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To search for novel cytotoxic constituents against cancer cells as lead structures for drug development,
four new 3-phenylpropanoid-triacetyl sucrose esters, named tomensides A–D (1–4), and three known
analogs (5–7) were isolated from the leaves of Prunus tomentosa. Their structures were elucidated by
spectroscopic analyses (1D, 2D NMR, CD and HRESIMS). The cytotoxic activities of all isolates against four
human cancer cell lines (MCF-7, A549, HeLa and HT-29) were assayed, and the results showed that these
isolates displayed stronger inhibitory activities compared with positive control 5-fluorouracil. Tomenside
A (1) was the most active compound with IC50 values of 0.11–0.62 lM against the four tested cell lines.
The structure–activity relationship (SAR) of the isolates was also discussed. The primary screening results
indicated that these 3-phenylpropanoid-triacetyl sucrose esters might be valuable source for new potent
anticancer drug candidates.

� 2014 Elsevier Ltd. All rights reserved.
Natural products based drug discovery has become a major
strategy in modern pharmaceutical research and development,
and roughly half of the currently used drugs are directly or
indirectly derived from natural products.1,2 To search for novel
cytotoxic constituents against cancer cells as lead structures for
drug development, many medicinal plants have been screened
using the in vitro cytotoxic activity assay. Of these plants, the
70% ethanol extract of the leaves of Prunus tomentosa was found
to exhibit a potent cytotoxic effect. The wild Prunus tomentosa,
which is widely distributed in China, Japan and Korea, belongs to
the Rosaceae family.3 Bioassay-directed fractionation of this
extract led to the isolation of four new 3-phenylpropanoid-triace-
tyl sucrose esters, tomensides A–D (1–4), along with three known
analogs (5–7). This study describes the isolation and structural elu-
cidation of these isolates, as well as the evaluation of their inhibi-
tory effects on cancer cells. Moreover, the structure–activity
relationships of some compounds are summarized in the Letter.

Phenylpropanoid sucrose esters (PSEs) belong to the phenyl-
propanoid glycoside (glycoconjugate) class of compounds. As the
name indicates, PSEs have a sucrose core connected to one or more
Ph–CH@CH–CO– moieties through an ester linkage.4 Over the past
three decades, nearly 150 PSEs have been isolated from the fami-
lies Rosaceae, Sparganiaceae, Polygonaceae, Rutaceae, Liliaceae, Arec-
aceae and Smilacaceae.4–14 The PSEs have broad range of biological
activities such as antitumor,9,12–16 antioxidant10,11 and anti-
inflammatory.10

Repeated column chromatography of the 70% ethanol extract of
the leaves of Prunus tomentosa resulted in the isolation of four new
3-phenylpropanoid-triacetyl sucrose esters (1–4) and three known
analogs (5–7)17 (Fig. 1). The chemical structures of the known
compounds were identified as mumeose C (5),18 3-p-O-couma-
royl-1,30,60-O-triacetyl sucrose (6)19 and 3-p-O-coumaroyl-1,20,
60-O-triacetyl sucrose (7)20 by comparing the spectroscopic data
with those reported literatures.

Tomenside A (1)21 was obtained as yellow amorphous powder.
The molecular formula of 1 was established as C27H34O16 on the
basis of a quasi-molecular ion at m/z 637.1745 [M+Na]+ (calcd
for C27H34O16Na, 637.1739) in HRESIMS. The 1H NMR spectrum
(Table 1) showed characteristic signals at dH 6.81 (d, J = 8.6 Hz,
2H), 7.52 (d, J = 8.6 Hz, 2H) of p-hydroxyphenyl group and a set
of trans-double-bond signals [dH 6.42, (d, J = 15.8 Hz), 7.72 (d,
J = 15.8 Hz)], together with the carbon signals (Table 2) at dC

168.4, 114.3, 147.9 suggesting the presence of p-coumaroyl moi-
ety. The characteristic anomeric proton signal was appeared at dH

5.39 with a small coupling constant (J = 3.6 Hz), as well as
twelve-oxygenated carbon signals including those for two anomer-
ic carbons (dC 103.3, 93.0) in 13C NMR spectrum, together with the
correlations between dH 5.39 (H-10) and dC 103.3 (C-2) in HMBC

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bmcl.2014.04.018&domain=pdf
http://dx.doi.org/10.1016/j.bmcl.2014.04.018
mailto:songsj99@163.com
http://dx.doi.org/10.1016/j.bmcl.2014.04.018
http://www.sciencedirect.com/science/journal/0960894X
http://www.elsevier.com/locate/bmcl


O

R2O

OHOR3

OR1

O

O

OR4
R5O

R6O

OR7
O

OH
O

OH
OCH3

X

X'

1

2

3 4

5

6

1'
2'3'

4' 5'
6'

1''

3''

5''
7''

7''

1'' 4''

8''
9''

9''
8''

2'' 3''

6''
5''

R1 R2 R3 R4 R5 R6 R7

1 COCH3 X COCH3 H H H COCH3
2 COCH3 X H H H COCH3 COCH3
3 H X H H COCH3 COCH3 COCH3
4 COCH3 X' H COCH3 H H COCH3
5 H X H COCH3 COCH3 H COCH3
6 COCH3 X H H COCH3 H COCH3
7 COCH3 X H COCH3 H H COCH3

Figure 1. Structures of compounds 1–7.
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spectrum confirmed that 1 possessed a disaccharide moiety. More-
over, the result of alkaline hydrolysis22,23 and detailed analysis of
1H NMR, 13C NMR, HMBC and HSQC showed that the two sugars
were comprised of b-D-fructose and a-D-glucose moieties
connected through a 2 ? 1 linkage (a sucrose moiety).

On further inspection of the HMBC spectrum, the structure of 1
could be assigned unambiguously due to the correlations observed
between H-1 (dH 4.14, 4.12) and dC 172.9, H-4 (dH 4.43) and dC

172.6, H-60 (dH 4.55, 4.10) and dC 172.1, together with the correla-
tion between H-3 (dH 5.47) and the carbonyl carbon of p-couma-
royl (dC 168.4) group (Fig. 2). Thus, the structure of 1 was
elucidated as 3-p-O-coumaroyl-1,4,60-O-triacetyl sucrose.

Tomenside B (2)24 was obtained as yellow amorphous powder
with the molecular formula C27H34O16, based on quasi-molecular
ion m/z 637.1747 [M+Na]+ (calcd for C27H34O16Na, 637.1739). The
IR, UV and NMR spectra indicated that 2 possessed a p-coumaroyl
moiety, two sugars moieties and three acetyl groups. The result of
alkaline hydrolysis22,23 revealed the existence of a sucrose moiety.
In HMBC spectrum, there are the correlations between H and
carbonyl carbons of acetyl, H-1 (dH 4.22, 4.17) and dC 172.7, H-40

(dH 4.76) and dC 172.2, H-60 (dH 4.09, 4.20) and dC 172.0, together
with correlation between H-3 (dH 5.43) and C-900 (dC 168.1),
Table 1
1H NMR data of compounds 1–4 (dH values, measured in CD3OD, at 600 MHz)a

H 1 2

1 4.14 d (11.6) 4.12 d (11.6) 4.22 d (11.8) 4.17 d (11.8)
3 5.47 d (8.6) 5.43 d (8.1)
4 4.43 m 4.34 t (8.2)
5 4.08 m 3.96 m
6 4.38 dd (12.0, 2.8) 4.44 mb 3.82 mb 2H
1-OAc 2.11 s 2.11 s
4-OAc 2.08 s
10 5.39 d (3.6) 5.49 d (3.6)
20 3.39 dd (9.8, 3.6) 3.49 dd (9.9, 3.6)
30 3.57 dd (9.8, 9.4) 3.70 t (9.9)
40 3.25 t (9.4) 4.76 dd (9.9, 9.5)
50 4.12 m 4.26 m
60 4.55 br d (10.5) 4.10 mb 4.09 dd (12.0, 2.1) 4.20 dd (12.0, 5.
20-OAc
30-OAc
40-OAc 1.95 s
60-OAc 2.11 s 2.08 s
200 7.52 d (8.6) 7.52 d (8.2)
300 6.81 d (8.6) 6.82 d (8.2)
500 6.81 d (8.6) 6.82 d (8.2)
600 7.52 d (8.6) 7.52 d (8.2)
700 7.72 d (15.8) 7.72 d (15.9)
800 6.42 d (15.8) 6.40 d (15.9)
300-OCH3

a Assignments are based on 1H,13C NMR, HMBC, and HSQC experiments.
b The signals were overlapped.
indicated that 2 had the structure of 3-p-O-coumaroyl-1,40,60-O-tri-
acetyl sucrose.

The molecular formula of tomenside C (3)25 was assigned
C27H34O16 according to the quasi-molecular ion at m/z 637.1744
[M+Na]+ (calcd for C27H34O16Na, 637.1739) in HRESIMS. The IR,
UV and NMR spectra showed 3 possessed a p-coumaroyl moiety,
two sugars moieties and three acetyl groups, in a manner similar
to 1, except for the positions of the three acetyl groups. The two
sugars moieties were identified as sucrose moiety by alkaline
hydrolysis.22,23 The correlation between H-3 (dH 5.40) and C-900

(dC 168.1) in HMBC spectrum indicated the p-coumaroyl was
located at the same position with 1. The structure of 3 was identi-
fied due to the correlations observed between H-30 (dH 4.88) and dC

172.5, H-40 (dH 5.23) and dC 172.1, H-60 (dH 4.16) and dC 171.5. Thus,
the structure of 3 was characterized as 3-p-O-coumaroyl-30,40,
60-O-triacetyl sucrose.

The molecular formula of tomenside D (4)26 was determined to
be C28H36O17 by HRESIMS at m/z 667.1846 [M+Na]+ (calcd for C28-

H36O17Na, 667.1845). The IR and UV spectra together with 1H and
13C NMR suggested a similar structure to 1, except for the presence
of a methoxyl group at C-300 and the positions of three acetyl
groups. This evidence suggested that 4 possessed one feruloyl
3 4

3.68 d (12.3) 3.60 d (12.3) 4.15 d (11.5) 4.06 d (11.5)
5.40 d (7.0) 5.42 d (8.4)
3.81 mb 4.33 dd (8.4)
3.99 m 3.93 m
4.33 mb 2H 3.86 mb 2H

2.11 s

5.54 d (3.6) 5.57 d (3.6)
3.72 dd (9.9, 3.6) 4.62 dd (10.1, 3.6)
4.88 dd (9.9, 9.7) 3.84 mb

5.23 t (9.7) 3.37 t (9.4)
3.81 m 4.10 m

8) 4.16 mb 2H 4.51 dd (11.8, 1.7) 4.16 dd (11.8, 6.2)
2.10 s

1.79 s
1.99 s
2.07 s 2.09 s
7.54 d (8.6) 7.28 d (1.8)
6.81 d (8.6)
6.81 d (8.6) 6.82 d (8.2)
7.54 d (8.6) 7.14 dd (8.2, 1.8)
7.74 d (15.9) 7.71 d (15.8)
6.42 d (15.9) 6.47 d (15.8)

3.90 s



Table 3
Cytotoxic activities of compounds 1–7 in vitro (IC50, lM)

Compounds IC50 (lM)

MCF-7a A549a HeLaa HT-29a

1 0.62 0.29 0.11 0.18
2 1.22 0.49 0.97 1.48
3 2.93 1.47 3.80 2.78
4 0.77 0.45 1.09 0.46
5 0.98 1.12 4.32 2.45
6 1.44 2.56 1.33 2.10
7 3.44 3.20 2.49 3.96
5-Fub 11.50 44.05 7.34 17.20

a Key to cell lines used: A549 (human lung cancer cells), MCF-7 (human breast
cancer cells), HeLa (Henrietta Lacks strain of cancer cells) and HT-29 (colon cancer
cell line).

b 5-Fu (5-fluorouracil) was used as positive control.

Table 2
13C NMR data of compounds 1–4 (dC values, measured in CD3OD, at 125 MHz)a

C 1 2 3 4

1 65.9 64.3 65.4 66.2
2 103.3 103.5 105.6 103.4
3 78.6 79.6 79.9 79.3
4 73.8 73.6 74.7 73.6
5 81.0 84.4 85.4 84.2
6 66.0 63.5 63.5 63.7
1-OAc 172.1 172.2 172.1

20.7 20.9 21.0
4-OAc 172.6

20.9
10 93.0 93.1 92.8 90.8
20 72.7 72.4 69.7 72.1
30 74.7 72.6 74.4 74.2
40 72.0 72.6 70.3 72.1
50 72.2 70.1 70.9 71.7
60 65.7 66.6 63.9 65.0
20-OAc 172.6

20.6
30-OAc 171.5

20.5
40-OAc 172.0 172.1

20.7 20.7
60-OAc 172.9 172.7 172.5 172.8

20.7 20.8 20.8 20.8
100 127.1 127.1 127.3 127.6
200 131.5 131.4 131.5 112.0
300 116.8 116.9 116.8 149.4
400 161.5 161.7 161.4 150.9
500 116.8 116.9 116.8 116.5
600 131.5 131.4 131.5 124.5
700 147.9 147.7 147.7 148.2
800 114.3 114.3 114.6 114.5
900 168.4 168.1 168.1 168.3
300-OCH3 56.5

a Assignments are based on 1H,13C NMR, HMBC, and HSQC experiments.
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moiety, two sugars moieties and three acetyl groups. The result of
alkaline hydrolysis22,23 also revealed the existence of a sucrose
moiety. Correlations between H-1 (dH 4.15, 4.06) and dC 172.8,
H-20 (dH 4.62) and dC 172.6, H-60 (dH 4.51, 4.16) and dC 172.1,
together with correlation between H-3 (dH 5.42) and C-900

(dC 168.3) in HMBC spectrum, suggested that 4 had the structure
of 3-O-feruloyl-1,20,60-O-triacetyl sucrose.

Some PSEs were found to possess anti-tumour activity, and
their structure–activity relationships were also reported in
previous researches.9,12–16 In our study, the isolated PSEs (1–7)
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were evaluated in vitro for their inhibitory abilities against the
growth of MCF-7, A549, HeLa and HT-29 cancer cells using the
MTT method.27–30 The IC50 values of the PSEs along with the
positive control 5-fluorouracil are summarized in Table 3. The
results showed that all PSEs displayed stronger inhibitory activities
compared with positive control. Among all tested compounds,
Tomenside A (1) showed the most potent inhibitory activities with
IC50 values of 0.11–0.62 lM against the four tested cell lines.

The structural requirements of the active constituents were
examined. Panda et al. reported that the substitution on phenyl
ring did not influence the cytotoxic activity against Hela cancer
cell.15,16 Whereas, the stronger cytotoxic activities of 4 compared
to 7 imply the importance of the substitution on phenyl ring in
mediating the cytotoxic activities of the PSEs. Kuo et al.23 and
Panda et al.15,16 independently suggested that acetyl moieties on
the sucrose core in PSEs might be responsible for mediating the
observed activities. In our research, we also found that the activity
data seems to vary with the position of acetyl moieties on the
sucrose core. Compound 1 was the most active compound against
the four cancer cell lines in the isolated PSEs. In consideration of
the structures of 1–3, 5–7, it was suggested that the acetyl moiety
at the position of C-4 maight enhance the cytotoxicities of the PSEs.
Saeed et al.31 also concluded that increased lipophilicity of
molecules seemed to be responsible for enhanced cytotoxicity. In
addition, the lipophilicity can be influenced by the number of
the acetyl units on the sucrose core. It is notable that the
3-phenylpropanoid-triacetyl sucrose esters display higher
cytotoxic activities compared to the PSEs with one or two acetyl
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units from Fagopyrum tataricum (L.) Gaertn.13 The results suggest
that the number of acetyl moieties also plays a useful role in the
cytotoxic activities of the PSEs.

In summary, four new and three known PSEs were isolated from
the leaves of Prunus tomentosa. The cytotoxic activities of all
isolates against four were assayed and the SAR of the PSEs was also
discussed. This study not only helps to provide sufficient materials
for the SAR studies, but also indicates that PSEs may be a poten-
tially valuable source for new potent anticancer drug candidates.
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