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PURIFICATION OF ORGANIC COMPOUNDS USING SURROGATE STATIONARY
PHASES ON REVERSED PHASE COLUMNS"

FIELD OF THE INVENTION

The invention relates to purification of organic compounds using surrogate stationary phases on

reversed phase columns. More particularly, the invention provides a preparative HPLC method

for purification of organic compounds employing reagents selected from hydrophobic quaternary

ammonium salt or quaternary phosphonium salt as a surrogate stationary phase.

BACKGROUND OF THE INVENTION

Reversed phase high performance liquid chromatography (RP-HPLC) is used ubiquitously in

academic institutions, forensic laboratories, fine chemicals, and pharmaceutical industries etc. for

the analysis, characterization, separation, purification and/or isolation of small organic

molecules, natural products, and biologically active molecules such as polypeptides, proteins,

and nucleotides. In the pharmaceutical industry, analytical RP-HPLC is used for the release and

characterization of raw materials, intermediates, and active pharmaceutical ingredients (APIs).

Preparative reversed phase high performance liquid chromatography (Prep-RP-HPLC) is used

for the commercial production of Peptide APIs, and most other complex APIs that are not

amenable to crystallization.

Preparative RP-HPLC in the elution mode is limited by the loading capacity of the analyte. In the

elution preparative RP-HPLC mode, the typical loading capacity of synthetic peptides is in the

range of 1 to 2 mgs per ml of packed column volume (viz., 0.1% to 0.2% with respect to total

column volume).

The patent application US20 120322976 discloses a preparative HPLC of a GLP-1 analog. The

loading was 0.225% with respect to total column volume {(about 45 mgs on to a 20 ml C-18

substituted (Octadecyl-dimethylsilyl) silica resin (particle size: 15 microns)}.



The patent application US20 1 03 13131 discloses a preparative HPLC of (Aib 8, 35) GLP-1(7-

36)-NH2 at loadings up to 20 g/ L (2% with respect to total column volume).

Recent advances in RP-HPLC have focussed on producing spherical silica and development of

new bonding chemistries to furnish stationary supports that have improved stability and.

selectivity. The earlier supports were irregular silica particles that were derivatized with C-18 or

C-8 chains, and they suffered from high back pressure. The high back pressure limited their use

with respect to quantity that could be purified in a single run, and to relatively smaller diameter

columns.

The commercial manufacture of spherical silica that has been derivatized by C-18, C-8, and other

ligands have overcome these challenges and have extended the utility of preparative HPLC

vastly. These technological advances in process HPLC instrumentation, and the bonded silica

supports have made possible commercial production of complex peptides such as Fuzeon®, a

36-amino acid peptide, in ton quantities. Unfortunately, these large scale HPLC instruments and

the associated column hardware are very costly and restrict the affordability of the methods.

Further, RP-HPLC in the displacement mode has better loading capacity than RP-HPLC in the

elution mode but it is arduous to develop. The displacement is best suited for ion exchange

mode, and has found numerous recent applications.

Displacement chromatography, on the other hands, utilizes as mobile phase a displacer solution

which has higher affinity for the stationary phase material than do the sample components. The

key operational feature which distinguishes displacement chromatography from elution

chromatography is the use of a displacer molecule.

The Patent US6239262 discloses low molecular weight displacers for protein purification in

hydrophobic interaction and reverse phase chromatographic systems.

The PCT publication WO20 13052539 discloses the process for separating organic compounds

from a mixture by reverse-phase displacement chromatography, including providing a

hydrophobic stationary phase; applying to the hydrophobic stationary phase a mixture



comprising organic compounds to be separated; ,displacing the organic compounds from the

hydrophobic stationary phase by applying thereto an aqueous composition comprising a non-

surface active hydrophobic cationic displacer molecule and about 10% wt or less of an organic

solvent; and collecting a plurality of fractions eluted from the hydrophobic stationary phase

containing the organic compounds; in which the non-surface active hydrophobic cationic

displacer molecule comprises a hydrophobic cation and a counterion.

The PCT publication WO20 13052087 discloses a process for separating organic compounds

from a mixture by reverse phase displacement chromatography, including, providing a

hydrophobic stationary phase; applying to the hydrophobic stationary phase a mixture

comprising organic compounds to be separated; displacing the organic compounds from the

hydrophobic stationary phase by applying thereto an aqueous composition comprising a non-

surface active hydrophobic neutral zwitterionic displacer molecule and optionally an organic

solvent; collecting a plurality of fractions eluted from the hydrophobic stationary phase

containing the separated organic compounds.

In displacement chromatography separations, the sample components are introduced in the form

of homogeneous sample solution, so that individual components are each delivered at a constant

concentration throughout the sample application step. The driving force for separation is that

weak binders are displaced from the limited number of binding sites on the stationary phase

material by more strongly binding bulk of the product. This proceeds in a continuous manner

until the product and other stronger binders are fully retarded in the earlier part of the

chromatography bed, thus permitting the more weakly binding impurities to stay bound to the

stationary phase material further along the chromatography bed. Once all sample molecules are

bound to the stationary phase, no further movement of these molecules will be observed. A

problem which may occur because of such use of homogeneous sample solutions, however, is

that molecules of strongly binding components introduced during an early part of sample

application may inadvertently be displaced by weaker binders introduced during a later stage of

sample application.

The patent US6576134 overcomes the above problem in displacement chromatography by

applying the sample components to the chromatography bed in a non-homogeneous manner such



that the concentration of at least one component with relatively low affinity for the stationary

phase material is enhanced during an earlier part of sample application and/or the concentration

of at least one component with relatively high affinity for the stationary phase material is

enhanced during a later part of sample application.

Therefore there is a need for a simple, cost effective and scalable separation process for peptides

by employing preparative reverse HPLC method.

OBJECTS OF THE INVENTION

The primary object of the invention is to provide a preparative HPLC method for purification of

organic compounds.

Another object of the invention is to provide a preparative HPLC method for purification of

organic compounds employing quaternary ammonium salt or quaternary phosphonium salt as a

surrogate stationary phase.

A further object of the invention is to provide a simple, cost effective and scalable separation

method for peptides by employing preparative HPLC method.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a method for purifying a multicomponent sample by

reverse phase chromatography comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer; and

(d) applying a multicomponent sample to one end of the chromatographic bed

comprising stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt; and

(e) eluting the muticomponent sample in a buffer;



(f recovering the desired component of the sample.

In another aspect, the t invention provides a method for purifying a multicomponent sample by

reverse phase chromatography comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed

comprising stationary phase with hydrophobic quaternary ammonium salt or

quaternary phosphonium salt;

(e) eluting the multicomponent sample in a buffer containing quaternary ammonium salt

or quaternary phosphonium salt; and

(f) recovering the desired component of the sample.

In yet another aspect, the invention provides a method for purifying a multicomponent sample

by reverse phase chromatography comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed comprising

stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt;

(e) eluting the muticomponent sample in a buffer;

(f recovering the desired component of the sample;

(g) treating the equilibrated chromatographic stationary phase with quaternary

ammonium salt or quaternary phosphonium salt with sodium tetrafluoroborate; and

(h) washing the treated chromatographic stationary phase after step (g) with a solvent to

recover the chromatographic stationary phase from the quaternary ammonium salt or

quaternary phosphonium salt.



Still another aspect of the invention is to provide a preparative HPLC method for purification of

organic compounds wherein the method has following advantages (1) increased loading (2)

limited use of solvents (3) reduced waste disposal (4) ease of operation, and (5) lower scale of

the equipments.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig-1 : Preparative HPLC data for the purification of Leuprolide acetate of the present invention

by Discovery Bio Wide Pore (10 mm X 250 mm, C18, 5 u, 30θΑ pore diameter

Fig-2: Preparative HPLC data for the purification of Leuprolide acetate of the present invention

by Waters Symmetry (19 mm X 50 mm, C8, 5u, 120 Apore diameter

Fig-3: Preparative HPLC data for the purification of Leuprolide acetate by Standard preparative

HPLC by the column YMC, ODS-AQ (50 mm X 250 mm, CI 8, 10 u, 120 A pore

diameter [Comparative example]

Fig-4: Preparative HPLC data for the purification of Leuprolide acetate of the present invention

by employing n-Tetrabutylammonium bromide (TBA-Br)

Fig-5: Preparative HPLC data for the purification of Leuprolide acetate of the present invention

by employing n-tetrabutylammonium hydrogen sulfate (TBA-HS)

Fig-6: Preparative HPLC data for the purification of Leuprolide acetate of the present invention

by employing Cetyltrimethylammonium bromide (CTA-Br)

Fig-7: Preparative HPLC data for the purification of Leuprolide acetate of the present invention

by employing n-Tetrabutylphosphonium chloride (TBP-C1)

Fig-8: Preparative HPLC data for the purification of Leuprolide acetate of the present invention

by employing n-Tetrabutylammonium chloride (TBA-C1)

DETAILED DESCRIPTION OF THE INVENTION

First embodiment of the present invention provides a preparative HPLC method for purification

of organic compounds employing quaternary ammonium salt as a surrogate stationary phase,

wherein the chromatographic stationary phase is hydrophobic.



The quaternary ammonium salt of the present invention has the structure as mentioned below:

1 2 3wherein R, R , R , R is selected independently from the group comprising straight or branched

alkyl, cyclic hydrocarbons, aromatic group, alkyl substituted aromatic group, aryl substituted

alkyl groups; the anion denoted as B herein in the compound represented by the formula (1)

includes bis(trifluoromethylsulfonyl)imide, bis(fluorosulfonyl)imide, dicyanamide, halogens,

tetrafluoroborate, hexafluorophosphate, trifluoromethanesulfonate, methanesulfonate,

trifluoroacetate, thiocyanate, dimethylphosphate, diethylphosphorodithioate, amino acids, tetra

butyl ammonium bromide, tetra-butyl-ammonium hydrogen sulfate, tetra-butyl-ammonium

hydroxide, tetra-octyl-ammonium bromide, methyl-trioctyl-ammonium chloride, myristyl

trimethyl ammonium bromide and cetyl trimethyl ammonium chloride. Preferably tetra-butyl-

ammonium hydrogen sulphate.

Second embodiment of the present invention provides a preparative HPLC method for

purification process of organic compounds employing quaternary phosphonium salt as a

surrogate stationary phase in hydrophobic stationary phases, preferably C-18, C-4 and C-8

hydrophobic stationary phase.

The quaternary phosphonium salt of the present invention has the structure as mentioned below,

R
B

R- -R '

R

wherein R, R , R2, R3 is selected independently from the group comprising straight or branched

alkyl, cyclic hydrocarbons, aromatic group, alkyl substituted aromatic group, aryl substituted

alkyl groups; the anion denoted as B herein in the compound represented by the formula (1)

includes bis(trifluoromethylsulfonyl)imide, bis(fluorosulfonyl)imide, dicyanamide, halogens,

tetrafluoroborate, hexafluorophosphate, trifluoromethanesulfonate, methanesulfonate,



trifluoroacetate, thiocyanate, dimethylphosphate, diethylphosphorodithioate, ethyl-triphenyl-

phosphonium bromide, ethyl-triphenyl-phosphonium-iodide, butyl-triphenyl-phosphonium

bromide, methyl-triphenyl-phosphonium bromide, triphenyl phosphonium bromide, butyl-

triphenyl-phosphonium-chloride.

According to the process of the invention, the concentration of the organic modifier is held at a

sufficiently low concentration to ensure/ enforce strong binding of the analytes to the stationary

phase (s).

The surrogate stationary phase in the present invention refers to a modified hydrophobic

stationary phase resulted after equilibrating the chromatographic hydrophobic stationary phase

with quaternary ammonium salt or quaternary phosphonium salt.

The method of the present invention for purifying a peptide by reverse phase chromatography

involves the step of applying to the hydrophobic stationary phase a mixture comprising organic

compounds to be separated after the addition of the displacer with or without the organic

modifier, whereas the reverse phase displacement chromatography as disclosed in the Patent

US6239262, PCT publications WO20 13052539 and WO20 13052087, for separating organic

compounds from a mixture involves the step of applying to the hydrophobic stationary phase a

mixture comprising organic compounds to be separated before the addition of the displacer with

or without the organic modifier.

In various embodiments, the gradient elution can be accomplished, for example, stepwise,

linearly, with multi segmented linear or stepwise changes in composition, or with a combination

thereof. In one aspect, gradient elution is performed in increasing amounts of an organic modifier

and elution is completed in greater than about 10%, greater than about 20%, greater than about

30%, greater than about 90%, or up to and including about 100% of the organic modifier. In

certain aspects, elution is completed in decreasing amount of organic modifier, e.g., less than

about 20%, less than about 15%, less than about 10%, less than about . 5%, less than about 2%,

less than about 1% or about 0% of organic modifier.



The organic modifier in the present invention refers to a solvent or a compound which can be

used in chromatographic procedures and like separation methods, to alter the properties of the

mobile phase to controllably effect serial elution of desired materials. In one aspect, an organic

modifier decreases ionic interactions between molecules in the mobile phase and the stationary

phase. For example, in one aspect, an organic modifier comprises a solvent added to a mobile

phase to decrease its polarity. Suitable organic modifiers include, but are not limited to,

acetonitrile, ethanol, methanol, ethanol, n-propanol or iso-propanol. The separating can be

accomplished with any suitable solvent or solvent combination.

The nature of the library useful in the system essentially is unlimited. Thus, mixtures of organic

compounds may be used. Digests of biopolymers, either natural or synthetic, are particularly

attractive. Such digests may comprise mixtures of peptides, polysaccharides, polynucleotides,

various derivatized forms thereof, and variously sized fragments thereof. The biopolymers may

be extracted from plant or animal tissues, diseased or healthy, digested if necessary, or used as is.

Such libraries are available in abundance, easy to prepare, may be of lower toxicity and more

stable than synthetic peptides, and may be varied and screened systematically.

In an embodiment, the concentration of the quaternary ammonium salt or hydrophobic

quaternary phosphonium salt in the organic modifier is increased to effect elution of the analytes.

The organic modifier may be used with or without the quaternary ammonium salt or the

hydrophobic quaternary phosphonium salt.

Third embodiment of the present invention is to provide a process for the removal of the reagents

such as hydrophobic quaternary ammonium salt or quaternary phosphonium from the C-18 or C-

8 column by employing sodium tetrafluoroborate or potassium hexafluorophosphate with organic

modifier.

The fourth embodiment of the present invention is to provide a method for purifying a

multicomponent sample by reverse phase chromatography comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;



(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed comprising

stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt; and

(e) eluting the muticomponent sample in a buffer; and

(f recovering the desired component of the sample.

In another aspect, the invention provides a method for purifying a multicomponent sample by

reverse phase chromatography comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed

comprising stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt;

(e) eluting the multicomponent sample in a buffer containing quaternary ammonium salt

or quaternary phosphonium salt; and

(f) recovering the desired component of the sample.

In yet another aspect, the invention provides a method for purifying a multicomponent sample

by reverse phase chromatography comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed

comprising stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt;

(e) eluting the muticomponent sample in a buffer;

(f recovering the desired component of the sample;

(g) treating the equilibrated the chromatographic stationary phase with quaternary



ammonium salt or quaternary phosphonium salt with sodium tetrafluoroborate; and

(h) washing the treated chromatographic stationary phase after step (g) with a solvent to

recover the chromatographic stationary phase from the quaternary ammonium salt or

quaternary phosphonium salt.

Conventional RPLC hardware systems may be used for the separation, and the term "configuring

a chromatographic system" refers to setting up a column or system of column, pump and detector

as well known in the art.-

The term "saturating the chromatographic stationary phase" refers to passing the quaternary

ammonium salt or quaternary phosphonium salt in a solution over the stationary phase in a

particular concentration, thereby preparing the surrogate stationary phase.

In a preferred embodiment of the invention, wherein preparative HPLC method for purification

of organic compounds maintains the concentration of the organic modifier at low, to retain the

surrogate stationary phase on the column. The said conditions are required for the interaction of

surrogate stationary phase with solute along with interaction with C-18, C-4 and C-8 ligands.

Some aspects and embodiments of this disclosure are described in the examples below, which are

provided only for the purpose of illustration and are not intended to limit the scope of the

disclosure in any manner.

ILLUSTRATIVE EXAMPLE OF THE PRESENT INVENTION

The C-18/ C-8 reversed phase column is equilibrated with 5 to 10 column volumes (Vcs) of 5 to

10% aqueous acetonitrile containing 10 m TBAHS. The pH of the starting buffer was not

adjusted, and was about 1.95 (It is important to keep the concentration of acetonitrile lower than

the concentration needed to elute the product on an analytical HPLC column). The crude API

was dissolved starting buffer A or aqueous TFA or aqueous HOAc and loaded on to the column.

After the loading is complete, the column is equilibrated with 2 Column V s of Buffer A. Next,

the gradient elution process is started. The buffer B is usually 300 mM to 500 mM TBAHS in 5

to 10% aqueous acetonitrile. A linear gradient of 0%B to 100% Buffer B over 1 V s is applied.



When the product of interest (API) is about to elute, a gradient hold may be applied until all the

API has eluted from the column. Alternately if it is desired to elute the product in a concentrated

form the gradient may be allowed to run its course. The fractions containing the pure API

product are combined after confirming that the pooled fraction meets the purification criteria.

The approximate quantity of the associated TBAHS is calculated. This is then treated with .5 to

2 equivalents of sodium tetrafluoroborate (NaBF4) and extracted with 3 times with chloroform.

The aqueous residue is then loaded on to a C-18/ C-8 column from which all the TBAHS has

been removed. Removal of TBAHS from the C-18/ C-8 column is accomplished by the

following steps: The column is first washed with at least 3 V s of 80% Acetonitrile-20% Water.

Next, the column is washed with 3Vcs of 100 mM NaBF in 80% Acetonitrile-20% water. The

column is equilibrated with 1M Acetic Acid in 1% Aqueous Acetonitrile (10 V s). The aqueous

phase containing "pure API" and excess NaBF4 is diluted with water (5X its volume) and loaded

on to the C-18/ C-8 column on to the column. The column is washed with 5 to10 V s of 1%

phosphoric acid- 1% Acetonitrile-98% Water to exchange the BF4 anions for phosphate anions.

The column is then washed with 5 to 10 V s of 100 mM aqueous Guanidine.HCl to remove the

phosphate anions and to exchange the phosphate anions to chloride anions. Finally the chloride

anions are exchanged for acetate anions. The fractions containing the "pure product acetate salt"

are combined, and the organic volatiles are removed under reduced pressure. The aqueous

residue is lyophilized or precipitated after removal of water. The final API is analysed according

to the USP/ EP Methods of Analysis.

Table 1

Comparison of the Surrogate Stationary Phase aided Prep-RP-HPLC with existing

methods



HPLC Column Total Input (g) Output % Yield Purity by
Method dimensions Column (g) HPLC

(ID X L) volume (mL)

Standard RP- YMC, ODS-AQ
HPLC (50 mm X 250
[Comparativ mm, C18, 10 u, 490.0 4.0 g 1.2 g 30.0% 99. 86
e example] 20 A pore

diameter)

Purification Waters Symmetry
method (19 mm X 50 mm,
[Example- C8, 5u, 120 A

14.2 1.4 g 0.42 g 30.0% 99.79depicting the pore diameter)
Present
Invention]

Purification Discovery Bio
method Wide Pore (10 mm
[Example- 1 X 250 mm, C I 8, 5

19.6 1.2 g 0.32 g 26.7% 99.73
depicting the u, 300A pore
Present diameter)
Invention]

This table reveals that loadings of 7 to 10 times capacity of conventional prep-RP-HPLC are

achievable with the processes described in the present invention.



Examples

Example-1: Preparative RP-HPLC of Leuprolide Acetate:

The C-18/ C-8 reversed phase column was pre-equilibrated with 5 to 10 column volumes (V s)

of 5 to 10% aqueous acetonitrile containing 0 mM TBAHS. Two different columns were

evaluated for the purification of Leuprolide: A Waters Symmetry Column {column parameters:

19 mm (Internal Diameter, ID) X 50 mm (Length, L), C8, 5u particles, 120 Apore diameter,

Amount loaded was 1.4 g of crude Leuprolide} and a Discovery Bio Wide Pore column {column

parameters: 10 mm (ID) X 250 mm (L), C 8, 5 u particles, 30 Α pore diameter, Amount loaded

was 1.2 g of crude Leuprolide ) were used. The column was pre-equilibrated with 5 to 10

column volumes (Vcs) of 10 mM TBAHS in 10% aqueous acetonitrile. After the loading was

complete, the column was washed with 2 V s of Buffer A. Next, the gradient elution process was

started. The buffer B was 300 mM TBAHS in 10% aqueous acetonitrile. A linear gradient of

0%B to 100% Buffer B over 60 min. was used for elution. A gradient hold was applied until all

the API has eluted from the column. The fractions containing the pure API product were

combined and treated with 1.5 to 2 equivalents of sodium tetrafluoroborate (NaBF ) and

extracted 3 times with chloroform. The entire purification process was repeated 3 times. The

solution contained "pure Leuprolide" fractions was combined and loaded on to a C-18 column

from which all the TBAHS had been removed as described before.

The conversion of phosphate/ hydrogen sulphate anions to acetate anions was done as described

earlier. Fractions containing pure Leuprolide Acetate API were lyophilized. The purification

yield was about 30%. (TBAHS herein denotes tetra-butyl-ammonium hydrogen sulphate)

Example-2: Preparative RP-HPLC of Triptorelin Acetate

The C- / C-8 reversed phase column was pre-equilibrated with 5 to 10 column volumes (Vcs)

of 5 to 10% aqueous acetonitrile containing 10 mM TBAHS. A Discovery Bio Wide Pore column

{column parameters: 10 mm (ID) X 250 mm (L), C I8, 5 u particles, 30θΑ pore diameter,

Amount loaded was 1.0 g of crude Triptorelin} was used. The column was pre-equilibrated with

5 to 10 column volumes (Vcs) of 0 mM TBAHS in 10% aqueous acetonitrile. After the loading

was complete, the column was washed with 2 Vcs of Buffer A. Next, the gradient elution process

was started. The buffer B was 300 mM TBAHS in 10% aqueous acetonitrile. A linear gradient of

0%B to 100% Buffer B over 60 min. was used for elution. A gradient hold was applied until all

the API has eluted from the column. The fractions containing the pure API product were



combined and treated with 1.5 to 2 equivalents of sodium tetrafluoroborate (NaBF ) and

extracted 3 times with chloroform. The entire purification process was repeated 3 times. The

solution contained "pure Triptorelin" fractions was combined and loaded on to a C-18 column

from which all the TBAHS had been removed as described before.

The conversion of phosphate/ hydrogen sulphate anions to acetate anions was done as described

earlier. Fractions containing pure Triptorelin API were lyophilized. The purification yield was

about 25%. (TBAHS herein denotes tetra-butyl-ammonium hydrogen sulphate)

Example-3: Preparative RP-HPLC of Leuprolide Acetate employing n-

Tetrabutylammonium bromide (TBA-Br):

The C-18 reverse phased column [Grace Vydac Column with column parameters 12 gms of C-

18, 40 microns particles, 60A pore diameter] was saturated with solution of 36 gms of TBA-Br

in 360 mL of water at the flow rate of 8.0 ml/min. The column was then equilibrated with Buffer

A (25mM TBA-Br in water) about 0 column volumes at the flow rate of 8.0 ml/min. The crude

leuprolide Trifluoroacetate salt was dissolved in Buffer A and loaded on to the column. After the

loading is complete, the gradient elution process was started. The Buffer B is 25mM of TBA-Br

in 50% aqueous acetonitrile. A linear gradient of 0% of Buffer B to 100% of Buffer B over 10

Column volumes was applied. When Leuprolide is about to elute, a gradient hold may be applied

until all the API has eluted from the column. The fraction containing the pure Leuprolide are

combined after confirming the purity on an analytical HPLC. Percentage yield: 66.4%. Herein

TBA-Br is n-Tetrabutylammonium bromide.

Removal of TBA-Br from the C-18 column: The column was first washed with at least 5 column

volumes of 0.1 sodium tetrafluoroborate in acetonitrile and water (8:2).

Example-4: Preparative RP-HPLC of Leuprolide Acetate employing n-

tetrabutylammonium hydrogen sulfate (TBA-HS)

The C-18 reverse phased column [Grace Vydac Column with column parameters 12 gms of C-

18, 40 microns particles, 60A pore diameter] was saturated with solution of 36 gms of TBA-HS

in 360 mL of water at the flow rate of 8.0 ml/min. The column was then equilibrated with Buffer

A (25mM TBA-HS in water) about 10 column volumes at the flow rate of 8.0 ml/min. The crude



leuprolide Trifluoroacetate salt was dissolved in Buffer A and loaded on to the column. After the

loading is complete, the gradient elution process was started. The Buffer B is 25mM of TBA-HS

in 50% aqueous acetonitrile. A linear gradient of 0% of Buffer B to 100% of Buffer B over 10

Column volumes was applied. When Leuprolide is about to elute, a gradient hold may be applied

until all the API has eluted from the column. The fraction containing the pure Leuprolide are

combined after confirming the purity on an analytical HPLC. Percentage yield: 64.4%. Herein

TBA-HS is n-Tetrabutylammonium sulfate.

Removal of TBA-HS from the C-18 column: The column was first washed with at least 5

column volumes of 0.1 M sodium tetrafluoroborate in acetonitrile and water (8:2).

Example-5: Preparative RP-HPLC of Leuprolide Acetate employing

Cetyltrimethylammonium bromide (CTA-Br)

The C-18 reverse phased column [Grace Vydac Column with column parameters 12 g s of C-

18, 40 microns particles, 60A pore diameter] was saturated with solution of ImM CTA-Br in

water at the flow rate of 8.0 ml/min. The column was then equilibrated with Buffer A (5mM

CTA-Br in water) about 10 column volumes at the flow rate of 8.0 ml/min. The crude leuprolide

Trifluoroacetate salt was dissolved in Buffer A and loaded on to the column. After the loading is

complete, the gradient elution process was started. The Buffer B is 5mM of CTA-Br in 50%

aqueous acetonitrile. A linear gradient of 0% of Buffer B to 10 0% of Buffer B over 10 Column

volumes was applied. When Leuprolide is about to elute, a gradient hold may be applied until all

the API has eluted from the column. The fraction containing the pure Leuprolide are combined

after confirming the purity on an analytical HPLC. Percentage yield: 61.4%. Herein CTA-Br is

Cetyltrimethylammonium bromide.

Removal of CTA-Br from the C-18 column: The column was first washed with at least 5 column

volumes of 0.1 M sodium tetrafluoroborate in acetonitrile and water (8:2).

Example-6: Preparative RP-HPLC of Leuprolide Acetate employing n-

Tetrabutylphosphonium chloride (TBP-C1)

The C-18 reverse phased column [Grace Vydac Column with column parameters 12 gms of C-

18, 40 microns particles, 6θΑ pore diameter] was saturated with solution of 36 gm of TBP-C1 in



360 ml of water at the flow rate of 8.0 ml/min. The column was then equilibrated with Buffer A

(25mM TBP-C1 in water) about 10 column volumes at the flow rate of 8.0 ml/min. The crude

leuprolide Trifluoroacetate salt was dissolved in Buffer A and loaded on to the column. After the

loading is complete, the gradient elution process was started. The Buffer B is 25mM of TBP-C1

in 50% aqueous acetonitrile. A linear gradient of 0% of Buffer B to 100% of Buffer B over 0

Column volumes was applied. When Leuprolide is about to elute, a gradient hold may be applied

until all the API has eluted from the column. The fraction containing the pure Leuprolide are

combined after confirming the purity on an analytical HPLC. Percentage yield: 60.3%. Herein

TBP-C1 is n-Tetrabutylphosphonium chloride.

Removal of TBP-C1 from the C-18 column: The column was first washed with at least 5 column

volumes of 0.1 M sodium tetrafluoroborate in acetonitrile and water (8:2).

Example-7: Preparative RP-HPLC of Leuprolide Acetate employing n-

Tetrabutylammonium chloride (TBA-C1)

The C-18 reverse phased column [Grace Vydac Column with column parameters 12 gms of C-

18, 40 microns particles, 60A pore diameter] was saturated with solution of 36 gm of TBA-C1 in

360 ml of water at the flow rate of 8.0 ml/min. The column was then equilibrated with Buffer A

(25mM TBA-C1 in water) about 10 column volumes at the flow rate of 8.0 ml/min. The crude

leuprolide Trifluoroacetate salt was dissolved in Buffer A and loaded on to the column. After the

loading is complete, the gradient elution process was started. The Buffer B is 25mM of TBA-C1

in 50% aqueous acetonitrile. A linear gradient of 0% of Buffer B to 100% of Buffer B over 10

Column volumes was applied. When Leuprolide is about to elute, a gradient hold may be applied

until all the API has eluted from the column. The fraction containing the pure Leuprolide are

combined after confirming the purity on an analytical HPLC. Percentage yield: 53.5%. Herein

TBA-C1 is n-Tetrabutylammonium chloride.

Removal of TBA-C1 from the C-18 column: The column was first washed with at least 5 column

volumes of 0.1 M sodium tetrafluoroborate in acetonitrile and water (8:2).



We Claim:

1. A method for purifying a multicomponent sample by reverse phase chromatography

comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed

comprising stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt;

(e) eluting the muticomponent sample in a buffer;

(f) recovering the desired component of the sample.

2 . The method of claim-1, wherein said quaternary ammonium salt has the structure as

mentioned below-

wherein R, R1, R2, R3 is selected i·ndependently from the group comprising straight or branched

alkyl, cyclic hydrocarbons, aromatic group, alkyl substituted aromatic group, aryl substituted

alkyl groups; and B denotes an anion.

3. The method of claim-2, wherein said quaternary ammonium salt is selected from the group

comprising of bis(trifluoromethylsulfonyl)imide, bis(fluorosulfonyl)imide, dicyanamide,

halogens, tetrafluoroborate, hexafluorophosphate, trifluoromethanesulfonate, methanesulfonate,

trifluoroacetate, thiocyanate, dimethylphosphate, diethylphosphorodithioate, amino acids, terta

butyl ammonium bromide, tetra-butyl-ammonium hydrogen sulfate, tetra-butyl-ammonium

hydroxide, tetra-octyl-ammonium bromide, methyl-trioctyl-ammonium chloride, myristyl

trimethyl ammonium bromide and cetyl trimethyl ammonium chloride.



4 . The method of claim- 1, wherein said quaternary phosphonium salt has the structure as

mentioned below-

R
B

R2— +— R1

R3

wherein R, R , R , R is selected independently from the group comprising straight or branched

alkyl, cyclic hydrocarbons, aromatic group, alkyl substituted aromatic group, aryl substituted

alkyl groups; and B denotes an anion.

5. The method of claim-4, wherein said quaternary ammonium salt is selected from the group

comprising bis(trifluoromethylsulfonyl)imide, bis(fluorosulfonyl)imide, dicyanamide, halogens,

tetrafluoroborate, hexafluorophosphate, trifluoromethanesulfonate, methanesulfonate,

trifluoroacetate, thiocyanate, dimethylphosphate, diethylphosphorodithioate, ethyl-triphenyl-

phosphonium bromide, ethyl-triphenyl-phosphonium-iodide, butyl-triphenyl-phosphonium

bromide, methyl-triphenyl-phosphonium bromide, triphenyl phosphoium bromide and butyl-

triphenyl-phosphonium-chloride.

6. A method for purifying a multicomponent sample by reverse phase chromatography

comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed

comprising stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt;

(e) eluting the multicomponent sample in a buffer containing quaternary ammonium salt

or quaternary phosphonium salt; and

(f recovering the desired component of the sample.



7. A method for purifying a multicomponent sample by reverse phase chromatography

comprising:

(a) configuring a chromatographic system having a hydrophobic stationary phase;

(b) saturating the chromatographic stationary phase with quaternary ammonium salt or

quaternary phosphonium salt;

(c) optionally washing the column after the step (b) with a buffer;

(d) applying a multicomponent sample to one end of the chromatographic bed

comprising stationary phase with hydrophobic quaternary ammonium salt or quaternary

phosphonium salt;

(e) eluting the multicomponent sample in a buffer;

(f) recovering the desired component of the sample;

(g) treating the equilibrated the chromatographic stationary phase with quaternary

ammonium salt or quaternary phosphonium salt with sodium tetrafluoroborate; and

(h) washing the treated chromatographic stationary phase after step (g) with a solvent to

recover the chromatographic stationary phase from the quaternary ammonium salt or

quaternary phosphonium salt.



















A . CLASSIFICATION O F SUBJECT MATTER

INV. B01D15/20 B01D15/32 G01N30/50
ADD.

According to International Patent Classification (IPC) o r t o both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B01D G01N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 0 453 604 Al (HEWLETT PACKARD GMBH 1-3 ,6,7
[DE] ) 30 October 1991 (1991-10-30)
col umn 6, l i ne 28 - l i ne 58
col umn 7, l i ne 43 - l i ne 58
exampl es

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot b e considered to involve a n inventive

"L" documentwhich may throw doubts o n priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve a n inventive step when the document is

"O" document referring to a n oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

7 November 2013 22/05/2014

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
N L - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Fourgeaud, Dami en



INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3 . □I I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see addi t i onal sheet

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
' ' only those claims for which fees were paid, specifically claims Nos. :

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

2, 3(compl etely) ; 1, 6, 7(parti al ly)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X MONTALVO B ET AL: "Determi nati on of 1-3 ,6,7
pteri ns i n uri ne by hi gh-performance
l i qui d chromatography on C18 col umns
condi t i oned wi t h cetyl trimethyl ammoni m

bromi de" ,
JOURNAL OF CHROMATOGRAPHY, ELSEVI ER

SCI ENCE PUBLISHERS B.V, NL,
vol . 458, 23 December 1988 (1988-12-23) ,
pages 217-223 , XP026479609 ,
ISSN : 0021-9673 , DOI :
10. 1016/50021-9673 (00)90566-1
[retri eved on 1988-12-23]
Paragrah "Methods"
Paragrah " Prel imi nary experimental work"
Paragrah " Effect of the amount of CTAB i n
the col umn"

X, P LING ZHOU ET AL: "The i oni c l i qui d 1-3 ,6,7
i sopropyl ammoni m formate as a mobi l e
phase modi f i er t o improve protei n
stabi l i t y duri ng reversed phase l i qui d
chromatography" ,
JOURNAL OF CHROMATOGRAPHY B,
vol . 940, 1 December 2013 (2013-12-01) ,
pages 112-120, XP055087082 ,
ISSN : 1570-0232 , DOI :
10. 1016/j .jchromb.2013 .08.005
Paragraph 2 . 3 Chromatographi c condi t i ons

X TI LLY MELIN A ET AL: " Reversed-phase 1-3 ,6,7
i on-pai r chromatography wi t h an adsorbi ng
stati onary phase and a hydrophobi c
quaternary ammoni um i on i n the mobi l e
phase" ,
JOURNAL OF CHROMATOGRAPHY, ELSEVI ER

SCI ENCE PUBLISHERS B.V, NL,
vol . 185 , 20 December 1979 (1979-12-20) ,
pages 225-239 , XP026731447 ,
ISSN : 0021-9673 , DOI :
10. 1016/S0021-9673 (00)85606-X
[retri eved on 1979-12-20]
Paragraph "chromatographi c techni que"
Paragraph "Appl i cati ons" ;
f i gure 6



Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 0453604 Al 30-10-1991 DE 69013888 Dl 08- 12-1994
DE 69013888 T2 09- 03-1995
EP 0453604 Al 30-10-1991
J P H04230850 A 19-08-1992
US 5167827 A 01-12-1992



International Application No. PCT/ I N2013/ 000403

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. cl aims : 2 , 3 (compl etely) ; 1, 6, 7(parti al ly)

A method of puri fyi ng a mul t i component sampl e by reverse
phase chromatography compri si ng saturati ng the stati onary
phase wi t h a quaternary ammoni um sal t , applyi ng the sampl e
t o the stati onary phase compri si ng sai d sal t , el uti ng the
mul t i component sampl e i n a buffer, and recoveri ng the
desi red component.

l aims : 4 , 5 (compl etely) ; 1, 6, 7(parti al ly)

A method of puri fyi ng a mul t i component sampl e by reverse
phase chromatography compri si ng saturati ng the stati onary
phase wi t h a quaternary phosphoni um sal t , applyi ng the
sampl e t o the stati onary phase compri si ng sai d sal t , el ut
the mul t i component sampl e i n a buffer, and recoveri ng the
desi red component.


	abstract
	description
	claims
	drawings
	wo-search-report

