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ABSTRACT

Crocosmia x crocosmiiflorgmontbretia) flowers yielded four esters (monthites A-D) of a
new sucrose-based tetrasaccharid®;[3-D-glucopyranosyl-4®-a-b-rhamnopyranosyl-sucrose
[B-D-Glc-(1- 3)-a-D-Glc-(1- 2)-B-D-Fru-(4 1)-a-D-Rha]. All four posses®-p-coumaroyl
residues on C-3 of fructose and C-deflucose, plu®-acetyl residues on C-2 and C-3 of
rhamnose and C-6 of fructose. Montbresides A aadeBadditionallyO-acetylated on C-1 of
fructose. The-coumaroyls arérans-in montbresides A and C ants- in B and D. Elemental
compositions were determined from MS data, anctstras from 1D and 2D NMR spectra.
Monosaccharide residues were identified from seledD TOCSY spectra and TLC, and
acylation sites from 2D HMBC spectra. Enantiomeesendistinguished by enzymic digestion.
Montbretia flower extracts were cytotoxic agairigstteiman cancerous cell-lines, but purified
montbresides lacked cytotoxicity. Each montbresidplayed antibacterial activity against
Staphylococcus aureminimal inhibitory concentration ~6 pg/mNlontbretia is a potential

source of new cytotoxins and antibacterial agents.
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1. Introduction

Crocosmia x crocosmiiflordLemoine) N.E. Br. (montbretia; family Iridaceaeder
Asparagales; a monocotyledon) is a popular gartent pith striking orange flowers in late
summer, and is used as an antitumour agent in dapdalk medicine. Hot-water extracts of its
corms show antitumour activity, the active prineipking a mixture of saponins [1]. Montbretia
extracts also have antioxidant activity [2]. Sapsrand flavonoid glycosides are major
secondary metabolites of this plant [3]. In thespré work, we found that butanolic extracts of
montbretia flowers are cytotoxic against six hurnancer cell-lines. These extracts contained
three known secondary metabolites and four newqdhsagar conjugates, characterised here

chemically (Fig. 1) and in terms of their cytotosicd antibacterial properties.

OH

Montbreside A, R = Ac
Montbreside C, R = H

HO

Fig. 1. Montbresides A and C. Montbresides B and D aeatidal to these but the coumarate residues dreiris-

configuration.



2. Experimental
2.1. General experimental procedures

Proton 1D NMR spectra, selective 1D proton TOC&Y proton ROESY experiments
were recorded at 800 MHz on a Bruker AVANCE llitingnent. Carbon-13 1D NMR spectra,
proton 2D-COSY spectra, a proton NOESY spectrumlahdnd carbon—proton chemical shift
correlation (HSQC) spectra were recorded on a BrAkéX-500 instrument (125 MHz fol*C).
Multiple bond carbon—proton chemical shift correlat(HMBC) spectra were recorded for
montbresides A—C on a Bruker AMX-500 instrument &rdnontbreside D on a Bruker AV-
700 instrument (175 MHz fdfC). Proton spectra were referenced to the residDaHOD
signal at 3.33 ppm. Carbon spectra were referetmc&D:OD at 49.0 ppm. Chemical shifts are
given in ppm §) relative to tetramethylsilane, and scalar cogptinonstantsJ) are given in Hz.
For montbresides A and C, selective 1D TOCSY expents were carried out in which the
mixing times were successively increased from 2060 ms for each of the resonances chosen

for initiating the magnetisation transfer.

Exact mass measurements were made on a BrukaOm@F II’ instrument with ES

ionization, in positive ion mode.

Montbresides were alkali-hydrolysed in NaOH (roatyn8 mM) at 25°C for 18 h, then
acidified with HOAc and analysed by TLC. Mild anodnaplete acid hydrolysis of the
tetrasaccharide were performed in 80 mM trifluosgacacid (TFA) at 70°C (routinely 9 h), and
2 M TFA at 120°C (1 h) respectively. TFA was remdve a ‘SpeedVac’ at 25°C, and products
were analysed by TLC. Enzymic digestion of theasdiccharide was performed with a 1% (w/v)
solution of Driselase (Sigma—Aldrich; purified ag[4]) in pyridine/HOAc/HO (1:1:98,
containing 0.5% chlorobutanol) at 25°C for 0—-99gnpducts were analysed by TLC on Merck
silica-gel plates in butan-1-ol/acetic acid/wat&d (1) or ethyl acetate/pyridine/acetic acid/water
(6:3:1:1) with 1-3 ascents. Staining was with i@dapour or thymol/b8Q; [5].

2.2. Plant material

Montbretia Crocosmia x crocosmiiflorgdLemoine) N.E. Br. (monocot: Asparagales:

Iridaceae)] flowers (500 g) were collected fromdgars in Edinburgh, in July 2017, and



identified by SCF. Voucher specimen: Royal BotaBarden Edinburgh, herbarium barcode
E00873192.

2.3. Extraction and isolation

Montbretia flowers (collected in July 2017) weredried (40 g dry weight), powdered,
stored dry at room temperature in the dark, andgbated with 2 x 1.5 | of 80% (v/v) ethanol at
25°C in the dark (August 2017). The extract wasceotratedn vacuoto a residue (15 g), which
was stored dry at room temperature in the dark sispended in water (150 ml; September
2017) and partitioned against first chloroform (B.then butan-1-ol (2.5 I). The butanol fraction
was dried (8 g), redissolved in 25 ml water andspdghrough Sephadex LH-20 (3x70 cm) with
a 0- 100% methanol gradient (4 | total) to afford fivadtions (A—E; September 2017), which
were monitored by TLC on silica-gel and RP-k8fEMerck, Darmstadt, Germany) in
methanol/water/acetic acid (10:10:1; detection wader 254-nm UV and by spraying with
Ce(SQ): followed by heating at 150°C which blackened thédpots. The fractions were stored
as solutions at 5°C in the dark. The chloroform agdeous fractions and the butanolic fractions
A and B, which between them are expected to comaist of the quantitatively major
phytochemicals such as sucrose, glucose, fruotdsa&te, malate, glutamate etc., did not show

up under UV and were not characterised further.

Fraction C (1 g), which eluted from Sephadex LH¥2Q0% methanol, was further
resolved by silica-gel (Merck) column chromatogngfh x 100 cm) with CHGImethanol (9:1
- 6:4, vlv; total 1 1) and fractions were monitotedTLC (CHCk/methanol, 3:1) to afford two
major sub-fractions C1 and C2 (October 2017), winehe then stored as solutions at 5°C in the
dark. Sub-fraction C1 (150 mg) was re-run (Noveni¥7) on the same silica-gel column with
CHCls/methanol (8:2, v/v) to afford montbresides C (1§)mnd D (16 mg). Sub-fraction C2
(250 mg) was also re-run (December 2017) on theesalina gel column, eluting with
CHCls/methanol (9:1- 7:3, v/v) to yield montbresides A (15 mg) and B (hg). Fraction D
(0.5 g), which eluted in 30% methanol, was re-mdadember 2017) on the silica gel column in
CHCls/methanol (4:1, v/v), yielding cinnamic acid glugbsster(5; 28 mg). Fraction E (500
mg), which eluted in 40% methanol, was sub-fractted by HPLC (on ODS gel (Inertsil ODS-



3, GL-science, 10 x 250 mm) in 50% methanol atil/@nin; January 2018), to affotdansp-
coumaric acidg; 18 mg) andrans-cinnamic acid {; 25 mg).

2.4. Spectroscopic data of compounds
Selected NMR and mass spectra of montbresidesakeln the supplementary data.

Montbreside A: White amorphous powdei}-D +37 (c 0.0010, methanofid NMR
(800 MHz, methanotk) data, see Table 33C NMR (125 MHz, methanatk) data, see Table 2;
HRESIMSm/z1133.3297 [M.Nd](calcd for GoHs:2026.Na, 1133.33198).

Montbreside B: White amorphous powderj2D +48 (c 0.0015, methanol); NMR as
above; HRESIMSn/z1133.3299 [M.Nd](calcd for GoHs202s.Na, 1133.33198).

Montbreside C: White amorphous powdei>§D +44 (c 0.0012, methanol); NMR as
above; HRESIMSn/z1091.3209 [M.Na](calcd for GsHeoO27.Na, 1091.3214).

Montbreside D: White amorphous powdex}2fD +52 (c 0.0012, methanol); NMR as
above; HRESIMSn/z1091.3210 [M.Na](calcd for GsHeoO27.Na, 1091.3214).

Table 1
'H NMR spectroscopic data (800 MHz) for montbreside®.

Position & (ppm) of montbreside multiplicity* J (Hz) of montbreside
A B C D A B C D

Fru-le 4.22( 4.20¢ 3.64¢ 3.63¢ d Jlalt 12.C 12.C 124 12:
Fru-1k 4.28¢ 4.331 3.737 3.73: d

Fru-3 5.63t 5.58¢ 5.68( 5.64: d J34 7.4 7.5 6.7 7.1
Fru-4 4.68¢ 4.57¢ 4.627 4.53( dd J4aE 7.4 7.5 6.7 7.1
Fru-5 429t 4.261 4.62¢ 4.26¢ ddc J5 6¢ 5.€ 5.4 5.8 5.7
Fru-6¢ 4.41: 4.35¢ 4.42¢ 4.34¢ dd J5 6t 6.1 6.2 6.2 6.1
Fru-6k 4.49: 4.457 4.46¢ 4.42¢ dd Jéa6t 117 117 11.€ 11.7
Cou-2' 6.482 5.90¢ 6.47¢ 5.90¢ d J23 15.¢ 12.7 15.¢ 12
Cou-3' 7.82¢ 7.01f 7.81¢ 6.99: d

Cou-5', 9 7.57C 7.73¢ 7.57(C 7.75Z sc J5€ 8.7 8.7 8.7 8.8
Cou-6', 8 6.79: 6.81: 6.79¢ 6.80: sc

Glc-A-1 5.50: 5.47: 5,511 5.47¢ d J12 3.8 3.€ 3.7 3.8
Glc-A-2 3.72: 3.73¢ 3.757 3.74: dd J23 9.7 9.€ 9.4 9.4
Glc-A-3 3.98¢ 3.93¢ 4.001 3.96( t J34 9.4 9.t 9.4 9.4
Glc-A-4 4.99¢ 4.99: 5.007 4.99¢ dd J4aE 10.Cc 10.Cc 10z 10.2
Glc-A-5 4.28¢ 4.11: 4.27¢ 4.12¢ ddc J5 6¢ 5.2 4.5 5.C 4.t
Glc-A-6¢ 3.617 3.57¢ 3.60f 3.73: dd J5 6t 2.3 2.2 2.2 3
Glc-A-6h 3.76€ 3.73: 3.76%F 3.57¢ dd Jéa6l 122 124 124 12.:




Cou-2" 6.172 5.86¢ 6.141 5.86¢ d J23 15.¢ 127 15¢ 12¢

Cou-3" 7.59¢ 6.91C 7.59(C 6.90¢ d
Cou-5",9" 7.37¢ 7.68¢ 7.36¢ 7.69:¢ SC J5¢€ 8.7 8.7 8.7 8.8
Cou-6",8" 6.84t 6.78( 6.84¢ 6.781 SC
Glc-B-1 4.32( 4.37¢ 4.33t 4.36: d J12 7.8 7.8 7.8 7.8
Glc-B-2 3.11¢ 3.15¢ 3.12¢ 3.16¢ dd J23 9.2 9.2 .2 .2
Glc-B-3 3.23( 3.24( 3.24: 3.25¢ t J34 9.2 9.2 9.C 9.1
Glc-B-4 3.25¢ 3.182 3.26: 3.18¢ t J4ct 9.2 9.2 9.2 9.7
Glc-B-5 2.89t 3.037 2.94( 3.03i ddc J5 6¢ 4.C 5.2 4.1 5.1
Glc-B-6¢ 3.41( 3.54€ 3.431 3.54i dd J5 6k 2.5 2.7 2.€ 2.8
Glc-B-6b 3.48¢ 3.69: 3.507 3.68i dd Jea6l 117 11.€ 117 11.
Rhe-1 4.95: 4.90¢ 4.941 4.89i d J12 1.8 1.8 1.6 1.6
Rhe-2 5.237 5.22¢ 5.22¢ 5.21¢ dd J23 3.3 3.5 3.4 3.4
Rhe-3 5.03¢ 5.031 5.03¢ 5.03: dd J34 9.¢ 10.( 9.6 9.6
Rhe-4 3.49¢ 3.507 3.49¢ 3.49¢ t J4ct 9.¢ 9.€ 9.€ 9.¢
Rhe-5 3.79: 3.79¢ 3.81¢ 3.82( dg J5¢€ 6.2 6.2 6.1 6.2
Rhe-6 1.25¢ 1.25¢ 1.26( 1.257 d
CHs 2.01¢ 2.02C 2.01¢ 2.01¢ S
CHs 2.09¢ 2.10f 2.09t 2.09: S
CHs 2.11¢ 2.11¢ 1.10¢ 2.117 S
CHs 2.15¢ 2.14: S

*s0 = second order spectrum (couplings approximate), s = singlet, d = doublet, t = triplet, g = quartet; Cou = p-coumaroyl.

Table 2
13C NMR spectroscopic data (125 MHz) for montbresitieb.
Position & (ppm) of montbreside
A B C D
Fru-1 64.¢ 6€ 64.¢ 65.C
Fru-2 102.¢ 104.z 106.1 105.¢
Fru-3 76.7 77.€ 78.C 77.€
Fru-4 80.¢ 82.4 82.¢ 82.:
Fru-5 78.5 79.7 80.C 79.€
Fru-6 64.1 65.4 65.4 65.€
Co.-1' 167.8 167.0 167.7 166.9
Co.-2' 114.2 1153 114.4 115.8
CoL-3 148.1 1469 147.9 146.5
Co.-4' 126.9 127.3 126.8 127.5

Co5 &9 1315 1341 131.4 134.2
CoL-6' & 8’ 117.2 116.1 117.1 116.1

Co.-7' 161.6 160.3 161.5 160.3
Glc-A-1 93.C 93.2 92.7 92.¢
Glc-A-2 72.5 72.5 72.€ 73.C
Glc-A-3 82.¢ 82.C 83.1 83.2
Glc-A-4 70.€ 69.¢ 70.€ 69.¢
Glc-A-5 72.5 72.4 72.4 72.4
Glc-A-6 62.C 61.¢ 61.¢ 61.¢
Cor-1" 168.5 167.3 168.6 167.3
Co.-2" 114.8 116.6 114.7 116.7
Co.-3" 1472 1456 147.3 1455

Cor-4" 126.9 1274 1269 127.5



Couw5'&9" 131.3 133.8 1314 133.9
Cow-6'&8" 1170 1159 1170 1159

Co.-7" 1612 1600 1612 160.2
Glc-B-1 106.1 1054 106.0 105.5
Glc-B-2 75.8 75.7 75.8 75.8
Glc-B-3 774 77.6 77.3 77.7
Glc-B-4 70.5 714 70.6 71.4
Glc-B-5 77.3 775 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 71.0 711 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=0 1718 1718 1719 1718
C=0 1723 1723 1724 1722
C=0 1723 1723 - -
C=0 1727 1727 1728 1727
CH; 20.7 20.7 20.7 20.7
CHs 20.8 20.8 20.8 20.8
CHs 20.8 20.8 20.9 20.8
CHs 20.9 20.9 - -

2.5. Cytotoxicity assay

MCF-7 cells (human breast cancer cell line), HQOB-{colon carcinoma), HepG-2 cells
(human hepatocellular carcinoma), HelLa (cervoeaitinoma), A-549 (lungarcinoma) and WI-
38 (human lung fibroblast normal cells) were okedifrom Vacsera (Giza, Egypt). The cells
were cultured in Dulbecco’s modified Eagle’s mediwith 10% heat-inactivated foetal bovine
serum, HEPES buffer (0.1 M, pH 7.0), 1%glutamine and 50 pg/ml gentamycin. The cells were
kept at 35°C under humidified condition with 5% £4hd were sub-cultured twice a week.
Montbresides (up to 50 pg/ml) were evaluated fdotoxicity against these six cell-lines by the

MTT method (reduction of a tetrazolium dye [6]).

2.6. Antibacterial assay

Antibacterial activities were assayed by the meshaf [7]. Pathogenic bacteria,
including Gram-negative$’seudomonas aeruginofdR-117678.1)Escherichia fergusonii
(CU928158.2)Enterobacter xiangfangensi€P017183.1)] and Gram-positiveBgcillus
licheniformis(KX785171.1) Staphylococcus aure€P011526.1)] were suspended for 24 h in
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nutrient broth. After spreading on Muller—Hintoreaglates, wells were filled with 10 pl of
various concentrations of each sample (up to 2Bh)gAmikacin was the positive control. The
diameters of clear (inhibited) zones were measurkd.experiment was conducted three times;

the mean value of minimal inhibitory concentrat{dhC [8]) is reported.

3. Results and discussion
3.1. Source of four new glycol-conjugates

The crude ethanolic extract of montbretia flonstewed moderate cytotoxicity on five
of six tested human cancer cell lines; a butanditpming sub-fraction showed enhanced
cytotoxicity on all six lines (Table 3). We therefaexamined the butanol sub-fraction for
secondary metabolites. HPLC revealed at least 7ab&6rbing phytochemicals (Fig. S1): four
new compounds [montbresides A-D] and three knownpounds f-coumaric acidfrans
cinnamic acid antrans-cinnamoylp-glucosyl ester). The four montbresides were isoldty
open-column chromatography and their elemental ositipns determined by ESI-MS (Fig.
S2). As described below their structures were dateid from their 1D and 2D NMR spectra
(Figs. S3—-S14) and by TLC of their hydrolysis praduFig. 3 and Figs. S15-S17).

3.2. Structure of montbreside A

Montbreside A (GHs2028) was shown to be @--D-glucopyranosyl-3°,4-dd-trans-p-
coumaroyl-4"©-(2,3-di-O-acetyla-d-rhamnopyranosyl)-1”,6"-dbD-acetylsucrose as follows. Its
14 (Table 1) and®C (Table 2) spectra showed the presence ottares-coumaroyl groupsk: -z
= J>.3- = 15.9 Hz) and four acetyl groups. The signalsesponding to the two coumaroyl
groups were distinguished and assigned from thel3RQC (proton—carbon one-bond
correlation) spectrum (Fig. S12) and the 2D HMB&@{pn—carbon multiple bond correlation)
spectrum (Figs. S13 and S18). The carbonyl ssgofthe acetyl groups (L71.8, 172.3%2,
172.7) were identified by theld correlations to the methyl proton signai2(02, 2.09, 2.12,
2.16). In addition to the signals from these gsyupe 1D single-pulse and DEP’C spectra
show one methyl group, four oxygen-bearing.Qirbups, eighteen oxygen-bearing CH groups,

and an oxygen-bearing quaternary carbon. This stigg¢he presence of a tetrasaccharide



composed of four hexoses. The position of the yelbublet protons suggested the presence of
either a rhamnose or a fucose residue and thdgositthe quaternary carbon suggested the
presence of a ketose, possibly fructose. Althatg00 MHz the proton spectrum shows some
signal overlap in thé 3.0—6.0 ppm region, careful analysis of the COg&csum (Figs S6 and
S7) and of a series of selective 1-D TOCSY spd€ig 2), where clearly separated signals
were used to initiate the magnetisation transte@wad the identification of two glucpyranose
residues (Glc-A and Glc-B), a rhamnopyranose res{ina) and a fructofuranose residue (Fru)

[pyranose and furanose not stated hereafter].

These spectra also allowed the assignment of itidiridual proton signals (Table 1).
The HSQC spectrum allowed the assignment of theesponding>C signals (Table 2). The
anomeric protons’ H1-H2 coupling constants in theegse residues showed that Glc-A has H-1
equatorial § 5.50 d, 3.8 Hz) whereas Glc-B has it axta#l(32 d, 7.8 Hz); thus Glc-A and Glc-B

area- andp-linked respectively.

H-6b H-6a H-3

Fructose

H3 %5
H-S Heb jj H6a
Ghm?s SA Ty " ot ._h i~ W e
i . &

H-1 H-2

H4| |H-3
H-5
H-6b H-6a |
GhucoseB __n,ﬁ I g
s - f bt T

H1
Rhamnose L l
— s Sy T
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- oy ok L
el s e i
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4.5 4.0 35

30 [ppm]

o
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T T T T T T
55 5.0

Fig. 2. Region 2.8-5.8 ppm of 800-MHz proton NMR spectilowest trace) of montbreside A and 1D TOCSY
spectra showing the separate monosaccharide resiBoethe spectra shown, a mixing time of 160 nas w
used and magnetization transfer was initiated dtfdr fructose, glucose A and rhamnose and at Hr2 f
glucose B.



The linkages between the monosaccharide residuesdeeuced from the HMBC
spectrum (Fig. S13 and S18):

1. Correlation of Fru-C2(102.9) with Glc-A-H1 § 5.50) shows that Glc-A-C1 3-
linked to Fru-C2 as in sucrose. Fru-G2L02.9) also shows a correlation with Fru-"d4(22,

4.29), supporting the assignment of Fru-C2.

2. Correlation of Fru-C45(80.9) with Rha-H1d 4.95), and of Rha-C1» 99.4) with Fru-
H4 (6 4.69) showed that Rha-C1@slinked to Fru-C4. The 2D NOESY and ROESY spectra
showed strong correlations between the axial ppotfiRha-H3§ 5.03) and Rha-H(3.79)
but no correlation of either with Rha-Ha 4.95), suggesting that Rha-H1 is equatorial and
therefore Rha is-linked to Fru [9].

3. Correlation of Glc-A-C3%82.8) with Glc-B-H1 § 4.32) and of Glc-B-C15(106.1)
with Glc-A-H3 (6 3.99) showed that Glc-B-C1 @&-linked (3) to Glc-A-C3 (i.e. as in
laminaribiose). These linkages were supported Iosetaiions between Glc-A-H3 and Glc-B-H1
and between Rha-H1 and Fru-H4 in the 2D NOESY spec(Fig. S10).

The sites to which the four acetyl groups andweecoumaroyl groups are linked were
also deduced from the HMBC spectrum. CorrelatidiRh@a-H2 ¢ 5.24), Rha-H3g 5.03), Fru-
H1 (6 4.22, 4.29) and Fru-H® @.41, 4.49) to acetyl carbonyl signaisl(r1.8, 172.3x2, 172.7)
showed that the th®@-acetyl groups were linked to Rha-C2, Rha-C3, Fiua@d Fru-C6.
Furthermore, Fru-H35(5.64) and Glc-A-H4{ 5.00) show long-range correlations to the
carbonyl signals of coumaroyl groups #167.8) and BJ 168.5) respectively, showing that the
O-coumaroyl groups are linked to Fru-C3 and Glc-A{@}§4

To support the proposed structure of the oligosadde core of montbreside A, we
removed all acyl residues by mild alkaline hydradyyielding an alkali-stable (thus non-
reducing) tetrasaccharide plus coumaric acid (&lh). On complete acid hydrolysis, the
tetrasaccharide gave glucose and rhamnose (Fig.a88%6ructose would have been degraded
under these conditions), confirming that the deoxgys is rhamnose not fucose. The de-
acylated tetrasaccharide was also partially hycedywith mild acid, which specifically
targets furanosyl linkages. Under conditions opedi on pure sucrose (80 mM TFA, 70°C,
0-9 h), the tetrasaccharide was gradually hydralys® two disaccharide§1 andD2 (Fig.
S17).D1 co-migrated with laminaribios{D-Glcp-(1 - 3)-D-Glc] in two TLC systems (Fig.

10



S16), supporting the NMR datB2 had a higheRr and did not co-migrate with any standard
disaccharide available (Fig. S16). As the presefi@efructose residue is demonstrated by the

NMR results, we propose thBe is a-D-Rhg-(1 - 4)-D-Fru. The failure of mild acid to
release Glc and Rha as monomers confirms thgt-th«Ic anda-D-Rha residues are
pyranose.

To further explore the anomerism and enantiomensthe tetrasaccharide’s
monosaccharide residues, we digested it with ‘Daiss, a commercial mixture of fungal
enzymes which does not hydrolyse sucrose (FiguBihich possessgsD-glucosidase and
a-L-rhamnosidase activities [4\s expected, a single glucose was released leavsigble
trisaccharide, proposed to be rhamnopyranosyl secfBig. 3). Since Driselase did not

release rhamnose from the tetrasaccharide it cdyenptesent ag-L-rhamnose. Thus, since

the NMR data show its H1 is equatorial, it musbbe-rhamnose.

EPAW BAW
Rha e A————  Rha
X - L
Fuc
Rha 48 B Rha
Fude ™ rgan i
u -~ o |
- Xyl . .
Glc _—I Gle . =—Fuc
----------------- Man
.— Gal FG’J% _‘E’I?:
—
Sucr S Lam2 _—Gal
Rha Sucr H— ——_am?2

Sucr

Tetra-
Tetra- sacch
ssacch———————— =

— . o e (e e S G ) e G She @ e s e

Mar- 0 2 9 32 9 0 2 4 6 9 12 32 99 Enz Mar- 0 2 9 32 9 0 2 4 6 9 12 32 99 Enz
kers  hours” digestion of sucrose hours’ digestion of tetrasaccharide only  Markers kers  hours” digestion of sucrose hours' digestion of tetrasaccharide only  Markers

Fig. 3. Driselase digestion of the tetrasaccharide froonthreside A. Driselase (10 mg/ml) was incubateith trie
tetrasaccharide at 25°C for 0-99 h. Sucrose wathated similarly as a control. TLC solvents: EPAathy!
acetate/pyridine/HOACc/HD 6:3:1:1 (3 ascents); BAW, butan-1-ol/acetic a&did, 4:1:1 (2 ascents). Lam2,
laminaribiose; Rha-Sucr, new trisaccharide proddetanose (Man) is a trace autolysis product of &aise.
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3.3. Structure of montbreside B

Montbreside B (6Hes2028) was structurally elucidated as for A and by corgmm of its
1D and 2D NMR spectra with those of A. The onlyfeliénce between B and A is that the
double bonds of the two coumaroyl groups in B hidnexis configuration 2.3 = Jorzr= 12.7
Hz) (Table 1). Thus, montbreside B i@8B-D-glucopyranosyl-3”,4-dd-cis-p-coumaroyl-4"-
0O-(2,3-di-O-acetyla-bD-rhamnopyranosyl)-1",6”-db-acetylsucrose.

3.4. Structure of montbreside C

Montbreside C (&@Hes0027) was treated similarly and the 1D and 2D NMR speatere
compared with those of B and D. Thé and*3C spectra of C show the presence of only three
acetyl groupsq171.9, 172.4 & 172.8) and that the coumaroy! gsoae transk.z =J3 =
15.9 Hz) (Tables 1, 2). The only difference betwAeand C is that Fru-1 of C bears a hydroxyl
group that is not acetylated. Selective 1D-TOCSeziments allowed the unambiguous
assignment of the signals from the protons attatbé&cb of the two glucose residues. Thus,
montbreside C is 8-3-D-glucopyranosyl-3",4-d®-trans-p-coumaroyl-4°©-(2,3-di-O-acetyl-

a-D-rhamnopyranosyl)-60G-acetylsucrose.

3.5. Structure of montbreside D

Montbreside D (GsHs0027) was structurally elucidated as for A and by corgum of its
1D and 2D NMR spectra with those of B. The protpactrum of D shows the presence of
only three acetyl groups and that the double baridse two coumaroyl groups #hhave the
cis configuration {>.3 = J>:3= 12.8 Hz. The only difference between C and hét the two
coumaroyl groups in D am@s. The HMBC spectrum showed correlations of only fRt2a(s
5.22), Rha-H3d5.03), and Fru-H65(4.34, 4.43) to acetyl carbonyl signaisl(/1.8, 172.2,
172.7) (Tables 1, 2). Thus, montbreside D 3-8-D-glucopyranosyl-3”,4-d®-cis-p-

coumaroyl-4"©-(2,3-di-O-acetyla-bD-rhamnopyranosyl)-60G-acetylsucrose.

For all the montbresides A-D, the signals for Ai-Fru-H5, Fru-H6 and Glc-A-H4
are shiftedd ~0.5-1.5 ppm) to high frequency than the corredpansignals in sucrose, and
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the signals for Rha-H2 and Rha-3 are shifieeX.3 ppm) to high frequency than the
corresponding signals in rhamnose. The proton EdoaFru-H1 in A and Bie to high
frequency § ~0.5 ppm) of those in C anddhd the corresponding signals in sucrose. These

shifts are consistent with esterification of theltoxyl groups of sugar moieties.

3.6. Biological activities

Unlike the crude ethanolic extract and the totabhol-partitioning sub-fraction, purified
montbresides lacked cytotoxicity against cancdrloeds (Table 3). However, purified
montbresides did exhibit antimicrobial effects om or all of the bacteria tested (TableSt).
aureus(Gram +ve) was patrticularly susceptible to all nhoesides (MIG= 6 pug/ml).
Montbresides A and B inhibite. fergusoniiGram —ve; MIC= 18 pg/ml) and montbresides C
and D inhibitedB. licheniformis(Gram +ve; MIC= 11 pg/ml). None of the montbresides

showed antimicrobial activities agairtstxiangfangensiandP. aeruginosgboth Gram —ve).

Table 3
Cytotoxicity of montbretia flower extract and fopurified montbresides on six human cancer cellsine

Sample IC50* (ug/mIxSD; n=3) of sample on c-line
MCF-7  HCT-11€  HepC-2 Hels A-54¢ WI-38

Crude ethanolic extre 45.049.0 37.8+26.¢ 46.9+42. 41.2+3.¢ 39.1+15.. >5C
Butano-partitioning su-fractior 22.8+1.° 125+0.f 11.5+0.. 18.3+3.¢ 9.6+1.7 38.614.¢
Montbreside ¢ >5C >5C >5C >5C >5( >5C
Montbreside | >5C >5C >5C >5C >5( >5C
Montbreside ( >5C >5C >5C >5C >50 >5C
Montbreside [ >5C >5C >5C >5C >50 >5C
Vinblastine sulphate (contr 5.44+0.5 2.5840.4. 3.48+0.2. 6.54+0.3' 3.5810.4!{ 8.58+0.5!

*Concentration giving 50% loss of viability.

Table 4
Antimicrobial activities of montbresides and amikeaon five bacterial species.
Compounds Minimal inhibitory concentration (MIC; pg/ml) agas

S. aureus  B. licheniformis  E. xiangfangensis  E. fergusonii  P. aeruginosa
Montbreside / 6.5 >25 > 25 18.5 > 25
Montbreside | 6.4 >25 >25 17.C > 25
Montbreside ( 54 12.0 > 25 >25 > 25
Montbreside I 5.2 10.t >25 >25 > 25
Amikacin <0.52 <0.5Z <0.52 <0.52 <0.52
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3.7. Taxonomic significance

Montbresides are esters of a new sucrose-baseddetharide. Sucrose is a major
primary metabolite in plants, and therefore readimgilable as a foundation for the biosynthesis
of glycoconjugates. Nevertheless, sucrose-baseshdary metabolites such as those reported
are relatively rare; examples include coumaroylatgttose derivatives [10]. Another highly
unusual feature of montbresides is that the rhamresdue is the- rather than the comman
enantiomer. The latter is ubiquitous in plants asrmponent of pectic rhamnogalacturonans
[11], and also occurs in a sucrose-based secomnagtigbolite, 3O-(a-L-rhamnopyranosyl-

(1- 4)-a-L-rhamnopyranosyl)-4,3"-dD-trans-p-coumaroylsucrose [12]p-Rhamnose residues
are well known in bacterial polysaccharides [13it in plants they appear to be confined to a
small number of secondary metabolites, albeit widpread taxonomically. For exampdep-
Rha occurs in saponins of onion (monocot, Aspaesjdl4] andAkebia(dicot, Ranunculales)
[15] and an oleanane triterpenoid fréfibiscus(dicot, Malvales) [16], anfi-D-Rha in
arylnaphthalene lignans froAcanthugdicot, Lamiales) [17]. Our report ofD-Rha in a
secondary metabolite is fro@rocosmia(monocot, Asparagales), confirming the taxonomic

breadth of its occurrence.

4. Conclusions

Four new phenolic glyco-conjugates, montbresideB Avere isolated from montbretia
flowers and structurally identified by MS, 1D and RIMR spectroscopy, and TLC. The
montbresides are of exceptional structural compleand their occurrence is taxonomically
unique. Unlike crude montbretia flower extracts;ifoeed montbresides lacked cytotoxicity
against all tested cancer cell-lines. Thus, thderxtracts can be re-examined for anti-cancer
compounds. Purified montbresides did exhibit ardiobial activities against certain bacterial

species.
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ABSTRACT

Crocosmia x crocosmiiflordgmontbretia) flowers yielded four esters (montlies A-D) of a new sucrose-based tetrasaccharide, 3
O-B-D-glucopyranosyl-4©-a-b-rhamnopyranosyl-sucrosp-p-Glc-(1- 3)-0-D-Glc-(1 - 2)-B-D-Fru-(4— 1)-a-p-Rha]. All four
posses©-p-coumaroyl residues on C-3 of fructose and C-¢-glucose, plu®©-acetyl residues on C-2 and C-3 of rhamnose and C-6
of fructose. Montbresides A and B are addition@lhacetylated on C-1 of fructose. The&eoumaroyls arérans-in montbresides A
and C anctis-in B and D. Elemental compositions were determiinech MS data, and structures from 1D and 2D NMBcsa.
Monosaccharide residues were identified from seledD TOCSY spectra and TLC, and acylation sitesxf2D HMBC spectra.
Enantiomers were distinguished by enzymic digestibontbretia flower extracts were cytotoxic agaisisthuman cancerous cell-
lines, but purified montbresides lacked cytotoyicEach montbreside displayed antibacterial agtiagainsiStaphylococcus aureus
(minimal inhibitory concentration ~6 pg/mMontbretia is a potential source of new cytotoxansl antibacterial agents.

Key words Crocosmia x crocosmiifloralridaceae, Phenolic glycoside, Sucrose-baseastsicharide, Montbresides A-D,
Cytotoxicity, Antibacterial activity



Figure S1 HPLC profile of seven compounds isolated fromlih&anol-partitioning fraction of nasturtium floveer

Figure S2 Mass spectra of montbresides A-D.

Figure S3 800 MHz proton spectra (5.3-8.2 ppm) of monthilesiA-D.

Figure S4 800 MHz proton spectra (2.8-5.7 ppm) of monthiesiA-D.
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Figure S8 800 MHz 1D-TOCSY spectra of fructose and glucésesidues in montbreside A.

Figure S9 800 MHz 1D-TOCSY spectra of rhamnose and glugsesidues in montbreside A.

Figure S10 500 MHz NOESY and 800 MHz ROESY spectra of masglate A.
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Figure S13 *H/**C HMBC spectrum of montbreside A (H-1; 500 MHz).
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Figure S15 Graded alkaline hydrolysis of montbreside A.

Figure S16 Mild and complete acid hydrolysis of the tetrateride from montbreside A.

Figure S17. Graded mild acid hydrolysis of the tetrasacclafidm montbreside A.

Figure S18 HMBC correlations (blue arrows) in montbreside A.
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Figure S1 HPLC profile of seven compounds isolated fromldhtanol-partitioning fraction of nasturtium flovger

HPLC was performed on ODS-gel (Inertsil ODS-3, GL-Science; 10 x 250 mm) in 50% methanol at 1.0 ml/min; detection at 254 nm. Peaks 1-4 are montbresides
A-D respectively; other peaks are 5, trans-cinnamoyl [3-glucosyl ester; 6, frans-p-coumaric acid; 7, frans-cinnamic acid.
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A = Coumaroyl O-linked to Fru-3 ()
B = Coumaroyl O-linked to Glc-A (")
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Figure S3 800 MHz proton spectra (5.3—8.2 ppm) of montliesiA-D.
Montbresides A and B are tetra-acetates; C and D are tri-acetates.

Montbresides A and C have trans (E) coumaroyl moieties; B and D have cis (Z) moieties.
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Figure S4 800 MHz proton spectra (2.8-5.7 ppm) of montliesiA-D.

Note the shift (~0.6 ppm) to high frequency of the Fru-1 protons on acetylation of Fru-1 OH in montbresides A and B.
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Figure S5 800 MHz proton spectra (0.2—3.1 ppm) of montliesiA-D.
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Assigned in conjunction with the 1D-TOCSY spectra presented in Figures S6 and S7.
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Proton COSY spectrum of Montbreside A (1)
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Figure S& Section (1.0-5.8 ppm) of 500 MHz proton COSY s$pao of montbreside A.
Assigned in conjunction with the 1D-TOCSY spectra presented in Figures S6 and S7.
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Figure SQ 800 MHz 1D-TOCSY spectra of rhamnose and glu@sesidues in montbreside A.
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Figure S1Q 500 MHz NOESY and 800 MHz ROESY spectra of maglute A.
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Figure S11 *H/*C HSQC Spectra (H-1, 2.7-5.3 ppm) of montbreside® AH-1; 500 MHz for montbresides A—C; 700 MHz foontbreside D).
The spectra were assigned from the previously determined proton chemical shifts.
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Figure S12 *H/*C HSQC Spectra (H-1, 5.3-8.2 ppm) of montbreside® AH-1; 500 MHz for montbresides A—C; 700 MHz foontbreside D)

The spectra were assigned from the previously determined proton chemical shifts
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Figure S13 *H/**C HMBC spectrum of montbreside A (H-1; 500 MHz).

1-bond artefacts have been deleted for clarity.
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Figure S14 H/**C HMBC spectrum of montbreside D (H-1; 700 MHz).

1-bond artefacts have been deleted for clarity.
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Figure S15 Graded alkaline hydrolysis of montbreside A.

Montbreside A was treated with 0-256 mM NaOH at 25°C for 18 h. Products were analysed by TLC in butan-1-ol/acetic acid/water, 4:1:1 (with 1 ascent).
Abbreviations: M2, M3 etc. = maltose, maltotriose etc. The plate was stained with iodine vapour (revealing p-coumarate) and then with thymol/H2SO4 (revealing
carbohydrates). The positions of spots that are not (or only faintly) visible are labelled in grey.
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Figure S16 Mild and complete acid hydrolysis of the tetrateride from montbreside A.

Hydrolysis was either mild (80 mM TFA, 70°C, 9 h) or severe (2 M TFA, 120°C, 1 h). TLC solvents: EPAW = ethyl acetate/pyridine/acetic acid/water 6:3:1:1 (with
2 ascents); BAW = butan-1-ol/acetic acid/water, 4:1:1 (with 2 ascents). Stain: thymol/H2SO4. Proposed identities of disaccharide products: D1, 3-D-Glep-(1 — 3)-D-

Glc (laminaribiose); D2, a-D-Rhap-(1 — 4)-D-Fru.
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Figure S17 Graded mild acid hydrolysis of the tetrasaccleafidm montbreside A.
The tetrasaccharide was treated with 80 mM TFA at 70°C for 0-9 h and the products were analysed by TLC in ethyl acetate/pyridine/acetic acid/water 6:3:1:1
(with 3 ascents). Stain: thymol/H,SO4. D1, D2: disaccharides produced by mild acid hydrolysis (see Fig. S16).



Figure S18 HMBC correlations (blue arrows) in montbreside A.



