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Solubility of Atractylenolide Ill in Hexane, Ethyl Acetate, Diethyl Ether, and
Ethanol from (283.2 to 323.2) K

Chun-Xia Zhao and Chao-Hong He*
Department of Chemical Engineering, Zhejiang University, Hangzhou 310027, People’s Republic of China

The solubility of atractylenolide 1l in hexane, ethyl acetate, diethyl ether, and ethanol solutions was measured
over the temperature range of (283.2 to 323.2) K. The solubility of atractylenolide 11l in hexane is the smallest,
and the solubility in ethyl acetate is the largest. The solubility data were correlated with the Apelblat equation.

Introduction

Atractylenolide 11l (CAS Registry No. 73030-71-4), a natu-
rally occurring sesquiterpene, is isolated frohtractylodes
macrocephala which has been widely used in traditional
Chinese medicine for energy and stomach complaints, treatment
of dyspepsia and anorexia, anti-inflammation, anticancer, and
increasing of assimilatioh:® The chemical name of this  Figyre 1. Molecular structure of atractylenolide IIl.
compound is naphtha[2 [§furan-2(4H)-one. Figure 1 shows

the chemical structure of atractylenolide Ill. The biomedicinal 55 constantly stirred using a magnetic stirrer. To know when
effects of atractylenolide Ill, which have been experimentally he equilibrium conditions can be reached, the same samples
or clipically o!emonstrat.eo!, inplude anti-inflammation, anticancer, \ere agitated by a magnetic stirrer for (1, 1.5, 2, and 2.5) h,
and increasing of assimilatidit. and for each time, samples were taken and analyzed. Similar
For pharmaceutical use, atractylenolide Il is usually extracted y|yes were obtained showing that the equilibrium was achieved
from the powdered\tractylodes macrocephalasing solvents,  for 2 h. Furthermore, many samples in different solvent have
such as hexane, ethyl acetate, or mixtures of those, followedpeen taken to prove no change. Then the stirring was carried
by purification and crystallization from the solution. Therefore, qut for 2 h atconstant working temperature. After attaining
it is important to have thermodynamic data for the solubility of - equilibrium, the stirrer was turned off to let the solution settle
atractylenolide IIl in different solvents. for 2 h. Then the upper portion was taken using a glass syringe
In the present study, the solubility of atractylenolide IIl in  fiiter with a slightly higher temperature than the solution
hexane, ethyl acetate, diethyl ether, and ethanol over thetemperature to avoid any precipitation and poured into a 100
temperature range of (283.2 to 323.2) K was measured, wherem|_ yolumetric flask. To prepare the solutions for HPLC
the concentrations were determined by HPLC. analysis, they were diluted to 100 mL with methanol of HPLC
purity grade.

) Chromatographic ConditionsThe solubility was determined
Reagents and ApparatusAtractylenolide Il (GsH200s, using a Shimadzu model HPLC system (Shimadzu Corporation,
molecular weight 248.31) was isolated froMtractylodes  japan). The analysis was performed on a Diamonsil C18
macrocephalagrowing in the Zhejiang province (Xinchang) reversed-phase column (250 mm 4.6 mm, 5um). The
previously by the authors’ laboratory, and the chemical structure gptimum separation of HPLC was carried out with a mobile
was confirmed by GC-MS anéH NMR.° Its mass fraction  phase composed of methanol and water in a volume ratio of

Experimental Section

purity determined by HPLC was higher than 0.99. ~70:30 at a flow rate of 1.0 mimin~L. The calibration curve
Other reagents used such as hexane, ethyl acetate, diethyjyas prepared by using the standard solutions in the concentration

ether, and ethanol were of analytical purity grade. range of (0 to 10) 16 mol-L~* at 30°C. The injected volumes
Sample PreparationThe solubility of atractylenolide lll was  of sample were 2QL. The solubility of each sample was

measured using the method described in the literatansl determined by averaging over three Samp]es’ and the mean

described briefly here. A glass-stoppered flask with a Telfon- yajues were used to calculate the mole fraction solubiliigsed
coated magnetic stirrer was used to prepare saturated solutiongn the following equation

(5.0 mL) of atractylenolide Il with excess solid solute in organic

solvents. A condenser was introduced to reduce the solvent’s m/M,
evaporation. The flask was placed in a constant temperature x=m
bath with circulating water. The temperature of the circulating S oM,
water was controlled by a thermostat within 0.1 K, and a
mercury in-glass thermometer (uncertainty of 0.05 K) was used Wherem, andm; represent the masses of the solute and solvent

for the measurement of the temperature in the flask. The solution@nd Mz and M, represent the molecular weights of the solute
and the solvent, respectively. The measurement deviation in the

* Corresponding author. E-mail: chhezju@zju.edu.cn. solubility analysis is less thati 1.0 %. The detector wavelength

)

10.1021/je6005482 CCC: $37.00 © 2007 American Chemical Society
Published on Web 06/01/2007



1224 Journal of Chemical and Engineering Data, Vol. 52, No. 4,

Table 1. Solubility x of Atractylenolide Ill in Hexane (1), Diethyl Ether (2),

2007

Ethyl Acetate (3), and Ethanol (4)

hexane diethyl ether ethyl acetate ethanol

T/IK 103Xexptl (Xexptl —_ Xcalco)/xexptl 10’5Xexptl (Xexptl _ Xcalcthexptl 103Xexptl (Xexpll _ Xcalc%/Xexptl 103Xexptl (Xexpll _ Xcalco)/xexptl
283.2 0.0244 —0.1195 2.770 0.0004 22.43 0.0506 4.426 —0.0006
288.2 0.0412 0.0271 3.749 —0.0375 22.85 0.0064 5.475 —0.0035
293.2 0.0639 0.0983 5.624 0.0470 23.62 —0.0148 6.733 0.0026
298.2 0.0832 0.0236 7.383 0.0174 24.20 —0.0363 8.085 —0.0011
303.2 0.1128 0.0032 9.387 —0.0283 25.21 —0.0320 9.657 0.0031
308.2 0.1534 0.0029 26.10 —0.0258 11.31 0.0000
313.2 0.2017 —0.0149 27.11 —0.0087 13.09 —0.0032
318.2 0.2716 0.0070 28.15 0.0147 15.07 —0.0006
323.2 0.3362 —0.0416 29.28 0.0456 17.13 —0.0003

was set at 220 nm. All chromatograph procedures were
performed at 30C.

Results and Discussion
The solubility data of atractylenolide 1l in hexane, ethyl

acetate, diethyl ether, and ethanol were presented in Table 1.gthanol

From Table 1, it can be found that the solubility in the four

Table 2. Parameters of Equation 2 for Atractylenolide IlI in the
Solvents

solvent a b c 10rmsd 100 AAD
hexane 180.812 —13524.3 —25.427 0.005 3.75
diethyl ether 182.911 —12810.7 —25.427 0.188 2.61
ethyl acetate 169.055 —8308.952 —25.427 0.768 2.61
176.221 —10783.1 —25.427 0.196 0.17

solvents increases with increasing temperature. The solubility From eq 7, parameteris the physical properties of the solute

of atractylenolide Il is the highest in ethyl acetate and is the

only due to the samAC,, so the value ot in different solvents

lowest in hexane. Therefore, ethyl acetate is a good solvent foris the same. Therefore, when eq 4 is used to correlate the

extracting atractylenolide Ill frorAtractylodes macrocephala
and ethanol is a good solvent for crystallization due to a sharp
decrease of solubility with decreasing temperature.
The temperature dependence of solubility in pure solvents
can be described by a general solubility equation as follows
Ahfus
~a L) m

wherefs is the fugacity of the solute in the pure solid phage;

is the liquid-phase activity coefficient of the soluf®;is the
standard-state fugacity to whighrefers;Ah'us is the enthalpy
change upon the melting of the solute at its triple-point
temperatureTy; AC, is the difference between the heat capacities
of the solute in the liquid and solid phases; dnd the absolute
temperature.

The activity coefficient in eq 2 can be replaced by its value
at infinite dilution because the systems under study are dilute.
A simple relationship can be adopted for the infinite dilution
activity coefficient as follows

AC,

R

1 T T

B

Iny"=A+2 3)

where A and B are empirical constants, which contains the
influence of the solvent on the solute solubility.

Then, eq 2 can also be written as the modified Apelblat
equatiori—10

Inx=a+bT+cinT 4)
wherea, b, andc are semiempirical constants as folldws
_ Ahfus ACp
a= RT, = 1+InT)—A (5)
_ Ahfus AC
b=-=f—+ R"Tt B (6)
— ACD 7
=R ")

experimental solubilities, the value of different solvents has
the same value. The optimized values of parameiels and

¢, the root-mean-square deviations (rmsd), and the average
absolute deviation (AAD) are listed in Table 2. The deviation
between the experimental solubility and the calculated solubility
of atractylenolide Il are also given in Table 1. The rmsd and
AAD are defined as

N
(Xiexptl _ Xicalctﬁz

rmsd=

N ®)

1 N
AAD = N |(xiexptl _ Xicalcd)/xiexptl| (9)

whereN is the number of experimental pointgi@°drepresents
the solubility calculated; ange**! represents the experimental
solubility values.

From eqgs 5 and 6, it can be seen that for a given solute the
values ofa andb vary with the solvents. Both of them reflect
the variations in the solution activity coefficient and provide
an indication of the effect of solution nonidealities on the
solubility of the solute. From the parameters listed in Table 2,
it can be seen that the activity coefficient parameters in ethyl
acetate are much higher than in the other three solvents. The
solubility of atractylenolide 11l in ethyl acetate is much more
of a departure from the ideal solubility than that for the other
three solvents. This may be the explanation for the high
solubility in ethyl acetate.

From the values of rmsd and AAD listed in Table 2 and the
values of &Pt — x,calcd/x,exptl in Table 1, it is seen that the
calculated solubilities show good agreement with the experi-
mental values, even though the deviation of the solubility of
atractylenolide Il in hexane at 283.2 K is large, that is, mainly
due to the smallest solubilities. Therefore, the modified Apelblat
equation can be used to correlate the solubility data of
atractylenolide Il in the four solvents.
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