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Bi-phasic reaction conditions enable the desired counterion exchange reac¬

tions between glycopyrronium bromide and fatty acid salts o f alkali metals

and alkaline earth metals in methods t o form glycopyrronium fatty acid salts.

In preferred embodiments, a n excess o f the free fatty acid in the reaction mix¬

ture stabilizes the glycopyrromum fatty acid salt and reduces the formation o f

the impurity, Acid A . In some preferred embodiments, between 0.2 and 1 .2

molar equivalent o f excess free fatty acid i s added t o the reaction mixture. In

another embodiment, approximately 1 .2 molar equivalent o f excess free fatty

acid i s added t o the reaction mixture.
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GLYCOPYRRONIUM FATTY ACID SALTS AND METHODS OF MAKING SAME

REFERENCE TO RELATED APPLICATIONS

This application claims one or more inventions which were disclosed in

Provisional Application Number 62/175,737, filed June 15, 2015, entitled

"GLYCOPYRRONIUM FATTY ACID SALTS AND METHODS OF MAKING SAME".

The benefit under 35 USC §119(e) of the United States provisional application is hereby

claimed, and the aforementioned application is hereby incorporated herein by reference.

FIELD OF THE INVENTION

The invention pertains to the field of glycopyrronium salts. More specifically, the

invention pertains to novel lipophilic glycopyrronium fatty acid salts.

BACKGROUND OF THE INVENTION

Glycopyrrolate (also known as glycopyrronium bromide) is a bromide salt with a

quaternary ammonium counterion with the chemical name of 3-

[cyclopentyl(hydroxy)phenylacetoxy]- 1,1 -dimethyl pyrrolidinium bromide, a molecular

formula of C i H2sBrN0 3 and a molecular weight of 398.34. Its chemical structure is

shown in Table 2 below.

Trospium chloride is a quaternary ammonium salt with the chemical name of 3 (2

hydroxy-2,2 diphenylacetoxy)spiro[bicyclo[3.2.1]octane-8,l' pyrrolidin]-l'-ium chloride.

The molecular formula of trospium chloride is C25H 30CINO 3 and its molecular weight is

427.97. The chemical structure of trospium chloride is:



The quaternary ammonium antimuscarinic drugs (QAAM) are particularly useful

because of their ability to antagonize endogenous acetylcholine during periods of

excessive acetylcholine production, or prolonged acetylcholine effect from physiologic

and pharmacologic reasons. These compounds share the property that they do not

appreciably penetrate the central nervous system (CNS), and glycopyrrolate and trospium

chloride have been particularly useful in treating patients in need of a peripheral

anticholinergic effect on antimuscarinic receptors.

The same biochemical property that is advantageous in preventing CNS

distribution, also limits intestinal absorption, requiring the currently available formulations

of these medications to be taken in the absence of food, and resulting in incomplete and

variable bioavailability in patients.

SUMMARY OF THE INVENTION

Bi-phasic reaction conditions enable the desired counterion exchange reactions

between glycopyrronium bromide and alkali and alkaline earth metal salts of fatty acids.

Favorable partitioning of the glycopyrronium moiety into the organic phase (along with

the fatty acids) and partitioning of the bromide into the aqueous phase preferably uses

water and methyl tetrahydrofuran. While the glycopyrronium fatty acid salts are unstable

with respect to hydrolysis under the reaction conditions and are isolated as oily products,

an excess of the fatty acid in the reaction mixture stabilizes the glycopyrronium fatty acid

salt and reduces the formation of the hydrolysis byproduct impurity, Acid A.

Methods of manufacturing glycopyrronium fatty acid salts preferably include use

of a molar excess of the fatty acid. In some embodiments, at least a 0.2 molar equivalent

of excess free fatty acid is added to the reaction mixture to form a glycopyrronium fatty

acid salt. In some preferred embodiments, between 0.2 and 1.2 molar equivalent of excess

free fatty acid is added to the reaction mixture. In another preferred embodiment, at least

0.6 molar equivalent of excess free fatty acid is added to the reaction mixture. In yet

another preferred embodiment, between 0.6 and 1.2 molar equivalent of excess free fatty

acid is added to the mixture to form a glycopyrronium fatty acid salt. In another



embodiment, approximately 1.2 molar equivalent of excess free fatty acid is added to the

reaction mixture. In another embodiment, at least 1.1 molar equivalent of excess free fatty-

acid is added to the reaction mixture.

Since excess free fatty acids stabilize the formulations described herein, this may

result in enhanced bioavailability of the glycopyrronium moiety.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the HPLC Calibration Curve for glycopyrronium bromide by Bromide Peak.

Fig. 2 shows the HPLC Calibration Curve for glycopyrronium bromide by

"Glycopyrronium" Peak.

Fig. 3 shows the HPLC Results of an exchange reaction of glycopyrronium bromide with

potassium stearate.

Fig. 4 shows the HPLC Results of an exchange reaction of glycopyrronium bromide with

potassium palmitate.

Fig. 5 shows the methylation of glycopyrrolate base with dimethyl carbonate.

Fig. 6 shows the HPLC calibration curve for the glycopyrrolate base.

Fig. 7 shows HPLC data for glycopyrronium stearate EE-008-008.

Fig. 8 shows HPLC data for glycopyrronium stearate EE-008-001-3B.

Fig. 9 shows gas chromatography data for glycopyrronium stearate sample EE-008-008.

Fig. 10 shows gas chromatography data for glycopyrronium stearate sample EE-008-001-

3B.

Fig. 11 shows NMR data for the whole spectrum of the glycopyrronium stearate sample

EE-008-008.



Fig. 1 A shows NMR data for a portion of the spectrum of Fig. 11.

Fig. 12B shows NMR data for a portion of the spectrum of Fig. 11.

Fig. 12C shows NMR data for a portion of the spectrum of Fig. 11.

Fig. 13A shows NMR data for the whole spectrum of the Acid A by-product.

Fig. 13B shows NMR data for a portion of the spectrum of Fig. 13A.

Fig. 13C shows NMR data for a portion of the spectrum of Fig. 13A.

Fig. 14A shows NMR data for the glycopyrronium hydrolysis by-product, quaternary

amino alcohol (QAA), residual water in DMSO-d6, s at 4.7 ppm.

Fig. 14B shows NMR data for a portion of the spectrum of 14A.

Fig. 14C shows carbon NMR data for the quaternary amino alcohol.

Fig. 14D shows carbon NMR data for a portion of the spectrum of Fig. 14C.

Fig. 15A shows HPLC data for glycopyrronium laurate.

Fig. 15B shows an expanded view of the data of Fig. 15A, along with the area percent

report.

Fig. 15C shows HPLC data for another run of the glycopyrronium laurate sample.

Fig. 15D shows an expanded view of the data of Fig. 15C, along with the area percent

report.

Fig. 16A shows HPLC data for glycopyrronium palmitate.

Fig. 16B shows an expanded view of the data of Fig. 16A, along with the area percent

report.

Fig. 16C shows HPLC data for another run of the glycopyrronium palmitate sample.



Fig. 16D shows an expanded view of the data of Fig. 16C, along with the area percent

report.

Fig. 17A shows HPLC data for glycopyrronium linoleate.

Fig. 17B shows an expanded view of the data of Fig. 17A, along with the area percent

report.

Fig. 17C shows HPLC data for another run of the glycopyrronium linoleate sample.

Fig. 17D shows an expanded view of the data of Fig. 17C, along with the area percent

report.

Fig. 18 shows NMR data for glycopyrronium bromide, residual water in DMSO-d6 at 3.33

ppm, singlet.

Fig. 19 shows NMR data for glycopyrronium laurate.

Fig. 20 shows NMR data for glycopyrronium palmitate.

Fig. 2 1 shows NMR data for glycopyrronium linoleate.

Fig. 22 shows the glycopyrronium concentration versus glycopyrronium peak area.

Fig. 23 shows a blank chromatogram.

Fig. 24 shows a resolution solution chromatogram.

Fig. 25 shows ion chromatography data for a bromide standard.

Fig. 26 shows ion chromatography data for bromide in glycopyrronium stearate.

Fig. 27 shows ion chromatography data for potassium in glycopyrronium stearate.

Fig. 28 shows a standard gas chromatography chromatogram for stearic acid.



Fig. 29 shows a sample gas chromatography chromatogram for stearic acid analysis in

glycopyrrolate stearate.

DETAILED DESCRIPTION OF THE INVENTION

Currently available quaternary ammonium anti-cholinergic muscarinic receptor

antagonists compositions occur as a salt, with the quaternary ammonium cation and a non

organic anion.

U.S. Patent No. 8,097,633, entitled "Uses for Quaternary Ammonium

Anticholinergic Muscarinic Receptor Antagonists in Patients Being Treated for Cognitive

Impairment or Acute Delirium", issued January 17, 2012, and U.S. Patent Publication

2012/0088785, entitled "New Uses for Quaternary Ammonium Anticholinergic

Muscarinic Receptor Antagonists in Patients Being Treated for Cognitive Impairment or

Acute Delirium", published April 12, 2012, both herein incorporated by reference,

disclose methods for treating the adverse effects of acetylcholinesterase inhibitors using

quaternary ammonium anti-cholinergic muscarinic receptor antagonists such as

glycopyrrolate or trospium.

U. S. Patent 8,969,402, entitled "Combined Acetylcholinesterase Inhibitor and

Quaternary Ammonium Antimuscarinic Therapy to Alter Progression of Cognitive

Diseases", issued March 3, 2015, and US Patent Publication No. 2013/0172398, entitled

"Combined Acetylcholinesterase Inhibitor and Quaternary Ammonium Antimuscarinic

Therapy to Alter Progression of Cognitive Diseases", published July 4, 2013, both herein

incorporated by reference, disclose administering quaternary ammonium anti-cholinergic

muscarinic receptor antagonists in combination with acetyl-cholinesterase inhibitors to

treat either cognitive impairment or acute delirium. This therapy results in a modification

of a cognitive disorder or disease, namely a slow-down in the disease progression. New

formulations for quaternary ammonium anti-cholinergic muscarinic receptor antagonists

are also disclosed.

In preferred embodiments of the present invention, a quaternary ammonium anti

cholinergic muscarinic receptor antagonist includes a salt comprising an organic lipophilic



anion as an anionic component of the salt. In some preferred embodiments, the lipophilic

anion of the quaternary ammonium anti-cholinergic muscarinic receptor antagonist

preferably includes a fatty acid including at least eight carbon molecules. In some

preferred embodiments, the quaternary ammonium anti-cholinergic muscarinic receptor

antagonist is glycopyrrolate or trospium.

The quaternary ammonium antimuscarinic drugs (QAAM) are particularly useful

because of their ability to antagonize endogenous acetylcholine during periods of

excessive acetylcholine production, or prolonged acetylcholine effect from physiologic

and pharmacologic reasons. These compounds share the property that they do not

appreciably penetrate the central nervous system (CNS), and glycopyrronium bromide and

trospium chloride have been particularly useful in treating patients in need of a peripheral

anticholinergic effect on antimuscarinic receptors.

The same biochemical property that is advantageous in preventing CNS

distribution, also limits intestinal absorption, requiring the currently available formulations

of these medications to be taken in the absence of food, and resulting in incomplete and

variable bioavailability in patients.

Enhancing the oral bioavailability of glycopyrrolate, trospium, and other QAAMs

allows for administration of the medication without regard to food, and possibly without

regard to other medications. It would also decrease the inter-subject variability in effect of

the medication and reduce the effect of changes in gastrointestinal motility on drug

absorption, because the degree of variability between patients is directly proportional to

the time it takes to absorb a medication. There may also be an improvement in patient

adherence to taking the medication by being able to take it in proximity to food.

A QAAM is produced with a lipophilic anion as the anionic component of a salt.

Structure activity analysis (SAR) suggests that an optimum lipophilic anion would be a

fatty acid of at least 8 carbon molecules, so that the hydrophobic tail of the molecules

would provide enhanced lipid solubility to counteract the positive charge of the ionized

cationic QAAM molecule. In some preferred embodiments, the appropriate salts come



from a family of medium and long chain fatty acids including, but not limited to: arachidic

acid, stearic acid, palmitic acid, oleic acid, erucic acid, linoleic acid, arachidonic acid,

lauric acid, capric acid, linolenic acid, or myristic acid.

The salt of the QAAM (cation) and the fatty acid (anion) can be produced through

organic chemistry reactions referred to as "ion swapping", "counterion exchange" or "salt

metathesis". In such a reaction, the QAAM compound as the current elemental salt

(glycopyrrolate hydrobromide, trospium chloride) is placed in a biphasic solution with the

elemental salt of an omega-3 fatty acid such as a-linolenic acid. The solution is subjected

to variations in temperature, pH and agitation to produce a salt that is selectively extracted

into the organic phase. The extracts are concentrated under reduced pressure to remove

the solvent and the salt is isolated, qualitatively and quantitatively identified and then

stoichiometrically administered to animals. Quantitative serum and/or urine assays are

used to make comparisons with the elemental salt of the QAAM, both in the presence and

absence of food. Intravenous administration of the QAAM (example: glycopyrrolate) with

quantitative serum and/or urine assay can be used as a reference standard for 100%

bioavailability, and both the native compound and the synthesized salt are compared

against this to establish their relative bioavailability in the presence and absence of food

and other commonly co-administered medications.

In addition to the bioavailability studies mentioned above, quality studies would

need to be done during the process to make sure there is no hydrolysis of the QAAM

molecule in the process.

The synthesized fatty acids/ QAAM salt are useful as an individual product for the

treatment of various diseases involving excessive acetylcholine activity in humans and

animals, whether these are produced by a pathologic process or the use of a medication

(including but not limited to: overactive bladder, sialorrhea, diarrhea, bradycardia,

hyperhidrosis, overactive gastric secretion, dumping syndrome, bronchospasm, vasomotor

rhinitis). Enhanced bioavailablity QAAM should be able to improve symptoms without

causing significant central nervous system anti-cholinergic toxicity. Enhanced

bioavailability allows for administration without regard to food, and may also allow for



transdermal absorption to be enhanced to the level that transdermal formulations of this

product would be practical. This could also be used in combination with

acetylcholinesterase inhibiting drugs, or any other drug that increases acetylcholine tone.

Bi-phasic reaction conditions enable the desired exchange reactions between

glycopyrronium bromide and fatty acid salts of alkali metals and alkaline earth metals to

produce glycopyrronium fatty acid salts. Favorable partitioning of the glycopyrronium

moiety into the organic phase (along with the fatty acids) and partitioning of the bromide

into the aqueous phase uses water and methyl tetrahydrofuran. While the glycopyrronium

fatty acid salts are moderately unstable with respect to hydrolysis under the reaction

conditions and are isolated as oily products, an excess of the fatty acid in the reaction

mixture stabilizes the glycopyrronium fatty acid salt and reduces the formation of the

hydrolysis byproducts, Acid A and the quaternary ammonium degradant (QAA).

The mixture of glycopyrronium fatty acid salt and excess free fatty acid may be

isolated from each other to produce a consistent, well defined product. The

glycopyrronium fatty acid salts described herein potentially offer the desired increase in

glycopyrronium bioavailability. Since excess free fatty acids stabilize the formulations

described herein, this may result in enhanced bioavailability of the glycopyrronium

moiety.

Practical and scalable synthetic processes for preparation of lipophilic

glycopyrronium fatty acid salts were developed. Initially, the preparation of the lipophilic

glycopyrronium fatty acid salts from glycopyrronium bromide and fatty acid potassium

salts was performed in organic solvents (anhydrous conditions) or biphasic (water/organic)

conditions since this provided an opportunity for quick success in identifying a suitable

preparative procedure. Solubility of the starting materials and products impacted these

options, ultimately limiting the approach to bi-phasic (solvent/water) systems. The

preparation of the lipophilic glycopyrronium fatty acid salts primarily utilized lauric acid,

palmitic acid, linoleic acid and stearic acid (potassium stearate). The processes utilized

different salts, including Na, K and Ca salts of fatty acids. In other embodiments, Mg or

Ba salts of fatty acids are used.



The evaluation included multiple steps. The first step was screening and

evaluation of lipophilic salt preparation options utilizing lauric acid. Subsequent process

development and analytical method development were conducted using preparations using

stearic acid. Then, at least 5 g of a lipophilic glycopyrronium fatty acid salt utilizing

stearic acid was created. Three additional and different samples of at least 3 g lipophilic

glycopyrronium salts were synthesized with additional fatty acids (palmitic acid, lauric

acid, linoleic acid and stearic acid- see Table 23B below). The resulting four samples

were then characterized.

Analytical methods were also developed for the glycopyrronium fatty acid salts.

These methods appropriately and accurately assess the quality of future glycopyrronium

fatty acid salts development samples. A more refined process for the general synthesis of

glycopyrronium fatty acid salts has also been developed.

Some of the analytical method applications include, but are not limited to, an

assessment of the salt exchange effectiveness, to ensure that the reactions are pushed to

>95 conversion by determining an optimal number and amount of aqueous washes to

remove inorganic bromide salts (byproducts), the determination of the optimal amount of

excess free fatty acid (evaluating a suitable range of molar equivalents) needed to stabilize

the active pharmaceutical ingredient (API) and the improvement of the isolation and

purification of the reaction product (for example through precipitation with suitable

solvent/antisolvent combinations) by evaluating the purity of the reaction products. In

some preferred embodiments, the optimal number of aqueous washes is 3-4 washes. In

other embodiments, the preferred number of washes is at least three washes.

Analytical method development also preferably includes methods for quantitation

of chromophoric starting materials, products and degradants, method for quantitation of

weakly- or non-chromophoric starting materials and degradants (fatty acids and derived

salts, dimethylhydroxypyrrolidinium degradants), methods for quantitation of the bromide

ion in the starting material and the product, and methods for quantitation of the potassium

(or sodium) ion in the product. Individually, none of these methods alone would be

sufficient to assess the effectiveness of the salt exchange process and the purity of the



derived products, but taken together, the combination of these orthogonal analytical

methods achieves both of these objectives.

Some abbreviations used throughout this application are shown in Table 1 and

chemical structures are shown in Table 2.

Table 1

Table 2



9 Methyl THF Reaction Solvent

A general chemical structure for the targeted lipophilic glycopyrronium fatty acid

salts 1 is shown below in Table 3A.

Table 3A

Chemical structures for some preferred examples of glycopyrronium fatty acid

salts are listed here.

R = C 11H23 (lauric acid)



Glycopyrronium Laurate

R = Ci7H 3 (stearic acid)

Glycopyrronium Stearate

R = C17H (oleic acid)

Glycopyrronium Oleate

R = C i H 3 (palmitic acid)

Glycopyrronium Palmitate

R = C H 1 (capric acid)

Glycopyrronium Caprate

R = C19H 3 1 (arachidonic acid)



R = C19H 3 (arachidic acid)

Glycopyrronium Arachidate

R = C21H41 (erucic acid)

R = C17H 3 1 (linoleic acid)

Glycopyrronium Linoleate

R = C 13H27 (myristic acid)

Glycopyrronium Myristate

R = C17H29 (a-linolenic acid)



Glycopyrronium α-Linolenate

R = C17H29 (γ-linolenic acid)

Glycopyrronium y-Linolenate

There were two preferred starting materials (glycopyrronium bromide 2 and

glycopyrrolate base 3), as shown in Table 3B below.

Table 3B

Synthesis of Glycopyrronium salts

A practical, scalable synthesis of glycopyrronium salts of fatty acids was

developed. The general chemical structure of the glycopyrronium salt of fatty acids is

shown as compound 1 in Table 3A. Three different approaches were considered, starting

from either glycopyrronium bromide (compound 2 in Table 3B, also known as

"glycopyrrolate") or from a synthetic precursor, designated herein as the glycopyrrolate

base (compound 3 in Table 3B). The three approaches were a) salt metathesis using ion

exchange resins, starting from glycopyrronium bromide (compound 2 in Table 3B), b)

direct salt metathesis, starting from glycopyrronium bromide (compound 2 in Table 3B),



and c) synthesis via glycopyrronium methyl carbonates, using glycopyrrolate base

(compound 3 in Table 3B) as the starting material.

Adding at least 0.2 molar equivalents of excess free fatty acids into a preparation

with fatty acid salts and glycopyrronium bromide in a water/Me-THF system stabilized the

reaction mixture and allowed for the formation of glycopyrronium fatty acid salts.

"Free fatty acid" as defined herein is fatty acid in its free form, which is different

from the fatty acid in its ionized form (salt form).

n preferred embodiments, at least a 0.2 molar equivalent of excess free fatty acid

is added to the reaction mixture to form a glycopyrronium fatty acid salt. n some

preferred embodiments, between 0.2 and 1.2 molar equivalent of excess free fatty acid is

added to the reaction mixture n another preferred embodiment, at least 0.6 molar

equivalent of excess free fatty acid is added to the reaction mixture. n yet another

preferred embodiment, between 0.6 and 1.2 molar equivalent of excess free fatty acid is

added to the mixture to form a glycopyrronium fatty acid salt. In another embodiment,

approximately 1.2 molar equivalent of excess free fatty acid is added to the reaction

mixture n another embodiment, at least 1.1 molar equivalent of excess free fatty acid is

added to the reaction mixture.

n preferred embodiments, the isolated glycopyrronium fatty acid salt mixtures

have an enrichment of the fatty acid (relative to glycopyrronium) compared to the input

ratio. n embodiments using 1.2 molar equivalent of excess free fatty acid, the isolated

products preferably have more than the 2.2:1 FA:GP input ratio. In some of these

embodiments, the ratio is approximately between 2.25:1 and 3.00:1. n some of these

embodiments, the ratio is approximately between 2.29:1 and 2.87:1.

In one example, a reaction mixture of glycopyrronium bromide with potassium

laurate is stabilized with respect to the formation of the by-product (Acid A) by adding

excess free lauric acid. Some preferred fatty acids include, but are not limited to, arachidic

acid, stearic acid, palmitic acid, oleic acid, erucic acid, linoleic acid, arachidonic acid,

lauric acid, capric acid, linolenic acid, or mvristic acid. Some preferred salts for the fatty



acid salt include, but are not limited to, Na, K, or Ca salts. In other embodiments, Mg or

Ba salts may be used.

As described herein, excess free fatty acid is relative to the glycopyrronium

bromide and fatty acid salt used. For example, for a lauric acid reaction with potassium, it

is the excess free lauric acid relative to the glycopyrronium bromide and potassium laurate

used.

The excess free fatty acid stabilizes the reaction mixture. The larger excesses of

free fatty acid (0.6-1.2 molar excess) improved the phase separations, improved stability

of the organic extract solutions, and improved stability of the isolated products.

There is potential to isolate a mixture of glycopyrronium fatty acid salt and excess

free fatty acid to ensure a consistent, well defined product.

Ion exchange

From the outset, the synthesis approach using ion exchange resins was challenging

due to the known hydrolytic instability of glycopyrronium bromide at pH values above pH

5.6 (see, for example G Gupta, V.D., " Stability of Oral Liquid Dosage Forms of

Glycopyrrolate Prepared With the Use of Powder", International Journal of

Pharmaceutical Compounding, 2003, 7(5), 386-388, herein incorporated by reference) and

the complexity and cost of the required technology. While aqueous solutions of

glycopyrronium bromide are reasonably stable at ambient temperature at pH 5.6 and

below, glycopyrronium bromide would be expected to rapidly hydrolyze at the ester

linkage at the pH values required in a salt exchange process employing resins.

Starting from commercially available glycopyrronium bromide (structure 2 in

Table 3B), the corresponding fatty acid salts (structure 1 in Table 3A) can in principle be

derived through the use of anionic ion exchange resins. Table 4 provides an ion exchange

flow diagram, which shows a schematic of how this may be accomplished.

Table 4



Resin

However, the ion exchange approach using resins requires expertise beyond

standard synthesis methodologies. Besides the selection of a suitable resin, a number of

parameters need to be carefully chosen to maximize the effectiveness of this process.

Factors that impact the adsorption-desorption isotherms in ion exchange include, but are

not limited to, the relative ratio of substrate to resin, the solvent system (eluent), the

temperature, and the substrate concentration. The hydrophobic interactions between the

resin and the fatty acid backbone may play an important role as well in binding efficiency

(besides the electrostatic attraction of the polar groups). For this reason, the resin choice

itself may be an important consideration (see, for example Hiara, Y. "Adsorption of Fatty

Acid Sodium Salts on Ion Exchange Resins", Journal of Applied Polymer Science, 1986,

32(6), 5665-5667, herein incorporated by reference). In Hiara, the weakly basic resin with

hydrophobic phenyl groups in the polymer (IRA94) showed a better performance than the

less hydrophobic resin (IRA68). The adsorption efficiency of the fatty acid sodium salts

dramatically increased, in going from C-6 to C-12 fatty acid salts.

An additional challenge with the ion exchange methodology is the instability of

glycopyrrolate at elevated pH in aqueous solutions due to ester hydrolysis. This compound



is reasonably stable at ambient temperature at pH 5.6 and below (Gupta, 2003) but is

expected to be susceptible to hydrolysis of the ester under the processing conditions (as

pH values will be substantially higher than pH 5.6).

The other two approaches were evaluated for the preparation of lipophilic

glycopyrronium fatty acid salts.

Laurie acid was selected as a model fatty acid for the initial work. The exchange

reaction of glycopyrronium bromide with potassium laurate was screened in various

solvent systems.

The best solvent system was water / methyl tetrahydrofuran (Me-THF) which

provided the desired product, glycopyrronium laurate. Unfortunately, the isolated oily

product was unstable and decomposed into the by-product, Acid A. The decomposition

products from attempted methylation of the glycopyrrolate base with dimethyl carbonate,

which include Acid A and the methyl ester of Acid A, are shown in Table 5.

Table 5

Acid A Methyl Ester of Acid A

Potassium stearate and potassium palmitate were also investigated in the Me-

THF/water system in attempts to improve the stability of the target salts and to obtain the

target materials in a solid form. These reactions failed to provide solid product(s) and

showed a partial hydrolysis to Acid A during the process.

Direct Salt Metathesis (counterion exchange)

The reaction of glycopyrronium bromide with fatty acid salts was performed in

organic solvents (anhydrous conditions) and biphasic (water/organic) conditions. The

reactions in organic solvents did not result in any product formation, while using biphasic

conditions provided the desired products in the reaction mixture.



The general chemistry of this process is shown below:

1
Glycopyrronium Fatty Acid Salt

An example of the chemistry in this process is shown below:

Example

c H23

A direct salt metathesis ("ion swap") between glycopyrronium bromide and the

sodium or potassium salt of representative fatty acids using an extractive process was

successfully developed. In this process, the water soluble inorganic salt derived from the

bromide exchange with the carboxylate conjugate base of the fatty acid is partitioned in

the aqueous phase and removed from the reaction medium to drive the exchange process.

A direct counterion exchange between glycopyrronium bromide and suitable fatty

acid salts was then evaluated. The driving force for a typical salt metathesis reaction is the

generation of an insoluble salt that precipitates out of solution. In the case of fatty acid

salts, the most likely starting materials would be the corresponding silver salts. For

example, see US patent publication 2011/0306650, published December 15, 2011, and

incorporated herein by reference, which describes the preparation of glycopyrronium

chloride by reacting glycopyrronium bromide with silver acetate to produce

glycopyrronium acetate (silver bromide precipitates out). The acetate salt is then reacted

with HC1 to produce the glycopyrronium chloride (along with acetic acid).

Glycopyrronium sulfate is produced similarly by salt metathesis using silver sulfate. Such

starting materials were not desirable due to concerns over heavy metal residues in the drug

substance, as they were expected to be difficult to fully remove from the desired



glycopyrronium fatty acid salts and require special waste disposal considerations for the

precipitated silver salts on large scale (preferably via metal recovery).

Nonetheless, a proper solvent choice in combination with the fatty acid salts of

innocuous metals such as sodium, potassium or calcium was considered for assessment of

counterion exchange through precipitation of the derived bromide salts (sodium,

potassium or calcium bromide). Alternatively, the counterion exchange reaction could be

driven by extracting the highly soluble inorganic salt into the aqueous phase.

In order to select the reaction solvents, the glycopyrronium bromide (GPBr-

structure 2 in Table 3B) solubility in various solvents was determined using HPLC

calibration curves (see Figs. 1 and 2). The results of glycopyrronium bromide solubility in

various solvents at room temperature are summarized in Table 6 below. The experiment

was conducted with 50 mg of glycopyrronium bromide and 1 mL of solvent in most cases.

The mixture was stirred at room temperature for 24 hours and then filtered to afford a

clear filtrate. The filtrate was diluted with acetonitrile and checked by HPLC.

Table 6

Three lauric acid salts (Na, K, and Ca) were prepared as model salts. These salts

were prepared following the procedure in Zacharie et al. ("A Simple and Efficient Large-



Scale Synthesis of Metal Salts of Medium-Chain Fatty Acids", Organic Process Research

& Development 2009, 13, 581-583), herein incorporated herein by reference.

Preparation of Sodium Laurate

Laurie acid (50.08g, 1.0 eq.) was dissolved in ethanol (500mL, 10vol., 95%

denatured) at room temperature and reacted with NaHC0 3 (18.9g, 0.9 eq.) in ethanol

(500mL, 10vol., 95% denatured) at refluxing temperature. The reaction mixture

(suspension) was stirred at refluxing temperature (-77 °C) overnight. Some solids

precipitated overnight (vs. solution reported in literature) and the mixture was diluted with

additional ethanol (-1 .5L). The solution was decanted and cooled to room temperature

over four hours (solid product precipitated at ~55°C). The slurry was filtered and the

product was washed with MTBE (3x200mL) to remove excess free un-reacted lauric acid.

The white wet cake was dried in the air over the weekend and in a vacuum oven at 50+5 °C

overnight to afford 27.2g (54.4% yield) of white solid. While the yield was lower than in

the prior art literature, the procedure could be optimized for better yield. Some methods

for improving yield include, but are not limited to, optimizing the concentration during the

crystallization process or using an antisolvent to decrease the solubility of the product and

improve the yield.

Preparation of Potassium Laurate

The second experiment was conducted with 25g (1.0 eq.) of lauric acid and 11.25g

of KHCO3 (0.9 eq.) in ethanol (250 mL) at reflux. The product was crystallized from

ethanol/MTBE (1/1) to afford 22. 1 g (82.5% yield) of potassium laurate after drying in the

air over the weekend and in a vacuum oven at 50+5 °C overnight.

In order to select the reaction solvents and their optimized volumes, the solubility

of potassium laurate in various solvents was checked by adding solvent to dissolve the

solids under sonication. A vial was charged with potassium laurate (-lOOmg) and then

solvent was added dropwise under sonication. The potassium laurate could not be

dissolved with most solvents (200 vol.). The results of potassium laurate solubility in

various solvents are summarized in Table 7 below:



Table 7

Preparation of Calcium Laurate

The third experiment was conducted with 15.6g (1.0 eq.) of lauric acid and 2.6g of

Ca(OH)2 (0.9 eq.) in ethanol (450 mL) at reflux for 4 hours. The product precipitated at

reflux temperature. The reaction mixture was further diluted with methanol (500mL) at

reflux temperature. The slurry was cooled to room temperature and filtered then rinsed

with an MTBE wash. The solid was dried in the air overnight and in a vacuum oven at

50+5°C overnight to afford 10.4g of white solid (67.7% yield). The procedure could be

optimized to increase yield. Some methods for improving yield include, but are not

limited to, optimizing the concentration during the crystallization process or using an

antisolvent to decrease the solubility of the product and improve the yield.

Reaction in Organic solvents

Salt metathesis via precipitation was attempted using potassium laurate, sodium

laurate, potassium stearate and potassium palmitate, in combination with acetone,

methanol and dichloromethane as solvents.

Potassium laurate was selected as the model fatty acid salt for this approach. The

first attempted reaction was conducted in anhydrous acetone. Glycopyrronium bromide

(0.508g, 1.0 eq.) was charged into a 250mL flask followed by acetone (50mL). Potassium

laurate (1.1 eq.) was added to the mixture. The mixture was stirred and additional acetone



(lOOmL) was added in an attempt to dissolve the solids. The solids failed to dissolve

completely. The mixture was stirred overnight and was then concentrated to a residue.

Ethyl acetate (EtOAc, lOOmL) was used to extract the crude residue. The extract was

concentrated to afford only 48mg (less than 10% wt recovery) of an oily residue. HPLC

analysis of the residue showed that several peaks were present. Proton NMR analysis

showed that a complex mixture was obtained.

The reaction failed to provide the desired product, most likely due to the low

solubility of both the glycopyrronium bromide and the potassium laurate.

Since both starting compounds are soluble in methanol, the next reaction was

attempted in methanol. Glycopyrronium bromide (1.036g, 1.0 eq.) was charged into a

20mL vial followed by methanol (5mL) to dissolve all solids. A potassium laurate

solution in methanol (0.691g, 1.1 eq., lOmL of methanol) was added to the mixture. The

mixture was stirred over the weekend at ambient temperature and then the solution was

checked by HPLC which showed that one new peak (RRT=1.37) was formed at -47%

HPLC AUC. The solution was concentrated to remove methanol and then extracted with

EtOAc (3xl00mL). The EtOAc extracts were combined and concentrated to an oily

residue (0.8g). HPLC analysis showed that the new peak was enriched to 61% AUC.

Proton NMR analysis showed that a methyl ester peak at 3.77ppm was formed. The

proposed structure for this by-product follows:

Proposed by-product

The solid (0.87g) remaining after the EtOAc extraction was checked by HPLC

which showed that the major peak was "Bromide" with~91% AUC. However, proton

NMR analysis suggested that the solid was a mixture of at least three possible compounds

listed in Table 8 below.

Table 8



Θ COC H
Br

Proposed by-Product Proposed by-Product

The glycopyrronium fatty acid salt was unstable in the methanolic reaction

mixture. However, it was confirmed that the starting material, glycopyrronium bromide

(structure 2 in Table 3B), in the absence of other components, is stable in methanol.

To explore the exchange reactions under anhydrous conditions, four fatty acid salts

(potassium laurate, sodium laurate, potassium stearate, and potassium palmitate) were

tested by suspending the reactants in dichloromethane (DCM) and stirring for 90h at room

temperature. Any precipitation of potassium bromide (or sodium bromide) was expected

to provide enrichment of the glycopyrronium peak relative to the bromide peak in the

HPLC analysis of the filtered DCM solutions. The reaction mixture (DCM, 1.0 mL) was

filtered through a syringe filter, concentrated, and the resulting solid residue was dissolved

in a mobile phase and analyzed by HPLC. The HPLC results of the exchange reactions in

an anhydrous DCM system are shown in Table 9 below.

Table 9



The bromide /glycopyrronium ratio clearly indicated that no enrichment of

glycopyrronium relative to bromide had taken place. No desired product was observed

using anhydrous conditions (DCM) with potassium laurate, sodium laurate, potassium

stearate or potassium palmitate.

All attempts were unsuccessful due to solubility issues (low solubility of

glycopyrronium bromide in acetone), instability (transesterification reaction in methanol)

and insufficient solubility difference (in dichloromethane).

Reaction in Biphasic conditions

An alternative approach whereby the exchange process is accomplished in a

biphasic solvent mixture was more successful. A counterion exchange via selective

extraction is shown in Table 10.

Table 10

= Na, K

Best solvent: eTHF

Six solvents were evaluated in the extractive procedure: 2-methyl tetrahydrofuran

(MeTHF), methyl tert-butyl ether (MTBE), isopropyl acetate (IPAc), methyl isobutyl

ketone (MIBK), toluene, and dichloromethane (DCM). Using sodium laurate as the model

fatty acid salt, MeTHF was determined to be the best solvent, affording an organic phase

that was highly enriched in glycopyrronium laurate.

Further experiments using potassium laurate, potassium palmitate and potassium

stearate demonstrated the generality of this methodology. The reaction products were

characterized by proton NMR analysis and confirmed to be consistent with the fatty acid



salts. HPLC analysis using a developmental HPLC method showed enrichments of up to

96% area/area following 3 - 4 aqueous washes of the MeTHF extracts.

A hydrolysis side reaction was observed to be a significant problem in the

counterion exchange process at the prevailing pH (8.0 - 8.3). This issue was resolved by

using an excess of the free fatty acid to "buffer" the medium and minimize the hydrolysis

reaction, and by performing the exchange and further processing of the materials at

ambient temperature.

Since both starting compounds are very soluble in water, the reaction was

attempted in water/Me-THF. Glycopyrronium bromide (structure 2 in Table 3B) (1.0 eq.)

was charged into a 20mL vial followed by water (2mL) to dissolve all solids. The

glycopyrronium bromide solution was transferred into a solution of potassium laurate in

water (1.1 eq., 5mL of water) in a 20mL vial. The glycopyrronium bromide vial was

rinsed with water (3xlmL) and the rinse was transferred into the reaction vial. HPLC

analysis showed that the area ratio of the "Bromide" peak to the "Glycopyrronium" peak

was 20/80. Me-THF (lOmL) was added to the reaction solution. The mixture was stirred

for one hour and then settled for phase separation. Both layers were checked by HPLC

and it was found that the area ratio of the "Bromide" peak to the "Glycopyrronium" Peak

was significantly different between the two layers (XL-007-071-1 and XL-007-071-2,

Table 11 below). The reaction mixture was then re-mixed for one hour and then settled

for one hour to afford two layers (XL-007-071-3 and XL-007-071-4). HPLC analysis

showed that the ratio of the two peaks was unchanged. The results showed that more

"Bromide" was contained in the aqueous layer and the "Glycopyrronium" was extracted

into the Me-THF layer. The aqueous layer was removed, replaced with fresh water, mixed

and then settled to afford two layers (XL-007-071-5 and XL-007-071-6). HPLC analysis

showed that the Me-THF layer contained 93 area% of "Glycopyrronium". The Me-THF

layer was washed with water an additional two times and the product in the Me-THF layer

was enriched to 96 area% (XL-007-071-10). The HPLC results for the aqueous and

organic layers of the reaction mixture are shown in Table 11.



Table 11

One aliquot sample from the washed Me-THF layer (XL-007-071-10) was taken

and concentrated to an oil which was analyzed by proton NMR in different solvents

(CDCI 3, DMSO-d , and D 2O) for comparison against the starting materials. The proton

NMR spectrum was consistent with the expected spectrum of the desired product:

To improve upon the selective solubility and partitioning of bromide and fatty acid

salt between the aqueous and solvent layers, the reaction of glycopyrronium bromide

(structure 2 in Table 3B) with sodium laurate was screened in the following six solvents

with water: Methyl tetrahydrofuran (Me-THF), Methyl tert-butyl ether (MTBE), Isopropyl

acetate (IPAc), 4-Methyl-2-pentanone(MIBK), Toluene, and Dichloromethane (DCM).

The reaction was conducted with glycopyrronium bromide (lOOmg, 1.0 eq.) and

sodium laurate (61mg, 1.1 eq.) with 7 mL of water and 7 mL of organic solvent at room

temperature. The reaction mixture was stirred over four days and then settled. Both layers



were checked by HPLC and the analytical results for the sodium laurate/glycopyrronium

bromide exchange are summarized in Table 12 below:

Table 12

[1] Decomposed product (Acid A) was observed in significant amounts by HPLC
[2] HPLC peak areas were very small.

From these six experiments, Me-THF was the best solvent for selective product

partition and extraction. Unfortunately, the decomposition product (Acid A, RRT=0.74)

was observed in both the organic layer and aqueous layer.

Acid A

Me-THF was selected for further investigation based on the results of the solvent

screening. The reaction using potassium laurate and Me-THF was scaled up to 4.89g of

glycopyrronium bromide with potassium laurate (3.07 g, 1.05 eq.) in 25mL of water and

53mL of methyl THF at room temperature. The mixture was stirred for one hour and

settled for phase separation. Three layers formed and each was checked by HPLC and the

results of the scale up reaction in water/Me-THF are summarized in Table 13. It was

confirmed that an additional peak (tR =5.29 min, RRT=0.74) was detected and that this

peak increased over time. This peak was confirmed to be the by-product, Acid A, by

comparison with a separate preparation and isolation of Acid A. Acid A, the hydrolysis



product of glycopyrrolate base (structure 3 in Table 3B) was isolated and characterized by

HPLC and NMR ( H and 1 C).

The bottom layer (aqueous) was removed and the top two layers were washed with

water (3x20mL). It was observed that only two layers were formed after the first phase

separation. The final organic layer (XL-007-080-4A) was concentrated at 60°C on a

rotary evaporator to afford a residue which was re-dissolved with methyl THF (lOOmL).

The insoluble solids (KBr and potassium laurate) were filtered and dissolved with water

and then checked by HPLC (XL-007-080-P1). The filtrate was concentrated to dryness to

afford an oil (6.12g, XL-007-080-P2) and HPLC analysis showed that the bromide peak

was reduced to 1.34 area%. The product was dried in a vacuum oven at 50°C over the

weekend. NMR analysis of the dried product showed some decomposition. The dried

oily product was dissolved with MTBE (100 mL) and precipitation was attempted by

adding n-heptane, resulting in two liquid layers. Both layers were checked by HPLC (Top

layer: XL-007-082-1 and bottom layer: XL-007-082-2) and showed high levels of the b y

product, Acid A.

Table 13



XL-007-080- Filtered Solids 12.88% ND ND Potassium Laurate
Pl as major peak (lower

response)
XL-007-080- Oil Product 1.34% 4.84% 93.82%
P2

XL-007-082-1 Top Layer 0.83% 12.37% 86.80%
XL-007-082-2 Bottom Layer 1.01% 15.06% 83.94%

It was confirmed that the isolated oily product had partially decomposed. Most

likely, this decomposition is consistent with a hydrolysis reaction, which is facilitated at

elevated temperature and elevated pH. The proposed decomposition reaction scheme is

shown below:

ycopyrron um

Cation A Anion A Cation B Anion B Free Fatty Acid

The nature of the reaction mixture, which included components with strong

chromophores and others that had weak chromophores (for all intents and purposes herein

labeled as "UV inactive") rendered the accurate analysis and quantitation of all

components in the mixtures very challenging. For this reason, orthogonal and

complementary analytical methods were developed to facilitate both the in-process

analysis of the reactions and the assessment of both the purity and the composition of the

isolated reaction products.

The desired product, glycopyrronium laurate, was isolated by Me-THF extraction

from an aqueous solution of glycopyrronium bromide and potassium laurate.

Unfortunately, the isolated product was unstable during the isolation process with the

levels of Acid A increasing over time. The isolated product degraded at 50°C from -94



area to 83-86 area over a weekend. Glycopyrronium bromide itself was stable in the

HPLC diluent solution (ACN/water) at ambient temperature over two weeks (by HPLC).

The preparation of glycopyrronium laurate was repeated at 5.0g scale (GPBr). The

HPLC results of the repeated scale-up reaction in water/ME-THF are summarized in Table

14 below. It was confirmed by HPLC that the decomposition product Acid A, was formed

during the work up and isolation.

Table 14

The Me-THF solution was stress-tested at room temperature and at 50°C over the

weekend with and without the addition of an excess of free lauric acid. The results of the

stress test are listed in Table 15. While the room temperature solutions showed far less

degradation than the heated samples, decomposition was still significant. The attempt to

stabilize the product with excess free lauric acid resulted in less decomposition being

observed than in the corresponding samples without excess free lauric acid. It was noted

that the Me-THF solutions split into two layers at 50°C. This was likely due to a decrease

in the solubility limit of water in the mixture upon heating.

Without excess free lauric acid, the product slowly decomposed at ambient

temperature from 90.67 area product content to 87.72% in the Me-THF solution. At

50°C, the product decomposed significantly, to only 57 area% in the top layer and -50%

in the bottom layer. In the presence of excess free lauric acid at ambient temperature, the



product showed only slight decomposition (Expt. 2A) while at 50°C, the product

decomposed, leaving only -65-70 area%, even with excess free lauric acid present.

Table 15

The desired product in Me-THF degraded over time. The product degraded

significantly faster at 50°C. With the presence of excess free lauric acid (approximately

1.0 molar equivalent excess), the product decomposition was slower especially at ambient

temperature.

A Me-THF extraction of the aqueous solution of glycopyrronium bromide and

potassium laurate produced the desired product but the desired product was unstable

during the extraction process at room temperature. The observed decomposition product

was confirmed by independent preparation and isolation to be the hydrolysis product

(Acid A). It was confirmed that the product decomposed significantly faster at 50°C. The

isolated crude product was oily and failed to precipitate from heptane and other solvents

(MTBE, IPAc, and EtOAc).

Since the oily product obtained from potassium laurate was unstable, fatty acids

with longer chains were tested in an attempt to get solid products with potentially

improved stability.



Potassium stearate and potassium palmitate were prepared and tested with

glycopyrronium bromide in the Me-THF/water system.

Stearic acid and palmitic acid were used as the potassium salts. The preparations

of potassium stearate and potassium palmitate were performed following the procedures

from Zacharie et al. ("A Simple and Efficient Large-Scale Synthesis of Metal Salts of

Medium-Chain Fatty Acids", Organic Process Research & Development 2009, 13, 581—

583), which are summarized below.

For the preparation of potassium stearate, stearic acid (25. Og, 1.0 eq.) was

dissolved in ethanol (500mL, 20vol., 95% denatured) at 45°C in a 2-L round bottom flask.

KHCO 3 (7.88g, 0.9 eq.) was added into the solution and then the reaction mixture was

heated to reflux (~77°C). The reaction was stirred overnight (21 hours) at reflux. MTBE

(500mL) was added to the solution at 65°C. Some foaming occurred and vigorous stirring

was needed to break the foam. A second portion of MTBE (500mL) was then added at

50°C and the resulting slurry was cooled to room temperature over approximately 3 hours.

The slurry was filtered and the wet cake was washed with MTBE (3xl25mL). The white

wet cake was dried in a vacuum oven at ~50°C overnight to afford a white solid product

(25.4g, quantitative yield).

For the preparation of potassium palmitate, palmitic acid (15.0g, 1.0 eq.) was

dissolved in ethanol (200mL, 95% denatured) at 40°C in a 1-L round bottom flask. Solid

KHCO 3 (5.27g, 0.9 eq.) was added into the solution and then the reaction mixture was

heated to reflux (~77°C). The reaction was stirred overnight (20 hours) at reflux. MTBE

(lOOmL) was added to the solution at 65°C and a solid product precipitated. A second

portion of MTBE (lOOmL) was then added and the resulting slurry was cooled to room

temperature over approximately 3 hours. The slurry was filtered and the wet cake was

washed with MTBE (3xl00mL). The white wet cake was dried in a vacuum oven at

~50°C overnight to afford a white solid product (14.7g, 94.8% yield).

The exchange reactions were performed by dissolving the fatty acid salt with

glycopyrronium bromide in Me-THF/water, stirring for 5.0 h at room temperature, then



separating the phases and washing the organic phase with water. The HPLC analytical

results of both Me-THF and water layers are shown in Figs. 3 (potassium stearate) and 4

(potassium palmitate). The exchange reactions with potassium stearate and potassium

palmitate did not provide the desired products free of the Acid A impurity. After

concentration of the extracts, both reactions gave sticky oily residues that were difficult to

isolate. Neither offered an advantage over the results from potassium laurate.

Stabilization of Exchange Reactions by Adding Excess free Fatty Acid

In an attempt to stabilize the glycopyrronium laurate product and avoid the

decomposition of glycopyrronium to Acid A, the Me-THF/water reaction system was

tested with excess free lauric acid (1.1 molar equivalent excess relative to glycopyrronium

bromide). Two experiments with and without excess free lauric acid were conducted by

mixing two solutions of glycopyrronium bromide (1.04g, 1.0 eq.) in water (5mL) and

potassium laurate (1.1 eq.) in water (5mL) with Me-THF (20mL) with and without excess

lauric acid (1.1 eq.) at room temperature overnight. For each reaction, both layers were

checked by HPLC with the results of the HPLC for the exchange reaction with excess free

lauric acid summarized in Table 16 below. The reaction with excess free lauric acid

showed no formation of the by-product, Acid A, after mixing overnight but the experiment

without excess free lauric acid, had Acid A in both layers.

Table 16

[1] 5.5 area of Acid A was observed in the Me-THF layer.
[2] 2.2 area of Acid A was observed in aqueous layer.
[3] The lauric acid peak co-eluted in glycopyrronium peak.

Adding 1.1 molar equivalents of excess free lauric acid into a preparation with

potassium laurate and glycopyrronium bromide in the water/Me-THF system stabilized the

reaction mixture.



Bi-phasic reaction conditions enabled the desired exchange reactions between

glycopyrronium bromide and alkali and alkaline earth metal salts of fatty acids. Favorable

partitioning of the glycopyrronium moiety into the organic phase (along with the fatty

acids) and partitioning of the bromide into the aqueous phase was achieved with water and

methyl tetrahydrofuran. The glycopyrronium fatty acid salts were unstable with respect to

hydrolysis under the reaction conditions and were unstable as isolated oily products. The

formation of the impurity, Acid A, was noted over time. An excess of the free fatty acid in

the reaction mixture stabilized the glycopyrronium fatty acid salt and reduced the

formation of the impurity, Acid A.

Reaction with Methyl Carbonates

In the prior art, dimethyl carbonate chemistry has been mostly employed in the

surfactants and detergents industry as well as in the manufacture of ionic liquids with

counterions that are different from halides.

The reaction of glycopyrrolate base with methyl carbonate and subsequent

treatment with fatty acids failed to provide any of the desired product(s) and produced

only decomposition products from the glycopyrrolate base.

One example of the chemistry involved in this process is shown below:

Example



c rr S Base

The synthesis approach proceeding through methyl carbonates was unsuccessful,

due to the instability of the starting glycopyrrolate base (compound 3 in Table 17) and its

quaternization reaction products (glycopyrronium methyl carbonates, compound 4 in

Table 17) under the high temperature and pressure conditions required for a successful

quaternization reaction with dimethyl carbonate.

Since a clean synthesis of the required methyl carbonated salt of glycopyrronium

could not be accomplished, this approach was discontinued and subsequent efforts focused

on a direct salt metathesis using glycopyrronium bromide.

Tertiary amines can be alkylated with dimethyl carbonate to generate the

corresponding quaternary methyl ammonium carbonate salts in good to high yields.

Subsequent reaction with a proton source leads to a clean ion metathesis reaction via

decomposition of the methyl carbonate counterion into CO2 and methanol, which are

readily removed from the reaction mixture to yield products with high purity.



Table 17

Glycopyrronium Fatty Acid Salts

Table 17 shows the sequence of steps for synthesis of glycopyrronium salts of fatty

acids via methyl carbonates from glycopyrrolate base.

The alkylation reaction requires high temperatures (typically 80 - 150 °C,

depending of the reactivity of the tertiary amine) and is run under pressure, as dimethyl

carbonate has a boiling point of 90 °C. Heterocyclic tertiary amines are reported to react

faster and at relatively lower temperatures than the sterically crowded aliphatic tertiary

amines. For example, Mori et al., US Patent No. 4,892,944, issued January 9, 1990 and

incorporated herein by reference, report that N-methyl pyrrolidine (the closest structural

motif to the glycopyrrolate base 3) can be quaternized at 120 °C to afford the

corresponding methyl carbonate salt in 97% isolated yield after a 6 hour reaction. Bicyclic

amines bearing a nitrogen atom at the bridgehead, which are known to be even more

nucleophilic, react readily at atmospheric pressure under refluxing conditions (80 - 90 °C)

to afford the methyl carbonates in high yields (see Friesen et al., US Patent Publication

2012/0321969, published December 20, 2012, herein incorporated by reference).

The quaternization reaction was evaluated in neat dimethyl carbonate, and in two

non-nucleophilic solvents, t-amyl alcohol and dimethyl acetamide, which were expected to



be unreactive toward the starting glycopyrrolate base. The glycopyrrolate base, compound

3, was custom made by Shanghai Chempartner (China) based on a published procedure

(see Allmendinger et al., "Carry Over of Impurities: A Detailed Exemplification for

Glycopyrrolate (NVA237)", Organic Process Research & Development 2012, 16, 1754 -

1769, herein incorporated by reference).

Four reactions of glycopyrrolate base (structure 3 in Table 3B) with dimethyl

carbonate (shown in Table 18) were attempted. For the general procedure, glycopyrrolate

base (structure 3 in Table 3B) was charged into a Fisher-Porter pressure bottle followed by

methyl carbonate and solvent. The solution was purged with nitrogen three times under

slight vacuum and then the reactor was sealed. The reaction mixture was stirred and

heated with oil bath. The detailed reaction conditions and results are summarized in Fig.

5.

Table 18

Glycopyrrolate Base

1

Glycopyrronium Fatty Acid Salts

In all four experiments (see Fig. 5), the glycopyrrolate base 3 was observed to

decompose under the reaction conditions, yielding the cyclopentyl mandelic acid

derivative ("Acid A") and the corresponding methyl ester (Table 5). The analytical results

showed that no desired product was observed in any of the reaction mixtures.



Due to the instability of the starting glycopyrrolate base, the salt metathesis

approach via the glycopyrronium methyl carbonate salt was abandoned.

Preparation of HPLC Calibration Curves for Glycopyrrolate base and Glycopyrronium

Bromide

Based on analytical result reports for the raw materials, an HPLC method was set

up and three HPLC calibration curves for glycopyrrolate base (structure 3 in Table 3B) as

well as glycopyrronium bromide (structure 2 in Table 3B) were prepared. These are

summarized in Table 19 and Figs. 1-2 and 6.

Table 19

Note: Glycopyrronium bromide gave two distinct peaks in the chromatogram. Peak #l (RRT=0.20)
corresponds to the "Bromide" (Br ion) and Peak #2 (RRT=1 .00) corresponds to the
"Glycopyrronium" moiety.

Further Synthesis and Analysis

Analytical methods were also developed for the glycopyrronium fatty acid salts.

These methods appropriately and accurately assess the quality of glycopyrronium fatty

acid salt samples. A more refined process for the general synthesis of glycopyrronium

fatty acid salts has also been developed.



The analysis includes both improvement in the synthesis of the glycopyrronium

fatty acid salts and the development of methods to analyze those salts.

The synthesis process was improved and simplified by generating the required

sodium or potassium salt of the fatty acids in situ (via treatment of the fatty acids with

sodium or potassium hydroxide) rather than using sodium or potassium salts of the fatty

acids prepared in a separate step. Substantial efforts were expended in defining a suitable

amount of excess free fatty acid that would stabilize the product by minimizing its

hydrolysis, while also facilitating the extraction process by minimizing the formation of

emulsions, which were quite severe in some instances. Most of the development work in

this second phase of the project was done with stearic acid. Also, in addition to lauric,

palmitic and stearic acid, which are all saturated fatty acids, linoleic acid (C-18

unsaturated fatty acid; with cis,cis-9,12 double bonds) was also successfully converted to a

glycopyrronium salt, further demonstrating the generality of the method.

The analytical methods development addressed the challenge stemming from the

nature of the components from the reaction mixture, which required the use of

complementary analytical methods to assess the salt metathesis process and the quality of

the product. With the methods that have been developed, the salt metathesis process can

now be well monitored and the quality of the fatty acid salts obtained reliably assessed.

The process that has been developed may be optimized to permit large scale production.

Some of the analytical method applications include, but are not limited to,

assessment of the salt exchange effectiveness, to ensure that the reactions are pushed to

>95 conversion by determining optimal number and amount of aqueous washes to

remove inorganic bromide salts (byproducts), the determination of the optimal amount of

excess free fatty acid (evaluating a suitable range of molar equivalents) needed to stabilize

the active pharmaceutical ingredient (API) and the improvement of the isolation and

purification of the reaction product (for example through precipitation with suitable

solvent/antisolvent combinations) by evaluating the purity of the reaction products. In

some preferred embodiments, the optimal number of aqueous washes is 3-4 washes. In

other embodiments, the preferred number of washes is at least three washes.



Analytical method development also preferably includes methods for quantitation

of chromophoric starting materials, products and degradants, methods for quantitation of

weakly- or non-chromophoric starting materials and degradants (fatty acids and derived

salts, dimethylhydroxypyrrolidinium degradants), methods for quantitation of the bromide

ion in the starting material and the product, and methods for quantitation of the potassium

(or sodium) ion in the product.

Glycopyrronium Fatty Acid salts (GPFA) were successfully prepared from

glycopyrronium bromide and fatty acid salts utilizing a bi-phasic (organic / aqueous)

system to selectively partition the inorganic salts into the aqueous phase and isolating the

lipophilic organic salts (glycopyrronium fatty acid salts) from the separated organic phase.

However, as discussed above, the reaction mixture was unstable to hydrolysis and also the

fatty acid salts were unstable in methanol solution (transesterification by-product

formation). The isolated glycopyrronium fatty acid salts (GPFA) also proved to be

inherently unstable with increasing levels of the degradant, "Acid A" (CAS 427-49-6,a-

cyclopentyl-a-hydroxy-benzene acetic acid), forming over time. An excess of free fatty

acid stabilized the reaction mixture and significantly reduced the rate of hydrolysis

(limiting the formation of "Acid A"). It was also challenging to accurately quantitate all

components from the reaction mixtures to assess the synthesis efficiency.

Further experiments explored the isolation of glycopyrronium fatty acid salts

(GPFA) with an excess of free fatty acids to confirm improved stability of the isolated

products and also to develop suitable analytical methods to characterize the isolated

materials. These experiments included preparing the samples for development of analytic

methods, developing analytical methods to characterize the glycopyrronium fatty acid

products, defining a suitable preparatory procedure and characterization of the isolated

products, and preparing a range of GPFA samples. These efforts were successful, resulting

in a suitable preparatory procedure and analytical methods to analyze and characterize the

isolated products.



The developed analytical methods are reliable and simple enough to be tailored to

the individual glycopyrronium salts of fatty acids (with anticipated minor modification of

the GC method conditions for each fatty acid utilized).

As discussed above, only one approach (counterion exchange, or salt metathesis

via a selective partitioning in a biphasic aqueous/organic solvent system) proved effective

in the preparation of glycopyrronium fatty acid salts. Attempted synthesis from

glycopyrrolate base via quaternization with methyl carbonate at elevated temperatures and

subsequent treatment of the expected quaternary methylammonium carbonate salts with

fatty acids was unsuccessful due to decomposition of glycopyrrolate base under the

methylation conditions. Salt exchange in organic solvents under anhydrous conditions

failed due to poor solubility of the glycopyrronium bromide and the fatty acid salt in the

organic solvents that were evaluated (acetone and dichloromethane). The observed

hydrolytic instability of the glycopyrronium moiety precluded consideration of aqueous

ion exchange with ion exchange resins.

Even with the selective bi-phasic partitioning approach, severe emulsions and poor

partitioning were observed for most systems tested. Selective partitioning of bromide into

the aqueous phase and glycopyrronium into the organic phase was not easily achieved.

Among the solvent systems screened (2-Me-THF, MTBE, IPAc, Toluene, MIBK, and

DCM), only 2-Me-THF provided adequate selectivity for the desired partitioning. Also,

hydrolytic instability was noted over the course of the work-up and isolation with the

formation of "Acid A" over time in both extracted solutions and isolated products.

Isolated glycopyrronium fatty acid mixtures ranged in consistency from viscous oils to

pastes to hard waxy solids.

The initial synthesis experiments tested lauric acid (C-12 chain), stearic acid (C-18

chain) and palmitic acid (C-15 chain). The further synthesis and analysis experiments

tested stearic acid, lauric acid, palmitic acid, and linoleic acid (C-18 polyunsaturated, cis,

cis-9, 12-Octadecadienoic acid).



The method synthesized glycopyrronium fatty acid salts by reacting

glycopyrronium bromide with a fatty acid salt in a biphasic reaction mixture and including

at least a 0.2 molar equivalent of excess free fatty acid to the reaction mixture n

preferred embodiments, at least a 0.2 molar equivalent of excess free fatty acid is added to

the reaction mixture to form a glycopyrronium fatty acid salt. In some preferred

embodiments, between 0.2 and 1.2 molar equivalent of excess free fatty acid is added to

the reaction mixture. In another preferred embodiment, at least 0.6 molar equivalent of

excess free fatty acid is added to the reaction mixture. In yet another preferred

embodiment, between 0.6 and 1.2 molar equivalent of excess free fatty acid is added to the

mixture to form a glycopyrronium fatty acid salt. In another embodiment, approximately

1.2 molar equivalent of excess free fatty acid is added to the reaction mixture. In another

embodiment, at least 1.1 molar equivalent of excess free fatty acid is added to the reaction

mixture.

As described herein, excess free fatty acid is relative to the glycopyrronium

bromide and fatty acid salt used. For example, for the lauric acid reaction, it is excess free

lauric acid relative to the glycopyrronium bromide and potassium laurate used.

The excess free fatty acid stabilizes the reaction mixture. The larger excesses of

free fatty acid (0.6-1.2 molar excess) improved the phase separations, improved stability

of the organic extract solutions, and improved stability of the isolated products.

In preferred embodiments, the required sodium, potassium or calcium salt of the

fatty acids is generated in-situ via treatment of the fatty acids with a metal hydroxide

rather than using sodium, potassium, or calcium. In this step, a fatty acid is mixed with

the metal hydroxide in the biphasic reaction mixture (preferably water and 2-methyl-

tetrahydrofuran) until all solids are dissolved to form the fatty acid salt. The metal

hydroxide is preferably either an alkali metal hydroxide or an alkaline earth metal

hydroxide (e.g.- sodium, potassium or calcium hydroxide).

The method also preferably includes adding glycopyrronium bromide and mixing

until the solids dissolve. The upper organic phase is retained, while the lower aqueous



phase of the reaction mixture is removed. The upper organic phase is then washed with

water. The steps of retaining the upper organic phase and removing the lower aqueous

phase are preferably repeated. In preferred embodiments, these two steps are repeated at

least 3 times to increase the purity of the glycopyrronium fatty acid salt. In other preferred

embodiments, these two steps are repeated 3-4 times.

Vacuum distillation is preferably performed on the upper organic phase and new 2-

methyl-tetrahydrofuran is added. The vacuum distillation step is preferably repeated at

least once (for a total of two times), to remove trace amounts of residual water, until no

distillate is observed. In preferred embodiments, a non-polar hydrocarbon solvent is

added to precipitate insoluble components, which are filtered off. The filtrate is then

further distilled under reduced pressure to obtain a solid. In preferred embodiments, the

non-polar hydrocarbon solvent is n-heptane or a mixture of heptane isomers. In

alternative embodiments, n-hexane, isooctane or petroleum ether could be used instead of

heptanes.

Analytical methods were needed that would be sufficient to characterize the

composition and purity of the isolated products and enable further development. No

single method was suitable for all components and complementary (orthogonal) methods

were required to adequately characterize the isolated products.

Development of a purity and assay method was hindered by the lack of

chromophores for the fatty acid components and any 3-hydroxy- 1,1 -dimethyl

pyrrolidinium degradants. There was also a lack of retention/separation between bromide

and 3-hydroxy- 1,1 -dimethyl pyrrolidinium degradant by HPLC. Challenging solubility

properties of the glycopyrrolate mixtures, sample precipitation, column plugging, and

accelerated loss of column performance also hindered method development. Ultimately,

these challenges were overcome by development of the methods described below for the

characterization of the glycopyrronium fatty acid salts.



With the challenges encountered, the preparation of the target glycopyrronium

fatty acid salts was not trivial and required inventiveness to achieve the preparation of

stable, well characterized products suitable for further development as API products.

Methods for preparing glycopyrronium fatty acid salts

Bi-phasic reaction conditions enable the desired exchange reactions between

glycopyrronium bromide and sodium and potassium salts of fatty acids. Favorable

partitioning of the glycopyrronium moiety into the organic phase (along with the fatty

acids) and partitioning of the bromide into the aqueous phase was achieved with water and

2-methyl tetrahydrofuran. The glycopyrronium fatty acid salts were unstable to hydrolysis

under the reaction conditions and as isolated oily products in the absence of an excess

amount of free fatty acid. The formation of the impurity, "Acid A", was noted over time.

An excess of the free fatty acid in the reaction mixture stabilized the glycopyrronium fatty

acid salt and reduced the formation of the impurity, "Acid A". One reason for the

stabilization may be an aggregation between the glycopyrronium fatty acid salt and the

excess free fatty acid, with the hydrophobic fatty acid chain shielding the ester linkage and

protecting it from access by water. The isolation of a well-defined product, though

challenging, was achieved.

The preparatory procedure was further defined and the isolated products

characterized using analytic methods. In addition, a range of glycopyrronium fatty acid

samples were prepared, including glycopyrronium laurate, glycopyrronium stearate,

glycopyrronium palmitate and glycopyrronium linoleate.

Initially, alkali metal fatty acid salts were prepared and isolated prior to use in

preparing the glycopyrronium fatty acid mixtures. A simpler preparative procedure for the

glycopyrronium fatty acid mixtures without isolation of fatty acid metal salts is preferred.

Since the fatty acid metal salts, excess free fatty acid, and glycopyrronium bromide were

mixed in a 2-Me-THF/water mixture, a modified procedure prepared the fatty acid metal

salt in solution. The target amounts of fatty acid and metal hydroxide readily dissolved in



a mixture of water and 2-Me-THF to directly provide the desired solution of fatty acid salt

and excess free fatty acid.

This approach is detailed in the following example. Stearic acid (6.26 g, 22 mmol,

2.2 eq.) and potassium hydroxide (0.726 g, 11 mmol, 1.1 eq.) were dissolved in a mixture

of water (50 mL) and 2-Me-THF (50 mL). The molar excess of the free stearic acid in this

example was 1.2 molar equivalent of excess free stearic acid (relative to the

glycopyrronium bromide) and a 1.1 molar equivalent of excess free stearic acid relative to

potassium hydroxide, assuming the purity of the potassium hydroxide is 100% (which is

rarely the case). Mechanical stirring provided complete dissolution over approximately 30

minutes. Without stirring, the mixture settled into two clear phases with little to no

emulsion remaining after approximately 30 minutes. Glycopyrronium bromide (3.98 g, 10

mmol, 1.0 eq.) was added, mixed, and dissolved (immediate complete dissolution). The

mixing was stopped and phase separation was complete in less than 30 minutes. The

lower aqueous phase (pH=7) was removed and the upper organic phase was washed three

times with 20 mL of water. Each phase separation required less than 1 hour. After

removing the last water wash, the rich organic phase was vacuum concentrated to mushy

paste at 20-25 °C / 25-30 Torr. 2-Me-THF (30 mL) was added and the vacuum

concentration was repeated. Heptane (50 mL) was added resulting in a thin slurry.

Dissolution in heptane confirmed the lipophilic nature of the glycopyrronium stearate

since both glycopyrronium bromide and potassium stearate are insoluble in heptane.

When the heptane solution was chilled in an ice bath, a thick slurry formed but this

became a thin slurry on re-warming to ambient temperature. After cooling in an ice bath

for approximately 30 minutes, the chilled slurry was filtered on a glass-frit funnel but

filtration was very slow and the contents warmed to room temperature during filtration.

The isolated solids, confirmed to be stearic acid, were sucked dry under a nitrogen blanket

and the dried solids weighed 0.9 g. The filtrate was vacuum concentrated at 20-25 °C / 25-

30 Torr to an oily paste. The filtrate was confirmed to be glycopyrronium stearate and

excess free stearic acid.

These samples were utilized for analytical method development. During the

course of the analytical method development, it was observed that the glycopyrronium



stearate sample (EE-008-001-3B) was significantly more stable than prior samples

prepared during the initial feasibility work phase (much slower rate of "Acid A"

formation). However, the sample was still observed to slowly degrade over time, and by

the time the method development was completed (~ 4 months), and the sample was

analyzed with the final methods, formation of "Acid A" was noted (2.44% w/w, 9.29%

AUC HPLC Acid A relative to glycopyrronium content).

Further experiments tested variations on the excess of free stearic acid used to

prepare the glycopyrronium stearate. These experiments used the same general procedure

as discussed in the glycopyrronium stearate example (EE-008-001-3B) above. More

specifically, different molar equivalents of stearic acid were tested, from 1.2 to 2.0 molar

equivalents (from 0.2 to 1.0 excess molar equivalents), in 0.2 molar equivalent increments.

The different variations of free fatty acid excess tested are shown in Table 20. Samples

were waxy solids from Methyl-THF/GPBr/Stearic Acid/Potassium Stearate mixtures after

three water washes.

Table 20

Samples A and B had difficult (very slow) phase splits for the water washes after

the initial phase split of the reaction mixture. In contrast, all phase splits for samples C, D,

and E were done within approximately 1 hour. In contrast to the earlier preparation of EE-

008-001-3B, with 2.2 molar equivalent of stearic acid, no filterable solids were observed

from the final heptane dissolution; only some separation of an oily phase was noted and

this was retained during isolation. The samples were analyzed and the results of the

comparative analysis from variable fatty acid input are summarized in Table 21. Sample

EE-008-001-3B was included for comparison.

Table 2 1



Sample Stearic Wt. Wt.% wt% Wt.% Wt.% GP Molar
ID Acid K+ Br GP Stearate Other HPLC ratio

Input AUC Stearate /
GP

EE-008- 1.2 eq 0.24 0.036 32.53 49.42 18.05 82.8% 1.7
004-A
EE-008- 1.4 eq 0.27 0.058 21.82 5.85 72.33 96.4% 0.3
004-B
EE-008- 1.6 eq 0.25 0.020 24.16 10.1 65.73 98.0% 0.47
004-C
EE-008- 1.8 eq 0.32 0.006 34.65 32.78 32.57 96.1% 1.05
004-D
EE-008- 2.0 eq 0.28 0.006 29.30 24.29 46.41 97.1% 0.93
004-E
EE-008- 2.2 eq <0.1 <0.1 38.39 51.45 10.16 94.3% 1.5
001-3B

While an effective purge of bromide was demonstrated and residual potassium was

low, there was no clear trend in the results for glycopyrronium or stearate content across

the samples. Since using less than 2.2 molar equivalent of stearic acid (relative to

glycopyrronium) showed no advantage, the next experiment repeated the conditions of

EE-008-001-3B (2.2 eq. stearic acid).

The sample that resulted from the repeat preparation of glycopyrronium stearate

using 2.2 eq. stearic acid, EE-008-008, was analyzed and compared to EE-008-001-3B.

The results are shown in Table 22.

Table 22



Stearate w/w% by NMR 67.7%

While the level of the degradant "Acid A" was typically low in the freshly isolated

product, this impurity increased over time (approximately 4 months) at ambient

conditions.

For EE-008-008, the input was 3.98 g (10 mmol) glycopyrronium bromide (with

22 mmol stearic Acid and 11 mmol KOH). The output was a 5.35 g glycopyrronium

stearate mixture. The mass recovery was 56.7%. The glycopyrronium recovery was

54.2% (by H NMR) and 52.8% (by HPLC assay).

HPLC data for glycopyrronium stearate EE-008-008 is shown in Fig. 7. HPLC

data for glycopyrronium stearate EE-008-001-3B is shown in Fig. 8. Peak 1, the largest

peak, with 87.6482 percent area in EE-008-001-3B and 96.0360 percent area in EE-008-

008, is glycopyrronium stearate. The Acid A peak occurs at approximately 17.6 minutes

retention time (peak 5 in Fig. 7 and peak 8 in Fig. 8).

Gas chromatography data for glycopyrronium stearate sample EE-008-008 is

shown in Fig. 9. Gas chromatography data for glycopyrronium stearate sample EE-008-

001-3B is shown in Fig. 10. The far left peak in Fig. 9 and Fig. 10 is the solvent in the gas

chromatography trace. This data shows the total amount of stearic acid (the peak at 19.827

in EE-008-008 and the peak at 19.836 in EE-008-001-3B) in the samples. The total

amount of stearic acid includes the stearic acid in the glycopyrronium stearate, as well as

any excess free stearic acid still present in the sample. The amount of excess free stearic

acid can be calculated by determining how much stearic acid has been incorporated into

the glycopyrronium stearate stoichiometrically.

All NMR chemical shifts are provided in ppm relative to tetramethylsilane (TMS).

NMR data for glycopyrronium stearate sample EE-008-008 is shown in Fig. 11 and Figs.

12A-12C. NMR (400 MHz, CDC13) 0.88 (3H, t , CH3-), 1.20 - 1.70 (30H, m, 15 -CH2

groups from fatty acid chain and 8H, m, 4 -C¾ groups from cyclopentyl ring), 2.0 - 2.25

(1H, m, -CH-C-N +), 2.24 (2H, t , -CH2C=0), 2.7 - 2.9 (1H, m, -CH-C-N + and 1H, m, CH

group from cyclopentyl group), 2.93, 3.11, 3.33, 3.37 (6H, 4 sets of singlets, 2 -CH 3-N+;



chemical shift differences at the charged interface possibly due to different aggregation

states of the fatty acid salt), 3.6 - 3.8 (2H, m, -CH2-N+), 3.8 - 4.0 (1H, m, -CH-N+), 4.1 -

4.3 (1H, m, -CH-N+), 5.40 - 5.55 (1H, m, -CH-OH, methine proton), 7.2 - 7.7 (5H, m,

aromatic protons/phenyl group).

NMR data for the Acid A by-product is shown in Figs. 13A-13C. 1H NMR (400

MHz, CDC13) 1.2 - 1.8 (8H, m, 4 CH2 groups from cyclopentyl ring), 2.9 - 3.0 (1H, m,

CH group from cyclopentyl ring), 6.2 (1H, br s, OH/tertiary alcohol), 7.2 - 7.7 (5H, m,

aromatic protons/phenyl group).

NMR data for the glycopyrronium Hydrolysis By-Product, Quaternary amino

alcohol (QAA) is shown in Figs. 14A-14D. H NMR (400 MHz, D20 ) 2.1 - 2.3 (1H, m, -

CH- C-N+), 2.5 - 2.7 (1H, m, -CH-C-N +), 3.2 (3H, s, CH3-N+), 3.3 (3H, s, CH3-N+), 3.5 -

3.7 (2H, m, -CH2-N+), 3.7 - 3.9 (2H, m, -CH2-N+), 4.75 - 4.85 (1H, m, -CH-OH, methine

proton).

When the glycopyrronium stearate hydrolyzes, it results in Acid A and QAA.

QAA was very difficult to analyze using HPLC, because it does not have a strong

chromophore and comes off very early in the HPLC analysis.

The loss of glycopyrronium fatty acid salts to the aqueous washes was higher than

desired but the procedure is workable to prepare samples. Some methods to improve salt

recovery include, but are not limited to, performing a back extraction, salting out, or

choosing alternative extraction solvents. Both the glycopyrronium moiety and stearic acid

are lost to the aqueous washes but the ratio of stearic acid to glycopyrronium in the

isolated product is enriched compared to the input levels (2.2:1 as input, 2.35: 1 isolated)

The final ratio may be further adjusted with adjustments in the free fatty acid input.

There was an effective purge of bromide during work up and isolation. More

specifically, the work up and isolation procedure consistently provided very low levels

(<0.1%) of bromide. This may permit optimization of the washes for enhanced

glycopyrronium recovery in the process while still providing control of residual bromide

to acceptable levels.



The resulting glycopyrronium stearate sample was characterized by HPLC and GC

and consistent with NMR results. Confirmed results by separate, complementary

analytical methods validated the results. The sample stability was improved over the

initial studies. The samples isolated with higher excess free fatty acid have improved

stability with degradation observed only after months at ambient conditions. The excess

free fatty acid appears to act as a buffer, to slow down degradation of the desired fatty acid

salts.

Preparation of Glycopyrronium Fatty Acid Salts

As a more general description for preparing glycopyrronium fatty acid salts, the

calculated target amount of fatty acid (FA) is mixed with water (approximately 8 mL/g FA

input), 2-methyl-tetrahydrofuran (2-Me-THF, approximately 8 mL/g FA input), and metal

hydroxide such as an alkali metal hydroxide or an alkaline earth metal hydroxide (e.g.-

potassium hydroxide KOH, 1.1 molar equiv). In preferred embodiments, the calculated

target amount is 2.2 molar equivalents (a 1.2 molar equivalent excess). In other

embodiments, the calculated amount is greater than or equal to 1.2 molar equivalents (0.2

molar equivalent excess). The mixture is stirred until all solids are dissolved.

Glycopyrronium bromide ("GPBr", 1.0 molar equiv.) is added and mixed until the solids

are dissolved. Mixing is stopped and the phases are allowed to separate. The lower

aqueous phase (pH approximately 7) is removed and the upper organic phase is retained.

The upper organic phase is washed three times with water (each wash -3.2 mL/g fatty acid

input). Each lower aqueous phase (pH -7) is removed and the upper organic phase is

retained.

The rich upper organic phase is concentrated by vacuum distillation using minimal

heating (20-25°C / 25-30 Torr) to obtain a mushy paste. Fresh 2-Me-THF (approximately

4.8 mL/g FA input) is added and vacuum concentration is conducted (20-25°C / 25-30

Torr) until no further distillate is observed.

Heptane (approximately 8 mL/g fatty acid input) is added and the mixture is stirred

until most of the solids dissolve. Some of the excess free fatty acid may remain as a thin



slurry which is passed through a filter to remove the remaining solids. The rich filtered

heptane solution is concentrated by vacuum distillation using minimal heating (20-25 °C /

25-30 Torr) to obtain a waxy solid.

Additional fatty acids were used to prepare glycopyrronium fatty acid salts using

the methods described herein. More specifically, lauric acid (sample PSG-008-002),

palmitic acid (sample PSG-008-204) and linoleic acid (sample PSG-008-206) were used as

starting materials, in addition to the stearic acid (sample EE-008-008) samples discussed

above. The results are shown in Tables 23A and 23B. The theoretical maximum recovery

was calculated as total recovery of glycopyrronium fatty acid and excess free fatty acid.

Table 23A:

Table 23B

Calculated as total recovery of GPFA and excessfree FA

The HPLC data for glycopyrronium stearate is shown in Figs. 7 and 8. The HPLC

data for glycopyrronium laurate is shown in Figs. 15A-15D. Peak 1 indicates



glycopyrronium laurate, and includes an area % of 90.8652 and 90.8662, respectively in

the two runs. Peak 7 indicates the by-product Acid A, which includes a 5.7508% area and

a 5.758% area in the two runs. The other minor peaks are unidentified impurities or

artifacts.

The HPLC data for glycopyrronium palmitate is shown in Figs. 16A-16D. Peak 1

indicates glycopyrronium palmitate, and includes an area % of 91.2525 and 91.3890,

respectively in the two runs. Peak 5 indicates the by-product Acid A, which includes a

4.1180% area and a 4.0100% area, respectively in the two runs. The other minor peaks are

unidentified impurities or artifacts.

The HPLC data for glycopyrronium linoleate is shown in Figures 17A-17D. Peak

1 indicates glycopyrronium linoleate, and includes an area % of 39.7889 and 39.5620,

respectively for the two runs. Peak 4 indicates the by-product Acid A in the first run (Figs.

17A-17B) and peak 5 indicates the by-product Acid A in the second run (Figs. 17C-17D),

and includes a 2.4126% area and 2.4171% area, respectively for the two runs. Peak 15

(Figs. 17A-17B and peak 17 (Figs. 17C and 17D) actually had the highest area percentage

(55.1974 and 55.4318, respectively). These peaks are consistent with the excess free

linoleic acid used in the reaction, which was detected in this HPLC due to the conjugated

C=C double bond chromophore. Of the fatty acids tested, only the linoleic acid shows a

significant response with the UV detector. The other minor peaks are unidentified

impurities or artifacts. A more accurate assessment of the amount of free linoleic acid can

be carried out by gas chromatography, with a minor optimization of parameters used for

the analysis of stearic acid.

As an analysis tool, HPLC was only able to identify the desired product

(glycopyrronium stearate, glycopyrronium laurate, glycopyrronium palmitate and

glycopyrronium linoleate) and Acid A in the samples. Given the complexity of the

reagents and products, other methods were required to identify the fatty acids (gas

chromatography), the desired products and by-products (NMR), and the residual bromide

and potassium (ion chromatography) in the samples.



All NMR chemical shifts are provided in ppm relative to tetramethylsilane

(TMS).NMR data for glycopyrronium bromide is shown in Fig. 18. H NMR (400 MHz,

DMSO-d 6) 1.1 - 1.7 (8H, m, 4 CH2 groups from cyclopentyl group), 2.0 - 2.2 (1H, m, -

CH-C-N +), 2.6 - 2.8 (1H, m, -CH-C-N +), 2.8 - 3.0 (1H, m, CH group from cyclopentyl

group), 3.1 (3H, s, CH3-N+), 3.2 (3H, s, CH3-N+), 3.45 - 3.65 (2H, m, -CH2-N+), 3.65 -

3.85 (1H, m, -CH-N +), 3.85 - 3.95 (1H, m, -CH-N +), 7.20 - 7.65 (5H, m, aromatic

protons/phenyl group). NMR data for glycopyrronium stearate is discussed above and is

shown in Fig. 11 and 12A-12C.

NMR data for glycopyrronium laurate is shown in Fig. 19. 1H NMR (400 MHz,

CDC13) 0.87 (3H, t , CH3-), 1.20 - 1.70 (18H, m, 9 -CH2 groups from fatty acid chain and

8H, m, 4 -CH2 groups from cyclopentyl ring), 2.1 - 2.25 (1H, m, -CH-C-N+), 2.23 (2H, t ,

-CH2C=0), 2.7 - 3.0 (1H, m, -CH-C-N+ and 1H, m, CH group from cyclopentyl group),

2.95, 3.10, 3.28, 3.30 (6H, 4 sets of singlets, 2 -CH3-N+; chemical shift differences at the

charged interface possibly due to different aggregation states of the fatty acid salt), 3.6 -

3.85 (2H, m, -CH2-N+ and 1H, m, -CH-N+), 3.95 - 4.1 (1H, m, -CH-N+), 5.4 - 5.5 (1H,

m, -CH-OH, methine proton), 7.2 - 7.6 (5H, m, aromatic protons/phenyl group).

NMR data for glycopyrronium palmitate is shown in Fig. 20. H NMR (400 MHz,

CDC13) 0.88 (3H, t , CH3-), 1.20 - 1.70 (26H, m, 13 -CH2 groups from fatty acid chain

and 8H, m, 4 -CH2 groups from cyclopentyl ring), 2.0 - 2.2 (1H, m, -CH-C-N+), 2.25

(2H, t , -CH2C=0), 2.7 - 2.95 (1H, m, -CH-C-N+ and 1H, m, CH group from cyclopentyl

group), 2.93, 3.11, 3.34, 3.37 (6H, 4 sets of singlets, 2 -CH3-N+; chemical shift

differences at the charged interface possibly due to different aggregation states of the fatty

acid salt), 3.6 - 3.8 (2H, m, -CH2-N+), 3.8 - 4.0 (1H, m, -CH-N+), 4.1 - 4.25 (1H, m, -

CH-N+), 5.40 - 5.55 (1H, m, -CH-OH, methine proton), 7.2 - 7.6 (5H, m, aromatic

protons/phenyl group).

NMR data for glycopyrronium linoleate is shown in Fig. 21. H NMR (400 MHz,

CDC13) 0.88 (3H, t , CH3-), 1.20 - 1.70 (16H, m, 8 -CH2 groups from fatty acid chain and

8H, m, 4 -CH 2 groups from cyclopentyl ring), 2.0 - 2.1 (4H, m, allylic protons -C¾-

C=C), 2.0 - 2.2 (1H, m, -CH-C-N +), 2.2 (2H, t , -CH2C=0), 2.85 (2H, t , doubly allylic



protons C=C-CH 2-C=C), 2.7 - 2.9 (1H, m, -CH-C-N + and 1H, m, CH group from

cyclopentyl group), 2.91, 3.09, 3.29, 3.31 (6H, 4 sets of singlets, 2 -CH 3-N+; chemical

shift differences at the charged interface possibly due to different aggregation states of the

fatty acid salt), 3.6 - 3.9 (2H, m, -CH2-N+ and 1H, m, -CH-N+), 4.0 - 4.15 (1H, m, -CH-

N+), 5.25 - 5.50 (2H, m, olefinic protons), 5.35 - 5.50 (1H, m, -CH-OH, methine proton),

5.6 - 5.75 (2H, m, olefinic protons), 7.2 - 7.6 (5H, m, aromatic protons/phenyl group)

NMR analysis could be effectively used to accurately assess the molar ratio of

glycopyrronium to the total amount of fatty acid component (i.e. stoichiometrically bound

fatty acid anion and free fatty acid). A comparison of NMR results for the

glycopyrronium fatty acid salt samples is shown in Table 24. Interfering peaks were noted

in the aromatic region for the stearic acid sample, but the glycopyrronium multiplets were

sharp with no interference.

Table 24

The glycopyrronium HPLC assay (GP wt Content) is applicable to a variety of

fatty acid salts. While the HPLC method was developed with glycopyrronium stearate, no

interfering peaks or other issues were observed in the analysis of glycopyrronium fatty

acid salts prepared from lauric, palmitic and linoleic acids enabling quantitation of the

glycopyrronium content in these mixtures.



Similarly, NMR effectively characterizes a variety of fatty acid salts using a

number of different fatty acid substrates. As in the case of glycopyrronium Stearate, the

terminal methyl group of the fatty acid chain (3 H) provided suitable integration for

comparison with the glycopyrronium (GP) multiplets (4 H total, 3.5 - 4.2 ppm) for

calculation of the mole ratio (GP:FA) present in the isolated materials for glycopyrronium

fatty acid salts prepared from lauric, palmitic, and linoleic acids.

The glycopyrronium fatty acid salt samples were relatively stable. The level of the

degradant "Acid A" was low in all samples at the initial isolation but stability over time

(months) was only examined for glycopyrronium stearate. For glycopyrronium stearate,

degradation was observed over ~4 months at ambient conditions.

The mass recovery was variable across the different fatty acids. The mass recovery

varied from worse to much better across the glycopyrronium fatty acid samples (Palmitic

< Stearic < Lauric < Linoleic). This highlights the opportunity for additional procedure

optimization by further improving retention of glycopyrronium salt activity and recovery

in the isolated glycopyrronium fatty acid salts. Some methods to improve salt recovery

include, but are not limited to, performing a back extraction, salting out, or choosing

alternative extraction solvents.

Extended drying was required to achieve a low level of residual n-heptane (drying

until heptane undetectable by NMR), particularly with lauric and palmitic acids. Further

optimization of drying conditions may improve the process. For example, the vacuum

and/or temperature of the drying conditions could be adjusted to improve the process

while avoiding degradation.

Similar mole ratios were noted for fatty acid :glycopyrronium (FA:GP) in the final

products. All of the isolated glycopyrronium fatty acid salt mixtures showed some

enrichment of the fatty acid (relative to glycopyrronium) compared to the input ratio. The

isolated products all had more than the 2.2:1 FA:GP input ratio.

Fatty acids enjoy a GRAS (Generally Regarded as Safe) status, are widely used in

drug formulations, and are found in many foods that are currently consumed. So, a large



excess of free fatty acid in the glycopyrronium fatty acids is not likely to pose a problem

for the use of the glycopyrronium fatty acids in drug development.

The current preparative and analytical methods may be applied to other fatty acids,

preferably fatty acids with at least eight carbon molecules. Some examples include, but

are not limited to, arachidic acid, stearic acid, palmitic acid, oleic acid, erucic acid,

arachidonic acid, lauric acid, capric acid, linoleic acid, linolenic acid, or myristic acid to

make glycopyrronium fatty acid salts.

Analysis of products and degradants

The analytical methods needed to be sufficient to characterize composition and

purity as meeting regulatory requirements to enable further development. The lack of

chromophores for fatty acid components and 3-hydroxy- 1,1 -dimethyl pyrrolidinium

degradants required the development of alternatives to HPLC/UV. The lack of retention /

separation of bromide and 3-hydroxy- 1,1 -dimethyl pyrrolidinium by HPLC required the

development and use of separate, complementary methods to quantitate these components.

Challenging solubility properties of the active pharmaceutical ingredient mixture

(sample precipitation, column plugging, accelerated loss of column performance) hindered

method development but these issues were ultimately overcome. No single method was

suitable for all components of analysis so complementary (orthogonal) methods were

required and successfully developed.

Samples of a crude product mixture and each of the key hydrolysis by-products

were prepared and analyzed along with samples of the starting materials to enable method

development. The samples prepared are shown in Table 25.

Table 25



EE-008-001-3a Filterable Solids from GPBr / Stearic Acid / Potassium Stearate
(recovered portion of stearic acid)

EE-008-001-3b Waxy Solids from GPBr / Stearic Acid / Potassium Stearate
API mixture of GP Stearate and excess free Stearic acid

EE-008-001-4a GP Hydrolysis By-Product, Organic Acid ("Acid A")
CAS 427-49-6, a-cyclopentyl-a-hydroxy-benzene acetic acid

EE-008-001-4b GP Hydrolysis By-Product, Quaternary aminoalcohol ("QAA")
CAS 51052-74-5, 3-hydroxy-l, 1-dimethyl pyrrolidiniutn bromide
mixture with NaBr

By-Product (Degradant) Sample Preparation

Hydrolysis of glycopyrronium bromide and isolation of the by-products was

performed. A mixture of 3.98 g (10 mmol, 1.0 eq.) glycopyrronium bromide, 0.80 g (20

mmol, 2.0 eq.) sodium hydroxide, and 20 mL of water was stirred at room temperature

overnight. The resulting solution was filtered through filter paper to remove traces of

sticky solids and then acidified by the drop-wise addition of 4.78 g (28.35 mmol, 2.835

equiv.) of 48% Aq. hydrobromic acid. A thick white slurry formed which was then

filtered and washed with ~5 mL of water. The isolated white solids were air dried giving

2.025 g of "Acid A" (CAS 427-49-6, α-cyclopentyl-a-hydroxy-benzene acetic acid). The

combined filtrate and rinse was vacuum concentrated at 40°C / 9 Torr to provide 3.87 g of

an oily paste containing the Quaternary Amino Alcohol By-Product (CAS 51052-74-5, 3-

hydroxy- 1,1 -dimethyl pyrrolidinium bromide) as well as NaBr in -0.95/1 w/w ratio.

HPLC Methods

A unique HPLC method was developed to analyze the products of the reaction.

Table 26 shows screening for HPLC method conditions.



Table 26

In addition to the listed screening, the USP method for Glycopyrrolate was

evaluated. This method used Kinetex CI 8, 4.6 x 100mm, 2.6µ, Mobile Phase A : 0.025M

KH 2PO4 pH 2.5 with H3PO4 in DI H20 , and Mobile Phase B : 100% CAN. As per the USP

method, the diluent was 1:1 mobile phase A and B, at 0.5mg/mL sample concentration.

The first sample of glycopyrronium stearate (EE-008-001-3b, waxy solids from

GPBr / Stearic Acid / Potassium Stearate, Table 25) seemed soluble in the USP diluent but

methanol was used for consistency across all of the screened conditions and all samples

were prepared at 0.5 mg/mL in MeOH.

With the USP Method, the baseline was not good (very irregular baseline). Also,

numerous small peaks were observed on replicate injections. Precipitation on the column

was suspected as the cause of the problem, so mobile phase mixtures were checked for

precipitation. It was found that, at the high end of the gradient (15% mobile phase A and

85% mobile phase B), KH2PO4 buffer precipitated. Most of the C18 columns adequately

retained glycopyrrolate (GP). The peak shape (GP) was found to be better at the lower pH

(phosphoric acid).

From the screened conditions, the Agilent, ZORBAX Eclipse XDB-C18, 4.6 x

150mm, 5µιη, P/N: 993967-902 and the 0.1% H3P0 4 in H20/acetonitrile solvent system

provided the best performance (baseline and peak shape). However, the degradant "QAA"

(shown in Table 2, item 8, sample EE-008-001-4b) co-eluted with the bromide peak.



Despite extensive efforts, the retention and separation of the bromide and QAA peaks

could not be improved.

Glycopyrronium and the "Acid A" degradant were readily resolved from other

components and quantitated by HPLC and a weight percent assay for glycopyrronium

content was developed. While it was desired to directly quantitate the QAA content by

HPLC, it remained necessary to determine bromide by a separate method (IC) and then

estimate the QAA content by HPLC using a calculation to subtract the bromide content.

During the course of the HPLC method development, it was observed that "Acid A" was

not observed in sample EE-008-001-3b for the first month of use.

One analytical method that was developed was a method for quantitation of

chromophoric starting materials, products and degradants. The method used HPLC with

photodiode array detection (PDA).

A glycopyrronium stearate HPLC method was developed, which provides a

procedure for the determination of glycopyrronium or

3[(cyclopentylhydroxyphenylacetoxy]-l, 1-dimethyl pyrrolidinium (GP) stearate assay

and impurity profile by HPLC.

The HPLC operating conditions for the Agilent, ZORBAX Eclipse XDB-C18, 4.6

x 150mm, 5µιη, P/N: 993967-902 column are shown in Table 27 and the mobile phase

gradient is shown in Table 28. 0.1% of 0.25mg/mL GPBr, average S/N=l 1.2. Linearity

from 25% to 120% of 0.25mg/mL GPBr is linear. The correlation coefficient= 1.000.



Table 27

Table 28

Fig. 22 shows the glycopyrronium concentration versus glycopyrronium peak area.

Fig. 23 shows a blank chromatogram and Fig. 24 shows a resolution solution

chromatogram. Method accuracy is shown in Table 29.



Table 29

Ion Chromatography for Bromide Content

Another method quantitated the residual bromide ion in the product using ion

chromatography (anion mode). The first rough check of the glycopyrronium stearate

sample EE-008-001-3b (Table 10 p.19) showed <1% w/w bromide (limit test). A full

calibration sequence and analysis was carried out. All results indicated effective removal

of bromide. The final bromide assay method can check and control residual bromide ion

to < 0.1%.

This method was developed to provide a procedure for the determination of trace

amounts of residual bromide ion in glycopyrronium stearate/ stearic acid mixtures using

ion chromatography. The analytical method applies to the quantitation of residual bromide

ion in glycopyrronium stearate/ stearic Acid mixtures. The method corresponds to 0.1%

(1000 ppm) limit for bromide ion of a 0.5 mg/mL sample concentration.



The ion chromatographic parameters and conditions are shown in Table 30.

Table 30

Ion chromatography data for a bromide standard is shown in Fig. 25. Ion

chromatography data for bromide in glycopyrronium stearate is shown in Fig. 26. The

non-labeled peaks in Fig. 26 are the non-bromide charged species present in the sample

matrix (artifacts, compare with bromide standard trace). As shown in Fig. 26, very little

bromide remains in the sample, which indicates that the reaction was successful in

producing the desired result, glycopyrronium stearate.

Ion Chromatography for Potassium Content

Yet another method quantitated the residual potassium (or sodium) ion in the

product using ion chromatography (cation mode). The key challenges were the limited



solubility of the sample in a suitable diluent and the initial observation of interfering peaks

near the potassium retention time. These were resolved and the method can detect

potassium ion down to a limit of quantitation of 0.1% level for a 0.5 mg/mL API sample.

Ion chromatography data for potassium in glycopyrronium stearate is shown in

Fig. 27. Peak 1 shows potassium still present in the sample. Peak 2 is unknown, but was

also present in the blank sample. As shown in Fig. 27, very little potassium remains in the

sample, which indicates that the reaction was successful in producing the desired result,

glycopyrronium stearate. The combination of the results shown in Fig. 26 and 27, taken

together, also indicate a successful reaction.

Gas Chromatography for Fatty Acid Content

Another analytical method that was developed was a method for quantitation of

weakly- or non-chromophoric starting materials and degradants (fatty acids and derived

salts, dimethylhydroxypyrrolidinium degradants). The method used a GC (FID) method to

determine stearic acid content.

Gas chromatography was used to determine stearic acid content in glycopyrronium

stearate. A direct injection gas chromatography method was developed for Wt% assay for

stearic acid. Glycopyrronium stearate is dissolved in THF and acidified with glacial acetic

acid. The method is potentially applicable to other fatty acids (with modifications to the

temperature gradient). Other components of the glycopyrronium fatty acid salts mixture

were not detected (but therefore also not interfering). Sample analysis gave the results

shown in Table 31.

Table 3 1



It is somewhat difficult to separate the excess free fatty acid from the salt. In order

to determine how much excess free fatty acid is still in the mixture, one can subtract the

amount bound to glycopyrronium (which can be determined using stoichiometry

calculations) to get the excess. The filterable solid in Table 31 represents what precipitates

out, and is predominantly the free fatty acid (stearic acid in the table). This filterable

solid, which is fairly pure (98.3% by weight of stearic acid) is discarded. The desired

product (glycopyrronium stearate) is in the waxy solid. While some of the excess has

been filtered out in the filterable solid, the stearic acid measured in the waxy solid is both

the stearic acid that is part of glycopyrronium stearate and the excess free stearic acid.

While Figs. 9 and 10 and Table 31 only show gas chromatography results for

stearic acid content, gas chromatography could also be used to quantitate other fatty acids,

with minor modifications to the gas chromatography method. Some parameters that could

be modified include, but are not limited to, the hold time, the injection temperature, the

concentration for injection, and the time to ramp up the temperature. Alternatively, NMR

results may be used to quantitate the amount of fatty acid. The amount of bound fatty acid

can be determined using stoichiometry. The length of the particular fatty acids determines

how much of the glycopyrronium fatty acid salt is fatty acid and how much is

glycopyrronium. The gas chromatography operations are shown in Table 32.

Table 32



Makeup Gas Helium, 30 mL/min

Air Flow 350mL/min

Hydrogen Flow 30 mL/min

Lit Offset 0.5

Mode Constant flow

Flow 3.1 mL/min

Run Time 1 min

Fig. 28 shows a standard chromatogram and Fig. 29 shows a sample

chromatogram. The approximate retention time for the peak ID for stearic acid was 20. 1

minutes.

The complex mixtures that resulted from the chemical reactions to make the

glycopyrronium fatty acid salts of interest were not amenable to straightforward analysis.

For example, they included an oily mixture with free fatty acids. Most chromatographic

methods use detection of a compound, but individual methods fell short of being able to

capture the information about all of the materials (including starting materials, degradants,

and final products). For example, UV can see the starting material and final product, but

not the degradant QAA. The final product includes a chromophore, which is why it can be

detected with UV, but the degradation product without the chromophore is not detectable

with UV detection methods. Due to the chemical nature of the individual components,

multiple analytical strategies were needed. Multiple methods were used, in tandem, to

quantify the starting material, final product, and degradation products. Analysis may be

optimized for each of the fatty acids used in the reactions.

Procedures were developed for glycopyrronium fatty acid salts and these

procedures enabled the preparation of glycopyrronium fatty acid salts from a variety of

fatty acids. Analysis of the fatty acid salts included various procedures. These procedures

included HPLC with photodiode array detection, GC (FID) method for stearic acid,



bromide content by ion chromatography (anion mode), and potassium content by ion

chromatography (cation mode). In addition to these methods, analysis by NMR (in d6-

DMSO) was found to be useful for the characterization of the isolated materials.

While the examples described herein predominantly discuss glycopyrronium

bromide, another quaternary ammonium anti-cholinergic muscarinic receptor antagonist,

for example trospium chloride, could substitute for glycopyrronium bromide in the

reaction to product a quaternary ammonium fatty acid salt (for example, a trospium fatty

acid salt).

In one method of manufacturing such a salt, trospium chloride is reacted with a

fatty acid salt in a biphasic reaction mixture, and at least 0.2 molar equivalent of excess

free fatty acid is added to the reaction mixture. The method preferably mixes a fatty acid

with water, 2-methyl-tetrahydrofuran (or another appropriate solvent), and a metal

hydroxide selected from the group consisting of an alkali metal hydroxide and an alkaline

earth metal hydroxide, until all solids are dissolved to form the fatty acid salt. Any of the

steps and variations described with respect to the glycopyrronium fatty acid salts could

alternatively be used to make trospium fatty acid salts.

All cited references are incorporated by references herein.

Accordingly, it is to be understood that the embodiments of the invention herein

described are merely illustrative of the application of the principles of the invention.

Reference herein to details of the illustrated embodiments is not intended to limit the

scope of the claims, which themselves recite those features regarded as essential to the

invention.



What is claimed is:

1. A method of synthesizing at least one glycopyrronium fatty acid salt product

comprising the step of mixing glycopyrronium bromide with a fatty acid salt in a

biphasic reaction mixture, wherein at least a 0.2 molar equivalent of excess free

fatty acid is added to the reaction mixture.

2. The method of claim 1, wherein the mixing step comprises the substep of:

i) mixing a fatty acid with water, 2-methyl-tetrahydrofuran, and a metal

hydroxide selected from the group consisting of an alkali metal

hydroxide and an alkaline earth metal hydroxide, until all solids are

dissolved to form the fatty acid salt.

3. The method of claim 2, wherein the mixing step further comprises the substeps of:

ii) adding glycopyrronium bromide and mixing until solids dissolve;

iii) removing a lower aqueous phase of the reaction mixture and retaining

an upper organic phase;

iv) washing the upper organic phase with water;

v) repeating steps iii) and iv) at least once;

vi) performing vacuum distillation on the upper organic phase;

vii) adding new 2-methyl-tetrahydrofuran;

viii) repeating step vi) until no distillate is observed;

ix) adding a non-polar hydrocarbon solvent and filtering the resulting

mixture to remove any suspended solids; and

x) performing vacuum distillation of a filtrate from step ix) to obtain the

product.



4. The method of claim 3, wherein, in step v), substeps iii) and iv) are repeated at least two

times.

5. The method of claim 3, wherein the non-polar hydrocarbon solvent is selected from the

group consisting of n-heptane, a mixture of heptane isomers, n-hexane, isooctane,

and petroleum ether.

6. The method of claim 1, wherein the product is selected from the group consisting of an

oil, an oily solid, and a waxy solid.

7. The method of claim 1, wherein a cation of the fatty acid salt is selected from the group

consisting of Na, K, and Ca.

8. The method of claim 1, wherein the fatty acid is selected from the group consisting of:

arachidic acid, stearic acid, palmitic acid, oleic acid, erucic acid, linoleic acid,

arachidonic acid, lauric acid, capric acid, linoleic acid, a-linolenic acid, γ -linolenic

acid and myristic acid.

9. The method of claim 1, wherein the fatty acid comprises at least eight carbon

molecules.

10. The method of claim 1, wherein an isolated glycopyrronium fatty acid salt mixture has

an enrichment of the fatty acid relative to glycopyrronium compared to an input

ratio.

11. The method of claim 1, wherein at least a 0.6 molar equivalent of excess free fatty acid

is added to the reaction mixture.

12. The method of claim 1, wherein between approximately 0.6 molar equivalent of excess

free fatty acid and 1.2 molar equivalent of excess free fatty acid is added to the

reaction mixture.

13. The method of claim 1, wherein at least a 1.1 molar equivalent of excess free fatty acid

is added to the reaction mixture.



14. The method of claim 1, wherein approximately 1.2 molar equivalent of excess free

fatty acid is added to the reaction mixture.

15. The method of claim 14, wherein a ratio of the fatty acid relative to glycopyrronium

of an isolated glycopyrronium fatty acid salt mixture is between approximately

2.25:1 and 3.00:1.

16. The method of claim 15, wherein a ratio of the fatty acid relative to glycopyrronium

of an isolated glycopyrronium fatty acid salt mixture is between approximately

2.29:1 and 2.87:1.

17. The method of claim 1, wherein the biphasic reaction mixture comprises water and 2-

methyl-tetrahydrofuran.

18. The method of claim 1, further comprising the step of analyzing the glycopyrronium

fatty acid salt product, comprising the substeps of:

i) performing high pressure liquid chromatography to quantitate a

glycopyrronium component and a hydrolysis degradant, Acid A,

present in the product;

ii) performing gas chromatography to quantitate a total fatty acid

component in the product;

iii) performing anion mode ion chromatography to quantitate a bromide

component in the product;

iv) performing cation mode ion chromatography to quantitate a potassium

component in the product;

v) performing stoichiometric calculations combining the results from

substeps i), ii), iii), and iv) to determine an amount of excess free

fatty acid and an amount of a quaternary amino alcohol degradant;

and



vi) performing nuclear magnetic resonance to determine a molar ratio of

glycopyrronium to total fatty acid in the product.

A glycopyrronium fatty acid salt made by the method of claim 1, and having the

chemical formula:

wherein R is a fatty acid chain comprising at least eight carbon molecules.

20. The glycopyrronium fatty acid salt of claim 19, wherein R is selected from the

consisting of:

C11H23 (lauric acid);

C17H 35 (stearic acid);

C17H 33 (oleic acid);

C15H 3 1 (palmitic acid);

C H 1 (capric acid);

C19H 3 1 (aradichonic acid);

C19H 3 (arachidic acid);

C2iH 4 1 (erucic acid);

C17H 3 1 (linoleic acid);

C17H29 (linolenic acid); and

C 13H27 (myristic acid).



21. A method of synthesizing trospium fatty acid salts comprising the step of mixing

trospium chloride with a fatty acid salt in a biphasic reaction mixture, wherein at

least a 0.2 molar equivalent of excess free fatty acid is added to the reaction

mixture.

22. The method of claim 21, wherein the mixing step comprises the substep of:

i) mixing a fatty acid with water, 2-methyl-tetrahydrofuran, and a metal

hydroxide selected from the group consisting of an alkali metal

hydroxide and an alkaline earth metal hydroxide, until all solids are

dissolved to form the fatty acid salt.

23. A compound with the chemical formula:

wherein R is a fatty acid chain comprising at least eight carbon molecules.

24. The compound of claim 23, wherein R is selected from the group consisting of:

C11H23 (lauric acid);

C17H 35 (stearic acid);

C17H 33 (oleic acid);

C15H 3 1 (palmitic acid);

C H 1 (capric acid);

C19H 3 1 (aradichonic acid);

C19H 39 (arachidic acid);

C2iH 4 1 (erucic acid);



C17H 3 1 (linoleic acid);

C17H29 (linolenic acid); and

C 13H27 (myristic acid).

25. A method of analyzing a glycopyrronium fatty acid salt product, comprising the steps

of:

a) performing high pressure liquid chromatography to quantitate a

glycopyrronium component and a hydrolysis degradant, Acid A,

present in the product;

b) performing gas chromatography to quantitate a total fatty acid

component in the product;

c) performing anion mode ion chromatography to quantitate a bromide

component in the product;

d) performing cation mode ion chromatography to quantitate a potassium

component in the product;

e) performing stoichiometric calculations combining the results from steps

a), b), c), and d) to determine an amount of excess free fatty acid

and an amount of a quaternary amino alcohol degradant; and

f) performing nuclear magnetic resonance to determine a molar ratio of

glycopyrronium to total fatty acid in the product.















































































INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/35967

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61K 9142, 31/13, 31/185 (2016.01)

CPC - A61K 31/13, 31/185; C07D 207/02
According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8): A61K 9/42, 31/13, 31/185; C07D 207/02 (2016.01)
CPC: A61K 31/13, 31/185; C07D 207/02

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)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Google Scholar; Pubmed; EBSCO; SureChEMBL;
Glycopyrronium, Glycopyrrolate, 3-[2-Cyclopentyl(hydroxy)phenylacetoxy]-1 ,1-dimethylpyrrolidinium, bromide, arachidate, stearate,
palmitate, oleate, eruate, linolate, arachidonate, laurate, caprate, linolate, linolenate, mynstate, fatty acid, methyl tetrahydrofuran

C . DOCUMENTS CONSIDERED T O B E RELEVANT

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

US 8,343,467 B2 (WOEHRMANN, M et al) 1 January 201 3 ; column 17, lines 29-33; column 28, 1, 6-9, 11-13, 19-20,
lines 30-35; column 38, lines 50-65 23-24

W O 2009/052353 A2 (DR. REDDY'S LABORATORIES LTD) 23 April 2009; abstract; page 1, 2 1
lines 10-15; page 4 , lines 20-25; page 24, lines 1-5; page 30, lines 19-20; page 31, lines 5-7;
page 44, lines 10-12 22

US 2015/0086640 A 1 (VECTURA LIMITED) 26 March 2015; paragraphs [0020], [0027], [0028], 1, 10, 14-16
[0051], [0098]-[0100]

2 , 17

PUBCHEM. CID 11693. 24 June 2005; pp. 1-29 [online], [retrieved on 2016-07-28]. Retrieved 1, 10, 14-16
from the Internet <URL: https://pubchem.ncbi.nlm.nih.gov/compound/glycopyrrolate>; pages 1,
3

US 2014/0350281 A 1 (VERTEX PHARMACEUTICALS INCORPORATED) 27 November 2014; 2 , 17, 22
paragraphs [0007], [0039], [0044], [0288]

US 201 1/0086950 A 1 (CHANGPING, C ) 14 April 20 ; paragraphs [0022], [0044], [0088] 2 , 22

SIMARD, JR et al. Locating high-affinity fatty acid-binding sites on albumin by x-ray 18, 25
crystallography and NMR spectroscopy. Proceedings of the National Academy of Sciences of
the USA, No. 50, Vol. 102 , 13 December 2005, pp. 17958-17963; page 17960, column 1,
paragraph 3 ; page 17960, column 2, paragraph 1; page 17961, column 1, figure 3

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 or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

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

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

1 August 2016 (01 .08.2016) 0 2 S EP 2016
Name and mailing address of the ISA/ Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Form PCT/ISA/210 (second sheet) (January 201 )



INTERNATIONALSEARCH REPORT International application No.

PCT/US16/35967

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

A COLLOMB, M et al. Composition of fatty acids in cow's milk fat produced in the lowlands, 18, 25
mountains and highlands of Swit and using high-resolution gas chromatography.
International Dairy Journal, Vol. 12, 2002, pp. 6 9-659; abstract

Form PCT/ISA/210 (continuation of second sheet) (January 2015)


	abstract
	description
	claims
	drawings
	wo-search-report

