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DESCRIPTION

Description

Field of the invention

[0001] The present invention relates to a process, suitable for industrial-scale production for
preparing high purity hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(22)-7-
(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl
ester, to high purity hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(22)-7-
(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl
ester substantially free of the impurity 15-(6-chlorohexanoyl) ester of bimatoprost and to
ophthalmic pharmaceutical formulations containing the high purity compound.

Background of the invention

[0002] Hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(22)-7-(ethylamino)-7-oxo-2-
hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester, also hereinafter
referred to as Compound (1), has the following formula (1)
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[0003] The chemical name of the Compound (1) is also: (1S,2E)-3-{(1R,2R,3S,5R)-2-[(2Z)-7-
(ethylamino)-7-oxohept-2-en-1-yl]-3,5-dihydroxycyclopentyl}-1-(2-phenylethyl) prop-2-en-1-yl 6-
(nitrooxy)hexanoate.

[0004] Hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(22)-7-(ethylamino)-7-oxo-2-
hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester is a prostaglandin
analogue that has proved effective as TOP-lowering agent (Impagnatiello F, Toris CB, Batugo
M, Prasanna G, Borghi V, Bastia E, Ongini E, Krauss AHP; Invest Ophthalmol Vis Sci. 2015;
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56:6558-64) and its efficacy as intraocular pressure (IOP) lowering drug in patients with open-
angle glaucoma or ocular hypertension has being evaluated.

[0005] Studying and monitoring the presence of impurities in Active Pharmaceutical
Ingredient(s) (API(s)) is a central topic in drug production in order to ensure proper quality
levels in the manufactured products. The limits of each impurity in the produced APIs are the
subject of specific guidelines published by international agencies. In the last several years,
growing importance has been given to the quantification of potential genotoxic impurities, i.e.
those which could cause DNA damage involving genetic mutations. In particular, the limits of
impurities bearing one or more alert functions are established according to specific guidelines.

[0006] The preparation methods of hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-
[(22)-7-(ethylamino)-7-oxo0-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-
propen-1-yl ester have already been reported; the synthesis methods are disclosed by the
original compound patent W02009/136281 and by the preparation patent applications
WO02019/162149 and WO02021/023693. The Compound (I) prepared according to the
processes disclosed in WO2019/162149 and WO02021/023693 contains two major impurities
that are 15-(6-chlorohexanoyl) ester of bimatoprost of formula (Il), which is a potentially
genotoxic compound, and 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester of
formula (1)

(11D
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[0007] Other known chemical impurities contained in Compound (I) are the isomeric impurities
such as (1E,39)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-oxohept-2-en-1-yl)-3,5-
dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate that is the 5,6-trans-
Compound (I) of formula (VII)

(VI
(5.6-trans-Compound (1))
and (1E,3R)-1-((1R,2R,3S,5R)-2-((22)-7-(ethylamino)-7-oxohept-2-en-1-yl)-3,5-
dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate that is the 15-epi-
Compound (I) of formula (VIII)

(VIIT)

{15-epi-Compound (1))

[0008] The presence of these impurities is a critical issue for a large-scale production of
pharmaceutical grade Compound (I) because it is an oil and it cannot be purified by
crystallization, moreover Compound (I) and the impurities 15-(6-chlorohexanoyl) ester of
bimatoprost of formula (Il) and 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester of
formula (lll) have similar polarities. Therefore, the removal of these impurities requires several
purifications that reduce the yield of the process and increase the cost of the preparation of
Compound (I) on a commercial scale.

[0009] WO 2019/162149 discloses an industrial process for the preparation of Compound (I).
The process includes: the protection of C9-OH and C11-OH of bimatoprost with butyl-boronic
acid to form bimatoprost butyl-boronate of formula (1V),

O
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thereafter esterification of C15-OH by reacting bimatoprost butyl-boronate (IV) with 6-
(nitrooxy)hexanoyl chloride and removal of the butyl boronate protecting group. The crude
Compound (I) is purified by flash chromatography. The 6-(nitrooxy)hexanoyl chloride is
synthetized from the 6-(nitrooxy)hexanoic acid that is prepared by a ring-opening reaction of ¢-
caprolactone and subsequent nitration of the 6-hydroxyhexanoic acid alkali salt with a mixture
of HNO3 and H»SOy4 in dichloromethane. The intermediates 6-(nitrooxy)hexanoic acid and 6-

(nitrooxy)hexanoyl chloride are used without purification. The obtained Compound (I) contains
0.15% to 0.24% (HPLC area %) of 15-(6-chlorohexanoyl) ester of bimatoprost (Il) and 0.40%
(HPLC area %) of 6-{[6-(nitrooxy)hexanoyl]loxy}hexanoic acid bimatoprost ester (llI).

[0010] The 15-(6-chlorohexanoyl) ester of bimatoprost of formula (I) is a side-product that is
formed during the esterification step by exchange reaction of the nitrooxy group of (1E,3S)-1-
{(1S,5R,6R,7R)-3-butyl-7-(2Z)-7-(ethylamino)-7-oxohept-2-en-1-yl]-2,4-dioxa-3-
borabicyclo[3.2.1]octan-6-yl}-5-phenylpent-1-en-3-yl 6-(nitrooxy)hexanoate and free chlorine
anions; at the end of the process the removal of the boronate ester protecting group leads to
15-(6-chlorohexanoyl) bimatoprost ester.

[0011] The 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester of formula (llIl)
derives from the reaction of bimatoprost butyl-boronate of formula (IV) with 6-[6-
nitrooxyhexanoylloxy}hexanoyl chloride that is an impurity of the intermediate 6-
(nitrooxy)hexanoyl chloride; after esterification the removal of the butyl-boronate protection
leads to 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester of formula (I11).

[0012] WO 2021/023693 disclosed an improvement of the process disclosed in WO
2019/162149 that allows reducing the formation of the 6-{[6-(nitrooxy)hexanoylloxy}hexanoic
acid bimatoprost ester of formula (lll). In this method the 6-(nitrooxy)hexanoic acid is purified
by reverse phase chromatography at the end of the nitration step of the 6-hydroxyhexanoic
acid alkali salt.

[0013] The crude Compound (I) prepared according to the WO 2021/023693 process has a
HPLC purity of 73% (HPLC area %) and contains about 0.1% (HPLC area %) of 15-(6-
chlorohexanoyl) bimatoprost ester of formula (Il) and less than 0.05% (HPLC area %) (HPLC
threshold) of 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester (Ill) before the last
chromatographic purification.

[0014] The synthesis of Compound (I) disclosed in WO 2009/136281 (Example B-1) includes:
protection of C9-OH and C11-OH groups of bimatoprost with butyl-boronic acid to form
bimatoprost butyl-boronate of formula (IV), esterification of C15-OH with 6-bromohexanoyl
chloride to give the 15-(6-bromohexanoyl) ester of bimatoprost butyl-boronate protected form
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that is converted into the nitrate derivative by silver nitrate in acetonitrile, removal of the butyl-
boronate group and purification of the product by reverse phase chromatography. The main
drawbacks of the above synthesis are: the use of more than an equimolar amount of 6-
bromohexanoyl chloride that has a structural alert for potentially mutagenicity; the use of silver
nitrate that generates a large amount of silver salts in waste water, the potential formation of
15-(6-bromohexanoyl) ester of bimatoprost impurity that derives from the incomplete nitration
of the intermediate 15-(6-bromohexanoyl) ester of bimatoprost butyl-boronate and the
formation of the side-product 15-(6-chlorohexanoyl) ester of bimatoprost of formula (Il) that
derives from the incomplete nitration of 15-(6-chlorohexanoyl) ester of bimatoprost butyl-
boronate. 15-(6-chlorohexanoyl) ester of bimatoprost butyl-boronate is a side-product of the
esterification reaction that forms by halogen exchange reaction between the bromine atom of
15-(6-bromohexanoyl) ester of bimatoprost butyl-boronate and free chlorine anions, which
form during the esterification step, promoted by the presence of base in the reaction medium.

[0015] WO 2009/136281 does not mention the impurities profile of the final product,
experiments carried out by the inventors showed that Compound () prepared according to the
process disclosed by WO 2009/136281 contains about 8.34% (HPLC area %) of 15-(6-
chlorohexanoyl) ester of bimatoprost of formula (II).

[0016] WO 2009/136281 also discloses an alternative process for the preparation of 15-
acylalkynitrate bimatoprost derivatives (Examples N-1 and O-1). The synthesis comprises
reacting bimatoprost in a boronate protected form with a nitrate-alkyl carboxylic acid chloride in
the presence of 4-dimethylaminopyridine (DMAP) supported on resin (PS-DMAP), removal of
the boronate protecting group and purification by silica gel column chromatography. Although
this alternative method avoids the use of 6-bromohexanoyl chloride and the removal of the
silver salts, the main disadvantages of the process is the use of 4-dimethylaminopyridine
supported on resin that makes the process unsuitable for commercial scale-up and expensive,
furthermore, nitrate-alkyl carboxylic acid chloride is added in large excess.

[0017] WO2009/136281 also discloses another process (Examples Q1) for the preparation of
1 5-acylalkynitrate bimatoprost derivatives. In this process the compounds were obtained by
esterification of bimatoprost butyl-boronate with an excess of nitrate-alkyl-(p-nitrophenyl)-
carboxylate in the presence of 4-dimethylaminopyridine.

[0018] The main disadvantage of this synthesis is the removal of the unreacted nitrate-alkyl-(p-
nitrophenyl)-carboxylate and of the by-product p-nitrophenol by chromatographic methods.

[0019] Thus, there is a need to have high purity hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-
phenylethyl)-2-propen-1-yl ester which is suitable for the manufacturing of ophthalmic
pharmaceutical formulations.

[0020] The present invention solve the above the above-mentioned problem providing an
industrially viable process for the preparation of high purity hexanoic acid, 6-(nitrooxy)-,
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(1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-dihydroxy
cyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (I).

Description of the invention

[0021] The present invention provides a process for the synthesis of hexanoic acid, 6-
(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-
dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (I) (Compound (1))
suitable for industrial scale production and that allows preparing high purity Compound (l) in
high yield.

[0022] The process of the invention includes an efficient one-pot reactions preparation step of
the crude Compound (I) from Bimatoprost and 6-(nitrooxy)hexanoic acid followed by a highly
efficient purification step of the crude Compound (I) that includes, first, a normal phase gravity
silica gel column chromatography to remove almost all the impurities deriving from the
preparation step followed by a silica gel filtration chromatography that has the scope to remove
the higher boiling solvents. The process is applicable to a large scale preparation of
Compound (I), for example up to 650 grams. An important advantage of the process of the
invention is that this process is suitable for the preparation of highly pure hexanoic acid, 6-
(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-
dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (), indeed the
compound obtained by the process of the invention does not contain the 15-(6-chlorohexanoyl)
ester of bimatoprost (II) and the amount of total impurities is not more than (<) 0.20% (HPLC
area %). The high overall chemical yield of the process of about 70% and the high effective
purification step make this process a cost-saving method easily applicable to an industrial scale
preparation of pharmaceutical grade hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-
[(22)-7-(ethylamino)-7-oxo0-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-
propen-1-yl ester of formula (1).

[0023] The invention process allows to prepare hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-
phenylethyl)-2-propen-1-yl ester of formula (I) substantially free of the impurity 15-(6-
chlorohexanoyl) ester of bimatoprost of formula (Il) and containing an amount of total
impurities not more than (<) 0.20% (HPLC area %), preferably the amount of total impurities is
not more than (<) 0.15% (HPLC area %), most preferably the amount of total impurities is not
more than (<) 0.10% (HPLC area %).

[0024] The above definitions "does not contain 15-(6-chlorohexanoyl) ester of bimatoprost (II)"
and "substantially free of the impurity 15-(6-chlorohexanoyl) ester of bimatoprost of formula
(1" means that the amount of said compound is below the Limit of Detection (LoD) of the
HPLC method that is disclosed hereunder.

Detailed description of the invention
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[0025] The present invention relates to a process for the preparation of hexanoic acid, 6-
(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-
dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (1)

O
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said process comprising the following steps:

1. 1) reacting bimatoprost with phenylboronic acid in toluene at the refluxing temperature
and removing water by azeotropic distillation to obtain bimatoprost phenyl-boronate of

formula (V)
(ﬁ\/,\Jﬁ\ o~

V)

2.2) cooling down the solution to 25°C and adding N,N'-diisopropyl carbodiimide, a
catalytic amount of dimethylaminopyridine and 6-(nitrooxy)hexanoic acid to obtain
(1E,35)-1-{(1S,5R,6R,7R)-7-[(2Z)-7-(ethylamino)-7-oxohept-2-en-1-yl]-3-phenyl-2,4-
dioxa-3-borabicyclo[3.2.1]octan-6-yl}-5-phenylpent-1-en-3-yl  6-(nitrooxy)hexanoate of

formula (VI)
(JJ P

I ON02

(V1)
3. 3) removing the phenylboronate protecting group under basic conditions;

4.4) separating the organic phase, washing the organic phase and evaporating the
solvent;
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5. 5) stirring the raw product in dichloromethane, filtering the mixture and evaporating the
solvent to obtain the crude compound of formula (I);

6. 6) purifying the crude compound of formula (I) by applying a normal phase gravity silica
gel column chromatography using an eluent mixture containing diisopropyl ether,
acetone and water in 40:15:0.5 volume ratio;

7. 7) collecting the fractions of appropriate purity and evaporating the solvent to obtain
pure compound of formula (1);

8. 8) dissolving the pure compound of formula (I) of step 7) in distilled methylene chloride
and methanol, purifying the solution by gravity chromatography using an eluent mixture
containing distilled methylene chloride and methanol in 30:1 volume ratio; collecting the
fractions of appropriate purity and evaporating the solvent;

9. 9) dissolving the pure compound of formula (I) of step 8) in a suitable solvent, treating
the obtained solution with activated charcoal and thereafter separating the activated
charcoal from the solution by filtration and removing the solvent by evaporation under
vacuum to yield pure hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(22)-7-
(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-
1-yl ester;

wherein the process is characterized in that the obtained compound of formula (I) does not
contain the 15-(6-chlorohexanoyl) ester of bimatoprost of formula (II), and has an amount of
total impurities not more than (<) 0.20% (HPLC area %); preferably the amount of the total
impurities is not more than (<) 0.1% (HPLC area %).

[0026] In the reaction step 1), preferably the bimatoprost : phenyl boronic acid molar ratio is
1:1.1,

[0027] In the reaction step 2) preferably N,N'-diisopropyl carbodiimide 2.0 equiv.,
dimethylaminopyridine 0.2 equiv. and 6-(nitrooxy)hexanoic acid 1.8 to 2.2 equiv. are added.

[0028] In the reaction step 3) the phenylboronate protecting group is preferably removed using
a NaOH solution. In particular, the phenylboronate protecting group is removed by quenching
the reaction mixture obtained in step 2) with methanol, then adding a mixture of methylene
chloride and 6.3 equiv. of NaOH as solution of NaOH 0.5M.

[0029] Preferably in reaction step 4) the organic phase is washed first with an aqueous
solution of sodium hydrogen sulfate and twice with an aqueous solution of NaCl 15% w/w.

[0030] Preferably the process of the invention gives the compound of formula (I) containing not
more than (<) 0.10% (HPLC area %) of total impurities.

[0031] Another embodiment of the invention relates to a process for the synthesis of the
hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-
1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (I) comprising
the following steps:
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1. 1) reacting bimatoprost (1 equiv.) with phenyl boronic acid (1.1 equiv.) in toluene to
protect the 9,11-hydroxy groups of bimatoprost; warming the reaction mixture to the
reflux temperature of toluene to remove by water azeotropic distillation and stirring the
reaction mixture at reflux temperature until formation of bimatoprost phenyl-boronate of
formula (V);

2. 2) cooling down the reaction mixture to 25°C and adding N,N'-diisopropyl carbodiimide
(2.0 equiv.), a catalytic amount of dimethylaminopyridine (0.2 equiv.) and 6-
(nitrooxy)hexanoic acid (1.8 to 2.2 equiv.) to obtain (1E,3S9)-1-{(1S,5R,6R,7R)-7-[(22)-7-
(ethylamino)-7-oxohept-2-en-1-yl]-3-phenyl-2,4-dioxa-3-borabicyclo[3.2.1]octan-6-yl}-5-
phenylpent-1-en-3-yl 6-(nitrooxy)hexanoate of formula (VI);

3. 3) at the end of the esterification, quenching the reaction mixture with methanol, then
adding methylene chloride and a solution of NaOH 0.5 M, thereafter, stirring the
resulting mixture to complete the removal of the phenylboronate protecting group,
wherein preferably 6.3 equiv. of NaOH are used;

4. 4) separating the organic phase and washing the organic phase first with an aqueous
solution of sodium hydrogen sulfate and twice with an aqueous solution of NaCl 15% w/w
thereafter evaporating the solvent at a temperature below 45°C;

5. 5) adding dichloromethane to the raw mixture and stirring the mixture at 10°C for 30
minutes, removing N,N'-diisopropyl urea by filtration and evaporating the solvent of the
filtered solution to obtain the crude compound of formula (1);

6. 6) purifying the crude compound of formula (I) by applying normal phase gravity silica
gel column chromatography using an eluent mixture containing
diisopropylether/acetone/water in 40:15:0.5 volume ratio;

7. 7) collecting the fractions of appropriate purity and evaporating the solvent to obtain
pure compound of formula (1);

8. 8) dissolving the pure compound of formula (I) obtained in step 7) and purifying the
solution by gravity chromatography on a column packed with silica using an eluent
mixture containing distilled methylene chloride/distilled methanol in 30:1 volume ratio;
collecting the fractions of appropriate purity and evaporating the solvent to obtain pure
compound of formula (I) as an oil;

9. 9) dissolving the pure compound of formula (I) obtained in step 8) in ethanol, treating the
obtained solution with activated charcoal, thereafter removing the activated charcoal by
filtration and removing ethanol by evaporation under vacuum leading to the final pure
compound of formula (l), wherein the process is characterized in that the obtained
compound of formula(l) does not contain the 15-(6-chlorohexanoyl) ester of bimatoprost
of formula (1), and has an amount of total impurities not more than (<) 0.20% (HPLC
area %); preferably the amount of the total impurities is not more than (<) 0.10% (HPLC
area %).

[0032] The above "equiv." (equivalent) means the molar equivalent of each reagent and it is
calculated with respect to the moles of bimatoprost.
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[0033] The above reported process is illustrated in the following Scheme.
Scheme of the process "‘ _
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6] Chromatography on silica gel —
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[0034] The process of the invention has several advantages, it allows eliminating the formation
of 15-(6-chlorohexanoyl) ester of bimatoprost of formula (Il) and reducing the amount of 6-{[6-
(nitrooxy)hexanoyl]oxythexanoic acid bimatoprost ester of formula (lll) to below the limit of
quantification that is 0.05% w/w. Moreover, the purity assessment of Compound (l) performed
by HPLC showed that also the amount of each of impurities 5,6-trans-Compound () of formula
(VI) and 15-epi-Compound (1) of formula (VIII) is not more than (<) 0.05% w/w.

[0035] Another advantage of the invention process is that the synthesis of the crude
compound of formula (I) can be performed in a one-pot reactions preparation in which the
above reported steps 1) to 3) are conducted without isolating or purifying the resulting
intermediates.

[0036] The process of the present invention provides hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-

phenylethyl)-2-propen-1-yl ester of formula (I) which does not contain the impurity 15-(6-
chlorohexanoyl) ester of bimatoprost of formula (Il) and which contains an amount of total
impurities not more than (<) 0.20% (HPLC area %), preferably the amount of total impurities is
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not more than (<) 0.15% (HPLC area %), most preferably the amount of total impurities is not
more than (<) 0.10% (HPLC area %).

[0037] In one embodiment of the invention, the process provides hexanoic acid, 6-(nitrooxy)-,
(1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z2)-7-(ethylamino)-7-0xo0-2-hepten-1-yl]-3,5-
dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula () that does not contain
15-(6-chlorohexanoyl) ester of bimatoprost of formula (II), wherein said compound of formula
(1) contains:

« not more than (£) 0.05% w/w 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost
ester of formula (Il1);

« not more than (=) 0.05% ww (1E,3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-
oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3 -yl 6-(nitrooxy)
hexanoate of formula (VII) (5,6-trans-Compound (I)); and

« not more than (=) 0.05% ww (1E,3R)-1-((1R,2R,3S,5R)-2-((22)-7-(ethylamino)-7-
oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy)
hexanoate of formula (VIII) (15-epi-Compound (1)); and

wherein the amount of total impurities is not more than (<) 0.20% (HPLC area %).

[0038] In another embodiment of the invention, the process provides hexanoic acid, 6-
(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-
dihydroxy cyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (I) that does not
contain 15-(6-chlorohexanoyl) ester of bimatoprost of formula (Il), wherein said compound of
formula (1) contains:

« less than (<) 0.05% w/w 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester) of

formula (11);
« not more than (=) 0.05% ww (1E,;3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-
oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy)

hexanoate of formula (VII) (5,6-trans-Compound (I)); and

» less than (<) 0.05% w/w (1E,3R)-1-((1R,2R,3S,5R)-2-((2Z)-7-(ethylamino)-7-oxohept-2-
en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl  6-(nitrooxy) hexanoate of
formula (V1) (15-epi-Compound (1)); and

wherein the amount of total impurities is not more than (<) 0.20% (HPLC area %).

[0039] In another embodiment of the invention, the process provides hexanoic acid, 6-
(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-
dihydroxy cyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (I) that does not
contain 15-(6-chlorohexanoyl) ester of bimatoprost of formula (Il), wherein said compound of
formula (1) contains:

« less than (<) 0.05% w/w 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester) of
formula (11);
« not more than (=) 0.05% ww (1E,;3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-
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oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy)
hexanoate of formula (VII) (5,6-trans-Compound (I)); and

¢ less than (<) 0.05% w/w (1E,3R)-1-((1R,2R,3S,5R)-2-((2Z)-7-(ethylamino)-7-oxohept-2-
en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl  6-(nitrooxy) hexanoate of
formula (V1) (15-epi-Compound (1)); and

wherein the amount of total impurities is not more than (<) 0.15% (HPLC area %).

[0040] In another embodiment of the invention, the process provides hexanoic acid, 6-
(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,SR)-2-[(2Z)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-
dihydroxy cyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester of formula (I) that does not
contain 15-(6-chlorohexanoyl) ester of bimatoprost of formula (Il), wherein said compound of
formula (1) contains:

» less than (<) 0.05% w/w 6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester) of

formula (11);
¢« not more than (=) 0.05% ww (1E,;3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-
oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy)

hexanoate of formula (VII) (5,6-trans-Compound (I)); and

¢ less than (<) 0.05% w/w (1E,3R)-1-((1R,2R,3S,5R)-2-((2Z)-7-(ethylamino)-7-oxohept-2-
en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl  6-(nitrooxy) hexanoate of
formula (VIII) (15-epi-Compound (1)); and

wherein the amount of total impurities is not more than (<) 0.10% (HPLC area %).

[0041] In an embodiment not encompassed by the claims, the invention discloses ophthalmic
pharmaceutical composition comprising hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-
phenylethyl)-2-propen-1-yl ester of formula (I) that does not contain (15-(6-chlorohexanoyl)
ester of bimatoprost of formula (1), and which contains an amount of total impurities not more
than (=) 0.20% (HPLC area %) and at least a pharmaceutically acceptable excipient, preferably
the amount of total impurities is not more than (<) 0.15% (HPLC area %), most preferably the
amount of total impurities is not more than (<) 0.10% (HPLC area %).

[0042] In another embodiment not encompassed by the claims, the invention discloses
ophthalmic pharmaceutical compositions comprising hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,SR)-2-[(22)-7-(ethylamino)-7-0x0-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-
phenylethyl)-2-propen-1-yl ester of formula (I) that does not contain (15-(6-chlorohexanoyl)
ester of bimatoprost of formula (Il), wherein said compound of formula (I) contains: not more
than (=) 0.05% w/w 6-{[6-(nitrooxy)hexanoyl]oxy} hexanoic acid bimatoprost ester of formula
(I, not more than (=) 0.05% ww (1E,35)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-
oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate of
formula (VIl) (5,6-trans-Compound (l)), not more than () 0.05% w/w and (1E,3R)-1-
((1R,2R,3S,5R)-2-((22)-7-(ethylamino)-7-oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-
phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate of formula (VIII) (15-epi-Compound (1)), wherein
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the amount of total impurities is not more than (<) 0.20% (HPLC area %), and at least a
pharmaceutical acceptable excipient.

[0043] In another embodiment not encompassed by the claims, the invention discloses an
ophthalmic pharmaceutical composition comprising hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-
phenylethyl)-2-propen-1-yl ester of formula (I) that does not contain (15-(6-chlorohexanoyl)
ester of bimatoprost of formula (ll), wherein said compound of formula (1) contains: less than
(<) 0.05% wiw 6-{[6-(nitrooxy)hexanoylloxy} hexanoic acid bimatoprost ester of formula (lll),
not more than (<) 0.05% w/w (1E,39)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-oxohept-2-
en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate of formula
(V1) (5,6-trans-Compound (1)), less than (<) 0.05% w/w (1E,3R)-1-((1R,2R,3S,5R)-2-((22)-7-
(ethylamino)-7-oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-
(nitrooxy) hexanoate of formula (VIII) (15-epi-Compound (1)), and wherein the amount of total
impurities is not more than (<) 0.20% (HPLC area %) and at least a pharmaceutical acceptable
excipient.

[0044] In another embodiment not encompassed by the claims, the invention provides
ophthalmic pharmaceutical compositions comprising hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-oxo0-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-{2-
phenylethyl}-2-propen-1-yl ester of formula (I) that does not contain 15-(6-chlorohexanoyl)
ester of bimatoprost of formula (Il), wherein said compound of formula (I) contains: less than
(<) 0.05% wiw 6-{[6-(nitrooxy)hexanoylloxy}lhexanoic acid bimatoprost ester of formula (lll), not
more than () 0.05% w/w (1E,3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-oxohept-2-en-1-
y)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate of formula (VII)
(5,6-trans-Compound (1)), less than (<) 0.05% w/w (1E,3R)-1-((1R,2R,3S,5R)-2-((22)-7-
(ethylamino)-7-oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-
(nitrooxy) hexanoate of formula (VIII) (15-epi-Compound (1)), and wherein the amount of total
impurities is not more than (<) 0.15% (HPLC area %) and at least a pharmaceutical acceptable
excipient.

[0045] In another embodiment not encompassed by the claims, the invention discloses
ophthalmic pharmaceutical compositions comprising hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-
phenylethyl)-2-propen-1-yl ester of formula (I) that does not contain 15-(6-chlorohexanoyl)
ester of bimatoprost of formula (Il), wherein said compound of formula (I) contains: less than
(<) 0.05% wiw 6-{[6-(nitrooxy)hexanoylloxy}lhexanoic acid bimatoprost ester of formula (lll), not
more than () 0.05% w/w (1E,3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-oxohept-2-en-1-
y)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate of formula (VII)
(5,6-trans-Compound (1)), less than (<) 0.05% w/w (1E,3R)-1-((1R,2R,3S,5R)-2-((22)-7-
(ethylamino)-7-oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-
(nitrooxy) hexanoate of formula (VIII) (15-epi-Compound (1)), and wherein the amount of total
impurities is not more than (<) 0.10% (HPLC area %) and at least a pharmaceutical acceptable
excipient.
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[0046] The purity and the impurity profile of Compound (l) were assessed by HPLC methods
disclosed hereunder (Method 1 and Method 2).

[0047] The above reported definitions "does not contain 15-(6-chlorohexanoyl) ester of
bimatoprost” or "substantially free of 15-(6-chlorohexanoyl) ester of bimatoprost” mean that the
amount of 15-(6-chlorohexanoyl) ester of bimatoprost is below the Limit of Detection (LoD) of
the HPLC method disclosed hereunder.

[0048] The above reported definition "the amount of 6-{[6-(nitrooxy)hexanoylloxy}thexanoic
acid bimatoprost ester is less than 0.05% w/w" means that the amount of 6-{ [6-
(nitrooxy)hexanoylloxythexanoic acid bimatoprost ester is below the Limit of Quantification
(LoQ) of the HPLC method disclosed hereunder.

[0049] The above reported definition "the amounts of 5,6-trans-Compound (I) is less than
0.05% w/w"' means that the amount of 5,6-trans-Compound (I) is below the Limit of
Quantification of the HPLC method disclosed hereunder.

[0050] The above reported definition "the amounts of 15-epi-Compound (l) is less than 0.05%
w/w" means that the amount of 15-epi-Compound (I) is blow the Limit of Quantification of the
HPLC method disclosed hereunder.

Example 1

Synthesis of hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,38,5R)-2-1(2Z2)-7-
(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-
propen-1-yl ester (Compound (I))

[0051] The starting material bimatoprost is commercially available.

1a) Preparation of 6-(nitrooxy)hexanoic acid

Svynthesis of methyl 6-hydroxyhexanoate

[0052] Dry methanol (300 mL) was charged in a 1 L three-necked flask equipped with
thermometer, dropping funnel, reflux condenser and magnetic stirrer followed by conc. sulfuric
acid (2.8 mL, 0.052 mole 0.06 eq). The mixture was heated to reflux temperature (T=63 °C).
To the mixture was added dropwise a solution of e-caprolactone (100 g, 0.876 mole, 1 eq) in
dry methanol (200 mL). The reaction was stirred for 2 hours at reflux temperature. TLC was
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performed to monitor residual e-caprolactone. Reaction mixture was then cooled down to O-
5°C. Cone. NaHCOj solution (100 mL) was slowly added keeping the temperature below 10°C.
The volatile solvent was removed on rotary evaporator under vacuum at temperature of 40°C.
To the residue were added water and methyl tert-butyl ether (MTBE) (300 mL). The phases
were stirred for 5 minutes, then separated. The aqueous phase was extracted with MTBE
(2x200 mL). The combined organic phase was washed with brine (2x100 mL). The organic
phase was dried over Na,SO4, then concentrated on rotary evaporator under vacuum at
temperature of 40°C to obtain methyl 6-hydroxyhexanoate as a colorless oil (103.58 g, Y:
80.9%). GC purity: 96.2%.

Svynthesis of methyl 6-nitrooxyhexanoate

[0053] Conc. sulfuric acid (45.6 mL 0.85 mol, 3.1 eq) which was cooled to 0-5°C was added to
a 500 mL three-necked flask equipped with thermometer, dropping funnel and magnetic stirrer.
Then fuming nitric acid (47.2 mL, 1.12 mol, 4.1 eq) was added dropwise to it while the
temperature was kept between 0-5 °C. To the cooled mixture was added slowly dry
dichloromethane (100 mL, 2.5 V) then stirred between 0-5 °C for 30 min. At this temperature
methyl 6-hydroxyhexanoate (40 g, 0.27 mol, 1 eq.) in dry (dichloromethane) DCM (100 mL)
was added for 1 hour. After 30 min stirring at 0-5 °C the reaction mixture was monitored by
TLC which showed the completed reaction. The reaction mixture was quenched by dropping it
to cooled water (200 mL) (T<10°C, ~2 hours). Then the phases were separated. The organic
phase was dried over Na>SOy, then concentrated on rotary evaporator under vacuum at

temperature of 40°C to obtain methyl 6-nitrooxyhexanoate (49.46 g). as a yellow oil in a 94.5%
yield.

Svynthesis of crude 6-(nitrooxy)hexanoic acid

[0054] 1.5 M NaOH aqueous solution (208 mL) was charged into a 1 L three-necked flask
equipped with thermometer, dropping funnel and magnetic stirrer. Methyl 6-nitrooxyhexanoate
(49.64 g, 0.26 mol, 1 eq) dissolved in methanol (248 mL, 5V) was added dropwise at room
temperature (Tmax=35 °C). After the addition, the mixture was stirred for 2 hours at room
temperature. Controlled by TLC the reaction mixture showed the reaction was completed. The
pH of the reaction mixture was set to 2.5 using 183 mL 2M HCI aqueous solution. The resulted
mixture was extracted with MTBE (100 mL) then the water phase was extracted MTBE (5x50
mL). The combined organic phase was washed with brine (2x30 mL), then concentrated on
rotary evaporator under vacuum at temperature of 40°C to obtain crude 6-(nitrooxy)hexanoic
acid as a yellow oil (44.2 g). Assay is assessed by UPLC method.

Purification of 6-(nitrooxy)hexanoic acid
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[0055] The crude 6-(nitrooxy)hexanoic acid was purified by column chromatography according
to the following procedures:

Eluent was prepared by mixing toluene and methanol in a volumetric ratio of 40:1. Silica was
stirred with eluent in a slurry dispenser and the column was loaded and prepared. The crude
material (1161 g, assay of 91.8% by UPLC) was dissolved in toluene and the solution was
loaded on the top of the column. The elution was performed at a flow rate of 15+5 L/h and
fractions of 10 L were collected and analyzed by TLC. Purest fractions were combined and
concentrated under vacuum at temperature below 55°C = 5°C. The purified 6-
(nitrooxy)hexanoic acid (952 g, 5.37 mole) was isolated as an oil in a 82% yield having a 98.7%
purity by UPLC and containing a not detectable amount of 6-[6-nitrooxyhexanoylJoxy}hexanoic
acid.

1b) Synthesis of crude hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-{(1R,2R,3S,5R)-2-[(2Z)-7-
(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-
propen-1-yl ester (Compound (I))

[0056] Toluene (28 Kg, 49 vol) was charged in a reactor followed by Bimatoprost (663 g, 1.595
mol, 1 equiv) and phenylboronic acid (214 g, 1.755 mole, 1.1 equiv). The reaction is heated at
110°C+5°C and vapor temperature was maintained at 90°C for 4 hours to ensure azeotropic
distillation of water for a total volume of solvent of around 12L. Reaction mixture was then
cooled down to 25°C+5°C.

[0057] Dimethylaminopyridine (DMAP) (39 g, 0.319 mole, 0.2 equiv) and N,N'-diisopropyl
carbodiimide (DIC) (403 g, 3,190 mole, 2.0 equiv) were added to the cooled reaction mixture,
followed by a solution of 6-(nitrooxy)hexanoic acid (565 g, 3.190 mole, 2.0 equiv) in toluene
(0.5 L, 0.75 vol). The reaction was stirred for 1 to 3 hours at 25°C + 5°C. TLC was performed
to monitor residual bimatoprost phenyl-boronate (Compound (V))

[0058] The reaction mixture was quenched with methanol (1.3L, 2 vol) and was stirred 5 to 10
min The reaction mixture was then transferred via vacuum into an extractor containing 0.5M
sodium hydroxide solution (20 L) and dichloromethane (10 L, 15 vol). Reactor was washed
with several portions of methylene chloride that were added to the reaction mixture. The
reaction mixture was stirred for 2 to 3 hours, then left to settle for 60 min and the organic
phase was collected in a mobile tank. Dichloromethane (10 L, 15 vol) was charged into the
extractor, the mixture was stirred for 5 to 10 min and left to settle for 15 min. The organic layer
was collected. The organic layers were charged again in the extractor and a 1M NaHSO,

solution (20 L) was transferred via vacuum into the extractor. The mixture is stirred for 5 to 10
min, left to settle for 15 min and the lower organic phase was collected in a mobile tank. The
aqueous layer was removed. The organic phase was charged again in the extractor and a 15%
NaCl solution (20 L) was added and the mixture was stirred for 5 to 10 min and left to settle for
15 min. The organic layer was collected and the aqueous phase was removed. The organic
layer was charged again in the extractor and a 15% NaCl w/w solution (20 L) was added. The
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mixture was stirred for 5 to 10 min and left to settle for 15 min. The organic layer was collected
evaporated under vacuum at a temperature of 45°Ct5°

[0059] The crude product was dissolved in dichloromethane (7 L, 10.5 vol) and the mixture
was transferred into a reactor. The mixture was cooled to 5 - 10°C and kept for 30-60 min at
this temperature to allow N,N'-diisopropyl urea precipitation. The mixture is filtered through the
filter in a mobile tank. The reactor is washed with dichloromethane (2 L, 3 vol), solution is
filtered and collected in the mobile tank. Then the solution in the mobile tank is transferred to a
flask and the solvent is evaporated under vacuum at temperature of 45°C+5°C to obtain the
crude hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-(ethylamino)-7-0x0-2-
hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl ester (crude Compound
.

1¢) Purification of the crude hexanoic acid, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-
[(2Z)-7-(ethylamino)-7-ox0-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-
phenylethyl)-2-propen-1-yl ester (Compound (l))

First chromatography

[0060] The eluent mixture 1 was prepared by mixing diisopropylether/acetone/water in
40:15:0.5 volume ratio.

[0061] Silica gel (30 Kg, 45 vol) was suspended in the eluent mixture 1 (66.3 Kg, 100 vol), the
suspension was stirred for 3 min and loaded in the column.

[0062] The crude product was dissolved in the eluent mixture (1 L, 1.5 vol) and charged on the
top of the column. The elution was performed and fractions of 15 L were collected and
analyzed by TLC. Fractions were combined according to purity and analyzed by HPLC and
UPLC.

[0063] Selected fractions with desired purity were collected and the solvent was evaporated
using a rotary evaporator at temperature of 45°C+5°C until dryness. The residue was
dissolved in dichloromethane (5 L, 7.5 vol) and the solvent was evaporated again until dryness.

[0064] The Compound (I) was stored at 5°C £3°C.

Silica gel filtration chromatography

[0065] Eluent mixture 2 was prepared by mixing distilled dichloromethane and distilled
methanol in 30:1 volume ratio.
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[0066] Silica 75 S (6.6 Kg, 10 vol) was added to eluent mixture 2 (13 Kg, 19.6 vol) and the
suspension was stirred and poured to fill the column. Compound (I) was dissolved in
dichloromethane (1 L, 1.5 vol) and the solution was loaded on the top of the column.

[0067] The elution was performed and fractions were controlled by TLC and the selected
fractions with desired purity were collected; the combined fractions were analyzed by HPLC
and UPLC.

[0068] Fractions were evaporated in a rotary evaporator under vacuum at temperature of
45°C15°C. The pure Compound (l) isolated as an oil was stored at 5°C+3°C.

Treatment with activated charcoal (clarification)

[0069] The pure Compound (I) was dissolved in ethanol (6 L, 9 vol) and activated charcoal (60
g, around 9% w/w) was added. The mixture was stirred for 30 min at 20°C+5°C and the
activated charcoal is removed by filtration. The solvent was evaporated under vacuum at 45°C
+5°C until constant weight; 649.6 g (1.13 mole) pure Compound (l) was isolated as an oil. The
overall yield of the process was 70.8%.

[0070] The purity assessment of the isolated Compound (l) was performed by HPLC analysis
using the two methods described below, the HPLC assay of Compound (I) was 99.91% (HPLC
area %) assessed by HPLC / Method 1.

[0071] The Limit of Detection (LoD) and the Limit of Quantification (LoQ) for 15-(6-
chlorohexanoyl) ester of bimatoprost of formula (1), 6-{[6-(nitrooxy)hexanoylJoxy}hexanoic acid
bimatoprost ester of formula (lll), 5,6-trans-Compound (I) of formula (VII) and 15-epi-
Compound (I) of formula (VIII) are reported in Table 1.

[0072] The impurities profile of the isolated Compound (l) is reported in Table 2.

[0073] Table 3 reports the contents of the impurity 15-(6-chlorohexanoyl) ester of bimatoprost
(1) in the Compound (I) prepared according to the processes disclosed in the prior art.

[0074] Method 1: the HPLC analysis was performed using the following measurement
conditions:

Instrument: Waters HPLC System with PDA detector
Stationary phase: Zorbax RX SIL, 250 x 4.6 mm, 5 ym
Column temperature: 35°C

Mobile phase: hexane : Ethanol : acetonitrile: acetic acid = 935:60:5:0.5
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Run Time: 60 min
Flow rate: 1.5 ml/min
Injected Volume: 20 pl
Detection: UV, 210 nm

Sample solvent: ethanol: hexane 2:8

[0075] Method 2: the HPLC analysis was performed to quantify the 15-epi-Compound (I) of
formula (VIII) using the following measurement conditions:
Instrument: Waters HPLC System with PDA detector
Stationary phase: Chiralpak AD-H, 250 x 4.6 mm, 5 ym
Column temperature: 25°C

Mobile phase: Hexane : Ethanol: TFA - 850 : 150 : 1

Run Time: 30 min

Flow rate: 1.0 mL/min

Injected Volume: 10 pL

Detection: 210 nm

Sample solvent: Hexane : Ethanol - 8 : 2

Table 1 Limit of Detection (LoD) and Limit of Quantification (LoQ) of the impurities

IMPURITY LoD % {LoQ %
wiw wiw
15-(6-chlorohexanoyl) ester of bimatoprost of formula (I1) 0.01 0.03

6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost ester of {0.02 0.05
formula (llI)

(1E,3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7-oxohept-2-  {0.01 0.05
en-1-y)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-

(nitrooxy) hexanoate (5,6-trans-Compound (1) of formula (VII))
(1E,3R)-1-((1R,2R,3S,5R)-2-((22)-7-(ethylamino)-7-oxohept-2-  {0.02 0.05
en-1-y)-3,5-dihydroxycyclopentyl)-5-phenylpent-1-en-3-yl 6-
(nitrooxy) hexanoate (15-epi-Compound () of formula (VIII))

Table 2 HPLC analysis of the isolated Compound (I) of Example 1 Main and total

impurities

IMPURITY % {Method 1i{Method 2

(WIW) FRT (min) | RT (min)
15-(6-chlorohexanoyl) ester of bimatoprost of formula < 15.4 -
(1) LoD
6-{[6-(nitrooxy)hexanoylloxy}hexanoic acid bimatoprost i < 221 -
ester of formula (l11) LoD
(1E,3S)-1-((1R,2R,3S,5R)-2-((2E)-7-(ethylamino)-7- < 23.6 -
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Table 2 HPLC analysis of the isolated Compound (I) of Example 1 Main and total

impurities

IMPURITY % {Method 1i{Method 2

(WIW) FRT (min) | RT (min)
oxohept-2-en-1-yl)-3,5-dihydroxycyclopentyl)-5- LoQ$
phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate (5,6-trans-
Compound (I) of formula (VII))
(1E,3R)-1-((1R,2R,3S,5R)-2-((22)-7-(ethylamino)-7- < - 13.9
oxohept-2-en-1-yl)-3,5-dinydroxycyclopentyl)-5- LoD
phenylpent-1-en-3-yl 6-(nitrooxy) hexanoate (15-epi-
Compound (1) of formula (VIII))
Total impurities 0.07* NA NA

RT = Retention time

§: the measured amount of 5,6-trans-Compound (1) of formula (VII) was 0.04% w/w
calculated as medium value of two determinations by HPLC analysis

* HPLC area %

Table 3 Summary of the contents of the impurity 15-(6-chlorohexanoyl) ester of
bimatoprost (ll) in the Compound (1) prepared according to the processes disclosed
in the prior art

WO 2009/136281 {WO 2019/162149 {WO 2021/023693
15-(6- 8.34 (HPLC 0.15-0.24 (% w/w)§0.11 (HPLC
chlorohexanoyl) esterjarea%) area%)
of bimatoprost of
formula (IlI)
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Patentkrav

1. Fremgangsmade til fremstiling af hexansyre, 6-(nitrooxy)-, (1S,2E)-3-
[(1R,2R,3S,5R)-2-{(22)-7-(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycy-
clopentyl]-1-(2- phenylethyl )-2-propen-1-yl-ester med formlen (I)

e

@
omfattende falgende trin:
1) omseaetning af bimatoprost med phenylboronsyre i toluen ved tilbagesva-

lings-temperaturen og fjernelse af vand ved azeotrop destillation for at opna

bimatoprostphenylboronat med formlen (V
(\/\)\ P

V)

2) afkeling af oplasningen til 25°C og tilsaetning af N,N'-diisopropylcarbodiimid,
en katalytisk maengde dimethylaminopyridin og 6-(nitrooxy)hexansyre for at
opna (1E,3S)-1{(1S,5R,6R,7R)-7-[(2Z)-7-(ethylamino)-7-oxohept-2-en-1-yl]-
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3-phenyl-2,4-dioxa-3-borabicyclo[3.2.1]octan-6-yl}-5-phenylpent-1-en-3-y|-6-

(nitrooxy)hexanoat med formlen (VI)
(\/\)L S~

0 ON02
(VD)
3) fjernelse af phenylboronat-beskyttelsesgruppen under basiske betingelser,
4) adskillelse af den organiske fase og afdampning af opl@sningsmidlet;
5) omrering af raproduktet i dichlormethan, filtrering af blandingen og afdamp-
ning af oplesningsmidlet til opnaelse af den ra forbindelse med formlen (I);
6) oprensning af den ra forbindelse med formlen (l) ved at anvende en normal-
fase-tyngdekrafts-silicagels@jlekromatografi under anvendelse af en eluent-
blanding indeholdende diisopropylether, acetone og vand i et volumenforhold
pa 40:15:0,5;
7) opsamling af fraktionerne af passende renhed og afdampning af opl@s-
ningsmidlet for at tilvejebringe ren forbindelse med formlen (1);
8) opl@sning af den rene forbindelse med formlen (I) i trin 7) i destilleret methy-
lenchlorid og methanol, oprensning af opl@sningen ved tyngdekraftskromato-
grafi under anvendelse af en eluentblanding indeholdende destilleret methy-
lenchlorid og methanol i 30:1 volumenforhold og opsamling af fraktionerne af
passende renhed og afdampning af oplasningsmidlet til opnaelse af ren for-
bindelse med formlen (1);
9) opl@sning af den rene forbindelse med formlen () i trin 8) i en ethanol, be-
handling af opl@sningen med aktivt kul, derefter fjernelse af det aktiverede kul
ved filtrering og flernelse af opl@sningsmidlet ved afdampning under vakuum
for at give ren hexansyre, 6-(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(2Z)-7-
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(ethylamino)-7-oxo-2-hepten-1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenyl-
ethyl)-2-propen-1-ylester;

hvor fremgangsmaden er kendetegnet ved, at den opnaede hexansyre, 6-
(nitrooxy)-, (1S,2E)-3-[(1R,2R,3S,5R)-2-[(22)-7-(ethylamino)-7-oxo-2-hepten-
1-yl]-3,5-dihydroxycyclopentyl]-1-(2-phenylethyl)-2-propen-1-yl-ester indehol-
der ikke 15-(6-chlorhexanoyl)-esteren af bimatoprost med formel (ll), og inde-

holder ikke mere end (<) 0,20% (HPLC-areal%) af de samlede urenheder.

2. Fremgangsmade ifalge krav 1, hvor molforholdet bimatoprost:phenylboron-

syre i reaktionstrin 1) er 1:1,1.

3. Fremgangsmade ifelge krav 1 eller 2, hvor, i reaktionstrinnet 2), N,N'-diiso-
propylcarbodiimid 2,0 aekv., dimethylaminopyridin 0,2 aekv. og 6-(nitrooxy)he-
xansyre 1,8 til 2,2 sekv. tilfgjes.

4. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor i
reaktionstrinnet 3) fijernes phenylboronat-beskyttelsesgruppen under anven-

delse af en NaOH-opl@sning.

5. Fremgangsmade ifglge krav 4, hvor phenylboronat-beskyttelsesgruppen
fiernes ved at standse reaktionsblandingen opnaet i trin 2) med methanol og
derefter tilsaette en blanding af methylenchlorid og 6,3 aekv. NaOH som opl@s-
ning af NaOH 0,5M.

6. Fremgangsmade ifglge et hvilket som helst af de foregéende krav, hvor den
organiske fase i reaktionstrin 4) farst vaskes med en vandig opl@sning af na-
triumhydrogensulfat og to gange med en vandig oplasning af NaCl 15 veegt-

procent.
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