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Abstract: 3 4o ]
Pergolide is a synthetic ergot alkaloid approved for the
treatment of Parkinson’s disease. Process-related impurities
from the synthesis are difficult to remove chemically without a.0as]
significant yield loss. An alternative purification procedure was
necessary. Pergolide is soluble in nonaqueous solvents such as
chloroform, methylene chloride, and dimethylformamide. Solu- 2.004]
bility is improved when the halocarbon is mixed with an alcohol
such as methanol. These characteristics are desirable for silica
gel chromatography. This paper describes the evaluation of
solubility as a function of halocarbon and the development of

3.2e4

2.Beo4

2.49a4

2. 2604

a silica gel system to separate the process-related impurities ~ 2-0=4 8 2

from pergolide. The criteria for choosing a commercially e % " K

available silica gel and results from purification using axial ] \ S Tyt e O
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compression column technology are also discussed.
Figure 1. S-shaped isotherm behavior on IMPAQ silica gel.
The column was 4.6x 250 mm with an eluent consisting of
80% dichloroethane and 20% methanol containing 10% acetic
Introduction acid at a flow rate of 1.0 mL/min. The column loading was
Chromatographic properties of silica gel are dependent 1-35 mg.
on specific pore volume, average pore diameter of the silica,
and concentration of silanol groups per unit surface area.
The highest surface area is obtained when irregular silica
with 60 A pore size is used. Particle size distribution will
also affect loading parameters and, more importantly, column
back pressure. A particle size of 15—afh was found to
be optimum for back-pressure restrictions on the production
pumping system.
Large-scale HPLC is most efficiently operated under Experimental Section
“column overload” conditions. Column overloading gives Preparative chromatography experiments were carried out
rise to asymmetrical peak shapes, displacement affects, andising a Gilson Medical Electronics, Inc., system (Middleton,
selectivity reversals. Knowing the type of isotherm behavior WI, USA) consisting of Model 303 pumps with 10 and 25
that compounds exhibit is important when optimizing a mL pump heads, Holochrome UV/vis detector with a 2 mm
preparative separation since this affects the loading andflow cell, and a Model 201C fraction collector. Experiments
purification rate. When a compound exhibits Langmuir were monitored at a wavelength of 290 nm. Scale-up
isotherm behavior, retention decreases as loading is increasedxperiments and evaluation of different batches of silica gel
A second type of behavior is the S-shaped isotherm. were carried out on 10< 250 mm prepacked silica gel
S-shaped isotherms are characterized by an increase irtolumns. Column parameters used in the scale-up experi-
retention time for the peak maximum up to a certain ments of the separation and calculated loading capacities of
concentration. At this point, a maximum concentration for pergolide are presented in Table 1. The initial loading
the column is reached and retention time decreases, causingxperiments were carried out by loading—6D0 mg of
a concentration “shock wave” where the peak ends abruptly pergolide on a 4.6< 250 mm column.
at the long retention time. Preliminary experiments indi- The preparative HPLC system in the pilot plant was an
cated S-shape isotherm behavior for pergolide on an IMPAQ integrated dynamic axial compression (DAC) system from
silica gel column with acetic acid, methanol, and dichloro- Prochrom, Inc. (Indianapolis, IN, USA), consisting of a 15
ethane eluerit. A chromatogram of pergolide illustrating this  cm diameter column with a 1000 mm stroke length, Model
behavior is presented in Figure 1. Although the shape of LC150VE.1000.70, Lewa three-head diaphragm metering
the isotherm cannot be completely controlled, modification pump Model EK3H, and Custom Sensors and Technology
UV detector Model 4700. A wavelength of 254 nm was
g; gcggghda;ii}y';c'\rfrlglrﬁ;t;;r'.lggg’,g]fzts?%l.%l'281' 395. used for the production lots. An automation system utilizing
(3) G. Cox, Prochrom Inc., unpublished resullts. a Compagq 286 PC was supplied by Prochrom.

of the chromatographic eluent and the silica gel surface can
be used to achieve acceptable separation of components. This
paper describes how the chromatographic eluent was modi-
fied to achieve acceptable behavior on various silica surfaces
and successfully used to purify pergolide in production scale
equipment.
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Table 1. Column parameters CH,SCH;, CH,SCH,

column size, column flow rate,
mm vol packing mL/min loading Hu,, \ H,,

] - , N
46x250 415mL  2.1g 08 100 mg e y Cre
10 x 250 196mL 9.8g 3.8 472 mg
50 x 250 491 mL 2459 100 11.8¢g / /

150 x 250 4.42 L 2.21 kg 900 106.2g N N

=
=

a Analytical (4.6 mm) and semipreparative (10 mm) columns were slurry Pergolide
packed with CHGJ and used as received from the different vendors. Preparative g
columns (50 and 150 mm) were packed by DAC at a piston pressure of 150 bar.

The silica gel was slurried in CHgprior to packing.

6-Methyl Pergolide

CH,SCH,SCH; CH,OH

Table 2. Bulk sources of silica gel H,, H,

v} N\ 1)

av diam, pore size, Pr ~Pr
type source um H
IMPAQ RG1020 PQ Corporation 20 100 N J N J
IMPAQ RG0620 PQ Corporation 20 60 H” g
SORBSIL C60  Jones Chromatography 20 60
Al-023-10/25 YMC Corporation 16 120 .
P S-Methyl Pergolide Compound 131339

Figure 2. Structures of pergolide and related compounds.

Silica gel from PQ Corporation (Conshohocken, PA, L ) ) ) )
USA), Jones Chromatography USA, Inc. (Littleton, CO, purlfl'c.atlon on th!s resin was not feasible. Concgrrent studies
USA), and YMC, Inc. (Wilmington, NC, USA), were 0N silica gel indicated that the 6-methylpergolide could be
evaluated. Each manufacturer supplied a>1®50 mm separated from pergolide and that a combination of the two
prepacked column containing a batch of silica for evaluation. chromatographic techniques could be used for purificetion.
On the basis of this evaluation, bulk material was purchased. ~Chromatography Development. Separation conditions
Properties of the different silica gels evaluated in these for pergolide and related impurities were initially developed

experiments are summarized in Table 2. on a Spectra Physics analytical HPLC system using>4.6
250 mm prepacked columns containing different batches of
Results and Discussion silica gel. Analytical separation of pergolide and related

The criteria for column purification were that related compounds shown in Figure 2 was achieved on a YMC silica
impurities in the recovered pergolide must be less than 0.1%;gel column using a basic system consisting of ethylene
column loading should be 20 g/L of column volume/cycle; dichloride, isopropyl alcohol, and triethylamine. The solu-
and recovery of pergolide should be greater than 90%. A bility of pergolide under these conditions {5 mg/mL) was
process based on RP-HPLC has been successfully employedot sufficient for scale-up. Similar results were obtained with
using axial compression column technology for purification other systems utilizing bases such as ammonium hydroxide.
of biosynthetic human insulih. The structures of pergolide  Solubility was better when acids such as acetic or trifluo-
and related compounds that were generated in processingoacetic were used in conjunction with an alcohol and
are illustrated in Figure 2. Initial efforts to develop a column halocarbon. Pergolide exhibited nonlinear, S-shaped iso-
purification of pergolide entailed a reverse phase method therm behavior on YMC silica with ethylene dichloride or
using acetonitrile and pH 7 buffer on a C8 type column methylene chioride and isopropyl alcohol based eluents. The
(Zorbax C8, MAC MOD, Chadds Fort, PA, USA). These  isotherm behavior of pergolide was improved when methanol
results indicated that purification would be possible but 5nq methylene chioride containing trifluoroacetic acid were
column loading would be low<5 gmi/L) due to the solubility ;564 a5 eluent rather than acetic acid. However, this system
characteristics of pergolide. Solublhty as a function of p_H was not optimal in terms of solubility, and pergolide did not
was evaluated. At low pH, pergolide was soluble in o, pinit the desired Langmuir isotherm behavior. Chroma-
acetonltrlle/buffer_ n t_he range (.Jf 4®0 mg/ T“L- However, tography was improved when trifluoroacetic acid was
at low pH, pergolide is not retained on typical reverse phase replaced with methanesulfonic acid. Increasing the acidity

columns. At .hlgher pH vaIues,_ sqlgbmty was reduced and of the eluent improved the behavior of pergolide on the silica

column loading decreased significantly due to volume . )
L gel surface. Methanesulfonic acid was used to make the
restrictions of the column. . o L
mesylate salt in a separate crystallization step; thus, using it

Other media for column purification of pergolide were . the ch N hi ficati ¢ id
investigated, and HP-20 SS (Mitsubushi Chemical Industries,In e chromatographic purificaion was a way 1o avol
possible different salt forms of pergolide which might result

LTD) was evaluated as an alternative to C8 packing. h ids in th h .
SMethylpergolide was absorbed on HP-20 SS and separateJrom other acids in the process. A chromatogram using
from pergolide. However, 6-methylpergolide did not sepa- methanesulfonic acid for separation of pergolide and impuri-

rate from pergolide when HP-20 SS was used, and thus totalli€s is presented in Figure 3. Pergolide solubility for this

(4) Kroeff, E. P.; Owens, R. A.; Cambell, E. L.; Johnson, R. D.; Marks, H. I. (5) Kennedy, J. H. Midwest Pharmaceutical Process Chemistry Consortium ‘93,
J. Chromatogr.1989,461, 45. Poster 11, Indianapolis, IN, Oct 11, 1993.
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] Table 3. Pergolide solubility/loading as function of
halocarbon solvent
solubility loading
solvent (mg/mL) (g/cycle) ob
chloroform 40 66 2.50
methylene chloride 25 23 2.00
1,2-dichloroethane 20 55 1.47
tetrachloroethylene 13 3.5 1.44
1,1,2-trichloroethane 10 2.7 1.33
1,1,2-trichloroethylene 10 2.7 1.35
1,1,1-trichloroethane 10 2.7 1.26
1,1,1-trichloroetharfe 2 0.5 2.33
toluene 7.3
acetonitrile 3.6
tetrahydrofuran 3.6
ethyl acetate <1.0

aMixture of methanol/solvent with same elutropic strendth. calculated
from separation of pergolide/6-methylpergolidé&lutropic strength changed to

Figure 3. Separation of pergolide and related compounds: (A) Maximiz6eo.

S-methylpergolide; (B) pergolide; (C) 6-methylpergolide; (D)
131339. The column was a 4.6 250 mm YMC silica column.
The eluent consisted of 5% methanol and 95% methylene
chloride with 0.2% methanesulfonic acid modifier. The column
flow rate was 1.0 mL/min.

system was approximately 25 mg/mL. Substituting chloro-
form for methylene chloride increased solubility to 40 mg/
mL and improved the separation facta) for pergolide and
6-methylpergolide.

The effect of other solvents on solubility and loading was B
evaluated by substituting different halocarbons in the eluent
in place of chloroform. Various solvent combinations were
evaluated for the separation of pergolide and related com-
pounds. The ratio of methanol to halocarbon was controlled
to provide equivalent elutropic strendth. After pergolide
solubility was measured, the. value for separation of
pergolide and 6-methylpergolide was obtained using a
SORBSIL C60 column. Loading was not calculated for
solubility less than 10 mg/mL since this would not be a
practical eluent to use. This data indicated that only
chloroform or methylene chloride was suitable for a produc-
tion process. Screening experiments with a 4.850 mm
column indicated that loading of approximately 66 g/cycle
should be possible on a 625 cm column using SORBSIL
C60 silica gel. A summary of solubility and loading data is
shown in Table 3.

Silica Gel Evaluation. An eluent consisting of 5%
methanol and 95% chloroform with 0.2% methanesulfonic
acid was used to determine loading parameters on the
prepacked 10< 250 mm silica columns from the different
vendors. A stock solution of pergolide at a concentration
of 30 mg/mL was prepared. Varying amounts of pergolide
were pumped onto the column using a Gilson pump. The
initial volume was 10 mL on column. Eluent was pumped
through the column using the second Gilson pump at a rate
of 5 mL/min. After the pergolide peak was collected, the
flow rate was increased to 12 mL/min to elute the impurities.
System back flushing was evaluated in the production unit
to clean the column, but this option was not available on
the lab unit. Loading was a function of column volume,
solubility, and volume of eluent required to elute the
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Figure 4. Loading experiments on lot 257K SORBSIL C60:
(A) 999 mg; (B) 520 mg; (C) 325 mg.

pergolide. The 10x 250 mm column had a volume of
approximately 20 mL. On the 1& 250 mm column,
pergolide was eluted with 33 mL of eluent. Ata 30 mg/mL
concentration of pergolide, loading was limited to 999 mg.
Chromatograms from the lab trials of SORBSIL C60 with
column loading of 325, 520, and 999 mg are illustrated in
Figure 4. The impurities were resolved at a loading of 999
mg. This indicates that more pergolide could possibly be
loaded on this silica and the desired purity of the recovered
pergolide still be achieved.

Similar loading profiles were obtained on IMPAQ silica
gel. Chromatograms from IMPAQ experiments with column
loading of 345 mg are presented in Figure 5. The IMPAQ
silica used in these studies was from two different lots, one
being 60 A (RG0620) and the other being 100 A (RG1020).
Both lots were 20um particle size. Both IMPAQ and
SORBSIL C60 gels were found to be acceptable, with the
60 A materials having higher loading capacity based on the
increase ino. between pergolide and 6-methylpergolide.

Pilot Plant Scale-Up. All scale-up experiments in the
pilot plant were done with SORBSIL C60 silica. The column
(6) Snyder, L. RJ. Chromatogr1974,92, 223, length was increased to 50 cm in the pilot plant in order to
(7) Snyder, L. RJ. Chromatogr. Scil1979,16, 223. increase the column volume and thus increase the loading
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Figure 5. Loading versus pore size experiments on IMPAQ b . o e
silica gel: (A) 60 A type RG0620; (B) 100 A type RG1020. The “TJ‘FL‘WL_'\
loading was 345 mg on each column.
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' ' ‘s ' R ' Figure 7. Analytical chromatograms from 100 g loading: (A)
‘ ‘ b : ‘\- : fraction 1; (B) fraction 2; (C) fraction 3. The analytical
. "\ \ conditions on 5um APEX silica were 10% methanol and 90%
( N \] ) methylene chloride containing 0.2% methanesulfonic acid with
/ . . a flow rate of 1.0 mL/min. The column fractions were monitored
@y } } — FATS— ; f NN at 280 nm, and the column was heated to 46C.
9.0 TIME ¢(mwin.) 4@,
Figure 6. Chromatogram from 100 g load on 15x 50 cm This procedure has been successfully run in the pilot plant
dynamic axial compression column: (A) fraction 1; (B) fraction using a 250 g loading per cycle on the £5%0 cm column.

2;(C) ff?Ction 3; (D) wash. The e|Uent000nSiSted of 5% methanol  The cycle times were approximately 1 h with a 98% recovery
and 95% chloroform containing 0.2% methanesulfonic acid. of pergolide from the silica gel column.

The flow rate was 1.5 L/min at a pressure of 650 psi. The wash
eluent consisted of 20% methanol in chloroform. Conclusions

A purification procedure for pergolide using commercially
capacity of the column. Flow rates were found to be limited gygjlable silica gel has been developed and scaled up in a
to 1.5 L/min with a back pressure of approximately 650 psi pjjot plant. The combination of the silica gel procedure and
on the 15x 50 cm column. After elution of pergolide, the Hp-20 SS column to remov@-methylpergolide made total
methanol concentration was increased from 5% to 20% in pyification of pergolide possible. The initial goals of less
the eluent to clean the column for subsequent runs. Thisthan 0.1% of process-related impurities in final material; a

procedure was preferred due to pressure problems changingq g/L column loading; and a 90% vield were accomplished.
to back flush at the 1.5 L/min flow rate. A chromatogram

from a 100 g loading on the column is illustrated in Figure Acknowledgment
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