepG-2 cells (human hepatocellular carcinoma), HeLa (cer-
vical carcinoma), A-549 (lung carcinoma) and WI-38 (human lung fi-
broblast normal cells) were obtained from Vacsera (Giza, Egypt). The
cells were cultured in Dulbecco's modified Eagle's medium with 10%
heat-inactivated foetal bovine serum, HEPES buffer (0.1M, pH 7.0), 1%
L-glutamine and 50 μg/ml gentamycin. The cells were kept at 35 °C
under humidified condition with 5% CO2 and were sub-cultured twice a
week. Montbresides (up to 50 μg/ml) were evaluated for cytotoxicity
against these six cell-lines by the MTT method (reduction of a tetra-
zolium dye [6]).

2.6. Antibacterial assay

Antibacterial activities were assayed by the methods of [7]. Pa-
thogenic bacteria, including Gram-negatives [Pseudomonas aeruginosa
(NR-117678.1), Escherichia fergusonii (CU928158.2), Enterobacter
xiangfangensis (CP017183.1)] and Gram-positives [Bacillus licheniformis
(KX785171.1), Staphylococcus aureus (CP011526.1)] were suspended
for 24 h in nutrient broth. After spreading on Müller–Hinton agar
plates, wells were filled with 10 μl of various concentrations of each
sample (up to 25 μg/ml). Amikacin was the positive control. The dia-
meters of clear (inhibited) zones were measured. The experiment was
conducted three times; the mean value of minimal inhibitory con-
centration (MIC [8]) is reported.

Fig. 1. Montbresides A and C. Montbresides B and D are identical to these but
the coumarate residues are in the cis-configuration.
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3. Results and discussion

3.1. Source of four new glycol-conjugates

The crude ethanolic extract of montbretia flowers showed moderate
cytotoxicity on five of six tested human cancer cell lines; a butanol-
partitioning sub-fraction showed enhanced cytotoxicity on all six lines
(Table 3). We therefore examined the butanol sub-fraction for sec-
ondary metabolites. HPLC revealed at least 7 UV-absorbing phyto-
chemicals (Fig. S1): four new compounds [montbresides A–D] and three
known compounds (p-coumaric acid, trans-cinnamic acid and trans-
cinnamoyl β-glucosyl ester). The four montbresides were isolated by
open-column chromatography and their elemental compositions de-
termined by ESI-MS (Fig. S2). As described below their structures were
elucidated from their 1D and 2D NMR spectra (Figs. S3–S14) and by
TLC of their hydrolysis products (Fig. 3 and Figs. S15–S17).

3.2. Structure of montbreside A

Montbreside A (C50H62O28) was shown to be 3-O-β-D-glucopyr-
anosyl-3′,4-di-O-trans-p-coumaroyl-4´-O-(2,3-di-O-acetyl-α-D-rhamno-
pyranosyl)-1′,6′-di-O-acetylsucrose as follows. Its 1H (Table 1) and 13C
(Table 2) spectra showed the presence of two trans-coumaroyl groups
(J2′-3′= J2″-3″=15.9 Hz) and four acetyl groups. The signals corre-
sponding to the two coumaroyl groups were distinguished and assigned

from the 2D HSQC (proton–carbon one-bond correlation) spectrum
(Fig. S12) and the 2D HMBC (proton–carbon multiple bond correlation)
spectrum (Figs. S13 and S18). The carbonyl signals of the acetyl groups
(δ 171.8, 172.3×2, 172.7) were identified by their 3J correlations to
the methyl proton signals (δ 2.02, 2.09, 2.12, 2.16). In addition to the
signals from these groups, the 1D single-pulse and DEPT 13C spectra
show one methyl group, four oxygen-bearing CH2 groups, eighteen
oxygen-bearing CH groups, and an oxygen-bearing quaternary carbon.
This suggested the presence of a tetrasaccharide composed of four
hexoses. The position of the methyl doublet protons suggested the
presence of either a rhamnose or a fucose residue and the position of the
quaternary carbon suggested the presence of a ketose, possibly fructose.
Although at 800MHz the proton spectrum shows some signal overlap in
the δ 3.0–6.0 ppm region, careful analysis of the COSY spectrum (Figs.
S6 and S7) and of a series of selective 1-D TOCSY spectra (Fig. 2), where
clearly separated signals were used to initiate the magnetisation
transfer, allowed the identification of two glucpyranose residues (Glc-A
and Glc-B), a rhamnopyranose residue (Rha) and a fructofuranose re-
sidue (Fru) [pyranose and furanose not stated hereafter].

These spectra also allowed the assignment of their individual proton
signals (Table 1). The HSQC spectrum allowed the assignment of the
corresponding 13C signals (Table 2). The anomeric protons' H1–H2
coupling constants in the glucose residues showed that Glc-A has H-1
equatorial (δ 5.50 d, 3.8 Hz) whereas Glc-B has it axial (δ 4.32 d,
7.8 Hz); thus Glc-A and Glc-B are α- and β-linked respectively.

Table 1
1H NMR spectroscopic data (800MHz) for montbresides A–D.

Position δ (ppm) of montbreside Multiplicitya J (Hz) of montbreside

A B C D A B C D

Fru-1a 4.220 4.209 3.649 3.634 d J 1a 1b 12.0 12.0 12.4 12.3
Fru-1b 4.286 4.331 3.737 3.732 d
Fru-3 5.635 5.588 5.680 5.642 d J 3 4 7.4 7.5 6.7 7.1
Fru-4 4.689 4.579 4.627 4.530 dd J 4 5 7.4 7.5 6.7 7.1
Fru-5 4.295 4.261 4.626 4.266 ddd J 5 6a 5.6 5.4 5.8 5.7
Fru-6a 4.412 4.354 4.424 4.344 dd J 5 6b 6.1 6.2 6.2 6.1
Fru-6b 4.493 4.452 4.468 4.429 dd J 6a 6b 11.7 11.7 11.6 11.7
Cou-2′ 6.482 5.909 6.479 5.908 d J 2 3 15.9 12.7 15.9 12.8
Cou-3′ 7.828 7.015 7.813 6.992 d
Cou-5′, 9′ 7.570 7.734 7.570 7.752 so J 5 6 8.7 8.7 8.7 8.8
Cou-6′, 8′ 6.793 6.812 6.794 6.803 so
Glc-A-1 5.503 5.473 5.511 5.478 d J 1 2 3.8 3.6 3.7 3.8
Glc-A-2 3.723 3.739 3.757 3.743 dd J 2 3 9.7 9.6 9.4 9.4
Glc-A-3 3.986 3.939 4.001 3.960 t J 3 4 9.4 9.5 9.4 9.4
Glc-A-4 4.996 4.992 5.007 4.996 dd J 4 5 10.0 10.0 10.2 10.2
Glc-A-5 4.286 4.113 4.276 4.124 ddd J 5 6a 5.2 4.5 5.0 4.5
Glc-A-6a 3.617 3.576 3.605 3.733 dd J 5 6b 2.3 2.2 2.2 2.3
Glc-A-6b 3.766 3.733 3.765 3.579 dd J 6a 6b 12.3 12.4 12.4 12.3
Cou-2″ 6.172 5.869 6.141 5.866 d J 2 3 15.9 12.7 15.9 12.8
Cou-3″ 7.598 6.910 7.590 6.909 d
Cou-5″, 9″ 7.378 7.689 7.368 7.693 so J 5 6 8.7 8.7 8.7 8.8
Cou-6″, 8″ 6.845 6.780 6.846 6.781 so
Glc-B-1 4.320 4.373 4.338 4.363 d J 1 2 7.8 7.8 7.8 7.8
Glc-B-2 3.118 3.158 3.128 3.164 dd J 2 3 9.2 9.2 9.3 9.3
Glc-B-3 3.230 3.240 3.243 3.254 t J 3 4 9.2 9.2 9.0 9.1
Glc-B-4 3.258 3.182 3.262 3.189 t J 4 5 9.2 9.2 9.2 9.7
Glc-B-5 2.895 3.037 2.940 3.037 ddd J 5 6a 4.0 5.2 4.1 5.1
Glc-B-6a 3.410 3.546 3.431 3.547 dd J 5 6b 2.5 2.7 2.6 2.8
Glc-B-6b 3.484 3.692 3.507 3.687 dd J 6a 6b 11.7 11.6 11.7 11.6
Rha-1 4.953 4.906 4.941 4.897 d J 1 2 1.8 1.9 1.8 1.9
Rha-2 5.237 5.223 5.229 5.216 dd J 2 3 3.3 3.5 3.4 3.4
Rha-3 5.034 5.031 5.036 5.032 dd J 3 4 9.9 10.0 9.9 9.9
Rha-4 3.499 3.507 3.499 3.499 t J 4 5 9.9 9.6 9.6 9.9
Rha-5 3.792 3.796 3.816 3.820 dq J 5 6 6.2 6.2 6.1 6.2
Rha-6 1.255 1.256 1.260 1.257 d
CH3 2.018 2.020 2.018 2.018 s
CH3 2.094 2.105 2.095 2.093 s
CH3 2.118 2.114 1.108 2.112 s
CH3 2.159 2.142 s

a so= second order spectrum (couplings approximate), s= singlet, d= doublet, t= triplet, q= quartet; Cou= p-coumaroyl.
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The linkages between the monosaccharide residues were deduced
from the HMBC spectrum (Fig. S13 and S18):

1. Correlation of Fru-C2 (δ 102.9) with Glc-A-H1 (δ 5.50) shows that
Glc-A-C1 is O-linked to Fru-C2 as in sucrose. Fru-C2 (δ 102.9) also
shows a correlation with Fru-H1 (δ 4.22, 4.29), supporting the

assignment of Fru-C2.
2. Correlation of Fru-C4 (δ 80.9) with Rha-H1 (δ 4.95), and of Rha-C1

(δ 99.4) with Fru-H4 (δ 4.69) showed that Rha-C1 is O-linked to Fru-
C4. The 2D NOESY and ROESY spectra showed strong correlations
between the axial protons of Rha-H3 (δ 5.03) and Rha-H5 (δ 3.79)
but no correlation of either with Rha-H1 (δ 4.95), suggesting that
Rha-H1 is equatorial and therefore Rha is α-linked to Fru [9].

3. Correlation of Glc-A-C3 (δ 82.8) with Glc-B-H1 (δ 4.32) and of Glc-
B-C1 (δ 106.1) with Glc-A-H3 (δ 3.99) showed that Glc-B-C1 is O-
linked (β) to Glc-A-C3 (i.e. as in laminaribiose). These linkages were
supported by correlations between Glc-A-H3 and Glc-B-H1 and be-
tween Rha-H1 and Fru-H4 in the 2D NOESY spectrum (Fig. S10).

The sites to which the four acetyl groups and the two coumaroyl
groups are linked were also deduced from the HMBC spectrum.
Correlations of Rha-H2 (δ 5.24), Rha-H3 (δ 5.03), Fru-H1 (δ 4.22, 4.29)
and Fru-H6 (δ 4.41, 4.49) to acetyl carbonyl signals (δ 171.8,
172.3×2, 172.7) showed that the the O-acetyl groups were linked to
Rha-C2, Rha-C3, Fru-C1 and Fru-C6. Furthermore, Fru-H3 (δ 5.64) and
Glc-A-H4 (δ 5.00) show long-range correlations to the carbonyl signals
of coumaroyl groups A (δ 167.8) and B (δ 168.5) respectively, showing
that the O-coumaroyl groups are linked to Fru-C3 and Glc-A-C4 [9].

To support the proposed structure of the oligosaccharide core of
montbreside A, we removed all acyl residues by mild alkaline hydro-
lysis, yielding an alkali-stable (thus non-reducing) tetrasaccharide plus
coumaric acid (Fig. S15). On complete acid hydrolysis, the tetra-
saccharide gave glucose and rhamnose (Fig. S16; any fructose would
have been degraded under these conditions), confirming that the
deoxysugar is rhamnose not fucose. The de-acylated tetrasaccharide
was also partially hydrolysed with mild acid, which specifically targets
furanosyl linkages. Under conditions optimised on pure sucrose (80mM
TFA, 70 °C, 0–9 h), the tetrasaccharide was gradually hydrolysed into
two disaccharides, D1 and D2 (Fig. S17). D1 co-migrated with lami-
naribiose [β-D-Glcp-(1→ 3)-D-Glc] in two TLC systems (Fig. S16), sup-
porting the NMR data. D2 had a higher RF and did not co-migrate with
any standard disaccharide available (Fig. S16). As the presence of a
fructose residue is demonstrated by the NMR results, we propose that
D2 is α-D-Rhap-(1→ 4)-D-Fru. The failure of mild acid to release Glc and
Rha as monomers confirms that the β-D-Glc and α-D-Rha residues are
pyranose.

To further explore the anomerism and enantiomerism of the tetra-
saccharide's monosaccharide residues, we digested it with ‘Driselase’, a
commercial mixture of fungal enzymes which does not hydrolyse su-
crose (Fig. 3) but which possesses β-D-glucosidase and α-L-rhamnosi-
dase activities [4]. As expected, a single glucose was released leaving a
stable trisaccharide, proposed to be rhamnopyranosyl sucrose (Fig. 3).
Since Driselase did not release rhamnose from the tetrasaccharide it
cannot be present as α-L-rhamnose. Thus, since the NMR data show its
H1 is equatorial, it must be α-D-rhamnose.

Table 2
13C NMR spectroscopic data (125MHz) for montbresides A–D.

Position δ (ppm) of montbreside

A B C D

Fru-1 64.8 66 64.8 65.0
Fru-2 102.9 104.2 106.1 105.9
Fru-3 76.7 77.8 78.0 77.8
Fru-4 80.9 82.4 82.9 82.3
Fru-5 78.5 79.7 80.0 79.9
Fru-6 64.1 65.4 65.4 65.6
Cou-1′ 167.8 167.0 167.7 166.9
Cou-2′ 114.2 115.3 114.4 115.8
Cou-3′ 148.1 146.9 147.9 146.5
Cou-4′ 126.9 127.3 126.8 127.5
Cou-5′ & 9′ 131.5 134.1 131.4 134.2
Cou-6′ & 8′ 117.2 116.1 117.1 116.1
Cou-7′ 161.6 160.3 161.5 160.3
Glc-A-1 93.0 93.2 92.7 92.9
Glc-A-2 72.3 72.5 72.6 73.0
Glc-A-3 82.8 82.0 83.1 83.2
Glc-A-4 70.8 69.9 70.6 69.9
Glc-A-5 72.5 72.4 72.4 72.4
Glc-A-6 62.0 61.8 61.8 61.8
Cou-1′′ 168.5 167.3 168.6 167.3
Cou-2′′ 114.8 116.6 114.7 116.7
Cou-3′′ 147.2 145.6 147.3 145.5
Cou-4′′ 126.9 127.4 126.9 127.5
Cou-5′′ & 9′′ 131.3 133.8 131.4 133.9
Cou-6′′ & 8′′ 117.0 115.9 117.0 115.9
Cou-7′′ 161.2 160.0 161.2 160.2
Glc-B-1 106.1 105.4 106.0 105.5
Glc-B-2 75.8 75.7 75.8 75.8
Glc-B-3 77.4 77.6 77.3 77.7
Glc-B-4 70.5 71.4 70.6 71.4
Glc-B-5 77.3 77.5 77.3 77.6
Glc-B-6 61.8 62.8 61.8 62.8
Rha-1 99.4 99.5 99.3 99.5
Rha-2 70.9 71.0 71.0 71.1
Rha-3 72.7 72.8 72.7 72.8
Rha-4 71.0 71.1 71.0 71.2
Rha-5 70.8 70.8 70.8 70.9
Rha-6 18.0 18.0 18.1 18.0
C=O 171.8 171.8 171.9 171.8
C=O 172.3 172.3 172.4 172.2
C=O 172.3 172.3 – –
C=O 172.7 172.7 172.8 172.7
CH3 20.7 20.7 20.7 20.7
CH3 20.8 20.8 20.8 20.8
CH3 20.8 20.8 20.9 20.8
CH3 20.9 20.9 – –

Table 3
Cytotoxicity of montbretia flower extract and four purified montbresides on six human cancer cell-lines.

Sample IC50a (μg/ml ± SD; n=3) of sample on cell-line

MCF-7 HCT-116 HepG-2 HeLa A-549 WI-38

Crude ethanolic extract 45.0 ± 9.3 37.8 ± 26.9 46.9 ± 42.7 41.2 ± 3.6 39.1 ± 15.3 > 50
Butanol-partitioning sub-fraction 22.8 ± 1.7 12.5 ± 0.5 11.5 ± 0.4 18.3 ± 3.9 9.6 ± 1.7 38.6 ± 4.6
Montbreside A >50 >50 >50 >50 >50 >50
Montbreside B > 50 >50 >50 >50 >50 >50
Montbreside C >50 >50 >50 >50 >50 >50
Montbreside D >50 >50 >50 >50 >50 >50
Vinblastine sulphate (control) 5.44 ± 0.57 2.58 ± 0.43 3.48 ± 0.22 6.54 ± 0.39 3.58 ± 0.48 8.58 ± 0.58

a Concentration giving 50% loss of viability.

S. Perveen, et al. Fitoterapia 139 (2019) 104377

4



3.3. Structure of montbreside B

Montbreside B (C50H62O28) was structurally elucidated as for A and
by comparison of its 1D and 2D NMR spectra with those of A. The only
difference between B and A is that the double bonds of the two cou-
maroyl groups in B have the cis configuration (J2′-3′= J2″-3″=12.7 Hz)
(Table 1). Thus, montbreside B ia 3-O-β-D-glucopyranosyl-3′,4-di-O-cis-
p-coumaroyl-4´-O-(2,3-di-O-acetyl-α-D-rhamnopyranosyl)-1′,6′-di-O-

acetylsucrose.

3.4. Structure of montbreside C

Montbreside C (C48H60O27) was treated similarly and the 1D and 2D
NMR spectra were compared with those of B and D. The 1H and 13C
spectra of C show the presence of only three acetyl groups (δ 171.9,
172.4 & 172.8) and that the coumaroyl groups are trans (J2′-3′=J2″-

Fig. 2. Region 2.8–5.8 ppm of 800-MHz proton NMR spectrum (lowest trace) of montbreside A and 1D TOCSY spectra showing the separate monosaccharide
residues. For the spectra shown, a mixing time of 160ms was used and magnetization transfer was initiated at H-4 for fructose, glucose A and rhamnose and at H-2 for
glucose B.

Fig. 3. Driselase digestion of the tetrasaccharide from montbreside A. Driselase (10mg/ml) was incubated with the tetrasaccharide at 25 °C for 0–99 h. Sucrose was
incubated similarly as a control. TLC solvents: EPAW, ethyl acetate/pyridine/HOAc/H2O 6:3:1:1 (3 ascents); BAW, butan-1-ol/acetic acid/H2O, 4:1:1 (2 ascents).
Lam2, laminaribiose; Rha-Sucr, new trisaccharide product. Mannose (Man) is a trace autolysis product of Driselase.
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3″=15.9 Hz) (Tables 1, 2). The only difference between A and C is that
Fru-1 of C bears a hydroxyl group that is not acetylated. Selective 1D-
TOCSY experiments allowed the unambiguous assignment of the signals
from the protons attached to C6 of the two glucose residues. Thus,
montbreside C is 3-O-β-D-glucopyranosyl-3′,4-di-O-trans-p-coumaroyl-
4´-O-(2,3-di-O-acetyl-α-D-rhamnopyranosyl)-6´-O-acetylsucrose.

3.5. Structure of montbreside D

Montbreside D (C48H60O27) was structurally elucidated as for A and
by comparison of its 1D and 2D NMR spectra with those of B. The
proton spectrum of D shows the presence of only three acetyl groups
and that the double bonds of the two coumaroyl groups in 4 have the cis
configuration (J2′-3′= J2″-3″=12.8 Hz. The only difference between C
and D is that the two coumaroyl groups in D are cis. The HMBC spec-
trum showed correlations of only Rha-H2 (δ 5.22), Rha-H3 (δ 5.03), and
Fru-H6 (δ 4.34, 4.43) to acetyl carbonyl signals (δ 171.8, 172.2, 172.7)
(Tables 1, 2). Thus, montbreside D is 3-O-β-D-glucopyranosyl-3′,4-di-O-
cis-p-coumaroyl-4´-O-(2,3-di-O-acetyl-α-D-rhamnopyranosyl)-6´-O-acet-
ylsucrose.

For all the montbresides A–D, the signals for Fru-H3, Fru-H5, Fru-
H6 and Glc-A-H4 are shifted (δ ~0.5–1.5 ppm) to high frequency than
the corresponding signals in sucrose, and the signals for Rha-H2 and
Rha-3 are shifted (δ ~1.3 ppm) to high frequency than the corre-
sponding signals in rhamnose. The proton signals for Fru-H1 in A and B
lie to high frequency (δ ~0.5 ppm) of those in C and D and the corre-
sponding signals in sucrose. These shifts are consistent with esterifica-
tion of the hydroxyl groups of sugar moieties.

3.6. Biological activities

Unlike the crude ethanolic extract and the total butanol-partitioning
sub-fraction, purified montbresides lacked cytotoxicity against cancer
cell-lines (Table 3). However, purified montbresides did exhibit anti-
microbial effects on some or all of the bacteria tested (Table 4). S.
aureus (Gram +ve) was particularly susceptible to all montbresides
(MIC ≈ 6 μg/ml). Montbresides A and B inhibited E. fergusonii (Gram
–ve; MIC ≈ 18 μg/ml) and montbresides C and D inhibited B. licheni-
formis (Gram+ve; MIC≈ 11 μg/ml). None of the montbresides showed
antimicrobial activities against E. xiangfangensis and P. aeruginosa (both
Gram –ve).

3.7. Taxonomic significance

Montbresides are esters of a new sucrose-based tetrasaccharide.
Sucrose is a major primary metabolite in plants, and therefore readily
available as a foundation for the biosynthesis of glycoconjugates.
Nevertheless, sucrose-based secondary metabolites such as those re-
ported are relatively rare; examples include coumaroylated sucrose
derivatives [10]. Another highly unusual feature of montbresides is that
the rhamnose residue is the D- rather than the common L-enantiomer.
The latter is ubiquitous in plants as a component of pectic rhamnoga-
lacturonans [11], and also occurs in a sucrose-based secondary meta-
bolite, 3-O-(α-L-rhamnopyranosyl-(1→ 4)-α-L-rhamnopyranosyl)-4,3′-

di-O-trans-p-coumaroylsucrose [12]. D-Rhamnose residues are well
known in bacterial polysaccharides [13], but in plants they appear to be
confined to a small number of secondary metabolites, albeit widely
spread taxonomically. For example, α-D-Rha occurs in saponins of onion
(monocot, Asparagales) [14] and Akebia (dicot, Ranunculales) [15] and
an oleanane triterpenoid from Hibiscus (dicot, Malvales) [16], and β-D-
Rha in arylnaphthalene lignans from Acanthus (dicot, Lamiales) [17].
Our report of α-D-Rha in a secondary metabolite is from Crocosmia
(monocot, Asparagales), confirming the taxonomic breadth of its oc-
currence.

4. Conclusions

Four new phenolic glyco-conjugates, montbresides A–D, were iso-
lated from montbretia flowers and structurally identified by MS, 1D and
2D NMR spectroscopy, and TLC. The montbresides are of exceptional
structural complexity, and their occurrence is taxonomically unique.
Unlike crude montbretia flower extracts, purified montbresides lacked
cytotoxicity against all tested cancer cell-lines. Thus, the crude extracts
can be re-examined for anti-cancer compounds. Purified montbresides
did exhibit antimicrobial activities against certain bacterial species.
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