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PROCESS FOR SYNTHESIS OF GLYCOPYRRONIUM BROMIDE

This application claims priority to Indian Provisional Patent Application No.
201741006245 filed on 22 February 2017, which is incorporated hereinin its entirety.

FIELD OF INVENTION
This disclosure is related to a process for synthesis of glycopyrronium bromide.
BACKGROUND OF THE INVENTION

Glycopyrronium bromide (or glycopyrrolate) is a quaternary ammonium salt with the
following chemical name: 3[(cyclopentylhydroxyphenylacetyl)oxy]-1,1-dimethyl pyrrolidinium

bromide. The structural formula is shown below

j o
3 }3*‘3
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The compound is an anticholinergic agent which is formulated for intramuscular or
intravenous injection.  Glycopyrronium bromide is indicated for use as a preoperative
antimuscarinic to reduce salivary, tracheobronchial, and pharyngeal secretions; to reduce the
volume and free acidity of gastric secretions; and to block cardiac vagal inhibitory reflexes
during induction of anesthesia and/or intubation. When indicated, it is used intraoperatively to
counteract surgically or drug induced or vagal reflexes associated arrhythmias. Glycopyrrolate
protects against the peripheral muscarinic effects (e.g., bradycardia and excessive secretions) of
cholinergic agents such as neostigmine and pyridostigmine given to reverse the neuromuscular

blockade due to non-depolarizing muscle relaxants.

There is a need in the art for efficient methods of synthesis of pharmaceutical grade

glycopyrronium bromide.
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SUMMARY OF THE INVENTION

Provided herein are processes for preparation of glycopyrronium bromide comprising, in a
first step, a reaction of N-methylpyrrolidin-3-ol with a compound of Formula I or Formula II as
described herein followed by a coupling reaction with a suitable organo-magnesium reagent as

described herein,
DETAILED DESCRIPTION OF THE INVENTION

All materials used herein were commercially purchased as described herein or prepared

from commercially purchased materials as described herein.

Previously known methods for synthesis of glycopyrronium bromide comprised a reaction
of alpha-cyclopentylphenylacetyl chloride with N-methylpyrrolidin-3-ol. By contrast, described
herein are processes wherein the synthesis of glycopyrronium bromide is achieved by initially
coupling N-methylpyrrolidin-3-ol with either 2-oxo-2-pheny| acetic acid derivatives or 2-oxo-2-
cyclopentyl acetic acid derivatives followed by a Grignard reaction, as described in more detail

in the Examples section.

In one aspect, provided herein is a process for preparation of glycopyrronium bromide

comprising

(i) reacting N-methylpyrrolidin-3-ol with a compound of Formula I to obtain a

compound of structure 3A:

MO o HOoax \ Lo
o \.~"' ~.'\'-\ Sy I dRaN e S \
TN O ST N
R 1 et 2 S oo
Formulal o)

wherein X is H, OH, OMeor Cl; and
(i) reacting the compound of structure 3A with phenyl magnesium bromide to obtain

a compound of structure 5



WO 2018/154597 PCT/IN2018/050083

O
G)J\r(o PhMgBr (4) Ho o
O \C Ether, 0 °C O \C
3A 5

Scheme 1 describes certain non-limiting reaction conditions for the reaction of a compound

of Formula I with N-methylpyrrolidin-3-ol. Other suitable coupling protocols will be apparent to

one of skill in the art and are contemplated within the scope of embodiments described herein.

5 In one group of embodiments, said process further comprises reacting the compound of

structure 5 with methyl bromide to obtain a compound of structure 6

OH
O\C CH3BI’ E@/ Br
N_’
0 CH3CN/C Hcg
5

In another aspect, provided herein is a process for preparation of glycopyrronium bromide

comprising

10 (i) reacting N-methylpyrrolidin-3-ol with a compound of Formula II to obtain a

compound of structure 3B:

1 i
3 NN Ve \\f‘»"Y i M-[ % .
LN o l; 4 [ Ml ] \-fN“
Formula II n
whereinY is H, OH, OMeor Cl; and
15 (i) reacting the compound of structure 3B with cyclopentyl magnesium chloride to

obtain a compound of structure 5
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MgCI
O
WO
IS E -
Ether, 0 °C
3B

Scheme 2 describes certain non-limiting reaction conditions for the reaction of a compound
of Formula II with N-methylpyrrolidin-3-ol. Other suitable coupling protocols will be apparent

to one of skill in the art and are contemplated within the scope of embodiments described herein.

5 In one group of embodiments, the process described above further comprises reacting the

compound of structure 5 with methyl bromide to obtain a compound of structure 6
OH
O\C C H3B r E@/
N_—
0 CH3CN/CHC g
5

10 EXAMPLES
EXAMPLE 1

Scheme 1

STEPI
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G/U\”/OH HO\C DCC DMAP O/U\H/ \C
O DCM, 25 °C
EDCI,Et3 3A
O
OMe OR
o O
HO Na or MeONa or O
R + N— > \C —
C})j\WH TTP, Toluene, 0
0] 3A

To a stirred solution of N-methylpyrrolidin-3-ol (2, 1 equiv) and EtzN (1.2 equiv) in

dichloromethane was added a solution of 2-cyclopentyl-2-oxoacetyl chloride (1, 1.1 equiv) in

DCM at 0 °C under nitrogen atmosphere for 20 min. T he resulting solution was allowed to stir at

room temperature over 10h. After completion, the mixture was quenched with water and

extracted with diethyl ether to afford the pure product (3A).

Similarly, the product 3A is also obtained by reaction of 2 with other reagents, phenyl

oxalic acid, methyl phenyl oxalate, and phenyl hemi-oxaldehyde respectively as shown in

Scheme 1.

STEPII

CT LT

PhMgBr (4)

Ether, 0 °C

OEO%OE*
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Toa mixture of bromobenzene (2.2 equiv) and Mg metal (2.2 equiv) in THF (15 mL) was

stirred over a period of 30 min at 0 - C. To this mixture, a solution of 1-methylpyrrolidin-3-yl 2-

cyclopentyl-2-oxoacetate (3, 1 equiv) in THF was added in portions over a period of 30 min. Up

on completion, the reaction mixture was poured into ice water and extracted with ethyl acetate.

5 The organic layer was separated and concentrated in vacuo. The resulting residue was purified
by column chromatography to afford the pure product (5).

STEPIII

OH
O\C CH3BF \C@/ Br
0] CH3CN/CHC|3
5

To asolution of compound 5 (1 equiv) in acetonitrile and chloroform mixture (10 mL, 2:3)
10 was added methyl bromide (4 equiv). The mixture was stirred at room temperature for 72h. The
solvents were evaporated, and the resulting residue was washed with diethyl ether to afford the

pure product (6) as a white solid.
EXAMPLE 2

Scheme 2

15 STEPI
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0O
cl HO Ets
c e EN’
0 DCM, 25 0C

Formula i 2
0
OH HO DCC, DMAP
+ \C _——— \CN,.
0] DCM, 25 °C
2 EDCI,Et3
3B
0

o O
OR + HO\CN'“ Na or MeONa 0; O\E/N"
0 TPP, Toluene 0

H ,
o 2 3B

To a stirred solution of N-methylpyrrolidin-3-ol (2, 1 equiv) and EtzN (1.2 equiv) in
dichloromethane was added a solution of 2-oxo-2-phenylacetyl chloride (1.1 equiv)
dichloromethane at 0 °C under nitrogen atmosphere for 15 min. The resulting solution was
allowed to stir at room temperature over 12h. After completion, the mixture was quenched with
water and extracted with diethyl ether to afford the pure product (3B).

Similarly, the product 3B is also obtained by reaction of 2 with other reagents, phenyl

oxalic acid, methyl phenyl oxalate, and phenyl hemi-oxaldehyde respectively as shown in
Scheme 2.
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STEPII

MgCI
O
@*«O
10 \3 -
Ether, O°C
3B

Toa mixture of cyclopentyl bromide (4, 2.2 equiv) and Mg metal (2.2 equiv) in THF (15
mL) was stirred over a period of 30 min at 0 -C. To this mixture, a solution of 1-
methylpyrrolidin-3-yl-2-oxo-2-phenylacetate (3B, 1 equiv) in THF was added in portions over a
period of 30 min. Up on completion, the reaction mixture was poured into ice water and
extracted with ethyl acetate. The organic layer was separated and concentrated in vacuo. The

resulting residue was purified by column chromatography to afford the pure product (5).

STEP III

OH
CH3Br 0 Y
EN— T
CH3CN/CHCH 0
6

To a solution of compound 5 (1 equiv) in acetonitrile and chloroform mixture (10 mL, 2:3)
was added methyl bromide (4 equiv). T he mixture was stirred at room temperature for 75h. The
solvents were evaporated, and the resulting residue was washed with diethyl ether to afford the
pure product (6) as a white solid.

The invention has been described in detail with reference to preferred embodiments
thereof. However, it will be appreciated by those skilled in the art that changes may be made in
these embodiments without departing from the principles and nature of the invention, the scope
of which is defined in the appended claims and their equivalents.
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Claims:

1. A process for preparation of glycopyrronium bromide comprising

(i) reacting N-methylpyrrolidin-3-ol with a compound of Formula I to obtain a

5 compound of structure 3A:
i
MO P
LN kN - [ [
L v A% \\Nwwswswww%;\.;? ",.N“‘_‘_A__‘l {} L (3
Formula I g
wherein X is H, OH, OMeor Cl; and
(i) reacting the compound of structure 3A with phenyl magnesium bromide to obtain
10 a compound of structure 5

@)
G/U\r(o PhMgBr (4) Ho o
o) \C Ether, 0 °C o) E
3A 5

U

2. The process of claim 1, further comprising reacting the compound of structure 5 with
methyl bromide to obtain a compound of structure 6

OH

N_——
0 CHsCN/C HC[,,
5

15 3. A process for preparation of glycopyrronium bromide comprising
(i) reacting N-methylpyrrolidin-3-ol with a compound of Formula II to obtain a

compound of structure 3B:
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Formula II n
whereinY is H, OH, OMeor Cl; and
(i) reacting the compound of structure 3B with cyclopentyl magnesium chloride to

5 obtain a compound of structure 5

MgCI
O
wo
0 @ =
Ether, 0 °C
3B

.c.

4. The process of claim 3, further comprising reacting the compound of structure 5 with

methyl bromide to obtain a compound of structure 6

OH OH
©
0 CHsBr O g
N— ———— N<
0 CH3CN/CHCK O
5

10

10
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