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Solubility of Racemic Paroxetine Intermediate in Supercritical Carbon Dioxide

Zong-Bi Bao, Zuo-Jun Wei, Bao-Gen Su, and Qi-Long Ren*

National Laboratory of Secondary Resources Chemical Engineering, Zhejiang University, Hangzhou, 310027,
People’s Republic of China

The solubility of racemic paroxetine intermediate in supercritical carbon dioxide was measured in the pressure
range from (9 to 24) MPa and at temperatures of (308.2, 318.2, and 328.2) K using a continuous flow-type
apparatus equipped with a high-pressure-t3Afs detector. Results showed that under the present operation
conditions, the experimentally determined solubility of the racemic compound was in the range =f 10:3

to 1.2 x 1073) in mole fraction. The solubility increased with rising pressure at constant temperature, and the
crossover pressure was found to locate at around 12 MPa for the three solubility isotherms. An empirical density-
based Chrastil's equation was used to fit the experimental solubility data, giving a good correlation with an
AARD of 7.56 %.

Introduction F F
trans-(—)-Paroxetine (Figure 1), a potent and selective o’\O

5-hydroxytryptamine reuptake inhibitor, is currently used in the

treatment of a variety of human diseases such as depression, o oH

obsessive compulsive disorder, and panic disotddvlost of

the synthetic routes developed toward the preparation of this N N
compound involve the key intermediate racertrans-4-(4- i ) o )
fluorophenyl)-3-hydroxymethyl-1-methyl-piperidine. As the ac- Figure 1. Structures of paroxetine and its intermediate.

tive pharmaceutical ingrediemtans (—)-paroxetine is an op- schematically in Figure 2. The determination of the solubility

tically pure compound, Fhe racemic key intermediate ngeds to in this study was performed in a manner similar to that described
be resolved. The enantiomeric separation can be achieved by

enantioselective chromatography or enzymatic resoldtfon by Xing e_t al. which is describeo_l again for cor_1veni_ence: From
Recently, supercritical carbon dioxide (SC-g®as been used. agas c.yllnder. (1), Cowas gupplled and was Ilqu.efled thrpugh
asasolvént of enantiomeric separations using supercritical fluid a coollng unit (A.')' A syringe pump (5) equipped V\."th a
chromatography and supercritical fluid simulated moving bed circulating water Jack(_et was used to bump 4340 the desired
chromatography with chiral stationary pha8énowledge of pressure to a saturation cell (12)_conta|n|ng the so_lute. Pres-

= : . . surized CQ was then introduced into the column via a 2-m
the solubility of enantiomers in SC-GQs therefore essential

for the desian and develooment of chermical and harmaceuticaIStainless steel coil (8) immersed in a thermostated water bath
g . pme P ; (14) to ensure that CQwas at the correct temperature prior to
processes for optical resolutions and for establishing optimum

i - entering the cell. A commercially available empty HPLC column
conditions of operation.

» ) . (150 mmx 4.6 mm) was used as the saturation cell connected
In the present work, the solubility of the racemic paroxetine ;4 4 Rheodyne six-port valve, which enables the cell to be

intermediate in supercritical carbon dioxide was measured from guitched in or out of the flow path. Approximately 0.5 g of the
9 to.24) MPa.and at temperatures of (308.2,.318.2, gnd 328.2)solute was mixed well with clean sand and packed into the
K using a continuous flow-type apparatus equipped with a high- a1 ration cell. A sintered stainless steel frit ofu at each
pressure Uv-Vis detector. Modeling of the experimental  onq of the cell was used to prevent any entrainment of the solute.
solublll_ty data was carried out using an empirical density-based p liquid chromatographic multiwavelength UWis detector
Chrastil's equation. (ALLTECH model 200) equipped with a high-pressure flow
. . cell was used to detect the solute concentration in SG-@ith

Experimental Section its signals captured and processed by a computer (19) using

Materials. Carbon dioxide of 99.9 % purity was used for all N2000 version 3.3 software (Zhejiang University Zhida Infor-
experiments. HPLC grade methanol (99.9 % purity) was mation Engineering Co., Ltd, China). The pressure at the inlet
obtained from Burdick & Jackson (Honeywell, USA). Racemic Of the saturation cell was measured with a pressure transducer
trans-4-(4 -fluorophenyl)-3-hydroxymethyl-1-methyl-piperi- ~ (9) (KYB18, Kangyu Control System Co., Ltd. China) with an
dine (more than 99 % purity) was purchased from Zhejiang accuracy ott 0.05 MPa. The system temperature was controlled
Haisen Pharmaceutical Co., Ltd (China). within + 0.1 K, and measured by a thermocouple. The saturated

Apparatus and ProcedureThe apparatus used to determine SC-CQ was depressurized through a pressure regulator (16)

the solubility of paroxetine intermediate in SC-€® shown connected to the outlet of detector. To minimize the risk of
plugging the tubing, the regulator was placed in a heating block

* Corresponding author. E-mail: Rengl@zju.edu.cn. Fax86-571- (15) at a temperature above the melting point of the detected
87952773. solute. The actual flow rate of GGexpanded to an ambient
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Figure 2. Schematic diagram of experimental apparatus: 1, gas cylinder; 2, pressure gauge; 3, filter; 4, cooling unit; 5, syringe pump; 6, check valve; 7,
surge tank; 8, preheating coil; 9, pressure transducer; 10, pressure display; 11, Rheodyne six-port valve; 12, saturation celVid3jetdétor; 14,
thermostated water bath; 15, heating block; 16, pressure regulator; 17, water saturator; 18, flowmeter; 19, chromatographic workstation.
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Figure 3. Typical solute solubility profile in SC-Cowith UV detection at 254 nm.

pressure, after passing through a water saturator (17), wasemployed experimental pressures and temperatures was calcu-
adjusted to about 30 mimin~! and measured by a flowmeter lated by eq 2:

(18).
A typical solute solubility profile is shown in Figure 3. The FoAy
detector wavelength is set to 254 nm for the solubility K= m, @
measurements. Initially, the Rheodyne six-port valve was
switched to direct the C&flow along a bypass line and through H;
a high-pressure flow cell, also allowing solute-free G@®clean 2=y oM, (2

and flush the tubing and flow cell. Once a UV response baseline
was established in the detector, the saturation cell was brought ) )
on-line, allowing the SC-C&Xto saturate with solute. Equilibra- whereK is the response factor of UV detectét, (mV) is the
tion typically occurred within several minutes and kept for about 2verage UV response plateam, (g) is the amount of the solute
10 min. The net solute UV response at 254 nm for each injected from sample loofo (L-s™) is the SC-CQflow rate,
solubility run was determined by subtracting the average Ao (MV'S) is the elution area of an amount wb solute, p
baseline signal of solute-free GBom the average UV response  (MOlL™%) is the density of SC-C@ andMs (g'mol™) is the
plateau of CQ that was saturated with the solute after the molecular welg_ht of_ the test solute. All the solubility measure-
equilibration was established. ments and calibrations processes were performed more than
Referring to Figure 2, the UVVis detector was calibrated three times at the .same.condmon, and each solubility was
as follows. For calibration, the saturation cell was substituted XPressed by an arithmetic average.
by a 20uL sample injection loop filled with standard solution
of racemic paroxetine intermediate in methanol. Initially, the
sample injection loop was switched out of the flow path to  Solubility measurements were performed under several flow
establish a zero baseline response. Then, the sample injectiomates of CQ (15 to 70 mLmin~1) at given temperature and
loop was brought on-line, and a typical response for each pressure. The solubility obtained was found to be independent
calibration was recorded until the signal returned to the baseline.of the flow rate, thereby confirming that the equilibrium
Response factoK was calculated at each temperature and saturation was achieved. The experimental solubility of the
pressure by eq 1, and the mole fraction solubility at the solute in SC-CQis listed in Table 1. The experimental solubility

Results and Discussion
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Table 1. Experimental Solubility of Racemic Paroxetine
Intermediate in Supercritical Carbon Dioxide

Table 2. Regression Parameters of Chrastil's Model for Paroxetine
Intermediate Solubility in SC-CO;

T p o S k A b % AARD?  AH/kJmol!
K MPa kgm™3 y x 104 gLt 515+ 0.10 —21714+118 —26.5+0.4 7.56 —-18.0
308.2 8.83 648.7 2.22 0.73
10.05 714.7 272 0.99 a9% AARD = 1/INZN|(Sexp — Sald/Sexl x 100 %.
12.15 770.1 3.59 1.40 10
14.01 801.6 3.87 1.57
15.96 826.7 4.70 1.97
18.01 848.1 5.20 2.24
20.05 866.1 5.36 2.35
22.03 881.4 6.41 2.86 1y £
24.05 895.2 6.76 3.07 I
318.2 10.01 499.8 1.43 0.36 = °
12.02 658.6 3.13 1.04 o0
14.05 721.6 4.45 1.63 2 ok N
15.91 758.5 5.64 2.17 ’
18.05 789.9 6.92 2.77
20.02 812.9 7.44 3.07
21.98 832.2 8.58 3.62
0.0l 1 1 1 1 1 1 1
328.2 21%20% %5215'01 8327 40'0102 300 400 500 600 700 800 90
11.95 500.5 2.36 0.60 p/kgm’
iggg gégi ggs %gi Figure 6. Linear relationship between IS and In p at different
18.02 723'4 8.36 3'07 temparutres:0, 308.2 K;O, 318.2 K; A, 328.2 K. Solid lines represent
20.06 755.4 10.04 384 Chrastil's regression fit.
22.07 780.7 11.84 4.69
ing pressure, which mean that the intermolecular mean distance
decreases. Consequently, the specific interaction between the
10°k — solute and the solvent molecules increases, thereby leading to
B S higher solubility. However, the effect of temperature on solubil-
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Figure 4. Experimental solubility of racemic paroxetine intermediate in
supercritical carbon dioxided, 308.2 K;O, 318.2 K; A, 328.2 K.
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Figure 5. Logarithmic relationship between solubility of racemic paroxetine
intermediate and pure SC-G@ensity at different temparutre£d, 308.2
K; O, 318.2 K;A, 328.2 K. Solid lines represent regression fit of the data.

ity is more complex, and the crossover behavior can also be
observed as reported previou$lit.can be seen from Figure 4
that the crossover pressure point is located at around 12 MPa
among three solubility isotherms. Below this crossover pressure,
the solubility increases with decreasing temperature. Above the
value, the effect of the temperature on the solute vapor pressure
overlays the effect on the solvent density, resulting in an increase
of the solubility with the temperature increases.

To confirm the reliability of the experimental data, we also
examined the internal consistency of solubility data using the
following equation proposed by Kumar and Johnston:

v
Iny,=Cq— (ﬁ) o (3)
T/p=1

whereCy is a constantys is the partial molar volume of solute
in the supercritical fluid,p; is the reduced density of the
supercritical fluid phase, ant is the isothermal compressibility
of the supercritical fluid phase.

As indicated by Figure 5, the logarithm of the experimental
solubility data gave a good linear relationship with pure SC-
CO;, density. This was also observed by other workér?

Data Correlation

Models based on equations of state, together with different
mixing rules, are the most widely used to correlate and predict
the solubility of solid in SC-C@ However, these models
normally require the solute properties, such as critical param-
eters, acentric factor, solid molar volume, and vapor pressure

of the solute at temperatures of (308.2, 318.2, and 328.2) K in that are often unavailable, especially for pharmaceutical com-

SC-CQ is also plotted in Figure 4 as a function of pressure.

pounds. To avoid the disadvantages above as well as compli-

As shown in Figure 4, it is noted that the solubility increases cated computational procedures, we adopt an empirical density-
with rising pressure in all cases, which can be easily explained based model proposed by Chraétil.

in terms of the specific interaction between the solute and the

Chrastil's model is the most commonly used model, which

solvent molecules. Density and solvent power rise with increas- correlates the solubility of a solute in a supercritical fluid to
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