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Two new compounds, cinnamic aldehyde cyclic D-galactitol 30R,40S-acetal (1) and
cinnamomumolide (2), along with six known compounds, syringaresinol (3),
lyoniresinol (4), 5,7,30-trimethoxyl-(2)-epicatechin (5), 5,7-dimethoxyl-30,40-di-O-
methylene-(^ )-epicatechin (6), 2-methoxyl-4-hydroxy cinnamyl aldehyde (7), and
glucosyringic acid (8), have been isolated from the dried tender stems of Cinnamomum
cassia. Their structures were elucidated based on spectroscopic data. Compound 2 was
elucidated as 8-methoxyl-9-hydroxy-30,40-methylenedioxy-3S,4R-diphenyl butyrolac-
tone, named cinnamomumolide, which exhibited activity in protecting against the injury
caused by hydrogen peroxide oxidation on human umbilical vein endothelial cells, with an
EC50 value of 10.7mM. Compounds 3–8were isolated from the title plant for the first time.

Keywords: dried tender stems; Cinnamomum cassia; cinnamic aldehyde cyclic D-
galactitol 30R,40S-acetal; cinnamomumolide

1. Introduction

The dried tender stems of Cinnamomum

cassia, a Chinese traditional medicine, are

widely used in Chinese prescriptions,

which can treat influenza and arthritis.

Previous chemical investigations of this

plant have identified various compounds,

including cinnamic acid, coumarin, and

protocatechuric acid [1]. During activity

screening, the EtOH extract of the dried

tender stems of C. cassia was found to

exhibit anti-oxidative, antibiotic, and anti-

allergic activities. In order to search for

active constituents from the title plant,

chemical investigation on the EtOH

extract of the dried tender stems of C.

cassia led to the isolation of two novel

compounds (Figure 1) and six known

compounds. This paper deals with the

isolation and structural elucidation of the

new compounds.

2. Results and discussion

Compound 1, which was obtained as white

needles from acetone with mp 169.5–

170.48C and ½a�20
D 0 (c ¼ 0.2, MeOH),

showed IR absorption bands at 3304 cm21

for hydroxyl groups, 1657 cm21 for an

ethylenic linkage, and 1577, 1494, and

1451 cm21 for an aromatic ring. Its UV

absorption maxima at 250 and 291 nm

(MeOH) were also due to the ethylenic

linkage and the aromatic ring. The

molecular formula was confirmed as

C15H20O6 by the HR-FAB-MS analysis

at m/z 297.1333 [MþH]þ, together with
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1H and 13C NMR spectra. The 1H NMR

spectrum of 1 (500 MHz, DMSO-d6)

exhibited signals at d 7.49–7.28 (5H, m,

H-2–6), 6.74 (1H, d, J ¼ 16.0 Hz, H-7),

6.17 (1H, dd, J ¼ 16.0, 6.5 Hz, H-8), and

5.49 (1H, d, J ¼ 6.5 Hz, H-9), and showed

the presence of a cinnamyl moiety. The

remaining eight signals at d 4.06–4.01

(2H, m), 3.63–3.61 (1H, m), 3.53–3.47

(3H, m), and 3.40–3.34 (2H, m) and four

active hydrogen signals at d 5.01 (1H, d,

J ¼ 5.0 Hz), 4.93 (1H, d, J ¼ 4.5 Hz), 4.51

(1H, t, J ¼ 5.5 Hz), and 4.48 (1H, t,

J ¼ 5.5 Hz) led 1 to have a ramification

of hexahydric alcohol. Correspondingly,

the 13C NMR spectrum showed 15 carbon

signals, including nine signals of the

cinnamyl moiety at d 135.5 (C-1), 134.2

(C-8), 128.7 (C-3, 5), 128.4 (C-4), 126.8

(C-2, 6), 126.5 (C-7), 103.5 (C-9) and

other six signals at d 78.1, 78.1, 72.6, 72.1,

62.8 (C £ 2), which belong to the hex-

ahydric alcohol, such as galactitol, sorbi-

tol, or mannitol. Moreover, based on the

literatures [2,3], ½a�20
D 0, and the long-

range HMBC correlations from H-30 and

H-40 (d 4.06–4.01) to C-9 (d 103.5), the

hexahydric alcohol must be root in

D-galactitol. Therefore, the structure of

compound 1 was elucidated as cinnamic

aldehyde cyclic D-galactitol 30R,40S-acetal,

which was a product from the aldolization

of cinnamic aldehyde and D-galactitol, and

the configurations of C-20 and 50 were S

and R according to the literature [4].

Compound 2, which was obtained as

pale white needles from EtOAc with mp

138.8–139.98C, showed IR absorption

bands at 3414 cm21 for the hydroxyl

group, 1773 cm21 for the carbonyl group,

and 1611 and 1503 cm21 for aromatic

rings. Its UV absorption maxima at 234

and 284 nm (MeOH) were also due to the

aromatic ring. The molecular formula

was confirmed as C18H16O6 by HR-EI-

MS at m/z 328.0942 [M]þ, together with
1H and 13C NMR spectra. The 1H NMR

spectrum of 2 (Table 1) exhibited two

groups of ABX-type signals, one at d

6.84 (d, J ¼ 8.4 Hz), 6.64 (dd, J ¼ 8.4,

1.8 Hz), and 6.67 (d, J ¼ 1.8 Hz) and

the other at d 6.75 (d, J ¼ 7.8 Hz), 6.64

(dd, J ¼ 7.8, 1.8 Hz), and 6.70 (d,

J ¼ 1.8 Hz), indicating the presence of

two tri-substituted benzene rings. In

addition, the signals of a methoxyl at d

3.85 (s), a methylenedioxy group at d

5.96 (2H, s), two proton signals on the

oxygen-bearing carbon at d 4.65 (1H, dd,

J ¼ 9.0, 7.8 Hz) and 4.43 (t, J ¼ 9.0,

7.8 Hz), and two high-field signals at d

3.78 (d, J ¼ 11.4 Hz) and 3.75–3.70 (dt,

J ¼ 11.4, 7.8 Hz) were also obtained. The
13C NMR spectrum showed 18 carbon

signals, including two benzene rings (d

146.8, 145.3, 126.8, 121.3, 114.6, 110.7

and d 148.3, 147.3, 130.7, 120.7, 108.7,

107.2), a methoxyl (d 55.9) and a

methylenedioxy group (d 101.3), an

ester-carbonyl group (d 176.5), an oxy-

gen-bearing carbon (d 71.7), and other

two high-field signals (d 53.0 and 51.3).

In consideration of the 1H–1H COSY

and HSQC experiments, 2 should have a

Figure 1. The structures of compounds 1 and 2.
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butyrolactone ring. The final structure

was established by the 2D NMR

experiments HSQC and HMBC.

In the HMBC spectrum, the long-

range correlations from H-70 (d 5.96) to C-

30 and 40 (d 147.3, 148.3) revealed that the

methylenedioxy group was attached to

C-30 and 40. Meanwhile, the long-range

correlations from OMe (d 3.85) to C-8 (d

145.3) demonstrated that the methoxyl

was attached to C-8. The HMBC corre-

lations from H-7 (d 6.67) and H-11 (d

6.64) to C-3 (d 53.0), H-20 (d 6.70) and H-

60 (d 6.64) to C-4 (d 51.3) indicated the

connection positions of the two benzene

rings. Furthermore, the long-range corre-

lations from H-5 (d 4.65) to C-2, 3, and 4

(d 176.5, 53.0, 51.3), H-3 (d 3.78) to C-2

and 5 (d 176.5, 71.7), H-4 (d 3.75–3.70)

to C-3 (d 56.3) confirmed the presence of

the butyrolactone ring. The configurations

of C-3 and 4 were confirmed as R and S

according to the Cotton effect at around

234 nm in the CD curve, corresponding to

the similar compounds in the literatures

[5,6]. Therefore, the structure of com-

pound 2 was elucidated as 8-methoxyl-9-

hydroxy-30,40-methylenedioxy-3S,4R-

diphenyl butyrolactone, and named

cinnamomumolide.

Compounds 3–8 were identified as

syringaresinol [2,5,7], lyoniresinol [8], 5,

7,30-trimethoxyl-(2 )-epicatechin [2], 5,7-

dimethoxyl-30,40-di-O-methylene-(^ )-

epicatechin [2], 2-methoxyl-4-hydroxy

cinnamyl aldehyde [5], and glucosyringic

acid [9], respectively.

It was found that compound 2 pos-

sessed activity in protecting against the

injury induced by hydrogen peroxide

oxidation on human umbilical vein endo-

thelial cells, with a protective rate of

57.93% and an EC50 value of 10.7mM.

3. Experimental

3.1 General experimental procedures

Melting points were measured on an XT4-

100 micromelting apparatus and are

uncorrected. The IR spectra were obtained

Table 1. 1H and 13C NMR spectral data of compound 2 in CDCl3 (400 MHz for 1H, 100 MHz for
13C).

HSQC

No. dC dH COSY HMBC

2 176.5
3 53.0 3.78 (d, J ¼ 11.4 Hz) H-3/H-4 H-3/C-2, 4, 5, 6, 7, 11, 10

4 51.3 3.75–3.70 (dt, J ¼ 11.4, 7.8 Hz) H-4/H-3, 5a, 5b H-4/C-3, 6, 10, 20, 60

5 71.7 a 4.65 (dd, J ¼ 9.0, 7.8 Hz) H-5a/H-4, 5b H-5a/C-2, 3, 4
b 4.43 (t, J ¼ 9.0, 7.8 Hz) H-5b/H-4, 5a H-5b/4, 10

6 126.8
7 110.7 6.67 (d, J ¼ 1.8 Hz) H-7/H-11 H-7/C-3, 6, 9, 11
8 145.3
9 146.8
10 114.6 6.84 (d, J ¼ 8.4 Hz) H-10/H-11 H-10/C-6, 8, 9, 11
11 121.3 6.64 (dd, J ¼ 8.4, 1.8 Hz) H-11/H-7, 10 H-11/C-3, 7, 9
10 130.7
20 107.2 6.70 (d, J ¼ 1.8 Hz) H-20/H-60 H-20/C-4, 30, 60

30 147.3
40 148.3
50 108.7 6.75 (d, J ¼ 7.8 Hz) H-50/H-60 H-50/C-10, 40

60 120.7 6.64 (dd, J ¼ 7.8, 1.8 Hz) H-60/H-20, 50 H-60/C-4, 20, 30, 50

70 101.3 5.96 (2H, s) H-70/C-30, 40

OMe 55.9 3.85 (3H, s) OMe/C-8
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on a Nicolet infrared spectrometer with

KBr pellets. The UV spectra were

measured on a Labtech UV 2000 spectro-

photometer. The MS spectra were taken on

an Autospec Ultima ETOF spectrometer.

The 1H, 13C, and 2D NMR were recorded

on Mercury 400 and Inova 500 spec-

trometers with TMS as the internal

standard. The CD spectra were measured

on a JASCO J-815 CD spectrometer. Silica

gel for TLC and column chromatography

was obtained from Qingdao Marine

Chemical, Inc. (Qingdao, China).

3.2 Plant material

The dried tender stems of C. cassia were

purchased from Beijing Pushenglin Medi-

cine Corp. (Beijing, China, Lot No.

06050101), and identified by Prof. Lin Ma.

3.3 Extraction and isolation

The dried tender stems of C. cassia (30 kg)

were extracted with 95% ethanol and

filtered. The filtrate was concentrated in

vacuo and partitioned with petroleum

ether, chloroform, and ethyl acetate. The

CHCl3 and EtOAc extracts were evapor-

ated to afford 360 and 223 g of residues,

respectively. The CHCl3 residue was

subsequently subjected to column chro-

matography on silica gel, eluted with

chloroform–methanol (from 15:1 to 1:1).

The fractions were combined by monitor-

ing with TLC to obtain fractions 1–7.

Fraction 2 (30.5 g) was chromatographed

repeatedly on silica gel eluted with

chloroform–methanol and chloroform–

acetone to give 3 (200 mg), 5 (12 mg),

and 7 (100 mg). In the same way,

compound 4 (100 mg) was isolated from

fraction 3 (23.7 g). The EtOAc residue was

subjected to column chromatography on

silica gel, eluted with chloroform–metha-

nol (from chloroform to chloroform–

methanol 1:1). The fractions were com-

bined by monitoring with TLC to obtain

fractions 1–10. Fraction 3 (15.2 g) was

chromatographed repeatedly on silica gel

eluted with chloroform–methanol (10:1)

and chloroform–acetone (3:1) to give 4
(18 mg). Fraction 4 (41.9 g) afforded 1

(151 mg) and 6 (15 mg). Fraction 5 (12.6 g)

afforded 2 (18 mg) and 8 (4 mg).

3.3.1 Compound 1

White needles (acetone), mp 169.5–

170.48C, ½a�20
D 0 (c ¼ 0.2, MeOH). IR

(KBr) nmax (cm21): 3304, 2944, 2886,

1657, 1577, 1494, 1451, 1161, 1015, 954,

882, 749. UV (MeOH) lmax: 204, 250,

291 nm. 1H NMR (DMSO-d6, 500 MHz) d:

7.49–7.28 (5H, m, H-2–6), 6.74 (1H, d,

J ¼ 16.0 Hz, H-7), 6.17 (1H, dd, J ¼ 16.0,

6.5 Hz, H-8), 5.49 (1H, d, J ¼ 6.5 Hz, H-9),

5.01 (1H, d, J ¼ 5.0 Hz, OH), 4.93 (1H, d,

J ¼ 4.5 Hz, OH), 4.51 (1H, t, J ¼ 5.5 Hz,

OH), 4.48 (1H, t, J ¼ 5.5 Hz, OH), 4.06–

4.01 (2H, m, H-30, 40), 3.63–3.61 (1H, m,

H-20 or 50), 3.53–3.47 (3H, m, H-20 or 50,

H-10a, H-60a), 3.40–3.34 (2H, m, H-10b,

H-60b). 13C NMR (DMSO-d6, 125 MHz) d:

135.5 (C-1), 134.2 (C-8), 128.7 (C-3, 5),

128.4 (C-4), 126.8 (C-2, 6), 126.5 (C-7),

103.5 (C-9), 78.1 (C-20), 78.1 (C-50), 72.6,

72.1 (C-30, 40), 62.8 (C-10, 60). FAB-MSm/z

(%): 297 (12), 219 (5), 185 (6), 133 (32), 77

(17). HR-FAB-MS: m/z 297.1333

[MþH]þ (calcd for C15H21O6, 297.1338).

3.3.2 Compound 2

Pale white needles (EtOAc), mp 138.8–

139.98C. IR (KBr) nmax (cm21): 3414,

1773, 1611, 1518, 1503, 1488, 1237, 1021,

931, 861, 810. UV (MeOH) lmax: 206,

234, 284 nm. 1H, 13C NMR, HSQC, and

HMBC spectral data, see Table 1. EI-MS

m/z (%): 328 (38), 270 (5), 164 (18), 148

(100), 147 (19), 115 (10), 77 (15). HR-EI-

MS: m/z 328.0942 [M]þ (calcd for

C18H16O6, 328.0947).
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