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ABSTRACT

The title compound, B-sitosterol is a phytosterol which was first isolated
from the acetyl acetate fraction of Celastrus Orbiculatus Theunb shell and
characterized by 1H-NMR and 13C-NMR. Besides, the crystal of the
compound was acquired, and the relative configuration of B-sitosterol
was determined by single-crystal X-ray diffraction analysis. It crystal-
lizes in monoclinic system, space group P21, a=10.311(2), b=7.6050(15),
c=35.257(7)A, 0=90°, B=94.66°, y=90°, Z=4, C29H500, Mr=414.0,
Dc=1.043g/cm3, V=2755.5(10)A3, w(MoKa)=0.063mm-1, F(000)=968,
the fina R=0.0760 and wR=0.1894 for 5442 independent reflections
(Rint=0.0988) and 2525 observed ones (1>24(1)). The bond lengths, bond
angles, partial values of torsional angles are also given. Intramolecuar
van der waals force contribute to the stability of the structure.
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INTRODUCTION

Celastrus Orbiculatus Thunb is one of the
well-known medicina plants belonging to the
family celastraceae widely distributed in China®.
The fruits of Celastrus Orbiculatus has been used
as the traditional Chinese medicine in the treat-
ment of insomnid?. In order to find new and bio-
active compounds, the chemical constituents of
the Celastrus Orbiculatus fruits shell were inves-
tigated and one compound, named [-sitosterol
was isolated for the first time. It has been reported
that B-sitosterol could treat increased serum and
low-density lipoprotein cholesterol concentrations
or as a protective agent against cancers®. The iso-

lated compound was fully characterized by means
of '"H-NMR and *C-NMR as well as X-ray crys-
tallographic studies. In this paper we report the X-
ray crystallographic studies on the title com-
pound.

RESULTSAND DISCUSSION

'H-NMR and **C-NMR spectra showed the
typical pattern of phytosterol. The 'H-NMR
spectrum exhibited two singlets at 6 1.02 and
0.69 that were assigned to the methyl group of C
-18 and C-19, respectively. A single at 6 5.37 in
'H-NMR can account for an olefinic proton at C-
6. Other multplet at & 3.52 equivalents to a
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singlet proton was assigned for the proton of C-
3. The low field signal may be due to the attach-
ment of B-OH group at the C-3 carbon. Thus,
assignment of hydroxyl group at C-3 and the
double bond at C-5 were assigned accordingly.
3C_NMR gave signal at 140.77 and 121.71 ppm
for C5=C6 double bond, respectively, 71.8 for
C3 B hydroxyl group, and 19.81 and 11.86 for
the angular methyl carbon atoms for C18 and
C19, respectively. On the basis of the above evi-
dences, the structure of compound was suggested
to B-sitosterol. The NMR data of compound was
in good agreement with the previous data of -

Figure 1. Chemical structure of p-sitosterol
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sitosterol (Figure 1)1,

The selected bond lengths, bond angles, par-
tial values of torsiona anglesin TABLE 1 and 2,
respectively. Figure 2 shows the molecular struc-
ture of the title compound.

It was seen from Figure 2 that the title com-
pound has four rings, 3-hydroxy and 17, side-
chain. The C-C bond distances in the four rings
ranging from 1.345 (9) to 1.576 (10) A and the C—
C-C angles from 99.8 (4) to 125.9 (6)° are normal
™, The distance between C (5) and C (6) is 1.345
(9) A, within the normal range of double bond
(C=C), reveding it isa norma C=C. Ring A is a
strained chair, and ring C a symmetrical chair in
both polymorphs. As expected however ring A is
further from the ideal chair conformation than ring
C. The influence of the double bond aso imparts
an approximate 7a/8p half-chair conformation on
ring B. Ring D is a 13p/170 half-chair as fre-
guently found in phytosterols.

EXPERIMENTAL

| nstrument

Melting point was obtained in an X-6 digital

TABLE 1: Selected bond distances (A) and bond angle(°®)

Bond Dist. Bond Dist. Bond Dist.
O(1)-C(3) 1.442(7) C(1)-C(2) 1.526(8) C(1)-C(10) 1.532 (7)
C(2)-C(3) 1.509(9) C(3)-C(4) 1.514(9) C(4)-C(5) 1.503(9)

C(5)-(6) 1.345(9) C(5)-C(10) 1.544(9) C(6)-C(7) 1.466(9)
C(7)-C(8) 1.508(7) C(8)-C(14) 1.538(7) C(8)-C(9) 1.565(6)
C(9)-C(11) 1.538 (7) C(9)-C(10) 1.539(7) C(10)-C(18) 1.541 (8)
C(11)-(12) 1.551 (8) C(12)-C(13) 1.520 (7) C(13)-C(14) 1.522(7)
C(13)-(19) 1.535(7) C(13)-C(17) 1.562(7) C(14)-C(15) 1.536(7)
C(15)-(16) 1.525(8) C(16)-C(17) 1.548(8) C(17)-C(20) 1.532(8)
C(20)-(22) 1.524(8) C(20)-C(21) 1.565(9) C(22)-C(23) 1.493(8)
C(23)-(24) 1.576(10) C(24)-C(27) 1.480(12) C(24)-C(25) 1.502(11)
C(2)-C(1)-(10) 113.5(5) C(3)-C(2)-C(1) 111.4(5) O(1)-C(3)-C(2) 110.7(6)
0O(1)-C(3)-C(4) 108.4(6) C(2)-C(3)-C(4) 112.5(6) C(5)-C(4)-C(3) 109.2(6)
C(6)-C(5)-C(4) 120.9(7) C(6)-C(5)-C(10) 119.7(5) C(4)-C(5)-C(10) 117.1(6)
C(5)-C(6)-C(7) 125.9(6) C(6)-C(7)-C(8) 110.8(5) C(7)-C(8)-C(14) 112.7(5)
C(7)-C(8)-C(9) 109.7(4) C(14)-C(8)-C(9) 107.9(4) C(11)-C(9)-C(10) 113.3(5)
C(12)-(9)-C(8) 112.9(4) C(10)-C(9)-C(8) 111.8(4) C(1)-C(10)-C(9) 109.0(4)
C(1)-(10)-C(18) 107.5(5) C(9)-C(10)-C(18) 112.3(5) C (1)-C(10)-C(5) 108.6(5)
C(9)-(10)-C(5) 110.1(5) C(18)-C(10)-C(5) 109.4(5) C(9)-C(11)-C(12) 113.4(5)
C(13)-C(12)-C(11) 111.1(5) C(12)-C(13)-C(14) 105.3(4) C(12)-C(13)-C(19) 111.5(5)
C(14)-C(13)-C(19) 111.3(5) C(12)-C(13)-C(17) 117.8(5) C(14)-C(13)-C(17) 99.8(4)
C(19)-C(13)-C(17) 110.3(4) C(13)-C(14)-C(15) 105.2(4) C(13)-C(14)-C(8) 115.9(5)

Symmetry transformation: a: -x, y+1/2, -z
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TABLE 2: Partial values of torsional angles (°)

Angle ©)
C(10)-C(1)-C(2)-C(3) 54.6(8)
C(1)-C (2)-C(3)-C(4) -56.9(8)
C(2)-C(3)-C(4)-C(5) 54.6(8)
C(3)-C(4)-C(5)-C(10) -52.9(9)
C(10)-C(5)-C(6)-C(7) 21.1(12)
C(6)-C(7)-C(8)-C(14) 169.7(5)
C(7)-C(8)-C(9)-C(12) 170.1(5)
C(7)-C(8)-C(9)-C(10) -60.7(6)
C(2)-C(2)-C(20)-C(9) -169.0(5)
C(2)-C(2)-C(10)-C(5) -49.2(7)
C(8)-C(9)-C(10)-C(1) 166.2(4)
C(8)-C(9)-C(10)-C(18) -74.9(6)
C(16)-C(17)-C(20)-C(21) -177.7(6)
C(19)-C(13)-C(17)-C(20) 44.8(7)
C(21)-C(20)-C(22)-C(23) -84.3(7)

Angle ©)
C(1)-C(2)-C(3)-0(1) -178.3(5)
0O(1)-C(3)-C(4)-C(5) 177.4(6)
C(3)-C(4)-C(5)-C(6) 144.2(7)
C(4)-C(5)-C(6)-C(7) -176.4 (7)
C(5)-C(6)-C(7)-C(8) -32.3(10)
C(6)-C(7)-C(8)-C(9) 49.5(6)

C(14)-C(8)-C(9)-C(12) 47.0(6)
C(14)-C(8)-C(9)-C(10) 176.3(4)
C(2)-C(1)-C(10)-C(18) 69.0(6)
C(11)-C(9)-C(10)-C(2) -64.8(6)
C(11)-C(9)-C(10)-C(18) 54.2(7)
C(11)-C(9)-C(10)-C(5) 176.2(5)
C(22)-C(23)-C(24)-C(25) -177.5(3)
C(23)-C(24)-C(27)-C(29) -175.6(7)
C(19)-C(13)-C(17)-C(20) 44.8(7)

Figure2: X-ray crystal structure of - sitosterol

melting point instrument without correction.
The elemental analysis was performed on a
CHN-O-Rapid auto anayzer. The HNMR
(500MHz) and *CNMR (500MHz) spectrawere
recorded on a Bruker Avancelll-500 spectrome-
ter and tetramethylsilane (TMS) was used as an
internal standard. Silica gel(200-300 mesh for
column chromatography (CC) and GFs4 for
TLC) was obtained from Qingdao Marine
Chemical Company(Qingdao, China). Cromasil
C1g (40-60um for column chromatography) was
obtained from Boshi Company (Shanghai,
China). Single-crystal structures of compound
were measured on an Enraf-Nonius CAD4 dif-
fractometer etc.

Natural Products

Extraction and isolation

The shell of Celastrus Orbiculatus thumb was
collected in Chuzhou County, Anhui Province,
China, in January 2011. The plant was identified
by Prof. Jlanwel Chen of Nanjing University of
Chinese Medicine. A voucher specimen
(N0.PA110101) has been deposited at the Depart-
ment of Pharmaceutical Engineering, Institute of
Chemica Engineering, Nanjing University of Sci-
ence and Technology, Nanjing, China.

The dried shell of Celastrus Orbiculatus
(100g) was cut into small pieces and extracted
with EtOAc (1literx3). The solvent was removed
by rotary evaporation and the yellow brown ex-
tract (2.0g) was obtained. The EtOAcC extract was
subjected to silica gel chromatography using step-
wise elution with petroleum ether-CH3;COCH3
(100:0, 100:1, 100:2, 100:4, 100:8, 100:16,
100:32, 100:100, and 0:100) to afford 90 fractions
(A1-A90). A51-A60 were permeated through
Cromasil Cy;g using stepwise elution with
CH3COCH3- H,O (50:50, 55:45, 60:40, 65:35,
70:30, 75:25, 80:20, 85:15, 90:10, 95:5, and
100:0) to give 11 subfractions F1-F11. Fraction of
F8 was further purified with recystallization with
CH;3CIl-CH3COCH3-MeOH (1:1:1) system to af-
ford B-sitosterol (50mg) with a yield of about
0.05%.

The bulk crystal of p-sitosterol was recrystal-
lized in the mixture solution of CH;CI-CH;COCH;-
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MeOH (1:1:1), and single crystal was obtained in
constant temperature (25°C) on the basis of this.
m. p. :138~139°C. Elemental Anal. Calcd. (%) for
CxHs00: C, 84.06; H, 12.08; O, 3.86. Found (%):
C, 84.01 H, 12.05; O, 3.94. 'H-NMR(500 MHz,
CDCl3) 84=5.37 (1H, dd, H-6), 3.52 (1H, dddd, H-3),
2.31 (2H, d, H-4), 1.97 (1H, m, H-20), 1.85 (1H, m, H-
8), 1.66 (2H, m, H-15), 1.62 (2H, t, H-12), 1.52 (2H, dd,
H-7), 1.51 (2H, m, H-11), 1.48 (1H, m, H-14), 1.40 (1H,
m, H-9), 1.31 (2H, m, H-16), 1.29 (1H, m, H-27), 1.27
(2H, m, H-25), 1.20 (2H, m, H-23), 1.17 (1H, m, H-17),
1.15 (2H, m, H-2), 1.13 (2H, m, H-1), 1.02 (3H, s, H-18),
0.98 (2H, m, H-22), 0.94 (3H, d, H-21), 0.92 (1H, m, H-
24), 0.89 (3H, t, H-26), 0.85 (3H, d, H-29), 0.83 (3H, d,
H-28), 0.69 (3H, s, H-18); *C-NMR (500 MHz, CDCls)
8c = 140.77 (C-5), 121.71 (C-6), 71.81 (C-3), 56.78 (C-
14), 56.08 (C-17), 50.15 (C-9), 45.86 (C-4), 42.32 (C-
13), 39.79 (C-12), 37.26 (C-24), 36.51 (C-10), 36.15 (C-
1), 33.96 (C-22), 31.92 (C-8), 31.68 (C-7), 29.69 (C-2),
29.18 (C-16), 28.24 (C-11), 26.12 (C-15), 24.30 (C-23),
23.08 (C-29), 21.09 (C-25), 19.81 (C-18), 19.39 (C-21),
19.04 (C-27), 18.78 (C-26), 18.25 (C-20), 11.98 (C-28),
11.86 (C-19).

Physical and spectra data of the title com-
pound were almost identical with those reported
in the literatured”. Its relative configuration was
further established by X-ray cry-stallographic
anaysis.

Crystallographic data collection and structure
deter mination

A colorless transparent crystal with dimen-
sions 0.2mmx0.20mmx0.10mm was used for data
collection. Unit cell parameters and 5442 intensi-
ties were measured on an Enraf-Nonius CAD-4
diffractometer with  graphite-monochromated
MoKa radiation (A= 0.71073A) in the range of
1.98°<6<25.37° by w/20 scanning. Corrections
for LP and absorption with empirical y scanning
technigue were applied and 2525 independent re-
flections with [1>2°(1)] were used in the structure
determination. The structure was solved by the
direct method using the program SHELXS-97!°
and refined on F?by full-matrix |east-squares pro-
cedure with Bruker SHELXL-97 packing”. All
non-hydrogen atoms were refined with anisot-
ropic thermal parameters. The hydrogen atoms
refined with riding model position parameters
isotropically were located from difference Fourier
map and added theoretically. The final full-matrix
least-squares refinement gave R=0.0760,
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©R=0.1894(w=1/[0%(F,?)+(0.0700P)?+0.0000P]
where P=(F?+2F2)/3. $=1.001, (A10)2=0.000,
(Ap)max=0.210 and (Ap)min=0.142e/A3.
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