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PROCESS-SCALE SYNTHESIS OF UROLITHIN A

RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Provisional Patent Application
No. 62/635,893, filed February 27, 2018; and U.S. Provisional Patent Application No.
62/765,125 filed August 17, 2018.

BACKGROUND

In recent years, urolithins have been shown to provide numerous human health
benefits. Studies from Ryu et al. showed that urolithin A (UA) improves mitochondrial and
muscle functions (Nature Medicine (2016) 22, pages 879-888). The studies further
demonstrated that UA activation of mitophagy prevented the accumulation of dysfunctional

mitochondria with age and, as a result, extended lifespan.

In light of the therapeutic promise of urolithins, a need exists for a safe, economical,
reliable, and scalable synthesis approach to manufacture urolithin A. A reliable source of
multi-kilo and multi-ton quantities of urolithin A will allow further clinical and commercial

development, with the ultimate goal of exploiting its full therapeutic potential.
SUMMARY OF THE INVENTION

One aspect of the present invention is a method for the preparation of a salt of urolithin
A, comprising: combining in an alkaline aqueous solution a copper-containing catalyst, 2-
bromo-5-hydroxybenzoic acid, and resorcinol, thereby forming the salt of urolithin A. One
aspect of the present invention is a method for the preparation of urolithin A from a salt thereof,

comprising protonating a salt of urolithin A to yield urolithin A.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a Process Flow Diagram of Step 1of a GMP synthesis of Urolithin A.
Figure 2 is a Process Flow Diagram of Step 2 of a GMP synthesis of Urolithin A.
DETAILED DESCRIPTION

The development of a process-scale synthesis of urolithins required substantial
innovation. A useful process-scale synthesis must be efficient, cost-effective, and
reproducible. Further, all starting materials and reagents must be reliably available in bulk, or

able to be produced on site in a safe and economical fashion. The exacting regulatory standards

-1-



WO 2019/168972 PCT/US2019/019817

for low impurity levels and overall safety of the process create additional challenges to

development.
Definitions

A number of abbreviations and defined terms are used in this application. Explanations

and their definitions appear below.

As used herein, “WFI” refers to water for injection and is water of extra high quality
without significant contamination. A sterile version of WFI is used for making solutions that
will be given by injection. A non-sterile version may be used in manufacturing, with

sterilization occurring later in the production process.

As used herein, compounds which are “commercially available” may be obtained, e.g.,

from standard commercial sources.

As used herein, “suitable conditions” for carrying out a synthetic step are explicitly
provided herein, or may be discerned by reference to publications directed to methods used in
synthetic organic chemistry, or are generally known to one of ordinary skill in the art. The
reference books and detailed description set forth below that describe the synthesis of
intermediates useful in the preparation of compounds of the present invention will also provide

suitable conditions for carrying out a synthetic step according to the present invention.

“Stable compound” and “stable structure” are meant to indicate a compound that is
sufficiently robust to survive isolation to a useful degree of purity from a reaction mixture,

and/or formulation into an efficacious therapeutic agent.

“Optional” or “optionally” means that the subsequently described event or
circumstances may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances in which it does not. For example, “optionally
substituted aryl” means that the aryl radical may or may not be substituted, and that the

description includes both substituted aryl radicals and aryl radicals having no substitution.

“Pharmaceutically acceptable salt” includes both acid and base addition salts.
“Pharmaceutically acceptable acid addition salt” refers to those salts which retain the
biological effectiveness and properties of the free bases, which are not biologically or
otherwise undesirable, and which are formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids

such as acetic acid, trifluoroacetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid,
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maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic

acid, salicylic acid, and the like.

The isolation and purification procedures described herein can be effected, if desired,
by any suitable separation or purification procedure such as, for example, filtration, extraction,
crystallization, column chromatography, thin-layer chromatography or preparative
chromatography, or a combination of these procedures. Specific illustrations of suitable
separation and isolation procedures can be had by reference to the examples below. However,

other equivalent separation or isolation procedures can also be used.

Methods of the Invention
One aspect of the invention relates to methods of preparing a salt of urolithin A,
comprising: combining in an alkaline aqueous solution a copper-containing catalyst, 2-

bromo-5-hydroxybenzoic acid, and resorcinol, thereby forming the salt of urolithin A.

In certain embodiments, the copper-containing catalyst is selected from the group
consisting of copper powder, copper-bronze couple, CuSO4 pentahydrate, CuSO4 hydrate,
anhydrous CuSQs, Cu(acac)z, CuCl, CuClz, CuBr, CuBr, Cul, Cu20, CuO, CuOTf, CuCN,

and mixtures thereof.
In certain embodiments, the copper-containing catalyst is CuSOu pentahydrate.

In certain embodiments, the amount of the copper-containing catalyst is at least a trace
amount but no more than 0.05 molar equivalents relative to the amount of 2-bromo-5-

hydroxybenzoic acid.

In certain embodiments, the amount of the copper-containing catalyst is at least a
trace amount but no more than 0.02 molar equivalents relative to the amount of 2-bromo-5-

hydroxybenzoic acid.

In certain embodiments, the amount of the copper-containing catalyst is at least a
trace amount but no more than 0.01 molar equivalents relative to the amount of 2-bromo-5-

hydroxybenzoic acid.

In certain embodiments, the amount of the copper-containing catalyst is at least a
trace amount but no more than 0.005 molar equivalents relative to the amount of 2-bromo-5-
hydroxybenzoic acid.

In certain embodiments, the amount of the copper-containing catalyst is at least a
-3-



WO 2019/168972 PCT/US2019/019817

trace amount but no more than 0.001 molar equivalents relative to the amount of 2-bromo-5-

hydroxybenzoic acid.

In certain embodiments, the amount of the copper-containing catalyst is at least a
trace amount but no more than 0.0005 (5 x 10*) molar equivalents relative to the amount of

2-bromo-5-hydroxybenzoic acid.

In certain embodiments, the amount of the copper-containing catalyst is at least a trace
amount but no more than 0.0001 (1 x 10™*) molar equivalents relative to the amount of 2-

bromo-5-hydroxybenzoic acid.

In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
CsOH, Na2COs, CaCOs, or Cs2C0Os. In certain embodiments, the alkaline aqueous solution
comprises LiIOH, NaOH, KOH, or CsOH. In certain embodiments, the alkaline aqueous
solution comprises NaOH, or KOH. In certain embodiments, the alkaline aqueous solution

comprises KOHIn certain embodiments, the alkaline aqueous solution comprises NaOH.

In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
CsOH, Na2COs, CaCOs, or Cs2C03, and the copper-containing catalyst is CuSOa
pentahydrate. In certain embodiments, the alkaline aqueous solution comprises LiOH,
NaOH, KOH, or CsOH, and the copper-containing catalyst is CuSO4 pentahydrate. In certain
embodiments, the alkaline aqueous solution comprises NaOH or KOH, and the copper-
containing catalyst is CuSQOs pentahydrate. In certain embodiments, the alkaline aqueous
solution comprises KOH, and the copper-containing catalyst is CuSO4 pentahydrate. In
certain embodiments, the alkaline aqueous solution comprises NaOH, and the copper-

containing catalyst is CuSO4 pentahydrate.

In certain embodiments, the molar ratio of resorcinol to 2-bromo-5-hydroxybenzoic
acid is greater than 3:1. In certain embodiments, the molar ratio of resorcinol to 2-bromo-5-
hydroxybenzoic acid is greater than 3.5:1. In certain embodiments, the molar ratio of
resorcinol to 2-bromo-5-hydroxybenzoic acid is greater than 4:1. In certain embodiments,

the molar ratio of resorcinol to 2-bromo-5-hydroxybenzoic acid is about 4:1.

In certain embodiments, the molar ratio of resorcinol to 2-bromo-5-hydroxybenzoic
acid is about 3:1 to about 10:1. In certain embodiments, the molar ratio of resorcinol to 2-
bromo-5-hydroxybenzoic acid is about 3.5:1 to about 8:1. In certain embodiments, the molar

ratio of resorcinol to 2-bromo-5-hydroxybenzoic acid is about 3.5:1 to about 5:1. In certain
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embodiments, the molar ratio of resorcinol to 2-bromo-5-hydroxybenzoic acid is about 3.5:1
to about 4.5:1. In certain embodiments, the molar ratio of resorcinol to 2-bromo-5-
hydroxybenzoic acid is about 3.8:1 to about 4.2:1. In certain embodiments, the molar ratio

of resorcinol to 2-bromo-5-hydroxybenzoic acid is about 4.0:1.

In certain embodiments, the alkaline aqueous solution comprises NaOH; and the molar
ratio of NaOH to 2-bromo-5-hydroxybenzoic acid is greater than 3:1. In certain
embodiments, the alkaline aqueous solution comprises NaOH; and the molar ratio of NaOH
to 2-bromo-5-hydroxybenzoic acid is greater than 3.5:1. In certain embodiments, the
alkaline aqueous solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-
hydroxybenzoic acid is greater than 4:1. In certain embodiments, the alkaline aqueous
solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-hydroxybenzoic acid

is about 4:1.

In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
CsOH, Na2COs, CaCOs, or Cs2C03; and the molar ratio of LiOH, NaOH, KOH, CsOH,
Na2COs, CaCOs3, or Cs2C0s3 to 2-bromo-5-hydroxybenzoic acid is about 2.8:1 to about 5:1.
In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
CsOH, Na2COs, CaCOs, or Cs2C0s3; and the molar ratio of LiOH, NaOH, KOH, CsOH,
Naz2COs, CaCOs, or Cs2C0s3 to 2-bromo-5-hydroxybenzoic acid is about 3.0:1 to about 4.8:1.
In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
CsOH, Na2COs, CaCOs, or Cs2C0s3; and the molar ratio of LiOH, NaOH, KOH, CsOH,
NazCOs3, CaCOs, or Cs2COs to 2-bromo-5-hydroxybenzoic acid is about 3.2:1 to about 4.6:1.
In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
CsOH, Na2COs, CaCOs, or Cs2C0s3; and the molar ratio of LiOH, NaOH, KOH, CsOH,
NazCOs3, CaCOs3, or Cs2COs3 to 2-bromo-5-hydroxybenzoic acid is about 4.2:1 to about 4.6:1.
In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
CsOH, Na2CO3, CaCOs, or Cs2C03; and the molar ratio of LiOH, NaOH, KOH, CsOH,
Na2COs3, CaCOs3, or Cs2CO3 to 2-bromo-5-hydroxybenzoic acid is about 4.4:1.

In certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH,
or CsOH; and the molar ratio of LiOH, NaOH, KOH, or CsOH to 2-bromo-5-
hydroxybenzoic acid is about 2.8:1 to about 5:1. In certain embodiments, the alkaline
aqueous solution comprises LiOH, NaOH, KOH, or CsOH; and the molar ratio of LiOH,
NaOH, KOH, or CsOH to 2-bromo-5-hydroxybenzoic acid is about 3.0:1 to about 4.8:1. In
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certain embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH, or
CsOH; and the molar ratio of LiOH, NaOH, KOH, or CsOH to 2-bromo-5-hydroxybenzoic
acid is about 3.2:1 to about 4.6:1. In certain embodiments, the alkaline aqueous solution
comprises LIOH, NaOH, KOH, or CsOH; and the molar ratio of LiOH, NaOH, KOH, or
CsOH to 2-bromo-5-hydroxybenzoic acid is about 4.2:1 to about 4.6:1. In certain
embodiments, the alkaline aqueous solution comprises LiOH, NaOH, KOH, or CsOH; and
the molar ratio of LiOH, NaOH, KOH, or CsOH to 2-bromo-5-hydroxybenzoic acid is about
4.4:1.

In certain embodiments, the alkaline aqueous solution comprises NaOH or KOH; and
the molar ratio of NaOH or KOH to 2-bromo-5-hydroxybenzoic acid is about 2.8:1 to about
5:1. In certain embodiments, the alkaline aqueous solution comprises NaOH or KOH; and
the molar ratio of NaOH or KOH to 2-bromo-5-hydroxybenzoic acid is about 3.0:1 to about
4.8:1. In certain embodiments, the alkaline aqueous solution comprises NaOH or KOH; and
the molar ratio of NaOH or KOH to 2-bromo-5-hydroxybenzoic acid is about 4.2:1 to about
4.6:1. In certain embodiments, the alkaline aqueous solution comprises NaOH or KOH; and

the molar ratio of NaOH or KOH to 2-bromo-5-hydroxybenzoic acid is about 4.4:1.

In certain embodiments, the alkaline aqueous solution comprises KOH; and the molar
ratio of KOH to 2-bromo-5-hydroxybenzoic acid is about 3.2:1 to about 4.6:1. In certain
embodiments, the alkaline aqueous solution comprises KOH; and the molar ratio of KOH to
2-bromo-5-hydroxybenzoic acid is about 2.8:1 to about 5:1. In certain embodiments, the
alkaline aqueous solution comprises KOH; and the molar ratio of KOH to 2-bromo-5-
hydroxybenzoic acid is about 3.0:1 to about 4.8:1. In certain embodiments, the alkaline
aqueous solution comprises KOH; and the molar ratio of KOH to 2-bromo-5-
hydroxybenzoic acid is about 3.2:1 to about 4.6:1. In certain embodiments, the alkaline
aqueous solution comprises KOH; and the molar ratio of KOH to 2-bromo-5-
hydroxybenzoic acid is about 4.2:1 to about 4.6:1. In certain embodiments, the alkaline
aqueous solution comprises KOH; and the molar ratio of KOH to 2-bromo-5-

hydroxybenzoic acid is about 4.4:1.

In certain embodiments, the alkaline aqueous solution comprises NaOH; and the molar
ratio of NaOH to 2-bromo-5-hydroxybenzoic acid is about 2.8:1 to about 5:1. In certain
embodiments, the alkaline aqueous solution comprises NaOH; and the molar ratio of NaOH

to 2-bromo-5-hydroxybenzoic acid is about 3.0:1 to about 4.8:1. In certain embodiments, the
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alkaline aqueous solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-
hydroxybenzoic acid is about 3.2:1 to about 4.6:1. In certain embodiments, the alkaline
aqueous solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-
hydroxybenzoic acid is about 4.2:1 to about 4.6:1. In certain embodiments, the alkaline
aqueous solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-

hydroxybenzoic acid is about 4.4:1.

In certain embodiments, the alkaline aqueous solution comprises NaOH; and the molar
ratio of NaOH to 2-bromo-5-hydroxybenzoic acid is about 3:1 to about 10:1. In certain
embodiments, the alkaline aqueous solution comprises NaOH; and the molar ratio of NaOH
to 2-bromo-5-hydroxybenzoic acid is about 3.5:1 to about 8:1. In certain embodiments, the
alkaline aqueous solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-
hydroxybenzoic acid is about 3.5:1 to about 5:1. In certain embodiments, the alkaline
aqueous solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-
hydroxybenzoic acid is about 3.5:1 to about 4.5:1. In certain embodiments, the alkaline
aqueous solution comprises NaOH; and the molar ratio of NaOH to 2-bromo-5-

hydroxybenzoic acid is about 3.8:1 to about 4.2:1.

In certain embodiments, the molar yield of the salt of urolithin A is at least about 40%
relative to the amount of 2-bromo-5-hydroxybenzoic acid. In certain embodiments, the
molar yield of the salt of urolithin A is at least about 50% relative to the amount of 2-bromo-
5-hydroxybenzoic acid. In certain embodiments, the molar yield of the salt of urolithin A is
at least about 60% relative to the amount of 2-bromo-5-hydroxybenzoic acid. In certain
embodiments, the molar yield of the salt of urolithin A is at least about 70% relative to the
amount of 2-bromo-5-hydroxybenzoic acid. In certain embodiments, the molar yield of the
salt of urolithin A is at least about 80% relative to the amount of 2-bromo-5-hydroxybenzoic
acid. In certain embodiments, the molar yield of the salt of urolithin A is at least about 90%

relative to the amount of 2-bromo-5-hydroxybenzoic acid.
In certain embodiments, the salt of urolithin A is urolithin A monosodium salt.
In certain embodiments, the salt of urolithin A is urolithin A disodium salt.

In certain embodiments, the salt of urolithin A is isolated in a purity of at least 90%. In
certain embodiments, the salt of urolithin A is isolated in a purity of at least 95%. In certain
embodiments, the salt of urolithin A is isolated in a purity of at least 97%. In certain
embodiments, the salt of urolithin A is isolated in a purity of at least 98%. In certain
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embodiments, the salt of urolithin A is isolated in a purity of at least 99%. In certain
embodiments, the salt of urolithin A is isolated in a purity of at least 99.5%. In certain
embodiments, the salt of urolithin A is isolated in a purity of at least 99.8%. In certain

embodiments, the salt of urolithin A is isolated in a purity of at least 99.9%.

In certain embodiments, the alkaline aqueous solution is heated at a temperature in the
range of about 60 °C to about 90 °C. In certain embodiments, the alkaline aqueous solution
is heated at a temperature in the range of about 70 °C to about 80 °C. In certain
embodiments, the alkaline aqueous solution is heated at a temperature of about 60 °C. In
certain embodiments, the alkaline aqueous solution is heated at a temperature of about 65 °C.
In certain embodiments, the alkaline aqueous solution is heated at a temperature of about 70
°C. In certain embodiments, the alkaline aqueous solution is heated at a temperature of about
75 °C. In certain embodiments, the alkaline aqueous solution is heated at a temperature of
about 80 °C. In certain embodiments, the alkaline aqueous solution is heated at a temperature
of about 85 °C. In certain embodiments, the alkaline aqueous solution is heated at a

temperature of about 90 °C.

In certain embodiments, the method further comprises isolating the salt of urolithin A,

to give an isolated salt of urolithin A.
In certain embodiments, the salt of urolithin A is isolated by filtration.

In certain embodiments, the isolated salt of urolithin A contains less than about 1 ppm

copper.

In certain embodiments, the method further comprises combining a Bronsted acid and

the isolated salt of urolithin A, to give a slurry.

In certain embodiments, the Bronsted acid is a carboxylic acid. In certain
embodiments, the carboxylic acid is acetic acid. In certain embodiments, the carboxylic acid

is glacial acetic acid.

In certain embodiments, the slurry is heated at a temperature in the range of about 100
°C to about 130 °C. In certain embodiments, the slurry is heated at a temperature in the range
of about 110 °C to about 120 °C. In certain embodiments, the slurry is heated at a
temperature of about 100 °C. In certain embodiments, the slurry is heated at a temperature of

about 105 °C. In certain embodiments, the slurry is heated at a temperature of about 110 °C.
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In certain embodiments, the slurry is heated at a temperature of about 115 °C. In certain
embodiments, the slurry is heated at a temperature of about 120 °C. In certain embodiments,
the slurry is heated at a temperature of about 125 °C. In certain embodiments, the slurry is

heated at a temperature of about 130 °C.

In certain embodiments, the slurry is maintained at a temperature in the range of about
10 C to about 30 °C. In certain embodiments, the slurry is maintained at a temperature in the
range of about 15 °C to about 25 °C. In certain embodiments, the slurry is maintained at a
temperature of about 10 °C. In certain embodiments, the slurry is maintained at a
temperature of about 15 °C. In certain embodiments, the slurry is maintained at a
temperature of about 20 °C. In certain embodiments, the slurry is maintained at a
temperature of about 25 °C. In certain embodiments, the slurry is maintained at a

temperature of about 30 °C.

In certain embodiments, the method further comprises isolating urolithin A from the

slurry. In certain embodiments, urolithin A is isolated by filtration.

In certain embodiments, urolithin A is isolated in a purity of at least 90%. In certain
embodiments, urolithin A is isolated in a purity of at least 95%. In certain embodiments,
urolithin A is isolated in a purity of at least 97%. In certain embodiments, urolithin A is
isolated in a purity of at least 98%. In certain embodiments, urolithin A is isolated in a
purity of at least 99%. In certain embodiments, urolithin A is isolated in a purity of at least
99.5%. In certain embodiments, urolithin A is isolated in a purity of at least 99.8%. In certain

embodiments, urolithin A is isolated in a purity of at least 99.9%.

In certain embodiments, urolithin A contains less than about 25 ppm copper. In
certain embodiments, urolithin A contains less than about 10 ppm copper. In certain
embodiments, urolithin A contains less than about 5 ppm copper. In certain embodiments,
urolithin A contains less than about 2 ppm copper. In certain embodiments, urolithin A
contains about 1 ppm copper. In certain embodiments, urolithin A contains less than about 1
ppm copper.

In certain embodiments, a synthetic step in the production of a urolithin is performed
in an atmosphere comprising oxygen. In certain embodiments, a synthetic step in the
production of a urolithin is performed in an atmosphere comprising a level of oxygen below

the atmospheric level of oxygen. In some embodiments, a synthetic step in the production of
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a urolithin is performed in an oxygen-free atmosphere. In some embodiments, a synthetic
step in the production of a urolithin is performed under nitrogen. In some embodiments, a

synthetic step in the production of a urolithin is performed under argon.

Production Step 1

2-Br-5-HO-Benzoic acid Resorcinol
O {or Na)
HO S oM
. ]”'ﬁ\\g’ NaOH, CuSO6H,0 j\/j
Nz water, 78 °C P \:x)
3 = (MNa or) Hi -
HO C?Haafo;\, CQHQQQ tNaon)
217.02 110.11 Crude urolithin A or its di- or mono-
Na-salt
Production Step 2
Oa Q. OH
Q\\\V Oy, -OH for Na) l/““\\\ﬁf
.‘3\ l HOAC {12 «’ \v/
L T Trituration &
L - "/
NaonHOQ He CahaOy
228 2Q
Crude Urolithin A or its di- or mono-Na salt Urolithin A

Compositions of the Invention

An aspect of the invention is a composition, comprising copper and urolithin A.

In certain embodiments, the composition comprises <25 ppm copper. In certain
embodiments, the composition comprises <10 ppm copper. In certain embodiments, the
composition comprises <5 ppm copper. In certain embodiments, the composition comprises
<1 ppm copper.

EXEMPLIFICATION

As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illustrated herein has discrete components and features
which may be readily separated from or combined with the features of any of the other several
embodiments without departing from the scope or spirit of the present invention. Any recited
method can be carried out in the order of events recited or in any other order which is logically

possible. The invention now being generally described, it will be more readily understood by
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reference to the following, which is included merely for purposes of illustration of certain

aspects and embodiments of the present invention, and is not intended to limit the invention.
Example 1 — Synthesis of Urolithin A
Ullmann-type Coupling of 2-bromo-5-hydroxybenzoic acid and resorcinol

Described herein is the first step in a short and practical synthesis of urolithins
beginning with the commercially available reagents 2-bromo-5-hydroxybenzoic acid and

resorcinol.
Scheme 1 — Reaction Scheme

Production Step 1

2-Br-5-HO-Benzoic acid Resorcinol

[e) O _-OH {or Naj

HE QR j
j:w Br + \f* g NaQH, CuS0,5H,0 U
J\V P N water, 75 °C /L
- (N« HO

HO CoHsBrO; CaHsOs {Naan)

217.02 110.11 Crude urolithin A or its di- or mono-Na
salt
Procedures:

1. To areactor (Reactor 2), charge Resorcinol (4.00 eq.) and WFI (7 vol.) under Na.

2. Bubble the solution with Naz.

3. Charge 50% aq. NaOH-2 (3.30 equiv.) and CuSO4 SH20 (0.0010 equiv.).

4. Bubble the solution with Na.

5. Polish filter the solution obtained above to a particulate-cleaned and Nz-purged reactor
(Reactor 3).

6. Wash/rinse the flask/lines with WFI water (3 vol.)

7. Heat the solution in Reactor 3 to 75+5 °C.

8. Through a polish filter, slowly charge a pre-prepared solution of 2-bromo-5-
hydroxybenzoic acid in Reactor 3 (see the instruction below) via a pump over 4 h while
maintaining 75+5 °C. Maintain constant addition rate through the course of the addition.

9. Wash/rinse Reactor 3 / lines with WFI water (1 vol.)

10. Keep stirring at 75+5 °C for additional 1 h after the addition is complete, and then take
the 1% IPC. If the reaction is not complete, then keep stirring at 75 °C until the reaction
go to completion.
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11. When the reaction is complete, cool the reaction to 20£5 °C.
12. Filter the slurry; wash the filter cake with water (5 vol., 4x).
13. Wash the cake with HOAc (5 vol.) and the cake is ready for trituration.

Pre-preparation of the solution of 2-bromo-5-hydroxybenzoic acid required for Step 8:

a. Charge WFI water (10 vol.) and NaOH (1.10 eq.).

b. Purge the solution with Nb.

c¢. Charge 2-bromo-5-hydroxybenzoic acid (1.00 eq.) and agitate until complete
dissolution.

d. Purge the solution with Na.

This reaction is sensitive to oxygen. An Nz atmosphere is beneficial for the reaction.
2. Trituration:

Production Step 2. Protonation and Purification

. O Q. I
~. ! S ] \\/ .
O O\( SN T,OH {or Na) J/
PN i A HGA:
E Tnmmum
(Na or) HO” AN HO CaaHaOs
228.20
Crude Urolithin A or its di- or mono-Na salt Urolithin A

Procedures for Trituration at 115+ 5 °C

1. Charge crude urolithin A or its di- or mono-Na-salt and HOAc (glacial) (20 vol. based on
scale of step 1) under N2 to a particulate cleaned reactor with baffle.

2. Heat the slurry to 115 + 5 °C (target: reflux temp.), and keep agitating the slurry with an

aggressive agitation for at least 18 h.

Lower the temp. to 100 £ 5 °C.

Hot filter the slurry while maintaining the slurry temperature at 100 + 5 °C.

Wash the cake with hot WFI water (water temp.: 95 +5 °C) (5 vol., 4x).

HPLC the wet cake.

If specs. are met, then go to #8. Otherwise, urolithin A is ready for re-process.

® N kW

Dry the cake until obtaining a consistent mass.
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Procedures for Trituration at 20 + 5 °C

1. Charge crude urolithin A or its di- or mono-Na-salt and HOAc (glacial) (20 vol. based on
scale of step 1) under Nz to a particulate cleaned reactor with baffle.

Agitate the slurry with an aggressive agitation for at least 18 h.

Filter the slurry.

Wash the cake with WFI water (5 vol., 4x).

HPLC the wet cake.

If specs. are met, then go to item #7. Otherwise, urolithin A is ready for re-process.

N R WD

Dry the cake until obtaining a consistent mass.

Example 2 — ¢cGMP Production of Urolithin A

Step 1
Batch 1
2-Br-5-HO-Benzoic acid Resorcinol
On_-OH OH for Na)
HO. . OH l J/
ey ‘ 5
ny Br % ‘ ? ‘NﬁOH, CUSQg SHQO \Y
. d
L o water, 7590
N {Na or) HO™
HO G“gHE_SfO:, Cg.Hg;OQ
217.02 110.11 Crude Urolithin A or its di- or mono-Na-
salt
2-Bromo-5-hydroxybenzoic Acid, > 99% 2.65 kg
50%(w/w) Sodium Hydroxide, agueous solution 4.3 kg
Resorcinol, 2 99% 5.38 kg
Copper () Sulfate, Pentahydrate, > 98% 3.0¢g
Glacial Acetic Acid, 2 99% 13.9 kg
Water for Injection Quality (WFI) water 109 kg

To a clean, dry 50-L multi-necked RBF labeled as FLASK #1 (equipped with
an agitator motor, agitator fitting, thermowell, thermocouple, condenser, and
nitrogen bubbler),

26.5L of WFI water was charged. Agitation was started before charging
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1.1kg

of 50%(w/w) Sodium Hydroxide, aqueous solution.Nitrogen was bubbled
through the solution for 19 minutes before charging

2.65 kg

of 2-Bromo-5-hydroxybenzoic acid. Nitrogen was bubbled through the solution
for 40 minutes. The contents of FLASK #1 were then agitated at 20 + 5°C for 1
minute until a complete solution was obtained. FLASK#1 was re-labeled as
Step 1.23 — FLASK#1 — 2-Bromo-5- hydroxybenzoic Salt (WFI) aqueous
solution, then held under a nitrogen atmosphere until needed.

To a clean, dry 50-L multi-necked RBF labeled as FLASK #2 (equipped with
an agitator motor, agitator fitting, thermowell, thermocouple, condenser, and
nitrogen bubbler),

538 kg

of Resorcinol was charged, followed by

186 L

of WFI water. Agitation was started. Nitrogen was bubbled through the solution
for 16 minutes before charging

32kg

of 50%(w/w) Sodium Hydroxide, aqueous solution.

30¢g

of Copper (II) Sulfate Pentahydrate was then charged to FLASK #2. Nitrogen
was bubbled through the solution for 16 minutes. The contents of FLASK #2
were then agitated at 20 + 5°C for 1 minute until a complete solution was
obtained. FLASK #2 was re-labeled as Step 1.34 — FLASK#2 — Resorcinol,
(WFI) aqueous solution, then held under a nitrogen atmosphere until needed.

To a clean, dry 200-L reactor, the Resorcinol, (WFI) aqueous solution
was charged through a polish filter. FLASK #2 was rinsed with

80L

of WFI water, and the rinse was charged to the reactor. The contents were
agitated for 32 minutes, while nitrogen was bubbled through the solution, before
being heated to 75 + 5°C. The agitator speed was then set to ~300.79 rpm. While
maintaining the temperature at 75 + 5°C, the 2-bromo-5-hydroxybenzoic Salt
(WFI) aqueous solution was charged, through a polish filter, at a rate of ~1.9
ke/15 minutes. FLASK#1 was rinsed with

27L

of WFI water. The rinse was charged to the reactor over 4 minutes while
maintaining the temperature at 75 + 5°C. The contents were then agitated at 75
# 5°C for 61 minutes. A representative IPC sample was withdrawn from the
reactor and submitted to QC for HPLC analysis. The reaction was deemed
incomplete, and was left to stir for additional time before a second IPC sample
was submitted to QC. The reaction was then deemed complete. Due to the time
sensitivity of the reaction, the IPC results were concluded based on PR&D data.
The reactor agitation was then set to ~300 rpm and the contents were slowly
cooled to 20 + 5°C at a rate of ~5°C / 30 minutes. The contents were agitated at
20 + 5°C for 1 hour before being filtered through a GMP filter. The reactor was
rinsed with

133 kg

of WFI water, and the rinse was used to wash the filter cake. The filter
cake was then rinsed three more times with

133 kg

of WFI water (each wash), followed by

13.9kg

of Glacial acetic acid. The filter cake was blown dry with nitrogen for 3 hours
27 minutes. A representative sample was then withdrawn from the filter cake and
submitted to QC for HPLC purity analysis.

~5.15 kg of wet, crude urolithin A or its di- or

mono-Na-salt, were produced, which was carried forward to the next step.
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2-Bromo-5-hydroxybenzoic Acid, > 99%

50%(w/w) Sodium Hydroxide, agueous solution 4.3 kg
Resorcinol, = 99% 5.38 kg
Copper (Il) Sulfate, Pentahydrate, > 98% 3.0g
Glacial Acetic Acid, 2 99% 13.9kg
Water for Injection Quality (WFI) water 109 kg

To a clean, dry 50-L multi-necked RBF labeled as FLASK #1 (equipped with an
agitator motor, agitator fitting, thermowell, thermocouple, condenser, and
nitrogen bubbler),

26.5L

of WFI water was charged. Agitation was started before charging

1.1kg

of 50%(w/w) Sodium Hydroxide, aqueous solution. Nitrogen was bubbled
through the solution for 18 minutes before charging

2.65 kg

of 2-Bromo-5-hydroxybenzoic acid. Nitrogen was bubbled through the solution
for 25 minutes. The contents of FLASK #1 were then agitated at 20 + 5°C for 1
minute until a complete solution was obtained. FLASK#1 was re-labeled as Step
1.23 — FLASK#1 — 2-Bromo-5- hydroxybenzoic Salt (WFI) aqueous solution,
then held under a nitrogen atmosphere until needed.

To a clean, dry 50-L multi-necked RBF labeled as FLASK #2 (equipped with an
agitator motor, agitator fitting, thermowell, thermocouple, condenser, and
nitrogen bubbler),

5.38 kg

of Resorcinol was charged, followed by

18.6 L

of WFI water. Agitation was started. Nitrogen was bubbled through the solution
for 33 minutes before charging

3.2kg

of 50%(w/w) Sodium Hydroxide, aqueous solution.

30¢g

of Copper (I1I) Sulfate Pentahydrate was then charged to FLASK #2. Nitrogen
was bubbled through the solution for 15 minutes. The contents of FLASK #2 were
then agitated at 20 = 5°C for 1 minute until a complete solution was obtained.
FLASK #2 was re-labeled as Step 1.34 — FLASK#2 — Resorcinol, (WFI)
[aqueous solution, then held under a nitrogen atmosphere until needed.

To a clean, dry 200-L reactor, the Resorcinol, (WFI) aqueous solution
was charged through a polish filter. FLASK #2 was rinsed with

80L

of WFI water, and the rinse was charged to the reactor. The contents were agitated
for 31 minutes, while nitrogen was bubbled through the solution, before being
heated to 75 + 5°C. The agitator speed was then set to ~320 rpm. While
maintaining the temperature at 75 + 5°C, the 2- bromo-5-hydroxybenzoic Salt
(WFI) aqueous solution was charged at a rate of ~1.9 kg/15 minutes. FLASK
#1 was rinsed with
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27L

of WFI water. The rinse was charged to the reactor over 5 minutes while
maintaining the temperature at 75 + 5°C. The contents were then agitated at 75 =
5°C for 60 minutes. A representative IPC sample was withdrawn from the reactor
and submitted to QC for HPLC analysis. The reaction was deemed incomplete,
and was left to stir for additional time before a second IPC sample was submitted
to QC. The reaction was then deemed complete. Due to the time sensitivity of the
reaction, the IPC results were concluded based on PR&D data. The reactor
agitation was then set to ~320 rpm and the contents were slowly cooled to 20 +
5°C at a rate of ~5°C /30 minutes. The contents were agitated at 20 + 5°C for 37
minutes before being filtered through a Nutsche filter. The reactor was rinsed
with

133 kg of WFI water, and the rinse was used to wash the filter cake. The filter
cake was then rinsed three more times with

13.3 kg of WFI water (each wash), followed by

13.9kg of Glacial acetic acid. The filter cake was blown dry with nitrogen for 2 hours. A
representative sample was then withdrawn from the filter cake and submitted to
QC for HPLC purity analysis.
~6.25 kg of wet, crude urolithin A or its di- or
mono-Na-salt, were produced, which was carried forward to the next step.

Batch 3

2-Bromo-5-hydroxybenzoic Acid, = 99%

3.73 kg

50%(w/w) Sodium Hydroxide, agueous solution

6.0 kg

Resorcinol, > 99%

7.57 kg

Copper () Sulfate, Pentahydrate, > 98%

43¢g

Glacial Acetic Acid, > 99%

19.6 kg

Water for Injection Quality (WFI) water

153 kg

To a clean, dry 50-L multi-necked RBF labeled as FLASK #1 (equipped with
an agitator motor, agitator fitting, thermowell, thermocouple, condenser, and

nitrogen bubbler),
373L of WFI water was charged. Agitation was started before charging
1.5kg of 50%(w/w) Sodium Hydroxide, aqueous solution. Nitrogen was bubbled

through the solution for 48 minutes before charging

3.73kg

of 2-Bromo-5-hydroxybenzoic acid. Nitrogen was bubbled through the solution
for 23 minutes. The contents of FLASK #1 were then agitated at 20 + 5°C for 1
minute until a complete solution was obtained. FLASK#1 was re-labeled as
Step 1.23 — FLASK#1 — 2-Bromo-5- hydroxybenzoic Salt (WFI) aqueous

solution, then held under a nitrogen atmosphere until needed.
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To a clean, dry 50-L multi-necked RBF labeled as FLASK #2 (equipped with
an agitator motor, agitator fitting, thermowell, thermocouple, condenser, and
nitrogen bubbler),

757 kg

of Resorcinol was charged, followed by

261L

of WFI water. Agitation was started. Nitrogen was bubbled through the solution
for 43 minutes before charging

45kg

of 50%(w/w) Sodium Hydroxide, aqueous solution.

43¢

of Copper (IT) Sulfate Pentahydrate was then charged to FLASK #2. Nitrogen
was bubbled through the solution for 43 minutes. The contents of FLASK #2
were then agitated at 20 + 5°C for 4 minutes until a complete solution was
obtained. FLASK #2 was re-labeled as Step 1.34— FLASK#2 — Resorcinol,
(WFI) aqueous solution, then held under a nitrogen atmosphere until needed.

To a clean, dry 200-L reactor, the Resorcinol, (WFI) aqueous solution

was charged through a polish filter. FLASK #2 was rinsed with

112L

of WFI water, and the rinse was charged to the reactor. The contents were
agitated for 57 minutes, while nitrogen was bubbled through the solution,
before being heated to 75 £ 5°C. The agitator speed was then set to ~280 rpm.
While maintaining the temperature at 75 =+ 5°C, the 2- bromo-5-
hydroxybenzoic Salt (WFI) aqueous solution was charged at a rate of ~2.7
kg/15 minutes. FLASK #1 was rinsed with

37L

of WFI water. The rinse was charged to the reactor over 5 minutes while
maintaining the temperature at 75 + 5°C. The contents were then agitated at 75
+ 5°C for 65 minutes. A representative IPC sample was withdrawn from the
reactor and submitted to QC for HPLC analysis. The reaction was deemed
incomplete, and was left to stir for additional time before a second IPC sample
was submitted to QC. The reaction was then deemed complete. The reactor
agitation was then set to ~300 rpm and the contents were slowly cooled to 20 +
5°C at a rate of ~5°C / 30 minutes. The contents were agitated at 20 £5°C for
1 hour 40 minutes before being filtered through a Nutsche filter. The reactor
was rinsed with

18.7 kg

of WFI water, and the rinse was used to wash the filter cake. The filter
cake was then rinsed three more times with

18.7 kg

of WFI water (each wash), followed by

19.6 kg

of Glacial acetic acid. The filter cake was blown dry with nitrogen for 40
minutes. A representative sample was then withdrawn from the filter cake and
submitted to QC for HPLC purity analysis.

~7.6 kg of wet, crude urolithin A or its di- or
mono-Na-salt, were produced, which was carried forward to the next step.
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Step 2
Batch 1 of Urolithin A

G 0O S OH
O;VO\TE{, R OH {or Na) 3\\,2&/ \E R
f]\\ A LHOAG a2
4 X Trituration \\{/J
Naar HET HO CysHeOy
228.20
Crude Urolithin A or its di- or mono-Na salt Urolithin A

Urolithin A or its di- or mono-Na-salt

Glacial Acetic Acid, 2 99% 55.6 kg
Water for Injection Quality (WFI) water 53.0kg
To a clean, dry 200-L reactor equipped with a scrubber,
5.15 kg of urolithin A or its di- or mono-Na-salt was charged, followed by
55.6 kg of Glacial Acetic Acid. Agitation was set to ~320 rpm, and the contents were

heated to reflux (115 = 5°C). The contents were agitated at reflux for 18 hours
28 minutes before cooling the reactor to 100 + 5°C. The contents were agitated
at 100 + 5°C for 7 hours 7 minutes. A glass-lined Nutsche filter was then pre-
heated with steam before being used to filter the contents of the reactor. The
reactor was rinsed twice with hot water (53.0 kg total of WFI water, pre-heated
to 95 + 5°C in a 50-L RBF), and the filter cake was blown dry with nitrogen for
60 minutes. Two representative samples were then withdrawn from the filter
cake. One sample was submitted to QC for HPLC analysis. The other sample
was further dried by the Project Chemist before being submitted for residual
Copper analysis (Cu =1 ppm). The wet urolithin A was transferred toa vacuum
oven and dried to constant weight at < 55°C. Once at a constant weight, a
representative sample was submitted to QC for HPLC analysis, as well as KF
and HOACc content (KF = 0.20%; HOAc = 570 ppm). The dry urolithin A was
screened and placed in a clean Curtek container for storage.

1.260 kg of urolithin A were produced.
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Batch 2 of Urolithin A

urolithin A or its di- or mono-Na-salt

Glacial Acetic Acid, = 99%

55.6 kg

Water for Injection Quality (WFI) water

53.0 kg

To a clean, dry 200-L reactor equipped with a scrubber,

6.25 kg

of urolithin A or its di- or mono-Na-salt was charged, followed by

55.6 kg

of Glacial Acetic Acid. Agitation was set to ~320 rpm, and the contents were
heated to reflux (115 £ 5°C). The contents were agitated at reflux for 18 hours
4 minutes before cooling the reactor to 100 + 5°C. The contents were agitated
at 100 + 5°C for 11 hours 13 minutes. A glass- lined Nutsche filter was then pre-
heated with steam before being used to filter the contents of the reactor. The
reactor was rinsed twice with hot water (53.0 kg total of WFI water, pre-heated
to 95+ 5°C in a 50-L RBF), and the filter cake was blown dry with nitrogen for
1 hour. Two representative samples were then withdrawn from the filter cake.
One sample was submitted to QC for HPLC analysis. The other sample was
further dried by the Project Chemist before being submitted for residual Copper
analysis (Cu = 1 ppm). The wet urolithin A was transferred to a vacuum oven
and dried to constant weight at < 55°C. Once at a constant weight, a
representative sample was submitted to QC for HPLC analysis, as well as KF
and HOAc content (KF =0.31%; HOAc = 1140 ppm). The dry urolithin A was
screened and placed in a clean Curtek container for storage.

1.250 kg of urolithin A were produced.

Batch 3 of Urolithin A

(NaO or) HO

Crude Urolithin A or its di- or mono-Na salt Urolithin A

Urolithin A or its di- or mono-Na-salt

Glacial Acetic Acid, = 99% 78.1

Water for Injection Quality (WFI) water 74.5

To a clean, dry 200-L reactor equipped with a scrubber,

7.6 kg

of urolithin A di-Na-salt was charged, followed by
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78.1 kg of Glacial Acetic Acid. Agitation was set to ~300 rpm, and the contents were
agitated at 20 £ 5°C for 18 hours 25 minutes. The contents were then filtered
through a glass-lined Nutsche filter, using

74.5 kg of WFI water to rinse the reactor. The reactor rinse was used to wash the filter

cake, which was then blown dry with nitrogen for 1 hour. Two representative
samples were then withdrawn from the filter cake. One sample was submitted
to QC for HPLC analysis. The other sample was further dried by the Project
Chemist before being submitted for residual Copper analysis (Cu =3 ppm). The
wet urolithin A was transferred to a vacuum oven and dried to constant weight at
< 55°C. Once at a constant weight, a representative sample was submitted to
QC for HPLC analysis, as well as KF and HOAc content (KF = 0.23%; HOAc =
0 ppm). The dry urolithin A was screened and placed in a clean Curtek
container for storage.

2.075 kg of urolithin A were produced.

Example 3 - Scaled up, 50 kg, GMP synthesis of Urolithin A

2-Bfomo-5-hydroxyben201c acid

50% NaOH

Resorcinol

Copper (II) Sulfate Pentahydrate 31g

Glacial Acetic acid 267 kg

Purified Water (PUW) 914 kg

Procedures:

0 ® N kW

. Pre-weigh 54.2 + 0.2 kg of Resorcinol to solids charging bin 1 and solids charging bin 2.

Purge the headspace of solids charging bin 1 and solids charging bin 2 with LP Na.

Pre-weigh 36.5 + 2.0 kg of PUW to mobile tank 1.

Perform three vacuum inerting cycles on reactor 1.

Transfer the PUW in mobile tank 1 to reactor 1.

Vacuum charge 32.5 + 0.5 kg of 50% NaOH to reactor 1.

Start agitation, and then purge nitrogen for a minimum of 15 min.

Transfer the Resorcinol in solids charging bin 1 and solids charging bin 2 to reactor 1.

Verify dissolution.
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10. Transfer the content of reactor 1 to mobile tank 2.

11. Pre-weigh 14.0 = 2.0 kg of PUW to mobile tank 1.

12. Transfer the PUW in mobile tank 1 to reactor 1.

13. Transfer the rinse in reactor 1 to mobile tank 2.

14. Pre-weigh 26.7 + 0.2 kg of 2-Bromo-5-hydroxybenzoic acid to solids charging bin 3.

15. Purge the headspace of solids charging bin 3 with LP Na.

16. Pre-weigh 48.8 = 2.0 kg of PUW to mobile tank 1.

17. Perform three vacuum inerting cycles on reactor 1.

18. Transfer the PUW in mobile tank 1 to reactor 1.

19. Vacuum charge 10.8 + 0.5 kg of 50% NaOH to reactor 1.

20. Start agitation, and then purge nitrogen for a minimum of 15 min.

21. Transfer the 2-Bromo-5-hydroxybenzoic acid in solids charging bin 3 to reactor 2.

22. Start agitation, and then verify dissolution.

23. Slowly transfer the content of reactor 2 to reactor 3 via a 0.6 micron polish filter while
maintaining a temperature of 75 = 5° C in reactor 3. Note: This addition may take
approx. 4 hours or more.

24. Pre-weigh 14.0 = 2.0 kg of PUW to mobile tank 1.

25. Transfer the PUW in mobile tank 1 to reactor 2.

26. Transfer the rinse in reactor 2 to reactor 3 via a 0.6 micron polish filter.

REACTOR 3

27. Pre-weigh 31 £+ 2.0 g of copper (II) sulfate pentahydrate to a 1 liter sample jar.

28. Transfer the copper (II) sulfate pentahydrate in the sample jar to reactor 3.

29. Perform three vacuum inerting cycles on reactor 3.

30. Receive the Resorcinol solution and rinse from mobile tank 2 (reactor 1 items 10 and 13)
via a 0.6 micron polish filter.

31. Start agitation, and then purge nitrogen for a minimum of 15 min.

32. Adjust the batch temperature to 75 £ 5°C

33. Receive the 2-Bromo-5-hydroxybenzoic acid solution and rinse from reactor 2 (reactor 2
items 23 and 26) while maintaining a temperature of 75 + 5°C. Note: This addition may
take approx. 4 hours or more.

34. Hold the content of reactor 3 at 75 + 5°C for a minimum of 2 hours.

35. Obtain an IPC sample via the dip tube sampler.
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36.
37.
38.

39.
40.

41.

42.
43.
44.
45.
46.
47.
48.

49.
50.

51.

52.

53.
54.

Once sample passes criteria, cool the batch temperature of reactor 3 at 20 + 5°C.

Hold the content of reactor 3 at 20 = 5°C for a minimum of 1 hour.

Transfer half of the slurry in reactor 3 to mobile basket filter receiving the mother liquors
in mobile tank 3.

Pre-weigh 267 = 5 kg of PUW to mobile tank 1.

Transfer the PUW in mobile tank 1 to mobile basket filter receiving the mother liquors in
mobile tank 3.

Repeat items 38 to 40. NOTE: The second PUW wash may be put through reactor 3 as a
rinse in three portions.

Obtain a FIO wet cake sample for purity.

Transfer the wet cake from mobile basket filter to reactor 3 via the main way.

Perform three vacuum inerting cycles using Na.

Vacuum charge 267 + 2 kg of glacial acetic acid to reactor 3 and 0.6 micron polish filter.
Heat the content of reactor 3 to 115 + 5°C, and hold for approx. 18 hours or more.

Cool the batch temperature of reactor 3 to 20 + 5°C.

Transfer half of the slurry in reactor 3 to centrifuge receiving the mother liquors in
mobile tank 3.

Pre-weigh 267 + 5 kg of PUW to mobile tank 1.

Transfer approximately half of the PUW in mobile tank 1 to centrifuge receiving the
mother liquors in mobile tank 3.

Transfer the remaining amount of the slurry in reactor 3 to centrifuge receiving the
mother liquors in mobile tank 3.

Transfer the remaining amount of PUW in mobile tank 1 to reactor 3 in a number of
portions (e.g., three portions).

Transfer the rinse in reactor 3 to centrifuge receiving the mother liquors in mobile tank 3.

Transfer the wet cake in centrifuge to solids bulk container.

CONICAL SCREW DRYER

55.
56.
57.
58.

Transfer the wet cake in solids bulk container to conical screw dryer.

Dry in conical screw dryer under full vacuum at 55°C on the jacket.

Sample conical screw dryer for acetic acid content, water content and purity.

Transfer the conical screw dryer to HDPE drums lined with a polyethylene bag using a

continuous bag liner.
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59. Obtain release sample.

60. QC testing (e.g., USP <61> and <62>).

EQUIVALENTS

The invention has been described broadly and generically herein. Those of ordinary
skill in the art will readily envision a variety of other means and/or structures for performing
the functions and/or obtaining the results and/or one or more of the advantages described
herein, and each of such variations and/or modifications is deemed to be within the scope of
the present invention. More generally, those skilled in the art will readily appreciate that all
parameters, dimensions, materials, and configurations described herein are meant to be
exemplary and that the actual parameters, dimensions, materials, and/or configurations will
depend upon the specific application or applications for which the teachings of the present
invention is/are used. Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. It is, therefore, to be understood that the foregoing embodiments
are presented by way of example only and that, within the scope of the appended claims and
equivalents thereto, the invention may be practiced otherwise than as specifically described
and claimed. The present invention is directed to each individual feature, system, article,
material, kit, and/or method described herein. In addition, any combination of two or more
such features, systems, articles, materials, kits, and/or methods, if such features, systems,
articles, materials, kits, and/or methods are not mutually inconsistent, is included within the
scope of the present invention. Further, each of the narrower species and subgeneric groupings
falling within the generic disclosure also form part of the invention. This includes the generic
description of the invention with a proviso or negative limitation removing any subject matter

from the genus, regardless of whether or not the excised material is specifically recited herein.
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