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EXECUTIVE SUMMARY

This Process Development Report (PDR) describes two cost-effective syntheses of Bedaquiline
(BDQ) fumarate which offer significant cost-advantages compared to Janssen Pharmaceutical’s
current manufacturing process (Scheme 1).! Based on M4ALL’s techno-economic (TE) analysis,
the low yields for the 1,2-carbonyl addition reaction between KSM-I and KSM-II (Scheme 1) and
the high cost associated with the chiral resolution used to obtain enantiopure BDQ (Scheme 2)
were found to be the largest contributors to the raw material (RM) costs to make the API. To
address these issues, we focused our development efforts on the optimization of the lithiation/1,2-
addition sequence in order to improve reaction conversion and stereoselectivity as the primary
tactic to improve the raw material cost of the final BDQ fumarate API.

The first synthetic approach we present in this report was a racemic synthesis of BDQ (“M4ALL-
racemic”’) and focused on making small improvements to the original Janssen procedure, utilizing
stronger lithium amide bases (i.e. pyrrolidine) and lithium salt additives (i.e. LiCl). These minor
changes resulted in improved reaction conversion and enhanced diastereoselectivity towards the
desired pair of diastereomers (Scheme 4). According to our TE calculations, this route has the
potential to reduce RM costs by up to ~18% and improve PMI (Process Mass Intensity) by as much
as ~8%, respectively, relative to the baseline route (Janssen).

The second approach we present in this report (“M4ALL-asymmetric”) built off of our racemic
approach by selecting a chiral pyrrolidine base to mediate and asymmetric coupling between
KSM-I and KSM-II. The best chiral lithium amide base we screened was lithium (R)-2-
(methoxymethyl)pyrrolidide (readily derived from D-proline) resulting in the induction of both
diastereo- and enantioselectivity during the 1,2-addition reaction (Scheme 5). The increased
stereoselectivity provided considerably higher yields of BDQ (3), and could offer a reduction of
up to 52% in RM costs and improve PMI by ~48% relative to Janssen’s baseline. A key cost-driver
of this new asymmetric process is the chiral lithium amide base used to improve the yield of BDQ
in the key step but, given the current low volume commercial supply, this chiral amine base would
have to be made in-house starting from D-proline to realize the maximum cost-improvement.
Fortunately, convenient processes to do so have been reported but would need verification at
scale.!?> Outsourcing more advanced intermediates or the final chiral amine, (R)-2-
(methoxymethyl)pyrrolidine, will decrease the savings potential of this approach. Also worth
noting, is that in our asymmetric work we observed that switching the reaction solvent from
tetrahydrofuran (THF) to 2-methyltetrahydrofuran (2-MeTHF) allowed for the reaction to be
completed at increased temperature (-40 °C) compared to the baseline process (which uses =78
°C), and additionally improves solvent recycling opportunities. These two advantages of 2-
MeTHF are likely to have a positive impact on cost reduction as well (though we have not
modelled that in our TE analysis).

The work described in this PDR is a representative lab-scale process with batches starting with 75
to 100 g of KSM-I. Additional efforts will be needed for further optimization prior to scale-upand
production in a cGMP (current Good Manufacturing Practices) environment.
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INTRODUCTION

Bedaquiline fumarate (Sirturo™) was developed by Janssen in 2005 and later approved by the
U.S. Food and Drug Administration (FDA) for treating patients with pulmonary multidrug-
resistant tuberculosis (MDR TB) in cases where the most common treatments are no longer
effective Error! Bookmark not defined- BI)() ig one of a family of diarylquinolines (DARQ) that show
unique activity against drug-resistant TB strains, and it is used as a combination therapy. As such,
bedaquiline is one of three drugs in the TB Alliance BPaL regimen (bedaquiline, pretomanid, and
linezolid) used to treat extensively drug-resistant tuberculosis.? BDQ targets the Mycobacterium
tuberculosis bacteria adenosine triphosphate (ATP) synthase enzyme, responsible for the
generation of energy supply necessary for the bacteria’s survival.?

The approach currently in use by manufacturers for the synthesis of BDQ fumarate starts with two
key raw materials: the quinoline derivative 1 (KSM-I) and the substituted naphthalene ring 2
(KSM-II) (Scheme 1). The coupling of these two fragments occurs via an anionic 1,2-addition
where 1 (KSM-I) is first deprotonated using lithium diisopropylamide (LDA). This coupling
generates the overall structure of bedaquiline as a mixture of four stereoisomers. This mixture is
distributed in two pairs of enantiomers, syn-(RS, SR) and anti-(RR, SS). BDQ is the (1R,2S)
stereoisomer 3, and it is the most active against TB.* Besides the lack of stereoselectivity, an
additional drawback of this methodology is the low conversion of starting materials 1 (KSM-I)
and 2 (KSM-II); 30 to 60% remain unreacted, also contributing to the low BDQ yields.

Isolation of the enantiopure BDQ (3) fumarate salt is achieved in 5 steps (Scheme 2). The first two
steps consist of the isolation of the syn-diastereomer (3, 4) from the undesired anti-pair and the
remaining starting materials via precipitation in different solvents; this is possible due to the
difference in solubility between the syn and anti-diastereomers. Step 2 product is a solid enriched
with the syn-diastereomer pair (3, 4), mostly free of the remaining starting materials 1 and 2, and
the anti-diastereomer pair (5, 6) (Steps 1 and 2, Scheme 2). Resolution is achieved by selective
recrystallization of the isolated syn-diastereomer pair with (R)-BINOL-phosphoric acid derivative
(Step 3, Scheme 2). Neutralization with potassium carbonate liberates the BDQ (3) free base from
the phosphoric acid salt (Step 4, Scheme 2), and the addition of fumaric acid generates the final
active pharmaceutical ingredient (API) — BDQ (3) fumarate (Step 5, Scheme 2).
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Scheme 2. Janssen’s adopted steps for the isolation of the enantiopure BDQ (3) fumarate

MA4ALL reviewed materials provided by TB Alliance, current patents, and the open literature and
identified the known routes to prepare the key starting materials necessary for the BDQ synthesis,
KSM-I and KSM-II. It was concluded that the numerous synthetic routes documented to prepare
these molecules and their relatively low raw materials costs would not leave much room for
additional technological advancement for those molecules as a means to lower overall CoGs. A
representative methodology for the preparation of quinolone 1 (KSM-I) is displayed in Scheme
3a.> Compound 2 (KSM-II) can be derived from naphthalene in two relatively high-yielding bond-
forming steps (Scheme 3b).°
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Scheme 3. Typical synthetic routes to prepare the key starting materials 1 (KSM-I) and 2 (KSM-II)

The technical challenge for the BDQ project was to define a low-cost approach to establishing
stereocontrol in the coupling reaction shown in Scheme 1, which would bypass the current
unselective coupling and chiral resolution reactions. An obvious solution to this issue would be to
design a stereoselective synthetic approach. A review of the total synthesis literature identified
only two stereoselective syntheses of BDQ.” Even without the need for a full TE report, it was
obvious that these approaches would not be feasible; they feature 11-12 total steps, utilize
expensive asymmetric reagents, and exhibit low overall yields (5-12 %). Because the CoGs are
quite low for the current BDQ synthesis, any new stereoselective synthetic approach is anticipated
to have a very low probability of delivering cost improvements.

EDITORIAL NOTE

The Medicines for All Institute (M4ALL) contracted the TCG Lifesciences team to validate and
scale up two different approaches developed by our team. These approaches can provide improved
yields while applying similar conditions and using the same key starting materials as the ones
currently used by manufactures in the production BDQ (3). Herein, we report the results of an
initial optimization and scale-up of both racemic and asymmetric approaches for the bedaquiline
assembly (BA) reaction, as well as the purification steps toward the final active pharmaceutical
ingredient (API). Background data from the M4ALL development work can be found in the key
references cited below. This report contains procedures and results from the development to
support manufacturers interested in producing bedaquiline fumarate following this process.

Timeline BDQ project —- M4ALL

e Part (1)/racemic approach: Optimization of the lithiation/1,2-addition steps by screening
different reaction parameters in order to find conditions that improve the conversion rate
of starting materials 1 and 2, while also exploring the use of additives to induce
diastereoselectivity towards the desired syn-diastereomer (3+4). For this part of the project,
M4ALL collaborated with Timothy Jamison (Massachusetts Institute of Technology,
USA) and Till Opatz’s (Johannes Gutenberg University, Germany) research groups. See
the following reference: “Diastereoselectivity Is in the Details: Minor Changes Yield Major
Improvements to the Synthesis of Bedaquiline” Chemistry — A European Journal 2022, 28
(47), €202201311.8
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e Part (2)/asymmetric approach: Development of an asymmetric approach for the same
lithiation/1,2-addition sequence as described in Part (1), by performing the screening of a
variety of chiral ligands derived from amino acids and analyzing their effect on the reaction
outcome. The main goal was to find new conditions that provide enhanced diastereo- and
enantioselective control towards BDQ (3) while maintaining good starting materials
conversion rates. See the following reference: “Application of Chiral Transfer Reagents to
Improve Stereoselectivity and Yields in the Synthesis of the Anti-Tuberculosis Drug
Bedaquiline”. ChemRxiv link:
https://chemrxiv.org/engage/chemrxiv/article-details/64b563f2ae3d1a7b0dde20cc

e Part (3)/partnership with TCG: The main objective of the collaboration with TCG Life
Sciences team was to explore further optimization of the reaction conditions for both
approaches described in Part (1) and (2), and the best-encountered conditions were carried
out at a larger scale (75 to 100 g of quinoline 1 (KSM-I), respectively).

For Part (1), MAALL reported a significant improvement in the conversion of starting materials
for the lithiation/1,2-addition sequence. We demonstrated that the replacement of LDA with less
hindered/stronger lithium amide bases obtained from pyrrolidine, morpholine, or N-
methylpiperazine provided a substantial increase in the yield of the mixture of the syn and anti-
diastereomers (78 to 97% assay yield). Furthermore, the use of lithium bromide (LiBr) as an
additive improved the reaction’s diastereomeric ratio (d.r.) from 1:1.2 to 2.1:1, favoring the syn-
diastereomer pair, 3 and 4 (Scheme 4). This represents up to 33% yield of the desired BDQ (3) in
the crude mixture (prior to purification). This is a significant improvement when compared to the

racemic routes reported in the majority of patents available in the literature (BDQ (3) yield <15%).

!

o ~
2 (KSM-Il)

Lithium Amide

Br. B;
N ases
—
N No * additives, THF, -78 °C

—_—
THF, -78 °C

3 | NMe,
Tl Equilibrium 2 .
1ksma) | Equilibrium 1 + stereoisomers 4, 5, and 6
Screening of Small
Lithium Amides
N 7 N\ LY o Newe b
N H—| —-R H—| —R N 7/ __/
G ‘R R R Screening of additives Li

(Li, Zn or Mg salts) +LiBr

~ 11 non-bulky amines studied

Scheme 4. Overview of the racemic approach adopted to synthesize BDQ (3)

For Part (2), M4AALL’s efforts were focused on the development of an asymmetric approach for
the BA reaction. A variety of chiral ligands derived from amino acids containing an N-C-C-O bond
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structure were employed in the methodology currently used by the manufacturers of BDQ (3). The
D-proline derivative lithium (R)-2-(methoxymethyl)pyrrolidide (7) was employed for chirality
transfer and found to be sufficiently basic to promote the deprotonation of quinoline 1 (KSM-I)
while inducing both increased diastereoselectivity and enantioselectivity towards BDQ (3) and
maintaining a high conversion rate of starting materials during the BA reaction (~70% HPLC,
High Performance Liquid Chromatography, area of syn-diastereomer (3+4) in the crude mixture).
When the reaction was performed in THF at higher temperatures, a considerable enhancement in
enantioselectivity was observed (~55% ee at —40 °C versus 35% ee at —78 °C). The only drawback
was that retro-addition is favored under these conditions, compromising the starting materials’
efficient conversion. An initial optimization showed that switching solvent from THF to 2-MeTHF
allowed the increase of the reaction temperature from —78 to —40 °C with no product deterioration
due to the retro-addition. Moreover, the use of 2-MeTHF also allows easier solvent recovery by
the end of the process. The reaction rates are slower in 2-MeTHF, which also enabled the reduction
of 10-15 V (volumes, 1 g/l mL =1 V) of solvent compared to our racemic approach with THF,
without affecting the reaction purity profile. In the same way as observed for THF, the higher
temperatures were found to have a significant positive impact on the reaction enantioselectivity
towards BDQ (3) (~55% ee/2-MeTHF at =40 °C).

!

g ~
2 (KSM-1I)

2-MeTHF, -40 °C
chirality transfer

CHIRAL BASE
SR
.....
\O_R Bi
N "'4;
+LiBr, 2 MeTHF, MeTHF, -40 °C

1 (KSM- |)

0
3| NMe,

+ stereoisomers 4, 5, and 6

R Screening of Chiral
R, Me 9 Lithium Amides &)
( Rp— 7N [V
— - Ry —Me l N, \OMe
R Me 1
1 Li
i i R— —Me
! i g

~ 25 molecules derived from amino acids

Scheme 5. Overview of the asymmetric approach adopted to synthesize BDQ (3)

Part (3) covers an initial optimization and the validation of the M4ALL’s racemic and asymmetric
approaches (Parts 1 & 2) on a larger scale (100 g and 75 g, respectively) by TCG Lifesciences.
Synthesis of key starting materials 1 (KSM-I) and 2 (KSM-II) was performed in-house following
the aforementioned literature procedures.

10
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Synthesis of quinoline fragment 1 (KSM- I):

Step 2
Step 1 Br
) soct, (2 €M) H, —Q— r
DMF (| Olequw) (1. 1eq
WH DCM (10 V) @—r( TEA (1.2 equiv) = @ﬂ

0t020° C,3h DCM (10 V), 0 to 20 ° C,2h

$1 88 %
Step 4

(;5 equiv)

POCI,
NaOMe (5 M, Sequw
MeOH (5 V)
MeCN (2 V) a reflux, 16 h, 90 % N7

0t080°C,36h72%

1 (KSM-1)

1) Reactions were performed at different scales and reproducible results were obtained for all
the steps. In general, the results and main observations are in accordance with the literature.

2) Largest scale for the in-house synthesis of 1 (KSM-I) was carried out starting from 500 g
of 3-phenylpropanoic acid (S1) (a total of 4 steps are necessary).

3) All intermediates and final product KSM-I can be obtained in high purities (>98%, HPLC
wt %). Washing of the crude solid material obtained in each step with adequate solvent
(e.g., water (H20), methanol (MeOH), Methyl fert-Butyl Ether (MTBE)) is enough to
efficiently purge out most of the undesired impurities.

4) When starting from 700 g of intermediate S4 (step 4), 620 g of the desired quinoline 1
(KSM-I) was obtained (90% isolated yield, 98% purity HPLC wt %).

Synthesis of ketone fragment 2 (KSM-II):

Step 1 Step 2
) |l| |l|
\N’H 1.5 equiv K = ag. solution k =
|- Ho 2o wa  NaHco, “*
OO enoh SquIT, 3Equ OO DCM, room temperature OO
EtOH, 80 °C, 67 % 95 %
S° S6 2 (KSM-II)

1) Reactions were performed at different scales and reproducible results were obtained for all
the steps. In general, the results and main observations are in accordance with the literature.

2) Compound S6 can be obtained in 2 steps starting from 1-acetylnaphthalene (S5) (the largest
scale this reaction was performed was 250 g). Formation of the KSM-II hydrochloride salt
(compound S6) represents the lowest-yielding step among all the transformations used in
the synthesis of the starting materials (67% isolated yield).

11
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KSM-II hydrochloride salt (compound S6) can be obtained in high purity (99%, HPLC wt
%). Washing the crude material with MeCN is enough to efficiently purge out most of the
impurities.

Neutralization of KSM-II hydrochloride salt (compound S6) is the most sensitive step
among all the transformations used for synthesizing the starting materials. The main reason
is the reduced stability of KSM-II (free amine) — detailed information is provided in the
“Experimental” and “Good practices” sections.

The largest scale the final step (step 2) was performed was 80.0 g of compound S6.
Compound 2 (KSM-II) was obtained in 95% yield (66.0 g, 95% purity by HPLC wt %).
Taking KSM-II free amine decreased stability into account, it was decided that no further
purification would be necessary for this key starting material. KSM-II possessing purity
>95% was found to work well in the BA reaction.

BA reaction (lithiation/1,2-addition sequence) — Good Practices

Although the synthesis of starting materials 1 (KSM-I) and 2 (KSM-II) proceeded without issues,
the same did not hold true for the BA reaction. The presence of moisture in the system represented
the main challenge during attempts to achieve reproducible results. After adopting the following
steps to ensure the lowest water content possible in the reaction medium, reproducible results were
achieved:

1)

2)

3)

4)

5)

6)

7)

Use inert atmosphere during the handling of reagents and during the entire reaction course.
Dry quinoline 1 (KSM-I) and LiBr via azeotropic distillation in THF or 2-MeTHF (see
MBR-M4ALL-BDQ-1 document for step-by-step procedure).

Use anhydrous solvents and check the water content percentage of each reaction
component prior to their use in the BA reaction via Karl Fischer analysis (see MBR-
MA4ALL-BDQ-1 to access the acceptable percentage values for each component).
Distillation of pyrrolidine and (R)-2-(methoxymethyl)pyrrolidine is recommended not only
for drying purposes but also for the removal of any inorganic impurities present in the non-
purified material.

Use n-BuLi from Sure/Seal™ bottles, and perform a titration before its use in the BA
reaction (variation in #-BuLi concentration will alter the concentration of lithium salts in
the reaction, which can have a direct impact on the diastereoselectivity).

Ketone 2 (KSM-II) can decompose at high temperatures; therefore, drying 2 (KSM-II) via
azeotropic distillation is not an option. In this case, ketone 2 (KSM-II) should be dried
under vacuum at room temperature.

When preparing a solution of 2 (KSM-II) in the desired solvent (THF or 2-MeTHF), the
addition of activated molecular sieves (4 A) is recommended to maximize the removal of
remaining moisture from the solution prior to its use in the BA reaction.

Other critical points that must be considered during the BA reaction:

Y

After neutralizing ketone 2 (KSM-II) hydrochloride salt, avoid storing ketone 2 (KSM-II)
free amine for long periods of time since it can decompose. Decomposition rates is

12
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considerably accelerated if the material is stored at room temperature. Purity check of
KSM-II free amine is recommended prior to its use in the BA reaction.

2) 1,2-addition step is temperature and time sensitive; longer reaction times and higher
temperatures favor the retro-addition (Equilibrium 2) towards lithiated quinoline 1a and
ketone 2 (KSM-II) (Scheme 4). Once 1a is present in the solution, quinoline 1 (KSM-I)
and the lithium amide base are formed in the reaction medium due to the reversible
Equilibrium 1 (Scheme 4). The reaction of the lithium amide base with ketone 2 (KSM-II)
leads to the enolate formation, a thermodynamic sink during BDQ (3) synthesis (see the
detailed report to assess the differences between the racemic and asymmetric approaches).

3) Ensure the temperature is also well controlled during the reaction quench to avoid
undesired retro-addition (quench must be performed at the same temperature the reaction
was carried out, —78 °C for the racemic approach, or -40 °C for the asymmetric approach).

4) Slow addition of NH4Cl (ammonium chloride) aqueous solution is not only important due
to the temperature control but also to allow the formation of a slurry that can be easily
stirred. Besides the undesired retro-addition, the faster rate of addition of the quenching
solution can cause the formation of ice in the reaction flask and interfere with the
homogeneous stirring.

When scaling up the racemic approach with 100 g of quinoline 1 (KSM-I), a brown color semi-
solid material was obtained after reaction quench (177 g of crude material). The quenched crude
mixture contained 55.6% of syn-diastereomer pair (3+4), 29.8% of anti-diastereomer (5+6) (~1.9:1
d.r., syn:anti), 3.62% of quinoline 1 (KSM-I), and 6.10% of ketone 2 (KSM-II) as determined by
HPLC area %. Quantitative analysis showed that syn-diastereomer pair (3+4) was achieved in 74%
assay yield (based on HPLC wt %), which corresponds to a 37% yield of BDQ (3) in the crude
mixture. Considering the 6-step sequence of reactions necessary to obtain the enantiopure BDQ
(3) fumarate (BA reaction = 1 step; precipitations, resolution, neutralization, reaction with fumaric
acid = 5 steps), a 14% overall yield of BDQ (3) fumarate was achieved. Approximately 23% of
BDQ (3) was lost during the purification steps. Resolution and fumarate salt formation steps were
performed at a smaller scale, 20.0 g, and 1.00 g, respectively. We believe an increase in scale can
minimize losses during the required precipitations.

The scale-up of the asymmetric approach with 75 g of quinoline 1 (KSM-I), using the lithium (R)-
2-(methoxymethyl)pyrrolidide (7) base as chiral transfer agent, afforded the following
composition of the quenched crude mixture: 77.7% of syn-diastereomer (3+4), 5.7% of anti-
diastereomer (5+6) (13.6:1 d.r., syn:anti), 5.2% of quinoline 1 (KSM-I), 7.1% of ketone 2 (KSM-
IT) as determined by HPLC area %. Considering the 56% ee determined by SFC, and the 82%
assay yield of the syn-diastereomer (3+4), 64% of BDQ (3) was present in the crude mixture prior
to purification, the highest assay yield for BDQ (3) reported to date. In this case, since the BA
reaction already provided a mixture enriched with the desired syn-diastereomer (3+4), a shorter
sequence of steps could be used for purification and isolation of the final API. The first
precipitation of the undesired anti-diastereomer (5+6) in THF was found no longer to be necessary.
Considering the 5-step sequence of reactions necessary to obtain the enantiopure BDQ (3)
fumarate (BA reaction = 1 step; precipitation, resolution, neutralization, reaction with fumaric acid
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=4 steps), BDQ (3) fumarate could be achieved in 43% overall yield. Approximately 21% of BDQ
(3) was lost during the purification process.

Master Batch Record (MBR) Documents

MBR-M4ALL-BDQ-1 MBR-M4ALL-BDQ-2
MBR-M4ALL-BDQ-1. MBR-M4ALL-BDQ-2.
docx docx

FINAL EXPERIMENTAL PROCEDURES USED FOR THE SYNTHESIS
OF KEY STARTING MATERIALS 1 AND 2

Synthesis of quinoline 1 fragment (KSM-1)

Steps 1 and 2: Synthesis of the acyl chloride of the 3-phenylpropanoic acid and its reaction with
4-bromoaniline

Step 2
Br,

Step 1 )
o socl, (2 equiv) o NH, HN_@_Br
DMF (0.1 equiv) (1.05 eq)
H DM (10V) I TEA (L2 equiv)
0t020°C,3h DCM (10V), 0t0 20°C, 2 h s3
s1 S2
88 % overall yield

(2 steps)

N-(4-bromophenyl)-3-phenylpropanamide (S3). To a solution of 3-phenylpropanoic acid (S1)
(500 g, 3.33 mol, 1 equiv) and DMF (24.3 g, 25.8 mL, 333 mmol, 0.1 equiv) in DCM (5 L, 10 V),
SOClL2 (792.1 g, 485.7 mL, 2 equiv) was added dropwise over 1 h at 0 °C. The reaction mixture
was allowed to warm to 20 °C, stirred for 2 h, and concentrated under vacuum to give S2 as a
colorless oil (564 g, 100.5% yield crude S2). The obtained acyl chloride S2 was solubilized in
DCM (1.5 L, 3 V) and added dropwise to a solution of 4-bromoaniline (601.4 g, 3.50 mol, 1.05
equiv) and triethylamine (404.3 g, 553.8 mL, 4.00 mol, 1.2 equiv) in DCM (5 L, 10 V) over 1 h at
0 °C under N2 atmosphere. The mixture was warmed to 20-25 °C and stirred for 1 h. After
completion of the reaction, solvent was evaporated under reduced pressure at 35-40 °C. Water (1
L, 2 V) was added to the obtained solid and stirred for 6 h at 25-30 °C. The solid was filtered,
washed with MTBE (500 mL, 1 V), and dried under vacuum to afford the product S3 as a white

solid in 88% yield (890 g, 99.9% purity by HPLC). NMR data is in accordance with the
hterature.Error! Bookmark not defined.

Notes:

1) The overall yield for the two transformations was satisfactory. Nevertheless, it is important
to highlight that the crude material obtained in the first step was contaminated with traces
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of thionyl chloride (not completely removed during solvent evaporation). Given the
increased reactivity and instability of the acyl chloride S2, the immediate use of this
intermediate is recommended, and storage should be avoided.

Reaction of the carboxylic acid S1 with thionyl chloride is exothermic. Therefore, slow
addition is recommended, while keeping the reaction temperature in a range between 0 and
5°C.

Confirmation of the reaction completion was determined by TLC (step 1). An aliquot (0.5
mL) of the reaction mixture was quenched with MeOH (1 mL) to produce the methyl ester
of S1. TLC eluent: 10% EtOAc/Hexanes.

Two unknown impurities (1 to 2%) were formed during Step 1 (see Table 1).

Table 1. IPC profile (A %) of the reaction mixture obtained in Step 1

HPLC/RRT* s o
500 g scale batch RRT IPC** Profile (A %) Remarks
Compound S1 NA ND Completely consumed
Compound S2 1.00 89.19
Unknown-1 0.21 2.10 Compound S1 Compound S1 BLD
Unknown-2 0.80 1.00 DSC.pdf Pharmapdf
2]
DMF.pdf TH NMR pdf
Unknown-3 1.02 0.12
IPC.pdf LCMS pdf

*RRT = Relative Retention Time; **IPC = lon Pair Chromatography

For step 2, two major unknown impurities (~1%) were detected in the crude mixture. Both
impurities can be purged out during product S3 isolation. Remaining impurities formed
during the reaction (lower percentage, <1%) were also purged out below the level of 0.05%
during reaction workup and isolation of the crude compound S3 (see Table 2).

DSC (Differential Scanning Calorimetry) was recorded for compound S3. The analysis
showed exothermicity above 270 °C. The drying temperature for compound S3 was kept
below 70 °C.

Table 2. IPC profile (A %) of the reaction mixture obtained in Step 2

HPLC/RRT IPC Profile After reaction
RRT Remarks
500 g scale batch (A %) workup (A %)
Compound S2 NA ND ND Completely consumed
Compound S3 1.00 94.59 99.95 PC-HPLC.pelf HPLC after
workup.pdf
Ao -
Unknown-1 0.81 0.11 0.05
Compound S3 - Compound S3 TH
DSC.pdf NMR after workup.pd
Unknown-2 0.66 2.85 ND
Unknown-3 1.07 0.66 ND
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Unknown-4 1.09 0.18 ND
Unknown-5 1.11 0.52 ND
Unknown-6 1.15 0.12 ND
Compound S3 before and after reaction workup
120
100
9 80
<
S 60
=
T a0
20
0
| IPC Isolated Crude
Comp-S3 94.59 99.95
n 0.66RRT| 2.85 0
= 0.80RRT| 0.11 0.05

Graph 1. Simple reaction workup provided compound 83 in high purity (99.9%, HPLC A %)

Step 3: Cyclization toward chloro-quinoline fragment

Ste{J 3
HN Br 8 equiv) Br
POCl, N
DMF (4 equiv) O O
MeCN 2V) NP \al
0to80°C,36h, 72 %
S3 S4

3-benzyl-6-bromo-2-chloroquinoline (S4). DMF (854.8 g, 895.5 mL, 11.6 mol, 4 equiv) was
added dropwise to a 5 L three-neck round-bottom flask containing POCls (3.55 kg, 2.2 L, 23.1
mol, 8 equiv) at 0 °C and stirred for 1 h under N2 atmosphere, followed by the addition of a solution
of compound S3 (880 g, 2.89 mol, 1 equiv) in MeCN (2.6 L, 2 V). The resulting mixture was
stirred at 18-20 °C for 1 h. The temperature was increased to 80 °C, and reaction mixture was
stirred for 36 h at the same temperature. After completion of the reaction, the mixture was cooled
to 10-15 °C, and water was slowly added (12 L), and stirred for 30-45 min. After solid precipitation
was observed, the reaction mixture was further stirred for another 1 h at 25-30 °C. The solid was
filtered, and washed with water (2 x 880 mL, 2 V), followed by cold MeOH (2 x 880 mL, 2 V).
After drying under vacuum, compound S4 was obtained as an off-white solid in 72% yield (700.0
g, 99.9% purity by HPLC). NMR data is in accordance with the literature Frror! Bookmark not defined.

Notes:

1) The fast addition of DMF leads to exothermicity. For better temperature control, the slow
addition of DMF was performed at 0-5 °C for ~1 h.
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2) Two major unknown impurities (3-5% range) at 0.21 and 0.73 (RRT) were detected in the

Table 3. IPC profile (A %) of the reaction mixture obtained in Step 3

crude material prior to the reaction workup (see Table 3). After purification of compound
S4 via HO/MeOH wash, the obtained product still possessed the unknown impurities at
0.73 and 0.76 RRT (~ 0.1%). The remaining impurities formed during the reaction were
detected in lower levels and purged out below the level of 0.01%.

HPLC/RRT RRT IPC Profile (A %) Isolated (A %) Remarks
Compound S3 0.83 ND ND Completely consumed
Compound S4 1.00 75.61 99.88

Unknown-1 021 4.53 ND

worcpat N e

Unknown-2 0.55 1.92 ND

R oot workon b
Unknown-3 0.73 3.34 0.02
Unknown-4 0.76 0.51 0.10 B

Compound S4 before and after reaction workup

120 99.88
100
75.61
— 80
x
< 60
]
o 40
T
20 1.92 o 0
0 —
IPC Isolated
CR592-17066-94 CR592-17066-94
B Comp-S4 75.61 99.88
0.21RRT 4.53 0
m 0.55RRT 0.73RRT 1.92

Graph 2. Simple reaction workup provided compound S4 in high purity (99.9%, HPLC 4 %)

3) Although sequential washes with water and methanol purged the majority of impurities,

other solvent mixtures can be employed in the purification of compound S4 based on the
solubility studies showed below (e.g., isopropanol (IPA), ethanol (EtOH), or toluene)
(Graph 3).
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Compound S4 solubility in different solvents

800 -
700
600
500
400
300
200
« ) _PP_-P -8
. = | g
DCM EtOH THF Aceto IPA | EtOA MeO MTBE Tolue

ne C H ne
W 25-30°C 400 0.12 333.3 63.8 0.072 40 0.1 12.6 275

45-50°C| 740 1.62 610 121 0.1 75 433 733 480

mg/mL

Graph 3. Compound S4 solubility studies in different solvents (HPLC 4 %)

4) DSC of compound S4 showed two decomposition peaks with the liberation of heat at 240
°C and 318 °C, 78.04 J/g and 25.00 J/g, respectively. The reaction temperature was kept
below 85 °C, while the drying temperature for compound S4 was kept below 70 °C.

Step 4: Chloride displacement with sodium methoxide

Step 4

N O NaOMe (5 M, 5 equiv) Br O X O
MeOH (5 V) -
‘ N7 al reflux, 16 h, 90 % NP o

s4 1 (KSM-1) I

Br

3-benzyl-6-bromo-2-methoxyquinoline (1). To a solution of compound S4 (700.0 g, 2.10 mol, 1
equiv) in MeOH (3.5 L, 5 V), NaOMe (5 M in MeOH, 2.10 L, 10.52 mol, 5 equiv) was added and
the reaction mixture was stirred for 8 h at 80 °C under N2 atmosphere. After completion of the
reaction, the resulting mixture was cooled to 25-30 °C and concentrated under reduced pressure to
remove the MeOH. Water was added (4 V) and stirred for another 6 h at 25-30 °C. The resulting
solid was filtered, washed with water (1 V) and cold MeOH (1 V), and dried under vacuum at 40-
45 °C for 6 h. Quinoline fragment 1 was obtained as an off-white solid in 90% yield (620.0 g, 98
% purity by HPLC wt %). NMR data is in accordance with the literature. Frror! Bookmark not defined.

Notes:
1) To ensure low water content, quinoline 1 (KSM-I) was dried via azeotropic distillation
(THF or 2-MeTHF) prior to its use in the BA reaction (see MBR-M4ALL-BDQ-1
document for step-by-step procedure).

2) Two major unknown impurities (0.1 - 1.0% range) at 0.63 and 0.76 (RRT) were detected
in the crude reaction mixture (IPC analysis).
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Table 4. IPC profile (A %) of the reaction mixture obtained in Step 4

HPLC/RRT RRT IPC Profile (A %) | Isolated (A %) Remarks
Compound S4 0.93 0.07 ND Almost entirely
consumed
KSM-I 1.00 98.50 99.93
Unknown_ 1 0 .65 0.08 0 .07 IPC-LCMS pdf IPC-HPLC pdf
Unknown-2 0.63 0.11 ND
UIlkIlOWIl-3 O . 7 3 0 . 0 3 ND reacxi(fr:-u::m,pdf reacﬂocnr-tii/ls.pdf
~ -~
Unknown-4 0.76 0.97 ND HPer LCfter

KSM-I before and after reaction workup

120
98.5 99.93
100
80
X 60
<
— 40
9
o 20
T 0.07 0.08 o 0.07
0
IPC Isolated
CR592-17852-61 CR592-17852-61
u KSM-1 98.5 99.93
Comp-S4 0.07 0
M 0.65RRT 0.63RRT 0.08 0.07

Graph 4. Simple reaction workup provided compound KSM-I in high purity (99.9%, HPLC A %)

3) Majority of impurities were purged out during the reaction workup (crude material wash
with H20 and MeOH). The isolated KSM-I presented a consistent unknown impurity at
0.65 RRT (<0.07%).

4) Although sequential washes with water and methanol purged the majority of impurities,
other solvent mixtures can be employed in the purification of compound KSM-I based on
the solubility studies showed below (e.g., IPA or EtOH) (Graph 5).
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KSM-I solubility in different solvents

1200 a
1000 ]
= 800 ]
£ 600 ,
€ 400 , I
200 .| - ‘ —
0 - — a—= 2530°C
Acet Tolu THF IPA  DC EtO EtO MTB Me
one  ene M Ac H E OH

M 25-30°C 116.6 400 583.3 3.53 655.5 205 6.27 103.3 0.18
445-50°C 208 740 950 13.52 1120 390 14.28 183 15.6

M 25-30°C 1445-50°C

Graph 5. Compound KSM-I solubility studies in different solvents (HPLC 4 %)

5) DSC of KSM-I was recorded and showed decomposition at 370 °C. The drying
temperature for KSM-I was kept below 50-55 °C.

Synthesis of ketone 2 fragment (KSM-II)

Step 1: Reaction of 1-acetylnaphthalene with iminium ion

Step 1
0 4
~n-" , 0 ~
Hal 1.5 equiv

[ _ . Hcl

[Zequiv), ACT (03 equiv) o

(CH20)n
EtOH, 80 °C, 67 %

s5 s6
3-(dimethylamino)-1-(naphthalen-1-yl)propan-1-one hydrochloride salt (S6). To a suspension
of N,N-dimethylamine hydrochloride (179.5 g, 2.2 mol, 1.5 equiv) and paraformaldehyde (88.2 g,
2.94 mol, 2 equiv) in EtOH (438 mL, 1.75 V) at room temperature, 1-acetylnaphthalene (S5)
(250.0 g, 1.47 mol, 1 equiv) was added followed by the dropwise addition of concentrated HCI (12
M, 31.4 mL, ~0.3 equiv). The reaction mixture was warmed to 80 °C and stirred for 30 h at the
same temperature. After completion, the resulting mixture was cooled down and concentrated
under reduced pressure to remove the EtOH at 50-55 °C. MeCN (4 V) was added to the obtained
crude mass (476.0 g, 123 % crude yield) and stirred for 5 h at 25-30 °C. The resulting solid was
filtered, washed with MeCN (1 V), and dried under vacuum at 40-45 °C for 5 h to afford compound
S6 as an off-white solid (227.0 g, 67% yield, 99% purity by HPLC). NMR data is in accordance
with the literature.’

Notes:
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1) Two major unknown impurities (~3-6% range) at 1.36 and 1.01 (RRT) were detected in
the crude reaction mixture (IPC analysis).

2) After the reaction workup (crude material wash with MeCN), compound S6 still possessed
~1% of the unknown impurity at 1.11 (RRT). Most of the other impurities formed during
the reaction and the remaining starting material S5 was purged out during the isolation of
the hydrochloride salt of KSM-II.

Table 5. IPC profile (A %) of the reaction mixture obtained in Step 1

HPLC/RRT RRT | IPC Profile (A %) | Isolated (A %) Remarks
Compound S5 1.44 5.03 ND Almost entirely consumed
Compound S6 | 1.00 82.84 99.13
Unknown-1 1.01 6.0 0.07 ORI enpat s
Unknown-2 1.11 1.15 0.78
Unknown-3 1 3 6 2 : 8 ND Comp55 1H CompoSé 13C Cumd S6
Unknown_4 1 .5 1 0.36 ND NMR pdf NMR pdf DSC.pdf

KSM-II hydrochloride salt before and after reaction workup

120 99.13
100 gy ga
— 80
X
< 60
2 a0
a
I
20 503 © o O
O I
IPC Isolated
CR592-17066-72 CR592-17066-72
B KSM-II 82.84 99.13
SM-II 5.03 0
B 1.01RRT 1.11RRT 6

Graph 6. Higher purity solid obtained after reaction workup (compound S6, 99.1%, HPLC A %)

3) DSC analysis of compound S6 showed onset temperature for the decomposition at 340 °C.
The drying temperature for compound S6 was kept below 50-55 °C.
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Step 2: Hydrochloride salt neutralization

Step 2

0 ! 0 b

N . ~
ag. solution
. Hcl NaHCO, o
DCM, room temperatu;
95 %
S6 2 (KSM-II)

3-(dimethylamino)-1-(naphthalen-1-yl)propan-1-one (2, KSM-II). Hydrochloride salt (S6) (80.0
g, 303 mmol, 1 equiv, 98 % purity by HPLC) and water (800 mL, 10 V) were charged into a 5 L
3-neck round-bottom flask at 25-30 °C. The resulting mixture was stirred until full solubilization
of the salt was achieved (10-15 min). DCM (800 mL, 10 V) was added, and the mixture was stirred
for 15-20 min. A saturated aqueous solution of NaHCO3 (800 mL, 10 V) was slowly added over
45 min via an addition funnel (rate of addition= 17.7 mL/min), and stirring was held for an
additional 8-10 min. The biphasic mixture was transferred to a separatory funnel and the layers
separated. The aqueous layer was extracted with DCM (2 x 400 mL, 10 V). Organic layers were
combined and dried with anhydrous MgSOs4, filtered through a Buchner funnel, and the MgSO4
bed was washed with DCM (80 mL, 1 V). Solvent was removed under vacuum at 30-35 °C for 1-
2 h (740-750 mmHg) to afford compound 2 as a pale-yellow liquid (66.0 g, 95% yield, 95% purity
by HPLC, 90% yield by purity). NMR data is in accordance with the literature.’

CAUTION: CO:z release during acid neutralization.

Note: Prior to its use in the BA reaction, compound 2 (KSM-II) must be solubilized in anhydrous
solvent (THF or 2-MeTHF) under inert atmosphere (N2), followed by the addition of activated
molecular sieves (4 A) to ensure low water content in the solution. Drying ketone 2 (KSM-II) at
high temperatures is not recommended (undesired side reactions). Avoid storing ketone 2 (KSM-
IT) for long periods since its decomposition can take place over time. Ideally, hydrochloride salt
S6 should be neutralized only prior to compound 2 (KSM-II) use in the BA reaction. If storage of
2 (KSM-II) cannot be avoided, opt for storing this material at low temperature and under inert
atmosphere. See MBR-M4ALL-BDQ-1 document for the step-by-step salt S6 neutralization
procedure.
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FINAL PROCEDURE FOR THE RACEMIC APPROACH

o I NMe,
c Q O 2 (KSM-2)
= AN —H‘ Br, . —
SN— <N Li —~————
N“\OMe LiBr O THF, -78°C
n-BuLi, THF, -78°C N“Som
1 (KSM-1)

NH,Cl (ag)  Br
-78°C

Br g
X S(S) O
+

Me,

DESIRED SYN-DIASTEREOMER UNDESIRED ANTI-DIASTEREOMER
(+ enantiomer) (+ enantiomer)

A 5 L four-neck round-bottom flask was equipped with an overhead stirrer and a thermometer for
monitoring the reaction internal temperature, as well as a N2 inlet/outlet to ensure inert atmosphere
during the entire course of the reaction (see Figure 1). THF (100 mL, 1 V) was transferred to the
5 L flask, followed by a solution of LiBr (60.9 g, 0.701 mol, 2.3 equiv) in THF (400 mL, 4 V),
which was dried via azeotropic distillation. The solvent and LiBr solution were transferred to the
reaction flask via cannula through an addition funnel (see Figure 1). Freshly distilled pyrrolidine
(0.457 mol, 32.5 mL, 1.5 equiv) was similarly transferred to the reaction flask. The reaction
mixture was cooled to —20/—30 °C, and n-BuLi (1.8 M in hexanes, 0.396 mol, 220.0 mL, 1.3 equiv)
was added dropwise (cannula/addition funnel). After 20 min, the flask was further cooled to =78
°C (acetone/dry ice bath), and a solution of quinoline 1 (KSM-I) (100.0 g, 0.305 mol, 1.0 equiv,
98% purity by HPLC wt %) in dry THF (400 mL, 4 V), also dried via azeotropic distillation, was
transferred to the addition funnel, followed by additional THF (100 mL, 1 V). The quinoline 1
(KSM-I) solution in the addition funnel was added to the lithium amide base solution over 1 h
(cannula/addition funnel). The resulting mixture was stirred for an additional 30 min. A solution
of ketone 2 (KSM-II) (83.2 g, 0.366 mol, 1.2 equiv, 95% purity by HPLC wt %) in dry THF (500
mL, 5 V) was added to the reaction mixture over 1 h at the same temperature (cannula/addition
funnel). The reaction was stirred for an additional 30-45 min, and quenched by the dropwise
addition of a 25% NH4Cl aqueous solution (500 mL, 5 V) at =78 °C (cannula/addition funnel).
The reaction mass was directly poured into a separatory funnel. The phases were separated, and
the aqueous layer was extracted with DCM (2 x 500 mL, 10 V). The combined organic layers were
dried with anhydrous Na2SOQu, filtered through a Buchner funnel, and the Na2SO4 bed washed with
DCM (100 mL, 1 V). The solvent was removed under reduced pressure at 45-50 °C to afford a
brown color semi-solid (177 g of crude material). The quenched crude mixture contained 55.6%
of syn-diastereomer pair (3+4), 29.8% of anti-diastereomer (5+6) (1.87:1 d.r., syn:anti), 3.62% of
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quinoline 1, and 6.10% of ketone 2 (determined by HPLC area %). Quantitative analysis showed
that syn-diastereomer pair (3+4) was achieved in 74% assay yield (based on HPLC wt %), which
corresponds to a 37% yield of BDQ (3) in the crude mixture.

Notes:

1)

2)

3)

4)

X X % % %
POF POF PDF POF PDF PDF

IPC-HPLC pdf IPC-LCMS pdf Crude mixture Crude mixture Crude mixture 1H HPLC wt %
HPLC.pdf LCMS.pdf NMR .pdf analysis.pdf

Solvent volumes were calculated relative to the limiting reagent quinoline 1 (KSM-I) (e.g.,
100 g of 1/100 mL of solvent =1 V).

After distillation, pyrrolidine was stored under inert atmosphere with activated molecular
sieves (4 A). In the case of ketone 2 (KSM-II), after neutralization of its hydrochloride salt
S6, compound 2 (KSM-II) was dried under vacuum at room temperature, and after the
addition of THF, activated molecular sieves (4 A) were added to the solution prior to its
use in the BA reaction.

Procedures for drying quinoline 1 (KSM-I) and LiBr via azeotropic distillation can be
found in the MBR-M4ALL-BDQ-1 document produced for the scale-up of the asymmetric
approach.

Overall yield from BA reaction until BDQ (3) fumarate formation (6 steps) was lower than
expected (14%). Circa of 23% of BDQ (3) was lost during the purification steps (maximum
yield possible was 37% of BDQ (3)). Resolution and fumarate salt formation steps were
performed at a smaller scale, 20.0 g and 1.00 g, respectively. We believe that increase in
scale can minimized losses during the required precipitations.
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Bubbler Addition
(N, outlet) = T ~ funnel

stirrer

... Thermometer

: Solvent/dry
ice bath

5 L four-
neck flask

Figure 1. Reaction setup utilized to synthesize BDQ (3) — racemic and asymmetric approaches, 100 g and 75 g of quinoline 1
(KSM-1), respectively

Figure 2. Appearance of the reaction mixture at different points after (a) LiBr solubilization at 25-30 °C; (b) adding n-BulLi at
=30 °C; (c) adding KSM-I solution at =78 °C; (d) adding KSM-II (free amine) at =78 °C; (e) adding 25% NH4Cl aq. solution at
=78 °C; (f) formation of ice precipitate during reaction quenching; and (g) solvent removal (crude material) — Images
correspond to a 5.0 g batch experiment
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OBTAINING ENANTIOPURE BDO (3) FUMARATE FROM THE CRUD

REACTION MIXTURE

Overview of the purification steps

Waste: precipitate

anti-diastereomer (5+6) Waste: ML (SMs)
Assay yield: AP
74% gt precipitation
syn-diastereomer
i (3+4) Isolated crude mixture
Iilhiaﬁsnr/:azc talzzition (3+4+5+6§ Crude mixture Step 1 Concentrated Step 1-ML
& M treatment with THF T (SMs + impurities + (3+4))
sequence Lenaning v ::a{llael::e treatment with EQ‘SH
Assay yield:
ond p?e'gﬁ)ﬁation 55 %
syn-diastereomer
(3+4)
i Waste: ML - Step 2-precipitate
Step 4-concentrated Waste: aqueous phase -¢—— Step 3-precipitate syn-diastereomer (3+4)
organic phase (BDQ (3)_) BPQ (3) Ch“'a! ph SF horic tr with chiral
reaction with fumaric acid Step 4 acid salt reaction with base Y pr%@/ﬁi?ation phosphoric acid
Neutralization < . .
T Assay yield: 44 % BDQ (3) No yield available
4th precipitation (steps 3 and 4)
. Isolated yield: BA reaction
Waste: ML 78 % BDQ (3) fumarate - - ' = o )
1,2-addition syn-diastereomer (3*4) was achieved in 74 % assay yield (based on HPLC

wt %), which corresponds to a 37 % yield of BDQ (3) in the obtained crude mixture

Purification
Step 1: 18.5 % assay yield of undesired anti-diastereomer (5*6) removed during the 1

quantitative analysis of the mother liquor was performed
Step 2: syn-diastereomer = 55 % assay yield based on HPLC wt % (solid composition: ~7.3:1 d.r. (syn:anti))

Step 3: No quantitative analysis performed
Step 4: 44 % assay yield, based on HPLC wt % (89 % recovery)
Step 5: BDQ (3) fumarate obtained in 78 % isolated yield
OVERALL YIELD: 14 % (23 % of BDQ (3) was lost during the purification steps)

<t Precipitation. No

BDQ (3) fumarate

Scheme 6. Overview of the adopted purification steps to obtain enantiopure BDQ (3) fumarate salt

WASTE A: precipitate
anti-diastereomer (5+6)

T 4t precipitation

WASTE B: ML (SMs) + impurities

BA reaction Isolated crude mixture

= - Crude mixture Step 1 Concentrated Step 1-ML
lithiation/1,2-addition | g (3+4+5+6 —_— 3 [EEE—. . o
inii treatment with THF SMs + impurities + (3+4]
sequence lenaning gMS d treatm';nt in EtO| Z
Step 2
ond precipitation
X WASTE C: ML < Step 2-precipitate
Step 4-concentrated  WASTE D: aqueous phase <¢——— Step 3-precipitate STEC syn-diastereomer (3+4)
organic phase (BDQ (3) g BDQ (3) chiral phos ic - with chiral
reaction with fumaric acid Step 4 acid salt reaction with base w pr%%ﬁii"alion phosphoric acid
Neutralization 3
Step 5
4th precipitation
WASTE E: ML WASTE A: anti-diastereomer pair (5+6), traces of syn-di (3+4) (p
WASTE B: KSM-I, KSM-II, IMP-1, IMP-2, IMP-3 (mother liquor)
BDQ (3) FUMARATE WASTE C: KSM-I, IMP-1 (mother liquor)
LC purity 99.9 % WASTE D: not analyzed (aqueous phase)

WASTE E: IMP-1 (mother liquor)

b . O o
T g B0 TG

KSM-II IMP-1 IMP-2 IMP-3

Scheme 7. Purgeability of impurities during the isolation of the BDQ (3) fumarate (API)
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Final Purification and Isolation of BDQ (3) fumarate
Purification — Steps 1 and 2

Removal of anti-diastereomer D-II (5+6). THF (600 mL, 6 V) was added to a round-bottom flask
containing the concentrated crude material (175.0 g, ~2:1 d.r., syn:anti) obtained in the BA
reaction, and stirred at 25-30 °C for 6 h. The resulting solid was filtered, washed with THF (100
mL, 1 V), and dried under vacuum at 40-45 °C to afford the anti-diastereomer D-II (5+6) as white
solid (34 g, ~18.5% assay yield based on HPLC wt %). HPLC area % analysis showed 3.14% of
D-I (3+4), and 95.7% of D-II (5+6). The mother liquor obtained in the previous step was taken
into a round-bottom flask and the solvent was completely removed under vacuum at 40-45 °C.
EtOH (500 mL, 5 V) was added to the concentrated crude material and stirred for 5 h at 25-30 °C.
The obtained solid was filtered, washed with EtOH (1 V), and dried under vacuum at 40-45 °C to
afford the syn-diastereomer D-I (3+4) as an off-white solid (98 g) in 55% assay yield based on
HPLC wt %. HPLC area % analysis showed that the composition of the isolated solid was 87% of
D-I (3+4) and 12% of D-II (5+6), representing a ~7.3:1 d.r. (syn:anti).

Note: Volumes of solvent (V) were calculated relative to the quinoline 1 (KSM-I) input mass (1
g/lmL=1V).

Analytical data (HPLC A % analysis)
Step 1: solid composition Step 2: solid composition Step 2: mother liquor
340 ¢ 98.0¢g composition
Undesired: 95.77% Undesired: 11.90% 450¢g

Desired: 3.14% Desired: 86.98% Undesired: 0.69%
KSM-I: 0.83% KSM-I: 0.45% Desired: 3.35%
KSM-II: 0.20% KSM-II: 0.06% KSM-I: 24.32%
KSM-II: 22.80%

S1-HPLC.pdf S1-LCMS pdf S1-1H NMR pdf S2-HPLC.pdf S2-LCMS.pdf S52-1H NMR pdf Enone: 5.00%

v A
S1—,pdf SZ’BR.pdf SZV pel Mo\quor Motq or

Resolution — Steps 3 and 4

0L
i * N Acetone/DMSO L
I of oH —7EIrTT > o N
/H
) \y\oe
BDQ (3) - - Y
(R)-(-)-1,1"-Binaphthyl-2,2'-diy! Oe
hydrogen phosphate

enantiomer 4

Br

1.1 equiv . .
1 equiv BDQ (3) phosphotic acid salt
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Removal of undesired enantiomer 4 and remaining D-II (5+6). The solid obtained in the previous
step (~7.3:1, 20.0 g ,1.0 equiv) was transferred to a round-bottom flask. Acetone (170 mL, 8.5 V)
was added at 25-30 °C, and the resulting mixture heated to 50-55 °C. A heterogeneous slurry was
observed. A solution of (R)-1,1'-binaphthyl-2,2'-diyl hydrogen phosphate (1.1 equiv) in DMSO
(30 mL, 1.5 V) was added dropwise into the reaction flask at 50-55 °C. The reaction mixture
became clear and stirring was continued for another 30 min at 50-55 °C. The reaction mass was
gradually cooled to 25-30 °C and stirring maintained for 8 h. The resulting white solid was filtered,
washed with acetone (60 mL, 3 V), and dried under vacuum at 45-50 °C to afford the BDQ (3)
phosphoric acid salt. The obtained salt was transferred to a round-bottom flask followed by the
addition of water (200 mL, 10 V), and a 10% aqueous solution of K2CO3 (200 mL, 10 V). After
stirring for 10-20 min, the mixture was extracted with DCM (2 x 5 V, 200 mL). The combined
DCM layer was dried over anhydrous Na2SOs4, and the solvent removed under vacuum at 40-45
°C to afford the desired BDQ (3) (100% ee) as a white solid (7.8 g, 44% yield, based on HPLC wt
% (89% recovery). HPLC area % analysis showed ~99.77% of BDQ (3) and 0.13% of undesired

D-II.

Chiral phosphoric Chiral HPLC pdf GLP HPLC.pdf Mother liquor
acid.pdf SFC.pdf

Synthesis of BDQ (3) fumarate salt — Step 5

. P OH Acetone i OH
HO retiux

BDQ(3) Fumaric Acid
1 equiv 1 equiv

/'H  BDQ (3) fumarate

Enantiopure BDQ (3) obtained in the previous step (1.0 g, 1.0 equiv) was added into a round-
bottom flask, followed by the addition of acetone (10 mL, 10 V), and fumaric acid (1.0 equiv).
The reaction mixture temperature was slowly increased to 80-85 °C (clear solution observed), and
stirred for 30 min. After this period, reaction flask was allowed to cool down to 25-30 °C, and
stirring was maintained overnight (12-16 h) at the same temperature. The resulting white solid was
filtered, washed with acetone (5 V), and dried under vacuum at 45-50 °C to give BDQ (3) fumarate
(0.95 g, 78% isolated yield).

Notes:

1) The minor impurity at 1.5 RRT present in the Step 5’s starting material was completely
purged out in the mother liquor.
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BDQ fumarate BDQ fumarate Mother liquor Mother liquor
HPLC.pdf LCMS.pdf HPLC.pdf LCMS.pdf

INITIAL BEDAQUILINE ASSEMBLY REACTION OPTIMIZATION

Reaction quench/Extraction
Reverse quenching with 25% NH4Cl (aq) was attempted:

1) When the standard quench was used (addition of 25% NH4Cl (aq) to the crude
reaction mixture at —78 °C), large amount of solid was formed and stirring was not
efficient (water freezes), which can provoke issues at a larger scale.

2) Transferring the reaction mixture to a NH4Cl (aq) solution instead at 0-5 °C (reverse
mode of addition), appears to result in similar outcome, but with slightly more retro-
addition toward starting materials, and enone (IMP-3) formation (side product).

3) Both quenching modes were tested again, but slowing the rate of addition (over 1
h period). Slow addition of NH4Cl (aq) provided a slurry which can be stirred well
(procedure used for 100 g batch experiment).

Other quenching systems using 10% AcOH (acetic acid) (aq) at =78 °C were also tested:

4) Almost complete retro-addition was observed. SMs conversion decreased from
61% to 25%.

5) When quench was performed with 10% AcOH in THF, the outcome was better.
However, it was not as effective as NH4Cl (aq).

Extraction:

1) Extraction with greener EtOAc was attempted. However, the IPC analysis of the quenched
mixture presented lower amount of product when compared to the one obtained when DCM
was employed. This observation is due to the product solubility issues in EtOAc (see the
D-I and D-II solubility studies described in this report).

Table 6: Reaction quench comparison data at =78 °C and 0-5 °C (HPLC area %)

S RM
S. No. Batch No. WUGE) Gauig e Quenched Isolated Liindt
KSM-I Temp (°C) output (g)

I [}

Ko

| CR592-17852- KSM-I =78 D-I1: 28 720/' 470
88 (CR592-17066-81-P) Standard mode e o ’ )

KSM-I: 97.22% D-I: 55.76%

' KSM-II: 7.26%
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KSM-I: 16.93%

Racemic BDQ:
250¢g D-II: 16.94%
- . . 0
5 CR592-17852- KSM-I 0-5 D-I: 46.17% 49.0

94 (CR592-17852-87-P)
KSM-I: 99.5%

Reverse mode KSM-II: 13.38%

Enone at 20.6 min:

1.93%
Table 7: Reaction quench comparison data - Standard vs. Reverse quenching mode (slow addition over 1 h)
RM
S. No. Bt I npl.lt (g) of Protocol Quenched IPC Isolated
No. quinoline KSM-I o
Temp (°C)
Racemic BDQ: Racemic BDQ:
KSM-I D-11: 29.77% D-11: 31.31%
Part-1 (1.0 equiv) D-1: 55.10% D-1: 52.77%
1 CR592- KSM-II =78 KSM-I: 5.20% KSM-I: 5.44%
18567-4 (1.2 equiv) KSM-II: 6.99% | KSM-II: 7.40%
250¢g Pyrrolidine SMI@ SMI at 15.5 min:
KSM-1 (1.5 equiv) 30.46 min:1.20% 3.22%
(CR592-17066-81-P) LiBr Racemic BDQ: Racemic BDQ:
KSM-I: 97.22% (2.3 equiv) D-I1: 27.82% D-I1: 26.81%
n-BuLi D-1: 52.48% D-I: 56%
Part-2
(1.8 M, KSM-I: 7.85% KSM-1: 7.69%
2 CR592- ) 0-5
1.3 equiv) KSM-II:8.99% KSM-II: 8.5%
18567-4
Dry THF Enone:1.56% Enone: 1.76%
1sv) SMI @ 30.6 min: | SMI at 30.6 min:
1.28% 1.26%
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Quenched at-78 °C Quenched at 0-5 °C

w0

Cannula

N,

5% AGNHL ol ‘ Di:Edif;n of
ransfer
'-“W Te""el":“"e Pressure release |
needle —
Pressure buildup
from N, forces liquid
Lo . into cannula

Solid precipitation of
reaction at -78 °C

Clear solution
at0-5°C

25 % Aq.NH,Cl sol.

Figure 3. Quenching setup for the standard mode of addition (—78 °C), and reverse (0-5 °C)

25 % NH4Cl aq.
60
Reverse quenching Normal Quenched at
Racemic BDQ: -78°C
Undesired: 26.81 % 50 Racemic BDQ:
Desired: 48.56 % Undesired: 31.31 %
— Desired: 52.77 %
KSM-1: 7.69 % 40
KSM-I: 5.44 %
KSM-II: 8.5 % g o 50°C .
; 0 .79 KSM-II: 7.40 %
Enone: 1.76 %
SMI @ 15.5 min: 3.22 %
SMI @ 30.6 min: 1.26 % 20
10
0.750.64 1.261.26
° Comp-4 Free amine | Undesired Desired Enone Imp:15.5RT | Imp:30.52RT
|--5-U‘C 749 8.5 2681 48.56 1.76 0.75 1.26
[=79°C 5.44 74 3131 52.77 0.4 064 126

Axis Title

Graph 7. HPLC area % analysis of obtained crude mixture after quenching the reaction via the standard or reverse mode of
addition, —78 °C or 0-5 °C, respectively
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Exploring different solvent systems during BDQ (3) purification

Desired syn-diastereomer (D-I, 3+4):

syn-diastereomer (D-l, 3+4) solubility in different solvents

250
200
O 150
E
=)
E 100
50
[ Jﬂ* -J
THF DM EtO/Ace DC|Tol 70% Me EtO|IPA AC Hex MT
F |Ac|ton| M luenAce OH| H N |ane|BE
e e |ton
elT
HF
‘I:I25-30°C 216/0.511.860.55225/9.3| 5 (0.1/0.1/0.1/0.1/0.1 0.11
‘l45-50°C 245/ 10 4.66 4.5/24056.6 45 |0.1/0.1 0.110.110.110.12

Graph 8. HPLC area % analysis of desired syn-diastereomer (D-I, 3+4) in different solvents at 25-30 °C and 45-50 °C

Undesired anti-diastereomer (D-I1, 5+6):

anti-diastereomer (D-Il, 5+6) solubility in different solvents

35
30
25
-
2 20
)
£ 15
10
025-30°C
5
@45-50°C
0 “ deln
THFDMEtOAceDC Tol 70 |Me EtOIPAAC tleﬁMT
F |Ac|ton M uen%A/OH| H N aneBE
e e |cet
one
ITH
F
©25-30°C B.46).75.67.4313.81.421.120.1/0.10.110.1/0.10.12
845-50°C |31 3 2.32.381.812.3 4 0.1 DA DADADAD.14

Graph 9. HPLC area % analysis of desired syn-diastereomer (D-II, 5+6) in different solvents at 25-30 °C and 45-50 °C
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Experimental procedure used during the solvent screening (purification): same as previously
described.

Purification Step 1 — Removal of undesired anti-diastereomer (5+6) by using different
solvents

Batch No. Volume | Temperature | Output (g) Undesired/Desired LCAP Recovery (%)
/WBSh (]

CR592-17087- Toluene 25-30 93.54/2.41

44

2 CR592-17087- 2.0 Toluene 5+2 25-30 Al | 74.99/23.98 32.5
52

3 CR592-17852- 25 Toluene 5+2 0-5 25 41.56/58.10 59.1
70

4 CR592-17852- 25 Toluene 542 85-90/ 12.5 41.56/58.10 50.0

70(Repeat) 25-30

5 CR592-17087- 50 Toluene 5+2 85-90/ 42.5 41.53/57.52 50.23
54 25-30

6 CR592-17087- 10.0 Acetone:THF(70: 1045 25-30 3.2 57.39/41.70 32
59 30)

7 CR592-17087- 5.0 Acetone:THF 1045 25-30 12 96.75/2.46 26
60 (60:40)

8 CR592-17087- 5.0 Acetone:THF 10+5 25-30 1) 96.01/3.22 24
61 (30:70)

9 CR592-17066- 2.0 THF 8+1 25-30 0.25 99.08/0.52 12.5
93

10 CR592-17852- 2.0 THF 5+1 25-30 0.35 95.0/0.98 175
83

Purification Step 2 — Precipitation of desired syn-diastereomer (3+4) by using different
solvents

“mm S SrsE——— e
{°C)

CR592-17087- Ethanol 25-30 8.05/82.2

44

2 CR592-17087- 2.0 Ethanol 542 25-30 152 9.2/88.17 35.44
a5

3 CR592-17852- 25 Ethanol 542 25-30 11.0 7.39/89.61 25.99
70

4 CR592-17852- 25 Ethanol 542 25-30 12 41.56/58.10 43

70(Repeat)

5 CR592-17087- 50 Ethanol 5+2 25-30 25.83 7.06/90.39 3047
54

6 CR592-17087- 10.0 Ethanol 545 25-30 5.82 6.76/97.27 58
59

7 CR592-17087- 5.0 Ethanol 4+1 25-30 25 10.30/88.24 50
60

8 CR592-17087- 5.0 Ethanol A4+1 25-30 3.2 17.69/80.60 64
61

9 CR592-17066- 2.0 Ethanol 5+1 25-30 1.2 12.73/86.42 60
93

10 CR592-17852- 2.0 Ethanol 5+1 25-30 1.1 12.24/87.07 55
83

Notes:

1) Diastereomers D-I and D-II were insoluble in the majority of tested solvents.
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2) THF and DCM were the best solvents encountered to solubilize D-I and D-II.

3) Desired diastereomer D-I is considerably more soluble than D-II.

4) Solubility in EtOAc is low, which may explain inferior results observed during extraction using
this solvent.

5) Purification (step 1) using toluene or different ratios of acetone: THF was attempted. However,
results were not as good as the original Janssen procedure using THF (step 1).

6) Step 1 was carried out using different volumes of THF. Higher selectivity toward D-II
precipitation was obtained when applying 8 V + 1 V (wash).

7) Solvent was kept the same for step 2, and different volumes were analyzed. When using 5 V +
5 V (wash), higher selectivity toward D-I precipitation was achieved.

Parameters optimization

) NMe,
®
O Q H
N O 2 (KSM-2)
Br H Br
COC, —=—— O N | ——
NZNoM LiBr THF, -78°C
© h-BuLi, THF, -78°C NZ>ome
1 (KSM-1)
NH,CI (ag) B 5y
-78°C N Me
DESIRED SYN-DIASTEREOMER UNDESIRED ANTI-DIASTEREOMER
(+ enantiomer) (+ enantiomer)
1) In general, optimization performed by TCG was in accordance with M4ALL small scale
optimization.

2) Time after KSM-II addition (1,2-addition step): Increasing reaction time while keeping
the temperature at —78 °C had a negative effect in the reaction outcome. The longer the reaction
time, greater was the amount of SMs in the crude mixture due to the retro-addition. Optimum
reaction time was 30-45 min (after ketone KSM-II addition was completed).

34



medicines
for all TCG

Lifesciences  Cuemsiorex

\|/

% - Crude mixture after reaction quench at different times

0 min
40
30 min 3 5 60 26 3
30
45 min 4 6 56 29 2 20
90 min 10 a a5 20 5 10 I I III
Olh_-ll_lll | i
2h 13 13 40 28 2 i 45m 90m
MKSM-1 EMKSM-Z ®D-l wWD-ll &Imp_15.8
3) Stoichiometry n-BuLi/pyrrolidine: three different combinations were tested (1.1 equiv

pyrrolidine/1.0 equiv n-BuLi; 2.0 equiv pyrrolidine/1.3 equiv n-BuLi; 1.5 equiv pyrrolidine/1.3
equiv n-BuLi).
4) 1.5 equiv pyrrolidine/1.3 equiv n-BuLi provided the best outcome.

HPLC A % crude mixture after reaction quench

Pyrrolidine (1.1
equiv) & n-Buli 13 19 37 30
(1 equiv)

Pyrrolidine (2.0

equiv) & n-Buli 14 10 43 28
(1.3 equiv)
Pyrrolidine (1.5 . I .
. : o -8 mm I

equiv) & n-Buli 4 6
(1.3 equiv) Pyrrolidine(1.1)&BulLi(1) Pyrrolidine(2)&BulLi(1.3) Pyrrolidine(1.5 ) & BuLi(1.3)
HKSM-1 EKSM-2 mD-1 D-2
5) Ketone KSM-II concentration: four different concentrations were tested (neat, 2 V, 5V,
and 10 V).

6) Higher concentration of ketone KSM-II has shown the best results, with 5 V representing
the optimum point. Less concentrated solution such as 10 V resulted in the lowest BDQ yield.
Retro-addition was observed at a larger extent for this case.

HPLC A % crude mixture after reaction quench
KSM-1I (Neat) 20
KSM-II (2 V) 10 5 49 28 1 0
20
KSM-II (5 V) 3 5 60 26 3 10 I
0 [ ] | — I | — | -
KSM-11 (10 V) 25 12 36 24 1 KSM-2(Neat) KSM-2(2v) KSM-2(5V) KSM-2{10V)
mKSM-1 mKSM-2 mD-1 D-2 m15.8_IMP
7) Experiments at —40 °C - Although lower conversion of SMs was observed, formation of

desired diastereomer D-I seems to be favored over undesired D-II at higher temperatures:

35



\|

a)

b)

medicines

for all TCG
Lifesciences  Cuemsiorex

When 1,2-addition was carried out at =40 °C during 45 min, 41% of quinoline KSM-I was
detected along with ~29% of desired diastereomer D-I, and 0.5% of undesired D-I1 (HPLC
area %). Increase of reaction time from 45 min to 8 h had a negative effect in the reaction
outcome — retro-addition was favored (HPLC area %: 62% quinoline KSM-I, 1.6% desired
diastereomer D-I, and 0.07% undesired D-II). Increased amount of enone (IMP-III) side
product was also observed.

It was hypothesized that earlier quench of the reaction (right after ketone KSM-II addition
is finished) could have helped to minimize retro-addition. However, an unknown new
impurity was detected with retention time very similar to the BDQ stereoisomers (HPLC
A %: 30% new impurity, 20% quinoline KSM-I, 16% desired diastereomer D-I, and 9%
undesired D-IT).

When the BA reaction temperature was decreased to —60 °C, impurity amount dropped
from 30% to 14%, but BDQ yield was still not as good as the one obtained when reaction
was carried out at =78 °C.

LCMS AND NMR ANALYSIS (RACEMIC APPROACH)

LCMS of crude reaction mixture (after quench):
= +Q1: 3,855 w0 3.722 min from Sample 4 (CRS92-18567-6-RM) of CR33Z. Max. 7.0e6 cps
W Shimadzu LC Controller Detector A, Channel 2 from Sample 4 (CRe92- 1856, . Max. 1.8e5 7.0e6 see 4\55?.0
L
1.8e5 |
1.6e51 55¢|\|Tr,$[e.2
\
1.4e54 ||I ||I|
i
1.2e5
3 1.0e5] | |
5592
7 gpes] ‘ it
6.004] e 53?\.},539.2 | st
4004 ] “'she 530 535 540 545 550 G55 GAO0  Ge5 500 575 5B0 545
1 miz Da
2 Dot | : 3,655 fo 3722 min from Sample 4 (CRSS2-18567-6-RM) of CRSS2. . Max. 7.0e6 cps
o 7o
0 [5 10 15 20 25 30 35 40 45 B
Time, min 6.0e6
Jeak List for "Shimadzu LC Controller Detector A Channel 2 from Sample 4 (CRS92-18567-6-RM) of CRS92-M..
Time (min) | Area(counts) | % Area Height % Height | Width (min) Baseline Type 5.006
1 05868 7290.9520 03377 |21758643 |0.7966 | 0.1067 Base to Base B 4pes
2 0.5004 26473e5 122613 | 2.5608e4 | 93885 0.4200 Base to Base &
3 15849 58758e4 27214 |10784e4 |39581 02267 Base to Base g 30e
4 19546 9065.2581 04199 | 24150823 | D.BEB4 01217 Base to Base 2026
5 21770 1.9740e4 09143 | 49152530 | 1.8041 0.1487 Base io Base
6 26370 1.8671e5 BB4T9 | 394204 14,4719 0.2617 Base to Base 1.066 022 5% ‘S”.H
7 |2%e8a 7 688%e4 35612 |14150e4 |5.1937  |0.2200 Base o Base oo ? 2823165301 sean Y| 5632 705 s022.8336
B 36482 1.5359¢6 71.1363| 172985 |[63.4886 [0.5433 Base i Base oo 200 0 400 0 e pa” ™ £ o 1000
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= Shimadzu LC Conlrolier Detector A, Cisnnel 2 from Sample 1 (CRS62-1856 Max 8184 101342110 3.454 min from Sample 1 (CRS92-18567-7-52) of CR592-... Max. 6266 cps
342
a0s4 5552
8064 6.0e64
5.5e64
71084
5.0e6
6.0e4
4.5e6
> Gled
H 4.0e6
z
0et 3506
3 0ed 3.0e6
[
2084 2.5e6
1.0e4 2.0e6
1
. 52 255 285 1586
oo 05 10 15 z0 25 a0 15 40 45 50
Tirne. fin 1.0e64
Seak Listfor "Shimadzu LG Controller Detector A Channe! 2 from Sample 1 (CR592-18567-7-52) of CR592 MO
Time (min) | Area(counts) | %Area | Height | %Height | Width (mm) | Baseline Type  5.025 5§25.2|
— 2285 3302 F550-3
1 05812 1504965 19.2303 | 1827184 | 160634 |0.2083 Base 1o Base 0 nwﬂ_ﬂ@.& . 02 30024802, 695.0.7204 7954 8330
3 |3az:z 5320085 B0.7697 |8.0437e4 | 830366 |04183 Base o Base 100 200 300 400 500 600 700 800 900 1000
LCMS of desired diastereomer D-II:
W IC of +01: 554.5 to £55.5 Da from Sample 1 (CR562-18567-7-51) of CR... M. 40e7cps] ™ +Q1:3.320103.354 min from Sample 1 (CRS02-18567-7-51) of CR5GZ-.. Max. 5.3¢8 cp:
555.1
4074 el 500
35271 4.506
20671 4.026
35064
g 257 i
- . 3Dedd
§ 2o I
] ;
B 1serd i 20e8d
1.0e74 | 15069
‘ I 1.0e8]
5.0e6
I 5.0e54 530,
0 " ). 1otz 22 aa4 [ 202
: 05 10 15 20 25 a0 35 40 45 5.0 00% 200 200 00 500 700 300 200 100
Time, min iz M2
Chiral purity and HPLC of BDQ (3):
T DAD] A, Sig=335 4 Ref=380,100 (BDO_CHIRAL_150722_02 2022-07-15 17-49-04\1507 220000001 ] Auto-Scaled Chromatogram
mAU E
e
|
35] d ‘ 1201
g
a0
a| 1.009
25 g |
" T 0.80-]
[ 2 0.60H
154 | i
|
104 [ 0.40
[
54 [\ 0.20
o\
o 23 ° s i 25 o 0.00 b0 10100 1500 20'00 2500 3000
Peak Results
Name RT Area | % Area | RT Ratio
1| Peakl 19.892 4919 0.10 0.950
signal 1: DADl A, Sig=335,4 Ref=360,100 2 | UNDES comP | 20.702 5421 013 D989
| Peak| RT | Type | Width | Rrea | Area % | Name I 3 | DESIRED COMP 20.937 | 4903923 [ 9977 1.000
| # | [min) | I [min) | I | I
e R | ==mmmmm J-mmeme- === [ |=mmmmm e 1
(| 7.5011EB | ©.355] 1035.205| 100.000|BDQ DESIRED 1
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W Q13421103 454 min from Sample 2 (CR592-17087-83-P) of CR592-M.. Max_ 4 5e6 eps. 2.0e54 346
1.8054
4564 550 1.6e5
20651 1.485]
1.2e5
35e6 1.0e6-
057
3006 8,004 ]
8 6.0e4 ]
: 2506 4004
§ 2 0e6 2.094;
£
£ 0.0
1.5e64 g T T T T T T
0.0 0.5 10 15 20 25 30 a5 40
Time,_min
1.0e67 List for "Integrated System Delector A, Channel 2 from Sample 2 (CR592-17087-83-P) 0
Time (min) | Area {counts) | ®:Area Height % Height | Width (min)
50657 282 3302 539, 5600 05686 5274085 371876 |8.2800e4 |27.0012 |0.3017
00 1279 1 s 1 l | 15813 2541.1981 0.1506 |952.5628 |0.3210 0.0600
100 200 100 400 500 00 700 200 o0 1000 __|1.T031 400.0282 00237 |2000872 |0.1008  |0.0367
mz. Da 34562 105686 626380 |2.12T1e5 | T1.6770 0.3283

MW Furlx

:

A

\

L

TN
11 10 9 8 7 6 5 4 3 2 1 0

'"H NMR spectrum of BDQ (3) in CDCIs (SFC analysis = 100% ee - Material obtained after

resolution/neutralization steps):

N W/
|
—Jb"JJJLUUn N 1 1L AY .
gy & 8
(=115 =101 G- 1 R B Rl -] = P =
10 9 8 7 6 5 4 3 2 1 0 ppm
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3C NMR spectrum of BDQ (3) in CDCI3 (SFC analysis = 100% ee - Material obtained after
resolution/neutralization steps):

k\\éqxﬁx\%?f’” |\ N
C | L
éO I i éﬂ I 1-=|IO I 1 éﬂ | 1 l.llﬂ | BIO EIO | 4I0 | 2|0 I (l'.l I plpn'l

SFC analysis of racemic and enantiopure BDQ:

1200

1000

800

BDAQ (3), enantiopure

600
400

200

-200

Peak Information

= e |
1400 —— = =2
whood
ol v
1200 —— — =
==
H
1000 —— e
BDQ-Racemic
aan
500
400
z00
u}
R I L
o 2 4 =}
Peak Information
Peak No % Area Area Ret. Time Height
1 494977 9631.8921 (3.5 min 1025.8426
2 50.5023 9827.3873 |4.09 min 886.621

Peak No % Area Area Ret. Time Height
1 100 10183.563 [ 2.87 min 8323303
9
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HPLC profile of crude mixture after reaction quench (~2:1 d.r., syn:anti):

Crude HPLC data of BDQ (177 g)

Peak Results

MName RT Area | % Area| RT Ratio
1 | Peakt 15243 | 244778| 292 07347 KSM-2
2 | Peak2 15921 34264 oso9| 0767 |
3 [Peakd [ 16.187] 3721 007] 0780
4 |Peaks 16.387 1940 o004 o790
5 | Peaks 18.04a| 2420 o00s5| o869
& |Peaks 19.181 3347| o007| 0924
7 | Peak? 19.946 s7o3|  0.11] 0961
8 |UNDESRED| 20.754 | 1494087 | 3002 1.000
9 |DESRED | 21.004 |2853633| s735| 1.012
10 | Peak10 21267 s004| o010| 1.025 J —_—
11 | Peak11 21.344 3225 0.06 1.02__8'
12 | Peak12 21.815 7440 0.15| 1.081
13 | Peaki3 27215 4920 o10| 1311
14 | Peak14 28273 | 256809| 516| 1362 i
15 | Peakis 33032 ss1zo0| 1] 1s5e2| ey

IMP-1
(RT =15.92 in HPLC)

IMP-3
( RT= 21.26 min in HPLC)

IMP-2
( RT= 33 min in HPLC)

0

IMP-1

o
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Peak Results
SAMPLE INFORMATION Name | RT | Ares | % Area|RT Rato
Sampie Name R T Acquired By SDO113647 1 |Peakt | 14515 8504 004 0919
Sample Type Unknown Sampie Set Name:  BDQ_CP_270722_01
by - Aoq Method St BDQ_CP_LCA2 61 7 |Peak2 | 151311440073 1077] 0958
Injection & 1 Processing Method BDQ_CP_270722_02 RT=15.8 l 3|mp  |1s7es|2e48526| 1980] 1.000 I
Injection Volume:  10.00 ul 228,
Run Time: 40.0 Minutes. Proc. Chel. Descr: 2008 PDA 225.0 nm (2098 o il Baid Mied Miaad MR Peak Results
Date Acquired:  27.07-2022 19:20:21 IST Calumn Name: SHMPACK SOLAR C18(250'4 8)mm.5 Wrws W] mi] eam| e Nare RT | Area |% Area|RT Rate
Date Processed:  27-07-2022 20:37:50 IST 6 |Peakt | 16624 "nn 005 1053
1 |Peakt 15243 244776 92| 0734
7 [Peair | 17350 sa| oo 1om = 4
Auto-Scaled Chromatogram 8 [Peaks [17518] 7823| o08| 1130 2 |Pomi2 16.921] 284 00| o7
0 [Peaks [17767| 42084| o031]| 1128 3| ey TEIBT | 3T2T OT | OTel
al O 10 [Peako] 18331 1374 00| 1e 4 [Peakd 16.387 1940] o004] o700
° o N 11| Peak11 | 18.448 s 004 1.168 5 |Peaks 18.044 2420 005 0.869
o] 12 |Peasrz| 1a7e0|  2201| oc2| 1187 N T aa| oot oss
2 13 |Peara] 18820| 1ss0| o] 1w - - =
14 | Peaki14 | 18 920 1343 00 1.198 i 5% b b
oz MW 253.35 " [reamis| 9028 2832] ooz| 1208 8 |unpesReD| 20754 | 1494087 | 3002| 1.000
16 | Peaki8 | 19.161 86| o001] 121 9 |DESRED |21.004 |2853833| 5735| 1.012
} 17 | Peaki? | 19.204 80S5| o008| 1218 10 | Peak10 21.267 5004 Q.10 1.025
000 s 000 1500 000 %00 2000 300 18 | Peak18 | 19403 10847 oos 1229 11 | Peak11 21.344 228 008 1.028
Mrutes -
19 | Peak18 | 19.777 17387 a1 1283
12 | Peaki2 21815| 7a48| o015] 108
Auto-Scaled Chromatogram 20 | Pesk20 | 19.929 3937 003 1262
[ m 0T 27| ooz| 1208 13 | Peakid nans 4920 0.10 1314
2 |Pem2| 0343 3504] o03| 1208 14 [Peakia  |20273| 250608 s16| 1382
o.10] 23 |Pean2a| 20564 [ 1012500 [ 757] 1302 15 | Peak15 3032| ssi20| 1| 1se2
24 | Peak24 | 20 738 | 2884865 1982 1314
26 [Pearze| 20058 | seses| o0as| 1327
i 27 | Peak2? | 21.076 | 520108 196 1338
28 [Poaizn | 21.126] 3e2720] 24| 1328
000 sho 1000 1500 000 2000 3000 300 woa
Spike Data
SAMPLE INFORMATION
Sample Name T Acquired By SDOT1364T
Sample Type: Unknown Sampie Set Name:  BDQ_CP_270722_01
Vial: F- Acq. Method Set:  BDQ_CP_LC42 01
Injection & 1 Processing Method BDQ_CP_270722.
Injection Volume:  10.00 ul 225,0nm
Run Time: 40.0 Minutes Proc. Chnl. Descr. 2998 PDA 225.0 nm (2996
Dste Acquired:  27-07-2022 17:00:18 IST Column Name: SHIMPACK SOLAR C18{250°4 8mm.5
Date Processed: _27-07-2022 20.20-50 IST Peak Results
Nare RT Area | % Area| RT Ratio
At Ot Chreslin o 1 [Peakt [1514a| 2638s| oss| osse
I 2 [mp | 15703 |26s0512] Baat mooJ NI >
o6 S [Peaks | 16610 2628 008 1082
4 [Peakd [17770] 27300 oa7| 1925
3 94} 5 [Peaks [18.252] sees| o1e| 11ea
6 [Peakt [1920¢] eaas| o020] 1218
- 7 |Peak? |19.408| 11328| 038| 1229 MWE 25335
8 |Peak8 | 19.784 8384 027| 128
n . RT=15.8
T T T o [Peak [2034a] asa0| o18| 1288
obo sha 000 000 3500 0o
10 | Peak10 | 20.577 686 012 1303
11|Peaktt [ 20756 | sss3| o028 1312
s 12| Peak12 20819 | 7338| 023 1318
13| Peakt13| 21080 | 341928| 1085| 1338
010 14 |Peakta 21319 2s32| oo08| 1350
: 15| Peakts| 21815 | 23e81| o074 1389
006 16 |Peak16 | 28087 | 10027 o032 1778
Wy 1y » |
+
T T T T T T
C 500 0o 1500 00 3000 800 w00
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TR o T ey 1

=43

—_—.0594

~\\\Wiwzv

MWt 253.35

I I . R T B T ) MW 253.35

_HhE H

6 5 0 ppm
Y]

% 2 0 35 &0 & £

I S —

5 tir himade: L Comboter Detocior A Ghamne 2 bom. OS2 18565 27 7)o RO

Tima (min) | Avea (counts) | %Area | Meight | %Meight | Wickh pmin) | Bassine Type
GSTTE [aAdsber 12080 440069 | 16752 (0687 ey
—[eam& 701386 . i 85100 Vatey
T [Taar [i3med | [T2874 o100 Valey
L R N ST LA ey

32042 o0 1638 | 00 T3 (04273 ﬂm__E

Impurity Characterization - Impurity Structure IMP-2 (33.0 RT in HPLC):

SAMPLE INFORMATION
Sample hame: SR CA e Acquired By: PGO112811
Semple Type Uniknown Sample Set Hame:  BDQ_CP_090822_03
e e BT,
: rocessing E X
Peak Results Injection Volume:  10.00 ul Channel Name: Onm
Name RT Area % Area | RT Ratio Run Time: 40 0 Minutes Proc. Chnl. Descr.: 2988 PDA 225.0 nm (2098 P'.k h"u
1 | Peaki 13532| 101510 033| 0654 Date Acquired. 09082022 222616 1ST  Column Name: SHIMPACK SOLAR C18{250*4.6)mm, 5u Name RT | Area |% Area|RT Ratio
Date Processed.  10-08-2022 09:33:19 IST
2 | KSM 15.139| 235376 076| 0731 1 | Peaki 15243 | 2aa778| 42| o7m
3 | Peak3 17812 46933 015| 0860 Auto-Scaled Chromatogram 2 |Peak2 15921 aa2e4| o0s0]| o7e7
4 |Peakd 18958| 11449 004| 0916 140] 3 | Peakd wier| | oor| oo
5 | Peaks 19683 8781 003| 0951 120] 4 | Peakd 18387 1940 oo04] o0
€ | UNDESRED 20461| 2883276 931| 0988 100} 5 | Peaks 18044 2420 005 0869
7 [DESRED [20700| 5375412| 17.36| 1.000 Fhat 6 |Pealé 10181 37| 0o7| o024
8 |Peaks 20963 10444| 003 1013 . 7 | Peak? 19948 5703 o011] o061
9 |Peaks  |22964| 19269| 006| 1109 bt 8 |uncesren| 20754 | 1404087 3002 1000
020
10|Peakio  |24363| 31150| o010 1477 9 |DESRED |21.004 | 2853633 5738| 1012
P Y T —
i1 |Peakit  |25300| 265652| 086 1222 o sho 1000 1500 2000 ) 300 400 10[Peaki0  |21267) S004| 040) 1025
12 |Peaki2  (26416| 64758| 021| 1276 Wt 11[Peaktt  |21.344| 3225| 006] 1028
13| Peakid  [27552| 51272 047| 1331 Auto-Scaled Chromatogram 12|Peaki2 | 21815| 7448 015 1081
14 | Peakid 28106 535431 173 1358 014 13 | Peak1l 7215|4820 o0a0| 1N
012
15 |Peaki5  |20426| 28464| 009 1422 os] 28213| 256609 518| 1362
it niubiete
16 |Peakis  |31.323| 16579| 005 1513 ooe] 33032| ss120 11| 182
17 peakt7  [31.963] 211849] o068| 1544 2 oo J
004 Crude BDQ
qT8|Peakid  |32650(21068417| 6804| 157TP il
0,00+
0.0 500 1000 1500 2000 2600 3000 3500 1000
Mautes.
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Spike study

SAMPLE INFORMATION
Sample Name:  C IOt Acquired B PGO112811 Peak Results
Iy
Sample Type: Unknown Sample Set Name:  BDQ_CP_2220822 01 Narre RT | Area |% Area|RT Ratio
Vil 25 Acq. Method Set:  BDQ_CP_LC42 01
Injection #: 1 Processing Method  BDQ_CP_220822_01 1 | Poski 10060]| ©Os408| 065) 0502
Inpection Volume:  5.00ul 225.0nm = 3
o Time 00 Proc, Giwi, Descr: 2008 POA 228.0 nm G 2 | Poak2 10245 1410 009 051 ::';“ e ;::.:SE:N"‘ :%g‘;mmm
3 [Peaks w722| 12173| o08| 0734 gl i vl iy
Date 2208-2022 18:01:45 1ST Column Name: SHIMPACK SOLAR C18(250'4.6 Fjection # 1 Processing Method  BDO_CP.
Date Processed:  22-08-2022 19:00-09 IST 4 | Peaka wusos| 1ssse| on| o7 Ficon Voome. 10004 o Dt
5 [Peaks wz2| ea7e7| ose| osee . Tl e | IS a0
Auto-Scaled Chromatogram Date Acqused X07-02 173341 15T Column Name: SHMPACK SOLAR C18(250°4 6jmm 5
6 | Peakd 16831| 35066 023| 0840 Disicuiet. RNERUDET
7 [Poakr 17216| o4 os1| osse
1507 8 | Poaks 17328 18958 013 o884 Auto-Scaled Chromatogram
9 | Posko 17783 187s3| o012]| ossr i
0]
3 100 10 | UNDESIRED COMP | 19821 65239 043 0989 ~‘
1]
11| cesrED CoMP [ 20049 |ea3ease [ a267| 1.000 1
0s0] 12| Peaki2 20203 esess| o4a| 1012 ;"';
13| Peakta 21621 18| o012] 107 1
o - L | st LS I s AR 14 | Peakta 22507 15368| o0 1923 |
° sho e e vl = e e 15 | Poakis 24277| 63203| o042 1211 o
16 | Peak18 25159 118573 ore 1255 +
Auto-Scaled Chromatogram Peak Results s
17 | Peak1? 26508 | 3143 208 1322 Narme RT Area | % Area| RT Ratio
o
n:: 18 | Peak18 27485 | 171337 1.14 1.an 1| Peaki 19 892 4919 010 0950
or0] 19 | Peakis 27843 | 2308s| 153] 137 AILEENED UM |y S| BaE) o
3 | DESRED COMP 20937 | 4903923 8977 1000
ooe] 20| Peak20 280% | 2614a3| 173] 1308
2 ooed 21 | Peakzt 2see6| 7T18a| o005| 143
ik ed BDQ
22 | Peal22 20208 | 162714 1.08 1.481
A s i 23 | Peak2y 3917 | aarorr| 202] 18w
o
5 24| mp 32471 [6324521 | 4194| 1620
A L e o
Mruses
Impurity Characterization - Impurity Structure IMP-3 (21.0 RT in HPLC):
IMP-3 (enone) synthesized in-house IMP-3 (enone) spike data with Crude BDQ: Crude mixture (BDQ)
Peak Results Peak Results Peak Results
Name RT Area % Area [ RT Ratio Name RT Area | % Area | RT Ratio Name RT Area | % Area | RT Ratio
1 | Peak1 |10.191 | 733278 5.78 0.484 || 1 | Peakl 9.863 | 204486 163 0477 |1 T oakd 14780| s8] o011| o71s
2 | Peak2 10.102 | 140203 112] 0480
2 |Peakz |16.574) S1798| 041| 0787 [ - azasl omosl oorl aziel| 2 | KM 15007 | 132602 160| 0730
3 | Peak3 | 16.841 82835 0.65 0.800 :
4 | KSM-I 15.088 | 129311 1.03 0730 | 3 |Peak3 15757 | 36285 044 0762
4 | Peaka |[17.054 7634 0.06 0.810
5 | Peaks 15.748 | 37471 030 07624 |Peaks 15089 | 43120 o052 0774
5 | Peak5 |17.497 | 206676 1.63 0.831
I 15, 4 7 .34 77
S | Peaks 5980| 42807 ©034] 0773 P peaks 17762 a1908| o038 0859
6 | Peaké | 17.770 8478 0.07 0.844 |7 T peak? 16.560 | 34205 027 o0.801
7 | Peak? 18 366 15065 012 0872 |[ 5 | Poska 6823 42332 REY) o4 6 | Peakf 18.378 | 13061 0.16| 0.889
8 | Peaks 18.947 37540 0.30 0.900 || 9@ | Peake 17.481 | 131094 1.04 0.846 | | 7 |Peak? 18.651 6197 007 0902
9 | Peak9 |19.186| 745107 5.88 0.911 || 10| Peakio 17.757) 87805 030] 08591 3 |Peaks 19.652 5388 006| 0951
10 | Peak10 | 20138 | 112272 089 o0ose || '] Peaktt 18.357| 258%2| 020] 0888 | ol NDESRED COMP| 20432 | 2600164 | 3129| 0988
11| Peakl11 [ 20.373 | 338803 2.67 0.oes || 2] Peak2 19643) 10818 008] 0902
' 1 - o E
13 Pearia T5oaa| a1asa| o33l oorol|10|DESREDCOMP [20670 |4840927| 5828( 1.000
12 | Peaki2 | 20.682 | 208480 164 0.982 14 | Peakl4 19.173 | 495294 3.94 o928 | | 11 |Peaki1 20891 9277 011 1011
13 | ENONE [ 21.055 | 8740363 [ 68.94 1.000 |55 T reants 20125| a9246| o0a9| 0974 (17| Feakia voe | sasl ool Gonz
14 | Peakl4 | 21.435 25864 0.20 1.018 || 16 | UNDESIRED COMP | 20 423 | 2634574 | 20 98 0988
13 | Peak13 21.044 5441 007 1018
15 | Peak15 | 21.620 18216 014 1.027 |[17 | DESIRED cOMP | 20.663 | 4771233 | 3700 1.000
18 | ENONE 21.044 | 2540410 | 2023 | 1.018
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Impurity _1.5 minin LC

O Impurity at RT 1.5 min has been isolated by prep HPLC

W07, 155 10 1640 i P Sl § (CRO22 8GR 16 FILS P . T imm :
1o B \/
ot ™ ¥
.‘.. 1
by e i
" osoud WL | Ill‘ll ul
U R —— ]
S M MM s A s
e i K 3 3
LCMS — Minor desbromo-BDQ impurity:
B zhimadzu LC Controller Detector A. Channel 1 frem Sampie 2 (CRES92-170.. Max. 7 4e8
3.37
7.0e5
B8.0e5+
5.0e54
=  4.0e5-
é 3.0e54
2.0=54
1.0e5 -
ooy 252 w T
D 20 3.0 3.5 40 45 50
Tln' ml
"W 512,818 1o 2.853 min from Sample 2 (CRAG2-17087-82-EJ0HmLs) Max. 1428 cps.
4772
1268
1068
|
& et N
=
E 6.0e5
£ Molecular Weight: 476.6
4045 Desbromo IMP
2054 -ﬂwT (5
1019 407 ,2903.2703
1002 2054 I. ,,51!?1 06222 ranu::os 821 :rm:a 07.2

0.
100

200

1000
rnfx.Da
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SYNTHESIS AND CHARACTERIZATION OF IMPURITIES

Preparation of IMP-I and IMP-II:
o
pyrrolidine
o Step 1 Ho | Step 2 o N LDA, 0 °C-RT
3 IMP-1
A ugel Dess-Martin periodide (DMP) Step 3
OO e )~ wee - QO

1-naphthaldehyde Compound B HEe
(Compound A) IMP-1lI

0

KSM-I
LDA, 0 °C-RT

Step 1:

Synthesis of 2-(tert-butyl (R)-2-(hydroxymethyl) pyrrolidine-1-carboxylate (Compound B). To a
stirred solution of 1-napthaldehyde (15 g, 96.04 mmol, 1 equiv) in THF (5 V), vinyl magnesium
bromide (1 M in THF, 115.25 mL, 1.2 equiv) was added dropwise at 0-5 °C under nitrogen
atmosphere. The reaction mass was stirred at this temperature for 4 h. After completion of the
reaction (determined by TLC), a saturated solution of NH4Cl (420 mL) was slowly added to the
solution at 0 °C and the aqueous phase was extracted with EtOAc (3 x 420 mL). The combined
organic phases were washed with water (500 mL) followed by brine (400 mL), dried over
anhydrous Na2SOs, filtered, and concentrated under vacuum to give a residue which was purified
by silica gel flash chromatography (eluent: 10% EtOAc/hexanes). Compound B was obtained as
light-yellow oil in 46% yield (8.2 g).

CR592-18828-55-P_NMR.pdf
Step 2:

Synthesis of 1-(naphthalen-1-yl)prop-2-en-1-one (IMP-III): A solution of Compound B (8 g,
43.42 mmol, 1 equiv) in DCM (80 mL, 10 V) was cooled to 0-5 °C under nitrogen atmosphere.
Dess-Martin periodide (22.1 g, 52.10 mmol, 1.2 equiv) was added portion wise to the reaction
mass at the same temperature. The reaction was allowed to warm to 25-30 °C, and was stirred for
an additional 8 h. After completion, the reaction was quenched with sodium thiosulphate (hypo
solution, 250 mL) at 0 °C, and stirring was maintained for 0.5 h. The reaction mass was filtered
through a Celite® bed, which was washed with DCM (24 mL, 3 V). The filtrate was transferred to
a separatory funnel, and was extracted with DCM (3 x 80 mL). The combined organic phase was
washed with water (80 mL), followed by brine (80 mL), dried over anhydrous NaxSOu, filtered,
and concentrated under vacuum to give IMP-III as reddish gum and in 91% yield (7.2 g). The
obtained material was used in the next step without further purification.

TH NMR (400 MHz, CDCl3): &/ppm = 6.04 - 6.01 (m, 1H), 6.28 - 6.24 (m, 1H), 7.58 -7.42 (m,
3H), 7.72 - 7.70 (m, 1H), 7.89-7.86 (m, 1H), 7.98 - 7.95 (m, 1H), 8.36 - 8.33 (m,1H).
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 POF |  POF |  POF |  POF |
CR592-18828-58-CR CR592-18828-58-CR CR592-18828-58-CR CR592-18828-58-CR
-R_LC.pdf _NMR.pdf _HPLC_Enone.pdf -R-PG1.pdf

Step 3 for IMP-I:

Synthesis I-(naphthalen-1-yl)-3-(pyrrolidin-1-yl)propan-1-one (IMP-I). A solution of
pyrrolidine (0.948 g, 1.5 equiv) in THF (5 mL, 5 V) was cooled to =20 °C, and LDA (1 M in
THF/hexanes, 7.13 mL, 1.3 equiv) was slowly added to the reaction flask under nitrogen
atmosphere. The resulting mixture was stirred for 30 min at the same temperature. A solution of
IMP-III (enone) (1.0 g, 5.48 mmol, 1.0 equiv) in THF (5 V) was added to the reaction flask at —20
°C, and stirred for 2 h at 25-30 °C. After completion of the reaction (determined by TLC), a
saturated solution of NH4Cl (10 mL) was added slowly at 0 °C. The layers were separated, and the
aqueous phase was extracted with EtOAc (3 x 100 mL). The combined organic phases were
washed with water (100 mL), followed by brine (100 mL), dried over anhydrous Na2SOu, filtered,
and concentrated under vacuum to give a residue which was purified by silica gel flash
chromatography (eluent: 10% EtOAc/hexanes). IMP-I was obtained as a light-yellow oil in 30%

yield (0.5 g).

CR592-18565-27-P_L CR592-18565-27-P_ CR592-18565-27-P_
C.pdf HPLC.pdf NMR.pdf

Step 3 for IMP-II:

Synthesis of 4-(6-bromo-2-methoxyquinolin-3-yl)-1-(naphthalen-1-yl)-4-phenylbutan-1-one
(IMP-I1): A solution of KSM-I (2.7 g, 1.5 eq) in THF (5 ml, 5 V) was cooled to —20 °C, and LDA
(1 M in THF/hexanes, 7.13 mL, 1.3 equiv) was slowly added to the reaction mass under nitrogen
atmosphere. The resulting mixture was stirred for 30 min at the same temperature. A solution of
IMP-III (enone) (1.0 g, 5.48 mmol, 1 equiv) in THF (5 V) was added to the reaction flask at —20
°C, and stirred for 2 h at 25-30 °C. After completion of the reaction (determined by TLC), a
saturated solution of NH4Cl (10 mL) was added slowly at 0 °C. The layers were separated, and the
aqueous phase was extracted with EtOAc (3 x 100 mL). The combined organic phases were
washed with water (100 mL), followed by brine (100 mL), dried over anhydrous Na2SOu, filtered,
and concentrated under vacuum to give a residue which was purified by silica gel flash
chromatography (eluent: 50% EtOAc/hexanes). IMP-II was obtained as off-white solid in 40%
yield (1.12 g).

CR592-18567-36-F2- CR592-18567-36-F 2- CR592-18567-36-F2-
2-LC.pdf 2_NMR.pdf 2_HPLC.pdf
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FINAL PROCEDURES USED FOR THE ASYMMETRIC APPROACH

Synthesis of (R)-2-(methoxymethyl)pyrrolidine (7)
OVERVIEW OF CHIRAL AMINE 13 SYNTHESIS FROM D-PROLINOL (S7)

Step 1 Step 2
Boc Boc

NH 3 equiv P N’
NaHCO, © €4UV) K Mel (2 equiv)
i = OH ——arrTsequvy > N

Boc,0, THF/H20
S7 S8 S9

Step 3 Step 4
. NH HCl ) NH
HCI (3.2 equiv) C\\,O NaOH (2 equiv) C\\/o
T > ~
MeOH < H0, DCM ®
$10 7

Tert-butyl (R)-2-(hydroxymethyl)pyrrolidine-1-carboxylate (S8). A suspension of D-prolinol (S7)
(290.0 g, 2.87 mol, 1.0 equiv) and NaHCO3 (602.1 g, 7.17 mol, 2.5 equiv) in THF (2.9 L, 10 V)
and H20 (2.9 L, 10 V) was cooled to 5-10 °C, and Boc20 (938.6 g, 4.3 mol, 1.5 equiv) was slowly
added to this mixture. The reaction was stirred for 12 h at 25 °C, and water (1.2 L, 4 V) was added
to the reaction flask. After phases separation, the organic layer was extracted with EtOAc (2 x 2.9
L, 20 V). The combined organic phase was washed with brine (2.9 L, 10 V), dried over anhydrous
Na2S04, and concentrated under reduced pressure in the rotavap to give crude S8 (599.0 g, 104%
yield). n-Heptane (600 mL, 2 V) was charged into the flask and stirred for 12 h at 25-30 °C. The
resulting white solid was filtered and washed with cold n-heptane (150 mL, 0.5 V), and dried under
vacuum for 4-5 h at 45-50 °C resulting in S8 (485 g, 84% yield, 78% purity by qNMR, 66% yield
by purity). NMR data is in accordance with the literature. '

Note: The moderate yield is due to compound S8 losses in the mother liquor (this step needs to be
further optimized).

TH NMR Step-1.pdf
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Tert-butyl (R)-2-(methoxymethyl)pyrrolidine-1-carboxylate (S9). To a solution of compound S8
(480.0 g, 2.38 mol, 78% purity, 1.0 equiv) and Mel (677 g, 4.77 mol, 2.0 equiv) in THF (2.9 L, 6
V), NaH (60% dispersion in mineral oil, 143 g, 3.58 mol, 1.5 equiv) was added portion-wise at 0-
5 °C. The suspension was warmed to 25 °C and stirred at 25 °C for 12 h, and a saturated NH4Cl
solution (2.9 L, 6 V) was slowly added to the reaction mixture. After phase separation, the aqueous
layer was extracted with EtOAc (3 x 2.9 L, 18 V). The combined organic phase was washed with
brine (2 x 2.9 L, 12 V), dried over anhydrous Na>SOs4, filtered, and concentrated under vacuum to
give crude S9 (514.0 g, 100% yield, 95% purity by qNMR, 82% yield by purity). Compound S9
was used without further purification in the next step. NMR data is in accordance with the

.
PDF

TH NMR Step-2.pdf

(R)-2-(methoxymethyl)pyrrolidine hydrochloride (S10). To a stirred solution of HCl (4 M in
methanol, 1.8 L, 7.51 mol, 3.2 equiv) at 0 °C, compound S9 (505.0 g, 2.35 mol, 95% purity, 1.0
equiv) was added and the resulting solution was stirred for 2 h at 25 °C. After completion of the
reaction, the solvent was removed under reduced pressure to give hydrochloride salt S10 as a light-
yellow solid (383.0 g, 108% yield, 87% purity by qNMR, 94% yield by purity). Compound S10
was used without further purification in the next step.

PDF

TH NMR Step-3.pdf

(R)-2-(methoxymethyl)pyrrolidine (7): The hydrochloride salt S10 (380.0 g, 2.51 mol, 87%
purity, 1.0 equiv) was dissolved in water (1.5 L, 4 V), and a solution of NaOH (210.5 g, 5.26 mol,
2.1 equiv) in water (3.8 L, 10 V) was added dropwise into the reaction mixture at 0 °C. This
reaction mass was stirred for 15 min at room temperature. DCM (15 V) was poured into the
reaction flask and vigorously stirred for an additional 15 min. The biphasic reaction mixture was
transferred to a separatory funnel, and the organic layer was separated, dried over anhydrous
Na2S0s4, and concentrated under reduced pressure to provide crude 7 (130.0 g, 45% yield, 94%
purity by gNMR, 42% yield by purity). NMR data is in accordance with the literature. '?

Note: The low yield is due to amine 7 losses in the aqueous phase (this step needs to be further
optimized).

FDF PDF POF

1TH NMR Step-4.pdf Step-4_free Free Base SOR.pdf
base_HPLC.pdf
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Distillation of (R)-2-(methoxymethyl)pyrrolidine (7). Crude 7 (130 g, 1.13 mol, 94% purity) was
distilled under vacuum (oil bath temperature was ~110 °C). The first fraction was collected at
vapor temperature of 30-35 °C at 0.4 mmHg. This fraction comprises the desired compound 7 (68
g, 52% yield, >99% purity by HPLC area %). A second fraction (dark brown colored) was
collected at vapor temperatures of 37-42 °C at 0.4 mmHg. According to the "H NMR analysis, this
fraction contains a small amount of product along with other impurities. The first fraction was
stored under argon atmosphere with activated molecular sieves (4 A). The mass of the residue left
in the flask after distillation was 30.0 g (~23%), while the mass of chiral amine captured in the
cold trap was ~25.0 g (~19%) which can be purified in the next distillation batch.

Note: 1t is important to check the purity of the isolated chiral amine by GCHS (Head Space Gas
Chromatography), to ensure no other volatile impurities are present in the collected sample prior
to its use in the BDQ (3) synthesis. Further optimization for the distillation purification will be

developed.

R-Chiral
base_Distilled.pdf
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Figure 5. Vacuum distillation of (R)-2-(methoxymethyl)pyrrolidine (7) - (a) crude amine prior to distillation; (b) First fraction of
7 collected (>99% by HPLC); (c) Brown residue obtained by the end of distillation; (d) Chiral amine 7 vapor captured in the
traps (containing other volatile impurities):

Note: Although the procedures described above were adopted to produce (R)-2-
(methoxymethyl)pyrrolidine (7) for the BA reaction scale-up displayed in this report, TE analysis
had shown the use of D-proline as starting material is essential to make the asymmetric approach
more cost-effective than the racemic one. The in-house production of 7 from D-proline is
recommended due to the high values some vendors can charge for more advanced intermediates
or the final amine 7 itself, which have a significant impact on the total RMs cost. After analyzing
different methodologies in the opened literature, we identified a more straightforward and lower-
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cost 4-step telescoped process covering the transformation of L-proline to (S)-2-
(methoxymethyl)pyrrolidine in 70% overall yield (Scheme 6).!> '3 We believe that switching L-
proline with D-proline should not cause considerable variation in the reaction outcome. Therefore,
this 4-step sequence becomes a valuable option to obtain 7 as cheaply as possible.

(o]
3) NaH, THF
NH )
0 on 1) LiAlHs THE N)LH then Mel ONH
% TS T o
11/ 2) Methyl formate O"':, _OH 4) KOH, H20 (S;':,/O\

-proli Purified by

Hproline distillation

Scheme 6. Four-step process for the synthesis of (S)-2-(methoxymethyl)pyrrolidine from L-proline

BA Reaction — Asymmetric Approach

O ..... O 17 o rll\
 Yowme Br

7 AN
1.5 equiv chiral amine 7 N/ OMe OO

Li
+1.3 equiv n-Bui 1 (KMS-)) Br 2 (KSM-II)
+ 2.3 equiv LiBr - _ -
— N 2-MeTHF, =40 °C, 1 h 40 min
THF, =20 to -30 °C, 20 min, 2-MeHHip 7R °C Z
. N OMe 2) Quench by slow . 3 4y Dl
then -40°C 1a 25 % NH,Cl aq, 40 °C syn-diastereomer (3, 4) = D-|

+ anti-diastereomer (5, )= D-ll

A 5 L four-neck round-bottom flask was equipped with an overhead stirrer and a thermometer for
monitoring the reaction internal temperature, as well as a N2 inlet/outlet to ensure inert atmosphere
during the entire course of the reaction (see Figure 1). Anhydrous 2-MeTHF (450 mL, 6 V) was
transferred to the 5 L flask, followed by a solution of LiBr (0.526 mol, 45.64 g, 2.3 equiv) in
anhydrous 2-MeTHF (225 mL, 4 V), which was dried via azeotropic distillation (see MBR-
M4ALL-BDQ-1 for detailed drying procedure). The solvent and LiBr solution were transferred
to the reaction flask via cannula through an addition funnel (see Figure 1). Anhydrous (R)-2-
(methoxymethyl)pyrrolidine (7) (39.5 g, 0.343 mol, 1.5 equiv) was similarly transferred to the
reaction flask. The reaction mixture was cooled to —20/-30 °C range, and n-BuLi (1.8 M in
hexanes, 0.297 mol, 165.0 mL, 1.3 equiv) was added dropwise (cannula/addition funnel). After 20
min, the flask was further cooled to —40 °C, and a solution of quinoline 1 (KSM-I) (0.228 mol,
75.0 g, 1.0 equiv, 98% purity by HPLC) in dry 2-MeTHF (300 mL, 4 V), also dried via azeotropic
distillation, was transferred to the addition funnel, followed by additional 2-MeTHF (75 mL, 1 V).
The quinoline 1 (KSM-I) solution contained in the addition funnel was added to the lithium amide
base solution over 1 h (cannula/addition funnel). The resulting mixture was stirred for an additional
30 min. A solution of ketone 2 (KSM-II) (0.274 mol, 62.3 g, 1.2 equiv, 95% purity by HPLC) in
dry 2-MeTHF (375 mL, 5 V) was added to the reaction mixture over 1 h at the same temperature
(cannula/addition funnel). The reaction was stirred for an additional 45 min, and quenched by the
dropwise addition of a 25% NH4Cl aqueous solution (375 mL, 5 V) at —40 °C (cannula/addition
funnel). The reaction mass was directly poured into a separatory funnel. The phases were
separated, and the aqueous layer was extracted with DCM (2 x 375 mL, 10 V). The combined
organic layers were dried with anhydrous Na>SO4(20.0 g), filtered through a Biichner funnel, and
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the Na2SO4 bed washed with DCM (75 mL, 1 V). The solvent was removed under reduced pressure
at 45-50 °C to afford the crude product (136 g, 107% yield). Analysis of the crude material showed
that the syn-diastereomer pair (3+4, D-I) was obtained in 82% assay yield based on HPLC wt %
purity. Further analysis by chiral SFC showed there to be 64% of BDQ (3) in the crude mixture
prior to purification. See (see MBR-M4ALL-BDQ-1 document for step-by-step procedure).

PDF POF

Crude mixture SFC crude HPLC crude
assay.pdf mixture.pdf mixture.pdf

Crude: 136.0g

Analytical data

I 777

D-ll 5.70
KSM-1 5.18
KSM-II 7.11
IMP-1 2.87

Assay_D-l 76.4 % wiw
SFC_BDQ 74.20 %

Assay D-I = Amount of D-I in the crude mixture (determined by HPLC A %)

Note: After distillation, (R)-2-(methoxymethyl)pyrrolidine (7) was stored under inert atmosphere
and with activated molecular sieves (4 A). See (see MBR-M4ALL-BDQ-1 document for step-by-
step procedure).

Note: After neutralization of its hydrochloride salt, compound 2 (KMS-II) was dried under
vacuum at room temperature, and after the addition of 2-MeTHF, activated molecular sieves (4 A)
were added to the solution prior to its use in the BA reaction. See (see MBR-M4ALL-BDQ-1
document for step-by-step procedure).

Reaction optimization

¢ Reaction initial optimization and information on purity profile can be found at “Application
of Chiral Transfer Reagents to Improve Stereoselectivity and Yields in the Synthesis of the
Anti-Tuberculosis Drug Bedaquiline”. ChemRxiv link:
https://chemrxiv.org/engage/chemrxiv/article-details/64b563f2ae3d1a7b0dde20cc
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PURIFICATION AND ISOLATION OF BD 3) FUMARATE -
ASYMMETRIC APPROACH

Overview of the purification process adopted for the asymmetric approach

a

BA reaction
lithiation,/1,2-addition
ﬂ Step 1
Ethanol (4 V) . BDQ
25-30°C Crude mixture
Step 2 ﬂ [ Ethanol ML
Acetone (10 V)
R-Chiral phosphoric acid D1+ D-II
Step 3
P ﬂ:} D-II
Water (10V) BDQ-Chiral
10 % K2COs3 solution (10 V) |————p| Phosphate salt

Stepd | |[——

IPA(15V)
Fumaric acid |C——» BDQ
Step 5 ﬂ

BDQ) Fumarate

Undesired

stereo1somers

i

Main modifications and relevant remarks

This purification procedure possesses one less step when compared to the racemic
approach (4 steps vs 5 steps).

Initial precipitation of the undesired anti-diastereomer (5+6) (treatment of concentrated
crude reaction mixture with THF) was skipped. Since the asymmetric approach already
provided a mixture with a high d.r. value favoring the desired syn-diastereomer (3+4),
precipitation of undesired diastereomer in THF is not necessary.

Although this possibility was not further explored by M4AALL/TCG, we believe that the
chiral resolution step can be avoided, which will potentially decrease the overall cost of
BDQ production. A Chinese patent filed by Fujian Institute of Microbiology claimed to be
able to achieve enantiopure BDQ (3) without the use of the resolution step with the
expensive chiral phosphoric acid (resolving agent).'* In this case, the BA reaction was
performed using LDA/chiral lithium alkoxide system, which afforded 84% ee, 5:1 d.r.

53



" medicines £
for all TCG

Lifesciences  Cuemsiorex

syn:anti (crude mixture) favoring the desired BDQ stereoisomer 3. The authors claimed
that after carrying out three crystallizations of the partially resolved material using BDQ
(3) seed, they were able to achieve enantiopure BDQ (3) (100% ee). Similar results were
observed during the development of this work at TCG (not further explored due to project
time constrains). There are a few references available in the literature that show how, in
some cases, each enantiomer possesses a different crystalline structure, which allow its
selective separation during crystallizations. !>

Results overview of asymmetric approach purification

Waste: ML (SMs)

Assay yield: T
82 %
syn-diastereomer
(3+4) .

_ BAreaction Step 1 feo o PURIFICATION/ISOLATION .
lithiation/1,2-addition "\ —— — 5 (3+4+_5+6g . Step 1-crude mixture

sequence + remaining SMs treatment with EtOH

Assay yield:
4t pr%{:elgi?ation 8.)5: "yA
syn-diastereomer
(3+4)
Waste: aqueous phase i Waste: ML <¢—— Step 2-precipitate
Step 4-concentrated q P - Step 3-precipitate syn-diastereomer (3+4)
organic phase (BDQ (3)) BDQ (3) chiral phosphoric o treatment with chiral
reaction with fumaric acid Step 4 acid salt reaction with base . p.'setgﬁ)l ation phosphoric acid
Neutralization 2 X
Step 5 Assay yield: 91 % Assaégglg)n %
3rd precipitation BDQ (3)
Isolated yield:
Waste: ML 93 % BDQ (3)yfumarate BA reaction

Step 1: lithiation/1,2-addition sequence: syn-diastereomer (3*4) was achieved in 82 % assay yield (based
on HPLC wt %), which corresponds to a 64 % yield of BDQ (3) jn the obtained crude mixture (considering
13.6:1d.r, and 3.6:1 e.r., 56 % ee)

Purification

Step 2: syn-diastereomer = 85 % assay yield based on HPLC wt %

Step 3: 73 % assay yield, based on HPLC wt %

Step 4: 91 % assay yield, based on HPLC wt %

Step 5: BDQ (3) fumarate obtained in 93 % assay yield, based on HPLC wt %

HO. 3
zc\/\COZH OVERALL YIELD: 43 % (21 % of BDQ (3) was lost during the purification steps)
BDQ (3) fumarate
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Purification steps (asymmetric approach)

See MBR-M4ALL-BDQ-2 for complete analytical data and step-by-step procedures.

Stepwise purification (Output and yield of BDQ): 130 g of crude BDQ has been used for
purification out of 136 g of crude BDQ obtained from 1,2-addition step.

Step 1: BA reaction (lithiation/1,2-addition sequence), then quench with NH4CI aqueous solution

Bedaquiline crude mixture ( 136 g)
After solvent removal

After KSM-1I addition After quenching Extraction in DCM
(good phase
separation)

Step 2: Precipitation of desired syn-diastereomer (D-I, 3+4) via precipitation in EtOH.

The concentrated crude mixture of BDQ obtained after BA reaction quench (130.0 g crude, 99.32
g (178.8 mmol) of D-I considering 76.4% purity) was taken into a round-bottom flask at 25-30 °C,
EtOH (300 mL, 4 V, with respect to the 75.0 g input batch of quinoline KSM-I) was added, and
the resulting mixture stirred for 12 h at 25-30 °C. The precipitate was filtered, washed with EtOH
(1V), and dried under vacuum at 40-45 °C to afford the desired syn-diastereomer (D-I) along with
other impurities as an off-white solid (91.0 g crude, 84.4 g (151.9 mmol) of D-I considering 92.7%
purity, 85% assay yield of D-I).

Mother liquor: Mass balance, D-I: 99.32 g (input) — 84.4 g (output) = 15 g of D-I remained in
the mother liquor or during the operations (filtration, transferring of product to different containers,

etc).

TH NMR pdf Assay D-l.pdf HPLC D-l.pdf LCMS pdf SFC D-l.pdf
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EtOH, 4 V, 25-30 °C

>

HPLC FML.pdf SFC FML.pdf

BDQ crude mixture D-1: DI
SI. No. Batch ID Input
Total Output Step 2 — assay corrected yield
D-I
(crude)
CR592- 85%
1 20218-18 1300 g 844 ¢ 91.0¢g

Step 3: Resolution using chiral phosphoric acid (resolving agent)

Acetone
DMSO

Y

Step-3

e
O~o
BDQ chiral salt OO

The solid obtained in the previous step (91.0 g crude (1 equiv), 84.4 g (151.9 mmol) of D-I based
on 92.7% purity assay) was taken into a round-bottom flask, and acetone (8.5 V) was added at 25-
30 °C. The resulting mixture was heated to 50-55 °C (not clear solution). A solution of (R)-(-)-
1,1'-binaphthyl-2,2'-diyl hydrogen phosphate (63.47 g, 182.2 mmol, 1.2 equiv relative to crude
mass of D-I) in DMSO (1.5 V) was added dropwise to the reaction flask at 50-55 °C (solution
became clear at this point). Stirring was kept for 30 min at 50-55 °C, and the reaction was allowed
to cool down to 25-30 °C, and maintained under these conditions for 8 h. Solid formation was
observed. The obtained solid was filtered, washed with acetone (3 V), and dried under vacuum at
45-50 °C. BDQ (3) chiral salt was obtained as a white solid in 73% yield (95.0 g crude, 61.7 g of
BDQ chiral salt (111.1 mmol) considering that 64.9% of the solid composition corresponds to

BDQ (3)).
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1H NMR salt.pdf Assay salt.pdf HPLC salt.pdf SFC salt.pdf
PDF PDF PDF
Assay ML.pdf HPLC ML.pdf SFC ML.pdf

Filtration
BDQ R-BNP salt
Solid precipitation after Solid precipitate
R-BNP treatment after filtration

Bedaquiline chiral phosphoric salt (BDQ-phosphoric acid salt)

Sl Output (Including sample for | Step 3 —assay
No. Batch ID Input analysis) corrected yield
910 g 95.08 g
CR592- HPLC: D-I1=91.55,D-I1=7.06 | HPLC: D-I1 =98.92, D-II =0.69
1 20218-19 Assay: D-1=92.7, D-I1 = 6.1 Assay: D-1 =64.9% 73%

SFC: BDQ =71.45% SFC: BDQ = 98.94%
BDQ enan =23.15% BDQ enan =0.72%
D-I1=2.76 & 2.63% D-IT1=0.33% & ND

Step 4: Bedaquiline free base (BDQ-free base)

10 % K,COs4

25-30 °C

BDQ chiral salt BDQ (3)
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The BDQ (3) phosphate salt obtained in the previous step (95.0 g crude, 61.7 g (111.1 mmol)
considering 64.9% of the solid composition corresponds to BDQ (3), 1 equiv relative to the crude
mass) was taken into a round-bottom flask, and water (950 mL, 10 V) was added at 25-30 °C
(heterogeneous mixture). A 10% aqueous solution of K2CO3 (950 mL, 10 V) was added to the
reaction flask at 25-30 °C, followed by DCM (950 mL, 10 V). The resulting heterogenous mixture
was stirred for 30 min at the same temperature. After this period, mixture was filtered through
Celite® pad, which was washed with DCM (95 mL, 1 V), and the layers were separated. Aqueous
phase was extracted with DCM (1 x 475 mL, 5 V), and the solvent removed under vacuum at 45-
50 °C. BDQ (3) was obtained in 91% (57.0 g crude, 56.1 g (101 mmol) of BDQ (3) considering

98.4% purity assay).

TH NMR BDQ.pdf BDQ assay.pdf BDQ HPLC.pdf BDQ SFC.pdf

Aq phase HPLC.pdf  Aq phase assay.pdf

After 10% K,CO; solution addition
Good layers separation

SL Output, Free Base (Including Step 4 — assay
Batch ID I BNP Sal .
No. ate nput (BNP Salt) sample for analysis) corrected yield
95.0¢g 57.09 g
CR592- HPLC: D-1=98.92, D-II =0.69 | HPLC: D-1=99.16, D-I1 =0.77 91%
1 2021823 Assay: D-I1=64.9 Assay: D-I=98.4, D-II =0.8

SFC: BDQ = 98.94 SFC: BDQ =99.48
BDQ enan =0.72 BDQ enan =0.42
D-II=0.33 & ND D-II =0.08 & ND
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Step 5: BDQ (3) fumarate salt formation

Ho,c 00 Br
2

IPA X N” “OMe
75-80 °C o NMe.

Hozc/\/COZH

Bedaquiline fumarate

The solid obtained in the previous step (55.0 g crude, 54.1 g (97.4 mmol) of BDQ (3) considering
98.4% purity assay), 1.0 equiv relative to the crude mass) was taken into a round-bottom flask,
and IPA (825 mL, 15 V) was added at 25-30 °C. Resulting mixture was heated to 50-55 °C (not
clear solution). Fumaric acid (1.1 equiv) was added to the reaction flask at 50-55 °C. The reaction
mixture became a clear solution, which was stirred for an additional 30 min at 75-80 °C. After this
period, the solution was allowed to cool down to 25-30 °C, and maintained under these conditions
for 12 h. The obtained solid was filtered, washed with IPA (2 V), and dried under vacuum at 45-
50° C. BDQ (3) fumarate was obtained as a white solid in 93% yield (59.0 g, 50.2 g (90.3 mmol)
considering that 85% of the solid composition corresponds to BDQ (3)).

Fumarate Assay.pdf Fumarate 1H Fumarate HPLC.pdf Fumarate LCMS.pdf  Fumarate SFC.pdf

NMR pdf
PDF PDF PDF PDF PDF
ML 1H NMR pdf ML assay.pdf ML HPLC.pdf ML LCMS pdf ML SFC.pdf

Filtration

BDQ Fumarate Synthesis BDQ fumarate (58.0g)
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SL. Output (Including sample for Step 5 — assay
No. Batch Id Tnput analysis) corrected yield
708 HPLC: BD5(§'=129§ 74, D-II =
HPLC: D-1=99.16, D-II = 0.77 ’ ND v
CR592- Assay: D-1 =984, D-II =0.8 ) B B .
1 20218-24 SFC: BDQ = 99.48 Assay: BDQ = 84.8, D-I1 =ND 93%

BDQ enan =0.42
D-I1=0.08 & ND

SFC: BDQ =100.0
BDQ enan = ND
D-II =ND & ND
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ANALYTICAL PROCEDURES
Chromatographic purity of KSM-I by HPLC (w/w %):

Chemicals / Reagent references:

Perchloric acid (70%): HPLC Grade/Equivalent
Acetonitrile: HPLC Grade/Equivalent

Purified Water: HPLC Grade/Equivalent

Chromatographic conditions:

Column Shim-pack solar C-18 (250 x 4.6 mm, 5.0 um) (Cat No: 227-30600-02)
Injection Volume 10.0 pL
Flow rate 1.0 mL/min
Column temperature 35°C
Sample temperature 10 °C
Wavelength 225 nm
Run time 40 min
Diluent Buffer: Acetonitrile (50:50)
Needle wash Acetonitrile (100%)
Seal wash Water: Acetonitrile (90:10 v/v)
Gradient:
Time (min) M.P-A (%) M.P-B (%)
0 90 10
5 90 10
20 10 90
30 10 90
31 90 10
40 90 10

Buffer preparation:
Pipette out Iml of Perchloric acid (70%) and transfer into 1000 mL of water, sonicate to dissolve
and filter through 0.45 um filter paper.

Mobile phase preparation:

Mobile phase-A: Buffer.

Mobile Phase-B: Acetonitrile (100%).
Preparation of Blank: Buffer: Acetonitrile (50:50)
Preparation of sample solution:

Weigh accurately about 20 mg of test sample into 100 mL volumetric flask, add 50 mL of diluent,
sonicate to dissolved, and dilute to volume with diluent and mix (concentration: 200 ppm).
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Procedure:
Establish chromatograph by running mobile phase through the column and inject blank (diluent).
After blank inject the sample solution.

Injection sequence:

S. No. Solution details No. of injections
1. Blank (diluent) solution 1 (at least)
2. Sample solution 1

Processing Procedure:
No interfering peak should be observed at the retention times of main peak in the blank.

The retention time of the compound:

S. No. Compound Retention time (min) RRT

l. KSM-I ~27.47 1.00

Calculation: All impurities and compound purity should be calculated as per area normalization
procedure.
Area of desired peak
% Purity: X 100
Area of total peak

Blank Chromatogram:
2,00

1.50+

1.00+

Al

0.50+

—— —— —— -—F [ [
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Mnutes
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T\

1 .00 ‘
0_R0- |
0 60~ |
=
wf
0 40
|
0.20r '
(1
0.0 - — - — - t 4 - -
0.00 5.00 mluc- 15.00 2000 ' ;zr.ru-:- " 30.00 z.f.ILu:- 40.00
Minutes
Peak Results
Name RT Area % Area | RT Ratio
1 | Peak1 20.813 5468 0.05 0.757
2 | Peak?2 24.733 15761 0.14 0.900
3 | BDQ-KSM-1 | 27 .477 | 10921141 99 .81 1.000

Chromatographic purity of KSM-II by HPLC

Chemicals/Reagent references:

Perchloric acid (70%): HPLC Grade/Equivalent
Acetonitrile: HPLC Grade/Equivalent

Purified Water: HPLC Grade/Equivalent

Chromatographic conditions:

Column

Injection Volume 10.0 uL

Flow rate 1.0 mL/min

Column temperature 35 °C

Sample temperature 10 °C

Wavelength 225 nm

Run time 40 min

Diluent Buffer: Acetonitrile (50:50)
Needle wash Acetonitrile (100%)

Seal wash Water:Acetonitrile (90:10 v/v)

Shim-pack solar C-18 (250 x 4.6 mm, 5.0 um) (Cat No: 227-30600-02)
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Gradient:
Time (min) M.P-A (%) M.P-B (%)
0 90 10
5 90 10
20 10 90
30 10 90
31 90 10
40 90 10

Buffer preparation: Pipette 1 mL of perchloric acid (70%) and transfer into 1000 mL of water,
sonicate to dissolve and filter through 0.45 um filter paper.

Mobile phase preparation:

Mobile phase-A: Buffer

Mobile phase-B: Acetonitrile (100%)
Preparation of blank: Buffer: Acetonitrile (50:50)

Preparation of sample solution: Accurately weigh about 20 mg of test sample into 100 mL
volumetric flask, add 50 mL of diluent, sonicate to dissolve, and dilute to volume with diluent and

mix (concentration: 200 ppm).

Procedure: Establish equilibrium by running mobile phase through the column. Inject at least 1
blank (diluent). After blank injection(s), inject the sample solution.

Injection sequence:

S. No. Solution details No. of injections
1. Blank (diluent) solution 1 (at least)
2. Sample solution 1

Processing Procedure: No interfering peak should be observed at the retention times of main
peak in the blank.

The retention time of the compound:

S. No. Compound Retention time (min) RRT

1. KSM-II ~14.99 1.00

Calculation: All impurities and compound purity should be calculated as per area normalization
procedure.
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Area of desired peak
% Purity: X 100
Area of total peak
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Peak Results
Mame RT Area 2 Area | RT Ratio
1 | Peak 2.960 21447 043 0.197
2 | BDQ-KSh-II | 14 988 | 4898385 | 98.19 1.000
3 | Peaks 20.969 58476 1.17 1.399
4 | Peaks 22.593 10242 0.21 1.507
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Chiral purity by HPLC

Chemicals/Reagent references:
n-Hexane: HPLC Grade/Equivalent
Ethanol: HPLC Grade/Equivalent
Dichloromethane: HPLC Grade/Equivalent

Chromatographic conditions:
Chiral Art Cellulose SC (250 x 4.6 mm, 5.0 um) (Cat No: KSC99S05-

Column 2546 WT)
Injection Volume 5.0 uL
Flow rate 0.6 mL/min

Column temperature 40 °C
Sample temperature 25 °C

Wavelength 230 nm
Run time 45 min
Diluent Dichloromethane (DCM)
Needle wash Dichloromethane (DCM)
Seal wash Dichloromethane (DCM)

Mobile phase preparation: Accurately measure individually 900 mL n-hexane, 50 mL ethanol,
and 50 mL dichloromethane into a 1000 mL glass bottle, add 1 mL of isopropyl amine, and shake
well. Briefly sonicate to mix and degas the solution.

Preparation of Blank: Dichloromethane

Preparation of racemate solution: Accurately weigh about 100 mg of racemate standard into
100 mL round bottom flask, add 10 mL of dichloromethane, 5 mL of triethylamine, and 150 mg
of tosyl chloride. Stir for 2 hours at room temperature. After this period, add 5 mL of water and
stir for 15 min. Transfer the lower layer (DCM layer) into a 20 mL volumetric flask and add
anhydrous Na>SOs (100 mg). Shake the flask well so the salt absorbs any water. Filter the DCM
layer into another 20 mL volumetric flask. This is the sample solution. Dilute the sample solution
up to 20 mL with DCM and inject. [Concentration: Sample solution:DCM (1:1).

Preparation of sample solution: Accurately weigh about 100 mg of test sample into 100 mL
round-bottom flask, add 10 mL of dichloromethane, 5 mL of triethyamine, and 150 mg of tosyl
chloride. Stir for 2 hours at room temperature. After this period, add 5 mL of water and stir for 15
min. Transfer the lower layer (DCM layer) into a 20 mL volumetric flask and add anhydrous
Na2S04 (100 mg). Shake the flask well so the salt absorbs any water. Filter the DCM layer into
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another 20 mL volumetric flask. This is the sample solution. Dilute the sample solution up to 20
mL with DCM and inject (concentration: Sample solution:DCM (1:1)).

SYSTEM SUITABILITY:
The tailing factor of racemate solution should not be more than 2.0
The theoretical plates should not be less than 5000

The resolution between two peaks should not be less than 1.5

Procedure: Establish equilibration by running mobile phase through the column Inject at least 1
blank (diluent). After blank injection(s), inject the racemate and sample solution.

Injection sequence:

S. No. Solution details No. of injections
1. Blank (diluent) solution 1 (at least)
2. Racemate solution 1
3. Sample solution 1

Processing Procedure: No interfering peak should be observed at the retention times of main
peak in the blank.
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Water content by Karl Fischer (KF) (w/v %)

Take about 40 mL methanol in titration vessel of Karl Fischer Titrator. Pre-titrate with Karl Fischer
titrant. Weigh about 1.0 gm of the sample and transfer immediately into the titration vessel and
stir it for about 1 min and then initiate titration with Karl Fischer titrant. Record the volume of
Karl Fischer reagent consumed and calculate the water content of sample as given below. Report
the value to one decimal point.

KFT Factor (mg/mL) X Titer Value (mL) X 100%
Water content of sample (% w/v) =

Weight of sample (gm) X 1000
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Assay purity of BDQ crude by HPLC (% w/w)

Chemicals / Reagent references:

Perchloric acid (70%): HPLC Grade/Equivalent
Acetonitrile: HPLC Grade/Equivalent

Purified Water: HPLC Grade/Equivalent

Chromatographic conditions:

Column Shim-pack solar C-18 (250 x 4.6 mm, 5.0 um) (Cat No: 227-30600-02)
Injection Volume 10.0 pL
Flow rate 1.0 mL/min

Column temperature 35 °C
Sample temperature 10 °C

Wavelength 225 nm

Run time 40 min

Diluent Buffer: Acetonitrile (50:50)

Needle wash Acetonitrile (100%)

Seal wash Water: Acetonitrile (90:10 v/v)

Gradient:

Time (min) M.P-A (%) M.P-B (%)

0 30 70
3 30 70
10 5 95
15 5 95
16 30 70
24 30 70

Buffer preparation: Pipette 1 mL of perchloric acid (70%) and transfer into 1000 mL of water,
sonicate to dissolve and filter through 0.45 um filter paper.

Mobile phase preparation:

Mobile phase-A: Buffer

Mobile phase-B: Acetonitrile (100%)
Preparation of blank: Buffer: Acetonitrile (50:50)

Preparation of standard solution: Accurately weigh about 10 mg of D-I and D-II standard

individually into a 100 mL volumetric flask, add about 50 mL of diluent, sonicate to dissolve,
dilute to volume with diluent and mix well (concentration:100 ppm).

70



" medicines .}
for all ( L2

Lifesciences  Cuemsiorex

Preparation of sample solution: Accurately weigh about 10 mg of test sample into 100 mL
volumetric flask, add 50 mL of diluent, sonicate to dissolve, and dilute to volume with diluent and
mix (concentration: 100 ppm).

Procedure: Establish equilibrium by running mobile phase through the column and inject blank
(diluent) followed by standard solution into the chromatograph to evaluate the system suitability
criteria. If the system suitability criteria passes, then inject sample solution.

Injection sequence:

S. No. Solution details No. of injections
1. Blank (diluent) solution 1 (at least)
2. Standard solution 5
3. Sample solution 1
4 System suitability solution-BKT 1

System suitability test:

1. No interfering peak should be observed at the retention times of main peak in the blank.
2. From the standard solution, the USP tailing factor for peak should not be more than 2.0
and USP theoretical plates should not be less than 8000% RSD of area of five injection of standard
chromatogram should not be more than 2.0%.

3. For standard bracketing also need to meet the same system suitability criteria.

The retention time of the compound:

S. No. Compound Retention time (min) RRT
1. BDQ Desired ~5.67 1.00
2. BDQ Undesired ~5.26 0.93
CALCULATION:
AT WS 100
Assay purity (% w/w) = X X x P
AS 100 WT
Where:

AT = Area of peak in the chromatogram obtained with test preparation
AS = Average area of peak due to five injections of standard preparation
WS = Weight of standard taken for standard preparation in mg

WT = Weight of test sample taken in mg

P = purity of standard

71



\|/

medicines
for all

Blank chromatogram:

2.00

D TCG

Lifesciences  Cuemsiorex

Standard chromatogram:

—T—
10.00

—T—
12.00

Minutes

—
14.00

—T—
16.00

—T
18.00

—
20.00

—
22.00

24.00

2.00

Sample Chromatogram:

2.00

T | T
10.00

| T
12.00

Minutes

T | T
14.00

T ‘ T
16.00

18.00

1
200

0

T
220

0

T
24.00

1.50

T
12.00
Minutes

(R
14.00

[ —
16.00

(R
18.00

"l
200

0

'l
220

0

T
24.00

72



" medicines ~
for all ( TCG

Lifesciences  Cuemsiorex

Chromatographic purity of BDQ crude by HPLC (LCAP)

Chemicals / Reagent references:

Perchloric acid (70%): HPLC Grade/Equivalent
Acetonitrile: HPLC Grade/Equivalent

Purified Water: HPLC Grade/Equivalent

Chromatographic conditions:

Column Shim-pack solar C-18 (250 x 4.6 mm, 5.0 um) (Cat No: 227-30600-02)
Injection Volume 10.0 pL
Flow rate 1.0 mL/min

Column temperature 35 °C
Sample temperature 10 °C

Wavelength 225 nm

Run time 40 min

Diluent Buffer: Acetonitrile (50:50)

Needle wash Acetonitrile (100%)

Seal wash Water: Acetonitrile (90:10 v/v)

Gradient:

Time (min) M.P-A (%) M.P-B (%)

0 90 10
5 90 10
20 10 90
30 10 90
31 90 10
40 90 10

Buffer preparation: Pipette 1 mL of Perchloric acid (70%) and transfer into 1000 mL of water,
sonicate to dissolve and filter through 0.45 um filter paper.

Mobile phase preparation:

Mobile phase-A: Buffer

Mobile phase-B: Acetonitrile (100%)
Preparation of blank: Buffer: Acetonitrile (50:50)

Preparation of sample solution: Accurately weigh about 25 mg of test sample into 100 mL

volumetric flask, add 50 mL of diluent, sonicate to dissolve, and dilute to volume with diluent and
mix (concentration: 250 ppm).
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Procedure: Establish equilibrium by running mobile phase through the column. Inject at least 1
blank (diluent). After blank injection(s), inject the sample solution.

S. No. Solution details No. of injections
1. Blank (diluent) solution 1 (at least)
2. Sample solution 1

Processing Procedure: No interfering peak should be observed at the retention times of main

peak in the blank.

The retention time of the compound:

S. No. Compound Retention time (min) RRT
1. BDQ Desired ~20.87 1.00
2. BDQ Undesired ~20.65 0.99
3. KSM-I ~27.73 1.33
4. KSM-II ~15.32 0.73

Calculation: All impurities and compound purity should be calculated as per area normalization

procedure.

% Purity:

Area of desired peak

Area of total peak

X 100
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Optical rotation of (R)-2-(methoxymethyl)pyrrolidine (7) (R-Chiral amine) by Specific
Optical Rotation (SOR)

Specific optical rotation at 25 °C: Accurately weigh and transfer about 1.0 g of sample in a 100
mL volumetric flask. Add about 90 mL of chloroform and shake to dissolve completely and then
dilute to volume with chloroform and mix well. Measure the optical rotation at 25 °C and 589 nm
wavelength. Perform the blank rotation of chloroform at the same temperature and wavelength.
Calculate the specific optical rotation using the following formula.

Specific optical rotation [a]*’p = (a x V x 100)/d x W

Where:

o = angle of rotation of the sample in (°)

d = Length of the polarimeter cell in decimeters

V= Volume of the volumetric flask used for sample solution

W = Weight of the sample in grams taken for sample solution

76



Lifesciences  Cuemsiorex

" medicines ~
for all ( TCG

Chromatographic purity by Gas Chromatography Flame Ionization Detection (GC-FID)

Chemicals/Reagent references:
Acetonitrile: GC Grade/Equivalent

Chromatographic conditions:
Column DB-1301 (30 m x 0.32 mm, 1.0 pum) (Part No: 123-1333)
Run time 20 min
Injection temperature 260 °C
Detector temperature 280 °C
Volume of injection 1.0 uL

Carrier gas Helium

Mode Split

Split ratio 10:1

Control mode Constant flow

Column flow 5.0 mL/min

Hydrogen flow 40 mL/min

Air flow 400 mL/min

Make up gas Helium

Make up flow 25 mL/min

Liner Ultra inert inlet liners (5190-2295, Agilent)

Oven program:

Rate (°C/min) Value (°C) Hold time (min)
50 °C 2.0
20 °C/min 260 °C 7.5

Diluent: Acetonitrile

Preparation of sample solution: Accurately weigh about 50 mg of sample and transfer in a 10
mL volumetric flask. Add about 5 mL of diluent. Sonicate for about 2 min. Dilute to volume with
acetonitrile and mix well (concentration: R-Chiral amine - 5000 ppm).

Procedure: After equilibrating the column, separately inject diluent as blank and sample solutions
as per the sequence given below.
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S. No. Solution details No. of injections
1. Blank (diluent) solution 1 (at least)
2. Sample solution 1

System suitability test: No interfering peak should be observed at the retention times of R-Chiral
amine peak in the blank.

The retention times, relative retention times (RRT) of the compounds:

S. No. Compound Retention time (min) RRT
1 R-Chiral amine ~5.79 1.00
2 D-Prolinol ~6.35 1.10
3 O-Methylation ~9.37 1.62
4 Boc-Protection ~10.04 1.73

Reporting: Disregard the peaks due to blank, and below 0.05% peak area. Report the single
maximum unknown impurity and total impurities by % area normalization to two decimal points
if less than 1.0% and one decimal point if equal to or greater than 1.0% from the sample solution.
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Blank Chromatogram:
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Assay purity by GC-FID
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Chemicals / Reagent references:
Dichloromethane: GC Grade /Equivalent
Toluene: GC Grade /Equivalent

Chromatographic conditions:

Column

Runtime

Injection temperature
Detector temperature
Volume of injection
Carrier gas

Mode

Split ratio

Control mode
Column flow
Hydrogen flow

Air flow

Make up gas

Make up flow

Liner

Oven program:

RTX-5 Amine (30 m x 0.53 mm, 3.0 um) (Part No: 12385)
20 min

240 °C

280 °C

0.2 uL

Helium

Split

10:1

Constant flow

5.0 mL/min

40 mL/min

400 mL/min

Helium

25 mL/min

Ultra inert inlet liners (5190-2295, Agilent)

Rate (°C/min) Value (°C) Hold time (min)
60 °C 1.0
20 °C/min 260 °C 5.0

Diluent: Dichloromethane (DCM)

Preparation of toluene solution: Accurately weigh about 500 mg of toluene and transfer in a 100
mL volumetric flask. Add about 50 mL of diluent. Sonicate for about 2 min. Dilute to volume with
DCM and mix well (concentration: Toluene - 5000 ppm).

Preparation of standard solution: Accurately weigh about 40 mg of standard and transfer in a
10 mL volumetric flask. Add about 1 mL of toluene solution and 5 mL of diluent. Sonicate for
about 2 min. Dilute to volume with diluent and mix well (concentration: R-Chiral amine - 4000
ppm & toluene - 500 ppm).

Preparation of sample solution: Accurately weigh about 40 mg of sample and transfer in a 10
mL volumetric flask. Add about 1 mL of toluene solution and 5 mL of diluent. Sonicate for about
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2 min. Dilute to volume with diluent and mix well (concentration: R-Chiral amine - 4000 ppm &
Toluene - 500 ppm).

Injection sequence:

S. No. Solution details No. of injections
1. Blank (diluent) solution 1 (at least)
2. Standard solution 5
3. Sample solution 1
4. System suitability solution-BKT 1

System suitability test:

1. No interfering peak should be observed at the retention times of the main peak in the blank.

2. The % RSD of the area of five injections of standard chromatogram should not be less than
15.0%.

3. For standard bracketing also need to meet the exact system suitability criteria.

The retention time of the compound:

S. No. Compound Retention time (min) RRT
1. Toluene ~6.24 0.65
2. R-Chiral amine ~9.61 1.00
CALCULATION:
AT WS 10
Assay Purity (% w/w) = X X x P
AS 10 WT
Where:
AT = Area ratio of toluene and R-Chiral amine peaks in the chromatogram obtained with test
preparation
AS = Average area ratio of toluene and R-Chiral amine peaks from five injections of standard
preparation

WS = Weight of standard taken for standard preparation in mg
WT = Weight of test sample in mg
P = purity of standard
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Blank Chromatogram:

FID1 &, Front Signal (DATCGLSWDAT A\FEB-Z022\B0DQ_ASSAY_ 22022308 2023-02-22 17-48-16M\220223001.0)
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Standard Chromatogram:

FID1 A, Front Signal (DATCGLSWDATAWEB-20230BDQ_ASSAY_ 220223 08 2023-02-22 17-48-16\2202232002.D)
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