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Solubilities of Betulin in Fourteen Organic Solvents at Different Temperatures

Dan Cao, Guoling Zhao, and Weidong Yan*
Department of Chemistry, Zhejiang University, Hangzhou 310027, PRC

The solubilities of betulin in methanol, ethanol, 1-propanol, 1-butanol, 1-pentanol, 1-hexanol, methyl formate,
ethyl formate, methyl acetate, ethyl acetate, chloroform, dichloromethane, cyclohexane, and acetone were measured
atT = (278.2, 288.2, 298.2, and 308.2) K. The solubilities of betulin in selected organic solvents increase with
temperature. A three-parameter equation was used to correlate the experimental data. These data of solubility can
be used to guide the processes of crystallization in industry.

Introduction J

Betulin (Figure 1, CASRN 473-98-3, FW 442.7, white in
color) and betulinic acid are natural products. Betulin exists in Z
large amounts in the outer bark of the white bitcBetulinic y
acid and many of its derivatives exhibit great promise as
bioactive agents for the treatment of HIV infection and human
melanoma. Betulinic acid can be easily prepared from the more
plentiful precursor betulin in a simple two-step process. So the
abundant availability of betulin from natural resources gives
rise to research interest in its applicatiés.

Betulin was extracted from the outer bark of the white birch
by an ethanol water mixture. The crude betulin (0.5 to 0.6
mass fraction) was purified by recrystallizing in a mixed solvent
of chloroform+ methanol. To reduce the loss of betulin in the
mother liquor and increase the productivity of purification, the Betulin (C30Hs00,)
studies of phase equilibrium, especially of solubility data, are Figure 1. Molecular structure of betulin.
important. They are used to guide the processes of extraction ) ) ] )
and crystallization in industry. The solubility data of betulin in  The crude betulin was dissolved in a mixture of methanol and
pure organic solvents have not been found in the literature. ~ chloroform in a volume ratio of 1:1, refluxed about 3 h, and

Normally there are three methods to measure the concentraecrystallized at room temperature. The betullr_1 was drled ina
tion of a saturated solution of solute dissolved in solvent: laser Vacuum oven af = 348.2 K for 24 h and stored in a desiccator
technique? gravimetrical metho,and analytical metho8iThe to avoid at_)sorblng th_e water. The purity was higher than 0.995
laser technigue is used to obtain the data quickly, but it is not Mass fraction, determined by HPLC (Shimadzu LC-10ADhe
easy to check whether the sofitiquid equilibrium is reached, ~ reference standard of Betulin, with a purity af 0.98 mass
especially for systems that can emulsify. The gravimetrical fractlon, was purchased from Sigma-Aldrich Chemical Corpora-
method is simple and reliable, but it is usually used to measure tion (USA). _ )
systems where the solubility is high. The analytical method can  All of the organic solvents were of analytical grade and
be used to determine the concentration of a saturated solutionPurchased from Sinopharm Chemical Reagent Co., Ltd. (China).
by chemical methods of analysis, e.g., the HPLC method and The solvents were QOydrated with molecular sieves (3 to 4 A
the UV method. It is useful to measure systems where the before use. The purities of the organic solver_lts, determined by
solubility is very low. The solubilities of betulin are too low to ~ 9as chromatography, were 0.998 mass fraction.

be measured by the gravimetrical method. As a result, the Sample PreparationGlass-stoppered test tubes (10 mL) were
analytical method was employed in this work. used to prepare saturated solutions (about 8.0 mL) of betulin

1-butanol, 1-pentanol, 1-hexanol, methyl formate, ethyl formate, Stoppered and sealed with Parafilm and Teflon tape to prevent
methyl acetate, ethyl acetate, chloroform, dichloromethane, €vaporation of solvents. Then the test tubes were placed in a

cyclohexane, and acetone were measurdd=ai(278.2, 288.2, constant temperature thermostatic bath (PolyScience chiller
equation was used to correlate the experimental data. and a temperature uncertainty-6f0.25 K. The test tubes were

. . allowed to settle about 36 to 48 h to ensure equilibrium. For

Experimental Section each test tube, three samples of approximately (0.2 to 0.6) mL
Materials. The crude powder of betulin (0.92 mass fraction) were withdrawn from the clear saturated solution using pre-

was supplied by Skyherb Natural Product Co., Ltd. (China). heated glass syringes. The glass syringe with a saturated solution

* To whom correspondence should be addressed. Tel: 0086 571 87951430\W@S Weighted using a Sartorius Type 1712 analytical balance
Fax: 0086 571 87951895. E-mail: yanweidong@zju.edu.cn. with an uncertainty oft 0.01 mg. The needle was closed with
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Table 1. Experimental Data of Solubilities for Betulin in Different Solvents atT = (278.2, 288.2, 298.2, and 308.2)?K

T 10m T 10°m
K mol-kg~?t 10%; K mol-kg™?* 10%;
Methanol Ethanol

278.2 5.60+ 0.07 1.79+ 0.02 278.2 12.6& 0.2 5.79+ 0.08

288.2 7.74+0.15 2.48+ 0.05 288.2 14.31%+ 0.2 6.58+ 0.10

298.2 10.24+ 0.07 3.28+ 0.02 298.2 19.5@- 0.4 8.98+ 0.18

308.2 12.4H 0.57 3.97+0.18 308.2 24.6& 0.2 11.33£ 0.09
1-Propanol 1-Butanol

278.2 18.9Gt 0.24 11.33+0.14 278.2 24 4% 0.77 18.074 0.83

288.2 21.26+ 0.51 12.74+0.31 288.2 28.8% 0.34 21.30+ 0.25

298.2 24.42+ 0.36 14.63+ 0.21 298.2 32.3%0.01 23.85+ 0.01

308.2 26.674 0.44 16.00+ 0.19 308.2 36.76- 0.56 27.13+0.42
1-Pentanol 1-Hexanol

278.2 10.80t 0.59 9.50+ 0.52 278.2 7.25: 0.06 7.444+ 0.06

288.2 13.69t 0.37 12.04+ 0.33 288.2 8.27& 0.03 8.46+ 0.03

298.2 16.29+ 0.51 14.324+ 0.45 298.2 10.0& 0.11 10.20+0.11

308.2 19.45+ 0.78 17.13+ 0.69 308.2 12.46- 0.36 12.73+ 0.37

Methyl Formaté Ethyl Formate

278.2 3.12+ 0.10 1.87+ 0.06 278.2 4.0 0.01 3.01+0.01

283.2 3.53+0.14 2.124+0.08 288.2 4.51 0.03 3.33+0.03

288.2 4.29+ 0.06 2.57+0.04 298.2 4.8% 0.04 3.16+ 0.19

298.2 5.2+ 0.25 3.16+ 0.2 308.2 5.34t 0.02 3.95+0.01

Methyl Acetate Ethyl Acetate

278.2 8.09+ 0.02 5.98+ 0.01 278.2 10.94 0.95 9.63+ 0.84

288.2 9.53+ 0.02 7.05+ 0.01 288.2 17.6% 0.07 15.50+ 0.06

298.2 10.78+ 0.05 7.97+0.04 298.2 23.52 0.57 20.66+ 0.51

308.2 12.4G£ 0.19 9.17+0.14 308.2 34.72 0.50 30.474 0.44
Chloroform Dichlorometharbe

278.2 21.85+ 0.57 26.02+ 0.68 278.2 9.25@ 0.003 7.90+ 0.03

288.2 28.39 0.55 33.7H+ 0.66 283.2 9.85 0.06 8.37+ 0.05

298.2 36.77 0.06 43.70+ 0.08 288.2 10.5% 0.07 8.97+ 0.06

308.2 43.03t 0.30 51.11+ 0.43 298.2 11.640.14 9.91+ 0.12

Cyclohexane Acetone

283.2 0.20G+ 0.001 0.168t 0.008 278.2 9.5% 0.07 5.56+ 0.03

288.2 0.322+ 0.006 0.270+ 0.010 288.2 14.95 0.41 8.66+ 0.20

298.2 0.755+ 0.006 0.634+ 0.021 298.2 27.26- 0.66 15.78+ 0.38

308.2 1.944+ 0.004 1.667# 0.027 308.2 39.240.33 22.73+0.19

a Expanded uncertaintiest] were calculated using standard deviation, SDgoverage factok; k = 2.2 T = (278.2, 283.2, 288.2, and 298.2) K.
¢T = (283.2, 288.2, 298.2, and 308.2) K.

silicon rubber to prevent evaporation of solvents during the chromatograph procedures were performed at room tempera-
weighing procedure. To prevent precipitation, the saturated ture’

solution was injected into the 10 mL volumetric flask im- ) )

mediately. Subsequently, the mass of the glass syringe with theResults and Discussion

remaining solution was weighed. Then the mass of saturated The solubilities of betulin in selected solvent are very low.
solutions which were put into volumetric flasks was calculated. High-performance liquid chromatography was chosen to deter-
The solutions of samples used for analysis were diluted to the mine the concentration of a saturated solution of betulin in the
mark with methanol. organic solvent. To check the reliability of the experimental

An accurately weighed quantity of betulin RS was dissolved Method, known masses of betulin were completely dissolved
in methanol to obtain a reference standard solution having ain methanol and the concentrations of solution were measured
known concentration of about 0.25 rngl . by HPLC. The average relative uncertainty was 2.6 (6).

The solubilities of betulin in methanol, ethanol, 1-propanol,
1-butanol, 1-pentanol, 1-hexanol, methyl formate, ethyl formate,
methyl acetate, ethyl acetate, chloroform, dichloromethane,
cyclohexane, and acetone were determined at different temper-
atures and are listed in Table 1. Molalities, (mol-kg—1), and

Chromatographic ConditionsThe solubility was determined
using HPLC (Shimadzu Corporation, Kyoto, Japan) consisting
of a degasser (DGU-4A), a solvent delivery module (LC-10AT),
and a UV detector (SPD-10A). Data were acquired using the

N2000 Chromatographic Data System (Zheda Information and mole fractionx;, values in Table 1 are the average values taken

Technologies Ltd., Hangzhou, China). from two test tubes and three samples for each tube with the
The analysis was performed on a Diamonsi lumn (250 same solvent. The expanding uncertairty for each data point
mm x 4.6 mm, 5um). The optimum separation of HPLC was is given in Table 1. The experimental value of betulin in
carried out with a mobile phase composed of acetonitrile and cyclohexane af = 278.2 K is absent because the melting point
water in a volume ratio of 92:8 at a flow rate of 1.0 miin=. of cyclohexane is 279.65 K. Furthermore, the data of betulin in
The injected volumes of sample and reference standard solutionsdichloromethane and methyl formateTat= 308.2 K are absent
were 20uL. The detective wavelength was set at 210 nm. All because the boiling point of methyl formate is 305.2 K and with
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Figure 2. Solubility of betulin in different alcohol solvents®, methanol;
0O, ethanol;a, 1-pentanol$, 1-butanol;a, 1-propanolM, 1-hexanol; line,
calculated by eq 4 (parameters taken from Table 2).

Table 2. Parameters of Equation 4 for Betulin in Different Solvents

solvent a oK c 10%rmsd
methanol 269.49 —14110.13 —40.403 0.02
ethanol —408.16 15877.85 61.053 0.23
1-propanol 33.58 —2613.37 —5.503 0.11
1-butanol -11.37 —783.64 1.400 0.35
1-pentanol 93.33 —5797.89 —14.115 0.10
1-hexanol —343.57 13438.14 51.181 0.02
methyl formate 24.38  —3405.06 —3.684 0.03
ethyl formate 7.91  —1343.82 —1.987 0.01
methyl acetate 24.38 —1857.44 —2.235 0.05
ethyl acetate —92.06 950.24 14.516 0.29
chloroform 206.01 -—10935.87 —30.676 0.46
dichloromethane 103.22 —-5591.27 -—16.039 0.03
cyclohexane —511.51 15457.58 78.983 0.01
acetone 30.65 —5157.51 —3.486 0.59

dichloromethane, which has a boiling point of 313.2 K,

evaporation occurred at = 308.2 K. So the solubilities of

betulin in cyclohexane, dichloromethane, and ethyl formate were

determined af = 288.2 K.
According to the solietliquid phase equilibrium theory, the

relationship between solubility and temperature is described as

A H(T, AC, (T AC, T
o i B G R
X t

whereyy is the activity coefficient of betulin on a mole fraction
basis;x is the mole fraction solubility of betulinAgsH is the
enthalpy of fusion of betulinAC, is the change of the heat
capacity; T is the absolute temperatur€; is the triple-point
temperature of betulin; an is the gas constant. For regular
solutions, the activity coefficient is given by

_ A+ B
Iy, =A+ = )

whereA andB are constants. Introducing, from eq 2 into eq
3 and subsequent rearrangement results in

AC,
?(1+InTt)—A -
AuH AC) 11 AC,

Equation 3 can be written as

Inx = AfusH
RT,

—ay P
Inx—a+T/K+cInT/K 4)

wherea, b, andc are empirical parameters. The experimental
data of mole fraction solubility in Table 1 were correlated with
eq 4. The values of the three paramet@rdé, andc together
with the root mean square deviations (rmsd’s) are also listed in
Table 2. The rmsd’s are defined as

n 1/2

rmsd= E (Xi,calcd - Xi,exptl)2 ®)

where Xcaicq is the solubility calculated by eq 4 using the
parameters in Table Xy is the experimental value of mole
fraction solubility of betulin; anch is the number of experi-
mental points.

The data for solubility of betulin in different alcohol solvents
were plotted as shown in Figure 2. From Table 1 and Figure 2,
some conclusions could be obtained: (1) The solubility of
betulin in pure organic solvents increases with increasing
temperature. (2) The solubility of betulin in alcohol solvents
decreases in the order 1-butarrel1-propanol> ethanol>
1-pentanol 1-hexanol methanol. (3) The solubility of betulin
in ester solvents decreases in the order ethyl acetatethyl
acetate> ethyl formate~ methyl formate.
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